I'.A.benopukos, b.b.byxosyes, B.B.Kepocenyes, I A.Maxuwes
OU3UKA. 3AJJAYU JJI ITIOCTYHAKOIIUX B BY3bl
ComepkHT 3a7aud B paMKax BCTYMUTEIBHBIX 3K3aMEHOB IO (H3MKE M3 4YHCIa
npejiaraBuIiuxcs B TEUYCHHE psAa JeT Ha pPa3IuyHbIX (akynbrerax MOCKOBCKOTO
rOCyJIapCTBEHHOTO yHHBepcuTeTa. K KaxkmolW Teme [aHbl KpaTKue YyKa3aHwus,
Kacaromuecs: 001Ieil MeTOIUKY PEIIeHUs 3a/1a4, U OCHOBHBIE ()OPMYIIbI, HCIIOIb3YyEMbIE
npu pemieHun. [TopoOHbIe penieH s MPUBEACHBI JUISI METOIUYCCKH HAan0O0JIee BaXKHBIX
3amay. 8- u3a. — 1998 r.
JIis y9amuxcsl IIKOJ, TUMHA3Wi, JMICEB C YIIyOJICHHBIM H3ydeHHEM (DHU3HMKO-
MaTeMaTHYECKUX AUCLUUIUINH, IS MOATOTOBKH K KOHKYPCHBIM 3K3amMeHaM B BY3bl.

COZEPXXAHUE
3amaun  OTBETHI U
pelieHus
[IpenucnoBue 5
I'masa I. Mexanuka
§ 1 IIpsiMonuHeiiHOE paBHOMEPHOE U PAaBHOIIEPEMEHHOE 7 205
JBUKECHHE
§ 2. KpuBosinHEeiTHOE JBUKEHUE 15 216
§ 3. BpamarenbHoe IBHKEHHE 18 272
§ 4. JlunaMuka npsMOJUHEIHOTO JBH>KEHUS 20 224
§ 5. 3aKOH COXpaHEHHUs UMITyJIbCa 29 234
§ 6. CraTtnka 33 238
§ 7. 3aKOH COXpaHEHHUsI YHEPTUU 40 246
§ 8. JInHaMuKa BpamaTeIbHOTO JBUKECHUS 48 252
§ 9. 3aKOH BCEMUPHOI'O TATOTEHUS 52 259
§ 10. I'mapo- u aspoMexaHuka 54 260
§ 11. Konebanus u BOJHBI 60 263
['naga II. Termora u MosnekysipHas (hu3nka
§ 12. TenioBoe pacinpeHre TBEPABIX TEN U KUIKOCTEH 63 266
§ 13. KonmmuectBo Termorsl. KoadduumeHt moneznoro aecTBust 65 267
§ 14. 3aKoHBI NACATBHOIO ra3a U YpaBHEHUE COCTOSIHUS 72 271
§ 15. DneMeHThI MOJIEKYJIApHON (HUBHKH 85 284
§ 16. BHyTpenHsis sHeprus u paboTa paciiupeHust ra3os. 87 285
TemnoeMkocTh
§ 17. HachllieHHbIE U HEHACHIILIEHHbBIE MTAPhI 90 289
I'naBa III. DnexTpruyecTBO U MarHeTU3M
§ 18. 3akon Kynona 95 294
§ 19. Dnektpuyeckoe mose 100 299

Hanpsixennocts anextpuyeckoro nodis (100). [Torenmnman.
Pabota snexrpuueckux cui (102). DnexTpudeckas
emkocTh (108).
§ 20. IToCTOSIHHBIM 2EKTPUUECKUN TOK 117 316
3akoH OMa mig ydactka nenu. ConpoTuBIIeHUE
npoBoaHUKOB (117). [TocnenoBarenbHOE U MapaieabHOE



COEMHEHUS IPOBOAHUKOB. J[00aBOYHBIE CONPOTHBIICHHS
u myHTHI (119). 3akon Oma 117151 TOTHOM (3aMKHYTOMN) IIeTH
(125). [TocnenoBarenbHOE U MapATIICIHHOE COSAUHEHUS
ucTouyHuKoB Toka. [IpaBuna Kupxroda (132).

§ 21. PaGota u MoutHOCTh TOKa. 3akoH [[xoymsa-Jlenma 139 331
§ 22. Dnekrponus. 3akonsl Dapanes 147 337
§ 23. MarauTHoe 1oJie ToKa. DJIeKTPOMarHuTHasE WHY KLU 150 338
§ 24. IlepeMeHHBII 3JIEKTPUUECKHI TOK 158 343
§ 25. DnekTpoMarHuTHbIE KOJIeOaHUS ¥ BOJHBI 163 347
I'maBa IV. Ontuka

§ 26. BorHOBBIE M KBAaHTOBBIE CBOWMCTBA CBETA 165 349
§ 27. OTpaxkeHue 1 NpeaoMIIEHHUE CBETa Ha IIOCKOUW rpaHuIle 167 349
§ 28. ®doTtomeTpus 172 358
§ 29. Cdepuueckue 3epkana 176 361
§ 30. ToHkue TUH3BI 183 368
§ 31. OnTuyeckue CUCTEMBI 197 381
IIpunoxenus

I. ®ynnamenTanbHble GU3HUECKUE KOHCTAHTHI 390

II. MHOXXUTENN ¥ IPUCTABKU AJIs1 00pa30BaHMS JECATUIHBIX 390

KPaTHBIX U JOJbHBIX €AMHUI U UX HAUMEHOBaHUH
II1. Equautet u pazMepHocTy ¢pusndeckux BenuunH B CU 391



INPEJHCJIOBHE

HacTosimuit ¢c60pHHEK NpeaHa3sHaueH B IIOMOINL NOCTYNAIOLIUM B
BBICITHE yueGHbIE 3aBECHUs IIPY NIOATOTOBKE K 3K3aMEHaM 10 QHU3HKeE,
a TakXKe CHyIIAaTeNsIM IMOATOTOBHUTENBHBIX OTAeNeHul u KypcoB. OH
COJEPXHT 3afjayd IO BCEM BONpPOCaM IMpPOrpaMMbl BCTYNHTENbHBIX
9K3aMEHOB, KpOME 3alay Ha BOJIHOBBIE CBOMCTBA CBETa W 3apad IO
aTOMHOH (pH3MKe, IPAKTHUECKH HEe BCTPEUYAIOINUXCH B 3K3aMEHAI[MOH-
HBIX OmiieTax. B KHHT'Y BOIIUIH NPEUMYIIECTBEHHO 3alay, pefJiarap-
[THECS B TEUECHHUE PAfia JIET Ha BCTYIIHTEJNbHBIX 3K3aMeHax no u3nKe
Ha (PU3MIECKOM, MEXAHHKO-MAaTEMATHIECKOM, XUMHYECKOM, T€OJIOTH-
YyeCKOM, GHOJIOTO-TIOYBEHHOM H reorpadmuyeckoMm dakyiabreTax Moc-
KOBCKOTO roCyJapcTBEHHOrO yHHUBepcuTeTa UM. M.B. JloMoHOCOBa, a
Tak>Ke Ha aKyNnbTETE BEHIUYMCIUTENHHON MATEMATHKH ¥ KHGEPHETHKH H
(hakynpTeTE MOYBOBEAECHHS.

B c6opHuke npefcTaBleHb] 3alaydl pa3sHOi TPYAHOCTH, UTO, C ONHOH
CTOPOHBI, NIPECNeflyeT METORUYECKHUE 1IeNH, a C APYTO# CTOPOHBI, OTpa-
JKaeT pPa3INYHYIO CTENIeHb CIIOXKHOCTH 33/lad. B KHHTY BKIIIOUYEHBI TaK-
K€ 3aflaui, HECKOJIBbKO BBIXOIIKE 32 PAMKH AEHCTBYIOIEN B HACTOS-
1ee BpeMs MporpaMMsbl N0 (pU3MKe IS OCTYNAIOIMX B By3bl. Tako-
BBIMH ABJAIOTCA HeKOTOphle 3afaun § 11 “Kone6anusa u BonHb!”, 3aga-
YM Ha pacyeT 3JEKTPHUYECKHX NOJIeH B IHAJIEKTpUKaX, psan 3afjayd § 23
“MarHuTHoe ToJjie TOKa. ZJMeKTPOMArHUTHAasA HHAYKIHUA , BCEe 3ajayH
§ 24 “IlepeMeHHBIN 21eKTPHUECKHAN TOK H HEKOTOpBIE 3alauM pa3feina
“OnTuka”. B 60NBIIMHCTBE CyYaeB 9TH 3alaUdl OTHOCATCS K BONPOCaM,
KOTOpbIE TaK WY HHAYE PACCMAaTPHUBAIOTCS B MIKOJILHBIX YUEOHUKAX 11O
(pusuke. ABTOpBI CUMTAIOT, YTO pa3Gop YKa3aHHBIX 3afay IOMOXET
yuTaTenio 6onee CBOGOMHO OPUEHTHPOBATHLCI B OCHOBHOM MaTepHalie
NPOrpaMMbI BCTYNUTELHBIX 9K3aMEHOB 10 (PH3HKE.



B nensx pasBUTHsI HABBIKOB M KYJIbTYpbl pellieHUs (PU3NYECKHX 3a-
Ja4y MHOTHE H3 HHX CHaOXeHbI MONpOOHBIMHU pellleHNsIMI. Bee pentenns
NOCTPOEHBI IO ENUHOMY, Haubonee HenecoobpasHOMy ITaHY: COCTaB-
JeHHe HeOOXONUMBIX YPaBHEHHH, pellleHHe UX B ofueM Bue, TOACTa-
HOBKA YHCJIOBBIX JJaHHBIX; IPH 3TOM MaTéMaTHKa HCIONb3yeTCs B ITOJ-
HOM 00 beMe NporpaMMbl CpeqHeH MIKOJbI.

K kaxpmo#l TeMe 3aJauHAKa JaHbl KPAaTKHE YKA3aHUsI, KACAIOUIHECS
ofO1ed METOMUKH pellleHHs 3af1ay, U NlepeYeHb OCHOBHBIX (hOpMYII, HC-
MOJIB3YEMBIX IIPH pelIeHHH. B psiie MecT npuBene Hbl METONBI peliie HUsl
3aflad, KOTOpHIE, XOTSI U HE BBIXOASAT 33 PaMKH NIPOTPaMMbl CpenHel
HIKOJIBI I MOTYT OBITB JIETKO OCBOE€HBI NOCTYNAIIINMH B BY3bl, B Cpell-
HEH MIKOJIe paccMaTpHBAIOTCS [AJeKO He BCEerfa. Y CBOEHHE MONOOHBIX
METONOB 3HAYUTENBHO O0JIEr4aeT MOArOTOBKY K BCTYNHUTENbHBIM 3K3a-~
MEHaM H IIOMOTaeT [IOCTYNHUBIINM B BY3 CPaBHHTEJIBHO JIETKO MEPEUTH
OT IIKOJIbHBIX METOOB OOYYEHHS K By30BCKHM.

COopHHK HEeOJHOKpaTHO mepepabaTbIBalCs, PAacCHIHPSIICI W HO-
MOJNHAJICS HOBBIMH 3aflauaMH M3 YHCIA MpelaraBIINXCsS HA Pa3HbIX
¢pakynpTeTax MOCKOBCKOTO YHHBEPCHTETA NPH NOATOTOBKE TPETHETO
u3nanus (1976 r.). Torma e B COOTBETCTBHH C IMOXEIAHHIMH
MMOATOTOBHUTENBHBIX OTAEIEHHAR N KYPCOB, KOTOpPbIE IIHPOKO NONB3YHOT-
s 3alaYHHKOM, H B HEJISIX CTUMYJIMPOBAHHS CaMOCTOSITEIbHOM paBboThI
yJaLuxcsi AN 9acTH 3ajad ObUIM ONyIIEHB! PEIICHUS M JaHbl JNNIb
oTBeThl. [TonpobHble pelieHNs MPUBENCHBI, KAaK NPaBHIIO, [ OCHOB-
HBIX 3a7]a4, Ha KOTOPbIE M NOJKHBI OPHEHTHPOBATHCS UNTATEITH.

B Hacrosmem H3gaHuK OOIINE NITaH KHHTH, COAEp:KaHNe U HyMepa-
IHs 3afiad OCTalNCh NpeXXHUMH. OaHako (OPMYNHPOBKHN M pPEUICHUS
3afjay CYILIECTBeHHO nmepepaboTaHbl ¢ yIETOM TpeOOBaHM HbIHE -
CTBYIOLIUX NTPOTpaMM IO (pH3MKE [JIs1 MOCTYNAWINX B BY3bl. B KoHUE
KHHUTH IPUBENICH PSL TaOMuL, TOJNE3HbIX NPH PEIICHAH 3a1aY.

Pazpen cbopunka “Mexannka”, KpoMe 3aad N0 KHHEMaTHKE, HAIH-
caH I'.SI. MsakuumieBbIM, pasfien “Tennora 1 MonekysipHas (pu3nKka” H
3agauyn no kuHeMarnke — B.B. KepxKeHueBniM, paszgen “OnekTpuye-
cTBO M MarHeTH3M” — . A, BennpukoBbiM, pazgen “Ontuka” — b.B. By-
xoBueBbIM. OO01iee pepakTHpoBaHue cOOpHHKA BhinonHeHO B.B. By-
XOBLEBbIM.

ABTOpBI BhIpaxarT rinybokyrw OmarogapaocTs B.I'. 3y6oBy u
I'.E. ITycToBanoBy, HeMano c1ocoOCTBOBABILNM YITy4ILIeHHIO COOpHHUKA.



3JAJAYHN

I'masa l

MEXAHHMKA

§ 1. IlpsamonuneiiHOe paBHOMEPHOE H PABHONMEPEMEHHOE JBHIKCHHE

H3yueHne MeXaHIKH OOBITHO HAUHHAIOT ¢ KHHeMaTnKd. KnHemMatuka onn-
CBIBAET MEXAHMUCCKOES BIKCHHUE TEJI C TEOMETPHIECKON TOUKHM 3peHus, 6e3
paccMOTpEHNUS IEHCTBYIOIINX Ha HUX CHIL.

3ajgauell KHHEMATHKH SBJISIETCS ONpPEleICHNe KHHEMAaTHYECKIX XapaKTe-
PUCTHK ABUKEHUS TEN — UX MONOXKEHHs (KOOPAHHAT), CKOPOCTEH, yCKOPEHHUH,
BpeMEHH JBUXKCHHUS U T.J. — U IONYUECHHE YPAaBHEHHUH, CBSI3bIBAIOLINX 3TH
XapaKTEPUCTHKA MEXAy coboll. 3TH ypaBHEHHs MO3BOJSIOT IO OJHHUM H3-
BECTHBIM XapaKTEPUCTHKaM HAaXOfHTh APYrHe M TeM caMbIM [alOT BO3IMOXK-
HOCTb MPH MHHMMAJXbHOM UNCJIE MCXOAHBIX JAaHHBLIX NOJHOCTHIO ONUCLIBATh
ABIKEHHUE TEJ.

Ilpu pelreHnn 3agav MEeXaHHKH, B 1TaCTHOCTH KHHEMATHKH, HY>XKHO B [IEPBYIO
ouepenb BbIOpATh CHCTEMY KOOPIMHAT (CHCTEMY OTCUETA), 3a/laTh €€ Havalo H
NMONOXUTENbHBIC HANPaBIEHUsT KOOPAUHATHBLIX ocell U BbIOpaThb HA4ajNo OT-
cueTa BpeMeHn. be3 BhIOGOpa CHCTEMbI KOOPAMHAT OINMCATD JBUXCHAE HEBO3-
MOXKHO. B coOoTBeTCTBHHE € XapakTepoM 3ajat, paccMaTpUBAEMbIX B JalbHEH-
1IeM, Mbl OyJIeM MONB30BATLCSA B CAyUae NMPSIMOTHHEHHOTO ABIDKCHUS CHCTEMON
KOOPAUHAT, COCTOAIEH M3 OfHOH KOOpAMHATHOH ocu OS, BLOAb KOTOpO#H
MPOUCXOJUT JIBIDKCHUE, C HaualloM OTcYeTa B Touke O. B Oonee croxkHBIX
crydasix 6ygeT NPHMEHATbCS ICKapTOBa NIPSIMOYTrONbHAs CHCTEMa KOOpPAHHAT
€ B3aMMHO NepNeHANKYAapHLIME ocamMu OX u OY, nepecekalomyMucs B TOUKE
O, KOTOpast IBNsieTCA HA4aIOM OTCUETa.

PaBHOMepHOE M paBHOIEPEMEHHOE NPSMOIHHEHHOE ABHUXEHUE OINCBIBA-
€TCsl KHHEMATHUYECKAMH YPaBHEHUSIMY (TaK Ha3bIBAa€MBIMH 3aKOHAMH JBHXe-
HUs), JAFOIIMH 3aBHCHMOCTb KOOPANHATHI § ¥ CKOPOCTH U OT BPEMEHH:

§=S5g+ Yyt + at2/2, U=y +at, )]

TJie a — YCKOpEeHHe, | — BpeMsl, IPOTEKIIee ¢ Havdana OTCYEeTa, T.€. C MOMEHTA,
KOTrja TeJIO MMEeNI0 Ha4albHYI0 KOOPANHATY Sy X HAYaJdbHYIO CKOPOCTB Uy. I1pn
a = const ypaBHeHus (1) ONUCBIBAIOT paBHOIEPEMEHHOE ABIXCHHE, IIpH a = 0 —
paBHOMepHOe. Bce ocranbHble (pOpMyNbl paBHOINEPEMEHHOTO JBHMXKCHHS,
HaIPHMED CBSI3b MEKy HAYaJTbHOH CKOPOCTbIO H KOOPAMHATOH Te€Jla B MOMEHT

o 2 o
IIOJTHON OCTAaHOBKH: S5 = U0/2a, MOXHO JIETKO HOJTYYUTDb U3 2TUX YPABHCHHUH.
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Yucno ypasHeHH THNA (1) 3aBHCHT KaK OT XapaKTepa [IBHXKEHUIA, TaK U OT
BbIGOpa CHCTeMBbl KoopauHaT. Hanpumep, npu BeIGOpE B KAYECTBE CHCTEMBI
KoopauHaT ocu OS (puc. 1) ans Tena, ABHXKYIIETOC U3 TOUKH A B TOUKY B 1o
[PSIMOH C HaYaJIBHOH CKOPOCTLIO V) H YCKOPEHHEM @, HAllPaBJICHHBLIM NIPOTHB
MOJOXHATENBHOIO HalpaBJeHUA KOOPAHHATHOH OCH, ypaBHeHHs (1) Gynpyr
HMETB BHJ § = 5 + Uyt — at? /2, v = yy — at.

J A onucaHUA JBHKEHHS 3TOTrO Xe Tena
MOXHO B3Th TaKXe NPAMOYTOIBHYIO CHCTE-
My KoopjauHar ¢ ocaMd OX u OY, pacnono-
JKEHHLIMH, KakK 110Ka3ano Ha puc. |. Kooppu-
HaTa §; Tena B 9TOM ciyd4ae OyjpeT onpeje-
MATBCA NPOEKUUAMH X H Yy Ha ocu OX u OY.
TIpu aBHXKEHUM TeNna 3TH NPOEKNHUH HA OCH
KoOpAHHAT H3McHATCA. CKOpOCTEh V rela
MOXHO NpEJACTaBHThL B BH/E€ CYMMB! [BYX
COCTaBNAIOIINX U, ¥ Uy, HANPaBNEHHBIX BIONL
KOOpP/IMHATHBIX Ocell. Monynn aTHX cocras-
JAOUIMX PaBHBI MOAYIAM NPOEKUHA U, H U,

Prc. | CKOPOCTH Ha COOTRETCTBYIOIUHE OCH. AHaNO-
THYHO, MOAYJH COCTABIAIOIIMX YCKOPEHHA PABHBI MOJlYJIAIM IIPOEKNHHA a, U .
Jra Kaxkno# npoeKIMH KOOPAHHATEI H CKOPOCTH Ha COOTBETCTBYIOIIYIO OCh
MOeT ObITh HallHCaHa CBOs Napa KHHEMATUUECKUX YPAaBHEHHH:

Ixol+lvg, bt—ta 1152, v, = lvg l-la ln

I

X

y = Iy t=lvg tt+la 1t%2, v, =-luy l+la,lt.

¥

3pechk xg, Yo H Uy, Uy, — NPOEKIMH HAYaABHOW KOOPAHHATBI M HavalbHOM
CKOPOCTH T€Ja Ha KOOPAMHATHbIE OCH. (O BLIGOPE 3HAKOB NEPEN Uy, Uyys dy H
ay CM. HEXE.) A

OnucaHHs JBIKEHHA B PA3HYHBIX CHCTEMaxX KOODAHHAT JKBHUBANEHTHBI
MeXy CO60H B TOM CMBICIIE, UTO IPH H3BECTHOM PaCIONOXEHUH [[BYX CHCTEM
KOOPAMHAT OTHOCHTEIBLHO JAPYT Jpyra II0 BeIWYHHAM, HaHJEHHBIM B OHOMH
CHCTEME, MOXHO ONPEJENUTE COOTBETCTBYIOIUE BETHUHHBI B Apyrou. Hamnpun-
Mep, Nerko y6eauThes, YTo paccrosHue AB (puc. 1), npoligeHHOe TeIoM H
paBHOE § — Sy, BbIpaXkaeTcsl epe3 pacCTOsIHUA X — Xy U Y, Ha KOTOphIe Iepe-
MECTHITHCh 32 3TO BpeMsl MPOEKIUH KOOPJAHHATHI TENa:

s~ 8 =1/(x—x0)2+y§.

HadvanbHas CKOpPOCTb Uy H YCKOpEeHHE a Tela MOryT OBITh HaWeHbI, €CIH
H3BECTHEBI X NPOEKIHH HA OCH KOOP/AHHAT:

= [y2 2 - [2, 2
Vg =qlVgx Uy, a=ila,+a;.

Ilpu pemennn 3afay cnenyeT BLIGHPATh TaKylO CHCTEMY KOOPJAHHAT, B KO-
TOPOH yPaBHEHHS, ONUCHIBAIOIUME [IBUKECHHE, MOTYyYalOTCs MPOCThIME. SIcHO,
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UTO MpH NPSIMONHHEHHOM IBIKCHHHU CHCTEMa YPaBHCHHIH, OMHCBIBAIOIIAS STO
ABHJKCHHE, BLITTAQUT OPOLIE, €CiHM O€peTcs ORHA OCh KOOPAHHAT, HAaNPaBJICH-
Hasi BAOJNb ABHXeHHA. [IpH KpUBONHMHEHHOM [BHXKCHHU HPHUXOAHTCA OpaTh
IPSIMOYTONBHYIO CHCTEMY KOODAMHAT C ABYyMsl OCSIMH H INPENCTaBIATb [BH-
>KCHHE B BHJIC CYMMBI 1BYX ABHMIKEHHH, MPOHCXONAIIHX BROJNb KOOPAMHATHbIX
oceil. YpaBHEeHHSI UMEIOT OoNiee NPOCTOH BUA, KOTNla HAMpaBIeHHsA OCel BbI-
6uparoTcs Tak, ITO HEKOTOPbIE U3 MPOCKIMil B TeUCHHE BCETO BPEMEHH ABH-
>KCHWS PaBHBI HYJIO.

IIpu cocrasneHun ypaBHEHHH OHEHb BaXXKCH BONPOC O 3HAKAX mepej Mo-
AynsiMH npoexkuuit s, v#u a. Ecnu KoopauHaTa OTCUMUTBHIBAETCS B IOINO-
KUTENBHYIO CTOPOHY OT Havala OTCUeTa (MOJOXHUTEIbHOE HaNpPaBICHUE OCH
KOOpAHHAT YKa3bIBAE€TCA CTPEJIKON Ha KOHIIE OCH), TO €f IPHUIHUCLIBAETCS 3HAK
nmoc. IIpoekiun ycKOpeHUH H CKOPOCTEN CUHTAIOTCS OJIOXUTEIBHBIMH, €CITH
HalpaBJICHHE COOTBETCTBYIOIEH COCTABISIOMICH COBNANACT C MONOXKHTENb-
HbIM HalpaBJIEHUEM OCH, B IPOTUBHOM CIIyJa€c B YPABHEHUSIX OHH MHUIIYTCS CO
3HakoM MuHyc. Hanpumep, Ha puc. 1 npoekuus yckopeHus Ha ock OY moro-
KHTENbHA, a MPOEKIUs CKOPOCTH Ha Ty Xe Och orpullaTenbHa. HeunssecTHbie
BENUYHHBI IyUllle MUCATH €O 3HAKOM Mutoc. [Ipu HaxoX/eHNUH 3THX BEJIHYHH B
npolecce pelneHus 3aaavd UX 3HaK omnpejenurcs cam coboi. Hanpumep, nius
Tena, OpOUIEHHOTO BEpPTUKANBHO BBEPX C HAUYalbHOH CKOPOCTBIO U, €CIH
ock OS HampaBleHa BepPTHKANBLHO BBEPX M Hadalo OTcUeTa COBMNAQAET C
OBEPXHOCTBIO 3eMIIH, § = Vgt — gt%/2 (ycKOpeHHe CBOGOJHOTO MafcHHs g
HampapJeHO BHHU3). B aToM cimydae 3HaK KOOpAWMHATBI § 3aBHCHT OT f: i
t > 2uy/g KOOpAUHATA § OTPULATEIBHA.

WHorpa npoiifeHHblit TETOM NYTh OTOXAECTBISIOT ¢ KOOPAMHATOH s, a
ypaBHcHHE (1) Ha3bIBalOT ypaBHeHHEM myTH. B obmemM ciyuae ato Hempa-
sunbHO. IIyTh — 2TO cyMMa BcexX paccTOSHUH, MPOHACHHBIX TEIOM BAOTb
TpacKTOpHH. B WacTHOCTH, B IPHBEJEHHOM Bbllle NMpHUMepe KOOPAHHATA § B
MOMEHT BPEMEHH ¢ = 2uy/g OyneT paBHa HyI1o (TeJo yHajeT Ha 3eMITi0), B TO
BpPEMsI KaK MPOHAEHHBIA TEJIOM K 2TOMY BpeMEHH nyThb ! 6yneT paBeH CyMMe
paccTOSHUN OT 3eMIIH 10 HaHBBICIICH TOUKH, AOCTHTHYTOI TEIIOM, H OT 2TOM
TOUYKH A0 3eMiH (I =U02/g).

IIpu pellenuu 3anaq Ha ABHXKCHHE HECKONBKHX TENl PEKOMEHAYETCs NONMB30-
BaTbCs OQHOMU cucTeMoil koopauHaT. B HexoTOpeIX ciyuyasx O6biBaeT ynoGHO
CHUCTEMY KOOpPAHHAT CBA3aTh C ONQHUM H3 ABHKYIIHXCA TeJ H paccMaTpHBATh
NBIKEHHE OCTANLHBIX TEJ OTHOCUTENBHO H3OpAaHHOTO.

OTH yKa3aHHs OTHOCATCS MpexXjie Bcero K § 1-3, ogHaKO OHH MOTYT IOHA-
ROOHTBLCS M IpH pELICHHN APYIUX 3a7ay BO BCeM paspene “Mexanuka”.

1. ToBapHsI# N0€3]1 HAET CO CKOPOCTEIO Uy = 36 KM/4. CnycTs Bpems
T=30 MHH ¢ TOH k€ CTaHIOHH MO0 TOMY € HamnpaBJEHHIO BBIIIE]
SKCIIPECC CO CKOPOCTEIO U, =72 KM/u. Uepes kakoe Bpems ! Iocie
BBIXO[a TOBapHOIO 10€37la M Ha KAaKOM PAacCTOSHHH § OT CTaHIHUH
SKCIIpecC HArOHUT TOBapHBIA noe3n? 3amgauy pelMTh aHAIHTHYESCKH H
rpau4ecKH.



2. Y3 roponoB A u B, pacCTossHHEe MeXAy KOTopbIMU L = 120 kM,
OIHOBPEMEHHO BBIEXANH HABCTPEYy APYL APYry ABE aBTOMAIUUHBI CO
CKOpOCTSMH v, = 20 KM/Y 1 v, = 60 kM/4. Kaxknast aBTOMamiiHa, npoias
120 kM, ocTaHoBmIack. Yepe3 Kakoe BpeMsl ! U HA KAKOM PacCTOSIHUH §
oT ropopa C, HaxopfAIlerocs Ha MOJNYTH MEXAy A u B, BCTpeTsaTCs

v apToMamuHbl? 3ajgady pPEemHTh AHATUTHUYECCKH H
AB rpaduueckn. IlocTpoutrs rpaduk 3aBHCHMOCTH
y paccTOAHUA [ MEXKIY aBTOMAaIllHHAMHU OT BPEMEHH 1.

3. CrepxeHb A B nuHBI [ OMUpaeTCs KOHIAME O

non u creHy. HaliTu 3aBUHCHMOCTBE KOOpIHHATEI Y

l KOHIIA CTEPXHA B OT BpEMEHHU ! NPH ABHXCHHH

KOHUA CTEPKHA A C NOCTOSHHON CKOPOCTBIO U B

HanpaBJICHHH, YKa3aHHOM Ha pPHC. 2, €CIH NepBO-
HavyallbHO KOHEL A HMeJl KOOPIHHATY X,

4. TopapHusiit noe3n nuHbl /| = 630 M 1 aKcOpece

Puc. 2 nnuHbl /, = 120 M HOYT 0O ABYM HapalielbHbIM

OyTAM B OJHOM HAamNpaBJEHHU CO CKOPOCTAMH

v, = 48,6 km/u u v, = 102,6 KM/9 COOTBETCTBEHHO. B TedeHne Kakoro

BpPEMEHH IKCHpecc OyeT OOrOHAThL TOBAPHBI 10€e317

5. IIBa moe3fga HAYT HABCTPedy OPYT APYLY CO CKOPOCTAMH U =
=36 xM/4 # v, = 54 kM/4. [Taccaxkup B MEPBOM MO€3[le 3aMeYaeT, YTO
BTOPOM N0€3]] NPOXOAAT MUMO HErO B Te€YeHHE BpeMeHH ¢ = 6 c. Kakosa
IJIKHA BTOPOTO noespna’?

6. Tennoxopn, umeromuit gmuHy /= 300 M, OBHXKETCA MO NPSIMOMY
KYpCy B HENMOABIKHOH BOfIE CO cKOpocThio vy. KaTep, nMeromuii cko-
pocTs v, = 90 KM/4, IPOXOAUT PAacCTOSHHE OT KOPMBI ABHXKYILErocs

TEMIOX0fla 0 €ro Hoca M oO6paTHO 3a BpeMs
AZ ZB

0 A X
/.\’0 v

t = 37,5 ¢. HaliTu cKOpoCTB v; Temnoxoua.

7. Ha HaKJIOHHYIO IIIOCKOCTE, COCTABISIIOLIYIO C
FOPH30HTOM YrONl O, ONMHpPAeTcs CTEPXKEHBL, KO-
TOPBIA MOXKET MEPEMEIATLCS TONBKO 10 BEPTH-
Kanmu Onmarofapst HarpaBlsIOLEMY YCTpO#cTBY AB
(puc. 3). C Kakoif CKOPOCTBIO U MNOJHUMAETCS

Puc. 3 CTEPXKEHb, €CIIH HAaKJIOHHAs MIOCKOCTh NBUKETCSA
BJIEBO CO CKOPOCThIO U?

8. Kannu goxns Ha OKHax HENOABIKHOIO TPaMBasl OCTaBIAIOT MO-
JIOCBI, HAKJIOHEHHBIE 1o yriioM ¢ = 30° K BepTukanu. [Ipu nBrKeHUH
TpaMBasl cO CKOPOCTBIO i = 18 KM/4 NONOCH! OT JOX/AA BEPTHKAIBHBL,
Hariti ckopocTh Kanenb goxas v B 6€3BETPEHHYIO IOCOAY U CKOPOCTh
BETpa w.
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9. [Inoeen mepemnbiBacT peKy, UMerOIyo mupuHy h. [log kakum
yIJIOM O K HAIPABJICHHIO TEYECHHUS OH [OJIXKEH IUIBITh, YTOOBI Nlepenpa-
BUTKCSI Ha NIPOTHBOIOJIOXKHBIA Geper B KpaTuaiimee Bpems? I'me oH B
STOM Ciyyae OKaXeTCs M KaKOH IyTh § NPOIUIBIBET, €CIIH CKPOCTh Te-
YeHHsI pEeKH PaBHA U, 2 CKOPOCTD INTOBIAa OTHOCHTENILHO BOfIbl PaBHA U?

I-( %

'

7°
. A
s

Puc. 4 Puc. 5

10. JTopo4HHK, TepenpaBisisiCh Yepe3 peKy IINPHHBI A 13 yHKTa A B
OYHKT B, Bce BpeMst HampaBJisieT JIOAKY IO YIJIOM O K Oepery (puc. 4).
Ha#iTH cKOpOCTB JIOIKH U OTHOCHTENBHO BOJBI, €CTH CKOPOCTh TEYECHHSA
PEKH paBHa U, a JIOIKY CHECIIO HUKE NIYHKTa B Ha paccTosHHe /.

11. Kopabnb upeT Ha 3amaj co CKOpOCThIO V. MI3BeCTHO, 4TO BETED
myeT c roro-3anafa. CKopocTh BeTpa, H3MepeHHas Ha najinybe kopabis,
paBHa u,. HafiTi ckopocTh BeTpa # OTHOCHTEIBHO 3EMITH.

12. Teno 1 HaumHaeT ABUraThbCs U3 TOYKH A IO HANPaBICHHIO K
TO4YKe B CO CKOPOCTBIO V;; OMHOBPEMEHHO TeJIO 2 HAaUHHAET ABHIAThCs
M3 TOYKH B 1o HanpaeneHuto K Touke C co CKOPOCTBIO v, (pHC. 5). Pac-
crossHue AB = L. Octpsiit yron ABC = o.. B kaKoil MOMEHT BPEMEHH
paccrosinue [ Mexknuy tenamu 1 1 2 6yaeT MUHAMAaNbHBIM H KaKOBO 3TO
paccrosiHue?

13. Opgun noe3sq we MOJIOBHHY NYTH § CO CKOPOCThIO v = 80 KM/4, a
MOJIOBMHY MYTH — CO CKOPOCThIO v, = 40 kM/u. [Ipyroit moesy mesn moJjo-
BHHY BPEMEHH ! CO CKOPOCThIO ¥, = 80 KM/4, a IIOJIOBUHY BPEMEHH — CO
CKOpOCThIO U = 40 kM/u. KakoBa cpefiHsst CKOPOCTh KaXkaoro noesna?

14. Teno, nMest HaYaNBHYIO CKOPOCTb Uy = 2 M/C, IBUTANIOCh B TEYE-
HHE BPEMEHH !, =3 ¢ paBHOMEPHO, [, =2 C C YCKOpeHHeM a, = 2 M/c?,
t3=15 ¢ ¢ yckopeHHeM a; = 1 M/c?, 1, =2 ¢ C yCKOpeHueM a, = — 3 M/c?,
!5 =2 C paBHOMEPHO CO CKOPOCTBIO, ITOJTY4EHHOH B KOHIE TPOMEXKYTKA
BpeMeHH f;. HaHTH KOHEUHYIO CKOPOCTh U, NPOHACHHBIA NYThH S H
CPEMHIOIO CKOPOCTh U, Ha 9TOM ITyTH. 3afiady PEIUMTh aHATHTHIECKH B
rpadMuecKH.

15. CamMoneT, neTsIumil TOPU3OHTATBHO CO CKOPOCTBIO U, ONAafgacT
B IOJIOCY AOXKAs, Kallld KOTOPOro NMafjalT BEPTHKAJIBHO CO CKOpO-
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cThio w. Ka6uHa munoTa uMeeT ABa CTEKIIA: BEPXHEE — TOPH30HTAlbHOE
M NlepeqHee — HAKIIOHEHHOe K F'OPU30HTY oA yrioM o (puc. 6). Kaxpmoe
U3 CTeKOoN mMeeT mromans S. HallTa oTHOUIeHHe yucna Kanenb BOJBI,
NafarwIux B eHHALy BpEMEHH Ha IlepefHee CTEKJIO, K YUCIy Kamelb,
MafarouX B €NUHALYY BpEMEHHN Ha BEPXHEE CTEKIIO.

16. Teno, MMess HadYalbHYI CKOpPOCTH
vy = 1 M/c, IBHranoch paBHOYCKOPEHHO H IIpH-
o6peno, nmpofas HEKOTOPOE PacCTOsSIHUE, CKO-
pocth v, = 7 M/c. KakoBa 6b111a cCKOpOCTh Tena
Ha MOJIOBHHE 3TOr'O PacCTOSHUSA?

17. Teno, uMest HEKOTOPYIO HaYaNBHYIO CKO-

Puc. 6 pOCTb, ABMKETCS PABHOYCKOPEHHO M3 HEKOTO-

poro nonoxenus. M3BeCTHBI KOOPAMHATLI TENA

X1, Xy, X3, OTCUATAHHBIE BIOJIb HATIPABJICHUSA IBHXKEHHS OT IPOU3BOJIBHO-
ro Hayajla OTCYeTa BMOMEHTHI BpEMEHH ¢, 5, t;. HaliTH yckopeHue Tena.

18. ITapamroTHCT criycKaeTcs ¢ MOCTOSIHHON CKOPOCTBIO U = 5 M/C.
Ha paccrosinnm /2 = 10 M oT 3eMin y Hero Beinan npeameT. Ha ckonbko
mo3Ke MPHU3EMINTCS MapallIOTHCT, YeM 3TOT npeaMer? ConpoTusie-
HHEM BO3[yXa sl Mafalliero npeaMera npenebpeyb. CYuTaTh YCKO-
peHue cBobonHoro naaeHus g = 10 m/c2.

19. Teno, nMest HEKOTOPYIO HaYaJbHYIO CKOPOCTb, IBHXKETCSI PaBHO-
YCKOpEHHO. 3a BpeMsl ! TeNo NPOLUIO NMyTh §, IPpAYEM ero CKOPOCThb
yBeMHumnach B n pa3. HaiiTu yckopeHne Tena.

20. ITo ogHOMY HanpaBIICHHIO U3 OHOM TOYKYM OJHOBPEMEHHO Haya-
JIM ABHTaTHCS [IBA TeJla: OHO — PABHOMEPHO CO CKOPOCThIO U = 980 cM/c,
a pyroe — paBHOYCKOPEHHO (€3 HAYalbHOU CKOPOCTH C YCKOPEHHEM
a = 9,8 cM/c?. Yepes kakoe BpeMsi BTOPOE TENO NOTOHUT NepBoe?

21. [Ipa noe3pa NpOIILIH OAMHAKOBBLIA MyTh § 32 OAHO M TO Xe Bpe-
M ¢, ONHAKO OfMH MOE3], UMesl HayalbHYIO CKOPOCTh, PaBHYIO HYIIIO,
IpOLIEN BECh YTh C YCKOPEHHEM a = 3 ¢M/c?, a Apyro# moesy MoJ0BUHY
MyTH LIEN CO CKOPOCThbIO Uy = 18 KM/4, a MONOBHHY NMyTH — CO CKO-
pOCTBIO U, = 54 kM/4. HafiTh yTh 5, IpOANEHHBIHA TOE3aMH.

22. ABTOMOOHIB, TPOTAsACh C MECTA, efET C YCKOpeHueM a,. HocTur-
HYB CKOPOCTH U, OH HEKOTOPOe BpeMs e[leT paBHOMEPHO, a 3aTEM TOP-
MO3HT C YCKOPEHHEM a, 10 OCTAaHOBKH. HalTn Bpemsl ¢ [BHKeHUs aBTO-
MOOMIISA, €CITH OH MPOIIE MYTh S.

23. IToesn npoien myTh s = 60 kM 3a Bpems ¢ = 52 muH. CHavyana oH
LIEJ C YCKOPEHHEM +a, B KOHIIE C YCKOPEHHEM —d, OCTAIBHOE BPEMS C
MaxCHMAaJILHOH CKOpPOCThbIO U = 72 KM/4. Hafitm Monyns yckopeHms,
€CJIH HaYaJIbHasl M KOHEYHasi CKOPOCTH paBHBI HYJIIIO.
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24. Kakas npegenbHasi CKOPOCTh NPHU3EMIIEHHAA U NAPAIIIOTHCTA KO-
NyCcTHMa, €CIIH Y€TOBEK, HE HMedA NapamoTa, MOXET 0€30MacHO Npbl-
raTh C BBICOTBI A < 2 M?

25. Kamenb 6po1iieH ¢ BBICOTHI /1 = 28 M BEpTHKAJIBHO BBEpX C Ha-
JaJbHOH CKOPOCTHIO U, = 8 M/c. HaliTH CKOpOCTB v NaieHUsi KAMHS Ha
3eMITIO.

26. Teno nagaeT 6e3 HayalbHON CKOPOCTH C BBICOTHI /1 =45 M.
HaiiTu cpenHioro cKopocTs v, NafieHAsl Ha BTOPOM NMOJIOBMHE NyTH.

27. 3a Kakoe BpeMs ¢ cBOOOIHO nafaroiee 6e3 HauaJbHOM CKOPOCTH
TeJO NPOHHET COTHIH CAHTUMETpP CBOEro NyTH?

28. CpoboxgHo nagatomee 6€3 HaYaNbHOH CKOPOCTH TEJNO B HOCHEN-
HIOK CeKYHAly nageHus npouuro 2/3 cBoero nyTd. HaliTu nyTs 5, npo#i-
HEHHBIN TEJIOM.

29. Teno OpoLIEHO ¢ HEKOTOPOH BBICOTHI BEPTHKANbHO BBEPX €
HAYaJbHON CKOPOCTBIO Uy = 30 M/c. HaitT KoopauHaTy /& ¥ CKOpPOCTb U
Tena yepe3s BpeMs f = 10 ¢, a Tak>Ke NPOHAECHHBIH 332 3TO BpeMs NyTh S.
CunTaTh ycKOpeH#e cBoOGORHOro nageHus g = 10 m/c?.

30. CoCbopgHo maparoiliee 6€3 HaYaJIbHOH CKOPOCTH TEJIO CHYCTS
HEKOTOpPOE BpeMs MOCNe Hauana NafgeHHs HAaXOOUIOCh HAa BbICOTE
hy = 1100 M, a emre yepe3s BpeMa At = 10 ¢ — Ha BrIcOTe /i, = 120 M Hag
NOBE PXHOCTHIO 3eMITH. C Kakoi BbICOTHI A Nafao Tejo?

31. Teno, OporIeHHOE BEPTHKANBHO BBEPX, ABaXKIbl NPOXOIUT Yepe3
TOUKY Ha BbIcoTe h. [IpoMe:KyTOK BpEMEHH MEXRY 3THMH NPOXOXKJe-
HUAMH paBeH Af. HalTH HauanbHyIO CKOPOCTDb TE€JNA Uy M BpeMs Aty OT
Havajia IBMXKEHHS TeJla O BO3BpaTa B HAYAIBHOE NOJIOXKECHHE.

32. OpHo Teno OpOIIEHO BEPTUKAJNbHO BBEPX C HAYANBHON CKO-
pOCTBIO Uy, APYro€ HagaeT ¢ BBICOTHI /1 6e3 HauaabHOH CKOPOCTH.
JIBH>KeHHs Ha4YalHCh OKHOBPEMEHHO M NPOUCXOAAT HO OJHOH
npsiMofi. HafiTu 3aBHCHMOCTB pacCTOSIHHA § MeXAy TelaMH OT Bpe-
MEHH .

33. C 6amnn, nMeroiel BICOTY /i, 6pOCarOT ONHOBPEMEHHO J[Ba IIa-
pHKa: OMH — BEPTHKAJIBHO BBEPX CO CKOPOCTBIO U, APYroil — BepTH-
KaJIbHO BHH3 CO CKOPOCTBIO v,. HaiiTn npoMeXXyTOK BpeMeHn Af, oTHe-
JAOMAR MOMEHTHI HX NAEHAS Ha 3EMITIO.

34. C kpbIm nafaroT OffHA 34 pyro# ABe Kanmm. Yepes Bpems £, =
=2 ¢ nocJie HavaJa najgeHusi BTOPOH KanH pacCTOSTHUE MEXAY KarnJis-
MU CTajo paBHbIM 5 = 25 M. Ha ckonbKO pasbllie nepBas Kanisi OTOpBa-
Jach OT KpbIA? v

35. C BbicoThl Ay = 10 M 6e3 HavaTLHOU CKOPOCTH MafaeT KaMeHb.
OpHOBpPEMEHHO € BBICOTHI i, = 5 M BEPTHKANIBHO BBEPX OPOCAIOT IPY-
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rofi kameHb. C KaKO# HaYallbHON CKOPOCTBIO U, OpOIIEH BTOPOH Ka-
MEHB, €CITH KaMHH BCTPETHIIACEL Ha BbIcOTe /1 = 1 Hap 3emitei?

36. [IBa Tena 6poleHbl Be pPTHKATBHO BBEPX C ONUHAKOBBIMH Hayallb-
HBIMH CKOPOCTSIMH C HHTepBajloM BpeMeHH Af. C Kako# CKOpocThio 6y-
OeT ABUTAThCS BTOPOE TENO OTHOCHTENBHO MepBOro?

37. llonka HOATATHBAETCS K BLICOKOMY
6epery osepa IpH MOMOIIH BEPEBKH,
KOTOPYIO HaMaThIBAlOT C MOCTOSHHOH
CKOpOCThIO UV =1 M/c HAa IHMIMHOpHYE-
cKkuil 6apabaH, HAXOMAMIHHACS Ha BBICOTE
h = 6 M Hag ypoBHEM Bofbl (pHC. 7).
HaiTi 3aBHCHMOCTB CKOPOCTH JIOOKH U,
oT piuHb! BepeBkM [. Ha#Tm Takxke
CKOpPOCTb JIOIKM B MOMEHT BpEMEHH,
korga [ =10 M, H nepeMenieHHe JIOOKU U3 3TOTO NOJNOXKEHHA 3a
Bpems = | c.

38. I1o HaKIOHHOH NJIOCKOCTH OJHOBPEMEHHO Hayany IBHTAaTLCS IBa
Teja: OHO — BBEPX C HaWalbHOW CKOPOCTHIO Uy = 0,5 M/c, Ipyroe — BHU3
6e3 HauanbHO# ckopocTH. Uepe3 Kakoe BpeMs f Tenma BCTPETATCA U
Kakol 6yleT MX OTHOCHTEIbHAas CKOPOCTb B MECTE BCTPEYH, €CIH
NepBOHAYAIbHOE PACcCTOSIHAE MeXAy Texamu [ = 2.5 m?

39. Teno cockanb3plBaeT 6€3 TPEHHS C HAKIOHHOH IIOCKOCTH.
Haiitn yron oo HakJIOHa IJIOCKOCTH K TOPH3OHTY, €CIIN CPEelHss CKO-
pocTh Texa 3a nepBble 0.5 ¢ Ha 2,45 M/c MeHBIIIe, UeM CPENHSAA CKOPOCTh
TeJsa 3a nepsble 1,5 c.

40. CranpHOM IIapHK, YNAaBIIKUH C BBICOTHI £ = 1,5 M Ha CTalbHYIO
HOCKY, OTCKaKMBaeT OT Hee C noteper 25% ckopoctu. HaiTn BpeMs ¢,
KOTOpPOE MPOXONNT OT HavaJla JBHKEHHS IapHKa [0 eT0 BTOPOro naje-
HHS Ha IOCKY.

41. Msy cBoGonHO MagaeT ¢ BBICOTHI £ = 120 M Ha TOPH3OHTANBHYIO
TUTOCKOCTB. 1IpH Kak0OM OTCKOKE CKOPOCTb €ro YMEHBIIAeTCs B 1 = 2
pasa. [locTpouTs rpaduk cKOpOCTH M HalTH IIPOHAEHHBINH MSTIOM NYTh
OT Havasa OBMXKEHMS IO OCTAHOBKH.

42, Ha pBHXKymyrOCS BEPTUKANBHO BBEPX CO CKOPOCTBIO ¥ TOPH3OH-
TaJIbHYIO TJIAfKyIO [UIATY CBOOOMHO MagaeT apHK. PaccTosiHue oT
TOYKH Hayasa IIafieHus IIapuKa 10 €ro MECTa BCTPEYH C INIMTON paB-
Ha hy. Ha kakyio BBICOTY & OT 3TOr0O MecTa MOACKOYHT IIApHK MOCIe
coymapenms ¢ mautoin? Ilnura, obnagasg oueHp GOJBIIOH MaccoH, He
HN3MEHAET CBOEH CKOPOCTH B Pe3yNbTAaTE COyRapeHuA ¢ mapukoM. Cun-
TaTb cOyRapeHne abCOMIOTHO YIPYTHM.

Puc. 7

14



43. BepTukanpHas Tafikas IJIATA JBHXKETCS N
TOPH3OHTANIBHO CO CKOPOCTBIO u. JleTsamui B ro- u
PHU3OHTAJNBHOMN INIOCKOCTH CO CKOPOCTBIO Uy IIa-
PHK coymapsieTcs ¢ mintoll. Hanpasnenue nonera
HIAPHUKA COCTABISIET YroJ (L C MEPNEHAUKYISIPOM
Kk naute (puc. 8). Hafitu ckopocTs v mapuka
nocie coymapeHust ¢ maurtoi. Ilnurta, o6napmas
OYeHEL OONBUIONA MAacCOH, HE H3MEHSIET CBOEH CKO-
pOCTH B pe3yJbTaTe COYAAPEHHSI C HIAPHKOM. Puc. 8
Cunrate coymapeHue aGcomitoTHO ynpyruMm. CHIof TSXKECTH mpe-
HEOpeYb.

§ 2. KpuBonuneiiHoe IBHXeHHE

Ilpu npsaMonUHEHHOM IBIDKCHUU HAaNpaplCcHUE CKOPOCTU Tejla OCTaeTcs
HeUM3MeHHbIM. Ecnu e Teno ABUXKETCs MO KpUBOJTHMHEHHON TPaeKTOpHUH, ETO
CKOPOCTB B JTIOOOH TOUKE HalpaBleHa MO KacaTeJIbHOH K TPAaCKTOPUH B 3TOH
Touke. KpuponuHeiiHOe JBUXEHUE SBISCTCS BCErNa YCKOPCHHBIM, TakK Kak
H3MEHSIETCS HallPaBIEHUE CKOPOCTH, AaXe eCIH He U3MEHSCTCA €€ MOAY NTb.

JIns pacueTa [ABUKEHUS NO KPUBONUHEHHOHW TpaekKTOpUU YAOOHO UCHONb-
30BaTh NPSIMOYTOIBHYIO CUCTEMY KOOPAMHAT ¢ ByMs ocsaimMu. OnHy u3 ocefi
HampaBsAIOT OOBIYHO NapaieIbHO YCKOPEHHUIO, APYTYIO — NEPNEHAUKYISIPHO
K HeMy.

44. Teno 6poleHO C BBICOTHI /i TOPU3OHTANBHO ¢ HAaYaIbHOM CKO-
pOCTBIO V). Kak 3aBHCAT OT BpeMeHH KOOPAUHATEI TeJla U ero MoJHas
cKopocTh? BeIBECTH ypaBHEHHE TPAEKTOPHH.

45. C 6amHn, uMeromes BEICOTY 7 = 25 M, TOPU30HTANBHO OpolieH
KaMeHb ¢ HavyaJbHOH CKOPOCThIO Uy = 10 M/c. Ha KakoM paccTosiHUH §
OT OCHOBAHU$ GallHA OH YNIAfleT Ha 3eMJITI0?

46. KameHb, SpotIeHHBIN ¢ GalllHUA rOPU30OHTAIBHO C HAYaJIBHOM CKO-
pocteio Uy = 10 M/c, ynan Ha paccTosiHud s = 10 M ot 6amian. C Kakol
BBICOTBI /1 OBLI OpOLIEH KaMEHb?

47. Teno GpolIeHO €O cToNa rOPHU3OHTaNBHO. [Ipn nageHuu Ha mon
ero ckopocts v= 7,8 M/c. BeicoTa cTtona # = 1,5 M. HaiiTu HauaneHYIO
CKOPOCTB TeJIa V.

48. KameHs GpolileH ¢ ropbl FOPU30OHTANBHO ¢ HAYAJIBHOH CKOPOCTHIO
Vo = 15 M/c. Hepes Kakoe BpeMs f ero CKOpOCTh GYAeT HalpaBJjieHa 10N
yriioM o = 45° K ropu3oHTy?

49. KameHb, OpPOLIEHHEBIN C KPBIUTH TOMa FOPU3OHTAIBHO ¢ HAYaJlb-
HOM CKOPOCTBIO Uy = 15 M/c, ynan Ha 3eMI1o nof yriioM o = 60° kK ropu-
30HTy. KakoBa BricoTa /2 foma?
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50. Teno 6pouieHo € BEICOTHI A = 2 M TOPM3OHTalNbHO TakK, YTO K
NOBEPXHOCTH 3€MIIA OHO NMOANETAET NOJ YIIoM O = 45° K TOpU30HTY.
Kakoe paccrosiHre no ropu30OHTANIH HPONETAET TENO?

51. Teno 6ponieHo ropuzoHTanbHO. Yepes BpeMs ¢ = 5 ¢ nocne 6po-
CKa HanpaBNEHHUA NOJHOW CKOPOCTH UV M NOJHOTO YCKOPEHHUs @ coCTa-
Bunn yron 3 = 45°. HaiiTi MONHYIO CKOPOCTh ¥V TE€Na B 9TOT MOMEHT.
Cunrath yCcKOpeHHe cBOGOHOTO nagenus g = 10 m/c?.

52. KameHs 6pomieH ¢ BLICOTHI /# BBEPX NOJ YIVIOM (L K TOPU3OHTY C
HavalbHOM CKOPOCTHIO Uy [lom KakuM yriioM 3 K TOpH3OHTY M ¢ KaKOH
CKOPOCTBIO U KaMeHb YNafleT Ha 3eMITI0?

53. Teno 6pomnieHO TOPHU3OHTANBHO C HaYanbHOH CKOPOCTHIO
Vp = 15 M/c. HaliTn HOpMansHOE @, B KacaTebHOE a, YCKOPEHHs Yepe3s
BpeMs ¢ = | c nocne Hayana gBUKEHHUS Tena.

54. Teno 6poleHO € 3eMIH ITOJ YTTIOM O K TOPU30HTY ¢ HauyaJbHON
CKOpPOCTBIO Uy KaK 3aBHCAT OT BpeMEHH CKOpPOCTh U Tela u yroi 3 ee
HaKJIOHa K TOpH30HTY?

55. Teno 6polreHo ¢ 3eMJITH MOJ YTJIOM O K TOPA3OHTY ¢ HayansHOH
CKOPOCTBIO Uy HaliTH 3aKOHBI JBUKEHUS [t KOOPAMHAT Tejla M MONy-
YUTH YpaBHEHUE TPA€KTOPHH.

56. Teno OpolIeHO C 3eMIH OJ YTIIOM O K TOPU30HTY ¢ HAaYaJIBLHON
ckopocTslo V. Ha kakyro BeicoTy A mopHuMeTcs Teno? B TedeHue
KaKOI'o BpeMeHH ¢ OYIeT MPOJOJIKAThCSA TOABEM Tera?

57. Teno 6polieHo ¢ 3eMNHU NTOA YIIIOM 0L K TOPA3OHTY ¢ HaYaNbHOI
cKopocThio Uy. Kakoe Bpems ¢ Teno 6yneT HaxopUThes B nnonete? Kakoe
PacCTOsIHKE § 110 TOPU30OHTANH OT MecTa OpOCaHHsl IPONETUT TeNo?

58. Teno 6pomnieHo -¢ 3eMNIH NOJ YIJIOM O K TOPU30HTY ¢ HAaYanbHOM
CKOpocThiO Uy [locTponTs rpagukm 3aBHCHMOCTH BEPTHKANBHOH NMpo-
€KLHHA CKOPOCTH Uy OT BPEMEHH I, KOOPHMHATSHI y (BBICOTHI); KOOPHH-
HaTbI X (pacCTOSIHAS 0 TOPU3OHTANM OT MeCTa OpOCaHHs).

59. Kamenp 6pouiex nog yraoM o = 30° K TOpU30OHTY ¢ HavaJbHOM
CKOPOCTHIO Uy = 10 M/c. Yepe3 kakoe BpeMsl { KaMeHb OYIET Ha BBICOTE
h=1mM?

60. KameHp, 6poieHHpId o yraoM o = 30° K rOpH3OHTY, ABAXK-
Al OBIT Ha OfHOW BLICOTE A: CHYCTH BpeMsi 1y =3 c U BpeMa £, =5 ¢
nmocne Havana gBuxkeHHs. HallTH HavyanbHYIO CKOpPOCTH Uy B BBI-
coTy h.

61. Teno, 6pomieHHoe nox yriaoM o = 60° K TOPH30HYT, Yepe3 BpeMst
t = 4 ¢ nocne Havyana OBUXKEHMUS HMENO BEPTHKANBHYIO MPOEKIHIO
ckopoctH v, = 9,8 M/c. HaiiT paccrosnue s MeXay MecTOM OpOCaHBs !
MECTOM MafcHHA.
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62. Kamens GpouleH ¢ GalllHH, UMEIOMIEN BBICOTY K, C HaYaJbHOH
CKOPOCTBIO Uy, HaNpaBIEHHOH MOJ YIJIOM O, K ropu3oHTy. Ha KakoMm
PACCTOSHHH S OT OCHOBaHHMsA OalllHH yNafeT KaMeHb?

63. [IBa Tena GpolneHsl NOJ yriiaMH O B Ol; K TOPH3OHTY U3 OOHOMH
Toukd. KakoBO OTHOIEHHE COOOMICHHBIX MM HadalbHBIX CKOPOCTEH,
€CITM OHH YNaJld Ha 3eMJIIO B OJHOM H TOM 3Ke MecTe?

64. Teno OpoileHO MOJ YITOM K TOPU3OHTY ¢ Ha4albHOH CKOPOCTBHIO
vy = 10 M/c. HaiiTu cKopocTb U TeNla B MOMEHT, KOT[]a OHO OKa3aJoch Ha
BBICOTE h = 3 M.

65. KaMeHb GpolleH ¢ BBICOTBI A NOJ YIJIOM K TOPH3OHTY C
HadaJbHOA CKOPOCTBIO Uy C KaKOM CKOPOCTHIO U KaMEHb YMajeT Ha
3eMII0?

66. Teno GpoineHo NOJ yraoM O K TOPU30HTY C HaYalbHOH CKO-
pocThiO Uy, Uepe3 KakMe MNPOMEXYTKH BPEMEHH Nocje OGpocaHHd
CKOpOCTh TeJla GyleT COCTaBIATh C TOPH-
30HTOM yriibt By = 45°u 3, =315°7

67. Kakyio HaydalbHYIO CKOPOCTBH U
AMeT CHAapSJ, BLUICTEBIINA U3 NYIIKH MOJ
yriom o = 30° K rOpH30HTY, €CH OH NPO-
neten paccrosHue s = 17 300 m? Ussect-
HO, UYTO CONPOTHBJICHHE BO3JyXa YMEHb-
LIMNIO [anbHOCTH MOJIETa B YEThIpE pasa.

68. MOTOUHKIHCT BBHE3XKAET HAa BbI-
cokmit Geper pBa, MapaMeTphl KOTOpPOro yKa3aHbl Ha pHC. 9. Kakyro
MHHHMANbHYIO CKOPOCTh UV JONXKEH HMETh MOTOLHUKIHCT B MOMEHT
oTpsIBa OT Oepera, 4ToObl MEPECKOUUTH
yepe3 poB? - LS

69. Kamenr OpoineH ¢ 6GaimHH TOJ
yrinom o = 30° K rOpH3OHTY C HaYaJbHOU
CKOpOCTBIO Uy = 10 M/c. KakoBo kpaTya#-
1ee paccTOsHHe [ MEXIy MecToM Opoca-
HUSA ¥ MECTOM HAXOXJICHHSA KaMHS CHYCTS
Bpems ¢ = 4 ¢ nocie 6pocanus’?

70. CBepx3BYKOBOU CaMOJIET JETHT TO-
PH30HTANBHO CO CKOPOCTHIO U = 1440 xM/4
Ha BbicoTe h = 20 kM. Korpa camoner
MpoJieTaeT Haj 3¢HUTHOU YCTaHOBKOWM, U3
opynus npousBojgutca Beictpen (puc. 10). Kakosa gomkHa 6bITh MUHH-
MalbHasi HadalbHasA CKOPOCTh U, CHAapsja B yroy O €€ ¢ TOPH30HTOM,
4T0GBI CHAPAN MOMAN B CAMOJIET?
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71. Ba Teya GpolleHBbl OJHOBPEMEHHO M3 OJHOU TOYKH — ONHO
BBEpX, Apyroe BHNU3, 06a ¢ HavaJbHOH CKopocThio Uy = 30 M/c nop yriiom
o = 60° k Beprukanu. HaiiTu pa3HOCTH YpOBHEH, HA KOTOPBIX OYAYT
HaXOJIUTKCS TeJjia CIYyCTs BpeMsi ¢ = 2 C.

72. C camolieTa, JIETAMIETO FOPU3OHTAIBHO CO CKOPOCTBIO U, Ha
BbICOTE hy cOpomreH rpys. Ha xakoit BbICOTe h CKOPOCTBb rpy3a OyaeT
HalpaBJIeHa IOf YIJoM O, K ropu3oHTy? CompoTHBJIeHHEM BO3fyXa
npeHeOpeys.

73. CamoiieT, OTOPBAaBUIUCh OT B3JIETHOH MOPOXKH, JIETUT MO IIps-
MOt JIMHUH, COCTABJIAIOWEH ¢ TOPU3OHTOM yroJ o = 30°, ¢ HavyaJIbHOH
CKOPOCTBIO U, = 50 M/c 1 yckopeHHueM a = 3 m/c?. U3 camorneTa cnycTs
BpeMs t, = 5 ¢ moclie OTPBIBA €r0 OT 3eMJIHM BLIGPOLIEH MO BEPTUKAJH
BHHU3 KJIIOY € HayajJbHOH CKOPOCTBIO Uy = 3 M/C OTHOCHUTEJILHO
camoJieTa. Ha KaKoM pacCTOSIHMM OT MECTa B3JIeTa ynafaeT KJIro4?

74. C BrICOTHI /1 = 2 M BHH3 IOJ YIIIOM O = 60° K TOPU3OHTY GpOlIeH
M9 C Ha4aJIBHOHN CKOPOCTBIO U = 8,7 M/c. HaillTu paccrosiHe s MEXAY
ABYMS MOCNIEAOBAaTEIbHBIMU YAAPaMH MS4a O 3eMJIIO. YIaphbl CUUTATh
abCOJTIOTHO YIPYTHMH.

75. lapuk cBoGOAHO majaeT MO BEPTHKANM HAa HAKJIOHHYIO IUIO-
ckocth. [IposereB paccrosiaue h = | M, OH ynpyro oTpaskaeTcs ¥ BTO-
poH pa3 magaeT Ha Ty Ke IJIocKocTh. HaliTh paccrosiHue s MexXay nep-
BBIM U BTOPBIM YapaMH HIapHKa O IUIOCKOCTh, €CTH HOCJIEAHSIS COCTAB-
JISET C TOPU3OHTOM yroJ o, = 30°.

§ 3. BpamareJyibHOe JBHXKEHHE

Vi3MeHeHNe NOJNOXKEHHUS Tejla NpH [BIXEHHH MO OKPYXHOCTH XapaKTepH-
3YIOT YIJIOM NOBOPOTA pajinyca, IPOBEleHHOTO K Telly. YToJ II0BOpOTa valre
BCEro BBIPAXAIOT B pPafiMaHax:

21 papg, = 360°, 1 pan = 180°/r, 1° =n/180 paj.

YraoBas CKOpOCTb () PABHOMEPHO ABIXXYHIErocs MO OKPYKHOCTH Tella —
OTHOMIEHHE yIia NOBOPOTa pajgnyca, NPOBEJEHHOIO K TENy, K NPOMEXYTKY
BPEMEHH, B T€UEHHE KOTOPOrO COBEPIIEH 3TOT NOBOPOT. Enuuuue yriopoi
CKOPOCTH SBJISIETCA pafiuaH B ceKyHAy (pap/c).

JIuHeiHass CKOpPOCTh U Tejla — OTHONIEHHE MJHMHBI NPOHAEHHOrO NYyTH K
NpOMEXYTKY BpPEMEHH, B TeUeHHE KOTOpOro mnpoiiaeH ator nyTe. OHa
onpefensercs YrioBOH CKOpPOCTBbIO () Tejla M €ro paccTosHmeM R or ocn
BparleHus: v = wR.

BbicTpoTy ABIXKEHHUSA Tesla NO OKPYXXHOCTH XapaKTepH3YIOT TaKXe 1acTo-
TOH BpalIEHHUs 1 — YHCIOM OGOPOTOB, COBEPIIAEMBIX TENOM B €[MHHIY Bpe-
MEHH, U BbIpaXaioT B 060poTax B cekyHiy (06/c). YacToTa BpallicHu 1 CBsi-
3aHa C yrJIOBOH CKOPOCTBIO () COOTHOILIEHHEM () = 27T/,
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[Mepuon BpaweHns T — BpeMsi, B TEUEHHE KOTOPOTO TEJIO ACNAET MOTHBIH
obopor: T = 1/n =2 ntjw.

[Ipn paBHOMEPHOM [IBHXKCHHMH Tejla 110 OKPYXHOCTH YCKODEHHME TENa B
mMo60it TOUKE HAnpaBJIeHO NEPHeHANKYIAPHO K CKOPOCTH JABMIKEHHS, T.€. MO
paguycy OKPYXKHOCTH K €€ IIEHTPY. DTO yCKODEHHE Ha3bIBaeTCsl LEHT-
pocrpemuTenbHBIM. Ero Mopyns a, = v%/R = 0°R.

[Ipu paBHOYCKODEHHOM [IBHKECHHH Tejla 10 OKPYXHOCTH IEHTPOCTpE-
MHTETBLHOE (HOpMalNbHOE) YCKOPEHHE @, BMECTE C KacCaTEJIbHBIM (TaHIEH-
MaJbHBIM) YCKOPEHHEM d; (M3MEHSIOIIM MOJYJIb CKOPOCTH U) ONPEAEISIOT
HOJTHOE YCKODPEHHUE a Tena.

76. Hayitu paguyc R MaxOoBHKa, eCJIM NIPU BpalleHUH JTHHEeHHas CKO-
pPOCTB TOUYEK Ha ero obopme v; = 6 M/C, a TOUEK, HaXOMAIMXCA Ha pac-
crosHuA r = 15 ¢cM Gimke K ocd BpalleHus, v, = 5,5 M/c.

77. JluHeiiHasi CKOpPOCTh TOUeK 000Ja BpallAIOIEroCs MNUCKa
v, = 3 M/c, a TOUEK, HaXORSAIWMXCS Ha paccTosiHuA 7 = 10 cM 6mKke K ocH
BpalleHus, U, = 2 M/c. HailTa yacToTy BpalieHus JUCKa.

78. Benocunenuct efeT ¢ MOCTOSAHHON CKOPOCTBIO U IO IPSAMOJIH-
He#HOMY y4YacTKy Aoporu. HaiiTm MrHOBeHHBIE JIMHEHHBIE CKODOCTH
Touek A, B, C, D, E, nexamux Ha obone KoJjieca
(puc. 11), OTHOCHTENBHO 3EMITH.

79. MaTepuanbHasi TOYKA ABUXKETCS IO OKPYX-
HOCTH paauyca R =20 ¢M paBHOYCKOPEHHO C Ka-
caTeJIbHBIM YCKOpPEHHEM da, = 5 cM/c?. Uepes Kka-
KO€ BpeMs ¢ [oclle Havajla JBHXEHHUs IEHTPO-
CTpPEMHUTENBHOE YCKOpeHHe a, OymeT GoJbue a,
B n =2 pa3a?

80. MartepuanbHasi TOuKa, JBUTasCh paBHO-
YCKOPEHHO IO OKPYXXHOCTH pagmyca R =1 M,
npomuia 3a Bpems ¢ = 10 ¢ nyts s = 50 M. C KakuM IEHTPOCTPEMH-
TebHBIM YCKOPEHHEM @, ABHrajach TOYKa CHYCTA BpeM: f; = 5 ¢ mocie
Havaja [BHXCHHA?

81. Ocp Bpamjaromerocs: MUCKa JBHXETCS NOCTYNATENbHO B TOpH-
30HTaNbHOM HAaNpAaBJIICHUH CO CKOPOCThIO v. OCh FOPH30OHTAJIbHA, Ha-
[IpaBJIeHHE €€ JBUXXEHUS NePIeHIUKYJISIPHO K Heil camoil. Halitu Mrao-
BEHHYIO CKOPOCTD V; BEpXHel TOUKHM INCKa, €CJIM MTHOBEHHAsA CKOPOCTh
HIDKHEH TOYKH IMCKa PaBHa U;.

82. IIpu paBHOYCKOPEHHOM [IBHKCHMHM TeJla IO OKPYKHOCTH MOJTHOE
YCKOpEHHE a W JUHeHHas CKOpocTh v Tena obpa3zyror yroa o = 30°.
HafiTn oTHOHIEeHHE LEHTPOCTPEMHUTENBHOIO M KacaTedbHOrO YCKO-
peHHiL.
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83. HailTu nuHeHYIO CKOPOCTh U M LEHTPOCTPEMUTEIBHOE YCKO-
peHue g, ToYek Ha IKBATOpE U Ha mmpoTe ¢ = 60°. Cuyurath papmyc
3emnu R = 6400 km.

84. Maxosoe koneco, Bpamalomeecs ¢ dactoroft n = 240 o6/muH,
OCTAHABJIMBAETCS B TeUECHHE IPOMeXKYTKa BpeMenu ¢ = 0,5 mun. Haiitu
9HCI0 060pOTOB N, CHEaHHBIX KOJIECOM 10 IIOJTHOM OCTaHOBKH.

85. IToe3n BBe3XkaeT HAa 3aKPYIJEHHBIN YyYacTOK NMyTH C HAYaJdbHOMU
CKOPOCTBIO Uy = 54 KM/Y ¥ NPOXOAHT PaBHOYCKOPEHHO pacCTOSHUE
s =600 M 3a Bpems t = 30 c. Paguyc 3akpyrienns R = 1 km. Hafitu
CKOPOCTE U M IIOJIHOE YCKOPEHME A 1T0e3/1a B KOHIE 3TOrO Y4acTKa IyTH.

Puc. 12 Puc. 13

86. C koseca aBTOMOOWIIS, IBUXKYIIErOCs C IOCTOSIHHOM CKOPOCTHIO
v, CETarOT KOMKH rpsa3u. Paguyc koneca paseH R. Ha kakyro BeicoTy /i
Hapl Joporoit 6yaeT ordpackbIBaThCs IpsA3b, OTOpBaBMIaAca OT TOUKH A
KoJeca, yKa3aHHoO#H Ha puc. 12?7 VI3MeHNTCs 1M BBICOTA A, €CIM KOJIECO
OynmeT KaTUThHCs ¢ MPOOYKCOBKOMH?

87. B BuHTOBOM Xen06 (puc. 13) nonoxeH TsKkenbll mwapuk. C ka-
KUM YCKOPEHHMEM @ HYXKHO TSHYTh HUTb, HAMOTAHHYIO Ha ILUJIHHAP
¢ kejao00oM, UTOOhI IIapHK Mafgaj cBOOONHO, eCliu AMaMeTp UUIWHAPA
paBeH D, a 1ar BUHTOBOTO Xejiob6a paBeH h?

§ 4. inHaMHKa 1pPSIMOJIMHEHHOT O BHKCHHSA

ITpu peurerny fUHAMMYECKHUX 3a/la1 HYXKHO NPEX/E BCETO BLISICHUTD, KaKue
CHABI AEHICTBYIOT Ha TeJO, ABIKEHHEM KOTOPOTO Mbt MHTEpecyeMmcs. Heoob-
XOAUMO H300pa3uTh 3TH CHALI Ha depTexe. IIpn 3TOM HYXHO OTUETIHBO
NnpencTaBisiTey Cebe, cO CTOPOHBI KaKUX Ted [AEHCTBYIOT paccMaTpHuBae-
Mbie cuiabl. ClieflyeT IOMHUTD, YTO CHJIbI “AeficTBUA” 1 “IpOTHBOfEHCTBHA,
¢urypupymomue B TperheM 3akOoHe HBIOTOHA, NPHIOXEHBI K Pa3HbIM
TenaM. [ToaToMy Ha JJaHHOE TeJI0O MOXKET eHCTBOBATDL JIMIIL OfHA U3 ITUX
ABYX CHJIL.
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B 3apauax oObIYHO BCTpEUakOTCA CIEAYIOIIE THIIBI CHII.

1. Canpl TsKecTn mg (puc. 14) — cuna, geficTByionias Ha TEJNO CO CTOPOHBI
3emnn. 3Ta cHla MPUIIOXKEHA K LIEHTPY Macc Tejda. Ecnym gpyrux cum HeT, TO
CHJIa THAXKECTH COOOIIAET TENy MACcChl M YCKOPDEHHE CBOGONHOTO MAfjEeHHSA
g =9,80665 M/c2 = 9,81 m/c2. Ecnn npene6Gpeun BpalleHHEM 3eMIH, a TakXe

N
* mg a b 6 Fn.}] e
Puc. 14 Puc. 15

OTKJIOHEHHAMH OT C(PepHUecKON CHMMETPHH PaclpefeieHus COCTABIAIOIINX
€e Macc, TO CHITY TSXKECTH MOXKHO CUNTATh HANPABIEHHON K HEHTPY 3€MJIH.

2. Cuna peaxuuu onopsl N (puc. 15a) — cuna, ¢ Koropo#t onopa geicTByeT
Ha Teno. JTa CHia NEPIEeHNKYIIpHa K IOBEPXHOCTH CONPUKOCHOBEHUS Tell.
3aBUCHMOCTDb CHJIBI PEaKI[H OIOpPHI OT jedopMaliu B 3aiauax OObIYHO He
paccMaTpHBaETCA.

3. Cuna HopmanbHoro pasienusa F, , (puc. 156) — cuna, ¢ KoTopoit Teno
HaBUT HA ONOpYy. JTa CHia NEPNEHAMKYJISIPHA K MOBEPXHOCTH CONPUKOCHO-
BEHHA TeJl, paBHa O MOJyIO (COriacHO TpeTheMy 3akOHy HbioToHa) cuie
PEaKIM{ ONOpbl M INPOTHUBONOJOXHA €l N0 HampaBleHHIO, TaK 4YTO [Js
MOJly i€l 3THX CHJI CNIPABEJINBO PaBEHCTBO Fy, ;= N.

== R O I e

Puc. 16 Puc. 17

4. Cuna HaTsxeHns nopseca T — cHila, ¢ KOTOPOH NojBeC AeHCTBYET Ha
Teno. JTa CHJa HalpaBJeHA BIONb OCH mojBeca. Ecnym Tena cBA3aHbI HeBe-
COMOM HHUTBIO (BEPEBKOH, TPOCOM H T.I.), TO HATAHYTask HUTb ACHCTBYET C
OINHAKOBBIMH CHJIAMH KaK Ha OJHO, TaK U Ha Apyroe teno (puc. 16). [Ipu atom
HHUTb MOXET OBbITh NEPEKHUHYTA UEPE3 CHCTEMY HEBECOMBIX OJIOKOB., OOGBINTHO
HHUTBb CUNTAETCH HEPACTAXKHUMON M 3aBUCHMOCTb CHJIBI HATSDKEHUS HATH OT
aecdopManun He paccMaTPHBAETCA.

Cuna HaTgaXeHHMs nopBeca (CHJa pPeaKIUNH MOABECA), TAK XK€ KaK M CHja
pEaklHun ONOPBI, OTHOCHTCA K CHJIaM YNPYrOCTH, OCOOEHHOCTb KOTOPBIX
COCTOMT B TOM, YTO OHH HAaNpPaBI€Hbl NEPNEHAMKYISAPHO K NOBEPXHOCTH
CONPHKOCHOBEHNS B3aUMOJEICTBYIOUMX TEJI U BIOJIb UX OCEH.

5. Cuna tpenns f (puc. 17) — cuna COnpoTHBJIEHUS, BO3HUKAKOUIAs MPH
OTHOCHTENILHOM INEPEMENICHNH NPHXATBHIX APYT K OPYTYy Tel. DTa CHla
HampaBJieHa IO KacaTEIbHON K NOBEPXHOCTH CONPUKOCHOBEHHSI TEN H IPOTH-
BOIIOJIOKHO HAINPaBIE€HUIC NEPEMEIECHNS NaHHOTO Tela. BaXHO OGpaTHTH
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BHHMaHHE Ha HEOHO3HAYHOCTh CHITbI TPEHHS Nnokos. 11pH nokoe cuia TpeHus
B 3aBHCHMOCTH OT JPYTHX CHJ, HPHJIOXEHHbIX K TeJly, MOXET MEHSIThCS OT
Hy/lsl JO HEKOTOPOrO MaKCHMAaJIbHOTO 3HaueHHWsA, ONPEAENsIeMOro CHIIOH
HOPMAJIbHOTO faBieHmst Fy, : frax = kF, . rie k — koodduunenr tpenns”. Ilpu
¥ CKOJIbXXEHUH OOBIYHO MNPHHUMAETCA, YTO f = frax
i (puc. 18). YyurniBas, 4YTO MOAYJMH CHJI HOPMAaJbLHOTO
Jmax JaBJEHHS W PEaKUHH ONOpbl PaBHBLI, MOXHO BbIPa3UTh
MaKCHMAaJbHYIO CHIy TPEHHA fr,x Uepe3 CHIy peaKuuu

v
> onopbl N: frax = kN (ans mopyneit cunm). ITO COOTHO-
meHHe OyleT 4acTO HCIONbL30BAThCS NpPH PEIIEHHH

fmax o 3ajad.
JI71s1 Toro 4To6b1 ONpPENETHTD HANPaBJIEHHE CHIIbI Tpe-
Puc. 18 HHS, MOXHO NPHMEHHUTDb CIEAYIOWMA NPHEM: NPEeAnoio-

KHUTb, UTO CHJa TPEHMS MTHOBEHHO HCUe3ja, W HaHTH
HalpaBJIEHHs] OTHOCHTENbHBIX CKOPOCTEH Tpywuxcs Ten. HanpasiaeHus cun
TpeHus OyAYT NPOTUBONOIOXHBI HallPaBJICHHSM OTHOCHTEILHBIX CKOPOCTEH.

Ilocne Toro kak HalieHbI AEHCTBYIOLHE HA TEJIO CHIIBI, CIEAYyeT 3aNHCaTh
ypaBHEHHe ABMXEHHUs (BTOpO# 3ak0oH HbloToHa). Ilpu nBmkeHun no npsMoi
BTOpo#H 3akKkoH HpwrToHauMmeer sugma =F +F,+ ...+ F,, roe
Fi, Fy, ..., F, — IpOEKUHHU CHI HA NPAMYIO, IO KOTOPOH NPOUCXOAHUT ABHXEHHE.
ITonoxwuTensHOe HanpaBleHHe OTCUYETA YNOOHO BBIGHPAThL COBNAAANOLIAM C
HanpaBlieHHeM \yCKOpeHHs. Eciu HanpapieHHE COCTaBAsAIOUmIEeH CHAbI COBMA-
[aeT C HANpaBJIGHHEM YCKOPEHHS, TO COOTBETCTBYIOLIAS NPOEKI{HS CHIIbI Ge-
peTcs cO 3HaKOM TUTIOC, B IPOTHBHOM ClTyuae — cO 3HaKOM MHHYC. [Jo TOro Kak
3ajaya pellleHa, HanpaBJIeHHE YCKOpEHHs, BOOOlIe roBops, HEU3IBECTHO H
MoXeT ObITh BbIOpaHO NPOM3BOABLHO. ECu nomyyeHHoe B nponecce peIleHns
3alayd YCKOPEHHE NMOMOXKHUTEIbHO, TO €rO HaNpaBJIeHHE BEIGPAHO NPABHILHO,
€CITH OTPHIJATENBHO — TO HENPABHIIBHO.

B HanpaBieHHH, NEepHNEeHAMKYISAPHOM K MNPAMOIHHEAHOMY [BHXEHHIO,
CyMMa NpOEKI{WH CHJI paBHA HYJIO, TaK KaK YCKOpPEHHE B 3TOM HaNpaB/ICHHH
OTCYTCTBYET. DTHMH DaBEHCTBAaMH MOXHO BOCIIONB30BaThCs B Clyyae, Korga
Hal0 HaWTH CHJIy PEAKI[HH ONOPbI, ONPEfEAIOUIYIO CHITy TPEHHS.

Ecnu paccMaTpuBaeTcs ABHXKEHHE CHCTEMBI TEN, TO YPaBHEHHE [|BHXKEHHS
Hy>XHO 3aNlHcaTh AN KaXX[Oro Tejla CHCTeMbl. 3afiada MOXKeT ObITh pelleHa
JTHMUIb TOTAA, KOTfa YHCIO HE3ABUCHMBIX YDABHEHHHA DAaBHO YHCIY HEH3-
BECTHBIX. B UmMCIO HEM3BECTHBIX YacTO KPOMe BETHUWH, KOTOpbIE TpebyeTcs
HaWTH NO YCIOBHIO 33aJayd, BXOJAT €lle CH/IbI PEAaKUHH ONOpPBI, TPEHHSA H
HaTSKEHUsi NIOfIBECA, BO3HUKAIOWIME NPH B3aWMOJEHCTBHHA TENT CHCTEMBI.

JI71s pelleHns 3afjayd O ABMXKEHHH CHCTEMBI CBA3aHHBIX APYT ¢ APYTOM Tel
OflHUX YpaBHEHHH JABMXKEHHs, BOOOUIE roBops, HeaocraToyHo. HyxkHo 3anH-
caTh €lle TaK Ha3blBaeMble KHHETHYECKHE YCIIOBHWsA, BbIpaxalouue CoOOH
COOTHOILIEHHUS] MEX/Y YCKOPEHHSMH TEJ CHCTEMBI, 0OYCIOBICHHbIE CBA3SIMHA
BHyTpH Hee. Hanpumep: 1) Tena, cBg3aHHbIE HEPACTSXKAMOH HHTBIO, HMEIOT

*
B nacrosuiee Bpems s obo3zHaueHHs KO3addULOHEHTa CyXOro TpeHusd vaile
ucnonb3dyercs 6ykna .
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OJIMHAKOBBIC IO MOAYIIO YCKOpeHHs: | aj| = | a;| (0OBIUHO 3TO COOTHONICHHE
MOAPa3yMeBACTCs HEIOCPECTBCHHO IIPH 3aIIMCH YPABHCHHH JIBIDKCHHSA); 2) NIPH
HaJMYMH MOJIBUKHOrO OJIOKa yCKOPEHHE Tesla A 0 MOJyTio
B [Ba pa3a MeHbIIe yCKopeHHsl Tena B (puc. 19): |ag| =
=2]ayl

Pemenue crnepyeT nepBOHauvalbHO NMONYUYHTh B OOIIEM
BHjle M JIMIOb 3aT€M IOACTABJIATH TMCIOBbIC 3HAUCHHS B
u3bpaHHOU cucTeMe enuHul. ITone3Ho nmpocneauTs, Kak 6y-
YT M3MEHSTHCS HAHACHHBIC BEJIMUMHBI B 3aBUCHMOCTH OT
BEITMYHH, 3a/1aHHBIX B YCIIOBUM 3aj1avH.

Ecnu B 3ajave TpebGyeTcss HafiTH He TONBKO CHIIBI H
YCKOpEHHsI, HO TAKXKE KOODPJAHHATHI (MJIU NMPOHJICHHbIE My-
TH) TeJ U X CKOPOCTH, TO KPOME YpaBHCHHUH JBHXKCHHS
HY>KHO MCIIOJb30BaTh KHHETHIECCKUE YPAaBHEHHS 111 KOOPAMHAT M CKOPOCTEH.

88. IToesn maccel m = 500 T mocne nmpekpallieHHs TATH MapoBO3a
OCTaHaBJIUBAETCA MO AedcTBreM crnbl Tperus f = 0,1 MH 4epes Bpemst
¢t = 1 MuH. C KaKO# CKOPOCTHIO U LIEN IOe3] 0 MOMEHTA IIPeKpallleHAS
TSy naposo3sa?

89. [TapoBro3 Ha rOPHU3OHTAIBLHOM Y4acTKe IMyTH, HMEIOMEM AJHUHY
s = 600 M, pa3BuBaeT cuny Taru F = 147 kH. CkopocTs noesna Macchbl
m = 1000 T BO3pacTaeT npy 3TOM OT U, = 36 KM/4 no v = 54 km/4. Haii-
TH CHITy COTIPOTHBIICHHS [ IBUKECHUIO 1T0E3/]a, CUNTAS €€ TIOCTOSIHHOM.

90. Bo3gymHbl# map Macckl M ONyCKaeTCA € INOCTOSHHOM CKO-
poctbio. Kako#l Maccel m GamracT Hy>KHO BbIOPOCHTE, YTOOBI LIAp IMOM-
HUMAJICS ¢ TOH XKe cKopocthio? [logbeMHas cruna Bo3nymHoro mapa ¢
H3BECTHA.

91. C kaxkoii cunioid F Hy>KHO I€HCTBOBATH HA TEJO Macchl m = 5 KT,
YTOGBI OHO MAaN0 BEPTUKAIBHO BHUA3 C YCKOPEHHEM a = 15 M/c??

92. ABTOMOGHIIb IBUKETCS ¢ YCKOpeHueM a = M/c?. C kakoi cunoi F
yeJIoBeK Macchl m = 70 KT NaBUT Ha CIIUHKY CHMICHbA?

93. TIpoBoJIOKa BBIIEPKUABAET IPY3 MACCHI My, = 450 Kr. C KakuM
MaKCHMAallbHBIM YCKOpEHHEM MOXHO MOJHHMAaThb TIPy3 MAacChl
m = 400 Kr, NogBeMIEHHBIN HA 3TOU IPOBOJIOKE, YTOOBI OHA HE 0OOp-
Basace?

94. BepeBka BBIIEPXKUBACT I'py3 Macchl my = 110 KT npym nogreme
€ro ¢ HEKOTOPBIM YCKOPEHHEM, HANIPABICHHBIM 10 BEPTHKAIIH, H IPY3
Macchl m, = 690 KT NpH ONyCKaHWH €ro ¢ TAKHM K€ 110 MOAYJIIO YCKO-
peHreM. KakoBa MakcuMalbHas Macca m Ipy3a, KOTOPbIA MOXHO 107 -
HATH Ha 9TOH BepeBKe, JBUTAS €TO C MOCTOSHHON CKOPOCTHIO?

95. Haiitu cuny HaTsskenust T KaHATa, K KOTOPOMY IOABEIIEHA KIIETh
NON'bEMHOH MAIIHHBI, eclid KJIeTh Macchl m = 300 Kr OBHXKeETCA: C
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yckopeHueM a; = 1,6 M/c?, HanpaBII€HHBIM BBEPX; C YCKOPEHUEM 4; =
= (,8 M/c?, HanTpaBJIe€HHBIM BHH3.

96. Macca nudra ¢ naccaxupamu M = 800 kr. Halitu yckopeHue
audTa U ero HanpaBJeHHE, eCTH CHJIa HATSKEHHS TPOCa, HA KOTOPOM
nonBelIeHa kabuHa gu@Ta, Takasg Xe, Kak y HEHNOJABHKHOIO JU(Ta
Maccel m = 600 xr.

97. K noronxky aBmxyuierocs nudTa Ha HEUTH NOMABEUIEHA THPSA
Maccel m; = | Kr. K 2Toil rupe npups3asa apyrasi HUTb, Ha KOTOPOH
TIOfIBEIIIEHA THPS Macchl ni, = 2 Xr. HaliTn cuny HatsxkeHus T Bepxued
HUTH, €CJIM CHJIA HATAXKEHHA HUTH MexXnay rupsamu T, = 9,8 H.

98. C kakoii cunoit F,, , 6ygeT faBUTh Ha IHO HIAXTHOU KJETH Ipy3
maccel m = 100 kr, ecnu KIeThb NMOAHHUMAETCS C YCKOPEHHWEM a =
=24,5 m/c??

99. I'py3 maccet m = 140 kr, nexxawuil Ha oy kaGUHBI ONMyCKalo-
merocs mudTa, faBUT Ha noJ ¢ cunoit F, , = 1440 H. Haiitu yckopernue
nudTa ¥ €ro HanpaBleHHE.

100. B nmudre ycTaHOBIEH THHAMOMETP, HA KOTOPOM IMOJBEIICHO
Teno Macchl m = 1 Kr. YTo OyfeT NMOKa3bBaTh JHHAMOMETp, €CIH:
1) mucbt EBIKETCA BBEPX C YCKOpeHHeM a, = 4,9 M/c?; 2) mudT ABrKeTCs
BBEPX 3aMENIEHHO C YCKOpPEeHUeM a, = 4,9 M/c?;, 3) nudT gBUKETCS BHU3
C yCcKopeHUeM az = 2,45 M/c?; 4) mudT OBUKETCS BHU3 3aMeNIEHHO C
yCKOpeHHeM g, = 2,45 M/c??

101. Kaxkas ropusonranbnas cuna F TpeGyeTcs, YTOObI T€IO MacChl
m = 2 Kr, Jexaniee Ha TOPH3OHTAJNLHOH TMOBEPXHOCTH, HAYallo
CKOJIBL3HTH MO Hel ¢ yckopenueM a = 0,2 M/c2? KoadpuiueHT Tperus
MEX[y TEJIOM H OBepXHOCTEIO &k = 0,02.

102. TIpu GbICTPOM TOPMOKEHHH TPaMBaii, HMEBIINH CKOPOCTD U =
= 25 KM/4, HavaJl JBUTaThCA “1030M° (3aTOPMOXEHHBIE KOJeca, He
Bpalasch, HAayalldi CKONB3UThL MO penbcaMm). Kakoll ydacTok nyrtu
§ MpoHAeT TpaMBall ¢ MOMEHTAa Hayalla TOPMOXKEHHS OO0 IOJNHOHU
ocranoBku? KoaddunueHT TpeHHS MEXAYy KOolecaMH W pelibcaMu
k=02

103. KamMeHb, CKONTB3AMUA 10 FOPU3OHTANBHOMN TOBEPXHOCTH, OCTa-
HOBHIIcA, npoins paccroguue s = 20,4 M. HaliTn Ha4anbHYIO CKOPOCTD
kaMHus v. Cuna TpeHus [ MeXIy KaMHEM H INOBEPXHOCTLIO COCTAaBIAET
6% cHUIBI TAXECTH, JEUCTBYIOLIEH Ha KAMEHB.

104. Ha ropuzoHTanbpHO@ JOCKe NEXUT rpy3. Kakoe yckopeHue a B
TOPH30HTAILHOM HAINPABIIEHHH CIEAYET COOOMUTE NOCKE, YTOOBI IPY3
CoCKoJIB3HYN ¢ Hee? KoaddunueHT TpeHHI MEXAY I'PY30M U JOCKOH
k=02
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105. Ha ropu3oHTanpHOH NOBEPXHOCTH JIEXKHUT JOCKAa Macchl M =
= 10 kr, a Ha gocke — O6pycok Maccel m = 1 Kr. Kakyro MUHEMalbHYIO
cuny F B rOpH30HTAbHOM HAIlpaBICHHH HAAo0 NPHIOXHTb K JOCKE,
yToObl OPYCOK COCKONB3HYN ¢ Hee? KoaddunueHt TpeHuss MexXay
OpyckoM H fnockoit k =0,1.

106. Teno maccel /m IBMXKETCS 10 TOPU3OHTANIBHOH IOBEPXHOCTH O[T
[EeHCTBAEM CHITbI F, HAaNpaBJIE€HHOM MOJ YIIOM O K TOpH30HTY (pHc. 20).
Haiitn yckopenume a tena. Ilpu kakoit cune F, pgBHXeHHE OyneT
paBHOMepHbIM? K02 (pHIHEHT TPEHHsI MEXAY TEIOM H IIOCKOCTBIO
paBeH k.

N\

AC

Puc. 20 Puc. 21

107. Teno mMacchl m [BHXKETCS BBEPX IO BEpTHKANBHOM CTEHE MOJ
HefICTBHEM CHIIbI F, HalIpaBJIeHHOM O] YTJIOM Ol K BEPTHKanN# (puc. 21).
Haiitu yckopenue a Tena. KoaddpunueHT TpeHnss Mexagy TEIOM H
CTeHOH paBeH k.

108. Kakoi#i nyTh s 3a BpeMs ¢ IpoHfeT “t030M”~ BO3 MacChl M, €CIIA
IIyKa B paK TSHYT €T0 B IPOTHBOIIONOXHbBIE CTOPOHBI 10 TOPH3OHTAJIH
¢ cunamu F 1 F,, nebenn TAHET ¢ Clitoi F3 B TY 3XKe CTOPOHY, YTO U pak,
HO IIOf YTJIOM O, K TOpH30HTY? K03 HINEHT TpeHHs MEXNY KONECAMH
¥ IOBEPXHOCTHIO 3eMITH paBeH k. HauanwsHast ckopocts Bo3a vy = 0.

109. Teno maccel m = 40T, 6polIEeHHOE BEpPTHKAIBHO BBEPX €
HavaJbHOH CKOPOCTBIO Uy = 30 M/C, JOCTHUIIIO BBICHIEH TOUKH NMOJbEMA
cnyctsi BpeMs t = 2,5 c¢. HaiiTH cpepHIO0 CHny CONPOTHBICHHUA f
BO3]yXa, IeHCTBOBABIIYIO HA TEJIO BO BpeMs IIoJNeTa.

110. Akpo6at Maccht m = 70 KT IPBITHYJ C TPAlCIMX Ha HATAHYTYIO
CeTKY, KOTOpas IIpH 3TOM [IPOTHYJIAch Ha paccrosHue Ah = 1 M. BoicoTa
Tpanenuu Haj ceTKOH h = 6 M. C KaKHM YCKODEHHEM g [BHTaJCsA
akpo0art, nporubast CETKy, U ¢ KaKo#l cuno# peaknuu N ceTka JeACTBO-
Bayla Ha TeJio akpobara?

111. Kakas MHHHMAaNbLHAs CAJIA CONPOTHBIECHU f BO3IyXa NIedCTBYeT
Ha NapalllOTHCTa ¥ NapamoT obmieil Macchl m = 75 KT IPH NOJHOCTBIO
PACKpPBITOM MapaIioTe?
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112. Cuna conpoTusieHns f, feACTBYIOMasd Ha PacKpBITHIHA mapa-
HIOT, IPONOPLHOHANBHA KBafpaTy CKOpocTH (KoaddpuupeHT nponop-
puoHanbHocTH k = 20 H - ¢¥/M?). Macca napaunrorucra m = 72 kr. C xa-
KOH BBICOTHI h NOJIKEH CHPBITHYTH 4€JIOBEK 0e3 MapamiroTa, YTOOBI
CKOPOCTB €0 IIPU3EMIIEHHS] PaBHANIACh CKOPOCTH IPH3EMJIEHHs Tapa-
HIIOTHCTA, NIPBITHYBLIETO € OONBUIOA BBICOTHI?

113. [IBa Tena ¢ maccamu m; = 50T 1 m, = 100 r cBA3aHBI HATBIO  H
JleXKaT Ha IMafkod TOpH3O0HTAaJbHOH moBepxHOCcTH (pHc. 22). C kako#

coil F MOXHO TSIHYTH NEpBOE TeJo,
m m, 4TOOBl HHTH, CIOCOOHAsT BBIAEPKATh
“  cuny Hatsikenms T, =5 H, He o6opBa-
Puc. 22 nace? VI3MeHHUTCS M pe3yibTaT, eciu

CHJTY TIPHJIOXKHUTEL KO BTOPOMY TENy?
114. [1Ba Tena cBA3aHBI HATBIO U JIEXKAT HA ITIAKOil TOPH3OHTAILHOM
noBepxHOCcTH. K Teny maccel my npmioxeHa cuna F,, HallpaBJ€HHas
BIOJIb IOBEPXHOCTH, a K TEJIy MaccChl m, — ciia F, < Fy, HarlpaBlieHHas B
IMIPOTHUBONOJNOXHYIO cTOpoHy. HaliTH cuny HaTsixkeHust T HHTH IIpH

IBIDKECHHH TEJL.

115. Tpu Tena cBA3aHbI HATHIO H JIEXKAT HA IIANKOH TOPH3OHTAJILHOM
noBepxHocTH. K Teny Maccel my IpHioXeHa cuna F;, HanpaBJeHHas
BIOJIb ITIOBEPXHOCTH, a K TeJIy MacChl 11, — cuna F, > F;, HanpaBieHHas B
IIPOTUBOIIOJNOXKHYIO cropoHy (puc. 23). Hafith cuny Harsixkennss T HUTH
MEXKAY TeJIaMH C MacCcaMH m | m.

Al

I

F

F,

0 e ) ) e

Puc. 23 Puc. 24

116. Ha 6pycok maccet m; = 0,18 Kr nocraBieHa rHps Macchl m, =
= 2 Kr (puc. 24). C IOMOIIBIO HATH, IEPEKUHYTOM Yepe3 610k™, Opycok
C THpeH CKOJIB3HT C IIOCTOSIHHOA CKOPOCTHIO Ha IOCKE, KOT7a Ha YalIKy
Macchl my = 0,18 Kr mosnoxeHa rups Maccel my = 0,5 kr. Hafitu koad-
duuueHT TpeHns k MeXy OPYCKOM H TOCKOL.

* HanmoMHHM, UTO HHThL (BEPEBKaA, TPOC M T.I.) CUMTAETCS HEBECOMON M HEpacTA-
KNMOT.

*

** 3pech n ganee GIOK CYNTATHL HEBECOMBIM, ECAH 3TO HE OFOBOPEHO B YCIOBHH
3apavy.
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117. K ogHOMY KOHITYy BEpEBKH, NEPEKUHYTON Yepe3 ONI0K, MOABEIIECH
rpy3 maccel m = 10 kr (puc. 25). C kako# cunoil F HyXKHO TSAHYTh BHH3
3a APYroil KOHell BepeBKH, YTOOBI Ipy3 MOAHUMAINCI C
yCKOpeHHEM a = 1 M/c??

118. Yepes 60K, MOABEIIEHHBIA K JHHAMOMETDY, Te-
PEKHUHYT IIHYp, HA KOHLAX KOTOPOr0 YKPEIUIEHBI IPY3kbI
¢ MaccaMi| m; = 2 KT B m, = 8 Kr. UTO MOKa3bIBaeT MHHA-
MOMETD TIPH [BHXEHHUHA TPY30B?

119. Ha ogHOM KOHIIE HATH, IEPEKAHYTON Yepe3 G0k,
mopBereH rpy3 maccel m = 500 r. U3BeCTHO, YTO HUTE HE VF
o6pbIBaeTCs, €CTM HA JPYrOM €€ KOHIIE 3aKPENnuTh IPy3
Maccel M = 1 T 1 OCTOPOXHO OTIycTUTH ero. Kakyto cuny ~ Puc. 25
HaTsKeHUs T BBIIEP’KABACT B 9TOM CITy4yae HUTh?

120. Ha ogHOM KOHIIE HUTH, IEPEKNUHYTON yepe3 ONOK, MOABEIIEHO
Teno Maccel m; = 30r. [Ipyrofi KOHEHl HATH COEIHHEH C JIETKOH
MPYXWHOH, K KOHIy KOTOPOU NPHUKPEIUIEHO Tello MacChl m, = 50 T.
[InuHa MpYXWHBI B HepacTsHYTOM cocTosHuu [, = 10 cMm. Ilom meit-
crBueM cuibl F = 0,1 H npyxuHa ynnunsaercs; ee gedopMmanus Al =
= 2 cM. Haiitu gnuHy ! IpyXuHBEI BO BpeMs JBHXKCHHUS IPY30B, CUATAas,
YTO KONeGaHAs B CHCTEME OTCYTCTBYIOT.

121. [Ipe rupu ¢ MaccaMu m; = 3 KT B m, = 6,8 KI' BACAT Ha KOHIAX
HHUTH, NEpEeKAHYTON yepe3 Oinok. [lepBast rups HaxomuTCA Ha 2 M HHXKE
BTOpOH. I'Mpu mpumuty B ABIKeHNe 0e3 Ha4YalbHOW CKOPOCTH. Uepes
KaKoe BpeMs { OHH OKaXKyTCsl Ha OHOH BBICOTE?

122. [IBa Tena Maccel m = 240 r KaxXaoe moABellleHbl Ha KOHIAX
HUTH, MepeKAHyTON uepes 6ok, Kakyro Maccy my OMKEH UMETD I'Py3,
MOJIOKEHHBIM Ha OTHO W3 TEJI, YTOOBI KaXA0€ U3 HUX MPOIIIO 34 BPEMs
t=4cnytb h =160 cM?

123. [IBa Tema Maccel m = 100 r Kaxpoe moa- %
BEIICHbI HA KOHIIaX HATH, IEPEKUHYTOH depe3 OJIOK.
Ha opgHO W3 Ten MONOXeEH rpy3 Macchl mgy = 50T.
C xaxoii cunoii F, ; 6yieT gaBuTh rpy3 Ha TeNoO, HA
KOTOPOM OH JIEKHT, KOTfla BCI CHCTEMa NPHUAET B
IBHXKeHHe?

124, C xakuM YyCKOPEHHEM a B B KAKOM HaIpaBlie-
HHUH Oy[eT nmepeMeIaThCs HeHTP Mace IByX IPy30B €
Maccamu m; u m, (m; < m,), €Cli 9TH TPy3bI CBA3aHbI
HUTBIO, IEPEKUHYTOMH uepe3 6I0K? Puc. 26

125. Haitta cuny Hatsikenust T HETH B YCTPOHCTBE, H306paXKeHHOM
Ha puc. 26, ecnmi Maccel Ten m; = 100 r 1 m, =300 .

777

mp
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126. Haiitu yckopeHHne a Teja, COCKaNb3bIBAIOUIETO ¢ HAKJIOHHON
MIIOCKOCTH, O6pasyowmeit ¢ ropusonToM yroa o = 30°. Koacddunuent
TPEHUS] MEXAY TEJIOM H IIOCKOCThIO k = 0,3.

127. C BepinHbI HAaKJIIOHHOW INIOCKOCTH, UMerowle niuHy [ = 10 M 1
BBICOTY £ = 5 M, HAUHHAET [ABHIraTbCsi Oe3 HaydalbHOH CKOPOCTH TEJO.
Kakoe BpeMs f OyfeT mpogokaTbCi ABIXKEHHE Tejla [0 OCHOBAHMS
HAKJIOHHOW TIOCKOCTH M KaKyK CKOPOCTb U OHO Oy#eT HMEThL NMpH
atoM? KoadduiineHT TpeHHsSI MEXAY TEJIOM U IIIOCKOCTRIO &k = 0,2.

128. Teno HauMHAeT ABMXKEHHE C HAYaIbHOH CKOPOCTBIO Uy BBEPX MO
HaKJIOHHOH IIIOCKOCTH, 0Opa3yroliel ¢ TOpU30OHTOM yron o. Uepes Ka-
KOW MPOMEXYTOK BPEMEHH [ TEJIO BEPHETCSH B TOUYKY, H3 KOTOPOH OHO
Ha1iallo ABMraTbcs BBepX? KoadpHIHEHT TPEHHS MeEXQy TeJIoM H
MIOCKOCTHIO k < tg Ol

129. T1o cknony ropsl, nmerowme# anuny [ = 50 M 1 BeicOoTy £ = 10 M,
Ha BepeBKe CyCKaloT 6€3 HavalbHOH CKOPOCTH CaHKH Macchl m = 60 Kr.
Havita cuny HatsikeHHs 7 BePEBKH, €CIIH CAaHKH Y OCHOBaHHS TOpHI
HMEIOT CKOPOCTBb U = 5 M/C, a CHJIa TPEHHA f MEXAY CAHKAMH U MOBEPX-
HOCTBIO ropbl cocTaBiseT 10 % CHIIbI TSXKECTH, JEUCTBYIOIIECH Ha CAHKH.

130. Ha rnapko# HakJIOHHOM IUTOCKOCTH, oOpasyrowei yrona o = 30°
¢ TOPH30HTOM, HAXOOUTCA Teno Macchl m = 50 Kr, Ha KOTOPOe AEHCTBY-
€T FOPHU30HTANILHO HampaBlieHHas cuna F = 294 H
(puc. 27). HaiTu yckopeHue a tena u cany F, ,, C
KOTOpPOH TeNO JaBUT Ha INIOCKOCTb.

131. JIBa Tena ¢ Maccamu m; = 10rum, = 15r

Puc. 27 CBSI3aHblI HUTLIO, IEPEKUHYTON 4epe3 OJIOK, ycTa-

HOBJIEHHBIA Ha HAaKJIOHHOW MIOCKOCTH (pHC. 28).

IlnockocTs o6pasyet ¢ ropusonTom yrou o = 30°. HaiiTu yckopenwue, ¢
KOTOpPBIM OYAyT BUraThCs 3TH TeEJA.

F

[0

ny

Puc. 28 Puc. 29

132. Tpu rpysa c MaccaMu m,, m, ¥ ni; CBS3aHbl HUTBIO, IePEKHHYTOH
Jepe3 OJIOK, YCTAaHOBJIEHHBIH Ha HaKJIIOHHOM IUTOCKOCTH (pHc. 29).
IInockocts ob6pasyer ¢ ropusoHToM yron o. HawyanbHble ckopocTH
rpy30B paBHBI Hynio. HaliTi cuny HaTsxkeHMs: T HATH, CBA3bIBalomel
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rpy3bl, HAXOAAIUECA HAa HAKJIOHHOM MIIOCKOCTH. KoadduupeHT TpeHus
MeEXKMY Ipy3aMH U INIOCKOCTBIO paBeH K.

133. [llap Maccel m NEXUT B ALIMKE, COCKANb3bIBaIOIEM O€3 TPEHHUS
¢ HAaKJIOHHO# mockocTH. [Inockocrhk 06pa3yeT ¢ TOPU3OHTOM Yrou O.
Ha#ti cunbl, ¢ KOTOPBIMH IIap AaBUT HA NEPENHIOI0 CTEHKY U Ha OHO
SIMIHKA.

134. Ha HaKJIOHHO# IIJIOCKOCTH, 00pa3yIomen yroa o ¢ FOpU30HTOM,
crouT Ky6uK Maccel m. I[lnockocrs HaxopuTes B nudpre, ABHXKYIIEMCS C
YCKOpEHHUEM a, HallpaBJIeHHBIM BBepXx. HaifiTu cuny HOpManbpHOrO faB-
neHus F, , KyOuKa Ha miaockocTh. IIpu KakoM Koa(ppuuuenTe TpeHus k
MeXIY KYOMKOM M INTOCKOCTBIO KyOMK He OyfeT COCKanb3bIBaTh BHUA3?

135. Jocka Maccbl M MOXET ABHraThcs 6e3 TPEeHHMsl IO HAKINOHHOMR
MJIOCKOCTH, 0Gpa3yiomed ¢ TOpa3oHTOM yroa (. C KaKuM yCKOPEHHEM
a ¥ B KaKOM HanpaBleHNH JOKeH 6eKaTh IO JOCKE YeJIOBEK Macchl m,
yTOOBI JOCKA HE COCKAIb3bIBaa C HAaKJIOHHON INIOCKOCTH?

136. Ha Tenexke, ckaTrbiBarolieiica 6e3 TpeHUs1 ¢ HAKNOHHOHM MIIOC-
KOCTH, YCTAaHOBJEH CTEPXCHb C NMOJBEUICHHBIM Ha HUTHU ITapHUKOM
Maccel m = 2 r. HaliTu cuny HaTs:KeHHMst T HUTH, €CNH INIOCKOCTh 00-
pa3yeT ¢ TOPH30HTOM yroa o = 60°.

137. Ha HakNOHHOWM INIOCKOCTH, 00pa3yroleil ¢ FOpU3OHTOM yroda o,
HaxompuTcs Gak ¢ Bojo#, uMmerommil Maccy m. C kako#t cunoii F,
napaniejibHOW HaKJIOHHOH INTOCKOCTH, HY>KHO JBHMraTh 6ak, JJ1s TOro
4yToOBbl NOBEPXHOCTH BOAbI B 6ake Oblla HapajlielibHa HAKIOHHOM
miockoctu? KoaddpuuueHT TpeHns Mexny 6akoOM U HaKJIOHHOH 1mo-
CKOCTBIO paBeH k.

138. Ilo Tpocy, o6pasyronieMy ¢ ropu- b _\\'
30HTOM YyToJ O, KaTUTCs 6e3 TpEeHHUs
6110K, K KOTOpPOMY NOABEMIEHO BEAPO C
Bopol. BelcoTa BOgbI B Befpe paBHa h.
KakoBo pgaBiieHne BO[BI Ha IHO BeJjpa BO
BpeMsl IBIKEHHSA?

139. C xaknM yCKOpEHHEM a JOIKEH exaTh IPy30BUK, UTOOBI OpeBHO
AJUHBI ! ¥ KaHAT JAUHBI h, KOTOPbIM OHO INPUBS3aHO K IPY30BHKY,
cocTaBiaany npsamyro nuHuro (puc. 30)? KaHat npuBs3saH K Ipy30BHKY
Ha BBICOTE & OT TIOBEPXHOCTH 3€MJIH.

Puc. 30

§ 5. 3akoH coxpaHeHHs UMITYIbCA

W3 BTOoporo u TpeTbero 3akoHoB HproTOHa crefgyer 3aKOH coO-
XpPaHEHHS MMNOYJIbCa: N3MEHEHHE NOJHOTO HMINYJIbCA CHCTEMbI TEJ
PaBHO CyMME MMITyJAbCOB BHEIUHHX CHJI, ACHCTBYIOIMX HA Teja cucTeMbl. Tak
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KaK MMIYJIbC TETA U UMIYIBC CANBI ~ BETHYNHBI BEKTOPHBIE, TO TAKOE PABEH-
CTBO BBINOIHAETCA OIS NPOEKINN 9THX BEINYHH Ha Mo6yro npsaMyro. TakuM
obpa3oM

(mu [+ myui+. . +my,)—(my,+my,+..+my, )=

=RAt+ KAr+ ...+ F A,

TAE My, Ny, ..., M, — MACCBI TEJ CUCTEMBI, U, Uy, ..., U, B U, Uj, .., U, — OPOCK-
I[HH HaYalbHBIX N KOHEYHBIX CKOPOCTEN 9THX TENl Ha HEKOTOPOE HanpaBlcHue,
a F\At, FyAt, ..., F,At — NpOeKIIMN MMIYJIbCOB BHEIIHUX CHJ Ha 3TO XK€ Ha-
npaBJIEHHUE.

Ecnu cucrema 3aMKHyTa, T.€. Ha Teld, KOTOPbIE MBI OTHOCUM K 3TOH CH-
cTeMe, He AEUCTBYIOT BHENTHHE CHIIBI, TO CyMMa NPOEKIUH UMIIYTbECOB BHEII-
HUX cHJ Ha Mo0oe HanpaBI€eHUE paBHa HyIHO:

FAt+ F,At+ ...+ FAr=0,

H, CIIE{OBATENBHO,
MU+ MUy + MY =My U, L m,,

T.€. IPOEKIMs HMIyNbCa CUCTEMBI Tel Ha M000e HaupaBleHAE COXpaHACTCS
Hen3MeHHON. OHaKo U ISl He3aMKHYTOM CHCTEMBI MOXKET OKa3aThCs, UTO
CyMMa NpPOEeKIM UMIYIBCOB BCEX BHEIIHHX CHJI HA HEKOTOpOe M30paHHOe
HallpaBJieHHe paBHa Hymwo. Torfia ocraeTcs HEM3MEHHON NPOCKIAS UMIYILCa
CHCTEMB! TEI UL Ha 3TO HanpasneHne. [IpoekIun ke UMNYIbCa CHCTEMbI
TeJ HA JPyrue HanpaBICHUs PR 3TOM He COXPaHSAIOTCA.

HyxHo uMeTh B BUAY, YTO €CIH KOHEYHOE COCTOSHUE CHCTEMBI OTHANEeHO
OT HavallbHOTO MAaNbIM HHTEPBalOM BPEMEHHM (HANpUMep, BPeMs BBICTpeNa
UM COyJapeHus Tel), TO UMNyIbcoM FAf TaKMX BHEIIHHX CHJI, KaK TArOTe-
HHE M BSI3KOE TPCHHE, MOXXHO NpeHeOpedb M pPacCMaTPHBATH CHCTEMY Kak
3aMKHYTYIO.

IIpu 3anucH 3aKOHa COXPAaHEHHS UMIYIbCA HY>KHO CICHHUTH 33 NPaBHIb-
HOCTBK) PACCTAHOBKHU 3HakoB. HekoTopoe HanpaBneHHe IPOU3BONBHO BBIOH-
paeTcsi 3a IOJIOXHUTENbHOE. [IpOEKIMsl MMNyabca Telda 3alHCBIBACTCA CO
3HAKOM ILNTIOC, €CIN HANpaBIICHHE COCTaBISIONIEH COBNAJaeT ¢ M3OPAHHBIM
HaNpaBIICHHEM, U CO 3HAKOM MHHYC — B HNPOTHBHOM clyuae. Hus Ten, Ha-
NpaBJIC€HUS JBIKCHUS KOTOPBIX HE 3ajaHbl B YCIIOBHH 3aJadH, 3HAKH MOTYT
OBITH pPacCcTaBICHB! IPON3BONBHO. Ecinu B pe3yiabraTe peuieHus 3ajaun oka-
3KETCSl, YTO NPOEKIHNS HMIYIbca NOMOXUTEIbHA, TO HalpaBICHHUE [BUKCHUS
T€a BBIGPAHO NPaBUIBHO, €CITH OTPHLATENBHO, TO — HENIPaBUIBHO.

140. KakoBa cpefHsAs chna JaBIcHUS F Ha NIedo IpHU cTpenbbe u3
aBTOMaTa, €cii Macca nnynu m = 10 r, a CKOpOoCTh IyJIN NPH BbUIETE U3
crtBona v = 300 M/c? Uncno BBICTPENOB M3 aBTOMATa B €JUHHUIY Bpe-
MeHH n = 300 MuaL.

141. Msa4 Maccet m = 150 r ypapsiercs 0 ragKylo CTEHKY IO yrIoM
o = 30° k Hell ¥ OTCKakKMBaeT 6e3 norepu ckopoctu. Haiitn cpepHio0
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cuny F, pefcTBYIOIMyIO HA MSAY CO CTOPOHBI CTEHKH, €CITH CKOPOCTh
Mmstua v = 10 M/c, a npopoKuTeNBHOCT yaapa A = 0,1 c.

142. Tlaparomuil BepTHKAIBHO MapuK Maccel m = 200 r ygapuncst o6
MOJI CO CKOPOCTBIO ¥ = 5 M/C U NMOONPBITHYJ Ha BBICOTY h = 406 cM.
HaiiTu nsMeHenne Ap nMIynbca WapHKa Npu yrape.

143. 13 opyaust Maccel M = 3 T, HE HMEIOILErO0 NMPOTHBOOTKATHOIO
VCTPOMCTBA (CTBOM XKECTKO CKpemeH ¢ NadeTOM), BBITETAET B rOPH-
30HTAJIbHOM HampaBlIeHUH CHAPAN MacChl m = 15 KT €O CKOPOCTBIO U =
= 650 m/c. Kakylo ckopocTh u nonyuyaeT OpyAHe OpH oTaave?

144. Cuapsp Maccel m = 20 Kr, neTeBIIAA TOPU3OHTANIBHO CO CKO-
pocteio v = 50 M/c, monagaeT B mnaTQOPMy C IECKOM H 3aCTPEBaeT B
necke. C Kako#i CKOPOCTBIO u HaUHET JBUTAThLCA miaTdopMa, eclii ee
Macca M =10 1?

145. Tlymka, cTosmias HAa TJAAKOH TOPHU3OHTANBLHON MIOIIAfKe,
cTpenseT nop yriaoM ¢ = 30° k ropu3oHTy. Macca cuapsima m = 20 xr,
€ro HauanbHas ckopocTh UV = 200 M/c. KaKkylo ckopocTh u mprobpeTtaeT
NylnIKka Npy BeIcTpene, ecinn ee Macca M = 500 kr?

146. Opynue, nuMeromiee Maccy ctBona M = 500 kr, cTpenseT B ropu-
30HTAJIBHOM HanpasjieHHH. Macca cHapsiga m = 5 Kr, €ro HadaibHasi
ckopocTh v = 460 M/c. IIpu BeICTpenle CTBON OTKaThIBAaeTCA Ha pac-
crosiHue s = 40 cM. HafiTH cpefHIOI0 CHNTY TOPMOXKEHHA f, BO3HHKAIO-
YO B MEXaHH3MeE, TOPMO3SILEM CTBOJ.

147. Cuapsp Maccel m = 50 Kr, JeTsIHANA cO CKOPOCThIO v = 800 M/c
nop yrioM o = 30° K BepTHKAJH, oNnafgaeT B MIaTHOPMYy € IECKOM H
3acTpeBaeT B HeM. HaltTu ckopocTs mnatdopMBbl u Tocle nonagaHus
CHapspa, ecnu ee Macca M = 16 T.

148. Yenosek, CTOAIAN Ha KOHbKAX Ha rNIaKOM JIbY peKn, 6pocaeT
kaMeHs Maccel m = 0,5 xr. CnycTst BpeMsi £ = 2 ¢ KaMeHb IOCTHraeT
Oepera, npoiifa pacctosHte s = 20 M. C Kako#l CKOPOCTBIO ¢ HAUHHAET
CKOJIb3UTh KOHBKOOGEXKEN, ecnn ero Macca M = 60 kr? TpeHneM npe-
HeOpeub.

149. ]IBa uenoBeka ¢ MaccaMH m; = 70 kr u m, = 80 Kr CTOST HA
POJIHKOBBIX KOHBbKAaX APYr NpOTHB mpyra. Ilepsoiit 6pocaeT BTOpOMy
rpy3 Maccel m = 10 Kr cO CKOpOCTbIO, TOPU3OHTANIBHAS COCTABNSIOMIAS
KOTOPOH v = 5 M/C OTHOCHTeJIbHO 3eMnu. HailTi ckopocTh v; nepBoOro
4JeJIoBEKa nocne OpocaHust rpy3a U CKOpOCThb U, BTOPOro NOCle TOro,
KaK OH NofiMaeT rpy3. TpeHneM npeHeGpeus.

150. Teno maccel M = 990 r JeXUT Ha TOPU3OHTANBLHON TOBEPX-
HOoCcTH. B Hero momapaet myns Maccel m = 10 T 1 3acTpeBaeT B HeM.
CkopocTts nynu v =700 M/c 1 HanpaBJieHa ropu3oHTaNbHO. Kakoit nyTh
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s mpoHpeT Teno no ocTaHoBKU? Koad duuueHT TpeHUS MEXAY TEIOM U
NoBepxHOCThIO k = 0,05.

151. Hascrpeuy naatgopMe ¢ NECKOM, IBUXKYILEHCS CO CKOPOCThIO
U, TIO TJIaAKOMY HaKJIOHHOMY XeJlo6y COCKaNb3bIBaeT 6€3 HayalbHOM
CKOPOCTH TE€JIO Macchl m H 3acTpeBaeT B necke. XKenob gnunei / obpa-
3yeT ¢ TOpH3OHTOM yron o. HalTu ckopocTts u nnat¢gopMbl nocie
NoNajaHus B Hee Tela, eClu Macca IaT¢gopMbl paBHa M.

152. Pakera, uMeroIasi BMecTe ¢ 3apsgoM Maccy M = 250 r, BaneraeT
BEPTHUKAJIBHO BBEPX W JOCTHraeT BhICOTHL i = 150 M. Macca 3apspna
m = 50 r. HafiTi ckopocTh v HCTEUEHHs Ta30B U3 PAKETHI, CUMTAs, UYTO
CropaHmue 3apsna NpOUCXORAUT MIHOBEHHO.

153. C nnaTdopMel Maccbl M = 20 T, gBHKYIIEHCS CO CKOPOCTBIO U =
= 9 kM/4, MPON3BOAUTCA BhICTpeN U3 NymKH. CHapsy Macchl m = 25 KT
BBLIETAET U3 Oopyaus co ckopocThio v = 700 M/c. HaliTu ckopocTu
maTGopMbl HEMOCPEACTBEHHO NOCIE BBICTPENa: €CIU HaNpaBIeHUs
ABHXKEHMS NIAT(OPMBI U BBICTPENIa COBNAfAIOT; €CJIU 3TH HalpaBJIeHUs
MIPOTHBOIOJIOXKHBI.

154, Ilo ropusoHTanbHBIM pelbCaM CO CKOPOCThIO U = 20 kM/u
pBIKeTcs nuardopMa Maccel M = 200 kr. Ha Hee BepTukanbHO nagaet
KaMeHbp Maccel m = 50 KT ¥ OBHXeETC B HajJbHEHIIEM BMECTE C
nnatdopmoit. Hepes HEKOTOpoe BpeMs B IIaTgopMe OTKPBIBaeTCs
JIIOK, ¥ KaMEHb NMpoBaauBaeTcs BHU3. C KaKOH CKOPOCTHIO U ABUXKETCS
nocne aToro mnargopma? TpeHueM npeHeGpeys.

155. Spgpo, nereBliee NOPH3OHTANBHO CO CKOPOCThIO U = 20 M/c,
pasopBalloch Ha ABa Ockolika ¢ MaccaMu m; = 10 kr u m, = 5 kr.
CKopocTh MEHBIIET'O OCKOJIKA U, = 90 M/c 11 HanpaBiieHa Tak Xe, KaK H
CKOPOCTb sifipa g0 paspsiBa. HallTu cKopocTh v, M HanpaBJ€HHE JBHU-
>KEHHs 60NBINOTO OCKOJKA.

156. [Ipe nopku ABHKYTCS 1O MHEPLUHUH NapalJieIbHBIMH KYPCaMH
HaBcTpeudy Apyr apyry. Korga nopku nopasHsanuCk, ¢ OqHON M3 HUX HA
APYTYIO OCTOPOXKHO NepenoXunu rpys maccel m = 25 kr. [locne atoro
JIOKa ¢ TPy30M OCTAaHOBHMIIACH, a JIOAKa 6e3 rpysa NnpopoJikana ABH-
raTbCsi co ckopocThio U = 8 M/c. C KaKHMH CKOPOCTSIMH U U U, IBH-
raJIich JIOGKH O BCTPEYH, €CITH Macca JIOJKH, B KOTOPYIO NE€PEIOXUIH
rpy3, M=1T1?

157. Tpu nogkum Maccel M Kaxpas IBIDKYTCS MO MHEPUHH APYr 3a
IPYrOM C OOMHAKOBBIMH cKopocTsMHu v. U3 cpemHel nooKu B KpaliHue
ONHOBPEMEHHO IEpPe6pachlBalOT IPY3bl MacChl m KaXAbIA €O CKO-
pPOCTBbIO u OTHOCHTENBHO Nopmok. Kakue ckopoctu vy, v, U v; 6yayT
HMETb JIOIKU nociie nepe6GpacbIiBaHAA IPy30B?
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158. YenoBek Macchl m = 60 KI IEPEXONUT C HOCA HA KOPMY JIOKH.
Ha xakoe paccTosiHuE § NEpEeMECTUTCI NOAKA UIHHBL [ = 3 M, eciiu ee
macca M = 120 kr?

159. IToesp maccbt M = 500 T e paBHOMEPHO MO FOPH3OHTATBLHOMY
nyTtH. OT Hoe37a OTUENMUICI MOCIENHUA BaroH Maccel m = 20 T. B Mo-
MEHT, KOIfla BalOH OCTAHOBUJICA, PACCTOSHUE ME3KIY HHUM M MOE3J0M
ob1no s = 500 M. Kakoit nyte / mpoiuen BaroH O OCTAHOBKH, eCITH
U3BECTHO, UTO CUJIA CONPOTHBIEHUS ABHXKEHHIO NMPONOPUUOHANBHA
CHUJIEe TSIXECTH U He 3aBUCHT OT CKOPOCTH JIBUXKeHHU?

160. CHapsapn BbLIETAET U3 OPYAUSA CO CKOPOCTBIO Uy HOJ YriIOM O K
rOpU30HTY. B BepxHEH TOYKe TPaeKTOPUHU CHApPs] pa3pblBaeTCd Ha MBa
Pa3HBIX OCKOJIKA, IPUYEM CKOPOCTH OCKOJIKOB HENOCPENCTBEHHO HOCHE
B3pbIBa F'OPU30HTANBHEI U JIEKAT B MIOCKOCTU TpaeKTOpuH. IlepBrii
OCKOJIOK YMall HA PAacCTOSHHH § OT OPYAUS B HANMPaBIEHHH BHICTpENA.
HaiiTu MecTO nageHus BTOPOro OCKONKA, €CH U3BECTHO, YTO OH ynan
fajblie NepBoro.

161. CHapsp netut no napaboiyie ¥ pa3pblBaeTCd B BEPXHEH TOYKE
TPacKTOPHHU Ha [Ba Pa3HBbIX OCKOJIKa. ITepBhlil OCKONOK ynam BepTH-
KallbHO BHU3, BTOPOH — HA PACCTOSHHUHU § TIO TOPU3OHTANH OT MECTA
paspbiBa. HalTH CKOpOCTh CHapsf nepej pa3pbIBOM, €CIIH M3BECTHO,
YTO B3PHIB MPOU3OIIENT HA BBICOTE / M BpeMs NafleHUs ePBOro OCKONKA
PaBHO .

§ 6. Cratuka

Ilpu pelreHnu 3agay Ha CTaTUKY, TaK K€ KaK U IIPA PEIICHUH JHHAMHAYECKUX
3aja4, HY>KHO IIpeXJ€ BCETO BBIACHHTH, KaKHE CHJIBI REHCTBYIOT Ha pac-
CMaTpHBaeMbIE Teja. ITH CHIBI HEOGXOUMO H300pa3uTh Ha YepTexKe.

B crarmke HCnonb3yloTCA /Ba THIA YpaBHEHHH, BbIPa’KalOLIUX YCIOBHS
paBHOBecHs Tena:

T F=0

(cyMMa MpOeKuHi AcHCTBYIONINX Ha TEJIO CHJI Ha Jo60e HanpaBieHHE paBHA
HYJIO) "

Y M; =0

(CcyMMa MOMEHTOB 3THX CHJ OTHOCHTEJBLHO JIKOOOH HEMOABUKHOU OCH paBHA
HYJIFO). -

Ipu pemennnm 3agay Ha NIOCKOCTH (MMEHHO TaKHe 3afa4ydl NPEHMY-
WECTBEHHO BCTPEYalOTCH) [JIa MPOEKIUN CHJI MOXKHO 3alHucaTh ABa He3a-
BUCHMBIX ypaBHEHHS JJI B3aUMHO NMEPNEHAUKYIAPHLIX HanpaBJeHAH, HallpH-
MEP I3 FOPU30HTATLHOrO U BepTHKankpHOro. Ienecoobpa3no BEIGHpPAThL Ha-
npaBJieHHs] TaKHM o0pa3oM, 4TOOBI NPOEKIHHA CHJI BbIPaXkKajJHCh HAaHOOJEE
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IPOCTO, T.¢. 9TOGBI COOTBETCTRYIOIIME KOCHHYChI YITIOB MEXAY CHIaMHU H
BRIODAHHBIM HanpasieHHeM cocrasisanu O unu 1 unu 6b1nu Obl 3apaHee
usBectHol. HyXHO ciepurh 3a TeM, 9TOObI NPOEKIUH CHI, HMCIOIINX OffHA-
KOBbI¢ HallPaBJICHHS, BXOWIH B YPABHCHHE C OfHUMH H TEMH XK€ 3HAKAMH.

Ecnu paccmaTpuBaeMble B 3afjave CHIBI J€XaT B OAHOH MIOCKOCTH,
TO MOXHO 3alHCaTh TOJNLKO OJ(HO HE3aBHCHMOC YPaBHCHHE JAJISI MOMCHTOR
CHUJT OTHOCHUTEIBHO OCH, NEPNEHAUKYIAPHOHN K 3TOH NIOCKOCTH. PemreHue
3aaud ynpomaeTcs, €CiM och BhIGPATh Tak, YTOOB!I B ypaBHeHHEe XM, = 0,
0 BO3MOXHOCTH, HE BXOJIHIIH MOMEHTBI CHJI, 3HAHHE KOTOPbIX He TpebyeTcs
110 YCIOBHIO 3ajavyd. [Ias 9TOrO HYXKHO, YTOOBI NJIEUH ITHX CHI OBLIH
PaBHBI HYJIO.

MoMeHTBI cHII, Bpamaroiix TEJIO 110 1acoBOM CTPEIIKE, BXOJAT B YPABHEHHE
C OJIHUM 3HAaKOM, 2 MOMCHTBI CHJI, BPAIarOHX TEJIO IPOTHB Y1acOBOM CTPEIKH,
JAOJIKHBI UIMETh IPOTHRONOIOXHBIN 3HaK. ECiTu HanpaBiieHHe COCTaBISIONMHX
OT/ICNBHBIX CHN WJIH HalNpaBJcHHE BpaWICHHs JUIi MOMEHTOB ITHX CHJI HE
H3BECTHBI 3apaHce, TO, KaK U B 3ajlayax Ha JUHAMHKY, 3HaK MOXET ObIThb
BbIGpaH NPOU3BONBHO, a O JACHCTBHTEILHOM HANPABICHAM MOXHO OyAer
CYAMTD 110 PE3yIbTaTaM PEeHICHUS 3aa'H.

IIpu HaxoXACHUH MEHTPa MACC CHCTEMBI TEN NpOoiiie Bcero, Kak NpasBwmio,
PaccMOTPETh MOMEHTHI CHJI OTHOCHTEIBHO OCH, MPOXOAAUICH uepe3 LSHTP
Macc. PaBeHCTBO HYIIO CYMMBI MOMEHTOR CHJI TSKECTH OTHOCHTEJBHO ITOMH
ocH npepacraensieT co0OH ypaBHEHHe WIS KOOPAHHAT, ONPEACISIIOHX 0T0-
JKCHHE 1IeHTpa Macc.

162. B onHOM cnyuae jjBa 4eNOBeKa TAHYT B NPOTHBONOJOXHbBIE
CTOPOHBI 3a KOHIbI KAaHAT C PaBHBIMH 110 MOAyTMO cunaMu F. B gpyrom
ciaydae OfHH KOHell KaHAaTa NPHBS3aH K HENOJBHXXHON omope, a 3a
Opyroif ero KoHell TSHYT [Ba YEJIOBEKA C TEMH K€ 110 MOAYAIO CHIIAMH
F. Kakylo cuny HaTsa>KeHHA NCTIbITBIBAeT KaHAT B 060MX cyvyasx?

163. Llnnuupap fBUraTens BHYTPEHHErO CrOPaHUs UMEET BHYTPEHHUH
puameTp D =0,16 M. Uncno 60nToB, Kpensiiux KPBIIIKY HUIHHAPA,
n = 8. IIpn cropaHum roprodueif cMecH pa3BHUBacTcs HaBieHue P =6
MIla. Haiitin amameTp d 60nTOB, 00ecneYNBalOMMX AeCATHKPATHBIN
3anac npovyHocTH. [lonycTnMoe HanpskeHue B cranu Py = 150 MIla.

164. C xakoit MUHIMaNbHOH cuiTON F', HalIpaBI€HHON TOPHU30HTANb-
HO, HY>KHO NPHXAaTb NJIOCKUH GPYCOK MAcChl m = 5 KI' K CTEHE, YTOObI
OH He cocKonb3Hyn BHH3? KoadduumeHT TpeHnsa Mexny GpyckKoM u
creHon k =0,1.

16S. OgHoponHas nMHeHKa Macchl m Ha 1/3 gUUMHBI BBICTYMAET 34
Kpait crona. Kakywo cuny F HYXHO NPHIOXHUTS, YTOGb! CABHHYTDH JIH-
HEHKY BAOJb ee ANHHHOM cTopoHbl? KoatddnupenT TpeHns Mexny nu-
HEHKOH U CTONOM paBeH K.

166. [lepeBsHHbIH OPYCOK Macchl m =2 KI JIEKUT Ha HAaKJIOHHOMH
NJIOCKOCTH, o6pa3sylomeil ¢ ropu3oHToM yron o = 60°, C kakoi cumou
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F, HanpaBJIEHHOH NMEPNEHAUKYISIPHO K IIIOCKOCTH, HEOGXOMUMO TPH-
XaTb OpycoOkK, UTOGBI OH He COCKONb3HYN? KoaddumueHT TpeHus
MEXNY OPYCKOM U IIIOCKOCTHhIO k = 0,4.

167. Tonkasd mocka ¢ ABYMs HHU3KHMH ONOPDHBIMH BBICTYMaMH Ha
KOHIIaX JIEXKUT Ha HaKJIOHHOM TIOCKOCTH (puc. 31). Ilpu xakomM MuHH-

A B
N
a\/
90°
m
k
1 Yc
Puc. 31 Puc. 32

MaJIbHOM 3HAYE€HHH YIJIa HAKJIOHAa O MJIOCKOCTH K 'OPHU3OHTY JOCKa
HAYHET CKOJIL3UTh MO HAKJIOHHOMA MtockocTu? KoadduimenTs! Tpenus
MEXNY HUXKHEN W BEpXHEH ONOpaMH M HAKJIOHHOMH MJIOCKOCTBIO PaBHBI
kl H kz.

168. ®onappr Maccel m = 20 KI MOABEIIEH HA JABYX ONMHAKOBBLIX
Tpocax, obpasyromux yron o = 120°. Hafitn cuny Hatsxenust 7 TPOCOB.

169. K tpocy nnunbl / = 3 M, KOHIIBI KOTOPOT'O 3aKPEIIEHb] HA OTHOU
BBICOTE, Ha PACCTOAHUAX 4 = | M OT TOUEK 3aKpenNeHus NojBeleHbI
ABa rpy3a Maccel m =1 Kr kaxnabli. IIpoBrucanne Tpoca B cpengHel
yacTtd coctaBuiio Al = 10 cm. Haiitu cunbl HaTskenus Ty, T, u T3 Tpoca
Ha KaXXJIOM U3 TPeX YJacCTKOB.

170. Ha xponiurefine, u306pa*keHHOM Ha pHUC. 32, BUCAT I'PY3 Macchl
m = 100 xr. HaiiTu cunbl HaTsKeHUsA cTepxkHeid AB u BC, ecnu oHHA
obpasyror yroa o = 60°, a B Toukax A, B u C ~ mapHUpBI.

171. Ipu B3BemMBAHUA HA HEPABHONJICUNX PLIYaXHBIX BECax Macca
Tena (10 cyMMe MacC YPaBHOBEIIMBAIOIKX MMPh) HA OOHON Yalle BECOB
OKasajlace paBHOHW m;=2,2 Kr, a Ha Apyro# —m, = 3,8 kr. Hafitn
HCTHHHYIO Maccy Telna m.

172. OnHOpOOHBIA CTEPXEHb C NMPHKPENJIEHHBIM Ha OJHOM H3 €ro
KOHIIOB TPy30M Macchl m = 1,2 KT HaXOAMTCA B PaBHOBECHH B TOPH-
30HTAJIBHOM TIOJIOKEHHH, €CJTM €ro MOANepeTh Ha paccToaHnu 1/5 pmu-
HBI CTEPXKHA OT rpy3a. Haiitn Maccy crepxua M.

173. OpHoponnas 6anka JeXHT Ha IaTdopMe Tak, YTO OfHH €€
KOHell Ha 1/4 pnuHBI cBemmBaeTCs ¢ miaTdopmel. K ceemmparomeMycs
KOHITy IPHJIATal0OT CHJTY, HAalpaBJIeHHYIO BepTUKAIbHO BHA3. Korma sta
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cuna craHoBuTcs paBHo# F = 2000 H, npoTHBONONOXKHBIN KOHEL, 6anKu
HauHHaeT nogHuMarsca. Halitn Maccy 6anku. '

174. [IBa yenoBeka HecyT Tpy6y Macchl m = 80 KT U INuHbI [ =5 M.
[lepBoIit YenoBeK NopfepKuBaeT TPyOy Ha paccCTOSHAH a = 1 M OT ee
KOHIIa, a BTOPOH AEpXKHUT NPOTHBONONOXKHBIN KoHel TpyObl. HaiiTu
CHITY [aBJIEHUS TPYObI, NCNBITHIBAEMYIO KAKIBIM YEIOBEKOM.

175. K cTeHe mpHCloHEHa JECTHHIIA MAacChl m
MOJ YIJIOM O K BepTHKanu. LleHTp Macc necTHHIEI
HaxOfHTCAd Ha pacCTOSHHMH 1/3 OIHHBI OT €€ Bepx-
Hero koHna. Kakyto ropuzoHTansuyio cuny F Hyk-

% HO NPUITOXKHTH K CEPEANHE IeCTHAIBI, CTOOBI BEPX-
HHI KOHEI] €€ He OKa3bIBAll {aBICHUA Ha CTEHY?
176. I1opg KaknuM MHHEMAaJIbHBIM YIJIOM O K TOPH-
T ” 30HTY MOXET CTOSTh JEeCTHHIA, IPUCIOHEHHAs K
Puc. 33 rIafgkol BEpTHKANLHOH CTeHe, €ClIA LIEeHTP Macc ee

HaxongutTcs B cepepuHe? KoaddunueHt Tpenus
MEe3KIY JIECTHHLEHN H IIOJIOM paBeH K.

177. [Ipe omMHAKOBBIE TOHKHE JMOMIEYKH C TIAJKHMH 3aKpYyTrIeH-
HBIMH KpasiMH NOCTaBJieHbl Ha CTON M ONHPAIOTCA ApYyr Ha gpyra.
Kaxpas pomedyka o6pa3yeT ¢ BepTHKalbO yroa o (puc. 33). Kaknm
HoXKeH ObITh KO3((PUIMEHT TPEHHS kK MEXIY MOMIeYKOH M CTOJIOM,
yTOOBI JOIII€YKH He magain’?

178. Crepxenrp Maccel m = 1,5 kr B guHe! [ = 1 M OHEM KOHIIOM
UIApHUPHO NPHKPEIUIEH K NOTONKY. CTepXKeHb yaepKUBaeTCs B OTKIIO-
HEHHOM IOJIOXKEHHH BEPTHKAJIBHBIM IIHYPOM, MPHUBSA3aHHBIM K CBO-

ne A

Puc. 34 Puc. 35

6onHOMYy KOHHNY cTepxkHsA. Hafitn cuny HaTskeHus 7 mHypa, e€CliH
UEHTP Macc CTEPXKHA HaXOUTCA Ha paccTossHud a = 0,4 M oT miapHupa.
179. Taxenbiil HWIKHIPHYECKHH KATOK MacChl M HEOOXOMMUMO MOJ-
HATb Ha CTYNEHBKY BbICOTBL h (puc. 34). Haittn MuanManshyro cuny F,
KOTOPYIO HEOGXOAMMO ISt 3TOTO NMPHJIOKHUThL K NEHTPY Macc KaTka B
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TOPH30HTABHOM HAMpAaBIEeHHUH, €CIIU PafinyC KaTKa r GOJNbIIE BhICOTHI
CTYNEHbKH h.

180. TucddepennmanbHpIil BOPOT COCTOUT U3 IBYX IUIHHAPOB C pa-
muycamu ry = 0,2 mu rp = 0,1 M, 3aKkpemieHHbIX Ha o61el ocu (puc. 35).
Ha nununpapax yKpemieH KaHaT, KOTOPbIi NpH BpalleHUd BOpOTa Ha-
MaTbhIBA€TCA HAa HUIHHAD OONBIIETO AMaMeTpa U CMAaTbIBaeTCsA C ILH-
nuHApa MeHbImero guamerpa. Ha o6pasyemoit xana-
TOoM meTie nopBelieH Oinok. Kakyro cuny F HyxXHoO
MPHUJIOXHUTH K PYKOATKE BOPOTa JIHHBI [ = | M, 4TO-
OBl YIEpXKHBAaTh WIH PAaBHOMEPHO NMONHHMATH IPY3
maccel m = 10 xr?

181. Konen ogHOpORHOrO cTepKHI A C, HMeroIie-
ro MacCy m;, IIapHAPHO 3aKpeIUIeH Ha JOCKE B TOUKE
A (puc. 36). K gpyroMy KoHIy CTEp:KHs IIpHUBs3aHa
nepebpollleHHas1 yepe3 610K HUTh, Ha KOHIIE KOTOPOH
HaxopuTcs rpy3. Kakosa gonkHa ObITH Macca Ipy3a Puc. 36
m,, RIS TOro 4ro6bl orpe3ok HutHu BC OBl
TOPHU30HTANBHLIM, a CTEPKeHb 00pa30oBbIBan ¢ JOCKOH yron o? bynet
JI1 paBHOBECHE YCTOMYHUBBLIM?

182. K rnaakoii BepTUKaNLHOH CTE€HE Ha BEPEBKE [UIMHBI [ =4 cM
nopsenieH map maccel m = 300 r u paguyca r = 2,5 cm. Haiita cuny
[aBJEeHHsI Iapa HA CTEHY.

183. Ha miockoM fHe simuka HaxopuTcs map. [{Ho siimka o6pasyeT
HeKOTOpbI# yron c¢ ropusoHToM. lllap ymepxkuBaeTcsi B paBHOBECHH
HHTBIO, DapannenbHod gHy (puc. 37). Ha kakoi MakcUManbHBIA yron O
MOHO HaKJOHHTH [JHO SIIHKa, YTOOBI IIap OCTaBaJICs B PaBHOBECHH
Koa¢puuueHT TpeHus MKy IIapOM M SIIIUKOM PaBeH k.

B C

o

Puc. 37 Puc. 38

184. [IBe ToHKHE MaNOYKH ¢ MacCaMu M U m COEJUHEHBI B CHCTEMY,
n3o6paxeHHyo Ha puc. 38. Ilanouyku MoryT BpamaTbcsa 6€3 TpeHHs
BOKpYr oceil A u B, mpoXoislIuX uyepe3 HUKHHE KOHIBI MaJlOoyek.
BepxHue KOHIBI ManodYeK CXOUATCS MO MPSIMBIM YIJIOM TaK, YTO KOHEI]
ONHOH NAaJOYKH JIEXKHUT Ha TOpue APyrof (MOCNEemHWH 3aKpyrieH).
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Bepxussa nmanouka Maccel M o6pasyeT ¢ ropu3oHTOM yroa o. Ilpu
KAaKOM MHHHMAaJbHOM KO3(h¢UUUEHTE TPEHUs k& MeXAy MalouyKaMiy
HIDKHSAA He ynapueT? .

185. [Ise mapannenpHble U NPOTHBONOJIOXHO HalpaBJIeHHBbIE
cunsl F, =10 Hu F, =25 H npunoxensl B Toukax A u B cTepxHs,
pacnoyoOKEHHbIX Ha paccTossHud d = 1,5 M apyr ot apyra. Haitu
cuny F, ypaBHOBCHIMBAIOWIYIO CHIBl F; M F), U TOYKYy €€ NpHIIO-
SKCHUS.

186. JIpa opHOpOnHBIX Ky6uKka ¢ Maccamu my = 0,3 krumy = 1,2 Kr ut
niuHamu pebep /=008 m u /, =0,12 M coelnHEHbI MPH HOMOIIHA
ONHOPOIHOTO CTEPXKHSA, UMeroIero Maccy m = 0,6 kr u giuHy d = 0,1 M.
KoHI1p! cTepsKHS OPHKPENIeHbI K cepefuHaM IpaHeld KyOUKOB, a IIEHT-
pbI KYGHKOB JIeXXaT Ha HIPOJO/KEHUH oCH CTepkHs. HaliTh nonoxenne
LIEHTPa MacC CUCTEMBI.

187. UeTslpe ONHOPOQOHBIX HIapa ¢ MaccaMu m; =1 kxr, m, =5 KT,
msz =7 KT, my, =3 KI' YKpPEMJIeHbl Ha HEBECOMOM CTEepXKHE TaK, YTO HX
LEHTPbl HaXOHATCSA Ha paBHBIX paccTrosHusax d = 0,2 M gpyr oT gpyra.
Ha kakoM pacCTOsSIHHH X OT IeHTpa TPEThEro Hiapa HaXOOHUTCA LEHTP
MAacc CUCTEMBI?

188. JIBe cTOpOHBI IPOBONIOYHOH paMKH B (pOpMe paBHOCTOPOHHETO
TPEYroJbHUKA CHEaHbl U3 aJIOMHHHEBOH MPOBOJIOKH, & TPEThS — M3
MegHOM. [IpOBOJIOKH MMEIOT OJUHAKOBbIE CEYEHHS, a CTOPOHA Tpe-
yronbuuka /=1 M. [ImoTHOCTH amoMuHHA B MenH p, = 2,7-10% xr/m3,
P, = 8,9-103 kr/™M3. HafiTi nmonmo>keHue eHTpa Macc CUCTEMBI.

189. OnHOpPOXHBIA LMIHHAP [OCTABJIEH Ha HaKJIIOHHYIO MJIOCKOCTbD,
06pa3yoLIyI0 ¢ TOPH30OHTOM yroi o. IIpu KakoM MaKkCHMaJbHOM 3Ha-
YEHHH yIia Oy, HHJIHHOP elle He ONPOKHHETCHA, €CIU BBICOTA IH-
JUHpA BOBoe GONbHIE €ro papuyca’?

190. Ha xakoM pacCTOSIHUH OT JJHA HaXOOUTCS
IEHTP MacC TOHKOCTEHHOTO NHMIMHAPHYECKOTO
CTakaHa, IMEIOIIErO BbICOTY i = 12 ¢cM U fuaMeTp
d =8 cM, ecni TONIINHA [HA B [[Ba pa3a O0NbHIE
TOJIIMHB] CTEHOK?

191. OpgHOpoOnHas mnacTHHa uMeeT (PopMy MO-
JyKpyra paggyca r, COeGUHEHHOT'O C NPsIMOYIrob-
HHKOM, UMCIOIINM OCHOBAHHE, paBHOE OUAMETPY
MOJNYKpYyra, u BbIicoTy h (puc. 39). HaliTu oTHOMIEHHE A/r, ecnu IEHTP
Macc BCeHd IUTaCTHHBI COBNAfaeT C TEOMETPHYECKUM IIEHTPOM
nonykpyra (troukoit C). Paccrosinue oT ueHtpa Macc nonykpyra C, o
€ro reoMeTpudeckoro nertpa C paBHo 4r/3T.

Puc. 39
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192. OgHoponHbI# monymiap Macchkl m;, IMEIOIMA pafuyc r, Bbl-
NYKJIOH CTOPOHOM JIEXHUT HAa TOpU3OHTAJBLHOH minockocTH. Ha Kkpait
noJyiyniapa noJyioxeH HeGOoNbIION rpy3 Macchl m,. ITox xakuM yriom x
TOPH30HTY HaKJIOHEH orpaHMumMBaromuil nonymap kpyr? Paccrostuue
OT LIeHTpa Macc NMoJiymapa a0 FeOMETPHYECKOTo UEHTPa paBHO 31/8.

193. HaiiTu nonoXxeHue HeHTpa Macc ORHOPON-

HOTO JUCKa papmyca R, U3 KOTOPOTO BBIPE3aHO OT-
BepcTHe paguyca I < R/2 (puc. 40). LleHTp BhIpe3a
HaXONMUTCS HAa PAacCTOIHUM R/2 OT LeHTpa JUCKA. ] f

194. Tpu uenoBeka HECYT OMHOPORHYIO MeTal- '
JUYECKYIO IUTUTY, UMEOIYIo (popMy paBHOOen-
PEHHOT'O TPEYroJIbHUKA C OCHOBaHHeM a = 0,6 M i
BeicoTOM h = 1,25 M. Tommuea niauTel d =4 cM,
MJIOTHOCTL MaTepuania IUThl P = 3,6-10% xr/m3.
Kakyro cuiy naBieHHs HCHBITBIBAET KaXXbIH UeNIOBEK, €CIU BCE HECY-
IHe fepKaT IUIATY 32 BEPIIMHBI TPEYrOJbHUKA?

19S. Tpu yenoBeka HECYyT ONMHOPOAHYIO MIMTY Macchl m; = 70 Kr,
IMEIOMYI0 (pOpMy PaBHOCTOPOHHETO TPEYroJIbHEKA CO CTOPOHOM
a =2 M. [IBoe mepxaT INIATY 32 OAHY M3 BEPIINH, a TPETHH — 32 Mpo-
THBOIIOJIOXKHOE OcHOBaHMe. Ha KakoM paccTossHuH | OT 3Tof Bepmin-
HbI 3aKpeMiieH Ha IJIUTE COCPENOTOUYEHHBIH Ipy3 Macchl m, = 100 xr,
€ClIH CHJIa [aBJICHHUR pacnpefelieHa NMOPOBHY MEXJIy BCEMH He-
cymumu?

Puc. 40

Z4

Puc. 41 Puc. 42

196. Ha gByx BepTHKalbHO PACHOJIOXEHHBIX PYKHHAX OMHAKOBOMH
IJIMHBI TOPU3OHTAJNBHO MOABENIeH CTep3KeHb. KeCcTKOCTH NMpYXUH
k,=0,02 HM u k, =0,03 H/M, paccTognne Mexay HuMH d =1 M.
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B xakoM MecTe cTep:KHA HY>KHO NOBECHTD IPy3, YTOOBI CTEPKEHD OC-
TaJNCA B TOPU30HTANLHOM NoNoXeHHH? Maccoi CTep>XHs npeHebpeysb.

197. BepxHuit KOHeI[ CTANILHOTO CTEP3KHA ANUHBbL [ = 1 M U paguyca
r=0,5 cMm 3akpemneH (puc. 41). Mogynp IOnra cranu E = 196 [Tla.
Haiitu ypnurenue Al cTep:KHs, €CIIH K €ro cepenyHe U HUXKHEMY KOHILY
C TIOMOMNIBIO CHEIHANBHOTO MOfiBeCa NPUKPENHTh I'PY3bl MacChl m =
= 400 Kr KaxpgpIi. Maccoli cTepKHs NpeHeOpeys.

198. KpoHmiTeiH, YKpEMJIeHHbI Ha BEPTHKAIbHOH CTEHE, UMEET
KOHCTPYKIHIO, H306pakeHHyto Ha puc. 42. TpeyronsHuk ACB — paBHO-
6enpeHHbId, ¢ ocHOBaHHeM AB, pacnonoXXEHHBIM TOPHU3OHTANBHO,
U BbicoToli h. CtepxkHu AD u BD pnunbl / KaXablli apHUPHO NpPH-
KpemieHsi K cteHe. Kanat CD Takxke umeeT miuny /. Haiitu cuny HaTa-
xkenusA T kanata CD u cunbl N, CKUMarolue ctepxkuu AD u BD, ecnu B
Touke DD mopBellieH Ipy3 Macchl m. MaccaMu cTepXHEH W KaHaTa
npeHebpeyb.

§ 7. 3aKoH coxpaHEeHNs JHEPTHA

Ilpn pemeHun 3amau JaHHOro naparpadga HCHONB3yeTcs 3a KOH
COXpaHeHHMs 3He pruu PasHocTp MeXay KOHEUHBIM (E,) M Ha-
JaNpHBIM (E)) 3HAaYCHHSIMU HEPTHM CHCTEMb] PaBHA paGOTE BHEUTHHX CHIL

E2—E1 =A.

Jns OBYX Tell MOJHAsi IHEPrHsl paBHA CyMME KHHETHUYECKHMX JHEPIH#l Teln
¥ MIOTEHUUAJIBHON YHEPIrUH MX B3aUMONCHCTBHsL:

2

2
mv msV
=11l 224y

2

B zagauax OOBIYHO BCTpedYaeTcs TONBKO OfHA udacTHas ¢opma HOTEH-
UHANBHON 9HEPTHM — SHEPTHH B3aUMOJICHCTBUS ¢ 3eMlel Tena, IOAHIATOrO Haj
NOBEPXHOCTBIO 3eMIH Ha BbIcOTY h: U = mgh. VI3MeHeHHEe MOTEHUHATHLHOR
3HEPrHA HE 3aBHCHT OT (DOpPMBI NYTH, IO KOTOPOMY JABHXKETCS TENO, M OIpe-
AeNsieTCs pa3HOCTBIO BBICOT.

- Tak Kak Npu NajeHUH Tena U3MECHECHHEM KMHETHUYECKOH 2HEPruu 3eMiu
MOXHO IIpeHeOpeyb, TO 3aKOH COXPaHEHUS 9HEPTHH MOXKHO HANMCATh B BUJIE

2
)

2

Pa6ora cunel F npu nocrynarensHOM IepeMelieHIH TeJla, K KOTOpOMY OHa
NPHIOXKEHA, HA MPAMOIIMHEHHOM OTpe3Ke ANHHBI § BbIpaxkaercs (opMyson
A = Fs cos o, rae oL — yron MexXy HanpaBleHHsIMH cunbl F' u orpeska s. Ilpu
o < 7/2 pabGora noJoKUTENbHA, IpH ¢ > /2 paGoTa OTpHUATENbHA.,

Cnenyer uMeThb B BUAY, UTO MEXaHHUYECKas IHEPrHs B 3aMKHYTOH CHCTeMe
HE COXPaHAETCsl, €ClIM BHYTPH CHCTEMbI AEHCTBYIOT CANBI CONPOTHBIECHAA (MU

E

Ln——lz)—]+mgh| + mgh, = const.
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%*
TPEHHs), 3aBHCAIIEE OT CKOpOCTH . PaboTa cHN cONpOTHBIEHNS JONXKHA T10-
3TOMY BCerjia paccMaTpHBaThbCsi Kak pabora BHemHHMX cui. Ilpm Hanuuum
CONPOTHBIICHUS NI HE3aMKHYTOH CHCTEMBI

E;~-Ei=A+ Aconp’

e A — pa60Ta BHEIIHUX CUI, Aoy, —~ pabOTa CHII CONPOTHBIICHUS, ICHCTBYIO-
IIMX BHYTPH CHCTeMbl. MexaHHYecKasl SHEPIHsl HE COXpaHAETCs TakKXKe IpH
HEYNpYroM coyfapeHuH. 3/iech NI HaXOXACHHs CKOpPOCTeH Nocie coyAapeHust
clieflyeT NMONb30BaTHLC 3aKOHOM COXPaHEHHS HMITYNbCa.

Ecnn pa6oTta coBepiuaeTcs 3a BpeMsi £, TO CPEJIH:AST MOIIHOCTD

—  Fscoso
W=s—oove—r,
t

e s/t — CpenHss CKOpOCcTh. MrHOBEHHas MOUIHOCTh

W=Fvcosa,

rpe v— MrHOBEHHas1 CKOpOCTD.

199. JleTsmas ¢ HEKOTOPOH CKOPOCTBIO MyJig NonajacT B MENIOK C
IECKOM U BXOAHT B Hero Ha rny6uny /; = 15 cM. Ha xaxyro rny6uny /,
BOHAET B NECOK NyJis TOU XK€ MacChl, €CITH CKOPOCTb €€ IBHXKEHHS
6ymeT BaBoe Honbmie? CYATATh CHITY CONPOTHBIICHUS ABIXKCHHIO NYIH
B NIECKE NOCTOSHHOM.

200. ITyns maccwl m = 10 T moanieTaeT K JOCKE TOMIHMHBI d =4 cM cO
ckopocTbhio Uy = 600 M/c U, IpoOUB [OCKY, BBUIETAET U3 HEE CO CKO-
poctsio v = 400 M/c. HaliTu cpeiHIOI0 CUNly F' CONPOTHBIICHUS JOCKH.

201. Iyns Macchbl 72 JIETAT €O CKOPOCTBHIO Uy U TPOOHUBAET TAKENYIO
HOCKY TOJIIMHBI d, IBIKYIIYIOCS HAaBCTPEUY NYJIE CO CKOPOCTBIO U.
C KaKo¥ CKOpPOCTBIO U BBIJIETHUT Nynst U3 fgocku? CYUTATh CHY CONPO-
THBJICHAS F ABIDKCHHIO MYJH B HOCKE NOCTOSHHOH. CKOPOCTH JOCKH
3aMETHO HE U3MEHSETCS.

202. B teno maccel m; = 990 r, nexaimee Ha TOPU3OHTAJBLHOM
MOBEPXHOCTH, NIONAfacT IyJs Macchl M, = 10 r U 3acTpeBaeT B HeM.
Cxkopoctb nymu v = 700 M/c 1 HanlpaBiIeHa ropH30oHTaNbHO. Kakoil nyTh
s mpouaeT Teno Ko ocTaHoBKH? KoadPHIMEHT TpeHna MeXAy TEJIOM H
MOBEPXHOCTBIO k = 0,05.

203. Cuna F = 0,5 H peficrByeT Ha Tesio Macchl m = 10 KT B TeueHHE
BpeMeHH ¢ =2 c. HaliTH KoHeuHyl0 KMHETHUYECKYIO 9Hepraio Ttena K,
€ClIi HayaJIbHasi KHHeTHYECKasi 9HEPrus paBHa HYJIIO.

* B .
Cunamy CONPOTHBJIEHHA (AITM TPEHHA) IIPH PELIEHHMH 3afiay clefyeT peHebpeusb,
€CITH HET APYTHX YKa3aHHk B YCIOBHH.
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204, IToe3n Maccel m = 1500 T gBHUXKETCS €O CKOPOCTHIO U = 57,6 KM/4
U TIPH TOPMO>KEHHH OCTaHaBJIUBaeTCs, npouas nyts s = 200 m. Kakosa
cuya TopMmoskeHust F? Kak [oJIKHa H3MEHHTBCS CHJIa TOPMOKEHHS,
yTOGBI II0E3]] OCTAHOBHUJICS, IPOMHAS B IBa pa3a MEHbUIMI Iy ThH?

205. Kakyio paGoTy COBEPLINT MaJIbUUK, CTOSIIIAH Ha TJTafKOM JIBAY,
coO0UIMB CaHKAM CKOPOCTH U = 4 M/C OTHOCHTEJILHO JIbla, €CJIM Macca
caHoOK m =4 Kr, a Macca Masibunka M = 20 Kkr?

206. Haiitu MomHOCcTs W, pa3BHBaeMyI NOPOXOBBIMH Tra3aMH
IIpY BBICTpEJie W3 BUHTOBKH, €CJIH [JIHHA cTBoJIa [ = 1 M, Macca mysiu
m =10 r, a ckopocts nysau npu Beuiere v =400 m/c. Maccoi razos,
CONPOTHBIICHHEM [IBHXKEHHIO NYJIH U OTHadel BHHTOBKH mpeHeOpedsb.
CuHTaTh CHTY IaBICHHS ra30B IIOCTOSHHON B TEYEHHE BCErO BPEMEHH
HBH>KEHHS IIyJIH B CTBOJIE.

207. [Tsa aBTOMOOHJISI C ONHHAKOBBLIMH MaccaMH OJHOBPEMEHHO TPO-
TaroTCsl C MECTA H JBHXKYTCS paBHOYCKOpeHHO. Bo CkosbKO pa3z mou-
HOCTB TIEPBOrO aBTOMOOMIS GOJIBbIIE MOIIHOCTH BTOPOTO, €CJTH 32 OTHO
M TO Xe BpeMS IePBbIA aBTOMOOHIIb HOCTUIAaeT BABOe OOJbIIEl CKO-
pOCTH, YeM BTOpO#?

208. ABToMOGWIB Maccel m = 1 T TporaeTcsl ¢ MecTa H, [BHrasiCh
paBHOYCKOPEHHO, IpoxoguT nyThk § =20 M 3a BpeMms t = 2 c. Kakylo
MOIIHOCTB W HOJI3KEeH pa3BUTL MOTOP TOTO aBTOMOOHIs?

209. MoTopbl 3JIEKTPOBO3a NPH ABUKECHHM CO CKOPOCTBIO U =
= 72 xM/u notpebiasitor MomHocTh W = 800 kBT. KIIJI cunoBoii ycra-
HOBKH 3JiekTpoBo3a 1 = 0,8. Halitu cuny Tsirn F MOTOpOB.

210. Kakoit MakCHMabHBIA MONBEM MOXKET NPEOTONETh TEMIOBO3,
pa3BuBatomuit MorfHocth W =370 kBT, nepemeinas cocraB Macchl
m = 2000 T co ckopocTbio v = 7,2 kM/u? CuHTaTh yroy HakJOHa O, MO-
JIOTHA >KEJIE3HOH MOPOrH K TOPH30HTY MaJbIM, a CHJIy COIPOTHBIICHUS
IBH>KEHMIO paBHO# kmg, rie k = 0,002.

211. MomHocTs ruapocTannuu W =73,5 MBT. Halitu o6eMHbIH
pacxoq Boxbl V,, ecniu KIIH crannuu M = 0,75 4 IIOTHHA TOTHAMAET
YPOBEHb BOIBI Ha BbICOTY h = 10 M.

212. [TogbeMHBIA KpaH 3a BpeMs =7 4 NOJHHMAET Maccy
cTpouTenbpHbIx MaTepuanoB m = 3000 T Ha BeicoTy h =10 M. KakoBa
MouHocTs W nBurarens kpana, ecimu KIII kpana i = 0,6.

213. Tpakrop Maccel m = 10 T, pa3BuBaroumii MOmHOCTE W =
= 150 kBT, nogauMaeTcsi B ropy co CKOpocTeio v =5 M/c. Haiitu yron
HAKJIOHA O TOpPBI K TOPH30HTY.

214. Tpaucnoprep nogHuMaeT Maccy mecka m = 200 xr Ha aBTO-
MalluHy 3a Bpemsi t = 1 c. [InuHa neHTH TpaHcnoptepa [ =3 M, yroa
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HaKJoHa ee K ropusoHTy ¢ = 30°. KI1]I Tpancnoptepa 1 = 0,85. Haittn
MOIIHOCTh W, pa3BHBaeMyIo ero 3JIEKTPOJBHIATEIIEM.
215. lapuk NpUKpEIUIeH K KOHIy HEBECOMOH 3XE€CTKOH CIHIbI, HMEIO-
~miewt guudy /= 10 cM. BTopo# KoHel COuIbl 3aKpensieH TakK, YTO CIuna
¢ HIapHKOM MOXET CBOOOIHO BpalllaThCs B BEPTHKAJIBHOM IIOCKOCTH.
Kakyro MHHHMAJILHYIO CKOPOCTBH UV B TOPH3OHTAIBLHOM HalpaBlIeHHH
HY>XHO COOOGIIMTD 1IApHKY, YTOOBI CIIHIa cAefana MonHbli o6opoT? B
HaYaJLHBI MOMEHT CIIHila BEPTHKAJIbHA H [IAPHK PacCIO/IOKEH BHH3Y.

216. Tsaxenpldl MapHK, NOABEIICHHBIA HA HEPACTSIXKMMOHN H HEBECO-
MOH HHUTH, HMEIOLIeH MIHHY /, OTKJIOHSIOT OT BEPTHKAJH Ha yroj O B
3aTEM OTHYCKAalOT. Kakylo MakCHMalbHYIO CKOPOCTh U MPHOOPETET
mapuk?

217. Teno 6pollleHO MOJ YIJIOM K TOPH3OHTY CO CKOPOCTBIO V.
Hcnonp3ysi 3aKOH COXpaHeHHs] SHEPTHH, HalTH CKOPOCThH TeJjia U Ha
BBICOTE /1 Hajl TOPU30HTOM.

218. Kamens Maccel m = 300 r Gpoied ¢ GamHA FOPH3OHTAIBHO
C HEKOTOpO# cKopocThio. CnycTs BpeMms t = | ¢ CKOPOCTB KaMHs cOCTa-
BHJIA C TOPH30HTOM yron O = 30°. HaliTu KnHeTH4YeCKyIO 3Heprumo K
KaMHsI B 9TOT MOMEHT.

219. Kamens Macchl m =5 Kr ynaj ¢ HEKOTOpoH BrICOTHI. HaiiTn
KHHETHUECKYIO 9Hepruio K KaMHs B cpefjHel TOUKe ero MyTH, eCIH OH
najaj B TeUeHHE BPeMeHH { = 2 C.

220. Kakoil kuHeTHueckol 3Hepruefl K ob6magaeT Teno Macchl
m =1 kT, nagaroniee 6e3 Ha4aIbHON CKOPOCTH, CIYCTS BpeMsi =5 ¢
rocJie Hayana nageHus?

221. Ilyns, BelneTEBIIAasA U3 BUHTOBKH BEPTHKAIBHO BBEPX CO CKO-
pocTtbio vy = 1000 M/c, ynana Ha 3eMII0 €O CKOpocThio v = 50 m/c.
Kakas paGora A Oblia COBepricHa CHIIOH CONPOTHBIECHHUS BO3AyXa,
ecnu Macca iy m = 10 r?

222, ITyns maccel m = 0,3 T, BbINyIIEHHAS M3 THEBMAaTHYECKOHN BHH-
TOBKHM BEPTHKAJIbHO BBEPX, ylaja Ha 3eMIIO COycTs Bpems t = 11 c.
KakoBo cpenHee mHaBlieHHE BO3IyXa Ha IYJIO BHYTPH CTBOJIA, €CIIH €r0
pnuHa [ =45 cM, a quameTp d = 4,5 Mm?

223. Teno GpomieHo BEPTHKANBLHO BBEPX CO CKOPOCThIO U =49 M/c.
Ha kakoii BbICOTe h ero KHHEeTHUYECKas sHeprus K OyneT paBHa MOTEH-
HanbHo# aHepruu U? v

224. K Teny Macchl m =4 KI NPHIOXEHa HalpaBJeHHas BEPTH-
KalbHO BBepx chia F =49 H. Haitn kuHeTHYeCcKyro sHepruto K Tena B
MOMEHT, KOT'7Ia OHO OKaXeTCs Ha BbicoTe h = 10 M Hag 3emneil. B na-
YaJIbHBIH MOMEHT TeJ0 MOKOMIOCh Ha MMOBEPXHOCTH 3€MJIH.
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225, Teno, OpowenHoe ¢ BbicoTbl H =250 M BepTHKAJIBHO BHH3 CO
ckopocThio U =20 M/c, MOrpy3WIoch B TPYHT Ha rny6uHy h = 20 cMm.
Hafitu cuny conpotuBnenus F IPYHTA, €ClIH Macca Teja m = 2 KT.

226. [Ina 3abuBku cBau rpy3 Maccel m = 200 Kr NOGTHEMAIOT CO CKO-
pOCTBIO U= 5 M/c, a 3aTeM OTIYCKalOT Ha BeicoTe H = 10 M, mocne 4ero
OH ABHXETCS CBOOONHO 10 yaapa o cBaro. Macca cBan M = 300 kr. Cuna
CONPOTHBIICHNUS IPYHTA ABHeHHIO cBau F =20 kH. KakoBa sHeprus
rpy3a E B MOMEHT ero ygapa o cBaro? Ha kakylo rnyOrHY /2 onycKaeTcs
cBas nocie Kaxporo ygapa? C kakod MaKCHMallbHOH 4acTOTOH n
MOXHO NMpPOHU3BOAHTL yrapbl? CUHTaTh YCKOPEHHE CBOGONHOrO Nape-
uus g = 10 m/c,

227. CamoneT Maccel m =5 T ABHrajicsi TOpH30HTANBHO CO CKO-
pocthbio v =360 kM/4. 3aTeM OH mopHsuIca Ha BbIcOTY 4 =2 kM. [Ipn
3TOM €ro cKopocTh crana v, = 200 xM/4. Haiitn pa6oty A, 3atpa-
YEHHYIO MOTOPOM Ha NOT'BEM CAMOJIETA.

228. Ilyns Maccel m = 20 r, BeINyIIeHHAs! IOK YIIOM (L K TOPH30HTY,
B BEpXHEH TOYKE TPAa€KTOPHH HMEET KHHETHYECKYIO dHepruio K =
= 88,2 [Ix. HaiiTu yron o, eciny HadanbHast CKOPOCTb Iy v = 600 M/c.

229. Yenopek Maccpl M mpbIraeT IO YIVIOM OL K TOPH3OHTY €O CKO-
POCTBIO V). B BepxHel Touke TpaeKTOpHH OH 6poCaeT co CKOPOCTBIO U
BEPTHKAJIBHO BHH3 rpy3 Maccel m. Ha kakyro o6liyio BbICOTY /7
NOANPBITHYJ YeJIOBEK?

230. BpoweHHoe BEpTHKAJNBHO BBepX Tenno Macckl m = 200 r ynano
Ha 3eMI10 cnycTd BpeMsd ¢ = 1,44 ¢. HallTH KHHETHYECKYIO 3HEPTHIO
Teaa K B MOMEHT NaficHAA Ha 3€MJII0 H NOTEHUHAAbHYIO 3Hepruio U B
BepxHEH TOYKE TPAEKTOPHH.

231. Msu nagaet ¢ BBICOTHI 2 = 7,5 M Ha rnagkmii noi. Kakywoo cko-
POCTb U HYXHO COOOIIUTD M4y, YTOGBI IOCIIE ABYX yAApOB O YOJN OH
NOJHSJCA KO NEPBOHAYANBHOH BBICOTHI, ECIH IPH KaXXIOM yHape M4
TepsieT 40 % sHeprun?

232. KoHbkobeXel, pa3orHaBOINChL HO CKOPOCTH U, BHe3XKaeT Ha
jgensHyio ropky. Ha kakyro BricoTy £
OT Ha4albHOI'O YPOBHS OH MONHH-
MaeTCsl, ECITH FOPKa COCTaBISAET yro o
¢ ropu3oHToM? Kosdguunent tpe-
HHS MeEXAY KOHbKAaMH H JIbAOM
paBeH k. '

233. CaHKH CBE3XKaIOT C rOpbl, AIMEIOLIEH BBICOTY /1 H yroa HaKJIOHA
K TOPH30HTY O, H EBHXYTCH Jaje€ IO FOPH3OHTANBHOMY Yy4YacTKY
(puc. 43). Koa(ppuuueHT TpeHHs Ha BCeM NYTH OJMHAKOB H PaBEH k.

Puc. 43
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Haiitu paccTossHAE §, KOTOpOE MPOUAYT CaHKH, ABUTASCH IO TOPU30H-
TaJIbHOMY y4acTKy, 10 OJHOH OCTaHOBKH.

234. Kupnuu ¢ pa3mepamn [ x 2] X 4] knagyT Ha TOPU3OHTAJIbHYIO
TUIOCKOCTB OOUYEPETHO B TPEX Pa3NUUYHBIX NoJoXeHUsX. Kak MeHseTcs
MOTeHUAANbHAA SHEPTUS KAPNAYA IPA N3MEHEHUH €r'0 NONOXKEHHA?

235. Kakyio paboTy A HYXXHO COBEPIIUTbH, YTOOBI NMOJHATH TPYHT
Ha TIOBEPXHOCTb 3eMJIM NPH PBITbE KOJOAUA, UMEIOHEro rnyGuHy
k= 10 M u monepeunoe ceuenue S = 2 M?? Cpequsia MIOTHOCTb TPYHTA
p =2 - 10° kr/m>. CunTarb, YTO BEIHUMAEMBIN TPYHT pacChINaeTCsA TOH-
KHM CJIOE€M TIO NIOBEPXHOCTHU 3€MIIN.

236. Opnoponnas uenovyka giuHbI [ 1eXuT Ha rnajgkom crone. He-
fonbmras 4acTh UENOYKH CBEIINBAETCS O CTONA. B HauanbHbIA MOMEHT
BpPEMEHH JieXanuid Ha CToJie KOHel| LIEMOYKU NPUIEPKUBAIOT, A 3aTeM
OTIYCKAIOT, M 1IeNOYKa HAaUWHAeT NOoj AeHCTBUEM CHIIBI TSXECTH CO-
CKaNb3bIBaTh €O cTOja. HaliTl CKOpPOCTH NBHXKEHHWS UENOYKH B TOT
MOMEHT, KOI/ja AJINHA CBENIMBAIOILIENCS YacTh x < If2.

237. Konopen, uMeronmi rny6uHy A W MIOHIAAbL IHA S, HAaOJIOBUHY
3anonHex Bojold. Hacoc BrIKauuBaeT BOAY M MOJAET €€ HAa NOBEPXHOCTh
3eMIIM depe3 UWIMHApUUYECKYI0 TpyOy panuyca R. Kakyro padorty A
COBEPLINT HACOC, €CNIM OH BBIKAYaeT BCIO BOTY U3 KOJOAUA 3a Bpems 17

238. CeuHUoBBIN mIap Maccel m = 500 1, ABIKyMIMIACA CO CKOPOCTBIO
v = 10 M/c, coyaapseTcst ¢ HeTIOABUKHBIM 11apOM M3 BOCKa, HMEIOMINM
Maccy M = 200 r, mocne 4yero o6a mapa jgBuXkyTcs BMecre. Haiitu
KHHETHYIECKYIO SHEPruio K MIapoB NOCNe COyAapeHus.

239. [InacTMaccoBbIfi map Maccel M JIEXUT Ha NOJACTaBKe C OTBEp-
crueM. CHU3Y B [Iap uYepe3 OTBEPCTUE NONajaeT BEPTUKAIIBHO e TSAIas
nyJiss Maccel m 1 npobuBaer ero HackBo3b. IIpu sToMm map noacka-
KuBaeT Ha BblcoTy- H. Ha xakyro BelcoTy A Haj NOfCTaBKON NOAHUMETCS
npo6uBmIas WAp OyJs, eCclu NMepef NONagaHueM B IIap OHa mMena
CKOpOCTB Uy?

240. YeTbipe OAMHAKOBBIX Tena Maccel m = 20 © Kaxjgoe pac-
TOJIOXEeHBI Ha OJHOHW NPSIMOH Ha HEKOTOPOM PAaCCTOSHAW IPYr OT
apyra. C xpaiiHUM TE€JIOM COyAapseTCs TaKOe XKe TEeJIO, UMEIOHIee CKO-
pocts v = 10 M/c u IBRXKYyHNIeecs BAOJIb NPSIMOM, HA KOTOPOW pacroso-
KeHbl Tena. HailTn kuHeTHuecKylo Hepruio K cucreMsl nocie coypaa-
PeHHM, CYNTAast COYJapeHUs Tell abCOMIOTHO HEYNPYTUMH.

241. Ha ropu3OHTanbHOU MIOCKOCTH CTOSAT JBa CBSI3aHHBIX HUTBHIO
OIMHAKOBBIX OpycKa, MEXJy KOTOPHIMH PAacnoJIOXKeHa CXaTasl Ipy-
XKHHA, He CKpellneHHas ¢ 6pyckamu. Hate nepexuaraioT, 1 6pycku pac-
TaTKABAIOTCS B pasHble CTOPOHLI TAaK, YTO PACCTOAHWE MEXNY HUMH
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BO3pacTaeT Ha BeanuuHy Al. Haittn noreHumanbHyro agepruto U cxa-
TO¥ IPYXHUHBI, €CIH Macca Kaxporo opycka paBHa m. KoagduueHT
TpeHMs] MeXay OpyCKaMH U IIJIOCKOCTHIO paBeH k.

242. IIpoucxoguT UeHTpaibHOE COyHAapeHHe JABYX abCOJIOTHO Y-
pYrux IIapoB, HMEIOWIHUX MacChl M, U m, U CKOPOCTH v, U v, Haiitn
CKOPOCTH IIapOB MOCE COYRapeHusl.

Puc. 44 Puc. 45

243. Bpycok nexXuT Ha JiHe Auiuka y cteHku A (puc. 44), Slmuk B
pe3yJbTaTe KPaTKOBPEMEHHOI'O BHEINHEI'O BO3ACHCTBHSA HAa NPOTHBO-
MOJIOXKHYIO CTEHKY B Hayasn ABUraThCsl TOPH30OHTANBHO CO CKOPOCTBIO
v. Paccrosinme Mexny creHkamu A 1 B paBHo /. [InnHa Gpycka Mana no
cpaBHeHmio ¢ /. Macchl ammka u 6pycka oamHakoBbl. Uepe3 kakoe
BpeMs ! OpycOK BHOBBL KOCHETCS CTeHKM A? CUHTaTh coypmapeHHe
6pycka co cTeHKOH B aGCONIOTHO YNPYTHM.

244. KnuH Maccel M HaxofHTCAd Ha HAealbHO IJIafgKo#W TOpU3OH-
TanbHOU Mmiuockoctu. Ha KiHHe jeskuT 6pYycOK MacChl m, KOTOPBIH MOJ
HEACTBHEM CHJIBI TSXKECTH MOXKET CKOJBL3HTh II0 KJIHHY 6e3 TpeHHs.
HaxkitoHHas MIOCKOCTh KJIMHA MMeeT IUTaBHBIM Mepexof K rOpH30H-
TanbHOM MIockocTH (puc. 45). B HayanpHBI MOMEHT CHCTEMa MOKOH-
nacb. HafiTn CKOpOCTh U KJIMHA B TOT MOMEHT, KOrja GpycoK C BBICO-
TBI /I COCKOJIB3HET Ha IUIOCKOCT.

245. 11aTh OAMHAKOBBIX IAPOB, UEHTPbI KOTOPHIX JIEXXAT Ha OHOM
MPSAMOM, HAXONATCS HAa HEGOJBIIIOM PACCTOSHUH APYT OT Apyra. C kpaii-

B HHEM IIapoOM cOyAapseTcss Takof Xe Iap,
A v AMeoWnid ckopocTth v = 10 M/c m gBH-
....... ~  XYWHHCS BAOJAL NPAMOH, COCHUHSIONIEH
@_' ueHTpHl mapoB. Haitn ckopocTes nocnepn-
Cc Hero mapa, CIuTasi CoyfapeHns mapos abco-

Puc. 46 JIEOTHO YIPYTHUMH.

246. UpeaneHo rnapkuit map A, OBHXKY-
IIHICS CO CKOPOCTBIO Uy, OHOBPEMEHHO COYAapsAeTCs ¢ ABYMSl TaKHMH
e, CONpUKacaroLUMACs Mexay coboit mapamu B u C (puc. 46). Haiitn
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CKOpOCTH IIAPOB IIOCNe COYAaPeHHs], CUATAs COyapeHus mapoB abco-
AIOTHO YIPYTHMH.

247. [Ba ugeanbHO TNafKHUX LIapa pajuyca r JI€XaT, CONMPHKACAACh
APYT ¢ APYyToM, Ha HAcalbHO TMagKoH TOPH30HTAJIBHOH IUNIOCKOCTH.
Tpetu#t Tako#l Xe map paguyca 2r, ABHXYIIHACI CO CKOPOCTBIO U
10 TOH Xe IUTOCKOCTH, COYAApSeTCs OJHOBPEMEHHO C ByMs IIapaMu

(puc. 47). Haftn ckopocTes 60iab1IOr0 » Q
0

I1apa nocie coygapeHus, CYuTas coygape- o —

HUSI I1ApOB a6COTIOTHO YNPYTHMH. Q

248. Ilopg xakuM yrioM ¢ pa3feTaloTcs
nocyie abCoNIOTHO YNPYroro coyjgapeHus
ABA OOMHAKOBBIX HACAJIBHO [MIafKHX Iapa, €CIU O COYAapeHHs ONUH U3
HHUX NOKOHJICS, a APYTOH JIETEN CO CKOPOCTBIO U, HalPaBJIEHHOH NOj
yrinoMm o # 0 K NpsAMOH, COCOHUHAKIMEH HX UEHTPbl B MOMEHT
coynapeHus?

249. JIBa abCOMIOTHO YNPYrux LIapa JETAT HAaBCTPedy APYr APYry.
KuHeTnveckas aHeprus nepporo mapa B k2 pa3 60Jblle, YeM BTOPOTO
(k= 4/3). Ilpu xakoM OTHOLIEHHH VU,/U; CKOPOCTEH A0 yaapa LIapbl
nocie ynapa OyayT ABHraTLCA B TY e CTOPOHY, YTO H NEPBLIN 1Iap 10
ypapa, eCJIi Macca NepBOro 1apa m; 60JIbIIe MacChl BTOPOTo 1apa 1,7

250. [Ia aGconroTHO ynpyrux mapuka ¢ mMaccamd m; = 100 r u
m, = 300 r nogBellleHbI Ha OJHHAKOBBIX HATAX AJHHBI [ = 50 cM Kaxpast
(puc. 48). IlepBrlii MAapHK OTKJIOHSIOT OT NOJIOXKEHHAA
paBHOBecus Ha yron O = 90° u ornyckaror. Ha kakyro
BBICOTY NOJHAMETCS BTOPOH IAPHK NIOCNE COYAapeHus?

251. Ilapuk GpocaioT U3 TOUKH A BEPTHKAJIBHO BBEPX
¢ HavyaJbHOH CKOPOCTBIO ¥, Korga on pocruraet mnpe- /
HENBHOH BBICOTBI MOABEMA, U3 TOUKH A IO TOMY Ke Ha-
NpaBJIeHHUIO C TOH Xe HadyaJlbHOH CKOPOCTBHIO v, Opo-
CarOT APYrOM TaKOM Xe WapHK. Yepe3 HEKOTOPOe BpeMsi  m ,()C) m,
IIApUKH BCTPEYAIOTCA M NPOUCXOAUT aOCONIOTHO yIpy-
roe coynapeHue. Ha Kakoil BbICOTE COyHapsilOTCs Iia-
puku? Ha kakyio BBICOTY Mocie COyAapeHUs NMOJHUMETCA NEPBBIA
HapuK?

252. CHapsp IpH BEPTHKAIBHOM BBICTpEIIC NOCTHT BBICIIEH TOYKH
noneta h = 3000 M u pazopBaincs Ha IBa OCKOJIKA C MaccaMu M, = 3 KT
m, = 2 kr. OCKOJIKH NPOAOIIKAIOT JIETETh 110 BEPTHKAlHA — NEpPBBIH
BHH3, BTOpo# BBepX. HaliTH CKOpPOCTH OCKOJIKOB V| U U, YEPE3 BpeMs
t= 2 c mocie B3pbIBa, €CIH HX IONHAas aHepmﬂ B MOMEHT B3pLIBa
E =247 x[Ix.

Puc. 47

Puc. 48
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§ 8. [IlnnaMuKa BPaIIaTeILHOTO ABHXKEHASA

IIpu pewreHnn 3afa4 Ha AMHAMHKY BPallaTENbHOrO ABHXKCHHSA CIEAYET
NOCTYyNaTh TaKUM Xe o0pa3oM, KaK M NpH PELICHAN 3afa¥ HAa NHHAMHKY
HpsiMONTMHEHHOro ABMKeHus. IIpexe Bcero Hy>KHO BBISICHUTH, KAKHE CHIIbBI
AEHCTBYIOT Ha [BIDKYUIHecd Tena, i H300pa3uTh 3TH CHIIBI HA YepTexe. 3aTeM
CJIEAYET 3aMHCATh YPABHEHHS! [IBIKCHUS.

IIpn paBHOYCKOpPEHHOM BpaUIEHHMH TENa MO OKPYKHOCTH LEHTPOCTpE-
MHTENBHOE YCKOPEHHE a, = U*/R = WR B cyMMe C KacaTeIbHbIM YCKOPEHHEM a;
JaeT MOJHOoe ycKopeHue Tena. IIpH paBHOMEpPHOM BpauleHHH YCKOPEHHE d.,
XapaKTEepH3youlee H3MEHEHHE CKOPOCTH MO MOAYIIIO, PABHO HYJIO U MOJHOE
YCKOpPEHHE ONPEAENAETC TONBKO LEHTPOCTPEMHTENBHBIM YCKOPEHHEM: d =
= 1%/R = o’R.

Cornacao sTopoMy 3akorHy HeroTona

mUZ/R = ZF,’,

rae 2F; — cyMMa nmpoeKUHMH CHJ Ha HamlpasjieHue pajuyca. Ecim mpoekuus
CHIIBI HAMpAaBIE€HA K LICHTPY, €€ HYXHO CYHUTATH MOJOXHUTENBHON, €CIH OT
IEHTpa — OTPUIATENBHON. DTy CyMMY MPOEKUHH CHII 4aCTO HA3BIBAIOT LEHT-
pocTpeMuTeawHOR cuiiod. OJHAKO cIelyeT UMETH B BHAY, UYTO HET OCOOBIX
HEHTPOCTPEMHUTENILHBIX CHI CNEIMMHUYECKON NMPUPOABI, 2 €CTh CYMMa MPOEK-
IHH TeX CHJI, KOTOpbIE BOOGUIE paccMaTpHBAIOTCS B MEXAaHHKE H O KOTOPBIX
KpaTKO FOBOPHJIOCH BO BBEICHHU K § 4.

253. lllapuk Maccel M niofgBeuieH Ha HATH, uMetoied puuny /. [llapuk
OTKJIOHSIIOT OT IOJIOXKEHHUA paBHOBECHA Ha yroi O = 90° u ornyckaror
0e3 Tomuka. B ToT MOMEHT, KOrfa IIapHK NPOXOAUT IIONOKEHHE PABHO-
BeCHs, Ha HETO CafUTCA MyXa Macchl m, JIETEBIIas TOPH30HTAILHO Ha-
BCTPEUY HIAPHKY CO CKOPOCTHIO U. Ha Kako# yroi 0. OTKJIOHHTCH I10CIe
3TOro mapuk?

254. Ha ropusoHTansHo Bpamjarouieica miargopMe Ha paccTOSHUA
R =50 cM oT ocu BpamieHus nexuT rpy3. IIpu kako#t yactore n Bparie-
HUA MIaThOpPMBI Ipy3 HaYHET CKONB3UThL? KoadduipmeHT TpeHus Mex-
Ry rpy3om u rnardopmoit k = 0,05.

255. Ha kparo ropH3oHTa LHO Bpamaooumeics miatgopmsel pagayca
R =1 M nexwur rpy3. B kakoii MOMeHT BpeMeHH ¢ 1ociie Havana Bpa-
HieHHs 11aT(OPMEI IPY3 COCKOJB3HET C HEE, €CITH €€ BPallCHHE PaBHO-
YCKOPEHHOE W B MOMEHT BPEMEHH #( = 2 MHH OHa UMEET YIIOBYIO CKO-
poctb @ = 1,4 pan/c? KoadhpuuueHT TpeHUst MeXay rpy3oM u miaTdgop-
Mmoit k =0,05.

256. KakoB fomxkeH ObITH MHHUMAJBHEIA KO3 (PULHEHT TpeHus k
MEXJY INMHAMH aBTOMOOHNIA B acanbToM, YTO6BI ABTOMOGHIL MOT
npodTH 6€3 npocKkanb3biBaHUA 3aKpyrieHue paguyca R = 100 M nipu
ckopoctd U = 50 km/u?

48



257. Teno maccel m = 200 r paBHOMEpPHO BpariaeTcs B FOPHU3OH-
TalbHOH IJIOCKOCTH NO OKPY>XXHOCTH paguyca R = 0,5 M ¢ yacroroit
ny = 3 06/c. Kakyro paboTy A HYKHO COBEPIINUTH, YTOOB! YBEJIHUYHUTH
YacTOTy BpalleHns o 1, = 5 06/c?

258. Bapaban cymuiabpHOH MaIUWHBI, UMeloWmil amametrp D =
= 1,96 M, Bpamaercs ¢ yrioBoi ckopocTeio ® = 20 pan/c. Bo ckoibpko
pas cuna F, npuxuMaromniasi TKaHb K CTeHKe, OOJNbllle CHJIbI TIXECTH
mg, IefICTBYIOIIE HA TKaHb?

259. Camonerpenaernermo Hecreposa (“mepTByio neTinio”), uMe1o-
myro paguyc R = 255 M. Kakyio MEHIMalbHYIO CKOPOCTh U MOJIKEH
HMEThH CaMoJIET B BEPXHEH TOYKE METJH, YTOOBI JETYHK HE ITOBHC Ha
PEMHSX, KOTOPbIMH OH IPUCTErHYT K MIJIOTCKOMY Kpecny?

260. C xakuM MakcHMalbHbIM MEPHOAOM T MOXHO PaBHOMEPHO
BpallaTh B BEPTHKAJBHOH IUIOCKOCTH LIAPHK, NPUBA3aHHBIA K HHUTH,
uMeromen nuny [ = 2,45 m?

261. HeBecoMblil cTep:KeHb paBHOMEPHO BpallaeTcs B FOPH30H-
TaJIbHOW MIIOCKOCTH ¢ yacroTol n. Ha paccrosaumsx /; u [, oT ocu Bpa-
LIeHUA 3aKpelllieHbl TPY3bl C MaccaMu 1, B m,. Kakasi ropu3oHTanbHas
cuna F geficTByeT Ha OCh BpallleHHs, €CIIH OChb HAXORHUTCS MEXAY
rpysamu?

262. Asromo6unb Maccsl m = 1000 Kr gBHXKETCS CO CKOPOCTBHIO
v = 36 KM/4 [0 BBIIYKJIOMY MOCTY, HMEIOIIEMY pagnyC KPHBH3HBI
R = 50 M. C xako#t cunoii F gaBUT aBTOMOOHIb Ha MOCT B €r0 cepe-
nuHe? C KaKo#il MHHMMANBHOH CKOPOCTBIO Uy, MOJIXKEH ABUraThCS aBTO-
MOOGHJIb AJIS TOro, YTOOBl B BepXHEH TOYKE OH MepecTall OKa3biBaTh
HaBJIEHHE HA MOCT?

263. Apromobuap Maccel m = 2000 Kr EBHXETCS CO CKOPOCTBHIO
v = 36 KM/4 nOo BOHYTOMY MOCTY, HMEIOLIEMY pajHyC KPHBH3HBI
R = 100 M. C xako#l cumoii F maBHT aBTOMOOHJL Ha MOCT B €ro
cepenunne?

264. ABTOMOGHIBE MAacChl /M NBUKETCA CO CKO-
POCTBIO VU 110 BBINYKJIOMY MOCTY, HMEIOIIEMY pa-
muyc kpuBH3HbI R. C Kako#l cuiioll F gaBuUT aBTO-
MOOHJIb Ha MOCT B TOYKE, HallpaBJIeHIE Ha KOTO-
pYI0O H3 LEeHTpa KPHBH3HBI MOCTa COCTaBIs-
€T C HalpabJIeHHEM Ha €ro CepefHuHy yroia O
(puc. 49)? : Puc. 49

265. Uepes peky mmpunbl d = 100 M nepe-

OpoleH BbINYKIbIH MOCT B (pOopMe IyTH OKPYKHOCTH. BepxHsisa TouKa
MocCTa NOAHMMaeTcs Hal 6eperoM Ha BbicoTy k= 10 M. Moct MoxeT
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BBIlepXaTh MaKCAMaJIbHYIO CUNy fAaBieHusa F = 44,1 xH. IIpu kakoi
CKOpOCTH rpy30BHK Macchl m = 5000 KT MoXeT nepeexaThb depes MOCT?

266. HeBecoMbiil cTep:KeHb MOXKET BpallaThcs 6€3 TPEHUS BOKPYT
TOPU30HTANBbHOH OCH, NEPHNEHNUKYJISAPHOH K CTEPXKHIO H MPOXOHs-
meit yepes Touky O (puc. 50). Ha crepxHe ¢ OgHOH CTOPOHBI OT OCH

”» YKpEIJIEHBl OJMHAKOBBIE MO Macce

(P———(‘E___' 0 rpy3sl Ha paccTOosHHAX [ u /2 oT

7;}_ Q Toykn O. C gpyro#l cTOpOHBI Ha

. ! o 2] CTEepXHEe YKpEIeH rpy3 yIBOSHHOH

Puc. 50 Maccel Ha paccrossHuM //2 oT ocu. B

HAaYalbHBIHE MOMEHT CTEPXKEHb GBI

pacmoJyIOKEH TOPU30HTAIBHO, a 3aTeM OTnyuieH 6e3 Tonuyka. Haltu

CKOpOCTB U CPERHEro rpy3a B MOMEHT IPOXOXK[CHHUS CTEPKHEM MONO-
JKeHHUS paBHOBECHS.

267. Yenosek Macchl m = 70 Xr cHauT Ha cepenune Tpaneuan. [lanka
TpanelWH NOABElIeHA Ha BepeBKax MiIuHbI /= 8 M. Ilpu Kadauum
YeJIOBEX MPOXOAHUT MOJOXKEHHE PAaBHOBECHS CO CKOPOCThIO U = 6 M/C.
Kaxopa cuna HaTsskeHHust T KaXK 0l BEPEBKHU B 3TOT MOMEHT?

268. Illapuk Maccel m, TOABSIIEHHBIH Ha HUTH, OTKJIOHSIIOT OT IOJIO-
JKeHUs paBHOBecHs Ha yroa o = 90° u oTnyckaroT. KakoBa MakcuMaib-
Has cuiia HaTspkeHus T HuTH?

269. I'py3nk maccel m = 20 T, NpUKPEIIEHHBIA K KOHIy HEBECOMOTO
CTepKHS, HMewpollero miauHy /= 40 cM, paBHOMEpHO BpallaeTcs
B BEPTHKAJIBLHOH MIOCKOCTH BOKPYT APYroro KOHIA ¢ 4acTOTOH n =

10 o6/c. Hatitn cunbl HatsxkeHust T; H T, CTEpKHSI B MOMEHTHI
MIPOXOXMACHHS IPY3HKOM BEPXHEH M HIKHEH TOYEK TPACKTOPHH.

270. HeGonpiroe Teno MacChl m BpalllaeTcsd B BEPTUKANBHON ILIO-
CKOCTH Ha HEBecOMo# mitanre. HaliTu pa3HOCTE CHIT HATSIKEHHS IIITaH-
TH B ciydae, eclIH: a) CKOPOCTh BPaUICHHUsI NOCTOsIHHA; 0) U3MEHEHUe
CKOPOCTH BPalleHHs BBI3bIBACTCH CHJIOH TSDKECTH.

271. apuk Macchl m NMOABEIIEH Ha HUTH, BbIAEP-
>KUBamoLIeH cuiny HaTspkenus T = 2mg. Ha kako# yron
Ol OT BEPTHKAJIN HY>KHO OTKJIOHATD 1IAPHK, YTOOBI OH
060pBaJl HATH, NPOXOAs Yepe3 MOJOXKEHHE PaBHO-
BECHS.

272. lapuk Maccel m MOABeIlIeH Ha HUTH, UMEIO-
med anuHy /. B Touke A, oTcrosled oT nofBeca Ha
pacCTOsSIHUM 4 IO BepTHKaNH, BOUT I'BO31b (puc. 51).
N3BeCcTHO, YTO HUTH OGPHIBAETCS NMPH CHUJIE HaTsIKe-
Hust T > mg. Ha kako#fi MHHUManbHBIA yrom O OT

Puc. 51
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BEPTHKAJIH HYXHO OTKJIOHHTH Ipy3, YTOOBI MpH HaibHEHIIEM CBO-
GOTHOM JIBHXKECHHHU K MOJIOXKEHHIO PaBHOBECHS HATH OO0OPBATACh, 3ale-
MHUBLINCH 3a TBO3Ib? :

273. Tlpu KakoM OTHOIIEHHH Macc m;/m, [Ba Tela, CBsI3aHHbIE
HUTBIO, MOTYT BpAIIIAThCs C OMMHAKOBBIMH YIJIOBBIMH CKOPOCTSMH Ha
rTafikof TOPH3OHTANBHON NOBEPXHOCTH, €CIH
OCb BpalIleHHs [IeJTUT HATb B OTHOIIEeHHH 1 : 37 b

274. T1o BepTHKANBbHO PaCNOIOXEHHOMY 06-
pyuy paguyca K MOXKET 6e3 TpeHHs CKOJIb3HUTb
koneuyko. O6pyy BpalnaeTcss BOKPYr BEPTH-

KallbHOH OCH, NPOXOUAIEH Yepe3 €ro LEHTP.
Koneyko HaXOgUTCS B paBHOBECHH Ha BHICOTE K
OT HUXHeill ToukH obpyua (puc. 52). Haittn
YIIOBYIO CKOPOCTH () BpaIieHus obpyya. 3

275. Ha BepTHKATBHOI OCH yKpeNIeHa TOpH-
30HTaNbHAs IITAHTa, N0 KOTOPOH MOTyT Oe3
TpeHMsl IEPEMEIIAThCs JIBa TPy3a C MacCaMH M, Puc. 52
1 m,, CBSI3aHHbIe HATHIO JuinHbI [. CucTeMa Bpa-

IMAaeTcs ¢ yrumoBoH ckopocThio . Ha KaKHX paccTOIHHUAX OT OCH Ha-
XOHsTCA Ipy3bl, OyMy4ud B OJOXKEHUH paBHOBecusa? Kakosa npu sToM
ciyia HaTsiKeHus T HATH?

276. Manbunk Macchl m = 45 Kr BpalaeTcsa Ha “THCAHTCKUX marax” ¢
vyacToTod n = 12 o6/muH. [InuHa kanarta / = 5 M. KakoBa cuna Hats-
xeHns T kaHaTta?

277. KaMeHb, NOABEIIEHHBIH K MOTONKY Ha BEpPEBKE, IBHXKETCS B
FOPH30HTATHLHOH NIOCKOCTH 10 OKPYXHOCTH, OTCTOSIIIEH OT MOTONKA
Ha paccrosiHad £ = 1,25 M. Haiitn nepuop t o6paieHns KaMHA.

278. lapuk Macchbl m, NOJBEIICHHBIA Ha HATH, HMEIOIIECH MIHHY /,
BpalaeTcs B TOPU30HTANIBHOH MIOCKOCTH. KakoBa fon:kHa ObITh cHiia
HaTsKeHHs1 T HUTH, 4YTOOBI paguyc K OKpPY>KHOCTH, IO KOTOpPOH HIBH-

SKETCS IIAPUK, MOT TOCTUTHYThb BETHYHHBI 21/\/-5_?

279. Mlapuk, nogBELUICHHBIA HA HATH, AMEIOIEH JTHHY /, ONHChIBAET
OKPY:KHOCTb B TOPH30HTaNBLHOH NnockocTd. HUTH cocTaBnsieT ¢ BepTH-
KaJbio yron o. HaiiTu nepuop T oOpalieHus mapHKa, €CIH MasTHHK
HaXOMUTCA B TU(MTE, IBHKYIIEMCS C TOCTOSHHBLIM YCKOPEHHEM a < g,
HallpaBIE€HHBIM BHH3.

280. 'upbka Maccel m, NpUBA3aHHAs K Pe3WHOBOMY IIHYPY, Bpa-
IAE€TCS B TOPU3OHTANTBHOM MIOCKOCTH ¢ YacToroii n. lIIHyp cocTaBnsieT
€ BepTHKAalbIO yroua O. HaliTh InMuHYy HEpacTSIHyTOTO WIHYypa [y, ecnu
H3BECTHO, YTO IS PacTsDKEHHs ero [o ANuHbI [ TpebyeTcst cuna F.
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~ 281. Kakyro CKOPOCTb U MOJIKEH HMeThb BaroH, ABHXKYIIHHACS IO
3aKpyrieHuro pauguyca R = 98 M, yTtoObl map Maccel m = 10 kr,
NOABEHIEHHBIH HA HUTH K [IOTOJIKY BaroHa, OTKJIOHWJICS OT BEPTHKAIH
Ha yrona 0. = 45°7 KakoBa npH 3TOM CHJa HATsDKeHUs] 7 HuTH?

282. Heb6onpmoe Texo CocKanb3biBaeT 0e3 TPEeHHsS C BEPUINHBI
nonycgepsl paguyca R. Ha kako# BpICOTE /s TETO OTOPBETCS OT MO-
BEPXHOCTH nosycgepbr?

283. ManeHpKO€E KOJIEUKO MAccChl 7 HafeTo Ha GOJIBIIOE IIPOBOJIOY-
HOE KOJNBIO paguyca R, pacHoJIOKE€HHOE B BEPTHKAJIBLHOM ITOCKOCTH.
Koneuko 6e3 HayaJ bHOH CKOPOCTH HAaYMHAET CKONB3HTH BHHU3 H3
BepxHell TOYKH GOMbmOro Kojbua. 110 KakoMy 3aKOHY H3MEHSIETCS
cuna paBieHust I Koyieyka Ha 6OJIbIIOE KOJBOO B 3aBHCHMOCTH OT
BBICOTHI /1, HA KOTOPYIO OIYCTHTCA Kolleuko? TpeHneM npenebpeysb.

284. He6onpimoe Teao COCKalIb3bIBAET IO HAKIOHHON IIOBEPXHOCTH,
nepexoysineli B “MepTBYIO NETIIO”, C BBICOThI
Hy=2R, rne R — papguyc netau (puc. 53). Ha
KaKoil BBICOTE /i TE€NO OTOPBETCA OT NOBEPX-
HocTd netnu? C Kakoil BbICOTHI H TONXKHO
CKaTBhIBaThCA TENO, W TOro YTOOBI OTPbIBA
HE TpOH301LI0?

285. BenocunegucT npu noBOpoTe IO 3a-
KPYTJICHHIO paglyca R HaKNOHsieTC K LEHTPY
3aKpYIA€HUs TaK, YTO yroJ MeX/y [OCKOCThIO BENOCHIIEa B TIOBEPX-
HOCTBIO 3¢MIIH paBeH (.. HafiTH CKOpOCTh v BeNOCHNIERUCTA.

286. I1omoTHO JOPOTH HA IOBOPOTE pafuyca R HAaKJIOHEHO B CTOPOHY
LEHTpa 3aKpyrJIeHus] H COCTABIsAET yron O ¢ ropu3onTom. Ilo gmopore
efAeT BEJOCHIEANCT, CKOPOCTb KOTOPOLO TaKOBa, UTO Ha [IOBOPOTE BE-
JIOCHIIEN NIepIeHANKYISAPEH K NoJoTHY poporu. C Kako# cuioft F Beso-
cHIel IaBUT Ha AOPOrY, €CIH Macca BEJIOCHIEAUCTa C BEJOCHIEAOM
paBHa m? KakoBa IIpH 3TOM CKOpPOCTH U BeJTocHIeRa?

287. KoHnbko6exken ABMXKETCA CO CKOPOCTBIO U IO OKPYKHOCTH pa-
nuyca R. Ilog KakuM yriioM 0. K TOPH30HTY OH JOJIXKEH HAaKJIIOHHTHCS,
yTOOBI COXPaHUTEL paBHOBeCHe?

Puc. 53

§ 9. 3aKoH BCEeMHPHOT 0 TATOTEHHSA

3aKOH BCEeMHPDHOroO TATOTEHHI B BHJE

mymy
F=y—5*,
-

e ¥y = 6,6720 - 10~ H - M2/kr? = 6,67 - 10-'1 H - M%/xr? — rpaBHTaLHOHHASA
HOCTOSIHHAS, HENIOCPEICTBEHHO CIPABEIAB TONLKO U1l MATEPHAJBHBIX TOYEK,
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T.€. IJI5 Tel, TeOMeTpHUYecKie pasMepPbl KOTOPBIX BO MHOTO pa3 MEHBIIEe pac-
CTOSIHHS " MexXAy HUMH. Ecnn ofiHO U3 Ten uMeeT ¢OopMy 1Iapa, pagHyc Ko-
TOpPOTro MHOTO GoIblie pa3Mepa ApPYyroro Tela, TO 3TOT 3aKOH TakXke cIipa-
peanus. JIng asyx ten cpepuueckoi (popMbl OH CpaBeAIUB NPH NIOGBIX HX
pasMepax.

T'paBuranuonHas cuna (cuna TAXECTH) CoOOIIaeT BCEM TenaM, CBOOOAHO
NajflalolyM Y NOBEPXHOCTH 3€MIH, HE3aBHCHMO OT HX MacChl OIHO H TO Xe
yckopenue g = 9,80665 m/c? = 9,81 M/c?. DTO NPOHCXOUT BCIEACTBHE TOTO, UTO
HHEPTHAs Macca Tela, BXOMAIasd B ypaBHCHUC ABUXKCHHUSA, H I'PaBUTalHOHHAsA
Macca B 3aKOHE BCEMHPHOTO TATOTEHHUsI PaBHBI IPYT APYTY.

He crnegyer CMELIMBATE CUTY T50KECTH M BeC Tema. ITog BecoM HoHuMaeTcs
culla, ¢ KOTOpO# TeNo AaBUT Ha ONOPY, UIH Xe CHNla, ¢ KOTOPOH OHO pacTs-
ruBaeT nopsec. Cuna TsXecTH Ha 3eMie BCIOAy, 3a HCKITIOYEHHEM TOIIOCOB,
He paBHa Becy, TaKk KaK TEla yYacTBYIOT BO BPallcHHUH 3EMIH H, CIEAOBa-
TENbHO, ABUXYTCA ¢ yCKOopeHueM. I103TOMy, CTPOro roBops, CHila TSDKECTH He
ypaBHOBELIHBAETCSA CUNON PEaKUH ONOPLI, paBHOH! Mo Mopymio Becy. IIpappa,
pa3sHMIa MCXAy CHIOH TAXCCTH M BECOM OYEHL Malla M3-3a Mallod yrioBOH
CKOPOCTH BpallleHHs 3eMITH.

288. Haittu cuny nputTsckeHust F Mexnay 3emneit u Jlynoir. Macca
3eMnu ms = 6 - 1024 kr, macca JIyasl myg = 7,3 - 102 kr, cpefinee pac-
CTOSIHHE MeXNy uX HeHtpamu r = 3,8 - 108 m

289. Yckopenne cBOCONHOrO NMafleHus! y NOBepXHOCTH JIyHEI B 6 pa3
MEHBIIIE YCKOPEHHUSI CBOOOTHOrO NMajleHust y NOBepXHOCTH 3emnu. Bo
CKOJILKO Pa3 BhIllle M fajibllie MOXKET MPBLITHYTh YesloBeK Ha JIyHe, ueM
Ha 3emine?

290. BeluncnuTh NEPBYIO KOCMHYECKYIO CKOPOCTH U Y NOBEPXHOCTH
Jlyne1, ecnu paguyc JIyHBI Ry = 1760 KM, a yckopeHHe CcBOGORHOTO
najieHHst Y NoBepXHOCTH JIYHEI B 6 pa3 MeHbIIE yCKOpeHI/Iﬂ cBOOOHOIO
HajieHAsl y HOBEPXHOCTH 3 EMITH.

291. PakeTa nogHsinack Ha BBICOTY A = 990 kM. Ha cKONIbKO YMEHB-
IIAJIACh CHJIA TSXKECTH, JEHCTBYIONIAasi HA PAKEeTy, Ha BBICOTE A IO CpPaB-
HEHHUIO C CHJIOH TSDXECTH mg, AeUCTBYOImEN Ha Hee, V MOBEPXHOCTH
3emmu™?

292. Paguyc Jlynel Ry npuMepHO B 3,7 pa3a MeHbIle paanyca 3eMitn
R3, a Macca Jlyuasl my B 81 pa3 Menbine Maccel 3emnu my. Haliti ycko-
peHne cBOOONHOTO NafieHNs gy Y MOBEPXHOCTH JIyHEI.

293. Pagnyc Connua R npaMepHO B 110 pas 6onblue papuyca 3eMin
R3, a cpepnsis nnoTHocTh CONHIA Pc OTHOCHTCS K CPENHEN IMIIOTHOCTH
3emnu pj3, kak | : 4. "Haiitn yckopeHne cBo60OHOTO nmaneHus ge y mo-
BepxHocTH ConHNa.

* 3rech U nance cunTaTh paguyc 3eMin Ry = 6400 k.
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294. Kakyto paGoTy A HYXXHO COBEPIIHUTD, YTOObI BBIBECTH CIYTHHK
Macchel m = 500 Kr Ha KpYroBylo OpOHTY, IPOXOAAIY O BOIH3H IOBEPX-
goctH 3emnn? ConpoTuBIEHHEM BO3[[yXa IpeHeOpeyb.

295. 3Be3gHas CHCTEMAa COCTOHMT M3 ABYX OJMHAKOBBLIX 3Be3]l, Ha-
XOpALINXCA Ha paccTosHuH r = 5 - 101! M gpyr ot apyra. Haiitu nepuop
T oGpaiiieHus 38€3 BOKPYT OOIIeT0 HeHTpa Mace, eCu Macca Kaskiaoi
3Be3gbl m = 1,5 - 103 Kr.

296. CniyTHHK ABHKETCA BOKPYT HEKOTOPOH NIaHETHI MO KPYroBO#
opbure pamuyca r.=4,7 - 10° M co ckopoctbto v = 104 m/c. Kakosa
CpeRHss ITIOTHOCTD P MNIaHeTHI, ecnu ee paguyc R = 1,5 - 108 m?

297. VIckycCTBEHHBIH COYTHHK 3€MIH JBHXKETCHA 10 KPYIOBOH Op-
GHUTe HA PACCTOSHUH h OT ee MoBepxHOCTH. Haiitu mepuon T oGpaie-
HHA CIIYTHHKA, €CITH paguyc 3emnu Rz > h.

298. Kaxkoii nepuon T o6paliieHAs nMel OBl HCKYCCTBEHHBIH CITYTHHUK
3emin, ylaleHHbIH OT €€ OBEPXHOCTH Ha pacCTOsIHHE, PABHOE PafHyCy
3emnn R3?

299. Hafitu papuyc r, KpyroBoil opOHTEI HCKYCCTBEHHOI'O CITYTHHKA
3emnu, nmetomero nepuop obpawenns T =1 cyr.

300. Haiitu neprop T obpamenus Jlynbr Bokpyr 3emnu, ecnu JlyHa
IBIXXETCA IO KPYyroBoil opGure paguyca iy = 3,8 - 108 M.

301. HafiTu cpenHIO MIOTHOCTD P MJIAHETHI, €CNHU HAa €€ IKBATOPE
IOKa3aHue JHHAMOMETpa, K KOTOpOMy IMoiBemeHo Teno, Ha 10 %
MeHbllle, yeM Ha nomntoce. [IpogomKuTenbHOCTE CYTOK Ha MIaHeTe
T=064.

§ 10. I'uppo- 1 aspoMexaHHKa

B 3apauyax Ha THApPO- M adpOCTATHUKy BCTPEUYaETCs HOBBIA THIl CHIBI —
BbITAJIKUBalomas cuaa Apxumeda. B ocTaJbHOM 3TH 3aja4ud He OTIMIAIOTCA
OT OOBIUHBIX cTaTUYecKuX 3agau. CleqyeT UMeTh B BUAy, UTO cuia ApxuMena
[IPIJIOKEHA K IIEHTPY MacC 06'beMa KUAKOCTH, BBITECHEHHOM TEJIOM.

Oco6eHHOCTBIO XKUAKOCTEH M Ta30B KaK MeXaHHUYECKHX Cpej| ABIseTCs
NOJMHEHNE UX 3aKoHy ITackans. [JaBneHne Ha XXHAKOCTL MIIM Ta3 IepeAaeTcs
OMHaKOBO BO Bcex HanpaBiicHHsnX. I1o3TOMy naBiieHHE BHYTPH KMAKOCTH Ha
JaHHO# T71yOnHe OyieT NOCTOSHHBIM.

IIpr pemieHum 3a7a4 No THAPO- B a3pOJHMHAMHUKE HCHOJIB3YIOTCS B OC-
HOBHOM 3aKOHBI COXpaHEeHUs UMILYJILCA M IHEPTHM.

302. B HamonHeHHOE 1O KpaeB BEIPO OMYCKAIOT KYCOK nbaa. Hactb
BOJIbI, paBHasi 00'bEMY MOTPYXKEHHOH YaCTH B, MPU 9TOM BBINTHBA-
eTcs. I3MeHHUTCA U JaBlicHHE Ha JHO, KOT/ia Jie] pacTaeT?
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303. B uunuHgpnyeckoe Begpo auaMmeTpa D = 25 cM HanuTa BOfa,
3aHEMatomass o6beM V = 12 1. KakoBo faBiicHHE p BOABI HA CTEHKY
Beapa Ha BbicoTe A = 10 cM oT gHA™?

304. o xakol BBICOTHI / HYXXHO HAJHUTh XHUAKOCTL B IHJIHHI-
puYecKkuit cocyn paguyca R, uTo6sl cuna F, ¢ KOTOpOH XKHAKOCTb JaBUT
Ha G0KOBYIO0 ITOBEPXHOCTB COCYAa, ObINa paBHA CHIIE JaBICHHS Ha THO?

305. [Ipo6upky pnuHbl [ = 10 cM moBepxy
3alOJIHSAIOT BOLOH M OMYCKAIOT OTKPBITHIM KOHIIOM
B cTakaH ¢ Bojol. IIpu aTom moutu Best mpoOup-
Ka HaxomuTcs Hapy Bomol. HaliTu naBnenme p
BOJbI Ha THO MPOOHUPKHU. ATMOC(hEpHOE NaBICHHE
po= 0,1 MIla.

306. LlunuHapuyecKnii COCyR BBICOTHI £ =1 M 3a-
MOJTHSAIOT MAcCIlIOM € IIOTHOCTBIO p = 0,9 - 103 kr/m?
H MOrpyXAaloT OTKPHLITHIM KOHIIOM B 0acCedH ¢
Bofoit (puc. 54). HaliTn naBneHne Macna B COCyae
HEITOCPENCTBEHHO Y €ro AHa B TOYKE A, eciy H3-
BECTHO, YTO HIKHHI KOHEI| COCYAa HaXONHUTCA Ha
rny6uHe H = 3 M OT IOBEPXHOCTH BOABI B OacceliHe. ATMoc(epHoe
maBnenue p, = 0,1 MIla.

307. B U-ob6pa3nyto TpyOKy HamHBalOT pTYThb. 3aTeM B ONHO H3
KOJIeH TpyOKH HallMBalOT MAaclo, a B Apyroe Bofy. I'panuurl pasgena
PTYTH C MacioM W BONOH B OOOMX KOJIEHaX HAXOMATCA Ha ONHOM
ypoBHe. Hafit BeIcOTY cTONOA BOABI /), €CIH BBICOTA CTON0A Macna h =
=20 cM, a ero mnotHOCTh P = 0,9 - 103 kr/™M3,

308. B gBa UUAMHAPHYECKHX COOOMIAIOIIUXCS COCYRa HANHBalOT
pTyTh. Cedyenne OfHOro U3 COCyRoB BaBoe Oounblle Apyroro. lllnpokuit
COCYA ONMUBAIOT BOAOH o Kpas. Ha Kakyro BLICOTY /i TIOTHUMETCS IIPH
3TOM YpOBEHb PTYTH B ipyroM cocyne? [lepBoHayanbHO YPOBEHb PTYTH
6b1J1 HA PacCTOSHMH [ OT BEPXHEro Kpasi IHPOKOro cocyaa. [InoTHocTH
PTYTH H BOIBI P H Py H3BECTHEI.

309. B U-o6pa3Hyto TpyOKy C cedeHHeM S HallATa PTYThb, 3aHH-
Maromasi o6 beM V. 3aTeM B OfJHO W3 KOJIeH TPYOKH HAlIWIH BOAYy H
OIYCTHIIH KeJIe3HbIH mapuk Maccel m. Ha Kakyro BBICOTY /i IORHANCS
YPOBEHb PTYTH B ApyroM koieHe? [lnmoTHocTH PTYTH B BORBI P H Py
H3BECTHEI.

310. Mansii nopmieHs FEAPABINYECKOrO Npecca 3a OJHH XOf Omyc-
KaeTcs Ha BbICOTY £ = (0,2 M, a OONBIIOH MOpPIIeHb ITOAHAMAETCS Ha

* 3jech H fanee CYHTATh MITOTHOCTD BOJbI po= 103 xrm3,

55



Beicoty H = 0,01 M. C kakoit cuinoi F gefcTByeT IIpecc Ha 3aXKaToe B
HEM TEJO0, €CJIH Ha MaJIbIA OpIleHb AeHcTByeT cuna f = 500 H?

311. Ilpu nmopgbeMe rpy3a, HMEIOMIETO Maccy m = 2 T, ¢ MOMOIIbIO
THpPaBIHYECKOrO Ipecca Oblia 3aTpadeHa pabora A = 40 Ix. Ilpu
3TOM MalbId NOpPIIEHD chenan n = 10 XonoB, NepeMeasich 33 OMHH X0
Ha BbIcoTy h = 10 cM. Bo ckonbko pa3 miomane S GONBIIOTO MOPIIHS
OOJIbIIIE IUIOMIATH § MAJIOTO?

312. B yuimHApUYECKHN COCYJ HAJHTHI paBHBIE MO MAacce KOJH-
yecTBa BOABI M pTyTH. Ob6mas BbICOTa CTOJNGA KUAKOCTEH B cocyne
H = 143 c¢cm. Haiitu gaBieHue p Ha gHo cocyfa. IInoTHocTh pTyTH
p =13,6 - 103 kr/m3.

313. JlbgpHa paBHOMEPHOH TOJIILMHBEI IUIABaeT, BBICTYIAs Ham
YPOBHEM BONBI HA BBICOTY # = 2 cM. HaliTH Maccy JTBOUHEI, €CIH IUIO-
mans ee ocHoanus S = 200 cm?. [InotHocTh AbAa p = 0,9 - 103 Kr/M3,

314. KakuM MoxeT ObITh HAaMOOJNBLIIHH 00BbeM V| NbIMHBI, IIa-
BaIOIell B BOJE, €CJIM AITIOMHHHEBBIH Opycok o6bema V, = 0,1 M3,
IpHMEpP3IIHHA K JBIUHE, 3aCTaBIsAET €€ YTOHyTh? IlmoTHOCTH nbaa H
amomunns P; = 0,9 - 103 kr/mM* u p, =2,7 - 103 kr/M3.

315. Kycok nbma Maccel m = 1,9 Kr IaBaeT B IHINHIPUIECKOM
cocyfe, HAIOJIHEHHOM JKHIKOCTBIO ¢ IoTHOCThIO p = 0,95 - 103 kr/M3.
ITnomane gHa cocyna S = 40 cM?. Ha cKOJBKO H3MEHHTCS YPOBEHD KU~
KOCTH, KOI'fia JIe[ pacTaeT?

316. IToneli map, cuenaHHBIA M3 MaTepuana ¢ MIOTHOCTHIO P,
MJIaBaeT Ha MMOBEPXHOCTH XXHUAKOCTH, HIMEIOLIEH INIOTHOCTS P,. Paguycsl
mapa H IOJIOCTH paBHBI R 1. KakoBa JoiskHa ObITH INIOTHOCTE Be-
LIECTBA O, KOTOPHIM CIEAYET 3al0JHATE ITOJIOCTh MIapa, YTOOhI OH Mia-
BaJl BHYTPH KHIKOCTH?

317. bpeBHo, mMmelmiee miuHy [ = 3.5 M u guametp D = 30 cm,
miaBaeT B Boie. KakoBa Macca m 4esioBeka, KOTOPbIH MOXET CTOATh Ha
6peBHe, He 3aMoumB HorH? ITnoTHocTh pepeBa p = 0,7 - 103 kr/m3.

318. Kuna xiomnka, HaxXofsAch B BO3[yXe, PacTATHBAET MNPYXKUHY
muHamoMmeTpa ¢ cuioil P, = 1470 H. C xako# cuio#t P 6yneT pacrs-
THBaTh NIPYXKHUHY Ta K€ KHIIa, HAaXO[ACh B BakyyMe? TInoTHOCTH Xyonka
B Kune u Bo3gyxa p = 0,8 - 103 kr/m? u p, = 1,2 kr/™m3.

319. HafiTl mioTHOCTh P OMHOPOMHOTO TelNa, AeUCTBYIOIIETO Ha He-
IIOIBMXKHYIO ONOpYy B Bo3dyxe ¢ cunol P, = 2,8 H, a B Bofie — ¢ cuiion
Py =1,69 H. BelTankusaloIneH cuioi BO3yxa npeHebpeyn.

320. [Ins onpeneNeHns TWIOTHOCTH HEWM3BECTHOM JKUAKOCTH ONHO-
POIOHOE TEJIO MOABECHIN HA JUHAMOMETPE B 3TOH XXKUIKOCTH, a 3aTeM B
BaKyyMe H B Boie. OKa3ajochk, YTO TeJlO, HAXONSCH B JKUAKOCTH, PacTs-
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rABAET NPYXKUHY AUHAMoMeTpa ¢ cunoi P, = 1,66 H, B BakyyMe —
¢ cunoit P = 1,8 H, B Boge — ¢ cunoii Py, = 1,6 H. Hafitu nnoTHOCTH
SKHAKOCTH U TeJa P, H P.

321. M3 BopoeMa MENJIEHHO € MOCTOSTHHON CKOPOCTBIO BHITACKHUBAIOT
aJIOMHHUEBBINA NWIHHAP, AIMEIOMMA MIMHY [ = 2,3 M U Iomags nofme-
peuHoro cedyeHus S = 100 cM?. Korna Haj mOBEpXHOCTBIO OKa3allach
1/4 wacTh mNUHBI WIHHAPA, BepeBKa obopBanack. HaliT MakcuManb-
HYIO CHIIy HaTsKeHHs 7, KOTOPYIO BblAepKUBaeT BepeBKa. IInoTHOCTD
antoMunus p = 2,7 - 103 kr/m>.

322. Ilonpiii WApHK U3 aJXOMHHHUSA, HAXOASACH B BOAE, pACTATCHBAET
OpyXuHy AHHaAMoMeTpa ¢ cunoil Py = 0,24 H, a B 6eH3une — ¢ cuioit

« = 0,33 H. Haittu 0o6'bem V nonoctu. IInoTHocTH antoMunus 1 6€H-
suHa p = 2,7 - 103 kr/M? 1 ps = 0,7 - 10° kr/M>. BelTankuBaromei cunon
BO3[yXa MpeHeOpeyb.

323, [1pu B3BeIIMBAHWH B BO3Ayxe Tejo obbeMa V = 1000 cM?® 6b110
YpaBHOBEIIEHO MeOHbIMHU THpsAMH Macchbl m, = 880 r. KakoBa macca
YPaBHOBEIIABAIOIWIKX I'Mpb NPHA B3BELIHBAHAM 3TOrO Tejla B BaKyyme?
ITnotHoCTH Mequ U Bo3ayxa p,, = 8,8 - 10° kr/M? u p = 1,2 kr/m>.

324, Cnutok cniaBa 30510Ta U cepebpa B BO3[YXE pacCTATHBAET
OpyXUHY IUHaMoMeTpa ¢ cuioil P = 14,7 H, a B Boge — ¢ cunoid Ha
AP = 1,274 H mensbiue. HafiTn Maccel 30510Ta m; U cepedbpa m, B CIAT-
Ke, CUATAas, YTO NpH CIUIABJIEHHH HX NEPBOHAYAJbHBIA O0OBEM HE
u3Mmenunca. [lnoTHocT 30n0Ta U cepebpa p; = 19,3 - 10° xr/M* u
p, = 10,5 - 103 xr/m3.

325. [IBa ogHOpPOAHBIX TeNa U3 ONHOTO U TOTO XK€ MaTepHasa Noj-
BelIeHbl K MPOTHUBONOJIOXHBIM KOHIIAM pblYyara U YpPaBHOBEIINBAIOT
ApYr fpyra B BakyyMe. COXpaHATCH JIA 9TO PABHOBECHE B BO3[yxe?

326. ToHkas ogHOPORHAs MANOYKa MIAPHHPHO 3aKpeEIieHa 3a BEPX-
Huit KoHel,. HkHuil KoHen najno4yku norpyxeH B Bofy. Ilpu paBHOBe-
CHH 11071 BOTOM HaXomuTcd k = 1/5 yacTey mnuEbl nanodykud. Hawru nnor-
HOCTb BEILIECTBA MTaJTOYKH.

327. K KoHIY ORHOPOAHOH MAaJo4YKH, HUMeolled Mmaccy m =4,
HojBelIeH Ha HUTH aJIOMAHHUEBBIN apuK pamuyca r = 0,5 cm. Ilanou-
Ky KJjaAyT Ha Kpa#l cTakaHa ¢ BOJOH, AoOHWBasich paBHOBECHS
IpH [OTPYXKEHUH B BOAY IOJIOBUHBI IIapHka. B kakoMm oTHomIe-
HHH [JeJIMTCA Mnajodka TOYKOH onopb!? IINOTHOCTH anroOMHHHUS
p =27 10 xkr/m3.

328. OpHopopnHbIl Ky6 miaBaeT B Boie, npuueM 3/4 ero o6bema
HMOTpy*eHb! B BoRy. Ecil ¢ NOMOIIBIO TOHKOR HUTHU NPHKPENUTDL HEHTP
BEepXHeH IpaHy KyDa K Iiedy pelyara JUIMHBI /; = 8§ CM B YpPaBHOBECHThH
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ero rapei Maccel m = 30 T, NPUKPENNEHHON K APYrOMY ILIedy phlyara
pnuHbl [, = 4 cM, TO Ky6 OyfeT NMOrpyXeH B BOAY TONLKO Ha 2/3 cBoero
o6bema. Haittu pnuny [ pebpa kyba.

329. B uunuHApUYECKHH COCYA C BONOH OIMYCTHNIH KENEe3HYIO KOpO-
60OuUKYy, M3-32 YEro YPOBEHb BOABI B COCYA€ MOMHSNCS Ha BBICOTY
=2 cM. Ha CKONBKO ONYCTHTCA YpPOBEHBb BOABI, eclu KOpoGOuKa
yroHet? [InoTHOCTh Xenesa p = 7,8 - 103 kr/m3,

330. OpnopopHelii Ky6 miaBaeT B pPTyTH, npudeM /5 dacTe ero
o6'beMa NOorpyKeHa B PTYThb. ECNH Ha 3TOT Ky0 IONOKUTEL BTOPOH KY0
TaKOro Xe pa3Mepa, TO NePBLIA Ky0 NOrpy3uTCa B pTYTH Ha 1/2 4acTh
cBoero obnema. KakoBa INTOTHOCTH MaTepHana BTOporo kyba p,?
Byaer nm cucrema mnaBaromux KyGOB B YCTOHYHBOM PaBHOBECHH?
ITnoTHOCTh pTyTH P = 13,6 - 10° KT/M3.

331. B cocyne HaxomsATcs ABe HECMEINHBAIOIMHECH XHAKOCTH C
pa3nEYHBEIME IIIOTHOCTAMHE. Ha rpaHunue pa3pgena sKHEKOCTEH IIaBaeT
ONHOPORHBIA KyO, MOTPYKEHHBIA LETHKOM B XHAKOCTh. [IMOTHOCTB
MaTrepunana Ky6a p Gonblle MIOTHOCTH P BEPXHEH XUAKOCTH, HO
MeHbIIe IIOTHOCTH P, HHXHEH XUIKOCTH: P, < p < p,. Kakas gacts
o6 beMa Kyba HaxOguTCA B BEpXHeH KAAKOCTH”

332. [Inaparomuii Ky6 MOrpyxkeH B PTYTh Ha 1/4 cBoero ob6bema.
Kakas yacts o6 beMa Ky6a OyAeT NOrpyKeHa B PTYTh, €CITH [TOBEPX Hee
HaNUTh CNOH BORBI, MOJNIHOCTHIO 3aKphbIBatomui Ky6? [InoTHOCTE pTYTH
p=13,6" 103 kr/m3.

333. Ily3bIpek rasa NORHHMAETCS CO AHA 03€pa C IOCTOSHHOU CKO-
pocThio. Haiftu cuny cONpOTHBNEHHS BOAHI f, ecid 06'beM Iy3bIpbKa
V=1cM. .

334. I'py3s, NpUKpeNNeHHbIH K ABYM OAWHAKOBBIM BO3AYINHBIM IIa-
paM, IOHAMAETCS C IOCTOSTHHOH CKOPOCTHIO. [IToTHOCTH BO3AyXa H ra-
3a B IHapax paBHbl P u .. KakuM GyfeT yckopeHHe rpysa a, eclii OfHH
13 mapos nonHeT? Macco#l 060n04eK MapoB U CONPOTHUBNECHAEM BO3-
Ayxa npeHeOpeys.

335. [Ipa a3pocTaTa MOHUMAIOT BBEPX OJIMHAKOBLIE rPy3bl. [IepBbIi
ABIDKETCH C YCKOPEHHUEM 4 = g2, a BTOPOH — C IOCTOSTHHON CKOPOCTBIO.
IInoTHOCTH rasa p, B a3poCTaTax OfIHHAKOBBI M PABHBI OJNIOBHHE INTOT-
HOCTH Bo3puyxa p. O6beM nmepBoro aspocrarta paseH V. Haitn 065-
eM V), Broporo aspocrata. CYATaTL Macchl 06004YeK OJHHAKOBBLIMH.
ConpoTuBneHneM Bo3yxa npeHeopeys.

336. Kakyo paboTy A Hy>KHO COBEpIIHTDL IIPH MENJIEHHOM IO 'bEME
KaMHs, uMetomero o6bseM V = 0,5 M3, u3 Bopabl ¢ rnyOuHbl A = 1 M?
ITnoTHOCTL KaMHH p = 2,5 - 103 kr/m3.
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337. CrexnsiuHblél mapuk Maccbl m = 100 r, Haxopnsmumiicsi y mo-
BEPXHOCTH TIIHIEPHHA, NIOTPYXaloT Ha rnyOuny h = 1 M. Haittu n3me-
perre AU NOTEHUHANBLHON 9HEPrUM WapKKa. [INTOTHOCTH THIEpHHA B
crekna p; = 1,2 103 kr/M3u p, =2,4 - 103 kr/M3.

338. Msa maccel m = 0,5 Xr 1 guameTpa d = 24 ¢M NOrpyKaloT B BORY
ga rnyomny h = 4 M. Haiitn n3meHenne AU NOTeHUHANBHOH 3HEPTHH
msua. [ledopMmanment Msiua npeHeOpeyb.

339. C kako# BbBICOTHI s MOJXHO IIallaTh TEJO, UMEKIIEE MIJIOT-
HOCTh P = 0,4 - 103 Kr/M3, 9TOGBI OHO NOTrPY3MWIOCH B BOAY Ha TIyOHHY
H = 6 cM? ConpoTHBIEHHEM BOBI H BO3yXa NpeHeGpeb.

340. Cocyn ¢ BORO¥ ABIDKETCS NMOCTYNATENBHO BIONBL TOPU30OHTAINb-
HOM NpAMOM ¢ yCKOpeHHeM a. [Tol KakKMM yIJioM O K TOPU3OHTY GyneT
pacnosaraThCs IOBEPXHOCTh BOAbI?

341. B 6ak paBHOMEpHOH CTpye#l B €[UHHIy BPEMEHH MOCTyNaeT
o6peM Bopbl V, = 2 nM%/c. Ha xakoM ypoBHe & 6yneT gep>KaThbcsl Bojia B
Gaxke?

342. HanpasneHHas TOPU30HTANIBHO CTPYs BOABI ObET B BEPTHKAIb-
Hyto cTeHky. C KakoH CHIIOH CTpPys JaBHT Ha CTEHKY, €CIH CKOPOCTh
ucTredeHus Boibl v = 10 M/c 1 Boa ocTynaet depe3 TpyoKy, HIMEIONIYIO
ceuenne S =4 cM?? Cumrarh, UTO NMOCHE yHapa BOJA CTEKAeT BAONb
CTeHKH.

343. C xaTepa, UOymIero co CKOpocThio v = 18 KM/, omyckawT B
BOJY H3OTHYTYIO IIOJ NPSMBIM yriioM TPYOKy Tak, UTO ONYyIIeHHBIH
KOHell TPYOKHM TOpH3OHTAlleH M O0pallleH OTBEPCTHEM B CTOPOHY
nBmkeHus. [pyroit KoHen TpyOKH, HaXOJsAIIMNCSA B BO3AyXe, BepTHKa-
neH. Ha kakyro BBICOTY i IO OTHOLICHHIO K YPOBHIO BONBI B 03€pe
MIOMHUMETCS BOfIa B TPyOKe? TpeHneM npeHeOpeus.,

344. KakoBa NpEMEPHO CKOPOCTBb KaTepa VU, €Clli BOJa IIOIHUMAET-
Csl IPH ABUXKEHHH BIOJIb €r0 HOCOBOH BEPTHKANbHOM YacTH Ha BBI-
cory h=1m?

345. Ha rnagkoii rOpH30HTANbHOH MMOBEPXHOCTH CTOHUT COCYH C BO-
noii. B 60k0oBOH cTeHKe cocyha y fHA HMEETCST OTBEpCTHE IIIIOMAnH S.
Kakywo cmny Hy:KHO NPHIJIOXHTE K COCYAY, UYTOOBI yIepXaTh €ro B
PaBHOBECHH, €CJIH BLICOTA YPOBHsI BOMIBI B COCYHe paBHa h?

346. Ha nopens mmpura mnomanu S peficreyer cuna F. C Kako#
CKOPOCTBIO U JIOJKHA BBITEKATh B I'OPH30HTANLHOM HANPaBICHHH
CTpys u3 oTBepeTHs miomany s? [InoTHOCT KUAKOCTH paBHA .
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§ 11. Kosie6anua ¥ BOJIHBI

Hepnon KoyeOaHuii MaTEMAaTHYECKOTO MAasTHHKA, T.E. TE€jga, reOMETpH-
YECKHE pa3MEpbl KOTOPOrO HAMHOI'O MEHBIIIE NJIHHBEI HAUTH, Ha KOTOpOﬁ OHO
noaABEIIEHO, 4 Macca HAMHOTO 6Goubllle MacChl HUTH noaseca, BEIYHCASCTCA IO

dopmyne
T=2rllg

Oco6oe BHHMaHHEe cieiyeT oOpaTHTh Ha 3aaatun 355-357 u 371. OHn CNOXHBI
AJ1sl IOHHMaH#s, ¥ B IIKOJIE OOBIYHO HE PaCCMaTPHBAFOTCS.

B ycnosmsix 3agau MOTyT OBITh JaHbl Pa3jIMiHbIE 3HAUCHHS CKOPOCTH 3ByKa
B BO3/1yXe, TaK KaK 3Ta CKOPOCTb 3aBHCHT OT TEMIICPATYPhI.

347. OpuH u3 MasTHHEKOB 3a HEKOTOpOE BpeMs coBepwmn n; = 10
KonebaHmil. [Ipyro#i 3a TO Xe BpeMs coBepmmua n, = 6 xoneba-
Hui. Pa3zHocTh nnuH MasgsTHHKOB Al = 16 cM. Haiity qnuHBI MasiTHH-
KOB [/, ® ;.

348. MagTHEK npefcTaBnseT cOOOH YIPYruil IapuK, MPUKPEINneH-
HBIH K KOHIy HATH, HMetomed anaxy /. IIpn kone6aHmaX mwapuk cran-
KHABAETCA C YIPYIOH MAaCCHBHOH CTEHKOH B MOMEHTBI, KOITla HAThH 3aHHU-
MaeT BepTHKaNbHOE nonoxenue. Hafith nepuon T konebaHui MasT-
HAKa. [JIATeIBHOCTEIO CTOJIKHOBEHHAS NIPEHEOPEYb.

349. MareMaTHYeCKHH. MasiTHHK JJIHHBI !/
coBepllaeT KoJeOaHHs BOIH3H BEpPTHKaJIbHOH
creHku. [Tox TOYKOH NoxBeca MasiTHUKA, HA pac-
CTOAHHHA @ =I/2 OT Hee, B CTEHKY BOHT I'BO3Rb
(puc. 55). Ha#itn nepuon T KonebGaHUH MasAT-
HHUKA.

350. [IBa opMHAKOBBIX YIPYrHX IapHKa MOJBE-
IIEHbl HAa HATAX, AMEIOIMX ONHHBI /; = 1 M uE
l, = 0,25 M, Tak, YTO HEHTPH! MacC IAPAKOB HAX0-
RATCA Ha ONHOM YPOBHE M INapHKH CONpHKAaca-

Puc. 55 FOTCs pyr ¢ ppyromM. HATE BTOpOro mapuka oT-

KJIOHAIOT Ha HEOOJBIIOH Yronl M OTHYCKaloT.

CKONBKO pa3 CTONKHYTCS IIapUKHU 3a BpeMs At = 4 c, nmpolueniee
C Hayana JBYKEHHS BTOPOro mapuka? '

351. Ilpu temnepatype 0, = 20 °C nepuonr KoneOaHHH MasTHHKA

=2 ¢. Kak u3MeHnTCS IIepHon KoNeGaHmil, EClTH TeMIIepaTypa BO3-
pacreT go 9, = 30 °C? Koadnument nuHeiHOro paclimpeHHAs MaTe-

pHana MmastHAka oo = 1,85 - 10-3 K-,
i
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352. Macca JIynsl B 81 pa3 MeHbIe Macchl 3emild, a paguyc 3eMiIu B
3,7 pa3a Gonbie paguyca JIynol. Kak usMeHUTCA nepron KojeOaHui
MAasITHHKA IIPH [lepeHeceHnn ero ¢ 3emun Ha JIyny?

353. Yacsl ¢ CeKyHIHBIM MassiTHIKOM, HMEIOIINE NepHOof Kose 6aHni
Ty = | ¢, Ha moBepxHOCTH 3eMild UAyT TO4HO. Ha ckonbko OyayT oT-
CTaBaTh 3TH Yachl 3a CYTKH, €CIIM UX IIONHATH Ha BeIcOTY A = 200 M Hap
[IOBEPXHOCTHIO 3emin?

354. HaiiTu noTeHIUanbHYIO 3HEPTUIO U MaTeMaTHYECKOTrO MasT-
HuKa Maccel m = 200 r B IOJIOXKEHNH, COOTBETCTBYIOIIEM YTy OTKJIO-
HEHUs] HUTH OT BepTHKalH ¢ = 10°, ecnm yacToTa KoseGaHuil MasATHUKA
v = 0,5 ¢-l. CunTaTh NOTEHIHAIBHYIO SHEPTUIO MAasITHUKA B IOJIOXKEHUH
PaBHOBECHS PABHOM HYJIIO.

355. C kakuM yCKOPEHHEM a U B KaKOM HaIlpaBJIeHUH JOJXKHA JBH-
rathbcs KabuHa nudTa, YTOOBl HAXONAIIMHACA B Hell CEKYHIHBIH MasiTHHK
3a BpeMs ¢ = 2 MuH 30 ¢ copepmmn n = 100 kone6anuii? ‘

356. MaTteMaTH4eCKU MasgsTHUK MJIMHBI [ IOABEIIEH B BarOHe, OBHU-
KYIIeMCsl TOPU30HTAJIBHO C YCKopeHueM a. Haiitu mepuon KoneGaHui

. 3TOTO MasATHHUKA.

357. Ky6uk copepuaeT Majble KojeOaHUs B BEPTUKAJIBHOH IIIOC-
KOCTH, BUTAACH O€3 TPeHHUs IO BHYTPEHHEH MOBEPXHOCTH chepHUe-
ckott vamu. HaliTu mepuopn Kosne6aHuil KyOuKa, eciu yaila OIyCcKaeTcs
BHH3 C YCKOpeHHeM a = g/3. CunTaTh, YTO BHYTPEHHHI paguyc yamu R
MHoro 6oJibiie pe6pa KyOHKa.

358. Dx0, BLI3BAHHOE PY>KEUHBIM BBICTPEJIOM, IOILIO IO CTpeiKa de-
pes BpeMs ¢ = 4 ¢ nocie BrICTpesa. Ha KakoM pacCcTOSIHUHM § OT CTPEJIKa
HaxXoguTCs Tperpana, oT KOTOpOii MPOU30ILIO oTpaxkeHne 3Byka? Cko-
pOCTh 3BYKa B Bo3nyxe v = 340 M/c.

359. Ha paccrosinnu s = 1068 M ot HabmogaTens ynapsrOT MOJIOTKOM
IO 3KeNe3HONOPOXHOMY penbey. Habmionarens, IPHIOXKHUB yXO K
penbCy, youblman 3ByK Ha BpeMsi At = 3 ¢ paHbllle, YeM OH JOIIeJ 0
Hero mo Bo3nyxy. HaliTu ckopocTs 3ByKa u B craimn. CKOpOCTh 3ByKa B
Bo3nyxe v = 340 M/c.

360. 3ByK BpICTpeNa M NYyJsi OTHOBPEMEHHO JOCTHUTAIOT BBICOTHI
h = 680 M. BricTpen nmpousBefeH BepTHKAIbHO BBepXx. KakoBa Havaib-
Hasi ckopocTh nynu? CKopocTs 3ByKa B Bo3nyxe v = 340 m/c. Comnpo-
THBJICHHEM ABIDKEHHIO MYJIH IPeHeOpeUb.

361. I3 nynkTa A B H};HKT B 6111 nocnaH 3ByKOBOH CUTHAJ YaCTOTHI
v = 50 I'i, pacipocTpaHsOMuUicsa co cKOpocThio v = 340 M/c. I1pu aToM
Ha pacCTOSHUU OT A 70 B ykianbiBanoch Hesoe YHCIo BOJNH. OnsIT
[IOBTOPHUIHN, KOrfma Temnepatypa Oblila Ha AB = 20 K Bbinie, yeMm B
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nepsoM ciyvae. [Ipn aToM 4YHCIO BOJH, YKJIAAbIBAIOIIMXCS Ha pac-
CTOSIHHH OT A 10 B, yMeHpmmnoch Ha gBa. HaliTu paccrosinue [ Mexay
NyHKTaMd A B B, ecnin npu nosbImeHnn TeMnepatypbl Ha 1 K ckopocTs
3ByKa yBesnmunBaetcs Ha 0,5 m/c.

362. HaiiTn cKopocCTb 3ByKa U B BOfie, €CIM KoJleOaHus ¢ NepruogoM
T = 0,005 ¢ BBI3BIBAIOT 3BYKOBYIO BOJIHY MIHHBI A = 7,175 M.

363. Haiitn 4acToTy V 3BYKOBBIX KojeOaHHH B CTaju, eciH pac-
CTOSIHUE MEXOy OJMKaNIuMMK TOYKaMU 3ByKOBOHW BOJIHBI, OTJIHYaio-
mmMmacs no ¢ase Ha @ = 90°, cocrabnser ! = 1,54 M. CKOpoCTh 3ByKa B
cramu v = 5000 M/c.

364. Haiitn paznocts a3 ¢ Mexay gByMsl TOUKaMH 3BYKOBOMH BOJI-
HBI, OTCTOSILLIUMH Jpyr OT Apyra Ha paccTOsiHuHM [ = 25 cM, ecil YyacToTa
koseGanmii v = 680 'u. CkopocThb 3ByKa B Bo3gyxe v = 340 m/c.

365. Y3ubl cTOsTYEl BOJIHBI, CO3jaBaeMOil KaMepPTOHOM B BO3[yXe,
OTCTOAT APYr OT Apyra Ha paccrosHuM ! = 40 cMm. Haifitm 4vacroTy
v kosebanmit KaMepToHa, CKOpOCTh 3ByKa B BO3Ayxe v = 340 M/c.

366. 3BykoBbIe KOJIeOaHH YaCTOTHI V IMEIOT B IEPBOM cpefie JJIMHY
BOJIHBI A, & BO BTOPO# — JJIMHY BOJHBI A,. Kak H3MeHsieTCS CKOPOCTh
pacnpocTpaHeHHs 9THX KoyieOaHui NpH Nepexofie U3 NepBOi cpegbl BO
BTOPYIO, ecii A, = 24,7

367. 3BykoBbIE KOJE€OaHNs PACIPOCTPAHSIOTCS B BOIE CO CKOPOCTBIO
v; = 1480 M/c, a B Bo3gyxe — CO CKOPOCTBIO U; = 340 M/c. Bo ckonbko
pa3s U3MEHUTCS IJIMHA 3BYKOBOW BOJHBI IIPH NEPEXOfie 3ByKa U3 BO3AyXa
B BONy?

368. KamepToH offMH pa3 3a’KaT B THCKaxX, & Apyroél pa3 CTOHT Ha
PE30HATOPHOM sfilUKKE. B 000HX cllyyasix KaMepTOH BO30yxXpaaeTcst OfiH-
HaKOBBIMHU IO CHJIe yAapaMH. B KakoM ciyyae KaMepToH OydeT 3By4aThb
poJie?

369. K BepxHeMy KOHIy LHJIHHIPHUYECKOTO COCYAa, B KOTOpPBIN
MOCTENEHHO HANMBAIOT BOAY, MOJHECEH 3BYYAILHMH KaMePTOH. 3BYyK,
M37aBaeMblil KAMEPTOHOM, 3aMETHO YCHJIMBAETCS, KOIJ]a PACCTOSIHAUS OT
MOBEPXHOCTH XXHAKOCTH A0 BEPXHEr0O KOHLA COCyda AOCTHraioT 3HAade-
HU# Ay =25 cMm 11 h, = 75 cM. HailiTn yacToTy KosebaHuil V KaMepTOHA.
CKkopocTh 3ByKa B Bo3gyxe v = 340 M/c.

370. Tpyba gnmHbI / = 1 M 3amoJIHEHa BO3OYXOM NMPH HOPMAallbHOM
aTMocepHoM pgaBiaeHnn. OgnH pa3 Tpy6a OTKphITA C OAHOrO KOHLA,
Apyro# pa3s — ¢ o60MX KOHIIOB M B TPETHH pa3 3aKpbITa ¢ 0OOUX KOHIOB.
IIpu KaKux MEHAMaJIBHBIX YacToTax B TpyOe OyAyT BO3HHKATH CTOSIYHE
3BYKOBbIE BOJHBI B YKa3aHHBIX ciy4asx? CKOpocThb 3ByKa B BO3AyXe
v =340 m/c.
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371. [IBuKyIMHACS NO peKe TEIIOXO/ JaeT 3BYKOBOM CUTHAJ 4acTo-
161 V = 400 I'n. Crosmmit Ha 6epery HabarogaTelb BOCIPUHUMAET 3BYK
CBHMCTKA KaK KoJyebaHus ¢ gacroroi v = 395 I'n. C kakoit ckopocTbIo U
meukeTcs Temnoxon? ITpubmmkaeTcs WK ygansieTcss OH OT Habmoga-
tensa? CKOpOCTh 3ByKa B Bo3fayxe v = 340 m/c.

I'maBa Il

TEIINIOTA U MOJIEKYJ/ISAPHASA ®U3UNKA

§ 12. Tennosoe pacuipenne TBepABIX TeJ U KUAKOCTEH

YpaBHEeHHs, BbIpakaloliue 3aBHCAMOCTbL 06 beMa H THHEHHOTO pasMepa Tel
OT TEMIEPaTyphI:

V, =Vy(l+at), I, =l,(1+p1), (n

ABISIOTCA NPHOMHKEHHBIMH, IIOCKOJILKY B HUX HE NIPHHAMAETCA BO BHUMaHHE
33aBHCHMOCTBb CaMHX TEMIEPATYPHBIX KO3(PHIHEHTOB OO HEMHOIO H THHEH-
HOro paciuupeHus o 4 B ot teMneparypsl. Ilpn pacuerax no dopmyram (1)
clieflyeT HMeTh B BHAY, UTO NOJyYaeMble PE3YIbTAThl MOTYT OBIThH JOCTATOYHO
TOYHBLIMH TOJIBKO B HHTEPBaJaX TeMIIEPATYp, B KOTOPLIX H3MEHEHH: KooddH-
IMACHTOB Majibl IO CPaBHEHHIO C 3THMH KoodgHuHeHTaMH. B Tabmmnax
OOLIYHO NPHBOAATCA CPENHHME 3HAYEHHS OL M ¢ yKasaHHEM HHTEPBAIOB
TEMIEPATYP, V11 KOTOPHIX 3TH 3HaUCHAA ONpeaeieHbl (cM. 3afauy 376).

3navuenns Vy u [y B dopmynax (1) oTHocsaTes K Temneparype ¢ = 0 °C. B Tex
cnyvadx, Korjga B 3aavax flaHbl HadajibHble 00HEMBI HIIH AJTHHBI IIPH TEMIIE-
paTypax, He paBHBIX HYJIO, 1aCTO HAUYHHAIOT pPEIIcHAE 3a/la’ ¢ onpeacncHas Vy
H [y 1 B ATOTE NONYYaKOT, HANPAMEP, A5 IITHHBI BEIPAsKCHAC

ll
[ =
1+ B¢

(1+B1y).

Takoifi MeTop, pacueTa HenenecoobpaseH. [JeHCTBUTENBHO, YMHOXHB UYHCITH-
Teb H 3HAMEHATENDb 9TOl HOpMyJIbl Ha 1 — Bty, nosyunm

1+ B, = 1) -B’1it,
1- B2} '

L=

Beuny Manoctu koa¢duumenTa B 110 CpaBHEHHIO C eHHALEH, WIEHDI, COIEP-
)amue B2, Magbl IO CPaBHEHHIO C WICHOM, B KOTOPBIH B BXONHT B mepBoi
crencHu. X MoXHO oTOpocuTh. B pesynbraTe ¢dopMyna jis BbINACICHAA
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JUTHHBI /, OKa3bIBaeTCsA GoJiee NPOCTOR B JOCTATOTHO TOUHOM /ISl IPAKTHIECKH
BaXKHBIX CJ1y4aes:

Lo=1[1+B( ~ )]
TouHo Tax xe uMeeM

V. =Vill+o(t, — )l

372. Kak JonKHbI OTHOCHTHLCS INTUHEI /| ¥ [, IBYX CTep:KHEH U3 MaTe-
pHANOB C pa3nHYHBIMA KO3(h(DHIMEHTaMH THHEHHOrO paciuupeHus 3,
u 3,, 9ToGbI NpH NMEFOGOH TeMIlepaType Pa3HOCTb AJIMH CTEPKHEH OCTa-
Banachk MOCTOSIHHOM?

373. [IBa OmMHAKOBBIX CTANBHBIX MOCTA JOJKHBI ObITH MOCTPOEHBI
OfMH Ha ceBepe, Apyro# Ha tore. Kakosel foykHb1 661Th npu 0 °C 3a-
30pbl, KOMIIEHCHPYIOIIHE YAJNMHEHHE MOCTA IPH M3MEHEHHH TEeMHe-
paTyphl, €CIH Ha tore BO3MOXKHBI Konebanns oT —10 go +50 °C, a Ha
ceBepe ot —50 mo +20 °C? IIpm 0 °C gnuHa MocTta Ly = 100 M, Koad-
(buLMeHT NMUHEHHOTO paciunpenns cranu B = 107 K-\,

374. JlaTyHHBI# cOCyJ NpH HATPEBAHHWH YBEIHUHIICS B 0O'bEME HA
n=0,6 %. HaiTy yBenuueHne rtemmepaTypbl Af cocyma, ecnu Koad-
(uHeHT NUHERHOTO paciupenus natyun =2 - 105 K-,

375. Ilpu temnepatype ¢t = 0 °C nnuHbI aNIOMHHHEBOTO H XKele3-
HOro crepxHe# [y, = 50 cMm u [, = 50,05 cM. CeuyeHns crep:kHed oau-
HakoBbI. Ilpn kako#l TeMmepaType !, OIHHBI CTEPXKHEHA H IIPH KAKOH
TeMIepaTrype f, X 06beMbl OyayT oamHakoBbl? Koadppuumen-
Th! JINHEHHOTO PAaCUIMPEHHs aNOMHHHS ¥ Xkenesa B, = 2,4 - 107 K-!
nf,=12-107K"

376. KoapdpunueHTs! 00 BbEMHOTO paCHIMPEHHS BOMNBI [JISI TPEX
HHTEPBANOB TEMIIEPATYP: '

o, =-33-105K1  (0<t <4°C),
o =4,8 105 K- (4 <1, <10 °C),
oy =1,5- 104 K- (10 < 1, < 20°C).

Haiite 0o6beM Boapl V nipu Temneparype ¢ = 15 °C, ecnu npu Tem-
nepatype t'=1°C o6bem V' = 10% cm3.

377. Coofwatomrecss CoCyAnbl 3aM0NHEHbl XUIKOCTbIO, HMEIOILEH
TeMmrepatypy ¢,. IIpun HarpeBaHHH XKHUAKOCTH B OHOM H3 COCYAOB JIO
TeMIEePaTyphl £, YPOBEHb XXKHIKOCTH B 3TOM COCY/Ie YCTAHOBHICS HA BbI-
cote H, a B ipyroM — Ha BbICOTe h. HaliTh kKoadpuuuesT o6 beMHOTO
paclIMpeHus SKUIKOCTH.
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378. Haiitu o6beM mapuka pTyTHOTO TepMOMETpPA, €CIIU U3BECTHO,
uTO npu TeMnepartype f, = 0 °C pTyTh 3aMoiHAET TOJBKO IIApHK, a
meskny aenenusiMu O u 100 °C o6bem kanana V =3 mm*. Koaddunuent
o6beMHOro pacmupeHust pryta o = 1,8 - 104 K-!, xoapdunuenr
JMHEHHOTrO paciupenus crekia 3 =8 - 100K-.

379. B xBapueBsblil TUTPOBLI cocyl muaMeTpa d = 6 ¢M 1O MMOJIOBUHBI
HAJIMJIM BOAY, a 3aTEM IIONOXMIU 1IAp U3 500HHUTA, UMEOIUIA 00 beEM
V = 100 cM3. Ha xakyro BBICOTY A/ MOXHHMETCS YPOBEeHb BOABI MpH
HW3MEHEHNHU TeMnepaTypbl oT 1, = 10 °C go 1, = 70 °C? Koapunuent
o6beMHOro pacmupeHus Bogbl o = 3 - 104 K-!, kxoapdunuent nu-
HelHOro paciuupenust s6onuta B = 8- 105 K-'. TemnoBbiM pac-
IIHPEHNEM KBapIa npeHebpes.

380. B xBapueBblit cocyn obbema V| = 2,5 11 MOMeIleH NaTyHHbI#
LHUJIMHAP Macchl m, = 8,5 K. OcTanbHasi 4acTh €OCyAa 3alojiHEHa BO-
poit. Ilpu HarpeBaHHU cOCyfa BMeCTe C CONEPXKUMBIM Ha
At = 3 °C ypoBeHb BOAbI B COCYle He H3MeHMICA. Haitu
K02 (ppunueHT 06 BEMHOTO pacliupeHus Boas! 0. Koadpu-
IIMEHTH! JINHEIHOTO pACIIMpeHNs] KBapua M JIaTyHU B, =
=0,42- 10K u B, =02-10* K-'. [I1OoTHOCTH NAaTyHH
P, =8,5 10° kr/m3,

381. B xon6y, MIOTHO 3aKPbITYIO NPOOKOi CO BCTABJIEH-
HOU B Hee TpyOKoOH, A0 camMod NpOOKHM HANUT KEPOCHH
(puc. 56). Kak u3MeHHUTCs faBjlieHHE HA JHO KOJIObI NpH Puc. 56
HarpeBaHuu KepocuHa Ha Ar = 30 °C, ecnn 06beM KONObI
V =2 n, BbicoTa ee h = 20 cM, ceyenue Tpybku S = 2 cM?? Koaddu-
IUEHT 06'beMHOTO pacliipenus kepocuHa o = 1073 K-, ero motHocTs
no HarpeBaHus p = 0,8 - 103 xr/m?. TenoBsIM pacmmpeHneM KOJBbl
npeHeOpeys.

§ 13. Kod4ecTBO TEIIOThI.
Koadgunnenr noneznoro neficrBus

KonutecTBoM TEITIOTBI Ha3bIBAIOT SHEPIHIO, NEPEAAHHYI) OT OAHOIrO Tea
K IpyroMy 6e3 cOBepIIEHU pabOThI.

IIpn M3MeHeHMH TeMIepaTypbl TEla KOJHUECTBO NEPElaHHON TEeITOTbI
BbIUHCHsAETCA O GOPMYIIEe

O = cm(ty— t)) = cmAt = cmAT, (2)
Ii€ ¢ — yAeNbHas TEIUTOEMKOCTD BEIECTBa, f; U f, — HAUaJdbHAS W KOHEUHAs
TEMIIEPaTypPbl TENA.
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IIpeBpaliieHHE XKUAKOCTH B NTap NPOMCXOANT NIPH IIOCTOSIHHOM TeMIIepaType.
KonuuecTBo TENNOTLI, MEPEJAHHON NPH 3TOM XKUAKOCTH, BBHIYHUCIAETCS IO

¢dopmyne
Qll = )\'nl A

e A — yneﬁbﬂaﬂ TennoTa napoodpasopanus. [Ipu KOHIeHCAaUy napa Takoe
XKe KOJIMIECTBO TEIUIOTHI BbILENAeTCA:

Q. =—-Anm.

I1napnenue KPHCTAIITHIECKOTO TEJIa TAKXKE COBEPUIACTCA 1IpH NMOCTOSAHHOH
TEMIIEpAType U Tp€6y0T nepepavuy TeJ1y KOJTUICCTBA TENNOThI

Qu:i =rm,

TAC ¥ — yACNTbHAsl TEITOTAa INITABJICHUS. HpI‘I KpUCTATJTH3aOUHN TO KE KOJTH-
YECTBO TENNOTHI BBIACTSACTCA:

Oxp =—In.

Ecny BHYTPM CHCTEMBbI, H30JUPOBAHHOW OT OKPYXKAIOUIMX Teld, HE COBEp-
o1aeTcs MEeXaHUIeCKOH paboTbl, TO AN Hee CIPaBeiINBO YPABHEHHE TENIO-
BOTO GanaHca:

Ql +Q2+"'+Qn:09 (3)

e @y, O, ..., €, — KONMUECTBA TCIIOTHI, NONYUCHHBIE (IONOXKUTENBLHBIC) HITH
OT/IaHHBIC (OTPUNATENBHBIC) TENAMH CHCTEMBI. DTH KOJHWYECTBA TEITOTHI
BLIPAXKAIOTCS BBIIETIPHBE/ICHHBIMU (DOPMYNaMH.

382. Jlatyuuei cocyn Maccel m = 0,2 kr cogepxut m; = 0,4 kr
aHunMHA npu TeMmnepatype t; = 10 °C. B cocyn monunu m, = 0,4 kr
AHHIIUHA, HArpeToro A0 TeMHepatypsol f, = 31 °C. HafiTu yaenbHyIO
TEMITOEMKOCTD ¢, aHHJIHHA, €CJIH B COCYJ€ YCTaHOBUNIACHL TeMIepaTypa
0 =20 °C. ¥YpgenpHas TenmnoeMKoCThb naTynu ¢ = 0.4 kJIk/(kr - K).

383. B cocyn o6beMa V ¢ TEMITOHENPOHUIAEMBIMA CT€HKAMH, 3aIOJ-
HEHHBIA ra3oM ¢ MOJIIPHOH MacCoOH |L IIpH TeMuiepaType 7 U 1aBJeHUH p,
BHECEH MEJHBIA IapuK Maccel m,,, AIMEIOMNA TeMnepatypy 7,,. Kakas
TeMrepaTypa O yCTAaHOBHTCS B cocyjie? Y@enbHbIe TEMIOEMKOCTH ra3a
¥ MMM PaBHEI ¢ H ¢, 'a3oBas nocrosinnas R = 8,31 JIxx/(Monk - K).

384. B cocyne cMeIIMBAaIOTCA TPH XUMHYECKH HE B3aMMO[EHCTBYIO-
IHE KUAKOCTH, HMEIOIMHE Macchl m; = 1 Kr, m, = 10 kr, m3 = 5 KT,
TeMmnepatypsl ¢ = 6 °C, 1, =—40 °C, t; = 60 °C 1 ygenbHbIe TEITOEMKO-
ctH ¢; = 2 KJIx/(kr - K), ¢; =4 x[Ix/(xr - K), ¢3 = 2 xIx/(kr - K). Haittn
TeMnepaTypy 0 CMeCH H KOJIHYECTBO TEIJIOTHI, HEOOXOMUMOEe IS MO-
CIENYIOLIEro HarpeBaHus cMecu o ¢t = 6 °C,
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385. B 1Ba oguMHAKOBBIX COCyla, COOepXKalux BOAY (B OOHOM Macca
poabl m; = 0,1 Kr npu Temnepatype f; = 45 °C, B fpyroM Macca BOJbI
m, = 0,5 xr npu TeMnepatype t, = 24 °C), HaIUIH NOPOBHY PTYTh.
ITocne yCTAaHOBJIEHHUST TEIUIOBOIO PAaBHOBECHS B 0OOUX COCy[Jax OKa3a-
JIOCh, UYTO TeMOepaTypa Bofbl B HUX OHA U Ta e u paBHa 0 = 17 °C.
Hafitn TennoeMkocTb C, COCYOOB. YJEJNbHAsg TEIUIOEMKOCTh BOJbI
¢ = 4,2 x[Ix/(xr - K).

386. [1ns n3MepeHns TeMIlepaTyphbl BOObI, IMeIOed Maccy m = 66 T,
B Hee Harpy3wJl TepMOMETp, KOTOPBIA IMOKa3al TeMuepaTypy
t; = 32,4 °C. KakoBa IefICTBUTEIbHAS TEMITepaTypad BOOBI, eCIIHA TEMIO-
eMkocTb TepmomeTpa C, = 1,9 [1:k/K u nepen norpyxenuneM B BOOY OH
[OKa3bIBAJl TeMOepaTypy NoMeleHns f, = 17,8 °C? YpgenbHas Tenmno-
eMKOCTE BouLI ¢ = 4,2 KJIx/(xr - K).

387. B creknsHHBIA cocyn, uMeomuint Maccy m, = 120 r u TeMne-
paTypy ¢ = 20 °C, Hanuau ropA4yio Bofy, Macca kotopol n =200 r u
teMnepartypa ¢t = 100 °C. CoycTs BpeMst T = 5 MHH TeMIlepaTypa cOCyAa
¢ Bopio# ctana pasHou 0 =40 °C. TepsgeMoe B efUHHLY BPEMEHH KOJHU-
YECTBO TEINOTHI NOCTOAHHO. Kakoe KonHM4ecTBO TEMNOTHI TEPS-
J0Ch B €IMHHIY BPeMEHU? Y JENbHbIE TEMNOEMKOCTH COCYa W BOMDI
¢. = 840 Ix/(xr - K) u ¢ =42 x[Ix/(xr - K).

388. B cocyn, conepxaluii Maccy BOABL #1 = 2 KI' IpH TEMIIEpaType
t =5 °C, moyioxXeH KyCOK JIba MacChl M, = 5 Kr, IMEIOIHN TeMIlepaTy-
py t, =—40 °C. Haitu Temnepatypy 0 u 06 beM V cMeCH NOCIE YCTAHOB-
JEHUS TENIOBOrO PaBHOBECHS. YENbHBIE TEINIOEMKOCTH BOIBI U JIBJA
c=42 xkIx/(xr - K) u ¢, = 2,1 x]Ix/(xr - K), ux ninotaoctu npu 1, = 0 °C
paesbl p = 103 kr/M® u p, = 0,92 - 103 xr/M?. YenbHas Terora niasie-
HUA abaa r = 0,33 MJIx/kr. TemnoeMKOCTBIO cocyna U IOTEPSIMHU TEMa
npeHebpeysn.

389. Banny ob6bema V = 100 1 HeoO6XOAMMO 3alONHUTH BOXOM,
uMeromen Temnepatypy 0 = 30 °C, Hcnons3ys BOAy ¢ TeMIepaTypoi
t = 80 °C u nep ¢ Temneparypoii ¢, = —20 °C. Hairtu Maccy m, nbfa,
KOTOpBIA NPHUAETCS MOJOXHUTbL B BAHHY. YHAeJbHbIE TEIUIOEMKOCTH
Boabl U nbfa ¢ = 4,2 x/Ix/(xr - K) n ¢, = 2,1 x[Ix/(xr - K), nnor-
HOCTE Boabl p = 103 kr/M3. YpgenbHas TemnoTa mJaBJeHUS JbIa
r = 0,33 M]IIx/kr. TennoeMKOCTbIO BaHHBI W MOTEPSAMH TEMNA Ipe-
HeOpeYb.

390. B cocyn, comepzKamyii Maccy Boabl m = 10 KI npu TeMnepaType
t = 10 °C, monoxunu Jeq, AIMEIOWAHA TeMeparypy ¢, = =50 °C, nocne
yero TeMiepaTypa o0pa3oBaBUICCS CMECH oOKa3ajach paBHOH
0 = -4 °C. Kaxkas Macca m, nbia Gbuia NoJIoXeHa B cocyn? Ypmelnb-
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Hasi TertoeMkocThb BoAbl ¢ = 4,2 k[Ik/(xr - K) u ymenbHas Temioem-
KocCTb abja ¢, = 2,1 k[Ix/(xr - K). ¥Y@enpHas Teryiora njaaBleHHs TbOa
r=0,33 MJIx/kr.

391. Kycok cBuHUA, HMEOIIHA Maccy m = 1 KI, pacijiaBHICH
HAIOJIOBHHY NP COOOLIEHHH €My KOJIMUEeCTBa TemI0Thl 0 = 54,5 k[Ixk.
KakoBa 6bp1a HauanabHas TeMnepartypa 1 cBuHHNA? Ypgenb-
Hast TemaoeMKkocTh, cBuHNa ¢ = 130 IIx/(kr - K). ¥Ypgenwnas rtenmo-
Ta IUTaBleHus cBUHNA I = 24 k]IX/Kr, ero temMnepaTtypa IIaBJIeHUS
T,,=600 K.

392. Turess, cojep:Kamui HEKOTOPYIO Maccy OJ0Ba, HarpeBaeTCs
3JIEKTPUUECKUM TOKOM. BriensieMoe B eqUHHIY BpeMEHH KOJIHUYECTBO
TEIIOTHl MOCTOSHHO. 3a BpeMs Ty = 10 MHH TeMmMmepaTypa oJioBa
noBbImaeTcst ot £ = 20 °C po t, = 70 °C. Cnycrs ene BpeMst T = 83 MHH
OJIOBO MOJTHOCTBHIO pacIIaBHIOCh. HaATH yenbHYIO TEINIOEMKOCTD €
oJIoBa. YOenbHas TeNoTa IaaBiaeHus onoBa r = 58,5 kJIxk/Kr, ero
TeMIlepaTypa IutaBienus f,, = 232 °C. TennoeMKOCTbIO THIJIA H MTOTe-
PSIMH TeIIa MpeHe6peys.

393. B cocyn nonoxunau Kycok Jabga mMaccel m, = 10 kr, uMeromui
TeMmnepatypy ¢, = —10°C. Haidtu Maccy m BoIbI B cOCylle mOcCae TOro,
K4K ero COIepKHUMOMY COOOIIUIH KOJTHYECTBO TemnoTsl 0 = 20 MIx.
YnenbHble TENIOEMKOCTH BOObl W Jbfaa ¢ = 4,2 kJIx/(kr - K) u
¢, = 2,1 kAx/(xkr - K). ¥YnpenpHas rtemmoTa IJaBJeHHUS JIbJa
r = 0,33 M]Ix/kr, ygeabHass TeIoTa NapooOpa30BaHUS BOMLI
A= 2,3 MIIx/kr.

394. B npAMOyroJibHYyIO KIOBETY AJHHBI @ = 24 CM U IUHPUHBL b =
= 20 cM, comepxamyro Bomy npH Temmneparype ¢ = 25 °C, Hammiu
SKHIKHH a30T, B3ATHIH IpH TeMIlepaType ero KuieHus f, = —196 °C.
IToce ucmapenus a30Ta Bofa OXJIafHIach 10 TeMneparypsl £, = 0°Cu
MIOKPbLTACh KOPOUKOH NIbAa IPU TOH Xe TeMrneparype. HaiiTu Tonmuny
h mepgsHON KOpPOUKH, CUMTAs], UTO NAp a30Ta YXORHT OT HOBEPXHOCTH
Nbjla, HACPEBLIMCH O €r0 TEMIEPATypPhl, & IOJOBUHA BCErO IOJYUEH-
HOIO MapoM KOJHYECTBAa TEINIOThI OTHaHO Bogod. O6beM BOABI B
KioBeTe 6611 V = 1 71, Macca azora m, = 0,8 kr. [ImoTHOCTH BOAIBLI M 1A
p =10 kr/M3up,=0,92 - 10° kr/™M3. YgenbHble TEMIOEMKOCTH ra3o-
o6pazuHoro azora u Bops ¢, = 1,05 k[Ixk/(kr - K) u ¢ = 4,2 k[Ix/(xr - K).
YoenvHas TennoTta nmaBiaenus jgbga r = 0,33 MIx/kr, ygeabHas
TeIutoTa napoobpaszoBanus azora A = 0,2 MIIx/kr.

395. B cocype copmepxkutcs cMech Bofgbl Macchl m = 500 r u apfa
Maccel 1, = 54,4 r npu teMueparype t, = 0 °C. B cocyn BBoguTCst CyxoH
HacCbIEHHBIA map Maccel m, = 6,6 r npu TeMmneparype t = 100 °C.
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Kakoit 6ygeT TemnepaTypa 0 mocne ycTAaHOBJIEHHS TEILTOBOI'O PaBHO-
pecua? YaeabHas TEIUIOEMKOCTh Boabl ¢ = 4,2 k[IXK/(kr - K). YnensHas
TemnoTa ImiaeiaeHus apga r = 0,33 MJIIXK/Kr, ygenbHas TEIIOTAa
napooGpaszoBanus Boabl A = 2,3 MJIk/Kr.

396. IToxg KOJOKOJOM BO3AYIIHOI'O HACOCA HAXOAMTCS BOOA MAacCChl
m = 40 r npu Temnepatype f, = 0 °C. Bo3gyx u3-1mop xonokoaa 6pICTpoO
OTKAa4YMBarOT. brarogaps HHTEHCHBHOMY HUCTIaPEHUIO BOABI OCTABHIASCA
4yacTh ee 3aMep3aeT. Haitu Maccy m, o6pazoBasierocs ibia, €ciia ero
TeMIepaTypa Takxe f; = 0°C. YaenbHas TemnoTa INaBJEHHS JbJa
r = 0,33 MJIx/Kr, yneilbHasi TeIJOTa NapooOpa3oBaHMUS BOJIbI
A = 2,3 MIIx/Kr.

397. B cocyne, 13 KOTOPOro OTKAYHBAIOT BO3/IyX, HAXONUTCS HEGOM b~
1ras Macca BOMBI MIPHU TeMriepaTtype f; = 0 °C. bnarogapsa HHTEHCUBHOMY
MCTIApEeHUIO BOAbl OCTaBIIasAcAd 1YacTh ee 3aMep3aeT. Mcnapupmasics
Bofla mMeeT Maccy m = 2,71 r. HaiiTn nepBoHavyanbHyO Maccy BOAbL M.
YrnenbHas Temwnorta miaenedus abga r = 0,33 MJIk/Kr, ynenbHast Temio-
Ta napooGpa3oBatus Bogsl A = 2,3 MJIxk/Kr.

398. Haiitu Maccy m BOABI, KOTOpas MoXeT ObIThb NMpeBpallieHa
B Jel ucnapeHneM adupa, uMerouero Maccy m, = 0,1 Kr u Temmnepa-
Typy ¢ = 20 °C. HauanbHas TeMmmepaTypa Boab! Takxke ! = 20 °C.
YaenbHble TemnoeMKOCTH Boubl W admpa ¢ = 4.2 gk[Ik/(xr - K) n
c, = 2,1 gIx/(kr - K). ¥YpgenbHas TennoTa IMJaBJeHUsA JbJa
r = 0,33 M]x/Kr, ynenbHas TeIlJloTa nmapoofpa3oBaHus 3gupa
A = 0,38 MIIx/kr.

399. Boga MoeT ObITh IepeoxyaxKacHa 10 TeMnepatypsl f = —10 °C.
Takoe cocTOsiHNE BOABI HEYCTOUYUBO, U IIPU TO00OM BO3MYIICHUH BOAA
MpeBpallaeTcs B Jef ¢ TeMnepaTypol f, = 0 °C. Kakosa mMacca m,, nbja,
oOpa3oBaBMIerocs U3 NepeoXnaxkaAeHHON BOAIbI, ecliu Macca ee m = | kr?
YaenbHast TEMNOeMKOCTh BoAbl ¢ = 4,2 kJIxk/(kr - K). YaenwHas Temno-
Ta mjaasneHus abga r = 0,33 MJIx/kr.

400. KonbGa 3amonHeHa cMECBIO BOJbl M PTYTH, Macchl KOTOPBIX
my, =05 kr um, = 1 kr. Ilpu coobimeHnn cogepKUMOMY KOJIObI
konuyecTBa TemnoTel @ = 90 kJIX w3 KoJOBLI BLUIMBAETCH 4acTh
BOAIbI Maccekl m = 3,5 r. HailTn Koa¢¢pnuueHT 06’b€MHOTO pacHin-
peHHS PTYTH O.,. YHAelbHble TEMIOeMKOCTH BOABI M PTYTH
¢y = 4,2 k[Ix/(kr - K) u ¢, = 140 JIx/(kr - K), ux ninoTHocTH
p; = 103 kr/M® u p, = 13,6 - 10° kr/M?. KoahduumeHT 0GBHEMHOTO
pacmmpenns Bogs! o = 1,5 - 104 K-

401. B cocyp ¢ TaromuM JILAOM NOJIOXKHIJHM KYCOK JJAaTYHH MAacChl
m = 430 r. ITpu sTOM 4yacTh nbga Maccel m, = 200 r npeBpaTHiIach B
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Bony. Hailtn o6veM naTyHu V B MOMEHT HOTPYXKEHHS €€ B COCY].
YnenbHas TemoeMKocTh natynu ¢ = 0,4 k[Ix/(kr - K), ee minoTHOCTL
npu £y = 0 °C paBHa p, = 8.6 - 103 kr/M?. YenbHas TemnoTa miIaBjieHUs
nppa r = 0,33 MIx/kr. KoagguuuedT TuHEAHOrO pacIMpeHns TaTyHH
B=2-10°K".

402. B unnuHApe ABUTATENsl BHYTPEHHETO CrOpaHMs NpH pabore
06pasyloTcst ra3el, TeMnepaTypa KoTopsix £ = 727 °C. Temnepartypa
oTpaGOTaHHOrO rasa f, = 100 °C. [IpuraTens pacxonyeT B eIHHHLY Bpe-
MeHu Maccy m; = 36 kr/a TomnBa. Kakyro MaKCUMaJbHYIO MOJIE3HYIO
MOIIIHOCTE MOXET pPa3BUBaTh 3TOT ABUraTeNb? YeabHas TEIIOTA Cro-
pauuns ToruBa ¢ = 43 MIx/kr.

403. Bo ckonbko pa3 MakcuMmanbHO Bo3MoOXHBIA KIT[] mBuarartens
BHYTPEHHETO CropaHus 0oJbllle MaKCUMaNbHO Bo3MoxHoro KIIJI ma-
POBOH MalIMHBI, pabOTAaIOMIEH Ha MEperpeToM nape IpH TeMIepaType
t; = 300 °C, ecnu TeMnepaTypa ra3oB B LIMJIMHAPE NBUTATENS JOCTUTAET
t, = 1000 °C? OTpaboTaHHBIE a3 U NMAP UMEIOT OJUHAKOBBIE TEMIIE-
patyps! ¢ = 100 °C.

404. CynHo Ha TOBOAHBIX KPBUIBIX “MeTeop” pa3BMBaeT MOIHOCTh
N = 1500 kBt npu KIIJI geuratens n = 30 %. Haitn pacxon Tomnusa
Ha €UHHULY JJIUHBI TYTH NPH CKOPOCTH cyfgHa v = 72 KM/4. YHuenbHas
TerutoTa cropanus Tonansa ¢ = 50 MJIK/KT.

405. PeakTHBHBIA caMOJIeT MPONETAET CO CKOPOCTHIO U = 900 xM/1
nyTs s = 1800 kM, 3aTpauMBas Maccy TOIUIMBA m = 4 T. MOIIHOCTh
neuratens camojera N = 5900 kBr, ero KIT[I n = 23 %. Kakosa
yHeTbHAs TETIOTa CropaHus ¢ TOMIINBA, MPAMEHAEMOrO cCaMoONeTOM?

406. Kakyro Maccy KepocHuHa m NoTpeOoBanock Obl CXedb, YTOOLI
BBIBECTH CNyTHUK Macchl M = 10® Kr Ha Kpyromyio opOHTY BONH3U
MOBepPXHOCTH 3eMin, eciu Obl BCe KOJMUUECTBO TEMIOTHI MpeBpama-
nocek B pabory? Paguyc 3emnn R = 6400 KM. YnenbHas TemjioTa Cro-
paHus KepocuHa g = 46 M]JIx/kr.

407. KakoB KII[]l m pBuratenss aBTOMAIIUHbI MOIIHOCTA N =
= 20 kBT, ecnu nmpu ckopocTH v = 72 KM/4 OBUTATeNb NOTpebnseT
o0beM V = 10 5 OeH3uHa Ha myTd s = 100 kM? YpgenbHas TemjaoTa
cropanus 6eH3mHa q = 44 MJIxk/kr, ero mnotHocts p = 0,7 - 103 xr/M3,

408. B anexktpuueckoMm uvaiHuke MomHoctH N = 800 BT MoxXHO
BCKUIMATATE 006BbeM V = 1,5 nm Bogbl, HMeIOmIEN TEMNEPATYPY f; =
= 20 °C, 3a Bpems T = 20 mud. Haitu KIIJ] uaitnuka. YpenbHas
TeMmI0eMKOCTh Boabl ¢ = 4,2 k[Ix/(kr - K).

409. 3a BpeMsa T = 1 4 B XOJOOUIIBHUKE NMPEBPAIIAETCS B Jie[ NMpPHU
TeMnepatype f, = 0 °C Macca Bogbl m = 3,6 Kr, ©IMeBHIasg HAYANBHYIO
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remnepatypy ¢ = 20 °C. Kakag MomuHocTe N moTpebnserca XoJio-
IMTBHUKOM OT 3NE€KTPOCETH, ECIM OH OTHAET B OKpyXallee Mpo-
CTPaHCTBO B €MHMIY BPEMEHH aHepruro Q. = 840 JIx/c? ¥YpenbHas
TEMNOEMKOCTD BOIbI ¢ = 4,2 kJIx/(xr - K). ¥YoenpHas Teniiora nnasJje-
uud abga = 0,33 MJIx/xr.

410. IToesx maccel m = 2000 T IPH TOPMOKEHHU C YCKOPEHUEM a =
= 0,3 M/c? ocraHOBHUNCA CNycTA BpeMs T = 50 ¢ mocne Hayana TOpMO-
xeHns. Kakoe xonmuuecTBo TennoTel ¢ BBIAETUIIOCH NMPH TOPMO-
sKeHun?

411. C Kako# CKOPOCTBIO U JONYKHA BBINETETh U3 PYKbS CBUHL[OBAas
npoOHUHKA NPH BBICTPENE, COENaHHOM BEPTHKAaNBHO BHHU3 C BBICOTHI
h = 100 M, uyToOBI TIpH yape O HEYIPyroe Teao APOOHUHKA pacniiaBu-
nace? Hauanbnasa temnepartypa gpo6unku T = 500 K, remneparypa
nnaBiaenuss cBuHna T,, = 600 K. ¥YgenbHas TenjoeMKOCTb CBHHIIA
¢ = 0,13 k]Ix/(xr - K), ero ynenbHas TennoTa mnaeneHus r = 25 kJIx/Kr.
CuauraTh, 4TO BBIIENUBIIEECS KONUYECTBO TEMIOTHI PacIpefeTuioch
MeXNY APOOUHKON B TEJJOM IIOPOBHY.

412. bpycok Macchl m PaBHOMEPHO NONHUMAFOT 3a NMPHUBA3AHHYIO K
HeMy BepEBKY Ha BBICOTY /1 O OCKe, KOTOpas 06pa3yeT ¢ TOpH30HTOM
yron o. Bepepka napannenssa flocke. Koaddpuuent tpenus 6pycka o
IOcKy paBeH k. HaiiTh snepruro W, KoTopas UieT Ha HarpeBaHUe NOCKU
u Opycka.

413. Teno Maccel m = 1 Kr COCKaNnb3bIBAE€T C HAKJIOHHOH MIOCKOCTH
onuHBl [ = 22 M, KOTOpas 00pa3syeT ¢ TOpU30HTOM yron o = 30°. Cko-
POCTh Tena y OCHOBaHMs HAKJIOHHOH mnockocTH v = 4 m/c. Kakoe konu-
YeCTBO TEINOTHI () BBIZENUNOCH IIPH TPEHUH TeNa O MIOCKOCTh, €CITH
HavallbHasi CKOpOCTh Tena v, = 0?

414. Haiiti yacToTy BpallleHHs n Balla MapOBO MallIUHEI, €CITU Cpef-
Hee pgaBneHue mapa p = 1 MIla u Momuocrs Mammael N = 200 kBr.
3a ogun 060OpOT Bana MOPIIEHb JleaeT OguH padounit xop / = 0,5 m.
IInomane nopmusa S = 0,2 M2.

415, Ilyns Maccel m, JeTdAlas cO CKOPOCTBIO U;, MOMafaeT B
JepeBAHHBIN Ky6 Maccbl M, nmexaluili Ha rijagkoM cTone, U npoou-
BaeT ero. HadTu sHepruro W, mpeBpaTHBIIYIOCA B TENNO, €CIHU
Iynsl Ipollta 9epe3 HNeHTP KyGa M CKOPOCTH €€ IOCHe BBhINeTa crana
paBHOH v,

416. HaiiTu KONM4ecTBO TENMNOTHl , KOTOPOE BBIENHIOCH IIPH
aGCONMOTHO HEYNMPYroOM COYJApeHHH [BYX IIapoB, MBUrABIIKMXCS Ha-
BCTpEYy APYr APYyry. Maccel nepsoro u Broporo mapoB m; = 0,4 kr u
my, = 0,2 KI, UX CKOpOCTH U = 3 M/c M U, = 12 M/c.
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§ 14. 3aKoHbBI HI€AILHOTO ra3a U ypaBHeHHe COCTOAHUSA

CocrosiHye rasa onpejensiercs ero o6beMoM V, faBleHueM p U TeMIepary-
poii t. 3aKOHBI ANsl HAeaNbHLIX Ta30B BhIpaXkaroTcsl 60yiee NpocTbiMu (POpPMY-
flaMM, eCJIM TeMIlepaTypa BblpaxeHa B kenbBuHax: T/K = t/°C + 273,15. Ecnu
Macca rasa IOCTOsIHHA, TO COCTOSIHME Ta3a ONMCBIBAETCSl CICAYIOIIUMM 3a-
KOHAaMH.

3akoH bo#ins—-MapunorrTa. IIpu nmocrosuHofi Temneparype
(M30TepMUYECKHUIT NpoLiECE, | = const)

mVy=pVo= o= ppVo,

Wiy
PV = const. “

3axon Icii-JIwccaxka. [Ipu nocroduuom pasnenuu (M306apHLIA
npoitece, p = const) 06bem raza rpu TeMneparype ¢

Vr = ‘/’()(1 + Ott).
e Vi — 06beM raza upu ty = 0°C w o = (1/273) K-! — TeMmnepaTypHbrit
k03 hpuyieHT 00 BEMHOI0 PacTHPEHNs, WIH
VIT = const. (5)

3akon Ilapns Ilpu nocrosHHOM o6heMe (M30XOpHBIA mponece,
V' = const) gaBiecHue raza npu TeMieparype !

pr=poll + Bo),
rae py — gasienue rasa npu 1y = 0 °C u B = o = (1/273) K-! — reMueparypHblii
KO3 (pULHEHT IaBIEHUS!, HITH
p/T = const. (6)

O0bepgHMHEeHHBIH ra3o0BbBH 3aKoH [Ipd HeOONbIINX MIOTHO-
CTSIX ra3bl MOUUHSIIOTCS yPaBHEHUIO

mVAiITy = pVolTy, = .. = poVy/ Ty,

Wiy
pV/T = const. N

Benwaunsl pgy, Ty ¥ Vy COOTBETCTBYIOT ‘“HOPMAaJbHOMY COCTOSIHUIOW Tasa,
T.e. COCTOSIHMIO mpu py = 101,325 xIla (760 MM pT. ct.) u Ty = 273 K. 3auu-
MaeMblfl Ta3oM 00beM TIPONOPIHOHANIEH KONHUECTBY raza V. Eciu konudge-
CTBO Ta3a vV = | MOJIb, TO IPH HOPMAJIbHBIX YCIOBUSIX (FABNCHHUH Py ¥ TEMIIC-
patype T() coriracHo 3aKOHy ABoragpo nt0oif ra3 3auuMaeTr oGbeM
Vou = 22,41 - 1073 M¥*/mons. CniegoBaTensHo,

poVou/To=R.

BenuuuHa R ogHa u Ta Xe pius Beex rasos: R = §,31 Ix/(Mons - K) — 11 HocuT
Ha3BaHWe Ta30BOH MOCTOSHHOI.
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TakuM o0pa3oM, OO BEHHEHHBIN Ta30BbIN 3aKOH I V = 1 MONb MOXHO
npeacTaBiTh B BAC

pVu=RT. (8)

STO COOTHOLIEHHE Ha3bIBaeTCsl ypaBHeHHeM Knane#pona—Menpeneesa.

YpaBHeHHE COCTOssHHs HMACaTbHOro rasa. das npo-
M3BOJTBHOI'O KOJTMUECTA ra3a V 06beM NPU TeX XKE YCIOBUAX YBENHIHBAETCS
B v pa3. CieioBaTeNbHO, BO CTONLKO K€ Pa3 YBEIWUUBACTCA M Npasas 4acThb
ypaBHeHHs (8), T.e.

pV =VRT = ’;—l RT, ©)

rjge v = m/p, m - Macca rasa u [t — cro MonsipHast Macca. BeipaxkeHnne (9) HocuT
HA3BaHHME YPAaBHCHHUSI COCTOAHWS HjicanbHOro raza. OHO onpejpenser cCBs3b
ME3KJTy NapaMeTpaMu, XapaKTEPH3YFOMMMH COCTOSIHAC rasa. [71s1 Heu3MEHHOTO
KOJHYECTBa Ta3a V NMOCTOSHCTBO OJHOTO M3 NMapaMEeTpPOB NPUBOAWT K 3aBH-
CHMOCTH MEXJY JIBYMsI OCTaBHINMHCS, T.€. K YPABHCHHIO COOTBETCTBYOLICTO
ra30Boro 3akoHa. Tak, npu T = const nonyuaetcs 3akoH boing—MapuoTtra (4).
npwu p = const — 3akoH 'efi-Jltoccaka (5) u npu V = const — 3akon Wapms (6).

3akxon [JJanbTOHa (3aKON NapuHANTbHBIX faBneHuil). [dasncuune,
KOTOpPOE OKa3bIBasd Obl ra3, BXOAMIUMHA B COCTaB CMECH, €CH Obl OH OB OJHH
B 3TOM COCYj€, Ha3blBaeTcs napumanbHbiM. CorinacHo 3akoHy HanbToHa
AABJICHHE CMECH Ta30B PaBHO CYMME HX NaplHajbHBIX NaBicHAA. C TOUKH
IPEHNS MOJICKYTSIPHON (PU3NKH, COTJIaCHO KOTOPOW AaBICHUE OOBACHAETCH
yllapaMH MOJEKYJ O CTEHKH COCYAa, 3aKOH JJanbTCHA 03HAUAET, UTO ACHCTBUSI
Ha CTEHKH COCYjla MOJEKYJ KaX/JOro U3 ra3oB CKNafkIBatOTCs. B wacTHOCTH.
3akoH JlanbTOHA NPUMEHHM M NpH A00aBICHHM B COCYA, B KOTOPOM YKE
HaXOIUTCA T'a3 MojJ, JaBIeHUEM ), HEKOTOPOro KONH'IECTBA 3TOrO Xe ra3a. B
3TOM clTyua€ NapluailbHOE [aBleHHe JOOABIEHHOTO ralza MOXHO pac-
CUMTBIBATh TaK, KakK e€clu Obl cocyiy ObL1 nycroil. OKoHUYaTENLHOE Xe aBsje-
HHe OyfleT CKTafbIBaThCAd U3 ITOTO MAPLUHATBHOTO AaBJICHHS W JaBNCHUS Ta3a
] B cocyfe.

YpaBHenust (4)—(9) ONUCBIBAIOT TONBKO TaKWe COCTOSIHMS, 7151 KOTOPBIX BO
Bcex TOUKax 00'beMa, 3aHUMAaeMOTI0 ra3oM, TEMIEPaTypbl 0 faBICHHS OfHHA-
KOBBI, T.€. COCTOSIHHA, KOTJla ra3 HAXOJIHUTCS B TEMITOBOM paBHOBecwu. Ipwm
HeNnpepbIBHOM M3MeHeHuH p, V u T ypaBHeHmus (4)—~(9) npUMEHNMbI KO BCEH
HOCITEelOBATENbHOCTH COCTOSIHAN TOJIBKO NPH OECKOHEYHO MENJIEHHBIX NPO-
eccax, KOrja HepaBHOMEPHOCTH B paclpefleIeHHH TEMIEPATYPhI U ia BITCHUs!
6eckoHedHO Manbl. Eciii npoueccbl HAyT He OECKOHEUHO MEMJIEHHO, pac-
CMOTpCHHBbIC YpaBHEHWsSI KaK ypaBHCHHMS NPOUECCCOB HE MMEKT CMbICha, HO
OCTaroTCs CpaBe/TMBbIMY KaK YPaBHCHMsI COCTOSIHUSL 71T MOMEHTOB BPEMCHH,
KOTJla Ta3 OKa3bIBAa€TCA B COCTOSIHMM TETMIOBOTO PaBHOBECHS.

417. TlpenctaButh Ha rpadukax, B koopguHatax p, V;p, TuV, T
HM30TepMUYECKHI IPOUECC A1 ONHOTO MOJI rasa IPH TeMIepaTypax
T=TyuT=3T,.
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418. Tlpu HOpManbHBIX YCIOBHUAX ra3 3aHuMaeT o6beM V=1 M3
Kakoit 06eM V 6ygeT 3aHUMATh 3TOT ra3 IpU U30TEPMHUYECKOM CXKa-
THH #o paBieHus p = 4,9 MIla? HopmanpHoe aTMocepHOe pabie-
Hue py = 0,1 MIla.

419. I'a3z cxaTt uzoTepMuueckd oT obbeMa V,; = 8 1 go o6neMa
V, = 6 n. [laBnenue npu 3ToM Bo3pocio Ha Ap = 4 klla. Kakum 6b110
IepBOHAYAJIbHOE aBJIECHHE P,

420. Kakoro faBieHHe ra3a B UUIHHAPE NOJ
NOpIIHEM, €CJIH NOpIIEHb YAEPXKHUBAETCH B
PaBHOBECHH IPH IIOMOLIM CTEPKHs, BOOJb KO-
Toporo geicteyet cuna F = 9,8 H (puc. 57)?

Puc. 57 [Tnomape nopmHs S = 7 cM?, CTEP>KEHb COCTAaB-
NS€T ¢ HOpMajbl K MOPIIHIO yrou o = 30°.
ATtMocepHoe gaBnenne py = 0,1 MIla. TpenneM npeHe6Gpeus.

421. B 6annone o6bema V = 10 1 HaxoguTcs KHCIOPOX, Macca Ko-
Toporo m = 12,8 r. JlaBneHue B 6annone usMepsercd U-ob6pa3HbIM
MaHOMETPOM, 3amojNHeHHbIM BonoH. KakoBa pasHOCTH ypoBHeH Ah
BOIBI B TpyOKax MaHOMeTpa IIpH TeMieparype rasa ¢ = 27 °C? ArMo-
cchepHoe pgaBnenue py = 0,1 MIla. [InoTHoCTh BOABI p = 103 KI/M3,
MonspHas Macca kaciopopna | = 0,032 kr/Mons.

422. B umnuHApe [O[ MOPIIHEM MacChl m = 6 KI' HAX0-
putcsa Bo3nyx. [lopmeHs uMeeT (oOpMy, IOKa3aHHYIO Ha
puc. 58. Ilnomans ceyenus pumuHgpa S, = 20 cM?2. ATMo-
cpepHoe pamineHue py = 0,1 MIla. Haiftu mMaccy rpysa M,
KOTOPBIA HAajgo MOJIOXHUTH Ha MOpPIIEHBb, YTOObI 06beM
BO3AyXa B UWJIHMHAPE H30TEPMHYECKH CXKAaTh B OBa pasa.
TpenneM npeHebGpeyb.

Puc. 58 423. OguH KOoHel LWIMHAPHYECKOA TPYOKH ANUHBI [ =

=25 cM u paguyca ¥ = 1 cM 3aKkpbIT NpobKoil, a B gpyro
BCTaBJIEH NOPIIEHb, KOTOPBIA MEINJIEHHO BABUraroT B Tpybky. Korga
NOpIIEHb NOABHUHETCS Ha paccTogHHe Al = 8 cM, npoOKa BbLIETAET.
Cudrag TeMnepaTypy HeM3MEHHOH, HAUTH cUIy TpeHus F NpobKu o
CTeHKH TpyOKH B MOMEHT BbLIETAa NPOOKH. ATMoc(epHOE NaBIeHUE
Py =0,1 MITa.

424. Y3kag quHHIpUUYeckas TpyOka AnuHbI L, 3aKpbITasg ¢ OMHOrO
KOHUa, COOEP>KUT BO30YX, OTHCJIEHHBIA OT HApy>XHOI'O CTONOHKOM PTy-
TH IJIMHEL A. Tpy6Ka pacronoskeHa OTKPBIThIM KOHUOM BBepX. KakoBa
6b1na giuHa ! cTonbuka Bo3gyxa B TpyOKe, eciii IpH MlepeBepThIBAHUU
TPYOKH OTKDBITHIM KOHUOM BHH3 M3 TPYOKH BBHINHIAch NONOBHHA
pryti? [1noTHOCTE PTYTH paBHa P. ATMOC(EepHOE JaBJeHAe PABHO Py.
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425, TlocepenuHe OTKaYaHHOH W 3amasiHHON ¢ 0OOHX KOHILIOB TOpPH-
30HTANBHO PACIONOXEHHOH TPYOKH ANUHBI L = 1 M HaXOgUTCs1 CTONOUK
pTyTH AnuHBLI b = 20 cM. Ecnu Tpy6Ky MoCTaBUThL BEPTHKANBHO, CTOMN-
OGUMK pTYTH cMecTHTCsl Ha pacctosHue [ = 10 cm. J1o kakoro gaBleHud p
6bl1a 0TKauaHa Tpy6ka? IlnotHocTh pTyTH p = 13,6 - 10° KT/M3.

426. 3anasHHYIO ¢ OJHOTO KOHLA TpYOKY ANHUHBI L = 76 cM Mo-
rPYKalOT B BePTHKANbHOM IONOXEHUU OTKPBITBIM KOHLIOM B COCY[
¢ pryteio. Ha KakoM paccTosiHHH [ OT NOBEPXHOCTH JOJKE€H Haxo-
OUThCs 3aMasiHHBIA KOHEL TPYOKHU, YTOOB!I YPOBEHL PTYTH B HEH ObIn
HHXE YPOBHSl PTYTH B cocylle Ha Benu4yuHy h = 76 cM? IInoTHOCTB
pryta p = 13,6 - 10? kr/M3. ATMocepHOe naBnenue p, = 0,1 Mlla.

427. OTKpBITYIO ¢ 060HX KOHLIOB TPYOKY ANHHEBI L = 2 M IIOTpYKaloT
B BEPTHKAJILHOM MOJIOXKEHHH Ha IOJIOBUHY €€ JJIMHBI B COCY] C PTYTBIO.
B Tpy6Ky BaBHraioT nopmeHb. Ha KakKoM paccTOsiHHH [ OT NMOBEPXHO-
CTH PTYTH B COCYA€ NOJKEH HAaXOOHTbCA MOpUIEHb, YTOOBI YPOBEHb
pPTYTH B TpYOKe OMycTHICA Ha BenHuuHy /i = 1 M? [InoTHOCTB pTYTH
p = 13,6 - 10° kr/M3. AtmocdepHoe naBnenue p, = 0,1 MIla.

428. K guy uunuHapa anueel /| ¢ NNOMAABIO MOMNEPEUYHOTO Ceve-
HHs S| mpHgenaHa TpyOKa JJIHHBI /, C OIOIAfbIO IONEPEYHOIO cede-
HHS §,. TpyOKa 1eUKoM MorpykeHa B pTyTh (pHc. 59).
Ha Kakyro BeTHUHHY /1 OYCTUTCS PTYTh B TpyOKe, €CH
BBIIBUHYTh TOpPLIEHb 10 caMoro aHa uanuaapa? Ilpu
KaKO#i MUHMMaNbHO! MIO[ANH MONEPEYHOrO CEUEHHUs
uunuHapa S; U3 TpyOkH OyHeT BBITECHEHA BCSl PTYTh?
IInoTHOCTH pTYTH paBHA pP. ATMOC(EpHOE HaBlEHHE
PaBHO Py,

429. B cocyp ¢ pTYTBIO IIOTPYK€Ha B BEPTHKAILHOM
NONOXEHUH TPYOKa C MOPHIHEM, OTKPbITasl C HUXKHETO
KOHIa. Ecnu moplieHb HaXOBHTCS Ha PacCTOSIHHH
lo=1 cM OT MOBEpPXHOCTH PTYTH B COCYAE, TO YPOBHHU
pPTYTH B cocyfe ¥ TpyOKe ogHMHaKOBBI. HalTH gaBneHue BO3Ayxa p B
TpyOKe mocne NnogbeMa MOPILIHS HAJ YpOBHEM PTYTH B cOCyde [0
BbIcoThbl / =75 cM. IInotHocth pTyTH p = 13,6 - 103 kr/M?. ATMOChEp-
Hoe naBneHue py = 0,1 MIla,

430. Ons usMepeHus ryOHUHBI OTPY:KEHHS B MOPE Pa3NUIHBIX [IPH-
6OpoOB MpHMEHSETCs 3arasHHas ¢ ONHOr'O KOHIA CTeKNsIHHas TpyOka
nnussel /=1 M, KOTOpasi morpyxaeTcst B BOly BMecTe ¢ IpHOOpaMu B
BEPTHKANbHOM ITONOXEHUH OTKPBITHIM KOHIIOM BHH3. MaKcUManbHast
rnyOomHa NOTpy:KeHHs H BBIUMCHASETCS IO MHHHMAalbHOH BBICOTE [
CKATOTO BO3ayXa B TpyOke. [Ina onpeneneHus BbICOThI [ BHYTpEHHHE
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CTeHKH TPyOKH MOKPBIBAIOTCA JIETKOPAaCTBOPUMOH B BOJE KpPacKoOH.
Ta wacTe TpyOKH, KyAa He NPOHHKIA BOJA, OCTAaeTCsl OKpallleHHOH.
Ha xakyro rimy6uny H Oblna onymieHa TpyOka, eCciid 0Ka3aloch, YTO
1 =0,2 M? TInotHOCTE BoOmkl P = 103 Kr/M3. ATMocepHOe NaBicHHE
po = 0,1 MIla. TemnepaTtypy Bo3ayxa B Tpy6Ke CUHTATh MOCTOSHHOM.

431. Ily3pipex BO3AyxXa MOAHUMAETCA CO JHA BOJOEMA, UMEIOMIETO
riy6uny H. Hafitn 3aBucHMOCTb paguyca my3bIppKa 7 OT rIyOHHBI A
€ro MECTOHAXOX/EHHS B IaHHBI MOMEHT BpPEMEHH, €CITU ero 06'beM Ha
nHe BopgoeMa paBeH V. CHIIbI NOBEPXHOCTHOIO HATSXKCHHS He YYH-
THIBATh.

432, ToHku#l pe3HHOBBIN IIap pagdyca r; = 2 CM 3allOJTHEH BO3AYXOM
npu temneparype ¢, = 20 °C u pasnennu p, = 0,1 MIla. Kakos 6yner
pafuyc 11apa r,, ECJIM €ro ONyCTHTh B BOAY € TeMIlepaTypoii 1, = 4 °C Ha
rnyouny h = 20 m?

433. V3 3aTOHYBMIUX NOABOAHLIX TONOK HHOTAA CMACATHCH, OTKPhI-
Basl CHauaja HUXKHHE KJalaHb! (KHHTCTOHBI), a 3aTeM BEPXHHI JIOK, ¥ C
ny3bIpeM BO3[yXa BBICKAaKHBaJlH Ha INOBEPXHOCTH. Kakas pmoxst k
o6'beMa JIOOKH HE 3aJIMBajiach BOJOH MOCIE OTKPBLITHS KUHICTOHOB,
€CIIH JIOKa Haxopunach Ha riny6uHe h =42 M? IInmoTHOCTE MOpCKOW
Boabl p = 1,03 - 10% kr/M®. Havanbnoe naBlieHue BO3[yXa B JIOAKE
py=0,1 MIla.

434. O6onouky aspocraTa, 06beM KoTopol V| = 600 M, 3anonHsioT
npH aTMocdepHOM aaBieHUH pg = 0,1 MIla renuem, umeromum o6bueM
V, =500 M*. Ha kakoil BeicoTe Haj ypoBHEM 3eMJIU ra3 LEeTHKOM
3anoiHUT 060s0uKky aspocrara? ATMmochepHoe faBIeHHe yObLIBaeT
BOH3U 3eMnu Ha Ap, = 133 Ila npu nogbeMe Ha kKaxable AH =11 M
BBICOTEI. TeMIepaTypy CUHTaTh NOCTOSHHOM.

435. [1Ba 0gMHAKOBBIX COOGUIAIOIUXCS COCYA C HOPILIHSAMH YacTHY-
HO 3aIOJIHEHb! XUAKOCTBIO C INIOTHOCTEIO p. Pac-
CTOSIHUS NOPIIHEH OT NOBEPXHOCTEH XKHJKOCTH
ONMHAKOBBI H paBHBI H (pHc. 60). OguH U3 nopui-
Hell 3aKpelliel, a BTOpO IOAHUMAKOT Ha BHICOTY /.
ITpu xaxoif BbicOTe & pa3HOCTh YPOBHEH SKHAKOCTH
B cocyfax OyneT paBHa H? HauanbHoe paBneHue
BO3[lyXa B KaXK[IOM H3 COCYJOB PaBHO p.

436. Pryth, Hanutas B U-00pa3Hyio TpyOKy, He
AOXOOMT OO €¢ KOHIOB Ha paccrossHue h = 20 cM.
Onpno xoneHo TpyOku 3anasiHo (puc. 61). Halitu nonukenue h, ypoBHs
PTYyTH B OTKPBITOM KOJIEHE, €CIIH NpPH BBINYCKAHHH YacTH PTYTH
yepes3 KpaH €€ YpOBEHb B 3allassHHOM KOJICHe MIOHU3UICS Ha h; = 18 cM.

Puc. 60
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[InotHocts pTyTH P = 13,6 - 103 kr/™M3. ATMOcthepHOe gaBneHne py, =
= 0,1 MIla.

437. Haittu o6weM U 3acaceiBalonieidl  KaMepsbl
HOPIIHEBOrO HAcoca, €CNH IPU OTKAYMBAaHHH 3ITHM
HACOCOM BO3JlyXa u3 0annoHa o6weMma V =4 1 paBneHue
yMEHBILAETCS TP KaXKAOM LMKJe B n = 1,2 pa3a.

438. Hacoc nMeeT 06beM 3acachbIBaloNel KaMephl U.
3a CKOJIBKO HHUKJIOB pabOThI HacoCa MOXHO OTKA4aTh
6annoH ob6beMma V, CHU3UB AaBJICHHE B HEM CO 3Hade-
Hus p o p,? TeMnepaTtypy cHHTaTh NOCTOSTHHOM.

439. KoMnpeccop. obecneunBaronnii pabory otéon-
HBIX MOJIOTKOB, 3acachIBacT U3 aTMOC(EPHI B €UHHLLY
BpeMcHHU 00beM Bozayxa V= 100 n/c. Ckoneko oTO0OM-
HbIX MOJIOTKOB MOKET paGoTaTh OT 3TOTO KOMIIpEccopa, €cii Kask-
ABINl MOJIOTOK PacxofgyeT B €OMHHLY BPeMEHH Oo0bEM BO3AyXa U; =
= 100 cM*/c npn paBnenun p = 5 MI1a? ATMmocgepHoe gaBieHUe p
=0,1 MITa.

440. [To xkakoro gaBneHus HakadaH (pyTOONBHBIA MAY 00beMa V =
=3 1 3a n = 40 kayaHu# TOPIIHEBOTO Hacoca? [1pu KasKmoM KayaHuH
Hacoc 3axBaTbiBaeT u3 atMochepsl o6beM Bo3ayxa v = 150 cm’.
AtmocdepHoe gasnenne p, = 0,1 Mlla.

441. KaMepsl aBTOMOOHITBHBIX INMH HAKAa4YWBAIOTCS NPH NMOMOIIH
Hacoca, paboTaroero ot asurateis. CKONbKO BpeMeHH TpebyeTcs s
TOro, 4robel KaMepy o6bvema V =6 nm HakayaThb [0 HABIEHHA p =
= 0,5 MITa, ecnu npu KaxAOM LUKIIE HACOC 3aXBaThIBacT U3 aTMocge-
pbl HWJINHAPWYECKUH cTon6 Bo3Ayxa BbICOTHI /£ = 10 cM M mumameTpa
d =10 cM m ecnm BpeMsa ogHoro KauaHusa T = 1,5 ¢? HauanbHoe
maBJicHue B KaMepe p, = 0,1 MIla.

442. JIBa cocyfa, HANOJHEHHBIX BO3[YXOM IIpH HAaBJIECHHUAX
P =0,8 MIla u p, =0,6 MIla, umeror o6bemol V=3 nuV,=5 n.
Cocynbl cOeqUHAIOT TPYOKOM, 06 bEMOM KOTOPOHW MOXKHO NpeHeOpeyb
IO CPaBHCHUIO € 00beMaMH cocyRoB. HallTh ycTaHOBUBILIEECS faBJICHUE
p B cocypax. TemniepaTypy cUNTaTh NOCTOSTHHOI.

443, J1Ba cocypa c o6beMamu Vy = 40 n u V, = 20 i1 copepskar ras npu
ONMHAKOBBIX TEMIIEPaTypax, HO pa3HbIxX AaBieHusAX. [locne coegnHeHMs
COCYHIOB B HHX YCTaHOBMNOCH faeneHue p = 1 Mlla. Kakoro 6b110 Ha-
YaJbHOE aBJIEHHE p; B GOJbIIEM COCYHIE, €CNIA HAaYallbHOE [laBJIcHUE B
MEHbILIEM cocype p, = 0,6 MIla? TemnepaTypy cunTaTh IOCTOSIHHOM.

444. Tpu cocyfa ¢ OMUHAKOBLIMHI OOBEMaMH COOOLIAIOTCA MEXKAY
co6oii kpaHamu. [1epBblil cocyf CONEepKHUT ra3 Maccel m;, TPETHH — TOT

i
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3Ke ra3 Macchl m,, BO BTOpOM cocyae — BakyyMm. CHavana CoegquHHIH
BTOPOH M TPETHH COCYAbl, 2 KOTa NABJIECHUE BBIPOBHAIOCH, BTOPOH
COCyJ] OTCOEOUHHIIA OT TPEThErO U COSNUHWIN C NepBbIM. JlaBleHe B
NEPBOM H BTOPOM COCYHaxX YCTaHOBHJIOCH PaBHBIM p. HaiiTi HavanbHOe
OaBJICHHUE p| B IEPBOM cocyje. TeMnepaTypy CUNTATh NOCTOSTHHOM.

445. IlpencraButh Ha rpadukax B koopauHatax p,V;p, TuV, T uzo-
GapHbIi IpOLieCC A OGHOTO MOJIA I'a3a IPH JaBJICHUIAX p = Py U p = 3p).

446. I1pu HarpeBaHuu ra3a Ha AT = 1 K npn noctossHHOM [aBIeHUN
00'beM ero yBeJIMUWICS B [1Ba pa3a. B KakoM MHTepBane TeMIepaTyp
NPOMCXOIMIIO HarpeBaHue?

447. T'a3 HarpeBaroT OT TeMneparTypsl f; = 27 °C go TeMnepaTyphl
t; = 39 °C npu NOCTOSIHHOM HaBJeHUH. Ha CKOJIBKO NPONEeHTOB yBeTH-
quJIcs ero 06bem?

448. IBa cocyna ¢ oJuHAKOBbIMH 00beMaMu V coeUHEHBI TOHKOR
KaWJLISpHOR TpyOKoO#, 06 b€MOM KOTOpPOHM MOXHO NnpeHebpedsb 1o
CpaBHEHHIO ¢ 00beMaMH COCYAOB. B cepefiuHe Kanwinspa HaXOXUTCA
Karis pTyTd. HailT 3aBHCHMOCTE MEXIy OTHOCHTEILHBIM H3MEHe-
HueM TemnepaTypsl AT/T U cMemieHueM Karutd Al, ecju HavajibHas
TeMIlepaTypa ra3a B 060HX cocyfiax 6blia paBHa 7 M HarpeBaeTCs TOJb-
Ko oguH cocyn. Ilnomanb xkanuispa paBHa S.

449. ITonbi mapuk o6wveMa V = 100 cM? cHabXeH NIUHHON TPyOKOH
¢ penenusaMu. O6beM TpyOKM MeXAY COCENHHMH JeNeHUAMH AV =
= 0,2 cM?. B mapuke u 9actu TpyOKH HaXORHUTCH BO31YX, KOTOPBI# OT-
JeJIEH OT Hapy»KHOI'O BO3Ayxa Karulel pTyTH. [lpu Temnepatype t =5 °C
KaIuls pTyTH CTOMT ¥ feieHusa n = 20. B Kakux npefenax MOXHO H3Me-
pATh TEMIEPATYPY TaKHUM TEPMOMETPOM, eclid Tpybka umeet N = 100
nenenuit? TeIUTOBBIM paCIIMpEHAEM IApHKa U TPYOKH NIpeHe6peyb.

450. 3axpeIThIi TUIHHAP, PACIIOJIOXKEHHBIA FTOPH30HTAIBHO, pa3fe-
JIEH Ha [iBe 4aCTH NMOJBHKHbIM nopmHeM. OfgHa 4acTh UWIMHAPA 3ano-
HeHa HEKOTOpBIM KOJHYECTBOM rasa NpH Temmneparype {1 =-73 °C,
Apyras — TaKUM >Xe KOJNHYECTBOM rasa IpH Temmepatype f, = 27 °C.
ITopmiens Haxopurca B paBHoBecuu. Halitu o6vembl V| u V,, 3aHH-
MaeMble r'a3oM B IBYX 4YacTAX UMJIMHApA, ecnu obuiuit o6bveM rasa
V =500 cM?.

451. llnnuHgpUYecKMi COCYHN, pPacloJOXEHHbIH IOPH3OHTAILHO,
3alOJIHEH ra3oM Ipu teMneparype ¢ = 27 °C u gaBneunu p = 0,1 Mlla
U pasfiesieH Ha JBe paBHbIE YacCTH NOIBUXHOI Neperopogkoil. Kaxopo
OymeT gaBJEeHHE p’, €CIM B OJHOH YACTH ra3 HarpeTh JO TeMIepa-
Typhbl ¢’ = 57 °C, a B gpyro#l — TeMnepaTypy rasa ocTaBuTb 0e3 u3-
MEHEHMA? ‘
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452. llunuuap pasgeiieH Ha [ABe YacTH MOABHUKHBIM MOPLIHEM,
HMEIIUM Maccy m U miomaas cedeHus S. Ilpu ropusonTansHOM
NOJIOXKEHUHM UMJMHAPAa AaBJIeHHE rasa B cocyfe No o0e CTOPOHBI
NOPLIHS ONMHAKOBO U paBHO p. HaliTh gaBnenre p’ra3za Haj MOpLIHEM,
KOTHAa UMJHHAP PACNOJIOXKeH BEPTUKaNbHO. TeMiepaTypy CUMTaTh IO-
CTOSTHHOH.

453. B Tpybke pnunsl L = 1,73 M, 3an01HEHHOM ra3oM, HAXOAUTCA
CcTONOUK pTYTH AiauHBI /1 = 30 MM. Korga TpyOka pacnosnoxeHa BepTH-
KaJIbHO, PTYTh AEJHUT TPyOKY Ha IBe paBHbIE uacTH. [JaBieHne rasa Hapg
prythio p =8 klla. Ha kakoe paccTosiHue ! caBHHETCA PTYTb, €CIH
TpYOKY MOJIOXUTE Fopu30HTaNbHO? IlNOTHOCTE PTYTH paBHa p.

454. B o6beme V =4 i1 HaxopguTcsd macca m = 0,012 kxr raza npu
temnepatype T =450 K. Ilpu kakoil Temnepatype T’ INIOTHOCTB 3TOrO
rasza p’ = 6 xkr/m>? JlaBiieHne CUNTATH MOCTOSHHBIM.

455. OTKpBITYIO CTEKIJSHHYIO KoJ0y, MMewylo ¢opMmy Liapa
paguyca r =2 cM, C TOPIAbIIKOM miuHbL [ =10 cM m AuameTpa
d =1 cM Harpesu JO HEKOTOpO# TEMINepaTypsl [, a 3aTeM NMOTPY3UIH
UEJMKOM B BOAY rOpJblIKOM BHH3. [lpm oxnaxpenun xoibnl Bopa
Boliuia B ropiblmiko. Korga konGa npuHsAina TEeMIEPATYPY BOMBI
1, = 13 °C, ee npunogHsAIN U3 BOABI, HE NEpeBOpaymBas, Tak YToO LIapo-
o0pa3Has 4acTh 0Ka3aj1ach HaJl BOROH, a FOPJIBILIKO — YaCTHYHO MOTPY-
KeHHbIM B Bopy. Korpga ypoBHH BOAbl B TOPJIBILIKE M CHapY>XH BBI-
POBHSUJINCEH, TIOJ BOROH OCTajach NMoJOBHHA ropabliika. Kakosa Temne-
paTypa {,, 1o KoTopoil 6b11a HarpeTa Konb6a? TennoBbIM pacLINpeHNEM
KOJIObI NpeHeOpeYb.

456. Bo3gyx B OTKPBITOM COCYAE HarpeBaloT OT TEMMNEPATYphI
t; = 10 °C po temnepatypsl £, = 600 °C. 3aTeM, repMeTHUECKH 3aKPbIB
€OCyf, OXJaXAaoT BO3AYX B HEM A0 NMEPBOHAYAJIBHON TeMNepaTyphl /.
Ha#iTn nmiaoTHOCTE BO3[yXa B COCyAe NpH TeMneparype f, W mocie
oxnaxkgeHua. [INOTHOCTH BO3[yXa NMpH HOPMAJBHBIX YCIOBHAX Pg =
= 1,3 kr/M>3. TenIoBbIM pacUIIPEHUEM COCYAa IPEeHeOpeYb.

457, IlnauHAp ¢ TSXKENbIM NOPIIHEM, PACHOJIOXKEHHBIN BEPTUKAJb-
HO, 3aTIOJTHEH KHCIOPOROM, Macca KoToporo m = 10 r. ITocie yBenuue-
Hug TeMmnepaTypbl Ha AT =50 K nopuieHs nopHsjicsa Ha BBICOTY
h =7 cM. Haiitu Maccy nopuiis M, eciiv faBjieHHe ra3a Haj| NOPLIHEM
po = 0,1 MITa. ITnomaap nopums S = 100 cM?. MonsgpHas Macca KHCTO-
pora p = 0,032 kr/mMonb.

458. B 3anassHHON IIIHHAPHYECKOH TPYOKe, PacnooXKeHHOH Iropu-
30HTAJIbHO, HAXOAMTCS BO3AyX MPY HOPMAaJbHBIX yCIIOBMAX. TpyOka pa3-
ReleHa MOABMXKHBIM MOPIUHEM HA [BE YacTH, OTHOLIEHHE O06BEMOB
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koTopbix V/V, =1/2. [lo Kakoil TeMmepaTypbl {; CIeyeT HarpeTh
MEHBIIYIO YacTh TPYOKH U IO KaKOH TeMNEpATyphl ¢, OXJIaguTh 6O/1b-
IIYIO 4YacTh TPYOKH, UTOOBI NOPIUEHb AENUI TPYOKY Ha OBE paBHbIC
gacTu? Harpesanue u oxjaxkgeHue 0O0€UX YaCTeH NMPOU3BOAHUTCA NPH
VIT = const.

459. Tlocepenune 3aKpbITON ¢ 0OO0OHUX KOHIIOB TPYOKH MIMHBI L = 1 M,
PACIONIOXKEHHONH TOPU30HTANBHO, HAXOUTCS B PABHOBECHH MOIABUXKHAS
neperoponka. CrneBa oT Hee TeMmnepatypa rasa t, = 100 °C, cnpaBa —
t, = 0°C. Ha xakoM paccTosiHAH [ OT JIeBOro KOHIIa TPYOKH YCTAaHOBHTCS
MEpPEropoaKa, eCJId TEMIEPATypa BCETO ra3a CTaHeT paBHOH £, =0 °C?

460. OTkpBITYIO IPOOUPKY € BO3AYXOM IPH JAaBJICHUHU p; MEANEHHO
Harpeiad [O TEeMIlepaTypbl f,, 3aT€M TFEPMETHYECKH 3aKpPbLIH H
OXJAIHJIA 10 TeMnepaTypsl £, = 10 °C. JlaBneHde Mpyd 3TOM yNmano fo
p>=0,7 p;. Jo xakoil TeMmMnepaTypsl {; 6blma HarpeTa npobGupka?
TennoBbIM paciiupeHHeM [IPOOHPKU [IPeHEOPEUb.

461. B pumuHApe MOJ MOPIIHEM HAXORHUTCS BO3AYX NpH JaBIeHHH
pi = 0,2 MIla u Temneparype ¢, = 27 °C. Kakoii Macchl rpy3 m Hy3KHO
MOJIOKHUTh HA MOpIIeHb NOCIe HATPEBAHUA BO3[yXa A0 TEMIIEPATYPbI
t; =50 °C, aT06bI 06'b€M BO3lyXa B MUIHHApE GBI paBeH NEepBOHa-
qanbHOMY? [Tnomans nopius S = 30 cM2

462. ManoMeTp Ha 6aJJIOHE C ra30M B IOMEIEHHH ¢ TeMIEpaTypoil
t; = 17 °C nokasbiBaeT gaBneHHe p =240 xIla. Ha ynune nokazanune
MaHOMeETpa yMeHbUIOCh Ha Ap = 40 xIla. Hafitu Temnepatypy Bo3-
Ayxa Ha ynuiue, eciu atMocepHoe fasienne p, = 0,1 MITa.

463. IIpn M3roTOBIEHHH 3JIEKTPONAMI HX Ha-

2 [ONHAIOT HHEPTHBIM ra3oM NpPH TEMIEPATYPE

t, = 150 °C. Ilog xakuM JaBJIEeHHEM JOJIKHbI Ha-

MONHATHCS JaMIbl, 4YTOOLI NMPH TeMmieparype

| 1, =300 °C, xoTopas yCTaHABIHBAETCS B JIaMII€ [IPH
. FOPEeHHH, JaBJIeHHe He npeBbImaio py = 0,1 MIla.

. 464. [Joka3aTh, NOJB3ysSICh 3aKOHAMH HJEallb-

0 T HpIX ra3oB, PaBE€HCTBO TEeMIEPAaTYPHBIX KO3(-

(puLHEeHTOB 06'LEMHOrO paclIHpPEeHUs O H JaB-

nenuus f3.

465. Ha puc. 62 gaH rpa¢puk U3MEHEHHS COCTOSIHUS HIEATBHOTO ra3a
B kooppuHaTax V, T. IIpeacraBuTh 3TOT Nporece Ha rpapuKkax B KOOp-
nuHaTax p, Vup,T.

466. I'a3 nocnegoBaTeIbHO NMEPEBOXUTCS U3 COCTOAHAA 1 ¢ TeMIlepa-
Typoii Ty B cocTosiHUe 2 ¢ TeMnepaTypol 7,, a 3aTeM B COCTOsIHHE 3 ¢
TeMniepaTypoii T3 4 Bo3Bpainaercs B cocrosiade 1. Haiitu TeMneparypy

1%

Puc. 62
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T3, €CIIM MPONIECCH H3MEHEHHUS COCTOSHMS IIPOUCXONMIIHM TaK, KaK 3TO
fgoka3aHo Ha puc. 63, a reMnepatypsl T 1 T, H3BECTHBIL,
467. I'a3, 3aHuMaromil npu TeMmnepartype 7, = p
=400 K u gaBnenunu p, = 0,1 MITao6wem V, =2 1,
A30TEPMHYECKH CKHMAIOT 10 ob6beMa V, u maBie-
HHA Py, 3aT€M H300apHO OXJAKAAIOT 0 TeMIepaTy-
pb1 T3 = 200 K, mocie 4ero u30TepMUYECKH N3MEHSIOT 1
06beM 10 V, = 1 1. HaiiTi KoHe4HOE JaBJIEHHE Pj. ,f

468. Pemnth npepgpiaylyo 3afadyy rpacgpuyeckn, L. o
nmocTpouB rpacduku B KoopauHatax p, Vi p, Tu 'V, T. 0 v

469. BBIYHCINTh ra30BYI0 MOCTOSHHYIO R, KOTO- Puc. 63
pas BXOOMT B ypaBHeHue pV| = RT, onuceiBaroiuee
COCTOSIHHE OHOTO MOJIA ra3a.

470. Haiitr Maccy m BOoOpoja, Haxousmeroca B 6amioHe o6beMa
V =20 n nopn pnasnenueM p = 830 kIla mpu TeMmmepartype t =17 °C.
MonsipHaas macca Bogopopa L = 0,002 xr/mMons.

471. HekoTopslil ra3 Maccel m; =7 T nipu TeMmneparype t; = 27 °C
co3naeT B 6anmone paBienue p; = 50 xITa. Bogpopon Macchl m, = 4 T ipu
TeMmmeparype t, = 60 °C co3gaeT B TOM 3Ke 6aljloHe NaBJIEHHE P, =
= 444 xI1a. KakoBa MoJgpHas Macca [l; HeM3BeCTHOTo ra3za? Momnsapnas
Macca Bofiopopa L, = 0,002 kr/mMonb.

472. OTKpBITHIHA COCYH CONEP>KUT BO3NYyX MpH TeMNepaTtype ¢ = 27 °C.
Kakas yacTbs Macchl BO3lyXa OCTaHETCSA B HEM IIPH HarpeBaHUH 10 TeM-
HmepaTypsl ¢, = 450 °C? TenoBbIM paclIIpeHHEM cOCcya NpeHeOpeyb.

473. 13 6anioHa co CXaThIM KHCIOPOAOM M3PacXONoBall CTOIBKO
KHCJIOpOfa, YTO €ro flaBJeHHe ymauo co 3HadeHus p, = 9,8 MIla no
p> = 7,84 MIla. Kakas yacTh Macchl KHCIOpOfa H3pacxofoBaHa?

474. B 6annone o6bveMa V = 0,2 M3 HaxoguTCs Teui NIpH JaBICHUH
p1=0,1 MIla u temneparype ¢, = 17 °C. Maccy renus B 6anioHe
YBEJIUYHUIIH, IIPA 9TOM €r0 AaBJIEHHE MOBBICHIOCH 10 p, = 0,3 MIla, a
TeMmnepartypa — o t, =47 °C. Ha ckosnbKko yBennumiacs Macca reius?
Monsipaast Macca renus pL = 0,004 kr/Monb.

475. I'a3 Maccel m = 16 T ipu faBienun p = 1 MIla u Temneparype
t =112 °C 3anuMaeTt 066eM V = 1600 cm3. OnipefeiNTh, KakKo# 3TO ras.

476. HafiTn nioTHOCTD a3oTa NpH TeMnepaTtype ¢ = 27 °C 1 faBJIeHUN
p = 0,1 MIla. MoxspHas Macca a3oTa [ = 0,028 kr/Modb.

477. Breicora nuka Jlennna Ha [lamupe H = 7134 M. Atmocdep-
HOe QaBJieHHe Ha 3TOH BhicoTe p = 38 kIla. HaliTH MIOTHOCTEL BO3-
NyXa Ha BepHIMHE NHKa npH !y = 0 °C. MouspHas Macca BoO3fayxa
i = 0,029 kr/Moub.

81



478. Ilpu KakoM faBJI€HHH p MAOTHOCTH razo06pa3HOro a3oTa Npu
temneparype ¢ =—-73 °C cocraBiuseT 0,4 NIOTHOCTH BOALI NPH KOM-
HATHOM TeMnepatype py = 103 kr/m3?

479. [lox xakuM AaBJIEHAEM p; HYKHO HAMOJHUTH BO3AYXOM OalIOH
obwvema V, =10 1, yToGBI NIPU COEMUHEHUHU er0 ¢ GaIIOHOM oO'bEMa
V, =30 n, copepxamuM Bo3AyX IIpU AaBieHuu p, = 0,1 Mlla, ycraHo-
BHIIOCH o01mee nasineHue p = 0,2 MITa?

480. [IBa cocymna ofMHAKOBOro 06'beMa COAiEPXXaT BO3NYX; ONUH — NPH
Temneparype T, ¥ JaBICHHH P, APYroH — Ipu TeMieparype T, 1 gasie-
HEH p,. Cocyabl cOeqUHEHBI, U N10CJIe BHIDABHUBAHUS JABJICHUH U TEM-
TiepaTyp BO3AYX HarpeT fo TeMiepaTrypwl T. Kakoe naBieHwue ycTa-
HOBUTCSI [10CJI€ HArpeBaHUs? :

481. 3akpbIThI ¢ 000X KOHIOB LIMIHHAP, PACTIOJOXEHHBIN TOPH-
30HTaNTbHO, HAMoOJHEeH ra3oM npu aaBieHun p = 100 kIla u Temmne-
patype ¢ =30 °C u pa3nesieH NOABHXKHBIM MOPIIHEM Ha BE PaBHBIEC
yacTd pausbl L = 50 cM. Ha kaxyro BeauuuHy AT HYXXHO NOBBICHTH
TeMIEPATypy ra3a B OMHOHN YaCTH UMIHHAPA, YTOOLI NOPIIEHh CMECTHII-
cs Ha paccrosiue [ = 20 cM? Bo BTOpoH 4acTH IHIHHOpa TeMIEpaTypa
He n3Mensietcs. Halttu napneHue rasa p’ nocsue cMenie Hisl IOPIIHSL.

482. JInuHHasg npoOHpKa OTKPBLITHIM KOHLIOM MOTPYKEHA B COCY[ C
pryThio. IIpu Temnepatype t; =47 °C ypoBHH pTYTH B NpoOHPKE U B
cocyfme coBnafgarT. Hag ypoBHeM PTYTH OCTaeTcs 4acTb NPOOHPKH
anuHbl L =76 cM. Ha kaKkyro BbIcOTY / IOGHAMETCA PTYTH B Npobupke,
€CITU €€ OXJIAMATh A0 TeMneparypsl £, = —33 °C? AtMmocdepHoe nasie-
Hue py = 0,1 MI]a.

483. Cocyn ob6rema V =100 51 pa3feneH Ha [Be paBHbBIE YaCTH
NONYNPOHUIAeMON NMeperopoAkoi. B ofHOR 4acTH cocyfa HaXOQUTCsA
m; =2 r Bogopoaa, Bo BTOpoi — v, = 1 Moab a3zora. Halitu naBienue,
yCTaHOBHBILIEECS IO 06€ CTOPOHBI IEPETOPOAKH, €CIIH OHA MOXKET NpO-
NycKaTh TOJLKO BOmopod. TeMneparypa B 0of6eHX MOJIOBHHAX COCyAa
ogHa ¥ Ta xe: t = 127 °C u nocrosiHHa. MosnspHasi Macca BOROpoAa
i, = 0,002 xr/Monb.

484. BHyTpH 3aKpbITOro IUJIHHAPA, PACHOJOXEHHOrO TOPU3OH-
TaJbHO, IMEETCSl TOHKUH TEeMJIOHENPOHHIAEMBIA NopHieHb. B ogHOH
YacTH IWIMHAPA HAXOZUTCS KUCJIOPOR NpH Temnepartype t, = 127 °C,
B IpPyrof — Bogopoj npH Temnepatrype t, = 27 °C. Maccel o0oux ra3os
ommHakoBbl. Ha kakKoM paccTosiHUH [ OT Topma UHWJIMHApPAa B YacTH,
B KOTODOM HAxXOAHUTCS BOAOPOA, PACHOJOXEH nopueHb? JnuHa
nunnHapa L =65 cM. MonspHble Macchl KHCIOpoAa H anopona
1y = 0,032 kr/mons n W, = 0,002 Kr/Monb.

82



485. Cocyn ¢ ra3om pasfelieH NMOABUXKHOHA Neperopoikoil Ha fBe
yacTH, OTHOIeHne 06 beMoB KOoTophIx V) [V, =2/3. TemnepaTyps! raza
B MEHbIIeM K GonbleM o6bemax t; = 177 °C u t, = 267 °C, maBneHus B
pmX OWHAKOBBI U paBHHI p. KakoBo 6yneT oTHollleHHE 00 beMOB, €CITH
TeMrepaTypsl cpaBHAIOTCS? Temnoo6MeH BO3MOXKEH TOJBKO Uepes Ie-
pEropoaKy.

486. Iunuugp amuHbl L = 85 cM pa3fesieH Ha [1B€ YacTH HOABHXKHBIM
nopiuHeM. OfHa 4acTh WIMHAPA 3aM0JHEHA KUCIOPOMIOM, a Apyras —
sofopoaoM. [1pu KaKoM NOJTOKEHNH TOPIIHS JaBICHHAS B 06eNX JacTAX
muiIaHApa 6ynyT oguHakoBbl? TemmepaTypbl U Macchl ra3oB B o6eux
yacTsX IMIIHHAPA ONMHAKOBBI. MoOsIpHBIE Macchl KUCIOPOHA U BORO-
pona p; = 0,032 xr/mounb 1 |, = 0,002 Kr/MONb.

487. B ycnoBusix Npeablgymieil 3ajayd HaHTH, OIPH KaKUX TEMIE-
patypax kucinopopa 11 a Bogopoga T, nopieHb OygeT AeNUTh HHITHHID
Ha paBHBIE YacCTH.

488. Haiitu Temnepatypy T a3ora Macchl m = 2 T, 3aHUMAIOIIETO
o6wem V = 830 cm® mpu pasnenuu p = 0,2 Mlla.

489. Illap 3anosnHeH ra3oM npu pasienud p; = 0,105 MIla u Temne-
patype t, = 27 °C. Ilocne nogbeMa mapa Ha BEICOTY, FIE JaBJIeHHE ra3a
po = 0,08 MIla, o6beM mapa yBeauunics Ha # = 5% U [aBJI€HAE B HEM
CTaJ0 OTIANUYATHLCS OT aTMocepHoro Ha Ap =5 klla. Hafitu Temmne-
paTypy f, BO3[yxa Ha 3TOH BBICOTe, NPEAIOaras, 4YTo ra3 B mape npu-
HSUI 9Ty TEMIIepaTypy.

490. CxoybKO 6assIoHOB BOXOpOHa, HMEIomuX 06beM v = 50 11 Kax-
ObIfl, Ipu TemnepaTtype ¢ =27 °C u gaBnennn p = 4 Mlla notpebyeTca
' LTSl 3amosTHeHust aspocrara o6bema V' = 1000 M3, ecu npu temmepa-
Type t' =7 °C gaBieHue B HeM JOKHO 6bITh p’ = 0,1 MIIa?

491. B kaxXpayro H3 YEThHIpeX INHH aBTOMOOWIS HaKaydaH
o6wveM V| = 200 i1 Bo3ayxa npu Temnepartype t; = 17 °C. O6beM mHHBI
V,=54,6 1, nnomanb CUENICHAS WHBI ¢ TPYHTOM IIpH TeMIEpaType
t,=0°C § =290 cm? Hafitu maccy m aBTroMoOuisi. ATmochepHoe
masieHue py = 0,1 MIla.

492, bannon o6wsema V| =40 5 cogepKUT CXKATBIA BO3AYyX NpH
masjeHud p; = 15 Mlla u Temneparype t; = 27 °C. Kakoil 06seM V Bo-
IbI MOXKHO BBITECHATD W3 IICTEPHBI NOIBONHOM JIOOKH BO3TYXOM 3TOr0
6anoHa, eCJd JIOOKA HaXO#UTC Ha riy6une i = 20 M, rae TemnepaTtypa
t, =7 °C? IlnotHocth Bopwl p = 103 kr/m3. ATMochepHOe gaBieHHe
Po=0,1 MIla.

493. JIBa HEeBECOMBIX TOPIIHSA, COCIUHEHHBIX HUTBHIO, BCTABJEHBI
B OTKPBITYIO C JBYX CTOPOH TPyOKy, HMEIOLyIO ILIOMIAfb CeYCHHS
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S =10 cM?, ¥ MOryT nepeMemathes 0e3 Tpeuus. JlaBIeHHs U TeMIle-
paTypsl MEXAYy HNOpPIIHAMH WM CHAapyXH ONMHAKOBBLI W paBHBI
Po=0,1 MIla n ¢t =27 °C. [1o kakoH TeMnepaTypshl ¢’ Hy>KHO HArpeThb
BO3lyX MEXAy MNOPIIHSIMH, YTOOBI HUTb, COENMHSIONMIAs MOPIIHH,
nopBanachk? HUTh BbIep>KHBAeT culy HaTsDKeHus F = 30 H.

Vi S, S W

Puc. 64 Puc. 65

494. B mByX ropH30HTAJIbHO PacClOJIOXEHHBIX HIUIHHApPAX C 3aKpe-
IJIEHHBIMH [OPINHSIMHM HAaXORWTCS BO3AYX IPH AABJICHHH P, B TEMIC-
patype T, (puc. 64). O6beMbI BO3AyXa B HINIMHAPax paBHbl V| u V),
IUTOIATH CeYeHu: NOopIIHeH paBHel S| U S,. HapykHOe naBieHne paBHO
HyJn10. MeXny NOpIIHSIMH BCTABISIOT CTEPXKEHL M OCBOOOXKMAIOT
IIOPIIHY OT 3aKpeIUICHHUsA, a 3aTeM BO3IYX B IIEPBOM LMJIMHAPE Harpe-
BaIOT o TemnepaTypbl T. Haiitu cuny F, cKEMamoumyio cTepXeHb B
YCTaHOBHUBIIIEMCSI COCTOSIHHH.

495. Illap ¢ HepacTsKAMON 060N0UYKON Maccel M = 11,6 r Hamon-
HEH BOAOPOAOM, 3aHHUMaromuM 06beM V = 10 n. Temneparypa Bopo-
pola ¥ OKpyXarliero map Bo3ayxa f, = 0 °C. Haittu gasnenue p Bo-
flopofa B INape, €CIM pe3ylbTHpPYMOIlas NOAbEMHAash CHJA IIapa
paBHa HyJIO, T.€. LIap MApPHT B BO3AyXe. ATMocdepHOe HOaBie-
Hue py=0,1 MIIa. MonaspHble Maccel Bogopojga H BO3AyXa
K, = 0,002 kr/mMons # L, = 0,029 Kr/MOITh.

496. Bo3nyx B cTrakaHe BbIcOTBHI H = 10 cM ¢ mromansio gHa S =
= 25 cm? Harper g0 TeMnepatypsl ¢ = 87 °C. CrakaH norpyeH BBEpX
JTHOM B BOAY TaK, UYTO €ro AHO HaXOAUTCA Ha YPOBHE MOBEPXHOCTH
Bofbl. Kakoit 06'beM BOOBI BOMAET B CTAKaH, KOTAA BO3MyX B CTaKaHe
IIPUMET TEMIlepaTypy BofAblf, = 17 °C? ATMochepHOe HaBIeHHUE pg =
=(,1 MIIa. [InotHOCTB BOABI p = 103 Kr/M3.

497, CrakaH BBICOTBHI £ = 9 ¢M, HAIlOJIHEHHBIN Ha 2/3 BONOH, MIaBaeT
B BOJI€ TakK, YTO €ro Kpas HaXOMsATCS Ha YPOBHE €€ MOBEPXHOCTH
(puc. 65a). DTOT Ke CTakaH C BO3AYXOM, HArPETHIM [0 TEMIIEPATYPhI
t; = 87 °C, nmorpyxaioT B BORYy BBepx AHOM (puc. 656). Ha kakyio
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rnyOrHy H HY>KHO MOTPY3UTh CTAKaH, YTOOBI OH, MPHHSB TEMIEPATYPY
polibl 1, = 27 °C, He BCIUIBIBaJ W He TOHYJI? ATMochepHOe naBiieHHe
po = 0,1 MITa. ITnotHOCTE Boms! p = 10° Kr/M.

§ 15. dneMeHTH MOJIEKYJISAPHOH (PU3HKH

Bce Tenma coCTOAT M3 OTAENBHBIX MENbUAHIINX YACTHUIL: MONEKYT, aTOMOB,
3NIeMEHTapHbBIX YacTull. YacTHUBI XaOTHYECKHU ABIDKYTCS M B3aHMOAEHCTBYIOT
ApYT € ApyroM. Monekyibl UM APYrue CTPYKTYDHbIE 2IEMEHTBI (aTOMBI,
HUOHbI, BHEKTPOHI)I) HACTONMKRKO MANkl, YTO B nrboM MAKPOCKONINYECKOM TENE
HX UHCTO OrpoMHO. MIX UHCIO, OTHECEHHOE K OJIHOMY MOIIO, Ha3bIBaeTCsI
NOCTOSTHHOH ABOTafpo:

N4 =6,02 - 102 Mo,

MonspHO# Maccofl HA3bIBAIOT MACCy BEIECTBA, B3SATOrO B KOIHUECTBE
ONHOrO MOJTSL:

W =moNg4,

rae g = m/N = m/N,v — Macca OfHOH MONEKYIBI,

XaoTHueckoe TENNOBOE ABUXKEHUE MONEKYT ra3a NPUBOIUT K UX yNPYTUM
COyJapeHHsIM CO CTCHKaMHU COCyla, B KOTOPOM ra3 HaxoauTcs. I'pomaaHoe
YHCITO TAKUX COYAAPEHHH CO3[aeT JAaBICHUE Ta3a, KOTOPOE, TaKUM 00pa3oM,
NPONOPHUOHATBLHO CPEHEN KHHETHUECKON 9HEPTUH NOCTYNATENLHOTO JBUXKE-
HUS €rO MOTIEKYII.

498. HariTi Maccel MoeKyJ1 BOopoiia H KHCIopofa.

499. Yucno MoneKya B e[[HHALE 0O0'beMa HEH3BECTHOIO ra3a IpH
HOPMAJNBHBIX YCIOBHUSX 7y = 2,7 - 102 M3, DTOT Xe ras mpu TeM-
neparype ¢=91°C u pasnenun p =800 k[la wmMeeT MIOTHOCTHL
p = 5,4 kr/m®. HaiiTi Maccy m MOneKyJ bl 3TOTO rasa.

500. Haiiti uncno MOJIeKyJ Ay B eqHHALE 00'beMa ra3a IpH HopMaJlb-
HBIX ycnoBusx. [TocrosiHHas ABoraapo Ny = 6,02 - 1023 Monp-1,

501. B punuHApe MOj MOpINHEM HAaXOMUTCS ra3 IPH HOPMallb-
HbIX ycioBHAX. CHayana o0beM rasza yBeqHYHIH B £ = 10 pas, zaTem
ra3 Harpenxu MpH MNOCTOSHHOM HAaBIE€HHH [0 TeMIllepaTypsl ¢ = 127 °C.
Hafitu uyumcio MoJsiekysql n B e€gUHHIE o0beMa ra3a B KOHEUYHOM
COCTOSIHHH.

502. Amnyna o6bema V = 1 cM?, cofepxalnas Bo3nyx MpH HOPMAJTh-
HBIX YCJOBHAX, OCTaBjeHa B KOCMOCE, T€ [JaBIECHHE MOXHO CUH-
TaThk paBHbIM HyJ0. B ammyne mpo6uto oTBepcrme. Uepes kakoe
BpeMs T aBJICHHE B aMIIyJie CTAHET PABHBIM HYJIIO, €CIIH CUUTATH, UTO
yepe3 OTBEPCTHE B €MHUIY BpEMEHH BhIneTaeT n, = 10¥ ¢! Monekyn
BO37yxa? ‘
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503. Ulap papmyca r, copep:Kammii ra3 npu Temnepatype T, Haxo-
NATCA B BakyyMe. Uepe3 OTBePCTHE B CTEHKE Iapa 4acTh ra3a BbiTe-
kaeT. KakuM okaxeTcs paBJleHHEe p, rasa B WIape, Mocie TOro Kak
BBUIETHT # MOJIEKYJI T'a3a, €CIIM HayalbHOE aBJICHHe I'a3a BHYTPH IIapa
6b1110 p,? [Ipn HOpMaNBHBIX YCIOBHAX B elMHHIE 00'beMa rasa couep-
SKHTCS YHCIIO MOJIEKY Hy.

504. InameTp MoseKynbl a3oTa d = 0,3 aM. Canras, YTO MOJIEKYIbI
uMeloT cepudeckyro popMy, HaliTH, Kakasi 4acTb o6 beMa, 3aHUMae-
MOTO ra3oM, NPHUXONHUTCS Ha 06'bEM CaMHX MOJIEKYJ NMPH HOpMalb-
HbIx ycnoBmsix (T, =273 K, py =0,1 MIla), a Takxke npu HaBleHHH
p =500 py. CunTaTh, YTO NpPH STHUX AABJIEHHAX ra3 He OTIHYAETCS OT
HIeanbHOTO.

505. Ha crenky miomagy S HAaJeTaeT MOTOK MOJIEKYJ, HMEIOLIHX
CPENHIOK CKOPOCTH v. YHCI0 MOJIEKY, IBIXKYLIMXCS 10 HATPABJIe HAIO
K CT€HKe, B €MHHIle 06'beMa paBHO n, Macca KaXnol MOIeKybl
paBHa m. HaiiTu geficTByIOLHE Ha CTEHKY CHIIy U JlaBJIeHHE, €ClTH MO-
JIEKYJIBl IBIXKYTCS MEPIEHAUKYISIPHO K CTEHKE H yAapbl MOJEKYT O
CTeHKY abCOIOTHO yIpYTHe.

506. Cocyn B dopMe kybmka copepxut v = 103 Monb ugeanbHOTO
rasa. K kaxkno#t u3 mectu rpaHeit KyGuKka nepreHIuKyJIIpHO K TPaHsIM
B 11000 MOMEHT BPEMEHH [BHXETCS OJHHAKOBOE YHCIO MOJIEKYI.
Macca kaxpofl Mosekynsl m = 3 - 10-2% KT, cpeiHssI CKOPOCTb TeILTO-
BOTO ABMXeHus MoJiekya v = 500 m/c. Haiitu faBnenne p raza. CuntaThb
yOapbl MOJIEKYJ O CTEHKY cOCyfia aGCOMIOTHO YIIPYTHMH.

507. B cocyne HaxopmTcs ra3 npu pgasieHuu p = 0,15 MIla m
TeMmneparype ¢ = 273 °C. Kakoe 4nuci0 #n MOJIeKyd HaXOMUATCS MIPH 3THX
YCIIOBHSIX B eguHHIEe 06heMa cocyna?

508. KakoBa Temnepartypa T rasza, HaXOfSLIErocs I1oj] JaBiIcHHEM
p =0,5 MIla, ecnu B cocyne o6beMa V = 15 i copepxures n = 1,8 - 104
MOJIEKY?

509. B cocyne o6vema V = 1 i1 npu temneparype ¢ = 183 °C Haxo-
nutes 1 = 1,62 - 1022 monekyn raza. Kakoso Oynet maBneHue p rasa,
ecinn 06beM COCyla M3OTEePMHYECKH YBEIHMYHTH B k = 5 pa3? Yncno
MOJIEKyJl Ta3a B eJUHHIe 00'beMa cocyAa NpH HOPMAaJIbHBIX YCIOBHSX
ny=27-105 M3,

510. CoBpeMeHHbBIE BAKYYMHBIE HACOCHI [TO3BOJISIOT IOHMXKATD [1aB-
neHne no p =10-10 [Ta. Kakoe 4HCI0 MOJEKYN ra3a n COHNEpXHUTCS B
efnHMIEe 00beMa IIPH 3TOM JIaBJIeHAN K TeMriepatype ¢ =48 °C?

511. Hekoropas Macca BONOPONA HAaXONHTCA NPH TEMIEpaType
T, =200 K u paBnennu p; = 0,4 x[1a. ['a3 HarpeBaroT A0 TeMIEPATYPhI
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T, = 10000 K, nps KoTOpOo#i MOJEKYIbI BOGOPORA MPAKTHYECKH IOJ-
HOCTBIO pacmajaloTcs Ha aToMbl. HaliTu faBlieHHe p, rasa, eciid ero
06'bEM H Macca OCTaNHCh 63 H3MEHEHH L.

§ 16. BuyTrpeHnss 3Heprds @ padoTa pacniMpeHMst ra3os.
TennoeMkocTh

Oneprusa @, coobmaemas Teay B BHAE TEIUIOTBI, HAET Ha U3MeHEeHHEe AU
BHYTPEHHEN 3HEPTHH 3TOTO Tella U Ha COBEPIIeHHe 3TUM TEAOM paboTsl A Haj
OKPYXalomuMu ero TeaaMu. COrmacHO 3aKOHY COXPaHEHMsl SQHEPIHH.

Q= AU + A. (10)

BHyTpeHHsIs1 2HEPTHs Tena CKJIAjibIBAeTCsl U3 KHHETHUIECKOH SHEPTHH €TO
MOJIEKYJ, 3aBHCAIIEN OT cpefHell CKOPOCTH HX TEMJIOBOTO XaOTHYECKOTO
ABUXKEHMS, M MOTEHIHANBHON SHEPTHH B3aUMOJEHCTBHS MOIEKYT MEXAY
co6oii, 3aBUCAIIEH OT B3aMMHOTO pacnoNOXeHHs MoJsekyl. IlorennuanbHas
SHEPTHs B3aUMOJEHCTBHUsI MOJIEKY HAeaNlbHOTO ra3a pasHa Hymto. ITonHas xe
KMHETHUECKAsl SHEPrHs MOJEKYJ ra3a NpoONOpPHUOHANbHA (IPU NOCTOSIHHOM
o6'beMe) NaBJIIEHUIO ra3a Ha CTeHKy cocyaa (cM. 3agadu 505 u 506). C gpyroi
CTOPOHBI, B 3TOM clyyae no 3akoHy llapns naBieHue NpONOPHUOHANBHO
TeMmneparype. Takum o6pa3oM, BHYTPEHHssl HEPTHsl HAEaJbHOTO ra3a mnpo-
MOPIHOHANILHA €r0 TeMIlepaType.

PaGora, coBepiaeMas razoM IpH pacliMpeHuu oT o6bema Vy no V,, ecnun
OAaBJIEHUE P OCTAETCs IOCTOSHHBIM, ONPENEISIETCS BbIpaXXKEeHHEM

A=p(Vy- V). an

CormacHo 3aKOHy coxpaHeHHs 2HepruH (10) anst yBenTUIEHHs1 BHYTPEHHEMN
9HEPruH ra3a Ha OfiHy H Ty Xe BEJHYHHY, a CJIe[JOBATETBLHO, U AS NIOBBILIEHHS
Ha OIHy U Ty K€ BEIHYMHY TeMIepaTypbl ra3a TPeOyeTcsi COOGIUTL eMy
Pa3IUTIHOE KOJUUECTBO TEIIOTHI B 3aBUCHMOCTH OT paboThl, COBEPIIAEMOH
npu 3ToM ra3oM. ITosToMy, B 4aCTHOCTH, TEITOEMKOCTD I'a3a IIPH IIOCTOSHHOM
o6beMe Cy, KOIfa IpoLecc HarPEBaHUsl HE CONPOBOX/AETCSA COBEPLIEHHEM
paboThl, OKa3bIBAETCS MEHBIIE, YeM TEMJIOEMKOCTb €r0 NPH NOCTOSHHOM
masnaennu C),, KOTa ras, cormacHo gopmye (1), copepuraer pabory.

512. B BepTHKANbLHOM LUIHHAPE MOJ TSKENBIM INOPIIHEM HAXORHTCA
KHUCTIOPON Macchl m = 2 Kr. [1JIs MOBBILIEHUS TEMIIEPATypPbl KHCIOPOAa
Ha AT =5 K eMy 6b1110 COOOIIIEHO KOMHYECTBO TeITOThI O = 9160 [Ix.
HailTi ynenbHyIO TEMIOEMKOCTb KHCIOPOAA ¢,, paboTy A, coBepiia-
€MYIO UM IIPH PacUIHpeHHH, U YBelHUYEeHHE €r'0 BHYTPEHHEH 2HEpruu
AU. MonspHas Macca kuciopopa | = 0,032 kr/mMonb.

513. Illap, HanONMHEeHHBIHA CYXHM BO3[yXOM IIPH TeMIiepaType t, = 0 °C
u fasineHnu p; = 99,4 klla, ypaBHOBewieH Ha Becax. Korma map Obla
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OTKayYaH JO AaBJeHHs BO3lyxa B HeM p, =1 klla, nns paBHOBecHs
noTpe6GoBaNOCH MOJIOXKUTE HAa OJHY M3 4YalleK BECOB IPY3 Macchl
m = 37 r. Halitn o6beM V mapa. II10THOCTE BO31yXa IPH HOPMAJIBHBIX
ycnoBusx Py = 1,3 kr/m3.

514. HekoTtopas Macca rasa HaxofuTcs B 6amnone o6bema V =1 1.
Ilocne BBINyCKaHMs 4acTH ra3a M3 6ajioHa JaBje€HHE B HEM YMEHb-
mmtock Ha Ap = 56 kxIla, a Macca 6amioHa ¢ Ta3oM — Ha Am =2 T.
Temnepatypa raza np# 3ToM He H3MEHMIach. HalTH MIIOTHOCTH Py rasa
HpH HOPMAJILHOM fAaBneHud p, = 0,1 MIla u Temneparype omnbiTa.

515. B 6annone o6bemMa V = 2,5 1 HaxOguTCs ras NnpH TeMnepaType
ty =0 °C. Macca 6annona c razoM m; = 200 r. B 6annon fo6aBuin nop-
LJFIO TOr'O K€ ra3a, Hocje 4ero Macca 6ajiJIoHa C ra30M YBEJIHYMIIACH IO
m, = 201 r. Ha kakyro BenuunHy Ap BO3pOCIO jaBieHHe B OaslioHe,
ecii NoGaBIEHHBIA ra3 NPHA HOPMaJbHBIX YCIOBHSIX MMEJ IUIOTHOCTD
Py = 1,2 xr/mM?? TeMnepaTypy cuATaTh HOCTOSHHOM.

516. B umimHOpe IOj IOpPIUHEM HAaXOMHTCSA KHCIOPOJ MAaccChl
m = 2 kr. ITopwens 3akpenined. Kakoe xkonnuecTBo Temiorel () HY>KHO
cOOOLIATL KACIOPOAY, YTOGhI €ro TeMrepaTrypa noBbeiCHIAack Ha AT =
=5 K? Haiitn yBenndeHne BHyTpeHHed sHepruum AU H yoenbHYIO
TEINIOEMKOCTb KHACIOPOfia ¢y B 3TOM CiIydae (cM. 3afady 512).

517. [IBa MeTannnyeckux mapa papmyca r = 10 cM ¢ OIMHAKOBBIMR
MaccaMH, OIMH M3 KOTOPBIX OTKavaH, a JPYrod 3a0JIHEH KUCIOpOIOM
npu pasiaeHnn r =2 MIla, BHOCAT B KaMepy, dyepe3 KOTOpYIO HieT
NOTOK HAaCBIIMIEHHOTO BOASHOIO INapa, MMEKIIEro TeMIepaTypy
t, =100 °C. Ilocne Toro Kak TeMHepaTypel napa H IJapoOB BbIPOBHA-
JIACH, OKA3aJI0Ch, YTO HAa OTKAaYaHHOM Iape CKOHIEHCHpOBaach Macca
pogel m; = 10T, a Ha 3alIOJTHEHHOM wape — m, = 12,33 r Bogbl. Hauanb-
Hbie TeMmnepaTypbl mapoB ! = 27 °C. HaliTh ymenbHyr TenmjoeM-
KOCTb ¢ KHCIOpOAa. YAeNbHas TeIIOTa NapooGpa3oBaHus BOALI A =
= 2,3 M]JIx/kr. Monsipaas Macca kucinopona U = 0,032 kr/Mouns.
TennoBeiM paclunpeHneM mapoB NpeHedpeds.

518. B Temnon3oJHpOBaHHOM cocyne o6beMa V = 5,6 i1 HaxopmTCA
KHCIOpON NpH TeMnepaType ¢t = 66 °C n napnennn p, = 0,25 MITa. [na
HarpeBa rasza jo TeMmnepatyphl f, = 68 °C emy TpebyeTrcst cooGIIUTH
KonmyecTBo TemnoThl ) = 21 JIxk. Kakosa yaenabHas TENIOEMKOCTh C
KHCIIOpOoJla IpH 3THX YyCinoBHsAX? MousipHas Macca KHciopoja | =
= 0,032 kr/mMomb. TemmoBeIM paclIIpeHneM cocyia npeHe6peds.

519. TemnepaTtypa rasa, AMEIOILIErO Maccy m U MOJISIPHYIO Maccy [,
HOBBIIAIOT Ha BenWYnHY AT OfMH pa3 NpH NOCTOAHHOM NaBJIEHHH P, a
Apyrofl pa3 npe nocrodHHoM o6weme V. Hackoibko oTiIHYarOTCA
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COOOIIEHHBIE Ta3y KOJMYECTBA TEWIOTHI (), Qy M yIENbHbBIE TEMIOEM-
KOCTH Cp, Cy TIPH IOCTOSIHHOM [JABJIEHHH U TIOCTOSSHHOM 00'beMe?

520. Ilpu n30TepMHUYECKOM pacIliipeHAN HCAILHBIHA a3 COBEpPILAET
paboty A = 20 JIxx. Kakoe KONMH4eCTBO TEMIOThI ) COOOIEHO rasy?

521. B Tennou30nMpOBaHHOM IMJIHHAPE C MOPIIHEM HAXOMATCS a30T
maccel m = 0,2 kr npu temnepartype f; = 20 °C. A3oT, paclIHpSACS,
coBepmaeT pabory A =4,47 k/Ixk. HaiiTh m3MeHeHue BHyTpeHHeH
sHeprud a3oTa AU W ero TeMnepatypy !, Iocjie pacllupeHns. Y gejibHas
TEIIOEMKOCTD a30Ta NIPH NOCTOAHHOM 00beMe ¢y = 745 JIxk/(xr - K).

522. [Ina NOBBIEHAS TEMIEPATYPhI ra3a, HMEIOIIErO Maccy m =
= 20 xr u MonspHyto Maccy L = 0,028 kr/mMonsb, Ha AT = 50 K npu nocrto-
SHHOM J[IaBJIEHHH HEOOXOOMMO 3aTPaTHTb KONHMYECTBO TEMNOTHI O, =
= 0,5 M]Ix. Kakoe KOnu4ecTBO TEMNOTHI (Jy CIEeAyeT OTHATh OT 3TOrO
raza IpH NOCTOSHHOM 00beMe, 4TOOBI ero TeMruepaTypa MOHU3HIACh
Ha AT =50 K?

523. TemnepaTypa BoAbI Macchl m = 1 KI noBbIimaeTcs Ha AT = 1 K.
Haiitu yBenudyeHHe BHYTpE€HHEH sHeprum AU, npHXopsiiececs Ha
ONHY MOJIEKYJNy. YHAeJbHas TEeII0eMKOCTh Bogbl ¢ = 4,2 xJIx/(kr -K),
ee MonapHas Mmacca UL = 0,018 xr/mons. Koadduument od6neMm-
Horo pacumupenus Bofsl 0 =2 - 104 K-'. AtmocdepHoe naBneHHe
po=0,1 MIla.

524. OguH MONb KACIOPOJA HArpeBaeTCs NpH MOCTOSHHOM o0beMe
oT Temneparypsl f, = 0 °C. Kakoe konnuecTBo Tennotsl ) HEO6XO0gAMO
COOOMIATH KUCTIOPOAY, YTOOBI €ro JaBlICHHE YBEJHYHIIOCh B TPH pasa?
YoenbHas TEMJIOEMKOCTh KACIOPOLA NPH MOCTOSHHOM O0BEME Cy =
=657 JIx/(xr - K), ero monsapHas macca |l = 0,032 xr/mMomnb.

525. Bo3gyx Maccel m = 5 T HarpeBaeTcs NIPH MOCTOSAHHOM JaBJIEHHH
or Ttemnepatypsl T, =290 K. Kakoe konwmuecTBO Temnotsl 0
HEOOXONAMO COOOIIATh BO3AYXY, YTOOBI €ro 00beM YBEJIHYWICA B [[Ba
paza? CunTaTh, 94TO YAENbHAS TEINIOEMKOCTh BO3[yXa NPH MOCTOSHHOM
naByeHnH paBHa ¢, = 1,018 kJIx/(xr - K).

526. 1aBnenne azorta B cocyne o6beMa V =3 51 mocie HarpeBaHus
Bo3pociio Ha Ap = 2,2 MIla. HafiTu KONM4ecTBO TEMIOTHI Q, C000-
IMEeHHOE ra3y. Y gejbHas TeINIOEMKOCTh a30Ta IPH NOCTOSHHOM 00'beMe
¢y =745 JIx/(xr -K), ero monsipaas Macca L = 0,028 kr/Monb.

527. B uymnuHape NoJj HEBECOMBIM INOPIIHEM HAXOIHTCS BO3AYX
Maccel m = 3 Kr. TeMneparypa Bo3ayxa ysennumBaetcd Ha AT = 100 K
[IPH NOCTOSTHHOM fasneHnn. Haiitn paboTy A, coBepruaeMyro razom
npH pacimipeHAR. IINOTHOCTE BO3MyXa NPH HOPMAaNBHBIX YCIOBHSIX
Po= 1, 3 KI'/M3.
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528. B umnunppe o6beMa Vy = 190 cM? mop nopIlIHeM HaxXORHUTCS ras
npu Temnepatype T, =323 K. Haiitu paGoTy pacmmpenus rasa npu
HarpeBanun ero Ha AT = 100 K. Macca nmopmns m = 120 kr, ero
mromans S = 50 cM?, AtMocdepHoe nasnenue p, = 0,1 MIla.

529, B uunmuHape noa noplIHeM HaXOMUTCS ras, COCTOSTHHE KOTOPOTO
H3MEHSETCS CIenylonuM obpa3oM: B mpouecce 1-2 yBelHYHBaeTCs
HaBIIeHHE TPU MOCTOSTHHOM 00'beMe V; B pouecce 2—3 yBeIHUNBAETCs
06BEM MPH MOCTOSIHHOM JIaBJICHHH Pi; B npouecce 3—4 yBeldunBaeTCs
00beM NpH MOCTOSIHHON TeMmepaType 1;; B mpouecce 4—1 ras Bo3-
BpallaeTCsl B MEPBOHAYAIBLHOE COCTOSIHHE IPH MOCTOSHHOM HAaBlle-
HUH p,. IIpencraBuTs Ha rpacdukax H3MEHEHHE COCTOSIHHS ra3a B KOOp-
muHatax p, V; p, T uV, T. IlokasaTs, IpH KaKuX Mpoueccax ras noiy-
qaeT (oTHaeT) TemwnoTy. Kak nmpu 3ToM H3MEHSETCs TeMiepaTrypa H
Kakas coBeplaeTcs pabora?

530. Hexortopast Macca rasa, 3aHEMaloIIEro

P T, T, o6beM V; =0,01 M3, HaxopuTCs NPH HaBIeHUH
Paf=% Y3 p1=0,1 MIla u temneparype T, = 300 K. I'as
r E HarpeBaeTcsl BHavale MPH MOCTOSHHOM 00b-
Py i ! eMe 1o Temueparypst T, = 320 K, a 3atem npu
! t
: —> [OCTOSSHHOM [aBJICHHH [O TEeMIEepaTypsl
0 V=V, Vs v " . paryp

T3 =350 K (puc. 66). HaiiT paboTy A, cosep-
Puc. 66 [IaeMY10 ra30M HpH Hepexofe U3 COCTOsIHUSA | B
cOCTOsIHHE 3.
531. B umnuagpe moa mopiuHeM B o6beMe V = 1674 cM3 HaxoauTcs
HACBIIEHHBbIH BOASIHON IMap, UMeIoIMi Maccy m = 1 r B TeMIepaTypy
=100 °C. Kakyio paboTy A Hy>KHO 3aTpaTHTb, YTOOBI CXKaTb BECH Map
O TIOJIHOTO TpeBpAaIlieHHsl €T0 B XXHAKOCTD IIPH TO! K€ TeMnepartype?
IInotrocTs Bopsl ipu ¢ = 100 °C nop gaBiIeHHEM €€ HachIIEHHOT O Napa
p =096 10° kr/m3,
532. B 1ByX TeIIOM30JHPOBAHHBIX HIINHAPaX ¢ o6beMamMu V=3 1
u V, =5 1 HaxopsITcsd OAMHAKOBbIE Iraskl IpH gaBieHusix p; = 0,4 MIlau
p2=0,6 MIla u Temneparypax t; =27 °Cu ¢, = 127 °C. IInnuHppsl
coepuusitoT TpyOko#d. Kakas temmepatrypa T M Kakoe JaBIE€HHUE P
YCTAHOBATCA B IUIMHAPAX HOCIIE CMEIIHBAHMSA Ia30B?

§ 17. HacelmeHHbie H HEHACHINEHHbIE HAPhI

ITapoM Ha3pIBAIOT OOBIYHO a3 MPH TeMIEepaType HUKe KPHTHUIECKOH,
KOTJ]a OH MOXeT ObITh NpeBpalleH B XHAKOCTh IIOBBIIICHHEM JaBicHus 6Ge3
MOHMXKEHUS TemnepaTypsl. HacklmieHHBIN nap — 9TO Map, Haxofsuiuics B
PaBHOBECHH CO CBOE€H >KHAKOCTBIO. EciuM HachIMICHHBIH Nap COREPXKHT
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B3BEIUCHHBIC KallCJIbKH XHUJAKOCTH, TO OH Ha3bIBACTCA BJIAXHLIM, B NpPO-
TABHOM CJIYUIAC — CyXUM. HeHaCbIIIIeHHbeI nap Ha3bIBalOT TAKXKE NEPErpeThIM

napoM.
HeHacblleHHbIH Nap IO CBOEH NPUPOJE HUUEM HE OTJIUYAETCS OT

o6bIMHOrO raza. [10sToMy A HETO CIpaBeATHBO YPABHEHUE COCTOSTHUS

pv="RT. (12).
u

OpHako Mo Mepe NpHOMMKEHHS TeMIepaTypbl K KPHUTHUYECKOH B
COCTOSIHUSIX, OJIM3KHX K HACBHIIEHHIO, HAOMIOal0TCsl 3aMETHBLIE OTKJIOHEHHUS OT
ypaBHEHHsI (12), BO3HHKAIOIIME U3-32 B3aUMOJECHUCTBUS MOJIEKYJI MEXKAY COOOIL.
C Toii e OrOBOPKOM 9TO ypaBHEHHE MOXET ObITh NPUMEHEHO U B KauecTBe
ypaBHEHUS COCTOSTHUS [l CYXOTO HACBLIEHHOTO napa. B s3ToM ciyuae 06beM
V B ypaBHeHuu (12) 6ymeT yxke He 00bEMOM BCEro COCYAa, a JIUHIb 00 BEMOM,
KOTOpBIH 3aHUMaeT nap (B cOCyle KPOMe HachIIIEHHOro napa OOBITHO
CONIEP>KUTCS U HEKOTOPOE KONUIECTBO KHIKOCTH).

IIpu paccMOTpEHHMH MPOIECCOB, NPOUCXOJSAIIHX C HACBLIIIEHHBIM HapOM,
HYXHO YUHTBIBATh, UTO NPH U3MEHEHUU TEMIEPATYPhI, AaBICHU! WIH 06beMa
U3MEHsIETCd TakKXe W Macca mapa. B 4YacTHOCTH, IPH HM30TEPMHIECKOM
U3MeHeHUH o0beMa Macca mapa H3MEHSETCsl NMPONOPIHOHANBHO 00bEMY.
CrnemoBaTebHO, INIOTHOCTD Napa p = m/V 1 ero faBiieHHE p HE UBMEHSIOTCS.
IloaToMy Ans HACBILEHHOTO NMapa ypaBHEHHE COCTOSIHHS WacTo yA0GHO
HNPUMEHSITH B BHJIE

p = up/RT.

533. B umnuHApe C MOpPIIHEM HAXORUTCS KUAKOCTh MOJ GONBIINM
maBneHueM. [TopieHnp MegneHHO nopgHuMaroT. [IpencrasuTh rpadu-
YECKH 3aBHCHMOCTD JaBJICHHS p B LHIHHADPE OT YBeIHYeHUs o0beMa V
A OBYX NOCTOSHHBIX TeMmnepartyp T, u T, (u3otepMsl T = const u
T, =const; T, < T),).

534. Ha puc. 67 npencrapieHa 3aBUCH-
MOCTb [aBJIEHHS HACBIMIEHHOI'O Iapa OT
TeMnepartypbl (kpuBas abck). ITouemy
9Ta 3aBHCHMOCTb, B OTJIMYHE OT 3aKOHA
Ilapns pust ra3oB, He SBASETCA JHHEH-
HO#? B Kakmx ciyyasx 3aBHCHMOCTb
RaBJIeHHs mapa OT TeMIepaTypsl Gyner
n3o0paxaThcs TUHUSIME abd v abce’?

535. HenachlmeHHbI 1ap B HHIHHAPE
O] MOPIIHEM CHayala HarpeBaroT IpPH
MOCTOSSHHOM 00beMe, 3aTeM MeRJIeHHO
CXKHMAIOT NIPH [OCTOSHHOH TeMIepaType RO MOJIHOTO CXKIKEHHS.
IIpencraBuTh rpathuyeckn 3aBHCAMOCTD aBJIeHUS p OT oO0beMa V.
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536. CkoJIIBKO MOJIEKYJ CONEPXKHUT €JUHHIA MACChl HACBIMEHHBIX U
HEHACBIIEHHBIX TAPOB PTYTH U BOMbI? MonsipHBIE MacChl PTYTH U BOAbI
K, = 0,2 kr/Mons u L, = 0,018 kr/Monb.

537. Ilpu Temneparype ! =4 °C pgaBneHHE CYXOTrO HACHIIIEHHOTO
napa p = 0,8 kIla. Bo ckonbKO pa3 MIIOTHOCTE BOMKI P, IPH TeMMepa-
Type t =4 °C 6onbuie mioTHocTd napa p? Kakue o06beMbl mpuxo-
NSATCA Ha OOHY MOJIeKylny BoAbl M mapa? MonspHas Macca BOJbI
1t = 0,018 xr/mons.

538. Bo ckonwvko paz npu Temneparype ! =400 °C nnoTHOCTB P,
napa pTyTH IpH aTMOC(hepHOM HaBNEHUM OTIHYAETCS OT MIIOTHOCTH P,
HACBIIIEHHOTO napa pryTH? ATMocthepHoe paBnenue p, = 0,1 Mlla,
IaBJieHHe HACBIEHHOTO Napa pTYTH Hpu Temmepatype t = 400 °C
P2 =0,22 MIla.

539. B koten o6beMa V =5 M® Hakauanu Maccy Bombl m, = 20 Kr.
CogepxuMoe KoTna Harpenu 1o temnepatypsl 7 = 453 K. HaiiTu Maccy
m U [aBjieHHE p mapa B KOTjie. IINOTHOCTE HACKINIEHHOTO mapa NpH
temnepatype 7 =453 K p, = 5,05 kr/M3. MonspHass Macca BOJbI
1L = 0,018 Kr/Monb.

540. B 3aMkHyTOM cocye o6bema V = 1 M3 HAXOMTCS BOla MACCHI
m, =12 T ¥ HeKOTOpas Macca HacCHIEHHOTO Mapa, MIOTHOCTbH H
HaBJIEHHE KOTOPOIro IpH NaHHOU TemmepaType P, = 0,008 kxr/m® u
po = 1,1 kI1a. Kakoe maBieHHe p yCTAaHOBHUTCS IPH YBEIMYESHHH 00beEMa
B k = 5 pa3? TemnepaTypa npu yBeJHYeHUH 00'beMa He U3MEHSETCS.

541. Ilog kONOKOJOM BO3AYLIHOTO HACOCA HAXOMHUTCSH BIaXKHas
rybka. [Ipu orkaunBaHuM rasa noj KOJIOKOJIOM YCTAaHOBHIIOCH JlaBlie-
Hue p = 1 klla u Temneparypa ¢t =7 °C. Cnoycrs BpeMms T =1 4 mocne
Hauajla OTKA4KHU AaBJIeHHE pe3Ko ynano. Haidtu Maccy m BOObI, KOTO-
past cogepxanachk B ryoke. Hacoc oTKayuBaeT B €HHUIY BpPEMEHH
o06beM Bopibl V, = 10 n/c. MonsipHas Macca Bops! L = 0,018 kr/Monb.

542. 3akpeIThli cocyn o6veMa V = 0,5 M3, copepaKaiuuii Bomy Macchl
m = 0,5 kr, Harpenu no Temnepatypsl 7 =420 K. Ha KaKy:o BeJTHUIHHY
AV crenyeT U3MEHUTH 0O6BEM COCYHa, YTOOBI B HEM COMIE P3KaJICAd TOJIBKO
HacblmeHHbIA nap? JlaBneHHe HACBHIIEHHOTO Mapa OpH TeMIlepaType
T =420 K p,=0,47 MIla. Monspuas macca Boasl [ = 0,018 kr/mMouns.

543. B napomeperpeBaTesb, COAEPXKAIUN CYXOH Nap Macchl
m = 120 kr npu Temnepartype ¢ = 177 °C, nofaHo HEeKOTOpOE KOJIH4e-
CTBO TEIUIOTHI, U3 KOTOPOro Ha OO Mapa NPHLLIOCH KOJIHYECTBO
tennotsl O = 18 MJIX. B pe3ynbraTe faBieHue rapa JOCTHILIIO TIpe-
IEJIBHOTO 3HAY€HHs! U NMONHSJICS NPEeNOXpaHUTENbHbIH KialaH, UME0-
mmi nuamerp d = 4 cM. KakoBo GbUIO HAyallbHOE MaBJIEHHE mapa p,
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" ecNIM CHJIA, OTKphIBatoumlas kinanas, F = 1,57 kH? Ypgenbnas Tenso-
eMKOCTb ITapa ¢ = 1,5 kIIx/(kxr - K).

544. B Tpy6Ke, OTKPBITHIM KOHIIOM ONYUICHHOH B BOfAy, B 00beMe
V = 30 cM? npu TeMneparype ¢ = 17 °C HaxOgnTCsl CMeCh HAaCBIIEHHOTO
nmapa ¥ renus (puc. 68). BeicoTa cTon6a Bous! B TpyOKe h = 10 cM.
HaiiTe Macchl Tapa U rejust m, 1 m,. [laBjieHle HAChIEHHOro napa npu
remuepatype t =17 °C p, = 1,94 kIla. MoasipHble MacChbl
poabl ¥ rexus |, = 0,018 kr/Monb u L, = 0,004 xr/Morb, .
aTMocdepHoe gaBienue p, = 0,1 MIla.

545. B nunuHgpe mop DOPIMHEM Haj BO#OH B 0O6beMe h
V = 1 M3 npu Temneparype ¢ = 30 °C HaxO#gHUTCS cMeCh Ha-
CLINIEHHOrO mapa | a3oTa. Macca cmecn m = 286 r. Kakas
Macca mapa Am CKOHEECHCHPYETCs, eclii 06 b€M YMEHBIIUTD
B k = 3 pa3sa npu nocrosiHHON Temneparype? Kakoe gas-
sneHue p ObUIO Y CMecH J0 cKaTHsi? JaBieHHe HacbIUIeH-
goro napa npu temneparype ! = 30 °C p; = 4,2 k[la. Monsipable Macchl
BOJBI ¥ a30Ta |, = 0,018 Kr/MOTb H |1, = 0,028 Kr/MOIb.

546. BnaxHub1d nap, cogepxkammit n = 15 % (mo Macce) BOfbI B BHfE
KamneJyek u uMmerommi nasienne p = 15 klla u remnepatypy ¢, = 100 °C,
KOHJIEHCHPYIOT, CMEIINBasi C BOAOU, TeMnepaTypa kotopo# ¢ = 20 °C.
Kakoe oTHOIIEHHE BOABI U Napa TpebyeTcs (1o Macce) IS OJTyIeHHs
cMmecH ¢ TeMnepatypoil 6 =40 °C? TeMnepaTypa KUINEHHS BOALI NpH
maBieHud p = 15 klla ¢, =54 °C. YgenbHbIe TEIIOEMKOCTH BOAbI H
napa ¢ = 4,2 k[Ix/(kr - K) n ¢, = 1,9 xJIx/(xr - K). Y@enbHast Teniora
napooGpa3oBanusi Boabl A = 2,3 MJIx/Kr.

547. Korga B BOJE€ HET PAacCTBOPEHHBLIX ra3oB, OHA MOXET ObITb
HarpeTta Ipu aTMOC(EepHOM JaBleHHH [0 TeMIEpPaTyphbl Gojiee BbICO-
KoM, 4eM TeMneparypa kuneHus. [Ipn BBeJeHHH B BOOY KaKHM-JIHOO
crioco0oM Bo3fyxa IeperpeTas Boja OypHO, B3pbIBOOOPa3HO 3aKHUIIaeT,
U TeMmIepaTtypa ee ObICTPO HajaeT [0 TeMIepaTypbl KHICHHUS NP
aTMocepHoM paBieHun. Kakasd macca m, lapa NOJNYYATCS U3 BOMBI,
HarpeTo#l mo temneparypsl ! = 120 °C, ecnu Macca Bogsl m = 10 kr?
YnenbHasi TemnoeMKOCTb BoAbl ¢ = 4,2 k[Ix/(kr - K). ¥Ynenbuas Tenino-
Ta mapoo6pasoBanust Boibl A = 2,3 MIIx/Kr.

548. B 3zakpbITOM cocyae o6beMa V = 0,4 M HAaXO#ATCS B TEIJIOBOM
paBHOBecHH npm TeMOepartype f, =—23 °C Jleq u HacblIIEHHbIN Nap,
Macca KOTopbIX m = 2 r. Kakoe KonudecTBO TemnoTh! ) HeoO6XOouMo
COOOUINTD CONEPKUMOMY COCYHa s TOBBILUCHHUS €I0 TEMIEPATYPhI 0
t; =~1°C? [JaBnenue HacbluleHHOro napa p, = 77 Ila npu Temnepa-
Type #, B p, = 560 Ila npu TeMnepatype f;. YaelbHbIE TEMIOEMKOCTH

Puc. 68
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npu TeMnepaType Hmke fy =0 °C nbia u napa ¢, = 2,1 kJIx/(xr - K)
uc=13 xJIx/(kr - K). YpenpHass TemjoTra IJaBJeHHUs Jbaa
r=0,33 kJIx/kr. YpenpHas TemioTra NapooOpa3oBaHUS BONBI
A = 2,3 M]Ix/xr. Monspras Mmacca Boasl | = 0,018 kr/Mounb.

549. B o6eme V| =20 1 cogepKuUTCs HACBILEHHBI Nap MpH TEM-
nepaTtype ¢ = 100 °C. Kakyro paboTy Hafo COBEPIIHUTDH, YTOOLI MyTeM
M30TEPMHUYECKOTO CXKaTusd YMEHBIIUTL 06beM mapa fo V, =10 n?
O61beMoM BOIBI, 06pa30BaBIIEHCs NPU KOHACHCALNH, IpeHEOpedb.

550. Hairrtn pa6oTy napa no nepeMemieHuIo MOPIIHS Ha pacCTOSIHAE
[ =40 cM, ecnu faBJIeHHe Napa paBHOMepHO yObIBaeT NMpH mnepe-
MellleHuH nopwHs oT py = 2,2 MIla no p, = 0,2 xI1a. [Tnomwans nopias
S =300 cm?. IIpenacraButh paboTy Ha rpaduKe 3aBHCHMOCTH NABJICHUS
oT o6'beMa.

551. OneiT Toppuyennu NpoOU3BOJAT CO CIHPTOM BMECTO PTYTH.
HaiiTe BBICOTY A, 7O KOTOpOH MOAHUMETCS CIHPT. ATMOC(pepHoe
JaBJeHHE B MOMEHT onblta p; = 93,6 klla. IlnoTHOCTH cnumpTa
p =0,76-10% xkr/M?, naBieHKe Mapa cnupTa NpU TEMIEpaType ONbITa
p2>=0,6 x[la.

552. HaiiTu aGCONIOTHYIO BJIAXKHOCTBL BO3[lyXa, €CIU MapuHaiIbHOE
IaBJIEeHHE HAChIlieHHOro mapa p = 14 xIla, a remneparypa ¢ = 60 °C.
MounsipHast Macca Bogs! i = 0,018 kr/mois.

553. AG6comoTHas BIaXXHOCTH BO3flyxa IpH temmepaTtype ¢ = 60 °C
p; = 0,005 kr/m3?. HafiTn aGCOMIOTHYIO BIaXXHOCTH BO3JyXa P, mocie
MOHMKEHHUS TeMIepaTyphbl 1o #, = 20 °C. JlaBieHne HaCBIIIEHHOTO Mapa
npu 3ToH TeMmiepatype p,; = 2,335 klla. Moasipras Macca BOJBI
U =0,018 kr/™Mons,

554. A6comoTHas BIaXXHOCTb BO3/IyXa IpH TemrepaType ¢, = 60 °C
p1 = 0,05 kr/M3. HajiTu aGCOMIOTHYIO BJIaXXHOCTH BO3[yXa P, mocie
MOHIDKEHHUS TeMIepaTypsbl 10 £, = 10 °C. [laBienne HachIEHHOTO Mapa
npu 5TOil TeMiepartype p, = 1,226 kIla. Moxsipuas Macca BOjbI
pu =0,018 kr/MonE.

555. B cocyme HaxonuTCs BO3[YX, OTHOCHTEJBHAS BIaXXHOCTh KOTO-
poro npu temmneparype ¢ = 10 °C f; = 60 %. KakoBa 6yaeT oTHOCH-
TeNbHAs BJAXHOCTH f MOCJE YMEHbIIeHHs o6beMa B k =3 pasa u
HarpeBaHus BO3[yxa O TeMmepaTypsl ¢, = 100 °C? TnoTHOCTH HachI-
weHHOro mapa mpu Temnepartype f = 10°C p; =9,4-10-3 kr/m3.
MounsipHast Macca Bopis! i = 0,018 kr/mMois.

556. ITnoTHOCTH, BRaXHOro BO3.yxXa mpu temmepatype ! = 27 °C
n nasieHuu p = 0,1 MIla p = 1,19 xr/m3. Haiitu aGcomoTHyIO P’ ¥ OT-
HOCHUTENBHYIO f BIaXXHOCTH BO3JyXa, €CIIH NpH Temnepartype ¢ = 27 °C
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JUTOTHOCTB HACBHIEHHOro nmapa P = 0,027 kr/mM?. MonsapHbie Macch
po3nyxa u Bopbl |, = 0,029 kr/Mons u |1, = 0,018 kr/Morb.

557. B komuate o6beMa V =40 M3 npu temnepatype f = 20 °C
OTHOCHTEIIbHAS BIIAXXHOCTH Bo3ayxa f) = 20 %. Kakyio Maccy BofbI HyX-
HO HCMAPUTH ISl YBETUUEHHS OTHOCHUTEJIBHOR BIAXKHOCTH BO3AYyXa [0
f, =50 %? IlnoTHocTb HACBIIEHHOTO Napa npy TeMneparype ¢ = 20 °C
p= 17,3-1073 kr/m3.

558. B xomHaTe o6beMa V' = 50 M?> OTHOCHTENIbHAS BIAXHOCTh BO3-
nyxa f; =40 %. Ecnu ucnapuTh OMONHUTENBHO Maccy Boibl m = 60 T,
TO OTHOCHTEJIbHAS BIIAKHOCTD BO3nyxa yBenu4unrces 1o f = 50 %. Kako-
pa NPH 3TOM GyfieT abCONIOTHASA BIAXKHOCTE BO3jyxa p?

559. Haiitd OTHOLIEHHE MIIOTHOCTEH BIAXKHOTO (OTHOCHTENbHASA
BITaXXHOCTH [ =90 %) u cyxoro Bo3nyxa NpH naBleHuHu p, = 0,1 klla
n teMnepatype ¢ =27 °C. IlnotHOCTE HachIIEHHOTO Napa npH { = 27 °C
po = 0,027 Kr/m?. Monsipaere Maccer Bo3fyxa H Bojs! [, = 0,029 kr/mons
u i, = 0,018 Kkr/Momnb.

I'mapa III

SJEKTPHYECTBO U MATHETU3M

§ 18. 3akon KyJona

Ilo 3akouy Kyunona cmma B3auMope#cTBHs F ByX TOUECUHLIX 3a-
PAIOB ¢ M ¢,, HAXONSIIHUXCA B BaKyyMe, NMpsiMO NpPONOPUHOHANbHA NPOU3-
BEACHHUIO 3apsfoB U O0paTHO NPONOPIHOHANbLHA KBAApaTy pacCTOAHHAS MEXY
HAMHA:

F=kdd2 (1)
r
Ecnm 3apsaasl HaxogsaTcs B cpele ¢ AMIIEKTPHUYECKON NPOHMIIAEMOCTBIO €
(e > 1), TO cuna B3aUMOAEHCTBHS MEKy HUMHA
F=kd9%2 )
er
HuanekTpuueckass NPOHALAEMOCTh € MOKAa3bIBAE€T, BO CKOJBLKO pa3 CHia
B3aMMOMAECHCTBAA MEXAY 3apsAfaMH B Cpefie MEHbIe, UeM B BaKyyMe; AJs
BakyyMa € = 1, T.e. popMyia (2) B 3TOM ciryqae cosnapaet ¢ popmynodn (1).
B cucreme epmumuy CH OCHOBHOM 3JMEKTPHUIECCKON €OUHHULCH SBIAETCA
€[MHHULA CHJIBI TOKA amnep (A)— cHla TOKa, MPH KOTOPOM OTPE3KH TOHKHX
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OECKOHEYHO JJNUHHBIX NapajylebHbIX NMPOBOJHHKOB MJNHHBI 1 M KaXJblil
B3aMMOJIeHCTBYIOT B Bakyyme ¢ cunoét 2-10~7 H. Enunuua 3apsna B aroit
cacreme enuuun kyaon (Kn) ssnsercs npousBOgHOH M onpejensieTcss Kak
3apsil, NPOXOAALIMA Yepe3 NONEPEYHOE CEYECHAE NPOBOJHUKA [PU INEKTPH-
yeckoM ToKe } A BreueHne 1 c: 1 Kn=1A-c.

Yro6bl NONYyYUTE APH NOMOIIH (popMynbl (1) cuny B cucreme efunun CH ~
B HBIOTOHAX, — 3apAAbLl BBIPAXKAKT B KyNOHaX, pacCTOAHHA — B METpax,
K03 HUIMEHT NPONOPLHOHANBHOCTH K IIPH 3TOM 3aNKCbIBAIOT B BUAC

!
4me,

e € = 8,85-10712 ®/m — anexTprueckas NOCTOSAHHAS, BbIpaKacMas B ghapadax
Ha Memp, a MHOXKWTEND 47 BBEICH 1711 TOTO, TOGb! Psifl APYTUX (POPMYJT UMEN
Gonee npocrofl (paunonanbysifl) BUg. TakuM obpasom, B CH koadduuuent
NpONOPIHOHAILHOCTH

k= 1/4ney = 9109 H - MYKn?
— pazMepHaﬂ BCIIHYHAHA.

B cooTBeTCTBUY ¢ 3TUM CUNA B3aUMOJECHCTBHS JBYX 3apA10B, HAXONAIIHXCS
B cpefie, BbIpaxkaeTcst (pOpMyToi

1
F - ql ‘]72 . (3)
dre, er”

rae € — OTHocuTe bHas (6e3pa3MepHas) AM3JIEKTPUYECKas NPOHHIaeMOCTh
BEIIECTBA (OTHOCHTEIBHO AUIJNEKTPUYECKOU IPOHUIIAEMOCTH BaKyyMa), 3Haye-
HAsl KOTOPOW NPUBOJIATCS B TaGnuiax”.

Ecnu uMeercs HeCKONMBKO (Gomee ABYX) 3MeKTPHUECKHUX 3apsOB, TO CHIBI
B3aMMOJCHCTBUA MEXY KaxK/ 1O NapoH 3THX 3apsj0B HE 3aBUCAT OT HANAYHA
octanbeHbIX. TloaTOMY pe3yabTHpyIOmas cuma, ACHCTBYIOMIAs Ha KaXXAbId
3apsif, CKNAAbIBAETCS MO NPABUIY CIOXKXEHUSA BEKTOPOB U3 CHI, JEHCTBYOMIHX
Ha HETO CO CTOPOHBIX BCEX APYTHX 3apsAnoB (MIPUHIMI CYNEPNO3HIUH).

TloBepxHOCTHON NAOTHOCTEIO O 3IEKTPHYECKOTO 3apsja Ha3biBaeTCst 3apj,
NPUXOAAIIUIACA Ha EIMHUNY ILIOMIAAH NOBEPXHOCTH 3apsKeHHOro tena. [Ipu
PaBHOMEPHOM pacHpefle IEHUY 3apsAfa ¢ [0 NOBEPXHOCTH TeJa NOBEPXHOCTHAs
ITOTHOCTE 3apsfa

o =q/S,

rae § — nnomanb rtena. IToBepXHOCTHas NNOTHOCTb 3apsAfa Bblpaxaercs
B KyAOKHaX Ha Keadpamuwbtit memp (Kin/M2).

560. Ia opMHaKOBBIX TOYECYHBIX 3apsifa ¢ B3aHMOIEHCTBYIOT B
BakyyMe ¢ cunoil F = 0,1 H. Paccrossnne mexnay 3apsapamMu r =6 M.
Haiitn 5TH 3apsigbl. '

*
B GonbmpHCTBE 3ajial 3TOro pasiaciia OTHOCHTEJIbHAA NHUDJICKTpHUECKAA Npo-
HULAEMOCTD € NPUHATA paBHOﬁ COAHULIC U B (bOpMyJ'lebIC BbIPDAXKECHUA HE BXOMUT.
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561. Kakoe uucino N 3JeKTpOHOB CONEPXKHUT 3apsf B OJHY €IH-
pany 3apspa B cucreMe eguHay CHU (1 Kn)? QnemeHTapHBIA 3apsn
e=1,60-10"1° Ka.

562. [IBa TOYEHYHBIX 3apsAna ¢; M ¢, HaXONATCA Ha PACCTOSHHH 7 IPYr
oT mpyra. Ecnm paccrosinne MeXAy HEMH YMEHbIIAETCS Ha BEJIHYHHY
Ar =50 cM, TO cuna B3aUMOJACHCTBHA F yBEJIUYUBAETCS B iBa pasa.
HaiiTu paccrosiaue r.

563. ToHkasi mEeNKOBasi HUTh BBIAEPXKUBAECT MAKCHMANBLHYIO CHIY
HaTsikeHHss T =10 mMH. Ha aToit HHTH MOABEMIEH MAPHK MAacChl
m = 0,6 r, UIMeIONUA NONOXUTENbHBIN 3apsn ¢; = 11 HKn. CHuzy B
HATPAaBJIEHHH JHHUH NOJBECa K HEMY MOJHOCST INApHK, HMEOMIHIA
OTpHLATENbHBIN 3apsif ¢, =—13 HKun. IIpu kakoM paccTosHHH r MEXTY
INApHKAMH HUTb Pa3opBeTcs?

564. OTpunaTenbHbIH TOYCYHBIH 3apsn () pacnonoXeH Ha NpsMoH,
COEUHSAIONIEH Ba ONMHAKOBBIX MOJIOKHTENBHBIX TOUEYHBIX 3apsfa g.
PaccrosHus MeXTy OTPHIATEAbHBIM 3apsAIOM H KaXXIbIM H3 MOJOXKH-
TEJIbHBIX OTHOCATCA MEXHy coOoH, xak 1: 3. Bo ckonbko pa3 u3Me-
HATCS CHJIA, IeHCTBYIOHIAsA Ha OTPHUATEINbHBIHA 3apsf, €CIH €r0 MoMe-
HATH MECTAMH C OJIKAHIINM IIOJIOXKHUTE TIbHBIM?

565. [Isa orpunaTeiabHbIX TO4YeuyHbIX 3apsga ¢; =-9 HKa H
g, = -36 HKJN pacnonoxeHbl Ha PacCTOSHHUH F =3 M Apyr OT fApyra.
Korga B HeKOTOpO#H TOUKEe MOMECTHIH 3apsf ¢y, TO BCEe TpH 3apsna
OKa3zalliCh B paBHOBeCHH. HaliTH 3apsn g, M pacCTOSHHE MEXAY 3a-
pARaMH g, U gq.

566. Tpu oguHAKOBBIX TOUYEeUHBIX 3apsana g = 20 HKn pacnonoxeHs! B
BEPUIMHAX PaBHOCTOPOHHEro TpeyroibHuka. Ha xaxknbiil 3apsap pef-
ctByeT cuna F = 10 MH. HatiTa giuHy @ CTOPOHBI TPEYrOJBHHKA.

567. Tpu oOpQHHAaKOBbIX TOYEYHBIX 3apsfa

g, =g, =¢;=9 HKn pacnonoxeHbl B BepHIMHAX o 7o
PaBHOCTOPOHHEro TpeyrojabHuka. Kako# Toue4uHbIH
3apsiy gy Hy>KHO IIOMECTUTD B LIEHTPE TPEYrojibHHUKA, 90
YTOOBI CHCTEMA HAXONMIACH B pABHOBECHH? ®
568. YeThipe ONMHAKOBBIX TOYEYHBIX 3apsjga
g = 10 HKn pacnonoxeHsl B BEPIMIMHAX KBajipaTa coO ¢ o
q a q

cropoHoit a = 10 cMm. Haittu cuny, meficTByrOMyO cO
CTOpPOHBI TPEX 3apsOB Ha YeTBEPTHIH. Puc. 69

569. YeTnbIpe OmMHAKOBBIX IO MOAYJIFO TOYEYHBIX
3apsna |g| = 20 aHKn, 1Ba H3 KOTOPBIX MOJIOXHUTENbHbBI, 4 BA OTPH-
LaTeJbHbI, PAacONOXEHbI B BEPLIMHAX KBaj[paTa co CTOPOHOH a = 20 cM
TakK, KaK IOKa3aHO Ha puc. 69. Haittu cuny, meicTBYOIIyIO Ha TO-
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MEIEHHBIA B LEHTPE KBajpaTa MONOXKHUTENbHBIA TOYEYHBIHA 3apsin
qp = 20 K.

570. Ha w3onupoBaHHO# INOACTAaBKE PAaclONIOXEH BEPTHKANbLHO
TOHKHH (hapopoBbIH CTEPXKEHb, HA KOTOPBIN HajeT MeTaJiHyecKHi
noablfi mapuk A paguyca r (puc. 70). Ilocne
coobIeHus 1apuky 3apsaga g = 60 HKn mo crep-
SKHIO ONYIEH TaKOH K€ He3apsKeHHBIN MeTalllu-
yecku#l mapuk B maccel m = 0,1 r, KoTOpBI# CO-
npukKacaeTca ¢ mapukom A, Ha kakoM paccrosHAn
h or mapnka A OyIeT HaxOOUTLCA B paBHOBE-
cuu mapuk B mnocie conpuKoCHOBEHHs, €Cnd
mg < k(0,5¢)% (4r)?? TpeHuneM MIAPUKOB O CTEPXKEHb
npeHeOpeys.

571. Bokpyr OTpHLATENBHOTO TOYEYHOTO 3aps-

Puc. 70 na gy = —5 HKJ paBHOMEPHO OBHXKETCH 10 OKPYX-

HOCTH MOJ] JEUCTBHEM CHIBI NPUTXKEHUS MalleHb-

KWH 3apsKeHHbIN mapuK. YeMy paBHO OTHOIIEHHE 3apsfa Mapuka K

ero Macce, €Clii yriioBas CKOpPOCThb BpallleHHs IIapuka =5 pag/c, a
paguyc OKpyXkHocTd R = 3 cM?

572. ]IBa oIMHAKOBBIX MIapuKa Macchl m = 9 r HaXO#ATCS ApPYr OT
Apyra Ha pacCTOSIHUY r, 3HAYHATENbHO NPEBBIMAIOIIEM HX pa3Mephl.
Kakpre paBHble 3apsibl HeoOOXOOUMO NOMECTUTh Ha MIapHKax, YTOObI
cHJla HX KYJIOHOBCKOrO B3aMMOJENCTBUS ypaBHOBEMIMBAaNa CHIY
rPaBATALMIOHHOTO MPUTSIKE HUS?

573. Haiitu cunbl B3auMMOJEHCTBHs IBYX TOUYEUYHBIX 3apslioB ¢, =
=4 HK1 u ¢, = 16 sKn B BakyyMe U B KEpPOCHHE (HURJNEKTpHUUecKas
MIPOHHLIAEMOCTD € = 2) Ha paccTosiHuM + = 20 cMm.

574. [Ipa To4YeuHBIX 3apsAfa, HaxOAsACh B BO3AyXe Ha pacCTOSHUHU
ry =5 cM, B3auMoOJefiCTBYIOT APYr ¢ Apyrom c cumoit F| = 120 MxH,
a HaxofsdCh B HEKOTOPOH HENpOBOAsLIEH XUAKOCTH Ha PacCTOSHHUH
r, =10 cM, — ¢ cunoit F, = 15 MxH. KakoBa guanekTpuueckas NpoHH-
LaeMOCTb XXHUAKOCTH?

575. Haittu paccrosiHAe ry MEXNy IBYMs OIHMHAKOBBIMH TOUYEYHBIMHA
3apsiaMy, HaXOOALIMMICS B Macie (IU3JIEKTPUUECKas NPOHUL[aeMOCTh
£ =3), ecnu cuiia B3aUMOMEICTBHS MEX[Y HAMH Takas Xe, Kak B
BaKyyMe Ha PacCTOSHUM I, = 30 cMm.

576. [iBa  ofMHAKOBBIX 3apSKEHHBIX IIapdKa, MOABENICHHBIX Ha
HUTSX paBHOH IIUHBI B OJHOH TOYKE, Pa3OLUIKCh B BO3[yXe Ha He-
KOTOpbIA yron 2¢. KakoBa gomxHa ObITh IOTHOCTh P MaTepHala
IMAPUKOB, YTOOBI NPY IOTPYKEHHH HX B KEPOCHH (IH3JIEKTpHYECKas
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APOHHLAEMOCTD € = 2) yroNl MeXAy HUTAMH He u3Menuica? [lnoTnocTs
gepocuHa p, = 0,8 - 10% kr/™3.

577. [IBa oMHAKOBBIX 3aPAXKCHHBIX IIApWKa MOJBEIICHBI HA HUTHX
paBHOH [UTHHBI B OJTHO# TOKE M NOTPYKEHBI B XHUAKOCTh. IInoTHOCTH
MaTepHaljia IIapHKOB H XKHAKOCTH paBHHI P H P,. IIpu kakoi nu-
3JI€KTPHYECKOI NPOHHIIAEMOCTH XKHIKOCTH YTOJl PACXOXICHHS HATEH B
KHUTKOCTH ¥ B BO3AYXe OyaeT OOHH U TOT Xke?

578. OgHonMeHHBIC TOYEYHBIEC 3apAfbl ¢, H g, PACHONOXCHBI B
BEPIIMHAX PaBHOCTOPOHHETO TPEYTONbHHKA CO CTOPOHOM ' B ORHOPON-
HOII CpeJie ¢ MU3TIEKTPHUIECKOH NIPOHUIIAeMOCThIO €. HaiiTn cyMMapHyIo
cuny F, MedCTBYIOMYIO HA TOYEUYHBIA 3apsA] ¢3;, PACIONOXEHHBLIA B
TpETbEH BEPIIMHE TPEYTONLHUKA.

579. Tpu TOoueUHBIX 3apsfia, pacHOJOXEHHBIX APYr OT Jpyra Ha
PaCCTOSIHUAX Iy, I'13 U Fp3, B3AUMOJEHCTBYIOT B BaKyyMe C Cunamu F )y,
Fi3 1 Fy; coorBeTcTBeHHO. HallTH yepe3 M3BECTHBIE BENIMUHHBI BHIpA-
JKEHHE IS TPETBEro 3apsfa.

580. C kako¥ cujoil B3amMojeHcTBoBaNH Obl B BakyyMe [Ba
OMMHAKOBLIX TOYEUYHBIX 3apsafga g = 1 Kun, Haxogsce Ha paccTOSHUH
r=0,5 xm pgpyr ot gpyra?

581. [IBa oTMHAKOBBIX IIAPHKA MONBEIIEHLI B BO3AYXE HA HATAX TaK,
YTO HX MOBEPXHOCTH compukacarorcs. Ilocie TOro kak KaxXpoMy
mapuky 6bm cooOmeH 3apsaa a = 0,4 MxKn, mapuku pasonuch Ha
yron 20, = 60°. HaiiTu MacCy IIapHKOB, €CJIH PACCTOSHHUE OT LCHTPOB
[IAPHKOB 0 TOYKM nopseca / = 0,2 m.

582. CocrasieH npubop U3 IBYX OfHHAKOBBIX MPOBOMAIINX IIAPUKOB
Maccel m = 15 r, OfMH U3 KOTOPBIX 3aKpEIIEH, a JPYroi NofBelIeH Ha
HATH gauHbl [ = 20 cM. llapuku, HaxonsACh B CONPHKOCHOBEHHUH, MOJY-
YAKOT OXMHAKOBBIE 3apsAbl, BCIEXCTBHE Yero NMONBHXKHBIA MIADHK OT-
KJIOHAET HUTH Ha yroa 20 = 60° ot BepTukanu. HaliTh 3apsg Kaxporo
mapuka.

583. lllapuk, Hecymuit 3apsan g = 50 uHKn, KocHyJCA BHYTpEeHHEH
NMOBEPXHOCTH He3apsDKeHHOH nmposopsmel cdepsl paguyca R = 20 cm.
HaiiTn noBepXHOCTHYIO IIOTHOCTH 3apsfia HA BHEIIHEH NMOBEPXHOCTH
cepslr.

584. HaiiTi mMOBEpXHOCTHYIO IUIOTHOCTDH 3apsifja Ha BHEIIHEW IO-
BEPXHOCTH NpoBofsIen chepbl paguyca R = 20 cM, €CliH B LIEHTPE
cepbl HA H3ONHPYIOIIER MANOYKE HAXONUTCS IIAPHK, HECYLMA 3apsyy

= 50 uKn. BymeT 1M U3MEHATHCA MOBEPXHOCTHAsI INIOTHOCTh NPH
HU3MEHEHHUH NOJNOXKEHHS [IapUKa BHYTPH cepbi?
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§ 19. dnekTpnueckoe noje

anpHJCEHHOCMb ANEKMPUHECKO20 NOAR

DneKTpHYecKHe 3apsifbl CO30AaIT B MPOCTPAHCTBE BOKPYT cebsl 3JIIEKTPH-
uyeckoe nojue. Ha anexrpuueckuii 3apsj, IOMEIEHHBIA B TOUKY IPOCTPAHCTBA,
/i€ ECTh 3JIEKTPHUECKOE IOJIE, AEHCTBYET CHIA.

OnekTpHueckoe nojie B KaXKJOH TOUKE NPOCTPAHCTBA XapaKTepHU3YeTcs
Halpsi)KeHHOCThbI0. HanpsixkeHHOCTBIO 3/ekTpuueckoro nojis E B paHHO#N
TOYKE HA3bIBAETCSl OTHOLIEHHE CHJIbI F, IEHCTBYIONIEH HAa IIOMEIIEHHBIHA B 3Ty
TOUKY TOUECHHBIH 3apsAf g, K 3TOMY 3apsaay:

E = F/qy. “4)

HanpsskeHHOCTD 37IeKTPHYECKOTO NOJs — BEKTOPHAs! BETHMYHMHA, HallpaBJIeHHe
KOTOpPOH cOBNAjaeT ¢ HampaBleHHEM CHibl F npu gy > 0. Ecin u3BecTHa
HaNPS>KEHHOCTD 3JIEKTPHUECKOrO MOJIsl B JAHHOM TOUKE, TO COINIacHO (hopMyIte
(4) Ha MOMEILEHHBIH B 3Ty TOUKY 3apsf ¢, ACHCTBYET CHIIa

F=qE. ®)

Toueunnblii 3apsy g co3fgaeT BOKPYr cebs 3JEKTPHYECKOE MOJIE, HAalps-
3KEHHOCTb KOTOPOT'O B TOYKE, YJaJE€HHOU OT 3TOrO 3apsja Ha PAacCTOSHHE I,
cornacHo ¢opmyne (4) u 3akoHy Kymona (2) B cucreme epunurn; CH BbIpa-
3KaeTcsl COOTHOIIIEHNEM

q 1 ¢
E=kL =— 2 6
er?  4dme, er? ©)

rjge € — AMAJIEeKTpHYecKas NPOHHUIAEMOCTh CPEAbl, 3aNONHAIOMEeN NMpocT-
PaHCTBO BOKpYT 3apsfaa, a ko3¢ ¢UIMUEHT NPONOPIUOHANBHOCTH kK = 1/41ey =
=910 H - Mm¥Kn?. B cucreMe eaunurn CH 3a €AMHUIY HanpsXeHHOCTH
NpUHEMAETCA 80abm Ha memp (B/M) — Takas HANPSAKEHHOCTH, IPH KOTOPOH Ha
sapan 1 Kn peitctyer cuma 1 H (cm. nanee dopmyny (11)).

HanpsskenHocTb 3sexTprueckoro nois E, co3gaBaeMoro B JaHHOH TOYKe
HECKOJIbKUMH TOYEUYHbIMH 3apsfiaMH, paBHa BeKTOPHON CYMMe Hamps-
JKEHHOCTEMH, CO3aBaeMbIX B 3TOH TOUKE KaXKAbIM 3apsjoM MO OTAEIbHOCTH
(IpUHIUN CyNepno3uInN):

E=E,+E;+...+E,
CnenyeT HMETH B BHAY, UTO JJEKTPUYECKOE IOJI€ PABHOMEPDHO 3aps-
’KEHHOTO IIapa paauyca R, MOJNHBIA 3apsj KOTOPOTO PaBEH ¢, COBNAJAET BHE
Imapa ¢ 3JIeKTPHYECKHM MOJIeM TOUYEYHOTrO 3apsfa, paBHOTO 3apsAAy ¢ Iapa U

NOMEIIEHHOrO B ero neHTpe. I103ToMy Hanps>XeHHOCTh B TOYKAX, YAAJTEHHBIX
OT IIeHTpa II4pa Ha PacCTOsIHAE &' = R, MOXKHO BBIYHMCIATH 1O hopMmyie (6).

585. Ha xaxoM paccTostHMH r OT ToyeyHoro 3apsgga g = 0,1 K, Ha-
XOJANIErocsi B MUCTHINIMPOBaHHOM BOJE (MM3JIEKTPHYECKas MPOHUIIae-
MOCTB € = 81), HanpsAXKEHHOCTH 3IeKTpAYeckoro noius E = 0,25 B/mM?
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586. B mnentpe nmpoBopsimeil cepbl MOMENIEH TOUYECYHBIH 3apsp
g = 10 uKn. BuyTpennnii u BHemHuin pagaycel cdepbl r = 10 cM u
R = 20 cM. HaiiTu Hanps>KE€HHOCTH 3JIEKTPHUYECKOrO MONsA Y BHYTPEH-
geil (E)) u BHemHei (F,) noBepxHOcTEH cephl.

587. OnuHakoOBBIE IO MOAYNI0, HO pa3sHble IO 3HAKy 3apsiAbl
lgl = 18 BKn pacnonoxeHsl B ABYX BEPUIMHAX PABHOCTOPOHHETrO
TPEYrONbHAKA CO CTOPOHOH a = 2 M. HaliTh HanpsKE€HHOCTL JIEK-
TPHUYECKOro NoNst £ B TpeThel BEPIIHHE TPEYTOJNIbHUKA.

588. B BepmmHax mpu ocTphIX yraax poM6a, COCTaBIEHHOIO U3 ABYX
PABHOCTOPOHHHX TPEYrOJBHHKOB CO CTOPOHOM a, IOMEMIEHbl OfUHA-~
KOBbI€ MONOXHUTENbHBIE 3apsANbl ¢ = ¢, = ¢. B BepllnHe npu ogHOM
U3 TYNbIX YIIOB poMba MOMEIIEH MOJIOXKHUTENbHbIH 3apsan (. Halitu Ha-
NPSKEHHOCTD 3EKTPHYECKOro nonst E B 4eTBepTOil BepiuHe poMba.

589. PemnTh mpepbiaymyto 3agady, €CIM 3apsn () OTpHIATENEH, B
cnyvasix, korga: a) [0l < g; 6) 10l = g; B) IQ1 > q.

590. Iuaronanu pomMba d; = 96 cM u d, = 32 cM. Ha KoHIaX IIIHHHON
NHATOHANH PaclONOXEeHBl TO4YEeUYHble 3apaabl g, = 64 HKn u ¢,
=352 uKn, Ha KOHHAX KOPOTKOM — TOYeUHLIE 3apsfabl g; = 8 HKn u g, =
= 40 gKn. Haiitn Mopyns ¥ HanpaBlieHHe (OTHOCHTENIbHO KOPOTKOMH
AMArOHAaNM) HANPSXKEeHHOCTH 3NEKTPUIECKOTO NONA B IEHTpe poMba.

591. Kakotii yron 0. ¢ BEepTHKAJIbIO COCTABUT HHTb, HA KOTOPOH BHCHT
IApHK Macchl m = 25 Mr, €ClIH NOMECTUTD IAPHK B TOPH3OHTANBHOE
OMHOPOJHOE 3NEKTPHUECKOE MOJe ¢ HampsKeHHOCThbo F = 35 B/Mm,
coo6muB eMy 3apsa g = 7 MkKKn?

592. Illapux Maccel m = 0,1 r 3akpeniieH Ha HATH, JJIHHA KOTOPOIii /
BEJIHKa [0 CPaBHEHHIO ¢ pasMepamu mapuka. lllapuky coolmaroT
3apsig g = 10 HKn 1 moMemaioT B OMHOPOAHOE 3NMEKTPHYECKOE MOJie C
HaNpsiKeHHOCThIO E, HanpaBneHHO# BBepX. C KakKUM NEpHOAOM OynmeT
KonebaThCs LIapHK, €CNH CHIa, AeHCTBYIOI{asi Ha HErO CO CTOPOHBI
3NIeKTPUUYECKOro Nons, Oonbine cunbl Tsixectd (F > mg)? Kakon
AONKHA OBITh HANPSIKEHHOCTb noNs E, uyTo6bl MIapuK Konebancs ¢

nepuogoM Ty =2m.\/1/g?
593, Illapuk Maccel m = 1 T moaBelIeH Ha HATH AiuHbl [ = 36 oM. Kak
' AI3BMEHHUTCS NEPHON KoneOaHuil mapHKa, €ClE, COOOIINUB eMy MOJOXKH-
TENbHbIHA UK OTpHHATENbHBIA 3apsy gl = 20 1K, noMecTuTsh mapuk B
OIHOPOAHOE JNEKTPHIECKOE MOJIe C HanpskeHHOCThI0 £ = 100 KB/M
HanpaBJIe€HHOH BHU3? ,
594. B opHOpPOBHOM 3NEKTPHUYECKOM IOJE€ C HANPSKEHHOCTHLIO
E = 1 MB/M, HanpaBneHHOI o] yrioM ¢ = 30° K BepTHKANM, BUCHT Ha
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HHUTH IIAPMK Macchl m = 2 r, Hecymu# 3apsag g = 10 uKn. Haitu cuny
HATAXKECHUA HUTH T,

595. DNeKTPOH [ABMXETCS B HANPABJIEHAA ORHOPONHOIO 3JEKTPH-
yeckoro mojs ¢ HanpskenHoctbio E = 120 B/M. Kakoe paccrosnue
MPOJIETUT 3JEKTPOH 710 NMOJTHOU IOTEPH CKOPOCTH, €CITH €0 HavaJlbHas
ckopoctb v = 1000 kmM/c? 3a kKakoe Bpems OymeT HpPOHREHO 3TO
paccrosHue?

596. Ily4oxk kaTORHBIX Jy4eH, HAaIpaBleHHBIH mapanienbHO 00-
KJIaikaM IJIOCKOro KOHAEHCATOpa, Ha MyTH / = 4 CM OTKJIOHAETCS Ha
paccTosHHE # = 2 MM OT IEepBOHAYAJIBHOro HanpasieHus. Kakyro cko-
POCTh ¥V M KHHETHUYECKYIO S3HEPTrHi0 K HMEIOT 3JIEKTPOHBI KaTOAHOIO
Jyya B MOMEHT BJeTa B KoHpeHcaTop? Hanps:keHHOCTh aneKTpuue-
CKOTro ITOJISl BHYTpH KOHfeHcaTopa E = 22,5 kB/M.

Homenyuan. Paboma snexmpuueckux cua

Pa3HOCTBIO NOTEHNUANOB (HTH HanpsikeHHeM) V MexXpy TOUKaMHu a u b
3JIEKTPHUIECKOTO IOJIs Ha3bIBAETCsl OTHOILIEHHE paGoThl A, KOTOPYIO COBEp-
IIAKOT ITEKTPUUECKUE CHUITBI [IPU NMEPEMEIEHUH 3apsifia ¢ U3 TOYKH @ B TOUKY
b, K aTroMy 3apspay:

V=Alq. @)

DTa BeIUTMHA HE 3aBHCHT HH OT (POPMBI NYTH, [0 KOTOPOMY HPOHCXOAUT
nepeMeIeHne, HA OT CaMOTo 3apsifia ¢, @ 3ABUCHT TOJTBKO OT CBOUCTB 3JEKTPH-
YeCKOro oS U OT BbIOopa Touek a U h. [ToaTomy, eciii B KauecTBE KOHETHOM
TOYKH IEPEMEILEHHsS 3apsifla ¢ BbIOpAaTh HEKOTOPYH MOCTOSIHHYIO TOUKY ¢
(HanpuMep, OECKOHEYHO YHAAJEHHYIO TOUKY), TO OTHomeHdue A/q MOXeT
CIYXHUTh XapaKTe PUCTHKOH 3JIEKTPHUIECKOrO MOJis B IPOU3BOJILHOM TOUKe a. B
9TOM CJIyUae €ro Ha3bIBalOT MOTEHIHAIOM (P, MO B TOUKE @ (OTHOCHTEILHO
ToukH ¢). [loTeHuan noJs B TOYKe ¢ MOXKHO CYMTATH PABHBIM MPOU3BOJILHOM
MOCTOSIHHOH BETMYUHE, KOTOPYIO YIOGHO NOJIOXUTE PABHOM HYJTIO.
Ecnu @, u ¢, — moTeHIUANbI TOYEK a U b, TO

V=0,—@p. ®
CormnacHo ¢opmynam (7) u (8) paGoTa A, coBepiraeMasi 3JEKTPHIECKAMHA
CHJTaMH [IPH MEepeMEIICHAN 3apsiia ¢ U3 TOUKH @ B TOUKY b, eClH M3BECTHA

PaA3HOCTL IIOTCHIIHAJTOB |4 MEXY ITHMH TOUYKaMH UJTA U3BECTHHI ITIOTCHIHUATBI
{, U Py OJIA1 B ITUX TOUKAX, ONPEACTACTCS BbIDAXKCHUEM

A =qV=q(0,— ). _ €)

EnunMued pasHOCTH NoTeHNManoB B cucreMe equnun, CY sinsiercss soasm
(B) ~ Takas pa3HOCTb MOTEHIMANOB, MPH KOTOPOH 3ITEKTPUYECKHE CHIBI
copepmatoT pabory | [x npu nepememneHud 3apspa 1 Km: 1 B =

=1 Ix/1 Kn.
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Eciu 371eKTPHYECKOE NONIEe CO3AaeTC] TOYEUYHBIM 3TMEKTPUUYECKHAM 3aps-
[OM ¢, TIOMEIIEHHBIM B CPEMIE C IMINEKTPHUECKOH NPOHALAEMOCTBIO €, TO
NOTEHINAT B TOUKE, YAATICHHON HAa PAacCTOSIHAE F OT ITOTO 3apAna,

q9__' a4
=k =———— 10
¢ er d4me, er (10)

3pech NOTEHLHAN OTCUATBIBAETCA OTHOCHTENBHO GECKOHEUHO yHaleHHOMN
TOUKH, B KOTOPOH OH paBeH HYNO. 3HaK NOTECHLHANA ONpPeeNaeTCa 3HAKOM
sapsna q.

IToreHUMan 3INEKTPUUECKOTO MOJSA, CO3JaBaeMOro B JaHHOH TOUKE He-
CKOJIbKAMH TOYEUHBIMH 3aps[iaMH, PaBcH anreGpaniecKoii CyMMe MOTEHIHUA-
JIOB MOJEH, CO3[1aBaeMbIX B 3TOH TOUKE KaK/AbIM 3aps[IOM IO OTAEIbHOCTH:

=P+ P+ ... +Q,

[Ipr HEMOABHXHBIX 3apsAfax NMOTEHLHATIbl BCEX TOYEK HA MOBEPXHOCTH H
BHYTPH NPOBOJHHAKA O[IMHAKOBDI.

OneKTpHUECKOe NoJE PAaBHOMEPHO 3aPsKEHHOTO 1apa pajuyca R, MOTHbIHA
3apsjl KOTOpOrO paBEH ¢, COBNAflaeT BHE Iapa C 3JICKTPHYECKHM MOJEM
TOYEYHOIO 3apsjia, pABHOrO 3apsfy ¢ Ilapa M NOMEIIEHHOrO B €r0 LEHTPE.
[TosTOoMy moTeHuHaa TOYEK MO, CO3AABAEMOro IapOM HAa PAacCTOSHHUAX
2 R oT ero lueHTpa, MOXHO BbIYHCIATH o ¢dopmyne (10). B yactHoCTH,
MNOTEHIHA] TOUEK Ha MOBEPXHOCTH W BHYTPH NPOBOJALIETO rapa papnyca R
OINpEeNEIAETCS BbIPAKEHHUEM

€R  dmey eR

Mexny AByMs XapaKTEpPHCTHKaMH 3JIEKTPUUECKOTO MOJNSA — Hamps-
SKEHHOCTBIO H IIOTEHLHAIOM — CYLIIECTBYET CBsA3b. Ecin @, H @), — HOTEHLHANbI
TOUEK a U b, JIEXKAIIUX Ha ONHOH JHHMM HANPAXKEHHOCTH B OJHOPOJHOM
9NIEKTPHUUECKOM IIOJIE Ha PAcCTOAHMH I IPYr OT APYra, TO HANpPSKEHHOCTb
QIIEKTPHYECKOTrO MO

E = (9, - Q)r. (1)

Ecnn mojse HEONHOPORHO, TO 3Ta (OpMysa AaeT JHUIIb CPEHEE 3HAUYECHHE
HaNpS>KEHHOCTH HA JTMHUH HANPSIKEHHOCTH MEX/y IBYMS STHMH TOYKAMH.

W3 dopmyasr (11) crenyeT, YTO HaNpSKEHHOCTb IJTEKTPUUYECKOIO MOJA
MOXHO H3MEpSTh Pa3HOCTbIO NOTEHLUHANOB, NMPHXOAAINEHCS Ha EIWHHULY
mamaubl. B cucreme epunny CH 3a equHHLY HaNpsS>KEHHOCTH NPHHUMAETCS
s8oabm Ha memp (B/M) — TaKas HanpsKEHHOCTb 3JIEKTPHYECKOTO HOJS, MpPH
KOTOpPO¥ pa3sHOCTb MOTEHIMANOB MeXy TOYKaMH, YIATECHHBIMHE PYT OT Apyra
Ha paccTOSHHE 1 M N0 IMHAM HANPSXXeHHOCTH, paBHa 1 B.

597. Haiitu noTeHnnaa mapa pagayca R = 0,1 M, ecnu Ha paccrosi-
HHH r = 10 M OT ero NOBEPXHOCTH MOTEHUHMAN 3JNEKTPHUYECKOTO IOJIS
¢, =20 B.
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598. N ofMHAKOBBHIX MAapooOpa3sHbIX KaleJeK PTYTH ONHOHMEHHO
3apsKEHBI JO OJHOrO M TOro Xe noreHnyana ¢. Kakos 6ymeTr nores-
uHan ® GonbIIoH Kalid PTYTH, NOJMYYHBILICHCI B pe3ynbTaTe CIUSHAS
9THX Kanenb?

599. B ueHTpe MeTannu4ecKoi cepnl paguyca R = 1 M, Hecyei
nonoXxuTenbHbId 3apssy O = 10 HK71, HaxOfHTCA ManeHbKHI IIApHK ¢
MOJIOKHUTENbHBIM HIIH OTPHLATENbHBIM 3apsiaoM lgl = 20 uKn. Haitti
NOTEHOHAN (p 3JEKTPHYECKOrO NONA B TOYKE, HAXOAsAMIeHCS Ha
paccrosinuu r = 10R ot uenTpa cepsl.

600. [To xakoro noTeHnyaaa MoXKHO 3apsAAUTh HaXORSIIMIACA B BO3-
ol _, Ayxe (RHANEKTPHYECKAs IPOHHLAEMOCTD
o - 0 & = 1) MerannHYeckHii map papguyca R =
= 3 CM, €CIIH HalIpSKEHHOCTD 3JEKTPHIECKOro
IoJsA, NpH KOTOPOH NMPOHCXORHT HpOo6OH B
Bo3nyxe, E =3 MB/mM?

601. [IBa onHHAKOBO 3apAXEHHBIX IIAPHKA,
pacloNIOXKEHHBIX APYr OT Apyra Ha pac-
CTOSIHHH r = 25 CM, B3aHMOJCHCTBYIOT C CHIIOH
-4 +3  F =1 MkH. [lo xakoro noTeHnuana 3apsaKeHbl
IIapHKH, €CJIH uX guaMeTpsl D = 1 cM?

602. B BepmnHax KBafipaTa, pacloNOXeHbI
TouyeuHsle 3apsabl (B HKN): ¢, =+ 1,9, =-2,93=+ 3, g, =— 4 (puc. 71).
Ha#iTi noTeHHal H HAPSAXKEHHOCTD 3JIEKTPHYECKOro NONsS B LEHTpE
KBafpaTa (B Touke A). [Ilmaronans kBagpaTa 2a = 20 cMm.

603. HaliTH noTeHIMANbl H HANIPSKCHHOCTH IEKTPHYECKOTO MOJS B
TOYKAaxX a u b, HaXOAAMHUXCcA OT TodeuyHoro 3apsaga ¢ = 167 uHKn Ha
paccTosHHSIX I, =5 cM H 1, =20 cM, a Takke paGoTy 3JIEeKTPHYECKHX

CHJI TIpH NIEpEMEILIEHHH TOUYEYHOTO 3apsaaa gy = 1 HKn

Ox

Puc. 71

/O\‘q M3 TOYKH d B TOUKY b.
rf/' \\r” 604. ToueuHbIH NOMOXUATENBHBIH 3apsiy ¢ CO3RAET
; e %, BTOUKAXaH b (pHc. 72) nons ¢ HaNpsKEHHOCTAMH E,,
H E,. Haiitu paboTy 3/MeKTPHYECKHX CHJ IIpH Iie-
Puc. 72 pEMEIICHHA TOYEYHOro 3apsifia ¢, B3 TOYKH 4 B
TOYKY b.

605. B aToMHO# dU3HKE IHEPrHIO GBICTPBIX 3apSKEHHBIX YaCTHI]
BBIPAXAaKOT B 3JCKTPOHBONbTAX. Jaexkmpongoabm (3B) — aTo Takas
3HEprHsi, KOTOPYIO MPHOOPETAET 3NEKTPOH, NMPOJIIETER B INEKTPHUE-
CKOM II0JIe TyTh MEXKAY TOUKaMH, Pa3HOCTb IIOTEHIIHATIOB MEXAY KOTO-
pbiMH paBHa 1 B. BblpasuTh 21€XTPOHBONLT B AXKOYIISX. KaKy}o CKO-
POCTBb HMeeT JTEKTPOH, o6nafaromui aHeprueit 1 3B? :
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»606. DIEKTPOH JIETUT OT TOYKH a K TOYKE b, pa3HOCTb NOTEHI[HAJIOB
mexay KotopeiMa V = 100 B. Kakyio CKopocTe IpHOGPETaET 3JI€KTPOH
B TOUKE b, €CIIH B TOUKE @ €r0 CKOPOCTh Obljla paBHA HYJNIO?

607. Kakyro pa6oty HeOOXOIHMO COBEPIIMTH NPH MEPEHOCE TOYECU-
gOro 3apsaa gp = 30 HKn H3 66CKOHEeYHOCTH B TOUKY, HaxO[AUIYIOCSI Ha
paccTosiud r = 10 CM OT MOBEPXHOCTH 3aPSKEHHOTO METAJIHYECKOrO
mapa? [Torennnan Ha noBepxHocTH mapa ¢ = 200 B, paguyc mapa
R=2cMm.

608. IIpu nepeHoce TouedHoro 3apsapa g, = 10 vHKn u3 6eckoneu-
HOCTH B TOYKY, HAXOIALIYIOCA Ha PacCTOSHUH I = 20 CM OT HOBEPXHOCTH
3apSKEHHOr0 METAaJUIHYECKOro Iuapa, HeoO6XOOHMO

coBepuuTh paboty A = 0,5 MxJIX. Papuyc mapa R = q('? ........ .?

=4 cM. HaliTH noTeHIHa () Ha NOBEPXHOCTH 1apa. ' d
609. /IBa ogMHAKOBEIX 3apsapa ¢, =g = 50 MkKn i 9

HaXOMATCS HAa PACCTOSHHHM 7, = 1 M Opyr OT Apyra. ir

Kakyio pa6oty A Hago COBEPIUHTH, YTOOBI COMH3UTH ! !

HX [0 paccTosHuA r, = 0,5 M? b di

610. [IBa 3apspa q, = 2 MkKn u g, = 5 MkKn 4]
pacnojIoXKeHbI Ha paccTOSHHH r = 40 cM Apyr oT Apyra
B Toukax a u b (puc. 73). Bponws npsmoii cd, npo- Puc. 73
Xopsuied mapanaielbHO NMpsAMOH ab Ha pacCTOAHHH
d = 30 cM oT Hee, nepememaeTcs 3apan g, = 100 MxKn. Hatitu pa6oty
3JIEKTPHYECKHX CHJ IPH NEPEMELIEHHH 3apsAna g, U3 TOUYKH ¢ B TOUKY d,
€CITH NpsIMbIE ac ¥ hd NepneHNNKYIApHbI K NPsAMOi cd.

611, JIpa napannenbHbIX TOHKHX KOJbLA pagHyca R pacnoloXeHbl
Ha paccTOsiHHH d Mpyr OT Apyra Ha onHoH ocu. Haitn paboTy anek-
TPHYECKHX CHJI IPH NePEMELICHHH 3apsAfa ¢, U3 LEHTpa NEepPBOro Kolb-
[ja B IEHTP BTOPOrO, €CIIH Ha IEPBOM KOJIbIE PABHOMEPHO pacnpenelicH
3apsy ¢;, @ Ha BTOPOM — 3apsf ¢».

612, Ha TonkoMm Konblie paguyca R paBHOMEPHO pacnpefeiieH 3apsn
q. KakoBa HaMMeHbIIas CKOPOCTD U, KOTOPYIO HEOGXOMHUMO COOOIUTE
HaxO[sIEMyCAd B LIeHTPE KOJIbIla IIAPHKY MacChbl m C 3apAfoM ¢,
4TOOBI OH MOT YAJIUTHCS OT KOJIbIa B 6ECKOHEYHOCTD?

613. Ha mapuk paguyca R = 2 cM nomemeH 3apaa g = 4 nKu. C ka-
KOH CKOPOCTBIO NMOMJIETAET K IAPHKY 3JIEKTPOH, HaYaBIUHH JBHXXCHHE
H3 6ECKOHEYHO yJaJeHHOH OT HEroO TOUKM?

614, Mexxpy ropH3OHTAJIBHO PACHOJIOKEHHBIMA IIACTHHAMH NJIOC-
KOro KOHAEHCATOpa C BHICOTHI /{ CBOGONHO NMapaeT He3apsKeHHBIN
MeTalnnuyecKuil mapuk Maccel m. Ha xakyro BbicoTy h nocne a6co-
JNIOTHO YIPYTOro yAapa O HIKHIOIO IJIaCTHHY NONHAMETCS IAPHK, €CITH
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B MOMEHT yAapa Ha Hero nepexopmuT 3apsj g? Pa3HocTs noreHima-
JIOB MEXNY IUTaCTHHAMH KOHIEHCATOpa paBHA V, pacCTOSHHE MEXNy
MIIaCTHHAMH PaBHO d.

615, JIpa miapuka ¢ OQWHAKOBBIMH 3apsgaMH ¢ PacHOJIOXKEHBI Ha
OHOW BEPTHKAJH Ha paccTossHUHM H gpyr oT ppyra. HuxHui mapuk
3aKpellIeH HETIOABHXHO, a BEPXHHH, HMEIOIHHA Maccy m, MoJy4aer
HayaNbHYIO CKOPOCTH U, HanpaBiieHHyo BHH3. Ha Kakoe MEHEMaTLHOE
paccTosiHue /i IpuOIH3ATCA BEPXHHAH [HAPHK K HIDKHEMY?

616. Haiitm MakcmMallbHOE pacCTOSHHE h MeXAy LapHKaMH B
YCIOBHAX NpEIbIAYIIeH 3aJayun, €CIH HENONBHXHBIA HIApHK HMEET
OTPHIATENBHBIA 3aps] ¢, a HauallbHasg CKOPOCTh U BEPXHEro HIapHKa
HallpapJieHa BBEePX.

617. DnekTpoH, NpoJIETasd B 3JEKTPHUECKOM IIOJIE NYTh OT TOUYKH
a K TO4Yke b, yBenWYHn CBOIO cKopocth ¢ v, = 1000 km/c mo v, =
= 3000 km/c. HaliTh pa3HOCTH MOTEHIHAJOB MEKIAY TOYKaMH 4 H b
3JIEKTPAYECKOTO MOJIS.

618. B ninockuit KOHAEHCATOP BIIETAET 3JIEKTPOH CO CKOPOCTBIO U =
=2 - 107 M/c, HanpaBNeHHOMH TapaJlIeIbHO NIITACTHHAM KOHIeHCATOpa.
Ha kakoe paccTosHue /i OT CBOEro NEpPBOHAYAJIHHOIO HallpaBIICHHS
CMECTHTCS 3JIEKTPOH 3a BpeMs npojieta KoHaeHcaTopa? Paccrosnue
MeX[y IUTacCTHHaMH d = 2 cM, JJIHHA KOHJeHcaTopa / = 5 cM, pa3HOCTB
MOTEHLHAIOB MeXAy miactuHamu V =200 B.

619. IlonmoXxHuTenbHO 3apsiXeHHas NBITHHKa Macckl m = 10-%r
HaXOJHUTCSl B paBHOBECHH BHYTPH IUIOCKOT'O KOHJEHCATOPA, IIACTHHEI
KOTOPOTO pacnosIoXKeHbl TOPH3OHTANBLHO. MexXy NilacTHHAMH CO3faHa
Pa3sHOCTb NOTEHUHANoB V; = 6000 B. PaccrosHme MeXOy NIIacTHHAMHA
d =5 cM. Ha kakyro BennunHy HeOOXOOUMO H3MEHATh Pa3HOCTh OTEH-
OHaJIOB, YTOOBI NBUIMHKA OCTajach B PAaBHOBECHH, €CIH €€ 3apipn
yMeHbIInics Ha gy = 1000 €?

620. PeminTh NpeABIAYIIYIO 3afady, CUATAas NBUIHHKY 3apsKECHHOH
OTPHUATEIIBHO.

621. B anekTpHuecKoe NOJIe INIOCKOro KOHAEeHCAaTOpa, MIIaCTHHBI
KOTOpOTO pacnojioXKeHbl TOPH30HTANBHO, IOMEIeHa KanelbKa Macla,
AMeromas 3apsag g = 1 e. HanpskeHHOCTh 3J€KTPHYECKOTO TIOJNS
nogo6paHa Tak, YTO KalelbkKa MOKOHUTCA. PazHOCTH MOTEHIHANOB
MeXay NnmacTHHaMH KoHgeHcatopa V = 500 B, paccrosHue MeXny
mnactuHamu d = 0,5 cMm. IInotHocts Macna p = 0,9 - 103 kr/M3. Haittn
paguyc KaneibKu Macina.

622. BHyTpH NJIOCKOro KOHAEHCATOpa, INIAaCTHHBI KOTOPOIO pacmo-
JIOXKEHB] BEPTHKANBHO, MOMEIEHAa JHINCKTPAYECKAs Najl0yKa JITHHBI
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] =1 cM ¢ MeTalNIMYeCKUMH LIAapHKAaMH Ha KOHHAaX, HECYIIMMH 3a-
pAfbl +g U —q (Ig! = 1 uKn). ITanoyka MoxeT BpamaTbesa 6e3 TPeHUA
BOKPYI' BEpTHKaJILHOH OCH, IPOXOAALIEH depe3 ee cepepuHy. Pa3HocTs
MOTEHLMAJIOB MeX/y ITaCTHHaMH KOoHfeHcaTopa V =3 B, paccrosHue
Mexay minactuHamu d = 10 cM. Kakyio paGoty
HeOoOXOMHUMO COBEPUIMTD, YTOOBI NOBEPHYTH Ia-
JIOUKY BOKpYr ocH Ha 180° mo OTHOIIEHHIO K
TOMY IOJIOXEHHIO, KOTOPOEe OHA 3aHHMAaeT Ha
puc. 747

623. BHyTpH mMmI0OCKOro KOHA€HcaTopamo-
MEIEeH MU3JIeKTPUUYECKHN CTEpPXeHb AIHUHBI
/=3 cM, Ha KOHIaX KOTOpOro HMEIOTCA [Ba
TOYEYHBIX 3apaaa +q U —q (lq] = 8 uKun). PasHocTh moTeHnmanos Mexay
IUIACTHHAMH KoHAeHcaTopa V =3 B, paccrosHme MexXAy ITacTHHAMH
d = 8 cM. CTepKeHbp OpHEHTHPOBaH MapaiielbHO MiacTHHaM, Haittu
MOMEHT CHJI, AeHCTBYIOIIMI HA CTEPXKEHD C 3apAfaMH.

624. Ha xoHnax AM3nNeKTpUuyecKod mamodku mimabl [ =0,5 cMm
IPHUKpEIUIEHbl ABA MAaJleHbKHX LIAPHKA, HECYIUIHX 3apHAAbl —q U +4g
(Ig] = 10 1Kn). [Tanoyka HaXogUTCA MEXAY IUIACTHHAMH KOHAEHCATOPA,
paccTosnne Mexnay KoTopbiMu d = 10 cM (puc. 75). IIpu kakoit MuHH-
MallbHOH pPa3HOCTH NOTEHIMAIOB MEXAY IUIaCTHHAMH KOHAieHcaTopa V
[ajo4Yka pa3opBeTcH, €CIH OHA BHIAEPXXKHBAECT MAaKCHMAIBHYIO CHITY
pactskenus F = 0,01 H? Cuno#t Tsaxectn npene6peys.

Puc. 74

Puc. 75 Puc. 76

625. Merannnyecknii mapuk 1 paguyca R, =1 cM mpuKpeleH ¢
OMOIIBIO AU3NEKTPHYECKOH TaJIOYKH K KOPOMBICIY BECOB, IIOCIIE YEro
BEChbl YpaBHOBelleHbI TUpAMHE (puc. 76). Tlog mapukoM 1 nomemaror
3apsAXEHHBLIN Wapuk 2 paguyca R, =2 cM. PaccTosnme mexny mapn-
Kamu h = 20 cm. llapuku 1 1 2 3aMbIKalOT MeXAy co60ii NPOBONOYKOI,
a MoTOM NpOBOJIOYKY yOupatoT. Ilocne sToro oxkaseiBaeTcs, YTO AN
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BOCCTAHOBJICHUSI PaBHOBECHS HafO CHATH C YallIK¥ BECOB T'MpIO MACChl
m =4 Mr. JJo Kkakoro noTeHuyana ¢ Obu1 3aps>KeH IaprK 2 J0 3aMbl-
KaHUA €ro NPOBOJIOYKOH C MapukoM 17

SAeKmpultecrcaﬂ eEMKOCMb

DNeKTPUYECKOH EMKOCTBIO (MJIM NPOCTO €MKOCTBLIO) YERMHEHHOTO NPO-
BOJHUKA Ha3bIBAETCA BEJIMIMHA

C=qlo, (12)

rie g — ero 3apsf, ¢ — NOTeHuUaN (OTHOCUTENIbHO 6ecKOHeuHOCTH). EMKOCTD
yeRUHEHHOTO 1apa paguyca R, MOMEMIEHHOTO B CPeNy ¢ AM3JeKTPUIECKOM
NPOHHUIAEMOCTBIO €, BBINUCIISETCA N0 hopMyIie

C = 4megER,

rae €, = 8,85 10712 d/m— 3JIeKTpUYIECKasi IOCTOSHHAS.

[IBa M30IMPOBAHHBIX APYT OT ApYyra IPOBOJHUKA, 3aPS>KeHHBIX PABHBIMH IO
MOAYJIIO, HO NPOTHUBOMNOJOXHBIMU MO 3HAKy 3apsfaMH, o6pa3yloT KOHJEH-
caTop. DTH NPOBOJHMKM Ha3bIBAlOT OOKJIAafKaMU KOHjeHcaTopa. EMKOCTBIO
KOHJIEeHCATOPa HA3bIBAETCS [IONIOXKUTENIbHAs BEJIMIHHA

C=q/(@ - @) =q/V, (13)

e g — 3apsf Ha OAHON U3 ero o6KIARoK, V = ¢ — ¢, — Pa3HOCTb MOTEHIMAJIOB
MexXJy HUMH. EMKOCTb KOHAEHCAaToOpa C RHU3JIEKTPHKOM, 3alOJHAIOLIIM
NIPOCTPAHCTBO MEXAY OOKIIaKaMH,

C= EC(),
rage Cy— eMKOCTh 3TOTO Xe KOHJleHcaTopa 0Oe3 AuanekTpuka. EMKOCTb
MJIOCKOrO KOHAEHCATOpa, NMpeACTaBISIomero co6od ABe napajienbHble IJia-

CTHHbI NITOIaxu S kaxpas, IIpOCTPAHCTBO MEXNAY KOTODPLIMH 3alIOJITHEHO
AUITCKTPUKOM C nnaneKTpnqecxoﬁ INPOHUUAEMOCTbIO €, BBIUHUCIACTCS IO

¢opmMmyie
C =¢eCy=ge5/d,
rae Cy = £3S/d — eMKOCTb NJIOCKOTrO KOHAeHcaTopa 6e3 JUINEeKTpHKa, a

d — paccrosiHue MeXAY IutacTuHamu. Ecnu g — 3apsajg Ha ogHON M3 NJIacTHH
KOHEHCATOPA, TO HAIPSXKEHHOCTD HOJIs MEXKAY INIaCTHHAMHU

E= q/E()ES.
Pa3nocrb noreHuuanon MEXy ni1aCTHHaMH
V=)~ ¢, = Ed = qdeeS.

ITpu napanneasHOM COEIMHEHNH KOHIeHCaTOPOB ¢ eMkoctaMu Cy, C,..., C,
X obI1asi EMKOCTh

C=Ci{+Cy+...+C,
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QOB6111YI0 eMKOCTB IIOCIEOBATEIBHO COE/IMHEHHBIX KOH/IGHCATOPOB C EMKOCTS-
M Cy, Cy,..., C,, MOXHO HAATH U3 COOTHOLICHHS

KoHnpeHcaTop ¢ eMKOCTBI0 C, 3apssKeHHBIH 3apsAioM ¢ 10 pa3HOCTH MOTEH-
yuanos V, o6nafaeT aHeprueit
cv? _ q2 _qV
2 2¢c 2

3a efMHHMUIY €MKOCTH corinacHo ¢opmynam (12) u (13) B cucteMe euHHUT
CH npunuMaetcs gapad (P) — 3TO eMKOCTb TaKOro NPOBOAHMKA, NOTCHUHAT
KOTOpOTro u3MeHseTcs Ha | B npu cooGmieHun eMy 3apsana 1 K

1 ®=1Kn/l B.

626. Bo ckonbKO paz M3MEHHTCSI €MKOCTh NPOBOJSAILEro Imapa pa-
gayca R, ecny OH CHayaja MoMeIneH B KEPOCHH (JUaJIeKTpAdecKas Ipo-
HALAEMOCTE €, = 2), a 3aTeM B INIMLUEPHAH (JA3JIEKTPAYECKAs NPOHHU-
11aeMOCTb €, = 56,2)?

627. ITnockuil koHpgeHcaTop uMeeT eMKocTs C = 5 n®. Kakoil 3apsig
HAXOOHMTCS HA KAXMOW M3 €ro MJACTHH, €ClIH Pa3HOCTh NOTEHIAANOB
Mexpy Hama V = 1000 B?

628. IToBepxHOCTHAs IUNTOTHOCTBH 3apsifia Ha IUIACTAHAX IJTOCKOI'O
BakKyyMHOro kKonpencatopa © = 0,3 mxKn/mM2 IInomans NmiacTHHBI
S =100 cM?, emkocTs KoHgeHcaTopa C = 10 nd. Kakyro ckopocTh npu-
obpeTaeT 3M€KTPOH, NPOHAA PACCTOSIHUE MEXKAY NIACTHHAMH KOH-
IeHcaTopa?

629. ITnocknit BO3MYIIHBIN KOHIEHCATOP COCTONT M3 TpeX INIACTHH,
COeJMHEHHBIX, KaK NOKa3aHo Ha puc, 77. Ilmomags
Kaxpgo# nnactub! S = 100 cM?, paccTosiHAE MeXay
Humu d = 0,5 cMm. Haiitn eMKOCTB KOHJIeHcaTopa.

Kak u3MeHHTCs €MKOCTh KOHIEHCATOPA NPH NOTPY-
>KEHUHN €ro B DIINUEPHH (OU3eKTpAHYeCcKas MPOHH- Puc. 77
1aeMOoCTb € = 56,2)7

630. KoHgeHcaTop COCTOUT W3 A NAaTYyHHBIX JIACTOB, IIPOJIOKEHHBIX
CTEeKNSTHHBIMH TPOKJIAKaMM TOJIIMHEI d = 2 MM. [1yomagu 1aTyHHOroO
JIACTAa U CTEKJISTHHOM NPOKIaAKA paBHb! S = 200 cM?, AuanexTpuYecKas
TIIPOHUIAaEMOCTh cTekna € =7. HaliTH €MKOCTh KOHfleHCATOpa, eClH
n =21 1 BEIBOJBI KOHAEHCATOPA NPUCOCIAHEHBI K KPAHHAM JIACTAM.

631. Manenpkuil mapuk, aMeroinui 3apsiy ¢ = 10 5Kor, nopgeemeH Ha
HATH B NPOCTPAHCTBE IJIOCKOI'0 BO3YIIHOIO KOHIEHCATOPA, KPYIJbIle
ITACTHHBI KOTOPOT'O PACIONIOXEHBI TOPA3OHTANBHO. Pagnyc niiacTAHBI
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KoHAeHcaTopa R = 10 cM. Korna ninacTHHaM KOHieHCaTOpa COOGIIMIH
3apan Q = 1 MxKin, cHna HaTs>KeHHs HHTH YBeNH4YHach BBoe. Haiitn
Maccy I1apHkKa.

632. Mexny BepTHKANbHBIMH MJACTHHAMH NJOCKOIO BO3JYylI-
HOTO KOHIECHCATOpA MOABELIEH HA HUTH MaJieHbKHH IIapUK, HECYIIHH
3apan g = 10 HKn. Macca mapuka m =6 r, niaomags NJAaCTHHLI
koHpencaTopa S = 0,1 M2, Kaxkoit 3apsan Q Hago cOOOMMTE MIacCTHHAM
KOHJIEHCATOpa, YTOObl HHTH OTKJIOHHJACh OT BEPTHUKAJH HAa Yroj
o =45°?

633. Kakoti 3apsan npoiaeTt o NpoBOJaM, COSOUHSIOIIMM IIACTHHEI
MJIOCKOrO BO3AYIIHOTO KOHMEHCATOpa M WCTOYHHK TOKa C Hampsike-
HAeM V = 6,3 B, pH norpy:XeHHH KOHAEHCATOpa B KEPOCHH (U37eK-
TpHUYecKasi NPOHAIAeMOCTb £ = 2)? [1nomane NIacTHHBI KOHIEHCATOPA
§'= 180 cM?, paccTosiHHE MEXAY IUTACTHHAMA d = 2 MM.

634. IInockuil BO3MYIIHBIA KOHAEHCATOP 3apsAAHJIH A0 Pa3HOCTH
noreHumanos V= 200 B. 3aTteM KOHEHCATOp OTKIIOUHJIH OT HMCTOY-
HHKa TOKa. Kako#il cTaHeT pa3HOCThb MOTEH-
IHAJIOB MEXKY IJIaCTHHAMH, €CJIH PACCTOSIHHE
MEXJy HHMH YBEJHYHTb OT dy= 0,2 MM go
d = 0,7 MM, a TPOCTPAHCTBO MEXAY NIAaCTHHAMH
3aMONHATH CHIONON (AU3JeKTpUYecKasi MPOHH-
1aeMOCTb £ = 7)?

635, IInacTHHBI IJIOCKOTO BO3AYIIHOrO KOH-
IAEHCATOpa NPHUCOEMUHEHBI K HCTOUYHHKY TOKA C
HanpsixeHueM V =600 B. Ilnomanes kBajg-
PpaTHOM NJacTHHBI KOHAeHcaTopa Sy = 100 cm?,

Puc. 78 paccTosinme Mexny nnactuHamu d = 0,1 oM.

Kakoit Tok O6ygeT mpOXogHTh mO IPOBOAAM

MpH ApaljieNIbHOM NepEeMEIeHHH ORHOH IIAacTUHBI BROJb IPYroi €O
CKOpOCTBIO v = 6 cM/c (puc. 78)?

636. HatiTu 3apsin, KOTOPBIA HYKHO COOOILHTHL IBYM NapanieilbHO
COeTMHEHHBIM KOHIeHcaTopaM ¢ eMkocTsMu Cy =2 Mx® u C, = 1 Mk,
4TOGBI 3apSAMATH MX O pa3HocTH noTeHnuanos V = 20 kB.

637. [IBa OMMHAKOBBIX MJOCKHX KOHACHCATOpAa COEOHUHEHbI Mapai-
JeNbHO W 3apsKEHbl MO Pa3HOCTH NOTeHIHanoB Vo, =6 B. Haiith
Pa3HOCTb MOTEHUMANOB V MeXIy NJIaCTHHAMH KOHIEHCATOPOB, €CHH
noclie OTKANYEHHS KOHJEHCATOPOB OT HCTOYHHKA TOKAa y OOHOIO
KOHJIEHCATOpa YMEHBLIHIIA PACCTOSHAE MEXNY IJIacTHHAMH BIBOE.

638. [Ia xongeHcatopa ¢ eMKkocTsMH Cy =1 Mk® u C, = 2 MKD
3apafm 10 pa3Hoctedl noreHumanos V) =20 B u V, =50 B. Halitu
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pa3HOCTh MOTEHUMANOB V mocne coefuHeHNs: KOHAEHCATOPOB OJ{HO-
HMEHHBIMH [10JIOCAaMH.

639. Konpencarop emxkoctu C; = 20 Mk, 3apsixeHHbIA 10 Pa3HOCTH
norenumanos V, = 100 B, coeqununu napannenbﬁo C 3apsKEHHBIM [0
pasHocTu noreHuuanos V, =40 B KoHgeHCATOPOM, EMKOCTh KOTOPOTO
C, HeA3BeCTHA (COCOUHUIH OJHOMMEHHO 3apsiKeHHbIe OOKIagKH KOH-
meHcaTopoB). Haiitn emkocTs C, BTOpOro KOHAE€HCaTopa, €ClH pas3-
HOCTb NIOTEHIIMAIOB MeXAy OOKNaflkaMH KOHAEHCATOPOB NMOCHe COeNu-
HeHHs oka3anachk paBHol V = 80 B.

640. KonneHcarop eMkoctu C| =4 MK®, 3apskeHHBIN A0 pa3HOCTH
noteHuuanos V, =10 B, coeguHeH mnapainelbHO C 3apsiK€HHBIM
IO pa3HOCTH mnoTeHuManoB V, =20 B KoHHeHcaTOpOM €MKOCTH
C, =6 Mx® (CoequHUIH Pa3HOMMEHHO 3apsiXeHHble OOKNTaJKH KOH-
neHcaTopoB). Kako# 3apsn OKakeTCA Ha IUTACTHHAX NEPBOro KOH-
JIeHCaTOopa Mocne CoOeqUHEHNA?

641. KoHpeHcaTop, 3apsX€HHBIH N[O Pa3sHOCTH MMOTEHLHAOB
V, =20 B, coequHUIU NapannelbHO C 3apsiXK€HHbIM O Pa3HOCTH [IOTEH-
uanos V, =4 B koHgeHcaTopoM eMKOCTH C, = 33 MKk®P (coenuMHUIHU
pPa3HOMMEHHO 3apsXeHHble 0oOKjagkH KoHfeHcaTopoB). Haiith em-
kocTh C; meEpBOro KOHAEHCATOPA, €CITH Pa3HOCTh MOTEHLUUATIOB MEXIY
o6k TafkaMH KOHIEHCATOPOB MoCe UX coefuHeHns V =2 B.

642, KonneHcarop eMkocTu C| = 1| MK®, 3apskeHHBIN 0 pa3HOCTH
notenuuanos V,; = 100 B, coemununu ¢ KoHgeHCaTOPOM €MKOCTH C, =
=2 Mk P, pazHOCTh IOTEHLHATOB V,; Ha 06KNafikax KOTOPOTrO HEU3BECT-
Ha (COeNUHUIM Pa3HOMMEHHO 3apsKeHHbIEe OOKIagKd KOHAEHCATOPOB).
HaiiTi pasHoCcTh NOTeHUManoB V,, eCIu pa3sHOCTb NOTEHLHANIOB MEXY
o6KagKkaMi KOHJIEHCATOPOB IIOCTe COEOUHEHHs 0OKa3alachb paBHOMU
V=200 B.

643. [Ia npoBopsmx mapa ¢ pagaycamu R, 1 R, pacronoXxeHsl Tak,
YTO PaccTOSIHAE MEXIY HUMH BO MHOIO pa3 Gonblie paguyca 60b1IEr0
mapa. Ha map panuyca R, nomeieH 3apsy ¢. KakoBbl 6yayT 3apsabl Ha
niapax I0oclie COeUHEHHUs! MX NPOBOJHUKOM, €CIIH BTOPOH map He 6bLiI
3apsikeH? EMKOCTBIO IPOBOIHMKA, COCIHHSIOIIETO MIaphl, IpeHeGpe ub.

644. [IBa npoBopsamux mapa ¢ paguycamu R, =8 cMm u R, = 20 cm,
Haxomsamaxcs Ha OONBIIOM pacCTOSHUH JpPYr OT [Apyra, HMenH
anekTpuueckue 3apaawsl ¢, =40 vKn u ¢, = -20 sKn. Kak nepepac-
IpeReJIATCA 3apsaibl, €ClIU Mapbl COEMAHATD NPOBOXHUKOM? EMKOCTBIO
[IPOBOJHHIKA, COCTUHSIONIEro Maphl, npeHe6peys.

645. [1Ba npoBopsamux mapa c¢ pagaycama R, =10cM u R, =5 cM,
3apsKEHHBIX [0 noreHnmanos @; =20 B u ¢, = 10 B, coegmusrorcs
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npoBOgHHKOM. HaliTH MOBepXHOCTHBIE INTOTHOCTH 3apsiiOB Ha Ilapax
O, U O, IIOCJie HX COeqHUHEeHUs. PaccTosiHEe Mexkay IapaMu BEJHKO IO
CPaBHEHHIO C X pagHycaMH. EMKOCTBIO IDOBOIHAKA, COENUHSIIOIIETO
mapbl, npeHe6peys.

646. ILnocknit BO3NYIHLIA KOHAEHCATOP, 3apsDKEHHBIN 1O pa3HOCTH
noteHuuanos V, = 800 B, coenuHuMIN nmapamienbHO ¢ TAKHM Ke IO pas-
MepaM He3apsKeHHbIM KOHACHCATOPOM, 3aNIOTHEHHBIM U TIEKTPHKOM,
KaxoBa gu3JieKTpHYECKasl IPOHULIAEMOCTD £ IHIJIEKTPHKA, €CITH TIOCITE
COEIMHEHNsT Pa3HOCTh NMOTEHLHAIOB MEXAY IUIACTHHAMH KOHAEHCA-
TOpOB OKa3anack paBHoit V = 100 B?

647. Haiitn eMkocTh C Tpex IIOCKHX BO3AYMIHLIX KOHIEHCATOPOB,
COeIMHEHHBIX MapaijielbHO. Pa3zMephl KOHEEHCATOPOB OIMHAKOBBI:
ITOIaAb MAACTHHBI S = 314 cM?, pacCTOsHHE MeEXAy IUTaCTHHAMH
d =1 MM. Kak H3MEHHTCS EMKOCTEL TPEX KOHJCHCATOPOB, €CIH MPO-
CTPaHCTBO MeXJy INIACTHHAMH OHOTO KOHAEHCAaTOPAa 3alOIHHTh CIIO-
moH (IHaJIeKTpHYecKasi IPOHULAEMOCTD € = 7), a ApYyroro — napadu-
HOM (OM3JIeKTpHYECKAast IPOHULAEMOCTS &, = 2)?

648. B 3apsskeHHOM IIIOCKOM KOHIEHCATOpEe, OTCOCAHHEHHOM OT
HCTOYHHKA TOKA, HAIPSKECHHOCTH 3JIEKTPHYECKOro MONs paBHa E.
ITonoBuHy mpocTpaHCTBA MEXJY IUIACTHHAMH KOHAEHCATOpa 3aIoi-
HHJHY JU3JIEKTPUKOM C JHINEKTPHYECKON IPOHALIAEMOCTHIO € (TOJIIH-
Ha [HM3JICKTPHKA PaBHA pAacCTOSIHUIO MeXAy IuacTuHamu). Haiitu Ha-
MPSIKEHHOCTD JIEKTPUYECKOro MOJs £ B IPOCTPaHCTBE MEXIY ITaCTH-
HaMH, CBOGOIZHOM OT JH3JICKTPHKA.

649. [IBa nocnenoBaTeILHO COCIHHEHHBIX KOHAEHCATOpPAa C €MKO-
ctsama C) =1 Mk® 1 C, =3 MKP NOAKIIOYEHBI K HCTOYHHKY TOKaA C
HanpsbkeHueM V =220 B. HaiiTn Hamps>keHHe Ha KaXXJAOM KOHHAEH-
cartope.

650. [IBa nmociegoBaTeNbHO COENMHEHHBIX KOHAEHCATOpPA C €MKO-
ctME C,=1Mxk® n C, =2 MKD nofgkimoYeHbl K HCTOYHHKY TOKA C

HanpsokendeM V =900 B. Bo3MmoxHa nm paGoTa

O_H'_'_JH’_O TaKOU CXEMBbI, ECIIH HAIpsDKEeHHE Npo60si KOHAEH-

G G caropos V,, = 500 B?

Puc. 79 651. [Ira mocnenoBaTeNbHO COEHHEHHBIX KOH-

HeHcaTopa MOJKIIOYEHbl K HCTOYHHKY TOKa C

HamnpskeHHeM V =200 B (puc. 79). OpuH KOHAEHCATOp MMeeT IO-

crosiHHy10 eMKocTh C) = 0,5 Mk®d, a apyrofi - nepeMeHHy10 eMKOCcTh C,

(o1 Cpin = 0,05 M D 10 C,,ox = 0,5 Mx D). B kakux npepenax H3MeHAETCS

HalpssKEHHE Ha NEPEMEHHOM KOHJAEHCATOpe INIPH H3MEHEHHH €ro
€MKOCTH OT MMHMMAaJIbHO# 1O MaKCUMaJIbHOM?
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652. [Ipu nmocnegoBaTENbHOM COEJUHEHHWH TpPEX pPa3nu4yHbIX KOH-
peHcaTopoB eMKocTb lemu Cy =1 Mk®P, a npu napannenbHOM coefu-
peHnu eMkocTh nenu C =11 Mx®d. HaliTn eMKOCTBIO KOHEHCATOPOB
C, u C;, ecniu eMKoOCTh KoHfieHcaTopa Cy = 2 MKD.

653. IIpu mocnenoBaTeNbHOM COENUHEHMM TPEX Pa3lWYHbIX KOH-
peHcaTopoB eMKocTh Hem Cy = 0,75 Mx®, a nIpu napanienbHOM COEIH-
penun eMKocTh nenu C =7 Mx®. Haditn emkoctu kKoHnencatopos C,
u C; m HanpstxeHnst Ha HUX V, U V3 (IIpH mocnenoBaTENbHOM COENH-
HEHHUH), ecnu eMKocTh KoHgeHcatopa C; =3 Mk, a HanpsKeHHe Ha
HeM V|, =20 B.

654, Tpu nocnenoBaTenbHO COEJUHEHHBIX KOHOEHCATOPA C €MKO-
cramu C; = 100 nd, C, =200 nd, C; = 500 nd nogknroUueHsl K UCTOU-
HHKY TOKa, KOTOpBIA cooOumun uM 3apsn g = 10 aKn. Hafitu Hanps-
JKEHHUS Ha KoHAeHcaTopax V|, V, n V,, HalpsikeHue NCTOUHNKa Toka V u
€MKOCTh Bcex KoHgeHcaTopos C,.

655. Tpu nmocnegoBaTenbHO COENMHEHHBIX KOHOEHCATOPA C €MKO-
cramu C; =0,1 Mx®, C,=0,25 Mk® u C; =0,5 Mxd nogknoYeHbl K
MICTOYHHMKY TOKA C HampsikeHueM V = 32 B. Haiitu Hanpsixenus V,, V, n
V3 Ha KOHJIeHCaTopax.

656. [IBa ONMMHAKOBBIX BO3AYIIHBIX KOHAeHcaTopa eMKocTH C =
=100 nd coepuHEeHB! NOCNENOBATENBHO U MOAKIKUYEHBI K HCTOYHUKY
Toka ¢ HanpstkeHueM V = 10 B. Kak m3MeHuTCs 3apsi Ha KOHIEHCATO-
pax, eciy OfMH U3 HHUX NOTPY3UTh B QUINEKTPHUK C TUIINEKTPUIECKON
MPOHHULIAEMOCTBIO € = 27

657. [IBa mnoCKUX BO3AYIIHBIX KOHIEHCATOPA C OMUHAKOBBIMH €MKO-
CTSIMH COEOUHEHBI IOCIENOBATENBHO W NMONKIIOUYEHBl K HCTOUYHHKY
Toka. IIpocTpaHCcTBO MeXIy MIIACTMHAMH OJHOTO U3 KOHIEHCATOPOB
3aIONHAIOT JUINEKTPUKOM C IUINEKTPUUYECKON NPOHUIAEMOCTHIO
€ =9. Bo cKOJBKO pa3 MU3MEHHTCA HANPAXEHHOCTb JNEKTPHUUYECKOTO
nonst E B 3TOM KoHfieHcaTope?

658. PemruTh npenpIaymyro 3agady Aist cnydast, KOria KOHIeHCaToOPhbI
NOCIIE 3apsAIKH OTKITIOYAIOTCS OT UCTOYHHKA TOKA.

659. [IBa nminocKuX BO3AYIIHBIX KOHAEHCATOPA C ONMHAKOBBIMH €MKO-
ctamu C = 10 nd coegurens! nocnefoparensHo. Hackonbko usmMeHuTCst
€MKOCTh KOHJ€HCATOPOB, €CIM NPOCTPAHCTBO MEXAY IUTACTHHAMH
OJHOTrO M3 HUX 3aNlOJHUTH JUINEKTPHKOM C JUINEKTPHIECKOH NMPOHHA-
[JAEMOCTBIO € = 27

660. B nnockuit BO3MYIIHBIA KOHAEHCATOP C MIOMAALI0 06KIagoK §
U PDacCTOSIHHEM MEXNYy HUMHU d BBeJeHa NapamielbHO obkmagkam
NnpoBofsmias MIAaCTUHKA, pa3Mepbl KOTOPOH paBHEBI pasMepaM oOKiia-
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0K, a €€ TOJIUHHA HAMHOIO MeHbIe d. HaliTH eMKoCTE KOHAeHcaTOpa
C NPOBOASIUEH MIACTHHKOMN, €CIIHM MJIAaCTHHKA PACIoOJIOXKeHa Ha pac-
crosinud [ OT ogHOM U3 0OKIIaNOK KOHIEHCaTOpa.

661. B nimockuil BO3AYIMHBIA KOHAEHCATOP € MIOMIANbI0 OOKIanoK S
H pacCcTOSHUEM MeXAy HUMH d BBeJeHa MapalielbHO OOKJIagKaM
OpOBOMSAIIAS MIACTHHKA, pa3Mephbl KOTOPOU paBHbI pa3Mepam oOkia-
MOK, a TomuuHa d, = d/3 < d. HaiiTu eMKOCTE KOHIEHCATOPA C MPOBO-
AsAIed NIACTHHKOM.

662, ITmockuil BO3AYIIHBIA KOHAEHCATOP 3apskKeH A0 Pa3HOCTH MO-
TeHianos V=50 B 1 oTKI10YeH OT UCTOUHHKA Toka. Ilociae 3TOro B
KOHJIEHCATOp MapajlyieibHO OOKJIafAKaM BHOCHTCS MPOBOASAMIAS IUIa-
CTHHKa TONWMHGI d,, = | MM. Paccrosnue Mexay oOkiaakaMu d = 5 MM,
nomanyd oOKIafoK M NJIaCTHHKA OuHAKOBLI. HaliTd pa3HOCTh NOTEH-
nuanoB V Mexay oOkyagkaMH KOHAeHcaTopa C ONpOBOAALIEH mia-
CTHUHKOM.

663. B nnockuii BO3AYIHBIA KOHAEHCATOP € IUIOIafbio OOKIafoK S
W PaccTOSHUEM MEXNY HUMH d BBOJUTCSA MapajjeNbHO OOKJIanKam
MH3JIEKTPUIECKas IUTAaCTHHKA TOJNIUHHEI d; < d. [IusanexkTpudeckas npo-
HULIAEMOCTH IUTACTHHKH PaBHA €, ITOIANH OOKJIAIOK U IJTACTHHKH Offd-
HAKOBBI U paBHB! S. HaliTH €MKOCTh KOHIEHCATOPA C U TEKTPUUECKO
TLUTACTUHKOM.

664. ITpocTpancTBO MeXxay oOKIagKaMH IUIOCKOrO KOHeHcaTopa
3aM0JIHEHO TPeMs JU3JIEKTPUUYECKUMH IUTACTUHKAMH PABHOH TOJILWHEI
d =72 MM u3 crekna (g, =7), cmoabl (g, =06) u napacduna (g5 = 2).
ITnomanu oOKIAfOK W MJIACTHHOK ONMHAKOBBI W paBHBI S = 200 cMm2.
Hatitu emxocTs C Takoro KoHfieHcaTopa.

% &) Cy
S/2 :[ I

ZE Cy Cs
a s T_I_T

Puc. 80 Puc. 81

665. B rurockuii BO3AYIHBIA KOHAEHCATOP C MUICIaNbio OOKIafoK S
H pacCTOSHHEM MeXJy HUMH ¢ BHECEeHa TapajulepbHO OOKIagKaMm
[HUIEeKTPHUECKas TUIACTHHKA C JUINEKTPUUECKOH NMPOHULIAEMOCTHIO
€ = 2, KOTOpasl pacrnojoxeHa Tak, KaK ImokasaHo Ha puc. 80. Bo ckonb-
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‘KO pa3 M3MEHHTCS €MKOCTh KOHAeHCAaTOpa NpH BHECEHHWH B HETO
IJTACTUHKHA?

666. HaiiTu 0011y10 éMKOCTb KOHIEHCATOPOB, BKIIOYEHHBIX IO CXe-
Me, n300paxennon Ha puc. 81. EMkoctu koHpeHcatopoB C; = 3 MK,
C,=5MkD, C; =6 Mkd u C, =5 MxD.

G

Cy [
Cs 14

c, ! =C

b a

Cs c
y =T

Puc. 82 Puc. 83

667. HajiTu o0mylo eMKOCTh KOHAEHCATOpPOB, BKIIOUEHHBIX IO
cxeMe, H300pakeHHOH Ha puc. 82. EMKOCTb KaXXpmoro KoOHAEHcaTopa
pasHa C|,.

668. HaiiTu pa3HOCTh IOTCHUHANIOB MEX/AY TOUKaMH a U b B cxeMme,
n3obOpakeHHodl Ha puc. 83. EMkoctn konpeHcaTopos C; = 0,5 Mx® u
C, = 1 Mk®, HanpsKEeHUs1 HICTOYHAKOB TOKa V=2 B uV,=3 B.

669. bymaxHubiii KoHfeHcaTOp eMKOCTH C; = 5 Mk® u Bo3gymi-
HbIA KoHAeHcaTop eMKoctu C, = 30 nd coeguHEeHBI NOCHENOBATENb-
HO M NMOAKJIIOYEHbl K MCTOYHHMKY TOKa C HampsixeHueM V = 200 B.
3aTeM BO3[YLIHBIA KOHICHCATOP 3aJIMBAETCd KEPOCHHOM (IM3JIEKTPH-

yeckasi IpOHULaeMocTh € = 2). Kakoii 3apsg g npo- _[_Z—__I_
Te4YeT MPH 3TOM IO LenHn? c, c
670. [IBa oMMHAKOBBIX IJIOCKUX BO3AYLIHBIX KOH-
leHCaTOpa COeNHHEHbI IOCNENOBATENbHO U MOIKIIIO- m}—-/x
4YeHbI K HCTOYHHUKY TOKa. Bo CKONIBKO pa3 H3MEHHT- c, c,
Csl HANPS>)KEHHOCTD 9JIEKTPHUECKOTO NOJIsi B OTHOM l T b l
M3 HUX, €CJIH IPYTO# 3aI0JHUTL IH3JIEKTPUKOM C [IH- -
9JIEKTPAYECKOH NMPOHHLIAEMOCTBIO € = 47 Puc. 84
671. Ha TouyeuHblIi 3apsi, HAXOOAWMICS BHYTpH
MJIOCKOTO KOHAEHCATOpa, HMEIOETO 3apsf g, aeicTByeT cuna F. Ha
Kakylo BelWudHy AF H3MEHHTCA 3Ta CHJa, €ClId KOHIEHCATOpP B
Te4CHUE BPEMEHH ! 3apsiKaTb TOKOM [?

672. KongeHcaTopsl, COefHHEHHbIE IO CXeMe, H300pakeHHON Ha
puc. 84, MOAKNIOYAIOT B TOYKaX a@ U b K MCTOYHHUKY TOKa C HAIPs-

B
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xenueM V = 80 B, a 3aTeM oTkiro4aroT oT Hero. Halitu 3apsy, koro-
pbIi IpOTEYET Yepe3 TOYKY 4, €CH 3aMKHyThb K104 K. EMKocTH KoH-
peHcatopoB C; = C, = C3 = Cyu Cy = 3C,, e Cy = 100 MxD.

673. UeTbipe KOHEHCATOpPA COCTUHEHBI IO CXeMe, H300paXXeHHOH
Ha puc. 85. [Tomrochl HCTOYHHKA TOKA MOXHO NPHCOCOHHHTH JNHOO K

a
Cl\/\'cz o1

b - +
Puc. 85 Puc. 86

TOYKaM a | b, mubo K ToukaM m u n. EMkocTn kKoHpeHcaTtopos C; =
=2 Mxk® u C, = 5 Mx®. Haittn eMrocTr Kougencatopos C, u C,, npu
KOTOpBIX 3apsfbl Ha OOKJIAIKaxX BCEX KOHACHCATOPOB MO MOTYIIO 6ynyT
paBHBI MeXJy c00O0i HE3aBHCHMO OT TOTO, KAKMM CHOCOGOM GyneT
MPHUCOETMHEH HCTOYHHK TOKA.

674. [IBa 0THHAKOBBIX INTOCKHX BO3JYIIHBLIX KOHOEHCATOpa BCTaB-
JIeHBbI APYT B IpYra TaK, YTO PacCTOSHHE MEXAY JNIOObLIMH IBYMsI COCENl-
HHUMM nnacTiHaMi d = 5 MM. Kaxnblit KOHEEHCATOp COCAMHEH C HCTOY-
HHKOM TOKa, HanpspkeHume Koroporo V = 100 B, ogHa W3 mimacTuH
KaXJIoro KOHJeHcaTopa 3a3eMiueHa (puc. 86). KakoBa Hanps>KeHHOCTD
9JIEKTPHYECKOro ot E MeXy niacTHHAMH 4 | b?

675. HaifTn noBepXHOCTHYIO INIOTHOCTD 3apsifa Ha INTAaCTHHAX ILIO-
CKOrO KOHJEHCATOpa, €CM 3NEKTPOH, He MMEBIINH HAYalbHOH CKO-
POCTH, TIPOMJIA MYTh OT OJHOH IJIACTHHBI K IPYroi, IpHOOpETaeT CKO-
poctb v = 107 M/c. PaccTostnue Mexay nnactuHamu d = 3 cM.

676. Kongencatopy emkoctn C = 2 MK® coolmeH 3apsag g =
= 1 MKn. O6knagkn KOHIEHCATOpa COCIMHHIIM NIPOBOOHUKOM. Haiitu
KOJIAYECTBO TEIUIOTHI , BBIETHBINEEC B IPOBOXHHUKE TIPH Pa3psKe
KOHJIEHCATOpa, H pa3HOCTh NOTEHIMAIOB MEXAY OOKNaJKaMH KOHJICH-
€aTopa 10 pa3psIKH.

677. Ilpu paspsynke GarapeH, cocrodmeld H3 n = 20 mapannenb-
HO BKJIOYEHHBIX KOHIEHCATOPOB C ONMHAKOBBIMH €MKOCTAMH C =
= 4 Mx®, BpIgeTHIOCHL KOMHUeCcTBO TemnoTel Q = 10 [Ix. 1o kakoit
Pa3HOCTH MOTEHLUHANIOB ObUTH 3apsKEHBI KOHIECHCATOPbI? :
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_678. Kakoe KONMYECTBO TEIUIOTHI Q BBIACNMTCS NPH 3a3€MICHUH
3ap5[)KeHHOI‘O 110 IIOTEHIMANAa ¢ = 3000 B mapa pagnyca R =5 cMm?

" 679. Kakoit 3apsa g cooOllleH IIapy, €ClIH OH 3apsiKeH [0 MO-
rennuana @ = 100 B, a 3amaceHHas UM 9JIeKTPHYECKas IHEPIHUs
W= 2.02 Ix?

680. HaiiTu KOJNMYECTBO TEINOTHI Q, BHIEIUB-
‘meecsl MpH COefMHEeHHWH BEPXHUX HeE3a3eMIICHHBIX l """ l
00KITaf0K KOHAECHCATOPOB € eMKOCTAMU C; =2 MKkP (|
C, = 0,5 Mx® (puc. 87). PasHOCTH mOTEHINANOB I I
MeXJy BepXHHMH OOKJIafKaMH KOHJECHCATOpPOB H = =
semnedt V, = 100 B u V, =-50 B. Pruc. 87

681. HaiiTu KoJMM4YeCTBO TEIIOTHI (), BBIAECIHUB-

HIeecs MpH COCJUHEHHH ONHOUMEHHO 3apsiKEHHBIX OOKIIafoOK KOHJCH-
catopoB ¢ eMkocTamu C; = 2 Mk®d u C, = 0,5 mx®. Pasnocru noren-
uuanoB MexXay obkiaakamu koHgencaTopos V; =100 Bu V, =50 B.

§ 20. ITocToAnnbIA 3IEKTPHYECKHH TOK

3akon Oma 0aa yuacmxa yenu. Conpomusaerue npo8ooOHUKO8

Cuna 3JIeKTPHUIeCKOro TOKa (MITH NPOCTO TOK) onpefensercs no ¢opmyiie
=g/t
rae g — 3apspa, OpOTeKawuuil Yepe3 NonepeyHOEe CeyeHWe NMPOBOJHHMKA 33
BpeMs L.

B cucreme egunun CH eguHuna cuibl TOKa amnep (A) ABIsgeTCS OCHOB-
HOW W ONpejieNisieTcs KaK CHJIa TOKA, MPW KOTOPOW OTpPe3KW TOHKHX GecKo-
HEYHO AJNMHHBIX NapaJUICNbHLIX IPOBOAHUKOB JTHHbLI 1 M B3aUMOJAEHCTBYIOT B
Bakyyme ¢ cunoit 2 - 107 H. B coorsercrsuu c oaTum 1 Kn=1 A - ¢,

ITnoTHOCTHIO TOKa (NIpH PaBHOMEPHOM pacnpeRelieHHH TOKa IO Noneped-
HOMY CEUEeHMIO IPOBORHAKA) HAa3bIBAETCS BETHIHHA

j=1/S,

rae § — mIoMaAb NONEPEYHOro CeucHus NpOBOAHUKA. ENMHUNEH MIOTHOCTH
TOKA ABJIAETCS amnep Ha Keadpamubiit memp (A/M3).

IIns yuacTka nenu, cogepXkalllero IPOBOZHUKH NEPBOIO M BTOPOro popa
(MeTaIbl ¥ pacTBOPH! HITH PAcIUIaBbl 3JEKTPOIUTOB), CIPABEAJINB 3 a2 K O H
OwMma:

I=V/R, umu I =kV,

rge R — conpoTuBieHAe OpOBOAHHKA, k = 1/R — ero nmpoBoguMoOCTh, a V —
HanpsReHHe Ha 9TOM ydJacTKe LenH (Pa3HOCTb NOTCHIHANOB MEXAY €ro
KOHIAMM).

- B cucreme epunnn CH 3a efuHULY CONPOTHBICHHSA NPHHAT om (OM) —
CONPOTHBJICHHE TAKOrO IIPOBOAHUKA, B KOTOPOM INpH HanpsxkeHun 1 B Ttever
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Tok 1 A: 1 OM = 1 B/A. Equnnueit n1poBOIMMOCTH aBiseTc cumerc (CM):
1Cm=10M"

ConpoTuBiicHAe NPOBOJHUKA C NOCTOSAHHBIM NONIEPEYHbIM CeYeHHEM, H3TO-
TOBJICHHOTO M3 OHOPOAHOTO MaTepHaia, CBsi3aHO ¢ AJIMHOH NpOBOJHHKA [ 1
TJIOWABI0 €ro NOMEe PEYHOTO CEUCHHs S COOTHOMICHHEM

R =pl/S,

rae p — yAeJAbHOE CONpPOTHBJICHHE MaTepHana NpOBOJHHMKA. EpuHHueH
YAEABHOTO CONPOTUBIICHNS ABNACTCA oM-memp (OM - M).

3aBHCHMOCTH CONPOTHBIIEHUS METANTHYECKOrO NPOBOJHAKA OT TeMiiepa-
TYpbl ¢ ONPERENACTCS BblpaXKCHHEM

R, =Ry(1 + an),

rae O — TeMiepaTypHbii KO3 (PHIMEeHT CONPOTHBICHHUSA, R — CONPOTHBJICHHE
NpOBOAHMKA NpH TeMniepatype t, = 0 °C.

682. HajiiTu NMOTHOCTS, TOKA, €CNU 3a BpeMd ¢ = 10 ¢ yepes none-
peuyHOe ceuyeHHe NPOBOAHUKA NpoTeKaeT 3apsaf g = 100 Ka. Ilnomans
IONEPEYHOTO CeYeHHs IPOBOAHHUKA S = 5 MM?.

683. BonpT™MeTp paccudTaH Ha U3MepeHHe HANPSKEeHUH MO MaKCH-
MasnpHOTrO 3HadeHud V = 3 B. ConportuBnenue npu6opa R = 300 Om.
Yucno peneHuil mkanbl npubopa N = 100. KakoBa 6yneT ueHa gejieHHs
IIKaabl Npu6Opa, eciH HCOONb30BaTh €r0 B KayeCTBE MMIJIHU-
amMnepmeTpa?

684. KakuM cONpOTHBJIEHHEM AOJIKEH 06j1afaTh NPUGOP, YTOGHI
€ro MOXHO ObIIO HCHOJIB30BaTh JTHO0 B KAYECTBE BOJIBTMETpPA C IIpe-
IeoM U3MepeHHUs Halpsi:keHul no 3HaueHuit V = 15 B, nu6o B kauecrse
MHJITHAMIIepMETpa ¢ NpefejioM H3MEpeHHd TOKOB MO 3HauyeHHH
[=75MA?

685. OTKJIOHEHHE CTPEJKH BOJIBTMETpPa A0 KOHLA IIKaJbl COOT-
BETCTBYET HanpskeHuto V= 15 B. IIpu arom yepes BONBTMETP TEUET
TOK Iy = 7,5 MA. HaliTd conpOTHUBJIEHHE BOJIBTMETPA U TOK, TEKYIIHUH
yepe3 BOJIBTMETP, KOTAA OH NMOKa3bIBaeT HanpskeHue V =5 B.

686. HariTu TOK B Ileny HCTOYHHKA TOKA, 3aMKHYTOTO Ha MPOBONHUK
¢ conpotuBnenueM R = 1000 Owm, ecnu npu nocjieOBaTEILHOM BKJTHO-
YeHHH B 3Ty LeNb MUJJIMAaMIIEpPMeTpa ¢ CONpoTHBIeHNEM R, = 100 OM
OH IoKa3saJ ToK /=25 MA.

687. HaiiTu HanpsiKeHHE Ha NPOBOJHHKE C CONPOTHBJIEHHEM R =
= 10 Om, ecnu 3a BpeMs ¢ =5 MUH npoTeKaeT 3apsn g = 120 Ku.

688. B 2/1eKTpPHYECKYKO CETh NMOCIENOBATEBHO BKIIOUEHBI IIJTUTKA,
peocTaT M aMIepMeTp, HUMelomue conpoTtuBicHus R; = 50 Om,
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R, =30 OMu R; = 0,1 OM. Hafitn HanpsizkeHUs Ha IIIUTKeE, peocTaTe u
aMIepMeTpe, eClH B LIENHU IPOTEKaeT TOK [ =4 A.

689. ConpoTHBIEHHE eIMHULBI IITMHBI METHOH NPoBONOKHU R, = R/l =
= 2,23 Om/m. HaliTH ygensHOe comnpoTHBJeHHE P Menu. [lmaMeTp
npoBonoku D = 0,1 Mm.

690. Haiitn comporuBieHre R MeTHOH NpPOBOJOKH, Macca KOTO-
poit m = 1 Kkr, a nnowags nonepeydoro cedenus S = 0,1 mm2, ITnoT-
HocTh Memu Y = 8,9 - 103 kr/M3, ee ymenbHOE CONPOTHBIECHHE
p =0,017 MxkOM - M.

691. YnenbHoe conpoTHBieHHe rpachHTOBOrO CTEPXKHS OT KapaH-
mamia p = 400 MxOM - M. Kakofl Tok / npoleT no CTEpXKHIO, €CINU Ha
HETO NojaTh HampsikeHue V = 6 B? [nuHa crepxns [ = 20 cM, ero
muameTp D = 2 MM.

692. IIpu BKIIOYEHUH B SJIEKTPHYECKYIO LeNb NPOBOJHUKA, UMEIO-
mero pguametrp D = 0,5 MM 1 gnuHy / = 47 MM, HalpsXKeHHEe Ha HEM
V=1,2 B npu Toke B enm / = 1 A. Hafitn ynensHOoe CONPOTUBIICHUE P
MarepHana npOBOJHHUKA.

693. DnexTpryeckas Henb COCTOUT U3 TPEX MOCIENOBATENBHO COEH-
HEHHBIX KYCKOB IIPOBOJIa OMHAKOBOM MNJIMHBI, CAEJIAHHBIX U3 OJNHOrO
MaTepHala, HO MMEIOWHX pasHble cedeHms: S| = 1 MM2, §; = 2 MM?,
S; = 3 Mm% Hanpsixenune Ha koHnax nenu V = 11 B. Hafitn HanpsixkeHue
Ha KaXK[OM IIPOBOJHHKE. '

694. [1ns n3MepeHns TeMnepaTypbl NPUMEHIIH KEIE3HYIO IPOBO-
JOYKy, HMEIY npu TeMnepatype ¢, = 10 °C compoTuBiIcHHE
R, = 15 Owm. IIpn HeKOTOpOH TeMmeparype f, OHa HMeJla CONPOTHB-
nenne R, = 18,25 OM. Haiitu a1y TeMnepatypy. TeMnepaTypHBIH
K03 DUIHEHT CONPOTHBIEHNS Kene3za o =6 - 1073 K-,

695. Hafitu TeMnepartypy ¢, Bonb(ppaMOBOH HUTH JTAMIOYKH, €CIH
MpPH BKIIOUYEHNH B CETh ¢ HampskeHueM V' = 220 B mo HUTH HOET TOK
I = 0,68 A. Ilpu Temneparype ¢, = 20 °C conmpoTuBiieHHe HUTH R =
= 36 Om. TemnepatypHbiil K03 (pHUIHEHT CONPOTUBIIEHUS Boab(ppama
o=4,6 103K

IocaedosamenvHoe u napanieabHoe coeOUHeRUR NPOBOOHUKO8.
Hobasounbie conpomuenenun u wyHmo:

OO0iee COMpOTHBIEHAE LIENH NPH IMOCHEJOBATENIBHOM COCJHHEHHH NPO-
BOJIHHIKOB PABHO CYMME CONPOTHBIICHHI 3THX IPOBOJIHAKOB:

R=R{+R,+..+R,

* COHPOTHBJ’ICHHCM MOABOAALIMX TMPOBOAOB NMPH PCIUICHHH 3afa4 CICAYET mpe-
HeOpeyb, €CNIM OHO He 3alaHO B YCJIOBUH.
y
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OGmee COIPDOTHUBJICHHUE NMapalf€IbHO COEAMHEHHBIX IPOBOJHUKORB CBsI3aHO C
COIIPOTHBJICHUAMH ITHX IPOBOJHUKOB COOTHOIICHHUEM

I 1
—=—t—t.t—.
R R R R,

CoOTBETCTBEHHO 0611(39[ IIPOBOAUMOCTSE TOCACROBATENBHO BKIAXOUYCHHBIX IIPO-
BOJXHHUKOB YROBJIETBOPAECT COOTHOIIEHUIO

a ofbmas NpOBORMMOCTDH NapalNleNbHO BKJIIOUEHHBIX NPOBONHHKOB paBHa
CyMMe HX IPOBOAAMOCTE:

k=k]+k2+...+k".

696. Kakoe Hajo B3ATH conmpoTHBleHHE R, 4TOOBI MOXHO 6LLIO
BKJIIOYHTB B CeTh ¢ HanpskeHueM V = 220 B nmamny, paccyuTaHHyIO Ha
HanpsekeHne V= 120 B u tox [ =4 A?

697. [IBe nyroebie JIaMIbI H CONPOTHBIICHAE R COEIHHEHBI MOCTENO-
BaTENbHO W BKIIOYEHBI B CeTh C HamnpsikeHueM V = 110 B. Haiitu
CONpOTHBJIEHAE R, €clH KaxkpAas JiaMIla PacCYATAaHA Ha HANpskKeHUe
Vo=40B,aTok Buiemu / = 12 A.

698. [Ins1 m3MepeHuss HaNpsKeHHS Ha yYaCcTKe LENH HOCIeqoBa-
TEJBLHO BKIIOUYEHBI /IBa BOIbTMETPa (pHC. 88). IlepBbIit BONBTMETP Aal

noka3sanne V; = 20 B, sropoii —~ V, = 80 B. Haiitu
CONPOTHBIIEHHE BTOPOTrO BOJBTMETpa R,, ecnu
CONPOTHBJICHHE NEPBOTO BOIBTMETPA R; = 5 kOM.
" 699. PeocTaT H3 KENE3HOH IPOBOJIOKH, MHI-
JHaMIIepMETP H HCTOYHHK TOKAa BKIIOYEHBI MO-
cnenoBaTenbHo. [Ipu Temnepatype f, = 0°C conpoTHBlIeHHE peocTa-
Ta Ry = 200 OM. ConpoTHuBiienne MuHamnepMerpa R = 20 OM, ero
nokaszanue [y, = 30 MA. Kakoit Tok /, 6ymer moka3blBaTh MHI-
JTHAMIEPMETP, €CIIH PeOCTaT HarpeeTcs N0 TemmepaTypsl t = 50 °C?
TemnepaTypHbli K03 (PHUHEHT CONPOTHBIECHHSA XKene3a O =
=6-103 K.

700. IIpoBopguuk ¢ conpotuieHHeM R = 2000 OM COCTOUT H3 ABYX
MOCNEe0BATENIbHO COCJUHEHHBIX YacTed: yroJLHOrO CTEPXKHS H Hpo-
BOJIOKH, HMEIOHIMX TEMIIepaTypHble KO3 PHIHEHTHI CONPOTHBIECHHS
o, =-10- 103 K-'m o, =2 - 10-3 K-'. Kakumu crenyer BuIGpaThb
CONPOTHBIIEHHS 9THX YacTeH, YTo6Gbl 00uiee CONPOTHBICHAE NPOBO-
HHKa R He 3aBHCEII0 OT TeMIepaTyphl? .
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701, CocTaBUTh TaKylO CXeMY 3JIEKTPONPOBOMKH IS OCBELICHHUS
OJHOM JIaMIIOYKO# KOPHIOPa, KOTOpas MO3BOJIET BKIIOYATh M BBI-
KJTIOYATh CBET HE3aBHCHMO B JIIOOOM KOHIIE KOPHOPA.

702. B ceth ¢ HampsxkeHueM V = 120 B BKIIOYEHBI JBE 3JIEKT-
pHYECKHE JAMIOYKH C OfMHAKOBBHIMH CONMpOTHBIeHMAMH R =200 Om.
Kakoi TOK MoMAeT Yepe3 KaxkAYIO JAMIOYKY NPH UX MapaljIeIbHOM U
MOCIIENOBATEIBHOM COEINHEHMSX ?

Puc. 89 Puc. 90

703. PeocraT CO CKOJB3AINMM KOHTAKTOM, COeIHHEHHBIH MO CXeMe,
npUBeNeHHON Ha puc. 89, sBNsgeTCd MOTEHIUOMETPOM (AeNUTENeM
HanpspkeHns). [Ipu nepemellieHur ABHXKKa MOTEHIMOMETPAa CHAMAeMOe
C HEro HampskeHwe V, M3MEHSAeTCs OT HyNs O HampssKeHHsS Ha
KJIeMMax HCTOYHHKAa ToKa V. HaiiTn 3aBucuMocTh HanpskeHnsa V, ot
MOJIOXEHHs ABIKKA. IlocTponTts rpacuk 3TON 3aBUCHMOCTH JJIS CIIy-
yasi, KOIfia TMOJIHOE CONMPOTHBJICHHE MOTEHOIHOMETPa Ry BO MHOTO pa3
MEHBIIE CONPOTUBJICHNS BOJIETMETPA 7.

704. Havitn conporuBieHne R GnMeTalnniyeckoro (kKejne3o—Mefb)
npoBopa giuHbl [ = 100 M. [lmaMeTp BHyTpeHHEH (3KeJie3HOM) YacTH
npoeofa d = 2 MM, obmmit quameTp npoeoga D = 5 mMm. Yaens-
Hble CONpPOTHBICHHA Xene3a m Meam P; = 0,12 MkOM - M H p, =
= 0,017 MgOM - M. /55 CpaBHEeHHS HAUTH CONPOTHUBJICHUA XKEJNE€3HOI0O H
MenHOoro npoBofioB R, n R, nuaMerpa D n AnvHEI L

705. Haittn oflilee COMPOTHUBIIEHAE NMPOBOAHUKOB, BKIIOYEHHBIX
B L[ENb IO cXeMe, n300paxkeHHoi Ha puc. 90, eciniu conpoTHBIECHUA
Ri=R,=Rs=Rg=10M,R;=100M, R, =8 OMm.

706. O6mee cONPOTHBIICHAE ABYX MOCIEAOBATENBHO COCMHEHHbBIX
npoBogHUKOB R = 5 OM, a mapannensHO coefmHEeHHBIX Ry = 1,2 Om.
Haiit compoTHBIeHrE KaXAOT0 MPOBONHHUKA.

707. K npoBOJIOYHOMY KOJIbIY B IBYX TOYKax HPHCOEAHEHBI TOA-
BOJISIIE TOK NMPOBOAA. B KaKOM OTHOIIEHHWH JENAT TOYKH HPACOECTA-
HEHHUS JJIMHY OKPYKHOCTH KOJIbLIa, €CJIA O0IIee CONPOTHBIIEHAE TOINY-
ymBLIelca Uend B n = 4,5 paza MeHbIIE CONPOTHBIICHUS IPOBOJIOKH, U3
KOTOPOH CIeNaHO KONBUO?
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708. B uenm, m3o6paxxeHHOd Ha puc. 91, aMmepMmeTp mOKa3bI-
paer ToK [ = 0,04 A, a BonbT™MeTp — HanpskeHue V = 20 B. Haiitu
CONPOTHBIIEHHE BOJbTMETPA R,, €CIH CONPOTHBJIECHHE MPOBONHHKA
R;=1xOm.

709. Haiitu conmpoTuBieHHE R, JaMIOYKH MO MOKA3aHHUSIM BOJIbT-
Metpa (V=50 B) m ammepmerpa (/ =0,5 A), BKIIIOUCHHBIX MO CXEMe,

R R
(T2 (2
A\, Y,
R, R,
o—{AY - 0 o—{ : )—«b—@—l—o
Puc. 91 Puc. 92

HA300paXeHHOH Ha pHC. 92, €ClIH CONPOTHUBICHHE BOJBTMETpa R, =
=40 xOm.

710. HaiiTl conpOTHBICHHE NMPOBOAHHKA K| MO MOKA3aHHSM aM-
nepMmerpa (/ =5 A) n BonsTMeTpa (V = 100 B), BKIIOYEHHBIX MO
cxeMe, H300paXXeHHOH Ha pHC. 93, ecllH CONPOTUBIEHHE BONBLTMETPA
R, =25 xOmM. KakoBa GymeT omrGKa B onpefesieHEH R, ecinu, npearo-
JIOXKHB, 4yTO R, = R, npn pacyeTax NpeHeGpeys TOKOM, TEKYIIIEM Yepe3
BONBTMETP?

A 2

R
o—@——i‘—l:ll—J—-o
Puc. 93 Puc. 94

711. K HCTOYHHKY TOKA C HANpPSKEHUEM V IMPHUCOETHHEHBI ITOCIENO-
BaTEJIBHO J[BAa NMPOBOJHUKA C ONHHAKOBLIMH CONPOTHBJICHUSIMH R.
KakoBa O6ypmeT pasHHIA B IIOKa3aHHAX BOJBTMETPOB C COINPOTHB-
neHusiMA R 1 10R, ecn BX MOOYEPERHO MOAKIIOYATh K KOHIIAM OTHOTO
H3 POBONHHEKOB?

712. K BCTOYHHKY TOKa C HanpskeHneM V = 12 B npucoenHeHbI IBE
namnouku (puc. 94). CoNnpoTHBICHHS YYACTKOB UENH F| =F, =13 =
=ry=r= 1,5 Om. Conporusnenns nammouex R; =R, =R = 36 Om.
Haiitn HanpsbkeHHe Ha KaxXgoH JIaMITOYKe.,

713. B cxeMe, n306paXXeHHOH Ha pHC. 95, HanpsDKEeHWe MCTOYHHKA
Toka V =200 B, a conpoTupieHns npoBogHUKOB R = 60 OM, R, = R; =
= 30 OM. HafiTn HanpsiKeHHe Ha CONPOTUBIICHAN R .
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714. DnekTpuuecKas IeNb COCTOMT M3 HCTOYHHKA TOKA C Hamps-
xeaneM V = 180 B m moreHnmoMeTpa ¢ NOJHBIM CONPOTHBIEHUEM
R = 5 kOM. HaiiTn nokasaHuss BOJbTMETPOB, IPHCOCAMHEHHBIX K
-IOTEHIEIOMETPY 1O cxeMe, n306pakeHHOH Ha puc. 96. ConpoTuBieHns
BONLTMETPOB R = 6 KOM # R, = 4 KOM. [IBIXOK x CTOHUT NocepennHe
NOTEHIIIOMETpA.

Puc. 95

715. Tpu pesucropa BKJIOUEHBI IO CXeMe, M300paXeHHOM Ha
puc. 97. Ecim pe3ncTophl BKIIOYEHBI B LENbL B TOYKAx a U b, TO
conporuBienue Henm Oymet R = 20 OM, a ecm B TOYKAaxX a H ¢, TO
conpoTHBIeHne Iend 6ynet Ry = 15 Om. HaflTH conpoOTHBIECHHS
pe3ncTopoB R}, R,, Ry, ecia R = 2R,

716. Ha ckonbKO paBHBIX YacTe€fl HYXHO pa3pe3aTh NMPOBONHMUK,
AMeIomuiA conportuBiaeHue R = 36 OM, 4TOOBI CONPOTHBICHUE €rO
yacTel, COeMUHEeHHBIX NTapajieibHO, 6b110 Ry = 1 OM?

Rl Rz a b

]
b c [ AA d

Puc. 97 Puc. 98 Puc. 99

717. Y13 npoBoNOKY cieNaH Kapkac B popme ky6a (puc. 98), kaxnoe
pe6po kotoporo umeer conpormpieHue r. Haiite conpormBienune R
9TOro Kapkaca, €Ccilim TOK I B oOmeH LenM UAeT OT BEpIIMHBI A K
BepummHe B.

718. 13 npoBOJIOKH, eQWHHIA JUIMHBI KOTOpPOH HMeEeT COIpo-
THBJIEHHE R, cnenaH Kapkac B ¢opMe OKPYXKHOCTH paguyca r, nepe-
Ce4YeHHOMH OBYMsI B3aHMHO NIEPIICHANKYJISIPHBIME JuaMeTpaMu (puc. 99).
Haittu conporusnenne R, Kapkaca, €CJI HCTOYHHK TOKa MOAKIIOYEH K
ToykKaM c u d.
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719. IlpoBox anuHbl L = 1 M cJIeTeH U3 TPeX KM, KaXAasd U3 Ko-
TOPBIX NPENCTaBIAET COOOH KYCOK HEM3OJIHMPOBAHHOW NMPOBOJOKH ¢
CONMpOTHUBJIEHUEM eIUHUNBI IIUHBL R, = 0,02 OM/M. Ha xoHumax nposopna
co3gano HanpsxkeHnue V = 0,01 B. Ha xakyro Benmuunny Al n3MeHUTcs
TOK B 9TOM IIPOBOLE, €CIH OT OOHOH >KWIBI YIAJIHUTh KYCOK IJIHHEI
[=20cM?

720. UcTouHHK TOKa NEPBOHAYAIBLHO NPHUCOEONUHAIOT K JBYM CO-
CElIHUM BEPIIMHAM IPOBOJIOYHOH paMKH B (hopMe NMPaBHIBLHOTO BbI-
OYKJIOTO n-yrolbHHAKA. 3aT€M UCTOYHHUK TOKA NPHUCOEAMHSIOT K BEp-
IMHAM, PACIOJIOXEHHBIM 4epe3 ofHy. IIpu 3TOM TOK YMEHBLIIAETCA B
1,5 paza. HaiiTi uncino CTOpOH #-yroJbHUKA.

721. Kak Hafo COEIMHUTDH YETBHIPE IPOBOAHUKA C CONPOTH BIEHUSIMHU
R,=10MR,=20M,R;=30MuR,; =4 OM, 4TOOBI MNONYIUTH
conpotuBieHue R = 2,5 OM?

722. HaiiT mpOBOAMMOCTE k LIENH, COCTOAUIEH M3 NBYX IOCIENO-
BaTEJBHBIX I'PYII MMapaie]bHO BKIIOUYCHHBIX OIPOBOJHUKOB. [1poBo-
OUMOCTH KaXOoro NpOBOJHHMKA IE€PBOH KW BTOPOH TIpPYIII PAaBHHI
k; =05 Cmuk, = 0,25 Cm. IlepBas rpynna cOCTOUT U3 YETBIPEX
MPOBONHUKOB, BTOpas — U3 ABYX.

723. BonsTMETp paccUUTaH Ha HU3MEPEHUE HANPSKEHUH [0
MakcuMasbHOro 3HadeHus V, = 30 B. I1pu 3ToM Yepe3 BOJIBTMETP HAET
Tok { = 10 MA. Kakoe pgo6aBouHO€ conmpoTHBJeHHE R, HYXHO
OPUCOENUHATE K BOJBTMETPY, UYTOOBI UM MOXHO OBLIO H3MEPATH
HanpsikeHud no V = 150 B?

724. Ctpenka MIWIIHaMIEPMETpPa OTKJOHAETCA NO KOHIIA IHKAaJbI,
ecnu yepe3 munnuamnepmeTp ugeT Tok [ = 0,01 A. ConmpoTusieHue
npu6opa R = 5 Om. Kakoe nmo6aBouHOoe cOmpOTHUBJIEHHE R, HyX-
HO NPHCOEAUHATE K NPUGOPY, 4TOOBI €70 MOKHO OBLIO HCIIOJNIB30BaTh B
KauJeCTBE BOJIBTMETPA C IPEREIOM U3MepeHus Hanpskenuil V' = 300 B?

725. BonbTMETp, COEAUHEHHBIN MOCIENOBATEIbHO C CONPOTHUB-
nenveM R; = 10 xOM, npy BKJIIOYEHHH B CeTh C HaNpsKEHHEM
V = 220 B noxkaswiBaeT HampsxkeHue V; = 70 B, a coeguHeHHBIA
MOCJIENOBAaTEBHO C CONPOTUBIECHHEM R,, MOKa3bIBAaET HAIIPAXKECHHE
V, = 20 B. Hafitu conpoTuBieHue R;.

726. BonbT™MeTp ¢ conpoTuBieHHeM R = 3 KOM, BKJIIOUEHHBI B
rOPOJCKYIO OCBETHUTEJIbHYIO CETh, IIOKa3ajJ HampskeHue V = 125 B.
IIpy BKIIOUEHHH BOJNBTMETPA B CETh UEpe3 CONPOTHBICHME R ero
MOKa3aHue YMeHbITHUIIOCH 10 Vo = 115 B. Hafitu aTo conpoTuBieHue,

727. Bonpr™MeTp ¢ conpoTtuBieHneM R = 50 kOM, MOAKIJIKOYe HHBIH
K HCTOYHHKY TOKa BME€CT€ ¢ NOOaBOYHBIM CONPOTHBICHHEM R, =
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Fs 120 kO™, nokassiBaeT Hanpsikenne Vo = 100 B. Halitn nanpsixkenne
V RCTOYHHKA TOKA.

- 728. HaiiTi noKa3aHHe BOJbLTMETPaA V ¢ CONPOTHBIEHHEM R B e,
_m306paxennoi Ha puc. 100. Tok mo pa3sBeTBieHHs paBeH 1 coImpo-
THBJICHASA MPOBOJHUKOB R; B R; H3BECTHDI.

729, UmeeTcsa npubop ¢ LEHOH AeNeHHs iy = I R,
= 1 MKA/gen u gucioM aeneHni mkansl N = 100,
Comnpornsienne npubopa R = 50 Om. Kak ator
NpHGOP MPHUCIOCOGHTD JUIsi U3MEPEHHsI TOKOB J1O R, R (Vb
sHadeHus [ = 10 MA WK HanpsiXKeHAR 10 3HAYCHHS R,
V=1B?

730. MunnnaMniepMeTp € NpEREIOM H3MEPEHHs Puc. 100

TOKOB [ = 25 MA He0oO6XOIHMO HCNOJIb30BaThb KaK
aMIlepMeTp C npefesioM m3MepeHns TokoB [/ = 5 A, Kakoe compo-
THBJIeHHe R, HO/KeH uMeTh myHT? BO CKONBKO pa3 yMeHbIaeTcs
YYBCTBHTENHHOCTH Npubopa? ConpoTtusienne npudopa R = 10 Om.
- 731. AmnepmeTp ¢ conpoTHBiieHHEM R = 0,2 OM, HaKOPOTKO NpH-
COEMHEHHBIH K HCTOYHAKY TOKa ¢ HanpsbkeHHeM V = 1.5 B, nokasbl-
BaeT TOK / = 5 A. Kako# TOK [, IOKaXeT aMIepMETp, €CIH ero
3alIlyHTHPOBATh cONpoTuBiIeHneM R, = 0,1 Om?

732. I1pn Ww1yHTHPOBaHHUA raJIbBAHOMETPA CONPOTHUBICHUAMH Ry, R, B
R3; B unx otBetBigercs 90, 99 u 99,9 % toka I o6meit uenu. Haiitn ati
CONPOTHBIICHHAS, €CIIH CONPOTHBIICHAE rajlbBaHOMeTpa R = 27 Owm.

733. MannnaMnepMeTp ¢ 4ucioM feneHnd wkansl N = 50 uMeert
neny neneHus iy = 0,5 MA/men n conporusierne R = 200 Om. Kak ator
NpubOp NpUCIOCOOHTD [iJIst H3MEPEHHsS TOKOB Ji0 3HadYeHns1 [ = 1 A?

734. K amnepmerpy ¢ conporuBieHneM R = 0,1 OM nmogkniodeH
WyHT ¢ conporaBieHneM R, = 11,1 MOm. HaliTu Tok, Tekymmii yepes
aMIepMeTp, €CJIM TOK B obmiel nenn [ = 27 A.

735. [lapannensHo aMnepMeTpy ¢ comporuBieHHeM R = 0,03 Om

' BKJIFOYEH MEJHBbIA NpPOBOXHHK AiuHbI [ = 10 cM u guamerpa D =
= 1,5 mM. HafiTe TOK B IenH /, ecim aMmepMeTp IMOKa3bIBA€T TOK
Iy =04 A. YpensHoe conpotuBiienne MegH p = 0,017 MKOM - M.

3axor Oma 045 NOAHOL (3aMKHYMOIL) yenu

JNEeKTPHYECKHN TOK B IONHOH (3aMKHYTOM) LIEIH, COCTOSIIICH U3 BHEIITHETO
CONPOTHUBICHHS R M HCTOYHHMKA TOKa C 3JIC € M BHYTPEeHHHM COIPOTHRIE-
HHUEM T,

1=/Ryop =GI(R +1).
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Hanps>xenne Ha yJacTKe LeNH, €CIH 3TOT YYaCTOK CONEPKHT HCTOYHHK
toKa ¢ DJIC € n nMeer conporusieHne R (BKTI0Uasi W BHYTpPEHHEE COMpPO-
THBJICHHE HCTOYHHKA TOKA),

V=0,-9,=¢-IR,

TAe ¢ U ¢, — NOTEHIMAJNbI Havyajia ¥ KOHIa 3Toro ydacrka (puc. 101a). 3necs
NPEenoIaraeTcs, YTO HavyauO yJacTKa — Y NOJOXKHTEIbHOTO MOJTI0Ca HCTOYHH-

6
%) ié,li_ P

a
9. &R g
i v | ’ v
Puc. 101

Ka TOKa, KOHEll y4acTKa — Y OTPULATEJIBHOIO MOJICA U YTO TOK [ BHYTPH
HCTOYHHKA TEUET OT OTPHLATENBHOIO MOJTH0Ca K NOJTOXATENBHOMY. Ecnu apy-
THE YYaCTKH LENH TaKXXe COAEPKAT HCTOYHHKH TOKAa, TO HAa JaHHOM yYacTKe
BO3MOXHO [POTHBONOJIOXHOE HampaBJeHHE TOKa BHYTPH HCTOYHHKA
(puc. 1016). B atom cnyuae

M=% + IR.

736. B uenn ucrounmka Toka ¢ IJIC € = 30 B ugeT Tox / = 3 A.
Hanps:xenue Ha 3axkuMax UcToyHHKa V = 18 B. HaiiT BHemHee conpo-
THBJICHHE ENIH R M BHYTPEHHEE CONPOTHBICHAE HCTOYHHKA 1.

737. B nemnu, cocrosiiiell U3 peocTaTa M HCTOUYHHKaA Toka ¢ JDJIC
€ = 6 B u BHyTpEeHHHM CONpPOTHBIEHHEM r = 2 OM, HAET TOK /| =
= 0,5 A. Kakoit Tox /, IOHAET NpH YMEHBLUICHHH COIPOTHBIEHHS
peocTaTta B TpH pa3a?

738. Hctounuk Toka ¢ DJIC € M BHYTpeHHHM COIIPOTHBICHHEM
r 3aMKHYT Ha conpoTuBicHHE K. Kak MeHsAeTcss TOK B LENH H HAIps-

JKCHHE Ha 3a’KMMax HCTOYHHKA B 3aBHCHMOCTH OT R?
ITocTpouTh rpaduKH 3THX 3aBHCHMOCTEH 1TpH € = 15 B
R, ur=2,50m.

R, 739. Huth Hakana paguonaMIibl BKIIIOYEHA MTOCIeqo-
€, r BaTEJILHO C PEOCTATOM B IIENb HCTOYHHKA Toka ¢ D[C
€ = 2,5 B u BHyTpeHHHM conpoTuBleHHeM r = 0,1 Om
(puc. 102). Heob6xogumbIit TOK HaKala JOCTHUraeTcs,
KOorma conpotuBieHre peocrata R, = 8,4 Om. Haititn

TOK B IIENH HaKaina /, ecny CONMPOTUBJICHHE HUTH HaKala R, = 30 Owm.

740. [Ins nuTaHWs HUTH HaKajla pagHoNiaMIibl HEOOXOMUMEI HAmpsi-
KeHne V=4 B uTok /=1 A. HaliTn fonomHuTEILHOE CONPOTHBIIE-
HHE R, IpH KOTOPOM B IIEITM HAKaJia JOCTHIaeTCs HEOOXOMUMEBINR TOK

Puc, 102
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icM. puc. 102). SAC ucrounnka Toka € = 12 B, ero BHyTpeHHee colpo-
rasieHne r = 0,6 OM.

741, JlaMnia nofKNOYeHa MEJHBIMHA IPOBOAAMH K HCTOUYHHUKY TOKa C

311C € = 2 B u BHyTpeHHuM conpoTtusneHueM r = 0,04 Om. dnuna
wnpOBOIIOB | = 4 M, ux gnametp D = 0,8 MM, yAenbHOE CONPOTHBIIEHHE
memu p = 0,017 MmxOm - M. HanpsiskeHue Ha 3a)XpMax HCTOYHHKA
v = 1,98 B. Haittu conpoTuBneHne aaMisl R.

742. BonbTMeTp, TOAKIIOYEHHBIH K HCTOYHHKY Toka ¢ J[C
% = 120 B u BHyTpeHHUM conpoTtuBieHneM r = 50 OM, noKa3bIBaeT
HanpsikeHde V = 118 B. HaiiTu conpoTHUBlieHHE BONIBTMETpA R.

743. IIpu mopkirOYeHNH BHEIIHEH IeNH HanpsoKeHHEe Ha 3aXXKHMax
ucrouynnka toka ¢ IJIC € = 30 B okaspiBaercs paBHeiM V = 18 B.
Buewree conpoTtusieHde lend R = 6 OM. Hafitu BHyTpeHHee collpo-
THBIIEHHAE UCTOYHHKA I

744, Uctounnk toka ¢ DJIC € = 1,25 B u BHyTpeHHHM cCONpoO-
TuneHneM r = 0,4 OM ngraeT JaMIy, pacCIMTAHHYIO HAa HalpsoKeHHe
V, = 1 B. Conportusnenue namnsl £, = 10 OM. Hafiti conporusienue
TIOJIBOASAIIIX MPOBOAOB R, H HATIPSIKEHHUE HA HUX V.

745. Vctounuk Toka nuTtaeT n = 100 jmamm, pacCUHTaHHBIX Ha
HanpsikeHnue V| = 220 B u coeguHeHHBIX NapaiuiensHo. ConpoTHBIEHAE
Kaxpo# nmamnel R, = 1,2 kOM, conpoTHBIEHHE MOJI-
BOJAIIAX NPOBOIOB R, = 4 OM, BHYTpEHHEE CONpPO-
TuBNeHdue ucrounuka r = 0,8 Om. Haiitu Hamps-
SKEHHE Ha 3axkuMax ucrounnka u ero IC.

746. KakoBa pomxkHa ObITe DJC € HcTOYHHKA
TOKa B CXeMe, H300paxeHHoN Ha puc. 103, 4yTob6bI r
HAIPSPKEHHOCTD 3NEKTPUYECKOTO MOJA B ITOCKOM :I
KoHfleHcaTope Oblna E = 2,25 xB/mM? BHyTpeHHee
conpoTtuBieHue ucroynuka r = 0,5 OM, conpoTus-
neHue pesucropa R = 4,5 OM, paccTosiHHe MeXJy IUIaCTHHaMH KOH-
meHcatopad =0,2 cM.

747. Uctounnk toka ¢ 3JJC € = 15 B u BHyTpeHHHUM COIpO-
TuBNeHHEeM 7 = 5 OM 3aMKHYT Ha pE3HCTOp C CONPOTHBIECHHEM
R = 10 OM. K 3a)xuMaM UCTOYHHKA NMOAKIIOYEH KOHJEHCATOP EMKOCTH
C =1 mx®. Haittu 3apspg Ha KOHIEHCATOPE.

748. DnexTpuyeckas Liellb COCTOMT W3 HCTOYHHKA TOKa* W JBYX
MOCJIENOBATENLHO COCIMHEHHBIX PE3UCTOPOB C OUHAKOBBIMA COIPO-
THBINEHUAMH R. K KOHILIaM OHOTO H3 PE3UCTOPOB NPUCOENUHAIOT IO

Puc. 103

*
BHBCL H Jane€ BHYTPEHHUM CONPDOTUBJICHUEM HCTOYHHUKA TOKA U NOJABOOALIUX
NpOBOOOB CeayeT ]'IpeHere‘-ll:, €CJIX OHO HE 3aJ1aHO B YCIIOBHH. .
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ouepeny Ba BOJILTMETPA: OMH HMEET CONPOTHUBIEHUE R, a Ipyrou —
conportusieHre 10 R. Bo cKOJBKO pa3 OyAyT OTIHYaThCA NMOKA3aHHUs
BOJILTMETPOB?

749. K ucrounuky toka ¢ IIC € =8,8 B npucoeguHeHBl mO-
CIIEIOBATENBHO PE3UCTOP C HEM3BECTHLIM CONPOTHBIIEHHEM R| B pe3H-
cTop ¢ conpoTuBicHEEM R, = 1 kOM. Bonbt-
METp C CONMPOTHBJIEHAEM R = 5 KOM, MOAKIIIO-
YeHHBIH K KOHIIaM pe3HcTopa R, moka3bIiBaeT
HanpsixkeHre V = 4 B, Kakoe nagenne Hanps-

¢ KeHusi V' Gymer Ha pesucrope R, eciu
_@—__' OTKJIKOYATH BONLTMETP?

750. Kako#i Tok / IOKaXXeT aMIEepMETP” B
cxeMe, H300paxkeHHoH Ha puc. 104? Conpo-
THBJIEHUS Pe3UCTOpoB R, = 1,25 OM, R, =10M, R;=3 OM, R, =7 Om,
910C ucrounnka € = 2,8 B.

751. Haiita Tok /, pymAil 4YEpe3 HCTOYHHMK TOKAa B CXeMe, HM30-
OpaxkeHHoH Ha puc. 105. ConpoTHBIEHHS BCEX PE3UCTOPOB OMUHAKOBBI
1 paBHbl R = 34 Om, DA C ucrounnka € = 7,3 B.

752. Haiiti TOK /, uoyLaid 4ePe3 pE3NCTOP C CONPOTHBIIECHHEM R,
B CXEME, MapaMeTpbl KOTOPOH AaHbl Ha puc. 106.

753. Ongun nonroc ucrounuka Toka ¢ O[C € = 1400 B u BHyTpeH-
HHUM COMPOTHBIICHAEM » = 2,2 OM NOAKIIOYEH K IIEHTPANbHOW aaIOMH-

Puc. 104

L7 g L__J
R, Ry
y R L

2R, 2R,
™ | e |
d e —

é

i

Puc. 106

HHEBOM Kuie Kabena (quaMeTp Xunel D, =8 MM), Apyrol — K €ro
CBHMHI[OBOH 060JI0YKe (HapyXHbI auaMeTp D, = 18 MM, BHYTpEHHHHA —
d, = 16 mM). Ha xakom paccrosiHun [ OT HCTOYHHKA KabeNb mopBancs u
IPOM3ONIIO 3aMBIKAHAE XHJIbI C OGONOYKOM, €C/IH HAaYanbHBIA TOK

; .
3nech n panee COTNIPOTHBNCHHEM aMIICpMETpPa CICAYCT HpCHCﬁpC‘lb. €CNTN OHO HE
3aJlaHO B YCJIOBHH. '
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3

gﬁ*xopOTKoro 3aMbIikaHus [ = 120 A? YpenbHble CONPOTHBIICHHS allo-
MHMHHS B CBHHIA P; = 0,03 MKOM - M1 p; = 0,2 MKOM - M.

754. Haiitu TOK /, TEKylIHHA Yyepe3 pe3uCTop ¢ CONPOTHBIECHAEM R; B
cxeMe, mapaMeTphbl KOTOopoi faHel Ha puc. 107, B mepBBIE MOMEHT
'MOCJIE 3aMBbIKAHHsI KIOYA, €CIIH O 3TOrO0 HANpPSKEHHE HA KOHMIEH-
caTope ObUIO MOCTOSIHHBIM.

—{
Ry
C
C C
i_i |———<I R 2
€T
[] Ry C C
€
S
Puc. 107 Puc. 108 Puc. 109

755. HaiitTn Hanpspkenust V) u V, Ha KoHfleHCcaTopax ¢ eMKocTsaMH C
u C, B cxeMe, napaMeTpsl KOTOpPOH faHbI Ha puc. 108.

756. Haiitu 3apsanbl ¢, g, U g3 HAa KaXJOM H3 KOHIEHCATOPOB
B CXeMe€, MapaMeTphl KOTOPOH fAaHbI Ha puc. 109.

757. B uensb, MATaeMyl0 HCTOYHHKOM TOKa C BHYTPEHHHM COTPO-
THBJIICHAEM r = 3 OM, BXOOAT [1Ba PE3HCTOpPA C ONHHAKOBLIMH CONPO-

1<
"

Q
¢>a

>

=
L)

Puc. 110 Puc. 111

THBJIEHHUAMH R; = R; = 28 OM, BKIIIOYeHHbIe apallJIENbHO, H PE3HCTOP
¢ conpoTHBIeHHEM R; =40 OM (puc. 110). [TapannenbHo pe3sucropy R;
MONKIIOUEH KOHAeHcaTop eMKocTH C =5 Mk®P, 3apsg KOTOpPOro q =
=4,2 Kn. Hairru 3]IC € ucroununka.

758. [Ia pesncTopa ¢ ONHHAKOBBIMH CONPOTHBJICHHSIMH R, =
=25 OM H pe3HncTop ¢ conpotruBieHneM R, = 50 OM NOAKIIOYEHBI K
HCTOYHHKY TOKA MO cXeMe, n3oOpaxkeHnHoi Ha puc. 111. K yyactky ab
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nopkioueH koHgeHcatop emkoctd C =5 Mx®. Haittu 3[JC € ucrou-
HHKA TOKa, €CIIH 3apsy Ha KoHxeHcarope g = 0,11 MK,

759. Haiitu 3apsig Ha KoHAeHcaTope eMKOcTH C B cXeMe, HapaMeTphl
KOTOPOH aHH Ha puc. 112.

760. Hafitu HanpsikeHue Ha Kouneuca'rope €MKOCTH B CX€Me, napa-
MeTpbI KOTOPOH J1aHbl Ha puc. 113,

Ri||Ra| |3 — ]

h e
Puc. 112 Puc. 113

761. UcTOUHUK TOKAa C BHYTPEHHUM CONpOTHUBIEHHEM r =1 OM
3aMKHYT Ha Pe3UCTOp C CONpOTHBIeHHEeM K. BonbTMeTp, MOgKIIOUEH-
HBI# K 3aKUMaM HCTOYHHKA, NMOKa3bIBaeT HampshkeHue V=20 B.
Korma mapannenbHO Pe3UCTOPY C CONPOTHBIEHHEM R MPHUCOEAUHEH
PEe3UCTOp C TaKUM XK€ CONPOTHUBIEHHEM R, MOKa3aHHE BOJBTMETPA
ymenbmaercs go V, = 15 B. Hafitu conpoTuBiieHne pesucropa R, eciiu
CONPOTHBIICHHE BOJIbTMETPA BEJIHKO IO CPABHEHHIO C R,

762. K ucrounuky Toka ¢ 3JJC € =200 B u BHyTpeHHUM compo-
TuBieHueM r = 0,5 OM NOAKIIOUEHBI NOCIENOBaTENbBHO IBa PE3UCTOPA
¢ conpotuBneHusiMu R = 100 OM 1 R, = 500 Om. K koHuam pesucropa
R, nopgkoueH BonbT™MeTp. HaliTu conpoTuBieHue R BOIBTMETpa, €CITU
OH IOKa3bIBaeT HampsikeHue V = 160 B.

763. ITpoBonoka U3 HUXPOMa U30THYTa B BHE
Konblla paguyca a =1 M (puc. 114). B uenrpe
KOJbI[a NMOMEIIEH TrajJbBaHUYECKUN BIEMEHT C
3IC € =2 B u BHYTPEHHUM CONPOTHUBIEHUEM
r=1,5 OM. DneMeHT COeqUHEH C TOUYKAMH ¢ H d
KOIlbI]a O AHAMETPY C MOMOIIBI0 TaKOH K€
HUXPOMOBOH npoBoNokH. HaliTy pa3HOCTL NOTEH-
I[HAJIOB MeXy TOYKAMH ¢ U d. YelbsHOe conpo-
THBJIEHHE HuxpoMa p = 1,1 MkOM - M, romanb
CeUYEeHMs IPOBONOKH § = 1 MMm2,

764. K HCTOYHHKY TOKa C BHYTPEHHHM CONPOTUBJIeHHEM r =1 OM,
NORKMIOUEHBI ABAa MAapaNNIENIbHO COCEHUHEHHBIX PE3HCTOPa C CONPOTHB-

Puc. 114
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i
.E'“ncnmmn R, =10 OM n R, =2 OwM. HaiiTu oOTHOIIEHHE TOKOB,
MPOTEKAIOMHUX Yepe3 pe3ucTop R, no u mocne o6phiBa B ENMH pe3u-
cropa R,. :

765. [IBa pe3sucropa c conpoTuBineHusMu R, = R, =1 Om u peocrar,
HMEIONINH MOTHOE CONPOTUBIICHHE R; = 2 OM, IpUCOEUHEHBI K UCTOY-

Ry
ai
R, R, €r R,
1 -——l}—ﬂj
R,
) —1 33—
o/ ] —
.l e
ll RZ
Puc. 115 Puc. 116
HAKY TOKa C BHYTpeHHHM compotusieHneM r =0,5 OM (puc. 115).

K pa3BeTBieHHOMY y4acCTKy Lielld MOAKIFOYEeH BONbTMeTp. Korna neu-
3KOK peocTraTa HaXxOUTCA Ha ero cepefuHe (TOYKa a), BONBTMETP MOKa-
3pIBaeT HamnpsaxeHue V, =13 B. KakoBo 6ymeT mokKa3zaHue BOJBLT-
METpa, €CIH ABHXOK NEPEIBHHYThH B KpalHee NpaBo€ IOJOXEHHE
Ha peoctate? CONpPOTHBICHHE BOJLTMETPa BEJIHKO MO CPaBHEHMIO
cR uR,.

766. lllecTe IPOBOAHHUKOB C ORHWHAKOBBIMH CONPOTHUBIIEHUAMH
Ry =2 OM coeguHeHBl NONMAapHO MapaiienbHo. Bce Tpu mapel coepn-
HEHbI ITOCNEOBATENbHO U MOAKIFOYEHBI K HCTOYHHKY TOKA C BHYTPEH-
HUM conpoTtuBieHueM r =1 OM. IIpu 3TOM Mo KaxkIOMy HPOBOJHHUKY
TedeT ToK /y = 2,5 A. Kakoil Tok 6yeT Te4b o KaxkIOMy IIPOBOJTHUKY,
€CJTA OJIAH U3 HUX YRAIUTH?

767. Uctounuk Toka ¢ 3]IC € = 100 B 1 BHYTpEHHHUM CONMpPOTHUB-
nenaueM r =0,2 OM u TpU pe3ucTopa ¢ conpoTuBieHusAMu R, =3 OmM,
R;=2 OM u R; = 18,8 OM BkIIIOYEeHBI IO CxeMe, H300paXXeHHOU Ha
puc. 116. Hafitu TOKH, TeKylHe yepe3 pe3ucTopsl Ry U R,

768. K ucrounnky Toka ¢ 3J1C € = 120 B u BHyTpEHHHM CONPOTHB-
nenueM r= 10 OM mopkmw4YeHbl ABa MapajielbHBIX MPOBOXA C CO-
npotusienuaMu R, =20 Om. CBo6onHbIe KOHIBI IPOBOJOB M HX cepe-
IHHBI COeHHEHBI APYT C IPYroM Yepe3 IBE JIaMIIbl C COMPOTUBIICHUSIMHA
R, =200 Om. HaitTi TOK, TeKyIHii uepe3 ACTOYHHK TOKa.

769. Ilpn 3aMbIKaHNM UCTOYHHKA TOKA HAa PE3UCTOP C COMPOTHBIIE-
HEeM R, =5 OM B uenu uMueT ToK I, =5 A, a npn 3aMbIKaHHH Ha
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pe3HcTOp ¢ conpoTHBIeHHEM R, =2 OM upeT TOK [, =8 A. Haiitn
BHyTpeHHee conpotuBnenue r u 3]JC ucrouynnka Toka €.

770. Ilpn 3aMbIKaHHH HCTOYHHKA TOKAa HA PE3HCTOP C COINPOTHB-
nenneM R, = 14 OmM HanpsKeHHE Ha 3aXMMax HCTOYHHKA V; =28 B,
a [IpH 3aMBbIKAHHH HA PE3HCTOP C CONpoTHBIEHUEM K, =29 OM Hanps-
KeHHe Ha 3akumax V, =29 B. HaliTu BHyTpeHHEE CONPOTHUBICHHE r
HCTOYHHKA.

771. AMnepMeTp ¢ conpOoTHBIEHHEM R; =2 OM, NOAKNIOYEHHBIH K
HCTOYHHKY TOKa, MOKa3kIBaeT TOK /; =5 A. BonbTMeTp Cc conpoTus-
nenueM R, = 150 OM, nopgKIIOYCHHBIH K TAKOMY € HCTOYHHKY TOKa,
nokasbiBaeT HanpspkeHue V = 12 B. HaliTH TOK KOPOTKOrO 3aMbIKaHHs
I, HCTOUHHKA. ,

772. [1Ba mapanienbHO COCHHEHHBIX PE3UCTOPA C CONIPOTHBIICHHSIMH
R, =40 OMm u R, =10 OM mofkiaruYeHbl K HCTOUHHKY TOKa ¢ JJIC
€ =10B. Tox Buenu / =1 A. HaliTu BHyTpeHHEe CONpPOTHBIECHHE
HCTOYHHKA H TOK KOPOTKOTO 3aMbIKaHHA.

773. Akkymynsrop ¢ D1C € =25 B U BHYTPEeHHHM CONPOTHBIIE-
HUeM r = 1 OM 3apskaeTcsa OT CETH ¢ HanpskeHneM V =40 B uepes
conporuBienne R =5 Om. HaliTh HanpsokeHne V, Ha 3aKMMax akKKyMy-
nATOopAa.

IocaedosamenbHoe u napanneabHoe COeOUHEHUA UCMOYHUKOS MOKA.
Ipasuna Kupxzoga

3JICKTpI/I‘IeCKI/Iﬁ TOK B o0lIel uenun [IpH NOCJIEAOBATEIBHOM COCAUHECHNH 1
OIHHAKOBLIX HCTOYHHEKOB TOKA B 6aTape}o

_ n¢
R+nr’

rae R - BHelHee conporusienne uend, a € ur - IAC u BHyTpEHHEE CONPO-
THBJIEHHE KaXJIOr0 UCTOYHHKA TOKA (aKKyMYyJIATOp, FEHEPATOp, ranbBaHUYe-

CKHH 9JIEMEHT U T.JI.).
IIpn napannensHOM COEIMHEHHH 1 OIMHAKOBBbIX HCTOYHHKOB TOKa TOK

B o0mIe! uenu
j=—2%
R+rin

HpH PEeuIeHNH 33]a4 Ha pA3BETBICHHBIC IJIEKTPUUCCKUE LIENH, 0coOeHHO
€CJIN B ITHX LENAX HMeeTCA HECKOJBKO HMCTOYHHKOB TOKa, yII06H0 noJIb-
30BaThCA IpaBHUJAMHU Kn pxro q) a, KOTOpbIE 3aKN0OYalTCAd B Cle-

AYIOIEM.
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1~ AnrebpanvecKast CyMMa BCeX TOKOB, IIPHXOIANMIAX B TOUKY pa3BeTBICHUS
(y3e7) ¥ BLIXOJISALINX H3 Hee, PABHA HYNO:

1]+12+...+1n=0. (14)

ToKH, BXOAAUIAE B y3€ll, CYHTAIOTCA MOJOXHUTEIbHBIMHA, a BBIXOASI[HAE H3
y371a — OTpHIATeNbHbIMA. Hanpumep, 114 y3ia a Ha puc. 117 ypaBHeHue gis
TOKOB Oypmet Is—I; — I, =0.

HanpasieHue TOKa Ha KaXXJOM y4acT- R Gun

Ke Lenu MeXAy ABYMs y3JaMH MOXHO a I !
BbIOHPATh IPOU3BOIBHO, COXpaHsA, OfHA-
KO, 3TO HallpaBJ€HHe HAa BCeX 3Talax
peweHust 3afauu. Ecnu B pesynbrare pe-
[IEHHS JUIS KaKAX-THOO TOKOB IOJY-
YalOTCs OTPHLATEIbHbIE YHCIOBbIC 3HA-
YeHHs, TO 3TO O3HA4YaeT, 4TO IEpBO-
HavalbHbIC HalpaBJICHHS TOKOB ObLIH
BbIOPaHbI HENPABHITBHO.

ITpn o6xope mM0OOTO 3aMKHYTOT'O KOH-
Typa B CIOXHOH 3JICKTPHUCCKOH Ienu
anrebpamueckas CyMMa NaJlcHAA HaMPsKeHUS Ha 3JIEMEHTax Lenu (BKItouas u
BHYTPEHHHE COIPOTHBJICHHS HCTOYHUKOB TOKAa) paBHa ajlre0panveckod cymme
3 C HCTOYHHKOB TOKA, IMEIOIHUXCS B 9TOM KOHTYpE:

1]R1+12R2+...+1"Rn=c£1+c(g2+...+cén. (15)

%3, rsy

Puc. 117

HanpasieHue 06xofa Ka>kAoro KOHTypa (110 JacoOBOH CTpeJIKe MM NPOTHB
Hee) npou3BonbHO. [lafileHHe HaNpsXEHUSA CYUTAETCS MNONOXHUTEIbHBIM, €CITH
BbIOpaHHOE 3apaHee HAIpaBJICHHE TOKAa HAa 3TOM ydacTKe MEXAY ABYMs
y3/aMH COBIAJAET ¢ HanpaBJeHHeM 00X0[a KOHTYpa,  OTPHLATEIbHEIM, €CITH
HallpaBJIcHHE TOKa [IPOTHUBOIONIOXHO Hanmpasienuto obxopa. 3 C cunraercs
HOJIOXKUTENBbHOM, eClIH NpH 00xofie N0 KOHTYPY HCTOUHHK TOKA MPOXONUT OT
OTPHIATEIBLHOTO NMOJTIOCA K MOJIOXUTENBHOMY, H OTPALUATEILHOR — B TIPOTHB-
HoM ciyuae. Hanpumep, pia konTypa abed Ha puc. 117 npr o6xopne no yaco-
BOH cTpenke ypaBHeHHe (15) 3anmuiercs B BAAC

LRy +r)+ L(Ry+ 1) —I3(R3 + r3) = 1Ry = — €, - €.

Ecnn nomHas cxeMa cOfep:KAT m y3JI0B, TO ypaBHeHHA (14) cocraBistorces
ana m — 1 y3nos. IIpu cocraBieHrr ypaBHEHHHE (15) miist KOHTYPOB HYXXHO
CIIEANTH 33 TEM, YTOOBI KaXKIAbIA BHOBb B3SIThIA KOHTYP HE MOT OBITh ITOJTYYCH
CIOXEHUEM HITH BLIYHTAHHEM yXKe PaCCMOTPEHHBIX KOHTYpOB. [TomHOe yncio
ypaBHeHAN, COCTaBICHHBIX 10 npaBmwiaM Kmpxroda, gomxHo coBmagaTh C
YACJIOM YYaCTKOB MEXKJY Y3JIaMH, T.C. C YACIOM pa3IMIHbIX TOKOB B JJaHHOH
cxeMe.

774. HaiiTn pa3HOCTb [IOTEHL{HANIOB MEXAY TOUKAMH a u b B cxeMe,
n3o6paxenHon Ha puc. 118. 3JC mcrouHMkoB Toka €;,=1 B n
€, = 1,3 B, conpoTtusnenns pe3ucropoB R; = 10 OMu R, =5 Om:
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775. IBa anementa ¢ OJIC €,=1,5B u €, =2 B u BuyTpeHRUMHU
conpotuBnenusamu r; =0,6 OM u r, = 0,4 OM coenunensl mo cxeMme,
u300paxkeHHo# Ha puc. 119. Kakylo pa3sHOCTb MOTEHLHANOB MEXAY
TOYKaMH @ ¥ b TIOKaXeT BONBTMETP, €CIIH CONPOTUBJICHHE BOJNBTMETPA
BEJIMKO IO CPaBHEHHIO C BHYTPEHHHMH CONPOTHBIEHHAMH 3J1EMEHTOB?

1 a f
R, R L L
%] (82 %2,7‘2 %],II
b I a
Prc. 118 Puc. 119

776. IBa anementa ¢ I[C €,=1,4 B ué,=1,1 B u BHyTpeHHUMH
conpotupaenusimu r; =0,3 OM u r, = 0,2 OM 3aMKHYTBI pa3HOMMEH-
HbIMH nonrfocamu (puc. 120). Haiitu nanpsikenne Ha 3aKMMax 3J1€eMEH-
TOB. [IpH KakKHX YCIOBHAX Pa3HOCTb IIOTEHIHANIOB MEXAY TOYKaMH a
u b paBHa nymo?

777. dBa ucrounuka Toka ¢ oguHakoBbiMi J3JIC € =2 B u BHYT-
peuHuMu compotusienusamu r; =0,4 OM u r; =0,2 OM coenuHeHbI
mocjiefoBaTeNbHO. [IpH KakoM BHEIHEM CONPOTUBJIEHUH Lienu R Ha-
MpsDKEeHHe Ha 3a3KHMaxX OHOrO H3 HCTOYHHKOB OYyJET PaBHBIM HYJIIO?

a

Ry
{3
— R,
(52, I (51,7‘1 1
L} r;
: | ma |
Puc. 120 - Puc. 121

778. HaiiTh BHyTpeHHee CONPOTHUBIEHHE 1| IIEPBOrO 2JIEMEHTA B
cxeMe, H300paxXeHHoM Ha puc. 121, eclnu HanpsKEeHHEe Ha ero 3a>kKuMax
paBuo Hymo. CompoTHBIeHHA pe3ucTopoB Ry =3 OM, R, =6 OM,
BHYTPEHHee CONPOTHBJIEHHE BTOPOro 3JeMeHTa r, = 0,4 OM, B]IC
3JIEMEHTOB OfHHAKOBBI.
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- 779. IIpu KaKOM COOTHOIIECHUN MEKNY CONPOTHBICHUSIMU PE3UCTO-
poB Ry, Ry, R; 1 BHYTPEHHHMH CONPOTHUBICHHUSIMU 3JEMEHTOB Iy, I
(puc. 122) HanpsixkeHHe Ha 3aXKUMaXx OJIHOTO U3 3JIEMEHTOB GyIeT paBHO
nyno? 3]1C aneMeHTOB OMHAKOBHI.

'—|Rl %l’ r ll
ry ) 2 ) %
I I R2 I R3 3 R3 u—-i’—:’—b—p
r €, r1+ €. r;; I ]
r ~ R
—(O—(— 13—
Puc. 122 Puc. 123 Puc. 124

780. [IBa reneparopa ¢ onuHakoBeIMUA D[IC € =6 B u BHyTpeHHUMHU
conporuaeHusmu r, = 0,5 Om u r, = 0,38 OM BKIIOYEHBI MO CXeMe,
n3o0paxeHHOR Ha puc. 123. ConpoTuBineHus pe3ucTtopoB R; =2 OwM,
R, =4 OM, R; =7 OM. Halitu Hanpskeuns V, u V, Ha 3akKumax
reHEPATOPOB.

781. Tpu anementa ¢ I[IC ¢,=2,2 B, %,=1,1 Bué;=09 B
U BHYTpEHHUMH conpoTusieHusmMu r;=0,2 OM, r, =04 OM u r; =
= 0,5 OmM BkIIOYEHH! B [ENb MOCIENOBATENLHO. BHEIHEE CONMPOTHUB-
nenue nenud R =1 Om. HaliTu HanpsokeHHe Ha 3aKHMaX KaXXJoro
9JIEMEHTA.

782. batapes U3 YeTHIPEX MOCIEHOBATENBLHO BKIIOYCHHEIX B IEMb
aneMenToB ¢ DJIC € =1,25 B ¥ BHYTPEHHHUM CONMPOTHUBICHUEM
r=0,1 OM nuraeTr gBa mapanielbHO COCHUHECHHBIX NMPOBOJHUKA C
conporuBneHuamMu R, =50 Om u R, = 200 Om. Haiitu HanpskeHue Ha
3aKuMax 6aTapen.

783. CKonbKO OJMHAKOBBIX akKKymynsaTopoB ¢ 3JIC € =125 B u
BHYTpeHHUM conpoTtuBieHueM r = 0,004 OM HyXKHO B3SThb, YTOGHI
COCTaBUTEL OaTapero, KOTopas faBana Obl Ha 3aKHMaxX HampsisKeHHUe
V =115 B npu Toke / =25 A?

784. Batapes u3 n = 40 nocnegoBaTeNbHO BKIIOYECHHBIX B IEMb
akkyMynsaTopoB ¢ OJIC € =2,5 B u BHYTpEeHHHUM CONPOTHUBICHUEM
r =0,2 OM 3apsKaeTcs OT ceTH C HanpsikeHueM V = 127 B. Haifitu
3apsAHBIA TOK, €CIH MOCIECIOBATEIbHO B uern: BBEJICH MPOBOAHUK
¢ conporuBieHueM R =2 OM.’

785. [1Ba amemenTa ¢ 3J4C ‘8, =1,25B ué,=1,5 B u oquHAKOBEIMHU
BHYTPEHHUMHU conpoTusneHusiMu r = 0,4 OM COeMHEHBI NapaielbHO
(parc. 124). Conpotusnenne pesucropa R = 10 Om. Hailita TOKH, Texy-
uide Yepes3 pe3UCTOp U KaXKAbIN 3JTeMEHT.
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786. [1sa anementa ¢ OAC €,=6 Bu€,=5 B u BHyTpEeHHAMH
CONIPOTHBIICHUSAMH 7y = 1 OM 1 r, =2 OM coeHHEeHBI O cXeMe, A300pa-
KeHHOH Ha puc. 125. HaiiTa TOK, TeKymui yepe3 pe3ucTop C Conpo-
tuBiieHAEM R = 10 OM. .

787. Tpu opunHakoBbix 3neMeHTa ¢ JJIC € = 1,6 B m BHyTpeH-
HAM conpoTuBicHueM i = 0,8 OM BKIFOYEHEI B LieNb IO cXeMe, H306pa-

61,1y €21

Puc. 125 Puc. 126

KeHHOH Ha puc. 126. MannraMnepMeTp nokassiBaeT Tok [ = 100 MA.
Conporusnenns pesucropos Ry = 10 OM u R, = 15 Om, conpoTuBiicHEE
pe3ucropa R HemssecTHO. Kakoe HampspkeHHe V MOKa3bIBAE€T BOJLT-
MeTp? ConpoTHBIIeHHE BOJIBTMETPA OYECHbL BEJIMKO, CONMPOTHBIICHUE
MHIULJTAAMIIEPMETPA IPEHEOPEKAMO MaJIo.

788. Conpotusnenns pesucropoB Ry u R, u I[C €, n €, ncTouHnkos
TOKA B cxeMe, n300paxkeHHO# Ha pHc. 127, m3ectHbl. [1pn kakoit J[C
€5 TpeThero HCTOYHAKA TOK Yepe3 pe3ucTtop R; He TevyeT?

Puc. 127 Puc. 128

789. llenb U3 Tpex ORMHAKOBBLIX NOCIEHOBATEIBHO COCHHHEHHBIX
aneMeHTOB ¢ JJIC € M BHYTPEHHHM CONPOTHBJICHHEM 7 3aMKHYTa
HaKOPOTKO (pHc. 128). Kakoe HanpsKeHHe MOKaXeT BOJbTMETP, MOM-
KJIIOYEHHBIA K 3aKAMAM OJHOTO H3 3JIEMEHTOB?

. 790. Ycrounnk Toka ¢ IJIC €, BKIIOYEH B CxeMy, IapaMeTphl KO-
TOpOH faHbl Ha puc. 129. Hadre 3JIC € ncrounnka ToKa U Hampasiie-
HHE €0 NOAKJIOYEHHS K BLIBOLAM a H b, NIPH KOTOPBIX TOK 4epe3
PE3HCTOP € CONPOTHBIEHHEM R, HE HIET. ' '
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791. [IBa snemeHTa ¢ oguHakoBbiMH DJIC € BKIIOYEHBI B IEMb
pociefoBaTeNbHo. BHemHee conpoTuBiceHue et R =5 Om. OTHo-
[ICHUC HANPsSXKCHUA Ha 3aKUMax NIEpPBOFO 3JIEMEHTA K HANIPSKECHUIO Ha
3aXMMax BTOPOroO 3lIeMeHTa paBHO 2/3. HaiiTu BHyTpeHHHE compo-
THBJICHUS 2JIEMEHTOB I U Iy, €CITHA 'y = 215,

TérT "

Puc. 129 Puc. 130

|

792. [1Ba ognHakoBbIX aneMenTa ¢ DJ1C € = 1,5 B u BHyTpeHHHM
conpoTtusienueM r = 0,2 OM 3aMKHYTHI Ha pPe3UCTOpP, COIPOTHBIICHUE
KOTOPOrO COCTaBIseT B ofHOM ciy4dae R; =0,2 OMm, B ipyrom — R, =
= 20 Om. Kak HYXHO COCIMHUTL 3JEeMEHTHI (MOCIEIOBATSIBHO MJIH
mapajyielbHO) B NIEPBOM M BO BTOPOM ClydasdX, YTOObI MOJYYUTH
HAUOOJBIINI TOK B HHENH?

793. [IBa amemenrta ¢ 3JIC €, =4 B u €, = 2 B u BHyTpEeHHUMH
conpoTtuBieHus MU '} = 0,25 OM u r, = 0,75 OM BKITIOYEHEI B CXEMY,
n3o0paxxeHHyro Ha puc. 130. ConpoTtusneHus pesuctopoB R, =1 OM u
R, = 3 OM, emkocTh KonpiencaTtopa C = 2 mx®. Hafitn 3apsan Ha KoH-
JeHcaTope.

794. K Garapee U3 [[ByX NMapasjielbHO BKJIIOUEHHBIX 3JIEMEHTOB C
IC €, n €, 1 BHYTPEHHUMH CONPOTHUBIIECHUAMH I, U I'; TIOAKITIOYEH
pe3uctop ¢ conpoTtusiacHueM R. HafiTu Tok /, Tekyniuil yepes pe3ucTop
R, u Toku [, u I, B nepBoM 1 BTOpOoM 3sieMeHTax. [IpH Kakux ycioBHAX
TOKH B OTHEJBHBIX IENAX MOTYT ObITh PaBHBIMH HYJIIO UM M3MEHATH
CBO€ HamnpasJeHHe Ha o6paTHoe?

795. baTapes U3 n OGUHAKOBBLIX AKKYMYJIATOPOB, COCAUHCHHBIX B
OJIHOM ciTy4dae MOCNEROBaTEILHO, B JPYTOM — MAPAJIETBHO, 3aMbIKAET-
csl Ha pe3ucTop c¢ conporuBienreM R. IIpH KakUx ycnoBuax TOK, TEKY-
IQUH Yepe3 pe3ucTop, B 060uX Cydasx OyAeT OfUH U TOT Xe?

796. Garapes U3 n = 4 ONMHAKOBBIX JIEMEHTOB C BHYTPCHHHUM
conpoTuBieHueM r = 2 OM, COEIMHEHHBIX B OMHOM clIy4ae IMOCICHO-
BAaTeNbHO, B IPYFOM — MapayIeTbHO, 3aMBIKAeTC Ha PE3UCTOP € CONpPO-
TaBneHueM R = 10 OM. Bo cKoibKko pa3 moka3aHHe BOJNBTMETPA B
' OIHOM clydae OTJHYaeTcad OT MOKa3aHHUs BOJIBTMETpPA B APYTOM Ciy-
qae? ConpOoTUBIEHAE BOJIBTMETPA BEIMKO MO CPABHEHHIO C R H 1.
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797. Kak U3MEHHUTCS TOK, TEKYLIUH uepe3 pe3HcTOp ¢ CONPOTHBIIE-
HHeM R = 2 OM, ecii n = 10 OAMHAKOBBIX 3NEMEHTOB, COEAUHEHHBIX
MOCNEAOBATENBHO C 3TUM PE3UCTOPOM, BKIIOUHTH NapanjelbHO eMy?
31C anementa € =2 B, ero BHyTpeHHee conpoTusnetue i = 0,2 OM.

798. BaTtapes coctaBnena u3 N = 600 olMHAKOBBIX 2IEMEHTOB TaK,
YTO n TPYNIN COEAUHEHBl MOCIENOBATENbHO M B KaXAOH M3 HHUX
COMIEP>KUTCS M 3NMEMEHTOB, COeIMHEHHBIX NMapannensHo. I C Kaxaoro
anemeHTa € = 2 B, ero BHyTpeHHee conpotuBieHHe r = 0,4 Om.
IIpu kakux 3HavueHUAX n © m OaTapes, OYNyuUd 3aMKHYTa Ha BHEIIHEe
conporusnenre R = 0,6 OM, oTAACT BO BHEIHIOIO LETb MaKCHMANbHYIO
MomHocTe? HaliTi ipu 9TOM TOK, TEKYIIUH Yepe3 CONpOTHUBIEHHUE R.

799. EmrocTs akkymynsatopa (= 80 A - u*. Haiitu emxocTs GaTa-
peH U3 n = 3 TAKUX AKKYMYNATOPOB, BKIIOYEHHbIX OCNENOBATENBHO U
napasiesnsHo.

800. Hatttu eMkocTe GaTapen aKKyMylis-

‘_"—"‘—"‘—" TOPOB, BKINIOUEHHBIX IO CXeMe, H300paKeH-
HOH Ha puc. 131. EMKOCTB KaxJoro akky-
‘—l‘_l}_"—l Mmynstopa Gy =64 A - u.
801. MocT nnst U3MEPEHUA CONPOTHBIE-
i pein conp

HU# c6anaHCUpPOBAaH TakK, UTO TOK uyepe3
raabBaHoMeTp He upet (puc. 132). Tok B
mpaBol BeTBH / = 0,2 A. Haiitu Hanpsokenue V Ha 3akUMaX HCTOUHUKA
Toka. ConpoTuBneHus pe3ucTopoB Ry =2 OM, R, =4 OM, R; = 1 Om.
802. Hafitu Toku, npoTeKaroiie B Kaxfod BeTBH LemnH, u3obpa-
>keHHOH Ha puc. 133. D[C ucToyHuKOB ToKa €, = 6,5 Bu €, = 3,9 B.
ConpoTtuBnenus pe3ucTopoB R, =R, =R;=R;=Rs=Rs=R =10 Om.

Puc. 131

Puc. 132 Puc. 133

* EMKOCTbIO aKKYMYJIATOPA Ha3slBaeTcs 3apsj , KOTOPbil NPOXOAUT NO uenu npH
paspsnke uepe3 Hee 3aps>KEHHOTO aKKyMynsaTopa. TIpn paspsaHoM Toke [ M BpeMeHH
Pa3psiiKH T EMKOCTbh aKKYMYJIATOpa (@ = /T U BbIpaXkaeTcsi B amnep-uacax (A -« v).
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§ 21. PaGoTa n MomHocTh TOKA. 3akoH [xoynsa-/lenua

IIpu nepemelieHnn 3apsafa ¢ B 3MEKTPUUCCKOM MOJE M3 TOUKU C IOTEH-
[AATOM () B TOUKY C NOTCHUHATOM () 3JMCKTPHUCCKUE CHIbl COBEPIIAIOT
paboty

A =q(Q;— ¢ =4qV.

Ecnu o npoBofHNKyY Te4eT TOK /, TO Uepes3 NoNnepevHoe ceueHue NPOBOHUKA
B TE€UCHUE BPEMEHHU T MPOXOAUT 3apsfd ¢ = [T. IloaToMy HNpH NMPOXOX/JCHAH
TOKa [ MO NPOBOJIHUKY, PAa3HOCTh IOTEHLUHUATOB MEXAY KOHUAMH KOTOPOTO
paBHa V, 3a BpeMs T coBepmacTcs paboTa

A =1Vt

ITo 3aK0OHY COXpaHEHHs 3HEPTUU PE3YIbTATOM ITON paGOTHI ABAAETCA TO,
YTO NMPOBOJHMK NPHOOpETaET caM U MepefaeT OKpyXKalolfUM TejlaM IKBH-
BaJIEHTHOE KOJWUECTBO 3Heprud W B pasnauuHbIX BUAAX (B BUAE TEITOTHI,
MEXaHHUIECKOH, XUMUIECKOH 3HEPTUH U T.A.). B wacTHOCTH, €Ciii NpOUCXOIUT
BBIICICHUE IHEPTUM TONBKO B BUAC TEITOTHI (), TO

Q=W=IVt.

3aMeHsAA B COOTBETCTBHM ¢ 3aKoHoM Owma V Ha /R, noaydaeM 3 a K O H
HOxoyna-JtleHuna:

Q=1[1?2Rt=V?1/R,

rae R — conpoTuBACHUE NPOBOAHMUKA.

B cucreme epunmy CH epgunuueir paGoThbl, IHEPTMM M TEINIOTHI SIBJA-
eTcs omoyan (k). IloaToMy, eciu 3MeKTpUYECKHE BETUYUHBI BbIpa-
XaTh B egumHuuax cucrtempl CH (3apsyg B KyJaoHax, TOK B aMIiepax,
CONPOTHUBJICHNHE B OMax H Pa3HOCTh MOTCHIMANOB B BONbTAX), TO KOIHIE-
CTBO TEIIOTHI, BBIYUCAAEMOE 10 NPUBEJCHHBLIM (popMyiaM, NOMydaeTcs B
AXKOYIAX.

MOoIHOCTh MOCTOAHHOTO TOKA [ MpHU MPOXOXICHNN 11O MPOBOJAHUKY C COMPO-
THUBJICHUEM R ONpeaeaseTcs COOTHOIICHUAMHI

N=Wr=IV=I2R=V%R.

Eqnuuuet momuocrr B cucreMe epunuy CH asasercas samm (BT):
1Br=1/x/1c=1A"-B.

3OaeKkTpuUuccKag IHEPrus MOXeT BbIpaXaTbcid TaKXe B €AUHUIAX, sIB-
JSFOIMXCSl MPOM3BECHAEM EIMHML] MOIHOCTU M €AMHHI BpeMeHU. B wact-
HocTH, Tak Kak 1 [ik= 1Bt ¢, To 1 kBTr-u=10rBT-u =3,6- 10 BT -C=
=3,6-10° Ix.
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Koa¢dpunuentom nonesnoro geiicteus (KII[) cucremn! HasbIBaeTcs
BeJINIHHA

n= “/mm _]00%=M.]00%’

3arp 3arp

rae W, ~ nonesnas pa6ora (aueprus), W,,, — noiiHas 3aTpaveHHas SHEPTHs
" Wyorep — IOTEPAHHASA SHEPTHA.

803. Kakas oHeprus (B rekToBaTT-yacax W AKOYJSX) 3allaceHa B
akkymyasitope ¢ 3JJC € = 2 B, umeromem emkoctb Q = 240 A - 4?

804. Kako# 3apsyy npoieT MO MPOBOJHUKY C COTIPOTHBIIEHHEM R =
=10 OmM 3a Bpemst T = 20 ¢, eClii K €ro KOHIAM TIPUJIOXKEHO HaMpsi-
skeHue V = 12 B? Kakas npu 2ToM 6yeT npousBefieHa paboTa?

805. HackonpKo u3MeHUTCA TemIlepaTypa BOAbI B COCyJE, COAEp-
Kamem maccy Bofbl m = 0,2 Kr, eclnu yepe3 NPOBOAHUK, NMOMEUICH-
HBIA B Hero, mporen 3apsag ¢ = 100 K, a k koHIaM IpPOBOJHHKA
npunoxkeHo Hanpskenue V = 20 B? YnenbHast TerumioeMKoOCTh BOJBI
¢ =42 xJIx/(xr - K).

806. Mo>xHO 11 BMECTO JBYX NApAIETbHO BKIIOYCHHBIX JIEKTPO-
mruToK MotmHocTd N = 500 BT kakgast BKIIOYHTH B CETb 2JIEKTPO-
KaMHH, KOTOpPBIU noTpebnsieT Tok / = 12,5 A npu HanpsikeHuu V =
=120 B, ecnu npegoxpaHUTENb PAaCCUMTAH Ha TOK, NOTpPeOIIsiEeMbIH
nuTKamMu’?

807. Hafitu nnomajgb CeYeHUs IIPOBOMOB, OTBOMASIIIUX TOK OT
reHepaTopa momHoctu N = 1 I'BT, ecnu Tok nepegaeTcs Ha TpaHc-
tpopmaTop nop HanpspkeHuem V = 15 kB. IlnoTHocTh TOKa B IpoBofie
He JTOJKHA MPEBLIIATS | = 10 A/MM?.

808. [lyroeas meup mnoTpebnser Tok / = 200 A or ceTu ¢
HanpsokeHueM V = 120 B uepe3 orpanmumBaloliee CONPOTHBIECHHUE
R =0,2 Om. HaliTn MOIITHOCTB, NIOTPEOISIEMYIO TIEYBIO.

809. HarpesaTenbHast cniupanb 2JIEeKTpoanmnapaTa JuIsl HCapeHus
Bojibl uMeeT npu Temmneparype ¢ = 100 °C conpotusnenne R = 10 Om.
Kaxkoil Tok / Hago mpomnyckaTb 4epe3 3Ty Chnupaib, YTOOBbI anmapatr
ucnapsiia Maccy Bofibl m = 100 T 3a BpeMst T = |1 MuH? YpenbHas TenjaoTa
napoo6paszoBadus Boabl A = 2,3 MJIk/kr.

810. DuxexTpomeub JOJKHA AaBaTb KOJUYECTBO TEILTOTHI Q =
=0,1 MJIx 3a Bpemsst T = 10 muH. KakoBa pomkHa ObITH JJTHHA
HUXPOMOBOH IPOBOJIOKHM ceueHus S = 0,5 MM?, eciT TIeUb Ipe/iHa3Ha-
4yaeTcs [JIsl CETH C HanpspkeHueM V = 36 B? YnenbHoe colpoTUBIIEHHE
Huxpoma p = 1,2 MKOM - M.
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811. KoMHaTa TepsieT B CYTKHM KOJHuecTBO TerioThl Q = 87 MJIxk.
Kakoit pnmHbl ! Hago B3SATb HHXPOMOBYIO INPOBOJIOKY AHAMET-
pa D =1MM [nd HaMOTKHM 3JIEKTPONEYH, MOANECPXUBAIOIICH
TeMIlepaTypy KoMHaThbl Heu3MeHHoH? Ileub BKIrOuUaeTcs B ceThb ¢
panpskenueM V = 120 B, ymenrHOoe CcONpoOTHBICHHE HHXpOMaA
p=12MKOM - M.

812. B cocyna, copepxammidi Maccy Boasl m = 4801, noMmeuleH
anekTpoHarpeBatenb MomHocTH N = 40 Bt. Hackonbko uaMeHunaco
TeMIlepaTtypa BOJbL B COCYAE, €ClId TOK 4epe3 HarpeBaTeslb MPOXOMHI
B TeueHUe BpeMeHH T = 21 MuH? YpenbHas TENIOEMKOCTh BOMBI
¢ =42 x[Ix/(xt - K), TeT0OEMKOCTh cOCYla BMECTE C HarpeBaTelieM
C. =100 JIx/K.

813. Hafitu MoumHocTe N 3MeKTpoHArpeBaTeNnsl KacTPIONH, ¢Cly B
HeH 3a BpeMs T = 20 MHH MOXHO BCKHUIATHTB 00BeM BOAbl V = 2 7.
KII]] snektponarpepatens 1) = 70%. YenbHast TEMIOEMKOCTE BOABI
¢ =42 x]Ix/(xr - K), HauanbHas temnepartypa Bopsl ¢ = 20 °C.

814. Cxonbko BpeMEHH Hago HarpeBaTh Ha 3JEKTPONIUTKE MOIII-
moctu N = 600 Bt npu KIIJI 1y = 75% maccy nsga m, = 2 KT, B3SITOTO
npu TeMmueparype ! = —16 °C, uro6s1 06paTuThL €ro B BORY, a BOXY
HarpeTh [0 TeMmmnepartypsl £, = 100 °C? YnenabHas TENI0eMKOCTh JbAa
¢, = 2,1 xkJIxx/(kr - K), ygenbHas TenjoTa IUIaBJE€HHs JNbfa I =
= 0,33 MIIK/KT, yaebHas TEIToeMKOCTh BOABI ¢ = 4,2 xJIk/(xT - K).

815. Kakosa moirkHa ObITh AJIMHA HEXPOMOBOH IIPOBOJIOKH AHAMET-
pa D =0,3 MM, uTOOBI TIPH BKITFOUEHHH NTOCTENOBaTeNbHO ¢ 40-BaTTHOM
TaMIo4KoH, paccudTaHHo# Ha 127 B, npoBosoka fa- y R
Baja HOPMAaNbHBIA HakKasl IPU HAIPSIKEHUH B CE€TU o— [} 0
V = 220 B? YpenbHoe cONpOTHBIEHHE HHUXpOMA 3
p=12MKOM M.

816. PeocraT ¢ MONHBIM CONPOTHUBIIEHHEM R IOM-
KJIFOUEH K ceTH ¢ HanpskeHueM V (puc. 134). Bo ckonbko pa3 U3Me-
HUTCA OTpedAeMast OT CeTH MOIITHOCTb, €CITH JIBIDKOK peocTara Iepe-
MECTHTb Ha 1/4 giMHBI OT ero KoHua?

817. Haititu KII]l HacocHO# yCTaHOBKH, KOTOpasi NOfAET B €IUHULY
BpeMeHu o0BeM Bogbl V., = 75 ji/c Ha BBICOTY A = 4,7 M depe3 TpyOYy,
uMeromyo cedeHne S = 0,01 M2, ecnd MoTOp MOTpebsieT MOINHOCTD
N =10 kBr.

818. MoTopsl 3yeKTponoe3fna IpU ABHXEHUH CO CKOPOCTBIO
v =54 xm/u notpebnsror Momuocts N = 900 kBt. KIIJI MoTopos 1
nepegaronux MexaHu3MoB 1| = 80%. Haiitu cuny Taru F, pazpuBaeMyro
MOTOpamu.

Lo
Puc. 134
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819, XKene3Hass U MeTHast MPOBOJIOKH OJHHAKOBBIX IIMH U CEUEeHHMH
COEUHEHBI MOCNeJOBAaTEeNLHO U BKIFOUYEHBI B ceTh. HalTu oTHolre-
HHE KOJHYECTB TEIUIOTBI, BBINETUBILUXCS B KaXHOH MpPOBOIOKE.
YoenbHble CONPOTHBIEHHUA KeNle3a U Menu paBHbI Py = 0,12 MKOM - M 1
p2 = 0,017 MKOM - M. Pemuts 3Ty e 3afaqy @i ciaydasl napajjielb-
HOTO COETUHEHHS MMPOBOJIOK.

820. Kene3nas u Me[Hast HPOBOJNIOKH OIMHAKOBBIX [JIMH H CEYCHHUNH
BKJIIOUEHBI B CETh Ha paBHBIE NMPOMEXYTKH BpeMEHH CHadala mocle-
NOBATENRHO, 3aTeM TNapaljienkHo. HallTw OTHOWEHHE KOJUUECTRB
TENNAOThI, BBLIIETUBIIUXCA B MPOBOJOKAX B OOOUX clyuasX, e€ClH
110 3XeJIe3HOH MPOBOJIOKE TEK ONHH U TOT Xe TOK. YJeNbHble CONPOTHB-
neHus xene3a u Mepd p, = 0,12 MKOM - MU p, = 0,017 MKOM - M.

821. 3a Bpems T, = 40 ¢ B Uenu U3 TpeX OQUHAKOBLIX MPOBONHUKOB,
COCIMHEHHBIX MapalielbHO W BKIIOUEHHBIX B CETh, BBIJEIHUIOCH
HEKOTOPOE KONHUECTBO TEMNOTHI. 3a KaKOe BpeMsi T, BBITETUTCSA TaKoe
XK€ KOJNHUEeCTBO TEIMIOThI, €CNU MNPOBOJHUKH COEOUHUTH MOCHEHO-
BaTE€NbHO?

822. Jira omMHAKOBBIX 3JEeKTPOHArpeBaTelNsl, MOTpeOATIOMWHNX
Kaxawlid MomHocTh N = 200 BT npu HanpsixkeHuu V = 120 B, nnuHHEBIMEI
W TOHKUMH NPOBOJAMH MOAKNIOUEHBl K HCTOYHWKY TOKa. HalTu
CONPOTHBIEHHE MNPOBOAOB R, eclIH MpH MOCNeNOBAaTENbHOM M MpH
napajieTbHOM COeIMHEeHHUSX HarpeBaTeNell OHU BBIJENSIOT B €HHHLY
BpEMEHH OfTHO U TO XXe KONHYECTBO TEMIOTHI.

823. B anexTpoyailHUKEe C IBYMs HarpeBaTeNsAMH HEOOXOOHUMO Ha-
rpeTh 06beM BoAbl V =2 11 oT KOMHAaTHO! TeMmmnepaTypsbi (f; = 20 °C) mo
TeMnepaTyphl Kurien#s. KaxXaplii HarpeBaTeNlb, BKIIOUYEHHBbIH B CEThb
OTHAENBHO, BBIAENsIET MOIMHOCTE N | = 250 BT. Yepe3 Kakoe BpeMs
3aKHOUT BOJA, €CIIM €¢ TOJOTPEeBaTh OIHUM HArpeBaTeleM MU OBYMs,
BKJIIOUEHHBIMH B TY K€ CEThb MOCIENOBAaTENbHO WM HapanjaeabHO ApYyr
npyry? KIIJI marpeBaTens n = 80 %. YnenbHas TeMI0E€MKOCTb BOABI
¢ = 4,2 xJIx/(xr - K).

824. DnekTpouallHAK UMeeT B HarpeBaTene ABe cekuuu. Ilpu
BKJIIOUCHUH HNEPBOH CEKLUMH BOAA B YAaHHHKe 3aKUIAeT 3a BpeMs T, =
= 10 MuH, a pu BKJIIOYEHHH BTOPOH CEeKUWH — 3a BpeMs T, = 40 MuH.
Yepes kakoe BpeMs 3aKHANAT BOJA, €CIIM BKITOYUTDL 00€ CEKIMU napal-
JIeNbHO WM TOCIeN0OBaTEeNLHO? :

825. [IBe nmaMmobl HMeIOT OQUHAKOBble MoOIIHOCTH. OpnHa U3
HHUX paccyuTaHa Ha HamnpsixeHue V; = 120 B, gpyras — Ha Hanps-
xxeHne V, = 220 B. Bo ckonbKO pa3 OTIMYAIOTCA COMNPOTHBIIEHHUSA
namn?
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826. Kakoe conporuBiienne umeroT 40- u 75-BaTTHbIE JaMIBbl, pac-
CYHTaHHbIC Ha BKJIOYEHHE B CeThb ¢ HampsikenneM V = 120 B? Kakoi
TOK TEUET Yepe3 KaXAyIo JaMmmy?

827. Kakyro MomHocTh 6yfeT NoTpebusaTs 25-BaTTHASA JTaMIOYKa,
paccudTaHHas Ha HanpstkeHue V| = 120 B, ecniu ee BKIIOYHTD B CETH C
HampsikeHueM V, = 220 B?

828. 100-BaTTHas Mamna BKJIIOUEHA B CETh C HaNpsiKeHHEM V =
=120 B. ConpoTuBiieHHE JaMNbl B HAKAJIEHHOM COCTOSIHUH GoJbIIe,
JeM B XoJomHOM (npu Temmepatype f; = 0°C), B 10 pa3. Hafitn Tem-
nepaTypHblii Kod(dHULUNEeHT CONpPOTHBIECHHS MaTepHala HHUTH H
CONPOTHUBIIEHHE JTAMITBEL B XOJIORHOM COCTOSIHHH, €CJIH BO BPEMs rope-
HUS JaMIbl TeMiepatypa HATH § = 2000 °C.

829. Haiitu comporuBnenne 100-BaTTHOH NMaMIIbl IIpH KOMHATHOHU
TeMnepaType ¢, = 20 °C, ecnu npu HanpsokeHnu ceTn V = 220 B Ttem-
nepaTypa HuTH t = 2800 °C. TeMnepaTypHbiil K03 uueHT conpoTu-
BIICHMs MaTepHana HUTH O =4 - 103 K-

830. K ucrounuky Toka ¢ DJIC € = 140 B na paccrosuuu [ = 400 m
OT HEero MOAgKJIOYCHA JIaMna, pacCunTaHHas Ha HanpsbkeHue V = 120 B
n MomHocTe N = 100 Br. Kak u3MeHHTCA maficHUC HAMPSKCHUS HA
JaMIie, eclid mapasjesbHO ef MOAKIIOUATE BTOPYIO TaKyIo XKe JaMiy?
Ypensuoe conpotuBieHue nposofa p = 0,028 MKOM - M, ero ceucHHe
S=1mm

831. Ha xakoe paccrosnue [ MOXHO MepegaBaTh JJMEKTPOIHEPTHIO
oT ucrtouyHuka Toka ¢ JDJ]IC € = 5 kB Tak, 4To6Bl Ha Harpyske c
conporuBieHneM K = 1,6 kOm BeIgensnack MomuocTs N = 10 kBT?
YnpenvHoe conporuBieHure nposofa p = 0,017 MxOM - M, ero ceuenne
S=1mMm%.

832. [log kxakuM HampspkeHHEeM V HYXHO MepefaBaTb 3JIEKTPO-
9Hepruio Ha paccrosHue [ = 10 kM, 4TOOBI MpH MIOTHOCTH TOKa
Jj =0,5 A/MM? B cTanbHBIX MPOBOAAX ABYXMPOBOAHOH JIUHUHM 3ITEKT-
pornepefavyd MOTEPW B JIMHUU COCTaBIsIU 1% nepemaBaeMoOd MOLI-
HOoCTH? YpenbHoe conpoTuBienne crany p = 0,12 MKOM - M.

833. Llenb COCTOHT K3 ABYX MapajjielIbHO BKIFOYECHHBIX JaMIT MOLI-
HocTu N = 30 BT xaxpas. IloTepu MOIHOCTH B MOABOASUINX IPOBOAAX
coctaBnstoT 10 % mone3Holt MowmHocTH. Ha#dTn mampsixkenme Ha
3aKAMaX HCTOYHHKA TOKa, €CITH OH o6ecnevyuBaeT B UeNH TOK / = 2 A.

834. Ot ucrounuka Toka ¢ HampsxXeureM V = 750 B HeoGxoguMo
nepegaTh MowHocte N = 5 KBT Ha HekoTopoe paccrosHue. Kakoe
Hau6oJblIce CONPOTHBIIEHAE R MOXET HMETh JIMHUA Nepefladd, YTOObI
NOTEpH IHECPrUd B Hell He npeBblmanu 10 % nepepaBaeMoi MOIIHOCTH?
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835. Kakoit HauGoabmed MOITHOCTH 3JEKTPOIIeYh MOXKHO YCTaHO-
BUTb B KOHIE ABYXIPOBOAHOH JHHHH, HUMEMOIIEH CONPOTHBJICHHUE
R =10 OM, ecsid HCTOYHHK TOKA pa3BHBAcT MOLIHOCTB N = 6 KBT npn
HanpsikeHHd V = 1 kB?

836. [IBa napanienbHO COSAHHEHHBIX PE3HCTOPA C COMPOTHBICHASIMH
R, =6 OMHu R, = 12 OM NOAKITIOYEHBI MTOCTEJOBATENBHO C PE3UCTOPOM,
HMEIOIHM conpoTuBieHde R = 15 OM, Kk 3axkuMaM redepatopa ¢ [{C
‘¢ =200 B ¥ BHyTpeHHHM CONpOTHBNEHHEM 7 = | OM. HailTH MOIITHOCT®,
BBIJIETAFOLYFOCS Ha pe3ucTope R).

837. Dnement ¢ D[IC € = 12 B ¥ BHYTPEHHHM CONPOTHBICHHEM
r =4 OM 3aMKHYT Ha conpotuBieHHe R = 8§ Om. Kakoe komudecTBo
TEIUTOTHI OYJET BbIACHSITLCS BO BHEIIHEH LICTIH B eJUHHALY BpEMCHH?

838. HafiTu IOJHYIO MOIIHOCTL 3JIEMEHTA IIPH CONPOTHBICHHUH
BHemHed ermu R = 4 OM, ecTH BHYTPEHHEE CONPOTHBICHHE 3JI¢MEHTa
=2 OM, a HanpsiKeHUE Ha ero 3axumax V =6 B.

839. barapes 371eMeHTOB, 3aMKHYTast Ha conpoTHBiIeHMe K| = 2 Owm,
maet Tok /; = 1,6 A. Ta ke Oarapes, 3aMKHyTas Ha CONPOTHBJICHAE
R, =1 Owm, paer ToK /, = 2 A. HallTH MOUIHOCTb, TCPSICMYIO BHYTPH
HaTapeH BO BTOPOM cyuae.

840. Hantu 3/1C € u BHyTpeHHee CONPOTHBICHHUE /' AKKYMYJIATOpPA,
ecnd mpa TokKe [/} = 15 A OH OTHAeT BO BHCUWIHIOK [CIb MOIMHOCTb
N, = 135 B, a mpu Toke /, = 6 A — mouiHocTs N, = 64,8 Br.

—_— 841. K ucrounuky Toka ¢ HIC € = 8 B moAkiro4YeHa
T Harpys3ka. HampsikeHue Ha 3aXXHMax HCTOYHHKA

— 11+ ¢ V=064B. Hairu KIIJI cxeMmbl.
Ry 842. Haiitu KII/I cxembl, n300pa>keHHOU Ha puc. 135.
IL’ ConporusincHust pe3dctopos R, =2 O0M u R, = 5 Owm,
BHYTpPEHHEE CONPOTHBICHAE HCTOUHHKA ToKa /' = 0,5 OM.
Puc. 135 843. Haitti KIIJ] cxeMbl, B KOTOPYIO BKJIOUEH 3JTe-

meHT ¢ D]IC € ¥ BHYTPEHHHM CONPOTHBJICHHEM 7, €CJTH

TOK B uend paseH /. Bouipazute KIIJ: uepes €, r u /; uepes compo-
THBJICHHE BHEIIHEH UeNH R M BHyTpeHHEee COMMPOTHUBIICHAE 3IEMeHTa /]
uyepes 3/1C aneMenTa € U HaNpsi>KeHAE Ha ero 3axuMax V.

844. Haiitu Tok / B uend akkymynsitopa ¢ 3[C € = 2,2 B, ecin
conpoTuBieHue BHewmHeH tend R = 0,5 Om u KIII cxembI 1 = 65 %.

845. HaiiTH BHyTpeHHee CONPOTHBIICHHE aKKyMyJIsiTOpa /', €CITH MpH
3aMCHE BHCILUIHETro compoTHBJcHHS R) = 3 OMm Ha R, = 10,5 Om KIIJ]
CXEMbI YBETHUHJIICS BJIBOE. ‘

846. Batapes U3 1 = 6 MOCNEOBATCNBHO BKIIOUYCHHBIX 3IEMEHTOB C
opuHakoBeiMi D/IC € = 1,5 B naTaeT TokoM / = 0,28 B aBe mocneoBa-
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| TeMIBHO BKJIOUEHHbIE NAMIbI ¢ CONpOTUBJeHHEM R = 12,5 OM Kaxpasi.
Haiitu KIIJ] 6atapen u BHyTpeHHEE CONPOTHUBIICHUE JIEMEHTA.
847. Ilpu BKNIOUEHUHU 3JIEKTPOMOTOPA B CETh C HAMPAKEHHEM
'V =120 B on norpednser Tok [ = 15 A. Haittu MomnocTs, notpeGs-
emyio mortopoM, u ero KIIJI, ecnu conporusienne oGMOTKH MOTOPA
R=10mMm.

848. HasiTr 3aBUCHMOCTL MOIMHOCTH N |, BhIIeAaeMoil BO BHEIIHEN
penu, MOMHOCTH N5, BBIACHSIEMON BHYTPH UCTOYHUKA TOKA, a TAKXKE
no’dHo# MomHoctH N =N, + N,, pazBUBacMOH HCTOUHHKOM, OT CO-
nporuBiieHus BHelIHeR nend R. [locTtponThs rpahuku 3TUX 3aBUCH-
mocreit. IIC ucrounnka € = 15 B, ero BuyTpennee conpoTuBieHmie
r=2,50m

849. Hadrn conporusieHue R, BHEIUHEH UENH 3JIEMEHTa, IPH KO-
TOPOM MOIHOCTL N, moTpednsgeMas BO BHENIHEH CIH, TaKas Ke, KaK |
npn conpoTUBIEHHR R, = 10 Om. BHyTpeHHee coMpoTHBIEHHE 3Jie-
MeHTa ' = 2.5 Om.

850. K akxymynsTopy ¢ BHYTPCHHWM CONPOTHRIEHWEM ;= 1 OM
NOJKIOUYEH HarpeBaTh ¢ coNpoTuBiIeHHEM R = 8§ OM. 3aTeM napan-
JETBHO C MEPBBIM MMOAKIIOYUIA BTOPOH TAKOH ke HarpeBaTtenb. HaiTn
OTHOIIEHNE KOJUYECTB TEITOTHI, BBIAEISIOINXCS B €AUHANY BPEeMEHH
BO BHEIIIHEH HEMNN.

851. K MCTOYHHKY TOKa C BHYTPCHHHM CONpOTHUBIEeHHEM /= | OMm
MNOTKIFOYAIOTCSH BA Pe3UCTOpa ¢ conpoTuBieHueM R = 0,5 OM KaxkabIi.
Onux pa3 pe3ncropbl NOAKIIOYAOTCA NOCIEOBATEILHO, IPYroi pas3 —
napanjgenbHo. HalTh oTHOLIEHHE MOIIHOCTEH, BBIAEHAIOIMUXCA BO
BHELITHET nenu B 000HUX Cydasx.

852. baTtapes cocTONT U3 NapayIeTbHO COEMHEHHBIX 3JTEMEHTOB C
OHC € = 5,5 B u BHyTpeHHuM conpoTusjeHueM r = 5 Om. [1pu Toke BO
BHeInHeH nenn [ = 2 A none3Hass MomHocte N = 7 BT, Ckonbko ane-
MEHTOB UMeeT Garapes?

853. Harpesarenb, uMeroLuii conpotusienne R = 25 OM, nuraercs
OT JIBYX OIMHAKOBBIX AKKYMYJSTOPOB C BHYTPEHHUM COMPOTHBIICHHEM
r = 10 Om. IlapannenbHo WJIH NMOCTENOBATENBLHO ClefyeT COEeAH-
HUTh AKKYMYJATOPBI, YTOOBI MOJYUUTH B HAarpeBartene GGNbIIYEO
MOI{HOCTL?

854. DnexrpoBo3 Maccel m = 300 T pBUXKETCA BHM3 IO rFope CO
CKOpocThiO ¥ = 36 kM/4. Yknou ropbt & = 0,01, cuna conpoTuBieHus
ABHKCHHUIO 3JICKTPOBO3a COCTaBNSICT 3% OT ACUCTBYIOLICH HA HETO
cunbl TsKecTH. Kakol TOK IpoTeKaeT Yyepe3 MOTOp 3JICKTPOBO3a, eClU
Hanpsprenue B ceTh V = 3 kB u KIIJ anexrposo3a n = 80 %?
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855. M3 ogHoro myHKTa B [ApPYrodl HEpPEmRAaeTCs 3NEKTPOIHEPrus,
nMTarIas ycraHoBKy MolHOCTH N = 62 kBt. ConpoTuBienue npo-
BofoB muHEA R = 5 OM. HaiiTn nageHne HanpsoKeHUs B TMHUM, TTOTEPH
moinHoctei B Hell u KIIJI nmepemayum, ecny nepegata oCyIlecTBIsIeTCs
npu HanpsokeHusax V, = 6200 B u V, = 620 B.

856. Kakoe conporupieHne R OOIKEH UMETH PEe3NUCTOP U3 HUXPO-
MOBOW TIPOBOJIOKH, BKIIOUEHHBII MOCIENOBATENBHO C JIAMITOH, UTOORI
JaMIia ropejia HOpMallbHBIM HakajoM IpH Hanpsikenuu V = 220 B,
€CIIM JlaMTia paccyWTaHa Ha HampstbkeHue Vi = 120 B nmpu mMomrHocTH
N = 60 Br? Haiitu anuHy / IpOBOMOKH, €CIIU €€ YAENEHOE CONPOTUBIIE-
uue p = 1,0 MkOM - M, a ee ceueHne S = 0,5 mm.

R; Ry

Puc. 136 Puc. 137

857. Haifitu MOmHOCTE N, BBIICHAIOUIYIOCA BO BHEIIHEH LEMH,
cocrodiel u3 IBYX pE3UCTOPOB C COMPOTHBICHNEM R KaX/[bId, €CITH HA
pEe3nCTOpax BBIJENAETCI O[Ha W Ta K€ MOIIHOCThL Kak MpH Mocie-
AOBATENEHOM, TaK W IIPH NapallieIbHOM coefuHeHun. D1 C ucTouHuKa
Toka € = 12 B, ero BHyTpeHHee conpoTuBieHne 1 = 2 OmM.

858. Kakyrwo momHocTe N motpebngeTr cxema, m3oOpakeHHas Ha
puc. 1367 3]IC snemenTa € = 12 B, ero BHyTpeHHEE COMPOTHUBICHUE
r = 0,4 Om. ConporuBneHuss pesucrtopoB R, =2 OMm, R, = 4 Om,
R:=30MR;=60MuRs=100Mm.

859. Tpwm onmHakoBeIX aneMeHTa ¢ OJJC € u pe3ncTopsi ¢ CONpo-
THBIICHHEM R KaXKIBIA BKAOUEHEI B LIeNb, H300pa’keHHyIo Ha puc. 137.
HaiiTi MOIITHOCTE, BBIAEISIONIYIOCS Ha BCEX CONMPOTUBIIEHUSX CXEMBL.

860. [lna cocraBieHus €J0YHOU rUpIIHALI umeertcd n, = 10 mam-
nmouek MOITHOCTH N = 2 BT npn HOMHHANEHOM HanpsikeHuu V| =4 B u
HEKOTOPOE YHCIIO JIAMIIOUEK, UMEIOMIUX TY. )K€ MOIIHOCThL NMPH HOMH-
HaJBEHOM HanpskeHudn V| = 8 B. Kakoe MEHUMaNBHOE YnuCTO #, 8-BONB-
TOBBIX TAMITIOYEK HYKHO B3SITh, YTOOBI, JOOABUB UX K JIECHATH 4-BONBTO-

BbIM, COCTaBHUTL TUPISAHAY [Jsd BKIIOYCHHSA B CETH C Hal’Ipﬂ)KéHHeM
V() = 120 B?
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861. McTouHuK TOKa 3aMBIKAOT NEPBBIA pa3 Ha CONPOTHUBIEHHUE
R, =9 OM, BTOpOH pa3 — Ha conpoTusjieHne R, = 4 Om. Oba pa3a 3a
OJIHO U TO e BpeMsl Ha COTIPOTHBIIEHUSIX BbIIEJISIETCSA OHO H TO Xe KO-

" TAYECTBO TENIOTHI. Ha#itu BHYTpEHHEE CONIPOTHUBJICHUE " HCTOYHHUKA.

862. Ilpn ogHOM M TOM XK€ HANPSKEHHWH OfHA JIaMma NnoTpeOnseT
MOIIIHOCTB, B ABa pa3a 060mnblIyto, yeM fApyras. HalTtu MmomuocTH N, 1
N,, moTpeGnsdeMble KaXgoHd JaMIOH NpH HX NOCIEegOBaTEIbHOM
BKJIIOUEHHH B [elb, €CITH BMECTe OHH B 3TOM Cllyuae NOTpeONsAtoT
MOIIJHOCTB V.

863. Ot ucrouHuka TokKa HeOOXOAUMO NEpPEAaTh MOTPeOHUTENo
MomHocth Ny =4 kBT. ConpoTuBieHHe MOABOAAIINX MPOBOAOB R =
= 0,4 OM. Kakoe Hanpsi>keHde JOJIKHO ObITh Ha 3aXKHMaxX HCTOYHHKA,
4TOGBI TOTEPH MOILHOCTH B NMPOBOAAX COCTAaBIIA-

71 4 % notpebisieMOl MOLHOCTH? _I —

864. Konpencarop emkoctu C,, IMeIOmHUH 3a- G K G
PAR ¢, COEAHHSOT Yepe3 Pe3ucTOp C KOHAEeHCa- Cs C,
TopoM eMKocTH C,, HIMEIOIINM 3apsag ¢,. Kakoe ko- +—] —+
JHYECTBO TEIWIOTH! () BbIAensAeTcsa Ha pe3ucTope? @
CoenuHS0TCA NPOTUBOMOJIOXKHO 3apsaXkeHHbIEe 00- };
KJIaAKH.

Puc. 138

865. Haiitu sneprmo W Oarapem KOHfeH-
caTopoB, H30OpakeHHOH Ha pHC. 138, NIpu pa3soOMKHYTOM H 3aMKHYTOM
kitoue K. EMkoctn koHfeHcaTopoB C, =C, C, =2C, C3=C/2, C4 = C.
3 C ucTOYHNKA TOKA paBHa €.

§ 22. Dnexrpoan3. 3akonnl Papanesn

DNIeKTPONHU30OM HA3bIBAeTCs BBIICICHHE BEIIECTBA Ha 3JEKTpojax, Mno-
IPYKCHHBIX B PacTBOp HWJIH pacliaB 3JEKTPOJIUTA, NPH NPOXOXKAEHHH TOKA.
Macca m BeIpeTHBIIErOCs NP 9JEKTPOJN3E BEIIECTBA COTJIACHO NE P B O My
3akoHy Papapes NponopuuoHanbHa 3apsifly ¢, NpowefUIeMy epe3
pacTBOp WIH pacniaB 3JeKTPOIHUTA:

m = kq = ki,

rpe / — TOK B Ieny, T — BpeMsl ero NpOXOXAcHUs, a KOIPPUIUEHT NPOnop-
IHOHANBHOCTH k, pa3JHtHBIA JJis pa3HbIX BEIIECCTB, HOCHT HA3BaHHE 3JIEKTPO-
XHMHYIeCKOTO 9KBHBANCHTA U BbIPAXKAETCsl B Kuao2pammax na kyaon (kr/Kim).

CornacHo BTOpoOMY 3aKoHYy <Papapes 3neKTpOXHMHYCCKHH
9KBHBAJCHT BEIIECTBAa NPSIMO NPONOPUHOHANIEH MOJSIPHOH Macce U 9TOro
BelecTBa 1 06paTHO NPONOPIHOHAJIEH €TO BaIEHTHOCTSM Z:

_A_M

“FT R
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rA€ XMMUIECKMH 3KBHBAJIEHT BELMECTBA A = |I/z BLIPAKAETCS B KUAI02DAMMAX
na Moab (Kr/Momb). IlocTosHHas ®apapes F (B kyaonax Ha moab) UMEET [ix
BCEX BEIIECTB OIHO M TO K€ 3HAUECHHE M PABHA NPOU3BEJICHHIO NOCTOSHHON
Asorappo N, Ha 3J1eMEHTapHbIA 3JIEKTPUIECKUH 3apsf e:

F=Ne =96 484,56 Kn/morb = 9,65 - 10 Kit/moub.

DTa NOCTOAHHAS NMOXA3LIBAET, KAKOW 3apAf AOJIKEH NPOMATH Yepe3 PacTBOD
JJEKTPONMTA, AJIs1 TOrO ITOOBI Ha 3IEKTPOJE BBIAEIHIIACH Macca BEIECTRa,
THCIIEHHO paBHAasl ET0 XMMHUIECKOMY 9KBUBAJICHTY.

ITopctaBus B ¢popmyny nepsoro 3akoHa ®apajies sbipaxkeHue gis k, nony-
yiMOO be NMHEHHBIH 3axoH Papapesn:

m

m=—11.
Fz

866. HaiiTy an1exTpOXUMHYECKHH 9KBUBAJIEHT HaTpus. MonspHas
Macca Hatpus | = 0,023 kr/Monb, ero BaneHTHOCTh z = 1. [TocTosHHas
dapapes F =9,65 - 10* Ku/mouns.

867. LIuHKOBEI aHOJ Macchl m = 5 I NOCTaBIEH B 3JeKTPOIHTH-
YECKYIO BaHHY, 4epe3 KOTOPYIO MpoXomuT TokK / = 2 A. Yepes kakoe
BpeMsl T aHOJ, IOJTHOCTHIO H3PacXOAyeTCs Ha NOKPBITHE METATTHIECKUX
H37eNui? DIeKTPOXUMUYECKU 9KBUBaNEHT IIMHKa k = 3.4 - 10-7 xr/Ku.

868. HaiiTn nocrosiHayto $apapes, eciny Npu NPOXOXKAEHUH Yepe3
9NEKTPOJUTHYECKYIO BaHHY 3apspa g = 7348 Kun Ha kaToje Bhmife-
aujnack Macca 3omoTa m = 5 r. XUMHYECKHHA 9KBHWBaJICHT 30JI0Ta
A = 0,066 kr/MOmB.

869. HaiiTu aneMeHTapHBIA 3JEKTPHYECKUH 3apsll €, €CI¥ Macca
BeN]eCTBa, YHCIEHHO paBHas XUMHYECKOMY 3KBHBANEHTY, COJEPKHUT
Ny = NA/z aTOMOB UITH MOJIEKY L.

870. MounsapHas macca cepe6bpa | = 0,108 kr/Monb, €ro BaneHTHOCTb
7z, = | ¥ aneKTpoXUMHUYECKHH 3KkBHBaneHt k, = 11,18 - 10-7 kr/Ku.
HafiTd 371eXTpOXUMHUYECKUN 3KBHBAJIEHT 30510Ta k,, €CIM MOJSpHas
Macca 30J10Ta L, = 0,197 Kr/MoJb, €ro BaJeHTHOCTD z; = 3.

871. HaiiTi Macchl BeHieCTB, BBIJIEJIMBIOUXCS 3a BpeMs T = 10 u Ha
K4TOax TpeX 3JIeKTPONMTHYECKHX BaHH, BKIIOUEHHBIX MOCIENOBA-
TENBHO B CETh MOCTOSIHHOrO TOKA. AHOMIBI B BAHHBIX — MEJIHbIH, HUKEIE-
BbIH H cepeOpsHBIi — ONyIeHbI COOTBETCTBEHHO B pacTBopbl CuSOy,
NiSO, u AgNO;. IInotHocTh TOKa mpu 3jekTponuse j = 40 A/M?,
IUTOHIAAb KaToNa B Kaxpnoi BanHe S = 500 cM?. DIeKTPOXUMHUECKHE
9KBHBaJIeHTBl MelH, HHKelss U cepebpa k; = 3,3 . 10-7 xr/Ku, k, =
=3 107 kr/Knuk; = 11,18 - 107 kr/Ki.
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. 872. Ilpn HUKeNHpOBAaHHMH HM3AENHI B TeUeHHEe BpeMeHH T = 2 4
OTJOXMICS CNoW uukenss Tommunbl [ = 0,03 MM.- Hailte nmoTHOCTD
TOKa IIPH NMEeKTPOoJH3e, INeKTPOXHUMUUECKNH IKBHBAJNEHT HUKEJSI
~k=3. 107 kr/Kn, ero nnotaocrs ¥ = 8,9 - 103 kr/M?, -

873. AMniepMeTp, BKJIIOYEHHBIHA MOCAEA0BATENBHO C 2EKTPOIUTHIE-
cKOW BaHHOH, mokasbiBaeT Tok /, = 1,5 A. Kakyio nomnpasky Hapo
BHECTH B IIOKa3aHHME aMIIepMETPa, eCiiH 3a Bpems T = 10 Mun Ha KaTofe -
oTaoOKANack Macca Menu m = 0,316 1?7 DnerTpoXxuMuuecKnil IKBUBA-
nent Menn k = 3,3+ 107 kr/Kn.

874. Kenas npoBepUTh NPaBUIBLHOCTh IIOKA3AHAN BONBTMETpPA, €T0
NOAKJIOUH/H MMapalIeNIbHO PE3UCTOPY ¢ HU3BECTHLIM CONPOTHBIICHHEM
R = 30 Om. IlocnepoBaTensHo B OOMIYIO LEeNb BKIAKYWIN 3JE€KTPO-
THUTHIECKYIO BAHHY, B KOTOPOU BefieTcsl 2JIeKTpou3 cepebpa. 3a BpeMsi

= 5 MUH B 9TOH BaHHE BbLIIeNUIACL Macca cepebpa m = 55,6 mr.

BonpTMeTp nokaswiBas Hanpsokenne Vi, = 6 B. Hafiti pasHocts Meskay

NOKa3aHWEeM BOJILTMETPA M TOUHBIM 3HAUeHWEM TafdeHHs Harps-

KEHHS Ha pe3nuCTope. DNeKTPOXMMHUECKHH JKBHBAJIeHT cepebpa

k=11,18 - 107 xkr/Kn.

875. 1ns cepeOpenus JoXeK Uepe3 pacTBOp COMH cepebpa B Teye-
HUe BpeMeHHM T = 5 4 nponyckaercst Tok / = 1,8 A, Katogom cnyxar

12 noxkek, Kaxpaas W3 KOTOPBIX HMeET IJIOMAAb NMOBEPXHOCTH

S = 50 cm?, Kakof ToMmHLI cnoi cepebpa OTIOXHUTCA Ha JOXKaX?

Mounspuas mMacca cepebpa U = 0,108 kr/Monb, ero BaJeHTHOCTb 2 = 1 1

mwrotHocTh ¥ = 10,5 - 10* kr/m?,

876. [Ipe oneKTPOMUTHIECKHE BAHHBI BKJIFOUEHBI MIOCNIENOBATENLHO.
B meppoit BaHHe HaxOAMTCs pacTBop xmopucroro xenesa (FeCl,), Bo
BTOpOH — pacTBop xnopHoro xenesza (FeCl;). Hailtn maccel Boige-
JMBIIErOCs KeJle3a HA KAaTOAAX M XJIopa Ha aHOJaX B KaXJOHW BaHHE
IpY OPOXOXJECHHH dUepe3 BaHHy 3apsna ¢ = 9,65 - 107 Kn. Mounsp-
Hble Macchl Kejesa U xjiopa W, = 55,85 - 10-3 kr/monp u [, =
=35,357 - 10} xr/Mo75. ,

877. 1pu anexTposauze pacTeopa cepHoH KucinoThl (CuSO,) pacxo-
nyercs MomHocTs N = 37 BT. HafiTu conpoTHBIEHHE DITEKTPO-
nyTa, ecnu 3a BpeMs T.= 50, MUH BpRIIENSAETCS Macca. Bofopofa
m = 0,3 r. Monsipaas Macca.ogopoaa. it = 0,001, kr/Monb, ero BaneHT-

HocTb z = 1. B T TTR R o

878. Ilpn 3neKTponHTquCK0M cnocoGe JIONyIEeHUS HHKenﬂ Ha
euHuLy Macchbl pacxoayeres-W, = 10 kBT - 4/Kr 27€KTpPOIHEPIHH.
INeKTPOXUMHYUECKHI OKBUBANEHT HUKEJH, K = 108 1073 kr/(A - ).
[Ipu kakoM HaNPSKEHUH TPOU3ZBQAUTCS : wleKTponm” T
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879. HaiiTn Maccy BbIETUBIIEHCA MEIH, €CIH IS €€ MOJyYeHHs
3MCKTPOJTUTHYECKHM Ccroco6oM 3atpayeHo W =35 kBt - v anekTpo-
JHEPIHH. JJEKTPONU3 NPOBONUTCA NpH Hanpspkenun V = 10 B, KIIN
YCTAHOBKH T = 75%. DNEKTpPOXUMHYECKHN OKBHBAJNEHT Mefy
k=33-10"7 xr/Ku.

880. Kakoil 3apsyi OpOXOAUT 4Yepe3 pacTBOP CEPHOW KHCIOTbI
(CuSO,) 3a Bpemst T = 10 ¢, ecnu TOK 3a 9TO BpeMsi paBHOMEPHO
po3pacrtaet oT I, = 0 go /I, = 4A? Kakass Macca MeaM BBIJENSIETCs
NpH 3TOM Ha Karofe? DIEeKTPOXHMHUECKHH 3KBUBAEHT Mequ
k=3,3 - 1077 xr/Ku.

881. [lpu paduHUpOBAaHHH MENH C IOMOIIBIO 3INEKTPOIHU3a K
MOCNIENOBATENBHO BKIFOUYEHHBIM 3JTEKTPONUTHIECKHM BaHHAM, UMEIO-
UM obmee conpotusinenue R = 0,5 OmM, moaBeneHo HampsiKeHHe
V = 10 B. Haiitu Maccy umcToll Me[H, BbIJEJHBIIEHCS Ha KaTomax
BaHHBI 3a Bpems ¢ = 10 u. D]JC nmomsipusanuu € = 6 B. Daekrpo-
XUMHYECKHI 9KBUBAJEHT Meau k = 3,3 - 107 xr/Ki1.

882. Ilpu anekTpoau3e BOABI Uepe3 INEKTPOTHTHUECKYIO BAHHY B
TedeHne BpeMeHu T = 25 muH men Tok [ =20 A. KakoBa temneparypa ¢
BBIJIEJIUBILETOCH KUCTOPONA, €CITU OH HAXOMUTCA B 06beMe V = 1 nnop
naBinenueM p = 0,2 MIIa? Mounspuas Macca Boasl pl = 0,018 kr/Moub.
DNEeKTPOXUMHUIECKUH 9KBHBAJIEHT KUCHopona k = 8,29 - 10-% kr/Ku.

883. IIpu 3MEKTPONTUTHYECKOM CNMOCOOE MOMYYEHUS ATIOMHHHUSA Ha
elMHHIy Macchl pacxopyeTcsa W, = 50 xBT - u/ xr anexTpoaHeprun.
3AEKTPONN3 NMPOBOAUTCA MpH HanpsikeHuu V, = 16,2 B. Kakum 6ynet
pacxofl 3JEKTpOIHepTHH W,, Ha €AWHHUIY MacChl MPH HAMpPSKCHUH
V,=8,1 B?

§ 23. MarauTHoe noJje Toka.
INeKTPOMATHHTHAA HHXYKIH A

BOKpYr npoBOJAHHMKOB € TOKOM H IIOCTOSIHHBIX MarHHTOB OGpas3yeTcs
MarHuTHOE nosnc. Ilpu noMemnieHnu B MarHUTHOE NOJ€ NPOBOJHMKA ¢ TOKOM Ha
OTPE30K NPOBOJHUKA IEHCTBYET CHIIA, 3aBUCAINAs OT OPUEHTALUH OTPE3Ka B
NpOCTPaHCTBE, IPONOPLHOHANBHAS ATIHHE 3TOTO OTPE3Ka H TOKY B HEM.

MarsautHoe none xapakTepu3yeTcsi MaTHUTHOU nHAYKuuel B. Marauraas
HHJYKUus B HampaBlIicHa BJONL OTPE3Ka IPOBOJHHMKA C TOKOM, CCIM 3TOT
OTPE30K OPDHCHTHPOBAH TaK, YTO Ha HETO CO CTOPOHBI MaTHUTHOTO IIONS HE
fcicTeyer cuna. Ecnu MarnuTHas mHAyKOUst B nepneHjuKynspHa K Ha-
NpaBIEHUIO OTPE3KA, TO MOAYIb MATHITHOM MHAYKII

B=F, /I,

rae [ — ANWHA OTpe3Ka NMPOBOAHUKA, | — TOK, TEKYIUH B HEM, F,, — MaKcH-
MallbHasl cuja, ACUCTBYIOIIAsl Ha OTPE30OK IIPOBOJHAKA B MAaTHHTHOM I10J1€,
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' B cucreme epuHny CH, xorjga cuia BbIpaXkaeTcsli B HbIOTOHaX, TOK —
‘B aMInepax, a JJHHa — B MeTpaxX, ¢AUHNIEH MaTHUTHON MHAYKUMH SIBIAETCA
mecaa (T).

Ecim B HEKOTOPOI 0651aCTH MPOCTPAHCTBA U3BECTHA MaTHUTHAs MHIYKIHA,
7O Ha NOMEMIEHHBI B 3TO 067aCTH OTPE30K MPOBOJHMUKA [JIUHBI [, 1O KOTO-
pOMY TEUET TOK /, AEHCTBYET CO CTOPOHBI MATHUTHOTO MOJIA CUJIA

F=IBlsina, (16)

rae o — yrojq MeX[y HanpaBleHHEeM MarHUTHON HHIYKHUH U OTPE3KOM
npoBopumnka. HanpasiaeHue aToM cHibl onpefeNsAeTcA NpaBUIOM J€ -
BO# pykH 3aMeTHM TakKXe, UTO 9TO NPABHJIO MOXKET CIYXHUTb U AJs
onpepesIeHns HalpaBieHs MarHUTHON MHJYKIWH, €CJIH U3BECTHBI Hampabie-
HUE CHJBI, efiCTBYIOIIEN Ha OTPE30K NPOBONHUKA ¢ TOKOM, N HanpaBJcHUE
TOKA.

BcenoMmorare nbHOR BeTMYNHON, XapaKTEPH3YIOIIeH MaTHUTHOE HOJe, ABMIs-
¢TCsl HaNPSXKeHHOCTh MarHUTHOTO nojs H. Mojynbs u HanpaBjieHHE Halps-
)K€HHOCTH MATHHTHOTO MOJsl B NaHHOH TOUKE MPOCTPAHCTBA MOTYT OBITh
Hal[leHbl, eCTH HU3BECTHBI (popMa, pa3Mepbl U PAcHONOXEHHe KOHTYpa, 110
KOTOPOMY TeUeT TOK, CO3NAIOIIMH MarHUTHOE MOJe, H caM 3TOT TOK. B
JaCTHOCTH, MOAYJIb HaNPSXKCHHOCTH MAarHHTHOTO MO/, CO3[aBaeMOr0O OUeHb
JUIHHHBIM NPAMOJIMHENRHBIM MPOBOJHHKOM, 11O KOTOPOMY TEYET TOK /, B
TOUKAX, JeXKaIIX Ha PacCTOSHMAX 7 OT NPOBOJHHUKA, BLIPaXKAETCA B BUAE

H=1/2mr. (17)

B sToM ciyuae JNHHWM HHAYKIMHM MarHUTHOTO NOJA (JTMHHH, HalpaBleHHE
KacaTeNMbHOM K KOTOPBLIM B JMi000# TOUKe COBNAajaeT ¢ HampaBJIEHUEM
MaTHUTHOH MHAYKUMH B B 3TOH TOUKeE) NpeAcTaBIAoT COOOH OKpPYKHOCTH C
IleHTpaM# Ha NPOBOJHMKE, JeXallue B MIOCKOCTAX, NEPNCHANKYIAPHBIX K
[IPOBOJHHKY.

B cucreme epmuny CH enmHHune# HanpsXeHHOCTH MarHHTHOTO MO
ABIACTCS amnep Ha memp (A/M).

Ecnn u3BecTHA HaNpssKeHHOCTh MAaTHUTHOTO 1oy H, TO MardHuTHYIO MH/YK-
MO B MOKHO HaliTH no popMyie

B=pyuH. (18)

3nech Wy = 41 - 107 Ta/m = 12,56 - 1077 T'H/M — MaTHUTHAs MOCTOSHHAA, & L —
oTHOcUTeNbHas (6e3pa3MepHas) MaTHUTHASA NPOHULAEMOCTD BelecTBa (OTHO-
CHTENbHO MarHUTHOH MPOHHMIAEMOCTH BaKyyMa), 3HaUeHUsA KOTOPOH NpHuBo-
paTed B rabmumax. g BakyyMma L = 1; gi1s BceX BEINECTB, KpoMe (eppo-
MarHeTHKOB (Kele3a, HMKeNds, KobanrbTa U HEeKOTOPBIX CIIaBoB), [l OUEHB
MajJo OTJHYaeTCA OT eguHuubl. Hasa (eppOMarseTukoB |l CHIBHO 3aBHU-
CHT OT Hanps>X€HHOCTH MarHUTHOTO nojs H ¥ MOXET JOCTHraTh OECAT-
KOB TBICAY.

W3 ¢opmynsr (18) crenyet, uro B cucreme epunun, CH senmuunner H u B
HMEFOT pa3Hble pa3sMEPHOCTH U HX UHCIOBbIE 3HaUEHNs1 Pa3IMUHBI.
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MarsuTHbIM TOTOKOM (IOTOKOM MarHETHOH MHAYKIMH) Uepe3 HEKOTOPYio
NOBEPXHOCTD INIOWIAAN S HA3BIBAECTCS BENAIHHA

® =BS cos Q,

T7ie O. — YTON MEX/Y HanpaBN€HHEM MarHHTHOU MHAYKIUH B W HOpMalbio
(nepneHAUKynapoM) K NoBepxHOCTH. [Ipn aToM nogpa3yMeBaeTcs, YTO BEJH-
upHa B cos 0L BO Bcex TOUYKax NOBEPXHOCTH OfHa 1 Ta Xe. [Ipu nosepxHOCTAX
CIOXHOU (POpMBI, KakK, HalpUMEpP, OBEPXHOCTh, OTPAHMUEHHAS. BATKAMHU
KaTYIIKH, crefyeT HalTH NOTOKH Yepe3 OTAENbHbIE YIaCTKH HNOBEPXHOCTH
(1epe3 NOBEpPXHOCTH, OTPAHHIEHHDIE OTETLHLIME BUTKAMH), a 3aTEM CIOXHATL
aTH NOoTOoKH. B cucreme equuun CHU equHAIIEH MarHUTHOTO NOTOKA ABIACTCS
sebep (BG): 1 B6=1Tn - M2,

Ecnn MaTHATHOE MoNe BBI3BAHO TOKOM /, IPOTEKAaIONUM N0 KaAKOMY-JIHG0
KOHTYpPY, TO MarHHUTHBIA MOTOK 4Yepe3 NOBEPXHOCTh, OTPAHMUCHHYIO 3THM
KOHTYPOM, NPONOPIHOHANEH TOKY:

@ =11, (19)

The L — MHAYKTHBHOCTH KOHTypa, KOTOpas 3aBHCAT OT TeOMETPHIECKHUX
cBOHCTB (popMbI B pa3MepoB) KOHTypa X MarHATHBIX CBOUCTB (MAarHATHOM
IIPOHHIIAEMOCTH) OKpyXatomei cpeanl. B cucreMe equann CH nHIYKTHBHOCTH
pbrpaxaercs B 2expu (I'H).

IIpn n3MEHEHNH MarHUTHOTO NOTOKA Y€pe3 NOBEPXHOCThL, OrpaHHUCHHYIO
HEeKOTOPBIM KOHTYPOM, B 3TOM KOHType muaymupyercs [C € (3C uupyk-
I[MH); paBHasi CKOPOCTH H3MEHCHHs. MarHUTHOTO MIOTOKa:

€ = —Ad/Ar, (20)

rne AP — p3MeHEeHHe MATHHTHOTO NOTOKa, Af — NpOMEXYyTOK BPEMEHH, B
TeUEHNE KOTOPOTrO MPOU30UNIO 3TO H3MEHEHHE, 8 3HAK MHUHYC OTpa)kaeT Npa-
BunO JIeHIa, cOrnacHo KOTOPOMY HHJYIIAPYeMas B KOH-
Type 3HOC BbI3BIBAET TOK TAKOTO HAaNpaBIEHHs, UTO
MarHuTHOE IOJIe 3TOTO TOKa NPENATCTBYET N3MEHEHHIO
MarHuTHOro noroxa. B GonpumimHCTBE ciyvYaeB NpH
IHCNOBBIX PacUeTax 3TOT 3HAK MOXKET ObITh ONyIIEH.
IIpn OBMXEHMHM B MarHHTHOM IOJE He3aMKHYTOIO
NPOBOJIHAKA B 3TOM NpoBopgHHKEe HMHAyumpyerca C,
Puc. 139 KoTopas MOXeET ObITh HaljieHa no ¢opmyne (20), ecnu
CUATaTh, YTO AD — NOTOK Yepe3 WIoUafpb, “3aMeTacMyto”
NMPOBOJHUKOM 3a BpeMa At (Ha puc. 139 mimomans S, “3aMeraeMasn’ NpoOBOJ-
HHKOM ab NpH €ro NEepeMENCHUN M3 MONOXEHHA | B momnoxeHue 2, 3a-
WITpAXOBaHa). B 9TOM ciy4a€ TOK B NPOBOJHHKE He BO3HHKAET, HO MEXKAY
KOHIIaMHA nponommxa NOSBJSIETCS. Pa3sHOCTh moTeHIuanos, pasHas AC
HHAYKUAH €.
Ecnn MarHuTHBIR HOTOK ‘Iepe3 NOBEPXHOCTD, Ol"paHI/IquHle KOHTYpPOM,
U3MEHAETEs BCIEe[CTBHE H3MEHECHHA TOKa, NPOTEKAIOIIETO 10 3TOMY KOHTYPY:
TO B KOHType nuaynupyercs 3AC, koropyto HasbiBatoT JC caMOMHAYKIHH.
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JTpn NOCTOAHHOM . MHAYKTHBHOCTH L (T.e. HpH HEM3MEHHBIX MarHUTHOW IIpO-
HUUAEMOCTH cpefbl, padMepax H popMe KOHTypa) 2J1C caMOMHAYKHUH

€ =— AD/At =— LAIIAL,

rae A/ — u3MeHeHHe TOKa 32 BpeMs At.

884. Muaykuus OFHOPOAHOTO MarHUTHOTO noisa B = 2 Tn. Haiitu
HANPSAXEHHOCTL MATHATHOTO MOJsA" .

885. HanpsxeHHOCTL OFHOPOJHOTO MAarHATHOTO NOJS AJNHHHOTO
coneHoupga H = /n/l. HaliTH MarHATHYIO WHAYKIHIO B JKEJIE3HOM Cep-
AEYHHKE COJICHOHOA, €CJIH AJiHa coyieHonga [ = 50 ¢cM, 4HCII0 BUTKOB
n= 1500, Tox /.= 10 A. MarHuTHasi IPOHALIAEMOCT XeJe3a p = 5000.

886. HaiiT MarHUTHYO POHHIIAEMOCTD KeNl€3a, eClN HAIPSKEH-
HOCTb MarHUTHOTO MOJIA B kKeneze H = 800 A/M, a MaTHUTHAsT HHOYKIHSA
B=5Tn.

887, IIpsaMoi#t mpOBOAHUK ANUHBI [ = 1 CM pacHoIoKeH NepIeHAN-
KYJSIPHO K JIMHHAM HHAYKLAH B OFHOpPOgHOM noJie. Kakas cuna Aedct-
BYET Ha NPOBOJAHHUK, €CNIU IO HEMY HAeT TOK / = 1 A, a MaTHUTHAsA HH-
pykuus B = 10 MTn?

888. I1psamoit npoBogHUK ab anuHel [ =0,2M B Maccsl m=5T mnop-
BEUICH I'OPH3OHTAILHO Ha ABYX HEBECOMBIX HH-

TSIX 0a © 0b B OOJHOPOJHOM MarHUTHOM IOJE. O 0
MarnutHas uagykuus B = 49 mTn n nepnenpuky- B®

ngpHAa K OpOBOAHUKY (puc. 140)**. Kakoi Tok TA I AT
Hajio NPOIYCTUThH depe3 NPOBONHUK, YTOOBI OfiHA 4 o} b
W3 HATEHd pa3opBaliach, €CIM HUTh pa3pbiBaeT- . mg
¢ NpPH HAarpy3Ke, PaBHOW WM IPEBbIMAIOMEH F
Mg =39,2 MH?

889. Ha npsimofl npoBogHuK gnuHbl / = 0,5 M, " Puc. 140

PacloNOKEeHHBIA NEPHEHAUKYISAPHO K JIMHAAM

HHAYKIMA MarHUTHOTO mons, nefcTByeT ciia F = 0,15 H. Hafitn Tox /,

MPOTEKAIOMMIA B TPOBOJHHAKE, €CITH MarHUTHAs MHAYKUHUA B = 20 mT .
890. Mexny montocaMi MarHATA MOABEIIeH TOPU30HTAILHO Ha ABYX

HEBECOMBIX HHUTAX NMPAMOH NPOBOAHMK MIHMHH ['= 0,2 M M MacCchl m =

= 10 r. Uupyxuus onHoponﬁoro‘Mame*HOm nosis B =49 MTn u nep-

NEHNHKYIAPHA K IPOBOAHUKY. Ha Kakofl yroil 0, OT BEPTUKAJH OTKJIO-

ORI

"3neck U fanee, rae 3TO HE OTOBOPEHO B YCIOBHMM 3afa‘M, MarHUTHas NPOHHLae-
MOCTb cpefibl-f = 1 U B pOpMyTIbHBIE BLIDAXKEHHs HE BXOAUT. :
“* KpyXoK C:TOUKOH 03Ha4aeT, YT HHKYKUHS HANPaRJIcHA Ha UHTATENs NEPIECHH-
KyJAPHO K THIOCKOCTH PUCYHKa, B KOTPOpO#H JiexkaT BekTopsl I# F. Civ el
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HSATCSL HUTH, NOAAEeP>KUBAIOLHe IPOBOAHUK, €CITH 110 HEMY NPONYCTHTE
Tok [ =2 A?

891. Hajitn HanpsikeHHOCTh, H M HHAYKUHIO B MArHUTHOTO Moy
NpsSIMOTO TOKA B TOYKE, HAXOAAWEHCA Ha PAaCCTOAHUH I' = 4 M OT TIpo-
BOAHHMKA, eclid TOK / = 100 A.

892. T'OCT 8.417-81 maeT Takoe ONpefeNieHUE E€NMHMIILI CHIIBI
TOKA — amIepa: ““AMIep paBeH CHJIe HEU3MEHSAIOWETr0Csa TOKA, KOTOPBIit
IpH MPOXOXKACHUH 10 ABYM NTApalIeJIbHBIM NPSMOJTAHE HHBIM IIPOBOJI-
HUKAaM OECKOHEYHOU AJIMHBI U HUYTOXHO MAJIOH NJIOWANU KPYTroBOro
MONMEPEYHOTO CEUEHHS, PACIOIOXEHHBLIM B BAKYYME HA PACCTOSHUH 1 M
O[MH OT JPYroro, BhI3Bak ObI HA KAXKOM YUACTKe IIPOBONHMKA JJTHHBI
1 M canty B3auMopeicTBus, paBHyto 2 - 107 H”. Mcxops U3 aToro onpe-
HENEHHUS, BEIYACIUATE MATHUTHYEO MIOCTOSHHYIO .

893. Haiitu cuny B3aMMOAEHCTBUA, NPUXOAAIIYIOCS HA €NHMHHLY
JUTHHBI TTPOBONOB BO3AYIIHON JHHHUH JMEKTPONEPENAYH, €CIIU TOK B
nuHud [ = 500 A, a paccTostHIE MexXIy npoBofgamu r = 50 cM.

894. Muaykiums oqHOPORHOTO MarHUTHoro nonsd B = 0,5 Ta. Haiitu
MArHUTHBIA MOTOK depe3 mimouiagky S = 25 cM?, pacnosioRKeHHYIO
NEePIEeHOUKYISPHO K JTUHASIM HHAYKunK. YeMy OyneT paBeH MarHHTHLIH

MOTOK, €CITH IJIOMAJKY MOBEPHYTL HA YIOJ

¢ = 60° OT MepBOHAYAIBLHOTO MOTOXKEHHUA?
s 895. HailTh MarHUTHYIO HHAYKIHUIO H
MAaTHATHBIA MOTOK 4Yepe3 MOIMEePEeUHoe ceue-
HHE HHUKEJIEBOI'0 CEPAEUYHHKA COJEHOHUNA
(puc. 141), ecau HampsAXEHHOCTH OJHOPOH-
HOTO MArHUTHOTO [OJISL BHYTpH cosnieHoupa H = 25 kA/M. Iliomans
MONEePEYHOTO CeUeHHs ceppedHuka S = 20 cM?, MaTHUTHAs MPOHMULIA-
eMOocCTb Hukess L = 200.

896. MarHuTHBII MOTOK 4Yepe3 MONepevYHOe CeUeHMme KATYIIKH,
uMerowiet 1 = 1000 BUTKOB, H3MEHMICA HA BeauuuHy AP = 2 MB6 B
pe3ynbTaTe M3MeHeHHUs ToKa B Katyuike oT /[, =4 A pgo I, = 20 A.
Haiitu “HIYKTUBHOCTE L KATYILKH.

897. Butok mimowagu S = 2 cM? pacnonoXxeH NepHeHAUKYISIPHO K
JTUHASIM MHAYKIAHA OJHOPOJHOTO MAarHUTHOTO mois. Haitu unpynupye-
Myro B Butke JJIC, ecnu 3a BpeMms At = 0,05 ¢ MarHUTHAsE MHAYKIHS
paBHOMepHoO y6bIBaeT ot B, =0,5 T no B, =0,1 Ta.

898. Kakoii MarHUTHBI# NOTOK NMPOHHU3BIBAJ KaKABIA BHTOK Ka-
TYmKH, UMeromed # = 1000 BUTKOB, ecli¥ IpU paBHOMEPHOM MCUE3HO-
BEHHU MAarHUTHOIO MMoJs B TedeHHe BpeMeHu Atr = 0,1 ¢ B KaTymuke
mHAymupyetcs 3C € = 10 B?

Puc. 14]
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+-899. PaMka B (hopMe paBHOCTOPOHHErO TPEYrOJbHUKA [IOMEILICHA B
‘ONHOPOJIHOE MAarHUTHOE IOJie ¢ HalpssKeHHoCThIo H = 64 kA/M. Hop-
MAaJb K IIOCKOCTH PAMKH COCTABJIAET C IMHHUAMM WHAYKLHH MATHUT-
#0TO oy yron ¢ = 30°. HafiTu AMHY CTOPOHBI pAMKM 4, €CITH B PaMKe
[pH BBIKIIOUEHHH Mo7s B TedeHue BpeMenu Ar = 0,03 ¢ uHpynupyeTcs
IC € = 10 mB.

900. KsanpaTHas paMKa co cTopoHoll a = 10 cM moMelieHa B OIHO-
pONTHOE MarHUTHOE MnoJie. HopManb K MIIOCKOCTH paMKH COCTaBIISIET C
JTHHHUSIMA MHAYKLIAY MarHATHOTO Mons yron o = 60°. HafiTu MarHuTHY10
AHAYKIHIO B 2TOro MOJs, eCclv B paMKe NPH BLIKIIOYEHUH IOJS B
reueHne BpeMeHn At = 0,01 ¢ uapynupyerca DJIC € = 50 MB.

901. [Inockuit BuTOK Mmiomanu S = 10 cM? MOMEINEH B OAHOPOAHOE
MATHHTHOE IOJie NePIEeHANKYNSAPHO K JTHHUAM HHAYKIuH. CONpOTHB-
nenue BuTKa R = 1 Om. Kakoit Tok / mpotedeT Mo BUTKY, ECIIH MarHAT-
Hasl HTHYKLIKA Mo OyfeT yObIBaTh co ckopocTbio AB/At = 0,01 Tn/c?

902. Ilnocknit BuTOK Mmaomaau S = 10 ¢cM? moMelen B OMHOPORHOE
MAaTHATHOE MoJie ¢ HalmpsiKeHHOCTBIO H = 80 KA/M, NepueHAUKYIsAp-
Hoe K nuHusM mHayknuu. ConporuBieHne BuTka R = 1 Om. Kaxoi
3apsAj MpoTeveT MO BHTKY, ecu nosie OyAeT Ucue3aTh ¢ MOCTOAHHOM

CKOPOCTHIO?
903. KakoBa HHYKTUBHOCTEL KATYIIKH C KE€JE3HbIM CEPIECUHUKOM,
ecnu 3a Bpemss At = 0,5 ¢ Tok B nenu uaMmennmncs ot /, = 10 A go

I,=5 A, a Bosuukas npu atoM 3]IC camonHaykiun € = 25 B?

904. [1poBOHUK AIHHBI / = 2 M IBHXXETCS B ONHOPOAHOM MarHUTHOM
NoJIE CO CKOPOCTBIO UV = 5 M/C, MEPNEHAUKYNAPHOH K IPOBOJHHUKY H
nuHuAM uHAyKiuu nous. Kakas O C mHayumpyeTcs B NPOBOAHHKE,
ecii MaruuTHag uHayknus B = 0,1 Tn?

905. CaMoNeT NEeTHT COPU3OHTANIBHO €O CKOpPOCThIO U = 900 Km/u.
Haiiti pa3HOCTh NOTEHLIHATIOB, BO3HUKAOWIYKD) MEX/AY KOHIAMH KpbI-
JBEB CAMOJIETA, €CIIH BEPTHKANbHAs COCTABNAIONIAA HHAYKIUHA 3€MHOTO
MaruutHoro nons B, = 0,5 MxTn u pazmax Kpblibes camoneTa [ = 12 M.

906. C xako# CKOPOCTBIO JIONKEH [IBUTaThCsl MPOBOIHUK JJIHHEL] / =
= 10 cM nMepneHUKYISIPHO K TUHUSAM HHAYKIAM OJHOPOAHOTO MATHUT-
HOrO IOJisl, YTOObI MEXKNY KOHIaMH NMPOBOJHAKA BO3HHUKJIA Pa3HOCTH
norennuanos V = 0,01 B? CkopocTth NpOBOJHHKA COCTABISAET C
HalpaBJIEHHEM CAMOTrO IPOBOJHHKA yron o = 30°. JIuHuM HHAYKLHH
e PIEeHNKYIISIPHEI K IPOBOIHUKY, HHAYKIMA B = 0,2 T.

907. Kakoif TOK HeT Yepe3 raJbBaHOMETP, IPHCOEIUHEHHBIA K XKe-
JIE3HOJIOPOKHBIM peNbcaM, MpH HpUOIMXKEHHH K HEMY MO€3/1a CO CKo-
pocthio v = 60 kM/u? BepTukanbHasi COCTaBIAIONIAA NMHAYKIIUA 3¢ MHOTO
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MarauTHOrO nonst B, = 50 MxTn. ConmpoTuBieHne rajibBaHOMETpA
= 100 Om. Paccrositnne Mexjty penbcami [ = 1,2 M; pesTbCbl CUMTATY
HU30JJUPOBAHHBIMHU JPYr OT Ipyra U OT 3€MIIH.

908. KpagpaTHast paMKa CO CTOPOHOH [ = 2 ¢M moMelreHa B OJIHO-
poxHoe MarHnTHOe nouse ¢ uuaykuned B = 100 Tu. TInockocTs pamku
HNEepHEHANKYISIpHA K JHHASIM MHAYKIMH nond. CONpOTUBIEHHE PAMKH

1 Om. Kako#t TOok mporeueT mo paMmKe, €clii €€ BbIIBHTaTb U3
MAarHUTHOFO TOJIA €O CKOPOCTbIO U = | cM/c, MEpNEeHINKYIAPHOI K
JUHWAM THAYKIMK? Tlojie uMeer pe3kO OuepUYeHHbIE TPAHUIbL, U CTO-
POHBI PAMKH NapallielbHbl 3THM IPaHHIIaM.

909. [1poBosouHbIH BHTOK miomaju S = 1 ¢cM?, IMEoLHUi COTpo-
TupjgeHue R = 1 MOM, IPOHU3BIBAETCS OJHOPONHBIM MATHUTHBIM
noJjeM, JTUHAY WHAYKIHA KOTOPOro IEPICHANKYISPHBI K MIOCKO-
CTH BUTKa. MarHuTHAas MHAYKIUS U3MEHAETCS] CO CKOPOCTbIO AB/Af =
=0,01 Tn/c. Kakoe KOJHUYECTBO TEIUIOTHI BLIJENAETCA B BUTKE 3a
¢AUHHLY BDEMEHH

910. [lpsamoyronpHas paMKa, MOJBHXKHas CTOPOHA KOTOPOH UMeeT
INUHY [, TOMeNIeHa B OHOPOJHOE MAarHUTHOE IoJie C MHAYKIHeH B.
IInockocTh paMKH e pHeHAUKYIsIpHA K JIMHUAM HHIYKIMH MarHATHOTO
nosig. IToaBrkHyO CTOPOHY, KOTOpasi BHAUajle COBIIAACT C HIPOTUBO-
MMOJIOXKHOW €l HENOJBHKHOHW, HAaUMHAIOT JBUraThb PABHOMEPHO CO
CKOpocThIO V. HaliTw 3aBHCHMOCTBL TOKa / B paMKe OT BPEMCHH !.
ConpoTuBiieHAE eUHUIBI IINHEI TIPOBOJHUKA PAaBHO K.

911. JIBa mapamiesbHbIX, 3aMKHYTbLIX Ha OJHOM KOHIIE MPOBOJA,
paccrosiHae MeXny KoTopbiMu [ = 50 cM, HaXo#siTcs B OJHOPOJHOM
MarHUTHOM noJie ¢ uuaykuuei B = 5 mTn. Ilnockocts, B KoTOpOH
pacronoXxeHs! MPOBOJA, TIEPICHAUKYIAPHA K JTHHUAM HHYKIAA MOJS.
Ha mposopa monmoxxkeH MeTannTuyeCKUH MOCTHK, KOTOPBIH MOXET
CKOJIB3HUTh II0 MpoBoxaM 6e3 TpeHus. MoCTUK 1oj AeHCTBHEM CHIIBI
= 0,1 MH gBmxercsa co ckopoctbio v = 10 M/c. Halitu conporusie-
e K Moctuka. CoMpOTHBIICHAEM MPOBOJIOB IIpeHEOPEeYb.

9]12. Pamka u3 n. = 1000 BUTKOB, HMEIOMHUX Inomwanb S = 5 cMm?,
3aMKHYTa Ha TAJIbBAHOMETP € conporuBaennem R = 10 kOM u nome-
H[CHa B OQHOPOTHOC MATHITHOE MOJIe ¢ HHAyKuuen B = 10-MTn, npuuem
JUHUY MHOIYKIWH TOJIsl MEePNEeHIUKYJISPHBL K €¢ IlockocTh. Kakoi
3apAll- ¢ OPOTCUYCT NQ: LEIH ralThBAHOMETDE, €CITH HAIPABICHHE I/HmyK-
IUHMAFHHTHOr O NOTSLILTABHOM3MEHHTh Ha oOpaTHoe? .

913. 3aMKHyTas KATYIIKA AaMeTrpa: D' C YNCTOM BATKOB 1t IIOME-
HieHa B OAHOPOAHOC; MATHMTHOE [IQVIe ¢ HHAYKIMeH: B.. IlmockocTh
KaTYIIKN MePICHANKYISIPHA K JTHUHUSAM HBIYKUUY mons. Kakoii zapsag 4
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EnpOTe'{eT 10 HENH KaTYWIKH, eCIA €€ NoBepHyTh Ha 180°7 [IpoBonoka,
‘g3 KOTOPOH HaMOTAaHa KaTyllKa, HMEET ITOIAAb ceYeHAs S U yAeIbHOe
. COPOTHBJICHHE P.

914, B nenb BKIIOYEHB! NOCIEAOBATEIbHO HCTOYHHK TOKa C
3AC € = 1,2 B, peocrar ¢ conporuBieHaeM R = 1 OM u katymka
¢ HHAYKTUBHOCTBIO L =1T'H. B nenm mpoTeKan MOCTOAHHBIA TOK /.
C HEKOTOpPOro MOMEHTA CONPOTHBIECHAE peOCTaTa HAYHHAIOT MEHATh
TakK, YTOOBI TOK yMEHBIIANCH C IIOCTOSHHOU CKOpOCThbio Al/At =
=0,2 A/c. KakoBo conpoTuBieHne R, 1lend COyCTA BpeMs [ = 2 ¢ TOCe
Hayana H3IMEHEHHA TOKa?

Puc. 142 Puc. 143

915. Kakoit TOK / mOKaxXeT aMIepMeTp B CXeMe, A300pakeHHOH Ha
pHuc. 142, ecnu AHAYKUMS IEPINECHAUKYJSPHOTO K IUIOCKOCTH PHUCYHKA
ONHOPOAHOT'O MAaTHUTHOTO IOJNSA MEHSETCS C TedYeHHEM BPEMEHH IIO
3akoHy B = kt? Toukn ¢ 1 d nexxaT Ha KOHIIaX JAaMeTpa NPOBOJIOYHOTO
Konbna. CONpOTHBNEHHE €IHHHILI JJIHHBI IPOBOJNOKH PaBHO R
qAaMETp KOJIbLA paBeH D. ,

916. KBapgpaTHas paMKa cO CTOPOHOH a = | cM noMerneHa B OfHO-
POAHOE MarHATHOe noije ¢ mHaykuued B = 10 MTn Tak, 4To gBe CTO-
POHBI PaMKH II€PIEHAUKYJAPHBI K JIAHAAM HHAYKIUH IOJS, a HOPMaJb
K ILTOCKOCTH paMKH o6pa3yeT ¢ HuUMHA yrou O = 30°. HafiTu MoMeHT cr
M, neficTByIOnIMil HA paMKy, €CIIH IO Hell npoTeKaeT Tok / = 0,1 A.

917. IlatuyronbHasd paMka abcde, u3o6paxkeHHad Ha puc. 143, npa-
KETCA B OMHOPONHOM BEPTHKAIBLHOM MAaTHATHOM IIOJIE CO CKOPOCTBHIO U,
HepNEeHAUKYJISPHOA K JTHHHAAM HHAYKIUH MOJIA U CTOPOHE PaMKH ab.
MaruaTHas mHAyKUAa nonud pasHa B. Hairu 3]1C, aHpynupyeMyio B
paMKe, H TOK B HEH.,

918. C xako# yrioBodl CKOPOCTbIO HafO BpallaTh NPSAMOH NPOBOA-
HAK AnaHbl F = 20 cM BOKPYI ONHOTO H3 €r0 KOHIOB B IUIOCKOCTH,
IEepNEeHAAKYNSPHOA K JIHHASAM HHAYKIHAA OJHOPOJHOTO MAarHATHOIO
o, YTo6k! B npoBogHuke HHaynupoBanack JJ1C € = 0,3 B? Maruut-
Hasg wHayKims noas B =0,2 Ti. ’
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§ 24. IlepemeHHBI 3J1eKTPHIECKHH TOK

UYacrora konebanui f, neprof T 1 Kpyrosas 1acToTa () NIEPEMEHHOTO TOKA
CBSI3aHbI COOTHOILICHUS MHA

f=UYT, o=2n/T=2nf

B cnydae Tak Ha3bIBa€MbIX CHHYCOMJANbHBIX NMEPEMEHHBIX TOKOB MpH
MIHOBEHHBIX 3HaueHus1X I C B KOHType

€ =€y sin(wr + @)
HJTH NIPY HanpsiKeHUU (Ha KOHLAX y4acTKa Lenu)
V =V, sin(wt + @) 21
MTHOBEHHBIE 3HAYICHHS TOKA B 3TOM KOHType (Ha 9TOM yuacTKe Lenu)
[ =1Iysin . 22)

Bnecw €, Vy u Iy — amnmurygabie (Hanbonpine) sHaueHust D C, HanpsXeHns
A TOKa, ¢ — HavanpHas ¢daza BC (unu Ha-

L ¢ npsxeHus). HawansHas ¢drasa Toka npuHsTa

paBHOH HYT1O,
¢ IMpu nocnemoBaTenbHOM BKIIOUCHHH B ICHb
N\ HEPEMEHHOTO TOKA NPOBONHMKA C aKTHBHBIM
CONpOTHUBIEHIHEM R, KaTyIIKH C HHIYKTHBHBIM
Puc. 144 CONpOTHUBNIEHHEM X; = WL H KOHAeHcaTopa ¢
€MKOCTHBLIM conporuBieHneM X = l/oC

(puc. 144) nonHoe CONPOTHUBICHUE LENH

Z=+R2 + (oL -1/wC)>. 23)

Mexay aMIUTUTYAHBIMH 3HAUEHUAMH TOKA B 3TOM L[ENH U HANPSIKEHUEM Ha ee
KOHIIaX CyUIECTBYET CBsI3b, aHATOrMYHAs 3aKOHY OMa:

Iy =VyZ.

B aToM cnyuae CABHT (ha3 MexXy Hanps>KeHHEM U TOKOM (OH paBeH HavaJTbHON
¢ha3e HampsKCHHSA, €CTM MTHOBCHHBIC 3HAUCHHs HANPSXKCHUS W TOKA OMNpe-
nensatoTes opmynamu (21) u (22)), MOXXHO HATH U3 BbIpaskeHUs

tg(pzo)L—llu)C. 24)
R
Ecnu B uenu OTCYTCTBYeT conpOTHBNE¢HHEC R HNTH MHAYKTHBHOCTHL L, TO B
tpopmynax (23) u (24) ux crnefyeT NONOXUTL PaBHLIMA Hy1t0. IIpi oTCyTCTBIH
XK€ KOHJIEHCATOpa EMKOCTh C LenH CleAyeT CITaTh GECKOHEUHO GONBILOH.
DdPerTUBHDbIE 3HAYSHUS TOKA, HANPSIKCHAS U BIIC CBSI3aHbI C UX aMIUIHA-
TYAHBIMH 3HAYCHHASMH COOTHOIICHASIMA

=142, V, =V, 12, €, =% /2.
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Ecili MTrHOBEHHBbIC 3HAYCHHS HaNps3KeHHs W TOKA Ha ydYacTKe Lenu
‘onpenensiiores dopMynami (21) u (22), To cpefHss MOIHOCTD, BhIfcnseMas Ha
3TOM yHIacTKe,

1V,
N =%coscp= 1,V, cosq,

rae cos ¢ — K03 HUUHEHT MOITHOCTH.
IIpn NpoXOXJEHAN NO NMPOBOJHUKY C CONPOTHUBICHHEM R NEPEMEHHOTO

TOKa B TCUCHUE BPCMEHH T BBIJCACTCA KOMHUIESCTBO TCNIOTHI
2
Q=1I,Rx.

Ha HHYKTHBHOM H eMKOCTHOM CONPOTHBIICHHSX TEIIO HE BbIEISACTCH.

IIpu npeo6pazoBaHuy NEPEMEHHOTO TOKA ¢ NOMOIIBIO TpaHcopMaTopa, B
KOTOPOM MOXKHO NpeHeOpeub pacCesiHHEM MAarHUTHOTO IIOTOKA M TOKOM B
NepBUYHOH OOMOTKE IPH Pa30OMKHYTOH BTOPHUYIHOH (TOKOM XOIIOCTOTO XO0fa),
ToKK /| ¥ /; B 0OMOTKax 0OpaTHO NPONOPIHUOHANBHBI YACTAM W H W) BUTKOB

0OMOTOK:
I] /12 =W /M)2 =k
Benmumna k HOCHT HazpaHue KodGdHUIMeHTa TpaHcOpMailnH.
BOC €, u €,, uHRyUUpYEMBbIC B OOMOTKAX H3MEHSAIOIIMMCS MarHuTHbBIM
OOTOKOM, IIPSIMO NPONOPIUOHANBHBI YHCIaM BHTKOB!

((gl /%2 = W|/M’2.

TpancgopMaTop, CONPOTUBICHUE OOMOTOK KOTOPOTO Majio N0 CPaBHEHUIO
C MHAYKTUBHBIM conpoTrupreHueM, umeet KIIJ, 6muskui x epuunne. Hns
takoro tpancdopmaropa /%€ = [,€,, T.e. MOIIHOCTE TOK2 BO BTOPHTHOM 111N
paBHa MOUIHOCTH TOKA B TICPBHYHON UEMNH.

919. IlpsmoyronsHas pamka miaomapu S = 100 cM? BpamjaeTcs
B TOPU3OHTANLHOM ONHOPORXHOM MAarHHTHOM IIOJIE C YaCTOTOH 71 =
=50 06/c (puc. 145). MarHuTHas HHAYKUUsA TMOJs
B =0,2 Tn. Haiity 3aK0H H3MeHEeHHUsA MarHUTHOTO IO-
TOKa Yepe3 paMKy B 3aBUCHEMOCTH OT BPEMCHH f, €CNH B
HavaJIbHLI MOMEHT BPEMEHM TUNTOCKOCTh PAMKH: a) pac-
TOJIOXKEHA TOPH3OHTANBLHO; O) COCTABNSET ¢ TOPU30H-
TanbHOH MIOCKOCTHIO yron ¢ = 30°.

920. B ycnosusx 3agaun 919 Hasitn ammutyny 91C,
HHOynupyeMoil B paMke. Kak miameHnrcs ammnuryga 9MC, ecnm
YacTOTY BpalleHUsl paMKHU YBEJIHYUTE B TPU pa3a?

921. Haiitnm MakcUManbHBINl MAarHUTHBIA NMOTOK 4epe3 TNpsIMO-
YLOJBHYH) paMKy, BpaIaroINyiocss B OMHOPOTHOM MAarHHTHOM TOJE C
YacroTolt n = 10 06/c, ecnn aMmnuryma HHayuupyemon B pamke 2/ C.
€o=3B (cm. puc. 145).

;

Puc. 145
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922. HaiiTi 4acTOTy BpallleHHsl NPSAMOYrOJLHOR PAMKH B OJHOPOJ-
HOM MarHHTHOM 1noJsie ¢ uHaykumed B = 0,5 Tn, ecnu aMnnuTypa
uHpyuupyemMoi B pamke DJ1C €, = 10 B (em. puc. 145). TTnomanb pamky
§ =200 cm?, yucio BUTKOB paMKa w = 20.

923. Hanpsixxenue Ha KOHLAX yyacTKa LENH, 110 KOTOPOMY Tedyer
NEPEMEHHBIA TOK, H3MCHSCTCS C TCUECHHEM BPEMEHH IO 3aKOHY
V =V, sin(wt + ©/6), rme @ = T/6 — Havanbuasi paza HaMPKEHHA. B
MOMEHT BpeMeHH ¢ = T/12 MrHOBEHHOe 3HAUCHHE HAIPSIKEHHs
V=10 B. HallTe amMmututyny HanpsbkeHus V), KpPyroByio JacTOTy O I
JacToTty f TOka, ecnyw mepuop kosebanunn T = 0,01 c. [Ipencraeuy
rpatuuecKn 3aBUICHMOCTL HAMPSKEHAS] OT BPEMEHH 1.

924. HaiiTu MHIYKTHBHOCTb KATYILIKH, €CIIH aMIUTATYIA HATPSIKE HUs
Ha ee KoHlax V, = 160 B, amrmumtyna toka B He#t /;, = 10 A u 9acrora
Toka f=50TL.

925. MHuaykTUBHOE CONMpOTHBIEHAE KaTymwika X; = 500 OmMm, addexk-
THBHOE HaNpsXKEHUE CETH, B KOTOPYIO BKIIFOUEHA KaTywka, V, = 100 B,
gacroTa ToKa f = | kI'u. HaliT aMmuTyly ToKa B Lield ¥ HHIYKTHB-
HOCTb KaTYUIKH.

926. Haittn ciur (pa3 ¢ Mexny HanpsixenueM V = Vi sin(w? + @) u
TOKOM [ = [, 8in ®f AJst Uenw, COCTOAIMIEHR U3 MOCHEN0BATENLHO BKIIO-
YeHHbIX pe3ucTopa ¢ conpoTtusieHueM R = | kOM, KaTyWKA ¢ UHIYK-~
TuBHOCTBIO L = 0,5 I'H 1 Konpgencaropa ¢ emkoctbio C = | Mxd. Halitn
MOIIHOCTb, BbIJIEJSIEMYIO B [ENMH, €CIW aMIUITATYAa HaNpsoKeHHs
V, =100 B, a vacrora Toxa f= 50 I'u.

927. B uenb NOCHEIOBATEIbLHO BKIIOUECHLI PE3UCTOP ¢ CONMPOTHB-
jgeHueM R =1 xOM, Karymka ¢ HHIYKTUBHOCThIO L = 0,5 I'H U KOH-
nercarop ¢ eMkocTbio C = | Mk®. HallTi HHIYyKTHUBHOE CONPOTHUBICHHE
X, EMKOCTHOE COIIPOTHBJICHUE X H IOJIHOC CONPOTHUBICHUE Z Lelu
npu yacrorax Toka f; =50 Tu u f> = 10 xI'n.

928. K 3axkmmam reHepaTopa NPHCOENHHEH KOHIEHCATOP C €M-
koctbro C = 0,1 Mxd. HaliTu aMmnuTyny HampsiKeHHWsl Ha 3aXKUMax,
€ClIv aMIuTyaa Toka /= 2,2 A, a nepuopn toka T = 0,2 mc.

929. B ceTb nepeMeHHOro TOKa ¢ 3 (eKTUBHBIM HAMPSI)KEHUEM
V, =127 B nociefoBaTe/ibHO BKJIIOUEHbI Pe3UCTOP C CONMPOTHUBIEHHEM
R =100 Om u xoHpeHcarop ¢ eMkoctbio C =40 mMx®d. HahTn ammniu-
TyAy TOKA B LIETHA.

930. B ceTb ImepeMeHHOTO TOKA ¢ 3(p(PEeKTHBHLIM HaANPSIKECHAEM
V, = 120 B mocinenoBaTebHO BKJIIOUEHbLI MPOBOJHHK C COMPOTHB-
JenneM R = 15 OM n KaTymKka ¢ HHARYKTABHOCTbIO L = 50 mI'n. Hajttn
YACTOTY TOKA f, €CJIM aMIUTATYa TOKa B Lenn /y =7 A.
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931. HaiiTn nmosiHOe CONMpPOTHBIICHHE LIETH, COCTOALIEH U3 MOCHEN0-
BaTEJIbHO BKJIFOYEHHBIX KOHJeHcaTopa ¢ eMkocTero C = 0,1 MxP u
KaTYIIKH ¢ HHAYKTHBHOCTBEO L = 0,5 T'H, npu yacrore Toka f = | xI'u,
TIpu KaKO# 4acTOTE f, IOJHOE CONPOTHUBJICHHE LETH PaBHO HYJIO?

932. B konebaTenbHbIll KOHTYp (puc. 146) BKIIIOUEH HCTOUHHK Iepe-
meHHoro toka ¢ J1C € = ¢, sin wt, rne ammuryna 3 C €, =2 B. Ilpu
pe30OHaHCe aMIUIMTY[a HampsiKEHHUs Ha OTAENbHBIX
»N€MEHTaX KOHTypa, HallpUMEp Ha KOHJIEHCATope,
3HAYUTEIbHO yBenuumBaeTca. HalTu pe3oHaHCHYIO
aMILUTHTYAy HANpsDKEHUs Ha KOHJeHCAaTOpe, €CIH H3-
BECTHO, UTO OHA BO CTOJBKO pa3 0oJibllle aMILIHTYBI
31C, Bo CKONBKO pa3 HHAYKTHBHOE COMpPOTHUBIIE-
Hue X; (Mnu eMKOCTHOE CONIPOTHBIEHHE X o) IIPH pe3o-
HaHCce OOJbllie CONPOTHBIEHUS R. Pe3oHaHCHas 4yacToTa KOHTYpa
fo = 0,1 MI'u, mapykTuBHOCTh KaTyluku L = 1 mI'H, conporuBnenue
KoHTypa R = 3 Om,

933. Conenownyy ¢ XeJe3HbIM CepAEeUYHHKOM (JIpOCCenb), HME FOLLMI
WHAYKTABHOCTE L = 2 ['H 1 conpoTuBnenne oo6MoTkN R = 10 OM, BKIIO-
UeH CHaudana B CEThb IIOCTOSHHOI'O TOKa ¢ HampsikeHueM V =20 B, a
3aTeM B Ce€Th NIEPEMEHHOrO TOKa ¢ 3(P(PEeKTHBHBIM HAINpPSIXKCHUEM
V, =20 B u uvacroroit Toka f = 0,4 kI'n. HaliTe TOK, Tekymuii yepes
COJIEHOHJ, B TIEPBOM CJIyuae M aMIUTUTYly TOKa BO BTOPOM C.Iyuae.

934. Haiitn Koa(ppulMeHT MOIIHOCTH COS () 2JIEKTPUUECKOR LEMH,
€CJIM reHepaTop OTNAeT B Helb MOIHOCTh N = § kBT, ammnuTyaa Toka
B uenu /, = 100 A ¥ aMIIATYla HANIPsIKEHUS HA 3aKAMax reHepaTopa
Vi, =200 B.

935. Or reneparopa NnepeMEHHOIO TOKa HHTAETCA 3JEKTPO-
neyb ¢ conportuBieHueM R = 22 OM. HalTh KOJNHUYECTBO TEMJIO-
Thl (J, BBIleNIEMOE TEUYBKD 3a BpeMst T = 1 u, ecnu aMIIUTyja
Toka [, = 10 A.

936. KunsitunbHuk paGoTaeT OT CeTH NEPEeMEHHOIO TOKa C a-
thexTuBHBIM Hanpsikennem V, = 100 B. Ilpu Temneparype f, = 20 °C
conporuBieHue ¢expanesoid cnupanu R = 25 Om. Kakas macca
KUTIsAIe# BOJABI TpeBpallaeTcs KUMATHIBHHKOM B IIap 3a BpeMs
T= 1 MuH? YJenbHas Ternora napooGpa3zoBanus Bofbl i = 2,3 MJIx/Kr.
TemnepaTypHbIf -K03(p(UIUEHT CONPOTHBICHUS (expans o .=
=2-102 K-\

937. HeonoBas naMma BKJIOYeHa B CeThb NEPEMEHHOro TOKa ¢
adpekTHBHBIM Hanpspkenuem V, = 71 B m nepuogom T = (1/50) c.
HaiiTn mpoMeXyTOK BpeMeHH Af, B TeUeHHE KOTOPOro JJIUTCS BCIbIII-

Puc. 146
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Ka JJaMIIbl, ¥ 9aCTOTy BCOBIIIEK NaMnbl #. HanpsskeHue 3akuraHms
namnel V, = 86,7 B cuuTaTh paBHBIM HanpsKCHUIO rameHus V..

938. HallTn 4acTOTYy BCOBIIICK HEOHOBOH JIaMNbl, BKIIOUEHHOH B
CeTh MEPEMEHHOTO TOKa MO CxeMe, U300paxXeHHoH Ha puc. 147. 3[IC
Harapen aneMeHTOB € = 60 B, 3(ppeKTHBHOE HATIPSIKEHAE, CHUMAEMOE
¢ aBroTpaHcopmaropa, V, = 28,3 B, Hanps:KeHue
saxuranust mamnel V, = 86,7 B. Yacrora nepemen-
Horo Toka f = 200 I'm,

939. Tok B nepBUYHOR OOMOTKE TpaHcopMaTopa
1, =05 A, HanpsikeHHe Ha ee KoHOax V, =220 B.
Tok BO BTOpW4YHO@ OOMOTKe TpaHcpopMaTopa
I, = 11 A, HanpsKeHue Ha ee KoHuax V, = 9,5 B.
Havitu KIIJ] TpanchopmaTopa.

940. ITepBruHast 06MOTKA MOHMXKAIOLIEI'0 TpaHCpopMaTopa ¢ Koag-
¢utueHTOM TpaHncopManMH k = § BKIIOUCHA B CETh NEPEMEHHOTO
Toka ¢ HanpsikeHneM V| = 220 B. ConpoTusneHre BTOPUYHOA 0OMOTKH
rr=2 O™, Tok B Helt / = 3 A. Haitu HanpsikeHue V. Ha 3aXXKHMax BTO-
PUYIHON OOMOTKH.

941. Tlepuunast oOMOTKa TpaHcpopMaTopa At NHTAHHAS Hakala
pagnonpueMHuka uMmeeT wy = 12 000 BUTKOB H BKIIIOYIEHA B CETh Mepe-
MEHHOrO TOKa ¢ HampsixeHmeMm V, = 120 B. Kakoe uucio BHUT-
KOB W, JIOJP)KHA UMETh BTOPHUUHAsA OOMOTKA, €CIIH €€ CONPOTHBIIEHUE
r = 0,5 OmM? HanpsikeHne Hakanma paguonpueMHmka V, = 3,5 B nipn
ToKe I =1 A.

942. IlepBrunas 0O6MOTKa NOHMXKAIOLWEro TpaHcpopMaTopa BKITIO-
YeHa B CETh MEPEMEHHOI0 TOKa ¢ HampsbkeHumeM V, = 220 B. Hanps-
JKEHHE HA 3a%KMMax BTOPHYUHOM 0O6MOTKH V, = 20 B, ee conporusnenne
r=1OM, ToKk B Hell / =2 A. Haiitn ko3 puuueHT TpaHchopManuu k 1
KIIJI n TpancopmaTopa.

943, TlepBruHas 0OMOTKA NOHMXKAKIIETO TPaHC(hOpMaTOopa ¢ Koad-
tpunmenToM TpancopMmanum k = 10 BKJIIOUEHA B CETh NEPEMEHHOTO
TOKa ¢ HanpskenueM V= 120 B. ConpoTuBneHne BTOpHYHONR 0OMOTKHA
r=120wM, Tok B Hed | = 5 A. Haiitu conpoTuBneHne R Harpys3ku
TpaHcopMaTOpa U HaNpsiKeHne V, Ha 3a’KUMax BTOPHUYHON OOMOTKH.

944. Hadtun amnautyny u a3y HanpsKEeHHs B CETH, NIUTaeMOWM
IIByMsI MOCIEAOBATENbHO BKIIOUYEHHBIMH reHEpaTOPaMH TepeMeH-
HOTO TOKA, HANPSOKEHHS Ha. 3aXHUMax KOTOpbIX V| =V,,sin ot u
Vy = Vy sin (@f — @y). AMIUIMTYA HanIPsDKEHUSI TeHepaTopos V, = 60 B
n Vy, = 100 B; yacrora Toka f = 50 I';; HauaneHas ¢pa3a HanpsoKeHUs
BTOpOTro TeHepaTtopa @, = 30°.

Puc. 147
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§ 25. DeKTPOMArHATHBIE KOJIEOAHHS H BOJIHBI

ITepuop T cOOCTBEHHBIX 3JMEKTPOMArHUTHBIX KonecOaHHi KOHTYpa, cOc-
TOSAIETO U3 KaTYWIKH ¢ HHAYKTHBHOCTRIO L M KOHAEHCAaTOpa ¢ eMKOCThio C,
€CITH aKTMBHBIM CONPOTHRIEHHEM R KOHTypa MOXHO NpeHeOpeub N0 cpaB-
HEeHMIO C HHAYKTHBHBIM (IpH PE30HAHCHOR 9acTOTe), onpeaensercs (popMynoi
Tomcona:

T=2rLC.

HacroTa 3neKTPOMaTHATHBIX KOJTe GaHUH KOHTYpPd
f=0T=1/2ryLC.

Jn¥Ha 3CKTPOMATHATHOM BOJNHBI B BAKYYMe
A=cT=clf,

rae ¢ = 2,99792458 - 10%¥ m/c = 3 10% M/c — CKOpPOCTH pacnpocTpaHeHHst
3JIEKTPOMAaTHUTHBIX BOJIH. B BAKYYME (CKOPOCThL CBETa B BAKYYME).

945. ITocne TOro Kak KOHfIEHCAaTOPY KoJieGaTeTbHOro KOHTYpa ObLi
cooOmeH 3apag ¢ = 1 MkKn, B KOHType NpOHCXOJAT 3aTyxaroijge
3NIeKTpOMarunTHbele KonebaHus. Kakoe KOMUUECTBO TEMIOTHI BhIjie-
JATCA B KOHType K TOMY BpEMEHH, KOT[a KoJIeOaHHUS MONHOCTHIO
3aTyxHyT? EMKOCTB KOHfieHcaTopa C = 0,01 Mk®.

946. D(pdexTUBHOE HanpsIKEHNUE HA KOHEHCATOpE KONeb6aTeIbHOro
KoHTypa V, = 100 B. EmkocTs koHpeHcaTopa C = 10 n®. Haitn
MaKCUManbHbIC 3HAUEHMA 3JIEKTPUUECKOU M MAarHUTHOH 3HEpPrUid B
KOHTYpe.

947. KonebGaTenbHbIA KOHTYpP COCTOUT W3 KATYLIKHA C UHAYKTUB-
HocThiO L = 3 MI'H u nockoro KoHAeHcaTopa B BHE€ OBYX OMCKOB
pamnayca » = 1,2 cM, pacnionoXeHHbIX Ha paccTtosHud d = 0,3 MM mpyr ot
apyra. Hailtu nepuon T sneKTpOMarHUTHBIX KoleGaHUA KOHTYypa.
Kakos 6yner nepuon T’ xoneGaHUMil, €CM KOHACHCATOP 3aNOJIHUTH
BEUIECTBOM C IU3JICKTPUUCCKOU NPOHULAEMOCTLIO £ = 47

948. ]1ns npepoTBpalleHus KOPOTKOTO 3aMbIKaHHAS B KOJNEGATETLHOM
KOHType reHepartopa (BCIEACTBHE CIy4alHOro CONPUKOCHOBEHUSA
00KNaflOK MEepEeMEHHOTO KOHMIEHCATOpa Jpyr ¢ APYroM) IocienoBa-
TENbHO C TMEPEMEHHBIM KOHAEHCATOPOM BKIJIIOUAETCS MOCTOSHHBIN
KOHJIeHCcaTOp, EMKOCTb KOTOporo Cy HaMHOTO OOJbllle MaKCUMATBHON
€MKOCTH TNepeMeHHOTo KoHaeHcaTopa C. MakcuManbHOW €MKOCTH
HepeMeHHOro KoHpeHcatopa C 10 BKIIOYEHUs HOCTOSHHOIO KOHIEH-
caTopa COOTBETCTBOBaJa yactora Konebanui f;. Bo ckonbko pas uzme-
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HUTCSI 9acTOTa KOJeOaHuil KOHTypa Mocie BKIIOYEHUS MMOCTOSHHOrQ
KOHJI€HCATOpA, €CIIM EMKOCTb 2TOT0 KoHAeHcaTopa C, = nC, rae n = 50?

949. Pe3oHaHc B KoJe6aTEILHOM KOHTYpE, COMEpXKAalleM KOHJRH-
catop eMkoctu C = | MK®, HacTynaeT npu uacrore KojeOaHMI
1, =400 I'u. Korpa napanyienbHo KOHAEHCATOPY eMKOCTH C(, MOAKNIO-
qaeTcs KOHJeHCaTOp eMKocTH C, pe30HAHCHAsl YacTOTA CTAaHOBHTCS
paBHo# f, = 100 ['u. Hafitn eMkocTs koHgeHcaTopa C.

950. B kaxux npepesiax JOJIKHA U3MEHATLCA MHAYKTHBHOCTL Ka-
TYILIKH KOJIeBaTeNBbHOTO KOHTYPa, UTOOBI B KOHTYPE NPOHCXOAHIH KO-
neGauust ¢ dacroroit ot f; = 400 I'u go f> = 500 I'y? EmMKOCTh KOH-
neucaropa C = 10 MxP.

951. PagnonpueMHHK MOXKHO HACTPAKWBATL Ha ITPUEM PaJIIOBOJIH Pa3-
JUUHOW JUIMHBL: OT A; = 25 M 110 A, = 200 M. B Kaxkyr cTOpOHY H BO
CKONBKO pa3 HYXKHO M3MCHUTL paccTOsiiue d MeXKAY IUTacTHHAMH
[JIOCKOr0 KOHJIEHCATOpA, BKJIOUEHHOTO B KOJeGaTeNbHLIH KOHTYp
PajiHONIPHEMHHUKA, IIPH TIEPEX0/e K pueMy 6osiee JJIMHHLIX BOJIH?

952. KakoB quUana3oH 49acToT pajHOBOJIH MUILTHMETPOBOTO JHana-
30Ha (0T Ay = | MM 710 A, = 10 Mm)?

953. HaiTu 1nUHy BONHBI PEHTTEHOBCKUX JYUEH, €CNU HX MaCcTOTa
f=3-100TITu.

954. Haitn pmama3on AJUH BOJIH T€HEpaTOpa, BO30YXAAIOIIETO
9NIeKTPOMAarHATHBIC KOJeGaHsl 3alaHHOH aMIUITUTYAbI 1 1ACTOTLI, €CIIH
OH paccuuTaH Ha quana3ox uacror ot f; = 0,1 MI'y mo f, = 26 MI'L.

955. Kakoit HHTEPBaJ 4acTOT M JUTUH BOJIH MOXKET NEPEKPLITh OJUH
13 QUana3zoHOB PANHONPUEMHHKA, €ClH WHIYKTHBHOCTL KoJieDaTeb-
HOTO KOHTYpa pajHONpMEMHHUKA 3TOro amnamazoHa L = 1 MkI'H, a ero
eMrocTs m3Mensiercst oT C, = 50 nd go C, = 100 nd?

956. Kakywo MIMHY BOJNHLI 3JEKTPOMArHUTHLIX KoneOaHuil 6y-
leT NPHHAMATh pajUOIPHEMHHUK, KOJNEOATENbHBIH KOHTYP KOTOpPO-
ro uMeeT KoHgeHcaTop ¢ eMKocThio C = 750 nd 1 KaTylKy ¢ UHAYK-
TuBHOCTBIO L = 1,34 MI'n? HaitTh uacToTy KOnebGanuit KOHTYpa pagHo-
IpYEMHHKA.

957. YactoTy KosieGaHuil 2J1eKTPOMArHATHOTO KOHTYypa fy = 30 x['1L.
Kako#i 6ygeT ero 4acrora f, €CliH pacCTOsiHHe MeXKJY NjacTHHaMH
IUTOCKOT'O KOHJICHCATOpA KOHTYpa YBeJIUUuTh B 11 = 1,44 paza?

958. [1pn U3MEHEHHH TOKA B KaTYIIIKE HHYKTHBHOCTH Ha BEJTHYHIY
Al = 1 A 3a Bpems At = 0,6 ¢ B nedt mupyuupyercst IJAC € = 0,2 mB.
Kakyo miuHy A OyeT HMeTh PajHOBOIIHA, H3JTyuaeMasl TeHEPAaTOPOM.
KoJieGaTeNnbHBIA KOHTYD KOTOPOTO COCTOMT M3 9TOH KaTyIIKH H KOH-
neHncatopa emxoctu C = 14,1 ud?
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959. Haiitu yacToTy f 27€KTPOMAarHUTHBIX KOJeOaHUH KOHTYpa,
p3006paxkeHHOro Ha puc. 148, a TakXe KpyroByio 4acToTy @, nepuon T
H JUIAHY BOJIHBI A, H3lydyaemoil KoHTypom. HHu-
OYKTHBHOCTH KaTyIIKH KoHTypa L = 10 MI'H, eMkoOCTE
koHzieHcaTopa C; = 880 NP, eMKOCTb NOACTPOEIHOTO
koHpeHcatopa C; = 20 nd.

960. KonebaTenbHbI KOHTYp, COgepKalluil KOH- Puc. 148
pnencatop emkocrn C = 20 nd, HacTpOeH Ha AJUHY
BONHBI A = 5 M. HaliTh HHAYKTUBHOCTD KATYIIKK L KOHTYpa U YaCTOTY
ero KoJyiebaHui f.

961. Ha kakyio JiuHy BOJIHBI HACTPOEH KoJeOaTeIbHbIH KOHTYD, CO-
CTOAIIMHA U3 KAaTYUIKH C HHAYKTHBHOCTBIO L = 2 MI'H H MIOCKOro KOH-
peHcatopa? IIpocTpaHCTBO MeXJAy NNAaCTHHAMH KOHJeHcaTopa 3a-
NOJTHEHO BELECTBOM C AM3JIEKTPUUECKOH I[POHHIIAeMOCTRIO € = 11,
I[Inomans macTuH KoHAeHcaTopa S = 800 cm?, paccTosiHHEe MeXAY
HaMu d = 1 oM.

962. HaliTn eMKOCTE KOHfIeHCaTOpa KoJebaTenbHOro KOHTYPA, eclu
npu WHAYKTUBHOCTH [ = 50 MKI'H KOHTYp HACTpOeH Ha JJIMHY BOJTHBI
2JIEKTPOMACHATHERIX KoneGannid A = 300 M.

963. EMKOCTE NEpEMEHHOr0o KOHIEHCATOpa KoiuebaTelbHOro KOH-
Typa u3MeHsietcq B ipefenax ot C; go C, = 9C,. HafiTn guanazon giun
BOJIH, MPUHAMAaeMbIX KOHTYPOM, €CIH eMKOCTH KOHpaeHcaTopa C|
COOTBETCTBYET JJIMHA BOJHBI A| = 3 M.

964. KonebarenbHbI KOHTYp pafgHOIpHEMHHKAa HACTPOEH Ha
PanHOCTAHLMIO, YaCTOTa KOTOPO# fi = 9 MI'l. Bo ckonbKo pa3 HY:RHO
U3MEHHTH €MKOCTh [IEPEMEHHOIO KOHICHCATOpA KOHTYpa, YTOObI OH
ObLT HACTPOEH Ha JUTHHY BOJHBI A = 50 M?

965. DiekTpOMarHUTHEIE BOJHBI PaclpOCTPAHAOTCS B HEKOTOPOU
OJIHOPOAHOM Cpefe CO CKOPOCThIO ¢, = 2 - 108 m/c. Kakyro gyiuny BONHBI
A MMEFOT 2JIEKTPOMACHATHBIE BOJIHBI B 3TOH Cpefie, €CIIA HX UaCTOTa B
BakyyMe fy = | MI'y?

L, Qﬁf

Fmasa IV
OIITUKA

§ 26. BoHoBEIe H KBAHTOBBIE CBOMCTBa CBETA

B BakyyMe u B OJHOPOJIHOM CPE/IE CBET PacnpOCTPAHAETCA NPAMOITHHENHO.
CKopocTh cBeTa B BAKyyME ¢ = 2,99792458 - 108 m/c = 3 - 108 M/c, B BemecTBe —
¢, = ¢/n, Tie n —~ N0Ka3aTenb NPEIOMICHMS BEIIECTBA.
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CseT npepcTaBisieT cOO0H NMONEpeYHbIe 3JEKTPOMArHuTHbIE BOJIHDI. [iuHa
BOJIHBI A CBSI3aHa C YaCTOTOH KoneGaHui V, nepuofoM T 4 CKOPOCTBIO U COOT-
HOIUICHASMH

A=uT =yv.

KBaHTOBBIE CBOHCTBA CBEeTa NMPOSABISIOTCH BO B3aHMOJCHCTBHH CBETa ¢
BEIECTBOM. JHEPIHs KBaHTa (MOPUHH) CBETa C YaCTOTON V ONpefensieTcs Bhl-
pakeHHEM

€= hv.

3pecn h = 6,626176 - 1073 [Ixx - ¢ = 6,62 - 1073 Ik - ¢ (win Ix/Tu) — no-
crosHHas [limaHka.
YpasHeHue JHHITEHHA 1151 (hoTOd(PPeKTa

€= Alxl,lx +K

CBSI3BIBACT IHCPTHIO € NMAJAIOLIETO Ha BEIECTBO KBAHTA CBETA, paboTy BLIXOAa
Ay MEKTPOHA U3 BEUIECTBA W KUHETHUECKYIO 9Heprut K = mu2/2 Bblie-

TEBLIEIO 3JIeKTPOHA.

966. Yenosek, poct koToporo h = 1,7 M, HIET CO CKOPOCTBHIO
v = 1 M/c 110 HanpaBNEHAIO K YIHYHOMY (pOHapIo. B HEKOTOpPOIl MOMEHT
BpEMeHH AJIMHA T€HH 4YejoBeka Obuia /| = 1.8 M, a cinycTs BpeMsi £ =2 ¢
AnuHa Teuu crana l, = 1,3 M. Ha kakoii Beicote H Bucnt honaps?

967. CxeMma onbiTa MalKkenbCOHA MO ONPEAECICHUIO CKOPOCTH
cBeTa m3o6paXeHa Ha puc. 149. Paccrosune AB = [ = 35,5 kM. C kakoi
JacTOTOH V NOJKHA BpamaThbCi BOCHMH-

* S
rpaHHas 3epKanbHasg npusma K, 4TOOBI
B A HICTOYHHK cBeTa § 6wl BAEH B TPYOy 77
0 Elgvk Pacctosane OB Mano nmo cpaBHEHHIO C

C D paccrossaueM AB.
N

968. AnMmasHag IIacTHHaA OCBeEIDaeT-

T

¢ (pHONIETOBBIM CBETOM YacTOTHI V =
=0,75- 10" I'. HaiiTl 0/IMHBI BONH Ay H A,
(proneToBOro cBeTa B BAKYYME H B alIMAa3se,
€CITH OKA3aTEeNb IPEJIOMIIEHHS anMasa sl 9THX JNAH BOIH 1 = 2,465,

969. HafiTn noka3zaTenb NPeIOMIEHAS 1 CPeNbl, B KOTOPOH CBET C
aHepruei kBaHTa € = 4,4 - 10~ [I>x nMeeT niuHy BonHbI A = 300 HM.

970. HaiiTu 3HEepruro € KBaHTAa CBETa, COOTBETCTBYIOMETrO NJIHHE
BOJIHBI A = 500 HM.

971. HaiiTH QNIdHY BOJIHBI A CBETA, KOTOPbIM OCBEINAETCS TMOBEPX-
HOCTb MeTanna, eClii (pOTO3INEeKTPOHbI HMEIOT KAHETHYECKYIO JHEP-
ruio K =45 1020 [k, a paGoTa BbIXoa 3JEeKTPOHA M3 MeTalia
Anx =75 107 IIx. ~
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+ 972. KakoBa MuHHMalbHas 4acCTOTa V CBETa, IPH KOTOPOW ele
pabnatogaetrca poroadpdexrt, ecnn paboTa BBIXOZA 3IJEKTPOHA U3
MeTanna A, = 3,3 - 10-19 [Ix?

§ 27. OTpaxenne ¥ npeJoMiieHne CBeTa
Ha MII0CKOH rpanuile

Ha rpanniie AByx cpej HabmoatoTCs SIBIEHUS OTPaKEHHUs U IIPENOMIICHHUS
cBeTa.

ITpn orpaxkeHnn cBeTa NajalomMA Ny4, NSPNEHANKYISAP, BOCCTAaHOBIICHHBINA
B TOUKE MajeHUsl Nyya K OTpaxkatouell NOBEPXHOCTH, H OTPa>KCHHBIA Nyy
7AeXaT B OJ{HOU ITOCKOCTH. YTOI OTPa’kCHUs PaBeH yriy HajcHHs.

B cnyuae npenomieHus najarommi 1y, NepHeHANKYISIP, BOCCTAHOBIICH-
HBIA B TOUKE MAJCHUA JIy4a K TpaHule pasjiena IByX cpejl, ’ NpeTOMICHHBIH
YU AeXKAT B OHON IUTOCKOCTH, YTON MajcHUs O. U YyroJ npeioMicHus B
CBSI3aHBI PABCHCTBOM

sin o/sin B = n,/n,,

rje n, A n, — NOKa3aTelld NPEIOMIIEHAS. NEPBOH U BTOPOH cpefl, a n = n, /i, —
OTHOCHTETBHBIN NOKa3aTeNb NPENTOMIIEHHS ABYX cpefl. [lmst Bo3ayxa n = 1.

Ecnm n, < n, (BTOpas cpeja ONTHYECKH MeHee IIOTHast), To O < B.
MakcuManbHOMy yroy npenomienns § = 90° coOTBETCTBYET yroy najcHus O,
onpefesieMblil PABEHCTBOM sin O, = n,/n,. Ilpu yrie najenus o > o, cyue-
CTBYET TONBKO OTPA’XCHHBIA NYyY, HPCTOMIEHHBIN AyY OTCYTCTBYET (IBICHHE
MOJTHOT'O OTPa’kEeHH ).

973. Kpyrubiit 6acceitn paguyca R = 5 M 3amuT fo KpaeB Bogoi. Hap
eHTpOoM OGacceiiHa Ha BBICOTE & =3 M OT IOBEPXHOCTH BOABI BHCHT
namma. Ha kakoe paccrosHue [ oT kpas 6accefHa MOXKeT OTOHTH
4eNnoBeK, pocT koToporo H = 1,8 M, 4TOOEI Bce enie BUAETEL OTPaKeHHE
JlaMIeI B Boje?

974. SIpxas nmaMna BUCHT HaJ UEHTPOM KOMHAThI HA BRICOTE 1 =25 M
ot nona. Beicora xoMHater H = 4 M. Ha nony
JEXUT IUIOCKOE 3epKalblle guaMerTpa d =
= 5 cm. Kakoro guameTtpa “3aiiquk’” OygeT OT
HEro Ha IOTONKE, €CNH 3epKajblEe pacrnoo-
»KeHo Ha paccTostHmsx [, =0 5mu l, = 1,5MoT
LUEHTPA KOMHATHI?

975. Yron Mekny ABYMsI IIIOCKAMH 3€pKa- Puc. 150
JIaMH MOJXHO H3MEHSThL, Bpamas OJHO H3
3epkan BOKpyr pebpa yrina (puc. 150) c mocrossHHO# yraoBOH cKo-
pocTeio ® = 1,5 rpap/c. TodeuHbI NCTOYHHAK CBETA S PACIONOXKEH HA
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NEepreHAMKYsipe K HENOABHXXHOMY 3€pKayy, BOCCTAHOBJIEHHOMY B
Touke A pebpa Ha paccrosHun i = 10 ¢M oT Hero. Hepes kakoe BpeMs ¢
paccTosiHie MexXAy H300pa’KeHHsIMU HCTOYHHKAa B 3epkanax Gyper
=10 cM?

976. [I1Ba NIOCKUX 3epKajia pacroyioKEHbI NIOJ YIIIOM APYT K APYTY, 0
MeXJY HHMH IIOMECIIEH TOYEUHbIH HCTOYHHMK cBeTa. M3o6paxkeHue
HCTOUHHMKA B IEPBOM 3epKaJsie HAXOTUTCS Ha PAaCCTOSTHUH ¢ = 6 €M, a BO
BTOPOM 3€pKalle — Ha PACCTOSIHUN ¢> = 8 CM OT HCTOUHHKA. Paccrositue
MeKAy u3o0paskeHUssMM HcTouHHKa [ = 10 cm. Haiitn yron ¢ Mexpny
3epKajlaMu.

977. IlBa ManbIX IIJOCKUX 3€pKaya pacrnojoKeHbl Ha OXMHAKOBBIX
PACCTOSIHMAX APYT OT Apyra H OT TOUEUHOro UCTOUHHNKA cBeTa. Kakon
HOJIKEH OBITB yrod @ MEeXKAY 3epKaJidMH. €CJIU JIyd Iocie IBYX OTpa-
SKEHHI: &) HalIpaBJseTcs IPsAMO K NCTOUHUKY: 0) BO3BpamjaeTcs odpar-
1HO K MCTOUYHHUKY 110 IPOANEHHOMY NyTH (T.€. HCOBITHIBAET ellle OfHO
oTpaxeHnue)?

978. [1nockoe 3¢pKano NoBopauuBarOT Ha yroa y = 27° Ha xkakoit
yroJ ¥ IoBepHeTCs OTPaskeHHBIN OT 3epKala Jy«w?

979. Y3knid ny4 cBeTa, NMPOXOJsl uepe3 MaleHbLKOE OTBEPCTHE B
sKpaHe (IIePIEHAUKYISIPHO K ITOBEPXHOCTH 3KPaHa), IonagaeT Ha Bpa-
maroleecs MecTHrpaHHOe 3epKasio, 0Ch BpallleHusi KOTOpPOro napan-
JeJIbHA TIOBEPXHOCTH IKpaHa M HAXOMUTCA HAIIPOTUB OTBEpPCTHs. Kakoi
LiuHb! L 6yaeT npouyepuMBaTh IOJOCKY Ha 3KpaHE OTPaskKe€HHBIA OT
3epKaja Jyu, eclid pacCTOsIHHE MEKAY 3€PKAJIOM H 3KpaHOM [ =1 m?
PazMepaMu rpaied 3epkaja IO CpaBHEHMIO ¢ paccTosHuem [ mpe-
HeGpeus. ,

980. Ilpa 3epxana o6pa3yror apyr ¢ Apyrom yroia ¢ < m. Ha ogHo u3
3epKaJn NagacT Jyd CBETA, JIEXKAIIUN B INIOCKOCTH, IICPICHARKYISAPHOM
K pebpy yrna. [loka3aTh, 4TO yroj OTKJOHEHHs ¥ 2TOro Jyua OT
TepBOHAYANBHOrO HANIPABICHUA TTOCTE OTPpaXkeHust OT 000OUX 3epKajl HE
34BHCHT OT yIJla aflcHHs.

981. [1Ba minockux 3epkasa oOpa3yroT APYr € APYroM yroa ¢ < w. JIyu
CBETa OTpa’kaeTcs IIOCACAOBATEIBHO OT ABYX 3epKain. Ha kakon yron ¥
OT CBOEro MepBOHAYANLIIOrO IANPABJICHUS OTKJIOHATCS OTPaXXCHHBIH
Jy4, €CITH CUCTEMa 3epKaJl IOBOPAUYUBAETCA HA YroJ | BOKPYT OCH, Je-
JKaleH B riockoctd oboux 3epkan? Kak nmagaromui, Tak  OTpaskeH-
HBIA JIYUH JIEXAT B IJTOCKOCTH, TIEPIIEHAUKYJISPHOR K 3TOH OCH.

982. Ceuenne CTEKIJITHHOM NPU3MbI HMeeT POpMY paBHOOGEAPEHHOIO
TpeyronbHuKa. OfHa U3 paBHBIX rpaHell NpUsMbl nocepebpena. Jlyu
cBEeTa MaflacT Ha HEMOcePeOPEHHYIO MPaHb IPU3MbI EPIEHIUKYISIPHO K
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€€ MOBEPXHOCTH M IOCHE JBYX OTPaKE€HUH BBIXOJUT Yepe3 OCHOBAHHE
NPU3MbI NEPNEHANKYIAPHO K HeMy. HalTH yribl npusMsl.

983. JIyu cBeTa BXOOUT B CTECKJSIHHYIO NPU3MY IIOf YIJIOM ¢ = Tt/6
¥ BBIXOOHT M3 MPHU3MBI B BO3AYX NOJ YIIOM Y = /3, npuuem, npoias
NpU3MY, OTKJIOHAETCSl OT CBOEro NMEPBOHAYAIBHOIO HAINPABJICHHS Ha
yron ¥ = /4. Hairu npenoMIisiFoning yroi ¢ npu3Msl.

984. HaiiTu nokasarejp NPETOMIICHHUS 1 CKHIHAApa U CKOPOCTH
pacnpocTpaHEeHUsl CBETA ¢, B CKHIMAApE, €CIIl NpH yrie nageHus
o = 45° yron npesiomnennst 3 = 30°.

985. Jlyu creTa nagaer nepreHgUKyIsApHO K GOKOBOH MOBEPXHOCTH
NPH3MBI, APENOMITAIOIIAN yron kotopofl ¢ = 30°. Hajitn yron orkmo-
fenns ¥ Jiyda OT HepBOHAUYATBLHOIO HANPABICHHS [OCIE BBIXOAA M3
npu3sMbl. [lokaszaTens npegoMiacHus MaTepraia Npu3Msl i1 = 1,4,

986. Bricora Conuuga Hag ropusontoMm W = 20°. ITonp3ysce 3epka-
JTOM, MycKaroT “‘3afiuiK’ B BoLy o3epa. Ilom KakuMm yrioMm y K ropu-
30HTY HY>KHO paclofOXKHTh 3€PKao, YTOOBI JTyU CBETA B BOJIE IIEJ O],
yriom B = 41° k Beprukann? [lokazarens npenomienus Boabl 17 = 1,33,

987. Ilpu magesnn Ha ITOCKYIO TPAHULY ABYX CPell C II0KA3aTENSIMH
NpEeNOMIICHUSl 11| U Ny JIYY CBETA YAaCTUYHO OTpakaeTcs, YaCTHUHO
npenomsiercs. [Ipu kakoMm yrie nafieHust 0L OTPaKCHHDBIH Ty MEPEH-
AMKYJASApeH K IPETOMICHHOMY Ny'1y?

988. IlpenoMIeHHBIH JYUY CBETA COCTABJSET ¢ OTPa’KEHHBIM yron
90°. HalTin OTHOCUTENBLHLII MOKA3ATENb IPCIOMIICHHS, €CJIA Ty nafa-
eT Ha IJOCKYIO TPaHHIly Cpeft HOJ YoM O, Just KoToporo sin o = 0,8.

989. Ha nosepxnoctun BojoeMa, mMemwlero rnyouny H =53 M,
1aBaeT (paHepHbIA KPYr paanyca r = | M, HaJ UEHTPOM KOTOPOTO Ha
HEKOTOPOH BLICOTE PaclOfoXKeH TOUEUHbIH UCTOUHHK cBeTa. Kakosa
NOMKHa OBITH 2TA BBICOTA /1, UTOOBI paguyc R TEHU OT Kpyra Ha JHE
BOogoeMa Obll MaKCHMaJbUbIM? HalTH 3TOT MakcUManbHBIA paguyc.
[Toxasarens npenommnennd Boasl 1 = 1,33,

990. Ha moRepXHOCTH 03€pa, uMeromero rnyouny H =2 M, Haxo-
IMTCA KPYIIbLH m1oT paguyca R = 8 M. Haiitu pagnyc r nonnon teuu ot
IJIOTa Ha AHE 03epa MPH OCBEILleHHH BOAbLI pacCesTHHbIM cBeTOM. [Toka-
3aTeNb IPEJIOMITCHHS BOABI 11 = 1,33,

991. Jlyu cBeTa nagaeT Ha CTEKNSHHYIO IUIACTHUHKY ¢ MoKa3aTeJeM
ApeoMyieHus 1 = 1,7 nop yraoMm O, uiis Koroporo sin o = 0,8. Borurepn-
IIHI U3 IUNTACTUHKHU JIYY OKA3aJICA CMEIIEHHBIM OTHOCHTEILHO Nafjaro-
Lero Jy4ya Ha paccrosiHue b = 2 cM. KakoBa TomuiuHa i TacTUHKA?

992. Ha xakoe paccTosiHue [ CMECTUTCS JTyd CBETA, PaclpOCTPaHSIO-
IIUHACS B CTEKJIE € [OKAa3aTeJeM IPEJOMIICHUS A, €ClIU Ha €ro NyTH
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UMeeTCs IIoCKonapaie/ibHas enb IMHPHHLL d, 3aN0JTHEHHAS BO3[y-
xoM? Yron mafeHus nydya Ha mienb paBeH o. [lonHoro orpaxkeHnus He
HPOHCXOMMT.

993. JIyu cBeTa BBIXOMHUT M3 NPHU3MbI IO TEM XK€ yTJIOM, MOJ KAaKHUM
BXOAUT B MPHU3MY, NPUYEM OTKJIOHAETCI OT NMEPBOHAYANBLHOTO Ha-
mpaBnieHust Ha yron ¥ = 15°, IIpenoMasiiomuii yron nmpusMel ¢ = 45°,
Haiiti nokazaTens npeoMiIeHHs 1 MaTepHana MPH3MBI.

994. Y npusMbl ¢ moka3zaTejieM npejomicHusa n = 1,41 u npenom-
JstromuM yrioM ¢ = 30° ogHa rpaHb nocepebpeHa. Jlyu cBeTa nafaet Ha
HenmocepeOpeHHYIO TpaHb MOJ YoM O = 45° 1 mocne OTPaXKeHHs Bbl-
XOIMT M3 MPH3MBbI uepe3 3Ty Xe rpanb. Hafitu yron O Mexpy maparo-
LIAM ¥ BBIXOTSIIAM JIyYaMH.

995. Haiit yron ¥ OTKJIOHEHHSA Syya CTEKJITHHON NMPHU3MOH C mpe-
JTOMJISIIONIAM YIJIOM @ = 5°, ecnu f1yd MafaeT Ha TpaHb NMPU3MBI HOJ
MasieiM yriaom. [lokazaTens npenomnenns crekna n = 1,8.

996. Jlyu cBeTa magaeT mop yrioM O = 58° Ha MOBEPXHOCTH BOMBI,
HaJMUTOH CcjoeM TONIHHBI /1 = 10 MM B CTEeKNsIHHOe ONiomue ¢ Iio-
ckonapannensHbIM nHOM. [lokazarens npemoMnenns Bope! n; = 1,33,
HaiiTu nokazartenb NpeOMIEHHs 1, CTEKJa ONIOALA, €C/TY BhIINENIIHI
mofi GAIOAUEM NTyY CMelleH OTHOCHTENBHO MafaloIero Ha pacCTOSIHUE
{=6,2 MM, a B CTEKJIE JIYY NPOXOAHT NYTh L = 5 MM.

997. Ha ropu3oHTalbHOM JOHE BOAOEMA, HMEIOIIEro rayGHHY
fr = 1,2 M, nexuT nnockoe 3epkaso. JIyd cBeTa magaeT Ha NOBEPXHOCTD
BOIBI mof yrioM o = 30°. Ha kakoM paccTosiHMM [ OT MecTa NafeHust
9TOT JIy4 CHOBA BBIHIET HA MOBEPXHOCTh BONBI MOCJ/IE OTPAKEHUS OT
sepkana? [loka3arens npesioMmieHns Bofbl 1 = 1,33,

998. Ha ropu3oHTanbHOM fAHE OacceiiHa, MMEIOLEro TIyOHHY
h =2 M, nexuT miockoe 3epkajo. Jlyd cBeTa, npejOMHBIIHCH HA
HOBEPXHOCTH BOAbI, OTPa)KaeTCs OT 3e€pKaja M BBIXONHT B BO3JyX.
PaccTosinMe OT MecTa BXOXAEHHS Jy4a B BOAY HO MecTa BBIXOfa
OTpaxKeHHOro fiyua u3 Bogwl [ = 1,5 M. Halitw yron mageHus nyva o.
ITokazarenb npejiomMieHns Bogbl n = 1,33,

999. Y mnnockomapaifienbHOH IJIACTHHKH, HMEIOWEH TOMIIUHY

=5 M, HIDKHSSI TOBEPXHOCTL NocepeOpeHa. Jlyd cBeTa, nagaromui Ha
IUTACTHUHKY Mo yrioM o = 30°, 4aCTHYHO OTpaXKaeTCsd OT BEpXHeH
HOBEPXHOCTH, YaCTHIHO MPOXOJUT B IUIACTHHKY, OTPA’KAETCA OT HHXK-
HEW MOBEPXHOCTH MNACTHHKH, H, MIPEIOMISSICH BTOPUYHO, BHIXONHUT B
BO3[yX MapajielbHO MepBOMY OTpaXKeHHOMY jydy. HalTu mokasarenp
HpeTOMNEHHs] 1 MaTepHana MIACTHHKY,; €CITH pacCTOAHHE MeXnAy: Ma-
JAFOIIUM U BBIXOOSINUM JyuaMu / = 2,5 cMmu
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-1000. Ha crexnsHHyI0 IToCKONapanaelbHyO IACTHHKY TONIMHbBI d
nafiaeT Ty CBETA o YriioM O JIyd yacTHYHO OTpa)KaeTcs OT BEpXHEMH
IIOBEPXHOCTH, YaCTHYHO MPOXOAUT B NNACTUHKY M, OTPa3MBIIUCHL OT
HMXKHEHW MOBEPXHOCTH, BBIXOAUT 4Yepe3 BepxHioto. Haiith yron ¢ BbI-
Xxofja Nyda ¥ ANuHYy L [0yTH, NpOHNeHHOrO NPENOMIEHHBIM JTYUOM B
mnactuske. [TokazaTens npeloMIICHUS CTEKNa PaBeH H.

1001. KakoBa TonuuHa d CTEKISIHHOA MIOCKoTapanielbHON Nia-
CTHHKHM, €CITM TOUKY Ha 3aJHEH OBEPXHOCTH MJIACTHHKH HaGfogaTenn
BUINT Ha paccTosHuM | =5 cM oT nepepHeil nosepxHocTu? Ilokasarens
npenoMneHus ctekna n = 1,6. JIyu 3peHus neprneHanKynspeH K MOBepX-
HOCTH NNacTUHKM. [J1s1 ManbIX yToB tg o == sin oL = O,

1002. Y nnockonapannelbHOH MIACTHHKH, UMEIOLIEH TONIHUHY
d=1,2 cM, 3agHsAS IOBEPXHOCTh nocepedbpena. ToUueUHBIA NCTOUHHUK
CBETa pacONOXEH Ha paccTosAHuu [ = 1,5 cM OT nepefiHed IOBEPXHOCTH
mnacTuHKH. Ha KakoM paccTosHMM L OT MCTOYHHMKA HAXOAMTCS €ro
n300paxeHnue, NONyIaloLEecs B pe3yNbTaTe OTPaxXeHUs JyUell OT 3af-
Hell noBepXHOCTH nnacTuHKU? IlokasaTenb npenoMieHUs MaTepuana
nnactTuHky n = 1,6. JIyu 3peHus NeprneHOUKyJspeH K INOBEPXHOCTH
IJIACTHHKHU.

1003. CrepxeHb ONyIIEH KOHIOM B MIPO3PavYHYIO KUAKOCTh, MOKa-
3aTeNb NMPeNOMIEHNs KOTOPOH paBeH #, U 06pa3yeT ¢ NOBEPXHOCTHIO
>kupgkocTu yron o. Habmropatento, KOTOPhIl CMOTPHT CBEPXY, KOHEI]
CTE€PXHs, NOTPYXEHHBI B XHAAKOCTh, Ka-
JKETCsl CMelIeHHBIM Ha yron [ (puc. 151).
IIpn xaKoOM yrie HaKJIOHa CTEPKHS O yroin
cMelenus B 6yleT MAaKCUMATBHBIM?

1004. CeueHne CTeKNIHHON IPHU3MBI
nMeeT HopMy paBHOCTOPOHHETO TPEYroib-
nuka. JIyu magaet Ha oOoHy M3 rpaHei nep-
NeHguKysipHo K Hel. Haidtu yron O mexay
HallpaBJIeHHIMH Majalollero jJyda W nyda,
BbIIIeIEro u3 npu3Mel. [lokaszaTens mpe- Puc. 151
JIOMIIEHHs cTeKna n = 1,5.

1005. B muctepre ¢ cepoyrieponoM Ha riayoune i =26 cM moj
NOBEPXHOCTHIO PACIONOXeH TOUYeUHbIA HCTOUYHMK cBeTa. HaiiTu nno-
agb Kpyra Ha MOBEPXHOCTH XHUAKOCTH, B INpefenaX KOTOPOro BO3-
MOXEH BbIXOJ Nydelt B BO3Ayx. Iloka3aTens npenomienus cepoyrie-
pona n = 1,64.

1006. Bononas cront Ha TOPU30HTATBHOM JJHE BOJOEMa, HMEIOLIETO
rny6uny H = 15 M. Ha xakom paccrosiHuu ! OT BOlona3a, pocT KOTO-
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poro h = 1,7 M, HaxOATCA T€ YACTH HHA, KOTOPbIE OH MOXET YBHJETH
OTPaXXECHHBIMH OT MoBepxHocTH BoAbI? Ilokazatenb mpemomienns
Bonbl n = 1,33,

1007. Ha pgHe Bogmoema, uMcromero riuyouny H = 3 M, HaxomuTca
TOUEYHBIA HCTOUHMK cBeTa. Kakod MHHHMAJBHBIA paguyc R moixen
UMeTh KPYIJbld HENMPO3payHbId JAHCK, IJIABAXOIIHA HAa MOBEPXHOCTH
BOJIBI HAJl ACTOUHUKOM, UTOOBI C BEPTOJIETA HENB3SI OBIIIO OOHAPYXHUTHL
2TOT UCTOYHHK cBeTa? Ilokazaresns npenomnenns Boabl n = 1,33,

1008. B xxugkocTu ¢ mokasartejaeM NpeiaoMieHus n = 1,8 noMmelien
TOYEUHBIH HCTOUHHK cBeTa. Ha KaKOM MaKCHMAIbHOM PACCTOSIHHH )
Haj HCTOYHKKOM HAJIO TOMECTHTH IACK AuaMeTpa D = 2 cM, 4TOOBI CBET
He BBIIIEJ U3 XXUAKOCTH B BO3AYX?

1009. B tomme crekia ¢ mokazareseMm mpemoMicHus n = 1,5 Ha
paccrostHiM h = 10 ¢M OT MIOCKOH NMOBEPXHOCTH CTEKJIA HAXOIUTCH
TOUEUHBIA HCTOUHHK cBeTa. Henmpo3payHeIid JUCK pacnooXeH Ha 3TO’
[IOBEPXHOCTH TaK, YTO €ro IECHTP HAaXOAUTCA B GIMXKaHIIeH K HCTOU-
HUKY TO4YKe. [IMCK M CTEKJIO MOKPBITBI CHAPYXH IUIOCKHM CIOEM
IJ1afgKoro nbja 6e3 BO3AYIIHOW mpocnodku. Kakod MHHHMAalbHBIA
paguyc R IHOKeH UMeTh JUCK, UTOOBI CBET HE BbIIIEI Uepe3 MOBEpX-
HOCTB JIbga?

1010. Ilyuok cBeTa CKOJB3UT BAOJL OOKOBOH rpaHH NMPHU3MbI, Cceve-
1Me KoTopon mMmeeT opMy paBHOOEAPEHHOTO TpeyroybHuka, [lpn
KAKOM MpefeIbHOM MPEJOMIISIONIEM YIJIE () MPU3MbL MPEJIOMIIEHHBIE
JYUYR TPETEepHsT MOJHOEe OTpakeHUe Ha BTOPOH OOKOBOW rpaHu
nipu3Mbl? [TokazaTens npenoMiaeHAst MaTepRaIa NpU3Mel 11 = 1,6,

1011. T1pu3ma ¢ mpenoMIISIIOIUM yriIoM @ = 60° creslaHa U3 cTekia ¢
nokaszareieM npenomieHus n = 1,75, [1pu kakom yrie napeHus o yva
CBETA HAa ONHY M3 I'paHed BBIXOJ JIyua U3 BTOPOH IrpaHH CTAHOBHUTCS He-
BO3MOKHBIM?

1012. Jlyy cBeTa magaeT MEpNEeHAHKYISAPHO K KOPOTKOH I'paHH
TpeXrpaHHOH MOBOPOTHON MpHU3MbI ¢ yraaMu 90° n 45°, H3roroBieHHOH
13 CTEKJAa ¢ MokasaTeseM mpenomicHud n = 1,75. Ha kakon makcn-
MAJIBHBIHA YTon U MOXeT OTKJIOHHTBLCS J1yY B HANMpPAaBIEHHH K 90°-HOMY
pebpy B IIOCKOCTH, MEPIEHAUKYISPHONA K 3TOMY pebpy, 4TOObBI CBeT HE
BBIXOJUI YACTHYHO Uepe3 ITHHHYIO IpaHb NpU3MbI?

§ 28. ®oTomeTpun

B doromeTpun BBOAsAT cCBETOBBIC BEeJHUHHBI. Tak, 3HEPTHIO, 1nepeHoCH-
MYIO CBETOM 'I€pe3 KaKylo-HHOyAbL IUTOMAAKY 33 €MHHIY BPEMEHH U Olle-
HHBAEMYIO N0 3PHTEJBHOMY BOCHPHSITHIO, Ha3bIBAIOT CBETOBLIM NOTOKOM @
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4epés Ty naomaiky. OcBemeHHocTh nosepxnoct £ = ®/S, rne S — nnomanmn
HOBEPXHOCTH,

Cuitofl cBera HCTOUHHUKA 110 JIIHHOMY HAanpapicHUIO HA3bIBACTCH BEAMIHHA
[ =®/w, Tne ® — TenecHbIl Yron, B KOTOPOM PACHPOCTPAHSIECTCA CBETOBOMN
norok @. TenecHblll yron onpefendeTcss OTHOUICHHEM IUIOWAAKM S MOBEpPX-
HOCTH, BLIPE3aeMOH TECJICCHLIM YIIIOM H3
chepnl (UEHTP KOTOpOTll HAXOAUTCS B BCPILMHE
TEAECHOTO yria), K KBagpaTy paguyca » 3TOH
cepnl, T.e. @ = Sy/r? (puc. 152). B cayvae ma-
JIOTO TEXECHOTO yria, €CAH BMCCTO IOBEPXHO-
cru chepbl S OepeTes OrpaHHUCIHAs TEM XKe
TEICCHBIM YIIOM ILTON KA S, PACCTOSHEC J10
KOTOPOI OT BEPIIHHL] TCACCHOTO YI1a PABHO I*
M MCPICHAMKYAAP A K KOTOPOH COCTABIACT Puc. 152
yroJ oL ¢ paiuycoM, 1o Sy =S cos o. IIpn arom
E = (I cos 0)/r?. rie r — pacCTOSHNE OT UCTOUHHKA JI0 OCBEMAEMON 1TOMA/IKH,
0L — YTON NajieHUs] TyIeH Ha Hee.

Epauuuel ¢cBeToBOrO NOTOKA SBAACTCH AtomMes (M), OCBCIIEHHOCTH —
AKC (JIK), CHBL CBETA — KaHOead (KJ1), TeNeCHOTO yraa ~ cmepaduan (cp). Pac-
CTOSIHIIE I BLIPAsKAIOT B MCTPax (M).

1013. Jlamnia ¢ cuno#t ceeta / = 200 kK yKpenseHa Ha IIOTOJNKE KOM-
HaTbl. HaliTy noaHslil cBeTOoBOH NOTOK P, maJarolmuil Ha CTCHBI W TOJ
KOMHATBI.

1014. dororpadhuuecknii CHUIMOK TedaTaln ‘KOHTAKTHBIM CITIOCO-
6omM”. 1lpu 3ToM nmamma pacnomarallack Ha paccTOdHUU | = 60 cM oT
CHHMKA, a 9KCHO3nuWs miunack £, = 16 ¢. KakoBo JOMKHO ObITh
BpeMs 3KCHO3HUHWH [, €CIIH 3aMEeHHTH JaMIy Ha APYIYIO ¢ CHJOH
CBETAa, BTPOE MEHBIIEH, I IOMECTHTh €€ Ha PACCTOAHHM I, = 45 ¢M OT
CHUMEKaA?

1015. [Ise maMmmbl, cUAbl cBeTa KOTOPBIX [, =75 ku u [, =48 xx,
HaxoqTcst APYyT OT ApPyra Ha paccTosaHun I = 1,8 M. I'le Halo NOMECTUTD
MEXJIy HUMHA 3KPaH, YTOObI €0 OCBENICHHOCTE ObLTa OJMHAKOBA C TOH
1 Jpyro# cTOpOHBI?

1016. OBe samnsl, cHiisl cBeTa KOTOpbIX /| =25 kg u [, =8 X,
HaxomsITCsL APYr OT gpyra Ha paccrosiiuu i = 1.8 M. Ha kakom pac-
CTOSIHMH 'y OT TIEPBOH JIAMITb! (HA JTUHUH, COEHHAIOIEH TaMIIbI) Hafo
TIIOMECTHTb JHUCT 6GymMaru, 9To6bl OCBENIEHHOCTH €ro CO CTOPOHBI
nepBoH JiaMnbl 6bLTa BABOE GONBINE, €M CO CTOPOHBI BTOPOH?

1017. TIpu ocMoTpe BHYTPEHHEH MOBEPXHOCTH C(PepUUECKOro pesep-
Byapa, uMeroniero gaaMeTp d = 20 M, B ero BepxHeH TouKe ObLT YKpell-
JIeH HCTOYHHUK ¢ cuIIol ceta [ = 1000 xu. HaiiTi ocBenieHHOCTL B TOM
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TOYKE MOBEPXHOCTH pe3epByapa, B KOTOPOH JIy4H MafatOT MO YIIIom
o = 34°. Ceer, oTpasKeHHBIN OT CTEHOK pe3epByapa, He yUUThIBATh.

1018. Hag ueHTpoM KBaipaTHOT'O CTOJIa CO CTOPOHOHM a = 1,5 M Ha
BbICOTE h = 1 M OT MOBEPXHOCTH CTOJIa BUCUT Namma. Bo ckombKo pa3s
H3MEHHTCSl OCBEIIEHHOCTb B IEHTPe CTOJIa, ECIIH 3TY Ke JIaMly Mo-
BECHTH Ha TOM e BbICOTE HaJ OJHAM M3 YIJIOB cTONa?

1019, Ha crone neXXUT pacKpbITasi KHUTA, KOPEMIOK KOTOPOM IJTHHEI
[ =52 cM HampaBlieH K HACTONBHOM JTaMIie. Jlunusd, coeguHsomas Bepx
CTPaHMIBbI C HUTHIO JIaMIIbI, IMEeT TaKYIO 3Ke IJTUHY / 1 HaKJIOHEHa TIOf
yriaoMm ¢ = 60° Kk TIOBepXHOCTH cTona. HaiTn pasHuIy ocBernie HHOCTER
Bepxa M Hu3a CTPaHMIbI, eCNH CHJIa cBeTa Jamnbl [ = 60 k.

1020. Haiitn monHbIA CBETOBOH MOTOK @, co3gaBaeMbId HCTOY-
HHKOM, MOMEIICHHbIM Ha MauTe BBICOTHI h = 12 M, eCTH HA PaccTos-
Hu# [ = 16 M OT OCHOBAHHUS MauThl OH CO3[IacT OCBEIEHHOCTE E = 3 5K,

1021. Ha BricoTe A = 8 M Hajl 3eMJiell BUCHT JiaMIla C CHJION CBeTa

= 1000 kn. Ha#tu nnomags S yyacTKa, B Ipefleiax KOTOpPOro ocBe-
LEHHOCTD He MeHbIle YeM E = 1 5.

1022. Ha BricoTe h =5 M Hap 3eMJIeH BUCHT JiaMIIa C CHUJIOH CBeTa
[ =400 kn. Haitty nnomaas S yvyacTka, BHYTPH KOTOPOTO OCBEUICH-
HOCTBb MeHseTcs B Ipefienax oT £, = 0,25 nx go E, = 2 7K.

1023. Hap nnomapbio BEHCAT OHAPB, CO3AIOMAE OCBEIEHHOCTD
E, = 10 ik B TeX TOUKAaX, B KOTOPBIX JIYYH NAJAIOT HA 3EMITIO TIOJT YIIIOM
o, {cos a; = 0,3). KakoBa ocBenieHHOCTb E, B TOUKaX, B KOTOPBIX JIy4H
mafaroT Ha 3eMITIO TIOf YIJIOM ¢, (cos o, = 0,6)?

1024. Kpyrapmi 3an guamerpa d =30 M ocBemaeTcs JaMmIIOf,
YKpEIUIEHHOH B LeHTpe moTonka. Haltu BeICOTY /1 3ana, ecnu Ham-
MeHbLIAS OCBEHIEHHOCTE CTEHEI 3aJia B 11 = 2 pa3a OoJiplIe HauMeHbLIEH
OCBEUICHHOCTH MOJa.

1025. Ha BricoTe h; =2 ™M Haj cepeguHOH KpYraoro crona,
IMEOIETo AuaMeTp d = 3 M, BUCHT jiamria ¢ cunoii ceera /; = 100 xa.
Ee 3aMeHWIN JaMIIOX C CUIION cBeTa [, = 25 K/, U3MEHUB PACCTOSTHUE OT
AaMIIBl KO CTOJIa TaK, YTO OCBELICHHOCTH CEPEeOUHLI CTOJIa HE H3Me-
Hunach. Kak m3aMeHnnach 0cBemIeHHOCTE Kpast crona?

1026. IInomangka ocBemiaeTCs ABYMsl Pa3/IMUHBIMU JIaMIIAMH, BUCH-
IIUMH Ha cTonbe OfHa Haf Apyrod Ha BbICOTE A; =8 M u hy =27 M. Ha
KaKOM PaCcCTOSIHAH | OT OCHOBaHWMsI CTOJ0a HaXOOATCA TOUKH IITOIAKHY,
OCBEIIEHHOCTbh KOTOPBIX HE H3IMCHHUTCS, €CIH IMOMEHSTb JIaMIIbl
MecTaMu? .

1027. Tpn omMHAKOBBIX TOYCYHBIX iHCTOYHHKA C CHIOH CBETa
! =10 K Kaxgblil pacnojioxkeHbl B BepHIHHAX PaBHOCTOPOHHEIO
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TPeyrojpHUKa CO CTOpPOHOH a = | M. B 1ieHTpe TpeyronsHuKa mepreH-
DUKYJASPHO K €ro TIOCKOCTH M HapalijelbHO OJHOH M3 ero CTOpoH
pacnoJloXKeHa MajleHbKast inactuHKa. HaliTi ocBelieHHOCTh KaxKRoi u3
CTOPOH IUTaCTHHKH. ’

1028. Tpu namnobr B HEOOJNBIIOH 2KPaH PacHoONIOXKEHBI B BepPIUH-
Hax poMOa, OfHa U3 AHaroHaneil KOTOpPOro pasHa €ro CTOpoHe. JDKpaH
NeprneHANKYIsIpeH K Apyrof auaroHanu (puc. 153). Kakyto cuny cBera /
UMeeT CpefHss JlaMia, eClH OPH €€ BbIKJIOUCHHH OCBEHICHHOCTD
3KpaHa YMEHbIAeTcd B n =2 pa3a H JBE

Apyrue namibl MEOT cHy csera [y = 10 kn? *

1029. [1se namnni ¢ cunoii ceeta I = 200 kx /// 3 \\\
KaK[iasg BHCAT Ha cronbe ofHa Hapg apyroitna /.-~ ' BN
BbIcOTE /iy =3 M 1 hy = 4 M. Haittt ocgemen- 53777777 T J —,:’i
HOCTH TOBEPXHOCTH 3€MJIH Ha pacCrosi- N ; el

NP

Huu [ =2 M OT OCHOBaHHusA cTonda.

1030. [Ise opuHaKOBBIE JaMObl IPHKPEMN-
JIeHbI K MNOTOJKY KOMHATBhl Ha paccros- Puc. 153
HuU [ = 4 M gPYT OT ApYyTra, Ha BbICOTE 1 =2 M
OT MOBEPXHOCTH cTona. HallTH OTHOLUEGHHE OCBELICHHOCTEH LEHTpa
cTojia B ciaydasx, KOIJla CTOJ PACIOJIOXKEH: NMOA OfHOW W3 JjaMmm;
noceperHe MEXKAY JTaMIIaMH.

1031. DxpaH ocBemiaeTcs AByMs naMiiaMu ¢ cunoi cgera I; = 200 kp,
pAacnoNoXXEHHBIMH CHMMETPHYHO OTHOCHTENEBHO LIeHTpa 3KpaHa. Pac-
CTOSIHHE OT KaXXJIOf JlaMIbt /10 3KpaHa (1o NepNeHuKyasapy) Ay =4 M,
paccrosiHne MeXxnuy namnamMu /=2 M. Kakyro cuny cBera ! gosxHa
HMeTh JlaMIa, MOMEIICHHAs Ha PacCTOSAHUK h = 6 M OT LleHTpa 3KpaHa,
yTOOBI OHA Jajla B HEHTPE KpaHa TaKYIO K€ OCBELICHHOCTb, KaK J[IBE
YIOMSIHYThIE JTaMIbI?

1032. ToueyHsiil HCTOYHHK CBeTa S OCBeljaeT MOBEPXHOCTH AB
(puc. 154). Bo ckoabkO pa3 yBenHWUMTCH N
OCBCUICHHOCThL B Touke C, ecanu COOKY OT
MCTOYHHUKA cBeTa Ha paccrosiuun SD = SC
MTOMECTHTH TIJIOCKOE 3epKano, oTpaKaroee
cBeT B ToukKy C? KoappuumeHT oTpakenns
3epKasia CUUTaTh paBHLIM €IUHHUIIC.

-1033. Jlammna, nmogBemIcHHAsT K MOTOJKY,
AMECT B FOPH30OHTAILHOM HANPaBICHUH CHITY
cBera | = 96 kn. Kakoit ceeToBoii noTtok @
nmajjaeT Ha KapTuHy mromanu S = 0,5 M?, ecnu KapTHHA BUCUT BEPTH-
KaNbHO Ha CTEHE HANPOTHB JHaMIIbl Ha PACCTOSIHAMN a = 4 M OT Hee, a- Ha

Puc. 154 ;
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TPOTUBOMOJIOXKHON CTEHE HAa PAacCTOSIHAM b = 2 M OT AaMITbl HAXOTHTCS
00JBbIIOE MIOCKOE 3epKano? :

T * N 1034. KakoBa OCBEelLIeHHOCTh MAaNEHLKOU rOpH-
H 30HTaNbHOU nomanku (puc. 155), ecnu Hag Heli Ha
E pacCTOSHUHM [ = 2 M HAXONKWTCA TOUEUHBIR HCTOUHUK
' ¢ cunoti ceeta I = 60 k1, a Ha paccTossHun d = | M OT
' HCTOYHHKA W TUTOUIAAKM BEPTHKANBHO pacmolio-
JKEHO TIOCKOoe 3epKano?

1035. Ilnockuit KpaH B WAEANTbHO OTpaXKkaroliee
MJIOCKOE 3epKaJio 00pa3yroT ABYTPaHHBIA yron
¢ = 45°. Mexny sKpaHOM M 3€pKaloM, Ha ONH-
HAaKOBOM pAacCTOSHHHA d OT HHUX, MOMeUleH TO-
YEUHBIT HICTOUHHUK cBeTa S. KakoBa OCBEIIEHHOCTh B TOUKe A 9KpaHa,
OnWsKafuIei K UCTOUYHUKY?

Puc. 155

§ 29. Cpepuueckue 3epkana

Cepepriueckoe 3epKallo IpeficTaBasieT coO0N OTNONHPOBAHHYIO MOBEPX-
HOCTL mapoBoro cermeHTa. [psiMas, nposejieHHast uepes HeHTp cepb! (ONTH-
UCCKHUH HEHTP 3epKana) W BEepIIHHY IIapoBOrO CerMCEHTa (IIOJioc 3epKana),
HA3LIBACTCS TNABHOH ONUTHYECKOH Ochbio 3epkana. Beakas ppyras mps-
Mdsl, NPOXOJSINAs epe3 ONTHUECKHI [EHTp, Ha3biBaeTcsl NOGOYHOH ONTH-
1ECKOR OCLIO.

Jlyu, napanjcnabHLIA IMaBHOH ONTHUECKOH OCH, MOCNE OTpaxKeHHus Ie-
pecekaer ee B (poKyce 3cpkana, nexaileM Ha paccrosHud F = R/2 oT 3ep-
Kaja. riae R — paguyc KpUBH3HBI 3epkana (pagmyc cdepsbl). B ciayuae BbI-
fIYKJIOTO 3¢pKaia TA4ABHYIO ONTHYECKYIO OCh lepeceKaeT HE caM OTpPaXCH-
HBI J1yY, a €ro MEHIMOe MPOAOIKeHHe. B 3TOM ciyuae pokyc MOXHO Ha3BaATh
MHHUMBIM. , '

ITnockocrn, mposejeHHast uepe3 (POKYC NEPNEHAMKYTAPHO K FAaBHON
ONTHYECKON OCH, Ha3dbiBaeTcs (pOKaNBHOMI NNOCKOCTRIO. JIyun, napannenbHble
1NOBOTHOI ONTHICCKO OCH, 110CNE OTPaKEHUsI CXONATCA B TOUKE, NeXalleh Ha
¢pOKaTKLHOR MIOCKOCTH 3¢pKania (B cIyduae BBIIYKIOTO 3epKana — npojon-
SKCHHS Jyueil).

Jlyum, ucxopslue OT HeGONBIIOTO TNpEAMETa, IOCIe OTpaxKeHHS OT
3epKana obpasytor n3obpaxenue. Kaxnod TOUKe NpeAMETa COOTBETCTBYET
onHa Touka n3obpaxeunusi. M3o0paxkeHne MoxXeT ObITh JEHCTBUTENBHBIM,
KOrJ[a OHO 0GPA30BaHO CAMUMH NyUaMH, OTPaKEHHBIMH OT 3epKaina (puc. 156),
WM MHHMBIM, KOTAa OHO 06pazoBaH0 HpOJIOJI)KeHI/ISIMI/I OTpa*KEHHBIX
nyqei (puc. 157). : : e . ‘

Ilycrs npeaMeT (Mnu ch‘oq}mK) pacnonaraeTc,q B BEPIIMHE Ny4YKa NEpe-~
cekaroluxcsl nyuei. Ecnu aTa BeplinHa JEUCTBUTENBLHO CYIIECTBYET aXKe TNpPH
HAJTMYHH 3€PKalia, TO HCTOUHHK CIHTAeTCs AeHcTBUTENBHBIM (puc. 158). Ecu
K€ B IIPUCYTCTBHMH 3€pKaJla BEPUIMHA . 0fpazDdBana JNHIbL [POJONKCHAIMU
JydeH, TO MBI HIMEEM IEJTO C MHEMBIM HCTOUHHKOM (pHC. 159).
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i PaccrosiHue d OT npegMeTa A0 3epKana, paccrosiHMe foOT 3epKama o
u3o0paxkeHus U (PoKycHOE paccTosHue F CBA3aHbI COOTHOIIEHHEM

Ha3biBaeMbIM opMynol 3epkana. ITpu takoM HanucaHuM opMynbl BENH-
yuHGI d, f ¥ F CUMTaIOTCs NONOKATENbHBIMH (B YCITOBHSX 3ajlaY 3HaueHH d, [ H
F 3ajjaHbl 10 MOAYNIO). 3HAKH 3Xe Nepefl uleHaMH GOpMyINbl 3epKana BbIGH-

%\ o
* / .
<’—»\§
* \\~\\ N

. 7

ok >

T \
Puc. 156 Puc. 157 Puc. 158 Puc. 159

paioTcs NOo NPaBUHIY: €CITH NpeMeT (MCTOYHMK), H3o0paxkeHne, POKYC ABIA-
10TCsl IeHCTBUTENLHBIMH, TO Nlepej] COOTBETCTBYIONIMMH YNE€HAMH (POPMYIBI
CTaBHUTCS ILTIOC; €CTH MHMMBIMH, TO CTABUTCS MHHYC.

Ecnu nepep BceMH uneHaMH (poOpMynbl 3epKana 3HaKH IIOCTABJIEHBI B
COOTBETCTBHHU C YKA3aHHBIM IIPABUIIOM, TO NONYUEeHHBIH OTBeT OyEeT Bceraa
NOJIOXUTENbHBIM, TaK KaK OH XapaKTEPH3yeT TOJILKO MOAYTb UCKOMOH Be-
nmuunHbl. YacTto, OofiHAaKO, AEHCTBUTENBHOCTb HWIM MHHMMOCTh HMCTOYHHKA,
usobpaxkeHus UNMU okyca Heu3BecTHa. B aTOM cmyuae nepej COOTBETCT-
BYIOI[UM ‘WIEHOM B (pOpMylle 3epKalla MOXHO NOCTaBHTh N0OOH 3HAK
(ynobHee o6BITHO MAiOC), T.€. NpeAnonaraTh npeMer (u3o0paxkenue, Pokyc)
NRENUCTBUTEILHBIM MJIM MHUMBIM, [IONOXUTETBHOCTD OTBETA YKA3BIBAET TOT/IA
Ha [PaBUJIBLHOCTDL 3TOTO NPEAINONOXEHUSA, OTPULATENBHOCTb — HA €r0 OIIH-
OOUHOCTD.

dopmyna 3epKaa U BCE BbIIIIeyKa3aHHbIE CBONCTBA 3epKaja CnpaBeTUBbI
TONBKO ANs Ty'UeH, HAYLIHX BONU3H INMaBHOH ONTHUECKON OCH H COCTABSIOMIHX
¢ Hell Maneie yriel. Bo Bcex 3ajatiax nogpa3yMeBAeTCsl, UTO Mbl HMEEM [IENIO
HMEHHO C 3THM CIyIaeM.

1036. ITocepebpennas cdepa pacceueHa Ha [BE€ YacTH IUIOC-
KocTbio. Ha KakoM paccrosguud b oT meHTpa cdepbl IPOXOAHT 3Ta
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IJIOCKOCTh, €CJIM MeHbIlasg 4acTh HOpeENcTaBinsAeT cob6oit cepu-
yeckoe 3epkano auamerpa 4 = 0,64 M c (HOKYCHBIM pacCTOSHHEeM
F=0,65wM?

1037. Ha xakoM paccTOsiHHH d OT BOTHYTOrO 3epKajia ¢ (pOKYCHbIM
paccrosgureM F = | M HeOGXOMMO IOMECTUTE UCTOUHHK CBETA, UTOOK]
ero u3o0paxeHne CoBNajo C CAaMAM HCTOYHHKOM?

1038. Paccrosinre oT mpepgMeTa A0 BOrHyToro 3epkana d = 0,5 m,
paccTosgHHBe OT 3epKana Ao u3obpaxenus /= 2 M. Hafitn paguyc kpu-
BU3HLI R 3epkana.

1039. Ilpeamer BoicoThl £ = 0,06 M HAXOOWUTCA HA PACCTOSHHK
d = 0,14 M oT BOrHyTOTO 3€pKaja ¢ (POKyCcHBIM paccToguuem F = 0,11 m.
Haitti BeICcOTY /1 H306pakeHHUs IpeaMeTa.

1040. ITpegmer Haxongutcs Ha paccrosanu d = 0,48 M OT BOrHYTOrO
3epkana. 3epKayio faeT AefCTBUTENBHOE M300pa’KeHHE NPEeIMeTa ¢
yMeHbIlleHHeM k = 4. HaliTu paguyc KpuBH3HEI R 3epKana.

1041. BoruyTtoe 3epKano maeT NeHCTBUTENBHOE H300pakeHUue Npef-
MeTa ¢ yBennuenneM k = 4. Hahtu pokycHoe paccrosnne F 3epkarna,
€CJIH PacCTOSHUE MEXKAY NPEIMETOM U ero uzobpaxeHueM a = 1,5 M.

1042. Maneiii yyacTok noBepXHOCTH cdepbl mocepebpen. Ha
MMaMeTPaNbHO NPOTHBONOIOXKHOH CTOPOHE c(hePhI MONYIUITOCh N300-
pa*keHHe HeKOTOPOro NPEAMETAa, NOMEIEHHOTO BHYTpH Hee. C KaKuM
yBeJIMUeHHEM k H300paxaeTcs nmpeaMeT’!

1043. PaccTossHEE OT TOUYEYHOrO HUCTOUHHKA CBETA O BOIHYTOIO
3epkana d = 2R, rae R — paguyc KpHBU3HBI 3epkana. MICTOYHHK Haxo-
ABUTCA Ha IJIaBHOH ONTHYECKON OCH 3epKa-

' p 71a. I'ne pacnonoxeno ero uzo6paxenue?
o / o’ [TocTpounTs Xon Nyuei.
1044. Ha BormyToe 3epKajo mnapa-
B eT ny4 AOB, nepecekalolUil IIaBHYIO
ONTHYECKYIO OCh 3epKaja B Touke O. OT-
Puc. 160

pakeHHBIH OT 3epkana ny4 BO’D nepe-
cekaeT Ty ke ock B Touke O’ (puc. 160). Haiitu nocrpoenneM nomuo-
>KeHHre (poKyca 3epKana.

1045. BoruyToe 3epKajo faet AeACTBHTEeNbHOE N300 paskeHne npen-
MeTa ¢ yBenuuenueM k; = 5. Ecnu nepeMecTuTh IpeIMET Ha HEKOTQPOE
paccTosiHie BAOJL [NIaBHOH ONTHYecKOH OCH, M300pa’XeHHEe Iepe-
MECTHTCSI BIOJIb OCH Ha TAaKOE Xe PacCTOSHHE. HaﬁTn yBENHUeHHE
k, IpH HOBOM PacHOJIOKEHUHU TIPEIMETA.

1046. BoruyToe 3epkano. gaer JeACTBATENBHOE n306pa>KeHHe npen-
MeTa ¢ yBennueHneM k; = 5. Eclin 3epKano nepeMeCcTUTh Ha pacCTOAHHE
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a=2 cM OnuIKe K MpefMeTy, TO YBEJHYEHUuEe NpegMeTa crTanet k, = 7
Haiitu pokycHoe paccroanue F 3epkana.

1047. Boruyroe 3epkajo faeT JEHCTBUTEIbHOE H300paxkeHne npef-
MeTa ¢ yMmMeHbiieHweM k; = 1/4. Ecim npegMeT MepeMeCcTHTH Ha
paccTosHuE a = 5 CM GJIHKE K 3€pKally, TO YMEHBIIEHHE U300paKeHH
craHer k, = 1/2. Haittn pokycHoe paccrosiaue F 3epkana.

1048. dokyc BOTHYTOrO 3epKana pacmoNioXeH Ha pacCTOAHUH
« = 0,24 M or npegMeTa u Ha paccrosiHuu b = 0,54 M ot ero nzobpa-
xeHus. HaliTu yBenuueHne k npeiMera, faBaeMoe 3€pKajioM.

1049. CpeTsnascs Touka pacnojoxeHa Ha paccrosiauu d = 0,75 M ot
BOTHYTOTO 3¢pKana u Ha paccrosanu [ = 0,05 M ot mraBHO# onTHUeCKOR
ocH 3epkana. MzobpaxkeHHe TOUKH HaXOJUTCA Ha paccrosanm L = 0,2 M
ot ocu. Halitu papuyc KpuBH3HBI R 3epKkaja B cnydasix, Korga u3obpa-
JKeHHe JEeHCTBUTENBHOE B MHUMOE.

1050. Ilydok snydeit oT OECKOHEYHO yHAal€HHOIO HCTOUYHHKA CBETA
namgaeT Ha 9KpaH, UMeIOINNiA oTBepcTne fuamerTpa d = 7 cM. ITmockocTh
3KpaHa NeprneHuKyaspHa K sydam. Ha paccrosanu a = 68 cM 3a akpa-
HOM pacnojoXEHO BOCHYTOE 3€pKano ¢ (POKYCHBIM pacCTOSAHUEM
F = 0,28 M, rnaBHasg onTHUYECKas OCh KOTOPOTO COBHNAfacT C OCBIO
nyuyka. Hadu fuamerp [ ¢cBeTJIOrO Kpyra Ha 9KpaHe.

1051. Toueunsblil HCTOYHHK CBeTa MoMelneH B (pokyce 3epkana ¢
tpokycHbIM paccrosaneM F = 20 cM. Bo cKONbKO pa3 OCBEINEHHOCTD
3KpaHa, HaxopsIerocs Ha paccTosHun 7 = 0,2 KM OT HCTOUHHKA NPU
HaJInUnHM 3epKana 6oJbllle, YeM B TOHR XKe TOUKe dKpaHa 6e3 3epkana?

1052. TlposxkekTop ycTraHoBieH Ha BbicoTe /2 = 30 M OT NOBEPXHOCTH
3eMin. HallTi ocBemeHHOCTh £ B UEHTpE CBETJIOTO NSATHA HA NOBEPX-
HOCTH 3eMJU Ha paccrosnuu [ = 40 M oT ocHoBaHUs BbIIKHK. [Ipoxkek-
TOp HMeeT TOUEUHBIH HCTOYHHUK ¢ cuion cBerta / = 500 ka u pepaerTop
¢ ¢okycHbIM paccrosHueM F = 20 cm. CumraTth, IYTO NPOXKEKTOP JaeT
napaijesibHbIA MyUYOK JIYUEH.

1053. Boruyroe 3epkajo ¢ paguycoM KpuBu3Hbl R = 1 M pgaer
MHHEMO€E H300pa’keHue npeaMeTa, paclnofioXKEHHOE HAa pacCTOSHHH
/=3 ™ or 3epkana. Ha kakoM paccrosinu d OT 3epKaja HaXOJHTCH
npeameT?

1054. Boruyroe 3epkano ¢ paguycoM KpuBu3Hbl R = 120 cM maeTt
npsMoe u3o0paxkeHre NpeaMera ¢ yBeandenneM k = 4. Ha kakom pac-
CTOSHUM d OT 3€pKayia HaXxO#uTCsA npeameT?

1055. Boruyroe 3epkasno gaer n3obpaxkeHHe NpeaMeTa ¢ yBeande-
HaeM k = 6. Haittn pagnyc KpuBH3HbI R 3epKaia, €CITA NpeMeT pacho-
JIOJKEH Ha paccTosHmm d = 21 eM OT 3epKana.
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1056. BoruyToe 3epkano faeT n3obpaxeHHe NpeMeTa ¢ yBeJluue-
AueM k = 2. HadTe pagmyc KpUBH3HBI R 3€pKaja, €Cli pacCTOsIHHE
MEXKAY NIpeIMETOM H H300paKeHHEeM a = 18 cMm.

1057. CaeTda1uasics To4ka HAXOMHUTCS HA TJIABHOU OINTHUECKOH OCH
BOIHYTOI'O 3€pKajia Ha OJJHHAKOBLIX PACCTOSIHHAX OT 3epKaia M ero
(okyca. [lepneHnuKymsIpHO K OCH 3€pKaJla PacllONOKEH KpaH, LUEeHTp
KOTOPOIO COBNAaeT ¢ ONTHYCCKHM LIEHTPOM 3€pKasia. Bo ckonbko pa3
AUAaMETP CBETIOro KPyra Ha 9KpaHe MpeBbIIIaeT fHaMeTp 3epKaia’

1058. 3epkano gaeT MHHMOE H300pa*KEHHE C yBEIHUEHHEM k =
HaiiTh papuyc KpUBH3HBI R 3epKajla, ¢CJIR PacCTOsIHAE MEXKAy Ipeln-
MeTOM M u300paxeHueM a = 1,5 M.

1059. CeeTsmiasicst Touka pacnonoskeha Ha paccrostuun [ = 0,2 M oT
rJIABHOHM ONTHUYECKON OCH BOI'HYTOIO 3€pKaja, ee MHHMoe M3o0paxe-
nue — Ha pacctosHud L = (0,5 M oT To# e ocu. Bo ckoabko pa3 pokyc-
HOE PAacCTOSIHHE 3c¢pKala TpPEBBIMACT PAacCTOSTHUE OT CBCTsMCHCH
TOUKH 70 POKATBHOM IIJTOCKOCTH?

1060. OTpe3ok, coepmusionuit GOKYC BOTHYTOrO 3epKana ¢ ero
HOJIFOCOM, pa3fiesieH Ha TPH PABHbIE YaCTH, U B TOYKAX JeJIEHUS TIoMe-
HeHbl TOYeUHble HMCTOYHHUKH cBeTa. KakoBo paccrostnue ! MeXAy
1300 pPasKCHUSIMI STHX UCTOYHHKOB, €CJIM PATUYC KPHUBH3HBI 3CPKAJA
paBeH K?

1061. Ynapmuii Ha MArkyro IMAHY IIap OocTaBUJI B Heil yray6ue-
HUe, pafuyc Koroporo paseH 0,8 papuyca mwapa. [locie 3aTBepuesanus
IIIMHBI BBIEMKY Noce peOpUITH U TIONYUMBIIEECs] cpepriuecKoe 3epKalo
HAKPBUTH IIOCKNM CTeKNOM. C KaKUM yBEJTMYEHHEM Ia€T 3TO 3€pKalo
n3o0paxeHne PUCYHKA, HAHECEHHOI'O B IIEHTPE

g
0 crexya’?

H ’ ’

! g 1062. Ha puc. 161 SO — upegmerT, SO

E zr MHHAMOE 1300paskeHne B 3epKkaie, OO’ — rnarHas
o 0 onmTHyeckas och 3epkana. HaiTn nocrpoeHneM

NOJIOXKEHUS MOJI0CA 3ePKalla, €ro OINTHUECKOrO
nenTpa u gokyca.

1063. Yenosex BUAHUT cBOe H300paKeHNUE B ClepHiUCCKOM 3epKale,
HAXOMsIIeMCsl OT Hero Ha pacctosuma d = 0,2 M, yBeAWUEHHBIM B
k=1,5 paza no cpaBHCHRUIO C U300pAKEHUEM B INIOCKOM 3€pKaie, Ha-
XOASIEeMCsI Ha TAaKOM Xe paCCTOHHI/II/I Hajitn papuyc KpUBU3HBI
R epeprueckoro 3epkana. :

1064. Cxopstiuecst Iy4d TATai0T HA BOTHYTOE 3¢PKalo ¢ (POKYCHBIM
paccrosuneMm F = 0,5 M ‘w'niocite OTPdKEHUA COOGUPAIOTCI B TOUKE;
oTcTosied Ha paccTosiHuu f= 0,2 M OT 3epKajla U Ha paccTOsAHHAHA

Puc. 161
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L = 0,15 M or ero riaBHOH onTHdecKoi ocu. Ha kakoM paccros-
guM [ OT ocu cobepyTca NydH, ecid yopaTh 3epkano? IlocTpouth
XOp Jyueit.

1065. Cxopsiminecst nmyun MmagaroT Ha BOTHYTOE 3epkKailo ¢ ¢(pokyc-
HbIM paccTosgHareM F = 10 ¢M Tak, YTO UX NPOAOIKEHHNS EPECEKAIOTCA
Ha IJaBHOHM ONTHUECKOH OCH 3epKaja Ha paccTosHuu d = 0,3 M 3a
3epkanoM. Ha KakoM paccTOSHHM OT 3€pKajla COMHyTCS Jy4M mocie
oTpaxeHus?

1066. Cxopsmuecs Nyud HagalOT Ha BOTHYTOe 3epKajio Tak,
UTO HX NPOAOJKEHHUS MNEPECEKAIOTCI Ha TJAaBHOM ONTHUYeCKOH
ocH 3epkana Ha paccrosHud d = 0,2 M 3a 3epkainioM. Ilocne oTpaxe-
HUSA JIYUH COITHCH B TOUKY, PacIOJIOXKEHHYIO Ha pacCTOSHWM, paB-
HoM 1/5 ¢okycHOro paccrosHus 3epkana. HaliTu pagmyc KpUBU3HBI
R 3epkana.

1067. PaccrosHue OT cBeTsAmledca TOUKM #Ao 3epkana d = 4,8 cM,
paccroanue OT H300paxKeHuss 2TOH ToUKM A0 poOKyca 3epkaja
a = 20 cM. Touka HaxofuTcsd Ha TJIaBHOH ONTHUECKOH OCH 3epKasa.
Haittu poxkycHoe paccTosigne F 3epKana.

1068. Ha riaBHO# ONTUYECKOH OCH BOTHYTOrO 3epKaja ¢ pafiuycoM
KPHBH3HBI R HAXOOUTCS MalleHbKas NaMIlouKa HaKanuBaHus. PaceTos-
HUEe OT JIaMMOuK# RO 3epkana d = R/4. Haiitn ocBeumeHHOCTh E, B
LIEHTpe 3KpaHa, pacnoyioXKeHHOro NepNeHAUKYISIPHO K IITaBHOW ONTH-
yecKol OcH Ha paccTosgHHM 2R oT 3epKana. OCBEIEHHOCTL B IEHTpE
3IKpaHa, Haxopsmerocs Ha paccrosiHuM KR, paBHa E,. [loTepsamu cBeTa
TIpH OTpakeHNH NpeHe6peds.

1069. IlocTpouts u3obpaxenue S’ cBeTAeics TOUKK S, HAXOMA-
eiicss Ha riIaBHOM ONTHUECKOH OCH BBINYKIJIOIO 3epKana, €ClH I1O0-
JIOKeHUs] ONTHYECKOro IeHTpa 3epkalla C, ero nmomioca P u ¢okyca
F U3BECTHBI.

1070. IIpeaMeT HaxopmuTCs HAa PAcCTOSHUU d = 5 OT BBINYKJIOTO
3epKaja ¢ paguycoM KpuBH3HbI R = 1,5 M. Ha xakom paccrosianu f oT
3epkana HaxoauTcs u3o0paxkeHue npeamerta?

1071. M3zo6paxeHue UCTOUHHKA CBETA MOJYYEHO C MOMOLILIO BBI-
TyKJIOr0 3epKaja Ha paccrosHuu f = 60 cM ot 3epkama. Ha kakom pac-
CTOSHHM d OT 3epKajla PacloJIOXEH HCTOYHHK, eCIH (POKYCHOE pac-
cTosiHue 3epkana F =90 cm?

1072. Muumoe u3obpaxkeHde mpeAMeTa MOJYyIeHO ¢ MOMOLILIO BBI-
TIYKJIOro 3epKaia Ha paccTossHuM f = 12 cM oT 3epkana. Ha kakom pac-
CTOSHHH d OT 3€pKajia paclofiokeH NPEAMET, ECITM PagHyC KPUBHU3HbI
zepkaia R = 40 cm?
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1073. IInamMa cBeyHM HaxXOAUTCA Ha paccTosHUM d = 1,5 M op
BBIYKJIOTO 3epKana ¢ (pokycHbIM paccrosHueM F = 0,5 m. Haiity
yMeHbileHHe k n300pakeHus MIaMEHH CBEYH.

1074, TlpepMeT BBICOTBI A = 4 MM HaxO[JMUTC Ha PacCTOSHHM
« = 10.cM oT BBINYKIIOTO 3€pKaja ¢ paguycoM KpHBH3HBI R = 60 cMm,
HatiTn BricoTy H n300paxkeHHs [IpeMeTa.

1075. Brinykitoe 3epKajio ¢ poKycHbIM paccrosgnueM F = 0,2 M maer
MHHMOe H300pakeHHE MpeIMeTa ¢ yMeHbleHHeM k = 1/2. Ha xakom
paccrosiHuu d OT 3epKana pacnojioxen npeamer? Ilocrpouts xop
ny4er.

1076. Paguyc KpuBU3HBI BBINYKJIOro 3epkana R = 1,6 M. Ha xakom
paccTosHuu d mepes] 3¢pKajioM JOJIKEH HAXOAUTBECA MPEAMET, YTOObI
ero u3obpaxxeHHE NOJYYHJIOCh B 1 = 1,5 pa3a OnuxKe K 3epkany, dem
caM npegMer?

1077. Ceersmiasics TOYKa pacmoioXKeHa Ha paccTosHuu d = 1 M or
BBIMTYKJIOrO 3€pKaja, a €€ U300paXKeHHe NEeJUT TOUHO MOMOoJaM OT-
PE30K IITaBHOH ONTHYECKOH OCH MEX/Y TOJIKOCOM 3€pKaljia u €ro (hPoKy-
coM. Haiitu paguyc KpuBU3HbI R 3epkarna.

1078. YenoBek CMOTPHUT B NMOcepeOpEeHHBIA CTEKIAHHBIA HIap AHa-
Metpa [ = 0,6 M, HAXOJSICh OT Hero Ha paccrostauu d = 0,25 M. Ha xakom
pacCTOAHMM @ OT UENTOBEKA PACHOJIOKEHO €r0 YMEHbIIEHHOE MHHMOE
npsiMoe H300paxkeHue?

1079. Toukuit Kapasgan JTHHEI [ = 6 CM pacnoIoXeH BOIb MNTaBHON
ONTHYECKOM OCH BBINYKJOro 3epkaia. M3o0paxenue ero GIUKaAIIETO
K 3epKajy KOHLA HaXOAuTca Ha paccrosuuu f; = 20 cM oT 3epkana,
llaIbHETO — HA PACCTOSIHUH f, = 24 cM oT 3epkana. Halitu ¢dokycHoe
paccrosiHue F 3epka’na.

1080. Jlyy mepecekaeT TrlIaBHYIO ONTHYECKYIO OCH BBINYKJIOTO
3epKajia B HEKOTOpOo# Touke A. Ha KakoM pacCTOsHMM OT TOYKH A
HEOOXOMUMO PACHOJIOXHUTb 3€pKalo, YTOOBI Jyd, OTPA3HBIIACH OT
HEro, mepecek INIaBHYIO ONTHYECKYK OChb B TOYKE B, orcrosmei or
TOYKH A Ha pacCTOsIHMH [ = 1,5F7

1081. Cxopsiimuecst 1y4n NagaroT HA BBIYKIIOE 3€PKao TaK, UYTO HX
HPOJIOJIKEHHUS IEPECEKAIOTCA Ha TJIaBHOM ONTHYECKOM OCH 3epKajia Ha
paccrosuuu d = 24 cM 3a 3epkanoM. Ilocne oTpaxkeHus oT 3epkaja
JIy4H CXOJSITCS HA OCH 3€PKajla B TOYKE, HaXOAAIIENCS mepej] HUM Ha
paccrosinny f = 40 cM. HadiTu paguyc kxpuBH3HBI R 3epKana.

1082. Brinykiioe 3epkano ¢ OKYCHBIM paccTosHHeM F = 1,45 M
3aKppIBaeT COOOH OTBEPCTUE B HEMPO3PaYHOM 9KpaHe. Cxopsmuecs
JY4YH MafiatoT Ha 3epKajo Tak, YTO NOCIe OTPAaXKCHHUS OHH CXOAATCA HA
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THABHOM ONTHYECKOH OCHM 3epkala Ha paccTosHuM f= 55 cM nepep

skpanoM. Ha kakoM paccTosiHHM d 3a 3KpaHOM COHMAYTCS JIy4H, €CIH

BBIHYTh 3€PKajio U3 OTBEPCTHS?

1083. Cxopsmuecs nyyd MajalOT Ha BBIMYKIIOE 3€PKANoO C pagdy-
coMm kpuBH3HbI R = 0,4 M Tak, 9YTO HX MPONOJIKEHHS NMEPECEKAIOTCS
Ha TJIIaBHOM ONTHYECKOH ocH 3epkana Ha paccrosiaum d = 0,7 M 3a
sepkanoMm. Ha kakoM paccTosHum f oT 3epkana cofiyTcs Jydn mocie
oTpaxeHus?

1084. Cxopsuquecst Tyun NafiatOT HA BBINYKIIOE 3epKajlo Tak, 4To UX
MPOJOIKEHHUS MepeceKaloTcs B TOUKE, HAXOAsAUIEHCA HAa pacCTOSHAN
d = 0,4 M 3a 3epkanoM. Ilocne oTpaxkeHHs OT 3epKana JIyIl pacxoasaTcs
TakAM 00pa3oM, UTO HX NMPOAOIKEHHS NMEPECEKAFOTCS B TOUKE, OTCTOS-
me# oT 3epkana Ha paccrosHuH f= 1,6 M. Obe TOUKH NepecevueHus
JleXXaT HAa TIAaBHOH oNTHMUecKoH ocu 3epkana. Haitu ¢okycHoe pac-
crostHue F 3epkana.

1085. Yepe3 kpyrioe OoTBEpPCTHEe B 3KpaHe, UMElOlee AMAMETD
d = 4 cM, Ha BBINYKJIOE 3ePKAaNo, HAXOAIleecss Ha pacCTOSHMH a = 16 cM
OT 9KpaHa, NafaecT NapajuleNbHbIH My4Y0K cBeTa (BIOJb ITaBHOH ONTH-
yeckoil OCH 3epKajla NEPNeHANKYISAPHO K 3KpaHy). OTpa3uBIINCE OT
3epkaja, TyuyoK CBeTa, momlajas Ha TOT Xe 3KpaH, o0pa3yeT BOKPYT
OTBEpPCTHA CBeTOe MATHO AuaMeTpa D = 6 cMm. Hafitu paguyc xpu-
BH3HBI R 3epkarna.

1086. I1y4yox nmapannenbHbIX Ty4YeH, Ipoiasa yepes Kpyrioe oTBepC-
THe B nucte Oymaru, obpa3yeT Ha 3KpaHe, Tapalie TbHOM JIUCTY U pac-
MOJIOKEHHOM OT HEro Ha pacCTOSHUM a = 45 cM, CBETHBIH KpyT
muaMeTpa d = 6 cM. Korma skpaH 3aMeHUITH BBINYKIIBIM 3€pKaloM, TO
Ha jucTe OyMary MOSIBUIICS CBETNBIH Kpyr nuaMetpa D =33 cMm. Hafitu
paguyc KpUBH3HBI R 3epKarna.

§ 30. Tonkue JauH3BI

JluH30H Ha3zbIBaeTCA NpO3pavHOE TeNO, OTPaHUUEHHOE ABYMs cdepHutie-
CKUMH MUY chepUIECKOH U [TOCKOH NOBEPXHOCTAMH. TONIIUHY NTHH3BI OyAeM
CUMTaTh Malloil MO CpaBHEHHIO C pajuUycaMHM KpHMBHU3HBI R|H R, ee NoBepx-
HocTeil. [1oaTOMY BepHIMHBI chepUIECKUX NOBEPXHOCTEH MOXHO CUHTATh
HNPAKTHIECKH CIHBAIOIIUMHUCA B OJJHOH TO'KE, Ha3bIBACMOH ONTHUECKHM
LeHTpOM nHH3bL. Jlyd, npoxopsamuil yepe3 ONTHYECKHN LUEHTP NTHH3BI, T.€.
HAYIUA BAONb ONTHUUECKOH OCH NHH3bl, HE U3MEHIET CBOEI'O HaIpaBJIEHMs.
OnTtuueckas och, NPOBEJIEHHAs Y€PE3 BEPIIHHBI ChepHIeCKHX NOBEPXHOCTENH,
Ha3bIBAETCS ITABHOH ONTHYECKOH OChIO, NPOUHE — MOOOUHBIMH.

JIun3a, y KOTOpOI cepeiuHa TONIIE, YeM Kpas, Ha3bIBaeTCA COOHMpaIOIE.
Ecnu kpas nuH3BI TONIIE CepeAUHB], TO JIHH3a — pacceMBalomas. ¥ ClIOBHOE
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0003HaueHre COOMpaoIIcH JIMH3BI NOKa3aHo Ha puc. 162, paccenBatromeit —
Ha puc. 163.

JIyum, napamnenbHble TaBHOR ONTHUECKOU OCH, MOCHE MPETOMICHUS B
mrH3e cxoparcs B dokyce. POKyC MHH3BI JENCTBUTENLHBIN At COOUPAIOIE)
THH3DBI, MHEMBIH — AT paccemsatowuieis. IlmockocTs, nposenennas epes dokyce

*
*
Puc. 162 Puc. 163 Puc. 164

NEePNEHRKYISIPHO K ONTHUECKOA OCH, Ha3bIBACTCA (POKANLHOH NIOCKO-
crbto. Kaxkpabiii n3 myuelt, napanaienbHbIX TOOOUHOR ONTHYIECKOW OCH, IToCe
TIPEJIOMITCHASL IPOXOAUT Uepe3 OJHY U Ty Ke TOUKY, JIeKalylo Ha (POKaTkHOl
TJIOCKOCTH JiMH3bI. B ciiyuae paccemBarouied NHH3BI B 3TOH TOUKE Mepe-
CEKalOTCsl HE CaMH JTYUH, a HX NPOJOJIKEHYSL,

Toukasg amH3a A8 Ayuel, COCTABISIOWUX MAJILIH Yyroa ¢ IIaBHOR ONTH-
UeCcKOM OChIO, 061afjaeT CBOUCTBOM [JaBaTh W300paskeHNE TOUKH ITPCAMETA B
e TOuku. VMzobpaskeHue npepMera MoOXeT ObIThL JEeHCTBHTENLHLIM HKITH
MHEMBIM. B nepBoM ciryuac oHo o6pa3oBaHO NTyd4amu, AEHCTBUTENBHO I1€pe-
CEKAMLIAMACH MOCTe NMpeTOMIICHUS B NuH3e (pHc. 164), BO BTOPOM ciyvac
n3o00paxkeHne 06pa30BaHO MPOONKEHISIMA NIPETOMIICHHDBIX B JIMH3C Nydel
{(puc. 165).

Y6epeM nuH3Y W HANEM BEpINUHY NyUKa NEPECcCKaIoIMXca ayueil. Jra
BCPIIIMHA — Of{HA M3 TOYUCK NPEMETA WIIM UCTOUHKMKA, Tak Kak B IIPUCYTCTBUH

. P T ¥

Puc. 165 Puc, 166

JTMH3bI TYYX MOTYT ¥ HE MEPECEKAThC B ICUHCTBUTENBHOCTH B 3TOH TOUKE, TO
[IpEeAMET WM HCTOUHHK MOXET GBbITh KaK AEHCTBUTCIbHBIM (pHc. 166), Tak
MHEMBIM (puc. 167). B nocnepHem ciyuae UCTOUHHKOM OYAET BEpIKMHA ITyUKa
TIPOJIOJIKEHHUI TyeH, NafatoliiX Ha JTKUH3Y. ‘

dopmyiia TUH3BI ¥ NPABUIIO, 1O KOTOPOMY CTaBSTCS 3HAKU NEPEl WICHAMH
3TOU (POPMYINBI, MONTHOCTHIO COBNAMAIOT ¢ AHAIOTUUHBIMH 11 cPeprUecKOoro
3epkana, T.e. '

:t-l—:t =:t—1—,
d F

Sy

184



E‘I‘Ile paccTosiHUE OT NPEAMETa [0 JTHH3bI d, pacCTOSHME OT JHMH3BI 10 n306pa-
xeHust 1 POKYCcHOE paccTOstHUE F' SIBAAIOTCS BENAYMHAME MONOXKUTENbHBIMH.
[Imtoc nepen uneHaMu GOPMYIBI CTABUTCA, ECIH COOTBETCTBYHOINUA Ipeji-
MeT (M300pakeHre) NEHCTBUTENBHBIA, MUHYC — €CIIM MHMMBIA. 3HAaK OTBeTa
yKa3bIBAET JHIIbL HAa NPABUILHOCTH
ONpEiENIEeHns XapaKTepa (HO He MOJyTs)
HEH3BECTHON BenMUHUHLL Tlonmoxurenn- | g
HBLIH OTBET CBHJIETENBCTBYCT O CIpaBefi- T “y
AWBOCTH NPEAINONOXKEHUS] O MHUMOCTH
WX [EHCTBUTCNILHOCTH W300pasKeHUs .
(mpcaMeTa), OTPUIIATENBHBIN — 00 OIIN-
OOYHOCTH,
doxycHoe paccrosHue F, pagnycol Puc. 167

KPWBU3HBI R| B R, chepHIeCcKUX NOBEPX-
HOCTCH NUWH3bl W NOKAa3aTelH TNPENOMICHHS M| W N, BEUCCTBA JNHH3BI U
OKPYXaIOIICH CPeibI CBA3aHbI COOTHOIIEHAEM

SRR LY L

F My R, R

Kak 00niuHO, hopMyna aeT TONBKO MOAYIh F; 3HAK XKE nepef| IeBOH YacTbio
BBIOMpaeTCs Mo OOLIMHOMY IIPABHIY: IITHOC — NEHCTBATENBHBIN POKYC, MUHYC —
MHHUMBIA. 3HakKW Iepep uieHaMu, cofepxawmumu R, u R,, Oepyrcs nomno-
SKUTEIBHBIMH IS BBITYKNBIX [IOBEPXHOCTEH, OTPHUIIATEIBHBIMA — [JIs1 BOTHY-
TeIX. BenuunHa D = 1/F, oOparnas pOKYCHOMY pacCTOSHHIO, Ha3blBaeTCs
ONTHYUECKON cHNoR nuH3bl. ONTHYECKAas cHia D NMHUH3BI BbIPAXKAETC B OLON-
mpuax: 1 aorp =1 v,

1087. Ilpu creMKe aBTOMOOHIS JIHUHEI [ = 4 M IUIeHKa pacloiia-
rajachk OT 00’beKTHBa Ha paccTosAHuH [ = 60 cM. C KakOro paccTosHus d
CHAMallH aBTOMOOHIb, €CITH JJMHA €TI0 HETaTHBHOI'O H300paKeHHUs
L =32wmMm?

1088. Tlposepsisi cBOM OUYKH, YeJOBEK MOJYYHNI Ha TMOJY KOM-
HaThl JEHCTBHUTEJIBbHOE H300pa’k€HHE JIaMIbl, BHCAIIECH HA BBICOTE
H =3 M, flep:Xa OUKOBOE CTEKJIO IOA JIaMIIOi Ha paccTOsiHHA 1 = 1 M oT
nona. KakoBa onruieckas cuna D crekna?

1089. Toueunnli HCTOUYHHUK CBETa HAXOJUTCS HA TJABHOH OITHYE-
CKOI OcH coOHMparIeH JUH3LI ¢ (POKYCHBIM paccToAHHEM F =6 cMm
Ha paccrostiuu d = 4 cM oT Hee. Ha KakOM paccTOsTHMM @ OT JHH3BI 1O
Ty € CTOPOHY, UTO H HUCTOUYHHK, HEOOXOJUMO IOCTAaBUThL IIOCKOE
3epkKano, 4ToObl IO APYIyIO CTOPOHY JHMH3BI CyIECTBOBANO JeH-
CTBHTEJBHOE M300pa’keHHE UCTOUYHHKA Ha paccTosgHuu f= 12 cMm ot
JNHH3BL?
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1090. Ha puc. 168 S — To4yeYHBbIH HCTOYHHK CBETA, S’ — €ro H300pa-
xeHue. HallTi mocrpoeHreM NOJIOXKEHHE ONTHYECKOTO LEHTPA JTHH3b
M KaX[goro u3 ee hoKycoB B cydasx, KOra [NaBHOH ONTHYECKOH OCbIo
JTHH3BI ABIAIOTCA IpsMbIe 1—4.

1091. HajiTu nocTpoeHneM NONOXEHHE (POKYCOB NTHH3BI [JIs JyyYa,
1300pakeHHOTo Ha pHc. 169.

* S

W -

Puc. 168 Puc. 169

1092. ®otorpacd, HaxopsdmMAcs Ha 6OPTy CylHa, CHEMAeT KaTep,
MAYIIFA BCTPEYHBIM KypcoM. B MOMEHT CLEMKH KaTep HAaXORHMTCS IION
yraoM ¢ = 45° mo Xomy cygHa Ha PacCTOSHHH d =

150 m ot Hero (puc. 170). CKOpOCTH ABUXEHHS
cymHa v; = 18 KM/4, a katepa v, = 36 kM/4. Kaxkoe
MaKCHMallbHOE BPEMsl OKCIO3HIMH Af MOXET AaTh
¢ororpad, 4TOOBI pasMBITHE H300paXkeHHs Ha
nneHke He npesbimano Al = (0,03 mm? PokycHoe pac-
cTosiHEe OO0'bEKTHBA (poToarnmapara F = 5 cMm.

1093. Kak HY>XHO H3MEHHTb PACCTOSIHHE MEXY
00 beKTHBOM (oTOaNIapaTa W NIACTHHKOH IpH

Puc. 170 Iepexofie OT ChEMKH OYeHb YANEHHBIX IPEIMETOB K
cbeMKe 00'bEKTA, PACHONOKEHHOTO Ha PACCTOSTHHA
d =2 M ot o6bekTHBA ¢ POKYCHBIM paccTosiHreM F = 13,5 cm?

1094. 306paxkeHne mpeaMeTa IIONyYaeTcsi HAa MAaTOBOM CTEKJe
¢poroanmnaparta. Ha kakoe pacCTOSHHE a HAlO NEPEABHHYTH 00 LEKTHB
¢poToammapaTa, ecid MeXAy OOBEKTHBOM H MAaTOBBIM CTEKJIOM
NOMECTHTH CTEKIIAHHYIO INTACTHHKY TONIMHUHBI £ = 4 MM C IOKa3aTeneM
“ IPEJTOMIIEHHA 1 = 1,67 CynTaTh YIbl NafeHAS HACTONBKO MaThIMH, YTO
~sin Ol = tg Q.

1095. Cobuparomiasi MHH3a BCTABNEHA B KPYIJI0€ OTBEPCTHE B HEIIPO-
3payHOH mmpMe. TO4YeyHBIA HCTOYHHK CBETAa HAXOAUTCS Ha IIIaBHOM
OIITHYECKOH OCH JIWH3bI Ha paccTosiHAM d = 10 cM ot Hee. ITo gpyryio
CTOPOHY JIHH3BI HAa TaKOM K€ PACCTOSIHHHE d OT Hee ITOCTaBJIEH MepIeH-
HNHKYISPHO K OCH 9KpaH. Ha sKkpaHe BHAEH CBETNBIA KPYT, JHAMETP KO-
TOPOTO B 1 =2 pa3a MeHbIIe AuaMeTpa NuH3bL. Halitn (boxyCHoe
paccTosiHKE F THH3BL.
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1096. TouyeyHbIll UCTOYHUK CBETA HAXOOHMTCS HA TJIABHOH ONTH-
. 9JeCKOH OCH JIMH3bI Ha paccTosiHUH d = 25 ¢M oT Hee. dokycnoe pac-
‘crossHue nHH3BI F = 10 cM, ee paguyc r =5 cM. [lo gpyryro cropony
_JIAH3bI CTABAT 9KPaH TaK, YTO Ha HEM MOJYYAETCA YETKOE M306pa-
sKeHHE HCTOYHHKA. 3aTeM 3KpaH MIEPEMELIAIOT BAOJb OCH HA pacCTos-
pgae a = 5 cM. Hatitu paguyc R cBeTn0T0 Kpyra Ha aKpaHe.

1097. Cobuparomas nuH3a ¢ QOKYCHbIM paccrosaueMm F = 0,06 M
BCTaBJIeHA B oTBepcTHe paguyca r = 0,03 M B Hellpo3payHou mwupMe. Ha
aKpaHe, HaxofsueMcs: Ha paccTossHud a = 0,16 M OoT mHpMBI, Noay-
YeHO 4YeTKO€ H300pakeHHe TOYEeYHOro HCTOYHHKA CBeTa. Kakos
OyneT pamguyc R CBETIOro Kpyra Ha 3KpaHe, €Ciy BbIHYTb JIMH3Y U3
oTBepCTHUA?

1098. Cobuparomas nuH3a ¢ (POKYCHBIM paccTosiHueM F =5 cM
BCTaBJIeHA B KPyIJloe OTBEPCTHE paguyca ' =3 cM B focke. ToueuHbli
HCTOYHUK CBETA HAXONMTCA HA IJIaBHOH ONTHYECKOW OCH JIMH3bI Ha
pacctosgauu d = 15 cM oT Hee. 1o gpyryroo CTOpOHY MOCKH MOMEINEH
auct 6yMard, Ha KOTOPOM MOJIy4aeTcsl YeTKOe M300pakeHHe UCTOY-
HHKa. KakoB 6ymeT paguyc R cBeTNOro Kpyra Ha JjucTe OGyMaru, €Ciu
JIMH3Y BBIHYTDb U3 OTBEPCTHA?

1099. N306paxkeHne MAJJIMMETPOBOTO JEJEHUS IKAJbl, PACIONO-
KEHHOW Tepeq JMH30# Ha paccTosHHH d = 12,5 ¢M, UMeeT Ha 3KpaHe
mnuHy L = 8 cM. Ha kakoM paccTosiHEH f OT TUH3bI HAXOOUTCS 9KpaH?

1100. OcBemeHHas meNb BBICOTH /1 = 5 CM MPOEKTHUPYETCA C MO-
MOILIbBIO cOGHpaloLel JTHH3BI ¢ (POKYCHBIM paccTossHEeM F = 10 cM Ha
3KpaH, OTCTOSIIHH OT JIMH3bI Ha paccTosHuH f = 12 cM. Hafitu BbicOTY
H n306paxeHus Uleu Ha IKpaHe.

1101. ITpegMeT miaunb! [ =8 cM NpoOEKTHPYyeTCs Ha 3kpaH. Kakoe
tpokycHoe paccrosiHne F goNKeH HMETh OOBEKTHB, HAXOHAINUICA Ha
paccTosHHH f=4 M OT 3KpaHa, 4YTOOHI
n306pakeHne MpeaMeTa Ha 3KpaHE HMENO
mnuny L =2 M?

1102. B nenTtpe M10cKoro 3epkarna, 1o-
CTaBJIEHHOTO MOA yriaoM O = 45° k ropu-
30HTY, HAXOUTCS BEPXHHUN (POKYC TOPU3OH-
TaNbHO PAacMNOJIOXKEHHON NHH3BI OOBLEK-
THBAa 3MUAHACKOINA C ONTHYECKOH CHIOH
D = 10 gotp. Ha paccrostniu /=2 MM OT Puc. 171
HUXHEro (OoKyca MOMeEIAT SIPKO OCBE-
meHHyo (ororpadro, uMerowmyo pa3Mepsl a X h =4 X 6 cm?
(puc. 171). Haiiti paccrosnne L OT 3KpaHa [0 IJIaBHOM ONTHYECKOH
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OCHM JTUH3BI ¥ pa3sMepbl A X B ueTkoro u3obpaxkeHus ororpaduu Ha
3KpaHe.

1103. Cobuparomas NT¥H3a C ONTHYECKOH cwinoi D = 8 gnTp maer
n300pakeHue IpefMeTa, paBHOE pa3Mepy npegMeTra. Kak HYXHO u3-
MEHHUThL PaCCTOSHME MEXKAY JIMH30{ M NMPEOMETOM, UTOOBI ero u3obpa-
>KeHHe YMeHbUIMIIOCh B TPH pa3a?

1104. Cob6uparomas 1uH3a gaeT Ha IKpaHe H300pakeHue NpeIMeTa ¢
yBesnuueHueM k = 2. PaccrosHue OT npegMeTa [0 JIMH3bI MPeBbIIACT e
(OKyCHOE paccTOAHME Ha BeNMuMHY a = 6 cM. Haiitn paccTosnue f ot
JIUH3BI IO 3KpaHa.

1105. TodYeuHbI#l HCTOUHUK CBeTa HAXOOUTCSA HA PACCTOSHUM d OT
cobuparomed JMH3LI ¢ POKYCHBIM paccTosiHueM F = 0,6 M. Kone6anus
JIMH3LI MOIIEPEK IJIaBHON ONTHYECKOU OCH IPHUBOIAT K KOJEeOaHUsIM
n300pakeHus TOYKH C aMILTATYHO# A; = 1,6 cM, a onepedyHbIe Kole-
0aHUs WCTOUHHKA C TOU XK€ aMIUIUTYOOU BBI3BIBAIOT KOJeOaHHS
n306pakeHusa ¢ aMINIMTygo# A, = 1,5 cMm. Ha#itu paccrosnme d or
HUCTOYHHUKA O JIUH3LI.

1106. Paccrosnne oT npegMeTra 1o coGMparomied JIMH3EI B 12 = 5 pa3
Gonblie (POKYCHOrO paccTOSHUA JIMH3LI. HaliTu yBeuueHue Kk THH3LL

1107. Ha xakoM paccTosHUM f OT OOBEKTHBA NPOEKIHUOHHOIO
ammapaTta ¢ (poKycHbIM paccrossHueM F =0,1 M HyXHO NOMECTHTHb
9KpaH, 4ToOBl M300pakeHHe Ha 9KpaHe ObUIO B k = 50 pa3 Oousbiie
npegMeTa Ha IHaNo3UTHBE?

1108. IIpm Tomorpacgudeckodl CbhEMKE C CaMOJIETA, JIETALMETO
Ha BbicoTe H =2000 M, HeOOXOIMMO IMONYYNTh CHHUMKHM MECTHOCTH B
macmrtabe 1 : 4000. KakoBo momkHO ObITE (poKycHOe paccrosHue F
o0bexkTuBa?

1109. O6peKTHB TENEBU3NOHHOIO IepefaTyuka OTOpachIBacT H30-

B A O6paxeHue cBOOOAHO Majalollero NpegMeTa, Ha-

B> XOMSIWErocs nepen HUM Ha pacCTOSHUH d =5 M,
Ha CBETOYYBCTBUTEJIBHBIH CJIOH IHepeparoued
F F Tpy6ku. Haiitu ¢okycHoe paccTosiHue F 00b-
€KTHBa INepelaTyHuKa, eclii u300pakeHue [IBU-

Puc. 172 KeTcs ¢ yckopeHueM a = 0,2 m/c?.

1110. [Tocrpouts uzobpaxkeHue orpeska AB,
napajJieJIbHOTO THaBHOW. ONTHYECKOH ocH coOuparomied JHH3bI
(puc. 172). :

1111. ToueuHbI# IpegMeT ABAXKETCS 110 OKPYKHOCTH CO CKOPOCTBIO
v =3 cM/c BOKpYT I'IaBHOU ONTHYeCKOH ocH cobuparouiedl JTUH3LI B
IJIOCKOCTH, NEPIEHAUKYISIPHON K OCH M OTCTOALIEHd OT JIMH3LI HA
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EpaCCTOHHHn d=1,5F, rae F — dokycHoe paccTosHHe TMH3BI. B KakoM
HANPABNEHWH M C KAKOH CKOPOCTBbIO V JBMKETCS H306paskeHHE
npeaMeTa?

1112. CoGupatowas nuH3a ¢ (POKYCHBIM paccTosiHueM F =4 cM f1aeT
H306paXkeHNe TOUKH, PacHoJOXEeHHOW Ha paccTosHuM d = 12 cMm ot
JIMH3bI HECKOJIBKO BBILIE €€ ONTUUecKoH ocu. Ha xakoe paccrosinne L
cMecTATCs N300paXKeHne TOYKH Ha 9KpaHe IPH NepEeMEICHAN JTHH3bI
Ha paccrosiHue [ = 3 ¢M BHH3 OT €e e pBOHAYANBHOrO MOMOXEHUs?

1113. Cpersilasicd TOYKA ONHCBIBAET OKPYXHOCTb paguyca I B
MIOCKOCTH, NEPNEHANKYIAPHON K TTaBHOH ONTUUYECKOH 0CH CoOMparo-
et MHMH3bI ¢ ONTUYECKON cuniol [, a ee M300pakeHNE ONNChIBAET HA
3KpaHe OKPYXHOCTL papmyca R. Ha KakoM paccrosiHuu f OT TUH3BI
HaXOAUTCS 3KpaH?

1114, Kakoe yBenuueHne k QMANO3WTHBA JAaeT OO BEKTUB INPOCK-
uHOHHOrO (hoHaps ¢ (pOKYCHBIM paccrosinueM F = 0,25 M, eciin akpaH
yhaneH oT 00'bEeKTUBA Ha paccTosiHue [ =4 M? .

1115. PaccTtostHue oT npeaMeTa A0 COOMPAIOIEH THH3bI B OT JINH3BI
10 n3obpaxkeHuss OAMHAKOBbI U paBHbI d = 0,5 M. Bo ckonbko pa3s
YBENUUATCST M300pakeHHe, eCld CMECTHUTh NpeaMeT Ha pacCTOsHHE
« =20 cM 1o HaNpaBJIEHHUIO K JINH3e?

1116. C nomompio ¢oTorpapuyeckoro ammnapaTta, HUMEIOIIETo
pa3mepbl Kagpa 24 X 36 MMm? n (OKYCHOE pacCTOSHHE OOBEKTHBA
F =50 MM, npousBoautTcs ¢ororpaupoBaHAC CTOALIErO UENO-
BeKa, pocT Kotoporo # = 1,8 M. Ha kakoM paccrosiHuH d OT 4enoBeKa
HYKHO YCTaHOBUTL annapar; IYToObl cpoTorpahupoBaTh YeloBeKa BO
BEChb pocT?

1117. [efictBuTenbHOoe N300pa’K€HUE CBETSLIEHCA TOUYKH IONY-
JaeTCs Ha pacCTOsMHM f=8 CM OT NMH3bE M Ha paccTosSHUN L =2 cM
HIXe ee [TaBHOHW ONTHUYeCKON ocH. POKYCHOE PAcCTOSHHUE JIUH3LI F =
=5 ¢M, ee panguyc r =5 cM. Ha kakoM pacCTosiHMM a mepe] MUH30U
HY>KHO [IOCTABUTH 3KpaH, HMEIOIINH (hOpMY BEpPXHEIT IONOBHHD! JINH3EI,
YTOOBb! H300pakKeHne TOUKH HCUE3TT07

1118. Kunoonepatopy TpeOyeTCcs CHATL aBTOMOOHIDb, NBHKYIAACS
€O CKOPOCThIO U = 72  KM/4 Ha paccrosHuH d = 26 M OT olepaTopa.
doxycHoe paccTosHHe 00bEKTHRA KHHOXaMepb! F = 13 MM, Kakosa
OONIXHA ObITh 2KCIMO3ULIHUA Af,; UTOObL, pa3MbITOCTL A L KOHTYpOB
n300paskeHus He npeBblitana BeqndnHst a = 0,05 mm? ' .

1119. doxycHoe paccTOsIHAE ABOAKOBBIIYKIOH JHH3BI F =5 oM.
ToyeuHpll NCTOUHNK CBETA HAXOAUTCSA Ha TITAaBHON OMTHUYECKON OCH
JIMH3BI HA paccTosHuu d = 6 CM; QT Hee,JlH;my pAazpe3anu. 110 quapMeTpy

189



Ha [IB€ paBHBLIE YaCTH, KOTOPLIE Pa3iBHHYJIHM Ha paccrosinue 2/ = | cm
CMMMETPHYHO OTHOCHMTENBLHO ocH. HalTh paccrosinue § mMeXay AByMs
H300paKEHUIMH TOUKH.

1120. Bponb riaBHOH ONTHYECKOH OCH COOHparomed JHMH3BI ¢
thokycHBIM paccTossHMEM F = 12 cM paclionoXeH NpefMeT, OJUH KOHel
KOTOpOI'O HaXOJHUTCS HA PacCTOSIHMA d; = 17,9 cM OT NHH3LL, a IpyroM —
Ha paccTosiHuH d; = 18,1 cMm. HafiTn yBenuuenue k uzobpakeHus.

1121. C xakuMm yBenuueHHEM k H300pakaeTcss TOHKHIl NpsMoi
MpeAMET, COBIIAfAIOIMHA HA HEKOTOPOM y4acTKe € rITaBHOM ONTHYECKOH
OChI0 coOMparolledl JTMH3LI, eCIM 0O'BEKT, YCTAHOBJIEHHBIA Y OJHOrO
KOHUA MpeaMeTa, U300pakaeTcd C yBEJIUUEHHEM k|, a y ApYyroro — ¢
yBennueHneM k,? O0a KoHLA MpeaMeTa HAXOHATCS OT JIMH3LI HA pac-
CTOSIHUSIX OoJblIe (hOKYCHOTO.

1122, lllapuk noodepeaHo NOMEINAIOT B TOUKH A U B, HaxonsLuecs
Ha ITaBHOW ONITHUYECKOW OCH COOMpAIOLel JUH3LI IO OfIHY CTOPOHY OT
Hee. Paccrosane AB = /. Jlun3a maeT moouepenHo aBa M300paskeHMs
LIapHKa C YBENUICHUSAMH Kk, 1 kp. HaliTi paccrosiHue L mexny nzobpa-
SKEHHUAMM LIAPHKOB.

1123. KaxoBOo MHMHHMMAJbHO BO3MOXHOE PACCTOSHHUE dp,, MEXAY
AIPEAMETOM U €ro N300pakeHNEM, HONYUEHHBIM C TOMONILIO COOUpalo-
UIe# JTHH3BI C (POKYCHBIM pacCcTOsHHEM F7

1124, Paccrosnue MeXJy NPEAMETOM H €ro AEHCTBUTEIbHBLIM
u3zo0paxeHneM a = 6,25 F, rae F — ¢okycHoe paccTosiHue coOuparoleit
nuH3bL. HaflT paccTosinus d 1 f OT npeAMeTa JO JUH3bI U OT JIMH3LI 10
H300paxKeHusl.

1125. Creua HaxOMTCS HAa pacCcTOSHUM a = 3,75 M OT 3kpaHa. Mexny
HHMH TIOMELNAOT cOOHpaIOLIyIO JTHH3Y, KOTOpas NAaeT Ha 3KpaHe ueT-
Koe H300paXkeHHe CBEUM NPH ABYX NMOJOXKEHMAX NUH3bI. Haiitn dokyc-
HOE paccTosiHMe F JIMH3BI, €ClM PAcCTOSTHMNE MeKAYy MOJ0XKeHUIMH
JuH3LI h = 0,75 M.

1126. Ceeua HaxOAUTCS Ha PAacCTOAHMM a OT 3KpaHa. Mexny HUMH
MOMELIAIOT COOMpAaIOLIYIO JIHH3Y, KOTOpas JAaeT Ha 3KpaHe YeTKOe
N300paXKeHNE CBEUH MPH IBYX NOJIOKEHUAX THH3LI. HallTn paccrosaue
b MeKay NOJOXEeHMSAMH JIMH3BI, ecli (POKYCHOE pacCTOSHHE JHH3bI
paBHo F.

1127. Colupalolasl TuH3a JaeT uyeTKoe u3obpaxeHue peameTa Ha
3KpaHe, uMerolee BbIcOTy Hy. OcTaBisii HEMOABMKHLIMHM 9KpaH ¥
MpeaMeT, NEPEMEINAI0OT THH3Y K 9KpaHy M HaxofdT, UTo IpH APYroM
4eTKOM HM300pakeHHH TpeAMETa BbICOTa M300paKeHHsl paBHa M.
Haiitu BeIcOTY npefimeTa h.
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' -1128. IIpepmer naxopurcs Ha pacctosHun « = 0,6 M OT 3KpaHa.
MeXy HEMH TMOMEIAIOT COOMPAIOIYIO JNHH3y, KOTOpas fAaeT Ha
3KpaHe YeTKOe N300pakeHHe NMpeAMeTa MPU ABYX MOJOXKECHHSX JIMH3LL,
HafiTn oTHOLIIeHHE 11 pa3MepoB H300paskeHUT, eCITA PACCTOSTHAS MEKTY
NOJIOXKEHUSIMHA NUH3bI b = 0,4 M.

1129. Ilpepmet HaxomuTcs Ha paccrossHuM a = 0,9 M ot 3kpaHna.
Mexly HUMU NMOMEINAT COOUPAOIIYIO JIHH3Y, KOTOpas IPH OJHOM
MOJIOKEHUHU JlaeT Ha 3KpaHe YBENMYeHHOe H300paskeHHue MpeAMETa, a
npu ApyroM — yMeHnblieHHoe. Haltu ¢okycHoe paccrosnue F JUH3bI,
€CJM OTHOIIEHUE pa3MePOB U300paKeHul 1 = 4.

1130. I1lpepmeT HaxomguTca HaA paccTosHHU a = 0,8 M oT akpaHa.
Mesky HHMH NMOMEHIAOT COOMpAOINYIO JIWH3Y, KOTOpas JacT Ha
9KpaHe YeTKOoe N300pakeHUe NMpeAMEeTa NPH ABYX IOJTOXKEHUSIX JIMH3LL.
Haiitr paccrosinue b MesKIy HMOJOXEHHUSIMA JIMH3BI, €CITU OTHOIIIEHUE
pa3MepoB U306pakeHid n = 9.

1131. IIpegmeT HaxoguTcs Ha pacctosiHud a = (0,1 M oT nepefnero
chokyca coGupatoinel INH3bI, 4 9KpaH, HA KOTOPOM [OJY4IaeTCsl 4€TKOE
uzobpaxkeHre npeaMeTa, — Ha pacctosinui b = 0,4 M ot 3apHero pokyca
mun3bl. Hafitn hokycHoe paccrosiHue F' 4 yBENTHUEHUE K JTUH3BL.

1132. U3o6paxkeHue npegMeTa Ha MATOBOM cTekJje (poToamnmnapara
npu CbeMKe C pacCcTosiHuA d; = 8,5 M mMeeT BoIcOTy H (= 13.5 MM,
a ¢ paccrosinusi d, =2 M- Beicoty H, =60 mMm. Haiitn doxkycHoe
paccrosinue F o0 bEeKTUBA.

1133. C nmomoIpio TUH3BI HA 9KpaHe MOJYUIHNH UYeTKoe u3obpa-
KeHue IJIAMEHHU CBeYH, umeromee BbicoTy M =15 cM. OTOnBHHYB
CcBedy OT JNHH3BI Ha paccrosinde b = 1,5 ¢M U NepelBHHYB 3KpaH,
NOJNYYUNH YeTKOe M300pakeHUE IIAMEHHU CBEUH, UMEIOIIEE BBLICOTY
H, =10 cMm. Haittn ¢okycHoe paccrosinne F NMUH3BI, €CH BLICOTa
npegmeTa /1 = 5 cM.

1134. UcTounuk cBETa HAXOJUTCS HA PACCTOSIHUM a = 5 M OT 3KpaHa,
Ha KOTOPOM C MOMOIIBIO COOMpAOIieH JIMH3BI MONYYaroT YBETHUEeHHOE
B k =4 paza uzoOpa’keHHMe HCTOUHHMKA. DKPaH OTOABUTAIOT Ha pac-
cTosiHie h =4 M; MpH 3TOM BOCCTAHOBUTb YETKOCTh YBEJIHUYEHHOTO
n306paskeHusi MOXKHO, IepefIBUHYB JIMH3Y WIH UCTOYHHK. HalTn yBenu-
YeHUus k 1 k; B 0OOUX CITydasx.

1135. Kakoe yBenndeHue k MOXeT JaTh NyIa C ONTHYECKOH CHIION
D =8 qnrp? Paccrosinne Haunydiuero 3peHust d, = 25 cM.

1136. llyna gaet yBenuueHHOE B ky = 5 pa3 nzoOpa’keHue NpeAMETa,
JlexKalero B ee (pOKaNbHOH INTOCKOCTH. JTY JIYNY XOTAT UCTIONB30BaTh
B KayecTBe 00'bEeKTHBA NMPOeKIMOHHOro hoHapsi. Ha kakoMm paccros-
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HUH d OT 00'bEKTHBA JOJKEH pacnoiaraTbCid JHANO3UTHUB, YTOGHI Ha
9KpaHe NOJIYUYHIOCh €r0 H300pa’keHne, yBellHYeHHoe B k, = 10 pa3?
PaccrosiHMe Hamnmyvwiero 3peHus d; = 25 cM.

1137. Jlyna HaxomuTCAd Ha pacCTOSHMH b =5 ¢M OT rna3a, u3obpa-
>KEHHE — Ha pacCTOSHUH Hamiyuymlero 3peHus d; =25 cMm. Ha xakom
PacCTOSHUN @ OT Tja3a NOJIKEH pacrnojaraThbCs NpeaMeT NpH pac-
CMOTPEHHH €T0 depe3 nyny ¢ GOoKyCcHbIM paccTosgudeM F = 2 cm? Kakoe
TIpH 3TOM NOJIyYHTCS yBETHYEHHE K7

1138. JIun3a ¢ onTUYeckol cunoil D =4 ANTp NaeT yBeJTHUYEHHOE B
k =5 pa3 m3obpakeHue npegMera. Ha kakoM paccrosuum d nepej
JHH300 HAXOMUTCS NpeaMeT?

1139. Cobuparomas THH3a JaeT pacXoIsIUACS MyYOK CBeTa, IPHUEM
yron MexXuay KpaiHHMH JlydaMu nydka 20 = 60°. Hafitu dokycHoe pac-
CTOSIHUe F JIHH3BI, €ClIH €€ pagHyC /' =5 ¢M, a TOUYeUHbId HCTOYHUK
CBETA HAXOMUTCSA HAa PACCTOAHHH d = 4 CM OT JIHH3GI.

1140. Cobuparomiad naH3a ¢ (POKYCHBIM paccTosHUEM F = 6 CM faeT
PaCXONSIIMACS NYyYOK CBETA, NPHUEM Yroj MeXny KpauHHMHU JydaMu
nytuka 200 = 90°. HaiiTn paccTosiHue d OT TOUEYHOrO HCTOYHHKA CBETA
110 THH3BI, ECITH €€ paguyc /' = 3 cM.

1141. Toueunblii HICTOYHHK CBeTa MOMeIIEH B (hoKyce cobuparomieil
MHH3BI ¢ POKYCHBIM pacCTOsIHAEM F = 6 cM. 3a JTHH30H Ha PaCCTOSHHN
f =12 ¢cM OT Hee paclOJIOXEH IUIOCKHH 9KpaH, HA KOTOPOM BHAHO
CBeTIIoe IATHO. B Kakylo CTOpOHY H Ha KaKoe pacCTosiHie a OT hoKyca
JTHH3bI HAalIO NEPEMECTHTD. BIOb [NTABHOH ONTHUECKOH OCH HCTO'HHK,
4TOOBI pagHycC I CBETIOTO NSATHA HAa IKPaHe YBEJIMYWICA B 11 = 2 pa3a?

1142. TTlocTponTh n306pa’keHHE CBETALIENCS TOUKH, JeKalleh Ha
TJTAaBHOH ONTHYECKOH OCH cobHpaiomedl JHH3Bl Ha PaCCTOSHUH,
MeHbeM GokycHoro. [TosoxeHne GoKycoB MTHHIBI 3aJaHO.

1143. HafiTu nocTpoeHHEeM NONOXEHHE CBETH-
1eics TOUKH, €CITH U3BECTEH XOJ NBYX JyUel mocne
HX NpejoMiieHus B auH3e (puc. 173). OnulH u3 aTux
JIyue# MepeceKkaeTCa C IIaBHOW ONTHYECKOH OChIO
JIUH3BI B ee hoKyce.
Puc. 173 1144. MuumMoe n3o6paxkeHHe NpeIMeTa HaXOTUTCS
Ha pacCTOosiHUHE f=1 M OoT coOuparomen JHH3BI C
(pokycHbIM paccrosiHueM F = 0,25 M. Ha KkakoM paccTossHHH d OT JTHH3bI
pacronoxeH npegMeT?

1145. MauMoe u3o6pakeHHe NMpeaMeTa, pacloioXKEeHHOTo Ha pac-
crosiHud d = 0,4 M oT coGHparolel THH3bI, HAXOAUTCSA Ha PacCTOSTHHA
f=1,2 M or nmuH3bl. KakoBO (QOXYCHOE pacCTOIHHE F THH3BI?
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1146. ManMoe n3o6paxeHne NpeaMeTa HaXOAUTCsA B (POKaTbHOR
ITOCKOCTH coGupatomel mua3bl. Ha KakoM pacCTOSHMHM OT JIHH3BI
PacnosoxkeH npeaMer?

1147. Cobuparomas TUH3a AaeT nNpsAMoe n300pakeHne MPEAMETa ¢
yBennueHneM k =2. PaccTosiHue MexXny NPpeIMETOM M HU300pakeHneM

=20 cM. Haitt pokycHOe paccTosiHuE F JTHH3BI.

1148. Cobuparomyro THH3Y ¢ onTHUYECKOH cutoit D = 0,5 anrp nome-
AT MEXY ABYMS TOYEUHBIMH HCTOYHHKAMH CBETA TaK, YTO OTHO-
[UeHHE PACCTOSHMI d| U d; OT NICTOYHHKOB 10 JNIWH3BI 11 = d,/d, = 4. Pac-
CTOSIHHE MeXJy H300paxeHMsMH b =2 M, npuyeM H300paKeHHs
HaxoAsATCsl 110 OfHy crTopoHbl nNWH3blL. HaiiTm paccrosiHuE a MexXay
HCTOYHHKAMH.

1149. JIpa TOYe4HBIX UCTOYHHMKA CBETA HaXOAATCA Ha PACCTOSHHUH
h =24 cMm npyr ot apyra. Mexny HUMH Ha paccTOsSIHUU d =6 cM OT
OHOTO U3 HHX IIOMellleHa cobmparomas auH3a. Ilpu aTom nsobpaxe-
HUSI 0O0MX HCTOYHUKOB NOJIYUYMJIUCH B ONHON M TOH ke Touke. HalTu
thoxycHoe paccTosinne F TUH3BI

1150. Paccrosinue oT npegMeTa fo nuH3bI d = 10 M, paccTosiHHE OT
JMH3B! N0 n3obpaxenud f = 2,5 M. Hafitn ontryeckyro cuny D TuH3BI B
CITy4assx MHIMOTO U IEACTBUTEIBHOIO N300 pakeHNM.

1151. ¢okycHOoe paccrosiHue cobmparomeit auH3bl F = 18 cM. I'xe
pacIloyIoKeHa CBETAMAACA TOUKA, eCII €€ M300pakeHNe NomyqaeTcs
Ha paccTosHUAX = 12 cM oT THH3BI ¥ L = 5 ¢M OT rimaBHON ONTHYECKOH
ocu?

1152, Cobuparonias THH3a laeT n300pakeHNe NpeMeTa, pacnono-
’)KEHHOTO OT Hee Ha paccrosgaud d = 9.9 cM, ¢ yBennueHneMm k = 10.
Haiitin pokycHOe paccrosHue F JHMH3BI B CIyYasix AeHCTBHTENBLHOIO U
MHHMOTO H300paKeHn .

1153. dokycHoe paccTrosune cobuparomed MUH3BI F = 10 cM, pac-
CTOsSIHME OT npeAMeTa o ¢gokyca b =5 cM, BeicoTa npegMeTa / = 2 cM.
Haitt BbicoTy H nelicTBUTETbHOIO 1 MHAMOTO H306paskeHn .

1154. I'naBHas onmrHyeckasi oCcb coOHMparome TUH3Bl COBNAJAET ¢
OCBIO CBETOBOTO KOHYCa, 06pa30BaHHOIO CXOMSIINMCS IyYKOM JTyuell, a
¢poKyc TUH3BI COBNAMAET C BEPIINHON KOHyca. Ha xakoM paccrosiHum f
OT JINH3BI IEPECEKAIOTCA JIYUN [IOCNE IIPETOMIIEHHS, €CIM ONTHYeCKasi
cuna nmuH3bl D = 5 qurp?

1155. Ha nyTH cXO[SINErocst yuka Jydeil MOCTABUIH COGHPAIOIYIO
IUH3Y ¢ (OKYCHBIM paccrosiHMeM [ =7 cMm. B pesynpTate ny4dm
COLTHCHL B TOYKe A Ha paccTrosHuE f=5 cM oT nuH3bl. Ha xakom
paccTOsiHUH b OT TOUYKH A COHNYTCA JY4H, €CIH THH3Y YOpaTh?
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1156. HumuHApUYIECKUN TYYOK JIydeH, HMEIOWUN Paguyc | =5 oM,
HalpasJIgeTcs HAa PAcCEHBAIOMIYIO JIHH3Y MapajljiefbHO €€ TJIABHOM
onTH4YeCKOH ocu. IIpofins THH3Y, Ny4OK laeT Ha 9KpaHe NATHO pafinyca
r, =7 cMm. KakoB OyfeT paguyc r; NsTHa Ha 3KpaHe, eClH PACCEH-
BAIOIIYIO JIMH3Y 3aMEeHHUThb cobHparomed ¢ TeM Xe (POKYCHBIM. pac-
CTOSIHUEM?

1157. Hununapudeckud NydOK CBeTa paguyca i =4 CM Halpas-
JgeTcsl Ha cOOMPAIOIIYIO JIMH3Y NapajljeNbHO €€ TIaBHOU ONTHIECKOH
ocH. IIpoiiaa nuH3y, Ny4OK AAeT Ha KpaHe MATHO pajguyca r, =2 CM.
Kakos OyneT paguyc r; NaTHa Ha 3KPaHe, €CIH COOHPAIONIYIO JIHH3Y
3aMEHHTh PAaCcCeUBaIOIIE ¢ TeM Ke (POKYCHBIM PacCTOSTHHEM?

1158. MuuMoe u3zoOpaXXeHHe CBETAIIEHCS TOUKH B pacCeUBaIOIIel
JIUH3€E C ONTHUYECKOH CHioN D = —5 ANTp HAXOMUTCS B IBA pa3a OJmxke K
JMH3e, UeM cama Touka. HalThH nonoxeHue cBETSIEHCS TOUKH, €CITH
OHa JIEXXHUT Ha rJ1aBHON ONTHYECKOH OCH JIMH3BL

1159. Bucsmuii Ha CTeHe 3[[aHHs TEPMOMETP pPaccCMaTPHBAIOT Uepes
PaccenBaroIIYIO JIUH3Y C ONTHYECKOH cunoit D = -5 gntp. JIun3a pac-
NoJoXeHa MapajlyleIbHO CTEHE HHXKE TepMOMETpa Tak, UTO LIAPHK
TepMOMETpa BHIEH B HaNpaBJeHUH NMOOOYHOH ONTHIECKON OCH JIMH3HI,
OTKJIOHSIIOIIEHCA OT rJIaBHOW ONTHYECKOW OCH BBepx Ha yroa o = 30°.
ITox KakuM yrioM 3 K rIaBHON OCH pacnoyioxkeHa NoGOovHAasi OCh, HA
KOTOPOH JEKUT H300pakeHHe BEPXHEH TOUKH TEPMOMETPA, ECITH JJTH-
Ha u3o00paxeHus TepMomerpa H = 6,4 cM, a paccTosiHie MeKRY JTHH30M
U cTeHoilt d = 60 cM?

Puc. 174 Puc. 175

1160. CeeTsnasicst Touka S pacnolioXKeHa Mepef paccenBaronel JuH-
301. IlocTpouTh Xof Mpou3BOJNLHOrO yy4ya SK, magalomerc Ha pac-
ceuBalomyo nuH3y. IlonoxeHne onTudeckoro neHTpa O NHH3BI U XON
ny4a SBC 3anansl (puc. 174). * oo

1161. ITocTpouTs XxOA NPOW3BOJBHOTO Jy4a A B, magatomero Ha
paccenBarontyo JHH3y. [1070K€eHUSI TIIaBHOM ONMTHIECKOR OCH JIMH3HI H
ee dokycos 3afiansbl (puc. 175).
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~1162. IIpepmet BricoThl A = 0,03 M pacnoioxeH Ha paccros-
g d = 0,15 M oT paccenBaronieil THH3BI ¢ (POKYCHBIM PAaCCTOSTHHEM
F =0,3 M. Ha xakoM paccTosinud f OT THH3bl HAXORUTCS H306pakeHue?
KakoBa 6yneT BricoTa H u306paxenus? '

1163. TovyeyHblil HCTOUYHUK CBETA, PACHOJNOXEHHBIA HA PACCTOAHUM
d, = 1,2 M oT paccenBarouieil TUH3bI, NPHOIMKAIOT K HEH BAOJb I1aB-
HOM OMTHYECKO# ocu Ao paccrosnHusd d, = 0,6 M. [Ipu atoM MHEMOE
n300paXeHUE UCTOYHUKA NPOXONHUT BOONb OcH paccTosHue /= 10 cMm.
Haiitu okycHOe paccTosiHAe F THH3BI.

1164. CeeToBO¥ n1y4Y, MagarOIIMH HA PACCEMBAIOLIYIO JHH3Y C (o-
KyCHbIM paccrositHueM F = 13,5 cM, mocne npenoMiieHnst B HeH nepe-
CEKAET TNABHYI0 ONTHUYECKYIO OCh JIHH3bl B TOUKE; OTCTOALICH OT
JIUH3bI Ha paccTosHuM f=9 cM. B kako#i Touke mepecedeT Nydu OCh,
eciu TMH3y yopaTs?

1165. Cxopsuuiics Myqdox Jydei, NMPOXONAILIHA Yepe3 OTBEPCTHE
pagMyca 7 =5cM B HENPO3payHOl HIMPME, AT HA 3IKPAHE, PAcCIHO-
JIOXEHHOM 3a IIMPMOH Ha pacctodHuru b = 20 cM, CBETNIOE MATHO pa-
nuyca R =4 cm. ITocne Toro xak B OTBEPCTHE BCTABUIH JIMH3Y, MSATHO
npeppatunock B Touky. Hatitu (pokycHoe paccrosiHue F THH3BL

1166. Cxopsuuiics MydoK Nydeil UMeeT BHA KOHyca C BEPIIHHON B
Touke A. Korpma Ha nyTu nyueit MOCTaBHIM pacceMBAIOUIYIO JINH3Y,
CXOPALUNCS MYYOK NPEBPATUIICS B PACXONSALLUICA C BEPIINHOU B TOUKE
B. Touku A u B nexaT Ha TJTaBHOU ONTHYECKOHW OCH JIMH3bl Ha
paccrosHuu [ =0,45 M [pyr OT APyra, U ONTHYECKUN LEHTP JHH3BI
mnenuT oTpe3ok BA B otHomeHud n:m =1:2. HaiiTu ¢okycHoe
paccrosiHue /' TUH3bL

1167. PacceuBaromas nuH3a ¢ (POKYCHBIM paccTrosHueM F = 12 cMm
MOMEIIeHAa MEX/Y AByMsI TOUCUHbBIMH HCTOUYHHKAMH B [IBa pa3a OiimKke
K OJHOMY U3 HHX, Y€M K ipyroMy. Paccrodaune Mexpy n3obpakeHHIMH
HCTOUHUKOB L = 7,8 cM. Halitn paccrosiaue [ MekIy HCTOUHHKAMH.

1168. 3KpaH pacnoioXeH Ha paccTOsSHUM [ =21 cM OT OTBEPCTHS,
B KOTOpPO€ BCTaBJICHA JIMH3a pajguyca I =5 cM. Ha nuH3y nmapaet
CXONSILIMIACS My4YOK Jy4eld, B pe3yNbTaTe Yero Ha aKpaHe obpasyeTcs
cBeTyioe MATHO pafuyca R = 3 cM. Oxa3anock, 4TO €ciid TUH3Y yOpaTh,
TO paguyc NaTHa He m3MeHsetcs. HafTu ¢dokycHoe paccrosinne F
JIMH3EL. -

1169. CteknsaHHasA TUH3a HMEET B BO3[yxe (n = 1) ONTHUYECKYIO CHITY
D =5 gpnrtp. Hafitu ¢dokycHOe paccrosiHHe F TOH 3Ke JHH3BI,
NorpyeHHO# B Bopy. IlokasaTens npemoMneHus crekna n., = 1,5,
BOJIEI 1, = 1,33,
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1170. CrekAAHHBIA CTEPXEHbL C IIOKA3aTENEM MPEJLOMIIEHHS A, =
= 1,5 uMeeT BO3AYHIHYIO MOJOCTL (n = 1), OHA CTOpPOHAa KOTOPOii
NJI0CKAs W MEepIeHJUKYIsIpHa K OCH CTEPXKHs, a Apyras — BhINYKJIasi,
¢ paguycoM KpuBH3HBI R = 10 cM. Boons crepskHsa pacnpocTpaHsierTcs
My4yoK MapayiesbHbIX Jydeli. Hafitn dokycHoe paccrosuume F BO3-
AYUITHON JIHH3HI.

1171. Kycok crekya ¢ nmokasaTejieM NpeJOMIeHus h. = 1,5 umeer
BO3AYIIHYIO HOJOCTL (n = 1) B BUIE OBOSKOBBLINYKJIOW JIHH3b] ¢
paguycamu kKpuBu3Hbl R = 10 cm. Ha rmaBHo#t ontmyeckoil ocu
JIUH3bI BHYTPH CTE€KJAa Ha pacCTOAHUH d =20 CM OT JHH3BLI HaXo-
IUTCS NecuMHKa. HafdTm paccrosHme f OT JUH3BI OO0 H300paXkeHHs
TIECUHHKH.

1172. KpaitHue ny4n BHAMMOIO CHEKTPA IS ONTHUYECKOTO CTeKJa
“hIMHT” UMEIOT MoKa3aTesH npenomienus n, = 1,745 u n, = 1,809. U3
9TOrO0 CTEKJIA CeIaHa TBOSIKOBBIIYKJIAsl IMH3a C PAHYCAMH KPHUBH3HBI
R =R, =0,2 m. HatiTn paccrosiHHEe a MexXAy (POKycaMH JIHH3bI IS
KpAaIHHX JTyyed CreKTpa.

1173. Cobuparomas JHH3a C pagdycaMu KpUBU3HLI R, = 12,5 cM u
R, =26 cM naer B BO3fyxe (n = 1) pmelcTBUTeNbHOEe H306paxe-
HHe MpeaMeTa, pacnoyioKeHHOoe Ha pacCTOSHHH f = 24 CM OT JIHH3HI,
KOrja mpeaMeT HaxXoguTcd Ha paccrossHuu d =50 cM oT nuH3bI. Ta xe
JIMH3a, NOTPY>XEHHAsl B XXHIKOCTb, NEHCTBYET KaK pacceuBalomias c
(pokycubIM paccrostHueM F = | M. HaiiTu nokasaTtenb OpeOMIIEHHS /1,
SKHIKOCTH.

1174. [Ipe cobuparomme THH3bI OQUHAKOBOH (GOPMBI COENAHbI U3
Pa3HBIX COPTOB CTeKJa € IOKAa3aTeJsIMH NpejoMieHus n, = 1,5 u
n, =1,7. HaliTu oTHomeHHe (POKYCHBIX PACCTOSHHH JIHH3 B BO3IYXE
(n=1)u B Bope (n, = 1,33).

1175. IInockoBbINyKass JHH3a C (POKYCHBIM pacCTOsHHEM | =
=10 cM norpykeHa MmiocKod IOBEPXHOCTBLIO B BONY TakK, 4TO c(repH-
JeCKasl MOBEPXHOCTh JIMH3bI HAXOAUTCH B Bo3yXe. [lepneHAHKyIsIpHO K
MOBEPXHOCTH BOAbI MafatoT MapaJiebHbIe Tyud cBeTa. Ha KakoM pac-
CTOSIHHH F, OT MJIOCKO# MOBEPXHOCTH JTUH3BI (DOKYCHPYIOTCH CBETOBBLIE
nyun? Ilokasatenbs nmpemoMiieHHs Bofwl n, = 1,33. JlmaMeTp JIHH3BI
MHOTO MeHbIIe ee (POKYCHOTO PacCTOSTHHS.

1176. $ororpac ¢ 10oaKH CHEMaeT MOPCKYIO 3Be3QY, nemamylo Ha
IHe NMpSMO moj HAM Ha riybuHe H =2 M. Bo ckomnbko pa3 H3o6pakeHue
Ha IJeHKe OGygeT MeHbIIe ‘NMpeaMeTa, eciln (PoKyCHOE paccTOfsHUE
obbvekTuBa F| =10 cM, paccrosiHie OT OO6BEKTHBA 10 MOBEPXHOCTH
Bopkl [ = 50 cMm? I1okazaTens nmpenomneHus Bonel #, = 1,33.
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1177. B my3ee cororpadupoBaHa Gonbiuas rpaBiopa, a 3aTeM H €€
OTAeNbHBbIE (DparMEHThI B HATypalbHYIO BenHuHHy. Bo ckonbko pa3s
ObLIIO YBEJTHYEHO BPEMS IKCNO3HUHUH NpH (poTorpacupoBaHuH AeTaneH
rPaBIOpbI, YTOObl HHTEHCHBHOCTDb NOYepHEHHs (POTOMNACTHHKH OCTa-
J1ach NpekHeH?

§ 31. OnTHYecKkne cUCTEMBI

PacueT H306pa’XeHHUH B CIOXHOH ONTHYECKOH CHCTEME, KOMIIOHEHTDI
KOTOPOH (JIMH3LI, 3€pKaia) pacnojaoXeHbl BAONb OOIIEN IIIaBHOM ONTHYECKON
OCH, YIOOHO NpPOM3BOJMTL, Pa3bHMB €ro HAa NOCIENOBaTeNbHbIe 3Tanbl. He
ofpaias NEPBOHAYalbHO BHUMAaHHs Ha BCE KOMIIOHEHTBI CHCTEMDI, KpOME
HEPBOTO, HYKHO BBIUHCIHTD MOJOXEHHE H300paKeHHs, 1aBacMOro MepBoi
JUH30M (MM 3epKaioM). ITO H300pakeHHE B CBOIO OUEPENlb CIYKHT HCTOY-
HHUKOM 1511 BTOPOH JIMH3BI (MJIM 3€pKaja), KOTOpas TaKXke PaccMaTpHUBACTCs
OTJIELHO OT BCEX OCTANBHBIX YacTeH CHCTEMBI.

ITpu 3TOM, ecliM NEPBBIA KOMIIOHEHT CHCTEMBI Ja€T MHUMOE H300pakeHHe,
TO Ha BTOPOH KOMIIOHEHT NaJaloT PacXofsiuecs JY4H, H, CIefoBaTeILHO,
HMCTOYHHK JJI Hero OyAeT JEeHCTBHTENbHBLIM. EcCiu Xe nmepBblii KOMIOHEHT
CHCTEMbI [laeT JAEHCTBHTENbHOE M300pa’keHHE, TO Ha BTOPOH KOMIIOHEHT
MOTYT, B 3aBUCHMOCTH OT €rO NOJOXEHHS, NalaTh CXOMAIINECS HIIH PacXo-
AsiEecs nyud. B nepBoM ciydae MCTOYMHMK JJIS1 BTOPOH JTMH3bBI (MM 3epKana)
JOJIKEH, KaK OOBIMHO, CUMTATLCS MHHMBIM, BO BTOPOM Ciyuac — AeHCTBH-
TeNbHBbIM. TaK Kak JTy4H NafjaioT Aajiee Ha CICAYIOUYIO IMH3Y (MU 3€PKao),
TO MIPOIECC PACUETA MPOAOIKAETCA U Jiaiee 10 BbIXOJa NyUeH H3 CHCTEMBI.

Pasmep monyueHHOro H300pakeHUs M YBEIHUCHHUE PACCUMTHIBAKOTCS aHa-
noruuHo. OcoObIA HHTEPEC NPEACTABISIET BBIMHCICHHE YITIOBOTO YBETHUCHHUSL,
332 MEPY KOTOPOrO MOXHO IPHHSATH OTHONIEHHWE TAHTEHCOB YIJIOB MEXIY
ayukaMd Jy4eH, BXOJSIMMH B CHCTEMY M BBIXOASAIMMH M3 Hee. Ecnu
paccMaTpuBaTh TOJBKO HNPHOCEBBIE NYUKH (Manbie YIbI), TO OTHO-
ILICHAE TAHT€HCOB MOKHO 3aMEHHTH OTHOUIEHHEM CHHYCOB MJIM OTHOHIEHHEM
CaMHX yrioB.

MHKPOCKOH MOXKHO PacCUHTBIBATD KaK ABYXJIHH3OBYH) CUCTEMY, B KOTOPOH
AEHCTBUTENBHOE H300paKeHUe, 1aBaeMoe OO BEKTHBOM, PACCMATPHUBAETCA B
OKYJAp KakK B NyNy. Y BEIHUCHAE MUKPOCKOIA BBIUUCIAETCA KaK IPOU3BEJICHUE
yBenuueHuH oOBEKTHBa M OKynsApa. Ilpn pnurtensHo# paGoTe rnas
HaOnogaTeNns NOJIKEH ObITh HE HalpskeH (aKKOMOJUPOBaH Ha OECKOHEU-
HOCTb). DTO O3HA4YdET, UTO OOBEKTHB CO3[aET M300paKeHHE B POKANBHOMN
IUIOCKOCTH OKYJIsIpa, M yBelnHueHHe oKynapa k, = dy/F,, rae dy — paccrosinue
HaWITYIHIErO 3peHs HOPMaBHOTO IMa3a, F, — (hOKyCHOE paccTOsHME OKymspa
(cm. 3apgauy 1135). Ysenuuenne oGbexktusa ky = 8/Fy, rue Fy — doxycHoe
paccrosHue 00 HEKTUBA, O — InuHa TyOyca MEKPOCKONA (PACCTOSHHE MEXY
3aHuM OKYCOM OOBEKTHBA U nepeHuM GOKycoM oKkynsapa). Takum obpa-
30M, yBEIMYEHAE MUKPOCKOINA

k = kiky = 8dy /F1Fo.
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ITop paccrosHMEeM HaMNyuUIero 3peHus d; BO BCEX 3ajavax NOHHMAETCH
HaMMEHDLIIEE PACCTOSHUE, HA KOTOPOM UeNOBEK MOXKET UeTKO BHACTH RETANH
npeaMeToB €3 Upe3MepHOro Hanps:KeHus rnasa. Tak Kak Upe3MepHOe
HaIpsOKCHME IN1a3a HUTAS HE NMPEAIOoNaraeTcs, O pacCTOSHUEM HAWTYULIErO
3peHHs d;, MOXHO Nojgpa3yMeBaTh OMIDKHMH Npefgesl aKKOMOJalUuW HOp-
ManbHOTrO rna3sa. Bo Bcex 3agauax cuvraeTcs, 4TO dy = 25 cM.

OukH, paccMaTpuBaeMble B pAfe 3ajal, NPeAcTaBisiOT coBof TOHKHE
JHH3BI, BIUTOTHYIO NPUNIETaloMe K Iasy.

1178. Ise nuH3bI ¢ (POKYCHBIMH PacCTOSIHUAMH F| U F,, TIpHUCTaB-
JIEHHbIE BIUIOTHYIO APYT K APYTY, JAaIOT W300pakeHne HCTOUHHKA, pac-
MIONOXKEHHOT'O Ha HEKOTOPOM pacCTOsIHUU nepeq nun3aMu. O6e MTHH3bI
3aMEHSIIOT OIHOW, MOMEINeHHOH Ha TOM Xe Mecte. KakoBa HojxHa
ObITh ONnTHYECKas cuna [ 3TOW NUH3BI, YTOOBI MONOXKEHHE N306pa-
’K€HUS UICTOYHHMKA HE U3MEHMIIOCH?

1179. Toueynslli HICTOYHHK CBeTa MOMEINEH B (DOKYCE paccenBaro-
e nuu3bl. Cobuparoinas JUH3a, IPACTABICHHAs BINIOTHYIO K pac-
CeHBaIOILEH, IpeBpailaeT MafaolKil Ha Hee U3 pacCeuBarOIel JTHH3bI
pacxofsiiuuiica My4doK Jydyell B mapanjenbsblii. HalTh oTHOIIenmne
(POKYCHBIX PaCCTOSHMMN JTHH3.

1180. doToanmapaToM, HMEIOIMM OO BEKTHB C (POKYCHBIM PaccTOosi-
aueM F| = 13,5 cM, poTorpacdupyroT npeaMeT, HaxoaAIIuKUCA Ha pac-
crosaunu d = 18 cM oT o6 BbeKkTHBA. PaccTodaHue OoT 06 beKTHBa 10 HOTO-
nnactuiky =27 cm. Halttu dokycHoe paccrosinue F, TUH3BI, KOTO-
PY0 Hajo NPUCTABUTH BINIOTHYIO K OOBEKTHUBY, UTOOBI H300pasKeHHUe
Ha IMacTHHKE OBLIO PE3KHUM.

1181. [TrmockoBBIyKTasi TMH3a U3TOTOBJIEHA M3 BEIECTBA C TIOKa-
3aTeNeM IpeNoMIeHus 1. Pagnyc KpUBH3HBI BHIYKIION HOBEPXHOCTH
JTHH3BLI paBeH R, MIockad MOBEPXHOCTh NUH3BI Nocepebpena. Halitn
OTNITHUYECKYIO CHUNTY [D TaKOH CHCTEMBI.

1182. [IpegMmeTt pacnonoxeH Ha paccTodHUM d = 18 CM OT MIOCKO-
BBLINYKJIOH NHUH3BI ¢ (POKYCHBIM paccTosiHueM F = 12 cMm. Brimyknas
TIOBEPXHOCTh JIMH3bI OOpallleHa K NpegMETy, IIocKas MOBEPXHOCTD
nuH3blI Iocepebpena. Ha KakoM paccTOsSHUM f OT NHUH3BI HAXOOWTCA
n306paXxeHne npeamera?

1183. Cxopsiumiics ny4oK Jydyel, mafaroIix Ha JBOSKOBOTHYTYHO
JTWH3Y C pafiiyCOM KPHUBH3HBI R = 3 M, UMEeT BHA KOHYycCa, BepIINHA
KOTOpPOTO HAXOAWTCA HA paccTosiHum d = 4 M 3a JHH30H. 3apnnss
NIOBEPXHOCTH NHH3B TocepebpeHa. IlpenommBmnce Ha nepemnei
MIOBEPXHOCTH JIHH3bI, OTPA3UBIIHACH OT 3alHEeH U CHOBA MpPEJIOMHBIIACh
Ha TepefHeH, Nydu CXOUATCS B TOYKY, PACIHONOXKEHHYIO Ha paccros-
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Hau [, = 12 M nepen nmua3oi. Ha kakoMm paccrosguuu f, 3a nuH3o0M
COILNTUCHL Obl NyuH, ecnu Obl 3afHssl MOBEPXHOCThL JIUH3bI He Oblla
nocepebpena?

1184. CeeTsimasics TOUKa HAXOOUTCS Ha paccTosHum d = 15 cM ot
IJIOCKOTO 3epKaJia Ha IMTaBHOH ontuueckon och. [Inockoe 3epkaino pac-
HONOXKEHO B ONTHYECKOM LEHTPE BOTHYTOrO 3€pKala ¢ pajuycoM
kpuBHU3HBI R = 60 cM”. HaliTn nonoxenune n3o6paxkeHus cBeTALIEHC
TOYKH, aBAEMOr0 JIy9aMH, OTPAXKCHHbIMH OT BOIHYTOrO, a 3aTe€M OT
NIIOCKOro 3epKana.

1185. TouyedHbIH UCTOYHHK CBETA HAXOAUTCS HAa JBOHHOM (hOKYCHOM
pPacCTOSHUU OT COOUpAIOWICH JIMH3bl HA FIaBHOH ONTUYECKOH OCH.
IInockoe 3epKano pacloiokKeHO Ha TaKOM PacCTOSHUM 3a JIUH3O0H, UTO
JIYYH, OTPA3UBIIUCH OT 3epKajia U BTOPUYHO NIPOHAs Uepes INH3Y, UAYT
napanneabHeIM myukoM. Halitu quameTp ! myuka, eciiu JuaMeTp JTUH3bI
paBeH L.

1186. Cseua HaxoguTcs Ha paccTosiHum d = 15 cM nepen cobu-
patolteli TuH30M ¢ HOKYCHBIM paccTosiHHeM F = 30 cM. Ilnockoe 3epka-
JIO pacmoJIOXKEHO Ha paccTosHuu b = 15 cM 3a nuH3oi. Ha kakom pac-
CTOSIHMM @ OT JIMH3BI MOJNYYUTC HU300pa’keHUEe CBEYU, [aBaecMoe
cucTeMoin?

1187. ToueuHbli HCTOYHHK CBEeTa HAXOJUTCA Ha pacCTOSHUH
d= 15 cMm or pacceuBarolie# NUH3BI ¢ (POKYCHBIM pAacCTOSIHHEM
F = 10 cM Ha rinaBHo# onTHuecKo# ocu. I1o apyryio cTOpoHy NMHMH3EI Ha
paccTossHHM b = 5 cM OT Hee pacloloXeHO IIocKoe 3epKano. Haittn
paccTossHUE @ MEXIY UCTOUYHHKOM W €r0 MHUMBIM H300pakeHUEM B
3epkae.

1188. [lapannenbHbIit My4OK CBETA nMafilacT Ha COOHPAIOLIYIO THH3Y, a
3aTeM Ha BOTHYTOE 3epKalo ¢ (hOKYCHBIM pacCTossHHEM F, = 24 cM.
PaccTosiune Mexny nmuu3oit u 3epkanoMm b = 32 cMm. KakuMm pnonxaHo
6bITh (DOKYCHOE paccTosiHne F; nMH3bI, YTOOBI CBET, OTPA3HMBIUMCH
OT 3epKalna, cobpalicd B TOUKE, YIAJEHHOU OT 3epKala Ha paccTos-
Hue f=6 cM?

1189. Cobuparomas nmuH3a ¢ HOKYCHBIM paccTOssHHEM F HaxoauTcs
Ha pacCTOSIHHU b Niepell BOTHYTHIM 3€PKaJioOM ¢ paguycoM KPUBU3HEI R.
Ha kaxoM paccTosiHUHE d nepeq AUH30H HY>XXKHO IOMECTUThL TOUYEUHBIR
HUCTOYHUK CBETa, YTOOBI JIYUH, PO JUH3Y, OTPA3UBUINCh OT 3epKaja
W CHOBa NpOHfs JNH3Y, cOOpauce B TOU Xe TOUKe, e pacloNoXeH

.

* 3pech U panee HMEETCS B BHJy, YTO BCE KOMIIOHEHTbI CHCTEMbI (JTHH3bI, 3EpKana)
pacnonoXxenbl BRoib o61iel rmaBHoM ONTHUECKOHN OCH.
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ncroyHMk? IIpy Kakux paccTosHUSIX h OT JTHH3BI [0 3epKalia pelleHne
BO3MOXHO?

1190. ToueuHpI# HMCTOYHHUK CBE€TAa HAXONUTCH Ha PacCTOSHHHU
d =10 cM ot cobuparollel THH3BI ¢ POKYCHBIM paccTosiHueM F = 12 oM
Ha TJTaBHOH oNTH4YecKOH ocH. JIyuH, mpeJOMHBIINCEH B JIMH3E, NANalOT
Ha BBINYKJIOE 3€PKalo, pacloOXEHHOE Ha paccTOSHHH h =3 cM 3a
A nuH30d. OTpa’keHHBIE OT 3¢pKaja Jy4H, BHOBbL
_"_>§ NpOMAA Yepe3 TNH3Y, HAYT IIYYKOM, [IapaJjebHbIM

- % b onTuyecko# ocu (puc. 176). Hafitn paguyc xpu-

d § BH3HBI R 3epKana.
4 1191. TouyeuyHBLIH UCTOYHHK CBETA HAXONUTCS Ha
Puc. 176 paccrosiHAN d = 15 cM OT NHH3BI € POKYCHBIM pac-
crosgHueM F = 10 cM Ha rnaBHOH ONTHYECKOH OCH.
3a nMH30f1 PacrnojoXeHO BBINYKIIOE 3€PKANO C PafHyCOM KPHBH3HBI
R = 24 cm. Jlun3a ¢opMupyeT H306pakeHHe HCTOYHUKA C MTOMOIIBIO
Aydyel, NMPOMIEIINX Yepe3 JUH3Y, OTPa)KEHHBIX OT 3epKajla U BHOBb
npomIe AKX Yyepe3 NUH3y. Ha KakoM MUHHMAanbHOM PAaCCTOSIHHH d OT
JIUH3BI NOJKHO HAXOMHUTHCS 3€PKaNio, UTOObl H300paXkeHue HCTOUHHKA
CBeTa COBIIAJIO C CAMHM HCTOYHHKOM?

1192. PaccenBaromas JJHH3a U BOTHYTOE 3€PKaJio PacloOXKEHbI TaK,
UTO MY4YOK Jy4Yed, NapaJIeTbHBIX ITaBHOH ONTHYECKOU OCH, TIPOHMs
JUH3Y, OTPa3MBIIMCh OT 3€pKaljla | ellle pa3 NpOUAs AHUH3Y, OCTaeTCs
napajJIETbHBIM TOH XXe OCH. POKYCHbIE PACCTOSHHUS JIUH3BI U 3epKaja
Fi=12cmu F, = 36 cM. I'le 1 kakoe nony4uuTcs H306paskeHne, €Clln
NOMECTUTh TOUEUHBIH HCTOUHHK CBETA B ONITHYECKOM LEHTpPE 3epKana?

1193. Masble NMPOTHBOINOIOXHbIE YIACTKH MMOBEPXHOCTH Cepbl
papuyca R nocepebpennl. CBeTsdIascsd TOUKa HAXOIUTCH Ha JUAMETpe,
COEIMHAIONIEM LEHTPbI YYacTKOB. Ha KaKOM pacCTOSHHH @ OT UEeHTpa
cpephbl IOTKHA HAaXOJIUTHCSA CBETSIASACH TOUKA, YTOOBI IOCTIE OTpaXke-
HHA OT OIHOTO, a 3aTeM OT J[pyroro y4acTka JIY4Yd COLLTUCH Ha pac-
crosiHuH b = 3R/4 or uenrpa cepsbr?

1194. [IBe cobuparoiiye TUH3bI C ONTHUYECKAMH cunaMu D = 5 gutp
n D, = 3 gntp pacnonoxeHsl Ha pacctosHud b =10 cM apyr ot gpyra.
Ha xaKOM pacCTOSHHH OT 3afHEH JIMH3BI NONYy4aeTcss H306pakeHHe
GECKOHEYHO Y[AaJE€HHOI'O UCTOYHHUKA, JaBaeMOE CHCTEMOMH, €CIIH CBET
HCTOYHHKA MOMAafaeT CHAavaja Ha JUH3Y: 1) ¢ onTHuecko# cuioi Dy,
2) ¢ on'THUeCK O cuion D,?

1195. [IBe cofOmparomue JuH3bI ¢ (POKYCHBIMH pacCTOSHHSMH
F; =10 cMu F3 =15 cM pacnonoxeHsl Ha paccrosguun b = 30 cM apyr oT
npyra. I'me cieyer mOMECTHTh TOUEYHBIH MCTOUHHK CBETA, UTOGHI
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HAyLEe OT HEero Jy4H I10 MPOXOXXAEHUH 00CHX JTMH3 06pa30Baiu MyJYoK
Jydyel, mapanneabHbIX IIAaBHOM ONTHUECKOH ocu?

1196. [Ipe coGuparomue JHH3bI ¢ (DOKYCHBIMH pAacCTOSHHUIMH
F =20 cMm u F, = 40 cM pacrionoxeHbl Ha paccTosiHuEd b = 1,5 M ipyr OoT
npyra. IlpegMer BbicoThl [ = 2 CcM HaxXOAHTCA Ha PACCTOSIHUH
d, = 25 cM ot nepBoi nuH3bl. Ha KakoMm paccrosiHud f, OT BTOpOi
JAUH3bI NOJYYHTCA H300paxkeHue MpeaMeTa Mocie MPOXOKICHHS Tyder
uepe3 06e nuH3bl? KakoBa BeicoTa L, MONYyUCHHOrO n306paxkeHus?

1197. JIBe oguHaKoBbLIE COOHPAIOMIME JTHH3BI C (POKYCHBIM PaccTosi-
HueM F = (0,1 M kaxkpaast pacnionoKeHsl Ha pacctosauun b = 0,25 M ipyr
ot Apyra. IlpegmeT HaxoguTcs Ha paccrosiHud d = (0,2 M OT mepBoi
auH3bl. Ha KakoM paccTOSIHHH g OT NpPefMETa HaXOMHUTCS ero H300-
paskeHue, laBaeMoe CUCTEMOH JTHH3?

1198. [IBe coGuparomue JUH3BI € (POKYCHBIMH pacCTOSHHAMH
Fi=2cMmu F, =20 cM pacnosnoxeHbl Ha pacCcTOsHEM b = 24 cM Apyr OT
npyra. IlocTpouTh H306paskeHHe mpeAMeTa, HaXOfsIerocsi Ha pac-
cTosiHUHE d = 3 cM OT NepBoit MHH3bI. HaliTH yBennuenue k.

1199. [Ipe cobuparomue JHH3BI ¢ (POKYCHBIMH PAacCTOSHHUAMH
Fy =10 cMm u F, = 15 cM paror n3o6pakeHne NpeMeTa BbICOTHI [ = 2 cM,
PacmoNoXeHHOT0 Ha paccrosHud d = 10 cM oT nepBoi nuH3bl. Hafitn
BbICOTY L n306paskeHust IpeIMETa, faBaeMOro cucTeMoi iuH3. [locTpo-
HTb U300paskeHne NpeaMeETa.

1200. B TpyGy BcTaB/ieHBI ABE ONHHAKOBBIC COOHpPAIOIIUE JTHH3BI C
(poKyCHBIM paccTosiHueM F = 12 cM kaxpas. IlpeameT pacnonoxeH Ha
paccrossHun d = 3 M OT mepBo#t nuH3bl. Ha kakoM paccTostHum f OT
BTOPOH JHH3bI MNONYYUTCS H300pakeHHE, €CIH PACCTOSHHE MEXY
nuH3amu b = 25 cMm?

1201. Ha xakoM paccTosiHHH b IPYT OT APyra Hy>KHO PacnoJOXHTb
ABe coOHparomue JHH3BI C (POKYCHBIMH PAacCTOSHMSIMH F| =5 cMm u
F, =3 cM, 94TOOBI NapauTeNbHbIA MYy4YOK JNyUcH, NIPOHAs CKBO3b HHX,
OCTaJCs napanieabHbIM?

1202. Ha xakoM paccTosiHum b APYr OT ApYyra Hy>KHO pPacloNOXHTh
coOMparImy0 U pacCeHBAIOMIYIO THH3bI C (POKYCHBIMH PacCTOSHUAMHA
Fy=10cM u F, = 6 cM, 4TOOBI mapaie bHbIA Ny4YOK JIyUel, MpoHast
CKBO3b HUX, OCTAJICA MapalJIe]IbHbIM?

1203. Ha cucreMy 13 TpeX JIMH3 NAf{a€T MapaJIeIbHbIH MYYOK JyJdeH.
Cobuparomas 1 pacceHBaromiasi JUH3bI ¢ (DOKYCHBIMH PAaCCTOSHHIMH
£, =10 cMm u F, = 20 cM HaxopsiTcst Ha paccrosHuu b = 15 cM apyr ot
npyra. Ha xakoM paccTOSHHH 4 OT pacCeHBAalOLIEH JMH3BL HYXHO
PAacrnoNOXHATL BTOPYK COGHpAIOMIYIO NUH3Y ¢ (POKYCHBIM paccTos-
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aueM F3 = 10 cM, 4TOGHI BBIXONSIIMI U3 CUCTEMBI IIYUOK JIYYel OCTalCs
napajieIbHbIM?

1204. Cobuparomasi ¥ paccerBarolias JIMH3BI C QOKYCHBIMHM pac-
croaausmMu F| =30 cM 1 F, = 10 cM pacnonoXeHbl Ha paccTosiHUH
b = 20 cM apyr oT gpyra. Ha coGuparomyro nTuH3y NnafaeT napasi-
JeNBHBIN My4oK Jiyded fuameTpa D = 12 mm. Kakos puameTp D, nyuka
Ha pacCTOsIHMHM a = 2() cM 3a pacceuBarolle TUH30H?

1205. ColGuparomas U paccenBarolasi JTHH3BI C (hOKYCHBIM pac-
crosiaueM F = 20 cM KaXpasi HaxolATcd Ha paccTosHuM b = 25 cM apyr
oT ppyra. Ha xakoM paccTosHuu d oT cobuparouieil THH3bI HY>XXHO
pacnoNoXUTh Ha TIaBHOHM ONTHYECKON OCH TOUYEYHBIA HCTOYHUK CBETa,
uTo6Bl CHCTEMa Maja MapalleldbHblH nyuok nyueii? Iloctpouts xopn
JyUueid B CIytae, KOrja HCTOYHUK HE HaXONUTCS Ha IIIaBHON ONTHUECKON
OCH JIMH3.

1206. Pacceusaronias u cobuparoniass JTUH3bI ¢ (POKYCHBIMH pac-
crossuusaMu F( = 8 cM u F, = 10 cM HaxopsTcsa Ha paccTosiHud b = 6 oM
Opyr oT ppyra. Ha xakoMm paccTosdHHM d OT pacCeHMBarOLled JHH3BI
HYKHO PacloIOKUTEL Ha ITAaBHOU ONTHYECKON OCH CBETALIYIOCS TOUKY,
yTOGBI CHCTEMA 1aBajia MapajIeIbHbIA My9OK Jyden?

1207. Pacceusaromias U cobuparomasi JTHH3bI C GOKYCHBIMH pac-
crosHusmMu F; = 10 cMm 1 F, = 15 cM pacnojioXXeHBl Ha pacCTOSIHUH
b = 30 cm pmpyr ot gpyra. Ha paccrosaun d = 12 cM oT paccenBarouieit
JUH3BI Ha TJIaBHOH ONTHUECKOH OCH HAXOMMUTCS TOUECUYHBIH UCTOYHHK
ceeTa. Hailtu paccTosiHe a MeX[y UCTOYHHKOM H €T0 JEeHCTBUTEIb-
HBIM H300pakeHHeEM.

1208. Ha xakoM MHHHUMAaJBHOM PAcCTOSIHUH [ JOJIXKHBI OBITH ITOMe-
ieHs! Ha JIyHe [1Ba ApKUX UCTOYHHUKA CBETA I TOro, YTOObI HX MOXKHO
GBITO BUAETh C 3EMIIM B TeJIECKON pa3fenbHo? POKyCHBIE paccTos-
HUSl O0BEeKTHBa M OKyJspa Tteneckona Fy =8 mu F, = 1 cM. Herno-
BEUECKUH I1a3 MOXKET BUJETH Pa3fie/ILHO NIBa TIpEMETa, HaOmonaeMble
non yrioMm He Meree @, = 0,001 pan. Paccrosiuue ot 3emau no JIyHbI
r=3.8-108m.

1209. ®okycHble paccTosIHUS 0O BEKTHBA U OKyJsApa TpyOr! 'anuies
Fy=45cMmu F, =5 cM. 1lpu 3aMeHe uH3 B TpyOe Ha JiBe coOHparonme
noJiyumiace Tpy6a Kemiepa ¢ TeM Xe yBelHYeHHEM, YTO U TpydOa
lanunes. Haiitu ¢oxkycHbie paccTosiHus F; U Fy OByx cobuparo-
LIUX JTUH3.

1210. 3purtenbHas Tpyba ¢ (HOKYCHBIM pacCTOSSHHEM OOGBEKTUBA
F = 24 cm ycraHoBieHa Ha -6eCKOHE4YHOCTH. Ilociie Toro kak okyJsp
TpyOslI ObLI NEPENBUHYT Ha HEKOTOPOE PacCTOSHUE, CTAU ICHO BHAHBI
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. IpEIMETHI, YHaleHRbIe OT O0BEKTHBA Ha pacctosHie 4 = 6 M. Ha kakoe
pacCTosiHUE g IEPEeBUHYIIN OKYJISp?

1211. [Tnsa onpeneneHust yBeTHUEHUs 3pUTENBbHON TPYOBI, OKYJIApOM

. KOTOpO# ABAsAETCS coOHUparomas 11H3a, oObEKTHB 3aMeHSIOT KBaIpaT-
Ho# nuadparmoii co cropoit /. HaliTu yBenuuenue k TpyGbI, eCiid OKy-
JAp JaeT AEHCTBUTEIbHOE H300pakeHue fuadparMel co cTopoii L.

1212. KakoBa amuHa [ 3puTeabHON TPyObl, O0bEKTHB B OKYJISP KOTO-
poll uMeroT oKycHble paccTosiHusl F| =25 cMu F, = 8 oM, ecnu pac-
CMaTpHUBAaeMbIH NpeaMeT yaajeH B 06CKOHEYHOCTD, a ero H300paXeHue,
[aBaeMo€ OKYJSPOM, HaXOJUTCsl OT OKYJsipa Ha pacCTOSHUN HAUTYY-
LIET0 3peHus dy = 25 cM?

1213. Insa HaOmoaeHUsT HEKOTOPOro o0 bEKTA UCTIONB3YIOT MJIHHHO-
¢bOKYCHBIH MHKPOCKOII, 00 bEKTHB KOTOPOTO HE JJOXKeH NPUOINKATHCS
K 00BbeKTy Omimke yeM Ha paccrosiHue d = 5 cM. C KakUM (DOKYCHBIM
paccrosiHueM [ Hago B3ATb OOBbEKTHB, €ClIH yBeJTHUEeHHE MUKPOCKOMA
moykHO 66T k; = 180, a yBenMueHue okyJspa k, = 20?7

1214. ®okycHOe paccrosHHE 00'beKTHBa MHKpockomna [, = 0,5 cmM,
paccTosiHHe MeXy OObeKTUBOM M OKyJsApoM [ = 16 cM. YBenudeHue
MuKkpockona £ = 200. Haiitn yBenuueHue k, OKynsapa, eClii pacCTOsTHHE
HaMJIy4UIero 3peHus dy = 25 cM.

1215. ®okycHOe paccTosiHHe OKy/Isipa MUKpocKkona F, = 4 cM, pac-
CTOsIHME MeXHny OOBbeKTHBOM U OKyJspoM [ = 16 cM. YBenuueHue
Mukpockona k = 300. Haiitu ¢dokycHoe paccrosinue F; oO0bekTHBa
MHKPOCKOIIA, €CITH pacCTOSTHUE HAUTYUILLIEero 3peHus dy = 25 cM.

1216. ®okycHbie paccTosiHUA OGBEKTHBA M OKYy/Isipa MUKpPOCKOIMA
Fi=8wMMu F, = 5 cM, paccTossHHE MeXKAy OO BbEKTHBOM M OKYJISIPOM
/=21 cMm. HafiTu yBennuenne k MUKpOCKOIIA, eClIU paccTOsTHUE HAUTy4-
nrero 3penus dy = 25 cMm.

1217. ®okycHbie paccTosiHUA OOBEKTHBA M OKYJAPAa MHUKPOCKOITA
Fi=3mMMuF, =5 cM. IlpeagMeT HaxoguTcs OT O0bEKTHUBA Ha pac-
crosinud d = 3,1 mM. HaliTn yBetMueHne K MEKpOCKOIA B paccToOsHUE [
MeXay OOBeKTHBOM M OKYJISIpPOM, €CIIH PAacCTOSHHE HaMJIYyULIETro
3peHus d, = 25 cM.

1218. ®okycHbie paccTosiHUS OOBEKTHBAa U OKYJIsIpa MHKPOCKO-
na Fy=4mmu F, = 2,5 MM. [lpegMeT HaxoAUTCs Ha pPaccTOSHHUU
a= 0,2 MM oT ¢okyca o6bekTuBa. HaiiTu yBenuueHmne k U [IHHY
O TyGyca MHKpPOCKOMNAa, €CIHd pAacCTOsIHHE HAMIYYWIErOo 3pEeHUs
dy=125 cMm. -

1219. IIpenmeT HaxomuTCs HA paccrosiHun d = 6,1 MM'OT 06 beKTHBA
MHuKpockona. PoKycHoe paccTossHue OKymsipa F, = 1,25 cM, yBelTuYeHHE
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Mukpockomna k = 1200. Haiitn dokycHoe paccTosHHe OO6beKTHBaA F,
€CITH pacCTOSHHE HAaUMy4llero 3peHus d,, = 25 cM.

1220. dokycHOe paccTosHHE OOBEKTHBA MHUKpockoma F| = 0,3 cm,
mauMHa TyGyca MHKpockoma & = 15 cM, yBennueHHE MHKPOCKOIa
k = 2500. HaiiT pokycHoe paccrosHue F, OKynspa, eClIH paccCTOsgHHe
HaWITy4Ilero 3peHus d, = 25 cM.

1221. banxHuil ¥ manbHUH Tpefenbl aKKOMOJAIlHH rina3a 6iiu-
3opykoro uenoBeka d, = 10 eMm u d, = 12,5 cm. KakoBel OyayT npenens
d/ m d;, eclH UeNOBEK HageHET OYKHM C ONTHYECKOH CHIION
D, = =7 poTp?

1222. YuyeHHK NPHBBIK UHTATh KHHTY, Jep:Ka €€ Ha pacCTOAHHU
d = 20 cMm ot rmasza. KakoBa fgomxkHa 6bITh omTHUecKas cuina D,
OUKOB, KOTOPbIE IONMKEH HOCHTh YUCHHK, UYTOOBI YNTAaTh KHHUTY, IepXKa
ee Ha pacCTOSHMH HaMJTy4Ilnero 3peHns d, = 25 cm?

1223. Bnu3opyKHil YeT0BeK MOXKET YETKO BHAETh MPEAMET, €CITA OH
HaXOOUTCA Ha paccrosHuM He panblie d = 20 cM oT rnaza. Kakosa
ROMKHA ObITh ONTHYecKasA cuia D, OUKOB, KOTOPbIE JOIXKEH HOCHTD
3TOT YeJIOBEK, YTOOhI YeTKO BUMETH YAaJIeHHbIE IPEAMETHI?

1224. Kakne 04KH HeoOXOUMO MTPONMHCATh GIIH30OPYKOMY UYEIOBEKY,
0 KOTOPOM IIIa peusb B 3agade 1221, 4ToObI HCIPaBHTE HEJOCTATKH €TI0
3peHus?

1225. 1anpB030pKHIA YETTOBEK MOXKET YHTATh KHHTY, JcpXkKa €c Ha
pacctosiHui He MeHee d = 80 cM oT rma3za. KakoBa pomkHa OBITh
onTHyeckas cuna D, OYKOB, KOTOpbIC JONKEH HOCHTH UEJOBeEK,
“TOOBI YMTATHh KHHTY, Oep>XKa €€ Ha PacCTOAHHH HaMNy4lIEero 3peHus
dy =25 cm?
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OTBETHI 1 PENIEHUA

I'masa 1

MEXAHHKA

§ 1. IIpamMonnHeiinoe paBHOMEPHOE H PABHONIEpeMENHOE IBUKEeHHE

1. HampaBuM KOOPAMHATHYIO OCk (JS ¢ HAa4ajJoM B TOYKE OTIPaBICHHS
MOE3J0B BAOJbL HampaBieHus ABmwKeHus - (puc. 177). Koopgunara TtoBapHOoTO

8, KM

St

o - U} S
pas——————.- o
U, $
0 0,5 1,0t
Puc. 177 Puc. 178

oe3/ia B MOMEHT BPEMEHH £, KOT/Ia €ro JIOTHAN JKcmpecc, sy = vit. Koopaunara
DKCIpecca, KOTOPbIA el Ha BpeMsi T MeHLIIe, B 3TOT XK€ MOMEHT Bpe-
MEHH 5; = Up(t — T). OBe 3TH KOOpAMHATHI JONXKHBI OLITh PaBHBI KOOPJAMHATE
MECTa, TJle 9KCIPEecC IOrHA TOBAPHBIH moe3: s; =5 = 5. [IpUpaBHsAB 5| H 55,
HaXOIUM

=Tt —v) =19, 5s=vUT/(v,—v) =36 kM.

I'pacbuueckoe perneHue npeacTasneHo Ha puc. 178, rge muHmm l w 2 —
rpaduKH JIBUKEHUs. TOBAPHOTO noes3jia u
skcnpecca. Touka HX NepeceyeHds A Y ¢ _v B
onpefieNsieT KOOPAMHATY S MECTA, TJie | L2 iO f/z I S
IKCIpecC AOTOHUT TOBAPHBIA Moe3f, W o '
BpeMsl ¢, KOTa 9TO NIPOU30UNET. Puc. 179

2. HanpaBuM KOOpPAMHAaTHYK OCb €
HavanoM B Touke C or C K B (puc. 179). 3aKOHBI ABIKEHH IEPBOH ¥ BTOPOH
aBTOMAUINH UMEIOT BUJ

si==LR2+uvt, so=L2~wt

205



TIpu BcTpeue KGOPAMRATHI JOJIKHEI ObITH OTHHAKOBBI: §| = §; = §. IIpupaBHss
$| 4 §p, HAXOUM

t=Lf vy +v)=154, s=L2-vt=—-LR +vt=-30km.

T'pacduueckoe pemrenue npepcrasieno Ha puc. 180, roe nunuu 1 u 2 —
rpacdMKy ZBMXKEHHMA NEPBOH M BTOpoH aBToMammH. Todka UX nepeceueHus
ONpeNENAeT BpeMs / ¥ KOOPAMHATY § MECTa BCTPEUH.

S, KM
60
40
20
0
-20
AY
—40
~60

~120

Puc. 180 Puc. 181

I'pachuk 3aBuCHMOCTH pacCTOAHUS [ MEXKAY aBTOMAITMHAMHU OT BPEMEHH

NnoKa3aH Ha puc. 181.
3. 3aKOH JBIIKEHWs KOHLA CTEPIKHA A x4 = X + UL, y4 = 0; clleqoBaTelbHO,

yp =17 = (xg +ur)”.

4. B HenopgBHXKHOM cHCTeMe KoopauHAT (pHc. 182) 06roH HauMHaeTcs, KOrjia
KOOpAMHAThl Hauyaja 3KCImpecca M KOHIJa TOBAPHOTO MOe3[ja OfUHAKOBBI H

.-..nanﬁn-----

TQ

Iy So 1 vt S =8

Puc. 182

PaBHBI, HANPUMEP, §). 3aKaHYHUBAETC OOTOH B MOMEHT BPEMEHH, KOTa Of{{HA-
KOBBI KOOpPAWHATA §| HaUajla TOBApHOrO Moe3fa W KOOPJAHWHATa §, KOHIA
sKkcnpecca. Ecnu 3a HauanbHBIH MOMEHT BpeMEHH NPUHATH Havallo o6roHa, TO
3aKOHBI IBIDKEHHs Havala TOBapHOTO NOE3a U KOHIa 3Kcnpecca 6yayT

M =S()+ll + vt 52=So—12+ Uyt.
IIpupaBusB 5| U 55, monyuuM ¢ = (I, + H)/(v,—v1) =50 ¢.
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. 9Ty 3a1a4y MOXKHO PEIINTh B IBUKYIU{CHCS
BMECTe ¢ TOBAPHBIM TI0€3[0M CHCTEME KOOp-
[AHHAT, HAYaJI0 KOTOPOH COBNAJAET ¢ HAYAIOM 0S
3TOrO Noe3Ja, a HampablicHUE — ¢ Halpa- L I,

BIIEHHEM ero aBuxkeHus (puc. 183). B aroit ™
CHCTeMe KOOPAMHAT CKOPOCTh 3KCIpecca v, = Puc. 183

= U, — v;. 3aKOH JIBIKeHHS KOHI[A 3KCIpecca,

€CJIM 32 HauaJILHBI MOMEHT BPEMEHU IPAHATL Havalo oOroHa, OyAeT UMETh
Buf s =— (I, + ;) +v,t. B MOMeHT 3aBepuieHHs OOroHa KOHeEll JKCIpecca
OKaXeTcd B HaYalle HaureH cUCTeMsbl KoopAmHar, [ToaToMy ero koopauHaTa
s = 0; cnefoBaTenbHO, [N 3TOrO MOMEHTa BPEMEHHU

/] + /2 = Uz,f, t= (ll + lz)/(Uz— U]) =50c.

S.0= (v + vyt =150 m.

6.v, = «/vzg =2lu/t =15 mjc.

7. B cucteMe koopauHAT, N300pa>keHHOH Ha puc. 184, 3aKOHbI JIBUXKEHHSL
HAKJIOHHOH INTOCKOCTH ¥ CTEP3KHsI UMEIOT BUJL

xi=s=ut, y1=0; x,=0, y,=h=ut
JIist moOoro MOMeHTa BpeMeHH y, = /i = s tg O, CIeOBaTENbHO, U= u tg O

8. BepTHkanbHas COCTaBJAONMAA CKOPOCTH Kanejdb U, = U COS O OT
CKOPOCTH JIBUSKCHUS TPaMBasi i 1 CKOPOCTH BeTpa w He 3aBHCUT. I'OpH30H-

~

A
/ ,/)I 0
o .-\
Puc. 184 Puc. 185

TaNbHas [IPOEKUMsI CKOPOCTH Kalellb NpH HEMOJBMXHOM TpaMBae Ollpeie-
NeTCs CKOPOCThIO BETpa: U, = v sin O = w. IIpu ABMIKCHUH TpaMBas COrMacHO
YCIOBHIO

v/=vusind~u=0, il w=u=5 Mmfc.
W3 puc. 185 HaxoAauM, 4TO CKOPOCTh Kalelb B OE3BETPCHHYKO MOrOAY
Uy = U, Ctg o= u ctg o = 8,66 M/c.
9. Hanpasum ocbk OX crcTeMbl KOOPAMHAT ¢ HAUAJIOM B MECTe, Ii¢ MITOBel]
BXOAHT B BOAY, BAOXL Oepera MO TE€YEHHro, a ocb OF — NepneHfuKyIapHO K
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Gepery. IIpeanonoxnm, YTO CKOPOCTh ILIOBIIA U COCTABISET ¢ OCchio OX yron o
(puc. 186). Torpa 3aKOH ABMXKEHHA IUTOBIA B NPOEKLHASIX Ha OCH KOOpAHMHAT
GymeT HUMeTh BHJL

x=(u+v cos )t, y=(v sin q)t.

IInoBen nonapaet Ha apyroi Geper, korga y = h. Heo6xoguMmoe gna storo
Bpems ¢ = hfv sin . OHO 6yfeT MEHAMAaNbHLIM, KOT/Ia Sin 00 MAKCHMAJIEH, T.e.
o = 1/2 (puc. 187): 1 = M.

Y {Y
1]
VETTA
B - vsina h A
N\ C
veosa O u X 0O ul X
Puc. 186 Puc. 187

IIpn o = 7t/2 umeem x = ur. IloaToMy, Korja IIOBEI], OKAXKETCA HA APYroM
6epery, [ = Xy = Ulgi, = uhfv. [JTMHA POAEHHOrO NyTH

s:\/12+h2 =h\/u2+v2/v.

10. B cucreme kooppunHat XOY c HavanoMm B nyHkte A (puc. 188)
KOOPJMHATHI JTOIKH:
x=(u—-v cos at, y=(v sin Q)t.

ITopcraBnss x =1, y = h, nonyauM v =hu/(l sin @ + A cos Q).

11. HanpasuM ock O X cHCTeMbl KOOPRHHAT (puc. 189) npotus apuxeHHs
Kopabns (Ha BOCTOK), a ocb OY — nepneHguKyIsSpHO K ABHKEHHIO (Ha ceBep).
Tpoexumst 1y, = i, cos [} CKOPOCTH BETpa 4 OTHOCHTENLHO KOpabis GObIIe

h v

vcosd O u

Puc. 188 . Puc. 189

NPOEKIHH U, = U COS Ol CKOPOCTH-BETpa 4 OTHOCHTEIHHO 3¢MJIM HA BEJIMYHHY U
(3mech B ¥ 0L~ yribI MeXy KypcoM Kopaﬁnx ¥ HanpaBlIEHHIMH CKOPOCTEH g H
i, v— CKOpOCTL KOpabins):

u()cosB=ucosa+U. (1)
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Hpoexuuu cKOpocTed iy, = Uy Sin B ¥ 1, = 1 sin 00 B HaIpaBlIEeHHH, NEPIEH-
Oy 0 y , 1IEp
JMKYISIPHOM K JIBIDKEHHIO KOpaliisi, paBHbI MEX/y cO0O:

uy sin B = u sin a. )

YTo6bl HCKIIOYATL HEU3BECTHBIM yron B, Bossenem (1) u (2) B kBajpart u
CIIOXKUMM INOYIIEHHO: ug =u? + 12 + 2uu cos &, OTCroNa

U=-—v Cos ai\/uz(cosza—1)+u§.
YuuteiBag, 4TO O = 45°, UMeeM

w=—v2 +yjul —v?/2.

3nech Mb!I OTOPOCHIH OTPHIATENbHBIH KOPEHb, TaK KaK COINIACHO YCIOBHIO
1> 0 (3TOT KOpEeHb NOSBHIICS PN BO3BEJIEHNN B KBaApaT ypaBHenut (1) u (2)).
12. PaccMoTpuM JBIDKeHMe Tena 2

Y
OTHOCHTENBHO Tena 1. B cucreme xoop- C
auHaT XOVY, cBsa3aHHOH c Temom 1
(puc. 190), npoeKnun OTHOCUTENBHOM D
CKOPOCTH v Tena 2 6ynyT / v,
. /2 -
v, =— (v + vp COs O), U, =1, Sin O | oA o x 2 x
B, v I
O ooz <k —
CaMa OTHOCHTENbHass CKOPOCTH A O LV B B
v=Jvl+v? wanpasnena no puaro- ' >
HalW NPSMOYTOIBHUKA, IIOCTPOEHHOTO Puc. 190

Ha U, ¥ v,. KpaT4a#muM paccTOsSHUEM

MeXJy Tenamu | 1 2 3a Bce BpeMd HX IBUKeHHs OyleT UIMHa NEPIeHANKYNApa
AD =[ K nvHHH, 1O KOTOPOH HaNpaBlieHa OTHOCHUTENbHasl CKOpocTh. Ecan
0003HATATD YrOl MEXY OCh0 OX ¥ OTHOCHTENBHOM CKOPOCTHIO U uepes B, To
=L sin B, nputem sin B = v, /u. Takum o6pazom,

I=Luv, /Ju_% + U‘z, =Ly, sina/\[ulz + U22 +2vyv; cos L.

BpeMs, B TeueHHe KOTOPOTO TENO 2 B OTHOCHTENBHOM JIBHXKEHUM NpOMHAET
paccrosiuue BD = L cos B, 6yner t = BD/v = (L cos B)/v. Ilopcranss 3HaveHus
cos B = v /ul 1 v, nonyuum

t = L(v, + v, cosa) /(v} + yzz + 2y, v, cos Q).

13. Bpems jBIXeHUs NePBOro noesna ! = s/2v; +'s/2 v, ero cpennss
CKOPOCTB Vep | = 2uwy’/(vy + 1) = 53,3 xm/u. IlyTh, npoiiieHHbI# BTO-
PBIM NOE3OM, §; = (U, + Uy )2, €T0 CPERHAS CKOPOCTh Vg, o = (Uy + 1y)/2 =
= 60 kM/u.
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14. v= vy + asty + asty + agty = 5 M/c;
§= Uot] + (U0t2 + a2t22 /2)+ [(UO +a2t2 )t3 +a3f32 /2]+

H vy +ayty +astadty +agll2+ Uts]1=82,5 M;

Up =5/t +1; +13+1, +15) =59 m/c.

Ha rpaduke v = f(t) (puc. 191) KoHeuHas ckopocTh v, = 5 M/c. ITyTh s
MCIICHHO PABEH CYMMe ITOIA/ei 5, 0003HATUCHHBIX HA PHUCYHKE: § =) §; =
=6+ 8+ 425 + 16 + 10 = 82,5 m. Cpepgnsis
CKOPOCTb U, MMCIICHHO PaBHA BBICOTE MPIMO-
YrONBHUKA, MIIOWAfb KOTOPOTO PaBHA CyMMeE
NIOIIANICH §;.

15. CxopocThb Kaneab NOXK[s OTHOCUTETBHO

SSZ S“! 35:' caMoneTa U = 1/wz + Ug, TAe Uy = — U, COCTaBISICT
R ': T 'U': , yron B ¢ ropmaonroM, npuueM sin B =w/u n
0 5 10 15 1c¢ cosP=uyy/u (puc. 192). Ha nepennee CTEKNO B
S/IMHAUIy BDEMEHH NajfaroT Kalllu JOX[s, Haxo-
Asluecs B KOCOH npu3Me ¢ obpasylomed u,
WIOIAAb OCHOBaHus S (OCHOBAHHEM SIBISICTCS 3TO CTEKNO) M BBICOTOH

h=usiny, rae y=a+ B (puc. 193). O6beM 3TOI NPU3MBI

v, M/c

Puc. 191

V = Su sin (o + B) = Su(sin o cos B + cos o sin B).

Ecnu B eguunie o6beMa HAXOJUTCA OJHOBPEMEHHO M KaNenb, TO THCIO
Kanenb B NPU3ME, UIIH, YTO TO K€, UMCIO Kalenb, Najaroliux Ha HepefiHee

Puc. 192 Puc. 193

CTEKJIO B eJMHUIY BpeMeHu, Ny = nV. YunrbiBas suavenus V, sin B u cos B,
HareM Ny = Sn(vsin & + w cos o). Ilonoxus B a0 hopmyne o = 0, nonyuynuM
UHCITO KaneNb, TafaloluX B e{MHAIly BDEMEHHE HA BepXHee cTekno: Ny = Saw.
Takum 06pazom, R ~ -

>N1/N2 = (u'sin O + W cOs C)/w.

16. Tak Kak v2 — v2 = 2al mv2—v¢ =2alf2, To u=+/(ug +v>)/2 =5 m/c.
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17. CocrasisieM ypaBHEHHS JBUXKCHUA:
xy—x1=vi(ty = 1) + alty — 1)%2,
u(ts— 1) +alt; - 1)%2,

X3 =X
TJie U; — CKOPOCTh B TOUKe x;. MCKJIfOuas v, 3 9THX ypaBHEHHI, HaliieM
(x5 — 2 )ty + (X — X318 + (X — X))y
(=)t = 1)t = 13)

18.T=/1/U+(U —w/U2+2gh)/g=] c.

19.a =2(n - Ds/(n + D

20. Koraa BTOpO€ TeJIO JOTOHHT NEpBOE, HX KOOPAMHATHI GYAYT PaBHBI, a
Bpems T = 2v/a = 200 c.

21. s = 8v2v? /a(y, + vy)* =3750 m.

22. O603HauUB BpEMEHA PaBHOYCKOPEHHOTO, pABHOMEPHOTO M PaBHO3a-
Me[JIEHHOTO 3TamoB [BHXKCHHS UE€PE3 fq, Iy U I3, COCTABUM YpaBHEHHS MJIs
KaXX[OTO JTamna: ‘

a=2

5= a]t]2/2, v=agty, 5, = U,
§3 = Uly — (121‘%/2, Uy =VU—aplz = 0.

BMmecTe ¢ COOTHOWMICHUSIMH =1 + 1+ HS =5 + Sy +S3 OHH COCTAaBAT
CHCTEMY U3 CEMH YPABHEHHMH C CEMbIO HEM3BECTHbIMU. Pemiasi aTy cucTeMy,
HaliieM

t=s/v+ (v2a; + v2ay).

3HauMTeNHLHO NpOIe MOXHO MOJYYHTh pelIeHHue NpU IoMouM rpaduka
v=f(t) (puc. 194). I1lyTh uuCNEHHO paBeH IUIOWAgH (PUTYpPhI, OTPaHUUEHHOM
JIOMaHOH NIUHUEH, BLIPAXKAFOIICH 3Ty 3aBUCH-
MOCTb, M OChIO BpPEMEHH. JTa NJIowagb
paBHa IUTOIIAAK MPSIMOYTONbHAKA So= vt Ge3 [~~~/ N_ ~~~°~ !

IUTOLNAAEH TPEYrONbHUKOB S| | 53! 5 5

s =150—8 — 3= vt — 1¥2a, - 1¥2a,, 5

OTKYZa Il BpeMeHH ! IOJIyIUM 3HAYEeHHeE,
NpUBECHHOE BBIIIIE.

23. XapakTep ABIXKEHHS Noe3fja Takoi Puc. 194
3Ke, KaK U JIBUXKCHUsl aBTOMOOMIISL B 3ajaye

. TOMY [JISl HAXOXJCHUS pe s JOCTAaTO TBET
22. Iloaro axoxyue HUICHHUS] JOCTAaTOYHO B OTBeTe 3ajadu 22
YUeCTh, UTO d; = d) = d. B pe3ynbTaTe nonyduM ¢ = s/v + v/a. Pemaa aro
ypaBHEHHME OTHOCHTENLHO a, HalaeM a = V2/(ut — s) = 0,17 m/c2.

24. v=12gh = 6,3 mjc.

25. U=1/2gh+ v =24,8 m/c.

I3 Iy I3

Y
s
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26. vy =+[gh{v2 +1)/2 = 25,4 wfc.

27. t=\21 g(\Jl, =1} = 0,02 c.
28. 3a speMsa [BHXKEHHS [ TENO NPONAET NyTh s = gt?/2, a 3a Bpe-

MS JBWKEHHS [y <! — OYThb §y = gt3/2‘ ITo ycnosmro 3apgaum s — sy =
=@2/3)su t—ty=T=1c. M3 cucreMpl ueTbIpeX YpaBHEHWH C YCTHIPbMS
HEU3BECTHLIMH MOJKHO MONYYHTHb JJA § KBaJpaTHOe
ypaBHenue: s2 — 3gt2s +9g2t4/16 = 0. V3 gByx KOpHew
3TOTO ypaBHCHUA

B 5= (3/4)(2iﬁ)gt2

H

ANIIL MEPBbIA  YAOBIETBOPSET YCIOBUIO 3amaun. Takum
NNV o6pasom, s=(3/4)2%+3)gr’ =274 .

~h 29. HanpasuM kooppuHaTHyio ocb OH ¢ HavyaioMm or-

cueTa B MecTe OpocaHms Tena BBepx (puc. 195). Torpga
YPaBHCHHUS [BIDKCHUS OYIVT HMETDH BUJ|

h= U()t— gt2/2, U= 1yy— gt. (1)

X%

Puc. 195 IIpy ROCTHKEHUU MaKCUMaNbHOW BBICOTBI MOABEMA 1,

ckopoctsb Tena v = 0. 3 Broporo ypasHerns (1) nanuuem,
UTO TENO JOCTHUTAET BBICOTHI /i, CIYCTS BpeMs ¢ = Uy/g nocne Gpocanus. [Ipu
t < y,/g xoopjuuata h W NyTh § PaBHbI; B YaCTHOCTH, NpH [ = Uy /g NyTb

8 = Npax = ué /2g. IIpn t > uy/g KoopauHarta h yObIBaeT, B TO BpeMsl Kak MyTh §
(cyMMa Bcex pacCTOSHMH, NPOUJCHHBIX TEJIOM, HE32BUCHMO OT HaNpaBICHUA
ABMIKCHHUS) MPONOIKACT YBEIMUMBATHLCIA; B YACTHOCTH, npH ! = 2uy/g
xooppuHara h =0, T.€, Teno BEepHyIOCh B MeCTO OPOCAHUS, @ NYTh § = 2h 5,4 =

= ug /g. pm t > 2yy/g KoopauHATA CTAHOBUTCA OTPUUATEIBHOM, T.C. TEIO

cryckaeTcss HHXe MecTra OpocaHusd (ecnu, KOHEUHO, AJs 3TOro €cTh
BO3MOXKHOCTE). VI3 puc. 195 BupnHO, UTO NpH ¢ > Uy/g NPOAACHHBIA TEIOM NYTh

5= 2hpax — h =0 3 1g — (Ut — g£2/2), )

rae ¢ — BpeMsi, NPOTEKIIIEE ¢ Havyana ABUXKEHHA. 2TO BhIpakeHue OyeT BEPHO U
npu.t > 2uy/g. B Tex ke cnyuasx, Koraa t < vg/g, NyTh BhIUKCASAETCS, KaK U
KOOpJAHHATA, N0 nepsoy opmyie (1).

ITo ycnosmo ¢ =10 ¢ > /g = 3 c. [lo3TOMy BLIMHMCIECHHE NYTH HAMIO ACNATD
1o copmyie (2); npu 3TOM NoMyuaeTes s = 290 m. KoopauzaTa u ckop ocTh A5
3TOr0. MOMEHTA BPEMEHH, Hainennsle no dopmynam (1), 6yayr h = — 200 M

uv=-70M/c. i e
; .
30 h=h ¥ &AM B 005
2| si 2
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31. Ecnu 32 HavaJo OTcteTa B34Th MECTO OpOCaHus Temna, TO KOOpPAHHATA /1
Tena, GpOIIEHHOIO BBEPX, ONPEAENIETC ypaBHEHHEM

h= U()t— gt2/2 (1)

DTO ypaBHEHHE NPH 331aHHBIX Uy H A YIOBIETBOPSACT ABYM 3HAUCHUSM 1

t1’2 =(UO-_'-1'U§ _Zgh)/g.

Pa3HOCTB 3THX 3HaUE€HHH €CTh MPOMEXYTOK BPEMEHH MEKAY NPOXOXKICHUIMHA
TEJIOM OJIHOU M TOH XK€ BBICOTHI /1, T.€.

At=ty—t,=2/v —2ghlg; )

OTClofla Uy =+/2gh +gz(At)2 /4. Ecnu B BoIpaxkeHud (2) nonoxurts h = 0, To

MBI NOJYYHUM NPOMEXYTOK BpPEMEHH OT Hauala [BHXEHHS [0 BO3BpaTa B
HaualbHOE NoNoxeHme: Afy = 2vy/g. IlogcraBnss 3HaUEHHE U, HAHAEM

Aty=2~2h1 g+ (AN /4.

32.5s=h- U()t.
33. HanpasuM KooppuHaTHYI0 ock OH ¢ Haualom B MecTe GpocaHus MIapH-
KOB BBepx. Torna ypaBHEHHS IBIDKEHUS IAPHKOB GYIyT UMETDb BHJ

hy=h+ vyt —gt|2/2, hy=h—ut, - gt22/2,

rfe t; U t, — BpeMeHa NajleHus Ha 3eMJI0 NEPBOTO H BTOPOTO IMapHKOB.
[TageHnto Ha 3eMIT0 COOTBETCTBYIOT KOOpPHHHATHI hy = iy = 0. Onpepenus t, u
1, M3 NONYUEeHHBIX KBa/IpaTHbIX YPaBHEHH, HalleM

At=f -1, =(v,+v2 +\/v|2 +2gh—\/U22+2gh)/g.k

34. At=+2s/g+1} -1, ~1c.
35.uy = (hy =y )8 /[2(hy = h) = 3,69 mfc.

36. CxopocTH nepBOro H BTOPOTO Tel B MOMEHT BpeMeHH ! OyayT v, =
=1yy— gtu vy = vy — g(t — Ar). CkopocTb
BTOPOrO TeJa OTHOCHTENLHO NEPBOTO
U= U, — Uy = gA? NOCTOsIHHA, T.C. TENa
ABIXYTCS OTHOCHTENBHO APYr Jpyra
PaBHOMEPHO.

37. IlycTs 3a HEeKOTOpPBIH BechbMa
MaJbIil NPOMEXYTOK BPEMCHH ! JIOJKA
nepeMecTHiIach U3 TOUYKA A B TOuky B
Ha PaccTOSIHHE § — 8 = Ut (puc. 196).
3a 31O BpeMs BepeBKa, HMeEBIIas
nonoxenue AD, 3aHAIa NONOXCHHE
BD, npuveM JIHHA €€ YMEHBIIHTACH Puc. 196
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Ha BenuuuHy [ — Iy = vt. TIpu MamoM BpeMeHH ¢ GygeT Mall TakXe H yroin a.,

IoaToMy yron 8 B paBHOGEAPEHHOM TpeyronbHuke BCD GyneT o4eHb Mano

ornu4aThbest OT 90°, T.e. TpeyroabHUK ABC MOXHO CUMTATh NPAMOYTOJNbLHBLIM |
l - 10 Ut

v
= =—=CosY;
§—8y Ut v,

oTcroga v, = v/cos . IIpu npHONIMKEHAN JONKH K Gepery yroi Y yBeTHIHBaCTCy
M CKOpOCTb v, Bo3pacracT. Kak BHgHO H3 puc. 196, cosy = s/l =

=12 -h 11 noatoMy npd [ = 10 M cKOpOCTb TOIKH

v, =vl/VI* - h? =1,25 mc.

Jna HaxoX[AcHUS NEepeMEIleHHs JOAKH (HOpMyny NYTH PaBHOMEPHOTO
ABHXEHHS § — §) = U,! MOXHO NPHMECHATHL JHIIbL B TOM CJIydYae, KOT[a

NPOMEXKYTOK BPECMCHH ¢ JOCTAaTOYHO Mall M CKOPOCTD JJOOKH B TCUCHHC HETO HE
ycnepacT 3aMCTHO H3MCHHTLCA:

s=so =N =% =2 =k =P =2 = U-vt) K =1,25 m.

38. HanpaBuM KOOpAHHATHYIO OCh OS ¢ HA4YalOM B MECTE PaCIONOXKEHHS
NEPBOTO TeNa BIOAb HAKIOHHON IIOCKO-
ctd (puc. 197) m 3amuiieM 3aKOHBI IBH-
SKCHHS1 U151 [IEPBOTO U BTOPOTO TEI:

v =1y — (g sin o,

1 = Yyt — (g sin o)r2/2;

Uy =— (g sin QU)¢,
57 =1 — (g sin Q)3/2.
B MOMEHT BCTpewH §| = 5, [ = vyt, T.e. t = lfvyg = 5 ¢. CKOpOCTH BTOpPOro TEla
OTHOCHTENBHO NEPBOTO U = U — vy = —y = — 0,5 M/c.

39. vep 1 =81/t = vy + (g sin Q)/2, Ugy 2 = $o/ty = vy + (g sin Q)1,/2; oTcrona
Sin 0 = 2(Vep 2 — Uep 1/t — ) = 1/2, Tie. 00 = 30°.

40. CxopocTb JBHXKCHHs IIAapHKa Y JOCKH IIPH [IEPBOM INaJcHHM Ha HEE
v, = +/2gh, BpeMa mageHus t; = iJ2h/ g . CKOPOCTb B MOMEHT OTCKaKHBa-

HHA vy = 0,75v; = 0,75 (2gh . U3 ycnoBusa v = vy — gt, = 0 HaxoguM BpeMs

Puc. 197 °

MBHXXCHUSA IIAPHKa BBEPX MOCJIC OTCKAKHBaHHUS: I = Up/g = 0,75,/2h/g . Tax
KaK BpEMs NogbeMa H BpEMs MNafcHHS OJUHAKOBBI, TO HCKOMOE BpeMs
t=t+26,=252h/g =1,38c

41. Ecnu KoopauHaTHYH ocb OH HalpaBHTh BBEPX, TO NPH NaficHUH MAYA
NPOEKIMS CKOPOCTH OTPUIATENLHA U NMPONOPIMOHANbHA BPEMEHH: U= — gl
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Ha rpacduke TakoMy ABHXXCHHIO COOTBeTCTByeT JuHHMA OA, mpmuem tg o
COOTBETCTBYET ycKOpeHHIO —g (puc. 198). IIpnm ynape NPOEKIHUSL CKOPOCTH
MTHOBEHHO MEHSIET 3HAK Ha NPOTHBOIOJOXHBINA, U MOAYJIb €€ YMEHBIIAETCS
- COTAIACHO YCJIOBHIO 3aJayd B n = 2 pa3a, T.e. NOcje yAapa MOAYJIb CKOPOCTH
coorBeTcTBYeT TOouke B. Ilpm nogpeMe ckopocTh najaet go Hyas (touka C),
OpHYEM HAKJIOH JIMHMM OCTAETCs NPEXHUM, TaK KaK YCKOPEHHE BCE BpeMsi
paBHO —g. [Janee cHoBa mnpomcxoguT najenue. Ilpmnapenmm pocrura-
eTcs Ta XE N0 MOAYTI CKOPOCTb, KOTOpas

6blla B MNEPBBIH MOMEHT MNOCIE yAapa v B '
(trouka D), # T.1. \
l\ '\kn

CornacHo ¢opmyine 12 = 2gh BbIcOTa NONb-
eMa IpONOpUHOHAJNbHA KBajpaTy ckopoctH. O ” a \l W
ITosToMy mocne k-ro ygapa, KOorja cKOpoCThb
GyneT B n* pa3 MeHblIE, YeM TEpPe] NEPBBIM
ynapom, BeIcoTa hy 6ymer B n?f pa3 Menbiue #, - D
T.e. iy = h/n?%. Tlocne KaXkmoro ymapa Msd
6ygeT NPOXOAHTh BBEPX H BHHM3 NYyTh, paB-
HBIA YJABOEHHOH BBLICOTE: MOCJE IMEPBOTO A
ymapa s; = 2h, = 2h/n?, nocne Broporo ygapa Puc. 198
sp = 2h, = 2h/n*, nocne Tperbero ypapa
s3=2h3=2h/n% ® 1.1, YTO6BI NONYYATH NONMHBIA NYTh, HAAO K CYMMeE
§1+ 8 + §3+ ... IpEOaBHUTH €1Ie NYTh S, = /1, NPOUNEHHBINA O HEPBOTO yAapa.
Taxum o6pa3oMm

s—h+%+%+ —h%(I+L+—1-+ j
Tt ogte=hes Tt

3pech B cKoOKax CTOMT OECKOHETHO yOBIBalOIas FeOMETPAYECKAS IIPOTPECCHS
co 3HameHaTteneM ¢ = 1/n?. Cymma WiIeHOB Takoil nporpeccus pasHa 1/(1 -
—g) = n?/(n? - 1). [lopcTaBuB 3TO 3HaYEHHe B BBIPaXXCHHE [JIS NIYTH, MONYIAM
s = h(n? + D)f(n? - 1) = (5/3)h = 200 m.

42, Illapuk K MOMEHTY BCTPEYM C IUIATOH NPHOGpEN B HENOABHXK-
HOM CHCTEME OTCUETA CKOPOCTh Uy = —V 2g/hy. CKOpPOCTh UIapHKa OTHOCHTENb-
HO IJIHTBHI, JBHXYIIEHCS €My HaBCTpedy, B 3TOT XE& MOMEHT paBHa
wy =—(N 2ghy + u). Ilocne aGCoOMOTHO YIPYroro COynapeHusi CKOPOCTh IIapHKa
OTHOCHTEJBHO IUIATBI W = —w,;. CKOPOCTb VU IIapHKa B HENOJBHXHOM CHCTE-
Me OTcueTa I[Oocie COyJapcHHs GoJblle CKOPOCTH LIapHKa OTHOCHTENb-
HO IUIMTHI Ha BEJNHYMHY 4 (IUIATa AOTOHAET OTCKOYMBLIMH IIAPHK CO CKO-

POCTBIO u): v =w + u =\ 2ghq + 2u. ickoMmas BBICOTa
v? 128 =(\2ghy +2u)* 128 = (\Jhy +u[2/8)".

43. Pa3ioXHM CKOpDOCThb HIapHKa ¥y Ha TAHTEHIHAJIBHYIO . (BJOJIb
IJIMTBI) B HOPMAJbHYIO (MEPHNEHAHKYISPHO K IUIATE) COCTABJIAKOIIHE:

h
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v, = Up SINO H Yy, = vy cos . TaHreHnuanbHas cocrasisiomas, Onaro-
Aaps CMaAKOCTH CTEHKH, MOCNE COYAAPEHHs IMApHKa C IITUTON HE M3MEHHUTCS.
HopManbHasg coCTaBAAOMasd OTHOCHTENBHO [ABHXYINEHCS MIATH
Won = Vp, T4 = Uy COSOL+u mOCHe COyAapeHus U3MEHUT 3HAK, COXPAHHB
CBOH MOJyNb: w, =—w,,. OTHOCHTEIBLHO HENMOABUKHONA CHCTEMBI OTCUETa
HOpMaJbHasl COCTABNAIOIAS U, M3MEHUTCS HA BEJIUUMHY u (ILITUTA KOTOHSET

OTCKOUMBIIH IITAPHUK CO CKOPOCTBIO U):

v, = —(w, + u) = —(uy cos 0.+ 2u).

ITonnas cKOpPOCTBL IMapHKa OTHOCHUTEIBLHO HEMOABUKHON CHCTEMBI OTCUETA
NOCJIE COyapeHus C IIMTOM Oypger

v = \/u,,z + ugT =\[(u0 cos o+ 2u)’ + ug sin? L.

§ 2. KpuBoanHeiHoe ABHXKEHHe

44. HanpaBuM ocb OX cucteMbl KoopauHaT XOY (puc. 199) ¢ HavalioM Ha
NOBEPXHOCTH 3eMJIM BEOJb HAaYalbHOH CKOpocTH Uy, a ock OY — BepTu-
KaJbHO BBEPX B TOUKY, M3 KOTOpOit OpomreHo Teno. [IBUKEHHE Tela MOXKHO
NpefcTaBUTh KaK CYMMY PaBHOMEPHOTO JBHIKe-
HUSl CO CKOPOCTBIO Uy B FOPHU3OHTAILHOM Ha-
MpaBIeHUH ¥ PAaBHOYCKOPEHHOTO ABMXKEHUs 0Oe3
HavaJbHOM CKOPOCTH B BEPTHKaJIBLHOM Hampa-
BJIEHHH C YCKOPEHMEM d, = —g, HanpaBJIEeHHBIM
BHuU3. I[poeknuy CKOPOCTH Ha OCH KOOPAHMHAT U
nomHasA CKOpOCThb B 3TOM ciyvae OyayT

a) Uy = Wy, 6) Uy = =g, (1)

v = \/uf+u_\2. =\/ug+g2t2. )

Puc. 199

3aKOHBI IBHKCHUA AJIsI KOOPAUHAT UMEKOT BHJ

a)x=1yt, O)y=h-—gt2. 3)

VckmiouuB BpeMs ¢ U3 ypaBHEHUH (3), IOTyInM ypaBHEHNE TPA€KTOPHHM:

y=h—gxi2v¢ . 4)

2TO — ypaBHeHHe Napabobl.
45. Vckmiouus BpeMs ¢ u3 ypaBHeHu# (3) 3agauu 44, npu y = 0 HaleM

s=x=yy\2hlg =22,6 M.
46. Wcknrouus BpeMs ¢t u3 ypaBHeHus (3) 3agaun 44, npu x = S Uy = 0

HageM h=gs2/2ug =4,9 M.
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-~ 47. ckntouuB BpeMs ¢ U3 ypaBHeHH# (2) u (36) 3anauu 44, npu y = 0 HaiineM
Ud= Vv2-2gh=5,6wM/c.

48. Korga ckopocTh Tena, GpOUIEHHOTO FOPH30HTANBHO, COCTABISET C
TOPU3OHTOM yron o = 45° (cM. puc. 199), umeem tg o = v, /v, = —1; oTcroaa co-
1acHO ypaBHeHUsM (1) 3ajaun 44 nonyuaeM t = yy/g = 1,5 c.

49.h = (yytg )?/2g = 34,4 m.

50.1=2h/tga=4m.

51. TTIonHBIM YCKOpEHHEM SIBISETCS YCKOPEeHHEe CBOGOTHOTO MajeHus ¢;
CIeOBATENBHO, B — yrom MeXAy MONHOH CKOPOCTHIO M BEPTHKATBLIO (CM.
puc. 199). Tlostomy tg B = v, /v, = 1 1 v, = v, = gt (mo Moxymo). B 3TOM Crryuae

u3 ypaBHeHus (2) 3amauu 44 crenyeT v = 4/2v \2 =gt/2 = 70,5 wmfe.

52. Bpems najgeHus KaMusi (MOMEHT, Korpa y = —h)

t= [y, sinc +\/(v0 sina)? +2gh]/g.

Yrox 3 onpenensieTcst BbIpaxkeHHEM

vy sjn(x—gt _ \/(UO SiIl(X)2 +2gh

B U,
tg = — =
Uy COSTL Uy COS QL

Uy

CKOpOCTb KaMHsl B MOMEHT NaJiEHAs U = \/ vi +u3 = \/ug +2gh.

53. Kax BugHO 13 puc. 200, NpoeKUH YCKOPEeHHsI CBOOONHOTO NafcHHs Ha
HOopManb On U KacaTelbHyI0 OT TaKOBbI:

a,=gcosq, a;=gsindq,
cosa=v/v, sina=v,/v.

3aBHCHMOCTH Uy, Uy M U OT BPEMEHH ONpPENETAIOTCS

ypaBHeHUAMH (1) U (2) 3agaqu 44; cnefoBaTeNbHO,

a,=gv, /v = guy /Ui +g%t* =82 m/c?,
a, = gu, /v =g2t/1/u§ +g2t2 =5,4 M/Cz.

54. HanpasuMm ock OX cucrems! KoopauHaT XOY ¢ Puc. 200

HavyalloM B MecTe OpOCaHHUsl Tella TOPH3OHTAILHO B TY

CTOPOHY, Kya Teno Opouero, a ocb JY — BepTHKAaILHO BBepx (puc. 201).
JIBm:keHHe Texa MOXKHO NPEACTABHTh B BUle CYMMBI PABHOMEPHOTO IBHKEHHS
B TOPH3OHTAILHOM HAaNPaBICHHH CO CKOPOCTBIO Uy, = Uy COS G0 H PaBHO-
YCKOPEHHOTO [IBHXXEHHS B BEPTHKAJIbHOM HAIPaBIEHHH C Ha4yallbHOH CKO-
POCTBIO Vg, = Up Sin O M YCKOPEHHEM @, = —g. IIpOeKuUH CKOPOCTH Ha OCH
KOOpAMHAT U MOAYJIb CKOPOCTH B 9TOM ciy4yae 6yayT

Q) U = Uy, =yycos 0, O) v, =y, — gt = ypsin a— gt, ¢y

<
I

\/uf + v)z, =\/v§ +g2t2 - 2(v, sina)gt. 2)
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3aBHUCHMOCTH yriia § OT BpeMeHH ONpefieNnaeTcs BLIpAXKEeHAEM
tgB=1v,/v,=(usin a—gf) /y, cos o

Ha Bocxopsuie#i 9acTn TpaekTOpHHE (IPH vy, > gt) aMeeM tg >0 u BepTu-
KaJlbHas COCTaBISIOMask CKOPOCTH HalpaBlieHa BBEPX, MPOeKuHa v, = 0; Ha
HHECXO[AUEH YacCTH TPaeKTOpPHH (NpH Up, < &) ig B <0 m BeprmkanbHas
COCTaBNIAIOMIAsA CKOPOCTH HanpasjieHa BHH3, IPOeKUns i, < 0.

Y
"DQ), voy
v
hb-------F==37-
g ] 0
Ay
R V,
Uoy A Vy gt ! B :
g Uy QY
]
o | Vg,
0 x *gt s X
Puc. 201 Puc. 202

55. Mcnionb3ys Ty Xe cucTeMy KOOPAMHAT, 9TO U B 3afaue 54 (cM. puc. 201),
3anHIIeM 3aKOHBI IBIDKEHHS 1711 KOOPAMHAT Tena:

a)x=(ycosa)t, 6)y=(yysinct)t—gr3/2. )

YpaBHeHHE TpaeKTOPHH Tela MNOJYYHM, HCKIIOYHB BpeMs ! H3 ITHX

ypaBHEHHH:
y = xtg 0. — gx2/2(yy cos 00)2. ¥))

0 — ypaBHEeHHe Mapaboibl.
56. Ilpn y = h npoekumsa ckopocru v, = 0. Bpems nogseMa ¢ H BbICOTY £

HaiijieM U3 ypaBHeHn# (1) 3ajaq 54 u 55:
t=(usino) /g, h=(y sino)?/2g.

57. Taxk Kak B Mecre najeHus y = 0, To u3 ypaBHeHus (16) 3agaun 55 HaineM
BpeMs nojerta: ¢t = 2(v, sin o) /g. JlaneHOCTD monera s = x, T.e. KOOpAHHATY
MecTa najeHus, HaiifeM H3 ypaBHeHHus (la) 3agaum 55, mopcraBHB B HETO
HajifleHHOe 3Ha4YeHHe BpeMeHH nojera: s = (V2 sin 201)/g.

58. I'padmk 3aBHCHMOCTH v, = f(f) cTponTcs o (opmyre (16) zanaun 54
(puc. 202). Ilpn t = 0 IMeeM v, = Uy, = Yy Sin O; PR £ = ' = (v sin o)/g npoek-
uns v, = 0. I'paprk 3aBUCHMOCTH v, = f(y) NONYIHUM, HCKIIOUAB BpeMs ! H3
ypasuenuii (16) 3apad 54 u 55 (puc. 203):

v, = £4/(p sino)? —2gy.

I'pachuk 3aBUCHMOCTH U, = f(X) IIOMyYHM, HCKITIOYHB BDEMS ! U3 ypaBHEHHS
(16) 3agaum 54 # ypasHeHusd (1a) 3agaun 55 (puc. 204):

v, = v sin 0. — gx /( 1y cos ).
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59. 3 popmynnl (16) 3anaum 55 npu y = h NOTYINM [JIst ¢ ypaBHEHUE
2u, si h
2 M,+%_=0, (1)
8 8 :

ABa KOpHs KoToporo t; = 0,28 c u t, = 0,75 ¢ noka3pIBaloOT, 4TO Ha BBICOTE /1
KaMeHb ObLT qBaXbl.

y Vo
Uy o x X
1)0_\' 0 :
! '
1
h i
0 I
y ypmmmmmmmmmmnonnS
~h s
’
Puc. 203 Puc. 204 Puc. 205

60. Mcnomns3ys ypapueHnue (1) 3agaum 59 U cBOicTBa KOpHEH KBagpaTHOTO
ypaBHEHHSI, COTJIACHO KOTOPBIM 1 + 1) = 2(y, sin 00)/g 4 11ty = 2h/g, nonyuum

=g+t R2sina=784wm/c, h=gHyt,/2=735Mm.
61. Vickmouast HauanbHYIO CKOPOCTBb Uy M3 ypaBHeHus (16) 3amaun 54 u
HCNOB3Ys PellieHre 3a1a’uu 57, NoayuuM
s=2 (v, +gt)ctgo/ g =284 M.
62. B cucreMe KOOpgUHAT C HaUaJoM B MecTe Gpocanus (puc. 205) 3aK0OHBI
ABHKEHHs OynyT Te Xe, UTO H B 3agaue 55. Mickomoe paccrosHue s = x npu

y = —h. Iloacrasass y = —h B ypaBHeHue (2) 3agaum 55, nonyuuM s x
KBaJ[paTHOE YpaBHEHHE, pelasg KOTOpoe, HalieM

s= (v /g)cosa(vo sinc + \/7(v0 sino)? + 2gh).

B Br16paHHO# cHCTeMe KOOpAHHAT X > (), IOITOMY BTOPOil KOPEHE YpaBHEHHUS
OTOPOIIIEH.

63. O603HaYUM HavyalbLHBIE CKOPOCTH TeJ OYKBaMHU vy M Uy . s teu,
yNaBIIHX Ha 3eMITto, B opMyde (2) 3agaum 55 Hapo nonoxurs y = 0. 3aMenss
B 3T0i (hopMyse Uy M (O HA Uy U Oy JJIsL IEPBOTO TEJNa M Ha Uy H Oy IS BTO-

poro, HaiIeM M3 JBYX NONYYMBINMXCA YPaBHEHHH Uy /Uy, = V sin 204,/ sin 201;.
Ecnu 0, =90° — oy, TO Uy fump = 1 M Uy = v

64.v = v2 — 2gh =6,4 M.
65.v =+ vl + 2gh.
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66. Cormacno puc. 201 tg B = v, /v, . Tlo ycnosmio tg B, =1, tg B, = -1.
WUcnons3ys ansa v, 1 78 ¢opmynsl (1) 3apauu 54, HafineM

5 = (Yp/g)(sina—cosa), 1, = (Vg/g)(sina+cosar).

67. lanbHOCTh mojiera cHapsAfa 6e3 yueTa CONPOTHBICHHS BO3[Y-
Xa IpH 3aJaHHOH HAaYaJbHOH CKOPOCTH MOXHO HaWTH no d¢opMmyie

x=(v§ sin20)/g (cM. 3apauy 57). CormacHo ycnoBHIO x = 45; OTCIOfa

Yy =2V gs / sin 200 = 886 Mjc.

68. B cucTeme KOOpAHHAT ¢ Ha4aJoM B TOUKe A (CM. puC. 9) TpaekTOpHs
MOTOLHKJHACTa OyAET ONUCBIBATHCA ypaBHeHHEM (2) 3afaun 55. [ToacTasisis B
9TO ypaBHEHHE KOOPAHHATBbl TOUKH NPH3EMIIEHHS X = s Hy = —h, Halilem
MHHHMAJBbHYIO CKOPOCTb:

v = s\/E/cosouﬂ(h +stgo).

69. HUcnomnp3yst Ty XXe CACTeMY KOOPAHHAT, UTO U B 3ajaue 62 (cM. puc. 205),

nmeeM [ = Vx2 + ¥, i€ X By — KOOPJMHATHI KaMHS B [JAHHLIH MOMEHT Bpe-
MEHH. 3aBACHMOCTb KOOPJHHAT KaMHs OT BpeMEHH jaeTrcs opmynamu (1) u
(2) 3apaun 55. TloaToMy

l=t\/v§ — (vp sin o)t + 8%t 14 =679 m.

70. UtoObl cHapsj AOCTHI caMOJIeTa, F'OPH3OHTANILHAS NPOEKIHS €ro
HA4YaJIbHOH CKOPOCTH U, AOJKHA ObITh HE MEHBIIE CKOPOCTH CaMoJeTa v, a
BEPTHKANIbHAs MPOCKLUMS HAUANBLHOA CKOPOCTH Uy, [OMXKHA GBITH 10 KpaHEe#

MEp€ paBHa 2gh; OTCHOja MHHHMAJIbHAas HavaJibHAaA CKOpPOCTh CHapsnaa

Yy = V12 + 2gh = 743 M/c. U3 ycnoBud tg oL = Uyy/Upe =+/2g1 /v = 1,56 naxonum
a=57°

1.y, — y, =2yt cos 0. = 60 M.

72. Ucnons3ys Ty e CACTeMY KOOPAHHAT, UTO U B 3afjaue 44 (cM. puc. 199).
ITpoekumn CKOPOCTH TPy3a NPH €TI0 NaflEHAA Uy = Uy U Uy = —gt. YTON HaKJOHA
CKOPOCTH K OPH3OHTY OIPEAENACTCA BbIPaXXEHHEM g O = v, /U,. CKOpOCTb
HMEET yrOJl HAKJIOHA Ol B MOMEHT BPEMEHH f = —(1,/g) tg o (0 < 0). IloacraBiast
3TO 3HAUCHHE ! B 3aKOH [BHXKEHHS I'Py3a N0 BEPTHKATHLHOMY HaNpaBJIeHHUIO
y=hy—gr?/ 2, maiineM h = y = hy — (U, tg o)? 2g.

73. B cucreMe KoopauHaT, H306paXkeHHOMH Ha pHc. 206, KQOpAHHATHI KJIH0Ya
B MOMEHT BBIGPOCA €T0 A3 CaMoJIeTa:

xo= Wolto+atd 12)cosa, yy = (Upty+atg 12)sin .
ITpoeKUHHE CKOPOCTH KITFOUA B 3TOT MOMCHT:
oy = (Up +afp)cost, vo, = (Up +alp)sinOL—uy.
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‘s

KoopaunaThl KiT10Ya OCIe BEIGpOca U3 caMoJIeTa:
X=X+ Vg, t = (Ugty+atg 1 2)cosa+[(vy +aty)cosalr, (1)
Y=o+ g t-gt?12= (yty+aty /2)sino+ '
+ [(vg +at0)sinoc—u0]t—g12/2. )

B MomeHT mnapenus kmoua y=0. Hckmouas speMs u3 (1) u (2), HalijeM
paccTosHHE s = x. BBHAy CIOXHOCTH KO3((HIUEHTOB B ypaBHEHHH (2)

Puc. 206

PEKOMEHAYEeTCsl MpEeABapHTEIbHO BBIUHCIHTE 3TH KoaddunuenTol. MMeeMm
yo = 144 M, vy, = 29,5 M/c, g/2 = 4,9 M/c?. MickoMoe paccTosinge s = 766 M.

74. BepTukanbHas NpoeKlds CKOPOCTH B
MOMEHT yaapa vy = N (¥ sin )2 + 2gh; Bpemst
NOA’beMa Ha MAakKCHMAJBHYIO BBICOTY F,,
(puc. 207) t =v,/g. T'opu3oHTaNbHAS NPOEK-

v, max

Z 4 7. S
X X

Puc. 207 Puc. 208

IHsA CKOPOCTH U, = Uy cos . FlckoMoe paccTOsHHe paBHO KOOpAHHATE TOUYKH
BTOPOrO yaapa:

s=x=2tv, =2y, cosoc\/(vo sino)? +2gh/g =9,7 m.
75. B cucreme xoopauHaT XOY ¢ HavyaJIoM B TO'Ke EPBOro yjgapa IiIapHKa
O ITOCKOCTh (puc. 208) cKOpoCTh NIapUKa cornacgo 3aKOHaM YNIpyroro yaapa B

MOMEHT yAapa ¥ IepBbIH MOMEHT IlOcJie ynapa passa \ 2gh ¥ HampaBieHa
nocie ypapa nog yriom 90° — o x ocu OX. TIpoeknuu cKopoCTH oOCie yaapa:

U, =+/2gh cos(90° — o)+ gsingt = \J2gh sInG + gFSin e cie s (1)
v, =42ghsin (90" — o) — gcos ot = 4J2gh.cos 0L — gt COS L. 2)
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M3 ypaBHeHms (2) HaXOAWM, YTO BpPEMsA JOCTHXKEHHs BBICHIEW TOuYKy

TpaeKTOpHH t; =\ 2h/g. BpeMs MeXy NEPBLIM M BTOPLIM yIapaMH ! = 21,.
MckoMoe paccrosiHre paBHO KOOPAWHATE TOYKH BTOPOTO yaapa:

s=x=42gh tsino.+(gt/2)sino = 8hsino = 4 M.

§ 3. BpamarenpbHoe JBHXEHME

76.R=v;r/(v;—1n)=18M.

77. n=60(v; — vy) 2rr = 97 06/MuH.

78. Ilpu kaueHHM KOJNE€Ca HO 3E€MJIE€ BCE €r0 TOYKH YIaCTBYIOT ORHO-
BPEMEHHO B [BYX ABHXEHHUSX: BJONb IIOBEPXHOCTH 3E€MIH C IIOCTOSH-
HO# TOPH3OHTATLHOH CKOPOCTBIO U M BOKDYI OCH BPAILEHHS C KacaTeTbHOH
CKOpPOCThKO U;, MOAYIb KOTOPOH
[IOCTOAHEH, a HAIlpABICHUE MECHS-
ercs. Ilpu kadyeHun Ge3 NpoOYKCH-
POBKH HJIH NPOCKaJNb3bIBAHHS CKO-
POCTH U H U, IIO MOQYJO PaBHbL

B v,u, v,

a, v

Puc. 209 Puac. 210

MrHOBEHHbIE CKOPOCTH yKa3aHHBIX TOYEK KOJECA HAXO[IUM, CKIafIbIBast U H Uy
IO IIpaBWJIaM BEKTOPHOTO ciioxkeHus (puc. 209):

vy = T—U—O vg = U+ v =2v,
ve =oE + V7 =3,

UD—\[U + vl + 2y.v cos O =2v cos{o/2),

_ [z 2
UE—JUT +v° -

79.a,=v*/R,v= aql. Ho YCIOBHIO 3ajlavH @), = Ndy; CIEIOBATENHHO,
\/nR/aT 278¢c.
80. an=4s 22 IRt} =25 m/ct.

781, vy =2v < vy(cM. 3amauyi78).
82. a,/a, = tg o.= 0,58 (puc. 210)..

2v,v cos O =2v sin (. /2).
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" .. 83. Ha skBaTope
vy = 2rR/T =465 m/c,
ayg = Ug /IR= 0,034 M/C2;

., Ha urmpoTte ¢ = 60°
Uy = 2n(Rcos ©)/T = 233 wm/c,

Gyp = Ugl(Rcos9)=0,017 m/c’.

ne

84. N = nt/2 = 60.
85. Ot Havana 3aKpyrNeHHOIO YUacTKa IIyTH NOe3/ IPOXOJUT PACCTOSHIE

5= Uyt + a2, (1
TJe a; — KacaTensHOe yCKopeHHe. IIpi 3TOM ero cKopocTh
U=y + agt. 2)
N3 (1) u (2) naxogum ;
=2s— )/t =033 M/c?, v= 25—y b)/t=25 m/c.

ITonHoe yckopeHnne

4
2
a=«/a3+af=\/i2+ t—Q\/(-SR”—Ot)M(s —yy 1)? = 0,708 mfc?.

86. B cucreme koopnuHaT XOY, n306paxkeHHOH Ha puc. 211, CKOPOCTh
KOMKa I'psi3d B MOMEHT OTPBIBA OT KOJieca HampaBlieHa 10 KacaTeNnhHOH K
obony B Touke A (cM. puc. 12). Ecnm koneco xarurcs 6e3 npoGyKCOBKH HIH
IpOCKanb3bIBaHUs, TO Uy = U. Tak KaK HavyaibHas
BEepTHKaJIbHAS KOOPIWHATA KOMKaA Yy = R(1 —cos ),
TO 3aKOH JABHXKEHH BoMb ocH OY uMeeT BH]

Y

y=R(1 —cos o) + (usin o)t — g3/2.

Hanee, ucnonn3ys ypaBHeHue (16) 3agauu 54 u
BpeMsl IBHXKEHHS /0 MaKCHMAJIbHOM BBICOTHI (CM.
3agauy 56), moayInM

h=y=R(l1 —cos o)+ (vsin ®)?/2g.

Ecnu nBuxkeHuMe aBTOMOOHIA ¢ TOM XK€ CKO-
POCTBIO CONPOBOX/AAETC MPOOYKCOBKOM KOJeca, TO
Ur > U W BbICOTa NMOgbEMa KOMKOB TIpA3u Oyjer
Oonbure. Ecnu e KOJNECO NPOCKANb3bIBAET OTHOCHTEIBHO IOBEPXHOCTH
3eMJIH IIPH TOPMOKEHHAH (JIBIDKEHHE 1030M), TO L/T < UM KOMKH 6y11yT B3lleTaTh
Ha MEHBIIYIO BBICOTY. - S

87. Ilycte N — uncno o60poTOB, CASTAHHBIX HHIAHAPOM 32 BpeMﬂ t. B oM
Clyyae ImapuK He OyleT 3aicp>XHBATLCA XKeN0o0OM, ecni AnuHa N Maros

Puc. 211
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BHHTOBOTO Xejnoba OyAeT paBHa pacCTOSHHIO, HA KOTOPOE 1apHK YHAACT 3a
3TO BpeMsi U CBOGORHOM nafeHud, T.e. Nk = g?/2. Eclu HUTH TSAHYNH Npy
3TOM C YCKOPEHHEM a, TO PACCTOSIHHE, HA KOTOPOE €€ BLITAHYH, [ = af?/2, 1ro
PaBHO B TO K¢ BpPeMs JJIMHE CMOTAHHBIX ¢ UunuHApa N BUTKOB HUTH: | = TDN.
I3 aTuX BhIpaXkeHUH JIETKO NONYIUTh a = TgD/h.

§ 4. lunaMuKa npAMOIMHEHHOTO IBHIXEHHSA

88. v=fi/m = 43 xM/u.
89. f=F-ma=F-m@?-vl)/2s ~43kH.
90. IIpu ciycke ¢ MOCTOSIHHOM CKOPOCTBIO CyMMa CHJI, ZEHCTBYROIIMX Ha
map, paBHa Hymo: Mg — Q — f=0, rge f — cuna
F T CONPOTHBIEHHUs JABHXCHHIO wmapa. Ilpu
NOogbEMe I1lapa CHIa CONPOTHUBICHHS MO-
IpEeXHEMY PaBHa f, TaK KaK COTJIACHO YCIOBHIO
3a8avM CKOPOCTb HOCTOSIHHA, HO TEHEPh 3Ta

T i cuna HampasieHa BHuH3. CyMMa Bcex CHI c
* + yueTOM YyMEHBINEHHsA Macchl 3a CuUeT
mg mg BLIOPOIIIEHHOrO 6a/1JIacTa NO-NPEXHEMY PaBHa

Hymo: (M —m)g — Q + f= 0. Hckinrouas U3 3Tux
ypaBHEHHI f, HatigeM m = 2(M — Q/g).

91. JeficTByiomue Ha Tejo CHIIbl H300pakeHbl Ha pHC. 212: F — HCKOMas
cuna, mg — cuia Tskectd. Ha ocHoBaHum Broporo 3akoHa HetoToHa

Puc. 212 Puc. 213

ma=F +mg; orcioga F=m(a-g)=~26H.

92. F=ma="70H.

93. JeticTByronue Ha IPy3 CHIIbI H300paxkeHn! Ha puc. 213; T — cuna Hats-
KEHHS NPOBOJIOKH, mg — cuna TskecTH. Ha OCHOBaHHH BTOpPOTO 3aKOHa
Hriorona ma = T — mg. Cornacuo ycnoButo 3agavd T < T, = Mnag. Caego-
BATENBHO, 4 < g(Mpy,/m — 1) = 1,2 M/c%.

94. m = 2mymy/(m; + m,) = 190 Kkr.

95. Cuita HaTsXEHHS KAHATA HE 3aBUCHUT OT HANPABJICHHUS [{BUKCHUS CAMOMH
KJICTH (HalpaBJIcHHS e CKOPOCTH) U ONPEResAeTCs TOIBKO ee yecKopeHueM. B
IepPBOM Cllyuae HamnpaBllcHHE YCKOPEHHS COBIajacT C HallpaBJICHHEM CHJIDI
HaTsDKCHUS kKaHata. [loaToMy 3Haku a| u T| oguHakoBbl: ma; = T — mg, T.e.

T, =m(a, + g) = 3420 H.
Bo BTopoM ciydae ma, = mg — T, T.e.

T, =m(g—ay) = 2705 H.
96. Vicnone3ys pemende 3agaun 95, nonyanm a = g(1 — m/M) = 2,45 m/c%;

YJCKOPEHHE HAaNpaBJIeHO BHU3.
97. JeficTByomue Ha THpH CHIBbI M300pakeHbl Ha puc. 214. YpaBHeHuUs

IBICKCHHSA UMEIOT BHJ
ma=T-Ty—mg, mua=Ty—mg,
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“'[I€ d — YCKOPEHUE TPYy3a, PABHOE YCKOPEHHIO NU(TA, niyg U myg — CHIBI T~
JKECTH, JICHCTBYIOIIME HA THPH m| U n,. Pemras ypaBHeHna ornocutenbHo T,

nonyauM T = (m + my)Ty/myr = 14,7 H.

98. Cuna peakuud fHa ket N
HanpaBJieHa BAONb YCKOpeHNs nud-
Ta a (puc. 215). CnepoBaTenbHO,

ma =N —mg;
oTcrof1a
N =mg + ma =1004,5 H.
ITo TpeTheMy 3akoHy HrloToHa ¢
TAaKOW Xe ([0 MOAYIIO) CHIOH
rpy3 OyAeT NaBHTh Ha JHO KIIETH:
Fu..=N=1004,5H.

99.a = N/m - g =049 wm/cZ,
rne N — cuna peaknuu Ioja Ka-
OuHbBI, paBHas (10 MOAYIIO) CHIlE
laBJieHusl Ha noj kabuunl F ;
YCKOpPEHYE HallpaBJieHO BBEPX.

100. JeiicTpytomue Ha TEno
cunbl M300paxeHsl Ha puc. 216:
T — cuna, ¢ KOTOpO# IEUCTBYET Ha
TENO pacTsHyTasi NpyXuHa (II0Ka-

7

g

!
!
i

mg

Puc. 214 Puc. 215

mg

Puc. 216

3aHUe JHHAMOMeTpa), mg — CHia TAXecTu. B cnyvyae 1) ypaBHEHUE ABUXKEHUA
Tena uMeeT BUjg ma; = 1| —mg; orcropa T, = m(g + a,) = 14,7 H. B cnyuae
2) uMeeM ma, = mg + T,, TaK KaK HallpaBIEHUs YCKOPEHUS d, U CUIIbI TSIXKECTH
COBIAJAIOT, clefoBaTensHo, T = m(g — a;) =4,9 H. B cnyuae 3) BbipaxkeHnue
nnsa cunbl T HMeeT TOT Xe BHJ, YTO M B ciiyuae 2), ub0o HamnpaBlieHHE
ycKopeHus TO Xxe caMoe: Ts = m(g —a;)=7,35 H. B cnyuae 4) cuna

Ty=m(g +ay)=12,25 H.

N
' F
S f—
/* %
mg
Puc. 217

fN

f

_ |

S

*mg

Puc. 218

101. Ha ocuoBanuu BTOporo 3akoHa HeioToHa ma = F —f, tne f = kN,
a N — cuna peakuuu onopsl (puc. 217). Tak Kak ABHXKEHHE BJOIL BEpTHKANU

OTCYTCTBYET, TO N = mg; cliefoBaTenbHo, F = m(a + kg) =~ 0,79 H.
102. s = vY2a=v2kg = 12,3 m.

103.v =4/2:0,06gs =~ 4,9 M/c.

104. B ropu3oHTalbHOM HANPaBICHUU HAa IpPYy3 AEHCTBYET TONBKO CHIIA
Tpenus f (puc. 218). Coobijaemoe rpy3y YCKOpEHHE d = fim. B BepTHKanbHOM
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HanpaBneHuu rpy3 He amxketcs: N-—mg =0, rne N+ cuna peakuud  Ofopel.
MaxkcuMmanbHasi Ciia TPEHHS NIOKOS fia, = kN = kmg. ClenoBaTelbHO, BO3MOX-
Hble 3HAaUEHUs YCKOPEHHS rpy3a yROBIETBOPSIOT HEPaBeH-
1 / F CTBY a@ < fr./m = kg. Jlocke Hy>KHO COOOUINTb YCKOPEHHe
f a>kg =196 m/c’. B 9TOM Cly4ae CHNa TPEHHS HE CMOXET
> > COOOIIMTBH TPY3y YCKOPEHHE, AOCTATOUHOE AN €ro [BH-
%,g XkeHus1 6e3 NPOCKaNb3bIBaHUA.
105. Ucnonb3ya peuienue 3agauu 104, Hadpem, uro
Puc. 219 F = kg(M + m)=10,8 H.
106. Coobiaemoe rpy3y yckopenue (puc. 219)

a = F(cos o + ksin o)/m — kg,
Fy = kmg/(cos 0. + k sin ).
107. a = F(cos @ — k sin ¢t)/m —

108. JeiicTpytole Ha Bo3 UMbl H300paxkeHsb! Ha puc. 220. Ecmu mg <
< F5 sin ¢, TO BO3 MOXeT OKa3aTbcA B “oONakax” (pEUIEHHE BBIXOJHT 3a PaM-

Puc. 220

KM YCIOBHS 3afla4yd, TaK KaK pPaK H LIyKa yXe He OyAyT TAHYTb B IPOTHBOINO-
JOXHBIE CTOPOHBI).

Ecnmu mg > Fysinauf=kN =k(mg —Fysin ) >{F, - F; + Fy3cos o, tme N —
CHJIa peaKIHH NIOBEPXHOCTH 3EMIIH, TO “BO3 H HbIHE TaM”, T.€. § = 0.

Ecnu mg > F3 sin oo u k(mg — F3 sin &) < |F, — Fy + F3 cos 0, TO

s = [£(Fy — F5 — F3 cos t) — k(mg — F5 sin )]%/2m,

IJi€ 3HaK IUTIOC OTHOCHTCH K cinydaro F'y > F3 cos 0 + F, B 3HaK MHHYC — K
cnyvato Fy < Fszcos a+ Fs.

109. f = m(yy /t — g) = 0,088 H.

110. @ = gh/Ah = 58,8 m/c?; N mg+ma= mg(l + h/Ah) = 4802 H.

111. f=mg =735 H. :

112. h=mf2k= 1,8 M.
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.- 113, HataHyTas HATH AEHCTBYET ¢ ONHHAKOBBIMHU cmiiaMu T Ha ofa Tena
(puc. 221). Ha nepsoe Teno BIOJb TOPU3OHTANM IEACTBYET Takxe cuna F.

He#cTRyronye Mo BEPTHKAIH CHIIbl B3aHMHO YpaBHOBEWEHBI H HE BIHAIOT HA
ABHXKCHHE TeJ B HANpPaBNcHAM CHnbl F. YpaBHEHHs JBHUKEHHS NEPBOTO
¥ BTOpOrO Tel mMeroT Buimia =F — T, mya =T, 3pecky yureHo, uro oba Tena

F T T
ny n,

Puc. 221

HMEIOT OJJMHAKOBhIe ycKopeHns. CornacHo ycnosmio 3ajavun T < Tp,,; CIefo-
BaTEINbHO, a < Ty, /oy 1

F < Toax + mya = (my + my)T . /my =15 H.

Ecnu cuna npunoXeHa KO BTOPOMY TeNy, TO NPHBEJEHHLIE PACcCyXIeHHS
OCTalOTCA B CHJIE, TONBKO Macchl m, M m, MeEHAOTca MecramMu, Tenepn
F= (H’Z2 + ml)Tmﬂx/ml =15H.

114.T = (m1F2 + szl)/(ml + mz).

115. T = [mFy + (my + m)F()/(my + my + mj3),

116. Cunwl, neitcTByromne Ha GPYCOK ¢ THPeil B Ha JaluKy ¢ rupei, n3o6pa-
XEHBbI Ha pHuC. 222; N — cuna peakumH JOCKH, T — CHIa HATSDKCHHS HHATH,
f—cuna tpeums. Tak Kak JBMKEHHE 110 BEPTHKAJIH OTCYTCTBYET, TO
N —(m; + my)g =0. Ilpn paBHOMepHOM HBIXeHNMH mMeeM T —f=0 n
(m3 + my)g — T =0. Cuna tpenns f = kN = k(m; + m;)g. Uckmouas u3 3THX
ypaBHeHwuit T, HaiineM k = (m3 + my)/(m,; + my) = 0,3.

i
T
ff
Y r
(m+my)g
(m3+ my)g
Puc. 222 Puc. 223

117. Ha rpy3 neicTBYIOT CHNIa TAXKECTH Mg W CHJIA HATSKCHUs T BEPEBKH,
pasHas cuiie F, IPANOXEHHOH K €€ IpyToMy KoHuy (puc. 223). Mickomas cuiia
OonpefieNaeTcs ¢ MOMOIIbIO BTOpOro 3akoHa HeloToHa: ma = F — mg; oT¢iona
F=m(a+g) =108 H.
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118. Tak kak GIOK HEMOABHXEH, TO AEHCTBYIONIAs HA HETO CO CTOPOHL
nuHamometpa cuna F = 2T (puc. 224). YpaBHeHUs ABHKEHHSI TPY30B:

ma=myg-T, ma=T-mg.

3n€ech yUTEHO, UTO YCKOPEHHS IPY30B OMHAKOBEI, HO YCKOPEHHE BTOPOro
rpysa HanpaBJ€HO BHH3, a4 IEPBOro — BEEPX. KMckitouas n3 9THX ypaBHEHHH q,
HadpeMm T = 2m;m,g/(my + m,). ckoMoe nokasaHne [fUHAMOMETpa Ha OCHO-
BaHHU TPETHEro 3aKoHa HuloTona Gyner

F =2T = 4dmmyg/(my + n,) =~ 62,7 H.

F
T T
T T N
ng
mg
n»g mg mg
Puc. 224 Puc. 225

119, Tak kak Macca Tpy3a m BO MHOTO pa3 MEHbIIIE Maccel rpy3a M, To
MOXKHO CUHTATh, UTO TPYy3bI IBHXKYTCA € yCKOpeHueM g. Cuila HaTS>KEHUS HATH
onpefensercs ypaBHeHnem mg =~ T —mg; orctoma T = 2mg — 9,8 H.

120. Cornacuo pemenuto 3agauu 118 cuna, pacrsruparomasi npykuHy,
T =2mymyg/(my + my). Ilo 3akony I'yka T = k(I - ), Tne k = F/Al — xXeCTKOCTb
IPYKHHbE; OTCIOAA

1=y + 2mymg Alf(my + my))F = 17,35 cm.

121. ¢t = J2h(ml +n,) (my —my)g =0.7 ¢, rpe h=1 M- nyTb, Npoie HABIA
KaXJIO U3 THpb.

122, my = 4hm/(gr* - 2h) = 10 T.

123. [leiicTylolye Ha TEAO W TPY3 CHIIBI m3o0paxeHsbl Ha puc. 225. ITo
TpeTheMy 3akony HuioTOHa cuiia HOpMalibHOTrO AaBNEeHHs rpysa F\, , paBHa 110
MORYIIO CUJIC peaKigd N Teja, Ha KOTOPOM OH JIEXHUT. YPaBHEHHS [IBHXKCHUS
ANS IBYX TE M IPy3a 3alUIIyTCsl B BAAE

ma=T-mg, ma=mg-T+N, mya=myg—N.
Hckmouas orcrona a v T, HaiigeM

Fy =N =2mmyg/2m + my) ~ 0,39 H.
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124. llerTp Macc rpy3os, oueBHfgHO, 6yner onyckaTecs. [lycTh BHawasme
HEeHTp Macc HaxoauTca B Touxe C (pHc. 226) Ha pacCTOSHHH H| MO BepTUKATH
OT MEPBOro Ipy3a W Ha pacCTOSIHMM b, OT BTOporo. Bemuuwmunt b u b,
yIOBIETBOPAIOT yCIOBHIO

ﬂllbl = ﬂ12b2. (1)

3a BpeMs t BTOpOH I'Py3 OIYCTHTCSI HA PACCTOsIHUE
H = ayt?/2, 2

a MepBbI NOJNHAMETCS Ha TO e paccTosHHe. [{eHTp Macc CHCTEMBI ONyCTATCS
3a 3TO e BpeMsl Ha PACCTOSIHHE A, OIIpeieIsieMOe YpaBHEHHEM

my(H + b2 —h) = ml(H + bl + h).

feu [

my H
1 + n-g
Puc. 226 Puc. 227

Orciopa, yunarsiBas ypasHeHus (1) u (2), Halijem, UTO B JaHHLIH MOMEHT
BpeMeHI/I

2
pMa o g My —m agt
my + ny my+ny 2
YckopeHHE a onpefenseTcs CHCTEMON ypaBHEHHH, IPHBEAEHHOM B 3a1aue

118: ag = (my — my)gl/(my + n1y). INoaTomy

2
my-m\ gt* _at’

h=
ml +m2 2 2

Taxknm 06pa3om, HEHTP MacC CHCTEMbI [IBHXKETC PaBHOYCKOPEHHO C YCKO-
peHHeM
a = (my— my)’g/(my + my)?.

125. Cunuras, UTO TesO MacChl m; MOJHUMAETCHA, a HEMOABHXXHBIA OIOK
C TEJIOM MAacChl /1) ONYCKAETCs, ypaBHEHHs! ABIDKCHAS MOXKHO 3alHCaTh B BHJE
(puc. 227)

ma, =T—-mg, ma,=myg-2T.
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CBA3b MEXAY YCKOpDEHHAMH @ H d, HaWJeM H3 CIERYIOMIHX COOOpaKeHHil,
Ecnu nepsoe Telo NOJHUMETCS Ha BBICOTY /;, TO BTOPOE TEJIO ONYCTHTCS 3a
3TO BpeMsa Ha BBICOTY h, = hy/2. Tak Xax nNpoifeHHbIe NOyTH NpPIMO
NpOHOPUHOHANBHEl YCKOPEHHSM, TO OTCIO[]a BBITEKAET, UTO IO MOAYIIO
a; = ay/2. Pelias jaHHyro CHCTEMY YpaBHEHHH, HalIEM
T =3mymyg/(4my + my) = 1,26 H,
ay = 2(my — 2my)g/(4my + my) = 5,6 M/c?,
ay = (my = 2m)g/(4m; + my) = 2,8 m/c2.

126. YckopeHne BHOJb HAKJIOHHOH NIOCKOCTH ONpENENieTCs CyMMOI
NpoeKNuH CHI Ha JlaHHOEe HampasjieHue (puc. 228): ma =mg sin o —f. Cymma

T
5 N N
F
h mg
o me o
Puc. 228 Puc. 229 Puc. 230

MNPOEKIHi CHJI HA HaNpaBJICHHE, EPIEHAUKYISIPHOE K HAKIOHHOM ILTOCKOCTH,
paBHa Hymto: N — mg cos o = (. CrnefoBaTelbHO, cHla TpeHHUs f= kN =
= kmg cos O.. Y CKOpeHHe

a= g sin & — ffm = g(sin 0. — k cos o) = 2,45 m/c2.
127. Kak BugHO H3 pelleHHs 3ajauyn 126, ycKopeHHe Tena a =
= g(sin o — k cos o). CormacHo ycroBHIO 3ajaud sin O = h/l = 1/2,
cosau=+I1?>—h* /1= =.[3/2. Bpems u KoueuHas CKOpPOCTH OINpEfesatoTc
KHHEMAaTHYECKH:
t=~2l/a=2,5¢c, v =+2al=8 M/c.

Vg Jsino — k cos ¢ +~/sinc + kcos o
g (sina+ k cos 0)~/sin o — k cos &

129. Bropoii 3akoH HeloTOHa A/1s ABIMKEHHs BAONL HAKIIOHHOHN IUIOCKOCTH
sanuiercs B Bafie (puc. 229) ma =mg sino—f— T, e sin o= k/l, af=0,1mg.
KuHeMaTHYEeCKOE COOTHOUIEHHE, ONpefeNndlollee YCKOpeHHe, HMeeT BHJ
a = v%2!; cnepoBaTenbHO,

T=mgh/l - 0,img — mv*2 ~ 44,1 H.

128. ¢ =

130. Ins aBHKeHus Tena BROJIb HAKJOHHOH NIOCKOCTH ypaBHEHHE
HrroToHa nmeeT Bup (puc. 230)

ma =mg sin o+ F cos 0, Wik a = g sin o + (F cos o0)/m =10 m/c%
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CHny faBleHHsA Ha IUIOCKOCTB F, ,, paBHYIO IO TpeTheMy 3akoHy HeroToHa
CHJIE peaKuuH ITOCKOCTH N, MOXHO HalTH U3 PaBEHCTBA HYTIO NPOEKIM CHIT
HA HallPaBJICHHE, IEPIICHANKYIAPHOE K HAKJIOHHON ITOCKOCTH:

mgcosO.—Fsino—-N=0,
WU
Fy,=N=mgcoso— Fsino=2773 H.

131. Ecnu npeanonoXuTh, YTO NEPETATHBAET IPY3 MACCHI My, TO Ypas-
HEHUs] HABIXKEHHS Tpy30B 3amumyTtcs B BHAEe (puC.231) mpya=mygsinoa—T,
ma =T ~mg. Ucknrouast cuny HaTAXeHus T,

HaWieM IPOCKIHUI0 YCKOPEHHS Ha HallpaBjlcHHE N T T
IBHKEHHS:
a = (myg sin 0. — myg)/(my + my) = -0,98 m/c2.
3HAaK MHHYC O3HAYaeT, UTO ABUXEHHE B Jeil- o 8 mg
1

CTBUTENBHOCTH NPOUCXONUT B HallpaBACHUH, 00-

paTHOM TOMY, KOTOPOE MBI IPEANOIOXMIH. Puc. 231
132. YpaBHeuns gBU>KeHUs TPY30B NI NPOEK-

LKA Ha HanpaBlleHus ABMKEHUs HMEFOT BHJ

ma=mg-Ty nmua=Ty—T—myg(sin o k cos Q),
mza=T — msg(sin o £ k cos o).

3neck T — cuna HATSKEHMs HAITH MEXAY TPy3aMH C MacCaMu m; M ni,; 3HaK
NITIOC OTHOCHTCSI K CNYy4Yalo, KOTAA TPy3bl ABHXKYTCS BBEPX IO HAKJIOHHOM
NJOCKOCTH, 3HAK MHHYC — K CIy4Yalo, KOTa OHM ABHXYyTcsl BHH3. I3 armx
YpaBHEHUH HAXOAUM

a=g my —(my +my) (sin0. % kcos)
my + m, + ni, ’

I+sinot*kcoso
T = m2m3g —_——,

my +niy +my
JBuXeHue BBEepX NO HAKJIOHHOHW Ninockoctu (a > 0) BO3MOXHO npu
my > (my+ my)(sin o + k cos ), a mBUxeHue BHH3 (a < 0) — npH
my < (my + m3)(sin 00~ k cos o), tg 0 > k Ecnu aTH ycnoBusi He BBINOJHAIOTCS,
TO Ipy3bl HENOABUKHBI, A CUJIa HATSKCHUA T MOXKET NPHHAMATHL pa3jiAdHble
3HAYCHUSA:

t+sino+ kcoso

or 0 o mymsg
my+my +my

— B 3aBHCHMOCTH OT COOTHOWEHHH MEXAY my, my, M3, k 1 00 1 OT CHIBI
HaTsX€HUs HUTH B HavanbHBI# Momenrt. Hanpumep, mpu tgo < k
my < my(sin O + k cos O) TPy3bl HA HAKJIIOHHOM MIOCKOCTH MOXHO YCTAHOBHTH
TaK, YTO HUTh McXy HUMH He Oyner HaTsHyTa, T.c. T = 0.
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133. ITo TpeTbeMy 3ak0oHy HblOTOHA CHTa HOPMANBHOTO IABJICHHUS HA ONOPy
F , paBHa no mopymto cune peakuun onopbl N. Co cropous! smuKa Ha map
MOTYT J€HCTBOBATH CUNbl peakuuu N| u N,, NCepICHAUKYISIPHbIE K [HY H
nepegHel crenke suka (puc. 232). YpaBHEHHE [JBHXXCHHS Tapa UMEET BHJ
ma = mg sin & — N,. YUHTBIBasA, UTO YCKOPEHHA Iapa M sAUIMKA OfHHAKOBBI,
yPaBHEHHE IBMXEHMA SAIHMKA MOXHO 3anucarh B puae Ma = Mg sin o + N,, 1re

e

m
o g

Puc. 232 Puc. 233

M — Macca AmuKa. DTH ypaBHEHHsl COBMECTHB!I JHIUb npu N, =0. Cuna
NaBJIEHHs Ha NIEPEAHION0 CTEHKY AmuKa F,, » = N =0, Tak KaK COCTaBIAIOLINE
CHJT T5DKECTH, ACHCTBYIOIIMX Ha IIAap M SIIHK, COOOIIAIOT APy H SIHHKY
OIMHAKOBLIE YCKOPCHHS g sin O

Cuna papieHHs Ha JHO SINHUKA TaKas Xe, KaK U PU OObIYHOM COCKalb-
3biBaHmu Tena: F, =N, =mg cos Q.

134. Cunebl, peficTsyromue Ha KyOHK, H300paXkeHs!l Ha puc. 233: f— cunma
TpeHust, N — cuia peakluH MIOCKOCTH, paBHasl O MOAYJII0 MCKOMOI CHIe
HOpManbHOTO faBieHust Iy, , Ha MI0ockocTs. COracHo yCIOBHIO 3ajaul KyOUK
MIBHKETCS BMECTE C IH(PTOM € YCKOPEHHEM ¢, HAalIPaBIeHHLIM BBEpX. Y paBHe-
HHE JIBI>KEHHs1 AJ1s1 BEPTHKAIBHOTO HAllpaBJIEHNsl HMEeT BUJ

ma =N cos 0. —mg + f sin QL. (1)

B ropusoHTanbHOM HalpaBJICHUH YCKOpEeHHE OTCYTCTByeT. IloaToMy cymMma
[IPOEKLMHA CHJI HAa TOPU30HTANIbHOE HallpaBJIeHHE PaBHA HYJIIO:
fcosa—N sin o =0. (2)
W3 ypaBuenuit (1) u (2) HaxoguM
Fo,=N=m(g+a)cosa, f=m(g+a)sino.
TakuM o6pa3oM, Hanuume y nudTa yCKOPEHHsA, HaNpaBJEHHOTO BBEpX,
OKBUBAJICHTHO YBEJIMUCHUIO YCKOPEHAs CBOOOAHOIO MajicHusl Ha BEIUIUHY- 4.

Koa(pduumeHT TpeHHs JOMXKEH, KaK M B CIyYae HENOABHXHON HAKIOHHOH
IUTOCKOCTH, YAOBIETBOPATh YCIOBHIO K > tg QL.
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135. Ilpoekuus CHNBI TAXKECTH, AeHCTBYIOMIEH HA JOCKY BAOJNb HAKJIOHHOM
MIIOCKOCTH, paBHa Mg sin 0. ClieloBaTeNbHO, P PABHOBECHH JJOCKH TaKas e
CHJIa JOJXXHA AESHCTBOBAaThH HA JIOCKY B NPOTHBOIONIOXHOM HAINPABICHHH CO
CTOpOHBI UenoseKa. [To TperbeMy 3akOHy HbIOTOHA Ha UeNnOBEKa CO CTOPOHBI
JNOCKH TakxXe OyaeT ACHCTBOBAaThH CHJIA peakIHH, paBHas Mg sin O M Ha-
npaBJicHHAs NapajelbHO MIIOCKOCTH BHA3 (pHC. 234; H300paXeHbl JNHIUD Te

T
4@ . mg, B
@ 2,
S]}]Q
é’Sj]IQ
/l@s.
an
a
Puc. 234 Puc. 235

COCTaBISIIOIIHE CHII, ACHCTBYIOHIUX HA JOCKY H YeNOBEeKa, KOTOphIe HanpaBle-
HBI BAOJb HAKIIOHHOH MIIOCKOCTH).

ITo BropoMm 3akony Hpl0TOHA yCKOpeHHE UENOBCKAa BAONb HAKJIOHHOH
NIOCKOCTH OnpefensieTcs CYMMOH NPOEKIUI CHII HO 3TOMY HANpPaBICHHUIO!
ma = mg sin O + Mg sin o. VI3 aToro ypaBHeHns: HalaeM, UTO UCNOBEK JOIXKECH
6exaTh ¢ ycKOpenHeM a = g sin (1 + M/m), nanpasnennsIM BHH3. Hanpa-
BICHHE ABH>KCHHS CAMOTO UENIOBEKA [IPH 9TOM 0e3pa3iiHiIHO.

136. ITpe/inonoxuM, UTO IIPH YCTAHOBHBIIEMCS ABUXKCHAN HIAPHK OTKIOHEH
OT NMepNEeHJHKYNAPa XK HAKIOHHOH MIOCKOCTH Ha yron [ (puc. 235). Toraa
sTOpoit 3ak0H HinroToHa 115 ABHKEeHNS ITapHKA BONb IOCKOCTH 3aMHIIETCS
B BHJIE

ma = mg sin o + T sin . (1)

CymMMa cun, JeHCTBYHOUIMX HA INAPHK B NEPICHAHKYIAPHOM K MIOCKOCTH
HANpPaBJIEHAHU, PaBHA HYIIO!

mg cos a—Tcos B=0. )

Ho npm ycraHOBHBIIGMCS JBHXEHHH BCE TOUKH TEJEKKH, IIAPHK H HHTH
ABHKYTCSI C OJHHM H T€M XK€ YCKODCHHEM
« = g sin a. ITopicrasnsas ero B ypasHeune (1),
nonyuuM T sin B = 0. U3 ypasnenns (2) BugHo,
yro T # 0; cnegosarensho, B =0 4 HUTD
NEPNEHAHKYNSIPHA K HAKJIOHHOH NMIOCKOCTH.
Hckomas cuma HaTsIKCHHS
T=mg cos o =9,8 MH.

137. Ha Manblii 21eMEHT BOABLI Am, HAXO-
ASAHACA Y NMOBEPXHOCTH, JCHCTBYET CHINA
peakuud AN co cropoHbl Ha 6aKa, NeprneH- Puc. 236
ABKYJNApHast K NOBEPXHOCTH, H CHJIA TAXKECTH
Amg (puc. 236). [Ins Toro 4To0Bl MOBEPXHOCTL BOJbI B OaKe OblNa mapain-
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J€JIbHA HAKJIOHHOM IIOCKOCTH, YPABHEHHE JBHXKECHHS 3JIEMEHTA BOJIBI JOIIXKHO
uMeThb BAJl Ama = Amg sin 0; cIeoBaTeNbHO, YCKOPEHHE 3TOTO IJTEMEHTA g =
= g sin O.. DTO ycKOpeHHe IoIXeH HMETh BECh Gak C BOJIOH. YpaBHEHHE [[BHXKe-
HHA 71 HETO 3alNIIETCA B BUAE

ma = mg sin .= mg sin . —kmg cos oL + F.

OrTcrofla HaXOiNM, 4TO JleHCTBYOWas Ha 06aK cuna F paBHa 110 MOAYIIO CHile
TpeHus: F = f=kmg cos Q.

138. Ilpu ycraHOBHBIIEMCS ABHXXEHHH BCE SIEMEHTHI BEApPa ¢ BOAOH JIBH-

XKYTCs 110 NPAMBIM JTHHASM, OGPa3yIOLINM C TODH3OHTOM YroJl O, KaK M Ipu

ABHKCHHH Tella II0 HAKJOHHOH ILTOCKOCTH.

CrnepoBaTeTbHO, BCe SJIEMEHTHI BOABI [BH-

XYTCA C YCKOPEHHEM a = g sin O, KOTOpoe

coo6IaeTcA COCTaBASIOMIEH CHITBI TAXECTH

BJIOJIL TPOCA. 3HAYHAT, CAJIA PEAKIHA CO CTO-

POHBI IHa Befipa Ha BOAY NEPIEHANKYIAPHA K

-- HaIIpaBIICHHIO JBIXKCHHUSA M YPaBHOBEUIMBAET

COCTABNSAIOUIYIO CHITBI TSXKECTH BAOTH 3TOrO
HamnpableHus: N = mg cos & (puc. 237).

Puc. 237 ITo ycmosmio 3ajaum m = pSh, rae S —

IUTOIIAAb JHA BeJPa, a P — IIIOTHOCTh BOABI.

CornacHo TpeTheMy 3aKoHy HbI0TOHa CHIIa 1aBTeHMs BOARI Ha AHO Benpa F,

paBHa cune peakuuda N co cropoHsl gHa. [ToaToMy AaBieHHE BOABI Ha AHO

Belpa

1
1
1
©
1

P =NI/S =pghcos a.

139. BpeBHO 6yaeT cocTaBIATH C KAHATOM OJJHY AHHHFO B TOM Cly4Yae, €Cin
OHO He OyJeT KacaTbCs 3€MIH. B NpOTHBHOM ciyyae OkaXeTcs, YTO, Korja
6pPEeBHO M KaHAT COCTABIAIOT OAHY JIHHAK, CYMMa MOMEHTOB CHJI OTHOCH-
TeNBHO 1IeHTpa Macc OpEeBHA OTJIHYHA OT HYJIA.

YpaBHeHne ABMXKEHHA GpeBHA IIpH BBINOJHEHAM YCIOBHA 3ajadm OyaeT
uMeTh Bu ma =T cos O, rie m — Macca OpeBHa, T — cHMia HaTsSXKEeHUA KaHarTa,
O — yron Mexjy GpeBHOM M HOBEPXHOCTBIO 3eMiH. [Io BepTHkanm nepeme-
1meHns GpeBHa HE MPOUCXONUT, 1oaToMy mg = T sin O; oTciona

a=getga=gJb+0* - /h.

§ 5. 3akoH coxpaHeHHs UMITYJIbCA

140. F = Ap/At=mvn =15 H.

141, Tak Kak cTeHKa [TafKasi, TO PH CTOIKHOBEHMH COCTABASIOLIAS HM-
nyJibca Ms4a BIONb CTEHKH He H3MEHsieTcs (pHc. 238; n306paXkeHb! HMITYIbChI
MsUa Iepej yaapoM py H Hocle yaapa p,). CocTaBusmomas Xe, nepneHa-
KyJsSpHas K CTEHKe, MEHSeT HalpamieHHe. B pedymbrare MAY OTCKaKHBacT
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JIOK YIJIOM O K CTeHKe. MI3MeHeHNe NPOEeKIuyl UMIYJIbCa MsS4Ya Ha Halnpasie-
HUE, NEPNEHAUKYIAPHOE K CTEHKE, UMEET BUJ

Ap = mu sin o — (—mv sin o) = 2mv sin Q.
MckoMas cuna
F = Ap/At = 2(musina)/At = 15 H.

142. Ap = m@v ++[2gh)=1,6 xr - M/c.

143. u = ~my/M = -3,25 M/c. 3HaK MHHYC IOKA3bIBAET, YTO CKOPOCTH OPYLRUS
U CHapsfia HANPABJIEHbI B IPOTHBOMOIOXKHbIE CTOPOHBI.

144, u = my/(M + m) = 1 M/c.

145. UMnynbc CHCTEMBI NyMIKa—CHapaj BROJIb TOPH30HTAJBHOTO Ha-
npaBlieHus, PaBHBIA HYJIO [0 BBICTPENA, 3a BPEMS BLICTpENa He U3MEHSeTCH,
TaK KaK B 3TOM HANMPABJIEHHH BHEIIIHKE CUIIBI He AeMCTBYIOT. B faHHOM ciyuae

psina N

mvsino,

Puc. 238 Puc. 240

BBICTpEN MPOU3BEAEH MOJ YrIOM O K TOPH3OHTY, W IPOEKUHS HMIYIbca
CHapsAfa Ha TOPH3OHTAJbHOE HaMpaBJEHHEe paBHa mvucos O (puc. 239). Ilo
3aKOHY COXpaHeHus uMmnyinsca Mu + mv cos o = 0; orciopa

u=—(mvcos o)/M = -7 m/c.

146.f= Ma = m?v? [2sM = 13,2 xH.

147. Ilpoekuus UMIyIbca CHapsfa Ha TOPH3OHTAIILHOE HANPaBIEHUE PaBHA
mv sin o (puc. 240). 3aKOH coXpaHEHHUsI MMIyIbca [N HAaNpPaBIEHUSA BROIND
TOpI/I3OHTa.TII/I HUMECT BH

musin o = (m + M)u; orcioga i = muvsin of/(m + M) =~ 1,25 m/c.
BepTukanbuas e cOCTABISAIONIAs MMNYJIbca CHapsfa GyfeT nepegaHa 3eMie B
LETIOM.

148. 1 = ms/Mt = 0,083 m/c.

149, v, = mv/my = 5/7 M/c; v, = mu/(m, + m) = 5/9 m/c.

150. s = m2v? 2kg(M + m)? = 50 m.
151, u=(Mv —m+j2glsina coso) /(M +m).
152.v = (M —m)~/2gh/m =217 M/c.
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153. B nepsom cayuae u, = (Mu — mv)/(M — n1) = 6 KM/, BO BTOPOM —
Uy = (Mu + mv)/{(M —m) = 12 xm/a.

154. Cxopoctb narchopMbl 1ocie najeHus Ha Hee KaMHA OIpefesIfneTcs ¢
IIOMOIBIO 3aKOHA COXpaHEHUA uMIyibca: u = Mu/(M + m) = 16 km/41. DTa cKko-
POCTb HE M3MEHHUTCSI [IPH BBINAJICHUM KaMHs IePe3 JIOK, TaK KaK [PU 3TOM He
BO3HHKAKOT CHIBI, ACHCTBYIOINMe Ha IUaT¢OpMy B FOPH30HTATILHOM Ha-
[paBJICHUH.

155. vy = [(m + my)v — myuvyl/m = ~15 M/c; cKopocTh NEPBOro OCKONKA
HalpaBJcHa [IPOTHB CKOPOCTH JIBHXKCHMSL Apa 10 pa3phiBa.

156. v = muv/M = 0,2 M/c; v, = v= 8 M/c.

157. CkopocTu 010K nocse nepeGpacbiBaHus IPY30B ONPEASAIOTCA C [10-
MOIILIO 3aKOHA COXPaHeHMA MMNynbca. I'py3, OpOLIeHHbBINH B NEPBYIO NOJKY,
OylIeT MMETL OTHOCHTENBHO BOABLI CKOPOCTb U+ i, @ I'PYy3, OPOUICHHBLIN B
TPETbIO NOAKY. NPUOBPETAET CKOPOCTL U — i. VIMIynbe cucTeMbl Iepsas
JOAKa-TPy3 [0 NOoNafgdaHus Tpy3a B TOAKY paseH Mv + m(v + u). IlpupasHuBas
€r0 UMILYJIbCY CHCTEMBI IOCIE TONAfaHus TPy3a B JOJKY, [OJYIHM CKOPOCTh
HEPBOH JOAKK:

Mv +mu +u)y=(M+nmj,, v, ={Mv+m +w)/(M+m).

Jns TpeThelt ToAKM 3aKOH COXPaHEeHMsl HMITYJIhCa UMEeT BUJ
Mv+m@ —u)y=(M+mjy;, vy=[Mv+m@ —u)l/(M+m).

CKOpOCTB BTOpOI TOJKH He U3MEeHHUTCS. [JeHCTBUTENBHO, A0 MepebpachiBaHus
TPY30B HMIYJILC JOAKH C Tpy30M paseH (M + 2m)v. CornacHo ycioBuio OH He
H3MEHUTCS! [TOCINEe BLIGPAChIBAHUS TPY30B:

M+2myv=Mv, + m(v+ u) + m(v—u); oTcioia v, = v.

158. Ecnu v — cKOpOCTDb 9e0BeKa OTHOCHTEIBHO JOAKH, a U — CKOPOCTD
JOJKH OTHOCHTEILHO BOAbI, TO CKOPOCTb UeJOBEKA OTHOCHTEILHO BOABI OyAeT
paBHa v + u. ITo 3aKk0Hy COXpaHEeHHs! MMITYIbca

mv+u)+ Mu=0; orcioga u/v=-m/(M + m).

OrHouleHne CKOpocTel BO BpeMs ABHKEHHUA OCTAEeTCsl OCTOsAHHbIM. [ToaTOMYy
OTHOILEHHE NPOHAICHHBIX NIepeMelneHu# OyaeT paBHO OTHOUICHHIO CKOPOCTEH:

sfl=-m/(M + n1), Te. s=—Im/(M+m)=-1m.

3Hak MHHYC I0OKa3bIBaeT, YTO MEepeMeIlleH!s UeNOBeKa W JIOJKH I[IPOTHBO-
HOJIOXKHBI 110 HAallpaBJICHHUIO.

159. TTonHas cuna, ¢ KOTOPO#H 10Oe3] ACUCTBYeT HAa 3eMIi0 B FOPU3OH-
TaJLHOM HanpaBJICHHH, paBHAa HYMIO, TaK KaK CHJIA TATH I[IOCTOSIHHA M paBHA
cune TpeHus. PaspbiB cocTaBa He M3MeEHsAeT 3TOro ¢akra, H6o cuiaa comnpo-
THBJIEHHA JBHXKCHHIO HE 3aBUCHT I10 YCIOBHIO OT cKopoctu. CrneoBaTeNbHO,
cuna, eHcTByIoias B TOPU30HTANIbHOM HallpaBIESHHH CO CTOPOHbI 3eMIH Ha
CHCTEMY NOEe3[0—-OTUEIMBUINNCS BaroH, TakxKe paBHa Hymto. [1oaToMy K cucre-
M€ MOXHO NPHMEHUTh 3aKOH COXpaHEeHHA UMIyIbca. YaobHee BCero aTo Cie-
JaTh B CHCTeMe OTCYeTa, ABMKYIIECHCA CO CKOPOCTbIO, paBHOH CKOPOCTH
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noesaa fo ero paspbiBa: mv+ (M —m)u =0, TAe U 4 — CKOPOCTH BATOHA H
[10€3/1a OTHOCUTENBbHO BLIOPAHHOH CHCTEMBbI OTCUETA B IPOU3BONBHLIA MOMEHT
BpeMeHH; orctoaa vfu = —(M — m)/m. 3HaK MUHYC COOTBETCTBYET TOMY, UTO B
HAIIEH CHCTEME BATOH W MOE3], ABMXXYTCSH B pasHblc CTOpOHBI. Tak Kak
OTHOINIEHUE CKOPOCTEH MOCTOSHHO M HaudallbHbIE CKOPOCTH BATOHA M MOE3/1a
OMHAKOBbLI, TO OTHOWIEHHE mytei [’ 1 L', npOdReHHLIX B ABUXKYIICHCS CUCTEME
KOOPAMHAT BarOHOM M NOE3]10M, OY1ET paBHO OTHONIE HUIO CKOPOCTEH:

UL = (M — n)/m. (1)

B MOMeHT, KOrja CKOpOCThH BaroHa B ABIKYINEHCS CHCTEMe KOOPRMHAT
cTaHeT paBHOH CKOPOCTH Uy MOe3fa A0 €ro pai3peina, OyaeT BBINONHATLCA

paBeHCTBO
s=I+L" (2)

IIpolinenHoe BaroHOM paccTosHue ! paBHO / — PACCTOSIHHIO, KOTOPOE BAroH
MPOXOAUT JIO OCTAHOBKH B MOKOSAIIEHCA CHCTEME KOOpJMHAT, TaK Kak
YCKOPCHHE BaroHa 1O MOJYNIO ¥ BpeMsi ABMXKCHHUs BaroHa OflHA M Te Xe B
o0eHx cucTeMax (B OfHOM H3 HUX CKOPOCTBH W3MCHSETCS OT HYNs A0 Uy, 4 B
ApPYyro# — oT Uy Ao Hynsa). Pemasa cum-

cTeMy ypasHeHmi (1) u (2). nHafinem ™ A_=___
= (M —m)s/M = 480 m. % IERRNERREN
o Ko ! NB T C
160. Ha puc. 241 uzobpaxeHs! Tpa- d ‘ >
,I /b ‘I 4

eKTOpHWH CHApsiia ¥ OCKONKOB. Pa3peI

NPOMCXOLUT B TOUKEe A, nexaie# Ha Puc. 241

BbIcOTe 1 = (U sin &)2/2¢ n Haxopsei- '

csl HA PACCTOSHEH [ = (UO2 sin20)/2g ot Mecra BbIcTpena (cM. 3apaud 56, 57).

CKOpOCTh cHapsja B 3TOH TOUKE U= U c0os O. HauyanbHble CKOPOCTH OCKONKOB

CHapsaa Uy M U, CBSI3aHBI CO CKOPOCTLIO CHapsja B 3TOH TOUKE 3aKOHOM

coxpaHenus umnynbca: Mv= Muv,/2 + Muv, /2, tpe M — macca cHapsipa.
HauanbHyl0 cKOpOCTE NEPBOTO OCKONKA U; MOXHO HaHTH 110 3agaHHOMY

paccrosauto s. IMeeM s~ /=ut, rae t =+/2h/ g =@V sin2a)/ g — BpeMst no-
JTETa OCKONKa; OTCIOAa

vy = sgfyy sin o — vy cos O
HavanbHasi CKOpOCTb BTOPOTO OCKOJIKA

U, = 2U— vy = 3y cos OL— 5g/y, sin QL.
Hckomoe paccrosnue
L=1+vyt=2(vg sin2a)/ g —s.

JJaHHYIO 3aauy MOXHO PEIINTH H APYTUM cnoco6oM. 1IeHTp Macc OCKONKOB
ABHDKETCS TaK, KaK ABUTANCs Obl Hepa3opBaBiuics cHapsan. OCKONKY najatoT
Ha 3¢MJITIO OJHOBPEMEHHO, M NEHTP MAacc CHCTeMbl B MOMEHT HajieHusi OyaeT
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HAXO[UTHCS Ha paccTosiium 2/ OT MecTa BbicTpena. [Ins 3Toro Heo6xo0aUMO,
9TOGbI BBIOIHAIOCH COOTHOIIEHHE

MQ2l-$)2 = ML -2D2; orciopa L =4l —5=2(v] sin2a)/g —s.

161. IIpruMeM 3a MONOKUTEIbHbIE HANpaBIeHWs: OCEll KOOPAMHAT BEPTH-
KaJIbHOE BHU3 M TOPU30HTAJIBLHOE B CTOPOHY HojeTa cHapsaa (puc. 242). ITocne
pa3pblBa CHapsia AEPBBIA OCKONOK COTTACHO YCIOBHIO MMEET TONBKO BEPTH-
KaIbHYIO COCTaBIAONIYIO CKOpOCTH. I103TOMY 3aKOH COXpaHeHUsI UMNYIbCa B
’ ApPOEKIUMAX Ha TOPH3OHTATBHOE HAanpaBICHAE
uMmeeT Bug Mv = Muv, /2, Tne M — Macca
CHapsa, a U, — MOAYNb COCTAaBISIOMWIEH CKO-
pPOCTH BTOPOTO OCKOIKa. Tak Kak HMRAYIbC
CHapsiia fo BEPTHKAIH fiepe] B3PbIBOM PaBeH
Hymo: Mv,,/2 + Mv,, /2 = 0, To BepTHKaNbHbBIE
COCTaBISIOIINE CKOPOCTEH OCKOIKOB PABHbBI

Puic. 242 [0 MOAYJIO M HANpaBIeHbl B NPOTHBOMONOX-
HbIE CTOPOHBL Uy =~V

3anuireM TakXe KAHEMATHUECKHE YPABHEHHs ABHXKCHHS OCKONKOB. Jlis

[IEPBOTO ¥ BTOPOTO OCKOIKOB MMEEM

h=v o +815 12, h=vyt+g" 12, s=vyt,

Tf€ ! — BpeMsl NajieHusl BTOPOrO OCKOJNKA. VICKIIOYNB U3 3THX yPaBHEHHUH vy,
Uy, Uyy B I, NONYIAM JJIsl CKOPOCTH CHapsfia nepel pa3pblBOM KBapaTHOS
ypaBHEHHE:

H3 gByx ero KopHer

, oS (8o _h), s(gh h
ahl 2 1) 4l 2 g

peureHueM 3afaum OyaeT KOpeHb, COAEpXKAIWMU 3HAK MITIOC, TaK KakK npH

HameM BbIGOpe MONOXHTEeNbHOro HampasieHmst v > 0. Takum oGpa3som,
OKOHYATETBHO UMEEM U = 581, [4h.

§ 6. CraTnka

162. T, =F; T, =2F.
163. d = Dj10P/nFy = 36 MMm.

164. [leiictylomme Ha Opycok cunbl m3o0paxkeHbl Ha puc. 243:
N - cuna peakuun cresi, f < kN — cuna tpeHus, mg — cuna Tsxecrn. IIpH
paBuosecnn N = F u f= mg. CiefoBarennno, kF = mg. MuHuManbHas CAIa
F =mg/k = 490 H. i
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165. F > kmg. ' ,

166. [JeitcTByronue Ha GpycoK CHibl M306paXeHbl Ha puc. 244: N — cuna
peaknuy MiockocTH, f = kN — cuna TpeHus, mg — cuna tsaxecru. IIpu pas-
HOBECHHM CYMMBbI NPOCKIHUH CHJ BJONb HAKJIOHHOH NJIOCKOCTH M B NEpreH-
JAMKYJISPHOM HalpaBJCHHH PaBHbI HYJIO:

f-mgsina=0, F+mgcosa-N=0;

orciopa F = mg(sin o — k cos a)/k =~ 32 H.
167. Heiicrsyronme Ha JOCKYy CHNbI M300paxeHwbl Ha puc. 245: N u
N, — cuapl peaxuuu HaKJOHHOHM NNOCKOCTH, fi U f, — CHNIBl TpeHus, mg — cuia

F < L N N, 2

fi mg

N o

Puc. 243 Puc. 244 Puc. 245

TAXECTH. PaBeHCTBO HYJIFO CyMMbl MOMEHTOB CHJI OTHOCHTENBHO OCEH, NPOXO0-
BAIUX uepe3 HIKHIOK M BEPXHIOK ONOpbl, gaer N, = N, = (mg cos a)/2.
PaBeHCTBO HYNHO CYMMBI NPOEKUHH CHN BAONb HAKIOHHOH INTOCKOCTH NpH-
BOJHT K YypaBHEeHHIO mg sin o = f| + f5. CkonbXeHue GyfeT OTCyTCTBOBATH NIPH
fi =Ny ufy < kN, MuHuManbHBIA Yo onpefieNiseTcsl ypaBHeHHEM

mg sin o= (k| + ky) (mg cos )/2; oTcropa tg o = (ky + ky)/2.

168. PaBeHcTBO NpoeKIMi CUJI Ha FOPHU3OHTANIbLHOE HallpaBieHue TpebyeT
PaBeHCTBa CHJI HaTSXXKeHus Tpocos (puc. 246). [na pasHoBecHss HEOOXOgUMO,

2Tcos(¢/2)

Puc. 246 Puc. 247

yTo6bl CyMMa NPOCKUMH CHJ Ha BEPTHKAJIbHOE HalpasjiecHHe Obla paBHA
HYITIO: o

 2Tcos(0/2) — mg = 0; orciona T = mg/2cos(0/2) = 196 H.
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169.7,=T;=98H; T, =97,5 H.

170. JedicTeytomue Ha TOYKY B KpOHUWITeHHA CHIBI H300pakeHbl Ha
puc. 247. Crepxenb AB pactauyT ¢ cunoi T4, a crepxkens BC cxar ¢ cunoit T,
CyMMbI NIpOEKIMH 3THX CHJ BIOJIb FOPH3OHTANH H BAONbL BEPTHKAJH PABHEI
HYJIIO, TaK KaK TOYKA B HAXOUTCS B PABHOBECHH:

T,—T,cos =0,
mg — T, sin 00=0;
oTCtona
T, =mg ctg oo =568 H,
Tr=mg/sin o0 = 1126 H.

171. m = Jmm, =2,9 xr.

172. PapeHCTBO MOMEHTOB CHJI TSIXKECTH OTHOCHTETbHO OCH, IIPOXOSIIEil
Iepe3 TOUKY ONopsl (puc. 248), IPUBOXUT K ypasHeuuto mgl/5 = Mg(l/2 - 1/5),
rae / — piuHa cTepxkHs; orctoga M = 2m/3 = 0,8 kr.

s /4

5 -] 1 ] i
mg ¢ 1 F
Mg mg
Puc. 248 Puc. 249

173. OTHOCHTENBHO OCH, NPOXOAsIEH Yepe3 Kpall I1aT¢hOopMBbl, cymMMma
MOMEHTOB cHI mg U F paBHa Hymo. Tak Kax IUI€TH 3THX CHII B COOTBETCTBHH C
yCIOBHEM 3a1avH OAMHAKOBBI (puc. 249), To mg = F = 2000 H u m = 200 kr.

174. CornacHo TpeTbeMy 3akoHy HblOTOHa cHilbl peakuuu Tpyonl N u N,
paBHBI [10 MOJIYJTIIO HCKOMBIM CHIIaM faBieHHs (pHc. 250). Tak kak cymma cui
JONXHa OBLITh IPM paBHOBECHHM paBHa Hymw, To N+
+ Ny~ mg = 0. PaseHCTBO MOMEHTOB CHJI OTHOCHTEIHLHO OCH,
npoxopsmel uepe3 Todky O (MOXHO GbITO Obl BHIGPATL H

S
Jl

mg
Puc. 250 Puc. 251

mo6yio Apyryto och), umeeT Buj Ni(l — a) = mgl/2. Pewas nonydeHuyio cu-
CTEMY ypaBHEHUH, HalieM ‘
Ny =mglf2(l —a) = 490 H, N, = mg(l - 2a)/2(I - a) = 294 H.
175. Ecnu BepXHUM KOHEN JIECTHHUIBI HEMHOTO OTOIWIE] OT CTEHBI, TO
OTHOCHTEJILHO OCH, IIpoxofsiieH depe3 Touky O (puc. 251), MOMEHT co3natoT
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TONBKO cunbl F n mg. PaBeHCTBO MOMEHTOB 3THX CHJI MO3BOJSET 3ani/1caTb
yYpPaBHCHHE

F(lcos a)/2 —mg(2lsin 0)/3 =0,
rie [ — IMHA JeCTHHLBI; OTctona F = (mg tg o)/3.
176. o = arctg(1/2k).
177. Y3 paBeHCcTBa CYMMBI CHJI BAOJb BEPTHKaNM ciaefyeT (pHuc. 252), 4To

N = mg. YpaBHeHHEe MOMEHTOB CHI OTHOCHTEJIBHO OCH, IPOXOAdIe# depes
TOUKY COINPHKOCHOBEHHS [IOLIEUEK, HMEEST BHJL

mg(! sin o)/2 + fl cos o = Nl sin a,
rae / — IMHA [OIIEYKH; OTCIONIA

=N -mg/2)tg o= (N tg a)/2.
s paBHOBECHS HeOOXOOUMO BBINOIHEHHE YCIOBHA f < kN; ciepgosaTenbHO,
k= (tg o)/2.
178. PaBencTBO HYIIO CyMMB! MOMeHTOB cun mg u T (puc. 253) oTHO-
CHTEIIBHO OCH IapHHpa (TodKa () IPUBOAUT K YPABHEHHIO

TN = b —mga(\I* =b* 11)=0,
rje / — AyIMHA mHYpa; OTCrofia cuia HaTskeHust T = mga/l = 6 H.

179. F =mg~Jh(2r—h) [(r - h).
180. F=mg(r,-r,)/2l=5H.
181. m, = (m, tg 0)/2; paBHOBECHE YCTOHIUBO.

Puc. 252 Puc. 253 Puc. 254

182. Tak kak creHa rinajkas, TO CO CTOPOHBI CTeHBI Ha HIap AEHCTBYET
TONBKO CHJIa peaklUuu onopbl N. NepneHfuKyngapHas K cTeHe (puc. 254). Dra
CHJa MO TPeTheMy 3aKOHY HpIOTOHAa paBHa MO MOJYIIO HCKOMOH cHIE
AaBJIeHUs mapa Ha creHy. MomeHTBI cun N U mg OTHOCHTEIBHO TOUYKH O
paBHbI Hymo. CnefoBaTeNbHO, CHJIAa HATSXEHUS T HATM TakXe HE CO3[IacT
MOMEHTA OTHOCHTEIBHO 3TOH TO4YKH. IIpofonkeHne HHTH NpOHAET depe3
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LEeHTp MacC wapa. YCIOBHSI PaBHOBECHS JJI COCTABISIOMIAX CHI BLOJNL
TOPHU3OHTAIH ¥ BEPTHKAJH HMEIOT BHJ

N-Tsina=0,mg-Tcos a=0; orcroga N = mg tg o.

W3 rpeyronvauka AOB HaxoguMm

tga=ri\U+r)?—r?, Te. N=mgrivI*+2rl =1,23H.

183. Cymma npoexumii CHJ Ha HalpaBl€HHE, NEPNEHIUKYNAPHOE K JIHY
sI1IIAKa, JOJI3KHA ObITh paBHA HyHO (pHC. 255). IIpoek1iun Ha 3TO HanpasieHHe

N T

oY mg

Puc. 255 Puc. 256

UMEKT TONBKO CHJIA TAXECTH mg W CHIa PeakKUHH [Ha siimuka N. Takum
obpa3zoM, N = mg cos o.. CnepoBaTeidbHO, CHIIa TPEHHSA
f = kmg cos q. (D
PaBHOBecHe 1Iapa 3aBHCHT OT BBLIIONHEHHS! 3TOTO HepaBeHCTBa. [ToaTomy
BbIOGEpEM OCh, OTHOCHTEIBHO KOTOPOH OyAeM OnpefelaTh MOMEHTBI CHIT Tak,
4TOOBl MOMEHT CHJIbI TPEHHsl ObLI OTJHYUEH OT HyJsl, MOMEHT K€ CHIIBI
HaTsKeHus1 T HUTH oGpamancst 661 B Hylb (YTOOBI MOKHO OBLIIO HE BBIMHCISATE
9Ty CHIY). DTOMY YCIOBHIO YAOBIETBOPSET OCh, IPOXOASINAs Yepe3 TOUKY A
3aKPEINIEHHs] HUTH NEPNEHANKYIAPHO K MIOCKOCTH PUCYHKA. OTHOCHTENBHO
STOH OCH IJIeUO CHIBF TPEHHS PaBHO 2r, INIEUO CHIBI TAXeCTH [ =1 sin O, a
nneyud cun T u N paBHBI HymO (1 — pagnyc nrapa). CyMMa MOMEHTOB CHII IIPH
PaBHOBECHH paBHa HYIHO:

2rf—mgrsinoa=0; orciopa f= (mg sin a)/2.

YuuTeiBast HepaBeHcTBO (1), HalileM, UYTO NPH paBHOBECHH kmg cos O =
= (mg sin ®)/2; clegoBaTeNbHO, MAKCHUMAJIbHBIH Yroll O ONpefeNseTcs H3
ycaosus tg o = 2k,

184. [eficTeylomue Ha BepXHHE KOHIBI MAJOUEK CHIBI H300pakeHbl Ha
pHc. 256: f— cunbl TpeHus1, N — CHIIBI peaKIMH nanovek Apyr Ha apyra. Ecnu L
H | — puHBI GONBIIOH W MalIEeHBKOH NMANOYEK, TO YypaBHEHHSI MOMEHTOB OTHO-
CHTENBHO OCeH A B B, npoxopsimux 1epe3 KOHIBI Nal04YeK, HMEIOT BHJ

Mg(L cos a)/2 = NL, mg(lsin a)/2 =fl;

otcroga N = (Mg cos Q)/2, f= (mg sin &)/2. Tax xak f < kN, To MAHEMAaNTLHBIA

KO3QPHUIHEHT TPEHHS, IPH KOTOPOM CHCTeMa OyaeT HaXONHUThCS B paBHO-
Becun, k=fIN=mtg o/M. .
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185. [Ins paBHOBecHs: HEOOXOAUMO, UTOGHI PABHSIINCH HYJNIO CYMMBI CHI,
NeACTBYIONAX Ha CTEPXEHb, I MOMEHTOB CHJI OTHOCHTEIBHO OCH, MPOXOs-
et yepes M00yrO HENOABIKHYKO TOUKy. M3 ypaBHenus F| + F — F, = 0 BbI-
TEKAET, UTO Cuia F mapajienbHa cunam F) u F,, HanpasiieHa BAoNb Fy 1 paBHa
F,—F, =15 H (puc. 257).

Touxy npunoxeHus cuiIbl F npolle Bcero HalTH, ECIH pacCMOTPETH CYMMY
MOMEHTOB CHJI OTHOCHTEJIBHO OCH, MpOXo/sillel uepe3 3Ty TOUKy. B aTom
ciyJae MOMEHT cuiibl F OyAeT paBeH HYJ10, a MOMEHTHI cunl F| u F, JOIKHBI

L

h
N d
F, >~ F
 C—— i ¥
[0 S X
[ ;A—; - n. ¢
AI X |C ~/ B 18 mg *
F, ’ myg
Puc. 257 Puc. 258

ypaBHOBemBaTh Apyr Apyra. IIycte 3ta Touka C pacnoioxeHa Ha pac-
CTOSIHMH X OT TOUKH A M BCe CHJIBI COCTaBIAIOT CO CTEpXHeM yroa o. Torga
ypaBHEHHE MOMEHTOB CHJI 6yfeT HMETh BUJ

Fixsin 0+ Fy(d—x)sina =0, unu x = Fd/(F,— F1)=2,5M.

PesynbraT He 3aBHCHT OT yIuia O, 3a HCKIIIOUeHHeM ciyyas o = 0, koraa cuna F
MOXKeT ObITh IPHIIOXKEHA B IFO60H TOUKE CTEPKHS.

186. CymMMa MOMEHTOB CIUJI TSKECTH OTHOCHTEJIBHO OCH, IPOXOALIEH Uepes
LEHTp Macc, JOJKHA paBHATHCA HyNIO. Eciin x — paccTosiHHE OT IEHTpa Macc
cucremsbl C 1o eHTpa Macc crepXHs (puc. 258), To

myg(l /2 + df2 + x) + mgx — myg(ly/2 + df2 — x) = 0;

orcronna x = {my(l; + d)y— m(l; + d)}/2(m; + my + m) = 0,05 M, T.e. HeHTp Macc
CHCTEMBI JIEKHUT B TOUKE NPUKPENIEHHA GONBIIETO KyOUKa.

187. ITonoxeHne LEHTpa Macc CUCTEMbI 3apaHee He HM3BeCTHO. IToaToMy
MOXHO MPEJIIONOXATH, YTO OH HAXO/[JUTCs B IPOU3BONBHOM TOUKe C CTEpXKHS,
He COBHajaueil ¢ HEHTPOM HHM OHOro u3 mapoB (puc, 259). Cymma MOMeH-
TOB CHJI OTHOCHTEJIBHO OCH, mpOXo/sliel depe3 HeHTp Macc C CHCTEMBI,
RoikHa ObITh paBHA HYJIIO:

mg(2d+ x)+ myg(d + x)+ mygx —myug(d — x) =0;
orcrofa x = (my— my— 2m)d/(m; + my + mz + my) = -5 cM. 3HaK MHHYC O3Ha-

YaeT, YTO HEHTP Macc CHCTEMbI JIEXKHUT He CIIpaBd OT IEHTpa TpeTbero mapa,
Kak MbI IPEIIONIOKAIY, a ClieBa HAa PACCTOSHHHE 5 CM.
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188. PaccrosiHHE OT IEHTpPa Macc CHCTEMBI [I0 CEpeqUHbI MEJHOM NPOBOIOKH

x=~3p,1/2(2p, +p,) = 16,3 m.

189. [Ins Toro uro6bl MUIMHAP HEe ONPOKUHYJICH, HEOOXOMMMO, ITOOLI
MOMEHT CHJIBI TSIXECTH OTHOCHTEJIBHO OCH, NMPOXOAsiied uepe3 TOUKY A
(puc. 260), noBopaunBasl HUINHAP MPOTHB YacOBOH cTpeiku. CleaoBaTelbHO,
BEpPTHKaJIbHas MpsiMasi, IPOBEleHHAs] YEPe3 NEHTP Macc MIIMHAPA, JOJIKHA
NpOXOMUTHL Yepe3 ocHoBaHWe IpuiMHApa. Ifo ycrmoBHio 3ajaum  cedeHue

V7 1 @ ] 4
mg J v A

nsg O

Puc. 259 Puc. 260

HUIMHApPA NpeAcTaBnsieT coboil KBajpaT, HO3ITOMY MCKOMOE MaKCHMaJIbHOE
3HAYEHUE YTIa Oy, = 45°.
190. x = h%/(d + 2h) = 4,5 cm.

191. W/r =~j2/3.

192. Ha puc. 261 m3o06paxeHbl CHIIBI, CO3[AOIHAE OTIUYHBIN OT HyJA
MOMEHT OTHOCHTEJBHO OCH, Mpoxofsuei yepe3 Touky A. Ilneun cmn nyg n
nyg pasusl BC = 3(r sin a)/8 u ED = r cos o.. CyMMa MOMEHTOB 3THX CHJI PaBHa
HYJTIO:

3my(r sin A)/8 — nipr cos o = 0; oTcropa tg o = 8n1y/3m,.
193. TIpu onpefeneHnH MOJOXEHUS LEHTPAa MAcC AUCK C BbIpE30OM ¢op-

MaJbHO MOXKHO pPaccMAaTPHBATH KaK CIUTOIIHOM AMCK MAacChl #1;, HA KOTOPBIHA
HANOXKEH JUCK pafuyca I', AMEIOIINHA OTPUIATENLHYIO MACCYy ~/7, PaBHYXO No

—myg
C 0
mg
Puc. 262

MO[yJI10 Macce BeIpe3aHHON dacTH. VI3 cooOpaXkeHnit CHMMETpPHH OYeBHIHO,
4TO HEHTP Macc Aucka (Touka C Ha pHc. 262) NEKUT HA NIPOJOIKEHHH TIpAMOH
OA, coeaMHAIOWENR HEHTPH! AHMCKAa W BbIpe3a. PaBeHCTBO MOMEHTOB CHJI
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TSXECTH, JCHCTBYIONHX HAa NOJNOXHTENbHYI0O H OTPHLATEIBbHYI) MACChI,
OTHOCHTEIBHO OCH, Ipoxoasuei yepes Touky C, naet (x = OC)

mygx = myg(x + R/2).
Yunteisas, uro ny = TR2G u m, = 1r?0, rae ¢ — Macca eWHHILI NIOMagH
IMCKA, HAXOANM HCKOMOE PacCTosiHuE: X = I2R/2(R2~12),

194. I3 cooOpakeHHH CHMMETPHH OYE€BHAHO, UTO B BEpIIMHAX, COOT-
BETCTBYIOIIMX DPAaBHBIM yriiaM, Ha IITATY CO CTOPOHBI HECYIIHMX €€ NOAeH

F, d F,

[ 20 ]

;’.@
mg
Puc. 263 Puc. 264

JEHCTBYIOT O{HHAKOBBIC CAIBL, T.€. Ny = N3, LIeHTp Macc TpeyronbHUKaA JEXHAT
Ha mepecevucHud ero MeanaH (touka C Ha pHC. 263). PaBeHCTBO HYIHO CyMMBI
MOMEHTOB CHJI OTHOCHTENHHO ocH OO, npoxofsueH yepe3 UEHTP Macc [LTATEI
napaninenrHO ocHOBaHMIO BD, paeT

Nohf3 + N3hf3 — 2N, hJ3 = 0.

3pech yITeHO, UYTO B paBHOOGEPEHHOM TPEYrONbHHKE BLICOTA, ONyLICHHAsA Ha
OCHOBaHHE, COBIAJAcT C MEAWAHOM. a TOUKA NEPECCUYCHAS MEHaH OTCTOUT OT
OCHOBaHHS TPECyroNbHUKA Ha 1/3 ANHHBLI MEIHAHBL.

N3 sroro ypaBHeHHs cieayeT, uTo Ny = N, = N;. Tax kak mpm paBHo-
BECHH CyMMa CHJ, JeHCTBYIOUIMX Ha IIHTY, paBHa Hymwo, To N +
+ Ny +N3—mg=0,Te.

Ny = Na=Ns =mg/3 = ahdpgl/6 ~ 1764 H.

CornacHo TpeTheMy 3akoHy HetoTona cunnl Ny, Ny B N3 paBHBI 10 MOAYIIO
HCKOMBIM CHJIaM.

195, 1=—2_"2 7" 173 0m.

243 my,

196. Crep:xenn OcTaeTcs B TOPH3OHTANBHOM IONOXEHHH, €CIH yATHHEHHAS
IPYXAH OIMNHAKOBLI. B 3TOM cllyyae Ha CTEpXKEHb CO CTOPOHBI NPYXHH OyayT
neficTBOBaThL cHIbI Fy = kyjx u Fy = kyx, e x — yAIHHEHHE NPYKAHBI (pHC. 264).
Touka O NPHKPEIUICHHS IPy3a OMPEACNseTCS PaBEHCTBOM MOMEHTOB CHI ] H
F, OTHOCHTENbHO OCH, OPOXOfsieH dyepe3 3Ty Touky: Fia = Fy(d —a), rie a —
paccrosiHue oT TOUk# O [0 NPYXHHBI C XECTKOCTLIO ky; OTCIOa HCKOMOE
paccrosuue a = dky/(ky + ky) = 0,6 M.
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197. Al = 3mgl/2m?E = 0,38 MM,

198. JeiicrBytomue Ha TOUKY D cuiibl m300pakeHbl Ha pHcC. 265: mg — cuna
TAXCECTH, IEUCTBYIOMAs Ha rPpy3, N — CHJIbI peakii CTCPXHEH PYr Ha Apyra,
CXuMaromue crepxHu. M3 coo6pakxeHni CHMMETPHH OUEBHIHO, YTO CTEPXKHHA
AD u BD cxatsl ognHakoBo. CpoeuupoBaB CHIIBI Ha HAaNpaBJICHHUE BBICOTH]
DE nupamunel ABCD ¥ npHpaBHAB HYJIO CyMMy NPOECKUMH CHJI, TOJNYTHM
ypaBnenue T cos 0 —2N cos =0, rie —yron mexuy moObiM H3 pebep

mg
F

Puc. 265 Puc. 266

nupaMu/ibl ¥ ee BbIcoTol DE (paBeHCTBO yIioB MeXAy peOpaMu mUpaMuabl 0
BbICOTON DE BbITEKAacT U3 PAaBEHCTBA MPAMOYTOIBHBIX TPEyrolbHHKOB CDE,
ADE u BDE).

Teneps HaiigeM NpPOEKUMHM BCEX CHJI HA BEPTHKAJbHYIO IIOCKOCTD,
MepneHAUKYIsIpHy0 K Bbicore DE (puc. 266). Umeem T, =T sin o, N, =
= N sin o, rae sin o = CE/l. Yron B, pasuwnit yrny AEF, onpepensieTcs
cooTHoenneM cos fB = (h — CE)/AE = (h — CE)/CE. CymMMa npoexuyi Bcex CH
Ha BepTHuKanb CF paBHa HYJIO.

mg —Tsin o~ 2N sin cos B=0.

YuursiBas, aro T = 2N, ¥ NOJCTaBINsAsA BLIPAXEHHUs 1 YIVIOB O M 3, MOnyIuM
T =Imglh, N = Img/2h.

§ 7. 3aKoH coXxpaHeHHs SHepPrHH

199. 12 = 4]] =60 cMm.

2
200, F = m(v? - vy) / 2d = -25 xH; 3HaK MHHYC yKa3bIBa€eT Ha TO, uTO cuia F
HallpaBJieHa IPOTHB CKOPOCTH MYJIH.

0Ly =Wy +u)’ —2Fd/m —u.

2

202. 5 = myv?/ 2(my + my)t kg =50 m.
203. Pa6ota cunel F paBHa TpHpPAICHUIO KMHETHYECKOM 3IHEPIHH:
Fx =K, rie x — paccTosiHme, NpOHAeHHOe TeaoM 3a Bpems f. Tak kak

yCKOpeHHE Tejna a = F/m HDOCTOAHHO, TO x = F2/ 2m. CnepgoBaTenbHO,
K = (FO)% m=0,05 Ox.
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204. F = mv?/2s = 960 xH; cuia TOPMOXEHHS ROIXKHA YBEIHYHUTBCS
B J[Ba pas3a.

205.A = (m + Mhmv?/2M = 38,4 [Ix.

206. W = mv3/4] = 160 kBT.

207. B 4 paza.

208. W = 452m/f3 = 200 xBT.

209. F =nW/v=32 xH.

210. o.= W/mgv — k = 0,007 pap.

211, V, = Wipghm = 103 M3/c.

212. W = mgh/int = 20 kBr.

213. o = arcsin (W/mguv) = 17°.

214. W = (mgl sino) / Nt = 3,46 kBrT.

215. v = 4gl ~ 1,98 m/c.

216. TloTeHumanbHas IHEPrUsl IHApHKa, OTKIOHEHHOrO Ha yroai o,
U=mgh, tae h =DC (puc.267). OwuesmgHo, uro DC = BD - BC =
= /(1 - coso.) = [ - 2sin? (0,/2). Cinegosarenbuo, U = 2mgl sin? (0/2). Maxkcu-
MaJlBbHYIO CKOPOCTH MasiTHHK OyAeT HMeTb B IONOXeHuH D, Korja BCH
NOTEHIMAIbHAS SHEPTHs €TO NMPEBPATUTCH B KHHETHUECKYIO: 2mg! sin? (0/2) =

=muv?/2; orcropa ckopocThb U = 2V gl sin (0/2).

217, v=" v3 - 2gh.

218. K = mg? [2sin? o = 58 JIx.

219. K = mg?? /4 = 480 Ix.

220. K = mg%? /2 = 1,2 k]Ix.

221. A = mup/2 — mu¥2 = 49875 [Ix.

222, p = mg¥? 2nd?l = 61 KI]a.

223.h=v?/4g=6125m.

224. K = i(F — mg) = 98 [Ix.

225.F =m[v2+2g(H + h)] / 2h = 26,9 xH.

226. Ecniu npuHATL 3a HYJIeBOH YPOBEHbL NOTEHIHATb-
HYIO 9HEePTHIO IPy3a Ha ypOBHE I'OJOBKH CBaM, TO €r0 IHEPTH B MOMEHT yaapa
OyneT paBHa NONHON HEPTHH I'Py3a B TOT MOMEHT, KOTja Tpy3 ObLI OTIYHIEH:

E = mvt 2 = mgH + mv?/2 = 22,5 x[Ix, (1)

Ife Uy — CKOPOCTDb Ipy3a HEMOCPENCTBEHHO Nepef yAapOM.

BBuay KpaTKOBPEMEHHOCTH yfapa CHila CONPOTHBIEHHS I'PYHTa HE MOXET
3a BpeMs ygapa 3aMeTHO H3MEHHTb HMIYIbC CHCTEMBI. Tak Kak ygap
HEyIIpYyTHi, TO

mvy=(m+ Muv,, (2)
Ifae v, — CKOpOCTb I'Py3a W CBaW HOCIHE yaapa. PasHOCTE KOHEYHOH 3HEPIHH
Ipy3a M CBaM ([OTEHUHAJbHOH 9HEPTMH Ha INyOuHe h) M MX HAYAJIBHOM
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9HepIuH (KMHEeTHUEeCKOH 3HEepIruH cpaldy NHociie ynapa) paBHa paboTe CHIILI
CONPOTHUBJICHHUA IPYHTa:

(m+M)gh—-(m+ M)ug/z =Fh. 3)
W3 coorHomennt (1)—(3) HaieM
h=m2QgH + v2)2g(m + M)(mg + Mg — F) = -0,6 ™.

3neck F > mg + Mg. B nporusroM ciyuae (F <mg + Mg) cpast 6€30CTaHOBOYHO
norpyxanack 6bl B TPYHT, AaXe ecia# Obl rpy3 OblI IHOMEIIEH Ha Hee Ge3
BCSIKOT'O ynapa, a npu F > Mg norpyxeHne cBaW NPOMUCXOQUIO Obl W B

OTCYTCTBHE IPy3a.
BpeMs MexXay IByMsi OCTEeIOBAaTEIbHBIMA yAapaMu OyeT He MEHbIIe

t=Hlv+ug+~N2gH+v?/g

YacroTa yAapoB He AOJKHA IPEBRIIATD
n=60ug/(Hg +v2 +vN2gH +v? )= 13 mum L,

227. A = mgh + mv3/2 — mu- /2 =~ 81 MITx.

228. o = 60°.

229. h = (vysin )2 /2g + m2v?/2M2g.

230. K= U =mg?¢ /8 = 5 IIx.

231. v=4N2gh/3 =162 m/c.

232. h=v?%/2g(1 + k ctg O0).

233. s = h(1 — k ctg a)/k. TIpu k > tg O caHKK OCTaHYTCS HA MECTe.

234. Us-U,=mgl; Uy - U, =mgl/2; Uy— U, =3mgl/2.

235.4 = S pgh?/2 =1,96 Mx.

236. Ilycrh noTeHUMaNLHAsE 3HEPIUsl LENOUKH, JIeXKallleH Ha CTOoJe, paBHa
Hyiio. Torga B MOMeHT, KoTta GyfeT CBEIINBAThCS YaCTh 1IENOUKH, HMelolast
MJIHHY X, €¢ NOTeHUHWaJbHAas 3HepTHs OydeT paBHa NPOH3BEJACHUIO CUJIBI
TAXKECTH mgx/l, JeACTByIOIIEH Ha CBEHINBAIONIYIOCS YaCTh, ¥ PACCTOSHUS — X/2
(uenouxka OHOPOAHA, W UEHTP MACC CBEIIHBAIOIENCS YacTH Haxonpurca Ha
paccTosiHuY x/2 HuXe Kpasi cToja). 3aech m — Macca nenouxkyu. Ha ocHopaHuH
3aKOHA COXPAHCHUs IHEPIUH MMeeM (npeHeGperas NOTEHUHANBLHON 3Hepruc
JACTH [[EHOYKH, CBeINBatomeics: B HaUaIbHbl il MOMEHT)

mvu2/2 — mgx? /2] =0; orcioga v=x\ g/l.

237. Lentp Macc BObl B KOJOMIC HAXOAMTCA Ha paccrosHuu 3h/4 OT
noBepxHocTH 3eMin. [ToaToMy Ha HOXBEM BOJBI U3 KOJTOALA 3aTpavuHBacTC
pabora

2
3h h3h  3pgSh
A =mg = =pgSo =L = PEZL
4 2 4 8
rge p — WiotHocthk Boabl, KpoMe Toro, Hacoc coofiaeT Boie HEKOTOPYIO
KHHETHYECKYIO QHEPrUIO, TaK KaK K3 TPYObl BOJa BRITEKAET C ONPEACICHHON

>
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CKOPOCTBIO U, KOTOPYIO MOXHO HaliTH u3 coorHomewumst Sh/2 = nR? vt
JononuurenvHas pabora

Ay=mv? 2 =pS3h3 ) 16m2R4 2.
IMonuas pa6ota
A=3pgSh*/8 +pS*h3/16mR4.

238. K = m?v?/2(m+ M) = 1,8 MIx.

239. CornacHo 3aKOHy COXpaHEHUs UMIYAbca mvy=mv + Mu, tne v u u —
CKOPOCTH MyJ¥ ¥ Wapa B HEPBbI MOMEHT Nocie NpoGUBaHus mapa nynaed.
3aKOH COXpanenysi 3HEPTHH JIA€T ABd YPABHEHUS:

mgh=mv?/2, MgH = Mu?/2.
Hcknrovuas u3 3TUX YPAaBHEHUH U U U, HANNEM

h=(mvy—M~N2gH)? | 2m%g.
240. K = mv?/ 10=0,2 Ix.
241. U = kmgAl.
242. Ha ocHOBaHMHU 3aKOHOB COXPAaHEHUS HMITYIIbCa ¥ QHEPIUH UMEEM

AU+ MUy = AU + My VY
mul 1 24myuvs /2 =mu?12 +myu’3/2,

Ie UV} ¥ U,y — CKOPOCTH INAPOB I0CTE cOynapeHus. s pemenus sToi cu-
CTeMDbI YpaBHEHUI yIOOHO B 00OUX ypaBHEHUSAX 110 OfjHY CTOPOHY 3HAKa PaBEH-
crBa OO BEAMHUTE BEJIMYMHBI, OTHOCAIHECS K IIEPBOMY I1Iapy, & 1o APYLYIO —
KO BTOPOMY, [IOCJIe YerO Pa3fe/uTh BTOpOE ypaBHEHNE Ha nepBoe. B pe3yinb-
TaTe MONYUATCS YpaBHEHHUE HEPBOM CTENEHM: U, + U} = U, + ;. Pemas 310
ypaBHEHHNE COBMECTHO C IIEPBBIM, IONYyUUM

_(my=my)v; +2myu, i

Uy » Uy =

(my —mp)v, +2mu,

243.t =2//v.
244, Ha ocHOBaHMYU 3aKOHOB COXPAaHCHUS UMIIYIbCa U SHEPIUU UMEEM

mu = Mv, mgh = mu? /2 + Mv?/2,

IA€ 4 ¥ U— CKOPOCTH OpycKa H KJIMHA MOCJE TOro, Kak OpyCOK COCKOIB3HET Ha
FOPU30HTANbHYIO INIOCKOCTh. PeleHne 3THX ypaBHEeHUH AaeT

v=nN2gh/(im + M)M.

245. T1pu abcoMOTHO YIPYrOM COYAapeHNH [BYX OUHAKOBBIX MAapOB Mpo-
HMCXOMUT OOMEH CKOPOCTSAMH. [IBHKyIHics map OCTaHaBAMUBAETCH, a [MOKO-
AMMACA MpuoOpeTaeT €ro CKOpOCTh. DTO HENMOCPEACTBEHHO BBITCKAET H3
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BBIDAXXEHHH [/ CKOPOCTeH INApOB IOCIE COYJApEHHs, NMONYUECHHBIX B
3afaue 242:

” _(m,—mz)vl+2m2v2 y _(mz—m|)v2 +2mu,
1 - s Uy — .

Ipn my=mynv,=006ygeM uMets v| =0,av; =v,. ITostoMy nocne psama
MOCTEOBATENBHBIX COYAAapeHHil BCe 1Wapbl OYAYT IOKOHTBCS, KPOMe
NOCNEHETO 11apa, KOTOpbIi npuobpereT ckopocTs U = 10 M/c.

246. lllap A nonAy4uT CKOPOCTB U = —V /S5, a wapel B u C — ckopocrtn

= 2\/51/0/5.

247. B MOMEHT COyRapeHHs Ha MaJICHBKHE 11aphl ACHCTBYIOT CHIIbI, HAMPAB-
JEHHBIC BJONb IPSMBIX, COCAUHAIOWINX HX HEHTPBI C
IeHTpoM Goneinoro mapa. ITosToMy nocne coyaapenns
HX [IBEDKCHHE IPOHMCXOJUT MO ITHM NpsAMBIM. BBupy
CAMMETPHH HX CKOPOCTH OJMHAKOBBI IO MOJYIIO H
COCTaBJIAIOT C HAIIPABJICHUEM JBHXXEHHUS GOTBIIOrO Iapa
OfIMHAKOBBIE Yriubl O (puc. 268). Bonpwo# e map

Puic. 268 COXpaHSET CBOE HANPABJICHHE [IBUXKCHHS.
3anuimeM 3aKOH COXpAaHEHHs HMIyIbca NS MPOEK-
A Ha HalpaBlICHHE [BHXEHHsS OONBIIOTO IIapa M 3aKOH COXpPAaHEHHS
9HEPIHH:

Mvy=Mv + 2mu cos a, 1)
Mvg M v?  2mu?
- 9
2 2 2
rae M mm — maccpl GONBIIOTO M MANIeHBKOTO IIApOB, & VU ¥ — UX CKOPOCTH
nocne coynapenus. Ilpeo6pasyem Beipaxkenns (1) k Buny

M(vy—v) = 2mu cos o, M(v(z) — vy =2mil. 2

BosseneM nepBoe u3 ypaBHeHni (2) B KBaJpaT U MOJETAM Ha BTOPOE:

M(vy—v)/ (v + v) = 2m cos? a. 3

ITpn penennn oT6poIIEH CNy4all v = U, KOTAA CKOPOCTh OONBIIOTO 11apa He
H3MEHSETCH, T.€. COyAapeHus ue npoucxoputT. K3 ypasuenns (3) nmeem

v=voM —2mcos? o) [ (M + 2m cos? ).

PaccmatpuBas TpeyronbHuk BAC, nonyanM cos? o = 8/9. YunrsiBas TakxKe,
uro M = 8m, HaxoqUM OKOHYATENBHO U= Tuy/11. ‘

248. ITocne coynapeHnns BTOPOW map co CKOPOCTBIO 4 OyfeT ABHAraThCs IO
NpSAMOMH, COEAUHAIOUIEH I[EHTPBI IHapOB B MOMEHT cOyfapeHHs (CM. 3afady
247), a nepBbIi — CO CKOPOCTBIO U IO YI7IOM O K Hel (pHc. 269). 3anumicM
3aKOH COXPaHEHHs UMITyJIbCca /U NPOEKIMA Ha HalpaBJICHHA, NapajuicjbHOC
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aTOH NpsAMOH H MEepNeHAHKYIsipHOE K HEH, a TakXke 3aKOH COXpaHEeHHs

SHEPrHH:
mu g COs Oy = MU cos O + mu,
mug sin 0y = mu sin Q,, )
2
myp/2 = mv?/2 + mu?/2, (2)

rme m — Macca Kaxpgoro mapa. CokpaTHM
ypaBHeHus (1) Ha m, BO3BEleM KaXkoe U3 HHUX B
KBaJpaT U CIOXHM:

2
vy = v+ 2uu cos oL + u?, 3)

Coxkpatus (2) Ha m/2 ¥ BBIUTA NONYUCHHOE Puc. 269
splpaxkeHue u3 (3), monyunM 2vu cos O = 0
OTCrOna HMeeM cos o= 0, T.e. o = /2.

249, IlycTe CKOpPOCTH BTOPOTrO Imapa go ymapa v >0. Torga cKopocTh
BTOPOTO 1Iapa [0 yaapa v, < 0. YunTbiBas 3HaKH U | U U,, HalieM H3 (popMy,
NONYIEHHBIX B 3ajate 242, CKOPOCTH EpBOro H BTOPOTO IApOB MOCNE yaapa:

v = (my —my)v, +2myv, v = (my —m)v, +2myu, '
m; +my, my +m,

Tak Kaxk niy > m,, To v5 > 0 B mo6oM cnyuae. s BpinonHeHus: TpeGoOBaHus
v} > 0 Heo6XOAUMO, UTOGHI

(my—my)v | >2myu,, unu my [y — 1 > 2v,/v.
C npyroit CTOpOHbBI, COTNACHO YCIOBHIO 3a/]atH

2 2
mu, =k2m2U2 mm“_zzl m

ey

s

2 2 v, k\m,

CnepoBaTenbHO,

m, 2 |my m, _ 1xk*+1
——=1>— |—; oTcroga | — >——8.
my k\ m, my k

Tak xak nmocne yueTa 3HaKOB CKOpOCTCﬁ BE3[1€ NOApa3zyMeBarOTCI UX MOIYITH,

to u3 (1) cnenyer, uro N m;/my > 0. [T03TOMy pellleHHE HEPABEHCTBA CO
3HaKOM MHHYC clieflyeT OTOpOcHTb. TakuM 06pa3oM,

vofuy > (L+Vk2+1)/k2, 2)
YuuTeiBas, 4TO My > My, 13 GopMyIb (1) uMeeM
vyluy > k. 3

W3 nepasencts (2) u (3) cuegyeT B3aTh HEpaBeHCTBO (2), KaK 6onee CHIIbHOE
(uucAUTENh B MPaBOW €ro 4acTH O6onblue k, U, CIEfOBATENbHO, NpaBasl 1acTh
6onbrue 1/k). [pu k = 4/3 nonyunm v, /vy > 3/2.
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250. = 4lm) [ (my + my)? = 12,5 om.
251. lllapuku coypapsoTcs Ha BbICOTE A = 3v(2)/8g,' NEPBbI MAPUK MOIHHU-

2
MaeTcs Ha BblcoTy H = y)/2g.
252. [NonHas 9HEprus B NEPBLIA MOMEHT NOCJE B3PBIBA

E=(m +m)gh+ mlvf()/2 + mzvg()/Z,

TA€ Uy U Uy — CKOPOCTH OCKOJIKOB B 3TOT MOMEHT. Tak Kak B3PbIB NpOTEKan
O4YeHb OBLICTPO, TO MMNYJIBCOM CHIIBI TSXSCTH 3a BpeMs B3pPbIBA MOXHO
npeHeOpeys # JUIsl HAXOK/CHUS COOTHOIICHHS MEXy CKOPOCTSIMH OCKOJKOB B
TIEpBLIA MOMEHT MOCJIE B3PbiBa MOKHO MPHMEHHTD 32KOH COXPAHCHUS HMITyIIb-
ca: myv g + My = 0. Pemag cucreMy aTHX BYX ypaBHEHHUH, HafijieM

my, E—(my+m,)gh _
Uig=-— 2——‘————_—*» Usg = — 2
m my + niy n, ny + ny

ny E—(my+nm,)gh

HckoMble CKOPOCTH OCKOJKOB BYIYT

U= p—gt=-164 M/c, vy = Uy — gt = 245 M/c.

§ 8. lunamMuka Bpamare;I6HOro IBHKEHUS

253. 00=2 arccosw.
2UM +m)fgl

254, n>—1— /_Q = (0,16 06/c.
2RV R

255.t=ti,k—g=lmnn.
VR

256. k= v?/Rg=02.

257. A = 2n2R?m(ns — i) = 15,8 IIx.

258. Fimg = @’D/2g = 40.

259. B BepinMHE nETIM Ha MHJIOTA ACHCTBYIOT CHJIA TSXKECTH Mg M CHIA
peakumn N cO CTOpPOHBI Kpecia, HampaBieHHad BHH3 (puc. 270a), nau cO
CTOPOHBI peMHeH, HanpaBleHHasa BBepx (puc. 2706). DTH cuinbl coobmwaroT
HEOOXOAMMOE Ul BpAaIlCHHA LUEHTPOCTPEMHUTENBHOE yckOpeHHe. ClienoBa-

TEJILHO, B OOLIEM cllydae
mv?/R=mg+ N.

IIpu gocraTounHO Gonpmoi ckopocry camonera mu? /R >mg uN >0, r.e. N
HalpaBJICHA B Ty K€ CTOPOHY, UTO H CHJIA TSDKECTH, H, CIEHOBATEILHO, MHIOT
OypeT mpmxkar K kpeciy (puc.270a). IIpu mv2/R = mg nunor nepecra-
eT JaBUTh Ha kpecino. HakoHel, IpH HACTOJIBLKO Majod CKOpOCTH, YTO
mu?/R <mg, cana N < 0. B 2TOM ciy4ae NUIOT MOBACAET HA PEMHAX U CHJIA

252



GygeT HampaBiieHa BBepx (puc. 2706). TakuM o0pa3oM, MHHMMATbHAS CKO-
POCTh ONPENAECIAETCSA HEPABEHCTBOM v2/R = g, orciofa v =V gR = 180 kM/u.

260. T < 2m\l/g = 3,14 c.

261. F = (27(',)?)2 (llm] - lz”lz).

262. Cunebl, feificTByrONME Ha aBTOMOOUITE BAONE paguyca MocTa, u3obpa-
JKEHBI Ha puc. 271: mg — cuna Tsxectd, N — cina peakuuu Mocra. [To TpeTeeMy
3akoHy HeioToHa ucKOMas cuia JaBieHus F paBHa O MOAYIIO CWIE PEAKIUH

Puc. 270

mocrta N. CormacHo BTOpoMy 3aKOHY HbIOTOHA HEHTPOCTPEMUTEIBHOE YCKO-
pEHHE aBTOMOOUIIS ONpEACIISIeTCs CYMMOH CHII, ACHCTBYIOIIMX HAa HETO BAONH
pajHnyca OKpPY>XKHOCTH, IO KOTOPOH OH JBHKETCH:

mu?/R=mg-N;
orcioga F =N = mg -mv?/R =728 H.
) 2
Cuna paBjeHuS HA MOCT CTAaHCT PABHOH HYNIO NpH My, /R = mg.

CeOBATENRHO, Uy, = N gR = 80 kM/a. TIpu CKOPOCTH, NPEBBIIAIOIIEHR U min,
aBTOMOOMIIL He OyfieT OKa3biBaTh JaBICHHE HA MOCT.

ke

7

mg
Puc. 271 Puc. 272

263. B oTnmuune ot 3afadd 262, 35ech K LEHTPY OKPYXHOCTH, IO KOTO-
POIi IPOUCXORMT JBIDKEHE ABTOMOOMIIS, HAMIPABJICHA CHJIA PEAKIMU MOCTa N,
a He cuna TAxectH mg (puc.272). CormacHo BTopomy 3akoHy HbroToHa
mv?/R =N — mg. Vickomas cuia

F=N=mg+mv?/R=~21,6xH.
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264. Boonb paguyca MOCTa Ha aBTOMOGHITb AEHCTBYIOT CHIIa PEaKIUH MOCTa
N © IPOEKIHsA CHITbI TAXKECTH mg cos o, (pHuc. 273). CornacHo BTOPOMY 3aKOHy
HeioroHna nckomas cuna

F =N =mg cos o.—muv?/R.
OHa pocrurser Makcumyma npu o = 0.

265. MakcuManbHas CHIIa JaBIEHHS HAa MOCT OyAeT B BepXxHel TOYKE MOCTa
(cM. 3apady 264). MHHHMAaJNBHO [OIYCTHMYIO CKOPOCTB U MOKHO HAMTH U3

mg
Puc. 273 Puc. 274 Puc. 275

Bbipaxenus mg — F = mv?/R, rpe m — Macca rpy3osuka. ClegoBaTeNbHO,

[OMXHO BBIMONHATECS HEPABEHCTBO U= VR(mg - F)/m. Paguyc KpHBH3HbI
MOCTa ompefensercs u3 rpeyroneHuka ACO (puc.274). Ilo rteopeme
Tludaropa R? = d/4 + (R — h)%; orciopa paguyc kpusu3Hbl R = (4h? + d?)/8h. C
YHETOM 3TOTO MONYUHM, UTO v = 40,6 KM/,

266. MckoMyto CKOPOCTb MOXKHO HAaWTH ¢ MOMOUIBIO 3aKOHA COXPAHEHHA
sHepruy. Ecnu 3a HyneBo#l ypoBeHb MOTEHIUANTLHON 3HEPrHy NPUHATEH FOpHU-
30HTaNBHYIO IIIOCKOCTH, MPOXOJANIYIO depe3 TouKy O, TO HavalibHast 3HEp-
rua rpysos Oyjger paBHa Hymio. [Toatomy OymeT papHa HymIO H IIONHas
KOHEYHas 3HEPrus rpy3oB B TOT MOMEHT, KOTHA CTEpXKEHb 3aliMET BEPTH-
KaJbHOE noyoxeHrne. OGO3HaI#MB YEPeE3 m MacCy KaXKJoro U3 MajblX rpy30B,
6yaeM UMeTh

2 2 2
mv m(2v) 2mv l l
+ ~mg——-mgl+2mg—=0
2 2 y e TmatTemey

(3A€ch YUTEHO, UTO CKOPOCTDh MAaJIOTO Ipy3a Ha KOHIE CTEPXKHS BEBOE GONBINE
CKOPOCTH CPEJHETO Ipy3a); OTciofa v = 4/gl/ 7.

267. JelcrByiouive Ha CHCTEMY YEJIOBEK—TpaNELHsi CHNbI H300pakeHnbl Ha
pHuc. 275. Tak Kak B HHXXHeH TOUYKE TPAeKTOPHUH Y€JOBEK MMEET yCKOpe-
HuE v?/l, HallpaBNIEHHOE BBEPX, TO COTIIACHO BTOPOMyY 3aKOHy HptoroHa

2 2
: mlv =2T - mg; orciona T = ”;l; +%g~ =~ 500 H.
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268. MakcHMaTbHYIO CHJTYy HATSDKCHHSI HUTh HMEET B MOMEHT, KOT/1a HIapHK
NPOXOJHUT uepe3 NoJoXKeHue paBHOBecHs. IMeHHO B 3TOH TOUKE CKOPOCTH
IapHKa MakCHMAJIbHA, a CHJIa HATSDKCHHS HANpaBlIeHa IPOTHB CHIIBI TSXKeCTH
(puc. 276). Io BTopoMy 3akony Hetotona mv?/l = T — mg, rne | — pnuna Hury, a
T — ee cuna HaTsKeHHA. CKOPOCTh U HIapHKa HalieM H3 3aKOHA COXpaHEHHs
anepruu: mv?/2 = mgl. Vckiiouas U3 9THX [BYX ypaBHEHH v, umeeM T = 3mg.

, mg "~
ll/ T, \\\
! A
' '
. 1
1 |
1 l’
T \ ’
\\\ T2 ,’/
- v Sl AT
mg mg
Puc. 276 Puc. 277

269. YpaBHeHHs [ABHXKEHHs 1Sl TPY3MKa B BePXHEeH H HUXKHEH TOYKax
TPaeKTOPHH 3aNHUIyTCs B BHAE (puc. 277)
mo =mg + Ty, mwil=T,—mg,

e O = 271 — YraoBas CKOPOCTb BPAIECHHS; OTCIOAR
T, =mw* - mg =~ 31,35 H,
T, =me?l +mg ~ 31,75 H.

270.a) T, — T, =2mg; 6) T, — Ty = 6mg; 3pecb T u T, — cunb! HATAXKEHHUSA
INTAHTH [IPH NONOXKEHUH TeNa BBEPXY H BHHU3Y.

271. Bropoii 3akoH HplOTOHa B MOMEHT, KOIJla IIapHK IPOXOJUT IOJIO-
XKeHHEe PAaBHOBECHS, MOXHO 3anucarb B suae mv2/l=T - mg (puc. 278).
CxopocTh 1miapuka B HHXKHEH TOYKE TpPAaeKTOPHH MOXKHO HaHTH H3 3a-
KOHa coxpaHeHHa 3Heprum: mv?/2=mgl(1—cos o). Hurb oGopsercs, ecnu
T > 2mg. CnegoBaTeNbHO, cos & < 1/2, T.e. o0 > 60°. /

272.coso.= 1 — (I — a) (T — mg)/2mgl.

273. m/m, =3, Tak Kak OCb JOJNXKHA NPOXOJUTbL Uepe3
LHEHTP MacC CHCTEMBI.

274. ® = .\/g/(R-h).

275. T'py3 Maccel m, JONXKEH HaXONHTHCS Ha PACCTOSHHH
Xp = mplf(my + my) ot ocu Bpamennst; T = mymylw*/(m, + my). v -
276. Manb4HK JBHXKETCA B TOPH3OHTAJILHOH MIOCKOCTH IO ;ng
OKPYKHOCTH pajanyca R = /sin @, rae O — YroJ MeXJy KaHaTOM Puc. 278

H BepTHKanbio (pHc. 279). LleHTpOCTPEMHUTENBLHON CHIOH,
OelicTByIOIEH Ha MallbuKKa, ABNAETCA npoekuusa F = T 'sin O cUNbl HaTsAXKe-

Hus T xaHaTa Ha HanpaBJIcHHE pajHyca (ITpOeKIUsl CHIIbI TAXKECTH, JEHCTBYIO-
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mIeH Ha MalbYMKa, Ha 9TO HaNpaBJICHHE PaBHA HYINO). Y YHUTBIBasA, 3TO YIIIOBas
CKOPOCTBb MaJIbUHKa (O = 27tn, 3anHilleM BTOpoH 3akoH HeloTOHA 11 OBMIKenng
no OKPY>KHOCTH:

mw?R = F, wunn 4n2n?mli sin o= T sin o;
orcrona T = 4n2n2m! ~ 355 H.

277. LleHTpOCTPEeMHTENIBHONH CHIIOM, ACHCTBYIOMEHA Ha KaMEHb, ABIsAeTCY
upoekuus £ =T sin (¢ CHNbl HATSXXEHUA BepeBKH T Ha HanpaBiieHHE pafuyca

Puc. 279 Puc. 280

(pHc. 279), rae O — yroi, KOTOpbIi BepeBKa COCTaBIsAET C BEPTHKaNblo. Bro-
poit 3akoH HuioToHa s IBHKEHHS KaMHs 110 OKPYKHOCTH pajnyca R Oyner
HMETDb BH]

mw?R =Tsin a, (1)
rae O = 27/t — yraosBast CKOPOCTb KaMHsl, a m —ero Macca. Tak Kax B Bep-
THKATLHOM HallpaBleHHH YCKOPCHHS y KaMHs HET, TO NPOEKUHH Ha BEpTH-

KaJIb CHJI, ACHCTBYIOUUX Ha HErO, PaBHbI O MOAYJIO H NPOTHBONOJIOXHbI M0
3HaKY, T.C.

Tcos o =mg. 2)

Paspenus (1) u (2), nonyunm tg o = ®?R/g. YautbiBas, uTo R = htg o, u, CIego-
BAaTENbHO, W2h/g =1, nonyuuM @ = /g/h u T1=2nJh/g =~ 2.25¢c.

278. T = mg«/g (cm. 3apaun 276 u 277).

279. Ha mapux AeACTBYIOT CHJIa TAXECTH mg M cuia HaTsxXeHmsi T
HUTH (puc. 280). IBIXCHHUE €TI0 OTHOCHTEJBHO 3EMIH CKIIAAbIBACTCH H3 [BH-
XEHHS N0 BEPTHKANHA BMeCTe ¢ MuTOM H obpamiends Bokpyr ocu AO.
3anmmeM BTOpOH 3axoH HbIOTOHA [Jis NpPOCKUMI Ha BEPTHKAILHOC HA-
npaBleHHE M Ha HanpasieHue paguyca OB OKpY:KHOCTH, ONHChbIBacMOH
1IAPHKOM:

ma =mg—Tcos o, mw¥sino =Tsina,
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I7i¢ ® — YyraoBasi CKOpPOCTD MIapuKa, 71 — ero Macca. Mckniowas u3 aTx ypaBHe-
aai T, nonyunm w3 = (g — a)/cos ¢; orciopa

T=2n/0=2nlcosa/(g~a). X

Q2rn) ml-F
3 &
2mn) (mg — Fcosa)

281. Cunbl, pedcrsyromue Ha map, u3obpa-
)KeHbl Ha puc. 281: T — cuna HaTAXEHUA HUTH,
Hig — CHJIa TAXKECTH (UEHTP OKPYXXHOCTH, I10 KOTO- T
POH JIBHIKETCs BaroH, clipasa oT BaroHa). IleHTpo-
CTPEMHATENLHON CHNON ANsl TIapa ABNSIETCS 1IPO- i
CKIMA cuabl HaTsokcHust T Ha HampaBiieHHe pa- W‘V’”‘WW’%
auyca (IpoeKIust CHIIbI TSIKCCTH Ha 3TO Hallpa-

BICHHE paBHa Hy’ w0). Bropoi 3akon HeroroHa Puc. 281

AU BHXKCHHS 110 OKPYXHOCTH B 9TOM ciy4ae

MOXHO 3amucaTh B Bufe mu2/R = Tsin 0. B BepTHKanLHOM HanpaBicHUH
YCKOPEHHs y 1Iapa HeT; IO3TOMY IIPOEKIMH Ha BEPTHKANb CHJN, AEHCTBY IOUHX
Ha Wap, paBHB! N0 MOAYJI) M INPOTHBOIONOXKHLI 110 HANPAaBIEHHIO, T.C.
mg =T cos o. Pazpenus nepBoe ypaBHeHHE Ha BTOPOE, NONY THM

UZ/Rg=tg0L, OTKyfa U =.Rgtga = 112 km/u.

280. I, =

1
Tsino, |
1
mg |

Cuna Hatsixenuns Huta T = mg/cos o = 137 H.

282. [Toka Teno He NOKHHYNO MOBEPXHOCTD NONycdepbl, HA HErO, KpOMe
CHUIBI TSI)KECTH mg, NEHCTBYET ellle chyla peakuun onopsl N (puc. 282). Bropoi
3akoH HbrOTOHA 7151 ABMDKeHus o nonycdepe nMeeT BUJ

mu?/R = mgcos o.— N,

T.e. IPOU3BeJleHNe MacChl Tena Ha EHTPOCTPEMHTEIHLHOE YCKOPEeHHEe PaBHO
CyMMe IPOEKLMHA Ha pafnyc nonycdepsbl ChN, JEeHCTBYIOIMMX Ha Teno (yrom o
OIpefenseT NOJOXEHHE Tena Ha nonycgepe).

B momeHT, Korpa cmia peakiuu onopsl N
fejfaeTcs pPaBHOH HYNIO, TENO OTPBIBAETCA OT
nonycdepnl. COOTBETCTBYHOIIMI YTOJ O HAXOAHM
w3 ypasHenus muZ/R = mg cos o. Hcnonesys
3aKOH COXpaHEHHs SHCPTAH, MOXKHO 3aINCaTh

mgR = mv%2 + mgR cos o.

Puc. 282

CnepoBaTtenbHo, 2(1 — cos &) = cos 0; oTcrofa
cos 0. = 2/3. Mckomasi BercoTa /t = R cos 0. = 2R/3.

283. CornacHo tperbeMy 3akoHy HbloTOHa cuna pasnenus F koneuka Ha
B0nBIIOE KOMBIO paBHa [0 MOAYMIO cuile peakiyu N cO CTOPOHBI HOABIIOTO
konbua: F =N =mg(l —34/R). IIpu h < R/3 cuna paBieHns KONevKa Hampa-
BJIeHa K 1leHTpY DONBIIOTO KOMblia, a IIpH A > R/3 — oT 1eHTpa.
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284. Teno oTpbIBacTCS OT MOBEPXHOCTH NETIH B Touke B (puc. 283), korpa
CHIIa PCaKUUH CO CTOPOHBI NMOBEPXHOCTH ICTIH CTAHOBHTCA DAaBHOM HYIIO u
LEHTPOCTPEMHUTENLHOR CHIION ABIAETCA IPOCKIUs
mg cos O CHIIbI TsiKecTH mg Ha paguyc. Cneposa-
TEJNILHO, KaK M B 3agade 282, 37eCh NOIXHDI BbI-
NONHATHCA BTOpO# 3akoH Hbl0TOHA M 3aKOH coxpa-
HEHUS SHCPTHU:

mvu2/R =mgcoso, mgHy=mv%2 + mgh.

YuutsiBasg, uto h = R(1 + cos O), U3 ITHX ypaBHe-
HHIT HAXOQUM, UTO cos o= 2/3, T.e. h = 5R/3.

YTo6bI TENO HE OTOPBANIOCH OT METIH B €€ BEPXHEN TOUKE, Korga =0 u
h = 2R. ucxoiHbIC YypaBHEHHUS NOIKHBI UIMETh BHJ

muR =mg, mgH =muv?/2 +2mgR.

W3 sTux ypasHeHuit nonyauM H = 5R/2.

285. Ha BenocuneucTa M BeJOCHNE] ACHCTBYIOT: CHIA TAXKECTH Mg, CUla
peakIuy MOBEPXHOCTH 3eMid N u cuna Tpenus f (puc. 284) Tak Kax eHTp
Macc He mepememiaercss mo sepTukanu, To N—mg =0. Heobxogumoe mns

Puc. 284 Puc. 285

ABUKCHHUS 110 OKPYXXKHOCTH TEHTPOCTPEMHUTENBHOE YCKOPEHHE coofiaeTcs
cunoit TpeHus: mu %R = f. Maccy CHCTEMBbI BENOCHIENUCT~BeNocHe] GyaeM
CUHTATH COCPEIOTOUCHHOHN B LEHTpPe Macc. Torja HampaBlIeHHE pe3yNbTH-
pylomie cunbl NV + f coOBHagaeT ¢ HallpaBJIcHUEM BJOMb BEJIOCUIIEA K LEHTPY
Macc CHCTeMbl BenocumenucT—eenocumnef. IToatoMy f= N ctg oo = mg ctg O.
TMopcrasnss 9T0 3HaueHHe f B ypaBHEHUE IBIKCHHS, HallfleM U = ./gRctgoL.

286. Cuiibl, IeHCTBYIOIME Ha BEJOCHUIIE]] C BEJIOCHIICIUCTOM, H306pasKeHbI
Ha puc. 285. Tak kak MOKHO CUHTATh, UTO MOMEHT CHJI OTHOCHTEIILHO TICHTPA
Macc BEJOCHIIE[a C BEIOCHIEAMCTOM paBeH HYyNIO, TO CHJIa TpPEeHHs OT-
CYTCTBYeT. PaBeHCTBO HYIIO CYMMBbI MPOEKUMH CHI Ha BepTHUKAaNbHOE HA-
IpasJIcHHUE JaeT ypaBHeHHe N cos O = mg, oTkyaa N = mg/cos 0. ITo TpeTbeMy
3akoHy HblOTOHa ¢ Tako# e o MOJyJII0 CHIION BenocHIes OyaeT naBUTh HA
7opory.
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IIenTpOCTpEMUTENFHOE YCKOPEHHE COOOINAETCS NPOEKIMEN CHITbl PeaKL{uy
HOJIOTHA fopord N Ha rOpU3OHTaNIbLHOE HallpaBJIcHUE:

mvz/R=Nsina=mgtga; oTClOfla U =./Rgtgd.
287. o = arctg (Rg/u?).

§ 9. 3akoH BceMHPHOrO TATOTEHUSA

288. F=2-10°H.
289. Yenosek nmpeiraet Ha JIyHe B 6 pa3 BbIlIe U aiblile, 4eM Ha 3eMite.

290.v = /Rpyg/6 = 1,7 xm/c.

291. Ha mg/4.

2

292. g, = g'”—“(ﬁ] =1,65 m/c2.
m3 \ Ry

293. gc = gRc pc/R3ps = 270 M/c2.

294. A = mv %2 =mgR/2 = 16 TIx.

295. T = 2127 /ym =1,57-10% c.

296. p = 3u %, /ATYR? =~ 0,5- 103 xr/™M°,

3 3
297.T=2n £3—+(1+—h——] . YuuTsiBas, 4TO g = Ym3/R§, u 1pe-
Y3 Ry

HeOperas KBajpaToM H KyOoM oTHomeHus A/R;, Haigem T =

~ 2m\Ry/g+3h/g.

298. T = 47\2R, / g~3 « 58 mum.

299. r, =3/gR2T? / 4% ~ 42400 xm.
300. T =27m+rp / gR3 =27 cyr.

301. Ha Teno, NOABEICHHOE K ITHHAMOMETPY, ACHCTBYIOT CUJIa TSXKECTH Mg
u cuna HarsaxeHusa T npyxuHbl JuHamMoMeTpa (puc. 286). OGe cunbl Ha-
IpaBJieHbl BJIONb pajuyca miaHeTbl. Ha skBaTOpe Teio
ABUXKETCS MO OKPYXHOCTH CO CKOPOCTBIO U = 2TR/T, riie T
R — papuyc nnanetsl. Paznocts cun mg — T coobaer teny
LEHTPOCTPEMHTENIbHOE ycKopeHue. CoriacHo BTOPOMY
3akoHy HproTOHA

mu 2R = 4n’mR/t2 =mg - T. ng
W/%
ITo ycmosuw 3agaym T = 0,9mg. Cuna TsaxKecTH y -
MOBEPXHOCTH IUTaHEeThl mg = mYM/R?, rae M — ee Macca. Puc. 286
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I/ICKOMle MJIOTHOCTE P = MO2KHO HaﬁTH, NOJACTAaBHB B YpaBHCHHe

4nR’ /3
JBDKEHHS BbIpaX}eHust aus cun mg u Tt p = 3mw/0,1y12 = 3,03 - 103 kr/m3.

§ 10. 'nmapo- n aspoMexaHnka

302. He uaMeHHTCS.

303. p = ppg@V/nD? — h) =~ 1,2 kI1a.

304. 2 =R.

305. TaBrnenue (BMM PT. CT.) BBIVHCISIIOT 110 opMyre p = py— pol/p, rie
p = 13,6 - 10° kr/M3 — WIOTHOCTE PTYTH, a | BBIpaXeHo B MAJLTEMETpax. Mcko-
Moe Jlarienne p = 752,6 MM pT. CT.

306. JaBncuue B 11060H TOYKE COCYyAa C XHAKOCTBIO COTTacHO 3aKOHy
ITackansi 3aBHCHT TOJILKO OT BbIcoThl. Ha rpanuie pasgena Macna ¢ BOgo# y
OTKPBLITOTO KOHIIA COCYa JAaBICHHE BOABI OyaeT po, = py + pogH. C npyroi
CTOpPOHBI Pa3HOCTH [ABJEHHH Macia BHYTPH COCyJa MEX/]y TOUYKOH A u
rpaHullelt pasjejia Maclia ¢ BOJOH ONpeAessieTcsi BBICOTOH cTonba Macia:
Prp— P = pgh; orcrona p = po + g(poH — ph) = 120,6 xI1a.

307. hy = ph/py= 18 cm.

308. /i =2pyl/(3p — po)-

309. h= (m+ p()V)/sz

310. F =fh/H = 10 kH.

311. S/s = mghn/A = 490.

312. UckoMoe pasneHHe p = pyghy + pghy, e hy | Iy — BBICOTBI CTONGOB
pofbl B pTyTH (puc. 287). CornacHo ycrnoBHIO 3aadd
— — H =h + hyupph(S = ph,S, rie S — nnomages nomneped-
| |——- HOTO CevueHHs cocyia. PemuB noayueHHywo cucTeMy
— — — 1 |H vypaBHeuu#i, HaineM p = 2popgH/py + p) = 26,1 kIla.
= 313. m = pyphS/(py — p) = 3,6 KT.

314. Vi < (p2— po)Vao/(po—p1) = 1,7 M3,

315. h= E% =-2,5 cM (ypOBeHb MOHH3UTCH).
0

316.p = (p2— PR/ + py.

317.m = (py— p) - ”D?/4 =~ 74 kr.

318. P = P,(1 + p,/p) = 1472,205 H.

319. p = poP, /(P, — Py) = 2,5 - 10° kr/’.

320.p, = (P=Fbe =0,7-10% xr/M3, p= PPo_ =9.10° kr/M3.
P-p P-P,

321. T = gS[pl — po(l — I/4)] ~ 440 H.
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322.V =[PP = Po) — Polp — Pe)l/gP(Po ~ Pes) = 10 cn’.
323. m=m,(1-p/p,) +Vp = 881,08 .
324. m; =296 T, my = 1204 .
325. CoxpaHnwres.
326. p = 2pgk(1 — &/2) = 0,36 - 103 xr/m°.
L 4mr?

327. ==1+
A 3m

(2p—po) =~ 1,58.

328. PaBeHCTBO MOMEHTOB CHII, H300paXKeHHBIX Ha puc. 288, OTHOCHTENLHO
ocH pbruara (Touku O) no3BoJsAeT 3anucaTh ypaBHeHue Mgl — Fl; = mgl,, roe

mg
Puc. 288 Puc. 289

Mg =pgl®u F =ppg2l3/3 — cuna TSXeCTH M BLITAJKHBAIOMAA CHNIA, AeH-
CTBYIOIME Ha KY0, mg — CHJIA TSKECTH, IEUCTBYIOIAS HA THPIO, P — IVIOTHOCTh

BemecTBa Kyba. Tak kak cBOOOAHO IUTaBaroOIMi KyO MOrpyXeH B BoAy Ha 3/4
cBOero o6meMa, To p = 3py/4. IlogcTaBuB BBLIPAXKEHUA ANA cuil mg U F u

IUTOTHOCTH P B HCXOLHOE ypaBHeHue, noxyanM [ = 3/dml, /pli =~ 4 cm.
2/ Poh

329. INocne TOro Kak KOpobOUKY OMYCTHIH B COCYH, OOBEM COAEPKUMOrO
cocyfa, HaxXOsIIErocss HUXXe YPOBHS BOJBI, BKJIOUas TeNeph U MOABOAHYIO
4acTh KOPOOOUKH, YBETHIHIICA HA BEJIHUHHY S/, TAe § — mIomas monepevTsoro
ceueHus cocyga. Ho Tak kak o0beM BOABI B cocyle He H3MEHHICS, TO
yBeIH4YeHHe 0O6bEMa, KaK pa3 paBHO OOheMy MOABOJHOH YacTH KOPOOOYKH,
T.¢. 00'beMy BBITCCHEHHOH €10 BOMBI.

O6beM KopoOOUKH V MOXHO HaHTH H3 PaBCHCTBA CHIbI TAXKECTH H BBI-
TaJKWBAIOLEH CHJIBI, ACHCTBYIOIUX Ha Kopobouky: Vpg = Sipgg. Ecnu Gb1
KOpoOOUKa cpa3y YTOHyJa, TO YpOBEHb BOABI B cocyfe MofgHsics Obl Ha
BCIHUHHY X, KOTOPYIO MOXHO HaWTH M3 paBeHcTBa Sx =V = poSl/p. Ilpn
MOTOMJIECHHH KOPOBOUYKH YPOBeHb BOABI OIYCTHTCA Ha BEIHUHHY [ — x =
=1 -po/p) = 1,74 cm.

330. IMocme TOro Kak Ha MEpBBIA KyO NMONOXKEH BTOPOH, mEpBBIE KyO
norpysxaerca B pTyTh eme Ha 0,3 wacTu cBoero o6nema. ClieqoBaTeNLHO,
IUIOTHOCTh MaTepHana Broporo kyba p, = 0,3p = 4,08 - 103 xr/m>. PaBHoBecue
OyaeT HEyCTOHYHMBLIM, TaK KaK IPH OTKJIOHEHHH KyOOB OT MONOXKEHHS
PaBHOBECHs BO3HHKaeT MOMEHT CHJI, €iie GOJIbIle HAKJTOHSIOIIHA CHCTEMY
(puc. 289, rne Mg — cuna TAXKeCTH, AEHCTBYIO[as Ha CHCTEMY KYG6OB,
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F — BLITANIKHMBAOIIAs CHJIA, TOUKA NPUIOXKEHHUS KOTOPOK NPH HApPYUICHUH
PaBHOBECHS CMEIICHA OTHOCHTENBHO ocH O0).

331. Ha xy6 Bponb BepTHKANIH AEeHCTBYIOT TpH cuiabl (puc. 290): cuia
TxecTH Mg = pgl?, cuna faBieHus Ha BepxHIOW rpaHb F; =p,g(h - x)I2
M CHMJIA aBJICHHS HAa HIDKHIOW rpaHb Fy = [pigh + pog(! - x)]/%. Ipu pasho-
Becun )+ pgl3—F,=0; orciopa pl—px=p,l—p,x. B Bepxuedt xupkocTu
HaXOUTCsl YacTh Kyba, uMeromast o6beM V, =/ 2x. CnegoBaTelIbHO, B BEpPXHEH
XKUJAKOCTH HaXOQUTCA 4acTh 06beMma, pasuas V/I 3 = x/l. Kaxk BeITEKaeT u3
HONYyYEHOTO ypaBHeHus, x/I = (P, — p)/(P2— P1)-

Puc. 290

332. ITorpy:keHHas B pTYyTh YacThb 00beMa Kyba paBHa 1 — 3p/4(p — py) =
=(,19.

333. f=pyVg =9,8 MH.

334, a=g/2 =49 M/c%.

335, V, =E§:_pr_(a_+_§’)_vl __:lv]_

(P-PNatg) 3

336. A= g(p—po)hV = 73,5 xIxk.

337. AU = mgh(p;/p, — 1) = 0,49 [Ix (noTeHHanbHasi 3HEPTUs YMEHb-
IITHJIACH). ‘

338. AU = (nd®py— m)gh = 265 [T (MOTEHINATbHAS SHEPTHS YBETHUNIACK).

339. h=(py—p)H/p =9 cm.

340. Ha manbIit aneMeHT BObI Am y TOBEPXHOCTH IeHCTBYIOT CHIIa pEaKIHH
AN co CTOpOHBI [JHa COCyRa, NMEPHEHOUKYJIspHas K HOBEPXHOCTH, M CHJA
TskectH Amg (puc. 291). CymMa 9THX CHJT JOKHA OBbITh TOPU3OHTAJIBHA, TaK
KaK 2JIEMEHT BMECTE C COCYIOM [IBHKETCS, UMESI TOPU3OHTANBHOE YCKOPEHHE
a. ITo BTopoMmy 3akony HeroToHa Ama = Amg tg o; oTcrofa tg o = a/g.

341, h=V?/2gS* =5m.

342. Umnynsc FAt cunbl, fEHCTBYIOIIEH HA CTEHKY, PABEH MO MORYJIO
H3MCHEHHIO UMNYJIbCa CTPYH BOJBI 32 BPeMs Af, Tak KaK IO TpeTheMy 3aKOHY
HbroToHa cuibl B3aUMORCHCTBHSL CTEHKH ¥ CTPYH paBHBI. 3a BpeMsl Af uepes
ceducHUE TPyOKM mpoTedeT Macca BoAbl m = PpSv Af. CoriacHo ycCIOBHIO
' 3ajlau¥ KOHEYHasl CKOPOCTh BOJbl B TOPU30HTAJBLHOM HAaNpaBIEHUH paBHA
Hymto. [loaToMy 3a Bpems Af UMOYJIBC CTPYH BOJLBI HM3MEHHUTCS HA
Ap = mv = pSt*AL. CnepoBarenbho, F = ppSt? = 40 H.
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343. YpobHee pemaTh 3ajayy, CUMTas KaTep HEMOMBHXKHBIM, a BOAY —
EBHXYINEHCS OTHOCHUTEIBHO HETO CO CKOPOCThIO v. Torpa Boma B TpyOKe
NOAHUMETCS BBEPX, IpHOOpeTas HEKOTOPBIH 3aNac NOTeHIMAILHO! SHEPTUH 32
CYET KMHETHYECKOU IHEPTHH XHAKOCTH, MOCTYNAIOMIEH B HIKHUH KOHEI]
TpyOKU, 3aKOH COXpaHEHHs SHEPTUHU AN CAUHULBI 06 beMa XUAKOCTH GymeT
HMETL BHRA Pov?/2 = pogh; otcioga h = v42g = 1,3 m.

344.v = \/ﬂ = 4.4 M/c (cM. 3apaqgy 343).

345. F =2pghS = 2pS, rne p — paBieHue y gHa. Boga fefcTByeT Ha CTEHKY ¢
OTBEPCTHUEM C CHJIOH Ha 2pS MEHBIIICH, YeM Ha NPOTHBONOJOXHYIO CTEHKY, a
He Ha pS, Kak MOMIo OBl MOKa3aThes Ha
MNEePBbIA B3TIAA. DTO CBI3aHO C YMEHBIIIE-
HHEM JaBJICHUS HAa CTEHKY C OTBEPCTHEM
BCJIEACTBHE OOJBIIEH CKOPOCTH TCYCHHS
BOJbI Y 3TOU CTCHKHU.

346. ITycTs 3a BpeMsi At HOpIIEHb nepe-
MelllaeTcsl Ha paccTosiHue uAtf (puc. 292),
rje 4 — CKOpocTb nmopinHs. Torga cuna F
COBEPIITUT 3a 3TO BpeMs paboTy A = FuAr. 3a Bpems At BbITeKaeT Maccd
KupkocTH m = pSuAt. IIo3TOMy H3MeHEHIE KHHETHYECKON SHEPTHH KUAKOCTH
paBHO PSuA(v?/2 - u?/2). DTO U3MCHEHUE MPOU3OUNIO 3a CYeT PaGOTHI
pHellHe  cuibl F. CnegoBaTennHO,

PSuAt(V3/2 — u?/2) = FuAt,

Puc. 292

CKOpOCTb HCTEUCHHS KHAKOCTH U CBSI3aHa CO CKOPOCTbIO MOPIIHA U COOT-
HowreHueM Su = sv. Fckmiouas U3 AByX NOCTeNHUX YPaBHEHUH 1, HAAEM

e 2F
Sp(1—s*/8%)"

Ecnu, Kak OObIUHO, s < §, TO v=,/2F / Sp.

§ 11. Kos1e6anns 1 BOJIHBI

2 2
347. | =—ZZ—AI—2— =9 cMm; 12=—;1~—Al—2=25cm.
m —n; m —n

348. T=m./l/g.
349, T=nJi/ g1 +2/2).

350. 5 pas.

351. Bospacraet B 1,0000093 pa3a.

352. ¥YBenuuuTcs npuMepHoO B 2,4 pa3a (cM. 3agady 292).

353. Ha noeepxHocTH 3eMiIM MasATHUK AJMUHBI [ 32 BpeMs ! COBEpLIUT

n=1t/T, kKonebaumi, npuueM T, = 2m./{/g,, TRE gy — YCKOpEHHE CBOOOJHOTO
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nageHus y noBepxHoctd 3emnu. Ha Bbicote A Hajg 3emiiell 4achl OTCTaHYT Ha
spema At=n(T-Ty), rne T= 2m./l/g —nepuos KoneGanuii MaATHEKA Ha

BBICOTE /1, a g — yCKOpeHHEe CBOOOHOTO NajicHUA Ha 3TOH BbicoTe. Mcnomb3ys
tbopmyny mg = mgy/(1 + h%/R3), CBA3LIBAIOIIYIO CHIY TAXKCCTH mg Ha BBICOTE /i
C CUJIOH THAXKECTH mgq y NOBEPXHOCTHA 3eMIH, HalfeM g/g, = Rg I(Ry + h)2 , THe
R3 — papnyc 3emnu. OTtHowenne nepuopos Ty /T =,/g/ gy = Ry /(Ry +h);
orctofa T =Ty(R3 + h)/R3, T — Ty =Tph/R. Takum oGpasom, 3a BpeMsl ! Yachl
orcTaHyT Ha BpeMst At = Tynh/R3 = th/R5. llpu ¢ = 1 cyT = 86 400 ¢ oTcTaBanue
cocTaBuT At =27 c.

354, U = mg?(1 — cos a)/4n2v? =2 9 mJIx.

355. Ilo oTHOMIEHUIO K CTEHKAM JHQTA, ABIKYWIETOCS ¢ yCKOpEHHUEM 4,
TeJa, HEMOJBHXKHbIC OTHOCHTENBHO 3eMIH, OyAyT MMETh YCKOpDEHHE, Ha-
NpaBleHHOE MPOTHB YCKOpcHHA JH(Ta. ITO 3KBHUBAJEHTHO H3MEHEHHIO
yCcKOpeHus cBOGOAHOTO NMafieHus. OHO, MOXHO CKa3aTh, OyfIeT PaBHO HE ¢, a
g t a B 3aBUCHMOCTH OT HanpabJIeHUs] YCKOPeHust TugTa. MIMEHHO Tak MOXHO

HCTOJNIKOBATh pe3yNbTaThbl, NOJYUCHHBIE NIPH peleHun 3axayq 95, 96, 98-100.
TakuM 0o6pa3oM, B nH(Te, JBUKYIEMCS C YCKOPEHHEM d, MasiTHHK JIJIMHbI |
uMeeT nepuos koneGauuit T = 21/l /(g £ @), mpuyeM 3HaK MITIOC DOl KOPHEM
COOTBETCTBYET YCKOPEHHIO, HANPaBJICHHOMY BBEPX, a 3HaK MHHYC — YCKO-
peHH1o, HanpasiaeHHOMY BHH3. Hanpasnenne e pamkeHns nu¢gra (Hanpasne-
HHME €ro CKOPOCTH) Ha NEPHOJ KOJeGaHUI HUKAKOTO BIIMSIHUSL HE OKa3bIBAET.
ITepuox koneGaHWil MasiTHUKA B NH(TE COTIACHO YCIOBHIO 3aj[a‘H yBe-
nuuuics: od cosepimn n = 100 koneOauuii 3a Bpems ¢ =2 muu 30 c = 150 ¢, a
He 3a BpeMs ¢t = 100 c¢. CnegoBaTeTIbHO, YCKOPEHHE CBOOOHOTO MajJicHAA TEN B
miTe OTHOCHUTENBHO ero CTEHOK PaBHO g — @, a caM JIH(PT MMeeT YOKOpEHHE,
HanpasneHHoe BHu3. [lepuop KoneGaHMit MassTHUKA B JBEXKYyueMcs nudre

T=2nl(g—a)=1t/n.-B TOM Xe ciydvae, KOTla JU(PT HENOJBUXKEH OTHO-
CHTENbHO 3eMid, MasiTHUK uMeet nepuon Ty =2n./l/g =1c. OTHOmECHNE

NEepHOIOB

272
l=~—t—= g ; OTC}ouaa=g1—nzo = 5,4 Mm/c?.
T, nT, g-a t

356. Yckopenne cBOOOIHOTO NajicHUs OTHOCHTEILHO BarOHa CKJa/ibIBaeTCA
BEKTOPHO M3 BEpTHKAJNBbHO HAIPAaBJICHHOTO YCKOPEHHUsI CBOGOJHOTO NajicHAA §
OTHOCHTEJIbHO 3€MJIM U IONOJHUTEIBLHOIO YCKOPEHHS @, HAallpaBJASHHOTO IrOpH-
30HTANIbHO, KOTOPOE MMEIOT OTHOCHTEJILHO CTCHOK BaroHa TeJja, HelojBHX-
Hbie OTHOCHTeNnbHO 3eMiu (cM. 3ajauy 355). [ToaToMy MasTHUK B BaroHC

Oynet uMeTh Nepuof Kostebauni T = 211:1’[/ 1/a2 + g2 .

357. T=2n3R/2g (cM. 3apauy 355).
358. 5 = ut/2 = 660 M.
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359, u = svf(s — v Ar) = 5100 M/c.

360. uy=v + gh/2v =349,8 m/c.

361. Jauna BOJNHBI B NEPBOM ONBITE A = !/n, e n —~ YHCIO JJIHH BOJH,
YKIAALIBAKOINUXCA Ha paccrodHud /. Bo BTOpoM ombiTe Aug = I/(n — 2).
o nosblleHHs TeMIEpPaTypbl CKOPOCTh 3ByKa U = VA = Vil/n, a nocrne no-
BBILIEHHS Upg = VAgg = VI/(n — 2). Tak Kak n = VI/u, TO vpg = VIV/(V] - 20V).
CxopocTb 3ByKa BO3pacTaeT IO JHHEHHOMY 3aKOHY: Upg = U(1 + 0LAD), rae
o = (0,5/330) K-!. HopcTaBass B [aHHOE BbIPAXXECHHE 3HAYECHUE Upg, MOTYIAM
1 =21 + 0AB)/VOAOB = 450 M.

362. v = MT = 1435 m/c.

363. v =v/4l =812 T'u.

364. ¢ =2m/2 = 180°.

365. v = v/A = 425 I'n.

366. I1pn pacnpOCTpaHEHAH BOJH YacTOTa KOJeGaHHA HE H3MEHAETCH NPHA
nepexofie U3 ONHOM cpefibl B Apyryro. Tak Kak v = V/A, To v; =20,

367. Tak kak pH NePEXOfi€ U3 OHOM CPefibl B APYIy0 4acTOTa KOneGaHui
He H3MeHAETCH, TO A/A, = Ufu, = 4,35,

368. KamepToH Ge3 pe30HAaTOPHOTO AIIMKA 3BYYHT ropasjo crnabee, 9eM C
AIUKOM, U, CJIEAOBATENHHO, TEPAET MEHbINlE IHEPTHA B EAUHALY BPEMEHH HA
H3JyUeHHe 3BYKOBBIX BONH. [103TOMY KaMepTOH, 3aXaTblil B THCKaX, OyleT
3By4YaTb AOJBLIE.

369. 3ByuaHne KaMepTOHAa YCHIHMBAE€TCAd B TOT MOMEHT, KOIjJja 4acTOTa
COOCTBEHHBIX KOJIeGaHHH BO3[YITHOTO CTON0a B COCY/ie COBNAfaeT C YaCTOTOH
KoneOanni kamepToHa. CoOCTBeHHbIe KOsneOaHHs BO3[yIIHOrO cTroinba B
COCy[le COOTBETCTBYIOT YCTAHOBJICHHIO B HEM CTOA'IEH BOJHBI TaKOH [JTHHBI A,
4TO y HHXHETO KOHIA O0pa3yeTcd y3ell CMEUIeHHs YACTHL BO3JyXa, a y
BEPXHEro —~ NYYHOCTb. TakuM oOpa3oM, B CBOOOAHOH WacTH TpPYyOsI A
ykmagbisaetTcsa A/4, 3A/4, SA/4 1 T.0., T.e. B o61eM caygae (2k + 1)A/4 = h, rae
k — uenoe uncno. HanoMHnM, 4TO B CTOAYIEH BOJIHE MEX/Y ABYMS Yy3IaMH
YKIa[{bIBA€TCA NMOJOBAHA [TAHBI BONHDI.

Tax Kak 9YaCroTa KoieGaHHA B 3BYKOBOM BOJNHe V =U/A, TO COOTBETCT-
ByIOIlass HEKOTOPOMY 3HAUEHHIO k YacTOTa KamepToHa v = (2k + 1)v/4h. Tlo
YCIIOBHIO 3a[]layM YaCTOTa MMEET BIONHE ONpefieNieHHoe 3Havyenne. [loaToMy
Pa3NHYHBIM BBICOTaM BO3AYIIHOIO cTONGa Ay U h; JOMXKHBI COOTBETCTBO-
BaTh fIBa 3HaueHHd k, oTnnuaromuecd Ha equHAny: k;=nuk, =n+ 1, npauem
BOJXHO BBINONHATbCA ycrnoBhe (2k; +
+ D)v/4hy = (2k, + 1)v/4h,; oTcrOfa, TONaras
n =0, naitgeMm k; =0 u k, = 1. CregoBaTebHoO,
v = vf4hy = 3v/4h, = 340 T

370, vy =v/4] = 85T, vy =v3 =v/2]l =
=170 T Puic. 293

371. YacroTa 3ByKa 3aBHCHAT OT CKOPOCTH
asuxeHHsA ucrouHuka (a¢dpdexr Jonnepa). Ilpu HenoaBMXHOM HCTOUHHKE
(Touka S Ha pHuc. 293) 3a BpeMs, paBHOe nepuofy Konebaund 7, KoneGauue
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pacnpOCTPAaHATC Ha PaccTOSHHE, PaBHOE JJIHHE BONHBI Ay = UT. Eciu xe
ucTouHHK (S Ha puc. 293) gBHXKETCSI CO CKOPOCTBIO U, TO 3a BpeMs T OH
npoifeT B HANpPaBJEHHH pacnpOCTpaHeHHs BOJHBbI NyTb ul, H KonebGaHHe
pacnpocTpaHUTCs 3a 9TO BpeMs Ha paccrosHue A = Ao — uT = (v — u)T. Ilpn
ypansiroeMed ucTouHuke A = (v + u)T. Takum o6pa3om, 1acToTa KoixeGaHHui,
BOCNPHHUMAEMBIX YXOM HEMOJBHKHOIO YeJIOBEKA OT ABHKYIIETOCA HCTOUHHKA
3ByKa, V = U/A = vAg/(V F u). DTO BBIpa>KeHHE MOKHO YIPOCTUTH, CIH u <€ v,
IlJg TOro YMHOXHM UYHCIMTENb M 3HAMEHaTelb Ha (v = u) U npeHeOpexeM
uneHoM u? no cpapaeHHo ¢ V2. Torpa v = vy(1 £ u/v). 3Haky maooc coot-
BETCTBYET NPUOIMKEHHE HCTOYHHKA, a 3HAKY MUHYC — YaJIeHHE.

CornacHO YCIOBHIO 3a/latH V <V, H, CIEIOBaTEIbHO, TEILTOXO], YanseTcs
ot 6epera. MckoMas ckopocts u = v(1 — v/vy) = 4,25 M/c,

I'masa 1II

TEIINIOTA U MOJEKY/IAPHAA ®PU3UKA

§ 12. TemioBo€ pacluMpeHHe TBePABIX TEJA H XKHAKOCTEH

372. CrepXHU NpPH HarpeBaHHHM HAa BENHIHHY Af OYAYT WUMETh JIHHBI
=1 +1B,At u by =1, +1,3,At. TTo yenosmto I; - = [, — ;. CnepopartensHo,
L/l = B,/B,. Tak xkak K03 dUUHEHT JHHEHHOrO PacUIMpEHUs 3aBHCHT OT
TEeMNepaTypbl, TO HaiijlcHHOE YCIOBHE YJOBJIETBOPSET IOCTaBICHHOMY
TpeOOBAHMIO AJI1 HHTEPBAJIOB TEMNEPATYP, B KOTOPBIX MOXHO CUHMTATh, UTO
B./B = const.

373. 3a3op npu NoHMXeHUH Temnepatypbl HuKe 0 °C ysemxmumpaercs.
CrnenoBaTenbHO, pa3MEp 3a30pa JIOJIKEH ONPefeTsIThHCH TOJIbKO MAaKCUMAaIbHOMN
TeMnepaTtypoli HarpesaHus Bbimre O °C. Jns Mocta Ha wre L; — Ly =
= LyBt; =50 MM, 1 MocTa Ha ceBepe Ly — Ly = LgBt, = 20 Mm.

374. Ar = n/3008 = 100 °C.

375. 1, =—~10A—_—[°“——=83,4°C; P il " 27,8°C.

lOaBa - IO)KB)K : 3(10aBa - IO)KB)K)

376. V = V'(1 + oAty + 03AL + 03A15) = 1001 eM3, e Ary = 3 °C,
At; =6°C, Atz =5 °C.

377. Ons uHTepBana TeMIepaTyp #; < ¢ < f, K03(pPULHEHT 06BEMHOrO
pacioupeHus Kupkoctu o = (H — h)/(ht, — Hty).

378. Ecan Vyy — 06beM 1WIapuKa ¢ PTYTHIO NpH TeMIepaTtype fy, TO IpH
temneparype ¢ = 100 °C mapux u xaxan po aenerus 100 °C GynyT uMeTh
06BeM (Vy+ V(1 + 3B1). D1oT 06BeM paBen o6bemy pryTa Vo(1 + af) npu Tod
K€ TeMIlepaType; OTCIONa

Vo=V + 3B/ — 3B)t = V(e — 3B)t = 191 M3,
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379. Ilpu yka3aHHBIX pa3Mepax COCyja M umapa H npu ob’beMe HaIUTOH
pofbl Vg =500 cM3 urap HaXOAHTCA HETHKOM IO BOAOH; 103TOMY

Ah = 4@V + 3BV)(t, — t))/md? = 0,37 cMm.

380. IIpu narpeBaHun o0beM cocyaa yeemuumncs Ha AV, =V, . 3B,As,
o06beM NaTYHHOro muUIMHApa V, =m,/p, yBexumuuncs Ha AV, =
= (my/p,) - 3B,At, 06beM BofbI V = V) — V, usmenwica Ha AV = (V; — V)AL
Taxk Kak ypOBEHb BO/b] B COCyAe He M3MeHMNICH, TO AV| — AV, = AV; oTcropa

o =3B,V ips - Bom)/(Vipy —myp) =-3,79 - 105 KL,

3HaveHHne O MOJYYHUJIOCHh OTPUIATECIBHBIM, T.€. HArPEBAHUEC IPOUCXOJUIIO IIPH

TeMnepatype Mexay O u 4 °C.
381. Ap = pgo AV — hS)/S(1 + aAt) = 2,24 x1Ta.

§ 13. KosinuecTBO TEIIOTHI.
Koadpummenr nomnesnoro geiicreus

382. ¢, = cm(0 — 1)) [my(t, — ) — 111 (0 — 11)] = 2 xIx/(xr - K).

383. 6 = (upcV + ¢,m RT )T/ (upcV + ¢,m,RT).

384. Temnepartypa cMmecu 6 = —19 °C; s marpeBanust cMecd 1o t = 6 °C
HeoBXoauMo KoauuecTso Temnornl O = 1,3 MIIx.

385. C,. = clmy(t; — 0) — m(t; — 0)1/(t; — 1) = 140 Ox/K.

386. TepMoMeTp NpH NOTPYRKEHHH B BOJY MOJYYHI KOJNHYECTBO TEIJOTHI
0 = C(t) — ;). DTO KONMMYECTBO TEIUIOTHI OTJAHO €My BOJIOH; CIelOBATELHO,
0 =mc(0-1,); orcroga 0 = C.(t; — t,)/me + t; = 32,5 °C.

387. B eauHMIy BPEMCHH TEPANOCH KOIHYECTBO TENJIOTHI ., =

=161,3 Ix/c.
388. MoskHO mpefcTaBuTh cebe clIeytolue ciyJan: 1) Bech Jiejl pacraeT, i
TeMIepaTtypa cMmecH OypeT Boiumie ¢y = 0 °C; 2) Bcs BOJa 3aMep3HET, H

TeMInepaTypa cMecH OyleT HIKe fy; 3) TeMIeparypa cMecu OyfieT paBHa fy, H
YacThb JIbJA PACTaCT.

ITpu oxmakxgeHMH [O fy BOJAa OTHACT KOJHYECTBO TeniIoTwvl Q) =
= mc(t — tp) = 42 k[I’X, B TO BpeMs KaK [IPH HarpeBaHHH JIO ¢ Jie/] NOTJIoaeT
KOJAYECTBO TeINOThl ) = myc (¢, — t;) = 420 k Ix. Tak kak O, > O, TO MOTYT
OCYWIECTBIATLCA MWL cayvyan 2) und 3) Ecnm Bea Boga 3aMep3HET, TO OHa
OTAACT elre KOMUIECTBO TemnoThl 03 = mr = 660 k[x. Tak kKak O3+ O > 05,
TO BO3MOXEH JIHUIL ciaydal 3); ciegoBaTenbHO, TeMIEepaTypa CMECH
0 =t = 0 °C. CocTtaBHB /1 3TOTO CJIyvast ypaBHEHHE TEIIOBOro GanaHca:

mc(t—0)+ my =mc,(0-1,),
HaliieM Maccy 3aMep3ulel BOgbI 71,

my, = [mc,(8 —t,) — me(t — 0))/r = 1,145 kr.
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Takam 006pa3oM, Macchl HaXOASILIMXCSA B COCyle IpPH TeMIepaTtype
6 = 0°C Boabl U nbla GYAyT PaBHBI M — m, U m, + m,, a UX oObEMBI V| =
= (m—-m)lp, Vo= (m, + m)/p,. O6mmit 06beM cMecH \

V=V, +V,=(m-mylp + (m, + m)Ip, =1,54 nm>,

389. KonmuyecTBO TENJIOTHI, IOJYUYEHHOE JIBJOM IPH HarpeBaHHH OT
TeMnepaTypsl ¢, 10 4, = 0 °C, paBHO m,c,t,. KomuuecTBo Tennorsl, Heo6Gxo-
AMMOeE [JIA NJIaBJICHUA JIbJa, PaBHO m,r. KOINYECTBO TENJIOTHI, NOTYyYEHHOE
BOJIOM, oOpa3oBaBllelics U3 nbJa, NpU HarpeBaHuH oOT f; = 0 °C g0 TteMme-
paTyps! 8, paBHO m,c8. KomuiecTBo TennoTsl, OTAAHHOE TEIUIOH BOAOH IpH
OCTBIBAHUM OT TEMIIEPATYpHI ¢ A0 TeMHepaTyps! 8, paBHo (pV — m,)c(t — 0), rue
(pV ~ m;) — macca terion Boibl. CocTaB/sieM ypaBHEHHe TEIUTOBOTO GarnaHca:

MCaty + myr + mye® = (pV ~—my)c(t - 6);

otcrofa m, = pVe(t - 8)/(r + ¢ t, + ct) = 30 xr.

390. m,_ = mc(t —ty)+mr+mc, (¢, —6)

c,(0—1t;)

391.T=T,, - 2Q -~ mr)/2mc = 273 K.

392, ¢ =r T/t — )T ~ (40 — £2)T0] = 0,23 x[Ix/(kT - K).

393. KonnuecTBa TEMIOTBI: JJIA HArpeBaHHA npaa o fH = 0°C - Q, =
= m,c,(ty ~ t,) = 0,21 MIx; nnsa nnasneHus apga — Q, = myr = 3,3 MJIx; nus
HarpeBaHus BOfbI [0 ¢ = 100 °C — Q3 = m,c(t - ty) = 4,2 MIIx; Ons ucnapeuus
BOABI ~ Q4 = m A = 23 MJIx. CpaBHHBas 9TH KOJIMYECTBA TEIJIOTHI C KONH-
YeCTBOM TEIJIOTHI (), BUAUM, UTO

Q1+ +03<Q<O+02+ 03+ 0y,

T.€. BECh JIE[] IPEBPATUTCA B BOAY ¢ TeMnepaTypo# ¢t = 100 °C u nuius vacto
BOMBI MacCel m1,; — m NpeBpaTHTCA B nap. Ha npespallicuue B nap 3TOH Macchl
BO[B! NMOTpPebyeTCcA KOMUIECTBO TEINIOThI Qs = (m, — m)A. Takum o6Gpasom,
KOJIMYECTBO TEIIOTHI, COOOIEHHOE COAEPXUMOMY cocyna, O =0 + 0, + O3 +
+ Qs. ITopcTaBuB crofa HaWJEHHBIE BBIIIE BHIPAXKEHUS U PEUIUB IONyUeHHOE
ypaBHEHHME OTHOCHTENIBEHO m, HaieM

=40 xr, rue t, =0 °C.

m="a

[A+c, (4 —tn)+r+c(t——t0)]—%=4,6xr.

394. h=[m,(A + c,t,) - 2pVehl2pabr = 0,4 oM.

395. B cocyge NMpOMCXOJUT BhIJENIEHHE KOTHYECTBAa TEILUIOTHI () IpH
KOHJIEHCAIMH Napa U (J, NpH OXNaXXACHUN BOABI, 0Opa3oOBaBIIEHCA U3 ITOTO
napa, ot temnepatypsl ¢ = 100 °C go Temnepatypsl cMecu 0. B To xe BpeMs
MIPOHUCXOMUT MOTJIOIEHHE KOMUUECTBA TEIIOThI ()3 NPH MUIABJICHUH Jbja ¥ 04
IIpH HarpeBaHHWH BOJbI, OBIBUIECH paHee B COCyle H o6paaoBaBﬁIeﬁc;[ npH
NIaBJIEHUH JIbIa, OT TeMNepaTypsl [y = 0 °C o TeMnepaTypbl cMecH 6. »

MaxkcumanbHOe KOMHYECTBO BBIIEIEHHOM TENIOTHI (KOTM1a BECh NMap CKOH-
JeHCcHpyeTcs, a o6pa3oBaBUIasiCs NMPH STOM Boja oxmagurca o fy = 0°C)

i i
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Q1 +Q,=mA +mc(t-1ty)) = 18 kI paBHO KonnqeéTBy TENIOTHI
Q3 = myr = 18 k[IX, TIOIJIOMEHHOMY TbAOM, KOrfla OH BECh PacCIJIaBHTCS.
TakuM obpasom, O, = 0, 1 B cocyfe 6yAET TONBLKO BOJA NpH TeMIepaType
9 = t() =0 OC.

396. NcnapuBinasics Bofla mMeeT Maccy m — m,. Ha ee ncnapenne tpebyercs
KOJMUECTBO TennoThl Q = (m — my)A. IIpn 6LICTPOM OTKAaYMBaHUM TEIIOTA OT
OKpPYRAaIOIIUX TeJ He yclleBaeT nepefaBaTecs Bofe. IloaToMy Bee 3TO KOIH-
YeCTBO TEMJIOTHI MOJy4aeTcs Npu o6pa3oBaHUM IbAa, T.e. Q = m,r. Ciaego-
BaTeNbHO, (m — m)A = mr u my, = mA/( + A) =35 1.

397. M = m(r + A)/r =22,7 r (cM. 3aa4y 396).

398. KonuuecTBO TEIIOTHI, HEOOXOAUMOE [7Is1 NcTlapeHnst 3¢upa, oTaaeTcs
BOAOH M 3¢PUPOM TIpH MX OXJIAXKACHAN A0 TeMmnepatyphl 7y = 0 °C u Bogoi npn
3aMep3aHud. TakuM o6pasomM,

moh = myc,(t = to) + me(t —ty) + mr;

orcrona m = my[A — ¢, (t = t)l/lr + c(t — 1) = 82 1.
399. KonnuecTBO TEIUIOTHI, HEOOXOAMMOE AJIs HarpeBaHHs BOABI, OTHHU-
MaeTcs y BOALI NIPH IIPEBpallleHAN ee B Jef, T.€.

mc(ty~t) =myr; orcropa m, = mc(ty— )fr =124 r.

400. IIpennoNoXuM, YTO IPH HarpeBaHHH TEMIEpaTypa COREPKHMOrO
konGb1 yBernumnach Ha AT. [lo HarpeBaHus Boja mMesa o6beM Vi =m /py, a
pryts — V5 = m,/p,. IlmoTHOCT BOABI Nocne HarpeBaHms p = py/(1 +
+ 0y AT). O6beM BbITEKIIEH BOIbI ‘

V= m/p = m(l + alAT)/p]

IIpn narpeBaHum OO6beM BOAbl yBemmumics Ha AV, = o, V,AT, a o6beMm
pryma — Ha AV, = 0,,V,AT. Tak kak kKojn6a 6bliTa 3aMojIHEHa IO Kpaes, TO
AV + AV, = AV. IloBbimienne TemnepaTypesl AT HalileM M3 ypaBHEHUSA
Q0 = (mycq + mycy)AT. B pesynbraTe uMeeM

a] = —-&-——[m(m]q +m2C2)—a]Q(m] ‘—m)] = 1,7 10_4 I<_l .
pym2Q

401. Macca natyun m = Vypo = Vp, rae p = pg/(1 + 3Br) — mmotHocTs naTyHu
[0 NOrpyXeHHUs B COCY/l, KOrfa KycOK JIaTyHH MMeJ TeMIlepaTypy f; oTcrofa
V = (m/py)(1 + 3Br). dust onpenesieHus: HAYaIbHOR TEMIEPATYPhl JIATYHH !
COCTaBUM ypaBHEHHE TEINTOBOrO OajlaHca: TENJIOTa, 3aTpadYeHHAas Ha IUIaBie-
HUE JIb[a, MOJYyIeHa 3a CYeT OXJIaXKACHHA JTATyHH, T.e. my° = mc(t — ty), OTKyfa
t = myr/mc. CnepoBaTesibHO,

V = (mfpp)(1 + 3Bmyrimc) = 51,2 eM3.
402, Kona4ecTBO TEIMIOTHI, BBIJENAIONIEECs] NPH CrOPaHUH TonnﬁBa

B €AMHHIY BpeMeHH, Q.= m.q. I3 3Toro Komm4ecTsa TEILIOTHI 3a TO XK€
BpeMs NpeBpaifacTcd B MOME3HYI0 paboTy numb 4yactek N = @M, rae
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n = (Ty - T,)/T, — nanGonmpummst KIIJI psurarensa (T; =t + 273 K; i =1, 2).
CreoBaTenbHO, NOJIE3HAS MOIIHOCTh, pa3BUBacMas 3THM JIBHTAaTEJIEM, He
MO3KET NPEBbILIATD

N =mq(T| — T))/T| = 263 kBT.

*403. MakcuManbHO BO3MoOXHbIe KIIJI pBuratens n napoBOH MalIMHbI
M=T-DTyun, =T ~-DIT, tne T;=t; + 273 K; i = 1, 2). OTHOUIEHKE
KIIJI gsuraTens u napoBoit Mautub! paBHO M /My = (T, = YT /(T - T)T, = 2,

404. Pacxop TonnvBa Ha eAMHALY ATAHBI NYTA M, = N/g U = 5 KT/KM.

405. g = Ns/mum = 46 MJIx/r.

406. Ycrnosue gBHXKEHHS CIYTHHKA 1Mo opbute Mv2/R = Mg MOXeT 6bITh
BBLINOJHEHO, ECITH CHYTHAKY COOOUICHA KHHETHUECKad SHeprus W = Mv2/2. Dta
SHEPrus NOJNyvuacTcsa MyTeM NPEBPAIIEHUA TENIOBOI SHEPTHU ) = gm, Bbijje-
NSrOInecs NpU CrOPaHUU KepPOCHHA, B MEXaHMYECKyHo 3Hepruto, T.e. W = Q.
CoBMecTHOE pellicHIe 3TUX YpaBHeHHI gaeT m = MgR/2q =~ 670 xr.

407.m = (Ns/pVQu) - 100 % =32 %.

408. n = [Vpc(t, — 1))INT] - 100 % = 52 %, rae t, =100 °C - Temnepartypa
KHUINECHUS BOADLI.

409. B okpyxamiree NPOCTPAHCTBO 3a BpPeMsl T OTJacTCAd KOJIMYECTBO
TeINOThI Q= mc(t — ty) + mr, OTHITOE Y BOABI IIPH e¢ OXJNaXACHUH U NpeBpa-
IICHNK B JIeJ], a TaKXe IpeBpaineHHas B TEIUIOTY B 1poiiecce paGoThl X0N0-
auIbHEKA 3Heprusa W, nomyueHHas oT anekTpoceTu. Beero 3a BpeMs T orpa-
€TCsl KOMMYecTBO TeMmoThl Q. T = Oy + W. MomHocTh, noTpebnsieMas Xono-
AUITBHAKOM.

N=W/t=0,-Qy/t=qg—(m/t)c(t—13)+r]=416 Br.

410. O = ma*t?/ 2 =225 MJIx.

411, v =V 4c(T,, - T) + 4r — 2gh = 388 mc.

412. Tax Kak ABMXXEHHE PaBHOMEPHOE, TO CHJIa HATAXKEHHUS BEPEBKH F
paBHa CyMMe NPOEKIMI Ha HanpaBjICHHE HAKJIOHHOM MIOCKOCTH CHUTBI TSIXKeE-
CTH U cuibl Tpenust: F = mg(sin o + k cos ). [Ipu nogbeMe Tena Ha BbICOTY /i
OHO TIPOXOJANT BJONb HAKJIOHHOHN NMIIOCKOCTH paccrosinue [ = /i/ sin o Ilpu
3TOM coBepiaeTca pabora A = Fl, KoTopas MIeT Ha yBEIMYCHHUE NOTEHIMAb-
HOM SHEpruM Tena (KMHeTH'ecKasl SHEPTrHusa He W3MEHSCTCs) M Ha HarpeBaHUe
6pycka u focky, T.e. A = mgh + W; orcroga W = kmgh ctg o

413. Q = mgl sin o~ m?/ 2 = 100 Ox.

414. n = N/pS! = 2 o6/c.

415. W3 3aKkOHa COXpaHEHUS MMIYJIbCa HAXOAUM CKOpPOCTh Kyba mocrne
NpoJieTa CKBO3b HETO nynu: v = (m/M)(v; — v,). DHeprusi, npeBpaTuBuIasica B
TEIUIO, PABHA PA3HOCTH KMHETHICCKOM 3HE priy NyJIM Nepe] NonaganneM B Kyo

mu,2 /2 WM KVMHETHYECKOHN SHepruM Kyba # nymu Mu? 12 +mU22 /2 nmocne npo-
XOXJICHHUSA NyH cKBO3b KyO. CrieffoBaTenbHO,

2 2 2
we Mu 4 ) =E[U12 _ u22 _ﬂ(vx - v, )2].
2 2 2 2 M
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416. CorsacHO 3aKOHY COXpaHEGHHS HMIYJIbCa CKOPOCTh COBMECT-
HOTO [BHXCHHS I1IapoB mocae aGCONIOTHO HeyNpyroro ypaapa
v = (myuy — myuy)/(my + my). lanee U3 3aKOHa COXPaHEHHs YHEPTHH CIIENYET

2 2 2 2
m v +m2u2 _(ml+m2)u =m,m2(u, + Uy)

15 Ix.
2 2 2 2(my +my)

Q:

§ 14. 3aKoHbI HIEAILHOTO ra3a U ypaBHEHHE COCTOSAHHS

417. Cm. puc. 294-296.
418. Cornacuo 3akony bBoina—Mapuorra pogVy=pV; orciona
V= pOVo/p = 0,02 M3.

3T1 I I
I 1
! |
] 3
1 1
L 1

Puc. 294 Puc. 295 Puc. 296

T,

419. p; = V,Ap/(V, = V) = 12 kl]a.

420. p = (F cos a))/S + py =110 kI1a.

421. Al = ImRT — uVpyl iVpg = 2,9 cm.

422. JlaBnenue p BHYTPH UUIHHApa Oe3 rpysa Ha HOpPIUHE ONpeAcis-
eTcs M3 YCNOBHs paBHOBecHst NopiuHs (puc. 297): pScos o =mg + pgSy, rae
S = S§y/ cos 0 — nAOMEAAL BHYTPEHHEH CKOIIEHHOH IOBEPX-
HOCTH HOPIIHS; OTCtona p = mg/Sy + py. JlaBaeHue p’ BHYTpH
I[MIMHAPA, KOI7la Ha HNOPIIHE JEXHUT IPy3, ONpefeiseTcs aHa-
soruuHo: p’ = (mg + Mg)/Sy + py. Ilo 3akouny Boina—
MapnoTTa pV = p’V’, rae cornacHo ycnoBHio 3anawu V' = V/2.
W3 atux ypaBHeHu#t nonyunM M = peSy/ g + m = 26 xr.

423. F = pgnrlf({ — Al) =~ 46 H.

424. [laBneHue BO3AyXa p; BHYTPH TPyOKH, 0OpaumeHHOM
OTKPBITBIM KOHIOM BBEpX, PaBHO CyMME aTMoc(epHOro
NaBIEHHA py U aBICHUSt CTONGHKA PTYTH pgh: py = po + pgh.
O6+weM Bo3nyxa B TpyOke V| =S/, e S — mnomans nomne-
peuHoro cevyeHus Tpyoku (puc. 298). Korga TpyOka 1noBepHyTa
OTKPBITBIM KOHI[OM BHH3, TO aTMOC(EpHOE NaBICHHE P Puc. 297
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yPaBHOBEIINBAETCSA [JaBlIeHHEM BO3lyXa BHYTPH TPYOKH p, W JaBlieHHeM
cTonOHKa OCTaBIleHcsa B Helt pTyTH pgh/2: pg = p, +pgh/2, una p; = py — pgh/2.
O6beM BO3ayxa B 3TOM cnyuae V, = S(L - //2). Hcnonb3ya 3akoH Boing—
Mapuotra pV; = p,V,, Haligem
(po —Pgh/2)(L=h/2)

Ppo +pgh

=

425. B ob6oux KOHIax TPYOKH BO3[yX NEPBOHAYANIBHO 3aHHMAN O0beM
V =S(L - h)/2, rae S — nnolags NONEpevHoro ceueHus TpyOKHd, 1 IMeNT IaBiie-

(Y X
- ] 3
F [
N |
2 § N 1
N AN L )
L h
¥
1 —
\ / hi2 LY
Puc. 298 Puc. 299 Puc. 300

Hue p. Korna TpyOKy nocraBuin BepTHKanbHO (puc.299), o6bheM Bo3nyxa B
BepxHed uactu TpyOku cran Vy = S[(L — h)/2 + ], a naBnenue crano p;; B HIX-
Hed vacTu TpyOku o6beM cran V;, = S[(L — h)/2 - ], a gaBneuune crano pas-
HBIM p,. CornacHo 3akoHy boins—MapuoTra gi1st BepxHei yacTa TpyOKH

pV=pV\, otkyna(L-h)p=(L-h+2)p; (I
O HUXKHEH 9acTH TpyOKH
pV =pyVy, otkypa (L -h)p=(L-h-2Dp,. 2

C ppyro#t cTOpOHBI, CTONOHMK PTYTH HaXOAMTCA B paBHOBECHH, KOTAA
JaBJIcHHE BO3/lyXa B HMDKHEH 4acTH TPYOKHM paBHO CyMMe JaBJICHWH BO37yxa B
BEPXHEN YacTH TPYOKH H CTOJOHKA PTYTH, T.€.

p2=p1 + pgh. (3)

Wcknrouus p; u p, u3 ypaBHeHu# (1)}(3), HailneM

p = pghl(L — k)2 — 41)/Al(L ~ h) = 50 xI1a.

426. [TaBneHne Bo3ayxa B TPYOKe O €€ TOTPYKEHHS B PTYTHb p; = Py, @
o6beM ero V) =SL, rae § — miomans nonepeyHoro cedeHus tpyoku. ITocne
MOrpyXeHus TPYOKH B PTYTb JlaBJICHHE BO3yXa B Hell cTamo p, = pg + pgh, a
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o6seM ero V, = S(h + I) (puc. 300). ITo 3akony boins—Mapnorra pV| = p,V5,
IR

pol = (pg + pgh) (h + I); orciopa [ = pol/(pg + pgh) —h =-38 cMm,
T.€. 3amasgHHbIA KOHElN TPYOKH [OJXEH HaXOQUTHhCA Ha pacCTOSHHHU
! =38 cM OT NOBEpPXHOCTH PTYTH B COCYAE.

427. 1 = Lpy/2(po + pgh) — h = =57 M (puc. 301).

428. o BpBuraHms nopurHs o6beM Bo3Ayxa B yHnmHApe V= §5¢/, a ero
RaBleHUE py = po. [1pn BABHHYTOM nopirHe 06bEM BO3AyXa B TpyOke V5 = S,h,
a ero faBIeHHE p, = pgy + pgh (puc. 302). Cornacuo 3akony boitns—Mapuorra
piVi=p,V,, unn

PoSih =(poy +pgh)S,h;

2
oTclofa h = Po_ 4 (&) +p°—Sll1
2ep Y\2¢p) p8%
ITepen KOpHEM clEAyeT B3STh 3HAK IIIOC, TAK KaK BEJIMUMHY /i MBI CUMTaeM
HOJIOXKHTEILHOH (C YBETHYEHUEM A [aBIIeHUE P, YBeNHYHBaeTcs). [ToacTaBus B
TO K€ YpaBHeHHe h = [, ¥ PEllIMB €r0 OTHOCHTENBHO S|, HAWEM MIHHMAJILHY IO
MIIOIAAEL MONEPEYHOTO CeYeHHs] IANHHpA:

Simin = (Po +P&L)S 15 1 poly.
429. o nogweMa mopmHsa o6beM Bo3Ayxa B Tpyb6ke Vi = Sly, TRe
S — mIoImane NOoNMepeyHoro CeyeHnss TPYOKHM, a [aBI€HHE BO3AYXa PABHO po.

Puc. 301 Puc. 302 Puc. 303

IMocne mogbeMa MOPIIHS Ha BBICOTY | PTYTh B TpPYOKe HNOJHUMETCS HA BBICOTY
h Hap ypoBHeM pTyTH B cocyfe (puc. 303). O6beM Bo3nyxa B TpyGKe CTaHET
V = S(I — h), a ero faBnenue p = py— pgh, 1.€. h = (pg — p)/pg. CornacHo 3aKoHy
Bouns-Mapuorra poVy = pV, mm pSly = pS(I — h). YunrTeiBas BbIpasXKeHHE
nast h, umeeM popgly = p(pgl — po + p); oTcrona

—pgl -pgl)’
p=Fo 2pg i\/(l’o 4pg) + poplo-
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Tak Kak AaBlIcHHE BO3JyXa B TPpYOKE HE MOXKET OBITb OTPHIUATEIBHBIM,
TO mepej, KOPHEM CIelyeT B3sTh 3HakK IUIoc. B pesynbTate monyumm

p=11,6

KIIa.

430. O6beM Bo3nyxa B TpYOKE 1o ee norpyxenus V= S/, (§ — nonepeunoe
ceveHne TpyOKH), a aBlIeHME BO3AyXa B HeH paBHO py. Ecnu HuXKHHE KOHeq

T R R

1

O

1

Puc. 304

Tpy6KH norpyxeH Ha riayouny H (puc. 304), To
o6beM BO3fyxa B Hell V = S/, a ypoBeHb BOJBI
BHYTPH TPYOKM HAXOJMTCA Ha paccTOAHMH H —
— (Ip— 1) oT noBepxHoctu Mops. [Ipu 3ToM paBne-
HHE BO3AyXa B TpyOKe OYAET PaBHO p = py +
+ pg(H - ly + /). Tlo 3akony Boins—Mapuorra
poVo=pV, Te.

Polo =[Py +Pg(H Iy + D)lh;

orctona H = (py + pgh) (lg— Dipgl = 41,6 m.

431. JaBneHue BO3AyXa Ha JHE BOJOEMa
p1=pg+ pgH, Ha rnybue h — py, = pg + pgh.
O6beM my3bIpbKa Ha IyOuHe h pased v = 4707/3.
CornacHo 3akony boiins—Mapuorra
PV =pyv, umu (py +pgH)V = (py + pgh)41tr3 /3

oTCIOfia r = %/B(po +pgH)V /1 4n(py +pgh).

432. 1y = 1\l po Ty [(py + Pog)T; = 1,37 cM (cM. 3apauy 431).
433. k= v/ V = pol(py + pgh) =0,19, rae V -~ o6beM nogKH, U — 0GBEM
JIOAKH, CBOOOIHBIA OT BOJBI.

434. H = p()(V,

- Vz)AH/VlAp() = 1,38 KM.

435. Hauansnblit 06beM BO3ayXa oy nopiHaMu V = SH, e S — nnouranb
MONEPEeYHOro ceueHus cocynoB. KoHeunblii o6beM BO3[lyXxa INOJ 3aKpericH-

¥

H/2*_

CrnegoBaTenbHO, Py = Py —

HbIM nopiuHeMm Vi =S(H + H/2) =38H/2, a
noj NOABHXHBIM mnopimHeM V, = S(H +
+ h— H/2) = S(h + H)/2) (puc. 305). KoHeunsle
[ABIICHHS NOJ HWMH PaBHBI p; U p,. PasnocThb
3THX HRABJIEHHH OINpEfelseTcsl pPa3HOCTBIO

H/2 YPOBHEH XHIKOCTH B cocymax; p; — p = pgH.

CornacHo 3akoHy Boiina—MapuoTra gnsa co-
cyfa ¢ 3aKpEIVICHHBIM NTOPIIHEM

pV = p,Vy, unu pH = 3p,H/2; orctopa py = 2p/3.

pgH = 2p/3 — pgH. Cornacuo 3akony Boitna—Ma-

PHOTTa OJ1A COoCyla ¢ MOABHUXKHBIM IIOPIITHEM

pV = p,Vy, mmm ph=py(h+H/2)=(2p/3~ ng)(h+H/2)

OTC}OJ]a h=
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436. HayanbHplil 00BEM BO3[yXa B 3amassHHOM KouseHe Vi = Sh (S — mio-
magb MNOMEpPeyHOro CeveHHs ITOrO KOJIEHAa), a [aBJeHHEe B HEM PpaBHO py.
ITocne BLINYCKAHUSl YacTH PTYTH oObeM BO3[AyXa B 3TOM KOJIEHE CTal
V =8(h + h;y), a paBnenne B HeM p = pg— pg(hy — hy) (puc. 306). CormacHo
3akOHy boitns—Mapuorra

poVo = pV, mma pyh=[p, —pglh, —h)I(h+ hy);

otcrofa hy = hylpg + pgh + h)/pg(h +h)) =53 oM.

437. Ilepen 3acacblBaHMEM BO3[AyX 3aHMMacT OOGBEM
6amnona V um uMeeT jaBiicHME p;. B KOHIe 3acacbiBanMs
00'beM, 3aHUMAaeMbIH BO3[yXOM, COCTOUT U3 oObeMa Gai-
JoHa ¥ 00 beMa 3acachiBaromie KaMepol: V + v, HaBiaeHue
NpH 3TOM CTAHOBUTCS PaBHBIM p,. CormacHo 3akoHy
Boitns—Mapuotrta p,V = po(V + v), unu p/p, = (V + v)/V.
ITo ycnoBuio 3agaum p,/p, = n. CiaegoBaTelbHO, U = Puc. 306
=V(n-1)=0,8 .

438. Ilepep 3acackIBaHUEM BO3[yX 3aHUMaeT 00beM GajuioHa V, a naBiIeHue
ero paBHO p. B KOHIle nepBOro 3acackIBaHMsI OOBEM BO3[yXa CKIA[bIBAETCA U3
ob6bema OanmoHa u oObeMa 3acachlBalomelt KaMepsl: V + v, a AaBJeHHE €ro
CTaHOBHUTCS paBHBIM p;. CornacHo 3akoHy boitns—Mapuorra pV = p(V + v),
OTKyfa

p1=pVI(V + U
ITpu BTOpOM LIUKJIE POJTb HAYAIBLHOTO AABIEHMS OYAET UrpaTh p; MOITOMY
pr=pVIV+ v)=plVIV+ v)P
IIpu TpeTheM IHKIIE HaYaIbHOE ABIIeHHE OYAET P;; CIeIOBaTENBHO,
py=pVIV+ v)=plVI(V+v)P,
" T.A. SIcHO, UTO NoCIe 1 UUKIIOB JaBieHne OyaeT
L, =plVIV+ v, mm p,/p=[V/V+ v)]".

Jlorapucmupys, HafineM

]g(pn/p0)=n]g[V/(v+ v )]3
wa n=1g(p, / py)/1g[V/(V + v )]

439. O6beM BoO3ayxa NMPH [aBICHHN p, HEOOXOAMMBIH B eMHUIY BPEMEHH
1y paboThI 1 MOJIOTKOB, paBeH nu,. I1o 3akony Bofns—Mapuorra p, V. = pnug;
otciofna n = pyV/pu, = 20.

440. B xoHIIe KaX[IOro 3acacblBaHUs BO3AYyX NpH aTMOC(hepPHOM AaBICHHUN
Py 3aHEMaeT 00'bEM U 3acachlBaloIUEl KaMepsl Hacoca. B Msaye aTOT BO3[yx
3aHUMaeT 00'beM V ¥ HMeeT MaplMalbHOE IaBIEHHAE p, KOTOPOE MOKHO HAHTH
13 3akoHa boins—MapuoTtTa; p = upy/V. Ilocne n Kauauuit faBiaeHde p, B Msi-
ye OyleT paBHO CyMMe MapIUaNbHbIX NaBIeHAMN: p, = np = nupy/V = 0,2 MIIa.

275



441. TlapumannbHOe RaBIEeHAE OJHOH NOPIHH BO3AyXa MOXHO HaHTH Ipu
nomome 3akoHa Boina-MapmotTta (cM. 3agauy 440): p, = vpy/V, roe
v = Td?h/4 — o6beM BO3Qyxa, 3acacbiBaeMbIil P OfHOM WHKIE PaGOThI
Hacoca. CymMa napuuanbHbIX AaBJICHAR BCeX NOPIHE BO3AyXa, 0OaBIAEMbIX B
KaMepy 3a n UMKIOB paGoTsl Hacoca, 6yaer np; = Nd*hnp/4V. Cioxus a1y
BEJIHYHMHY C HAYaJIbHBIM JAaBICHAEM B KaMepeE Py, HaljleM KOHEUHOE JIaBJICHHE:
p = Rd%hnp /4V + py; OTCIORA YHCIIO WEKIOB paboThl Hacoca, HEOGXOAMBIX
AJIsL HONYYEHHS AaBJICHHS P B KaMepe,

n=4V(p- py)nd*hp,.
BpeMs HaKauHBAaHHUSA KaMEPBI
t=nt=4V(p- py)t/nd*hpy ~ 46 c.

442. Tlocne cOeRMHEHH COCYAOB BO3AYX, HAXOMUBUIMHCSA B KaXXAOM H3 HHX,
pacnpepenuTcsa no o6beMy Vi +V, 1Byx cocynos. [Ina BO3pyxa, HaxoJHBHIE-
rocst B IEPBOM COCYAE, COTTIAacHO 3aKkoHy boina-Mapnorra p,V, =p' (V) + V,);
AN BO3/lyXa, HAXONHBLIETOCA BO BTOpOM cocype, paV, = p'»(Vy + V), rae p'y
u p’, — MapuHaidbHble faBieHHsA. CKIafbiBas 3TH PaBEHCTBA, HNONYYHM
PiVi+pVa=(p1 + p)(V, +V,). Ilo 3akoHy [JanbTOHa yCTaHOBHBIIEeCs
RasneHme p = p’; + p’. TakaMm o6paszom,

p(p Vi + pyVo) IV, + V) = 675 xTla.

443. P1= [p(Vl + V2) —szz]/Vl = 1,2 Mna (CM. 3ana'~]y 442)-
444, P1= 4[)"11/(2"11 + m2).

Py Py g
P
I —_— 3p,

Pi— | J) S—
L——————» —

o 14 o T o T

Puc. 307 Puc. 308 Puc. 309

445. Cm. prc. 307-309.
446. HayanpHas H KOHE4YHasa TeMIepaTtypbi rasza (V, =2V)):
re AT | g g JalvaT

VoV -1 Va1V -1

447 AVIV, = (Vo -V )WV =T, = T)/T1] - 100 % = 4 %.

448. [Ina HeHarpeToro cocyja corimacHo 3akony Bo#tns—MapmoTrTa
pV = p(V — SAl); ang HarpeTOoro cocyfa COITacHO OObEAHHEHHOMY Ta30BOMY
3akony pV/T = p'(V + SAD/(T + AT), rne p m p’ ~ naBneHus B cOCyAax Jo H
nocne HarpeBaHumst. HCKIIO0YMB M3 3THX ypaBHeHHHd p/p’, HaHAeM
ATIT = 2S5AI(V — SAl) = 2SAllV.
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TV T(V + NAV)

" 449.;0'177; =————=267 K jo0 T, = =321 K.
V+nAvV V +nAV

450. V, = VT, (T) + T,) =200 em?®, V, = VT, (T + T,) = 300 cM>.

451. U3meHeHHe oOobeMa AV ofmHAKOBO AN 0o0eux uacTeldl HUIHHJApA.
CornacHo 00'beJHHEHHOMY Fa30BOMY 3aKOHY [1JIs1 HCHAIPETOM YaCTH UMIMHIPA
pV = p’(V — AV), nna uarperoit pVIT = p(V + AV)/T’, rne V — nepBoHavanbHbI
o6beM Kaxpaol uactu nunuHApa. Mckmrouas orcopa AV/V, naifijem
p =p(T + TH/2T = 105 kI]a.

452. I1ycTh NP TOPU3OHTAILHOM MOJIOKEHIH OIUIHH/pPA 0GbEM KaXk/10d U3
vyactedt paseH V. [Ipn BepTHKaNbHOM MONOXKCHHUA NUIMHApPA O0BEM BEpXHEH
yactH cran V + AV u naBneHHe B Hell paBHO p’, 06'beM HHXKHEH YacTH cTan
V — AV u faBneHue B He# paBHO p + mg/S. CornacHo 3akoHy Boitna—MapuoTrra
HMEEM

pV=p'(V+AV), pV=(p +mglS)(V—AV).

Hcexmouns #3 3THX ypaBHeHHH AV/V, nonyunm

- mg mgp
- o —
P’ (p S )p 5

oTcrona

2
, 1 mg 2 (mg)
=—|p-—+ + == |,
PP TP s

(BTOpPO¥ KOpEeHBb OTGpPOIUECH, TaK KaK OH facT And p’ OTpHHATEJAbHbIC 3Ha-
YeHHSA).

453. 1 = pgh(L = )2(2p + pgh) = 17 em.

454. 7' = pT/p' =mT/Vp' =225 K.

455, Tak xaKk faBiicHHe B KOnGe mnepej MOTPyXKEeHHEM M B KOHEUHOM
€€ COCTOSHHHM OJTHO M TO Xe (paBHO aTMOC(EpHOMY), TO ANl 3THX COCTOS-
Hui raza V,/V, = Ty/T,, tne V| = 4na’/3 + nd%l/4, V, = 4na3/3 + nd*l/8 —
HavyalbHBbII M KOHCUHBIH OGBEeMbl BO3ayxa B KonGe. CiegoBaTenbHO,
T, = T,V [V, = 2T,(16a% + 31d®)/(32a® + 3Id*) = 316 K.

456. py = poTy/T, = 0,41 kT/M.

457. YpaBHeHHE COCTOAHHA Ta3a 10 ¥ Noclie HarpeBaHus;

pV=(m/WRT, p(V+Sh)=(m/WR(T+AT),

e p, V u T — naBneHue, o6'beM U TeMIIepaTypa rasa 1o HarpeBaHHus. Borunrtas
BTOpOE ypaBHEHHE U3 MEPBOTO ¥ YUHTBIBAd, UTO p = py + Mg/S, Haliiem
M mRAT/ugh poS/g =85 kr.

458. Ycnosue V/T = const 03HavaeT, YTO TIPONECChl HArPEBaHHs M OXNaXK/e-
HUsl IIpOHCXOIIﬂT n306apHo IIpH OTHOIIEHNH HAYANBLHBIX 06beMOB V,/V, = 1/2
3TH 06'beMbl cocTaBnsaoT vactun Vy = V/3 u V, =2V/3 or o6bema V Beelt
Tpy6ku. Koneunble 06'beMbl 00enx uacteit oanHakosbl: V3 = V/2. CormacHo
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sakony I'eii-JIroccaka ansa Mensbiuei yacta V/Vy =Ty /T, nnst Gonbiueit yacTy
Vo/V3=Ty/T,, tne Ty = 273 K — TeMneparypa, COOTBETCTBYIOIIAs HAUATbHBLIM
YCIOBUSIM; OTCHOfa

Tl = T()V3/V] = 3T()/2 = 410 K, T2 = T()V3/V2 = 3T()/4 = 205 K.

459. 1= LTy/[(T| + T,) = 42 cm.

460. T, = p Ty/p, = 404 K.

461. m = Spy(Ty - Ty)/gT, =~ 4.6 kr.

462. MaHOMETpPBI OGBLITTHO TPAAYHPYIOTCS TaK, ITO OHM [TOKa3bIBAlOT pas-
HOCTb MEXJYy AaBICHHEM BHYTpH OalnoHa M aTMOC(EPHBIM IaBICHHEM,
[NMosToMmy papieHne B GallJIOHE, KOTla OH HaXOAUTCA B IOMELIEHUH, Py = P + P,
a faBJenHre B OANIOHe, KOTHAa OH BBIHECEH Ha YIHLYY, P, = p + Py — Ap. Tak kak
06beM rada ocraeTcsi HEM3MEHHBIM, TO 1o 3akoHy Wapnst py/T| = po/T,, the

=t + 273 K — TemnepaTypa Hapy>XHOT'O BO3/yXa; OTCIOia

Ty =pyTi/pr = (p + po~ Ap)T1/(p + py) = 256 K.

463. [JasneHre ra3a, KOTOPbIM HANOJHSAKTCS JaMIIbl, NOJXHO YAOBJIET-
BopsiTh 3akony WMapuns: p/T| = py/T»; orcropa p = T, /T, = 74 kIla.

7
Poo3 ! 3

Puc. 310 Puc. 311

464. IlycTs B NIMIHHApE NOJ NMOPIITHEM HaXONHTCS HEKOTOpas Macca rasa,
KOTOPBIH ITpu TeMnepatype f; =0 °C uMeeT gaBneHue py 1 06beM V.

1) Harpeem ras go TeMnepatypsl f; p NOCTOSIHHOM JaBIEeHHH py. Torga no
3akoHy ['efi-JItoccaka ras 3aiiMeT o6beM Vi = V(1 + ouy).

2) CoxxMeM ra3 NpH IIOCTOSHHOR TeMnepaType 1) oT o6bema V| 1o o6beMa
V. B pesynbTare ras 6yJeT HMETH JaBICHHE P, MPUUEM 110 3aKOHY Boina—
Mapwuorra pyV, = p|Vy.

3) OxnmaguMm ras o TeMnepaTypsl &y MpH MOCTOsHHOM 06beMe V). Ilpu aToM
ra3 BO3BpaTHUTCs B MEPBOHAUYATLHOE COCTOSIHUE U €r0 JIABIICHHE YMEHBIIMTC
OT p 0o py. CornacHo 3akony lllapns p; U py cBA3aHBI COOTHOIIEHHEM
p1=po(l + Bo).

ITopcraBuB BeIpaxkeHne ans V; m3 3akoHa I'efi-JIroccaka u BhIpaskeHHE IJIA
p1 n3 3axkoHa Illap7nsi B BbIpaXXeHHE 3aKOHA BOI/UISi-—MapI/IOTTa, MOy YM
PoVo(l +outy) = poV(1 + Bry); orcropa o = .

465. Cm. puc. 3101 311.
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466. [Ins nepexojila MexX/y COCTOSHHUAMH 3 U 1 JIOMXKHO BBINOJHATHCA
cooTHouleHue p3Va/T3 = p,V,/T;. C Ipyroii cropoHsl, Kak BHIHO U3 puc. 63, B
aroMm cyuae V = kp, T.e. V3/p; = V,/p,. IIponecc nepexofa MexXy cOCTOSHUAME
1 ¥ 2 u30XOpHBIN; ClIeloBaTEeNbHO, P/p, = T|/T,. HakoHen, npouecc Mexay
cocTossHUsAMH 2 U 3 u300apHbIi, T.€. p; = p3. I3 npuBeAEHHbIX COOTHOUIECHUN
naitnem T, = T / T;.

467. py=p,\V T5/V4T, = 0,1 MIla.

468. 112 paHHOM Macchl rasa npu TMOOLIX NpoLeccaX MOXHO MNpHME-
HATH 00 BeJUHEHHDBIH T'a30Bbli 3aKOH B Buue pV/T =B = const. ITocTossHHYIO

», MIla p, MIla V,a

0

Puc. 312 Puc. 313 Puc. 314

BETUUMHY B MOXHO HAaWTH, NOJCTaBHUB B 3TO YPaBHEHUE W3BECTHDLIE [Js
HAUAJILHOIO COCTOSHWs 3HavueHus p;, V., T;; uMeeM [nsa Haulell 3ajatu
B =p,V,/T) =05 Ox/K. [TocrpouM rpauKu npoueccos, npeaBapHTeIbHO
BpIOpas Macurrab nist p, V u T (puc. 312-314). B pesyabraTe MOTYUdM, UTO
pa=0,1 MIla. .

469. IIpun HOpMaTBHLIX YCTOBHAX (IaBleHuu py = pghy = 101,325 kIl1a, rpe
P = 13,595 - 10 kr/M* — nnoTHOCTH pryTH. g = 9.81 M/C? — yckOpeHue cBOGOjI-
HOTO najeHus u g =760 MM — BbIcOTa pTYTHOTO cTONOa, U TeMNeparype
T, =273 K) Moab 11060r0 ra3a cOrJacHO 3aKOHY ABOrajpo 3aHNMAacT 00beM
Vou = 22,41 - 107 M¥/Mone; orcropa

R =I)V|.1/T=I)()VU}J/T() = 8,31 H)K/(MO.TH) . K)

470. VI3 ypaBHEHUS COCTOSIHUS U/IcaIbHOTO Ta3a HaljieM

m=upV/RT = 138 r.

471. W, = nywop,T/mop T = 0,028 kr/Moub.

472. YpaBHeHHs COCTOSIHHS BO3/lyXa B COCY/le NPH aTMOC(EPHOM aBJIECHHH
P 1o u nocne HarpeBanus: pV = mRT /W u pV = myRT,/\, TRE m1) B 11y — MACCHI
BO37lyXa B cocyie 10 u nociae HarpeBaHus. [lofenus Bropoe ypaBHEHHE Ha
nepsoe, HaupeM my/my = T)/T, = 0,415.
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473. (my — mp)my = (py — p2)/p1 = 0.2.

474. my — my = (WIR)p,/T, — p/T)) =5T7T.

475. U= mRT/pV = 0,032 xkr/™Mons (KUCTOPOR).

476. U3 ypaBHeHust cOCTOsHMS UMeeM P = m/V = Up/RT = 1,12 kr/m3.
477. py = 0,49 xkr/™M3 (cM. 3anauy 476).

478. p = 0,4RTp,/u = 24 MIla (cM. 3apgauy 476).

479. 3agauy MOXHO PEUIUTh TPEMs COCOOaMH.

L. YcraHoBHBIIIEECS 1aBIEHUE BhIpaxaercsa popMynon (cM. 3afady 442)

P =PV +pV)I(V + Vo)

orcrona
p1={p(V1 + V) = poVal/Vy = 0,5 MITa.

II. YpaBHEHHS COCTOSIHUS BO3/lyXa B IEPBOM U BO BTOPOM OalnoHaXx:
piVi=mRTIU, p,V,=nmRTIY,;

nocne coeguncHus 6annonoB p(Vy + V;) = (m; + my)RT/U, e m; ¥ niy — Macenl
BO3/lyXa B ICPBOM H BTOpOM Gannonax. MCKIIOUYMB U3 3THX YPABHEHUHN m; U
my, ToayuM cHoBa py = [p(Vy + Vy) — p VoV,

III. IlpepnonoxumM, uro B TPyOe, coeauustomici OaNNOHBI, HMEETCA TOp-
wenb (puc. 315). CMecTuM nopiueHsb TakK, UTO-
Obl faBICHUS B OalIOHAX CTANH OIMHAKOBLIMU
u paBeEbIMH p. O01,EM BO3AyXa B IEPBOM Oalo-
HE YBCJIUUHTCA Ha BENUUMHY AV U CTaHET pas-
HBIM V| + AV, a BO BTOpOM 6anioHEe yMEHb-

Puc. 315 IMHTCA Ha TY X€ BCAWUYMHY U CTAHET paB-

vbiM V, — AV. Tenepr mnoplicEb MOXHO

yoajnuTbL, HE Hapyllas pasHoBecHusi rasa. Ilo s3akomy Bboins—Mapuorra

Vi =pV, + AV) u p,V, = p(V, — AV). CkrnajpiBas 3T ypaBHEHHUs, HalineM

Vi +paVo=p(V) +V,), oTKya noayuuM AJis ONPEEICHUS P NPEKHION
¢opmMyny.

480. p = (T/2)(p\/T; + poT>).

481. YpaBHEHHE COCTOSHUSA ra3a 40 HarpeBaHus B KaXKJ/ION 4aCTH HAJIUHApPA:

pSL="RT, 1)
U

e SL = V — o6beM Kax 0! uacTu BUIMHAPA, S — INTOUAAb €r0 NONepPeIHOro
ceuenusa. O6LEMBbl HArpeTol M Hewarpetod uacreit: Vi =S(L +DuV,=
=S(L —I). YpaBHEHHA COCTOSIHMA Ia3a B HAX:

VﬂL+D=%RU+Aﬁ, Q)

pS@—D=%RR 3)

rae p’— JaBIeHHE rasa mocje CMEIUeHdst nopiHd (OHO M TO Xe B O0cHX
JacTsX HUAMH[paA B CHUNy paBHOBecua nopmwHs), T + AT — teMnepaTypa B
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HarpeTo# yactu muinuHApa. IlofenuB ypaBHEHHS COCTOSIHUS [pYr Ha Apyra,
HOJTy4IUM

T+ AT =T(L + D)L - I); otcrona AT = 2TI/(L - I) = 404 K.

IIpasble vacTte yparHeHmit cocTosiHusi (1) u (3) paBHBI MexXpy coboi,
noatomy p'S(L — [) = pSL (aT0 ypaBHEHHe MpefcTaBisieT co60H 3ak0oH boimsi—
MapuoTTa ANs TO# YacTH UMIMH/pPA, TEMIEepaTypa KOTOPOil HE M3MEHUIIACh);
orctona HaxonuM p’ = Lp/(L — I) = 167 kIla.

482. | = L(1 - /T, /T;) = 10 cm. (ITpu pemenun 3agayn o6paTUTh BHEMAHUE

Ha TO, uTO pg = py/L.)

483. Tak kak BOAOpPOJ CBOOOAHO NMPOXOAWT Uepe3 MNeperopojiky, TO OH
pacmpocTpaHsieTcst Mo 06 beMy V BCero cocyfia ¥ JJjist HeTO ypaBHEHHE COCTOsI-
Hust Oyaet p,V = mRT/W,, oTkyna ero pamneHue p; = mRT/u,V. [Ins a3ora
YpaBHEHHE COCTOsiHUsE OyfeT p,V/2 = (my/U,)RT = v,RT. Tak Kak B TOI 4acTH
cOCyfla, B KOTOPO# paHbIle ObLI OfMH a30T, TENEPh HAXOMASITCS U BOJOPOA |
a30T, TO MOJHOE JlaBiicHue p OYIeT CKIaAbIBAThCS U3 MaplHalibHBIX AaBICHHUN
p1 ¥ py. Takum o6paszom,

p=pr+p)= (m]/l.ll + 2V2)RT/V= 0,1 MIIa.

484. 1 = H]LTz/(l.Lsz + “‘27‘1) =60 cM.
485. YpaBHeHusi COCTOSIHMS s Ta3a B IEPBOM M BTOPOM UacTHX cocyfa A0
BbIPaBHUBAHUS TEMIIEPATYP:

pVi=mRTi/u, pVy=mRTy/.

[Mopenus ux napyr Ha apyra, HaxopuM VT5/V,T| = my/m,. YpaBHeHus: cOCTOSAHUs
A7isi ra3a B IEPROA ¥ BTOPOH MacTsiX COCyAa MOCIC BbIpaBHABAHMUs TEMIECPATYP:

p’W=mRT/u, p'Vy=mRT/y,

raie W m V) — koHeuHble 00BbEMBI MEPBOH U BTOpOH 4acTeit, T — ob6mas
TeMrepatypa u p’ — IaBleHHe, OHO M TO K€ B OOCHX YacTsiX B CHUTy paBHOBE-
cusi meperopofku. IlofeNuB 9TU [Ba ypaBHECHHUS [pyr Ha JApyra, Haiaem
W1V =my/m,. Takum obpasom,V|'/ Vy = VT, /I V,T, =4/5.

486. ITycTh nuHa TO# YacTH HMIJIMHPA, KOTOpas 3all0THEHA KUCITIOPOAOM,
paBHa [, TOrjga BONOPOAOM 3aMOJIHEHA YacTh NUIMHApa AxmHbl L — [ MIx
o6beMsbl paBHel V= SluV, =S -1), rae § — naomags NONEPEYHOTO CEUECHUS
MUIMHAPA. Y paBHEHUs COCTOSIHUSI KUCIOPO/a B BOJlOpoyia:

pSl=mRT/W,, pS(L -1y =mRT/\,.
ITopenus O0fHO ypaBHEHUE Ha JPYrO€, NONYUUM
(L —1) = Wy/uy; otcroma = LUp/(ly + L) =5 eM.

487. ITonoxuB B ypaBHEHHUsIX cOCTOSIHUS (cM. 3afauy 486) [ =L/2, T=T; nnsa
kucnopona u T =T, ans BOOOpOAa, 3aMETUM, YTO JNEBLIE YaCTH ITUX
ypaBHeHH#E OynyT paBHbl. IIpHpaBHsB NO3TOMY OpaBbie YacTH, MOJNYy4UM
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T\/Ty = W/, = 16. Ipu no6bIX TeMneparypax, s KOTOPBIX GYAET BbI-
MOJHATBCS ITO YCIOBHE, NOPIIEHb OYAST ACNNUTDL UWIHHADP HA PaBHBIC YaCTH.
488. T = upV/mR = 280 K.
489. IMocne nogwveMa mapa ero odneM V, =V, + nV|, a nasieuue raza
BHEM p, = py + Ap. CornacHo 00beJHHEHHOMY Ta30BOMY 3aKOHY HUMeem
PiViIT, = p,Vy/Ty; orciona

T2 = /)2V2T,//)1V1 = ([]() + Ap)(l + ”)TI/PI = 255 K.

490. O6eM BoAOpOAa, 3aKJIIOUEHHOrO B 77 GamnoHax, V = nv. 3 06benu-
HeHHOro rasosoro 3akoHa pV/T = p'V'/T’ HaxopuM 4YHcno GalNOHOB:
n=pVTpvT = 536.

491. [eiicTBytomasi Ha aBTOMOOMI b CHJIA TSKECTH Mg, HANpaBJcHHAS BHH3,
YPABHOBEIINBAETCS YETLIPbMsI CHUIAMH PEAKIHH ONOPbLI CO CTOPOHLI TPYHTA Ha
ITMHBI, HANpaBJIeHABIMU BBEPX. ByaeM cuMTaTh, YTO BCE UETHIPE CHILI peak-
UY ONOPbI OAMHAKOBBI 1 paBHBI F = mg/4. Ha conpukacaromuiics ¢ TPyHTOM
IUIOCKUH y4YacTOK IIHHBI CBEpXy (H3HYTpH) AEHCTBYET cHJa AaBIEHHst pS
BO3/lyXa, 3aKIIOUEHHOTO B IIIHHE; CHU3Y K€ ACHICTBYET CINIa peaKIid ONOPLI co
CTOPOHBI TPYHTa F. 3TH cHUNbI ypaBHOBeIMBatoOTcs. TakuM 00pa3oM, Ipu TeM-
neparype t, gaBJ€HHE BO3JlyXa BHYTpH WHUHBI p = F/S = mg/4S. Cornacuo
00 BEeJUHEHHOMY ra30BOMY 3aKOHY

pValTy = poVi/Ty, una mgV,/AST, = poV4/Ty:

orctofa m = 48T,paV1/V,T1 g =~ 4000 kr.

492. YroG6Bl BBITECHATH BOJY M3 WHCTEPHBI, BO3AYX [AOJKEH HMETL [aB-
NeHWe, MO KpafiHEH Mepe paBHOE JaBJEHHIO BOABLI Ha TnybuHe h:p, =
= po + pgh. Iocne pacmpeHnst BO3AYX 3aiMeT o6weM V, = V + V. CornacHo
006 bEIUHEHHOMY Ta30BOMY 3aKOHY

pIVIT = paVolTy, wma piVy [Ty = (po + pgh)(V + V)T

orctofa V = p,|V To/(py + pg)T, ~ V| = 1,85 M°.

493.T'> (F + peS)T/pyS = 390 K.

494. PapHOBECHE yCTaHABINUBACTCS, KOT/Aa CHIbI JaBIEHHS BO3/yXa B LH-
JHHApaxX Ha 00a nopniHs OyAyT paBHBI, T.€. Koraa pyS; = p,S,. llpuMmenum pist
BO3/lyXa B MEPBOM UHIHHApPE OOBLEAHMHEHHBIA Ta3oBbId 3akoH: p,V /T, =
=p; W /T, a nns BO3gyXa BO BTOPOM WHIHHApE — 3akKOH Boins-Mapuorra:
poVa=p,Vy. Tlocne HarpeBaHWsl NOPIIHHU CMECTATCS HAa OfRHMHAKOBbIE pac-
CTOSIHHSI ¥ M3MEHEHHsI 00 EMOB BO3AYyXa B IMIMHApax GyAyT NMpONOpPIHO-
HanbHBI MomagsaM nopmHei: (V) — VYAV, - V5 ) = §/S,. Pemns cucremMy
UeTBLIPEX YPaBHEHHUI C YeThIPbMsl HEH3BECTHBIMH Py, P2, V', V, , HaliieM

_ PoSi(TVi + Tovz); oTCropa szzszzsxszpo(rvx + Tovz)‘
To($:1 +5,V3) T ($V +51,)
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495. VI3 ypaBHeHHH COCTOSHMSI HAXOIUM Maccy 71, BOAOPO/A, HAXOMISIIErocs
B IIApe, M MACCy M, BO3[AyXa, BBITECHEHHOTO wWapom: m; = pVi,/ pyVy, u
my = Vi,/Viy, tie Vo, = 22,41 - 1073 M*/Monb — 06beM MOTTs HEaTBHOTO Ta3a
IpH HOpMaNbHBIX ycnoBmwix. COrnacHo 3akOHy ApXuMe/a NpH IapeHUuH 1apa B
BO3JyXe CHIIa TSIKECTH, ASHCTBYHOLIAS Ha IIap C BOLOPOIOM,
(M + m,)g paBHa CHIIE TSIXKECTH BBITECHEHHOTO BO3/yXa Niyg:
oTclofa

p = po/M)(ly = VouM/V)= 0,15 MITa.

496. ITycts ypoBeHb BOJBI B CTaKaHe HaXOAMTCS Ha
paccTosHUM /1 OT AHa crakaHa (puc. 316). JlaBmeHue BO3- |{— — — — -
nyxa B crakaHe OymeT po+ pgh. Tak kak pasnesue p, |— — — —
COOTBETCTBYET NMPHOMU3UTENBHO AasieHuo 10-MeTpoBoro
cronba sofpl, a h < H = 0,1 M, To pgh cocrasnsieT MeHee Puc. 316
1% aTMocdepHOro JaBIEHHUsI H BeTHIMHOH Pgh MOXHO
npeHeOpedus M0 CPaBHEHHIO C Py, T.€. CIHTATh, YTO JaBICHHE BO3AyXa B
crakaHe Heu3MeHHo. Torfa cormacHo 3akony Iefi-JItoccaka V| /T = V,/T,, e
Vi=HSuV,=hS —HavanbHbIi U KOHEUHBI! 00beMB! BO3[lyXa B CTakaHe,
orctona 1 = HT,/T,, 1 06beM Bomene B CTaKaH BOJLI

V=(H-mhS=HST, - Ty)/T, =49 cm3.

Ecnu yuecTb M3MEHEHHE JaBICHHS BOJbI B CTaKaHE B 3aBHCHMOCTH OT
paccTosiHus /i M NPUMEHUTH NPH 3TOM OGBEIHHEHHBIH Ia30BbIH 3aKOH:
PoHSITy = (py + pgh)hS/T,, TO anst h nonyunTcs CnoXuas opMmyna:

h=(py/2pg)\1+4HT,pg/ pyT, —1).

Boruucnenne no atoit gopmyne paer V =50 cm?. 3amerum eme, aro ecnu
KOPEHb B 3TOM BBIPa’KEHHHM Pas3ioXUThb N0 ¢dopMyne 6uHoMa HbloTOHa H
OrpaHHUYUTLC NByMsi wineHamu: 1 + 2HT,pg/poT |, TO Mbl monyuuM s h
BbIpaxKeHHE, HalffIcHHOE paHee IIpH NOoMOIIM 3akoHa ['eit-Jlioccaka.

497. CornacHo 3aKOHyY ApxXHMefa NOTPYXEHHBIHI A0 KpaeB CTakaH
(cM. puc. 65a) nnaBaeT NpH YCIOBHH, TITO CHNA TIXKECTH Mg, NeHCTBYIOMAS Ha
HETro, BMECTe ¢ CHIOH TskecTH PgV), NeACTBYIOIMEH Ha HAMUTYIO B HETO BOJY,
paBHBI cuite Apxumepna pgV, rae V = 1S — o6beM crakana, V| = = hS/3 — 06veM
HaTUTON B HETO BOABI (S — MIOMAanb €ro MNONEePEevHOro ceueHus). Takum
06pasoM,

mg + 2pghS/3 = pghS; orcropa mg = pghS/3.

ITorpykeHHBIl BBEpX AHOM Ha InyouHy /1 crakaH (cM. puc. 656) 6yaer
HaxXOUTBbCA B PABHOBECHH, eCNu cuna Apxumena pgV,, roe V, — 06meM
CXKaTOTO B CTAaKaHE BO3/IyXa, paBHa CUJIE TSXKECTH mg, JAelCTByromell Ha
CTakaH. Y<MTBIBasi BLIpasKeHHe Nisl mg, HaifgeM V, = hS/3. [JaBnenue Bo3gyxa
B crakaHe p = py + pg(H — 2h/3). cnonb3yst 00 beIHHEHHDI Ia30BbIi 3aKOH:

pohS _ [pg+pg(H —2h13)]hS /3
Lo T, ’
nonyauM H = po(3T, ~ T\)/pgT, + 2h/3 = 15,4 M.
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§ 15. DireMenTEI MOJIEKYNSAPHO (PU3NKH

498. Macce MoONekyT Bojgoposa ¥ kucnopopa my = 3,310 kr u m, =
=5,3- 10726 kr.

499. m = popT/npT, = 3,33 - 1026k, rne Ty = 273 K, py = 0,1 MI1a.

500. ny = N4/V, = 2,7 10% m~? (mocrosinnas Jlommupra).

501. n = N,Ty/kVy,T = 1,83-10%M73, rpe Ty =273 K, V,, = 22,41 x
x 1073 M3/Monb — 06'beM, 3aHIMAECMBIH OHUM MOJEM HAcalbLHOTO rasa npu
HOPMAaNbHBIX YCIOBUSX.

502. B o6beme Vo, = 22,41-1073 M>/MOJIb COJIEPXKUTCS MPY HOPMANbHbBIX
YCIOBHSX THCITO MONEKYN N, = 6,02 - 1023 monw™!, Tak kak NPH OJJHUX U TEX XKe
yCIOBHAX YHCTO Ay MONEKYT B COCyAe MPOHOPUHOHANBLHO €ro o0nhemy,
TO ny/v = N4/Vy,. otcrona ng = uN,4/V(,. ckoMoe BpeMs T = ngp/n, =
= UN,4/Von, = 8500 mer.

503. p, = p; - 3npoT/4nny3T,, tne Ty = 273 K u py = 0,1 MI]a.

504. Bo3rMeM OauH MOJIb a30Ta, KOTOPBIM NPH HOPMAJbHBLIX YCIOBUSX
3aHUMaeT o6beM Vo, = 22,41 - 1073 M*/Monb, a npu jaBaeHun p u To# xe
TEMIepaType coriacHo 3akoHy Boinms-Mapuorra 3aHumaer o6beM V =
=Voupo/p. B opHoM Mone a3oTa CORNEPKHTCS UHCTO MONEKYN Ny =
= 6,02 - 1023 monp~!. O6beM Kax/a0! U3 HUX paBeH Td 3/6, U UX CyMMapHbIi
06beM U= 1td3N,/6. TakuM 06pa3oM, Ha 06'beM CAMUX MOJTEKYJT MPUXOAUTCS
TPH AABJICHUH p(, 94CTh 00beMa

UV = (Rd N6V, - 100 % = 0,038 %,

a P AaBJICHUM p — JacTh 06beMa
U/Vu = (nd SNA,”/6V()|,1P()) - 100% =19 %.

505. Kaxpast Moekyia io yAapa O CTCHKY MUMEeT UMNYJbC mU, Hanpas-
JCHHBIA K cTeHKe. Ilocne aGcomoTHO ynpyroro yaapa HanmpaBJICHUE CKOPOCTH
MOJTEKyJIbI MEHsieTcsl Ha o6paTHOe. I103ToMy HMITYJIbC MONEKYNIBI TTOCIE yAapa
CTAaHOBHUTCS paBHBIM —mv. [IpH aTOM u3MeHEHHE
HMIIYJIBCA KaX/JOH MOJEKYNbI mv — (—mv) = 2mu.

B TeueHme mpoMexXyTKa BPEMEHH T O CTEHKY
yaapsTcs Bce T€ MOJEKYJIbI, KOTOpPbIE, HaXOAsCh B
Hapajjgesenure/ic ¢ OCHOBaHUEM S U JUTHHOH [ = UT,
ABUTANHCh MO HANPABICHUIO K cTeHKe (puc. 317).
O61eM aToro mapaniaenenunefa V = Svt, 0 B HEM
HaxoputTcss N = nSUT ABHXKYHIUXCS K CTCHKE MOJNEKYJI. 3a IPOMEXyTOK
BPECMCHH T IPOU30HAET U3MEHEHUE uMIiyihca N MONeKylN, pasHoe 2munSuT.
[To Bropomy 3akony HetoTona 2munSvt = F1, rue F - cuna, percrpyroitiast Ha
MOJIEKYJIBI CO CTOPOHBI cTeHKH. COrlacHo TpeTheMy 3akony HreioTona TaKas
K€ CHla JeHCTByeT Ha CTCHKYy. TakuM obpasoMm, F'= 2nmu2S u I_[aBJIeHHe
p=F/S =2nmv2 :

506. Jasnenne Ha CTCHKY p = 2nmv? (cM. 3apauy 505), rae n — u@cCaO
MOJIEKYT B efHHUI[e OGheMa, J[BIDKYIUXCS [0 HANpPaBJICHAIO K 9TOH CTCHKE.
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IIo HampaBneHHIO K KaXJOH IpaHH KyOHKa ABHXeETCS n = VN,/6 MONeKyn;
orcioga p = VNymv¥3 = 1,5 [1a.

507. Yucno Monekys, cofepXailfUxcsi B OJHOM MoOJe rasa, paBHO IIO-
_crosinHO# ABoraspo N,. CornacHO ypaBHEHHIO COCTOSIHHSI KOJHMYECTBO rasa
v = pV/RT; orcioga

n=VNV =pN4yRT =2-10% M3,

508. T = pVN4/nR = 301 K (cm. 3apauy 507).

509. p = npT/npkVTy =20 kI1a, e py = 0,1 MIla, T, =273 K.

510. n = pN,/RT =3-10'0 3

511. Macca rasa m = nmy, ero MOJsSIpHast Macca [L = myN,, TRe my— Macca
ONHO¥ MONEKYNBI, h — YUCINO MONEKYJ B JaHHOM 00heMe U N, — 1HCIO MOTe-
KyJ B OJ{HOM More ra3sa (nocrosiHiasi Asorasnpo). Iloacrasus m u |l B ypaBHe-
Hue cocrosiHus pV = mRT/|, Haxonum p = nRT/N 4V, T.e. 1pu NpoYHX paBHBIX
YCTOBHSIX [JaBJICHHE NPONOPIUOHANIBHO YHCNy vacTHi A, Ecnu Ob1 MONEKyIbI
He pacnajanuch, To cornacHo 3akoHy Ulapns npu Temneparype T, Gb1no Obl
nasneHue p, = p1T,/T,. Bcnenacrsre pacnajga KaXkKaoil MONEKYNbl BOOPOJA Ha
ABa aToOMa IIOJNHOE YHCJIO YacTHUI yBenuwusBaeTcs Basoe. ITosTomy npu
remneparype T, nasnenue 6ynet 2p, = 2p,T,/T; = 40 KI]a.

§ 16. Buyrpennsisi 3Heprusi H padoTa paciipeHHs ra3os.
TennoeMkKocTh

512. Ha nopuieHb AEHCTBYIOT CHNA TAXECTH, CHIa aTMOchepHOro
NlaBJIeHUs] U3BHE U CUJIA [JaBleHusl KHcaopoja u3HyTpu. IlepBble iBe cunbl BCe
BpeMsl OCTAaKTCS INOCTOAHHBIMU. Tak kak nopureHb B N0O0OH MOMEHT
HaXOJIUTCS B PABHOBECHH, TO BO BPeMsl HAarpeBaHHs KHCIOpOoJa €ro AaBleHHE p
ocraeTcs TakXe IOCTOSAHHBIM. Takum oOpa3om MmoxeT ObIThb HallfieHa
yaenbHas TCIJIOEMKOCTh KHCIOPOAAa IPH IIOCTOSHHOM HaBlE€HHH:
¢, = Q/mAT = 916 Ix/(xr - K).

PaGora pacmupeHus Npu nocrosHHoM pasneHuun A = p(V, - V), rne V| u
V) — HaYaNnbHBIA H KOHEYHbIA OOBEMBI ra3a. YpaBHEHUsl COCTOSIHUS ra3a a0 U
nocne HarpeBaHus:

pVi=mRT /U, pV,=mRT,/L.

Berunras nepsoe ypaBHEHHe H3 BTOPOTo, HalieM
p(V2= V1) =mR(T, - Th)/n.

rne 7, — Ty = AT — pa3HOCTb KOHEYHOH H HavaJIbHOH TEMIIEpaTyp; OTCHOja
A=mR(T, - T/ =259 x]Ix.

[MogBoauMOe K ra3y KOJNHMYECTBO TEIUIOTBI HAET Ha YBENHUEHHE €Tro
BHYTpeHHeH axeprud AU m Ha coBepmenue paboTer A: Q = AU + A; oTcrona
AU =0 —-A=6,57 k]Ix.

513.V = mpy/(p1 - p2)Po = 29,2 0.
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514. YpapHeHHsl COCTOSIHHSA 10 ¥ NTOCINe BbINyCKaHUs rasa U3 GanmoHa:
p1V =nyRTiu, p,V=nmRT/\U,

Tjle m1y U 7y — Macchl rasa B GajioHE, a p| U P, — AABIEHAS rasa A0 H 1ocie
BBINYCKAHUs. BbhIunTas OlHO ypaBHeHHE U3 JPYroro H yuuThiBas, uro Ant =
=p1— niy 1 Ap = py— py, uMeeM VAp = AmRT/u; orcropa WRT = Am/VAp. C
JApPYrol CTOPOHBI, MIOTHOCThL ra3za Py NPH AABICHHH py MOXHO HANTH U3
YPaBHEHHUS COCTOSIHUS:

Po = pol/RT = ppAm/VAp = 3,7 kr/M®.

515. Ap = po(mp— m)/Vpy = 68 kIla.

516. Ecxnu ra3 HarpeBaeTCsl IPH [IOCTOSIHHOM 00bEME, TO ra3 He COBepuIaeT
paborsl. [1o3TOMYy BCE NOABOJIUMOE K ra3y KONHYECTRO Temnorhl Q et Ha
YBCIMUEHHE €ro BHYTpeHHeH 3HepruH AU (cM. 3apauy 512): Q =
=AU = 6,57 xk/Ix. YjnenpHas TEMIOEMKOCTb KHCIOPOJa NPH HOCTOSHHOM
obbeMe ¢y = O/mAT = AU/mAT = 657 IIx/(xr - K).

517. Y3 ypaBHeHHs COCTOSIHUSI HAXOMM Maccy Kucnopoaa: m = UpV/RT =
= 413up/3RT, rae V = 41313 — 06beM mapa. YpaBHEHHS TEILTOBOro 6ananca
JUIsL OTKA'IAHHOTO U 3AMOJIHEHHOIO NIAPOB!

C(T,—T)=4anmy, (mc;+C (T, — T)=Anp,

rje C] — TCIIOEMKOCTL OTKAYMAaHHOrO mapa. Hckmouas u3 atux ypaBHCHHﬁ
BETUIHHY CI N YUHUTHIBAA BBIPpAXEHHUE NI 71, NOIYUHNM YACILHYKO TCILTO-
CMKOCTB KHCJIOPO/ia:

¢ = 3Mmy — m)RT/A1r3p(T, — D = 670 Ix/(xr - K).

518. ¢ = QRT,/upV(T,-T)) = 660 Ox/(xr - K).

519. Konnuecrro Temnorbl , coobimaeMoe rasy, HaeT Ha yBeJuueHUE ero
BHYTpEeHHeH aHepruu AU U Ha copepiueHHe rasom paborer: Q = AU + A. Tlpu
NOCTOSIHHOM JaBiieHud p paGora pacumpenus raza A =p(V,— V), ne Vo u Vy -
KOHEYHBIN W HavalbHLIH 00'bEM raza. YpaBHEHHs COCTOSHMS rasza 10 W Nocie
HArpeBaHus:

pVi=mRTJu, pVy=mRT,/\.

Borunras nepsoe ypaBHEHHE W3 BTOpOTrO, HauaeM p(V,— V) = mRAT/\. tne
AT =T, —T| — pasHOCTb KOHEUHOH M HAaUaJILHO! TeMIiepaTyp rasa. B pesynbra-
re @, = AU + mRAT/L.

pu nocrosuuoM o6beMe paGora pacumpenus raza A = 0u Qy = AU.
Cnenopatenvro. Q,— Qy = mRAT/L.

YaenbHbie TEMIOEMKOCTH NpPH NOCTOSHHOM [ABJIEHHH H NOCTOSAHHOM
obneMe: ¢, = Q,/mAT, cy = Qy/mAT. Pasgemms pasuocts Q,— Oy Ha mAT,
NONYy4uM ¢, — Cy = R/l

TakuM 0Gpa3oM, CYLICCTBYET pa3iHIde YACIbHBIX TEMIOEMKOCTEN ra3os;
HaXOAALIMXCA NPH NOCTOAHHOM [IaBIEHAA M 1IPH HOCTOAHHOM obbeme. st
TBEPABIX M XHJKHX TeJ, BBHAY 3HAUMTCIBHO MEHBbIIETO KO3 huuueHTd NX
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00BEMHOrO paciiMpeHusl, B OONBIUMHCTBE CNydaesB 3TOH pazHHULER MOXHO
npeHeOpeb.

520. BHyTpcHHsAS HEPTHs HACaNLHOIO rasa npepcrasiser co60d kuHe-
THYIECKYIO PHEPTHIO €r0 MONEKYIN, KOTOPasl 3aBUCHT TONBKO OT TEMIEPATYPBI
rasa, HO HE 3aBHCHT OT PACCTOSIHUS MEXY MOJEKYlIaMH U, CIEROBATENBHO, OT
o6beMa rasza. [1pu n30TepMHTIECKOM NIPOIIECCE HE M3MEHSIETCS TEMIIEPaTypa,
MO3TOMY BHYTPEHHSI QHEPTHs OocTaeTcs NOCTOSIHHON. CrefosaTenbHO. KONH-
YECTBO TENNOTHI, cCOO0U[aeMOe rasy, JOJMKHO OBbITh paBHO paboTe, coBepina-
emon razoMm: Q = A =20 [Ix.

521. Tak Kaxk ra3 B MIIHHAPE TEILTOX3ONUPOBAH, TO OH COBEPIIAET PabOTy
TONBKO 3a cueT yMmeHblneHuss AU CBOe€H BHYTpeHHeH oHeprum. IToaromy
AU = A =447 x[Ix. C fpyroit CTOpOHBI, K COCTOSHHIO ra3a ¢ TOH K€ KOHE'THOMN
TEMIEPATYPON MOXHO NpUUTH (cM. 3apatuy 519), ecnut yMEeHBIIUTH €ro
BHYTPEHHION HEPIHUIO Ha TY e BenuunHy AU, OTHHUMas! y HCTO KOJIHMIECTBO
renaotrsel Qy = mcy(T,— T,) npu nocrossHHoM ob6nheme. Takum obpaom,
AU = me(T, = T,); orcropa T, — T)— AU/mcy = 263 K.

522. Tlpu u3MeHEHUA TEMIEPATYPHI ra3a Ha OfHY U Ty Xe BenuunHy AT
IIPX [OCTOSIHHOM 0O0TheéMe H OpPH INOCTOSHHOM H[AaBJIEHUHH PAa3HOCTL KO-
audecTs Tennorel Q,- Qy=mRAT/W (cM. 3agauy 519); orcropa Qy =
= Q,—mRAT/u=0,2 MITx.

523. Koauuecrso tennotsl Q = ¢cmAT 1npu HarpeBaHHM BOJAbI HAET HAa
yBenuueHue AU e¢e BHYTPEHHEH HEPIHM M Hd COBEPIICHHE NPH TEMIOBOM
pacinupeHnn Bogbl paborsl A = ppAV = pyotVAT nporus cun armocgepHOro
napnenus, rae V = 1073 M? — nepsonauanbublii 06beM BOgbL. TIpoBefis BbI-
yucneHns, nonyuuM A = 0,2 M, B To BpeMst Kak @ = 4,2 k]I, T.e. npu 0ObIu-
HBIX ycnoBux Q 3 A, [ToaTOMy MOXHO CUMTATL, UTO = AU.

Opun Monb rasa concpxur N, momekyn (N4 = 6,02 - 102 monn™!). Bopaa
Macesl m cofiep kUt i = mN 4/l Moniekyn. TakuM o6pa3oM, Ha OJHY MOJIEKYNy
IPUXO/IUTCS YBENUEHUE BHYTpeHHe oneprum AU, = AU/ = 1,26 - 10722 [Ix.

524. Q0 =2uc, Ty = 11,5 MIIx.

525. Q = mc, AT = mc, Ty = 149 x[Ixk.

526. YpaBHeHUS COCTOSIHMSA Fa3a {0 U I10CJI€ HalPEeBaHUs:

mV =mRT\/u, p,V =mRT,/u,
Ije p| ¥ Py — HAUYaJAbHOC W KOHEUHOe fmaBieHusi, T m T, — HauanbHas H

KOHEYHasl TeMIlepaTyapbl, 7l — Macca rasa. Beruuras nepsoe ypaBHEHHE H3
BTOpPOTO, HAafieM

VAp = V(py—p)) = mR(T,— Tp/u; orcropa T,— T, = uVAp/mR.
KonudecTso TennoTsl, cOOBIIEHHOE Ta3y NIPH MOCTOAHHOM 00BEME,
Q = nle(Tz— T]) = HC\/VAP/R = 16,5 KH)K

527. A = mp,AT/poT, = 84,5 kI, rae py = 0,1 MITa u Ty = 273 K —
Hopmaanbre NaBJICHHUE TeMHepaTypa.
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528. [laBncHue ra3a B QUIKHJPe NOCTOSHHO: p = pg + mg/S. PaGora pacu-
peHHUA rasa npu NOCTOSHHOM JaBineHuu A = p(V,— V), rae V, — KOHEUHbIj;
06seM ra3sa. ITo 3axony I'eit-JItoccaka V,/V| = T,/T,; otciona

V=W /T, Vo=V = V(T ~ )/ T, = AT/ T;.

Takum obpazoM, A = (pg + mg/S)V1ATIT, = 20 [Ix.
529. I'pacux u3MeHEHHs1 COCTOAHUS ra3a B KOOpAMHATAaxX p, V IpHUBEJEH Ha
puc. 318. Yuacrok 1-2 — H30XOpHBIX MHpoLecc: TeMNepaTypa yBEIUYHBACTCS,
IPOUCXOAHUT MOTMOIICHHE TEINIOThI, PaboThI
P ras He COBEpUIAET. YUYacCTOK 2-3 — u3o0apHoe
py = const pacuruperue. TeMnepaTypa yBeTHUHBACTCS
(130TEpPMAa, HA KOTOPOH JIEKHUT TOUYKA 3, COOT-
BETCTBYET GONBINCH TeMIEepaType, UeM H30-
TepMa, Ha KOTOPO# JEeXKUT TOUKA 2), Mpouc-
XOAUT NOTJOIIeHIE TeIIOThI, ra3 COBEpIIaeT
pabory. YuacTok 3—4 — H30TepMHUUECKOE pac-
UIMPEHHUE: TeMIEpaTypa OCTaeTCH NOCTOAHHOH,
IMPOHUCXOJHUT NOIMONEHEE TEIIOTHI, I'a3 COBEP-
mraeT padory. Yuacrok 41 — u3o6apHoe CKa-
THE: TEMIIEPATypa YMEHbIIaeTcd (M30TEpMa, Ha
KOTOPOH JIEKHUT TOUKa 4, COOTBETCTBYET OONb~
o V' weit Temnepatype, ueM n30TepMa, Ha KOTOPOI
Puc. 318 JIEXKUT TOYKA 1), NPOUCXOJUT BBIACICHHUE

TEIUIOTHI, paboTa — OTPULIATENbHAA.
I'paduxn U3MEeHEHHS COCTOSTHUA ra3a B koopaunHarax p, T u V, T npuBegeHsl
Ha puc. 319 u 320.

p
, ,
,/ P =const /
2
7
N 8
g % S
& g i
4 8 [
2 I
= 3
1 p| = const
! = t
J Do = cons
’
’
/
o T T

Puc. 319 Puc. 320

530. Ilpu nepexopge MexXay cocrosHusME 1 1 2 ra3 paGoThI HE coBeplIa-
eT, TaK Kak ero o6beM He HU3MeHAeTcd (mopiieHe HemofBwmKeH). Ilpu mepe-
XOfle MEXJy COCTOgHHAMHE 2 u 3 pabora raza A =p,(V;-V,). Benuuunsi p,,
V, u V3 onpefensiorcs U3 ypaBHeHHIH INPONeccoB — u3oxopHoro (1-2): pi/p, =
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=TI/T, (V=V,), u uzobapuoro (2-3): V,/V3=T,/T5 (p, = const); oTciofia
A=p Vi(T3=Ty)/T, =100 Ix. '

§31. A = po(V = V") = po(V — m/p) = 167 Ok, rae py = 0,1 MIla — naBnenue
HACBIUIEHHOTO BOJISIHOrO napa npu ¢ = 100 °C, paBHOe HOPMaJIBHOMY aTMOC-
¢bepHOMY AaBieHHIO, a V' — 00 beM CKOHIEHCHPOBABIIEHCS BOTILI.

532. BHyTpeHHsIs 9HEPrusl HACaJIbHOTO ra3a Npe/icTaBisieT coO0H KHUHe-
THYECKYI0 IHEPTHI0 ero MoJekyln. OHa IpONopUHOHANbHA ero TeMuepaTrype u
THCTY MOJIEKYJ. BHyTpEHHHE 3HEPrHH rasa B ICPBOM H BTOPOM ILMUIMHApaXx
Uy=kvTyulUj,=kvyT, ¥ raza B UHJIHHApPAX [OCIC CMCIIMBAHHIA
U =k(v|+ v)T, tae k — koahHUIMEHT NPONOPIHOHATBHOCTH, 3aBUCAIIAN OT
NPHPOJBI Ta3a, V| U V, — KOJUIECTBA ra3a (B MOJAX) B IEPBOM H BO BTOPOM
munuagpax. CoriacHo 3aKOHY COXpaHCHms sHeprun U + U, = U, u, cienosa-
TensHO, VT + Vo1 = (Vi + v,)T. VI3 ypaBHEHHIT COCTOSHHSI JIJ1s1 TA30B /IO CMe-
muBaHus HadpeM V|, = p\V(/RT, n v, = p,V,/RT,. IlofcTaBUR 9TH BBIPAKCHAS B
HpebIAylIee PaBEHCTBO, OTYIHM

piVil R+ pVa I R=(pVi I RTy + pyV) | RT)T.

TaxuM obpasom,
T =TL(p Vi + V) I(p VT, + pyVoT) =366 K.

W3 ypaBHeHust cocTOAHHUA TS cMecH rasos p(V| + Va) = (n) + n2)RT, ucnonpays
HalIeHHbIe paHee BbIpaskeHus Ui Vi, Vo 1 T, nomy'uum (cM. 3agaty 442)

p=(pV+p, Vo) /(V, +V,) =525 «lla.

§ 17. HacblneHnHble H HEHACHIIIEHHBIE N1aphI

533. PaccmoTpum xoa usorepmbl T = const (puc. 321). Ilpu noabeme
NOPIIIHSA AaBJICHHE Ha KUAKOCTD yObIBaeT. OObeM e XUIAKOCTH OT [IaBICHHS
HOYTH He 3aBUCHT (3KHKOCTH NPAaKTHIECKH HecoKMMaeMbl). I1oaToMy noka nop
HOPITHEM HaXOUTCS TOILKO XXHIKOCTD, YIacTOK ab H30TepMbI NMpaKTHIECKH
coBnajaeT ¢ u3oxopoi. Korpa fasicHHe B UWJIHHApPE CTAHOBHTCA PaBHBLIM
JIaBIIEHHIO HACLIIEHHOTO Mapa NpH TeM-
nepatype 7| (laBmeHuto pp), B UHIHHAPE p
KPOME XXHJIKOCTH NOSIBISIECTCS] HACKIIEHHBIH
nap. [laBieHHe HaCBILICHHOIO Imapa He
3aBHCHT OT ero ob6weMa. ITosToMy npu
NanbsHEHIIeM yBETMYEHHH 00 beMa H30TepMa
cosnagaer ¢ U300apor (yuacrok bc) o Tex
nop, NoxKa BCA XHAKOCTb B IHIHHApPE HE
npespaTtuTcs B nap (npu ob6veme V). Ipu
faibHEHIIEM YyBETHYeHHMH oO0beMa mnap

]
'
]
]
:
V. 2

]

t

]

]

:
v,

CTaHOBUTCSI HCHACBIIIICHHBIM, U 3aBUCHMOCTD ) ]
ero paasiieHHA OT o0'beMa NONUHMHACTCA
3akoHy boins-Mapuorra, Puc. 321
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Xon m3orepMbl T, = const TakOH Xe, HO, TaK KakK JIaBICHHE H IUIOTHOCTT,
HACBIIEHHOTO Napa NpU 3TOH TeMrneparype GonblIe, NOJHOE HCNAPEHHe
JKHIKOCTH Npou3oineT npu oobeMe V, < V..

534. JJasnenne, oKa3bIBAEMOE NIAPOM HAa CTEHKHM COCY/la, 00YCIOBNEHO ypa-
paMH MOJICKYJ O CTeHKH H NPONOPUHOHANBHO KHHETHYCCKON IHEPTHH MOJe-
KyJl H YHCTY MOJEKYN B €AuHHIC oObema (cM. 3apauy 506). Cpepusisi Kune-
THUICCKAs IHEPTHA MOJCKYN Napa NpONOpUHOHAlbHA TEMIlepaType (CM. BBENe-
HHe K § 16), B TO BpeMs KaK YHCIO MOJIEKYT HACLIIIECHHOTO Napa B €AHHULIE
00beMa BO3pacTaeT NPH IIOBBINICHHH TEMNIEPATYPBI.

Jlunnst abd na puc. 67 Ha yuacTke @b COBNJIACT ¢ 3aBHCHMOCTBIO JIaBlie-
HUsi HACBIIIICHHOTO Mapa OT TEMIICPATYPBI, HA yuacrKe Ad npefcTaBisierT coboir

OTPE30K NMpsIMOM, NPOXOAAINIEH Ucpe3 Haualo KOOPJMHAT,
P Taxoit Xop 00 BACHASTCS TEM, UTO 1A TeMiiepaType T, Bes

4 3 KHJIKOCTB, ObIBINAsi B COCYJle BMECTE C HACBIILECHHLIM
mapoM. HpeBparTHiack B nap. Jlanee ke NpOUCXORHT, CO-
raacHo 3akony lllapunsi, H30XOpHOE yBeNMUCHHE 12 BICHHS.
Jlunust abce npeacrapaser coOOH TakOH e IPolecc, Ho
| 1pu Oonbluel Macce XUAKOCTH M napa B cocyje. TeMme-
patypa T, — Kputuueckas rtemneparypa. ['oBOpHTb o
napax Opy TEMIEPATYPE BbIILE KPRTHYECKOH HET CMbICIA.

Puc. 322 IlosToMy BCe JHHWM OOPBIBAIOTCS NPHM 3ITOH TeMIe-
patype.

535. Ywacrox 1-2 (puc. 322) — H30XOpHOE yBCAHYCHHE [ABJICHHUA MPH
HaTPEBAHNA. YUacToOK 2—3 — H30TEPMHIUCCKOE CXKaTHE HEHACHIILIEHHOTO Mapa
(APOUCXOINT COTNACHO 3aKOHY Bolms—MaproTTa 10 HachIIEHHS Napa — 10
HAYANA €TO CKHXKEHHs). ¥Y1IacTOK 3—4 — U30TEPMHUECKOE CKATHE HACLIIIEH-
HOro napa ([IpOHCXOAHT CXKHXKCHHC, a IARICHAE OCTAETCS NOCTOSHHLIM).

536. Uwucno MONEKyNn BEHICCTRA IPH 3alaHHON €r0 Macce HE 3aBHCHT OT
COCTOSIHHSL BCUICCTBA. CCIH HE NPOUCXOJIMT XUMUICCKHX peakuuit. Konmaecrso
Belecrsa (B MOJSIX), MMEIOIIEro Maccy 7l B MOIISIpHYRO Macey K. v = ni/ll. Ol
MOJb BCHICCTBA CONCPKUT THCIO MONeKyn N,. CregoBaTenbHO, Macca Belle-
CTBA /11 COACPXKAUT UNCIO MOTeKYN 11 = VN, = mN ,/il. Equzuna Macce! BeliecTsa
COAECPXNAT YUCAO MOJICKYT 7, = N4/|L, UTO JJsl TapOB PTYTH U BOABI 1acT

™~

=Ny /Py =3 3-10™ kr', n.,=Ny/p, =33 0% kr'.

Hl
537. Ilpu temncparype ¢ = 4 °C nnotHOCTb Bopb! P, = 103 kr/m?. [lnorHocTb
napa p MOXHO HaHTH I1IPU NIOMOLIIIH YPABHEHHS COCTOSIHHS:
p = Wp/RT; orcrona p,/p = p,RT/Up = 1,6 - 10°.
OjuH MOJb BCIIECTBA CONEPXKHUT THCIO Monekyn Ny = 6,02 - 1023 momp™.
Epununa o6heMa BELIECTBA CONEPXUT UHMCIO Monelt v = p/l U, cnepoBa-

TENBHO, YHCIO MONEKyn PN 4/IL. Ha xaxpyio Monexyny BOALI M I1apa
IIPUXOAATCA OO BEMBI

V,=u/p,Ny=3-10m> V=u/pN, =RT/pN, =4,8107% u?



538. Cormacuo ypaBHeHMIO cocTosiHus pV = mRT/|L naOTHOCTH ra3oB u
napoB NpH NOCTOAHHOH TeMNepaType NpPONOPLUHOHAJNBHBI UX JaBlCHUAM.
TToaromy py/p, = pi/p, = 0,45.

539. Macca napa, HeoOxoAAMas [T HACBINICHUS 06T,eMa KOTJIA IIPH TeMIle-
parype T = 453 K, my=pyV = 25,25 xr. Tak kak my > m,, TO BCsi BOjA
npeBpaTHNach B HEHACBINEHHLIN nap. CmeposatensHo, m = m, = 20 kr. U3
YPABHEHHS COCTOSIHUSI HAXOAUM AaBneHue: p = mRT/UWV = 0,84 MTI1a.

540. B cocyne po ypenuueHust ero o0beMa coiepkKalics nap Macchl i, =
= poV = 8 r (06 eMOM, 3aHUMAEMBIM BOOI, MOXKHO NpeHeOpeun). Macca BOAb!
¥ napa Owstma m, + my = 20 r. J[Ins HacolmieHus oG6wema kV npu Tolt ke
TeMlieparype HeoOxopuma Macca napa mg=pekV =40 r. Tak kax
m, + ny < img, TO Mocie yBeanueHns o0beMa nap 6yaer HeHachIeHHbIM. Ero
NIOTHOCTB P = (m, + my)/kV. JlaBneHue npH JaHHOH TeMreparype
IPONOPUHOHANLHO MIOTHOCTH. [loaToMy p = pop/pa = po(nt, + my/pekV =
= 0,55 xIla.

541. [Jasinenue ocraBajgoch TIIOCTOSHHBIM, II0Ka TOJl KOJOKOJOM
ObIJ HACBLIUIEHHBLIA Nap, NIOTHOCTL KOToporo p = Up/RT. 3a Bpemsa T
Obinm orkKauaH o6beM V =V.T, B KOTOPOM COjepXkajcsi map Macchbl
m=pV=upVa/RT=279r.

542. HacolimeHHbIA nap Macchl m NPH JIABICHHH ) COTNTAacCHO YPaBHCHHIO
COCTOAHHMS AOJKEH 3aHuMarh o6nem V = mRT/up. Creposarensho, AV =
=V' -V =mRT/up -V = 0,29 M* (3HaK MHHYC MOKA3LIBAET, YTO O6HEM
AOJKEH ObIThL YMEHLIEH).

543. p=#————zl MITa.
nd“(T+Q/mc)

544. [TaBneHue CMECH HACBLIIEHHOTO napa | reius B Tpyoke p = py— pgh.
Io 3akoHy JannTOHA 3TO IaBIEHHE CKITAlbIBAETCS U3 NAPIUATLHBIX AaBlCHAN
napa W TeNus p; ¥ py; OTCIONA Py = po— Py — Pgh. VI3 ypasHeHus cocTosanus
HAWeM MACChI Iapa ¥ CeNTUs iy 1 Niy!

—p —pgh)V
ny, =H'—pl=4,3-10“71<r, m, = Ha(po = 1 = Pgh) =4,8-IO"6 KT.
RT RT

545. Ecan 651 B HuIHHAPE ObLI TONLKO HACHIMEHHLIA Nap MACCLI M U Bech
OH CKOHJEHCHpOBaJicia, TO 006beM ob6pa3zoBaBmedicss BOAbBI (OKOIO
0,3 - 103 M?) 611 661 Man 110 cpaBHeHHIO ¢ o6beMoM V' =V/ik = 0,33 M,
OCTaBIIEIMCS NOJ] IOPITHEM Nocie cxkaTusl. T103TOMY MOXKHO CUHTATD, UTO BECh
06beM UHIHHJpa MOCITE CKATHSA 3aHAT CMECBIO napa @ a3ora, NpHYEM
NapuManbHOE JAaBjeHHE Napa p| BO BpeMs CXKaTUs HE H3MEHHIoch. M3
YP2BHEHHS COCTOSHHMS HAXOJMM MAacChl HACBLIMIEHHOTO Napa A0 W HOCiIe
cxkatus: my = p,VW/RT, m{ = pV'u,/ RT = p)Vu, / kRT; orciopa Macca CKOH-
[eHCHPOBAaBIErOCsa Napa

Am=m; —m{ =p, Vi (k—=1)/kRT =20 r.
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Macca azora my =m —my; = (mRT — p)VL)/RT. 3 ypaBHeHHs COCTOSHus
HaXO[MM NMapluaibHOE JaBlIEHUE a30Ta A0 CXKaTHI:

Py = RT 10,V =(mRT — p/ V) /1,V.

Hapiaenne cMecHu 1o cxaTrs 10 3akOHy JanbToHa
p=p +py=Ip V(=) + mRTI/ 1,V =272 xlla.

546. BnaxHsift map Macchl 7, OTAaeT KOJNHMUECTBA TEINOTBL: | =
= cnmyn(t, — ty,,) TPH OXINAXAEHUN BXOJsUIEN B €ro cOCTaB BOJIbI 0 ‘feMile-
paTypbi KOHAeucauum; Q> = ¢,m, (1 — n)(t, - t,,) IpH OXTAXACHHUN CYXOro (3a
BBLIYETOM Kalle/ib BOADLI) Napa o toit e TeMmueparypol; O3 = Ami, (1 — n) npu
KOHAeHCAHH napa; Q4 = m,c(t,, — 0) npu oxnaxaenun oGpasoBabliefics u3
napa BOABLI (BKJTtOUast W OLIBUIHE B HEM KallelbLKH) [0 TEMIepaTypbl cMecH.
XonofHas BOja Macchl M IHOJNYYAET KOIWUCCTBO TEMIOTLl Q5 = cm(0 — ).
CorsacHO ypaBHEHHIO TemnoBoro OGananca Q)+ Q» + O3 + Q4 = Qs; oTcrona
Macca XONOHOH BOJIbI, MPHUXOJIsIIIASAC HA eJIUHALY Macchl Napa,

m_fento (L =ml(ty =t )+ M=)+ ety =0) _ 24

c(0-1

m,

547. m,, = mc(t - tg)/h = 0,37 kr, rae ty,, = 100 °C - TeMneparypa KulieHus
BOJIbI IIPH aTMOCHEPHOM J1aBICHHH.

548. O61eMoM, KOTOPBIH 3aHUMAET B COCYJIE A€, MOXHO npenedpedun. M3
YpaBHCHHUSI COCTOSIHHSL HAfJIeM Macchl apa NpH TEMIICPaTypax [y  f;:

ny =Vpu/ RT,, m, =Vp,u/RT,.
Maccbl BClapUBIIETOCS M OCTaBIIErocs Jbjla

KV Py

Ny =ity =1y =,

mRT, —uVp
. L =~ R Sl ALY

rR\T, 1) RT,

Konu4ecTBo TEmnoTsbl, HEOOXOUMOE: ISl HCapeHust nfa, O, = n,(r + A); ana
HarpeBaHusl Mapa, Q = moc(ly—~ {)); AN HArpEeBaHHWs OCTABUWIErocs JbAa,
Qr = mjc, (15 —t)). TToTHOE KOMUUECTBO TEILTOTLI

Q,+0+Q; =

WVOEM Ry P BV Cme) 23,02 ki

R T, T, RT,

549. [apieHue HACBLIUIEHHOTO Hapa MPH HOCTOAHHOH TeMmepaTrype HE
3aBucHT OT o0Bhema. ITpu Temneparype ¢ = 100 °C oHO paBHO HOPMaJILHOMY
arMocepHOMY faBieHuto py = 0,1 MIla. IIpu n3oGapudeckoM cxaTuu padboTa
A=py(Vi-Vy) =1 xIx.

550. IIpu nepemenieHHH nOpUHs oODbEM LUMIMHApPA W3MEHHIICS HA
V,—V, = SI. [Ipn paBHOMepHOM YyGObIBaHUH [JaBJIEHHA MOXHO B3ATh B pacdeT
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cpeAHee fapneHue p = (p, + pp)/2 U HckaTh paboTy, KAK Npd MOCTOSHHOM
[AaBICHAN:

S
A=p(V, -V))=(p +P2)?=14,4 KX,

I'paduk 3aBHCHMOCTH AaBneHHs oT oObeMa (puc. 323) mpu paBHOMEPHOM
yObIBAaHUM JABIEHUSA OT P, 10 p; M300paxkaeTca OTpe3KoM mpsamon ab. ITno-
majb Tpaneuud C OCHOBAHUAMH aV | =

=p, u bV, =p, u Beicoroit V,— V| = S/ uncnenno ¥
paBHa pabore A. ”
551.h=(p—pr)lpg = 12,5 m.
552. p = uW/RT = 0,091 kr/m3, P

553. II10THOCTH HACBIMICHHOTO Mapa MpH TEeM-
neparype t,= 20 °C p, = Upo/RT,=17,3- 10-3 xr/m>. P2
Takum obpasoM, p, > p;. [TosToMy mpn oxmaxpe-
HUM [0 TCMIIEPaTypbl f, HAcbllleHWE HE OyaeT
JAOCTHIHYTO, KOHJICHCAllMs HE HAYHETCs, U COJlep- Pric. 323
sKaHUE Napa B CAWHHIE 00bEMa BO3/[yXa OCTaHETCsl
IPEXHAM, T.€. Py = Py = 0,005 xkr/™m3,

554. Ilpu temnepatype f, = 10 °C nI1OTHOCTH HaCBIIEHHOTO NMapa P, =
= Up,/RT, = 9,4 - 103 kr/m?. Takum obpasoMm, p, < p;. IlosTomy
IIPH OXJIAXK/JICHUH 10 TeMIEPaTyphl £, UYacTh NMapa CKOHJEHcupyeTes, 1 abco-
JMIOTHAsl BIAXKHOCThL Oy/leT ONpEefensaThCA ITOTHOCTHIO HACBHIIIEHHOrO Iapa
Py = 9,4 1073 xr/M>.

555. Ilpu teMneparype f; abCOMOTHAsA BIaXXKHOCTh BO3JlyXa 0 YMEHbIIIC-
Hust ero obbeMa p; =f;p. Macca Bmarm B epuHune o0beMa cocyja
nocue cxkaTusl BO3Jyxa (He TONMLKO B BHJIE Napa, HO U B BHAEC CKOH/ICH-
CHPOBABIICHCS KUKOCTH, ¢CIH BO3ZHUKIM YCIOBHA 7151 KOH/JICHCAKMH) Py =
=kfip = 16,9 - 10-3 xr/m3. TIpu TemuepaType ¢, = 100 °C paBicHHe HachineH-
HOTO Iapa paBHO HOPMambHOMY aTMocepHOMY naBneHHio p = 0,1 MIla
# €ro NIOTHOCTL Py = Upy/RT, = 0,58 xr/M?. Tak xak py > py, TO B COCye
OyneT HEeHaCLIMEHHBIA Mmap ¢ OTHOCHTENLHOH BIAXHOCTBIO fo = Po/pq =
= (kfipRT/upy) - 100 % = 2,9%.

556.p" = (Wip — pPRTIUY/RT(U; — Ua) = 13,1 - 107 xr/mM¥; £ = (p"/pg) ¥
x 100 % = 48,5 %.

557.m = (fo— f)pV =208 r.

558. p = mfy/(f, - f1)V = 0,006 kr/m3.

559. ITnoTHOCTb cyxoro Bo3ayxa p; = Upe/RT. IIpu oTHOCHTENBHOM BIAXK-
HOCTH f nnoTHOCTH napa p’ =fpy = Wapo/RT, rne p, — napimagbHOe NaBiecHHE
napa; orciofa p, = fpoRT/U,. Tak Kak JaBICHHUE BIAXKHOTO BO3[[yXa Py CKIa-
ABIBAETCA U3 NAPIHANBHBIX NaBICHHHA BO3/lyXa M NIApa py M Py, TO Py = Pg— Pr =
= po— fpoRT/U,. TlnmorHOCTL BO3AYXa (Oe3 mapa) NMpu 3TOM NapUHaTbHOM
NaBJICHHN

P”=p/ RT = py !/ RT — W fpo /Ha.
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[IMOTHOCTh BIAXKHOTO BO3/lyXa
Py =p +p” =1ypy/ RT ~ (1, /1L, ~D)fpy-

OTHOIIEHNE MTOTHOCTE  BIAXKHOTO I CyXOTO BO3/lyXa
P2/ Py =1= (1) —H2)fPoRT/1ilypy = 0,987.

I'masa III

QIEKTPHYECTBO 1 MATHETU3M

§ 18. 3akon Kynona

560. Ilo 3akony Kynona ¢ =r VeF/k = 0,2 MxKun, rae k& = 1/4mg, =
=9-10° H - M¥Kn2

561.N = gle = 6,25 - 10'® a5eKTpOHOB.

562.r=Ar2+N2)=1,71 m.

563. r < [klqq, | (T —mg) =18 cm.

564. IlonoxurenbHble 3apsaabl ¢ MOTYT OLITh PACIONOXKEHBI KaK 10 06e
CTOPOHBI OT OTPHUATENBHOro 3apsapa (), Tak U 110 OJHY CTOPOHY OT HErO.
OTHOIIIEHHE CHIT B IEPBOM H BTOPOM CITyUasX:

7
Fror =199 8,99,

16 r*°9
' 3 10
Fop =25 921999 _ ¢ 675,
T 4 9
rjle ' — paccTosHHe OT 3apsaa @ po Onuwxkadmero MONOXHTENHHOTO
3apsifia q.

565. O603HaUMM MOAYJTh CHIIBI GYKBOH F ¢ ABYMs HHJEKCaMU, [epBbIA U3
KOTOPBIX ITOKa3bIBaeT, HA KaKOH 3apsj JAeHCcTByeT cuia, a BTOPOH —
€O CTOPOHBI KaKOTO 3apsAja OHa JiefcTByeT (HanpuMep, F; — cuia, AeficTBYIO-
miast Ha 3apsf ¢, CO CTOPOHBI 3apsja ¢1). Bo3dbMeM B KauecTBe KOOpAUHATHON
ocu OX npsAMYyio, TPOXOAAIIYIO Uepe3 3apsafabl g, U ¢, (puc. 324). 3a Havano
orcueTa O NpUMEM TOUKY, TA€ HAXOAUTCA 3apsi ¢, a 3a INOJOXHUTEIILHOE
HanpapJeHHUE — HalpaBNEHME OT 3apfja ¢, K 3apsany ¢,. 3akon Kynona
(B Hamre# 3aIMCH) Na€T BO3MOXHOCTb ONPEJENTHTL JHIIL MOHYJTbh BEKTOPA
CHITBI, a 3HaK IPOEKINHN BEKTOpa OYAET, KaK OOBbIUHO, ITONOKUTEIBHBIM, €CITH
CHJIa HANPaBIICHA B MONOXHUTETLHOM HaNpaBieHu! ocd OX, 1 OTPHUATE bHbIM
B IPOTUBHOM CITyuae.
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Ha kax[bIfi B3 TPex 3apsafoB ACHCTBYIOT CO CTOPOHB! ABYX NIPYIrHX MO ABE
cunbl. [Ins papHOBecHs HEOOXOQUMO, YTOOLI 9TH [BE CHIbl ObUIH NPOTHBO-
MOJOXHBIMH 110 HAaNpPaBIcHAIO. JIerko BHAETD, UTO 3TO YCIOBHE BLINONHIETCS
JHIIbL B CNyduae, KOraa 3apsi gy HaxoguTcst Ha ocl OX MeXXay 3apsiiaMd ¢ | g,

r
pou |

4 !flz

Fy, O Fy Fy g F Fa Fy X

Puc. 324

H ¥MMeeT NPOTHBONONOXKHBIN N0 CPaBHEHHIO C ¢ U g, 3HaK. ITycTh paccrosHue
MEXNY 3apsilaMH ¢ H g paBHO x (0 < x < 7). Torpa (puc. 324):
a) Ha ¢ NEHCTBYIOT CHIIbI

For = kqog /x2l m Fip = Tkqogo/(r = )2

6) Ha g NEHCTBYIOT CHIIbI
Fio=lkqiqo/x® m Fyy = kg go/rt;

B) Ha ¢, NEHCTBYIOT CHIIBI

Fay = lkqog/(r=x?2l m Fyy = lkgoqy/r.
[Ipu paBHOBECHHU BCEX TPEX 3apAfOB:

a)~Fy +Fpu=0; 0)-Fpp+ Fio=0: B) Fyy—Fa=0.

YcrnoBue a) IPHBOAMT K KBafPaTHOMY YPABHEHHIO OTHOCHTENBHO X!

2, 2gl el o

g, -1g; | lg, I-1qg, 1

st KOpHEH 3TOro ypaBHCHHs

~lgy 1% flg T Tg, T

lgy 1-1q |

Xy =

BLINONHSAIOTCA yoioBua: 0 < x| < r B M060OM ciayuae; x, < 0 npi lg,l > lg,l;
Xy > r npH lg,l < lg;l. Bropoi xopeHb moIXeH ObITH OTOpOIIEH, Kak He
YIOBIETBOPAIOIIAA yCIOBHIM paBHOBecHs. TakuM 06pa3oM,

Mg llg, 1-1qg, 1
q1114q, qi reln

lgy 1-1qg; |

1 =

Ycnosue 6) paet lgyq,l/x2 = lg,q,l/r% orcroma

g1 _ 102 1(la gz 1-1g,1)

lgo =
2o r? (g, 1-1q, 1)

=~ 4 uKi.
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566. Kaxqpiii 3apifl ¢ B3aUMOJEHCTBYET C IByMs APDYIHMH 3apsflaMH ¢,
PacnoNoXeHHbIMH Ha PacCTOAHHMH a OT paccMaTpusaeMoro (puc. 325). IToaTo-
My Ha mMo0OOoH 3apsf AEHCTBYIOT BE paBHbIe MO MOAYMIO cHIbI F| = F) = kg?/q?,
PaBHope#cTBYIOAs 3THX CHJ (MPOEKIHS BEKTOPHOH CYMMbI 3THX CHJ Ha
AHaroHaih MapaaierorpaMMa)

2kq* [2k cos (o./
F= (,] cos(a/2); orcrona a=gq _E_o_s_(oc_2)=2,5 CM.
a2

F

567. Ha 3apsj g, mefcTBYIOT jBE paBHLIE MO MOAYJIH) CHIBLI CO CTOPO-
HbI 3aPSIJIOB ¢, U g3, 4 TaKXKE CHIIA CO CTOPOHBI 3apsaa g (puc. 326). Beuay

Puc. 325 Puc. 326

PaBEHCTBa 3apsAoB ¢} = ¢, = ¢3 = ¢ NOIyIaeM ¢, =\3 q/3 =5,2 uKn. Ha 3apsaj
¢ BCHCTBYIOT TPH PaBHBIC 11O MOJYIIO CHIBI, PABHOJEHCTBYIOLIAs KOTOPDLIX
paBHa HYJHO.

568. Kaxybiii 3apsij ¢ B3auMOACHCTBYET C TPEMs APYTHMU 3apsiJaMH ¢, 1Ba
13 KOTOPBIX HAXOATCA Ha PACCTOSHUU ¢ OT PaccMaTpuBaeMoro, a OjfuH — Ha

PacCTOSIHAHM I' = a/cos ¢ =2a (puc. 327). IToaroMy Ha 10001 3apsy AeHCTBY-

10T TpH cuItbl: Iy = Fi = kg*/a® u Fy = kg?/(N 2a)?. PasHOpIeCTBY FOII@S 9THX CHIT
(MpOEKIMH BEKTOPHOM CyMMbI 3THX CHJI Ha M&rOHAb KBapaTa)

F=2Fcosa+Fy =2kq* | a* + k¢ / 2a* = 172 mxH

H HafpaeJIeHa Mo UaroHaTH KBapaTa OT ero HeHTpa.
569. Ha 3apsin g, AeHCTBYIOT 4YeThIpe CHIBI, HaMpaBICHHbIE MOMApPHO

no ABYM JuaroHayisIM KBajpara (puc. 328) um paBHbie mo mopyiwo Fy =

= kquq/r? (r = a/N2 — nonoBuHa AHAroHaNd KBajiparta). PaBHofelcTByOLIas
9THX CHJT

F = 4F cos o.= 8 kqy g cos at/a? = 509 mxH,

N

rae o = 45° — yrom MeXay AMaroHaablo U HampaBJIeHHEM paBHOMEHCTBYOIIEH.
570. Tlocne conmpUKOCHOBEHMS MIapuka B c MapukoM A 3apsj g nepe-
pacnpefenuTcs MeXay IapuKaMH MOPOBHY M IMapuK B Oymer noAHMMAaThCs
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BBEDX. PaBHOBecHe cHITBI TsiXKecTH W cunbl Kynona macrynur npu k(0,5¢)2/h2 =
=mg; orctona h =9 cm.

q q
@ D
qo
()
(]
S,
q q
Puc. 327 Puc. 328

571. g/m = 0*R* kgl = 15 MrKJ/KT.
572. g = mNG/k = 0,774 nKu, tne G = 6,67 - 1071 H - M%/kr? — rpasura-

UMOHHAN NOCTOSHHAS,

573. Cunpl B3aMMOACHCTBHS 3apsjiOB B BAKYyME W B KEPOCHHE
F=kgqo/r*= 1,44 MH u F. = kqyq2/e0? = Fle = 0,72 MH.

CnepyeT OTMETHTD, UTO CHIbL, IPUIOXKEHHBIE K PA3IHUHBIM 0 MOAYIIO
JapsfaM, PaBHBI 10 MOJYITIO M IIPOTHBONONOXKHBI 110 HanpasieHuo. Ha sk3a-
MEHAX HEPEAKO OHIAOAIOTCS. YTBEPKAA, UTO K GOAbIIEMY 3PSy NPHIOXEHA
O6nbINas cuIa. 3TO NPOTUBOPETHT HE TOJNLKO 3aKOHY KyJIOHA, HO M TPETheMy
3akony HeroToHa.

574.8= F\ri/Fys = 2.

575.r = rNe=173 em.

576. [1o norpyxkeHust B KePOCWH HA MIAPHKH jcicraytor (puc. 329«): cua
TSKECTH Mg, CUIIA HaTAKEeHus HUTH T, CHia KYJTOHOBCKOTO OTTAJKHBAHWs
F=kg%r?, tne m—wmacca Wapuka, ¢ - ero 3apsj H )~ PACCTOSHAE MEXTY

a o

Puc. 329

urapukaMu. IIpi paBHOBECCHHE MIAPHKA CYMMbI IIPOCKUMH CA HA BEPTHKAIBHOE
M FOPH30HTANLHOE HANIPABIICHHS PABHB! HYIO (CM. BBEJCHHE K § 6):

Tcosoo—mg=0, F-Tsina=0. (D
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[Ipu norpyxeHun mIapukoB B KepocuH cuna Kynowa F, = kq?/er?; cuna
Apxumepa f= mgp, /p 1 HanpabJeHa BBepx (pHc. 3296). YcinoBue paBHOBECHs
CHJI Tenephb NPUMET BUJ

T.cosoa—(mg-fi=0, F,—T,sina=0. (2)
Hs (1) u (2) aMeem
FIF,=mg/(f—mg); orcropa p=gep/(e—1)= 1,6 - 10° xr/m>.
577. € = p/(p — py) (cM. 3apauy 576).
578. F = k\/(q]2 + g9, + q%)q32 /r2 .
579. Ob6o3HauuM 3apsAnsl Uepes ¢,. g ¥ ¢;3. Torna no zakouy Kynoua

2 2 2
Fra=kqigafria Fia=kaqiqalriz, Foz = kqagalrys.

Hckmovas U3 3THX ypaBHEHHH ¢ H ¢,. HaleM

gs = M3 }Fsza
T kR

580. Cuna p3aumopeitcrous F = kq,q,/r? = 36 xH. DTa cuna [0BONBHO
BENUKA: OHd NPHOIN3UTENLHO PaBHA CHIE, C KOTOPOH NpUTATHBacTCA K 3emile
Teao mMacchl nt = 3600 Kkr.

71

YS_

-
-7

Puc. 330 Puc. 331

581. Ha kaxpaplil mapuxk AEHCTBYIOT: cuiia HaTsikeHMs uutd T, cuia
TIXKECTH Mg U CHJA KYJIOHOBCKOTO OTTanKupaHusa F =kqg?r?, rpe rr = 2lsin o
(puc. 330). IIpu paBHOBecHH IAPHKA CyMMB! NIPOSKIH CHJI Ha BEPTHKAIBHOE H
TOPH30HTaNLHOC HANIPaBJICHUA PaBHb! HyMIO (cM. 3afady 576):

Tcosau—mg=0, F-Tsina=0.

Hcxkniouus U3 3THX ypaBHeHHﬁ Tu YUIHUTBIBAs BbIDAXXKCHUA 0151 Fu I, IONy1dM

m= kqb2 cos oa/4lg sin® o.=6,3 .

582. Ha nopBmwXHBIH mapuK ACHCTBYIOT: CHIIA TSXECTH mg, cHia KyJio-
HOBCKOr0 orrankupaHus F u cuna Hataxedus Hutm T (puc. 331). Ipn
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PaBHOBCCHH mIapHKa CYMMDbI HpOCKIII/Iﬁ CHUJl Ha TOPU3OHTANLHOEC M BEPTHU-
KAaNnbHOC HAllpaBIICHUSA paBHBI HYJIO!

Fcoso~Tsin20=0,

Fsino+ Tcos200—mg=0.

Hckniouas u3 aTux ypaBHeHu# T, HAXOIUM

g2 o
F= b —mg.
cosa+tg2a sina

Hcnonw3yst u3BecTHyo (popMyny ctg o = sin 20/(1 — cos 2at), nonyuaeM

Fe 1 —(':05201 m
sin o
Kak BugHO u3 puc. 331, paccrosnue Mexnay wapukamn r = 2/ sin o. Craejio-
BaTENLHO,
F=kqg?1r* =kqg* 141 sin”
OTCrO1a

q= ZI\ng/k)(l —cos2a)sina = l\/mg/k = 0,8 MmxKn.

583. 3apsy mapuka ¢ NONHOCTHIO NEPEHET Ha BHEUIHIOW NOBEPXHOCTD
chepbl U pacnpefienuTcss no Hed paBHOMEPHO.
ITo3TOMY IOBEPXHOCTHAsl MIIOTHOCTL 3apsla Ha
cchepe

O = ¢/S = q/4 TR? = 0,1 MxKn/Mm2.

584. I1pn BHeceHHUH 1TIapHKa ¢ 3aPsIIOM ¢ BHYTPD
npopopsmen cpepbl Ha BHEITHEH NMOBEPXHOCTH
cepbl NOABNSIOTCS HWHAYUHPOBAHHLIEC 3apsifibl
TOTO K€ 3HaKa, 'ITO M 3apsjl ¢. a Ha BHYTPEHHCH —
IIPOTHBONONOXHOTO 3HaKa (puc. 332). [ToBepxHo-
CTHasi NMOTHOCTH 3apsifa Ha cepe

O = q/§ = gi4 TR* = 0,1 MxKa/m>.

Puc. 332

Tlpu U3MCHEHUH TONOXEHMSI 1IapUKa INMEKTPUTIECKOE TIOJIC BHYTPU cDephbl
OYRET MEHATBLCS, HO 3TO HE CKAXKETCsl Ha PACHPE/IEJICHAN 3apaAoB Ha BHENIHCH
HOBEPXHOCTH cPEPhI U MX INTOTHOCTD GY/IET PEXXHEH.

§ 19. JnexkTpudeckoe mo.1e

Hal’l.pﬂ)lCeHHOCWlb INEKMPUHECKO20 ROAA

585. Haﬂpﬂ)KeHHOCTb ANCKTPUUCCKOTO MO, cO3JaBacMass TOUCUIHBIM

3apsnoM, E = kq/er?; otcropa r = v kqg/eE =2,1 M.
586. 3apsp g, HaxopsIKiics B EHTPE Cephbl, HHAYIMPYET HA BHYTPEHHEH
NOBEPXHOCTH  chpephbl 3aps] —g, a Ha BHEUIHEHN NOBEPXHOCTH — 3apif +g
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(cM. 3apauy 584). MHaynHpOBaHHbIC 3apsiibl BBUAY CHMMETPHH paclpejleleHbl
paBHOMEpHO. DNEKTPHUYECKOE II0JIE ¥ BHEIIHEH MOBEPXHOCTH chepbl COBMa-
JAeT C NOJIeM TOUYCTHOTO 3apsfia, PABHOTO CYMME BCeX 3aps/iOB (HAXOAIETOCs
B I[EHTPe H WHAYLHPOBAHHBIX), T.€. C MOJIEM TOUYETHOro 3apsajna g. ClejloBa-
Tenbho, E, = kg/R? = 2,25 xB/M.

3apspl, pacnpeeNeHHblE PaBHOMEPHO Mo cdepe, BHYTPU 3TOH cdeprl
aJleKTpHUYecKkoro nonsa He cospator. IToaromy BHyTpu cepnl none Oyaer
co3/1aBaThcs JIHIIb 3apsjfioM, NMOMEHICHHBIM B ucHTpe. CleoBaTelbho,
E, = kqg/1? =9 kB/M.

587. HanpsiXeHHOCTb 3JEKTpHUECKOTO nons E B TpeTbell BepIIHHE Tpe-
YrOJIbHHKA (B TOUKE A) ABJIsAeTCA BEKTOPHOH CyMMOH HampsikeHHoctedl E| u
E,, co3jiaBaeMbIX B 3TOH TOUKE NOJOXHUTCIBHLIM H OTPHIATENLHEIM 3apA/laMi.
ITH HaOpSKEHHOCTH PaBHbI 110 Moymo: E| = E, = kg/a?, u HanpaBneHsl 1oj
yraom 2 = 120° apyr k apyry. Pe3ynbTupytomas 9THX HanpsakKeHHOCTEH paB-
Ha 1o Moaynro E = 2k gl cos ofa? = 40,5 B/m (puc. 333), napanienbHa JTUHUH,
COCJIHHAIONIEH 3apAAbI, ¥ HATIPAaBJICHA B CTOPOHY OTPHIATENLHOTO 3apsijia.

@ 92

Puc. 333 Puc. 334

588. HaupsiXeHHOCTB 3JIEKTPHYICCKOTO MOJS B UeTBEPTOH BepiunHe poMOa
(B TOUKE A) IBNACTCSL BEKTOPHOM CYMMOM HanpsbXeHHOCTER (puc. 334), cosjia-
BaEMBIX B 3TOH TOUKe 3apsjaMi ¢, g, u Q: E =E| + E, + E;. TIlo moaymo
HaupskeHHoctd E; = kQ/a?, E| = E; = kq/a?, npuueM HampaBjieHUS HAnNps-
xkeHHocre# E| u E, cocTaBlflOT ¢ HallpaBIcHUEM HaNnpskKeHHOCcTH E; o/u-
HakoBbIe yribl O = 60°. Pe3ynbTHpylonias HaNpsKeHHOCTh HANpaBicHa BAOID
KOpPOTKOM HaroHanu pomM6a ot 3apsiia ¢ ¥ paBHa 10 MOAYIIO

E = kQ/a? + 2k(q/a®) cos 0. = k (g + Q)/a*.

589. HanpsxxkeHHocTH anekTtpuueckoro nons E|, E> u E5, co3jpaBaecMbIe
3apsAgaMu ¢y, ¢, 1 Q B 3aJlaHHON TOYKe, UMEIOT MOJYJH, HAaHICHHbIE B 3ajave
588, onHako HaNpsXXeHHOCTh E; HampaBJIeHa B MPOTHBONOIOXHYIO CTOPOHY,
T.¢. K 3apaay Q. Takum oGpasoM, HanpasieHus Hanpsxeunocred E |, E, u E;
COCTaBISIOT MEXAy cobGol yraer 200 = 120° a) Ipu IQ| < ¢ mckomas
HanpskeHHocTsb E = k (¢ — 101)/a* v HanpasneHa BIoJb KOPOTKOH HaroHalu
poMGa or zapaga Q; 6) npu |Q| = g HanpsukeHHocrs E = 0; B) npu 10! > ¢
HanpsxeHHocts E = &k (I0! - ¢)/a ? u wanpasiicHa BAOML KOPOTKO# {HATOHANH
pomb6a k 3apsay Q. '
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' §90. Hanps>KeHHOCTH 3MEKTPUUECKOTO 0TS B IEHTpe poMOba, co3aBacMble
COOTBETCTBEHHO 3apANIAMU Gy, ¢, 3 1 qq

E, = dkq /di, Ey=4kgold:, Ex=dkqyds. Ey= 4kqald.
HarnpsiskeHHOCTh B HEHTpE poMba

E=(E,—E) +(E,—E) =

= 4k d2d2 gy — q) d +(qy — g3 d} = 15,9xB/m.

Yron o Mexjy HanpaBJieHHeM TOM HAPSXKEHHOCTH # KOPOTKOM THaroHaNbo
pomOa OnpeneNseTcst BblpasKeHAEM

tgot= (B, — ENNE, ~ Ex)=(q, - q,)" d3 /(g — g3)d =1, T.e. o= 45°,

591. Ha mapuk JIedcTBYIOT: cuia TaXKecTH mg, cuna F = gE co cTOpoHBI
3NEKTPUIECKOTO NOITs 1 cuita HaTsokenust HUTU T (puc. 335). TIpu paBroBecHn
IapUKa CYMMBl NIPOEKIMI CIIT HA BEPTHKAIb-

HOE M TOPH3OHTATILHOC HATPABICHUS PaBHbL % F
HYIO!
Tcosa—-mg=0, ~Tsino+qE=0;
orcropa tg o= gE/mg = 1. 1.c. 00 = 45°. mg
592. Ha miapuk ACHCTBYIOT: cuia TAXKECTH F
mg ¥ cuna F = gE co CrOpOHLl 3JeKTpHue-
CKOTO 11OJIs1, HanpaBieHHas Beepx. Tak kak 1o
VCIOBHIO > mg, TO 11pH PABHOBECUN LIAPHK mg Z
OyneT HAXONHUTLCS Y BEPXHETO KOHIA BEepTH- Puc. 335 Puc. 336

KanL,HO HAaTAHYTO# HATH (pHe. 336). PasHo-

Jeficrpyronas cuna F uomg, ecan 6bl WapuK OLIT cBOOONEH, BBI3blBaTa Obl
yckopeuwe a = gE/m — g, xoTOpoe, Tak e KaK ¥ YCKOpPeHHe CBOOOJHOTO
HafeHUsl ¢, He 3aBUCHUT OT NONOXKEHHS rapuka. I1oaToMy MosejcHue MapHKa
OyneT ONHUCHIBATBLCA TEMM Xc¢ (POpPMyJNaMH, YTO H HOBEACHHE IIAPHKA I11OJ
HEHCTBHEM CHIIB] TIXKECTH Oe3 3MEKTPHUIECKOrO MOJsl (IPU NPOUUX PABHBIX
VCIIOBHSIX), €CTH TOJBKO B 3TuX (popMyiax g 3aMeHHTh Ha 4. B wacTHOCTH,
IIlepHOJ KONEOaHHU IapyKa Ha HHTH

T=2nl/a= 2na/mi (gE — mg).

I[Ipu T = Ty HOMXKHO BBIIONHATKECS yciaoBne a = g. CrnegoBaTeNbHO,
E = 2mgl/g = 196 xB/™m.

593. IIpu HAMUYMK ORHOPOAHOTO IIEKTPHUUECKOTO MOJA C HANPAXKCH-
HocThio E, HanpaBneHHOM BHU3, epUOf KoneGaHuil mapuka (cM. 3agaay 592)
T = 2nN mi/(mg + |glE). B orcyrcTbue aneKTpHuecKoro nons Ty = 27:\/7 =
= 1,20 c. Jaa noroxuTeAbHOro 3apsiga g nepuon 7T; = 1,10 ¢, a gna orpu-
uareabHoro T, = 1,35 ¢. Takum 00pa3oM, U3MEHEHHUs NIEpHOAA B NEPBOM H
sropom ciydasx oyayT Ty - Ty=-0,10cu T, -Ty=0,15c.
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594. Ha mapuk aeHcTBYIOT: CHNa TSKECTH mg, cuna F = gE co cTOpOHbi
3MeKTPUIECKOrO MONs U cHia HaTskeHus HutH T (puc. 337). BoaMoxub aBa
CyHasi: a) HanpsDKeHHOCTD MOJIsE HAallpaBicHa BHU3; §) HANPSXKCHHOCTD TMOMs
HanpaslieHa seepx. [Ipu paBHOBECHH TTapHKa

Tcosp=mgtqgEcosa. Tsinfi=gEsina,
I7lec 3HAK IUIIOC OTHOCHTCS K CIy4alo a), a 3HaK MHHYC — K CIyuaio 6);
B - yrox mexnay HanmpaBIcHHEM HHUTH U BEPTHKanbro. VICKMIouas U3 3THX
ypaBHeHuil 3, Halizem

T= \/(mg)2 +2gmgEcoso+ (qE)2 .
Mpuatom:a) T =28,7mMH,6) T = 12,0 MH.

595. DaeKTPOH B moJie ABHXKETCS paBHO3aMe1eHHO. IIpoineHHDbIN Iy Th § B
BpeMsi £, 32 KOTOPOE OH NPOXO/HT ITOT NYTh, ONMPEACISIIOTCH COOTHOIIEHHUAMH
s=v2/2YE=2,37 oM,

t=v /YyE=47 Hc.

e y=e/m=1,76 - 10" Kn/Kr ~ ypenbHbI# 3apsaj 9MeKTpOHA (OTHONICHHE
3apsifia 9NMEeKTPOHA K ero Macce).

L]
\1N§h\

Puc. 337 Pric. 338

596. Ha onexTpoH npu ero ABMKCHHH MEXJY IUTACTHHAMH KOHJEHCAaTOpa
JeHCcTByeT cana F = ¢E£ co CTOPOHB! IMEKTPHUECKOTO MOJIA. DTa CHila Ha-
npapieHa IEpPNeHJUKYIAPHO K NIacTHHAM B CTOPOHY, MPOTHBOMONOXK-
HY}O HalpaBlecHUIO HAIPSSKEHHOCTH, TaK Kak 3apsj 3NEeKTPOHA OTpHLATENEH
(puc. 338). Cunoil TsXeCcTH mg, REHCTBYIOMICH Ha 2MeKTPOH, MOXHO IIpe-
HeOpeuh [0 CpaBHEHHIO ¢ cunoit F. TakuM o6pa3oM, B HANpaBNEHUH, Mapa-
JETEHOM IUTACTHHAM, 3JIEKTPOH JBHXETCS PAaBHOMEPHO CO CKOPOCTBIO U, HMEB-
1e#dcs y HEero o TOTO, KaK OH BIETEN B KOHAEHCATOp, W NpOJIETaeT pac-
cTosiHHE [ 3a Bpemst f = [/v. B HanpaBJICHUH Ke, IEPNEHAUKYISIPHOM K IITACTH-
HaM, 3MEKTPOH [BHXKETCS MOJ AEHCTBHEM CHIbI F H, CllefloBaTE/IbHO, HMEET
yckoperue a = F/m = eE/m; 3a BpeMs { OH CMEINACTCS B 3TOM HalpaBJICHAH HA
paccrosnue h = at?f2 = ¢El 2mv ?; otciona :

v =IeE/2mh = 3,98-10"m/c,

k=mv?12=eEl*/4h=7,2-10""% Ix.
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Tomenyuan. Paboma snexmpuueckux cun

597. Ilone BHe Wapa COBIAfaeT C NOJEM TOUEUHOTO 3apsina, PaBHO-
ro 3apsily ¢ ILapa ¥ HOMEIEHHOTO B ero Heurtpe. [loaromy noreHuuan
B TOUKE, HAXOAAIEHCA Ha PacCTOSIHUU R + /7 OT 1leHTpa 1mapa, @, = kg/(R + r);
orcroga g = (R + r)@,./k. IToreHunan Ha noBepxHocTH 1apa ¢ = k¢/R =
= (R +r)9,./R =202 xB.

598. Ilycrb 3apan B paguyc KaXkaoH KanelnbKu PTYTH pasHbl ¢ u r. Torja
e HoTeHnuman ¢ = kg/r. 3apsaa OGonnwod kanmu @ = Ng, u ecnu ce
papuyc paseH R, To ee noreHmman ® = kQ/R = kNg/R = Nor/R. O6membl
MaNeHbKOW 1 GONbIOR Kanenb v = 475 3/3 u V = 4nR 3/3 cBasaubl McxkIy
coboit cootHowenmneM V = Nuv. Crneposarenbsto. r/R = 1/N ' y norenmman
® = No/N 13 =-pN23 0.

599. B pesynbrare 3A€KTPOCTATHUCCKOR HHAYKIHH HA BHCIUHEH W BHY-
TPCHHE! NOBEPXHOCTAX cpephl NMOABSATCS PaBHBIC MO MOJYNIO, HO IIPOTHBO-
HOJOXHRLIe 10 3HAKy 3apajgsl (cM. 3ajgauy 584 m puc. 332). BHe cepnr
MOTEHINANE] MCKTPUUCCKHX MONEH, CO3/laBAcMbIX 3TUMH 3apsaaaMy, B 110000
TOUKE PaBHBI 0 MOAYIIO U IIPOTHUBONONOXKHGEI 110 3HaKy. [ToaToMy noreHnmam
CYMMapHOTO {10l MHIYIHPOBAHHLIX 3ap4/0B paBcH HyT0. TakuM oOpa3oM,
OCTAIOTCA NUUIL IONS, CO3faBaeMble BHe cdepbl 3apsjoM BQ Ha ee no-
BCPXHOCTH W 3apsiaoM Iiapuka ¢. [ToTeHmuan nepsoro Hois B TOTKE yjua-
JNEHHON OT LeHTpa chepnl HAa paccTosiHuE 1, @ = kQ/r = kQ/10 R, a noTcHInan
BTOPOTO MONS B TOH XK€ TOUKe @, = k¢g/r = k¢/10 R. [lonHblit mOTEH-
nan @ = @ + @, = k(Q+ ¢)/10R. Ilpu ¢ = +20 uKn ¢ =27 B; upmu
¢ =-20Kn ¢ =-9B.

600. Hanbonb11yio HaNpsskeHHOCTD 3NEKTPHUECKOE [IONE HMCET Y [1OBEpX-
Hocru wapa: E = kg/eR 2, TloreHuyman mapa ¢ = kg/eR; orciona ¢ = ER = 90 B.

601. M3 3akona Kyrnona onpenenseMm 3apsaibl IMapUKOB: ¢ = N Fik. Bapaj ¢,
HaxogdlIuiics Ha ulapuke pajguyca R = D/2, co3paeT Ha NOBEPXHOCTH 3TOTO
mapuKa NoTeHIHan

(p_kq_kr«F/k 2'.[_<

YTUR R D'
B ToM MecTte. rae HaxO[QUTCH 3TOT UIAPHK, 3apsij APYIOrO LIApHKa CO3/JacT
norennuan @, = kg/r = \ kF. Takum 06pa3oM, IOTEHIHAT KaXX/10T0o NapuKa

O=@, +0, =MF—(1+P—)=4,84 kB.
D 2r

602. IToTerynan B LIEHTPe KBajJpaTa paBeH aireOpanuyecKol CyMME NMOTEH-
HMaJIOB, CO3laBaeMblX BCEMH 3apAlaMH B 3TOH TOUKE!

0= +0, +P;+0, =(k/a)(q +q, +q;+q4)=-180 B.

(93
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HanpskeHHOCTb NoNisl B IIEHTPE KBajpaTa ABNAETCS BEKTOPHOH CyM-
MOIl HamnpsDKeHHOCTEH, CO3[aBaeMbIX KaXKAbIM 3apaioM B 3TOH TOuKe:
N 2 E=E,+E,+E;+ E,. Moaynu aTuX Hanps-
o O  XEeHHocTeH

E, =kq]/a2, E, =kq2/a2,
E; =kq3/a2, E, =kq4/a2.

YnoOHO cHavana CroXHUTh NONApHO BEKTOPhI,
HanpaBieHHble O OJHON AMAarOHAaNU B NPOTHU-
BONOJIOXHbIE CcTOPOHBI (puc. 339): E, + Exu
E, + E,. Ilpu nannbix 3apsagax cymma E| + Ez o
Monynio pasHa cymme E, + E4. IToatoMmy pe-
3yNBTHPYIONIAs HanpsKeHHoCTh E HanpaBneHa
no OHCceKTpHce yIia MEX/y AMarOHANSAMH H
COCTABJISAET C ITUMH IUATOHATISIMHU yribl o = 45°. Ee mopynb E = 2545 B/m.
603. HanpsxXeHHOCTH 3NeKTPHIECKOTO NOJIA B TOUKaX d U b

Puc. 339

E, =kq/r’ =600 kB/M, E,=kq/r} =37,5 kBM.

IoreHumansl B 9THX TOUKAX
©,=kq/r,=30 kB, ©,=kq/n =15 xB.

Pa6oTa 3NMeKTPHUECKUX CUIT NPH [IePEMELIEHHH 3aPANla g U3 TOUKH @ B TOUKY b
A= qO((pa - (ph) = 1“1051(1 / rh— 1/ rh) =22,5 mx/[Ixk.

604. HanpsXeHHOCTH 37EKTPHUUECKOrO NONSA B TOUYKAX a U b paBHBI
- 2
E,=kql/r; u E, =kq/ r,,z, The r, U I}, — pacCTOAHMS TOUEK a U b OT 3apsja ¢.

Moreunuansl B Toukax a v h pasubl @, = kglr, = NkqE, u @), = kq/r, = N kqE;
orciopa pabora, HeoOxojMMas 4 NEPEMCUICHHS 3apsiia ¢, U3 TOUKH

@ B TOUKY b,
A=qo(9, —0) = qo/kq(JE, —\[E,).

605. Ilpu npoxXoXjeHUH 3NEKTPOHOM Pa3HOCTH MoTeHUUanos V =1B
JMEeKTPUUYECKHE CHIbLl COBEPIIAIOT Hajl NMEeKTPOHOM padory A = eV =
= 1,60 - 10" [Ixx. DTa paGora paBHa KUHETHUECKOH SHCPrUuH, IpuOOpeTe HHOH
3MeKTpoHOM, T.e. 1 3B = 1,60 - 1071% JIx. IMockonbky eV = mv?/2, to v =

= 2eVim = 593 km/e.

606. PaGoTta aneKTpruIeCcKUX CHMl paBHa H3MEHEHUIK) KHHETUIECKOH 9HEPTHH

anekTpoHa: eV = muv%/2; orcropa v =V 2eVim = 5930 xm/c.

607. ITorenuuan Ha NnoBepxHOCTH wapa ¢ = kq/R; OTC}O)laieFO 3apan
g = QR/k. IloreHuuan Ha paccTrogHHH R + r or LeHTpa mwapa @, =
=kq/(R + ry= @R/(R + r). IIpu nepeHoce 3apana gy U3 TOUKH C IOTEHIUATIOM

¢, B GECKOHEUHOCTb paGoTa JNEKTPHUYECKHX CHN A = qoP, = goQR/(R + r) =
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‘=1 MkJIx. Taxkyto ke paboTy HECOOXOAUMO COBEPIIUTH MPOTHB 37 EKTPUIECKUX
CHJ IpH HepeHoce 3apsifa gy u3 6ECKOHEUHOCTH B TOUKY, HAXONSIIYIOCA Ha
PACCTOSIHHH * OT NNOBEPXHOCTH I11apa.

608. © = A(R + r)/qyR = 0,3 xB.

609. A = Go(@y — 9,) = kqog(1/ry — 1/r)) = 22,5 [Ix.

610. A = kgy(q, — g,)(1/d— INr?+d?) =036 MITx.

611. Haiinem noreHIuan, co3gaBaeMbIil 3apsifioM ¢, HAXONSIIIAMCS Ha KOJb-
e, B TOUKe A Ha OCH KOJbLA, PACIONOCXKECHHOH Ha PACCTOSHUH X OT €0 LEHTpa

(puc. 340a) u, clefgoBaTeNbHO, HA paccTosHHAX r =VR2+x2 or Touek,
JTEeRAIUX HA KOJble. Pa306beM KOO HA OTPE3KH, MANTbIE O CPABHEHHIO C
paccrosiaueM r. Torna 3apsin Ag;, HAXOASIIUMECS Ha KaXIOM OTpe3Ke (/ — HoMep
OTpe3Ka), MOXKHO paccMaTpUBaTh KaK TOUeUHbIH. OH cCO3jaeT B TOUKe
A noteHuman @; = kAgq,/r. [ToreHuuan, co3aaBaeMslil B ToOuKe A BCEeMH
OTPE3KaMH KONbLA (OTCTOAILIMMH OT 3TOH TOYKH Ha OJHO U TO XE€ paccTof-
HHe r), Oyner

D=0+, +0;+...=(k/r)(Ag, + Ag, + Ag; +...).

B cKOGEax CTOMT CyMMa 3apA/iOB BCEX OTPE3KOB, T.e. 3apAfl BCEro KONbla ¢;
noatoMy @ = kq/r = kg/N R + 2,

IMorennuan P, noms B NEHTPE NEPBOTO KOJblA CKIABIBACTCA U3
OTEHUMANA, CO3[aBAEMOTO 3aPAAOM ¢, HAXOAMHMMCS Ha MEPBOM KOMbIIE, IS
KOTOpOro x = 0, 1 NOTEHUHANa, CO3[]ABAEMOr0 3apA/lOM ¢, HAXOJAIIMMCS Ha

Ag;
q [45)

Puc. 340

BTOPOM KOIbLE, Wi koroporo x = d (puc. 3406). AHANOrUUHO HAXONUTCH
AOTEHIIHAT B LIEHTPE BTOPOTO KOMbIA:

@, =k(q,/R+q, /NR* +d*), @, =k(gy/R+q,/R* +d%).

OKOH'IaTeILHO ANA pabOThl HMEEeM
A=qy(®) - D) =kqo(q) —q,) (1/ R=1/R* + d*).

612. Ecnu 3apsaasl gg M ¢ ONHOTO 3HaAKa, TO YHAJHUTh HIAPHK OT KOJblIA B

- 6ECKOHEYHOCTb MOXKHO, COOOIMB eMy GeCKOHETHO MaNyio ckopocTb. Eciu ke
3HaKHU 3apsiioB Pa3Hble, TO CyMMa KHHETHUECCKON M NOTEHUHAJBLHON 3HEpPT Ui
LIIapPHKa B EHTPE KOJIbIA NOJXKHA ObITH PaBHA HYJIO, TaK KAK OHA paBHa HYIIO
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13 OECKOHEUHOCTH: mu2/2 + g9 =0, rie ¢ = kg/R — noTeHRMa1 B HEHTPE KOJIbLa
{cM. 3apauy 611); orctopa v = \ 2klguql/mR.
613. v =\ 2keg/mR = 800 xm/c.

614. BHyTpH KOHJIeHCATOpa HMEETC OJAHOPOAHOE 3NEKTPHUECKOE MOJE ¢
HaIIpAXXCHHOCTBIO E = V/d, nanpaBieHHON BepTHKanbLHO. [Tocne ypapa mapux
IIPHOGPETAET 3apsijl TOTO XKE 3HaKa, YTO M HHXKHsA IIJIaCTHHA KOHJ(CHCATOpA.
IToaTomy Ha Hero 6yfeT AeHCTBOBATH CO CTOPOHBI JMEKTPHUUCCKOTO MO CHJlA
F = gqF = qV/d, nanpapnennas Beepx. COTNacHO 3aKOHY COXPAHCHHST dHEPTHH
H3MEHEHNE OHEPIUH PasHO paboTre BHEMIHUX CHIT (B JAHHOM CJyuac — 3JCKTPH-
YEeCKUX). YUMTBIBASA, UTO YAap d0COMOTHO YIPYIHH M UTO B HaAUaILHLIR u
KOHCYHBI# MOMEHTBI LTAPHK HMECT JIMIIb NOTEHHNANLHYIO JHEPIHH) B NOJE
CHJTB! TSKECTH, NIOTY M

A=Fh=2 = mgth— 1), omeyna h= 8L
d mgd — qV
615. CormacHO 3aKOHY COXpaHEeHHs IHEPTUI
mgh—(mv* 12+ mgH) =gV,
rac ¢V — pabora aneKTpHueckux cun, V = kq/H — kg/h — pazHocTh nOTEHNHANOB

TOYIEK HAYANHLHOIO H KOHEUHOI'O NOJOXKEHHS BEPXHETO IIApPHKA. H.TIH onpeje-
JeHus Nt MONTYyYaeM KBAAPATHOE YPABHEHHC!

2 2 2
k
PRI LA WYY PN )
2¢g mgH mg
Pemasg ero, HafiaeM
L v kg® N 2 g
PR B B T P LN L. .
2\ 2¢ mgH 4\ 2g mgH mg

(3HaK IUIIOC HEpel KOpPHEM COOTBETCTBOBaJ Obl MaKCUMAaJLHOH BBICOTE,
NMOCTHTHYTOH ITAPHKOM, €CITH Obl OH MONYUYHJ Ty XXKe HAYaJlbHYH CKOPOCTD,
HANpPaBICHHYIO BBEPX).

2 2 2 2 2 2
616.h=l i)———k—q—+ + 1 E—+—kq—+H +ki.
2\ 2¢ mgH 4\ 2¢g mgH mg

617. Pabora, coBepllleHHasi Haj MIEKTPOHOM IMEKTPHUECKUM NONEM, HAET
Ha YBENHUCHHE KHHETHUSCKOH 9HEPIHH 3JIeKTPOHa:
e(Q,—©,)= mv2i2— myl ]2, l
OTKya

0, -9,= (2 - v})2y=-22,7 B,
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Ifie Y — YACNbHBIN 3apsj 37eKTpOHa. Pa3sHOCTh MOTEHIHANOB OTPHIATEILHA.
Tak KaKk SNeKTPOH HMEET OTPHUATEIbHBIA 3apAf, TO CKOPOCTh SJEKTPOHA
YBETUUHBACTCS [IPU €I0 ABIXKCHHH B CTOPOHY BO3PACTAHHUS MOTEHUHANA.

618. 3a Bpems mponera ¢ = /v (cM. 3agady 596) anexTpoH cMmelaeTcs B
HanpasieHUH ReHCTBUA CHIIBI Ha PaCCTOSIHHE

h=at’/2= yV12/2 Uzd=~‘5,5 MM,

TJlIE Y — YACTBbHBIN 3apsij] 9JICKTPOHA.

619, Ha neInuBKY AeficTBYIOT CHIBI TsXKecTH mg W cuna F = ¢ E | co
CTOPOHBLI 3JICKTPUUECKOrO HONA, Ifle ¢; — HAYalbHBIA 3apsAn NLIIUHKH U
E, =V,/d — Hanpsi>KEeHHOCTD 3JIEKTPHIECKOr0 NoJs B KOHAeHcaTope. Urobsl
IBIJIAHKA MOTJIa HaXOJUTLCA B paBHOBECHH, BEPXHAS IJIaCrHHa KOHAEHCaropa
JI0T>KHA OBITH 3apskcHa oTpHilaTensHO. [Ipu paBHOBecHH

mg=F, unu mg=g,V,/d;, orciona g, =mgd/V,.

Tak Kak yMeHbIICHHE 3apsja NbUIMHKH Ha ¢y = 1000 ¢ paBHOCHNBHO
YBEANYCHUIO MONOXHUTENBHOTO 3apsila Ha ¢;, TO HOBBIA 3apAj] MBITHHKH
¢ = ¢, + ¢y Ilpn paBHOBecum mg = ¢,V,/d, rpe V, — HOBas pa3HOCTH
IIOTEHIMAJIOB MEXNY IUTACTHHAMH. Y UHTHIBAs BbIPAXEHHUS AN ¢), 2 H (),
Ha#lneM

Vy = mgd/ g, = mgVid /(mgd +1000eV;) = 5020 B.

TaxuMm oOpa3oM, PasHOCTH NOTEHUHANOB HYXHO M3MeHHTH Ha V, —V, =
=— 980 B (3HaK MHHYC MOKAa3bIBAECT, UTO €¢ HYXXHO YMCHbUIMTD, TaK KaK 3apsf
HBITUHKYA YBETHIUICS ).

620. BepxHsist NnacTHHA KOHJEHCATOPA JIOMKHA ObITh 3apsi’KeHa MOJNOXKH-

tenbHO. HOBBIN 3apAj NBIMHHKH ¢, = ¢ — ¢g. THe gy = 1000 ¢. IToaTomy
(cM. 3amauy 619)

V, =mgd/q, = mgVid (mgd —1000eV,) = 7460 B.

Hanpsixenne MexX/y INacTHHAMHE HY>KHO yBenuuurs Ha V, — V| = 1460 B.
621. Ilpu paBHOBeCHH

(4nr? /3)pg=eV/d, orkyna r=3[3eV/4ngpd =7,6-107cm.
p

622. HanpsiKeHHOCTh 3MeKTPHUECKOTO NONA B KOHpeHcatope E = V/d.
Pa3Hocrs NMOTEHUMATOB MEXAY TOYKAMM, IJe PACIONOXEHBI 3apsijibl,
Vo =9@,— 9, = El = Vl/d, Tie ¢, — noTeHHan B TOUKE PACHONOXEHHS 3apsiia
+q, a ¢, — NOTEHUHAN B TOUKE PACIONOXEHUA 3apsafia —q; IpH ITOM @, > @p,.
IIpu moBoOpoTE NMANOUKH 3INECKTPHUCCKHUE CHIBI COBEpWalT paboTy mno
MEPEHOCY 3apsiia —¢ M3 TOUKH a B TOUKY b U 3apsia +¢g U3 TOYKH b B TOUKY 4,
PaBHY1O

A=—q(Q, —9,) +q(Pp —9,) = —24(®, —9y) = —2qIV /d =—6-10""" .
3HaK MHHyC O3Havaer, 91ro paﬁoTy DOJIXKHBI COBepHIHTb BHCIITHHUEC CHIIBI.
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623. M =gVlid=9-10"H - M.

624. V = fd-( kg
q
625. Ecnu o 3aMbIKaHMA WapUK 2 MMeN 3apsad ¢, TO CyMMa 3apsijaon
ulapukoB 1 w2 nocie 3aMmblkaHus ¢, + ¢, = ¢. [loTeHnuanbr xe ux nocie
3aMbIKaHUA OMHAKOBLI: ¢ = kqy/R| = kq2/R,. CnenosatensHO, ¢, = ¢ R, /R,.
Tlocne 3aMbIKaHuA MapHK 2 JCHCTBYET Ha WAapHK 1 ¢ cumoit

mg = kqlq? —kql . OTKyla ¢ =h mg Ry
ne h*R, \ ok R2

)z—' 460 kB.

HavanbabIA NOTEHIWAN IHapUKa 2

:_lﬁ_________k(ql-qu) = kq R /R =h kmgﬁ————R] Ry =12,6 xB.
R? R, "R, R, RR, ’

3./16Kmpu UeCcKaa eMKOChIb

626. EMKOcTH npoBOfsiulero mapa B KEPOCHHE U B rnunepune C; = 47e e R
u Cp = 4neye,R. Ux ornowenne C,/ Ci= €, /g = 28, 1.
627. 3apsp Ha nTacTHHE, 3apSKEHHOM NNOJOKUTENBHO, ¢ = CV = 5 nKur.

628. v=\ 2ycS/C = 1,03 - 107 M/c, rue Y — yaelSbHbI 3apsij 3TeKTPOHA.

629. KonaeHcaTop U3 TpexX ITACTHH MOXKHO PacCMaTpHBATh KaK ABa IJO-
CKMX BO3[yHIHBIX KOHJEHCATOPa € eMKOCTLIO € S/d KaKABLIA", COEIMHEHHBIX
napannennHo (cM. puc. 77). TloaroMy obutasi eMKOCTE (6€3 AUINCKTPHKA)
Co = 2€3S/d = 35,4 nd. Tpu NOrpyXeHUM KOHJEHCATOpa B IITHUECPUH CrO
emrocTnh C = eCy=2¢y € S/d = 200 ud.

630.C=C,/(n-1)=gyeS/(n—-1)d=31nd.

63l.m=qElg=1q1Q/eyR?2g=3Tr.

632. HanpsiskeHHOCTh 3JEKTPUUIECKOro MOJA BHYTPHM INTOCKOTO KOHMEH-
caTopa cpi3aHa C 3apAnoM () Ha ero [iacTuHax cooTHouleHHeM E = Q/€y§
Ha wrapuk BHYTpH KOHjeHcaTOopa [EeHCTBYIOT CUNa TSKEeCTH mg, CHUna
HaTsKeHUss HuTH T W cuna F = ¢gF co CTOPOHLI 3TCKTPUYECKOro MO
(cM. puc. 335). Ilpu paBHOBEcHHM 1UapuKa B IPOCTPaHCTBE KOHjeHCAaTOpa
(cM. 3agauy 591) gF = mg tg o, nIu

qQ

—=mgtge;, orctoga Q=
€S

OS'"gt =572 MxKu.

* HanoMHuM, 4TO B GOMbLLIMHCTBE 3a/laU OTHOCHTENLHAs NINEKTPHYECKas TPOHN-
1aeMOCTh CPEflbl, B TOM HHCTE M BO3JYXa, MPHHATA PaBHOI efHHUUE U B (GOPMYIbHbIE
BBIPAXKEHUS! HE BXOIUT.
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633. Ecnu g, u g, — 3apsiABl HAa NITACTHHAX [0 H IOCJE HOTPYXKeHUs
KOHJIEHCAaTOpa B KEPOCHH, TO

Ag=q,—q, =egy(e-NCyV =go(e~1)SV/d =50 nKn.

634. 3apsn #a nnacTunax He M3MEHsieTcs, noatoMy V = dV,/fed, =
=100 B. :

635. IIpu nmepeMelieHUM IUTACTHHB! ¢MKOCThL KOHJAEHCATOpa B AAHHBIN
MOMEHT BPEMEHH ONpEAENAeTCs TOR YacThio IIOIMAAH MIACTHH, 10 KOTOPOH
OHH NEPEKPBIBAIOT APYr Apyra. B MOMEHTBHI BpeMeHH # | ¢, momajgu S =
=Sy—-vlt, S, =8y—vity, tne [ = 10 cM — ANMUHA CTOPOHBLI IIACTHHBI. B 3TH
MOMEHTBI BpEMEH! KOHJeHCATOp uMeeT eMKOCTH C =€y S /d, C, =€, S, /d, a
3apsiibl Ha €ro IIaCTHHAX

g =CV=e,8VId, g,=CV=¢g,S,V/d.

3apsij, TpOTEKUINH 1O npondnaM 3a BpeMst At = t, — Iy,
Ag =g —q, T€g(S) =~V /d=¢eyul(t, —1)V/d

IIpu arom Tok [ = Ag/At = gy vl VId = 32 HA.

636. OO6mmui 3apsAa napallelibHO COEAMHEHHBLIX KOHJEHCATOPOB
qg=(Cy+ Cy)V =0,6 MK

637.V =2V,/3=4B.

638.V = (CV, + C,V)/(Cy + C,) =40 B.

639.C, = C (V| =WV)/(V - V,) =10 MmxP.

640. 3apsianl KOHAEGHCATOPOB JIO UX coefunenust ¢, = C\Vy u g, = C,V,.
ITocne coepuHEeHUs] Pa3sHOMMCHHO 3apsIKCHHBIX OOKIafOK KOHACHCATOPOB
o6wmuit 3apsf g = lg, — ¢4l = (Cy) + C,)V u 3apsin neprOro XKoHgeHcaTopa
¢’y =C,V.rae V — pazHOCTB NOTEHUMAIOB MeX]y OOKITaAKaMH KOHJICHCATOPOR
NOCIe COCAMHEHUS; OTCHONA

641. ITocne coepuHeHnus pa3HOUMEHHBLIX OOKIagok obmuit 3apsag ¢ = CV
paBeH pa3HocTH 3apsanos g, = C1V u g, = C,V, OTcIbHBIX KOHAEHCATOPOB, T/
C =C, + C, — o0mias eMKOCTL MOCNE CoeuTcHusl, TakuM oOpa3oM,

(C+ V=V -GV, g >qy;
G+ =GV -CY, ¢<q.
Peast 3T ypaBHEeHus], [IONYUMM B IEPBOM M BO BTOPOM CITyUasiX
Cy= (Vo + VIC/(V = V)= 11 Mx®, C; = (V- WVICo/(Vy + V) =3 Mxd.

642. Io coepuHeHHs 3apsiAbl INEPBOTO M BTOPOrO KOHACHCATOPOB
gy =1C Vil u g, = IC,V,l. Tlocne coeauHEHNsT PA3HOUMEHHBIX OGKITAJOK OOmmiA
3apsip

r— Q1= |C2V2| - IC,V]I =% |(C1 + C2)V]
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IIBOHOM 3HAaK MBI 3/1cCh NOCTABIUIH IIOTOMY, UTO 3apaHee He H3BECTHO, KAKOM
13 3apsjoR, g, UIH g, 60IbIIE; OTCIO/IA

Vol = [IC, VI £ (C + CHVI/C,.

Pemenne co 3HakoM MHHYC COOTBETCTBYET CIIYUar0, KOIJla 3HAKH 3aps/ioB Ha
NTacTHHAX MEepPBOro KOHACHCATOpa NOCIe COCANHEHHS! IUTACTHH HE MEHSAIOTCH,
4 CO 3HAKOM IUTIOC — CIyYalo, KOT/la 9TH 3HAKH CTAaHOBATCS 00paTHLIMH. Tak
Kak B HaweM cryuae IC,Vyl <I(C| + C,)Vi, a ermuwuna V5| gomxkHa GbITh Beerja
[OJOXXATENBHON, TO CYyLIECTBYET JHITL OJHO PELIeHHE — CO 3HAKOM mitoc. B
pesynsrarte V)l = 350 B.

643. g, =R \g/(R| + Ry q; = Raq/(R| + R»).

644. CoeanHeHe WapOB MPOBOJHAHKOM 3KBHBAJNCHTHO Napaiel]IbHOMY
COCJIMHEHUIO KOH/leHcaTopoB. [locne coeiuHeHIA

q1 = Cilgy + gACy + C3) = Ri(q + q)/(R| + Ry) = 1,9 uK,

g5 = Colgy + g Cr + C3) = Ry(q + q)/(Ry + Ry) = 4,8 K,
645. 3apsnbl Ha Wapax 10 | [I0CNe COeAHHEHHs ¢ = R Qy, g2 = Ry@, 1 ¢ =

= R19. ¢ = R,¢. OOumit noTeHImMan wapoB NOCIe COE/IHHECHHUS ONPE/ICTUM H3

VCIIOBHS COXPAaHEHNS 3apsiaa: ¢ = (RQ; + Ry@)/(R| + R,). 3apsybl Ha NepBOM 1
BTOPOM IIapax Nocie COeJNHEHUSA

qi = Ri{(R1@1 + R2@)/(R + Ry),
q5 = Ry(R 191 + Ry@)I(R + Ry).
TToBepXHOCTHBIE MITOTHOCTH 3apAfiOB HA Iapax

o1 =8| IR} =8y (R1Q) + RyG)IR\(R, + Ry) = 4,425 HK /M2,
Gy =&} IR3 = & (RiQ) + Ry0/Ry(R, + Ry) = 8,85 HK /2.

646.€ = (Vo— V)V =17.

¢ 647. EMKOCTL Tpex KOHJeHCaTOpoB Oe3
,

2 nuanekrpuka C, = 3C, = 3gyS/d = 832,5 nd.
% IIpu 3anmoNHeHHH JBYX KOH[IEHCATOPOB [H-
“ 3NEKTPUKAMH €MKOCTh TPEX KOHJE€HCATOPOB
Cr=5Cp+ 8y + Cy =
=g,(g + &+ 1)S/d=2775 nd.
C, c 648. Ecnn d — paccrosiHHe MeXjy NIacTH-

Hama u Cy — eMKOCTh KOHAeHcaTOpa 6e3 [u-
Puc. 341 9NEKTPHKAE, TO Pa3HOCTL NOTEHIHMATIOB MEX]Y
MTaCTHHAMH KOHJIeHcaTopa (6e3 AH2TCKTPHKA)

Vy = Eyd u 3apsj Ha nnactutax g = CpV = CyFEod. KoHjieHCaTOp, N0TOBHHA KO-
TOpOTrO 3aMoJTHEHa AH3IEKTPUKOM, MOKHO PaccMaTpPHBaTh KaK [iBa COC[IHHEH-
HBIX MapajulelbHO KOHjieHcaTopa (puc. 341), npudeM OAUH HE COACPXKHUT
AH2JIeKTpHUKa U UMeeT eMKocTh Cy = Cy/2, a B ApyroM BCe MPOCTPAaHCTBO
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MEX]y NIAaCTHHAMH 3aIlIOTHEHO AHITEKTPHUKOM, H IO3TOMY €T0 eMKOCTh C, =
=£Cy/2. ITonHast eMKOCTb KOH[ICHCATOPA, MOJIOBHHA KOTOPOTO 3aNoJIHEHA
auanekTpukoM, C =C | + Cy = (€ + 1)Cy/2. TIpH OTKNFOYEHHOM HCTOYMHHKE
TOKA 3apsfi Ha ILIACTHHAaX COXPAaHSETCs, MO3TOMY Pa3HOCTh MOTEHIUHANIOB
MexXAy wractuHamu V = ¢/C, 1 Hanpsi2keHHOCTh 3INEKTPHUUESCKOTO HOJs B
NPOCTPAHCTBE MeXAy INAacTHHAMHM, CBOOOJHOM OT AMINEKTpHKa, E = V/d =
=g/Cd =2Ey/(e + 1).

649. Ecmu V| n V, — HanpsiKeHUs Ha EPBOM M BTOPOM KOHJIEHCATOPax, TO
V=V, +V,, a 3apsaabl Ha HUX OAMHAKOBBI U paBubl ¢ = C;V| = C,V,; otciofa

Vi=CVIAC, +Cy) =165B, V,=C,VIC, + C,)=55B.

ITpn nocnepoBaTebHOM COeJHHEHHH KOHAEHCATOPOB Ha KOHACHCATOPE MEHb-
IIeH eMKOCTH HalpspKeHHE Gombllie, UeM Ha KOHAeHcaTope GOMbliieil eMKOCTH.

650. HanpsixkeHns Ha nepBoM H BTOpPOM KOHAeHcaTopax V, =
=CVI(C; +Cp) =600BmuV,=C\V/(C| +C,) =300 B (cM. 3agauy 649).
PaGoraTh npH yKa3aHHOM B YCIOBHH 3aJa4H HaNPsXXEHHH NPOOOsT KOHACH-
CaTOpPOB HENb3s, n60 NPoU3oHAeT Npo6ol NepBoro, a 3aTeM H BTOPOTO KOH-
JIeHCaTOpOB.

651. IIpn u3MeHEeHHH eMKOCTH NepeMeHHOTO KoHAeHcaTtopa C) ot C iy, 0
Cnax HANPSDKEHHE HA HeM V n3MeHseTcs B npefenax (cM. 3afady 649)

vmin = Clv/(Cl + Cmux) =100 B, Vmax = Cl V/(Cl + Cmin) =182 B.

T

2
652. C, 5 = Ehd® i\/(c‘q) _(€=GG : Cy=6MKD u Cy =3 MKD.
- 2 4 G -G
653. IIpr noOCrHegOBaTENbHOM COCAMHEHHH KOHIEHCATOPOB HMeeM
1/Cy-1/C, = 1/C, + 1/C5, npu napannensoM C — C; = Cy + C3. I3 aTnx
ypasHenni naxopum C,C3 = CyC(C — C)/(C— Cp). CormacHo Teopeme Buera
C, 1 C3 JOMXHBI GBbITh KOPHIMH KBAIpaTHOTO YPABHECHHS

x2 + (Cl — C)x + C()CI(C - Cl)/(C] - C()) =0.

Pemas ero, HafiieM x;, = C; = C3 = 2 Mx®. 3apaab! Ha BCex KOHAEHCATOpax
[IPH TICCNEAOBATENHHOM COeJHHEHHH PAaBHBI MexXJy cOOOMH:
q= Cl\/l = C2V2 = C3V3; OTCrOa V2 = Clvl/C2 =30 B,
V3 = CIVI/C3 = 30 B
654. ITpu nocnepoBaTeNbHOM COSAMHEHHH KOHAEHCATOPOB 3aps KaXXAoTo
KOHAEHCATOPa PaBeH ¢, IO3TOMY
Vl = []/Cl =130 B, V2 = []/C2 =15 B, V3 = []/C3 =6B.
HanpsskeHne MCTOYHHKA TOKa PABHO NMONTHOMY HaNPsXKEHHIO Ha BCEX KOH-

peHcatopax: V=V, +V, + V3 =51 B. Tak Kak npH nocnegoBaTeNbHOM COEH-
HeHuH 1/Cy=1/C, + 1/Cy + 1/C3, TO

C() = C1C2C3/(C1C2 + C1C3 + C2C3) = 59 nd.
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655. V|, = C,G3V/(C(Cy + CC3 + C,C3) =20 B;
V, =CCVIC Cy + CCy + Cy(C3) = 8 B
V3 = CICZV/(CICZ + C1C3 + C2C3) =4 B.

656. IIpu nocregoBaTeTBHOM COCAHHEHHUH KOHCHCATOPOB 3apsjibl HAa KOH-
AeHcaTopax paBHbl. [0 NOTpysXeHUst OIHOTO U3 HHUX B AMOJEKTPHK 3apA] Ha
KaX[OM KOoHAeHcaTope ¢y = CVy = CV/2; nocie norpyskeHust OIHOTO U3 HHX B
AH3JIEKTPHK 3apsfibl KOHAEHCATOPOB OyayT g = CV, = eCV,. YunreIBas, 4ro
Vi +V, =V, umeem g = eCV/(1 + €). U3MeHeHHe 3apsja Ha KOHCHCATOpaX

g-qp=C QRe-1V2 (1 +¢)=167 nKu.

657. [lepBoHayanbHast HANPSKEHHOCTD JMEKTPHUCCKOTO MONS B KaXKIOM
koHacHcatope E| =V/2d, rac d - paccrosHue MexXjy IIACTHHAMM KOHICH-
catopa. [Tocrme 3amoMHEHHsT OFHOIO KOHFEEHCATOpa AM3JTEKTPHKOM HAIps-
JKEHHOCTB QJeKTpU4yecKoro moiss B HeM E, =V/(e + 1)d. OrHOmeHue
HanpstkeHHocrelt E,/E = 2/(e + 1) = 0,2,

658. [Tocne OTKTIOUEHHS KOHAEHCATOPA OT MCTOYHHK A TOKA Y 3aNOTHEHHs
€ro JU3JEKTPHKOM 3apsii Ha HEM He u3Mensercs: ¢ = CV/2 = eCV,. Hanps-
SKEHHOCTB NEKTPHYECKOTO NONst B KOHASHCATOPE, 3aN0JJHEHHOM JIH3JIE K TPH-
KOM, £y = V,/d = V/2ed. OTHOmIeHUe HanpspkeHHOcTed Eo/E | = 1/ = 1/9.

659. M3MeHeHHe €MKOCTH COEJHMHEHHBIX KoHAeHcaTtopoB AC = (g-1) X
X C2(e+ 1)=1,7 nd.

d
d

SeLI g B

i)
A

SRR TR :

Puc, 342 Puc, 343

660. INocne BBejleHHs MIACTHHKH 0O0pasoBanock [iBa mOCIEOBATEIBLHO
BKIJIOUEHHBIX KOHJeHcaTopa ¢ eMKocTsIMH C| =¢gyS/l u C, = g4S/(d-1)
(puc. 342). UIx o611yr0 eMKOCTh OHNpEie/TUM H3 COOTHOIIIC HYIsL

1 1 1 I d-1 _d 1
+ p—

—C;:E E;: €S &S —EO*SZE,

rpe C —~ nepBoHavanbHas €MKOCTh KoHjeHcaTopa. Takum 06pa3oM, nocie
BBEJCHHUS NTACTHHKH HPH J1060M ee nojioxxeHud Cy = C.

661. Breyienue npoBosied NNACTHHKH MEXAY OOKNaAKaMH KOHieHcaTopa
OpUBOAUT K OOpa30BAaHHIO IBYX MOCNEAOBATEIBHO BKIHOUEHHBIX KOHAEHCA-
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TOPOB C PacCTOSTHUSIMK MeX/ly oOKmajkamMu d; u d, u eMkocrsimu C| = €x5/d n
C,=¢p5/d,, tne dy + d, =d - d,, (puc. 343). Ix ob11yl0 eMKOCTh HAXOJ[UM M3
COOTHOUICHHS

1 1 +_1_=d1+d2 d-d,

—_=— =——7+7/>; otciopa Cy= oS .

C ¢ G €S €4S d-d,

Tlpn d, = d/3 nmeem Cy = 3C/2, tne C = €3S/d — nepBoHavanbHasi €MKOCTb
KOHJICHCaTopa.

662. EMKOCTH KOHJICHCATOPA IO ¥ [TOCTIe BHECCHMS! IPOBOMSIIEH ITaCTHHKH
TONUWUHBI d,, (cM. 3aaay 661) Cy=¢,5/d n C =¢,5/(d - d,). 3apsyl KOHIeH-
caTopa, OTKJIOUEHHOTO OT MCTOUYHMKa TOKa, He maMeHsercs: g = CoVy= CV;
OTCIOJIa Pa3HOCThL MOTCHIMANOB MeXy OOKmajKaMn
KOHJEeHCATOpa HOC/Ie BHECCHUS MPOBOJISIICH MTaCTHHKA d
V=CyW/C=(d-d,)Vyd=40B. dy dy dy

663. Ecnu B KOHCHCATOpP BBECTH TOHKYIO IPOBOfSI-
YO NIACTHHKY, NAaPaJJICIBHYIO Cro OOKJIajKaM, TO Ha
€€ MOBEPXHOCTH [OSIBSITCS PAaBHBIC 3apsiibl IPOTUBO-
[IOJIOKHOTrO 3Haka. [IpH 3ToM aIeKTputieckoe Mole B O—d
KOHJIEHCATOpE HE M3MEHHUTCS M €MKOCTh KOHJIeHCaTOpa
ocTraHeTcsl NpexHen (cp. ¢ 3ajaden 660). EmxocTs
KOHJICHCATOpa € JUINCKTPHICCKON IITAaCTHHKOH MOXHO
HAHTH, HPEAIIOJIOXKHUB, UTO HA IOBEPXHOCTIX ITOH
IUTACTHHKM HAaHECEHbI TOHKHE MPOBOJsiIHE clion. B
3TOM clydae oOpa3yloTcsi TPH IOCHEA0BATEIbHO
COCIMHEHHBIX KOHjeHcaTtopa ¢ eMmkocrsamu C =gneS/d,, C, = gyS/d,
n Csy=€,8/d5, e d, m d; — paccTosSiHUSI MEKAY MOBEPXHOCTAMH AW3IEKTpHUUE-
CKOH MIAaCTHHKH M OOKJIafKaMu, mpuueM d, + diz = d — d; (puc. 344). O6mas
CMKOCTb KOHICHCaTOpa C onpejeisiercs u3 QopMybsl

Puc. 344

i=i+__1_+~l_=_.l_.(ﬂ+d2+d,{);
C ¢ C C; gS\e :
oTCro1a
_ £0ES
ed+d(1-¢g) ‘

664. C = £,£16,€35/(€1€) + €183+ £,€)d = 90 n® (cM. 3apady 663).

665. TlpencraBuM KOHAEHCATOP C JUINCKTPHUCCKON ILTACTUHKOH B BHJE
[BYX MapaJlICeIbHO BKIIOYCHHBIX KOHJECHCATOPOB, MEPBBIH U3 KOTOPBIX HE
COIEPKUT JUINCKTpHKA M uMeer eMKocTh C| = Cy/2, rae Cy = €05/d —
IepBOHAYANbHASL €MKOCTB KOHJIEHCATOPA, 2 BO BTOPOM ILTOMIAJb OOKJIAKN
paBHa ILTOIAAY AMIICKTPHUCCKON mnacruHKu S/2 (puc. 3454a). 3aTeM BTOpOH
KOH/ICHCATOP MpPEJICTAaBUM B BHJIE ABYX IIOCIEIOBATETLHO COCANHEHHBIX KOH-
JICHCATOPOB, OfIMH M3 KOTOPBIX HE COACPXUT AUANCKTPUKA M MMEET €MKOCTh
C,=Cy, a Apyroi NOTHOCTHIO 3AMOIHEH ANINEKTPHKOM M HMEET €MKOCThb
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C; =eCy (puc. 3456). EMKOCTB oTHX J[ByX KoHpeHcaTtopoB (4 =
= CC3/(Cy + C3) = eCy/(1 + €). EMKOCTB BCEX Tpex KOHAEHCATOPOB
C=C+C4=( +3e)Cp/2(1 + €). OrHomenne emkocreit C/Cy, =
= (1 +3e)2(1 +&)=7/6.

3Mecs MBI CUMTaeM, YTO pa3Mepbl OOKJIAJOK HAMHOTO GONblIe paccTos-
HASL MEXJY HAMH, H [I09TOMy IpeHeOperaeM KpacBbIMH 3tddpekramu, T.e.
OTJIMUMEM 3JJNEKTPHUECKOrO I110JIs1 Ha Kpasx OOKIAJOK W JHIICKTPAUCCKON

Cy Cs

C, Cs GI cz_T_ C5J_

b1

& ¢y Ce Gy Cs

a [ a 7]
Puc. 345 Puc. 346

IUTACTHHKY OT OJJHOPOAHOTr0. B NpOTHBHOM cilyuyae eMKOCTb I€PBOHAYMATIBHOTO
KOHJCHCAaTOpa He paBHa €MKOCTH TPEX KOHACHCATOPOB, H306pa’KCHHBIX Ha
puc. 3456,

666. C = C\C3/(Cy + C3) + Co,C/(Cy + Cy) = 4,5 MK D.

667. CxeMa BKIIIOUICHHAS, IIPECTABICHHAs Ha pHC. 82, 9KBHBAJICHTHA CXEME,
n306paXKeHHOR Ha pHuc. 346a. BBuay paBeHCTBa eMKOCTEH BCeX KOHMEHCA-
TOPOB DPa3HOCThb NMOTEHIMAJIOB MeXXAy TOYKaMH ¢ M h paBHa HYJIO, KOH-
pneHcatop C4 BCETNIa He 3apsikeH, M cxeMa ynpoinaercsa (puc. 3466). O6mas
€MKOCTb KOH/IeHCATOPOB

C=C1+ Cly/(Cy + C3) + CsCe/(Cs + Cq) = 2C.

668. Vah = (C]V[ - C2V2)/(C] + C2) = —1,3 B.

669. g = VCICyle ~ DAC, + C)(C, +£Cy) = 30 nKo.

670. Brauase pa3HOCTb NOTEHIMAJIOB MEXAy OOKJIaJKaMH KaXJOrO KOH-
peHcaropa 6vmma V| =V/2, rne V — HanpsixkeHne MCTOYHMKA TOKa. Ilocne 3a-
IIOJIHEHMsI OJIHOTO M3 HHUX JuaJeKTpuKoM V =g/C + q/eC = g(e + 1)/eC, rae
g—3apsag Ha KaxjoH ooOkinaake, a ¢/C=Ve/(e+1)=V, u q¢/eC — pa3Ho-
CTH IOTCHIHAJOB MeXAy OOKIaJKkaMH [0 M HOCie 3ANOJTHeHWS KOHMICH-
caTopa JAU3JIeKTPUKOM. TaK KaK HANPSXKEHHOCTHL JIEKTPHUECKOTO HOJs
B KOHJICHCATOpE NPONOPUMOHATbHA Pa3HOCTH NOTECHIHANOB MEXAY €ro
o6KJaJKaMH, TO OTHOUICHUE HaNpsDKEHHOCTEH N0 W IOocie 3aloJIHEHHsA
E\JE,=V/Va=(e+ 1)2e =5/8.

671. AF = Fli/q. ;

672. Tlocne NOAKIIOMEHWS K HMCTOYHHMKY TOKa 3apsaj KaXaAoro KOH-
JeHCaTOpa B IIOCNENOBaTeNbHOW uenn agmbp paseH ¢" = C’V, tne C' =
= CC3/(Cy + C3) — eMKOCTb 1ienM amb, a 3apsaj KaX[Joro KoHjpeHcaTopa B
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nocieposatedbHO tenu anb paBeH ¢ = C”V, rae C” = C,C4/(Cy + C4) — eM-
KOCTb nenu anb. Pa3HOCTh NOTEHIMANOB MEXJY TOYKAMHU 4@ ¥ m paBHA
V' = ¢'IC| = C3V/C, + C3); pa3HOCTH NOTEHIMAIOB MEXK1Y TOUKAMHU @ H /1 PaBHA
V"7 = q"|Cy = C4V/(Cy + C,). Tlocne OTKIHOYEHU OT UCTOUHHUKA TOKA CXEMY
MOXHO pacCMaTpUBATh KakK J[{BE€ NapajuleibHbIe IENH U3 MOCHEOBATEIHLHO
BKJTIOUCHHBIX KOHACHCATOPOB (nian u3 Cy u C, u mbn u3 C3 u C,), 3apSKEHHBIX
J10 pa3HOCTH NOTCHINANOB

‘/():v”_v/: C4 _ C3 v
C+Cy G+G

ITpu 3ambikaHUK Kitoda K pa3HOCTH NMOTEHIMANOB MEXY TOUKAMH Ml U 1
CTaHOBUTCH paBHOM Hymro. llenb man pazpsixkaeTcs, U Yepe3 TOUKY a IpoTe-
kaet 3apsan g = CV, e C = C,C,/(Cy + C,) — eMKOCTb 3TON Iienu. Taknum

obpasowm,

C

q= 15 G G V=C0v=1MKJI.
G+G\G+Cy G +G 8

673.C,=Cy=5Mk®; C,=C; =2 MkD.

674. OTHOCHTENBHO 3eMAM NNACTHHA g MMEET NoTeHmuan ¢, = -V,
a ImactuHa b — noreHnpuan @, = V. Pa3zHOCTh NOTEHIMATOB MEXAY HHMH
¢,— ¢, = 2V, 1 HaNpSKCHHOCTL 3JEKTpHUYecKoro nons E = (@,— ¢,)/d =
=2V/d = 40 kB/m.

675. ¢ = v2/8ynd = 833 uKn/M?, rae ¥ = e/m = 1,76 - 10! Kan/kr — ypenbHbIHR
3apsi SMEKTPOHA.

676. I[To 3aKOHY COXpaHEHNs SHEPIMH KOJNUIECTBO TEITOTBI, BLIACNUBIIEECH
TIPH pa3psfKe KOHACHCATOpa, PABHO 2JICKTPUUSCKOR 3HEPIHH, 3allaCEHHOM B
kouaeHcatope: O = W =¢%2C = 0,25 JIx. Pa3HOCTh NOTEHIMATOB MEXAY
obOKnafKaMi KOHAeHcaTopa o paspsaku V = ¢/C = 500 B.

677. DHeprus, 3anaceHHas B n KOHJeHcaTopax, W = nCV?%/2 = Q; oTcropa

pa3HocTh noTeHnmanos V = 20/nC = 500 B.

678. EMkocTb 111apa C = 4ngyR. Best onekTprueckast SHEPTUsl 3apAKE€HHOTO
mwapa nepeitfer B remnory: Q = CQ%/2 = 2negRe? = 25 MK,

679. DnekTpuuecKas 3Heprus, 3anaceHHas lrapom, W = q@/2, oTkyna
q =2W/¢p = 0,4 mMKn.

680. [To coepuHeHIS KOHEHCATOPOB UX 3apsinbl g = C1V |, g, = C,V,, a ux
obnras sHeprusa Wy = CIV%/Z + C2V§/2. ITocne coearHeHNs1 KOHACHCATOPOB UX
MONHBIA 3apsif g = ¢y + q; = (C; + Cp)V, rie V — pa3HOCTb NOTCHIMANOB MEXAY
BepxHEME OOKIafkaMu U 3emieir; orctoga V = (C1Vy + CRV))/(Cy + (). TTocne
COCMHEHUST BEPXHUX OOKIAJOK KOHJCHCATOPOB ux obmas sHeprus W =
= (C; + CHV22 = (C,V, + C,V)¥2(C, + C,). Brienusieecss KOTUISCTBO
TEIUIOTHI PABHO PAa3HOCTH HAYaNBHON M KOHEHON SHEPTUA KOHEHCATOPOB:

Q = WO- W= C1C2(v1 - V2)2/2(C1 + Cz) =45 MH)K
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IIpu V| = V, HeT nepexopa 3apsjos, NOITOMY TEINIOTa HE BelfensieTca. Eciu
noteHuuansl Vi u V, MeroT OMHAKOBbIE 3HAKM, TO TEHJIOTHI BBIENAETCS
MEHBIIE, YIEM B CTyJae Pa3HbIX 3HAKOB MOTCHIHAIOB,

681. Brigenusuieecs KOJUIECTBO TEMIOTHI PABHO PAa3HOCTH SHEPTHl KOH-
AIEHCATOPOB 10 ¥ OCNE COeAMHEHU (cM. 3apauy 680):

Q=Wy—W=CCy(V, = V)H2C, + C3) = 0,5 MTx.

§ 20. ITocrosAHHBIA 37EKTPHYECKHH TOK

3axon Oma oan ywacmxa yenu. Conpomiuiéaertie NPpOBOOHUKO8

682. Tox B npopoguuke [ = g/t. TInoTHocTy Toka j = [/S; oTciofa
J=qitS =2 kA2,

683. Lienu penenms mkanbl npubopa Kak MunnuaMmnepmetpa i =[/N =
=V/RN = 0,1 MmA/pen.

684. Conporusienne npuadopa R = V/[ = 2 xOm.

685. ConpoTrusicHue BOILTMETPA HAW/IEM M3 YCIOBHSA, YTO NPH OTKIOHEHAN
CTPEJIKH Ha BCIO IIKAJly HANpPSXKCHHUE Ha 3akuMax npubopa pasho V), a Tok,
TeKyui uepes npubop, paseu ly: R = V/ly = 2 xOM. Korna xe BonsT™MeTp
noKa3piBaeT Hanpsxkendue V, To depe3 Hero TeueT Tok [ = V/R =
=lpViIVy =25 MA.

686.7 =[(R + Ry)/R =27,5 MA.

687.V =qR/t=4B. :

688.V,=IR =200B;V,=IR,=120B; V3 =IR;=04 B.

689. p = tRD%Y4] = 0,017 MxOM - M.

690. R = pm/yS? = 191 Om.

691. 7/ = nVD%4pl = 0,236 A.

692. p = VS/Il = VrD?/41] = 5 MxOM - M.

693. Vl = IRl = SzSg,V/(SISz + SlS3 + 5253) =6 B;

Vo= IRy = 8183V/(S1S7 + 5183 + 5253) =3 B;
V3 = IRQ = Sl52V/(5152 + S]S3 + 5253) = 2B.

694. Ilpu TeMneparypax f; U {; CONPOTHUBJIECHUA NPOBOJOYKH R; =
= Ry(1 + at)) u Ry = Ry(1 + ap), tne Ry — ee conporusnenue npu 4y = 0 °C.
Hckomas Temneparypa

ty=[Ry(1 +ouy) - R,1/8, =483 °C.
695. 1, = [V(1 + outy) — [R)/1& = 1910 °C.

Tocaedosamenbroe U napaasnenbHoe COeOUHEHURA npoeobnulcoe.
ﬂ06a60‘ll-tbl€ CONpoOmusAenUn U LLYHMbl

696.R = (V- V=25 Om.
697. Hanpaxenue Ha counporusleHun Vp=V —2V,. Ilo 3akony Oma
Ip=IR; otcropa R = (V = 2Vp)/[ =2,5 Om.
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698. UYepes BosbTMETPHI MpoTEKaeT OAMH M TOT e Tok /. Tak Kak
BONBTMETpP NOKa3bIBAE€T HANpSKCHHE HAa COGCTBEHHOM CONPOTHBICHUH,
to I = V,/R; u conporusnenne BTOpOro BoibT™MeTpa Ry = V,/l = VR,V =
=2 kOm.

699. /, = I(Ry + R)/[Ro(1 + au) + R] = 23,6 MA.

700. Tlpu Temneparype ¢ ofliee CONPOTHUBIICHHE MOCIEAOBATEIBHO
BKJIOUCHHBIX YacTed IPOBOJHMKA C CONpOTHBJIcHUsMU R; m R, Oyner
R=R + Ry =Ro(1+out) + Ryl + 0pt) = Ry + Roy + (4R + 0aR0)1, e Ry m
R;y — compoTuBNeHHs YFONBHOTO CTEpPKHS M NPOBOJOKHK npu fy = 0 °C.
O0f1ee CONPOTHBICHUE IPOBOAHUKA HE 3aBUCHT OT TEMIEPaTypbl, €CIH
o R + 0uR9) = 0. B aToM cnyuae npu mro0o# Temneparype R = Ry + Ry,
M3 nocnepuux AByX ypaBHCHUN HaflieM

Ry = 0LR/(0h— ay) = R/6 = 333 OM,
Ry =~ R/(0p — 1) = 5R/6 = 1667 Om.

701. CxeMBbl 3JCKTPONPOBOMKH, I[103BOJSIONINE BKJIFOYATh W BBIKIIO-
YaTh JAMIOUKY B TIOGOM KOHIE KOPHIOPA, MOKa3aHbl Ha puc. 347. Y KOHIOB

TW—&’C% 8 T[Bilzl ? . I,

CeTb

Do

Puc. 347

KOpHOpa YCTAHABJIMBAIOTCS [Ba nepekmtouarens [1 u [1,, xaxnsii u3
KOTOPBIX UMEET /1Ba NOJIOXKEHUS. B 3aBUCHMOCTH OT PaclONOXKEHHs BLIBOJOB
OT CETH MOXeT OKa3aThCs BLIFOJHEE C TOUKHM 3PCHHS 3KOHOMHH NPOBOAOB
BapHaHT a UIH 6.

702.1, = V/R = 0,6 A npu napannersHoM coefuHenny; I, = V2R = 0,3 A npu
IIOCJIEe/JOBATEIBHOM COCIMHCHHU.

703. IIycTh NpH JAHHOM HOJOKEHWH [IBUXKKA CONPOTHBICHHE yYACTKA ax
HOTE¢HUHOMeTpa paBHO r, (cM. puc. 89). Torpa obiree cONPOTHBIECHAE ITOTO
yuacTka M BOJbTMETPA (OHHM COEAMHEHBI NapaJiienbHo) R, =ra/(ry+ 1), a
CONPOTHUBIEHUE OCTANBHON YacTH NMOTEHNHOMeTpa xh paBHO Ry —r,. Takum
00pa3oM, NONHOE CONPOTHUBJICHAE MEXKAY TOUKAaMH a U b OyaeT

oo rx(RO - ’j\")+ ROr

rtr r.t+r

R=R0~rx+Rx=R0——I}+

Tox b nenu / = V/R. HanpsixkeHne Ha yJaacTke ax
r.rvV
’:V(RO — rx)+ Ror '

X

Vv
vx:mx:ER =

Tak kak no ycnopuro Ry <€ r 1, KpOME TOro, r, < R, TO NEPBLIM WICHOM B
3HaMEHATeJIe MOXHO NpeHeGpeyub N0 CPABHEHHIO CO BTOPBIM (NEPBBLIA IEH
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npefcTaBiseT cOOOH NpOH3BeJeHUE [BYX MANbIX BENHTIHH ' 4 Ry~ ry, B TO
BpEMA KaK BTOPOH — NpOU3BefeHHE MaNoi BenuuuHbl Ry Ha Gonbuwyio
senuauny r). Cnegosarensuo, V, = r.V/R,, T.e. Hanpsxenue V, nponop-
HOHANTLHO CONPOTHBICHNIO I',. B cBOO ouepens conpoTuBneHue 1, 1pOHOP-
IHOHATIGHO JJIMHE YIaCTKa aX.

VSV
[ e D’ 7
/
i
/
0.5k o’ f d
o ‘: D
t
\
0 Ry 1, u
Puc. 348 Puc. 349

Ha puc. 348 cnnomuast upsMasi NOKa3bIBAET 3aBUCUMOCTL V., OT r,
MTPUXHYHKTHPHAS JIHHHS — 3aBHCHAMOCTDL V. OT ', KOra Ry~ r, T.€. KOrjga B
BLIpAKCHUM AN V, HENb3si HpeHeOpeub NEPBHIM YIEHOM 8 3HaMeHarTene. JTta
3aBUCHMOCTD HE SIBISIETCS. TMHETHOM, OJJHAKO M B 3TOM clydae V, U3MEHAESTCH B
npefenax oT Hylisl JO HANPSKEHU HA KIeMMax WCTOUHHKa V.

704. ITnomangu ceuenus xenempﬁ U ME[IHOH uacTeit npopopa S, = d%/4 u
S, = (D% - d¥)/4 (puc. 349). Uix conporusnenus Ry = pl/S; u R, = p,yl/S,.
Conporusnenne R GHMeTanlHIecKOTO MPOBOJA HAXOAHTCS 110 (opMmyne
1apajNeNbHOTO COeJUHEHMS POBOJHHKOB:

__RR 4/p1p2
R +R, wlp,D*+(p,—p,)d?]

=0,100Mm.

ConpoTusneHHst XeNe3HOr0 U MEFHOTO NPOBOJOB AuaMeTpa D u anuub! /
Ry =41p)/nD? = 0,61 OM, R, = 4lpy/nD?=0087 Om.

(R, +Rg)(Ry + Ry + Ry + Rs)+(Ry + Ry + Ro)R,
Ry + Ry + Ry +Rs

706. I1pu nocnegoBaTENIbHOM COEXMHEHHHU [BYX IMPOBOJHHUKOB C COMNPO-
THBIeHUAMH R m R, ux obmee conporusnenue R = R, + R,, a npu na-
paninenbHoOM coefmHeHnH — R = R\R,/(R| + R,); otctona RyR = R |R,. Cornacuo
H3BECTHOMY CBOHWCTBY NPHWBEJCHHOIO KBaJpPaTHOTO YpaBHEHHWs (TeopeMa
BueTa) cyMMa KOPHEH 3TOTO ypaBHEHHS paBHA BTOPOMY €ro K03 hHuIHEHTY C
0OpaTHBIM 3HAKOM, a POU3BEXCHAE KOPHEH — CBOOOIHOMY uleHy, T.e. Ry u R,
HOMXHDb! OBITh KOPHAMH KBAaJApaTHOTO ypasHewus 12+pr+g=0cp=

=-R u g=RyR; orciopga R, , = (R‘_M(R2 —4RyR) /2. Tloacrasus 3uaucums Ry
R, HafineM R =30OMuR; =2 OM (mmu R; =2 OMu Ry =3 OmMm).

705. R= =70Mm.
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707. Toukyu NpUCOENHHEHHS NONBOASAIINX NPOBOAOB NEJAT ANUHY OKPYXK-
HOCTH KOJIbl[a B OTHOILIIEHHUH | : 2, T.e. OTCTOAT ApPyT OT Apyra no ayre Ha 120°.

708. R, = VR |/UR; - V) =1 KOMm.

709. Tok B obmei uenu / =1/, + I, rae I, u I, — TOKH, Tekylue uepes
TaMnouky d sonbrmerp. Tak kak V=1 R;=1LR,, Tol,=V/R,u Ry =V/I, =
= V(I -1,)=VR,/(IR, - V) = 100 Om. Ilpenebperas
TokoM /5, = 1,25 MA no cpasHenuto ¢ /= 0,5 A

a [ b
NONY'HM 110 NpHONIKEHHON hopMyne Ry = V/I To Xe o M O
] ]

3HA'IEHHE CONPOTUBNEHUS naMNouku: R = 100 Om.

710. ITokazanue ponbT™erpa V =1R = 1,R,, e [, R,
u/ly — TOKH, TeKyl[HE Uepe3 CONPOTHBICHHE H ¢
sonsT™MeTp. O6muit ok / =1/, +/,; orctopa Ry =V/I| = © M O
=Vl =1;) = VRy/(IR, - V) =20,16 Om. _— L]
Ecnu npeneGpeun ToKOM [, 110 cpaBHeHHUIO ¢ /, TO Puc. 350

HckoMoe conpornsneHne R =V /[ =200mM. Omndka

B onmpepencHnn R Oyper
AR =R -R =V/IU-1,)-V/II=LVIII-1,)=LV/II.

Yaureisas, wro V/I =R/ ul/ly = R|/R,, HaliicM OTHOCHTENLHYIO OMHOKY:
AR(/Ry=R// R, = 0,008, T.¢. 0,8 %.

711. BonsTMmeTpn! ¢ conporuBiacHusiMu R m 10R nokasniBaloT Hamnps-
skenus V) =V/3 uV, = 10V/2]1; nosToMy pasHHIa B NOKa3aHUAX BONLTMETPOB
Vo=V =V/T.

712. HanpssxeHus Ha 11epBod ® BTOPOH NaMIIouKaX

VRQ2r+R) VR?

=l T 2 10,34B, V, = =9,54B.
T4 6rR+ R? ! 2

4r* +6rR+ R’
R
Lield =80B
Ri(R +Ry)+ RR,
R 2R, + R)V ~96B;
4R Ry + (R + R))R
- R,CR+RV 841
4R R, + (R + R))R
715. DkBuBaneHTHbIE CXeMb! BKIIOUCHUs n3006paxkennb! Ha puc. 350. Conpo-
THBIIEHHSI PEOCTATOB

4Ry =R :
R, ==0"Z =200m, R
5 .

713. V, =

714. V, =

_ (R—Ry)4R, - R)

=200M,
2Ry - R

R, =2R, =40 Owm.

716. Bec NpOBOAHUK HMEET CONPOTHBICHAE R = nr, TIE /' — CONPOTHBIICHHE
KaXJ0¥ U3 1 paBHBIX “lacTed NpOBOAHKUKA. [IpH napannenbHOM COEJHHEHHU N
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OJIMHAKOBBIX NPOBOIHMKOB UX ofliee conpoTusieHue Ry = r/n. Ucknwoyvas r,
nonyauM R/Ry = n?; i1 MOXeT ObITh JHUIUE 1ENBIM NONOXKHATENBHLIM UUCTOM,
OOnBIIUM efuHHALBI. 103 TOMY penteHust BO3MOXKHBI TONBKO B Cy4asix, Korga
RIRy=4,9, 16, 25, 36,... B nameM cniyuae n =36 /1 = 6.
717. Ha y4actkax Aa u bB (puc. 351), BBUAY paBEHCTBa CONPOTHUBIEHHI
pebep Kyba 1 X OMHAKOBOTO BKJIIOUCHNUS, TOK [ PABHOMEPHO Pa3BeTBIsIETCs
p 1O TPEM BETBSM U MOITOMY B KaXkloi U3 HUX paBeH [/3.
b Ha yuacTkax ab TOk paBeH //6, Tak Kak B KaXJIOH TOUKe
a TOK BHOBb Pa3BETRBISIETCS 110 IBYM peOpaM ¢ paBHLIMH
a CONPOTHUBJICHUSIMU M Bce 3TH pebpa BKIIOUEHDI
A OJMHAKOBO.
4q b Hanpstxenne V,p = IR mexxay ToukamMu A u B ckna-
AbIBaeTCs M3 HanpsokeHust Vy, = [r/3 Ha yuacTke Aaq,
HanpsiKenus: V,, = [r/6 Ha yJacTKe ab M HanpsKeHus
Vg = Ir/3 na yuactke bB: IR = [r{3 + Ir/6 + [r/3 = 5Ir/6;
Puc. 351 oTcropa R = 5r/6.
718. Ecnu UCTOYHUK TOKA MOAKMIOUEH K TOUKAM C U
d, TO Hanpsi’KeHHWs! Ha yUacTKax da ¥ ab paBHBI, NOCKOJBLKY IPOBONOKA
onHopoxHa. CrncaoBaTeNnbHO, pasHOCTh NOTEHIHANOB MeX]y TOUKaMHu q u b
pasua Hymo. Tok Ha aToM yvacTke OTcyTcTByeT. [loaToMy Hanuuume WU
OTCYTCTBHE KOHTAaKTa B TOUKE I¢peceUeHUs] NPOBOAHUKOB ab ! c¢d Ge3s-
paznuyno. Couporusiaenne R, TaKHM 006pa3oM, mpejcrasnseT coGoi conpo-
THBJICHHAE TPEX [apaieJJbHO BKIIOUCHHBIX NPOBOJHUKOB: ¢d C CONPOTHBJIE-
HueM 2rR,, cad n chd ¢ oguHakOBBIME conpoTuBAeHustMEI TrR,;. 3 cooTHOIe-
Hus /R, = 1/2rR, + YnrR; + 1/nrR; Haxogum R, =2mR/(nt + 4).
719. Al = 3VIIR,L2L + ) = 0,136 A.
720.n = 5.
721. ConporusaeHue R = 2,5 OM jocTuraercs, KOrja NpoOBOJHAKA BKJITIO-
UeHBbI IO CXeMe CMEIIaHHOTO coeuHeHus (puc. 352).

Y
S

0—!%—»—@—0
vl

722. k =4k ko/(2k) + k) = 0,4 Cm.

723. Ins m3MepeHuss BONLTMETPOM OOJiee BLICOKMX HANpPSIKEHHH, YeM
Te, Ha KOTOPBIE paccUMTaHa MIKajia, HEOOXOAMMO BKIIOUMATE IIOCTHEA0BATEIBHO
C BONBTMETPOM fo0aBovHOE conpoTuBiaenne R, (puc. 353). Hanpsixenune

Ha 3TOM conporusienun V, =V -V, nostomy comporupieHue R, =
=(V-Vy/l =12 xOm.
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724. insn u3MepeHns npuOOpPOM HANpsiKeHHit, He MpeBbINAOINX V, He-
00XOJUMO MOCIEOBATEILHO C HAM BKIIOUHTD TaKOe [J00aBOYHOE CONMPOTHB-
neune R, utob6el V = I(R + R,), e | — MakCHManbHbIH TOK yepes mpubop;
orcroga R, = V/[ - R = 30 xOm.

725. Ry = RV i(V = V)/Vo(V = V) = 46,7 xOM.

726. Topopckas oCBETHTENbHAS CETh NPENICTABISIET COGOM UCTOMHUK TOKA,
00Mafaomui BHYTPEHHAM CONPOTHBIEHHEM, HAMHOTO MEHBIIHM COMpO-
THBJIeHHs BoabTMeTpa R. [loaToMy Hanpsixenne V = 125 B, xoTopoe noka-
3bIBAJ BOJNBTMETP NPH HEMOCPEACTBEHHOM BKIIOYEHHH B CEThb, PAaBHO Ha-
IpPsKEHHI0 UCTOYMHMKA TOKA. JTO 3HAYHT, UTO OHO HE HM3MEHSIETCS H NpH
BKIIOUEHAH BOJIBTMETpPa B CeTh Uepe3 CONpoTHBIeHHMe R,. [ToatoMy V =
=J(R + Ry), rme I = Vy/R — TOK, TeKymHil dYepe3 BOIBTMETP; OTCIOAA
Ry=(V-VR/V,y=261 Om.

727. Tok, TeKyuwuid vepe3 BOJIbLTMETP M 100aBOUHOE CONPOTHBIECHHE,
I =Vy/R. Hanpsixenue uctounuka Toka V =I(R +R)) = (R + R)Vy/R =
=340 B.

728.V =IR,R/(R + 2Ry + Ry).

729. ITns n3Mepenns Golee BLICOKMX TOKOB, YEM T€, HA KOTOPbIE paccum-
TaHa IIKaJa, NapaililensbHOo MpHOOpy BKIKUYAETCs INYHT C CONpPOTHBIE-
HueM R = igNR/(I - izN) = 50,5 OM; ans M3MepeHnst HanpspKeHHH mocie-
[lOBaTEJILHO C MpUOOpPOM BKIIOUAETCSA JOOABOUHOE cONpoTHBIeHHE R, = (V —
—igNRYigN = 199 OM, rae igN =/, —TOk, Tekymuil dyepe3 npubop mpH
MaKCHMAalbHOM OTKJIOHEHHH CTPENKH, (VR =V — R
HalpsiXeHHe Ha eTO KJIEMMax B 3TOM clyyace (cM. ! I
sagaqn 723 u 730). S ua —0

730. Ilpu BKIIOYEHUH NapaiieabHO NpHOOPY T Ry
myHTa (puc. 354) Tox I [OMXKeH [eNHUTbCS Tak, —
ITOOBI Uepe3 MUITHAMNEPMETP NMPOTEKAT TOK [y, Puc. 354
Yepe3 myHT OpPH 3TOM TedyeT TOK [, T.e. [ =
= Iy + I,,. Hanpsi>keHust Ka IIyHTC M Ha MIJITHaMnepMeTpe paBubl: [oR = IR,
orcropa R, = IyR/(I —1p) = 0,05 OM. UyBCTBHTETBHOCTh MPUOOpA yMeHBINA-
eTcs, a HeHa fleeHust mpubopa ysennunsaercs B n = [/l = 200 pas.

731.1,= VR J/[V(R, +R)—IR?] = 3 A.

732. Tak KaK IIYHTHI IPHCOeUHAIOTCS K ralbBaHOMETPY NapalaedbHo, TO
YCIOBHE PABEHCTBA HANPsKEHUH HAa ralbBAHOMETPE M HA INYHTaXx JaeT

0,1/R = 09/R,, 0,01/IR =099IR,, 0,001/R = 0,999/R3;

oTCcroa
R =R/9=30M, R,=RM99 =273 MOM, R3=R/999 =271 MOM.

733. HauGonbiuit TOK, NpoTeKaowuil yepe3 npubop, Iy = igV. His n3-
MepeHHsl TOKOB, 3HAYHTENBHO IPEBLIMAINMUX TOK /), HEOOXOAUMO mnapal-
JeNBbHO NpUOOPY BRIKUATH LUIVHT, CONPOTHBIEHHE KOTOPOTO R, 3HAYHTEIBHO
MeHbIIle CONPOTUBIEHAs1 MUILTHaMIiepMeTpa R (cM. 3anauy 730):

R, = IR/ — o) = iyNR/(I — igN) = 5,125 Om.
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734. Tok, Tekyuwuii 4epe3 wyHT, /,, =/~ [,. Ilagenns HanpsxeHms
Ha IIyHTE B amnepMerpe paBHbL /R, = /oR; orciopa Iy = IR, /(R + R,,) = 2,7 A.
735.1=1y(1 + =~D?R/4p]) = 12,9 A.

3axon Oma 0as nOAHOI (3amkHymoIL) yenu

736. Hanpsi>keHne Ha BHeIlTHEM conpoTHBieHuH nenu V = /R. Tok B uenn
I=%)R+r);orcropaR=V/I=6Om, r=(€-V)/[=40m.

737. ITo 3akony Oma pas uenu [y =€/(R +ryul, =%€/(R/3 + r), rhe
R — conmporurnenne peocrata. MCKIIOUYMB 3 3THX ypaBHeHHH R, HaiifeMm
I, =31%/(€ + 21,r) = 1,125 A.

1
0 10 20 R, Om 0 10 20 R,Om
Puc. 355

738. Tok B uenu / = €/(R + r). HanpskeHune Ha 3aXuMax HCTOYHHKA TOKA
V=IR =%R/(R +r). lIpu R = 0 yepe3 HCTOUHHK TeUYET TOK KOPOTKOTO
3aMbikaHus [, = 6 A. C yBeaH4YeHHEM R TOK CTPeMHTCS K HYTIO (IO THIEP-
GonudeckoMy 3akoHy) (puc. 355a), a Hampsixenme crpemurcs k IJC
€ =15 B (puc. 3556).

739. Tok nenu vakana I = €/(R; + Ry + r) = 65 MA.

740. ConporuBrneHne HATH Hakaia R, = V//. Tok Hakana IpH HalHIHH
NOMOJHATENLHOTO conpoTuBneHus R, B uenu / = €/(R; + R, + r); orcoga
R =(&-V-In/l=740m.

741. R = Vr/(€ — V) — 4pl/nD? = 3,82 Om.

742. R=Vr{(¢ -V) =295 xOMm.

743. Hanpsxenue Ha 3aXKMMaxX HCTOYHHKA TOKa paBHO MajcHHIO HaIp:-
SKEHHS Ha BHEIIHEM compoTuBicHuu uenu: V = IR, rne I = €/(R + r); orcrona
r=R(&-V)/V=40m.

744. Tok B uenu I = ¢/(R; + R, + r). Ilajienne HanpssKeHHS Ha namne H
nofsopsAux nposofax Vy = IR, u V, = IR,;. I3 aTHX ypaBHEHHI HaAXOAUM

Ry =R ZWRAD 5 10w,

[ o
v, =w=0,glom

1
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745. Yepes kaxayro namny Tteder oK I; = V/R| (puc. 356). Tok B o6meit
uenn I = nly =nV,/R,. Hanpsaxenue B nmogsopgswux nposopgax V,=IR, =
=nV|Ry/R,. HanpsixxeHre Ha 3aXUMax HCTOYHHKA TOKa U ero DJIC.

V=V, +V,=V (1 +nRy/R|)=293B,
€=V+Ir=V{[1+n(R,+r)/R1=303 B.

Puc. 356 Puc. 357

746.¢ = (R + r)Ed/R =5 B.
747.q=C € R/(R +r) = 10 MmxK1.
(R/2)(I0R/11+R) _7
(10R/11)(R/I2+R)

749. V' =¢€Vr/(ér— VR,) =44 B.

750. N306pa3um cxeMy muHade (puc. 357). 3aMeHHM CONPOTHBIEHHS
pe3uctopoB Ry, R, u R; conporuBinenneM Ry =R, + RyR3/(R, + R;3). Torpa
MOJIHOE CONPOTHBIICHACE LICIH

_ RR, _ (RR+RRy+RR)R, 56
Ry+Ry RRy+(R+R)(R,+Ry) 36
4 amrnepmerp nmokaxer Tok / = €/R= 1,8 A.

751.1=34€/73R =0,1 A.

752. TTageHns Hanps>KEeHHS HA pe3nucropax R # R,, a Taxke Ha pe3ncropax
2R, u 2R, nponopuuoHai bHbl HX conpoTuicHusM. [losToMy nagenne Hampsi-
XKEHHS Ha pe3ucrope R paBHO HyJIO H TOK Uepes Hero He nmpoxoput. Uepes
pesucrop R, teuet Tok / = €/(R; + R,).

753. IloxHoe comporusienne Hend R = Ry + R, +r, Te CONPOTHBIECHUA
KHITB1 © OOOJIOUKH IO MECTa 3aMbIKaHUs

[ 4/

748. V1V, = /10.

R = _— ——
1=P1 S, P1 1tD12
l 4/
R =Pr—=pPr 5"
2TRrs, TP y(DE - dd)

Toxk B uenu / = é/R; orciopa
_ (€ - Ir)
41lp, / D{ +p, (D} - d})]

=2,18xm.
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754. Hanpsixkenue Ha kKoHaeHcaTope V = €. OTo xe HanpssKeHue OyeT B
NEPBbIA MOMEHT IOCNE 3aMBbIKaHHUA KJKOYa Ha pesucrope R,. IToatomy
TEKYIIHii Yepe3 HETO B 3ITOT MOMEHT TOK I = €/R;.

755. ocne BkmoueHUusA HcTouynHuka Toka ¢ IJJC € KoHpeHcaTopbl 3aps-
ASITCSl, U, KOrja TOK IPEKPAaTUTCs, BCe UX OOKJIAJKH, COeJHHEHHBIE C PE3HC-
TOPOM R, OyAyT UMETH OAMHAKOBBIH NOTeHIHUAN. KOHAEHCATOPBI ¢ eMKOCTAMHU
C + C, uC + C, BKIIOUYEHBbI NOCIEAOBATENbHO C HCTOUHHKOM TOKa. OO6lee
HamnpsikeHHe Ha HUX V) + V) =€, a 3apsa Ha Hux ¢ = (C + C)V, = (C + Cy)V5;
OTCIOfa

Vi=(C+Cé/2C + C1 +Cy), Vo=(C+CDE/Q2C+Cy + Cy).

756. O6kmagku koHpgeHcaTopa (| 3aMKHYTBI Yepe3 pe3ucTopsl R 4 R,.
IToatoMy 3apsAp Ha 3TOM KOHAeHcaTope ¢, = () (mocne npeKpaleHus 3apaaku
KoHpeHcaTopoB C, U C3). Tak Kak nocie 3apsjakd KOHAEHCATOPOB TOKH B
cXeMe He IIPOTEKAlOT, TO HalpsKeHUs Ha KoHjeHcaTopax C, u C3 paBHbI €.
CnepoBaTenbHO, ¢; = C,6 u g3 = C58.

757. I1apenne HampsikeHHs Ha pe3ucrope K3 6ypmet V = ¢/C = IR3; orciopa
TOK, TEKYIIHii Y€PE3 ITOT pe3ucTop, I = g/CR;. ITonHoe conpoTHBiIeHHE UENH U
3 C UCTOUHHKA TOKA

R=R1R2/(R1 +R2)+R3+I‘,

g=ir=-1| Rk o,  \_12B
CR; \ R +R,

758. € = (q/C)(1 + 2R,/R,) = 110 B.

759. ConporuBieHHe KOHAEHCATOpPa NOCTOSHHOMY TOKY O€CKOHEYHO Be-
auko. ITosToMy mocie 3apsafKH KOHJIEHCaTopa IO pe3ucTopy R; TOK mpoTe-
kKaTb He Oyaer. He OymeT M nmajeHus Hanps>XeHHA Ha 3TOM PE3HCTOPE.
CrnejoBaTensHO, TOUKA @ M BEPXHAA 0OKIajKka KoHAeHcaTopa OyAyT HMEThb
ONMHAKOBBIA noreHuuan. IloTenuuan ke TOukH b OyneT paBeH NOTEHUHATY
HIDKHeH 0OKNMafku KOHAeHcaTopa. Takum o6pa3oM, HANpsKEeHHE HA KOH/EH-
catope OylaeT paBHO NaJIeHHIO HANpsKeHUS Ha pe3ucrope R,. Tok B uenu
I=%/(R,+Ry)uV =1IRy,=%R,/(R, + R,); oTCclOfa 3apsi] Ha KOHJEHCATOPE
g=CV=CERy(R;+R,.

ER,R3R,
RR,R; + RRsR, + RRyR, + RyR3R,

761. HanpsiskeHHs: Ha 3a’KMMaX HCTOYHHMKA TOKA B IIEPBOM M BO BTOPOM
cnyyasix V=1 /R uV,=1,R/2. Tokn B oOmel nenu B 3THX Ciaydasix
I =€/(R+rul,=%/(R/2 + r); orcloga

R=r(2Vy=V)I(V,y=V,) =2 Om.

760, V =

(cM. 3apagy 759).

762. Ianenue HanpsxkeHus Ha pesucrope R, (¥ Ha BonbTMeTpe) V = IRy
(puc. 358), roe Ry = R,R/(R; + R) — conpoTHUBNeHUE NapanielbHO BKIIOYEHHBIX
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BONBTMETpa U pesucropa R,. Tox B o6meit uenu pasen [ = €/(R; + Ry + r).
Pemas coBMecTHO 3TH ypaBHEHHS, TIOTYIUM
V(R + 1R,

R= =2,05kOm.
ER, ~V(R + Ry, + 1)

ToT ke pe3ynbTaT MOXKHO IIONYUYUTD, pelliasi CHCTEMY YpaBHECHUIA

I=[()+[2, V=[OR, V=[2R2, %=V+IR1+II'.

R,y
—{ :)— N
=4 ¢ d
R R, I R,
1
1 R R
€, r ! é,1 !
Puc. 358 Puc. 359 Puc. 360

763. B aKBUBaJICHTHOH CXEME PE3UCTOPBI R| COOTBETCTBYIOT MPOBOJIOKAM,
COCAMHSIOIIMM 2JIEMEHT C KOJIBIIOM, @ PE3UCTOPBbI R, — ABYM IOJOBHHAM,
Konsla (puc. 359). [TonHoe BHeIHEEe CONPOTUBICHUE UenH R = 2R + R,/2, rne
Ry =pa/S uR, =pna/S. Tok B o6weil nenu [/ = €/(R + r). Paznoctes noreu-
I[MAJTOB MEKY TOUKAMH ¢ U d

v=ﬁ= €Ry én

= =0,64B.
2 AR +R,+2r 4+m+2rS/pa

764. I,/ I =(R,+ R /[RR, + r(R, + Ry)]=11/16.
[RIRy + (R, +r)(2R + Ry)]
RR;+(Ry + (R + Ry)

766. ConpoTuBleHHe KaKpofl napbl NIpOBOAHUKOB paBHO Ry /2. IlomHoe
BHEIIHEE CONPOTHMBIICHAE LENH 10 YAAJICHUA OJHOTO U3 NMPOBOAHHUKOB R =
=3Ry /2. ITo 3akoHy OMa st monHoit wenn [y = 2/ =% /(R + r); orcropa DC
uctouHuka toka € =2/, (Ry + r) = Iy (3Ry + 2r). Ilocne ypaneHus OgHOro U3
MPOBOAHMKOB MOJHOE BHEIIHEE COMPOTHBIICHUE Hend R, = 2Ry /2 + Ry = 2R,,.
Tok B ob61eit nenu /, = € / (R, + r). Yepe3 mpoBOAHUK, OCTaBIIUiiCS 6€3 Mapsbl,
OymeT uaTH TOK [, =[ly(BRy + 2r)/ (2Ry +r) = 4 A, a 4yepe3 OCTalbHbIC
MPOBOJHUKY GYAYT UATH TOKHU [, /2 =2 A.

767. [l = %Rz/[(Rg + I') (Rl + Rz) + Rl Rz] = 1,98 A,

I;=€R,/{(R3 +r) R{+R) + R R)] =297 A;
768. BepxHss maMna ¥ npoBoja, MAyLIME K HeH, HauyMHas OT MECTa

,JIPUCOEUHEHUA HIKHEH Namibl (puc. 360), o6pa3yroT nociefoBaTelbHYIO
g IEMOUKY C CONMPOTHBICHUEM R3; = R; + R,. DTa uenoyka coecgUHEeHa napan-

765. V=V“ =16B.
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JENbHO C HMXKHEH naMIofl H BMecTe € Hell o0pa3yeT CONPOTHBIEHHE R, =
=R3R,/(R3+R)= (R, +Ry) Ry /(2R + R,). Ilonrnoe BHemHee COMPOTHB-
JEHHE TEeMH

Ry (2R + R))+ (R + Ry)R,

R=Ry+R, =
2T 2R +R,
‘{epea HCTOYHHK TOKA TECUYET TOK
[= 8 €(2R +R) ~0.87 A,

TTtR, (r+R)(2R +R)+(R +R)R,

769. Ecin € ur — D[JC u BHyTpeHHEe CONPOTHBICHHE HCTOYHHKA TO-
kKa, 70 [, =€ /Ry +r)ul, =€ /(Ry+r). U3 aTHX ypaBHEHHHd HMeeM F =
= (I1Ry — 1Ry [l 1) = 3 OM, € = 1, (R, = Ry) / (I, — I)= 40 B.

770. r=R\R,(V, - V) / (VIR = VoR)) =1 0Mm.

771. Tlpu mOAKMIOYEHHH K HCTOYHHKY TOKA aMIEepMeTpa 4Yepe3 Hero
TeueT ToK [} =€ /(R +r), rne € — DJIC Garapen, a r — ee BHyTpeHHee COIpO-
THBJIEHME; TIPH NOAKIIOYEHAN K MCTOYHHKY TOKAa BOJILTMETpa 4epe3 Hero
TeueT TOK I, = €/ (R, + 1), 1 BONBLTMETD MOKa3biBaeT HanpsxkeHue V = LR, =
=€R,/ (R, + r); oTcrofa

r=Ry(V-1LR)/ (iR, - V),
E=1V(Ry=R) /(1R = V).
TOK KOPOTKOTO 3aMBIKaHHs (P PABHOM HYJTIO BHELITHEM CONPOTHBITCHUM)
I.=®/r=1V(Ry~R\)/Ry(V—1R)) =296 A.

_ERAR)-IRE yomr=E=5a
I(R +R)) r
773. Ilpu 3apsgKe akKKyMyJSTOP BKITIOUaeTCs HaBCTPEYy HCTOUYHHKY TOKA.
Bo Bpems 3apsAAKH TOK BHYTPH aKKyMYJATOpa TEYET OT MOJNOXKHTEIBbHOrO
noJiroca K orpunarensuoMy. Hanpsixkenue cetn V =€ + /(R + r), rne [ — ToK
sapsjku; orctofa [ = (V —€) /(R + r). HanpsixkeHnne Ha 3aKUMaX aKKyMyJIaTopa

Va=Ir+%&=(Vr+%R)/(R+r)=275B.

772. r

Iocaedosamenbroe U napannenbHoe COCOUHEHUR UCMOYHUKO8 MOKA.
Ipasuna Kupxeoga

774. TlockonsKy €, > €, TO TOK / GyneT HATH B HAMPAaBICHUH, YKa3aHHOM
Ha pHc. 118, npu 3TOM pa3HOCTH NOTEHIMAIOB MEXY TOUKaMH a | b.

V=%,+IR, =%, — IRy = (€,R, +&,Ry) /(R + R)) = 1,2 B.

775. Tlockomebky €, > €, To TOK / Gy/leT HITH B HAMPABICHAN, YKa3aHHOM
Ha puc. 119. TokoM uepe3 BoxbTMeTp NpeHeGperaeM BBHJY TOrO; YTO €rO
COMPOTHBIICHHE BEIMKO 10 CPABHEHHIO C BHYTPEHHUMH CONPOTHBIICHASIMH dJT€-
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MenTOB. [lafenne HanpsskeHHs Ha BHYTPEHHHUX COHPOTHBJIEHUSIX 3JIEMEHTOB
MONXHO. paBHATbCA pa3HocTH 3JIC 31eMeHTOB, TaK KaK OHH BKJIOUEHBI
HaBCTpeuy Apyr Apyry: I (ri+r)) =€, ~€;; orciona [ = (6, ~€,)/ (1] + ry).
Pa3HocTs noTeH1MAaNoB MexXX/Ay TOUKaMH a U b (moKa3aHue BOJILTMETPA)

V= Cé] +1I'1 = (%1 r2+%2r1)/(r1 +r2)= 1,8 B.
776.V = (€1r3+%,r)/(r1+r))=-0,1B; V,, =0npu &, r, =6, ry.

777. Tok B uenn Il =2€ /(R +r;+1r,) (puc.361). Hanpsaxenns Ha 3axumax
HCTOUYHHUKOB TOKa V=€ —IryuV,=%—1Ir,. Pemas neppbie /Ba ypaBHCHHA

npu ycnosun V| = 0, nonyuuM R = r; — ry = 0,2 OM. Ycnosue
V, = 0 HeocyeCTBIMO, TaK KaK COBMECTHOE pellieHHe epBO- I
ro U TPETHErO YPABHEHUH NIPHBO/IAT K 3HaYeHHO R < (. B, 1y

778. Tok B 06ueit uenu [ = 2€ /(R + r{ + ry), Tie BHEIHEE T [jR
conporupienne nenu R = Ry R, /(R + R;). Ilo ycnosuto 3agaun 2,1,
HanpsXeHHE Ha 3aXXMUMax NepBoro anementa V=% —Ir) = 0;
OTCHOZIa Puc. 361

ri=[RiRy+r(Ri+R)I/ (R +Ry))=2,40OMm.
779. R = r| — ry, e R = R{RyR5 (RyR3 + RiR3 + R|R;) (eM. 3apaqy 778).

780. Tok B o6meit nenu / = 2€ /(R + ry + r,), I/ie BHEIlIHEEe CONPOTHUBIICHHE
nenu R = RiR,R3 (R1Ry + R1R3 + RyR5). HanpsixeHns Ha 3a’kuMax NepBOTo H
BTOPOTO reHepaTOpOB

ERR R+ (ry~ )RRy + RR;+ Ry Ry)) _

Vi=€-1Ir =
‘ Y RRyRy+(ry+ )RRy + RRy + RyRy)

3B,

R]R2R3 +(r] + r2)(RlR2 + R]R3 +R2R3)

781. Tlo 3axony Oma jns nonuoit nenu Tok [ =€ /(R +r), rne € =%, +
+€,+ €30 =7 +ry+ 3. HanpsikeHue Ha 3a3KHMMaX KaX[Oro 3JE€MEHTA
paBHO pa3nocTd 3[IC U najileHNs HaNPs*KEHUs HA BHYTPEHHEM COIPOTHBIICHUH
3JIEMEHNTA:

_EU(R+1r+r) - (€, +€ )

Vi=€ -In= =18 B,
’ R+r+r+n

Ey(R+r+r3)— (€, +€5)n,

V,=¢,-1Ir,=
2 2 2 R+nr+r+n

=0,3 B,

E1(R+r+r)-(E€,+%,)r;

V.=¢;-Ir=
3 3 3 R+r+n+n

=-0,1B.

+ HanpsxeHue Ha 3axuMax GaTapeH 3JEMeHTOB pPABHO NAJcHHIO HaMps-
3KeHHUsl Ha BHEIIHeM compoTuBienmu nenu: V=V, +V, + V3 = 2 B, Hanps-
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JEHHE Ha 323KHAMaX TPETHETO 3JIEMEHTa OKa3aJI0Ch OTPUIATENBLHBIM, TaK KaK
TOK OMNpEAEIAECTCS BCEMH CONPOTHBIECHHAMHM Uend B cymMmapHod D]JIC, a
NajeHAe HANpsXKeHWs HA BHYTPEHHEM CONPOTHBJIEHUH 3 Gonbinie, ueM €s.
782.V =IR =48R R,/ [R\R, + 4r (R, + R))] = 4,95 B.
783. Hanpsxenne Ha 3axuMax Gatapen V = n€ — Inr. Cnegosarensho,
n=V/(€&-Ir)=100.
784.1=(V-né)/(R+nr)=2,7A.
78S. ITageHne HampsXXKEHHs HA PE3UCTOPE, €CJIH TOKH TEKYT B HAIpaB-
JIEHUAX, YKa3aHHbIX Ha pHuc. 124, V =[R =€, — ;1 = €, — [,r.YunurTsiBas, 9To
[ =1, + I, HaxoguM
I=(&+€)/2R+r)=0,1A,
I =[(R+1r)& —R&1/r(2R +r)=-025 A,
L=[R+rN& —R&]1/rCR+r)=035A.

3aMeTum, uro /; < 0. DTO 3HAYHT, YTO HANpPaBJICHAE TOKA [; IPOTHBOMOIOKHO
yKa3aHHOMY Ha pHc. 124,

Puc. 362 Puc. 363 Puc. 364

786. BriGpaB HampaBiieHHs TOKOB, yKa3aHHble Ha pHC. 362, cocTaBHM
ypaBHenns Kupxroda. [Ina yana b ameem Iy + 1, — [ = 0; ana kKoHTypa abef
(06x0a mo wacosou ctpeiake) [y ry + IR =€, u agna kKoHTypa hcde (06x0f
IPOTHB YaCOBOH CTPeNKH) I, r, + IR = €,. VI3 3THX ypaBHEHHMH HaiifileM

l=(‘é]r2+‘é2r])/[R(r] +r2)+r]r2]=0,53 A.

787. BHyTpeHHee CONMPOTUBIICHAE 3TEMEHTOB ry=r +r/2 = 3r/2. Conpo-
THBJIEHHEe NapaJUIe]bHO BKIFOUEHHBIX pe3ucTopoB Ro =R R,/ (R + Ry).
O6mas DC snemento €y = 2€. CornacHo 3akoHy OMa AJisl OJTHOH LeIH

V=%0—I(RO + r()) =2% —I[R] Rz/(R] +R2) +3r/2] =2,48 B.

788. BriGepeM HanpaBieHus TOKOB [, I, ¥ I3 uepes pe3ucrope! Ry, R, n R;,
yka3anusle Ha pHc. 363. Torpa /3 =/, + [;. Pa3HoCTh MOTEeHUHANIOB MEXAY
Toukamu a U b Oyger pasua € — [|R| =83~ 3Ry =%, + [LR,. Eca I3 = 0, TO
Iy=~I,%; + 1Ry =63 163 =%, —I|R,. Vckimrouas [, HaxopuM €5 = (1R, +
+€Ry) /(R + Ry). ‘

789. PaccMoTpum Ty Xe cxemy 6e3 BoabTMeTpa (pHc. 364). M3 3akona OmMa
i moyiHOM uenu HaxopguMm [ = 3% /3r =€ /r. I3 3akoHa OMa fis yyacTKa
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el MeXAY TOUKaM#d a u b monyuuM V,p = —Ir + € = 0. TTogkmoueHne
BOJBMETpa K TOUKaM; pa3HOCTb NOTEHIHANIOB MEXK/y KOTOPBIMH paBHA HYIO,
HAYEro He MOXET M3MeHHTDb B 1end. IloaToMy BonbTMETp OyeT NOKa3bIBaTh
HalpsKeHHUE, PABHOE HYIIO.

Puc. 365 Puc. 366

790. ITopknOYNM HCTOYHHK TOKa K BBIBOJAM a M b H BbIOEpeM Halpab-
JTEeHHsI TOKOB, yKa3aHHble Ha pHc. 365. [Insa y3na e umeem [ = [y + 1,. Ilpn
obxofe KOHTYPOB aefb u ecdf TIo 1acOBOH CTPENIKE NOTYIHM

I(R| +R3) +12R2=—%, loR()—12R2=%().

Hcnonb3ys ycnosue [, = 0, HaxonuM € = —€y(R| + R;)/Ry. 3HaK MHHYC NOKa-
3bIBAET, YTO HOMIOCHl UCTOUHHKA TOKA HA pUC. 365 HYXKHO NOMEHSTh MECTAMH.
791. 1 =2R/5=20M,1,=R/5=10m.
792. Ilpu mapanielbHOM COEIHHEHHH [BYX 3JIEMEHTOB BHYTPEHHEE
conporuBnenune u I C papubl /2 u €; npH NocnegoOBaTEIbHOM COCAHHCHUH
oHH paBHbI 2r 1 2€. Uepes pe3ucTop R IpH 3TOM TEKYT TOKH

1L=%/(R+r/2),1,=28/(R+2)=6/(R/2+r).

OTtcioga sugHO, ITO [, >/, ecma R/2 +r <R +r/2, Tre. ectu r <R. Ilo
it 2 1
YCIOBHIO 3ajjaud B IIEPBOM ciydae R, = r; ciefoBaTelIbHO, TOKM IPH Hapain-
JEeTBHOM H MOCIEIOBATEILHOM COCIHHCHHUSIX OJNHAKOBBI. Bo BTOpOM ciyuae
R, > r. ITo2TOMY TOK 60IBIIIE IPH NMOCTEN0OBATE THHOM COSIHHEHHH.

2

E(Ry +r)+ (R +1) _
Ri+Ry+n+r,
794. BuiGepeM HalpaBieHus TOKOB, yKa3aHHbIC Ha puc. 366. s y3ma b
umeeM [ — [} — [, = 0. IIpu o6xone KOHTYpoOB abef u bcde 1o yacoBoOH cTpelnke
TIONTY UM

793.4=C 7 MK,

12)'2+IR=%2, 117'1—12)'2=%1—%2.
U3 aTux ypaBHEHHIT HAXOH MM
%1r2+%2r1 I _%1(R+r2)—%2R

- R(ri+ry)+nr; P R(ri+r)+nr;

I = € (R+1r)-¢R
2 R(ri+ry)+nr, '
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Tok I = 0 Torma, xorga M3MEHEHA IONIPHOCTh BKITKOUCHHS OHOTO U3
9JIEMEHTOB H, KDOME TOT0, BbINONHEHO ycioBue €y r, =€, ry. Tok /1 = 0 pu
€ =Ré€,/(R+1rp),atok [, =0npu €, =R€,/(R +ry). Toxu /|, u /, umeror
HallpaBJICHHS, YKa3aHHbie Ha pHc. 366, ecnu RE,/(R +ry) <€, <
< (R + r1)é,/R. Onu MeHSIOT cBOE HampaBieHue npu &;< RE€, /(R + ry) unu
€, <RE; /(R + ).

795. ITpu n(R —ry=R — r. Ecniu R = r, TO YHCIO 3M€MEHTOB IIPOU3BONLHO;
ecnu R # r, 3aja4ya He MMeeT peureHus (n = 1).

796. Vi /Vy=(nR +r)/(R + nr) = 2,33, rie V| — nokasaHue BOILTMETPA IIpH
[IOCEIOBATEIbHOM COSTMHEHHHU 3IEMEHTOB, V, — I NapaiaeabHOM.

797. Al = n(n— YR = 1E /(R + nr)(nR +r)=4 A.

798. Ob6mee uncno aneMeHToB N = nm (puc. 367). Tok BO BHelIHe# uenu
I=n€/(R +nr/m), tae r/m— BHyTpEHHEE CONPOTHBICHHC T[PYNIbl H3 M

[apajiebHO COSAUHEHHBIX 3JIEMEHTOB, a hi/m —

e BHYTPCHHEE CONPOTHBIICHUE A TPYII, COSAUHCH-

“ak HbIX MOCNeA0oBaTEeNbHO. MakcuMallbHasE MOII-

O_E&E HOCTBb (CcM. 3alauy 848) oTHaercss BO BHELIHIONW

enb NPH paBeHCTBE CONPOTHBIEHHUS R BHYy-

m  TPEHHEMY CONPOTHUBICHHIO GaTapeH 3INEMEHTOB

nrim, t.e. R =nrlm = n?r/N; orciona n =

=VRN/r=20,m =N/n = 30. Ilpu atoM uepe3
conpoTuBneHue R TeueT Tok [ = 46 A.

Puc. 367 799. Ilpu nocnefoOBaTENIBHOM COC¢IUHCHHH

uepes BCE AKKYMYJSTOPbI 6aTapeu TeueT OfUH 1

TOT XE€ TOK, [TO3TOMY BCE OHH DPa3pssLTCi B TCUCHHE ONHOIO H TOTO KE

BpeMeHH. ClieJOBaTEeIbHO, €MKOCTb 6aTapen OyAeT paBHa eMKOCTH KaXKJA0ro

akkymynmaropa: Q1= 0y =80 A - u.

[Ipu nmapanneabHOM COeJHHEHHH 4 aKKYMYJSITOPOB Uepe3 Kaskablil W3 HUX
Teuer 1/n yacTh o6IIEero TOKa; MO3TOMY IIPH TOM K€ Pa3psiTHOM TOKe B 0OmeH
uenu 6arapest OyfeT pa3psaKaThca B n pa3 JOJbIIE, UeM OfUH aKKyMYJsATOp,
T.c. eMKOCTb 6aTapen B # pa3 Ooiblle €eMKOCTH OTACNBHOIO aKKyMyJATOpa:
Q,=nQy=240A - u.

3aMeTHM, OfHaKO, uTo aueprusi W =€ It = €(Q, ornaBaemas Gatapeei B
uens, ¥ [P NOCHENOBAaTEIIBHOM M IIPH NapajiieIbHOM COEJUHCHHH 7 aK-
KYMYJSITOPOB B # pa3 GoJblie 9HEPTHH, OTAABACMOH OHUM aKKyMYJSTOPOM.
3TO NPOUCXOAUT MOTOMY, UTO NPH NochefoBaTenbHoM coefunHenun D[IC,
GaTapeu B n pa3 Gonbie DJ1C ogHOro akKKyMyJisTOpa, a IpH NapajielbHOM
coeguHeHnn DJIC Gatapeu ocTaeTcs TOH Ke, UTO M AN KaKAOTO aKKyMy-
nATOPAa, HO 0 YBETHUMUBACTCA B /1 pa3.

800. Kaxpgas rpynna u3 ISITH aKKyMyJSTODOB, BKJTIOYEHHBIX ITOCHE-
[OBAaTEIIbHO, MMeeT eMKoCcThb O = Oy = 64 A -4 (cM. 3ajauy 799). Tpy
napanieNbHO BKTIOYEHHbIC TPYIIBI AaroT oblyl eMKocTh Gatapen Q) =
=30p=192A-u

801.V=J/R, (R + R3)/R} =2B.
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802. CocrasiasieMm ypaBHenus Kupxroda B COOTBETCTBHH ¢ HAalpaBICHUSAMHM
TOKOB, YKa3aHHbIMH Ha puc. 133: /| + [, -y =0 gns y3na b; I3 — 14— 15 =0 gnsa
y3na h; I5—1y —1lg=0 nna y3na f; npu atom I, r| + I5r5 =€, — €, nis xoutypa
abfg (o6xop no 4acoBoil crpenke), I, (1p + r3) + 14 ry = — €, nns xoutypa bedh
(o6xon NpOTHB YacoBOW CTpeNKH) U [4ry — Igrg — I5rs = 0 nns xoHTypa hdef
(o6xon no yacoBo cTpelnke). Pemrast aTy cucTeMy YpaBHEHHH C YUSTOM, UTO
BCE COMPOTHBIIEHHS OJUHAKOBLI H paBHbI R = 10 OM, noxyuyum

1, (88, = 7€)/ 13R=0,19A, I,=—(%, +4%,)/13R==0,17 A,
I=(1%, - 11€)/13R=0,02 A, 1,=(2%,-5%,)/13R=-005 A,
Is=(5%,-6%3)/13R=0,07A, Is=(&—-3%)/13R=-0,12 A.

OTpunaTenbHble 3HaUEHHS TOKOB /,, /4 U /4 MOKa3bIBAIOT, UTO NPH JaHHBIX
31 C HCTOYHHKOB M CONPOTHBIIEHHUSX PE3UCTOPOB 3TH TOKH TEKYT B CTOPOHBI,
NpPOTHBOMONOXHbBIC YKa3aHHBIM Ha puc. 133.

§ 21. Pagora u MomuocTs Toka. 3akon [Lxoynsa—Jlenna

803. 3anacennas sueprus W = € IT; eMxocTh akkyMmymsitopa Q = IT; orcioga
W=¢0Q0=48r1rBr-u=1,73 MIIx.

804. 3apsp, npoureguiuit mo mpoBoaHUKy, ¢ =T =Vt/R = 24 Ku.
IMpoussenenHas npu sTom pabota A = V2T /R = 288 k.

805. CumnTtas, uTo 2HEprHs, BHIACHSIONAsACA B NPOBOJHUKE MPH MPOXOXK-
JCHHH TOKA, OTHOCTHIO HACT HAa HArpeBaHUe BOAbI, UMeeM gV = cm(t, — 1), Iae
) ¥ 1, — HavaldbHash ¥ KOHEUYHAs TEMIEPaTyphl BOMABI; OTCIOfla H3MEHEHHE
TeMHepaTyphl BOgbl At =1, — t) = gV/em =24 K.

806. ITpu aByx mapaieNbHO BKIIOUEHHBIX B CETh INIMTKAX TOK B OOUICH
wenua /;=2N/V =83 A. Tox I = 12,5 A, notpebasieMplit KaMHHOM, GOIblIe,
ueM /;; MO3TOMY HENb3s Py4aThCsi 33 TO, YTO MNPEAOXPAHUTEIh, BbIAECPXKH-
BAIOIIMI TOK NPH BKIIOUEHHH ITUTOK, He EpETOPUT NPH BKIIOUCHUA KaMUHa.

807. Tok B mpoBogax, HAYIIUX OT reHepartopa, / = N/V, a nmoTHOCTBb
ToKa j = //§; oTciofa miomann cedeHus mpoBofoB S = N/jV =6,7 - 103 mm2.

808.N =1 (V-IR)=16 xBr.

809. Cunras, UTO BCI NIEKTPUUECKAas IHEPTrHsl 3aTpaudBaeTcs Ha HCMa-
peHne Boabl, noxyuum 2 R = Am/T; otcropa [ = \/W= 194 A.

810. ITo 3akony [xoyna—fenua Q = V21 /R, tne R = pl/S — conporusnenne
pOBONOKH, [ — ee AnuHa; otcona [ = VZ51/pQ = 3,24 m.

811./=nD*V21/4pQ =102 m.

812, ITonyyeHHOE KOTHUIECTBO TEIIOTHI HAET Ha HArpEBaHKUE BOMBI H cocyaa
d'marpesaTeneM, nostomy NT = cm(t, — 1) + C.(t, — 1), TA€ ¢| U £, — HAYAIbHAS H
KOHEUHAA TEMIEpaTypa Bogbl. MU3MeHeHHE TeMIepaTyphl BOAbI

At=t,—t;=Nt/(cm+ C.)=24 K.
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813. Onexrpuuyeckas SHEprus, HAymjas Ha HarpeBaHue BOJAbI, W =
=nNNT=cm(t, - t;), rae m = pV = 2 Xr — Macca Bofpl, 1, = 100 °C — KxoHeuHas
TeMmIneparypa Bojbl; oTciofa N = cm(t, — t;) /nt = 800 Br.

814. Bpems HarpeBaHHS OLpefieNsieTCsl U3 YPAaBHEHHs TEIIOBOro Gananca
(to=0°C):

T = [emy(tg— 1)) + rmy + cmy(t, — tg)] /MN = 348 ¢.

815./ = (V-Vy)VyrD?/4pN = 19,2 M, rie V, = 127 B.
816. OTHolleHKEe BBIIENIEMBIX HA peocTaTe MomiHOcTed Ny /N = 4/3.
817. [Ins nonayu BOAB! HA BHICOTY 1 HEOGXOAMMA MOTHOCTD

No= (AU + AT)[t=pV gh + pV? /2.
KIIJ ycranoBku

Ny _pV, V2
n:T_TT[gh+? =0,556, T.e.N=55,6 %.

818. MomHocTs, HeOOX0oaMMas NS ABHXKEHHA noesna, pasua Ny = Fl/t =
=Fv=nN; orctopa F =nNN/v =48 xkH.

819. Tokwu, uayue yepe3 06e NPOBOMOKH, COEAMHEHHBIE MOCTENOBATENb-
HO, OJIMHAKOBbI H paBHbI /. TIpy 2TOM B NPOBONOKAx 3a BpeMs T BhIjie-
NSIOTCA KonmdecTBa TEWNOTEI Q) = PRitu @y =I?Ryt,tne R, =pl/S, Ry =
= P,l/S — conporuBneHus XKeNe3HON H MEIHOH NPOBOJIOK, [ U S — UX IJIMHA H
NIOWAAL ceueHUus. OTHOIIEHHE KOMHIECTB TEINOTHI HIPH NOCTE[OBATETBHOM
coenuHeHnu Q,/Q, = R /R, = p,/p, = 7,06.

ITpu napannensHOM COEIHHEHHH TOKH B KEJNE3HOH W MeTHO# NPOBOJOKAX
Iy=V/R,ul,=V/R,,rae V — HanpsixkeHue B ceTH. B 3ToM criyuae 3a BpeMs T B
[IPOBOJIOKAX BBIJIENSAIOTCS KONHYECTBA TEMNOThI Q) = vit/ R nQ;= vit/ R,.
Ux ornowenue Q/Q; = R, / R, =p, /p, =0,14.

820.0,/Q, =R, /R =p,/p, =0,14.

821. 1, = 91, = 6 MuH, Tak Kak Q = 3V21, /R = V?1,/3R.

822.R=V?/N=720Om.

823. [Ina HarpesaHHs BOABI O TeMmnepaTyphl kuneHus ¢t = 100 °C
HEeOOXOAMMO KONHUECTBO TENNOThI Q = cm(t — ty), TRe m = pV = 2 Kr — Macca
BOABLI B uailHuKe. [IpM BKIIOYEHHH OJHOTO HArpeBaTelNsi ero MOIJHOCTD
N, =1V, rue I — ToK, Texymuii yepe3 Hero, u V — HanpsskeHue ceTH. B atom
clyyae Ha HAarpeBaHHE BOJABI MJIET YacCTh TENJIOTHI, BbIAENsIeMON Harpena-
TeneM, Q = NN |T|; orclofla BpeMs HarpeBaHHUs BOJbI OJHHM HarpeBaTeleM

=Q /NN =cm(t—tg) /MN| = 56 MuH.

Hpn napanyie;IbHOM BKJIIOYEHHH JIBYX HArpeBaTesneH, KaK H pH BKIFOUCHAH
OJTHOTO M3 HHX, HA KaXX/IOM HarpeBatelne OyAeT HanpsikeHue cetu V. Cineno-
BaTENbHO, B KAXKAOM U3 HHX OyJIeT BBIENATHCA TA XK€ MOUHOCTh Nj U o0mas
MOILHOCTB 6yaeT N, = 2N; oTciofna BpeMs HATpeBaHHs BOABI AByMA Harpesa-
TeNAMU T, = @ /NN, =1T,/2 = 28 MuH. u!
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IIpu nocnegoBaTeNbHOM BKJIOYEHHH HarpeBareliell ofmui TOK uepes
HUX 6ymer paseH [/ /2. TToatoMy oO6Iasi MOIIHOCTb, BbIejsgeMasi B HHUX,
N3 =1V /2 = N| /2. CregoBaTelbHO, BpeMsl HarpeBaHHUs BOJbI B 9TOM Cliydyae
T3=0/NN3=21 = 14952 MuH.

824. T1pu nocneaoBaTeIbHOM COETHHCHHH CEKIMH T3 = T; + T, = 50 MuH; 1n1pu
napaie JbHOM COEUHEHHH CEKIMI Ty =TT,/ (T; + To) = 8 MHH.

2 2
825. Ucnonb3ys 3akon [xoyns—Jlemna N =V|/R,=V,/R,, HaxoguMm
2,2
RZ/RI =V2 /V 1 =3,4.

826. Mommuocts mamnel N =V = V2 /R, roe | — TOK, TEKYIIHH Yepe3 JJaMny,

R — ee conpoTHBNEHUE; OTCIOJA sl NEPBOU H BTOPOH JaMIl UMEEM
R =VZ/N=3600M, [[=N/V=033A;

Ry=V2/N,=1920M, I,=N,/V=063A.

827.N,=ViN,/V: =84 Br.

828. Korpa nammna BkatodeHa, N = VZ/R, roe R = Ry(l + af) — conpoTus-
JIeHHE HUTH ropsmei mamnb! H Ry = R/10 — conpoTUBIeHHe HUTH TaMIbl TPH
TEMIIEPaType f; OTCIoAa

o= (R —R())/R0t=4,5 - 1073 K_I,R()=v2/ 10N = 14,4 Om.

829. Ry=V2(1 + atg) /N(1 + or) = 42,8 Om.
830. ConpoTrusieHus NaMiibl 1 IpoBofoB Ry =VZ/N u R, =p - 21/S. Tox,
TeKYIIHHA [0 JTHHUH, U NaJicHAC HANPSKEHNs Ha JIaMIle PaBHbI

I=%€/(Ri+Ry), V=R€/(R| + Ry).
IIpu nopxkOYEeHHH BTOPOH NaMIbl CONPOTHBICHHE [BYX JlaMIl paBHO R /2.
ITosToMy TOK, TEKYIIUH 11O JIHHAY, U NaJIcHHC HANPSDKCHHS HA JIaMIIax PaBHbBI
, € V= €R, /2
RI2+R,’ R/2+R,’

HU3sMenenune HalpsKEHWSL HA JTaMIIe
€RR,

AV=V' -V=- =
(R, + Ry)(R +2R))

2pISNEV?
- 2 —=-14B.
(2pIN + SV*)(4pIN + SV?)

3Hak MHHYC ITIOKa3bIBAa€T, YTO INPH BKJIIOUYCHHH BTOpOfI JJaMInibl NNagcHHUHE
Halpsi>K€HUA Ha HepBOﬁ YMEHBIIAECTCSL.

« 831.[=S(é\JR/N -R)/2p=11,4 xm.

4 832.V =200jp! = 120 xB.

# 833. HanpsixcHue Ha 3aXdMax HCTOYHHKA TokKa V =V + Vp, tne Vi u
V, — MageHus: HaNpsiKCHUS HA HArpy3Ke H Ha NPOBOJax JHHHH. MOITHOCTB,
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BbIgensieMas Ha Harpyske, N| = 2N =1V ,. [lotepn MommHOCTH B TUHUA N, =
=0,IN; =0,2N =1V, orcroga Vy = 2N/, V, = 02N/In V =2 2N/l = 33 B.

834.R = V¥12,IN=9,3 Om.

835. Tok B nunu / = N/V. [Torepu MomuocTy B nunun N, = I2R = N2R/V2,
MomHocTs anekTponeun Ny =N — Ny = N — N?R/V? = 5,64 kBr.

836. N =%*RR; /[(R, + R))(R+r)+ RR,]* =267 Br.

837. Tok B uenu I = €/(R + r). KoauuecrBo TENNOTHI, BhIAeNsieMOe BO
BHEIIIHEH Ueny B eauHuy Bpemenn, Q, = I°R = €2R/(R + r)* ~ 8 [Ix/c.

838. ITonuas MomHOCTE 3meMenta N = [2(R + r), rae I — Tok B uenu. Tak Kak
I=V/R,ToN=VXR + r)/R?=13,5 Br.

839. BuyTpu Harapen TepsieTcs MOWHOCTL N = 122r, rge r — BHyTpeHHee
conpoTtusnenne Garapen. Ecnu € — 3]JC Garapen, To no 3akony Oma gnst
NONHOH Uenu B MepBOM U BTOPOM caydasix € =1 (R, + ) u € =I,(R, + r);
oTCcroaa

r=(LR, — IR)IU, ~1,), N=1I;(I,R, — LR)/I, = 1,)=12 Br.

_ Nl =N, N =N s
L (I - 1) LI~ 1)
841. KIIJ] — 3TO OTHOIIEHHE MONE3HOH paboThl (MOIHOCTH) KO BCei

3aTpavyeHHON pabore (MonHOI MomHocTH). ITone3Ho! MOMIHOCTBIO B TaHHOM

cilyuae siBIsIeTCS MOIHOCTH, BhiensieMasi Ha Harpyske, Ny = [V, rue / — TOK B

yenu. Tak kak 3[JC € no onpepeneHuIo npeacTapisieT cofoi nonuyr padory,

COBEPITAEMYIO HCTOYHMKOM TOKa NPHA NEPEMEMICHUM N0 UENU eIUHHNIHOTO

3apsifia, 2 B AMHHUIY BpeMEHM Uepe3 CeYeHHE NMPOBOJHHKA NMPOXOAHT 3apsif,

YHCIEHHO PaBHBIA /, TO MONHAasi MOIJHOCTh HCTOYHHMKA TOKa papHa N, = €/,

Takum obpazom, KIT[I cxeMbr | = N,/N, = V€ = 0,8, 1.e. N = 80%.
842.N=R\Ry/[RRy + r(Ry + Rp1 = 0,74, T.e. 1 =74 % (cM. 3apauy 841).
843. KIIX cxembl N = V/€ (cM. 3agauy 841). Tak xak V=/Rn ¢ =

=IR+N=V+Ir,tonN=RIR+r)=@&-INrE=V/E.

844. KIIX cxembl M = V/€ (cM. 3apauy 841), rue V = IR — Hanps>keHue Ha
3aXXHMax UCTOUHMKA; oTctopa I = MNé€/R =2,86 A.

845. 7 =R\R,/(Ry~2R,) =T Om.

846.M=2/IR[€ =0,78, 1.e. N =78 %; r=(né —-2IR)/ni =1,2 Om.

847. ITonHast MOmMHOCTH, noTpebGasemast motropoM, Ny =1V =1,8 kBr. Ha
HarpeBaHue OOMOTOK TEpSETCS MOINHOCTH N, = I2R. [lone3Hasi MOIHOCTB
N=N{-N,=I(V-IR). KIII moropa N = N/N; =(V - IR)/V=0,875, T.e.
T =87,5%. 3pech HE YITEHBI NOTEPU MOIIHOCTH, BO3HHUKAIOIUE BCIENCTBHE
HarpeBaHMs CEpJIEeTHIKOB SKOPS M CTaTOpa BUXPEBBIMU TOKaMHU U BCIEICTBHE
TPEHUS B MOIIUMHIKAX,

848. Toxk B uenu / = €/(R + r). MomHocCTb, BeIAENsieMasi BO BHEIHHEH UENH,
Ny =I?R = €2R/(R + r)2. MOWHOCTD, BbIgeNseMasi BHYyTPY HCTOYHUKA TOKH,
N, =E2r/(R + r)?. TlonHast MOTIHOCTE e
N=Ny+N,=T&=8%R +r). @3

840. r =0,20M, ¢
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H3 puc. 368 BugHO, uTO C yBenHueHHeM R MOIIHOCTD N[, BbifieasieMas BO
BHEUIHEN LIENH, CHaYaja BO3PAacCTaeT, a 3aTEM yMeHblnaeTca. UTo6bl HAlTH
CONPOTHUBICHHUE R, IPU KOTOPOM BBIfICIACTCA MAKCHMAIBHAS IOJIE3HAA MOIII-
HOCTB, pACCMOTPHM 3aBUCHMOCTH N OT TOKa [:

N =N-N,=T€- I

[Tpu6aBuB K 3TOMY BBIPAXXEHHIO M OTHAB OT HETO BenmuuHy €2/47, MOXHO
NMpeJCTaBUTh N B BUJE

Ny =€Y4r — (I - €/2r)%

OTCIOJia CJIEYET, UTO MaKCHMAaJbHas NOJE3Has MOMHOCTL Ny = €%/4r Boife-
nsietcst npu Toke [ =€/2r, T.e. mpu R = r. B atoM ciyuae KIII n=Ny/N =05,
T.€. N = 50 %. Momuoctu N, u N ¢ yBenuue-
HHEM R MOHOTOHHO yMmenblnatoTca. Ilpu
3TOM OBICTpEe YMEHBIIAETCS MOIHOCTE Ny, ()0
Bbifle/isseMasi BHYTPH UcTOUHHKA. [ToaToMy ¢
poctoM R KII]I Bo3pacraer.

W3 rpacuka 3aBucumoctu Ny oT R BHHO N

N, Br

50
TakXe, YTO OflHA M Ta Ke INOJIE3Hass MOII- N
2
HOCTh MOXKET OBITh NOJYYECHA NPH JBYX Nk
3HauYeHUsIX R, OJHO M3 KOTOpBIX OoJblIE, a 0 N '
1t
ApYroe MEeHbIIE 1. : 1
0 r 5 10 R,OmMm

849. Ecin € — 3]IC ucTouHHKa TOKA, TO
yepe3 CONPOTHUBJICHHE R, Teuer Tok [y = Puc. 368
=%€/(R| + r) 1 BO BHEIIHEH LECITH BbIEIACTCA

momocts N = 2R, = €2R /(R + r)2. Uepes conpoTusicHue R, TeueT TOK /I, =
=€/(R, + r) 1 BO BHCIIHEH LEIH BBIICIACTCA MOIIHOCTD N =122R2 =€2R,5/(Ry +
+ r)%; oTclofa A onpefeIcHns R MOTyYaeM KBaJlpaTHOE ypaBHEHHE:

2, .2
ety S
RZ

Pentus ero, HaiiieM R = 0,625 Om unu R| = R, = 10 OM (cM. 3aauy 848).

850. 0»/0 = 2(R + r)!/(R +2r)?% = 1,62.

851. N\/Ny = (R + 2nNY(2R + )2 = 1,56.

852. n = I%r/(€] - N) = 5.

853. N\/N5y = (R + 2r)%/(2R + r)? = 9/16; 66nblIasg MOUIHOCTb — IPH Ia-
PaNIEITBHOM COCUHCHHH,

854. TTpoexuus CWIbl TAXKECTH B HANPABJICHHH ABHXKEHHS F = mgsina =~
A mgtgo = 0,0lmg wmenbire canel conporubiecuus f= 0,03mg. ITosTomy
MOTOP COBeplIaeT paboTy NPOTHB PAaBHONCHCTBYIOMLIEH 2THX CHJI, 3a BpeMd T
ata pabora A = (f— F)ut = nIVt, roe I — TOK, TEKYIUI Yepe3 MOTOp; OTCIOfA
I=0,02mgumV =245 A.
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85S5. Ilpn Hanmps>KeHNHN HA 3a’KMMax NCTOYHHKA TOKa V U CHIIE TOKA B IHHHK
I MoIHOCTL uctounnka [V = IR + N; oTclofa TOK B THHHH

I=(1/2R)(V£+V?~4NR).

JJBa 3HAYEHHMS TOKAa COOTBETCTBYIOT ABYM BO3MOXHBIM CONPOTHBIECHHIM
Harpy3K, IpH KOTOPBbIX HAa Harpy3Ke BBIJENSETCS OfHA H Ta KE MOIIHOCTH
(cM. 3apavy 848). 3Hak MUHYC Ilepe[l KOPHEM COOTBETCTBYET MEHBIIEMY TOKY,
a CIeJOBaTEILHO, H MEHBIIIMM OTEPSM MOITHOCTH B JINHHH.

ITapenne HanpsKeHUS W NOTEPH MOIIHOCTH B JIMHAH

V = IR=(1/2)V£V?-4NR),

N'=1V'=(1/2R)(V* —2NR+ VNV —4NR).

KITJ nepepa4u (OTHOIIEHHE MOITHOCTH, MOTPEOISIEMON YCTAHOBKOH, K MOTH-
HOCTH, OTAABAEMOM HCTOUHHKOM B JIHHHIO)
N_IV-N _V-V' _1[, V2 —4NR

== —[1£
VT vV o2 v

ITpu V=V, = 6200 B nageHne HanpsiKeHUs] U NOTEPH MOIMHOCTH B JHUHHH
V'=50 B (unu 6150 B) u N'=508 Bt (unu 7,6 MBT); KII[] nepepaun
N =998 % (unu 0,8 %). Iudpsl B ckOOKax COOTBETCTBYIOT OONbIIEMY 3HA-
yennto Toka. [Ipu V =V, = 620 B mop xopHeM HoiydaeTcs: OTpHIATEeIbHOE
YHCNOo. DTO 3HAUHUT, YTO IPU CONPOTHBICHUHN NUHUH R =5 OM B 5TOM clyyae
HEIb3s MONYYHTH TPEeOYEeMYyI0 MOIIHOCTb HH IPH KaKOM 3HaueHHH COIPO-
THBJICHHUS HATPY3KH.

856. R =(V-Vy)Vy/N=2000m; [=RS/p=(V-VyV,S/Np=100m.

857.N =2€%/9r = 16 Br.

858. U3 ycnosust Rq/Ry = R,/R, cnepyeT, 9TO TOK 4uepe3 pe3uctop R; HE
upeT. I1osTOMy MONHOE CONPOTHBICHHE R LENH CKIafbIBAcTCs M3 CONPO-
THBIICHHH ABYX NMapaJUIeNbHBIX Iieno4eK R, Ry U R3, Ry M BHYTPEHHETO CONpO-
THBJICHHS 3JIEMEHTA /.

R= (R + Ry))(Ry+ Ry) ‘r
Ri+R,+Ry+ Ry

CxeMa noTpe6nsieT MOMIHOCTD

2 2
_€ _ €’ (R +R, + Ry +R,) 136 Br.
R (Rl+R2)(R3+R4)+(R1+R2+R3+R4)r

859. N = 86%/3R.

860. Yepes nammnouky noiskeH Tedb TOK [ = N/V, roe V — HOMUHaNBHOE
HamnpsiXKeHue, T.e. 4-BONBLTOBbIE NAaMIOYKH PACCYMTaHbI Ha TOK 0,5 A,
a 8-ponbToBble —Ha TOK 0,25 A. CnegoBaTelbHO, HEOOXOOHMO CMEIHAaHHOE
BKIIOUEHHE: NOCIENOBATENLHO C AECATHIO 4-BOIBTOBLIMHU JTAMIIOUYKAMH HYXHO
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BKJIIOUHTD NapaJIeNbHO APYr APYTY ABE OJMHAKOBBIE IPYNIbl 8-BOIBTOBBIX
gamnouck. [Tagenne HanpskeHHs Ha JONOJTHUTCIBHBIX IpyNnax 8-BOMbTOBBIX
naMnouek 6yper Vy—n,Vy, a uncio 1aMnodek B 06EHX Ipynnax joakHO GbITh
= 2(Vog— mVy)/V,=20.

861. r= R R, =6 Om.

862. N| = 2N/3; N, = N/3.

863. ITorepu MomHOCcTH B nopBoAAmux nposofax N = 0,04N,. Toxk B HEX
I=N/R . Ilagenne nanpskenus Ha Harpyske V; = Ny /I = Ny+/R/ N. Tlage-

HHE HalPAXEHHS HA NOABOAUIHX nposoaax V, = IR =+/RN. Hanpsxeunne Ha
3a3KHMAaX HCTOUHHMKA

V=V,+V, =(Ny+N)}R/N =208 B.

864. O6mmii 3apsan Ha COEAMHEHHBIX OOKMANKaX ¢ = ¢; — ¢,. EMKOCTE 00pa-
soBasierocs KoHgeHncaropa C = Cy + C,. DHeprus, 3anaceHHas B KOHIEHCATO-
pax j10 M NOCJEe COE/IUHEHHSI,

Wi=qi12C +4;12C,, Wy =(g - q.)* 12(C +Cy).
Ha pemCTope BBIACIHIOCH KOMHYECTBO TCINIOTHI
Q=W -W, =(q,C, ~9,C))* 1 2G,C,(C, +Cy).

865. I1pu pazoMkHyTOM KiItoue K KoHAeHcaTophl C; ¥ C; HMEIOT 3apsfbl ¢;
HanpsixeHus Ha Hux V| = ¢g/C nu 'V, = ¢q/2C, npuuem V| +V, = €; orciona
¢=2C%/3,V,=2%/3nV,=%/3. AHaIOTHYHO HAXOAHM 3aPsAbl ¥ HANPSIKEHHS
Ha KoHfieHcatopax Cyu Cy; ¢'=C%/3, V3 =2%/3 n V,=%/3. Tak kak V| = V3,
II0TEHIHANBI OOKIAlOK KOHJEHCATOPOB, NPHCOSAHHEHHBIX K KITIOUY, OjjHHA-~
Kosbl. [Ipy 3aMbIkanuu KMo4a HHYETo He H3MeHsercs. [lonnas sneprus 6ara-
peH KOHAEHCaTOPOB paBHA CyMMe JHEPTHH, 3aNIaCEHHBIX B KaX/1OM U3 HUX:

f ’ 2
w=d% % aVs gV CE
2 2 2 2 2

§ 22. Anexkrponuz. 3akoun! Papanesn

866. k = n/Fz=2,39-107 xr/Ku.

867.t=m/kl=2u.

868. Cornacno o6beguneHHOMY 3akoHy Papapes m = W1t/Fz = Agq/F, rae
A=Wz, aq=It; orcropa F = Ag/m = 9,65 - 10* Kn/Mob.

869. onn! B pacTBOpe 3JMEKTPOINUTA HECYT Ha cebe YHCIO 3JIEeMEeHTaPHbBIX
3apsAj0B, paBHOE BAJEHTHOCTH 2. [IpU BBIIEICHUH MacChl BEIIECTBA, YUCICHHO
paBHOH €ro XMMHUCCKOMY 3KBHBAJICHTY, UEpE3 pacTBOp MPOXOMHT 3apsf,
qHCIEHHO paBHbIH nocrosuHolt dapapes, T.e. F = zNy= N, e. CnefrosaTenbHO,
9MeMeHTAPHBI 3apsan e = F/IN, = 1,60 101 K.
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870. Ilo BropoMy 3akony Papanest uMeeM ky = ,/Fzy 1 ky = |15/Fz,; otciona
JMEKTPOXUMHYECKHI 3KBHBAJICHT 30710Ta ky = kj2 /7o), = 6,8 - 107 xr/Ko.

871. Tok B Bannax [ = jS. Ilo nepBoMy 3akoHy dapapness Macchl Bblfe-
JMBINMXCS [IPHM 3JEKTPOIHU3E BemecTB my = kjST=23,8 1, my = kyjST =
=21,6r1,m3=kyST=80,5T.

872.j =vllkt =124 AM2.

873. Ilo nepeoMy 3akony Papages m = kIt, rae / - TOK B Henu; orcioga
I'=m/kt=1,6 A, T.e. B lOKa3aHWe aMIICPMETPAa HaJlO BHECTH MONPaBKy
Al=1-1,=0,1A.

874. Ilo nepsoMy 3akony Papanes m = kIt, rae / — Tok B nenu. Tounoe
3HAUCHME TAJleHHs HanpsiKeHUs: Ha conpoTuBieHnu V = IR = mRfkt =497 B.
Paznocrs Mexjly NOKa3zaHHEM BOJLTMETPA M TOUHBIM 3HAUCHHEM IafeHUs
Hanpsikenuss AV =V - V,=-1,03 B.

875. Tommmua ciost d = Wit/FzynS = 58 MKM.

876. B niepBoi BaHHE XEJE30 JBYXBAJEHTHO (z; = 2), BO BTOPOH — Tpex-
BaMeHTHO (2 = 3). IToaTOMY NP NPOXOXKAEHHH Uepe3 pacCTBOPhI OJUHAKOBBIX
3apsiIOB BBIICSIFOTCS Pa3IMIHbIE MACCHI 2KeJie3a Ha KaTOfax: B NIepBOM BaHHe
my = Wyq/z\F =27.93 kr, BO BTOpOH BaHHe M, = W,q/z,F = 18,62 kr. Tak kax
BaJIEHTHOCTb ATOMOB XJIOPa z = 1, TO Ha aHOMEe KaX[JOH BaHHBI BbEICIAETCS
Macca xnopa m = \L,q/zF = 35,357 kr.

877. =" _0.4 Om.
Fz2 m
878. V=W, m/qg=kW, =108 B.
879. KII[] ycranosku N =[V1/W = Vq/W, rae ¢ - 3apapn, npouwrenmuit uepes
BanHy. Macca Bblgenuslueiics Menu m = kg; ot-

! ctona m = knW/V = 0,445 xr.

4 880. Cpenuuii Tok I = (I, + I;)/2. 3apsap, npoTek-
i uepes pacrsop, ¢ =1t = (/| + I3)t/2 = 20 Ku.

2 Haxoxnenue 3apsana rpacduUecKUM NyTEM [1OKa-

0 . e 3aHO Ha puc. 369. Ha rpaduke 3aBHCHMOCTH TOKa

OT BpPEMEHH 3alITPUXOBaHHasA [UTOMAb YHCIEHHO
Puc. 369 paBHa 3apsAfny. Macca Menu, BBIAENHBLUEHCA Ha
karone, m= kg =k(/; + ,)1/2 = 6,56 Mr.
881l.m=k(V-é)T/R=95T.
882. r=pVu/kRIt =312 K, rne R = 8,31 IOx/(Mons - K) — razoBas Mno-
CTOSIHHAS.
883. W.'Zm = VZWlm/V] .

§ 23. MarauTHoOE HOJIE TOKA.
dneKTpoMarHNTHas HHAYKUHUSA

884. B = [,H; otcrona H = B/py = 1,59 MA/M.
885. B = WyuH = pyin/l = 62,8 Ta. _
886. | = B/pyH = 5000. e
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887. Ha npsamoii NIpOBOJHUK C TOKOM, PaClONOKEeHHBIN NepneHiuKyasp-
HO K JMHMSM VHAYKUMHM B OJHOPOJHOM MAarHMTHOM MOJie, HAEMCTBYeT CHJa
F=BIl=0,1 MH. HanpasneHue cHIbl ONPEAEISAETCS NpaBUIOM
neBoi pyku (puc. 370)".

888. Ha npoBOAHUK [EHCTBYIOT: AB€ OAMHAKOBBLIE CHIJIBI
HaTsKeHUs HUTel T, cuna TsokecTu mg U cuna F = Bllsina co F
CTOPOHBI MarHUTHOTO MOJs, TlIe 0L — yTOJN MeX/1y Hampasle-

HUSIMH TOKa |/ U MarHUTHOH MHAYKUMU B (B HalIeM ciytae Puc. 370
o = 90° u sina = 1). ITogpasymeBaeTcs1, 4TO HaNpaBIEHUSI TOKA H

MarHUTHOU MHAYKUMHU TAKOBBI, UTO cuna F HampasneHa BHu3 (cM. puc. 140). B
NPOTHBHOM CJIy4ae CUibl HATSAXeHus HUTedl [pU NPOMNyCKaHMM TOKa He
BO3PACTalOT, 3 YMEHBUIAIOTCSA, U HATH He OGOPBYTCSL.

Ecnu npoBonmHuK HaxopuTcsl B pasbHOBecuM, To 27 — mg — F =0; oTciopga
T=(mg + F)/2. [Ina pa3pbisa OjHON U3 HUTeHd HeOOXOJUMO BhINONHEHUE
ycloBus

T=(mg+ F)/2=Mg,
WIH
1=02M-m)g/BI=3 A.

889. Ecnu npoOBOAHHUK pacnoloXeH NepIEHAUKYISIPHO K HaNpaBlIeHUIO
MarHuTHOH MHAykuuu, To F = Bll, rie / — TOK B NpPOBOJAHHKE; OTCIOJa
I=F/Bl=15A.

890. Ha npoBopHUK [edCTBYIOT: CHJbl HaTsKeHUs AByx Hureidl 7, cuna
TsKecTH mg U cuna F=BIl co cropoHbl MarHutHoro noxs (puc. 371).
ITpu paBHOBecuu MNPOBOJHUKA CYMMBI IpOCK-
UMt cun (C yIeTOM HX 3HAKOB) Ha BepPTHUKANbLHOE
I TOPH3OHTAJbHOe HANpaBle€HHA PaBHBI HYIIO:
mg —Tcosa=0, F-Tsina =0; oTcropa tga =
=F/mg = Blljmg = 1, T.e. o = 45°.

891.H =I2rr =4 AM, B = Uyl = Wyl2nr =
=5 mMxTn.

892. Bokpyr GecKOHETHO JIMHHOTO NPsSIMOTUHEN-
HOTO MPOBORHUKA, O KOTOPOMY Te4YeT TOK /q, 06pa- \
3yeTCsl MarHUTHOE NOJIE, HANPSDKEHHOCTL KOTOPOTO Puc. 371
Ha pacCTOSIHMHU I OT poBoAHuKa I = [1/21r, a "HAYK-
must B = pouH = Pou/i/2nr. Ipu 3ToM BekTopsl H u B HanpanneHbl ORMHAKOBO
H JieXaT B INIOCKOCTH, NIEPIEeHAUKYISIPHON K npoBofHHKYy. Ha oTpesok BTO-
poro npoBOAHMKA JJIMHBI /, IO KOTOPOMY TeueT TOK /,, MarHUTHoOe Moje
meficTByet ¢ cunoil F = Bl,/sin o, Te oL — yron MexAy HanpasJIeHusIMH OTPe3Ka
IIPOBOJHMKA ¥ MAarHUTHOU UHAYKUUM. Tak KaK BTOpPOU NPOBORHUK NapainiesieH
nepsomMy, To o = 90° u sino'= 1. Takum obpazoM, F = Ugul/,l/2nr; orcrona

* KpyOK ¢ KPECTHKOM 03HauaeT. u4To TOK HanpaBleH OT UHTATENs nepneH-
RUKYASPHO K NIOCKOCTH PUCYHKA, B KOTOPOIt ieXKaT BeKTopet Bu F.
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Lo = 2rFr/ul 1,1 Moacrapus 3HaueHns [ =l,=1A,1=1M, F=2-10"7H,
L =1 (ans BakyyMa), HaiiieM L = 47 - 10-7 Tr/m.

893. F; = F/l = ny!*2nr = 0,1 H (cM. 3agady 892).

894. Ha puc. 372 noka3zaHO HanpaBICHHE MarHUTHON MHAYKUHH M MO-
NOXKEHHE MIOMAJKH B 000ux ciayuasax. IIo onpeneneHnt0 MarHUTHBIA MOTOK
® = BScos O, rac 0L — yronm MexJy HOpMalbio M K
o ITOmMaAKe ¥ HanpaBJlCHHEM MarHHTHOM WHAYKUMH

"| B. B nepsom ciydae =0, cosa=1u ® = BS =
= 1,25 mMB6; BOo BrOpoM cnyuae O = @ (yramel ¢
S B3aHMHO MNEpNEHUKYNSIPHBIMA CTOPOHAMH) H
® = BScos ¢ = 625 MxB6.

RPN 895. B = wyuH = 628 Tm; @ = BScoso = BS =
= 12,56 mB6.

896. L = nAD/(l, - 1)) = 125 mI'n.

Puc. 372 897.€ = —~(B, - B))S/At = 1,6 MB.

898. ® = €Au/n = 1 MBG.
899. HavanbHbil MarHHTHBIH TOTOK dYepe3 paMky @, = BScosa, rjie

B

S=a’\f3/4 - N0IIaAb paMKH H B = [1yff — MarHUTHast UHAyKIM. KoHedHbI]
MarHHUTHBLIHA NOTOK @, = 0. MI3MeHeHHe MarHuTHOro noroka A® = ®, - @, =
=-BScoso. DC uHayKIMHR

_AD \,@poazHcosa.
At 44 ’

%A 172
a=2 __ear =10 cm.
\/—guoHcosoc

900. B = €Atja’cosa= 0,1 Ta.
901. /= :{i = —~A£ =£§ =10 MKA.
R RAt R At

902. g = —€At/R = -AD/R = -nyHS/R = 0,1 mKa.

903. 3OC camounpykuuu € = —LAI/At, tae Al =1,-1;; orciopa
L=~¢Atf(l,—1))=25Tn.

904. D1C uaaykuua € = —AD/At, rae AD = BAS = BIuA! — MarHUTHBIA MOTOK
qepe3 mromans AS, “samMeTaeMyto” NpoBoOj-
HIKOM 3a Bpems At (puc. 373). Onyckas 3HaK
MHHYC, HaiipeM € = Blu=1 B.

905. Kpbuibs camoneTa 3a BpeMs A “3aMe-
TaroT” mnom@aas AS = [vAf, MarHUTHBIH MOTOK
yepes aTy naomaas pasen A® = B cos 0AS,

Puc. 373 rie B cos = B\ — BepTHKalbHasA COCTaBIIAIO-

mas WHAYKIUH 36MHOTO MAarHUTHOTQ MO

(0L — yrosn Mexay BEPTHKAlbiO M HAMPaBICHHEM MaTHUTHOM MHAykuuH). Pas-
HOCTH MOTEHUMANOB V MeXIy KOHIAMH Kpbinbed camoneTa pasha DJC €,

€=

oTclona
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HHIIyL{preMOI‘:I B METANTHUYECKHX KPLINbAX H KOpIyCce CaMoOJji€Ta IPpH ero
JIBM3KEHHH B MATHHTHOM MoOJe 3eMITH:

V=€ = Ad/Ar=Bylv=0,15B.
906. IInomank, “3aMeTaeMas’ 3a BpeMsi At IPOBOJHUKOM, CKOPOCTh KOTO-
poro v HampaBieHa Iof YIITOM O K CaMOMY IIPOBOJIHHKY, IPEJICTaBIseT co6Ooil

DAt

Puc. 374 Puc. 375

nromane napamterorpamva (puc. 374): AS = [UArsin .. MarsEuTHBIA nOTOK
yepe3 aTy miomanb AP = BAS. Pa3HocTh NOTeHUHManos V Mekay KOHIaMH
npoBojHuKa pasHa D C €, HHAyUHpYeMOH B 9TOM NPOBOAHHKE:

V =€ = AD/At = Blusin o; orcropa v = V/Blsino = 1 M/c.

907. ] = é/R = ByluR = 10 MKA.

908. Iloka paMKa HaxXOAUTCsL B OONaCTH, I/i¢ UMeeTCsl MarHUTHOE MOJe,
MarHUTHBIH MOTOK 4Yepe3 MOBEPXHOCTb, OTPAHMUYEHHYO DAMKOH, NPH JIBH-
KeHuH paMKd He u3MmeHsercs. Ilostomy D[1C HHAyKUUH B paMKe HE BO3HH-
kaer. Ilocie TOro Kak OflHa M3 CTOPOH DaMKHM BbIIIJIa 32 TpaHUUY MOINA
(puc. 375), MarHUTHBIH NOTOK uepe3 NOBEPXHOCTh, OTPAHHUYEHHYIO PAMKOH,
GypeT M3MeHATLCA. 3a BpeMs Af paMKa [MepeMelaeTcsl Ha PacCTOsHUe UAt
U YacTh NJIOIIA/Id PAMKH, KOTOPYIO NMEPECeKaeT MarHUTHOE MNOJNE, YMEHb-
raeTcs Ha BeTHUMHy AS = /v At. MarHUTHBIH 1I0TOK 32 3TO BPEMS U3MEHSETCS
Ha BenuuuHy A® = -BAS = -Blv At. Unpyuupyemas B pamke I[C € =
= ~A®/At = Blv, u 1o pamke nporeuer Tox / = €/R = Blv/R = 2 MxA. Korna
paMKa BbIijIeT U3 OGMAaCTH, rje UMeeTCcsl MarHuTHoe noje, DJC MANyKUHA
CHOBA CTaHET PABHOU HYJTIO.

2 y2
909. O, = S_(é_[j) =1 uJlx/c.
R\ At

910. / =uIlB/2R,(I+v1).

911. R = B4?y /F = 0,625 Om.

912. Ilpu nnaBHOM H3MeHeHHH MAarHUTHOM HH/YKUMHM B DaMKe HHyUH-
pyetca DIAC € = Ad/Ar, rne AD — u3MeHeHHe MATHUTHOTO NOTOKA, At — BpeMsi,
B T€YEHHE KOTOPOTO MPOMUCXOAUIO 3TO U3MeHeHHe. Tok B pamke [ = €/R =
= A®/RAt. 3apsj, nporexiuil no uend 3a spems At, ¢ = IAt = A®/R. Ha-
vaNbHBIA [OTOK MATHHTHON HHAYKUuH @, = BSn. IlpH M3MEHEHUH Hampa-
BIEHHS MATHUTHOrO NOJIA Ha o6paTHOe MAarHUTHBIA NOTOK H3MEHSET 3HaK.
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ITo9TOMY KOHETHBI MarHATHBIH NOoToK @, = —BSn. M3sMeHeHue MarHUTHOTO
noroka A® = @, — ®, = 2BSn. Takum obpasoM, g =2BSn/R = 1 MxKu.

913. g = BSD/2p (oM. 3apaay 912).

914. Cymma BM1C ucrounuka rtoka n IJIC, uHRyuHpyeMol B LENH npH
PaBHOMEDHOM H3MEHEHUH TOKa, paBHa € + LAI/At. Tok H3MEHsEeTCsl MO 3aKOHY
I =1y— (Al/At), rae Iy = €/R. ConpoTusneHue 1eNH B MOGOH MOMECHT BpeMEHH

€+ LAl A
" E/R-(AlJ AN

B MoMeHT BpeMeHH ¢ = 2 ¢ HcKoMoe conpoTuBieHre R, = 1,75 Om.

915. PaccMOTpEM  KOHTYpHI c¢md ¥ cnd, IWIOWAgH KOTOPLIX S = TDY/8
(puc. 376). MarHuTHEIE MOTOKHK Yepe3 KaKAbIH KOHTYP
B MOMEHTBI BpDEMEHH 1) U t; Oy1yT

®, = BS=ky;nD? /8, d, = B,S = kt,nD? /8.

OJC HHAYKUMH B KaXJOM KOHType (IOCKONBKY
MardidTHOE TMOJe MEHSETC PpaBHOMepHO) € =
= (@,— ®)/(t,— t;) = knD?Y/8.
IIycts DC HMHAYKUHH BbI3BIBACT B KOHTYpax
Puc. 376 TOKH, HallpaBJCHUsl KOTOPBIX NOKa3aHbl Ha puc. 376,
B3ss nanpasnenne 06x0la KOHTYPOB NMPOTHB TACOBOM
CTpeJKH U puMeHuB npasuna Kupxroda, nomyanm

rae Ry = R,D — conporusnenue nposoauuka cd, R, = RmD/2 — conpoTtuBieHus
NpoBOAHHKOB c¢md u cnd. Pemass atw ypaBHeHus, Haipem [, =0, ] =
= lz = %/Rz = ]\D/4R]

916. HanpasmeHusl cun, ACACTBYIOIIHX HA PaMKy C TOKOM CO CTOPOHBI
MarHUTHOTO TIOMNsl, ONPEAENMslOTC NpaBUIOM JeBoH pyku (puc. 377a). Ha

Fi 4 F,
A )
YA 4

Ol
Ol Ol

[ n Lor

F % klasing:
¥ YF, FY 5

Puc. 377

CTOpOHBI paMkH ck u dl peiicrBytor cuisl F u F), HanpaBlIcHHbIC NPOTHBO-
NOJIOXKHO 1O OJHOH NpsiMmoil. OHH He co3paloT MoMeHTa cun. Ha cTtopoHnsl
pamxu cd u kl pefictBytor cunel F3 = F4, =[Ba. Onu o6pasyloT mapy,
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CO3M1aI0IIYI0 MOMEHT CHNl M, paBHBLIN NPOM3BEACHUIO ONHOW U3 ITHX CHJ HA
paccTOSTHUE MEXJY NTHHHSMH, [0 KOTOPbIM OHH HanpasneHbl. Kak BugHO W3
puc. 3776, Ha KOTOPOM [IOKa3aH BHJl PAMKHU CO CTOPOHBI ¢k, 3TO PACCTOSHHE
paBHO a sin a. Takum 06pa3zoM, M = Fia sin o = IBa® sin o = 50 uH - M.

917. O6mas D[C, uHAyIHpyeMas B paMKe IPH BHXCHHUH B OTHOPOIHOM
MarHuTHOM IIOJle, paBHA HYJHO, TaK KaK PaBHO HYJIHO U3MECHEHHE MATHUTHOTO
[OTOKa epe3 II0maih, OrpaHHYEHHYO paMKol. [loaToMy paBeH HyI0 M TOK
B paMKe.

Oo6myro I1C, nHAyuHpyeMyO B paMKe, MOXHO paccMaTpHBaTh TaKXe
kak cymMmmy OJ1C, HHAyIUpPYEMBIX B KaXXIOH U3 CTOPOH paMKH. EclIH CKOpOCTh
JBIXKEHHUSI [HPOBOAHHKA COCTABISIET YrOJA (¢ C CAaMHM IPOBOJHHUKOM, a JIH-
HUH WHAYKLUAH OIS EPIEHANKYISPHBI K HAIPABIEHUSIM MPOBOAHUKA U €ro
ckopoctH, To mHAyumpyeMas B HeM OJIC € =Blusin ¢ (cM. 3amauy 906).
Noatomy DAC B cTOpOHaX paMKH ae U bc He BO3HHKalOT. B

cropou¢ ab Bosnukaet DJIC €, = Blyv. B croponax ed n cd ’&\w
AS

sosumkator DIC €, = Bl jvsin @, u €, = Blvu sin ¢,. Tak ///\

Kak [; sin @ + [; sin ¢, = I, To nonHas 3JC B croponax ,f§’@§§§§
ed u cd 6ynet €, + €, = Blyv, T.e. paBHa no moaymo 3C >

B CTOpOHE ab, HO UMEET ¢ HeH HNPOTHBONONOXHOe (npH
06x0Jle 0 KOHTYPY) HalpaBJICHHE; [IO3TOMY TOKA B PAMKE
HE BO3HHKACT.

918. 3a BpeMs At NPOBOJHAK, BPAMIAfCh ¢ YINIOBOM CKOPOCTBIO O, MO-
BEPHETCSL HAa yroJa ¢ = WA! 1 “3aMeTeT’ CEKTOp. MIOoIajib KOTOporo AS =
= @r2/2 = or?At/2 (puc. 378). MarHATHLEIA NOTOK Yepe3d 5Ty mmomans 1 DIC
HHAYKIAH

Puc. 378

A® = BAS = Bwi?At/2, € = AD/At = Bor?/2;
otcrofa W = 2€/Br? =75 pap/c.

§ 24. IlepeMeHHBIN 3/IEKTPHIECCKHI TOK

919. a) ® = ®,sin oz = BS sin 2nnt); 6) ® = O sin (O + Q) =
= @, sin{ot + 30°), roe @ = 2 MB6. Otcuet HavanbHOM a3bl P IPON3IBOAATCH
OT 'OPU30HTANTLHON IUIOCKOCTH B CTOPOHY BPAINCHHS PAMKH.

920. PaMka, 3aHMUMaBIUasi B HA1albHbIH MOMCHT BPEMEHH rOPH30HTATbHOE
HOJIOXKEHHUE, BPAIIAsCh C YIVIOBOH CKOPOCTBIO ® = 272, B MOMEHT BPEMCHH !
OyJleT COCTaBNSAThL C TOPA3OHTAIBLHOH IIOCKOCTBIO yron @t = 2xnnt (puc. 379). B
TEUCHHUE MOCIEAYIOWEro OUeHb MaNoro MpoMeXyTKa BpeMeHH At OHa IOBEp-
HETCsl elle Ha Manblid yros WAt ITyers cropoHa paMku, napaniensHas ocu OO,
paBHa @ M CTOPOHA PaMKH, NEPIEHANKYISIPHASL K OCH, paBHa h. 3a BpeMs At
HPOBOJAHMK PaMKH ¢d NEPEMECTHTCS B IIOJTOXEHAE ¢'d’ 1 “3aMeTeT” [IPH 3TOM
wromans AS = a(hf2)wAt = SOAL2, rae S = ab — nnomagk paMku. MarHATHBIR
HOTOK Uepe3 IIoMaib, “3aMeTaeMyto”’ NpoBOAHUKOM cd, AD = BAS cos o, rae
O — YOI MEXY HOPMANbIO N K IVIOCKOCTH cc'd’d ¥ HanpaBIICHAEM MarHATHOHN
uHAYKIAY B. :
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Ecnu npoMexXyToK BpeMeHH Af OUEHb Maji, TO yroJl Ol IPaKTHYECKH PaBEeH
yray (¢, Tak KaK HanpaBieHHe HOPMaJH A Majio OTINHMYAeTCs OT HANPaBJEHHAs
CTOPOHBI paMKH kd, a BeKTOp B No ycJOBHIO HanpaslieH OPH30HTAJILHO.
Takum o6pasom, AD = (1/2)BSwA? cos wt. CnefloBaTenbHO, B MOMEHT BpeMe-
HH { B npoBojiHEKe cd uHaynupyeres DJIC €, = AD/At = (1/2)BSw cos wt.

/

L
T2 T ¢

1
T/12
-5F

|
(=]
T

Puc. 379 Puc. 380

Bekrop B napanneneH MIOCKOCTSM, B KOTOPBIX NPH BpallleHHH PaMKH
ABHXYTCcsl NPOBOAHUKH kd u [c. [ToaToMy uepes ‘“3aMeTaeMble’” STHMH NPO-
BOJTHUKAMH ITOIAIA MATHETHLIA ITOTOK paBeH HYNo U D[IC He Bo3HuKaeT. B
NpOBOAHUKE ad, Kak 1erko BujeThb, uupyuupyercs 2/1C €,, paBHas no Mojy-
mo €, HO HampaBJieHHas TaK, 4YTO NpH 00Xojie No KOHTYpy paMku 3T I[C
cknajpiBatoTes. B pesynbraTe cymMmapHas 3/1C, vHayupyeMas B paMKe,

€ =2¢, = BSw cos wt.

Haubonbmee 3HaueHue 3]1C NpUHUMAET B T€ MOMEHTEI BpEMEHU, KOI/Ja
€Os ! MaKCHMAJCH, T.¢. paseH efuHune. [TosTomy aMmmuryaa 34C

%() =BSw=2nnBS = 0,614 B.

[Mpu yBenmueHMH 9acCTOTHI BpAallleHHS PaMKd B TpH pasa aMmuturyga 3[1C
TaKXe YBEJIMIUTCH B TPH pasa, T.e. €] = 1,884 B.

921. O\ = €y/2nn = 48 MBG (cMm. 3aauy 920).

922. n = €y2nwBS = § 06/c (cM. 3anauy 920).

923. Kpyrosas wacrota Toka @ = 2m/T = 628 ¢!, yacrora Toka f =
= I/T = 100 Tu. B moMmeHnT BpeMeuu ¢t = T/12 MruoBeHHOe 3HAUCHHE

HanpsoKeHAst
V=Y, sin((ot+—7£) =V, sin(zt—twhz) =V, sin = = ig—Vo;
6 T 6 6 2

orcrofia Vy = 2V/3=11,6B.T pacduK 3aBHCHMOCTH HANpPSKEHUs OT BDGMEHH
npejcrasieH Ha puc. 380. :
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924. MHAYKTHBHOE CONpOTHBIEHHE KaTymku X; = WL, rae ® = 27nf —
Kpyrosas dvactoTa Toka. Amnuuryga Toka [y = Vy/X,; orcropa L =
= V/2rfly = 0,051 I'n.

925.L =X, /2nf=0,080 Tw; Iy =V,/ X, =~/2V,/X, = 0,28A.

926. ITonHoe conporusieHne Z = \/R2 + (oL -1 /(L)C)Z. Momxocts

ViR
2R +(wL—1/ ©C)°]

N = oL-1/0C

=0,5BT; tg@ = =-3,02,

T.c. ¢ =-72°40"
927. UnpykTusHoe conpoTuBicHue X; = WL, EMKOCTHOE CONPOTHBIEHHE

Xc =1/0oC 1 nonHoe CONpOTHBIECHHE Z = \/R2 + (oL -1 /0C)?, rae
o = 27f — kpyropas yacroTa Toka. [Ipm f; = 50 Tn (= 3,14 - 102¢c™")

X, =157 OM,. X =318 kOM, Z = 3,33 kOm;
npu 5, = 10kl (0 =6,28 - 10*c™")
X; =31, 4kOM, X =159 OM, Z =314 kOMm.

928. Vo= lgXc = 1yT/2nC = 0,7 xB.
Yo 2V,

z VR? +1/0*C?
930, f=+2V? — IR /2nl,L = 61Ty,
931. ITorHOE CONPOTHBIICHAE LIEITH

929. I, = = 1L4A.

X =lolL - 1/oCl = 127fL - 1/2=fCI.

W3 ycnosusi, 9TO NpH yacTore f NOTHOE CONPOTHBJICHUE IIENH PaBHO HYJIIO,

nmeeMm 2xfol. = 1/2xf,C; orcropa fy = 1 PrNLC =711 T

932, V,, = né, = 420 B, rie n = 27f,L/IR = 127f,RC (cm. 3apauy 931).

933. B nenu nocrogHHoro Toka / = V/IR = 2 A. IHRyKTHBHOE CONPOTHB-
deHne comeHoupa X, = oL =2nfL = 5 kOM. AMONHETYAa HanpsXeHHs

Vo = «EVd Tak kak R <€ X, TO aMILTHTY/la IEPEMEHHOTO TOKA
ly=Vy /X, =2V, 1 27fL = 5,6 MA.

934. MomHocts N = (/(V/2) cos @; oTcroaa cos ¢ = 2N/1Vy=0,8.

935. 2¢pdexkruBnbni ToK /I, =1, /2. KonugectBo Tennorsl, BBIJIEJISIE MOE
neunto, Q = I2Rt = IZRT/2 = 3,96 MIIx.

936. m= V.fr(l +ouy)/ rR(1+at) =51, rae t = 100 °C — Temneparypa xune-

HMS BOJBI.
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937. B cetu ¢ a¢pekTABHBIM HanpsKeHHEM V, aMIUTUTYRa HampsiXeHHs
Vo= «/EVJ ITpunuMas HauanbHyiO ha3y HaNpsSKEHUs] paBHOH HYINIO, 3alld-
IEM 3aKOH H3MEeHEHHs HAMPSIKEeHHUs ¢ TEYeHHEM BPEMEHH!

.2
V=V,sinwt = Vosm—TEt.

3axkuraHus (raleHns) TaMIbl IPOUCXOAAT B MOMEHTHI BpeMeHH ¢, (¢),), Koraa
MTHOBEHHOE HAIIPSKEHUE B CETH PaBHO HallpsDKEHHUIO 3aKuraHms (puc. 381):

i_ W

Vo 2V,

HauMeHnblliee MONOXUTENBHOES 3HAUEHHE, KOTOPOE MOXET HMETH BeJUTHHA
2rt,/T, cTosuias oK 3HaKOM CHHYca, cocTapisieT 60° = /3. B obweM cnytae

. 2
V, = ; OTcrofa |sin—-r, | = =0,867.

.2
V, sin —%tm

2nt,/T = mn £ /3,

rne m=0, 1,2, ... CiegoBaTenbHO,

t,=mT[2 £ T/6.

3HaK mmoc 3€Cb COOTBETCTBYET MOMCHTAM 3aKHI'aHHUA JTaMITbI (Hanpﬂxe}me
B 3TH MOMEHTBI BO3PACTAET 110 MOJIyJI}O), a 3HaK MHUHYC — MOMEHTAaM ralueHus

1% v}

V.J - - —r__
i Vo
L]
L]
L]
'
]
I
'

2T/3 57/6 / €
T/6 T3 T2 ity i3

<

T
|
L]
L]
)
| [}
' L]
! 1 1

]

]

L]

E

i
O T/4 TR23T/4 T t
Puc. 381 Puc. 382

JaMIsl (HampspKeHue yObIBaeT MO MOAYIIO). B YacTHOCTH, nmepBas BCIbILIKA
HPOUCXORUT 1pH fy =T/6 u nepsoe rawmenne — nput, =T/2-T/6=T/3.
TakuM 00pa30M, LIUTEIHHOCTD Benbliky At =t —1, =T/6=3,3Mc.

BenbIky U raieHusl IPOUCXORAT B TEUCHHE KaKIOW [IOJTOBHHBI IEPHOJA;
CIIefoBaTENLHO, YacToTa Benbitek n = 2/T = 100.

938. AMIUIUTYRa NMEPEMEHHOrO HANPSXCHHS HA BBIXOE aBTOTpancdop-
MaTtopa V= «/EVJ 3To HampsKeHHe C TeyeHHEM BPEMEHH M3MEHSeTCs IO
3akoHy V= V|, sin (2nft). Hanpskenune MeXRY 3NEKTpPOjlaMHu naMiibl;V, =
= €+V=%¢ +«,/§V3 sin (2nft) (rpadUK 3aBHCHMOCTH 3TOTO HANpSKeHH# or
BPEMEHH NpUBeeH Ha puc. 382). ' .
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. Ilpu sin (2nrft) = 1 HanpsikeHne V, npuHMMaeT HaubOJblICe 3HAUCHHUC
Vs max = %+«/§V3 =100 B. Ilpwm sin (2rft) = —1 Hanps:xeHue V, npunumaet

HaMMeHblIee 3HaUYeHue Vo, = € —«/EV3 =20B, 1e. Vopax > Vo B8 Vo in < V.
Takum o6pa3oM, HaNpsKEHHE Ha JIEKTPOAAX JIAaMIbI CTAHOBUTCH GOJiblIe
HaNpsiKeHus 3a3KUTaHus TULIb OMH pa3 B TeUeHUE NEPUOJa, IOITOMY YacTOTa
BCIBIIICK HEOHOBOM JIaMITbI paBHa uacToTe ToKa f= 200 I'u,

939. MoIIHOCTS, NOABOUMAsL K NEPBUIHONA OOGMOTKE (3aTpaveHHasl MOIII-
HOcTh), Ny = I,V,. MouHocTs, oTAaBacMasi BTOPUIYHON OOMOTKOH Harpyske
(mone3nas MomHocTh), N, = I,V,. KIIJ Tpancdopmaropa

N=N,/N, =LV, 1V, =0,95 T.e.n=95 %.

940. Uupyuupyemas o BropuuHoit oomorke D[IC € = V,/k. Hanpsixenue
Ha ee 3axkuMax Vo =€ -Ir=V /k~1Ir=21,5B.

941. Mupynupyemas Bo propuuHoit o6MoTke J[C momxkHa GbITh paBHa
HaNpsKeHHIO Hakana V, i najfleHHIo HanpsiKeHUsl Ha CONPOTHBICHUH OOMOTKH
Ir. TI0o3TOMy OTHOUICHHE YHCET BHUTKOB B OOMOTKax wy/w, =(V, + [1N/Vy;
otcrofa wy = (V, + Iryw,/V; = 400.

942, ViupyuupyeMas Bo propuuHoil o6MoTke DC €, =V, + ;1. Koad-
¢unuenT rpanchopmanun TpanchopMaTopa

k=V 1% =V(V,+,n=10.
Tox B nepBuuHON OOMOTKEe HaxoAauMm H3 ycmosusa V /) = €,/,. KII[

TpaHcopMaTopa (OTHOIIIEHHE MOITHOCTH HA 3aKMMaxX BTOPHYHOH OOMOTKH K
MOIIHOCTH, NOTPeGIIieMOH NEpBUYHON OGMOTKOM)

N=Vol IVl =Vy 1% =V, [V, + I,r) = 0,91, T.e. =91%.
943.V,=V\/k=Ir=6B,R=Vy/l = V,/kl —=r = 1,2 Om.

944. Amnnmuryga Hanpsxkenus V= \/V,% +2VjoVag cos g + Vg = 155B;
tg ¢ = Voo sin @p/(Vy + Vyycos @g) = 0,34, T.e. ¢ = 19°.

§ 25. DneKTpOMArHUTHHIE KOJI€OAHUN 1 BOJTHBI

945. IIpeneOperas H3Ny4YeHHEM 2JICKTPOMArHUTHON 9HEPIUH B MPOCTPaH-
CTBO, MOXKHO CUHTATh, UTO BCS 3alaceHHAsl B KOHJEHCATOPE PHEPTHs NepeleT
B Tennory, T.e. @ = W = ¢%2C = 5 mJIx.

946. DneKTpUYecKas IHEPrusl B KOHTYpEe MaKCHMalibHa B T€ MOMEHTDI
BpeMeHH, KOrfla KOHREGHCATOP MONHOCTBIO 3apSAXEH U TOK B KOHType paBeH
Hymo. Ee 3naucHne W= CVO2 /2= CV,32 =0,1Mx[Ix, roe V= «/EVa — aMIUTH-
TyJa HANpsDKCHHUs HA KOHACHCATOpEe. JTa 9HEPTHs paBHA MOJNHOH SHEPTHH
KOHTypa. B Te e MOMEHTHI BpEeMecHH, KOTAa KOHACHCATOP MOJHOCThIO
paspgKeH M [0 KaTylIKe UIeT HAuOOMbIIHiA TOK, BHYTPH KaTyIIKH o0pa3yercs
HauOoJIbIIIee MAaTHUTHOE NOJIE, T.¢. KOHTYp 00/ajacT MaKCHMAaJTbHOA MAarHHUT-
Ho#t sHeprue#. Ecnu cuMTaTh, YTO MOTEpH 2HEPTHH B KOHTYPE 3a NMEPHOJ
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KonebaHuil NpeHeOPEXUMO Malbl, TO O 3aKOHY COXPAHEHHS! IHEPTHH MAKCH-
MaJsibHas MarHUTHasi 9HEPrus paBHa MaKCUMAIbHOM 9MeKTPUUIECKOIL.

947.Ilepuoj xonebauuit 7T = 2n«/ﬁ = 2nr\/1m =1,26Mkc; T’ =
=2n/LC = 2nr[reqel/d = 2,51 vke.

948. £,/ f, =1+ 1/n =1,01.

949. f, = l/2n\/ZCT), fH=1 /2nm; orctoga eMkKkocth (C=
=Co(fiF - [ £ =15MKD.

950. Yacrors! konebaHMil KOHTYpa f; = l/2nJL—,5. fH=1 /2@/@?; OTCIO-
fa MoJyvuaeM, YTO HHIYKTHBHOCTh KATYIIKHM JOJIKHA MEHATHCS Oor L, =

=1/4n°Cf? =16MIu 10 L, = 1/4n°Cf =10MIH.

951. d,/dy = (A\/h)? = 64.

952. 'paHnvHbIe 3HAUEHMs YacTOT AMaNa3oHa f| = c/A, U fr = ¢/h,, rae
¢ =3-10% M/c — CKOPOCTh pacnpOCTPAHCHUS NEKTPOMATHUTHBLIX BOJH B
BakyyMe. B pesynbrarte nonysum fj = 300 I'T'n, f, =30 I'T'y.

953. A =c¢/f=0,1 um.

954. 0T A =c/fi=3xM a0 Ay =c/f=11,6 M.

955. Yacrora aneKTpOMarHUTHBIX Konebannil f = 1/2n+/LC, anuHa BOTHBI

A =c/f=c-2n+LC. IlogcraBnsst YMCIOBBIE JaHHbIC, MMEEM

f1=222MTI'y, A =134wm; fr=16MIn, A,=19,6 M.

TakuM 00pa3oM, IMATIA30H PaIHONPUEMHHIKA NEPEKPHIBAET HHTEPBAT YACTOT
Af = 222-16 MI'iy u unTepBad iuH BonH AL = 13,4-19,6 M.

956. L =c/ f =c-2nJLC =1,88kM; f=c/A=0,159 MI'.

957. f = fyvn = 36 xI'w.

958. L =2mcCEALt/ Al = 2450 m.

959. f =1/2n,[L(C, +C;) = 53kI; o =2nf = 1/JL(C, + C;)= 3,33
x10°¢™! T= ZRW =18,8 Mkc; A= (T = 2mc m =5650 M.

960. f = % = 60MI: L= %(?};—j =352 uln.

961. A = cT =2mc,JegeSL/d =2350m.

962. Ilepuop KonebaHuit KoHTypa T = 2n«/ﬁ, rae C — eMKOCTh KOHJI€H-
caropa. JJnuHa BonHb! A = ¢T; orctofa C = %(—2—:;—0)2 =507 nd.

963. ana3oH [iMH BOJH OrpaHHYeH A, = cT, =2ncJL'—Q u A,=cl, =
=2meLC, = 67tc\/ﬁ, e ¢ =3 10% M/c - ckopocrh  pacnpocTpaHeHus
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NEKTPOMArHUTHBIX BONH, T n T, — HaHMEHbIINH U HANOONBIIKUHA HEPHOLDbI
KoneOaHHH KOHTypa, L — HHAYKTHBHOCTH KaTYIUKH KOHTYpa; OTCIOfa A, =
=3A; = 9 m. Takum 06pa3oM, 1Hana3oH JITHH BOJSH KOHTYpa OTPAHHYEH A, =
=3MuA=9M

964. C,/C, = (Afy/c)? = 2,25.

965. Yacrora xonebaHull 3MEeKTPOMATHUTHON BOJNHBI NpH MNepexofie u3
ofHOH cpejibl B APYIyl0 He H3MEHAETCs, NIO3TOMY IIPH CKODOCTH paclpo-
CTPaHEHHs (g, ITMHA BOMHLI A = ¢p/fy = 200 M.

I'mapa 1V
OIITUKA

§ 26. BonoBsie ¥ KBAaHTOBBIE CBOMCTBA CBETA

966. H = (vt + 1, — L)Yh/(I; - 1) = 8,5 M (puc. 383).
967. Vcrounuk OyaeT BHACH B TPYOy, cClnu 32 S
npems f = 2]/c npoxoxnenus ceetoM nyta ABOCD
IIpn3Ma ycreeT NOBCPHYThCH Ha 1/8, 2/8, 3/8, ...,
BooOmie, Ha k/8 wacTtey nonroro ob6opora.

ITosToMy H
21 ’ )
_:l.l:.‘ OTKynEIVZk—'L_‘zSZSk FH, i
c v 8 16/ h h

rac k=1,2,3, .. LIt L ‘

968. B Bakyyme A; = ¢/v = 400 um, B ammase
A =c, /v =c/nv =162 um, Puc. 383

969. n = ch/Ae = 1,5.

970. £ = hv =hc/h =4 1079 [Ix.

971. A = hic/(A,,  + K) = 250 1.

972. Tlo 3akony DitHmTeliHa hv = A,,,, + mv %2 = A,,,,; CTEN0OBATENBHO,
oroaddekT HabAOAAETCS IPH HacTOTE V = A, /h =5 - 1014 T,

§ 27. OrTpaxkenue H nperomiIeHAe CBETa
Ha IVIOCKOW rpaHuie

973./=RH/h=3 M.

974. D = d(H/h + 1) = 13 cM B 06ouX cTydasx.

975. Touka S u ee n3obpaxenus § u S B 3epKanax Jexar Ha OKPY>XXHOCTH
paaguyca h ¢ ueHrpom B Touke A (puc. 384). Ouesngno, uro yrom S’AS” B gBa
paza Gospine yraa Y = @7, HA KOTOPBIH NOBEpHYNOCh 3epkano. IloaTomy
[=2hsinyu

‘ o arcsin(/ / 2h)
0]

=20 c.
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976. cos ¢ = (I —a} — a>)2a1a, = 0; 9 = /2.

977. a) Jlyu Bo3Bpamaercs K HCTOUHHUKY, OMKCAB IIPABUIbHBIH TPEYTOIBHAK
{puc. 385). MosroMy yriel nageHus nyda Ha 3epkaixa o = 30°, yriel
CKOJIBbXEHHA Y = 60° u TpeyronbHUK ABC — HpaBHIIBHBIH, T.€. YLOJN MEXAY
3epKajaMi @ =y = 60°.

Puc. 384 Puc. 385

6) YToOBbI BO3BPAaTHTLCS K HCTOYHHKY 110 IPOHACHHOMY IIYTH, JIYY [OXKEH
ynacth Ha BTOPOE 3€pKaJIO IIEPIEHUKYISIPHO K ero nosepxHoctu (puc. 386).
IToaTomy TpeyronsHUK ABC — NIpsIMOYTOJIBHBIH H yrox ¢ = 30°.

%S 978. Eciu o — yron najieHus Jiyya Ha 3epKalio 10
I0BOPOTA 3e€pKaJla, TO YrOMl OTpaXKeHHsl TakKKe paBeH
0. YToa MeX/y NajaloliiM H OTPaXXEHHBIM JTydaMHu
paseH 20. Ilocie nosopora 3epkana yroa najeHus
CTaj paBeH O + , yrojl OTpaxKeHHs TaKXe CTal
paBeH O + W, a yroa MeXAy NajialouuM H OTpa-
>KEHHBIM JIYyYaMH craji paseH 2(0 + V). HMaparommuit
Jy4 OcTajcs HENOJBHXHBIM; CleIOBAaTENLHO, OTpa-
>KeHHBII Y4 NOBepHyIcs Ha yron ¥ = 2(o + y) — 20 =
=2y = 54°.

979. L =2/tg 60° = 3,46 m.

980. Ecnu o0 — yron majeHusl jqyda Ha HepBoe
3epkaio, d — Ha Bropoe (puc. 387), To ¥ = 20 + 28
(kak BHeWIHWH yron tpeyronsHuka ABC). Kpome
TOro, u3 TpeyronsHuka OBC nMeeM

QO+ @2-8)+(TW2-a)=m;

orcioga ¥ = 2(0 + ) = 2¢, T.e. yron ¥ He 3aBHCHT OT
Puc. 386 yria nageHus jJy4a.
981. ITocne ABYx oTpaXkeHWil OT 3epKau JTy4 #ieT
10 HaNpaBJICHHIO, COCTABMSIIONIEMY YION 2 C HAlIPpaBICHHEM l1afalomero Jydya
(cM. 3amauy 980). ITOT yros He 3aBHCHT OT NMOJOXKEHHS 3ePKal W IOTOMY HE
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HM3MEHSETCsl IpH MX BpalieHnd. OTpaskeHHbIN Jyd, He NMOBOPAIMBASCE, Nepe-
MEWAeTCs napauiesibHo caMoMy cebe. Mckombii yron ¥ = 0.

982. Xopn nyueit B mpu3Me nokasaH Ha puc. 388. Yron najenust nyda Ha
nocepe6GpeHHyto rpadb BC paseH yray ¢ = £ ABC npu3Mbl (3TH yIibl HMEHOT

Puc. 387 Puc. 388

B3aMMHO IEPIECHIUKYISIPHBIE CTOPOHBbI). OUEBHHO, TITO yroy HajieHusl Ha
HenocepebpeHHyo rpaub AB BHyTpm npmsMmel £ DEF = /£ SDFE = 2¢ (kak
BHYTpPeHHHE HAKPECT JIeXalHe IpPH NapanienbHbIX NpsMbix SD u EF u
cekyme# DFE). Ha prucynke mzobpaxkeH cinyuaif, KOrjga 9TOT yron Oonbine
NpeAenbHOTO il JAaHHOTO copTa crekna. [Ipm atoM £ EAC = £ FEP = 2¢
(KaK yriib! ¢ B3aMMHO IepPIEHANKYISIPHBIMH cTOopoHamH). Tak kak £ ABC +
+ /4 BAC + £ ACB=m, TO

L ABC=9=36°, £L FAC=4 ACB =2¢p="72°

E : Puc. 389

983. OGosnaunm yepe3 [ U 8 yrirbl, KOTOpPblE COCTABIAET JYyY, HAY-
IA# BHYTPH NPHU3MBI, C NepHeHNKYasipaMu K rpassaM (puc. 389a). Cymma
yrnos TpeyronbHuka AKC pasHa T, a CyMMa yriioB deTbIpexyronsHuka ABCK
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pasHa 2%, npudeM £ BAK = £ BCK = w/2. CnepgoBatensho, ¢ = 3 + 8. B To xe
BpeMst ¥ — BHeIHUH yron Tpeyrorsauka ADC, nostoMy ¥ = (0. — ) + (Y- 8) =
=0 +Y—¢. Uckomeii yrom ¢ = o + 7y -1 = /4. Iloctpoenue xopa
ayda B NpH3ME, NMOKa3aHHoe Ha pHUC. 3896, NpUBOAMT K pElIeHHIO (P =
=y+8%-o=>5n/12.

3TH pelmeHUs! NONyYeHbl JHUIUb NPH MOMOIIY FeOMETPUUYECKUX YCIOBHUI.
OpHako ONHOBPEMEHHO C 3TUMH YCIOBUSIMH JONKHbI BBITONHATHCS U 3aKOHbI
npejgomieHua. B wactHocTH, BO BTOpPOM ciyduae yroj majeHnsi Ha BTOPYIO
rpaHb NpH3Mbl & = @ + B > @. Tak Kak N0Ka3aTeNTb NPEIOMIEHUs CTekaa n > |
u sin §/sin Y= 1/n, To sin y> sin & u y> @. [locnegHee HepaBeHCTBO NPOTUBO-
peunT 3HaueHusIM Y = 41/12 u ¢ = 5n/12; nosTOMy BTOpOE pemieHue cieayeT
OTOpPOCUTB.

984. n=sin o/sin B=c/c,. T.e. n=1,4;¢,=c/n=2,14- 108 m/c.

985. sin 0 = sin @ (n cos @ — | —n?sin? (p) = 0,25; 9 = 14°30’, nubo

& = arcsin (n sin @) — @ = 14°30".
986. Y= (1/2) [®/2 + ¥ + arcsin (n sin B)] = (1/2)(90° + 20° + 60°) = 85°.

/11</12 n2<l11
o Lo o }-Y
", n n/2
5} 71:/2 1
a o
Puc. 390

987. Tlo sakoHy npeénomueHus sin o/ sin B = ny/n;. KpoMe toro, o +
+ ®/2 + B = n (puc. 390); orctoga sin B = cos O, U, crefOBATENBHO, g O =
= np/ny, .= arctg (ny/ny).

988. 1 = sino./sin(90° — o) = sinat/ /1 —sin’ o = 1,33.

989. tg oo =r/h, R=r+ H tg B, sin o/ sin B = n (puc. 391); orciopa

R= r(] + HInh? +rt(n® —1)).

MakcuManbHLIM PAUyC TeHA R, =1 + H/ Vnt=1=7m OypeT npu 1 = 0.

990. r=R-H/vn* =1 =573 m.
991. Buirenmuii U3 NIaCTUHKHU JTyY mapajieneH Najalomemy, n1oaToMy
h/cos B = b/sin (a.— B) (puc. 392). Tak kax sin o/sin B = n, To

b\]n2 —sin’ o
sinon(\/n2 ~sin’ o —«/1 —sin® oc)

h=

=4,2 oM.
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ncos o

\/1—112 sin? o

992, 1=[ —l]dsinot.

o

O*S \ \\_B

[N B\ .

ol 7 h B .
B b

H <
R '>a\ AR

Puc. 391 Puc. 392

993. Xon nyvedi B IpH3Me NOKa3aH Ha puc. 393. Tak Kak © — BHEIIHHI yron
paBHOGeppeHHoro TpeyroasHuka ADC, 10 O =2(a - B). Cymma yrios tpe-
yronbHuxa ABC pasHa @ + 2(/2 — B) = w, T.e. ¢ = 2[3. ITo 3aROHY npeTOMICHAS
sin a/sin B = n1; orcrona

= sin[(9+@)/2] [l -cos(V+ Q) 13
sin(p/2) [—cos T

Puc, 393

994. Xop nyuel B Npu3Me NOKa3aH Ha puc. 394. Taxk kak yrom Mexpy
nepreHJRKYIApaMH K TpaHsaM paseH @, To £ ACB = 2( — ¢). B TpeyronbHuke
ABC cyMMa yraos

(M2 +8)+2B-0)+ (/2 -B) =T,

orcroga
d=20-. 1)

HckoMbI#t yTOR ) €CTh BHEITHHAN YroX TpeyronbHuka ADB. TlosToMy
V=MR-W)+@2+V)=+y-0. 2)
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3amican €1C 3aKOHDBI NIPETOMITICHHA?

sin o/sin B = n, sin 8/siny=1/n, 3)

NOJyYHM cHcTeMy ypaBHeHHH (1) — (3), #3 KoTOpPO# cienyer

sin® =sin oc\/l - (sin 2¢vn? —sin? o — cos2@sin a)zj -
—cos a(sin 20+ n? —sin’ o —cos 2@ sin Otj

IMoxacrasuB @ = /6 1 O = ©/4, HaxXOUM

sin® = (1/4)(«/5\/5—3112 #3202 =1 +1=+/34/212 —1).

Ecnu 1 =~/2, TO 71€rKo 10Kasarh, 9TO Ha nocepeGpEHHYIO IPaHb IPA3MB! B
touke C nyd gafjaeT NepueH UK yIsIPHO K IPaHH; CIEefOBATENbHO, OTPasKEHHBIN
JAyd NOMAET MO NyTH nagarpmero. X3 nonydensoit ¢popMyini B TOM cnyuae
crnenyer sin 3 =0 u O = 1. Ecnu xe n = 1,41 Touno, To sin ¥ = 0,0059, r.e.
HCKOMBIH yron ornuuaceres ot 180° npubansurensHo Ha 207,

B o
\\/Q_B
¢ BN,
\\\\ ny
h S
hfcosf B N
onfy N
. n2 \\\
o~ D ] 0] YL ! ‘\\
\‘m ~
\J
c { PO‘\
Puc. 395 Puc. 396

995. Ilycrs ny4 nagaeT Ha rpanb AB nog yrinom o (puc. 395), u npenomisi-
ercs nop yraoM 8. ITo 3akoHy npenoMicHus

si o/sin B = n. ¢y

CoOTBETCTBEHHO
sin d/sin Y= 1/n. ; )
Yron ¥ — sHewHnit yron tpeyronsuuka ADC. IToromy

B=(—-B)+(y-3). 3)
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Hanee, £ AKC =1t — @; cnefoBaTeNbHO,
@=Pp+5b. “4)

Peuras cucremy ypaBHeHu#t (1)-(4) ¥ y4uTHIBast, UTO NPH MalbIX yriax
OTHOIIEHHE CHHYCOB MOXHO 3@MEHUTH OTHOIIEHHEM YINOB, NOJYUHM U =
=(n-1)p=4°.

996. Xop nyua nokasaH Ha puc. 396. OueBHHO, UTO

I= h B sin(a = B)+ Lsin(o - y).

Ccos

Kpowme Toro, sin o/sin B = ny, sin B/sin y= ny/ny; orciona

I I hcosa «/nf—sinQa—cosa
~h+ = ,

L| sina \[n,z—sinzot 1y
T
\/Ing(l+tg2a)—tgzoc—l__/1_ L«/l+tg2a+ 1 _J
1+ 2 o CLh ge sl w-wla )

IIpaByto wacre, Te BCe BENHMYMHBI W3BECTHBI, 00O3HauUMM uepe3 A (A =
= {(),497). Takum oOpa30oM, IPUXOAUM K KBaipaTHOMY YPaBHEHHIO

1+ tg2 o (1= ADn2 = 24m, — 1+ tg? o0 = 0,
pelnenue KOTOpOFO
_ATJA-AN g o+

= 2 2
(I-ANl+tga

onpeJicNiIeT ABa 3HAUEHHS H,. Tak Kak [10Ka3aTeldb IPeOMICHHS HONOXKH-
TEeNeH, To hy = 1,55.
997, 13 puc. 397 umeem / = 2/ tgP. ITo 3akoHY IpeNnOMIEcHAs

sina/sinf =n; orciopna [ = 2hsin OL/\/n2 —sin?a =97 cm.

998, o = arcsin(nz/ AR+ I ) ~28°.

999. Xop nyueit B nnacTuHKe nokasaH Ha puc. 398. Yron ABC B npsamo-
yronsHOM Tpeyronbauke ACB pasen O, noatomy AB =//cos o.. C gpyroi#i
CTOPOHBI, H3 Tpeyroiibuuka ADB BuuHO, uro AB = 2d tg B. Yoot o u B cBsa-
3aHbI 3aKOHOM NpeNoMIteHus: sin o/sin 3 = n. Peullas 9TH ypaBHeHHs, MONYYHUM

d 2
n=sino 1+(2—1—cosa) =~1,8.
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1000. ¢ = o; L = 2nd/ vn* —sin® o

y N
] /
o
A B
B
h B B
d
ol8 B,
D
e v/
Puc. 397 Puc. 398

1001, [Ins onpeneseHusi KaXyHmEerocs MECTONOMOKCHHSA TOUKH MOCTPOHM
ABa JTyva, UCXOIALIMX U3 TOUKH U MONAjalomux B rma3 wadmonarens. Ilycrs
ONMH M3 IyYel NEPNEeHANKYISAPEH K NOBEPXHOCTH ITACTHMHKY, BTOPOU NafaeT
Ha MOBEPXHOCTH IUTACTUHKHY [O]] YIJIOM O, OPeNOMITAETCs Nof YoM B u nona-
RaeT B Tna3 HaOmroflaTeNs, KOTOPOMY KaXeTcsl, YTO TOUYKa HaXOJUTCSA Ha
nepecevenuy NPOJOKEHUH TyJell Ha pacCTOSHUN [ OT NOBEPXHOCTHU ITACTHH-
xu. U3 puc. 399 supmo, uro / tg B =d tg o; orciona tg ot/tg B = //d. o 3axony
npemomenus sin o/sin B = 1/n. s Mansix yrnos o 4 § AeBble yacTH mocnep-
HUX YpPaBHEHMH MOXHO CUYHTATh OJMHAKOBBIMU; CICAOBATEILHO, PABHBI H
npasble vacty, T.e. d = nl = 8 cMm.

d . B

o

=="1 >

o et B

Puc. 399 Puc. 400

1002. Ha6mtoparens BAguT M300paxeHue B TOUKe S’ nepeceueHus JABYX
GIM3KUX TyYell, BBIENIUX M3 S U OTPA3MBINMXCI OT 3a/HEH MOBEPXHOCTH
nnactuHrY (puc. 400). JIyw SBC, nepNeHUKYIIPHBIA K MNIACTHHKE, MOCITE
OTpaXkeHus MpoXopuT uepes S. Jlyu, mafaromuil Ha MIACTUHKY HOJ MalbIM
YIOM (X, BLIXOJIMT U3 Hee B TOuKe A Ha paccrosnuu AB =[ig o + 2d ig p or
oc. B To xe Bpems AB = (L — 1) tg o.. Beuny manocra yrnos o ¥ 3 3akoH
NpETOMIIERHST MOXKHO 3amicaTh B BHAE sin afsin B =n =~ tg a/fig . Pemus
cucremMy ypasHeHmit, Hatinem L = 2(I + d/n) = 4,5 cm. ‘

1003. Koner crepkHs Haxonurtcs Ha riybune H =/ sin o, rie / — nnuna
NMOTPYXEHHON HacTH CTep>KHs. BeuencTsre npeloMIIeHHs Nydeid Ha NOBEpX-
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HOCTH XHMAKOCTH Ha6NrofaTenb BUJHUT KOHEIN[ CTEPIXKHs Ha TInyOuHe A =
= I cos a tg (0. — B) (puc. 401). dnst HabnrogaTens, CMOTPAIIETO B BEPTHKANb-
HOM HamnpaBJIeHHuH, YTkl najieHus O U npejoMIeHns Y MaJbl, nodtomy H = nh
(cMm. 3amady 1001), unu tg o = n tg (o ~ B). Pemas 210 ypaBHeHHE OTHO-
curennHo 3, nonyaam (n— D/ig B =1g o + nfig o.

A SY B

¥/

19

]

]

Y ¢ P
E

Puc. 401 Puc. 402

¥Yron B Gymer MakCHMaAbHBIM NDH TAKOM yIIE O, IPH KOTOPOM CYMMa,
crosmas B npapoil yacTtH, 6yaetT MUEUManbHON. Tak Kak NpOH3BElcHHE ITHX
claraeMblX €CTh YHCI0 HOCTOSHHOE, TO OYEBHJIHO, YTO MHHHUMAaJbHAs CyMMa
FlOoCTHraeTcsd NMPH PaBEHCTBE cnaraembIx. ClnefoBaTeNbHO,

tg o= nftgo; o = arctg .

1004. MMpenomuBuncs Ha rpaHd AB NIpH3MBI, NyY He OTKJIOHAETCA OT
nepneHaukymsipa (puc. 402); nostoMy yronm mnajeHds Jyda Ha rpaHb AC
(B pu3Me) coctaBaseT o = 60°, Yron, Hog KOTOPBLIM NyY JOMXKeH ObIn Obl
BLIHTH, IPEITOMHBINNCL HA TpaHU A C, MOXHO HalTH 10 3aKOHY IPENOMIIEHUA
sin o/sin B = 1/n. TIpu o0 = 60° u n = 1,5 yron B He uMeeT JieACTBATENBHBIX
3HaueHui. CiejgoBaTe/bHO, Ha TPaHH A C NPOMCXOAUT NOJHOE OTPAXKEHUE H
JyY BLIXOAUT 4epe3 rpanb BC nepneHAUKynsipHo K Heit. MckoMblit yron EOP =
=9 =60°.

1005. S = th2/(n* — 1) = 1256 cM2,

1006. /> (2H—h)/\/n2 ~1=32,3m. YacTtu aHa, HaxofsdmHUecs Ha pac-
CTOSIHUAX 6nmXe 32,3 M, IIOX0 BUAHEI BOAONA3y, TaK KAaK JIYIH OT 3TUX UacTeH
NIONaaloT B ero a3 Nnocjie OTPaXXeHUsl OT yUacTKa NMOBEPXHOCTH BOJ(bI, uepe3
KOTODBIN JOCTHraeT BOAOJIa3a AHEBHO CBeT.

1007. JIyun ucTOYHHKA, NOMAJAlOIIMe HAa MOBEPXHOCTb MOJ YIJIOM, Ipe-
BBITAFOI{AM YIOJl MOJHOTO OTpa)KeHHs, He BBIXOAAT B BO3jyX. IToaTomy

R=H/n* -1=36m
1008. a) A= 1,5 cMm, ecnu rnyOGHHA NOTIPYXKEHUsT HCTOYHHKA OOnbIme

1,5 cM; 6) Ha MOBEPXHOCTH, ¢CIU rnyOMHA NMOrpy>XeHus UCTOYHMKA MEHBINe
1,5 cm.
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1009. R=hvn® —1=8,9 cm.

1010. Yron B npenomnenus nydueil Ha nepsoi rpanm (puc. 403)
onpejeiseTcs w3 ypaBHeHus sin(m/2)/sin B = n, orxyna sin = 1/n, T.e. B -
MPENETBHBIA YOI MOTHOTrO OTpaXkeHus. [IJ1s1 MOJTHOro OTpaXkeHus Ha BTOPOH

Puc. 403 Puc. 404

rpaHd [OMKHO GbITh & = B. OuesugHo, uro @ = + §; ciepoBaTenbHO,
MMHMMANbHBIA IPEJIOMISIOMINEA yron npusmel @ = 23, umm

sin@ = sin2P = 2sinPcosPp=2vn? —1/n? =0,976;

orcroaa ¢ = 77°20".

1011. Beixon yyya M3 BTOPOH I'paHM HEBO3MOMXKEH, €CITM Yroy NaJicHHs
Ha 3Ty rpanb O OOJbllle WIN paBeH NMPEleNbHOMY Yriy IOJHOTO OTpaxKe-
Hus. CrnegoBarenwsHO, sin O = 1/n. Kpome Toro, kak BufHO n3 puc. 404,
© =P + 8 usin ao/sin B = »; orciona

sini = nsinQ 1-sin’a —ncos@sino < sin gVn? —1 — cos @ = 0,7435;

ClleJOBaTEILHO, O, < 48°,
1012.sin 8 =0,3; O =17°30"

§ 28. ®oromeTpus

1013. CreHbl ¥ NOJ KOMHATBHI BUAHBLI H3 TOYKH, HaXofsuieics Ha MOTONKE,
O] TEJIECHBIM YIIIOM (® = 27 cp; noatoMy ® =Jw = 1256 am.

1014. ®ororpagudeckoe aeiicTBHe CBETa MOXHO CUMTaTh NPONOPIHO-
HaNTBHBIM CBETOBOH 3HeprHH, NMonaBiie#l Ha ¢rorobymary 3a Bpems 3KC-
MO3UIMH. JTa IHEPIrHs B CBOIQ OUepe/lb NMPOMNOPHMOHANTbHA NPOU3BEACHHUIO
ocBemieHHOCTH poTobyMarn Ha Bpemsa. [loaToMy, aas TOro YToOLI NOTYYHTD
OJIMHAKOBBIE CHUMKH, He06X0MMO JOGHTHCA BBINIOJTHEHHS! PaBEeHCTBA .

L
2

2
1 Lr
t|=-%t2; orciona t, =-L[-2|¢=27c.
n n I,

h
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1015. Ilyctb ry u ry — paccTosiHus OT 3KpaHa Ao Jamm. Ilo ycnosuio
L/r =1, /r22 U 71| + 1y = r; OTCrOfA

I =11 —1,+ .11
=l N2 oy, =—2 Y12 o 08M
1 2
L-1 h-1

BTopoit KOpeHb KaXX0ro KBajipaTHOTO YPaBHEHUsS! HE COOTBETCTBYET YCIOBH-
SIM 3aj1a4d, COTJIACHO KOTOPBIM SKpaH [OJKEH OBbITH PacHOJIOKEH MEeXay
JaMnaMu.

1016. 5 = mﬁ; /(\/71—_4:1/212 ). 3HaK MHUHYC COOTBETCTBYET CIy4aro, KOrMa

o0e naMIbl OCBEMAOT OfHY M Ty Xe CTOPOHY JHcTa: »y =9 m. Ecnu Xe maucr
PpacloOXeH MeXAY JaMIaMi, To ry = 1 M.

1017. E=1/d*J1-sin® o =3 nx.

1018. E /E, = (1+a?/2r*)%'2 = 3,1.

1019. Ecnu npHHATb HUTB JIAMIIBI 3@ TOUEY-
HBIi UCTOUHHUK cBera (puc. 405), To ocBemeH-
HOCTH Bepxa M HH3a KHUTH
E _Icosa _ Ising IcosP _ Isin(p/2)
=T /2 2z /2 .
PaccrosiHue OT HMCTOUHUKA [0 HHU3a KHHTH Puc. 405
r =2l cos(p/2) (3nechb UCnOIL30BaHA TEOpEMa O
BHEIIHEM YrJie¢ TPEYroNbHHKAa # YUTEHO, UTO 3ITOT TPEYrOJbHUK PaBHO-
OeNpeHHBI); OTCIoNa

3E2=

B sin{(Q/2)
4 cos? (©/2)

1020. Ecitu cuta cBeTa HCTOUHHMKA OHA U Ta XK€ MO BCEM HANIPABIEHUAM, TO
HOJHBIH cBeToBOH NoToK ® = 4nE(2 + h?)¥2/h = 25 130 nx.

1021. Yuacrok npejcrasiufeT coboit Kpyr pajuyca r, Ha TpaHUlax KOTOpPOro
E = Ih/(h? + r?)32, ITnomans Kpyra

S =12 =r[(Ih/E)*3 - 2} = 1055 M2

1022. S =nr(Ih)*/2(E?? - E5/%) = 942 M2

1023. E,(lcosotl)/rl2 =(Icos’ (x,)/hz, E, = (I cos® (x2)/h2, rae h -
BbIicoTa (hoHaps Hajy 3emieil, [/—cuwra csera ¢oHaps; orcioga E, =

EI—E2=;12—l:sin(p }:-,155 JIK.

= E|(cosal, /cos )’ = 80 k. *

1024. HapMeHbIIasi OCBEHMEHHOCTb nona £ h q B
HabGmomaeTcss B TOUYKAax Mnoja BOJIH3H CTEHBI, d
HaMMeHbINask OCBEIEHHOCTb CTEHBI £y UMEET MeCTO Puc. 406
B TOUKax BOIU3M nomna (puc. 406):

_ dcosp Ih _ dcosa Id/2
"R d? 4 (WP +d? a0 2T R 4d% 14 (W +dt ey

ITo ycnosuto 3agaun E£,/E| = n; orcrofa BbicoTa 3ana h=df2n="75 m.
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1025. OcBemeHHOCTH cepefuHbl CTOJNA OT HEepBOH ¥ BTOpPOH samm:
E =1/ hlz nk,=1,/ h%. OCBEIMEHHOCTH Kpas CTOA B ABYX CIIYYAsX:
T* - Ly ‘ Lhy
R s L I Ly I
ITo ycnosuro 3apauu E; = Ey; orcrona

I72

372

E Ly +d* 14 (ankl +1,d?
E;, Lkl +d* 147 aLk? + 1,d?

/1]

/ 1026. CymMapHasi OCBEUIEHHOCTh B MCKOMBIX
roukax (puc. 407)

Puc. 407
E =Ly K2+ h2Y% 4+ Lhy 117 + 12)Y'2,

rne Iy m I, — cunpl cBeTa NepBOH M BTOpOHR Jamn. Eciay MOMeHSTH JTaMIbl
MecTaMM, TO CyMMapHast OCBEI[EHHOCTh B TEX XE TOUKAX
E'= L 12+ 1)+ Ly 1% + B3,
ITo ycnoButo 3apaun E = E'; ciiejoBaTeNbHO,
= ]”/]”(/12”+h22”)”2 21,6 M.
1027. OcBemeHHOCTE Kaxk 0l u3 cTopod E = 3//a? = 30 nk.
1028. 7 =33(n—1)l, = 52 xp,.

1029. E = Ih /(1% + b2y 2 + Ihy 117 + B1)Y'? = 14,26 2k (puc. 407).
/ 1030. OcBemeHHOCTD eHTpa CToJa €CTh CyMMa

*, * OCBEIIEHHOCTEH, CO3laBaeMbIX KaXJOH JTaMIOH B

orpenbHocTy (puc. 408). Ecau cron pacnosoxeH

o h MoJ; ONHOM U3 JaMIl, TO
! I cosa h
E] =—2+~hz——2—, e COS(X=——‘2—"—2—.
Puc. 408 h +1 h”+1
Ecnu cTon pacnomoxeH nocepefiuHe MeXy J1aMIaMu, TO
21cosf h

2

= e CcosP= ———.
h*+(112)° Jh2+(112)?

OTHOUIIEHHE OCBEIEHHOCTEN

E 1 2" h

L= /’l2+— —3+'—T—'2—3—/§' = 1,54.
E, 2 4 W+ ‘
2 hoh?

1031, /= ——00
3 [hO +(214))P?

=~ 820 Kp.
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1032. BBejileHHE IUTOCKOTO 3epKajia PaBHOCHIBHO MOSBICHUIO HOBOTO
HCTOYHUKA S’, sIBAsilomierocss m3o0paxXeHHEM HCTOYHMKA S B 3epkKane
(puc. 409). UcTouHuK S’ UIMEET Ty Ke Cuily CBeTa /, Tak Kak IpH OTPaXXE€HHUH OT

Puc. 409 Puc. 410

IUTOCKOTO 3€pKalia TEJNECHBbII yroj, B KOTOPOM pacnpoCTpaHsieTcss CBETOBas
QHEPTrUsi, HC UBMECHACTCA U IOTEPU SQHEPTUNA OTCYTCTBYIOT. OCBGU_IGHHOCTI/I npu
HAJIMYUH 3€pKaJia "1 6e3 Hero:

E, =1{a? + (I cos’o)/a®(1 + cos 02, E,=1/a’.

OTtHomeHnue ocBelieHHocTel E / E, = 3v2/2=1,12.
1033. Ocgeutennoctb E = [/a? + I/(a + 2b)? MOXHO CUMTaTh OFHON U TOi

KE BO BCeX TOYKAaX KapTumbl (cM. 3agavy 1032). CsetoBoit morok @ =
=ES = 3,75 mM.
I 1
1034, E= 5|1+ ——————7>
12 [ [1+(4d? 119)1?
1035. Muumoe u3zobpaxenue S’ MCTOUYHUKA B 3epkaiie BD HaxoguTcCs Ha
paccrosiuuu [ ot 9kpana BC (puc. 410). OcBelIeHHOCTb B TOUKE A

E =1/a? + (I cos o)/l

Benuuunbi [ ¥ cOS O HAXOAATCS U3 TEOMETPUYECKHX COOOpaKEHAH:

:|:20,3 K.

12 =(2a)? +a® - 4a* cos(m— @) = a*(5+ 4 cos ),

sino/2a=sin(k—@)/l, cosa=(1+2cos@®)//5+4cos®.

B pesynabTaTe nonyuaeM

E:L[l+ 1+2cos@ jlz{l 1442 }Lzzl,ll%.
a a

+
a’ (5+4cos@)*’? (5+24/2)?

§ 29. Cepnueckue 3epkana

1036. Papuyc xpuBu3HbI cepuyeckoro 3epkana R = 2F. ITo reopeme

Mudparopa (a/2)? + b = R2 (puc. 411); otciona b=+4F> —a’/4 =1,26 m.
1037. 1/d + 1/f = 1/F. Tlo ycnosuio f=d, T.e. d =2 M.

361



1038. 1/d + 1/f= 1/F = 2/R, T.e. R = 2df/(d +f) = 0,8 m.
1039, 1/d + 1/f= 1/F; H/h = fld, wma H = Fhi(d - F) = 0,22 m.
1040. R = 2d/(k + 1) = 19,2 om.

1041. k= fid, 1/d + 1/f= 1/F, f—~d=a, 1.e. F = ka/(k®~ 1) = 0,4 m.
1042, k = 3. ’

Puc. 411 Puc. 412

1043. f = Fd/(d — F) = 2R/3; n306pakeHne JIeHCTBATEILHOE.

JIJ1s1 OCTPOEHNS MOKHO HCNIOTB30BATh IBA JIy'ua, MCXOASAIMHE M3 TOUKH S
(puc. 412). lIyu SP upetT BAONL TNaBHOH ONTHYECKON OCH 3€pkala H IOocie
OTpa’keHHs HACT BAOJHL TOH XK€ OCH. HJIsl TOCTPOCHNS XOfa INOCIEe OTPakKCHHS
IIPOU3BOJILHOTO Jy4ua SA mposefeM NOGOYHYFO ONTHYECKYiO och BC I SA.
OTpaxxeHHbIH ny1 ADS’ npofifer uepe3 Touky D nepeceueHus NOOGOTHOH
ontaueckoit ocu BC ¢ ¢okanbHON nmiaockocTeio FD. B Touke S’ Ha nepe-
CeUeHUN OTpakeHHBIX Ny4eit PSS’ u AS' monyunrTcs AeficTBHTENbHOE H300pa-
>KeHUE UCTOHUKA S.

1044. Ecnu 661 Touka O Obllla HICTOYHUKOM CBETa, TO TOYKa O’ ABIANIACh
6b1 ero modpakenneM. CiegoBaTensHo, TFO00H Jyy, ynasmni Ha 3epKano H3
ToukH O, 10cie OTpa*keHus NpoHaeT epe3
Touky O'. IIpoBeeM NMOGOYHYIO ONTHME-
ckyio ock OF || BO’ n coepuHIM TOUKH E H
O’ (puc. 413). Hcnonb3ys cBoricTBo obpa-
THMOCTH NydeH, OyYAeM CUHMTATh, UTC Ha
3ePKaJio NajafoT napajienbheie 1y OF n
DB, xoTopble nocne OTpaXkeHus! OT 3epKaa
cxopmATcs B Touke M, nexamneil Ha ¢o-
KaJbHOM MIOCKOCTH 3¢pKana. OmyCTHB M3 TOYKH M NEpNEeHJUKYNSp Ha
IJIABHYIO ONTHYECKYIO OCh, ONPEACIAM NoJoxkeHne ¢okyca F.

1045. IepBonauansHOe yBennueHue k| = f/d, npmuem 1/d + 1/f= 1/F. Ecnn
NpeaMeT | ero n3obpaxeHne NepeMEeCTHINCh Ha paccTosiHue X, To 1/(d + x) +
+ 1/(f— x) = 1/F. HoBoe yBenuueHme kp = (f—x)/(d + x); orcropa ky = 1/k; =0,2 m
x=f-d, 1.e. npegMeT 1 n300pakeHne NOMEHSIINCh MECTAMH.

1046. F = k]kza/(kz - k]) =35 cMm.

1047. F = k]kza/(kz - k]) = 2,5 CM.

1048. Ecnu npeaMeT pacnonioxkeH faneime ¢okyca sepkana, to a =id — F,
b=f—Fn dopmyna zepkana umeeT Bup 1/d+ 1/f=1/F. Ecin xe npepMmer

BX

Puc. 413
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pacnonoXeH MeXJy 3epKajoM U ero ¢okycoM, o a=F ~-d,b=f+ Fu
¢dopMyna 3epkasa 3anuceiBaercss B Bupe 1l/d — 1/f= 1/F. O6e cucremsi
ypaBHeHul farot k =f/d = \/E/—a =1,5.

* 1049. Ecnu 661 cBeTAALIasCa TOYKA NPHHAAJIEXKaNa HEKOTOPOMY NpefMeTy,
paclnoioXeHHOMY NEPNEeHUKYIISPHO K MIaBHOW ONTHYeCKOH OCH 3epKaiia, OH
nsobpaxaincsi 66l ¢ yBesuueHueM k=L/l=fld. B
crydae jeficTBUTENBHOrO H3o0paxkenus 1/d + 1/f = | A B§
= 1/F=2/RuR=2Ld/(L+]) =12 M. B ciryuae M o
MHUMOro usobpaxenus l/d- 1/f=1/F=2/Runu —° 7 f§

R=2Ld/(L-D=2m.
1050. Kpaiinuit iyu AB nyuka, OTpasuBUIMCh OT [
3epKalia U nmpoiins uepes (poKyc, nonajacT Ha IKPaH
B TOUKYy E, neXamyro Ha TpaHUIe CBETIIOrO Kpyra Puc. 414
(puc. 414). 13 nono6us tpeyronbuukos BFP u EFM
clenyeT
(df2) : F=(D/2) : (a—F), orkyna D =d(a - F)/F = 0,1 m.

1051. Be3 3epkana MCTOUHHK C CHJIOH cBeTa [ co3pgacT HAa 3IKpaHE, yaa-
JICHHOM OT HEro Ha pacCTOsHUE I, OCBEIIEHHOCTh E = 1/r2. IIpu Hanuuuu
3epKajia K CBETOBOM 3HEPTUM, UAYIICH OT UCTOUYHHUKA, NOGABISAETCS IHEPTUS
nyueil, NPUXONAIIMX K 3KPAHy MOCie OTPaXKeHUs OT 3epkaia. Tak Kak ITH
JYUA MOXKHO CUHTATH NapaJuielIbHBIMU, TO CBETOBOU notok &P, naparomuii Ha
IUTOMAAKy S 3KpaHa nocie OTpaskeHusl oT 3epkaia, 6ylIeT TaKUM Xe, Kak H
MMOTOK, NAJ|AFOMIMA HAa TAKYIO XKe MIOMAKy S 3epkana. O611as OcBEeIeHHOCTD
IUTOMIA/IKHU S 3KpaHa NpHU HAIMUKMH 3¢pKajia

2
E3=E+2=E+-l—ul=E+lS/F 7 -
S S S r- F
Otromenue ocsetnenHocredl EJE = 1 + (r/F)? = 106,

1052. Ha skpaHe, NOCTaBJICHHOM NEPNEHAMKYJISPHO K Y4y NMPOXEKTOpa
6yleT CBETIIOE MATHO, OCBELEHHOCTh KOTOPOTO E\ paBHa OCBEILEHHOCTH pe-
cnexropa. Mcrounuk pacnonoxen B okyce peduexkropa, nostomy Ey = I/F2.

CpeT majgaeT Ha 3eMJIIO NOJ, YIIOM O, ISl KOTOPOTO cosoc=h/«/l2 + hz;
CIIeIOBATENLHO,
E=Eycosa.=Ih! F*NI® +h* =7500 nx.

1053. 1/d — 1/f=2/R; otrcrona d = fR/2f + R) = 0,43 M.
1054. IIpsimoe usobpakeHUe B BOTHYTOM 3€PKalie SABISIETCA MHHUMBIM.
HckoMoe paccTosige onpenessieTcsl CHCTEMOH ypaBHEHUIA

1/d - 1)f=2/R, fld=k; orcropa d=R(k—1)/2k=45cm.

1055.1/d + 1/f=2/R, k = fld. 3HAaK ILTFOC COOTBETCTBYET JEHCTBUTETHHOMY
n3obpaxkeHunro, MUHYC — MHUMOMY. OTtciofa R = 2kd/(k £ 1), T.e. R = 36 cMm ana
JeicTBATENLHOTO u3oGpaxkenns A R = 50,4 cM [Is1 MHUMOTO.

363



1056. YBenuueHHoe M300paxkeHHE MOXeT ObITh JEHCTBUTENHHBIM HIIH
MHHEMBIM. B 9THX c1yvasx cOOTBETCTBEHHO JONXKHBI ObITh BBIITOTHEHBI COOT-
HOULIEHHs

1/d+1/f=2/R, fld=k, f-d=a,

1/d-1/f=2/R, fld=k f+d=a.

O6e cuctembl ypaBHeHmi aroT R = 2ka/(k* — 1) = 24 oM.

1057. Ceernplil Kpyr Ha SKpaHe MONydYaeTcs M3-3a OTPaXeHHs Jyuel
3epkaiioM (puc.415). Tak kak cBeTdmascad TOUKAa S pacroioxeHa ONmKe
thokyca, NydHm MOXKHO CUUTATh HCXOASAI[UMH
M3 MHMUMOTO MCTOYHHKA — U300paxeHus S’ Touku S.
Ilo ¢opmyne chepuueckoro zepkana 1/d — 1/f=
= 1/F, rae d = F/2. JIuamerp 3epkana [ =
S_ Y d\S = 2flg O, AMaMeTp CBETNOTO Kpyra Ha asKpaHe
L=2(f+2F) tg o; orcropa L/l = 3.

1058. ¥YBenuiueHHOe MHAMOE H300paxXeHUC JlaeT
BOTHYTOE 3¢pKasio. [Ipr 3TOM IOMKHDBI BLIMOMHATD-
€5l COOTHOIIEHMS

1/d=1f=2/R, fld=k, f+d=a

orcrona R = 2ka/(k* - 1) =2 m.

1059. Ecnu Obl cBeTAmIasica TOUKA MPUHAIIEXKATA HEKOTOPOMY MIPEIMETY,
PACIOJIOXEHHOMY IEPIEHUKYIAPHO K IIIABHOM ONTHYIECKON OCH 3epKaja, OH
uzobpaxanca Ol ¢ yBenuueHmeM k =L/l = f/d. Tak kak 1/d - l/f=
=1/F,rok=F/(F-d)=L/l=25.

1060. PaccrosHue Mexay MHAMBIME n300pa-
KeHUAMH UCcTOIHUKOB [/ = 0,75R.

1061. Ecnu CA = R — pajgnyc KpUBHU3HbBI 3epKa-
na (paauyc mapa), a BA = r — paguyc BBIEMKH
(puc. 416), TO paccrogHHEE OT PUCYHKa (IIpeaMe-
Ta) Mo 3epkana BP = d onpepenurcs U3 TEOPEMBI
Iudaropa (R — d)? + 12 = R2. Yeennuenue k = fid,
npuueM 1/d — 1/f= 2/R. Tak xak no ycIOBHIO

7R =08, Tok=[241-(r/ R)? =11 =5.

1062. JIyu, npymuit no pajgmycy 3epkada,
oTpaxaercs no toMmy xe paauycy. ITosTomy
MOJIOXEHIE ONTHUECKOTO LeHTpa 3epkana C
HalJeM, COEeJMHUB TOYKM S 1 §’ U NPOAOIIKUB
JUHAIO A0 NEPEceveHus ¢ IITaBHOM ONTHYECKOH
ocelo (puc. 417). JIyu, orpaxkeHHbIH OT 3epKasa B
ero noisoce P, cocrapiusier ¢ ocbto OO’ TaKoH XKe
yroij, Kak ¥ Jyd najaromui. OTIOXHUB OTpE-
Puc. 416 30Kk OQ, paBHBIN pa3Mepy IIpeAMeTa, 0 JpPYIylo

O

Puc. 415
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CTOPOHY OCH M COe[AMHHB TOUKH O U S’, Haiifiem nomoc P 3epkana. [Tonoxenne
dokyca F onpepennm, nposeas xyd SM | OO’ u coequnu Touku S'u M.

1063. MuuMoe n306paxkeHue B cepUIeCKOM 3epKasle HaXOJUTCs Ha pac-
crosunu r; = (R — d) - 2d/(R — 2d) ot 4enoBeka m umeer pasmep H; =
= Rh/(R - 2d), rne h - pazamep paccMaTpuBaeMoii etanu (puc. 418). B nnmockom
3epkaile (R — o) uMmeeMm r,=2d u H,=h. 306paxkeHne B chepuieckoM

%
ceeeeesady
2

Y
//\(Pldp

H AT
0] N

Puc. 417 Puc. 418

Q

3epKajle UeJOBeK HabmoaeT NOoj YIJIOM ¢, IpuieM tg ¢ = H;/ry, B IITOCKOM —
{IO]l YTIIOM @, IpHYEM tg @) = H, /ry. YTI0BOe yBenuUeHHE k = tg @/ tg @y
orciopa R = kd /(k— 1) =0,6 m.

1064. [Ins nocrpoeHns ynoOHO UCNONB30BAaTh JYUH, HPOXOAALIHE UEpPE3
okyc u uepe3 ONTHUECKHH LEHTP 3epKaja, a TakXe Jyd, NapaijelbHbId
[JIaBHOUW ONTHUECKO# ocu (puc. 419).

Touxy S cxoXKneHus nydeil B OTCYyTCTBHE
3epKajla MOXHO paccMaTpuBaTh Kak

MHHMBIN MCTOUHHK, a paccTosHue ! 3TOH ’ -
.ap d NX/L F _«— C
TOUYKH OT OCH — KaK pa3Mep MHHMOIO v, /
Yand
npenmera, cofiepkalero Touky S. Torna / e *s

. -
L — pa3mep feficTBATENLHOTO H300paxe- S* R T

HHS 3TOro npeaMerTa, a S’ — n3obpaxeHue
touku S. 13 dpopmyn - 1/d + 1/f=1/Fn Puc. 419
fid = L/l naxogum [ = FL/(F - f) = 0,25 m.

1065. Touky nepecevueHus nyded, IPOJOIKEHHBIX 32 3epKallo, MOXKHO
paccMarpuBaTh KaK MHHMBIA McTouHMK. Tak xak —1/d + 1/f = 1/F, To
f=Fdid+F)y=175cm.

1066. R = 2F = 84 = 1,6 M (c™m. 3agauy 1065).

1067. dokycHOe pacCTOsiHIE ONMpPEENSIeTCs U3 CHCTEM YpaBHEHHH

Vd+1/f=1/F, 1f-Fl=a
Ecnu n3o6pakeHne TOYKH pacloNoXeHO GniKe K 3epkany, 4eM ¢OKyc, TO

f—F = —a; ecnn xe n3o6pakeHHe TOUKH pacmoNoOXeHO fanbplle ¢oKyca, To
f— F = +a. IlepBas cucreMa ypaBHeHHH JaeT

F,=al2%+yad*/4—ad, re. F,=12 cM, F,=8 cm.
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W3 BTOpPO# CHCTEMBI YpaBHEHHI HMEEM

ﬂ,4=—a/2ixla2/4+aa’, T.e. F5=4 cM, F,=-24 cMm.

B nocnegaeM ciyvuae 3epKano OKa3bIBACTCS BBIMYKIIBIM.

1068. Jlamunouka S pacnonmoxeHa Oxmxe K 3epkany, Yem Gokyc, ee
n300pakeHne S’ HAXOJUTCA HA paccTOAHHUH [ 3a 3epkanom (puc. 420). U3
thopmyner 1/d — 1/f = 2/R nonyyaeM f = Rd/(R — 2d). N306paxenue naMOoOuKn

Puc. 420 Puc. 421

MOXHO pacCMaTpHBaTh KakK A00aBOYHBIN HCTOYHHK, CO3AAONINI Ha MOBEPX-
HOCTH 3€pKalia Ty XK€ OCBEIEHHOCTE, UTO U naMnoyka. [ToaroMy cuna cera /
9TOr0 HCTOYHHMKA CBsi3aHa C CHJIOH cBeTa JaMNOUKH [/, COOTHOIICHHEM
1f2=Iy/d% orcriopa I = I f 2/d* = 41;. OCBEMEHHOCTD 9KpaHa, HaXOANIErOCs
Ha paccrodHuHu R or 3epkana,

E =1/R+ )Y +1,/(R-d)* =321/9R*, re. I=9ER*/32.
HMckoMas 0CBEIIEHHOCTE
E, =1/IQR+ f)* + 1, (2R —d)* =333E, /1225~ 0,272, .

1069. [Ins nocrpoeHnss HeOOGXOAMMO HAWTH XOA MOOBIX ABYX nyuei,
ncxopAmux U3 TOUKH S (pHc. 421). JIya SP, oTpa3uBuIiCE, HAET BAONE [IaBHON
onryyeckol ocu. YToObl ONpeAeauTh HapaBlIeHUE NPOU3BONBHOrO nyua SK
[10CIe OTPaXKEHHs OT 3epKaia, nposeaeM nobounyto onruieckyto ock CNISK.
Yepes Touky A nepeceueHns moOOYHOH OCH € (hPOKAJBHON MIOCKOCTBIO
NOJXKHO TpOoHTH mpoponxkenne AK orpaxenHoro nyuya KR. M3o6paxkenue
TOYKH § HAXOAHTCA B TOKE S’ NepeceyeHHs NPOAOKEHUH OTPaXEHHBIX TyJeH
PD n KR. V306pakeHne OyaeT MHAMBIM, TaK KaK JYIH PacXOAaTCs.

1070. Odns seinykaoro 3epkana 1/d + 1/f=-1/F, rae F = R/2. VckoMoe
paccrosune f=—-Rd /(R + 2d) = - 0,65 M. 3HaKk MHHYC O3HadJaeT, YTO H30-
OpakeHue NpeAMeTa NONyIaeTCsi MHUMBIM,

1071. YunTeIBasg, 9T0 BBINYKJIOE 3€pKaJio AaeT MHHMOE H306pa’KeHHC
HCTOUHHKA, HIMEEM

1/d-1/f=-1/F, orcropa d=fF/(F-f)=18 wm.

1072. d = fRIR = 2f) = 30 om.
1073. k = fid = FIi(d + F) = 1/4.
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1074. H = Rh/(R + 2d) =3 Mm.

1075. Jnst nocTpoeHus MOTB3YEeMCs JIyHaMH, MapaieNbHBIMA ONTHIECKOM
OCH, a TaK3Ke JIYUaMH, IPOJIOJIKESHIS KOTOPbIX NIPOXOJAT uepe3 hoKyc 3epKana
WIH uyepe3 ero onTHueckuil ueHTtp (puc. 422). Tak kak 1/d — 1/f = -1/F,
k=L/ll=fld=1/2, Tod =(1/k-1)f=0,2Mm.

1076.d =(n-1)F = (n-DR/2=0,4Mm.

1077.R=2d =2 m.

1078.a = d + f=2d2d + D/(4d + I) = 0,34 m.

Puc. 423

1079, Ecnu Gnuxaifiimmii K 3epKaly KOHEI KapaHjalla HaXOAHUTca OT Hero
Ha PacCTOSIHUH d|, TaNLHUI — HA PACCTOSAHUH dy, TO
11 | 1 1 1

—_— ==, s = = d2_d1=l.
dy f F d, f F

Peums 3Ty cHcTeMy ypaBHEeHHH, HONYYUM

p G+ ) ENI - ) GAL =1 + 1)

A+ fi = 1)

3Haky MHHYC COOTBeTCTBYyeT 3HaueHue F = 12 cM, nmpu KOTOpOM mpej-
MET He MOXeT ObITh JICHCTBUTENBHEIM, Tak KakK d < 0. IIpu 3Hake mmtoc F =
=120 cm.

1080. Cunras. uro n1yd NA NpHHALICKAT NMyUKy JTyuyeH, CXOUAIUXCH K
TOUKE A, MOXHO NPUHATH 3TY TOYKY 3a MHUMBIH HCTOUHHK (puc. 423). Touka
B Oyper Torpa AefCTBHTENbHBIM H300paskeHHEM MCTOYHHKA. Paccrosnue
AP = d, paccroauue BP = f. I3 dopmynsl 3epkana — 1/d + 1/f = -1/F n
ycnosusa d + f = | HaxopuM

d= F+—;-i /F2 +% =0,25F-(7%5).

Topurca Tonbko 3Hauenue d = 0,5F, tak xax npu d = 3F nyu nocre oTpa-
SKEHHsl He ePeCeKaeT rIaBHYI0 ONTHYECKYIO OCh.

1081. McrouHnK MHHMBIH, H300paxkeHHE [CHCTBUTENBLHOE, TaK YTO
R = 2F = 2fd/{(f — d) = 1,2 m (cM. 3apiauy 1080).
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1082. U3 dopmynel —1/d + 1/f = —1/F nmeem d = fF/(f + F) = 0,4 m.
1083. Tax kak d - paccrossHHE OT JHWH3bl 10 MHAMOTO HMCTOUYHHKA, TO
¢hopMyna BBLIIYKJIOTO 3epKana UMeeT BUJ|
-1/d+ 1)f=-1/F =-2/R .

Ilepen unenom 1/f, coaep>kaluM HEU3BECTHOE PaCCTOAHHE OT 3epKaia
IO TOYUKH NEpeceveHus1 Jyuei, craBuM 3Hak nimtoc. Ecniu nocne orpakeHust ot
3epKajia NEepeceKyTcst HE CaMu JyUH, a UX

u p MHHMbIE NPOIOJIKEHUs, 3HAUCHHE f NOMyYnT-
\\

1 _______ o C% OTPHUATENLHBIM. Ecnm ke orpakeHHblE

d b_ ¥ - JNYYN CXOMATCS, TO 3Ha4YeHHWEe [ MOIMyIuTCs

/ka/‘? R ’ NONOXKHUTENbHBIM. B HaureMm cayuae f =

T ' = Rd/(R - 2d) =-0,28 M, T.e. OTpaskKeHHBIC
Puc. 424 JIyYd PACXOMSATCS TAK, UTO MX NMPOJOIKEHUS
nepecekarwTcs B TOUKe, HaXOfsuledcs Ha

paccrosiium f= 28 cM 32 3epKaJIoM.

1084. B pnaHHOM ciyyae KaK MCTOUHUK, TaK U H300pakeHHE ABISIOTCS
MHHMMBIMH, 1I03TOMY (hOpMYJIa BBLINYKIIOTO 3¢pKaja UMEET BHJL

=1/d - 1ff=-1/F; orcropa F=fd/(f+d)=0,32 m.

1085. OTpaskeHHbIe Y4 UAYT NYIKOM, PACXOAAIUIMMCA KaK Obl H3 (hoKyca
3epKasia, PaclojioKEeHHOIO OT 3epKana Ha paccrosHum F = R/2. Y13 nopo6us
TpeyronbHUKa clefiyeT (puc. 424)

D _a+R/2 2a+R

— , OTKyfa R=—-2ﬂi—=64 CM .
d R/2 R D-d

1086. R = 2ad/(D - d) = 20 cm.

§ 30. Tonkne IUNA3BI

1087.d = flIL =75 m.
1088. D = 1/h + 1/(H — h) = 1,5 nrrp.

1089. a=l( 1 +d]=8 CM.
2\ f-F
1090. Ontrueckuit neHTp AUH3LI O JEXWUT HA NepeceueHnn npsaMoi S§’c
IJIaBHOW ONTHYeCKO# ockto. IIpoBofs 3aTeM npsiMeie SB u S'B’, napannenbHble
OCH, COeluHUM TOYKYy S ¢ Toukou B’, a
TOUYKY S’ ¢ TOUKOU B U IIPONOIIKUM IPsAMBIE
SB’u $’B no nepecevueHus ¢ 0Culo. B ToOUKax

Lr 0_F nepecedyeHus nexaTr (OKYChbl JIHH3BI
P (puc. 425-428).

S g H3noxeHHblil cnoco6 onpejeicHus

B *  ONTHYECKOTO LEHTpa JIMH3bI U e¢ POKYCOB

) OCHOBAH Ha U3BECTHOM METO/I€ NOCTPOCHHS
Puc. 425 u300paXXeHuss TOUKH C IIOMOINBIO TPEX
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JIy4er: Jyva, HapallJeIbHOTO TIABHOH ONTHIECKOH OCH, JIy4a, HAYIIETO Uepes
LUEHTP JIMH3BI, M Jyua, MpoXoadinero yepes dokyc. B ciayvasax 1) — 3) nuH3a
coOHpatoiias, B cryuae 4) — paccensatomad. B cnyyaax 1) u 4) nzo6pakeHue
MHEMOE, B CIyUasax 2) 1 3) — AeHCTBHTEIBHOE.

Puc. 427

Puc. 428 Puc. 429

1091. Tlonoxkenne ¢oKycoB MOXKHO HAafiTH, ONyCTHB Ha IJIABHYIO ONTH-
YECKyI0 OCh NEPHNEHAMKYIAPbl M3 TOYEK IIEPeCCUCHHS C JAHHBIM JIYIOM
OGOYHBIX ONTHIYCCKAX OCEH, MapalJIeIbHbIX NaflaloEeMy B NIPEIOMIICHHOMY
nyuaM (puc. 429).

1092. At = dAI/F(v; — vy) sin o = 8,5 Mc.

1093.a=f—F = F2/(d-— F) = 98 cM.

1094. B pesyabTaTe NPOXOXJACHUA Uepe3 ILUIACTHHKY CBETOBOH JIyd, CO-
CTaBNAIOUIAA C ONTAICCKOH OCho yron o (puc. 430), cMemaeTcs nmapaiieilbHo

h

O]

Puc. 430

caMoMy ceGe Ha paccrosnue b, onpefieiseMoe H3 ypasHeHHAMH
sina/sinf=n, b=hsin(o—p)/cosP,

(cM. 3anagy 991). Touka nepecedcHus JIyded MOCAE MPOXOXKICHHS IUTACTHHKH
CMECTHTCH Ha PACCTOHHE
a=b/sino.=h(1-tgB/tga)=h(n~1)/n.
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3nech YUTEHO, YTO NPH BBINOIIHEHHH YCIIOBHS Sin (L = tg Ol BLINOIHAETCS TaKke
sin B = tg B. Ha Ttakoe paccTosiHHEe a HAAO INEPEABUHYTH OOGBLEKTHB POTO-
ammnapara.

1095. Bosmoxub! iBa cuyuas. a) Ecnu paccTosiHEe d OT THH3BI 10 9KpaHa
6onbIe paccToAHWA f OT MHUH3BI A0 H300paxeHus S’ UCTOYHHUKA S, IYUIH Nafa-
JOT Ha 9KpaH pacXOfsiiuMcs myukoM (puc. 431, a). Y3 mogobus Tpeyroib-

A 2 A 9
£/> s c :E/N\(; ...... JE
\/ ~p |\M/D' ——————

Bl f l(d—f ’ d Bl 4 f-d
l_d d f
a 6
Puc. 431

HUKOB ABS’ u CDS’ nHaxonum f/(d — f) = n. Hcnonb3ys ¢dopMyny JNHH3BI
1/d + 1/f = 1/F, nonyunM F = nd/(2n + 1) =4 cM.

6) Ecnu paccrosHue d OT NUH3BI 1O 9KpaHa MeHbINE pacCTOSHHA f O
n300pakeHus, JIyIH NafaloT Ha SKpaH CXOAsIKUMcs nyakoM (puc. 431, 6). U3
nopobust TpeyronbHAKOB ABS’ u CDS’ HaxopnM f/(f — d) = n. Mcnonb3ys cHOBa
dopmyny mH3bI 1/d + 1/f = 1/F, nonyauM F = nd/(2n — 1) = 6,7 cm.

1096. IlepBonauaibHOE pacCTOSIHUE OT JIMH3bI A0 3KpaHa f = Fd/(d - F).
ITocme TOro Kak 9KpaH MNEpPeMECTHIH Ha PAacCTOSHHE a, H300pa)keHue

d a
A R
— \
~ T
B
Puc. 432 Puc. 433

ACTOYHHKA PacIUIbLIOCh B Kpyrnoe matHo GH unu DE (puc. 432). Y3 nopoGus
tpeyronbsuukoB ABC, GHC u DEC cnepyer 2r/2R = fla, orkyna R =
=ar(d- F)/Fd = 1,5 cMm.

1097. U3 dopmynb! nuussl 1/d + 1/a = 1/F 1 nopoOusi TpeyroNbHUKOB
(puc. 433) umeeM

2r/d=2R/(d+ a), oTkyna R=ar/F=0,08 M.

1098. R = dr/(d - F) =4,5 cM. .
1099, Yeenuuenne k = L/l = fld, oTkyna f Ld/l = 10 Moo
1100. H = h(fi/F — 1) =1 cm. .
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- 110L F =fIi(L + )= 15,4 cm.

1102. L = 1/ID?=5 M. YBenuuenue k = 1/ID = 50; A=ka=2M,B =
=kb=3m.

1103. Ysenuuenue k = 1/3. PaccrosiHue MeXay JHH30I U IPeIMETOM HYKHO
YBETHYUTH HAa BeMHUuHy a = (1 — k)/kD = 0,25 M.

1104. CornacuHo c¢dopmyne nuu3wl 1/d + 1/f = 1/F, tne F — dokycHoe
paccrostnue nuH3bl M d = F + a (no ycnosuio). Ysenuuenue k = fid; orciona
f=k(k+ Da=36cm.

1105. Ecmu A — amnnuryna xkoneGaHuil NUH3BI UIM HCTOUYHMKA, TO
Ay /A = (f + d)/d u A,/A = fild. Kpome Toro, 1/d + 1/f = 1/F; orciona d =
=AF/A,=0,64 M.

1106. k = 4.

1107. 1/d + 1/)f = 1JF, k = fld, otkypa f = (k + 1)F = 5,1 m.
1108. 1/H + 1)f = 1/F, k= 1/H =2,5 - 10~* orcrona F = Hk/(1 + k) = 0,5 M.
1109. B MOoMeHT BpeMeHH ¢ CBOOOINHO Nafafoluil NpeMET UMEET CKOPOCTh
v = gt. 3a MaNbIA IPOMEXYTOK BPEMEHH At OH IpoifeT paccrosiHue Al = vAt,
u300paskeHUe IpeaMeTa IpoHAET 3a TO XK€ BpeMs paccTosinue AL = VAL, rae
V = at. OueBHpHO,
ALIAl=fld, 1/d+1/f=1/F;

oTclofa
F=ad/(a+g)=0,1 M.
1110. [Ins nocTpoeHUs H300paskeHus KaXXAoH 13 TOUEK JOCTaTOUHO OIlpe-
NleUTh XOJ MOObBIX ABYX Nyueld, HCXOAIINX U3 TOUKH, IIOCKE NPENTOMIICHHUS B
muH3e (puc. 434).

S a_F 4
¥ —o. 2
A
1
Puc. 434 Puc. 435

1111. U3 dopmynsr nun3sl 1/d + 1/f = 1/F Halinem paccrosiHue f =
=Fd/(d — F) = 3F,a3areM yBenuuenue k = fid = F/(d - F)=2. IIpegmer,
n300pakeHNEe W ONTHYECKUH IEHTP THUH3bI BCETAa PACIONOXEHbI HA OHON
NpsAMOH, NO3TOMY H300paskeHne ABUXKETCS MO OKPY>XKHOCTH BABOE OONBIIETO
panuyca ¢ BABOe Gonblued ckopocTbio: V = k v = 6 cM/c. [IpeaMeT u n3obpa-
SKEHHE HaXONATCS B HAMETPANbHO NPOTHBONOIOXHBIX TOUKAX OKPY>KHOCTEH,
TaK YTO CKOPOCTH U M V HalpaBleHbl B IPOTUBONONOXHBIE CTOPOHBI.

1112. PaccTosiHue f OT MUH3BI 10 IKPaHa onpeensieTcs no HGopMyNe TUH3bI
1/d + 1/f = 1/F. Ilpu cMelleHun NTHH3BI BHH3 M306pakeHHE TAKXKE CKOIbL3UT
BHH3 IO 3Kpany (puc. 435). 13 nogobus Tpeyronsuuka ASB u 0,50, c:renyeT
uro L/l = (d + f)/d; noatomy L = ld/(d ~ F) = 4,5 cm. .
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1113. R/r = fid. 3 opmynsl nuH3s! 1/d + 1/f = D umeem f= (R + r)/rD.
- 1114. U3 ypasuenuti 1/d + 1/f = 1/F u k = fild natinem k = fiIF — 1 = 15.

1115. [To cmenieHns npepMera dy. = d, f; = d 4, cefoBaTeNbHO, O (POpMy-
ne nuH3bI F = d/2 = 0,25 M. YBenuuenue k; =f, /d, = 1. ITocne cMenienus npep-
MeTa dy =d - a uky =f,/d,. llpuMensa ¢opmyny nuuser 1/d, + 1/f, = 1/F,
NONY4uM

ky=Fl(dy-F)=F/(d-—a-F)=d/(d-2a)=5.

1116. d = F(1 +h/H). ITo ycnosuio pa3Mep u3o6paxeHuHs H =< 36 MM;
cleqoBaTeNnsHo, d = 255 eMm.

1117. U306paxeHne HCUE3HET, €CITH HE OJIUH JIyY, HCXOMSIIHI H3 TOYKH, HE
nonajeT Ha JuH3y (puc. 436). Torpa r/a = l/(d — a). Kpome Toro,

L f I 1 1 rFf
—=>=, —+—=—; orcloja a=————=8 cM.
.l d4d d f F LF+tf—rF
d f d
a A
L L
J !
u Fl *, 21
L
F L
A\ 4
Puc. 436 Puc. 437

1118. Paccrosune Al = vAt, Ha KOTOpOe NEPEMECTUTCA aBTOMOOUIL 3a
BpeMsl 9KCNO3MIHH, H paccTOssHHe AL, Ha KOTOpOe NepeMecTHTCA 3a TO Xe
BpeMsl ero H306paxxeHHe, cBsI3aHbl cOOoTHoUIeHHeM AL/Al = fld. Kpowme Toro,
1/d + 1/f = 1/F. ITo ycnosuio AL < a. PemuB JjaHHYIO CHCTeMYy YPaBHEHHH H
HepaBeHCTs, nonyunM At < a (d— F) /v F = 5 mc.

1119, ®opmyna nuH3e! 1/d + 1/f = 1/F no3BonseT HalTH pPACCTOSHHE f, Ha
KOTOPOM H300pakeHHe HAXONUTCA OT JMHH3bI. Kaxas U3 pa3nBHHYTBIX 9acTel
JMHH3bI IeACTBYET KaK 1leJlas IHH3a, TI1aBHasl ONTHIECKash OCb KOTOpPO# OTCTO-
UT OT HCTOYHHKA Ha paccTosuud /. CirefoBaTelbsHO, KaX/oe 03 H306pakeHni
OTCTOWT OT ITOH OCH Ha paccrosuud L = lf/d (puc. 437). MckoMoe paccTosiHue
S=2L+2=1ldl(d-F)=6cm.

1120, YBenuueHHEeM H300pakeHHs HA30BEM, KaK OOBIYHO, OTHOIIEHHE
TUHEWHOTO pa3Mepa H300paxkeHHs K pa3Mepy npeamera: k =L/l = (f; —
— f2)/(dy — dy). TlpuMenus paBaxpnbl dopMyny nuH3bl 1/d; + 1/fi = 1/F n
1/dy + 1/f> = 1/F, nonyuum k = F%/(d, — F)(d,~ F) = 4.

1121. ITpepmeT, pacnoNIOXEHHBIH BONEL [JIABHOH ONTHYECKOH OCH, H30-
Opasxaercs ¢ yBenuyeHueM k = F2/(d, — F)(d, - F) (cM. 3agavy 1120). O6BexT,
HaxOANIMICSA Ha PacCTOSHUN dy, H306paxkaerci ¢ yBenndenueM k, = F/(dy - F),
Ha pacCTOSAHUH d) — ¢ yBenudeHueM ky = F/(dy — F) (em. 3apaay 1115). Crepo-
BAaTENBHO; k = k k). R
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1122, L = kpkpgl.

1123. O6Go3nauuM a =d + f. Tak xak F = fd/(f + d) u Nfd < (f+ d)/2,
TO a = fd[F < (f + d)*/AF = a?/4F; orciona a = 4F. CIEeA0BATENbHO, dpip =
=4F. Ilpuaromd=f=2F.

1124. 1/d + 1/f=1/F.d + f= a; orcona

2 + 2 -
d=%+ % _p, BEBp c_agja’ g BED
27 V4 8 2 Va4 8

F.

TakuMm 06pa30oM, BO3MOXHBI [|Ba PELICHHS:

d,=5F, fi=125F u d,=1,25F, f,=5F.
Hanuune 9THX ABYX pellleHHH CIeAyeT H3 CBOHCTBa OOPAaTHMOCTH CBETOBBIX
JAyueH: HCTOYHHK MOXHO 3aMEHHTh H300paxeHHeM, a H300paKeHHEe —

HCTOYHHKOM, H3MEHHUB HaNPaBJICHUA JIyUeH Ha IPOTHBONOIOXHbIE.
1125, [Inst nepBOTo U BTOPOTO NOJOXEHUH IHH3BI HMEEM

—L+L=l, d+fi=a L+i=l, dy, + f, = a.
dl fl F d2 f2 F

[To ycnoButo Id, — dyl =b. Y3 nepBbiXx UeThbIpex YpaBHEHHH CleyeT, UTO
dy u f|, Tak Xe Kak H d; U f;, JOJXHBI ABIATBCI KOPHAMH yPaBHCHHSA
X2—x+aF=0,Te.

= ——+1T—aF d,=fi = 1——aF

{BTOpOE NONOXKEHHE THH3BI €CTh OOPAIEHHOE nepBoe). CnepoBaTenbHO,
b? = 4a*4 — aF), unu F = (a? - bD)/4a =09 m.

1126. b = \ a? — 4aF (cm. 3agauy 1125).
1127. ¥YBenuuenue B nepBoM cnyuae H,/h = f/d|, Bo BropoM H,/h =
= fo/d,. TlpuMeHaA ABaXHbI GOPMYNY JTHH3BI, NONyIUM f| =d, U f, =d,

(cM. 3apauy 1124). [TepeMHOXas NONyYCHHbIE YpaBHEHUs, HaiineM h = \ H H,.
1128. Mcnonp3ys gBax/abl ¢GOpMYITy JIHH3BI U faHHBIE O PACCTOAHHUAX q U b
(cMm. 3apaun 1124, 1125), nomyaum

di=£=05a+b), dy=f, =0,5(a T b).

Pa3zmep u3o6pakeHus B nepBoM ciydae If/d;, Bo BTopoM ciy4qae If>/d,, rne
[ — pazmep npeamera. OTHOIIECHHE Pa3MEPOB H300pasKeHUMI

n=fidyJdif, = (a F b)fa+tb), T.e. k =004k, =25

1129. ITycTh NONOXKEHHUSA JTHH3BI OTCTOSIT APYT OT APYra Ha PacCTOSHHH b.
Bocnonb3oBaBIIACh pelIcHUAME 3a8a4 1125 u 1128, noayunm

(a+b)* Na-b)’ =n, F=(a’-b")4a =aw/;/(w/z+1)2 =v0,2M..\
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1130. b= a(JE - 1)/(«/’/2 +1)=0,4 M (oM. 3amawm 1125, 1128).
131. F=Jab =0,2m, k=(ab+b)/(Nab+a)=+b/a=2.

1132, F = (Hyd, — Hidy)/(H,— H{) = 11,3 oM.
1133. F=H{H.,p/(Hi — H)h =9 cMm.
1134. [T1s1 OCHOBHOTO PacNOIOXKE HUS

1d+ 1/f=1/F, d+f=a, fld=k.

ITocne nepeMeieHus aKpaHa # TUH3bI
Vdi+ 1/fi=1/F,di+fi=a+b, fild =k,

ITocne NEPCMEIICHUA 9KpaHa 1 UICTOYTHHKA
Ydy+ 1= 1UF, dy+fr=a+b+c, fL=Ff+b. fldy= k.

Orcrona

(+k)Wa+b +Ja(l = k)2 +b(1+k)>

kl= z9,]4,
(1+ka+b —a(l —k)? +b(1+k)?
2
ak

1135. Ecam paccMaTpuBaTh NpeAMET Uepe3 JyIy, TO YroJ 3peHHI @
oIpepensercs U3 ypasHeHus tg ¢ = h/d = H/f, rne h u H — pa3Mepsl npenmera
1 n3obpaxenus. Tak kak MHUMOe H300pa’keHHE JOIDKHO JIeXXaTh OT JIMH3bI,
IPHCTABJIICHHOR BIUIOTHYIO K IJa3y, Ha pacCTOSHUH f = d, TO U3 ¢popmy-
el TuH3BI 1/d — 1/f= D nonyuaeM, uto dp/(1 + Ddy) < d < 1/D. Ecau pac-
CMaTpHUBATh NpeAMeT Oe3 NyIbl, TO YrOJ 3pEeHHs )y HAXOAUTCL N0 opmye
tg @, = h/dy. YBenuuenue nynel k = tg ©/tg ¢, = doy/d; cregoBaTenbHO,
Ddy<k<Ddy+1,umu2 <k <3

1136. JIyna paet yBenuuenue k; = do/F npeaMeTa, nexxamero B ee Goxanb-
HOH NIIOCKOCTH (cM. 3apauy 1135). Ecin ucnons3oBath €€ B poXH 0ObEKTUBA
IPOEeKUHOHHOTO (hOHAPS, TO OHA JlaeT yBenHuyeHHe kp = f/d. M3o6paxkenue
Ha 2KpaHe — ACHCTBUTENbHOE, 03ToMy 1/d + 1/f= 1/F. CnegoBaTenbHo, d =
= (kz + l)d()/kzkl =55¢cm.

1137. Ilo ¢dopmyne nunsse! 1/d — 1/f = 1/F, tne d = a — b — paccrosuue ot
npeaMeTa [0 Aynel, f=dy— b — paccTOSHHE OT NyNbl A0 H300paKEHHS.
ITpepmeT, HaxOAAMMIEACS HA PACCTOSIHAH djy, TJ1a3 BUAUT MOJ YIJIOM (1, KOTOPBIA
ONpcAclAeTcs U3 paBeHcTBa tg @O = h/dy, rae h — pasmep npepmera. Ecin
NpeAMEeT pacCMaTpHBATh 4Yepe3 JIYNMY, TO Yrod 3peHHs (P, ONpefelsieTcs MO
dopmyite tg @ = hf(a — b). YBenuuenue k = tg Q,/tg @1 = do/(a ~ b). Caepno-
BaTENBHO,

“F D 68 om, k_~d—+iiiz_14.‘
-b+F dy—-b F

374



1138. YBenmueHHOE M306paKEHHE MOXKET ObITb ACHCTBHTEIBHBIM HIIH
MHHMBIM:

l/d+ 1/f=D, fld=k; orciona d = (k+ 1)/kD.
Jdns nonyuenus: geHCTBATENHLHOTO H300paxKeHUS NpeMET HYKHO MOMeEC-

THTb Hepej JIMH304 Ha paccrosiHud d; = 0,3 M, MHEMOTO — Ha PacCTOSHHUH
d;z = 0,2 M.

Puc. 438 Puc. 439

1139. Kaxk Busino u3 puc. 438, r = ftg o.. Paccrosiuue f ot nuu3bl o n306pa-
3KEHHs HCTOHHEKA ompefiensieTcs no ¢popmyie smun3el 1/d — 1/f = 1/F, oTkyaa

F=rdf(r—-dtgo)=17,4cMm.

1140. U3 ypapueumit 1/d — 1/f = 1/F unf =r/tg o, roe f — paccrosHHe
MEX/y JTHH30H M H300pa’keHHeM HCTOYHHKA, cledyeT, uTo d = rF/(2F tg o +
+r)=2cM.

1141. Korjga HCTOYHHK HAaXOgHTCA B (pOKyce JIMH3BI, Ha 3KPAaH NMagaroT
napajienbHble JYYH U IATHO HMEET Pajuyc, PaBHbIA pajmycy ° iuH3bl. Ecnn
HCTOYHHK YJaJIATh OT JIMH3bI, TO NATHO Oy/ieT CHayajla YMEHBIIATECS, a 3aTeM
YBEJIMUABATHCS IO MpeXXHUX pa3MepoB. CleloBaTENbHO, HCTOYHHK HYXHO
npuOIIKaTh K TaH3e. IlycTh TpebyeMble pa3Mephl IATHO HMEET, KOI'/ja HCTOY-
HHK S HaXOMTCSA Ha paccTOSHMH d OT nuH3bl. Ilpm 3TOM nyus OT H300pa-
KeHHS S’ HCTOUHHKA, MPOXO/SIKE Yepe3 Kpas JTUH3bI, HAYT K KpasiM MsATHA MO
npsaMbIM JTHHUAM (puc. 439). Torna fOMKHBI BBI-
HOJHATHCS COOTHOLIEHUSA

a=F-d, 1/d-1[f=1/F, (f+ b)2rn = f2r,

orciopa a=FX(n- 1)/[b+F(h-1)]=2cm.

1142. [ns HAXOX[eHAS XOa MPOH3BONB-
HOro ny4a SA ToCle NpeJOMIICHHA B JIHH3E He-
006X0MMO HAWTH TOUKY B mepeceyeHHs Mo-
6ounoi ontmyeckoin ocu CB Il SA ¢ doxkanb-
HOH NIOCKOCTbIO NuH3bl (puc. 440). T'ma3, pacnomoXeHHBIH 3a JTHH3OH,
YBHIMT MHHMOe H300paxende S’ B TOUYKE MNEPECCUCHHS NPOJONKECHHH
nyueit OF u AB.

Puc. 440
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1143. TIpopomKuB JaHHBIC NYYH OO HX NEPECEUYCHHs, MONYy4YNM u3obpa-
xenue S’ cBeTsmeics Toukn (puc. 441)., CoeqMHEM NONYYEHHYIO TOYKY S’ ¢
ONTHYECKUM [eHTpoM NuH3bI O. JIya BF nocne

*s o s NMpeOMIICHAs HAET 4Yepe3 ¢oKyc; 3HAYUT, OO0

RN ] NpeaoOMIeHNs OH IUeN NapajajleabHO TIaBHOH
\\* -

~NJo F ontuyeckoit ocu. IIposeneM SB Il OF, Uckomas

N \ TOYKa S NeXuT Ha nepecedeHun OS’ u BS.
\L\ 1144, Tak xak H3o0paxeHHEe MHHMOE, TO
\ 1/d - 1/f= 1/F; orcropa d = fF/(f + F) = 0,2 M.
1145. F = fd/(f - d) = 0,6 M.
Puc. 441 1146. 13 ¢popmynsl nmuu3el 1/d — 1/f = 1/F, tne
f=F,nmeemd=F/2.
1147. F = akf(k - 12 =40 cm.
1148. ITo ycnosuto a = d; + d, n d| = nd,. 1306paxeHne nepBoro MUCToy-
HHUKa — AcHCTBUTENbHOE, n306paxeHue BTOporo — MEHAMoe. IToaTromy

ldy+1/fi=1/F=D, 1dy-1l,=1/F=D,
rae f; uf, — paccrosums OT nuH3bl A0 u300paxeHmid. Ilo ycrmosuio
Ify - fol = b.
B cnyuae, ecnn n300paKeHue NEpBOrO UCTOUYHHKA HAXONUTCs Aalblle OT
TUH3BI, YeM H300paxXeHHe BTOPOTO, T.¢. fi —f> = b, monyvaeM nns d, KBaj-
paTHOE ypaBHEHHE

nD2 — Db)d; + (Db —1)(n+1)dy —~ b = 0.

Pemras ero, Haxogum

(1= DbYn+1)++/(1- Db)*(n~1)* + 4n
2nD(2 - Db)

=5 M

a=(n+1)d, =(n+1)

(oTpHLATENBHBIA KOPEHbL HE NIMEET CMbICNA).

B cnyuae, ecnu f, — f; = b, dopMyny ans a nMONyINM, IOMEHSB 3HaK b Ha
o6patHbIii. B pe3ynbraTe 6ygeM uMets a = 7,17 M (3HaueHne a = 1,16 M He
VAOBJIETBOPAET YCIOBHIO 3a/1a1H, TaK KaK NPH 9TOM H300PaKeHNsI HCTOYHHKOB
HaXOJATCH 110 pa3HbIe CTOPOHBI OT JTHH3BI).

1149. F = 2d(b - d)/b = 9 cMm.

1150. [ns MuuMoro u3zoGpaxenus 1/d - 1/f=D,, orkyna D, =
= (f-d)/fd = -0,3 nurp (n1mH3a paccemBarolllass). 3HaK nnwoc nepea D B
tbopMyne MHH3BI MOCTABIEH MOTOMY, YITO ONTHYCCKAsA CHNIa THH3BI — BEIMYHNHA
HeusBecTHasl. [Ins aeHcTBHTE TbHOIO H300paXKeHus

1/d + 1/f=D,, orkyna D, = (f+ d)/fd =05 pnrp

(nmuH3a cobuparolas).
1151. OTHOUIECHHE paccTOSHUI OT H300paKeHHst TOYKH M OT CaMO# TOYKH

10 rnaBHOM onTmueckoi ocu L/l = f/d. B cnyvyae pneACTBUTENLHOTO H300pa-
xeHnus 1/d + 1/f=1/Fnd=fF/(f-F)=-36 cM, | =LF/(f— F) =-15 cM, T.e. Ha
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JTMH3Y MafatoT Nydd, KOTOpble B OTCYTCTBHE JTHH3BI COUIIUCh Obl B TOUKE,
OTCTOsIIIEN OT JIMH3bI Ha 36 cM U OT ocu Ha 15 cM. MIcTOUHHMK MoydaeTcs
MHHUMBIM, YTO IIPOTHBOPEUHUT YCIOBHIO 3aaul. B cayuae maEMOro usobpa-
xeHust 1/d - 1/f=1/Fud=fF/f+F)=T72cm, I=LF/(f+ F)=3 cMm.

1152. YBenuuenue k = f/d, rue f — paccrosHMe OT JIUH3BI A0 H30Gpa-
xeHus. B cmywyae peiicrBuTenbHOoro wu3oOpaxenus 1/d+ 1)f=1/F u
F =kd/(k + 1) =9 cM; B cnmy4ae MHUMOTO H306pa-
xeHus 1/d— 1/f=1/FuF =kd/(k-1)=11 cm. >—

1153. Ecnu d —~ paccrosiude ot mpeameta no 0::::‘ 2ry |2r,
JTHMH3BI, a f — OT JTHH3BI JO U300pa’keHus, TO B — ]
clyuae eACTBUTETBLHOTO H300paXKe HUs N

A4

S
1/d + 1f=1/F, Hh=fld u d=F +b. —
2r |2ry iz F
B cny4yae MuuMOro uzobpaxeHus > -
1/d=1/f=1/F, Hlh=fld u d=F —b. v
Puc. 442

OGe cucreMnl ypapHeHuit jatot H = Fh/b= 4 cm.
1154, BepiuvHa KOHyca CJy>XKMT MHHUMbIM MCTOYHMKOM, HAXOASIIHMMCS Ha
paccrosiuuy d = F ot nun3bl. CormacHo opMyie TUH3bI
-l/d+1/f=1/F=D,
otkypa f=1/2D = 0,1 m.
1155. b =f2(F-f)=12,5 oM.
1156. 113 nogo6HbIX TPEYrOabLHUKOB MMeeM (puc. 442).
rafry = (@ + F)IF, rafry = I(F - a)/F,
Tie a — pacCTOsSIHHE OT JIMH3BI A0 3KpaHa. 3HAaK MOAYJs MOCTABIEH AJs TOTO,
YTOOBI yueCTh BO3MOXHBIN cnyuaid a > F. Pemus cucTeMy ypaBHEHMH, HONy-
uuM 13 =121 — 1l =3 oM.
1157, r3 = 2r; — ry = 6 cM, €ClIM paccrosiHHe
OT JMH3Bl JO 3KpaHa MeHblle (OKXYCHOTO
paccrosHus; ry = 2r; +ry = 10 cM, ecnmu 3To
paccrosHue Gombine (POKYCHOro.
1158. nsa pacceusaroinei nuH3bl 1/d — 1/f =
= -1/F = D. Tlo ycnoButo 3agauu f= d/2. Cne- f
AOBATENBHO, CBETAINASICA TOUKA PACHOIOXEHA ‘ U
OT AHMH3bI Ha paccTosHuM d = F = ~1/D = 0,2 M. Y
1159. TIo ¢opmyne nunser 1/d - 1/f = -1/F = B ¥4 d
= D. 13 puc. 443 BupHO, uroa=ftgon H +a = a
=ftg P; orcrona tgP =tgo - H/d - HD = 1, A
T.e. B =45°. Puc. 443
1160. JIya SO npoxomur uepe3 TMH3Y, HE
H3MEHsS HallpaBJIeHUs (pnc 444). 3Hanue xofla ABYX Jyuei, HCXOASIUX U3
TOYUKH §, NO3BONSET HANTH ee u3oGpaxenue §'. Jlya SK nocne nperomneHus
noifeT no HanpasieHuio KP Tak, UYTO NPONOIKEHAE ITOro leqa npoiper
uyepes Touky S’
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1161. IlposepneM NoGOYHYHO ONTHUYECKYIO OChb JTHH3bI MON Il AB 1 ¢do-
KaJpHYH NiockocTb JHH3bI MF (puc. 445). Ilponomxenne BM npenomieH-

Puc. 444 Puc. 445

Horo ay4a BC npoxoaut uepe3 TOUKy M nepeceueHust (POKaNbHON IUIOCKOCTH
¢ N060THON ONTHIECKOH ochro. Cnocob OCHOBAH Ha TOM, UTO HapalllebHBIN
MY'OK JyUeH, OMH U3 KOTOPbIX MOXHO CYHTATb COBHAJAMOIIMM C MOOOUHOH
ONTHYECKOH OCBIO, NOCNE NPENOMIICHHS HAET TaK, UTO NPOAOIKEHHUS JIydeH
cobHparoTcst B TOUKE, JexKaiiel Ha (poKaJTbHOH ILITOCKOCTH JTHH3bI.
1162.f=Fd/(F + d)=0,1 M; H=hF/(F +d) = 0,02 M.
1163. st nByX NOJTOXEHUH UCTOUHNKA HMEEM

Vdy = \ffy ==1/F, Yd, - \[ff,=-1/F,

rae f} 4 f, — paccTOsHUSE OT MHH3bI JO N306paXeHUH B IEPBOM U BTOPOM CITy-
qaax, ITo ycnosuto f| —f, = [. CucrteMa ypaBHEHHH NPUBOAHUT K KBaIpaTHOMY
ypaBHEHHIO

(d] —dz - [)F'Z - [(dl + dz)F - [dle =0,

pe€mI€eHUEe KOTOPOro gacT
_ld+dy)+ Jid, - d)[i(d, - d,) +4d,d,] _

F 0,6 M

(BTOpOH KOPEHb COOTBETCTBYET COOHPAIOIEH JTHH3E).

1164. Jlyu nepeceveT riaBHYyIO ONTHYECKYIO OChb B TOUKE, OTCTOsIICH Ha
paccTosiHum d OT NMIOCKOCTH, B KOTOpOH Haxopunachk suu3a. CoriacHo pop-
MyJIe JIUH3b1

~1/d + Vff=-1/F, re. d=fF/(f+F)=54cm.

1165. Touka cxoXpacHus Jyued B OTCYTCTBHE JTHH3bI (MHUMBIH HCTOYHHK)
JMEeXKUT HA PACCTOSIHEH d OT IITMPMBI, NIpUUEM

R/(d-b)=r/d (npu b <d) unu R/(b -~ d) = r/d (npu d < b).

ITo ¢opmyne muu3el —1/d + 1/b = 1/F (nepen uneHom 1/F 6epeM mONOXH-
TEIbHBIA 3HAK, TaK KakK F 4BIseTCs HEH3BECTHLIM). Pelliast mofyde HHy0 CHCTe-
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My, HaiaeM F =t rb/R = £ 25 cM. BHak WIIOC COOTBETCTBYET Cydaro b < d
H YKa3bIBAET Ha TO, YTO B OTBEPCTHE HYXKHO BCTABUTH COOMUPAFOIYIO (IONTOXH-
TEJLHYIO) THH3Y, 3HAK MHHYC — pacCeUBaIOIIYI0 (OTPHIATENBHYIO).

1166. Touka A urpaeT pojib MHUMOTO HCTOYHHKA,
TOYkKa B — MHHMOro Hu3oOpaxeHus (puc. 446),
No3TOMy MO ¢popMyne nuH3bl —1/d — 1/f = - 1/F.
CornacHo ycnosuwo 3afaun f+d =1[ufld =m/n,
oTcrofa

F=———l——=0,1 M.
ml/n+n/m+?2

1167. | = [-9F(F — Ly £ 3FN 8F2 + (F — LY?}/A(2F -
— L). OrpunarenbHblil KOPEHb He IMEET CMBICTA, IO3TOMY [ = 12 cM.

1168. JIun3a mMoxeT ObITH coOmparomed WK paccemBaromneil. B cinyuae
cobuparowmen TMH3b! BEPIIMHA S CBETOBOTO KOHYCa B OTCYTCTBHE JTHH3BI (MHH-
MBIHl MCTOYHHK) JIEXKHT 33 3KpPaHOM Ha paccrosHuu d| = rl/(r — R) oT oTBep-
crus (puc. 447), a IpU HATAYMKA TUH3BI TOUKA §” CXOX/eHus Nyuell (u306pa-
XeHMe) HAXOMUTCs Ha paccTosHud f; = rif(r + R). ITo hopMyie nuH3BI

-1/d; + 1/fy = 1/F; orcropa F{=rif2R=17.5 cm.

B cnyuae pacceuBaromen mun3b1 (puc. 448).
dy=rlf(r +R), f=rl/(r—R), ~1/dy + 1/f, = -1/F,.

CrepoBarensho, Fy =rlif2R = 17,5 cm.

‘Nk ~~~~~~~~ s S >S'
N —

Puc. 447 Puc. 448

Puc. 446

1169. OnTnueckast cuia JIUH3BI B BO3JYXE U B BOJI€ COOTBETCTBEHHO

D:(—nﬂ—lj L.}.L, _1._= h_l i_'.i.;
n Rl R2 F n, Rl R2

(1, — D
D(ncr Ny
1170. ®okycHOe paccTossHHe F' BO3[YLIHOW JIMH3BI B CTEKJIE ONMPENENAETCS
no ¢opMyse

orcroga F = =08 M.

1- .
1_ _1__1 1 _l=ng ; OTCKofa Fz-&i-@—: -30 cm,
F N, R n.,R l—ncr :

cr cr
T.C. THH3a pacccuBaloias.
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1171. PokycHoe paccrosiube F BO3[yUIHOM JIMH3bI B CTEKNE OMpPENeNAeTCs

BbIpaKeHHEM LI B 1 (l + l) ITo dopmyne muu3BI
F \n, R R
1 Rdn,,
— +l = l; orciona f= dne, =-8,57 cMm,
d f F 2d(1~n.)—Rn,,

T.€. H300paxkeHHe MHAMOE.
1172 a=F - F, = — R —m)
(R, + Ry))(ny — )(n, —1)

1173. Vicnons3yst opmyiy THH3BI, HMeeM

= 1,062 cm.

1 1 1 1
—+—=(n, —1)) —+— | — BBO3[YXE,
d f R R

1 n.. 1 1
——=|=_ || —+—| - BxmuxocTH,
F {n, R R,

L _UR AR +1/d+1/f
* I/R+1/R~1/F

=1, 66.

1174. B Bospyxe F,/F, =(n,—1)/(ny-1)=1,4. B Boge F'|/F', =
= (ny — n)lny - n,)=2,2.
1175. Ecnu 661 M3 THH3BI TYY BXOAHI B BO3[yX, TO OH HpeloMisics Obl
[OfI YI7TOM 3y M Bhlied 6bI M3 JIHH3BI HA PACCTOSHEH [ OT €€ ONTHUECKON OCH
(puc. 449). s Takoro nyva

sino/sinP, =1/n,, 2B, =I/K.

Ecnn u3 nuH301 JIyY BXOJIUT B BOf1ly, TO

sinat/sinBy =n,/n,, tgPB,=1l/F,.

C yueToM 3TOoro HaxofuM

sinP, /sin,=n, u K =nF =133 oM.

1176. Mopckas 3Be3fia KaxeTcs ¢oTorpady
HaxojsAmieHcs Ha paccTossHHH h = H/n, ot
NOBEPXHOCTH BOfbl, T.€. Ha PpAacCTOSHHH

Puc. 449 d = [+ h or o6wexTuBa (cM. 3agaty 1001). ITo

¢opmyne nuu3el 1/d + 1/f= 1/F. U3o06pa-

xeHHe OynerT MeHbinie mnpegMera B k =d/f pa3; cnejoBaTenbHO, k =
=({n,+ H))fFn-1=19. ,

1177. VI3 kaxgoit Touku ¢ororpadupyeMoro npefMera o6HeKTHB HOTO-
.anAapara BHJEH NOj| TEJECHBIM YITIOM A® = S/d 2, rne d — pacctosHre OT Hpefi-
. MeTa 10 o6 BEKTHBA, S — ANOMAAb JTHH3bI 00 LeKTHBa. CBETOBOH HOTOK OT
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npegMeTa, MPOHAKANOIINH BHYTPE (hoTOAaNnapara, nponopunonanen Tomanu
npegMera S M TeTeCHOMY yriy A®:

(D=bS|A(0,

rae b — ko3 duImeHT MPONOPUHOHATBHOCTH. DTOT CBETOBON MOTOK pacnpe-
aensercs no nmuomagu u3obpaxenus S,. IToaToMy ocBemeHHOCTh H300pa-
KEeHNs

E=®/S, =bSAw/S, ~ bS,S/S,d* =bS/ f?,

rme f — paccTosHHE OT O0BEKTHBA 10 H300paXkenns, a Sy /S, = d 2 /f2,
TTpu cbeMke rpaBlopbl M3aneKka f; = F, NpA CheMKe ke Jleraned B HaTy-
panbHYO BenuInHy f> = 2F. [IoaTOMy OTHOLIIEHHE OCBEIEHHOCTEN

B _BSIFE_JP_4F

= 5= =4,
E, bSIff f2 F

T.€. OCBCIXEHHOCTh YMEHBIIHIACh B 4 pa3a. Bo cTONBKO e pa3 cliefyeT yBe-
JHYHTh BpPEMS SKCIO3WIHNH, UTOOBI MHTEHCHBHOCTH NOYEpPHEHHA ¢poTo-
TUTACTHHKU OCTaNIach NMPEXKHEH.

§ 31. OnTnyeckue cHCTEMBI

1178. JIyau, npolreAiine nepeyo JTHH3Y, JaAyT H3o0paxkeHHe (JefCTBH-
TeNLHOE MITH MHAMOE) Ha pacCTOSHAN @ OT JTHH3BI, onpefenseMoM HopMyaoi
auu3bl 1/d £ 1/a = £ 1/F;. 3T0o n306paxkeHue CINyXHT HCTOTHHKOM (MHAMbIM
WM ACHCTBHTENbHBIM) NI BTOPO# mHMH3LI, T.¢. % l/a + 1/f =% I/F,. Oua
3aMeHsowe TuH3b! 1/d + 1/f = D. CpapHHBas CyMMY NepBbIX ABYX ypaBHeHHUH
¢ TperbuM, yGexpaemcs, uro D = t1/F, + 1/F,, T.e. onTHYECKas CHiIa JTHH3BI,
3aMEHAIOMIEH CHCTEeMY IPUCTAaBIICHHBIX BIUIOTHYIO JIMH3, paBHa anreOpanue-
CKOfl CyMMe ONTHUECKHX CHIT 3THX JIHH3.

Tak Kak paccyXkJieHHe MOXKHO HpPOJONKHTb, IPUCTABUB K ABYXJIHH30BOH
CHCTEeMe TPETHIO TUH3Y, TO Pe3ylbTaT MOXeT ObITh PACPOCTPaHEH Ha moboe
yucno auH3. PopmMyra 3epKaina Nno CTpyKType H CMBICTY cOBnafaeT ¢ (hopMy-
JTON TUH3BI, TO3TOMY CAEeNaHHbINA BBIBOJ] KACA€TCH TaKXKE ONTHYECKHUX CHCTEM,
cojiep>Xaulnx 3epkaja (MpUCTaBIEHHbIe BIUIOTHYIO K NHH3€e). 31eCh, ONHAKO,
HeOoOXOAUMO HMETh B BUAY, YITO OTPa3HBIINCHL OT 3epKana, JyY eule pa3 MOXeT
NPOMTH Yepe3 THH3Y, KOTOPYIO B 3TOM Ciryuae NPUAETCA YUNThIBATh ABAK/bI.

1179. Fpace /F cotup = 2.

1180. I/d + V/f = V/F + 1/F,, wmu F,=dfF [(fF1 + dF{-df) =54 cm
(cMm. 3apaqy 1178).

1181. Cucrema paBHOCHIBHA JIBYM CITOXKEHHBIM BMecTe nH3aM ¢ D, = 1/F =
= (n— 1)/R kaXkpas, MOCKOJNbKY ONTHYECKas CHJIa IUTOCKOro 3epkKana paBHa
Hymo. Onruueckas cuna cucrteMbl D = 2D = 2(n - 1)/R

1182. f = FdlI(2d - F) =9 cm. : >

1183. Jusa Henocepeﬁpe}n{on auusbl =1/d +1/fy = ~l/F. Hocepeﬁpemrylo
JHH3Y MOXKHO PaCCMATPUBATE KK CHCTEMY, COCTOSIIIYIO ‘M3 TPEX "¢IOXKEHHBIX
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BMECTE KOMNOHEHTOB: pacceHBaromell amH3Bl ¢ D = ~1/F, BBINYKIOro
3epkana ¢ D, = -2/R u paccensatomie muH3bI ¢ Dy =~ 1/F, Onruueckas cruia
Takoi# cucrems! D = Dy + D, + Dy = - 2(1/R + 1/F), noatoMy nia nocepebpeH-
HOH JIHH3BI
—l+l=D; orcona f, =—-ﬂ——=
d f 2fid+dR+ Rf,

1184. Paccrosnue ot cBerauieiics TOYKA O BOTHYTOro 3¢pKana a = R —d.
Paccrosnue f oT H306paXkeHnsA TOUKH JO BOTHYTOrO 3€pKaja ONpeaeseTcs no
¢opmyre 3epkana l/a + l/f = 2/R. PaccrosHue ot sToro H3oGpaxkeHus Mo
IUTOCKOTO 3€pKana b = R — f. Bropoe n3o6paxeHne, faBaeMOoe [IITOCKAM 3epKa-

7OM, HAaXOJHTCA IO APYIyl0 CTOPOHY ILUTOCKOTO 3epKajia Ha TAKOM XKe pac-
cTrOsiHAR h oT Hero. ClefoBaTeILHO, PACCTOSHHE OT BTOPOro H300paXkKeHHs 10

BOTHYTOro 3epkama ¢ = R + b; orciofna

/A <« ¢=R®R=3d)/R -2d) = 30 cm. Bropoe m30-
- D a c OpaXkeHHe HaxoguTcs B (POKyCE BOTHYTOTO

[ — > 3epKaJa.
- N 1185. B orcyrcrBue 3epKana JiMH3a pana
\E 6b1 H300paXXeHHE HCTOUYHAKA B TouKe C Ha

B PacCTOSIHHH f, ONpeneiasieMoOM H3 (POpPMYIBI
muu3bl 1/d + 1/f = 1/F (puc. 450). Yto6b1 nyun
nocie BTOPHYHOTO IMPEJIOMIICHAS B JIHH3E
LIJTH NMapajIeNbHbIM MyYKOM, OHH JOJIXKHBI IOCIE OTPaXeHWs OT 3epkana
colTHCh B pokyce nuH3bI. TpeyronbHuku ABC u DEF nopo6Hb1. Creno-
BaTexbHo, /L = E/f, orcioma [ = (d — F)L /d. o ycnosuro 3apgaum d = 2F,
nosromy [ = L/2,

1186. U3obpaxenne cBeud, 1aBaeMOE JHH30H, OTCTONT OT HEE Ha pac-
CTOSIHHH f, a OT 3epKaja — Ha paccTosHuu b + f. M306pakeHHe B INIOCKOM
3epKaJjie PacHoJIOXKeHO 0 APYTyH0 CTOPOHY 3epKajla Ha TOM XK€ PAaCCTOSIHHH
b + f u, cnefoBaTeNLHO, HA PACCTOAHAN 2b + f oT auH3bl. JIyun, Kak 6bl HCXO-

OALIME A3 9TOrO H300paXkeHus, CHOBA MIPOXOMAT 4epe3 JIHH3Y, 00pa3sys n3obpa-
JKCHHME Ha PAcCTOSHHMH a OT Hee. M3 ¢hopMyn JIMH3BI )1 NEPBOrO B BTOPOro

usobpaxennit 1/d - 1/f = 1/F u 1/(2b + f) + Y/a = 1/F ameeM
a=F[2b(d - F)— Fd]/[2b(d — F)+ F(F -2d)] =60 cM.

Puc. 450

1187. Paccrosiaue f or nuH3bl g0 H300paxkeHHs] HCTOYHHKA, JaBaEMOTO
JHH30MH, onpeaensercs ¢gopMmynoi t/d — 1/f = —1/F. 3To uzobpaxenne pacno-
JIOXEHO HAa PACCTOSHHH f + h nepep 3epkanoM. MHHAMoe H300paXXeHHE B
3epKajie HAaXONUTCS HA TAKOM XKe PACCTOSHHM 3a 3epKajioM. OOmiee pac-
CTOSIHHE

) a=(d+b)1—(f+‘b)=a’+2b+Fa’/(F+a’)=31 cM. ’

1188. Tax xax f < F5, TO Ha 3epKaJIO NafacT CXOAAUHHcA Nydok. Eciar 6ol
2 -
3epKaJia He 6bIIO, TO BEPUINHA 3TOTO IIyYKa HaXOAuaach Obl Ha PACCTOSHEH '
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OT JIHH3b! H, CIEIOBATENbHO, HA pacCcToAHUN d = F; — b OT 3epkana (puc. 451).
1o dopmyne 3epkana —-1/d + 1/f = 1/F,; orcioaa

F=b+fKI(F,—f)=40 cMm.
1189. Jlyun cob6uparoTcs B TOUKE, IIC PACHONOKEH HCTOHHK, €CIIH TI06OH

Ay, HAYIHA OT HCTOYHHKA, NPOHAA Uepe3 JTHH3Y, NajaeT Ha 3epKajo Mo ero
PajMyCy ¥ OTpaXaeTcs N0 TOMY K€ HalpaBleHHIO. JIMH3a NpH 3TOM MOXET

V

Puc. 451 Puc. 452

OBITH pacnonoxeHa 6nuxe (puc. 452) unm ganvuwe (puc. 453) ontuueckoro
ueHTpa C 3epkaina:
1 1 1 1 1 1

, b+f=R unu —+—

d f F TR bR

OGe cucreMs1 ypaBHenui gator d = F(R — b)/(F + R — b). Tak Kak no ycioBHio
HCTOYHHK [CHCTBUTENBHBIA, TO PElllcHHEe BO3MOXHO NHWE B cnydadx h = R
wid F + R < b.

Jlyun coGupatorcs B TOUKE, IfIe PACHOJIOKEH HCTOUHHK, TAKXKE B CIydae,
€CJIH UCTOYHHK HAXOAUTCS HAa TAKOM PACCTOSHUM b OT JIHH3LI, UTO JIHH3A [AET

/ \ b \ \
b=d
¥ !
Puc. 453 Puc. 454

ero u300pakeHne Ha caMoM 3epkane (puc. 454), r.e. 1/d + 1/b = 1/F, otkyna
d = Fb/(b — F). B atoM cnyuae HEOOXOIUMO, YTOOBI BBINOIHAIOCH YCIOBHE
b>F. ‘

1190. Jannyro 3agavy, kak OOBIYHO, MOXHO NPEACTABHTh KaK COBOKYII-
HOCTB TPEX 3afad, pacCMaTpUBaeMbIX NOCIIENOBATENBHO.

1) MIcTOYHHK pacnoNokeH Ha paccTOSHHM d OT JHH3bl € (POKYCHBIM
paccrosinaeM F. Ero m3o6paxeHrde HAXONUTCAd HA PACCTOAHHM f; OT JIHMH3BI
(pHc. 455). ,

383



2) 3ro m300paxkeHHe HAXOAUTCSA HA PACCTOSHHUHU d, OT 3epKaja M CIYXKUT
Ui Hero AEHCTBHTEIbHBIM HCTOUYHHKOM. Ero m3obpakenue nonyvaercs Ha
paccTosiHuH f, OT 3epKaia (puc. 456).

N S
. /
_—"_‘-——;% A\‘

L 4 [ d, fa

7777

Puc. 455 Puc. 456

3) Tak kak &y4d IO BBIXOJ€ M3 JHH3BI HAYT NYYKOM, NApaICIBHBIM
TJIaBHOM ONTHUECKOH OCH, TO H306pakeHUe, JaBaeMoe 3epKajioM, CIYXKHT [Jisl
JHH3bI IEHCTBUTENBEHBIM HCTOMHUKOM, PACIONOXEeH-

Ve
< HbIM OT HEe Ha paccTOAHMH dy = F (puc. 457). Cnepo-
d3 BaTEJbHO,
Vd-1fi=UF, 1/dy,—1/f,=-2/R,
h dy=f,+b, dy=f,+b=F,
Puc. 457

orcroa
R=2(Fd+ Fb~bd)(F — b)/[2(Fd + Fb—bd) - F2] =21 cM.

1191, Paccrosinue f; OT JTHH3BI JO NEPBOTO H306paXeHUsT UCTOUHHKA, fa-
BAaEeMOTO JIMH30H, YOBIIeTBOpAET ypasHeHuto 1/d + 1/f; = 1/F. Bropoe u3o6pa-
JKeHHe NOJyvuaeTcs B 3epKalie Ha PacCTOSHHH f, OT Hero, nmpuieM 1/(a — f;) —
~1/f =~2/R. Haxkonel, mis TpeTbero H3o0paXkeHUsi, 1aBacMOro JHH3O0H,
[OJIKHO BBINOIHATBCA yenosue 1/(a + f3) + 1/d = 1/F. 3 nepsoro ypaBHeHHA
cucreMbl HaxomuM f = Fd/(d — F). UckniouuB f, U3 IBYX APYrHX ypaBHEHHUH,
TIOJTyHM KBaIpaTHOE YPaBHEHHE

a®> - Q2f;-Ra+f2-Rf;=0; orcioma a=f ~R/2+R/2.

Peurenue co 3uakoM MHUHyC faetr a = Fd/{(d - F) - R = 6 cm. B atom cnyuae
JIyuH, BBIUIEAIIAE M3 JMH3BI, MaJalOT Ha MOBEPXHOCTH 3epKajia NmepHeHIH-
KYJISIDHO, 2 IepBO€e H300pakeHue, laBaeMoe JIMH30M, COBIAJAET C ONTHIECKAM
HEHTPOM 3epkana. PeureHHe cO 3HAKOM IUTIOC NPUBOAHMT K GOJNBLIEMY
3HaveHuto: a = fi = 30 cM. IIpu 9TOM M306paKEHHE COBMNAAAET C MOTKOCOM
3epKana.

1192. VI3 ycinoBus 3agayy CieyeT, YTO NepefHui (poKyC JIMH3bI COBNAaeT C
ONTHYUECKHAM IIEHTPOM 3epKaja, T.e. JIHH3a PaclojoXKeHa OT 3epkaja Ha pac-
crosuuu R — Fy, rae R = 2F, — pajyc KpHMBH3HBI 3epKaia (pHc. 458, BepxH:as
nosioBuHa). M300paxeHne HCTOUHHMKA, IOMEIWIEHHOrO B POKyCce pacCeUBaro-
el JIMA3LI, NOAYIAETCI Ha paccTosHuH f) = Fy /2 oT nuH3bl (cM. 3apady 1146)
H, CTeoBaTeNbHO, Ha PaccTOAHMH d, = R — F, /2 oT 3epkana. ITo H306pa-
JKCHHE CITYXKHT eHCTBHTENBHBIM HCTOUHAKOM ANa 3epkana. [ToaTomy, ecnu
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Obl TYyUN HE MPOXOMIHA BTOPOM pa3s uepes nm{3y, TO OHH COOHMpanuch 6bI Ha
PacCTOsIHAM f, OT 3epKaJna, npuueM
1 1 _1 hd, _(4K-K)F

—+—=—, mm f,=
4 fH kB d, - F 2K - K

OTpasuBmIniicss OT 3epkaja CXOMSIIMHACS NYIOK BCTPEYAET NHUH3Y, PaCloNo-
>KEHHYIO Ha paccTosHud ds = f, — (R — F) = (3F, — F1)F1 /[(2F, — F1) oT ToukHm
CXOXXJECHHs Tydel; IO3TOMYy

111 Fds _ (F-F)R

——+—=——, wm f,=
d fy R F-d; 2}

ITo ycnosmro 3apaun F| < 2F,, noatomy f3 < 0. ITO 3HAYMT, 9TO, BHIAAS U3
JIMH3BI, JIYUH PAacXOQATCA, @ TOUKH NEPECcevIeHNs] MX MPOJOIKEHHH Jexar
MEXJy 3€PKaOM M JIMH30M Ha paccTosHm f3 = —(3F, — F\)F, /[F,=-32 cM ot
THH3bI (pHUC. 458, HILKHASA NONOBAHA).

Z
« 0 C
—0 >
a b
(d
Puc. 458 Puc. 459

1193. [Insa nepsoro yuacrtka umeeM 1/(R —a) + 1/(2R + ¢) = 2/R, pna BrO-
poro —1/c + 1/(R — b) = 2/R (puc. 459); orctona a = Rb/(4b—R). Ecnu b = 3R/4,
To a = 3R/8; ecnim b = -3R/4, To a = 3R/16.

1194. Ecau Obr 3agHedl JuH3bI He ObIIO, H306pakeHHE YHATEeHHOTO
HCTOYHHKA NONYyYMsnoch ObI B (hOKanbHOM MIOCKOCTH NepegHed NMHH3bI, DTO
u300paxkeHNe CIYXHT N5 3aJlHEH JTHH3bI MHAMBIM HCTOYHHKOM. PacueTnr
JAlOT B IEPBOM H BTOPOM CIYUasix

1-bD, 1 1-bD, 7

S =— M, —_—==— M
f D, +D,-bDD, 13 f= D, +D,-bD,D, 65

1195. Ha paccrosuun d = (b — Fy)F, /(b — F, — F1) = 30 cM nepen nepBoi
THH30H MNH Ha paccrostHun d = (b — F)F, /(b — F; — F,) = 60 cM 3a BTOpO#

JIHH30M.
1196. M3o6paxeHue, co3gaBaeMoe NEPBOM NMH30M, HAaXONUTCd Ha pac-

CTOSHMH f| OT Hee U UMeeT BbICOTY Ly =k, 1l = (fl /dl) I, rne k| — yBenudenne
nepBoi nuH3bl. OT BTOPOH MHH3bI OHO HAXOJMTCS HA pacc'ro;n{nn dz =l-fins

CBOIO OYEPEfb CHYXHT AN nee npenMeroM. M3obpaxenne, co3naBaeMoe
BTOpPOH NHMH30H, HAXOOUTCA HA PACCTOSHHH f, OT HEE M HMEET BBICOTY

385



Ly=kyL;=(f/dy) L, TRE k7 ~ yBenm4cHHE BTOpOH nHH3bI. [To dopmyne
JTHH3BI
1/d+1/fi=1/F, 1/d,+1/f,=1/F,.

Penrast momyueHHyIO CHCTEMY YpaBHEHHH, HaliAeM
fz = Fz[b(d1 - Fi)_ F;dl]/[(b_ Fz)(dl —Fi)—Fid,]=2 M,
L, =kikyl = FRIN(b-F)(d —F)—-dFR1=32 cM.

1197. a=[b?F —(d + b)(b - 2F)d]/[F2d - F) —bh(d - F)]1=0,35 ™M
(cM. 3apauy 1196).

1198. CwM. 3agauy 1196 u nocrpoeHue Ha puc. 462. MuuMOoe H300pakeHHe
HaXOAUTCH OT BTOPOY JIHH3bI HA PACCTOSIHHH

f = Fy(bd— bR, Rd)[(F, - b)(d - F}) + Fd]=1.8 m.
Yeenuuenne k = F| F, [[(F;—b)(d - F)) + F;d] =20.

1199. ITpegMeT pacnoiokeH B (POKAIBHOH ILUIOCKOCTH NEPBOH JTHH3BI,
CIICOBATENbHO, JIYUH, HAYIHE OT KaKOu-

A N
"""" S nu60 TOYKH MpeAMEeTa, MO BBIXOAE U3
é Y JMHH3bI HAYT NapaIeIbHbIM nyuykoMm. Ecnn
! ) £ ~£2 BTOpas JHH3a PACcllOIOkKeHa HA PAaCCTOSAHHN
F, F, ;Z b < (a, + ay)F| /2! oT nepBoil TUH3BI, TAC 4|
d ; H G, — AMAMETPBI THH3, TO KAXIbIHA U3 TaKHX

HapajIeabHbIX NYYKOB, NPOHASt BTOPYIO
Puc. 460 JMHH3Y, JACT U300paKEHHE COOTBETCTBYIO-
mwed TOYKH npegMera B (OKaIbHOHA
MIOCKOCTH BTOPO# TuH3bl. V13 nogo6us TpeyroJbHUKOB cneayeT (puc. 460),
UTo
I/FF=L/F,, otkypa L=IF,/F =3 cM.

IMocrpoenne xopa nydeH scuo w3 puc. 460. Mzobpaxenne noxydaeTcs
gedcTBUTENbHBIM. Ero MOXHO HabmiogaTh, MOMECTHB Ijla3 Ha COOTBET-
CTBYIOLLIEM PAacCTOSHUH 332 BTOPOH JIHH30H.

1200. f = F{b(d - F) - Fd)/{(b — F)(d - F) — Fd] = 3 M (cM. 3agauy 1196).

1201. 3apuss ¢okampHas MIOCKOCTH MEPBOM JTHH3BI JOIKHA COBMAJATh C
nepegHel (pOKaTBHOH IITOCKOCTBIO BTOPOH JIHH3BI, NOTOMY b = Fy + F) = 8cm.
3apavy MOKHO PEIINTB TaKXKe, NpUMEHsst 00myo ¢opMyay (cM. 3apady 1194),
B KOTOPOH HY>KHO MOJIOXHUTB f — oo.

1202, Ecnu mepBOif Ha NyTH My4YKa CTOHUT coOHMpalomias JHH3a, TO AIA
AOCTHIKCHHS XKEJIAeMOT'0 PE3yNbTaTa AONKHBI COBNAafaTh 3agHuc (POKaIbHBIC
IMTOCKOCTH NuH3. ECIH e NepBoii CTOUT pacceHBalomast IMH3a, TO HOIKHBI
copmagath nepegHue GokambHbie MIOCKOCcTH. MICKOMoe paccrosiHue b =
= F| - F, =4 cM B o6oux cnyvasx. [Ipu F) < F, 3aj1aua He IMeCT pemIeHs,

1203. a=F, —M=6 oM

F,+b-F
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1204. 3a pacceuBarouleil NTHH30H NYYOK Takxe NapamienbHblid. Ero
puametp D, =D Fy [F) =4 Mm.

1205. UcTouyHuK criejyeT IOMECTHTDb Nepef coGuparomie TUH30M HA TaKOM
paccrostHuA d, uTOObI CXO[AMMHACA NYYOK JNydedl MMes BepLIMHY B TOUKE Ha
3aiHel PoKaNLHOM MIIOCKOCTH pacceuBalomic nmun3bl. [lo dopMmyie THH3BI
1/d + 1/(F + b)=1/F, otxyma d = F(F + b)/b = 36 cm.

IMoctpoenue xofa nyuei sicHo u3 puc. 461. Touka S’ seaseTca u3obpa-
KEHHEM HCTOUHHKA S B coOHpaloued NHH3e, H, CleJoBaTeJLHO, Uepe3 Hee
AOJXHBI NPOUTH MPOJOJIXEHUS BCEX Jyuel,

BhIINENINUX U3 coOupatouielt muH3bl. Cpenu g éé
9TUX JNyuyeidl BbIOMpaeM TOT, KTOPBIH HAET ¥,
yepe3 ONTHUCCKHH LEHTp pacceHBalomieid
muH3bI, Bee ocTanbHbIe TyUH, MPOIIENIIHE CH- F
cTeMy, OyayT napanjienbHbl BbIOpaHHOMY.

1206. Ecxu cBeTsmasics TOYKa pacmnojo-

KEeHa cO CTOPOHBI pacceuBalOUIeH JTHH3bI, TO
d=F|(F,-b)/(F|—F,+b)=8 cM (TOouKa pac- Puc. 461
nojioxeHa B (poKyce pacCeHBaIOUEH JTHH3BI).

Ecmu cpeTstascs TOUKa PacnoNOKeHa CO CTOPOHBI cOOHparote JIMH3bI, TO

d=[b(F, +b)+FFR/(F -F,+b)=41 oM.

|174

1207.a=d+ b+ Fy(Fid+ Fib+ bd)/[(b-F)d+ F))+F,d] =68 cm.

1208. B rtemeckomne ¢oKanbHas ILIOCKOCTb OOBEKTHBA COBIAJAET C
¢okanbHOM MIOCKOCTBLIO OKyisipa. [lapanmenbHbld Mydok nydel, nmpomuns
TaKyl0 CHCTEMy JIMH3, OCTACTCs MapaliiebHBIM, HO COCTABIAET yXe APYrod
yronl ¢ ocblo TPYOBI. YTNMOBOE yBeJNHYeHHE Texeckona k = F /F,. OTpe3ok
ITMHBI / MEX[Y IBYMS SIPKUMH HCTOMHHUKAMH TJ1a3 BUAMT Nop yriaoMm ¢ = Iy [lo
YCITOBHIO 3ala4yl k@ = @; otctofa | = @urF, [F| =475 M.

1209. [Onuna Tpy6u1 lamunes | = F| — F,, ee yBennuenue k = F [F,. I1o
yClioBHIO 3aaud Tpy6a Kemnmepa gomkHa UMeThb TY Xe AnHHY [ = F3 + F4 |
TakKoe Xe yBenuueHue k = F; [Fy. CiegoBaTeIbHO,

F-FE F-F

FE="1—2F=36 cM, F,=
F+F F+F

F, =4 cMm.

1210. Okynsp nepeBUHYH Ha paccTosinue a = F2/(d - F) = 1 cM panbliue OT
00 beKTHBA.

1211. Ecnu Tpy6a npegHa3HavueHa i HaOMONEHUS ylalleHHbIX IPEAMETOB,
TO PacCTOSHUE MEXNY ee OOBEKTHBOM H OKYynsspoM d = F| + F), a yBennueHue
TpyGh1 k = F{ /F,, e F| u F) — GOKyCHbIe paccTOsTHUHA O0LEKTHBA H OKYIspa.
Npu nanuuuu nuadpparme! 1/d + 1/f = 1/F,, npuvem fid = L/l; orcropa k = l/L.

1212. 1 =dy Fy/(dp + F)) + Fy =31 em.

1213. YBenuueHue MUKpOCKoONa k| = k; k3, 06’beKTHBa ky =fld. Ilo dpopmy-
ne mun3wel 1/d + 1/f = 1/F; otcrona F =k, d/k; + k,. Tak Kak d = 5 cM,
TO F 2 4,5 cM. '
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1214. YBenuueHue MHUKpockona k = kik,; nnsa o6wekTHBa k; = fi /d; (puc.
462), mpuueM d; 1 f; cBs3aHbl cooTHomeHdeMm 1/d; + 1/f; = 1/F|. YBenuuenue
~ okynsapa k, =dg/d,, rne d, = | - f;. Pemus

A b CHCTeMy NATH YpaBHeHHH, HafifeM k; = (d, +
+kF)IU-F)=8.

Fyr Ha puc. 462 n3zobpaxken ciayuaid, Korga
OKOHYaTeJThbHOe H300pa’keHue HaXOAUTC Ha
paccTosHHH dj OT JHH3BI OKYyIsApa. Eciu xe
ri1a3 HabIroaTeNs He HaNPSXXeH, TO H3 OKY-
naspa JOJXKHBI BBIXOJUTH mNapajjelbHble
nyukd nydeit. B satom cnyuae d, = [ - f; = F,,
rie F, — ¢OKycHOoe paccTOsHHE OKYJIspa.
CucreMa ypaBHEHHH M pellleHHE OCTalOTCA

Puc. 462 MPEXHUMH.

1215. YBenuueHHe MHKpoOcKoma k =
=908dy/F\Fy,,8=1~F,-F, — nnuna tybyca MHKpOcKoma; orciofa F, =
= (l - Fz) d()/(sz + d()) = 2,45 MM.

1216. [lns ueHanpskeHHoro rnasa k = (I - F - Fy) dy/F F, =95 (cMm. 3a-

pauy 1215). Ecnmu ke OKOHuUaTelpHOEe M300pakeHHe pacCMaTpHBaeTcs C

PAacCTOSIHHAS HAHUNYUIIEro 3peHus, TO

k=(-F —Fy)dy! FFy+(l-F)/F ~120.

1217. Ypennuenne ob6bextuBa k; = F| /(d — F) (cM. 3apauy 1115), okynsapa
ky, = dy [F; (cM. 3agady 1136). YBenrnueHHe MHKPOCKOIIA H PACCTOSIHHE MEXTY
0OBEKTHBOM U OKYJIIPOM

Fidy 150, I= hd +F =143 cM.

k=kky =—10— =
" d- KR d-F,

Ecnu rna3 paccMaTpuBaeT u3o0pakeHHe ¢ PAcCTOAHHA dy, TO ky = dy [F + 1
(cM. 3apavy 1135) u

p=filotB) gy o fid | Bdy

= = 13,47 cM.
d-F)F, d—F  dy+Fh

1218. Y13 dopmyner nmuH3e! 1/(a@ + F) + 1/f; = 1/F| nonyyaeMm yBenudyeHue
obbvektuBa k; =f /(a + F{) = F| /a; yBenuuenue okymspa k, = dy /F,. YBenu-
JYeHHe MHKpockomna k = ky k, = F; dy /aF, = 200; pnmuna ty6yca MHKpO-
ckoma 8=fi—F,=FK'/a=8 cm.

1219. ¥YBenuueHue Mukpockona k = Fy dy /(d - F\)F, (cM. 3agaay 1217);
orctona Fy = kdF, [(dy + kF;) = 6 Mmm.

1220. F, = 8d, /kF, = 0,5 cm.

1221. Korpa yenoBek paccMaTpuBaeT 6€3 OUYKOB MpeMeT, HAXOAAUIHIICA Ha
paccCTOSHHH ONIKHero Ipefeia aKKOMONALHH, TO MBIMIHLI, YIPaBISIOUHE
IpeJIOMIIAOMEN CHCTEMOH ero rira3a, Hambosee HanpspkeHsl. Eciu 3aMeHuTh
rja3 3KBHBAJIEHTHOH JIHH30# C 3KPaHOM (CETYATKOM), TO MOXKHO BOCIOJb-
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30BaTbca OOLIYHOH popmynoit 1/d, + 1/fy = D, rae fi — roy6una raasa
(paccrosiHue OT JIMH3bI, KOTOPOH MOXHO 3aMEHHTD IIPETOMITSIONIYIO CHCTEMY
rnasa, fo 3kpana). PaccMaTpuBast TOT Xe INMpeAMET B 0OUKAX, UENOBEK 110
YCTIOBHIO 3a/la1i HAIIPATAET MBILIIbI [J1a3a TaK XK€, KaK U 0€3 0UKOB, MO3TOMY
1/d'y + 1/fy = D) + D . OTclofia OnKHEE NPEie aKKOMOJAIHH T1a3a, Boopy-
KEHHOro oukamu, d'1 = d; /(1 + Do, di) = 0,33 M.

AHaNOrMYHO [ [aNbHETO INpEAEa akKoMoaaluHu (Haubonblee pac-
cnabieHne MblI Tia3a) uMmeeM 1/d; + 1/f; = D,, rae rny6uHa rnasa f, n
onTHYecKas cuna rnasa D, pooluie roBops, Apyrue. Ecin Xxe tenoBex Hage-
HET OYKH, TO

td;+1/ fy =Dy + D,

OUK?

orkyaa dy =d, /(1+ D, dy)=1 M.

1222. [Ins rnasza 6€3 OUKOB H C OUKaMH HMEEM
1d+1/f=D n 1/dy+ 1/f=D + D,

orciopa D, = 1/dy— 1/d = ~1 pnrp. IIpofns Takyo THH3Y, TYUH OT NpEMeTa,
HAaxXOAIErocs Ha pacCTOsHUU djy =25 cM, HAYT TaK, KaK €clH Obl OHH
HUCXOHITA W3 TOUEK, OTCTOAIINX HAa paccTosHUH d = 20 cM OT ria3a.

1223. Ilo ycnosuio 3anavn d = 20 ¢M ecTh JanbHHUE Hpees aKKOMOJaluH
rnasa. IToaTroMy B oukax [OMKHB! ObITh HCIONB30aHbl TAKHE JTHH3BI, PO
KOTOpBIe NapajjielbHble JYdH OT GECKOHEYUHO Y/aTeHHBIX NMPEJMETOB Ka3a-
JHUCH OBl HCXOASIIIAMH U3 TOUEK, OTCTOSAIIHNX Ha paccTogHuH d = 20 cM. Tak kak
3TH TOUKH JIeXaT B (hoKaNbHOH MIOCKOCTH JHH3BI, TO ONTHUECKAsd CHIA OUKOB
D ==1/d = =5 prp.

1224. HicnpaBHTb HEAOCTAaTKH 3peHHUs [aHHOTO UENOBEKA — 3HAYHT
MPOMHCATL €MY TAKHE OUKH, UTOOLI, HAJIEB HX, OH MOT ETKO BHJIETD IpeE[-
METBI, HAXOAAIHECAd HAa pacCTOSHHHM He Onuxe d, =25 cM, a Takxke Gecko-
HCYHO YlalNieHHble NpefMeTbl. [ NOCTHXCHHS NEPBOH LENH UETOBEKY
HYXHBI OYKH C ONTHUECKOH CHINOH D |, = 1/dy— 1/d| =—6 anrp (cm. 3a-
mauay 1222). Torga HanGoree faiekHe IPEAMETBHI, KOTOPbIE CMOXET BH-
JIETHL 3TOT tENOBEK, OYAYT HAXOMHTHLCS OT HETO HAa PACCTOSHHH d'yp =
=dy /(1 + Dypu d) = 0,5 M (eM. 3agaay 1221). CnegoBaTenbHO, 171 TOTO UTOObI
BH/ICTL OYEHb JaNICKHE MPEAMETHI, YETOBEKY HYXKHbI IPyTHE OYKH C OITH-
ueckod cunolt Dy, = —1/dy = -8 ponTp (cM. 3apauy 1223). Hasies ux, o cMo-
KET BUAETD IIPeIMEThI, Haxoasmuecd He 6mmxke d') = dy /(1 + Dyoue dy) = 0,5 M.

TakuM oOpa3oM, [JaHHbIH UENOBEK [OJKEH HMETb OUKH C OMNTH-
qecKO# cunoit Dy = -0 aurp (“aist 61U3H”) B OUKH C ONTHUCCKOH CHIION
Dyiue =8 antp (“Ans aanu’) Wi OUKH, Y KOTOPBIX HHXKHSsL YaCTh KaXIOro
CTeKJIa M3TOTOBJEHA B BH/E JHH3bl C ONTHYECKOH CHIOH D (..« @ BEpX-
Hid — B BHJIC JIMH3BI C ONTHYeCcKOH cunol D,,,, (Tak HasbiBacMbie “Gugo-
KallbHbIE” OUKH).

1225. D, = 1/dy— 1/)d = 2,775 purp (cM. 3agauy 1222).



MNPUIOXEHUA

I. ®ynpamentanbibie ¢GHINTECKHE KOHCTAHTBI

T'paBHTALHOHHAS TTOCTOSIHHAS

YckopeHue cB0OOHOTO MafeHHUSs
(HOpManbsHOE)

CkopocTh cBeTa B BaKyyMe

MarHHTHas MOCTOSHHAS

DneKTpHYecKas MOCTOSHHAs

Macca nokos 3/1€KTpOoHa

Macca nokost npOTOHa

JneMeHTapHbIH 3apsn

OTHolLeHHe 3apsija 3MeKTPOHA K
€ro Macce

IMocrosunas ITnanka

ITocTosiHHas ABoraapo

IMocrosiHuas BonbumaHa

MonspHas ra3oBasi MOCTOSIHHas!

IMocrosinHas Papanes

O61beM MONS HACANLHOTO ra3a

HpH HOpMaHbeIX YCJIOBHAX
(Py= 101 325 ITa, Ty = 273,15 K)

G = 6,6720- 107" H - m%/xr?
g = 9,80665 m/c?
¢ = 2,99792458 - 108 m/c
Ko = 4m- 1077 Tu/m = 12,5663706144
g9 = 8,85418782- 10712 ®/m
m, = 9,109534 - 1031 kv
m, = 1,6726485- 10727 kr
e = 1,6021892 - 10719 Kn
e/m, = 1,7588047 - 10!! Kn/xr
h= 6626176 - 1034 Ik - ¢
Ny = 6,022045 - 108 mony™!
k= 1,380662 - 10723 /K
= 8,31441 Ix/(mons - K)
F = 96,48456 - 10° Kn/Monb
Vo= 22,41383 - 1073 m%/moms

1077 Tu/m

II. MuoxuTenn B NPHCTABKH 1A o0pasoBaHHA
AECATHUHBIX KPATHBIX H AONBHBIX €IHHHII H HX HAHMEHOBAHHI

[Mpucraska ITpucraska
Muoxu- Muoxu-
TeNL HaUMe- 0603Ha- TENL HauMeHoBaHue | o6o3Havelne
HOBAHHE YEHUE
1018 3KCO 3 10! neuu I
10'5 neta n 102 CaHTH c
1012 Tepa T 1073 MHJIITH M
10° rHra r 1076 MHKPO MK
106 Mera M 10°% HAHO H
103 KHII0 K 10-12 THKO m
102 TEKTO r 1015 demTo ¢
10! aexa ga - 10-18. aTTo a
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