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§1.BBe.rte!lle 

noRaJil,Hl,18 rell3eH6eproBH onepaTopa, KOTOpi:iM B acm.mTOT:ITTl8CKOM 

npe,rtCTaBJI8HHli OTB8"1B.DT Hemmeatwe no 3JI8M8HT8.pHOMY .:n -noJID 

B8Jru"ll11W, Hrp!UlT BaJ!tHYJ) poJil, BO Bcex .nmmMH"leCKHX CX8M8X KBaH

TOBOI TeOpHH noJIR. TOKI'! B JUU'pa.Hllt8BOM no,nxo,Jle HJm B T80pJ!H TO

KOB, IlOJIH "taCTHil B COCTaBIWX MO,JleJUDC (CKaXeM, KBapKOBllX) ]JJJSYr 

npHMepa Ta.KHX onepaTOPOB. /bopMBJW3M HOPM8JiblillX npoH3B8,JleHH!, 

pa3BHTlill UHMMepMB.llOM, lOB8HlllT8itHOM H .npyrm.m,oKa3HBa8TCH ajxpeK

THBHHM HHCTPYM8HTOM B MHOrO"lHCJI8HlilDC o6JiacTHX npHMeHe!il!Jl TaKHX 

COCTaBH.blX noJiel. 

B OCHOBaHHH 8Toro no.nxo.na JielE.8.T CTaH.rtaPTHli8 npe,rtCTa.BJI8HHJI Jia

rpaHlleBott TeOpHH B03MYJlt8HHtt. O~aKo OCHOBHl,18 o6~8KTH 8TOro ~op

MaJIR3MaHMeDT B~ noJIHliX reaseH6eproBI,CC onepaTopoB :wm me BaRY
ywwx Cpe~:wc, TO 8CTl> <pepMBJII,HO np0CYl!IMHJ)OB8.HHlilX p!l)lOB T80PWI 

B03MYUl8Hml. 

Hime MH .naeM BHBO.Jl pesyJil>TaTOB <p0l)M8JIH3Ma HOpMBJll,HllX npoH3B8Jl8-

!lll! C 06D1el! TO"l!W spemm. Ilpe,MaraeMLII BaplllaHT 8TOro WC)Jl,(8,JW3Mll 

(B OCHOBY KOTOporo Il0110ll!'.8IIH pa6ow /8, IO, II/), HeOOXO,JlK)IOrO Jl1ISI 

nepeHopMHpoBKH, 0IlHp0.8TCH Ha Ilps!M08 BliqHC118HK8 KOHTp"lJI8HOB, 
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reaaeH6eproBux onepaTopoB :wm me BaKYYMllliX cpe,zornx. TaKIDII 06-

paao!11, XOTJI B03MOlKHOCTI, pa3JIOJKeHIDI Ha ,zurarpaMMU ~fi:HMaHa eCTl> 

lICXOMM npe3YM!II.UlJ1 BCero MeToona - lIHatJe 6H MR He YMeJIII IIpIIMe

HlITl> R -orrepawm, - HO cpaKTlllJeCKH HaM Hnrone He nplIXO,!UiTCJI 06-

pa.uiaTl>CJI K ,zurarpaMMaM lI Bee, onaJKe npoMelKYTOtJHRe, marn oneJia.RJTCJI 

,llJIJI reaaeH6eproBux onepaTopoB B ueJioM • Ilpn aTOM yonaeTcJI o6ott

TH HeKOTOpHe KOM6IIHaTOpHlle TPY.nHOCTlI, 'ITO CYI11eCTBeHHO ynpomaeT 

TexHHlJeCKYJO CTOPOHY pa60TR c nepeHOpMllpoBaHHRMH rettaeH6eproBR

MlI onepaTOpaMII H Il03BOJIJieT IlOJIYtJHTl> ononoJIHHTeJII,Hlle HOBRe pe-

3YJil>TaTR. 

HIDKe, Korona HaM HY)IUIO o6paTUTl>CJ1 K KOHKpeTHOll Moone~ .nIIHaMII.KlI, 

MR Bcerona Bu6npaeM cKaJIJipHYJO ('{J'i),. - MooneJI1>, OMaKO ~ce MeTo

.nu n peayJil>TaTR JierKO nepeHOCJITCJI Ha o6l!IIDi CJiy-qall. 

§ 2. renseueleproau onepaTOPR 

· I. HcXO'AHHU onepaTopoli 'AJ!H Hae 6yp,eT CB060'AH08 acHMilTOTHlJec

ROe WI-IlOJle il)(), p,ellCTBYD~ee B cpoROBCROU rIIJ11>6epTOBOM npOCT- • 

paHCTBe.·oao YAOBJleTBOPHeT CB060P,HOMY ypaBHeHHD ABH&eHHH 

(0 + m':-) 'fl')('-= o, (2.I) 

aero xpoHOJIOrlllJ8CROe cnapIIB8Hlle eCTl> CB060'AH8H ABYXTOlJeqHaH 

cJJYHRUHH rpIIHa 

~('l<)~\~)-= ('T'{l'IC)~t1)) =- G~\)(.~)-=-

{ ·~ - \.,¼l)(.- 1-) 
=L t:fl'IC-'t)-= --. J~· ~e..:..."1.-----

i.\h) 'M - \(,. - ;. o 
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Y'AOBJieTBOPHDDiSH TOMY xe ypaBHeHIID C 
'h-cpyHKUlI6ll B npaBoil qacTlI 

~ rile) ~ 
i.,(O._:..-WI ) u,_ lit,1) = 0()(.-"4\- (2.2) 

Hapnp,y c noJieM '\' l')() uu 
6y11.eu paccuaTpIIBaT1> TaRze BlIROBCRIIe MOHOMH 

aCIIMilTOTlllJ8CROrO IlOJlH Hero npolI3BOAHl:lX, 
P,JIH'ROTOpllX nplIM8M 0608-

aaqeHIIH ilHMM6PMaHa 
121 

bh\l'lt)-= :ih.,tx) ... ith)l')()~ l 

(2.3) 

rJie 
. ~ !O,;) '},· ')· . '),· ')· 

'it>}')<) ={';\Y.) ilx) :=. 'd/0 'd. H d,. .,. d ~•l ~lx). 

TaRIIM o6paaou, {11~ ecT:& uyn1>THHHP.6RC 

{,. \ ,. \0-1\ l ... ") oc:)\ ·, ( ).i 1-:: l "~· )i1, ii,.)1!,\ 

Byp,eu lllICaTl> 

\ " .\- '\. +'X• ....... +).• 
"1 - /\lo J-1 /\h l\l 

C'>.i) '. :: h\. \ i.:}. /I;,.\ '}. j~ \ 

~JIH npOH8BOJll>HOrO 

T8Rllt6 

4-BeKTOpa ~ :(..-.:.o,'lt•,'1-,,x,) uu nonaraeu 

(),) ),. 'h~ 1':;. 'hi 
'I,. = -,.. ...,.~ 'le,. ~'!, 

PaauepHOCTl> MOHOM8 \,Ii)\(')<) B eP,HHlIUSX uaccll ecTl> 
l (2.4) 

~WI t)h'\\Y.) = t ... ~ \1-1\. 
l'-i 

lllHpORH~ RJ18CC onepaTOPOB (B qacTHOCTH, BC8 orpaHHtJeHHHe) B 

~OROBCROM npocTp8HCTB8 p,onyc11aeT paanozeHII8 no HOpMSJll>IWM npOII8-

Bep,eHHHM nOJieil ~t"IC) .TaR, AJIH S-uaTPHI\H, RoTopaH p,an1,me HrpaeT 

~eHTPSJll>HYD pOJil>, HUeeM 
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s = ~ ~ \IM\•·--J~t, Stt'!~,---i'\t.)~il'\.) ... "'lit.): • 
t t. 

(2.5) 

OnepaTop S " APYrHe :seJIWrnHbl TaKoro po.l{a 6y1IJT HHTepeco:saTL 

Hae BHe uacco:so"'no:sepxHOCTH. COOT:SeTCTB8HHO pa3JIOXeHHe (2.5)" 

.l{pyrHe Il0.l{06Hbl8 pa3JIOJ!t8Hl'IH Mbl 6y.l{eM paccuaTpl'l:SaTL KaK KJiaCcl'lqecKl'le 

WYHKUl'IOHaJibl, saBl'ICHW.He OT 'ft TO eCTI, Kali :SHKO:SCKHe CHU:SOJ!bl COOT

:SeTCT:SY~W.HX onepaTopo:s. B o6w.eu cnyqae AJIH np0Hs:son1,Horo a:sHo sa

BIICHD(ero OT Koop~;inaT onepaTopa fti., ... , ~ .. ,· ·. BHe uacco:son no:sepXHoc

TH m.1eeu 

~('-,;,, ___ ,--. .. ) = '5:_ +.u~'.:··cl'\t. \l!.l'\•,-·•,'\t.) :'f\.i,)---~l'!t.):. (2.6) 
t ,,j' •, 

Ko3rPI>IIUH8HTHbl8 <pYHJ(Ul'IK t"t. (.~ ,- '!) 3TOro pa3JIOlleHKH cyTL 

TpaHCJIHUl'IOHHO-HH:SapHaHTHbl8 o6o6w.eHHbl8 cp~HKUl'IH,TaK qTQ 

Ft.l~,-t a 1 ... ;1-.. ~o..\i1+Q 1.,. 11c.+-a. \-:. Ft. l-i:,, ... ,i .. \ '\•• ... , 1t ). (2. 7) 

BalKHOil B8JIHqirno!.\ TKilS (2.6) ffi!JIH8TCH re!lseH6eproBO IlOJl8. ~('l<) t 

CBH3aHHoe C acHMilTOTPJqecKHM IlOJl8U 'f(.l<)H3:S8CTHOil ~puyJiott 

4t-,,;) = S .. T('fc.ic,S\ c2.8) 

KOTOPSH 3KB:l!ll8JieHTHa COOTHOmeHHD HHra-(l\eJII,)lUSHa 

,J 

"' C ..uJc • (1+ 'SS ,tic) = 'fl-,.)+ 1cl.4. D (l<-1) \..) - • (2.9) 
. 4 '&~~1' 

Ilo aHanormI c (2.8) Ubl 6yAeu cqHTSTI>·, 'ITO 06D1Hit reitseHclepro:s 

"' onepaTOP F<1,, ... ;1- .. ) TOX8 np8)lCT8llHY B ll~)l8 , 

f<.~.): ~• 'T{fc~) S\, ·(2.I0) 

"' 
r)le onepa-rop t(~) HllJIHeTca LV1-06paaou ll8JIHtiHHY ~t~) 
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i ., 

0.l{HSKO cpaay TIO)lqepKH6M, qTO B 60JILIDHHCTB8 CJIYtiae:s 3TO, 

.. noKa cpopM8JII,HOe, yT:sepl!t.l{eHMe Tpe6yeT yToqHeHKH. TaKOe YTOqHeHH8 

6y)leT )laHo HHllte. 

2. Bee cKaaaHHoe OTHOCliTCH,no cyw.ecTBy,·K odw.eMy· S~uaTpHti-' 

HOI.IY ipopMaJUl3MY • ]!JIH OilHC8Hl'IH KOHKP8TH0~ ,Al'IHSMHf!H Mbl o6paTHMCH K 

noHHTHD narpamrnaHa :saaHMO)lettcT:sl'IH i e.>•) ,noJiaraa 

S. = R '1 ~ i.~ -!<1<)t1.1(. (2.II) 

CHMBOJI R nepe.l{ '\- aKcnoHeHTOli oaHatiaeT np0ueHe1rne R-onepa-

Ul'IH Eoromo60:sa-Uapac10Ka III. Il?CHOJI1,Hy nocJie,l.\HHfl tIJopMyJIHpyeTCH Ha 

fl3b!K8 ,l.\HarpaMM ~liHMaHa, CBH3LIO. (2.11) Mil 6y.l{eM TIOJib30BaT£CH TOJILKO 

B CMblCJie TeOplll:l ll03MYW.8Hl'llil. Boo6m.e noCJI6.l{YIOlllltie o6w.He· COOTHOID6lll'IH 

Me,r,:p,y onepaTopaMl'I HJIH ipyHKUl:lHMl:l rpHHa cne.l{ye-r TIOH11M8Tb K8K'paB8HCT

B8 M6l!tAY 4?opMaJibHblMl'I cTeneHHb!MH pH.l{aMH no KOHCT8HTe CBfl3l'I. Mb! Ha

JiaraeM Ha rellaea6epro:su onepaTopu t(~) B ipopuyne (2.6) cJI~,l.\y10w.ee 

orpaH1:1qeHHe: l'IX K03tW!HU11eHTHUe g_iyHKUHll ,l{OJilltllli ,l.\OnycKaTL pa3JIQllteHH6 

no ,l.(l:larpaMM8M ~i1HM8H8. 

qT06bl He ycJIO~HHTL llb!KJI8,l{KH aHaJIH30M :saKyyMHhlX ,l{HarpaMM, KO-

TOpble B KOH6'iHOM Cti6T8 Bb!Ila,l.\8IOT H3 TeOpHll BCJI8,l.(CTB118 JIH60 npl:lHHTblX 

onpe,l.\eJieHl'lli, JIH6o nepeaopMHpo:soqHolil npoue,l.\ypu,BKJIIOtiHM B npaBHJia 

~li\HMaHa 
I 

HCilOJIL3yeMbl6 np11 pacqeTe (2. II), CJie.l{yIOW.66 ,l{OilOJIHl'IT8JILHOe 

corJiameHl'le: AltiarpaMMbl, OTBetia!OlllHe nepexo,l.\Y 
11
:saKyyu-:saHyy1,1

11
,a:sTOMa-

" Tl'll!eCKH nOJiaraIOTCH paBilblli!H Hyml. 

BBe.l{eM T- npoH:'!Be.l{eHHH re!laeaOeproailx noneii q,<..,.) cJ:iopuynoll 

renn-iAaHHa-Jloy : 
.., .. 

1'<'.Pt~,, ___ q,('y;~')-= ~r'TC..1 t1t,) ... ~\h,s1 . (2.12) 

Y,l.\o6Hee, O,l{H8KO, noJIL30BaTI,CH :seJIHtil'IHaMl'I 
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(~{.)(,) :.-· ~(:,. .. ,t_-= 1'(,F"•) ... '\'lh)·s). {2.13) 

'¼'8HTU'ieCHl'l flOCJ!e,nHeii qJOpMyJ!oti Mbl llli6JIH H6HOTOPYIO HOllYIO onepaUl'l!O 

YMHOlKeHl'lH ( ••• )+ 'AJIH onepaTopoll 

9('><) ~ 'T('f.l"') S ), (2.14) 
., 

Cllfl38HHblX C flOJ!eM cp(l<) COOTJ-101116Hl'leM 

,J 

q> (l<) =- s-+C?, .. ). (2.15) 

B3HTbl6 cairn no ce6e, _onepaTOpbl q:>(l<) ll ll61(0TOpb!X O~HOlll6Hl1HX He-

y~onnernop11renbHbl: Hanpl'!Mep, OHi'! He HOMMYTl'IPYIOT ll npocTpaHCTlleH-

HO'."'.nu;n.o6HblX TO'iH8X • Te_r,, He 11eHee llaHyyMHble cpe;n.Hl'le ll6Jll11il'IH 

l<:?~~.) ' .. _,Cf (l<~) i. C0llfla)l8IOT C l!JYIIHU11HM11 r~l'!Ha 11 l'lCTl'lHHblX;1 J!OH8JlbllblX 

noJ1eii q:>,"' ) .• ,l.leiiCTlll1TeJ1l>Ho, ll C11J1Y cTa6l'!Jil>HocTl'l BaHyyMa MHo

lKTrlTCJ!l> ~t , oTml~~-IOIJll'lii (2.13) OT (2.14), llblna;n.aeT H3 COOTBeT

CTBYIOlllHX MaTpl'lliHblX aneMeHTOB. 

B Ha'!eCTlle reA3eH6eprOBblX onepaTOPOll eCTCCTlleHHO paccMOTpeTb 

T8HlKe ~6~eHTbl Bl'l;n.a (2.10), r,ne \('1<) ecTb HeHOTOpaH HOM61'1H8Ul'IH 
' " ,, 

MOHOMOB bf}..\("-)_. ,11anpttMep,. · (\)~(1<) = s: T(: -,,"'1,,' SY H 

q:i\l<.) -=- 1J,fl1<): ~ ) .O;n.HaHO fr13BeCTHO, '!TO B TeOpl'll'l ll03My-

ll(6Hl'li'! T8HH_e lleJ11'11il4Hbl co,nepll8T yJI1,Tparp110JieT0Bue. pacxo,nHMOCTH, ,nalKe 

eCJ!H npoBe,neHa nepeHOPMHpOBHa ~-MBTPHUU. Il03TOMY, cne,nyH UHM

wepMaHy/21, MU JIMeCTO HHX JIJle;n.eM TaH H83UBaeuue. C;CT8llHUe n~~~: 
.. 
Bt~'l l'I<)-=- s+ \:fT \t>,)\ (l<) S: \ (2.16) 

H 

B\.~<..,_)-= ?-1'\br.,'l<.") S\ (2.17) 

a 

I 
( 
I 

\ 
I 

]lJIH·ynpol!leHl'lH ll~HJ!B;zI.OH MOlKHO C'll'lTBTb,'!TO JI {2.17), HBH l'l paHee 

ll (2.11), BBHYYMHUe ,nttarpaMMbl BllTOMaTH'ieCHl'l y,naneHbl H3 COOTlleTCT-

llyIOlllero paano:11temm._ .. 
Xp0Honornt1ec1rne npottaBe;n.eHHH cocTaBHUX noneii i" ,, , x) onpe-\r l 

;n.eJ!HIOTCH qiopMJJ!Oii THIT8 (2.12): 

" " . \ Br.,
1
/)(,) ... Br,,,,,y•i._,") = S.+Rilbl}i,(-i.,\ ... bh\,.t)(~) ~) (2.18) 

n (. •• )..:-nponaBe;n.eHl'lll noneti '6,,,\l"-) - qiop1.1ynoi1 Tttna (2.13): 

(£,{)\t-,,,) ... i\,,,_yr-~)J+-= R \\bt>'l,("1',) ... b\))~h) S_). (2.19) 

IlO,llliepHHell, qTO ;zI.01.!HQJKeHl'le Ha ~ + 1 ocyl!leCTJIJ!HIOU\66 nepexo.n OT 

(2.19) H (2.18), ne npHllO;zI.HT H AOUOnHaTeJIDHblU pacxo,nl'lUOCT!lY. 
., .. 

IlOJ!H ~('l'), ~l)<) ,HoTppue TOJ!l>HO l'l co,neplltaT oeiu~e. n~Ol'!3lle-

,neHl1ll onepaTopoB, JI ;n.an»Heiimeu paccuaTpnllaTbCH 11e Ciy;n.yT •. Mu 6y,ne11 

onepl'lpOBaTI> J!HlllJ, C flOJ!HMl'l l?( )(.) l'l \::i(i.) ,TBH '!TO_ llCe, OCHOllHble qioP-:-. 

uynu, c HOTOPUMl'l HBM nptt;n.eTCH l'lllBTl> ;n.eno, 6y;n.yTt no;n.o6HO (2.17) 

l'l (2.19), co,nepJKaT» 

aanttcl'l uu 6y;n.eu cV1cTeMaTl'l1tecHn onycI<aT» cnMBO~ T .TaH.l'lM o6pasm,, 

HHlle llCe npol'lalle;n.eHHH ITOJ!Bll~ llenl'ltl11H cne;n.ye~ noHHM8Tb HaH xpo

HOJ!ornlieCHl'l ynopH;zI.OliBHHUe. :nnll ;n.pyrnx :ate onepaul'!tl YMHOllteHl'lll MN .. 

6y;n.eM 11CITOJ!b30ll8Tl> OC06ble Clll,lllOJ!bl. 

1-·npOl'l3lle;n.eHl'lfl. IloSTOMY ;n.JIH ynpo~eHl'lll 

3. Bee BBe;n.emme onepaTOPbl nopoJK;zI.alOT qiyHHUl'lOH8J!bl THITa (~.6). 

IlocHOJ!I>HY JI Teopl'!l'l J1oa11yU1eH11ti nx HOaqiqittUl'lBHTHUe !J.iyHHUHl'l F<t~l'l) 
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npe14CTuBl1Mli B. BJJ,lte IWHOTOPWC CY MIJ )!Uarpa~M <rei1HMaHa, t (. {. ~ \ !. ) 
AOf!YCH<-i!O'r pa3611em1e , 

{= l~ \ '\)::: ( 1
"''1' (_~\-\) +ft" l~I i) 1" f(.~\)(h \ t - ~ - - __ , {2.20) 

v~ 
r.ne Ft. (_~ \ ~) conoc·.raBJIHeTCH COBOKynttocTl'l Ci'IJ!t,HOCRll3HUX 

(l11rn o.nttol{acT111U10 nenfu1Bo.zi111Jux:) .nnarpa111u 1 F~e ( ~ \ '\) OTllel{a-
~~ -

eT cnaoocnil31!11M, a F(. (~I '}) - uecllH3HbUI .n11arpaw.1au. ---~ ~ 
,4Jlfl {{lyp1,e-npeo6pa30ll8H11H \=e. (n ~) <J!YHHl.!llit ~ i { ~ \ 'i) , 

r.ne 3H8l{Ol( ~ 38M6HfleT JilOC50i1 113 CllMBOJIOB '~~" , • \.V',\f ~ PIJIH 

"~t," . (MJill, OTCYTCTBlle TaJtoro Cl!MBOJia) 'npuMeM o6o3H8l{eHlie .., \. _,. ' 

(' ~ ~f.i')(,+~'i:¼~1~ ~ 
:iJ.')(•···h"~•-·.cl'1te . ft.l"•,---,'1,..\'i•, ... ,i,)= 

~'"' '=-li'i1 'ii\'2.~+L-,.;.\ Fe. (\l•,--,P--\'.{., ... ,"c.t 
{2.21) 

AuaJior11qHUe 06oaHaqeu11H·6y.nyT McnoJiiaoBaTI>cH J!JIH qiyp1,e-npeo6paao-

11aH11H l!Cex'.npyrHX TP8HC1IHl.!PIOHHO-l1HBapHaHTHWC ~YHKl.!HH. 

Koliqi<Ill11.!Meui'u1,1e 4>YHH1.!HR Fil(~\ '1) BuPaxaJOTCH qepea :aaKyyuHble 

cpe;llmie :aapMau11onuwc npoua110.nHwc F( ~) : 

_ btH>i)- ); 
ft.(!\'\•,-··, i'-) -< 'b ~l'!◄) ••• ~\~('!c.\ ' (2.22) 

C ]lpyroli CTOpOHU, .111IH HUX 11erKo IlOJIYllllTJ, npe.itCTaBJieHHe llepea 11a1,1-

nyTllpo11aHHUe II ll8HYYIIHli8 cpe;llHlle XPOH01IOrllt1eCHMX IlPOll3Be.iteH~H 
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) 
1 

~- Pl 

~ t (~\ ~•, ... , '-\t.)--= <. ~ l~) : '-1{\ '\<) ... ~l '\d:/ 

i . 
_ f\ \_i.(G-1. +mi.)\ ( H:e1: '\'l'\•) ... iq1):>. 

:i=\ • 

(2.23) 

\\· -a.unyT~HH,. ocymecTBJIHeMaH onepa'fopoM i.ln~, +v~·•) ,cBo.n11TCH 
' lo) ' 

H aaMeHe qiyHHUHH G,._ (. 't )~ -,.) ,Boamma10meili B pa3Jioli\c1111H Baliyyi.rnoro 

cpe.nnero, Ha '8 (~i -~~) (c!J·. (2.2)). iia Ha1me ;lll1arpaMM ~l-iHMaHa 

3T0 COOTB8TCTBY8T CTHrllB8Hll!O B TO'lliY nmurn, coe.nHHH!Oll\6!.1 BepnmHhl 

~- H ~.,. • .i • '1-A 
B1ma.n cMbHOCBll311b!X ,11HarpaM1.t B <. h~) :'\'{'\,) ... "\'\.'\~):) 

r ro~ 
o6oaHallHl.t < rC~ )i\.'\•) ... 1l'\t.);> 

• 8,11ec1> MU OTKa3aJUlCl> OT 

HOpMaJII>HOrO ynopHAO'leHHH, nocliOJll>liY 3TO ll3MeHeHl18 CKU3UBaeTCfl 

TOJIJ,liO Ha HeCBH3HblX ,1111arpaMMax. WTaK, 

V-W°I' L f"Ot '\=t {'t\'\\, ... , '\t.) =(,(~)'\'l'\,), .. ilit.f)' . 
,(2.24) 

BBe.neu cJie;lly10mee oooaHa'leHPie~ HoTopoe B ,nan1>Hel-irne~ Mhl oy.neu qacTo 

llCilOJIJ,30ll8Tl> : 

<Ye~) ~r~.) (¼,'\ ... q, <"•\ ',(,)'}"-<,.~ 
{2.25) 

-::::,2_. fl_ l.l 1'°'-"'I> "' ~l1,) ,.... )\'h) \ ""2',(•"_i· · 
-l'dv.\ ... \,~"''- !1 e <.fc~)'\'l..'\\)._"'lt·, .. 0. 
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WJCCT iJCCTO 

Jlel..lJJa 2.I •. IIycTb. \= (J<) 

Tor.na 
i:l0Bi'iCl1T TOJI!,l{O OT O)lHOil KOOp)lllHaTu. 

r•vwl> r- ~ ~ 
~ l ( ni-,, ... , "") =.<_F (0) '\' l "'•\ ... '\I (l{tc)? • (2.26) 

J.iOK838TCJll>CTBO. 

CorJiaCHO (2.21) 11 (2.24) 

G\ \ 'I ..-, t . ~ \''°P . 
( r/..)1 , o (. ~ + "i. 'I\;') \\ ( "\ v; ~, ... , ',( t ~ = 

~•i 

_ (' \,\)Ht~~; '1j ,. l'~.o-p 
- )cl')(J'i1---J'1t e <FCl<) '\'li,).'..1l'1~)). 

BocnoJ11,syeMC!l TP611C]IflUJ.IOHHOi1 J.IHBapJ.laHTHOCTI,I) qmrypJ.IPYDUlero 3.Z!CCI, 

MaTp11q11oro a1IeueHTa', aan11caB ero KaK (Ho) 'f (~,-)<) ... 'f ( 'h-'l< )>; 
n c.nenaeu B J.111Terpa,re aa1,1e11y 

BY 

r 
~3 ""''11 -)( • Mu npn.neu H P8BCHCT-

j 'I ~ V'°t> 4 ~ ~ t'""''P , Ti) o(-p+2>-<1W~ cv \~) -=(°:l.'ii) 0(~·'2:.'<;\<.fco)il'(,\ ... 'f<\(S> ,. 

OTKy.na ll cne.nyeT YTBepll)leH11e Jl8MMbl. 

12 
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I 
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j 

! 

.J 
'1 

B 38KRD'lCHHC 3TOrO naparpawa 38MCTHM 1 '!TO BHe IlOBepXHOCTH 

aHeprnn 2"\)+'2:'o<.==O WYllllIJ,HH ~~(~,~) onpe;n:eJieHa, paay1.1eeTca,He

o.nHoaHatJHo. B (2.26) Bu6paHo TaKoe npo.noJilKeHne aa noBepXHOCTl> 
· ~rov 

aHeprm1, npn HOTopou Ft (~\~, .. -,-..<~) OT ? He aaBncnT. 

~ 3. R- oneE_llIJ,!lfi 

Bo Bcex nocne;n:yJOll(HX paccyllt;n:eHnHX, anen,r11pyDllll1X R paanolltemrnu 

renaeHOeproBWC onepaTopoB B pa.n no .n11arpauuau 'ileilHMaHa, Mbl 6y;n:eu 

npe.nnonaraTl>,'lTO B T80p11!0 BBe.neHa peJIHTl1Bl1CTCR11-11HBap11aHTHaH npo

MelKyTO'lliaH peryJIHPl1881l,11H. 9TO Il03BOJil1T HaM Ha CT8'Al111 BCnouoraTeJib

HNX pac'leTOB paccMaTPMB8Tl> no OT)le1Il>HOCTl1 paaJil1'lHbl8 'l8CTl1 R03iplll1-

ll,118HTHblX WYHKIJ,11i1,ROTOpble, B006ll(e roBopa, paCXO;ll;HTCH B HeperyJIHpl1-

30BaHHOi1 Teop1111. C .npyron CTOpOllli, 06ll(He COOTHOID8Hl1fl Mellt.ny nepeHop

M11POB8HHbl!.111 B8Jll1'll1H8Ml1, ROTOPble Mbl YCT8HOBl1M Ha CT8)ll111 npoMel!CJTO'l

HOil perynap11aa1J,1111, pasyueeTCH, coxpaHaTca 11 B npe;n:ene CHflTOH pe

rynap11sa1J,1111. Ha T8KOi1 TO'!Ke apeH11H Mbl 6y.neu CTOHT!, yllte B 3TOM 

naparpawe, nocBHllleHHOM onpe.ne1Iett11n ~-onepaIJ,1111. 

IlycTb sa.naHa HeROTopaa 'Al'larpauua <_ \J , L), r;n:e \J - MHOJKecT

BO ee Bepm11H, a L - MHOllteCTBO ee n111111ii. Ilo.n1.mol!(ecTBa \J · Ill L 
6y;n:eM 0603H8'l8Tl> \}. 11 L. COOTBeTCTBeHHO. \ \JJ. \ 11 \ \.j -'ll'lCJIO SJie-

'J l l 

M8HTOB 13\f.1.1~. \}-coBORYilHOCTI, llcex Jll'lHl1i1, H8'l8JIO H ROHell, ROTOPblX 
J- i· 

JielltaT ll \J3 • 
. 'I· 

;llna no;n;'A11arpa1.111 B11.na (\/:i L 1 
'- 6y.ne11 n11caTl> 1<paTKo <.\J. )' • 

' ) / J 

Ilt:peHop1rnpOBl!a 'AHarpa!IM!l <.\J, L) np0113BO)ll1TCH nocp-e)lCTBOl.f 

~llYX Ha6opoB onepaIJ,l'lil, conoCTaBJIHeMblX ll08B03MOlKHbl!.1 IlO)l!IHOJKeCTBal.f 

\Ji c.\J - Bbl'll'lTaHl'lil, ocyD1eCTBJIHe1.1ux onepaTopau11 M(\J.), H Rotteq

Holl nepeHopu11poBHH,ocymecTBJIHewott onepaTopaul'! \1(\/j). OH11 onpe-
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.n;enem,1 Ha !J!IOlKecTBe ~ qiymu~11il :irn;zia 

~(~1, .. ,-x,,,I\J)-=.~(.~\\/)=f\ ~t('/..l\-~~~\ (3.I) 
{<.l. . 

r;,e l\.t.{'1-l("tJ -JI,Hio (perynnpY.30Bairna11) 

TOPclH IlpOl13BO;ztHaH <l- \PYIIHU1111. 

'-
De - qiyHHU11H, nuoo Heim-

!Ip11 3TOM npe,n;noJiaraeTCH ,tJ:TO 113 COMHOlK11TeJiei1 npaBoil 'laCTll {3. I) 

HeJib3H Bb16paT.b IIOCJie;ztOBaTeJibHOCTI, i~ ( )(, -)(~) b.1. ( )(,_ -"X;) .... 

j 

... I\.._ t'"'-.;; -)(,) , Taliy!O, '!TO nee 'IJieHhl 3TOi1 noeJie;ztOB8T6JlbHOCTlil Hl3JlflIOT-

eH b-qiyttHU11HMlil HJilil ux npoH3BO;ztllhlMU. KoaqxpuuueHTHue qiyHH1.11rn uene- · 

pe11op!Jl1P01lQllllblX qieiluMaHOBelillX ;zi11arpaM11 o6pa3y!OT IIO;llMIIOJKeeTBo ~ "c. ~ 
C 

<])yHHU11U m1;zia {3.I), Ta1rnx, '!TO nee ti.~= De. 

flycT.b \Jl c '\J • Tor;11a 113 ~("X,, ... ,x,~,\ \J) MOJKHO BH;ll6JlllTI, 

li03(~(p11u11eHT1iy10 <lJYHHUlil!O no;zirpa<Iia (\J) 

Tali '!TO 

~(.~\'Jl): n ~ll()(et-~~~), 
"· ~e L; • 

~('t.\\J) -=~(~\\J 1) \\ /).e(hi-~t;). 
[(,;~• 

(3.2) 

(3.3) 

l!;cJil1 no;zirpa<IJ (\J 3 '> .flBJIIIeTC/1 CB/13HUM, TO B qiyp1,e-npeoelpa30Ba!U!ll 

(' \. "'2: ',(;'f-1 
jc\~ e, ~(~I\J-,)::(l'ii) .. o(Z::~ 1J~(~\\Jj\ 

qiym;un.fl ~ ( !S. I V'.; ) aHMHTll'!Ha B oKpeCTH_oeTH HyJ111. 

14 

· ll 

'~ j 

Onpe,neJiflTI, onepaTopll M (. \J;) ll f\ \. \J,) • , ;zieiienyIOll\116 Ha qiyHHUllH _ • 

ll3 ~ , !.IOl!tHO e H6HOTOPUM_ npOll3l30JIOII {ell. § 4) • 

3;ziee1, 1111 on11me11 n11m1, o;zi11li. 11a _ nap11aHTOB onpe;zieJieHHH M ( \J :i) • 
ConocTan1111 HaJK;zio11y no;zirp_a1py <. \J 3, \.. ;°'> . uenoe _ q11cno vl\<. \/1, \., ,~) _ , 

Ha3HBaeuoe ero 11u;zieHeoM paexo;ziIDJ_oeT11. M ( \J.i) 11. f\ ( \J 1) onpe,nen11M 

eJie]lylOll\llll oelpaaou: 

a) ECJIH <._ \J-;) He flBJifleTefl CllJ!l,HOCBSI3HW1 llJill w«. 'Jj, l.?)<. 0, 

_ TO M(\Ji):=o, n(\/1\-=-o. 

Cl) ECJlll('1)SIBJIH6Te!l CllJlhHOCDSI3HllM II W(<I/_;, Lj >)~0 ,TQ 

MN,) ~\~\\J)= ~"'(."~\\Jl~ \l ~l·(Y-t -~t.< · (3.4) 
u;Ci ~ • 

f\(\J) ~le\~~= 11"'l~\\J;) \\ ~e.CiL~-'1-t~). 
'l.~~i -

{3.5) 

3,nec:r, -

~""(.~\\J1)= _ ~(.\'1·H) \et'i'(,-,.'0(2',{1)'~_,,(~\'\/-)J'!S., - (3.6) 
<._l1r) l l 

r.:' ~ (' - i:~'<,)., ~ 
~lwC~\'J;\-= i '-1\\'J·\-\) ~((_ o("I',(;l'iiw('!S.\'-f~)d~, {3.7) 

~ 'ii) • 

a 
,I ) ,~1} 

Cv1vj1 ( ~ ) I, )l\7£) . lk,.,,;1) - ••. 
\K1. •· --_ 'l 0K1 

~ V - L <•sl! ... c•,,i'l. (i,i)_ V \ 
~w(K, il:11-'l·l~LJ(<Vj,Lj'>) (1 ) 'l qt~\ j) K=O 

4 ••• , • .,., G -
1 

(3.8) 
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IT 
:ri 

qTO KacaeTCH .no 'Tiw<:~. \ \J,) ,-TO OHM HB1IHIOTCH npo1rnno111,11m.m pe1IHTl1-

BHCTCKH-1111B81,lll8HTH1ll,m nommouam-i no 11unyn1,ca11 "· CTeneHl1 w(,'l~\,::>) 
l ., l ' 

HOTOpble 38;l\8IOTCH 3apirnee VI Bll6V1pa10TCH 113 g)l13HIIeCKl1X coo6pruKe1mii. 

Tmrn.o1 06pa3ou, M (\J.) 3aueirneT Koag)g)HUJ-leHT11y10 qiyHKU.1110 ~ C.. -& \ \/;) 

IlO;'lrpaqia <.\Ji> B V11Jny111,cHOIJ npe;'{CT8BJlellVIH Ha H8'l81Il>HHH 0Tpe30H 

ee P83JlOllWHl1H 1.!aK11opeHa {cTeneHVI W ( <.. \/;, \..l )) !IO V!Mny111,ca1J ~

IlO;'l'lepKHeu, 'ITO IlPOl13B01I B npO;'lOJJ~eHVIH qiyIIBn.11n ~(~\\/3) 38 npe;'le-

1Ill nonep-XHOCTl1 ~'t<,:=.0 He CKU31Il18eTCH Ha qiyHKU.HHX 'iw<~ \\Ji')· 

O'leBH;l\HO , 

M(\J,)ai° C ~ ,- \I (\J.) ~o C ~-

IlycTI, Q(\/.) - Jll06on H3 onepaTOPOB tv\(\Ji), n(\/J). Ecm1 Z\J;) 

VI ('\J;) 'l8CTH'lHO nepeKpblBBIOTCH { TO eCTI, \f, (\ \J.-:# 'P 1 HO HO Bll

no111lel!O Hl1 O;'!HO 113 BKJIIO'lOHl-lli \J;. C. \J, mm \J, C \J ;_ ) 1 TO onepa

TOP 0.('h) BblBO;'ll-lT ~(!_\\J\ e. ~ 113 odJiaCTH onpe;'le11emrn Q(v~) 

1-1 I pomrne;ziemie Q(\J.) Q( \J;_) O;'lli03H8'lHOI'O CMblCJl8 He ll!JeeT. 0JIH8KO 

00111-1 \/.._ c.\li 1-!Jlll \J., ()\/.-= <p ,TO Ha ~o 1-11-.1eeT C!JllC1I Jl!Odoe npo113-

Be;'leHllO Q(\/.)Q(\J~). A11a11ornqHo, xopomo onpe;zie11eHHblU11 Ha ~
0 

OH83llB8lOTCH BeJIWHlnll BH;l\8 :Q(\I,). __ Q(-.J\o(): 1 r;l\e : .•. : - npo;m-

Be;'lCIIHe BBO;l\HTCH COOTnOllleHHHUH: 

a) :Q(\/-1) ... Q(\J.i.Y: -::0 , ecm1 cpe;l\VI \J"v naii;lleTcH TaHaH napa 

\J,. 
1 
\J l 1 llTO {\/";) H <,\J j) 'l8CTVl'lHO nepeKpblBBIOTCH 1 HJIVI ecJIH 

\/i.::,\/l ,Ho Q(\l,.\=f\(\Ji,), 

16 

I 

I 

! 

. I 

6) Bo ncex ]lpyr11x c11yqaax: 

~Q(\J-1\ ... QC..\/-,1Y: -= Q(\J~,) ... Q(\J;/1, 
r]le COMHOJKHTeJIH B npaBOH tl8CTH ynopH;l\Otlellll T8K 1 'ITO 113 \Js-:::, \[ "'[ 

c11e,l(yeT,'lTO Q(\Js.J CTOHT 11e:Bee Q.(\J0y\. 
IIepeii;lleM co6cTBeHHO H R- onepan.1rn ?. (\J): Ona 3a]lana c11e;llyIO-

/I 5/ 
ll\H!.11'1 peKyppeHTHll!.11'1 COOTHOllleHHHMl1 ' : 

R(\J)-= L_ f\(\/~\ .. t\(\J.,.\ (3.9) 

\/,• ... •'i~=-\J 

r]le cyMMHpOB8Hlle Be]leTCH no BCe!.I pa3!'.}lleHl'IHIA MIIOJKec·rBa \J Ha 

uenyCTblO HenepeceKaIOll\He IlO;l\lJIIOliieCTB8 \/ 1, ... 1 \J-,_ , 8 

f\ (\J ~l -= 1. · ,ec1111 \ \J • \"' 1.., (3.10) 

f\(\J/)=-M(\ll)'R(\J:i'i+f\(\Jil ,ecJil'I \'..J:}>i , (3.11) 

np11'leM 

~ 1R(\Jl)-=) f\(\J:i,) ... l\(\J:iJ, (3.12) 
~-~\J .• +\J· 

I " ~, ... ""' 

"· t-~-li; > 

C:) Cy111.w.p0Bam,e B (3. 12) HJIOT no nceu pa3611eHl'IHM \J ~ ua HenycTble 

-- nenepeceKBIOII\HOCH rpynnu \J. \J, 1 He conna;l\aIOll\ll0 C \J · • Pe-
~. I ... I J... l 

KyppellTHble COOTHOllleHl'IH (3.9)-(3.12) MO~HO pa3pellll'ITD, Bblp83HB TeM 

caMblM ?- (\I) uenocpe]lcTBeHHO qepea M (\J ;) 1'1 f\ (\J:} li!1rnuHo,l'IMeeT 

MeCTO 
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Jleia,a 3.I. llyCTh <\J \ >, ... , <.\J ..,,) -Bee cmu,HOCBJI3Hue no,llrpaqihl (\J, \..), 

Ta1uw '!To '-"-l\< .. \Ji,~i))-;;,o li=-i, ... ,¥.). 
' 

Tor.Ila 

v.. 

R ( \J) = : n b- Mc \J ~) ... 11 c \J ~ )1: 
:i= ~ 

(3.13) 

i<.:CJIJ/l onepaTOpll I(OH8'lHOll nepeHOpMllpOBRI! \I \\J;}paBHll Hymo, TO 

(3.13) CBO,llllTCR R l.\llMMepMaHOBCROi:i 11 CYMMe no JI8C81J1112( 

3 I 'I /7/ .l\OIW3U'.C8JlbCTBO Jl81J!Jll • IJOlK!IO !181 Tll B • 

i_ 4. OcttoBHue BeJI'1'lllHbl Teopm1. Bhl'lHTaIDmlltt one pa Top N 

I. B npe,11ll.Ilymeu naparpaqie w y'/Jte ynmrnuaJill, 'l'.Co onpe,llene1rne Bhl'lll

Taiomero onepaTopa M ( \J) ,nonyc1taeT He1to•rop.utt npoll3BoJI. 8-roT 

npOH3BOJI CB!l38H npeJK,ne Bcero C lleO,l\ll03Haq11ocTb!O D Bbl60pe ,lH,lleHCOB 

pacxo,iiHIJOCTll w ( (\/, L '> ) • 

YJiupaqmoJieTOBlle 6eCHOH8'liIOCTll 6y,ny:c YCTpaHeHbl 1,13 Teopm/i,J, 4,/ __ 

' ecm1 ,lHJieI(Cll W(Z\J, \..)) CllJlbhOCDJl3llllX rpaqion Bb1UP8T:E, !JllHllM8JI},Hb!M 

OClf•a301/
5/: 

u.t'"'"' (N, L.'>)-:: ½C- 'l\\...\ + ~ "-t,.,. 
tE.\.. (4.I) 

-:: i.\\...\-½\\J\+t; +'>'\,t, 
t<al.. 

~,llecb C -qucno He3aBliiCllMh!X l.\lllHJIOB rpaqia (\J, L '> , '-\..~ - CTeneHb 

IlOJH!dOMa B 'll,ICJ!llTeJie Ilplll'lllliHOiii 4JYHHI.\lllll D\ 
1 

OTBe'la10mel1 Jil/lH,ll,I 

t,EaL 
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1 

qaCTO Y.llOC>Hee' O}J,HBHO, BllCllll1J8'.Cb W\l_'\J, \.. 1) H8MHllll/J8JlhllbllJ • 

J\JIR OTCYTCTBllR B qieiillM8HOBCHOM llHT81'1JUJie ym,TpaqiHOJieTOBLIX pacxo

/6/ 
,llllMOCTe» ,llOCT8TO'lHO , 'lTOClll w_(I....\J 1 \.,')) C>Ii!JI npOl13BOJ!bHb!M l.\8Jlb1M 

'lllCJIOM 1 T8HHM
1 

'ITO ]l,Jlll BCeX <.._\J, \_,") 

w li...\J,\...',)'3: w.,,..;.,v,"-(-J, \..'>) (4.2) 

I I \' 
1,1 ,nna Ra11t,noro no,nrpaqia Z \J , \.: '> c Z\J, 1.,) 

W(<. ',/ 1 \.;>j ~ VJw'w, (.1..\J l ~\J\ l_!)) + VJ\__( \J' 1 '-1>). (4.3) 

B nocJie,llHeM COOTHOllleH.ill <.,\J, ~·. \..') 03_Ha'laeT pe,llyl.\11POBUHHbll1 

no (\J' l ~> llCXO,llHb!H rpaqi (TO eCTb' rpaqi, B_ HOTOPOIJ CTllHYT D TO'lHY 

ero nop,rpaqi (\/
1
, \..

1
) ) • KacaTeJibHO CXO,llllMOCTl! !J)eiiHM8IIOBCHl1X l!1iTer

paJIOB CM. T8Hllte 
119•211 • 

IIp1rne.n;eM np.iMep HeMnHlrnaJibHblX Bbl1-UITaHlliA. J(JI/1 KaJK)\OH CUJII,HO-

CBll3HOi1 ,n1mrpaMMll ( \J 1 \..) nOJIOJKl'IM 

wt..Z\J,\.,'>)': o...(Z'J,\..">)-t, ( 4.4) 

r,ne t - 'll/lCJIO BHelllHl'IX JillHlll,i ,llllarpaMMbl t a C>J.,1...,\/' \., '>) - Jll06ble ue

Jilie 'll'ICJia, Y.IlOBJI8TBOPHIOll\lle cnem,Klll\l'IM ycJIOBUllMo llycn 'b.-Bl,l}{QBC}{llll 
~ 

MOHOl,I' 11ao6paJKeHll6M HOTOporo CJIYlKllT :aeplllllHa ~E': \J B ,u;narpaMIJe 

<. \J' \_, '7 • Tor;11a 

o..(<..\J,b)\?' ~ ~WI 'ol -y\\J\-t-4, 
:i E: '1 
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-------------------------------

norpeoyc1.1,1:poue roro, tiroou ).(JUI Kill!t,ll;Oro (._ v'. C.: > C <:V, L )' 
DIIIlOJlll/lJlOCb HepaBel!CTBO 

0--C('-l, t.11-~ ~w 'o. ·4 \ \J\~ o..t_i..\l', \.!> )-L il,w, 'o. + 4\\J' \. < 4.6) 
~~'l l j~'II' J . 

rieTpy,ZiHO npoBepHTb,tJTO np.11 TaHOM BH6ope COOTHOlliCH.llfl (4.2) .11 (4.3) 

BUTIOJIHCHhl. 

J.lo c.11x nop Mb! pacc1i.1arp1rnan.11 onepaumo M TOJibHO Ha HH.ZiHBH,ZiyaJib-

11ux ,ZiHarpaMi.mx. Onpe,ZieJIHM ee renepb 11~ npo.11aBOJibHhlX WYHHl.lHOHaJiax 

r B.ll,ZiB (2.6), npe,ZiTIOJiaraH, tJTO HX H03ipip.lll.l.lleHTHhle WYHHl.l.ll.ll F~ 
paanaralllTC/l no ,Zi.llarpaMMaM ~eliHMaHa .ll tJTO Ha HaJK).(ylll Tali B03H.llHfilYlll 

,Zi.llarpa1my (\)> onepaTop M ,ZieliCTByer, HaH M (\J),B cornac.11.11 c Heiw

Topm, npaBl!JIO!I BLltJllCJieH.llfl .llH,ZiCHCa pacXO,Zi.llMOCTH. B tJaCTHOCT.ll, ecJI.ll 

,ZiJlfl Bcex ,Zi.llarpaMM B pa3JIOlitemrn F- TIOJIOllteHO W{,__(\J,L'>): 0...- ~ ,r,lle 

0- - HeliOTOpoe C,ZiV.Hoe ,ZiJlfl ncex ,Zil1arpaMM tJl1CJIO, TO COOTBCTCTBYllll!l.llit 

oncparop Mhl 06oa11ati11M tiepes M'0

\ B ,ZiBJibHelimeu uu 6y,ZieM pacc1.1ar

pHBaTb BCJ111tJ~HU T.llna 

(u) 1 (' I' 7 M U','l'-'\> \- 1 {(J<) ch - :i- i. ~ i'.CJ<)<h ~, 

M(") 'o,)\(),) l'l'l'-'\1 ._, \ ici<!)ol"1-' - i\ 
.ll T-i'-l• (HaTIOl.JH.llM, tJTO nee npOl13Be,Ziell.llfl JIOHUJIJ,HhlX BCJl.lltJ.llH Mhl yc

JIOBl1JlllCb TIOHl1MaTb Half xpoHOJIOr.lltJeCHl1 ynopf!).(OtJeHHhle). 

li.llJKe ,ZiJlfl .llJIJIIOCTpau.11li Mhl 6y,lleY .llCTIOJlb30DaTb ll OCHOllHOY nepe11opu11-

pyeMylll CHaJIHPHYlll reop.llJO, JiarpaHJK.llaH HOTOpoil CO,ZiepJK.llT Jl.llllib Eepm.llHhl 

1 ~ t"\ . 
Ell.Zia •• ,f' ( l<)".' :"' (J<): .ll : 0 'f(l<) clv~(~ .ltJifl Jllll60tl ,ll.llarpaMMhl' COCTaB-

JICHIIOil TOJIJ,I{Q ~13 TaH.llX Eepm.11H,_ cnpaBe,ZiJI.llllO COOTHOWeH.lle 

) J_;.,VIAb
3
-4\\J\~\), 

)Co"' 
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Tall tJTO ](Jill Bcex ::JT.llX ,zurnrpaMM MQjj(IIQ IlOJIOJK.llTI, (J..,({\J, L'>) -= 4 ll 

COOTDCTCTBCHHO 

\_I.} l,\l , L, > 1 -= 4 - t. ('+.7) 

Tali.Ill.I ocipa30M, nepc11opuupoBaHHYlll S- Marp11ey ll CH0Jlflp1rol-i ·rco-

p11rn MOJKHO nonyti11rb c rroMOlllb!O R-orrepau1rn, nocTpoe11uoi1 Ha ocHone 
r-Al'I) 

llHtJ.llTalllmero oneparopa 1 ·1 • 

Onepau1m R, 'R, (\, n Mb! rauJKe 3a,Zia,1(.llM Ha IlPOl13BOJibHblX 

xpoHoJior.11tiecH.11 ynopH]lOtJeHHL!X 1pyuuu11ouanax F nouaJibllb!X nem1ti1rn, 

onpe)(eJIHfl .11x )(etlcrElle no,1(.11arpaMMHo. 

M I\.('<) YTOtJJ-1.llM Tenepb Hat:J.ll OCHOB!ll,[e 06'.bCl(Tbl. IIyCTb -=- 1·\ ,TO 

eCTb llCC 11J-l,ZieKChl pacXO,ZillMOCTH B Teop1rn 3U,ll8Hbl palle11c•rJJOM ( 4. 'I)• 

Tor.Zia Marp11ua pacceHHl1H ecrb 

0 R(,,) r \U +t,.C\ 
,._') = e,,-,_'f' i. :iJ~ t ~ : '1'"(Y.): ;-

l',.V\lt. W').(J<): -t ~. I 
l 

4. 

-+ ~1- · ~ '\'ll<) ':) '-\'M; Jl ~ 
'l. . ')'- ' 

(4.8) 

('I) (¼) 

r.ne R -onepa~;rn crpm1rctt 113 N c uynelloii KOHetJJ-Ioh ncpe;10p1m-

poBHoii f1, a IlOCTOHHIUJe [),. v,}-, f1 ~ ~ lY1: IlO,ZiCl.llpalllTCfl .113 HOjl!d.llpo-

BOtJJ-lblX ycnon.1.U: 

ci'~~ \ ~s"F~ \ ,>2. (f',-r) -=- (v,-~) =-0, 
•1?: ,,_,,. ~~•y'-

(4. 9) 
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~'l'...cv s'1 tr~,l'~,v\,\>s)\· -::i.1},. 
~'l"'"' y1. 

(4.IO) 

3,ll8Cl, 'l'0l!H8 \ 1i>• ,f,, °?i;\'~-:: ~~VIA'M Y ,._ 
HlUiMM 

onpe,lleJieHa C00TH0Ule-

I.\ 

'Z.v;=O, 
'.l:, i 

'- 'l 'I. "I. t 4 ?i =-y, \_\l,+~1.'l =-(~•+?~)=-(?,t\\<) =Iy~ (4-.II) 

npMl!eM m:-/Pl13Ml!ecuaH uacca, a_l- BcnoMoraTem,Huii napaMeT~. Ta1rnu 

o6p830M, 113<IxJ/8HTMBHl:lW1 JiarpamirnaH B38MM0,llei1CTBMH ,MCil0JII,30B8HHl:lH B 

(4.8), paBeH 

{('1<): -£e,.(1<)-:. ~: ~'ll'l<):., [',,.~\'\'\x):+~~~l")~l•)~ (4.12) 
t1. v- '). . 

PaccM0TPllM ,llaJiee HeI<0T0Phlii BllH0BCH.lll1 M0H0M b{)'~ <.x). IlycTl> 

Q. ~ rM-"'-" \:,t~\ C.x). 06pa3ye11 qiop11aJI1>Ho 1"'-npo113Be,lleHlle 

b,.,.·f~)~•1:\ii.Siio.(x.•)J.x.1 M B03H.llHBIOl!!MM np.11 era pasJiollteHMM ,llMarpau-

MaM TIPllil.llUleM l1H,lleHCl:l 

w(<.\Jl\.?J :o..-e., 

ec;rn BepurnHa . )(. co,llepllt.llTCH B \J , l'I 

w ( <. 'l, \.>)-= 4 - t 

{4.13) 

{ 4.14) 

. B IIP0THBH0IJ CJiyl!ae. Ol!eBl!,llHO, T8H0ii Bl:l6op Y.ll0BJieTBOpHeT yCJIOBMHM 

(4.5) M ·(4.6). CooTBeTc'.rBYillllJ'IO R-onepa~mo (cHoBa c HyJie:eolt 
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t 
I 
J. 

1 
I 
• 
,. ,. 

... 

\. 

H0Hel!Hoi! nepettop1111poB1<ol1 f1) o6o3H81!l1i.1 1Iepe3 Rtu). CocTaBHoe noJie 
(a) 

Bi;-,.\ ('1<) onpet(eJieHo cooTH0UI0H.lleM 

olu) (a\ L . r 
Dli)\ <. 'l<) -= R u,'i'S1<) ~~ ~•~it- ('l<..') h'. (4.15) 

AliaJIOl'lll!HO onpe]leJiruoTCH 1.moroT0l!el!Hl:le c ocTaBHl:le noJIH (,_ B, t11 ,) ... S "'t'I. ~ \ t. 
{ CM. {2. 19)). TaH' B CJiyl!ae Y\: 1.· pacCM0TPMM 1-npo1rnBe,1.1eI1.lle 

br._, (~,) 'o~:~\ (~1.) ~J1.'p \. ~-i0,:<.:x.') d.~• ll B03IUHWIOJ!!lll4 ,llllar-
1., i, l. 

paMM8M np.llill111l0M .llH,lleI<Cl:l 

w(<...\J l.">)-=4- t, 
' 

ecJil1 '1-1 ll ')( 1. He C0,llepl!C8TCH B \J 1 (4.16) 

w(.<.'1, \.">) = a,c1.,-e., 
ecJIM ')(,c1.,E. \J , a ')(u,, E \J , 11 

w<.<.\/, \..'>)=a.-,. t, 
e CJill 'f-·, Ea \J, )(. '- '=- \f • 

3,llSCI, 1!11CJia O 4 , ll... 11 0... Y.ll0BJ18TB0PHJOT ycJI0BJ,lHIJ 

01?~ b,t)\,; a'L~cli.'Mb-t;'\,.; o-:::: Q1-+U1.-4, {4.I?) 

BJISHY~llM sa co6ol1 C00TH0UI0HMH (4.5) ll (4.6). 

R- onepa~,lBl,nocTpoeHHYJO c Tau.111,111 M(~) ( H f\(\/'P=O) 06osHa-

q.11M qepes Rc.a,Q,, o.., )_ Tor,1.1a " 

( 
(a,) (<11.) \to.) 

B1i,)"i5"-4) ~\)1'. ('h) ) + :. (4.18) 

o(11, a,, a.,) b ,. \ . . . ~ ..o . ,. , 
::. " ~)'\, \.~4) 0~ )'\S 'h) ~'P l, l cl..~ ('lC.') (I\,.')(. 
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M
(Q) • 

2. 3a.z(8Al1M Tenep1, Bblql1TUIDllll1ll onepaTOp Henocpe.ncrBeHHO 

B 1wop.Z{l1HUTHOM npeACT8B]IeHl111 • PaCCMOTPHM HeROTOPblll V'l-ToqeqHUi,i 

4JYHHI\110H8JI BH.Z{a (2.6). HMeeT MeCTO CJie,nyromee paBeHCTBO. 

JleMMa 4.1. 

(a) ~ 

M ~<"'······'I-.,)= L-. 

')LI~-\ 

e_r_;-.~~---l; .. )~~J"' b,)")M· 
Q.-~1-.1~~ 

(4.19) 

-1~ .)'2:\vjl t'II) ('11.) rt;.•\\ (.-\, 'b I (){-){,) ••• '8 ()(-)(,.)\._,\',)\ 0 

,v,i. ... c-v .. ) ~ 
~a-t-i:n;I 

B11eurnee CYMM11POB8Hl1e 11,neT 3,nec1, no BCeM MYJibTl,ll1H,Z{eHcau \'>.~ = 
-= \ (111), ... 

1 
( h \\ , Ta1<111.1 ,qTo c4w.- b>c)\ ~ a.., , BHYTPeHHHH cyuua 

pacnpocTp8HflCTCfl Ha HYJibT1'HlHi'ICHCbl \v'\= \l'J,)) ... ,\.V~)~ ' 06Jia,naJ0-

11l;'le 11.Z{JI;'IHOiii" '(I • KoHCT8HTbl cy~ onpeACJielibl paBeHC~BOM 

t>\ _ d l'II,) J lv~, d r>-.) d ~k)~r-o" 
c,\,,1 -(~~) ... (_~~J (~) .-{~,) F~ (v,, ... ,\> .. \\<,, ... ;, .. )\t=~~:·20) 

;£loR83UTeJi1,cTBO. 
l•) .., 

BcnoMHm1,qTo M 06pa111aeT B HYJib Bee ,n1-1arpar,11.m, RoTopue He 

HBJIHIDTCH CHJJbHOCBll3HhllAl1 , a TUIOKe BCe ,nl'larpaUMhl C ql']CJIOM BHelllHI-IX 

JI;'IHl1H t "'7 0.... • !I03TOMY 

M(c,\ ~ n ('I:,, ... ,~ ... ) = (4.21) 

0. ~ _ la) _L . l''\.O\' 
-M L. \ c½4. .. J.>i'l-·'fli•\ ... '\'Lit-): ~e. (~\i•, ... ,it). 

~:=4 t. 
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l . ,, 

. 
·( 

.. 

1'i 

Ill 
i 

1 

ii', 
I 

' 'I 

F ,, 

L 

Ho 

~r-op .~ r 
f'.e, (~\~~, ... ,~t)-:: lt(h,.-4\ Jcl~, ... ae-.J.l(, __ _J\(t• 

(.lTt) 
(4.22) 

-i. ~\>.i~1-i.'t\C~':I.; ~l"'°t 
· o("i?~L\()12, Fe. ({',, ... , ~ .. \\C4 1 ... ,v: .. ), 

np11qeu 

MCa) f""°v= \. 'i1 · .... \Ccc ~• •.. p.. C,'>.1 • (4.23) 
~ - (').., ('}.e.) L ('7,) ('17 .. \ r 1. 

t- L_ (>.,)\ . --l.~~)~ '- l'\l,\~---l""}~ t...,i, 
\)\ {vi 

t1-1:\"~;\i.n- ~\~\~o-fl-U\;\ 

. ct"'P ..,,<.a,~v-u,t> 
BhlqaCJIHH HHTerpair ( 4.22), B ROTopou r<. aa11enetta Ha 1v1 F<- , 

l'l Il0.Z{CT8BJIHH OTB8T B (4.21) , IlPI-IXO.Z{l-l!J R (4.19). 
OT!JBTH/l qacTHble c11yqa11 COOTHOmemrn ( 4.19). IlyCTl, "qeTHh!ii 11 

<.PYHHI\llOHaJI F He 38:Bl!Cl!T OT HOOP.Zll'lH8T' TO ecn \'\ "' 0 : 

CIO 

F-:: y } )' \c½t-·J'h"\,: '\1(1•' ... il'!l ... \: Fhl '\4, ... , ~J ... ). (4.24) 
'-'"~ (6-'- . 

Tor,na BHyTpeHHHH cyuua B (4.19) CBO.Z{l!TCH H 0.Z{HO.IIY CJ!arae!JOMY ct•\, 
H uu m.1eeu 

('<\ < ~ t°"'\' s j_ d ~ 'fl"CI' \ M F=-l.Fi. (o,o) :~,.t,c):J)(+q ,.._,,.Fi. (-.<,-',() 
0

• 

.,._ °" '(:: ( 4.25) 

• ~~'d~C,.'\d~l,.):c.l~ ... -b ~'I~ co,o, o,o) ~: 't'"l')c\:J,c. 
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B (4.2:.i) YtJTeHo, '!TO B CUJIY peJIHT11BllCTCKOii 111map11aHTHOC'.rl! 

~i"°'I' \= ;_ ( '«, -¥:) 38Bl1CllT Jil1IIII, OT '.Ci,• 

' . llpu Y\ -=-\ pacc1J0Tpm1 11HetJeTHhlli11 tlJYHKUllOHaJI F<.)(.) : 

co . 

h)(.)-= ~~ ll~-~)'.~c},ic:.J\\h-; :~{1,\_' __ ,Ml~.,):~\-,l~\~4,,,.,~h,-,).(4.26) 

lilMeeM 

"!,) ~ V'-"\> ", ~ \'"'-°\' . M' \=()(.) =~ 1 · (o\O)~()(.) - SL'l-t1 (-<\-\\)\ Gilx)1-
. a'>< 
. . ~~ 

( 4. 27) 

+ ~ ~/''(;\'(0\0
1
0,0) :'1(5(J<): 

Ka!! Bl1JIIIO, JIJIH JII06oro qiyHill(l10HaJia .. 1r- Bll].la (4.24)" cnpaBe].lJil1BO 

pane11c·.rno 

L Ml..'1)\= -= MC!.) L F 
'6-41{~) 'ii~M 

(4.28) 

M{Q.), 
B cJiytJae npOll3B0Jll,IIOro Q ].lJIH Bhl'lllCJiemrn ,()(.) BOCilOJII,3yeMCH 

@OpMyJioil (2.26). WMeeM 

Mla)t=(~)::: L Dr._)':,()(.!• 

()\ 
e.-11,j\$:n. 

l-i.)"'2:1),1 
"',"'

1 
_~ (ho)'J/)•'co) :;:;;{i,1 ~"'.ll" 

-\,, ,A41 ••.. l)eY \ ... ' \0),,,. 
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(4.29) 

0TCID].l8 1 B 'l8CTHOCTl1 1 BM].lHO, 'ITO 

lo.' L L M oh\(.')(.)-.:. o\)\ <..,.), (4.29) 

8CJUI ~ 'oh"3 ~ o., ' H 

M(o .. , \ ''lt)-=\l 
oi:.:,.,'- , ( 4.2:i') 

ecJIH ~ bh\(.'IC)..,.o.,_-
3. 06CYJ.ll1M B03MOlltHhllrl npOl13BOJI ].lpyroro po].la B onpe].leJiemrn Bhl'lllTaID-

111ero onepaTopa M . OH CBHaaa c Heo].lHOaHatJHOCTl>ID B BH6ope TO'l

Kll Bli'l11T8Hllfl (TO ecTI, ueHTpa paaJIOllteHHH K03(l)q)l1l(lleHTHblX WYHK1(11il). 

IloKa Teopl1fl paCCM8TPl1BaeTCfl BHe uacconon nonepXHOCTH,TOtJKa Bhl'l11Ta

Hl1fl MOllteT 6h1Tl, JIID6ou.0].lHaHu·tJT06hl COOTB0TCTBYIDl!ll1e c))YHKUl10HaJihl 

].leHCTBl1T8JII,HO HBJiflJil1Cl, Bl1KOBCKl1Ml1 Cl1MBOJI8Ml1 HeHOTOPWC onepaTOPOB 

B cj)OKOBCKOM npocTpaHCTBe, Heo6XO].ll1MO,tJT06hl OHll OblJil1 npaB11JII,HO Hop

Ul1POB8Hhl Ha MaCCOBOH nonepXHOCTl1 COOTHOilleHl1HMl1 Tllna (4.9). 3Toro 

UOlltHO ].lOCTlltJI,,HanpHMep, HaH 3TO Uli ].leJiaJIH paHl>Ille,- BB0].lH B narpaH

lltllaH HOHetJHhle HOHTptJJieHhl C KOac))qll1Ul1eHT8Ml1 (:::,. 1:., ~ ""'"L 1 ~ ~-

~pyron cnoco6 cocTOl1T B TOM, ttTo6u onpe'AeneHHhlM o6paaoM pacnopH

J.ll1Tl>CR HOHetJHOH nepeHopuHpOBKOH \\ t WHrypHpYJOl!len B onpe'AeJieHHH 
. -

R - onepau,rn. Ha1<0Heu, MOlll:HO cttHT8Tl>, tJTO HoHetJHhle KOHTptJJieHhl 

OTCYTCTBYJOT 11 onepaTOPhl ROH0tJHOH nepeHopuHpOBHl1 n paBHhl HYJIID, 

Ho M 11MeeT 11aolrl cuucn, a HMeHHO, ~eHTP cooTBeTCTBYID~ero paano

xeH11H Koaqic))HUl-!eHTHOH <PYHKU.1111 no HHBap11aaTHHU KOM6mmu1.rnM ?• \li BHelll-
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I 

I 

~ 

-
JUIX ll!JllYJILCOB C,l\BllraeTCfl ll::J HY11fl ua MaCCOBYIO noBefJXHOCTJ,. 

Onpe,11e11m.4 Ha cDYHI{Ul'lOnaJiax lHJ,l\a (4.24) ~l (4.27) Bbl'UlTa!Oll(llll 

onepaTop J.A, ,ociJia,l\a!Olllllll TaJOiM~l CBOi'iCTBUIJII. Ilonoirnr.! 

( ~ 
·,J •c 'l)-1 

4) • ,. ' .\-'M ~V"'\> ~ "'-"\> 
J.A, ~ : :'\' I l<):J)( d- [y).t;i._ (\(,.•,-)\ ' t.-\"-'lit~ (-.{,><;)\ 'l ) + 

\\sW 't\:)< (4.30) 
io..,.,.~r 1,-v-""1> ~,.,.i \ 

+~:1\\;l'><,1~M:J)C\~ Lr=').. (-.<,-v;:\\'(·-~~"·,-'t-._ {-.;,-><\\11\,.}1-+ . 

\. \. ~ ~v••.o\' 
... -, ~-.\l) ll<): (,h 'r~ ( -.<,, .. ,, \(1,,\(,,\\ ,. 

ll_ \ \'?,"'-'"'-' JI • 
)l11fl HC 1ieTHL!X (Jly Jll(Ul10H8.l!OB Ft)<) l!MCeM 

, l,) "· 'L -ir 1.~v"" ·1.~V"'\' · ] 
J,C f(1<\-='f('X)(y-•11..') V" f1 l9\-t•)\D ..... ,-w. f1 l\l\·9'>\,_,_ ' -

' ·"' y•.)' (4.31) 

\ ~ 'l"'-"l> ~\>'.0\> 
- G'°l1<-\( 1i1--w,.Y

1 l t 1 ( \l\·v\\.,,_ ,. - t1 l\l\·v\\ 7 + 
1 ;; ~ ·-.," t>'=--."j 

I ~·r-P +-:~\,.,: F~ ("\"",,-;;,,-.,,)\ 'I. 
6 . . . ~-~""""' y. • 

B npe,11eJIC Jt=O, v-i = 0 BeJI>llll,IILI J.f•l~ ll J1"!;) ~M neveXO,l\HT COOT-

ne·rc·rncH,IO ll M1'
1
~ l! M\'!.)f <") • C111Jane,11mrno paBflllCTBO 

L J,Ll~'F-= .Mn\ L \=-: 
O'£M O'\'L'><) 

(4.32) 

R <~ n - onepaumo, nOCTpoeHHYIO Ha OCHOBe TaKoro .J.t (c = 0) 
( ¼) . . • ' 

o6osHallHM qepea '}l: .OlleBH,l\Ho, K03qJqJHUilellTHl1e cpyHKUHH !JaTPHUbl 

pacceHHHH 6y,11yT Tenep1, an·ro!.iaT11qec.11l! y,110:iineTllOpHTb Hopu11pono'l!HLJ!J 

YCJIOBHf!IJ ( 4. 9), ( 4.10), ll Hy)l(,l),bl io BBe,l\eHl!H KOHe'l!HblX KOHTp'l!JieHOB 

HeT. L1!.1ee11 

'i\(i,) ~~ ~ l4) \'..P 
J\. ~\' -

1 
J:~"c-,,:Jii; = 9- t-¥-\'"~~~<)()tlJC. 

4, 
(4.33) 
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<i'll4) ·· 
CTporo ronopfl, onepan1rn J\. He COOTBeTCTBYCT I(8l{Oll-11l!60 qJrlKCH-

ponairnoii TOl!Ke Bbllll!Tattlli. Otta nepexo,1111T n R-onepaumo c Toll.KOH nhi:.. 

'l!l!TaHHH Ha Macco:aon noBepXHoCTll JIHllll> n npe)teJie'_J..1,._ - '(vi,. • oT1111qa

HCl> OT Hee TeM, l!TO ·:iJ (4~30) npo11ano,11ttan °d .F.'L""°"(.v. _,...,\ 1 < 
. _, ' 'cl'tl" ' -.c .="':' 

aaMeHeH~ _OTHOlll6Hlle_lJ KOHe'l!HblX paaHOCTet-1. Bne;D,eHHe ,l\OnOJIHl1TeJJJ,HOrO 

napatJeTpa y."I. noa~OJif!eT BapbllponaT~ KO~CTaHTY nepeuopMllpomrn BOJI,-:-; 

HOB OH !lJYHllUllH, llTO IlOH8,l),06HTCfl .HaM nos,l\Hee • 

IlOJib3Yf!CJ, onepaTopoM ~' MOlKHO IlBeCT,11 H aHa1!0fi1 COCTaBHUX llOJJeH 

(4.15). Tau, ,l),JIH 'l!eTHblX no 'f uouoMoB 'b{}\l-.) c ~ \>,,\tll\!:c4 

noJIOlKl!M 

to(½) r.,~4\_ . . 1..C\ (' . 
.P\)\(Y-'I-: .r(' o'i)\('l('I V1-\) ~ f•'-fl'll'): d-,.', (4.34) 

CTporo ronopH·, !Jbl' He ·onpejem1mr'Bblllle i{etlc-rnl!e onepaTopa J,ll••\ ua 

q,yHHUHOHa11ax, f!BHO 38BlilCfllllllX OT X • TaKoe onpe,11e11etti,1e Hesa•rpy,111rn

Te1IbHO, HO_Ha!J OHO qJ81(Tll'l!eCHll He noHa,no6HTCfl. Pea11:&HO IJl,J 6y,neM 
.. . <QM 

mAeTJ, 11.e110 C HHTerpanaMll OT COCTaBHblX noneii -ni,,\ (_)l) 

(' (4\ M (' · . (' - -
.)Ch ~h,tll'I:: st. .)J)( t>,~,,(l<) e,,,.p \t J~I: ~~(Y'): , ( 4.34

1 
) 

TO ecn qiyHKu110Ha11a1.111 THna (4~24), Hh KoTophlX .,u,L"liieTiio aa,11a~ 

COOTHOllleH~JllJ (4.30). ;,, 

.llJIH HelleT_H~ no_ y uonouoB bb'\ (.'l<) C ':~ b{~,~ i n0110lKlll~ 

liJO) "'<'?> )L - . -· ~l\ (' , .1 - ~ J;)\f (1<-\'= .YI. 0\)\(:,,) Vt-\)~ ~Cl'-"J< :'Ii' ('ll')! 
l 4. 

(4.3411
) 

29 

,____ 



<.10) (o) 
Bl{eCI> J'\.. CT.l)OlfTCH 113 Bl:l1UIT8lOl!llfX onepaTOPOB J,l - t r;z{e Q:?, 

JVIH no;!{rpa(poB, co.1-1eplKal!lHX Bepnnrny 'X, " u. = 4 A.11!1 Bcex ;!ipyr11x 

;z{l18rpaim. B116llpa11 l!HUe TO'll(ll Bbl'lllT8llllH I! KOMneHCl1PYH B03Hllli8IOl!lHe 

113MeHellll!1 l(OHe'lHOti nepeHop.r.mpOBitoll fl ,IJOlftHO BBO;z{l1Ti> 11 .ztpyr11e ,npo-

M(o.) I 1(a) ('!) 
MeRyT01J11ue MelKAY I! ,;v.. ,Bll'll!TaIOl!ll1C onepaTop11 M • Bee OHi! 

OOJIU;!i8IOT TeM CBOiiCTBOM, 'ITO B 11MnyJI:bCHOM npe;!iCT8JlJleHllll K03l_PqJllll,J.leHT

Hble iJJYHKIJ,J.rn Fe\\li,-··,?"'\',(•,···,"•) npenpal!laIOTCH noA 11x BOa;z{eiicTB~eM B 
'I 

!IOJil1HOM CTe!leHl1 a. - t no l' 1,1 ~ • COOT:BCTCTBCHllO B lWOJ);z{llllaTHOM 
,) -

npe.1-1c•.raBJiett11u Ml. 6yAeT npeBpaJllaTb qiyHHuilouan F ti., ... , Y. ~) 

B mmelittyIO KOM6llH8Il,lllO MOHOMOB 'b,,'\ : 

rn ~ (' t~\ 
M f("1 .••...• )(~) =--f__ ff. bh'il1<-)\<. ('X-1t,, ... , ')(-"){..._), ( 4.35) 

t .. 'L\1-;\~<1'\ 

t~'i 
r.1-1e B COOTB8TCTBl!ll c (4.19) o6061!leHH!le 4JYH!!Il,llll \( ('f.-X,, ... ,')(.-'l<~) 

cyTI> Jil1He,i1Hble KOM61!H8Il,111! IIPOl13BO;z{llb!X H,1!pa. '&c~.~')(.) ... e(')(-..,.~, ., 
T-0 ecTI, OTJil!'lHU -OT HYJIH TOJII>HO np11 'X "'l 1 ~ ... -= ~"' • B 'l8CTHOCTl1, 

AJIH o.1-1HoT01Je1JHoro qiyHHU•lOHana F (l<) 6y]J.eM Bcer.1-1a mieT:r:. 

r.1-1e 

{1) ) ~ t;_}\ M t-c,.) = ...... _ _,, ¥:: \::ii)'\<-)<\ 
t~'!n;l~a~ 

\)) 
\( - IlOCTOHHHUe K03~11IJ,lleHT~. 

(4.36) 

4. B 38HJIIO'lett11e 3TOro naparpaqia BBe,lleM 81!l8 BCnoMoraTBJIJ,Hutl 
NY', ( o.) 

onepaTop -,,~1t , onpe;!{enettttun 11enocpe;!{CTBeH110 ua aop11a.11:r:.Hux npo-

113BeAeHHHX ! ~( 14) ... i( "\e.)_: 11' no Jil1HellHOCTl1, H~ npoHBBOJII,HUX 

BHKOBCKHX noJIHHOMax: 
P•l Ot) 

£VT,\Q\ ~ (1-\4-'f.1 ---~t-')CJ \ 
111,1<-: ~l'1•)·-·'\1{~t): = L__ \ 

1 
o{)\l~). (4.37) 

\_')4), ... 01.). 
t .. ·rr>-,,~a.. · 
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T " ~ rv--c, (al 
8~11!,1 Oupas_ou, nO[t BO~;z{e~CTBl18M 11 "11- JJOplJ8JIJ,HOe npOl!3De;z{eHl!e , 

:i{'-\4) ... ~l '\t): npeBpaillaeTc!I._B, !J0.1111110_1.1, no ~ (cTe~eHH ct - t. ) ,pan-

HHi'I H8'l8JII>HOMY .OTpeaKy, pas~ollte,~~ : 'i'l.'\4), .. ~l'!t): no CTen_t:iHHM 'i('')(, · 

B fy-,-,(0) 
D 0Kp8CTHOCTH TO'lKH X • '18CTHOCTH1 111..l< :'\'l~,) ... 'fl'\t):-: 0 , eCJIH __ 

CM"" : ~l~,) ... '\'l'1t): '> o... • _rrocKon:r:.Hy n106on -renaenelepron onepaTop .. 

F('f.,, ... ;)(.,) T8KlKe 8CTJ, HeHOTOP8!1 cyuua HOPMBJIJ,HblX npo113~e;z{eH·ll·n 
• <Vv-,{a) . : '1'('\,) ... 'fl '\t.): 1 onepaTOP I I 1, l< I.IOlKHO ,BOOCll!le roBOpH I np11MeHHTJ, 

11 Henocpe;!iCTDeHHo H ipyHKUHOHanaM f (")(,, ... , ')(.,) , TO'!Hee, K 11x x-
npaB11n:r:.ttuu 'l8CTflM f 'IC-tN>\'X,, ... , )l .. ) • !Io;!{ )(- npaBHJIJ,HQll 'l8CTJ,IO 

F"'-~\-i:,, ... , ~~) WYHKUl!ottana Fe"',, ... , 'K .. ) 1,11,1 noH11Maeu coBoKynttocT:r:. 

TaKHX ,l{lfarpaMM B pasnollteHl!l1 \::'. ( ~) , KOTopue CT8HOB!1TC!1 CUJII>HO -
4 ... , ' • .- • . ~ 

CBH8Hb1Ml1 npu COBMel!l8Hl11! BepnrnH ')(1, ••. ,.')(.,, • liueeT MeCTO ~~8,i'\YIOl!l8H 

Jieuua 4~. 
0:. 

. ''!:\};\ 
<WJ(n)r'f.-~l' -~ (.,-~) b (')<.) • 
·11\.'lt i (')(

4
, ••• ,')( .. )-L_ e,!C_A&., .. (_">.e)\ {}\ 

Q.+-'i"l);l:S..o- (4.38) 

.1 r ~l'?-•' ~ C~t'I ')(-'\M? 
"'-. rt:i<1-'ll_, ... , ~ .. -)()'\> ~o) : ... 'l/ (o)'> • 

JlOH838TeJIJ,CT:BO. 

o.... '!l);Ho-l 
1 

{a) 'lt-vuiv ' 2 l r ,L, A11 <y'{t)( ~ ('!<,, ... ,~~)= L --- I ~v-.)L .. ?t • 
, ~ . . e.:::-o {'>.,) ..• ( h) e,. ". , . 

(M,. Ot.) 
• 'lC-;ti,o'I) ' • ·.. ' (,'i,-,c) .. :'.-(~,-)<) . F'- (')(1, •.. ;~ .. \111, ... '-lt) .>.-'L...---~-- 'or},('><). 

. ·• •· · .7 · ,.. ·. I"- )' · ('\ )I _ . '- '1 
\_1'4 , •• , •\_ ~l • 
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C,neJiaB 3aMeHy nepeMeHHblX \. = ij -)( t BOCTIOJI1,30B6BWHCI, TP8HCJiflUHOH

HOii HHB6pH8HTHOCTl>IO- R03!MJH~eHTHOii c_pyHKUHH Ft\'"'?(~\'!) H BCDOMHHB 

,nJIH Hee npe,ncTaBJieHHe (2.24), MH npHXO,nHM K BHpageHHJO 

L 
(. ~i:\').;\ ~Q; 

c-i. l11.r 
l~ 0,)1 .... (\t/ob\r1t) ~J~t ... J.-~t· 

. 0,\ • i..·h\ - 'll.-V"-0\l 
•,L\4\ ... (.\.\t1 (H1C4-)(, ... ,1C .. -'X)~(\4\ .. -~\\S) . 

Ho TIOCJI8AHHii lmTerpaJI eCTI, He 'l:TO HHoe,KaK <.F("lt4-)(, .•. , )C.,-X)• 

~ c.11 ,. ~n, -~-,,'\()\) 
• '\' '(0) ... '\1 t lo\') ,'l:TO H .noK83HB8eT JieMuy. 

CpaBHHBBll (4.38) H (4.29), Mli BH,nHM,'l:TO npa 11CJIHTI6HHH 11 Bep-

WHH ).~, ... , ',....,, <.PYHKUHOHaJia fc~ •.... ;I( .. ) B TO'l:He ')<. ,net!CTBH8 onepaTopa 

IVYi<o.) Mt•\ 
11\.1( COBna.naeT C ,neiiCTBH8M .Toll:Hee roBOPfl, 

0- f\Nllo.) cY-·'v">\> uta) 
'u-'M tr",. , ()tt, ... ,--. ... )=n t-()(, ... ,x). ( 4.39} 

)ti-->)( 

B 'l:aCTHOCTH, Ha CY,Jll,HO.CBJI3HOI! 'l:aCTll o,nHOTO'l:8'l:HOro qiyHI(UHOH8JI8 

o6a onepaTopa coBna,naDT: 

mt:' ~ v~,\."" .,, M(a) \'.-ex,. (4.40) 

l\r\n (Cl) 
HTaK, onepaTOP Ill., I( OK83HB88TCR Bec1,ua po,ncTBeHHHU onepaTopy 

Mtnl , HecuoTpH Ha Hx, TSH cHa3aT1>, 11,nyaJihHOCTh": ecJIM Meo.\ 

npeBpamaeT K03qxliHUH8HTHli8 qiyHHUHH B TIOJIHHOU no BHeWHHM HMnyn1,cau, 
ryv-,(o.} 

TO I I 1., ll nepeBO,nHT TIOJI8BYD 11H8'l:HHHY11 COOTB8TCTBYJOmIDC qiyHHUHOH8JlOB 
IV'rr lal iula.\ 

B DOJIHHOU no KOOp,nHH8THHM nepeueHHHM. CBH31, uex,ny "II\.~ H ,., 
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( a) 
06ttapya11naeT TaH~e H cne.nyJO-mee YTBepl!,1ieu11e. BBe,neu onepaTop ryrt, , 

C.'M. 

HOTOPHli paanaraeT BHHOBCHl18 npOl13Be,11emrn : ~l \\•) ... '1'\'1l) : BOHpyr HX 

"ueHTpa TR~eCTl1 11 x = i l~.~ ..... 1·) 

{\fy-il•) NV' l•l 
111.,c ...... :'\'t~,) ... ~\'\t\:-= ·11l.l...,.,. __ :~('\,)···'\il'\t~: 

. t L d'-

PaccMOTPHM <.PYHHU110H8JI f=- 1 He 38BHCHmHl1 OT Koop,nHHaT. 

Tor.na cnpaBe,11n11Ba 

Jleuua 4.3. 

'Yr1;"' \=~" = M'a\. C.'M. 

(4.41) 

(4.42) 

~PR638TeJibCTBO 8TOH JieMMU T8H~e AOCTHraeTCH npHMHM BU'l:HCJiett11eu, 

HOTOpoe MU 3,nec1, onyCTHM. 

§ S. CTPYHTypa HOHTP'l:JieHoB/S/ 

I. B ·pau1rnx Toro HJIH HHoro nopHJlHa Teopmi BoauymeHHil BBe,11eH

H!le HaMH OCHODHUe BeJIH'l:HHU - M8Tpm-1a pacceHHHH (4.8), (4.33), co

CT8BHHe DOJIH (4.IS), (4.34) H TOMY no,1106Hue c_pyHHUHOHaJIH ft~ •.... ,~ .. , 
onpe,nenenu I<aH peayJihTBT npHueuettllH R- onepau1111 H tteI<oTopoii co-

BOHYDHOCTH HenepeHOjlMlljlOB8HHUX ,n11arpaMM. 

' Ha 'Ka~,nott llH,llHBH,llJBJIJ,HOti .1111arpaM!Je < ", L.') COOT Howe mm ( 3. I3) 

BUjJa~aeT R- onepauHJO- R(\r) Henocjlel(CTBeHHO 'l:epe3 M ll n • 
B 8TOM naparpaqie UH Blipa31l!J R 'l:epea M H n He Ha OT,neJil>HWC ,nHar

pauuax, a Ha arperaTax THna T- aHcnoHeHTH 11B uenoM" - cpaay Ha 

Been COBOKynHOCTll ,n11arpaMM 1 B03HHKaKllllHX npll paano~e!lllll c_pyHHUHOHa

JIOB f ('~) .Tip11 3TOIJ Mbl nonyqHM B K8HOM-TO CIJblCJie HBHUe c_popMyJIH ,llJIR 
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I. 

S - MaTpllUU, C0CT8BHoro Il0JIH H T.J.J,.,T0 eCTb 3TH BeJIHqHHU 6y.n;yT 

BupaJKeHu T0JII>HO qepea (ttenepeHopi.rnpoBaHHble) xpononoruqec1rne npmrn

Be.n;eHHH acm~nT0Tlf'leCill'IX noJieit H onepaT0Phl M ll n . PaayueeTcH, 

3Tl! <p0pMyJihl llBJlllRJTCH HBHliMU Jlllillb noCT0JlbKY, Il0CK0JlbKY B HllX pa3pe

mena K0M0lll!aTop11Ka nepeH0pMllp0B0K. peqb 11.n;eT, Ta.KUM oelpa30M, T0JII,K0 0 

HOMil8HTH0lii aanHCll nepeHOpMHP0BQqHoll npoue.n;yphl.K0HHpeTHUlii BU6op 

BuquTaro1I1ero onepaTopa B nepBhlX .n;Byx nyHHTax a-Toro naparpa~a He

cyll\eCTBeHeH H BM0CT0 Cl!MB0JI0B M (Q) HJill JJ_{Q) n T .,n. MU 6y.n;eM n0JII,-

' aoBaTbCH e,nHHhlM oooattaqeHHeM M .CooTBeTCTBeHHO cocTallHue no11H B~Q)M 
(D) '\)\ 

H 'Er 
1 

(l<) 6yJ.J,yT BhlCTynaTb a.nec1, Ha paBHhlX OCH0B8HHHX H 0603H8tl8Tb-
1•1 

CH npocTo Bt,1i <:x). 

13Be,neM C0HP81!18Hllble 0003H8t{8HllH T8RJKe ]lJIH CJI0J.J.YIDl!IHX t{8CT0 

IIOBT opttroll(HXCH R0/J0HHaunlii: 

i. Si l'I') GA JC :: 6, 

~~\> [ i. \-:f.{1<) JJCl = toO), 
(5.I) 

Vf-? C. \, ~ i c ),, J ')C "\ - 1. =- 1c \ t ,!,, ) , 

~"l~ S-.fr,, J-.t\--i- ;,.~-Jc)<)Jx = t'l.c~) = ~-it ... '>-.s. 

Hanp111,1ep, 11epeHop1,111poBa11HaH S.-MaTp11ua 3anu111eTCH Tenep1, HaK S~REo(;1}, 

cocTa1n10e none - RaR £:it,\C.1<) =Rbt,i,('K) £tC~) H T.,ll. BeJilltlllHY ~,,i..\t<~)il1< 

MU 6y.neM !!83UB8Tb .naJiee .neliiCTBllelJ. 

PaccMOTPlllJ M8TPllUY pacceHHllH ~f~(6) .LiMeeM 

00 

Rto(6) = L ~! R~N. 
N::O 
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Bhlpaam.1 R-6" q epea /\ .Cornactto peRyppeHTHblM cooT110111emrnu, onpe,ne

JIHIDl!IHM R-onepaumo, R~N ecTb HeHoTopaH cy,ma no paaJ111quu1,1 paa611e-
- . 

HllHM /JIIOJK8CTB8 N 06'.beRTOB ~ Ha BC8B03MOlKHU8 HenycTue Henevece-

1(8IDl!lll8CH nOJ.J,IJHOJKeCTBa. ITyCTb .naunoe paa611e~11e COJ.J.CPlKHT N1 OJ.J.HO

SJieMeHTHblX no,nMHOlKeCTB, N1 -no,llMH0JKeCTB c .l-lBYMH aJieMeHTau11,. ~., N,_ -
no,llMHoJKecTB c K. aneueHTa1rn (N,1-'.}...N,. ...... +-.<N11.=N ).Tor,1.1a, B co

r11ac1rn C (3. 9), eMy OTB8tl88T. cne.n;ylOl!llllii qJieH B CYMMe: (i\ !) ) N, • 

·(/\!,'l.)N1., ___ ·(l\~"')N~ C ,1.1pyroil CTOPOHU, ,l.18Hl!OMY Haoopy Heo•rpnua-

T8JlbllhlX ueJihlX quceJI N1, N 1., ... , N,,. (N-1 t1N1. + ... +-.< N"'-= N) 

COOTB8TC'l'BY8T N)/N.\ ... Nv;! U'.)N• __ ·_ (\l'!)N< 

IIoaTouy 

pa3JilltJHUX pa36uem1lii. 

~ -: 
R'co(6\ = 2._ )N •'l.l'J,• ... •><N,._-=-tJ 

_{ ( f\~ f1 __ ._j_ (/\~)Nv, 
N1~ - ~1• N1,1~ '.<:~ • 

N=O ' 

J.lBoilttyIO cy1,1uy MOJKHO aaMeHllTb HeaaBllCHMhlM cyMMupoBaHlleM no N1 , 

N1., ... , Nv.. TaHllM o6pa30M, Mhl npuxo,1.111M R yTBepJK,1.1em1IO: 

(\(11.~--1) 
"R~c(~)=e =-'co(t\t1<.~'I). (5.2) 

AttaJIOrlltlHUe paccym,neHllH npllBO,l.lHT R CJie,llyromeil wopMyJie ,l.lJIH COCT8BHO

ro nOJIH: 

B{,\('l<,) = R '£0(~") b\)\ ("l<) -=. to(f\t.,("'.))t_t,&.(~)O{~\l1<~, (5.3) 

rieTpy,1.1no TaRme noJiytlllTb wopMynhl ,l.lJIH 

.l-lBYX ll 6011ee COCT8BHblX noJielii, Hanp11Mep: 
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\~\,..,yl<'\ i,1. .. \l~) \_ = R \;ol~) b{J-'\ C.><) t>-1, ..,\ l~)-=

= £c,(F'\~4l~)) t J\ 't.e(~)\::>i.r\l.,.'\ \::>~"\l'a) t 

+[l\'c.,(.-!>)0\.//)1)\ ~l\tol~) b\,.\\')11~ 

H Tai, ;l.\aJiee. 

(5.4) 

IlpelK,lle '18M aaHHTbCH ;l.\aJlbHenmHMll npeo6pa30B8HHHMll paBeHCTB 

(5.2) ,(5.3), aannmeu nx B 6oJiee npnm,'IHWC 06oaHat1eHllHX naparpar:[Ja 2: 

0 rf' i.$.!<1<)~)( 'T fl\'T' ;, ;.!-£M<AlC 1,l rt" '- S-i,()<)1.hc i 
r-. , ~ = Vl<P'\.. , Le -·.l.~y= , e. , {5.2) 

;, \-;f(,.•)~ .. • tS-£,c..,.•),h' ... ~icir.•)tl.1<' 
R1'\:,{,\l)(1e . ='T~ l\'Tb.h\l.,.)e. • (5.3) 

3,l(8Ch IIOJIOJIC8HO 

i. S i.<ir.'),h' 
·J\,()C)-: (\'T{t(l<) 12. -i '). 

·;_ ~ ic,.•) cb.' ~ 
(5.5) 

CUUCJI 3TllX pesyJihTaTOB 0'18Bll,l(8H. CoOTHomeHHH (5.2) H (5.2~ BUpa

JKaJJT TOT H3B8CTHUtt waKT, 'ITO npH HaJ!H'IHH npoMe~yTO'IHOll perynapn3a-

Ullll 'R- onepaUHH MOJIC8T 6UTh aaMeHeHa BB8;l.\8HH8M B HCXO,l(HUll Jiar-

pam1maH ,l(OIIOJIHHT8J!bl!UX 11 KOHTp'IJI8HHUX 11 Bep1111rn. IlpH 3TOM i..._(')<) 

11a (5.5} nrpaeT poJib nepeHop1.mpoBa11Horo xarpaHJK11atta. Ero nepnun 

IIOPHAOK COBlla,l(aeT C aarpaBO'IHUM JiarpaHXH8HOM, a CT8PIIIH8 nopHAKll 

88l.\8DT KOHTP'IJI8HU. ~8JlbHenmne H8111H BllliJl8l.\Kll llM8DT U8JlbD BWlBllTb 

CTPJ'llTYPY 3THX KOHTp'IJI8HOBo 

Ila CMUCJIY onepaUHll I\ nepeHopMllPOB8Hfillll narpaHXll8H JIOKaJieH, 

'ITO rapaHTHpyer npllllllHHOCTb nepettopunpoBaHHOll S -uaTpHQU. He

TPY:ztHO ycuorpeTb H apMHTOBOCTb KOHTPllJI8HOB {Hmtte MU BepHCMCH K 

36 ! 
ti 

3TOMy BOnpocy),TaK 'ITO YHHTapHOCTb .M8TPHUU pacCCHHllH TaK~e CJI8-

l.\Y8T ll3 npe;l.\CT8BJI8HHH·(5.2) •. 

2. Bupaam.t Tenepb nepeHop1.rnpoBaHHYD $ -MaTPllUY Henocpe)ICTBCH

HO B T8PMHH8X tv\ , orpaHll'IHBmHCh l.\Jlfl RP8TKOCTH CJiyqaeu HyJieBoii 

KOH8lfHOi1 nepe!LOpMHpOBKlf n-=O (0600lll8Hll8 Ha CJiy'laii n:t:.Q He-

38TPYAHHT8JlhH01CM. ,Hanp11Mep, ~OPMYJIY (5.I2}). BBe;l.\CM nepettopMHpo

B8HH08 l.\8HCTBll8 ~"- : 

~.,_= i.\;t,{..,.)tl.lC = 1\£,l~). 

JieM1,1a 5,I, 

Ecmt r\=0,To 

toO"\,)==-RtoC-!>) =Ee,(~- l'\£,_(!\-t-\t~(>.:.- ... ))): 

JtoRa8aT.8JII,CTB-O .• 

(5.6) 

(5. ?) 

~ CJJJIY llCXO;l.\HUX onpe;l.\8Jl8HH.ii (3.IO) - (3.12) cnpa:iie.nJIHBU" 

paBeHCTBa 

I\ ~= ~, l<-\.=i. (5.8) 

Ha .nttarpauuax, co;l.\ep~amHx He MeHee l.\BYX BepmHtt,BunoJIHHIDTCH TBK~e 

COOTtt'omeHHll 

·R=~R-+f\, /\=c. M'K. 

CorJiaCHO '"(5.2) · HM88M 

\: 0 (~~\~RE,_C\)"+~+i-= to(M,\(~\l~ 
Il03TOIIY 

~\:,_(~\-=t:~(l\t,l':.')-1.-~-= t,-(f\t\l~)'\+t\E\(-\)- ':i-= 

=- ~~ ( ~ -t I\ t:i, ( ~)) + I\ t,., ( ~). 

,:p 

(5.9) 



C ,ll;pyroH CTOPOHli,IlO CBO"CTBY (5.9) 

'R,E~-c.~ \ '::'. R t:~l-\) -I\ t1. \ ':,). 
Taimu oopa30M, 

1Rt:1.(':.) ':. £~(\+l\t")_l-!>)). 

.UeiicTBYR Ha ooe 11acT11 :3Toi:o. pa:Q.eHCTBa onepaTopoi, -M 11 clioBa 
_' - • ~, ,_ < ~ i ~ C 

yq11T&BaR (5.9), nony11aeu 

f\ t,.l~)=-M t,.{ ':1-t f\ t:2.l~'I), 
OTHy;'l;a H8X0)111M 

I\ £.l.U,) =-ME,-(.~- Mt:2.-l~-•.. )). 

Ilo,ll;CT8Blfll J\t:,-(-!>)113 (5.10) B COOTHOlllBHl1e 

Eol ~ ... )-= Eo( ':)+ I\ t.1.l-\\\, 

Mli npH,ll;eM K l1CROMO~ WOpMyJie (5.7). 

(5.10) 

3aue11att11e I. XoTR (5.7) onpe;'l;eJIReT E0l~~) c nouo~1,D HeROToporo 

6eCROHB1IHOrO nponecca, B peaJibHWC Bli1Il1CJieHl1RX 3TOT nponecc Bcer;'l;a 

MOXHO ooopBaTb Ha KOHelIHOM_ 3Tane. Ta«,-wopuyna (5.7), o6opBaHHaH 

Ha N -M qJieHe I TO'lHO :socnpol13BO,ll;HT Bee nepeHop1.n1poBaHHli8 ;zt11arpa11-

Mli ;zto nopR,ll;Ra N ._ ~ :s«motJ11TeJI1>Ho. 
.: h 

3a11eqaH11e 2. ~OpMyJia (5.7}~ o6opBaHHaR Ha N-11 _llJieHe, T01IHO 

BOCnpOl13BO,ll;l1T Ta«xe ECe ,ll;HarpaMMli (npol13BOJI1,HOro nopR,lJ;Ra), B KO

TOpliX nocne,ll;OBaTeJI1>HOCTl1 BJIOllCBHHWC ,lJ;pyr B ;ztpyra pac~O,ll;R~l1XCR IlO,ll;

rpawoB co11epJKaT He 6onee N 11JieHoB. Tax, AJIR BH1I11cJieHHH Bcex 

0,ll;HoneTJI8BliX ;ztHarpa~M ;ztOCT6T01IHO llOJI1,30B8T1,CR BHpazeHHeM 

c.,(.':."1,)-= to(J..-J"'\~,_l.-.)\ 
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,ll;JIH . .)!By:x:neTJieBblX - BNp8lK8Hl18M. 

Col-',~)-= tol ':.-M£~(_~~ ~~).(.~'\)) 

11 Ta« ,nanee. 

3aueq~HHe 3. RaK Bl1,ll;HO 113 (5.7), ROHTPlIJieHHafl 1180Tb ,ll;e»CTBl1H 

BCT1> 

i.~\:.{...,b,'\- i<'l<)'"\J.ll-= ':.,.-':l-:7"Mt:,.l-',-t--\t.1.l"-···''· (5.II) 

llTo6u y6e,ll;HT1,CH 13 yHHTapHOCTH nepeuopi.rnpoBaHHOH ~ -!J8TPl1UH' HYlKHO .... . .: ,. . .. . ~ .. 
YCT8HOBl1T1> aHTH3PMl1TOBOC•r1, 1, - ~- • B COrJI8Cl1l1 C (5. II) ,ll;JIH 3TOr-O 

,ll;OCT8T01IHO ;'l;ORa3aTb, 1ITO aHTl13PMl1TOBOCT1, t, 06ecneq1rnaeT aHTl13PMH-
• 

To:socT1, Mt,_( ... ) .Ho M npoe«'J.'.11pyeT «oapw.11nHeHTH11e qiy11Hn11H qiyn«u11ona-

Jia t,_l'!)) ua nommom,1 no BHelllH11M H1.mym,ca1,1,np11~~M «oa!W)11uHeu-ru B 

3THX nOJIHHOMaX cy-r1, HeROTOplie npOH3BOAHHe (B riemecT.BeHHOH TOIIHe, 

11ocTaToqHo 6JIHa«on R Hymo) CM1>HOCDll:JHIDC ;1t11arpaMM, Bxo,ll;~Hx ll Nl:,.l\). 

Kallt,ll;a~- Ta~ai/ ;n;11arpaMMa ll llBII!eCT.Beunoil o«pecTHOCTl1 'uy;R 11BJIHBTCH 

11110;0 Mm11i1on. (B caiioM ,Z1;e~e', nyc-r1,' ,Z1;11a_rpa1,1,1a nopH,ll;Ra N co11epllt~T \l.\ 
BHYTPeHHHX JIHHHll 11 C He3aBHCl1MliX UHRJIOB. Ilepexo,ll;H K eBRJIH'AOBOH 

OOJI8CTH l1HTerp11poBaH11H no C .BHyTpeHHHM 11MnyJI1,C8M ,ll;HarpaMMli, Mli 

· •N•IL\•C. 
noJiytIHM ;'l;JIH Hee Be~eCTB8HHOe BlipallteHHe, YMHOJKe!IHOe Ha qiaw.rop \.. \; '\.. 

lio . C=\I..\-N-1-i, Ta« 1ITO aTOT qiaHTop paBeH '- ~ TaRHM o6paaoM, «oaw

\{>11n11eHTH B onpe,ll;BJI.HJOmHx M £;(~) n'oJlHHOl.laX TaRJKe .OR83liB810TCH 1IHCTO 

MHl1Mli!Jl1, 11 aHTH3PMl1TOBOCT1, \\,\£,_(!>) ycTaHOBJieHa. 

8aMeqaHHe 4, Il~l1BB,ll;8M 0606meH11e COOTHOWBH11H. (5.7) Ha CJiyqan 

HeHyJieBOH HOHeirno~' nep'euopMHpOBHl1 ' n "1: 0 : · 

to( ...... )= Eo( ':. + f\ 'i:,-l.i)-Mt:i_( ~ ~ n 'c).l-11) - ••• ) ). (5.12) 

r~g 



OcipaTl1MCH Teneph K aHaJIOrt'll{HUM npeoopaa0Ba1mm,1 cp_~p!.!~JIU {?.3) I 

onpe,11eJIHIOll!eil cocTa1rnoe noJie 't\,\.t"it).l'h1eeu 

·B·l>\t')()-::-£.t-!>,) 'B,f)\t,.), (5.I3) 

r,11e 

'£>\•\l,,_\'; I\ 'c.t!.) b,)',(,.). (5.14) 

TiocHOJII>HY ,1111n MHOlltl1Te1IH Ee ( h.) y" Hae eCTb HBHoe BupaJKemm (5. ?) , 

paccMOTPHM TOJII>uo MHOllrnTe111> · 1 Bh, t '><) • 

Jle1JMa 5.2 .. 

'Bt..i\("lt)·,,. . ~ .. \:,,>-\ ('l<). 
_{+Ht.,(.'....._) .-. 

(5.15) 

,llouaaaTe JlbCTBO. 

,., ,.. . 
1B-=~~,o\-!,:h-=o+i_ l\nf 

' ,.,, • •! 'N=~ N. 
,es'.ri5} 

'-" 

,.,;i. fi_ ,;· • -,; -;·· ,- . 

CorJiactto onpe,11eneH1110 I\ BeJI11q11Ha t\'o-!,N ecTI> cyuya no BceM· paa-

6He~~HM ·MHol!eCTB~

0

{b~ ~\ Ha HenycTh!e Henepece~~~[Jl!rle:cH
1

'no)i-
. . N ... -' . _; . . • 

w. OJKCCTB8 ,cTporo co,ziepJK811l116CH B lrlCXO]iHOi.t.IlycTI> ,zia'irnoe' paaChleHl-le . . 
xapaHTepHayeTCH qJrlc11aMl1 No, N4) ... ) N~', r,zie N.0 -q11cJio -a11eMeHTOB 

~ ,. Bxo,11~-~x _B o,11Ho 'no,zi1.1ttoJKecTB·o c b , N.., - 1111cJio · noi\MHOl!l:ecTB, 

COC!OH[JllrlX lr'l3 C\, 3Jl6M6H;OB. --!:, (iy~o). Si'o11y paa611eH
0

lfD COOTBeTCTByeT 

c11e;ny1011llr'lil 11JleH B CyMMe; 

-M(l\\:,~N•)(I\~ )NI ... (_f\_,t)t-J~. 

Kax,zioMy Ha6opy HeoTPl11\8TeJII>HblX q11cen .-'t-1,, N., ... ) N"', TaKm~, qTo 

No ~N~':lNi. + . .. ~¥;N..._-::: N (N,o<-N\ COOTB6TCTBY6T ·»~/N.HJ,! . .. ~ ... ~ • 
. i I N N paaJrnqttu:i ·pas6HeHitt. 

yl-\~~ ': .. ~\) "' .. 

,:.40 

f 
r-
l 
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r 
( 
I_ 

TarHtM o6pa 3 OM • 

l\'o~ =-M~ 
N~ •L__ 

Nci+ N.• ••• • ... N-.-=- N 

[\\.,'.,th, 
:.-.--

Nt ~ 

\ ~h._,:t• { t.£ N~ 
:;-, 1\ ' , •• -;;-, (. "' ) • ....... , ''"· \ .... 

lh~N 

Ilo;ncTaBJIHH a'l:o BupaJKe1111e B (5.16) 11 nponol\H CY!lM11po1iarrne no N'\t, 

no11yq111J 

1~-= 'o.;. Mli:..,(t'-.t~l..,'I) l\t.,l-!.)'o + Mf\'t> -+M l\t:,\..'>-'ln=-

= b - Mt, l ':> ... , '£, -+_MI\ t.~ u. '\bt MI\ 'ti- MI\ £..t ~'i 'b. 

Ho cy:,!IJa nocne;nHI-IX TPCX CRaraeMUX paBua HY JjlO 'TaK qTO 

1'6 -::\:,-Mt~\.""'-\•~. 

~iJ!aqe ronopfl, 

''B-= 'o -M t.L ~'\. 'I b ... M 't:,(>:s-.. \M~,( 1:,.:\ 'o - ... ' 

q•ro qiaKTl-lqBCKl-1 11 YTBeplK]i8JI0Cb B qiopMyJie ( 5.15) 11eMMllo · 

llOAO~Hllll" ,li\e oCip_?30M ,llOK83UB86TCfl cJJe;nyrot1111V. peayJibT8T: 

Jler.:Ma 5.3., 

(~ty~l')(,) i,.-~\(1>}-1--= f.,(.J.,..._) • 1: . ) ( i- M\· \+ ""'i:.,\..',. ... 

·\ ~ - b~ "1 ("-~\ 
1 'b -\ ~~.,. 

\-+Ht,(~', _,\ '\ \.i.!'--\'c,U-..) ~,.\ 
11

~ 

-::: £ 0 <.1:. ... ) ~ ~1- M) 
1i~ :1/).\ 

1
\\)1l"tJ). 

,\-t N 'i:., l 1>-.) J' 
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(5.17) 

('..>.18) 

(5.19) 



j • CorJIUCHO JieJJMe 5 • l peuopM11poBaH110e ,llChC'l'Blle ~... eCTI, 

~ ... -=- ~ - M t:1.( ~- fl.\t.)._P,-... )). (5.20) 

KaH B11AHO,OHO Y.llOBJICTllOPHCT ypaBHCHlllO 

~h. -:a ~- M £').. ( \-..). (5.21) 

JlelJIJJL-5_..!£. HyCTI, B peaym,"TaTe 6ecHuHetJHO M8JIOPO ll3MCHCHrlH qJllHCH

PYIOllll,IX TeOPlllO rrapaMCTPOB 38TP8BQqHoe ,llC.HCTBl-!e ~ ll Bblql,IT8I011lllti one

paTOP N 11crrblThlB8IOT np11pa111ettllfl 

~ - ~ ... <i "', M-M .. ~M. 

Tor,!\a rrp11pa111cu11e rrepettop1.rnpoBaHttoit ~-MaTpMl!bl paBHO 

oh(~ ... 1-=-'i:o(,,,'\ :\, t&.1:,-\,,(}M)t:,-<."'~ 
.\~M'c,P,-..\ . · • 

(5.22) 

.l(OH838TCJII,CTBO. 

QqeBll,llHO, Otel.. ~ ... )"' ta(~ ... ) ~ ~•v • Ho B COOTBCTCTBMll C (5.21) 

B8pl18l!llfl peaopimpoBaHHOro ,ll8.HCTBHH C Toquocn,10 ,llO 6eCHOHeqHo 

M8Jlb1X BToporo.nopH,!\H8 J,!\OBJICTBOPHCT ypaBHCHlllO 

6 \, =-'&~ -(ciM) 'i::~.(.>;,-..) - M t\U-..) o' ~ ... 
1 
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: 
• 
. 1 
j . 
·, 

i\ 
':"· 

t ; 

111, 
-1 

I .~ 
.. 

OTHJ}i8 ticlXD,!\illJ 

c ~'I. -= 
'\ 

,\ "- M~11..~ ... , \.~~-\oM)c:,..l~)\, 

qTQ ll ,!\OHU3hlB88T JICMMJ. 

!lo cMb!CJJY orrep,.l'ropa M 11 aaTpaBoquoro AeiicTBl1H t, BeJ111q1111u 

(<i M) E,. l ';,) 11 'i; ~ cyTl> tlrl'rerpanu OT HeHOTOIJLIX 1io:,6,111a1111ii 1Jo-

110MoB CB060,!\t10ro nmrn bb\ , TaH qTo npaBaH qacTb (':>.i2} JJ CHJIY 

(5.13) 1,1 Jiel,!IJhl_ 5.2 OH83liB8CTCfl mrnetuo!,! HOM611H81!1Wi1 tlll'l'erpaJIOE OT 
- ~ . - , - . - ' 

cocTaBHblX noneU Elli)\. 'l'aHWM o6paaoM, JieMMa 5.4 no1w:.iuBae·r, ttT-O 

COC'J:8BHhle IlOJlfl B03HllH810T B TeopHll OCTCCTBCHHblM o6pa:.JOM: OIB1 .·; 

rroHBJIHJOTCH np11 n1060M Alltl(Pepett1111poBaH1111 nepeuopM11pona11r1ol1 r.iaTpm.(LI 

pacceJJllllfl no 4i11r,vpnµy10ll\llM B TCOPH11 ROll?'f8HTalJ, Ollpt;,ll0JiflH, no Tep

lJI-IHOJIOrllll JloBeHmTei1Ha /2.U/ 
1 

0606111eHHhl8 onepa·ropl:l Allpfiepelll(HpoBa

HllH. 

AttaJinr11qHaH c11··rya1111H B03Hl1R8eT np0 BapllUl\llOifHOM ,!\n((1l1epeuu~po..:. 

B8Hlll1 ~-M8TPlll!li.Bblq11c11llM npo11ano.ntty10 

cit.,(.\ .... )= l_ rst"'~\l \~:~'1.c_,,,"\:,h. 
o \JI l~) b"ll"' . '\ · 

( 5.23} 

lilueeu 

" ,.o':. .... 'b to(.\.._,-: t:~(._ '.\, i tl\1/l><\ 
°b \Jll~) 

(5.24) 
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ilirn pactteTa '&~, cuoBa I!ocno.11:BsyeMCH coo·momem1eu (5.21) 1- no.110-
c~ 

lUlll I! HeM· 

\, (l \
1 

.. l 
~= 4! ~--'I( t1<):c>l', M -==J.1.i''~, 

Uaxo.11»M 

'()\~ -:: ~:~'('!<): _ ~ J--\l4)t: (.\,). 
t\\;IY) ~ ,; 0'1<V•1 ~ 

Bcnoua1,1u Tenep1, co0Tttome1rne (4.28) ,cor.11acHo ROTopoMy ~b _µl4':J\l\)i__ 
' .. C'f/ . t>~ 

VIMeeM 

,6 ~ ... 
. O'¾tY). 

_ ~- 1c "" _ t ,en E c.• " ~ l!. ... - . 'l( °I'- l• v'--\ ~ ,-,. I ,;;: • 
t> u"'("i,) 

il_axo14a 0Tc10;na_ 

I{ paBedCTBY 

c !)-,_ 

~ ';'(1') 
n no;ncTaB.1IHH ee I! (5.24), np1,1xo,111,1M 

c LV,,\-= ~ t..,(1,.._) { : \l("!.b): 
~()\1((-.) (, ~•Jf")E,(,h) , 

(5.25) 

IlpaI!aH 'l8CT:b 3TOro paBeHCTI!a no (5.13) 1,1 neMMe 5.2 eCTh He 'ITO 
r.11:n ·. . . . . 

1moe,,Kau cocTaBHoe noire .n,, ,(l<'t, OTBettaIOil\ee LY)-otipasy ~-,,}(1<): 
· ~tC\_(t.),lt.\· 1 , , (:.. \ • 

ihaJI, 

o'i:,c.~ ... ) 
C> ~l 1<) 

- ~ ~l) \)<.}. - (; 1 \IG),lo),I•\') 
(5.26) 

44 
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\ 

l 

l 

IIOBTOPHH TY ll!e npoue,11ypy ,ll.1IH M8TPllUbl paccemrnn,npe,11cTam1eHHOil B 

qiopMe (4.8) 

'i:ou, ... }" It 41 
Vi<\)\.~-{ t-lX) o\)(, 

TO ecT:b no.11araH I! (5.21) 

~-=l!i~= i_\-:t~('l<)c;I.)(, N-= M141 , 

MLI MOll!eM I!LIP83llT:b C l:.P,'\,) 
~'fill'). 

(CM. qiopMyny (4.15)).l'!MeeM· 

n, 
qepes COCT8BHLIC [JO]Ifl ~\ ,\ l Y) 

0 'i:o(-!I..,'\ "'1-ca -ft.~) 12,l'!,) (x) 4- \, \'l.\l.~(i<) -lt:,."1 Qq>(')(.), 
~ c ) (c, ·i t10),l<\ 1\t)\ · ()\I/'" . 

(5.27) 

r,11e ~ ( '1<) - oob1t1Hoe reltseadeproBo no.11e. TaRHM odpaa ou, cnpane.n;-

.111,1Bo paBeHCTBO 

r.iO,) _ ~}•f'fl) \JCI.V\\;. ~r.:.'1 , 
.n-1.<•),l<\,l<\'l (')<) - (i + ~ a~lt\,l<\\<1\(l<) +-~-<pix)- Trr£<~).(5.28) 

3aueTHM, tlTO odwqttue npo1,1sBo,11Hwe Bucmero nopH,11Ra, a TaR~e cTapm1,1e 

Bapnau1-1ottm,ie np0!,13BO,llHhle OT Ee(':),) npllBO,llflT II HeHOTOpllM ( •.. )-t 

npo1,1sne,n;emrnM COCT8BHUX noJJeii. II03TOMY HBHUe qiopMy.11u Tllna (5.19) 

,ll.1IH (.,.) + - npOll3Be;nettlll1 .llBYX ll do.11ee COCT8BHWC no.11el1 y,11oduo 

nonyt18T:b B8Pll8UllOHl!bJIJ ,11w.(xpepem.11,1pona1rneM OCHOBHoro COOTHOllleHllH 

(5. 7) np;; HaMe•mmeu Bu6ope ~ • 
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I· 

.. 

4. BocnOJib3Y61JCH ypaBHem.ieu (5.21)' q•roeibl Bhlpa3lJTI, R03qKflJL\,leHTbl 

~~.~\'\I~, ~ 1: nplJ ROH6'!HUX ROHTP'L"IeHaX B Jiarpamimaue {i,.(-..) 

qepea Roaipj_mulJettTHble qiyHHL\JIHI S- uaTplll.\hl.B c1my paneHCTBa (4.33) 

lJ:JeeM 

"·\(~l E '-" (' 1 " 1,l~) r ':i"\.-=l<:ir, -,. ,.(~ ... )= ~ :ii;,.'j.:'1( l><): - v""- c,.U,,\ 

TO 6CTI, 

• t· r (¼) t~)1 
~ c-. - ~ l J. l- : \l," M: -= L M - ..M: .1 ~ :i-( ~ ... ) • 11! I 

(5.29) 

Ho l"f'\"'-=JlM~.... ,TaR '!TO E'l-.(~ ... '\ B npanoii tiaCTlJ (5.29) 

:JOJKHO ::iaMeHlJTI, Ha t: \ (. ~---) • C APYI'OH CTOPOHbl, t \ ( ':,,.,_ ') OTJiilqaeTCH 

OT ~- MaTp,!l.\bl.JIJ,lll!I, e,lti!HML\eii, IlOSTOMY t.\(~._,) ,lJMeeT Te JKe H03g)-

qllll.\U6ll"rlible t.[JyHHL\MlJ S,_(~\ 1 '-\1.'\ H S~l\\\, '\1., '-\'!.;is') • BcnoMHl1M on

veAeJieHIIH (4.25) 11 (4.30) onepaTopoB M<~l ·11 .,kt"' , a TaitJKe uop1.rn

POBO'!Hble YCJIOBl1H
0 

(4.9) ,(4.10) 11 ROHRJ?BTHYIO qiopMy (4.12) Jiarpam1maHa 

-{' ~ , onpe}leJIHIOll!ero l!i r.. • PaneHc·.rno ( 5 .29) MOJKHo Tenep:r, nepenttcaT:r, 

CJie,l\yIOll!ilM 06pa301J: 

i.,~f \{h,-.\.1('1(')<): -1- t.~;').. ~ch:'i1 ('l<): -;-i.?~:'il'-l(()l)il'\'(x):J.')(= 

t ~?Wl> \' , { ~ 1 M , c 

-= ~ Sl. (O,v') JJ..,.·,\!({1<): + "£ ~~,_ ~l. (_-.;,-..,._\\ ~J.)l:~"'(')<J';\~(l<)'. -t 
.\'(<0 

{ rccvc<-V ) · :-\l'1. ")· + 0 \_{)~ (e,,u,O,Q -\,~l~~l-,'-l(\~. 
I. 

11TaH, 
. ~~v r:-1 =-\, s~ (o,o,o,o')-~, 

~ • ~ \>"-°\l ) 
~ \t','\ -:. - " ~,._ (.. o, 0 , (5.30) 

~t'-0? 
~-:\. = -\. '.½: ~'l. (¥.,-"-)\ 

. ~~ ~=o 

§ 6. TOJKAeCTBa U11uuepuaHa 

I. Ha qacTHOM np11uepe (5.28) MU y~e BH,!!8Jll1, '!TO COCTaDHble IlOJIH, 

noJ1yqeHHue c noMOll!I>D paaJIHqHblX R-onepauHtt,cBH38Hbl ,npyr c ,!!pyrou 

npOCTblMl1 COOTHOllleHHHMl1. PaBeHCTBa, Il0,I\06Hble (5.28), MO~HO IlOJIY'!HTI, 

11 B AOBQJII,HO 06ll!eli CHTY8l.\HH. ti Teop1111 C HyJieBb!Uil TO'!KaMH Bbl'!HTa

HHH TaRl'le paBellCTB8 6wrn BnepBble Hail,l\eHli B pa.6oT/21(cM.Taue /I?, 

22.-24/ . ) . 
' 

OHH Ha3blB8XlTCH TOll,lt6CTB8MH U11uuepMaHa. 
o1. · aii , I oll. 

IlyCTI, o{ "\ t )() H Dt,,\ ( ')t) , B'i,,il, ( 'X) \1 Ov\ l )<.) 

COCTBBHUe IlOJIH ~ l'l '£> ,noJ1yqeHHble corJiaCHO (5.13) H (5.15) 113 

MOHOMOB bh,(')t) u 'ov\('it) c IlOMOll!bll R-onepa~li R1 
1'1° R1 

1. II 
cooTBeTCTBeHHo. Ilycn Bblq11TBD!l!He onepaTop1,1 M H M-, nopo:.,naDll!l'le 

:i ]. 
~- H R ' OTJIH'!BDTCH APYI' OT ,!!pyra TOJil>KO Ha no,l\rpawax, CO,!!ep~a-

ll!l'IX Bepm11uy X 'TaR qTo nepeHopMl'IPOB8HHlie Jlarpalllll'IBHbl { 1.(x) H { 
1
1cx) 

"I. ii. 
COBna,naDT: ~ .... :':,.._ '?- ~; B HJJ.YJll>CHOU npe,I\CTaBJieHl1li 

H N1 npeBpa111aDT Koaipl!HUHeHTHlile WYHKUH11 ,l!Harpauu, 
i .. 

m,rny y. ,B DOJIHHOMbl CTeneHH a- - e. II a- - t ' r,lle 

onepaTopu M 1. 

CO'A8PllBlllliX Bep

e_, -qHOJIO BHem-

HHX JIHHHH ,l!Harpauu1,1. IlyCTI, TBKlle Bb1IlOJIHH6TCH COOTHomeHH8 

M 1 M "li -= M"li. (6.I) 
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( 

1 (u!} ii lo!!) 
Bee 3Tl1 yc.noB11!I Y.llOBJieTllOp!IIOTC!I, Hanpm,ep, ecJI11M-= M , M-=M , 

"i' ii 1. (u"I) . 1_ (.o!!) 
r.ne a-~ u- ,ToK 4TO B,'I>\-= \)'-'\)1 • ~t .. \-= '2,v\. 
i-lvJroil np11uep aa.nae:,c!I n1i16opoM r,ft;= Ml~\ M iI= J,1.lQ\TaJ! 4To 

ol (.o) oil. 1u{o."\ 
O~y\: £;,v\ , O'\/<\: J;)v,\ • Boo61lle IlO.ZIOOH8!I Cl1Tyan11H BO3H11Ka-

eT BC!IHl1}i paa,Kor.na o"l~o"!. 

H11~e HBM BCTpeT!ITC!I BeJI11411H!,1 
(1) II 

M · ~~v\("X), r.ne Cl1MBOJI (?) 

aaMeH!IeT Jil16O 3H84OH I t Jil160 3H84OH n. CorJJaCHO (4.36) B caMOM 

O611\eM cJiyqae 3Tl1 B8Rl1411Hlil npe,nCTaBJJ!IIOT codon HeKOTOpyD Jll1HenHyD 

KOM611Hanmo MOHOMOB CBO6o.nHoro IlOJ!H' 

en il ,;::_- n),~\ 
M ~{,;,/)().,, L-· \<. 'i. :\ Dt~\l'll.\ (6.2) 

·, \)\ ~ 
(l.) .c_-~\ . 

r.ne ~ \'1\ - HOHCT8HTlil, ,nJI~ KOTOPlilX B Ka~.nou HOHKpeTHOM 

CJJyqae CYl!l8CTBYDT HBH!,18 cpOpMyJJlil Tl1Il8 (4.29), (4.25) ,(4.30) 11 T • .n. 
,,t~) !)\ (1\ 

SrMeTIIM, 4TO 'I\-· i..,=0 ,ecJI11 (:'.,+~\1:,\'>o·. ,, 1 

"i ii 
CB!I3h Me~.ny IlOJIHM11 g- 11 '2,-_yCTa.HaBR11BaeT c.ne,ny10l!laH 

Jle11ua_ 6. I. 

ii. 1 "/1 1 t~\ ·'H~\) n1 
Bi:.v'l(')C.)':: B\ .. ;1:,<'K) + +-,\<. t~\ -K \\I~ _ai;~\("X\. 

' 1i'i 
(6.3) 

J\OKasaTeRI,CTBO. 

CorJiaCHO (5.13) 11 (5.15) l1M88U 

i'O 1 (1) ~ 
Bi;_"\(.-..)-:::t0 (~ ... ) E;t,i,('1<)-=toC.~,) (,) t)h\(X).(6.4) 

~• M · 't-1C.>.. ... \ 
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PaCCMOTPl1M paaHOCTh 

I ll. IO 1. -\ / 1. ll.\ ~ · . B~ i\ - D\ :Ii= _ ,M -M 't_:.ll;-..) 11 bt•\. (6.5) 
" " {+M1-'c,l~,\ · {•H-1c,U,"\ 

i ii . . 
lta (6.1) 11 paBeHCTlla M-'o,i:"\ = M-'o,"\ ='oz..'icJie,nyeT,4TO 

i ii\ { L ll"'\ - - M- I ii ot..,\ = o, 
~+ t-l-\:,c.~ ... ) 

TaK tlTO E.~ U,.._) ; CTO!Ill\YD B tll1CJJl1TeJJe npaBon tl8CTl1 (6.5), MOJKHO 

3aMeH11Th Ha ~o\~"-\ • IiOJih3y!ICh (6.4), aan11rueu IlO3TOMY (6.5) B 

CJI8.ZIYIOl1\8M Bl1,1(8 : 

, ii , 1. _ { (Nl Ml\ ili 
Bi; .. .,\- 'r>{·•'i - -\+Nl'l:,l~ ... ) - J \I>\. 

(6.6) 

HaKoHe~, npllMeM BO BH11MaHl1e (6.2). IlOJiytll1M 

I 'F. ' I l ~ /1 1 \)\ 1 ~)\ ) { 'o 
B{..,\ - t\v\ = ~\~ .t_v\ - \<, ~v\ ~+M"It4l':.-..) ~)\ • 

;lloMHOlK11B (B c1,11i1cne T- npo11aBe.neH11si) 3TO paBeHcTBO na t.,(.':,.,_) 

11 CHOBa npl1H!IB BO BHl1MaHl18 (6.4), np11.neu K YTBeplK,n8H1110 JJeMMli. 

qTO6li IlPl1A8Th TOJK,n8CTBY (6.3) HeCKORhHO 11HYD cpopuy, 38M8T11M, 

tlTO cnpaBe~JJl1BO CJie,nylOll\88 HOPM11POBOtlHOe YCJIOB118 

('I.) ( :) 

M l\"\ l'l<'I = blv"'3(_"'). (6. 7) 

;llellCTBl1TeJibHO, 113 (5.15) noJJyqaeM 

t) = L .\ + t-f!' E,( \ ... ~'£,en= t,,f\oc.~ ... '11\:?~•·er'- t.,f\{' 
. ~ 
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iio M
(1) lo(~) 10 (1) 

o = o , flOCKO1lliKY t-,,f'rf'= f'. a 1ff\~1\.oc.~)'o, 

L _ Mt1), '•) 1nl'1.) _ Mt1) 0 (1) 
TaK qTO o - t: 0 v,-. O - o . 

Yc110BHe {6.7) flO3BO1IH8T nepenucaTii paBeHCTl!O {6.6) B BH~e 

1 '61 _ · 1 ti? B 'li 
\V\ - ht--\1.t:~l'h) \'I\. (6.8) 

CHoBa BOCflO1lli3yeUCfi COOTHOilleHlle!J {6.2) ll YUHO~llU (6.8) C1IeBa Ha 
, , 

t:.,l 'l.-..) • Mbl npll]:t6!J npll STO!J K c11e~IO!ll8H MO~ll!])llK8Ullll COOTHOill8HHfl 

{6.3) 

- 1i. ,:;;:::-- .. 1. ~,,\ "1 
t\v\()(.J= L_ 'K \V) ~t).\()(.). 

{)'i 

(6.9) 

IlpOlll!TerpHpOBaB COOTHomeHHe { 6. 9) no X • Uhl no11yqae1.1 TO~~eCTBa 

UllMMepuaHa ~]lfl HHTerpa11OB OT COCT8BHhlX no11eH: 

r i ~ vl '1,)\ f "1 
~ch Bh\ ()(.) = L- " ,;,. .. \ ~ cl~ B~i\ ()(.). 

\)\ , 

{6.IO) 

no~qepKH6U,qTO KO3(,p!])l1IU16HThl K1 \:\ UOJCHO onpe~e1lHTl, 3~6Cl, He 

TO1lliKO H3 (6.2), all Henocpe~CTB6HHO H3 pas11oxeHHH 

'l (' "i ~ -l. t>.\ (' 
M ~ ~~.'"l('i<.)Jx-= L-. \<: ~v"i l b{)\(')<')J){. 

\11', ., 
(6.II) 

, i . 

~eHCTBHTe111,Ho,HeTPYJ:tHO ycuoTpeTii,qTo onepauHa M- H HHTerp11poBaHHe 

no 'X nepecTaHonoqm1. 
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2. Ilp11Be~e!J qacTHble npmdepbl COOTHOill6Hlli1 (6.3) 11 (6.10). llyCTI, 

1 to1) · "ii (o!!) , "ii ,A~H)\ 
M-= M , I'\-= tv\ H u-">,u-. Tor;l\a HO:J•ii,i,lH~HeHThl f'- r, 

';1;.,. -tl' l 

H3B1leKalOTCH 113 4JOPMY1lhl (4.29). l1 (6.3) npmrnMaeT Dll'A OQblqHOro 

TOlK,llecTBa U111Juepr.aHa : 

(ui!) 
Br , C)C.) 

'1.'l>l 

+ '> 
o'i ..:.e ~,: n.; ~o '! 

\ u "l) 
=br,C)<.'1+ 

l, V l 

( .)LP;\ _ -L {o~l 1 . <._ ~ (v)~P'•l ~1.••l "~~~ 
t. 0,i)~ ... ()t)~ \v1i 'I( ({.),,,'\' (v)) 

( 6. 12) 

\ol) 
e;\)\ ().). 

J3OCil01lli3Y6MCfl T6D6jJI, paneHCTBOM (6.9), qTOOLI CBH38Tli l1tt·rer,1JaJI 
(' ll.1 o~'l) 
:ic,h. i~(•\M\ (x'\ OT cocTaBttoro no11H o\\<),l~\'., (x) , 11Me10ll!ero 

B HaqecTBe acm.mTOTuqec1:wro oopasa MouoM : ,,/,.,.,\: , c llHTerpa11aMH 
l\'ll¼) , l") 1i \..l.l 

OT cocTaBHblX no11en J;)t>-'i (x) . B aTOM c11yqae M- =M 11 M = M 
\I p_'li (' I O('l) 

B paa11ollteHm1 Bem1qHHL1 jv,)(. -l"\('!l)-:: )\}\')( oli,t<.>\,(<.>\\(x) no HOpMa1lb-

HhlM npol13B6A8HHHM no11eli 

C' "il ~~(' 
.)<h it~1i("')= L 0 ~~11 ... Ji~ :'\'1,. ':\ll---'l(l"\ )". r1ct'\~, .. -,\,\~1 

'<- • 
• ~V""v ~'~v, 

tpyp1,e-npeoe5pas oBaHHH F,l ( '1S,) HO8\[l\[Jl1UH6HTHblX qiyHKUllli f '< ( i) 

llM6IOT BHA 

~ V""V l'l.) ~ ~ 0-..V'.c,? f It ( 'f. '\ -= ( ?.i lilt,), 1011
3 

( V l ~ \ ',( 1) · • · i ( ',( 1) / . 

('1) 
Bcnou1maa onpeAeJiemie JJ,., u (6.11), noJiyqaeM c11e.zur10!llee To~ecT-

BO !J.HMMepMaHa: 
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l'-n .- ', _____j___ ' ('£:; 1 (_)1.')t;h,-:::1::c\.':>-,_, 
11

(4\r(~\ 
~ J..(\,),f-1.!); . ~ ~ ,PA ,::, ~ 

(6.13) 

'~ J.,.: \\J ·. i"l'I'): -1- '-J ::i'-Xh.\ ;\'-l(l'f-'i: .. \,'-J :'.l(~C"'i:\. : 

8,D.eCl>, l!T06bl He nHCUTl> rpOM03;!\Hl1X !{OHHPeTHb!X MYJil>TllllHp,6RCOB, 

,ul~) 
pU3JH1\l810llllllX noml .J:, 1-1 , Mbl npe;ncTaBJ/lJill 3Tlll TIOJlfl B flllHOLl qiopue 

'VJ ' 

(5.13)~(5.15). K03()/(j/lllil,JlleHTll °\J,\/;W .. paBHbl (CM. (4.30)): 

T T { ~ '../ all.) < '\ ~ ~ ~"L'\' \ 
'\...J -::: --:--. )' '- D ',\0\,1<\\ \{JI'\'(\(\ '-1( (-',() / -

l(_l·=·) - ,. .. ,,,"' ... 

~ / £itn ~ ,...., Kq, l 
-Y.,, '-... ~\o),l<)\\0\'5(\\(\~(-\(l/ \ ~ 

"1:r'l. ) ' 
(6.14) 

~ -- 01 ('<\ \·"'' ".°"• \J 
\ \I \l) ~ ~ »y-,.vp \ 

"'( '• l\ '-...,. b;\() 1,,) "? ~ ,,l Y'- .. ,._ J ... "'" l .. ,. J • " = 

;oP1 ~ ·~ ~-c0'1' l 
-'\Ptco) \e)°') \ O) '1((¥-\'\'\-'o<)/ \ .,_ ~' 

l t I . I '( ?V\A,l,. 

{ J. \l\ .:.; , ~ ~ • ~ ~°\>\ ~\J = - "-.£,;r(\'\'(01\l(\'<,\'-l(l-,<{\~\\(;)\1((¥s\/ 
').4 'lo •'" l _ ':,,'i"""' 

y1-. 

3. nom,ayf!Cl, Toil JKe TeXHlllllOll, IJOlKHO nocTpOlllTl> 8H8JIOrlll TO)i('A6CTB 

U,lllMMepuana lll ,ll.Jlfl 6oJiee CJIOlKHblX 06'.beHTOll ,B \l8CTHOCTII ,!1.:11fl ll6Jllll\lJ/lH 

(OlU,) (o,) \\o) 
\Ot')1 (,_'1.,) 'b,')1 (h)) ,aimaHHllX giopMyJIOll (4.18), a ll flllHOH <pOpMe -

"\ i, 1. l:i,. -t- . (0) 

COOTHOJJl6HJ/le!J (5.19). J.(JIH RPBTliOCTlll Cly,D.eU BMeCTO e;{~.<,'I.,) TIJ/IC8Tl> 

o · • o(a1) a 
npoCTO o, \ '1-,) t a lllJeCTO o~,\ .. ('X.;i..) - npocTO 0:,. ('1-i), 
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\ 

\ I-

. { \.to) - pi) · 
Pacc»oTPlllM pa3HOCT1> ,B1{'1.,)~l()(.:)J-1- -<.~~(.)(,,~;i..('Y>'l.\}-\- t r,D.e a~u.. 

IIoHaJKeM, llTO 3TB pa3HOCTl> OTJllftIHa OT HYJIH TOJll,!{0 nplll COBllcl'ABIOJUJ/lX 

apcyueHTSX )( H npe,D.CT8llJ1ReT coelo« cyMM:/ C.OCTBllHllX 
(ii.) . . 6 t,'\ ( )<. ') • TOtIHee roBOPH t cnpaBe,D.Jll1l38 CJie,ll.yIO!llfiR 

noJ1eif 

Jie1.u1a 6.2. 

/I \\Q) \\ ~\ , 
\t)\ (..'1-,,\ ~;i..('!.:i..\ l + - (~\(.'x.\\ <o')..('l.'l.)J -t- ~. (6.15) 

-~ {' t~\ · ol..'a) · 
-:, L_ J \<. ('x.-)(11~-Y- .. \ D\)'/)(Jth, 

~•"ilA-,\~ u 
nplllqeM R03~~nv.neHThl 

\\.I."\'1--)(~, ~-h) HllJlfll\}TCfl Jil/lHetiHUIJl/l 

() ()(-'l.1)°&(-x.-x.,.). 
HOM6MH8Il,lllHMlll npolll3llO~H!lX WYHHil,Mlll 

lloHa3aTeJil>CTBO npOBO;!illlTCH no cJie,D.y10meli cxeue. 

CorJiacHo (5.l~) nueeu 

( \(a) ta) 
\~

4
(:1.,\~:i..(Y-:i.))-\- - (e1C.Y-,)t)1Ch)}+ :: 

=t:c,()_,"'-")\- { (1-Mlo'\}_ \_ (\-t-fr..)y'~ll,)
1

B~l'1.:i.). 
\__ ,\+M(o'\t.,l':i,\ \+t-1("}£\l\,\ I~ 

CiioBa, noJI1,ayilc1> TeM, !.lTO 

Bupa~e11ne H Blll~Y 

M(o.) M(o.\-= Mto) , 
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· ,\ __ ("-(J) ta)\ 
'i=o(.;_,..._) -t~) ,.. . i-\ -J\ J ~c\-'>-..')• 

\+N 't,(':.-..') 

~ . . . . . 

,.# ,\ + t-i;-, t.,(i.._) (\- M (.a) J i ~, ~ '1.,\1_~~ (_)(.~)-: 

1 ft (.o.) I.a.)) /1 \(a) -= E..,u .... ) ---:---- \N -M \..~\l'II\') B.:l)f.:i.) 1 -t • 
hMlu.\t:,U, ... ) 

• immo yc:ranoll11T1>, qTo 

M(u) 'r, o '\(.u) 
\"I \. o, (.~,) D:i,.(h) J + =0. (6.16) 

Ilo cynecTBy :iro aHaJIOr uop1mpoao•rnoro ycJ1os1rn (F.. 7) ,Kotopoe Ubl _noJiy
tJ1um pruwe )(Jill .cocraa11or"o nonnB<4tit).)iJill BU'll1CJl8Jnlll }lBUCTBlHI one- . 
puTopa l'1'"-) tta ~B\<...,.,)'~(Y.:1.)){!) Bocnon1,ayeMcH o6w.e·u qiopuynoll 

{4.35), nono.;;1-1B B Hett Y\='.t. 

llonyqaeu: 

{a) ('ii) 
l't,,\."1..,) £1,l.('h))-t -\B,('1-,) 'o:i.0-1-)) -t = 

-=t:c(~) 
1. ~ \ t°)\ 

-i+t,,f1i)t~{-'> ... ) L-. ~J~~ {x-~,x-i:i.)bt))(..)<.), 

t+1:\),\~Q 

n. -t 
i1li,1 CiiOBa Blil,Ill!M t qro t.o(-!...,) 1..hM' t,ti,)\npeBIHll!laeT bt , ('l<) ll COCT8B-

l~) ~)1 

Hoe none £;()' (l<.) • 8TO ll aa:aepwaeT AOH83UT8JlbCTBO. 
• 1 
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KoHKpeTHblit Bll)t K03W<.\)11lli18HTHblX qiyHR1!11ii ~ t>-'\x-)f.,, x- 'ICt). 

ll3BJieK88TCfl ll3 061J!l!X \f!opuyJI (4.19) ,(4.20). 

~ ?. Pa3JIOX8Hllfl BllJII,COHa 

I. GorxacHO BllJIJ,COl!J /I2/ Cl'IHryJUIPHOCTll (npH ~,-x, ... , "JC 11->C ) 

xpoHOJIOrl'!qecHoro npo11alle,lleHHH J10Kan1,Hblx rei13eHCleproa11x noneii 
.., "' 
<:?~ t~\') . .. . <\>,., (_ ~ "') onpe,ll8JlflIDTCfl pa3JI0~8Hlil8M 

~ " ~ ~ 
~~().1) .... £:? .. C.'h\ = ~ Qe.(ii, ... ,~ .. )~,.()() + tl,t"1-1 1 ... ,'(.,)_ {7,1) 

.t 

" 3,11ec1, £, { )(.\, ... , 'lt,.,) - perynHpHaH ( onepaTop1io-aHa'!HaH) qiyHHI\11H, 
. .,, 

o6pali\BIDl1!aHCH B Hyni, npH )(.1=)(.,.,,. ___ : "l< ... :)( ; B~C><) - .J10Ran1,Hble one-

paropbl, a Q11.(Y.~>···, ~ .. ) - e,- ql'JCJ!Ollhle 0606111eHHble qiyH!ll\Hl1, 38-

Bl'ICHJIIR8 TOJI!,1<0. o·r. 0'.CHOCl1TCJll,HblX HOOMl'IHaT °')(;_ -)(. j 11 cIrnryJIHIJHble B 

Hyne. 0611!11[6 ,IIOBO'Abl B noni,ay cnpaBe,IIJil'IBOCTll COOTHOW8Hll[fi (7.I) ,ll8Hhl 

Bmu,coHOM l'I -Um.1MepMaH011. /IJ/, a T8Kllte lllJIP1,11epo11 /IV. B reopHll :aoa

llY11!8Hl'lii paaJIOllCCHll[fi BPIJil,COHa npOBBPHJill[Cl, EpaH,IITOM /IS t IU/, IJ,~M11ep

MaHm/161 ll KnapKOM /I?/. B H8CTOHJI18M naparpaqie llbl A8Al!M llblBOA /II/ 

paaJIOllteHl1fl (7.1), OCHOBl1B8HC1, Ha CTPYKTYPHWC qiopuynax § 5 11 § 4. 
IlpellC,lle Boero nepew,11eM,«aK o6blqtto, ~ 

none~,TO~Hee roBoptt, H B8J1HqP1He 

( ••• ),. - npOPl3B6,118Hllro 

q>{v\ (¥-,, ... ,).,.)=.tel~.,_): i<.v.)(.~\) ... '-\\~~)('1..-.): {7.2) 
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p 
I; ► 

llOCKOJ!hHY IljJf/1 tteCOBJJa.l\aIOll!HX HOOP.l\fllHaTQX 'Y--1, ... , )("' rrpomJBe.l\elrne 

" " <t\t~.) ... '\',.(1 .. ) I.IOlKeT 6h!Tl, rrpe.l\CTQBJietto (c TO'lHOCTl,10 ]lO IIOCTOHH-

Horo onepaToJrnoro I.IHOJKHTeJJH ~t ,fllc1Iesa10mero n BaHyyuttux cpe;zim1x) 

HaH lleHOTOpaR HOM6mia1nm 061ieHTOB TJ,ma (7 .2)' pa31IOJKeJlf/le BHJil>COHa 

;llOCTHTO'lllO JJOCTpOl1Tl, Jll1llll, :ztJIR ~,,·\ ( ~-1, .. : ; 'X,.) • 
VI 

nycT1> sa.11am,1 HeHo·ropue 'lllCJia Cl\ ... , (l'.., , TaHl'le ,'ITO 

IiOJ!OlKllM 

'I. <r.-= 1. 
j'1 .) 

"' 
'X -=-·'2:_ <rixl, 

:Fi 

~.-·-= )(·-''X.. 
_, .l l 

0THOCllTCJ!hHhle HOOj),lll'lrlaThl ~. 
-J· 

Ey;neu C'll1TaTh Ta!Ol!e, 'ITO 'l: ~ -:t= 0 

VI 

Y:ztOBJieTBOJHllOT YCJIOBl'IJO '2:_ <r.\.-=0. 
• -~ J J 

f/1 n.~-lJ.:Fo, ecn~- i..~j . 
-J 

'l'aHl'JM o6pa3oM' HOO}J)lf/lHa Ta )( BhlCTyrraeT. 3.ziec1, HclH "ueHTp THJKeCT11 11 

BepWl'IH 'X-1, ... , ~--. HOTOphlM COOTBeTCTBeHHO npl1JJ11CaHhl 1111accu11 cr., ... ,Ii' ... 
YcTpeMl'IM X1, ... ,-,..,, H 3TOMY "uettTpy THJKeCTH 11 , TO eCTl, 6y;neM C'll1TaT1>, 

~ ~ , . , . 

'ITO ~. O,llHOilpe1JeH1!0 npl16Jil'JJKaJOTCH H HYJIJO, OCTaBaHCl, B r11nepnJIOCHOC•. 
·. ;- l . 

Tf/1 2.Ci'~ tj-= 0 • ~Hryp11py10~ee Jj (7 .2) HOpMaJI1>HOe . ~POfll3Be.zteJrne 

:\.I>, )·():.+'\ )'1>l \)<.+\) ... '°· ('X•\ ': npfll 3TOM, O'leB11;zitto,cTpe- • h'\) -1 11,_,'\\ ... 1. \,\),\ ....... , . • 

!.If/ITC~ I( MOHO~y \:\,\ (x)~_ O;nttaHO llCR HOM6HHal.ll1R __ ~,.,,('lC•\•1--;lX•\ .. ), 

Boo6me roBopa, Cfllilry;rrnuua npl1 l-= o 11 noToMy OTH10;n1, tte crpeM-ll.TCH 

H COOTBeTCTBYIOII1eMy COCTaBHOIIY. Jl~JIIO --B't,i\ ( ')<.) • npl'ljJO,l((l 3TOII Gilli- · 

ryJIRPHOCTll Retta: Hor;na 11epllll1Hhl X-1, . .. , x.. 11CJil1llaJOTCH 11 B TO'!He X, 

B pa3JIOlJCeH!-rn '•\ ('X+\-1, . .. , X•\.,, ). JJOHBJIH!OTCH ·HOBhle paCXO.l(Hl!ll'JeCH. 

;zifllarpa1.11.1u cnepx Tex, HOTOphle rrepettopu11ponaau 11cxo.zt11on R-onepa-

1.ll'lell, oelecneqfllnaromen HotteqaocT1> E.t~,). 
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( 
I. 
,r 

TeM He ueHee f/13 q\..,3(it•\-1 , .. 'i(-1-';_.,.) HeTpy,11tto mmen11T1> pery.11Hp-
J - ,-~• l .. l - · ,. ,., . 

HyD qacTl> q>t'•\(l<-+\-1) •.. }X+\,.). ~JJeHHO, JJOJ!Olltf/lM no aua.norJ.Ul c (5.13) 

H {5.15): 

' • -t 
q>,, .. ,",h+\-1, ... ,'J. .. \,.\-= 't:oC-'!. ... ) ----_:"' _c-,. .. ~•'···'ft ,(-,.+\.,,.): _(7.3) 

· { .. 'Yll..<"-'Etl~ ... ) '<t,., - "· , 

I 

Il0.7If/lJlOHaJI:E.Hbdi onepaTOP ~v\ (X•\,, ... , ')( .. \~ \ OHaJKeTCR peryJIHPHNU npfll 

\
1

-= .... -=-~.,,. 0 , ecJif/1 'YTlta., 11aapaHe_e 11 npol13De;zieT HeoClxo;zifllMble 

BJilliHTaHHH B 'AHarpa11uax npaBoli-qacTH (7.3),HOTOpble CTaHOBRTCH CH.7Il>HO

CBH3H~JJH np~ COBlleJqeHHH nep_111HH 'I,+\{,-·· 1 '/,➔~-- B TOqKe ~ .Ed.nH 

K TOMY :a:e B 3TOM npe'AeJie DeniJqHH!l T11na 'Yn.<0 
\ b B,) '! '\t,-,, l ')( •\.) ... 

. tu<o.) r L ... i\v~l~+\.,.): 6y,11yT CTpeMHTl>CH H :BeJil'l'll1Hall Tfllna l"l C:tt':.-.\D{v\<.-~), 

r;zie Q-;,,:.clw.. bi;_"~, ,TO MOlKHO YTBepl!QlaTl>, 'ITO 

0, ,tt,,1 to.) 
~ .. .,,'-~" ()( +\"'i••.·1 x? .. \ = £,t,\ lx). (7.4) 

OnepaTOP 'liL''~·06Jia;ziaD11tHll TaHl1UH CBOICTllaMH, HaJJH yxe Wl!HTfll'leCHf/1 
{o.) \ 

nocTpoeH B § 4. 8TO one pa TOP 'Ylt y. , onpe,11eJieHHNli g)OpllyJIOH ( 4. 37) 
. ,• .: . . ,, 

Ha Hop1,,1a.n1,uwc npo~ane;zie;rnruc rronett H g)op11y.noll ( 4.38) Ha X - npa-

BHJil>HWC qacT~ ,(})yHHnHoHaJIOB ~('1,4, .... , ~ .. ) .TO'IHee, '6y;zieu cqwran, TITO 

'VnY'\-06pa111aeT. B Hy.n:E._ Bee 'AHarpa1111u,. He cTaHOBHII\Hecn CH1Ii>HOC-BH3-

Hb1MH npfll COllllell!eHHH nepmfllH ~{, .•. , '/.., , a Ha x- npaBHJil,HblX m1arpa11- · 
evn(a) · · · 

u_ax OH COBna;ziaeT C I 11.-,. • 

Tor'Aa_pa~eHCTllO (4.39) np1111eT (p()plly 

o. rv-r-, lo.) C iul<l) C. 
\A.V.. 111., r('lll, ... ,Y..,)::: 1~1 · r(')(, ... ,x), 

y; ..... y,. . . 

qTo, co6cTieuao, a Tpe6yeTCH OT ')n.l0
'. 
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npe,l.\CTalllUI Teri~p1, <'.l°t-l(J(..'.~, ... ,Y.•\ .. \ ll llllJ]{e 

I • 

C\\~,s~•'~• ,. .. ;~+\"' \ = fo( \-..\: '\'t.v,) (X+~,) ... '-ft~.\(X-+~~ \: -
('7.5) 

' { ' (.<\) ' .. ... . ; 

- li=ol">,) la) f)"ft t\C~.,_\:l~,cx-1-\.), .. -o(v ,ex-+~ .. \: 
{♦ 'Ylt t,\\.,_) 'I 1 • 

Ho ·£.,U,"'"Y: '\l.t\l,\(.)C.',•-'~~)~ .. '\>~..,.,l",c+'t:.\--~ ~\,i\(x+\1 , •.. ,-x.-+\~) ,a 

'YfL(o. )t:,(.',,):'f .. :'-\'; ·, MOl!lliO,. IlOJIL3YHC1, • ( 4.38), paaJIOJICHTI, 'll cylfMY MOHO

IJOll CllOGo.n;Horo IlOJIH: . 

'Y(l(o.)ti(':."<.\:itv,)(.'x+\,) ... 'ilv.)(_x .. \,. \:::,. 

(7.6) 

_ \_-~1 . . ,~tM ~\, \ '\-f'W\' L 
. ,"!:\>.;\ ' 

- bpf~) ~--'\ti(\,)· itv){"i',,) ... ~t•.\(\.).'\1 (OL.~ lo)) 
>- t~ 0,)~ .. (h)~ . . 

t+-:i:\'}.j\~CL-

rro.n; ll03,l\8ViCTllliJeM Onepaumt t 0(.\,.)\}+·1Y'fCo.)t~(:\-..)\~
1 

CTOHl!lliJ8 3p;ec1, 
L · nl~ ( IJOHOMU oh\ ('l<) npellpaTHTCH ll COCTallHUe llOJIH Dt)\ ('ll) Hanm1HmJ, 

_liTO. ll CbOTlleTC:TlliiliJ c ( 4.40) .n;etlCTllllJe 1Tt511
' Ha 11-0]tHOToqe,rnwc" 4JYHK

UliJOHanax COllila,llaeT C .neHCTllllJeM tv\ (<I) )' • -OHOHtra-teJILHO pa11eHCTllO'' 

(7.5) npeo6paayeTca H llH,ny 

<'?h\ {.'l<+\,, ... , ~•\ .. \ = 
(7. 7) 

~ \)\ '(.o.) - . 
-=-L- Qt ... ,S~ ..... ,\ .. \ ~t>'>tx) + Bc~ ... \., ... ,i:..~,.\, 
l,..1:\);\~ o. 

•, ~, ·1•~ ;__,r 
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i 

r]{e 

'" 
' . . I {<i) , 

, B(')( .. ~ •. -:· ,-x.•~-y=C\>t•':i tY-•~ ••... , ~· 1 .. "'l - Bt.;,-c.x\ 
. ~ ..... .,, ~ 

·,;_ .. 

(7.8) 

~l,\ \- ~ f"\);\ . :-t··•? 
QI,\ C\Y= t\t).\\ ... \At~\ <..E~(.\.._):'\'tvJ"3, ) ... '\'i:M\\,.Vil,,\o) .. _;f•~ ~-~ (7 .9) 

-Onpe]{eJIHH Bh .. \i,···, )(+'1-.) · ,i.!u llbltlJiliJ Ha pe1·yJIH{)Holi tliYHKUHliJ 
rr-.' o(,,) 
'b'S~-+\,, ... , )(•\.,) ee npe]{eJil>Hoe 3Haqe1rne Dt..., )( ')<'). 

0 ta) 
B CYMMY xe 113 ( 7. 7) ,ll06allJieHO HOIITI8HC,IPYIOl1\0e cnaraeMoe 'CJ{•\ ( x\ 

qTo H np1rno.n;MT H aaMeHe £,( ':>-..) ll MaTpi1qilOM 3JieMeHTe ( 7 .6) Ha 

£. l ~ ... ) ll (7. 9). Qqem1.n;tto,npH ~ _,. 0 . Be')<;•\,,.··, Y-•\~) 

liJClieaaeT. PalleHCTllO (7.7) H eCTh HCKOMOe paanoxeHHe BliJ1IbCOHa. 0 

pa31IOllteHliJHX BHJiiCOHa· CM; TaKl!Ce ll /25-27/. 

2. B npe,llll,llyll\eM nyHKTe HaJillJqliJe HJIH OTCYTCTBHe 11 TeOpllJl,l npouelKyToq-

HOH peryJI_HpliJsauHliJ 6bi1IO coBepweHHo HeCyllleCTBeHHhlM: Bee qiHrypupyIOll\He 

ll (7.7) lleJiliJqliJHbl, no IlOCTpOeID'IIO, CB060,l\Hbl OT yJI1TP84JHOJieTOlll1X pac

XO,llliJMOCTell. IIoJie3Ho, O,l\Ha1<0, liJMeTL aHaJiorH paa1IOJICOHliJH (7. 7}, HOTOphle, 

ll03MOlKHO, cnpaBe,llJiliJBli JIIIJ~I, ll pery~pllJ30llaHHOH TeOpllJM, HO aaTO npH

MeHliJMl,I l( 6oJiee C1IOllCHhlll 06paao11aHHHIJ. qeM 'C\)\.V~ ()(• ~ ••... ,· )(• \ .... ). 
. . -~, .. 

IIpe]{nonolltHM~qTo' pei:'ynHpllJ38UllH TaHolla., qT_O Cll060,l\Hble nponaraTOPbl 

G~\;) HllJIHDTCH 6ecHoaeqHo ,nHqxpepeffUHpyeMWIH 6ucTpo y6u:B~Xlll!HMH 
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WYHRUHHMH. TorAa nx,dan AHarpaMMa dyAeT AOCTaTO'lliO rnaAHOH !JlyHHW,eii 

ROOlJA~IHaT CBOl1X BHemm1x BepurnH.PaccMOTPHM B 3THX ycnomrnx (. .. ) .. -
rnC 0 •\ ol 0 :i.) )to.) 

IIPOH3BeAeHHe \ o~\ l 'l<) o \ .,,,, ( X• \) -t lf.BYX COCTa~HWC, IIOJieii 

B~0
·~ (l<\ H ei~·~'c~-+1). IlyCTI, \-1-0, ~'-;o. IlOCKOJII>RY onepaTop Ml"\ 

1.J' l '\.'V-i - -

;l{el-tCTBYH Ha 11ABYXTOtietIH!1e 11 !J2YHHUHOH8JII! ~l'1.,)C-+~) .t rrpeBpa1I1aeT HX 
,;;:Io,\ 

B HetIT0, CQAeplKalllee ~RTOP Q ('!;), IIPH 1 ~o ipop!JyJia (5.19) 3HBH-
- .- . -

BaneHTHa CJie,l{yID~eMy IIPOCTOMY COOTHOmeHHJfr: 

/ 0 to,) f)(ll,.) \(a) ,0 to,\ 1 tu,\ 
\O{;•'i")(.) o'i,,,,(r-•\') 1 .. ·=E1,l'.1-..) o,_u',()C) B,\V\ ()(~\). (7.10) 

C ;l{pyron cTopoHu, aJieueHTapttoe npeodpaaoBaHHe npHllO;l{H~ R paneHCTBY 

• ~.,(>s-,)''e,~~u~~(~) •~::\~•~): 

"° · \ r,N <•\,-. · ,n{o,\.,. rnl<>i\ , 
'= t:cP, ... ) 11l t:,(","\.) n, (\I.\ Di . ()(~";;\-t 

-\ .. -'nc"'E,P,,\ ~-"' _v; -

- 1., ~ 

·(7.II)· 

•c ,. 

-\,, £,(l\~) ' ( {;.'ffL1·')'£t/c1<) 'Bt,•~,(~~-.s -' 
-\->"(fC 0 't:,l',,\ • ,.J l , ,v, 

ECJIH Q7-Q, .. o. :i., , TO npH \ - 0 BTopoe . CJiaraeuoe B npaBOH qacTH 

3TOro paBeHCTDa CTP€HIHTCH H HYJIKl~JleiiCTBHTeJil>HO, onepaTOP 'YfL10
'ripe

llP81I18eT · JIJOdoe HOp!JaJII,H0e IIPOH3Be;l{eHHe acm.mTOTHtteCRHx·· IIOJiei1, no 'Ho

TOPl!M paaJiaraeTcfi'cl~Vi('lt) 'B\".,,~r~· .. \1 , 'B HattaJI1>1tun oTpeaoH ero 

TeiiJI0POBCROro.pSl,ll;a no CTeneHHM \. (cu. Odll\YD ipopMyny (4.37)}. Ta-

l l IVY (D)) tola,\ 1n(ll~\ 
HHM odpaaou, :BeJrnqHHa \- 11!.: o\l',t•) o{"',()(•~) npH \-O HMe-

i,.60 

eT HYJII>, no RpattHeH uepe, nepBoro nopH.l{Ha. 8TOT Hym, He MOl!teT CKOM

neHCl!p0BaTI,C,H KaKoll-JinClo ocoCleHH0CTI,JO B03HUKamux 3aTeM ,nuarpaMM, 

T8H HaH, no npe;l{nOJI0l!t6HHJO.,B T60PHD Blle;l{eHa 'AOCTaTOtIHO aq4)eRTHBHaH 

peryJIHp11138UliH • l'lTaR, C TOtIHOCTJ,I) AO Bem1t1HH I llCtte38IOll(HX npH \: 0 , 

HM88M 

(nCa., (Q2.\ \(o.) 
\Pt;,',(')<) ~ii,..,,()(•~) lot- -=- ( 7 .I2) 

= l:o( it_,.._) 1 'rn..lO.\E:.l ':1-..)'Slo"c')() 'Bla,, (')( ·~ )-t oc~ ). 
h'Yfl..lo.\£,l !.-..\ v\ h\ ~ 

KaR l,f prurne • npaByD ttaCTJ, Jie'rRO Cll6CTH K cyMMe COCT8BHWC ll0-
(o.\ 

nett B{)' ()() , TaH ttTO (7.12) HBJIH6TCH aHanoroM paaJiol!teHHH BHn:r,-

coHa.KaEeTCH rrpall,l{OnOA06HhlM,tITO 3TO paaJIOl!telille OCT8H8TCH crrpaBe'AJIIII

Bl!M H ll npe.neJie CHHT0tt peryJIHPll38UHH. Hau OHO .noHaAOdHTCH, O;l{HaRo, 

JIHllll, B peryJIHPlll30ll8HHOtt ~opue. 

§ a. YpaBHeHKH ABHZeHHH 'AJIH C0CT8llHUX ll0Jiett 

I. Hat1111Han c aToro naparpa~a,uu ttacTo dy;l{eM HMeTI> ;l{eJio c WYHAa-

11eHTan1>HI11JH Be.nHttV.HaMH, o HoTopux Mli yxe He paa ynoMHHaJIH, - ipyHR

UHHMH rpHHa. i?>yHliUPIH rpHHa Gt ( '1 ◄, _ .. , ~ t) onpe;l{eJieHa cooTHomeHHeu 

G-'<("\ ◄,-··, ~11. \-= (£ol':> ... ) '\'l 'i~\ ... ~(11!.)). (8.I) 

11HopuaJI1>H8H 11 ~YHRUHH rpHHa 38A8Ha ipopuynolt 

Gt(:'!~,--- I '\t~ )-= <. E .c-:.,): ~( ')•\---'V( 'it):). (8.2) 
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Hmirn ueu·.rpan:&HyIO POJI:& 6y71.yT 111rpaT:& 'COCT8BHble ITOJIH C 8ClllJITTOTl!lqecR111-

1.m 06pasa1rn Bll71.a :'f,.~i,.): , ·.'f(ll) Cl'f(i,.):, : '\'l('K): " :'f~tx): 

OnycRaH rpO!J0371,Rl!le MYJI:&Tlilli!H71,8RChl, npmJeM RpaTRl!le o6osHaqeHIIIH: 

b1t~)=- :fc~J:, 

b3('l')= :~'>c,.): , 

b,_('I<)=.. :'itx)Q~(x): 
1 

b~(l<): :'f~llc): , 

(8.3) 

<Pyp:&e - npeo6pasoBaHl1H 3TIIIX MOHOMOB 38Illllll8M CJI87J.YIOlllHM o6pa30M : 

~e"P"' \:~:it'K)J~ = bj(\1), 

T8R qTo 

,....b:i ( 0) = s bl (11:) ,h . (8.4) 

COCT8BHhle ITOJIH, OTBeqa10mlie MOHOMaM (8.-3) t 6y71.e1,1 o6oattaqaT:& COOT-

BeTCTB8HHO: 71,JIH l = I,2,4 

M 
'Y-\M ~ 'lt bl('l') 'e..C.~1; 

M. 
\\t.,.Y= R D}lC)toC.~), (8.5) 

a 71,JIH \ = 3 
(i"'\c1) · rn 

~.tx) = ..K. b,.M 't.c.~); B1 ()(.):: 9- ~ E.l~). (8,6) 

IT071.qepRHeM,qTO (8,5) OTJillqaeTCH OT (8.6) nopH71,ROM Bblq111Ta10mero 

onepaTopa , c noMolll:&IO ROToporo CTPOllTCH R-onepannH, no 

a11anor11111 c (8.4) 6y71.eM nucaT:&: 

i.(._o)~~J'lt~(lC\ 1=i,'l,1,Y, 
l ' (8. ?) 

~~(<>)=~ct~ 'ojC.'l<). 
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2. Ilepei\,lle!J R Bh!B07J.Y ypaBH8HHtl 71,lH1llt8HHH ,llJIH reii:rnmieprona II01IH 

£Pcx)=£oe~ ... )'f(l<)::.Sit'l<.) • !Io TeopeMe Elma npeo6paayeM ero R BII.JlY 

c1 rr1,01 oS • 
<\)C:><) =: i::)',l(x): + JU1- ('1<-~) ._.- " 6. 

o~,) 
(8.8) 

B COOTB8TCTBIIH C (5.26) Bapuau110HHaH npOH3B071,HaH nepe11opMllPOBatt11oii 

$ -MaTPHI.lbl paBHa COCTaBHOMY TIOJIIO: 

oS =- t'to(">-..) -:: ~~•) l ";:~~ l 
'b'\'l1) Oil~) b \\O),fo\,{oi)1) k) ?.~). 

(8.9) 

YMttoJi(aH (8.8) 11a ~l'1◄)·-•'\1l~e.) 11 o6paayH naxyy.1.111oe cpe11.11ee, noJiytm-

eM 

<. <\)('l<)il~t\---~l'\i.))-= Z·-~tlC\ ~:'\'\i◄)---~l1t))+ (8.10) 

• lo) Cl . :----, 
"T i~d1 c). c.)(-1, z j"'.) 3<-~) il~◄' ··· iqd·1-

B nepBOM c11araeMOM npaBOH qaCTH H3-3a HOpMaJI:&HOil ynopH7J.OqeHIIOCTll 

: $ 'f (1<): none 'fl.,..) c Heo6xo71.nMocT:&10 cnapHBaeTcH c 071.Hnu na nonell 

~(~i) , TaR qTo 3TO c11araeuoe nMeeT n11111.: 
t 

~ c:t-~ ( ~1 ,---/~H,~i♦~,---, ~l!.)C:~('l4-~j)• 
1={ 

YqllTblBaH 3TO o6CTOHT8H:&CTBO n 71.eilCTBYH Ha o6e qaCTH (8.10) onepa-

TOPOM i..[G,-+mi..1 (onepa~HH 11a.11nyTa~HH 11), nonyqaeM: 

Jieuua f:l_.I. 
t 

(Jltl<.)~l-St). ·-',ll 1t)7 -= ~Gt-1l i~,---, ~1-1, il"'" 1,. --~t "\t<lC·1,\<8.II) 
J-=~ 

rAe 
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51.(><) :\,lG,..+w1-)<\')('><)- r~3(Y.). {8.12) 

n(a) 
CorJiacuo (5.28) n Tepi.nrnax noJieli o,,"\ (..)() Bemiq,rna J2.C><) H!JeeT 

DH]{ 

S2.£1<).,, i..( w ).-t.W :I.)~()<)-+ i.(1+c:;t )n~(-.) - ~(~ ~Cl~) B:,,(x) •. {8.13) 

PaneHCTBO {8.II) npe]{CTaBJIHBT 006010 HCKO!Joe ypanueu11e ]{BHlltemrn. 

AttaJior11quoe paneHCTEO HMeeT MeCTO", oqenl'l]{H~, H ]{JIH "nopMaJII,HUX" 

B8J(YYMHblX·Cpe]{Hfr'lX 

l 

(].{)(.):'¾'(_ '$•)-.-ilit ):) =~Ge.t~•,···,~H,~·i•l,•··,~'-:) O(x-~j )_ (8.14) 
,F~ 

Ha YPOBIIe npOMBlltYTOqHot-i peryJIHpl138UHH cnpane,11mrnu Te llte COOTHOllleHHfl, 

uo c t\pyroti onepauHell aunyTaui-rn. lilueuuo, onepaTop KJiet-iua-rop.ztoHa 

H3weHHTCH TaK, qTo6u o6pa~aTb n TOqHyID ti- WYHKUHID peryJIHPl13onatt

uuli cno6o]{Huli nponaraTop: 

LlC\"\J..~+'Mli.)Cct'''1c)<) -=o(l<). 

TaKllM o6paaoM ,L(_ti\l'l+'M1 )ecTb H.ztpo KB8)'.lpaT11quol-1 4JOP!Jhl, o6paTHOli l( 

peryJIHPl13 onaHUOMY CB060]IHOMY JiarpaHl!rnauy • 

3. Ilepeil.zteM H BUBO.llY ypanHeUHli ,llBHlltemm ,l(JIH 6oJiee CJIOllt!!Otl 1(0!J6H!!a

Ul1H COCT8BHUX IlOJie!l. 

Jieuua 8.2. 

Ilycu 

· .51.,( (,c:):: !{VIA,_-~ w:i.) B, (,c:) + i..( ~+!', -i-W>:.C'l<)- i.( ~ ~~'.!) 'b" (,c:). (8.15) 
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·1•~ 
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l 
( .· 
L 
t 

· 1, 

\ i, 
.I; 
1; 

Tor.zta 
(, 

(.5l.,tC'l<)il'}/'J ···'Jil1e. )').,,, ~ b('lC-~j)Gl l~ •.... , ~l ). 
l"{ 

(8.16) 

(3ru.!eTJ.fM, qro .n,i OTJIHqaeTC/l OT Jl IlOBHlllBHlleM Ha nepBHe cre11em1 IlOJI.fl 

'f n 8Cll!JilTOTHt!eCKl1X o6paaax; TO eCTI, @opMaJibl!O noJiytraeTCH "yMuo

lltemreM" 52.,,., Ha IlOJie C\>('ll) n TOii lKe TOql(aj 

.UouaaaTeJibc.Tno. 

3anllmeu ypaBHeHne .ztBHXeHHH (8.II) n nn.zte 

(SL('lC)'\'{)(. .. \)'-f{\i,\ ... ~l it))>= (8.17) 

-= 6(\ ')Ge,l ~•,···, ~e.\ + t 0{')(.-i) Ge.l~,, ... /~j-,,~ ... "s, 'i.i•• , ... ,'it\. 

Jl.JIH Toro, qTo6bl IlOJiyqllTI, ypanueuHe ,l(JIH S2.. ~ , MU ,llOJ!lKHbl -renep1, Kal(

TO ycrpeM,ITI, \ J( Hymo. 0.ztHaHo, noo6iue roBOPH, T8KOi1 npe)'.lCJil>Hblii 

nepexo.zt np11no~llT I( HOBUM Cl'lHryJiflPHOCTHM ll ~RH,ero 8l(!(ypaTHOro pac

CMOTpe!!l-lfl H8,ll0 o6paTllTI,CH H pa3ROlKeHHIO Bl-lJII,COHa ,l(JIH JL(~\~t~~~). 

Bo no.ex npoMelKyToqHwc BllKna)'.ll(8X Mil 6y~eM pa60T8Tb C perynH

pnaonaH0HlilMll BBJil1tfl!H8Ml'l ll CHl'lMeM peryJIHpll38UlllO TORbKO n QJ(OHqaren1,

HOli @opue ypanHeHnil ~nmKeHnH. 8TO ]{8CT B03MOlKHOCTI, BOCilOJII,30BaTl>CH 

paanolKeH11eM BHJI1>C0Ha (7.12) H cq11rar1,,qro nTopoil qneH n ero npano~ 

qacTl'l o6paiuaeTCH n HYJil> npn 1-0. Mu He 6y.zteM, o.ztHaHo, oronapH-

nar1> KalK]{Uli paa, qTo O ecn O~- • 

65 



. 

CorJiaCHO (7.12) BeJI1-1q1-1Ha .st.C"l<)~()(+\) c TOqHOCTbID AO qneHOB, 

UCtJeaaIDl!lUX npu \ - 0-, eCTb 

Jl(><)'f('/C.+\)-: t.,(~~l-,j+r,+~lE:;
4
(-\,)~~~()(.),~()(+\\t 0(\), . (8.18) 

Ta!il-lM o6paaoM, HaM HYlltHO cocquTaTb 'YnY''Sl('IC)'f("){+~). 
. . ' : ,). ' ~ . ' - . 

C T_OU_ JKe TO'IHOCTbID cnpaB~_AJIUBO paneHCTBO , 

ryy-f''stc")'f("){+'s)=ott'i+i.l'Mi-~w'l..):~'t:cx): + · {8.'I9) 

. -t i..(-\+t."¼c):'ftl<)G'~(")<),: ~ '•1.(~+G~il) :~\~): + O<:'s). ., 
Uo!ia3aTeJibCTBO 3Toro paneHCTBa 6yAeT AaHO.IT03AHee. ilOACTaBJIHH 

{8.19) B (8.18), ITOJiyqaeM ':.I 

Sl.C>t) \f()(+\ ',='co(~ ... ) o('s) +-S)."(;1-)-t- 0('~'). (8.20) 

8AeCb MU BOCITOJlb3OBaJIHCb TeM, qTo 

-\ ~('>- ') ;_, 0(1) 
1+ f'f~lE,U, ... ) -~ - , 

Tali Ha~: , t (\) noanunacb us . .nponaraTopa, oTneqaIDm~ro JI.¥mrn, coeAl'l-

. HHIDl!lei1 nepm1rnu X 1-1 ~+'s • IlO3TOMY_Bce AHarpaM!Jlil, BO3Hl-lli8IDl!ll-l_e 

B pa~noJKemrn . E.i(~ ... ) 'h(\) , HeCBHaHu H onepaTop l'-f•l o6pamaeT 

I-IX B H:f Jlb ~ . 

;ilOMHOlK8H (8~20) Ha '1'(~1) ... '\'( '!t) lf COCT8l3JIHH BBKYJMHO!) cpe)lHee, 

MU nonyqaeM paBeHCTBO 

(JLC'IC)'\'('/C.+\\i(11) ... ~(ii\/-= b(\)Ge(~1 1 ••• ,~e) -t 

-+Z&~l"l<) 'fl~1\ ... '\'lit)'> -t- O('s'), 
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CpaBHI-IBBH ero c paBeHCTBOI.I (8.17), ITPVJXOAHM K COOTHOlllelll-lID 

0 C\ ', Ct ('11 , ... I ~t) +<.-St,(><) ~l';\4'\ ... ~{'},t\) ': 

( 

-:: O ('s,) G11 ( ~•, ... ,it\+ L b(x-1i'\G-t<.•~1, ... ,u :., u .• 's u. ut) 
j:1 " d -1'~ 'J.1 ~ J_,-.i,···1 d • 

IlpHBOAH ITO)lOOH!Ie qJieHII vi nepeXOAH K npeAeJiy '!.- 0 , ITOJJJqaeM llC-

KOMOe ypanHeuHe (8.16), B liOTOPOM ylKe HeT HllliBKHX npenHTCTBllll Ii 

CHHTHID npoMellCyTO'IHOi1 perynHpllaauuvi. 

HaM OCT8JIOCb TOJibliO )l0li838Tb paneHCTBO {8.19) .no CMUCJIY BN

qHTBIDl!lero onepaTopa <'ffl M OH npeo6paayeT • .SlL'I<) '{ ()(•'f'\ 

B cyMMY MOHOMOB CBO6OAHOrO ITOJIH, paaMepHOCTb !iOTOpblX He npenumaeT 

'leT!Ipex: 

/')')'ll'l\jl(.x)'f\)(•-'~)-= P..ol\)-+ :,f('l<): P\,(.\)-t 

.)-\'i <"\ ,,,I;;:,. JN 
+:~{'><)~J"ll~{x): f\l. ('~)+: 'J'i"'-'v~(x): I'-.; (f) + (8.21) 

+ :'f('i<\: I\~('(\. 

CorJiaCHO onpeAeJieHHE (4.38), HO3qxllllUHeHTH ~jC.\) npeACT8BHfiD! 

co6on HC!iOTOp!Ie CYMMU no p83JilfqHHM SKBllBaJieHTHIIM MyJibT~HHAeHCBM. 

HueHHO, 

J\oC\ ', ~ <.._-SL(o)~(\)~-~-..op (8.22) 

h i / ~ ~ ~-\)-Wt) 
l-'1 (\)"' 1. ,Sl(o)'\I(~): 'f(O)ito): /, (8.23) 

.)A~ i ') ~ )-\"-01> 
~'- (\)-=-'l '<l?y 'dfv(Sl.Co)~(\):~(\>)~(o)~\ ., (8.24) 

t'"O 
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. \-l"llP 
r(" l~ ·y=- i 1.. 1- S-3..tO)'f(\):~(y)~(a,):') \ ' , 

?, - 'J.~p.r~°ri> .. . \l=-..,~o 
(8.25) 

~~ (\ \: t'\ <....51.(Q)~l\): -~Co)~( c) 'fl~) 'fl o):'{"'°V {8.26) ,. 

lianoM1rnu, 1lTo Jtm1 BHJteJiettHH 'i-npaBlrlJII>dOl!. tJaCTH; 06os11aqettttoi1 

ClrlMBOJiou t-v~~-, , ttyJKHb y~epJKaTI> TOJII>Ho Te ·'AHarpai.iu1,1-11s pasJio;:_, 

JKemrn rpyHRl\lrllrl rplrltta, KOTOpble npeBJJ8ll!8IOTCH B C!rlJJ:bHO CB/13Hble nplrl 's-t>. 
Ilepe'il~e~) ~- B~q11cJie~lrllO;, KOaqii)lrll,\lrleHTOB. ~ic.i) .CorJiactto ts.22) Ii ypaB

HemllO (8.11) 

\-'y"'-0\) 
f\.,C.\ ') ::(SUo)il\)? = ot\). (8.27) 

,. ' 

.}J,-J ..,." 
l(JIH B1,q1r1cJiett1r1H J:\1('~), ~,_ (\) H t>.lC\) sanueuca npeo6pasonatt1r1eu 

aunyTlrlPOB8HHOV. no BHelllHlrlU JllrlHlrlHU t OillrlP8I01Jll1UCH Ha :ii'eplllllHbl ~{ t ~2., 

qiym,u1rn 
' .· - - ' ' ' ' ,.·, ,_ ~-f\ . 

- ,<_Sl.l~)'i(\) :il'i.1)~.l'i,.\~), . 

KOTOpSH WaRTlrllleCKH onpe)leJIH8T STH-K03qxF!rlU!rleHTbl. 

'1-'11. 
(.SH.o)i(\) :~l'!~)"'l'\).):) -= 

Hueeu: 

~ i.~ln~,+¼\~)tG~t~:)\~.stto) :itt) '\'l~,)~l 11-1'\ -t 

-+(.st(o\~l'-\~~c{:\~,3\.\ +<Sl!o)~l'i>-))(f:'ct~4\\. 
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(8.2~) 

l 
t 
I 

i 
l 

l ,, ' 

r: 
(fa, 

t~ 

ti 

·> 

J: 

iloJII>3YHCI> ypantteHlrleM (8.14}, nonyqaeu 

I ~~ 
,jl(o) 'fl~)". ~l ~•\ il '\'-1:',;> -= 

:: i.,'>-(P.i.+'M). \, U-;i+\I\?) \ ~<.\ ') G,_( :'i•• 'ii:) + 
(8.29) 

-t Cl~•)<;,_(:\,~,_:) ,+ i(~,_')(h.t-~ I '1•:, t. 
~ r1to\ -s::, ,il<l'\ 

+ ol1/1 ~,_ ('%,,'i,-'i _-1- oti,-i-\ 1.,.\. l~,'i•\-
TenepI> HyJKHO lrl3 JieBot\ '18CTlrl paBeHCTB8 (8.29) Bll,ll,emlTI> ~-npam1n-

• , Hblll BKJI8JI• qTO KacaeTCH npanoti qaCTl1 3TOr_o paneHCTB8, TO '!,-npa-

BHJII,Hb!IJ B ttet\ HBJ!HeTCH Jil,llllb CJI€JJIJIOl!\lrlll 'IJ!eH: 

l-'J..\Gi/Wt:i. )C.~'1:'I\\).)\_ 'fa.Vi<1tcs,1i) +~Lis.\ <f\°s, ';\•\\. (8.30) 

B cauc,M ]lene, cJiaraeuoe \.~(\}i~+'-tJ.~)(t'.1i~w).'\ti(\')CiC'i•,~).·.) 

oTBel!aeT HeCBH3HblM ;zi.l'!arpa1.1MaM, a ,ttanpm.!ep, CJ1araeuoe i..~n~,\- \\\ i. )· 

'-G.1:\v.'1-\'bl•FI G,.n,,11-:1 B npe.n.eJie \-0 COOTBeTCTBY~T CJ!aOOCD/13-

HblU Jll18rpa1.1uaM. BecI>M8 BalllliO nottlrlM8TL,OJlH8KO, '!TO Bhlpalltettlrle (8.30) 

He conna]r,aeT C \ - npaB1lJII,HllM BKJI8]r,OM B JieBYIO ll8CTI, paBeHCTll8 

(8.29). ilp1r1ii11tta 3T0li aliOM8JllrlH Bll;l).H8 lrl3 Hll8Jllrl38 ypaBllCHllii ,l].B!rlJKeHl1H 

JlJifl neJI11lllrllill Sl<.o),c nouo~I>IO noTopux uu np~lllJllrl K cooTttoruettl'!IO (8.29). 

AeJIO B TOM. l!TO B .sl(o)-= i.<.n;\'\,1-\q>(o) - i ~Co) BXOJll1T cJiaraeMoe 

i.,( n~'\VI~) ~(o) , JtOTOPOe COJtepllt11T one pa TOP KJiefrna-l'oPJtOH8, CTHrli-

BalOmHn n1r1ttlrll0 B TO'IKY 11 TeM C8MllM,B03MOlltHO, lrl3MeHHIOml1li xapaKTep CBH3-

HOCT!rl COOTBeTCTByJOmen ;n1r1arpaMMbl.3TO, B qaCTHOCTi!,OTIIOCl'!TCll 1r1 K 

CBOilCTBY 5 -npaB11JII>HOCTH. Ilo CMllCJIJ BCeX H8llllrlX IlOCTpoe1rnn s-npa-

BlrlJII>H8H '18CTl> n11paJ1teHlrlH 
0l.(. lG -1-'M~) C\>(o) ~(\): '\1\, 'i4) ~l "\~) ~;>: 
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=- i.<_,;;.(~ ... ):'\'(i,)~\.'~t.)·. 'VC\ )<p+w. 'l.)'f(v)) .nom,ma onpe;n;eJIHT1>CH 

COOTHOlllemielJ 
. <. 'l- ffi ~-\'""? 
L \.n+Vtl ) .(0)1(~J'.'\'l~1\',1l'1,):'> = 

• \-?'Ul\> 
-= L( G ~(O)'f{\ '\: il '\•) ~l~,._):') -t 

• Ci) . \-\''\,()\) 

-+ LY\.\~( 'r(o") 'f(\') ·.'Jll;\,'iil'il-'\:'°) ~ 

( 8.31) 

TO eCTJ, npll onpe;n;eneHllll xapaHTepa CBH3HOCTl1 ;n:1mrpaMIJ JlllHWH, BlilXO

.l\HlllaH 1,13 Bepmmm X = o ,.nomma paccMaTpwBaT:r,ca Ha paBHblX npaBax 

co BCeMll ;n;pyrWM!,! JI!,!HWHMW. O;n;HaHO CTPYHTypa ypaBH8HWH )lBlllK8H111H Ta

ROBa,qTo aa cqeT ynoMHHyToro onepaTopa KJieilHa-rop;n;oHa B Hl1X 

npmwxo;n;llT Ro1meHC81\l1H )lllarpaMM paaHot! CTeneHU CBH3HOCTll, TO eCTJ, 

paccMaTpHBaeMaH JIHHllH BhICTynaeT J!HllIJ, EaR aaBe)lOMO pe.nyl\HPOBaHHaH 

B TQqHy. 

ttHaqe roBOPH, BhlpaJKeHHe (8.30) co.nep~111T He TOJIJ,HO llCTHHHO 

's - npaBllJIJ,Hble .n11arpaMMhl JI8BOi1 qacT111 (8.29), HO u, Tall CHa3aT:r,, 

t - nceB;n;onpaB11n1>HHe )lllarpaMMhl. ITo;it \-nceB.nonpaB11n:r,not! . .n11arpaM-

Moil Mhl ITOH11MaeM TaHyIO .n11arpaMMY,HOTopaH CTaHOBl1TCH CHJlbHOCB/13HOll 

TOJIJ,RO B pe3yJI1>TaTe COBM8CTHOro np11MeH6Hl1H ;itBYX onepal\lll1: CTHrllBa

Hl1H B TQqHy Jllf!Il'IH, llCXO;ll;Hlll8H ll3 B6plllllHhl ')(. "'- 0 , ll CTpeMJI8Hl,lH \- 0, 

rteTpy.nHo YCMOTP8TJ,,qTo BHJia;n; -:S-nceB;n;onpaBllJIJ,Hl,IX .nwarpaMM B ~YHH-
'i-1,\ 

l\llIO rpwHa (Sl(o)~l\):~l'f\~li:.is> llMeeT Bll;n; 

\J't<>\' ct \n"\l oC's-it.1S,.. co,\'11) +oc\-';\ ... ) icii co,\\~\ (8.32) 
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'l'aR11!J o6paaoJJ, OTB8T (8.30) Heo6XO,ll.11MO CJ;QppeRTlllpODaTb na t
nceB.nonpaBllJibl!U6 .nwarpaJJ1m,To ecT:r, BuqecT:r, 113 nero BLipa1r.e111ie (8.32). 

lhJeeM 

. \-\'-W\' 
(Stl O)',' (\): '\''-'\•) '-l((ii) :) -::. 

-::. ;_,i-(Gi/w'-)( t\'\~ ~ \'-ll_ \. \b( ~·) cf;\\) i;.) + 

+ '&c.\\~'\d~o\\, ';\•\\-

... c! \Y'~\' . ,.. . ~\ \'""\' ' 
- o(\-'i~'I ,~ (o,\.\•l - ol\-';\•'I ,):;_ (CJ, \\~1. 

BhlqllCJilll,l cpypbe-odpa.3..., :noro Bb!palKelllrn: 

\-\'"'- \> 
(Sl(o)'\'(\): ~(\J);(o,,Y.) =-

. . l~~ 
-:: \Q,'-?'1\ +'<vi~ ~jl_(O) ~(\): \l(l'\1) ~\ '\~,0 0';\1 J,A. = 

i 'l.- "'\, \ l- l- \ \. \' \ 
-=i..(IM -\'.' J ~ +"1.('M "";'\ J ~ -

i.u_,\ ~~"°\l 1,"\ ~v"()'f 
e ~1 (~)'"f) - '<- . S:i. Ccv)- C\-J. 

ITo.ncTaBJIHH (8.34) B ~OPMYJ!hl (8.24)-(8.26), nonyqaeM 

t\.\ (\') =i.,(',v?-c,wl-), 

JlV y:-1 
p.;,_ (\)=- ~ (i+~·f) + 0(\1~ 

r<~ C\'i :::o. 
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(8.33) 

(B.31~) 

(8.35) 

(8.36) 

(8.37) 



~ \'"'-"\' (Mu BOCil0Jlb30B8JIHCb Bllpa~eHHeM (5.30) HOHTptUieHOB qepea g~ .) 
Hau OCT8Jl0Cb Bll'll'fCJIHTb H03\{lqll1ltllleHT ~ .. (\) • OH CBHaaH co CJie,tyJOllllll,I 

Bupa~eHHell : 

(Sl.l o) ~ C.\ \ ·. 'l/l 'iN~\. ~).'I ',1l 'h) ~ 'i" \·:'> -= 

-= (.sl..C.o): i(\)~\.~•)'f\ 'i,.)~l •ti,"'\ ~L 1, .. \~') + 
4 4 . 

* ~ G~,('~, ~l) ZS2..c.c\,: \1 '-qt~~\:). 
:-i~ 1 ~:A . .... 

IlonbayHcb y_paBHeH111e1J ( 8. 14) , nOJiyqaeu 

<_Sl.to) :~(.~) -,il~•)','l ~2.\'fl i~ )il 't,):') -:::. 

= ~<'~ )G'f (:i•.'--\1., '1.,, '\~ :) +oC.'i•\G~ (. :\~ "µ, \\l>,~•:\-t 

+ °bli')..'IC.11(:'i•,\,'\;,"irr,) ~ ~l'i?>)C.,.(~i,,~1.,\,~ .. :)1-

+ '&c.~'f) C,.C:'i,., ~,. i!,,\~ 

H, Hanpm,ep, 

(8.38) 

( 8.39) 

<.Sl.C.o) ·• ~C.1,,)'11(~2.\'f('i!,):')= (8.40) 

= tll'\1) C.;(:"11.,i.,:) + 0(~2.) C.1,(:~ •• ~!,:) + 'be.~ ... ') Ga.(: i•, 'i1.:). 

Taa HaR HH (8.39}iHH (8.40) He HBJllilOTCH \-npaBHJlbHllMH, H03\W)H-

UH8HT !\'I(\) OTJIHqeH OT HYJIH TOJlbRO 38 CtJeT aoppeaumt Ha \ -nceBAO-

npaBIIIJlbHUe ,tlllarpaMMll, )t8l'.llllll8 BHJiaA 

,.¾ (.c) r ,-l (o) ri (0) Clo). 
~ '-'r1. (\, ~•\ ~ d"'¼, h,.J:t.,, \:ti_ C ~i;·h) ~,. l ~\,t\) 1. c.1~;:i. .. '1· 

• s~ (O,"l.'t.,°l.,,"¼.,.,. 

(8.41) 
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IlpoBOAH i- a1myTaumo,Haxo1tHM KoppeKrnpynlllee cnaraei.rne: 

. \-~~ 
(Sl.<.o)~('§): -,i<.~1) '\'l ~1.'I'\'\. ~}'1'1(l~4\0 -=-

(8.42) 

,-::.- l\ o(\-~•\ ~~ l 0, '1), "h, i• ). · 

IlepeXOAH H npeo6paaOB8HHl'.l ~ypbe H CHOBa ITOJlb3YHCb BUpa~eHneM AJIH 

HOH8tJHhIX HOHTpqneHOB (5.30), HOXOAHM 

- r\C§.')= - " 1•t.~ G . 

JleMMa 8.2 AOHaaaHa IlOJIHOCTbl'.l. 

(8.43) 

4. B )t8JlbHei1111nx nplllJIO~eHHHX HaM Il0Tpe6yeTCH ypanHeHne (8.16) 

B npoHHTerpHpOB8HHOH no X <,pOpMe 

( Sch -Sl.{().)it';\1).:.'flit.)) =.(§.,lo) "\'l'\A .. '\'l l\t-\'>= 
(8.44) 

= e.c~ (~1, ... , i~\. 

JleuMa 8.2 Bl:lP8Jl(8eT st~("I<) qepea IlOJIH B,. (')(.) H COOTB8TC'.rB8HliO ~ l 

-Sl.1(0)-tiepe.: ~3 ( o) • CBHJKeM nocpe,tCTBOM TOlK,teCTB lllllMMepJJaHa Sl.1(.0) 

C IlOJIHMH 'Y.i, (. 0) • 
l 

~11ua s.~ 

Sl.1LO"\-=\,\v-.;~-~1C.O)+~~(,o)- t ~(o)\ 

.llouaaaTeJJDCTBO. 

Cornactto (6.9) 

&1CO\= U1 ~1(0)+v\i).Co)+\N1 i'l(o), 
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( 8.45) 

(8.46) 



r.11e U03(_{)(plllll10HTU U-i, \J ,_ 11 \N ,_ paBHbl 

~-1\ 

\J,.-= _{_ \ y'l.z,si_,.c.o)~(.\()qc.-~\'f"'"\ -
i(u'l-...,.'l)[ -.ct:v,,'l- (8 47) 

:J • • 

~-II. \ 
--ml-<._.S)..,.lo)~(',<) ~t-'1(','l"'' \. , 

"\~yl.. 

. . ~-11. 

\J,. = . \ '(Jl.,.(o)~(\(\~(.--..<',')~" \ :i. i -~\l-""').' t \{ ,. .... 
~~ . . 

- .(,.ll., lo)~ N\ ;it-•))'"''\,,._,.\ ,\ 
~-II. ij 

\N\-= ~(.'.)1.,.(0)~l'l,\~t\<1-\~(Y,\lfC.~~\)~~ \ ~ ;• 
l-i ~-~. ~l"'"" ~ . i 

Koaqi\!JllUlleHT!. U,. 11 \J,_ CBJIB8HU C <..st,.(o)'f(_i,',\1/li~V:" 1 

IlonLayacL (8.16) 11 onpe.11eneH11e1.t S.tl 'i) , noJiytiaeu 

~ ~-II. < St,.<. o', il 1c.\) '\'C~l-'i? ::. t'(G~:~). )(ni~VI\>-{ ~l'1l ,.i~t'-il.)} (8.48) 

s cl•) < G.l<il Gl•I S 1 ~ t .:;,l-l1t•~,.).,. J'h\,~Ii. l.l';\,,'l,) .1,l~,_;1. .. ) ~t'<t~;'X,.)J •. 

rrepexo,n;si K npeoopaaoBrumD 9yp1,e li no,n;cTaBJIHSI ero prop- qacn B 
---prop 

(8.47), TIOJiyqaeM C yqeTOM HOpMllpOBOqHHX YCJIOBHil (4.9) ,llJIS! s~ (p-p) 

K03tjxJmuueHTbl ¼ H Vj 
1 

\J,. "'i..w\ (8.49) 

\J~=- \,. (8.50) 

KoaCfl\I;111ll1eHTW,. BhlllllCJifleTca attanor11l!Ho 11 paBeH 

'N,. = -1. (8.51) 
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§ 9. YpaBHeH11a peHopurpynnu 11 ypaBHeH11a KannaHa

C111.1aHa11Ha 

I. Teop11a ('-\1~)~,HOTOpyro !Jbl llCTIOJIL3yeM 3,llecb ,llJIH l1JIJIIDCTpau11li, 

(_{ll1J(Cl,lpyeTCfl Tpe/Ja napaJJeTpmrn: ~,_}Al... H YY\ ')... .Blilll1CJil11J Ilp0113BO,l{- .. 

HLie ({J,YdHlll1i-l rp11Ha no 3Tl11J napaMeTpau.,. .Una aToro ui. 6y.l{eM nonLao- · 

B8TLCfl JieMMOi-1 5.4. 

Ilycu 38Pfl.ll ~ 113MeHfleTCH. Ha 6eCJ(OHeqHo MaJiyJO BeJI11q11Hy o" 1 : 
"C" r,l~\ , t~l °a___.,~ ..-.a~ • OnepaTop IY\JI., He 38Bl1C11T OT aapfl,l{a ,n IIOTOAIY o..U.: ::0. 

C .llPYrofi CTopoHu ,Bap11au11a ~ ~ HenepeHopJJ11poBaHHoro .zteticTBllfl 

~ = i, \-ic~, ct')( paBHa 

i,"5° ) ·i ~ . O~= ~ L (x)dx = ~ b"Co). 11! ~ '1! . 

TaHl1M 06paao1.1. B COOTBeTCTBl111 C JieMIJOti 5.4 Bap11au11H nepeHOpM11po

B8HHOii S -lJ8TPllll!. nponOPllllOHBJILHa COCT8BHOMY TIOJIJO ~ .. (o): 

1~oC~ .... ) =- ~ 
1 
i.,(o), 

di\ 4, (9.I) 

TBH qTQ 

'dGe.~~1-··,~~),:: ~~<._'~'l(_O)'f(~1):··'f(~t)), (9.2) 

IlyCTb Tenepb 6eCJ(OlleqHQ MaJiyll B8pl18Ul1IO ~a.. 11CI!b1TblB8eT napa-

1.teTp y'-: y'--yl. ... 'by'-. HenepeHop1.111poBaHHoe ,l{ei-lcTBlle IlPll 3•.rou He 
I ,t~l C'<) 

MeHHeTca: 0--!l>aQ • a Bbllll1T8!011llli-l onepaTop tM- nepeXO.lll1T B JJ., + 
-.:.- , ,l'I) 1. 

-+ Ov-A. ,nocHoJILHY )A cylllecneHHo qmryp11pyeT B ero onpe.11eneHl111. 

rlatt.11e11 6J,C"1E,._c~). SaueT111.t, Bo-nepBux, qTo 

~ l~ t~ 
o.)...t: E,._C':I..,) -=oJ..t E~(~ .... ), 
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•raK litlll Ha n1111eL11011 KOM(hliiB!Um ~ ... MOJIOMOD CB060,ll.HOro JIOJIH l1CXO,ll.Hl,IH 

ll 11:JIJe!leHHLIY. Bf11ll1T8!01!{tte onepaTopbl ,ll.ellC'£BY!OT o,nmia1,0BO • .llJIH BN-

'° 11\~IE ,,, ... , 
tfll(;J!ClUlH 01:1--' 4\. '>-..) H8,ll.O BCllOMHl1Tb onpe,ll.eJieHi1e tJVv ((jJOpMyJia 

(4.30)) 11 HOl}MIIJJODO'-IHl.le ycJ:OB.tH (4.9) ll (4.10) ,ll.JIH K03qximuneHTHb!X 

cpy1rnl.llti-i ~ - MaTPttl\N. daxO,lJ.l,llA 

<1~-::: 11:i le)~ .2- i (-.<-v-) -~{"" I ~ ). \" "''\"'-Ct) ~ 
~ l. -~ :}..(_w1-Jl) ';)y;l. ls ' \(l::,J-1\. (9.3) 

~ . ~ \':) ~VU,f 1 { J ,~~\> ~ _,.... 
-~(Ci) ~ 1.1 "d-.<,..r ~ ('l(,-',<\ +"''-IV\.~'t("'·"'·v:\,""1 '½..lo\ 

~-w '<1"}'1. " ~ \~'°'"'.)",. 

T8K '-!TO 

~~\'1.\·· ,'1~) =.Z'\'l'1') ... '-l(l '\,) \ ~~~l~v:,,'.1,, "'~,"~)\._,i"""' J-t~-+ 
~ \_ '1! JJ (9.4) 

+ +, f }_1.~~c,.,,-~~ 1 ~~'i1 c_o) -t'i,.c~~! >. 
.~(w -y) b\< • l~'.11:f 1. L , \) 

Db!'lttCJieU11ed~~~) O!i83b1BU8TCH H8CKOJ!bli0 6oJiee CllOlliHNM • .i\eJIO 

B TOM, '-!TO uacca m,. BXO,ll.lllT B cpym<umo I'plllia Gt, ,ll.DOHKl1M o6paaou: 

OT MBCCN 38Bl1Cl1T I BO-nepnwc, BN'-ll1T8Dll\llll onepaTOp J.ll~l 1 8 , BO-

,;(c) 
B·rophlX, - cno6o,ll.Hb!e nponaraTop1,1 ~,. ('I<) , conoc•raBJIHeuue JillHllHII 

Henupenop1rnpoB8HHl,IX ,ll.l1arpaM!J • .f'aao61,e1,1 COOTBeTCTB8HHO IlJJOlll3BO,ll.Hy!O 

no VV\7.. Ha ,ll.Be '-18CTll: 

'd 'cl I d II 
~ ""\~,.} +( d"-~), 
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l 
1, 
I 

( 

r,ll.e (L)' 
~Y'II~ 

ifvf. ,. ,,l~) (d )II ,ll.l1'!"i,epeHl\l1PYeT Jllllllb BNtflITBIOll!llll onepaTop l/V\. I. a -,. 
QYVI 

D03,ll.ei1CTByeT TOJil>KO Ha uacci:., CO,ll.eplKBll!lleca B CB060,ll.Hb1X (PYH!il\HHX 
,(lC) " ' 

rp1111a u,-("-} • Bem1qn11a(.!2-:,) £.c~ ... ) B1.1q.icmieTca aHaJ10r»'-IHo (9.3). 1m 
HMe3!1 

(-,.) 1t:.c .1:..;.) = --i - 1) ~ S,._ c\(,-1,<) ).'1.(o)-+ 2>,._co).(9.s) d I -I l'd ~ ~l' ~ ~ ,..., ~ ~ 
'(!\'VI icy -w o',I 'tl\w 

1lTo JKe KacaeTCH t L )'' ,To· MOJKHo YTBeplK,ll.BTb, '!To 
''h.," 

d II~ ,{. ~ . 
(~~,.) u'-(~•,··•,~t)= it <...~-1lO)'fl'11) ... '\'('1t». (9.6) 

.UeiiCTBHTeJ11>Ho, paCCMOTPH!I npaBy!O qacTI, (9.6). Otta paBHa 

<'fl~.)- .. 'f('!e-) '.R:lf)Lb.(o) ~oc~)l'> = 
l4J r r-- "\, 

(9. 7) 

=(~ L~l1-1.\ ... 'fl~'-) b-1to)'c.~~').\/. 

.Unarpauuu B (9. 7) noJiytfaJOTCH Ha ,ll.narpau1,1 ,ll.JIH oC5blt£HllX cpy1mu.ili rp.i11a 

np.icoe,ll.nHeu.ieu K Hlll,I (nocpe,ll.CTBOU BCeB03MOlKHUX cnapllBBHllli) ,ll.OJIOJI

HHTellbHOll BepIJJllHU b--1(~):~d~:~~(l<); • IlOCKOJII,}(y MU pacCUBTPHBaeu 

BaHyy1111i:.e cpe,ll.Hlle,oe5a noJIH Ha b.to) ,ll.OJilKHu cnapHTI>CH Jill6o c 'f('1j) , 

Jllle50 C t:o(~) • Ilpn 3TOM B03MOlKHN cne,ll.y!Oll!lle Bap.taHTU. Bo-nepBwc, 

o6a JIOJ!H H3 i. (,o) uoryT cnap.iTl>CH C llOJ!HMll 'f ('l\OTBe'-!a!Oll!.tlJ,1 0,ll.HOii 

BepIJJntte "Jc .is E0 (~) • B 3TOM cJiyqae B ,ll.Harpauue B03HllHaeT pacxo-, 
,ll.H~.t"CH ~ByXBejJIJJHHHUll JIO,ll.rpacp ~ 1 K03qicplll\HeHTH8H (PYHKUHH KOTOPO

ro BXO,ll..tT UHOlltllTeJ1e1.1 B BUjiallteH.ie ,ll.JIH Henepe11op1,mp0Ba1111oi1 ,ll..tarpauuu 
(' I ,-<(O) ti (O\ 

H llMeeT Bll,ll. f'.~-::, jC,.Jl u~ ()<.,"!) ui ()(,1a). 
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l:l COOTBeTCTBlHI c o6meii <_pOpMynoil (3.13) 1{_- onepauua,.n.eECTBYIOll\aH 
. . /, l~\) 

Ha Tauy10 J(WarpatJMY B UC1IOIJ, ,l\OJliiUla COJ(8f)Jl(UT:b <JiaUTOP \.~ -JJ.: ~ , 
npeo6pa3y10muiii ~ lr • Ho n c1my TpaucJiau11oa11oll 11HBUp11aHTliOCTl1 F 11 

Ol(83b!B88'£Cfl nOHCT8HTOti l1 (:\-Jt:' ) o6pamaeT ee Ill, CJl8,l\OBaTe1Ih-

HO, BCIO Al1arpaMMY B IIYJih. 

B'.ropot1 Ba];ll1UHT coc·.ro11T IJ TOM, '!TO nrma us S1h·.'¾'1.c,): cnapwBaIOTCH 

C nomurn, OTBeqa10m11Ml1 BC8B03MOlKHhlM navar~ Bep11rnH (Hanp11Mep, C '11 V. 

·t. lll3 E,( ~), ·i Ill ~l lllJilll ~ .. 1,1 ~:i ) • flplll Kalit,ll.OM TaKOM cnapuBaHlllll 

B ;nuarpaMMe ll03IIHIW8T HOJJaH 11 Jll!Hl1H 11
, coe;nlllHHIOll\aH COOTB8TCTBY!Oll\l1e 

Beplil11llhl, uanpmJep "¼, 1,1 "!i. • 8TOll 11 JI11Hlllll
11 

OTBe'laeT llKJia,ll. 

(' I ,-1(~) A<\ (\ L ,-l(C) 
_)c,,.~ u,_ ('1.1,.,.)'-"i. (.)(,1.,.): d- i. 1"",. 1.;,i. (°t.\ 11...,_), 

1io B pa3JIOlitemrn qiyHHUIHI rpmrn 38138,ll.OMO npncyTCTBYIOT aHaJIOrW'lHble 
• . ~ 6 rl(~) 

i].118rpaMMU, y HOTOPh\X BM8CTO HOB OH 11 JI11Hllll,1 11 CTOlllT. 0 hl'!HaH ~~ ('t,, 11.), 

Tamm o6pasoM, BBe,n.ea11e HoBoii Bep!lll1Hhl \:J1e,o) 3KBWBaneHTHO cJie,n.y10-

meu npoue,n.ype: B1!8CTO Kallt)J.011 ].\lllarpaldMhl 113 pa3JI0)1(6Hl1H qiyHI,Ulll1 rp11Ha 

ueoeixo;n;11MO B3HTh cyMMY .n.narpaMM, ll l(OTOPblX Bee JIJ,1Hlllll noo'lepe,ll.HO 

aaMelleHhl Ha 'lt'.)'.) ,._tl;'c-i,l.,). 3TO qiaH·.rw'leCKl1 1,1 eCTI, peayJinaT np11MeHe-
. 'M ' 

mrn onepau11;1 'li. ~ K HenepeHopMl1POB8rlHoU qiymm,lllll rpmia. 

Onepau11a '.R'."' npeBpamaeT npo11sno.n.Hy10 HenepeaopM11po_BattHoli qiyHR

u,m rpirna B npol13B □;n;HyIO nepeHop1rnpoBaHnoli, a EoC!i)\)1(0) - B 

COCT8BHOe none ~1(0) ,'ITO 11 ;n;OK83b!BaeT (9.6). 

TaHHM o6pasoM, J,1M68M 
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~ Ci11.(~-\,-··, 'i<t )= <. ~l'i•) ... '-\'l'\11.)l?n1,)
1 
t.ol-\-..)) + 

+I';) '\II~ I 
\';\'11\'l. I Ul"II.\. 'i-\, ···1 l~11.): 

:I\\~ \~ St~9C\\,~"'" -1- "\~i.p)) -t '-"\l_ivt_.,_,,.) b"'l- . 1~'<1.v-1,. ~~ 1 

~ \ d ~~\) J ~ l 
+ '1.VAl.-'Mt) L~'l(J:i.. ('!\,-\'\)1,,(1.:'j,,,t '½1.ll>)J ~l~,1.) ... il'~~». 

(9.8) 

2. ~Tall, Mbl Dlll'ACJ!ll, 'ITO n90M3BO;\HaH ~YHRU!lll1 rplllHa no JIID6ouy 

M3 napaMeTpOB ~JA'-, ·w1. CBO'Al1'rCH H <lJYHKUl1l1 !PH!Ia, co~p..:amei1 .!;e

HOTOPYIO Jil1ilei!HYIO HOMCil1ttau1110 COCTaBHIDC noJieli~-1 (_ 0) , ~to) M ~'1(v). 

!Ipl1 3TOM 113 COOTHO!ll8Hllii (9.2) ,(9.4) lll(9.8) CJie;nyeT, qTo ].\JUI npo-

113BOJ!l>HOH Jllllllei1Hoii l(OM6l1.Hagm1 ~(.O) -=3>-..'iieo)-t.}1. ~l.(C)-t J~ tl c) 

nali;n;yTCH TaHMe llOHCTaHTbl Y{-1
1 
'1t. 11 '1~ 1 'ITO 

('1.-1 ~ +lh ',;YI\'- *'l~ 1~ )G-t(~-1, ... , ~e,) = (9.9) 

::<._~\o~l1,1.) ... ~l'-1,i)J. 

8THM OCiCTOHTeJil>C'rBOM MO~HO BOCnOJI1,30B8ThCH,'lT06U BOo6me llCHJIJQq!,1Tl, 

COCTaBHhle ilOJIH ~3 paBeHCTll THna (9.9).B qacTHOCTM, Bb16epeM 
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, , 
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'n - I ... 1. l"'"\"'-0~ 1-i. 'l-1 -Y\-1 -::. ,l.\.l'M -y1
) ~,. ;"'·-'5}\ (\I( 1. ,. , 

-,c; =Y 

(9.10) 
Y)_,.-=Ol 

"<' ('1'-"-) . cJ;.',~ ('LJ 
t 1. t ~ ) -t 

"'\'"°f ;:i "';°i"""t' 

'14=1_4-=-4~-'J..(m -}' 1 'a~'). \,c1--::y"' 'v,i'L . t~"''" y.\ 

Tor'Aa 1<oaNrnu11ettTU S,•, J"' , J~ B 1iOM611ttau1111 ~ 6Y'AYT paBIW 

Q • 'l ...r•= l,\'\, ., . 

(9.II) 

s~ ... ~ 0

'-l 

s-- = - ~, 
~ 

TaH l!T~ ~ coBna'AeT c Sl-1Co) 11a neMMU 8.2. 

Te.1ep1, 'AJIH npaBoil qacTl1 paDeHCTB8 (9. 9) MOJKHO 11ocnoJII,30118TDCfl 

ypaBHeHl1eM {8.16), 11 Mil np11XO'Al11.1 H CJie'AYKllJil1M paBeHCTB81.1: 

("\.~ ti. -tfl~ ;~)C.tl~•, ... ,~d::: e.Cc1, .... ,~t), 
(9.12) 

CooTUOllleHl1fl (9.12) npe'ACT811JIHKJT co6oll 11aBeCTHUe ypaBHemrn peHopua

Jll138U110HHO!.l rpynnu. 

npyraH B03MOJKHOCTI, COCTOl1T B TOM, l!T06U, COXP8Hl1B B COOTHOIDeHl1-

HX (9.9) BKJ!a,I( COCT8BHIDC noJiell ~ ,C'A8Jl8Tl, ero, O'AH8liO, npeHe6pe:zm10 

J.18JlilM B ac111.tnTOTl1ll8CliOH o6JiaCTl1 11unyJII,CHWC nepeueHHWC."MeHHO, no-

JIOJKHM n -::: n 11 '1 ::Yl" "' ::\1
11 ,BN6paB hu n• 1r1 ~" l ~ li I 1. l1, , 'l'i l 4 ·11 ' ·11. ·11t 
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TaliHM o6paaou, tLTodu ~ =s,, ~~lo) -t }i. ~~lo)+ J4 ~ .. to) 

npe11paTHJlOCI, B COCT8BHOe none 
?.< o.) 

..Y.) \ (O),('ll)'\ ( 0 ), 

TO ec71, , 11To6u J.,-1, jh 11 · s,.. co1111an11, c liOa<P;p11u1-1euTau11 npaBoiii 

'l8CTl1 TOJ!C,ll8CTB8 n11uuepMaHa (6.13). 

iiy'AeM HM8TI, TOr'Aa 

I' ,, L b d " ~) ~ -
\."l.4 '71f ~ 'h. ~h,~ -t 'lq ',)'a \,,t ( ~-1,." I 1e.) -

~t~) 
-:<,_'.½ li.cQ),l\\)\ (.O) ~(1,\ ··· '-\'l1e.);>. 

3To 11 eCTI, ypaBHeHl,1fl KaJIJiaHa-Cm.mH311Ha / 28, 2~1 • 

(9.13) 

!Ipl1JIOJKeHl1fl 

3Tl1X ypaDHeH11ll OCHOBaHLI Ha TOM aaMe'laH11H,llTO II oC5JiaCTl1 60Jil,11Jl!X 

111.!IlYJil>COB npaBaH 'l8CTI, (9.13) 06Jiai(aeT Mettee 3Hepr11q110£l 8C11Mi1TO

TllY.OH ,HellteJIH cnaraeuue JieBoil 11acT11. Iloai'ouy 11 ac11MnTOTH'lecr<oil 06-

JiaCTH AILI np.-1xO,lll1!1 H np11dJI11llteHHNll ypaBHeHl!Hlil ,11 liOTOphlX qi11ryp.npy10T 

TOJ11,1< o 1111cT11tttt11e" qiyttRu1111 rp1111a: 

/ n 11 L ~ " L -+ ir '1,_ \ ,-1 
\'l\ ~t '1t '<)v.,i. · '1,,. ~~ )\x~~~,- .. ,~~)-;:cQ, (9.14) 

PaayueeTCl!, He COCTaBJIHeT TPY.ll8 'BL1paa11n Ji03t:Mil1UlleHTll ~ 11 Yl I! h ,, 
~(1.) 1 1 l'l.-, -l~ 

qepe3 !J8TPl1llHUe aJieueHTl:l COCTaBHoro IlOJIH ~\(O) ,( o)".J ( 0) • 0'All8HO 

COOTBeTCTBYKl!li118 rpo!I03,l!Jille ~OPMYJIN !IN lllilll1CllBaTI, 3,ll8Cl, ue 6yi(eu. 

!Ipoue.llypa nOJiytiett11H ypaBtteann peHopurpynnu 11 ypaBHe1111n KanJia11a

Cm.iattanHa,6JI11aHaH H 11sJioJKeu11oi1 11 HacToruueu naparpaqe, 6.1ma BnepBue 

IlP8'AJIOJKeHa }Io11eHI1JTei'lHOM 1201 • 
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§ IO. YpaBHeHHH ,l{JIH perynapHaoBaHHl:lX WYHRUHii 

rp11tta 

l • )111HaMH1!8CRHe npl1HI~mlll, np11~eHeHHl:le R aaTpa13oqt10My narpaHlKHaHy · 

TeO,PHH, IlPl1ll0,l{HT R nenouy pa,l{y COOTHOfileH11lt .llellt,l{y Henepettop1.rnpollaHHl:l• 

• Ml1 aMilJIHTy,l{aMH. 0,l{HaHO lllll1,l{y YJibTpaWHOJieTOllblX paCXO,l{l1MOCTeil 3TH 

COOTHOfileHHH m.1e11JT qeTHl1H CMl:lCJI, ll006II1e rollOPH, TOJibHO Ha .. CTa,l{l1H 

npoueJKyToqttoil perynap11aan1111. qTo xe HacaeTca nepettopMHPOllaHHblX 

1JeJIHq11H, C HOTOPl:lMH .111:l TOJibHO H XOTHM HMeTb_,l{eJio, TO COOTlleTCTBy

lll!lll1e paBeHCTlla Mellt,l{y Hm.m CO,l{eplltaT ROllt:TaHTl:l nepeHop1impoBRH' ROTO

pue (no RpaV.Heil_uepe, ll TeopHH ll03MYIIleHHli) pacXO,l{HTCH ll npe,l{eJie 

cHaToil perynapHaanuH. 

qT061:l nonyqHTl, CO,l{eplltaTeJibHl:le ypaBHeHHH ,l{JIH nepeHOpMHPOllaHHblX 

WYHRUHli rp11Ha, HYlKHO Il03TOMY COCTBllJIHTl, onpe,l{eJieHHl:le ROM611Han1111 

3Tl1X paBeHCTll, 118 HOTOpblX lll:lila,l{alllT paCXO,l{HIIIHeca IlOCTOflHHl:le. ~aR

THqec1m HIJeHHO Ha 8TOM nyTH l1 ll03Hl1RJil1 ypaBHeHHH peHOpMrpynnu H 

ypaBHeHHH Kannatta-C11uatta11Ra, paccuoTpeHHue ll_npe.l{l:l,l{YIIleY naparpa

we li HllJIHIIJIIIHeCH,TBR CR838Tl> 1 ypaBHeHHHMH 116eay1::JIOllHOrO THila 11 • 

IIOCJie,l{Hee 03HaqaeT,qTO RBJK,l{Oe OT,l{eJibHO ll3flTOe lll:lpallteHHe, w11ryp11py

IDII1ee ll 8THX ypa1JHeHHHX,ROppeRTHO onpe,l{eJieHO B TeopHH ll03MYIIleHHil H 

lll:l,l{epx11BaeT npe,l{eJibHl:lil nepexo,l{ R CHHTOil perynap11aan1111. 

~pyraa ll03MOlKHfCTl, COCTOHT..ll TOM, qTo61:l Bl:lpaaHTb ROHCTBHTl:l 

nepeHOPMlipOBRH ~enocpe,l{CTBeHHO qepea HHTerpaJil:l OT nepeHOPMHPO~aH

HblX WYHRUHil rp11Ha H TeM ca.111:lY HCRJI11Jql1Tb HX 113 ypaBHeHHii HBH Heaa

BHCHMl:le 1JeJI11q11Hbl. 

3TOT nyTb npl1ll0,l{l1T H ypaBHeHHHM 11HOMilPO.lll1CCHOro Tlma", TaHHM ,KBR 

paCCMOTpeHHl:lH HHllte llap11aHT ypallHeHHil ~pa,l{KHHa/JOl,ypaBHeHl1H,mep-

6Hfll:l /JI/, ~OHCOHa 1321, I11,x/33{u ,l{pyrmc. PaaJIHIIHl:le lll:lPBllteHHH, llXO- · . 

,l{HIIIHe ll 11HOMilPOMl1CCiil:le 11 ypallHeHHH H ll3HTl:le CBMH no ce6e' xopomo on-
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pe;uenettbl B Teop1111 BoaMyme1rnl1 m1m1, ll pa1rnax npoMe:.lly-roqttoi1 peryJiafrn

:rn.rum n pacxo.1111rcR, Booduie r0Bop11,npn ee ctt11nm. B ypanttemrnx n 

nenoM 3TH pacxo,111,1~ocT11, paay1Jet:TCH, Ho1.meHc11py10·rca. Teu He ueuee 

06nacT1> np11uet111uocTH ypaBttett11tl ORaahlllaeTca.01•pau11qeH,1oii peryirn1rnao-

1JaHH11M11 Teopirnu1,1,ec1rn He cq11raTl>, 1wueq110, qTo 6ec1toHeqaocr1, HOII

CTBHT nepettopi.n1po1JR1,1 06'bHCHHeTca JIMfill> HecoBepwettc·rBoM wrepan110tt11oii 

cxe;,m. 

tieCMOTPH Ha CH838HHoe, ypaBttemrn 11 ROMilpOMllCCUOl'O :rnna" BOBCe 

He deCilOJJ83HL1.J3o-nepBL!X,118JJl,:Jll ]lCJlllKOM npe11eopetJb THK011 BO:J!.!OimocTbRJ, 

llTO ll TOqHoil Teopn11 ROliC'.C811Tbl nepeHopmtpOB!il1 Bee JiCC l(Ql!CqJiu. Bo

llTOPblX, qaCTb a·rnx ROHCT8IIT 06blqtto Bl:lllll,Z!8eT 113 11 !iOl.lfl!iOMl1CCliblX11Y!JUB-

118!!1'!l!.B-TpeTbl'!X,KaK llOKa3aHO B /JO/, nepecrpol!Ka Tll.Kl!X ypanuem1l!, CBO

.Z!HIIl8HCH l( nepexo,l{y I( llellfHIBO,Z!IIJMl:lM ,Z!llarpaMMaM, ll03BOJIHeT aqxpe!iTHBIIO 

HCHJII0111,1n 11 Bee ,Z!pyr1,1e pacxo,l{HUIMeca BeJI11q;iuu. 1iauotten, a1rnn.11a 

perynapHaoBa11ttoV. Teop1,111 caM no ceeie RBJIHeTca Baliittol.1 3a,Aa11ell. Ilo,11-

11ep1meu ll CllH3l1 C 8Tll!J, qTo ypaB!!Cllll/I 11HOM!IPOMHCCllOro Tl'lna II CO}{ep

llt8T 6oii1,we 11ttqiopuann11, qe!J ynm.mttyTue Bl:ll:le "6eayci10nuble" ypamie

HMH. TaK, 11Tepaijl1H 11HOMIIPOMl'JCCHl:lX11 ypaBHeHHl! 8llTOM8Tl,lqecHH Bocnpo

l!3BO,l{l,1T nepeHop11rnpoBaHim» PH,l{ perynapll30llaHHOli Teop1,111 B03MY!ll8l!l,1/,l. 

Bee no.ny11eHHUe um,:3 ypaBH8H11H OTHOCHTCH K 11ROM!IPOMIIJCCHOMY T.llllY". 

01i1,1 OCHOll8Hl:l Ha COOTHomeHHHX (I0.20),(10.29) 1,1 (I0.33), CllR8blB810fill'JX 

HOUCTaHTl:l nep~HOPM.llpOBR.11 H IIJX llPOl'J3llO,l{lille no napauerpau Teop1111 C 

nepeHopu11po1JaHHl:ll,fl,1 WYHRIIMm.m rpl'Jtta. EcTeCTlleHHbl.M l,lliCTpyMellTOIJ OTl:lC

RaHHR TaHoti CllH31,1 CJIYlKBT CTPYHTypm1e qiop.uynu (5. 7) 1,1 (5.15). no cy

II1eCTlly H.ztea COCTOHT ll TOIJ, qT061:l IlPOll3BO,l{Hble MaTpl11.{l:l pacceHHlrn llbl

paal!Tb He qepea COCT8llHl:le IlOJIH 'ice), Kai! 8TO ,l{eJianOCl> llb!We, a C 

re83eH6eproBlll.lH onepaTopa.11n BH,l{a Eo(~~)bto) , HOTOpue TecHo CBH

aaHu co 3HaqeHl'JHUH WYHKUMil rp1,1aa np1,1 COBilB,l{aIOIIIHX apryMeHTax. OTO 

MOlKHO 61:lJIO 6u C.zte.naTb C ITOIJO~l,IO attaJiora TOi!(,1{8CTll U11uuepuatta,O,l{Ha-

HO 3,l{eCI, Ml:l npe,l{noqTeM 60Jiee HarJIH,l{Hl:lti H31:lR KOHCTBHT nepeHOpu1,1poB

KH. 
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2. tlau n0Ha,n;o611TCH HeCROJihRO pa3Bl1Th o6oaHaqeHl1H ,Il;JIH qiyHRUlln rp11-

Ha.lIOJIOllm1J 

G N +Is ( •• 'f- 1, ..• , )t. N •• •• '\~, ... ,I..\ V. : ) ~ 
(IO.I} 

, =-(t:e(~~) :it"~1) ... 'fO,,.): :~(~1)---'t'('i-n'I:';,, 

G-"1.-.((;Y-1, ... ,"Y-,.:('\1'._-··, ')-n">)-= Gw._,_(:'J£1, ... ,'lCN::'11, ... ,'1.._i)- (I0.2) 

-C.tJ+'h(.: 'l-1 ... ,"1--w:~ ... c:~1, ... ,'i-.:\ , ' 

QqeB11,Il;H0,R8ll(,lt8H 113 qiyHRUlln (IO.I),(Iq.2} HllJIHeTCH npocTon Jlll

Hehuon RoM6,mau1,1en 06uqmi1x qiyH~1111 rp,ma nopH,n;Ra He Bu111e N + K. 

GN • .,s:'1(1, ... ,'lCN:<.~, •... ,'\~'>) npe,n;cTaBnHeT codon qiyHRUHil rp11Ha GN•"-(:)(,, ... ,)(,P~ .. --~-.-:\ 

11a ROTopoil y,n;aJieHu Bee ,n;11arpa1,11,1u,co,n;ep:a:all(11e BepumHll 'lC,, ... , 'llw 11 

~-1, ... ,~... B pa3HblX ROIJil0H8HT8X CBH3HOCT11(np11 HeqeTHlilX. \<. 06(? 

4JYHRU1111 COBna,n;aroT). 

lI03T0MY np11 COBMell\eHl111 Bepunrn , ~1, ... ,'-\" B 4JYHRU111'1 G-w,ir.<:')C1, ... , Y.,.: 

<' i,, ... ,'-\-.>) He 0R83blB8eTCfl Cl1JlbHOCBSl3HblX ll8RYYMHblX ,n;l'JaI'p8MIJ. 

Bume Mbl yxe onpe,n;eJIHJil'I aMilYTl1P0B8HHble llBRYYMHble cpe,n;H11e,qaCTHliM 

cnyqae!J R0T0PblX, HBJIHIOTCH qiyHRUHl'I fpH~a. Hmlte Hal.I npn,n;eTCH CTaJIRl1-

ll8ThCH C 4JYHRUl1fl!Jl1 rp11Ha, aunyTl1P0B8HHblMH no HeROT0pon B~eJieHHOl1 

C0B0RYilH0CTl1 nepeueHHWC. HanpmJep. 

rt )1-P. ' 
'-'N+V:: (: 'll,, ... ,'ii,.: <. '°}/,···, '1,,>) :. (I0.3-) 

N 

~ \I Ll\G~ -t-'Mt.)\~N•\( (.:)(,, ... , ')(....,:<. 'i1, ... ,"\,r.'>) 
~•-I . • . 

11 ~-t,. . . 

St<"i1,---,'1t-) -::.Ce. (:11 ,---,~l-:). (I0.4) 

CnpaBe,n;JIHB0 IJ8BeHCTll0 

1 oEa("-.... ,. ~ ,.)<-P,. 
't~C')() .~l'11) .. ·.~(~t.): 1 -:::ut~i (:'lC,~-1, ... ,~~:). 

(IO.S) 
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HaM noHa,n;o6HTCfl T8Kilte CJie,lly!Oll(tte C00TH0lill.:llllW 

( E.,C.i,~): \l{(Y-.,\ ... '-,'l')(N): ·-~1('f~:> :GN.3(:)(1, ... ,)(,.:: ~, 'i, '\:), (10.6) 

(to(-':., ):~l~., ... i(')(,.) 1,t o)'>-:::: ';.GN•l(:'ll,,. .. ,x .. ·.<. 'i, ~>) chi ( iO. 7) 
. ,i, 

~ <. 't:oU,.,_'\:~(')l.•\ ... '\'(')I.N): b:i..(O)°')-:::. 
(IC.8) 

::.-) a~{- ~. ~Ci N+l. (:'Y-1, •.. , ~./.<._ i•, ~1°'> )\ 
';}I" ,,1:i. . ~•'='h-='i , 

.Cto( ~ ... ): ~(')1.1 ) ••. \{I.~,.) :b'l(O)') = ~ ~ GN·«,(:',.,, ... ,'iC,.:<."&)'1,\\,':)'> ). (IO, 9) 

ti~'P 
ilaiwueu, IlOliHTl'le npaB/MlhH0H '-16CTM ~IJ+I< (:-x,, ... ,x,.:<.i1, ... ,') .. ">) 

BB0.lll1TCH o6uquuu cnoco6ou. 

I f'i 'l<, -II, 
•1'yp1,e-npeo6pa30BalU!SI <.PYHHUMH ~ ..... ~ l'I MX llP0H3lJO;\HblX no \\ 

np11 coBna,n;aIOll!MX anaqemrnx :' 6y;n.eM o6o3HaqaTh cnc,n;yromllM 0Clpaao1J: 

(' \. '!. ~3'1., -+'-?':\ l'~ 

~Q. GIJ♦ l'-(:'1.1, .. ,\N:<..~, ... ,~'> cl!du.-:: 
' .;_ . " <1 (10.10) 

~l'""l' 
-=-(~'ii)'f 0("1 \:>:, ·q>) G Nt-.< ( \!1, ... ,\'N) <. 'f> ), 

(' .. ~l.;'1-; .. "l>'itL ~ t~ >\ c\ ~ -
j e. " ~ .. c:,..N+',(. (: ~ 4 •···,~'4·•<-i•,···•'\v.'> ... .}-IO'il-1) 

<>~,"11 °'h. · ~. ---x"' • 
~ 

= l._',l.u)" c~2. \'j -t l> '\ i!/d1. G::\ c. ~1, ... , \lw, <-. "" ") 
3. i.lu 6y,n;eu Il0Jih30B8TDCH 38TP8B0qllbllJ narpaHJKl18li0M B cJ)opMe 

ic .. )-:-1-:~~(l<): t CO0TB6TCTBeHH0 38TP8ll0'-IH0e ,n;e~CTBl'le 8CTh 
.. . 4t . . . r1 · t;)M ~ 

~"'-':.i.b~(o) , a MaTpuua pacceHHHH pa11Ha µ-::::J\. e • 3a cqeT 
. 4~ 

ROHTPllJI6HOB nepeHop1rnpOBIUllllllf narpaHlKHaH 11aa111.10,n;e~CTBl'lfl eCTh 

-;i'.,C.,i\:=-··-i. d.~ b 1 c-. )- ~0-2. b~ ex) - i.d.." b..C><). (10.12) 
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TaH qTo nepeHOPMllpOB8HHOe ,l!eliCTBlle eCTb 

-!)"\..: i. S-i'\,l'X)_ ch -:J.,ib,(O) +d>.:-o~lo) +J-'lb~(~), (10.13) 

r):le J.1, A-:., d-<i lp8RTllqecmi npe):!CT8BJIHIOT co6oii ROHCT8HTbl nepeHopul'l-

POBRl'l. 

HuJKe BCIO.l!Y 6y):leT npe):lnoJiaranca Ham1q11e npoueJKyT-oqHoii perymip11-

3al.lmt1. 

llroelll B!,!pU3l!Th nepeHopMHPOBo•-rnue KOIICTaHTll <"\1, cl.i., d 3 11epe3 ne

peHopm1poaamme cpyHKilUM rp1ma, nocnoJ1b3yeMCH -cJie.llY!OlllID.! npHeMoM. lla
no1mm,, IITO HLWBT MeCTO CJie,l\YKllllee paBeHCTBO: 

~ "'- -= ~ -Mt).<-\ ... ) . ' (10.14) 

BullllCJlllB Bap11au110HHYKl npOll3BO):!HyIO no ~(~) , np11):leM R 061lllHOMY 

COOT II Ollie Hl,llO: 

\ll,.. :l ~ ";:.-.. - h 
\_11-}tc1 (~ .... \1 t'\1l1\ - o'\'l~'\ '. 

(10.15) 

llJUl B COOTB0TCTBllll C (10.13) 

~J..1'1(\'i)+ :).J.>- U~(~\ +4J-'l:~1 t~\~ -+ (I0.16) 

ll! ' ~ q . ' 
+lj o..'l,M,t1 (~ ... ) :~~(~\: =- ~: ~,(.~',: 

lloJIOlKl'lM 

~t."{ -!., ): ~'?,( ~): = '{" ~(.i) + '(,_u il~\ + '(" :1..(• l 'f1: . (10.17) 

Ila (10.6) BUTeRaeT, IITO H03<p;plll.ll18HTHUe qiyHRUlll'l 1"111l'Jti,.,.,'K~,'i) qiyHR.

UllOH8Jla tt{~._.): '\'•ex) : coBmi~aIOT c G ::: (~".-··,-,...,;--'i i'V;P) aa HCRJI1011eH11-. l<,.. . 
eM qJJHRUllll ~1('lt,,-,.,,'ltl,'~) ,HOTOpall OTJlllll80TCll OT C:,,:, (~;)l.,:,t1,<..'-\,~, 'i'>) Ha 

BeJrnqi,my b 'he~-'}) o ('$,.~-~\ '°6(x.-i) (IlOCROJlbRY E'o(',-.,) :~•c~): OTJlll

qaeTCH oT E<(>.,.,_): ~•(1): Ha :\!ll~):) • lloJIMlYHCb {4.31), Haxo.zo1M: 
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. ~ ·· 1- ~f'.<.\' . ~ ')\''''" . : j 
'{"-= ·~ J''l..li~.; ( l',<d">)\' - VVI GI'!,(\',<.-~>)\ 

. y. •V,\. t•'"-'t \':_'\t ' 

1 f ~ ~~v · ~ \''\.<)\" . l . 
"{').. ~ .}J,1_ ..,.,,. .... \_ ~ -i-<'?, ( i',.(.-l'> )\~,:..,_.'l. - G h:, ( '\',,·_ \'~) \\-,'J'\ .i., (IO. 18) 

{ ~re~ . 
\ ~ ~ (~1 4,, ( ~1, \''l,h,<.f'>)\ . . - i . 

::, . . . ,.·• \s.~"·"" yi. , 

PnBeHCTBO (10~16) !JOlKHQ Tenepb nepenllC8TI, TaR: 

1..\1(~) t,lJq +11 Y.J."1~ D~{~)\_lJ.:i.+Y'( ... J.'1'"\_,"" 

+:~1 li): l4i'l('k4-\J-t ~\=O. 

(10.19) 

BHe nonepXHOCTl'l Mace .qiyHHUlrnHaJIH \....c~) "''\'l i), l'l.C~\ = n ,l/l~) 11 

l>}'l')":1.f't')):JillHeilHO HeaaBl'lC!,!Mll. IIoaTOMY )!OJilKHbl oopauiaT.bCH B HYJib BCe 

l{Ba):lpaTHhle CI<06HH B (10.19). Ta1rnu q6paaou, 11c'Ho!Jall CBH3b Mel!t;ziy 

ROHCT8HTaMH nepeHOPMHPOill(ll ,ii 1 rl-'l. l J.. 'I 11 cJiYHRUllHMll I'p111m l'!MeeT B>l.l! 

;_ '{ 
J- 1 : .:i. ...,!.L_' n. ~ .. '{'I 

J..~= ~ '('l. 
~ i. ~+'('I ) 

~~i-. J.., =- ,I{ {+'('i {10.20) 

IIepeXO,l\H K llllBO.J\Y COClCTBeHHO ypaBHeHJdl ,ll;JIH qiyHKIUfil rpm1a, 

3allllllleJ.I 

~~~~~ =toC~ ... )(1J..~l~\ ♦'Ui.t\~l1)-t 4~"~\l/"\~)1. {10.21) 

Y!JHOl!(ll!I o6e qacTll 3Toro paBeHCTBa Ha :~l~.) ... ~1,.,):,B03bll0M BaRy

YMHOe ,cpe):!Hee l'l BOCilOJIJ,3yeM'ca qiopuyJI8Ml'l (I0.5) ,(I0.6) l'I (10.29). 

HaXO,l!l'lll 

,n"\+m..,) c.N~~c:..,."',·--,'(",~:)::. "c:~'(~)~'il.w.-1c:~4 , ... ,'J<": '\) .. cro.22) 

+ "<~ n1 c,M l: ..,.., ... ,).,.:,n-G ... 1(:..,.. , ... , )l~:: \\, '\, ~: )\. 
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CoOTHOWGHllH (I0.22) COBMeCTHO c (IO.18) HBJIHIDTCH ypaBHeHllH!Jl1 ~PB'A

mrna • rleT}lJ)lHO np1meCTll llX If Henoci)e'ACTBeHUO R Bl1'AY'> noJiylleHHOMJ B 

/JO/ IIJil1 /JI/. Jiau, O)lHUHO, R8lKeTCll,llTO .sanl-!C:& (10.22) ,(IO.IS) Hau(5~ 

nee 3}(0HOMH8. 

4. Hati'A8!J Tenep:& CBH3:& MelK;Zly !lJYHRUllfl!Jl1 rpllHa ll ITP0ll3BO'AHUIJl1 OT ROH

C'rBHT nepeHop1,rnpoBm1 J:.1, cl.1, .}.~ no . ~ .Ilpo'Att\W)epeHuupyeu no ~ paBeH.;. 

CTBO (10.14): 

rJ ,.. :. "a ~"t, 'd ~ 
Lh.M.'t~(-':,-..).} 'ai = d~ • (10.23) 

IlOJIOl!tllM 

·<+r·· ,.:_ 's::::::- " ..... · ~ 
.M.£-1{~.,_)b;(O)=- L- ( ,,j-O~i )b,(O). 

,:\, ~.'I ' 
(10.24) 

HeTpy,l\HO BLlllllCJillTii aneMeilTLI 3x3- MBTPllULI 11 '( \l • B ca11ou 'AeJie ,pa3-

JIOlKeHtte, minpttMep,: BeJillllttHLI tM ... ~ 1( o) · no ttopuan:&HLIM npo11aBe'Ae~1mu 

CBOClO'AHLIX noneii m,eeT BUA 

~ ~ (• 
~-1(~ ... )b1lO)-= 1.)cl'i')(1c.l)(1_:'\'(',.,)'-\'l"I<~); 

{C~~; t~~. '1,~: ,~: l\'> )-'l ()(',.,-~) O(k 1 )1-+ 

~ ~ ~(,\--,, IJ,;)<,.J )() ch.-. c). ~:'\'t"I< I) -··'\'(l<.4): c.: ~l.. (: '1-~,--- ,'I.~: <.'.\,tr>}+ ... 

Il03TOMY B COOTB8TCTBl111 C (4.30) llMeeu 

, ( ~ r ~t'-"\> ""V'"" 
'•H = - 1-: \_y.,C.')..•')..(\',-V,<.o">)\ _ -w1.GM. (~,-lJ,<...ll'>)\ 1 (10.25) 

'l (y _,,, ) f•'M' \>\"' , 
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~ \~~~? ~\>~~ \ 
'<'l..1.=,.:__,\..G'l-•l.(\',~,<.s,>)\ -(\_.l, (\l,-\>,<.o-:,.)\ -~ (10.26) 

'l.(yi-,.l) \''•y' . \>'•""'" ' 

~ ~~" 
'{'1-1 =41C4 .. ')..(\l-l,\'-i.'1\~~,< 0>)\ -t 

. !I~"-'"'}" 
( 10.27) 

AHanorHllHO H8XO'AHTCH 11 'APYrHe 3JieMeHTLI '(~ , TaK, 't'l. 1-1 '{ 'l.'l. 

38'A8JOTCH COOTBeTCTBeHHO qiopMyJia!Jll (10.25) ,·(10.26)' r'Ae \py!IKUlilli 

~"""' ~l'-..OV ~ (p·(>,i._0'>'}38MeHeHa Ha -d~ d1.'-'"1•'l.(9l-v,-<.o'>). . 
l•'l ' ~-v ~\' 

Te JKe qiop1i1yn1:,1 (10.25) 11 (10.26), ecJrn B m1x 3a1JeH11T:&Gl • ._(r,-f,<.~~) 
~~l' ' 

Ha G-i+'ll\l,-t=>,Zll>), onpe'AeJIHT '{," 11 '{'l.'i • rlaRoHeu, · '<'ii. 11n11 '{,'i 
"-l'¼l' 

nonyllaTca 11a cooTH0111eH11H ( 10.27) ; ecn11 uecTo G'l•l. C\>1,?,, v~ ,V",-<.o'>) 
~\'•~ ~ ~•t-

B Hero IlO'ACT8BllTI, ,COOTB8TCTBellliO -'d, 1. ~4•~ (\J,, ... ,\',,<t>)l1Jil1 \.,,'i•" ( \'1, ... ,'{'<o,<.C"> ). 

YpaBHeH11e (10.23) MOlKHO Tenep:& nepen1-1caT:& cJieP.,YIDlllV!IA 06pa3o_r.i: 

~ . ..., \ ~ 'v 'd-J.. ·\ i. ~ . 
L b;,LCl)"t._L- \,i ~ -=-_41 \:,~(Cl) .. 

\, ~\,'l,\J JC\ ,1,'i , 

(10.28) 

·~ ~ 
· b c,my n11aeiittotl tte3aBr1cmJocT11 ~YHKunoHanoB b 1to-i, b,.\Q) n b~lo) 

Roa:J,<,pllU•l81ITU np11 R8lK'AOII 113, Hr'IX B (10.28) 06p8lll8IDT<,Jli B .~Y.JI:&~ 0TCIDAB 

H8XO'A11M 

'dJ..· i. r,r-~) 
~ =- - \' (10.29) 
'6~ 4\ ~'i, 

r'Ae 1\'(~i \\ -11aTp1-1ua, o6paTHaa R 11 'fo \\ . Teu caum, npon3BOAHL1e ~ 
- • • 0 ~ 

Bupaxelili qepea nepeHop11r1pOBanHue qiyHHUr'lr'I rpr1Ha. 

Rweew, c 'APYrol cTopoHu, 

d~~~) :tL_ ~~~\fo~ ~ol~~). 

l~\,'l,"4 

(10.30) 
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I' 

11 

I 

! 

i; 

YI.IHOJi(aR 3TO paBeliCTBO Ha :il><,) ... 1('Jl,.): ll noJII>3YflCI, paBeHCTBa!m 

(I0.6)-(I0.8). , noJIY'laeJJ 

'd~t,J(!~1, ... ,~t,1:) = 
1i 

(10.31) 

-: {' c1\,\ff<lJ.1 _ dJ.i. L )_ )~IJ+},_(:~1, ... ,')(N;<._'1~,1l>l\ __ + 
J ~ 1 'd~ d~ 1i•.., 1i! · , ~,-~1-~ 

+ 'dh cti .. "c.: ~., ... , ')(~: <-'i, ~.~.'-P )\. 
'<l~ . 

CooTHOilleHllfl (I0.31) 11 (10.29) MO~HO paccMaTpllBaTL Hall CllCTeMy 

ypaBHeHlltt ,1lJifl Grt,J-
OC5paTllMC,q H Di>l'll1CJieHl1IO npOH3B0,1lHOtt nepeliop1.mpoBaHHOro JiarpaH

~llaHa no y~ . Haxo,11nu na (10.14) 

"'- a-!I ~ . ~ ~ tJ+J-\.i::,C.\..,~ 'dy~ -=\1 b1to) .. '!.1.b'l...l0)-1-'s" b~(o). (10.32) 

rlano1.1H1111, 'lTO onepaTop H cau no ce6e aan1,1c11T OT y.,. .IlpanaH 

ll8CTI> (10.32) npe,11cTaBJIHeT co6oi1 HaH paa - ~'l:'1.(-!.,)-=-~ E.1(~-..'\

B COOTBeTCTBllll c (4.30) nueeu 

,. ';t- "l'""'P 's "' < ~ 'd~,, (p,-p)\ 
I 'J:_ y'--w,'- . 'dt tJ'l-=J-11. ' 

~ { ?Js.t's.~l f',-?)\ 
~'I.': ~ J\1._v,...'l . 'a\),. ' ~'1.-y"l. 

~" =-fa 
,..._ V"'~ 

dS~ (S~"'-'V'o\Y"t) 
dj-A'I. • 
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)lanee ,Hall 1,1 pattI>l!le ,nocnoJII>ayeMCH" npeACTc1BJie1rneu_ (10.13) .itJIH ~.... , 

yllTeM (I0.24) 1,1 np11pa1mne11 uymo Hoaiix~m~i1ettT11 np11 HaiK,l(OiiA b:i(o) D 

COOTHOllieHl111 (10.32).0TCIO,l(a nOJIY'lllU 

'dJ.. (Y-4). 
~-::- l'l 
'dy'\. 4! 

ciS,}'.'°"c~'imlVI µ'l) ~ 
'du,_ ,., 

'l.h,,r-1\. ('{-t). 
+ \",," 1-,-1 + .)~ 

'l ul-~ 1.) 

~P'l'~ 
'dSJ:, (~ 1-ti)\ . 

'd~'L f>1=y1. 

(10.33) 

Bb!lll1CJil1B BaHyyi.moe cpe,nHee O_T d~~~,):~lJt,) ... ~t"ll11): ll Cl!OBa 

np11HHB BO BHl1MaHl1e \iJOPMYJibi (I0.7)-(I0.9)' Mhl B IlOJIHOl! aHaJiorm! C 

BhlKJia.l(HaMl1 (10.30) n (10.31) ~ononH11M paBeHCTBa (10.33) ,110 CllCTeMU 

ypaBHeHlln·,1tJIR nepeHOpMHpOBaHHhlX ~yHH~llR fp11Ha: 

dGt,1(: °X4, ••. ,')(N:) (I I \ 'aJ.~ ~ l'" " ., '-) (IO 34)' 'dyl. = ~(1,~ L ~,. ~tH~ •r-1, ... ,,..N•<-'\,';\,~,,~,, -1- • 

(
'ad.~ '3,h 'd .}_\.A ,. . :->)\ J + '3 "L - 'J 1. ~. ') .., ) l.xN+l.\." ')(4, .•. , ')(1J • '~41 ~t • 

!? ~ Vol'/ 'h. '\•""1t.°'a 

~encTBYH npHMepHO TeM xe cnocoe5ou,HeTpy,1lHO HaliTH H npOll3B0,1lHYD 

nepeHopuHpo»aHHOro narpaaiHaHa no m,.. 1(1,1 onyCTKY COOTE6TCTBYD~H~ 

HeCHOJII,l{Q rpouoa~Kll~ paclleT ll npHlle.neu Jil1UII, B03HHH8DIJlYD npH STOY 

CllCTeuy ypaBHeHH~: 

'cl GNc~ )4, •.. , 'X N~) -= ~~':\ h~ ctN•'l (:)(◄, ... ,'lC,.:<.~, ~,~,p-) -t 
';) WI,. 

(I0.35) 

+( ~" -'h~.., ;~).,'9) ~ 11 .. ,_ (: "1.4, ... ;xN:~'14, ~1>)\'\,=~
1
=
1
\, 
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-~ -~ ' ' 

_ l'C
1

t1..·+J-1t('{ ).i~ 'dS1. (~,-p)\. -i.l'( 1 \,.. c~o-~36) 't -- j.(yt.;., • .,i'-) ' "dp l)':\'\ot. 

Ypamiem:H (lo. 35), ( rn. :x;) cnpaaeAJIRBH, ec1m npe){no11oxRn, 'ITO 

Ilj)OM8lltYTO'IH8H peryJIHP1l38UIIH T8HOBa, 'ITO ,llJIH 38Tpaiio'lHOit .l!BYXTO'leq
,.1(0)~ 

HOH qiyHliU1111 u,_ (Y.~,1'~)B11Il0JIHH6TCH paBeHCTBO 

: L ';f lo)o\,l~ . - . - J__f ';rLO)~ . - ~ ~ 
1""'"- lli, (\)> ll) - . i. LG~ ( ~, t') J. 

3TRM CBOHCTDOM, 06JJ8,ll86T,HanpRMep, peryJJHPR38URH, CBO,llff~8HCH K 06-

peaaHRID Ha 60JJ»illRX Runyn»cax B eBRJIR,llOBOli qiopuyJJRPOBRe TeopRH: 

-e ( "'t_ p,.) 
i.( V\/\1- \)'l) • 

rlc)-u'\ 
u,_ (-p,-p): 

0TueTRM, 'ITO 'g3 = ~,:¾ npR l = 'J..> 4 ,npH ~ = ~ 

'dJ./ . {l J [nlO)"-l~ .. .\1, 
--'t. ~)(1-+l+~lcl-~~()\)( u,_ lO,'X)~. 
~'M - ' ' 
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