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Saxarovwumenvroit aman. Teopemuueckuts myp

9 kJacc

3agaua 1. Kamuu B Koaécax

Konéca Bemocumnena mMeOT OJUHAKOBLIHA
pamuyc R, a paccrosiHue MexK.ly IeHTPaMH KO-
aéc | = 3R. B mporekTope MOKpPHIINIEK Iepe/I-
HEro M 3aJHEro KOJEC 3aCTPsIIN JIBa MAaJICHb-
KNX KaMHs. B HaYaJIbHBIA MOMEHT KaMeHb Ha,
3a/iHEM KOJIeCE KACaeTCs 3eMJId, a KaMeHb Ha

[IepeIHEM KOJIece HAXOIUTCsI B KpaiiHeM I1epe/I-
ueM nosiozkernu (puc. 1). Bemocunes eger npsi-
MOJIMHEHO CO CKOPOCTBIO ¥, KOJECA HE CKOJIb-
34T 10 JOPOre, KAMHHU HE OTPBIBAIOTCS OT IMOKPBIIIEK.

1. Haitainre makcumanbHOe L,y U MUHUMAJIbHOE Ly PACCTOSHUS MEXKITY
KAMHSIMHU B IIPOIECCE JIBUKEHUS BEJIOCHUIIE/IA.

2. Yepe3 Kakoe MHHHMMAJbHOE BpeMs t IOC/Ie HadaJa JBUXKEHUs] PaCcCTOsHUE
MEXK/Iy KaMHSIMU JOCTUTAeT MaKCUMAJIbHOIO 3HAYCHUS !

3anaua 2. HeoxkugaHHbII TOBOPOT
Ha wacrumy maccoii m, MMEIyo CKOPOCTh v, Ha-

YUHAET JIeHCTBOBATH MOCTOSHHASA 110 MOJIYJIIO cuia F v

BEKTOP KOTOPOIt 38 BpeMsl AefiCTBUS T MOBOPAYNBACTCS

C HOCTOSIHHOM YTIJI0BOit cKOpocThio Ha yroJt 180° (puc. 2). F F
BeKTOpPbI CKOPOCTH YACTHITEI U CHIIBI BCE BPEeMsT HAXOIAT- @/ J

¢ B IJIOCKOCTH PUCYHKa. B HAYaJbHBIH MOMEHT YTOJ Puc. 2

Mexxy cuiIoit F' 1 ckopocThIo 9acTHIlel cocTaBrsr 90°.
Ormpesiesinre MOIYJIb U HAIIPABIEHUE KOHEYHON CKOPOCTH YACTHIILI U Yepe3 BpeMsi
T TocsIe HadaJsa AeficTBus cuabl F. Bangnuem apyrux cuyi MOXKHO MpeHeOpedb.

3amaua 3. Ilepemeriienue ckameiiku

CkaMeiiKy, IMEIOIILYI0 MacCy F
77777777777777 [, -
m u JyuHy L, nepemerniaioT ro- h¢ m [
pu3oHTAIBHON cuioii F (Hews- - ‘ ;
N ] , ‘ o
BECTHOU U He 00sA3aTEIbHO II0- L S
CTOSIHHO} BEJIMYMHBI) C IOCTOSTH- Puc. 3

HOIl CKOPOCTBIO II0 TIJIAJIKON TOPH30HTAJIBHON MOBEPXHOCTH “€Pe3 IIePOXOBATYIO
obsacts mupuHoit S (S > L). Cuna F upuioxkena Ha ypOBHE IEHTPA TAKECTH
Ha BbicoTe h Haj mosepxuocThio (puc. 3). Koaddunuenr rpenusa mexay omopa-
MM CKaMeWKN U MIepoxoBaToit obsacTbio . Ilonaras, 4To omopsl He OTPHIBAIOTCS
OT TOPU30HTAJIBHOI IOBEPXHOCTH, OIIPEIeInTe PaboTy cuiibl F' mpu nepemernennn
CKaMeiKM depes MepoxoBaTyio o0acTh. [Ipu KakoM cooTHOIEHNH TapaMeTpoB L,
[ 1 h BOBMOXKHO TaKoe JBUKeHUe?
CkaMeiiky canTaiiTe OJHOPOIHOI, a €€ OIMOPhI JIETKIMHU.
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3anaua 4. Kode ¢ mosiokom

TermoobMeHHUK COCTOUT U3 JBYX TOHKUX KO- MOJIOKO
akcHaJbHbIX TPYO u umeer mmay L = 5 m. Ilo Kodbe
BHYTpeHHel TpyOe Te4éT Kode, a 1o BHEITHE BO
BCTPEYHOM HAIIPaBJIEHUU — MOJIOKO (puc. 4). Mo-

JIOKO TIOCTYIIAeT B TENJI00OMEHHUK [IPU TeMIIepa-
type t1 = 10°C, a Kode — ¢ TPOTUBOIOIOKHOI Puc. 4
cropous! ipu Temieparype to = 90 °C. Eciu B equnuiyy Bpemenu mo Tpybam Ter-
JIOOOMEHHUKA, B KaXK/[yI0 CTOPOHY IIPOTEKAET OJIMHAKOBask MACCA YKUJIKOCTE [i, TO
K BBIXOJ[y U3 HEI0 MOJIOKO YCIIEBAET HArPEeThCst 10 Temmeparyps t3 = 60 °C.
1. Ompenenure TemepaTypy t4 Kode Ha BBIXOJIE U3 TEIJIOOOMEHHUKA.
2. Ha kakom paccTosiHuu § ApyT OT IpyTra HAXOAATCS YIaCTKU TPYO, B KOTOPHIX
TeMIepaTypbl Kode 1 MOJIOKA OJIMHAKOBBI?
3. Kakumu cTaHyT TEMIIEPATyPhl MOJIOKA th 1 Kode ), BHITEKAIOIINX U3 TEILIO-
OOMEHHUKA, €CJIU YBEeJIMINTh CKOPOCTh 000X IIOTOKOB B JBa pa3a, COXPAHUB
X TeMIIepaTypbl Ha BXoze?

Vxasanue: MomniaocTs Tenionepeaatdn depe3 HeOOJIBIIYIO IUIOMAIKY BHY TPEH-
Heit TpyObI IPOMOPIMOHAIBHA PA3HOCTH TEMIIEPATYD KOHTAKTUPYIOIIUX C HEM KT
kocreit. TermmooOMeHOM € OKpy2KaOIIEeil cpeoil MOXKHO npenedbpeds. [laorHOCTH 1
y/IeJIbHbIE TEILJIOEMKOCTH KO(e 1 MOJIOKA CIUTATH OJUHAKOBBIMHU.

3anaua 5. Terpasap ¢ mpubopom
DjIeKTpUUeCcKasi Tenb B (OpMe TeTPad Ipa COMEPAKUT UeThIPE OJMHAKOBBIX PE3U-
CTOpA, UJICATbHBIN HCTOYHUK MTOCTOSHHOTO HAIIPSIZKEHUS U UJI€aJIbHBIN aMIIepMeTD,
KOTOPBI mokasbiBaer cuiry Toka I = 2 A (puc. 5a). Ecim 3amenuTs amnepmerp
UeAIbHBIM BOJBTMETPOM, OH HOKaxkeT Hanpszkenue U = 12 B (puc. 56). Oupene-
Jinte HaUpsizkerune Uy NCTOYHUKA U CONPOTUBJeHNe R oHOro pesmcropa.

AN
=

Puc. 5
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10 kJacc
3anmaya 1. Chepuueckasi ropka
Hat ropusonTaIbHO# MOBEPXHOCTHIO BBICTYIIAET Che- 1 /5 \ 7

pudecKast TopKa, IpoduIb KOTOPOIi peacTaBiaseT coboit g
9eTBEPTHh OKPYKHOCTH panuyca R. B BepxHiolo TOUYKy

TOPKHU TIOJIOKUIN HEOOJBIIYIO IMaiby Maccoit m u co- R <’,'
00N eff TOPU3OHTAJIBHYIO HAYAJILHYIO CKOPOCTH U

(puc. 6). Koadpdunuent Tpenust Mexkay rOpkoil u rmaii- Puc. 6

60il 3aBUCUT OT yIJIa (v IO 3aKOHY = tg .
1. Yepes Kakoe BpeMsi T TeJIO IOCTUTHET FOPU30HTAIBHOI TOBEPXHOCTH TIPHU CITYC-
Ke 6e3 OTpBIBa OT TOPKHU?
2. Yemy pasna paborta A;p CHIBI TPEHUSI K STOMY MOMEHTY !
3. Ilpu Kakux BeIMUIMHAX Vg MIaiiba He OTOPBETCS OT MOBEPXHOCTU TOPKU !

3anmauya 2. I'pamynbl
B 1py6e ceuennsi S Teuér B3BECH — KUJKOCTD, IEpe- o 506 0 00O

HOCsIast ¢ cobOi MeaKue CxKuMaeMble Irpanyibl (puc. 7). Qo 00 00 O S
Ha yuactke ¢ nasienneM p 06bEM OTI€IbHON rpanyis V, : D - Ap

a Ha yYaCTKe ¢ NOHIKEHHBIM JaBiaenneM p — Ap oGbém P 4 V4 A"/
rpafysasl V + AV. Hucjo rpanysi, NPOXOISIIUX 38 €IUHHI-
Iy BpeMeHn uepe3 Jioboe cevenne Tpyosl, paBHo v. Haiiu-
Te Maccy B3BECH [, IIPOXO/ISINYIO Yepe3 TPyOy 3a €UHUILY BPEMEHH IIPUA CTAINO-
HAPHOM TEYEHUU, €CJIH TPEHUsI CO CTEHKAMU TPYOBI HET, a CKOPOCTDb YKHUJIKOCTH U
TPaHyJI 10 BCEMY CEUYEHUIO OJMHAKOBA. I3MeHeHneM IJIOTHOCTHU >KUJIKOCTHU TTPEHe-

Opetb.

Puc. 7

3amaua 3. Boma n nén

Kak u3BecTHOo, pu armMocgepHOM aBJIEHUU BOJIA HAYMHAET 3aMeP3aTh, a JIET
TasaTh npu Temmeparype tg = 0 °C. Ilpu gaBienusix, 60/bIIx aTMOChEPHOro, BOIA
MOXKeT HaXOJUThCA B KUJKON dasze u 1pu O00jiee HU3KAX TeMIepaTypax. Y Beande-
Hue jaBieHns Ha 133 aTM mOHMKaeT TeMeparypy miasienus jabaa na 1 °C. B na-
9aJIbHOM COCTOSTHUU BOJA MAcCOi mg = 1 KT 1 OYeHDb MaJioe KOJUIECTBO JIbJa Ha-
XOJIATCSA B pAaBHOBECHH B aInabaTHIecKoi 060109Ke o1 gapjiaeHueM p; = 200 aTm.
B ajmabaruueckoM mporiecce aBiieHre MEJIEHHO YMEHBIIAIOT 0 aTMOCHEPHOTO
po =1 arm.

1. Haiigure usmenerne Macchol Jabaa Amy,.

2. Haiimnre nmamenenne o6béMa CCTEMBI Boja + JIE.

3. Kakyro paboTy coBepIiaer cucrema IPOTUB BHEITHETO JIABJIEHHUS IIPU €ro
YMEHBIIIEHUU OT P1 10 Po?

VaenbHast TEIIIOEMKOCTD BOabl ¢ = 4,2 JIK /1, sibjia ¢;; = 2,1 Ik /1. YieabHas Ter-
JoTa 1wiassenus Jabiaa ¢ = 336 Ik /r. IlnoraocTn Bombl u ibja npu arMochepHOM
nasyenun: p, = 1 v/em®, p, = 0,9 r/enmd.

CrxumaeMocTb Bobl G = —% % =5-10719 TTa~!, cokuMaeMoCTD JIb1a MeHbIIIe

C2KIMa€eMOCTHU BOJIbI.
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3amaua 4. JInoaHast 1ermodka
Duekrpuueckas nenb (puc. 8) cocrout uz 2016 3B€HBEB, COCTOAIUX U3 OJUHA-
KOBBIX JIMOJIOB W PE3UCTOPOB. BosibTamiepHas XapakKTepPUCTUKA, TMO/Ia TPUBEICHA,
na puc. 9, nanpsikenne Uy = 1 B. Conporusnenne kaxjoro pesucropa R =1 Om.
Ha Bxom cxembl ogaéTcst MOCTOSTHHOE HApsiKenwe Uy.

I
D1 Dy  Dys
Us Rip R Rao016 I
o - 0 Uy B
Puc. 8 Puc. 9

1. Oupenenure cuyibl TOKOB 4Yepe3 IUOJLI M Yepe3 PE3UCTOPHI IPU BXOIHOM
nanpsizkenun Uy = 4,4 B.

2. ITocrpoiiTe BOJIbTAMIIEDHYIO XAPAKTEPUCTUKY CXEMbI (3aBUCUMOCTH TOKa [
or Upy) B auanazone or 0 B 10 3 B.

3. Omupenenure BxojHOE Hanpsizkenne Uy, IpU KOTOPOM TOK Yepe3 IEelh PABEH

Ip =14 A.

3amaga 5. Déja vu
B anekrpuueckoii enu (puc. 10) Bce ssieMeHTHI K
MOXKHO CYHTATH UjleajbHbIMU. BHauase KoHjieHCa- I:/
Top émrocThio C' He 3apsizken. Kuroa K 3aMbIKaoT,
a 3aTeM, KOTJIa CKOPOCTh M3MEHEHUs SHEPI MK B KOH- &
JIEHCATOPE JOCTUTAeT MAKCUMYyMa — Pa3MbIKAIOT.
1. Haitaure mommuocTs N, KOTOPYIO pa3BUJ UC- R
TOYHUK TIOCTOSTHHOT'O HAIIPSI)KEHWs K MOMEH-
Ty pPa3MBIKAHUsI KJTIOYA.
2. IlycTb compoTHUBIICHHST PE3UCTOPOB PABHBI
Ry = Ry = R. B sToM ciyuae CKOPOCTH Puc. 10
U3MEHEHUsI YHEPIrUU B KOHIEHCATOPE JIOCTUTAeT MAKCAMyMa depe3 BpeMs
to = CRIn/2 (310 BpeMsi MOKHO HANTH, PelTas COOTBETCTBYIOMIee Iud-
dbepennuaabHOe ypaBHeHUE, KOTOPOE BaM peliaTh He HyKHO). Oupezesure
KOJIMIECTBO TEIIOTHI (), KOTOPOE BBIJIEIUTCS B TENN MIPU 3aMKHYTOM KJTIO-

ge K.
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11 kjacc
3anava 1. PpukImoHHasa mepegayda

JITMHHBI TMIMHIPUYIECKAN BaJUK PaJIAYCa wo ' Ry
Ry, Bpamaronuiicss BOKPYTr CBO€l OCH € yTJIOBOit ( -6
CKOPOCTBIO W, NPIKUMAIOT K cBoOOIHO (6e3 Tpe- —
HUsl B OCH) BPAIIAIOIIEMYCsl Ha OCH JIUCKY PaJyca
R. Jluaus KacaHusl JIUCKa U BaJUKA COBIAJIAET C
pajmycoM jucka (puc. 11).

1. Haiiaure ycTaHOBUBIIYIOCS YTJIOBYIO CKO- Puc. 11
POCTDH W, BPAITIECHNS JUCKA, €CJIN TPEHHE MEYKy BAJIUKOM H JUCKOM CyXoe.

2. HaituTe yCTaHOBUBIIYIOCH YTJIOBYIO CKOPOCTDL W, BPAIeHUs JHUCKA, €CJIH
Tpenue Baskoe. CunTaiiTe, YTO BEJIMUMHA, CUJIBI BA3KOI'O TPEHUS, IIPUXOAAIIALACS Ha
€IMHUITY JJITUHBI COMPUKOCHOBEHWS, MPOMOPIINOHAIbHA OTHOCUTEIHHON CKOPOCTH
JIBUKEHUST COTTPUKACAIONINXCS TTOBEPXHOCTEN BAJINKA U JIUCKA.

3. Ompenenure orHomeHue k = wyy/w),.

3amaua 2. Kpyrooii mpoiiecc

Hax mosteM meaibHOrO MHOTOATOM- P

HOTO ra3a NPOBOJAT KPYTOBOH IPO- po 4 Apl-----------—
1mecc, KOTOPBIH, Oyaydn u300paKéH-

HBIM Ha p,V-aumarpaMme, Mpu HEKOTO- Do

poM MacinTabe UMeeT BHJI, OKPYKHOCTH. :

IenTp OKpPY?>KHOCTH MMeEET KOODJMHATHI Do — Apl--moe

(po,Vo), muamerp BIOJIb OCH JABJIEHUIL ! 3
paBen 2Ap, a JquaMerp BJIOJb OCH 00b- '
émos 2AV.

1. Haiiaure Bce mapsl uaMeTpajbHO
IIPOTHUBOIIOJIOKHBIX TOYEK OKPY?KHOCTH, B KOTOPBIX TEIIOEMKOCTH OJMHAKOBHI.
Brerauciure 3TH TEIIOEMKOCTH.

0 Vo—AV Vo o+ AV V
Puc. 12

2. CpaBHHTE TEIJIOEMKOCTU JBYX IPOU3BOJIBHBIX JIMaMeTPaIbHO IIPOTUBOIIO-
JIOXKHBIX TOYEK, JieXKaIluX BO 2 1 4 KBaJapaHTax okpyxKuocTu (puc. 12), npyrumun
CJIOBAMHU, OTIPEJIEJINTE, B KAKOW U3 ITUX TOUYEK TEIIOEMKOCTH DOJIBIIE U IIOYEMY.

ITpumeuanme. CuuraiiTe, 9TO TEILIOEMKOCTH ra3a IIPU IOCTOSHHOM O0bEME
He 3aBucUT OT 1.

3amaua 3. 3Be3ga MepeMeHHOT0 TOKa

Tpu syremenTa, cpe KOTOPBIX MOTYT OBITH PE3UCTOPHI, KOH- 1
JEHCATOPhI W KATYIIKA WHIYKTUBHOCTH, COEJIWHEHBI 3Be3/I0MU
(puc. 13). Ipu nOAK/IIOUEHUN UCTOYHUKA [IEPEMEHHOIO HATIPSZKE-

HUS K BBIBOJIaM 1 ¥ 2 IIeNH BOJIBTMETP IIEPEMEHHOTO TOKA, IMOJI- Zy
KJTIOUEHHDBIH K BhIBOJAaM 1 u 3, mokasbiBaeT 80 B. Ilpu momxiio-
YeHNU BOJBTMETPA K BbIBOZAM 2 u 3 oH nokasbizaer 45 B. Ilpu 2 3
MMOJIKJIIOUYEHUN TOT'O K€ MCTOYHUKA K BBIBOJAM 1 U 3 BOJHTMETD Puc. 13
nokasbiBaeT 21 B mexxmy BoiBostaMu 2 u 3 u 28 B mexkny 1 u 2. [Ipu nmogkiouennn

7
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WCTOYHUKA K BBIBOJAM 2 m 3 BOJIbTMeTp moKasdbiBaeT 21 B mexay 1 u 2 u 28 B
Mexnay 1 m 3.
1. Ompesesnre HAIPSI)KEHNE UCTOTHUKA.
2. Ompereure 3JIEMEHTHI TIETH, COOTBETCTBYIOIINE JIydaM 3Be3/1bl. MoxKHO i
OJIHO3HAYHO YCTAHOBHUTH THII JIEMEHTOB IEIH !
3. OmpemennTe OTHOIEHNE CHJIBI TOKOB I19 : I13 : Io3 9epe3 MCTOYHUK MIPH €ro
MMOJKJIIOYeHNH K BbiBoJaM 1 u 2, 1 u 3, 2 u 3.
HcTounuk, BOJIBTMETD U BCE IJEMEHTHI IEMM MOYKHO CUUTATH UJICATHHBIMUA.

3amaya 4. MI'/I-nacoc
Maruuroruapogunamuaeckuii (MIJT) nacoc upezcrasis-
eT coboit TIOCKMI KOHIEHCATOP C pa3MepaMu IJIaCTuH h X a
u paccrosiaueM Mexay HuMu b (h > b, a > b). C G0KOBBIX
TOPIIOB KOHJIEHCATOD OI'PAHUYEH HEIIPOBOISIIUMY CTEHKAMI.
K mracturam KoHAEHCATOPA MOJIKJIIOUEH U bHBIA UCTOU-
HUK ¢ HanpsekenueM U (IOJASPHOCTH yKa3aHa Ha PUCYHKE
14). Mexay nuacTuHaAMH KOHZEHCATOPA CO3IAHO OHODPOI-
HO€ MarHuTHOE TI0JIe ¢ WHAYyKIuell B, BEeKTOp KOTOpOil ropu-
30HTAJIEH U HAPAJIJIeJIeH MPOBOIAINIIM IutacTuaaM. HikHu-
MM KPasM¥ KOHJIEHCATOP KacaeTCsl MIOBEPXHOCTHU CJIab0IIPOBO-
JISIIEN KITKOCTH C IJIOTHOCTBIO P U YAETbHBIM COIIPOTUBIIE-
aueM \. CBepxy K KOHIEHCATOPY MePMETHIHO ITPUCOETUHEH
HelpoBoauii KoxyxX. Ilocepeune KoHgeHcaTOpa Ha BLICO- Puc. 14
Te h/ 2 Ha TOHKOIl HUTH IOJBEIEH HEOOJIBION HEIPOBOAANINN MTapUK, WMEIOTTHH
06bém V' u mtorHOCTB p > po. Onpenennre 3apucumoctsb cuiibl T'(U) HaTsKEHUs!
HUATHU OT HaIpsi2KeHusi Ha ucrounuke. [locrpoiite kadecTBeHHbBIH rpaduK ITO 3a-
BUCHMOCTH, yKa3aB HAa HEM XapakTepHble TOUKH. CBEPXY KOXKYX U ITOBEPXHOCTH
TIPOBOIATIEN KUIKOCTH COODIMAIOTCS ¢ aTMOChepoit.

3anmadva 5. CosiHeYHBIN mapyc

CosmHedHBIH Tapyc npesicTaBiser coboii II0CKoe 3epkajio maccoit m = 1,660 r
mwiomaapio S = 1,000 m? Ilapyc OpHEHTHPOBAH IIEPIEHIUKY/IAPHO COJTHETHLIM
JIy9aM U JBUXKETCS BIIOJIb JIMHUM, TPOX0/Isiieil yepes rieHTp CostHIla U EHTD 3ep-
Kaja. B HavaJbHBIE MOMEHT BpeMeHU OHO HaXOJUTCd Ha paccTtogHuu Ry =1 a.e.
or Couania. Ha xkakom paccrosaun Ry or Cosana Oyaer napyc depes t; = 1 gac
0JIETA, €CJIN OH JIBUTAJICS C TIOCTOSTHHOMN, HO HEM3BECTHOW CKOPOCTHIO ¥ & €7

OsHa acTpoHOMUYECKasl eIWHUIA PaBHa paccrosHuio or 3emuu g0 CoJHia
Ry = 150,0-10% kv = 1 a. e. Mmmysise boTona p u ero sueprus £ cBA3aHbI COOTHO-
menueM pc = F, tie ¢ = 2,998 - 108 M/c — cKopocTh cBera. [TOTOK MCIyCKaeMbIX
[IPOTOHOB, HEMTPOHOB W JPYTHUX YacTull, ucxoismmx ot CojHIa, He YIUTHIBATD.
Conneunas moctosaaasg Wy = 1,367 kBr/M? — cyMMapHBIif TIOTOK COJTHETHOTO
U3JIyYeHUsI, TPOXOSINNIL 33 €INHAILY BPEMEHH Yepe3 eINHUIHYIO ILIOIIAJIKY, OPH-
€HTUPOBAHHYIO TEPIEHINKYJISIPHO MMOTOKY, Ha paccrosauu 1 a.e. or CosHIa.

IIpumevanue. 3HaeTe U BEI, UTO IPOJOKHTEIBHOCTL rofa pasHa 7 - 107 ¢
C TOYHOCTBIO MTOJIIPOIEHTA !
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Bos3MmoxkHble pernieHns

9 kJ1acc

3agaua 1. Kamuu B Koaécax
TTockonbKy KOJIECA MMEIOT OJMHAKOBBIE PA3MEPHI
U He [POCKAIB3BIBAIOT, OHU BPAIIAIOTCS C OJIMHAKOBBI-
MU yIJIOBbIMU cKopocTsMu w = v/ R. Ilosromy yros

MEXK/Iy pajuyC-BeKTOPAMHU KaMHEHl 7| W T2 OTHOCHU- "o
TeJIBLHO IEHTPOB KOJIEC B JIIOOOH MOMEHT BPEMEHHU CO- 791\ T2
crapaister 90° (puc. 15).

Paanyc-BekTop 751 BTOporo KaMHsi OTHOCUTEIEHO Puc. 15

IIEPBOT'O MOXKHO HATH M3 BEKTOPHOTO PABEHCTBA
To1 =T + T2 — 71,

TJe 7y — PaJInyCc-BEeKTOP IEHTPA IIEPETIHErO KOJIECA OTHOCUTEILHO IIEHTPA 38 THETO.
Tak Kax yroJy MexkJly BEKTOPaMu 7] U 7'y Beera paBer 90°, To BEKTOp T — 1 UMeeT
JUIARY V2R u BpAalllaeTCd C IIOCTOAHHON YIVIOBOH CKOPOCTBHIO, PaBHO#l yIJIOBOI
ckopoctu Kosiéc. Takum 06pa3om, pajmyc-BEKTOP BTOPOTO KaMHsI OTHOCHTEIHHO
[IEPBOI'0 MOXKHO HANTH KaK CyMMY BEKTOpa 7o (KOTODBI HEe MEHSIETCs B IIPOIECCe
JIBIDKEHUS] BEJIOCHIICAA) U BEKTODA, MMEIOIMIEro JUIHHY /2R 1 BPAIAIONEroCs C
YIJI0BOIt CKOPOCTBHIO w. CJI0XKeHre 3TUX BEKTOPOB IMOKA3aHO Ha pucyHKe 16, mpuaém
KOHIIBI BEKTOPOB Ty — '] U T3] JIEXKAT HA OKPYKHOCTH PAJIIYCa V2R ¢ MEeHTPOM B
KOHIIE BEKTOPA T(.

W3 pucynka 16 ciegyer, 9T0 BEKTODP 751 UMEET MUHUMAJBHYIO JJIHHY B TOT
MOMEHT BPEMEHH, KOI/Ia BEKTOD T2 — 7] HAIIPABJIEH IIPOTUBOIIOJIOXKHO BEKTOPY 70,
MaKCHMAaJIbHYI0 — KOIZ[a BEKTOD 75 — 1'{ HAIlpaBJIEH TaK »Ke, KaK U BEKTOD 7).
IIosromy

rEm — 3R — V2R = R(3 — V/2);
riax — 3R + V2R = R(3+V2).

—_—
7 "o
0 ,,,max
Lo S 6 21
o — T , T
S 0
T21 T2 r1
Puc. 16 Puc. 17

DT 1Ba caydast HOKa3aHbl Ha puc. 17 a u 6, coorBercrBenno. Jlnura BekTOpa
o1 OyIeT MaKCUMAJIbHA, KOIJIA BEKTOD Ty HOBEPHETCS HA YIOJI 7 /4 110 CPABHEHUIO ¢
HaYaJIbHBIM ToJI02keHreM. OTCIO/la HAXOIUM MOMEHT BPEMEHH ¢, KOTJIa PACCTOSTHUE

9



L Bcepoccutickaa 0aumnuads wrosbHUK08 No Pusuke

MeXK/1y KaMHAMU JOCTUT'AET MaKCUMaJIbHOI'O 3HAYECHNA:

. T _7TR
T 4w v

3amaua 2. HeoxxugaHHbI TOBOPOT

Ilycrs, a5t onpe1e IEHHOCTH, BEKTOP CHJIBI B HAYAJbHBII F;At
MOMEHT HAIIPABJIEH BIPABO. e

PaccMoTpuM n3MeHEHNE CKOPOCTH YACTHUIBI 38 MAJIble MH-
TepBasibl BpemMeHu At. Iljist 3TOro yao0HO BOCIIOJIB30BATH-
CsI TEOMETPUYIECKON MHTEpIpEeTaIeil BEKTOPHOTO yPaBHEHUST
st maMenenns nuiyiasea m(id — 7) = 3. FyAt, re Fy — Bek-
TOp cujibl F' B IPOM3BOJILHBI MOMEHT BPEMEHH.

U3 pucyHKa BHJIHO, YTO CyMMAPHOE U3MEHEHNE UMITYJIbCA i
gacTHIbl A HAIIPABJIEHO IPOTUB €€ HaYabHOli cKopocTH (u3-
MEHEHUsS] UMITYJIbCA B HAIIPABJIEHUU MEPIEHIUKYISIPHOM Ha-
YAJLHON CKOPOCTH KOMITEHCHPYIOTCS 38 BpPEMsi TOBOPOTA CH-
a6l Ha 180°).

JlimHa TIOJIOBUHBI JIyT'U OKPYKHOCTH, 0OPA30BAHHON MOJLY/ISIMUA U3MEHEHUsT M-
myJibca TOUKM, paBHa y  FAt = F Y At = F'1, rie 7 — BpeMs II0BOPOTa BEKTODA

-

Puc. 18

. 2FT
cubl. Yepes UIHHY TyTH MOYKHO HAHTH quamMeTp okpykuocT Ap = ——. OTKy1a
0

2FT
u=v—- —.
mm

2FT

Hamnpagssenne v coBnamaer ¢ v npu v > ——, B UHOM CJIy4dae HAIIPaBJIEHUE
CTAHOBUTCS ITPOTUBOIIOIOZKHBIM. mn

3aMeTuM, 9TO YCJIOBUIO HE MPOTUBOPEYUT U BTOPOIl BO3MOXKHBIN BapHaHT, B
KOTOPOM BEKTOP CHJIbI U3HAYAJHHO HAITPABJIEH BJIeBO. Torja n3aMeHeHmne CKOpOCTH

2FT
COBITQJIAET C HAIPABJIEHNEM ¥ U U = ¥ + ——. B 9T0M ciiyuae u Bcerma coOHampas-
JIEHA C V. mn
3amaua 3. Ilepemertienue ckameiiku

Haiiném crty HeoOxomuMyto jiist L/2 LJ2
[TOJJIePKAHNST PABHOMEDHOT'O JIBUKE- I<—>:<—>A N
HUsI CKAMEWKH ¢ 3aexXaBIIeil Ha mepo- L4 1
XOBATYIO 00JIACTh IepeIHEN OIOPOIA. Na F h I
L7151 9TOTrO 3amMUITIeM TPaBUIJIO MOMEH- 19) AR
TOB OTHOCHTEIHHO TOUKH O U3 COIyT-
creytomieit UCO, B KoTopoii cKameii- mg

L Puc. 19
Ka nokourcs: ulNph + mg§ = N1 L,
mglL
31ech yareno, 9ro Fy = pNi. Orkyma Fy = %.
2(L — ph)

B cayuae, Korja ma mepoxoBaTyio 00JacTb 3aexaju 00e OHOpbI, HEOOXOINMO
NPUKJIQILIBATE cuity Fo = pmg. llpu JBUKeHUM MO MIEpOXOBATON TOBEPXHOCTHU

10



Saxarovwumenvroit aman. Teopemuueckuts myp

TOJIBKO 3aIHEN OIIOPBI, IO aAHAJIOTUU C IIEPBBIM CJIyYaeM, OIIPEJIEIACTCA CUIa F3 =

__ pmgL .

= ————— TloyiHyto paboTy IO IEPEMEIIEHNI0 CKAMENKN MOYKHO IIPEJICTaBUTh
2(L + ph)

B BHUJE CyMMBbI paboT Ha TPEX ydYacTKax:

L3 u2h?L

A= F1L+F2(S—L)+F3L = pumg [m +S5 - L:| = pumg [m + 5.
Baxno ydecrs OJI3 nyis mosyden- A N,

Horo orseTa. Ha mepBblit B3TJIs,1, HE0OXO- L2

JIMMO BBITIOJIHeHUE yesosust L > ph, HO Ay———4+———-

s10 He Tak. CyimecTByer OoJiee KECTKOE F h K

U HesiBHOe orpanmdenwe. Harmm orTBer
OBLI IIOJIyY€H B IIPEIIOJIOKEHUH COXPa-
HEHUsI KOHTAKTa C TIOBEPXHOCTHIO 00en-
vu ortopamu. Haiiném, mpu KakoM cooT-
HOIIIEHUH BEJINIUH HAYHETCS OMPOKUIBIBAHNE CKAMEHKN OTHOCHTEJHHO IepeHei
noxku. Ha rpann ompokuabiBanns cuna No mcuesner, a N1 cTaHeT paBHa mg.

l N, SUSAANSNANSSANSSANNAANN

myg
Puc. 20

L
Torna u3 npasua MOMEHTOB OTHOCUTENIHHO TOUKM A mosyunm: phNy = §N1, TO

€CTh COXPAaHEeHNe KOHTAKTa BO3MOXKHO b 1ipu L > 2uh.

3anaua 4. Kode ¢ mosiokom

B ycranoBuBIieMcs pexKuMe TEMIEPATYPa BIOJIb TPYObl MEHSIETCS JIMHEHHO.
DTO MOYXKHO MMOKA3aTh, PACCMOTPEB M3MEHEHUE TEMIIEPATYPhI Ha HEOOJIBIITIOM CMe-
IIEHUN BJOJIb TPYOBI. V13 ypaBHEHUsT TEILIOBOTO OaJlaHCa CJIEyeT, 9TO N3MEHEHMs
TEMIIEPATYD KUJKOCTEH OJMHAKOBBI (3/1ECh YUTEHO, YTO 3a OJUHAKOBOE BpeMsl 00-
MEHUBAIOTCSI TEIJIOM OJMHAKOBBIE MACCHI KUJIKocTel ). JIpyruMu cioBamu, eciau B
HEKOTOPOIl MecTe TeIIO0OMEHHUKa TeMIIepaTyphl Kode U MOJIOKA PABHBI ty U ty
COOTBETCTBEHHO, TO HA HEOOJIBIIIOM PACCTOSTHUYN Ax OHU CTAHYT PABHBI ty + At u
ty + At, IpU 3TOM COXPAHUTCH PA3HOCTH TEMIIEPATYP U MOIIHOCTH TEILIO00MEHA.
TTomaroBo MOXKHO MOBTOPSITH ITY MPOILEAYPY JIO0 APYrOro Kpasi TEINI00OMEHHUKA.
Pacupeenienue TeMueparyp BaoJb Tpy6 npuseseHo Ha rpaduke (puc. 21):

Aty =tz —t; = 50°C.
Tak Kax M3MeHEHUsI TeMIepaTyp PaBHBI, TO TeMIEpaTypa Kode Ha BBIXOJE
ty =ty — Aty = 40°C.

Paccrosinue s MeXKAy y4dJaCTKaMUu pr6 C OJIMTHAKOBBLIMU TeMIepaTypaMid MOzKHO
HaliTU 13 HO‘ILO6I/I$I TPEYyTOJILHUKOB:

S tQ — Atl — tl o 3
-_—= TKYy1a S=J3 M.
L Aty A

11



L Bcepoccutickaa 0aumnuads wrosbHUK08 No Pusuke

CasizkeM MOIITHOCTH II€PECIaHHOI'O 1 At
MIOJIYyY€HHOT'O TellIa:

l2
CAtl =« tQ — Atl — tl
7 ( ); b AL
rje ¢ — HeKOTOopasl KOHCTaHTa, CBI3aH- : At
Hasl C TETUIOMPOBOIAIINMI CBOHCTBaMHT 2 1
BHyTpeHHei#l TpyOb! n Kujkocreil. I1o- t1
cJIe U3MEHEHNs Pacxola KUJKOCTER 10 o
1’ = 21 ypaBHEHHUE CBSI3W MPUMET BUJL 0 L >

Puc. 21
2ucAt, = afty — At, —t1). e

3/1eCh YyUTEHO, UTO MOIIHOCTH W3MEHUTCS W3-38 YMEHBIIEHUs PA3HOCTU TeMIIe-
paryp. Pemas cucremy ypaBHEHHIT OTHOCHTEIHLHO HOBOTO M3MEHEHWs TeMIIEPa-
Typ At}, momyunm At = 36,4°C. Orkyzma TemmepaTypa Ha BBIXOJE Y MOJIOKA
% =46,4°C, y kode t) = 53,6 °C.

3anmaya 5. Terpasap ¢ npubopom
st TeTpasipa ¢ aMIepMeTpoM 0D03HAYNM y3JIbl U HAPUCYEM SKBUBAJEHTHYO
CXeMy C y9€TOM PaBEHCTBa HYJIO COIPOTHBJIEHUsI amIlepMeTpa. PaccraBuM B 9K-
BUBAJIEHTHOU CXeMe TOKU ¢ y4IéToM 3akoHa OMa 0oOpaTHO-IIPOIIOPIIMOHATIBLHO CO-
[IPOTUBJIEHUSIM TTaPAJLIEIbHBIX BETBEH U ¢ yIETOM 3aKOHA COXPAHEHUS 3aPsijia JIJIs
y3JI0B. 3aTeM OTMETHUM HailJ[eHHbIe TOKU Ha MCXOIHON CXeMe.

a

30

—1;
a L] c E —
’ . ¢ =21,

Puc. 22

s BetBu ab 3amumem Uy = 311 R, OTKy/1a TOK 9epe3 aMIiepMerp

IToBTOpUM BBIIIENIEPEUNCICHHBIE JEHCTBUSI C TETPA3IPOM, COJIEPIKAIIUM BOJIBT-
MeTp, UMernuit 66CKOHETHO HOJIBIITOE COIIPOTUBJIEHNE.

12



Saxarovwumenvroit aman. Teopemuueckuts myp

d

Puc. 23

Hamnpsixkeane mexay yanamu ab pasao Uy = 315 R + 215 R, oTKyma nmoKa3aHus
posbT™MeTpa U = 41, R = (4/5)Up. Beipakast ICKOMBIE BEJIMYUHBI, TTOJLYIAM:

) 5 U
= — :]_ B - - = .
Uo 4U 5 u R 3Ta 10 Om

13



L Bcepoccutickaa 0aumnuads wrosbHUK08 No Pusuke

10 kaacc

3anmaya 1. Chepuueckasi ropka
IIpu mpousBosibHOM yIile (v Ha MIaiiby JieficTByeT Cujia HOPMAJIBHOTO JTaBJIEHUsT
N u cuja TpeHus:

F, = puN = Ntga.

BexkTop cusbl peaxkiuu (Q Oymer HampaBJieH K cusie [N I0J TAKUM yIJIOM, 9TO tg B =
= Frp/N = tga. Otkyna [ = «, ClIeJ0BaTeIbHO, CIIIa Peaknun () HalpaBJIeHa
BepTuKaJbHO. [{09TOMY ropmsoHTaIbHAS COCTABJISIONIAS CKOPOCTH OYIET TOCTOSTH-
HOHI U paBHOM’ Vp.

1. Bpems aBukenust:

o Rcos(m/4) _ Qﬁ

Vo 2 ’U().

2. CkopocCTh maiibbl B MOMEHT JIOCTUKEHUS TOPU30HTAJIBHON TIOBEPXHOCTH OY-
neT paBHa v = \/2vg. 1o 3aKOHY COXpaHeHHs SHEPTHIL:

muv?

2
mug
> +mgR+ Ay = >

+ mgR cos %

OxkoH4aTeLHO:

V2-1 2}
V2 2

3. 3amnumreM BTOpoil 3ak0H HBIOTOHA OTHOCHTEIHLHO OCH, TEPIEHINKYISPHON
TOpKe

Ay =—m | gR

(vo/ cos a)?
R
Otrpeis npousoitaer pu N = 0, npu stom v3 = gRcos® . Hockombky 0 < a <

< 7/4, To orpeBa mHe Gymer mpu vy < {/gR/(2v/2). 3amermm, uTo mpm 3THX

3HAUEHUsIX vy pabora Arp BCera OTpUNATebHA, KAK U JOJIZKHO OBITH JIst pAOOTHI
JUCCUAIIATUBHBIX CIJIL.

=mgcosa — N.

3anmauya 2. I'pamynbl
Ecmu nq, ny m uy, us KOHIEHTpAIMEN TPAHYJ U CKOPOCTH TEUYEHWS HA yKA3aH-
HBIX B YCJIOBHH yYacTKaX TPYyObl, TO ¥ = nju1S u v = nougS. Hecxxmmaemoctnb
JKUJIKOCTHU BBIPAXKAETCSI KAK MMOCTOSTHCTBO OObEMHOTO PACXOIA:

u15(1 — an) = UQS(l — ng(V + AV))

Orcroma HAXOIUTCA IPUPAIIEHAE CKOPOCTH TEUCHUS MEXKIY YKAZAHHBIMEA YIACTKA-
Mu Au = ug —ug = vAV/S.

PaccMoTpuM cMelnenne 0Tpe3Ka B3BECH MEXK Ty yKa3aHHBIMU yIACTKAMI 38 Bpe-
Me dt, 3aQHds TPAHANA OTPE3Ka CMECTUTCS BIPABO Ha uidt, a mepeaHss Ha Usdt.

14



Saxarovwumenvroit aman. Teopemuueckuts myp

B obnactn mepecedenns KapTuHa TedeHns npexkuad. OT HCXOTHOIo OTpe3Ka C3a-
M «OTpe3aeTcs» KycoK uidt ¢ maccoit dm = udt, a cnepeau 100aBIIeTCsT KYCOK
uodt ¢ Toit ke Maccoit. Oupees MM CyMMAPHYIO CUJLY, JEHCTBYIONYI0 HA OTPE30K
B3BECH, Yepe3 U3MEHEHUEe UMITYJIbCa:
= By — 1) = s — ) = ApS,
ApS ApS?
Ug — U7 a VAV ’

OTKYIa w=

3amauya 3. Boga u aés,
1. Haxoxk1eHue TemMueparyphl IIPH JaBJIEHAU Dq

P1— Do

__DTR _ 500c
133 atm/°C 5070

t1 =
VpaBHenune TenjaoBoro daganca

gAm,; = cemo(to — t1).
3menenne Macchl J1b1a,

esmo(to — t1)
Am, = 200 487
q
2. amenenue 06béMa CUCTEMBI IPOUCXOUT 38 CUET cxxuMaeMocTu Boapl (AV])

u 3a cuér obpazosanus abga (AVs). smenenne 3a CUET C:KUMAEMOCTH
Gmo(p1 — po)

AVI =GV (p1 —po) = — =9,95 em® ~ 10,0 em®.

3a cuér O6pa30BaHI/IH JIb/Ia C Y4€TOM MaJIOCTU CZKUMAEMOCTU

1 1 3
AVo=Am, | —— — | = 2,1 cm”.
Pn  Ps

I3menenne 00bEMa CUCTEMBI
AV = AV + AVs = 12,1 ev®.

3. Cumras, 4TO JaBjleHHE JIMHEHHO CBS3aHO C M3MeHeHneM o0béMa, paboTa

CUCTEeMbI paBHA:

+
A1 = popAV = borh 5 Py ~ 121 JIax.

3amaua 4. duoamHast 1ermodyka
1. IIpu namnom Uy = 4,4 B OTKpPBITHI TOJIBKO IepBble 4 THOA, MMOITOMY Ha

KaXkJIOM M3 <«OTKPBITBIX» JUOJIOB TaJjaeT Hampskenue, pasHoe Uy = 1 B. Ilo

15
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CcaMOMY JIAJIbHEMY OT MECTa HOJKJIIOYEHUs] UCTOYHUKA MUTAHUST PE3UCTOPY TEUET
TOK cuJjIoif Menbie 1 A.
Toku uepe3 pe3ucTOpbl PaBHBI:

I, =34A, Ip,=24A Ip, =14A Ip =04A.
Toku yepe3 AmOIBI PABHDI:
Ip,=76A, Ip,=42A, Ip,=18A, Ip, =04A.

2. Ilpu nanpstxkernn Uap < 1 B Tok B 11enu BooO- L. A
mie me TeveT. [pu Hampskennun Uap ot 1 B 10 2 B
TOK HJET 4Yepe3 IepBbIi AuOd W IEepBBbI PEe3UCTOP.
Cusa TOKa B 9TOM CJIydae paBHA

3T

I_UAB—lB
B 10Mm

B nmamazone ot 2 B 10 3 B OTKpPBITH 1epBbIil 1
BTOPO#1 JUO/BI U TOKH TEKYT IO JBYM PE3UCTOPAM.
IIpn kaxkjaom yBesmdeHun Hampsikenusd Ha 1 B or-
KpbIBaeTcs enié oaua uoj. BAX BBINVISINT Tak, Kak
[IOKa3aHO Ha pHCyHKe (puc. 24).

3. Ilycrs orkpeiTel N 1MONOB U TOKU TEKYT 10 [N pe3ucTopaM, IPUIEM BeJIu-
YnHA TOKA, TEKYIero mo mocjueaaeMy pesuctopy I < 1 A. B stom ciydae mHampsi-
skenne Uap paBao N-(1 B)+1-(1 Om). CymmapHBIil TOK nenu (HIu TOK, TeKy il
Yepes MepBbIii JM0) HAXOAUTCS B PE3YJIbTATe CyMMUPOBAHMUS:

1 2 3 Uuw, B

Puc. 24

(N —1)N
Iy = NI+(14+2+43++N=1)-(1A) = NI+ ———— (A).
HpI/I MaKCUMaJIbHOM 3HAQYEHUU BEJINYUHBI I = 1 A MaKCUMAaJbHBIA TOK PaBEH:
N(N +1)
IN, max — f (A)7
a IIpyu MUHUMAJIbHOM 3HaYCHUN I = 0 A MUHUMAaJIbHBIN TOK PaBEH:
N(N —1)
In win = g (A).

IIpu N = 5 makcumasibHOe 3HaUeHne Inax = 15 A, a MUHUMAJIbHOE 3HAYEHNE PAB-
HO Ippin = 10 A. Cuita Toka 14 A maxoaurest B 3ToM npoMexyTke. CiieioBaTeIbHo,
N=5ul=(4A)/5=0,8A. Buauur, naupsizkenune Usp = 5,8 B.

3amaua 5. Déja vu
1. Ilycts I — cmita TOKa, WAYIIErO Ha 3apsAaKy KOHIeHcaTopa, a Ip — cuia
TOKa, MIPOTEKAIOIIEr0 Yepe3 Pe3ucTop Ry, BKIIOYEHHBINH TapaslieJIbHO KOHIEHCATO-
py, I — TOK Yepe3 UCTOYHUK, r — 3apsijl, IPOTEKIIN depe3 pe3uctop R, a qo —

16
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3apsia KOHIEHCATOPA, ¢ — 3apsJl, MPOTEKIINil Yepe3 NCTOYHNK, U — HalpsizKeHne
Ha KOHJIeHcaTope u pe3uctope Ro. Torma

q
U=2L=IsR, =& — IR
ol RIt2 1,

OTKY/Ia HaXOIUM

&-U U & 1 1
I = In = — Jn=]—]p=— — — 4.
R R= R c R= R U(R1+R2)

3aBUCUMOCTD CKOPOCTHU USMEHEHU A SHEPIrun KOHJeHCaTOPa OT HAIIPAXKECHUA Ha HEM
ABJIAETCA KBaJIpaTHbIM TpéX‘{HeHOI\l

& 1 1
P=U-IC:U[R—1—U(R—1+R—2)],
MaKCHUMYM KOTOPOI'O HaXOJIUTCA ITOCEPEINHE ME2KJ1y €0 KOPHAMN
_¢_ R I = £
m_2R1+R2’ m_2R1.

Tox 9epe3 UCTOYHUK B 9TOT MOMEHT

U, & 2R+ R»
I = I I = — Im =
rtlc=p -t 2R, Ry + Ry
a MCKOMad MOIIIHOCTH MCTOYHHKA paBHa
2
2
Negro & 2+ Ry
2R, R1+ Rs

Samnumem Bropoe npasuio Kupxroda jyist Kourypa ¢ pesucropamu (R = Ry =
o & =1Ry +1IgRy = (I+ Ir)R,
JIOMHOXKHMM 3TO ypaBHeHue Ha At
ENAt = (IAt + IRAY)R = (Aq+ Agqr)R
u IpocyMMupyeM 1o Bpemern oT 0 10 tg:
Eto=(q+qr)R=(2¢—qc)R.  (er=q—qc)

Orcrona ¢ yaérom

HaXO/UM ¢

1 1

8 4
N3 zakona COXpaHEHUs dHEPIrur HaljgeM KOJUYECTBO TEeIlJIOThI Q, BBIICJINBIIIEECA
B 1€l IIPpU 3aMKHYTOM KJIIO4e K:

2 2
Q=gq- o ¢ (§ —|—1n2) = 0,27C&2,

2 4 \8

17
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11 kaacc
3anava 1. PpukImoHHasa mepegayda
Tpenne MeHsterT 3HAK Ha paccrosdHuu ro = wolRp/w or menrpa jucka. B ycra-

HOBUBITIEMCSI PEXKUMe TIOJTHBIH MOMEHT CHJIBI TPEHUSI PABEH HYJIIO.
B caygae cyxoro Tpenus:

T0 Ro

J' Eclr = J. ﬁclr, ﬁ = —RLTS’
R R 2 2
0 0
R Ry
OTKY/Ia rg = —, Wy = V2wp—.
YA 0 NG 1 R
B ciyuae BA3KOro TpeHHs MOMEHT CUJI TPEHHS:
R
Jrﬂ(wr —woRp)dr =0, TaK Kak wrg = woRp, To
0
R R
Jrﬂ(wr —wrg)dr = fw J r(r —ro)dr =0,
0 0
o a R3 RQT'() w woRo 30.) Ro
TK = R e — — —
A 3 2 " T 2R

OTHotreHne CKOPOCTEi:

k:w"_?’_/2~

~ 1,06.
Wy V2

Taxum o6pa30M, yCTaHOBUBIIAsICA CKOPOCTD Wy BPAIlEHUs B CIydae BsISKOT'O Tpe-

Hus Ha 6 % GoJibllle YCTAHOBUBIIEHCS CKOPOCTU w),, BPAIIEHUS AUCKA IPU CYXOM
TPEeHUN.

3amaya 2. Kpyrosoii nporecc
Pacemorpum mosts uieasibHOrO rasa. [lo ompeesieHnio ero TenaioéMKOCTh:
) dU + pdV
dr dT

st mmeaabHOTO rasa:

dU = CydT  RdT = pdV + Vdp

Bripazum TenmoéMKoCTh:

pdV R
v pdV + Vdp V+1+K@
p dV

18
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B s1106b1X InaMeTpaIbHO IPOTUBOTIOIOXKHBIX TOUKaX A 1 B KacaTesbHas K OKPY K-
HOCTHU UMeEET OJIMH U TOT K€ HaKJIOH:

(), (@,

3HaUUT, TEIIIOEMKOCTH MOI'YT ObITH paBHBI Jin60 Korja dp/dV obpalaercs B HOJIb,
6o HeckoHewHOCTD, YeMy cooTBercTByeT C' = Cp n C = Cy COOTBETCTBEHHO,
6O KOTa;:

Va/pa =Vs/paB,

TO eCTb KOrJia TOUYKU A, B v EHTP OKPYKHOCTHU JIEYKAT HA, OTHON MIPSIMOUA, UITyIIIei
13 HaYaJIa KOOPAWHAT. SHAYNT,

Va/pa =W /po.

p/Ap
Po
20
Ap+ .
N R B
Ap . : .
F T AN |
Ap : : |
S B N 77V
% % %
14 AV AV
Puc. 25

Iepepucyem mporecc B 6e3pasmMepHbIx ocsx koopaunar (puc. 25). IIposeném
npsamyio gepe3 Touku A u B. I[Tocrponm kacarenbuyio K rpaduky B Touke B. OHa
Oyzer neprneHauKyaspHa upsimoii AB. Takum o6pasom, eciiu yrioBoit Koaddurm-
enT upsimoii AB pasen k, TO yrioBoit KoadduiumeHT kacaTeJbHON OygeT paBeH
k' = —1/k, cnenosarensHo:

dp/dp _ W/AV e e Vo (Bp)
dV/AV — po/Ap’ YW T T \av )

Temmoémrocts C' paBHA:

R
-

Eciu po/Vo = Ap/AV, 10 ¢ = 00 — TOYKH KacaHUsi IPUHAJJIEXKAT H30TEPMAM.

C=0Cy+
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Cpasuum TermmoémkocTh B Toukax C' m D, sexkamux Bo 2 n 4 KBaJpaHTax
cooTBeTCcTBEHHO. ITocKOBKY

- _ (dp

).~ \av),” "

TO TEIIOEMKOCTH GOJIbIIE TaM, Iyie oTHOIeHre V/p MeHbIe:

Ve /pe < Vp/pp
Tlosyuaercsi, B mamewm ciaydae Co > Cp.

3amaua 3. 3Be3ga MepeMeHHOT0 TOKa

IIpu noakIOYeHNN K UCTOTHUKY TTEPEMEHHOTO TOKa JBYX MOCJIEI0BATEIHHO CO-
€IMHEHHBIX 9JIEMEHTOB, HAMPSKEHN Ha HUX CKJIAIbIBAIOTCSA KAK BEKTOPHI, MOIYJTh
KOTOPBIX PaBEH HAIIPSIKEHUIO, IIOKA3bIBAEMOMY BOJIBTMETPOM. YTOJI MEXKIY OCBHIO
abCIUCC ¥ 9TUM BEKTOPOM IpuMeM paBHbIM 0° IjIs pe3ucTopa, TOra JJisi KOHIEeH-
cartopa oH byger pasen +90°, a s karymku uHayKTuBHOCTH 90°. 3ameTnM, 9TO
CyMMapHO€ HaIlPsXKEHUEe BCET1a He TIPEBOCXOIUT CyMMBbI HAIIPSIYKEHMUIA.

IIpeamomokuM, ITO OMWH U3 JIEMEHTOB 1 U 2 SABJISIETCS KATYIITKOW WH/IYKTUB-
HOCTH, a APYToit — KoHAeHcaTopoM. Torma cyMMapHOe HATPsI?KEeHNEe Ha HIX COCTaB-
gster U = 80 B — 45 B = 35 B, uro paBHO HAIIPSIKEHUIO UCTOYHUKA. 3aMETUM,
uTo 212 4 282 = 352, 3HAUNT, B CIUTY NPABIJIA CJIOXKCHUS HAIPSYKEHII, 3JIeMeHT 3
SIBJISIETCS] PE3UCTOPOM.

IIpu Takoit cxeme pa3anInTh, KAKOH U3 371eMEHTOB 1 U 2 ABIsT€TCA KOHIEHCATO-
POM, a KakKoit — KaTyIITKOM WHYKTUBHOCTH, HEJIb3sI, TAK KAK TTOMEHSIB X MECTAMU
U COXPAHUB UMIIEIAHCHI, HAIPSAXKEHNS HE M3MEHITCs. PaccMOTpUM Bee OCTaIbHbBIE
ciaydan. CymMMapHOe Hallpsi?KeHre Ha 3jieMeHTaxX 1 u 2 Oymer onpeessaTbes o
KaK CyMMa HAIIPsIKEHUH Ha KaxKJoM (B cydae, eciu 1 u 2 — OJMHAKOBBIE JIEMEH-
ThI), 1160 KaK KOPEeHb U3 CyMMbI KBAJPATOB HAIIPSZKEHUI HA KayKaIoM (B ciydae,
ec/i OIMH W3 HUX — PE3UCTOP, & JAPYroil — KOHIEHCATOP WU KATYIIKA WHIYK-
tuHocTH). Torma cymMMapHOe HAlIpsiKeHHe, PaBHOE HAIIPSYKEHHIO MCTOYHUKA, B
JiI0boM citydae Oyzer 6oJibie, yeM, o kpaitaeit mepe, 80 B. Omgrako, 310 GosbIle,
9eM CyMMa HAIPsXKEHUIl B CJIydae MOJK/II0YeHHs UCTOYHUKA K BbIBOgaM 1 m 2.
TlosryuenHOE TpoTHBOpPEYNE TIOKA3BIBAET, UTO OJUH U3 STUX IJIEMEHTOB SIBJISIETCS
KOHJICHCATOPOM, & JPYTOif — KaTYIIKOU MHIYKTABHOCTH.

VMre1anChbl CKIIAIBIBAIOTCS AHAJIOIMIHO HANpsizKeHusM. OTHOIIeHNe MO/TyJIei
VMIIEIAHCOB JIBYX JIEMEHTOB IIPU IOCJIEIOBATEILHOM COEIMHEHUN PABHO OTHOIIIE-
HUIO HAIIPSZKEHUI HA 9TUX JIEMEHTAX, CJIJI0BATENLHO: Z1 @ Z3 = 4 : 3 (U3 cXxeMbl ¢
HOAKJIIOYEHIEM UCTOYHUKA K BeIBOJAM 1 u 3), Z3 : Zo = 4 : 3 (U3 CXeMBbI ¢ TOIKIIIO-
YeHHeM MCTOYHMKA K BbiBogaM 2 u 3). Ilycrs Zo = 9, Z3 = 12, Z; = 16 orHocu-
TeIbHBIX eanHutl. Toraa, Moab3ysaCch TPABUIOM CJIOXKEHUS UMIIEIAHCOB, HAXOIIM:
Zhvo =T, Z13 = 20, Zy3 = 15. OTHOIIEHNE CUJI TOKOB 0OPATHO MPOIIOPIUOHAIBHO
OTHOIIIEHUIO UMIIEIAHCOB, OTKY/Ia

1 1
—:— =060:21:28.

1
Iio:1i3: 103 ==":
120 iyt fes = ot ot o
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Saxarovwumenvroit aman. Teopemuueckuts myp

3amaya 4. MI'/I-aacoc
Paccvorpum MasmeHbKHUIT MapUK KUAKOCTH 00bEMa V', KOTOPBIA momagaeT B
MIPOCTPAHCTBO MEXKJy MPOBOJAIIMME TLJIACTUHAMHA, U CHJIbI, KOTOpPbIe Ha HETO Jeii-
CTBYIOT.
Cuita Ts2KeCTH:
F, = POQV

B cuty Toro, 4To mioTHOCTH TOKa OJMHAKOBA B JIFOOOM TOUYKE YKUJIKOCTH MEXK-
Jly UPOBOJSIIMMY IIJIACTUHAMK (MaJIeHbKUil IIAPUK HE BJIUSET HA Paclpelle/ieHue
TOKA), HA JII00O0i1 9JIEMEHT YKUIKOCTH OJIMHAKOBOIO 00bEMa BHYTPH JefiCcTByeT O/~
HaKOBas CUJIa, TOIJIa HA mapuk o0béma V' jeficTByer cuira:

P BIb v BI v
aMII — abh - ah )
Uah
rme I = 5 st Toro, 9T00bI KUIKOCTD MOIHSIIACH BBEPX:
BU Ab
Fonn > F OTKYIa — > pog u U>Uqp = pog .
Ab B
IIpu U > Uyp, Ha MaJleHbKRil MIapUK »KHJIKO- T
CTU MEXKJIy ILIACTUHAME CO CTOPOHBI OCTAJILHOMN
JKHUJIKOCTH JleficTByeT cuia Apxumena Fypx, Ha- pgV _
npapennas an3. [lockobKy mapuk mHaxomr-  (p — po)gVt-~~
cs B PABHOBECUU, TO ! U
BU o ]
Fapx = FaMn - FT = | —pog + b V. Puc. 26

Ha menpoBomsimuit mapuk AeficTByeT Takas »Ke IO BeJHYHHE CHIa ApxmMena co
CTOPOHBI JKUJIKOCTH, & TaKKe cuia HaTskenus aurn 1 (U) u cuta Tsixkectn. Torga
B PaBHOBECHUMU:

T(U) = Fapx + pgV

Otcroza mosty1aeM HCKOMYIO CUTy HaTsKeHUst HUTH npu U > Uyp:

BU BU
N V=1(p—po)gV+ -V

T(U) = pgV — | pog — L

OxkoHuaTeILHBIH BH1/J 3aBUCHUMOCTH:

pgV upu U < pogAb/B,
TWU) =

BV
(p=po) gV +—-U mpu U > poghb/B.

IIpumepHnbiit rpaduk 3T0i 3aBUCHMOCTH IPUBEIEH Ha, puc. 26.
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3amava 5. CosiHeYHBIN napyc
Paccmorpum nporiece orpakenus: porona ot 3epkaJsa napyca. IIycts ckopocTb
3epKaJia v, UMITYJIbC (HOTOHA JIO CTOJKHOBEHUsI PABEH P1, a TOCJE CTOJTKHOBEHUS
p2. IlycTb n3MeHeHne CKOPOCTH 3epKaja B PE3yJIbTATe TAKOTO CTOJKHOBEHUS DaB-
o Av < v. 3aIuIieM, 3aKOHbl COXPAHEHUS MMITYJIbCA U SHEPIUH JJI CHCTEMbI
3epKaJio-(OTOH:

p1 4+ mv = —ps +m(v+ Av), (1)
mu? m(v + Av)?
pre+ —— =pac+ % (2)

IIpeobpasys ypaBHEeHH U yUYUTBIBasAd Av < v, IOy YHM:
p1 + p2 = mAv, (3)
(p1 — p2)c = mvAuv, 4)

OTKYy/la BbIpAa3UM HU3MEHEHUE UMITYJIbCa 3€pKaJia B PE3yJjabTaTe OJHOI'O CTOJIKHOBE-
HUA

c
Ap =mAv =p; +p2: = 2p .
c+v

Ilycreb 3a exuHUIy BpeMeHU MPOUBONWIET 7 CTOJKHOBEHUMH, & SHEPIUsl OJIHOTO
doToHa, JleTsIero B cTopony 3epkasa, pasHa Fp. Torma WS = nFE,. Bemuun-
Ha sHepruu, usaydaeMoin COHIEM ABJIAETCA MOCTOSHHONE B IMpeaeaax 3aJaHHOrO
TeJIECHOTO yruIa. I11omans cedenns IUIOMA KN, OMUPAIOIeics Ha TEJICCHBIH yroJl
¢ paamycoM, MHOTO MEHBIINM paccroguusd mn0 CoHIa, IpaMO IPOIOPIMOHAILHA
kBajipaty paccroguust jo Cosmnna, snaunr W oc 1/R?, To ects W = WoR2/R2.
Nmmysibe, nepepannbit 3a Bpemst At, paser nAtAp. Cujia CBETOBOTO JABJICHUS HA
3ePKAJIO:

Fiy = ApnAt _ WOSR_(Q) 2¢pq _ 2WOSR_(2]
At Ey R2c+w c+v R?

u HanpasjieHa or CoJtHIa.
Cujia rpaBUTAIIMOHHOTO TPUTSIYKEHUS
Mm AR} m
R* T2 R%
rie T — nepuoy obparienust 3emim BokpyT Coutaria. [ljist [BUKeHMsT Tesa ¢ oCTo-
SIHHO# CKOPOCTHIO CyMMa CUJI, IERCTBYIOIINX HA HETrO, JIOJXKHA OBITH paBHA HYJIIO.
Bamernm, uto Fg u Fy nponopnmonaabubl 1/R?, 3Ha4NT, ABUZKEHNE C TOCTOTH-
HOI CKOPOCTBIO BO3MOXKHO Iipu Jii060M paccrosituu ;10 Cosana. Haiiném ckopocts
v U3 paBeHcTBa cul Fg u Fyy:
4m2RE m  2W,S R?

Fe=G

WoST?
22 Rogme

—_— _ 7
T2 R?2  c+ov R2 _1)0__275'10 vle

OTKy/a v = <

TO eCThb CKOPOCTH 3epKaJia HarpassieHa K CosHity. Yepes ofuH dac mojiéra paccTos-
uue ot rena 1o Cosnana Oyzer cocrasinars Ry = Ry —|v|t = 6,78- 100 a = 0,45 a.e.
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