. MEXAHUYECKHE TEOPUU dPUPA

9. YpaBHenus MaxkcBeJna

Tenepr M mepelimem Kk paccmoTpenuo HEKOTODWX TeOpuH O mpupone
sbupa. Taxkas Teopus AO/DKHA, BO-NIEPBLIX, NaTh OOBACHEHUE 3JEKTpPOMAr-
HUTHLIX s81eHnH. [loatoMy Mbl HauHeMm ¢ MHTepnperaivy vpasHeHHH Makc-
Beana. Ilpu srom Moryt 6bits BRIABHHYTBHI paainyuble TPeOOBAHUSI: MOMHO
YAOBACTBODHUTBCH TeopHeH, o6GbacHAOUIEH ABJASHHS B H30TPONHBIX H OJHO-
POIHBIX CpEAaX WM K€ MOXHO MOMLITATLCA BKAUYHTL CI014 TAKKE MU aHU~
SOTPONHbIE W HEONHOPOAHbIE Cpelmbf M T. A. JlAS HAYaTa Mbi WUCKAIOUUM M3
PACCMOTPEHHST TONBKO MPOBOAHUKM M OrPAHHYUMCH dHU3OTPONHBIMY, a TaKKe
HEOLHOPOIHBIMU  an3neKTpuKamu, [locnennue nanyt HaM BO3MOKHOCTB pac-

CMOTEPEHUA TOTPAHHYHBIX YCIOBHH, a C/AICN0BATE/NbHO, U TAKMX ABJICHWM, Kak
OTPAXKEHUE M NpenoMjeHue,

B ypaBHeHusx Maxcaenna GUrypHPYIOT cAelylolre BeJWUHHBI: Hanps-
AMEHHC SIEKTpUdeckoro nonst E, nusnexrpuuecwoe cmeumenne D, nanpsikenue
MarauTHOro noss H u marnutnas ungykuus B. Ypasuenus cyts:
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3aTeM Mbl MpeAnoJaraeM JAuHeiiHble COOTHOMIEHMS MEX1y KOMMOHEHTAMH
D u E, a Takxe mexny xomnonentamu B u H.
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JIna M30TPOMHBIX Tel BCE 3TH KO3(QHUHEHTH PaBHBl HYJIO H
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OTMeTHM, 4TO OObIYHAs KMHEMATHKA HEMpPEepPBIBHLIX CPEX Hact ypaBHEHUS

1 .
TOft we GOpME, UTO rotH-:-E-D. JleHicTBATENLHO, €CAHM Kawjas TO4YKd

cpennl cmeuldeTcs Ha GecKoHeuHO Manoe pacCTOAHHE, KOMITOHEHTH KOTOPOTrO
t w, [ 1o TpeMm OCSM MOTYT OnlTb DaccMaTpusaeMbl B Maol 061aCTH KaK
auHelinbie GYHKIMH KOOPAMHAT X, Y, Z, TO NOMHOE H3MEHEHNE B OKPECTHOCTH
TOYKM MOKHO cebe NMpeACTaBUTh KaK COCTOsee M3 CMELICHHM, BpallcHUA H
PACTSKEHNWA WIH CKATHS B TPeX B3aUMHO-TIEPTIEHAMKYSPHLIX HAMpaBJEHHAX.
Yro6sl mpencTaBuTh ce6e 3TC, HAOCTATOYHO BCIOMHWID, yTO 1IaNn Tpespa-
MAeTCsi B OJAMICOMI, COMpMKEHHbe HHAMETPhl KOTOPOro COOTBETCTBYIOL
OpPTOrOHA/MbHBIM NapaM 1HaMeTpoB IIApa. D10 Crpaselnuso, B HaCTHOCTH,
I8 r1aBHLX ocel sanuncowna. Mul NpencTaBiseM cebe wap cHayana cme-
HIEHHBIM TAKUM 06pasoM, 4TO ero UEHTP COBNAAAET C -uempomtamn.nconna,
3aTeM HAXO1MM JMAMeTpsl 1Iapa, COBMAlalUine ¢ OCHMHU - S/IHTCONAA, npu-
BOAUM WX MyTeM BpalieHds B WX (AKTUYECKOE NOJOKEHHE M HaKOHEeU MpH-
faeM S3TUM OAAMeETPaM TPU NOMOIUW PaCTHKCHHS WK cmamﬂ‘ haKTHUYECKYIO
IIUHY ocell aanunconaa. KommoneHTaMn BpAUICHUA ABAAIOTCA: -
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[pu wHenpepbiBHOM MEPEMEUICHUH Mbl . MOXEM  CPaBHHIL COCTOSIHHE
B MOMEHT { C TAKOBHM B MOMEHT &~ df, TpHUUEM - nocaenyue - Gopmyint
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A4IOT HAM CBAA3b MEKAY KOMIO ieHTAMH YyI/IOBOH CKOPOCTH H KOMIOHEHTAMU
CKOPOCTH TNepeMelleHusl,

HeﬂT;n;lpb MBI MOXKEM C1eJlaTh MONBITKY HCTOJNKOBAHHS ONHOR IpyInsl ypas-

) H aKCBema, HCXOAA H3 NPEeANOJIOKEHUS, YTO KOMIOHEHTL HanpsxeHus
dTHUTHOTO MOJA NPONOPUKHOHANILHBL MEePeMEILeHUIM B 3(hupe MAM YTO CYIU-

HOCTh 3TOTO HAMPSLKEHUS] COCTOUT B TAKHX nepemeiieHusnx. Iloansysce npu-
HATEIMU 00603HaYeHHSIMH, HANULIEM:

Ho=m:;, H,=mn, H =um:
B TakoM cayuae
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Takum o6pasom, ecian wabaoxaemoe HalpaXKeHHe MArHUTHOTO MOJf 110
CBOCH CYNIHOCTH SBJAAETCA NepeMelLieHHeM HacTHLU 3PHUpa, NPONOPLHOHANBHO
NOCJACAHEMY U HMEET C HUM OAHHAKOROE Hanpasnenue, ’I"O npupoaa ausnex-
TPH1ECKOT0 TOKAa CMEieHUsT COCTOMT M3 BPpALIEHHH, ABIAIOILLXCH PEIYABTATOM
rmepemeiienns agupa. OAHAKO BO3HHUKAET TO 3aTPy/HeHKe, YTO B 3TOH Kap-

;HHE‘ HET MECTA IS NOCTOAHHOTO M3JEKTPUYECKOTO CMELIEHHS, KOTOpOE
CerAa Hab/onaercs B 3/AEKTPOCTATHKe. BoJee 10T0, B TIOCTOSSHHOM 3JeK-

TPHYECKOM T110Jie B OTCYTCTBMM MATHUTHOIO HaNpsDKEHUsT cMmelteHus &, m, &
>

HCYE3aloT, 'r'ag 1TO TAKOE€ COCTOfHME CPelbl HHYEM HE OTAMYAETCH OT TOLO
‘B KOTODOM 3JIEKTPHUYECKOE noje OTCYTCTBYeT. ’

10. Hanpsixenne marnuntooro mons kag CKOPOCTbE.
Teopust cesera Heiimana

JTOro 3ar
PYAHEHHS MOXHO H36€THYTh, €CAH OTONIeCTBHTE Bpatie-

Hi,
. sﬂu 3pupa He TOK CMCLUICHHUSA, HO CaMO JM3NEKTPHYECKOE CMeLieHHe.
KOM C/yuae HaulM YpaBHEHWS HOJIKHBI GbiTh COIACOBAHLI:

op 1 ( 0% az~q)

ot 2 \oydt  o0zot
W T A ClIe10BATENBHO, MBI HOMKHbI MOJTOMKHTE:
P nat_, Hy-—--mdf, HZ.:-_.mE;, (12)
Dy=2cmp, D,=2cmy, D, =2cmr. (13)

Takum o6pazom Bezne, rie HAOMIONAETCA HANPAKEHHE MATHUTHOLO TIOJS
MBI IOJUKHBI NPENCTaBHTL cefe CKOPOCTH 3(pupa B Hanpaanenw 3TOIO Hanpﬂi
HCHUS M TIDOMNODUHOHANBHYIO €My M HCKATb OO bICHEHMHe NH3INEKTPHYECKOTO
CMCLICHHSI BO BPAUWEHUSIX, BHI3BAHHLIX 3TOH CKOPOCTBIO MJH CBA3AHHBLIX ¢ Hell:
}TS;{HM 00pa3oM B NOCTOSSHHOM MarHUTHOM ose, HiNpUMEP BOKPYr CT&J'II:.-:
J](JEE}XM?]I;:;}LT;, MBI IO/UKHBI NPENCTAaBHTL ceGe 2(hHUP TEKYUIMM BLOAL CH-

- MoxHo Takxke ormetutn, uro = MOICOHOM Ccyyae HEenpepsiBHOIO JBU-
}Hengﬂ CMEILEHHs ¢, 7, [ He OCTATCHS GecKOoHeYHo MaJibIMH,

. ¢ Hajo ynyckarb M3 BUAY, YTO B AAHHOM OGDBACHEHUU MEI HCXONAUM U3
PEANOCLITKN, YTO KOIQHUMCHT m WMEET Be3ge OHO W TO K€ 3HAYeHHE
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HANPS)KEHWE MATHUTHOTO TIOA KAK CKOPOCTb. TEOPHHA CBETA HEHMAHA

TAKXe W B HeonHopomHo#H cpeme, B npoTuBHOM Caydae 3HAUCHHS (12) n
(13) He ymosieTEopsnu Obl ypasnenuaM (7). Hanpumep BhIpaiKeHHE

oH, OH,
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10 3aTpyiHeHHe 1aBan0 O O cebe 3HaTh 0COGEHHO TaM, rae CBOHCTBA
cpeanl, a, CJAelOBATENbHO, TaKXe M 3HaueHue .m OBLICTPO HM3MEHRIOTCA OT
TOUKM K TOuKe, KaK HarnpuMep, Ha rpaHule mBYX cpeld. CnenosaTenbHo, 374

Teopus Mpearonaraer, 4To KOPULUUEHT NPONOPUUOHANBHOCTH MEXAy (KO-
YOCTBIO uYacTHl 3(uUpa M HanpsKeHHeM MAarHUTHOrO TNOAs BCeraa MW BE3AC

)ANHAKOB. -
Haum octaeTcs o6bscHuTH BTOpyo rpynny (9) ypasueuni, llpensapuresbHo

HeO6X0AUMO PACCMOTPETh 3HepreTHyeckue COOTHOUIEHHS. MarHuTHas SHEPIUs
eCTh KBAaIPATHYHA"A (PYHKIHS MATHMTHON CWJIBl M MO3TOMY AOJMKHA DACCMATPH-
BATLCH KAaK KMHeTMYeckas sHeprusd, B TO BpeMs KAK 3JEKTPHUECKAT SHEPTHA
npeBpaiaeTcs B IOTEHIHUANLHYIO 3SHEPIHIO. KuneTnyeckas sHeprus Ha €AH-

HuLy o6beMa NP MJIOTHOCTH Cpedbl p PaBHA:

Lo {( GG+ (5

a MATHMTHAA 3Heprus Ha eauHuuy o6bemMa HM30TPONMHOH CpPEIbl MPH u = 1

Loy b o [[05Y (‘9“’1)3 (%)2‘
........ H ____aﬂ N {l(.a_})—l— Y + Ry J}.

paBHa:

TakuM 06pa3oM Mbl AO/KHb TPERNONOKUTH p==m? T. e HTO IUOT-
HOCTb Takxe GymeT Besne oauHakoBa, OIHAKO [ON0¥KEHHE MEHAETCS, €LAM

w He paBHO eiuHHIe. B TakMx cpenax MarHuTHas OSHeprus Ha CAMHHILY

of6bema pasna:
1 1 o J{ 05 o1 2+ (m_d{: )21
g Bl = vm 1(“5‘%) +(a¢) ot|

OTKyna p= um?’, T. e. IJIOTHOCTb AOJMKHA OBITH TNPONOPUUOHANBHA MPOHHU-
maemocti. COracHo 3Toft TeOpHH XapakTepHOW uepToOil, HATNpPUMED, IKEJIE3d

' gBAsieTcs 6ONbLLIAS TAOTHOCTH 3bupa BHYTpu ero. llas aHM3O0TPONHBIX CPEL
OTHOILEHNS HECKOJbKO 60Jee CNOXKHBI, TOCKOJIbKY Ui HAX MArHUTHAS SHEPIHA

Ha ennHuly o0b:Ma paBHa:

1 i
9 ( F*qu- - PQQH)% T 1“‘33H§ ay 25"23Hsz N 2”31H2Hx x 25”12HxHy )

05
Teneps, ecnd Mol nonoxum ff ==m -4 T. L, TO M HC 101y YUM

BHID Q)KEHHUSI, NMPEeNCTABAAIOUIErO KBAApaT CKOPOCLTH, NOMHOXEHHLIH Ha HEKO-
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TOpuit KoaduuMeHrt. Ilpn mnoaxoaswem noa6ope CHCTEMB KOOPAMHAT 110-
C/ICIHEE BbipaxXeHHe MOXKeT OblITh NPeodpPasOoB3IHO B

1/ ~
Ay H2 oo H? L B2
‘2 (plleﬂ’ {_tl‘gngyﬁ' ‘{‘E“!S‘:‘,ng) .

IJTO BHIPaXKEHHE MOMXeT ObiTh DPACCMATPHBAEMO KaK KMHETHUECKA SHePTHs
Ha eAWHKIY o0bema, eClM NPEeanoJOXKUTh, YTO 3GHD Beler cebs TaK, Kak
eCin Obl OH O6sanan pA3qMUYHON MJIOTHOCTBID NMPH JABHXKEHHM B DAa3/IHUHBIX
HAIPaBAEHUAX,

PaccmMoTpuM CHOBA 3JIEKTPHUECKYIO IHE]THIO, KOTOPAas JO/MIKHA PACCMAaTpHU-

BAaTbCsl KaK MOTeHLHMaJ]bH?sT 3Heprud. OHa paBHa Ha eaMHULY oO6beMa H30-
TPOIMHON Ccpennl:

%DEm;;g Di”-._-—-_..zlE 4cim? (P2 — g7 - r2).

Takum oOpasoMm 3¢upy npunuceBaeT.s CBORCTBO, COINACHO KOTOPOMY
€ro noTeHUWaNbHass 3HepPrusi NPINOPUUOHANLHA KBAAPATy BPAILEHUsl €ro
4acTHIl. B janpHeliuleM U310XeHUH Mbl BePHeMcH K BOIIPOCY, KaKUM 06pazoM
HyXHO cebe npeactasants Takoit adup.

Jra Teopust CXONHa ¢ Teopuelt cseta Helmana, xoTophi#l TOWe HCXOL' N
H3 TMPEANOJOXKEeHUA, 4TO IIMIOTHOCTh 2(HUpa BO BCeX Cpenax OJAMHAKOBE, W

BLIBOIHA OTCIOZA, UHYTO B MNOOAYPH30BAHHOM CBeTe KoJebaHusa [TPDOUCXOIAT

B IJIOCKOCTH nojspusauun. B paccmMatpuMBaeMOM TOJKOBaHWU 3TO O3HAU4eT,
HTO HANPAKEHNE MATHUTHONO NMOJS1 PACIIONOKEHO B IJIOCKOCTH NOJIAPH3ALLHN, —

MPENMONIOKEHNE, KOTOPOE NeHCTBUTENbHO INOMKHO ObITh CHE1aHO B 3.1€KTPO-

MArHUTHOH TEODPUH CBeTa,

11. Hanpsikense s1eKTpuYecKOro moJs Kak CKOPOCTb.
Teopus csera Ppenean

B xadecTBe anbTEPHATHMBLL Mbl MOXEM WCTONKOBATD C TOYKH 3D eHH

KHHEMATHKH ypPaBHEHUN:
0E, OF, 1 a3,

P T —— ¢ " kil — _—

-5}“ 0z ¢ Of

H T. I,

IJTO COBEPINEHHO AHAJOTHUYHO MPEAbLIAYLEMY, N[ HYEM MATHATHAS HHIAYKIHS
MPEACTAB/IEHA BpAlIEHHEM 4aCTULl 3(Qupa, a HanpmKeHHe NEeKTPHYECKOTO

MO/ — CKOPOCTRIO  MOCAeHUX  POpMyJb! Tenepb MNPUHHUMAIOT CJELYIOLINAN
BHJL:

- RL -
—— ! A ! — f =
Ee=m" 5, Ey=m 5 Ep=m =5 | (14)
B,=—2cm'p, B,=-—2cm'q, B,=—2cm'r, I

rne m' CHOBa siBAsieTcs MOCTOSAHHOH. Kaercs HecKONbKO CTPaHHLIM paccMa-
TPHUBATL HANMDPSIKEHHUE 3JIEKTPHUYECKOro MNojas KaK CKOPOCThb. BmMeCcTo 06bIYHOTrO
POBONHMKA, HECYINEro NOCTOSIHHLIA 3apui, Mbl Tenepb HMEeM TMOCTUSIHHOE
HANPARJICHHOE HAPYXY WAW BHYTDb TeueHue 3dupa. B paccmorpeHnoll Boiwe
TEOPpHH HEHNPEPHWBHOE Te4YeHHe 3(]pupa BOAN3ZKM MATrHHTA O6bJIO 110 MEHbLIEH

TEOPUS YOPYIOGCTH, 2dHP MAK-KYJ/JIOXA 31

Mepe 3aMKHYTHIM —— MOJIOKEHKE Bewieft, KoTopoe Jerko cebe NPenCTaBUTh
.coxpaﬂﬂt{)mm\«itﬂ ez maMeHeHuit B TeudeHue J0OCOro npoMexyTka BDEMCHH.

DexTpUUECKAd IHEPrus Tenepb AOMKHA ObiTh COMOCTAaBJieHE € KMHETH-

qeckolt. Konuuectso ee Ha eamHuily o0bema, paBHOE cE2, NOMKHO OBITh

1 {705\ | [0\ [ [O0%
el + @+ ()

cpHenaHo PasHbIM:

' ’ aK ' MOCTONAHHAA, & & HMeEeT
rak, uTobhi p==c¢m 2. Tak xaK m’ eCTb BeJHYUHA :

ype3sblUaiHO Pa3audnbe 3HAYEHI Jd DA3HBbIX ,[LH?HEKT})H;(OB, TO nHﬂaoT::ﬁfe:lz
aupa, MPOTOPUHOHAALHAS H?BHEKTDH‘%&E}(;KOH NOCTOSHHOH, IOJK

| 3HAUcHUA B DAasHbIX BellECTBAX.

paaﬂI?:}?bfpjﬂmecmymmgﬂ Teopust TpubaHKazace K TEOpHH (I;eﬁmaﬂa, 1?]3[.(.
paccMaTpuBaeMzs Hamu cehdac HuMeerT CXOILCTBO ¢ Teopued Ppenensa. lio
creflHss [pejanoaaraeT, uro nepemeuteHns HacThil ahupa NepreHAnKyJspHbI
K MIOCKOCTH ToJaspusaudu. B paccmarpuBaeMOM TONKOBAHUM 9TO O3Hayaer,
4TO TAKOBA KE W OPHeHTallWs HAnpAHeHUs 3SIEKTPUHECKOro IOJi, Tzinmm
06pa3oM B KamaOM M3 3ITHX MABYyX TOJAKORBAHUR MBI OCTaeMCa B COIIACHH

¢ O6bIYHBIMU PEANOA0KEHHAMH, IIPUHATHIMH OTHOCHTE/IBHO Kosebanuil cBeTa

B 3/eKTPOVArHUTHON Teopun, HTO Ke KacaeTcd coBnaaeHust 3TOH MOﬂeJ:f
¢ Teopueil PpeHens, TO MOXKHO €lle 3aMETHTh, HTO pa3JuYHbIM JIH31EKTP

YeCKNUM TOCTOSHHBIM COOTBETCTBYIOT pasnuunbie CKOPOCTH PacApOCTPaHCHHA
BJEKTPOMATHUTHBIX BO3MyuUieHH#, B TO BpeMd Kak $pedenb UCKAJ oﬁmcuem:ri;
PA3NHUHBIX CKOPOETeH pacnpocrpaHeHus CBeTa B pasinyHoi nnomo}ieﬁ
adupa B PpasHbix Cpelax H CcAeJdan 1y NJAOTHOCTh IIPONOPUHOHANL o
‘KBaApaTy MNoKasaTeas npesoMieHus, 4TO B TOHHOLTH COOTBETCTBYET cne.z N
HOMY HAMH NPELNOOKeHHIO, B TOJAKOBaHWM, PaCCMOTPEHHOM B 3TOM Map “
rpade a5l 3/MeKTPUHECKN-AHW3OTPOIHBIX CPEL, MBl BCTpeddeM Te Ke 3aTpyl

| aparpade.
HEHM#, YTO H S MarHUTHO-aHH3OTPOTMHBIX TeJ B MpelblAyleM naparp ¢

[Tpn mcToakoBalivy BTOPOH TpyTNIib ypagreHuit (7) Mbl paccma*rpnaaen&
MATHUTHYIO 3HEPrHio, KOTOPas HO0JKHA GbiTh OTOXKIECTBAEHA C NOTEHIHANIBHO

sueprueii adupa. OHa sBISETCS KBaJApATHYHON (YHKUMEH KOMMOHEHTOB Bpa-
meHus p, ¢, r. Takum o6pasoMm, Kak H B npeablaylied Teopud, Mpl AOJIKHBI
npeacTasuTL cebe MexauudM, MOTEHLHaNbHAS SHEPTHA KOTOPOTO NpeicTasageT

co60if MMEHHO TaKylo (QYHKUHIO.

12, Teopus ynpyrocta. dup Mak-Kyanoxa

)
B 06GuiunoM yIpyroM Teje COOTHOWCHWH  COBEPIIEHHO HHBIC. [Tycth &

M, & 6yayT cHOBAZ KOMIOHEHTAMU CMELIeHHS (byHKuUMAMU KOOPAMHAT X, ¥, 2)
| THKEHHUNA
Torna B nonosleHne K CMeuleHW0 W BpPALIEHHMIO Mbl HMEEM pac

07
YT ox
—) (15)
- ¥ oy’
L
T gz’
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H CIABUIH.
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00bEMA paBHa:
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Hag spupa 370 HOMKHO 6LITH KBAAPATHYHOH (PYyHKUHEH KOMIIOHEHT Bpa-

HI€AHA.

f‘{ I ":," . S ‘ . .
1 == 1 (9. .9 “W) g - b < 0: {ff;) . 1 ( 0 B *)
' : 2 3 —_— e e domspen T b
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Crenymouiefi 3amavell aniasercs CACJIATE MNPENNOJOWEeHHd, [PU KOTOPHIY
JHEPIHI NMOJYUUT TaKYI0 QOPMY (Y4TO MBI ZeUCTBUTEAbHO H HAXOIMM B Gojec
CTAPhIX TEOPHHX CBETA).

Mavbonee DAZUKATLHBIM MeTOLOM At HOCTHIKEHHs 3TOI0 pe3yanTarts
ABGICTCH TIpDUSHAHKWE CHpaBe/iMBOCTH 114 3(DUDa OUeHk cBoco6pasHoll Teopuy
YUPYTOCTH, COIVIACHO KOTOPOH TOTEHUKAALHASL BHEDIUS B KAKIOM cayyae

ABIACTCA KBAAPATHUHON  (QyHKUMCHE VIVIOB BpauleH#s. 9TO eCTb TAK HA3b-

~y S S . T . K . o '
BaeMuill spup Mak-Kynnaxa (Mc Cullagh). ITocmorpum, Kak 310 MOWKe:

ObITh NOCTHTHYTO, CVUIECTROBARME YOPYFOCIW HEeBO3MOXHO 1ipU OTCYTCTBHL
CHJL, CTPEMAILMXCH BePHYTL CMEILCHHBIE YACTHIULI B MY  HCXOAHOE NOJOKCHH.
(cocrosinue panosecus) Hac uurepecyer n aaunnifl MOMEHT TOTEHLNATLNA.
QUCPTHA, COOTEETCTBYIOWAN 3TuM Cuian. Lcan sra sdeprun Oyaer 3aBuHcer:
TOABKO OT BPALEHHE, TO CHCTEMA 3TUX TPOTHBOUCHCTBYIONINX CUJI JLOJIKH
COCTONITH TOJALKO M3 nap.

Fak Kak KOMUoHCHTAMH BPIICHHY SBASIOTCS 77, ¢, F, TO sl KOMIIOHeH

MOMEHTA BOCCTAHABAMBAIONICH [APHI CHA H2  ejautuiy  oO0beMa Mbl JOMKIE
NPeANGHOKHTL:

¢ Gy pi=2o g oy ), Mys (o pof 2, q g, ),
Moo (p g | ag), (1¢

KBASH-YKECTKUHA 3HHP
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pre @ fABIAIOTCH NOCTOSHHBIMK, YAOBAETBOPSIOWIMMH YCIOBHAM!

Lig == Lgy, OGpg == Ugg, Ugp == Y13

Ati HopMy/bl CIPABE/UIMBLEL TAKWKe W 1A aHH30TPONHHX Tead. OTinuyu-
TeJlbHOIt uepTofl paccmarpuBaeMoro cjaydasa dBAgeTCs 10, HTO 5Tda napad CHI

‘ye NOJOKHA ObITh BLI3BAHA COCENHHMMH yacTuuamu 3(pHpa, TaK Kak nopobuas

napa CuJa n0oMKHa Obijla 3aBUCETH TONBKO OT OTHOCHTE/ALHOTO BPALIEHHA.

13. Kpasu-wecTknii agup

Ilna o6GBACHEHHS 3THX Tmap Cua MoxeT ObiTh BBEIEHA BTOpas cpena,
OCTAIOLIAACSH HermoABMKHON H He nNpuHUMaloulad y4acTus BO BpallleHHH NEePBOH
cpelbl, HO BO3AeACTBYIOWAA Ha [MOCAEAHIO 3TMMHA BOCCTAHAB/IHBAIOILHMMH

cuaamd., B rtakom cayuae nepBasi cpena
TaKXKe AO/KHA 3aKJA4aTh KaKue-TO BHY-
TpeHHHE CHUJBI, KOTOPbiE HE BCE NMCYe3aloT.
Jlas  poKasatrensCTRa  3ITOrO  HAIOMHHUM,
KaKkuM 00pa30M BBLIBOAATCH COOTHOILEHHA
Y,=Z, n T. A. B OOBIYHHX CilyuasX.
Paccmorpum napamnenenunen dx dydz w
HallieM Mapy CHJI, BBLI3LIBAOUIYIO Bpalie-
Hue BOKpyr X-ocu (puc. 11). OGe cunaw,
napannenbHble Z-0CH, HeHCTBYsi Ha rpaHy
dx dz, nawot napy cui Z, dx dy dz—cuibl
e, Mapanie/ibeble OCH Y, neficTBYIOLIME Ha
rpavu dx dy, nawt napy cuan—Y,dx dy dz;s
KoHeunoM utore umeem: (Z — VY, )dx dydz.

4

Puc. 11,

OgHako 3Ta napa CuJ 0JKHA yHuuytroxarbcs napoit M, dx dydz, tak Kak
B MPOTHBHOM CJydyae pa3HOCTh ap nasaza Obl GeCKOHeYHOe YIJIOBOE YCKO-

peHue, Oyaydd BeJUUWHOH TpeTbero MNOPRIAKA,

B TO BpeMd KAaK MOMEHT

HHepuMH MNapasiesenunesa eCTbh 6ecKOHeYHO Manasa naroro nopsaxa. [losromy

A% Halero agupa
Zym Y, = —M.,.

Wrtak, scHo, 4TO NOMKHLI CYLIECTBOBATh TaHreHIMaabHble HarskeHus. llo-

HOOEKIM 2Ke 0o0pa30M HaXOMUM!:
X,— L == - My,
}fj‘ N ..:"Yy iy Mz'-i

Kpome rtoro mocrapaemcsi, HACKOJbKO BO3MOXHO, YNMPOCTHTb HaWIK MPeano-
nowenusi. C 500 veiblo [IPUPABHIEM HOPMAAbHLIE KOMMOOHEHTHl HATSHKEHHUH

Hymo, X == Y), == /=== 0 W T0JOXHM [/l TaHTeHUHANbHBIX HATAKEHHUA!
| ]
e Zy = ¥, = e M,
X Z = M
z X . A
N — Y — A’F mp—— —-—L M
X V .

i". A Jlopexnt, 1168
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Hnst Toro uto6ul y6enutncs B TOM, 4YTO 3TH MNPEANOJOXeHHs He IPOTH-
BCPEYAT OOLUEOPHHATOMY  BHIPAKEHHIO QHEPIrUK, [NOCTATOYHO BBIYHCIHTL
QHEPTHIO Cpelnl BHYTPH NAaHHOR NOBEPXHOCTH AJs CTAUWMOHAPHOTO COCTOSAHHUS
llycte ds Oyner snementom 3Toit MOBEPXHOCTH, BHEUIHAA HOpPMAalb K m'rc:s:
poit obpasyer ¢ ocamu yrasl X, ., v. [lpencraBum cebe, uTo cMeuleHus &,
M, & TNpPOMBBOAATCA HEKOTOPHIMH BHELIHUMH CHUJIaMH, OEeACTBYIOWHMH HA
SACMCHTHL TTIOBEPXHOCTH, M YTO 3TH CHJb, 4 TAKXKE CMEIUCHMS ¥ HATSHKEHUS
MOCTENEHHO BO3DPACTAIOT, NOKA HE MOCTHCHYT CBOMX KOHEYHBIX 3HAYEHHM.

Cuna, meitcrsywouias Ha sjeMenT do B banpasjeHdd ocud X, paBHa:

(X, cosh—-X cosp -}~ X, cosv) da.

AHanornynbie BHIPAKEHUS NOJAY4YaeM ST KOMIOHEHT no ocsamM Y u 2
Taxk KdK BCE BENMYHHBI BO3PACTAIOT IIPOIOPUHOHAALHO DY APpyry, TO Ha-
XOIUM 145 MOAHON paboThl, COOTBETCTBYIOLIEH JCMENTY dG, BEJUYHUHY:

| S
5 (8 (X, cos k- Xycos w-~X, cosv) -}

-+ (Y, cosA chosy—l— Y, cosv) -
4L (Z, cosh - Z cos p-1- Z, cos v)) ds.

_ [Ipocroe paccyxnenue HOKAKET, 9YTO 3TO BHPAXKEHHE, HHTEIPHUPOBAHHOE
nq BCEH MOBEDXHOCTU ¢, naer JHCPIHIO, 3AKMI0YEHHY0 BHYTPH MOBEPXHOCTH .
ITOT HHTErpajl MOXeT ObITh 1peobpa3zoBaH B OGBEMHBIA HHTerpas

1

[0
"2—/ { ox KfE+ Y- Z,0) L
0
L Oy (X.VE T Yy Z,°) T
J
+ 0z (Xz‘E _]— yzn+ ch)} dT:

rae dt ecTb 3JeMeHT PacCMaTPHBAEMOTO 06beMa. OTcioga sHeprus Ha emu-
Huly oObeMmMa paBHa:

s (X4 Yo+ 20+
o _
T oy XE+ Y420 + (20)

+ (XA Yz 9}
/M, CornacHo ypasHenwusm (11), (15) u (16):
L X Xx 1 'y, 1+Zz2,-1-
(Yot X,) 5,4 (¥, — X)) r+-
-5 (Z,+ 1)y, - (Z,—Y)r+ .
]

T 2 (X, - Z,) 2t (Xz —Z,) 7}

-
[ TR —

1
2
1
5
1

=rrrem

JefcTBHTENLHO, WMEEM:
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KBASH-XKECTKHH 3&uUP

},@wq Xa;-——-

Xdx VT YOy
] 01 053 1 o /[ O _0E>
=2 (Y +XJ’) (5}_ | @y) | 2 (Ye—ay) \Ox dy

W T. I, 1 118 TOro 4to6bl y6eaHThCa B TOM, UTO OCTa/bHbIE Y/IEHH MCHe3aIoT,

"ROCTATOYHO BCIOMHUTH, 4TO Mbl MMECM neano ¢o CcrauuOoHapHsM COCTOAHHEM,

Taxum 06;a30M, HanpxMep, k03QUUMEHT § B YpasHeHHH (-0) npespaLuaeTca B

1 _(@{fx 90Xy 02{';:)___1 PQQ;
2 \gx T 9y U 0z 9 ¥ o1
‘Ecnu 5 .eprua (21) no/mkHa 3aBUCETh TOJbKO OT BpalleHuH, TO B MEPBYIO

ouepelb AOKHBEI HMCYE3HYTb HJEHBI, 33BucCAlde OT pacTsdxeHHl, T. e,
X, = Yy:Zz:O U s Toro 4tobni ocBo6GOAMTLCS OT BAHSHAA CLBHUIOB,

Py —
P ——

Mbl LOJIXHbI UMETD:

.. Vo X, =0, Z,4Y¥,=0, X,}-Z,=0.

TakuM 06pa30M Mbl CHOBA NPUXOAAM K MPEAbIAYLIMM 3HAUEHUAM HATAMEHHA,
JHeprusi Ha ej4HULY O0ObeMa Tenepb pasHa:

]
B ' Q (Agxp+Myq+ Mzr) —
— m; (00 - 0,q% - agg?® = 20,9pq + 222397 - 22517D),

M HAM OCT4eTCAd DAcCMOTPeTh, XakuM 06pazoM B 00euX PasobpaHHBIX HaMu
TEOPHAX KO3 DHIMEHTBl o COMJACYIOTCA C BeNMYMHAMH, [0RB/AIOUIKMUCS
B 3/eKTPOMarHUTHHX ypasueHusX, B nepsom ciydae (§ 10) bl nmenu:
05 01 0%
meﬂl"az, Hy—--f?l—d—t, sz 3¢ (22)

D,=2cmp, D,==2cmq, D,=2cmr

M MJAOTHOCTh 3dupa Obl1a p = m=.
[1o1enuuaibHas 3Heprua- 10/4XKiHa CoBNanaTh ¢ snexTpuyeckor. llocaennas

Ha eauMHuLy 00beMa pPaBHA:

| r
(e, D4 .+ 2e,D,D, —+...),

2
T. €,
F r !
Ex — EJL1£).4:' "Jf' EIQDy + eI3Dz:
H T. .
Taxkum o6Gpasom HeoOGxoauMmoe coBuageHue TpeOyeT CAEAYOMUX COOTHO-
IHeHui: |
— de’ 22
Ay == 4e c°m?,
A 22
0 = 4:—:22(,;?12,
f
Ay == de . C7m7,

r A2 242

o g == 42,,C°M°,
r

oy == Aey0om?,

herrrrrrererdeern "‘-f \2 2
0, = d&5,0°m°.
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Hna u30TPONHLIX cped M GyaeM MMETh MPOCTO:

E —=¢D,

o == 4z c2m?,

apupa:
6X_r_|— a_XJ, ! axzm 023
0x dy ‘' o0z 2
H T, I
HeiictBuTensHo, noanaras zanech
Xxm ’
X, =Lum
yo 9 o
X, ——1
g Ty iy
MBI HMeeM:
1 <6Mz dMy> 0%
2\ T e/ Pos
Ho
4c2m? y 7 r
My = — o (a“Dx-—}—emDy - &30,) = — 2emE
M T. I
Hoacrammlam H 3aMeHaq o¢ yepes ELF: MOJIyyaeM:
7} m ? y ”
0E, OE, 1 0H,
oy dz ¢ 0f°’

ATO ABJIMETCA NMEPBHIM ypaBHEeHHEM BTOPOH rpy sl (L1 Y3CTHOTO cAydag p = 1),

ITono“HeiM e o6pazom BO BTOpOM cayuae rpynmna (7) ypaBueHutt Moxer
ObiTb BhiseleHAa M3 ypaBHEHHH [ABHKEHUS apHupa nyrteM pacCMOTPEHHH Ma-
FTHHTHON 3Hepruu,

KenbBuH NpuBIeK BHUMAHWE K MOAenH (pupa TAKOTO pPoaa, OH HA3BaN
€ro KBasu-K:CTxkuM 3puvpoM. Oxn XOTeN npu noMouwM nochefHero naTh O6b-

ACHEHWE MArHUTHBX siBJleHuH, H, ClenocateNbHO, PACCMATPHBAA MAarHUTHYIO

HHAYKUHWIO KaK BpauleHHe 3JeMEHTOB 3(upa, 4r0 COBNAAdeT CO BTOPLIM M3
PacCMOTPEHHLIX HAMH C/yuaes,

14. KBa3zu-na6unpuuiii adpup

O1Hako Mbl MOXeM 1aTh OGbBACHEHWE NBACHWH U He nputeras K C7T0J%
HEOOLIYHBLIM MPENNONOKEHUHM OTHOCHTENLHO ynpyrociu adupa. Jlags 31010

LOCTATOYHO Oyner paccmMorperb cayyall M30TpONHOH ONHOPOAHOH cpeawl.
[lopcTaBum B ypasdeuus nsukeHus

0X, | 0X, 0X, 0%
o T oy T oz T Pgs MR

Bropas rpynna ypasHeHnutt (9) Tenepb caeayer u3 YLaBHeHUl ABHUXKEHUS
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KOMTIOHEHTH HATAXKEHUs, KAK OHU 1aHbl OOBIYHOHA TeopHel yNpyrocTH, a UMEHHO.

03 05 | 0n ai‘;*}

0t | O _ g [ 95 Pt)
X.va(ay—l'"B?E)’ XZ—K(C?Z T o) °

'Torna noJjiyyaem:
agf- afE a“E a _g_g_ _alf]_ ! a: - a'_?E
K{(a; oy | 55@)+(1+28)'5x(0x+ dy dz) " or

B T. I
Teneph Mbl JAOMKHL CHENATh TAKHE IIPEANONONKEHHH, yToOBl YIEHLl ITHUX

ypaBHEHHH B JIeBOH 4HaCTH TIpEBpATHAWCEL B KOMMNOHeHTHl BPAHICHUA BEKTOPA,
Jro npousofiger, ecau monoxuts 6==-—1. Toraa nocienHee ypaBHEHUE

npuMeT BHA: -
' 0 (08 o _i(;mﬁi)1:p9ﬁ_
K{'@_ (dy dx) 0z \ox  oz/f of’

HJAH B 3aBHUCHUMOCTH OT KOMIIOHEHTOB Bpall€HHUA,

ar aq _ 1 525
K(ay az>m“"“2_Pat3;

yTO MpencTasaseT COOG0H HCKOMYIO dbopmy.

[lpy movolM TOAKOBaHUA § 10 sTO0 ypaBHeHHEe TMpeBpallaerca B MEPBOE
u3 ypasseund (9) aam  M30TpOmMHOR cpeln!, @ NpH  TOMOLLM TQJKOBaHUY
§ 11 — & nepsoe U3 ypasHenuit (7).

ToAbKO 4TO PAaCCMOTpeHHas HAMH Cpena ecTb KBa3u-nabu/bHbil 3hup
Kenwpuua. PasHoBecHe 3toro sdupa nabusbHo (H2yCTORYWBO), Tak Ka< TNO-
TEHUMAMLHAS SHEPrHS B COCTOAHWM PAaBHOBECHS He SABIACTCH MHHUMyMOM.
TleficTBHTENbHO, HETPYAHO BHIETb, YTO TNPH BbillIEH3TOMEHHBIX OOCTOHTENb-
cTBAX [OTEHUMAJAbHAs SH PrHe MOKET CraTb OTPUUATENbHOH, TAK KaK €€
BhIpaXeHue Ha eJuHuiy o0bema €CThb:

KLy 22 KO (5,4 y, 20 g KOs 2D,

a mocnenuee npu 0= — 1, OuesHIHO, OTPHUATEJHLHO TpPH yCIOBHH, HTO
CABMTH WCUe3alT U X, Yy, 1 2, NUMEIOT OAVWHAKOBLIA 3HAK.

Sra moaeab 3dupa, NOxanyd, MeHee YIOBAETBOPUTE/NbHA, HEM KBA3H-
JKecTkuil 3up, TAK KaK COOTBETCTBYIOWAA TEODHA orpaHyuyeHa Hampor}r-abimy
¥ ONHOPOAHLIMKA Cpelawvy, TaK UTO CayHau OrpaHHUHLIX TOBEPXHOCTEN TAKNKE
BbINajaawT K3 paccMOTpEHU.

15. Teopusa I'petua

Mocnenteli Mexauunueckol teopueit 3hupa, KOTOPYIO HAM OCTAETCA pac-—
cMoTpert, sBAseTcs Teopus | perua. B arolt Teopuu Bropas rpynna ypasHe-
HUR neayyleTcs TeM ke myTeM, 4TO ¥ B TCCPdH KBa3u-1abunbHOrO 3dHpa.
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JReACTBUTENILHO, TO, 4YTO OBIID HOCTHTHYTO B TMOCAedHOM cayvae, noJaras
J

6= — 1 B ypasHenuu ABrXKeHus OGBIUYHOH YNPYroH cpepp:
aﬁé ;
g Y s Y - 0P
P 012 == N _ﬁg T (1 —{'—26) 5-';5—-},
0 , On , 0% 42 53
BMECTO | L 0?
c P gx Ty T oz [” A BMecCTO POl Jy2 | az.ﬂ] , nocturaerca [per-

ieM Npud MNOMOUIMd NPWCaABAEHHA K Npa-<of yacTtu VPABHEHUST BeJddUliHbL] ——

0F
— K(l - ) g¢» UTO MpeBpallideT MOC/elHI0n B
oP 0
K(Ag _ ).:_...2 (,mi_??
dﬁ K dj (95 -

[Tocne 310r0 ero Teopust CBOIUTCH K YIEPKAHHIO 11 CBOGONHOTG achupa

OOBIYHBIX YPaBHCHUN yNOpYyroctd, TaK YTO B MyCTOTe ypasHedus Ma.cuenna
HenpumeHUMBl. B KoHlle KOHULOB, [IOCKOJILKY 3IKCIHEDHMEHTh CO CRBODOAHBIV

3(pUpOM HEBOSMONKHDI, Mbl HHKOILA He CMOXEM TIDOBEpPUTh, OYAYT JH OHH
3

CpasennuBel ns nociaefHedt cpeast WM HeT, OTHOCHTE BHO BECOMBIX cpen

['periy BBICKA3bIBAET MPEANONOKEHHE, YTO B HMX HA HacTuly 3pupa AeHcTBYeT

HE TOAbKO OKpYXalouwMh 30pup, HO H BecoMoe BellecTBO. B TakoM cayuae
CH/a, BbI3RAHHAA TMOCACAHUM, A3E€T WIEH:

:
— 2K (14-6) %

['peTul naer TaK¥ke H *
p 3TOMY HEKOTOpOe O00bACHEHUE, TNOCKONLKY OH Bbi-

BOAHT YKA3aHHyI0 CHJYy W3 JAas/IeHUs, NPOH3BOAUMOrO BECOMOH Marepuell Ha
3PHP H IPEACTABIEHHOIO B BHIE

p=2K(1-+06) P,

16. 3apsikeHue NMPOBOJHMKA COrJIACHO TeOp¥sAM yupyroro adupa

Mbl TOBKO  4TO BUIEAW, KaK, [PUNHCBIBAS 3DUPY paznuunsie CBOH-
CTBAa, yAaercss naTh OOBsICHeHHEe ypasuenuH Maxcseasa. Onnaxko ™Mbl 31eCh
JIO/KHB BEPHYTbCA K DPACCMOTPEHHO HEKO10pOro 3aTPYAHEHHS, MOUCYLIEro
BCEM MeXaHUYECKUM TeOpHAM 3PUPa M BO3HAKAIOUIETO MU pacmofpemu
3dpsiACHHOrO NpoBO/AHHKA, Ecan paccmarpusaTh 3a/MeK1pHUecKyio CHAY Kak
Nposis/icHHe CKOPOCTH B 3pupe, TO, KaK YyKe OblIO YMOMAHYTO BbLILE, Mo
NOJUKHBLI TIPeACTABHTb cebe HEerNpepbhiBHOEe TeyeHue acpwpam) H..;wpaaﬂ;mmo
K TPOBOOHUKY W/IH OT HEro, XOTA Mbl K HE 3aMedacM B [IOC/HEeAHCM HUKAKUX
H3MEHEeHUHA,

Kax e Mbl IOMK4Bl NPENCTaBNAThL cefe 3apsKeHHLIN NPOBOAHHK COTIACHO
TE€OPUHU, paccvuarpusalollell MarduTHYO cuiy kak notok sdupa? Torna nu-
9JIEKTPHUYCCKSE CMellleHde Mpeacrasiasiet coOOH BpalleHHe BOKDYT cmomr{

JUHUHA B HANpPaBIEHWH, COOTBETCTBVIOUIEM HAMPABACHUID NOCACIHHX. KOMNG-
Ip-!
HEHTAMH 3TOr0 BPAUleHUdA ABAAIOTCH y o L (fmfi
i 5 \gy —oz) W T A, H3UETO Oue-
BHIHO, 4TO pacnpejeieHye BpauleHus Bcerda cojeHonsanwuo. Ilposenem

HEPE3 KAWAYI0 TOQUKY NPOCTPAHCTRA BEKTOP, YKA3bIBAIO I HUH HAMpaBJACHUE OCH

IAPSIKEHUE TPOBOIHWUKA COTJIACHO TEOPHAIM VIIPYIOrO 34HPA 39

ppauieHus. Toria cucreMa KDHUBHIX, K KOTODbIM 3TH BEKTOPH ABJAIOTCHA Ka-
caTe/bHBIMH, OyneT TNpeacTaBaTh COOOH TaK HA3bBAEMble BHXPEBbIC JHHUMH,
u3 KOTOPHX, 6Jarofaps COJEHOHAANbHOMY PpacnpefecHHIo, MOTyT OblTh 110-
cTpOeHbl BHXpeBble TPYOKH.

PaccMOTpUM Temepbh MApO0O6Pa3HbIA TNPOBOMHHK. Bo BpeMa npouecca
3apsKeHUsl MOCAEAHUA TONYyYaeT 3/eKTP4uecTBO MO TIPOBOAOKE. JTO 03Ha-
gaeT, u4TO B 3dupe BO306YKHAIOTCH Bpaniedns, BCACACTBHE yero BO Bpemd
3apsKeHUst NPOBOAHHKA MBI HMEeM YIVIOBHIE CKOPOCTH. PaccmoTpuM Tenepb
BUXpeBbie JHHUM BO BCeM MPOCTPAHCTBE, OKPYHAOUIEM map. Ha ocHOBaHUH
NPUHUKNA COJEHONIANLHOTO pacnpefe/ieHnst 3TH JMHUA NOMAKHLI WIK 3aKaH-
yUBaThCH HA TPaHULEX Cpelsl UIH NpoCTUpaThCd H3 6eCKOHEeYHOCTH B OecC-
KoHeuyHoCTh, Kawnoft TakoiH BHXpeBOH JIMHNK LOMKHA COOTBETCTBOBATL APYlas
BHY1DH TIPOBOJIOKH. Ternepb Mbl JO/KHbI cehe I[IpeaCTaBUTh, YTO BOJOKHA

~a¢dupa B NPOBOJNOKE 3a<pydeHbl, W UTO 3TO KPYyHCHHE pacnpocTpaHseTcs no

BCeMY TNPOBOIHHKY U OT MnocJenHero BAOAL NO CHJAOBBIM JHHHAM B CPEAcL.

Bpauieuuio B 1 0CIeNHUX MPOTHBOAEHCTBYET ynpyrocTb CpELRH, Bbi3bIBAO11A]
nosigneHde nap, KOTOpHE, MpH OTCYTCTBMU BPALIAIOUIEH CHJbI, MOMECHTAIBHO

~ packpyTnaud Obl BCIO CHCTeMYy, T. €. paspaliiu 6l MPOBOAHUK. 3aTpyAHEHeE

3aK/I043eTCd B TOM, 4TOObl y3HaTh, 4YTO MPOHCXOAUT NpH ylHajeHHH NPOBO-
MOKH, TaK KAk TO, 4YTO Mbl Hab.uto3aeM B AEHCTBUTEIBHOCTH, HE/ILSH NnpUMu-
PUTb C KapTHHOH, KOTOPYIO MbI TOABKO HTO H4ApHCOBAH,

C uenbio ybenuTbCs B 3TOM, PaCCMOTPUM NPOHM3BOJBLHYIO TIOBEPXHOCTL G,
HOPMalb KOTOPOW B TOUKE X, Y, 2 MMEET HanpaBiAfiouiMe yribl g, B, T ¢

KoTOpas OrpanvyeHa jauHue# s. Torza cornacHo treopeme Crokca:

[ (pcos a-t-qcos B4-reosy) do = L [(EdxFmdy-tdz). (23)

[Tocne yaaneHus MPOBOJNOKM MOJe, OKpYXaiouee Mmap, 6yJeT COBEPLIEHHO
cumMerpuuno. Ecan Tenepb B3ATh AN ¢ 4aCTh KOHUECHTPHWYECKOTO Ihapd, TO
NOBepPXHOCTHBIA HHTErpaa € TOYHOC!bIO A0 MOCTOAHHOTO MHOXHUTENSE Oyner
NMpeAcTaBAATh KOJIMYECTBO 3JIEKTPHUECTBA, Npoiuelilee Yepes STy NOBEPXHOCTH
H, CJeA0BATENbHO, PABHOC 3apady HaCTH NPOBOAHKWKA, BbipE33CMCH KOHYCOM,
ONUPAIOWMMCA HA § H HMEUWHM BepuinHy B LEHTPE LUapa. Tor e 3apsl

. npencTaBisieT TaKke W JIMHEHHbl HHTErpal B YDaBHEHHM (23). Brayane Mol

‘GepeM 1A% o He6OAbIIYIO YacTb KOHUEHTPUHECKOTO 1MIafa W N4eEM el Men-
nenHo Bo3pactath. ([locienosatesbHbie NOrpaHudHbIC THHUY MOTYT, HANPHMED,
COCTOSTh M3 CHCTEMBI NALAAAeNbHbIX KpyroB,) Toraa noBepXHOCTHLIM HHTErPall
6yleT HerpepbiBHO BO3PacTarh, YTO ABAAETCH HEBOSMOMHLIM JUIA AUHENHOTO
HHTerpana, Mocie TOro Kak ¢ Crajsa 6oJblie Tojyllapus. B kownie KOHIOB,
KOrna JUHHA § COKPATMTCH N0 TOYKM, TMOBEPXHOCTHBLIM HHTErpan oyner
MpeacTasnaTh 3apsij BCero umapa, B TO BpEM# KdK THHEeHHBIH MHTCTpad mnpe-
BpaTUrcad B Hyab. Jleno B ToM, 4TO CyuleCTBOBaHHE B KaxXXnaoh TOo4yKe Ha
MOBepXHOCTH 11Aapa BPAlEHHs] BOKPYr pannyca, — BpauleHus B OIHY H 1Y
e cTopoHy, ecad Mui OyileM cMOrpeTb Ha MOBEPXHOCTL 1HdPd, HAX0A%Ch
C BHelHE# CTOPOHHLI MOBEPXHOCTY WIApa, — ABJIAETCSH HEBO3MOMHBIM N0 YHCTO
KHHeMATHYECKUM TIPUUMHAM, KAK 3TO CJACAYET H3 ypasHEHUI (23). 3arpynHe-
HHEe COCTOMUT B TOM, 4YTO BpallleHuHe Be3je pacnpenensercs CONCHOWAAIBHO,
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B TO BPEMA KaK NOW3NEKTPHYECKOE CMelleHHe He 06JaNaeT 3TUM CBOHCTBOM
B NPHCYTCTBUU 3apslOB,

Jlapmop, Peitd u ap. neitanuce cnacry TEOPHIO NYTEM OTKa23a OT CUM-
METpHUH BOKDYr wapa., OHH UPEANONONKHIH, YTO B TOM MeCTe, Tie nepBOHA-
Ha/IbHO Haxo04ul1acb MPOBONOKA, YC/AOBHS HECKOJABKO OTJHUYHBI OT TAKOBLIX
5 OCTAILHOM 1lape, a MMEHHO, YTO B 3TOM MecTe CyluecTByeT KaHan K,
B KOTOPOM 3(HP OCBOOOXAEH OT CBA3U C OKPDYXAlOUWHM 3)upoM, TaxK YTO
B TO BpeMd KaK 3pup B K Hemo;BiKeH, OKpymarouliuf 3up npuobperaer
BPAUICHHs, COOTBETCTBYIOUIHE HANDAKEHUIO INEKTPHUYECKOTO MO, C TeM
PE3yALTATOM, 4TO JWHEAHBINt MHTErpan CMellleHHs 3Gupa no IYTH, OXBaThl-
BAIOUIEMy KaHan, paBeH BCeMy 3apsay wapa. Buiio 6ol BO3SMOXHO COXPaHHTB
NnoaoOHOe cocTosHue, npuaaras k 3duHpy BHe K BAOAb BCEH TTOBEPXHOCTH
KaHala NOLXOAsulMe TaHreHUMANbHBIE BHEILHHE CHJIb. BMECTO 3TOr0 MONKHO

Ii. MOJAEJb 39PUPA KEJIbBHHA

17. Monennr kBa3u-wkecTtkoro sdupa KeabBuHa

Ob110 GBI CBA3 1

4TO Mp Ay EZJ:O 3ﬁa;pyqeﬂﬁbm PHD C odupoM, Haxomsumes BHYTPH K, KenbBUH MPCACTaBUA cefe MOlenb KBA3U-KeCTKOro 3¢Hpa, MOCTPOCHHYIO

1 oD JOMMOE packpytinsanne cpeirt sie K. Ypasnenue (23) U3 rupoucTaTtoB. dra npobieMa oueHb CAOXHA. Jle0 CBOAMAOCH K OTHICKAHHIO

He MPOTHBODEYHT 3TOMY, TaK KaK B 3TOM YDABHEHHH £ a o

IOTCH BIOJIHE Henpe ’ YP » i, & Tpelnonara- CHCTeMbl, OKAa3biBalOUIEl CONMPOTHB/AEHHE TONBKO JAeOpMAUUAM, KOTODHIE

NOBEPXHOCTH K l)p PRIHBING, - TOTAd Kak 310 yenosne He cobmonaetca Ha CBA3aHLl C BPALIEHHAMH, TuM TpPeGOBAHWAIM OTBEUYAIOT TMPOCTATHI, CONPO-
| THBNAIOLIMECS BCIKOMY H3MeHeHMIO HampasieHus ux oceft. [loatomy mnepen

KenbBUHOM BO3HUK/JAA 3274a4a HAHTH CcUCTEMY, COIAEPKAULYIO HEKOTOPOE KOJH-

4eCTBO JIMHMP, OCTAIOUWIMXCA napanjie/ibHbIMH CBOEMY MNEpBOHAHANLHOMY Ha-

MpaBACHHIO Npu NI060H e bopMauuH, He CBA3aHHOW C BpalleHHEM, N H3MeE-

B | HAIOUIMX CBOE HanpaBjeHune npu BO36YxAeHuH BpillleHHH B cucTeme. Brosb
' 3TUX JUHUR U HAAMEKUT PACHONOKHTL CTEPKHHU C THPOCTATAMHU.

PaccMoTpum oaHopoAHyIO nedopmailkio, T. €. TakKyl, B KOTOPOH KOMMAO-

HeHThl cMelleHusa &, 7, { KaXnol u3 TOYEK CHCTeMbl ABJAIOT. A JIHHERHBLIMH

byHKUHAMH €€ KOoOpAWHAT X, V, 2:

6= a, + a;; X+ ;Y + a;32,

N == Qg 7 Q21X 7~ Q9o T~ Q23%,
(= ag -+ ag X - Qg5 1 @332,

Ecaiu xo>puuMeHTH @;; U T. A. BHIOPAaHH MPOU3BOJbLHO, TO BbIPAKEHHAS

rakuM o6pa3oM medopMalusi BOOGLIE CONEPKMT B cebe BpauleHHe. ITO MO-
weT Obi1h HallleHO reoMeTpHYeCKUM NyTeM, eC/HH BCOOMHUTBH, 4TO 14D Mpe-
BpalllaeTcd B 3IMNCOUL, W €C/AH ONpeaeuTh Te B3aHMHO-MEpPNeHIHKyAspHBIE
IMaMeTpHl 111apa, KOTOPbie COOTBETCTBYIOT OCAM 3auncounna. Anrebpanyeckoe

BLIDAXKeHHE HAXONUM, nepenncaB GopMyny CAeaylomuM 06pasoM:

G == Ay a1 X
-

1
N =0y~ Gy - 5 (agg — @32) Z! 5 (@y — Qy9) X 1
I

T ; 1
T 5 (@95 1+ as2) 2 D (g1 -1 ay9) X,

1
(@ — 1) Y+ (@15— a3;) 21

1
(@12 + agy) ¥ -+ D (@5 —l_ a;) 2,

""Mih—it\ji-—t

1) I1efiCTBHTENbHOE METONONOTHYECKOE 3HAUCHUE reopun Jlapmopa, Pefiba 1 ap. 1 1
3aKA10Yaercd B TOM, Y > o T . |
S oacten TO HE CAenyeT MBLICAHTh cele 3apsiKeHioe 1€40 B CTOMb CXeMa- L= aq ..{H Qg4 2 -+ - (A3, —Q,4) X+ - (Qye — Qo) Y-
CKH-aDCTPDAKTHOM W YHOPOINEHHOM BHIE, KAK 3TO H3JNOWEHO Bbiie. HuiHe 06HA- 2 1
PYMKEHO, HTO jawe ,3/1OMEHTAPHBIN® 3apsi 34eKTPOHA NpescTaslser 1 .
" ype3puwuyaHo 1 e o,
CAOKHYIO cucTemy. [lpum. peo, P “Jr'*‘:g—(am 1 ‘113)-’5—'— 5 (‘232'1‘ ‘323);



49 MOJIE/Ib 3®HPA KEJLBUHA

TakuMm o6pasom aedopmanus pasnaraercs Ha CMELeHUE, pacTaKeHue,

BPAUIEHAE W CABHM, M MBI BHINM, YTO YCJIOBHAMH I AebOPMaLyH C OTCYT-
CTBHEM BPA!LEHUA ABIASIOTCH:

Q19 ==0gyy Qa3==0Qgy, gy ==0q,.

ITostomy B Tako#t nedopmanuu 1wecTs KO3(HLHEHTOB, HE CYHUTas CABUIOB,
OCTalTCd HeonpeaeJeHHbIMH.

Teneps, nna toro 4uto6u mopolity k momenu Kenbeuua, INOCTPOUM B TJI0-
CKOCTH CHCTEVY PaBHBIX DABHOCTOPOHHHX TPEYrOJbHMUKOB, COMPHKACAIOLIMXCH
APYyr ¢ LpYroM, W HaICTPOMM HA 3TMX TPEYrOoNbHHKAX, KaK HA OCHOBAHHAX,
1CPE3 ONMH PABHOCTOpOHHHe TeTpasapel (puc. 12). Bepuinnel 3Tnx Terpasn-
POB TOXE€ JIEKAT B MAOCKOCTH H 06pPasylOT CHCTeMy TOYEK, MOAOGHYI0 H30-
Opax¢HHOH Ha puCyHKe,

[losToMy Ha 3TUX TOYkaxX CHOBA MoxeT GHITH MOCTPOEHA CHCTEMA TeT-
PasaApoB. ITO Mbl BHINOJAHAEM TakuM 06pazoM, YToO nocjeHue TeTPasaphl
CBOMMH OCHOBAHHSMM 3aHHMAIOT TO HE TOJOXEHHE, YTO M TePDasipsl mnep-
BOI'O pala, TaK YTO NepBble MOTyT ObiTh [MOJYY€Hbl M3 MOCJEAHUX MPOCTHM
CMEIlleHHEM, JTO O3HAYAET, UTO €CJAM MBI CHAyada BHLIOpAaAM B KayeCTBE OCHO-
BAHMA He3aTylleBAHHbIE TPeYrolbHHKM Ha puc., 12, To Teneph Mbl Gepem
B KayecTBe OCHOBaHUH Tpeyrosbuukd PQR, RST n 1. 1. 3tum cnocobom
MOXHO MPONOJ/KAThL MNOCTPOECHHE HEeOrpaHWYeHHO, M TOYHO TAK Ke CHCTeMa
MOXET OBITb NPONOMKEHA N0 GEeCKOHEYHOCTH M C APYFrOoH CTOPOHBI MAOCKOCTH.
Takum o6pasom kawpas ysmoBas Touka CHCTEMbl siEASeTCH O6LIeH BEPLIKHON
HETHIDEX TETPAa’APOB, B KOTOPOH, C/1eA0BATENLHO, BCTPEYAIOTCH ABEHAALATh
peCep, npdyeM pe6pa IO [ABa NOMAPHO ABAKIOTCH NPONOIKEHHEM JIpYT npyra.
3ateM KesnbBuH npencrasaser cebe Ha kaxI B y310BOH TOUKe wap, OT KOTO-
POTO  OTXOIWT MIeCTh CTepXHeH M CTOJLKO e TPyOOK, KOTOphiE MOCYT
cB0O001HO NpuMHMMaThb M060oe HanpaBnedde. [Ipu 3ToMm CTEPHHU OAHOro 1apa
BXOAAT B TPYOKH JApYyroro, rie OHU MOTryT CBOGONHO ABHUraThbCH B3ad M Bre-
ped. Jta cuctemMa MOXeT ObTh I10:TPOeHA B (OPME TeTPA3NPOB COMIACHO
Bellieonucaniomy. Ona He Oyaer npoTHBOJAEHCTBOBATL HUKAKOH uuCTOR (HeBpa-
LlaTeAbHOR) nedopmanum.

3ateM KenbBuH BBOINT B KaXIBH W3 HAWMX TeTPA3OPOB CUCTEMY Tpex
HECTKO COCAMHEHHBIX MW B3aWMHO ME{ TI€ IANKYASPHLIX CTepxHeHd mnepeMeHHOH
AMMHBL (UTO MOXET ObiTh CHOBA MNPOU3BEACHO IMPH MOMOLIM METOAA CTePX -
Hell ¥ TPyGOK), KOHUBI KOTODBHIX HOMKHBI OCTABATLCH B BLIEMKAX CTepHeH
nepBoH CUCTeMbl, TAK YTO OHH KaxIblili pas COEAMHAIOT ABA NPOTHBONONONK-
HBIX pedpa TeTpasipa. B (ipaBuabHOM T€TP43Ape 3TH CTE¥KHK COBMNAAAIOT C MpPsi-
MbIMH, COCIWHAIOUIMMH CePelrHbl TPOTHBOMNGHOKHBIX pebep, HO U B JHO6OM
ApyroM TeTpasApe Bcerga MoXeT OblTh Hailneua rpynfia B3aUMHO OPTOTrOHANb-
HBIX IIePEeCeKalOUIMXCd MNPSAMBIX, COCAUHAIONIMX Mapnl  MPOTHBOMNOJAOKHHX

pebep 1),

1) 310 CT2HET OYEBUIHBIM, €CAM MHE 3aMETHM, Y4TO wepea AAHHYIO TOYKY MOXET
ObITh BCerAa MPOBENEHA OAHA W TOJABKO OJHA HPHMast, COCAMHSIONIAA BE KOCHIX (He
JEXKAUMX B OAHOU MNJOCKOCTH) NPAMBLIX,

[losTreMy, ecau P ecThb mpou3BoabHas ToYKA BUYTPU TeTPasuapa, To gepes P
MOTYT ObiThb NIPOBENCHB! TPH ONPEAENCHHBIX NPAMBLIX, H3 KOTOPBLIX KAwWAad nepecexaert
[apy npoTHBOHONOKEBIX peldep. YeaosHe B3auMHOW OePNEHAUKYAIPHOCTH 3TuX JAUHKH
Ja€T TPH YpPABHCHHS JUAST KOODAMHAT TOYKHA £, VX peulenne ang cayqas TeTpasnpa,
6eCKOHCYHO MaN0 OTAHHAIOIUEroCs OT NPaBHABHOTO, CM. HUKE, B TEKCTE.
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BpenenHe 3THX CHCTEM CTepHeH He npenoTspaiiaeT HUKAKUX Redpopma-

1nf, Tenepb Mbl IOKaxeM, YTO HeBpaliaTeNbHasd HAedOpMALMs MepBOHAYAIb-

HOH CHCTeMbl BCErla BhI3bIBAET CMelleHHe HOBBLIX CTepiKHEH MnapasienbHO HX

HCXOAHOMY HANpPAaBAEHMIO,
PaccMoTpuM cHauasla ciayda#d, KOria NPABHABHLIA TETPa’Ap MCMBITHIBAET

6eCKOHEUHO Majoe pacTsKeHHe B HanpasJAeHUH OAHOTO #3 pebep, HanpHMep

‘pebpa AC, kOTOpoe OCTaBasieT MIOCKOCTb, Npoxoasulyio veped BD H E —
cepennny AC—na mecrte (puc. 13). JJocTatouno ROKa3aTb, 4TO MOXeT ObiTh

HallieHa rpymnna B3aHMHO MEPMNEHIHKYJAIPHBIX CBA3€H MEX1Yy NPOTHBONOI0XK-
HbIMH pe6pamd HOBOrO TETPa’pa, NapaliesbHbiX TNPAMbIM, COCAHHSAIOLIUM
cepelAHbl NPOTHBOMOMOKHBIX pebep nepsoHAYANbHOIO TETPasaApa, nNOTOMY HTO

B TaKOM CJy4yae 3ro u 6. 1eT eNdHcTBeHHOH cyiiecTBytowe# rpvnnol. Teneps,

octasaas Jauuuio EH 6e: usMeHenus, paccMmorpum FG. Ecad nochenusd
JOJIKHA Oocrathesl nananjesbHOW CBOEMY MepBOHaYaJILHOMY HaNPaBACHUIO H
NPoAo/KA'b nepecekaTs npamyt £f71, To Touxa ee nepecedeHus ¢ MIOCKOCIBIO

'

"ADC nomxHa octatbes Ha npsmofl EF v TakuM 06pasoM CMeCTHTLCA BIOJb IMO-
cnendelt, — ckaxeM, B Touky F’. Taxum o6pa3oM AOCTATOUHO MOKa3aTh, YTO

/
npsmasi, npoxonasiias yepes F’ napannensno FG, nepecekaer BC v, eciu
_ ’ |
G' asasercsi Toukoil mepecedenus 3Toil npamo# ¢ EG, uro FF mfGG., 910,
B CBOI0 Ouepelb, CAeNyer M3 KOHTPYIHTHOCTH TpeyronbHukos DFF u BGU,

BuiueckasaHHoe CnpaseluBO TaKke U ANd NMpsaMoifl, coeluHsioued cepeauHsl

AB n CD; u3 coobpaxeHull cuMMeTpuH OYEBUIHO, YTO 3Ta JHHUA Oyner
CHOBa cMeuleHa Baoab Ef, Tax 4TO mbl NEACTBUTENBHO NOJYy4aeM TPpU OPTO-

' TOHAaJIbHBIX C8%3H NMPOTHBONOJOXHKX pebdep, napasiesbHue MepBOHaAYATbHBIM,

JlokazaHioe TOJNbKO 4YTO U9 pacTs:KeHusi B HanpasjeHun pebpa AC cnpa-
BEMJIMBO I BCEX OCTAJLHBLIX pebep, M LIS NOJHOrO J10xa3aTe/bCTBA HAWEro
NOJNOXEHUSE OCTAGTCS TOKAa3aTh, WYTO BCAKAY He CBAY3aHHAdA C BpalleHWEM 1e-

~dopmauusn MOWeT OBITb IOJyYyeHAa HANOKEHHEM ILUeCTH PpaCTsHKeHHHA BIOJb
pebep M cMeuleHueM Bcelt cucTeMbl, DTO, ONHAKO, BLITEKAET HEMOCPENCTBEHHO
M3 NpealleCTBYIOUIEro, TaK KaK HeBpauiaTelbHas jedopvauuga onpesenfercs

UMeHHO IIECThbI0 HE3aBHCUMO TNpeAnncaHHbIMHU RedopMauusayH. Kpome TOro
OTHOULIEHHE MEXDY 3HaYeHHAMH pACTOKEHHH H Ko3dunueHTamMu @,y ¥ T. L.
B OCHOBHOH ¢opMysie mower Guith onpeneneHo 6e3 tpyna. IledcTBuTenbHO,
ecnu o, B;, y; SBARIOTCA HAMPABAAOUIMMH KOCHHYCaMH NepBOro peodpa, d,—
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PACTiKEHHEM B 3TOM HATIPABACHHH, M eC/M 3TO MONOGHHIM ke 06pasoM, ¢
COOTBETCTBYIOUIMM H3MEHEHHEM HHIEKCOB, CNpP .BEAAHBO IS OC:albHHX [I9TH

pedep, TO Mul WMeeM (HE3aBUCHMO OT CuABHIa):
§ == dyx, (xa, - y3, -+ 211) + I

T daty (X2 433, 4 272) - .. L dg (%26 -+ YB6 -1 27),
n=d,p, (x2, 4 y3; -} 21,)

—+ 4,5, (X2 -+ yB, -+ zYE) + e ~+ dy34 (x4 V3 +- 2Ys);
C=diy (v -8, 2y)) -

T+ Aoy (X% - Y3 f-2va) .. L - deys (X761 35 -+ 2Ys)s

OTKyZza

dioaj ~-dyrd - . . ... -dgx? = a,,,
dlg‘g T~ da; + e T = d95,
dyi ~+d~yi . . ... +deYa ==,
dlalﬁl_]_dﬁxi:az“" AR dﬁqﬁgﬁmglﬂi
a8 vi+dBoya . . ... - dg6Y6 == Qgy,
dl"{l‘“i “’“"dg'}’zo’*z—}‘ ¢ s s e {“dﬁ"{ﬂ%—_am,

W Bce d ONMpenensioTcs, eCau AaHel a l).

Ecau Teneps npuHate nas CTEDXKHEN, PACNONOWEHHBIX O1HKE BCEro K ce-
peinHe, yCAOBME, HTO IJd BpALLEHHS CTeDKHEH HeodXoauma apa cuj, Ko-
TOpas A4 OECKOHEYHO MAJIOro BPauleHUs MPOMOPUHOHANbHA BPaILEHUIO 1:1 OCh
KOTODOH COBManaeT C OChbIO BPAILEHHH, TO ONATbL He Gy.ier CHALI, NPOTHBO-
JeHCTBYOMER HeBpallaTeNbHOH Hed)opMalumuu B iepsoi rpynne touek, OaHaKo
pH HATWYUH BPALIEHUT BO3HUKACT NPOTHUBOLEHCTBYIOWAN NAapa cHJ, KOTOPas
NPpOMOPUMOHAIbHA BPALIEHHIO M OChb KOTOPOH BCErsa COBMATAET ¢ OCLIO Fpa-
UIEHKA N1DH yCAOBHH, H9TO TPDU CTEPMHS, DACMONOKEHHBIE OJNHIKE HCETO K Com
pennrHe, 006Ma13I0T BCEMH Yka3aHHBIMH CBOHCTBAMU. YToG6M yOeauThCs B 3TOM
I0CTATOYHO pacCMOTpeTh CAMH M3 TeTpasnpos. Ilycte OP OQ v OR 6)U1)”;
HANPaBACHUA BHYTPEHHUX CTepkKHeH; pacCMOTPHM GeCKOHEYHO Manoe Bpaue-
HUE @, OCb KOTOPOrOo 00pasyer €O CTEPWH: MH Yl A, o, v, OHOo Moxer
ObITE Pa3NoOXEHO Ha BpalleHHE ¢COSA BoKkpyr OF, BpauleHve @cosw —
BOKpYyr OQ M BpauleHHe ¢ cOSv—BOKDYT « R. B HEPBOM BpauLe*HHniOP
OCTaET(s HA MeCTe, HO Ina BpauweHds OQ HeobXo1ura napa cua, obaanawo-
l1ag MOMEHTOM, pasHbiM C @ COS), 0Cb KOTOPOro HanpaeaeHa no OF. 391o
AHE CNPAaBEAMNBO L5 Bpaulenus OR, Tak uto B obuiem noayuaem 2C o cosh,
Takum e ob6pazom Bpamennue BOKpyr CQ Tpebyer napel Cua 2Ct§c051¢

') HleHcTBUTENLHO, MOMHO I110KA3aTh, YTO NETEPMUHAHT KO3puunentos d,... d
e HCHE3aeT, 14K 410 YyPABHEHHA gBAKIOTCS COBMECtHbMM, Jlns ,HuHElHE]TE*thCTB%I a"rorg
OCH  KOODAHHAT MOTVT ObiTh BHOPAUbI MPOU3BOALHO. LCIM B KayecTpe NOCAC THHN X
B34Thl  NPAMBIC, COCAHHAIOWIHE CCEPEeAHHBE NPOTHBONOAOWHDIX peéep, To oiuH K3
HANPABASIOMHX KOCHBYCOB s Kawaoro pebpa 6yser paseH HYVAI0, B TO Bpewvsl KaK

1
Apyriue OynyT paBHB —— € TeM Ke HMAM O06PaTHLM “HaKoM. B TakoM cayyae

5

abcoaroTHoe 3HaueHUE ACTEPMUHAHTA OKAa3nBaCTCH pgm.;w J
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¢ OChlo, HanpasnaenHo#t no aubnu OQ, a BpauieHve BOKpyr OR — napu CHA
2C zcos v, Coeaunssi Bce 3T Napbl T, Mbl MoJyyaeM, KaK yxe ObLIO YKa3aHo,
napy cua 2C <, 0Cb KOTOPOH CoBMaiacT C OCbI0 BpalUeHHd.

18. Teepasutit rupocTar

B kauecTse nepBoro npucnocob/ieHH IAs MONYYEHHS Taphl CHJA, HeobXO-
AMMONM IS M3MeHeHusl HanpailedHus CcTepxHsa, KeJbBHH NpesysoXUa OOGBIKHO-
BeHHwil rupocrat. B crepxkeds AB (puc. 14) BKJWOUYEHO HenoABHKHOE
KOJIbIO, B KOTOPDOM YKPel/JeHO BTOPJIE KOAbLO, ¢BOOOAHO Bpauaiouteecs BO-
kpyr PQ | AB. B uenrpe O auamerpa LS BTOPIro Ko/AbLUA HAXOAMTCA AUCK
¢ RS 8 kauecrse ocu. [lpexae BCEro COBepweHHO OUYEBWJIHO, UYTO 3TO
YCTPOHCTBRO He upoTHBOAEHCTBYET BpauleHuto ctepxus AB Bokpyr ocu PQ.
3atem KeJbBUH yKpeiliseT HA KaXiAOM CTépxHE N0 ABA TAKHX KOJblLA BO
B3aHMHO-IePIeHAUKYAAPHLIX MA0CKO . TsX, OIHako paccMOTpMM cHavana OT-
AenbHbIA rupoctaT. Ero BHyTpeHHee KOMALLO MOXeT BpaularthCsa BOKPYyr PQ

Puc. 15.

a IUCK MOXeT Bpauiatsca Bokpyr RS. Has kaxnoro npeprnonaraeMoro Bpa-
ILIEHUA, A TAKXKe I KAWIOr0 MOMEHTa MO OTHOLWEHHUIO K OCH OfnpeleseHHoe
Ha ipaBJieHHE OpP2A1043araercss NUJIOKUTENbHbLIM, 23 UMEHHO TO, MO OTHOIUEHUIO
K KOTOpPOMY BpauleHue MPOKWCXOAUT IPOTHs 4YaCOBOH CTPEJIKM,

[lycts masi paccMaTpuUBAEMOro HaM.d BpauUleHUA NOJOXKUTENBHOE HanpasJe-
Hue Oyaer nado nanpasienugamu OF v OR. Ilycte ® Oyaer yraosas CKoO-

POCTh AMCKA NO OTHOWEHUIO K BHYTpPeHHeMy Koasuy M nycth / ACR =10, a

c/le10BareNbHo, 9_6yae'r yraoBoit ckopoctsio Bokpyr OP, [Hanee, nyctb Q.
6yaer MOMEHTOM HHEPUUHM AUCKA OTHOCHTENbHO ocH RS, a @ — MmoMeHTOM
HHepuHH OTHOCcUTeabHO ocu P Tenepn npeanosoXum, 4YTO BHYTpeHHee
KOAbIO M IHMCK BpPaulaioTcs B TO Bpemsi, Kak APB 0CTaeTcs HEMNOMABHXKHLIM,

Torona Q' 06 6yner MOMEHTOM KOJIUYECTBA JBHXKEHHSA IHCKA OTHOCHTEIBHO

OP, a Q’fj‘--—wcmpom LIO ero H3MeHedHus, ITO HM3MEHEHHWe MOMEHTA KOJIH-
YyecTBa ABHXKEHU MOxeT OuiTh pasnoxeno (puc. 15) no OR wu npamoA OT,
neprneHaukyasipsod kK OR w OFP w, caenoBiTedasHo, HaxonauieAcs B NJAOCKOCTH
AOR. BMcCTO yrioso#t CKOPOCTH ® H MOMEHTA KOJIn4eCTBA JABHXeHUd Quw

"OTHOCHT2ABHO oci OR anck u2pe3 npoMexyTCK Bp MeHH df uMeeT yrioByio

CKOpPOCTh ® -}~ dw n movedr KO iudecTra aBukeHHs Q (@ -}~ dw) OTHOCHTEIbLHO
ocu OR’ (/. ROR'==al). Taxkum o06pa3oM KOMIOHEHTAMH MOMEHTA KOJH-
YEeCTBA ABWMEHMS B JIOTh [0 WICHOB BTOPOro mopaaka ssasiores Q (o 4 dw)

no OR u Qudb no OT, a cCKOPOCTb €ro uaMeHeHMss paBHa Qo OTHUCHTEABHO
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OR n Qwl otnocureastio OT: napu cun, NPOU3BENEHHBIC 3TUM H3MEHEHHEM
MOMEHTA KOJMYeCTBa ABHIKEHUS, OOYCAOBJECHBI CH/IAMH, C KOTOPHIMU BHYTDEH=
HEE KOJbLO NeHCTBYET HA R U S H KOTOPhIe, O HAKO, He MOTYT 1aTb Mapl

CHI OTHOCHTeNbHO OR. Takum 06piazom Qw =0, OTKydd ® == const.
PaccMoTpum Tenepn cuctemy, COCTONLYO U3 BHYTPEHHEr > KOJAblLa M DHUCKA.

Ha nee nedAcTsyloT cusel, mpuiokeHHble B Toukax P u (J, KOrophle TaKHM

00pa3oM He B COCTOSHMH BHI3BATb MADPH OTHOCHTEAbHO O, Tenepn, ecau ¢

€CTh MOMEHT HHEDUHH BHYTPEHHEro KOJbUA OTHOCHTEALHO OCH OF, 10 MO-
MEHT KO/IU4YECTBA INBHMKEHUS BCEH CHUCTEMbl MO OTHOLWIEHXIO K 3TOH ocH Oy-

AeT pased Q'0-1-¢0, a Tak Kak 3Ta BeNMYMHA He MOKET H3MEHSATHCH, TO
caMa CKOpOCTh U nmocTosHHA,

Teneps nmocmotpum, uro IPOM3OHNIET, eC/IM CTEPIKEHb, HECYUIMH TMPOCTaT,
BLIBCACH W3 nonoxen-a A, By B nonoxenne AB (puc. 16), nHaxoisau eecs
B MIOCKOCTH Ay Py By n obpasywuiee ¢ A, B, 6eckoHeyHO MaJnilt yron .
[peanonoxum, 4yto CrepweHb yLEPKHBAETCH B €I0 HOBOM ONOWEHH: H 4TO
BHEIIHEE KOJbLO YAEPHUBAETCH B MEPBOHAYANL“OH IVIOCKOCTH AyPyB,, Tak

p UTO B 3TOH raockoctu OP noxut  nep-
MEeHAUKYNapHO K AB. Bun3saudbie 3TOH
[IEPEMEHOH TONOXEHUA CHABI, NeHCTBYIO-
i€ Ha BHYTPEHHEE KOMBUO, MPUIONKEHDI

3 B TOYKaX £ M M MO3TOMYy He MOTyT
BbI3BATL MAPH OTHOCHMTeNAbHO PQ. [lpen-

0 E 0 By MOJIOXHUM, YTO MEPBOHAYANLHO He HabJIo-

| naerca Bpauledus Boxpyr OP, u uto RS

- MEPBOHAYANILHO CORII3JIaeT C HAnPaBleHUEM

ApBy (0= 0). B rakom cayuae mb 6yxem

HMETb TOJBKO MOMEHT KOJUYECTBA JABUKE-

HUS OTHOCHTeNbHO OA ), paBHbIl Qw, KUTODPHIH Mb paznaraem Ha (Jw rgoar OA

1 Que B1oas OP. Teneps PEANOOKHM, 4TO Onaronaps ymomsiyToi Bhille

[IEp-MEte NONOKEHMUS, MEPBOHAYAJALHO HEBPAILABILICeCs BHYTPE¢HHEE KOJBLO

NPHOOPETACT YINOBYIO CKOPOCTb O (KOTOD&S, KAK BHISICHUTCH M3 nocaenyo-

Puc. 16.
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X0[a Beuled MOryTt ObITh UCMOJBL3OBAHBEI PACCYXKACHUS, NpPHUBENCHHLIE B Hauane
aToro maparpada (raK Kak rocienHue CHpaBeANHuBul I BCIKOFO MOJA0XKe-
Hust crepug AB). . Takum 006pa3om Mbl MOXEM BBIBECTU 34KJIKYEHUE, UTO BEH-

yuHa I[pUoOpeTeHHOR YIVIoBOR CkopocTH § octaHerca 6e3 H3MeHeHHs, TaK
yto yroa 0 mnocreneHHo Bo3pacter 0 60.ibIUMK  3HAYEHHH M UTO MOMEHT
KOJHYECTBd MABUKEHUA MOUCK1 MCIOBITAET HA €AMHULY BpPEMeHM H3MEHEHHe,
KOMIOHEHTOH Kotoporo no O7, nepneHAnKyaspHoH K MNOCKOCTH BHYTpeH-

Hero Koabua, 6yser Qwl. s yaepxauuga APEB B HOBOM MNOJOXeHHH HeoO-
XOAMMA NMOCTOAHHAA napa cua, [locae noacraHosku BMecTO O TONLKO yTO Hall-

'AEHHOrO 3HadeHusd, MocCJeIHsa OKa3blBAETCA DPABHOH

M HanpasJjienHo#t Broap OT. Pasnaras ee Ha KoMmnoHeHTH 1o OA u ON | OA
(uto cootsercTByeT B = 90°), umeem no QOA:

Q20?
Qg

sza
Q' +q

g Hauwel Teopuu HeoOXoAMMa MMEHHO 3T4d NOCAEIHAS KOMIIOHEHTA, |
He#dcTBuTeabHO, 3Ta mapa CuJ, HanpasieHHe KOTOpOH coBmaaaer ¢ Ha-

e sin 6

a no ON:

e cos 6.

- TIipasieHHeM BpauleHus oT A, B, K AB, HeoOxoauMa ansd yAepKaHusi CTEPHKHS

B €0 HOBOM NOJUXKEHUHM; HHbIMU CJIOBAMH, CTepXeHb IIPOTHBOJLEHCTBYET

OTOMY BpPALIEHHUIO PaBHON W NMPOTHBONOJOXHO HanpasieHHOW mapo#t cua, Cy-

1eCTBOBaHWE JIPYTrOR KOMIIOHEHTH, NpomopuuoHanbHoit sin 6, obGbacusercs
TeM OOCTOATENbCTBOM, YTO HeOOXOAUMBI HEKOTOPHIE CHARI I/t YAEPXKaHHA 1JIO-
CkoCcTH ABPQ B ee iiepBoHAYAALHOM ITONOXKeHUW, [/ 1OCTHIKEHKA 3TOH LieJH Mbl
MOXEM YKDEIINTb HA Halied OCH eule OAUH [HPOCTAT, HAXOAAWMHCH B TOHM

HIETO, nMeeT Heucyesalollee 3naveHue). B sT1o# yraosoi CKOPOCTH Y4acCTBYeT
TAKKE W IMCK, HO MOMEHT KONHMYECTBA ABHIKECHHS NOCJACLHErO OTHOCHTENBHO

Ocd OR He 3aBHCHT OT yrJIOBOH CKODOCTH 0, a ToabKO OT yrnoso# ckopocTH
BOKpyr OR; Takum 06pa3oM mocAeaHas HOAKHA COXPaHHUTH «BOE IllepBOHA-
1a/IbHOE 3HayeHHe w, TaK KaAK B NPOLOJIMKEHHE paCCMOTPEHHON Bbluie nepe-
MCHB! MOJOKEHUA HA AMCK JeHCTBOBAJH TOJLKO Te MPUAOKEHHblE B TOYKAX
R n § cunnl, moment KOTOpHX OTHOCUTeNbt0 OR pasen wymo. Takum 06-
Pa30M TOCJIe CMelleHHst MBI HMEEM MOMEHTbI KOJNWYECTBA NBMIKEHMUS Qo 1o

OA4 n (Q'-1- 7)0 no OP, a tak Kaxk Mbl He UMeeM HapLl CuJ BOKpyr OF, To

OTKyna

Takum ofpasom, Gnaronaps [ICPEMEHE TOJOXKEHHSI CTEPXKHSA, BHYTDEHHee
ROJABLO IIPHBOAMTCA BO BpallleHHe, MPUYEM HANpPaBJCHHE | CKOPOCTb necaes-
HCTO onpeneasiiores nocaennedt dopmyaon, Jlas Onpeae/ieHus1 HaabHeHiuero

He TIOCKOCTH, 4TO0 Hd MepBuid, M BNOJHE ¢ HAM CXOAHLH, C TOH TOJBKO
Pa3HHUied, UYTO ero IAHCK TNepBOoHA4YaAbHO Bpauiaetcs B oOpaTHOM Hanpasie-

nuu, Torma 6, Oygmer Bcerna umerh Ans 060UX IMPOCTATOB NPOTHBOMNOJOXK-
Hbl€ 3HA4YeHHs, @ TAK KAaK HCXOAHoe 3HawyeHHe 0 paBHO HyaAw 1as 060HX, TO
yrabl OyAYyT PAaBHBLI, uMes NPOTH3OMOJOKHBIE 3HAKWH, TakuMm o06pasoM oOye-
BWIHO, YTO napa cuna Bokpyr ON, neobxoanmas Ajs BO3BPALIEHHWS CTEPIKHA B
pexHee noyioxeHue, Oynet Basoe 6oablie, [lonoOHbBIM e 06pazoMIupocTar, sse-
JEHHBIH HAMH B [IJIOCKOCTh, NePIeHAUMKYAAPH I0 MJOCKOCTH NEePBOI0, MOXKET OLITh
3aMeHeH IpPYIIOH U3 ABYX THPOCTATOB, BPALIAIOLIMXCH B NPOTHBCIOJNOMHBIX
HanpaB/JeHUAX, TdK 4YTO B KOHLE KOHUOB KawInif M3 crepxHell Oyxer HeCTH
qyeThipe rupocrtara. Toraa cucrema 6ylleT NpOTHEOAEGHCTEOBATH BCAROMY H+M-
KEHUIO, CBA3daHHOMY C M3MEHEeHMeM HanpaBJeHus cTepxHeHl, © HMKAKOMY IApYy-
romy, 4TO ¥ Tpe60BaNOCH COrMACHO yCa0sHIO, Cepbe3nbiM BO3PAXKEHHEM MPOTHR
3TOr0 ycTpoicrsa (kak Mmoaenu sdupa) aBAsSeTCA TO, YTO Tapa CHJ, HeoO-
XONMMaa O] YAEDWAHUST CTEDXKHA B HOBOM MNOJOXEHHH, CTAHOBUTCHA OJ2aro-
lnaps MHOXHUTENO <Cco0s0 Bce MeHbluie W MeHbllue (M HAKOHEU [ae Ipespa-
L[AeTCS B OTPHULATE/ILHYIO BEJUYHHY).
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- 19, Xunkuin rupocrar

KenbBUH MPeMIONKA elle OAHO NPHUCIIOCO6/eHue Aasi TOro, yTo6u oec-
MeYUTb HEOOXOAUMOCTL TMPUIIOWKEHUST MAaPul CHJA N H3MEHEHUS HanpaBleHHUd
CTCDKKHEN, a4 UMEHAOQ XuIxkui rupocrtat., llocaennuft CocTouT M3 KOALLEOG-
p184GH TpyOsl (puc. 17), HaMOMHEeHHOH WUPKyAHpyIOUEell MHAKOCTBIO H CBO-
00o4HO BpauwlaoulefiCss BOKPYr OQHOTO M3 CBOMX AUaM:TPOB, KaK BOKDPYI OCH.
OTa OCb JNEeHHT B ONHOM H3 CTepxHeHR, DPacCMOTPEHHBIX B npe blAyLIEM f1d-
parpage. OaHO TaKoe KO/MbLO NPOU3BOAMT TO KE HEHCTBHE, YTO M OIUCAH-
HBIH BbilIe TBEPAbLIA rHpPOCTAT.

Teopus mMano orauyacrca or npenstnymett. ITycts oce, BOKPYI KOTOPOH
BPAWALTCsi KOALLO, OyAeT oCblo X, W MycTh MONOXEHHE KOAbLA Ofpenensercs
yraom 0, obpa3dyevbiM HOpMaAbO K €ro IAOCKOCTH, B35(OH B HaMpaB/leHnH,
COOTBETCTBYIOLUEM JBHXEHWIO KHIAKOCTH, M ocblo OZ. Torpa ami cayuas
0 =0 xoapuo Oyger 3aHuMaThb M0JOMXEHHE, NOKA3aHHOE Ha puc. 17, rae

Yy, VY

Puc, 17, Puc. 18.

OCb Z HampasieHa Brnepen. JledcTsuTenbilioe MOMOMIHUE KOAbLA B 1060

MOMEHT ofipeidesaserca nmosoporom 6 eoxkpyr OX (puc. 18, rne OZ’ ssasercs

HOpMablo K IUIOCKOCTH KOabuUa, B TO BpeMa Kax OV’ Haxoautca B 3TOH
[110CKOCTIT).

[lycts yraoBas cKOpPOCTb KHAKOCTH 6ydeT ®, MOMEHT MHEPUHU KHUAKOCTH
OTHOCHTE/IbHO OCH KOJbUA (), @ MOMEHT HHEDUHH €€ OT.iOCHTENhIH0 AHAMEeTpPa

Q" (rak uto Gaaropaps odens masof IHupruHe TPpyOKHM (12"-__».--.12 Q).

PaccMorpuM cHavana camyio xuakoctb, OHa 064443aeT CHAY2MA MOMEHTOM
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[lepexoas K pacCMOTPEHHIO CHCTEMbl, COCTOAUIEH M3 XHAKOCTH M TPYOKHY,
IPEANONOKHUM, UTO MOMEHT HHEPLWU IOC/AeAHEA OTHOCHTENBHO OCH, BOKDYT
(OTOPOH OHA MOXKET BpaulaThbcf, paBeH ¢. Toraa CKOpoOCTh M3vEHEHHS MO-

MEHTA KOoauuecTBa UBH:KeHua cucteMbl o OX 6yaer paeHa (Q'—-¢q)0, a Tax
(aK Ha cHUCTeMy AefCTBYIOT TOJBKO CHJBI, HCXOZsLLHE OT OCH, TO OHA Oyner

HOBA paBHa Hy/i0 W 0 = const. Takum ob6pasom, B TO Bpema Kak ocb OX
yIEPXKUBAETCS B HEIOABIIKHOM COCTOSIHUM, KOJBLO MOXeT PaBHOMEPHO BpaA-
ATHCS BOKPYC Hee M B TO K€ BPeMs IHDPKYJAAUUS XKUAKOCTH B TPYyOKe
coBepluaeTcs ¢ MOCTOAHHOH cKopocTblo. OJHAKO LA yAEPKaHHA OCH B 3TOM

NOJIOXEHUH K Hell nomkHa OblTh NPHAOKEeHA napa c¢ul— Qwl BOKpPYr och

OY', tak kak— Qof , KaK MBl BHIENH, MNPEACTABIAET CKOPOCTh H3MEHEHUA
MOMEHTa KOJi4yeCTBa ABHKEHHUS KHIAKOCTH.

Tenepb TPEANoONOKHM, uYTO B HaudaJbHbifi MOMEHT =0 u 0 =0, TaK
YyTO Mbl MMEEM JeJ0 CO ciayyaeMm, n3obpaxeHHnM Ha puc. 17. KoHeuyHo, He
Tpebyercss HUKAKOTro yCWIug 11 TOTro, YTOOBI IOBEPHYTh CTEpXKEeHb B MJOC-
kocth XOVY, no spainenuo Bokpyr OY mnporusopedcrsyer mapa cua. [asa
TOro, 4yrobb yOeduTbCsi B 3TOM, pac- ¢
CMOTpPHMM BpauieHue BOkpyr OY Ha Oec- 4
KOHEYHO MaAabi#l " yrojxa £, TMPHBOAAHICE
crepkedb OX (puc. 19) B moJjoxeHHe
OX', B KOTOpOM OH CHOBAa VIEpKHBa-
erca HenoaswxkHpiM. Hopmans ON mnoc-
KOCTH KOJbLA Teneps  IepelBUHYJACH 7
B 1miockocte YOZ' u BHayane coBna- 7/
paer ¢ OZ’ wnu B KpaillHeM ciay4ae CoO-
CTaBJAsdeT ¢ 3THM HanpasJeHHeM Yroa

nopsiiKka BeJWYUHBL &, OINHAKO OHAa I1IpH- Puc. 19,

o6peraeT yIMOByI cKopocTb U BOKDYT -
OX’, kotopas 6yZeT OTAMUATBCH OT HYyNs, XOTHA OHA MOMET OblThb TOIbKO

MaJol BenHuMHOH mopsaka e (Tak Kak 3ddexT naMeHeHus NOJOKEHHT OTIPE-
nensiercst ). JledcTBUTEABHO, TOCAe YCTAaHOBJIEGHMA HOBOrO COCTORHMH MBI

. ! /
iMeeM MOMeHTH Konmuectsa nswkenns (Q - ¢q)6 ornocutemsno OX' n Qo
oTHocHTensHo ON. Pasnaras o6a no OZ u OX n nomHd, 4YTO NMEPBOHAYAABHO

I .
6 u 6 paBHbl HY/MO, HAXOAMM AA npupatenns no OX sHauenne (¢ ~+-q)08 4
- Qus, 4 TaKk KaK OHO, OYEBWAHO, LOJIKHO HMCUE3HYTh, HMEEM.

Qw
Q+q

*
pp——rT
e

KonnyecTsa Asmmenns Q0 ordocutessHo OX m Qo oTHocutensuo OZ', a

sareM MomeHToM Q' (0 -} dO) otHocurensHo OX w (0 + do) otHOCH-
TelbHo OZ”. Bextopuas pasHocth Mexay MoMeHTOM Q (o -+ do) OTHOCH-
renbio OZ” u Quw otHocuTenbHO OZ' MomeT Gbith pasaomena no OV u 0Z',
AdBast B KA4YeCTBE KOMIIOHEHT CKOPOCTH H3MEHEHH® MOMEHTA KOJHYeCTBO

aswkedus Qw nmo OZ" u— Qof no OV. XKunkocTh He noasepxesa mek-
CTBUIO HAKAKWX CUJI KpOMe JaBJeHHR CTeHOK TPYOKH, M, COF/IACHO HM3BECT-
HOMY CBOHUCTBY NOBEPX+OCreHd BpauleHnss, 3TO HaBJeHHE BRI3bIBAET BO3HUKHO-
BEHUE CHCTEMBl CHJ, nepecekawuw4x ock OZ' WM Bcaencrsve 35TOr0 He aa-

OUIWX 13apsl ¢ OTHOCHTENbHO OZ’. MMostomy Qi =0 M, ClAen0BaTeNbHO
== const.

3aMeTuM ewle, UTO, pasjaras MOMEHT KOJIHYeCTBA ABHKEHHMS KHIAKOCTH
nocae nosopora Ha ¢ no ocim OX, OY, OZ, Mp HAXOAUM ] noﬁcneﬂﬂeﬂ
KOMMOHeHTH 3Hauenue Qo' 6jgaroaaps TOMy, 4TO U/JeHAMH NOPSAKA &% MOXKHO
npeHe6peds. A TAK KAK Cuibl, AeHCTBYiOlME HA XKHMIKOCTb, B NPOLOIKEHME
H3MEHEenUsT TMOJOMEHUsT CTePXHS He JaloT MOMEHTa OTHOCHTEJIBHO OZ, 10 ®

NOMKHO ObIThL PABHO .

3HaveHne, HailgeHHoe A é, eCTb YIJI0Bas CKOPOCTh, MPHOOpeTeHHAs
KOJNLIOM 6/1aronapsi U3MEHEHMIO TIOJIOXKEHUS CTEPXKHS, ¢ KOTOpOH OHO MNpO-
no/xaer Bpawathesa, Jasg nanvHedero JABMKEHHA OCTACTCH cnpaseflyIiBbIM
BCe BbHIIIECKA3aHHOE OTHOCHUTENPHO BO3MOXHBIX ABHWEHHH B MEpBOHAYA/IBHOM

' A Jiopenrt 1163 4
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MOI0XKeHHH CTepkHs. Ecan npuuste, yto OY u OZ na puc. 18 uzobpaxaor
Hanpasienus, odo3rnavyeHHsle Ha puc. 19 uepes OY u OZ’, To HAM CTaHET

OHEBHIHBLIM, YTO Ha CTePXeHb N0/MKHA HAcHCTBOBATb MAPA CHA OTHO.HUTENLHO
OY’, pashan

. 2m2
—-——Qm@ — ?‘*""— g,
Q' +q
O?w?
KOTOpas, B CROIO ouepelb, MOXeT GHITb DA3/N0OKEHA HA ecos 0 no OV

Q% d'+q

H 0 a esinf no OZ. Taxum 06pasoM BpaweHue crepus Bokpyr OV

TPe yeT Npekpe BCero mapel cu Bokpyr OV, nponopumoHansHo#i Bpauie-
HHIO, O1HAKO B HOMOAHEHHE K 3TOMYy TpebyeTcss Apyrasi mapa CHA OTHOCH-
T€1bHO OZ, 4r0 MOXeT ObITh ONSTh U3GETHYTO NMDPH MOMOILLK YKpemieHus Ha
OCH JIBYX I'MPOCTATOB C KHMAKOCTSMH, UHDPKYJIHDYIOIUMMH B NPOTHBONOIOK-
HLIX HanpasieHusix. B takoM cayudae, ecrecrBeHHO, Tpebyemas napa cuia 6y-
AE€T CHOBA yAboeHa, T. e. OyleT paBHA:
2 ___@__ui g cos 0,
Q' +4¢ ,

Takum o6pasom B 3TOM cayuae Mbl BCTPEYAEMCS € TEM IKe 3aTPYIHEHHEM,
Hd KOTOPOE MBI yKasblBanu Bbilile B CBA3M C TBEPAHIMU rupocTtatamu. [lo-
JTOMY STH MONC/Id TMPUMEHHMBI TOJNLKO B TeX CAy4asax, KOTAa CTEDKeHb, He-
CyulMit rHpocTas, He CMellaeTcsl CAWIWIKOM [a4€KO B ONHOM HafmpasJ/JeHHH,
KaK, HAlpUMEDP, B Caydae MNepUOIHYeCKuX IABUMKEHMH MaJjof AMIIVIHTY b,

Paccmorpum cyya#t, krna e aBaserca nepuoanueckod pyHKuueli Bpe=
MEHH (M OCTaeTcsl ouedb Manwiv), Torma TeM e CBOHCTBOM NO/LKHA 06aa-
laTb M Napa Cul, onpene/fiomlas MOJOKEHUE CTepxHs. B 3ToM cyuyae Ko-
ne0anne BOKpyr ocu OV cBa3aHO ¢ Ko/se6aHHEM KOJbIEBOM TPpyOKHM BOKDYTL
crepxudA. pyrumu caosamu, § Taxke 6ymaeT MepHOAHYECKOH dyukumnei Bpe-
MEHH, H OTK/IOHEHMS OYNyT OCTaBATbCA He3HaUMTeNAbHbIMH, KpoMe Toro, Tax
KaK HM3MEHEHHA TONOKEHHUA C1eDPIKHS Upe3BLIYAHHO Mankl, TO MBI MOXEM
pacCMATPUBATL 3TH KoJeGAHHST TPYOKH KAK NPOHCXOAALIHE BOKpyr ocu OX
(puc. 19). Takum 06pasoM nMeeM caenyiOlIHe MOMEHTH KOMHYECTBA JIBHIKe-

Hud: (Q°—-¢)9 ornHocutensio OX, (Q —4-¢)e orHocutemsno OV wu Qo
OTHUCHTEIbHO OcH OV, HOpMANLHON K IJIOCKOCTH Konbia. [1on0k(H1e 3TOH
OLH  HENPEPLILHO M3MeHs€TcA M 00pasyer B JNaHHHI MOMEHT BDEMEHH C
ocamu OX, OY, OZ yranl e,— 6 u 0. |
I[Ipu paccmorpenuu momenra Qo oTnocutensuo ON MOCJAenHAST OCb He
MOXET OHTb 3aMeHeHa ocblo OZ, TaK KakK XOTSI 3TH Hanpas/eHUA O'YeHb
MaJI0 OTJIHYAIOTCA APYr OT ADPYra, ONHAKO CaM MOMEHT KOJ/NYeCTBa NBUKEHUA
He man. CrenoBatenbHo, OH NO/DKEH CHOBA OMTh DAsJOXEH MO OX, OY wu
OZ. Komnouentoit no OX ssasercs Quz, no QY siBlseTCa— Qwl, a no OZ
ABAAETCH (Jw. Teneps MNpeanosomuM, 4Yro He CYLIECTBYET APYIHX BHEILHHUX
CHA KpOME fapol CuJI, BuI3bIBalOUIER Kose6GaHue CcTepX:sl B NMAOCKOCTH XOJ
H OCLIO KOTOPOH T103TOMYy sBase ca O); INycThb MOMEHTOM 3TOM Mapwl CHJI
6yner K, sBasiouleecs, KOHEYHO, MEePHOANYECKON bynkuuet Bpemern. B sToum
CAyHdac MMeeM cieayioulne ypaBHEHHsl ARHMKEHHA! BO-NEPBLIX, PacCMATPHUBAS
MOMEHT KOJNHYECTBA ABMMXEHHMA OTHOCHTEJNbHO OX, HMeeMm: |

Que—-(Q +¢)0 = 0,

WHAKOCTL B TYPBYIEHTHOM [BHIKEHHM E KAYECTBE MOAEAU 3dMPA Ol

rjae HyJb B TPaBO# 4acTH OOYCIAOBIKWBAETCA HCYe3HOBEHHEM HCXONHLIX 3Haye-

HUP ¢ 1 0; BO-BTODbHIX, paccMarpuBasg MOMEHT KO/JAWYeCcTBa JBHXKEHUS OTHO-
‘cutenvHo QY, umeewm:

— Quf - (Q +g)e =K,

TOTLA KaK TpeThe YpPaBHEHHE HABMXEHUS BBIPAKAET TOALBKO TO, YTO ® &CTh
BEJHUMHA MOCTOAHHAR.

Mckawuas U, nmoayuaem: _
2.9 -
e (Q+g) f =K.

Jro BHpaxedue uMeer ¢(OPMYy YypasBHEHHS BHIHYXICHHHIX KoaebanuM,

CnenosaTenbHo, Mbl MOXEM TaK¥e TFOBOPH1b O COGCTBEHHBIX MAHM CBOGOAHMX
KonebaHunx Hamefl cucreMsl B TOM cayuae, korga K =0. Yacrora 3Tux

€B00OAHBIX KoJebaHu#l pasHa:

Qe
Q+gq’

a WX IIepuo] paBeH:
' 27(Q" -+ g)
uJQ ’

B npucyrcrteuu BHewided Ccuabl, NepHOL KOTOPOH BeNMK B CpPaBHEHHH

€ MepHoNOM CBOOOMHHIX Kosebanui, TONOWKEHHE B KAXAbIE MOMEHT BpEMEHH

Oyner coBnasarth C TeMm, NPU KOTOPOM CHCTEMd HAXOAMJAACh Obl B COCTORHHH
paBHoBeCHst MoA AeHCTsHeM CUabl, npeobaagaouieid B AaHHBIA MOMEHT. ECau

IEPHOMI BHEIUHER CH/BI MaJj, TO pa3HOCTb (a3 MewAy KOJeOaHHUAMH CUCTEMBI

]
M CHIBI PaBHA 5 . Ecnu [PEAN0NaAraercs, YTO KUAKOCTb B TpyOKax ILHPKY-

aupyer ¢ Goabiuo#i OLICTPOTOH, TO MBI BCErha MOMXEM OTPAHHYHTLCA TEPBHIM
ciay4yaeM, Toraa npu moMourd 4eTolpex FHPOCTATOB, YKPEIJEHHLIX OMHCAHHBIM
Bhlile O6pPA30M HA KaKIOM H3 BHYTDEHHHX CTEpxKHEH, Mbl MOXEM [aTh
BI0O/IHE YAOBJIETBOPUTE/NbHYID MOLeAL 3pupa. D10 MOKeT ObTh TaKke YCT-
poeno Takum o6pasoM (nyTeM u3MeHeHHst Q wiAM ®), uTo6bl AaTb HEORHO-
poaxyio cpeny, npd IMOMOIIH KOTOPOH MOryT 6bITh TaK#e [PencTaBjeHbl
fIBeHH NpenoMJieHHs H oTpameHus. B Takom cnyvae nepuos BHellHel
napst cua K gaa cso60oaHoro adupa JO/KeH OGbiTb MPENTON0NKEH OYEHb
00JbIIAM  TPABHMTENBHO C MEPHOAOM CBOGOAHBIX Kone6auud, a oTClOna
TaKXe M ¢ BpeMmeHeM oOOpalleHH XUAKOCTH B Tpyb6kax. B nporuBHOM Cay-

Hae uyjeH C & B HalIeM YpasHeHWW CTAHET 3aMETHbLIM, W Mbl OyleM MPHHY-
KAEHbl NONYCTHTL DPAa3/HYHble IIOTHOCTH 3pupa nasg koaebGaHui PasJHYHBIX
HacTOT, 4YTO, B CBOK Ouepejb, OTPA3UTCH HA CKOPOCTH PaCMpOCTPaHEHUd.,

20. Xunko:Th B Typ6yJeHTHOM IBHIKEHAH B KadecTBe Mojean 3dupa

KeJIbBHH TLITANCH TAKXKE NPeACTABUTL 3PUP NPH MOMOLIN HECHHMACMOH HUl-
KocTH, Haxoasmelcst B TypOyJIeHTHOM ABWIKEHHH, DBeaunuuHbl, Xapaxkrepusy-
I0lliMe TakKyw cpely, Te ke, uto i Buxped. Ha nocaennne moxer Hana-
ratecs GoJsiee rpy0oe nBuKeHHe, KaK, HarlpuMmep, pacrnpocTpaHeHue I10 OCH

Y nonepeunsbix Kone6anuih B naockoctn XOVY. Ecau f(y, f) ectb CcKOpOCTH
ﬁ :
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(no ocu X) uyacTHUbl, BhI3BaHHAA 3THUM Koaebanuem, a u', v', w’' — KOMOO-
HEHTHl CKOPOCTH TYypPOYJEHTHOrO MABMXKEHHUS B pacCcMaTpuBaeMoil TOuke, TO
pe3y/abTUpylolas ckopocts bymer u ==f(y,t)4-u', v=17v, w=w". Cko-
pOCTh, COOTBETCTBYWOWAA KoaebaHuaM, MoxeT ObiTb IOJyuYye€Hd He3aBHCUMO —-
[IyTEM onpepejieHus CpeaHuX 3HAYEHUH 1 IpOCTPAHCTBA, pa3MeEpPbl KOTO-
pOro Majnsl B CPaBHEHHMH C MJUHON BOJHE K0Je6ATeJbHOrO JIBHXKEHHS, HO
BeJIMKH CPABHUTENLHO C BHUXpAMH. Torjaa cpeaHss CKODPOCTb AASA TYpPOYJ/EHT-
HOro ABHKeHus OyneT paBHa HyJ0, B TO BpeMs Kak f(y,f) Oyaer noyTw
OLUHAKOBA MO BCeH 006/acTH, 00 KOTOPOH MBI BHIBOIUM CpeHce 3HAYeHwue,
ITonyyenHsie Takum- 06pa3zom CpeaHHUE BEAUUYMHLI OyayT u3obpamaTbCa MOCpea-
CTBOM 4epT HaJa 6yKBaMH, MPENCTABAAIOUIMMH BEIHYUHL, O KOTOPBIX HIET PeUb.

Tenepp Mbl mepeiijieM K BBIBOAY ABYX YPaBHeHUIl, KOTOphIE HNOKAXKYT,
YTQ NOnepeyHble KoaebGaHHd NeUCTBUTENLHO MOIYT PAcOpPOCTPaHATHLCHA, 4 TaK-
e IaayT BEAHMYUHY CKOPOCTH pacrnpoctpaHeHud nocaennux, K nepsoMy H3
3TUX ypaBHeHHH Mbl NMPUXOLHMM 1yTeM pAaCcCMOTPEHHS KOJAWYECTBA ABHKEHHUd
o ocu X, NpoBeleHHOH B IJIOCKOCTH, MEPHEHIUKYIIPHOA ocu Y. [leficTBU-
Te/bHO, TaKad TVIOCKOCTh MepeceKaeTCsd KUAKOCTBD B 000UX HANMPaBIAEHUAX
H Naxe B OAMHAKOBBLIX KOJWUYECTBAX, HO KOJUYECTBO IJBHUXKEHUS KHUIKOCTH,
TeKyuield B OAHOM HanpaBsJEHHWH, MOXET OT/JUYATbCA OT KOJAH4YeCTBA JBHNKE-
HUS MKUAKOCTH, TeKyile#l B NMPOTHUBOIMOMOXHOM HanpapiacHuu, [Has nabbITKa
KOJUYeCTBa IABMKEHUSA, MEPEeHECEHHOTr0 B TMOJIOXKHUTENbHYIO CTOPOHY, CpaBHH-
TeJlbHO C TAKOBLIM B OTPULIATEJbHOM Harpas/jeHHHU, HAXOAUM Ha eJUHULY

naowany pu'v', ecim p ecTb MIOTHOCTh XKUIKOCTH 1),

PaccmaTpusasi yBeJMUeHHe KOJHMYECTBA ABWKeHUA BHYTPUH HeOCALIIOIO
HUJAAHIADE, OCHOBAHWA KOTOPOro MepHneHAMKYJAPHBI K OCH Y, HAXOAUM
B KayecTBe [1€PBOT0 H3 HCKOMbLIX YPAaBHEHHN:

rod ¢ ((;j,"'i) . (24)

Jlanee, nMeeM OOBIYHBIE YDABHEHHA  IBHXEHUA HEBA3KOR IKHAKOCTH:
it G gy Feg=—3

Gt og twn=—5, (25)
atem g e =

rge p ecTh [aBJieHue, JeJeHHOe HAa FTJIOTHOCTD,
[ToxctaBass HallM yacTHble 3Hadeuums & ==u’ -+ f(y,{) nT. 0., noayuaem
H3 [1epBbLIX ABYX YpaBHEHUH:

of (y,t)y | ou' __ ou' |, 0f(y, 1) pou’ 0 you’ | Op
ot T ot M“{f(y’t)dx Y "oy }""{“B} TV gy TW oz ax}’
dv dy’ , 0v' , 0,00 | Op
B"E““““f(y’t)a_f”{“ ox T° gy w"a?"l“ay}*

1) 3T0 MOXKHO CPABHHTH C MEPEHOCOM KOJHYCCTBA ABHXKEHHH B rase, 0HyCHaOBIEH:>

HbiM NIDOX0XKACHHEM MOJCKYJA CKBO3b IJIOCKOLTD, KOTOpOE€ pacCMarpusacTCsd B TCODHH
BA3SKQCTH.
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T 0f(v.1) | 0@V dw'v') | _rs0f
f(y. !t wv') [ C R A
U > 4 - {f o ~+- v ay}
0 (u'v') , 0(u'v') fa(ufv,) = @ 1 gy E?E
-——{u" (d.x 1 dy W 0z U oy T oy[ -

YpagHeHHe MOXeT OblTh 3HAUMTENBHO YNPOUIEHO MyTeM HAXOWCHUA CDEAHEro
af(y. t) |
3HaueHust i o6enx cTopoH. f(y,t) H f(é}; 2 mMoryt ObITh pacCMaTpUBaeMbl

KAK TOCTOSIHHBIE BEAHMYHHBI MO BCeMY TNPOCTPAHCTBY, [10 KOTOpOMY IIDOH3-
gponutca ycpeadenue, TakuMm 0OpasoMm |

o, — O
v - Y, — U ot 0:
o 5
Tak Kak ©»° = 0, Mbl CHOBA HUMEEM -a—:c%:—-O 07 BCAKOR BEeJMUMHB O,

koropass cosepmiaer (IIOKTyallM¥d Ha PpacCTOAHMAX MaJblXx B CPaBHEHHH

C pazMepamMu MpoCTPaAHCTBA, IO KOTOPOMY NPOHU3BOIAUTCH g((:pef?neune, Mzl
7 i'v
NOJ/IKHBI elje NMPUHATHL BO BHHMAHHE UYIEHBI, noaobHule « Pl Ecau Ha-

MMUCATh | .
lu,.é?(r,‘t’"w')_ﬂ_ ou'(u’v') W ou'
0x 0x ox ’

YO HeTPYLHO BHAETh, YTO B MPOLECCE YCPEeAHEHWs Y HAC OCTaeTcs CpelHee
3HaUYeHUEe BbIPAXKEHHA;

N @)
—ev (,clr oy +6z '

Onuako rnocnefHee Be3jle PaBHO HYMO (TaK KaK IKWIKOCTb HECKHMaeMa).
Takum 06pa3oM Halle ypaBHEHHE NPAHHMAEET BHIL

swY) __ im0 (G0 0 '
ot =—"7 0f v ox | u 0y (26)

Tenepp NPeNnoONONKUM, 4TO p,p OyAeT NaBleHHE B TOM Ciaydae, KOria iy, t)
Besne PABHO HYIO, & p,0—+ p'p INeHCTBUTENbHOE [aBJ€HHE, H NPEANoJ0-
swuM, 4TO f(¥,!) BCerna odueHb Mano B CPaBHEHAH CO CKOPOCTAMH TypOy-
NeHTHOTO [BH)eHUs. B oTcyTcTBMM KOJeOGaHUK uieH B JEBOH HAacCTd ypas-
HeHus (26) u nepsoift yleH B NPaBOM 4aCTH PaBHBI HYJIO, TaK HTO

[IpearioNoxUM, YTO 3TO ypaBHeHHe CMpaBEIMBO W B TOM CayHae, Kornaa
¢ W v’ NpencTaBifOT co6OH CKOpPOCTH TypOy/IEeHTHOTro nBMKeHus, CONpPO-
BOWKIAIOUIEr0 KonebarensHoe ABkedHe, Torna Mbl MOXEM TMOMOXKHTD.

B IRt ————— -

| o .
o P i gf: oy P : 4 u 5y (27)
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OaHakO ONHHUM M3 Caabblx MecT 3ToH TEOPpUH SABAAETCA TO, YTO OCTA-
€TCH HEHU3IBECTHHIM, OTPAMKAIOTCA JH KOJAeOaHHus HA CBOHACIBAX Typ6yJaeHTHOTO
ABuiKeHud, Ho Mbl He craHeM OCTAHABJAMBATHL.Y9 Ha PAaCCMOTPEHUU 9TOro M
ADyrux 3arpyfdernf, TaK Kax Hauled eAMHCTBEHHOH 3aidayell sBAsercs 44Th
B 0OIHX uepTax onucaHue cxevbl Kenbsuwa.

C uenbl0 npeo6pasoBaHus ypasHedus (27) Boaspamaemcs K Y pasHEHHAM

ot ol ou ou 0y

g TR G 5, TR =40,

ov y ,9v 4 ,0v , Ov__  dp

ot 7 Tox U Ty Yooz dy * (25)
ow dw ow ow o

el ] , |l oy o 0P

@t—l_udxl ﬂ@y‘wdzm 0z’

H3 KOTODHIX CAenyer:
| ot\2 oV 2 ow 2 0v ow dw o ou o
Ap — (m) (___ oW\ ( v L owoun , ouov
P {c?x T Gy) +(z)} 2 oz oy | 0x oz | @y5x>'

Teneps, ecnu u, v, w 3aMeHeHs! 3HAYEHUAMH, KOTOPBIE OHHM UMEIOT

B NPHCYTCTBHM KoneOanui, 10 f(¥,f) okasmiBaeT BAMAHHE TOJNLKO Ha UJeH,

du
comepxauni Jy * H Mbl HaXOIUM:

,_*___:__Qam{(y,t)dﬂ’
dy Ox °

Ap

PelileHHe 3TOr0 ypasHEHHUSI MOMeT GbITh BBHIDAKEHO CHMBOIMYECKHU CAeyI0-
HuM odpasom:

. 1 0f (¥, £) 00
f 1 - b

P

SHﬂaqune cuMBOona A~! u3BeCTHO H3 TeOpHM ypaBHeHUS Ilyaccona:
A ==/, pelieHHeM KOTOPOro SBASETCHA:

oe=A"1 e L [ 1
i /. 4ﬁfr ar.

0v
B HaweMm cayuae, Gnaronaps GHiCTPHLIM NEpPEMEHAM 3HAKA —— , B TO BpeMsi

0x
of (v,¢) |
KaK Jy H3MEHAETCSl TIOpa3fo MeAJieHHee, TOAbKO 06/4cTh, Jexauas

B HEMCCPEACTBEHHOM COCENCTBE C TOYKOH, .aAs KOTOpPOH Buuucasercs p’
, %
MrpaeT poJib B NPOCTPAHCTBEHHOM HHTErpPAJe.

of (v, 1
CareloBaTenbHO, Mbl MOXEM paccMAaTpHBAThH f% ) KaK nocTOAHHbI MHO-
MATENb, TAK 4YTO
of (y.t) =10y
7 .
S e A
P 2 oy 0x
[lonarasn
op’ ap’
' / o
U oox o dy Q
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t | ,
M UMefl B BHIY, UTO afg’ ) U3MEHAEeTCS MeNJeHHO, HaxOduM.

ofyty( , 90 | f,_?_) -1 00" __
(’ﬁ’ ox T % 5y Aok

5f (y’ f) \ o3 ; 02 —1 vy
= —2 - ‘(T"gﬁ“‘}““ @xdy)A v (28)

Teneps, Haxo4sl cpelHHe 3HAUCHHSH, MOJY4aeM!

H XOTH 5TO M He BMOJHE TOYHO, MBI MOKEM TMPEeAnoJOXHUThL, 4YTO K TPETHA
CpeaHssl BEJIMYHMHA

o 0? —1 o'
0y?
HUMeeT TO e 3HadeHue. Takum oOpasom
| | | ) .
az —1 r__l / —1 ;_m__@’ﬂ
I 4 — _J - R
4 -5};& v =3 v AN "2 3
I/s HAXOXIEHHS TMOCAe[Hero uwieHa ypasHenus (28) mosaraem:
9 Ay =T,
oy
Torna oW B (' 11;') " a_tf_
“ox T Tox ox °

[Ipn ycpenHenyu nepeoit yjleH AaeT Hydb, TaK 4TO

~ 1 r 7 1 = ov’
!C)]F __wrggm—-—qu(_a_{i_i_aW)mﬁ_ ==,

0x Oz

T af(yrt) L..._._... ,.,1_, ov’ 0 —1 _/ .
—9 {3 L oy oy )

[Myrem cokpauieHuit, MOXOGHBIX CHeJaHHHM BHIIIE, MOMY4aeM:

Va | e 1 , 0
Qm__zaf(l,f){}__,vz__mv “"‘"“"“‘“A_lfv"}:—"—“

oy 13 2~ 0y’
L of (v |1 =3 1 vaa—1_ 7 |,
— e 5 { 3 v 5V AN T
T. €. 6““ 1 3 of (y,1) |
3 0y

Ecan R? ecTh Cpeaufis KBaapaTHYHas CKOPOCTH B TYPOYJACHTHOM INBHXKEHHH, TO
H ypapHeHue (26) monyuaer BHIL

duv')y 2 . 0f (30 29
ot — 9 R oy (29)
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ITO eCThb BTOPOE HCKOMOE ypaBHEHHE, KoMOUHHDYS ero ¢ mepBuiM W3 Hafl-
ACHHBIX HAMHM YDaBHEHHH HMeeM:

5 =L (o)
H, 3MTUMUHUPYS 4’7, [0/Iy4aem:
T=2 szjf;_ IV. IPUTSDKEHUE U OTTAJKMBAHHME INYJbCUPYIOLIMX LIAPOB
KOTOPOE NOKA3bIBAET, 4YTO B HAaUleH XUIAKOCTH IONEPeyHBIe KOJeBauus cro- . 21. CymwmocTh mpoo/eMAl
coGHm PacnpoCTPAHATLCH CO CKOpOCT}:.IO }—;3_1? PaccMOTPHM HECHKHMMAeMYIo JIMILIEHHYIO TPEHHS KUIKOCTh, B KOTOPOH

ABMXMYTCA 1UApbl, OTO  [OBMXKEHHE MOXET 3aKAl4yarbcs JAnb60 B mepeMe-
LieHHH, JAW60 B pACHIMPEHHH M CKATHM 1Iapos, npuueM 004 MOryT OHITH
IepHOaUYHBI,

3afiMeMca cHayajaa ornpeAeieHUeM IBHXKEHHA KHUAKOCTH B TOM (CJaydae,
ecld JABWWKEHME ILIAPOB 3aIaHO.

YacTHII HEBA3KON HeCHUMaeMoi XUAKOCTH, He HAXOAdameNcqd BO BpallleHHH,
HUKOrJa He MOTYT HauaTh Bpawareca. B TakoM cayyae Mbl HMEeM TOTEH-
4a1 CKOpPOCTeH, H KOMIIOHEHTHW CKOPOCTH MOryT OBbITh IpeACTaBJCHBl B BHE

oD oD L0
U — — Ve —, W= ——.
| | 0z

ox ay
Baarogaps HeckuMaeMOCTH XUAKOCTH (D 6yneT ymOBJETBOPATbH YPaBHEHHIO
Jlannaca AP = 0, oTkyaa cieayer, 4YTO CKOpPOCTb B KaXIOH TOYKE MNpo-

crpaHcTBeHHOW o6sactu 6Gyner onpeleleHa, €CIM B KaXA0H TOUKE CPAHHLULI

dd
06/1aCTH M3BECTHA HOPMaNbHAS CKOPOCTh, MOTOMY 4YTO B 3TOM Clyyae =—

on
N3BECTHO IO BCeH rpaHuile W TakuM o6pasoM onpelereHo Takke H @ Bo

Bceli o6nactu, Tak kak (D HenpephlBHA M YNOBJETBOpPseT ypaBHeHuio Jlam-
naca., PaccMOTpHM npoCTpPaHCTBO, OTPAHMYEHHOE HENOABHXHOH 3aMKHYTOH
MOBEPXHOCTHI0 HAa GeCKOHEYHOM paCCTOSHHM, a TaKke I10BEDXHOCTAMHM BCEX
wapos. Toraa HopMajabHas CKOPOCTh IO BCEeM 3TUM rpaHMLaM HaM H3BECTHA,
TaK Kak J[BHXeHWe wapos 3amaHo. Ecmm «@, 0, ¢ KOODAHHATH MLEHTPA
O/HOI'0 H3 WapoB, R -—ero paauyc, TO HABHXKEHHE  ONpenendaeTcs InpH

noMown a, b, ¢ u K. Ocraercs HalTH [OAXOAdllee pEUICHHE YPABHEHH
AD = 0. OHO paetca BbIPAXKEHUEM:

V, = (—1) I 0% (l)
k k! ahlahg . b s (3&;3 r g

rae Ay, hy... h, U3MepAIOTCA MO NMPOU3BONLHO UIOPAHHBIM HAMPABICHUAM
(M 7 ecThb pacCTOAHHE OT UEHTpa wapa). ITO €CTb OAHOPONHAA (YHKLHA
[IPOCTPAHCTBEHHBIX KOOPAMHAT cTerneHH — (& - 1). Ecan nonoxarb

to Y, (aposas rapMoHuueckas ¢yHKUHA) €CTb OZHOPOAHAR (QYHKUUS HY-
neBoH CcrerneHn. 3aTeM HAMULIeM

% S k41 b,
Hy= V, r T =y,



08 HPHTAXKEHHUE U OTTAJIKMBAHUE HYJBCHPYIOUIHR APOR

TOraa f, Gyner onxoponHol GyHKuHeH cremeny R,
MPEACTaBaeHa Henoi anredpanyeckon byHKknHeR

Kaxaom AHEePeHUUPOBAHNK BHICUIMH  nokasarenp r g 3H4
dHBAETCH Ha gRe CAMHHIIEL, Tak

OCTajIbHbIE MeHbule i H€THOEC 4yucno, Taw
TeJIH, B TO BPEMA KAK B yuCauTtengy BCTpe

KEHHOHA Wuakocry, NOTOYY 4TO craHosurcy beckoHey
Paccrosnun, C npyros CTODOHEI
HAYAJ10 7 NeXUT B Wuiko Ty,

22. Oaunounmnj ABMIKY muitca urap

Paccvmorpum [IDOCTPAHCTRBO BHe OIMHOYHOIO 1uapa,

¥ - _-h- gy T ¥ TN

OyneT panuansuol u DaBHOH — £
ra
pa C KaK  QyHKIMH Bpemeny 3TO  pelleHHe Mo-

mapy ¢ HEITOOBU KHBIM HEHTPDOM U w

#

KET ObITh NpuMeHeHo K SMEHA U MCH

pannycom R. lleﬁcmmeﬂwq TAK KaKk H3 NOBEPXHOCTH R = —_ & TO
qi-“' ?@&2 11 Ry |
p+ AU CTenyomero npocroro Cayuast 2 -—= 1] HAaXOuM, ecam

OCb X Hanpasiesa no n:

$— C (f-—-a)m______&C (*x —a) 1
rs r BPCRE
TO Ha MOBepXHOCTH nocnenyers
_h_@il:r 20 X - l 2C cos
e

. K TOMY ciywaw, korma s
obnanaer CKODOCTBIO  nepemenienns BAOIb  OCH X, Tak kax TOrAa I{OMHOE)

HEHTA 3TOA ckopoctn o HOPMAaMn K noeepxuocTy TAKXKe nponopiuo-

2C cos h
T TTpE T E=a Cos ),
OTKy.a
] .
C:$$~WWE?{IﬁFt
4§
= 3 (31)

KOTOpas MoxeT 6piry
KOODIOMHAT, Tak Kak npu

1T0 BREICIIMH nOkasatesnp VeecTs b1 4
2

HO He Moxer 6uTL
B 0eCKO 1eyHo npoTs-

HEMONBHIKHBIH WIAP B YXHAKOCTH C 3AHAHHLIM IBUKEHUEM 59

¥ — &

ﬂ 1 |
Tak kax 3 TNoJyuaeTCd npu audepeHUVpPOBAHHH ~» TO 3TO NBHKEHHEe

KUAKOCIH MOXET ObiTh MONYYEHO TAKME HANOKEHHEM ABUXKEHUH, BHI3BAHHBIX
ABYMil 1HApaMH, HE HMEIILHMH NOCTYNATeNbHOTO ABHEHUA, HO COBEpPLIAIO-
UHvH - DYdbCHPYIOUIee  ABKIKEHHE B MPOTHBONIONOMKHbiX dasax u naxons-
LUMECAT 12 CeCKOHeYHO MaJioM PacCTOAHUU APYr OT Apyra.

Hpeamonowum Te 1eps, 4To )uakocrs HAXOLHTCA B HEKOTOPOM COCTOSHHUH
ABHIKEHMS, W 3a1aauM cebe BONPOC, Kak Hapylwaerca 3T0 ILBHMXEHUe BCJe]l-
CIBHE NpuCyTCTsha wapa. Oka3sbiBaercs, uro B p3yasTaTe nochaenero He-
KOTODOE HOBOC COCTOSSHHE ABMKEHUT HaJaraeTcs Ha y#e Ccyuiectywiee,
Mbl HazoBeM 3TO HOBOE aBMIKeHMe OTpaxedHeIM.  OHo Oyner rtem cnabee,
HeM O0JIbIHE €F0 yaaJeHHe OT lapa.

23. Henoasuxkublii Wldp B XHAKOCTH € 3aA3HHLIM JABHKEHHEM

PaccuoTpum cayuaft, korna tHap, HApywlalomui IBHXKEHHE, CaM HEellOARH-
MEH. Mbl BHIO. DaeM LEHTD MOCAENHEro B KauecTpe Hd4ana koopauuar. Tax
KAK HeBpaulare/ibHOe IBUKEHHE ¥HMIKOCTH 3alaHO, TO TeM CAMBIM [paeTca M

MOTCHIMAT CKOPOCTEH, KOTOPHIA MOWET 6Tk PA3JIOXKEH BOKDYT bavajga KO-
OpAHdar B | ~

0P 0D I o2
D= Do (x 7 4y 5F +2 )tz (om e+ - )

[A€ HNOJKHBI OLITE B39THI T€ 3HAYEHHH [IPOM3BOMHBIX P, KOTOpHe oOHM
HMCIOT B HedTpe. BupameHHO2 Taxum 06pasoM COCTOsiHHE  ABUIKEHUS
MOXKET Oblfb MCTOMIKOBAHO KAK BbI3BAHHOE HAJIOWEH1EeM PA3JIHYHBIX OBHIKE-
HUH, MOTeHUMa/ bl CKOpOCTEH KOTOPBIX M NPeACTaB/EHbI [MOCACA0BATEeALHBIMHU
rpynmnaMu 4JeAo0s.

Tax, norenuman cxopocrett ®, npencrapaser HEIIOABHHOCTD]  C/ICAYIO-

HIasT rpvina
PYi (f oD I 0¢}hiuz.jig)
:Y @£  l ); QV |

BIDAXKAET TOCTOAHHBIH NOTOK co CKOPOCTBIO, HMelOLIeHCa B LIEHTpe, U T. ..
II0 PA3NOKEHHE B DAL MOMKET GHiTh BBIDAXEHO Takke B (opme

ﬁﬁ::: 'Yc%rgy"
MR

OTpaxeHHoe NBHXeHHE B cOeMUNCHUY C MEPBOHAYANLHBIM [IOMKHO 14aTh
0 BCeH MOBEP(HOCTH 1apa paindanbHYI0 CKODPOCTH, pasHyio Hymwo, Ilouao-
HKHUM I OTPAMKEHHOI'O JIBHKEHHS

{D N v Yk -
. 12 r k-1

i

A TDPCINO/IOKHUM, UYTO KawaoMy ua ABMKEHUH, KOTOpPLIE HYKHO CJIOMHUTD,
COUTBETCTBYET OTpaweHHoe asmkenue. Torna mul AOJTHKHBI UMETb HA NOBEPX-
HOCTH /I KAMIOTO 2 B OTAeNbHOCTY

R e 1
C.2R Y, — C’\, (k- 1) — 2 =0

CaenosareabHo,




60 MPATAXEHUE W OTTAJKHBAHUE MNVJILCUPYVIOL'MX ILAPOB

H TIOTEHIHAN CKOPOCTEeH OTPaXeHHOro NBHMXKEHUS NPHHUMAET CHeAYIOWUA BHA;

S \ B k41 Y,
Y a1

24. n wapos

O6patumca Tenepb K nmpobJeMe ONpeldefeHHs COCTOSHHS HBHKEHMS, Bbl-
3BAHHOTO MPOHM3BOJILHO NPEANMCAHHLIM OBHXKEHUEM M 11apOB, T. €. TaKuX,
MOJIOXEHHS, a TaKXKe BeJWYHHBI W CKOPOCTH KOTOPHIX 3alJaHbl pa3 Ha-
Bceraa. B takom ciydae mortenunan ckopocrefi P NOMKEH YIOBAETBODATEL

0P
ypaBHeHu1o Jlamsaca M yC/AOBHMIO, (COTJIACHO KOTOPOMY -, Ha Kaxnoi

MOBEPXHOCTH NOJ/DKHO MMETh JaHHble 3Ha4Yenus, Mbl Haxonum @ nyrem Ha-
JAOKEHUA 7 pDEMIEHUH, H3 KOTOPHX KaXI0€ COOTBETCTBYET [ABHUXKEHHIO OT-
AeqbHOro 1wapa. [ HaxowiaeHus Kawa0ro H3 3THX pelueHU# MBI CcHA4ana
MOCTynaeM TaK, KaKk ec/M Obl HaHHBIH l1ap CyLWEeCTBOBAJ CAMOCTOATENLHO, 4
3aTeM NPUHWUMAeM, pa3yMeercsl, BO BHHUMAHHE MOBTOPHLIE OTPAXKEHHSA COCTOf-
HUA IBHXEHUA, BbI3BAHHbLIE 3TUM wmapoM. [lpennonoxum, Hanpumep, 4TO
HMECTCS TOJIBKO [Ba 11apa, M3 KOTOPBIX TICPBBIH HMEET JaHHOE ABHKEHHE,
B TO BpeMA Kak BTOPOH ocraercs HenoasvxueM. [lycts @ Gyner narmie-

HHE, BbI3BAHHOE NPUCYTCTBHEM OAHOrO TOJLKO MEPBOTO I1Apa M BLIPAXKEH-
HO€ Kak (yHKUWA MOoTeHUWana CKopocTe#t, anamoruyno O, — aBHkeHHUe,

BhI3BaHHOe orpaxeHnem @ or mepsoro wapa, @, — ABHMeHue, BbHI3BAH-
Hoe oTpaxeHueM (D, OT MepBOro 1apa, NpennoJaraeMoro HenoABHKHBIM

B IOJOXKEHUH, 3daHHUMAEeMOM MM B HaHHBIK MOMeHT, M T, A. Tornma neHCTBH-
Te/NbHOE ABMXKEHHE OyNeT NpeACTaB/AeHO HENpPephIBHBIM PALOM

D=],+ D, 4+ D, -,

KOTOpPHIH Oymer cXOoAuTbcsi TeM GhICTpee, YeM MeHbUIE 1LAPH B CPABHEHWHH
C PacCTOSHHEM MexIy HUMH. IDTOT pad AaeT pewleHHe npobiaeMmbl, TaK Kak
~ YIOBNeTBOPsieT YypaBHEHHUIO Jlaniaca, ecau €My YIOBJETBOPSET KAw/bIf UJIeH,
H €C/IM NMPOH3BOAHLIE PAA MOIyT ObiTh HaHpeHH AHdEepeHUHPOBAHHEM KaX-

JIOro €ro 4nQeHa B OTIeJbHOCTH, H BCE MOrPaHUYHBIE YCAOBUA COOJIOIEHHL.

odh
IleACTBUTENILHO, HA TMOBEPXHOCTH KaXIOro iapa - -~ BHIDAXEHO DPAIOM,

Y4NEHBI KOTOPOro, TIOCKOABKY pe€Yb MIET O BTOPOM WIdpe, YHHUUYTOXKAIOTCA
MonapHo, TOrAa Kak s [IepBOro luapa COXpaHdercd TOJLKO TEPBHIH uneH,
UMEIOUIHH 3HAYEeHHe, TIPEANUCAHHOE LI €[0 TOBEPXHOCTH.

25. JlBa mapa

Tenepe mbr mepefinem Kk onpeneseHuI0 CHJI, C KOTOPHIMH ABA HYJALCHPYIO-
HUX Wapa AeACTBYIOT APYr HA Apyra. Y paBHeHUs HBUIKEHHS

op (0:; y ou . o { o drz}
ey | gy S )y S Ly g
P\ ot ox ay

W T. ., BBIpAXKEHHbIC Yepe3 (PYHKUHUIO MMOTEH1MANa CKopoCcTel, NPDHHUMAIOT BHA:
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4 TaK KaK p €CThb BeJUYMHA MOCTOAHHAA, TO nochenrHne nawT, €CJIM

ot 2

rae C ecTb BeAMYMHA MOCTOsHHAs, KOTOPOW MOXHO npeHebpeub, TaK Kak
jmaBjieHue, NOCTOAHHOE MO BCEH MOBEPXHOCTH, HE MOMCT [IPON3BECTH HHKAa-

p :;:wP(.Qim 1 v2)+c, (32)

KOTO ABHIKEHMUS. ﬂ S
[ycts R, u R, OyayT panuycamu chep, a Zm_pacLTgﬂHHem MeX Iy
wentpamu. Toraa noTeHuMan CKOpPOCTeH, BLI3BBAHHBIL JIBHXKEHHEM TMEPBOLO

wapa, coriacHo § 22, Oyner paBeH:

| |

rne 7 ecTh paccTOAHME OT LEHTpa 3TOro 1uapa.
Tenepb, €CAM HAYANO KOOPAHHAT HAXOLMTCH B IleHTpe BTOpPOro 1dpa H

ock X HarpaBJ/ieHa Mo JUHUH, COeNUHSIOMEN HeHTPH, TO MOC/AEAHEs Bbipa-
weHie MOMXeT ObITh Pas3nodeHO BOKPYr BTODOro wapa B pil.

5 I 1 X ]
{D T Sam—— Ri Rl [_j'—"t"g-—‘— s v ® J ;

T0JbKO [Ba MEPBHIX 4JeHa, TaK KakK

B KOTODOM J[AOCTATOYHO COXPAHMUTH
‘ B CpaBHeHHM C /.

cOrNAcHO Halllefl npeanochijke, paguycsl Wapos  MaJjbl e
Tax kaK nepsbli wieH eCTb BeluuuHa TOCTOAHHAA, TO JIBUKEHHE OIpel

AseTcsl NpU MOMOLLIAH BTODPOro 4iCHA. Bo sTOopoM uI1ape BHI3bIBAETCA OTPa-
yKeHHOoe JABHMKeHHe, A KOTOPOro NOTEHUHA/ CKOPOCTeH, cornacio § 23, pasen:

1 o s b X
9 RiRt 7R, 5

paccrosiHMe OT LEHTpa BTOPOro iapa. Crtporo roBopsi, Mbl

rie 7 vKasbiBaeT
g : e W JIBMKEeHHEe, BbLI3LBAEMOC

NOJ/KHb Obi1d 6Bl NMPUHATL BO BHUMAHHE TAKK .
B Moc/AefHeM OTpaKeHdeM OT MEepBOro mapa, HO TaK Kak ITH OTpaXECHHbBIE

ABMMKEHAA OBLICTPO 3aTyXaioT, TO UMH MOXHO npeﬁeﬁpeq;.gkﬂmeuunan CKO-
pocTell, BbI3BAHHBIN JIBHXKEHHEM BTOPOTO Wapd, PaBeH — ﬂr 2,
OCTHIKEHUs KeJaeMoH CTereHH TOYHOCTH He Tpebyer 10mol-
HeHds OTpPaKeHHBLIM JBHXeHueM, Tak Kdk HalIel Ledabl) sABAsseTCsA ONPENC-
JIEHHe CWJIbI, HCIBLITHIBAEMOR BTOPBIM IUAPOM. Ilns 3toro, omnHako, Tpebyercs
AHAHWE TOJDKO IBHIKEHHS] XUIKOCTH B OKPECTHOCTH BTOPOro apd, d OTpa-
JKeHHE BHILEYNOMAHYTOrO ABMXEHWsi OT MEPBOTO Miapa Adct TQJbKO Bhipa-

BHIPAXKEHUE,

KOTOpOE M4

JKeHHe, Colepikallee MHOKHUTENb MOpAAKA - . [TonoxuM CHOBA

| B
*'5 E =,
1
.
3 R =a

Torna MO/HbLiHA fOTEHIHa! CKOPOCTeH B OKPECTHOCTH BTOPOTO HIdpd 6yner paBeH:
] | 3 aﬁx) da, 1 da, |
[ {

—TT T NS

dt rodt
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CornacHo ypasuenino (32) ans onpenenenun nasiaenus HEOBX O IMMO %(?- . Ia-

€C, TaAK KAk npu ANQEPEHUHPOBAHUN 11O BPEMEHH X U T, O, ocraworey
1O .TOAHHLIMU, TO

P_@Wm - 1 1 x dgﬂl

ot / T 7 ) g 1
8 X ( a ey | dmy da, I dPa,
L2 e \T2 g Uy roode

g waxown nus CHAN,  NE€HCTBywLled HA BTOpOH lap, Mhl LOJOKHBL Mpo-
HHT@F}J;!D{}BHTI} 10 BCEH TOBEP-HOCTH, HO NPU 3TOM MOKET OhITh O.1y1ued
WICH 5 V¢ B ypapHenuy (32) V). Bce uneHb, ne ConepKauMe x, MOTyT
ObITh CHOBA ONYUIEHW, TAK KaK MpeicTaB/sior LaBJieHHe, pPaBHOMEDHOE Mo
BCCH NMOBEPXHOCTH, M IO3TOMY, Kak ObJIO yxe yKa3aHo, He EbLI3bIBAOLLEE

HUKaKoW cHapl, ACHCTBYyIOUIeH HAa wap B Ueaom. Takum 00pasom Ham
OCTaeTcs:

I d?a, 3 d2a da, da,\\
e I T 1 L 1 ? _——
PXNE dn T 9aps ( Y T |
_ — 5 {f 3 a1 da da,)

{22 diz 20a, dt dtj

Hanee, nasneque D =

CXP RACT M1 KOMIOHEHTH X CHABI, AeHCTBYIOLEH
Ha 3a1eMeHT d s

~-cp R, cos® 8 ds,

OTKyZ1a cuia, HEACTBYIOUIAT HA Beckh ap, passa:

4
fcp Kyc0s2 8 ds mfgwrz:cpf?f:— dncpa,,
NOLCTaBAAs 3HA4YeHHE ¢, moyyaewm:

| e BTl B e e s g

n;?EHHOHO}KHM, HTO ADB NYyAbCHPYIOT OLICTPO, TAaK 4YTO CHad, n0CTyI-
Hast HAO/MONCHUIO, fBJsIerCS CPEIHENn BEJIHUYHHOR 371010 BbiDaXeHust, paccyy-
TAHHOH Ha nNpoMemyToK BPEMEHH, 3aKMOYAIOWHKA MHOIO TNepPHOI0B.

Kpome Toro AONYCTUM, 4T0 062 Wapa HMEWT OAUHAKOBLI nepuos nyan-
Callt M. llosnble npoussonuuie no BpEMEeHU MOryrt ObiTh TOTAA OnyiueHs, Tak

TO nocsenHee BhipameHne st CHABI, NeHCTBYIOUe HA BTOPOR LIAp, MONKET
ObiTh Hanucauo Clleayiomum obpasom:

dmp (3 a’( . da, > day day)

dt dr | (39)

: N} I
') Tax kak Mul, OIEBHIHO, MOXEM OrpavuyuTHCH TOH 4aCTbIo 5 V2, xoropas

BABUCHT OT ABHUMKE!HUS Kak HEPBOTO, TaK H BTOPOro wapon, T. e, CKAJTAPHBIM 11PO-
H3Beiennem Bekiopa ckopoctu V), COOTBETCTBYIOUIETO ABHKENHIO OAHOIO BTOPOLO
apa, Ha V, 3aBucsee 0T 01noro vpBoro mapa. Ha nosepxuoctd BTOpOIo

Wapa Vo 6y T pagnaauuniyg, a Vi — TaHrCHUMAABHLIM, TaK YTO MX CK3/151pHOE IPOHU3-
BeUenHe ucyesaer,
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4 HCKOMas CpeiHds Bein4MHa B KOHUE KOHLOB NMPUHKMAET CAAVIOUIMH BUIL:

Pmdazf{{f;

AT g dt

OTKylda Mbl BUIWM, UTO eCAH MyJAbcaUud 060OMX IDAPOB COBMAMAIOT MO dasze,
TO 5Ta cuna OyneT OTpHlLATeNbHA, T, €. Mbl OyAeM HMeTb PUTAKEHHUE;
€C/in e X (pasbl MPOTHBOMONOXKHBLI, TO Mbl 6yIeM HMETb OTTAJNKHBAHMUE.
Paccmotpum 3to 6onee aetanvuo s CAyuYast MpOCIbIX TAPMOHHYECHHUX KO-~
Aebanubl. Ecau panmyc uamen ercs NEPHOAMHECKH, TO Takum xe 006pa3oM
H C TeM XK€ TnepuoioM u3MmeHdeTcss oODbEM 11apa eCAH 5TU  H3MeHeHHs
OCTAOTCA HeOONbIUMMH, TO MNPOCIOE TapMOHHYECKOE H3MeHeHHe panunyca
CBA3dHO € NIPOCTBIM T&éPMOHWYECKHMM H3MeHeHUueM o6DbeMa.
[ToaTOMy MBI MOMXeEM Hamuca!b:

ay = Ay ~-c¢, cos (nt |-¢,),

[AC €y MAaJO B CpaBHeHUM C Ay, ¥ NoL0GHHIM ke 06pa3oM

IJTO HaeT I CpefiHelt CHAB MO OCH X:

me

P P T PP

1wp : —
. c1Cn? sin (nf --e,) sin (nf-|-e,).

{2

i

Has Toro utobul HafiTH CpenHon BeJIMYHHY 34 OOJbLIICH NpPOMExyTOK
BP-MCHH, [OCIATOYHO HAHTH CPeAHIO BeJUWYMHY 3a BeCh nepuon. Teueps,

TdK Kax
2sin (nt~-e;) sin (nt-4-e,) =
= — C0s (2 nt - S, —- &) -}~ cos (g) — e,),

HCKOMOEC CpellHee 3HayeHHe OKal3biBleTcs PABHbBIM;

27
Ky == — — C1€21% COs (2 — 22).

(1

Takum o6pazoM Mel uMeeM npuTsKeHHe s & — &3 < 5 , AOCTUIAIOLLEE

MAKCHUMYMa IJIA &, == g4, U OTTAJKHUBAHHE JIf g8 — &, > & , NOXOOs1ee 10

MaKCHMyma st g; — g, = T,

26. IlpumeHenue K peleHwHio npo6aemsl ypaBHeHH JlarpaHxa

[Honydennslfi HaMu  pe3yibTaT MOMHO TAKKE BBIBECTH H3 YpaBHEHUH
ABvwenna Jlarpawxa. Ilpu npuMeHeHHMU NOCACIHMX Mbl BBEJeM B Kaue Tge
KOOPAHHAT TaKXKe W Ui Cayyas CHCTEMbI, COCTOosled U3 06010 KOMHYecTsa
HapoB, NEKADTOBH KOODAMHATHL @, D, ¢ HeHTDPOB W panuycsl £ wapos.

Torna kunnernueckas sweprus Gyaer KBanparuuHod Qyukuued a, b, c, R
C KO3(pHUUMEHTAMH, SBMIIOIAMHCST DYHKLAS MU Koopannar, Ecan X apasercs
KOMIOHEHTOH BHewHed CcHIbl, ACHCTsYIOUel HA ONMH H3 wapos, B3ATOH no
OCH X, torua

d /0 7') ﬂ@T

(L @5 da
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KuHernueckas sHeprusd MoxeT ObiTh Pa3/iciKeHa HA JBE YACTH, M3 KOTODHIX
ONHA CBA3aHAa C XUIKOCThLIO, a Apyras-— ¢ wapaMd, COOTBETCTBEHHO 3TOMY
BHYTPEHHAA CuWJia, yPpaBHOBeWIWBalowas cuiay X, mMoxer ObiTh pa3jeieHa Ha

IBE yacTH. loraa ana Cuabl, ¢ KOTOPOH MKHUIKOCTHL Mo ocu X AeHcTBYeT Ha
niap, HaxOaMM;

oT, (! (0 [ )

. 34
da Ly (34)
ecnin 7, eCTb KUHETHYECKA 3HEPr«sl MUAKOCTH.

[locneanas pasHa (TaK Kax Ay = 0):

] dD\2 [0D\2 opNzl O
et T (7 @ e fo e

MpUYEM MNOCJHEIHHH HHTErpan LoMkeH ObTh PACNPOCTLAHEH MO MOBEPXHOCTH
BCeX LIAapoB (mpeanojaras, 4YTO Mbl He AOMKHbI NIPUHHUMATH BO BHHUMaHHE
OECKOHEYHO YHAJNECHHYIO TpPAaHULY), a HOPMAJAb JIOJKHA OBITH Hanpas/eHa
B CTOPOHY XKMIKOCTH, T. €, B CTOPOHY, ofpatHyio mapam (oTcioaa oTpuua-
TeJbHBIA 3HAK). [elcTsuTe/bHO, nMocaeaHu#t HHTerpajd Moxer ObITbh pasie/ieH
H3d YaCTH, H3 KOTODPBIX KaXAasd PAaCnpOCTPAHAETCH MO MOBEPXHOCTH OILHOIO

3 11apoB, TdK 4YTO
1, oy
T@S—"‘Q‘“HZ/'(:D dﬁ'.

B caywyae pByX nyabcHpyOWMX WAPOB Mbl HMeeM /s BTOPOro wapa

0P *
P — Ry H, CJA€I0BATEJbLHO:

1 dai x 3xa,| 1 da,

a,, @, HUMEIT 3HAYeHHs, yKa3aHuwle B MNpelbiayuiem naparpade., [Ipu uure-

rPUPOBAHUH BTOPOfl M TpeTHl wieHbl JAT HYy/b, B TO BPeMf KaK OCTalb-
Hble ABAAIOTCS MOCTOSHHBIMH BeNHYUHAMH, TAK UTO HAM OCTaerTcd

!. o dﬂj 1 : dﬂz Y
2 gl )

1 . da 1 - da
— 4T R, ({ R, ‘i o p f )

CumBoa @, purypupyowuit B ypasHenuu (34), B 3TOM cJayyae 3aMeHsier

Haile /, 1 nepBbIff YAE€H YPaBHEHHA AAeT:

a7, 4 7p da, da,

-—
p—— e —— ——] m o ——

ol [ dt dt

910 MMEHHO M eCTh CHJ4, HaljeHHast HAMu Boile, YTO KAacdeTcs BTOPOIC
yjeHa BHpawedns (34), TO 3aMeTHM, YTO Mbl HILEM CHJbI, HeHCTBYIOIHE HA
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1apel B TOM CJy4ae, KOFrAa mnociefHne 006/a1al0T TOMBKO MYJbCHPYHILHUM
ABYKEHHEM, B TO BpPEeMA KaK MX LEHTPH HenoaBukHbl, TakuMm 006pasom

[=0. Ilpd BHIYMCIECHHM MEPBOrO uieHa BepaxeHus (34), Mol MOXEM no
BIIOJHE OYEBUMIHLIM TNPUYAHAM YNPOCTUTH 1, MyTeM NOACTaHOBKA /=0,

410 MB daxkThuyeckn B nenaeM. O[IHAKO BO BTOPOM UY/iEHE 3TO yNpolleHue

MOXeT OblTh MPOH3BENEHO TOJABKO nNocie nudepeHuupoBaHuss 1o [, Bwi-
ypc/leHHe ATOTO YjeHa, KOTOopoe MNpuBeso Obl HAC K NEpPBOMY 4Y/AE€HY Bhipa-
wenus (33), norpe6osano Ol TakuM 006pa3oM naabHeliero paccMoTpe-

HHst T, 4TO, OJHAKO, BPAA /I AB/IAETCS HEOOXONHWMBbIM, TAK KAK HAC MHTe-

oT
pecyer TOJBKO NPOW3BOAHAS MO BPEMEHH OT ——

oa
TAKOH NPOM3BOIHON 32 MNOJHLIK NEPHOI PaBHA HYJIO,

, @ CpelHsi1 BeJHYWHA

27. Teopua Ilnpcona

PaccmorpuM cayua#t GeckoHeyHO HOJTOro mnepuona (MynbCauuH), T. €.,
IPDYTHMH CJAOBAMH, 11Aap, KOTOPHH MOCTOAHHO paciiupsaercd. B Takom ciay4ae

yepe3 rMOBEPXHOCTb, OKPYMAIUIYI0 1Iap, MPOXOAMT KOJHYECTBO KHAKOCTH,
paBHoe

d ( 4R}
i (~3 )
da,
e 4r = O603HaunM mnociaeaHee 4yepes e¢,; TOIAA TIPHTAKEHME MEXNY
AByMsa TakMMH wapamy OyAer pPaBHO
pe,e,
q4rcie

[Tupcon orbOpachBaerT wWapw W NPeNNnoaaraer, YTo CYLIECTBYET HENpPEpHB-
HbIf MOTOK MXHMAKOCTM MO HANPAaBJIEHHIO K OMNpelesieHHHM TO4YkKaM (3¢HUpHbIe
MHCTOYHMKHM HJH cTOoku), IlpaBma, Ttakoe nonoxkenue Beule#t TpyaHo cebe
npeacrasutb, OOHAKO, €CAH MH MOXeM TipeACTaBUTh cefe TOYKH, pacnpe-
IOeJIEHHBIE MO MNOBEPXHOCTH, K KOTOPHLIM HAnpasasieTcs NOTOK 3dupa, KOTOPHIH
34TE€M pACNPOCTPAHAETCA MO IOBEPXHOCTH, Mbl MOXEM TaKXe Mpeanoaararth
TAKOro ponaa 3puUpHbie HCTOYHHKHU B TpPEXMEpPHOM TNpPOCTpaHcTBe, npuberas
K MOMOIIH YeThIPEXMEPHOTO,

[lono6HuiM e 00pa3soM HOJDKHH CYHIeCTBOBATH TOYKH (3QHPHLIE CTOKH),
rie XUIKOCTb YHHUTOXaeTcsa 1).

B Takom ciyuae ABa MCTOUYHMKA3 WJM [JBA CTOKA 3(Upa NPHTAr“Baau Ol
Ipyr Apyra, TOrga KaK HCTOYHHK U CTOK OKa3swniBadd Obl ApyT Ha apyra
OTTAJKUBAaTENBHOE NEeHCTBHE,

[ToMumMO HeOoOBIYHOCTH TOJOGHOrO MNpPEACTABACHYS CYLIECTBYET ellle OHHO:
BO3paweHue. JleficTBurenbHo, ecay pacmMmpsiiompiicst map Oyaer OKOH4Ya-

TEJLHO OTOpOUIeH, MhI BCe e OynemM HMMeTh CU/lY B TOYKE, OTKYyJa 3MaHM-

pyer 3dup. Ecnu onucars HeOGONBLILOH 1IAD BOKPYr MCTOUHMKA 3(dupa, TO
CHJa, ¢ KoTtopo#t Oyner neHcrBoBaTh 3dup, Oyner OKA3bLBATHL AABJEHKHE Ha
[ap, ¥ Mbl  HODKHBI 6K Obl NPEACTABUTL cefe, 4YTO UCTOUYHHK 3QHUPA

CMellaeTcss BMecTe C 1HapOoM.

(S TEETTEY ECL LT T TIVEERE T LY o PEERLETEE LT ET]

1y Jlas rpexMepHbIX CYINeCTB.
. A, Jopearu. 1168 5
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CyuiecTsyeT MOPa3UTE/IbHOE Pa3ivyie MEXIy DaccMaTPHBACMBIM CAYHAEM
M 3MeKTPHYECKHMMH B3auMoaeHCTBHsiMu, HOO 31eCh Mbl HMEEM NPUTAKCHHE
MEXIY TOukaMH (MCTOUYHHKAMH) C ONMHAKOBLIMH 3HAKAMKH M OTT2JIKHBAHHE
MEXAY TOUKaMH C OOpAaTHHMH 3HAKAMH.

[Tomo6uaa e Teopus Obiia npemjoxeHa KopHoM s OObACHEHHS MOJeE-
KyJASPHBIX CHJI H CHJbl TATOTEHMHS. KopH npeacrapisier cebe HEKOTOpoOE
KOJMYECTBO LIAPOB, MNy/JbCHPYIOLIMX B ONHOH (pase; 5TO COBMaJLeHHE NOCTH-
raetcs DM NOMOLIM 3aMbiKawolied BCe MPOCTPAHCTBO MOBEPXHOCTH, Ha
KOTOPYIO HAeficTByeT MePHOAMYECKads BHEUIHAA CHia. [locaennsa pacnpocrpa-
HAeTCH MOMEHTAJbHO uYepe3 HECKHMAEMYIO JKHIKOCTb H 3aCTaBjsieT O0beMbi
BCeX [1aPOB I[OTIePeMEeHHO YMEHbLIAThC M YBEIH4nBaThCA B ONHOHU daze.

B npeniieCTBYIOUEM M3JIOXKEHHH Mbl Hajid OMUCAHHE HEKOTOPHIX MNONBITOK
o6 bACHEHHs] PA3TNYHBIX SBJAEHHH U CNELHAJBHO fBJIEHAM 3IEKTPOMArHeTH3Ma
DY MOMOILM [HIOTe3 OTHOCHTENBHO CTPOEHMA W CBOHUCTB sdpHpa. IDTH TEO-
pHM HMeJU HEeKOTOpHH ycrnex, HO HYXHO NpHU3Hdlb, 4TO OHH He QAT
0co6Oro yIOBETBODEHHS, TAK KaK CTAHOBATCA BCe 60/ee WMCKYCCTBEHHBIMH
0 Mepe BO3PACTAHMA KOMHYECTBA CAydaes, TPeOYIOLUX [1€TabHOrO o6 bscCHe-
HHA.

B nocienHee BpeMd MexaHHyeckue OObACHEHHs TPOUCXONAUIMX B 3hUpE
ApoleccoB Bce Gojiee OTCTYMAOT Ha 3aiHUi TaH. [lrs MHOrHX (PH3UKOB
OCHOBHON 4aCThIO TEOpHH $BIACICAH TOYHOE KOJHYeCcTBeHHOE OMUCaHUuE ABAC-
uuil, KAK HarmpuMep, DaHHOe B ypaBHeHHsx Makcaeaia.

OnHaKko, HaXe €eCAU CTOATh HA TAKOH TOYKe 3DEHHs, MEXAHHUCCKHE
AHANOTMHM BCe K€ COXPaHAIOT HEKOTOpoe 3HaueHue, OHH NOMOTAlT HAM
[yMaTb O fBJIEHHAX U MOTYT SBHTBHCA HCTOUHMKOM uaet 144 HOBHX HCCAC-
JIOBaHHUMH.
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