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ITOeJliiC..llOBi-18 

~eC~ Tipe~raeTCR TIOC~8~0BaT~bHOe H3ADZeHll8 M8TO~ BTOpaq
EOro KBaliTOBaFJ[ff, pesy~TaTH KOTOporo illHpoKO HCTIO~SyDTCH B C0-
Bp€M8HHOit KBB.HTOB011 CTaTUCTKG:8CKOa q?.iSID\8, T80plli! TB8p.I40rO Te.na, 
sa.na't!E.X TeOpllli MarHeTHsMa~ TeopHY- I.LBsepoB a .u;pyrn npo6Jiemx 
T80p.Ki1 MHOr.IU TeJl. 

CJI8)zy'8T 3aM8T.id:Th, 'G:TO M8TO)l BTOplr'lHOI'O KBB.ETOB8.1ilU! BOSllilli. 
0AE0Bp8M8a~O C OF.OHU~TenhEO~ ®oPif~~poBKO~ KBaHTOBOn M8X&BnKH 
B DaCioTax JM:oa¥.a, ¢aKa H .iJ:arHeoa -37, O;ItHa.KO Da3BHBa.T:DCR OH - - - -
Ha.l:Ja..1 B ITOCJI8B08¥..H08 BD811F... B BTO.i! CB5!3li 4!Y'P.,!$M8HTa.JU,H08 3Ha1:!8ffi'le 
ru.:eeT pa6oTa EoroJJroo~/ 4/, nocBJlll!eHHa.H MeTo.lJY BTopwmoro KBa.HTo
BaHKH. Pa3p8dOTRB pgna 1~T8YATKq8CRRX 'onpoCoB hl8TO~ BTOpMU_~oro 
KBah~oBaEKF.. rrocBHmeHa KHKra EepesHEa/5 , r.u;e acnonbsyeTCR ecTeCT
B€HHEB. p8a.Jil!3aWf,H. TipoCTpaHCTBa COCTOJn:i..Bi KaK npocTpaHCTBa 4JYHR
UHOBa.JlOB oT ®YHKUH.i! onpe.n.eJ.IeHHoro 'l!HCJIB nepeMeHHHX.. 'l'axoi! no,JUO.J:l 
ll03BOft~8T DaCCMaTpHBaTh ~'G:H BTODKqHQI'O KBaHTOBaHHE KaK ~qa 
KBaHTOBO~ ~exaaHKH C Ue~OHB~ ~CAOM CT8TieH8~ CBo60~. Ef 51 
OITHCHBaDTCR rrpocTpaHCTBa COCTORHHi H DpOCTeftmae onepaTOpH Ha 
HKX, YCTaHa.BJIKBa8TCJi CB.R:S.b MeJU!Y BeRTOp&ti! l! @'"HKUHOHaJISMK,. one
paTOpaMH .1! ~OHa.JiaM:i!. 

liacTO~ ITOnxDA,. B OTJ~e OT paaee HSBeCTHHX, oCi~eT 
60Hbmea o6~0CT~D, ITpOCTOTOtt ~OKa3aT~CTB ~ 8CTeCTBBHEOCT~ID 
ITOCT!lHOBKl! 3a,l!a'!. B Halll8M no.zomn;e W o6CY.IJ.I!M C e,J(l!llOl! TO<'.Rl! Bpe
HRH ~6HTaJThHH8 BOllpDCH, BOSHlf:>ta.IIl!U!e llpH l:1CIT0Jll.30B8.!li!Jd. Al.8TO,lta 
BTOp.KlUIOI'O IrnaHTOBa.HKR:. Or?.IeTmu, tiTO onpe.ueJieHH!::rli R.HTepec x Ta
KalW ITOCft.8AO~Ten~HOt~ R3ft.OEeHKn B03HHK B CBH3.1! C oa3Bl!TH8M 
M8TO,Ita. annpoxcm.m.pyiCJlll!X raM:H.Il1.TOH1:18.HOB"6f 1 KOTopl:lil- l!illp0lt0 l!CIIOJilr
syeT npeJJ;CTB.BJieiDie BTOplRHO!'O KBaHTOBBliHff. K TOM] Ke B 60Jibl!!liHCTB8 
yqe6HHX noco6Ma no KBaHTOBoA MexaanRe H CTaTHCT~ecxo~ ~aKKe 
CO CC~OA Ba rpOMO~OCT.b BgqHCJJ8liHA ~CTO nepeqgcRHDTCR H8KD
TOpHe pesy..llhTaTH MeTana BTOp~oro KBaHTOBBHHR, ROTOpH8, RaR 
npaBWIO, mrr'JIJtitHT q.t)_piJa..ilhHO H He 38.Tparlmam r.ny60KOi!: ¢JH:31!'ieCKO.it 
c~OCTH aToro BSEHoro MeTo.n.a. 
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B :a:snaraeMOM s.uec1:. no.n;xo.ue y.n;enHeTcR BHHMRHHe npeo6pasoBBHHD 

.JJ;IH1a.MHti€CKHX B€JI1ft!HH R npe,IlCTaBJI€HR10 BTOpH'IHOrO KBaHTOBa.m!H 

(paCCM8.TpHBam'Cf.l CJIT!Bl! npe,I{CTaBJieHM ~lllTlfi!Bl:lX, 6ImapiDU R $
KpaTHHX BeJlattldH C IiOMOD.(l:.ID pR.U8. HOBHX JieMM:). l13yt:r.aJDTCR C)!CT8Mbl, 

COCTOffmHe H3 HBCKO~hKHX COpTOB ~pMKOHOB H 6030HOB. 06C~lDTCR 

ypaBH€HHR ,UBKEeHHR ~ BpeMeHHoi 3BOJIIDUKH orrepaTOpHHX ~~' 

CTpORTCf.l ypaBHSHKH THnB "CaMOCOrAaCOBBHHOrO IIOJIR" B onepaTOpHOa 

¢QpMe. rlSJtialO'l'CJI Ta.KS.e CHCT€MH, COC'l'Omi(.lie H3 HecROJiblUiX COp'l'OB 

(pepMHOHOB H dosoHOB. llo.upo6Ho HSJioxeH pF...IJ; H,I{ei, CLl!l!SKHX MeTO.rtY 

BTOplNHOrO RBBHTOBBHH.H, IIpKM€H.R:€MHX B KIDiSTWI€CK02 TeOpKH KJIBG

CKG:eCKOrO rasa. 

lmcTo~e Jie~ 6HJIH npottnTaHH B xa~ecT:se cne~pca BB ~SH

'leCKOM (p3.IcyJThTeTe fo['Y HM. M .. B.JlOMOHOCOBa. B TBKCT€ MeCTB.M.H COX.pa

HeH JI€KUHO~ CTKnb. 

§I. Ma.TpHtiHoe npe.n;cTaBJieHHe crum.teTplittHHX .Uld:Ha.MHtieCKFIX 

oneuaToooB 

PaccMoTpHM ,Il.i[}iaMKqeceyD Cl:1CTSMY H.s N O.D.HH.a.KOBHX tmCTHI.\, 

COCTORHHJI KOTOpoA xapaKT€pH3YDTCH BOJIHOBH1lli ~HKqKHMH: 

f'J= 'f(a:,,. · • JOn), (I. I) 

38BHCR.filiDI.111 OT nepeMeHHl:lX X:~, ... X,v • 3.n;ec~ Xj - COBOKYTIHOCTI:. 

npocTpBHCTBSHHHX KOOp,UKHBT H .UOIIOJIHHT€Jll:>HHX KBaHTOEUX ~zceJI .n;nH 

j -TOi1 'tffi.CT:mll:l: 

/ 

(<) 

r.11e ~ Gi:W)- .IIeKapTOBY 
OTBeTCTBJKJ!tM€ "BHYTp€HHHr.r1 

X: (9-,J!) ~ = ( ~ "'; % ~ ~ 1<1) • (I.2) 

KOOp~KHaT~, a Y - KBaHTOBH9 qJ!CRB. co

CT€ll€HH.M CB060,IU:l" 'la.CTKU,Y. EcJm Ta...Ue 

CTeneHH CB060,Ubl J'I}ITl:tBaeM,.mmll. 3Ma.BaJI CimH lffi.CTID:::l;H~ TO B 

Ka.'lf:ecTBe )J Mono :sSRTb npoerouno emma HB oc:b 2 .. B aToM c.nyqae 
.ll,JIR tiBCTWl CO Cru!HOM I/2 HMSBM )J .= ±f , ,lJ,JIR 'IS.CTHU CO CllKHOM 

I dy.IIeT V =-I , 0, +I R T • .I\. ~ 6eCCllRHOBYX ~aCT~ p B006me 
He BBO.UHTC.fi, H ,IJ,Jl.H ID1X X-= ft. ~ 

COBOKYTIHOCTh napaMeTpOB (1.2) 6y.n;eM HHOr.n;a OdOSHaqaTI:. TaKES 
J 1.> I 

6yxBaMH X • d , y c COOTBBTCTBY~ HH)l,9KC&.91, YK83l:lBB.IIIlHW! 

"HoMep" qacTHqU. ile~ecooQpaSHO 6y~eT BB9CTH e~e IIOHHTHe "~e

rpHpoBB.Hi:lfi IIO .X ", onpe,lleJI:I:rn COO'I'B€TCTBYKI!lill:t KHTerpa.JI KaK 
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Rh'"Terpa.n: IIO BCe!JlY npocTpa.ECTBJ tj. BM€CT€ C CYJ.!MRPOBB.Hl!eM IiO 

.UKCKp€THOl.'JY HH,D;excy )) : J 
rr. -Jti.Lr = L c-. -).!t / (I.3) J I ()J) dj. ,/ j</_;_t2J_jj1) 

BBe.n;eM 'ra.KE€ 6-®;y"HKltHIJ: = ""'}' _,p r . 

o'(x-x1 = [(~-~1./rY-/). (I.4l 

r.11e l(~} - TpexMepEaE \WEKIIJ<Ji AH]laRa, J(y)- Cl!MBOJI Kpon:eKKepa; 
MH Be3.Jl,e 6y,D;€M HCiiOJJ1,30BaTI:. ,IV"!.H: CHL!BOJIE. KpoHeKB:epa TO ze 0603Ra

tte.HHe, l!To K .n.m:r d -®"~ ,UHpa.xa; aTe Be npKBe;u;eT K He.n;opaay

MeHHD. Ta.K KaK y Hac ap:cyJ.!eHT y Cl!MBOJia KpoHeKKepa Beer)$. ){HCKpeT

Hllll, a y S ~ i(npaEa - Bcer.~~a Henpepmnwl!. 
flHor~ 6y,n;eT Y.U06HO o603Ea~T~ BCD CRCTBMY ~ -OB (Jfb-·XN) 

o.I~Hoa 6JXBol! X , Haiipl!Mep, If= 'I' (X), 

Jr. . .;Jx = f(--Jk, ... k,. cr.s) 

PaccMoTp¥.M Tenepi:. YpaBHemie llipe;umrepa .1WI BOJIEOBl:iX @Y'fficrl.H¥. 
(I. I): 

it }~ = 1-1 'f. Jt (I. G) 

Tax RaR BC€ 'tffiCTm!l:l Ha.!IIeit ~SCR.Oit CHCTSMH O;:umaKOBH. ras.ruJ"J..b

TOID!BR H He MOXe:T sa:a:aceTlo oT cnoco6a l!X :ayuepau,ln!, 'I'O eC'I'l! o'l' 

TOre, KaKYD ttaCTKUY Cl!dTBTI:. nepBOtt, KaKYD BTOpoA B T .. ~ .. , BB~ 

~ero OIIepaTOp i/ ,Zto..n:EeE 6HT:D C.i!MM€Tpl!t:IF..m.1 (l!HBapl!B.HTH!iM) !IO 

OTHOmemm KO BCeM II€peGT8HOBKaM p M~ lffi.CTlW,.a..MK. 

CxaxeM H€CKOHbKO CROB 0 ~~HOM onpeAe~eBHR CBOiCTBa 

CID.m€TpHlJHOCTH onepaTOpOB no OTHOmerum R nepeCTa.HOBRB.M P .. !lyCT:D 

2) - HeKoToplll! onepaTop, MaTpl<'!Hoe X -DPeJICTaEJie!llie ROToporo 
6y.11eT JJ(x,X'). Tor.11a • 

~ fli~ "' j:?J(X,X) WX}ctx: 
OTK;YAS 

( 2JF''P)x = f 'J)(X, XJ rp(p''x1dX'. 
CoBep!lllW: B l:!HTerpa;re j CTO.E:IneM B IIpaBOi l!B.C'Iii, 3BM€HY rrepeMeRH!:lX: 

X/__, PX' 
d ' . 

O'leBBJUiO, He MeEE:l!:ley"D X . I!O.JIY'I.dM 
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• 
(2r'ft?{ = fZJ(XpX)IfJ(X1d.;( 

(( p JJp-'i'f) = j j) (PX, PX/ fp(X)tlX/. 
Ta.KHM odpa3oM, X .2( ~&'J6y.neT MaTp:K'l!Hl:Bvl X -npe.n;cTaBJie-

HRCM wm onepaTopa p 2Jp-; .a Hao6opoT: 

P2JP-' ~ 2J(PX, PX~. (I. 7) 

liaK BJW!o, 2J (f.?t"?X}IpencTaBJmeT codo2 BHpaoeH.I!e ..BaX/JnoCJie 
TOrO, KaK Hall HOMepru;,J,! tiaCT:w.t l ,2 ,3,. • • COBBplll€H8. nepeCTBHOBKB. 

p. 
iloaTor.Jy ,1J.JIH. 

h-yMepauHH '!8CTV..U, 

rrepeCT8llOBK8M .P 

Tore, ~TOdN orrepaTop ~ He saBHCe~ oT cnocoda 

T. e. dblJI CIDJIV!8TpKG:HNM ITO OTHOill8IDUO K mc6w.1 
, HaAO DOTp860B8Tb, '!TOdU 

2) (?X, PXJ == 2J(~ X). 
c.ne.nooo.TeJII:.Ho, BBH.ICY (I. 7) ycJioBHe CRMMeTpirn onepaTopa lJ no 

OTHOIJJeHl!JO K nepeCTaHOBKaM p dYl!ST 

PJJP-' = 1J 

~um (I.B) 
PJJ <lJ.P. 

TaKID-.> odpasox.;., raw.JUI!:>TOHHa.H H , dy:rr:yq.H cm.iMBTpKtiHNM, .z:tOJIJiteH 

KOM!.JYTHpOB8Tb CO BC8M>1: nepeCT8HOBKB.Mll p , KOT0p1I8, CJI8,UOBa.T8JibHO, 

OK83NB8IOTC.fl HHTerparraMld ,II;BIDit8Hl!ff: 

PH -l-IP = 0 . <I.~J 
Bos:oMeM KBKYJO-JIHdo TpaHcnos~lO T, TO ecTD rrepecTaHoBey 

TOJlbKO M81JJJY MYfviR HepaBHhlMH 3JI8M8HTB.MK r Ha1IpiD.18p, i -TW Hj -'rJ:IM, 

paCCMOTpill.rl ,ItBa C.JIY'ffiR: 

A • .UonycTHMl:le BOJIHOBHe ~ cm..n.teTplNHH. Tor.n.a ,JJ,.Tlll JJiOCioit 
Tpa;H.CTI03IDJ,ID1 7 Cp€,Il;H ~' ,._ t('N 6y,IlBT 

'T!f!='P. 
nocKOJJl>KJ )ll)ja;: nepecTa.HoBKa P cpe.r~a N aJieMBHTOB no.nyqaeTCR 

nyTe:U: IIOCJie.1lOBaTe.JIIJIOI'O rrpiD1!8H.el.IIDI T]_)a.BCII03llillifi,B .lla.HH.OM CJIY-
T.Iae m.1eeM TaJOKe ;v.ra: .Jll()(5oro P 

P'l'=f· 
(I.IO) 
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E. ,ilonycTm.me BOTiliOBHe @1~ aHTHCIDtiMeTp:ntrnH. Tor,®. 

T'P =-If 
:if TIOTOMY .1l)If.!: JIIOCSO!'O p ' 

p 
prp = (-!} · l.fJ , (I. II) 

p 
!',ll€ (-f)= i , 8CJU! I!epeCTaHOmta £t 'G:BTHB.H, T.e. COCTOKT H3 't!BT

HO!'O '!~W..118 Tpa.HCTIOSnuffil:, H {-f) =-i, eCJIH p H811:€THafi, T.e. 

COCTORT H3 H811:€THO!'O ~CY~ ToaECI!03~. 

1JOCKOJIJ:.KY p E:BJT.Jm'I'CH- i!B.T8!'p8J1&fi! ,llBKEeHIDl, TO, 8CJTI! COOT

H0@8P~ (I.IO) KRli COOTHOilleHRS (I. II) BHTIO~CH ~~ RaKoro-To 

O,!L.~OrO MOMeHTa Bp8M8lill, OHH OCTa.HYTCJr CI!pa38JV.iliBW.ll! BCBI',lt8.. Ta
ru!M o6pasm.:, C:BO~CTBO CID.3=!8Tpm!: BO.m!OBHX i!tY'~ H CBOi!:CTBO a.E:TH

Cl!MM.eTplrn :ax He HSiilerurorc.n: c Te':IeEHeM BpeM:emf. DTc~ B03El!Ra!OT 

,ll.B8 B03MOZHOCTH: Jl;.I"'.H. H8KOTOpNX 'q2,QTiill. BC8r,ll8. pea.mrnymcs JIHl!Il> 

CIDilMBTpJ:!lliiHe COCTO.liHIDi 1 a .1l.i1Ji MJJI'illt - TOJI:bKO a.HTHCIDI.MSTpH"m!te 

COCTO.FJill.'i. 

dTz ~e B03MOEHOCTH rrpHBO~ K pa3J~ CTaTHCTKKaM: 

CT8TllCTHKe Bose, IIpi!:i:i¥.!.iB.mte2: 3 R31:18CT38 ,!{OnyCTHMi:iX J"D!llffi CIDa.iBT

plfi.HHe COCTORHHE, ll CT8THCTill\:8 %PMH., llp.lffil:!Ma!illi82: B Ka:qeCTB8 

.z:tOIIYCTID.WX J.IliTili:, a.HTRCID.Thl8TpK1liD:le COCTOmnffi. KaK T8!!8p:b YCTaHO!r 

ne50, ~Ce ~0 C~X nop M3B8CTEN8 qaCTHn~ RBASDTCS HAM 60-
30HaMM, T.e. TIQAqP.HSDTCS 

no~qY.ER~~CS CTaTY.CTHK8 

CTB.TV.CTKKB Eoae, 

9ep.MM. TI03TOUy E 

RnV. ~ep.YMOHaMB, 

.E;a.1bHeameM l!l:l 

orpa~qn:u:c~ paccuoTpenHeY to~~xo yxasa~ux ~yx C!iyqae~: 

c.nyu.aa ! - c:m.a.ieTpztlii.HX BO.IDiO:tiHX ®'HKWiJt rp CE.CTetni O,W!Ha.KOBHX 

'laCTJ!ll, H CJlY".M ;§_ - a!!THCl!MM8Tp~ BOJlliOB!iX ~ If • 
CKaXeM H8CKO~KO CJJOB no DOBO.z:tY B03M03EO~ KOHCTpyxqHR CKM

M€Tp~ onepaTOpoB. 

Bos:oMeM HeKoToplili onepaTop A , nel!cTByiiill'l! B8. @1HKI1lw \l'(a;! 
o.ItHo:a Tol!KH X , a o6o3HS.1:IIDA l!epes .A(X, X/ cooTBeTCTBYJlllYD 

Ma:Tpmzy B X -npe,.u;cTaBJieHID! • BBe.neM onepaTop .1J , npe,ttcTaBJili

IIill'l! co6ol! ToT ze onepaTop It , TOJThKO nel!cTBYJl!ll!ll B8. j -TYID 
TO"tUey". lloJ'llioe MS.TpnEoe X -npe.n;c'l'aB-o1eHI!e ,ll..lm 1 MB IIOJ1Y"flJiW~ 
JMHOD..Ii Jl {x; 1 X J} Ha e~ MB.Tp;my, .tte:AcTBYDitYD Ea. OCT8..lil:>lme 

apryMel!T!<: 

.!& (X,X') = fi(X;JjJJ} [(z;-:cz/). 
{i=¢J) 

(I.I2) 
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IIeTpy.n;Ho aru.ieTHT.b, t:ITO ec;m: cpe.n;H (Xt_,~~· :r,.,) , (X/_, .•. X../) w 

COBepmHM O,lJJ-ty H TY Xe nepecTaHOBicy P , 3aJ,J€HHiliiYD Xj , .}::; ~ co-

OTBeTCTBeHEO H8 Xi , X/ (i= f) , TO H3 .fl. (XX) DO~l!M 
B pesym.TaTe /!; (XJ.) : J J 

~(PX,PX')=.Iflj(X,X') (I.I3l 

~ BB~ (1.7) 
-I 

PA.P =flo. 
J lj 

CJie.n;o:sa TeJibHO,. 

p L /ljP-I == L Ar. .. 
/!{j~N f.:GjstJ J 

(I.I4) 

Ho KaXOB8. 6H HH 6HJia .Il8HH8Jl rrepecTaHoBKa P , xor.Ita / npo6eraeT 

N 3Ha"t.Ieliillt , j=1,2,..t/, l!5,Il;eKC !] npo6eraeT Te xe 3HB."t.IeHl!.F.!., 

TOJIE.KO B ,llpyrOM DOp.H)lKe. l108TOMY 

2 .Ap. = l::.!i; 
l~j.:<;.N J /5)$N 

H, Ta.KHM o6pa30M, onepaTop 

!)J = L, j). 
Is]< J 

Y~OBn8TBOPff8T YCROBH~-cHMMeTpKH: 

(I.I5) 

P2! F': QL • (I.IG) 

OnepaTopH /)J BIUta- (I.I5) ycJIOBHMca: Ha3l:f.BB.T:b cm.weTpKG:HRMH 

~HTKBHHMH onepaTOpaMH. 

BOS:bMeM HeKOTOprdt orrepaTOp 13 , .It€1-iCTBY~ Ha illYHKrJ.HIO 

rpf:J; 1/) ABYX TO~eK, ~ 0003Ha~HM qepea l3(a:;y; !/: q:if) COOTBeTCTBylli(ee 

Ma.TpKtiHoe npe,rwTaBJieHHe. Ey.neM paccr.ll8.TpRBaTE. TOJl!.RO c~ CHM

MeTp""-lillX 13 , KOI',lla 

l3(x, fj; y;:r; == 13(!1,2:/J":y'J. 

BBe.ueM o!lepaTop JJJ,~Jz.' ~CR orrepaTopoM 

IUJ!M Ha J I -Till! l! j2 -Till! 8pryMeHTH BOJIHOBOll \llYHl<mll! 
J3JJarO.Il8pE: (I.I7) (3. ·= 1J.. . • !loaToMy dHHapHill! 

'Jt .}2 1z,J f 

MOKHO 

03= :> 73J,,J; 
1 ~ ');:;"h s II 

npe,ncTaBHTh Ta.KXe B qcpr.;e 

8 

(I.I7) 

2J , .ll82CTBYJ>

If('r;,". :.r,) • 
onepaTop 

(I. IS) 

'li'?=__L'' 73-J 
q,J .2 ~ .Jt~ :E. 

(!~vi~# .;/S)z·5N.i/~*J~) 

(I.I9) 

BoSJMBM DOJIHOe Ma.TpHt:IHOe np6,I{CTB.BJI€ID!e "l? , . crx.'J IIOJIYI!8.mt.€eCn: 
/:JJtJi.l ..J7 

B pesymm.Te y>mo"""""' m-rp;u;;~ l3 '2:, _.f ; X. J( J Ha •Jii!lm'lBYID 
(//(,1 :IJ h,J 7r/ 

MaTpll!JY DO OTJ!Olll8lil!ll K (- · Y, ... ) (f=;& ./;,).. }; 

OTc~, 

TO eCT:b 

Gy!;m!pys 
(I.I9) 

1J . rxx~= 1]/;r,.z ;;:; .r-)111&..-x.'J (1.20) 
Jf1 /z " J ('-':1', ;u ./.t, ./4 (iJI· .' t • 

A ,,,,,,JJ 
Ka1t ¥. B c..nyqae OIIepaTOpOB J1 , Bb"TeKaeT, 'G:TO 

11· . ( PX PX/ = B. ( x x-J. <r.zrJ 
'lt.,Jz 'P;,, f..l. " , 

P8 'P'=fJp, Do 
Jf,j~ jfll; 

3.J(8C:& ITO :BCeM paw,zo.mw. ~,/,= J, ... 'fV , DOJJY'D!M W.al'O,llapE: 

P'£P-J==..!. 2_ 13 
( 2/~j:::!E:!J,. F3,!~·!1. • 
~fs)~;5-/ol :f1~h.; 

(1.22) 

Ho xor.ua j~ n }~ npo6eram 3Ce CBOH pa3JilrtU!He N/);-1} 3Ea.t!emW:, 

R , P: noo6eram Te ze .s:ea"G:eiDf.f.!: 7 TOm:.ItO B .1U>YI'OM nop.E'.!Ute, 
Jl h. -

~ llOTOMY K3 (1.22) C~enyeT 

PtE p·• = tE • (I.23) 

ilTaK, 6mm.p.ffi::di onepaTop (I.I8) JiBJ'!.?.:eTCF.: CimM8TpwnrnM. 

HeTpyl!.Ho 6Y.IteT H€CR.o.1ll>KO o6o6£nKTl> OTIHC8HHH8 IIOCTpDeiD!R B. 

BBeCTH B paCCMOTpenne CHMM8Tp~e onepaTOpH $ -KpaTHOro Tzrra. 

ilyCT:b s 6iy;!l.eT H8KOTOpH!.l: Ci!:M!leTpi!rG:Hmol onepaTOpoM, ,lle.aCTByn

IUJ!M Ha \il)'mClllm fp( !/,, ... 'fs ) OT S TO~eK. 0d03IDP<KM qepeS 

) 1=1, 2, ··- N, 

::::: ,J~oF~ SJ~}···I~ ' (1.24) 

.i#=.i~2J .•• N I 

TOT ~ onepaTop S , Tom:.xo ,lle:a.cT:a~ coo~eTCTBeHHo Ea.}, -TI::rli 

••• Js-TID!apryJJeHTH BOJ!HOBOl! <!ll'El£11llli \)'(X'r, ... xN)• BBe,lleM s
KpaTHl:rli onepaTOp 6(s)• llOJIOXKB 
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Gfs)= L $Jt,··-ir • (1.25) 
(!.5J;<;~<~. · <Js~ N) 

TaK KaR s RBM8TCR Cl.:!..MM8TpHtUim.1 onepaTODOM, Bl:ipaJKeiDie Cl. / - ~--J~ 
HHBapHB.HTHO ITO OTHOUI8HHIO K JIKX:50it nepeCT8HOBK8 M8!0{Y HHJl8KC81.lll 
j

1
, ••• j

3 
• IToaToMy GCS) MOJKHO npitrBeCTH K 4>opMe 

G(S} = ..!...... ) s. . 
.s I L_, :Jt, ···J. 

( Is),"-':') 
J • .,.)_,< 

(1.26) 

06osnaqmvi qepea S ( Yt_,. •. y_.; Ys~-y')npilliliToe r.1B.TpKtrHoe rrpe.n;cTaB..'!eHHe 
onepaTopa S· TerM, KaK H paHee, 

~, ... J/XX')= S(:;;,, ... J;;,;.rf,, ... If.J!Jt~-x,.1. (1.27) 
(. '" . ) O'I'Ry,na \!-# ~,···1s 

5;
1

_. •• ;, (PX, PX1 = SfJ,···P;, (X X/ c1.28) 

H.'lli 

p ~r-·/~ p-' = Sr,i,··l, . 
BB~ (1.26) OTC~ DOJIY"HM 

P6cs;_p-l;: ~L S. . = Grs~ 
S., . ?,,_ •.. !',, 

(~"'J.,>:N) J-Fi,. 

(1.29) 

ilTaK, S -ItpaTHa.H .llllliaJ.nrqecKB.R: :ae.nWil!Ha, npe.n:cTaBJieHHB.H 
BI:l_paKeHHeM THna (!.25), 6y.zteT CHMMeTp,H"qlWM OIIepaTOpOM. 1{a.x B~O, 
npH S= j OHH nepexOl!HT B a.zmHTI4BHYKl Be.JII<'l:l!HY, npH S ~ 2 - B 61Ul!lp
HYJO. 
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YCTaHOBKM CS~C, OCHOBHBaffCh Ha COOTEOllieHHH (1.28), 0~0 
Ba3H.Oe T~SCTBO, KOTOpoe B ,1la.m.HebeM 6y.TI:ST HaM:!.! HCITOJil>SOBa.EO. 

ilyCT:b ))(X) , !fJ(X) - B:al!l!e-TO .!(Be BOJ!HOBHe @YHKJ11!ID H.1ll! 06e 
CHMMeTpiDnme, IDru o6e aFfl!CEMMeTpl!1m!le .. Tor,na, Ol!SBK,IUID, B o60HX 
CJJY"BJiX 

-}(PX)IffPX)= J(X}P(X) . (1.30) 

PaCCMOTpHM RHTerpan 

!JrxJ ( 6{S}V!)x dX = [J (Y)((/t'J( xFtfXJ tiK IK 
HAH, ~Th~ npe.ucTaB~eHKe (1.25), 

jJfxJ(6~PJxcLx ~I fow ~,..c:r:x/wxJJ:(IJJ"(I.31) 
f~ J1<J.z <··· <_1;5 N 

Bo31>MeM J<aKOll-l!J<6y,!U. OT.I(em.lillJ! 'l.lleH B aTOll CJMM8 l! COBeplliliM B 
RHTerpa.ne 38MeE:y nepeMemm.x: 

x-o>o ?X; x~ tx. 
IlOJIY" 11M 

jJ(X):!v,, ... jX,X) PrXJLY~ = 

= fJrPX) ~,,.7/P.X; PJJr/(tX/~'lK. 
0rCJllll> R Ea OCHOBaHID! (!.28) l! (!.30) Bl<Jlo:M, 'ITO 

jJ(XJ%,. .. 1,(){XJPfXJ~~~ 
= ]J(X) ~~···f},f.X;() PfX)r/KdK. 

3,n;eCI, P-npoKSBolfbifBJi nepec'l'aB:Omta cpen(1_,2,. •. !1 }. BH6epeM ee 
TBl<ltJIH~j 1· , 'ITo61i P,. j D-2 D S ~.) •·• S J ;;: / r• - ~ • •. IJ I' ~ • f J.jo , 'J 
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TBKHM o6pa30M1 y6el!JJ;aeMCR, tfTO BCe 'Uielill B CYMMe (1.31) O.llHHaKOBl:l 
w paBHhl 

fJ {X) S1,2, s (XXJ WX)N JX. 
liocKO.iiDKY tt:acJio pa3.iiHtf.Hl:lX ;; _,)

2 
~ • •• j .t , y.uoB;1BTBOp;,LII$U HepaBeH-

C'I·BaM 

SOT!:. 

1~J1<j2<J~<··· <)sO:N, 

N (N- I) . . . ( N- s + I) 

S! 
Ha.XO.z:tHJ:,: OKOWIBTB.ill:.HO 

jJ(X)(6 15)P)xrkY ~ 
=N{i{-tJ··J:-s+l) jJfXJJ;,2,../~f/Wt1cif'/,t · 

(I.32) 

3amuueM aTo T03JleCTBo B do.nee pasBepeyToii g;opMe. YttHTHBao:r B!:ipa.ze
H"e (1.27) JJ.;ll S [V ;(), l!MeeJ,; 

'1; ... sv 

[Jra;, ... :t,;) MS)~lr, ... x. dtr,, .. ,k,_ = 

_ )l(i/-f) ... (tJ·S+I) (JfN' "") rt '7. Q'. :t,' :r')fn(:./"/ ... :r:;y;H .. J',,)~ - s;! JUIJ.l~·,.J.N,..) f--4,, .. J' s) ... ' 'f'. '' .t (L33) 

®~- · dx; rht<r h:,J. 

0TC!Qlla, B3RB S= 1 , no.nyqm.; .llJU1 a.,JJ.Il;HTHBHHX orrepaTopoB 

s J(:v, x.) (Pi rot,, . ... th,' ... rk-. = 

= N f,yrx. r.)/l(:r",:x;_/)Wrj,x, ... :L..,)dx;dx,. 4.., <r.
34

' , 

12 

npH S=2. Ciy,ueM HMeTI. ]l.li.f.l: 6HHB.pma. onepaTopoB 

( ?(:r, . :;:., ) / ffJ f) cia, .. dLc, = 
jv'l J {1 ~, ••. .;r# (1.35) 

= N~-1) [Jra-,, ... :r,J 13 {2,,z,;x;:X,)fff.:c:,:r~:tJ ..• :r;}l~!'!f£~·· 

COOTHomeHRH (1.33), (1.34), (1.35) 6ypyT .I!CDO.l!I>30Balill .l!Wlee )J.;JH 

npeo6pa30Ba.ID!fi ~ecKHX nepeJJSHHHX x npe,ucTa.BJieHH!l BTOpKtiHoro 
!tBB.HT03BHHR:. 

Odpa.TZM.CR Tenepi. x I'a!diD!l>'l'OID!a.BY H . B o6Ht!HHX ~lffiX 
KBaETOBOil Mexa.mnrn: C:I!!CTeMH o,IU!HaltOBiiX l!B.CTBJ..t rru.l.WThTOHRa.B H co
cTOKT :Z3 a.zutl!T:BBHOfit CRMMe'l'p}!q}!O! CYMJJH. ~ 3H8prd 
-qacTHIJ; K 6l!HapHOif CIDJMSTplREOfit cyMWl 3Reprd BSIDWO,ItSitCTBl!R: pa3-
Jlli'lli!lX nap 'laCTl!J:l: 

H <IJ) + L, U;,,j, 
l$j~}.l 1$ J,<-Jz:SJJ 

(1.36) 

MaTpl!Ull 

T(:r,,x,') 
/ 

U &,_, Z'z i ::r;<r/)1 (1.37) 

onpe~e~e OAE:Otia.CT~ T l! napHI:li U onepaTOPlf, .D:ODJm octna
~aTI. CBoacTBOM CBMOCOIIpgxeHHOCTH: 

r rxJ., :rt'; = T rz:, Z' J, 

U''f:x;,:r.: :C.: X:J= U(:<:r/; x., ;;:;) • 

o6ecrrettwamHM apMRToBOCTD ra.MWII:.TOHI!aHB. H .. 
Bec:E.Ma. ~. lla.CTO paccMa.TpHBB.eMHM c.nyqaeM !iBJUieTCR c;ry

'tffi.A ra..MHJI!,TOmta..Ha Blma 

~ ..).2 ~ 

H = - 2:;, 4/ + ::-: c/J f~;,- t_,) 
16J~tJ f.:5'-4<.J2 5N 

(I.38) 
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COCTOR.!Uero H3 ~il:TKBHOH CYl'o!h-lH KRHeTKtieCIG1X SHepr~ qaCTJdll H H3 

6ill!apHOH CYN1MH He 3aBHCJIIUelf OT emma llOTeHUHBJI:bHOif SHeprHH nap. 

JTa llOTe!Il..Ci~HaJI SHeprM B3aiD-,10,JJ.e~CTBlli'i X8.paKTepM3yeTCR Bell.ltCT

BeHHOfi ~HKUHefi, RHBapRaHTHOfi llO OTHOWeHHID R OTpaEeHHD: 

cp(ty) == p(-7-J. (I.39) 

KaK BP.,I!,HO, TaKO~ rar.IUJI!:.TOID'.a.H (1.38) JIBJI.R€TC.H CID.ll'.IeTpWUU:n.t one

paTOpOM BbllllepaCCMOTpeHHofi KOHCTpYKUIDi, np~er.; ,l1,JIH Hero @YHKll..ilffi.lli 
(I.38) dyAYT COOTBeTCTBeHHO 

I (x, x'J = --1-n' !J
1
! (:r -a-'}= -1, '.!!1 f (f.y)dfy-;/}, 

U (r;, :x;; .r;~r,) = r:P ft,-?e) N:z;-x;IJ ff:z;-:t; '/ = 

= cP(~,-r, )f (?,-(Jd'ftd1l~-W} /f;;,-Jl/). 
(1.40) 

li:CJB1 TaKa.H .lJ.illiar.ml.leCR8..ff CHCTer..aa Ha.XO,UHTC.H BO BH€WHeM llOJI€, .xa
paKTepH3yeJ.JOM ITOT8HU.I:ffi111HO!i 8HeprHeit U ( f/) , TO R B!:lpBKeHlUD 

(1.38) Ha,UO ~o6aBHT:b ell.le a,nuaTHB~ qneH B~ 

2, uru 
J$)<:N (1.41) 

Ho noBO.!tY raMR.JI:bToHaar..a TRIIa. (1.36) saMeTHM B SBltJijJqeH.He. l:ITO 

BOOCJID.e Cil:lJIO 6H B03MOEHO BB€CTZ B Hero e~e Tpoibwe, qeTB€pHHe il 

T.n. B3aHMo~e~CTBKff, HO aToro o6gqHQ He ,UeRaDT, TaK KaK yEe yqeT 

O;ItHJ!X TOJ!lJtO dllHB.JllillX BSaHMO;IteJ!CTBJrli llpl!BO;ItHT It I!C!<JI!lJ'mTeJll>HO 

Tpy,n;Hl:lM 38Jl8.lffiM,EOTOpl:le JRa.K rrpa.BWIO ,llHTaiDTCE: pemaTl. .IImiib C IIOMOJUD!) 

pa3JI~HHX UpHdJia&e~X MeTO~OB. 
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§2. flepexo.u oT Henpepm!Horo K ~xpeTEOMY npe.n;cTBBJiemm .. 

BBe,neHKe l.IHCeJI sanOJIHeBHH 

l.£To6H BBeCTH ITOHET:I:!e 't!HCeJI 3B.IIOJIB€El!f!: 6o ... 1ee Ha!'Jin,!Ul.HM o6pa-
30M, 6y,Ite'l' UeJIECOOdpa3HO nepeitTH ,!VIR BOJIHOBHX !ltV~ 

If= !fJ(XJ, ... ,x"'} (2.1) 

oT Henpep!IBHoro X -IIpencTaBJieHHH K ;ItHcKpeTHQ"\Y npencTaBJieHllJD. 

Bosl:.Meld ;!lJTJi aToro czcTeMY ~: 

~ (~). (2.2) 

SB,Ita.HEyD BO BC€!1.1 Tpe.XMepHOM npocTpa.HCTBe TO't!€K c;,. H 38.BHc.ffiiiYD 

oT .n.HCKpeTHoro .iUi,II.e:cca K , o6.i'IB.Itax&eyJD CBo~cTBalom opToHopr.mpoBa.H

HOCTR H !IG.TJ.HOTH: 

f ~o: (f) ~Jf)'f = /'{k-KJ, 
(2.3) .. L if:Jf) fl. {f,1 = J' (~ -r/J. 

(K) 
(2.4) 

B :Ka:qecT:se Taxo.it C]{CTeMH (2.2) Mox.eM BMTI., Ea.IIpi!Mep, Cl!CTe

uy co6cTBeH.i:ll:lx ilUh-~ .ItiDi TpeXMepnoro rapr.roiDJ'I!ecKOro OCIUi1IJIHTOpa. 

B STOM CJij""tme KE,it8!tC J<._ .IapaKTepRsyeTC.I:! COBOeyn:HOCTI.IJ Tpex D;eJlliX 
-qzce.n:. 

PacCMOTpiDd Terrepl> pa3JIOEeiD!e ~:&e .1l.7l.fi BOJIHOBO~ ~ 
QJU10.9: TQ-qruJ X : 

ip[x)= '1'(~,Y}. 

l!MeeM p . 
w:x; = .L Cf'Jy,J W'M V!J~J ,;_,. = r•J --, (2.5) 

= 2__ rt.ry_;t6-6J ILfvrz,Jt{;J-tJ ~f?Jdtl. 
(I<"J I 1)J) 'I 

!IoJia.raJI 

I= (k,G); 2/jfX)= '&(~jd(JI-6) ' (2.6) 
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TIOJ-ryt{ID;; OTCIQila 

Cfrx)= L 'If (xJjwxd{ rxJ cicr 
(/) 

.i{aK BU,lJ,lli;,, CHCT8M8. (2.6) 6yl1,8T OpTOHOpt.m:pOBaHHOfi H llOT.lHOi!: 

j ~ (xJ2/jJxJrk = J(/-/J, 

L 2/j(xJ~(xl} =d/a"-x1. 
{/) 

(2.7) 

(2.8) 

(2.9) 

llpHM8H.Hff 003.JlOE8HJae (2. 7) K ~O.r.zy' H3 aoryMeHTOB .l'.· BOJIBOBOJ:i . . _) 
<PYHKllK~ (2. I) , 6y.JJ.eM ru.;en, 

V'(x •.. X,)= L Hlt,. .. -1-,.,)'/; (:r,)---'lj (:r.,). I .,, IJ !, ... {pi 
(2.10) 

r)le 

F(l,, .. ;) = Jw!i/,. . .T.,J0, &,; ... ~ 6·,Jttr, ... .tr •. 
(2.II) 

HcHo, 'iTO F (It,..-~) 6y.D.eT BO..JIHOB01'1 {fyHKUHeil paccMa.TpH:aa.er;.o:l! 
.IJ.KHa.MH\ieCKOH CHCT9!'.1bl B )UICKpeTHOM .f -npe,!lcTaBJI€HID1 • ~j3 onpe.n;e
JI9HIDI (2~II) H€Tpy.IJ.HO 32.KJI!(JqMT:b Ta.Kllle, 'iTO ecJlli 0 - CH.t,.'lr.i9Tpif'i

H8., TO H F - Clii~.JleTpj,fqli8., ecJI~ lp - aHTl:iCHMr..:.ieTpwum, TO :z F -
aHTHcv.~.Mf,'leTplRH.a. P8.3.li04eime (2.IO) noKasHBaeT H odpaTHoe YTBepg

~emm: 113 C~"lMMeTpHH F cJie.JJ:YeT ciD.lMeTpM Y' I-!: HS aHTHC>-lMMeTpiDi 
F BNTeKaeT aHTHCID;lMeTpHH. y; • 

TaKIDJl o6pasoM, cBoiil:cTBa CdMMeTpllli H aHTHcv ... Mr.;eTpllll1 dylJYT 
O,J.V~¥.aKOB!:lMH ,lJ,JIB OdORX npe.UCTaBJieHWf. BOJIHOBO~ tW'"~· 

B .PRJJ,e c.nyqaeB; ocoderuw ,.ll.JlR SfUB"Ii cTaTHCTJ.fieCKo! Me.xaHlOO'l 

,ItKH2MH-qeCirnX CMCT6M C raMllJibTOID!a.HOM (L38), OKa3HB8.eTCJi Y.z:t06Hl:lM 
HCTIOJI:b30B8Tb .IJ.HCKpeTHO€ MMllYJI:bCHOe Dp9.IJ.CTa~eHHe. qTOdN C.IJ.S~Tb 

ID.myJII:.CH08 npe.UCTBBJieHHe ,U.HCKpeTHWA, npa6era.IDT K CJI9.IJYJ00t9Y,Y 

P.CicyCCTB9HHOJI,lJT npHetq; pa.CCMa.'I'pHM.eTCJi CMTY8.1VUio ;B KOTOpoij BC9 
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~aCTHUH HameH ~eCKOH 
6o;;1<!oro oo"e"a v: CHCTeMH BaXOAHTCH BEyTpH KOHe~oro 

_!_, ji•J L - < <- . 
:2 < ' ci=i,23 / V=c. 

(2.I2) 

B Ka"tJ:ecne rpaHINHHX ycJIOBl!:i! BH6Hpa.m TaR HB3l:lB2.eAu:re ~ecKHe 
rpa~~e ycnOBKH, TO 8CT~ ycnoBRa rrepHO~KqHOCTH BOAHOBHX qw~ 
(2.I) no Kaanoij R3 npocTpaHCTBeBHHX xoopnHHaT c nepHO~OM L: 

0\(<1/ • " " .{)· If= 'f!; j=l,~, .... -v; «'~,;.<i>, (2.I3) 
fllw; '.1 ~~ {;,.) 

r.l!e -<j - onepaTop, 38.l.!el!li!Jlll!l! f;· Ba ~ +L 11 oCTBB.Jllil1ll!l'..il Bee 
OCTa...1:t.I:We KOOp.!li!E8T!J B BHpaz8lm.H )0 HSR31':SHHHMl!,. 

Tor,ll8. B Ka.'tJ:eC'!'Be CidCTeM!:.I (2.2) MOZ8M np:aEHT:b 
rn _ I 1 (I< f) 
rx r,J -vve , 

I< = ( 0.!1./t/ 

/.., ' 
277 .~;aJ 

L 
' 

27:1>) I 
V=L

3 

(2.I4) 

(2.I5) 

(•) 
r.ne fl. - ~e.ru.ze "tl>!C.T.L8, npHHHM8.1I!lH9 BCe 3Ha."ti6.H¥J! Mez;ny :f" 00. 
Ho.nyqeHHa.li CHCTeL;a WYr~ (2.I4) c .IU!CKpeTEID.'! m.my.JI!>CoM p=AI<., 
O"tl9BH,lJ,H.0,6y,!!eT OpTOHOpWipOB8HHOif H TIOJIH02 B o6~eMe v (2.12)~ 
1i.Ha"t!e rDBO.Pff, B COOTHOill9HIDiX (.2.3) Ml:l ,llOJI.!:El:J JJPOBO,!!l!Tl> miTerpa-
UKID He lJO BCeMy TpeXMepEOMY npocTpaECTBY, a JIH!IJ.:E. no BCeMy "OCEOB

HOr.;y' o6se.M;yn v • .B COOTHOEJeP~ (2..4) MH .llO.JIXHH Tenep::b ITO,!!p&

syMeBBT:h, '!TO TO"f.llill 'l H ~I JleEa.T BHYT.PH V• 
ilBO.IlH @YHKWlli "g'fx) no q,DJlMY.lle (2.6), c,11w.aeM a.EaJiorl<'U!lle 

saM8'<a.'!!!Ji Z E OTHOll!elllill pa38!iCTB (2.9), (2.8), (2.II). Boodll!e, 
TIO~epK..tte~J, He OI'O:Ba..P:Ita8..H STOTO B ,ll2..JffiHei!meM, ""qTQ B ~M 

)t.HCKp9THOl.i m.anyJU>CHOM npe,1lCTaB.i19.HWi H.HTerpa.I..Uffi DO JJpocTpa.HCTB9E

HHM nepeMeH!illM COBepmaeTCB: mmu:. no BCer.:;:y o6ioe!lfj'" V. 
C&aZeM e~e HeCKOR~Ko CJIOB no noBOAY ycJioBHi nepHO~OCTH 

( 2. !3) • ~'l'H yc .. 1o:ai!.f.l: dYJJYT coBMeCTIDilli c ypB.EHeHReM lL'pe.TI;l!HI'epa., 
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H (•) 
BCJU! KOMMYTHpyeT CO BCBMl! I0 : 

[ ;J.Mi H]= o. 
J 

(2.16) 

filM 
,UeftCTEKT8JI:OHO, B Ta.KOM CJIY'laB .t..J_j 6YJIYT RHTerpB..1Ia.MM ,IJ;BKXeHIDI , 
H llOTOMY, BCXK YCAOEHH nepHO~OCTH (2.I3) BHTIOJIHffDTCH B 0~ 
K.aKOl!-TO MOMel!T BpeMeHl!, OHl! OYlJ::/T B!iTIOJJ!!HT1,CJ'I ~ ,ll.lifl BCeX i . Ho 
onepaTOp KKHBTRqBCKO! SHBprKH 

~ ~' - \'-Ll. 
£__,2m f, 
t~j.~N 

BXO,lJ,ffi!lilli B H , o'tleBH,ZJ.Ho, KorvtMYTKpyeT co :sceMi<I TpaHCJim:J:;WiMl:1 
KOOp,l1illffiT, ECJIH 6H cp(~) 6HJia nepHO.IU<"eCKOl! <Wm<uJ!el! KOOp,l1illffiT 
c nepHo,IJ;OM L , TO, OliBBi!.,U,Ho, K noTeHUll8.JlbHaJi aHeprWI 

u = z cp(~;, -f;) 
JS .Jt<jz.5 1'1/ 

6una 6u nepKo~wqecKoK qu~el! Koop.l1illffiT 
Ho Tor.n;a, B3Jm JJDCiYID ®'"HKUKJO: 

r•! L ~· C nepi!O~OM 

cP = cp ( ft ,)I,; f,,JI,i .. · f,ju), 

MH IIO.J'.!Y"'ifilrl 

:7). (J) u ..L = u ;;/") ..L 
J t..p Jl..f-l, 

f.<) 
T.e. ~ I<DMMYTHpYeT c U , a TeM cru.lliM " c H, l! YCJIOB>IH (2.16) 
BHITOJI..IDIDI'C.ff. 

3.IJ.ec;r, MH CTa.JIKH.BB.eMC.II C HeKOTOp02: fbopMaJII.RO:i!: T,PY,llHOCT:OlD. 
J{eJIO B TOM, 'iTO H8. CBMOM ,.ll;eJie ¢r,) ecT~ @'"HKIJ;H.a:, CTpeMHIItBJiCH 
K HYJHD npB jfjtj ~ oo • HaM Ha,llo, cJie,IJ,OBaTem.Ho, nocTpOHT!. ,IVIR: cp (I) annpoKCHMHPYilllee ee npH L ~ ""'B!lpaEeHI!e, KoTopoe rrp11 
xoHetU~oM L o6.1laJf.SJIO CIH yaasaliHID4 CBOiCTBOM nepHO.IUflHOCTZ. 

,UJr.q aroro B03l!MeM RHTerp8..11bHOe npe,nc'l·aBJiemie ~pbe: 

...;._ I ( i(~})· 
'+'(f.J=cz•f J e IMA, (2.17) 

B KOTOpOM 
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( -lfk·f) 
I M = J ¢ ft,Je a,_ ; (2.17a) 

Z.H'!'B!'paw'I'JI B (2.I7a) 6epeTCR ITO BCBI.;;y" TpeXMepHOMY npocTpaHCTBY. 
3&~ei::illM Tenepl> F..ETC!'pali B (2.I7) CYMMOii, B3JiTQij no pemeTK8 
(2.15). JoCROJl.b!cy' .z;.;m EBB 

1 

.dKri~;/vMt7~ (fi= ~) 
Ba!IKllieM BMBCTO (2.I7) 

cp(~)=v1 L l(R.'f,}IM 
(K) 

(2.18) 

ff) (2) {.!) 
8To BHpazeiDre yze Ciy.JJ;eT nepHo~ecKoa @YH"":QJ.He.tt f; , j . f c ne-
pao.noM L . 

1lTax, '!To6H c,ue;r.a.T:& HaJiozeHEHe ycJIOBilii rrepHO,llMI::!:HOCTH .II,JI.H 

BOJL~OBHX ®"EK!J,l:rli COB...\i8CT¥.MH?.lli C ypaBHSHI!eM lilpe,zuniT'e par CJie,:n;yeT 
sru.:;eH..PIT!> nHTerpan:;Hoe npe.rtcTaBJieHHe (2.I7) MFI noTeHIJ;l!a.JThHoii 

WHKWlli ¢;(~} COOTBeTCTBYJl!!ell ~cKpeTHoll cy>!MOli (2.18). TJ:To6a 
ycTpa.Hi!T:b .i!CKJCCTBSH.EOCTb TaKOii 38MeiD:I, KB.K H B006me H8@!31fl:
HOCT~ Tpe6o~ rrepRO~OCTK BO~OBHX ®r~, ~~ ~~ BOer~ 
i!MeT;, B lll!lJ::! npe,!le;u,!llil! nepe=: V-?oo, Kor.ua o6"e" V (2.I2) 
pacrrpoCTJ?8ii.HeTCH l:1a ECe TpemepHOe npoCTpaHCTBO H .TI,KCKpeTHa,ff 
CJn·~~ (2.18) rrepexo~T B npaB~Hoe KHTerpaJibnoe npe.rtcTaBneaae 
(2.!7) .llJ"!R: rroTe~:&Hoit ®,rr::KUW:l. 

IIo.zr;qepKHeirl~ liTO ilpH V-+ co 1.i!l .D;OJI&.EH ycTper;..aT:O K 6ecKoHetU:io-
CTH Ta.RXe n ttncJio 'tla.CTlittJ. N-....+ ~ TaKIDJ o6paso1l? '!To6H II..t"IOTHOCT::o 
't!iiCJia 't!aCTJ!Il H.a. e,nmnro;y o61:.er.::a B IIpe.:ae.ne 6Wia. KOE.8'!HOti BeJIJ.!t!l!
HOH, OT~HO~ OT HY~q: 

v__, ""' , N ~ = / .t = (:' ~ eon..r. 
(2.19) 

Tax RaK B npoi.{ecce aToro npe.n;em.Horo nepexo~ cneKTp BOJIHOBHX 
BeKTopoB X rrpi!6.J".UmaeTcJI K :aenpepH:BHOMY, paccMa'l'pimaeMoe HMIIY JlbC
HOe .npe.u;cTaBJieiD!:e B.a.SHBB.eTCH Ta.De KBaa~xpeTm& npe.ncTaEJ:Ie
HaeM. 
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0TMBTHM, ~TO npe~eRbHHR nepexo~ (2.19) C~~eT BCe~ KMBTb 
B BH,Dy B sa,n;a~ax cTaTE:cmeCRo.H cp:ii!slUO!. B 3TRX 3a.ztatm.X (pH:SID!e
cKHi!: Cl'<1l:lCJI ID.l:BIOT, Ka1C llpa.BWIO, JIJ:mll:, BBJID~illlli, B!RKCJIHBMHB B npe
~BJIB (2.19), KOTOpH! ~BOb Ha3HBaiDT TBpM08HEaMKqBCKHM npe8e.JIOM. 

IJocJie STli!X SaMe~ paCCMOTpiDJI BOJIHOBHB @Y.HI<Wlli 

F (!i, ... ;;., J 
B .IJ;HCKpBTHOM f -npB.D;CTaBJiemm: B JIK60M lol3 CJIY'lffiBB - liJI.I1[ B CJIY1m.B 

liCTKHHOrO ~CKpBTHOrO ITpB.D;CTaBJIBHHR, RnH B C~ae KBa3H.n;ZCKpeT
HOrO HMnyAbCHOrO npe.IJ;CTaBJIBHKE, HOB 8TOM TIOCJIB.D;BBM -.n;O nepexo.n;a 

K rrpe;n;eJIY v~oo. B ooonx 3Tli!X CJIY'Iamt f xapaKTepH3yeTCJI l<OHO'llillM 
Ha60p0M UBJmX '!11CBJI, Ha11pHMep, TpBMR: ~BJWMH 'qHCJiaMH l! CID1HOBHM 
HH;n;OKCOM J} • 

fo1H:Oli.BCTBO (.-·f.--} BCBX f HB.IDIBTCR, Ka1C rOBOPJIT B Ma.TBA&

THKB, C"'BTHHM MHOaBCTBOM. ll'i!i MOUM TI03TOMY YCTaHOBHT:b B38.HMHO OJ:r 
H03Ha~Oe COOTBBTCT~He Me~ 3JieMeHTaMH aTOrO MH03eCTBa H HaTY
pa.JlbHHM Pff,I(OM: 

/--'). > J =0,1, 2> ... (2.20) 

Kopoqe roBOpR, C"'!€THO€ MHOSBCTBO MOX€M saeyr..1epDBaT:b O,lUilfM KH,ll;BK
COM ~ = 0,1,2,3,4, ••• 0TC~ BHTBKaeT, ~TO MH M~eM llOJIHOCT~~ 
ynop..FUJ;O'l:!lo!TI:. MHOXBCTBO j , T.e. Ta:K onpe.n;eJmT:b llOHfiTHB .. 6o.m.me" ( > ) Ul! "MBH!.We" ( < ) , 'ITO .l(JIH JIIX:lHJC i\BYX lof/1 

6y;n;eT J4.1!R 
.f>r, wm I< I/. IIMeHHo, 6y;n;eM roBop>rri>, '<TDf>f/ , ecJlll ;n;JIH 
COOTBOTCTBYXIIIIiX ITO (2.20) .)\. 6y)leT J ))1

, H Ha060poT f<f/ UpH 
J <..-\' • Pa3JM€BTCJi, TBKO€ yiTO.PRJlOt:Iemte 3a.BHCMT QT CllOC06a Hy'Me
pamm: f r H TIOTOMY H€0.IUI03H8.l:l:HO., JiaM, O)lHaKO, ;J;OCT8TO'llHO ID.leTI:. 
Jle..JIO C ynOpH.IJ;O'l:!BHHel\.1, OCHOBBHHID.i H8. KBKOit-TO .na_HHOft qJm\.CM,POBaH
HOll CRCTeMe COOTBBTCTllli.H (2.20). 

KaK yz;.e OTMetiaJJOc:o, BOJIHOBble tilVH:ECUHM B / -npe.n.cTaBJiemrn 
6yJJYT IUlli CUMJ:,JBTpi:f1:.IHHW1 (.IJ,M C.nyqaR CHCTeMl:l O,Il;HHaKOBW:: d030HOB), 
rlJIH aHTHC;.u.JMBTpro:nuntl! (.n,Jll1 C~ CrlCTeMH OJUiHaKOB!:lX ~pMHOHOB). 
B o6oRX 3THX C.nyqa.HX BMBCTO apryMeHTOB-i ••- {p B:ae,n;eM C.liC'J;'et-JY 

trRCeJl 3aDOJliieHHR {- ·- 17/••) t DOJIODB 

17. =o 'I 

?'i1 dn 

ec.lli:i j HeT cpe.n:a /j, j;? •. · fN, 

BCJIH f BCTpetia.eTCJI m pa3 cpe,n;H .{ ••• IN 
' 
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Ta.K Ka..x :acero L6 B CllCTer.re (It_, ••• .!;., ) 6y,UeT N r TO 

Znr =N. 
(/) 

(2.21) 

B c.!!Y'ffie ljie!J1'l'OHOB ~ F ( :;}, ... fi;) BC.ije;n;cTru;e cBol!cTBa 
aHTHCHM!oiBTpH:1 c6pan:ta.BTC.f! B ey;r..:r.., BCJIK cpe,!I,>:l (h._. ... {w) 6Yl!.BT 
XOTR 6:il OJJ,Ha. napa paB!-:l:IX f . ·~JIB)lOBaTBJlbBC, B aTOL::i ~e r.ru 
r.iOE:BM C'tf'ATaT:&, 't!TO :ace h.,-·· fN pa3..Jilllliili M~ co6oH. Eo Tor.na 
xa.;coe-JIH6o 3H.a'l:!effi1e f Moa:eT BCTpel.ffi.T:&c.a cpe;rH f.t, ... :!,., He 6o.Jiee 
OAHOro pasa, BB~ 't!ero 

'YI=Oi 'f > 
(ljiep.m:-CTaTlllcr.nta). (2.22) 

B c~e xe cTaTHCTmrn Ease ®Y~ F(h~ .. -i.J) F..B.MeTcn 
Cm&BTplft3EOfi., i! !IOTOL.zy" lia!il Ha,UJI~ paccMaTpllBa.T:b TipOV.:3BOJli:.HHe 

COBO:rcynBOC:H (JJ., _ f~-.~) , B TOM llliCJie B TBlrue, y ROTOpRX HeKO
TOpHe i-13 }J paBBH I·'l.eEJJY co6o.a. C.iie,n.OBa.Te.m.Eo, s;nec:b li.ifCJJa saiio..rr
EeiDUI MOr:fT np:tlHYJ.1aT:b npoH3:SQJlli!llie 3Ha'l:!6F.Y..fi, COrJlaCJil!li!BC.ff C 

(2.2I): 

?1.1 ~0;1,2.,3_, ... N (603&-cTaTHCTHKa). (2.23) 

iiCEO, '!TO ~a!f".\!e Ci!CTeMB(/1 1 ••• fw) OJJ;3.Q:;ma'lillO OIIpe~eJLio'!BT 
COOTBeTCTBYXIItYD CUCT6!4Y" 'lliCe.J! 3aTIOJUiBlUL'! (- • - 11r • · ·) r Y.JlOMBTBQ
pm:l!zy'E:l YC.JIO:alfD (2.21). fushl.!eM Tenep:b, HE.o60pOT, HBKOTOpyl!J Ci!.CTe
lff] 'li!Ce-" 3a!JO,Ee~ (. .. 111 ... ) , y;;>;oBJ:eTBOPJl.llll!YID ycJJOBIDJ (2.2I), 
~;: pBCCiJOTpili.~ BCe Te Cl1CTB!.!.H (:h, ___ ,/;;) , ,Ii,JlH KOTOphlX 

(f., .. ./,.,) V' ( .. 'lit' .. .) • (2.24) 

T.e. Jl.J!-E. KOTOpHX (.-- ?'Jf"-· )KB.;7.J'!eTCR COOTBeTCTBYiil!lBH Ci1CT6!.10H 

~nce.JI aanonHeHHH. 

Boswe.M :ace Te j , ..!I,.o"'H KOTOpHX 17.:1 OT.I!K'l:!Hli OT 3yJIH: 

f ~ j,, · · · fs , 
HY!-l8pau:.il0 3,I!.8C:S BH6epeM. B llO.flF...,IJ,...Xe E03paCTaiD"..E. J , T.e. 

ft <. •.. < fr 
Ta.KUM odpa30M I 

1'1 J; '? 1 l 
J•f,2, ... S; 
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2:3 {2.2I) BallHij, G:TO 

Ss_N 

Ka.K B~..,:nm.1 H3 caMoro onpe.u;e;reHIDI qAceJI sano.JIHeHllii? cp8,1U! 
h,, .. ftv H3 (2.24) nj, 3JJBMBHTOE 6Y/IYT paB!ill !J1,... , 17gr 

3JI8I•i€HTOB 6y:nyT paBHH g s .. JilOOoe pacrrpe.IJ.eJieffile N 3JieM€HTOB 

h_J ... fu DO $ rpynnaM Jt , g2 ~ . , COOTB€TCTB€HHO .11.3 7Jj, , 
'YlJ

2 
~ • • • 3Jler,;eHTOB, npiiDO.IJ;liJ:T K TOM xe Cl.iCT€Me "l!HCeJI aanoJl.He-

Hll.fl ( ... '}If ... ) 

TB.Kill;i OCip8301J? ,!(3HHaJ! CUCT8M8. "l!l1C€Jl 38IJOJIH€HK.ff ( .. "5r -- .j 
onpe,D;eJI..H€T (h., . .. /P) c TO"t!HOCT:OKI no rrepecTaHoBoR Me!!",.iJ;Y N a.rre

I,J€HT8l.m IIO S rpyiiiTaM :3.3 7l,~.~ ... 17jr 8.il8M€HTOB, H TIOTOMY "t!UCJIO 

'i[ (11, . .) BCBX B03MOlillll!X (ft,... :f,.;) , COOTEeTCTBYJ!lii!U ( .. -?J- .. ), 
6y.ueT 

l?.=L.. t 
f({,,.f,.)4'11;)) 

N/ 
'JY/ .. ?j, I 

.• Ql i I llOCROJibey • == · r MOEeM HallHC8T:O Ta.RXe 

Nl 
ll ( 11r .J = n I I' 

(f) 1?-. J 

(2.25) 

(2.26) 

:i3 c.n:yqae cTaTMCTwrn Eoae @Y"HKWUi Ffh} ... I' N) · He MeHE.eTCR oT 

II€p€CT8HOBOK r,J€.!0JY ( ~ 
1 

. • /!ol) l1? CJI€,UOBa.T€JI:OHO, 88 3HB."tl€HR8: 
O.llHG3Ha.qHo Sa,naJOTC.fl Cl1CT€I.IO:H "G:UC€JI 38TIOJT..H€HK.ff. l"Jo~O IIOaTO.MY 

BB€CTH B paCClo!OTp8HJtie BOJIHOBbl€ W,yJI:Km.m KBK ctlYHKIJ;HH C(··"'J:-·) OT 

tmceJI aa.noJIHel:ill.H. Onpe.n.eJU!M illC CJie.IJYI!XUH!•l odpaaoM: 

A) iVIH L ~ = N ' 
(/! • 

C ( 1J: )= V n ('Yir) · F(J;,. ·· i; lr:"e (r,, ... f#JV>(?lf.), 
(2.27) 

E) iVIH 
;[.,,J'I1 1'N , C ( ??1 .. .) =0. 

<Ji 
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I 
! 
1 
t 
' 
~ 
l 
f 

I 
I 
{ 

J:. 

3a.M€TH!:J" np~e BCero 7 '!TO 6..naro.zta.pg (E) !.!h' Mo.aeL'! paCCM8.Tp~!-
3a.T:!S •·• 1'J_r ··- Ka.K H838Bi1CID.1H€ aprym:eHTB, hl.Oryl!llf8 rrp»RRD..:B.T!. 

.mr611e 3Ha."t!em:..l'l ~3 F.aTJPa.m.Horo psma: 

n,.=o, 1, 2, ... 
.8.CHO ,Ita:Jiee, l:!TO cm.n.;eTpH1U18..E @VliKURE.Ffi;, ... A,) IIOJIEOCT:&lD onpe
,UeJ!ReT ljtyH!mJm C( .. n,. ... ) ·"' Eao6opoT, Jll!Xlas <l\Vlii<UIDi cOT 'LlCeJI 
3aTIOJIH8Hili!, Yll,OBJISTBOpmclllrui YCJIOBYKI (2.27£), O,I{H03Hallli0 Onp9,ile
Jll!eT Cl!lc:rJ8TpJro!YlD ~rn F(hr .. ~) • Trutoe B3alo!l.!liO O,!ll!03Ba'il!Oe 

cooTBeTCTBHe 6y,neM aanRCHBaT:& ARH xpaTROCTH B WOpMe 

F;::::?c 
3a.MeTHM, HaKOH8!l;, t:ITO E.O~BO~ f.>-:EOOGiTe.t1!:. m BBe.zte.H 

B OTIDe)le.ne!!He (2 .27 A) , '!TOO!I COXJJaEl!T!o CKa.llliDli08 IIDOli3Be)le!!He 
np~ ~epe.xo.ne aT F K C , nocKo~ "til!CJIO ~ARt!~ CHCTer.l 
( ft J . . • £) , COOTBBTCTBY~ 0,!4.li:Oi! ,na.HHOn CHCTSM€ '!l1C€JI 3aiiOJIHe

HIDi, Ka.'< pas li pa.B;!O 77.. • B CaMOm )leJ!e, l!epecTpol!1l CYl>!!iiJ no 
( h_

1 
.•• f;..~) B cxa.rJRPHOM npOH3B€.1{8HHl! 

( ~ " lG, !;_) = L Fi (fi,.t-)·fi(h,··N) 
flil , .. fv) 

K CYJ&.l8 IlO CKCTBMa.r.i l!AC8JI 3a!lOJIH8HIDI: 

~ = 2, L 
(/j, .. .f~) (. ... ,. .. ) (:T,,../~ J 

.Z:.'JJ_,=N (!,, ·M"""( .. ?I,r-) • 

Bl!JlHM? yt=r.-AT"".d:Ba"! (2.27A), "G:TO BC€ "qJ]8.HH B Cyr.i1'!8 

L 
I ;,, .. r~ J 
\(.1,, . ./u) V>(· '7· ) 

paBEH llp0R3E8.U8~ 

(2.28) 

(2.29) 

(2.30) 

(1)2 <I 
1 Vn . C,('Y!r.JC(·?Jr .. ), 

r.ue c; , l'; - cooTBeTCTEYlliP!e if1Y!!KD,1!f!M F, , F;_ BO.I'.HOB!Ie i!IYliK-
Wti! B llpe.zt.CTa.BJl8HH:K l.il!CSJI sanOJIHeHWI, a trn.CJIO T.aJGU 1UieHOB B 

(2 .. 30) pa.BHO 7l . Taruw o6pasour lUIC.J!O ?l KoMIIeHcHpyeT KBa,,1,pa.T 

WIDDTeo~1.fl j/fii H, CJie.TI;OBa.Te.m;,HQ ~ 
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(G_, ·Fz) = (C'.t, C,). (?. JI) 

TaKH:M o6pa30M, BM,I!;HI<1, 'G:TO BBe.D;eHHe HOpum:pOBOtiROPO MHOliLHTBJIR 
B onpe,UBRBHH€ (2.27A) .D,BHCTBHTe~HO o6eCll€'!HBaBT H€H3M€HHOCTb 
CKanapHoro rrpOH3BB.D.BBHH npK nepexo,Ue OT BOAHOBHX ®1~ ~ K 
COOTBBTCTB~ BOXHOBHM ~HKUHffM (: • 

Pacct.JOTpl!M Teneph C.ny~all CTaTHCTl!IDl (J)ep!.ll!. ifaK Yi'E OTMe'!a-
JIOC:b, B 8TOM CJIY'ffi€ tiHCJia. 3aTIOJIHBRWI MOI'YT npl:l.F .. l!M8.T:D 3Ha."G:€HWi 
U, I. lloaTOMY 

1t. ==N; 

B03hM8:i~l Ka.Icy'iD-JlliCiO CMCT8MY 'I!HC8~'I 3aiTOJIHeHrui, ,ItJiff ROTOpoi-i 

L., 1} = N, (2.32) 
(I') 

I< paccr.roTpl!M TO j , .JW< KOTOpllX 11,: >0 , T.e. 77,r=i • HX 
~ac,,o 6naro.~apH (2.20) 6yl\eT paBHO N . 3a.By>repyeM :JTa j" 

B TIOpfiARe B03p8CT8HHR 

f=IJ,f,, ... j,.., i J;<1,<~<' . .. c:k. 
(2.33) 

.llCHO, '1TO He TOJILKO ,It8HH8.ff CKCT€1.18 "t!AC€.1! 38ITOJIH8lillFI ( · · ?} · · ) 
(c YCJJOBHC!ol (2.20)) O.l!R03Ra'-iHO ODpOI\OJJReT CUCTOM;' (2.33), HO ll 
Ha060pOT, TaR ~TO 

(Y, <'.' <: f'N) ~ ( 11,r ·) • (2.34) 

ilo a.Ha.JIOrll1 CO CJJY"I!aeM CT8TldCT.IIlKH .boae BBB)l;CM BOJIHOBli€ @Y"HR:Ili'1H 
B npe,l:(CT8BJI8HHi.l t!408Jl 38IT0;1H9Hmi, ITOJIOlmB IIO onpe,n;eJieHHIO: 

A) ecnn Z 111 =N, 
(f) 

C( », }= {ijl F(J,, J,), r.ne ($<:. ·· <:.!,) ~ (11,-,/ 
(2.3b) 

E) ecnn L 171 ,C N / 
(f) 

C( 1'J; .. .)=O. 

24 

l:iJ.ra.rO;tapE (E) Mb M02W!J paCCMa.TpHBa.Tb .•. 1'/; ... RaK H€38.BllCH
MHB ap:ryi-o!BHTH, MO.f'YlilRB UpKHID&iTb ,1U!8. 8H8.'IBHAA: 0, I. 

To'lli:!O T8.K ze, Ka.K l1 B C.J1Y1I8.€ CTB.THCTffitE Eose, B paCCMB.TpL;r_ 
Ba€IJ:Ol'.! G.113"18.B CTB.TMCT~!KH. ~pMl:! H€Tpy,IlHO y6€.!Ufl'bCJ!, liTO KS--38. 
BKliD'!eElli'! B (2 .35A) ROpMl!pDBO'llioro Ml!o=Te~_q Vii= (;Vi CKa.T"'J)
HOe npo:asBe.ueH.l!e ocTaeTC.fl HBH3Melil::iHM npn nepexo,tte aT F K cooT
BBTCT~ C . ~eCb .D,eJ£0 B TOM, 'ITO UpOK3BB.lt€IDl€ A:By:x aHTli
CZMMBTpKtlHKX. ®"~Ii1 .HB .. i'I?..BTCE CID.lMe'l'plfi.HOii @Y'EltUHeii, TaE '!TO 

= 
~ ~ Ff ~r-.f,)F.,(f,, .. /,.,) = F, &,,. g,;}Fz{j,, .!,) 

(It, . ./,) (/) ( ··??<··);:::::- (!,, 3,). 

§3. ilpe.IJ;CT8B.J1emie BTOP.ifllliOrO 1\BB.h""'!'OBB.HiJ.H ,!l)IJi BOJI..HOBHX 
~~ B ~ae CTaT~CTHKH Do3C H (i)ep1ill 

'1To6H npeo6paaoBa:Tb .It..i:Uia.},!ff'iecrute nepeMer.HHe, npe.n.cTaBJiel:ilille 
C!IepaTOpai.m, .I!;Bi!CTBYIC!!lHMn liE. 06.tN.~.!le BOJIHOBH€ rJjyEKIVUl., K onepaTo
Oai..:, ,n;e~CTBY1l!J)'l:M Ha Ba.r.!.B.OBHe Q:!yH!CIJ;ifii C ( .. 11..r ... ) , IJ.e.:recoo6oaa.Ho -

~ ~ -
BBBCTH ;! paCCMO'l'pe:aae TaR. HB.::uaaev.J:le K88HTOB3.li!IH8 a.t.III.1il!TY;ml Eo3e 
H..'!R cfiepLiH. 

A. CJ!yqaJt CTaniCIY.Y.J!: .Ease 

ilpli HCC.1le.II.O:aa.HY..4 sa:n;a~ OCi O.J:UiOM8pHOUi !'apMOE1"!;!8CK01: OCmui.IIE.
TOpe BBO~IiTCJi OnepaTOpi:l a , Cl_ T , ,It8:11C'l'BYDIJ;tl8 Ha BOl"lHOBH8 

~ 
1(11.) I 
' 

11.=0, 1, 2,.' 

sa:aHC_ffiUHe OT Ue.JIOtruCJleffiiOrO ap:ry..t.e:a""Ta 12 
(al),= Vii;{ /(nrr) i (dt),=Vii·/fi'J-f). (3.1) 

B Ma.TpKtrnOM npe,uCTE.B.liBillnl: 
(a).,,,.-= tlnrt t (n.,..J-17),· (a J.,,.-=ilt~'rr /(Jl?t-n) = 

= J!?2. J'fl"'-i-11'). (3 •2 ) 
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OTc !<lna f,JQE:8T II0Ka38 T.bCJI' 't!TO a+ yti8H.bUiaeT n ' a a YB8Jl.lflJID8.8T 

??.. Ha L Ha caMoM .u.eJie crrpaBe.u;nmo, O'tleBH.D.HO, npoTJ.ffiOTIOJioJKHoe 

YTB€p!\ll8ID1€. 

fiyCTh, ,IJ.eiiCTBMT8T.!.bHO, l.;H B3Rl1H BOJlHOBYD !j!yHKl..O'liD, ,I!,.llii ROTOpon: 

onepaTopn~ 0 a. m •. ;eeT onpe.u.eJieHHoe @llicHpoBB.Hnoe 3Ha't!erule -1"''7.: 

(11-1·n)/.,(n) =0 
zlt.\88M TOr.D.a 

./, (-n)= Jr:. J"(n-ra) / 

r)le A- HeKOTOpaJ! ilOCTOHH!iai!. Jl03TOJ,;y BBl\llY (3.2) 

( 0/"')., = 1/iiH. :J( /(?Jft-M) = v'iift /,."_Jn), 

{ci'U.,= J/il.:J!/1??-t-m)= vl7ln,.Jn). 

TaKHM o6pa3or .. , onepaTop Ct. YJ.leH:bwaeT 't!HCJIO ?1 aa e.D..lllilli..i;Y, a one

paTop tl YB8JIW!li.BaeT 3TO tHlCJIO Ha 8.lJ.HH.lillY a HeTpy,Il:HO 3&:eTHT.b 

T8Y~e, 'tiTO BC8T.Jl.8 

(a a!)., = !11rrJ/AJ. 

H.1lH 

(if a I)., = 17 lin) 

a. a=11. 

aif-Jo=J 

Bo3l:.M8M BOJIH.OBYlD iftVHKUHJJ 

/Jn)= /(tn), 

COOTB8TCTBY~D HYJI8BCMJ C06CTB8HHOMY 

Ha OCHOBallliH (3. 1) M .. r,zeeM 

(a/.), =vn.,.I·J'(1'1+i) 
TO 8CTI. 

1)/o=o. 
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(J.J) 

(3.4) 

(3.0) 

3Ha'!emm onepaTopa 00=11. • 

(3.6) 

' 

)(aJiee, 6.naro;Iiapa (3.I) 

ala =0Z d'/?l-t) = cfi?J-r), 

(a /1. = v;,- r7H J' /h-2) = V2 J' r.-'2). 

(3. 7) 

( rJ )"' Ia = tfhii lfn-m}. 

liOCJie aTKX npe.JJ;BapHT8JThEHX 3al.I8t.Ia.lilli! nepe:fmeM K paCCMOTpe

IDUJ BOJIHOB!:lX rjty'~ 

C(. .. n1 .. ) / 
(3.8) 

38BH~ OT c.>JcTe!.al "~UiCeJI sanOJIHeiD'..H (. · ?JJ··) ~ B,7e.z4eM onepaTO.PH 

a1 , C/1 , .E:B..Jlliii!:tecr.: T8Mll Xe onepaTOpawl a_ , t{ , ,u;e:a:CTJ3YUlti1-

Ml! TOnKo HE. I -Toe ,.;rc.rro ==emm ';, . iloOTo•w EB OCliOBruurn 
(3.3), (3 ,4) 8JeeM 

+ 
a,q=1?t. 

(3.9) 

O, /)+- 0+" =I (3.IO) 
•'ft ~'? -. 

+ + 
3aMeTHM naJiee, 'ITO 01 , 4 " ~', q,, npl! /.o/ nellcTBym Ha 

pa3HH8 apryM8HTH BOJIBOBO! litYHX!li!K C: ~ llOTOMY OHH KOMMYTHIJYIDT 

MeJillY co6ol!. 

Ta...lO!M o6pa30M , 

a1 11;- -<y, ~ =o. 
if, tf;, -0:4 =o. (3.II) 

llocKOJlhli:Y 3TH pa:aeHCTBa TPi!Bl:!B..Jll>HH npil /= // , oa HMem AtecTo 

.IVlH Bcex I , Jl . ,l(aJiee, 0 KDMMYTI!]>YeT c ??,/ npH /=P//, a npH 

1~1' I!MeeM (3.ID). Gne.n;oBaTeJTI>Ho, 

+ 7 0;-?,-'1,4 =J(/--1'}. (3.I2) 

BBeneHHHe onepaTOpH C nepecTaBOBO~~ COOTHomeHKHMKT(3.II), 

(3.I2) HaSW3amCll llllaHT01lllMil 6os<KJnenaToDaJ.fi!. TaK KaK q, y:ae

~H:BaeT 3Ba:treime 1?.1 aa I, a 0 yue~maeT a-ro 3Ea'llemre Ha eAM-
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Hm.JY, {1/ !.1QXHO Ha.SHBaTh 81.1DJIHTYAE.M~ pOE,UBHlUi, a 
r 

TY.llaMR ymrqToJKeHHH. 

Paccr-.iOTPID•'l BaK':/YhJ:IYD BO.nHDBYIO qJy"HKUHJO: 

Cvac = n J'(1'1J) J 

IS) 

nm1 B oCios:m:qeiDUU ,UKpaKB: 

( (var, C V«} = 1 

0' - aMnJm-

(3.I3) 

Cv,. = I 0 > (3.I4) 

KaK B~O, .1lJI.H CvJc Bee ?J/ HMeJOT 3Ha':leHIDI, paBHHB HYJIID. BBH,lJ,Y 

(3.6) RCHo, 'iTO ~ Bcex / 

a1 . Cv,, = o . (3.I5) 

Y·ln1TUBaR (3.?), BH.IJ)1M TaJCi:e, tiTO 

( 0 /"'· Cvac = v;;JI J'( Jy -m} lJ d (17j J. 
(J,.j} 

(3.16) 

PaCCMOTpiD.-I TBI!Bpb B!ipruKBHRe 

+ + 
oli a 1• Cv., 

(3.17) 

>1 OCi03H3tiKM. tie pes (., 'J1/ · ._) CHCT€M:Y "t!HCBJI 33TIOJIH8Hl:UI~ COOTB€TCT

BYKI!lYD Cl'ICT8Me (It,, ... /P): 

(.. 11/ ) L/' (I,, .. I.) I L ~~ =N. 
(I'/ (3.!8) 

.,. 
Tax Ka:K Bee onepaTopu 0. KOJIIIMYTHpym Mel!OJY co6oil, B!:lpaJKeffiie 

(3.17) l1HB8pMB.iiTHO ITO oTHomeHHD KO BCeM rrepeCT8HOBKB.M M~ 
(f.t, /,.,), ll T8M C8MHM MH k10E8M npel(CT8BHTb (3.I7) B BH.ll8 

., 
01," 

+ 

0># Cv,c = ( f! r~/) ·Cv" . 
(f) 

(3.19) 

YMHo&eliHe 3,IJ,8Ch co:aepmaeTC.fi no Te.M / , KOTOpble BCTpe-qamc.f! 

cpel(ll/1, .. /v . Ho JW! ocTaJih!illX / 6yl(eT 'Jl/~o. ll onepaTop 

( il;J 11j 

ORa3biBaeTcR e.u.aHWiH!iM. llosTou~;y MN" MOJKe!l'l pacnpocTpaHHT:& YMl:Iose:me 

:a (3 .. !9) B006nte Ha. Bee I . Tor,lla ciJiaro.u.apn (3.!6) :ill.1€BM 
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~ 

a~, ... 0, Cvu = 1!f71/ 111'/
111 t/11,-11:) 

'" (f) ~J; / / • 

(3.20) 

30CfiOJ~3GBa~hlnC~ 3TY.U TOXAeCTBOY,UOEeY TipeACTaBP.Tb BHpeEer~H (2.?7) 
,PIS C qepesF{f1 ... fKJc flOllOll\bD ~•Hel!Holl lWll0¥.HaiU<n !!3 (3.?0),,llel!
CT:9aTeJT~HO~ yg:~'iTHBa.R. (2.27B), m.!eeM 

C ( .. 11"' )= L C ( n; .. ) 17 !(1j-7if) 
" ,. ljj J 

(.
. ·?If ... ) ,_ 
2'77,r~N 

TO BCT!> 

~ f( .. ?J/..j 7 + r: 
((. '1- ) = 4-r--- 17 )/ 'J?/f ~ ", ~N, -V<}C' 

( ···?J···)r I 
Ln,';N 

' ~ ~ ...-: 
( ' v ) (./l ( .. '»-. ) tr,···T.v r. 

(3.2I) 

llepecTpoHM s.nec:::. cyr2.ru:poBalille rro ( · .?J,/ .. ) :n: CYJ.i:!.a-ipoBa.iill!l no It) .. t£. 
TaK EaK -qncJio pas..mitUmX cucTe11 (/17 • •• I.JJ) 1 cooTBeTcT~ o.n;aofr 
VI TO~ .Ee C~!CT91!9 truCe);- 3allOJ'"ili9HiJR (. . . ~ ~ •. ) 1 pa.BHO 

N' 
JZ(t~f..J-n ,, 

" 'lll' 
TO H8 OCHO!lal!lli! (2.27A) MOE8M npel(CTa3"TD (3.2I) B !PJpi~Ie 

"' 1 .. 
C( 1J)=~ 'Jl(~'-J 

(i,,. 1.) 

r.ue c yqeTm.; !PJptiYJill (2~26)i'./ 

~ Tax Ka..;c WlR ciose-!'a3a 

N' rr r. '11, . J= -. 
T [1 [72, 

' ' 

, r -f -+ 
Y n r 1)71 .J m ;.,;u .. 0 · C.u • 

r--'""'- h·- v ~ JJ 

I} v 17j! 
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= I '!JJ±yj-) = --;:1===-~= v nn:l Vnf..'/1/J 7(11J?ji vNI. 
I ' (T; 

i 

It ('fl;) 
Ta.KIDJ OCipa3m.;, ITOJIY'lYU•l OKOH'laT€JThHO€ BHpalK€lill€ .ItJIR BOJIHOBOH @Y'RK-

U~H D npe~CTaBH€HRM ~HC8Y- 3afiQjH€HHR 'iepe3 BOAHOBYID ~HKUlliD D 

f -npe,JJ.cTaMCHIDi : 

I .--. r o~-C ( 11; .. ) = VN7 ~ F(t,, IN) a1, . . a1, {',d., 0 

N- (;,, ... /.} 

(3o22) 

D. Crryqatt ctaTrtCTMKM QepUM 

1\a.K H3B€CTHO, npK paCCMOTp€Hldl! COCTO.F...Hllii CO Cll¥..HOM I/2 BBo-

Jl.HTCJI lJaTPill1ll I f ~ / 
J I~~ I· 

.ll€H"CTBYIOO\I~8 Ha .UBYXKOMDOH€HTHIDi: B€KTOp WHi, 't!TO TO K8 C811iO€, F.a 

<lii'F-'<UI<ID / (1!} apryu;eHTa /}1_ , npl!Hl!MaRlll!ero TOJ!bKO ,lOla 3Ha~el!ID!: 
11= 0 • ?1= 1 0 6 + 

0Ci03Ha't!l1M COOTB€TCTBYmtH€ ODepaTOp!:i T.J:epea , 6 : 
(G).,,.,,= SfnJ.rf'r?r'-.J), 

{{/)?Z,n' = J'fn-t)!'f-n')o 

.ia TaKoro onpe.n;eJieHIDI cpaay cJie)]J'"eT, tJTO 

6 (-;/"-r (-r/"6 =0, 

6+ r-1t--~ r-1r6-~ =oo 
.larree, mmm.1 113 {3.23), tJ.To 

( 6!), = J'(17)/(l ), 

(6 + /}, =- rff11-r) /(o) 0 

IIo:nor.v ec.nM B03:E:.MeM BOJIHOBYID qty"HKW110 

/o (,n)= J'(?t}. . 
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/o (-11) ; 

(3o23) 

(3o24) 

(3o25) 

.ZV.iF. KOTOpOif 'iil:CJIO 11., paBHO ey.mo, TO 

6/, = 0. 
b+lo ~ rff1,-t)o 

ZC.Ilil :s:e B03:hl.'leM BOJ!HOBYID gumru.mJ ..J; f-/l.): 
t/tZ)=/f-n-1), 

.IJ,.t1fi KOTOpOt:t 'HlCJ!O -(L,. pa.BHO e~e 1 TO 

6ft= J'hJ. 
6+/, =a 0 

Ta.KID.i odpa30M. onepaTop b Ylii€El.illa€T '!HC.J!O n P.a 

Top 6 + y-BeJnfi.-:BaeT ero HE. e.!Ullliruy. 
~13 (3.25) C.l.€lJY€T, '!TO 

62

=0 
' 

(b+/= 0. 

a Ta.K38 

6 +6 /fn.} = lf'll-t//f?Z) = w/(1t}, 

TO CCT:O 

6+6= 11. 0 

CoBepmeEHo aF~iorLfltHo 

66;-=1-n, 
if TIOTO.M;y" 

66+_,.. 6"6 =_f. 

ITepett;;eM K paccMoTperurn BOJlEO:S!lX qu~ : 
C(. .. 1tr ). 

(3.26) 

e.n:.mmu:,v, a onepa-

(3o27) 

(3o28) 

(3o29) 

Sa:B:iiCF...l!ClX OT CHCTeLJ:J l!llCeJI 38llOJIHeiDUI (·· ?1J··) • IIpHt!eM ~09 
H3 7J J :..;cxeT np~EID.:aT::& Jllilll!, +.ilEB. sr.attemm: 0 .lti1H I. BBe.u.eM B pac
cr.:oTpe7fe orrepaTopH I; ~ £ , .HBJ!E.IIJ.!lHeca: TeM.H xe onepaTopall-li:!. 

6 , b r TQ.,i"'hl\:0 ,D;ettcT:ayniiD.OH JLI:!ll!D Ha I -TOe tf.HCJIO 3aTIOJIHelliiH~. 
i!03TOt.,Y c, JMBHl>Ui8.eT STO 'ruCJ.iO lia ~ ~ a j;+ j'B€Jllil!.i.IBBST 

ero m eJtli:ruwyo .is (3.27), (3o28), (3o29) B~, '!TO 
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8/~o; (~T=o ; &/~=flti ~f+~·&=i. (3.30) 

I!eTpy,nHO 38.1.i€niT:O ,ll8JI6€, 't!TO, ITOCKOJf_bicy" 61 , "f- ,IJ;ettCTBY!OT TOJ::b

RO P.a 11; , oCia STR onepaTopa KOl•il•·JYTHpym' C 1'J_j ilpl1 j..:;t-/ • YG:l:!.

T!ffiM ( 3.24}, ITOJIY'!>U.'J ITOSTOMY 

0 ( 11~ ?it 
Of- r-1) + (-1) ~ =C 

+ 'I! ~+ 4 (-!) + (-;) . ~ ~ 0 ; 

11; ?''.! i 
~ (-;) = (-!) 't I 

# f(- ' ~ 1"J -f o1 -1) = (-!) !_; 
(3.31) 

J1)lS! I"'/. 

BBe.rteHime oncpaTopu ~ , ~-t HaslffiamcR: fiHor.ua onepaTo_pa.M:: 

Ilay.mr.. 
-- I ; I 

ilycTr, I::# I . Tor.n;a onepaTopH i1ayJIH c ¥_1-l,JleKCa.r.ill r :ra I 
,n;e:HCTBYKJT Ha pa3Hble apryMBHTl:l qQHKUE.i-:1 C Z llOTOMY KOM!'.1YT.i1py!OT 

J,Ie>iJ1Y coda~: 

~ 4-- ~'~ =0, 
T'.... +p_+ c, ~' -tl'o/! =0, (3.32) 

" + + 01~,-~,~=D npn l=t/~ 

PaCCMOTpiD.~ B2RYY'i·lHY!O BOJlHOBYID qr;HKI.i,}UO: 

Cvac = /J J'(?&), (3.33) 

.n;JIR KOTopoi:i :see n, Hl;i810T 3J4'.a'l.l:Bii¥...H, p8.l3.H.He HYJIID • .rJ.MeeL-l, Otr€BJdAHO, 

( lvac, C'vac )=i . 

.i{por,;e Taro, H.a OCHOBaP..M<: {3.26) 

~ · r'v3( = 0, 

~+ C.-ac = rJ'(11t -I) lJ J'(11,;) 
(Nf) 
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(3.34) 

ITepeCTaROBOtL~e COOTHOill€HRH (3.30), (3.32) ~~ onepaTOpOB 
ilayJ!A npe~cTaBJLniDT, o~~, onpe~e~eHHHe Hey~o6CTBa rrpH pa6oTe 
C HliLll-I - OHH He COXpaEP..DTCE: rrpH ymrT8pBl:lX. IIpeo6pa30Ba!llliiX B.i!,!!;8 

8..1 = ~UNtf, 
(IJ 

r.n;e J. - Ta.?::Ee .n;mKpeTH!lii KE,D;eKc, a mTp~ ~~ 
COOTEOill6H¥~i YEHTapEOCTA: 

.2_, u,.rrf1 = JP.-x J, 
(IJ ' 

z u.,,·tlr=!{;-IJ. 
~~ '} 

Y.!tOBJI€TBO.PJi6T 

+ 
M~ npeoCipasoBaa:rnx ru.w .... t!HTY.Jl ~ , 8.;.. He..ou.s.H .uaze YTB6p:d;4a.Tl>, 
't!TO XOTR CJg 0~~0 COOTliOlli€¥~6 

+ -t j B.:. B, + B_, B~ = 
OCTaeTCR CllpaBe~1nB~i JV1R llpDH3BO~HOrO rrpeo6paSOB2F~ TO~bKO 
l:ITO YTIOM.fih"'YTOI'O Tiffia. 

ii.MeeiJ, .n.e.a-cTBneMno, 

-+ + ~ " fo + l !.) f3 .:>. 8.>. + ~ B,.;, = L., U,,, · u,1, t 61 ·~, "" 11" :r ==-
rr,n I 

2. -A +- + = uAfu-'f (?fr +-~~g)+ 
(F) 

')' "' ( + .,_ + f:; ~1 . t/..f' g.f. t;, + 4- ~) . 
/r:l;} 

TO eCT1> 

.,_ _,_ \' ~ I!J rr r ) 8),8;-tAB~ = 1+ ~U;,1·U.y'ro1 ·~,+~,~. 
1£ ·; f;;, 
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llOCKOJI:blcy", O,IJ.Ha.KO, B Cl!.JJY' (3.32) 8!JIIJillTY.JJ.hl gf , B:f/ (np:n 

f -=1= f 1 ) He aHTmto;.a-;ty-TM:OYlOT, a KO!I1MYT1-IpYIDT, TO npKCYTCTBYi'.lqaJI 

3.U€Ch CYMI'via, ,II;O!lD.liHffiO!UM e,IJ;lol:HLU.JY, He 00.ff32H8. HC't!€38TI:., 11 COOTHlr 

lli8HHH (3.30) H€ 06.ff32F~ BCer,n;a B~!lO~HHThCH ~ npe06pa30BaHHHX 

aJ,iJlJIHTY.U • 

•\a.K IlH,llHO, TaKH€ COOTHOW€illf...f! 0!::J)lli Cihl 8BTO!,J8TH't!€CKH BUIICJJ-

H8HH, ec"' d" 8.1 " C/ anTHKm.ll.JYTllpOBaJil'I {/ ¥ :/'/ • OTCl<ll\a 

EC3H£KaeT MneR o ueJiecooOpasHoCTK nepexo~a oT onepaTopHHX ru.~R

TY.U llayJili K TE.K Ha3fffi8€1.U:H.i ODepaTODB.M @cm.lli, y KOTOpH.X B COOTHlr 

lJ8HM.HX, 3aJ,l€IDHilUMX (3.32) ,B JieBO:ti: "t:J:aCTY. Bf,i8CTO 3HB.Ka !'.'J.i:lzy'C CT0:.1T 

31ia.K llJl!OC: • 

.J.JIH T8KOI'O ioi3I.l€H€HiUI 3H81C8. BOC!I0.;1h3Y€I.JC.ff CBO:i1CTBO!I.1 (3.3I) • 
BupaH.aiD!.!lill.-; aH'l'm-:or.li.iJTa.I.J,MK! (-I) ?1.f c onepa.Top!ill!Jl .. l ru.mmiTY.uax.u: 

t / , ~ t • 1fTOCiH IIOCTpOHT:b Oil€ .i aTOpH11€ a.J',:DJltlTY.IU:l Qepi.Ji 0 )tQ

J,;HQ.K.\1J.~ £r 7 ~ r- Ha 3HaKOliepeJ,ieHH!li1 r.IHOiK.MTeJII:. 

(-!}'?;~ 
hJiaro,llapR (~.31) 8TOT I.JHOjKHTeJII:. r.1QEer.t CTaB.*'IT:O 11 

OT ~ , i; , IIOCKO nney OH C Hl1MH K01.1MYI¥.JlY€T. 

HTa.R, noJio.Eillr.-J 

Zn 
ar(-1) J<f 

1gf = 

+ ~, 
Q/ =(I}N !;:+ = 

J I Lf& 
6_; (-!) J<f -' 

{f-t)fr; ~ 

Tor.n:a us (3.30) cJJe.nyeT, "t:J:To 

t 0 '? ~f1 
1-.i 

< 

(3.35) 

cJieBa,;.l cnpaBa 

(3.36) 

(3.37) 

a1 =o r0J'=o t- -t 
0~+0C?t=i. (3.38) 

J 

;!CHO H3 OTipe)l.eJieHRH (3,36), 'ITO rrpo OTiepaTOpY 01 , (}/ YU 
H€Jlb3.B rOBOpRT:b, 'qTQ OIDi .JJ;€ii:CTBYIDT TOJibRO Ha ap:ryMeHT J'J:f !ft?'HK-
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U,ilH c - Offi! p;ellCTBYDI' H Ha BC€ "npe,IU:l,I!J'l!(He" apcyF.l€HTH "J1,1 Tipli 

9<! 
'!To6H paCCL10Tp€Ti:o CBOi!CTBa KOM?.'lYTau.m, B03:bLi€!J.1 ,llB8. npol13-

BOJT_DP.l:IX ~H,I!;€KC8 f , f I , np:nqeM TIOJIOJDll<;. Jl)Li:i O!lp€,IJ;€JI€HHOCTl'I 

f .( f f 
l (3.39) 

TOrAa 

-t + ~n~ 2:_ na -r 
a_f ~, + af' af = ~ (--L) ~<f. (-i) ~<f' gf' -r 

+ L. 11. 2::. n 
+ cf' (-i) 3<f' 

3
. (-i)a<f 3 t.f ~ 

2__ '11. iJ + + 2::_ -111. iJ 

=o ~ (-i)+•N'. ~~ + .jJf' (-i)f~~"--F'-t:F 
{3.40) 

llpm..teM EO Bffi!M8.l:ille COOTHOill8!-l..l!€ (3.31). Tax K8K 

L. 11:~ " 
( ) f'~"-'' {- )H+ L_nfl--1 - 7 = -i • {-i)f<S<C_fl (3.4I) 

""' CO,!J;e!)£!T MEOEliTeJl..I. (-1) , aHTHE.Ot;lMJTHPYEI!li1li C t1 , li MHOL..fT€Jli:o 

{-j )~j ,. R01EJYTKJ:>YHI!lill! C ~ t 11H DH;Ilm-l, 'liTO 

2__ 

~f-t/qfo= 2_ 11y 
-(-f/~J<il t 

'I 

~a...'le€, MEoznTeJib (3.41) COCTORT .!S IIDOH3Be.UeliHH 

(-!)~ " 

.! IIOTOMy- KDr,2.iJ'"THpyeT C 

(3.32), F~i'fn.eM 

npn :f 5j<{' 

-t 
~1 • CJie.D;o:saTe.m.Ho, HS (3.40), ~THBas. 
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-t- t 
q,~, +~, q. = (3.42) 

2?/J( + + ) 
== {-t)'wr -~ ~' + 4-/ o/ =a. 

-t-
f..aK BH,UHO, IIprt f<:f 1 (01.1. (3.39)) O!I8p8T0ptl Clr H ~" aHTt1KOr.Il.zy""

Tk·;pyiOT. Tiepexo.n.n: B (3.42) K conpi!:E8H¥..UM onepaTopar.l, ~er.1 

( 
+ + j+ t -t-q, ~' + 0~~ = ~~~ -~-~0:/ =Q. 

0TC!Qll8 381UIIiJt!28M, '!TO (3.42) cnpaB8MHBO H8 TOJlhKO ll.JLC£/<J'r, HO 

H JJ,JJB. f 1 < f . TO eCTI:• OHO B!::lTIO.nl·lJI8TCR npH JIOOHX f ~ f 1 
• IlpiDIE:B 

EO BlBU.]8HH8 (3.38), MH MO:S:8J,j HBITHC8Tb )J;Jl.f.i BC8X f ,f1
; 

a1 a_~ + u/ 0 = J'(f -r1. (3.43) 

Paccy3;llaq COBepmeHHO aHB.J1orwmo, y6e~er.'lc.a, tiTO tl:f , ty, r..:ex,n,y 

Co6oM aHTmtor,J,JYTl1pym', a TaKEe, 'G:TO a; '.j.~ 8HTlBOMi:-.iYTHpyiOT npll 

f~f' , Ho llpll f;f 1 KBa)<paTH (/J' H (Jf HC'ie3al1Jr B C>.JIY (3.38). 
IIOSTOMY BCer.rr.a 

0t?;, +JrfJ =o, 
-r--+ -+ + 
0 1¥/ '""i'~ = o. 

(3.44) 

IJo.nytie:::HHe nepecTaHOI30'1HH8 COOTHOW8HIDi B.a3HEam'CH neoecTaHOBO'ti
P..HMH COOTH0Ill8Hl1RMH ~epMH. 

E.naro.rr.ap_q orrpe.rr.eJ!eHHKJ (3 .. 36) MOE:BM H.a3trnan. orrepaTOp!.! tY_,c 
K38HTOBN11lli 81/!IIJ!HTY.JJ.BI.ll! YHHtiTOJ!!:8W1fl:, a C?t + - KBBHTOBWJH ar.ULilHTJ
.JJ.8!.ili pOl!i,Il;BHYJ!, TIOCKOJ!l:.KY ~ 1 Q t-- COOTB8TCTB8HHO yr;l8H:OWBKlT H 

yBemHBaJOT 1'1.1 Ha I. f 
3aM8TID.1 ,Il;8J188 1 qTO Ha OCHOBaHHl4 (3.34), (3.36) 

n 
ar aac =a 

-r /' _ 1;+ ~11J r f7 p 
{l_/lvu- Bf ?tr (:,., = Gf fvac =f("?-1) J Uf?l_r) • 

(3,45) 

.9""-f 
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ilycn f/< f , TOr,l\a Z 
o;a./Cvu = ~;(--f}N''»jc!ftJ-tJ fl cf'("!J}= 

(JJ!J 
= J(1J;-f}.t(?1r-iJ n !(!;&). 

Ilpo;<OJlll:aJ:! y-Be='!lffia ¥h.f;~o CJ;:.,. , ;<el!cTBYEX!lee Ba (Vd! ~ Eakine:r.; 

&: ... ;; c!U = tr??."-f) ... /(0. -t) n a(?J) 
~ ~ I ./1/(.J .) > 

(J#J,,.-1,? 
(3.46) 

ec;m J1 <f.< • .. < JN ' 

G IIOI.l0$D T0~8CTE8. (3.46) E:eTpYJl)lO 3Hpa3~fT:b BO.;:EOBYID cizy'~!El 
C ( .. • 7/f,.) B CJJY'la8 CTaT~CTillGi 'lJep!Jl! C TIOi.lOlljMl TB!<OJ! ae cy;.r.:g 
(3.22), KaK H ~~ C~~ CT8THCTllEY. Eose. 

PaccooTpHM, B ca)Jm.: ,D;e.ne, cyrJJ;y 

1 ") + + vJV? L F(£, ... 1,) a.h ... af"' c~ 
N. (f,, ... f,J 

il 3al.i8THM., 'tiTO 88 MOXi:iO IIp8.!{CT8Bl!T!> B q;opr.1e 

1b LL F(J,, ... ;,_,){).h ... ~ Cvac. 
v IV! I (~ . /--19'- ,,,._r, 

lp/;Af) {f,,_f.)vV-·?j-) 

(3.47) 

(3.48) 

ha!lOMHl!I.i 3,ll8C!., 'qTQ CHCTB?-.18. (li, ... .fN) , COOTB8TCT:SYKII{8.H )laP.HOi! 

.uonyCTm.!o:B c:a:cTe.Me •:.race.n: aanoJIHeErui (. •• ??c -:_. ) , onpe.I1;8J18Ea 
c TO'iEOCT:E.D AO N' nepeCTa.HOBOK MeH,Dy J;

1 
f, -":, , 

G'y>.&:,a 
· _, 2, ••• Tk 

L ;- (lt,.-f,Yl; ... 
! IJ, .. f, J 
( (!,, . .J,)v> (..?J/-1 

.tc.c, 
(3.49) 
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BXOM!J.1.8.H B BHJJruiteHH8 (3.48), CO,D,8p2irn.T, CJI8.D.OBBT8JibHO, N( 'V!SHOB, 

ilpil'l:SM BC8 OHii 0Ka3HBB.Kl'I'CH paBRID:hl, IIOCROJib!cy" TipOU3D8.D.8H>,Ie 

F ( /;_, · · · f#} fl~" · ft: Cvu_ 
JJ.BYX 8HT~!Clll,·ll;i8TpH'tiHHX @;HK!WM ~' ... /IV 

+ + 
F(~,---f>') i CZr,--·0-J'v.u 

EBJI.HCTC5i .kfHBapHa.HTHHJ•: HO OTHOOtlliilO KO BCei,i 1!0p8C'l'Bli0BK8.L·! 1i8ElJ::f 

(!,, .-· fN ) • 

B03::0J,Jer.t cpe.n:n Y'iKTHBae<.lbiX B cyr.:u,ie (3.4~) c.lCTeu "ynopR..IJ;o
"tJ:eHHYiO TIOCJI8,UOBBT8 .. 1:bHOCT:b" : 

( J, < J, < - . <f. ) ( ... -n; ... / (3.50) 

Tor.na nHprur-:e.a;:e (3.49) dy.neT paBHo 
I + _,_ 

N- F(ftr .. f}J)a1,- · · ~" C'v~c , 
11 IJOTo;,;y ydeJr.,llaeMCH, '!TO paccr.arp:r.maehE.H cyr.u.Ja (3.47) i'.iOEeT dhl'TI:. 
npe.ucTan.nena B ijDpi.;e 

lio 

VNIL F(J,, .. 
-t-

S.} ()_ ... 
"' j, 

-f
a.~" 
}"' l vac 

(~·n;.-) 
2?Z',N 
f I 

BE;uzy (3.'JlJ) 

7Lj =- 0, 

'hj = j' 

ecr." j .oF Jn ... J, , 

ecmr j= d. • (',:;'-} N) .7; ,(!-r-- . 

Tan 'l:To Ci.rraro.D;apz (3.40) MOiKerJl HammaT1 

4, ... ~NCv<U"= /J!f~-1lj). 
C .n.pyroM CTopoHN, y'!.l'I'HBaJI {3.~UL lli.Ieer.i, no onpe.u.eJiemuo (2.35A) 

1 

V/ViF(J,, .. i;,)= C(-- nj ... ). 
lJit'.Jli1!,I 1 CJie.D;OBaTe.nl:.HO, ttTO Bl:lpru!teHYJ:e (3.47) 6y;n;eT paBHO 
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:?:_, [(-.??; ... ) f ntr17J-njJ}. 

G~:t~~J w 
' r 

IlCHO OTC~, liTO STO B!:lP3ZeiDi8 prumo l;)TJDO, 8C.I'TI1 

L-11r =IN, 
H paBno (.F J 

c (. --11;--- ) 

B c.rrytr..ae, KOI'M 

~1y=N. 
(-I) 

~l.Ta.K1 .llJIH paccr.:aTp;rnaeMOi! C:.!:CTS!,:H; fPep!.!ZOHOB 1 Ta.K J!te KaK H ~ 

paHee pa.ccua.~ei!CE: c;iCTe!.E' 60SOF..OB 1 BOJIF..O:Ba.E: @Y':HKQrul B IIp8Jl

CTBBJieiilU! 't!i!C8JI 3aTIOJ".Ji8lilli'! :aHp82ia8TCfi q>opi.mJil>HO tmSh'"'l'~.t 06-
paSO!.i C TIOMO~IO &8.iiHTY.D. pOE;ll8~UI: 

C == b L F r;, .. J.J a; ... {, c v.u 
. (-!,,. .. :£,) 

(3.51) 

0TJIWille COCTO:H:T B TO!J, '!TO B c.nytme 6030HOB (CM. (3.22)) 3,IteCI> 
F(hr .. f,) - CnMMeTpl<'iEa.H <i\YilltUM h, ... :!,., , a;- 603e--a1>li!Jli'

TYJlll; tlifCJia sanoJIHeEWI r.:oryT np.iJ.HWQa.Tl:t JIIJCiHe 3Ha'G:emm Ha.TYPaJI!r

Horo ]lJ'W!: nf = 0, I, 2, •••• B CJJY'ffie ze IT;fopMIWRoBF(f,,. .. f,_,j-
- aHTUCflMW.eTpw:!Ea.li i't!v=nr.xa I' ,. n"f- dJeDI~aMII.:IlJIJ:IT'tTTr't.l' • "J:oii~ ................ ;r,, ... .7JJ • y - - ... ,_, 
~CJIB. aanoJIEeE¥..H MoryT rrpi!ID!r>!B.T!:. .JIHlilb aF.a't!eHH..~ 0 »...m I. B o6oHX 
~ Bmcyyi;iHBE. BOJIHODa.H ®YliKIDtii Cv4C xapaxTep:k!syeTCH paBeH-
CTBa.r:.@. 

aj' · Gac == o . 
(3.52) 

cnpane,IJ,Jll!Bl::lLm ,Ii,.i'D:r :scex f . 
Ey.D.e.M Tenep:& paccMa.TpH:BaTJ:. f!:OP..\G" (3. 22), (3.5I) cpa.sy ,IVIli 

odon C,1IJ"!aeB Eose :a ~pr.m. IIo.rr;cTaB:aM B :aee B!:lPa.JleF..He .IVlff 
F(~, .. _ f,) '<epe3 30Y.H03YD <llY1= B X -IIPeACTaBJJeEI!l!, ,llal!HOe 

'f>oJOMY.liOl! (2.II). I!O..-;y'lllM 
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C = ,r.-, L, if(:;r~·· x~J21J/:r,J ... lfJ. rx~Jkt ... tk, ~·· · q, · L""-
{"'f " • + ,_, 

vN! (;~, ... ;, 1 ' " (3.53) 

BBe.netl oncpaTopHblC GgHKI.um: 

,_...., T :--?+* 
2fl(xJ =:i .. P/1/fa:.J / ¥ fcJ = .. L.P//f rz). 

~) if) 
(3.54) 

Tor ,Ita BHpaEem!e ( 3. 53) 6y;IJ;8T IIJlliB8.IJ;8HO K BE;Jzy" Ta-;:: Ha3ImaeMOI'O 
fuOKOBCKOrO llTI86CTaBR8HHR: { 1· T T C = 1/N! Cfftit, ... .r")lf!(l,) ... ljl (x,)~ .. AN· lva., c3•55J 

npn aTo!.1 na ocHOB8Hl1n (3.52) m.;eeM ,n;JT..R Bcex X 
2jJ (;c) . (' 0/3.(_ = 0 

t~, R'P01!e roro, (3.56) 

( Cv&, fv,., ) == J . 
?aCCi:lOTp;.Ll.i Teneph nepeCT8HOBO'tllill8 COOTHOILJ8HF.R: r,i8;:u:Q' BB8.!J:8H

liblJ.Jtl: onepaToplilll-,m iiJYHlmt1JII.iM (3.54). qT06H He IIOBTOp.HT.b BWH:ICJieFJlli 
OT]l8Jl.bEC ,lJ.T!H CJiY'Cl88B Eo3e M \tlepMH,.BB8.IJ;e;.; CRI.iBOJI 

[A; 1.3]r , 
B KOTopm,; .;4 , 13 - H8KOT0p118 onepaTOpl:l • .JTOT QID.iBOJl onpe,n£:J'..fl8I•l 
KaK HOI.!!.;yTaTop 

[;I 13] =.!113-?JA / -

.TI.M CJ.IYt!aF. craTMCTJ;IKH Ease n KaK artTMKOI.iJ,;y'I'aTop 

[ .Ji,1J] t = A1J T IU 
Jl)Lq CJzy•..J:a.H CT8TliCT:Ifl{l1 <!_:lcpMLi. i\aR BM,il,HO,.II,JI_CI onepaTOpHI!X 8.1.i!lJil1TYl!. 
BUTIO~HHIDTCR nepecTaHOBO~HHe COOTHOWePJffi: 

[oh ~~]'~' =tri-I'J, [t:y,f1rJ"'~o~ [4, d.rL=D. (3.57) _,. 
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kll..:eei:d llOSTOJzy 

[i/fkJ)Pfrc1L = [Z Q IIJM: 2_, ar2/Jr!Ci] == -r .,;; p + 
~ " r .,_ 

= L 'ljfzJllj(x') L a1 , ~}-= 
(f,f'J + 

= L 2fj(x)11j(;r!). 
{f) 

0TR;y)la 6Jl8l'O.ll"jlll: (2. 9) 

t 
[lJlfx)/1/f(.r')]_ =d4"-.r'). 

r 

li,a..'lee, 

[ 2J1(x~ 2J1 (r) ]_ = [ Z ~ o/j M / Z tl;A$/ff'l ]_ = 
T IIi {f'i T 

= L 2/Jfrr)2/.j/rf!) [f1;, f7r]- == 0 
(f,fiJ .,. 

H, COBepmeHHO ana.JIOrlr'iliO, 

T i- -[2/J(X),Jff{Y)j_ =0. 
t 

(3.58) 

(3.59) 

(3.60) 

iiTSK, JlHCCMBTpl!llaelo!lie onepaTopl!He @YI!1till<i! 2fJ(x) , /J{lz) y)(OE.ITeT
BO~~ nepecTaROBO~ COOTRDm8HZEM (3.58), (3.59), (3.60) COOT
neTCTBeHHO B CJ~~e Bo3e ( - ) R B ~_ae ~pMZ ( T ). 

:JaMeTl!M, Mell;lcy !!pO'W<, 'iTO eCJIZ 6" 0:£ , a; 6WI.ll H8 Ollejla
TOpa!"", a o6H'lliliMli ( -'!HCJ!BMJ!:, TO ?f/tz) , '${z) , S!l,Jtaffi!ll8 CywaMJ! 
(3.54) ,MOX:Ho 6:wro d:t1 pacCMB.Tpzsa.T:t. R:a.It o61l'"f...EHe conpsxeHH!ie :ecm
HOBHe ~ O~Oit tffi.CTi:Ulli. 
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Ho l.!T06H BOOCil!le BB8CTH BOJIHOBH€: i!lYHKU~:J:! ,JJ,Jl.Jl 'tffi.CTJdiU,l, c..ne
.IJY€T nepeiiTH OT KJiaCCiftl8CKOi1: M8Xi3.EKKH K KBaETOBOi! J.18XB.1illiC8 - Co
Bep!!IHT:b, T2.K CK8.3BT.b, O,!J.HO KBB.HTOB3.H1:!8. TB.KID.i o6pasm.;, Kor_na r.l!l 
n~peXO,!l.ID•\ OT 06t:r!H.h1X BOJIHOB!:lX ®r~ K onena.ropHID.i iPJ~ .. I ' -'ljJ('X) , '2/' rx) C nepecTaHOBO'<H!Il.ili COOTHOWelllillMJ< (3.58), (3.59), 
{3.6()), r.,al K8.K 6H COB8prnaeM eme O;!UiO, nBT0PiitlH08

11 
KBaHTOBa.H¥.8. 

llo3TOl.JY I.:l8TO,IJ,, OCHOBa.R.H.blfi H8. BB8,IJ,8Hl!H BM8CTO BOJIHOBHX @V'HKUH:i! 

fp(fli.J· .. !£~) BOJIHOBHX q:wliK!lllli C ,H Ha3HB8.8TCR M8TO,llOM BTODJ!l!HOI'O 
RBaHTOB8.Hlli1. BOJIHOBaf! @'HKLUUI c Ha3HBa8TC.f:I TOI'.IJ;a BOJliiOBO.tt dlyHK
UH8i! B npe8CTaBR8HHH BTOPKqHoro KBBHTOBaHHR. 

B T80pnH KBBHTOEBHHNX llOJiei!, Kor.n;a KJIBCCKq8CKA8 D0~8BH8 
( BOJIHOBN8) @"HKU)1:Jd 3&J8H.H.IDTC.ff OII8paTOpHHivlH qJyHKU1::U:i11-lli C COOT38T
CTBy~.rJ:f nepeCTBHOBOliHffi-l:H COOTHO!IT8Hld".ff1.1H, BOJIHOBH8 @fHKIJ;ID! C , 
'iT061l H8 CnyTBTh ¥.X C Oll8paTOplillMH BOJ!HOBW.lli ®rHKWiffi•llir Ha3H:B8-
IOTC.ff 061:RHO ar.mJIHTY,JJ,a!.ild COCTOIDUL~t: ;.LilH B6KT0pa.MH COCTO.llliR.ff (state 
ve:::tor). 

3 3SKJI!CRE.'HH6 CKaJKeM HBCKOJT..bKO CJIOB OTHOCHTBJThHO np6)lCTSEJI6H.WI 
C KaK c!WHJCWrli OT 'IHCB.li 38ITOJT..HBHM 'i'Jf - COdCTBBP.IillX 3Ha':IeffiU! 

onepaTOjlOB a;a; : 
c = c( .. 11.r.). (3.6I) 

Paccr.IoTpm.i orrepaTop 

f= f"(x)lf(x)k=L4~ 
(f) • (3.62) 

~ KoToporo 

JYC=ZJ?,C. 
(>') 

iloSTOMY HB OCHOB8HJ<J< (2.27), (2.35) 6yAeM HMeTb 

(JY-N)C=O. (3.63) 

Ta.run.J oCipaaoM, paccw..aTpJmaeMbfe N -'mCTH'UWe BO.TiliOBHB qJJHKUID! 
B npe~CTSBJIBHKH BTOpKqHOI'O KBSHTOBBHHff dy~T Co6CT.BeH~lli ~HK
UH.fii'rlli onepaTOpa .J1f , COOTBBTCTBYDI!ID•U! era C06CTB8HHOMY 3Hati€liil10, 
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paBHouy N . 3TOT onepaTop J)l npe.ItCTaJ3JIR:eT~ CJI~OBa.Te.m:.Ho~ lll!CJIO 
qacTKU B CKCTBMB. 

KoHKpeTB.O€ npe,n.CTEBJIBHKB (3.61) 9aBllCHT, Ol!emm:HO, OT BH60pa 
DOJIHOJ! OpTOROpMHpoBaHHOJ! CI!CTeM!i '2fJ (z.} • ~ :3alll!Cl!MOCTb, 
0~0, l!Cl!€3aeT B OCo6oM CJIYl!3.e, KOr.zta ,1tJlH BCBX {}! 

2f'[x) C., = 0. (3.64) 

Tor.ItB !!a OCHOBaHID! (3.62) 

JYCo = 0. (3.64a) 

l! MY ~i!,!UIM, "qTQ G COO'r'Be'l'CTBYeT B8KY"JMRm.zy COCTO.mm:ID - COC:TOH.-
BXD, B KO'l'OpOM BeT l:iB.CTIDl.. 

Hs (3.62) CJie;DyeT, '<To MH JID6ol! 
cl!cTeMH 'lj (x) .lWi :acex f 6Y.lleT 

opTOHOpMZpDBBRHOf IT~Oa 

llOaTOMY 

r;n;e 

1?.-C=o. 
Co = ./( ·C '"" .) 

c/BC = 11 tr?J;; i 
(/) 

.%= emd • 

(c..,,, c=J = 1 

(3.65) 

(3.66) 

R r,n;eX- BOpt.mpOBOtimdt MHODTe.JTh, KOTOp.s.l &'ODO mmeCTK 3a. BHB.K 
c¥~Horo Tipo~3BeAeBAH: 

(~C.)==;>'. c{.-Pf-J C,(-1'/r--)= :f( G C,...). 
{·-?lr-) 

B3HB [ "> ~c ~ !lo.zyn!M 

~= (Goc_, C,} (3.6?) 

H'l'ax, c; Ollpe,li,eJJ.eHO COO'l'IiOWelii!eU {3.64) C TOl!HOCT:DKl .!tO HO_p!a!pa
BOlffiOro ME:OD.TeJJ.E: (3.67). Ka.x: Bll.!tHO~ !!OHHTlle :B2F'J"YtmOro COCTOHEIDI 
n~cTa~eT cne~ecxoe ITOHET~e MeTa~ BTOp~oro KBaHTOBaHRff, 
npa.n:n:ee :s HeM :sa.xB:YD po;n, - llepea Taxoe "n:ycToe" cocTCJ.IDiH.e,:s:ax lvat. ,BHpaa!UJTCJi C IIOMOJll!>D i!<JPMYJI (3.51) I!Jil! (3.55) peam.H!ie 
N -qac.Tlfi!RHe cocTOJIElU!. 
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§4_. ilpe,D.CT8BJI8!iiie BTOplfl.HOrO KBaHTOBalU:!R ,ZV.!R ,Jl.I!HB.MHtteCKI!X 
onepaTopoB. YoaBHeHaR nB~eHHR ,D.J1R :apeMeHHo~ aBoEDUHH 
onepaTopHo~ @y~H 

PaCCYJK,I!;€Hldf! §2 H §3 UOK838..JUI, t!TO MOZHO BB8CTH B0JIHOBH8 
~YHKUHH c; E rrpe,D.CTaBJieHRZ BTOpHqHOrO KB8liTOBaHMR, no~OXHB 

( ~ ~ ·Jrt(xJ,···X")-fj(x,). · · $(x,Jda:, ... k~· C,c· _ /V. (4,1) 

BaxyyMHoe cocTOiiJWe Gdc. :mec1 HO.PMHpOBaHo : 

( Cvac; Cvac) =i (4.2) 

H .xap2.KTepH3yeTCH COOTHOllieHid8M 

2jf(x} Cvac = 0 , (4.3) 

cnpaBe,lJ,JlHBHM MH Be ex X. • Taxoe npe.n;cTaBJieHHe ( 4. I) ru.:eeT MeC'l'O 
u .Il.M CJ:iyqa.A: Ease, i1 .Il.Jlli c;ryqaJi Oepr.rn:. 

B CJIYl-iae Eoae rp (X1r ... X"') ecT:E. cm..m.1eTpKllH8.R liJYHKIUUi X].. .r~Jo 
a oneparopHHe i)NHK11l!~ 'f{a:)• >pT(x) y)(oEJieTBO]JJllOT nepecTaHOBO~HW.J 
COOTHO!ll€HIDIM .bOSe; 

2/! (xJ-iJ{!;c1-iJr::cJ>NxJ = d'(X-x1 • 

2/1(!r)·2fJfT'} -2/JM?J!M :Q, 
+ .,. -r 

i/ir:dljl r.x:J - 2/l{x1¥M- o. 
(4.4) 

lJ c.nyqae xe cpep:r...m-cTaTncTmm Cf(!.c,r·· ZN) .aBJI..ffeTc.n aH'l'HC~J,JeTpH-qHoii 
cpy:ooure.« xl_, . .. X.v , a onepaTopHhle <PY!iKUI<irl '/Ita::). 2j/"t!r) YJJ.OBJ!BTBo
PRJOT nepeCTaHOBO'lHhlf,. COOTHOW8H.I:UI.1.1 ~ep!,ili: 

¥ tJYPM-r /it:rPNx) = t rx- -rJ. 
2jl(:r}2j.JfX'Jr'lff:r12Jl[:<)= 0 . (4.5) 
+ -1- r + 

2f'(x)Jj!(Y) +lf(:dl'(xJ=O. 
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3a"hleMCH npeo6paso:aaRHeM ~ecm :aem:.m. uacCMa.T'DIDX3"BI!Il?jXCff 
B §I. 1!, B 'ia.CTHOCT.i!, npeo6pa30BB.B:K8M raMHJI...hTO~ Hamel! ,IUllia.W!
tteCKOi C~CT8MH f/ F. npe,nCTaRHeHKD BTOpZt{HOrO KBaHTOB8Ha~. 

ilpH aTOM HaMZ 6J,neT HCITORb30BaHO ~~ npe,D.CT8Bn8HK8 (4.1), 
CBOACTBa (4.2), (4.3) Ba"YYllliOA ~. CBOiCTBa CHMMeTpBM o6~ 
HOi! BOJlHOBOit ®'"EKIJ,m:i CfJ(~, ... ::t'/.1) H nepeCTB.HOBOl!H!i:€ COOTHODleHHP.. 
.lWl' Oll8pBTOpl!HX q,yH!ail!li B lj>opMe (4.4) lJ,1IJI. C..lY'ffiH CTaTI!CTI<Kil Eose 
an B <!KJP1>ie (4.5) .!Vlff c;zyq.., CTaTKCTJrB:J! \OOJlMl!. 

J~epKHeM &Jl8Cb, tiTO MH B006me M03eM 3B.6HT~ :ace CKa3aHR08 
B §2 H §3 .i! DaCCM8Tp1maTb 08B€.HCTBO (4.1) np:a TOJibKO tiTO nepelU1c
JI8HB.l:lX CBOitCTBB.X ITDOCTO KaK onpe,ae.n:eliile BOJIHOBOi! ~ B npe,n
CTa.BJieiD!i! BTODl!lliiOro KBa.HTOBB.HK.~. 

1lTD6H npeo6paso:aa.T:E. ~ecKI!e BeJIJ!'mHH K npe.acTa.BJiemw 
:aTopxq.Horo KBaHTOBB.HKq, ne npa6eraH npH aTOM K rpouo~ npeo6-
pa30BaH.WiM. ,LtOR8.3eM CJie.IJYII!:(YlO JieMriJY: 

.ll.EJ.oiMA.. Pacc!rloTplll.i .ilB8 c.nyqa,g: 

A. Eose-CJIY'<all. OnepBTOpHHe i)Nl!KIIlffi ¥£f.'r), iJ(x)yJI.o:a.rieTBopJIDr 
nepecTaHOBOliH!:lM COOTE:Olli8E:i!JiM Ease, o6I:ltllia.SI ~ $"~, ... :rn) 
~eT~~ c~eTpxqaof. 

+ E. Qem.m-c..mall. OnepBTopHHe 'PYHK!llm '¥fx} , 7/1 (::c) Yi(OB1leT-
BOP.P.JOT nepeCT8HOB01llillM COOTHO!llBHilm.i ~_pMR, c6H'Uia..\1 ~liUl 
~(QJ.,. .. . :J:N) RBJT~eTca B.BTl:lCHMMeTpHTmo:a. Tor.na B o6on CJIY'ffi.iiX. 
ID~,;eeT !:.leCTO T03,IJ;eCTBO 

j7jl(X')ip(x,) · · ff:<.)C« WXt, .. · Zu)h{ · · d;lp= 

(,+ + =Nffl{:r.)- .. 2/f(:rp)(v;;c /'(:z/_:r,)Jf{:z;, ... z:.)ht ... f%. 
(4.6) 

,;1;0Ka3aT9JibCTBO 

~To6H e~RH006paSHO ilp0B€CTa ~OEaSaT~CTBO 3TO~ J!eMMY ~ 
o6oKX cJiyqaeB (A) "(E), BBe)(eM 'ii!CJJO E =:tl , noJJol<l<B 

!:'= I (A!, (4.7) 
( = -1 (E)· 
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Tor,n:a 

+ -1 
2.f1 (x') '-N:r;) = S (x1-Xj) +f 'f(!ly)l./l (x'), 

T t .t + 
2/J (I)) lf(~J = f 'f(~,JN~). 

(4.8) 

.J,aJ1ee, odo3Ha'ia.R -qeoes T. . TpaHCTIOSHUHIO - :! { _/ 1 l 
X·_, X· • :It :1~ 

J;'.;, ---+ ~·, ' 
J~ -:::::Fi2 , 

CiyAeM .i:! .. MeTl:. Taroie B 060H.X pacct.uaTpKBB.eMbiX CJiyt[B.H.X 

1:;·if!=€1f 1,1~ • 
(4.~) 

Pacci,iOTpm •. TeHepb BHpa.lit€H>1€ 

f + -f 'NX"J 'fltz;)lf{x,J. . . w~,r rv., 
-"!: 6Y.Il€1J nepe,llB~aTI, ?/l(x')BnpBBO 1 llOJI1:.3Y.HC!:. nepeCT8HOB0'iHl:lhlif COOT-
HOIDBElffill.ru ( 4.8). llaaller.-J TIOCJie,II;OBB.T€Jl!:.HO 

2fi(:t'JiJr:r,J~{rl;). if! (x#J(,., = Jr.:r<-x,) >P (:r,) · · >f fr;,JG.u -f 
+ E'Pf:<;J 2/l(.r}/t(x;} .. iji (Z)C,,, = J fX'-:r,)i/r (:r,) .. i/r (:zp)(v.;r +-

+ G rf(x<-:r,)i/i(:rJi/Ifi,) · · · /r(:;;.,)['v.u i-

.t i' t .,. + E''f(:;r;j!Jr(:t,)'!/J(Y')'i)s(:.ry) ... ?jf(o·Jf'v .. = 

Y~HTYBBH, qTo,no CBO~CTBY (4.3), 
'f -f /' ?f(xJ. 2Jl{:;r#}W:r1 '"" =o, 

B HTore 6y.IJ;eM W•JeT:& 

¥rx1;/;&r; i/;rx,Jf'- ~J(xl_..r;JifaJ - i/Jr:;;,JC,d 
. ' + -f ,(()) 

+ L,r'-'J'(i'-:r;) ji/lfr,)l/1/r,) · 7j.l(:x,); · Lvac, (4.IU) 

2~)~N 

r.ae 
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!,t i' OJ 'flfi,)!p{tz;) ... 2} (:r,.,j (4.II) 

llOJIYl:!a€TC.ff H3 "nOJIHOI'O" llpo~3Be;teliiifi: 
~ -1 i' ) 7ji (:r,)l/I(XJ . . . 2fl (:r, 

Jl .!),eSJ.lThTS.Te JliRepKl!Jlaill!!! i!3 Hero if 4;). iSc.p J.:J1 TIOMSCTI!M B (4 .JI) 
?f!tl;) Jia BaKaHTHOe l.l8CTO,IWTOpoe Bam<MBJI'f(:t:!), TO .,!IOJIY'IlW + 

Bll]la:<eHile, B KOTopoe nepeXQ!liiT npol<SBe)leHile ?ji tfl;)lj!Clj) .. lf!(:ru) 
llOCJJe 3S.Mel!H ~ Jia :If. • ITo '!TOOH IIOCTB.BHT1 B (4.II) 7ftfl;) Ea YJ<B.-
38HHOe M€CTO, Eeo6X0~10 ITpOBeCTH STOT onepaTOp l:J:epe3 npo~SBe~eHRe 
(j- 2)'(j 

1
onepa.TOpDB "/;{fz;) . .. k:r:,) , BBJ!.!IY '<era IIOJUll4TCJl: !tJlOX!!TeJJb -2 ;r C: • 

Ta.XHM odpaso!.-1 ~ 

I J -f -~- ;·; )-2 .t .t 1 q;{Xt)WX,) . .. 7fl{::r,) = f / f1 (x,) · · · 'I' (ff,) . 
::y~.2f 

ilOJJ;CTaB:HM Ha.liteliHHit peaym.Ta.T B (4.10) i! sau.eTRM,. 'iTO 

E'J~l E .,~z = E2J-~ = ~. 
fiO.JIYl!i!M ~ 
r.JM y!ra;; ... 7/J r~; (..., = JfY-~,)7Jr~J- · · flf:!NJ f'v.tc r-

+ "> E: 7; . J' f:r- :.rr) ,Prx,) . . . ;f f:!NH'v .u . ~ f} 
2~jStJ 

ll014!!0Il!M o<le '!aCTll .!1B.HHOro TOl!l;lle<>= EA lf'{:z;, ... ::t;,)< IIPOl<HTerp,_ 
pyero no :X,:; ... X'..., • Hatir.eM 

J 'Pf:t';iPrr-J .. ifr:r,Jfv., l'ra;, .r#) &, .. t~u. = 

f 
+ t 

= J(;cl_:r, J1fJ(r<;J . ¥tr~JG., lfr:r,, .. x,Jda, .. Lrr# -r 
(4.12) 

+ L f j(l{;· J'(xe:r,;it!rzJ ... iJtiY,JC,,,Jr;yrr,, ... a.v)tk, ... dr"'. 
2~J~N 
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PBCCIIiOTpillol 't.Ul8H CJMI'~J:,l L. 
2~j!ON 

E:: P~J (:r'-:r, )~f:r,) . $tc,.,JCv,} !f!Xi, x, )ck,. do:N 
(4.13) 

H COBepWK!Jl B 3TQI.: RHTerpa..ne 3Bhi8h"J Il8p8II'i8HHl:lX: 

x,- x; ~·~::t,. 
Bll.l!ID; Tcr.zta, '<TO EYpa><elll!e ( 4.13) 6y.zteT paBHO 

c fl T/; J'(;;:'-xJ!/(cr,) · · h:r,)Cv,c)"T,,; ff:r, 7,) &&, · ,J-1<',. 

Ho 

·c =j 
1; J 

J f.if=E'f 1 
,) 

E2=j. 

TaK>'.J.1 o6pa3ol\;, (4.13) paBHO fl1(x;_ :r,) ¥f7,) ... ,;, (:r,)Dar !fY:r, . .. x ,.,; d-,y .. .!<-"' • 

.>{ !ilii yde2K,ll88MCR, 'l!TO BC8 (;v-f)'VleHh! CYJ.·IMb! ~<. , BXO.Il.f!me£ E «.-:JS/V 
( 4. I2) , pamw nepBOI11Y qJieHY npaBoa. -qacTH aToro Tox,ztecT:aa. 

fiTaK, 

?jJ(x'J'f(:r,) · · 2/Jf':r,){'," lf'(;r;, z-,J dx, .. 4.-= J 
+ + 

= N (~(7,)·. 
.,< 

/f!(:<,) C.,c d(:;c!_:r,) fOf..;, r#) de,.,,·. cb.,-N, 
J 

~ HBwa ;rer..m.:a .D.Ona3aHa. 

CJil!:,i\CTB>H JIEMMll 

I. Paccr.'lOTpiD.t Bb!prur.eHKe 

( 
• + 

1 
'f' fi:)if(:r/)2/!J;) · · · 2/l(:r,){:..dciff:r,, . x,)dx, .. d;r,., (4.14) 

J 

np~ ycJioBHRX JieMr.IH. IIpm.;eHR.H aTy JieMMY, B.HJU1M, tiTO B!:lpazelil!e 

(4.14) paBHO 

N fw:r:;J?r:rz) ,Pr""Jev.r J'r:r/-:r;)0f:r,, . Y")M, h..,. <
4

-15) 
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.BocnOJl'..i>3Jer.:CE eme pa::=: HB.rnei! JieMMo~ JV!JI Bl::lpaEelil!ff ( 4.15) 1 

IJjero(N-1) onepaToplillX <i\YliKijl!ll ~. Y6e,l(ID.>CR TOr.zta, '<TO 

2/Jf:r:) J/lf;f{) iJ!(J.;) · · · 7jf{:r,..,) (v.u 'f(:r1, . T.v) 4, . _ tJ/;<,_, = f 
7 r 

COJJ;epEa-

1 
" r , r , (4.16) 

= N{!V-1) ljJ{[ij) .. 1/J(:r,JLvJ< d'fx/-:r,}Jfa-;-z,)f/;fr,. ;r,)t4,.4,v. 

II. ilocJieAOBa.Te.rTt:.H!:n<l S -l>.."pa.TR:Ei?i npiDAeHeHKeM JieZ..iLW npH,neM K 
OAe.ztY~eMY T03.l!eCTBy: 

flhr.r;) ... 'flrz:r!/Jr:r;; . .. oP(:r,) G.u lf(:r,, x,;t:k, hN= 

(+ 
:::11/ft,;-f) ... (JJ-SH) 1 2f(Xs.) · · · 

-f 2/1 f:rN) Cv,u ...__.,. 
' J 

~ 
l(:x/:rJ . . d'f~- 2<Fif:r,, - .:;.p) ~ .. ct:r,., 

.lVl!l S< IV 

!!f.:. IIpiDJ.eEmE paccMaTpKBBeMYiJ Jlerazy /V pas, Haiz{eM 

J W:r/J ... w~:i/sf:r;r .. "/If:rNJCr.c !fr:r;, .. .x#Jdx, .. -t:kH = 

= N I fa'r:r,•-:r,) l'f:r;.:r,; fv,, lf(:r;, .. qN)dr,.- da-N, 
' J 

(4.17) 

B3JiB CKBm:rpHoe npo.R3Be,ll;e.E:Ke OT o6eEX %CTe2 aToro pa.BeHCTBa 
c Ba.'<l'}'1!Hol! ®YHKURel! Cu , ITOJI:Y'il!!.', yqr5. liOJlMllpoBey (4.2) .lVl!l 
C Vo>'C, 
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j ( C'var 
1 

W:r{J.. · W!r:J ?jfr; J ... J;r:r;,; t:.c) !£&,, . Y"j)x, .. ,/y,y. 

1 ('r~ 1 J '/ 1 } rc(:r. :z:) 1. 1. _ =N· ,o(J',-:lt. · crYN-:rN r f)··· ,1/ tv.r1 ... t'I%.V.v-
o 

(4.18) 

=-NJ.rth/ :t') 'f'.l)•'' N'. 

.~.IocKom,ey, no onpe,ntJieH~D cKB.JL'ipHoro npol43BB,i.i;eHJ{f.I ,Bcer.ua 

( C', ;FISC)~ (t/C !3C), 
r.ue /l , 1J - HBKOTopue orrepaTOpbi, ,Ileif:CTBYXIItl!:B HB. BOJI.HOBU8 qlyHK
UftH c , T0~8CTBO (4.18) M01KE.O Tai:OKe Ilp8,ItCTaBHTh B cpopMe 

f .,. ., ., ") ' ((zp (j,l) . lfl (;r:,Jc;., / 2/f(f,) · 'f' (Yr.r) l V'< \L(J;, J;jt;>; 4~ 
J' 

I(,, n 
(4.19) 

At• (1 ) 1/ I v)!!( ;v ·i0
1
J;-:t; ... r;r:rN-<A.» r. X!J·· X, ) d.J:, . . . tl.-ar" 

J 

ilpl!M8HIDA Teiiep:O IIO.JIYlieHHH€ TOJK,II8CTffi. Hallli8M C :UCIIOJib-

30BaHKff TO~ecTBa (4.18) AnR o6pameHKH npe~cTaB~eHnn (4.1). Pac
Cl.;orpm.; :su_oaJieHae 

(c: 2J! ~/} .. J/r r.:r:J (') v.,;c_, · t .. ..v 'T' 

u no,IJ.cTaB¥.1 .. E Hero npe,IJ.cTaBJIBHHe ( 4. I). iiOJIJG.HM 

( C,",, If (r:,) !/l[J';) C) = 

= L fr Vt\1' \ Ca,, lj!(;rj,) .. 
+ 

W:r;) ¥ (:r,) 
+ 
P (:r;,JC:Jc}W:r, :r.)4,.ij_. 

N 

On.~.n,a Ha OCHOB8.Hli.H (4.18) Bld,llat.l, liTO BTO BHpa:M.eHHe paBHO 

VNi r,o (rr,: .. :r~ ). 
TaKRM odpa3oM, IIO .. izy•rnM q:,Dpr.JYJJY oCipruueFJlff npe.u;cTaBJieiDtff (4.1): 

Pr:r,, . :.r/>1) = v72 ( rvac' 2/l(:x,r).. ·¥rS;rc).,4.20) 
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0603HaqHM ~ ~paTKOCTM DpaBHB qacTn (4.I), (4.20) COOTB€TCTBBHHO 
-qepes 

c (if} SO ( C}. 

rlH)lKi,i, liTO m.>;eeTC..ff B3aiD.!HO O,!I..H03Halffi08 COOTB8TCTBH8 Me3JlY 

paccMa .. TpHBa.eL.!!:tMH o6b£'L;.n.p·» ~H!Q.l.i,£H1.U! {jJ ;t COOTB8TCTBYI!llti!MH BOJlHQ

BW.:H ®'~.wn.:a! c B I!p8,!tCTaBJieHH...O! BTOp~OI'O KBaHTOBB.HKE. : 

rp..-- c . 
• iMeHiio, [('f) cooTBeTCTByeT if, a !f(C) cooT3eTCTByeT C • 

YcTaHoB~ TenepD,~ ~Hoe npoR3B~eane COxpaHHeTCff np~ 
nepexo.u;e K BTO~Ot.."J~ KBa.H.TOBa..~.Jjos:oMa.! se o6h""'ffi1l:e BOJIHOBl::!e 
cj;yru<Il!ill 'f , '/.; H COOTBeTCTl>Jl!ll'll'e BM <j.~ C , c~ : 

If--" c = c (p)' 

~__,. c,~ crr;J, 
Tor.ua Ha OCHOBalli!.i.i (4. I) Ha.ii.IteJJ If' /f t- ,. ( ~, C)= Nf 'lj (:r,;. · .X~)Ipfr,r:;;,) ( 'f'{:z/J. .. ijf M){'vac-' i/(:r,).:!" 

- .. .ifr:r"'JC,")tit;' ... £:r;.r.b:, •.. Lr.<" p. • 

l! !lOTOM,y, BOC!l0Ji:b30B2.Biill!Cl> TOx,IteCTBOLl (4 .. 19) 1 llOJIYllill>l 

r,. C')= 
\ .._ .J' 

= J ~~(:;:~··· :r~) W:rs,. . :r.u) rf(:r,'-7) · ·. Jfx!--rr,Jck/. .. 4; da; ... k;,= 

= f '/{(:J;', .. . :;:; ) 'f(x;, :r(J) rk, ... h// • 
r~e. 

(G, C)=(r;;t· $0) 
c;-c. 

.lWi (4.2I) 

7'; -<-----> c 1 

llepebeM K npeo6paso:munw ~ec:au Be.l'.ill'llL'i K rrpe.ncTaBJle
HKD BTOpHtiBOrO RBaHTOBaHBH. ijyCT~ ~ 6y~eT HeKOTOpo~ ~eCKOA 
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B8JlH"t:J:HJiOj;j:, KOTOpa'l B Odbfq!J:QM llpe.ll;CT8M8Ililli BHpaE8.8TCJi CYMMQj;:t one
p&TOpOB T.illla Q[ , J3 , . . . c;'1s) , pacc! .. ~TpH:aa.BmKXCH B §I. B npe.ll
cTaBJieHRH BTOpH'!Jtoro !\B8HTOB8HWl 8T8 B8Jll!"t:J:KBS. ,UOJIZHa. M306paza.TDCR 

~ 

TaKID,i Onepa.TOpoM £) • .ne.tiCTBYlCtUHI'ii H8 BOJ!HOBl:l€ !J>Y~ C , y Ko-
TOpOrO BC8 COOTB8TCTBYKII{rte tilaTpH'IHl:l8 8JI8M8HTl:l- !ZJ 11 :!) dl:lJHi Ci!:l 
p8BHH: 

(8, 0!/)=(G/~C) lVI-< 

Y? ~c 
I' (4.22) 

if->c 
:icHo, 1.1TO HaJv. .JJ.OcTaTO"G:HO HruiTH oT,JJ.eJIDHl:le BHpa.JKeHIDI ,lJ.JlR. !Jl , J3 ... , G151 

••• , TaK Ka..'l{,no onpe.uu1enmo (4.22),cyMr.a THIJa 

or v '<) 
;'jj_ + JJ + .. ·d'+ ·-· 

B Dpe,UCT8BYI8HHH BT0pK1.1HOTO KB8HTOB8HHfi Qy.n;eT CT!~~~~e~; 
,...-.. ~ ";'() 

f}J + E + · · G"-+ · -· . 
Y.TOdbl' daKTlfq8CKH llOCTDOHT!l H3Y'Lffi8M08 llD8.D,CTaBJieRHe ,1J,JIR. 

. 2J = Ji 'JJ > ... G(s:· 
noCTYllillll CJJe.u.y~HM o6pa30i·1~ ,JtJIR 

UHJ.! (jJ B031!.;er.~ COOTB8TCTBYXIUee 

IIpOH3BOJlbHO:!:t paCCM2Tpi.!1BaeMO~ {fzy"HK-

c = C{'f). 
::::W3:!:>Jvle!,J TaiDie c -tW'HKUHID, COOTB8TCTBYIIllY!O 2 )tJ 

C1
= C(ZJr;). 

n no.n6epeM one_paTop J5 TaK, "t:J:To6H oH nepeBOJlWI 

I ~ 

C = !lJ C. 
;,ru YBH.IJ.Hk Tor.n;a, •no 

(/!~ c 
• 

.0 r,o~}Jc 

/ 
C·C': 

(4.23) 

3oaH,;eM 
en c;: 

ente HeKoTopy!D :BOJlHOBYJO !llYHKU.li!O $9 H COOTB8TCTBYKlll8€ 

!.(; ~ c: . 
f I 

(4.24) 
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;ts (4.23), (4.24) Ha OCHO:aa.HlUI CBOitCTBB. COxpa.H8Elffi CKamipHOro 
llpoi!3Be)lelil!H (4,21) i! 6YJ!eT BHTeKB.Th Tpe6yeMOe paBeHCTBO (4,22) 
MaTplr'llillX 3JI8M8HTOB onepaTOpOB f(} 1! $ • 

j,1Ta.K, rrepei.J:r.eM x ~necxoey IIOCTpoeHKD ,llHRal.firqecruu BeJI1!1:lliH 
B npe,llCT8.BJI8Hllil BTOpifi!Horo KBa.HTO:saiDm. 

P..aqaerJ c paccMOTpe.Hi!H a.m:tirl'l!BBo.A ,It.H.E.aMI!qecKO.A BeJIFD!HH, :xa
paKTep:a~eMOi onepaTOpOM TRna 

!)J=ZAj. 
~J~N 

ynouHHaBwKMcs B §I. 1-ll.i:ee-u-

C'= C(jfrp)= 

I f+ 7: ( = VNi lfl(x,J ... Lflf:r,~){'.,., I :p]P)x~, ... cf; ... ck, · 

3aMeT2hl 7 qTQ "9 c~e C4CTeMH 6030HOB ~paEeHKff 

+ + 
2f1 (t;r(J ... 2jl{ix;,) c;., ; Y' (X,, ... !X_.,) 

(4.25) 

(4.26) 

(4.27) 

cm&eTplRHH no OTHOmeHHD xX~,~-~.::f"N. B CJI;Yliae CRCTe!Qi ijlepwtOHOB 
BHpaJ<elil!ll ( 4.27) .!IBJiiillTM BJiTKCI!J,!MeTpll'IHllMl< (WHI<Ill<ll><ll ;'J:.t, ... t:r_., , 
ilOB't'OJ.iY B o60RX paCCMa'rp.HEaeJJHX c.nytie.JU r.«me.M IIplWeRl!T:D X lmT'e
rpaey, CTOHJ!Ie,Y B llpawl! 'IB.CTH (4.26), T=ecTBO (1.34), YCTaHO:&
JieHBoe B §I. 

Tor.aa IlOJlYlli!M 

1 N(/ .,. k, 1 c -'iN! /f'(:z;) ... 2jl(a',;)C,, 1/tfr,,:X:) lfJf:t',, x;l ... :r .. ) '~ ... orq.v. 

3aMeH.lD4 nepeMemme B aT au eTerpa..ne: a'1 Ha {{ , a ~ 1 
HS. .X , 

Tor.na lD!eeM 

C~.~fJ/ifc)JJ{:r,:rr_JJjl(:l;J ... /rt'!t',X,~c \f'(.x~.r., ... ~)e--
v/11.1 (4.28) 

~ do: ck/. 4 · · hN, 
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OdpaTill;iCH K TOJK.UBCTBY (4.6) H aru.,mTID<l, tiTO era J.JOliUiO aamwaTo 

B BiUJ,e 

Njfr;r,)- .. k:rN) Cv" !f(:.r; .z,, .. :r,)da, .. dx" = 

= 'f<(yJ2jJ{:.r,)2/Ib;}. · .1/f(::r,..JC'vac lf(:r,_.r, .. ..TN)t-x, · d;-;1. f 
+ + + 

;Io.ll,CT8B~!B 3TO TOE.Il,8CTBO E rrpai~YKl l.!2CTb {4.28), y6BE.U88LiCH 1 !.iTO 

C1 
= _!_ fJ/r:rJA!:.r /;'W:rJdxrkjfrY.)· · · #l:r,,) (;,, e-

t!/Vi ' 

®->- !f~, ... :r,.)d-.1', ... &,.., = ft/J(xJAI:r, r'/W:.r!Jd-:uh/. C 
0TClQD,a BH,!J.W;!, '!TO B npe.D,CT8BJI8Hi!J1 BTOpHl.!HOI'O KB8HTOB8Hid.H p8CC!ol2T

p~:Ba8I.:a.IT 3,IJ.!V'IT~>BHa.H ,Il,~HaJ,;ntieCKaR B8J!W:Ii1.H8 H30dpaEa8TC..q Oll8p8TOpo:.: 

~ f + !)f = 2ji(:r}/!(:r,:r:_2ffx'/dxdr
1

• (4.29) 

TaK KaK (}}_ ~3 (4.25) H Jf na (4.29) npe,llcTaBJIRm D.Ir.HY n Ty 

JKe JJ.HHEJ.;dtJeCh."'JiO BeJilflild.iiY, a C8MH tj(lpl'.iH {4.25), (4.29) .ffCHO Y1ffi3H-

3810T,Ha BOJ:HOBl:l8 @rll.KWill Ka.KOI'O po.ua (Od:IRHl:l8 ~".JHi t!YHEUHH BTOpH'q

l-!01'0 KB8HTOB8HAA) JJ,8i1.CTBYIDT 3TH onepaTOpH, MH He dy.n;er.J ,lla.J188 CT8-

BI1Tb 3HBK rv .IT,JI.f! o6o3H8.tJ.eHIDt Taro. "'TO r.lli' H.MeeM ,JJ,eJio c npe.n.cra:e
J!eHAei>i BTOpi!'·Utoro KB8HTOB8H:w:i. 

:3ar,JeTm.; eme, '=ITO (4.29) MOReT 6h1Tb TaKJKe aarm:caHo B EH.D.e 

Q[ ~ J f(x) / J lf(x, r) ?f(:/Jd:rj dx = 

= Jf(x) (4 1/f):r dz. 
(4.30) 

Boabr.Jer,J B Kal!eCTBe IlpiD~iepa npocTpaHCTBeHh"Yil ITJlOTHOCTb "qH.CJia 

qaCTl-!U. B o6utUlO!Y: KOOp,D.HF.aTHOM llp8.1J.CT8BJieHMHi T8Ka.R IIJIOTHOCT1 :9 

TO'Y.Ke r 6y,!leT 

f![f,) = 2J'fr;-lj) . 
/~:EN 

(4.31) 
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I' •l 

'l 

I 3TOT orrepaTOp ~ro~eH B KOOpanBaTEOM rrpe~CTaBReHKR K He ~e~CT

ByeT Ha :illil(eKCR J!.i , Bosl>ldeM ijlopMYJJY (4,30) R, '!TOOR Re CnyT8T:b 

,lla.HHO:l:i ij!KKc.ilpOB8.HHOt! TO'I!ru! ~ C fipDCTpa.HCTB8HiiOit lffi.CT:&D nepei.IeH-

HOJ! l!HTerpa..uiim ;[ • o6osHB.lll!M ".:JTy DOCJie,llHXIlD -qepes j-
1 

: 

X= (ttA• 
Torna B c~e (4.31) 

(/l¥}t,,? = tr~-9,/'ffiuP) ' 

K UOTOMY 6~~apa (4.30) B rrp~CT8BH8HEH BTOp,ilqROrQ RBaHTOBBBRH 

6y~eM HM:8Tb 

!(~} =.Z f ~(~,Y)!ft-~PJ.!ft,,J!)dt= 
(PJ 

= L /(j,P)2/I(j,v)_ 
(4.32) 

(P) 

ITpoRHTerp:apoBaB ITJiOTHOCTb "qHC~ lffi.CTRU no BCeMY paCCMaTpRBaeMOMY 

npocTpa.HCTBY Toqex p, , ITOJiYlli!M oneparop, npe.n:craBJIR:Jllti!jt nOJl...HOe 

lii!CJIO 'tffiCTRU: 

.%= zjy;rM·'Jf(pJ't, 
(JI) 

Kni! doJiee KpaTKO: 

Jf = ! "'(r.r ).1/'( :X) d-:r . (4.33) 

()qeBHJJ.HO, .zv.ur paccr.!.a.TpRBB.er.wx N -tia.CTB"''EllX cpymw;g::a (' xs (4.I) 

(.)(-N)C=O 
' 

(4.34) 

To ecT!> .ItJiff HHX on a K 1ep Top IIpxmn.!B.eT SliB.l:J:eae, pa:a.aoe N • 
PaCCMOTpKM BHpaxBHae 

WZiJJ{ = }f'(:r,;i/i(I)'fl(:x)tk= jd'ra;-x)W:x)da- + 

+ ~ fiJirxJ!/ffxiPIYz)rla ~ W1!)+e 2/W:xJ'/!(J:)<kc ?/ffzt), 
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r,11e f:= + j (Eo3e), 

E~ -i (<l'epi,:a). 

,,r,;eeu. 

?/l(.z;) ( j(-1) =Jf2f/(2f) i me W'/'i)ff= tf';.I)?Jif:r.,). (4.3ol 

d3RB a.u.ecn conpRKeHne ~ yqilTI:ma.fi CaJJ:oconpruKeHHDCT~ jV, HaJ!,ner.: 
Tarae 

f -t-
( Jr-t)2Jia,J = 2f(x;JJV. (4.36) 

iiycT:h rene ph C Cly.ueT codcrBeHnoH WJHIU!,Hell oneparopa ..AI ,lJ,JlR. 
co6cTBeHHoro 'IHCJ18 N . ~iH8l!e roBopR, nycTh ID.-recr Mecro pa:BeH
CTEO (4.34): 

J(C =NC. 

: !OMHO.aill •. o6e qacnl OTOrO p3E8HCTB8 COOTB8TCTB8HHO HB. 

1''(2i)/YC = NW;r;){' 
' f 

2j1 (/f)% ( = N?/f(::ri) C 
>'! EOCTIO.':ih3Y€MC.F. COOTHOWerutm.lU ( 4.35), ( 4 .36) • liOJIY'ilUd 

ffl/l(:r,){' = (N-r)W.l/)C 
• 

}( -/rrx,! c = (N+r)P(:r;JC'. 

~ 

2/l(:J;). 7f(7;) : 

(4.37) 

BH.IlHM, T8K:illl.l o6paaor,j, t.rro onepaTop 1/J yMeHbrnaer qHCJlo 

'-!aCTHU Ba I, a 7Jf YBeJUrtrn:BaeT + aro 'l.!flCJ!O HB. L !.laxer,: noaror:;y 
:-:..a3.trnaTb oneparop;i!l€ (;pylUU.Vl~i fl , tjJ COOTB8TCTB8HHO onepaTop
H!.!Mil (pyHKUi1JiJ,til poi!t,lleHH.H 1! YHH"4:TOX8HHR tffiCTIDl~ 

iitpei:trleM K paccr.;orpeHMIO .U.iiH81.tnq€cltl1X B€JJK'=l>Hi chrnapHoro T.wra: 

!fJ=L_.1J. 
. J&h 

}5'J1</z SN 

( 4 .38) 

56 

¥ 

H BOCDOJih3Y€MCE cxeMO! paCC~eEJ:!R, H3JlQXe:EEOi!: BHi!i€ ~ a.IUJ.KT:I!Jllil:lX 
Be..1Ilfl3:lm. IJ.Mee~ 

L = C I£P)= r--1 ( 

- i (1 -1 

- .r.:'N' ! ?f(Y;). · · 'fl(x,)C . W! J ~c 
( 1JII) &, .. k'" . :r,, . . ::;(~ 

ilpKHKMRH BO BHKMaEae, ~TO BHp83EEK~ {4.27) RHZ o6a CEMMeTpBU~ 
(C.nyqaji iioBe)$ RJIK o6a 8HT:ifCiD.~.:.eTpFnili (c.nyc_aji ~pMH) DO OTEOilleHlrn 
R IJ1 ••• :T).I , Mli MOX€M :3,!{80!. BOCIIOm:.30:Ba'I'bC.Ii TOJ!',i:l;€CTBOU (I.35) 
l! HB.ll.KC8T1:.: 

c I= N{N-1) .1._ (.;;; {:z;) ... ifr!l;J) r:.,;r 11 (.'if> X,; x,_':r,')g..... 
2 VNiJ 

'&-> 'P{:!;; ~ Xj~ •. :r,..) do:/ c&: b, '*' ... 4-A/ • 
(4.39) 

C.ne.Jiae:f.~ saM.ef!Y IIepeMel:iffilX x; _,...z=: . .?; -if . i3 HOBl:lX o6o3RE."G:e
Hl!JU ill.ieet.: 

f.t 7 i -f C 1= _j__ N{l1-1) Lfl(}!,)?Jlf'i;) 1J (J{, f,; X,~ :t; ')2}I(2j) . .. Jji{l;.)rFJ~ 
'-0 .l Vli/f (4.40) 

®--'" Cvac lf(a;;:r ;, :lj, ··· :x~)d:ii ,f£, d:r/tlr/ -h.? •.. kM . 

Bocn~~ayeMCE Terrep:; To~eCTBOM (4.16), xcTopoe uepenKmeM B B~e 
. /. ' (; i; /, ' ·l(;: V' //;/.,.,; I ' ' ./._ /_ /'.!rii-1/"J 'f't'.'{j;· • • 7"(:;;¥1( "'' n-< 1, X,, :{.1 ... .X_.,)cv..c, ••· =N = 

.I 

= JJ,b'(r{)lf(.r/.d(.:r,)~P,) ... >J(:<N)"(,., W'f£, .. .:t;.)thr- tkN. 

liE STOll OCEOBeill!Z 1!3 (4.40) no..r'!y<Ia~ 
. (f + 

C' _ 1 . 7ttw•J!.f6-•'1J/;;: -. ' '12l1-" ''Jirh' t•.l:c 1- L!J.J - ~ •~"") rif.;. :z.?; t)( .r,..r;, .?_;, -7, 1 , t':l"Jd:J;/=r. =<; tv.y.wAZ ~ 
L' till (+ _f 
~ Jlf(f,) · · · 'IP(X,}- D~c if(7,, ... :r,_)oh-, '· ,k,, 
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1'. e. 

( + + c I~ l j 2f(iJ!f(i;) J3(;f,J,i x.: :L/) )I!(.TjJ ?f/(2"()®-
(4.41) 

0-> M. o1£, c&/ d7.' C. 

TaKill,; OCip830M, B npe,D;CTaB.i1€HHH BTOpH"qHQr"O KBBHTO:saHKR ,IJ.IDiaJ.w:t.Ie

CKa.R: B€Jl:ifl!llF.8 CiKH.apHoro TKIIB 6~eT rr:pe,nCTaBJieHa onepaTOpGM 

~+ + 'J3 = 1) 'f(rz. )2Jl{z,) 1J (:1; I :r, 1 2',':1;') 2/(.2"{)'/S{.r{)k, IK,d:r/4f4. 42) 

.!3 CiOJiee KpaTKOi1 ¢QpM€ !>10KHO 38m!CaTb: 

?3 = if~(rr,}isfrcJf1J,2 ~ 7ff1 rk1 de, 
l 'I :c.J..,':l:z 

(4.43) 

Jaili.-ieMCJi Tenepb npeo6paao:aa.illietoi 

paCCI.l0Tp8H.lillX B §I: 
$ -Kp8THHX onepaTOpOB, 

~~) ~ s 
C.J = L i1,?J:z., •.. js 

ft;;j,<;~<···<.)s!:. N 

;lJI..fl 3TOrO BOCTIOJib3yer.JC.H npKHE:TOi! CXe!l:iOM:. ffi.Ieer.i 

C 1
= c (6rS!P)= 
I f+ ,_ ;; IS!,/ cb_ =- 2/1(.<,)- .. 2/JfJ:")·Cvac(G P;.lc v.rj ... kv ·f""":7i . :J,, •. :r,..., 

V Nt 

Oncy.n;a, :90CITOJlb30:SaiJIDHCb TQ3..n€CTBOM (1.33), ITOJ!Y'hl.M 

Cl= N(il-f) ... (N-s-rrJj(fJp,) ... ifrx,J- Cv•c &-? 
slv'N/ 

(4.44a) 

(4.446) 

<&->- S (X,, .. x,; :r;, ... (!::) rp(z :, ... z{; :Trr,, .. :r..,)k/ · 4j &-+ 

-c~.a-, ... k.,. 
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ilepeodoaHa.'l.I:W a.necb .2j- .iJ ••.• 7 .zs-Z$ • Tor;tta 

C; N(!,;-r) .. .fN-Sr/1 (t + ""(,- _ 1 1 s, ,
0 

llt'(f) ... 2/J(z,)j, a;, ... x,; :r, ... x, )e+ 
. YN! J. (4.45) 

-;'; ('; ,t JC . (/i(; I / 1 1 I 1 1-~ Lftf;.,}··· -r(:t',v; ;/d~ • lf ... :r.,-,:zs~.~,·~·2'#/~···4ilj. ~···ddj.~ 
e-. da,..J ... ck,. 

OdpaTLMC.B: K T~eCTBY (4.17) il: 3a.IIKilieM ere B B;me 

N {N-J) ... (N-s-rt) f/(:r,.) · · · ~(?;H)C';,ae Y'(a;~ ... _z£ .;;, .. , .. .rJ. 
r i-

~ dx/-·k·r4_, ... k,~} 'P (:r{}-f (l;)¥f1iJ ... 'JjlfT..J{;,./t/cti_.· .&) f9+ 

~o~a, ... tk,. 

iJO.D:CTBBilll 9TO i)aB9HCTBO B IIpaBYD '!aCT;, (4.45), I!OJJY'U!M 

rl~ _I_ {,t,,-;;-) ,fr~ ;· r>' = ;;: ·:r; ~~h,,n.~, "(j"-'' ~-c- ~ ~.,. S!fNi) 71'2; ... T'(fs ~ (1i..~· .. ,J,.~" r···..r.,ff1.;.(u··"'f' J;/aa; ... ~s ~ 

®-? J,jj(.:r,J· .. i/J(x,.JC'vac 'f'(a:,, .. X',)da" ... k,, 
T.e. 

rl = _f_ (J(i,; ... /(z;}S (i;,. :f,; .:r: .. 7(}?/'(i;-') .. Jlf /!r/)d;;--dFfr 
I.... Sf / 1 

• - ~c~a-'- .. th:.c. 
iiTax~ B npe.n.cTaBJieH.IDI BTopzt~Horo XBaHTOBB.IDUi paccmTpiiEaeMS.H 

~eCitru! E€.1llRZHS. $ -RpaTBOrO Tl!II8. ,llBeTC."! OiiepaTOpDM 

G (s} I (,2/I.+ 'r " /: ' :) '" f/II) '/{X') (9~ = _, (i;;). .. l{f(:r,).:::, (7, ... :r,;z,, ... :r; Tl•s ... ' 
~1) I 
~. 

j '·· .dr/ ... ,/.J (4.46) ~c;tQj . · · atl"r T .t' 

Kn~ B Ci~ee ~TKO~ sarrBCH: 
(s) tf -f r , ~ ,/, •b/ rk. ,;;{ 6 = 5! 2Jl(:r;) ... '!/ff:z;)j :J1, .. s 'IS···~,.;.;·· -X, • (4.47) 
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;,;OJKe;.; renep:r, nepe~TH K npeo6pa3oBamuo raMKJII:.TOHmiHB. Hame:a 
,l],KHB.i1iK'i8CKO:i! CHCT81-!bl K Ilp8.D;CT8BJI8HillJ BTOpl{qHOro KBS.HTQ:sa.Im.H. 
.d03bM8l.l rai..rn:.JlbTOHHaH B ¢Qpr.te (1.36), BEe,n;eHffi:ltt B §I: 

f-!=2___Tr-5'_,~. j t>h 
I ;j"'N t::J,< j,:{f.! -' 

(4.48) 

r.n;e .n;JIR r.aTplPilillX aJieMeHTOB o,IJ.Ho't!aCTJNHOro onepaTopa T .a .JlBYX
-qacT;..rqHoro onepaTopa U ciy.n;eM noJJb30BB.TI:.C.H ocioaHB't!elili.fil{"u! (1.37). 

ilOCKOJI:blcy' Ta.KO:a raMHJibTOIDiB.H COCTOHT 1!3 CYMMH a.n:,n;JiiTRBHO~ i! 
(jaHapHOi! KOMIIOH8HT, B ITp8.D;CT8BJ18JU:U! BTOplNHOPO KBaETO:saiD!..H ciy)J.eM 

ru.;eH = JhccJT(x;r)'fMdrcb/-t 

T f f;; (:r,}i/(2;) U {2;> X,/ I,~ z/) '/(:rf)J,l!(:r/)/.a,tkzk,',k:, (4.49) 

i3 'tffi.CTHOCT~, rru,U1Jl!>TOHH8.H (I.38) 

t' ~ .-+.. f-1 =-~2m, lJ ~) -t-~ '+' ( ~~ -~;). 
t~J~ 1v )s J, <;; 5 JJ 

(4.50) 

~r~; = crr-tJ . 
)\JIH KOTOpOrO nepeXO.U OT (4.48) xapaKTepK3Y8TCl! <!JOPMYJI8MO! (4.40), 
B npe.D;CTBBneHHK BTOpaqHOrO KBBHTOBaHHff ciy,n;eT 

J--1 = -2~ J¥(xJA
7 

ljl(z)dx +JjJc:P(t,-1J?/P.!PP'J?f/p~¥!tfJ4.5rJ 
~dcr,tk, 

EcJIK B f1 •a (4.50) 
Hero no~.n [fe (f); 

HeOciXOAHMO y-qecT:r:. qneH, npoaCXO~ OT BR8ID-

~u~ 
. ) ' 0~N 
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(4.b2) 

L 

\. 

TO E (4.51), O't!8BH.IJ;.SO, .n;o68BRTCR BHpru:teH.He B:n,Ita 

f U(f,)tM'f(x)dtc. (4.53) 

B paccJ.iZ:TpKBaeMOI·l npe.n;cTaB.t1eHHH ypaBHeEi!e 1ipe.II.illiT'epa 6YJJ.eT 

. .J. JC- I I f' 
Ill dt = n '-1, (4.54) 

HO M04-~0 TaKEe BOCIT0~30BaT!>CR nonxo~O~ feH3eH6epra. KaK R3B8CTHO, 
B 8TOM ITOJJ.XD~e RaRaR-JIH60 ~~ecnaq B8JJK't!RHB, KOTOpBH B TpaK
TCBKe i:.lp8,ll.KHI'epa H306paEaeTCS onepaTOpoM 5Z), 6y;IJ:8T IIp8l1,CTa.BJieHa 
onepaTOpoM, SBHO saffiic.Eii:!HM OT 3pe.Mem! ITO 32KOHJ 

ilL _;l!t 
i' " i'JftJ = e .2l e (4.se>J 

l3Bezer.t, B 't!aCTEOCTK, OIT8D8T0DHH8 ~~: p - -
i r-t -ilit 

2/f(t,::c)= e.· 2J.l&Je • ; 

'f-

?jl (-l,x) = 
·JI h' 1::;:-t+ -i-t-

e • J/frt<H!. >~ 
(4.56) 

3aM.8TillU, l:!TO 

ift _; !/-t i#t -i#r ~-#t -~·ft i/4 _il!.t 
~ n n ~ * e 01 · JJ2· · 2H'' =eJJe .e,e ... e:.oe e ~ <Jz t 

T.e. 
. /-1 . /-1 
z;-t _t-;-t 

e ·0
1 

0, .. ZJe e = 2,(tJ · :JJ,(t) ... .:<Vt J. (4&57) 

Berro~~~ ~ee, 'To Ha ocgoaaHHH (4.29), (4.42l,,J4.46) pacCMaT
pl!BaBilllieCJl !lahlil onepaTOPII Tlffia !!J , .JS , ... , G,... Jl!,l])SliaDTM 
~epea npoaaBe~eHa~ onepaTopHHX ~~; 

2j(t(,) .. '$r:z:J2/I(.r;) .. l/f&;},. g =.1_2, 3, ••.• 
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IJO&Tm.;y C:iJzaro,nap.R: CBO.i!CTBY (4.57) BB.JJ.ID>t, qTQ 

D[r 'Y.J rsJ ~ ct), J.J(t), .. 0 (t) 
npe~CT8BAffDTCH BNp83SHKaMH, !IO~~C.R: M3 COOTB8TC~B~ B9-

pa1KeH!!li (4.29), (4.42), (4.46) npocTo aaMel!oll 7/J(Ll), f'"tf:r)Hii 
zp(t,:c), ?jl[&,x). 

TaKRM o6pa3oM, sa..u;aqa Ha.XO:no:temrn aaBHCR!llKX OT BpeMeHH .ll.WiBMli

'!SCKKX B8JIK1=!1Ui B itapTHHe Teifse:a:6epr~ !IpKBO,IVlTCR K HaXO;!OlSHWO One

paTOplillX :1\YR..'Qi!!li 2Jl{t , X} , 2/1 ft0 X). 
0CHOBHB8..HC!. Ha paBSHCTB8X (4.56), (4.57),B~l!Al, 'tlTO -if/t 

(ifMT)l/s(t,;r) :t lPII;1Wt,7J}= t/lff'lfxJlk:rj :t: iJMWx1~ , 
~~ z ~~t 

j¥ft,:t )2Jl§.,x) :t 2/f% :rJWt,.r!}= e.~ j l/l[.z)WTJ r¥ (:r')lJr.r}_; f , _/fit 
l f (f,l)':'fi,Y):tJji~:r)i/J(f,'Yj=e'Ft(~fxd (xJ :t pf;tJJ>/f:rj e . " 

Cl'rey.ua B!lTeKaeT, ~To onepaTopll!le :j\YliK!1RR Pft; X), /I(t; :c) Y.!lOBJieT
BOp.FI!OT T3KiiM :lie nepeCTBHOBO't!HHM COOTHO!llfHIDIM (4.4) ;Ulii (4.5),qTo 
2 '/I (x), 7j1 (r) : 

A) c~att Eoae ; 
+ + ~ 

7jl fi,:r) 2/fft,:/}- ¥(r;.r)¥f·P) = o 6-:rY • 
')! ft,xJ'/1(0 r)- 2/fff, ::r'/¥ru} = 0 , 

_... i- T -f 

7jJ (l, x)'/-fff, r'J -'I' ft, :r')P((,x).=Q. 

B) CJIY'Ia~ :r>ep~ : 

7fi(t,::e)J/rft,:rjt- ¥rt,x~i¥fU)=J/x-r1, 
?jJ ((,X)?/1(!, X") 7- 'Jf (f,r#!i, x) = 0, 

irrc,x)21/c/) + P!I,I'/2/ft_.x) =c/. 

(4.58) 

(4.59) 

!IO;:J,ll€pKHer.1, 'iTO 1'aKRe rrepeCT3HOB0'1:.lill€ COOTHOW€HH_q B€p!lli Jil:l:lll:E. ,!VI.F.[ 

a,!I.HOBper.temuu orrepaToplillx glyRKIUrlt '2/l(t,IZ'), ¥f!'r,:r) ~ .Kor.:m.zyTaTOpHHe 

:::;;ooTHOIU8HIDI rrpH pa3HHX BpeMeH.aX,CKaZSM,)V.Jilfi(ti. Xt)co/(:.1.. x~) ,DTCD

Aa HK..l\.OH]'.l OdDa30M E€ Bf,IT€Ka!JX • 
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!_j. 

t; 

' 

ilocTpoKM Tenep:::. ypaBEeHRe ~ BpeMeHHo~ 3BOXDUHll onepaTopHHx 
qQr!:na.liDi. Ta..>t, H3 (4.56) P".M€€!.i. 

lt "fft,:x:J= Wt, xJJ-/- fllj! (t,.r), 

* ( 0, :r) = ?f!(<) • 

(4.60) 

3aMeTID.i ~a.nee, t!To, rroc:rw.;n,ey H F..BJIEBTCH HHTerpa..r10M ;:om.xeHl!ff: 

i.fit -i.f!t 
H= J-1(1)= e.' Hf "" 

.:! STO BHDaK€ffi!€ li€ 3aBiiCHT OT t , f.IC!ZeM ~€HRT:b B llD€,llCTaBJI€ffiiH 

I'8!.il!.l!!>To~, Ha!lpm.;ep, (4.49), orrepaTOpH!le ~ -?Lf&), iji[:z) 
COOTBBTCTBaHHo Ha ~~ ~ ¥{r., ~) H 3a.Ter.1, no..n:osyn:c1:. rrepecTa.HOBO'q

Em.m COOTHOlli€ffi!?.:Mil (4.58) IDm (4.59), pacRp:trrl:. K01!l">JYTaTOp, CTO.H

~ B rrpaBoi! 'ffi.CTi! yprumer.MJI ( 4. 60) • 

BosweM )1.JIH npm.;epa C.JJY'lllli l'8Ml!J!bTOEI!8El! (4.50) • .zvm lWToporo 
B npe~cTaBJ1eHKH BTOpKqgoro KBaETOBaHRfi noJJJr~eno BHPBXBRrle (4.01). 
BE~ TOJLOKO ~TO CKe3aEEOrO aTo 3Hpa3eHR8 dy~eT paBHO 

1-1 =-!,'j-;f(t;:t;)iJft '/1(-t, .:r,)ciA", -;-

+ f JJ c/:{1,-gp/(t, r,)'Jrt,.:r.)7fl(t,:r,)Wt.J,)4 dr, . (4.6I) 

t!CIIOJI1>3Y"Ji nepeCTaHOBO'!F..He COOTHOllleHi!.E. (4.58) H.Jnl (4.51), HeTpy,ItHo 

y6e,IU!T!>C.E 7 !!To B o6on c..nyqruu cnpaBe~"U!:Bli CJie.rt:Y~e B!:.ipaxeHHR 

)Lr.LH KOMMYTaTOpoB: 

[')!(t, z); ~ (t,:r,Mft 'Nt,:r,) = J(z -:r,} iJ:, 'f1 (t, :X,) • 

[WUJ i J/ ft,:t;) >f fc,~Jl/Yt,:r,J?fft,:r,J) = 
+ 

== rf (x-x,) 2fi(t,:r,)¥W<,FI1(0 x)-;-
+ 

-r d'(x-x,)7fJ {i,:r,)?lf (t,:r,)'Nt,Xi). 

l{09TO?.JY .n;Jm KOUM:,VTaTopa B npaBo.l l!B.CT:a (4.60) .Ea.ii,rteM EBH,Dy 

(4.6I) 

~' ) {Wt,:;:); H] = -
2

;, Li, 'Nt,x -t-
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+ 1 f ¢(r -12JzP (i,x,)2/l(t,:J;)rk,z · Wt,x) + 

+ f f ¢o(q,-tt,)-4(t,:r.)WtJ,}J.a, 2/ftt,:r}. 
/ 

06osP..a'll:KM. B nepBoM llliTerpane npaBO~ -qacTlf neper.teHHYE:! .Tz l!epes Z 
a BC ETOpoM mnerpa11e o6o3Ha.'t{ID:. l:lepes X 1 nepeMeHEYKJ HHTerpan.an 
:X t • !lo;ry'!l!h; 

['/l(t X ;J-;J = -A'Ll 1/f(l x) f f¢(o-• 1J$(t,T/'P{t/)da 1
2/f(t,x) = / 2m 7 ' ' , 

=-_1<Ll 'Nt,x) + L {cNt-jJ~(t, pJ2f(t,j;Y)~'·7f!(t,x), 
2m i (/!, 

TaKRM o6paaoM, B 6o.llee paa:eepJzyTOM Blf.D.e, noJIClJUIB X= j,.,Y • npe.n:
cTaBmv: ypaBHeHM:€ ( 4. 50) E CJie.I{YIIllt8:P.. {jilpMe: 

• J. oWt, tJ!J = Li'.J _,_ U (t, 4 ) bNi, 1,).1)" (4.62) 1 ~ "· (zm i ' r) 

r.n:e 

UJt, J} =)( cPr~-i 1 (L ~(t1;;;;1'Jl(t, j; Jl)l'J'. {y'J ] (4.63) 

38.NieTI!M Ha OCHOBaHHH (4 .. 32), tiTO onepaTOp, CTO~ B (4.63) B qlR
rypHHX CK06KaX, eCTb onepaTop, npel{CTSBJIH~ TIJIOTHOCT~ 'tlrlCJia 
'-l:aCTlr1U E MOMSHT Ep8!1.8HY -t: 

Z {I (t, j, )J; lfl(t, ;,;;J =I r t/ t J. 
(>) 

~, C.lleAOB2T€JlbHC~ (4.63) 3KEZBan8HTHO BHpaXeHHD r 
~ !t,t) = j c/:o(r-r/,f(t,j')~'. 

(4.64) 

(4.65) 

KaR RallHO, no CBOO~ ¢QpMe ypaBHeHHe (4.62) a&anorH'!HO Odh~HOMJ 
ypaEH8HH~ Lpe~YHrepa, COOTBeTCTBYDm8MY ~KKeHKn ~acTzug B no~e 
TIOTeHUI!aJI3 ~ • 

cru~ sTaT noTe~n KBK 6~ B~sasaeT pacnpe~eReHHe ~aCTRU c 
C..JlOTHOOTbl!J j{~ 1JC01•'· (4.65)). 
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XapaKTepHOe OT.!Il<'me Ball!ero ypam!eHI!!i (4.62) OT COOTBeTCTEyr>
l!(BI'O "KJia.CCKqBCitero" He.mmeit.Horo BOJIHOBOI'O ypaBHBHl!.fi COCTOHT 
"JIRili1, n B onepaTopHOA: npKpO.lle 2fl , ¢' , TO ecT:r. B ~ nepe
CTBHOEO'il!H.X COOTaOWeiD!l! (4.58) l!.1Ill (4.59). iropMWrbHO 3TO ypam<eHliie 
(4.62) UO.Jl:T!B.e'l'CH KaR 61: "BTOplNE:HM" XBa.HTOBa.HileM - KBaRTOBa.BJ!BM 
BOJIEO:aHX ~ :Z3 "KJiaCCEBCKOI'O" Y,pa.BHBHlUI llipe.Il;REI'epa C ·caMO-
corJia.COBB.HH!lM IIOJJ.BM [}; (f,-)• CJIOBO KJIE.CCKtiec!O:di Mtl CTaBmi B l\2-
B.HtiKH:, IIOCKOJI1:>KY .Il)Iff Cru.IDro I!OJijl"ttBEl!H Ta.E.OI'O ypa.BHBIDUi y;Ee Tpe6y
BTCH o~o. TaK cxasaT:r. "ne~oe", KBaHTOBaHRe. B TeopHR nnna 
KMBBTCJi IIO;llo6H!::li IIOAXQ,lt: 6epyT IIOJlBBHe ypaBHemu.r., no.n;yqae.r.me Z3 
HBKOToporo JIB.I'p8KiUUU!E, :a 3aTBM HB. UOJIBBHB ~ H8KMD;H'BBDT 
COOTBBTCT~e nepeCTaHOBO~e COOTRomeHRa, COBMBCTXMUB C ~ 
EpeMellll!<M ypaEHeHJiieM )\ill! UOJ!eB!lX ~. 

§5. 061l!lle _ SBMe'!ru!lU! K MeTo.cy BTOpll'II!Oro KBaRTOBaHI!!i 

B aTOM naparpaqe MH c~eJmeM pa;n; ,rr;ono.mmTem,ma saru:etmlruit IIO 
TIOBO~ MSTO~ BTOp~oro XBaHTOFaHKH. 

I 0
• ilp=e BCero o6pHTliM Blll!MaHliie liB. TO o6cTOJl'l'E!.l!bCTBO, 'l'rO 

B npe;n;CTa:BJIS.HlD! BTOpXtUIOro XBaHTOBalD!a: qx>pm onepaTOpoB a.n;.D.I!TKB
HOrO, dHHS.pHOro l! T • .D;. TRD.OB, B 'l!a.CTHOCTll, .H :rru.m.IJ:l,TOEHaHa HaiDeJl 
.IlKl!BMII'IecKoll CllCTeMH, He 3aBHCHT JmHO oT '!l!CJia 'IBCTJIIl N • 3To 
tiRCJIO BO:liteT B Bl:ZpEiZeHHe MaTpHt!HBX 3JISMSHTOB TaXRX onepaTOpDB 
"tJ:epes nocpe;n;cTBO N -'t!acTwnmx BOJIHOBHX illY~ C. Aa.E:Hoe 
o6CTOJ!T8Jll.C'l'BO OKaStma.STC.SI Becl>MS Y.Ito6Hm!l .u.mi 3BJlB.l! CT2TRCTHl!e
CKOi M8:xamnt.i!, B R.OTOpRX W .l!MSSM .zteJIO C TBK H83HSaeMI& 60JI:&mmll: 
aHCaM6.7.!eM I'R66ca. :Eo.iw:!vli asCilloKlJn, fl!66ca xapaKTepH3YeTCJ'l I'8Mil.lii>-
TOHRaHOM 

r= H-j'K. 
(5.I) 

CO,ll;e~ IIB.paMeTp J1- ~ Ha3".tlB8.eMID! Xi!Mi!l;I8CKHM IIOTeE..IJ,i!BJIOM. Cpe,ll
HHe 3Ha't!eHHH ~ecxzx Be~ 6epy?CH no CTSTRCTRq6CKOMY 
onepaTopy ~ 

_j_ e.-a 
J1 

60~hillOro aECaM6.llR: 

) 

_r 
.J2 = Spe. e 
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< -Zl > = :ie_ e-f.a (5.2) 

Spe-f 
GyUIBCTECHH08 OTJI.I!t!~e Ta.KOrO aHCID.t6JIR OT 06!lt!H01'0 8HC8.1:6JIJ! rH66ca 

COCTOliT B TOr.:, 1:!'!'0 lliiiYPH B (5.2) 6epyTCR ITO COCTOJIHKffM C npozs-

BOJlbHW.;, a H€ C ~!XCHpOB8l:I.H!::U.1 3Ha'!8lrn8M 'ti11CJI8 tre.CT~ 

llBl!,lly (5.2) Cpe,l!Hee 'H!CnD '!BCTHU fi 6y,l!eT 
_£ 

'5(?e e.JY // ~1 N=<K>= ~ -E. = r;11,B; 
"J'C • ' 

N• 

(5.3) 

,;i !,ill l;lOE:€M paCCMBTpMBB.Tb 8TO COOTHOill€HH€ KBK ypaBH€HH€ ,ll;J1H O!Ipe

Jl8Jl€HM XID.rn:"tieCKOl'O IIOT8HUH8.JI8 ;U IIO 38J(a}Ui0MY 3Ha'!J€P..HIO f/. 
.300CiUl€, B CT8THCTWI8CKOit M8X8anK€ U8JI8C006p83HO paCCM8TpH

B8Tb ,U:i.l:H8l.Uf'--!8CKM€ CKCTBMH, HaXO.JliiiqH8CR B KOR€'t!HOM 06'beMe, ii 38T8M 

yae coBeprnaT.n rrpe,JJ.eJI:olli:rli nepexo,D;, paCII!HPJm aToT Od'ber ... l Ha. Bee npcr 

CTp8HCT:SO • .J:eJIO B TO!I'I, l:J:TO eCJIH V..MeeM JIIDCioe KOHet:IHOe t:Il!CJIO tffiCT~ 

N B decKoHetiHOI.i npocTpaHCTBe, To RX cpe,JJ,H.rui TIJIOTHOCT:t. oKaairna

eTcH paBHoH HYJIID. liosTor.zy, ec;r:a 1~ :ae.JiaeM paccMaTp¥..BaT::. ,IU!.Ha.!.lH

tiecey!D c;J.CTer,zy- cpa3y BO BCeM deCKOHel'.!HOM llpOCT],)B.HCTBe R BMeCTe 

C TeM o6ecrret!HTb OT.Jll!lJ..HYID OT J!YJI.H II.JIOTHOCT!:o 'il!CJia tffi.CTID.l, MH TeM 

Cai.1HM OK8.3!:lB8.8MCH B!:l~8HHHMH Kl'il8T:f> ,lleJIO C 6eC..ltOHelffim.1 'liliCJlOM 

'-l.8CT~. Ho Tor.n.a onepa.Top K, .na H caM rB.MHJI::.ToHimH H , agq>eKTJ.iB

HO nporropiUiOP.a.JlbHblli 't!HCJIY 'W.CTilll, Tepm::rr CMHCJI, H CT8BOBHTC.H: Re

OCiXO,D,ID.111M TipOBO,!UiT:b )J.OllOJIHKTeJI!;.lill8 RCCJie.IJ;OBB..Hi!.f!, CBH.38.HHl:le C nepe

~:CpJ.J;y)lHpOBKOii C8MOi! IIOCT8HOBKH 3~8l.!ltl. "l!TOdhl H36eEa.Tb aTO~ q:op
,,l8Ji:bHOioi TPY.lJ.HOCTH H lUJ!eT.E. ,n;eJJ.o c KOHel.!F ... &M o6"DeMOM, Y.Il:06Ho :aocnoJII,-

3DB8TbC.fi MeTO.Il;OM K:Ba3~HCKpeTHOrO npe,nCT8B.JI8Hrul, 0 ROTOpOM ro:aopH

mCh B §2. 
B COOTBeTCTBi!H C OCHOBHOii H,Ir.eeif: 3TOrO npe.D:CTaEJieiDm pacm.-iaT

p>1BE.er~; B KB.t:IeCTBe .n:onycTm.mro npocTpa.HCT:aa 

onpe~eReHHY~ HepaBeHCTB8MR 

TOt:IeK KOH€l:J:HY~ 06~CTb, 

f.., I• I f.., 
--<~ <-2 2 J 

o(.=-.1, :2,3 (0.4) 

c 06'.beMm:. V =L3.5YitBO~ v dy.IJ;eM 0603HatiBT:b KaK o6JiaCT:b (5.4), Ta.K 

R ee 06'heM. Ha BOJIHOB!:i8 :W"HK!:Vli:f ( 

f!{!Z',' ... J(,) ; .T = 9-, P) 
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HaJ.IoxeHo YCJIOBHe nepHO..IJ:j!qHOCT.n c nepli!o.ztOM L no Ka3JtOii il3 npcr 

CTpaHCTBeHHRX. KOOp,Ili!HaT ~:«-) .. ilpll 8TOM, lJT06H o6eCTI8liRTb BmiOJlB.e

!Q:€ TaXOro YCJlOBiUr nepliO~OCTM: .!(JIB: BC8X MOM8HTOB BpeMeHK r , 
6epeM ~ llOT8~JWiOH 3H8prRA BsazMO~eHCTBUH napg ~CT~ BMeCTO 
illiTerpa.rra ~pbe (2.17) 

c?M =c .L3 rr/r"·?~ I (k) .r.~.t .... 
2JJ) j I 

,l!RCKpeTsyD CJMMY (2.19) 

1 ~ i{l<·j) 
c/Y~J= -L e ·I M v (k) 

B KOTOpOJ! B Ra'!OOTBe k 

(

2n'l7[<) 
K=

L ' 

B3>!TO ,l!RCKpeTRoe !.!l!OJ<ecTBO (2. I5) 

2n 77 f,J 2n1/'l) 
L , L J. 

(5.5) 

(5.6) 

(5.7) 

r.:rte nf;t} - IJ.€JI!le 'lliCJia, MO:rymH:e np:ruoo&lT:O .1!BJ6He OTp~TeJI!:.Hl:l8 
z nonoxaT~e (a Taxxe HY~eBRe) SEa'!eHHH. Rax OTMe'lanoch B §2, 
,l!HCKpeTBaE CYMM£! (5.6) nepeXO,l!J<T B iffiTerpa.JI ~>.e (5.5) llpl! v~ .... 
BBH,Ity nepHO,.!Ur1IROCTK BOJIHOBEiX ~ ITO O'l'HOmemm KO BCetJ! npocT

paHCTBe.HHm.!: KOOp~TW4 CHCTe.Ma 6a3.i1CHHX ~ BBHTa B ~pMe 
(2.6), (2.15); 

~ib (!j.,P) 
' 

- I ;(K-j-) -vv e . J'(ll-rJ) (5.8) 

C ,l!RCKpeTJlliM J<. H3 MEQXeCTlla (5. 7) • .l\llffi!aH Cl!CTeMa (5.8), 0'!8-

B>w!O, 6y,l!eT IIO.JIHOl! ;I OpTOROpMllpOBa!!l!Ol! ,l!JL'! OOJiaCTH v . 
BBe,ueM Tenep:o OIIepaTOpBHe ®"'"~, ITOJIOD:B , 

i(K·I) fr 1 -; (K·I) 

-zttO,PJ=Z/vt. -a~,}l; 2JlfpJ=Zvve ak,)'. c5 •9) 
(K) I"'J 

-t 
r,11e a k1 )J , ak1 J) .ffB.i'llmTCH KBa.HTO:aaB:HHM.d a.MII.ITI!TY.n;at.lli Ease Wil! 

~epMl! C COOTB€TCT~ nepeCTa..HOBOtmm.ill COOT:Hot!le.H~. HeTpy,ItE.o 
38!'.leTZT:t. • 'qTO, llOCB:OJ'I:hley' 
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_j_ L (J_ i(l(. J-j/) t r: - 1 
v (k) ~ j 

.1VLfi ' M tp 1 
, JI8JKalUHX BHYTPH o6JiaCTH V. BB€,IJ;€Hlill8 onepaTOpHl:le 

IWHKl.l,Jfill (5. 9) Y.E:OBJI€TBOpmDT rrepecTaHOBO'I.IllliM coOTHOmeliiDlM (4.4) 
il ( 4.5) B.l-<:YTPH 3TO~ 06JI80Ti!, KOTOpyiO Ml:l TOJibKO :i! paCCMB.TpHBaeM. 

0TCRl!J.8 BM,I:I;HO, 't!TO BC€ p8CCY210l.€1ll1E §4 OCT8KITCR B€plillhl'l: H E 

,I1,8HHOM CJIY'l88, 1Wr.IJ.8. B Ka'l€CTB€ .JJ,OrryCTHi'OiOro npocTpaHCTBB. TO'!€K 

~ 6epeTCR 06JIB.CTJ;, v . IlOJI~71HiM TI03TOMJ .J])I.f.[ ra.r.u!JI1,TOlili8.BB. r 
cJie~romee rrpe,n;cTaBHeHHe BTO~oro KBah~OBaHHH: 

r = H-j"ff = ) _ _.f-r(f.-YJ/~'.47 -j~}NPJ'1-r 
(Y! 

~ f + t + f L cP{t,-j,}Y-.!(t,,J1)J,Il{f.,,!f)2fi(f,,Y,)l/ (9,,J1)7, ely. (5 .IO) 

ov•JcvJ 
,lJ,Jui npeo6p830B8.IDiR r K lPJpMe, COCT8BJI€HHOi! H3 KBB.h""TOB8.1:U:W:X 

IDIJIJIHTY.Il, HaJ:,l OCT88TCJi TOJibKO IIO,Il;CTB.Bl!T:b COOTHOID€HID! (5. 6), (5 • 9) 

B BlipaJK.eHHe (5.10). lipH BH'l.I!CJI€HIDIX U€Jl€C006pa3HO HMSTI, B BH,ey' 

COOTHOIDSHR.ff OpTOHOpr.m:pOBKH C KpOH€KK€p0BCKOa qzy"~ej:: J e_'(K-K')'f "1 = v d(k-X} (5.II) 

(VJ ~ 
3a.MeTldM, 'tJTO C;B.FI3:h Me~ A.V.Pa.KOBCKOJ.l 0 ~YHKIU'lei1 H KPOHBY.Ke-

jJOBCKO;:f OCiy.il.eT f\ 
3 (l 

dlJiR (~j =~li). V d.f{j,), 

1 1 i(~t·f) 1 fk·~ 
do,R M = h-)1 e A- ~ v LJ-

[""li (k} • 

3amnueM TeneoL 

'¥ ~,v) ¢f9:, v,)'Prf,,J!Jl/f (i,> Yt} = 
I L -f T -i(JV-1</)J,-I(K,-K()f., 

-- a -0. . . a 0 e - V,z K,~ ;{(Z.."'t K{ JJ~ ' .l::f/.1} 

(K,,~_K/Jt(j 

H .na.n.ee 
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cp(t, -tJ, J ¥r~.Y~ifirr-);,J Prf,,J/, J 1/!tf,,Yt)= 

- _j_ \ / + -f- f( /<-(Jr,-1()}~ -1(/'r();·lfJg 
- v3 L__, (k) OK,)!, ok,Y, a~'Y, ak/Y, -e . e -

(k.,,/i.l_. ;,~£,;-tJ 

Bru-,;ey ( 5. II) dl!Te!'pa!liD! 3Toro m;pru<elll!li no f, l! 7,_ ~eT MHOlill!Te.;u, 

V 2 J' (k-f. --~<!JJ t (k + k, -k/) == 

= V 2 J'fk-(f<t-K,1)·d (i(,+K,_-tt/-k.'J. 
T81U!?.l a6pa30M, !!3 (5.10) llOJJY'lliM 

(~2 ) + r = z (in, j'1 Civ -a,y + 
I!<-') • 

r ~ ~ -/'l-_ /I r;; / /)~-r- ! a a (5.I2l +2- lfY-k, I 0 (}(,4~,_--lt,-k, ""'K.v ~/y, v/" v 'f'ZI'l:t-l"''''• 
( K,,f<-,_K,;k,'){p,,Y2) 

3,lleCh B =y«ae 6eCCili!!!OB!IX 'laCTl<U lll!,l{eKca )) COBCeM He 6y,lleT. ilpH 

paCCMOTpemm lia.CT~ C TIOJ!OBl!HHHLS CIIHEOM )J IIpo6eraeT )tBa 3H8.-
I -.eHHR )! = of -3[ 

3aMeTl!l.!,MelOJY rrpo'll!l.!, 'ITO raJ.!l!JtbTOHl!aB (5.I0) KOMMYTl!pyeT 

C B8KTOpOM l!l.m:y,m,ca Ha!Ileii ,1U!Ha.MK'qeCKOi CHCTet,fi,i: 

p = -d rz "(i,Y) v: 7/J(q.l') ~ = 'J1,) f' 

(V) 
\-+ = ~ 'L k ak,P t4_v • 

(:5.13) 

I>) .... 
,Ue.t:iCTBHTem.HO. KOM~ .. lj'"~ p C rrepBO:ti CY"Jt!MO:a B llpa.B;01! l!a.C'I'.It 

(0.!2) TpRBHa.T.tbBa, B OT:aomerurn: Ke BTOpoit lffiCTll l{OCTaTO'tffiO 3B.IJB-

THT1>, '!TO oneoaTOD a ,,, a I !m3HBB.eT yr.te:tn.memte p Ha 7:"+11: ' ;t- +- K,i.-;;z ~.1, - -=> - ...... 'Y 
a onepaTop U.ryy{ a~~ BHSRBaeT YBeJIKtleHKe p Ha k.r + ~ • Ho 3TOT 

BeKTOD paBeH B9KTOP,Y (5.14) BB~ F~~KPQHeKKepOBCKOi 0 ~HK
UHn J(K1+X2-I(, '=ff,'} • TaiUir< a6paaoM, B nplm.<rrol! Kll!l3""'-"CKpeTROlt 
cxez.:;e HUIIYm.c j.J .F.B.IDi9Tc.n. ~1HTerpa.noM ,IU!l!ZSHRF.I. B 3aKJ'IIFienne no.n;
'!epKHeM eme pas. ~To npH no~b3onannn KBas~cxpeTHHM rrpeAcTa~e-
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HH8M H€06XO,ll.ID110 BC8rAa ID.18T:b B B~!JlY IIp8,I(8JIE>HBi1 TI8p8XQ,ll; 

y---.oo (5.I4) 

2° • B §4 Ml:l OCHOBl:ffi8.JlliCb Ha !JJop!Vty'-'18 (4.!), paCCMa.TpitBaJi ee 
RaK orrpe.o.eneHKe BO~OBUX ~~ B IIp8,ll.CT8BR8HHrl BTOp~~oro KB8H
TOB8HHB:. ilpH OTOJ'.l Mh! CYI!l8CTB8HHO HCTIOJI:b30BBJili JU!lll:b nepeCT8HOBO'Ilili8 

COOTHOWCHID! (4.4) ;um (4.5) iJ,lli! orrepaTOpBHX <!lY!liU1>lli !jJ(«), Jff'(frj 
~ COB8pW8HHO He ~a~C:b B TOtt KOHRp8THO~ CD8~Hai~HOtt KOHCTPYKU}lli 
KB8HTOBHX 8MIDnrry.D., 0 KOTOpO~ rOBOplUIOC:b B §3. 

EoJiee Taro, cruJo npe,u;cTaBJielllie ( 4. I) 1IOEHO @OpMB.JI:t.Ho IIO.JIY't!..1T:b 
us CJie.llYJa:ItKX o6mnx coodpaxeH:3it: 

A. Pacchl8TpKBaerJ JIHHefume rrpocTpaHCTBo ;;z BeKTopoB C , npe.n
cTaBJT...ffJOOtliX COCTO.H.HHH .tayq:aeMOii ,.!;K..li.a!.IH't!8CKOlii: CMCT8t.il:l, B ROTOpOM 

OI!p8,It8JI8HO CKa.JlHpH08 llpOH3B8.Jl.8HH8 .lliiYX B8KTOp0B 

( c; ' C;) (5.15) 

C 061NF..WJ>-1 CBO:i1CTB8.Ivlli. 

B. ilyCTb Ha ~eKTopH aToro npocTpaHCTBa ~eacTBT~ onepaTopHHe 
rJ;JY.HKUKJ.l 2fl(X), 2/J ('X.) , y.,noBJieTBOpm!ll{He nepeCT8HOBOllHID.i COOTHo
Ul9HIDiM (4.4) H.!1H (4.5), nepeBO,!Vi U Oll.liT.:b B BBKTOpH TO!'O ;'le llpo

CTp8HCTB8 • TrurnM o6pa30M, ec.n::a c ecTI, BeKTOp R3 .:t , TO 
+ ,.., 

2/!(xJC', 2/f(xh (G.16) 

TaKEe rJy;rzyT B9RTO p&lli RS 2 • 
B .. B :Z cyll{eCT:syeT HOpMHpoBa..liE:1lH. BeKTOp c: , ~~ KOTOporo 

~ 

(C"c, Cvac )=J 
H ,JVl.Ji KOToporo .IJ..7IR BCe.X :J:_ 

2jl(r) ·LvJc =0. 
r. ECJ!ll lo 6y;:r;eT TaKKM B8KTOpO~ B 

2fi(a:JC =o. 
TO 

Co = ~- C'va.c 
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:Z , liTo .Itrui :scex X 

(5.I?) 

(5.18) 

r,ne ,/1:: - HOpMHpoBaHffi:dt MBOXiiTeJT..l:., KOTOpmi MOEHO BimOCJdTI:. 
CKaP-HpHoro rrpo~ne,neHHH: 

(CC)=X (C,C,~). 

~e~2ll£ 1:Cd!o~~ L 

sa 3HaK 

(5.19) 

CKaEeM ceittmc nec:no.,.n,xo CJIOB no IIOBO.ilY c.MHC.na :nooro ycJIOBH.o:r, 
KOTopoe, HE. .IIep:B!lli B3I'Jf..JI.Il, K!o&eT ITORa.3aTI>CJI TpHBli!aJE:.Hl:lM. 

B03!>1d6M ~Rti:6Cicy'.IO C.UCTemy, COCTOJi!!!YlO RX JJ;Byx DO,llC.il:CTeM -
y I -H !IO~CHCTerm COCTO.f31!llii HJ'l'!6py!Jl'CJI 'l!HCJialJH sanOJIHeHHff 

(. -· 1/f · ··) , a COCTO.<nm.E: 2 -ii: !IO,ACHCTBrJH J:iYMepyJJTC.H H6KQTOpiDrll! 
Hesa3l!cm.n.IMB Be .. iliRHHa.I.m: X . .IIpe.rtcTamiM BOJIHOBHe ~ BCe.ii 
TELXO~ CHCTBMR B ~~e 

C= C(-n.r. :X) <o.zo) 
A BBe.AeM C~lffPHOe ~HSBeAeHHe, TIOJ104HB 

(C: ,C)=LL c/r.llr-···;oc;u~-.__x), 
(X! (·?'f·-J 

(5.21) 

B c.nyqae, eCJU! X - HenpepHBHH, ecTecTBeHHIDJ: o6pa3oM aa.Merure.M 
cYJ,mmpo:aaHHe no X cooTBeTCTBYD!(e! l!HTerpa.u~ieH. BBe,neM onepaTop
lille <!lYHKililR 2/I(a:.) , 2/f(.:r} , ORaSHBBEl!il<e B03)1el!cnme Jil!liU, Ha 

lll!CJia sanOJIRe:wm • .. 11/. .. H ne .ne:B:CTBJ'11litl!e F.a X . B TaKOM CJIYl!8e 
M3 COOTEOmem.m ( J .. I7) rJy;:r;eT BBT8Ra.T!., 't!TO 

G (.. n. ... ; X)= IC(){)}] d"('f~}. 
• (f) (~.22) 

Ho BBH.J1Y npi!:ELqToro onpe.u,eJJ:eF.L'i (5.2l) Citan.ffpHoro npo.na:ae.neHilii. 
BXO.lLillll'<il 3 (5 .22) """-""Te.TU. 'f (XJ yr<e lleJI1,3R BH!lOC~Th 3a SHall: 
CKm'..J!PEoro rrponsBe)leHIDI. TaKl!!.l oopasoAI, YCJJonae (r) JmJmeTca, 
B CYIUHOCTE:, YCJIOB.iieM TOro, tiTO paCC11a.TpnBa.eMID! ~BCRM. CII
CTeMa COCTOHT HS 'l:laCTilll 0,1l.HOro COpTa - 60SOHOB ¥-'IK li>e.PJ.U!OHOB. 

ECJIH XS: IIOJia..T"B.eM, Ra...">t H BBS,II;e pa.Hee, 'nO l!MBIO'l'CJi .n::w:lb lffi
CTUQH OAHOro COpTa,K COOTBBTCTBBHHO OD.P~~J CxaRHpHoe .IIpOR3B8-
)lBFJ1€ KB.K 

( G, cJ = 2.__ c; r--~ . .)r; f-11;-..J, 
.. ·J?.r ... 
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TO ecJin C H aaBI1CHT oT neKoTopHx napa.MeTpOB X , He CBHaaH

iillX C (. • ·11f • • ·) , TO B COOTHOWeF.Jrn (5.22} ff{X) 6y,u;eT MHOllil!!Te

~:eM, KOTopilli IWXHO BHHOCKTl:> 38. 3Ha..R CKBJI.fipHoro npOl.!SBe.D;eF.HR. ilpH
J,iSpOM C , aaBilC.ffllll!X OT X , LtOryT CJJYL1Tl:>, HanpR!.lep, wpa.aeRM 

(5.16). B KOTOp!lX X~ X • 

~!1e~8l!kf~ ll_K_.Y.£JI.£B!KJ_ r 
BSF.:B B (5.19) C=fvac• Hal!.l\eMX=(fv_,,C,) 

( S. IS), 6y)le:,; <!lf<8Tb 

H,TIO,JJ;CT2Bi.!B B 

G = C VBJ C'vac J fa) . (5.23) 

TaKID>I o6pasm.:, HS ycJioBI!ii (r) cJie)lYeT, '!TO ecJIH (~.17) l!MeeT 

MeCTO ,!l..T.LR BC€X X_, TO Ta.KOe a MOXeT dli!Tb npe,nCTa.BJieHO B BH)t8 (5. 2~). 
0CH0Bli!BE.f.IC:b H2 3TllX 06J.IUU TICJlOKSHru!.X• nepetmeM R !IO.nyt!8HfliO 

rrpe,u;cTaBJieHHR (4.1). 
BBe.u,eM onepaTop 

J( o= J ifrxJlfl(:rJ th:. (5.24) 

JOCKOJII:.K;y )( npe.IJ;CT8BJlll€TCR RHT~r_pa..110M OT IIpOHSBe.ztemu:r cnepaTopa 
2jJ (X} HB COITpJll<e!Ulllll orrepaTOp LjJ(:r) , HCliO, '!TO /( ffilJ!f!eTCH 

C81.'iOCOIIp.FI'.A8HHHM onepaTOpOM H liTO ero C06CTBBHH!l€ 3Hali€lmff He 

r.:oryT d!:CT:b 0Tpmi.BT6..1J:1:>ImMH .. ilOBTOpru! BW!MCJIBHID! §4, OCHOBaHHHe TOJil,

KO Ha nepeCTE.HOBO~HHX COOTHOlliBHHHX, y6~8MCR 5 ~TO 

J(Wv = 2jJ(xJ( %-_!), 
(5.2G) 

)(2/i(x) = i/l(:r) (%-rJ). 
(o.26) 

Eo ns (5.2ii) B.HTeKE.eT 

jV ljl(.r;). .. 7/1 (:r;) = ?J!(:t;).. ?J!(:z;) (..If- s), (5.27) 

OcHon~BaHCh Ha aToM pa:seHCTBe, HeTpy~Ho 3rut.eTMTl:>,tiTO Bee co6CTBeH

t-t...ue 3Eal!eHE.R N - l.l;e.Jll::le.. .Uel:icTBHTBJI.DHo, B03:E.MeM HeKoTop.Ed co6cT

Bea~ BBKTOp ~n lV1R ~. COOTB€TCTEY~ C06CTB€HHOMY 3Ha~e-
H~1C 'f"t.. : 
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( JY-?Z) {'., =0. 
BB!\l\Y (5.27) 6y,!(eM ruoeTb 

JY lfl(:rr) ... 2fl(x,)c;,_ = '-/'(ZrsJ ... 2jf(:r;)(/Y-s)C. -" 

TO eCTl:> 

JON:xsJ .. · ¥' f<,J r~ = fn-sJ W.7fJ. · · W4) C,. (5.276) 

TaKKM o6paaoM, ecrtH BeKTop 

?jl {:r,). . . 2/!(x, )I, (5.28) 

He Jffil!ReTCJi TOlO;l\8CTBellli!iM E,YJieM (jlallllllM E,YJIJD Tip!'! BC8X J:!> ... ..2$ ) , 
TO oH 6y,ll;eT co6cTBeHF.tn.: BSA"'Topm.~ .ILJiff K, coorneTCTB~ co6cT

BSHHOMY 3Hati.eiD!D, pa.BHOMY (1t-S) • ilOCKOJ!l:.KY, O,lUiE...."~'to, Co6CTB8Erue 

3Hali8Hiffi J(' He MOI',YT 6HT1:> OTpV..D;aTBJGHmm, OTC~a CJie.nyeT 
7 

tiTO, 

Hal:li!Haff c HeRoTOporo S ,B:bi-paxeHRE: (5.28) .:ztOJIXHH ToE,IJ;ecTBeHHo 
o6patqaT1>CR B IfYJlb. Ec..iH! (5.28) TroOl.eCTBSHHO o6pBI!tBSTC.f! B EyJlb 

yu np;&: S=i , To OTo 3Ha'llfT, na ocHo:saEHn ycJIOBi.fR (r)., liTO C..l't. 
nponopn;zOHa.JibHO Cva.c n, CJie.IJ;OBaTeJil:>Ho, ?2.=0 • IiycTl:> ,ll;2Jiee (5.28) 
Ee OOpalllaDTCH T=eCTBeHBo B ey;r;, ilpl! S-42, ... e' a = s~ e+i 
.u;a.H:Hoe BgpazeHHe yEe .R:BJ"".LH.eTC.'i TOlt,Itec'L'BeHHHM fiYJieM. CTB.J.Io OHTb, 
HMeeM 

7f {:Jf,,J/W:r;_). ·-¥ f:r,){',_j = 0 

,It.1lE.: :acex Xe+l 1 H IIOTOMY 

J(/W:r;) .. 1/f(:r,)(,--}=o. 

ilpH..RJiB BO BH~Ma.;.me (5 .. 276) J y6~el:4CJI, 

~!TaK, :see co6cT:seHmm aF..alieHl!E: N 
!(eJI!lMl!: 

N=C,J,2, ... 

'!Ton~e. 
orrepaTopa )( ffilJlf!DTCJi 

Bo3bM€lJ..1 COCTOHF...ii€, ME KOTOporo /V~j 
J((N =fv'(N 

H nonpo6yeM npe~CTaBHTb era B EP~e (4.! ).qT06H llOCTpOHTb TaRO€ 
npe~CTE.Bnesze, BB€,JJ;€M, BOCnOJI1>SOB8BmHC~ (4.20), quHKUHID 
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CfJ (X<, . ..:X,) = (-, (Cvac J 2/ltfr,J ... l)I (:r,) C1) 
N. 

(5.29) 

f:c.Jll! N?-2., To B c.nyJ:Iae cTaTHCTHKH Bose L/l(Jj) KOMMJ"THpym l•IeE.IG' 
coC)ol;t H lf{IJ.,- .. :TN) OK8.3HB88TCH Ciiilli!,·l8TpKG:HOil <ilYH:"'\llRcli J;., ... YN 
B CJJY"ae CTaTHCTl!KK <!>epr.!l! 7jl(c;c,) •.. :;tf(<N)aHTl!XOMMYTllpym ;r. 
fn(:w xN l OKB.3HBB8TC£ TeM caMHM aHTHC111iill·teTplfiHOi! (tt{HKW!ei! I .A...J.,... / -
:T.1., •.. :XN • 

!IaJVl OCT88TCP.: Tenep:o IlOK838T:O, '!!TO B 060H.X CJIT!aJiX 

CN =l:tr fwx, .J,v)¥(.r1) ••• 1(Y,v)C'vncdX:-··dx" 
(5.30) 

N ?J. 

'iToCiH Jl0Ka38Tb STO p8B8HCTBO, 3aJI.I8TV .. U, 'l!TO 

}(2/J(x)Wrttv)··· 2/f(:r,)Crv = 4J(xpN:r,J. ·· ?f!fz;) (%- (N-t1))G = 

= -7jl(z:)7J1(:r,.,J---'/Ifx,Xv. 

Ta.K K8K /( He llMCeT OTpHU;aTCJI..bJW:X C06CTB8liHHX SHatiel:i~Ji, 
EHTeKaeT, ~To np:a Bcex X 

f/J(:r}/WX;v) .. • 2/f(a,) C1 }=o. 

OTCIQ.lla 

IlpKr<Iemm YCJIOBHe (r), BH,llKlvt, l-iTO 

?jl(x,) .. 2JI(rf){', =(voc (Cac_, 2JI[fr;..J. .. W:r;)C)= 
(5.31) 

=- VN/ · Cv~c P(.::c.Jr· X,) . 
.! IIOTOMY 6~arO.li"P.H (5.30) 

vfw jY(r,) .. >j(;r,) CvJc lff~, .. .Zt<)ch, .. tier.,=: 

_i_ ftt + = IV/ 'jl(:r,) .. · 'fl{!f~)W:rNJ.· · ¥frr){)v·tJkr··ch-N. (5.32) 

.J.,rJ.R Bf[qHCJieili!ff .aHTerpaJia no ~, , • · XN" saMeTm.I, -qTo 
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f -{lft,) ··· p&,JW;r;J ... ¥&rJC tk, = 

= ~(:x,J ... pf!rr.,J.!fl/l(Z,.,) ... J/!(a;JG = 

= 2/mJ- .. ifirx.,p/i(x,~J · Wx;)(JY=-s:r-J)G. 
T.e. f ifjrzJ ... /;rx,J7fJ(;t;J ... 1/Jf.r,JG ckr, = 

= (N- Srt)ifi(:r,J . . · .p(5:,.J"J/f(::tsJ · · 7/I{:r,), 

0Tc~ no~eM nocne~oBaTenoHo 

?fl(:;r,}. ·· 'l/J (:r;,p/J(;r,j .. 2/t (x,)ck; .. · hp G = f
-t -t 

f
-t r = 2j1 (x,) ... 2j1 (x_.,.J¥ (x,..J .. 7/f (:r; )h,. . ch_, c, = 

= 2 · JjJ (:r;} · · · ?jJ (r,., / 1/1(.7..,.,)- -· J/f&;)~-- - hM-, C.,= •. = (I! !C,. fi -t + 

i10.B;CTa:lUIB aTO T03JteCTBO B (5.32), MH R :U:OJ:ry-crKM. HCKOMOe npe.!{CTaB

ReHKe (5.30). ITOCKOF-OKY 
+ t 

Jf/ IJ1 fr,J .. · P {z,JCvoc = 
+ + 

= '¢r7,) ... 2/ir:rtJ) {!f+N)Cm =N2/f(:r;). · .'ljl(.r,,)(', .. 

Bl!.nl!M, '!TO )\1lJi B!iPBJ<ellli£ (5.30) orrepaTOp JV' )!el!CTB4T8JII>HO IIp!>
HID..la.eT co6cTBeHHoe 3Ha-rene, pa.BHoe N • flcHo Tenep:n, 'iTO orrepaTOP 
.}( B Haiiiei:i o6nteil C:X:eMe T.altEe npe;IJ;CTaBJLcreT ~CJIO l!a.CTR!l. 

I.is" JJ;O c:a::x nop :i!!.!e.JIH ,u;eJio c- N -"tiacT~ C -co6cTBeHmiMK 

®'"~ onepaTopa llliCJIB. "!aCT~ JV • B o6IIteM CJJY%.8, ec.r.LR w 
l!M88M AeJIO C COC'rommm.tH J B KOTOp!iX lll!CJIO l!S.CTlll!. He ~H.POBa.HO, 
TO M0%8M H.am!CBTl:. 

C=2.J!N 
(N} (5.33) 

= ~ _Lf t- -f c = L Viii 'ff;<, ... :;:,JlJ.I(rx,) ... lj.!tO:;.,)C.,.tk, ... tkN. W (5.X) 
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npHtrei.-: 0 onpe,n;e.r.tHeTCR ·-Iepea C;J c rroMOI!U>IO {p:lpMYJI (5.29). HeTpy.n.
HO 3aJ.l8TflT:C, 't!TO ,I!;Ba C , C00TB8TCTBYlCI!tH8 pa3JllfllF.I:U.~ 3Ha.'t!8H.MID.1 
N , dyJJYT o:pTOrona.J!biiiDAli.HMeeM, ,n;eHcTBMTeJI.:CHO, 

N1 ( C,v, C',v,) = ( ..¥ C,v,, C,v,) = ( C,..., .Af C',v, )~ N (Q,, C;,), 
T.e. 

(N,-/'1,) (C'"'" C,v) =0 

lf TIOTOMY 

(C,, C,vJ=O )LTcH f0 o;i Nz • 

0TC!Q.JJ.8 EV..,JJ.Kr·.i, tiTO Bb!pa.ReHlle 

( (vac, 1f1(XJ · 1/I(<,JC-,) = 

= (lj}(:r,) .. /s(Y,;){vu, (...,,) 

paBHo HJAID, ec~H IV, =t II/ , nocnoTU.KY zjf(x;). · · ~(X.., 4.::_ ecu N
t~:aCT:MtJ:HbrJ.l Bexrop B Z.rwaTOMy,no,JJ;CTaEHB (j.JJ) :a (5.29) m.ieCTO G , M!:l He HSMeHHI.I peayJ!b'l'aTa. MTaK, 

if= (G.,; C). 
ip (i;) ~ ( C'var, 7f.l( :r;) C) , 

scr:r;, .. ;,j ~ . f-. fr_evdr N:r,J .. '~ f<,;c) 
VN/ ' • 

(5.35) 

i{aK Bm:uiO, COCTO.ffHIDJ c C HeljMl\:Ci.fpOBa.HH!:lt-1 3Bati8HH8M ti~CJia '!8.CT1UJ; 
C00TB8TCTEY8T U8TIOtnra OCiW!H11X BOJIHOBHX ti:lVHKWli1; C CiY.U8T i-1rpaT1:. 
poJil:. KaK Cih! "npo:aa:so,n...'iiQero ®'HKJ..UWHaJia". Ocodo Ba.JKEOe 3Hat.IeH.Ue 
Ta.KM8 c C HetlJHKCzipOBB.HHl:lM 't!MCJIOM '!a.CTMU MM8IOT A1Ui ,UHHal.!IDI8C!GlX. 
CMCTer,J, Ta.KH.X, tiTO ,D,.1IR HliX Om;paTOp 'l!.-lCJia 'l!a.CTilll He RB..'I.H8TCR 
MHT8rpa.JIOM ,UBIDmF.M. 

ll,illi8.N.Ht:I8CKH8 CliCT8I..W, B KOT0p1!X 't3:aCTKI.l,1! MOT'JT IIORBMThCR 
~r yH~TOJKa.T.:t.CR,Bec:cria Tl1IHflHH ,ll.JI.ff KBB.HTOBO~ Teopu noM. O,nH.aKO 
Z B 06l:llllil:!X nepeJIHTUBllCTCKiil 92Jt31:IB.X CT8THCTlo!tf.8CKO:l:i M8xa.H11Kit 
HHor,na OK8.3HB88TC.H UeJI8COOdpa3HHI'·l paCCI.1B.TpHBa.T1:. .11;ffi8.MKti8ClG!8 
CHCT8I.:ii1 C HeCOXpaHR:OOtHMCR OrrepaTOpOM 'IHCJia 't3:8CTi1.U./Y • 
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, 
~ 

3° • 1if:l JJ;O CRX I!Op paCCMaTpl!Ba.JI.H .:u;~ec:KZe CHCT8MH 1 COCTO.li
Iltiie na O,Il;lliia.EOBHX qacTRIJ;.. He rrpe.n;cT8.BJT...HeT, o,TI,HaKo, saTpy,ItHemrli 
rrepeRecTn BCe Haiiil! paccyz;n;e:amr H Ha 6oJiee o6!ililli ~, Kor.n;a w 
UMSet.; ~eceyiD C7.i:CT61lY, COCTOi!I!JYiO U3 H8CKQ..IThru!X COpTOB 6030EOB 
.I! ~piYii!OHOB. 

Bo3b1!8M }J..r1E. i!poCTCTH ll3JIOX8EJJ.E: c.nyqaii, KOr,!J;a HMeeM JJ;e.I'IO C JJ;Hy
MH COJ>Ta..MB: lffi.CTID:J;. 0CiHSHe 30JIEOB!:l6 ~ TaROl! ~emtolf cn
CTSI.W npe.ll;CTBJMJ.t.i B ij?opw:e 

1./ = !f'(:r,r .. X"'; 1ftr·Y"'.). (5.36) 

3.n.eci> ~·- 'iHCJIO lffiCTHU. j -ro copTa (.t"= 1.,2) , cZ'- nepeMeF..HHe, 
napaMeTpH3yBIU.io!e COCTO..Illi:Wi QJlB.OM <mCT~ I-ro COpTa, a ':Y - 2-ro 
copTa. 

liOCKO.T...l:.ey BC8 'ia.CTmtH .n;a,F.EOro COpTa O.ll)!HB.ltOBH 1 OBi! .HE.IDiDTC.H 
Ci030Hart.J.! IDJ.Ji tiJepM:i:!OEa.MH. Ta:rtm.~ Oeipa30IJ, SC..Jli! ll8CT>I!Ul I-ro COpTB 
.lffi.ilffm"CJi q,ep.MaOHa.W:!, (/J - a.HTHCIDa.l'STpKtieCKa.E, a SCJn! 6030EaM.II, TO 
CID'Il.."JleTpnec!tB.f.!: ~ X 1, ..• X H • AF..aJioriDmoe yT:aep1!0:teaHe OTRo-
c~TC.ff .i! Y. C30~CTBE.M C.-rr&JeTpM $0 TIO OTHO!Jle!lim R fi~J ... , :f ~ . 

Azff nepexo,n;a OT o6b~oro npe.:u;cTSBReEHE (5.36) K DQSACTaBnS
lii!:ID BTOP.i!'=L9:0I'O KBB.HTOBa.H~!E BBe.UeM OileOaTODli!le {fjyln\Will2f/' 

2/I;(xJ, 7/:ra:J j ZJ.r(y) / lff'Y)- -
(5.37) 

CO CBO~CTBaMH: ;f f 
A. ~ , 2/f ooer.na KDMI£YTKJ!Y"" c '/{ , '¥,1 f ~t . E. 7j.J, , 9.;} rrpl! .nrurn.ou:.r-.J.. 2 y.noMe'l'Bop.B:DT nepecTaHo:ao'l:filliM COOTHO~e~ b03e (ec~ ~aCT~ 8TOro COpTa - 6030HH) KITH ~epMH 

(eCJIH ~acTaug sToro copTa - ~~moHH). 
B. i-!MeeTCR G.;c-~ "BaeyyMHoro COCTOJIHIDI n' .ItJiff KOTopoa: 

(c._,, (v.,,)=i, 
" .ILT~q Bcex X ll '!f 

2/J,fx) ('..,. = 0 ; '/{ ('JI) Cvo< =0. 

.;tj .[.r!.H KOHKpeTHOrO IIOCTpOeffitq TaKHX oneparopHHX tltYEK!Vd! Mre::iO 
BOCTIOJIL30BaTl:.CE rrpoue~po~,nQApo6Ho zanozeHHon B naparpa~ 2 H 3. 

i:'l.MSF..E.O, B03b!d~ II().JIE.Xe OpTOBOpMHpoBaH!il:le CllCTeM!:l 1/j(:r) • (if"'Oj 
!! nepel!Jier.: oT X,J -npe.ncTall.lieHIDl: (5.36) BWiliOB!iX gui!R11l!!l lt IDC 

( UpoAon~eHHe caocKY. cu. Ha crp. 75.) 
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Tor.Ila rryTer.1 ecTeCTBeHRoro ododmeHH.H npm.-JeH.IIBme.i!cR npor.;e,zypu 

onpe,IleJIID,J C -BO.liHOBJD cW'HKI.l;~!D B npe,IlCT3.BJ18HHH ETOpv.-q:Horo KBBHTo

B8HIDI - B BH,Ile 

c == ~~ ft + f j Vv,I.V, / 2/fb,J .. 1/J,(:fN,) 1/{ (-JJ .. '!{ (~,)Cv.c @--+ 

®~ 'f(Zrr· Y,.;i!f,,. .. Y.-.)clcr, .. · dx_,, 1:;, ·· 4u, . 
(o.38) 

f "' 1 1 -npe,IlcTa~~eHKID: 

VJ(xJ._,. .. X~; !it, ... YM
2

) = 

= '> F(!;, .. ./iJ,; f,; .. .r,;y/J(x,)· ··1/f (:r .. ,Jfl;:(:4··8y,, &_.,) 1 ~~ • t' f') l :;I 7MI I "" • l1'1-J• .. f./,' "I ••- ,Vz 

J8J!ee BBO_IliD,l .D,Be Ci!CT8Mhl qHC8J1 3BIIOJIH8IDl..H: 

• ··11_; ... ; ... m.l-'··· / 

:::oOIS8TCTBYH.!H18 ,Ii;BYM 

.£,, .... . f.,;£/. 
"' 1 

CHCTeMaM apryMBHTOB 

I 
• .. jJJ. \l(VH:<UHH f'" • 

' 
::tKa3amun .. i B rr.aoaroame 3 cnocodm.-1 cTpOJa.M ru.:n.:;nTY.m:t • • ~ -1-

CI.f,:f 7 a:.,f / a27') q~,, Jl 

,J.ei!CTB}'~e COOTBeTCTBCHHO F..D. 8pi"'j!.leHTI:l • • • ?f··· H Ha apryl.ieHTU 
/f'¥1 ~- •z '• • ''J-'~-. Cf.Yl:!Klll:in 

c = C' f.·· "V···; ... ??1;-'···J. 
+ 

TaKHr.-: nyTell:l no;ryqaeM B Ka'IBCTBe {0· J ~· BJ.in..-'lll:T],1J,l:l 5o3e WIH 

~pr,lli - B saBn~nr .. :ocTu oT xapaKTepa. tiaCT~ J -ro copTa. 3o BMRO<·i 

oc;)"!ae ,((}1f, !i'v)ncer)la KOW.JYTHPYJOT C (Oy~ 0~f') KB..'< onepaTOp~, 
~e:iCTBYlD!UHe Ha pa3Hbie rpyrmu apryMeHTOB. G not.JOIIU>D KBaHTD:Ba!-llillX 

a.I.JI.J!.i1TY.D: CTpmu,;. HaKOHelL, H onepaTOpl:ille @l"HKUirn.: 

2/[fxJ= Z 2/J rx; o,,r 
(f) ' If£ (J)= .2., tj(J)~fj 

(f) 
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liaR 6HJIO Il0KB3a.HO B §4, npeo6pa30BB.Illi8 ,!U1Eru.J!13:eCIG'".X B8JDftlim 

K npe~CTaEJ18F~ BTOp~qaoro KBaHTOBaaaq Ue~OM OCHOB~OCb Ea 

;JEr,Ir.lE i<l: ee C.o18.IlCTBi1X I, II. OO...ltl'KtieciD! Taxoe npe;n;cTaBJieE.ae Herro

cpe.IiCTEeJmo BHTeKal!o 1<3 paBeRCTB (4.6), (4.16) (cJJe.IiCTB~e I) ,, 
(4. I7) (cJJe.IiCTB~<e II) , nplPl:e>: 3 paBeHCTBe ( 4. 17) co)lepl<o,TC>I a 
(4.6) rrp.ld S =1, :! paBeHCTBO (4 .. 16) npn S=2 • Ho ec.;ru o6pa.THTI:. 
BHH!.iB.Hl!8 Ha ,IlOK83aTeJ.i.bCTBO JI8loJ.ill" H ee CJI8,Ii.CTBl:ti!, TO Jiei'XO 3Bl.'i8THTb, 

'iTO I!pH ::ITO!.~ l!CITO:Th3038.JIOC:& TO.Jlli!rO O.IUIO C30:liCTBO C:.a.! , a l!l-"eHHO: 

2/J(:J:}Cv~' = 0 

np:a Bcex 1: • Tax Ra.K 
1 

2/1, (xJifi. (!If). · · 7/f fJN,) Cv" = () 
npn Bcex Z , TO B Hamer.; C.oJYl!ae LlOlie!.I rrepeili1CaT::, (4.I7) B BH.JJ.e 

-f f- + -1-Jwrx:J ... wx:P,L; (-;r,J ••• 'Ijtx;,j~ (Jr)· ·· 2ff (7u)C'v..,. ~ 
@- 'f(:X1, •.. :X,_,; ~, ... !/N.Jk, -ku, tf;. .. ~_.,, = 

} (;' ;{, 7 ., (5.39) 
= NtfN.-fJ ... r;v,-s +'JJ >f,fr,.,J-·· i.ftr,J'I{ (Y,J.· · ~~~Jr..c lc,G,,.r,.;t-~r 

~ [{x,'-X,) · · · J(7.;-:rs) tf.a.,- · · k", ·ely,.··~, . 
GORepm:eF~"iO BP.a..nOI'ntiHO, R:3!.:erurn po.;ru Y:, I,; f; , Y( :a yqHTHJ38J! 

P'...X KO!.-il.zy-TB.WUI, I!O.o"JY'I~!U 

+ + i + J '/; ( !f:J- · · 'f.,{ "J:J 'f: {::r,) • • • '/;(TN,J'f:, (J,J- · · '/: ( ~JJ.) Cac ~ 
~ Cf(Zo--·XA,qi Yt;~-9#.:.) ~ • •· c/a,__,_.o0,-·- aj,.uz = 

l (, + -t + t J" (5.40) 
== /'12(N,-!.) (f>/,-S+!)j'J1fr,)···lt,(4,) '}; (Ys,J · · 'tJIJ,., lv.c-. 

.,_.., 'f (x;, · X;v,:1/,, 'JN,) oY"!f/-:;l .. ~~/ -~)tht- tk-"' ·4 . ~U. 
~CRZ Tenep~ npRR~l onepaTop 

'7,k (1JfJ- .. 1/£ h/ 
C~eBa K o6e~1 qacTF.M TO~eCTBa (5.39) r. yqTeM 3aTeM T~eCTBO 

(G.40), TO 6y,llei.i KMeT:. 
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}'¥; (1/,) .. . '2/;_f'J:)~fi{J.. · <,f,MJ~rx,J .. iJf0,J/[f1JJ .yf(%) a--s~ 
@-> 'f ( x,,... :r "'; :'!,, ... !!,, ) cia, ... ciz,.,c~;. .. J~., ~ "7 ., (b.4I) 

= {N
1

• (N,-S,+t)J / N, ··· (.v,-r, rl}}j 1/[f~.,j 'I[ (x,JWY,,..,) .. ft'J;,){',.zc ._.. 

19-- ~(:r, :z-,,;:'1, ... ;~ ;J/t'-g;). .. t/t;-:~:r)Jf~:'f,;. . J'h~-~)ck, .. ·tJ.0·l:t.. 
2 

OcHOBHBa.H.CL Ha (5.39) ll .n.ocJioBHO IIOBTDPRH pacc~emrn §4. B:r.:mmt., 
~TO ~~eCK~e B8JIR~KHN ~TRBHOro, dHHapHOro~··•,S -Kp8THOrO 

TADOB, OTHOC~€CH AHIDL K ~aCTKQaM I COpTa, B npencTaBneHHn BTQ
pM'l!HOro KBa.HTOBaHH.R RM9IOT TY lite if.loplJJY, ~TO M: B §4, ec;m BSHTl> 
T8.M !jJ= rf1 • EJiaro;n;ap.H (5.40) TO X9 OTHOCl!TCH l1I K ,IJ,l:Uia.MlNeCKillJ! 

Be~HqHHaM 3THX T.HllOB, OTHocamaxcn ~b K ~aCTllijaM 2~ro COpTa. 
3,neCl> B COOTBeTCTBYmtHX q:opr.1JJia.X §4 MH, 9CT9CTB9HHO, ,U.OJIJ!lill: TIOJio
l<l!TL Y.= <f'z • 

rlycTl> Tenep:o Mil mn:eeM ,n:eJio c ,J4i!HID..mqecKID.r.R nepeMeHHIDVJa "cMe
marumro THIIB.", RBJif!JWUfiJ"ill:C.a S:t -KpaTHW.ti!. no OTHomeHHto K treCT:mta.M 

1-ro COTpa H S2 -KpaT.Hl:lMl! no OTHO!Ii9HHiO K 'tffiCTIDl;aM 2-ro COpTa: 

(1,2) ) ' (l,t) . 
2). . .. 2) = t1r··'Zs1')t, ···.!; 

(Is i < · · <l~ ~ N, ) 
i 'f • , 
\ f:f: !J <· .. ?.r, <Sf.!? 

(5.42) 

r.Qe 
{;,z} 

ZJ-1. ... Sf; I, . ..rz 
' 

(5. 42a) 

- onepaTop, .n:e~CTBY~ HE. nepeMeHHYe Xt;·•· X'.rt ; !/,.~ ... Yft pac
c.mTpimaeMl::IX BOJlHO~l:lX @'Hlti.zylj1 Cf , CHMMeTpK'l!H!:rli no OTHOill€RRIO K 

nepecTaHOBKB.M MeJK,ey KH.IJ;eKcaMB. I, . . . . S..t H nc OTHoweruw R nepe-
cTaHOBI~M .Mex.rQT HH.D.eRCBMH fJ • . . . !;_ t COOTBeTCTBy:Hl:l:tKMH lffiCTmr,aM 

I-ra H 2-rc copToB, H r.JJ;e J?)~1, '2.) . • _ 

?;, · .. Zr;; ;.,, •.. Js. 
' 

8() 

TOT ze OnepaTOp {5.42a), TOJihltO p;eHCTEynllliii COOTBeTCTBeHHO Ha. 

nepeueHHHe:X1f,· ... Xis ; ~1, ••• "!:1.1~z ~ }? • 
.lrut npHEe.lleHl!R 'pacck-aTpn:saeMoro ( S.r, Sz] -Kpa.THoro orrepaTopa 

(:_i.42) K npe.rtCTaBJieHIDO BTOpKtniOro KBa.HTOBaHID! BOCiiOJThSyeMCH pe
uenorypo:tf napa.rpaqa 4. Boa!>I.IeM C ,coOTBeTcTBYiJ!lee )0 , ii rrocTpoktru 

c / 0 (!,Z~ 

B rume, SBMBB.eMoM ipopMY.>Iol! (5.38). 
(62) 

BBB;!IJ'" TOre, liTO f!J c;.a:MeTpi!l!BH IIO OTHO!!Ieill!Ii) K lffi.CTlfil8M 

~oro Ha copTOB, MOX:eb.t Ea..rnican c noMOI!t:5D npocToro o6o6me!illil: 
q:opA;yJIH (4.446) COOTHO!!!eF..z.e -t 

I_ ~#,··· (u,-r,~!)/f N, . .(;;,-s,H!l (jf{:.-) ... p (:r;,)71J. (yJ .•. C- s,~fiV,U s,t'fii}J) ,, ' 
a. cp atlf-IXU.v,~···-;JP: _ (J.43) + f (i,Z) J J. !. J. ./., 

# •• ~ ( 'YNJCat 2J 1, ... s,; 1., ... s~ .l':l, __ ru~i ~~ _ !1 .... ~ • 

06osna'::lil1J. -qepes 

'71{ty.! / / 
<>() (~, ?) ~ J ~). 

r~e ~q KDaTKOCTM TIOJIOBeHO 

. / ( / ') 
$;=(X!,. X5); ?_=f!ltr-!ls,); { = ~, ... 5f. / 

~'-0/ ') 
) - < a;.r··xs,. , 

(5.44) 

MaTpi!.l!EOe npe.n;cTB.3.1.leiD!e JJ)IJ1 onepaTopa (5.42). Tor.z;a., ocH03b!B2.HCl> 
Ha T03ll8CTB8 (5.41) • .l. IIOTI'H JJ;OCJIOBHOM TIOBTO.P9Hill! paccyx;neiD!ft 

Tiapa.rpaCfa 4, TI0..1l;,Y"1L!l".! 0!\0HtiBTB.rJ.bHO CJie.IJY!IIl88 ByPa.XeF..He ,ItJU1 pacCMa.T

pHBa8MOrO ($~.I gt.} -KpaTHOI'O onepa.Topa (5.42) B npe;ItCTaBJleHIDI 

BTOpl!tlHOI'O KBa.HTO:aamL!i: (, '2) 

Q{';; s,~s, J1f6iJ.-.lJif.r~~4J.· ~ (~/~ {~(.,?.'~?a--
"'('.t) 11< (•/)1Jf(:t').. >X(."')L ... ck 4, ... <4 tr (5.45) @-> T; ~ ... .,. -'1 ~ .. .., "Y =., 'Sf s. 

~ ~: .. t>j;_ ~~-- ch{. . 
1 
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Bo3I:.M6M B Ka'!eCTBS :n::pHM.epa ,URHa.I'.URecr:yiO BSJIHtl<lHY, a.IUI.KTHBHYKl 

llO OTHOUI6Hill0 X -qBCTUUaJ.l ;1 O,UHOrO ,ll ,npyroro COpTB (51~ S7 ::::: J): 

u (1,2~ )~, U.;;"') 
(

1< i~N,) 
f~.J 'Nz r,,;, ' J T r(t,2J 

M 0603HB.··g}lhl 'IS pea U ( :r,, 'Y,; ~, 1; M2TplilJY, COOTB6TCTBYEIIlVi> V.t,J. • 

Tor.na 6;raro.uap.g: (5.45) B~ilUllli, ttTO B npe.n.cTaMeHmt BToprr:;rHoro 
KB8H'I'OBaH11fl: 

ur,,,~ J ur"'!:r,'J,<J:c~Plfr:r)P,_ !Y/1/-ffrP/ff:r)tktMolyC:;/= 

= s u(l,~(;r,"J, i 'Y;z1 ~('j}~ fz)?./f (T)i/j (y)tkrd:r/ "-!!'-

Pacci.~OTpHM Tenepl> c.nyqaA llpRB6,U6Hl1H. K qpp:Me BTOplfl!HOrO KBBH

TOB8Hllil: rm.m.JlbTOHi!B.Ha, co.nepntamero 'lJleH B3Bi-tl•10,I(e:acTBI!fl: t:IaCTWl 

pa3P..h!X copTOB: 

'II_ "' T: (;! " T{2) "' u (<,II J1-L_,' -IL_, J + ~ .. -+ . . ~.n 
f5L~N, /f:.J.5-N:z f$04<t~~Nr 

+,. u(2,2) 

L__. Ji; J~ 
1Sli<i2 -s:Nz 

+ ;5', 
f~z"r:"" 
/'Sj:Sf'.; 

(t,'l) 

U,;j . (5.46) 

BBO~ npKHffT~e B~me Od03Haq9HHR ~ COOTB8TCTBynmRX !&2Tpn-.::HHX 
M9M8HTOD 1 DO;:rytiAM 

J1. = fif£JT~x'PI/rcrJr!ark'-t j~MTf('1Y1WM-!Jc&<f 
I ( -1 + (r,!) ,lr 'i (5 47) 

-1 zJlf/f2;P!{ (:r;)U 4, rrz;2;;z:J"tff:r,'J</f(.r;';tb,4z 4;~.+· 
+j ]¥f7(Jt)~ f'}j u (P,?)('!!,, -y,; !;.~ 1;/)J!jf:;j)J/J(~/)t(p,4, 4/4/,t. 
-r p!j (J)fj(J)Ur;,'f;r, !I; v::rJ 1J(JIJ7J!(xJth17Uaf/ 
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Ka_~ B~O~ B paCCL~TpnBaeMOM np~CT8BJ~6HHY ll0J~6CH BHpaEe
Hilli He 38BHC.ET aT -g:~rceJ.I 'tfB.CT~rn; #t, Nz. • QTH t:rl!CJia :soln:yT Jll!!![O 

B 1ia.Tp:i!"-liill6 3JI6?.i6HTH BHpru!e&lli qepea nocpe,!I;CTBO c , COOT:86TCT

BYElitHX KOHKp6THID.; 3H.8.'t!65IDI!J ST:!X 'tlllCeJI: 

(c!Yf-M}C'~O / (f.-M)C =0, 

r,!le 

ell(= [/:fxJ?I/(x)ck 1 J: = jf!! MJihJfJ 

.&.~""U! HaM !!pHXO.JJ;i!TCE ;.a,;eTr. .!£e.JIO C COCTO.EEl!EME:, l!,JIE R.OTOpf:lX onepa

TOpl:l -q.acel! '!2CT.llll ff,', Yz .ae ~2!em onpe.JJ;eJieHHoro s.aat:Iemm:, TO 

CJI8JIY9T rrpocyr.i1;.;.Iporo.Tr. 31lpaEeEilli B~ (5 .38) rro BC9iJ M , A{ • 
3aJ.:eTm.;, "t!TO BC8 TOJihltO "t!TO OTM91:3:9HH08 T.PHE¥.2..'l:bHO pacnp~ 

CTpa.F..R8TCE •i Ea. C.;"I;Y"O"..ai1, KOI'JtEi IDJ88TCR: Jn:x:iOe trn.CJlO pa3JI.Mft!F".z:lX. COp

TOE '18CTKU. 

.B H3JICE9EHOM !.!8TO,Il;9 onepaTOp.HHe @'"~, OTBO~eCH K pas
Jli!l!HYM COpT~ <!aCT>:..U,XOM11YTl!p032.i"Ii!. HeT.P:V.l!.HO, Ol!...tt.aY.O, c,IteJia.T:b 
RX aHTUKQ(.ii,zy"Tlipy-~. ilyCT:b 1 Ha!ip:ru.;ep, Hr.:i89M ,UB8 napH B!:ll!Iepac

Ct.!OTD8Eli!:lX OTI8DaTODiill.X ~: - - - - T 
~ ~ 7/r 2fl. l '2/f ; ~ l ra (5.48) 

nocTpoHh: 50BHe onepaTopF~e ®Y~. !10J10E!B 
I ...;/ + 2/f = 211 ; ?P, = lP, , 

AI , ,/, 2ff. = (-r) 7'f = 2/H-r; i 
-j- -j- ~ 11-t 

2/( = 2/fJ-!} = (-!) ?/! . 
(5.49) 

llocno~DKY onenaToo 

- Jr; = f;, (:x)l/f(z) tfg_. 
ole T -,t/ T / 

Kot.l!.;y"THpyeT C /z U 2Jfz. 
1 

.HCRO, >qTO C30~CTOO KQ;.l.JYTailiUi <JU , ?jJ 
113 o.n.."lfoii nap:l He nsueH,.<ITC.P.:. Boshl.Jel.l, o.I:,Haxo, .D.Be orrepa.Topmte 
(j)ym::rr~ (5 .. 49), r!pnEaMe321JU!e K paa:1~.liill.1 rtapa.r.;: 

~ Q I ~~ Q I 1 + / j 1 I -I I 
7J; , Yz J r.ae .,r = ¥; , rum ~ , V:: ~ urn 3';. 
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H 3B.M8Tl4M, liTO OII8paTOp ~ ~ J TipH rrepecTaHOBK€ C % H3M8Rfl8T 

J(, Ha +I ~ no sToN!J 1 1 

/\1 ~ Y,l .Af"!), flfj~ 11 1
1 

~ v, = Y, (-!) v2 =- fiv~ , = -(-!) v:, !1 =-Y, v, . 

Taruufl oCipaaoM, )/ dy.ueT aHTa.~oMr.zyTMpoBaT!> c-):. Br.recTe c TeM 

Ol:J:€Bl!,!J;HO, qTQ B ~pr.;yJiaX (5.45), (~.47) MH M02KeM, H€ H3M8H.fifl' pe-

3J.1!1>TaTa, saJ.1eHHT~ onepaTOplille <i'JHKI.\IDI (5.48) "" onepaTOpH!Ie 

W1Hf%1H (5 .. 49), TIOCKOJI!:.Icy' B03ID1K8KII(l18 SHaKOIIepeMemrne lv'!HO&RTSJild 

(--f) f E381U.1HO ROMll8HCHpyiOTCR. 

CKaSaHHoe nenocpe.ucTBeHHO ododliiS.eTCR i.i: H.a c~ JI])joro ~CJIS. 

COpTOB. llyCT1:. 1 ~8~CTBUT8JihH0 1 RM88M Cl::1CT8Jio1Y nap 0II8pBTOpOB: 

+ ,t T f 
'¥,, ¥{ j ~ f', I '¥f P; I • •. ¥s~ , 

T8Kld.X~ 'iTO JIDdHe JlBa ~3 HRX, OTHOCRI!U·'leC.q K pa3.l'll'Pllil:iM COpTa.M tffi.CT..-.IJ,, 

KOMl'JlYTKpyiDT. COOTBeTCTBYlDIJ:tYIO CHCT9MJ, y KOTOpol:t onepaTOpHlie guHK!liDI, 
OTHOC.Hl:qM8CR R pa3JizqHWJ COpTai\11 tW.CTflU,aHTRKONIMYTHpym, 

llOJIOJmB 

2fl:-= ~ i 
jri ...Y, 'It= {-t; 21, :: 2/! (-!) I 

' 
~ ;"' (-.!} J.l,r ··-1<{,_1 P._ ; 7/!, r-/V1+ . JV4_1 

/ 

t?=Zr-·S 
+/ 

H npHHfiB aHaJiorwnwe BHpBZeHHR ,IlJl.fi ?/J • 

I!C.nyqHM, 

TaiW.M o6pasoM, B-'"..JlRM, t~To KOMMYTBUIDi ~1JIH aHTmtOM1:iYT~ one

paToplWX <luHKUM~, OTHOC~ K pa3Jili'llU~M COpTSM, MOKeT 6HT!. :BH-

6paHB npoH3BonhHO - TaK cKaaaTh, no corRameHum. 06menpaF~Toe co
rJia!lleHRe - rrpe.n.miCHBaTh KOivi!o1YTaul:1!0 .IlJLfl ~oSOHllli.X orrepaToplili.x. lj:UHK

uilli Kalt C onepaTOpHID.rn \f,lyh11:U11HWI 6030HOB ~pyrMX COpi'OB 1TaK M C 

ijle:pMl'!OHB!lMll oneparop.'lllMI! ~-M~ <jle:pMl'!OHH!OOI onepaTo:pll!lMH 

~,OTHOCH!IlHMllCH K p8.3JIKliHHM !Pep.m::OHaM,06H1mO .r:rpmmM8I}T COOT

HOilleHRfi aETKKOMMJT~.TaxoH BH60p ~o6eH~B ~CTHOCTH,TeM,~ ll03-

BOJL!i9T O&.be,I:I;liHHTb ~:pMaJ!bHO B O)J)!H COPT !flepMHOHH pa:.s.mrt!HHX COJITOB 

rum 6o30H1>l pa:.s.mrt!HHX CO:pTOB sa C'!OT .I(OITOJillel!lU! c.um!OBOro RH.n;eKca Y 
KH,D;9KCOM CO pTa Q... 

ilyCTb, ,It81:i"CTBHT9Jll!HO, ID489M B paMKaX npHHHToro COrJiameHID3: 

CHCTe~zy onepaTOpBYX ®1F~: 
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2/f.(xJ, 2J1,(x); X=(a,v); a.=L, ... s 

MJi S COpTOB \Pf'pMJ!OHOB liJii! MJi S COpTOB 6030HOB, qTOOS ijloj}

MaJI:bHO Ilpl!IISCT:i::! ee K CJ!YliB.lD O,If.HOro COpTa 
1 

BB8}l8M KOM6IDmpOBaHHfii:i 

lffi.l\6KC 

W= ()l_,t?:-} 

R HOEHi!. CID>ffiOJl 

X=(r;,, tu) = (~~;P_, a-). 
Tor~, eo~ TIOJIOZHTb 

2jl(cr)= ~(f.,P}. 

To Jiei'Ko y6eAHncs, '!To ¥r f<), ~ (1") 6y;rzyT y.n;oBJieTBop.<n~ o6lRE!IM 

nepeCTa.R.OBO~ COOTROII!eHi!HM ~QM.a: IDm Ease. l1MeeM, Ha.IImruep~ 

{Zji(r);;jJ(r;J = [2/J(t,P)I;uf,';l)j~ =d(t;~:J/fffi~;~!ffvjJ 

= rf(a-ot)J'(y.i/}dff -t1=- /(z-:z1. 

~1orzqgo YCTaHaRHKBaeM H OCTap~EHe COOTHOilleHHH. 

3aMe'l!aEllii x §2.C.zte.iW.eM el!{e .P.ff.ll .u;ono.mmTnn saMe~ uo 
IIOBO.IJY BBe,It9F.EHX 3 §2 3CJ..o1H03ID: if:&'"HK:UB:i! 3 npe,ncTaMeE..Ifl:! 'LiCe.JI 3&

IIOJIEe.EID:. .. Ilp~e BCero sa.MeTIDJi, 't!TO 6rsaro,na_pr.: (2 .. I0) M opTOHOp

i'.~.POBaHEOCT.H TIO.PLH.Oft CHCT81.11:1! 

?/£ (rc,) · • · f! fc,) 
I W 

:ru.::eeM 

( ~ / ~) = ( F,_) F;_) ' 

r.rte F;_ , F;_ - f -npe,u.c~eHHJi , cooTneTCTily;:I:!!'H.e ~ ~ >1 .. 
Taxm;;: o6paaow, Ha ocE03a.Iilfi!. pa.Eee cKaaan.Horo 

( c;,c;)~f~, ~) 
c;~~ 

MH 

G «---> ~ • 

(5.50) 
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PaccMoTplli.:i renep:=. paBeHCTBO (2. IO) .r BocnoJll;.sye.r.;c.R: H80JJ.SOKpanro 

npm.'i€H.HBlliiD.!CR npil:ei.Jor,J nepecrpoillm. cyMMl:l no uH,JJ;eKcar.1 .ft, ... fw 
cyr.·IDl8 110 BC8i.i .LlOIIYCTill'oiHI·,: C.<lCTeii'lru.·l '!lliCe.JI 3a!IOJIHeHHR. flo~w.; 

lfJ(x,> ... :<.,) = LL F (~ , ... 1 ,.;) '-//, (r, )- · ·1/J, (x, ) . 

( ••• '»;-··· 1({,, .. .fu \ 

?:~:N/ (!,, .. .f.)(!?(. ??r)J 
I 

(o.oi) 

K 

Bo3:&f,Jer.1 CHa-qa]I8 C.J.IY'lait CHCTefi.Ihl 6030HOB. Tor,na dJiarO,JJ;aDR (2.27) 

BlUI;l!M, t!TO F fh, ... f~.), CTORII(VKl B (5.51) no.n 3H.a.KOM :ar;po~ CYJ•i.ll.lli, 

r.m:iteM sar.-;eru-rT:& Ha. 

v ll (. .. 11; .. ) 

1 C( .. 7J,: .. J. 

CJie,noBaTe~-LHO , 

Wx1, ... x.,}= 5'. ("( .. 77.;- .. ) )0 (a:;, ... x</)J 
r ... ?,< ... 
l"'17; .. .J y 

(5.52) 

r"e 

~-?l (x,r .. :ru)~ f L '1/,(7,) .. · if. (i',) 
!"' V'1Z(.ty .. )J!;,dk L . 

? f;;. .. f.)V?( ry .. J) 
(;}.53) 

\!lKKCMpyet.l k8.1tY!0-.1ill60 CKCTeMy: 

r;, ~ ... t:J (/1 f. ·11,c .. I 
;.1 paccMOTpm.J npoHSBOJlbHYID c~cTeAiY fi_, •• . !"" , Taue cooT:BeTcT

BYlOI!tY'lD (. •• .!J'l~ .. .}. KaR B.<f~Ho, Bcer.na r.JOXHo yKa.3aT:& TaJCY::O nepe

CTaHOBKY p , qTQ 

Pu, ... t)= (T,; ... 1;} 
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Cyw.m:poBaEile B (5.53) lJOX€11.:: U03T01iJ" paCC1.:8.TpHBaTD KaX CJMMllpQBa.HHe 

no BCeM 

N/ 
1Z (..11r .. ) = -!1 /I 

I (1}. J 

pa3JIJRHID.l nepeCTaHOB:Ka.11 p (BKJiiitla.H. T0201;8CTB€HeyD). 3aMeTID.'l: .rta
Jree • 'l:!TO €G.Till O,II,HOBpe.\i8li.'10 ilpDB8CTi! ITepeCTaHOBh"J p Ba]!.,tz:~_, ... JH) 
H HB.JJ; ~,h_,. .. fw)• TO llp0H3B€.D;€!me o6IRJillX ( ~ 

¥/, (x,) . . ~ (.r") 
OT STOre He H3M8lil!TC.li. C!JI€.JJ;OBa.T€JThHO, ,na.Ei:!Oe TipOH3B€,JJ;€J.::He pa.BHO 

p ~- 14) . . . ~~Ha;, J. 
r, >1 

rrpw:.IeM s;:~;ec:E. nepecTaEOBKa P .nea:cT:syeT Ha. ~~- •• zJ. HTa.K, Bupa
xeEHe ( 5. 53) MOZBC llpe,Il;CTaMTD 3 BH,D;e 

f.: ~r'a:tr:r;.)= 7/iJf?§/) )~/?~~) .. ~(:t;) (5 "') 
?f"' v N/ (.9) -:f' c N • ·~ 
HeTpy,LlEo YCTBHOBHT~ CBOaCT38 OpTOEOpMapOBaHHOCT~ TaKHX C~~ 

J,,eTpi!30BBf.H.Wt rrpoH3Be,IteEillL, jLe:aCTB.Iol.TeJThHO, i:I3 (5.52) Bi:ULHO, TiTO 

f::.n;! .. {a_;r z.) ~ C = 171(/;;,.- '11r~ 
7 f (/)7J' 

DTciQIJ;a OJiaro.n.ap.a: (5 .. 36) HaXO,J:UnJ 

( rt. f•) 
-~ ... -' ~-7/~.J = z /11 t r?;f'!J) (!/ !~-{') 

"'77. ... (/) ' ;< 
TO eCT:b 

( SO... 't!j!. ' '/:.. 72 a1 . .) = 17! (?;/'!... n
1
r'1 

9' (;# r • 
(5.55) 
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r·1TaK, n c;zyqa~ .bose 

ilOJIHeHi<n C(. .. ?J<···} 
pJ.rqHOti WJP..KUm-1 

BOJIBOBB.H ©'HKU~.H B npe,UCT8BJl€HHii 'qgCeJI 38-

.HBJIF.:eTCR K03~9HTOM pa3JIDXeHiffi CIDd·,;eT-

f/ (X,, .•. Xu} 
B PM no ®l'HlillYSU•i (5.53), no.cy-raiOliVJ,tCR ~3 rrpo~3Be,JJ,eHaH. 

2jJ_ (a;) . . . 7,\ (x,,) 
f, '& 

(5.56) 

JJYTeM 
....L 

CID&!!!9TpH3a.J..l;'m H Bl39)l;€Hl!R HOJlMHPYJOIII9I'O MHODTe.ID!: ~ 

3.nec:E> HMeei .. ; cymecT:seHHoe OTJJWiae upe.ncTaBJiemrn -qaceJi sanoJI

E8Hili1 oT o6uttnoro f -npeJlCT8B.t18H¥.Ji (2. IU), E KOTopor,; !,Ji pasJJarae:w 

Cnhi1'19TpWIHYJO <fJYHKD.HIO SO no !IOJIHOi1 CHCTe!.~e, B006~e rOBOp.fl, Hecru.:

!.;eTpH~P.IXX ¢YHKUIDi (5 .56) • B f -npe,llCT8BJ.ieHHH KI.ie9J.i ll0:3TOiq .UOll0J1-

HllT8J-::bHOe yC . .'lOBH9 cm.-;.leTp>:h::, H8JIOZ9HHOe Ha BOJ!HOBH:e <PJHK.llllli 
F(f,_,.. •. /;~) , a 1:1 npe.ncTSBJ1e.HJn1 t:IHCeJJ sanoJIH9HM BBH,IJ.y ([J.b2) 

YCJIOBH9 cm,;MeTpV!;.t BOJIHOB11X !WHKUitif fP(.t_, ••. ::(.,} 8BTO!I'i8TKG:9CKH Bl::lTIOJI

t:eHO Dp:ti "llpOH3BOJl!:.HHX" I!JYHKU,IDiX ((.~. ?1; ... .). 
COBCpl!leHHO SHaJiOr!.ft.IHa.R. CHTyarurn B03HKKaeT H B CJzy'G:ae CHCTei.ill 

tPepMHOHUB • .:.le:HCTBHTeJil>HO, B03Bp8THMCB. OIUIT:b K paBeHCTBY (S.~I) H 

cpe.n11 

0,, ... /j,) (./) (··11r-) 
(5.57) 

bH6epeM. "yuopR,IT.Ot!CHHYlD" CM:CTeMy: 

( jl < . .. < J") ~ (. .. ?J<···) . ('o.58) 

l.i.o ,II.,J'J.H Kain,lloli CldCTer,·iN (f,,,,. iv), y.uoBJieTBOpRKIIteM (5.57), r.~, 
oqeBi1).Vi'0 1 MOE.9i.i F.aJ.:!:T.i:i Ta.KY!D nepeCTaHOEKJ .P , tiTO 

~ . . P(i, .. J,)=(f,r.q,.). 
1or,n;a B (o.ol) p p 

F{f,, ... f.)= (-t) F(;,, ... i .. )= (..;)~C(·?'f···J. 

"" MH nor.yqiD.i 

!.f{JJ,..Jp)= )~. C'f··~ ... ) f.,Jg-_,,..2",). 
... ~ I' 

"F-· 

(5.b9) 

r.lle 
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Cf. .. ~ (Q",, .•. x~) =,;. I_//?1/lr;.J ... q,f.r,) 
"F.. v N! (P) ~c p 

(5.60) 

TIOBTOpHE pacc~eF~q, TOnDKO qTO HCIIOF~OB8ETW9 ]V!E CJ~q C~CTe

MH 6030EOB, y6e3AaeMca, 't!TO H aTH aETHCRMMeTpH30BaHHHe ®YHKUKH 

(5.60) o6Jii3,IJ;aiOT CBOfiCTBOM OpTOBOPJJH.PYeMOCT~i (5.55). i'iTaK, B CJIY

l!ae ~ pr.m :EOJI?..O:sa.R gzy"'m~ B npe,n.cTaBJierurn. llliCeJi. saiiOJIHeEliE. .HB..o"lfi-

eTCH KO~eETOti p8.3JIOKeHK.!i aHT:i!Ci!M!.:l.eTpw:uiOi! ~E:Kill:tif Y' B 

p!U( no ljJymmlffiM (5.60), nOJiY'ffiDJ1l!l"Cl< "" npoH3Be.n;clW! (o.56) :1.IlJll' 

IIOMO.Iqff aET:B.CKMMeTpl!.BaWU! l! BBe.E,eHi4H 3.0p!.llipynJJ;ero LlliOETeJlli ~ • 
0TMeTIDJ B 38.KJ!meHRe, 'G:TO llpa.BaJi 'tffiCT:D ( :J • 60) eCT:& H9 'I! TO 

HHoe, KaK JMHGXeEHilli Ba aTOT MHOEHTe.ill> .u.eTe.P"~T N -ro TIOpH.l4Ra : 

])Jf¥g[ (7)1/. (5.6I) 

§6. EeKOTOpHe 8RaJ10rH ~eTo~ BTOpHtiHoro KBaHTOBaliHH 

B KI~CC~eCKO~ MexaHZKe.(YpaBReEne A.A.~COB8. 

ITocTpoeHKe MHKpOCKO~ecxoro peweHRH ~q ypaBHeHKH 

Eo.r!biJ;1.18.HB-3HcKora B C.ey""tffie Mo.ne.na YTIPYI'KX mapoB) 

3a2M:eMC?.. ce~C paCCMOTpeHKeM HeKOTOpHX 8H8.110rOB M9TO,U8 

BTOD~Horo KBaHTOBa~Kfi B RJ~CCHt:IeCKOl MexaHKKe. 

- Bo3DU~ei.:: .JJ.J'J.E aToro Cl!CTeMY 1\1 O.lliDiB:KOBHX 6eccmmoBHX tiaCTHU 

C raMi!Jl:&TOHHB.HO!J, COCT~ H3 CJMi..ll;l KHE.e'l'K!ieCI:ill.X 3Heprd tm.CT;.UJ, 

i1 I!OT8HURaJT...bF.01:i 8Hepl'.w! 6ruiap!ioro S38.ii!.>O,JJ.ei!CTBIDi, xapa:e:TepM:3Je

>lOrO pa.ui!ahl.HO Cill"-'9Tpi!'<F.Oll ljJymml!eR ¢ (7.) ( CM. (I .38) B §I) • 

Kaz Baii,..liO H3 ld3...o10E9HaF.. §4, l'.!eTO,JJ, BTOpKtlliOI'O KBB.HTO:OO.llli.f.!: B 

npe)J.CT8BJ!€Hi:l:>-! re2:3€HCiepra 1...-:oEl:O paCCM8TplffiaT:b Ka.R npzeM q:.opt!B.JIIr

HOrO CBEAE~~ ypaB~E~ .U.ZEB~ilL~ naRHoa CZCTe~ fV ~aCT~ K 

ypaBH91UHO QJI,..:iOf! TV't!Ri!, ,I!;:aaa:y!U9fi.CSi B "CS!.!OCOI'Jia.COBaliHOA~" DOTeH

L:)'I8J1SH.Otol' nOJie. ~0 ,ll.OCTi!I'S.eTGJi 32. Ct:IeT Taro, tiTO BOJIEOJ3ru! @Y'HKIJ,RE. 
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O,D.HOi1 qacTID.!J:l 2Jf(t.; ?-') (H TeJ.J CEl>lhlM, Cat.JOCOl'JJaCOB8HH!:2if IlOTern.t.KaJI) 

CTEHOBHTCR onepaTopiolf lj}yHKl.J,lieia, y,n;oBJieTDO.PJiiOll.[8ii uepecTaHODQqH!:lM 

COOTHOW8Hll.ID•l b03e WHi ~epr.1H (eM. (4.5tJ), (4.5~), naparpap 4}. 
PaccMOTplli.J Ka.Icy~~rJI.~:~Cio, :mnp111.1ep, a.zr..rtHT.I:1BHYIO, .llll.HBJ,jHqeceyb.J 

ne per,JeHHy!O: 

PJ=Z ~. 
~j"'N (6.1) 

TOI',lla B Tip8,D,CT8BJl8HIDoi feia3eHCiepra t.leTO,IJ,E BTOpHt!HOI'O KB8HTOB8.HUJ:I 

Ciy,IJ,eM J.n.l8Th -f 

Pi {t) = jJ (!f,,th)2/l(c,f,fl/Iftt?z)tif,.dt, . 

i!pH\l.eM oneparopHNe BOJ1HOB:E:J8 ti!YHKUJJ.f Y.IJ.OBJieTBOpRIOT 

ypaBHeHlm iilptmimrepa" : 

ii?JI/I(M)= (-f.'L11+ Uft,tJ}2/1{-t,f-) · 
'Jt 

B KOTOpOM u (q) =! c:Pr~- t'Jf(t, ,1~ ~. 
+ 

f(t, j) = 2jJ (t,~J2jl(tJi) . 

(6.2) 

"O.IJ.HOt!8C T HqHor.;y 

(6.3) 

(6.4) 

,J,JlH BWiBJ!8H~Ui aHaJJOI'Hl!: l1Jlll, rOBOpR dOJIC8 OCTOpGE!iO, H€KOTOpOrO 

COOTBeTCT:BH.a MeJKJlY KDEIHTOBOH H KJiaCC.I.itiec:noii MexaHHKoa O,!J,HOM tra
CTmw, HaXO.JVruteHCR BO BH8W.Het,J I!OJJe, ilHJ'HepOJ,; dHJIO pa3padOT8HO 

CTI81J,J.IaJlhHOe npeo6pa30Ba.HH8, KOTOpH!.l frill 3,neC!> BOCI!0.1!13ye.MM B pac
CMaTpHB8L'MOJ~~ CJJyqae KB8HTOE8HHb!X BOJHiOBb!X !lJYHIUlKfi. 

l303Bp8'l'l!MCR ~.nR 3Toro K BHp~eiDI!O (6.2) il COB8plliHM B H8iol 

3ai . .JeBY neper.1eHHUX HHTerpMpOB8HiiH: 

0 - .r n-rJ"'":z I 
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f~ = t- ~ (6.5) 

i.lOJIY"-!IDii 

Pi {t) = fJ(~-~- t ~- %)ifi(t, v~)Wt, $-f£)t1rdr. 

ilBe)ler.l CM8WEUill08, KOOp.!Vlil8.THo-ru.illYJH:C£0E: npe,II,CTaBJieHHe Ma.Tp~ 

j} , IIO.tlOZHB • P.E 

J(uJ= J;(1-t-t r-Ve.--~ •;'i/ (6.6) 

a TaKXe KBBh"Tore:..:HH!! oneoaTon .dHrHeoa: . - - . ;;.t 
I (/· -+ 'T /-fi, U){_kt/J'Jfft,j-r})'/'ft;y-f)e_ •'f. c6•7 l 

Tor.ua. y;niTHBa.H, -qTo 

L . (, i l'(t-<? 1 ( ik tr -r} 
{!;lt/ j e *elf-(}71/ J e ak = trr- r1 . (6.8) 

B~.1, tiTO BHpaz8Hi!8 (6.2) P:iOXBO npe,:uCT83HT:b B tiJopue 

Jl(t)= J 11(~?)/(t, j,f)~aj. (6.9) 

slS (6,.7), (6.8} .ECEO TaKE.e, 't!TO BXO.lJ.Hlll,8.f B (6 .. 4) orrepaTopHrui 

ilJIOTHOCT:b t!i!CJ"~ traCTilll 6y}J.eT rrpe~CTaBJJRT:bCJi KHTerpaJJ.Or.l 

J(t,j)= J! (t, ~,!)c0· (6.10) 

:.....ruJeTi!M Teiiep:r,~ '!TO ,OCHOBl:i:Ba.HCb Ha ypa.BH8illli1 (6.3) ,HSTPY.Ii.BO 

no.JiyqHT!> ypaBiieffiie .IVJ...~ onepaTopHoe. WHXU,ill:!: (6. 7) .... i.Mee.M, ,IJ;eif.cTB~i.
TenbHO, 6r.aroAOOR (6.3), (6.4) 

it o~~t, q,J == /--1;; !:u1) 2/lR; tJ + f cp(f. -f Pffttf) iffttt)?fF (i,t)ft. 
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0TKy,na, ilpOBOM COllpHE:eHHe, llOJiYllrli.l 

-it "J$(f,tJ= f-..1' 11.} f!rt 1th 
'Jt 2m1 

f + -t 
-r 'fl(qJWt, f-J 1/J H, rlr/Jfg-9 J«t. 

laKID~i '¥'pasm.,, ~f:!.l 

d oPft,J-,)'Ilft,r,)_ i."" ;LJ -LI )_t(-t •)?11/"" ) 'Jf :Z, ( L'fl f, !f'1 ; If Tt<,f2 -f 

+ f ¢(9,-tt)~f.t,r,)i/Jfu)'!ffd)Wr,t,.)~- (6.II) 

-jcfo (9,-f)2/!r-r, f-t) iPruJ 2/Ja ~JWt, t)~ . 

l!O, BOCIIOkb30B8BU!HCb 118pCCT8HOBQt.{Hhll.ll1 COOTHOill€H~.RM~i { ( 4. bb) IDI;.i 

( 4 • 5~ ) , §4 ) , Bi{Jl.ir!lo,, qTQ B 060RX CJiyqa.HX 

ifj Mt,) YJ(4fo) M, t)?/JII, tJ.: 

= 2/r-<, t) y;a,,)i/i(f, 'hJ* a ;J-rf rr;-r;,) J a ft)7J!ff; t,). 

>1 llOTOMY J <P (q,-rJ >$a,i.,)-$(t,ti)Wt, ~J '/1ft,?)~-
- j 4> ('t,-q)fifc,j

1
)fs ft,~)l/!ft;J)'flft, t,)rit = 

= ( U(<, j)- ilit, r,J- ¢> (?,-9,) + 1W} t/I(t,$,/M,t-J. 

i{poi.;e Tore, 6.r.aro.n,apR (G.5) m.1eeM 

!D 2_jl_f_t1__1.)~2l_.l 
!Jr,-Jr,= ( 2 Jf -~-"2"1/ In,- -.r •r ?f. 
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CJie,ll;OBaT€Jl.bHO, (6.11) MORRO rrpe,UCTaBaT:b B tpopMe 

+ ') •J i/;?,71~,7+2 ·7JI(t,~-z = f/'.1.. d ot.r. ... ).,,(_,; -') 
ilt J7Z J{ oi '1-'l t; f 2 )'l"tt f z -t 

(6.12) 

+ {U(t, t-i) -U(t, y+V- ¢{-'i)+¢fo)j<firwJ)?Jitt,y-}). 

liOMHOXW.l o6e '!aCTi:i 3TOI'O ypaEHeHIDi F.a 
•I' F 

f IT 
(.<ni/tt ·f! 

H. IlpORHTerp.npyeM TIO ~ , 8 TaKXe BOCIIOJ!i13Y€MC.H qJy:pb8-Ja3.1IOE.eHIIeM: r ~ z'k{9± ~) 
U( t1 p:.f) =) U Me d~<. J 

(6.13) 

cjJ(~) = J $(k) e/1(-~ . 
YlliTCTpHpyH DO ~aCT~~ ~eM 

1 fip.; 
(:Jnt)"ti e 'i;fi/J(t,p+-f)-'fl(q, -;f)dr = 

-1'-t -- _j_f+ ~ f.) d rr (6.14) 
- {?nlfiJ. 2Jiftd+-z)'f{t,f-2Joff!. df=-JY/{sg.,)). 

..ir.wez.; ,n,aJlee ,-n +;;:£ 

f 
"( -<_.t 

f?:~;p< f. ·f 'fft;y.-I_}-Wt,tj-f}lt= 
(6.I5) 

- ///. Jd) -iF It; J-,jdy • 
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TaK.<M o6pa3oOJ, c yqeTo11 (6.13), (6.14), (6.15) npW<O,nl<M K CJJe.uyJO

meMY YpaBHBHKHJ MH onepaTopHoll <l~HKI1"H / : 

8/ft,uJ"" -! ."~ /1-f,~,;)-
'Ot •j 

-f peikJOrtJ[Nt;t~r :!J--1- fc~~,;J-1-:f}J- (6.16) 

- (j)(k}[-1--f"St ~t-"9 -I (t;f,JJ]jlk: 

ilOCMOTpiDI'l, He 3~C:b liOKa Ha,Il; a,M3lftl8CKm.-1 CJ'Ii1!CJIOM Ta:Kofi npo

IJ,e.nyPhl, BO 'ITO nepe1i.ueT BTO ypa.BHBHJIIe, BCJI1.1 COBBpn!IITl> B He11 f1op

I,:aJ!hHWi rrepexo.u K rrpe,neJiy 1r -+ 0 . 
l1o.nyqi1.i'.'i 

oN-t/beJ = _? L./ft:V)-ti fl/l{"tJ(dl(- t;'"'(kJ-f}dk~ ' m~r " 
~,[t /t~u/ 

Ho HS (G.I3) ru,;eeM 

i feh,~ (JrKJit b.= auct,fJ = f'd <P !!--t}'rt, 11~, 
~r •t , 

, f'"':;: l~rJdJc- (a c/J{!f.~ = fa rJ:rq-t'J!rt-(JN 
l K"f''' - O~ 0q I. 

< 3~o I 

TaKHIVJ odpasm~1. q..opJ.WI:oHHM nepexo.u K npe,JJ.e;zy I;~ 0 npRBO.ILldT K 

ypaBHBHJdiD BB,D.a 

aM, ul,= _ .l. L/(t •• } -t 
Jt 117 ?f Ud'/ 

+ r~(f-f!J. 1 f(ijjJ-J((-fjd/;;.lfq;). 
(6.I?) 

94 

j; 

i..!.neY.a:s aTe sar.tetia.Hi!.e,. Bos:spaTID>iCR. Tenepz. K B-i:Ipaze.:.rn:IO ( 6.9). Ec.JIH 

6H 1j1 , ?f.!+ 6Win o6!:RHHf.U1 BOJIHOBID.m C --!WHlCU):i.liP.iK OJ!.HO~ '!a.CTHIJll, 

To BHpaE.eH.re (5.2}, (~~~n npe,lJ.CTaBJIR.J10 6H cpe,IJ,Hee SHatieiDie .n;rum

r.rn.'iccKoH nepeMeEHoK JLl B I.ior.leHT BpeueiD! -1:. , a /fit 'J,f) 6w-ra 

6H 38BHCEiteH OT -f:. 06!NHO:ti ( ~e:l:i B lileCTill.~epH01.! qa.aOBOr.i 

IIpocTpaHCTBe TO'i8K (fJ.1P} i! .R.BJI...HJia.Cb 6H KB8HTOBOtlexa.HWiecruu.'l 

o6o6ll{el:iliew BHrHepa v..acc.>fl!ecxoll ~ rr.r~OTHOCTH pacnpe,ii..e.rremur 

tre.CTillJ;bl B MHHOI.l ~30BO!.l npOCTpa.HCTBe. 

0JI,Ha.KO 1 DOCKOJThK;Y i.:Y ~!Meet: .!{e.JIO C OTiepaTOplilllolH BOJIHO:BW:J..t 

~~~ B npe,ii..CTaBHeEMR feHaeH6epra, ~poaxe~e (6.9) ~aeT 

ca;.;y ,n;rnal.l>Neceyro EeJil!U'-"""J- onepaTop !1{'/f), li iJ!YH1<IJ.I!R /(t,!J,)} 

TaKXe REI~eTCS onepaTOpOhl, ,ii..eKCTB~ H8 COOT~~ paCct~TpaBae

J..Oii .!Uffi8.ln:ifiec:wii cucTeME:t ..ra N 'lffi.CTH.U. 

d03Hill\a9T 30llpoc - K.alt B Ta.'l{Oi! CHTYa..uiDl nepeii.Tli :K KJi8CC.Jl!e

CKOi! M9xaHiHte? 

0TB8T H.8. HerO B KB.XOH-TO CTenerm: Tp.k!Bi.!a1Ito:H. R:9a.HTOEO!i:J8XB.lill

'i9CK.~ol onepaTOpa..t::, .ue~CTBY~~ H8. COCTOF.Elli! ,ItKEalllft!8ClWi! CHCT81lY, 

COOTBeTCTBYDT B ¥J>aCC.rqeCKOii .r..:exahlUCe WYli-:mll COCTOEHIDi, xapaKTe

p~syek~rO COBOKYfiHOCT~ID npocTpaHCTBeHHHX KOOpnfiP~T A ~~COB: 

1/-rfiJ..· ~N{i); f,{l), ... fiJt). 

PaccuoTpiDJ ,Ii..oiB.a1ilit!eCh"'YID B8JIWUffiY a..n.;D;UTMBHoro T.irna, Tenepb yxe 

B cxeue Knacc~ecKoH. MexaHKKn: 

!ll = 2.= j} (j;,/';). 
f~u;w 

TorJl8. 

fJl (t.J = L., ;( rq_rt)Jf;M) 
(!.:!~N} • 

(6.18) 

r,11e 

q.i = ~.(+) / /1 = /i/1) 

xaK WJHliitAH BpeMellil onpe,Iler~_mcs lii3:BeCTHID.IK YpaBHeHIDWH KJiaccaqe

cR.oH uexaHi!l{j!: 
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d .,. { ~ . t!:Jj= - fJ.. ' dt 1J!/ 

:!fi _ _ \' "a ¢ ( f,-r"h) 
dt- ~ ~ 

( 1-"')t"''!l 'O<fJ 
Jr::FJ / 

,G. 19) 

H3 ( 6 .IS) JierKo Bll,Il;eT:o, 't!TO 

2J(t} = fJI(rMJ/(t; ~/tJdr·'f ( 6.20) 

r.ue 

l(q/;J= ~U~-~ffJ)J'f!-fJfiJ). 
(!~AN) (6.21) 

0,uec1,1<2R Bcer.ua}{J-~)· J{P-J) - TpexMepmw g -<WllKW!l! l!J<pa_'<a. 

J:J'l'~l\ 1 B KJI8CC1flf8CKOII1 8Hanore ( 6.20) K38HTOBOloi€.xa!mt!eCKO:f1 tt.or 
r.:y..JIH (6.':J) BNpaE.€llli8 (6.21) )lJlli /, CCT8CTB8HHO, O.Ka3HBa8TCR. rJlYER
WWf1 COC'fORJ-l.H.f.!. Hawe.i1 ,ll;.1:1HB.rvi.l1'ti€CKOH Ci1CT€1.1H - TO eCTb (WHKU.l!8i1 OT 
COBOKYllliOCTH 'Iff), f?{f-) , KaK Blf.!{HO H3 (6.21) ,/ %€,UCT8BJ!H€T / I 
HJIOTHOCT.h 'ti11CJia 't!8CTHI..l B lj;a30BOM llpOCTpaHCTB€ TQ'q€K ~jJ) • 3aMe-
T¥.M e~e, 't:J:TO,Ka:K 14 B KBaliTOBOM CJ!Y'ffi€,.MH MO.R€M BHpa3llT.E:. ttepe3 
3TY !j)yHKU¥.ID ( 6.2!) Cl¥.HB.plll:W, • • • S -KpaTHHe ,lllfB8.MW:t€C:Kl1e B6JIW!IDill. 

i3oal>M€1•l, Haupru.lep, 6HHapny-.c Jr.Y1Hai.u:rqeceyi0 Berurqmzy : 

'A'Yfc) = /~I 'l3 ( ~- fr); /f. ff);' O · (i}f?(fi [/;] it .If ,., }'./-4 /~ 'Y f 

( 1-'), <.;;~~~) (6.22) 

B KOTOpo-n ?J , paayMeeTCH, CllMI•ieTpMt!Ha flO OTHOUI€ill1i0 K nepecTa
HOBK€ o6eKX qe30B~X TO't:J:eK: 

?35/~;, ~:;;= ?.3((/~'t,!l 
i1MeeM, O'l:€Bl!,I\HO, ~/~ )~ -n J ~ I ?J . . - I.J: · /J11.fi ~ .1. ) fJ .. = 2 . ;,;, . 7J,l, • (i;)(ij 2~ '/fAil 1$./;t:N U:./~.N 

(/$1~11. . . ! /~;~II I 
''"Jz s.N, .1ro.1~/ 

(6.23) 

S6 

Ho 

~ 1SJ;,1~=JE{f,t-it:I1L r&-tlJHr,-t,/IJ~ff?!..f;Jt;r l~r/V 1SJ~siJ J~Jz~JJ 
_.., trr-IJ, f+J)cl1'f1ldf/= 

= J t5 ('hfi ;r:tJI (-!, uJifi/f:!Jftlfdt'+/ 

"z 1J . . =f?S ruJi uJ/(49/JJcir·'Y-= . -;,~;., 
i.>JJ'fl 

= jtJfr-/1/ffJjl/2~;5)/!f-dh-/)"'~af~~ 
fiTaK, ytiHTHBa.H (6.23) 

7 
llo.nyt!£1 ,!T,Jl.Ji 6Wi8.pHOfi ,lJ.HHEU1:YNeCKOQ B8.i1.JIP!WiH 

C.r18JG'IIll{ee wpa.Eemie: 

1J!IJ= :!fo!i;;,;!1(1~i;?:;YJ-Iat;J!fr-rJi'l!-1')1~1t · 
(6.:<4) 

CoBeprueP~o TaKaS xe rrpoue~pa HenocpencTBeHHo o6o6maeTCH H Ra 
c..ny-qa.ll S -Kp2THWC ;vma.r..arqecKI!X. nepeMeHHHX, BC€ OHH MOryT 6HT:& 
no,no6HYM ze o6paaOM BHpa:EeHH l!epes ®rlil!W!!l -/ • 

GocTa.BHM Tenep:r, ypa.BHeee, :xapaKTep]tS~ee BpeMeHH.YID :3BOJJID-
umo STOH !WHKUMR· ilOJIOXID.l 

1ft, 'MJ=Jfr-1-JtJ}tf!-~-fiJ). (6.25) 

Ta.K liTO 

I f0 M'J = 'Z ~.tu,JJ. 
fS.i~N (6.26) 

0cHOBHBruiC.h E.a ypaBH8Hl!Lill (6.19), Bl!J!.l1M, l!TO 

~(t,;.,t}=};_J._[(f-t.J!fi;-!7)-z "J<P(<J;-g) l J'ry-~;)lf!j) 
'6-t ?T/ 'P I 1 •0, ~ N d '{; Oj3• 

( j,"'; J 
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ua 

1/;ft/jjJ) = -l!?.,}('j--~;)!(1-j';) + 
Ot Jrl "7 
v ?J¢(9-?;). ~ u1-r;Jlft-tJ. 

+~ dQ. 'f 
(1~0·!'1 I' 

JI-:!J / 

0,nec:r. 

;z, -o<Pr~ -<ti,)trt-~;) = 

e,;j,~!'J 0~ 

~7(J ~~-zyz cf(y'-o -t(r(- 'bjri( trt-~jJ= 
~ /SJ1'SN 

= r d ~~- ~1/L u~~-'t;,J-Jfrt/-CfJ} 4~.Jr~ -tt) 
J 7 lto>J, «N 

Ho, KaK B~Ho H3 (6.21), 

~ trHj,) = (l{t, vJdt = f(t, 'f), 
l»j1"N J' 

(G.27) 

(6.28) 

llplil!eM 3TO DHpa.JKeHMe, Ot:J:€Bl1.!U!O. npe,IJ.cTaBJI.f.i.eT IlJIOTHOCTl> 'lMCJia %
CTHll B •rpeXI,.iepHO!.l npOCTpaHCTBe TO'tl:eK j, • L.:Jie.UOBB.TeJl:bHO, 

:z__, '"~~-1Jtr9 -~:) = 
( t-4j1 soJl) j 
\j1~:1J 
' 
= r~tr1 (Jft, j1- d ~I__ !f)) ~I. l(j -f;-), 

"llOTOMy H3 (6.27), (6.25) Haii.U8M 
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I 

'J~(q,J)= -£21,-(t,U) + 
'dt mofJ' 

+ ~,..~t-~~ (tf~ t-1- t tV-1fl}ci; 'r;;f tft, M). 
(6.29) 

iJTCiQJJ.B, CKJJa.JUIBaa IIO BC8M (J) , llO.JIY".lW I!CKO;J08 ypaBl!8lll!I8 .ilJ1H 

/ft,MJ: 
'J!ft""')= -I~ lft,u)+ 'Jt '7?7 'iJj 

+ p¢~-tJ (Jft,J1-tf?!_~J}rlt~ ltBt/J>J/ 
(6.30) 

jY(-0JJ= jlft,j:/Jrit/. 

Kax ~0, OHO ITO~OCTl>D COB~eT C ypaB-~eHaeM (5.!7), ROTOpOe 
!.ill IIOJ!:Yt!M;1 i13 KBaHTOBOrO ytlaBlieEU!'Ji (6 .. I6) C TIOMOUU>D lj'x:lpAiaJibB.Oro 
npe;n;em.B.oro nepexo.na npH Jf-+ 0 • ~·13 TOJThKO no npHBe.neHHoro 
BYBO.rta ypaBHeHRE: (6.30) J!CHO~ liTO B BHpa.Zemni 

f(t, 't/J -N$/_'1-) 

3TOpOi! 'tUJ.e:3 C J' ~t* o6yCJIOBJie.E HCKJII!J'qe?-f=ieM nC81.10;D;ef:tCTB11Sl:" 
- II ypa:BHel:llw. .ilJlfi * B CJMhle TIO Hr.JteKCy J1 , CTO.F.Jileiii B IIpa
BO:a l:3:acTH, l!CK.ili1iaeTC.a lLJ.IeH C l::I.H,I[eKCOM i,=i • 

Ec;m q:opMB.JThHO peryJ'..iip.ldSOBaTb W:fBlWJ,UJ¢fz) XOTH 6H B CKOJT..b 
yrD.l(HO Ma.lloll 0Kp8CTHOCTI! '[~0 , TO BBI!JlY ee pa,1!l<8.iil>HOli. Cl!MhleTp>lli 

J o¢(~-~IJ.t(1-t>/J"_.I= ({!1!'1 =a -
,,. ' /J -, 117 ' (6.3l) 
u~ z-o 

.J MY MDXeM OflYCTiiT.I. YTIOM.~THH qrreH C t ....q:u!iKJlKea: H Ha.ru!CaTb 
ypaBHeHJ<e (6.30) B <jJopMe 
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dtk~,;)= -.E~ 2-Ift 0 •) r-f?J¢(q-tt!} P(t '11)•'---.. 
at 'lJ1 ~r I /"/• of j' ' f 

(6.32) 

------'"; lk ~,/). 
JTo ypaBHeHHe 61:wo nnepooe oTKpHTO A.A.fuJ.acoBw/7 I H IIOTOI>'iY H83H

naeTC.Fi Tt:nep:o ypanHeHneJ.; B.nacona. Ouo paccJ.iaTpHB8.CTCR o6WIHO KaK 

npM6.r.HB:e!moe ypaBHeHHe .Jl,JlH r<ilB.KpocKonKt~ecimi:i. (ycpe.n;HcHHoH) IIJIOT

HOCTH tLOCJI8 qaCTHU B liJ8CTl-1Joi8pHOr.i tje30B0Joi llpOCTpaHCTB8. GJie,nyeT, 

O,IJ,HaKO, nO.U't!8pKI-zyTI:., l.!TO ill"8Hh0 A.A.B.na.COB T8K2K8 Bll8plli:l8 

ouy6JH1KOBaJi B CBOeM. MOHOrpaq»rn/B/, i!3,UaffiiOii B 1~50 ro;ny, Bam:i08 

38.1.1eqam1e 0 TQJ,.;, 'tJTO era ypaBH8Hl18 Jill,Je8T H "i.m:KpOCKOillf!i8CKli8 pe

memm" (6.21), KOTOpi:.Ie I\lbl paccMaTp:r.ma.nH B~llle, npW!eM y:omaa.n H Ha 

ycJ!oBne ( 5.31) .n;Jm HcKJlmeHAA "ca.MonencTBJAJI". 

AHaJJ.orM r,'ie;;:;,ny MCCJ18.UOB8HHeM Ta:KID:: r.umpocKonKt:IccKHX pewemill 

11 !,it:TO~O'j' BTOplfl!HOTO KD8HT0Ba.HI1R 06C~aJ18C:b B pa60T8 ~J.JI • .K.JIID..lOF..

TO:mrqa/9 • 

YpaEHClllie .BJiacoBa, mme.ueHHoe ,.lJ,J1R I·JdKPOCKOTIJ!t!eCiiliX peweHIDi, 

paayr.;eeTCJI, I.i.OJi.BT C.lzyEMTh KCTO'!HHKOM ,UJlR IlOJIYI!BHU.H npHCiJIUBHHl:lX 

ypanHemlli JlJill ycpeJJ,HeHHHX ljlyHKU.lll pacnpe,ueJJeHI!ff. 

B03hi•leM, Hanp.uMep. K8.KYIO-Jm6o TIJJOTHOCTL pacnpe,UeJieilllH. HB.

qa;rr:.rrnx 3HaqeHH.£i (]. D. B r.lOMBHT BPBM€ID1 f=Q: 
Jo , r.1 

2) (~/ fl D; • • • ~U: ;:,) 
B 6N -J.;epHo;,: cla30BOI.i npocTpaBCTBe, P.Opr.i.HpO:aaP.HYIO Ha e,II,~lHiillY; 

f 2J(~;,;( .. ~;,;;,:!~·+:·. -~·tfo: = i, 
KI yc;;oBlli,iCR o6oaHa1:1aT1 cpe.uHec 3Ha"t.Iem1e Ka.Kofi-JIMC'io .URHru.r,:qem:oH 

BeJll!'lliHU: Fff)= Fft, J,: f/"; ... 'f:,t:J 
• f F(t) 2J('l,:l7', ... $,:;;,'Jdt;.L1; ... df,.,''f; 

cm.rnoJIOM < F(t) >. 
Torna ecnM E Ka~ecTEe nepDoro npKIO~HXeHMR np~Th 
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<ffq1·1ft,~,;J>=<JYt,p>< lftuJ>, (6.33) 

TO, IIpoBO,Ii.H ycpeJl,HeHKe B o6eKX ~CT.fiX ypa.BHBHID! ( 6.32) ~ I!o.nytmr.I 

npM6~REeHHOe ypaBBenae BnacoBa ~ ycpe~eHHoH ~EKURK pacnpe~e

Jie!il!H < /(t
1 
~1 p} 'Ulc.na 'laCTl!I\ B G -MepHOM qaaoBoM rrpocTpa!lCTBe: 

'O< /ft,vJ>_ - P' .£. < /f-~,~1 J> + 
'Qt. - 7TJ 'Pf z 

r J'D~~-~') <f(t,j/) >dt:f < /ft, i-,J>)>' 
(6.34) 

<j(t,~1))= f</ft,t~t)>r 
iiaR lli!.m!O, STO ypaBHSHlle (6.34) COxpa.El!JiO HCXOJJ;!lYI!l <!JOp!JY (6.32) • 

i,lozHQ TaRS€ HCITOJTh30BB.T:b BtlBCTO ( 6.33) .i. 60JIBB TO~e IIpH6JlJ$:e

!iliH- CM., EfulpKM8p, MOHOr~ ~.].KHHMOHTOBK<a/IO • 

3a.MeTKM ,I48J!ee, tiTo B KJiaCC.ift!emwK !Jex.amute CE.cTer.m: za N 
O~Jii:Ha.KOBHX yr:rpyrHX !llB.poB EMeeTC.R: em:e D,!UiO ypaBEeHHe - ypaBHe:rn:e 

EoJr.tJJ,M9.BE.-3ECKOra, Clil!Ta.EmeeCH BOer~ Jllil!lb llpHC'i.IDmeHr:HM, HO Ko

Topoe,TeM He uene~~eeT H MnKpocKonH.t!ec:KHe pemeHHE Tnna 

( 6.2I) /li/. 
®pr.-:a.JU:,EQ c.nyt!a~ ynpyri1X. 1!l9..POB MH M~M CB8CT#1 K pa.Eee Hc

CJie,IJ,OBa.B!ller.cy"M CJ,yqa!O, B KO'!'OpDM~ O.I(Ea.KO, C'irumpHa.H. W'":ffiCU.l..E B3aM

MOJJ;8~CT3HE CilliTY~F~; 

¢>/i}=-t-00, z < ti 

¢>M= 0, z~a. 

r.ue a - .UY13.!.:eTp mapa. TaVID IIOTeE!tlliiJ"!l:.HJ!) ~iO~ KOHB'ffiO, 

1.iQ2Co-iO pBCCb~Tp~Ba.Th EaR npe_uen pery~~HO~ 

cP(T) = t f f- fi7'F 
{j:Jfz)=O ) 

z< a. 
) 

z~a 

!j!T.cll:IJ;llil: • Ha.IIpm.tep· • 

ti.plil: 6 .-.:,. oa • Qlr.BaRo aTOT rrpe.ue.m.Hllii nepexo.u Ha.I.-i He rrpe.n;CTB.EJIH-
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eTC.Fi Y.D.DdHI:JI,J npOBO)J.HTb ncuocpe.ztcTBBHHO B ypaBHBHi-Li (6.32) ,.ll.IDI 
¢J"HKUID! ( 6.2! ), :1 Jl.!l:l dy.II,eM 3.Il,8Cb l1CXO,JJ)1TL llp.ffi-,JO H.3 ;·l3B8CTHf:lX 
KJia.CCH'iBCKrlX 381WHOB coy.n;apeHlUI JJ:DYX ynpyr~:iX lli8pOB. 

B03:bi,;eM BH8'll:8Jie C11TYBU>-ll0, Kor.n;a H.aUl8 )J.illia!.iliqecKaH CMCTB!.la 
COCTOMT 113 .UBYX TaKHX Ul8pOB, UBHTp!:l KOTOp!:lX 0003H8'!iUi. G:epe3 lj-

1 
, 

9'Z r a ill•illYJibCll COOTBCTCTBBHHO qepe3 Pt . A • ,iionycTID•!HI;l~ 
6YJJ:YT, 011€Bl1,llHO, JlHll!h TaK.VIe TIOJ!O.ii!:BHH.fl TO'-ieK 0 , 0 , .!VIR KOTODUX Yt Yt. -

1~,-fJ,/;::.a.. (o.35l 

PC!CCJ,JOTpMivl tP]HKUHIO COGTORHill! H2Ueli ,Il;M!Ial.ltft!C:CIWH Cl1CT8!.ill: 

F('J,,A :tt,,A) 
.-1 dy.uer.i CT_pOHT.b BHpalC€H.Ide ,ll.f.tR 

0~ F ( f/,ffJ, !,It); ~(tJ, t, titJ ). 
H03bl.~€r.J CieCKOHel{HO i.;S,Jl08 ITOJIOUT8Jl1H08 npii!pa.J..tteHHe Bper.:ei-m .tl co
cTaB.l!l; _pa3HOCT1> 

F(~"':;;At ifj./';;J/'~-Fftt;J,,· tiz,t,J, (5.36) 

r.JJ;e .Il:JI.H Kpa'l'KOCT.I:i IJOJ102KSHO 

'h = 'f;ft) J ?.,· = f;(-t-J, 

"t 
~ =~;fi+AtJ ()M 

!) : /jftr-Af). 

iCJ:!H 6H B Tet:reHHe .uaHHOro npor.teeyTKa BpeMeHR /JI coy.nape,IDI.ij He 
;-;pOH30WJ10, TO IiB.WH TOt;:Krl - UGHTp!i wapOB - .n;s;.;.ra.rillCh 6!i paBHOioiepHO 
.J IIPHI•lOJ.HHeiiHo, T~e. J,Jil ru.;e.1ll1 Cihl 

rt At P· ..-. · ~ 0. T-'-"LJC 
/ h ll7 / 

niJI = D }=.f 2 0 r;, 1 

:5 00ll{Chl :iii.€ C.nyqae npe.UCTaBli.!,J ilCC11e.JrYebzy10 p83HOCTI:. (6.36) B QX!pr.;e 

(
O!Jr At At M ) F 11,?, ; fj.,,f,) -F~,;,;fz,f'. = Ll, rLl 2 _, 

(6.37) 

r)le 

l02 

F f.U ~f ~t"-t) (, ft . Pz ) L\1 = ( f, ,;; ;q2 ,It -F t!J;t..,lrt;f,,?,-'-"1 M,fo. 

Ll2 = f {?,t-/!A+,f1 i92 +/fbt,fo)- F(~,f, i!J,.,jz). (6.38) 

Ka.B: BH,II,HO, pa3EOCT:b Ll I OTJIHllli8. OT J:IYMf., .mmu:. BC.Jil! B npo
Mex,YTK€ BpeMeiD!. A f nponso~eT coy,u.apei:me o6mtx. ynpyr1!X mapoB. 
ilCHO, o.JJ,Ha.l=:.O, qTo TrotOe coy:na.peR>i€ qaR'rl!q8CKA llpo:r.!30lilJ.8T, 8C.Jlli 

/~,-~,J;::.a. ) 1 ~, -r, + tz;; 11t I< a. . 

I!OJIOXZM ,It.JUI COltpa.l!leHIDI sa..ilid:CK 

9.-tt = e, 
19.-11,1 

%.-9.,~7:.? l'h-'h/=r , 

P.-P.= 
171. 

.... 
l! -

Tor.:ua 
Jr2-9,-t ~Ill:/= ;r+ vM/= he+ r;~tl= 

~ V (ze .. vM/== Z'+ J.'l(ev];,t+.&t' 

H.1:UI, TaR RaK 1J f 6eCKOH8t!BO Ma.Ji.O, 
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1 •-o -r P.-/?JJt}='l V;--~- 2 rrD,t+/Jt'- _ h. ft m -z. ,£J zz. -
(6.41) 

= 7 -T (l'· v )JJt. 

0TC!Qn8 Cpasy B.ld,JlHO, "qTQ B 06JiaCTR ( 6~3'J) BBllJJY UOJJOIDl.T€Jl..hliOCTl1 

!Jf dy)leT 

(e'· T!J <0. (6.42) 

).laJiee I.iOZHO 3ai,i€TMT:b, t!TO B 06JiaCTJd ( 6. 3~) 

B(/9z-9r/-a) -B (/9t-9t/t- Pz;;t'M) = i, 

& r-eV) J. (6.43) 

Ta.K KaK L1f , KaK ys.e OTM€'G:8JIOC.b B.blill€, MOE€T OT.lllfl:I8ThC.F.!: OT .!::!YJll! 

JIM~b B 06JJ8CTH {6.3~), B KOTopo2 CDpBBCJV1HB.bl C00TH0ill8H.~ (6.43), 

MH MOE8Ivi npe,UCT8B.JT:O BHp8.1K8HH8 Ll/ , C TJ8TOM (6.40), (6.4!), 

B cne.uy!Ol.UeM ¢opl-..Je: 

i1
1 

=G (-evJ(BfT-tl) -B(>-a-~- ?vLJ-tJ~ 

3-> / f(f'',!/; f.~f,bl} -F{f,+/!Jt,f,Jf,rjjJ<,AJj 
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BBe)lm.: D.llHOMeD!iY" ~ ~ 'AI . 6 • 
[(x) , .im:KaJmBo:BaHBYD B .aHTepBalie 

(01 + oo) : 
J{x)= ~""' (J(z)-&fz-p). 

?-o ? (6.44) 

TO I'M 

(}(z-o)-~P(t.-a+ei74-l) =-ev.1i l'fz-"'J 
' 

noc:ta .. 'l~KY 1 IJ-At<O. J$J.Iee, Trot KaK ,I!)l...li qas :ras o6JiaCT~ (6 .. 39) 
coy~penHe mapoB nponsDmT!o, 

D .tJf * 
0 = fJ , u·=-r, z J • 

b~ M r]!.erj o6osHalffieT m.my.m.cH noCJie coy~peHID! • ..[a.Jree, ~- , 
q..
1 

+ {;! .6 t 6Yl!YT Jiliill.:t. 6ecKoHel:!Ho MaJto OT~T:&eR oT ~- .. Ta.IG!M 
o6pa30M ,?.aJ:il::leM, y-tm'l'!maf.!:, eCT€CTB€HHO, Jllfilffi 'V!€E:l nepBO!'O I!Op?.,ItKa 

Ma.J!OCTH IIO OTE.Oill€?.H!l R Llf, 

4=.at/r-Fl/&(P.flJtfz..qJ·(Ff1,,;{';vJ-rfiJPVzj:<6.45) 

'AI l\a.'t 3lWlO "" onpe)leJJe!ll!H ( 6.44), 

J(x)=O, .J:'~D (6.46) 

J< 00 

J {(a:.) ck: = 1 
0 

(6.47) 

&u.ieTID-.1, tiTO rrpn o6w:tHOM onpe.n.eJieH:lv.: ~ f (z) oBa Ta1:ta8 
JIOKa.JIH3Y6TC.'! B 68CKOHe'l!HO L:a.JlO~ OKpCCTHOCTll TO't!K.i~ :1.=0 (6.46), HO 

He o6R3aT8E:OHO ~~ B 6e~OE8~0 N~O~ OKpeCTHOCTH He DOEOXHTe~ 
illiX Z . li03TOM;9' ee VCJ.i0B48 HOp:JHDOBllii 6y,n,eT -r"' . J d'(a:-)dx -i . 

-oo 
( f:po.TI:OJ!:EeHP.e CHOC?m CM. Ea CTp. 106.) 
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HaJ;i,rteM ceHtiac BDipru!teiDUi ,UJIR f:_."*' , BXOMIItM8 B (6.45). Pac-
Ct.10Tpl1M OTHOCHT8JibHYID CKOpOCT:b V (cM. (G.4U)) H BH.U8J'JtnJ B Hei! ... -KDro.rlOH8HTY, nap8JLJie.JlbeylO '{ (T.e. napaJ.lJICJibHYlO e ) ,n KOloillOHeHzy, ... 
I!epneH,UllliY.'I.HpHYIO K 7 

ii = e ( e- v j +-Vi, V - - r~--; 1= v-e<e-v. (6.48) 

Ho nocJie coy.IJ.apeHllii 'Vj coxpaH.ReTcR, a li/ !.leH.ReT SHaK Ha odpaT-
mn1: • v.L = v.L 

.l 

4 ~lit --eV=-ev . 

l Io sTor.ry, yqMTHBaf.i ( 5. 48) , 

* -;- -) v V = -e < e ·V + 1; 17 -2-ere-v~ 
TO 8CTb 

;(-f( = f, -Pz -2 j (P,-tz/l} 1. 

tlo, no aaKoHy coxpaHeHru:r. cyJI;lhiapHoro ar.myJibca, 

• • P,+~=f,+/l. 

TaKl1M o6pa30iv1, ¥.3 (t3.49), (6.5U) riO.iJY'lntl . ~ ( ~, 

P, =I; - e t (p,-1',)- u, 

It= ?. + e t r~t-tzJ-1 J. 

" 

(6.49) 

(6.50) 

(6 • .JIJ 

KaK mi,Z:J;Ho, nawa d -q:&"HKU>lli (6.44) q:op!1.18Jll:.HO MozeT 6IITI. onpe.rteJie.Ha 
,13 Od!RHOf.l d -q'lyHKI.J;H~l G llOMOl!lbKl COOTHOl!!8HM 

.t,·.,,f[a:-c:), (<>o/ •--o). 
TaKJII.l.Jl odpa30M ,B ( 6.45), 8CJIJ1 C'l!l-1T3TI:. BXO.z:t;mtV)') B npaByxJ ~IaCTh d
@THK!U1IO Od~HO.«, HallO 321teHHTb B Hell: 0- Ha tff'Q, TO 8CT!. C.zteJiaT!. 

3a.J!;Jeey a_,Clt·E ll COBeputi'.IT!, npe,Il;e.JiblU:ll! nepeXO,JJ, l:~O I E>a. 
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KaK Bi!,lU!O Teueph, KO~Bh"r Tipll 1Jt B (6.45) EB.JIEeTCJ! <!lVJiKU!dBi! 

Bl!JlE. 

ftr-aJ-f (!J == d'(7.-aJI (1), 

38BHC.Hli!Bll TB.'Ore OT o/,f+ ~Z. 7 P, 7 p, 7 f, 
Y CTaiiOBID.l ceit-!80 O,I!,E.O llCJl83HOe ME HaC TO.E:,IteCTBO • .rH.IeeLI 

t{I-allf-7) = jtf?-l)tCe-Q_JI (fjr!£. 
B:oo.u.e:;.;. opT 6 -e,J:tlfilll-1HH.i!t :aeKTOp no H811pa.BJJ.eiDDD 'f. Tor,I48. 

"f=R·,g ; dR=!<'-dtld6• 

r,:ue, K8.K Odi:AHO, tiG 0003HB.l!8.8T 68CKOH8llli0 :tJa.1!llli SJI8MBHT TeJI8CE.OI'O 

yrJT_a. TaK~M o6pa.3ok, Ea.H,u.eM 

IY('l-r<}/(r )= jtfz-f.6)!'fR-a)/(0)R2~cl6= 

= azjtt!-fl6)/{t)tl6. (6.52) 

dro T03;ZJ;8CTJ30 ~ffi' Hcnw-u.sye~ AJIE npeoopasoBa.IDUi BNpaE.eH¥-R 111 , sa.n.a
BaeLOoro ljloplJYJJOi! (6.45). 

Ey)teT Y.Jl.OOEO BBBCTH onepaTop B1,e U), AeilcTBYJWllil! JJl!ll!h "" 
m..mym,c!:l ft , fz , nepeBOW- n B "m.my.n.WH nocJie coy~peHIDI" 
(6.5I): 

B1,zfr;)/(f,;!;,.) =I {;1-6{fi,-G) i /'z+.S(fo,-6)), 

(6.53) 
A.,, =P,-JJ. 

3a!.,eTm.l, 't!:TO H3 sToro onpe.n,eJieHIDI mnexaeT 

13
2
,, (-6J = 13~2 (rt J. (6.54) 

;\cno.ru.sy.o: (6.40), (6.o2), (6.53), HalllillleM JIM m~paxeEilH (6.45) 

CJieJJYmtee npe.ncTa:a.neHHe: 

4
1 
= ~ crfo {R,.-6)/(fk-6)/J'(i-i..q6J/~!6J-t}·F ft"ll ;y,ji)tk. 
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..w. A:z 113 (6.38) Ha.XO,!lni.t H€IIOCp€JJ.CTB€EHO 

L12 = L ! ·-~- F (f,;J', j 9,,/,). 
J=l,z 7.) 

.i'!'aK, Ha OCHOBa.Hilll { G.37) nonyqm.; OKOH'l!8T€J1bHO 
~ 

'Otl'Jrfl;f/,,f',)_ <)' P_· . .£ !/9 D I> ")i--r/: .J.F0 "., pI(~"") Jf -7;;:-m 'Jfj 11.!/1172//2 I f/;2/ (7y1 Jtz;lz~ o., .. >o.; 

r.ue T (1)2) - onepaTop, JJ.e:i1CTBY~ Ha CflVHKIV!H MYX q,a.soBux To'l'.:IeK: 

T(1,2)F = /a'&(t,,-6;/(~·6)/J'fiz-t,-46)/ B,,J6)-fj ~ 
(6.56) 

·- ~ff,,/,if,J;)jrl( 
B ypaBH€HlU'I (6.55) 

~- =?; /1) , /} = M+J 
npe.UCTBBJUWT ¢a30BYID TO'i!cy B I.lQI,;SHT EpeiYleHM t ,IJ,JlH ueHTpa j -T0:0. 
c!jiepli. 

3a;:,·i8THJ.;, l•·i€!\.JJY IlpDtmM, '\.iTO ll3 CaMOI'O OIIp€.U8JI€Hllf.l: (6.56) BHT8-
Ka€T 1 'l!:TO 

T(J, 2) =- T(2, 1) 
• (6.57) 

UOCKOJILicy" ,rrepC:CTaBMB ABe qaaoB!:lC TO'tilG'I, ,ItOCTaTO"li.HO 3aiol€HHTh rrepc
M€HHYIO .i.fHT€!'pl'IpOB8Hlll.H opT 0 Ha -G , trTOdH no;;:y'l!HTL HCXO,JJ,HOe BH
pai.K8Hl1e. 

3ru .. JeTID.l .nan:ee. t:ITO eCJI.IIl B Hat:raJILHI:l.ti :r.i.OMBHT Bper.IeHH & D 

jq,'-f/?Ct, (6,58) 

TO .11 BO BC8 DOCJleJJ'YIWl¥18 MOMeHTEl BpeM8Eil t) Q Cly,JJ.ei:, 11!.J8T:b 

Hdz I ?-a_ • (6.59) 

TIOCKOJ.i!>!cy ,KaK TOJThKO /'h-9e.) CTaB.eT paBID:lM C/ , ITpOHSOitueT COy.n;ape
H11£, l1 3TG paCCTOJIH~Ie Ha<.rHeT YBB.IlHtUmaT.hCf.l.~ l!OJttiepKHeM, '!!TO yclio
BHe (6.58) 8CTb DpOCTO YCJ.OB~e orpaHHqeHHR ~HWb ®M3H'l!8C1U1 ,JJ.Orry-
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CTID.m:MZ TpaeKTop:wn,m U6ETpoB ynpylliX I!IB.p0B~ BH:p~ee CBOi!CTBO 
H6Iip0Em1,8.8MOCTI! ma.poB. 0)4ES,KO CBMO ypaBH61m6 (6.55) EE:KalC HB CBH
SllliO c o6JJaCThll (6.59) H {ioJlMWihllO MOJ<eT 6Hn pacllll!pe:ao. B 'laCT
EOCTl!, HE orrp9,1(eJielmli ( 6.56) cpasy xe CJie,JzyeT, 'i'ro T(!,l-)= D rrpn 
f~< -~~J<a· TalmM o6pasm .. , XOTS ypaBHel!l<e (6.55) '- MO:>:eT 6!1T>. 
TPHBl!aJI!>HO paC!!illp6HO H Ea. ,IWYI'R6 o6Jia.CT~ OIIpB,It6JI8E:l!E.7 g_)HSl!li8CIO! 
llpaEi!.IThE!i6 pesy,m,TaT!i MH !IO.nytn!M JII:!IJll, Jl)!H o6J!E.CTH (6.59) • OnepaTOp 
6m:.apE.oro ccy.napemm T ( i ,2..) HS.3HBaeTCE noaTofi!Y EOr~ nceB,Ito-
orrepaTopou. 

ITceanoorrepaTopH 6nBapHHX coy~pe~ TaKoro THEa 6Hr~ BBBAeHH 
pRJtOM aBTOpOB (eM. • Ha.Dpm.~ep,/12, Dl). Pa3)"l!ee:rcs:, oEm BEO.lUIJIHCh 
3Till.a.! a.BTOpau:i! BBH;Dy :ZC!!O.i!!:>SOBBEI!E IIO,IJ;o6HO!'O po,&a. OIIepaTOpOB 
.ll.JL~ >!3J'!El!J!s ,illilial.!l!'!ecrua cl!cTeM liS N O.lv!llaROBHX yrrpyrnx mapoB, 
BaXO~E 3 Ua...lipoCKO!lliG:8CK01'i o6'!>6M8 V , KOTOpHe MOI'YT 6HTh 
npiDrETH B Ka:::recTBe KJ1BCC:k!l!ecn:o.i:t uo,I4eJlll rasa. ITepean:er.; ceiRB.c K 
paCCMOTp8HnD Ta.~OH CZCTBMH. 

Ta.~ Ka.:C COYMPB!ill.fl oapoB 3 Up.llilliTOia: CXeMe KJia.CC~BCRO.fa: MeY.a.~ 
llpOHCXO,ll.liT !.T:"i036HRO, BepOETHOCTh Toro, l:!TO ,IJ;aHHl:lil map O,IUiO:Spe
MBEEO CTaJ!KZBaeTCH C A3jl.!E .if. CiOJ.iee wapru..rn:, 66CKOH81:!EO r..a~Ia.,H MI:l 
M0381.l y-·H'!TI:lBaT:O IT03TOMY JIHiill> 6mia.pH!ie CTOJIKHOB6IDUi. 

J3o31>M8M !tBKY!J-J!.IIDO ~ ~BCE.Oro COCTOJiEIDI: 

~ = F ('f,,,/1 i ... t"',P"'), 
rJie 

!J; = ~i {i }, f; = P;(IJ, (6.6U) 

Dpilfii8!.! fip8,!);!!0Jla.I'a8TC.C:., tfl'O .1UIE Ha-qam,HHX SP.al!eallii BHIIOJlH8lW qm:sfi
't!:BCKZe ycJioB:.!.R :iBIIpmmuaer.~ocTn lll8.poB: 

I q,~ _ ~ ~ f ~a npld Jr h j; =Fj, (6.61) 

Tor.rta • TIOCKOJil>lcy' ,Ii:B.i::m.e!m:e qacTRU paEliOMepliO H IIp.Rio:OJU:UiSiiE:o E IIpo
r:.eeyT:omx J;<e:EJIY 6l!Ha.p3E!l3 coy.napeH.ld.HI.li1, Mo.ser.; F.an.HcaT:b 

Qf. = '>' Pl.2F _,_ ')'?:F U Lmx>. 'L . 
/~jSf/ -,, (-') 

(6.62) 
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3.n.em, ~ H,ll.eT no BCeM napaM 'tffiCTHU, npnqeM K8E,Il.8.R napa yq:HThf-

:saeTCR, K2Hel.!HO, O,!Ulli pas, B.blpaxelllie ,lJ.JlR -r;_ )J.8€TCH. !fx:lpMy..iiofi 
<•) 

(6.56), B ROTOpO.£i El•i€CTO ld:H.ZJ.€RCOB(/,2) llOCT8BJl€HH KH,It€RCH tJaCT.ifi.l., 

BXOi\HIIIID{ B napy. Tax KBK BBH,ey (6.57) 

T:.=T,., 
Z,J JJl 

TO B ypaBH€HKH (6.62) 

"rrF=i""T·F L /D( 2 ~ J1)h 

("} ( 1<;1 ,; N J 
f.:j S;J. • 

~ J,#"J 

(6.63) 

llpHM€H.W.l Tenepb ypaBH€HH€ ( 6 • 62) R tffiCTHO:MJ BH.JlY JilYHK!Uill THII8 

C6.2ol: 

I; (q,r;) = 3{~-$ift)) .S{p-f,·{tJ). 

Hafuler,J 

oUt,u.J= ~.J.. Nt-1-)Jft-1') + 
ot m'i!t.' 

+ L T(j, ;~)I; 
(I~ j,< ':' ) J 

I!OCKOJiblcy 

iipi1 3TOJI.i 

J1=#J 

j (rf.U,) t-Tft~))j=T(J,J;). 

... ....,. 
f} 1. rrq_"·)l/o-»·) _ - P .Q 1,. r. 0 "1 

?n '37}0(( ,, {/ fJ - m or Jtt/~.lr/. 

(6.64) 

(6.65) 

(6.66) 

llepefUeM Terrepb K paCKp.bl'THD BTOpOrO lUIBHa B npaBO.A 'tffiCTH ypaBHe

HHll (6.60). >lMeeM 
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T(jJ,M = 

= ::,· f e(1k6 J/f/!;;;, 6)/ J'f%;-~;-a6 )!lf-t)(J'~I}-1-(4,6})-
0T""Aa, 3SMe'!BF., '!TO - d(f-/'_·J}tlt: · 

jt('f'-~j) df;1-P: -G(fl .o))cltt-'llt'=.J, 
1 \

1 Jf }1}1 I' 

f Jft'-i;,JNI-!},Jtlllf= 1. 
r.'iOX9t.1 Haii:i1C8Tb 

nu,Jl= J 

= !2 fe(I};,6}/(IJ,;,6)/t (r;,j,-~ -M)l!r-tJlff-~) .... 
~ 0 (!-t ;-6(!;,;,6)) t(j/-f},-6·fP.t~J)dj/'f46-

(6.67) 

- ~z J&(!JJ,6)/ (~;r6)/ d~; -~.-o6Jdfi-r)l(ft)Jft-IJ)d #'-t,Jfy~ 

PaccMoTpKM nepm:tH. sneH B npa:ooii tta.CTH (0.67), co.n.e~ npoR3Be

AeH.i!e Tpe:XMepHHX J ~ : 
J(p-D.+~(f.. .. 6ll.tf/"-P;-df,P; .. ,;)1 r r.~ J,Jt ,J r- 1, , JJJ, -'/ • (6.68) 

3aMeTm.t B006!IIe, '=ITO eCJUI (L 8CT:b KaRO~TO TpeX!l.·iBp.HW:I BBXTOp, 

TO, BH.l1,eJIHR B HeM KOMIIOHSETY 6 {ot) , napaJ'iJieJThHYKJ ' , B KOMIIo

H9HTJ Q ~ , nepne~Jr.Hpl:ij1E:l S'l'O!.zy' OP'I'Y, MOaeM npe,If,cTaBU'l'l> Tpel:.

MepHYJO d · -iUI!Klll<il J' fi<) n Bl\lte 

J'(a) ~ d,(t<·•)·£ {a.J.), 

r.u.e Jf - O,lUiOMepHa..s", a t, - .llBYM9PHSE. J ....(j:!yHltt!,Wl. IIpmw.eHR.E: MO 

3&;e1:3:a!ilie K i!poH3BB){9HHIJ (6.,68), HaJtll.eM, "t!:TO OHO 6y.:zteT paBHO 

CJ!eJJYDlleMy llll]lBUH>W: 

M (P-I})G +{/j,;;6J)ft((l'-!,)6- (§,j,G))J', (Pl.-f/)d'(P~-Itl (6.69) 

Ill 



lio TO:;n,!(8CTB8HHO 

(P-1';}6-t fl;-f;,)t~ N-t;,tt=ff;rf!'-JYJ6-I},o', 

( Y-IJ,N-(!j-1;,}6 = J-'6 -!j 6 =N -{f-?)r; -/jt. 

i108TQ1,,y (6.69) J,JQEeT d.!:lTb 33IlliC8HO B ~pMe 

J', ( PG - (f-!'}r;-tAt (n + (/;-!' fi -,P,~)t,{?"-~-"J J (?.1_ 0·/ )= 

= [' (p- (H)G-!;)" o(j/+f!J-1'}6'-;_;)_ (6.70) 

TaKID:vi odpasor,;, B nepBOI,: tUieHe npaEo~ 't!aGTi:l (6.67) BHpa.ReHHe 
(6.68) MO><eT O~Th 3aJ\leHeHO Ha (6. 70) H, KaK Bli!nlO, (/j,J6)~-rf..,rY)o • 
il03TQf.iY 8TOT 'I:J!8H 6yll,eT p8B8H 

!/,JB /{!>CtN}/fti.~/ t {g;-t· -q;)ffj1)l(f-1,;) .... 

.~ J (f- (r-(}t-t;Jd (j-r(!-fY~-t,) ~'tf''¢6 = 
c fn'fe /(P'-I'NJ/(N}d !f;,; -j;-•t) J'(f- t,)! (?( ~;)--" (6. 7IJ 

•---> rf (p- (1'-f'J~ -f';}!;(p(p-J1c-!;;} cl( '7',/i. 

JBe.ueM onepaTop rf{ro) , .lleacTEYIDf!IW! e.a (jJYHK!\llll J1l,myJlbCOE f , j'/ , 
orrpe.uemm era cooTHomemJ.er<l 

f(rj)lf.I(N")= ?JJ/;J-6/ fp-pl)t), !'rG/WJl). (6.7G) 

~or.ua H3 (6.7I) m.eeM 

~'fe /(t'f/6.1 I fl"-t;t:/f fi't -l/ •JI (6 J I (f-1;-, )J /J-1} )I' ff-t;JJ(!!-;J) _ 
rfo (6,73) 

--->- --/"f'r/6. 

OdpaTMr.ICR Tenepb KO BTOpor.JY 'I:JI8HY npaBo,ij ttaCTH (6.67). 3.n;ec:&, 

cqe:Ei!JJ;Ho, (f;;,j·fi) MO.iKeT Ch:lT1 38l,iJ8H8HO Ha /P--;16. ~O:Bepuam Ha.ll 
!ieptr,JEHHOL! i1HTerpal..J)1:;1 - OpTOM b - 3B.M8HY 6 -----;.- -6 , 
i<pe,IJ.CTa:sru.c .ll8li!m~ tiJ1eH B BH,Ue 
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-~JB ( (ft.tN} -f(p..,rY)6/-S {ff -f;.-rQ6 JJ' (f-'J,)J'(j>-;;-)1 tj~g)!f'~t)•-. 

·-dfdfd6= 
(6.74) 

=- -;:,'f& {rhNJ/flt.!J4I/f"-'-~-"~ ;/'ft-~.i J!tH:Jtrr-t:.Jif!(_;:~J.. 
A---> t1r I tit" ,J 6, 

Ja.MeTKM Tenepb, qTO, XoTK B ypaBH8.Eiili (6.65) CJ1'IM8. ITO .f1 H;li;eT C 

RCKJiliJtle:rn:eM rumeRca~:{ =:- j , w r.loxeM pacrrpocTpaHHT:b ee no BCeM 
• I 

jf , ITOCKOJlblcy', KaK 3TO BlOi;HO ]De li3 (6.67), E:M8eM TQ2;!!;8CTBO 

T(J;i)f= 0, 
.I 

~ 

1100 Tax =6=1, TO 

J(~j-%-f16)= Jf-r<6)=0. 
il03TOMJ, DOJiara.n: 

2_. tr fly'-rt) trt'-IJ, J = 1 rt, t, t J 
j-t:. J~<. 'YJ 

(6.75) 

H BCTI0?.£1HaH., -qTo Ha OCHOB3Rl:ill (6.64) 

t'{r_-~) S'tf-1} }= ~ (t) "'' f'), (6.76) 

a Ta::a:~:e ytrn.TlffiSR npe~cTa:BJra.>m.'i (6.73), (6.74) WJJi ti.~1eHOB npasoit 

'l:a.GTH :paBeECTEa (6.67) • Hat:!.D,eAi 

.:£ T fu,JI;· = 
~jsN 

= ! 2-fe [ff'-t)-GJ/fY-,o}-6/l lfh-4G)R~)-ffl-Jr-li1bf?t~)~>+ 
- N<,r:rJ df·'f'J6. 

i!O,ll.CT2Blffi STO Bl:.I.PBEefil.l:e B ypa3H8i::rn:8 (6.05), 6yJJ.8M ID.19Tb 

'P{(t,~,f)= -E.1.J ~ h nl-t 
Ot m 'Oi{·;l'o·lll 

+ ~ Je ( (t:_t)-6 jl(f'-PJ6['b((-~ -d6}&$)-!'(fLtf-rv6))f (t,1~)/~i/)
-clr(rJf.i' 
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H.r1U, BblTIOJiH.fiR HHTerpaumo riO f / , 3a!U1l:JeM 

()~.(~'hi)- -P. • 
~f - hJ -r~·ft,tJ}+ 

+~}e / f;'-;}6}/~'-f'J·d-/ t u tl}lftd+NJJ-
(6.77) 

-6 (t, f,/}1 (t, f-tJ6,/)}tit'~) 
r.ue 

P'= p- 6/(?-/lG'J, 
(6.78) ., 

p = p +6j(pfJ-Gj. 
.t1pocyJ.J:.;1ipyeM Teneph ode qacTH ypaBP.eHMH. (6. 77) no Beer.; /=.f., ... /11. 
Tor.n,a, yqUTbiBM. (6 .. 75), no.cyq¥.I\'l 

Jfft,9-,!) = -.lt.g_;;t' .J 
'dt 1n ;~- i'' t!; 7 

j 

-t :;)& f (f'(-t/6)/fl"-1/6!/lil;t;!)/16 f-rtJt,/)- (6. 79) 

-/ft,~,i)/ (t, f-u,YJ} "f/.1.;_ 

J-ieTpy,llHO 3aii'i6Tlt!.Th, t!TO aTO 6CTh ypaBH8HH6 .boJibiJJ.i8.Ea.-;;_.HCKOra. ilpe
o6pa3yeM ero ceWiac, JJ..ol.ff y.n.odcTBa cpaBHeHMR, c BBe.rteHYie!.l o6nte
npMHH.Tol1: HOpMHpOB::ti1:. TaK~ B KiUi€T~6CK02 TCOp.ill1 I'a30B B ypaBH€!-lJi€ 

.boJI..bL!,lvBHa-JHCKOra Bf,'!€CTO .ill.ffiYJlbCOB 06!:RHO l1Cll0JI!:.3YIDTCF.: C::topOCTH • 

•• r.Jee~>.r 

jJ= 1J1V, t'=mV', j}f.f)=J??I.j(f~ 
TaK 'l:TO 

t (t,f.,J) =L ff9,-~,.fiJJ.tfmv-I>?J7!f))~ 
($-j~;v 

= ~3 L t (f, -'h.ffJ).d (v- ~·If/). 
f~}::=N 

.J,a.rree, ce~ac 

!;&}f~-fJ!t))ffv-V;!tJ)d.;civ =AI. 
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I!03T01.,Y ~ qTo6i:i nepeZ'XH K CX::irREOii HOphlHpOBK6 

~ j dt, [c!v F (t, t, v) = i? (6.80) 
(V} 

r.ue v- r.aKpoCKOI:I~ecKrui 06'b61:.1, 3 KOTOpC»>i .D;BHEJTCR HalilH lJaCT~ 
llil, llOJloz.ID.l 

F (t, tl v) = : L d'fi -tt.ffJ/ J(v-1/.itfl), 
l.(i~ 

17.=N. v 
(6.8I) 

Tor.na B ypaBHemrn ( 6. 79) 6y.uer.i m.1eT.n 

/-rt, ~,t) = !;3 F ~ f-, v) , ~'= mj't:lt/ 

H. Ta.KID.1 o6pa3ot.i, llpi!XO,UID.l K CT2H,Ii,apTEOii: WOp~:;e Yp8BH6HID!. .Eo.m.QI~.2.Ha-

~HCKOra: 

oF (t, t, V) = _ V. ~F ti,~, v) + <

6

.82) 

:Jt •,t, 

+ a'n. 0rv'-vNI/Fft,J,V/-Fff,t, f-rt?G_,)jti. r-t~tt,v}clr/c!"ri.~ 
)1 -!= id,V I (V'-VJ6?:0 

B KOTOpOM 

V ·= V-6 (rv-v'hl) 1 

v·'= V'+6((v-v'N) · 
Paccr.iOTpmt Ta:r-a;;e @Y'HKU.MHJ 

w (-t, ~~ v) = m
3
/, (t, $,?) = 

= t(~-tMfJ)- d(v-VJ-IJ) 
C EOpMHpOBKOi! 

J dtt Idv.w(t, f,V) = 1, 
(YJ 

( V )-oo:&e).l, d. V - CKOpocT~ • 

115 

(6.83) 

(6.84) 

(6.85) 



.\AA Hee >.3 (6. 77) npH j=/ Hal!.neM 

oW(-t,~,v) __ '""v2 W'>' "V} + 
Ot - 2f ""' 

f j * ~/ / ,-!C£ (~;,t5) -tfl'n /(V'-v/6!-1 wftJ/.Y)F(t, f+tJtt v J-w<td/ 'I' if; ?-gr:,vj~. 

(v'-vi6>o 

haK BMAHO H3 onpe~e~eBMH (6.81), (6,84), 

11..· Fft, 7, V) tf.j .dv 
npe.II;CT8n.TW:8T '!fl.CJIO '!8CTllU B qasoBOM 06'h8ti8 cf;,.tff/ , a Wf6f;/) 
npe.n;CT8BAR8T ITLOTHOCT:b pacnpe.n;e;reWAE qaau OAHO~ ~CHpOBaHHOR -

"nepBO~ '18CTIDU:l". liO,Ut:J:BpKH8M, '!TO B .JI:HT8p8.Typ€ yp8BH8lm8 £oJil.Lt-

1>'!8.HB.-JHCKOra BC8rM paCCMaTpnBaJIOC:b JIHW!. K8.K llpH6JI¥..EeHH08. j,~ 

JK€ TIOKa38J!M B!:lill€, 't!TO OHO HM€8T l1 MKKpOCKOITlfl:l.8Cllli8 pe1Il8H.llii ~a 

(6.81). JTO 6!:lJIO BnepB!:le no~eHO B pa6oTe/II/. 
vl3 !tlliKpOCROTilfl:l.8CIU~X ypaBHBHlffi (6.82), (6.86) I.iO.EEO TIOJiytlHT:O 

a npt1dJiilli{8HHHe ypaBHBHIDI .IT.JIH ycpe,IUleHHYX Ma.KpomwmrqeciG!X tlJYHY.
unliW: 

<F(t,~,v}>, <Wft,t,vJ>. 
~C~H OriliTb BOCTICAh30B8T:bCR B KaqecT:ae nep:soro npa6~HE8H¥~ llpH-
6~i"UK€HH€I,1 Tillia ( 6.33) ,D.JIH ypaBH€HHff .BJ.ra.CO.Ba, llOJiOJmB 

< Fft, ~;v/J·F(t; ~, vJ>= < Fft;7~v'JXFft, j.,v;> 
H (" 87) 
< W k j,v)-F(t, rv') > ==< W(t, a,-, v)>< F (q_~ v:>, o. 

,.jllO,ll~epKHeM, ~TO BNpaJKelil!H (6.81), (6,84) .llJIRF{;f,v}, W(t,tv) 
3BEHC.f!T O'l' ~i(t)~ £5(f} H, TeM CaMW-1, HBJIRKJTCJ'i @TlilQll.iffi.li1 Taltae Ha

~a~~HHX 3Ha~€HY~ STHX nepeMeHHHX: 

F(t, f, v) = F(t, fj, V; y;,v,,c ... f,i v;;), 
w(t,pJ = w{t,j,v; t;r:• .'J;,v:). 

(6.88) 

AnR ycpe~P.eHMH MCnoAbsyeM KaKym-~6o ~HKUHro pacnpe~e~eHHR 

f) (y;, v;, ... f~, v;) 
c ycJIOBMeM HOpMHpo:sKM 

( I!pOA0;1EeS:He CEOCKH Cl!:. Ha CT p. 117 •) 
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TO AJJ,E: Ma.KpOCKO:u:KtiSCKIDC ycpe,llHeHffilX. ~ pacnpe;:J;eJI€HIDi 

< Ffi,j,vJ >, <wf-t,},vJ> (6.9I) 

llo.nyqiDsi Trutae ypaBHeH~tq (6.82) 1 (6.86), HO:r paeyMeeTCB:, ,llJI.!l liUHK

UJ!l! (6,91) OHH 6YJJ:JT YJi'f' IIpl!dJIJmeB!!llMH BBHiJY l<CllO.,ThSOBaEl!H npi!-

6JnaeHHOro "paCI.J;eii.l1eE¥.H." (6.87). 
KcTBTR.Sa:MeTKM, 't!:TO ecJIH JtiDI < F{l,tvpaosi:or.Je:~..~ paBHoBecHoe 

MaKCBeJ!.J.iOBCKO€ pacrrpe.n;eJieHHe _ »JV2. 

/1?1-)'!z !26 
F (j;l')= liM= (2-;B . e. · (6.92) 

TO, ITO~OEl!B B IIpl!6JH!l!:eEHOM ypa3H81illld (6,86) ,ll.o'If! <'WIt;£ V)> 

< W(i/~' v;> == j'(v)'2)fft/j./ v) (6.93) 

Z OTM€TKB, l:!TO TOE,ll€CTB€HHO 

lfJ(it}·ffJ(V') = I!!V-, ·\P rV) 
~ 

ITO~HM npH6T~HHO€ ypaBHeHHe: 

'iFI'ft1,r)=-v; <P!t/~,6) + 

+ti-n fr~v)6'/ /1/f Hd/)- '/J!f, ~,vJ)ffv1dv'll. 
(V-v}'G >o 

(6.94) 

!2) (t:. v,·, ... y;, v;JrL,;.tlv; ... c!t;dv,/=J 
H npHTOM, p83YM€€TCB:, TBK;yll, KOTOpa.H o6pamaeTCJi B HYJll. .Il)Ifi He£pK-

3itiqecirn.X COCTo.mnfii. KOr,na ill8.p!i "II,POHHitaJD'I',. .IU>YI' B ;wyra, 'l'O eC'l':b 

0rr v: 1 "• !-,:, v:) =0, (6.89) 

ec.nH .XOTE 6H ,ZLllJi OJ4E.Oti: rrapH ABYX pa3..1IH'ilWX 'la.CTHujtJ.0-~~~<I:t 
TorAa ~cn~syeM cAe~e onpe~e~eHHH: n ~2 

< F(q,v;>= jFft,j,v)~(fv,"J ... f;r;)tlg•/11• ... oj;/f{,·, 
r. (6.90) 

< W (t,$. v; > = j W!o/j1 v) :J(f,: ~ 0• .. f; v;) "'f:lv,• . .. 1'lf{,: 
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YpaBHBHMe aTO OCiiRBO l!Cll0Jl:03Y8TCH B KIDiCTHtiBCKOi!i Teoplli:'l ffi30B .Jl]lii 

U3yq8HM ,UHrfxiWSM11 O,D.HOii: BH,UBJieHHOil tffiCTill.l,hl B rase, .Ha.XO,IVIIIt8I.iCH B 

COCTORHHH CT8THCTl1~8CKOrO paBHOBBCRH. 

.B03Bp8TllMCii T8Il8ph K ypaDH8HHIO (6.82). hibi YJK8 Bl-1,!t8JIH, tiTO, 

Kpm.Je DpM~dJiilliBHHUX pewemli:i:, OCHOB8HH.!:iX Ha 8UTipOKCl1.i.,i8.IU10HHOti 

;J]Opi•iJ.llB (G.87), OHO nJ,JeeT l1 l'.U1KpOCKOlllfl!8CKil8 peU!BlHUI (0.81). LC

T8CTE8HHO il031TQr•lY, 'iTO 3TUl\i HeJlllHeHHW,; yp8BH8lil[CM I.iOEHO BOCriOJI:::-

30B8ThCH .i:I ,IJ,JI.R llOJlY'i8Hli.li dOJree TO'!Hf:lX npH6JJ.l1E.8Hilli - B llpiD:IUIDI8 , 

CKOJlh yro.IT.HO T01·HillX. P83y:l.i88TCH,CJIU8CTB8HlWC TpYJ.tHOCTM BBC:bi>.a 

d!:l:cTpo B03pacTaiDT npu nepexo.rte K 6oJlee TOti¥..Woi tJlOpr.ryJiaJ,;. B aron 

CBR3H 0T!'.18TJ.i:,; padozy/14~ B KO'I'n2c::J. ..J.BTOpbl:, HCXO,!J,.H H3 HBJIHHBIDiOrO 

ypaEHCHUH 5oJI:t:.IJ,r•!CHi8 (no.rryqaromei'OCH M3 (G.82) 38?.:8HOi3: B apry.i.i8H

T8X F : 9+-q i---4> 7, f-q 6 __, 1 ) , cyi.;BJIH Uo.JIT!.iTh npM6JIMEBHIDi, Koroptw 

BhlXO.IlH'l' sa pai.iKfl o6J..4enpm·iH:Tbl:X npe.u.craBJieHIDi o npe.u.e;.Jax npm.:enH-

J •• ocr~I ypaBHCHill1 aroro T1llla. 

Ja;,JCTI-ll•l eUie, qTo DC8 BHUJ81o13JIOR8HH!:18 paCCYJK.n8HIDI H8IIOCp8)lCT

B8HHO 060Cilll810TC.H n H8 TO'f CJIY'laii, KOr.ll,8. KpDr.!8 HenpoH¥,J,la8i.iOrO F.JJ.PB. 

lli .. eeTC.H :11 Odi:lY:HOC 0HHapHOe B3a.iiMO.IT.eJd:CTBl18: 

r.ne 

TOT 

l-ibiC 

¢'M=+r>D 

tJh) = ,P, (r) 

I 
'[C!{ 

2 • 

J z?. g 
z ' 

¢;(z)=o I 

(6.95) 

?< C/ 

r!Jfz)- pel'yJIJipr..aR WYHKUim L B MHTepBa.rre (a_,+ o0), To eCTh na 

CJIYlffii1, KCI',n,a L8EJlY UlHTpar,Jloi ynpyr~u !llBpOB JLU,JelOTC.F! l!I peryJJJi~ 

6HHapHH8 B38lli:JO,IJ,8i1.CTBAH. 'l'OrAa :.-JOlKHO .I(OCJlO:BHO llOBTOpl<iT!:> BCB 

Ha!i.!H paccyE,neW:E il }108 pa3.iil1ti!1e CBe;i;e'!'CR K TOL.iY, qTO K BHD81ire

H1HO /(1,2), 38.)J.~HHOMY cpopr.:yJioM (6.b6) ,.Ha..llO Jlldl.I!!:> .n;oelaBHT:b ~eH 

ac/J(~,-9n). (1.. - 2-j 
of l ~~. ¥~ . co.%l 

'i.T06b! y6C,ll,>1T:OC.H B STQJ.;, .D.OCT8TOtiHO JIM:l!l:O COOTil8TCTBeHHO Z3M€ID!T:O 

n.upa'i1.8H.JJ.H II , 1\ (6.38) .UJl.H. pa3HOCTU (6.37), IIOJlOA:illB - u, 0 2 

LJ1 = F((,f:'"; 9, A: /(f)- F(7,+}.tt,/I-E>1t;9, +!4t,/, rE•n'" j 
Ll

2 
::: F rft r{f.u, /', --E·&i; f:'"H•~fl+E-«J- F (r,,/, if..;fi) > 

'J¢ (?,-?,) 
9{ 

r.ne 
E 
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ilpeo6pa.aoB81U:ie Jj co:sepmaeTCH TOl!HO Ta.K xe .KaR 11 pa..HI:.tlle ,K npru~o
.JJ.Io!T K Tm.:ry xe nceE,1.1,oorreparopy T(t, 2) , or pacKpHTru:r xe v.rem D.2 
KBK 003 1:!: DDOH30itnBT ;n;o6a:rota (6.96) • 

- BB;uzy ;.,.,Ili'L!H .llorrommTen;;oro KT (1,2) onepaTopa (6.96) 

X ypaBE8HIDnJ (6.82), (6.86) .ii.OClaB.HTCE "BJia.COBCKH8 't!JIBlill: H M!:l 

DOJIY"i.<U.:, COOTB8TCTBBEHO, ypaBHeiD!H ,D,Jlli @YF.F...Il.illi (6.81L (6.84): 

"JF(-t,rt, lT)=-If.l.F(t a v) + 
at "f , "' 

+cr?tf;/rLv)-1/ {Fit,!, v/F(1;jtt?J,v')-Fft, ;_y)F~ f-46_, vJ{t'.91i 
(11'-YJ?>o 

+ J o <Aft -t'Jt ft rJJ"' 1 2- FIt, t- v J 'ffj I 7?l1~v J 

'JW(f,'MJ = -V ~ WH,f., 11) -rfo/J.~tj :f{l,f'}'rj;_/ ~ w(i}l--f)f-
d-t ~~ '"f "" av (6.98) 

+ thz j; (v1-v}6;. /wrt,t/)Fkt+""Jj...w~tvJFf6J-¥t~, 
(:1-v )·6 ;>o 

B .RO'tOpHX 

j(l, p) =11· /F(f, j, v)k. (6.99) 

ll~epKHBM E 3~~eHHe, ~TO BOB li3~0EeHHHB pacc~eHHH, OT

HOC:k!Bfi!Z8CH. K ~ec::tai! czcreMB H3 N ynpyr.u: mapoB, cYI!{eCTBeHHo 

OCHOBB.H!:l Ha. MI'HOBBHHOCTi! IIpOII;eCC8 6HF..apEOrO coy,u.apeEHH: l-1 DOTOM;Y' 

He MOryT 6HT:t. TO'tffiO nepeBBCell:H Ha C..llY'tJaii KBaHTO:BO.fi M8xamfiG.1, r_ne 

npoueccH coy.ll8.peHIDi ynpyrKX mapo:a co:aeprua.mca sa Roneqgffit rrpoMe

lJ:YTOK BpeMeEl! (npoiTOpUi!O:rulJ'J.I!!ll! KOHCTaHTO j; fJJiaHKa) • '!TO :><e 

xacaeTC.H o6o6!Ilemm. R3.Jio:xeH:HUX peey.m.TaTo:a B oaMKaX KJIB.CCifiBcxo.i! 

M8X8.HHK..a Ea. C~ CHCTeMH ynpyr.HX mapo:s, nplliia,IL.lielt8.IIlRX K pa3-

.mrtiHHM copTa!.!, Eaiipm.tep, Ha CJIYlial, xor,u.a HM:eeTCJi '11... pa3Jmt!HHX 

CM:CTe!.l O,.lll:lliaK.OmlX illa.QOB, IIpiN:et: lliB.pH, llpiD:i8.,IJ,JI.eim!ItK8 K paS.HblM 

COp'I'aM, ID.iBm pa3HHe ,JJ;HaMeTpH H paSHHe 3B.KOHH pery.r.urpHHX 6HRap-

HHX B38RMOAeacTBKi, TO Ta.xoe o6o6!IleHHe MOXBT 6HT:b npoBeAeHo 

Ha»OXBHHHU BHQB ~eTO~OM. 
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