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B paMKax cToxacTIPiecKoti: Tpaacnsrunu nonytJeHbi ypasHemte 6poyHoscKo
ro JlBH>KeHHSI qacTHUhr, a TaK>Ke ypasHeHHSI .nupaKa H Knettaa-fopJlOHa. 
3aMe'lJ:eH0 1 t.ITO B03MO}t(H0 CyllleCTBOB8HHe HOBOrO ypaBH9HHSI 1 O!IHCbiB810lll9I'O 

'li9Tblpe COCTOSIHHSI l:{E!.CTHUbi C OIIpe)leneHHOif 8HeprHeH. ilaeTCH riOHSITae 0 

CTOX8CTH1:[9CKOfi rpyrrne H ee IIp9JlCT8BJ19HHH. npuBO.llHTC£ KOHKpeTHbifi npHMep 
TaKofi rpyrrnbi u onHo ee rrpHno>KeHHe. TionyqeHo ypasHemt:e spamaTenbHOti: 
JlH¢~3HH Ha OCHOBe IIOHRTHSI CTOX8CTHt.I9CKHX Bp8lli9HHfi. 
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Within the stochastic desplacement the equation of the 
brownian motion and also the equations of Dirac and Klein
Gordon there are obtained.It is noted that the existen-
ce of a new equation describing four states with certain 
energy is possible. The notion of stochastic groups and 
its representations with illustrations in concrete examp
les and applications are given. The diffusion equation 
is obtained on the basis of the notion of stochastic 
rotation. 
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I. B:ee.ne~me 

CToxacTH'!eci<ae npocTpaHCT:eo r; ( ::Q) EJio:mrr~e:eaii/ ycneUIHo rrpH
Merrerro R IIOCTpOeHHD rpa.nHeHTHO-HHBapHaHTHO~ H ROHe'!HOA S -MaTpH
UN, RBaHTOBO~ S~eKTpO,IlHHaMHRH '!aCTHU CO CIIHHOM 0, I/2 H I / 2/ H 
'!eTHpe~pMHOHHOI reopHH C~aOHX EaaHMO,IleiCTBH«/3/, llpH:e~eKaTenDHOft 
CTOpOHOit TeOpHH IIpOCTpaHCTBa {( (:£) .IIBJllieTCJI TO OOCTOSUeJI:DCTBO, 'ITO 

IIOJie, ycpanHeHHOe B STOM llpDCTpaHCTBe, OKa3NBaeTC.II He~Oi~HHM IIO
JieM, HCC~e,IlDBaHHD ROTOporo IIOCBJimeHa MOHorpa4M.II EPHMOBa 4 , 

Koop,IlHHaTH X IIJXl CTpaHCTBa THIIa f1 ( x) onpaneMDTC.II KaK CTo
xaCTH'!eCRHe C,IlBHrH OOH'!HNX KOOp,IlHHaTHHX nepeMeHHHX J( 

:x__,. __, :X-'. -= ::xy -r .s .xf n, x) (I} 

BeJm'!Hlllil b Xj< , B OOIUeM CJIY'!ae, .IIBJlliD'I'CJI onepaTOpaMH H MOryT aa
EHCeT:D OT CaMHX .X. , IIpH'!eM OHH H800JI3aT8JI:bHO ,IlOJimiH OHT:D KOMMYTH
PYBlllHMH. S.nec:D napaMeTp 's npHHHMaeT CJJY'Ial!HHe 3Ha'!eHru:r, pacrrpe
.naneHHe ROTOp~X .naeTC.II HOpMHpOBaHHOi BepO.IITHOCT:bD 

dW{3) ::;- 0, jdw('5) = 1. (2) 

Cnoco6 BBe,IleHH.II CTOxaCTH'!HOCTH B TeOpHD, B '!aCTHOCTH B IIpOCT
paHCTBO, MO!eT OHT:b BeCbMa pa3JIH~HHM H 3aBHCHT OT CIIeqH~HKH peruae
MHX 3B,Ila'!, HanpHMep, CTOxaCTH'!HOCT:b IIpDCTpaHCTBa MOXeT paCCMa'I'pH
:eaT:DC.II RaR npOCTpaHCTEO CO CJJY'IaaHol CTOxaCTH~eCKOI MeTpHROi JIHOO 
RaR H8KOTOpOe COOTHOWeHHe (OTOOpa&eHHe) ~YX IIpoCTpaHCTE, C ~3H-
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qecKoA TO'lKH apeHHR, 3TH ~a DYTB EBe~eHKff CTOxaCTH'lHOCTH B npOCT
paHCTBO cymeCTBeHHO OTXH'laDTCH. ~ ue~e~ ~H3HKH BaXHo nceB~OBBK
XH~OBO llpOCTpaHCTBO, HO H~e~THOCTb MeTpHKH aroro llpOCTpaHCTEa 
B c~qae nepBoro rro~o~ npHBO~T K ~ cneUH~H'leCKHX rpy~ocre~. 
CBHaaHHHX C Tpe60BaHHHMH, rrpe~B~eMUMH K HHBapHaHTHQCTH H K Hop
MHpOBKe EepoRTHOCTH roro HXH HHOrO 3Ha'l6HHR RHTepBana. TaKHM o6pa-
30M, Bropol nyr:& 6o~ee rrpHeM~eM B ~HSHKe, H B aroM c~qae croxac
TH'leCKHe CBOHCTBa KaKHX-XH60 EenH'lHH BBO~TCH RBHO nocpe~CTBOM C~
qru\HNX napaMeTpOB l , ~H3H'leCIUU! CMbiC~ KOTOp!>IX MOlleT 61:lTb BeC:&
Ma pa3XH'l8H, 3TOT flYTb HMeeT eme H TO 060CHOBaHHe, 'lTO B ~3HKe 

CTOxaCTH'lHOCTb llpORB~eTCR donee eCTeCTBeHHO ~a CT~HH apH~8TH3a
UHH, 'leM Ha CT~H' MeTpH'leCROit (eM. IT0~06Heef 5/). 

PaHee HaMH 6 61:lnH BBe~eHI:l croxacrH'lecKHe c~HrH BpeMeHH H 
KOOp~HaT Ha ~CCH'l8CKOM ypOBHB, B paMRax KOTOp!:lX 61:lXH TI~eHH 

ypaBHeHHR illpe~Hrepa H ~oKKepa-ilnaHKa. B ~Hoi pa6ore paccMarpH
EaDTCR pa3~HI:le B03MO:.UWe CTOxaCTH'JBCKHe TpaHC~~ H rpyrrlll:l C 
ue~:&D o6o6meHHR no~eHHI:lx B pa6oref 6/ pe3y~:&TaToB B paa~HI:lx 
CJIY'laHX. 

2. CroxacrH'lecKaH TpaHC~ 

CHa'l~ ~~M HeKoropoe onpe~eneHHe, aaHMCTBOBaHHoe H3 pa6o
T!:llimJXHHUeEa 5 • Ilycu R..,{!) - rrpocrpaHCTBo IJPH3HaKoB. BEOM 
TepMHH "rrpOCTpaHCTEO llpH3HaKOB", M!:l C'lHTaeM BallHI:lM,C TO'lKH 3peHHR 
~HSHKH, llO~epKHYTb TY CHCTeMY npHSHaKOB pe~bHHX 06~eKTOB, KOTD
paR H36HpaeTCR ~ llpHBe~eHHR B COOTBeTCTBHe TOlleR MaTepHaHbHOrO 
~3H'leCKOrO llpOCTpaHCTBa TO'lKaM npOCTpaHCTBa reoMeTpH'leCKOrO. na
~ee paCCMOTpHM MHOlleCTBO a~eMeHTOE M, apH~eTH3HpOBaHHOe C no

MOm:&D rrpH3HaKa aneMeHra f H Koop~ar eroro a~eMeHTa j( • 
.IJ;OrryCTHM, 'lTO OT06JBllleHHe llpH3H8ROB ' Ha KOOp~aTii X CD

~eplll'!T napaMerp J , rrpHHHMaiXI!Hi CJIY'la.AHHe aHa'leHHR: 

_x ~X Cr!;). (3) 

IIpe~omraeM, 'lTO pacnpe.lle.neHHe BOSMOllHI:lX aHa'leHmt rrapayerpa / 
~eTCH HOpMHpOBaHHOit BepORTHOCT:&Il (2). Cpe,JtHee SHa'!eHHe BWUI'IHHH 
.:X Momo onpe,lleXHT:& no ~pMy.ne: 

_x = < x > ~ <X (J/))> =fxrJ!~)dw(~J (4) 
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D " " IlpocTpaHCTBO 1\1( X) nepeMBHHI:lX X , onpe~e~eHHoe qJOpMy~Jil 

(2)-(4), 6y~eM Ha31:lBaT:& CTOxaCTH'lBCKHV llpOCTpaHCTBOM, 

Ey~eM np~nanarar:& ~~epeHuzpyeMoCTb co~rHomeHHR (3) H B!:l
rro~rrMocr:& yc~OBHR 

J>et (aX,.,/ols) -:f {), 

T.e. pa3peWHMOCTb (3), OTHOCHTEU!bHO nepeMeHHI:lX 

y = J(:X,;). 
l: 

(5) 

BamHI:lH CJIY'laii CTOxaCTH~ecKoro npOCTpaHCTBa peanM3YBTCR rorna, 
A 

Kor~a OTKnOHBHJIIR KOOp~llaT :X OT JIIX 3Ha'l8Hl'Iit .X HeBe.nHKJII. D 3TOM 
c~ae y~o6Ho aanHcar:& (3) B BH~e 

-=£ f = JCJ' r b ~ ( J, '5) . ( 6) 

l1cnoJI:&3y.R: (6) H (5), no~'lJIIM (I): X_r =-~ -t ~ ::XJ.J ~ 's). Pac
CMOTpHM ~aCTHI:lit C~ait 

S:f = ::y:_.r T S.r· \ 1 (7) 

r~e ~ - COBepmeHHO TipDH3BOJI:&HI:le B8JIH'll'IHI:l (OHH MOryT 61:lTb EeKTD
paMJII, MaTpHuaMH, KOMTinBKCHI:lMJII 'IHC~H l'I T.~.), ~ - aMTIJIRTyna 
<l>JzyKryauH!l c pacnpe~eneHJIIBM vv('s!L) • L - rrapaMeTp pa3MepHOCTJII 
,IlnHHI:l. ilo~ napaM~TpOM ? MOliHO TIO~pa3YMBBaT:& HeCKOJil,KO C~'laJi
H!:lX BEU!H'lHH ) (<), i = f, "2, · ·· .olf,HXH ~allle 6eCKOH8~HY!O JIIX TIOCJIB~OBa
TB~OCT:& I !II....,...,""/' JIIJIJII cWHKUHD I ~ ~ . 

llpocrpaHCTBO j tPYHKUHR ~<"'-J npH npeo6pa3oBammx TpaHc~
UHl'l (I) Jll (7) OT06palllaeTCR Ha rrpoCTpaHCTEO ~J qlyHKUHR fr.X) ITO 
qJDfiJIY~e 

~c:X.)"" e:xp ( d_; 's ·E._ ) f(.x) (8) -o.:x__,.. . 

<l?yHKI.\ilil < g (x)) , ycpe,nHBHHaH ITO 06~aCTJII CJIY'lru\H!:lX napaMeTpOB 

's, B006me rOBOpR, RBJifleTC.R: cWHKUHOH~OM, B 'laCTHOCTJII, 8CXH j'r:z )-
6eCKOHe'lHO ~~peHuzpyeMaR tPyHKUH.R:, TO B HeKOTOPOM c~qae MOliHO 
TIOCTpOJI!Tb He~OKa.Jil,HI:lR tPyHKUHOHaJI. HanpHMep, ec.JIH J_,. 'c·.nt ·I, 
o'- t , TO B CJIY'lae rayCCOEa pacnpe~eneHHR 

'Wt5c•JL):: e:xp[- 's/:) 2/L2 Sj(ff'L ( ,·=-a, 1,2,3) 

POJIY'lHM 

<:~c:x1) = fdt.:x'J(c.x- :x'JfC;x'):: J((L2Q) f(x) 
7 
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r.ne X(:r-x')<K(la) S4fx-.x') - eCTL HeHOKanDHaR o6o6meHHSR ~-

l..\ID'!. 3.nec:o 
z 

Jl(L 20)= e.:;c_p( ~ 0), 

TaKHM o6pasoM, npocTpa.HCT:eo <'~~ > .FIBJilleTCSI 4Jym<UHOHa.noM llllipOlwro 

R~CCa, CBOKCTBO KOTOporo B 60~LWOI CTerreHH 6y,neT 3aBHC6TL OT TH

na DpOCTpaHCTBa $ OCHOBHHX 4JyHKllHlt .f<:x) H pacrrpe,UeJieHM w(~j. 
O,UHaRo :e npaKT>PJecKHX npi1JIOXeHHRX .nocraTO'lHO y.nepzau HeCROJI:b

RO 'JJieHOB E pa3JIO.SHHH (8), IJ08TOMY HaM 'laCTO npH,UeTCR HMeTL ,UeJIO 

CO CJie.nyEme~ :ee~'JHHOA: 

fc.£> = 4:s .fC.:::t_), (9) 

r.ne .1, - aeROTOpil ,URqq>epeHUHaJil>HHI oneparop ROHe'lHoro nopFI,URa. 

3TO npoHCXO,UHT OT'l'OrO, 'ITO J.Gl60 ~M f (:X_) , OIJHCWBa.Dnf.U! He

ROTOplil CTOX8CTH'l6CRHI npouecc,nOJIHOCT'b~ onpe,neJIReTCR HeCROX:OKHMH 

MOMeHTaMH CJIY'la.IHHx nepeMeHHHX ~ , JIH6o napaNeTp THna L , :exo-

.Mmd B cpe,UHee 3Ha'leHHe BeJJH•UIHW 5-C!X ) , 6y,neT 6eCROHe'JHO Ma-

JIWM, EoJiee Toro, CaMa 4Jym<UM ~(.:-<) MOlleT o6.na,na.TL KOHe'JHWIIJ 'JHC-

JIOM npOH3BO,UHWX, 

Ilepel,neM TenepL K llpHMeHeiDa> IJOH.FITHR CTOX8CTH'l6CKOrO C,UBJIIra 

B ~HSH'leCRHX npHJI01eHHRX. 

2.!, KJiacCH'l6CRKI c~al 

IlycTL y {() - Tpaei<Topu 'l8CTH~ c IIJ8.0CO:A m . Ey.neM npe.n

no~ran, 'lTO ITOH.FI'l'He CTO:xaCTH'CIHOCTH B RJJaCCH'l6CROI TeOpli!H CBSI3aHO 

C ,UBEXeHHeM 'l8CT~. TaKHM o6pasOM, B ,UaHHOM CJIY'lae CHCTeMoil: llpH3-

H8KOB 06'!>eRT8 SIE.Jl!leTCR ,UBR6HHe, EcJ.Gl H6T ,UBIII16HM, T. 6. 'laC Tl!lla 

IJOKOIIITCR, TO IlOH.FITHe CTOX8CTH'lHOCTH OTCYTCTByeT. ConocTaBJieHHe 

,UBHJ!eHM: ( TpaeRTOpBH 'JaCTH!U:l) TO'lKaM IlpOCTpa.HCTBB reOMeTpll!'leCROrO 

co.nep:u:T CJJY'la.itH~il: nap;weTp ?: . Ilycu 'iJ d) onzcs:eaeT croxacrn~ 
'JeCKOe ,UBi!ll6HH6 'l8CTP1Ubl. ,[lonyCTHM, 'lTO CTO:xaCTH'leCRSR nepeMeHHaR 

£ rrpHHHMaeT BH,ll; (7), T,e, 

{ = {; r Z: (IO) 

PacCMOTpHM CJie.nyDmee BWpa1eHHe 

;J)"'(!:!,t) == <..{ (yd)- Y(O)~J )> 
'L ( 
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W~ BH,UIIIM, 'lTO ,UJIR Toro 'JT06~ B Haweft TeOpHH HMena MeCTO ,UHCrrepCHR, 

Heo6xo,UHMo :lJ 1 t 0 . .flaJiee 6y,neM npe.nnOJiaraT'I>: 

({J c2J-:z(.Y;-t) = V<. L'~ FtOjJrZ? (II) 

r.ne ?/"'- cKopocTL qacTB~, Fct') - HeKoTopaR c.nyqaii:HM WHRilHR 
OT f: pa3MepHOCTE CHJIW, OdyCJIOBMIBalllliM CTOX8CTE'lHOCTL ,UBH1eHH.FI 

qacm~. 

(t . .' {) MOMeHTI>I BC6X l!WCWHX IJO.Pfi,UROB, OdpaiiialllliH6C!l B HYJIL. 

llep:eoe npe,nrrOJlOXeHJIIe COOTB6TCTByeT TO~, 'ITO, COrJiaCHO BHCKa3aH

HO~ HaMH rHIJOTese, CTOXSCTIII'JHOCT:b B K~CCH'leCRO~ MexaHHKe CBSISaHa 

C ,UBH1eHIII6M 'JaCTH~, a BTOpOe - TaR Ha3WBaeMOMY MapROBCRO~ npH-

6~lleHHil, 

C ,npyroil: CTOpOHW, corJiaCHO (9) H (!0) 1/JG HMeeM 

::tJ 2
(YJt)= !J 2<~> + 9-zJ ~'t 2 > -t 0(<( 3 >). 

IlpHHHMali EO BHHMaHHe (II) , DOJJY'lHM 

HJIH 

r.ne 

..!) < ('l> -t- y < (_> = < cz;> F!O 
m ' 

dz:r f m ;;t =- . '7./ r /'(ej, 

j. = In< L) I< z-2/. 
(!2) 

HTaK, eCJIB DOCTQHHH,YD BenH'lJtiHY f OTOX~eCTBHTh C K03~HUBeHTOM 
TpeHM, TO llQIIY'JHM ypa:eHeHHe 6pOYHOECKoro ,UBH!leHHR, HCCJle,UOl!aHHil 

KOTOporo IlOCBRmeHB K~CCH'CieCKHe pa6o~ 3ftHmTe!Ha, CMO~XOBCROro, 

YJieH6eKa H OpHCTeAHa 
7/. IIo cooC:pa!leHlllll pasMepHOCT.H .< ( > = E{t)=" r 

H<[ 2.> = ;l>(t) t1Y~)~T 2 
H, CJie,UOl'BTe~HO, I113(12) ::ewTeRaeT, 'lTO 

'T'- mj;. • 3.necl> 7' - :xapaxrepHoe :epeMR cHcTeMW, t5£cJ H ';;l)(C)

MaTeMaTB'l6CKOe OZH,UaHHe H ,ItHCrrepCHR: C~'la.IHOI BeJIHqHHW L COOT

BeTCTBeHHO, HanpHMep, KOr,na 

w(~J= eap[- r;-,;tJ/vn· 'P, 
PIMeeM 'T~-m/zf' , T.K. B .ItaHHOM CJIY'lae£[~J=TH <{2;>=27' 2 

TaKHM o6pa30M, 3HaR KO~I!llHeHT TpeHH.FI ope~, MW M016M onpe,neJIHTL 

X8paKTepHoe BpeMR ,UBH~eiCR 'CI8CTHUW C MaCCOI n1 ,UJIR ROHRpeHTHoro 

BH,llB. lN (2) • 
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3aMeTRM, 'ITO aenocpe.ncr:eeHHO HadJIIl,llae~mil BeJlll'lRHa - cpe.naee 

KBa,npaTH'IHOe OTKJIOHeHHe 'laCTHQN B 6pOYHOECKOM ~HMeHHH cymeCTEeH

HO SaEHCHT OT xapaKTepaoro BpeMeHH T • Kor.na r >> T , cnpaEe.ll.IDIEa 

l'l3BeCTH8JI ~OPMYJia 3aHmTeAHa 

sz = z >n:T;, elf' 
' 

(I3) 

r,ne f - RO~H!Ui6HT TpeiiJ.m, 7;, - a6COJIDTH8JI TeMnepaTYpa H K' -

IIOCTOmlliaJI EOJIN.lMaHa. 0606IUeHHe (13) E CJJY"lae JID6HX EpeMeH i: 61i
JIO IIOJiyqeHO OpHCTeitHOM H ~pTOM He3aEHCHMO .npyr OT .npyra. Hx pe

SYJIDTaT m.1eeT BH.Il 

- f t') §= ,2mKTo{}.{- 1 -re---m 
~z m . 

Kor,na t CTaHOBHTCH 60J.lblllHM no CpaBH6HHD C ""~~ , aT a ~OPMYJia 
nepexo,nHT E (13). 

2.2. KBaHTOB.YA CJJY'IaA 

ITepeA,neM TenepL K H3Y'l6HHD KOMIIJl6KClillX S~'leHHA ~HH qJ(~j 
E CTOX8CTH'l6CKOM upoCTpaHCTB6 (?). Paaee HaMH S/ 6.YJIO IIOKa3aHO, 

'lTD ecJIH t'*( .X;Jl) H -y;(.X,i) y.no:eJieTEO.PJIIlT ycJIOBHD 
,.._ A I' 

jdx <Y"rx7tJ> <1f/(x,l)> =- fd~ Y(£-tJ¥rX:t), 
TO y.'*(.X,-t)li! ytt(~ f) IIO,n'lHHR:DTCH ypa:eHeHHHM llip€JlHHrepa. 3,neCL nepe

M6Hlill6 X H t onpe,n6JIHJIHCL paB6HCTBaMH: 

t=-t.+?:, 
/'- ..... -'> :X = ::X. -f- 6·0 ( 6, ~ 62:0. 63 ~ p)' 

[ Jll a. - croxacTH'lecRHe BeJm'lHlill, pacnpe.ne.neHHH l!lftt) H uJ(a) 

KOTOpHX IIO,n'lJIIH.R:JIHCL YCJIOEHB:M: 

jdt- we L")::: 1J Jctaw(a)" i H fda. a. uJ (a)""" 0. 

06o6maa BTOT pesy~TaT, Mli npe,niiOJIOaHM 1 'lTO COXpaHeHJile HOpM 

B npo CTpaHCTBax $ H <'X\)> HEJIHeTCH qJyH,naM6HTa.1IbH!iM ,IUIH CTOxaCTH

'leCKOft TeOpHH, BCJI6.IlCTBHe 'lero MOKHO IIOJIY~HTh OCHOBH!ie ypa:eHeHHH 

KBaHTOEOA TeOpHH, TaKB6 RaK YpaBHeHHH ,fulpaKa H KJielaa-rop.noHa. 

CHa'laJia no~HM ypaBHeHHe KJieAHa-rop,noHa. llycTL npocTpaHcT:eo 

THIIa (?} HMeeT BB.Il 

x_r = :xy + c-'5 ~ 
7 

<r4> 

8 

.... 

r.ne c ~,!1rt- c) , YJ'< - MaTpiDUJ ,fulpa.Ka, a pacnpe,neJieHHe w('s) 

Y.IlOBJI6TBOpH6T YCJIOERD 

jd~ ·':s· vJ' ( 's ) co 0. 

PaccMoTpHM KOMIIJieRCHYD <iJyHKURD cp ( x) , ycpe,nHeHHYD E aToM 

IIpOCTpaHCTEe. PasJiaraJI ee II 0 MOMeHTaM CJIY'IIlAlillX EeJm'lHH 's , IIOJIY-

'Il'IM 

< CJJ(:X) > = cpc.::xJ -r ( t- .: ) < :s~ :> ~,rv·:,Cl
2 

qX.::x.) 
u::y:t.J.I (15) 

C Y'I€TOM CBOHCTE 2( -MaTpHU B.YpaaeHHe (15) np:zo6peTaeT BHn 

<({X~))::. c.p(:x) - (1- c)< :sz > /] q)(-'l:), 

a ero KOMIIJieKCHO€ conpaaeHHe paBHO 

, cpo\' ( x ))= q:/' (..X ) - (f t- c) < 's 2 > 0 cp "'C :x) 

Tor.na 

jd..x < q/'cxJ> < cpc£J)= Jd~[cP{:xJcp(x) -t- <',}> ;:x)~:xJ-

- (3.z> <~'Z.>[ocp"(_!P.. - ocp) + ( ~ - Gcp"') ocp]? <':.~> .<C''S;') J ., 
r.ne 

J... (X) = L ( cp* ?J<p - 0 cp" ¢) . 
)(' (J.:X 1C 0 .:.Xx: 

0TCD,na JierKO Elii.Il6TL, 'lTO eCJm COXplH.R:DTCH HOpM!i 

Jd:x <<p ... c.x)> < q:>CXJ):: {dx qtrx) cpc:x)J 

*' TO tPYHKUHJII C{J H cp y,nOBJieTBOpHDT ypaBHEIIHHM 

c:p,.. Jf 

-- oq> = o H ~- oq> = o 
(I6) 

<'~~/ /.'!;.,) 
CoxpaHeHHe TOKa llO~aeTCH IIpH BTOM aBTOMaTH'l6CKl'l,6JiarO.IlapH ypaB-

H6HHHM noJieA. EcJIB rronoaBTh 

';z -nQ 
< ~ > =. -'2-'2.' me 

TO 143 ypaBHeHJII.it (16) llOJIY'laeM ypaBH£1IHH KJieitHa-rop.noua. 
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PaccMoTpHM renepb ~pyryv peanMaauHD npocrpaHcTEa (I4) 

.:XJ' =: .:X.r + Cl 's ~ ' (17) 

r~e a~ ~~ ; d - nocToa:HHoe 'lHCJIO, npH aToM [ds 's kf(~) 1 o . 
CTpyRTypa J1l OCTpa.HCTEa (17) CY!IleCTE8HHO OTJ!WlaeTCJ'! OT CTpJ'RTy~ 
IIpOCTpaHCTEa (14). MaTeMaTH'leCK06 OZZ~aHHe H ~HCTiepcaa KOOp~~aT 
npocTpaHCTEa (17) o6~aDT onepaTopaoa CTPYKTypo~. B pa6orax 81 
EJIOXHHUeEa pacCMaTpHBaJIHCb CJI8~CTBHR ~ RHHeMaTHRH H ~aMHRH 
REapKOE B 9THX IIpOCTpaHCTEax, 

Cpe~ee IIOJie E 9TOM llpOCTpaHCTBe IIpHHHMaeT B~ 

<._11/(xJ>::::. Y'{.x) + (f-c·~ <~;> 0: ?!V' -ro(<'s'>) (18) 
d f' a..x.~-. 1 

- A f-
a TIOJie 1f/(..X) =- 'If/ 0o paBHO 

(f/ (X}> = 1f'(.X) -r :: (. <\> ~.: ~ T 0( < ~7 > ). 
y... 

llpe~OJIO~eHHe 0 paEeHCTBe ~yx HOpM ~eT YpaEHeHHe nnpaxa ~ 
lf'(.X.) Jil 1f/<xJ : 

• y ?; ¥' - . () 'lfl y ~ ,-u- 0 
{o. --- m"f'-0 H L. -· O,_.T '''T- . 

J< o.Xp -o..::y.." 
3~ecb Mli noJIOlmJIH d = i }l <?:> ~. Toxc:?r::x) =- 11~Y coxparureTM. 

PaccMOTpenHe CJie,nylllllero 'lJieHa E paaJIOlleHHH (18) c yqeToM (I?) 
~eT cJie,nymee EHpa~eHHe .nnsr HOpML! 

jd4:x <i/r..XJ> < lf/{x>> == rd1.xfijJc.x)'i/r.xJ -r <~> J :J.r.x.J.,. 
)' d J~ :F< 

+- i <\> o 1f 3' r1f' _ ( ~ o; () '11/ .,.. 
o.x_,.. :r Ld d 2 J.-' o.xv < 's~> 0 1{/ J

d3 

- ( <:s>[Y/d t· t_ ~- o~ X .,_ < 's~> a1f/7o:_ 2>¥"-
d2 o:X.v I/ d3 j 'l' o..XJ' 

- <'s > < ~~>[o -y; iY. ~ 'lf' -t o o/ ~ 
d 3 7" J .X J' () :x.J.l 

OVI]} 
:J 

r~e 

- <':}> - a-v g(x):: ~~1f'r ( - (?f' -- -
J-' <\,;>d {).:XK 

C>~ . 'V). 
{):x_X: 

10 

(19) 

I 

' 

} 

' 

0TCD~ MH EHnKM, '!TO HOpMH COXpaHHDTC.I!, eCJIH W,yHKUHH p(::x}H }Vf.x.) 
y~oEJieTBOpaDT YpaEHeHHHM E~a 

-y;t;<~>oll!-v <~1> -_ 
d o::Xv OvT d2 ·D?f'-0 ~ 1V _ ( < \~ ;r o1f .:.'t}; TJ"lf- (2o> 

cJf '~'u:~/· J-< -o. 
B CaMOM ~ene, B CHJiy aTRX YpaBHeHzi, 
paE6HCTEO 

TOR 1/~.J COXpa.HiieTC.I!, T.e, 

L 8_ (xJ ==0 
oxJ< "7' 

EHII0~8TCR TO~eCTE8HHO. TaKHM 06pa30M, BTOpOH 'lneH E Ei>lpa~eHHH 
(19) o6pawaeTca B HYJib, a nocJie~~ 'lJieH c yqeToM ypapHeHHi (20) 
npHo6peTaeT BH,n 

< 's > < -s~> Jd~ L- - - ] - .x o 7Y . '"If/ - "P . a "If' d3 . 

HHTerpHpyR 9TO EHpa~eHJile 00 'laCTHM, H8XO,nnM, '!TO OHO o6pamaeTCJ'! E 
ayn, ecJIH noJie ¥I H ero npo:esBo~e paBHbl HYJID Ha 6ecRoHe'IHOCTH. 
ilOJia.raJt <. ~> = m-1 il < \z.>.: C m- 2 ( C - IIOCTO.fffiHOe l:JHCJIO), IIOJIY'lHM 
H3 (20) Yp:IBH6HHR HOBOro THna 

d 271/ . d -y o¥' c 
'!' - L - · O., - + - · 0 1f' ;:: 0 

~ roXv ~~ ' 
(21) 

deiji r (. d · d j/ 0. T ..£._ QY =0 
m a :x.J-< 'J'< rn ~ 

0TM8TJIM, 'ITO ypaEH6HM (21) lfaRTR'I6CRH JU!JlfiDTC.I! COBepmeHHo 
HOBi>IMH ypaBHeHRaM:H, T,R, Y~OBJI6TBOPRDmHe HM ~UKH OIIiiCi>IBaDT '18-
Ti>lpe COCTORHHJ'! C onpe~eJieHHol 9Hepr:ee!. ilOCTORHHaR C onpe,neJIHeT
CR T8RHM o6pa30M,'IT06i>1 cpe~:H 3THX COCTORHHi He np~CyTCTEOBaJIH Ta
XHOHHHe COC TIJIHM. Onpe~eJIHM Teiiepb HYliHYIO 06JiaCTb H3M8H8HM Be
JIH'IHHH ( , .liJiff 9Toro lli>I'IHCJIHM KOpiD! YpaEH8HK11 '18TBepToro IIOpli,D;Ra, 
onpe~eJlfinmero aHepr~H cocTORH~. BosBe.nR RBa~aT oneparopa 

:;D == d'2- i sf:_~ 2_ r .£ D 
m J.l J:x m-< y 

E HMnyJlbCHOM npe~CTaBJI6HHR H IlpHpaEHJi!EaR ero K HyJID, TIOJIY'IHM 

( d ~ d p ,. {;_ pz J / d 2 r .£_ p 2 -t 
n-1 mz /1' /llz d /i J =o 

m 
H 2 2 2 2 ed:Z 

u-<- 2U(f11t me:_- ?!!-cd) -t rnz (771~2-2CP2.,. ft)-r P~ U= 1?7 

2C C , "• 
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I<op!rn STore yprumemm paBHH 

(!?) = lp 2
+ m

1
a

2
[t-zc -1-y1- 4cJ=cJ1 1 V '2 c2 ' 

(fl)z =- w1.. ~ 

( J ->'2 'l.d?; ----,] ' R,) ::. p + !!!_[1-?..C-y1-4C =uJ 
-' '2 c'Z '2 ' 

(Po) 4 =- W-z 
JlerKO BH,ll6Tb, 'ITO Ilp:l'l SHa'leHRIIX C ( 0 < C ~ t/4 ) KOpHH LU 1 l'l cJ2 

6y~T ~e~CTBHTeJinHNMZ H TIOHOEnTe~oHNMH, 3~eco ci - npOH3BO~nHOe 
noJIOIWTMoHoe "'HCJIO, ,li.Jifl npocroru ero MOJKHO no~oliWTo pa:eHNM I. 

TaKHM o~pa30M, qJyHRUHH 'f/ H ij;, BXO,nmnHe B ypa:eHeHRli (2I), 
B006me rOEOPfi, 6y~T BOCbMHKOMTIOHeHTHNMH, H npe~CTa:I!JieHHe MaTPHU 

0 MOlleT 6HTo Bbl6paHO CJie~Dil:IDIIH cnoco6a~m: 

~ == (0; ~) 
0 Ov J 

1 = (:Z ?{') 
' ;r' 0 

¥s .,_ ( o ,o;) 
o, o · 

Ill 

, 
r~e o - '!erwpex~e o -MaTpHUH ~paRa. 

3, CTOxaCTH"'eCRHe rpynDH H HX npe~CTaBHeHRli 

Onpe~eJieHHe I 

IlyCTb 38.,na.HO MHOlleCTBO CJJY'Ja.aHNX paSJIIf'IHI:lX SJieMeHTOB { }i \ fL 
c pacnpe~eJieHHeM 1llf ( 5,:) . Boo6me roBOPfi, aTH aJieMeHTbl HeaaBHCHMbl 

~yr OT ~pyra. Tor~a CTOxaCT:I'I"'eCKOI rpynnol 6y~eM HaSHBaTo MHO

lJ.eCTBO pa3JIH"'HNX SJieMeHTOB ~ i ( ~·= f,:?, .. ), ROTOpHe y~OBJieTEOPfiiJT 

rpynnoBHM nocry.nara.M, IIIJ!Be~eHtiLJM Hlille. 

I. ITponaBe~eHHe (no~ npona:ee~eHHeM Mbi 6y~eM no~ayMeBaTo He-

KOTopoe npaBHJIO KoMnoaHUHH R , c noMomoll KOToporo Ha Jlll6sx ~yx 
SJieMeHTOB ) B 5 o6paayeTCJI e~HHCTBeHfllll 9JieMeHT } I( J , KO-

TOpHi HaSHBaeTCJI TipOHSBe~eHHeM CTOxaCTH"'eCRHX 9JieMeHTOB } H ~ 
H o6H"'HO o6oaHa'!aeTCJI '!epea } . ~) Jlll6sx ~yx aJieMeHTOB HJIH R:ea~
paT R8.KOro-JIH60 3JI6M6HTa MHO&eCTBa npHH~eiiHT R TrNf lie MHO:IeCT-

BYZ 

12 

2, nJIR BCeX BJieMeHTO:I! MHOlleCTBa ~ BHTIOJIHReTCH CO'leTaTeJio~ 

aaKOH _5 ( ~ 'l ) = (~f) 7 • 
3, B MHOlleCT:I!e 'Z CYlUeCTByeT a~eMeHT (? , TaRO~, 'ITO "l,(:':('\ = 

= ') ,li.Jifl JIIl6oro HS 9JieMeHTOB MHOlleCT:I!a '2: , 3JieMeHT (! Ha3bi-

BaeTCH e~HH'lHHM, 

4. ~ Ra~oro aneMeHTa ~ cymecTEyeT o6paTHHH a~eMeHT, npH-

~eaamaft K TOMY lle MHOlJ.eCTEY 2: , oTOT BJieMeHT 0603HaqaeTCH CHM

BOJIOM '5 -l , 

3aMe'la.Hii!e, 

llpe~oJiaraeTCJI, 'ITO MHOlJ.eCTEO ~ CO~ep~T E cede SJieMeHTH 0 

HI. 
Onpe~eneHHe 2 

/~ RasoBeM npe~cTaBJieHHeM rpynns ~ aenpepHBHYD q,yHI\UHil (~) 
Ha aToA rpynne, npHHHMa~ll aaa'leHnH :e rpynrre ae:espo~eHHI:lX aerrpe

pHBHNX JIIi!HeAHHX npeo6pa30Ba.H~ JIIiiHeAHoro npOCTpaHCTEa~ H Y~OB
JieTBOpHDmYil ~UHOHaJibHOMY ypasHeHHil 

T ('sf 's") c:: /'(~,) T ts~J. 
Ha aToro ypaEHeHRli Jierno c.ne~eT,'lTO TCY')"' 'P(~)H Tfe)·=I, r~e 

f' - e~HZ'!HNiJ: SJieMBHT rpynTIH 7_ , a £ - TO:&,nBCTBeHrulli onepa

TOp B S', 
Onpe~eJieHHe 3 

B CTOxaTHC'leCKOI TeOpllllll npeo6paSOBaHHeM MHOllBCTBa 'm Ha3b1Ba

~T B3al~HO 0~03Ha'lHOe OTo6palleHHe 8TOrO MHOlJ.eCTBa Ha MHO&eCTBO 

117/ , co.nepmmee CJJY'laHHHe napaNeTpH ) • 06paa aJieMeHTa uc Ha 

?11 npH oTo6palleHHH ~ 6y~eM o6oaHa'laTD 'lepea \.x . ITycTo Z -
HeROTOpaH rpyrrrra. TOBOPfiT, 'ITO ~ HB~CTCH rpyrrnoi npeo6paao:ea

HHi MHOllleCTBa 'fn , eCJIIil Kali!,UOMY SJieMeHry 3- STOA rpyrrns IlOCTaE

JIIJHO B COOTB6TCTBBe npeo6pa30BaHHe :X ...;>'5 ?C 1! "V1J , rrpz'leM Ebl

IlOJIHeHH cne,J~Ymme yCJIOERli: 

I) E.n;lrnH'lHOMY SJieMeHTY {! :li!S Z DOCTaBJIBHO 1! COOTBeTCTEHe 

TO:&,nBCTBeHHOB rrpeo6pa30BaHBe MHOlleCTBa 'n1 : l? .:X "=X , 

2) ;IJ.nii JIIl6hlX ~X 9JI6MeHTOB ':s 
1 

H '<::, 7 HB Z BblTIOJIHBHO paBeH-

CTBO 

( \,\~Jx = '1,(~z.:r). 
TaKHM o6pa30M, OCHOBHHB TIOHHTRH :1'1 csoacTBa 06bl'lHHX rpyrrrr ll 

:I'IX rrpe~CTaEJIBHlil COXpaHHilTCH B CJJY'lae CTOxaCTH'lCCK:I'IX rpyrrn, 
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Bali.HO OTM8Tl!Tb, "'TO cymeCTB8Hime pa3.IDI'lM B03H.I!KallT B onpe

,neJieHRSIX cpH3I!'leCKO~ B6JI.I!'l>llm .f Cx_) , KOTOpaJI npe06IB syeTCJi Ha 

rpynne B Bl!.ne 

fcxJ => f Cx,'s J = T' h.J :f c~J 
H onpe,ne~eTCR cpe.nHHM 3Ha'leHHeM, paEHHM 

.:!. ~C:JC,'n):.. fd~vv('l) 'T'{'lJ:fC:x), (22) 

3.neci> Z - rpynna npeo6pasoEaHHi! MHOl!ecTEa 1n , j'C:x:Jf2H ~~ 71/. 
Bo EC6X IIpRJIOll6HMX ECTpe'laJOTCJi BeJI.I!'l.I!Hl:J THITa (22), npe,nCTaE~Ir 
m>~e onpe.neJieHaw~ ~3H'lecr<Hi! HHTepec. 

ITpiiiMep I 

0603Ha'lJIIM 'lepes R_)' rpynny, 3JI6MBHTaMH KOTOpo:A JIB~IlTCJi CTo

XBCT.I!'l6CKHe EemeCTEeHBHe 'lHCJia, a rpyniiOBO:A OITepauee:A - CJIOl!eHHe 

'lP!ceJI. Hait.neM HenpEBo,nJIIMiie YHHTapHHe npe.ncTaEJieHM aTo:A rpyniJH. 

l1HTepecyKXI!He Eac npe.ncTaEJieHM Jierxo MO.f'YT 6Hn IIOJiy"!eBH, ecJIH 

H3BeCTBH ITp6.ItCTaBJ16HM rpyniJH BemeCTBeHHHX 06bi"'HHX 'lHCeJI Xc • 
)WI aroro paccMoTpEM 'iHCJia X,· Bl!.na x, =- ~- t :S<· , a ~ rpyniiH 

'-IHCeJI J(,· HeiipiEO.ItHMble YHHTapBHe npe,ncTaBJieHRSI HMellT BE,D. {Jap(LK~, 

r.ne d- 'lHCTO MHHMOe 'li!ICJIO, HaM Ha.l{O HaHTI!I HenpepuBBHe cWHKUMI>l 

CTOXRCTE'leCKOro nepeMeHHorn, Y.ItOBJieTBO~e ~BOHaJibHOMY ypaB

Helrnll 

4C's,) ~(~z) = f ('5, .,_ \J (23) 

H YCJIOBHI) 
I+ l<sJ/-== 1. 

PaccMoTpHM BHpal!eHHe 0 \ Q_ 
" " ,.. n~t o~ 17 z o.x, P f(x.) -tCXz) ~ C" fc::x:,) C 7(.:XzJ= 

e:xpb,~:x, + 'sz~JJ[f(:x,J fc~~]~ 
(24) 

3.IteCb Mbl IIOJiaraJII!I, 'ITO 'lHCJia 's,: H ~ J. ROMMYTEpyllT Mell,ey co6oit, 

T.e. [~· ~-1 =o • B npomBHOM c.nyqae paBeHCTBO (24) HecnpaBe.n
J 1 J 

JIHBo. Jierr<o BH.IteTD, "'TO ecJI.I! /C:X.) Y.ItOBJETBOplleT YJBBHeHHil (23), 
TO 
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fr:X.J frx2 ) = exp['s.}:x t ~2~x1f(.:x;;rx.;J=f(a; .. J>x,+~) <25> 
v 1 z I l. 

EcJIE Mbl orpaHIII'lRBaeMCJi Henpepb!EHHMH ITpe,D.CTaBJieHHHMH, TO B Bblpal!e-

HHH (25) MO:IHO ITOJIOl!BTb paBHiiM HYJIIl ...:t;""" X 2 =- 0 , B pesyJIDTaTe 

'lero IIOJIY"'HM cW"HKUHOnaJll>Hoe ypaBHeHHe (23). 
HTaK, Bee o.ItHOMepBHe HenpepuBBHe npe.ncTaBJieHM rpyniiH /('3 HMe

llT Bl!.n fh,) -:.0:K.p(tf3)o r.ne (' - H6ROTOpoe, B006me roBOpll, ROMII

JI6KCHOe 'lHCJIO, 

IIpliiJIOl!eHHe 

Tfycn ?f!{x) - BOJIHOBM WHRUHH, OIIl:ICHBaJllllali saplll!eHHble 'lac

THQbl. ITpe.ItiiOJiaraeTCJi, "'TO sapll.Itbl 'laCTHn 06Jia,naJOT CTOxaCTH'l6CRHM 

CBDfiCTBOM! e, =-;>CC'3) = e, r's , CJIOllteHHe "'HC8JI e"C'!.) JIB~eTCJi 

rpynnoBol onepauHea. IIocryJIHpyeTCH, 'iTO BOJIHOBM illYflKQHH npeo6pa

syeTCH c IIOMDmDil HenpHBo.ItHMoro npe.ncTaBJieHM aTol rpyniibl 

a~ ) 
'\V(.xJ~vrx,e.)=)'o/(:x,f'(<sJ) = e 'J/(:x.,e., . 

Hac HHTepecyer Be~'lHHa THITa (22), HM6DmaJI CMbiC~ BOJIHOBOI ~H 

'laCT.HQbl, T,e. 

1.1f/<.:x;(J{~JJ> = jd~ pd~w(~J lf'(x,e.J. 

PaccMoTpHM T.enepb, K 'leMY rrpHBe.IteT nam nocryJiaT ~ ROHKpeTHHX 

tPOPM piCIIpe.IteJieHE& UC~·) • HanpHMep, nyCTb 

U\)(~ ~::::: 

_.!___, e'.xjJ(- X) HopmmHoe 
Vnr6 zg 

-6 gr--
e - == P 

'(( r 

pacnpe.neJieiDie , 

_ pacnpe.neJieHHe 

IIyaccoHa, 

r.ne d - ITOCTOJIHBHfa napaMeTp, 3aBHCJIII!ffi! OT f(~) .H .;;j{~) CJIY'la!HD:A 

BeJIH'lBHbl 's . ~ , 
T ( f f o:'3 - ':s a<?f? 

or.na -- {;J e ~ cl - e "2 val \-
-""' < 'f/(:J0 l'('sJ)) == ~(x) "'<:] 

"L;c;P•'P,. = eg(tya-l) r . 
Y'oO 
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<~ " 
IIo.narasi E nepEOM CJIY'!ae ct~ aa~ff ~ , a EO ETOpOU J~ f:.-,cfu 
Ml:l HaxO,IJ,HM 

Pix) =:>(lf"rA; Pr:sJ_p:c_ 71/rx) p" ~ (26) 

TaKHM 00pa30M, B paMKaX Harnero rrocry.nara 0 CTOxaCTH'leCKOM CEOHCTEe 

BAeKTpH'leCKOro 3a~ MOEHO OObRCHHTb ITORBAeHRe ~30EOrO MHO~TeAR 

y EO~HOEOH WYHKUHH qacTHQ#, reM CaMNM MOEHo ~aTb WH3H'lecKy~ HHTep

npeTaUH~ Wa30ENX rrpeo6pa30Ea~ TIOAeENX W,yHKUHH. 

IIpHMep 2 

llepe~~eM Tenepb K paCCMOTpeHHID HeTipHEO~HMHX YHHTapHHX npe~-

CTaEJieHHH rpynlllll 50(2,~) CTOxaCTH'leC!{HX EpameHHH eEKAH~OEO~ 
ITAOCKOCTH EOKpyr Ha'laAa KOOp,ll,HHaT, KaK H E rrpe~~UeM c~qae, rrpe~

CTaEJieHHR rpynllli SO ( '2, s) JierKO MOryT OHTb ITOJJY'l6H!i :1:13 npe~CTaBAe

HH~ rpynllli $0(2) , IlyCTb EpameHRe ITJIOCKOCTH 3~aeTCR EemecTEeHHNM 

'IHCAOM {) = c;;'t 3' - yrJIOM ITOEOpOTa, llpH'leM MaTpHUa COOTEeTCTEYUUero 

A:~:~He~Horo npeo6paaoBaHRH HMeer EH~ 

~ {) 

S(Cf?:s) = {J ~ S (Cf?) 
== fl ~f<P 

( 

coSc.p 

_§/acji 

-S//Jy::' I 
Uz-oS<p}, 

EcM croxacTM'IecKHe nepeMeHHNe '(:; :11 'J ROMMYTMPyiDT Me:avzy co6ol!:, H 

S ( cf!) S(P) "' S { p r- yv), 
TO /t /\ ..., ,.., 

5(<;:J}S(rp) ~ S(Pt-¥)< 

B 'laCTHOCTH, KOr~a <f?= '?f/=0 , TIOAY<JHM 

SCs)SCf)= Sr~t_$). 
~IDOoe KOHe'lHOMepHOe HenpHBO~RMOe ITpe~CTaBJieHHe rpynllli 

YHMTapHO, O~OMepHO H HMeeT B~ 

:fC~).:: ox;{cn~). 
r~e r( - ueJioe 'IHCJIO. 

(27) 

B CBR3H C H3yqeHHeM BpamaTeJibHOro OpOYHOBCKOro ~H~eHRR/9/ E 

TIOCJie~HHe ro~ npH~IDT OOJ!billOe 3Ha'leHHe paapaOOTKe H npHMeHeHHD 

annapara TeOpHH npe~cTaBAeH~ rpynllli BpameH~, B TOM 'lHCAe CTOxac

TH'leCKHX, E npo6JieMax BpamaTeJibHOH ~H~Y3HH H CJiyq~HHX BpamaTeJib-
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l!llX 6.ny:!,UaFm~. Cny'l~Hasi opHeHrruuu:r 'laCTHIJ,l:l (MoJie:eyJibl), xapaRrepl1-

3yeMasi IJOBOpOTOM ITO~H'&IIOJ!: CHCTeMbl 1 ::t; 'J, ZZ) OTHOCHT6JibHO JiaOOpa-

TOpHOl!: cHcreMN (X, Y, z J, MOlleT Oh!Tb 3a~aHa: 
I) B~JiepOEh!MH yrJiru,Hl ) J _5 1 ~ , 

2) MaTpHUe~ TIOBOpora <j (~ '1:" ) 
' ;:> ' '? ' 

(

t:.Sjtiz>Sf -5,>?)--5,11flC.5) - -5/11}U>5~<.hlp- ecs)-_5/11;7 51'?]J'>t3 
~('s,5,7) =:- S/n~c.:>sp t ecs~ u.s~S'i77 eos_s ,_.,s}ws7--''ttjY"yto5j_ftir) 

_'i/11,'5-'>->t( .s,;;,.)' c~s? CbS} 
_., -,> 

3) BeKTopoM noEopora 52 (MO.JJYJII:. era I S2 I paEeH ynr.v no:sopo

Ta, a Hanpa:sJieHne s1. coEn~aer c HanpaBJieHJI!BM ocR noropora). 

llOJIJ1'1eHJrue HaMM /G/ pa.Hee pe3yJI:oTaTI:l JierKo MoryT 6un nepeHe

ceHH E CJIY'!ae Epamare.m>HOI'O ,IUlill!teR1!J'i "laCTJUl!l • BMeCTO TpaeKTOplliil 

'laCTHUH j( (f) paCCMaTpMBaeTCR EeRTOp TIOBOpOTa SZ ( ~) , I\OI'-

~a t 7 l = ( + 'C , :aeJm'lRHa ROToporo np1mHMaeT EM~ 

--:, A -') d.Si ~If 
<)L(f-) = 52fr) r --- ( -r 1 tf___ 'L2.r-

d'l"' 2oft='< 

ITo onpe.n:rureHJUl, YI'J!OBB.R: cKopocn Epa.meHnll paBHa 
-~ ...... -? ~ 

--» -Jef ( 52 (f ' - _Q(f))) S .~1 (~ <') w ( < ----- = <( ----' - ) 
t:m' = C - 'C 

--'> _, 

u)o -t- WS' 

-"> d2(d ~ 
r~e W

0 
" d-i -- ·- o6!i'lHM il cus - croxacT:t'l'lecKaii yrJIOEall cKo-

pocn tJacTMUill ooor:aercr:seHHo. Tor~ oneparop 2> , onpe,D;eJieHH!lli 

:e pa6or/61, np:~~o6peraeT Bl1.1! 

;;?):::;!J r~ f-j_ <():;j 
c 5 2 " J 

r.ne 0 7. J _ -"' 0 ~ ::: -- r Z<Jo _
7 

oZJ5 - W 5 _ _, r 
c {) ( d-51 / ()SZ 

(Jz 
d-o _,i 

52 

02 -"> d 2 
~::c-f-c4-
- " 2-< 2 u§o{ 

~ _, 
d=i < 6 J2{-£,?) 

1 2 ----> 'C . 

D )!aHHOM CJiyqae ypaEHSHMe TUna <iJOKKepa-llnaHRa k'lMeeT B>Jn 

ofr§,tJ _,_ ~;;;; ~-r~l_ J" p- -
0-{ CJSl (Lr'N f{_2, )/ d'J§Z j(.2,t)- 0 
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r.n:e _f(Ji: t) - TIJIOTHOCTb BepoaTHOCTe:li, KOTOpaa 03Ha~aeT Eepoar
HOCTb TO!'O, ~TO op~8HTauRa ~aCT~UH (MOJI8KY,nH) E MOM8HT EpeMeHH t 
np;ma,uJiel!WT HHBap~aHTHOMY 3JI8M8HTY 06'h8Ma/I0/ du = r -d 3JZ , r.n.e 

/7-1 A · ?(2)/ '2 
/ ..:: 7 . 5111 2 J2 . 

PaccMoTpHM renepo BpamareJioHoe 6poyHoEcKoe .n:B~llteHHe 'iaCTHUH 
683 BH811JH8!'0 TIOJIR:. B 3TOM CJIY'iae He CYJU8CTBY8T BH.IJ:8JI8HHO!'O HaTipaE
JI8H.lm EpamehRa E npocTpaHcTEe, a pe3yJioTHpyunaa (noJIHaa) yrJioBaa 

-'> ...;> 

GJ"=: -W5 CKOpOCTb ~aCT~UH paBHa8TCfl !{yJID, T.e. 
Tor.n:a ypaBH8HH8 (28) .n:aeT HCROMOe YpiBHeHHe BpamareJibHO:Ii .IU~iJ?-

WY3HH 

{JY(.Q',tJ= d-A)(Sl,t), 
C)t' 

8CJIH B8JIH~HHY d TIOJIOl!WTb paEHO:Ii R09~H8HTY .D:H@JY3~!H. C TIOMOUil>ll 
R03@>HUH8HTOE JiaMa .D:Jifl Rp11BOJIHH8:1iHHX ROOP.IU!HaT JI8!'RO MOlRHO TIOJIY
'iHTb ROHRp8TH08 Bblpalll8HH8 OTiepaTOpa L\ E pa3JIH~Hl:lX CJJytJai!X, Ha
TipHMep, .D:Jifl CW8PH~8CRHX ROOp.IJ:HHaT 9' H t9 OH piB8H 

. o'~ a -",. 
A =c. drvqvad = - r CI<JB - .,_ _, _u 

Ll o () lYz a o@ S,.tle ()p2 ' 

a .D:Jifl ~aCTH~ C TpeMa BpamaTeJioHI:lMH CT8TI8HaM~ CE060.IJ:H 
pa 6) , V/ , )?' ) oneparop L\ npHo6peraeT BH.n' II/: 

( yr Jib! 3iiJie-

A = ()_ 1- cl tY ;]_ + _j_ L - 2 0vs& - 1 _o_ 
~ t ;)2. '2. ) 

oe" iJ 7}(9 J/n1t9 (Jtp 2 J?f"ofJ (Jy<?" 
• 
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