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I. 3Ha'IIHTeJILHB.!i 'llaCTl> IIJB'IM8HeHJII MO,It8.11H KBB.pltOB OCHOBH

BaeT~q Ha KBaHTOBOMexaHH'IICCKOU OnHcaBHH Bepe~THBHCTCKOrO 

,D,BDeHHJt RBapltOD BH:y'!'pll DOKOSIIIUlXCSi a.»;pOHOB/I/. lipH DODI:lTKa:X 

OO~CHeHDR B paMR8X 8~01 CX8Mll BHCOK08HepreTH118CKHX ~KTOB 

(pacceBHHR, no:ee.n;eHRH ~~KTopo:e ~HOB npR 6nnbmHX nepe

.rtaHHHX l!MIJy.lll>CBX) BOSHmtae'l' BOnpOC: KaK OTiliCHBaTL no:ee,neHJie 

KBapKOB BHY'l'JII BJij)OHa, ,ItBIIJIIYJIIeroCfl CO CKOpOCTI>Il Vo , CpBBHH

MOi CO CKOpoCTl>ll CBeTa C ? (}qe:e-.m~o, C'l'aH.n;apTHB.!i KBB.HTOBB.!i 

MeXaHHKa,He YQKT~all~aH KOHeqHoro XapaKTepa CKOpOCTM pacnpo

CTpaH€HHfl 'B3aKMO~encTBHR 1 3~6Cb H€ITpHM€HKMa,H He00XO~HMO 

pema'l':& cooTBe'l'CTBYJIIIYil peJIJi'l'HBliiCTCJcyll sa,ua-qy ( YPlBHeHHe Ee'l'e

-COJIIIJIITeJ*/2-3/, KBB.lmTI0'1'8IU(H8Jil,HOe yJ*BHeHllef 4/) • 

CymecTBye'l', o.~n~axo, x 6o.11ee npocoroe npe,lUlonozeHH/5/: 

COCTOHHI!e RBapROB BHY'rpl ,D,BHJIIYJlleroca BJij)OHa MO&e'r OHT:& Onlllca

HO BOJlHO!JOiJ (liyHlUOiel, npneu OMaCT:&, B KOTOpol BTa BOJIHOBall 

IP;yHJt[lJJJJ saMeTHO OTJDI1ma OT HyJJJ!, TIO,D;BepraeTCJi JIOpeH~-cORJ*-

JlleHJIIl, 'l'O ecT:E. 

'If(~~ it,)"' Jbo (~_. Y~t} . (I) 

a.ec:E. x Ja~~ee v = _!__ ; £, ,. (zVt.)il. ~ = i _t,'l ,; 
0 .~ If -L ~ ..o. " vr- ~·~L Vo 

¥',. - BODOBaJJ itiYBltlliiS BHYTpeHHero ,D,BDeHHR B CHCTeMe TIOKOfl 

a.Jij)OHa. l)yma:nur y.' HOpMHpoBB.Ha yCJIOBllleM 

jiw.l.tfJz. = f . 
CoOTHOmeHI!e (I) IICTIOJil>BOBB.JlOCl> T&Xze B/S/ npll OniiCaHHrl 

.neiTpoH-~epHHX BBBHMo.nelcTBHI c ~ezl>ll y11eTa ~pMll!e:ecxoro 

.D.BDeiiJUI HYL1IORo:ro B ~ehpo&e. O,u&JW uTopa PlOo/5-6/ He 

,J,llJli' 060CHOBaHU OBOe~ rBIIOT88H Jl ~ ltaltOI-.JDI60 ,Jtli!H&D:

'ieC!tOf.l cxew. 
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CooTHomeaHe (I) 6ano no~~eHo B pa6oTax/2 ,?/ B rrpe~
rro.nozeHHH. ~TO a"" I ; ~yroA npe~eJll>HLIA c.ny~aA, 0 >'::>:I • 

paCCMa.TpHBaJICfl B/3/. B ~aHHOfi p3.60Te HSJiaraeTC.H MeTO~, cor

.nacHO KOTOpoMY MOJ!HO IIpHitTH K (I) ,IJ,H.H ITpOHSBMbHLIX SHa~eHHfi 

O , p3.CCMa.TpHB8.H ,ll;BHZSHHe ~CTHil B K.naCC~eCIOrfX peJI.HTH

BHCTCKHX TeOpH.HX IIpH rrpe~o.no&eHHH 0 Hepe.n.HTHBHCTCKOM ,ll;BH&eHHH 

~aCTHU B CHCTeMe neHTpa Ma.CC (c.n.M.). B pas~e.ne IT C~pMY.nH

poBaHLI OCHOBHLie rrpe~o.no&eHH.H, HCIIMbSYillllileC.H B p3.S~e.ne III ITpPI 

paCCMOTpeHHH KOHKpeTHLIX peJI.HTHBHCTCKHX TeOpHft BSaHMO~eiCTBH.H 

~aCTHU. B ras~e.ne IY no.ny~eHO BLipa&eHHe lUI.H raMHJll>TOHHaHa CHC

TeMLI B9aHMO~elcTBYIIIIHX ~aCTHU, IIpHBO;wiJUee K (I). Borrpoc 0 

BSaHMO~eiCTBHH ,ll;BH3Y~elc.H CHCTeMLI C ~yrPIMH o6~eKTaMPI OCTaeTCR 

B rrpe~raeMoi cxeMe OTKPLIT~M. 

IT. Xopomo HSBeCTHO, ~TO K.naCC~eCKaJl MexaHHRa .HB.n.HeTC.H 

rrpe~e.nOM pe.n.HTKBPICTCKHX TeOpHI IIpH C~oo, TO 6CTb B c.ny~ae, 

Kor~ cKopocm Bcex 'laCTHil /'ilr,/ ~ C • To~aee, o6~aoe, 

K.naCCH~eCKOe BLipa&eHHe ,IJ,1I.H ~YHRnHH .HarpaH&a CHCT6MLI BSaHMO

~eicTBy~ ~aCTHU MO&eT 6LITb no~~eao, ec.nH B TOI ee ~CTH 

ol0 , KO'l'Opa.H COOTBeTCTByeT ,ll;BHlleHHil CB060~HI:IX ~aCTHU,.IIpoHS-
~ 

BeCTH p3.SJIO&eHHe no CTerreH.HM ~i , OCTaB.n.H.H .nHml> ~eHLI ~0 

2-ro no~ BK.n~HTe.nbHOi B TOI &e ~CTH, RO'l'Opa.H OIIHCLIBaeT 

B3aHMO~eiCTBHe, Hy&HO OCTaBHTl> .nHWb ~.neHLI Hy.neBoro IIO~a 

no STHM napaMeTpru./8/ • TOJibKO I1pl1 :3Tl1X ,liOITYJIIeHHRX KyJIOHOBCKHt:l 

IIOTeHUHa.n OllHC!maeT MeKTpOMarHHTHLie BSaHMO~eiiCTBH.H, a no-

TeWlHaJI IOKa.BLI - BsaHMO~eiiCTBH.H ~aCTHil C BeKTOpH!Dd H.nH CRa

JI.HpH!Dd MaCCHBH!Dd no.neM. Knacc~eCKHil: IIOTeHURa.n npoHSBOJll>HO

ro BH,IUl MOJKeT 6HTb no.ny~eH ilpH STHX ~OIIy~eHH.HX HS peJI.HTHBHCT

CKOI Mo~e.nH BaH .IT.aua H Bzraera/9/, a Tax&e zs ee o6o6-

!'\CHrr:',Ta3:tH!fblX ·aee•r llCI. 
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Ec.nl! BSBeCTHa KnaCC~eCKa.H ~HKUB.H raMH.nbTOHa CHCTeMLI, 

saBHCfllllBSi JlHIIIl> O'l' ROop.-Ha'l' H JrDII!yJll>COB ~CTJIIl B o.-H H TOT 

lie MOM6H'l' BpeMeHH, TO ypaBHeHBS RB8H'l'OBOI MexaHHKH ,II,JI.H ~aH

aoro BsaBMO.l{eiCTBB.H MOryT 6H'!'l> ~p~EJIJ>HO noxyqeHH SaMe&OI 

KOOp.-aaT B HMIIY.nbCOB ~C'l'JIIl B ~HRUHR raMH.nb'l'OHa Ha COOTBeT

CTBy~e onepaTOpH. 

llpe~raeMHI IIJZ6.InmeHHHI M6'l'O,l{ OIIJ!!CaHH.H CBHSaHHLIX 

COCTO.HHJII ~C'l'JIIl, ,D;BDeHHe RO'l'Opi:IX .HBJI.I!eTC.H aepeJI.H'l'HBHCTCRHM 

B C.U.M• 1 B CHCT6M8X OTC~eTa, ,D;BB&yllfiJXC.H OTHOCH'1'6.nl>HO c.n.M. 

CO CROpoCTl>ll {- YJ, COCTOH'l' B c.ne~ll!leM: 

a) B 'l'OI 'laCTH ~HKIUU! .HarpaH&a CHCTeMLI, KO'l'Opall COOT

B6'l'CTByeT CBo60~HOMY ~HHD 'IRCTJIU, IIpOHSBe~eM pas.nO&eHHe 

.... -.. ) 
no cTeneHHM (vi;v/r ~o 2-ro no~ BKnll'IBTe.nl>Ho; 

6) IIpil ommamm :esaHMO~elcTBIDl Me&.ey 11acTHUS.MH 6y~eM 

C'IKTaTl> BX CROpoCTJI nOC'fOJIHHLIMH H paEHLIMH ~ • llpe~o.noae
HJI.H (a-6) COOTBeTCTBym "cTa'l'JI'I6CROMY npe~e~" B c.u.M. 

III. ~ BC6X KnaCC~eCRBX pe.n.HTHBHC'l'CKJIX NO~e.nel Ta 

'laC'l'l> lbHIW.Jm JiarpaHm CHCTeMLI, RO'l'Opui COOTB6TCTByeT ,D;BH&e

HHil CBOC!O.l{HHX ~CTJIIl, JDI66T o.-a li!! TOT &e Jm~: 

/ = - "'/Hie..E. ~· ol.o "f y .,_ tf£ · 
- - / ... ~ l llpe.l{CT8BJUUI v;. B B~e vD + l v.· - vo/ 

(2) 

H npoHSBO,WI B ( 2) 

pas.no&eHii!!e no cTeneH.RM v;· -V.. , a~eM: 
e 

L, ~ f '~~i {o 11 -r !t!-(v;;;- £(t-jJ)¥t,V.)+ ij (-.tc'-+3;.,?)< 3> 
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IIepebeM R paCCMO'l'pelflJIJ ROHRpe'l'HLIX peJIJI'l'JIIBHCTCRHX MO,D;eJiel. 

I. 37ieKTp0l!!HaMJDta 

BSB.HMo.u;elcTBHe sa:pRaeBHNX 11acnm c an:e:upoMB.I'BHmWM no

JieM OUHCHBae'I.'CS CJie.u;y~el ~HKnKel !arpaa.a /II/. 

.fiu =ffi: (lf.z_ky +! ,~-- J'¥}dr. 
(4) 

.P = F ei S{i" -zJ ; / = ?" R::_Vi 6(2 ... - 2J ; 
t. 

~ecb 

Zi- Koop,llliHaTu 11ac'f1Ul B om :e: 'I.'O'l' :ae MOMeRT BpeMeHH. 

HcnoJ!bsyR YpaBHe!OOI MaKcBeJIJia 111 npe.u;nOJIODHHe (6) p:tS,D;eJia II, 

MOliiJO B!ipaSHTb o!tnt 11epes KOOp,llliHR'l'!i 'lac'l'IUl B Ol!!H H '1'0'1' 

3e MOM8HT BpeMeH:e:.~elCTBH'l'eJibHO, DpOHSBO~ ~ nepBoro 'IIJieHa 

B ( 4) HHTerpxpoBaHHe no 'IRC'l'SlM/II/, BabeM: 

cli"t = ~;.![£<}' ~-!AH]jt~i -;.;c ~ Jfl,Pt ~JJe!-l'rJ'J~~s> 
B npe,D;UOJIO:&eHHH ( 6) p:iS,D;eJia II HSJ.IY'I&HJI&M B CHC TeMe MoaHO 

npeae6pe11b, H UOBepxBOCTH!il HHTerpaJI 06palllae'l'CS B HyJ!b; 

BTopol 11.lleH B ( 5) npe.u;c'l'aBJIRe'l' coool nOJIHyll npoli!SBO,D;Hyll no 

Bp8M8HH ll. MO&eT 6!i'l'b OITyllleH liS fllYHI<n:lm Jlarp:tHaa; UOCJie HH-

d l ... 
TerpzpOBBHHR UO 2 B Tpe'l'b8M 'LileHe UOJlY'IIHM 

../ t = _f. Z et· ( ~ Ai - c..?' ' d~ ~ i c JV. 
(6) 

3.I.;acb ~- • f!i - UOTeH~aJI!i UOJIR, COS.u;aBaeMOro B '1.'011Re 

ij {t) .BceMH sa~, KpOMe sapR,IJ,a ei • B xa11ecT:ae 

!/t" .11 A i MoliHo Bu6pa.Tb sanas,D;llBaDIIHe noTeH~aJI!i .llileuapa 

-Bi!XepTa: 

6 

' etJc. ~ ..... ~ ..... . - -<::::: __. , A· - 1/o · (!f,)ZLt- -K#i R,IC.- v.,r<.u. L out - c:-(!f,)za-, (7) 

.... c -
r.u;e R.t," y.u;oBJieTBopReT ycJioBKHM ( Ri~c. = / R.i/1<./) 

.... ~ { t} -
R.i~c. = v .. t: -t-/ ~ 'ti~ (8) 

Ri~c. _ ....~.._t-,.. z;~ = ;z,. t~J _ ~ 6'-1 
--£. , - :...t. e ( 9) 

~ 

PemaR CHC'l'8MJ (8-9) O'l'HOCH'l'eJ!bHO ;eiK , HaA,D;eM: 

(to-)~--' = .:2" e.1c. _, (4-".) _ Vo /w,) 
:r~;~<l<.{ Kh l!fl ~(Zi;o/:l, ('" Yw- c-t>-v'l.d. (IO) 

MOliiJO UOR8.88 Tb, 'iTO B ,IJ,aHHOM IIpH6JIH3eHHH 

{r.·Jw- = (l!Jadv ; ( ~Jw = 0Vdd'v. 
o/ 

IlO,D;CTaBJIRR (IO) B (6), UOJIY'IIl'IM npH6JIHl!CeHHOe B!i~HHe ]I,JlR 

~HRilHH JlarpBH:m CHCT8Mii 

~ i?t"e~c. 
cf <:::: tLo -. v r~- ~ ,,Az·:t.. (II) 

t >.t 1 '-'ti{J_ + o ~II 

CoOTBeTCTBymmaR ~HRilHR raMHJ!b'l'OHa eCTb 

H = ~[ Pu~ + (p-,,, t-/t·.,f'~ "'··a$(.tcf._Jiib97 
, 2 ,,. 0 ,l..l.,t"d's .t ::J 

+.:T e,·e~e. ( I2) 
i>l( :v (r~- ~ ._ "'l. !'.·.f. 

C1 <--t.Jc...L. 0 tiC{f 

7 

r.u;e p;;, = -"'t· V'o tr (r.f.-.{) . 
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2. BSBHMo8elcTBHe c MaCCHBBHM BeRTOpHHM no~eM 

B STOM CJiy1JB.e qJyHIW;HJI .llarpana HMeeT BHJ!I2/: 

.P - fd 32 r _!_ (~- 'DAf 1:. "'2 1-. A"+.!..;:/_ A. 7 
cJ Ur:r - J • L -16~r ~.x" u~/ I'll' c. I' 'J · c I3) 

3.IleCL A"'= (A.,) 11"? - noTeHilB8Jl BeRTop&oro nOJIJ!, 111 -ero 

Macca, f l'I / l'IMell'l' TOT ze BH.Il, 'liTO l'I B 8~8RTp<l.IlBH8Ml'I-

Re. 

IloCJie npocToro npeo6pasoBaHM Bs.pazeHHe ( I3) npKBO.Illl'fCH 

TBX ze , KaK 1'1 B 3JieKTp0)111HaMI'!Ke, It BH.IlY (6), I'.Il9, O,llHB.RO, 

noTeHUHBJW no.Jm A;, H ~i .RBJIJIIl'fCJi pemeHl'IJiMH ypaBHemm 

K.neiH -rop,lloHa: 

( 
.... ;z. I ;>' z)A '· · JT - c"' ~t-.t _,,"7 I"' = - -r»-;r- • 

BH6l'Ipa.a: B Ra"iecn~e At· H Aoi. sanas,llHBaJJilTie noTeHIJ;BBJW, 

II2/ 
Hai.IleM' o(T-f + /il-ir.J 
{Ao._J t = ~ fdi'elt'.fl:(i;'Z'){ _ ~ ---;:r-- -

'U Me J"' /2i-Z'/ 

mj""J'(t-t+/:lf.t+/2; -i'l~ .~: r) ~· ~V: 
--;:::~=======:=;,;- t/Jt~~,['t/f , (Ai, 

o VF~ + fii -rr.z w 

r.Jte fiG {z~~ = e,S(i.t-r~eM). 

- Vo(A.,J ' 
- e ~f (I4) 

COI'MCHO npe,llUMOUHl'IIl (6) pRS,lteJla II, B (!4) MOEO TIMO

DTL i" (7:)-= 2.: t~ + v" (t'-t). IlpoHSBO.Illl BHTerpl'IpOBaHlle, no

~y-qma: 

2 e" 
( APi)w :::Kh ·~ 

r~ 

ex!' {-~~t ;:2- ~ _ ~~ 
'1- (2tc.~!l 1~ +-trq,Zicll 

c J 

8 

J 
I 

l 

{Ai)Zef == ~ {Aoi)rd . 

B ,ll8.HHOM npHCSJmzeHl'Il'I, KaK 11 a :JJieKTpO.li;MHaMMKe, {1/tJi)ut =(/loJadl/; 
{At)zu • {)i)4dv ; cflYBRUM JiarpaH:m 

HMee'f BH.Il 

L ~ at;, - ~ e,·e~ exp {-~~t'li~_, 
t >IC. 0 2. ,·lc. ,------:--..-• 

f. • /.- ~ a_ .... .(. I 

~tc = Y 2ik....J. +ct' EIAII (I5) 

3. BsaHM08elcTBHe co C!U!.lU!pHYM MaCCHBHHM nMeM 

~YHKUHX JiarpaHKa ~ 8TOI'O BSaHMO.IlelcTBHB TBXOBa /I
2f: 

J = fJlif-.!.. 0,4 g/1 - .i.llf~ll.t- A-J' 7 ? 

0/. illi t! ' S'1r ~x,... ;,x~" B'r 'J 

r.Ile I = ~ e, -~Viz s{l·-t,) , r 7-C~ . 

BllnOJIHSfJI Te n Bll"iHCJiemm, 'liTO • B npe.IIll.llYII!eM c.ny"'ae, ual,lleM, 

'iTO B .DaHHOM npv:CSJmzeKl'Il'I {~ ~ vJ ;JtJUl lflYKKUKH JiarpaH:m 'IB.CTHil I 

B8a:JIMO.Il81C'1'BYIIIUIIX co CRa.lmiiJIAI UQJl811, Cl1Jl8li8A1IJ1Ba !flo~~ ( !5). 

Pa8JDI"'H8 llez,u;y BsaHMO,lteiC'fBHBMH CO CRa.lmiiJial I B9RTOpHHM UOJI9M 

npO.RBJIReTCII Jllilllb np11 y1.1eTe c50Jiee Bb1COK11X TIOpll,ll,KOB TIO 

... .. ,,--v., ---c;- • 

4. Mo8e.1Il> BaH .lla!a-BHI'Hepa 

P~THBHCTC:KIIe ypaBHeHJIJI, npe.JUIO&eHHHe BaH lT,a.MOM H BHmepou 
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/ 9/, MOryT 6!i'l':b DOJiy"'8Hhl HS BapHBIUIOHHOrO IIpHHU11II8. ,IVUl 

lle lie 'l'BM/IO/ 

A= -m~c/'dZ1-~cjdt:t_ -j/1.1({~--t~f){~.i_Jd.~dc:,._, 

(IS) 

rlle x,·(t'i)= (cti;)Xi.)- Roop,D,liHaTH "'ac'l."'Hn; ?:'i.- co6c'!'BeHHoe 

BpeMR i, -U "18C'l'IIIUi; ~YH~B.II .1 , RO'l'opSJI OIDICHBae'l' B88.J!Mo

ll8IC'l'BJ!e Mez.cy 11acmiJ,aMH, YllOBJie'l'BopHeT ycJIOBHD 

.t (p); 0? ecJIH f > o 

B pa6oTe/I0/61iJIO npe~O&eHO B ~yroe BHpaKeHHe ~ lleiC'l'BB.R: 

A = -111.1 e'jdt.t-~cf d:z'.z_ -:f jdc;d~Xf(~ -'VV (ii)~'l} ~ 
(I?) 

B KJiaccH"'ecROM npelleJie YPlBHeHBJI llBH&eHHSi, nOJiy"'eHHHe n (IS) 

Jll ( 17) , COBTiallaD~IO/ • .JteiC'l'BIITeJII:.HO, B 8'1'011 CJIY"'ae MO.IIHO 

DOJIOD'l'l> B TOM "'JieHe, RO'l'Opiil ODJICHBaeT BSaHMOlleltC'l'BHe, V/ = 0 , 

'l:i = ~.; J H llelc'l'BB:e IIpJIHJJMaeT BHll 

AK" = j(IH.~.i/s~"~- "'2 v~}u- j frx[cz(f-t') 2
_ (K.t J~)jczbcU' 

..t. .L JJ"" . 

I 
BHTIOJIHSiSi HH'l'SrpllpoBaHJJe no df , nOJIY"'JJM 

f [ -.t. Jl. v 
Jl - c/;t h1.4 ~ """+ lo-.t - f{t) 

Hk..lt - ~ ~ % > 

rlle 

.... ... ... 
'2. = X.t -X2 ; 

;;~ 

Y(i) = .:. J X{-1') dp 
0 (£2-p)~~ 

(IB) 
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+ 

Ba6HJBSi COO'l'BeTC'l'BYDIIliM oopasoM WHKI.IHD :k • MOZHO nOJiy"'HTL 

JID6ol UeH'l'paJILHO-cHMMeTpH"'HHI RJiaCCH"'ecRHI DOTSHUHaJI BsaHMO

lleiC 'l'BiJJi • 

PaCCMOTPJIM TenepL CHC'l'8My "llacTHU, .ItBH&yleyDCSi CO CROpoCTLD 

Vo • CorJiacHo pa8ll8JIY II, npH ayqwcJieHHH qJieHa, om1cuaaromero 

B aaH:IlO,D;etlcTBl'!e, HyEHO cqJ1TaT1 cKopocTH qacTHU paBHbJMl1 Vo , TO ecn 

A =/forH - j Jl.z(ct{i-t:}~[~ (ij-~(i)- i/0 (t'-eJ]J?f~z tbdf:1 

JUm Bli1lHCJI8HM HHTerp:ura no o/,t' Clle.JiaeM SaMeHy nepeMeHHJ,JX 

e-2 {t-tY.- j~ tt) -~{~)-to { t:-t '}j.Z.: -!' _; 

IIpH S'l'Oiil lleiCTBHe MORT 6ii'l'l> 5aDJ!C8HO B BHlle 

4 = /{La-: V('l'!J# _, 

rlle r (:'" z ~ z l 'l.= '-..J •Ztr(f, 
.... ...> (,L) ~ 1..) 

'1.. - X.t ~ -.-1"4 •V . 

TaKHM 06pa80M, H B 8'1'01 MOlleJIJ! ll5HXeH:Ke "'aCTHU IIpH6JIHXSHHO onH

CHBaeTCSi ~YH~Hel ~rpaH3a, saBHCSimel 0'1' KOOpnHHaT H CKOpoC

Tel "'aC'l'HU B OllWH l! TOT &e MOM8H'l' BpeMeH:K. MOlleJII:. JierRO M03eT 

6s'l'L o6o6meHa aa CJIY"Ilal 60JILmero "llHC.Jia "llacTHu/9/. 

TY. Bee MOlleJIH, plCCMOTpeHHiie B paSlleJie m. TipHBO.ItliT R O,D;

HOMY Jl TOMy ze peayJILTaTy: ecJIH B c.o.M • .ItBHXeHHe 11acmu Hepe

JISiTHB:Kc'l'xoe, TO B CJIC'l'eMe OTC"Ile'l'a, ROTOpaa llBB:J:eTCSi OTHOCH'l'eJIL-
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HO C.U.M. CO CROpoCTl>ll (-vo) , ,D;BJaeHHe '18CTHU MO:EeT 6HTl> UpH6-

JIIDl9HHO ormcaHo i{>yHRU>Iel! JiarpaH:m 

c/ = L - 2 _!_ Y('E~) 
0 t>"- 0 .> 

r.ne 
I 

'Z.· = 
'" 

V(iiAJ)t+<Yz(zt.t:;cl' .. 

f'o onpe.neJI.ReTCR i{>opMyJiol (3), 1"{-t..) - KJiaCC:K'lecRH! noTeHUHaJI, 

OIIHCHBa~Hl B3aKMO,ne!CTBJile B c.U.M •• CoOTBeTCTBY~ i{>yHKUHH 

fa.MMl>TOHa eCTl> 

H = 2{ !ti 
i .2;,,-tY + 

(Pi,, -~-ei!?J: ~~t;o3~'.tc~-s-.t1Jl+ ~ _!_ V/z'·J 
of'-·Y3 • (o Vo/J . y (~'tAc ~~u ~ t>~ ~ 

Pic = IJ.t' ;;;" r (r~-.t) . (19) 

B .naJI~>HeibneM paccMOTpHM .nJIR npocTOTH JlHlll}, CJIY'lal nyx 'lac-

THU. BBe.neM o6osHa'leHHR 

D - _, 
.L- = PJ. r l',z. .. f= ~h -"'.zh 

"'J + nf.t, 

B nepeMeHHiiX p , ; i{>yHRIUI'Jl fBMR11l>TOHa (19) MOKeT 6H'fl> npe.ncTaB

JieHa B BR.ne 

_.L (.:?. ~ - J~ H = h.t 1- .f.t. 11 ~ fto ~P.l.b + (~ot1 ,.~}/.t l 3 -~) 3 
o J. (~~<,.-*'.z)o + .z (;...t H><.z)o3 -z-- < ~ c- "'o;/a ~ (20) 

r.ne 'lJ. .. ...;=-. -~- ..f!.!t_ -1- 711 lr 2 ~ t. ~ y ~ ' 1 L ~z -t. 0 
.c./- .2/"~1.. ~ h 0 / .:> 

/< = II<, IC<z ; r :: ~ -~ 
/1<11 # /S4_z 

( ~ -. )-2. 
Mo:mo nomsan, 'ITO c TO'IHOCTI>Il .no ueHOB ~;_vo/ :BllpBJ[eHHe 

( 20) npe.ncTaBJI.ReT co6ol pasJIOKeHl'!e BeJIH'qJIHH 

12 

t 

f.l (-fl. ~-.ltv Y1. 
7 ( 21) 

r.ne ,{ = ("'.J Mt.z)C~ + Jl.1 • J{eiCTBHTeJil>HO, ( 21) MOZHO npe.ll;CTaBHTl> 

B BH,II;e 

H = {ltz-~-cf~ +(P -L_j j ~:~, r,11;e (22) 

..... 
_fb = (~t<,.;-~&<.z}vDrf'- HMnyJil>C CHCTeMH .nBYX HeBSaHMO,neiCTBYill!IHX 

'lacmu, .nBH~liiHXCJI co cRopocnll Vo • IIpoHsBo.IUI B (22) paSJio:tre-

HHe no cTeneH.fiM { h.1) .z. .no nepBoro nopa.nRa H no fl-A -
Hft+lk..t C (ltrr-f'IOVJc 

.no BToporo nopa.nRa BRJIIl'lli!TeJil>HO, noCJie HeCJiomna aJire6paH'lecRmc 

npeo6pasoBaHl'!l nOJiy'IHM (20). 

~OpMyJJa (21) npe.JJ;CTaBJllieT co6ol peJIRTHBHCTCROe Bllpax9HJile ,lJ,Il.H 

8HeprHH CHCTeMH C MaCCOI cltL H m.myJil>COM p 
B nepeMeHHHX {~_,A; ~, 2;,0) 1t cooTBeTCTByeT o6H'IHOMY 

tY 
KJiaCCH'IeCROMy raMBJil>TOHHaHy B C.U.M. 

CooTBeTCTBy~ee ypaBHeHHe IDpe.JJ;RHrepa MO&eT 6HTh nuny'leHo 

3aM9HOI ROO~aT Jil HMITYJil>COB B tf Ha onepaTOpH C 06ll'IHHMH 

COOTHOmeHHRMH ROMMyTauHH. BoJiHOBHe i{>yHRUHH, llO~'IeHHHe B pesyJil>

TaTe ero pemeHHJI, 6y.nyT y.noBJieTPOpHTl> yCJIOBHil (I), To ecu B 

]lB.HHOM TIJlH6JIJii][9HHH , ,JJ;eiCTBB:TeJil>HO, npOHCXO,JJ;HT JIOpeHU- COKpallleHHe 

pasMepoB CHCTeMH. Ilpe.IlJi.ll.Ymee ~ccMOTpeHHe JierRo pacnpocTpaHReT

CJI B: Ha CHCTeMH C 66Jll>JlDIM 'IHCJIOM '18CTHU. 

C1Ie.nyeT, O,JI;Ha.RO, TIO.JJ;'IepKHy Tl>, 'ITO B03MOJ[HOCT1> QTIHCaHM 

peJIRTHBHCTCROI CHCTeMH '18CTHU if>YHRUHe! faMHJil>TOHa H COOT

B9TCTBYIIIIHM el ypaBHeHJileM lllpe,IIl!Hrepa B03HHR89T BCJie.JJ;CTBHe npe.n

ITOJIOKeHHR 0 HepeJIRTHBHCTCKOM xa~KTepe .JJ;BREeHHR B C.U.M. llpe.JJ;

JIO.lleHHaJ'I CXeMa, Ka.R H KJiaCCH'IeCKaa M9X8Hl'!Ra, O!IHCHB89T ,ll;BHllte-

HHe CHCT9Mbl JDIIIIJ, C TO'IHOCTl>ID ,JJ;O (@)'l. ( C'i -cKOpoCTH '18CTHU 
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B C.U.M.). Y-qe'£ BHCillHX IIOpfi,JJ;!toB IIO ( i[t):t , IIO-BH,li,HMOMJ, 

rrpHBe~eT R SHB~HTenbHO 6o~ee ~~OZHOM], ~eM (I), SaKOH] npeo6pa

SOBaH~~ BO~OBO~ ~HRIUrd OTHOCHTe~Horo ~HXS~I3/. 0T~eTHM. 
Ta.Rl!.e, ~TO B ,IJ,B.HHOA CXeMe Be~:r.ma JiopeHU-4>al{T0pll j' qJRRCZJlOBaHa. 

OITHcaw~c rrpoueccoB :esaHMo~e!cTB~~ ~Hsyme~ca cmcteM~ c BHem-

HHMH 06'beRT8Jif!tl:, 3 KOTOpl:L< O HSMeH>'!eTC!i ( Harrp:aMep H3JJY~eHa.'1 

llteCTKOrO iJ)O'l'OHa C nepecTpoibto:J ~BCTHU B CRCTeMe), B!DCO,II,l'I:t' 

TI08TOMj sa paMKld 8TO~ npa6JIU8HHOA CXeM'.i JI MOJteT 6!:iT:& IIpoH3B8·

~8HO ~b B IIOC~e~OBaTe~HO~ peY~THB~CTCKO~ TeOpHM.B 'IJBCTHOC-

Tltf 
1 

BOITpoC 06 RCTIM:b50B8Ji~1 ilJopt.zy.illl (I) ,JVll1 BliRHCJieHlL'1 qMlpMqaR

TOpOl3 COCTaBHJL( 06'l>eRTOJ5/ B OOpHOBCROM ITpHOJIHEe!mH IIO-IIpe:.lt

HeM] OCTaeT~i OTKpHTHM. 

B 881tJII)'ie!rne aBTOp BHpa.llae•r r.ny6oeyn 6Jiaro,n:apHOC'r:& A.B. ro

BOpROBY 1 rrpe,IJJio:mBilleMJ TeMJ ~Hol pa6oTOi :11: c,u;eJJaBmeM] p.<m 

ue:HHHX saMe'iaHH;:l no ee B!:lnoJrnelnm. ABTop 6J!aro.n:apeti Ta.R&3 C.B. 

repacHMoBy n P.H. ~aycTOBJ sa KpaTZ'ieCKHa o6cy~eH«R. 
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