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I. B B e ;IJ; e H H e 

COBpeMemm~ aRcnepHMeHTll npm3eJIlrI R OTRPHTmo óClJIDmoro 'qKCJIa 

CmtpaJI:&HllX CTpytayp B MaI'HHTHHX BeIIf3CTBax. CYJI\eCTB;y8T HeCK.OJIDRO cI1H3H

1IeCBHX MemmISMOB, OÓ'1:lSlCH.amtHX HX ocpaaosaaae, TeopeTHtIeCROe HCCJIe;IJ;o

Bmme TamlX OÓ'1:leRTOB ómo .BIIepBue rrpOBe;IJ;eHO B paoorax [1-4J' r;IJ;e no

KB3aHO, 'tIT0 CIDqa1I:&HOO MaI'HHTHOe ynopg;IJ;O'tIeHHe MàmeT ÓllTL o6yCJlOB1IEBO 

pasJm'tJHeM ssasa OÓldEBHOrO Bsam.10~tiCTB]IHI Me3,IJ;y 6.7m:zaiínm:m aTOMHHM1J: 00

ce;IJ;.RMR H CJIe~ sa HHMH. ClE R'l'p 8JIeMeHTapHUK: B03ÓY!meIntli B 

aTOM nO)OCO;IJ;e nnny1IeH aa OCH08e 8HH30TpOIIHOro I'aMPIJIbTOamma rejffieH6ep

ra, np.H1IeM ~SI onao amm Cl1ITya.rnnI lJlePPOM8I'HHTHofi CIDqBJnII (B OTJm'tll!e OT 

CJJY'IlaSl npOCTaR CIIHJXiJmJ, B raMH.7I:DTORRaH BItJIlOtIaJI:HC:b CJIaI'aeMlle, CB.R3aH~ 
Hlle c ytIeTW 1IeTBepBHX no cmmy S 'f B3aEMo,n;etlCTBri. 

B .u;pyrOM no,nxO;IJ;e [5-6] cInqR7IDHaH CTPYKTypa ówra CB.R3é1Ia c pe

JIBTHBHOTC:KBM B3aBMo,neftcTmeM, cO;IJ;eIJltarrtJ1lM .mmeifHIDí no rrpOH3BO;IJ;HHM Hlma

plIaHT S 'Lo-t s , wm c .Heo;IJ;H0po.DJIJ,1M OCí.18HHHM B3am1o;IJ;elicTBHeM [7,§ 
B BupB1temm: JJ,J!SI WYHRD;Hol!aJJa MarHHTHái 3Heprmr. CWKTp CIIHHOBllX BOJlH 

HaxO,IUt1ICSI B TepMHHBX ~9H~EHOJIo:mqecIm:x napf!1MeTpOB aroro WYmtnHCHaJIa. 

CImpaJIDHHa MarBeTHR JIBJISIeTCH CHCTeMclf co CnOHTaHHO napymeHHoft 

CHMMeTpl:Ieti. 3'1'0 3Ha'tlllT, -qro CHMMeTlEH COCTOHffiIH IBBHOBe CID! lOOlte Clm

MeTpo raMBJI:&TOHHaHa. HaJIH'tlle CrmpaJIDHmi MarHHTijOt1 CTpyRTypll IIpliIB O,IJ;RT 

K TOMY, tlTO aTO COCTO.RHHe He Jm,1IsreTCSI TpaRCJI.HIJ;HOHHO-mmaPHaHTHllM H· ae 

o6JIa,naeT HHB8pllJBHTHOCT:&1l no oTHonemno R nOBOpOTSM cmma BOxpyr oca 

cnapaza, Y;IJ;OÓImM MaTeMaTHlI6CKHM annapaTOM ,IJ)ISI H3yqemm CHCTeM co cnon

TaHHO HapyueHHofi ClB1MeTplIefi aBJIRe'ID H MeTO;IJ; RBa3HC}X),nHHX [ 9 .rc], B 
HacTosmtef IBÓO'le rrpoBe;IJ;EI! o IICCJIe;IJ;QBB.mm MarmtTHUx CBCTeM co Czmpa.7IbHaft 

CTp~ypof BEl oCHOBe MeTO;IJ;OB KBa3HCJe;IJ;HHX H c OKpBIlleHHoro OnuCaHHH [I~. 
MsyqeHo paBHOBeCHOe COCTomme: ·nOCTpOOHa Tep4>;IJ;HHaMma; nnOTHOCTH H 

nn:OTHOCTH nOTOROB 8,ItIUlTJ1fBBllX HHTerplJICE ,IJ;BIDitemm BHPamBHll B TepMJIIHBX 

TepMO;IJ;JlIH8MlJl!eCROrO nOTeHD;r.uma. HOBue TepMO,JJ;l1IHaMM eczae napaaerpa - BeR

TOp ClIHJE.7.IH P 11 cIaaa IJap:1MeTIB nopmxa 19 BBe;IJ;eHH aa OCHOBe MeTo;qa 

KB83I1Cpe,ItmlX. HccJI~oBaHll aonpco s OmrCaHIDI Hep:1BHOBeCHHX rrponscccar 
;IJ;aH BllBO;IJ; Maxp<>COOI:J]ifqeCRl1IX ypaBHeHd ,IUm:xemm: c yqeTCIJI nponeccos ;IJ;lIlC

CHIJaIJ;J1ll[. I10R83aK0, 'tlT0 CHCTeMa xapaRTepH3yeTeH Ia mraeTHll9CRmJJB RO* 

<IJrm,HeHTaMH, KOTopHe !IJS;IJ;CTaBJIeHll B Te pmHax ~yxBpeMEEHllX ROppeJIfIllJI OH

HllX ~YHItl1d H y;n;OBJIe'l'~OpS1YDT npmnnmy Oasarepa , 

llPH HCCJIe;IJ;OOamm YJtB38HWX BOnpOCOB MH· CYJI\eCTBEEHO Rcnom,30BaJIllI 

no;n;x0;IJ;J'pa3BltTm1: B pacorax [12-17] ,IJ,JIJJ CHCTeM co CnOHTaRHO HapyneHH~ 
CHmeTpHeti • 

B ommammc::eepXTeKY'lJeti JItH,lI;ROCTH B MaI'ImTHHX CTPYRTyp HMeeTCSI 

ÓOJI:bIlBH aHBJIOl1lSI, xoropaa Bnep311e O'I!JJe'tIeHa B [I8J ,nJIH MaI'HeTHRa mIJa 
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"JIarKaR: llJIOCI<OCTl>t1 (B 3TOM CJIY'tlaa B9KTOp cnapaaa p::::l o HaxO,nRTCH B CO

CTOHHRH CTaTHCTH~aCI<OrO paBHOBeCHH).3TY asaxorRD MOXHO paCnpOCTpaHaTL 

,I{aJI])me, a lIMeHHO t :&aR IlOIta3aHO B [ I6J, CIIl:IP8JIE>HHe MarHlITHHe cacTeMH 

(p*o) aHa.1IOmtIHlI B onpe.n;eJIeHH<lVJ CMl:lCJI~ CBepXTe~ ~KOCTRM c 

OTJIl1ltIFUlM OT J:JyMI CBepXTeR~ BMrryJlroOM p B COCTORHmf paaaoaecas, 

2. TepMo.n:mmMlllia cnajaxsaoro M8I'HeTIDta 

JJ.,1rs:r CRCTeM co CrrOHT8HHO Hapym8HHoti CmJlM8Tp:R811 COCTO.mme CTa

TRCTlNeCKOrO JflBHOBeCHR ooaanaer ÓOJIe8 lUJ3KOtt C:oMMeTpl:Iel!, 'tIeM CHMM~ 

paa rart.wThTOHEaHa.. Y.u;06Hon IIDHIlHIUlren, rr03BOJI.f3lOOteli OImDHBan CmTeMl:l 

co CIlOHTaHHO HapymeHHo:t! CEMMeTp:Rffii t RBJUIeTCR IroRIl;eIIIJ;WI zsaaacpezmax, 
Connacao H.H.EorOJIIDÓOBY.. c~.n;ID1B 3Ha'tIeHIDI B COOTO.RHHII CTaTHCTH

xecxoro	 p:lBHCIl8CIDI (C Rapym8HHo11: C1lMMeTpHe~) Onpe~moTCH <jiop.1YJIoR 

" " <...>-== tiO" tim SpWy .. , Wv=' e'lCp{ .Qv-y~ QI.- vYotI 
\l'~ D 'f... oe ., 1 .	 (2. I) 

I' 

3.n;ecl> V - 06'1ãr.1 CRCT8MH; fJ. - onepar opu a;rr;nITHBR1:lX aarerpanoa 
,n;mmeHHR no oTHom8HIDD K ras..HJThTORml.HY Jf. =: ro ; }J - conpasea
Rue m.1 TepvlO.n;Imal..mqecme CR.7ILl; UV - TepMO,n;mI8M'I~eclmii nOTeHn;RaJI, 

OIIp8,iJ.e.JIReM!lfl B3 yczosna Sp Wy:::.1.. .' Onepar op f oÓJJaJlP.eT Cm.l' 

MeTp."Ief: IlCCJIe,nyeMoi1 cpena II CJmMaeT B1:lP~eB:J!Ie COCTomUIR CTaTRCTH

'tIeCKOrO paBHOBeCIDI. IIpe.n;eJI 

,1· p. 12 v 
[,,1rY) \,irtl -- cJ	 (2.2) 
~·.. o V~ '[ 

onpe.n;eJIReT ll7IOTHOOT:b TepMO,llHHaMKqeCKOrO nOTeHD;aaJJa. 

l'v;u 6y,ueM npennoaaraTE>, 1l'l'0 .rumamza CIICTeMH onpan eJIReTCH ra-

MWThTOIDraROM 'Je ,3aBRC.AIItl!M OT yseJThIrnX CIIBHOB1:lX onepaeopoa ~ , 
Je = j( ( J; ) , nplIl.leM Iq)OMe caeoro onepsropa 1t cymeCTBy6T eI1i8 0,ItmI 

8,IUtRTIDlH1:ln mIT9rpaJI ,lU3IDKemIJI S~=. L. 1: TaK	 ~O te, SC]=O •' 
B Ra'tIeCTBe npllMep:l ranoro r8MWIllToHJaaa MO!tHO HM8T:b B BW r8lOt7IDTO

HRaH aHH30TpOIIHoro refl3eHóeprascKoro MarHeTIIRa 

~ l ~l 1+_]
J{ ( ()~ ) = - ~ ~m De ~vn + Tem :>e' ~m ( 2.3) 

~m , 
± l( ~ / 

r,ne ~e = b ± l ;j l (Tem Tem - "OÓAmmme" BBTerpaJI1:l). llJllIe 
- - ? ~(--)c.wmre C~OB !)e - ó(+m raMWIbTOJm:aH «. 1e He ,I(OJDIteH H3MeBH1'1l

CR, X( 1e-HYl ) = :J{( De ) • 
'" BBe,IteM ouepaTopH.... IJJIOTH00 Tep 8,lUtHTlmHIlX ~TeJ'P,?JIOB ,ItBDeHHH 

-S~ (x) ',.. 0/.=-0, ~; rcJ.::: Jc;Px 3"".,( IX) ,( To{I():[(X) - nnOTHOCT:b 

aReprm, "5!lI') = :) ex) - MOTaOCT:b ~ --cOCTaB1lSWij9.it cmma). HanpRMep , 

2 

" C' ~-t RW\ t t ~ I+-_},.. i' Ç'
L(X-)= - ~ o(~- -!J.-). Ttvn 0 ~m1" !em' 6 6 ~(){)::: L: ~e'O{J(~!?)e e me,m	 , e ~ ,.. 

r,I{e I<e - pa,u;uyc-Bemoop e ysJIa. Oneparopu 3'"ol ex) y;l(OBJI8TBOpmoT 

,IJ;HqxpePeHIJ)IaJI:&fWM 3aKOHaM c oxpane mm 
/\ 

• [ 7J -" ] ? ~K (x)
L lft.") 3j (x) =- ()'X ' d= O, 2 ()"

1\ s:	 2.5 
A r" '}

rne 3"c( ~ == 1 ey ~ 'I JI<. - onepar opa ~OTHOCTefi noTOKOB 3HepI'HliI ~ 
~-a lCOMIIOH9HTll cnaaa •. KOTop1:le, cornacno [I2-I3J, HMeJíJT BmJ; 

" I Jj3 I I 
~ 

ç I -" I A I]q, K (~):: ~ )( X' k. Jd ~ Ls(X- ( ~ - ~ ))( ) , t:«+ }.x)	 , 
o 
1 

t; (1 3 I { r I - /\ I lo- \ I] (2 6)
JK [~)::: ~ Jd )( X'K Jcl) L ElX-(-\-.~)X )~ ~ (X+À Y. ) • • 

o 
/'. 

CTaTHCTRtIeCmrR onepar op p:lCCMa~BaeMOn CIICTel.'IH p CTPORTCR 

H3 yseJIDHIDC oneparopoa cmma, p:: p ( ~e) • llpOCTpaHC TB~RHO-q.~Opo.n

aoe COCT~mme ne .n;~o 1I3MeHJn'1:JCR npa Tpm.CJIJUJ;Lm: CImHOB ~- ~-+m ' 

T. e. pe~40m ) = P(~) • O,uHaKO p:lBHOBeCROO COCTOSiIHe cnapazsaoro 
Ma:I'HeTIIKa He .8BJIJreTCs:r np0<zPaHCFeRHO-O,IUIOP0,IJJI1:lM. lIIDI" cnapansasx 
CTPYKTyp CMelIl8IDIe cnaaoa ~e ---9 ~(+m SKBHBaJl€HTHO nOBopOTY na yrwr 

tj;m == P · ~m BO~yr OCH ~ (-P - BeKTOp CImpaJlH MarHHTHof1" 
- - ---+ )CTPYK'l'YP1:l, Z W\ = R.e.,..rn - Re. • IIo.n;qepRHeM, 'tITO Ml:l ae npennoaaraea, 

'tITO BeR'l'Op cnapaaa p napaJIJIeJIeH OCR ~ (B .n;aJI1>Re~meM M1:l YBlm'HM, 
ll'l'O npR onpe,IteJIeHHHX ycJIOB.RRX 13 \\ ~ ). TaIGlM 06pa3<»J1, CTaTRCTR"tleC

!GIl onepaeop QOCT.O.RHH.ff, o6JIa,n;amtero CImpa.JIDHofi CHMMeTPlIe~? oõnanaer ". 
osoãcra OM . e . ~ 

~ .; erm·S . ~ / fm .5
p(~Hm ) = e p( ~e )e fm = p1m 

(2.7) 

( m - npOB3BO.7ThHO). B 'tIaCTRocTII.1 TaItIDIJ CBotiCTBOM .nOJDlteH o6JIa,n;aTE> paa

HOBecHH.ft CTaTllICTHtIeCIa!ii onepaTop (2. I). lloaTOMY 6eCI<OHe'tlHO M8JlH~ HC-

TOtmlm V f'(~ ) ,CHBMBlOII{lrlt BH})OJIt,I(emIe, .n;OJDiteH YJf,O:wreTBOpSI'l'D COOTR<>

memno 

I' ,..	 ~ /''' . ~ f (~ ) -i ~WtS -f (~) (<rm S 
e+M = e e e 
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SaMe'tJaR, "tITO 

-t !J-m 5 
~ 

i! / t/-rr, S
r z -i<fmS? ± iif.m S? ú'Í-- ± (2.8)me je e -= :>e e ':>e e =e . .?( 7 

JIerKO 3aItJIlO'IHTE», "tITO B Ka"tIeCTBe HCT<1IHHKa, cHHMaJIlIterO BHpoJIt,D;emm, 

rIJOXHO B3R'fõ ......."R) 
r- I' l( P e+4J 
t (\ ):: z: ( e :J+e + -7. c, ) (2. 9) 

e ' 
r,I(e CJJ - HeRDTOpaR qma. TaIaIM 06pa.30M, paBHOBecHIrti CTaTHCTH"tIecItHfi 

oneparop , COOTB8TCTBymur:t1 Ctmp8JIDHot\' Mar'HHTHm1: CTPYKType, RMeeT ID1;II; 

(CM. [I6 ] ): ...,_ 
~ iep Re+(()(f)
 

,~vli)::: e,;p[ D.~- YoJe- 'YtS -VYD f( e ~~+ 3.C.)} .
 
(2. Ia). 

f.o.1H BH,IlHM, 'tlTO HaPImY c T8pw1o,I(ID{aMR'tIecK.HM! CILJI.aM{ 'to , y~ 
cTaTlICTRtIecmtf oneparop W .RBJIJISTCR qJyHRD;We~ sereropa cnapana p 
li qaabl ti , IIpH'tIeM HeTPHBlIam.HaSI 3aBlICZMOCTE» OT nOOJIe,I(HHX OCTaeTCSI 

nocae TePMo~eCKoro rrpsnemaoro nspexona R cTpeMJIemm V R HY-

JIlD, T.e. 

W ('fd- '1 P 4J) == ltm tm ~V.'I 

" V40 V..."OO (2.II) 
BBe.neIme BCTO'lHmta -+ (CM. ( 2.9) ) !IpHB o,IUIT R COornOJIeH1IJWl 

. :t" _?
tim ~ vn Sp LW\I ~ S Ja (Xe) ~ o ., LJe ? 5 ] = o 
0/4 o 1-'1- (2. 12) 

r.ne " o (~e) - npOll3BOJIbHhl~ KB9.3ILJIOR81IlJHllft oneper op, OTHOC~:RCR R 

Y3JI1 e • STB COOTHomeBBH 03Ha'tlaDT YMeRDIDeHU8 .Cl!IMMeTlutllI COCTOsmm 

p8BHOBeClISI no OJBBHeIDm c CHMMeTIEeft ra.MllIJIlJTOHHaHa. B COOTBe'l'C TBRIII c 

B..IteOJIOrJIe! KBa3UCP ftltmrx openaae 

~m Q\Vl'\ Sp Vi" â(xe) < 00 (2. 13) 
-q....,o V~OO 

cjIqoomymT, H ,1UISI HHX Bl:UIOJIHReTCSI D:plniqJ1III lIIlOC~TBeHHOrO OCJIa6JIemm 

RoppeJIJm;B1 

tm~m 5pWyQ,.lY.,) ÔZ(Xl ) ~Iv_ I fAm~mSpW" Q,(~)trn~~ ~WVâz.(V2).(2.14) 
~o V-t~ . 'I ~l. -hO,..,o ~PO 'J.,o l'''QO 

..
 

'06pamaSICE» K .f.IBHOMY BJ1I,IJy CTamCTHtIeCROrO oneparopa W", 3aMeTm.1, 'tl'l'O 

wasa ~(-t) ,'Boo6nte rosopa, 3amCRT OT BpeMeHH, rrpwreM 8TY sasaca
MOCTlJ JIerRO Orrpe;neJ.DIITE», 3aMeTJI[B, 'tITO paBHOB eCHIlli CTa THCTlNec:rmft one

parop Wff) y,nOBJIe TBOp.fIeT' ypasH8HIDD JIHYBlIJIJISI, n3 ROToporo CJIe,nyeT, 

'lITO 
-lJ(q; z'aeT 
e W(f.) e = w(f+~ J. (2. IS) 

IIORBZ8M, "tITO 

r "{~ ~ ] (2. 16)L W(t\ ~{+ "(~ S .::: O. 

C aTO! IJ;8JnIlD 3aMeTmIJ, "tITO 
, ~ f\ A 

~m ~m 5p [ 'Wv ~ '(O de + 'f~ S+ v'to t- ] OO() = O 
f\ 

MSI npOH3BOJIl)HOrO KB8.3ltllOR8JIlJHOrO oraperopa O (x). Ha OCHOBe Wop-

M;Y'JIH (2. IS) OTCm,na H CJIe,I(yeT (2. 16) (nO;n'tI8pmeM, ~o [ W(4:), "kJ:I=O 

[w(·O, Si ] *O ). Ms (2. IS), (2.8) HeMe,I(JIeHHO IIOJIy'tJlllM ' 
_1

4> [-\:,) ::: - ht + ({J (O) 'I h=:- Yê . 'f o 

I
 
BEe;neM CTaTHCTHtIecIG'Ift OIlBpaTOp '\:11 v
 

I +
W ::: Dp Wv(-l:1U pv 

r;ne 

U " e xPl- i ;; lfe(-l;) 1~ 1 tf'~ I!) =R~ 15 - ht + lÇ (o). 
(2.17)p 

IlOR8!t8M, ~o 

\ z: I ~ (2. 18)
Wv \ ~e+m ) = Wv ( J:)e ). 

J(eICTBBTeJIDRO, 

I ,. P +} "P- /' + (2. 19)
W" = ~)r.Pt S2 v- '{;. OcJ -'J'f0t(~e+:)'C')' lrj.::: UpÕd. Up. 

.. !' t 
SaMe"tIaSl naaee , 'tll'O L 'f~ , S ] =O R
 

_ _ l't'
" ',1 S-t-

Up ( ~e+m ) = Up ( ~e ). € m )
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"p.~ ." p ~ 
~eeM Õcl ( D~+h1):: Te:< (0e ) • OTCm.n,a H.H3 (2.19) MH H naJIy"tIaeM 

COOTHomeHHe (2.18}. 
TamlM 06pl3CJJl, ytmTImaH (2. 18), Hrot.n:eM 

-t -it.PeI~) z 
Sp W(-t) ~e :::- Jj.l. € ') 5pWft) ~e :::: lJ" =: ~ (2.20) 

rne ~l. ~ 11 - MO.nyJlll rronepessoã H npO,ItOJILHot\' COCTaB1I.RKJnHX croma 

( ~.l , '6 1• - Re 3amrCRT OT l ). lJT06u onpeneaars npOOTpaHCTBeHBym 

CTpyKTypy cnaacaoro MCllleHT'a B COOTOOHIDI CTaTHCTHtIeCKOI'O paBHOBeCHJI .. 

BBe,Ite.M CHCTeMy KOop,rumaT (T 'I ry, 5") ,;IJ)IR lroTOpoM OCU ~ lI? 
COBnE:ln8IDT, OC:D r JIe1ltHT B DJIOCKOCTH ( )( , ~) ,a OOb ~ aanpaa-
JIeRa :E\Il;OJI:D sexropa C.I:IB:p1JIH p H 06pasyeT yrOJI 't c OObID 8HH30

l 
orpomm ~ • B aToH CBCTeMe KOOp,nHH8l' KOMnOHeHThl cmma -!)e ,-:>1,

-t>f	 ilMeDT BH,It
 

~~ '= ~l.' ~l{1e' (.0'.)+ - ~II' ~n ~
 'I 

-,	 '5' '-'_./. (2.2I)
~~=	 ~...L·~nps" , l)e ~ - I)..l.' ~ px .S'in p't' -+ 6,,' úY.> t, 

r,Ite fPe = p ~ (se - npoeKIJ;HH R( na OOI> '5" ). Mil BH,IJ;BM, "i'l'0 

B IJJIOCKOCTB ( r , 7 ) KOW.tIIOHeHTIl 0; ,-)1 o6~3YJYl' aJIJImIC 

t 2 ~ 2
 
( !), - 0" .M~ * ) 1"" (~ ) ~ 1.
 

1)..1.' c.ro 4' ô~l ' 

~ 

a npoeKIJ;HJI ~e IIpU <PHKCHpOBaHH~ yrJIe + .fIBJJJJerosr nePHQIJ.HlIeCK~ 
q)j'HRIJ;II[eli 5" • EcJm 1)// Sih f <-11 Wl + , TO B DJIooROCTB (f, ~) 
yrOJI cÁ. npoeRItIDI BeKTOpa cmma na OCb 1 1I3Mewre'roJI Mex.ny O H 

2u ,O'..L(Z1r (cM.pRc.la). Ecm 'Jj,~~~)~.lúY.>t ,TO yrOJI 
d... H3MeRsrero JI B rrpe.neJJ8X - oIu ~ cf , ri.o, 010 c -: (CM. 

pHc.I6). YraJI d.. o onpenenaeroa H3 YCJI(E}'lJI xacaaaa npoesraa croma B 

lIJIOCROCTlI (T.. ry) c .mnmeii MJnIIIca. 

ECJIB 00:& C~JlH P H OC:D aHHSOorpOIIJ1lll COB~8IDT, TO 8TOT . 

CJIy1lait coorse Te TByeT q)eppOMBI'HH'l'~OR cmIlmU!: ( p 11 ~ ., ".1:; O. 1,,:f= O) • 
IIp:a p 11 ~ U 1)" == O RMeeT ~ecTo ynOPWJ;Q1IeaBe TIIlIa. npccroã CnH

P8Jm. 
~	 ~ 

K:aa:31t1IOKaJI:DHlle onepar opa a (j() (HanpEMep, oneparoJll ~(X J.. 
")	 ~... S': '3dK	 (x) lIMem CTpyxrypy THm a(~)= f 0e'{)(X- ~ ). IIo

6 

't~ 

~! 

a) !)u s\nt <61. CD~+	 B) 1 11 stn'" >~.l. CO!) 'I' 

PRC.I. a) ,B), IIpOCTpaHCTBeHHOe pacnpeneaaaae cnaaoaoro 
MOMeHTa B WIOCROCTH ("t, ~). 

8TOMY cpe,mmemJIeBlT TaKYJ) !te CTllYKL'YW 5P\v'~(X)= ~ O(~,~ ~sp~âe. 
Hs cooTHqmemrtt (2.I7), (2.18), (2.19) CJIe.nyeT, 'tfi'0 eMB [Oe,S ]:0 
TO Sp W 0e ae saBHCHT OT e a, CJ'I~OBaTen::DHO, 

, Sp '11 Ô(~) =SpW Ô ' ~ 6(k:-'''e ), [Ôe , S~] == oo 

Ycpe.ItH~ 8Tf <PYHKl'JJIlO no aneMeaTapHOH JIliethte, nOJI~ 

~ JI~ " ~ c-4 " 
\J IJ~ ~ Sp w CA (X+ ~ ) ~. ~Q .)p WOo •	 (2.22)• 

D 

:3'1'0 epenaee MIl 0603Ba1IHM lIepe3 o 
/lo _ /lo 

a ,.. 0- SpW «, = Sp \IV (X(ro)	 ( 2.23) 
0 

«(Je.. - 06'LãM aneMeBTapHo:ft srqelhaI: pEl3YJIbTm' ycpe,IUlelÚm ae 3aBHCHT OT 

Toro, OROJIO RaK~ 'l'01IKll npOBCXO,ItHT ycpEmHemte; 'tleprra aan 1IIIJYPOlt1 03Ha

lIaeT.JtonOJIBl![TaJIbBoe ycpEWleHHe no aneMeHTapHdf srqetme). 

Y'1DIT1maB' onpe,lteJIeH1Ie TeIJ.!o,mma.MlI1IeCKoro nOTeHIijl8JIa (CM. 2. 2) ), 
BMeeM 
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Ôc0 - l' (2.24)3"ol = 7> '(~ ~ S-p W S"ol (X) • 

llepeitD:eM Tenep:& K HaX01K,I(eHBlO Cpe,IUmX SHa-q:emtli ~ K onepar OpOB 

IJJIOTHOCTe ~ nOTOROB (OllElBlI,lUIO, [ ~~ ():), Se] === O , CM. (2.6». 38Me
-q:asr, 'qTO • 

- /'


5pWÚC,t) 8l9) = SpW â{x-~)g{O),
 

HMeeM, cor~CHO (2.6). (2.I6), 

q..1< :: t JJ3X Y. k. Sp W[ ! (o) ~ t lx) ] , 

TI( ::: i Jix x, Sp w[ Êro), 8(x)] I 

c ,1ij>yroti: CTOPCHJ:l. lIDno.n:bSY,H (2. I8). (2. 19), na~eM 
f\ 

/> .... +~ 'j I~ '- I[ '" ',. ] \ Ô LoJk :: ~.d X x~ Sp W [r(O),0(X) =5p W ~ fp=Up~Up; 

I 
TaR RaK Sp W .: L ,TO 

• ~ '(}rJ 
(2.25)J\: =- '" 'ôPK
 

Ms cfx>JlMYJI (2.24). (2.25) BIll'eKB.eT COOTRomIUm
 

JGJ = "Sd. • J'Y~ + Yo }K ·JPk: I (2.26) 

BJ:lP81t8lJItee n SaH>H TepMO,IUmBMJtJIm )J)l.H ·o6P?Tl1MJ:lX npOueCOOB. BBe,neM B 

pacceorpeaae llJIOTHOOT:& 3HTPOmm: B COCTOsnnm CT8rnC'l'lItIeCROrO pB.BHOBe

cu 

0:::- iifT)~m ~ Sp wen w :=: - cJ+ ~ 3'""0< • (2.2'7) 
-J~o ~~QO 

Tor~a COOTHomemm (2.26) MOJmO nepeImCaT:& B 3KBlmaneHTHCN BH~e 

clt. :: ~o d6+hd~+jK.JPk:. (2.28) 
-I 

llepetmeM K Hax01t,Il;eHIm qt:. • BBeneM c 3TOJt D;e7I:&J> BMlflmBY qI<. 

-' i J13 - A I /\ IJq}c.:: T d X Xr. 5p v; [ EpIO), ép {x)l , 

8 

Ir~e 

.Al/'I' ., + 
Ep[~):: Ep(X)- hJ.)(:r)+ V( ~ (x)+ ~(X)) . 

8Ta BeJm'tIRH8 CB.H3aBa c llJIOTHOCT:DID nOTOKa saepraa Cl \( 
- . }\3 - I - /'t /' )q~ :: ~ d X XK sp W'I l Eplo) , EP(x) 

WOPMYJIO! 
_I - '.. 
qK:::~I<-hJ)(. 

t 
r -II JJ3 /'t I ] 
r SaMe-q:8..H. 'l1'O [Wv ., x EP(X) -::: o , MOJltHO nORa3 art, , 'tfl'O qK = o 

I1 (CM. [ I5. I'7] ). TI03TOMY 

q(=hJK. (2.29) 

TaKHM 06p83OM, yqHTlE8..H (2.25), (2.29)} BMe8M 

3 \(. == ôtJ. _0_ y~ ( 2.30)cl â Pl< 7JYd, 'to 
06paTHM BH.mVIB.HRe aa TO, liTO BeJIlrnIHa Ouf/()p~ Orrpe~8JIJl9T nOToR 

cmma (ca, (2.25) ). TIo9'1'OMY. eCJIH <IEsHtreCme YC1IOBHH na nosepmoc m 
TeJIa,Onpem;8JISIDItHe COCTO.R.'8lle paooOBecHH TaROBH. 'tlTO nOTOK CImHa o6pa

...".. -' 
I1t8erosr B HyJI:&. TO BeKTOp CmtpaJm p M01KeT 6m:b HaftD;8H HS ycJIOBIDI 

MmmMyMa TepMO,IJ;HHaMKtIeCROrO nOTeHIJ;H:8.7Ia W 

õc.J -=:: O. 
( 2.B'I) 

ÔPK. 

3TO ypa.BHeHl!le OIIp3.neJI.HeT BeKTOp cnapana KaR iP,yHKImID TeIJ.10,I(HHaMB:-q:ecmx 

n8paMeT.pOB p =pC'fcJ,. ) • a ero narrpaanenae onpenenaerca OC:&lD 

8HBSOTpOillm sa,uaBaeMo2 ramJIDTOHHaHa.1 "J{ • B paccaarpaaaeaoa CJIy-q:ae- )P 1\ t • ± 
PaCCMOTpHM Tenep:& cpe,nmre SpW ~ [X) , B KOTq>J:lX om~aTop 

l)± rX) == ~ !J~. 5(Y- Xe ) ae KCfv1MYTRPYeT c oneparopos S ; 
[ ~:i (~) ') l S~] *o . COrJIaCHo. ~~20») 

:± ~ipX
Sp W ~ ex) =: O1. I € · ~ ~(X- Aé ). (2.32) 

--+ e 
Tax RaK B9R'l'Op P .fIBJI.HeTC ~ nooõme rosopa rrpOHSBOJI:bHJ:lM napazerpoa, TO 

3TH 'cpe,n;mte yze ae mmaplW.HTHH no OTHomeHmO R rpynnaM ClIMMeTpO, CBH

3 aHHJ:lM C KPBCT8JJJIHtIeCKO n pemeTROa. .IJ,1I.H ,IJ)llIHHO nePR0.zo,rqecmx CTPYRTYP

\P\, Q «i cpenaae no aJIeMeHTaploi1 RPHCTaJJJIO~H'qeCRO~Htrefute 

OT BeJIB'tIHH (2. 32) onpe~8JUmTCH <Pop.1y.n:oi1 

9 



± ' 5p W ~ tx) = i~ ,CP(k) , ~-L 

3. MeTol( cospaneaaoro omrcamm 

Ilpn HsytIeHm'I Heo6paTEMHX nponeccoa 6y:n;eM ,IJ,.IDI 1IpOCTOTH CTpOHTõ 

Teopmo, npennozaraa, 'qTO MarHeTmt JIBJlHeTCSI CIDIOI1lHoi1 cpe.n:oif, B ROTOpoii/ 

O.n;HaRO/ HeT HHTerpana ,n;BID1teID'ISI.. CB.R3?HHOrO C SSItOH<IiI coxpanenaa HMIIyJI&

ca, HSMeHeHHSI, ROTopHe aeoõxonaao BBecm IIpH nepoxone OT HenpepHBHoii 

cpens R pemeTRe,6YlJYT OTMetreHH npR nOJJytrSIDm OROH'tI8'reJI:óHHX peSYJI])Ta

TOB. 

,1T,JISI OIllID aaaa IàmeTHtIeCmX lIpOUeCCOB B CnCTeMe dy.n:eM HCnOJThSO

BaT]) MeTO.n: COKP8lIleHllOrO OIIHCaRIDI. COrJIaCHO 8TWY MeTO~ npa i~To 
(Lo - BpeMSI peaascanaa) CTaTHCTHtIecIaú! oneparop P(i)' saaacar OT 

BpeMeHIZI H aasaasaoro CTaTJ:!CTWleCROrO oraper Opl P/O)e P TOJI])RO trepes 

nocpencrno HeIroToporo aaoopa napaaerpos, B OJlY'tIse OImpaJI&HHX MameTH

ROB B Ka'tJeCTBe TaR3X napanerpoa CJIe.n:yeT BS.fIT]) IDIOTHOCTH a.u..:nnT1'IBHHX 

mITerpa.7ICB ,n:BIDIteHIDI 3d('1,t) ,tp{Y;-t) (yrOJI 38Iq>~aHHSI B rurOCROC-

TH... nepneH.IUIKYJlRPHoi~ K OCl! anaaorporraa (CM. (2.7) ). TamM 06paSOM, co

rJIaCHO CKa3aHHO'~lY, 

-iM-t i 1{t J
91t) = e re L ., P{3"O' I -l, p ) 41 <p ( ~, -li ~ P) (3.1)_'- 7" , 

npHlIeM 
I I /I

-S-.,I. ('i) z: spp ~ str ), If(X ) I "S"c;l (K) ~ 
(3.2) 

<p ()c) ::: Jh1 &, Sppfr{x J, CP{)(')} j-{X) 

IlapaMeTPL1 "S:t (XI f)., f.{J ('i, 1:) ,RaK CJIweT IIS (2.5), (3.2~ y,nonxeTBo

pSllDT MaRPOCI«>II:HqeCIWM J1P8.BHeHH.SIM ,IJJ3UeHHSI 

3-di (X.t) =L J. rx ,t), fÍ; (~ -I:)= LlfJ flJ), (3.3) 

r,ne 

L Oc)= _Lsp()(S Cf1~ (~) L 1~):::Re SpprS'l<PJ[CJf~ ç(J{)J 
J. 1'X K rl '} ~K "I <P Spp\ 5", <pl ã-O() . (3.4) 

PaCCMOTp:nM JIORa7I!lHO paBHOBeCHIrti .cTamCTHtIecIDúi onsperop 

- f Jt3 !' .r (3 + t'f(K) ]w.., lY"l))= e)(Pl..Q~ - d ,X ~(X)3"J(~)- YJd Y Yo (k).( 'J tne + ). c ) , (3.5) 

10 

. SaBIIC~ OT TaROrO ae '!KCJIa npoasa OJIóHHX ÇfJyHKIJ;Rf1 Yri. (,,) , '} (X ) 

'tfTO H CT8TRCTRqecRlfii onepar op 9 r3"''') tp 3 • 
COrJIaCHO (3. I), HMeeT MeCTO aCIDv1nTOTl1['qeCKOe COOTHOmeIme 

-/if7: ) /J(Te WCY,'f e ,n~3"(<t?W),<Ptl,W)} 
7: '>7'Lo r . 

IIosTOMY WHKIJ;Wr Y ,f MOJKHO nonoõpaes TamIM 06JBSOM, lHo6u 

-l3(7: . ) i/(7: 
e (p - W{'tfP)., f{P» e ,----," ~ o,00 

rne YJ.. (x , P), f (X, p ) - HeROTopm' <pyHKIJ;lm X' ,SaBHc~e OT
 

Ha1:!8JIDHOrO CTaTlIDTRtIeCROrO orrepar opa
 p • 
EcJm B RatreCTBe p BSSlT!l aCEMnTOTHlIeCI<:JIIfi CTaTRCTl1['qecmf1 one

parop P("5' ') <p) ,TO aTO cooraonenae MOJKHO neperracarr, B IDJ;IJ.e . 

_iJ(~ ( ( )) i 1fTe pC5") <p) - 'W '((-rj (fl) 'I r()) cp) ,e -r_~. 0" (3.6) 

r.n:e Y.t ,1 - HeJ:!SBeCTHHe <p~OHaJll1 -S , lp : 

'(cl(~'l"$', w)= 'fJ(X, pC'SJ lp)) ') rC'x,-r:;,<fJ)= r(X,PCS;rp»). (3.7) 

CTaTHCTR'lecmfi omparop pt),lf) y:n;OBJIeTBOpReT ypaBHEHIDO JfirYBIDI-

JIH 

I  ~p Õ9 
l l1e 'I P] =, - . Lfi.. + ''2> 4> . L cp (3.8) 

B"S"ol . ' 
r,n;e 

<C>P •L '= JJ3 ~Ç)(~cp). L (X) ~. L :: ~J3X br(~cp). L (X) 
~ -çd. J. X S~ Ol) J. b <Ç 'f J SCP{j() lp .'I 

3aMeTmJJ, 'tITO, c OrJIBeHO (3.4), pa3JIOJKeHHe BeJIWIHHH LcJ.. no rp8.,uReHTaM 

rrapaaerpoa CO~eHHOrO OIIHCaHHR aasaaaerca c 'tJJleHOB I-ro nopamca 
(nponopUHOHBJffiHHX I'p9.,IJ;B:eHTaM), a Jn8JIOJKeHHe 13eJÍKtImiI:l L(O - C 'tJJIeHOB 

10) Lf'f) (10) .,. . 
Hy.neBoro nopanaa, T. e. LC(l = L lf -+ ff+"" L rp COO['BeTcTByeT HYJIeBÕ~ 
MY lIpHOJImiteHmo no rpanaearaa) , TaR xax, corvacao (3.2) 

i y.-5 i _/f 5 i 
e PC5;cp) e =p(~lp-l-f), f-C{)f)1t , 

TO 
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I [ S1: () (~ ,n) ] =jJ3X b~ (~CP) 
t ,í J'f 8cp (j( ) 

II03TOMY YPal3HeHlIe (3.8) MOiKHO nepenacars B BJUJ;e 

I ôP ro p. (O)	 (o) e
t[H {}J:: - .lo/, + -.( Lcp-Lrp) H ~'Je - L~. 5,r O)cA 1) Cf	 , 

rw;e 

bP [o) ) to) )'bP(S, «J • (' LfP (X)- L f() (t) .b<Ç (Llf-L<p)=Jj3x &«I()( ) 

OTCIO.n;a CJIe.n;yerr, 'tITO pa.SJI02IteIme npanoã 'tIaCTlI ypaBHeHIDI (3.9) B p.F.tD; no 

rpanaearas OROJIO TOt1IW)( aaxaaaerca c 'tJJIeHOB nspaoro rropsnsa (B 

OT~e OT ypaBHeHl!JI (3.8) ). 
TaR RaR 

r' '1/ T,ILI	 'H /
.; t1<t" (flT JI I -!" c	 I 'T 
e (p-w)e = p~W+ dT e (-i)[II,p-w]e , 

o 
TO, lICnOJI&3Y.ff aCID.1nTOTll'IeCROe cooraoueaae (3.6) li! ypa.meRHe (3.9), no

JIY'IDM 

oo -iH't{, ôp 'ôP (O) }iU'Lo= W+J/c e L[ H,W] - 'õ'5".1 •LJ - 1)<ç ~ L'f - LlI') e, (3. IO) 

rne BeJIH'lHHH L J.. , L lp (onp8,IJ;eJI.RRJItRe MaKp<X::KOIrntIeCme yp3.BReHIDI
 

,I(BmlteHHsI) RaxO,D;HTC.ff c n<Jv10IIl:&ID (3.4), a HeH3BeCTHHe <IJyIm~OH8JIH
 

Y("Sj rp) , f ts, cp), BXO,IVIlIUIe B onoparop 'W, Orrpe.n;eJI.ffiOTC.ff aa ypasae

~ (S.7).
 

B npqCTpaHCTBeHHO-HeO,IJ;Hopo.n;H<Jv1 c.ny-qae B8m'Op cnapaaa CB.R38.H 

c <IJasoif cp II8JBMeT}ll rropnnxa lfJop.1YJI~ 

- 'O<P{x)
P(lt) =- 17 (S.II) 

1fHj)a2lteHWI (S.3), (3.4), (3.7), (3.10), (3.11) npencraansnr c060~ nOJI

HyID cHcTeMy MaRpocRoIIWIecRHX YIBBHem ,IJ;BDemm cImpa7I:LHOrO MarHeTi[

za, peneaa e RDToplIX 6y,n;eT npOBO,IUlT1JC.ff B paMKaX TeopIDI B03MYliteHIDi no 

rpa,IUleRTaM ~ 5".,( /'1 XI<. , -oPI líJXK , ROToPHe npennonaraea MaJIlD4!. 

MIl 6y.n; eM IDiTepeCOBa~.ff cpe,D;HHMlI Spp ( r 0/)" ((){x 'J ) 6(x) 

RB83WIOKa7I:LRl1X onepar opoa CI (X) , OTRÇlCsmtHXOH R ToqRe X • B CWly 

12 

", t 

TpaHcn~OHHo~,HHB8pRaHTHOCTlI ra~JI:DT6HRaRa KMeeT MeCTO, o~eBnnHoe eo-
o I , 1\ ,,' I /' 

OTHomeHHe SpP( r"{'/) .. lP (~ )) ao~) :::5p p(!'( X+~ )" (pl~+)( ) ) CI{O). B CH-

JrY rrpzanana OCJIa6JIeIm.ff ROppeJIJIW!H OCHOBHOM BKJI8,IJ; B BTR cpennae 6YlJ,YT 

.n;itáaT:D Te 3Ha'tIeHIDl napEil\1eTpoB ),:J (k+ X I) II <p fx+ / >'/ 3Ha'lleHWl apryMeH-
I	 " 

Ta" ROTOpHX 6Jm3Rl! R HyJIlO. PaaJI01KeHH.lI 

~ (X+ X') =- ~ (X)+ /1( ô~(k) T 
PXK 

(3.12) 
I I Ql(/(k ) 4 I I ~z. Cf ()( )

<f{:l+X) -= (f()()+ XI( o ~X + -J Xi XK . -f
v k: ~X,' 1 'X K " I 

I I 
IlpHBo,n;m R pa3JI07KeHHIO CTaTlICTHtIeCKOrO oneparopa pr"S"rx.-r-x ) , CP0(t-x ) ) : 

"	 ~ tn: 
I'i P () (X+ ~ i, <plX+r »= pex) =	 ~ P (X) (3.13) 

f)=O / 

(h) n - i 
rne p (x) 'V ~ , À 'V L , L - xapaxrepase paasepu HeO,IUIOpo,n;

!, 
HOCTlI. lIMee , COrJIaCHO (3.7), lIMeeT	 MeCTO paanoaonae iPYH~:n 'V<J,. {J(+X; M

I . 
H r(ll'+ ~ ., PC>c) ) no I'JE,IUIeRTaM rH,Iij)o.umraM~PIeCmX nap3.MeT-

POBJ CBR3aHHbIM C TO'tIR~ X ::' 

'fJ, (~+- /) p) = "fel. (X 'I p) + X~ Ô~ (XI p) + 
., IX K. " 

'f. (~4- ~I P) ~ '{ (x. p)+ Y. I ~ tJ'i. f p) +o 

r ' r) K 'dXr.. ". 

a TaR1lte pa3JIOZeEmB BeJIl!'tImI Y.l.. (X ~ P()() ) II f (X., P(X)t CBm aRROe c 

pB.3JI01KeHHeM CTaTIlCTRtIeCROrO oneparopa P{)() : 

0'0 (n) QO in)
"{o-l~ 'I çl~) ) = 'tJ.. ex ') L r (X)) = L: YJ.. (x) 

h..O 1\.,,0 

o<> cn) DO (IJ) 
(3.14)1(X 'I P(Xl) = f (X, ~o P (x)) = ?;; f (x). 

(n I (h) 
CJraraeMHe YJ. (X) li f (X) orrpenensnrca 113 ycJIOBlIít 

(fi(X) = Jm.fM Sp p (s, tp) 6-(>f ) === ]m in Spp(OrX) -::)-(0) , 

~ w) ~ (3.15))J. (I{) -= Sp P( S"") ti' )"S""ol (le')o = 5p P (X), -s;. (O) 
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•COOTBeTCTBYJOOtIIX TClJJY (paKTy, 'tlTO TIapaMeT}JH COKpa1IleH.HOrO onaceaaa onpe
.I(eJTHIOTCH r.naBHHM IlpnÓJIIDKeHHeM CTaTRCTR'tleCROrO oneparopa plo)

0<) • 

P83JIOlteHHe (3.12) IDmyIJ,1!pyeT paaaoaeaae .rr;pyrnx Be.mrtmH no rpa
,IJlIeHTaM,. IIp.KtIeM ;lI)IH 'tJJIeHClB COOTBeTCTBYilIJlHX panos Heno.JI'D3yeM aRaJIorHtI-

BHe 0603Ra'tleHRH. . I I I 

TeR KaK pa3JI<»IteHHe L~ (X, ~ ex ) cp ex)) R Llp ex }S"IX), C{J(K'J)

- L
(o) 

<p (1) ~ 

~ tn) (o) De> (h)
LrJ ('i) = L- id- (X) c.»» L<p (K) = L L(/) rx) 

h::O 'T n=1 F 

aasaaaerca c T:JJIeHOB, J:lHHefuIHx nq rpa,I.ÇBBHTaM, TO ypaBHeElHe (3.10) n03BO

JIHeT pa3BI!ITD npoc Ty1D reopan B03MymeHlilft no rp:l.,1UIeHTaM napaaerpoa co

KPameHHoro onacaaaa, 
IIPHBe.I(eM pa3JI<»IteHHe CTamCTWIeCRoro oneperoja W..;{)() 

.y; . I 
. 3 I I /f I I , + I lrl'i+'i ) 

vJv~)=e~piJ2)~)-jj y. YJ.(~+-'t)~{X)-VJJ3~ 'fo(X'd()(1(~je +3.e, )} 
(3.16) 

B pan no I'pqnHeHTaM BeJm'tmH y~ O() , V(x) , npe,IJ;nOJIaI'aR lIpH STOM,r;.. /' 
tITO MH RHTepecyeMcR cpe.u;Hm.U:r SpW" O ex) = sp WO() Ci(O) . 
KBa3HJIOKa71DHHX oneparopon â(\() , oraocanaxca k TO'tlRe X • MIl 6y

,IJ;eM y;n;ep7itl!lBmD IIpH aTOM 1J.JIeHH 1) Y,J.(X)/1XK II 7/!{X)flx/~XK. ,TaR 

KaR HeOÓXO,Itm1O C'tillTaTD, 'qT0 BeJmlmHH 'df {K} ~XJ( HyJIeBOrO nopSlD:Ka 

no rpa,IUIeH'l'aM (ca, BlJPaEeHHe (2.17) ,1J)IH tI>a3H cp ). JIORMDHO paBHO-

BecHHít CTaTI!ICTKtIecrort! oneparop M<»KHO npencrasars B BJmB W" ()c) = 

= U()() t:! V ('t) u+ ()c) , rne 

~ v [Xl: E'Xp{ .Q\I(t)- jJ3/['(; (~+K'r~,,!K~~)+vY.(K+.ó.(::fiK)+ 3c. )]1, 
,.. I + I' ,

>J (~) ~) == U (}() Sd oc:)U'(x) J 

I!I ymtTapHHI oneparop UO() onpe.I(eJIReTCR <I><>J:fAYJI0tt 

.513 I (/',Ueo = exp L d X / ('X+ 'X ) o(X ) 

3aMe'tlB.H, 'q'fO B JBccMa'rpl!lBaeMOM IIpH6JnDtemm 

UlX): Uo (~). li+ i .~~~;~ ·JJ3y' y~ x'K 5!K'] ) , 

Uo(~):: exp f i 1(Y.) st:+ i Ô{~:) ~J3 x' )( ~ ~ (X' ) 1, 

l-l 

liMeeM 

. ?J?. t('I- ) J\3 I I I f\ I + +
Wv{~) = - Í UolX)' 'dX[oXt<. d X Xi X'K [ ~ eX)f) ~v(X)]U/x)+Vo(i) ~v(x.) Uo~).I 

C .n;pyroii CTOpOHH, 
, .,c I + { \J. r- r-o'{ (x) r lo? I (" IjJ \~ 'fel (~+lC )~ (~J x) ,=: 00 (x). \:J. ()()1", + "O~K Jd X )(K "S"""ol Ü( )-t

7l1l'~) ~ {J I I r. '}
-\.-' 'lo ()( ). t()){ c: Jd Xi JKex) Uo~ ) ) ÔXk- Y. 

(MH Y1JJII!I IIpI!I ST~, 'tlT0 i [de") ~ (x) J=. - 'd J~ (lc ). IIosTOMY 
kJJ (1) Ô k. 

W.;('/-)= Wy ()(1+ W" {X)+llt ~ 
. I ~§(X) 

rol lól I' JI~ I + I l (fe't. )4- 'i r.. XK )
Wv(j{)=. e~pi .Qv t~) - '(;. (lCYÔQl.- VYo0:). d X( ~ (X)e + e.c )J 

, (3.17) 

W(o(X):: 'O"(J..(~) • 0 ()c)+ 11 f ex) f0. (x)I 

V 'ô" K ~ K 'õX i ()XK. c K • 
I' " 

OnepaTopH CV l K ex) I!I lVoO:. ex); 3aBI!ICSIDtRe OT X TOJThRO 'tlepe3 no

cpencTBO w~) ex) / onpe.I(eJIRIDTCR cfx>pv1YJIam: 

(r" (o) r13 I "I " 
CJlI.t.(~) ::: - Wv (X). Jd ~ XK JJ~ ( 5ci o: )~ ') - <s:t >) 

o ' 
r- • l3 I I J _ f\ I Ib) 

tJik(l{)== - i Jet '/. X~XK L ~():)') W v (x)]'I' 

(3.18)
4 A " 

_ 'f.(~). w~O)(~). jJ3 x' /~ ~d~ l j( (~» -<b ) , 
• ,IYx{K) ) .. 

r.I(e V ( I' I +, 1(!{'t)+XK XK ' 
3""ol (~ ) -=::, ~ (y. ) + V~o . ( -:> (X) e + 3. c.) , 

co) - ~ I' ió) ~ 
Ô ['i I ~):::: W " . Qex) . 'IV" . 

Pacnpe;neJIeBl!le I'Hó6ca Wv 
10) 

(~) 3aBRCRT OT Roop,1UlHaTH X 'l'OJI:bKO 'qe

pe3 noope,IJ;C'l'BO napaMeTpOB '1J.()() ,yex) (lf,JIS! ynpo~emm 3aJ:JlID1!I STy 

3SBI!ICI!IMOCn .traJIee Óy;IteM OnycKaTD). I~ 
.B 3aRJllDtIeHHe p83.I(eJIa O'DIJeTmJI HeIDTOPHe OCOÓeHHOOTI!I I!ICnôJID30Ba

IDISI npmm;Hna OCJIa6JIeBHR KOppeJIRmrt! B MeTO.I(e KBa3I!1Cpe,IJ;mrx. JlJIR CI!ICTeM 

]5 

,
,\ 



CO CrrOHTaHHO HapyneHHoit CmJlMeTpRen xapaRTepHl:lM .RBJJHe'IDR Me,nJIeHHOO yÓhI

saaae rrpOCTp8HCTBeHHl:lX ROpp8JI~, RDTOpoe CBR3aHO C Te0p3MOit Eoro.mo

60Ba 06 oc06eHHOCTH TRIla 1/ g2. [9]. 31'0 nplmO,IJ;HT K T(JJJY, llTO cpan-
RRe	 ~ 

" tim tiVY\ VJJ3XjJ~ Sp W", Xi.,,, XC: ( âex,À)- <a») g{O)J
n v...., o V--. Qo o 

sooõnte rosops, ae CTpeMmCR R HYJllO npa Y~ o • .IJ)m Toro, 'tfr06H JJY1IDB 
nORCRRT:D CRa3aHHOe,06paTPIMCR R ROHIq:>8THoM CTpym'ype oreperopa Wv 
(3.17). B COOTBeTCTIDm c orrpe.n;e.neH.ReM (3.17) BMeeM 

1 

rawv	 =i L- St: W"'] =-l V "lo WV .]J3/JjA ( -j~ (x).A) - 3,C.)
VlP ')	 o y ., 

+ + i{~+pX) (3.19) 
~ q> (~) =: J.) ('ll) e . , 

ô Wv = _i v'to W'J' ~ j 3 X fJ~ XK' (	 ~l(J o,..)- ~ .c. ') == 
'bp \l.. o	 ( ) 

J
I~,.. \' 13	 (1 \ \ ~ /,') 3.20 

'= l d X x( [ ~C)()., w"J - '(" Wv' Jc\ X JdA. l Jr.JX\ ~) - <J l<.) • 
OTcm.n;a cne,IJ;yeT, ~TO cpe,IJ;Hee o 

~	 ~ 

5p VJvJJÀ jj3y ( i\(J (V)~ )- 3,C.)Ô(O)~ ~ ~o 5p[s ~ W~] ÔCO) = t vi.Yo Sp~~v &0) 

o 

..~01tS'r HMS'r:D paCXO.n;BMOCT:D ~!v ,eCJm 
~ 

[5 ., 
A 

o (O) J f: o • AHarrOITI-

HO H3 (3. 20) HaftneM,~TO 

~ 

50w'JJdÀJJ3xX((~~('~)\)-3oC.)= .,;-" Sp ?Wv ato) 
(3.21)r o	 l v To OPK 

/" ôWv A 

T. e. paCXO;zJ;HMOCT:D HMeeTCR npa ncex a ,)J,JIH KOTOpHX :P ~ aCo) *" o . 
CTPYKTypa JIOR81I:DHO paaacsecaoro craracrasecaoro oraparopa ~v (3.16) 
TaR<Ba, 'lU0 THIIH'tIHHlvUI 'VIeRaM! pana TSOpIDI B03M~HBtf RBJImOTCR onaparo
pu THIIa 

1 ~ 
~ W\~\M WvJJ3 X' jJ~ Xli OI X(, n ( Ú (~ ),) - <ú> ) (3.22) 
'l~o 'I .... ""- o 

BJm 

t M l\~, i [ Wv f) JJ3
X )( c: , ., )( i. Ô()C)J

h (3.23)
''''0 "Y~ - ' 

1·
 
" 

J' 

r
 
" 

J 

B ·Clt1I.y ,( 2. 13) cpe.n;mre 

~vn ~m spWv JJ3x 'Xl. ., Xi	 [Ô l>d, 8l 0 )] 
~....,o	 -V~ao , n 

He HMeIDT oc06eHHOCTH no V H CTpeMm'CR R ROHe'tlHOMY 3m~eHmo npa 
'V- O (TaR K8R ycpeJUlReMIrlt onepar op B CRJIY zaaoameczax nepecraaoaoa
aax COOTHomEHm~ .RBJI.He'roR KBa3WIORa7I:DH1lM onoparopce) , Cpe.D;Hl!e npoaa

1\ 
BOJI:&lWX KB83HJIORarr1:lHHX onepaTOpOB a(x \ BHtmCJIReMl:le c nCJVJ CJl{.bID CTa-

THCTH'tISCROrO oneparopa (3.22), RaR MI:l BR,IJ;eJllI, sooõme ronopa, HMeIOT 

oc06eHHOCTH BH,D;a ~/v , i/Vl • 3TH oc06eHHOCTH CBR3aHH c Me,rr..n:eHHW 

y6HB8.HHeM ROPP8JIR~ B CHCTeMe co CrrOHTaHHO Hap:YlIJeHHOfi CHMMeTpH8fi. 

B BllP8JlteHHe ;II,JIJJ JIORaJI1:lHO paBHOBeCHOro cTamcTwrecROro omparo
pa WIj BXO.n;RT BeJIR'tlliIHH '(,( (X') pv (X») H f (X, Pv (X» , xoropse 
B COOTBeTCTBHIiI c (3.7), (3.13) TaIat8 aanacar OT napaaerpa 11 • MH 
C"llITaeM, 'tIT0 HX BH60p ocymecTBJIReMmf H3 Tpe6OBaIDI:ll (3.7), nplIBO,D;HT R 

peryJIRPHoMY noseneaan 
I 

K8E,I1;oro 'VIeHa pmra p v 
mJ 

(X) npa y- o • 

4. KImeTHK8. lU8 aJIDHOro cImpBJI:DHOrO MarHeTmta 

B 3TOM pa3.n;eJIe MI:l HaaneM MaRPocROJmtIeCme yPaHlEIUIR ,IJ;8mtemm 

(3.4) B JIHHe~OM npH6JrwlteHHH no I'p\Il;HeHTaM õ~ /~ X k. .H i'PL/~Xt: 
TaR RaR 

~) Õ 
l et l~) := - 'ôX K' 

(1) 'U
l (~) ~ 

K 1)(~ 
TO ,IJ)IR onpeneaeaas oneparopoa SBOJIlDUKH L ol Ir L J< nocrarosao 
3HaT:D CTaTHcTwreCRH~ onsparop P(~) () B rJl8.BHOM IIpH6.mDtemm:. B COOT-

o o) .(0)( yl(» 10»)
BeTCTIDm c (3.10), (3.16) HMeeM P (K = W " (x) 'J f rK) • Rcxo

.n;sr 113 onpe.neJIe~ napaaerpoa coxpanesaoro onacaaas (3.7), rrOJIY'tIHM 

~	 (o) ~ 
:::>p P (lC)"3d ~ (o) ") 

(4. I) 

R sp pO['i) [de" ~(O)J 
e.	 -~;--=....----:...._-sp{:rh) Ij- (o) J{f) ~ (of)
 

lO)1(y.) = <f(l') , 

np~eM TePMO;zJ;HHaMHlIecme 

meHH.RMIiI 

/0) )
Ô Y (X

'õ X K ::::: Pk. (x), 
(4.2) 

to) 
cwm YrJ. CBR3aHI:l c napaMeTpam 5'01. COOTHO-

lo) (OI /0) /'t 
~ (~) =sp p ('yJ. ()c), t (le)) 3""J [o) . (4.3) 

lo) 

Bcl>,Ity ,IJ;8JIee ,lVtH COIqameHIDI 3aImCH ITOJIaI'aeM ~ == Yc;( )I,nR cpe.n;mn 
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I!
 
\
 

(o) la) I' lo) l' 
'3d. Kex) =Sp P (X)Tj ~(o) =:.5p'vV (X)~Jr. (o) cnpaaennaas ~p.1YJW (f;)80~, 
IIpWIeM	 Tenepll CJIEl.n;yeT RMeTll B mlnY, 1lTO BSJI.KtmHH s:t(x)=Sp w (X)~(o), 

Yoc (l() , -p'{x) 5IBJl.H1DTCR Me)J,JIeHHO MeHmrIItIDJlRCR epyHI\URBMJ<I Roop,IUlHaT x 
i (1) 

li! BpeMeHH"c • OIIepaTOp 3BOJIlOIJ;Im L oi. B COOTBe TCTBKH c (4. I) , 

(2.30) RMeeT m,n; 

t) -	 () l '00 . L. 'f~) 
ri. - - 1XI< ÔPK ô"f,;. Yo •	 (4.4) 

10) 'ft: 2- J' 
3aMe'tIM, 'tITÓ [ W , J{ + "'C: S = O, JIerlto HaMTR, ~THBaR (4.~~ 
onepaTOp 3B OJIIOUIDI 

~) o )'2
l.« = 1Xl<. "to (4.5) 

Orrpe.n;eJmM IJJIOTHOCT!l snrponaa B HepaBHOBeCHOM Ir rrpOcTp8HCTBeHHO-Heo,n;

HOpO.n;H<:rv1 COCTORHl'JlI paaeacrnoe 

. n 4 ro) I lo)	 . 
(3(X) = - e1VYl tAl'Yl--:V-Spp (~)lnp (x)==-tJ{k')+ ~(K)~(X) 

V~O "Y~;;>o ~	 . (4.6) 

YpaBHeHHe ,n;r3Hzep.JU1' ,!J)ISi 8ToH BeJ:rWmHH B COO'll3eTCTBlm c (8.8) ID.1eeT BH,IJ; 

• " v. çcJ .6= LJ..---' L 
í) p~ l(	 (4.7) 

B paCCMaTpnBaeMOM rrplilÓJIllEeHHH 

• (-1) 1fJ... lO
 
6::::, 'k Lol. - ÔPK . L k,
 

õ ,,~ _ o 
OTCIO~, Y'illTHBafl (4.4), (4.5) li SaMe'tIM, 'tITO 't.J- ?;'Yd-- 'fo- , IIOJIYtmM 

6=0	 (4.8) 

(3TO ypaBHeHHe BLIPaiaeT npzanan a,u;naOaTH'tJHOOTH ;IJ;8IDKeBllIR H,D;eaJIllHOH CH

cTem). TamM oopaaoa, BH01!!p8.R B Ra'tIeCTBe He3aBHCEMHX nepeaeaasx Be

JIJirtmHH G , Ó ,p ,aeJIHHe:tfHHe ypaBH emm .n;~emm: cnapansaoro 

MarHeTmta B paccMaTplIDaeMOM IIpH6Jm:atemm orrpa.n;9JmM· epop~ (eM. 

(2.28)	 ): 

<5=0 

( 
Õ 7J"l. E à) 'fl- E ~ ~ 

0/ 
(4.9) 

~ + ÔPK ()~ . ô'Xt:. Pe + 'O~z. • ~Xe = 

(L ,. ?fE ._0-)0+ #[ . ÔPt = O. 
õt ~~ 7> 1) ô")l ~ 'õpi. (}P~ ())( K 

3Ty CHc'1'eMY MQ)KHO rrpe.n.cTaBRTll B raMIJIDTOHOBOli qx:,pMe 

• 8'Je cp == _ óJe .n ') == W ,	 1)::> , (4.IO) 
, 

B Blme ~=J/j E{X) JiI yqeCTL, 

no Cp II -:> paBmI 

ê)'	 'dE.f>de = -_o õE. 
ó<P 7JXK ~	 Õ ~ •à(ô<f )

Ô)(K 

YpaEHeImR .IJ;BmKeHJIIR .1IaH,n;ay-.JI:Hcfmml:a ;IT,7IR MarHlITHoro M<:rv1eHTa B rrpeaeõps
xeHHH .n;HCCHIIaT.HBHHMH rrpoueCCa1m TaKmB rrplIBO~RTCR K raMHJIllTOHOBOfi qop-

Me <CM. [I9 ] ). , 
! ! Ma CPlCTeMH ypaBHeHlitli (4.9) JIerKO HanTH cmrerp CII1!ijOBHX BOJIH B. 

~ 

~ .	 "rH,Iijlo,n;miaMIItIeCROE" OdJIaCTH. C 3TOH IJ;eJILID JIHHeapH3yeM ypaBHeHHe (4.9) 
OROJIO COCT08HHSI paBROBeCHR, BHORpaR B Ra'tIeCTBe napaMeTpOB~ OImCIlBaID-

IltHX OTRJIOHeIme OT pu3HOBecHR B8J1Hl.IHHH 6 :)(K,i)= 'IJ o; -1.) - -1, • 
8G{x/:) = 6(x,-t)- O H ÓPi{'t/-I:.)= P,,('t,-l)-Pi (O) :» -p - pasno
secass 3Ha'tIeHHR BeJllPIHH). Y'tIBTHBa.fI, llTO 8Pi (Xl) -=: ~. 8 cp (K, -/;)/ 
no.n:y-q:KMj HCKJIJD'tI8JI as ClIlCTe1vJH ypamelillH nepeMeHHYID. 8 ~ Ck,f:) : 

L-. +	 ô"? ( ,_ô_)". {j<P(X,-L) = 'lf. . 'ilê. ,'ifO!{?{K,-lJ(	 2éH ôPe'õ?) oXe 1)1) ~Pi()A ()Xi 1 KK '(4.II) 

IIepexo;Itff R !I>yplle-ROMIIOHeHTe 

' I -l'(4)t-KX)
8Cf(~I:) = J'j3 J<Jd cJ e 8rp(K, tJ)~ 

B~, 1lTO ypaBHemre (4.11) HMeeT HeTpHBH8JThHoe peIOOHHe, ecm 

2 1
ô2 E ,/ ~z E o E 

(4. I2)r.JCK):	 Ki ~Pi 'iJ ~ + Yki,Ke · ~Pi ~Pe • tJ~Z·. 

IlHOTHOOTD aHepnm E. CM. (2.24) JlBJJ.fIem R cpYH!tUHeii IIapaMeTpOB Ya< , 
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q 

I 

--:::-!> - ~ ---2P ,p n (h - aanpasaeaae OCR aaaaorponaa) , f>:[ (y~ Y~I np,p ). 
Cnexrp cnanoasx BQ7IH B CJIy'tlae KOJJ.JJ:mieapHOro MarHeTlma (p== o) RMeeT 

BH,IJ; 

-~ -sc I + 
z[ 

ôw(iê) = kn . Q(fip).J~ ~.~ -. 
p 'õ ':?;' 

ECJIJ/I rrpeHe6pe% aHRsoTpormell.l T.e.rir ' TO 

~J = Ps15 I J< 2 
J 

rne 
-1ls == 

ô~E 
~ -

2(c--'" J. 'i'E I\ + 2 11 2 ô [nK). --~2 ~. ir'"'"
~(fj p) p. o p p. o . 

C'tffiTaTo, lfrO E ae sasacar OT 

(4;I3) 
. 

CTaTR'IeCltaR a,IJ,m16aTH'IeCKafl BOcnpmIMtmBOCTo, 

()s=J í~ I ~ - KOHCTaHTa JltSCTKOCTH. 3TO BHP81K8Ime coananaar C pe
r: é)p 'p- o - ]
sYJIDTa'roM -pa60Tl:l L18 ,nOJIY'tJeHHHM B ~eHOMeHOJIOn'ItIeCKoi1 TeOpHH. 

MH .n;o CRX nop npenncnaraza , 'liTO raMH.JIoTOIlliaH BBJLHeTC R aanapa
8HTHHM no OTHOmeHJiIlO K nOBopOTaM BOIqJYI' OCl'J: ~ • B .n;e:ficTBHTBJloHOÓTH, 

Bc.."Ie,nC'I;.BHe F...a..."IT-illR CJIaÓHX peJIRTHBRCTCrorx: BSaHMo.n;eY.ícTBlIfi"V ,STa l'J:H-

BapHaITHOOTo aapynaerca, .8Jm.HIme eroro B3aHMo.n;ei1cTBlIR na ypaBH8HlIR 

,IJ;BmIteHJIIR Mil y-qTeM B mmefuIavl npHOJIIDKeHIDl no V Jil B nyJIeBOM npn6Jm:iKe-

HIDI no rpa,IUIeHTaM. CTaTJilCTHtIecKH:f1 oneparop ClICTeMH B YIW3aHHOM IIpU

6JImKemm MOlKHO npencr aBHTo B Bll;lJ;e p= W ~ PV ' me PV"" y 
Tor.n;a ypaBHeImR ,IJ;BIDKeHIDI ,IJ,JIR napaMeTpOB!) ,E ,cp salIIDIijTTcR 

B çpopMe 

• 
.~=-

•G = 

pjK' [~"J' [~,.. ]'âXK.-tSppy S.,E. -LSpW S,U") 

ÔqK' [J /\ (4.14)
7JX l( - L Sp P-v [. Je - i5pW[ Je , V ] 'I 

~ == "f1: V:: Jd3 X Ú(>()'1 .,
0 

(B nOCJle,IUleM yp:mHemm ae HyxHO yqRTHBaTD "CJIBraeMHX 

RaK U 'tJJIeHOB" nponopII,HOHaJIoHHX rpa,IÚIeHTaM). SaMe'mM 

/' 

-- V ,TaR Jie 
reneps , lfrO 

[5~, É'J=O, U TaK R8K i(Je') f(X)J=-kq~(X) , TO srPy[EJJe}=.O. 
y"tJlÍTHBM.n;aJIee, 'ITO COrJIaCHO (3.I9), (2.16) 

I W'I S~ ] = i ô vJ [ W., J( ]: i h ôW
í)lf ~ ç({J .I 

npe.n;CTaBHM ypaBHemm (4. 14) B BE;IJ;e 
, 

~ = _ ~ + í) <lJ> ., É=- ()q{ _ h v<v-> cP =- h.1Xk: ôcp oXI( ()(P (4.15) 

IIOKaJKeM, 'liTO sarponaa C5 == - cJ+ Yl- 0+ 'fo [ rro-rrpezaeay COXPaHR

eTcR,HecMoTpR aa TO, 'ITO STJII: ypaBHElum conepaar PeJlHTHBHCTCIGIe BSa1I-, 

Mo.n;eHcTBlIR• .neí1CTBHTeJIoHO, xerxo BE;IJ;eTo, 'liTO 

• • • dC<J ' cr = 'to. f 4- y~ / :> - ôp J< • P/( . 
OTcIO.n;a B c'JlIJIY yp:iBHeHd (4. 15) cJIelJYfYr, 

B Ra'IeCTBe Hesa.:wCHMHX rrepeMeHHWC -0 
HO . cp= _ 'õE<5 = O ., V0 

• Q ôí o<(){) = --- + -
ôXK Õ( ~~ ) 'O {f' 

"tlTO <5 ::: O • II08T<JJlY, BH6npaJI 

,G ,p ~ 

HMeeM OKOIftIaTeJIb

' 

'I 

(4.16) 

EcJm B aTJII:x ypaBHeHHJIX yqecTo ,IJ;HC canarann se 'IJIeHH. TO peaaxcanaa M~ 

HBTHoro MOMeHTa B 683UCHo:R IJJIOCKOCTPI 6y;ueT rrplUlO,IUiT:D K HeKOTOpOM;Y 

SHa'IeHmO yrm C(J= <Po Onpe;neJlReMOMY as ypamemm {;)<Jl)!&lcp.jf"=(I? =O •
• vf v ~-~ 

IIpu STCIJI B ClL7IY YJBBHBRW! tp =;"- h= y~. to Be.JJ:H'lHHa T~ 6y:neT paJIaRCU

posars R Hym>, 'tlTO COOTBeTCTByeT TCNY lPaRTY, "llTO npa Ha.JUrqJiIU PeJIRTH

BUCTCI<:B:X BSaHMo.n;e:RcTBH:R Si nepecraer 6HTo lmT8rpaJICM ,D;BmteHlIR. JIer

RO npoaepars , lll'O cnozrp cnaaoasx BOJIH B CffiIP8JIoHHX CTPYKTypaX lIpH 

HaJIB"tlIDI PeJI.RTHBHCTCRHX BS8lIMo.n;ettcTmm, HapYIII8IOIItHX aaaapaaaraocrr, ~)T-

HOCUTe,1ll)HO BPBlIteHd cmma BOxpyr OCliI ~ ,6y;neT IIpU06peTaTo eaep
rmo aKTlmB.J:t'HX. CtnrraR. 'liTO 'O~()!7JCf = O~ frp- ((Jo), BIlp8!t9HJ119 A1Ui 
cnearpa cnaaoaux BanH MOJIWO llpHB9CTId K mmy 

-+ K' 
7/[ ± iE ( 'll<é:)2
 

W( ~ ) = (. ôPiÔ~ 'õ J:)J.' Ú + Ki t:e · OPi ôpe .
 

5. PeJIaRCaIJ,HOHHHe nponeccs B CImpBJlDHHX MarmrTHHX CTpyrooypax 

,ltn:SI Y'IeTa ,D;HCCmIaTBBHHX nponeccoa B cnapaasasx MarlUITHHX 

CTpYKTYPax Heo6xo,IJ;BM0 Haftm BeJm'tIHllli Lot (se) U LI: (x)= 17K Lcp ~) I 
onpe.n;eJIJDlItHe MmtpOCROIllPleCKHe ypame 1IIDI ,D;BIDItemm ;rr.JIJI So< (X) U P(x) 
B npu6.mDtemm/ Kaa.n;paTHtJHOM no rpa,IUIeHTaM aTUX rrapaaerpca, Im ÇPüpMyJI 
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· (S.4), (S.II) CJIe.n;yeT 

(2) li) A
LJ- (X)= - V( Sp P (X)~K (O) ~ 

(Z) (4) (O 1\
 
LK (x) = Vr. L<f (x) :: Vt; Sp p (l(). hlO) ?
 

(5. I) 

Â (O) -1 /' _ + lO) (o) 

h(O)=: (.20.1.)'[ H,>~O)-~(O)J ') 0..L= ReSpp j (o) , 

,	 (~) 

r.n;e P (x) - cTaTRCTHtIecmfi onepae op B .mnIeíRoM npR6JImIteHIDI no I'P?~-
(~ (-4 

eHTaM. JIerRo mI.n;8TDj RCXO.n;R R3 ypaBHERRR (S. 10) , 'llTO oneparop p kp ,1;) 
RMeeT cJIe.IJ:YIDmYID 06IItYID CTPYRTypy: 

(4) . 14) Ô \...J'0) (4) Q'N'O) (4) I
9	 ::: W -t - • YcJ. + - · t -+ P (5.2)ô'lcJ. ~ 'fi I 

(1) 
rne, COrJIaCHO (3.17), W - JIOIt8.7IDHO raBHOB ecHIDi cTaTllcTlPIecrodi onera-

TOp	 B JmHe:fiHoM DpH6JIIDKeHHlI R ompaeop pI RMeeT BB;JJ;
 

I So ,- i H'l ( 'l- . (1) 'ow IO) ) () W'O) (O J
p:: d c e ) L W-t --. v 
I J,. 

(4

+ ~_ . t H
_ 00 l ô"{J,. c> <p r ., 

(5.S) 

ôW((;) l1) <"'o \'/õ) (O)?J v·"/O
) (O } -l Hz

-- L --I ·YrLtn--· i.; e
ô~ J.. up" s '{ oC{J 'f 

(1) . (1) 
BeJm'tlliRll 'fJ a f B COOTBeTCTBlm C (3.7) onpe,n;arr.RIOTCR R3 yCJIo

~H \ 

(~) I)" 7JTd. (1)
5p ( ~ + P 3d (0)+ ô 'ff .Y~ = o , 

(1) / ôw lO) (1) aV/o) (0) _ + (5.4)

5p ( W + P+ ro 'fJ.. I YJ- + q~ · r (~(O) - ~9(O)):::: o. 
J];Jm aaxOJK,IJ;emm cpennax, BXO.n:.an:tHX B (5.4)" Rcno,m,3yeM HeRDTOpHe 

CJIe,n;cTBRff, CB.R3aHHHe co CBoHCTBaMB: mmapB8HTHocTR IIpR oõpaneaaa Bp8Me

HH, OTp81teHIm Roop,1UIHaT R BpaIIteHHH B CIIHHOB OM npoc Tp8HCTBe. EcJm T 
orrepaTOp 06p~eHRH Bp8MeHl! (t ~ - t) , TO 

~ -t /'

T -SJ. Oe) T = Ed, 3'"0( (X) ., J. z: O/i
 (5.5) 

±1'- -+ ±
T ~ (~) 1" = - ~ (X)

/ 

r,n;e"* - orrepamm ROMIIJIeRCHOro COIlpRJlteHIDI R E=:). IIpH d.=O 
[ =. -1 IIpR .J,.::: 2 • CJIe.n:cTBReM (pop.1YJI (5.5), (2.6) RBJI.ffiDTCR paBeHCTBa 

"*
1\

+ "..T	 3""o{\{.. (x)T == - EJ.. ~K (x ) . (5.6),.. 
EcJm: p - oneparop orpasenas ROOp,nmIaT ( X~ -x) ,TO 

/' +	 '" + /'
P 3""ol on p = ~ t- x) , P ~oo:: ()<) D z: - "5:<K (-X)", 

± + ±p a- ()() P -:::. 0 (- x) .	 (5.7) 

ECJIH 15 (~~ li) - yHHTapHHií oreparop, coomeTCTBYIOlItID1 rrOBopOTY B 

cmmOBOM npOCTpaICTBe na yrOJI 1r B0RPYI' OCR ~ ,TO 

1\ + 1\ 

lJ(~Jli) 3"01. eo U (~I1i) :: lei ~ [x) , 

1\ + 1\


U1~ I íT) ~ t:. ()() U (~)li) = Ec(· 3j1<, (x) ')
 

(5.8),± +) ±( )U(~ )1í) o (x) U (9 t 11 -=. ~ ~ X. 

C~e~CTBBeM (5.5), (5.6), (5.7), (5.8) RBJIHIDTCR paBeHDTBa 

I" *- + I'

E s~ (x) E = SdI (- X) ') 
* (5.9)

,,* +	 ± + '±/'o

E """5J.K(x)E ~ SJK (-x) , E -0 lX) E ::: D (- x)
J 

r,lte E ~ U(lf)ll)·P·T .113 cIx>PMJ'J! (5.9) JIerRO BH.IJ:eTII, 'tll'0 B COOTBeTCT

mm c smHHM Ban;OM oneparopoa w/O)(X), W(1l(x) (CM.(S.I7),(S.IS)) 

lIMelDT MeCTO COOTHomeHBR 

* (o) + _ W10)'I 
4-(1) + (~)\ 

E'foI E::-WE VV E - ~~_~ ~	 (5.10) 
(Ç-'t-{f' .. 
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I 

l 

(2) (2) 

38Me'I8JI,	 'I'fO B BnpaJKeIDm ,Il;JLH onsparopoa aBOJIIOIJ;HH L d 11 LK <fla3a 
cp BXO,lOl[T TOJIbRO B BH;IJ;e V(P 11 y-qRT1:lBafl, 'I'fO cpe.u.mre /'

l~ ) f\ (-l) "	 (1) hSpw (k')3'"o(fO) ,5p'N (x) 3'"".,(K(o) 11 5pW (X) tO) 

~eitcTBl!ITeJIDlWe Be.mromIl, ItIS (5.9), (5.10) IIany-qHM 

(~) ,.. (~) /I (~) ) "h spw (X)~(O)= spw [x)~t:(o) = spw (x· (o) = o (5.11) 

(~) - + 
HatmeM cpenaee spW ()().(~(O)-L)(O)). HCnOJIDsy"R COOTHomemm (3.20), 
(3.19), a T8R!te cP.:>PMYJIY (3.18), JIerno mr.n;eTl> , 'ITO cpenaes 
~ (~) _ 'f-)0P w (x) [-1 (0)- !) (O) m.1eeT m~ 

5 W(O, ( ~-(O) - 0~O)) = ~ ('ô ~ .?~ f + 'OH-, 02cJ )_
P v <fi íp t. v 'to 'd XK opJ< iy gXK apc' 6PK. 

1- d (}tJ
 
= (Y Y "Q'ú: -oPK
o 

(4) H) 

OTcxma CJIe.nyeT, 'ITO WYmtIJ)lR f -== 'fY B COOTBeTCTBItIR c (5.4) onpe~e-
JIReTe R WOPJIYJIo:R 

lO 10) -1 ô0 I ( / - + 
y~ "= (! ~.l' \l 'to ) 'VK ~PK +1 J=Spp (~(O)-~(O»). (5.12) 

TaKIIIM oopaaca, BeJIHtlItIHa 1/1) 
+ ,Itomma 6llTI> CIDIryJIJI.PHoí1 no V .IJ)IR TO

ro, 'IT06H cpennse OT (~-- 6!p) B COCTO.amm pf1J (X)
 

06p~8JIOCl> B HyJIb (CM.(~ ..4» (B COOTBeTCTBlm: co CKa3aHInlM B xoane
 
paaneaa 3 BeJmtmHa 'f I =5fp I( f;- ~~) ~0JDlH8. 6HTJ> peryJIJ1PHffil IIO V ).
 

YnpOCT:HM reneps BbIPaJitelme .IJ.JTR pI .)I,rrR aroro Haíi~eM B .fI8tICIvl 

Blme onepaTOp 

. . [ ~,./") H] = ô "fJ. . ~ + OPi . iu, 
t 'I ÕXK ~I( ôXK lI< 

(5.13) 
,	 n. ,_,1\ • I' 

W~lC.= VIM t LúJo(K, Hv] /CJiK = tiNo i f W CK Hv]
~o I)	 i....., o "? 

rne ~,,-=. H+ VJj3)( ( ~-4J()()+ 7.C.) • Ilpeoõpaaoasaae arax BeJIlPlHH 6y

~eM ~eJIaTl> npR ROHelffiOM V • PaCCMOTpID.1 BupaateHl!Ie tJ~ ~ • B COOT-
BeTCTBmI c onpe~eJIeHHeM (5.13) R'~~YJIOft (3.21) IIOJIyqHM 

1	 (0\ 

• lo) J13 rJ' ~ · ~ '1vJ ((J~K = W . d X'~ A(JKL~I~)-<JI))+ ~- ôPr- y. (5.14) 

. IlepetUteM R Haxoomemno oneparop a WOI( • IIycTb ê ll (k) == f. (X) - J,0rX) 
+v( ~(~}-t 1~6e»)- oneparop WIOTHocm 3Heprlm, COOTBeTCTBy:romRR raMIJThTO-

HHaHy Hv • Tor,:na COrJIaCHO (5.13), (5. I4) lIMeeM . 

• lO)j 13 t l\ 'V 'V ) .h • 
W O\( = W d XJdJ'( QIC(X,~)-< OI:,) + .. lJ2 t )
 
"'v . o ' (5.15
 

r~e Q'( (x) - onepar op IJJIOTHOCTl!I noTORa saepraa, COOTBe TCTE yroIItR11 ra
MIt1IJJTOHHaBy Hv , ROTOp1:ltf onpeneaaer ca qJOp.1YJIoit, aaanorasaoã <PoPMym
 

(2.6): 4
 
A v - r 13. I I J /' li I V I
Q t:r X) -= ~ Jd X XK J~ i e (X~ ( ~ -). ) x )') e (x +-).)( ) ] , 

STOT	 OIIepaTOp CBR3aH c OftepaTOpoM 9'f( ex) (2.6) <PoPJlYJIOH
 
/'y /'v ~
 

Q K Od = ev \( ()() - h' J~ [)<) 
?	 (5.16) 

A	 v â ' J\3 I I J~d A I - Jg~J){) =Vt [X)"t t Y d 'X X' I( ~ l ECX-(~-À)X )., ~If n,..,Áx )4. 3.C.] • 
o
 

Ilo~cTaBJI&H (5.16) B (5.15) l!I ytmTHBSSI (5.I4), no~
 

~ .	 lo) 

• (O)j13 r l\ "'V -.v ) hôW 
WOK -= W · d XJc:Y'{ CVt: (:i )>-) - <CVK) + d PK (5.17) 

o 
06'óe.mmsm <PoP~H (5.14), (5.17), HaimeM 

.. lO) 3 ~ V J h 'ôw(O)
 
lA) J.v.. -= W .jJ XJd~ (~K (X,X) -.( '5dK'> ) - L . - \
 

o (j'fd. OPK v, 
J ,.. v .;' 

3""Jk. == ( ry\l- ') Jk).. (5.IS) 

Il8pettneM TEmepI:> R H8.X07K,ZJ;eImID BeJIl!I'tI'IH cu i K' • COrJIaCHO (3.IS). RMe8M 

1 1 (o) I lO) J13 -1 V I,'
i d3XXt[Jk,(~)'1W ]=t'fow, dXXiJd~[ li, Jl(cx.))J.J	 o 

IloaToMY 

• v fJ3 - t- lO)
lA)iK -= T J X)(~ XK [ bq> (x) - ~(:<)') W J..
 

,
 
CJI8,llOBaTEUIJ>H0, WLr.. -v::;o O (CM.paS~eJI 3). TaImM o61Bs~ I 

• (4) ] 'õ'f.L 16)J 
1 

I\J 13 V \ 1/ oh o""n) 
Jl[W,H ::; 1Xv,. W odJ. d X(~K [X.,J\ )-< ~(> )- ôXt' ~Pt I" (5.I9) 
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, 11) I 1\ 

Jlo.R&teM reneps , '!TO ~ = O • BI:ItmCJmM C 8TOM neJIMo 5pp "'Sol/O) 
B cOOTBeTC'l'BRII C (5.I9) cnpaaenanno p8BeHc'l'B'o 

I Sp[ ",lt) HJ -t\rr.ç.. ilh _' _ ôh. Sp 'õWIO 
' \ -iHT,. iHT 

l .. e vcJ. e - 7jX -P' e ~K e + 
K 'li I:. Y 

v 10) J13 I J1 t\ v I 'J ) I
'H

<t' /'I -1
'11,,'r+1Jt . 5pW d X di' ( 3j ();' 'I À) - <5"0(> • e 3'""e, K e 

~Xl(, o I
 
,UMee, TaK KaR
 

IO lO 
iHT ?J'w \ I -i H\: ôw ) lH7 'àw{O) -i~h:- 'Ow'\ 'Ôh} ~ (01 

e ~P .. I,/ ~ 1?< ,e ~K l;e ~ bP. +L 1p, (S, wJ, 
-s ~ 

10) I II lO) 

iH'L 1W I -tn'r _ '1W \ ',.,.. [c:'l: lõlJÔh 
e ~ -r e - '1~ + t l 0 'l W •ffi 

U..)d- P U cA p, (70..)
 
, 1 _'"
 

'0I f,)( 13 v v 
TO, ytnrTID3aB J)9.BeHcTBO ~=_ W Jd xjJ~( 3j(X)~)- <~») R COOTHomeHRe 
(2. I6), nOJ1Ytll!M Q'f~ 'o ' 

l.S peiH7:
L
-W(I) H]e-lHT" '- - ')TJ.1_ oh ô 't~ , ô~~'S'J 10) - • 

'I 'ôPK 'f õ)( K ô'X K u'Y ri.. 
-r- (ç1 . HT t~) 11)H1 ~ ?J\tJ -\ ,.. 

sp e "O"5 ' e ~ lO) . L f:= L ci. ?
 

f
 
iHT Ô\v{o) -iH-c r-; (5.20)

Sp e ap.. ' e ~(o) =0, I 

B COOTBeTCTIllm C (5.12), (3.19), ytmTI:maR pery.IDIpHOOT:& BeJlHtUmhl Iv
 
npa '1-+0, B~1, 'qTO •
 

10) (4) 'J 6 'i)tJ (O)! 5(3 I/' I 
~m i l'1W 'J Y H] -= -. - .w Jj~ d X hex ,~) 

1lp 
• ri" 'OXv.. ÔPI<. O 

l108TOMY 

1"T 'd'N(o) (~) -i H-r ''d ôi) ôhl' 

ispe ['illf '1~ ,H]e ~(o) ~ 'Ox~ .~. ~ 
(5.2I)

HMeeM ,n;a.n:ee 

(1) i"r d",,/ol _iH"t" 1\ 

.i 'fiJ. . Sp e [ÔYrJ.. HJe 3"0«(0) =: o ')'l 

(~) . ~,'"') iHT ~,,'O) _; HT r-:
 

Lti . f e . ~ . e -S-oito) =- 0_
 
(5.22) 

CJIe,n;CTBUeM cIx:>PAYJI (5.20), (5.2I), (5.22) RBJIHeTCH p:mmcTBO 

I "Spp (~)"5"J lo) =: O. 
H) (5.23)

Ma (5.4', (5.23) BRTeKaeT, 'tiTO VfÂ. == O 

TaImM 06P130M, HaibI;eM cJIe,IJy1OIqee OROH lJaTeJl1>lIoe BHP81teIDIe ,IVI.lI 
CTaTlIC TJIqeCKOro onepaTopa1 . 

I r' f ;th- ( fJ r 13 II ô~~ v 1 I vi )(o)9=:"ldL e . Wv' t ~ JJ \I 'bX, ( "S""(K /X,Á) - <J:;..>+ 

1Jw "I f - ~ (4)) Uh}10'1 
+,,;, 'oflt ·ho,~)] - i P , W J L'{I e
 

v-. o
 (5.24) 
3,ltec:& 

A I v Q"Ço(~"
 
~cl K l~) ~ "S"'o( k li) - 'O"5"~ ,:>~ 11) ,
 

" 1 !' ôh I'h (x) = h(X) + ~d.' 3; (x), (5.25) 

OT.MeT~1" 'qTO B WaPMy.ne (5.24) HeoOxo~lO nepexo~IIT:& K npe~~ 
'J-+ o (noeze Tepr.nO.IUmaMi'qecKoro rrpe,n;eJI:bHOro nepexona) non 3HaROM 

HHTerpBpOBaHRH no T • B npOTHBlH]~1 CJJy'qae aBOJIlOItlIB c I'aMWIbTOHUaHm7v 

14 npu ROHe'tlHHX \I llpIIBO,zmT R OTCYTCTBIDo 3aRORa coxpaHeHPIB i! _
 
ROMlIOReHThl cnaaa, 'tITO,B CBOlO o'qepe~:&, Be~8T R TCNY, 'qTO no.n;WTerpél.J'Ib_
 

aoe BlijJaJlteHHe ae CTPeMlITCH K H:vmo B 06JIacTH OOJI':&IIIKX ê •
 
{LJ {ZJ _ 

Be..mrnnm L;J. R l.1(, COrJIaCHO (5. I), Onpe.n;eJISIJOTC.H QOP
MyJI&m
 

fZ) I ,.. (1)
 

lot(x) =-VI(·5pP(")·~KlO) =-V~'r:x({k') ')
 

(2) ,,.., (1) 
(5.25).

L K(lC) == VK SPP llC)' hlo) == Vk"Lcp (x) 
~ lol {4) 

JIerKo BH~eT:&, 'qTO' CJIaraeMOO i [S ') vvl. J LIp ae ,ztaeT BK1Ia,na B cpe.mme
I " l1} A
 spp (I() T&r (O) II Lrp{X):::: Sp{Jrx)h f O). , ltOT0ll18 C yqeTDM
 

TpBHCqloPl1aIl]1tOHHHX CBO:ti:CTB (5. ro: M01!tHO rrpe.n;CTaBR'n B aane 
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Cf) 7)Yt . f\. 1 '" I a (}cJ 1\ l/'I


'3"~k:('t) ~ 'dXe' I (3"~~ , ~"')+~. ôpe ,I ( h , "S""r e ).,
 

(5.26) 
m 'ô'/J !",A 1 g gcJ /', " I 
L <p (x) =: ôX", • I ( "5'"J>K., h )+ gX'lÇ . dP~ I I ( h 'I h ), 

BeJIKtmHll 

00 'H 
1\ 1\ 1 r I j (3 to) I r /' -iH-r ....

IlQ'le)=="IJd't" d X~w e (Qex)-<a»e ~(O)/· (5.27) 

BXO.Itffi1.tHe B (5. 26)J .FI8JImoTCH o606~ElIHHMII IameTWIeCRmvm: Ko3IJ~1leHTaMl 
li' mOB1IeTBOp.RIO'l' npmID;iIny Onaarepar 

A" I\!,

I ( O 'I g ) =I ( g ') o ), (5.28) 

KpoMe Toro. 8TH BeJUI1llIHH YJtOBJI9TBOpm:rr H9paB9HCTB8M 

1\ ,/\/\,A/\ 2.1'''' 

I (â ú)~O I(Q,{A)·I(g)e)~I(ú,6)''I , , 

}Ia yp:tBHeHIDt (4.7) R WOpMyJI (5. 25) CJIe,I\YeT ypaBH eaao 
• , (~) (.,2 ) 

G + VI( Jo " == I 
I • (4) (5.29) 

nJIOTHOCT:O SHTpOnRR JÔK.r~e noTOK8 C yqeToM rrpOU~CCOB ~CCHnanHn 
OIlpEm;eJIHeTCH lflopMYJImi 

• (4) 'tlcJ (~) . (~) 

J<SK ~ õp · Lcp+ YJ.·"S"olK (5.30)
K rl} 

a RCTOtIH.HR aHTpomm .1 lIr,ieeT mI,It 

(2) (4)""", ôc.) (~) 

I :; L((J'VK~PK+"SjK'Vk'Yot= 

1"-I r o'f.J. 1\, L D~. h' 1'fs> , ~ I + L .'àJ ,h l ~ o - 11x/<. ":S~~+?Xt 'õ~ 1X~ fe oX{ qPe 1 'I'I 

li! OÓ8crre"1IHBaeT B03IBcTmm:e sarporraa, B onpe.n.e.n:emre ImHeTlNeCmX ROa<I>

@llnIeHTOB (5.27) BXO,IUIT CT8TlICTRlffiCIGIt! one parop W 
(o) 

7 ~CH 
WyHKIl;HeH BeKTopHLlX BeJIlItmH - sexropa cnapaza P II e,IJ;Ium-cmoro BeR

--... 
·Topa t1 OCR éllllI30Tpomm, tITO ITplID O.n;IIT K TeH30pHO:v. CTpYlcr'ype 8TllX 

R08qxpnrnreHTOB. B OdrqeM CJIy"tIae paCCMaTpIIDaeMaH cae reua xarnKTepII3yeTcfl 

28 roIHeTRtIeCRHMrr R08@Mn;aeRTaMH. Mil, O,IU!aKO, HX nurnWI1BaI':o He dy;n:eM, 

a Ilplm e.n;eM no.zwo6Hee CJIy'qaP.J xornap 'I n . HeTPY.IUio BR,I:(eT D, ~ o B 

paccMaTpRBaeMoH CRTyamm mrcmmaTRBHlle npOnecchl ormcbBaIOTCH Ia ImHe
TH1:IeCRHMrr R08~eHTaMH 

_1 /\I~' ,1\/1\/ i' ,1\1 ,

~.k'e. = T2. • I (CV( - hJe+ Jeh, <y K - hJk +Jk. •h ) :=: 81<.e •~ + nK' ne' ~ 

Ao I' I I' I -"I I 1I1 " I '\ • C ~I 

®"" T' I( ~e-hJ{l- J(h , J~ )- °re~+ n.ne· ~ + Eire' n,. '(5.3I) 

1 1'·~ I I
 
GlCe:i T I ( Je ., JK ) = 6re · e + n[ I n, ' e ,
 

f "I ~l ,AI "I ~ ,,:,//\/ 1 "', ..... , 
0ll.' A:: TZ I (q~ -hJ t 4- Ja:h 4 h ), O[ ~:; TI (j K, h), C == TI (h., h ). 

3,Itec::ó <l)(~ - Roapqnn:aeHT Tenn:orrpOBO,1J;HOC TR, (5 re ,([) Ke - KOa<MMn:a

eHTR CIlHHOBofi .zm@!.y3Jm, A , 5 , C(f) - KoacIx!M.qReH Tl1 CIlIDfOBOY BJl3KOC
.(4) , lil ~
 

TU. Bl:lpaJIteHIDr MH rrOTOROB Jo K ' J'( ,L li" 9CJUl rrpmnwaT:& ao BHH
M8mI9 (5.31). BM9IJT mr.zt
 

0(4) 1 
J~I<. ==:- T ~)(t' VeT - Dl(t 'Ve h + nK A· V J 

I 

e e 
'(4) • 

(5.32)J'" :::: - ~te . ~ T - G~ . Ve h+ Bnl( Ve Je 
~ . 

Lq> = - nK , AÇ'rT - n~ e, VI( h-+ C v",J ~
 

--...

B R30TpOIIHOM CJIyqae IIpR p"" o R3 (5.32) eHe,I\YeT 

I (~) 1 
JOK ::: - -T Cf v".T <f). Llh (5.33) 

'(H 
(~) .

J K = - ~ VI<. T - cr 9" h 
'I Ltp::: e Vt<.J/( 
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· 8TOT' CJIytIatÍ COOTBeTcTByeT ROJIJrnHef!PHO~ MaI'HeTlIKY(p =::O) II xapas
TeplIsyeTC,H 4 rome'l'WIeCIGIm K08~eHT8MII. CTpYKTypa nOTOKOB (5.33) 
cosnanaee c peSYJIJ:,TaTaMII paOOTH [18] , no.ny'tlellHaJl1'l: 1'I:S (fJeHeIi1ffiOJIOI'iftIeC

KlIX IIpIIHIl;FInoB. 
OTMeT~ B saKJII(JqeIme, 11TO eCJIII BMeCTO iIem:eIHBHoH cpens BMeeT

CR pemeTKa, TO qx>pv1YJIH (4.4), (4.5), (5.25) OCTaIDTCR rro-npeJmeMY cnpa
Be,II)IHBHMl'I, O,IUIaKO B BHP8JlteHIDIX )1)I.ff romeTKtleCI<JiIX RO~Il;FIeHToB (5.27) 
non onspanaeã Sp CJIe,IQTeT rrOHEMffi'l> orepara» Sp, BKJII0118!OIItyro B ceõa 
nononaareasaoe ycpe,n;HeHlIe no methte pe IlIeTICPI (CM. pasnen 2). 
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TEMAT"qECK"E KATErOp"" nYSnHKAU"" 

OB~E~HHEHHOrO HHCT"TYTA H~EPHYX 

"CCnE~OBAlli1" 

HHAeKC	 TeMaTHKa 

1. 3Kcnep'~MeHTanbHpft ~~3~Ka B~COK~X 3Hepr~H 

2. TeopeT~4ecKaR ~~3~Ka BWCOK~X 3Hepr~H 

3. 3Kcnep~MeHTanbHaft HeHTpoHHaR ~~3~Ka 

4. TeopeT~4ecKaR ~~3~Ka H~3K~X 3Hepr~H 

5. MaTeMaT~Ka 

6. RAepHaft cneKTpOCKon~R ~ paA~OX~M~R 

7. ~~3~Ka TR*en~x ~OHOB 

8. Kp~oreH~Ka 

9. YCKop~Ten~ 

10.	 ABToMaT~3a~~ft o6pa6oTK~ 3Kcnep~MeHTanbHWX 

AaHHWX 

11.	 BW4~cn~TenbHaR MaTeMaT~Ka ~ TeXH~Ka 

12.	 X~M~ft 

13.	 TeXH~Ka ~~3~4eCKoro 3Kcnep~MeHTa 

14.	 ~ccneAoBaH~R TBepA~X Ten ~ m~AKocTeH 

RAepHWM~ MeTOAaMH 

15.	 3Kcnep~MeHTanbHaR ~~3~Ka RAepH~X peaK~~H 

np~	 H~3K~X 3Hepr~RX 

16.	 A03~MeTp~R ~ ~~3~Ka 3a~~TW 

17.	 Teop~ft KOHAeHc~pOBaHHoro COCTORH~R 

18.	 Mcnonb30BaH~e pe3ynbTaToB ~ MeTOAOB 
~YHAaMeHTanbH~x ~~3~4eCK~X ~ccneAoBaH~H 

B CMe*HWX 06naCTRX HaYK~ ~ TeXH~K~ 

19.	 6~~~3~Ka 


