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§ 4£i,. 06!l{Me npe.n;cTaB.1rem1s o 1ieTo,n;e. -----

I. BBe,n;emre .. Bo BCeM npe.n;hI,14ymeM H3JI0E:emrn: :c-~filrlt nocrp§e~ 

Teop:rrn ITOJIH TOJI1KO C TOl!KvI spemrn TeopHM B03.MYII{ m-111. \ -~---~~---~······--···················•" ---
t ... ~··-· .-•·····:.--· r •. 

liMeHHO 3TUM nyTeM dh!JI npoBe,n;eH od~un aHaJIU3 c:fuJy TypH MaTpi1g_~,a 
"' . .. .............. ---

"RHliUi C ytieTOM qrv131146CKMX rpeooBaHMH np:ntnrnH0CTu;· HliTa H,P..,C.ai .. apuaHT-
HOCTW, a Tax~e C$0pMyJIMpOBaHa MeTO,Il;MKa ycxpaHeHHR oeQ 4HOCT8M M IlOJiyqe-

HHH CTeneHHhlX pa3JIOX8HI1H ,IJ;JI.H. 0CH0BHHX BSJBftII-1H xeop1rn. 

l{ruc yYI.e yKa3hIBaJiocb, 3Ta MeTo.n;:wi-ca 0Kas1:rnaeTc.a: Henp11ro.n;Ho¼t B odJiacr:w 
Me30HHO~ Teopm1, r.n;e napaMeTp pa3JIOiiremrn f}-1/4rr 1i: c He HBJIIIeTc.a: uaJIOH 

B8JBff-U-!HOH ( COfJiaCHO nocJie)~HliM HCCJie)l,OEamI.HM 3TOT rrapa.MeTp paBeH IlJiMM8J)HO 

15).. Hs-3a 2Toro rrocJie.n;yroIIr~rn trnem,r cTeneHHHX pasJ10iieeH:rtrii CbICTpo yBemttn-r

Baro1c.a: M KOHet!Hhle CYMMhl TaKHX qJieHOB He .n;aIDT .n;roce EaqecTBeHHoro COOTBeT

CTBli.H c :n~cnepnMeHTOM. Eo.11ee roro, KaK OTMetia110c1> B npe,n;i,r.n;yme~ rJiaBe, B 

ooJiacnI KBaHT0B0tt 2JieKTpo,n;nHa1rnKH, r.n;e e.1/Lt'li"t c == 1. / 1._3J TeopHSI BOSMYnte

HMH TaKxe MMeeT orpaHHq0HHYID OOJiaCTh npHM0H~MOCTM H BCJie,n;cTBlie 3TOro He 

HBJISI8TC.H BHyTpeHHe 3aMKHYTO~. 

Bee 3TH · OClCTO.fITeJ1bCTBa ooycJI0BJHrnaIOT 60Jibill0k1 HHTepec K JIIOdl:IM nomn- -
Ka.M Kap,n;HHaJI:OHOI'O BNXo.n;a sa pa.MKH Teop.vrn BO3MYil.\0li¥IM. B HaCTO.f!ll{ee BpeMfl 

li,i Bee pa60ThI TaICoro po.n;a MOJ!CHO OTHeCTU K qeTupe.M pa3JU!'llHHM HanpaBJI8H:Vl.HM. 

3To - M8TO):t; q>yHKWIOHaJihHoro HHTerp:apoBam-rn, MeTo,n; CHJlhH011 CBSI311, 

MSTO,n; HCCJie..rr,0Bam-u1 pa3JU:t't!HhIX MO,l!,8JlbHhlX TeOpMki w:, HaK0HSI(, MeTo,n .n;ucnepcM:

OHHEX COOTHOilleHHn. 

IIepBhlil H3 3TMX MeTO,Il;OB yxe paccMaTpuIBaJIC.H HaMJ/1 B rJiaBe YII. KaK Ta:M 

YKa3HB~JIOCh, 3TOT MeT0,11; HaTaJIKHBaeTCSI Ha cymecTB8HHUe MaTeMaTHqecKHe 

Tpy~HOCTH,li BBH,,n;y STOro ,11;0 CHX nop He IlpHBeJI K cy~eCTBeHHhlM pe3yJI:OTaTaMo 
• 

BTopoe :a Tpex:oe H3 nepetJ11cJieHHHX HanpaBJiemdi no cBoeuy cyuiecTBY c 

cairoro Ha'tlaJia HBJ1.HIDTC.H rrpH6JIMXeHHillW H Il03T0MY OT HRX MOXHO OXH,naTL JIHlli1 

orpaHHqeHHHX pesyJibTaTOB. TeM He MeHee Hli MeTO,Il; CMJ1l>HOR CBR3Hx), npe,,n;

CTaBJI.HDmea co6oM ITOilh!TKY ITOCTpOMTb TeOpHID IlOJI.H Ha OCHOBaHHH pa3J1O~0HHM 

n,o odpaTHllli c_TerremIM rrap&!expa CBHSH, Ha MeTo.n; KCCJI6,ll.0Ba~SI MO,,n;eJil:>HliX 

xeopidix), 3aKJHOT.IaKlll.{HiC.H B }!CCJie,n;oBamrn pa3JIHlfHhIX MO)leJieH B3aHMO,D;eitCTBIUI, 

U0MaD~HXCSi TOt!HOMY pelllemrn, Taxxe He npirneJIH ITOKa K cyrqecTBeHHhlM pesyJlh

TaTaM" 

x) CM., HanpMMep, pa6oTH IlayJI~, laHKOB (I94I), Cepdep, laIIKoB 

(1942), IleKap (1956 a,6). ' 

x) CM., HanpHuep, padOTli IlM (I955), ProwrpoK H BaH XoB (I956)o 



·ocodo BaJ[HID..! rrpeAC?aBAHeTCH qeTBepToe HarrpaBJieHMe, KOTOPOMY H IlOCBfi

maeTCH 3Ta nocReAHHH rnaBa. B paooxax 3Toro HanpaBneHHH (IlOAPOdHyID OHdJIH

orpa~HID CM. B § 4?.3) noJiyqeHH TOqHHe COOTHOmeHHR MeXAY OTAeRbHID.m: MaTpHq
'HlilMR aneMeHTa1rn MaTpH~H pacceRHHH. 

OcodeHHO BaEHhIM flBJIHeTCH TO OOCTORT0JihCTBO, qTo 3TH COOTHOill€HMR C ca-. 

Moro Haqan:a He CBH3aHhl. C xaKHMH-RHdO CTerreHHHIDI pa3HO~eHHRMM, a OCHOBaHH 

Ha aHaJIH3e CBOHCTB aHaRRTH4HOCTH MaTp~4HHX 3JI0M8HTOB Bcell $ -MaTplilµi B 

~eno~.-

2. MaTeMaTH48CKafl H $H3HqecKaH OCHOBhl AMCnepcMOHHhlX COOTHOW0HliH. Ma
TeMaTH40CKOM ocHoBoH iMcrrepcHoHHHX cooTHorneHMH HBJIHeTcH HHTerpaJibHaH ~op
Myna KomH. 

KaK H3B0CTHO, 3Ta qiopMyJia Il03EOJI.HeT rrpe,Il;CTaBvITI, aHaJII1Tlitiecxy10 cpymc
~HIO f OT .KOMIIJieKCHOW nepeMeHHOM i! qepes k!HTerpan ITO 3aMKHYTOMY EOHTYPY 
r , orpam1q~rna10rneMy OOJiaCTJ:, G , BHYTPM ,EOTOpOM f (E) aHa.HHTMtJHa. Co
rJiaCHO 3TOH ~op~yne 

i:J {(r.') de/ = {. f (2) ecJIH i! JI0:llCI.l[T BHYTPM f 
2m 2 - ~ o eCJUi ~ Jie)B:11'1' CHapp;I1 f 

(~6.Ia) 
(46~I6) I' -

B npoMe~yTOqHQM CJiyqae, Kor.n;a :roqKa 2 Jie~HT Ha EOHType MHTerp.11poBaHI1.H, 
paCCMOTpeHHe MHTerpana Kol.!WI B CMllCJie rnaBHOro 3HaqeHM.ll npHBO)];HT K ¢opMyJiex) 
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f Cr J = 4-Pf Jr~·'J dr- 1 . (46.2) 

Ttc 2~ 2 
I' 

PaccMaTpHBaR no OT)];eJibHOCTM ,Il;0HCTBMT0JibHYID M MHHMYID qacTH ypaBH6HMH 

(2)' Ilp!1XOAMM K COOTHOill8H11RM Meiie.n;y Jle j JlI 7m ,I • .Il:Vrcnepc110HHb!e co
OTH0Ill0H.l1H KaK pa3 I1 rrpe.n;cTaBJIHIOT co6oi1 COOTHOlil0HM.ff rro.n;o6Horo Tuna MeJIC,ny 

Aet!CTBHTeJI:bHOH H MHHMOH qacTEMli MaTp:trtJHHX 3JieMeHTOB MaTpH~hl paccenmur. 

HcHO Il03TOMY, qxo ,Il;JIR·ycTaHoBJieH.11H .n;11crrepCHOHHhlX COOTHOllieHBD BeCJ:,Ma 
Ba~Hh!M HBJIR0TCH aHaJII13 CBOMCTB aHaJIHTMqHOCTli MaTpHqHhIX 3JI0M0HTOB. 

C 3TOH neJI:bIO 00:bltIHO 3aHMMaKlTC.H pacc:r.rnTpemrnM aHaJiliITHt.IeC.KOH npU!)l!JAhI 
MaTpM4HhlX 3JI0M0HTOB pacce.amrn, KaK ¢YHKI(LUI :meprirn li B03:MO:lKHOCTJ:,K) ·Mx aHa

JIMTHqecKoro IlpO,I!;OJI~eHMR Ha BepXHIDID IlOJIYilJIOCKOCTbo 

PaccMOTpMM Teneph cJiyqa~, Kor~a B pe3yJI1TaTe :raKoro aHaJIHTH4ecxoro 

npo.n;oJIJKemrn MhI noJiytrnM cpymcr~mo .9 { E) , KoTopaR np11 / E / ~ oo Ha 

x) 3Ta <PopMyJia MO~eT OHTb rronyqeHa M3 (46.Ia) C IlOMO~bID MHMBOJIHtieCKO-
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L__ = 9-, - .± ,·:rrJ'cz'-~J (46 3) ·L J 
2 ,_ ~ + ,• e 2 - '2: 9 . I 

(HcnoJib30Bami:e B (3) ~ - <PYHK~rn OT KOMilJI0KCHOro apryMeHTa . ·. 
He MoxeT npHBecTM K KaE11M-1rn:60 He~opa3y11eHHHM, nocKoJI:oKy 3Ta · · ' I J. 
<DODMVJia JUillLb ClU!BOJrn:1rncKH OITMCirnaem rrpaB:t-rJIO Odxona IlOJimca) •-. ~o 

;... == :. .. s:. 
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BepxHeM IlOJIYilJI0CK0CT}f y61rnaeT He M0,JJ)IeHHee, qeM , T.e. 

IIpM IE I ➔ 00 (46.4)· 

BlildHpa.H Tor,n;a B (2) B Katiec:rBe K0HTypa I1HTerp11po:aamrn K0HTYP, COCTaBJieH
HHH H3 ,n;eHCTBI1:TeJIJJHOll OCH YI ,n;yru. BepxHeM Il0JiyoxpyJICH0CTU deCK0HetIH0-Cl0JII:,-

moro pa,n;11yca, MhI CM01l:8M 0T6p0CMTI> HHTerpaJI no noJiyo1cpylrnocn1 M IIOJIY4MTb 
(l)0pMy.iiy m1,n;a 

(46.5) 

Tor.n;a Be1m1.urna 

(46.8) 



---13 ( 4), noJIJ't!MM nocJ1e rrepexo.n;a x npe,JJ;e~u:f<) npH Jm Ea ➔ 0 coorHoilleHue, 
AeHCTBHT6JibHaH qacTb KCTbporo MMeex BM.It 

00 

:R.t2 J (£) = (£-£0 }'tl-1·1.{P ( -:!mg_ (£') d£ 1
- + 

'JT J (E!....E)(E!_£ ;n+:t. 
- c;i 0 

+ 1<..e.~CEoJ +. H +- :Re ·9C")(EoJ(£-Eo)fJ 
n! 

{- co < E-> 1::.-:, < oo) 

CooTEoilleH1-IeM Ta!coro nma .aBJI.s:e:rc.a:, Harfp:iu.rnp, noJiytieHHoe ente B 20-x 
ro}.(&"{ KpomrroM (1926) :r,r Kpru!epCOM (1927) B 06-Jia.CTH KJiaCCHtfeCKOI SJieKTpO,n;H

HaMHK~ )J;HCnepCHOHHOe COOTHOlleHMe Me~,n;y B6II(6CTB6HHO~ H MHHMOM tiaCTbD noxa~ 
. 3aTeJI.a npeJIOMJiemrnxx) 

ee 

:R.e.{ncwJ -nCo)] ==: ~ :p ( u./
2 

J;n n'(w'J 

.JT .. J .w' .(w'2-w2) 
dw 1 (46.II) 

liMeHHo H3-sa coodpaxeHMM npeeMCTBeHH0CTH c ~opMyJioi Kpauepca-Kponura, 
COOTHOlII0HM.H TM!Ia' ( IO) ~MeHyIDTCil Terre pr:; ,n;HcnepcH0HHIDffl C00TH0IJiemun.m. 

IIo.n.:repiiHBaeM, tJT0 BQ3M0iKH0CTb aHaJIHTlilJ:6CK0ro npo.n;OJIJK:eHH.ff Ha Bepxmoro 

IlOJIYITJIOCKOCTb 3HepreTHqecKOil nepeMeHHOH, a, CJie,n;oBaT6JibijO, H Ca.Moro no
JiyqenmR wopMy~ xwrra (IO), ooyc~oBJieHa coo~paxeHHHMH npHqHHHOCTM, xoTopue 

rrpe,n;cTaBJI.fflOT COOOM cp!tI3M1!8CKYID OCHOBY ,n;HcnepcMOHHhIX COOTHOlll8HM1l'. 

l1TO6H IlO.HCHHTJ., CBH31>, cy~eCTByromyro Mex,n;y ycJIOBHeM npirqHHHOGTH H ,BO3-
,' 

MOJB:HOCTllID aHaJU!TMlieCIWI'0 npo.n;o;rn:emrn:. Ha BepXHIDlD ll0JlYilJI0CK0CTb, npe.ircraBHM 
cede, HeCEOJlbRO yrrpOCTMB peaJibHOe IlOJIOJK:8HHe BemeM, qTo 

• c;)O /£t 
Jc£)= j FCtJe dt (46.I2) 

-ea 

·xy3TOT npe,n;em,Hait nepexo~ MOllCeT o:&rTb BI:lilOJIHeH c noMOII{MJ qiopMyJII:l 

J.. ! {Ti {-,1) 11 
('> (hJ / )- , 

(E'-£+/£.)n-,..:t. = !P{E'-£Jnf-t - n.' CJ_ - {E-E. (46.9) 
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ITOJiyqaromenc.H MS (3) n. -KpaTHlil}J ){HCf)qie~~~~!)OBa.HReM. i: LJ.-: 
xx) i?opMyJ1a i{prurepca-I{pomxra rroJiy11ae.TcJI H~ -C!Q2t-~~¥ ~ 12 = o, C:, =- 0- ;' ( _ ~- _ .. , __ .-.::.:,,: .. ;,;,'_';• -- ~' r:-
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5. 

nplitieM B cirny YCJ!OEMJI npMt!HHHOCTH, SaBu!C.R:Il\aS: OT BpeMeH:0: t 
F o6Jia,naex ciio~cTBOM! · 

F(t) = o IIpH t<. 0 

IIpm: nepexo,n;e Ha Bepxmmo noJiyIIJIOCKOCT:&, Kor,n;a y E nposrn;rn:eTcJI .n;o6aBoR 
-- + i l ~ E / ,. ur B HHTerpaJie (I2) MHmu1TeJih e/Xfi (- t / im E /) · . , :?TOT 

MHOXHTeJI:b 6y,D;eT Hrpa:r:o pom) peHrH~io ipaKTopa, 06ecne1nrnammero cxo,D;HMOCT:& 
MHTerpaJia (12), Il0CK0JI:bKY IIpll t < 0 . , Kor,n;a ~ {- t(.Jn.tE/) 
B03pacTaeT, IPYHKizyH! f ( t) BCJie,n;cTB:ae yc~OBlUI ~npHt!HHHOCTH paBHa 
HYJIIO., 

MOJJ.CHO noKasaT:r:, Taiwite, 1-ITO ,n;axe ecirn: F {t) c5y,n;eT cirnryirnpHo~ q,yHK
I\filei1, JU!lllb 6I::I Olia (JHJia !'IHTerpHpyeMO~ (B CUHCJI~ onpe,n;eJieHHJ1 ,n;rumoro B Ma
TeMaTli~eCKOM ,D;OilOJIHeHliH) liHTerpaJI (6) CXO,D;HTCH ll onpe,n;eJIHeT IPYHKIJ)iID 063 

cymec:rBeHHHX oco6eHH0CTen Ha deCK0HetIH0CTH. 

HHoe no110Xi:eH1:1e ay,n;eT 1111:eT:o :uecTo, Kor,n;a f l -t:) odparnaeTc.H B HYJII> 
JI:0:lllb np:0: t < - a.. , r,n;e a.. - HeKoTopa.H n aJieMeHTapHas: ,11;1.nrna". Tor.n;a, 
3aMeEHB no.n; liHTerpaJIOM B (12) t. na t- a... , Haa.n;eM, tITO 

f { E) = e-i a. E f 1 ( E-)' (IJ) 

np1rqeM y q>yHK~11 f.,, ( E) Ha CiecKoHe•rnocT.0: He oy.n;eT cymecTBeHHoH oco-
CieEHOCTli ( Olia Oy)l;eT y q>aKTOpa e,'X.f {- t' a.. 8) )" 

3. 0030p paOOT llO ,IJ;HCIIePCI'IOHHID! · COOTHomemUlM. qTOf.51:l BOCI10Jlb30BaTbC.H 

MaTeMaTliqecKHMM ,IJ;HcnepCHOHH:blMK. COOTHomeHijfimI ,Il;~.H H3yqeHR.H KaKoro-JIH60 npo
:uecca coy.n;apemrn 'tlaCTlU.{, He06XO,ItHMO, Kalt BH,1l;HO, npe,nBap:0:TeJil,HO yde,D;HTbCH, 

qxo co9TBeTCTBYID~a.H xapaKTepHCTHKa pacceHH~~, KaK q>yHKI(HR 3HeprHli, MOXeT 
OliTb Ha,n;Jie~a,mHM odpa30M npO,Il;OJIEeHa Ha BepXHIDID llOJIYilJIOCKOCTh. 
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B KatieCTB8 Ta.KOH xapaJiT0.PHCTH.KH B KBaHTOBO:t1 hiexa1rnxe 001ft!BO pacc1m-

" TJ?HBaeTc~ :ra.K HaSHBaeMaH B.¥!"1JI1irTy,ri;a :paccerrnirn f , . :a:oxopy::o B paccMax_pm:-
BaeMOM c~yqae EBaET030M xeopHli non~, orpaEM~MBa~c~ AAR orrpeAe.iieHHOCTli 

cJiytmeM ynpyroro pacceF.HHH MesoEa Ea Hyx.rrmrn, MB ~e));eM cJie,n;yroll{MM od:pa-
30M 

➔ / ,; -+ / I """ I ~ ..., > r { .... -) I) f1 r,( "1) 'I<} I; r < p s ~ 'l f ,J I f s;., 9 f " -= 0 . r - f ()s.r I (} r -9 .) (J ! f I -t 
t I (14) . 

t ·+-_ 
2TtVq" q,!0 

{~.,, / . I ) I ( ➔,,, ➔,-, ➔ -;,. • 
0 (f-+f-f-1 fr~1~sp fJ1,f~9} 

~ 
~ 
~ P
·~~ 

-> { "'-'D/ 'f' ,, '') 3,n;ec:b f , ) - 1eumyJ11c HYKJIOHa ,n;o ( rrocJie} :pacce.a:1:u,ai:, s ( s - co:smcyn-
HOCT1' era ,11;11c!tpe1.Ha1: cmrnoBB.X 11 :m30Tom1tiec,Ku1x RH,nexcoB .11;0 (rrocJie) pacce-

➔ ➔/ . 
inrn:.rr~ a 9 > f) CJ " f ,, - COOTB8TCTBYIDI!\He xapaKTepMCT}ilGI MeSOHa: 

I -':> . l-J.) ..;, {-;.} _t, ,;r_ 
,f ~J ';f> ~ as (f"i) a1 (q) ~ · 

) 
(46.,15) 

* ~I / --:?,I II <f S J q f J = Ji . c-J . ..,/ i-}- ~"'i 
-£~ Ct-s, { p ) et:1 ,, ( tr J 

(46.I6) 

a f - aMnm1Ty,:n;a pacce~urn.a .. Rax BHJJ;Ho, BBe,D;eHHa.fI TRKHM o-6paso.M aMIT1rn:
' [">- 0 ·0 /.'1--:1. Ty)J..a pacce~I•rn OTJUfqaeTC.fI }Ilill!J, MHOXUITeReM t . 4.}C.., 9 fJ - • OT 

HCIIOJI:63OBa.BIII0HCH :paHee CFYHl!:~HYI J.c ( CM. (2I. 43)) .. 

Borrpoc.a.11 aHailllTlf'rleCIWI"O npo,I.tOJlilCtHU>IJI 8.MIIJIHTY.IJ;E pa,cce.HHL'I.ff OhIJIO IlOCB.H

~eHo MHOI'O pa60T. YnOMRHeM, HanpMMep, padOTH ·reiseuoepra (1943,a,6;19467, 
Xy lrn:Ha (1948), J..xttesepa H IloMepaHqyxa (1948), BaH Ka:MIIeHa (I95J a,6) H 
M.,f.,Kpe11!m (1955)., 

B 3Tux pa6oTax :paccMaTpirnaeTcH npon;ecc Y:ll-PYl"oro coy.IJ;apeHMR .IJ;Byx qac
TM~ C TOtIRH spemrn OIJbftIHOH IrnaHT0B0M MeXcl.HMtrn; CB0)];:0:MHM E sa,n;aqe pacceJI.mrn:-
0)]..HOH qac'nru:or Ha Heno.:rr,B:vIY£HO:M CMJIOBOM n;eHTpe., 

B Ka'qi:lCTBe . O { C) s.rr,ec1, M3y•meTCR KmmoHeHTa aMITJIHTy,n:11 paccemnrn, 
COOTB.eT-CTBYlDI!{a.H napµr,ra.Jr:bHOil BOJ1He C orrpe,n;e;remrw MOMeHTOM KOJIHl!eCTBa' )(BM-,.., . 

J!C0HiiIB, rnaBH~ oopa3!i/M .IWMIIOH6HT6. )I,JI.H ~ - BOJIHH .. 

BB.JXHbIM pesy~bTaToM, noRy~eHHBM B 3TOM HanpaBJI8HMH, HBJIRIDTCH TeopeMH 
o B03MQJEHOCTH aH8.J1liTMtrecKoro rrpo,n;o1rn:emrn &mJIHTY'AH ·· S-:· ,.,,. paccesrnirn lslt=) 
Ha BepXHIDID rronyTIEOCKOCT~ )CJIH cnyqaa, KOr~a B3aHMO,Il;8flCTBMe rrpa~THqecKu 
McqesaeT Ha paCCT0RHMRX 60~Dill8 pa,n;Myca HSKOTOpO~ "cwepH A8MCTBHH". OEa3H-. 

. BaeTcR, O)J;HaEo, 1uo Ha dec:eoHeqHOCTli .ft { C) MOXeT mieT'.h cymecTBeHlIYD oco-

6eHHOCT:&,, 3Ta ocodeHHOCT:&, Brrpoqey, ycxpaHHeTbJI yw1oiEeH:0:e:M Hapexcyll{I¥ti qiaK-

J 

,._,,. ·1 I ~ ¥LJ 
i ,:~ 

··•.· .. LI .. J 
' 



7. 

Top e~(i. CJ.. E) '(B COOTB8TCTB}HI C (13)' Ta:K lIT0 <PYHK~¼R js( E) e l,q_ f:_ __ _ 
6y,n;eT yxe perymrpHott B Bepxnen rroJiyIIJI0CK0CTLI u .n;;rn Hee npu:uemm:o .n;110nep
CMOHBoe C00TH0illBHMe (3). Taxoro THna .n;ucrrepcHOHHOe COOTHOilleHue dbIJI0 rrp~
M8H8HO redeJieM, l{apmrncoM 11 Py,n;epMaHOM CI955) K yrrpyroMy pacce.frnmo 

'ft -M830HOB (IIHOHOB) Ha HJKJIOEaXo liCTIOJih30BaB HMe~mHeCH 3KCil8pHM8HTaJih

HH8 .n;aHHHe no $ - pacceRHMID, 3TH aB~OpbI noJiyqHJIK, B qacTHOCTU, pesyJih

TaT, 3aKJiroqaromHHCH B TOM, lITO pa,n;Hyc M830H-HYKJIOHHoro B3aMMO,Il;8MCTBHR ,n;oJI
xeH (JblTb OOJI:&llie o, I K0MTIT0H0ECK

0

0H ,Il;JiliHhl )J;JUI Me~oHa. 

CJie,n;yeT, 0.n;HaKo, no,n;qepKHYTh, qxo padOTH ;i;aHHoro HanpaBJieHMH MCXO

)J;HT H3 CX8:M1:l Od:brqHQll KBaHTOBOW 11.rnxaHHK.vI, He yqHThIBaIOmei1 cne-I~HqJHKH TeopMH 

IlOJIH, B qacTROCTx1, B03MOJKHOCTU rrpo~eccon po:iir.n;eHJ.H H ymitITO:E:0HM.H tiaCTM!.\. 

AHCnepcHOHHHe COOTHOill8HM.H ,n;JI.H pacceRHH.H Me30HOB B KBaHTOBOH TeOpHH 
no.llfi OUJIH rrpe.n;MeToM 11cc'J1e.n;onamrn .n;:pyroro HanpanJiemrn, npe.n;cTaBJieHuoro 
paoora:HI re;rn-MaHa, r.011:&.n;deprepa I1 TuppMHra (1954), roJI1>.n;deprepa 

(1955 a, Ci), Kapm1yca u Py.n;epMmia (1955), ro~b.n;oeprepa, Mirn3aBa LI OaMe 
(1955), OsMe (I956), CaJiaMa (1956), CaJiaMa 11 I'linbdepTa (1956), II0111nrnr
xopHa (1956) H ;i;p. 

B sTvrx padorax B .KalieCTBe j (~) paccMaTpMBaeTCR awnuy.n;a paccen-
HUH Brrepe.n; ( E sHepnrn MesoHa), npHqeM ua ocHoBamrn: sKcrre:pYI.MeHTaJI1-
HhIX .n;aHHhIX JIPMBO).l;.HTC.H yde)J;JiTe.ilbHhle OCHOBaHMH K TOMY' qTo ocodeHH0CTb y 

f},f C) Ha c5eCEOHeqRQCTI,1 oy,n;eT H8 ClilJlbHee. nepBoro 0 nop.imKa9 

PaccMOTpeHHe aMIIJIMTy.n;N pacceRHM.H Bilepe;i; f oco6eHH0 y.n;ooHo 
Hs-sa Toro, qTo, no TaK Ha3HBaeMoA "onTmqecxbH TeopeMe" ee MHH~as qacTh 
nporropD;I10HaJI1,Ha noJIHOMY 3qicpeKT1iBH0MY~ cet.Iemno rrpo~ecca: 

,UJIR Toro, 'lITOCi1I IlOI<a3aT:b :3To, paCCMOTpMM liiaTpMtrnhlM 3Jie:MeHT OT S{ = 1. 
< ➔ J , ➔I 'I I ➔ ~ > MelK,n;y aMnJUITY,IJ;aMH C0CT0.H!:!.,~~( !) s , q f :vi f s ~ 9 f , co.n;eplta-

IqMX HYKJIOH C 11M~YJI!COM f ( 1! ,Il;HCEp.eTHhlM 11H,Il;8KCOM S.
1

, ( S) . H M830H 
C MMIIYJihC0M c; ( q) M ,n;ucKpeTHHM mr.n;eKC0M f. { f 1) : 

~ ..... ,, .. / I ("'S/ ➔ ,., > ➔ I; ..:,1 ') ➔ "' > <,, S'J q i 1 ~ - f SJ 9 f : < f S J 1 f f SJ~ f : 
n 

; J t 1- F''J JSS' J t q- f 1J Jff, 
(46.17) 



8. 

Cyw,n1poBaH11e no n BKJIIDqaeT B ceo.H s,n;ec1 KaK cyM1,rnpoBami:e no ,n;Hc-
KpeTH1LM xapaKrepircr:vrKru.1 cocT_osrm1.IT / n > , Ta.K n HHTerpnpoBamre no 

HX HerrpephlBH.hlM xaprunepHCTHKaM .. 

IlepeX0)UI B np&BOM qacnr ( 19) K a1111JI11Ty,n;e pacceRHMR M orpaHHtrr,rna.HCb 
cyMMI1pOBamrnM no COCT.OflHliflM, CO,ILep:HCa!IlI'.IM O,D;IIH HYKJIOH (/1", S") }I o,n;irn 

M03OH ( f", j'') ) M nepex0,lJ)3: C IIOMOIIlbID ( 46. 14) K aMIIJHITy,I.Ce pacceJIHli.H, 

m.rneM 
j-' 

< if 's', ?/ 1£. 1 
/; i / P" S, ?/ f '> == d (T-P'J dss' J' (if- f.') dpp 1 + 

V . 

+ ib{p'+-c;,.'-p-ci,.) (A I (ii'-;?' p,if:)- .,~ {p4'1?' 11 d')) + 
7 s'p SJ' r , r ~ is•,,' s P ., r ' r J -r 

2ff/(f-0</-IO 1 ✓, ✓ . 

6{p 1rctf-p-q,) \ 

+ { 2, Yr) 21 'to Cf}o 1 L 
s''.t'' 

cf;J••o/¢' I ➔• ">ii" cf'' 
. ./J, I r"f" (p > 9,-' p, J'/" ) ~~; .f_f J * 

c/'IJ rs~, ... 

t { P tr t- 'J,- tr - f - i ) • 

{ 
";l;"J II 'J#' Ir -,..\, ->t) 
r,.,,,;P,i • 

,_.J 
... 

-.-•·J 

--,~ 

-I 

-.,J 

IlpHHMMa.fI BO BHM.Mamrn (I8), rro.rryqaeM OTCIO,n;a ,D;JI.H CJiytJ:a.H pacceHmrn ~•',.' rd 'ftr 
· I ~I ~ Brrepe.n;, x9r,n;a f"-== p' , r- = i , s'=s, .f'::. f : 

l ( l,J','J' (jl,if,P, i) - 1,; 'I' ( p, ,t ,j!, tj = 

p i . 
- _ II + If . ~ ➔ ➔ 1, ~ tr £ Jd:...," d....," 2 

- s",f" £,r 'J.!'" t ( I' 'I- -p~ r,) / lw•,u {p, 9-, p , 'I- ) I -
~" " , 

Cl, ''" trO o o . ~ - - ➔ , fl/ = J 'i hO t (f -,. '1- - p - '1-) z I t!?,,,.,.J',, ( p, 'J ' p , '1- '_) I 
J.J( 'f ·s-'' o'' _.,,, ➔ ➔ _,, 

'/ ? = p r'l,--1, 

OTc10,n;a noJiyqaeM 

I1n/ = Ji!_ <r 
41( 

d6' 
Jir =If /

1 

) 

_.;,;., ~· 
,.::.:.\" ---------------- -·---,.·--·----------------==:=..:......-_ 

( 46. I9) 

( 46.20) 

(46.21) 

l f.-J ! 
f ,, 

• ;jj• ..• • ... )\ .nt7 
i I 

·,)h'....) 
. ·· .. ·'. . ' 

<:IIP.-J' ··· 

,~ JJ 
---- _;_jj} I . ,:·•.•·l 7 .J _J 



9 •. 

3;n;ec:o - COOTBeTCTB8HHO IlOJIHoe 1-1 ,n;:mpqiepeH-
~MaJibHOe 3qJ(p8KTMBHHe ceqeHu.H ynpyroro pacceHHMH Me3oHa Ha HYKJIOHe, a 

f - ru.mn:0:Ty.n;a pacceRH11.H BIIepe.n; " 

MOEHO IlOKa3aT:o, qTQ yqeT B cyMMe rrpaBOM qacTH (46.19) qneuoB, COOTB8TCT

BJJDiqHX C0C'.l.'0.HHU.llM, co.n;epEarqtrn ()OJ!:blllee tI:0:CJIO qacnu.i;, rrp1rne.n;eT K TOMY, qTo 

· B ( 46. 20) no.n; G oy.n;eT rro,i;pa3yMeBaT:oc.H nom-roe 3qxpeKTUBHoe cetreHMe 
Bcex BO3MOEHhlX npoQeCCOB. 

lHcrrepCHOHHOe cbOTHOilleHMe ).(JIB npo~eccoB pacceHHM.H M83OHOB Ha HYKJIO

Hax ObIJIO Brrepm,re IIOJiyl!eHO l{apnnycoM li Py.n;ep1.mHOM (1955). MbI rrp:nBe,n;eM v!X 

pesyJibTaT, OTHOC.HiqHICH K CJiyl!aD HeRTpaJI:OHHX M83OHOB. 

EC.1IH B C00TB8TCTBMH C HX paccyJK,n;eHI18M Mbl npe;n;rroJIOilCliIM, qTo aMIIJIMTy,n;a 

pacce.amrn: f ( E) aHam1T.i1.trna B BepxHei1 rroJiynJiocKocT:n :vi: ee rroJIIDC Ha 

CiecKOHeqHQCTM He Bhlllle nepBoro nop.H,JJ;Ka, TO CMO'11:8M BOCilOJib3OBaThCH cpopuyJIOfi 

(9) rrpH 11- =I. 

3a.Metia.H, l!TO B CI1JIY B_8Il{8CTB8HHOCT1I CKaJUfIJHOI'O 1,Ie3OI!HOro IIOJI.ll nepe
xo;n; OT IlOJIO~MT0JibHUX 3Reprw~ K OTPH~aTeJibH~M 3KBMBaJieHTeH KOMTIJI0KCHOMY 

conpHX6HMID, T.e~ 

11, cJie.n;oBaTem,Ho, 

) 
Re f (-E) ::. R,;. / ( E) 

c 
IlOJiyqaeM .0:3 (9) I!OCJie HCKJID'tlemrn: tiJieHafupoII3BO,D;H0.0: OT RI?. f ll MHTe-

rpana ITO OTPH~aTeJI:OHOM OOJiaCTH: 

(46.22) 

Ilepexo,n;s,: 3,D;eCb OT ~ f { E) K IIOJIHOMY ce11emuo O IIO. rpop-
Myne (46.20) HOT 3HeprerHqecKO~ nepeMeHHO~ c K KMilYJibCHOH 
. p:. { E 2.._;,-"-) !/2. npRXO,lJ;HM (nocne t!CKJIIO't!SHHH HeHaOJIIO,D;aeM~~ . oa~aCTli 

O ~ .. c 1 ~ _µ. ) K .n;v1cnepcHoHH011y cooTHOiileHHJO .Kapmiyca - Py,n;epuaiia~ .n;JISI 
pacceSI1urn HeiTpaJUHBX ue.30HOB Ha HYKJIOHax 

'.;, ~~ .. •,':', '"-c~;':~·:':·~~>~\·.\~~;';:,)::-,c. 
' . ,,· ~ -



IO. 
-/?_~e[.f(k)-f (/<~)] ==-

00 

·1 1· . . {. I< z. k2. = -- ~(I<') dK 1 
. - O J· - 2n2 - f,(,'2-1<.2. ·k..'2-K 2-o . 

· (~6.23) 

o. 

Anan:orJiit.IHHe, -.ir0:cnepCHOHHHe C~OTHOill8HliH )VUI pacceJUllrn sapSIJ:eHHl::lX M03O- . 

HOB Ha HYKJIOHax dliJIH paCCMOT_peHht fOJI1>,l\6eprepoM (I955) M I'OJII>A6eprepou H 
03:u:e ( I955). Oa.Me ( I955) noJiytnrn cooTBeTCTBy:rom11e ypaBHemrn AJIH aMllJIHTY,D;hI 
xaKoro :pacceHHFISI uesoHa Ha HYKJIOH~, B pesyJI1:,TaTe KOToporo cmrn HYKJioHa 
MeHseT cBoe HanpaBJieHHe (cnHH~JIHil pacc~SIHHe). Toqnee,AHcnepcHOHHoe coox
HollleHHe 6HJIO noJiyt.IeH_O AJIH Ily9~3BO,l\HOH OT CJ1IIH(p1HHIOBO.ti _a.MIIJIHTYAiiI, paccMa
Tp1rnaeMoM npH HyJieB'ou yrJiex • · • . - - _ 

B OOJiee Il03,IJ;HeM. paoo:re 03Me ( 1956) IlOJiitIHJI )\KCnepcHOHl-108 COOTHOllle
mrn .JI,JIH BHcnmx rrpoHsBo~HHX npI-I ayJieBoM yrJie np11 paccesmi~ des nepeBopa,m-

. . . . . . 

BaHHSI CilHHa. 0,D;HOBpeMeHHO Ta xe 3a,1\at.Ia 6HJia paspemena CaJiaMOM H 001,dep-
.TOM (1956· a,o). 

HaKOHe~, He,D;aBHO IlO.HBii!JICH pH.TI; paoox, IlOCBSillt0HHHX IlOJiytJeHHD.,IJ;HCIIepcK-· 
OHHliX COOTHOill0HHi ,IJ;JIR rrpo~eccoB cpoxopox,IJ;eHHSI Jr -~e30HOB Ha HYKJIOHaxxx). 

Bee 3TH ;n;:0:cnepcHOHHble COOTHOIU0HKSI liIMeIOT B npaBoit '-IaCTJ! HHTerpa.JIH , 
THIIa (20) no OOJiaCTH 3HeprMM OT . 0 ;n;o 00 • .HcHo, O,D;Ha.KO, 1ITO .-

'J"rn f ( £) (mm: 0-( E) ) MoryT c5hIT:b onpeAeJieHiiI SKCIIB,PHMBHTaJII>HO 
JIHilll> AJISI 3HeprHH M83OHa, ()QJI:blllHX ~rneprHH IIOKOR _- £ > jn 11, Ta~MM 

oc5pasoM, yKa.saHHHe 11nxerpaJ1H Bcer,IJ;a co.n;epxaT "HeHac5Jrn,n;aeMyn tiaCTh"~ coox
BeTCTBYID~YD HHTepBaJiy 

O<E-;,c,,.r 
K CtiaCThID, OKa3HBaeTC.H, O,JJ;HaIW, . l!TO B p.H,IJ;e Ba.JICH.bIX CJlyt.IaeB (Hanp.1urep, ·. 

,D;JISI aMilJIHTY,D;H M03OH-HyKJIOHHOro pacceHHHH Bnepe,n;)-HHTerpaJI no STOMY HHTep
BaJIY MOXeT 6~TI:, BbltIHCJieH B SIDHOM BH,IJ;e, IIOCKOJll>KY f (£) OKastrnaeTCR 
nponop~HoHaJn,no~ f( £-EI') ,- r,n;e E f - :mepfiUI Hexoxopqro -.cBasaH~ 
Hora COCTOHHMH. 

MH He dy,n;eM ce~qac OCTaHaBJIMBaTl>CR Ha STOM Ba.JICHOM Borrpoce, TaK KaK 
B .n;a..n1iHetillleM OH qy.n;er no.n;poc5Ho pacm.!oTpeH ( §§ 50-52). 

•. ;::::.•. ~i";;.,.o;•, 

x) CaMa cmrnq>JIHrroBaH aMTIJIMTy,IJ;a paccenHRH Biiepei;s~li:smI~~q~_ Hymn. 

xx). ~~x~~~o~a~o:0~::~~t~t;;~rro01~~}i~i~~i~lf el~t;f it~~~:?::« 

~' ., .. ~ ..... 

J 

,tJ~ 
J 
_,; 

I956) H xaue AOKJia,n;H .. I'oJI:&,IJ;d. ep.f~P. a.··.'.-.·.·.i.~ .. 'Jl .... o.=•.-'.¥.=.i.. .. f .• #.·.~ . .-.YJ.·· ;.1 .. tR•· .. ·.f·,H.·'.;aM .. ,Qy•. -.:·.r.l!ac'.Mex;n;yna
po,IJ;HOM C'I>83,D;e 1!0 reoperHqecxo~ :'P~~"ll_l:~;~:&·\d.*.~1Ji:1.,::)'.g•~IT~Op.b, I956). 

-- -•+,- - •i\7 cc;~;'{,lJ}~jUz::,:;;:0;@:c - . , .. -~ 
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II. 

· Yxaxe_M inrna) Ha ,n;Be ·QCHOB.HblX B03MO~HOCTH---:-IIpliMeHeHHH·,n;xICII8pCMOHHbIX co.;.~-
OTHOiii'eHH1°1 .-

. · KaK M3Bec-THo, npH odpadoTI\..§ sxcn-ep1111e-HTaJinHHX-,n;aHiiHX rio Me3oH-HYKJioH-= 
HOMY .pacce'srnHD IIOJib3YJOTCH- qJa;30EIDJ aHBJIH_3oM; OCHqBaHmni JiHIIlb -:Ha· KOBapMa.HT- . 

- ,_ - ~ ,..,.,,., ,...,.., ..,.,.A~ ..... ~~ • - - • • ·- . 

HOCTli .0:. ymnapHo-CTli MaTpHI(bl pacce.HHH~. q>a30Bliili _aHaJIH3, KaK H3BffCTHu, He 
_ np~Bo,1vrr· K O)J;li03Hal!HOMY ·oril)e)!;~JieIUID qiaaoBHX_ yrJioB ¥! ,n;aeT pJI,n; B031{_0:lltHIDC. 

Ha6opoB· HX. ;U:acne_pCHOHHble·:s:e CO_O~HOil!~~l!.H, OCHOBHBaJOI!(H8CR Ha CB.Oi1cr1~ax ,npy
roro Tm;ra, a HM8HHO Ha· CBOKCTBaX IIPHtIHHHOCTH, .n;anT· pg,n; ,1l;OITOJIHM'I8JI.bHiilX 
.paBeHCTB, II03-BOJIHIDI(MX np~li3B8CTM ,D;liCEPHMI-ma~:ro Mex.n;y 3TMMI1 HadopaMli H 

BHdpaTb·npaBliJibHYD CMCTeMy waaoBblX yrJIOB (cM., HanpHMep, paOoTy.AH,nepco
Ha, J{aBM,D;OHa u Kpyse (1955)). 

BO-BTOpHx, H 3TO oco.OeHHO B~HO--G-·IlPliHIU1Il:LfaJibHOil TOtIEH 3pemrn, ,ItliC
nepcMOHHbl8 COO.THOlll9HMJl OTKpbIBal)T-nyTb. K 3E--CnepI-lM9HTaJibHOM npoBepxe. Ha.JIH-

~ . ,., ,..,_ ,.. . - ........ ,., 

tIM.H sJieMeHTa Hoif .n;11RHH. CBasi, uex,ny ycJioBHeM MMKpoqxorrnqea:iton np:0:tIHHHo-
cT11: H CBOHCTBOM aHaJUITlrtJet:xoro npo,nOJIJIC8HHS! W.iTIJIRTYAhI pacce.a:mrn cxe:tiaTHtie
CKH y-ie_p~sonpaJiaci, BHille B § 46~2. Ta.M dH.lfo-yc.TaHciBJieHo (IJ), qTo B cJiy:.. 
tiae Ol'CTyITJieH~H OT YCJIOBHSI npHtII1HHOCTM Ha MaJihIX paCCTOHH~.HX IIOpH.n;Ka £l. 

;I,JllI Toro, tzTOOH IIOJiytlHTl> qiyHK~R:ro, )tJIH .KU'l'Opo~ ~bIIIOJIHHIOTCH ,n;ncrrepcHOHHble 
c;ootH_billemrn, Heo·e5xo,n;~1'.f? YMHOJICHTb :fCe) Ha e~p t'c1.·E __ (oc>,. a.) • ___ , 

' 

.PaayueeTcH, Ha cauoM· ,neJie c:tnya~Jr 6y,ner oo.irne c1roJKH<>tl, o,n;HaKo; -· 
jaKT orrpe.n;eJieHHOH MO,D;HqJHKaijHH ,D;HcnepCHOHHHX C-OOTHOnie~in B CJiyqae HaJilitzMH 
SJieMeHTapHo~ ,l(JIHH!il Ta.IO!Ce HMeeT' MSCTO, rfoJie,ItCTBHe qero a·xcrrepHMeHTaJII,Ha.fI 
pervICTpaqH.fl OTKJIOHemdt or qd1:1qHEIX J(licnepc:0:onnwc 'cooT-IiOlllemrH HBH~CH · cB11,n;e
T8JibCTBOM o H~o6xo_,n;~MOCTH Bi3e,n;°eH~_.H HeJIOKaJI:b~aH. MO,ll;li~ima@H 'Teop:vi~. 

· 46.4. -.npo6Jie11a odocHoBaHHSI. 13 T~'IeHHe nocJJe,n;~Hx ,n;Byx -,?I·e:c omrn IIoJiy
tzeHiiI_ ~HcnepmrnlfHHe · cooTHememrn ,n;JI.fl pH,n;a. IJ~HdoJiee· HHT·epecmnc s~aq. -G;ie-

• • ~- - 'I, - - • • -

,nyeT, Q,ItHaKo, OTM8TH.T:b, llTO KOppeK-TB]iI8 _ liaTeMaTHtI6CK06 BbIBO;nu. STHX ~OOTHO
Ill8HHH AO cauoro IlOCJfe,n;Hero BpeueHH OTCYTQTBOBaJrn.- 3TO ()h!JIO -CBJl3aHO:· B nep
~I!> oqepe~;o c_ ·Tpj;11;a·ocTllMR .zi~~asa.TeJil>CTBa a1:{aJUinillHOC-TPI aMIIJIHTY)J;H-·pacceH-

- -inrn:. 
. .. -~- () . 

IIepBHK B!iIBO,ll; ,n;HcnepCHOHHl:iX _ COOTHOmemdl. B <pOPMl3_:JI~3M8 KB.aHTOBOil. T.eop1rn 

DOJI.fl ()IiIJI · np.e,:n;JI.OXeH· reJI~-MaHHOM~ FOJI:b,ItdeprepoM: -H THp_p:e:HrOM .( I954 },- . ~O·T·opae : 
- RocnoJI1,soBaJIRC1> ·?eopxrett Ronm, . y~Ta.HOBHB. fipe,nBapureJI1>Ho· ~AOJIXHH_e:-: cBott~TBa ... 

aHaJIHTHtrHOCTlt ·a.Mn.11HTy,n;li pacce_HHH1! Bnep~.it. 0,n;Haxo aro ,n;oxa.3axen1,cTBo . 
. (130 BCHKOM CJI·y~ae j{Jig qa_CTH~- C ·:uacQokt npxos:, OTJIHtJHOit_ OT HY-~~) lie. c~.9,69,n;

.. HO o:i: Bospai!;em1~~ ·cep1>esiocx:o ito~opwc 6Wia npH3Halta :BnocJie,n;¢X:BuH" C&mMH . 
: aB'.I(opawr· (cu-.J1~~~;11;depl'eif (I955- 6))_~ -· . ., . t, ·'•.;" ~-:·__ ... -. 
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)J;JIR 

CTH 

KaprrJiyc H Py,n;epMaH 
pacceHHlUI HeHTpaJihHbIX Me3OHOB Ha HYKJIOHax, OCHOBbIBaHCI, Ha aHam1Tlif'l!HO- 1 

aMIIJIHTy,n;~ pacceHHliH, KaK npe,n;BapHTeJibHOM npe,n;noJio~eHHli. 

(1955) YP%aHOBHJrn: .n;:0:crrepcHOHHoe cooTHOlllemrn (2I) I _d ~·., ! 
. -

roJI1>,n;6eprep (~955 6) nonpoc5oBaJI Booome O6O.HTH Bonpoc 06 anaJIHnrqe-
CKOM rrpo,n;oJI:m:emru aMIIJUITY,1l;1iI pacceHHH.H B KOMIIJieKCHYID IlJIOCKOCTI>, paccMaTpH
BaH ,n;HcrrepcHOHHiiie COOTHOilleHHSI npoCTO KaK TO~,n;ecTBa, BUTeKaIDmlie qHCTO aJ1-

redpa11:qec1rn H3. npe,n;cTaBJieHHSI :,pMHTOBO~ H aHTH3PMHTOBOH qacTeif a.MIIJUITY.JJ;:Ei! .. I 

ceHHHH qepe3 CY1f¥H no IlOJIHOH CHCTeMe rrpoMexyToqHHX C( 

-.- J 

... ,. 
:ncrroJI:osyeMHe HM paccyx,n;emrn: HexoppeKTHH, Tax xax npu E < /A cooTBeTcT- .'· __ J 
By10mne B:blpruicemrn pacxo,n;.a:Tca. ~-

... 3TO o6CTO.HTeJII>CTBO ()HJIO, IlOBH,Il;l1MOMY, 38.MeqeHo o~rne ( 1956), KOTOpblH -- · · 

BHOBI:, BepHyJICH K HCITOJib30BaHliD TebpeM TeOpHH ~YHK~~ KOMilJieKCHoro rrepe- ·~~ 
MeHHoro. 0,n;HaKo eMy y,n;aJiocb npoBeCTM aHaJIHT1rqecxoe npo,n;omremrn aMITJIHTY~H • . __ 

pacceHHHH B BepxHIDID ITOJIYITJIOCKOCTI:, )IHllib B npe,n;noJioXeHlili ee KBa,n;paTIIqHbil . J . 
HHTerpHpyeMOCTH. A)IH peaJI:OHhIX ~H3liqecKI1X rrpo~eCCOB TaKoe npe,n;rrono~eHIIe 
.HBJIHeTCH C)Ililll.KOM :xcecTKHM, TaK KaK OHO HCKJIIQ'qaeT B03MOXHOCTI> yrroTpedJiemrn 

ododmeHHhIX qiyHK[UiH (HarrpHMep 8 · - ~yHKnHH). . . . ;~ ,-.J 
HaKoHe~, BO BTOpOH IIQ}lQBHHe 1956 ro,n;a OhIJIO npe,n;JIOZCeHo ,n;Ba ,n;oKa3a-

Te}l:OCTBa .n;11cnepCMOHHhIX COOTHOill~JHiM (o,n;Ho. H3 irn:xx). ,n;JIH pacce,rn:r.ur Bnepe;i;, . j 

,n;pyroexx) ,n;JI.H ripoM3BOJII:iHoro yr.iia pacceRmrn), E~Topiiie ·yxe, rroBH,n;~MoMy, He ~\11 -,_ j 
BCTpeqa10T B03pruceHHH. 

TaKHM oopa3oM, IlOC}le, npo,n;oJijKMTeJibH:bIX IlOilblTOK ceitqac MOJltHO CtUiTaTb 

ycTaHOBJieHHhIM, ~TO ,Il;HCilepm-IOHHhie COOTHOhlemrn ,1l;8HCTBI1TeJ1:0HO CJie,n;yIOT .K3 OC
HOBHhIX IlO]IO:llCeH~ll COBpeMeHHon KBaHTOBOH TeOplili llO}lR, rrpHqeM ,IJ;JIR MX BhIBO,n;a 

flB}l.HeTCSI cymecTBeHHhIM. HaJ111tIMe YCJIOBH.H MI1KpOCKOITI1qecKOM np.W-l!li!HHOCT}I. 

rJiaBa, OTKpHBa10maRca 3THM naparpa~oM, co,n;epXHT BhIBO,Il; ,n;~cgepCHOHHHX 
COOTHOllleHHM ~)ISI aMilJIHTy,n;hI pacceamrn :Jr -Me30HOB (ITMOHOB) Ha HYK}IOHax. 

Hallie H3JIO:EeHHe B OCHOBHOM CJie,n;yeT M3JIOX6HliIO EoromodoBa, IlOJIHBaHOBEf'.H. 
Me,n;ne,n;eBa (1957 ·· ), . np:r,,rqeM B ocHoBy paccyJ1C,n;emir:li rroJioxeHo,y'cJI6'.B1ie·,npII

q:aHHocT11 ,n;JIR MaTpM[ibl pacce.HHHR B q>OpMe nma (I7.30}j {I7;.3:I91~ItC)fe.rr,y10mMM, 
47 naparpa(l) nocBRmeH aHaJI113y H oToopy ocHOBHhIX no;ro:lKemHl coBpeMeHnoH 

ts 
:t 

KBaHTOBOH Teopm1 IlO.'IJl Heodxo,n;HMIDC .D;JI.H IIOJI.yqeHI1~:!~.c;,,.11;1'.tC.~~.P9.J-Urn!1JiQC COOT- , .• t- _ 
Holll_emru. B §§ 48, 49 ycTaHaB1nrna10Tc.a: TaK Ha3HBqJ3¥J.?!83:.;;,C.I:I~1CJW~l'?-1J:.I.il,e :µ~p<;1.- ~ 11~ 
.MeTp11qec1rne np~,n;cTaBJieHHJl ,n;Jrn o,n;HoqapTli<IHhlX .. qJYl._IlCrw~Jf!{P1.!t1:,:;,lt~-tI~!Q1elIHe;. ~ I .. J 
MaTep11a;ra o rrapaMerp11qecKI1X rrpe,n;cTc1BJieH11.fIX B.,. r.~~~-~,.:.pi:l.C~~7~teR$-:11CUI_HhrX. cooT- L J , 

x) K,CKMaH3HK, 'AOKH Ha M~~jHi~~ji~ijJll\ilillt!q~CxoK -•• . · · 
q>H3MEe B CRsTTne 6f ceHTHOIJI:>,.,,I9,,$~~7~£t•.);'c;::~~'.~i,i~?;•::~~':,\J1,.~2•rf/\f'""'t,,:; .::;;c< .. · , . , I[ , J 

xx) . , •'>~i1t~f}1fJ:t~~tifir6rijji{tfiT · ·~ · . 
EoromodoB, ,ICOKJia,n; Ha Me:lK~yHap·§·l .. -.:,:;.'.:\····.:.•.· .... ·.•.'..·.:•.·.'-•. ·.i.r..'.·.,.· .. • .. •.•:...·.:..·;·····T.·.· ... a..·-. ·.a.··.··•·.··.e.·.•.·.·.·.;.~::."·.··.· .··· IJ . 1fl-IeCKOM qm-3llIKe -B Cli3TTJI~ ( CBHT.HOpb 1956 ;J;t;?;J .:9:/(,;,c'.\~~'\'~•-'~~;'.;;;:;;adoTAl.J EoroJIIO(JOBa, 
Il.OJI¾___B_aH_OBa M Me1IB e11J~.Jla_LI957)cc>:F•··••ee:.·•· -·,·y:, '(' .·;•>,' •,;;:.. / 

J 
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HOllieHHHX od~RCHJieTCH TeM, qxo C MeTOARqecKo~ CTOpOHhI BliBOA napaMeTpllqe- -

CK~X npeACTaBJieHHH oqeHI> dJIH30R K BliBOAY AHCnepcHOHHlil COOTHOilleHH~. OH 

npOBOARTCJI xarurce npH ITOMO~H aHaRHTHtI~CKOro ITPOAOJIX6HHH B KOMIIJI0XCHYIO 

IlJIOCKOCTI>, HO B TO xe BpewI HBnJieTCJI 3Haq.areJI1>HO C5oJiee npOCTHM. B HameM 

H8JIOXemu1 §§ 48, 49 Ka.IC dhI HrpaDT POJ!l, MeTOAH'lecxoro BBeAemrn: E IlOCJie,l{y

IOll.leMy MaTep:vraJiy. 

~Ba nocJie.I(ynmne naparpa~a (§§ 50, 51) coAep~aT BHBOA AHcnepcnoHHHX • 

COOTHomeHRll. HaxoHen, B ITOCJieAHeM § 52 npHBeAeHli IIBHlie ¢opuyxa AJIH ROHK

peTHIDC nponeccoB pacceRHHH. 

§ 47 •. OcHOBHl:le CBOliCTBa $ -MaTpHIJliI B JIOXaJI1>HOiit 

Teopm,r ITOJIH. 

I. Bcxym1:reJI1>HHe sa11etraHHR. B CSo;n,meil 'tlacTH ynowrnaBIIIMXCH pa6oT ,nlic- , 
nepCMOHHHe COOTHOlliemrn ycTaHaBJIHBaJrnCI> C IlOMOIIfbIO OOI:JtJHOH cxemr C.HMMeTp~rtI

HO~ rrceBAOCEaJI.!IpHOiit M630HHOM TeO~MH, XOT.ff npH STOM H saueqaJIOC1>, qro Ta 

.HJIH lIHa.H KOHKpeTHa.H MO.I(0JI1> B3a.HMOA611CTBH.H 3)(€C1> He npH tieM, a cyIJteCTBeHHhI 

JUim1> HeKOTOphie 0011\He q>HSHqecKHe IIOJIOJK:emrn, H C.PeAH HHX B nepBy.IO 'oqepe,1J;I> 

YCJIOBHe npH~HHHOCTH. 

BBH,ny 60JI:blllO.lt Il,PHH~ITHaJU>HOit Ba.J!CHOCTU BOrrpoca O npHM8H}IMOCTH ,n1rnrrep

CHOHHUX· cooraomeHH~ H BOSMOXHOCTH HX o6od~emdi, neJiecoo6pa3HO cqiopMy;rn:po

BaT1> B HBHOM BH,ne re OCHOBHHe qlH3Hll6CKHe IIOJIOlll:eHHlI, KOTOpHe ,I(ettcTBHT0JI1>HO 

Heo6~0AHMH ,l(JilI HX BHBO,na. 

B 1tac:rosrnieit MOHorpa¢HH npH n-0crpoemrn :reop1u1 MaTpHW:l pacceamu1 :Mht 

IlliTaJIHCb .I(e~CTBOBaTh no nporprurue IlOA06Horo po,na, B3HB B KalleCTBe liCXO,n

HliX rroJioxeHH~ HBHO ccpopyYJIHpoBaHHhie ycJioBHH Ha· ·S ·_ MaTpHcy (yeJIOBHH 

YHHTapHOCTH,. KOBapHa.HTHOCTH, II;plfCJMHHOCTR) ~ IlpH 8T"OM IIOCTpoemre reop1n1. 6H

Jl0 orpaHHqego paw-cwm TeopHH B03MymeH:a«. 

O,D;Ha.KO H KpO:Me 3Toro y Rae dhIJI ei&e. 0,D;HH cep:&83HI:dt He.I(OCTaTOK, CBH

saHHHtl C ynoTpec5JI8HH0M BCIIOMOraT8JI1>lWtl· cpyHX~HH i ( X) •. 
. . . . 

C llOMO~LD·8tOH q>YHK$!H 6HJIO ccpopuyJIHpOBaHO 00I&t,11PHHSITOe "nceB,no¢K3H-

qecKoe" npe.I(CTaBJieJme. od a.n;11a6aTHqecKOM BKJI.IOtieHHH H BHKJIDt.zeH~H B3aHMO,lte~

CXBHSI, a· raxxe ·noJiyt.zeHa BO3MOJICHOCT1> HCCJieAOBaTI> JIOKaJII>Hble xapa.KrepHCTKKH 
·xeopMH; 3:ra B03MOJiCHOCTl» TeXIDitzecx~ OHJla CBH3aHa C onepal.lReli ,ipyHXnM0HaJil:>

HOro ,n;11cpq>epeH~poBaHHa S. -wxp:a~ no } C x). 

Hall npe,nc'.l'aBJIJie:rca Il08TOMY xeJiaTeJil:>HID! npOK3BeCTH ·celtttac IieKO.TOpldi 

nepecuoTp CHCTeWi HalllHX OCBOBHliX DOJIOX01Ufli C TeM, l!TO.Oli COBC8M OCB06o-

·. · .I(HT:bCJI OT npHBJieqeHHJI ,cpyHK~H j ( X.)' BBe,I(eH:e:e KO~opoit B CY,D{HOCTH xpedy

eicH JIHIIU, ){JUL noJiyqeHHH pasJioxenHH no. c:reneHIIM Ma.1lQgr11 :asaw.rn,n;ettcrmrn·. 
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' =--~~~.:-_, ... ,: B ___ Ca.MOM .n;e;(e, B ,§_ 17. 6 yEa_3!:4BaJlOC.b, tITO npH omrnamrn: JlOKa.JibHOH CTPYK-

rypH :reopHH, CBH3aHH0H C BapI-Ia.qH0HHHIDI np0H3B0,Il;HblMH s -YaTpm:~liI, .PO.JI!> 

q>yHK~OHaJibHOro .apryYeHTa BMeCTO g. ( X) MOryT HrpaTI, 1rna_cc~qecK11e BHeIIIHHe 

IlOJIH. 3TO .n;aeT B03MO:!KHOCTh q>OpMaHbHO BBeCTM COOTBeTCTBYD~me $YHK!UdOHaJ11>

HHe npOH3BO,Il;Hliie OT s -MaTpH~liI no KBaHTOBaHHHM IlOJIHM~ onpe,n;eJIHH HX KaK 

npe,n;eAb! COOTBeTCTBYIDmHx ~YHK~HOHaJibHHX npOli3BO,Il;HliIX no 8.,JUHTHBH.bIM KJiaccH

qecKHM .n;o6aBK8.M 7 ( X) K KBaHTOBaHHI:lM u. ex) npn: 'IJ {X J.= 0 ' ? • e • 

sf<S () [ . SK ~· J -= . 0 ( ) 
Su.c( cx1).,, Su..otK cxKJ Sn (x1 ). ,. 8~ <xl<J ? 

.1 lc<1 °'k ~-=: 0 

(47.I) 

r,n;e s (ti_) ITOJiyl!eHO li3 s • 
onepar'{:Hi1 sa11eH1:1 

Ll.i(X) ~ U., (X)+1l (X) ( 47.2) 

AJIH Toro, qTOdH rroJiytieHHb!e TaKHM oopa30M BapHaJ.UIOHHb!e rrpOH3BO,Il;HHe 

no <IiepMU-IIOJIHM <p OdJia,n;aJIM Ha,IJ;JieXal!U1U-11'1 CBOl1CTBaMM aHTHKOMMyTaTHBHOCTR, 

Heodxo,n;HMO pa3JIHqaTb npOH3BO,D;Hb!e cnpaBa OT npOli3BOAHHX CJleBa H cqMTaT:o, 

qTQ BCITOMoraTeJibHhle KJiaCcMqecKMe CITliHOphl(CTporo aHTMKOMMJTHPYIDT crurn: C co
do~ ll co BCeMvr t/.J 

IIp11 ~TOM Bap:via~oHHa.H "npo:nsBo.n;HaH cneBa" 8C/'<s'<fcx} , no orrpe-

,ICeJieHMD 
I · I r 

SC <t+rz > ==f s~,cx J'.JI, (x; 'f'+~ J d x -== J ..A, (x; '/'+1 Jo ?i (X} d x J 

gc I 

1 
- i im j/ ,• (X j 1, + <jJ ) 

cl 'f>,• (X) ~➔ 0 / / .· ·· 
dy,ICeT oTJIMti:aT:ocn 3HaKoM OT "rrpo1rnB0AH0M crrpaBa" g C cf 'f': ex J 

' 

e f 
' ' .. ' ,,, .:.-,•-~ :;~,·.:':~_<;·;· 

I - I m _AG ( X ,, L/J t 2). . ; ;, ,_ );\\:tf; 
SC 

B Tex 
TOpOB 
tillCJia 

8 './1,· ex) .. i-:-'> 0 .. , .•" ::~;,:,,.~.':i1.;:;·.:::./~ ::·:•J:;:; . 
CJiyl!aHX, KOr,ICa C HBJI.HeTCJi 4JYHK~en ·o_:r . tJ.~·¥HH~£irt~c~~~3~P.~'.""onepa-

\./.J "- .. •·. .··· •" ·.·•·•·"•;-' : .. 
T l-1 dy,n;eT 

. t · 

~ 
J,;~ *.~·--·J 

! : 

---r l'l,,o. I.;,.. 
~r,.,.,. \ '!'I' .·w,~i. "'4' 

.,; 

.. -c·:'!.[, f"' 
/rid , ~§~--
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PaccMoTp:mi, Hanp:m.i:ep, 

.ffcHo, 'l!TO . 

C .n;pyroH cTopoHu, 

~ ( 
8

J1 )~·J_ ( SJI )· = ~ OtpCXJ dcx--:J) 
814'~) 8'1fcxl '8\/'CjJ 8'(jicxl · · j . . · . · 
B AB,JibH8Hill8M Ha.M oy.n;eT y.n;odHO dpaTb npOl13BO,ll;HHe no HYKJIOHHOMY Clll1HO

py 'r' Bcer.n;a "crrpaBa", a rro corrp.mKeHHOMY f - Bcer.n;a "cJieBa". MH_ 

oooaHaq~M µoaioMy_ 

' 
(3) 

) 

Mhl OTKaJK8MC.H. Tamirn OT BBe.n;emrn s -1,iaTPHJ.V:il C IIOMOIIt:bD onmerrp11H!ITO

ro npe,n;CTaBJiemrn 06 a.n;11:adan1qecKOM BKJIKJtieH1111 11 _BhIKJIIOtJemnr B3a.HMo.n;eifcTI3.HH 

li B03BpaTMMCR a.n;ecb Kee rrepBOHaqaJibHOMY onpe.n;eJieHHID, .n;aHHOMY re~3eH6ep

roM, KaK MaTPIInhI, .aJieMeHT6.Ml1 KOTO.PQif-' HBJIRIOTCH a.MITJI11Ty.n;hl -Bepo_HTHOCTH 11epe-

xo.n;a O'f o.n;Horo COCTOHHHH npn t = - ot:J K .n;pyrouy COCTOHHHX) rrpH 

-t = o0 • B K6.X,Il;OM M3 3THX COCTO.flHHM MO~eT Haxo.n;HTbC.H C.HCTeMa .11 deCKO

HetIHO" y,n;aJieHHhIX ,n;pyr OT .n;pyra KaK OT,Il;eJibHhIX 3J18M8HTapHHX qaCTI-UJ;, TaK H 

MX KQMilJieKCOB B Cl3.SI3aHHbIX co·cTOHHH.HX. 3Ta IIOCTaHOBKa BOIIpoca O BBe.n;emrn · s -MaTpHIJ;I:il HBJIH8TCH OOJiee peaJIHCTHtIHOH, tieM Ji1CIIOJlh30BaHHaJI ~a.MR paiiee, 

TaK KaK OHa He rrpe.n;noJiaraeT Toro, qTo ~ peaJibHhlX COCTO.HHH.HX rrpH r, :::: + 00 

OTCYTCTByeT B3aI1MO,Il;8HCTBHe c BHpTyaJI:&HhIM11 IlOJIHMH (CMOTpH 00 STOM B § I7~I) 

Ilp11 TaKOH IlOCTaHOBKe BCTaeT npooJieMa orr11caHMH HatiaJibHliX H KOHeqHHX 

COCTOHHHiil npocTpaHCTBeHHO paa,n;eJieHHHX peaJI:F,HhIX _ qacTHI.( R rrpodJieMa om1ca

Hl1H CBH3aHHHx- COC.TO.HHHH • MhI He oy.n;eM O,ll;HaEO 3aHl1MaTbCSI STHMirI CJIOlfCHhIMH 

Bonpoc&rn H rrpHCTYITHM ceHqac K ~OPMYJIHpOBKe HHTepecyDlltHX Hae OCHOBHhlX He

odxo.n;m.unc cp1rnHqecKHX IlOChIJIOK COBp_eMeHHOH Teopirn noJia. 

IIpooJieMa omrnamu1 npocTpaHCTBeHH_O pas,n;eJieHHhlX qacTHD; H CBH3~HHliX 

KOMllJI8KCOB B: 66HqHQH Teopm1. Chrna He,n;aBHO paCCMOTpeHa KJreilHOM (19?6), . KO

TOp~il peilll1JI sa,n;aqy Bbl.n;eJieHIUI tIJleHa Ca.Mo.n;e11CTBirn cne.n;yKllltHM OCTpoyumru 

crr9codoM:. 

;-~~--:_~" .. --· . 

' . -· ,-------------

;-
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P~ccM0Tp1u,1 CHCT~MY, offiI~LIBaeMyID noJIBblM raMHJihTommHOM H , ooo3Ha

tIHM qep_ea 'R. 0 copfo.HH11_1;V ~akJyMa, a t1epe3 R.:1. - rrpocTpaHCTBO Bcex o.n;Ho

tiaCTiPIHHX c_odc'?:(~x c_?,e--fo.HJ:!Hl\. z co.n;e_p:m:amHX OAHY peaJibHYIO 3JleJ.ileHTapHyIO 

qacnui;y) • Ec~,,_1z~io/~J~m-1~µ f-1,' .n;orrycKaeT CBR3aHHbl8 COCTORmrn, TO qepe3 

'R2, 'R3,y," tr~,~<rnM/np~'l'- aHCTBa Bcex COCTORHHM, CO,JJ;epi:am11x O)UiH CBR-

3aHHl:l~ KpMnJieK~I;iS' ,' 2,' 3~,0. peaJll,HhIX 'l!aCTHU. 8aM8Tl1M, \!TO TaKt1e COCTOR

HHJl TalQ!Ce·-,~OJt~~ -~T~E_/'_O,ll;HOtiaCTR'l!HhIMH" • Ilptt 3TOM 11:MeIOTCR B BHAY .n;Be 

o?ooe~HOCTM"'~~hx ~T'CJ.HHMH: a) c TOl!KR 3pemrn: liX ttaomo.n;emrn OHH ooJia,n;aJDT 

HeIW.TOpOll ~T~rre.~vJ10K~H3a~.vrn; 0) OHM: RBJI.HIOTCfl CTaOHJlhHblMH • 

IlpocTpaHCTBO, BeKTOpbI KOTOporo OYJJ.YT OIIHCblBaTI> liHTepecy10m11e Hae Ha-

-- tiaJlbHhle (Ir:_.irn KOE{eqmire) cocrom-urn, co.n;ep)ltamHe modoe '-rncno peU1eH11lt 'l!acTHU 

RJIK CBfl3aHHhIX KOMilJ10ltCOB, MOJIC8T renepb OhITh rroJiy'l!eHo B m1.n;e npRMOfO rrpOH3-

~e.n;eHJ,rn R O Ha· npocTpaHCTBa 'R. j, 'R. 2 , 'R.3 , .. , npHl.leM Ka11C,IJ;bli1: 1113 COM.HO-

XH~eJie~ MOJKeT BXO,Il;HTb B· 3TO npoli3.Be,TI,emrn rrp9v1"3BOJlhHOe 'l!HCJIO pa3, B COOT

BeTCTlHHf c- _rrp_O.I,13BOJlbHOCTblO tiaCTJiUJ; )];8.HHO:ro copra: 

R. _: R
0 

x~ 1 x-'Ri x._ .. x R2 x R. 2 x. 1 , x R1<.x 'R.H. x .• , 

"CB_odO,Il;HhlH" raMHJihTOHH:aH, COOCTB8HHI1Wi <PYHKI.J;}tHMI1 KOToporo flDJIRIOTCH 

'8.MllJlM!Y,llJ,l co9TO.flHliii, co.n;epxa1.1_rv1x JII06oe t.J:RCJIO peaJihHhlX 'l!aCTRI.J; l1 CBH3alIHUX 

KOMnJieKc··Oj3 ~ H§ B3al1MO,n;ellcTBYIOll.\HX .n;pyr C ,n;pyroM, MOJiCHO Tenepb nocTpOHTh 

TaK: BBe,n;eM_ onepaTo.p1ii npoeKT11ponamrn raM11JI1ToH1,mHa. _ H Ha rrpocTpaHCTBa 

R0 )1?.1 , 'R2.,•" ·oriepa:rop1if· -~, ~, • , , 11 onpe,n;eJIHM "cnooo.n;Hhlit" raMHJihTO-
HuaH - H '. n· n11.n;e · · 

0 ,. "" 

H
0 

·=-- ~ H + ~ H +'.~I-/·+- ... +-~ H + 1;_ H -1-, •• r ~I-/+-... ( 47 .4) 

IloJIHhln ra.MMJibT.OHl-mH I-! Teneph MOJiCHO npe.n;cTuBHTh B BR,n;e 

H = Ho~ V: 1-10 -/-- {I-I-Ha) 
(5) 

raMMJibTOHIAaH B3a:t1MO)l;.eficT;BRSI -v Oill1ChIBaeT Teneph TOJlbKO _:B<l,J1_p4o~e1-

CTBI1.H pa3Jllit.J:HUX 'llaCTHI~ l1 ·KQMTIJieKCOB, HO He Ca.MO .n;e;.,iCTBRe, KOTOpoe IlOJIHO-

~-rbJD-;a·KnJ.Jt.J:eHO B-H . fuqHe·e~V OTHOCl1TCSI TOJlbKO K TOH t.J:aCTH 
' .... ,. . -.0. .. . 

B;Jal1MO,n;encTBHSI, KOTOpaSI OTB8TCTB8HHa JIHlllb 36. rrpottecChl' pacceSIHHfl'"'l1 B3at1M-

Horo npe.BpameHMR t.J:acnru ,1,1. KoMmreKci)B, TaK KaK B3a11Mo.n;eitcTB:t1e "c.n;epinrnan- -

_ mee" qacTH~hl B cocTaBe KO}.(nJJeKcoB TaI01Ce 3aKJIIO'l!eHo B H
0 

• II~aToMy np11 

0 
0 
0 
0 
ilg 
0 \ ,1Q 
g 
0 
t:5 
CJ i I ......_ 

J 

< ~t 

:J -
, 

.

(_,' . 

':J 
-'if 1 ~ 'r 

r4: 

' 

'- J 
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nepexo,n;e K Hatia.JibHOMY I1JIU KOHffl!HOAIY COCTOHHI1JO ( t = -I- co ) UH MOXeM, -:--

Hanpm.rnp, HcnoJI1>SOBaT1> a.n;imeiaTutJ:ecKoe B.hIKJI:rotieH11e V - HM K Hctie3HOBe-

HHID ca:uo,n;eifc:i;mrn, H~ K pacna,n;y CB.H3aHH1IX COCTO.HHUH 3TO Terrepb He IIJHrne-

,n;eT • 

2. -06mHe CBOHCTBa. IIo,rc,;rep1rneM, t.J:TO Bee cpopMyJI11pyeMHe HMXe IlOJIOJ!!:0Hli.H 

He .HBJI.HIDTCR tieM-TO HOBbIM M HM0IDT M0CTO B QOHtJ:HOH COBpeMeHHOM Teop1111. C 
- -

,n;pyrow CTOpOHH MH He CtIMTaeM TaKEe, tITO 3TI1 TIOJIOX0Hl1~ TIOJIHOCTbID HCtiepnH-

BaIDT co,n;ep~aHHe COBpeMeHHOll xeop1111 I1JII1, tITO OHI1"06pa3yIDT B KaKOM-JII100 

CTeneHH ITOJIHYlD CliCTeMy He3aBHCHMbIX aKCHOM. OcTaBJUI.8 JlCe 3TH liHTepe_CHb!e 

BOilpOCbI B CTOPOHe, Mll uy,n;eM OTHOCl1T.bCR K rrpMBO,Il;HMOil mnre CliICTeMe __ IIOChIJIOK 

KaK K COBOKYITHOCTI1 IlOJIO~eHHH, ,1l;OCTaT04HbIX )];JI.fl noJiytJ:eHli.8 ,n;11crrepc110HHHX co~ 

OTHOJJ10HI1li o 

Bee ~TH TIOJIOXeHHR y,n;o6HO pas,n;eJIHTb Ha ,n;Be rpyrrrru: a) oeim11e CBOHCTBa, 
~ 

xapaKTepmrn ,Il;JI.8 B0CbMa Q()llliiipHoro KJiacca B03MOXHhIX Teop:nt1 I1 6) crre~HaJibHHe 

CBOMCTBa JIOKaJibHOCTH, CB.83aHHHe B qacTHOCTI1 C YCJIOBMeM MHKpoct~ 
~ ~ Pt ~ ~ 

IlpM'lfI1HHOCT:W., 

Odmuie CBOHCTBa., 

Ax). ACHMilTOTVJ:t.J:eCKMe COCTO.HHHR CJ.1CT0MbI co,n;epj!CaT 6eCKOHetJ:HO · y,n;aJieH

Hbie peaJibl-lbie qacnni;hl M H~ CB.H3aHHbie KOMIJJieKChl. B3aI1MO,n;eiiCTBMe Me:m:;n;y Ta.:. 

KllMH GaCTH~a.MH H KOMilJieKCaM:n paBHO HYJIIO 11 IIOTOA!Y OCHOBHI:ile ;n;11Ha1u1trnCKJ,1e 

xapaKTepHCTI1K11 CHCT01:Ibl ( T1rna 3Hepnu1, I1MITYJibCa, MOMeHTa M T .rr.) HBiIHIOTC.8 

a,n;,n;I1TMBHbIMYI. TaK110 cocTo.Hmu1 onHCh!Ba:roTcn ~JivITy,TI;a1u1 f •.. / , .HBJIHrom;i-IMHCH 

3JieMeHTaMM H0KOTOporo JIMH0HHOro rrpOCTpaHCTBa. 

E. I1MeeTca rpyrrna G npeoopa30Bam1n L , BKJIIoqaroiqaH JiopeuueB

cKyro rpynny rrpeocfp~aHHH IlpOCTpaHCT;; - Bp0M0HH ( G- MO~eT BKJIIDtJ:aTb 

H ,n;pyrHe aneMeHThl, HarrpHMep, .30TOTIMqecKHe upeo6pa30BaHHH). Ilo,n; ;n;eRcTBH

eM rrpeoopa30Bam111 L H3 G- a.MmrnTy,11;1i1 cocTom-rnn. / ••• )- [!:peodpa3yDT-

ca C ITOMOID;bIO HBIWTOporo ymITap~oro npe,n;cTaBJI0HHH ~ rQYITIIhI~ 

B. EcJm B COCTOHHHI1 · / f) ItIM00TCH onpe,n;eJieHHHli 4_ -BeKTOp 

3Hepr1u1-vIMIIYJibCa 'P , TO 

UL Ip;> = 
a.. 

(47.6) 

- TpaHCJIHI(H.ff X ~ x + a... · • CymecTByeT cocToaHMe BaKy-

- x) 3TH nyrutTbI mnICe oy,n;yT UMTlipOIJaTbC.H, ImK 47 .-2A,- 47. 2.E 11 T .,n;. 
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UL lo)==- I.O) 
a.. 

( 4_7,, 7) _ 

r. CymecTByeT cHcTe1m aMIIJnITYA J n) k) , KOTopaH Bu:ecxe c rumnH-

Ty,n;o~ l ~> HBJIHeTcH sa.MXHyTon; Ta.K qTo 

<°' I AB If?>~ = < ~ 1· A lo> <o I 13 J ,a>+ 
(47 .. 8) 

+ L s d it ,:: 0( 1-4 I )1. ~ > < 11, k / 'B I f > 
n.. 

:rr np:aToM TaKaH, qro B cocTo.HHHM I n, k ') inieeTcJI oilpeAeJieHHh!ki HMIIyJI:r:,c ..... . E -> K li 3HepnuI 11 ( K) • liH,D;eKc n.. o6b3Hatw,eT COB~YIIHOCTb KBaHTO-
Bl:lX, tJI£CeJI,. ,Il;HCKpeTH1::IX li HenpepHBHHX, KOTopaH BMecTe C K IlJIOTHOCThD xa
paKTepR3yeT COCTOHHlle H3 ,n;aHHOH 3a.M.KHYTOH CHCTe:MI:le 

.AHaJIOfii:trn:ue CBO_HCTBa MoryT OHTI:> ccpopuy.1rnpoBaHh! AJifl HeIIpHBO,Il;H.MHX 
rrpe,n;cTaBJieHHH ,.1wyr11x -no,n;rpynrr G · , B qacTHOCTH, ,n;JIJI npe,n;cTaBJieH11il, co-

.. '' . 

, OTB eic TBYIJ~u:x::~MoMeHTy •. 

.· .1;:},•:,:~JI~Ty.zia~''i3e'poifrH~C~H nepexo,n;a ~T COCTO.HHKH. 1 ct> K COCTOHHlilD Ip> 
A,e1eT~JI Marpirrrnw 3JieMeHTOM ~13 l SI c<) onepaTopa ·S (uaTpHJ:UiI pacceamrn), 
y'iOBJieTBOpHKJI4ero ycJIOBllD

0

YHliTapHOCTI1., 

-r 
SS=i (47.9). 

E. ITpM rrpeodpa3oBamrn L H3 rpynmi1 G, MaTpMI\a paccesunrn S 
npeodpa3yeTcE c rroMombID yHHTapHoro rrpe,n;cTaBneHR.H UL . 

iK. Ecirn lex ) HBJ1.Herca aunmny,n;o:i:t BaKyyYa :rrnM cocroHHH.a, co,n;epx~e
ro o,n;Hy pean:hHYD qacTMUY liAH O,ll;HH CTaORHhHHH KOMIJReKc, TO ycJIOBHe CTa6Hnb
HOCTU TaKUX COCTOHHHH' m.teeT Bu,n;: 

S [C(>=lct> (IO) 

i--
. J 
,,, ! 

1 
"t:---= 

·i !~~----
( 

\ 

fy 

:§ 
ij1~-::i . 

l lr:J .. i 

1 ' --
' 
111
~---r ·, 

" 
ti 

It J-~ 

lrS 
;'.'. .. ,6 
\4 ''. :' , I .. 

\i ;r-'J 
YcnoB~e (IO) rrpe,n;cTaBnReT COOOM He qTo HHoe, ·KaK ~HKCHpOBaHHe YHH

TapHoro ~a30Boro .MHOAliTenH, C TQqHQCTbID ,n;o KOToporo 06HqHo onpe,n;enHeTCH 
MaTpnua pacceRHHH. Tc::K, C Tot.mu 3pemr.H OOffqHQM Teop1rn:, ll3JIOX0HHOH B rnaBax 
cl, IY.,,ypaBHeHHe (IO) CBO,ll;HTCR K YCJIOBMD CTadHnbHOCT~ COCTOHHM.H BaKyyua H 
O.IJ;HOtiacnrtIHbIX COCTORHUH. 

,/;T ,; i ---

)J t (J 

- ------~-~---,-.....,,_.,._jt tJ iW . I 
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TaKoe ycJIOBHe MOJ:CeT ObITb Ta:M !JOnyqeno nyTeM 36.11eH.b! OOhl4HOti MaTpMl~bI ------

. pacceHHM.H s onepaTopm.1 SI , IlOJiyl!eHHb!M li3 S _n_ocpe.I(CTBOM BhltIMTamrn 

I'l3 JiarpamKMaHa B3a:L1MO.I(8MCTBH.H BaKyyMHoro M O,ll;HOtJ:aCTHlfH11X KOHTPtIJieHOB • Ha
npMMep, .I(JIR CITHHOpHOR 3J18KTPO,D;HHaMMKH 

$'= T{ exp Ljdp[lcpJ-(Z
2
-:1.)t<p-:m)t - 8mt[Jy,,-

- ( Z3 j_) L JI,. (9"'nP 2-f"'p").JJm - '/?8'41< ]j 
n,rn _ 

BCJI8,ll;CTBlie qero 
<0/s'lo>-= (S

1>0 ==i 
< .1 qJOTOH / s I I i qJOTOH > -=- .i a TaKJKe < 1 :rneKrpon l S f / .1 :rneKTpoH ) :::: i 

tITO 3KBMBaJieHTHO (IO). 
IToJioJKemrn 47. 2A - 47. 2JK .HBJIRIDTC.H HaCTOJlbKO OOil\llMl1, 1ITO, ITOBH,ll;HMOMY, 

coxpaH.HTCH M ITPM B03MOJ!l:Hbl)( ,n;aJlbH8Hllll1X rrepecTpOi1Kax Teopm1 3JI8M8HTapHbIX 

qacTM~. 

3. lloKaJibHhle CBOHCTBa. II:peE,n;e ti:eM npHCTYIIMTh K fPOPMYJHipOBKe HeOOXO,D;M-
~ - ·--- . MbIX Ha.M JIOKaJibHllX CBOllCTB Teop1-rn, HaITOMHMM COOTBeTCTBy10nr0:e MOM8HTbl Q()h!l-IHOH 

CXSMhI. 

T 
HatIHeM C Toro, tITO npe.I(CTaBJI8HMe 

-3KCI10H0HTY 

$ · -MaTpmvi pacceRHMR qepes 

IT03BOJIBeT (c ITOMOmhD npo~e.I(yphl TMITi (I), (2)) cpasy Ee IlOJIYtIHTh ee Bapv1a

~UOHHhie rrpOM3BO,D;H1Ie. Harrpm,i:epl 

8$ = LT ( 'd'tc,<J ex.plf .tc~Jd"t) 
8u C>'-) ~ u~ c.x:J 
. ~ 

TaKoro Ee TMITa BHpa~eHli.H TIOJlyqaTca M ,I(flR BhlCillMJS Baplia~MOHHHX-npoli3-

BO,I(HHX. 

YcnOBHe npMqMHHOCTH MO~eM Teneph 3aIIHCaTh B BH~e aHa~orHqHoM 

(17.31): 

(II) 
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3a.MeTMM AaHee, qTo aJJTIAHTYAhl BepoETHOCTM AJIH nponeccOB pacceRHMR 
CBOOO,ICHhlX tiacTttn ~ T. e. )];JI.fl TaKvIX npoueccoB, B KOTOp.b!X HeT H He ITORB~HIDTCR 

CB.fI3aHHhle KOMilJieKCbI) BbipaJKaIOTCS qepe3 BaKyyMHble cpe.n;mrn OT B'.apna~OHHhIX 
np01-13BO,Il;HHX ·s -MaTp~l\bI ITO CBOOO,I(HhIM l10JI.1U!9 

Le~~ 
B caMOM ~aT:pvFIHbIM 3Jie:MeHT 

1 { ,_., ➔, ,-) -?, cl (+) ~ (+) ➔ I > - < 0 aA Cp.:,.) .. ,Q.. 11 (ps) ,::>Q (p") ... a Cpr) D S rJ rs «1 - « r 
0 

(I2) 

-\I> -I) 

. ,ICJIR nponeccos, B Ha11ane KOToporo :m,rnIOTCR tJ:aCT-l1nH c uMnyJihCaMH p.3, ... Pr 
11 ,npynrnu KBaHTOBID.rn 1u1cJim.m c<::1., •• • ex r , a B KOH~e - qacTMI{hI c 

HMnynLcairn: p~, ... Ps' 11 .n;pyr11M:v1 KBaHTOBiiIM:vI YJiiCJia.MM fa:1. , ••• Ps 
(Ilp:n 3TOM, KaK 06:wrno, ClIMTaeTC.H, <!TO cpe,nM nap rl. el .. , F.:.' B. HeT 

. . r< 1. rJJJ 
coBna.n;aromttx). . 

BocTIOJib3Y8MC.H Terrepb OOlltJ:HhIMH rrepecTaHOBOtJ:HhlIDI COOTHOilleHH.HMH 

{ 
(-} ➔• ( J j_ e'f'X {?>,+ ~, 

Q ~ c P >' ~o. xJ + = ('J.r,)'3/2 vr Cf J' 

d_ -ipx . 
- e vc1;- ct?) 

(~r,) 3/2. 1 I 
{ l.Lo(xJ' a..~'cp>}+ = 

(47.I3) 

11 Ilp11M8M BO Bmn.mmrn, IITO t(x_) 
TIOReM. C YtJ:8TOM (2) 3TO .n;ae~ 

,n;onEe~ 6NTh qeTHoM WYHK~HeH wepMH-

j •p1x ~ S r o..' .. 'crt'J SJ = .1 -~ 1.f/3 1\ ~P 'J dx e- -- , 
C ~ I !I - (~11)~/2. ~ - (5" 8 UG'"(X) 

(!;-

0 

(47.I4) 

' i 

( __ ) 

-[ C' C+J ➔ ] _ ). L c(,+ ...-;,)jd -ipx SS _'.\ 
P,-a._ct (p) _ - (" )3/2 1f <r Cf .xe O -~g:. 1 .. J 

- (;('Ti aU.~Cx.J -
r 1 

by,n;eM Terrep:o nepeHOC}lTb B ( 47. 12) Bee onepaTOpbI YHUtJ:TOY.l:8HvI.H BnpaBo, . --~ I ---~-

AO Tex rrop rroKa OHH, rro.n;eticTBoBaB Ha / o) , He .n;a.n;yT Hy111>, ·_a orrepaTo_phI- ::. ~L 

po;K,n;eHlrn - BJ18BO. 

J 
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Tor,:n;a c noMom:010 qiopMy;m (47 .. 14)~¥.b! cMoxeM BHpa3HTb .MaTpiitIHbIH 3JieueiiT --

(12) B BH,:n;e cyMMh! t!JISHOB rrponop~oHaJI:OHhlX RHTerpaJim! 

S 
. ·gs+r S " '(\' ' ·_'\" ) . J 

<&upt''d) ... 8uc1/Xr) ✓,,ex.y:,i '7;,px'-~rx dx; ... ><,. (47.15) 

Bh!IlOlIHHH liCKJIKJ1I9HHe BaKyyMHhIX rreTeJlb Mbl np11:,n;eM B IIO,ll;HHTerpaJibHblX BLI

pruK9HllRX K MaTplit!Hh!M 3JI9M9HT8.M'BH,IJ;a 

1 S"S . > -< (' S 8u1c.x,J ... ou,, ex., J o 
0 

t 
S) 

0 

(47.16) 

B crrpaBe,IJ;JIH/OCTH Han11:caHHoro COOTHOill9HMR JierKO y6e,:n;HTbCR, ecJIH yqecTb, 

l!TO aMmmTy)];a S l 0) MOJiteT OTJUP-IaTbCH OT I o) JIHlllb Ha. cpaaoBHil MHmrrn:

TeJib, KOTOpbI~ KaK pas ll paBeH ($
0 

)-.1. 

Mb! rrpMillJill TaKHM o6pa30M K BaRHOMY IlOH.HTliIO pa,n;Ha~liOHHoro onepaTopa 

n.. -ro rropR,:n;Im: 
~ 

S"S . r 
- ~---- s 
- 8u1CX1)"' SunCX .. ) 

(47.17) 

KaK BH,Il;HO no,:n; rropR,:n;KOM onepaTopa 3,1];9Cb liM99TC.H B BI1,IJ;Y cywapHaR CTe

rreHb BapHa~HOHHh!X rrpoM3BO,ll;Hb!X. K BaKyyMHh!M OEM,:n;aHMRM TaKHX pa,:n;Ha~OHHh!X 

orrepaTopoB H CBO,IJ;RTC.H MaTpM1IHhl9 3Jl9M€HThl (12). 
IlpM nepexo,:n;e K Baplia~MOHHh!M npOH3BO,:n;HhIM no KBaHTOBaHHhIM IlOJI.HM Tliila 

(I) MO:iCST B03H11KHYT:O COMHSHHe B 3aKOHHOCTli Taiwro rrepexo,:n;a, TaK KaK CBOH

CTBO KBaHTOBaHHbIX q>yHKWfli y,:n;oBJISTBOp.HTb ypaBHeHI-1.HM ITOJI.H mmaK He OTpa::KeHO 

B onpe,n;eJieHMH (I). IIeTpy;~HO y6e,:n;MTbC.H, tITO KaKH9-.lUt6o OCHOBamrn K TaKoro 

po,:n;a COMH0HMRM OTCYTCTBYIOT • B Ca.MOM ,n;eJie B ··· p - Maip11:~e "CBOHCTBO KBaH

TOBaHHhIX orrepaTopoB IlOJI.H y,:n;oBJI0TBOl).HTb ypaBH0HH.HM IIOJIR 11 B ,n;ei1CTBliT9JlbHOCTli 

CB.H3aHo.c npou;e.n;ypoM BbltIMCJieHM.H MaTpliqHbIX 3JI8M8HTOB, III rrpo.HBJIHSTCH JIHillh 

,Il;JI.fI TeX onepaTOpOB IlOJIR, KOTOphle, C TO{!Kli 3pemrn: ,:n;:vrn.rpaMM 9?8liHMaHa, COOT

BeTcT,BYIOT BHelilHJ/IM JIMHM.HM. IlpM. 3TOM yKa3aHHOe CBOHCTBO .HBJIR8TC.H· TpliBHaJIIiHill{ 

cne.n;cTBHeM nepecTaHOB01IHbIX cooTHOiileHM11 ·(13) MeJKAY onepaTopoM. U(X:J li3 

MaTpm~~ S M .orrepaTopoM poric,:n;emrn (HJUI ym,rqToJJi:eHmO cBod9.n;Ho¥1• trac.TH~H 

o..,(±) (K) Iil3 a.Mrrmuy,n;11 cocto.HHM.H. BB:a,n;y aToro rrpu JJaCcMoTpemm S -MaT

p111~bl H ee Bap11au;1rnHHhIX npOli3BO,Il;HIDC MbI MOJK:eM IIOJIHOCTBIO OTBJieq•bC.H OT yKa3aH

Horo "cBOliCTBa" (H cq11T8.Th, t!TO Mhl npM. 3TOM liMeeM ,n;eJio C qiopMaJI:E,HhIM· pacnrn-
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pemrn:u qiy1rn:u:w.0HaJia ff Ha KJiacc CflYHI{I.{ltfLi M He IIO,Ii;tHIHHIOITf!iJXC.ff KaKMH-JIMdO 

ypaBneHnn1,1). Tip.w 3TOU pa3y-MeeTc.H Ha KOHeqHoM 3Tane rrpu rrepexo,n;e K MaTpHtiHLUJ 

3JI81,i8HTilli npHXO.TI;I1TeH paccuaTpirnaTI, npoeK.o;UIO 5 Ha MHO:iCeCTBO KJiacca one-

paTopoB, y,n;oBJieTBop.HIOl!.\IIX ypaBnem1m1· cBooo)(HbIX noJie:t1 (pet11 11,n;eT JII1lllh oo . I 
onepaTopax COOTBeTeTBy10nrax BH8illHitIM JUIHM.HM ,n;:vrarpm,m g'.ietlHMaHa). l,L....1•5 - .... 

.li)rn )~aJI1Hei11Uero pa3BUTHH Teopm--1 nomr, B HanpaBJiemm rroJiyqeHn.H ,n;ncII_~p-i ;&.. ..-.a-. .... 
C}IOHHb!X eOOTHOlliemrt1 HaM ue IIOTpeoyeTC.H He TOJihKO rrpe,n;cTaBJ18Hl1.H S - MaTpu-t', 

·---,_,:; 

.o;11 qepe3 T -3l'~cnoHeHTY, Ho · ,n;aEe n rroH.HTMJI o Jiarpan:&1-raHe B3a11Mo,r;eilcTBMH, ~\ 
1 ~ ..... - ... i 

HaM ,n;oeTaTO'l!HO 6y,n;eT JIM:lll:b coxpaHMTb B03MOJfCHOeTb Bap11a.IJ;HOHHoro ,n;mpcpe-

peH.o;MpOBamrn S -MaTpm::i;hl, yeJIOBvre rrpMtII1HHOeTM B qiopMe (II) 11 B03MQ)KHOCTI, 

BhlpruKemrn a:MrrJII1Ty,n;H nepexo.n;a (12) qepe3 HHTerpaJIH nma (15). 

l103TOMY MbI rrpHXO,l;;I{M K B03MOEHOCTH ecpopMyJIMpOBaTb eJie,n;yIOl.l{He JIOKaJII,HUe 
. . ~ 

eBOHeTBa. 
~ .. I 

Ax) PeaJI:oHhle sJieMeHTapHhle qacTI1UhI (no He KoMnJieKehr!) xapaKTepM3YIOTCR 

6030HH1IM:vl ·11 rpepMI10HHhIM:VI TIOJIJIMM U.. ( x) , KOTO,Phl8 OOJia.n;aIDT T8MM xe TpaHC-

q;opMa1(110HHhl1UI M KOMMyTanMOHHHMM eBOWCTBaMvI ImK 11 B TeopMH CBOOO.JJ;HHX IIOJieii. 

OnepaTop . s OOJia.n;aeT BapI-IaI(:VlOHH.bIMM npOM3B0,1i;HHMI1 mo6oro nop'.H,n;Ka no 3THM 

ITOJI.HM. BapMaI.V10HHhle npOM3BO,Il;Hble l1M0IOT 3,n;ec:o Bee eBOM OObftIHHe CBOl1CTBa. TaK 
_ RX TpaHccpop1m.o;110HHhIH xapaKTep o6ycJIOBJIMBaeTC'JI TpaHe(p0pMa1(:Vi:°OHHHMI1 eBO-HCTBa

MM IIOJieil. Ilpol13BO,Il;HHe no 0030HHhIM IlOJIJIM KOMMyTupy.IOT, a ITO qiepMIWHHhIM aHTI1-

KOMMYTI1PYIOT MeJB:.n;y cooon. 

Pa,n;HaI(MOHHhle onepaTO,Phl (47.17) li Ilp0ll3B0,1J;8HHH TaKI1X orrepaTO,POB C H8-

3aBMCHMb!MH apryMeHTaI,rn: .flBJIJ110TCR liHTerp:vrpyeMhIMH (B CMhICJie orrpe,n;eJiemrn- § I6)' 
T0-8CTI, Bee uaTpM4Hhie 3Jl0M8HThl 

~ ~ /· H cx1) : .. x~) .•. l-1 (e:1,··· ~l<J { °' > 
cyTb o6oonieHHLie cpyHKLt~·nr, np:vrHa.n;~exa~irn K o.n;HoMy 113 KJiaccoB C Cq, r., >i) ~

. E. BhffioJIHSieTCSI ycJIOBMe np:vrq11HHOCTH B- qiopMe ( 47. II} 

B. IIycTb 

I 
➔ . ➔ 

0( ~, P'-r · ·., ol.,., Pr> = / w) 
• 

0003Ha:aeT a.MIIJIHTy,n;y coeTOHHHJ1 CMCT8Mhl 6eCKOHeqHQ y.n;aneHHbIX BJieMeHTapHhIX 

qaenru; C HMITYJibCa.Mli fJ.1•··f11 I1 .n;pyrirIMH KBaHTOBliMH l!JIICJlaMM a,.,. .. c/,_• 

x) 3TH eBOMCTBa ynoMMHaIDTC.H HMJIC0 KaK 47.3A, 47.3:E ••• 

-~_~'r · 1 »_J 

.t~ 

I 
1 

:J 
:,"1,___--:, 

)_l./ __ rLrJ 
~/\ d .. 

~f-j 
;I .. I 

1;j ( 

ti'·-
[ J 
[!I 

J_ 
1 

.J 
~ 



--;i 

I 

; --1 
1 . 
! -- 7 
- I 

i 

·--~ ft: 

·__ -- l 
J .. ; ~- 7 
cf. 
-t, 

- 23 -

Tor;n;a MaTplit.IHbIH 3JieMeHT 

M0JB:eT 0bITb BhlpaJ:eH qepes BaKyyMHHe cpe;n;mrn pa;n;MiaWIOHHhIX orrepaT0p0B ( 47. II) 
c noMom:oD cJie,n.y10mero qiopMaJI1iHoro rrp11eua. HamillleM 

Sw'~ -=- < 0 la.:~ qt~).,. a.:: Cp~ JS a.';' ( p.,) , .. a. c+; ( fr) / o) 
J . .S 1 °'r 

11 dy,n;eM nepeHocur:o onepaTopu ym1t.IT0!'.:emr.H a.c-:, HanpaBo, a a. C+J HaJieno, 
rroKa He rroJiytIMM tiJieHoB, y xoropbIX a_c-, ;n;eticTBYDT _Ha / o) , a a._<'+J 
Ha ~ol , M Koropue o6pamarorcH B HJJih. Tip11 3T0M oy~eM rroJib30BaT1icH AJIH 

0., (.J..', 0. , ... J 0dhl'4HhIM11 rrepec.TaH0B0t.IHHIDI C00TH0illeHH.HMM. 113 Te0plm HeB3a-

m.rn;n;ei1CTBYIOUMX II0JieM, a )l;JI.H rrepecTaHoB&k a. c ... J, a. c-, VI s - C00T-

H0illeHMIDlJiI TM.Ila (14). 

TaK:vrM rryTeu Bhipa3MM SCJJ'c..a qepe3 BaKyy1...rnue mu-1;n;amrn OT Bap1-mr.-o,rnH-

HhlX npOitl3B0,I(Hh!X s - MaTp11r.v1. UcnOJib3Y.H 3aTeM yc.'I0BMe crao1rnbH0Cn1 Ba

KyyMa 47. 2E M0:.KeM CBeCTM :nx K BaKyyMHhIM cpe;n;Hl1M OT pa,II;MaqLI0HH.bIX orrepaT0-

poB. 

§ 48. CrreKTpaJibHoe npe.n;craBJieH11e rr:noHHoB WYHKIJMU rmrna. · 

B 3TOM H IJOCJie,n;y10meM naparpac_pax OYJJ.YT II0.1Iyl!eHbI TaK Ha3hIBaeMue 

cneKTpaJibHhle rrpe.n;cTaBJieHl1.H ,1l;JI.H IIM0HH0I1 H -HYKJI0HHon q)yHKW1M I'pmra. BrrepBHe 

rrpe~cTaBJIBHHH 3T0ro THila dhIJI~ rroJiyqeHbI qeJineHOM (1952) B KBaHT0B0B 3JIBKTpo

.n;MHaMHKe H- JleMaH0M (1954) B M830HH0ll Teop1n1. O,n;HaKO MBT0~ MCCJIB,lJ,0BamtH 

y1101urnyThIX paooT He MO:h~eT Ct.IMTaTh.CH Y,II;OBJIBTBOp!ATeJibHh!M, TaK B HBM np!1XO

,Il;HTCH HMBTb ;n;eJIO C decKoHetIHhI1v\H no CTO.HHHhIMH peHop1n-rpoBoK, q>OpMaJibHO 1mm1-
rrym1poBaTb C HHMH J1 T • .n;. ( cp. Kp,ITHKY paooT 3Toro HanpaBJieHHR B § 31. 4). 

HnJJte MH noJiyl!HM cneKTpaJibHbie rrpe.n;cTaBJieH11R Y:eJineHa-J1eMaHa ;n;JI.a cpyHK

IU'IM rpnHa nceB;n;OCKaJI.HpHOH MB30HHOM Teop:nn, HCXO,Il;.H 113 OOIJtHX CBOMCTB JIOKaJIIi

·uoiil: T80p11H Il0JI.H, C!p0p:MyJI:vi:poBaHHhlX B § 47 Ii II0Jib3Y.HCb MBT0)l;0M aHaJIUTHlleCK0-

RO npo.n;oiilrBHlii.H Ha K0:MITJleKCHYIO IIJI0CK0CTb. KaK yRe yrro:w.rnaJI0Cb, 1mTepHaJI 

§§ 48 :n 49 He MMBBT Herrocpe.n;cTBeHHOro 0TH0illBHMH K Il0CJie.n;yIDQBMY BhIB0.n;y 

.n;ncrrepCM0HHbIX C00TH0lilelrn:11 H M0J:CeT paCC}.iaTp:vrnaTbC.H .JIHillb B KaqecTBe l.{eT0,IJ;:H

qecxoro BCTYIIJleHH.H K IT0CJie.n;ueMy. 
-

I: Pa,1u1aru10nHI:.Ie onepaTophl I-ro :vr 2-ro nop.H;n;Ka H 11x BaKYY:A:IHHe cpe.TI:-:-

HM_e. ITMe.H B BM,n;y ;n;aJibH8llill1f6 IIpHJI0,;rnmrn K npo~eccaM M830H-HYK?IOHHOro:;·pacce

jIHfili ·c sroro ll0MeHTa orpaH11q11Mc.H paccMorpeHneM 8 ~KoMIIoHeHT.Horo cmr

HopHoro HYKJIOHHOr~ 11 3 - K0MII0HeHTH0ro 1,ie~0HH0ro hoie11, B3al1M0,B;e11cTBYIO

li{HX .n;pyr C ,n;pyrOM 3Up.H;D;OBO-CMM.M8Tp11qHhrM OOpa30M -li ~;'.~'dy,ie;z-~pirmn,mTI> BO 
. • .•• ·- ss: - .... ,.,, "-;,;' 

- < ____ JlJ;ttO.J.!l..ll.TK.O_ 

Ll 
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·qacnruru.m. 

KaK .lil paHee (cM. § 33.I) B KaqecTBe M030HHoro IlOJI.fI dy,n;eM paccMaTpH

BaTh TIOJie C TpeMR BemecTBeHHHMM rrceB,n;ocKaJIHpHHMM KOMilOHeHTa.MH ft·(X}, od

pasy10mll.Ml1 B8KTOP B I130TOil11lieCKOM rrpocTpaHCTBe (ll30BeKTOl)). IlpH 3TOM qac-

nrn;aM 7T + ~ 1i- H 7i a· ( C MaCCOM /1' ) COilOCTaBJIHIOTC.fI IIOJI.ff 

lf-1-- :: t~_:f "'~ 
V2 

, LJ)_ -= 7.,-
fl 1. - / c.p2. 

V2 
.,, ¼ = St'3 

HyKJIOHHoe noJie ( c Maccoit M ) xapaKTep~rnyeTcH cmmopoM 

y.; ( 'K)· ==/ ':t'.e (><~ I 
':P» (X} 

(48.I) 

(48.2) 

Kp01i:e 1130TOIIvltI€CKO.Il I1HBap.vi:aHTHOCTH, T. e. HHBap11aHTHOCTM OTHOCMT€Jlb

HO npeo6pa3oBaHHM BpameHHfl B 3-MepHOM H30TOII11tI8CKOM IlpOCTpaHCTBe, Mhl _6y
,ll;€M IlOJlb30BaT:bC.fI rrpe,n;cTaBJiemrnM 00 MHBapl1aHTHOCTH no OTHOill6HHIO IC rpa,n;ueHT

HbIM rrpeoopasonaHMRM I-ro po,11;a 

1 

I oJ. 
.. _, ol. 

lf CX}➔ € 'f'CX J , cpcx..;~ e cpc><J (48.3) 

T. 8. dy,n;eM ClIM.TaTh, l!TO ooa 3THX rrpeoopasoBaHH.H BXO,II.RT B rpyrmy G- H3 

IlOJIOJ.C8H1-UI 47. 2E •. 

::3aHIJ:8MCR cetftrac HCCJI8,1I,OBaHH8M BaKyyMHLIX cpe,n,HMX OT pa.:n;11au110HHI:.IX 

onepaTopoB .t-ro :vi: 2-ro po,n,a B paMKax cqiopMyJI:wpoBaHHOM Teop11u. 

He COCTaBJIReT Tpy,n;a yoe,n;HThCR, l!TO H3 cooopaEeHMll KOBapuaHTHOCTI1 no 

OTHOill8HHIO K BpameHH.fIM B OdHtrHOM 11 H30TOITHtI€CKOM rrpocTpaHCTBe, paBHhl HYJIID 

BaKyyMHHe 0~11,n;aHHa OT pa,n;11a~.t10HHhlX orrepaTopoB I-ro rropR,n;Ka, a TaJ.ClCe OT Tex 

orrepaTopoB ~-ro rrop.H,:n;Ka, B K{?TOphIX O,ll;HO ,n;11cpcpepem~up0Bamrn BHIIOJIH.fI€TCR no 

C>030HHOMY rromo, a .n;pyroe-rro ¢epM:0:0HHOMY. 1'13 coodpaJK8HHH HHBap:~mHTHOCTI1 no 

OTHOlli8HllIO K rpa,11;.t1aHTHOMY rrpeoopa3oBamrn (3) . ooparqalOTC.fI TaIOEe B HYJib BaKYYM-

Hble Q]CH,I!;aHMR OT 82 S / d'f d '-JI , I1 s2.s / $' '-f d 'f'. • TaKviM oopa30M 

OTJI11tIHbIM.t1 OT HYJI.H OKa3HBaIDTC.fI JIHillb BaKyyMHble mrm,n;aHM.fl OT pa.D;MaUMOHHbIX orre

paTopoB 82S/ B<f(X)J°CfCJJ M 8 2S /a;p-cx.J d Y.,CJf • 3aMetraJI, l!TO Ha oc

HOBaHHvl coo0pa:/i<:emri1 TpaHCJIJl[~TIOHHOH MHBapuaHTHOCTvl 3TR m1rn:,:n;amrn MoryT 3aBH-

c~ pa3HOCTH X - _:j ,_ 3aITHiil8M :vrx B BM,n;e - . . _ -- . 
r11u~,1 

I 

5 
.. 

·-~---·~ 
J 

,1_-,-~ 

r:~; ~

n I 

-~ 

·~·._· •. 

r:~: 

,. 

l --1 ~~-:} 
l 

:; . 

Q 
-, 
h 
fr:,,~ ..... _J 
Ji 

JQ1

1 

. i 

~' ... _.~_'. [ ~ •:• j!, 

l -- .. 
1L..1..: 

·;:\\!I 

. g1s . r 
i < e <f 6" ,x' :r<fl// S '>c, 

- I:) (X Ca•l/.· t, .· ·. · · -

, ;_~_•,_Lb--..... J 
}ii. -- . 

) . i}~,iLJ..: 
(48.4 jt!l-. J '--\"' a-f ... --✓ './2,~~--- _,, •.. 

" . , ., •¼!l;1E~~ 
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. 

~-7 
-----. 

.. 

~11~-; 

~!2~ t 
i < 8 ip., CXJ cl' 'f ldJ S ~ = 1<. o1.r, C x-;:;) 

(48.5) 

T . 
3aMeT11.M, qro Ha ocHoBamr:n cBo.v1cTBa 47. 2,t S ID>-= }o > , Bcne,11;-

t-
CTBlfe qero MH01[HT8Jib s B c,pop:uy;rax ( 4) H (5) M01il:eT ObITh orrymeH. 

lJIH YRCH8HMR CMHCJia BHpaiK8Hl1H (4) M (5) B paMKax o6HtIHOM TeOpliM 

3ma:eTHM, tITO 0Hl1 11ory'.i: C>HTb Bec:oMa npoCTO CB.!I3aHbI C IIOJIHlllHI ¢YHKIJ;U.HMH 

rp1rna rr_yTeM cne,11;y10mero paccyE,11;eH1t1.H, ocHo·BaHnoro Ha "ooooll{eHHo.11 reope11e 
B:mca", ccpopMy.1u1poBaHHoll B § 34.2. 

ITpliM8HflR 3TY TeopeMy K IIOJIHOH M830HHOll cpyHKUI1I1 fpMHa 

IlpHM8HH.H 3a-TeM 3TY TeopeMy er.qe pas KO BTOpO:MY_ lIJieHy, HaXO)J;11M 

(48.6) 

~ f Li;~ (X-?:JQ"'fl (e--rJL\ff Ct:dJ d~dc

r,11;e 
ot,f 

o - r , 
LL,.., C x--d) . <.' 'Pir ex; cp f c~ J 

Ilepexo,11;H B (48.6) c ITOMom~ID cpopMyJI THrra 

(48.7) 

I'.) 

(48.8) 
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Ho,n;qep1rneu, l!TO COOTHOilleHMH (8) li (9) np1rne.n;eHhI HaIDI liCKJIIDll11T8JihHO 

• B UJIJIIOCTpaTI1BH1IX .ue1rnx H MhI He dy,n;eM IlOJih30DaTbC.H liMH Ilpli I1CCJie,TI.OBamm 

Q :n R , K KoTopoMy MbI' cefiqac rrepe:M,n;eM. 

2. J3aKyyMHOe oxrn.n;amrn OT 8 2S / d<f'a- cl~ p • PacCMOTPHM Teneph 
vc:>, 

6oJiee no.I!;pOOHO QC x.-- d) . J3Be,JJ;eM )J;JIR 3Toro pa,JJ;:nan110HHHM oo3e -on~petiop 
I-ro nopR.n;Ka 

• 
Ju- ex) ( 48. IO) 

KOTOpbIH oy,JJ;eM Ha3hIB8.Th orrepaTOpOM TOKa (l13 cooopaEeHMH COOTB8TCTBM.H C 

odb!tIH-OH nceB,n;OcKaJI.apHOM M830HHOM Teop:ne.i1:). 
I 

OnepaTop J .ffBJI.H8TC.H 3pMI1TOBhIM 

't 
I I 

j f ( )( ) -= JI' ()( ) 
( 48. II)· 

ti.To HBJI.HeTC.H CJie,JJ;CTBlieM ,n;eHCTBMT8libHOCTI1 'f . H YHHTapHOCTI1 S H MOJ!CeT 

6bITh rrpo,JJ;eMOHCTpI1pOBaHO C ITOMOmhID 3JI8M8HTapHOH BHKJia,D;KH (rro,JJ;06HOH TOH, KO

TOpaR OhIJla HCITOJib30BaHa B § 18.2 np:n ,Il;OKa3aTeJlbCTBe 3pMHTOBOCTH 0606~eH

JIOr-0 raMHJlbTOHHaHa). 

Tenepb MOJ!CHO Bhipa3MTb BXO,JJ;.HmMH B (4~.4) pa,n;Hal(HOHHHH onepaTop qepe3 

BBe,n;eHHhill orrepa:rop TOKa Hero Bapttal(MOHHYIO npOH3BO,D;HyD. 

BaphHpy.H (48.IO), C yqeTOM YHHTapHOCTM a MaTpHnH H 3p1ll!TOBOCTR 

TOKa (48.II), IlOJ!yqaeM 

--
( 48.,12) 
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<i (x )j,ci>" 'L f d ~ <o )J.,.00) h, k) < n ,£ LJ rc/J' / o) 
')'\ 

(I7) 

BoCITOJib30BaBillliICb ,n;aJiee CBOHCTBaMM 42.2E H 42.2B MO~eM HaITMCaTb 

t 
< n, ~ /J/~) Io>.,,,. < I?, Ji/ UL!, J'/ o) 1J 1.,.) o > =:: 

J.J..... 
·~ 

~ 
L-.-J 
J.J..: 
L-:-J p 

(48.IB) ~ ~~ · ilE,.,cit)x 0 -kx3 ~ . . 
=- e < h I K J J f' ( o) } (J > r~-· --

HcITOJib3YH aHaJiorHqHoe npeACTaBJieHMe ,I(JIH 

eu BM8CTO (48.17) 
/ I I I ➔ c5 <..0• J.-Cx:, l'l,k), l!ORyqa- 0 

<f_.c,ojf c;:iJ>o = . c5 
I 

. S£ .., ( o } ➔( ➔ -J] ( 48. I9) CJ--·---> -,z. l?(k) )( -i:, -I<:. X-d -
= L d1c. e · <o/Jcr(o)/l'l,it)<11,k/j/0J/o) _ 

By,l(eM Tenepo cq11Tan•\ · QTO B cyMMe (18) HH31lllfMl! :inepreT11qec1mMI'! cocTo-·•t::5 
RHMRMH nocJie BaKyy11a HBJIRIOTCR COCTORHvI.li C 0,IJ;HUM, ,I(BJMR H TpeM.H Me30HaMH. :...L: 

. ( 3ro coo:rBeTCTByeT rrpe.ri;rroJio::rnmrn 06 o:rcyrcTBMI1 CB.H36.HHHX KOMITJieKcoB Meso- L--.-J 
HOB u HYKJIOHOB C Maccoit M8Hbill0ll 3,r ' KOTO_poe, I10Bll,Il;I1MOMY' He IIpOTI1BO- ~ 
petmT sKcrrnp:mreu:ry H npe,2Lno;10JicemIIO od oTcyrcTBmI B3aFIMo,n;elicTBl1.H c qacTm:i;a- L ,.J 
MH t'.JOJiee JierKinJM, qeM JV' -1ie30H) • A 

ITom~irnM, qTo ,n;JIR o.n;Ho11:esoHHhrX cocTO.FIHMil J n, ~ > MaTpI-rtrnHe sJieMeH:r:or ½ 
1
.J 

< n , ~ } i1r co J l o > (48.20) ~ 
c5 
ri ~r5 

,.:..) -,) 
dy)J.yT paBHll Hymo. BBe,l\eM ,I(JIH 3TOro onepaTO.PH YHlil4TOX6HI1l:JI M830HOB Cl j> ~ f 
c 0Ubl4Hiil:MliI nepecTaHOBQqJI:bIMH COOTHOillemrnMH (cpaBHli (i{:I.12) H (3.36)) 

( +-) ' . . cf' " . + 'l' )<. ,--,,,.--, ) 

[ Ci..f cf), <f', CX}] = :!::: •\-, Ii? e - (f o:: ~f➔ ~,,.,,., ~ ) 0 
. ~ , (:211) 2. 2 f o I ·. 

M BOCilOJib3yeMCH ycJIOBI181i. 47. 3B. 3To· ,n;acT 

(-;) . - . . - X. i ·J .rjix. J>S ·d 
o..

1
~ cf JS-Sa.. cf)= {Jif,12/ff e cf'$1Jcrrx,i 

~L 



~:,-;_ 
'._J l ,;_·.·_. y 
y 
y 
~ 
-,~--"'_ 
~ .. 

'· l :s 
T 

I 

. 

~ y 
. l 

\ 

-~ 

- 29 -

C IlOMOll{hID GToro COOTHOill8HliIH vr y-crnnrnaH CBOHCTBO 47. 2)K ( 47. io) )VIH __ _ 

BaKyyMa 1iI 0,I(HOMe30HHbIX COCTORH11.t1, IT~Jiy,melv! . . -r 

5 e_ir'",;: h, iZ lj6" cx,I o) d x : i S e'Px<n, it/ } S S / o) d x -= 
o tp6 cx J 

. t-
= i ( Qn f h h po' I< n' k. I c..';_'. C rn / 0 > - < n I it ) s a';< p) s IO> J = 0 

M ITOTOMY, BBMAY (18) 

&p- 1e. J <11, k /Jir10J / o > = C :i:J, i eip:n, il I j .rcx JI o) d x = o 
trT0 M A0KasrwaeT c.n;eJiaHI:roe yTBepR)~emre. 

3aMeTMM TaK;[e, tITO paBeHCTB0 HYJIIO Bhlpa:~:e:aHt1 ( 48. 20) AJ1R ;;,By:G.i830HH:.'/ 

C0CT0HHHA Bh!TeKaeT Herrocpe.n;CTB8HH0 113 rrceB~0CKURHpH0CTH M830H0B. 

TaKMM odpasoM B pa3JI0JKeHH1'I ( 48. 19) cocTo.11mrn / n, k) IHrnro4UlOT no 
Kpai1Hei1 Mepe TPM M830Ha H )];JIH HMX 

Ilp111rnM Tenep:o BO BHWMamre, 4T0 Ha 0CH0EUHmr TpaHCJI:IL(HOHHOi1 "' H30TO

ITH~eCK0R HHBapnaHTH0CTH 

<}ircx-; jpcJJ?.., 
1>yHK~11IO u. MOJKHO rrpe.n;cTamrn, B B11,n;e 

-1 s· -hex Ll (X) = ( .Qn )3 e 1.r(k) JI< 
rrpu'l!eM B COOTB0TCTBvrn. C ( 48.19) tpyHI:~~11.H CJ Ck) HH88T Biif,l!, 

Ha OCHOBamrn ( 48. 22) n ( 48. 23) c yqeTOM 

pHaHTHOCTM MO~HO 3aKJIIDqMTb, 4TO 

rrpuqeJ! c,pyHK~MH J OOJia.n;aeT CB011CTBal,B1 



/, _/ - .30 -
J 

H 

. 7C k.,,__J == o rrpH k. 2-~ C 3/1) ~48.26) 

HTaK, MbI IT0JI.YtIHJLM: 

6 i -J°k(X-d) 

<:: JG'" < x) J, <~, '> 0 = ~ 3 . e e c;e o J J c k. 'c.J d k_ 
~ ('2nJ . 

(48.27) 

3Ta ~opMyna rrpeACTaBJIHeT co6oll cpaKTHtiectH crreKTpaJibH0e rrpe,n;cTaBJieHHe 

,n;JIR <j(!"cx>Jfcd?")o • 
H3 (48.16) :vr (48.27) B.b!TeKaeT, tITO llJYHK~liR Q()(-½},) :·oOJia,n;aeT 

"cBoti~TBOM rrpK!.IHHH0cT11 11 
- no.n;odHo npHtzMHH.b!M

1 
cpyHKrzyrnM I'p1rna rrpH X" > d <0 

0Ha o·oJI~aeT JIM!il!, 0Tp:LIIJ;aTeJibHhlMH tiaCT0TaMM ITO OTH0I!l8HHIO K apryMeHTY X o_ yr, 

a rrpn x O < d a ~ II0JI0JKHTBJibH.b!MH. BBH,n;y sToro Mhl oy,n;eM o6o3Haqan, ee0 1 

HHJ!Ce qepe3 Q c. : 

Q,,.fcx-d) = sir,Q 'cx-d) (48.28) 

48. 4. AHaJIHTHqecKHe CB0MCTBa Qr M Q ~ • 

O,n;HaK0 C00TH0illeHMM (48.16) 11 (48.27) HaM eme He,n;ocTaT0'lIHO ,n;JIR Toro, 

'l!T0ClbI c,n;eJiaTI, 3aKJIIO'll8H.l18 06 aHaJIHTH'l!eCKMX CB0liCTBax cpymm;IUI qc. • ,UeJio 

B TOM, 'lIT0 C00TH0illemrnM ( 48. 16) Q c. onpe,n;eJieHa JIHillI, npn x -4 !:f_ . • .I(JIH 

IlOJIJ'll8HHR He,n;ocTaromen HHqiop~!aIJ;I1H HaM np:a,n;eTc.a BBeCTH B pacCMOTpMrn:e eme 

',JJ;B e (l)YHK!zy!H: 

j 1~---

~ 
b 
[~ J_J p 
~ 
LI., ,----J 

0 
g 
·rfi' 

t .··. 
c5 

86 qr-cx-d) -:=< 
f 

Cif c~, ) 
8 (><) 0 'f~ 

( ) r5 
48.29 i I ;'.<LJ 

:; I --

8 Q."c~- ) '=- < SJrC>C) '- (48.30) rr-.:i 
er f ::J C' / ~-.·.-.·~ , ~-. atp C ' o ::~ 

!Ip:a Harnrcamu1 JieBoi1 1.Iacn1 aTMX cooTfogHMM MH McrroJI:hS0Ba;rn_ coodpaJKe- JL I J 
HMH TpaHCJIR~0HH0~ li U30T0mftI8CK0H liHBapuaHTH0CTM. UH,n;eKCH n t'" " li II Gl n J:;~ 
C00TBeTc:rnym CBOHCTBffi! t~~ 

(t( >HJ ) =- Q "- ( ;;1- X) = 0 npH X :::::_ j.~c:5 
' .• ' • ; ; o flt L,:J 

. . . - illii 
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q'cK., :=; -t' ?.11Gc~0JJ0<-2.J+-q°'c k.J ~ 
== '2n ( 6- (..;.Ko} J ( k.'l.) ~ Cf r( k.} 

H IlOTOMY B qacTHOCTli 

PaccMOTpHM Tenepb aHaJiliTHqecKRe CBOllCTBa ~YHK!zyIH 

. t'>< )( 
qrck.J =f Q>-Ck.Je dx.. 

C yqeTOM Toro, q~o BCJI6,1l;CTBHe YCJIOBHS npHqMHHOCTH 

np:n X ~ 0 

(48.31) 

,(48.32) 

(48.33) 

(48.34) 

(48.35) 

CoOTHOllI6H1te (34) onpe,n;eJI.!leT q r ( k..) B odJiaCTli ,1l;6RCTBli1T0JibHhIX 

3HatieHPiki KOMilOH6B;T I< • Hs ( ~8~35) CJie,n;yeT' tITO 9 r (I<.) MOJKeT ()Ii!Tb 

o:ripe,n;eJieHHlilM · o6pa30M npo,n;oJDKeHa Ha OOJiaCT:b KOMilJI8KCHhI~OJIQJK1tM, tJ:TO K 
· 0()JI6.,ll;aeT OTJllil!HOll OT HYJIB MHliMOtt l!aCTbD, T.e. ~ 

k -:1:: p+,. r , p .= Re. I< :, r = J'l1A "' 

r2 >·0,, r 0 > 0 
(48.36) 
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//)fe§~ ' ..... >~-.... . .... 
,,/ufu'&Br"T )-·,········ ~--~;p ·_ · r X) 6y.n;eT HrpaTh pOJII, peEymero qJaKTO_pa, 

09ecri triry- ..... ~o p-xo. _ p cT1, :vrHTerpaJia~ B caMOM ,11;eJie corJiacRo ( 48~ 35) HHTe

rpaJI ( I} /J7) Jpaic T ~:~f'1rbJiacT11:, B 1wTopon 
' 
:•:\ ~~ Xo ~ Q ; X2::; (Xo); 
'· 

a B s:rni1 Jiacn1 no ca.1;1011 rpyoon · ou;eHKe 

rx ~vr•x 0 - f X > lr 0
- I r'IJx 0 > ½ ( r 0-I fl)(lx•J -1- !XI) 

TaK l!TO 

-rx 
e 

~ e. o< (I x0 I + I x I) 
(48 .. 38) 

r.n;e B COOTB8TCTBHM c (4e.36) 0( = r 0

- I r'I 
2. > 0 

B TO JKe Bp81,i.ff no yCJIOBHIO 47. 3A q>yHKIUUI (;/,,. ( X} HBJI.HeTC-,H 1-rnTerp11pye-

MOI H ITOTOMY HHTerpaJI 

.f qrcx) h (x)d X 

IIBJUIIOIIrra::t1cII JIHHetiHHM cpyHKD;HoHaJIOM B npocTpaHCTBe rpymcn;HH h C x. J 113 KJiacca 

C ( q, n, i) , y.n;oBJieTBop.H10m11x ycJIOBMIO orpam1qeHH0CTI1 nem1t!HH 

h -= s u. ~ IX I t\11 ' ?/'h {X:} . J 
Win fl (cJx 0 )°'" ... (ox'3)~3 . (

h-1-=0).1.) ... .,l"'J; ) 

'h::«o+, .. +cl3=- 0,:1.,, ... Cf 

cymecTByeT H orpaHMl!8H no adCOJIIDTHOM B6JIMqJiIHe JIHH8MHOM KOMOMHaI,u;IeH B8J!Ml!HH 

hh,¥1 
B Cl1JIY OD;8HKI1 (48 .. 38) qiyHK.[Urn eKp l i'px-- r-xJ BO BCEKmi CJIY-

l!ae npirna.n;Jie:li!'.HT K KJiaccy C C'f, Y"'., 1 ) c JIIDdHMH KOH0'Y:Hh!M11 3HaqeHMEMM 

q,r' BBM,IJ;Y qero HHTerpaJI (48.37) Mero npOI13BO)I,HbI8 no K 

QrCx)(X 0
)~~~· (X 3 )/33 e.,. dx S 

. ~~ 

(48.39) 

dyJI,yT cxo,1iJIIIfHM11cH. TaKnM oopasoMi- q ""Ck.) HBJLffeTcH aHaJI:t1T11l!ecKol.1 <PYHK-

. D;I1ei1 k B odJiacTn ( 48. 38). Ilp11 sTou, nocKOJibKY npo113BO,IJ;HHe no KourroHeH-

TaM X OT -e.x p ( c'i-~x ) nponopD;MOHaJibHbI CT8II8HRM K , cpyHKD;M.H 

qr ( k.) , orpaH11:ti:eHHa.H KOMdliIHaru,re11 BeJUil!Irn hr.;, 17 , Ha decKoHelfHOCTH 

dy,n;eT BO3pacTaTb He C5bICTpee IT0JUIH0Ma no J<. CT8II8HI1 He mrnre rL.. (pasy-

MeeTC.H, Mhl HMeeM 3)I,0Ch AeJIO C OOJiaCTbIO I<. , B lWTOpOM HepaBeHCTBO 

(48836) He OCJiaOJIH8TCH). 

CJ 
I 

CJ 
a 
b 
J:::J 
b 

1 ! 

0 
I 

0 
I 

0 
w 
LJ 
B 

\' j 

0 
I I 

n 
I, 

n 
r:J 

~-:1 ! i),. 

LJ "p ! 

n 
'.r-~ 
L . . J 

-_._-·-n· -
'' :n-
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Ilepexo~ K ,n;eMCTBHTSJibH0MY ocymecTBJ!SISTCR Reco0CTBeHHHM npe,n;eJibHhIM ne~ 
pexo,n;ou 

Qr Cp+i ()--+ Cf t- Cf) ; r 2➔ 0 ;- f'
0

) 0 . ( 48. 40) 
l 9 a. 

AHarrorJiiqHmm pacc~eHKHMli_UOXHO ITOKa3aTb, qxo q>yHK~~xeT CiHTb 

npo,n;OJI:llteHa B .E:OMilJI8KCHYJO 0C>JiaCTI, 

l<~p-ir J r" > o (48.41) 

C TeID:I :;;.ce CBOHCTB&m aHa.i1,HTlPIHOCTH, til'O H !:J q ,,-( k) 

Ho Ta.K KaE B CMJIY (48.33) npM BemeCTBSHHHX K B odJiaCTH, rAe 
t<.2 < (3r)'J. ode STM q>yHE~H COBila,D;aDT, TO JiiX CJie,n;yeT paccMaTpMBaT:Ei KaK 

OJI.HY .aHaJUITHtzecKylO ¢YHK~10 f , onpe,u;eneHHyro B o6nacTHX ( 48.38) :n 
(48,.4I)o BBH,IJ;Y Toro, \ITO B yxasaHHOii 06JiaCTM 3TH cpyHEUlrn:· COBUaAaIOT C Cjc(ky 

.KOTopaR B C.11.1IY cooCiprucemdl .KOBapuaHTHOCT:vI l1 HHBapimHl'HOCTJiI Q c('X) OTHOC:H-

:reJH>HO K3MSH8HHJI 3HaKa BpeM8Hli .3aBHCliT JUii.!Ib OT . f(. 2 , q>yHKIU1SI f 
:raue 3aBHCM! JUilll:b OT K. 2.· 

MH npHillJIH, TaKHM odpas OM, K cpyHK~H / ( I< 2) , aHaJI11T1rqecxott B xo.11 OCi
nacx11 3Hal.!0Hldi apry-MeHTa, K0TopaH C00TB8TCTByeT K0MIIJleKCHUM K0.MII0HeHTaM 

I<. , TaB:11:M tITO 

(48 .. 42) 

T.e., 

(48.43) 

.HcH0 xenep1i, tlT0 ycJI0BHe (48.42) CB0,Il;HTCR K HCKJIIOtISH.HIO M3 K0MIIJieKc

HOE: IlJIOCKOCTlirBell\eCTBeHHOI1 IlOJIOliMTSJibHO:A IlOJIYOCHX) 

O<J<oo (48.44) 

• 

0 

x) .ne.ttCTBI1T8JlI>H0, ecJIH J > 0 , TO /J' > r~ -1- ]" ) 0 

······•·-·-- --·· ~~-~~~"-~~~-~ /1
2 

>? -- ' __ T 0 

___ ~ .. = 2~l..... _r-<...)..-,-,i~O-.__,..,.·_.-.,..,--~~~~·~-
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Tam1; oopa30M giyHKnM.H J ( s) HBJIReTcR auaJrnT11qecKot1 ipyHK~vteti c 
JillHM8H paspesa (44) M Ha decKOHeqHQCTH B03pacTaeT He dHCTpee TIOJIMHOMa. 

C. 
i 

C 
. ' .r:: 

. Orrpe,IJ;eJUIM Tenepb rpaHvttIHHe 3Haqem1.H C:PYHKI.~1Uf f Ha BepxHeM M mnJCHeM r---, 
oepery pa3pesa KaK cooTBeTCTBy10nrv.re HecodcTBeHHhle rrpe,IJ;eJIH l.-,·····"" 

I l 

f+ cp 2 J ~ &m f C 1<.2J (48.45) 

0 7~ -J::. 0 

Ms (48.31), (48.36), (48G~I) H (48.43) Tenep1> Bh!TeKaeT, qTo 

I+ (l<'l.) IIPM k 0 >o 

9""(1<) = c;a.(-1<} .= (48046) 

.j_ (k.'<) ITpM k 0 <0 

IT~HHIDAa.H BO BHHMaHHe (48.32), rronyqaeM· TaK~e 

£(J<'l.)- ((K2)=: ';2nc'J(K.Z) .,,_ 7-
(48 .. 42) 

3aMeqaH Tenepb, qTo Ha OCHOBaHIUi ( 48.JJ) pa3.HOCT:b ( 48. 47) oopamaeTC.!I 
B HYJI:b IIpH k '2. < (311) 2. ' IIOJiyqaeM, l!TO JU1HM8H paspesa dy,IJ;eT He BC.II 

BemecTB8HHaH IlOJIO:lKUTSJI:bHaR ITOJiyoc:o, a JIL1:IlI1 ee tJ:aCTb 

1=0 C 31'1 ) ~ ...s J < oo (48.48) 

3TH rrpe,IJ;eJI:bH~e COOTHOill8HHH C yqeT0M (48.43) MO:lKHO TaKXe 3aIIHCaT:b B 

doJiee KOMilaKTHOM BM,IJ;e 

or cl(.} -= t·m Irk: 2 -r-t'g k. 0 J 
I £.~ro 

(48.49) 

(cK.J""' tm I (K.t-/l1c") 
E4 t-0 

( 48.50) 

KoMdHHHpyH 3TM BUpa~eHHH c (48.32), noRy~aeM Ta.IOll:e 

9 C ( Jc) :-: th1 v,c { I< l..f-/[_) (48.51) 

~r:: 
~ 
~ 
C: 
Q 
CJ 
~ 
.~ 

~L _____ J 

b 
Q 
Q 
r-■.J 

I • n 
n 

-{Ii' 1 J. n 
LJ 
iri 
:··.·~ 

e• ,. 

c:J 
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;,- A C 
48. 5. CrreKTpaJIJ,Eoe rrpe,n;cTaBJieHkte ;vrn q , _ 9 H CZ • YcraHoBJieHH11e-

Bh!111e saKJIIDl!eHHH oCl aHaJIHTfIT-IecKoti qiyHKUHll f { ~ J Il03BOJIHIDT rrepeuxu Tenep:o 
E noJiy-qemuo ,!{JUI 9 r.1 9 Q,. H 9 "- crreKTpaJI:hHHX npe,l{cTaBJieHMif xmm (27). 
C 3TOH n;eJI:&lD Yli BOCITOJI.b3yeuc.a: cenqac·HHTerpaJibHOit TeopeMoil KoIIDI npm1epHO 
TaK ~e, KaK H B § 46.2, BB6,l{H BCilO.MOraTeJI.bHYD qiyHK~D 

At?;= I C~J 
· J_ (J_-.,,2)11,(,./ 

C COOTBSTCTBYIOIJ.tHM l"'L. H B KatJeCTBe 3aMKHyToro KOHTypa BbldepeM KOHTYP, 
Hso~paxeHHHi Ha p~c. 560 

Jl"tl~ 

PHc. 56 

-KoHTYP HHTerpapoBaHHH AJIH rroJiyqeHHH 
CilSKTpaJI:&HWC Ilp6,l{CTaBJI8Hliff 

Ilepexo,n;.H saTe.M K npe,n;eJiy rrp:0: - '7<. ....ta ex:, , a saTeM noJiaraII I➔ o,, J➔ o 
nonytiaeu 

fczJ = 
OQ 

= c ~ -jl'12) n+ I ( £. ( r:') - £ { e ') d?: I +-
2 n i ) (Z'-M2)h+l{2'-2} 

(JrJ,,_, ✓-

Bwuw1urn HHTerpaJI no MaJ10My Kpyry p~Hyca 
li liCIIOJibSYH (48.47), HaXO,l{HM • 

BOKpyr TOtIKH. )"12.. 

. . ~ ~ . 

f ( k.2) = ( I< 2_/A 2.) ( J(?) di!- +- ,· \°"" (K~jUZ.J f (IH~ t.) 
. ') ,r-112J"""'{2-"2J L--4 h1 ! 

(3,m) OSIH.$11 

(48.52) 
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AHaJIOI'M4Hhle COOTHOill8HM.H, OTJHftiaIOII{:0:8C.fI OT ( 48.53) 3aM8HOll 1'€. Ha 

± i £ K 0 
, .MoryT 0.hlTb Bh!IrncaHLI ,1J;JIR Cf Q.. _ H 9 ,- . 

3a.MeTMM s.n;ecb, lIT0 crreKTpaJibH0e npe~cTaBJiemrn ( 48. 53} cpopMaJibHO MOX

HO 611~0 du Il0JIY4I1Tb HerrocpeACTB8HH0 li3 ~0PMYJI (48.16), (48.27) c Il0M0~.bID 

"BhI1II1TUTeJihHOro qiopr.-raJrn:3Ma" • B Ca.MOM .n;eJie li3 yKa3aHHI:iIX C001'HOllleHMli 1rneeM 

CTH 

r;:i;e 

,· j -ik.x l Q c x J = - 3 e . 0 {J< 0 J ck. 'l.; d 1c. -== 
{2r,) 

() 

co . 

J • f -lkX :::. d2.'Jc"?:';_!:_ e 0CK"JdC1<'l_c'Jd1<.::: 
(2n) 3 · 

(311)2. . . 

(48.54) 

c:;,O 

= f clc I Jee') v(-) {X ;d2- 1 , 
~ I 

npn X>O -
(-} 

3.n;ecb 'D
2

, 
("114 )2. V 

- tracrorHaR traCT.b cpy1rn:~m1 rray;rn-Bivrnapca ,n;JI.H Mace.bl ~' : 

, f . ' .) ' -JI<>< D - (x)= -3 e 0CK 0 )f(l<.2-e)dK-
c.' (211) 

l{oM611HI1PY.fI ( 4b. 54) c C00TB8TCTBYIDllf£1M npe,n;cTaBJiemrnM ,1l;JI.H Q(x} B 06Jia-

>< ~ 0 , Il0JIYtIMM 

oc 

Q ex; -f 7(c')7J
2
~ (xJ h' = o 

(3ft) 2 

0TKy,n;a BLITeKaeT 
~ 

npl.( 

9 i:.( K}-=- j J(rJzd~ -t-- p {k. ZJ 
(3',.M)2. "2-1< -,~ 

j) ( t<.2) - HeK0T0ph!H IT0JIHH0M no I<. '2.. • 

X f: 0 

(48.55) 

ECJIM cpyHKWfII :r ( ~ ) Ha 6eCK0HetrH0CT:t1 He yo1waeT ,IJ;0CTaT0tIH0 0hICTpo, 

TO MHTerpaJI B (l~B.55) pacxo,n;MTCR. O.n;HaKO rrocpe,n;cTB0M BhlqllTaTeJibH0il npo~e,n;y

phl ero M0~H0 c.n;eJiaTb cxo,n;amMMC.H M TeM caM.bIM rrpM,n;aTb orrpe,n;eJieHHhIH CMhICJI ~op
MyJie (48.55). 

[5 
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c IIOMOiqI,IO ROTOPO~ rrpe.zi;cTaBRM (48.55) B BM;ZJ;e· 
co 

c i t) n,H ( J"C~)dr: .f-
9 ( K) = ( K -)A j ('i!-K2-c'f.) (i!-;1-'f2;"'""J. 

(314)2 (48.56) 
00 

+- ~ (K~f"i)Mj J(~}d~ 
~ (2,- ZJM-1-1 i a-O.St-1~1'\ (3'/")2 )A 

BH6epeM tIRCJIO n .zi;ocTaTotIHO 6oJI:r,mHM, Trut t1To6H nepBH~ HHTerpan B f-
(48.56) 01tasancH cxo.zi;mqKMCH. Pacxo;zcHm:aecH tIJreHH :s cy1rne no cTeneHHM K 2-J-'I?. I 

MOJKHO cRoMneHcHpo:saT:r, aa ctieT IIOID'J.HOMa1!{1<. rJ.J .. B pesyJI:r,TaTe Ta1wtt 11 ICOM- b-
neHc~H pacxo.n;HMOCTe~", TKITHtIHoil .n;JIH 06Ht1HO~ BHtIHTaTen:r,Hoil rrpo~e.zi;yp&, MH [ 

H np:a;zteM K qiopMyJie ( 48. 53) • 
1 

IlORWKeJi Tenep:&, tITO B cm1y Hanmx ycJIOBHii HyJieBoti tIJieH B cyuMe ( 48.53) 

Jr/' 2
; == o (48.57) 

SaMeTHM .1l;Jiff 8Toro, tITO Ha OCHOBaruIH CBORCTBa (4?.3B) c IlOMom:r,ro (2I) 
~aTpHt!HHfl 8JieMeHT OT S Mex;zr;y .ZCBYMH 0.1l;HOMe30HHbIMH COCTORHHRMlll <f'~/R f 'fJ> 
MOZeT 6HT:& npe.zi;cTaBJieH B BH.n;e , 

.<: p'o l SI;>;> ::::: < o Is a'~c p'Ja ~,f.'cpJ Io') ,,_ 
. ' ' 

i J· ~s (4) - I 'Fx 
+ (2.w)'lh ✓ :Jp'~ <ol 8cps (X)a.: f ( p) 0 > e dx npH p '1 ~ p'2= I",. 

. KowyTHPYH -renep:e, no;zt HHTerpanou B rrpaBofl qacTH O Ctc~,c 8 S/ tf 'f c yqe-
TOM C:BOICTJ3a (47.21) H (48.4), IIOJiyqaeM 

Lp'~l SJ fJ> = <a.';!.cp')a..'~cfJ'>o + 

+ . ! SQ icp'x-p_y) 
(:l11)"l~v'pof';, op<x,~) e. dx~ = 

=- < p'• 11 Pi> +- s,r,.jJcp-p') '{'P J 

I 
l 
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C 'APyr0M CTOPOHE Ha ocHOBaHMH Toro Ee (47.21) MoEeM npmio HarrRcaTb 0 
< p' """ I S I P J' > = < p' o- I fi f > L1➔.1 

OTIIY/la c yqeTOl.l (33) II (SI) BLIT81taeT (57). . ~ 
IlOirn~eM erqe, l!TO IlOCTOffHHlile f ("'1, (JA i) ff:SJifllOTCff TILICTO MHHMHMH ~ tj--

J(e~CTBMT0JII:,HO' corJiaCHO orrpe'AeJieHHIO ( 4) H 'A0lfCTBHTeJII>HOCTH ~ ·WYHICD;HH q .. 
flBJIHSTCH apMMTOBOM, BCJie,ZJ;CTBMe qero C yTieTOM TI8THOCTM qccKJ '~ 

0 q'•c1c.•J =-'(Ck 2
) • L. _j 

j _,.. , r ;, -)/ - 38 -

~ 110 ' llBl1/IY Toro ' q TO COPJJaCHO ( 3 3) II ( 5 I) B OJipe CT HOCT,1 T 01'1111 ./" .. 'f y --~-~ t:i 
q COJ3Ila,Z{aeT C f , 8TO .11;aeT 

-t, 
.:<.~ 

!':"~' 

[c"" 7 
Cf 2 ) "' f'"''cf' •) 

r- a. C. 
l{oitasrurn, TaKMM oc5pasoM, 'ClTO qiyHKmIB q , 9 M q .11;onycKaIOT cneKT-

P8..lII>HH~ rrpe,ZJ;CTaBJISHHff TMrra (52), B K0T0p0M 

f O 

( f ?.) =- f ()A'a.J = 0 (58) 

H 
* ( (l\ltJ f (H-1) 

-:r CJA 'l.J = - c141.) (59) 

Ma:secTHHM peayJII>TaT qeJIJieHa-]eMana ;ltJIH 6oso~HOA qiyHKnHH rpaHa ~OEeT 
6HTI> rroJiytzeH irn· qiopMyJI (53), (58), (59) ·c noMomI>D. ( 8) np1r :ztOIIOJIHHTeJI:&HOM 

rrpe~IIOJIOgeIDIH O TOM, TITO "cTeneHE pOCTa" n.. paBHa e~HM~e. IlO~CTaJ3JIHff 
(53) B {8}, rroJiytzaeu npH aToM 

/), cpJ = 
(1) co 

i + if Cf1~ +j I (cJdc- , 
2. 2. "2- ._ f 2. 

Ji - P ('3r)2. . 

I cc; ;::. ZfC'i:J 
(7:")A2.) '2. (60) 

--!-, 

b b 
CJ 
.r] 
~ 
M 
r-J 
r.-J 
rJ 
*~.--~~ _j 

LJ 
h 
h_ 
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§ 49. CneRTpaJL&HOe npel\CTa:BJieHHe cpepMI10HHOM mymm;1,rn rp.trna 
. s-2.s/ 

I. CrreRTpaJu,Hoe rrpe~cTaBneHMe narwyMHoro,~ oJKr-I;gamrn OT JJj cl'Z?. 
Ilepe~;n;eM T~rrep:r:, K ITOCTp08HllID cneRTPaJIBHoro npe;n;cTaBJI8HMff ,'Zl;JIH BaKyyMHOro 

O~H,'Zl;aHH.ff W8PMI18BCKOPO p~I18UI10HHOrO onepaTOpa BTOpOrO IlOpH;n;Ra 

C ~s. + 
1ll( (Y.-'j) =- i < t s > 

f J'~ (Y.l 83/1(3 lyJ 0 
(48.5) 

ROTOphIM' ·RaK 6b!JIO f!OK8.38.HO B § 48. I' ffBJI.ff8TCH e;n;PIHCTBeHHbIM pa;n;Mall;t,IOHHbIM 

orrepaTopoM BToporo rropn;n;Ra; co;n;ep~aJIUiIM BTopyro napwauMoHHyro npoMsBo;n;nyro, 
oGnaAa~myID OTIDI~HhIM OT HYJIH BaKyyMHbThl cpe;n;HMM. TiocKOJIJ:,KY OTJIH~Me HH~ecne
'AYIOinHX paccyJK;n;emdi OT MaTep~aJia § 48 oc5ycJIOBJI8HO JII11IlJ:, OTJitrcrn:eM TpaHccpopMa
~HOHHbIX c:soticTB R :0: Q ,. MhI npoBe;n;eM a;n;ec:r:, STO :nccne.zi;oBaHHe 6onee ROHcne:EC-
THBHbIM rryTeM. 

Co l3CilOMOraTeJIIlHb1MH U8JIHMH BBe;n;eM pa;n;HaJJ;l10HHb18 <PepMH-onepaTOphI nep:so

ro nopH;n;Ra* 

(I) 

6(~) = - i t ~ t (2) 
81.f(X) 1 / 

PaccMaTpRBa.H CBH3I> Mext.zi;y :sapn:au:0:oHHhIMI1 <PepMM-npmrn:so;n;HhIMM J' &{x); J'y 
11 d &{xJ/~f l-1 il~fJi{' 

1 
no;n;o6H,o TOMY Kalt STO 6mro npo'AenaHo :s 48.2 'AJIH i; 

Eose-npOli3BO'AHoIX c ytteTOM ycnoBHfl M yHHTapHocTH, npHXO'AMM K wopMyn~ 

f' 8Cx) 8~ S ... 
i 0{x) 0C;t) • s - l, + -

81/Jl~) Sf l-t.>.81/dyJ 
(4) 

e., 

J0lyJ ~ . 82. S t -+ i P(JJ o ex; ~- 1., 

Bipc:,J - 8~{x)8 2ply) 
(5) 

- ~ 

* C ytteTOM (47.3) He COCTaBJIR8T TPY'Aa y6e'AHTJ:,CH, ~TO ,0(1-) ==- &lx)oo 
. (3) 

H 3'A6CJ:i c51ilna MCII0J[o30J38Ha JOpMyJia 'AHW4)8p8HI1HPOBaHHfl Ilp0l13B8'A0HHH 

E{ A-BYs, ::: i-B + {--1) ?A .A S3/t111 ) 
r,Zie l7,. - ttcTeneHJ; JUIHethiOCTitI" ,;{ TIO ~epMli-OIIepaTOpaM. 

··-- . ·-·--·--'"-·•-·---·--·· ____ ...,..,........,..,..... __ _ 
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H3 KOTOPIDC·C IlOMOmDID ycnoBMfl npM~HHHOCTH rrony~aeM 

{ J;cXJ J:tyl S} S = _ 7'( 8rxJ, 0ryJ} , 

i{ J fJ{x) + J ~:t_) }+ {13/xJ,FfyJ} "' 0 n 11 

S,pl_~) 3"Jf{x.J · -t P 
n . 

BBe'AeM TenepD B paccMOTpeHMe BaRYYMHHe cpe'AHMe: 

'R ,-( x-y) = - < J.. i01J> 
. . a'ip{x.) 0 J 

Ra_ (X-'J) =- + < f\ t /J{xJ') 
. 0 3/1(}/J O ) 

(-) -R {'(-!I) = i < P(x) 9 tyJ>o 

-R (+) { X-':I) = - l < O(;c) 'ffe(y) >
0 

KOTOpbie Ha OCHOB8JilUi ( 4) M ( 5) CBH3a.Hbl c R, «: COOTHOmeH:PrnMH 

R. "- rx; = R c (x)+ Rt-J(x) 

'R r { X) ::: 'R ( ( X) -t f{f+) ( >< J 

IlpH 3TOM B CMny ycnoBMH rrpM~MHHOCTM 

R,r(x) = 0 
IlPH )( :s 0 

a. 
1<- (X) =. () IIpM )( ~ 0 

X. I'\, y 

(6) 

(7) 

(8) 

(9) 

(IO) 

(II) 

Bmr;n;y coo6pa11temdt H30TOIUPieCKOH H nopeH~8BOI1 MHBapHa.HTHOCT.0: Bee 3TH cpym, 
~HH HMeIDT cne;n;yromyro CTPYKTYPY 

;\ 

R{x) = Jst ( i. d U,,(xJ + U2., (x)} (I2) 

I 

·~ 

r-J 
JJ..:i. 
l. -J · LJ...: 

b 
·~ 

~ 
; I .. 

LJ 
i· ! r-J._.· . 
. ! ::f 

h r . 

~i: 

lh; J ·'\!:···· . :~-.t 
,:·t 

:w\li. ,1_t_,_-• I '.'. l! 

lh31 ..J.s: . . J,. \ 

r.'; , ' 

. _j 

b -± =-



c;.,_!" - ~• , 

'.',; .,, 

~· 

y 
~;i 
y· .. 
y. 
y 
y, 
9 ,-· ·. ].: . 

;:m·,U►. 

~·····•··•· 

~r 
[.JI 
n I ---·:: ~ ·u 
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r.zi;e V..1 EI ·U.1- - MHBapnaETHHe CI<:MfiPF.bie CQYHRI.\JtPI, S H ~- ___ ,··1-r"soTO.mFre cmre 
( npOTOHHO-HeMTPOHHH6) MH,l\eECbI' a IWMITOH8HTH Q COµepxrn:i 'o61ItrHbl(3 MaTpvID;bI 

j ,,,..,.--

,$1pruca 11eTBepToro paHra. /" · .,r .. / 

TipvIHHMaR 3aT8M BO B.fHIMaffI'Ie CBO½CT:Ba MHBapvI-a.HTHOCTU EbipaJJtemrii ( 6)-( 9) 
OTHOCHT6JihH0 npeoopa30B8.H~fl sapRAOBOrO COTIPH~8Hlifl, rro~ytraeM, tITO ~YHRUMH 

il ( X) CBR3aHH Me:IB:,2J;y co60:i1- COOTHO!!IeHli!.ffMI-1 

(I2) 
'f" a., r- a.. u 1 (x.)::-1J..1 (-x)) U.i<x)=. Ue (-x) 

PaccMoTpvrM Terrep:o {J)y:a:1rn;mo 
1) (-) 
I\,. • 

CorJiaCHO ycJI03I1ID 4 7 .. 2B MOJKGM HaIDicaT]) ee. J3 EW.I\e 

' 
Rt-) (x-y) =2, f diJ < of O(o} / i'l)-:; > < n, k / ir01 Jo> elk("x-Y) 

.; 

(I3) 

B ST011 cyMMe, Ra.E n pa.Hee J3 § L~8.2 PnA rrep:BbI:,{ tIJieHOE pa:BeH HYJIIOg Taft, 
TIO coo6pruii:eHMflM ROBapMaHTHOCTR 

(I4) 

,il;Jifi desHyKJIOHHcl:z COCT0}UWI11 / n, It> ,. KpoMe Toro, paccyjJ{;n;aH Ka.It M paHee 
:a § 48~2, y6em;l4aeMcfi, l!TO (I4) cnpa:se;n;.1nrno TaroICe ;n;JHI 0,Zl;FIOHyKJI0HH0ro C0CT0-

Hmrn; Il03TOMY HHTerpa..11: (I3) (paETI-PiecmI pacrrpocTpa.HeH TIO o6JiaCTI1, E IWTOpO.w 

><t 2 { M +r}a . 
- 'P (-) 

flcHO TenepDj ~TO ~ MOjJ{eT 6hlTE npe;n;cTa:BJieHa B BM;n;e 

'D !-J d ( -ix}!. l) r l\ .1 
{\ C~) =- (

2
;J~l J e vb<IJ)_ kf1tx2._}+ p7.o,/-J J a k, crs) 

f ,,2. O<'J= 0 npli J<:.. < ( ftf + )A-) 2. . 
@.,. 'I"' .. () 

BEO.iVI ,Zl;JIE ~, R M 'f!,-aB:aJIOfiI'tIHiiie :HMilYJI&CHhrn npe;n;cTaEJieHHH tiepes c:rm-

~RPHEe @y.HR~HH 'ft M !ft: 
. 'R{x/=-~ f {iM [ k tp,, t k} + 'f1. (k J J d K, (IGl 

c IlOMOilU,ID (IO) M (I2) npHXO;n;MM K COOTHomeHMHM: 
~ ~ ' 

Y'i (k): <fi (k)- 2.rn' ~(t 0) f,·(k 2)= (I7) 

~ 

::. 'fl { K) +iii i &(-k°) f ,· ( k'J.) (/:: 1,2) 
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Mcnonr,syH 3'Aecr, (I6), noRy~aeM Truc~e 

C r- tt 
~' C 1<)::. '-Pi ( k)::: (ft' ( k) rrp:0 kt< (MP'-)1.. (IS) 

BBM'AY Toro, -~To 0 cooTHomeHMH (IS) M (I9) TI0JIH0CTbID ruraJI0rM~Hhl wopMynaM 

( 48.32) H ( 48.33), Mbl M0~eM Tenepr, ~0CJI0BH0 II0BT0P.HTI, ,ZJ;JIH qiymtn0:ll li. ,· pac

cyX'AeRliH, rrpoBe~eHHHe B § 48&4' C WJHEnMmm 9 
TionyqfiM 8TMM rryTeM 

tp/ ... { k): ~ ft. ( k'+ i l k O
) 

l➔ o • ., (I9) 

'fiA. (J<.) = ~ F· ( /(.2._ iEk"), 
l➔ o 

~(lk)= -~ f, (k~+ie), 

f £.-i, o 
r~e WYHKnHM i - aHaJIHTHqecKHe BO Beef ROMilJI8KCHOi IlJIOCROCTH CBOero ap-
ryueHTa, aa MCRJiroqeHMeM RMHHM paapesa 

dh1 k" ::. 0 1?.e ,~ ~ > ( M + fa) z 
) 

H Ha 6ecKOHeqHQCTM B03paCTaIDT He 6acTpee IlOJIHHOMa Jt.- oM CTeneHH, BCJie'A
CTBHe qero MoryT "6uT» npe~CTaBJieHS B BM~e, aHa.JJ:OrMqHQM (48.52): 

. Ct) ,r f,•(i,) '! .. c: (k.'t....M°VM ,,,.1 c20) 

f;(k•): {~M'}ll+J (?.-)i'-Y,~1(i-k•) +~ "1. ( /z (M / . 
(M+ft}' Oah'I~ 11 

YCTWIOBHM Tenepb HeKOTOphle Hepa:BeHCTBa, ROTOpmi ~OJIXHN y;ztOBJieTBOpffTE 

WYHKD;IUi f,. • 
8aMeTHM ;z{Jiff 8Toro, tITO Ha OCHOBaJUIH (II), (I3) H (IS) 'MOateM HarmcaT:& 

COOTHomeHme 

~~/J f 1 t k') + J~/J fa. ( k.1}: ~ -· · . 

= 2.. < o / D« to/ /n,k>< fi,K / 6w /l)J Io> r :Jj 
ll,4"" Z A.Ja ,-

cnpa:ae;zi;mrnoe npH :ace~ I< .:: ,.,,., , I< 0 > o . 
IlOJIOmIM_, a;ztec:& 

J<-=. 0 ~ J<O= y > (). l k.2.= Y2, 

(2I) 

Ct. =(J 

--

6 
LI r:il 
r:i 
r:i 
'6 
r:i 
ti 
L] 

I 

Q 
C) 
T~iB 
CJ om 
d 
c5 
c5 

* 

::.•10c-.. ~ 
. _::__:_:_;;_,,, ---~ 
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lITO B liCTIOJ!Ii3Y8MOM o6@~HO rrpe;n;cTaBJieHlill 

' 1 0 O· 0 
. 7 0 1 D o 

IlOJIY1l11M TOr;n;a 

1'p1 ( viJ -t ft. c v'): 2 / <o/~«{o}/n,0)/2.> o 
h . 

(22) 

2-

(23) 

,. 7 
---·--

1* saMeTMM, tITO 

l (24) 
! 

~ 
'~ 

!~7 

Ha 0CH0BaIUUi ( 20) w ( 24) M0JK8M Tenep:r, 3altJIIOtII1Tl:,, t!T0 KOM6vIHa1u,n1 

(25) 

i ' 
--4 
·7----

---~ * T. e. Biiic5epeM J< l!HCTO BpeMeHHoIM :0: 06oaHa-q0:M t1epea )) coBoRynHocTJ:> M;,, , 7 np11 KOTOpbIX npa:Bafl tiaCTl, ( 2I) OTJ!MtIHa OT HYJifl. 

---- x,,~op~eHMe K KOHKpeTHOMy npe;n;cTaBJI8HliiIO MaTpHiD; Z{I,Ipa.Ka He ffBJIH8TCff s,n;ec:& 
7 OOR3aTeJinHEM. ME rrpH6erJIR K HeMy JII1filD B ueJIHX ynpomeHHfl I13JIOJK8HMH. 

r·-· 1 ~u 



.I. 
"'.;,· I 

- L-r'-t ..,._ 

06JiaAaIDT crreKTpMnHbIM npeACTaBJieHMeM BMAa 

R { k) ::: { k2. - Mt) Yl+ 1 f ri<'-v ).l,(Y) + (Ji+ vJJ;{y) 
· (·/= N i , n.+1 

N+JA / 

Jyi -J-
Y~ k';J. 

(26) +i2, (1<~ ~"-jilt {k f./"' 1(M~) + l{Mi)) . 
Oj ~~>1 Q · _A 

HCHO rrpM 8T0M, !!TO B CJ!f.JIY (I6) li (I9) B (26) :a Kal!eCTBe /? {k) 
MOJICHO BSHT:b HMTIYJII>CHoe rrpe~cTaBneHM.e R ~ R (Ji.. mni R c.., BhI6HpM Jim:mi; cor

. nacHo (I9) cooTBeTcT:syromee rrpa:s11JI0 o6xo;n;a ,:n;JIH nomnca 'f~= )<2. o 

CrreKTPMI>HOe rrpe;n;cTaBJI0HMe (26) M0JICH0 HeCR0JIDR0 npeo6paao:aaTb. Ba.Me-

THM 'AJ!fl STOro, ~TO pa3HOCTM 

(

)CL- M1.)Yl+1J:-- _ rk-M)2n+~ 
"Ii.- ;U 2. V ± k Y '±- M v ±. R 

no OTHomeHMro R k HBJIHIOTCH noJIJJIHOMrum cTeneHH 2 n. + J. . BBH.z(Y 8TOrO WOP-
My11.y (26) MOJKHO aanmcaT:& B mr;n;e c \ 

R.{k):: {k-Mlh~:1 (!;~1 -, l2,(v)j.Jv+ 
V- k . (27) 

. ( )If fi,,1+)A) 

-I- i :B~ { k -M) ~) 
b~ M ~ 2'1-i-1 

iu): .2vl,(y) >o 
1 

( y -t J\11) 2 h-t'l. -=. 

r;n;e 

(28) 

I {Y) _ · 2vJ;, {VJ 
2. - ( v- M)2.h+~ ~ 0 

a 1~ - CRaJIHPHbie II0CT0HHH:ble. 

KaR M B CJiyl!ae 6030HH()~ IDYHR~M!iI . 9 ¥0E:H0 noRaaaT:&' "CITO 'Eo ::. 0 ' . . . 
TaK ICaK Ha 0CH0BaHMH ( 48.9) T0l[oR:0 n STOM CJIY-qae C00TBeTCTJ3yIOm8Jl· (_pyHRD;HH 

~ 

I'pMHa MMeeT noJiroc nepBoro ·nopH~Ea B TOlffie k=M• KoHcTpyICTHBH0 cooTBeT-
CTBYIOntee ~OICaaaTeJioCTBO M0%8T 6:b!Tl> npoBe;n;eHO C ITOMOII(:&IO paccMOTpeHHfl MaT

p~r~urnro 81I.8M0HTa s Mejlt;n;y ABYMfi 0AH0HYRJI0HHbIMM COCTOf!irn:HMH TeM lite CaMb1M 

nyTeM, lITO MB rrpe;n;H~ymeM 6030HH0M cny-qae. 

CJ 
a 
0 

! 

Q 
0 

I 

0 
i n 
I 

Q 
LJ 
Q 
Q p 
LJ 
LJ I 

Q 
w u 
·LJ 
LJ 

,. 

L] 
LJ 
LJ 
t:1 
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HaROHeu, HCllOJII>3YH Bh!TeKaromee.H30Ilpe.zi;eJieHHM (5) H (7) CBOMCTBO corr

pmKeHHfl 

H3 KOToporo- TaKJKe BhlTeitaeT, qTQ . . 

· q • J r- ( 1:. ) 'I • = R "'t k), 

IIOJiyqMM, tITO Bee t- nemecTBeHHbI. . . 

. .. ,IIpel);cTaBJieHHe l!eJIJI~Ha-JleMaHa .I(JIH cIJepwioHHoti if>YHKUHH rpHHa rroJiy~TCH 

OT9IO.zta c UOMOI!l:&IO ( 48. 9) rrpH .I(OilOJIHHTeJI:&HOM npe.I(IIOJIOJKemnI o TOM, tITO >t ~o. 
· Mhl on.HT:& CTC>JIKHYJIHCI> a.zi;ec::o c TeM liHTepecHh!M Wa.RTOM, trTO rrpn HaJIH~H 

namelt CHCTeMS YCJIOBH:ti ( §§ 4 7 .2, 3) 3a.I(8.HHe "cTeneHH ·POCTa" SKBHl3aJieHTHO 

a~aHHI!) qiopMhl JiarpaHuaaa. 

2. EJIH30CTI> K npOTHBOpetIHIO. CitruKeM B 38.RJIIOtISHHe HeCKOJI:&KO _CJIOB ITO 

no:so.zi;y ycJIOBMfl (4 7. 3A), :a COOTBeTCTBHH c lCOTOJ?hlM BaRYYMHiiie cpe.zi;mie OT 

pa.zi;HaUHOHHT:iIX onepaTopoB .I(OJDKHhl 6h!T:& 0111ITerp11:pyewnm WYHKUHHMH 11 B o6o6meH

H.~M cwcJie,, T.e. rrpHHa.IJ;JiemaT:& K o.zi;HoMy irn· KJiaccoB C (9j r, h) 
• . Ilpe.ztcTaBHlj ce6e, tITO IlOJIJ~JIOCI> 6bI, eCJIH 6hl HaJIOMJIH Ha STH BaKyyM-

Htle' cpe,!tHHe . ft..{ X-,, . . , X)\ ) 60Jiee meCTitOe yC~O~He, IlOTpe6oBal3, tIT06hl OHH 

ffBJifl3IHC:& 06MtJHbIMH qJJHICUlHIMH' .I(Jlff KOTOPblX cymecTBYIOT MHTerpaJThI BH.I(a 

f I Ii.ti,' ... :Xtt Y/f {l<,' ... . :Xi,,) d.x1 ' .. ;,/:x .,_ (29) 

c BeCOBbIMH (f>yHICUHHMH f , y6MB!3-IOI!lHMH Ha CieCKOHetIHOCTH, Kalt 

. Lx.J + .. . 
1 
.. ., rx"J }

th 

(Jx/-= / x
0

J+ I XI J 
C ~OC_TaTOtmo BMCOICOtt CT~neHI,IO .ni. • 

TiocKOJ'I:&Ry Mb! He OCJiac5J'I.HeM HaJIIY CHC'l'eMy YC.7IOBHih a Haoc5opoT 

ee 603Iee CH.71:&HO:l!, :see ,1{0Ra88.HHb!e Blilme TeopeM!>l OCTaIOTCff B~pH:otMM. 

JtallT :SblllOJIH.fiT:&CH, B 'ClaCTHOCTl'I, H ~OpMyJnit (48.52), (26), (27). 
I 

Ilepe~'ASM, HaIIpHMep, .B (48.53) It X - npe~cTaBJieHHIO. IlOJIYtI~M 
'•' ..... •.-•·.,,.:· ·. ·. '.. . . ~ . . . .· 

Qis! {x..y) =- ~tr- ( Cl,c- ~._l'+1f I ( 2) J)
2
c(x,.y) d'I= -+ 

... (3))-)i. 

+~f C,,, (f''l.- DxJ h1 t'{x-~) , 

.I<. W\ Sn ... -

.zi;eJiaeM 

Ilpo.ztoJif 

(30) . 
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-ITO~ ci:±ci:foL c{':: ,, _ ( :H,'.'"rr,m:rs•~:04s,1-%;nrnsne,r•m ,R'm~ro~- ,UfiHVJL:~R ~ ~-;, 

□ - \A )',_:;::. c). 1... \,V J.){~•I: ~•;~J.Jm,,,. ~rMO'"" M ~ ~.-~; 

r;z{e \,./\ 

V ._ ,'-l Id ---- ~~Y.--1 -;.;-J.c'½J~-,);l:~}.J.~~0.. ,_,;_h,.,_.,._.,,..L.>v.!.·-•{ .. ~~-,.llv,;!. :...rl1. 

r ,. l ,i ~ -:,.. -, 0 -
,, _.}~ :""'- ~"'4 I \ • - ~, >'1-f. 1 ..-. I 

o ( Q,,.~) '1\ ,., • .. ·t i ·4 \ lz;,-,;J;J;"-) -c. ~ ·-.. ~~ ..1 "-..:·j ~----.. ;·., .,,.~. l .\ / l) 

a '.Dz - npll'IIIHHaH lj)yHHl.\11~ ;!{JI~ TIOJ!~ C Ma~~~:9ii:,,,,,;c: ~ .t\ ,,~ff G'EP ,,nw>cMIT [ -\_-} 

~e~~i}~:i~~r~:,rY£~~ir~~i:~:~tif ~ii~i~~«!~~~;it~t~~~~i~~~~i;:- (_ L_~ 
)le!ro'llBwel one'P a/l!ll'P a(:'.1:1"'-;P' ~-!l"~"Cf ,, Eli!\ e tiO'Jie'e j'.ci!JW Jrae'1!'"0Capait1t6 P' '6ii\f rYJiltpH o cT11 6c 

, .,.. . I" - ✓- "~1 l ~" -;""1 •• (,"• . . · "~ I 
Ha ,:-c:a:eTOJ3QM!IR'OI:Ifce';,uBcne-.ztcTBHe 0Tb:r:o•3 ~HTBrplmtf' TilfIIB. rr~~JT.;pacia)'(~:~Y6R N;if.'jffrH .........,. . .. H 
WYHKIJ;llM Q ' npHHa;I(JI0JKHOCTeM R paccMaTpHB8-0MOMy·· 1i{Jia'l1icfC"c_pyifRdiihF~) 'B1a:1t'yyMHNXL ; .JE 
Omi;z{aHMiL,-P.a;zu-1~MOBHbl~ cOnepaTQJ'.'10B-.- f'J,\F,·,c,,n,·;rniT,-,.fTT]" '\ d'f''"\,i<'.'iW:T~i < LJi tJ 

.'•/:,. \.:.,,.t,,)1; ~• ._1...,'.:.•,...,_•~-•._).JJ..•,-"'v',_,0 .),..i, . .,-•~: .: ...... •£~,,~>-._1· ~.. ...::.;;::.!!,.-S~':'.:'....~!•~\.1,_,~·.l, .. -\,r• •. llo,A ""• --:--•·•.J·•,r•;..;:_!~:...;:,..,.,u'.;_';,: 

~HT a'k·!J"l.\\Q1f~i3 wr010!{:\1.(EfdT air'diHiblil He CIH5nLR(cfI'cy3MTJ, o;ilo" '~k) ytl1foii-itf~ aWcTe'Mhl ··•· . "" C 
(-4-i?:rz~r/)C( 4,.7 .13l}'iJ'iftp_p1&o1ll nJfw;ifi:rtitiii<IBHYTPgHE:eMy nrR':>¥1¥ti3dpeftt1im3.q::::ric ]CJE N)~BC[ ::..J..: 

t ,~ ,_ , ·:, ~~: e.:,.:;c:Ji:I'.::-r ·.E::1 °,~1JC:,f1Jr.D Ji (r~~:jJ.i.j.\.:J~ ,,:,:1,,.1 ~s1T,:);d~1.;} MOH L 
1 

•• J 
PasyMeeTCfl OTCIO;n;a H0Jio3fl c;neJiaT:o HilRaRHX aaRJIIOtiemrvi O COBMeCTl'IMOCTI1 LJ' 

cali&t'f~Hfife,ticfqjbp1.fap5:ifillH-0~111 F8ttcT-e'fJ.o1 ,yBnonMtP·t(4)7-2'2 '13)17 w ~i;Pf~;zt~~3 'lEH¥WJ1 JIIIIIlIL .. , ~ 
06p1a'1li1rrif.JtB1iMt,faHWe1qWiI'ff2}, 1ii±'oCBcHrpo81Tcr;1HtyTpelfi¼e~ ''H'enpoir:itic/peq1-tifBB~iF;:Ba~ffI I 

JIOitaJII>H01f-'=, i'fedpMttI'fn·f [,HBiieircfff ~wcfotHO-C:T~IiY)ff cHtiM. ,, E1:-1C. Hinn'I"y;t;[: rP.'II,IHI-i'klOO 6:0c{ltHR:IR LJ 
' ,1,\ . ~ 

Ofip_ai;rnM BHMMBH:11§\."eme I:!,q.,. 9;n;r1s.o 11HTep~ g1Hoe ,QQCT OflT.enf9~ Bb. Tait irnor;z{a L . .J 
BJ,ICRa3RBa8TCfl MHeHtf~.c:' -~To' rrpin.te"'HeHl'J:0 j ~·H~HTa;eJILHOro ~ ~~pMam\·sMa B TeopMH no- i . ~ 
Jifl ~6ycJIOBJI8HO J/!CTIOJI,B3013:ailvreM--··:TeOpHH B03MY,J.U6H1'Ili. ,. 8T:p MH'eH:ti°e'-f111l1f!tJtpe)ftf!Jfali':- LJ 
Jifl8TCfl HerrpaBllJI:OHhIM. ; :- .\ ! 
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WYHRUllfl CB060~Horo JIOJifl. Ilpe~cTaBMM ceoe ,.slfTia:ufil??t~h1tJiniiwiniW~1,T\i9Pf cPhI LJ 
onep:annm::,~MH'0'.lN&HOOI H f itna:orr.o1l 'CMSTtHIG 1(,UlBH irnrmb.sn.::io Sh tad. Y,3IirltOm)Ofl ~ 

\rto)J,oqTI ... 1n,muq.ea:c1-~o<.1~ornT!10_ JJr,iG~oeT 5mida: e. HH.'F...,,,;.~S.f:tHO. ;rr. sou. r:fiona:m10 eeu:ob. ea. ~L, .j 
( p,d:"\ ; / .. 0\ U, ,,,.,·:i ~j. '< ~'a.J/V,(,\-Q,:f, ~, 'iJr<l"Q.,..1»"'6t~ p- T'!•n.:l'!TIQtl'l:TQilUO' lj!Nr>'ff 

,. . I .:J!lot_ \ f,IAj <I '-J.::..'l::,..J:;/\ ~ rj;f.'A~ ·v-i '!:f 1', ;/ L.J. ... • .J!l.i.,) .. )!' . .!, f rliJt.,:l;nni.1o KlCi. ~uu.>.w. 

)lirn Toro, q~i~ti1'WP11f~¥f,3'~lf 'rc°i.f1lSP ~lb8xdjii~8il Jiil6e~~,:i11
~ 

11 B~~~~~~~oi! · · · :..J..: 
npou;e~ype, T aK :B'.tmt 1 npHj -,l'f'~Y.¥BM. ~,Bf!~M ie. ~~~~n¢>HJlMa.JUm \HeMA:rr:Jle$-O-iB)>3ijJ~~eT pac-ril. J 

-\- 1:-~ ~~ ... ",.. \ '-1 \, ~ .... .J .,1,., l \ \ A ..... J °'l''1'-Q'j-\ <::.""l;S 'f C 
XO.l];HMOCT:O Tk'!Ila YJI:OTp"a.ffi~roJI~TOBOH Rj}.T8..,QTPOWbI. HaM RaJKt9TCff Il08TOMy, tJTO :Bbl-

, A • \Ail. r i . . 

qJ!TaT 6:(1:lil!rp,\ lj)opM8.llll 3M HBnHElTC: '.~e~:~~ll; ~Pll~~T~M Jl~O~ ~OHaJibHOtt Teo pH ~-. . . 

\ ,.,· •• , ·~ ] t._ \ . t..J - ,.,\ \ Mt " ' . \-
{ 9 "i\t ,r,: ·. -... ,) "'.--i,fi \:, ~ ~ _, ', . _,.._ .. ~,~ b 

r, ,,,. ff~ .,.., t . r 
' ~ z ~--...... L. 
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§50. AMTIJIMTYAa pacceHHMfl M830HOB Ha HYKJIOHax 

8ToT rraparpa(P co;n;epJirn:T :scnmrnraTeJIIiHhIM MaTepuaJI, Ha ocH0Bam:u1 KOTo-
7 

-.-..... voro B § 51 6y;n;eT ;n;aH BbIBO;n; ;n;HcnepCMOHHbIX COOTHOill8Hl1H ;ll;JIH npouecca pacce-

- --?Hirrn M830Ha Ha HyKJIOH~. 3;n;ec:o 6y;n;yT BBe;n;eHbI BCe OCHOBHble I1 BCTIOUoraTeJI:o-

---~ble · BeJil1tJ:I1HN, a TaIOKe 6y;n;eT HaMetJ:eH MaTeMaTM't!0CRI1 6oJiee rrpOCTOM BbIBO;n; ,Zl;MC-

f8PCHOHHHX COOTH6meHHI ,Zl;JIH CJiyti:aH picceHHMH Bnepe~. 

I. CmrnI> aMIIJIMTy,n;H pacceHHHfl c 11 sarras.11;brnarom11M 11 :t-1 1' orrepemamm11M" MaT

f' DM't!HbIM aJieMeHTaMM. M11 6y;n;eM ctjmTaTI>, tJ:TO. ;n;~ aKTa pacceHHvrn HyRJIOH Haxo;n;MT

I'cH B C0CT0HHLUI,. xapaKTep1rnyeM0M 11MTIYJII>C0M f> 11 ;n;11cI-CpeTHbIMM crrnH0BbIM I1 M30-

TOITlilll8CKMM :vrn;n;eKCaMI1' B COBOKYIIHOCTH o603Hffl10HHhll!I1 6yKBOM s M 't!TO TIM OH 
I -.+ 

_ Haxo;n;HTCH B COCTOHHL'.Ui C HMIIYJII>COM q, M ;ZJ;I1CKP8THhIMI1 I1H;ll;0RCaMH ~ • COOTB8T-

TH ~: CTByrom11e xapaRTepIACTI1RH HYRJIOHa III IlliOHa B COCTOHHI111 rrocJie pacceflHJ.,ffl 0603-
. ~, ~/ 
HatJ:MM IIITpMXOBaHHbIMIII 6yKBaM.!1: ( r .1 S - ;ll;Jifl HyRJIOHa; q I g - ;ll;Jiff TIM OH a)• B ;n;an:o-

b1Xr·· 1Hei1IIIeM HaM oy;n;eT y;n;o6HO 00060 Bbl,Zl;8JU1.TI> HMilyJII>Cbl IUIOHa f M f / , 0603Ha-r trafl COl30IiYilHOCT:& OCTaJII>HbIX XapaKTepHCTHR HatJ:aJII>HOrO 11 ROHffCIHOrO COCTOflHMti 

bI o;n;Hoti 6y1tBOM: 
. C ~ ...,.,.,. ,. ,. 
.· ,•- 1 o( : r / ~) ~) ) W = ( ~ l ~ > f ) n B C00T.B6TCTB!!II C ( 46. I 4) ffi!IlJIIITY/la pacceHHIIH yKa3 rumoro npo11e CC a Oy:.. 

1T;n;eT BbipruICaT:&cH qepes MaTplltrHbln aneMeHT -

:~ <r:~: '4"r'I s Ir~, ci f> 
iJ · · l . Bhl;n;eJIMB Ha a:MTIJIMTy;n; HatJ:aJI:&Horo M KOHe-tmoro cocTOflHMH nHOHHhle orrepa.;. 

rrdr TOpbI a.!~ ( q .... ) M ar> ( ~) , npoitOMMYTMpyeM a,t+) C S- MaTplrn;eti 

'"Y . < r~: ;'f'I s I ps, ~ f) 7 < p-'r;' I a;-;1cq) s o.;icq) 1 fs> = 

I . l ~ . . I I iq.'I f➔ 8 s ( 50. I) 
D~ ::<t's'la';c,✓Ja~'cq)Slr~>+ - a!:Je <F'-''lt1ilq'Js- IF~>-:· 
~ ;r · · 7 r f I J (2rc]""-/2.10 ·. · 'fl~) 
r Z{JIH l3bltrHCJI0HHH nepBoro l!JI8Ha BOCIIO}Ih3Y8MC.H yCJIOBM8M CTa6MJII>HOCTH O;D;H0-

1 J · · l HYRJIOHHoro cocTOHHMR. BbinOJIHHH aaTeM ROMMYTHPOBaHMe ~ onepaTopoB, rronylll'r1'.M, 

t ;;:,-; qTo OH pa.BeH IlP0ll3Be)leH!IID s .. - ~YHKUH~. Bo BTOpOM trJieHe CJie;n;yeT npoROMMy-Jr TMpOBaT:& eme a. C-) C 6 5 / 0 r • Ilp1lIHI1Maff BO BHHMaHHe ( 46. 14), IIOJiylla8M 

_ ff •. l oTcro;n;a cJie;n;yromee Bhlpaxem'le ;n;JIH aMTIJIMTY,Zl;bl pacceHHHH 

.r Jc ,-t ~- -q'- r~J fro(?,~ ci''J = r,!+J =- ,c- fdi<J~ei.cqx-qyJ<f's'I s .. s 1/fs> c2) y ~tt)Si ~~ Off,<x)q\p,,_<YJ __ 

LJ f 10 =- V pi+M2.. , . . . q 0=- J q°+;U'- -
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I' 

C _,,>:-_ ;,"'\ // ·.· - 48 - , ?;, I' ll ,,.,. ·'l I ,f 
le_/ j l,1 // 
-~-· ~ 

BX0,7:(flln:vl:M no;n; 3Ha:K MHTerpaJia MaTpYi<IH1IH 3JI8MeHT, TIO aHaJIOr:m1 C paCCMOT-o· .. ---·· 
. E 

peHHhIMH B §§ 48, 49 :Ba:KyyMHbIMM Q]tll,Il;aHMHMM :H qiyHKIJ;Lrn:MH rp1,rn~, yM0CTHO Ha3- ·---

BaTI,. "rrp111:1MHHhIM MaTpMtrHHM aJieMeHTOM" III ooosHa't!HTI> 'tlepes F : ::.J...: 
C 2rr2.. 41 I g 'i.s tl ➔ > L ... -.. J f (x,'J) = ._;:.. < f )/ J fS , (3) ::.J...: __ 

c.. O'(>prlx) O'ffl'J) L ....... J . 0 
dn B ;ZJ;aJII,H8Hlli8M HaM oy;n;eT y;n;o6HO MCIIOJIL30BaTI, B paccy~;n;eHHHX BeJUiql/IHhl 

Q 

F r.e;t- (x, ~J) = 3-;! < r's// J_ ( CS ~} / ff S > 
I,, cl\ff1(XJ. 8't'l':J) 

F .;,,, (x:~) = ~ 2. < rs/} g . ( 8 S [ ) ) j s> 
i.. 8 frljl sls'l~) 

O6Jia;n;arom111e CBOMCTB8.MH 

r..t.t' F Cx,yJ =- o 
ck . 

F o. ( X,J J ::. 0 

a TaK)fte BHpa~eHvtH 

npH x~y 

npw .Y ~ .x 

(4) ·o 
r:)1 

(5) 0 

(6) 

(7) 

. t 2. 
(-) 2-2. ➔I l ~ ~ 6 s [ ~ > 2.tt < ... / ") ' ' I ➔ ·\, F (x,yJ: _;:. -< r s✓ - - ps =-:- r,s- J!'(X)JlY1 'f~lB) 

t cilf'l,<J atff<\JJ t. 

2-:J 
r:J 
r:J 
.r:) 
0 
r:) 

(9)' ¢J 
Q 

(+} z ;r1.. --/JI/ '/ , . • l ➔ >· F ( X, ~) = --:- < r s }r l1) Jr' c x J p s 
C. 

r.a dd.v F c.. 
CBH3aHHhie c F , f vi: cooTHomeHHHMM 

F ~ = F v.,;t- - PC+) =- I=' ....Iv - Ft-) (IO) Q 
Ha ocHOllaHl!lL (A 7. 2B) , ( 4 7. 2E) 11 ( 4 7. 6) IIP11 npeoeipasoJJaHIDI :1:J'aHC~ll" _ W 

UHM Ha •ct~ ()(-fY1/z , noJiytiaeM, trTO MaTpM't!Hh!e aJieMeHTlil F; F r. J F" v F'"'lr-:J' 
~H I 

111 r MOryT 6hITI, npe;n;cTaBJIBHhl B BH,IJ;e , · -\ . p-p 
l(p~p)4... 1ylx-t}'J 

F Cx,~ l = e Ffx-'-\,')-a.)::. e FCx-::J) (II) LJ 
i 

2 
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(I2) 

(I3) 
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3aMeqafl, qTQ B CHJIY (I6) Hae MHTepecyeT TaKafl o6JiaCTn, E KOTOPOH 

p+q- p----q---- =- 0 
apryM8HT O - WYHKUMH B cyMMe (17) MOJXHO. IIP0'ACT8BMTI, E BH,ZJ;e 

' I o ✓ Cf-q>;J2.+M~ + q O 
- f = (I8) 

~ V .( r-~iJ~ M~. +I ~¾.-cf2 
- ✓ N~+ ,~ 

ci 
TIOCROJ[nRY ( I8) CT01'1T IIO,ZJ; 3HaROM 8 - WYHRIU1H' TO ,ZJ;O~JftHO 6HT:& 

V M; + ( /- q'J"2. + v' f~+ qi. = J}42.+- r'2. ci-
8To cooTHomeHHe cooTBeTcTByeT rrpeBpamem110 traCTvIUhI c Maccot1 M B ;2(13. ·--

qacTHD;hI c MaccaMH J)- YI Mn. Ho rrocROJII:>RY BO BCfIKOM cJiytiae ci 
M > M -···· 

h - J 
TO STO HeB03MOJKHO :aa-3a coo6paiemd1 coxpa.HeHHH ~meprmi TtI .v1MrryJ11ica. 0Tcro;n;l __ J 
BbITeR:aeT, tITO Bhlprurtemie (I8) cymecTneHHO rroJioIDITeJII>Ho, BCJie.ZJ;cTmrn· tiero Tci· 
o6p~aeTCfl B HYJII>. 

Tam-IM o6pa30M B TOM CJiy-qae' ROr,ZJ;a MaTpHl!H:&Ie SJieMeHTbI 6epyTCff. MeJtt;n;y 

COCTOHHI1HMH peaJIE>.HhIX tiaCTMU, o6Jia;n;aronun.rn IIOJIO:llmTeJII>HO SHeprueti 

o ~, :-a.~ M~ r ~ v r -t I1 T • .ZJ;., 

np11rcrnM :BntnOJIHH8TCfl 3aIWH coxpa.Hemrn: 4 - l1MITyJI1>ca, TO rrpHtIHHHiiIM MaTpI,fqHbIM 

8JI0M8HT COBrra;n;aeT C aana3'AhlBaromHM T: ( k): rr:~ ( K) 
I 

Ko :: 9 o~ qo "> f'-
(20) 

CoBepmeHHO a.HanorM~HhlMM paccy~'AeHH8M MO~HO ycTaHOBaT~, ~TO 

~ rP o..ow ri:w ( K}: I c.v.v (.le;) npH K 
O < - ~ (2!) 

I 

2. ITepeXOA K ffiHKCHpOB8.HHO~ CHCTeMe OTC~eTa. Tpy'AHOCTM 8.HaJIMTM~ecKOr~ 
IlPOAOJI~eHHff. KaK yKa3hlBa~OCD B § 46. 'AJiff nony~eHMH ,ZJ;HCnepCHOHHbIX COOTH~-l~"····c 

meHHfi Heo6xo~HMO ycTaHOBHTD CBOfiCTBa aJ!aJIHTH~HOCTH B KOMITXSKCHOM llll[OCKOC~---~ 
SHepreTHtieCROM nepeMeHHO~. TaKMe CBOMCTBa .ZJ;nfl sana3,ZJ;b1Baromei ~YHKUHH O'AHOrO 

, 

1 

] 

, 
• 

apryMeHTa B rrpHMepe § 46 6binH Henocpe'ACTB8HHO ITOJiytI6Hhl H3 CBO~CTBa, 8HaJici· ·-··. 
rM~Horo CBOMCTBY (6). 

~ 
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B ;n;aHHOM CJiyl!ae MbI 11:MeeM ;n;eJIO C qf.fHRUMffMM 60JII,IIlOro q11cna HesaBHCll- -----

MbIX apryMeHTOB (MMTIYJI&COB pa3JnitIH1IX tiaCTMU), rrp:0:t:IeM B OTJIMtrne OT cJiyl!aR, 

pacCMOTpeHHOro B §§ 48, 49 8TH apryMeHT1I He CBO~ffTCfl K O;IJ;HOMY CRaJIHPY 

(TMIIa KBa~paTa 4-HMilYJil>Ca K~ ). Ms-sa STOro HaillM paccyx~eHMfl 3H8l!l1T0JibHO 

YCJIOEHfITCfl. 

Mff Toro' 1!T06bI B ffBHOW qiopMe BhI;IJ;eJIMT:& OT;IJ;8JI!,Hbie He3aBUCMMble nepeMeH

Hl>le SHeprm-I M HMITYJII>ca, qJvIKGMpyeM TenepI> CUCTeMy OTCtieTa. Hru,r6onee y;n,o6HO 

BOCilOJI:&30BaTI>Cfl o6menpMHffTOH CMCTeMO~, B ROTOPOM cyMMa MMnynnCOB HYKJIOHa 

;n;o M nocne pacceHHMH paBHa Hynro 

(22) 

( 8Ta mrnTeMa nepexo~MT B Jia6opaTOPHYIO cHcTeMy rrp11 pacceHHMM Bnepe~, Kor.na 
~ ~, ~ ~ f :. f :: 0 ) • B TaKOM CHCTeMe ,- : r , B mimy 3aIWHa coxpanemrn 3Heprvrn, 

TaKJB:e f\:~12.. 3aROH COXpaHeHliff I-1:MITYJil>Ca B CBOJO oqepe,T(I> rrp:vrno.I(I1T K COOTHO-

m emrn:M -,, 1 """ 
~ q -q 
f -=- ?_ J (23) 

Bcne;n;CTBMe 8TOro MO~HO IlOJIOEHTI> ..,., ... 
~ = )\€ 

2. _,. 
r;n;e e - e;n;MHM'tllibIM BeRTOp, OpTOrOHaJII>Hbl~ 

➔ 

f : 

(24) 

.a,'\. j """ ➔ e :.~) e.r :::.0 
Ma (23) x,i (24) BbITeKaeT, 'ITO 

➔ ➔ ('" ➔ q = - r + ..J\e ) 

➔lo. ➔ 12.. """~ ~t. q~q =p+ .) 
T8.Kt1M o6_pasoM, 4-BeKTOPHbIH apryMeHT ( q-t q'J/2. MQ}KHO 38.MeHVITI, ].fJJII'.--, 

tlJ-IHa.Mli .f... M e . IlpH 3TOM Hapfl;n;y C .> y;n;o6HO ItlCITOJII:t30BaTI> 8Iiepr!1I0 Me3OHci 

o I,:, 

q ; q = 1 o·= E ~ V f1.. 4 r-+ 5,. t. (25) 

IlpH cfJ111tc11poBaHHOM F BeJrntIHHbI E 11 A CBfl3aHb1 B3ru-IMHOO;n;H03Hal!HbIM o6pasou. 

TaIUIM o6pa30M B CMCTeMe OTCtieTa (22) I1HTepecyro~11e Hae BeJiv!l.JJ!EU 

C IlOMom:r:,ro (!2) MoryT 6bIT:& rrpe,21;CT8BJI0Hbl CJie;n;yIOmHM o6pa30M! ·-"'- f •(r () ./~?.. \. ➔2.. ➔➔ ) r.d", 
rTl r..(,'\, ( T" ➔) - I l\ c~ - V c; -)J. - r e X F ' C X) 
· 1 a(w r: J e, - ax e . . olw 
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B· COOTB8TCTBMI1 C ( 6) HHTerprur 3.I{8CL qJaI{TvnieCim 6epeTCH ITO BepXHeMy 

cBeTo_B.OMY RoHycy _?_(. 
0 > 0 , X <> > IX I~ 

PaccMOTPMM B03MOJKHOCTI> aHaJIHTH1!8CROro npo,zi;OJDlCemur Bb!pa:fteHIHI (26) ] 
BepXHIOIO IIOJIOBMHY ROMITJISRCHOM ITJIOCROCTH rrepe1rnHHOfii a. .. 8aM0TMM,. npe~,7.(0 . 

BCero, tITO .l{~fl .2{8MCTBI1T8JIJ:,HhIX IlOJIOJitMTeJII,Rb!X 0.. BCer.zi;a* 

~~) "hvt f (27) 
QI 

r:: . J 

b 
:.J.-:.n11 
L ___ J 

6c~ r:JBr 
LJ _J~ 

BBH'AY SToro npr,r .l{O6aBJI8HI1H R .2{8½OTEHTeJILHOMY f tI:VICTO MHHMoro ,71;0- 6 
oamca t r ·: . J 

E.~Eilr (r>O) ---· 

Jl,Jrn K8J!t.l(Oro 8Ha'l8HIIH X
0 

Bcer.l(a Haii.l(eTCH ~6Jiacn Taru!X i;' • '!TO t~ -~ 
. o r ' ➔ 't , I t.'2. 'l.. -,2., 0 a -x +exorviv~-JJ--r > ---

B CJie ACT Bl! e 'I er o BNP 8J!t eHI! e ( 2 6) He 6y.l(e T o 6Jia.l(aTI, c :soi! CT B 8MH 8H aJmTll'lfi o c- ~ ~ --·; 
TM B BepxHew noJiynJiocRocTw rrepeMeHHoii E •. 

Kmt BH;D;HO, ST a· TPY;D;HOCTI> ITOJIHOCTLIO 3aRPbIBaeT B08MOEHOCT:b Herrocpe;n;cT- :.i:.:: 
:seHHoro a.HaJIHTiltiecRoro npo;n;omiteHMfi BhlpruICeHMH (26) Ha o6JiacT:& KOMnJieRCHRX L .· .J 
aHatreHMH nepeMeHHOti E .. EoJiee Toro, B:oipruKeH:vre (26) HMeeT CMbICJI 'AJiff ;n;ei1cT-:J..:: 
BHTeJI:OHHX E JIMIDI, rrp:vr L . .J t11 

f .. > fl- 'I.+ r . n y, 

TaR RaR IlOCJie nepexo,l{a qepe3 TQqRH B6TBJieHHH 

f O ~ -J:. V f"-'+ p"i:! 
no,l{MHTerpa.n1,Hoe BEpaxeHme rrpmo6peTaeT BoapacTaromaM (paRTOp 

~ { H VJA'-+t'- E} 
li TepHeT CMbICJI. 

TaRMM o6pasoM, (popMyJia (26) npe.l{cTaBJIHeT (pyHR~MID T JIHIIL'& Ha 'ABYX 

0Tp63K8X .2{6MCTBllT8JIEHOH OCH 

- 00 < E <- V))-i+-fa. l 
/Ji--+ p-a. < E < oo 

H He MOiteT 6b1TI> Henocpe;n;CTBeHHO npO.l{OJilteHa aa npe;n;eJihI STHX 0Tpe3KOB. 

* Herrocpe;n;CTBeHHOe anre6pantiec1rne ,1l;ORa3aTeJI:&CTBO HepaBeHCTBa (27~ HeCICOJII>
KO rpoM03;z{RO. EoJiee npocTO MO~HO y6e.ZU,:TI>Cff Bero cnpa:se;n;JIHBOCTM rryTeM 
rpa(pntieCKliX rrocTpoeHHM Ha ITJIOCKOCTH ROMilJI6KCHOro nepeMeHHOro. 

~p 

~ ·- I vI 

LJ 
I u 
~ 
LJ; 

. I 

L'.J 
~ 
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1 · . l fl CHO Tamrte, 'llTO COEepmeHHO 8.Ha]J:OrM:tIHbie Tpy.1-{HOCTll BO~IntHyT npM _nor IlbITKe aHaJU1TMl!0CKOI10 np0,1.{0JDKeHll.ff onepeJKaromett WYHKIUU1 T G.. V ( E') t) ~ 
1· - ,7 !J!JlI.Y SToro .1-{JIR aHaJrnTM'tieCiwro rrpo;n;oJI]temuI BbipruKemrti T r, 1'I 

T T rrpMX0.2U'ITCfi rrp:w6eraT:& K cJIOJEHbIM :ncKyccTBeHHhIM rrp11eMaM. OTHO

( lcnTeJI:&Ho 6onee rrpocTow·npo~e'Aypott MO~~T 6HT:& p~ccMoTpeH cny-qai-1 pacceHHHH 
TErrepeA, K paccMoTpeHHID KOToporo Mhl cew-qac nepeHAeM. 

~ 3. CxeMa rronyqeHHll J{l!cnepCHOHJ!llC COOTHOmeHHH ,llill aMITJIHTY)ll,I paccell-

~ rum BTI8D~ll• PaccMOTpl!M cnyqaJl. pacceHHHll Bnepe)(, 1t0r)(a f =0. IlpH 9TOM 

1 · 7 TT"(·E -l)J- r J i[ExO-VE"--f7. ax) F . T l ,e - J etx e (x) 

~-
1··- .· 7 a T arcJKe* 1 ) s 
~ ']' i±) [ 1i.-q ) ,. 'f l±J ( q ) = (2.: rr: tf f•,f'·-1- q'} - M-± E) .>< 

(28) 

~ ;,,z._ < o s ! / irlo) 1 ~s•><? ~11 /i,iio) I OS''> -t-

. ~ + (21rV n: 2.. S {vM:;; :f~ -M :± f )< o s' /1
1 

lo) J if ro )<q°h JJJ'toJ Jos) <29 l 
,-- J i (M")M~) 

1 

-~T- WccJie7I.YeM CTPYKTYPY -qJieHOB B (29) 'AJIH npoM~BOJI:&HbIX BemecTB0HHbIX SHa-
1-qeHM~ E. IlpH STOM Mhl ecTeCTBeHHO He 6y.zi;eM c~RTaTI>, -qTo E orpaHH~eHa 

_ 7 ycJIOBHHMv! THna 

, t1..::.ft+?,._ > E>)'L 

.,.__7 paccMaTpH:88.fl E- , KaK He3a:BMCI1MY~ OT 1 nepeMeHHyIO. 

7 Ilep:ahltt ~JieH B (29) .zi;aeT BKJia)];, OTJIM~HhlM OT HynH npvr 

·-----, P ~ -:t ( vN'2.+ f ~ M) 
___ \ HJlli qTo BKBMBan:eHTHO npH 

l 
2. ~~ 1. 

c_ E--q ~ ± .i. 
L. .... ± 2.M - 2.M 

~ BKlia;ll BToporo qneHa OTnHqeH OT HyHll rrpH 

(30) 

(3I) ~ }E/ = VMi1-q'- -M >V(M+;,.t+f -M ;> {M4f<)-M-:.14-

r . l }E 3.zi;ec:& OilflTI, cy~eCTBeHHO npe.zi;nono:m:eHvre 06 OTCYTCTB.H:H B38JfMO.1(8HCTBHH C 
~ qacTHHaMII 6oHee nerlCIIMH, qeM 7r:- M880Hbl. 

u 
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Taim: ~paB-~M, Ha OTpeaFCe 11ellCTBl!T6JII,HOil QC!! ci 
-f' < f<J'- ci 

mma~ B B1rpruKeH11e T ,zi;aeT JIHIIII:i npoMe:rKyTOtIHoe o,zi;HOHJRJIOHHoe cocTORHtte npM ~ 
,zi;Byx sHa't!emrRX BHeprm.z, CBH3aHHbIX c RBa:l:\paTOM 4-1.-a.myJIIica cooTHomemrnM l- . J 
( 30). I1o8TOMY, 8CJIH M1I BBe,zi;eM 13 pacCMOTp8HMe EM8CTO q;yHRUMM f BbipaJKemre ~ 

r-- [ { .:a.) i { a ) '2] F · · 1_ I J 
Fix/=. ;; ox• -t 2M (x) (32) LJ 

tITO B MMITyJILCHOM rrpe.zi;cTaBJI8HMM 8RBMB81I8HTHO YMH0~8HMID Ha TIOJIMHOM 

~1. '2. r c qi " c q•l. -( 2~ ) 1 Tc q) , 
(33) 

LJ 
LJ 

' 

fp C+J 
TO rrpn sHatiem-mx - )A< q b < ,M WYHRn;iur l 

,..,. 
fjl ( -) 

I,! I 6y",IJ;yT PaB!!b1 Hy- Q 
n.Jf- , BcJie.I{CTBI-fe tiero 

(\,, 

TCq l ... fr r-vt C q ) = rr '1-ow C q ) cir!A ... }A< q 0<f (34) 

LJ 
~ I . 

113 ( 28) CJIG/lYGT. )!.TO TQqKH k O 
:: ±)J- HBJIHIOTCH. B006U!e roBOpH. TQqita-~ 

MH :aeTBJieHMfl ipyHK~vril T .. JJ.JIH Toro, 1IT06hl JIM.RBI1,zi;MpoBaT:o .I{ByaHa'f!HOCT:& ·r---, 
RBal(paTHoro ROPH.fl .;. VE~)A'l.' , rrpome Bcero paccMoTpeT:& BMecTo ipyHmurn L I J 
1f l C 

1 
e) l1X. CHMM8TP.0:30BaHHhle !tl aHTJIICHMM0TpM30BaHHhle KOM6HHa~m LJ 

s .. '1'(E ll" 'f(E,e); TJ'(E,-e"') (35a) 0 
s_ rr r i;

1 
€ J =- rr ( 13 l ! - r c E ,-e J 

2~ 
(35B) 

C'7J 
L] 

co:soRyrrHocT:r, ROTOphIX MH n ,zi;aJI:&HefirneM 6y;n:eM ooosHaqaTI> -qepea ~ T . ~yH- L] 
R~MR $ 'fr~ H $. 'f o-6{-r MOryT 6b!T:& IlPO'AOJIJK6Hht Ha 06JiaCTI> 3Hat.Iemdi ROMTIJI8RCH1IX - ' 

E cJie;n:yromnM rryTeM. BBe'AeM BhiprurteHlifl LJ 
s f f-'4 ( ;,,) e; (Er' - ~:J:V1:'--f';:}- t :i. dx. olit :: p ( s,l; £} ( 36) ~ 

R * B Cl1JIY COOTHOmemr:!1 T!tIIIa X s ( X) 

:H~ 8TOT MOMeHT p~C,YJK'A0HHfl Cyll(0CTB6HHO OCHO:SaH Ha ;z:J;OTIYin~HvH:t f:::. 0, Tait 
KaR B CJiyl!ae f r O HapyruaeTCf! HepaBeHCTBO ( 33). ,~, 

L-.. ~ 
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(37) 

3~ec:&-B C00TBeTCTBHM c (35) 

s+ ei ei ,W-;,' =- Cb1 c f.-e 1J 
(38) 

I ..., .., ('" 

S 
-1 e :c. .A 

_e -- (39) 

i;: 
~y-.fICHO__,: BO-nep.BhlX, tITO H3-3a HaJIMl!IUI (J)a.RTOpa CUtf (- C X'4.) (J)ymm;IUI 

":t' ( r;) e; t,) 61:n;e~ aHaJIMTMU.:eCROM B Bepxue:ti rronyrrJIOCROCTl1 KOMIIJieRCHbIX 

aHatiemifl E , a ~o.. CEJ i; c) B HvDEHet1. Bo-BT0pbIX, B cMny (34) 

tr ( E, ; ~ c- ) - ~ 0-CE 1 e ; £ ) ==- 0 npH 

npv1 

(40) 

np:n ~ E <.O 

. aHaJIMTMtiecRyro BO BCeM ROMrrneRcHow nnocKOCTM apryMeHTa E, aa MCRJIIO<IeHMeM 

JIMHH_iii paapesa 

.) (4Ia) 

co 1m E -=- o ) 0 (4I6J 

Ilp:vi: 3TOM 3HaU.:eHHfl ~ Ha :eepXHMX 6eper~ paspe30B paBHliI SHatieHMHM ~ r, 

a Ha mrnrn1t1x - aua<1emu1M <:PG.; -
0603Ha<IaH Terrep:& nopH.z;;or-t pocTa qiymcr:i;t-uI <:P rrp:vr ooJII>IIIMX f qepes 1l. , 

MOJKeM ucrroJI:&30BaT:r:, HHTerpan:r:,uyro TeopeMy Konm ;n;nfl BblpruKemu1 

g>(E,~;~) 
( E - El)) h+1 

Be~eCTB8HHblM napaMeTp, JI0Jlt8.Il(Mii B l1HTepBaJie ( -)wt , +fl) 



__:_,.:;i 

._·- t' -.., .-;f•, 

•"-; ·'1 'l ' \_! . • !I. .-'":·) ,_ . .,.~ 

?t,1.c, SJ 

1(E,l~l): (f-~)~
1 

2rit 
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Bm)epeM KOHTyp HHTerp11pOB8.Hl!ll, COCT0Hll{li5 

Ms oKpyxmocTn Manora pa,zi;nyca S BOKpyr :::.J..:.:: ui 

TO't!RM Eo , 'JJ..EYX ITOJiyOKPYiKHOCTeH 60JIIllliOI10 [_ -- j p: 
pa;1(l!yca 'R H COB;l\HHlllO!l(l'lX 8TH l!OJIYOKPYllli-;- a, 
HOCTM KOHTYPOl3 B.z{OJio JIMHHli paspesa, OT _ J Ml 

CTOfilUliX OT HHX Ha paccTO.HH:VUi S' ( CM.pHC.:::J-.: Bt 

57) .. YcTpeMJiflfl 'R K 6eCKOHel!HOCTli! HHTt .- j 
rpaJia !IO c5om,mHM IIOJIYORPyJEHOCTHM o6paT[J,,:t r· 

B HYJIE. Ilepexo"JJ..H saTeM K npeAeny rrpuS➔ ( J 
· ··--- Tt 

IlOJIYtIMM ~ 

f--1' 'PC E'+ w, ef; d- '.P (E '...to, l; <) dFb ~ 
-Do (e'-~)( £~Eo)""d L -- - A( 

+ (E-Ebt+1 r f (E'+l. o,~; E) - <.P ( t'-10, €'; t) dE~1: (E) (42) ~- Ti 

. 211:' ;. ( E ~ E ) ( C ,_ e O ) h+i n n 
r.z{e ~t'i, ( 1:- J - IIOJIHHOM- rt..- oti cTerrem1 OT E • h·d . ~ · m 

B .H:HTerpanax npaBoti qacTn (42) nepe:fi.z{eM K npe.4eJiy npH (E-2.P.a) .. B:im,21:y. L . -J 
Toro, ~TO HHTerpMpOBa-i:rne npOBO'JJ.,HTCfl no Ha6JIIDAaeMOM OOJiaCTM E1 >}A-~ , B ~ 
COOTB6TCTBHM c (36) m (37), qHCJIMTeJIH IlO)J;MHTerpan:&HhI,C BbipruiteHMM npMMyT 1m:zt 

I 
J 

<p'"((l;o)-f'(E',t;o) .. sfr.;t(E:iJ-SFf"-elvtE:@J i3 :: 
IlpH STOM c8MI! IIHTerp8Jl!l, yMHOlKeHHbre Ha ( E - E o) n+,/., np11 t. =: O i::-:-5 H" 

6y;IJ.yT. npe,l{CTaBJIHT:& (pyHKUHH, 8H8JII1Tlilt:I6CK.He BO :sceM IlJIOCICOCTM KO~IIJieI:CCHOro LJ . 
nepeMeHHoro E , aa vICRJIIOtieHHeM ·JIHHHm paspeso:B { 4I). Ms ( 42) cne.z{yeT nosTo-- 1 

·MY, tJTO npM E =- o npaBaH tzacTJ:> onpe,1J;eJIHeT qiyHKUMIO <P (E; t; 0) aHaJUiTM- LJ 
treCKYIO BO BCeii IlJIOCKOCTH E aa HCKJIIOtJeHMeM ABYX ynOMflHYTblX paspeaoB. Ho, ·- I . 

KaR cJie;n;yeT ua ( 40 ), ( 36), ( 37) v1 ( 33) <;P ( EJ ; ; OJ 0Tmrc1aeTcff JIMill:& MHo-LJ 
'1tMTeJieM '2. ~'2. ., et - ( E -- i),::: 
. . 2M 

:::: (f-+ M-tl/M'-.+ ?'- ){ E-+ N-V/\1':+ f ){E-M-VM'\f':J (E~ -i-v'Mi:.f) < 
43l 

OT (pyHit~RH 

Sff_(E,t) = 
S ',v--r.t( EJ eJ npn 

~ rr~dv {~l) npH 

hvtf)O 

1w. f <0 

~ 
-~ 

{ 
f~ ..i 

I 

~ 
I 

~ 
• t 

I 

~ 
.. ·•·. 

' ~ ... _ 

H 
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,...,,. 
flCHO IT08TOMY, <ITO ipyHRD;lUi S T ( b I e) TaitJKe 6yieT 8.HaJIHTl1tI8CROM {JiyHR;;...·· 

u11e11 BO :scei1 ROMITJieRcHoti o6JiaCTM rrepeMeHHoti c , sa HCRJIIDtieH:t1eM "lJ.BYX IDIHllfi 

paspesa (4I) M TOtieIC, B ICOTOpblX MHOJKI1T0JIL (43) o6pamaeTCH B !J,YJib. J3 Tex H3 

8TllX TOtieR, ROTOPbie JieJKaT BHe JII1Hv!fl paspesa ( 4I), cpymr:o;MH & 'I' ( E; e) 6y.l(eT 

MMeTI:, rroJIIoca nepBoM cTeneH11. IlpH STOM Ha 6ecRoHetIHOCTH cpyHRUMH S T 6y"lJ,eT 

B03pacTaTb He 6bICTpee ITOJIMHOMan-4-ro nopH,Ii;Ra. 

HCHO Terrepb, tITO IC IDYHRUHI1 S ff (El e) / { E-Eo) n-
3 

MOJKHO rrpmrnHMTii I1HTe

rpa.rrI:,HyIO <pOpMyJiy Konm:, np11t1e'M IWHTYP HHTerpMpOB8.HHH CJie,7.1;yeT BbI6Mpq.TD c ytrn

TOM Ha.JIHtIMH .2(0IlOJIHMT0JibHbIX ITOJIIOCOB, CEH3aHHbIX C MHOJKHTeJieM (43). 

TaR, npH 

er·_ > C M +ft) 2. - M"L =- 2 M fA- -i-;i.' .. 
,ztOilOJIHHT0JIIiHbLX IlOJ]:IOCOB He BOSHJirnaeT I1 ROHTYP HHTerpHp0BaIU1H CJie,ri;yeT BbI6paTii 

TWMM JKe, Kalt Ha pnc. 57. 
Hao6opoT, npv1 

➔'2. 2 ~ < Mf-f-f,'t 
IlOHBJIHIOTCH ,'Z{Ba ,IJ;OIIOJIH.t1:TeJIJ;H1Je noJIIoca B TOtIKax 

E~ =: V M1.+zr - M < f'-

£2. :::- E1 ==- ~ V /i,(2.+ 12. -t M > .... )k-
MB ROHTyp HHTerpvrpOBaHI1H CJie,ztyeT "lJ,OOaBHTI:, "ll,Be· ORPYJKHOCTM BORpyr 8TMX rro

JIIOCOB, ICaR M800pru!teHO Ha PHC. 58. 

Ilepexo.ri;H aaTeM R npe.zi;eJiy npH'R➔ ¢OJ 8➔ 0 ' CBe.zi;eM HHTerpaJIIiHbIM tIJieH K 

HHTerpaJiaM ITO Ha6JIIO,ztaeMOM o6JiaCTH (-~ < E <-_µ)1 . 

• (Ilo,zi;o6HO TOMY, RaR B (42) ) M Bbl'tleTaM B 
noJirocax ± E1 • Y cTpeMJIHH saTeM B ...... Ha6JIIO.I(ae

.Myro o6JiaCTI:, apryMeHT (l)YHRUMH s 1 (E) eJ ' 
CTO.ff11{8I1 BHe MHTerparra, TIOJiytIMM ,zi;11crrepCiiIOH
HHe COOTHOIIIem·Ifl ,2:(JIH Ha6Jiro,ztaeMOH B0Jil1tIHHbl 

srrc.cEJeJ • 10 

MiiI, O,zJ;HaRO, He 6y,zi;eM 3JI,8Cll 8TMM 3airnMaTilCH, HM0JI BBH.24Y, l!TO mrme (§SI) ' 
6y"P,yT IIOJiytreHH ,zi;wcrrepcI10HHbl8 COOTHOill0HHH ,ztJIH 6oJree oomero CJiytiaH rrpvI 'f * 0' 
KOTOpble 6y.zi;yT IIO.z{p06HO o6cyJK,ztaTbCH (§52). 
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§ 5I. BonpocbI aHaJI.HTI'.I't!8CK0ro npo,2J;0JD1temu1 8MilJUiTY,2J;1I 

pacceHHMH npH p'-/: 0 • 

I 

0 
! . 

0 
I 

0 
➔ IlepeM,zi;eM-Terrep:& K BhlBO;n;y ,zi;ncrrepCMOHHhlX COOTHOill8HMH ,ll;Jiff o6mero CJiytJafl [ __ : ___ ] T 
p :/:- 0 . B npe;zi:11;ztymeM naparpawe aMTIJIMTy;n;a pacceflHHH ClhlJia rrpe){CTaBJie-r---._ 1 

Ha HHTerpaJIOM , ➔ ..-. L ·,------J T C ( E: e ) :::. f e I ( t'x. - ..( C2X ) F ( X) d X - ,--: 

paccMaTpHBaeMOM rrpH 
b 

I y 
0~ 

5''::. E'2.. 2. ➔'2.. -r-r (I) 

KaK TaM Ob!JIO rrp0.1{8MOHCTPHPOB8JIO, BCe saTpy.1{H8HH.FI C 8.H8.Jil1TliitJ8CK11:M 

npo1.){0JDK~HlileM B o6JiacT:& ICOMrrJieRCHIDC sHatremrti E. 6EIJU1 CBHSaHhl ... c TeM, l!T~ 1.. C] c 
5.. < E • IlosToMy m1:11te Mb! paccMoTpl1M crrepBa (1'MKTMBHhlii cJiytifilI, Kor,zi;a ~ > f ·:::...J....: V 

11 orrepauMH 8.HaJIBTIPiecitoro rrpo,zi;oJIJKeHMfl Ha I:COMIIJieI:CcH:6te sHatreHMH He BcTpe- L ... _J 
-qaeT RaKliX-JIIiOO 3aTpy;n;H8HHil, II0CTP0HM ){JI.ff ST Oro CJiy'tlafl ,ll;MCIIepcnoHHbie :::...J....: 
cooTHomeHHfl, a saTeM npo:Be,zi;eM aHam1T11trecitoe rrpO){OJI'1teHHe B o6JiaCTI> $..."l. < E 2. L ..... Ji 
M IIOJIY't!MM ;n;vrcrrepcMOHHbI8 COOTHOmeHHff ){JI.fl pea.JII:iHOro CJiytiafl • .. :::...J....: 

I. AHaJmTvrtJeCRMe cBoticTBa B q)v1r~THBHOM o6JiacTw ·c;" < - p2 
L_. 1-;~ F. 

LJ J; IlOJI01KMM BM8CTO (I) 
(''2.. r-2.. ➔ 'a.. -
.>-.~t:-~ -<.. (2) 

r.z(e 7: - HOBafl BCIIOMOraTeJII>HaH nepeMeHHafl, orprurn<IeHHaH ITORa ycJIOBI18M 

'"C < - p~ (3) 

BEe,zi;eM Terrepn BhlpameHwH 

~ 7'.,.. ( Ei'; r) :. $ s Q; ( Ex'- e:,; E':.jJ'-.:d F t~)(J dx 
(4a) 

( i lEx0
- exJE'l._ r~r) c,.t/v 

Sffo... [E)e;t) ~ ,S j e . f (x) d.x (46) 
~ . 

ROTop@e B pea.JinHOM cny<Iae 1:'~)A-nepexo;n;HT B paccMoTpeHHHe paHee (§50) 
S '1' r.a-c E 

1 
e J * 5 r:r ~av { £ J e) 

.ST r-( E
1 

if-'; u-i J-::. S''I'.,..vf--(£ Q➔ > 
;·· . ) J ) 

S 'To.. ( £ Jej f--i.) =- S 'I'o.Jv (E, t). 

. (5a) 

(56) 

Q 
.~ w n 
R 
~ 
~I 6.J 

' 
]~..J 
c- ...... 



HCHO TerrepI>, qTo TIOCKOJlI>RY B o6nacTH (3) BCer11.a 

. ~ E > 1w. VE~ p1:_-c =- Im 5' 
S tp: ( E/ ;-r) 6yl(eT aJ!a.JlllTl!'lecKoil £PYHK11!1ell B o6JiacTll 
S rp (E ;'l;-r)6y11,eT aHMHTM-IecKo~ B o6nacTH Jrv,. f < O 

.nnfl Toro, tIT06H·ycTaHOBHTI>, lITO 4lYHK~Hfl 

TIPH 

' a 
• 

(IO) 

(II) 

(I2) 



L-- -

cS 
Cc,,,,,·:- 'I ,, J, 
.:) ,c,_. ~ ' 

--ilpm ST0M B CMny (II) 

- E 1 < - E/l , s,. < E 1 (I3) ~ 
C .ztpyr?M CT0POHH, cornaCH0 paHee c~enaHH0MY .ztonymeHMIO B Cy-MM8X (9) =-.i...= 

.ztnH Bcex h,, KpoMe 0AH0HyRn0HHoro L-·. _J 
Mtt >M~}l, ~ 

0TCIOAa BHTeKaeT, qTo cyMMH Bcex qneH0B B (9),RpoMe 0AH0HyRn0HH0ro, OTnHtJ:HJ...b~--. -_J 
OT Hynfl nr1m:o rrpM .· 

/ £,/ ; J M.,,'- - Iv('· .... 2f'- r / E (I4) ~ 
. 2.✓M,_-+ r > 1 L-.. J 

OTCIOAa BbITeRaeT, ti:To npa / E / < E1 B ipopMyne ( 9) 0TJilftIHh1 OT Hym1 mrnr:o =....L..... 
0AH0MesoHHEe cocTaBm1ronrMe, R0TopRe M0iKH0 arurncaT::& B BI:I.zte L-.: -·J . . c5 s r t E, e; r: J = 

JO I a.. 2-J = (2r,: l 2M .. -: I{E-¾E) ~ <r➔'s'I; ,lo)/1'1,s")<f..l,s''/i (IS).., 
2, 2/N-tf~ r r,, . , 1(0Jl1s> -·1 

_ ( 2 nJ' i 2 M"-- r t {E-E J C: <f .. ','I i to) I~ J.l r;")<:;S:.? r '/ i , loJ (it S' CE 4 Mt.+ g-. I' f;- . d'! ' J d'f r ,> ~ 
r ,-- A. . L. --~ 

Hano Tenep:&, ~o S T H S T npe.ztcTaBnHIOT co6oii 0.ztHY H TY xe aHaJIH- l , · i 
THtiecRyro ipyHKUHIOS T ( cu. (?).), perym1pnym B o6nacTH Jn, f f- 0 c JmHH.fIMH LJ 
paapeaa B.zt0n:& .ztelCTBHTen:&H0~ OCH npH I 

- <PO < f < E1 . vi E1 < E < 0o (I6) Q 
H nonmca.MH nepBoro nopH.ztKa B T0tJKax,.... E p H -£; . c---:J 

M@ M0iKeM cipopMynHp0BaT:o .ztnaST HHTerpa.n:oayro TeopeMy Komu:. 06osH~qaH ~ .. 
cTenea:& pocTa c]?yamun1 · S T Ha 6ecxoHeliH0CTH tzepea 11, , BBe.zteM c]?yaxqum L .. __ _J 

I 

S T(E, e,' t:) (I?) r-J 
,. { E-Eo) YI-+ 4. · 

1 

rAe E O - HeK0TOpiil~ BenteCTBeHHblil. napa.MeTp, neiKaII{Idi B HHTep:aaJie (-~, E1 J n 
H He co:ima.zi;arom1'Iii c ± El° • Bm5Hpa.H K0HTYP HHTerpHpo:sruma, Ra.It u:ao6p8.llteHo ~ 
Ha pnc. 5I.I, _nonytrn:M nocne EEil0JIHeHHH npe.zten:car:nc nepexo.ztoB 'R-. 06 i. 3~ 0 Lh-', · · J 

:s peayJI:&TaTe BJieMeHTapmcx npeo6pa-
~ 80B8JIHH . · . ' . , . 

~ 
h 
5 P\,(c... !,/. I 

-· ---· ·---- --------------------- ---~F!.. 



2. CTpyRTypa OAHOHyRnOHHOrO 'llJieHa. nnfl Toro, 'llTOOhI npe)(CTaBHTI, BEpa
:m:emrn ( I9) 13 oonee np0CT0~ li HarJIH;ll;HOM qJ0pMe, paccMOTPMM BX0,2JJimu11 B Hero 
THTIVIl!HH~ MaTplii!HhIM aJieMeHT TOKa MelK;n;y ;n;:ayMfl o;n;HOHyKJIOHHhIMH C0CT0HH:mn.m 
<r''s''I JslO) I ps) . 3aMei!aH, 'CiTO B HameM qJiiI.ItTHBHOM CJiytJae npH JIIDOhlX 

;n;efiicTBHTeJII>Hbtx: E 
"''l.. = Ei+ I\ . ,.,, - f-'1.. .,... ...... ) '""-=-c..- w 

c5y;n;eM C'lll1TaT:&, 'I.ITO. o6a o;n;HOHYKJIOHHhlX cocTOflHI1fl < F 11 s 11 
/ 

;n;aroT";n;e~CTBHTeJII>HHMH HMilyJILCaM~. 
B cirny Tpa.HCJifID;MOHHOfii IrnI3apMa.HTHOCTM c y't!eTOM ycJIOBMM 4 7 .·2B M 4 7. 2E 

. (P p '') X s $ I < p>"s •1 l i ( o) \ p s > = i. e ' - < p'' s 11 
/------ -p s > 

. Qf . ·s lf,{x) . 
(20) 

Ilepexo;zu:r B npaBOM tJaCTH OT Bap:&MpOBaIUUI no t/'p (x) f,K Bap:&lipOBa.HIUO no ~J' ('J,)' 
no qiopMyJie 

g 
, 

noey-qaeM 

S ( ,-+p-p") <f"s" / Jr (O) / f s >=(£~)'it <P"s"/ 8;~;; /p's> . (2I) 

CToHmHH a;n;ecI> CJieBa MaTpH"t!HHH SJieMeHT MOlKHO npeo6pa30BaTI> C IlOMOmnro 

YCJIOBHH ( 4 7. 3B) • !OMMyTvtpya onepaTOphl p0'1t;zJ;0HHH liI yHliit!T8~eHHH HYKJIOHa Ha 

HS 8.MIIJIHTy;zt < p s'' I . H l p' .s > . C . r <p{'].,) 
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IIOJI.m!)' IIOJiy'9:aeM IIOGJie,zr.oBaTeJI:&HO ,,, 

- . - - - i <l''s :• / 8 ~,~q,) I p's > = - -•· [ I J 

j
. , - <'3S LJ 

. _ ,. _ · _ 1t"j- ..,,J, 0 _ I 1 -~ =<I dxdy [a.s" (f':J, 'I'~ (yj ["'/"J,a., (p~ < 3- 8 S ')-,-~ 
«,/J () 1 + · + ~°' (v) lf.r Ccy) -~ (x) ~ L 

1 
.. ~ 

(? 
LJ (i 83 S · .) 

= i.. Vs~+ (p") < . ~ V s, - ( p) 
· S,q:,(f''J8'1J,tq,,)8_<rtpJ O 

• 

• • < ~ 

v1CCJie,Z!yeM Tenep:o BXO,ZJJHI{ee ClO.I(a BaRyyMHOe OiKHJJ;amrn TpeTI:>811 Bapnar~M~HH011' 
npmrnBOJJ;HOM. !JJ3 coo6pmKeHMH. MHBapM aHTH-QCTM OTHOCMTeJI:OHO rrpeo6paaOJ3aHli¥ . }13 
pacmiirpeHHoi1 rpymri,1 Jlopemia v1 rrpeo6pasoBamri1 Bpamemur B M30TomrtrecROM npocT' 

paHCTBe CJie.I(yeT, 1:ITO S 3 S _ 

< s y,,, (p"J c If',, cq,,Jd~ (p> '>o = C '. ;~ 

8 (p'~i-p) I { [P''J"' OS"[P J)Jo(~ -h.., .. { p"~ p 1
, ,,,~), (22) 

v,w=0,1 

rJJ;e hwll - CI(MRPHI,Ie mymrn;vr:vr Tpex CRMRpHbIX apryMeHTOB. 

ITpMHMMafl Tenep:r, BO BHMMaHMe, 1ITO B (2I) BXO,ll.HT JUfillI, 

.l(Jrn 1-coTopbIX p" 1 = p,::: 11 9 
, vi trTo cmrnopHbie {fJyHr<n«« v 

PRIDT ypa:BHGEI1HM ,I(11paRa, ITOJIYtIHM 

Tmme 
.il V 

<P II .s I( I i ( o) j p's > = - 9 (K'.J Iv s~-,. (/") ..,,., q; Vs, - (p-::!t )) 
<Jf (2.1r).1 \\ a f , 

r.l(e 

pl/Mp ,n 
Y:llOBJJeT_BO- rl 

rl 
n 

(23) 

O(K,.)= -&'>7 ./'1t.ut-vh (M~.M 2·Ka)·· 
(/ L.._j WJ) / .> 

(24) 

~-~ 

rl 
. 

. \ 
-W~v 

IlfJLFieM 

it'::: p"-p ~ K 0 = /M':,.. ~,,J ~ JM2 r p'£
1
. 

113 (23) BhlTeR:aeT, lITO BBe,l(eHHaH B '(24) qiyHRll;11H a (KJ) 

~ 
(25) ~: 

HBJJHeTcH •· t2 
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(28) 

CyMMHPOBaHHe CBeJIOCn 8'A8CD K cyMMHpOBaHHID no CilHHOBOMY li H30TOnHqec
KOMY MH;n;eKcaM HYKJIOHa. Hcnon»ayH ~OpMyny cyMWipOBaHHH no CilHHOBOMy HH~eK
cy HS§ 7.2 

\' v ~-- (i?) V IS",+ {it')= (i<+l-1.)"4 ~'1t L t,°'- rJ, ' 2 Ko . (29) 
er 

t i .J
(3;n;ecb ~;~ - 06Hqmte qeTHpexaHaqHlile 'AHPaKOBCKHe MH;ZJ;eKcH, a J ~ 
'ABYaRa~HHe 11aoTonmqecKHe HH'AeKcH) 

Il0Jiy-qaeM 0K0H'tlaTeJI»HO, ·no;n;CT8J3JIHH (27) :B (20) H Cl38pTbll3aH MaTpHII;H r : 

( ~---1 -----
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fl, (~i>,-c) =- g'(t) 2M2-i lvs;+(p:?>) i:,z: s {-M vs,-(~))= 
'I'!' 41r 2 (;tt2+pa l' ':J' ,,, 2 >-" f ; 

= <A
1 fr> (vs~+r;t'J~f'' rc?S(f-l'1)v.s,-c;:PJ) · (30) 
4n ·. g/,uJ ,· 

npvrtreM 1~1 ..,. P'. 
/o j;~ . 2, 2 M 2-t ),. = : +11 = .. : i !iI 

-- 2JM2 ,t.Ffl 
t: ~"it>. (3I) 

3. BcnoMoraTeJioHaR Teo:2e~.m. MbI BhlBeJUI Bblllle ( (popMyJia ( 20) ) COOTHome

HHe, vrs ROToporo MO.llteT c5HT:Ei n6JiytieHo ,zi;~rnrrepclomrne cooTHomeHMC3 ~ 0,IJ;HaRo OHO 

6aJio rronyqeHo ,zi;nR WHRTMBHoro cnytrafl 't<-11: vi: HaM HYJKHO eme coBepmMT1 

rrepe~O,ZJ; K pea.m,HOMY CJiytraIO 't =./" .f , l.ITO Mbl BbIIlOJIHHM M0TO,ZJ;OM aHaJIMTMtrec-

ROrO npO,IJ;OJIJKeHHfI no BCIIOMoraTeJII>HOH rrepeMeHHOli ". ' . 

8aMeTHM Terrepii 7 't!TO J3HII!e :B § 50 .. 3 IIPH BbIBO,zJ;e ,ZJ;liCII8pCHOHHb1X COOTHome-

HHW ,ZJ;JifI pacceHHHfI BITepe,zi; ~aRTMtrecrur 6hl.7lli HCITOJin30B8.Hhl Jillfil:E, o6mMe CBOMCTBa 

orrepeE:emrn:, sana3,l(b!B81H1H M paBeHCTBa ;n;pyr ,zi;pyry B HeROTopott 06.rraCTJiI VIMIIyJI1C· 

F zet F ady 
HbIX rrpe;n;cTaBJI8Hl'Ii1 q'JyHRI(H:VI H 

Paccy~'AeHMfl, KOTOphle 6y;n;yT rrpoBe;n;eHhl HM~e, -TaRJKe 6y;n;yT saRJIID't!aTDCfl l3 
.., r:2et' r odv 

aHamrne 06m0:x Cl30:WCTB 1rnTpM't!Hb!X 8JI8M8HTOB Ttrna r M r , 0,11;HaiiO OHH 

6y;n;yT cymecTB8HHO ycJIO~ReHhl M3-3a Heo6xo~HMOCTli ytreTa JIHlliH8H nepeMeHHOM 

p2 -t'. . 
~TOObI ocymecTBHTii aHaJIMTHqecROe np0,2J;OJI~8HMe IIOJiyqeHHHX COOTHOilleHH~ 

BITJIOT:Ei ,21;0 3Haqemrn 't =r .2 , HaM IlpH,2J;0TCH IIOJIYlIHTI> OOJiee ,ZJ;eTaJIIiHYID Lni4JOP-:-
!4aI(liIO o rr0Be,21;emrn q'Jymtn11It1 ST , B tracTHOCTVI,. OTHocwTem:,Ho xapaKTepa ee . · 

~ . 

sa:BliCMMOCTH OT HYKJIOHHOro HMITym,ca f ~ C 8TOM 11;6JU,IO paccMOTp.UM BbipaE:emrn. 

( pr''s '/ dP' _{x) ;J,. (v)-j, (y)Jr, (x) l p S> = ~ 2 rcz, 

I . p-p ( 
G - X-1-Y) 

e E lw {x-Y) ~ (32) 

. KOTOpoe' B COOTB8TCTBHM C ( 50 .8-II) paBHO pa3HOCT.U sarra3,ZJ;br:Baromero .I1 orrepe

~aromero MaTpHqHhIX 8JI8M6HTOE. 

_j1epe+<:O;D;fl l3 liMIIYJIIi CHOe rrpe,2J;.CT aBJieHMe · IIG -qJO!)MY-3'1 e THrra- ( 50-.. I2) ·; IlOJiytraei.r 
(\ 1T' ( p'-p 
o(p'-pt-p3t-p4-) 1«w 2 -f-Pa)= 

. · (33) 

= c;:)3 I<' 1 '.r' Ur•(.<) J',(v) - i, (v) J~, (x) I il s) e i (;,,hP,Y)alxdy. 

I ·• 

LJ 
I .. ·•. n l . 

f'7J 
LJ 
~J. -~ I , 

Q 
LJ 
~ 

I 

ri 
~ 

.. :J...: ~ 
◄ L -_·J 

r-1 
I 

LJ 
~ 
~ 
~ 
.~ 

.:..J...::.1 

6 
. I ; 

L.J. 

J~ - ··~ 
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Bbipa3llIM . ·1·enep:o BXO.Il;fif4M}1 B npaByIO llaCTI> MaTp111IHblt:i 8JieMeHT M01K)J;Y 07.!;HbHyK~ 

JIOHHHMH COCTOHHMHMH qepe3 BaKyyMHHe cpenHMe C TIOMom:om CBOMCTBa 47.3B, T.e. 

BbtnOJIHHB KOMMyTar:r;mr onepaTopoB poJK,l(emrn 11 ymrtITOEemur uy1rn0Ha H3 ~ p's1/ ., IPl'; 
c J(x) "~ly) c rroMOIIfoI0 qiopMyn THrra (47.I4}, nonytiaeM aT1rn rryTGM 

( 
p'-p ) 8 ( p'-p t-p3 + p4} T:tw 2 +- p3 :=. 

JCi. -s'+ ') ~ i.(p'x:t-PX2,+-P3 x,r4x4-) 
= (Z11:)' V ' (p'J e , 

, /. _ 8
2 rir• (x3), ir (x4J >- Vs,- Cf) dx~ d X2 ,,/ X3 olx4 . 

\S'1'Ct~) 8 'f(X2) L 1 
_ o 

(34) 

BOCITOJib30BaBlli½C:O Terrep:o CBOBCTBOM TpaHCJIHnITOHHOH HlIBapBaHTHOCTH no~-
YIHTer1panii1roro Bh1pa.}Kemrn, MOJ!WM samrcaT:o 

(35) 

(37) 

11 

(38) 

HcHo Tamrn, t!TO B HHTepecy1ome11 Hae cJiyt1ac 

-r·(E t · 't) = l'i Vs~+ (p➔~ D ( p', -p., P,J p~) V ~- (p) (39) 
~ ., (2rr) 1 

r~e B COOTBBtCTEEH C (50.22) 0 

p t-p';:. 0 , p"> = p O =- J M 2+F~ 
1 

; p1" r P/::. 0 ,· 

(41) 
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BocnoJr&syeMc.H Terre111 c_neAyromet:r Teopmrntt*: 
ITycTI> 6ylI.yT lI,aHH 1IeTb1pe rpyrrmr TpaHC-JiflD;:r10HHo-1rn::Bap1rn.HTHhlX _ ooo6rqeHHhIX 

cpymcnniii 
(rx) ) D11. { X.z, '"; x., (ot: ~ ·2 ~ 3 lJ • 4 ; t,~ i = "/A,_, ! ) :, ( 42) 

rrpeo6pasyromllXCfl no JIMH0MHhIM ROHe'tIHOMGpH!iIM npelI,CTaBJISHM.flM rpyrrrrhl JiopeHI~a u1 

o6JialI,aIDmMx CBOilCTBaMH 

D.,(:) {Xt., ... , X,; ) Cil- 0 npm x, ;f. X3 · M JIB X 2. :6, X4 . ~ 
. (ct) 

DfZ.a (xtJ"') x,) = 0 rrpM X-1. ;6 X3 MJIH · X3 ~ Xt, ~ ( 43) 

D{ct) 
4 i (.,'f:t,, ... 1 X4) -= 0 rrpll ;c1. ~ X3 llJivI X,9 ;G X~ ; 

(«) • Daa (4-, ... ~Xo/) = 0 IIpH x'- "p X3 mrn x2 ~ X1, ; 

TiycTll ICfOMe Toro, 8TH qiym,:u;vrn YlI.OBJI0TBOPfllOT ycnom:rnM 
,._ (c() ,_ («) . 

/J 'l,j . (p;t., .. •,f4) - D Di (p1,~ ... , P.r,) = 0 
. · 11 - /A.Jr ) 2 a l':J ) .e . np:n P:t < (t""r +,r1 p3 < (.:, I"' ., 

-- (c()_ ,_. (el.) 

D,?J. <P:£:,••·.,,~)-- Di.~ (p,., ... ;p4J=C! 

rrpH Pi < {fl~ 14)2 
·· ' fl< {31' ).t ; 

(44) 

r: !l il D,_ {rd) ( __ · . 

ll . L(P:1+P3) - M J 'i . Pi.,···, Pf} = 0, 
(P:1. +P3) ! <::: (M-1-/4)9. I-IJIM p/ t-p_/ < 0. 

(45) 

ecm1 

Tor,I(a MOJKHO ITOCTPOMTJ, o6o6meHHiiI0. (pyHICIJ.M.vI cpw (a.1,,, ... ., 'i!r; i!,)Be~eCTE0HHOti 

rrepeMeHHOM i!tr , flBJIHIOmMeCH _ aH8.JiliI~I,fT.!8CintMM qiym,:n~rnMM ROMTIJI6RCHhTX rrepeMeHHbIX 
il,i , ... > i;S" 1 CO CEOHCTB8MM: -

I. @yHRJJ;I-tvI c:p~ peryJIHPH1I :s o6JiaCTM 

_\a;£-M 2
{ ~ff<~ ;/z!.-f1f/<:.fJ'z.; }~3 -ii""/ <-f.f''"; 

11 ---- . - . . --· . .. .M' (46) 

I i!4 -'l:4-J ..c f)"
1

; - 4- -- JU 3 < Re rs ~ 0 J. }Im =s/~f.f'-a./_} 
11. t-.I" . i:o 

r~e f - ~OCTaTO~HO MaJIOe TIOJIO~MT8JibHOe ~MCJIO, a :semecTB8HHOe ~~ Y~OBJieT-

. BOpHeT Hepa:seHCTBaM: 

- V ~ it* ~J-<.i (47) 

* lloRa3aT0JibCTEO-TeopeMbI co~ep~MTCR B MaTeMaTMqecKOM nonoJIHeHMM. 
-----

I ,.,-,..-.,• 
l . J-

LJ
1 i)\_·_ 

. 

. 

~

L , ~ 
~r-:-.·_ 

I , 

LJ
!·-

◄ ., 

I 

LJ 
I 

~ 
rl 
~; 
L I .J -

rl 
. rh r 
L : 

~' 

-7c? 
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r;n;e V _ - He:ttoTopoe noJimiwrTeJI:r,Hoe npmrnBOJII,HOe, Ho qivrKcvrpo:arutHoe -q:vrcno. 
2. ~HRI.l;:vrn: _ 

) )
! 

.... !f'(,(J (e:1., ... 
1
ts-; l:& ~ 0, · ecJivI i 6 < (M..-,..u ; (48) 

3. 'J{JUI BemecTBeHHiiIX p1 , ... , p" , TaRHX lITO 

P-L + Pz. + P1 -t- P" = 0 , 
a :senu1-q:~mI::I 

?:.1.: pf ; l.1.:: p/ ~ 

w 
ecm:r 

P1° +- p/ > 0 
C KOHe't!HhlM 'llllCJIOM lIJieHOB. 

,) 

(49) 

MOJKHO rrpe;n;cTaBliTI> B BH;n;e 

(49a) 

J{nH np:r,rneHeHHfl Teop~Mbl y6e;n;vIMCH n~e.ZJ;:sapvrTeJI:oHo, tITO p_accMaTp:vrnaeMhrn 
Hmm WYH-KUHH. (37) }I (39) MoryT OhlTI, rrpe;n;cTaEJI0Hbl B :BH,11;0 JivIHetiHOti: KOMO!iIHaIJ;liiU 

~YHKUHtt, y;n;oBJieTBOPHID!l.\HX ycJIOBHHM TeopeMhl (43)-(45). 
BI::IIlOJIHHH B (39) WYHKUM'OHaJII,HOe AH~wepeHIU'IPOBaHHe no CilHHOPHI::IM IIOJIHM, 

HaJi;n;eM 

(50) 

. r;n;e gt 

1, 

- .. _, .. 
' ;;_ 

. ' ·/_'.\ 

- -- - f Ir< · 

,(_~_}> 

npHl!eM 

d {:(s.1 K1.., X3 1 Xt,): (.-----
8 o/ (-<1.J S 'j'(;(:,) 

-:- I d;(:<.1.,X.1, X3_,K',) ~ 
i.tH~4 

(SI) 
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PaccMoTpvIM Eb!paJKemrn d $ 
•. ITpnMemrn R HeMy ycJIOEltie TI0JIH0TbI ( 47 ,.2r), 

mrneM 
3 ' 

d (x, 1 ;<,
1

~
1
x+J:: 

< $\j,, (~,} .. 
$ (f {K,) d l/'{l(i) >o < j f (X4) >a + 

~i- · (52) 
-I- V jdi! < O I : df'(xz) I n>i> <n,~ \j,(X;,) / 0). 

f__; I Sy(:<.JilP«e} 
h 

KaK y~e OTMeqaJIOQ~~paHee (§ 48.3), Ea.KyyYHOe O~H,ZJ;aHJile TOKa M MaTpMqHbIM 

SJieMeHT TOKa M6jit.2J:Y BaRY,JMOM U 0,1i;HOMe30HRbIMli :0 ;zrsyXMe30HHbIMM COCTOHHMHMI-I pa

J30H Hymo, 
.( jfGo>D = .Ct11,~ Lj,(x)) 0) = 0 , 

TOr,ZJ;a Ka.IC ;l(JI.ff 

E/ (it) - ifl .) {3/'J 2, 

Ha OCHOJ3ffiH1M 47.2B H 47.2E I1M88M 

<(n,c / d'f{l'<J [ 0 > = < h,lt I J, {o) IO> e. (En(R')k.'-.it;:,) (53) 

TaKHM oopaaoM, IDYHEnH.a d3 , paccMaTpHEaeMaH Ra.K IDYHR~MH OT x~, npe,ZJ;
cTa:snHeTcH cynepnosmurntr SRcrroHeHT exp { //,, x,,J c P1, orprurn:qeHHiiIMI1 ycJIO::SHH

Mii 
p/ ~(3/') .e 

ITOSTOMY 

,_.:J 
cf ( f1 J p ~ I f3) f 'r ) :; 0 

ii p/ > 0 

ecm:t · p/ < (3/)t 
CoBepmeHHO aHaJIOrHqHo Hali.l(eM, qTo 

- g 2 cl, ( f:1., f 2, f.1, f~) = 0., eCJIH /', < {J/') . 
3a.Meqag eme, qTo Ha OCHOBaHJ/IH ycJIOBHH npJIIqHHHOCTH. 

{54) 

(55) 

d 1. ( x,, Jf.2, X.r ,;(.,,) = 0 , ecJm x, ~ X3 HJm x,. ~ xf • (56) 

a Ta!CXe O = ol .2 ( x,, x.,_) :fg) X-i, J,ecJm Xt .b X3 1/IJUI· i.{ :6- x,, . (5?) 

y6e~AaeMCH c yqeTOM (49), (50), (54) ~ (55), qTo WYHKJ:U,ifl p}-' Y'AOBJI6TBOpHeT 
YCJIOl3H!O ( 42) • . . 

TiepeM.l(eM Te'f[ep:& K nocTpoemrro WYH~it (43} E ycJioirn:m.1 (44), ·c 45}~-
' L 

flcHo, :ao-nepEhlX, l!TO Ha ocHOBaHIU! (56) WYER~rn d , onpe.z{eJieHHru:t :a 
(SI), MOJKeT 6HTI> o6oaHal!eHa -i:repea a4;_ :a CMbICJie (43). 

d 
c5 
~ 
l-. J 
d 
~ 
•~' ' ( 

0 

Q 

I] 
' I· 

~,

-~ 
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< 
g f/(Jf,J &i, (x'1) \ 

ll tfp• (XJ) S 'I" ex;) lo 1 
. 

cl .J. ( · < E4j,, (x,J S i { x~) '>. 
'2A x, , x 2 > x 3 , x") = g _ . 

. o/(X,) O'f,(Xr.,) o 1 

1 Sr (x,) 8 ti (>Ci) ). do.o. (X:1., Xi, X3, '") ::: < _.;;..-- ---- J 

8 l,Op, (xJ) "f, ( X4) 0 

(: . ss s+ -( ss ff+- , e x't) =-' ir?(tc) . 2 ti)=- i. 31./-'{x,.) ,.) 

(58) 

06JI~aromne CBOMCTBOM TpaHCJiflil;I:IOHHOti. JtIH:sapHa.HTHOCTltl H npeo6pasyromiiecfi no 
CilHHOpHbIM IlP8'ACT8J3JieHHflM rpynIThl nopeHua. B COOTBeTCTBHR C Tpe6o:saHMHMH rrpJtI
tUIHHOCTH (47.2B) STH Bbip~emrn 6Y'AYT Ta.IOKe Y'AOBJieTBOpflT:& ycnOBI-IflM (43). Tio
KaJKeM, qTQ STH ~YHK~HH 6yAyT TaIOKe Y'AOBJieTBOPHT:& ycJIOBHHM (44). B KatieCTBe 
HCXO'AHOrO nyHKTa 'AOKasaTeJI:&CTBa B03:&MeM TO~'A8CTBa 

Sd· ('13) g ~ ({,) 
= i [ j. fo), 2 ( i,)] 

8 tP ()(,) 8tt {ts) 
- (59) 

~d { X1t) ~ 2 (x1) ~ [ ~ ( x',J) ~ ( X' l )] 

S 'r lx,.J g lf (x") 
-

(60) 

06pa3yH pa3HOCT:& 
d {I} - d (t) 

izz. a2. C ytieTOM (59), IlOJiytIMM 

Bocrron:&30Bal3IIIHC:& 3'A8C:& 'AJIH nepBoro tIJieHa ycJIOBHeM ITOJIHOThl 
Hati'AeM, tITO ero ~yp:oe-o6paa o6p8.Il\aeTcH :s Hyn:o npH 

P:t <= (3/< )2. · 
t) 

(47.2r), 

AHaJIOrJtitIHbIM rryTeM y6e~AaeMCH, l!TO ~yp:&e-o6paa BTOporo tIJieHa pa:seH 
HYJIIO rrpli! • . 

. TeM Ca.MbIM MiiI rronytU'IJW nepBO~ .lil3 ycJIO:BHti ( 44). Ta!illM ~e ny;eM H.e coc
TaBJiffeT TPY'Aa npo:sep~Tb ocTMbHbie yc~oBnH (44) AnH WYHK~~M d~- . 
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1.. 
IIepe.ti,zi;eM, HaKOHe~, E ITOCJI0,1l;HeMy ycJIOBHIO ( 45) • .WMeeM .z{JIH cl,i : 

{ ( :R, + :.-. )2+ Mt} d,: (,, , K,_, x, ,X.) -=-

= .l J dit-' ( 0 /A (x,,x,) f n, it) <n,it / B (Xi/•) IO) , 
,, 

(6I) 

r,zi;e 

A(/(,,~) = {L~1 + kt+ .M2
] ((..-~, x,) ' 

( bi tx,,J C ~i &l; B x1
1
x,,) := -- · ()(1. x:s) = __ ..;,..-_ 

~ tp[ft) 1 
, s ij7 (X:t.) 

Ho, B COOTB0TCTBHll co CBOMCTBOM TpaHCJIRnHOHHO~ HHBapHa.HTHOCTH 

i/E,, (rjxf-~~ 3 '.(62) 
<11,it'/ f3(xz,X'..)/O>: (n,C /8(o)x+-X.1) Jo> e I 

_ ~ /E,, {E)x/-KX:j (63) 

.( 0 I C (,,<:! J Xj) In, t > = < 0 l C Cx-1 - KJ, 0) I h, t > e 
C ,zi;pyroM cTopoHH, :aupa~eHMe 

~a'-(.~) \ 
,< h, it ( Bex,.,.,(")/ O) = < n, t { f " 0 > ~l xi)· 

paBHO HYJIID ,I{Jiff 6e3HYRJIOHHhlX COCTOHHMH H3-3a aaICOHa coxpa.HeHHH HYICJIOHHoro 
aapn:,21;a. '9:TO xte KacaeTCR COCTOHHHH C 0,1l;HHM HYICJIOHOM, ,zprn ROToporo 

E; (~) -¥:t = 11.~ / 
TO era BICJia,zt aHHYJIMpyeTCH ,n;:aqiwepeHIJ;:11aJlliHhlM orrepaTOpOM, BX0,1l;Hll{HM l3 A {x,,)(,) 
BCJI6,2l;CTBHe -qero 

<o / A(x':1.,X1) I n,it) = 0 
,I{JIH 6eaHyICJIOHHbIX M 0,I{HOHYICJIOHHOro COCTOHHHtt. 

Bcne,n;cTBMe sToro cyMMa B rrpa.J3o~ ~acTH (6I) pacrrpocTpaHeHa no cocTOH
HHHM, ~~fl ROTOphIX 

E}(;tJ - c• ~ {.M +;- f .. · (64) 

Ma (62) H (63) H (64) ~ETeKaeT, ~TO ~YHICUHfl, CTOn~aH B✓ ReBoi ~aCTH 
(6I) rrpe,21;cTaBnfleTCH cyrreprroaH~eM 8RCITOH8HT 

e , I '1-, {x,- X3J .,. 'J-,t, {4~~,£ J t- Kr~ -~J} 
Ta.KHX, 'CITO 

1(1. ~ (.M.-tr ) t I J<D > 0 

~ 
a 
~ 

d 

n . I t 

-~- ·----- ... - ,,~, .. '~,%½~""st>;:' !'{::tf:_•_,_,rr~,t::_,~:t"11, -.--1L 
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~~ 
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BBO;zJ;H B COOTBeTCTBHH C (38) OD03HaqeEHff --. 

HJUI 
0 () 0 

f!I. .,.. I'., < 
) 

:scJie;n;cTBMe tiero gJymt~MH d/1. y;n;oBJieTBopaeT ycJIOBJIO ( 4~). co:eprneHHo TaruIM 
ilte nyTeM rrpo:sepHIOTCH ycJIOBliff ( 45) ;zJ;JHI WYHRUidi cf,a ,·c'42 , c(.1 a 

J ffCHO TainICe, 't!TO ycJIOEl1H:t (43)--(45) 6e3 Tpy;n;a rrepeHOCfl}CH H Ha IDYfK~trn_ 
cl,J· • , OTJIH'l!aromirncH. OT d,.J. rrepecTaHOBKott orrepaTopo:a ~ 11 ; (. - • 

o If' {A'.) <f' X,t) 

4. Cneuvrair:&Hoe npe~cTaBnemre mymm;1u1 ST . TI01ca.EeM Tenep:n, tITo, ycTa· 
HOBHB COOTBeTCTBHe Me:at;n;y WOPMYJIB.MM (49) n (40), (4I), Ha OCHOBaHHH TeopeMH 
MOJKHO nonytrHTI> ;n;JIH qiyHKI1HH ST crreu;i,IaJII>Hoe npe;n;cTa:aJiemrn B o6nacT:a 

(64a) 

. ·.( C IIOMOil{l>IO STOro npe;n;CT8J3JieH.0JI MH BbIIIOJIHMM 3aTeM aHaJIHT.0:'tleCIWe rrpo,ZJ;OJI:atemrn 

~cnepCHOHHOrO COOTHOilleHvtff (18) B TO'<IRY 1'.' = ,?° 3 
.) • 

· . C aTot1 neJU:iIO no;n;cTaBHM ;n;JIH nepeMeHHbIX 1'1., ... , p y 1'rnTepecyIDil\?ae Hae sHa· 
'l!eHHH (40), (4I). IloJiy'l!HM TOr;n;a: 
. p,.1. - nJt - JV1 a. pa -p.!-.tv,2.. p.: o'2 ;,.. _ ,,,..if-.., a11 o1 I':"' ---* 

- r - .l -.L ~ .z - - ·.1- ~ 3 ::. 1" = .., - "' I rv-::= 1-' : 'L = 't. ; 

(p,. +Pi)'= ( p'-p)~ = -4p!J.; {P-,.~/'3)3 = (p'-,.i'J!t= 1:+iEb.1+j)a'+1\IJ.9 +-2i!'-; (65) 

/J O 0) r;. .f 1 
lpt -,.pl =✓11. +pt + E ; 

. . 

(P-s. +P+J
2 = (P'-i ; 2 = " - 2 E ✓ 11. 2

.,. 1,_ +.11.2 
_,. 2 r2. ; 

0CT8.HOBHMCH cnepBa Ha ~rypMpyro~x B (45) HepaBeHCTBax. Ilo~cTaBnHff B 
HHX 8Ha~eHHH (65), nonytiaeM c ytieTOM (I4) 

{ p,. +p~JI. < {11. ~) J.,; 
" (I 0 P:t -r l'J < . 

E < E, (1:) 

f <-IMj .,_ I' 7 

ID46CTO 

:BMeCTO (66) 
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}I 

E>- ~ {'t') (P1 +~) i. .C: (M ~) ~ BMeCTO 

(67) 
E >I.Ml.?~l BMeCTO p,or ?/ < 0 . 

YlI.HThIB8.fl STO OOCTORTeJIE>CTBO M MCIIOJ[o3YR ( 65)' npMXO;IJ;HM It CJie,n;y101qeMy 

npe.zi;cTa.!Jiemno ;IJ;JI.ff ~yp:oB-o6pasa § (f's., ... 
1 

p4 ) cpyHRn;irn /J(;<,~···, l4) : 
D . 

(p,,.,.,f.r;) = . 
-i P., ¢., ( Mi, .f1 ~ -. , -r, - 4 ,..,. r:-,.f E/MZ..p• 

1

+112-1-Jlp>•)+<GB) 
. I '/ .2 t /. /_j., 1 .! ) + E PW ~ t'M, .M, ", r:, - ""1" /1.; 'C'-2 E '11,?,+r + .t1 r 211. · , 
cu 

rrpvrtieM ~ (... ) = O 
(69) 

¢~ (. .. ) .: 0 ;n;Jrn E > £., (r:) 

'AJIH E < E; (zJ; ~~.,~: . . ,, . 

~-.-- I' ,-, .. 

11 ( .... , 
a P,..,, li e - IIOJIHH

0

0Mbl OTHOCv.ITeJI:OHO KOMIIOHeH_T k'IMIIYJI:OCOB .. IIpe,n;cTa:BJI8HHe ( 68) - ~ 
B cooTBeTCTBHH c (46) M (47) cnpaBe;n;JiliBo, ecJrn M fu~ LiJ 
- V:,;, ,: ~ {1. ~J') r• ; ( I,., z; = o) l[ -/'.:: M ,.,.. I''- (7DJ , ••• 

Bxo;n;Rm:ne B ( 68) cpc..., H ck, cyTI> aH8.JIHT~ItI8C!Ute WYHKIJ;I1m nepBhlX ITHTM apryueH-. r= 

~ 
£,. 

TOB, peryJIHPHhle B o6JiaCTH 

pt< .M ;,:' • - V ~Re,;;:~ (:i+f),µll ;./I1n,r:/<f)A-J (?I) 
M ":I"' ., 

m o6o6meHHhle cpyHKD;IiIH mecToro apryMeHTa. 

38.MeTHM Tenep::&, 't!TO COBORYIIHOCT:E, ycJIOBHJ!I (69) IIPH:BO;z{MT R TOMY, tITO 

cpymtnHH D{p3,~ .. ·,1'+) o6p~aeTcH B Hyn:r,. B o6JiacTH (64a). B:a11,n;y aToro IDYHKnHH 
ST~ noJI~aeMrur orrepan,11ei1 3irn :siiipruiteHvtfl ( 39), npHI BfilIIOJIHeHHM ycJIOBHH ( 70) :a_ 

o6nacTH (64a) o6n~aeT crrenHaJIJ,HiiIM npe~cTa:sneHHeM 

ST{E, 'C) = fJ (.2 E /M'+p' '.,.r:; r:) +ff (-iE/Mr,_p''+ r; i:-), <72 ) 

r~e F; (),~) - a.Ha.JlliTHl!eCKHe qiyHRnHH nepeMeHHO~ r B O~JiaCTH (7I) H 
• • • • 0 • ,a • , • I ~ • ... • • O • • .. - -

oc5o6~eHHhle qiymtnHH Bell{eCTB8HHOti rrepeMeHHOti } ' o6JI~aIDII(He CBO~CTBOM 

Ii {) I 'I:) :, 0 ~JUI j < 211,r .,-/'a._ f./1. (73) 

* OnepanmI S IIOHa,n;o6H~ac:o /a~ec::& IIOTOMY, l!TO II0.7ll'I.HOMhl .Pw H p~ MOryT co-
~ep~aT:o nep:ayro cTerreH:o ~ , He aHa.JIHTHtiecrm aaBHCHH{yro OT 't' • 

. 1,J 
-- l 1 
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li OTJU:1:'tlaIOm:viecR OT CJiaraeMbIX qiopMymir- ( 68); cmrnopIIbIMM o6mra;n;KaMH I1 MHOJKMTeJim,r 
Xl CV 

(21e)' ,.; . • 
5. AHaJIMTMl.J:eCirne rrpo~OJIJlteHHe R ,C::,u.1 • Tam:IM o6pa30M, npoBepKa ycJIO-

J 

BHM TeopeMhI saROHtieHa H MbI MOJKeM rrepetiTH R ,I(ORa3aTeJII:iCTBY Toro, 't!TO VJ:3 rrpe.zt

CTaBJI8HMR ( 72) CJie.ztyeT cnpa138,I{JIMBOCTI:, COOTHOllleHHR ( I8) ){JI.ff_ liHTepecyro~ero 

Hae 3Hat.Iemu=r 

ecm1 TOJII:iRO 1' ;n;ocTaTOl.J:HO MaJIO M y.I{OBJieTBOpHeT ycJIOB:WIO ( 7I). 

lIT06bI ;n;mrns aTI:, TIOCJie.I{Hee YTBepJK.zi;emrn' BhIO~peM cnepBa OTpTtiu;aTeJI:OHOe 't ' 
Y.1lOBJieTBOpHromee ycJIOBMIO (3). n.JIH TaRHX 'C cnpaBe.I{JIMBO M ycTaHOBJieHHOe COOT

HOilleHMe (IS) li (cornacHo TeopeMe) npe;n;cTaBJieHHe (72). 

IlO.I(CTaBJiflfl (72) B (IS), HMeeM:_ . 

ST(EJt;i)= <f>i (E~rr) +- c/>1 (Eire) +-

( 

nrf ~ ) ( ,,.,..J. /1 (/~ ) + Eo-EJ A.,.,,,(-_Ae~'l: _ ~- n.,,'p e~_'i: + 
Eo -Ep E - Ep Eo + £p } E +- £ p · 

· (73) 

, 

(74 )_ .. , 

(75) 

( 76) _ 

J:----i ---~~~~___...;,,,.,........,,_.,..~ ~ ., 
l 
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~ 
-111roT aHaJIHTH'tIHa B o6JiacTu apryMeUTOB, orrpe;n;eJieHHoPi coBoKyrrHocTI:>10 yc.110Buf1 L__ _J 

Re ir <. 0 + f ) 1"4 :i. , I 1 1'Y1. 't I <'.. Pt'~ ~ 

lm. 't' < .2 V~'+ f 11 m El > I Ln E \ >ll m. VE"-P"-r' I <
77

) -~=~~~ 
0)lH8.KO :s Cl!lJY ( 73) i)iyHKlll!ll ( 76) )lOJIJKHa COBJIB,llaTI, C JIOJll!HOMOM 110 i;;: . . . 0 
( ::~~P r•t ( E-+ E p) Arr' ('i ,-e')- ( ~:::,. r•c E-Ep/ llp•p (T, e)-1 [- J 

+ ( E:i.-Ep"' ('rJJJis.~,.C-rl E,._ (78) rl 
B 06JiaCTR OTpintaTeJI:&HbIX 'C' ' orpamtlieHHb!X ycJIOBvieM ( 3). Il03TOMY ee ( ~ +3 )-aH . - rl 
npOH3BO;z{HS.H no E , HBJimomaHCH aHaJIHTHqecRoi1 wymni;Mrnti B ooJiacTn ( 77), paBHa . . _ 

-gymo B o6JiacTlil ( 3). IIo Teope. Me 06 e,Zl;I1HCTBeHHOCTI1 aHaJI11TnqecK11x (pyHKri;11tt a rut- ~.' I 
JI'IO'Jae~, t1TO (rt +3)-H npo.viaBo.zi;HaH no E OT WYHRIJ;MH (76) paBHa 1-iymo Bo Bceit L . . J 
oc5JiaCTH ( 77). 0Tcro.zi;a CJie;n;yeT, 't!TO - ca.Ma WYHRIJ;MH ( 76) HBJIReTCR 110JIMHOM011 no s~ 
cTenemt n +I B 06JiacT;1 ( 77). IlpMHHMaH Bo BHMMaHHe, qTo WYHK~HH .. E,. (T} car- L ·. _j 
JiaCHd . CBOeMy onpe,neJiemno ( I2) HBJHWTCH aHaJmTH'tleCROM WYHR~Hefi B pa_ccMaTpH-:- ·~.. J 
1ta~MO!,i o6JiacTH, noJiytiaeM oTcro;n;a, ti:To WYHRIJ;Hlil C ~ ('t} 11 !lpf'' ("r;) ,"l{OJDKHbI L . j 
'A.OJJ,ICKaT:& aHaJ111T11tiecKoe pacm11pem10 Ha ooJiacT:& ( 77). , L I 

J!oRalKeM cei1tiac, "l!TO Ct< { 7:) H I/pp' ('C) HBJIRIOTCH aHaJIMTM'tlecKMMM (f)yHRUHffMvJL_--

:s 60J1ee urn:poKoti o6JiacTlil ( 7I). Boa:&MeM .ztJIH ,aToro KaR~e-mioo aHatiemrn r-= 't * r----,t 
:~ / ra o6JiaCTII! ( 7I), ~e Jl0l!t~ee Ha BemecTB0HHO:ti OCM ( l tn i-•= O) , M nocrpoRM -~ 

~?··'-- cooTBeTcT:ayromee E * , noJI011tllIB L-·· _ J 
E. * = E-r: +LE i , i, 

r;I{e L_. _ J 
Q E ' E -, ~~ E JU ' .t 2. .. ➔.2 -~ ~ "' t = _ m c. . :, "' <. ,-, , E'"' - E, - Re. T - F > 0 · · 

ff ciHO 1 '!TO II T O'IK,:t 11 
. ( E"' ,-r:•] npl!H 8.)lJiell!II T K. 06Jia CTI! ( 77) , BBII/IY 'I er O 'i ,ic c-g 

.ztOJIXCHa }!Xo~aT:& :a. 06.11acTI> aHaJIMTHtIHOcTrir cpyHKIJ;Hi1 C" ('r) 11 fl (1:) • OTcro.zi;a , l 

CJie,ztyeT; ''tlaTO. 8TH .qiyHR~HH aHaJIHTH't!HbI B OOJiaCTH ( 48) c BC3MO}KH0M JIMHlileti paape- 'c?-· · J 
aa, ne,1tamett. Ha :aemecT~eHHoti ocitI ( npH Im t' =0) • . · 1 

•, TIOKruKeM T•9Il8Pl":J, 't!TO TaKoti 'JIMHMH paape3a Ha -CaMOM ;n;eJie HeT 11 'tlTO yita3aH..; ... - ·_ 

H"ble qiyHRru,m-pe,~yJI_HpHbI BO Bcett 06JiaCTH (7I) •. PaccMOTPMM ,21;JIH 3TOll ~eJllf BemecT-

B8Hij08 
't" '¥ < ( i + p) i4i c5

·. 
~\. ;' 

' ·--·-~., _,_ 

' 

--- -,-· •·"''l I • 1111"-



H rrocTpouM TOtJKvr c E ... , r +) H 

t' ± = t-c ± L 1 
E_._-E + l~ ;:- -c--re; 
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p:t + ( J.-+ p) f-4 2 -' f: t. N.i 
IIp11 ;n;ocTaTO'l'.!HO MaJihIX '-'\ "- p. r4' TO'l:IKH ( E. , t+) vr ( E _ , -r_ ) dy11.yT y,ztoBnerr

BOPHTD ycJIOBHHM (77). 
8aMeTMM Terrep:Ei, tJTO Ha OCHOBa.HMH (74) MMBIDT MeCTO rrpe,zteJIDHhie COOTHome

mrn 

-E.im. P, ( ~±, 'T,'~:) = &m. Pt ( E i ± lE, 'l"-c) (79) 
, ➔ o · - E-+o 

TaK KaK TO'tIKH 

ycnOBMHM 

( E 1.± ££, r'(.J HapaBHe C TOl!KaMH ( £ :t J T±) Yll.OBJIBTBOpHIOT 

Rt c: < c ! + P > I"' 2 
, I Im r J < f t4 a. 

(80) 

I a,,, T < 2 V ti,f'-~ p2 ' I I.,, E / 
orpamrtnrnaro11r0:M o6nacTD, B KOTopoti qiopMym1 ( 74) orrpe,1J;enHIOT aHaJIHT11qec1rne 

(J)YHK~HH 4't M cp .z. • 

CoBeprnaH saTeM B (74) rrepexo;n; K ;n;eticTBMTeJII>HhIM E c rroMoiq:EiIO qiopMynbr 

(46.3) , rtonytJaeJE 

'P1CE+,'t'+)-Pt(E.,r-J ..... F~ (·T+!J.E{N:i+p-;)) 

'P.2 CE+, r+) -P~ c E-, r-) ~ f.e (re- 2 E {M2 +p7 ). 
C ytJeTOM (72) STO 71.aeT • 

Pt (E+,!+} +'P:i (E+,T+)- 4\(6.·-:r.-)-cp,.(E-,T-) ➔ 
(SI)-_. s T ( E-i, e, r ~) -

C ,7];pyrott CTOpOHl>I Ha OCHOBaHMli'I ( 4) liI. ( 7) 
,.._ . 0 -_ .. - -

.!l£, S T ( E +, T +) = - · . _ , -·. : _ 
= Je-lE-r F""+(x) s e,cp i. [E-cx 0 -e"x (E~ -r-r.-P~~ (~/.tE~J~]dx 

* ·npv1 rrpHMOM 11crron:EisoBaH1rn q;opMJJihI. ( 46. 3) rro;l( HHTerpanoM B ( 74) B03HllKaeT 
npmrn:se.zteHMe "/1,Byx o6oc5iqeHHbIX (l}ttHKlfvIH. 0.ztHaKO 6onee ;l(eTaJII>HOe pacCMOT1)8HM8 

· IlOKaSirnaeT, tIT2 BB8,1J;H n CBepTKY I STHX 0006~eHHbIX g:iyHitl\~fit, MOJKHO 060Cl:£?.~§l'-rf? 
3 aKOHHOCT:& STOL:I BhIRJI8.,ZJ;IGI • '"· .. . .. 
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' ,-,, 

5 T < E+,'t~) ~ s T~( E~, 1:~) (82) 

~ -c5 
c:5 

Co:sepmeHHO aHa..n:or:vrr.mo ycTBJiaBJivrnaeM, tITO ~ .. 

r--- ~ ~ e-:- (83) .L-- - J ST (E_, L-)- ST ( E .. ,l,:) ·l5 
Km16I1HMPYH (73), (74) M (75), Haxo;n;HM =:l.: 

t.m (
1

5TCE+,1:,..)-4'-1CE+>T+)-Cf>.1(E ... ,T+J}= L--. J 
(84) .~ 

~m{STCE-,'r-J -'P:1.( E-,t-)-'P.2(E-JT-J} L---. J 
Ho TaK KaR ;ll;Jlff TOtieK (E±, T±) <PYHKUMH (76) pmma IIOJIMHOMy (78), TO~ 

rrpe;n;en:r,Hoe cooTHomeHMe TMrra (84) 6y;n;eT MMeTn MecTo M ;n;JIH nonMHOMa (78). OT-LC""] ____ .• .J 
cro;n;a BhITeKaeT, tJ:TO Bhlpruitemrn: R('t'"'-+,7) , C,dt'-c+i\) cTpeMHTCH K TeM llte npe 
;n;enaM, tITO·1-1 JJ(T-c-L~), C"('l:i-l~) , BBMl-\Y tiero Rtr) vi C"(r) He o6Jla- ·, 1 

,n;aIOT JI.HHMHMM paapesa M perym:rpHbI BO Bcei1 o6JiaCTvI (7I)*. ----' • 

YcTaHOBMB 3TO, B03BpaTMMCff K COOTHOlll8HMIO (73)' KOTopoe, Ka:K MbI Tenepr:i 
BM,I(HM, H1le8T MeCTO ;n;JIH. T01IeK ( E, "C) 06JiaCTM ( 77). Ho aH8.JIMTHtiec1rnH <J.)yHiiIJ;I1 

rrepeMeHHhIX E :0: 't' , CTOHJ:naH B npa:soi1 tiacTM ( 73), perynHpHa ".B 6onee nrnpo-/ . . sq 
KO.W o6JiaCTI1 ( 80). BBvr;n;y 3Toro Mb! IIOJiytiaeM BG3MOJKHOCTI, 8JI8.JiliITM't!eCm'I rrpo;n;oJI- • ,...,, . 

JKMTIJ QJYHKI.LHIO ST (E,T) ,TaK tITO6hI oHa pa:sHHJiacn rrpa:soti tracTvI (73) :so :sceti 
ODJiaCTM ( 80). 

Tio,zp:rep1meM; \ITO ,Zl;Jlff pacmnpeHHOW yKa3aHHbIM o6pa3OM aHaJIHTMtJ:eCKOW ,.._. 
I.1;1-n1 S T 11Me10T MecTo O61i11rnhle cooTHorneHHfl c Heco6cTB6HHhIMn rrpe;n;enru.u-r 

,.._, s T ( E + Lf ' T) ~ s T "t ( E, T) (85) 

,.._, . s T ( E-LE,T) -- S·T"-( E,T} (86) 

e cm1 TOJI:&Irn E , '!' vI A = YE"'-p~T Ber~e cTBeHHhI M 

---- -1 !pyHK-d 
=..J.J 'L_J 
•·cj 
'i - -, II ll 

c\' 
1 

. t:JJ1 
.. - · · · - "' -- .. · · · · · · · · , ·-- ,,,.t~:·c r 7! 

* 0TcIO;n;a B qacTHOCTM BhITe:RaeT' tITO IDYHKIJJIH 92 ('t) MOJKeT 6bITI> aHamrTlitJ:0CKll i ; " 

t < ( J. + .f) r-'~ 

rrpo.n;OJDKeHa .n;o 'r-= /'la. 0CHOBbIB8.HCI> Ha orrpe.n;eCjfeHVIHX (22) 11 (24) vr TeopeMe IY ..,_ __ 
_ :vrs 1,rnTerirnTMtie cKoro ,n;orronHemrn,. HeTpy,n;Ho ycTaHOBMT1>, 't!TO M B (7:) MollteT 6:b!TI,'\ 

_8.HaJI.vITM'tleCKH rrpo.n;OJDKeHO ,I(O 'r:-=f#'l. • TaK RaK 9c-r) Bell{eCTEeHHO rrpm T<-p2,---
MMeeM ' - ~ -lm 9 ('r) = O ITPVI r <- p 
OTKy,Zl;a BhITeKaeT' tITO 8TO COOTHOlllemrn 6yl-(eT BhIIIOJIHeHO rrp:0: t = f'2, • 3Ha-

-~1!~ q ( r,,t~J .... Be~eCTBeHHO VI g (f-1 2
) ~ 0- __ • ___ _ 
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MbI ycTaHOBMJIM T8.ID1:M o6pa3OM COOTHOilleHMe (73) BO BC8li o6nacTM (70). Ho 
,: = }'12. BMecTe c mo6bIM E , He neJKamMM Ha Beil,\eCTBeHHOfi ocM, rrpirna;zr,Jie)JUl[T 

· K 8TOti o6JiaCT:0:. IIoaTOMy ( 73) BepHO BCer;zr,a, Kor,11;a 

:1-m E =I= 0 > T= t'2. 
CoBeprnaH TerrepD 88.MeHy nepeMeHHbIX MHTerpMpOBaHMH, o6paTHYIO IlpOBe,I(eHHOH 

IlpM nepexo;zi;e OT (I8) R (73), npeo6pasyeM (73) K BM,I(y (IS), B KOTOpOM Ha Mee
Te ST ( E 1 > e >rt~) 6y;zr,eT CTO[!TD BbipaJKeHMe 

·coBrr~aroIItee c npe;zu,i,11;ymen WYHKIJ;Meti B Ha6irro;z(aeMoi1 o6JiacTH, 

E'2 > J42.-rp2. o 

Bhip8J!temte (88), TaK JKe KaK H WYHK~HH S T (E ', fi2
) , 

/E'/ <.. N~-p2 
YH2+p2 

Ror,71;a 

o6pamaeTCH B HYJID 



. § hf .5·;;;=<-u, . - 78 - L:i 
B TO BpeMR KaR B MHTepBaJie 

M ➔2. 

jll- p < IE' I< ✓ M2+ p-2 
{M2..,_p2. I 

Henocpe;n;cTBeHHoe onpe;n;eneHMe (l)YHKUliH ST 

(89) 

-qepe3 MHTerp8..1II:,I ( 4) CMblCJia 
He 1rneeT, M J3HpruKemrn (88) MOJKHO paccMaTpI1EaT1>, Kruc Ha;n;ne:iKamee aH8.JIPITU't!ecKoe 
pacm:vipemrn STOW cpyHICUlrn Ha MHTepB8.JI (89). 

L'ITaR MI:,I ;n;01ca3 8.Jlli BhlilOJIHemrn COOTHOI.IIeHMfl (IS) ;zJ;Jifl HYlKHOro HaM 3Ha'tlemrn 
L ~ f' 'l. C pacIJrnpeHH011:;) qiyHK~Meiii ( 87). J(JIR rrepexo,11;a K BemecTBeHHliiM 3Ha'tleHHHM 
Mb! HMeeM q]OpMyJilil (85)-(87). eTOT nepexo;n;, T8.lC JKe KaIC IIOJiy't!eHHe C06CTJ38HHO 
;n;11cnepCI10HHI:,IX COOTHOllieHMH Me~;n;y ;n;eHCTBMT8JIJ:>HOH I1 MHMMOfi tiaCTHMH aMilJIHTy;n;hl 
pacce.HHMH MbI npoBe;n;eM B cne;n;ymmeM rraparpaqie. 

§ 52. 1IMcnepc110HHHe cooTHomeHH.H AJIH pacceHHHH 
IlMOHOB Ha HXRJIOHax 

,~ 

I. TiepeXO,ZJ; K ,ZJ;8liCT:Sl1T8JI:OHI:,IM B0JII1l!MH8.M. B rrpe;IJ;bI;I(ymeM rraparpa(lle 6bIJIO ye-~. 
TaHOBJieHo, 11To ;n;JIH mo6oro E , He ne:ammero Ha ;n;eticTBMTen1:,Hofii ocM, {:Jm E ¥ o L ,_j 
HMeeT !leCTO COOTHOilleHJ,ie* ••t 

00 

n 
$T(E):; {£-Eo) I ,ST(£'} d€' + P, (E} 

. :l,11c' (E!..£o)h+-'(Et..G') . h 

(I) 

- oc:, 

np:vtlleM. 

ST(£'}= STze.t(c')- STad"(E') 
,v 

a <I!YHKUMH ST B COOTB8TCTBI1H C (5I.85) ll (SI.86) 
~ tm STCE+./e.J-=- ST-u,-1-(£) 

[➔ -rD 

e,m ST ( E-il) -==- s T'Qdv(E) 

{ 'Jm E'== o) (2) 

o6Jia;I(aeT CJ30MCTBaMM 

✓mc=-0 

11k E=-0 

(3) 

(4) 

,l'-
BH6epeM Tenep:& rcaKoe-m160 ;n;eficTBMTeJIJ:,HOe 3HatieHMe E :0:s Ha6mo;zi;aeMofi 

o6nacTH 

IIOJIOJ!IBM B (I) 
£* >vt~2J-l"'l. 

)(- ' E = E fol{. 

* 3;n;ec1:, Mhl orrycrcaeM aprYMeHT 2 -c::;u . 

njJ 
~ 

I 

C"7l n n 
Ll 
n 
~ 
r-i 
g 
.Q 



- 79 -

11 rrpoBe,n;eu rrpe,n;eJibHHt1 rrepexo.n;, YCTp8MI1B £ K HYJIIO. TIOJI.b3YRCb B JIGBOti l![:C

nr ypaBHemrn (I) q:iop11yJI0Vi (3), a B npaBotr qacr11 qiopuy.rron (46.3), noJiytiaeM 

B pesyJioTaTe 3Toro nepexo,n;a 

STu:1-(£) + STad"'(E)-= . 
00 

(5) 
1£-E.o)"j' STzdrc'}-STad"'(c'} de' __ l 1 __ _ _______ (P-- + 2.P,, (6) 

71 I /£ 1- E. J hrf E '-E 
- 00 \' ~ 

flp11ueu renepb BO B1unmrnrn, tITo, corJiaCHO pe3y1rI>raraM §§ 5I.,:1 H 51.2, 
pa3Hocro S T-z.L1tc')-S T°//':;B HHrepBaJie 3HatJeHvIH IE 'I~ E1 

B B:t1,n;e cy1,IMhl ,n;Byx ~ -oupo.3Hb!X tIJI8HOB -

TIOCTOflHHYIO, _, onpe,n;eJI8HHYIO OTHOill8HH8M 

sapH,IJ;OM. 

npe,~craBJI.lieT CR 

(8) 

V " ,.. 

3,n;ec.1:, c;rn,n;yer 3m.rer.vrr1,, tJT o, KaK xopomo H3BeCTHO, nporie,11;ypa BBe,n;emi'n 

M830HHOro 3ap.H,n;a l1 B 06bitJHOH TeOpMM He HBJIJI8TC.li O,IJ;Ff03HatJHO:H *. ,lleJIO 3aKJIIO

qaeTCR B TOH, qro 113-Sa OTJUitr:vrn uaCCH H830Ha Ji OT HYJIH pa,n;r,ryc ,n;etiCTBlrn 

H,n;epHbIX CHJI HBJlH8TCH KOH8tJHLIM. 3TO rrpMBO,Il;HT K H8B03MOXHOCTt (B npoTHBorio

JlO)XHOCTb 3Jl8KTpo,n;:vnraMHK8) IlOCTp011T.b K)IaCCW-IeCKYIO LmKpOCKOIIHtJ8CKyro U830,Il;H

HaJ.Urn:y JiI CBR3aT:o rrpoIJ;e,n;ypy onp'e,n;enemrn li830HHOro 36.pJI,Il,a C uaKpOCKOIIWieC -

l\U1rn 3KCrrepl1M8HTaI.U1 Bpo,n;e OTILITa M:vrJIJieKeHa l1 OilbITa C OTKJIOH8Hl18M c5y3HHIIbIX 

map:mcoB. 

BBH,zy :noro M830HIIbIM sapH,n; ~ np:vrxo,n;:vrTCH BBO,Il;HTb reu :vr;m HHHM oc5pa30l.! 

B repwmax :vrcxo,n;HhIM B8J1MtIMH Teop:vn1 H orrpe,n;eJinTo sareu ero q11cJieHnoe sHaqe

mrn nyTeM cpaBH8H:0'.li pesyJI.bTclTOB reopirn C ,IJ;aI{HbIMitT 1:1:VIKpOCKOII.HqecKHX 3KCrrep11-

110HTOB • .Reno IIOSTOMY, tITO crrocod BB8.I(8HHH 11830HHOI'O sap.,q,n;a CaM rro cede He 

3Haqemrn J- KaKoiii-

* CuoTpM, Hanpm.wp, pa6ory _qe;rneHa (I954). 
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B COOTB8TCTBMM C (5I.22) 11 (5I.24) <pOpMyJia (8) C T04Kl1 3p8Hl1.fI OOHqHOM 

COOTB8TCTBY8T orrpe,n;eJieHMIO Teop:011 

~ rs( 2 z ~ 0 1:. I -;: Jo f M , M ;;,< Z) (9) 

r;:i;e g
0 

-saTpaBOtIHiiiti sapsr.n;, Bxo,1v1lllMH B JiarpamrnaH B3am.rn,n;ef1:cTmrn: (33. 7), 
a r; -BepmMHHhlll orrepaTop. PMKCMpy.H ?POUe.n;ypy .I(O orrpe,n;eJI8Hl1.fI XpOHOJIOfMqe

CKHX rrpOM3B8,I(8HMH TaK, tITOdhl 

r ~ ( M ~ M 2>~ 2 J = rs- r:J' (IO) 

IlOJiyqaeM B03HO:lKHOCT.b OTOJK,I(8CTB:t-1T.b ~" C ;} • 

3auenn.r erqe, 'CITO cpyHKU11.fI r; ( M ~Mi; )A 2 ) He 11M88T npm.mro OTHOIII8Hl1fl 

K peaJI.bHhIM npouecca11, BBM.ICY Toro, tITO :vrcrrycKamre (1rn:vr nor Jioniemrn) peaJI:oHo

ro M830Ha c1 1 ::~1 ) peaJibHbIM HYKJIOHOM {p'2.=M2.,(p:.t7J 2
=M2.sarrpe!ll8HO 3aI~O-

HOM coxpaHeH11.H ) sHepr1-rn-1n.myJI1>ca~ • 

Cne,11;y1oll{Bii mar no rrpeoopasoBarnno ypaBH8HM.H (6) CBsrnaH c oT.n;eJiemreM 

3pHI1TOBOJi.l M aHTM3pMMTOBOi1 qacTe:ti a1m.n;MTY.ICbI paccenmr.H. PaCCliIOTpUH C :nott 

U8JibIO CBOtiCTBa 3p1U1TOBOCTI1 ¢YHRU11M ST re.+ 11 S Tadv • 381,feTMM rrpeZ(,1(8 

Bcero, trTo 113 onpe.n;eJieHH.fI (50.4) Henocpe.rr,cTB8HHO cJie.11;yer, JTO 

f rt:f {x.) :::: p_ , F uf ( X J 
dt.AJ ff w °' (II) 

OTCIO,I(a B CBOIO oqepe,11;:E> BLITeKaeT COOTHOIIIerrne 3phluITOBOCTH B m.myJibCHOU npe.1(-

craBJiemm·· 

* T ?A.T ff) ZAf 
otw (I<) = rl'I' T eu °' (-K.} 

C .n;pyron CTOpOHH, Ha OCHOBaHMH (50.I3) 11M88M 

T a elv rf) ,..,-, uf 
( I<) ~ Tpi?, .L (- J<.} 

ol.w f I O(W 

KoudHHHPY.fI (I2) H (I3), nonyqaeM 

t 

T aJv ,y-, -u.f 
OU,J (I<) =- I o(C.., {K) 

3~eCb BBe~eHO odosHatreHHe 

i 

7:w (k) -
* 'T' {K) 1 (.,Joi, 

➔ 
ITepexo)(H B (14) K apryMeHTaM E 11 e noJiyqaeM raKJ?:e 

(12) 

(13) 

(14) 

(15) 

t 
ST 4Jv r£ J = ST ?.Qt"(£) Cr6) 

o(W tl(W 

I 

0 
LJ 

g 
n. ;c-J 

n 
n 
ri 
ri 
n ~o 
n 

I 

0 
6 

I 

Q 
n ,i 

.J 
~I 

I ;I n l.' ':! 

; 
.. · · 1 I -.;~.j. ••• •e:n, ""''r,c -~,! g 
--.~ :r 
'1 ,. !t 

'81 
d(4_--l .. · 

.. - ' 

·~ 
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COOTHOilleHYie (I6) .HBJI.HeTC.H oq~Hb Ba~HHll, 
B8HHO BliITeKaeT, qTQ JilfH8MHI:Ie. KOMC>l1HB.~1'II1 

TaK KaK 113 Hero Herrocpe,n;cT-

ST°'i;; CE J + ST °'~v CE J 
2 - 'D°'w (EJ 

ST,,Juw+ (c) - s Tadv 
__ ..... _______ 0/_w_( £_ J = JI D<w CE} 

.HBJIRIOTCR 3p1UITOBI:IM11 

-r 

2.l 

I) o(<.., ( E ) = Dolw ( l:) 

(17) 

(I8) 

(I9) 

-ul-
Vi npe,n;CTC:BJI.HIDT co6oi1 3p1UITOBY 11 aHTL13plUITOBY qaCTlf q)yHKl\1111 5 T , TO-

eCTb . 

(20) 

C,n;eJiaeM Terrep:o BaJKHoe ,n;orrymemrn o BeJrnqmre creneHH pocTa n . UH rro
Jio:iun.r, tfTO IL = I, TO-eCTb t[TQ a11nm1Ty,n;a pacceRHHR rrp11 60Jih!II:HX. 3Haqe1rn.HX 

E BospacTaer He C>blcrpee qeM mrnenHo. (Ta1we npe,n;rroJioJEemrn cooTBeTCTByer 
,n;aHH_HM 8KCrrepm!eHTa). 11HTepeCHO OTMeTHTh, 't.ITO KaK n paHee B §§ 48,49, 
BMeCTO Toro, llTO(hI 3a,D;aTb cpopuy JiarpamrrnaHa B3a:HMO,Il;8HCTB1rn, HaH Oim3HBa
eTCSI ,n;ocraTOqHhlM 4!11KCMpOBaTb C'.BeneHb pOCTa. 

Tio,n;craBJI.H.H B (5) qjopuyJm (I7) 11. (I8) 11 noJiara.H It.= I, rroJiyqaeu 

J)olw (E) = (l:-Eo)2J .A"'-w ( £'} fZ) dE' 
· r, {E'-E

0 
J 2 J 1:.-'-E + 

/c'/>E, 

+ (E-EoJ2.j . sf (c'J cl£' ~ ~ re""') 
211 {E~E;, ) 2 (E!. E) 

(2I) 

le'/ <E., 
2. Yqer CBOtiCTB cmnrnTp:vn1 no £ . 3a1iMeM.C.H Tenepb 11CKJII0t[8H:H8M 11HTe

rpaJia TIO. 0Tp111\B.T eJibHbIM :rnepriurn (OT - 00 ,n;o - E1 ) • G 3T011 U8JI.bID rrpo113-
Be,n;e11 yqer CBOtiCTB CI1MMeTp1n,r no OTHOI!Iemrn K sa11eHe E ➔-E B OT ,n;eJI.bHhlX llJie
Hax cpop1,1yJI1r (21). I{o1161rnYipyr:i: (13), (14), (I7) 11 ·(IB), miieeu 

( i ± pl'JJ') Do1w ( c/J = { '!}/' ± 4) 7)°'"' {-7 J 

( 1 r 1~,) A~c.:, {I) = { ?;°'-;: i) Ao1w r7) 
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~p:vrm11mR BO mnn1an11e, ,no cor;mcHo onpe,n;enemrn 

S+fCE)= f(E,e:)~ fCEJ-eJ 
2 

S- fcf) "" .f cc, e.~/ cc,-e.J 
MOJJCeM c,n;eJiaTb 3El.KJI10qe1-rn.a od onpe,n;eJieHHbIX CBOHCTBaX lI8THOCTil1 Bbipai:eHMM 

'I'.Ima ( i±-P,f') St:A 11 (1± P,r>S+-D • TioJiyqaeM STHM nyTeM ~:tt 

~e~r~~ ~ · -

1)'1eT (EJ={(1.+-B,r)S,f-D(£); (i-1}1 1 )5 ... DCE) j '(22) 

Aer ( E) = f ( 1-f>;f'J s., JJ CE}; ( 1.+,IJ,1,) S_ -A CEJ J (23) 

M HeqeTHN8 qiyHK~MM 8HeprHM 

'DHe\f (c):: { ( 1.- ~f1}S+- 1) CE} j, (.1 ,/- P;,f)S_ [) (E) J 
JIHe't (E)= {(1+-f,,,)S.,.A-(e); (1.-Pp,,Js_ A-(c}j 

(24) 

(25) 

OdparqaHCI:, K CBOMCTBa:M qeTHOCTM qiyHKI.f0M SI (e} , des Tpy,n;a ycTaHaBJIIrnaeM, 

MCXO,Il;H 113 (52.6) H (52.7), qro onepan1rn (1-~,,}s+M {d-1-~/1,)S_ npHB0,11;.fIT I-·■ 
K tf8THbIM BbipaJKemrnM, a (1-P;,I'') s_ w ( 1,1- lh,,) s,,. - K HetreTHbIM. HMeeM Il08TO

MY 

j '{~r ( E} = { ( 1- lj,I'} S+ f {c} ; (1'" 11,J s_ I (E} J 

.fHe'f (E} = [ (1. +,;
1

,)S+ f(E) j {1~ {fo1 ,J.S_ f (6 Jj 

(52.26) ..-a., 

(52.27) ...-.... 

IIpOM3B0,1l;R Tenep:& yqeT CBOHCTB CMMMeTpHli B (2I) H RBHO BblIIOJIH.fl.fl MHTe

rpupoBamie B MHTepBaJie / E'/ < E
1 

, noJiyqaeM 

4 2. c:::,O 

'l)'ter (C)- D4e.T CE'.J "' 2 (C - E.J:P J E!.Jl,,,. {€'JdE' . -
. . Ti E1 {El'1:..c/·)( c'2-E 2) (26) 

-2 . 
~ (E-£02.) Ee ➔ ➔} 

- 277 EJ- c: e;- E2. BHe..< e, f 

... -. ~ __ ,, ______ .,,......,. 
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(27) 

~3.n;e Cb 

89er (e;fJ::: {-(i-1}(',J.5+ ~fa (- e); (j +l}t,) s_ 73,PJ' (-e} j 
(28) 

H 

3. TT30TOTIH48CKaH 11 CTIMHODaH CTpyKTypa. IlOJIY48HHH8 Bhlille .n;wcnepCHOHHHB 

COOTHOIIIemrn He OTHOCHTCH e~e HO cymeCTBY K. OTip8,D;8JI8HfD:JM q/W3U48CKHU rrpo:uec 

cm.1, ITOCKOJibl{Y ll830HH08 TIOJie <f OIT11CUBaeT IlliiOHbl Tpex 3apfl,TI;OB (I, 0, -I ) , 
a HYKJIOHH08 ITOJI8 f - '48Thip8 COpTa qaCTI-.lU (npOTOH, H8HTpOH, aHTHTipOTOH M 

aHTHH8i1Tpon) C pa3JI114Hm.m 3Ha'4emrmrn npoeKU11:H CIUIHOB. tlTOdbl ITOJIYtII1Tb H3 

(26), (27) .n;11cnepCHOilHU8 COOTHOlliBHWH )l;JIH KOHKpeTHLlX npoueccdB pacceHHMH, 

CJie,nyeT yqeCTb e~e vI30TOfUitI8CI~YIO H CITHHOBJYJ CTpyI\TYPY a1mmrr7,TI;EI pacce.Hmrn. 

Paccuorpmx cnepBa 1rnorom1qecKoe crpoemre aunmITY,IIJ:iI To<: . Hs cooopa-
~ ~~ 

E8HHH MH~apnaHTHOCTH B H30TOTIHtI8CKOM rrpocrpaHCTBe Bb!TeKaer, 4TO / 

)l;OJIZHa Mll8Tb BM)!; 

(30) 

3ry cj)opu:yJiy uOJ!HO sarmcarb B rrn.n;e 

T-uo1.:. -- n n T c1) ~ ~ r<2; 
..., 6 t.'t 1:,l'I • - W l'.t 7:: t 't 

(JI) 

r.n;e 

ol. . 
u.) I = - /€ o 1p o( 

- f"J' IJ 

(32) 

a eotp0-C0B8pIII8HH0 aHT:vICHMl-I8TpH4Hblil 8.I(1IH1'i'tIHHM T8H30p Tp8Tbero pm-Ira 

( e"'Po=-e°'~/3 = - efJo<?f 11 e, 2 3 = I ) • BBe,IT,eHHHiJ e (32) uarpHtrHHV! BeKrop 

cj npe.rr.craBJIReT codott He 4TO 1rnoe, KaK orrepaTop 113ororrw-recKoro cmrna ;vrn 
--nHOHOB. B cauoM ~ene, K3 (32) Henocpe~CTB0HHO BHTCKaeT, 4TO 
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·-yo-ecTii of HBJIR8TC.H orrepaTOpOM MOM8HTa C C06CTB8HHbIMM 3Hati:eHM.HMll I,0-I. 

0~3Hati:afi orrepaTop ITOJIHoro ll3OTOITMtJ:8CIWro M0MeHTa CHCT8MbI HYKJI0H-TIB0H 

qepea .Ii : . 
➔ 4 7e "' ➔ 

...Q.=-w-rr , 12= Ji2= T (T-r1) , 
rroJiytiaeM 

2 
d 1. d.f. 

WE'=li'- u72_ lf) = T(T-d.)-2.-2 (i•f)=T(T+1.J-4. 

0Tcro.zi;a cJie,zi;yeT, ti:To co6cTBeHHOe sHati:eHMe orrepaTopa ii!i!' 
Hb!M M30TOIT.vi'IeCKl1M CITMHOM T= 3/2 paBHO 

t Cf riJ- J/-·= i , 
a B COCTOHHMM C ITOJIHhlM M30TOITMtJ:eCRl1M CITHHOM T= I/2 oy.zi;eT 

• 
1. ( 1. 1) 1.1. 2 F 21- -T=- · 

B C0CT0.HHMM.C II0JI-

ITOSTOMY, _eCJI.vI BB8CTM aMITJIMTYAbI T,1 H r"t, , 
orrpe.zi;eneHHbIMM snatJ:eHMHMM noJI~oro 1rnoTornrcrncKoro 

COOTB8TCTBeHHO, TO 113 (3I) oy.zi;eT CJie.zi;oBaTii, tITO 

OTHOC.Hm:0:ec.H K COCTOHHMRM C 

CIT:t11Ia, paBHbIMM 3/2 l1 I/2, 

T0-8CTii 

r - T r-1.J T (aJ 
13,,;; - -t 

T (~)= ~ T _2 T,1 

J 
, 

l1 
T~ = T r-1.J + 2 T ca; 

t , 

T (2J --
Tl/1. - r,~ 

(33) 
3 

Ilepexomi .zi;aJiee R paccMoTpemrn KOHRpeTHhIX {j)M3I1tiecm1:x rrpoo;ecco:a pacceR

mrn: ( To-ecT:r:, cTmKcvrpy.H He TOJII>RO IIOJIHhlti M30Torr:wti:ecRMti: cmrn T , HO TamKe H 
AT r~ ~ 

ero ROMIIOHeHTY tJ , MOJKHO BhlpasMT:& :seJI.vrtIMHiir M T tiepea 8J11mm1~y,zi;hl KOH-

KpeTHhlX (J)M3MtI0CKMX rrpouecco:B. ME, o.zi;Haiw, He oyll,eM 8T.vIM 38.HMMaTI>Cfi, OTOCJiaB 

tfvITaT8JIH R v11wromet1CH JniTepaType*, 11 rrepew,ZJ;eM R paCCMOTpeHMIO CIIL1HOBOVI CTPYK-

T ut-
TypbI • •· 

d 
d 
0~ l 

r:i 
CJ 
~ 
g 
g 
0 
C) 
n 
ci 

113 coo6pruKe.F{MM HHBapMBJITHOCTM B 06bfl!HOM TpexMepHOM rrpocTpaHCTJ3e :BbITeKa-. ,et d 
d _ eT, tITO, rro;ZJ;OOHO (l)opMyJie ( 3I) T,.IT, MOiKeT 6bITI:i rrpe,ZJ;cTaBJieHa B BH.zi;e cyM-

MbI tIJieHa, He 3aBMCHmero OT a=' ·M tIJieHa JIMHei1:Horo no ~ • ]MH8L1HbI11 "tJ:JieH ,ZJ;OJI-
➔ u ~ u 

JKeH CO.ZJ;epJKaT:O CIWJIHpHoe rrpmrnEe,ZJ;eHMe (S Ha KaKOltl-JIMuO aR:CMaJIIiHtm BeRTOp. 

Ho M3 MMeIDmMXCR BeRTOpOB t M e! MOJKHO o6pa30BaTI:i TOJII:,RO O,Zl;MR aR:cMaJII:iHbI~ 

B8RTOp [ p' x .(~]:: [r I x rt] • !:IMeeM Ta:RMM o6pa30M 

1 -u:t (7 -,- · , f (~➔g'-) ~ 
I clw = 0 q-~t I (:i.) +- L p ~rr' (.2) 

(34) 

* CM.· Hanpmrnp, I'oJI1>;n;6eprep, MMfl3aBa, OaMe ( 1955) , 4' epM u ( :I.. 9S"S). 

··--···------------~---:~~ 
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06'.be,IJ;liIHHH Terrepii pe3yJI:OTaThI aHamrna B CIII-'IHOBOM n liI3OTOTIIftieCROM rrpOC'I1Ja1f,-

CTBax ( !pOPMYJIH ( 30) VI ( 34) ) , rrony1:u1M 

-r u.t fl ti f" -r (t; . /➔ ~ ➔) !l n , fiJ '°'""' ::. o~~' OP/'' O-tt.' 'u.J -1-, AttJ'P e. (J'O'' ot°I"' Ote· '(2) + 

BoipaJKemrn ( 35) HeCKOJII>KO rpOMO3.ZUW. 0.TI:HaIW B .n;ucnepCMOHH1Ie COOTHOIIIeHMH BXO,l(HT 

T 22-e 
He Ca.Ma , a l!GTH:ore M HG'tI8THbie COCTaBJIHIOII(Me ee 3pMHTOBOM M uii'I'H3:)H~!TOI";O~i 

qacTeM. 8a.MeqaH, l!TO, corJiaCHO (I5), onepa~MH 8pMMTOBOro corrpR~eHliIH COCTOliIT y 
Hae B BhIITOJIHemu1 ROMITJieRcHoro corrpmtemrn 11 3aMeHe c:< Ha w ' TO-eCTI> 

~ ➔, ➔ 
f :;!p =-p · o 1 _:;,.r, • 6" 1 _..(5" · t 1 ;;!:.'C. 

.J J ,._J ., .... J , 

H8.XO.ZJ;.HM; l!TO onepa~ML1 CliIMM8Tpl13~H:l1 no P,f' 1 
M 'e KOMMYTMPYIOT C orrep~neti: 

8PMHTOBoro corrp:=rncemrn: n '!ITO BCe MaTpMqHbre MHOJKMT8Jill B ( 35) IIPM 3PMUTOBOM corr
(i.J 

PRJE8H1-II1 rrepeXO.I(RT cru.rn B ce(fa. IlO8TOMy, pa3.I(8JIHH :S 

.ZJ;8MCTBMT8JIDHYID liI MHMMyID tiaCTM 
(,") ,uJ == D a; fl 

I,., +- i cx.1 (I<) (I<) 

(35) qJyHIW;im J;J Ha 

IIOCJie BhlIIOJIH8HliIH onepan:0tt (1. :t.£;1",) S ~ , rrcrnyqaeM BM8CTO (22)-(25): 

D ..... ( E) = [2 6,.,, tp,-, Ct,, o:;1 
(£); i/:c,., ",].,. (~i!~J.r~ D(~)(£fj; (36) 

(38) . 

(39) 

AHanorv1~HoMy aHamrsy cJie;I(yeT rro;n;BeprHyTI:i g)ymm;Mro BP'r(~, BXO.ztHll\YIO B cpop

MyJior (28) liI (29). Zl)rn 3Toro CJie"/1,yeT samrnaTI:i B ffBHOM BM;n;e CTIMHO:SYIO M 1'I30TOITI1-

tieCicyIO cTpyRTYPY BP'.i- {e-) , rrepeiii;n;H OT 8-RoMrroHeHTHhIX crnrnopoB v I-I v K 

tieThlpeXROMilOHSHTHbIM CITMHOPaM rrpOTOHa liI HefiTPOHa no ~OPMYJiaM TMITa 
s rr (1.2(1~ (1N'r,r 

v =Vt:= oe o,e +- oe o;V ~ 
, ~-1 ----'----

i 

I , , . 
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·Ta.KMM rryTeM nonyqae~ BM8CTO (28). M (29) 

8-u.1 (p) ={2ai1t~1~,~,l{::<pJ; i fr,,, r,lt't (G cpxeJ)5 ,5 f ::! <pJ} 

Bw°' (p>=f fr!'J r,].t't~ss' f,~~'cpJ ;flio-1 1-t 811r(i(p1teJ)f~~,fpJ} 
Q 

(40) 

(4I) 

l 

d . I. 

np11qeM _. __ 

J)Cl) (p)= IC.%) cp-)= ~t--latp_•'-Ee (f76,.f-(-i6)toAo-M 17e,-cp-)) (42) 
~t U) . ( i) YMl+p'' ~-,-'.'":"'I A 0 

i> ✓ -a _:l1 E _. ... 
-t(s(pxe)}f~~,(p)=-i. (t(pxe))f,~,Cp)= H +e - ~(f5<t~-+(-p)¥-V-'•(rl43) - ij 

. ·Y~-r'+pa n 
B (l)OpMyJiax ( 42) 11 ( 43) orrymeHhI lii30TOJIMqecrrn:e MH.1(8RChI ( N, p) · y qeThlpeJ 1- 'J 

ROUilOHeHTHhIX CITMHOPOB, TaK Ra:EC no ycJIOBMffM M30TOJIHqecROM CMMMeTpMM cmrnopbI [1 
H8MTPOHa M npoTOHa .l(OJDKHhl 6bITI> BbI6paHhl B 0,2:{HOM M TOM JKe npe,zi;cTaBJiem,rn. f....~{ 

. r 
Bo1pruKeHMff (.42) H ( 43) MoryT OhITil Bhiq:£1cJieHb1 ,zi;o ICOHUa B ffBHOM Blii,Il;e. .I(Jifl L . 

3Toro MOiKHO BOCHOJII>3OBaTIJCfl HBHhIM Blii;l(OM cmrnopOB V Iii 1' (HanpMMep, qiopMy-

JIOt1 (7.4I), c rrocJie;D;yromMM o6o6memreM pesyJIIJTaTa Ha cJiytiaJi PA*O,p,.-:/=O 11s cooc 

paJKeHliiM l1HBapM8.HTHOCTllI OTHOCHT6JII,HO BpameHHi1 B 3-MepHOM rrpocTpaHllTBe).· TToJiy- r' 1 
qaeM a~MM nyTeM . . · L 

J)c:t.) ~ = .P <-'> -+ = M (ff2 +2.pi) L I .... 
-tm Cp, tu,, Cp) + i(M•+p•JS/1. (4+) LJ 

J) H) ➔ - p (.l) ◄ 1 
t ( 2) ( p) - t t 1) ( p ) - - 2. ( Mi-¼-pl) 

, Co6Mpa.H pesyJI:&TaTI:I (!)OPMYJI ( 36 )-( 4I), 3aTII1llieM ,zi;1-1cnepc:woHHbI8 

(~8), (29) B BH,zi;e 

-~ 1)~'? (E' )- Dc.o (E) = 2 (£2- e/J , ( E
1 .A.t; Cc

1
J dE' + 

C<> co o r, §')(£'!.~/)(E'g__c2) 
. c, 

. + 2 (£ 2- f. o
2

) £ e r co ~ . _ 
~ (E ;- £ -z ) ( £ 2-. E -z ) J" ti J C p ) (' - j , 2 J 

' , . . . p p .. 

Doi ( ) E <U · 2 · 2 .. cu ''d , 
,~, E: / - - D Ci) (E.) = !i E ( E: - E.) a., J /J '"'' (EI E +-

Eo Ti :J (E'1:-E.2)( 1:'2-1:21 . E . o I 
I,. . 

+ 82. ( E 2 _ E;) E f < iJ 

(45) 

COOTHOill8Hl1H 

(46) 

(47) 

J 

=--r l , 

a 

8 

,,. 

Ce!-e}) c e2- E;> c I() ( pJ (i.,><=-i.,~,i::/:-><) rl 
-~,~ 
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1+. Heuao.1110,I(aeMaR ooJiacTh H nepexo8 K cnrrn.ro pacceamrn srrepe,g. Jl;rn · 
Toro, qTo6H B ¢opMynax ( L~6) 1-1 ( 47) rrepellTM K Ha6,110/4aeMbUI Bem1tiirnau, Heou-
XO,ILHMO BOCilOJib30BaT:hC5l CBR3I,IO ( 46. 2U) J,rn;.;i:Ay MHirUlOIT l!ElCThlO 8.MTI:1:uy,1;hl pacce'.:"" 

HHHR .H IIOJIHLIM 3tp(p8KTHDHbiM Cel!em1eM. 0,I;Hu.KO IlOJIHhle 3yc,pe:r:.:;rnHLie ceirnmrn HB

JISIIOTCH Ha6mJ,ILam.n,I1ll1 .'I.Hillb B OOJlaCTM .n;e11cTBYITeJir-Hb1X 3HatieHm1 M1HIYJ11C0B, Kor

,B;a E > ✓/II-;.+ p 2' ( cpaBm1 ( 50. 24), (50. 25)). llo3TOMY HHTerpam,1 B npaBHX 

ttaCTilX ( 46) 11 ( 47) co,uep:mT H8Had.1ltJ,D;aeJHyKJ 06Jii:.~CTb: 

M .....,.2 r-p 

LlH BI!,!(J,11! OTCID,n;a, tITO COOTHOdeHL-1H ( 46) u ( 47) co,;;;ep;i~c.i.T B cede, BOOCi~e 

roBOpH, HeHa6.1E.1,D;ae:MHe B eJU1 Y.liHbl. 

- -~ 
ACKJI~l!8HH8M RBJIR8TCH cnyqaA pacceHHHfl enepe.IL, KOr~a p =0 ll ObJiaCTb 

( 48) CT.HTUBaeTcH B roq1.,;y. 11onaraH B ( 46) v1 ( 47) pl =0 u 1wnon13yn wopuyny 
(46.20) nonyqaeM c yqeToM (44) H (45) 

(49) 

2. i k-i.- k02. t!J 

f M [E2~(!'1/2,1,1 J'][ E~-(r1/2Mf] 
(50) 
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oO 

D('2) (k) -~ n(:) (ko);:: E (k~k})pJK 61'2.Ck'JdX::1 + 
_(U Eo ( J . ::211'2. £' (J<!'2_k

0

2)(k12_k-z.) 

0 

:)_ 2 E (KZ-k}·) 

+ f [E 2_ (}l'/Q.M )2] [ Eo2-(jN2M )2J (51) 

9 

C"i) 

D ('I) ( k) ~ E DC'> ci- .) - E" ( k2_ k.;) roJ k' &~ (K') dk' 
('2.) E ('Z) Ko - J - . ~ 
- 0 2112 E' ( k ~ k;) ( k I '2_ k 'l.) 

0 

2 2 . E ( k 2-_ k}·) . 

f f 2 [e- (f
2
/2M )~] [ E

0

2-(f1/2M) 2J 
(52) 

0)~8C-.b BBe,n;eHO 0603Hu.tierme .IVI.fi MO.IiYJIR I1MIIJJlbCa Me30Ha 

k-- ;/ E2. z.. --~ -v -r :-V9 -
a TaK:~~e f - _L ( 11.t: ) 2.. 

- <til :)M 

·2op;.1yJII::I ( 49)-(52), paccuaTprrnae1rne B oonacH1 o < k < oo , rrpe,n;cTan
.iun>T couoA ){MCfle pCH0HH.He C00TH0,J8I·H1J1 )VLH pacce.HH.1-1.H mrepe.n; B OKQHqaTeJI.b

HOH l~0p1.1e H He c,.,;,ilepEaT HeHaOJit!,D;lleMhlX BeJEfqinI. l1pu 3TOM ifiopMy}Ibl ( L~9) H 

(5.I) c·oonrnTCTBYIOT pacceH.nH!O cie3 H3MeHeHHR HanpaBJieHHR cmrna, a •~op;-ryJILI 

( L/S)) M ( 52) COOTBCTCTBYi0t pacce.HH.vIIO des nepesap.rr,n;K1-I HYKJIOIIa • . 

~ 
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MATEMATW~ECKOE 'AOilO]HEHME 

H~H. EorOJIIQ6OB 

BBe;n;eM pH;n; onpe.zi;enemrti. Ey,ll;eM rOEOpliITI:i, tITO HeKOTOpm:r WYHIUJ;:Vlff 

h. (x1 , .... xn; 9;1.> ... e,)=-h(:r:,; th., ... e,} . , HenpepbrnHan E E~ )( Q'i , rAe E',, - BemecT-

BeHHOe 3BKJil1;zJ;OBO rrpocTpaJICTEO To-geK X -= 'X1., .... x,, j ' a n, - 9- Mepm,rti: 
. TOP, TOG:I{Vf ROTOporo xapawrep:wsyIDTCfl ;_lI'JIOBbU,fr! rrepeMeHHhIMM ed., .... J e'I 
. rrp1rna.zi;neJKI1T mrnccy C ( '"'-, 1; n I y,; St~} , ec.Jlli Bee BbipaJimmrn 1rn:;n;a 

""\ p+J"' I. 
d n (X; 01., .... 09) 0~ ,f ~ 't , O ~ p f: 1 ~ 0 ~ f' :: Y, 

i §(cl t) ~i)~ n.) i :§ pi :§ q 
cymecTByIOT Lil orp81U-l'tJ:eHhl np11 J3CeX (X-1,x,) ... x,,; 0i,0.2r•·· ey)EE,,xn,.EcJH1 ,Il;JUI Ta
IWLii q"Jymn:r0::w h. HeKOTOpoie M3 IIOK8.3aTeJieit ""t.. 1 1, \/ MOryT rrpnmIMaTI:i CKOJI:Ei yro11.

HO 60Jr:orn:0:e suaq:emur, ycJIOBH_McH E ooosHat:reHYI!'I rmacca C cTaBvITI:> oe Ha cooT
:seTCTByroin:t1:x MecTax. B cny-qae, Kor;n;a paccMaTp:vrnaeMHe (1lymcn;lirn: He samwHT OT 

:Ci,··-~ :::Cn. , :0:JH,I COOTBeTCT:S8HHO OT 0:t, .... 01 , Oy;IJ,eM ro:sopHTI, 0 Irnacce 
C ( V .i S1. q) MJUI C(rt.,':>jn-J. 

B 1macce C (,:., ~ ~ n) :s:se,I(eM HOPMY no (popMyJie 

II h. JI = sup :c x 0P~ (x> 
':I: . ~i· .. · ~! o X~:1.- . .. 'd Xot.p 

o~ t~1.,o~p~'l 
8TUM ca.Mh!M C ('"t,1; n) rrpe:spamaeTCH B m1:Hei1Hoe ~HopMHpo:saHHOe rrpocTpaHcT:so. 

JiliiHeliHbie ( orpruu111eHHHe) g;yHEIJ;ItIOHaJThI t ( h) Ha rrpocTpaHcT:sax C ('t, ii n) , 
r,zi;e -t,~ - JII06ble He· 0Tp:v1uaTeJIT:>H1re q1-1cna, oy;a,eM Hasb1BaT1:> 0606meHHHM11 cJ.}yHKnufl

MM, RHTerpv1pyeMhIMM Ha r-macce C ('t 1 ~ in) , ynoTpe6mrn npv1 STOM o6osHatiemrn 

f (X) , 5 i (X) h (;<)d;< 

TaRittM o6pasoM, ecJIH ~ O6O6me1rnaa (PyHKU:vrn, To :scer,zi;a uaiii;n;yTcH Tamm 
trncna r-(. . YI -!> , 'l!TO { 6y;n;eT wIHTerpHpyeMOYi Ha r-macce C ( "! , 1 in) • 0606-
meHHhle ipyHitIUH1 {:1. L'i f, oy;n;eM Ha3bIB_8.TI> pa:sHHM!tl, ~eCJU1 H.8.ll;z:(YTCff Tamm 
;z:(OcTaTO'tIHO 6on:011111e rt. 1-1 1 , tITO WYHKUL'lOHaJI f 4. - f 2. paBeH Hymo Ha 
cc-i,~;-ri) • 

. Ey,zi;eM rOBOPHT:&, qTo IIOCJI0;z(Ol3aTeJII:,HOCTI> OOOOI!{eH·HHX (pyHKUMM . f,, (x-) 

CJia6o (B Heco6CTBeHHOM CMbICne) CXOlJ,liiTCfi K o6o6~eHHOfi WYHKUHH f c~) Ha 

Knacce C(.-c.,~;n) , ecJll'I fnC><) H ~{?<) HHTerpHpyeMiiI !{a KJiacce C(-t,~;n) 
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" )I.JIH mo6oro 1,_ (x? 6 C (1?., s; 11 ) MMeeT 1rncxo: 

J +n (x) h(:<? dx ~ J f (x) h(~Jdx , .h~ co _ 
l>y,ICeM roBopMTb, ti:ro rrocJ1e,IC0BaTe1nJH0C_Tb o6odu.teHHhlX q,yttf\iivr·.w /,, ( x) 

CJiaOO (B H0COOCTB8HHOM~CMhlCJie)·cxo,I(MTCH K -oooo~eHHOM ~YHKnMM_f(x}, ecn~ 
HaM.n;yTC.H TaK11e ,I(OCTaTOtJHO OOJibllIMe tJliICJia "t. M S , tlTO rroeJie,il;oBaTeJI.b-

IIOCT!> f,, ex J 6y,ICeT cJiado c~o,n;HTbC.ff K - f (x J _ Ha KJiacce C ('l,, s; 11 J • 

-ITycr:c G· - OTf phl;oe MHoICecTBo tL - Mepuorci 3BKJIYI,n;ona npocTpaH-
CTBa £ 11 kl r - Bro_ rpamn.i;a. Ha30B8lf" rpamu~y r _ pery;rnpHoi'-l, 8CJ!li 

)J;JIJI JIIDCiOH TOlIEM X. ~ r- JIIOc5a.ff Cq)epa - C qeHTpOM B TOtrKe ;(. - _·co,n;ep!:HT JJ,pyry10 
ccpepy, ue HMeIOll\YIO G G o6IL{UX TOtieK. 

Ey,n;eM roBopMTb, qro odoomeHHaa cpyHK~H /cxJ -paBHa HYJIID B OTKphIT0M 

MH0XeCTBe G - - C pery1rnpH01l rpaH114e.tl ·- r • , ecJIM CYiiieCTBYIDT TaKH:e ,n;o-

CTaT0lIH0 dOJibillMe tincJia 'Z. .u s ' tITO . 

J j {X J h { )( J d x = O 

npH Bcex j, (>(} vI3 -. C (7:, 5; 11) , o~pamaIOIUMXCR B HYJih B £ h - C.. • 
YCJIOBH1-!CSI roBOpHT:&, trTO Heiw:ropoe Bhlpa.li£8HHe 

f Ck J t. ) ) k. ~ ( k:1.,. -· k,,.,, } ;) t = ( t. :J .>· •• l~ ) 

RBJlReTCR oooomeHHOH cpyHKWfeH (BemecTBeHHHX) rrepeMeHHHX t 'MHTerpttpyeMOll 
Ha 1rnacce C (t, s; h) , M aHam1r:vrqec.Ko~ ¢YHR~Me.tt IWMIIJie.KcHHX rrepeMemrnx f< , 

perym1pu0Jt B odJiacru .1) , ec;u,1 ,II,JIR JIIOOO}i WYHK1imr h.(1:) r-i's KJiacca C(r,s;n) 

1rnrerpaJI 

I I (1<~ ,f J/2 ltJclf 

oy~eT aHaJ!MTMtiecKoH WYHK~Hen 1< ,peryJIJipHoti B ociJiaCTM l) ~ 

EcJrn B no,n;odHOvi q>OpMyJI1.1pOBICe .MH lie 6y.n.eM cne~imJILHO ynoMuHaTI> Q() l1H-
TerpI1pye1.1ocT.11 Ha H8KOTOpOM KOHKpeTHO.M KJiacce C { r., S; n} H dy.n;eM roBOPL1T:b 

• 

ri 
. ' 

rrpoc·ro od o6oomemron cpyHK~HM, To MhI re1.1: CaM1IM ycJionuucn noipa3yMeBaT~, qro ~., 

Ta.Kott ICJiacc MMeerc.H np11 cooTBeTcTBY~Jll\MX ,ICocraroqHo 0011:olliHX 'Z. M s • L _ J 
- . ~· , I 

YCJIOBMMCR 00 0003Haqemrnx -Ilplil it =4. ITpeoop. a3oBaHHe 'cl?yp:&e .f <'f) 06- . ~ 
oogeHHort LPYHK~:1111 f c >< J MhI orrpe,!i,eJIMM no 41opMyJie L , J 

f<t.,f) = /:f ex., X) ex.l'i (x.p,,-Xf Jclx d 
r,l(e, KaK ~ B ,l(aJibH eAllieM, llpl!HHTU 06 03Ha~ eH~H ~ • X _"' -~:·, X,) = ( K,~ x,, x,, X3), ~ 
b = (/~o) 0) == ( fo,1J'tJ f'vP3}; -:Cf'.= Xoj}1:, - Xf .,, X,P - 2° ~Qf pt>! .. 6. r I ( ~°"< .3 ·. · 

___ __ _ I 3 - - - - ____ _:-__ ~-- -------- •. 7 
i .. 
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§ I 

JleMMa r: Pa,CC-MOTpHM aH8JH:i~HtJ:8CKYID (l)yimn;mo 't)(Ho, ... k'c1,. ·. ) t!8Th1pex KOM

IlJI0KCHbIX nepeMeHHblX l{o, liol - ( cJ.. = I,2,3), perym1pHyIO l3 06JiaCT:0:: 

(I.I) 

(I.2) 

IltC~I,~ ;ztaJiee, 't,1,,.-6y'JJ,yT- Il0JI0J!CJATeJII>HbIMM tlliCJlaMH MI r/ - IJ;8JUilM, II0JI0JJWTSJI:&HblM. 

-Tor.zta -13 - o6nacTH: 

I Kol<. ~ 
' 

(I.3) 

nexaT n;emrnoM l3 o6nacTH perym:i:pHocTH g)yHKI.Urn <J' ( Ko J.. . Ha) • 

--- !ifbI M0JKeM, ·noaTOMY, llP}1M8HHTI,_ B .zt_8.HH0M CJiy:qae TeopeMy Konrn K KaJK;z{Oll 

_ li3 tI8Tblpex iCOMIIJ!6KCHblX nepeMeHHblX Ko, . . . J<., , H TeM CaMblM ycTaHO:BJATI> 

cnpaBe;I.tJil1l30CTI> COOTHOlli0HHiii (I.4). 

(I.5), paccMOTPHM a.Ha-
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TaK.lillE ~YHKWIH s~a peryJI.HpHa B oonaCTH 

Lz!/§1<<w 
.MH M0:ateM BOCIIOJib30BaT.bC.H TeopeMO½ Kouu1 11 HaII.HCaTb: 

. - . .211 - ~e * ( 't e I ec} = _J_ f. J ( (< e J . J e 
. 

0 

:l-n. 1 ~o '(eo-_e) . - ---e 
_ o R 

(I. 7) 

C ,n;pyroD CT0p0HH, Ha OCHOBaH~H (I.6) H~eeM: -
i60 - i'So ,·gq' t

0
2. 2,'lt).ltl 2.v f ('f.o-€. ) ~ ¢ ('t_o e . } .. 4 "td e .-,.) (.1 - 'R7- e_ 'R. 

r iB ,e _ · . ) ·'.<?,·e).JJR.2» t ( R €. ) = cp ( R.. e. , :. . u ~ ( 9, e o , • '. . G 1 ) •. . (1. -- e 
IIo,n;cTaBHB 3Tl1 Bhlpaiemrn: B oO_e qacTH paBeHCTBa (I. 7)' MbI l1 npMXO,Il;HM 

K ,1I;0Ea3h!BaeM0My npe)~CTaBJiemrn (I.5). 

§ 2. 

Jie1wa II. TipeAIJOJIOJil:11M, qTo ¢YHK~11M a.a( Ceo, ... Q3) 
npe.1LhIAYll\eM rraparprupe, Y,IJ,OBJieTB0}JRIDT HepaBeHCTBy:. 

-I t I ~ i- o-. 

r,n;e o- - HeKoTopoe noJI0J1CI1TeJibI10"e qucno. 

, BBeAemme B 

(2. I) . 

l!TO 
Tor).(a, ecm1 if Ct-),~({;) oy).(yT cpyHK_[(lirnM11 .vrs KJI_~cca C(o,ol);.1.)TaK111rn, 

lf ( f) ~ o ) · I:: ~ - S- :, g l +; = o ) -1:. s - ~ 

tp(t-)~.1 ;"t~o 
) ~ (t-J= .1 ) t >.-0 

(2.2) 

TO Bblpa.1i:emre 

11 (.1- z;s )"1 ·(j _ 

f (Ko)Q (x}-xi de _ e e~i \ 'x.R e' -Xi, (e;e,,,. .. 0,)] (2, J) 
d J (1- r.; e?.i&o)»(i .=-~ deo-8) )_ - [ , . -

_ o 12 _ Re / . 

~ 
'c::-1 
2.--i 
~ 
c:--i 
Cl 
0 
2.--i 
~ 
2.-i 
ci 
c±i 
d 
2-i 
c:-i 
2.-i 
cfl 
[:-1 

paccMaTp.1rnaeMoe KaK cpyH.K~H.ff 

~ 
d 
.c:5 

f-(x., ... x 3 ; a., ... lt3 ) c:5· 
up>rna.>1J1elit11T K JI~doMy KJiaccy C ('t, s-; 4 / )) ; ..n.., ) , ,l(JIH KoTo:oro ::Ji.::: 

t-i-s,).) ::S J.)+ i. ~2.4) -~ 
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KO l!TO Cq)OPMYJIMPOBaHHaR JieMMa 6yJf,eT ;n;on:asa..t.J:a, 8CJIM Mb! CMOJKe.M ycTa.HOBt-ITI> CJie

~yromee, 6onee o6mee yTBepJic.zi;emre. 

EcmI 

-, 

fl (e;eor-· 03) '= C (ocj S2...r) 
H ecJIM sHaqeEMH -A~ BemecTBeHHH, TO WYHKnHfl 

'.t :r = l/'(-:r.,)g (Xoa.-x"') J de ~i.n 11e f. ( 0, 9a, ... 03) X 
C, 

"exp {-:ro R1tn0+xa R1inae+i:rQR'"e-i x ff J 
rrpirna;zp1ei1rnT It mrnccy C ( 1!. J 1 ; 4 I V ~ .an., i, ) 

r;n;e 

9To yTBepJK;n;eHHe MhI li oy.zi;eM cenl!ac ;n;oKaab!BaTh. flcHo, npem.zi;e Beere, ~To 

Bb!pa.JiteHHe (2.5), 6naro;n;apH ycJIOBHID (2.2), MO~eT 6NTh OT.Jilll!HO OT HyJIH JIHillb 

B o6JiaCTH, B KOTopo~: 

(2.6) 

88.MeTHM ~anee, l!TO 
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,.,,·,,,,,.r,,,, o\., 'CJ'', 
--B ROTOpbIX _ .. 

'f ~ E: ( (o,o ~ 4) , lD = O BHe o6JiaCTR (2.6) ~ 
) T~ L-. j 

f >- e. C ( = ;9..) ~ 
lI q:,'i.. (:co, .... X~)- IIOJUlHOMbI CTeIIeHH He 60JI:&llleM, tieM rt+ f" • ~ 

l1~eeM, HaKOHeu;: L-.. J 
I ~'J e11n"e ·h e><p {-xo R1in8 ;X a R1Ln2 0 +l x., R Cri9 - [ ~ j(} I b , 6 
§ ( O::~.r.) I f). ( e' e.' ... f/3)} f J 9 -:lin"e .e >Ip {- ::Cc R 1,,..e + xa R-:lin~e} ' [ _ 3 

BBvI;zi;y Bcero cKa3aHHoro y6e11t;zi;aeMcH, 1.!TO Harne ;z(OKaaaTemcTBO 6y;zi;eT sa- ' 

KOH'IeHo KaK TOJIJ.,KO Mb! ~oKruiceM, 'CITO B 06nacT:t1 ( 2 .6) )l;JIH ;n;ociraTOtIHO 6oJI!:>IllHX Q 
~o ' MMeeT MeCTO Hepa:seHCTBO: \ 

'ii --- 0 J e- R. ( X o ii n 8 - X a -3 tn29) ,t cJ c.a n 1-f. 
. . --!in 6 e ~ ) Xo /11+4 -· .. ~. 

K yd'TaHOBJiefil!IO 3T0r0 HepaBeHCTB8 Mb! ceiltiaC ll nepeil)leM. Ilp11MeM Bci BHI!- n 
MaHlle, t!TO B paccMaTp11:a:ll O~JiaCTI!: . - - ' 6 

Xo ·:Hv, e. - C\ X 1.:ra•e ~ JC:i11.n0 - I a I VXo,.+b· 11.r1 4 0 ~. I 

w noToMy, Ha ocHoBamrn (2.I) L .. .. J 
! 

:xo ~i.n 0 -ax -Jin!J0 ~ Xo ·Jin e - (-J. -G) {z:1.+'8
1 

-1i.n~e ,r--:, 
Boa:&MeM rroJIOJKMTeJIJ:,HOe X TaK, . tIT06bl ~ 

(-i-a)1X2-r~ = ( i-f) X L 1 .J 
11 6y;n;eM paccMaTpM:saTI> X O ~ X. Tor;n;a LJ 

Xo1in9 -a x1i.n 2 0 ~ f z1tn0; ~ 
OTKy;zi;a L 1 --1 

~ I 

i, _ - ) · 1i" G ,..,,. ~· a ~ 

J -R. ( :r. iin e- X Q. 1~n 2 0 " d J -R"[" ,A,O ll'\~ IV J . e -1Ln 0 0 ~ e ,jir, 0 {; 4'. · 
1 

--

0 '1£. Q 'J{ ~ 

j" -RGz-f . - ~ J -R.f-J<o-Sh,s. ,I ~ L I _J 
<.ff• e s . -3tn"9 G.i&dB + f e R 21& +Vi" He im 9(-c:..e/de- 0 

1/_ " ~ ! . ~ 

J 
,.,;1, ~ t · ~ . r/4-i °"' ,... - R ~ r----i 

== :tfi · B-R. 2 :ro -t/V dt + 11 e-Ra« < 2-'II' ( .2 ._). Je-t.t''dt+fe if.["· L 1 .. J 
:l. R~~I . n 

0 O 
1· ,, 

M Hame ;z:J;OKa3aTeJibCTBO 3aROHlI8HO. n 
.~ 
~ ,L lo..; 
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Mhl rrepettn;eM TerrepI:i K rrp1irnoiieemrn. JieMM. I, II. 

PacCMOTpHM ABe odoorqeHHhie cpyHK~M F-c. ( :r:) > r;1 a, (:c) ( :X= (:to, xJ), li3 KOTO

PbIX o.n;Ha dy,TI;eT 3ana3,I1;1iIBa10~eH, a Apyra.a orrepeJKa10meM: 

(3. I) 

IlOCTpOHM li_X "crJia:m:eH~ble <I>yp:oe o6pa3H": 

.. f-c. ( KI E ) = J F-1: ( X) e )( p f-E ( z.i + X a) + L ( Ko Xo - t .x ) J d X) 

E >O (3.2) 
,-I 

fa. ( K, E) -=: J Fa (X:) e~p f-E (Xoa+ x 1 ) + i ( K, Z- ~ x)} d~, 

lil 3aM8THM, tITO OHH HBJIRIOTCR aHaJIHTJifCieCKMMM cpyHKI.(H.HUH KOMTIJieKCHhIX nepeMeH-

HhIX H, ( I-lo, KiJ .•. k'~) , He HM8IOJ.UHMU ocooeHHOCT0H Ha KOHetIHOM paccTo-

HHMlil. -BBe.n;eM B paccMoTpemrn cpyHK~HIO f ( ~, E) Tex xe KOMTIJieKCHhIX nepe-

M8HHhIX, IIOJIOJKHB! 

,._, -F' ( t<,c) -= F~ (~, cJ -T·c H, E) ) I h1 Ko > 0 , 
(3.3) 

,...., 
Pa. ( K,e') - T ( K,E) 

W',...., ~ .... 

J 
F-t. . ( t ; -;; , E) - fa.. ( i I ><, E) d t 

t- ~ 
(3.4) 

- c.,J-

r .n; e C.C, - H8KOTOpoe IlOJIO:l!CHTeJI:o:S:be tUICJIO. o 
r,,! 

BH)l;HM oTcJOia, 'ITID · P ( I{, e} > T ( K, E,), He HMeDT Ha KOHetIHOM pac-

CTORHHR ,n;pyr:0:x ocodeHHOCTell, KpOMe "JIMHJ,rn paspesa": 

Tml~o=O. 
B03bM8M l~o Ha 3TOR JIHHHH. IloJiytIHM: . 

F' (Ko+,' Q J i<: J £ ) - f ( ko - l OJ JZ .1 l. ) =. L 
= F ... C re.., j;:, e. J - F... C ko, K 't) - fT( ll.+iO) f, f..)-T(t.-io, K' [) J 
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Ho B cJiy~ae, KorAa -ltJ <)Co<C.O 

T (ko+t'OJ KJ E.) -T (k0 -i'Q J kJ f.)::::. 

MO!teM Ham1caT1>: [~· LJ_ 

d 
d 
21 

- _Lfw ('. - "", - Jf 1. - 1 jdk= 
- ~711 [ fr (t:,k:JF..)-/="Q.Ct.Jk.,.[) {-k

0
-1·0 t- k

0
+-1'0 

-w 

-= f.. (l< 0 ;kJ [ )-~ (lc 0 , k~ £) 

CJie,n;oBaTeJihHO,) ~; 

,... ,.... L __ .. J 
f(l<,+IO,i<.,t)-f(lc,-i0,k.,t)=O ,--: <ko<'-> (3.5) ~ 

BuA111r oTcro.n;a, qTo aHam1T.11qecKaR cpyHKI(Irn F ( k, £.) RB.irneTcR pery;rnp- c5 
HOH B OdJiaCTH · 

• 

I 1<, I < w (3.6) n 
(He MMeex B Hei oco6eHHOCTeij Ha KOHe~HOM paccTORHHH) H IlOTOMy MIi MO!teM_npH-~ 
11:eHHTh K Heit ,JieMlly I; ::....J....= 

TaKHM odpasou npuxo,I1;111r K liHTerpaJihH01ry rrpe,n:cTaB,'IeH:0:10: L. . ] 

Fr-Ck E)=~ J
2

(cf;r0., ... e3 ,£)-¢,_1e" ... &3,<) (3.7) d.·:.~ 
' (211)

4 
") - • c:-1 
0 

B KOTOpou ' r"" i& . i - e. ~ ( 2~)~ . 
_,+-,ce· (\ ·€.)= j_s FrlRe. , ... Uo1(B,0o,.-•f)l) ... ,_!_J • dl). +-
'it 01'"

17

~
1 

:2.11 ~o i(&c--ft} ·(i _ ~ 7.i~)...J 
0 

· i - R e R'Z. e 1 (3.s) 
:27i 2 . ,, . / . 

J ....... ·~ 1 ,~ }JV +~ F .. f Re', ... u, ( G, &o,··· G,J ... ; l) ( - e ote-
Qn 1 2o i ( 80 - 9 ) i . Tc.o '2. 2 1'(;. o 

. 11 - --e. - - e. 
R . R~ 

.{.'Tl 
' '& t ( ~°'· ... e

3
: t): .1-JT{ Re', ... u~[s,a., .. eJ J ... ; L) J 

2.n PY '( 

i c..o l 9-0-9) 
o --e 

t 

i- e').JB 

i-~'l '2iGO 
'R '2. e 

JI 
~ 

dB (3.9) 

n 
d 
c-1 
d n 
~~ 

,,.._':·::{, 

?~ 

r:5·.•. 
·c-5.'· ,) .. ·.• .. '···.· 

2i 
·-~~-1~ 



tIT_Oc5bI "BOCIIOJib30BaTbCH JI8MMOH TI, Heo6xo,n;11uo o6v.:,, •·; .: ..: '., 
CTBa (2. I). IloTpe6yeM )J;JIR 3Toro' 'l!T06ll BXO).(Hl!UI8 s,·;-:::Cl; 

JUI -HepaBeHCTBy: 

< i 

j(,/[...,v, ~I 

u1moJ1rrem-re uep.-:LBeH- ----

~~ YAOtneTBOpH-

TorAa, A8HCTBI1T8JlbH-o, KaK MQ;KHO YCH0Tp8Tb U3 (I.G), TpedoBaHI1€ \_.::'.~.i 1:,_

nOJIHR8TCH, HanpHMep, rrpli 

dJiaro~ap.a: HaJUttnuo pe%yll\ero sKcnoHe1-1ux1an:r,uoro· (ilaKTopu rrpm-w.,,i;Jre:;:a.T K 1 •. 1accy 
C C oQ J ~; 4 I 00 ; ..{2., ) • C ,n;pyrora OTOpom..r, HX l)a3li0CTh ;;.:..mra 

HyJIIo, eo1rn 
a -2. fl 

Xo >-,o ) Xo- >< ~o 
' ~ -2. 

Ho B OciJiac:m, r,n;e Xo < 0 ' UJIU Xo - X <. 0 ' oupuuae'l'(;.il lJ ii/:11~ 

oaMa (IiyHKI..\vIR F,. (X) (cM~ (3.l)). 
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ID,reeM, TaKID.r o6pasoMg 
f;(Xa+,xc) J F\. ( x > e-

0 

I ( x > 8 0 > 03 ) dx = 
z ··2, 

J 
-£ (X 0 +X ) e. 

:::: fy- (X)8 \f(Xo)zJ,(Xo -xi:..)l(x) ea, 

C.rre.n:oBaTeJII>HO, Bhlpa,remre (3 oII) paBHQg 
Q C. -j; 

1 I -E.(X'o +x ) 
2,TI F'1 c~) e, h+ <x, e0 , 83 > dx 

r,n:e 
h T (x) eo ) -. -E)) :::: 

83} ' 

( 2LB ;,1 '{ iB -.; -w-} . = lf(Xo)O (xe_.;2)J d9 1-8 ) 8XPl XoRe --x LL (3oI2) 
if 

O 

O ( 1 _ ~1-e,21eo)'" (!- ~o e,L!90-el) . 
· CoBeprueHHO aHaJiorMimo y6eJ1C,IJ;aeucsr, trTo BTopoe cJiaraeMoe i npaBOH 

qac:n,: C00TH0memrn: (308) paBHOg 
l - e. 

1 J . . -E {XO + X ) . 
~ Ra cx>e h (X) f)o ,.·· f)J)dx ZII - , . 

nputre:M 
h_ (X) 00 )"" 8) ~= 

2.'ff Cl 

( 
,1")/11 : . e 

·'f'(-Xol1<x!-x'1J d0 1-e exPL [xoRe.'. XU.} 
'ff ( 1- ~: e2'>0o)N( 1 = ~? e L(&o-9)) (3oI3) 

PHKCUpyeM Tenep1, CKOJI1, yro.n:Ho . BHCOKHe IlOKaSaTemt 7:) s) ).) li 

B031,MSM s.n:ec1, t>l='l,.+S+lJ-1 0 Tor.n:a, B COOTDSTC'I'BIUI C JieM!vroit IT 
ura MoxeM yTBeplt,n:aT:&, ··tITo ode cpyuKI4!1li h..;, n h_ -rrprrna.n:Jie:ta.T 
1~ Knaccy C{<t\Si Li-/Vi 524) o 

lITaK, YKB,3arrnw C!IOC060!,! Mhl MOXeM IIOCTPOHT:b B KJiacce C (Y'. s ;. 4/V, 524) 

c JII06mm CK0JII, yro.n:Ho BiiICOKmm rroKasaTemnm Ta:rtne .n:Be 4lYHX~Mu h + u h_ 
't!TO c. _ 

. . . f . -.£(Xo +Xe) 
cP1(801•··e3)C)=frrJFr(X)8 h+(X)90,"' S3)dXi-

(3oI4) 
2 -d 

f I -c(Xo +X ) 
+?/ii ~ (x)e h- (Xi eo J ,., 93) dx. 

-~ .Sl 
~ 

~ 
-\ r~. 

0 
c-1 

c-5 I 

• I 

=..J.[ 

t~ 
=.Ji 

· L-.r
1
J 

':>:::-,~::~< .. _________ _ 
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)lJXH ror,,o,, ll!t,C•r01:1 npcse:ctH DJP~.ltell~H:wi1 lfll(ejp)®l'.O,a 111!]!)!1 -·-,., ..... C 
lUU!!I C-?08)9 (3ol4)j) r(f;c,puyJHfpyeM ]11 ,.n;o~~l{ cJJie,ily~~ J!,8YJJ.Yo 

11~~~ ]k_ Pac'CMC1pi:M HiBKG!Dpy:c O~:Ot~ceiilrl!Jil 4'1RJWU) i ( x) M 

tao c:y1,~cr1y®t 

1

_rax.oe n@JI~m1t1e~~mijte - f 9 l!!l'R'O 

i /'/:, ) di;;.; / 
/ rr)<./el .·/V=n ..._/ I \ .r i._,.- .,,""\ ...._,. 

; i :... 
' . 
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80Ka3aTeBbCTB~o PaCCMOTpHM B~paxeHHe (4o5) H no~craBMM B Hero 
¢ypbe-npeACTaBJieHHe: /V t 

f<x) ""(frrf f fCpJ e-1,pi clp 
II011yqa:w:.: 

f Ck 1E) ~ __i_'" J f ( ~) { J exp [-l(x":.,,l?J+ i.(<-r 1x] d:<} dp"" 
(1.rc) ( . . 

i . ~ , ,.. (' )2. ;;: -})7.. ~ (408) - - , , , o V •. ( K O -Po + l i', - r - , ~ f l f ) '- J' P < - ~---~- ·-··-··--·-·"~''··°" cl p 
?_l-frt_?-.;. ..... J . fl Lj~ J I 

<;.,, 

PHKCMpyeM renepL no.nox~TeJibHOe h raxj qroda: 
-<-- 2.. ( 

'J t'l v:l )1 

d 
d 
d n 
~ 
d 

-/- "' ,,,.. hd.. :-
- -- l 

() -· f ' ~ , ,,.., I .,.. : ~• ·c.J (~ ;. '"-;' ._,,· l. -:: - ...,.. 

" 3aI.!eTHM, ino cf)yHitlOU! ( ), QllfXCHpO:eam>) g ·, . ~ 

(.,\.)--/- <I < ~ < 1 , (4o9) 
- .,;;.._ I ·-

lf nocTpOHM B KJiacce C ( 0/><> ,' 1) cpyHKUHIO V'( t"- J , ){JIB Kotopo~ 
1T tt ) -= { , 

O)(h r ---- ( ~;v_ -r)or: + ( f'.:1~1'2-1 U(r?.. -t-iF} l) n 'j_fj (_ ( k'_,-p .. f· + ( l)_ /t ):;.. ) Ln. ····. ~ __ , 
\,...r/ ! ~ r ~~,2 . ---- ( . 

£. ½£ c~- JI)., - '-fc: J u 
np•H~.le:s:at B ItJlaccy . < __ oo, (}OJ ..,.. I O Pa3HOCTb MX paBHa HYJID npM ri·· 

'2. _.,·2- . -n p o -t b ;z_ /· .... - .· . JJ 

c ,lijlyroll cTopoH1,, ni yci;oB~D JieMMH,_ f. (Jo) pa»aa ayJin, xor.1ta d 
h 
[1 

"2.. ➔2 ? fc .+ r. < 'tl-
BH~HM, cne~oaareALBO, qxo COOTHOmeHHe (408) MOieT d&Tb rrpe~cTaBHeHO 
B cpop.u:e: 

f C-t e)::::: f fcl') HxJ f, £) d p 
(4oI0) 

H / ..;) L, U(·? :-,'2,) { (V' b '{"J -'> --?)? { 
~ 1. p, '-- = )_'Irr,_·~~ p; i-f &q _ "o~r~1~ ( K-p j (UI) 

C1 
~ 
~ 

-~-----~,a 



II po:vr 3 B OJII,HbIJ 

(4.12) 

( 4. IJ)· 

(4.14) 



•.. 
:~C,:o' ;,••·""' V .. • ......... , .. ,. ,~·-L·u"" , 

:._':::,,x·_:.'·.~,;.t> ; J - IOI - ~ . '• 

; 

: ... JJ[ 
~-

L r .I n 
:..J.JI 
L . ·cl 

11a ( 4. 12), np11 JIKJ6oM CKOJih yro,11- [ 1, .l' 
EoJiee Toro, IIOCKOJlhKY IIpll ,IU<ijxj,epeH11KPOBa!!l!II peXYlllal! 3KCIIOH8HTa OCTa- c* 1 

eTCR H8I13M8HH0H H MOXeT JIH!Jlb YMHO:liCaTl>CR Ha II0.1IMHOMHa.Jil>Hlie 'BbipalCeH11.a:, ~IM88M . . 

rl TaK:liCe paBHOMepHO AJIH BC8X qacTHbIX npOM3~0,Il;~HX: . 

...., 'J+r 1-1 
. ( '2 -z) . o _1<.(p,l) 0 (4.17) ~.I .. L 

PO ~ P o r;; k: _ a ~ · L ., .J 
k.°'1"' °'v P13£·:_ 0.ffr E➔ +-0 ,..._, 1 ~I 

IlpuHJIB BO BH:rrMamre ( 4. IO),._ BH,n;HM oxcro.n;a, qxo rrpa E.--..::, ?'" 0 , f Ck,£ J d 
CTpeMHTC.fl K HYJIIO CO BC8:M~ CBOHMM tiaCTHbIMU IlpOM3BO,Il;HbIM11 ITO k0 ,. •. k3 paB- ~ 
HOMepHo B odnacTH (4.12)~- • L .. J 

Bo Cl10Jlh3Y SMC!! Terre pb 3TIIM p8ayJI bTaTOM ,l(Jl!! l!C CJIS,l(OBaJilll!. BHjlaXS!Il!l! ( 4, 4) • n j 
HMeeM: :Ji[ . 

zck,f.)-::: ~J"'f:f:,k,u-lcic.,k,tJ M- + L -~ 
~11, - t- cld·. ·-w k0 . I 

- ·,.... c.o_ • .L .. · 
C ( -, . ) _1_ I _____ o:·L :_fil 

+ J Kc,1k.,t ~nr~w i-~o L ,J 
o7~,a(t<,<-J/ < ;:; max / [(i;,k.~~J-[ (lc.,k,tJ/ ~- rl 

:JT ltl ~w . -f::. -ko w. J1 

r~ ➔ l ( _L s .}±_ I r-J + f ( ko J K. ; £) ;;2n t' - w t - kc . :=_[ . 
L 

Tam1:1{ odpasoM,. - 2 

I [ C
l! ~ . . · "3 ( /' Z -,,-;z -:) 

ex:p - ·-&~£.,. Ci<-F J'J j «:: ; _'I£ - 8c ,;. 'I' -7 

OTcD.n;a cJieAyeT, d~aro.n;apH (4.11), qro 

. ( p/-1-f 2:J
5 

f-1 J< cf, F.. J ~ 0 
. £➔ +-0 

(4.15) 

(4.16) 

paBHOMepHO ,ll;JIJI Bcex c;ip 
HO ()OJiblllOM 3Hal!eHvili S • 

H-Bcex I<. 

Ho, Ha OCHOBaHMH TOBbKO qTo nonyqeHHoro pe3yn1>TaTa 

'Wt(:\ X I I ( t: > K ) £. ) - f ( ko ' rZ , () I-~ 0 J r r ( Ko J k ,· £.) /-';> D 
[t \ ~Cu i - Ko £.➔ +- 0 - ·- . E ~ -f- 0 

paBHOMepHO B OdJiacTH (4.12). C .n;pyroH CTOPOHH, ecJIM 

/koj ~ 'R< Cu 
TO MHTerpaJI . to 

· · [ 1 r__:!i 
- .. 2n i J t~ko 

-w i 
<_j_~/ c..o+R.(·+_J_ 

'211 w- /<. 2.. 
flBJIHeTCB orpaH11qeHHbIM. .'l 

- -:.;, - :,~--~-·:c:- ·''"-:'':.--c:. ,.,71 

i 
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I. 

~l r 
t,_)\ .,_ 

:- !'.: :,., 

i 
I' 

I02 -
_.., .. 

Ta.KID.! odpa3OM, -B OdJiaCTU ( 4. 7) HMeeM, B CMbiCJie paBH_o:uepHon CXOAMIMOCTHf 

. T ( K, E.. ) -;, -()-- - . 

H Hallla newa AOKa3aHa. £. ~ +- 0 

§ 5. 

PaccM0Tp1rM Tenep:z, Borrpoc o npa,n;e.111,HoM rrepexoAe: cE ~ 0 B HHXe-
. :_rpaJI:bHOM npe,n;cTaBJiemrn: (3 .• 7) - (3 .. 9), (3. 14). 

CAeJiaeM cejqac OCHOBHOe ,l.l.OnymeHHB O TOM, qro 

(5.I) 

. AJIH 

(5.2) 

Tor,n;a, qTOdbl BOCilOJI:b30BaTbCR JieJ.W:Ot:i ill, Ha.M HaAO ooecnetU{Tb BbIIlOJIHemrn He-
paBeHCTB (4.3) H ( 4. 7) apryMem:ru.rn K , Bxo,n;smHMH B B.apruKemi:e T , qm-
rypRpyromee B npaBoll qacTH RHTerpWl:oHoro npe,n;cTaBJieHMH (3.9). 

liaaqe rOBOPH, MbI ,Il;OA~HbI rapaHTHPOBaT:o, qTo: 

I . (5.J) 

KpoMe Toro, AJIH npHMeHHMOCTH JiefaMH rr HaM cne,n;yeT TaK~e npHHHTh BO 
BHHMaHHe eme HepaBeHCTBO 

2 lrl 

i r: '2-
- _!:!-

rz. 2. 

Ho, KaK 3TO CJie,n;yeT H3 (I.6): 

(5.4) 

. I": -z. 
l ucl I < I a Ill I R + I e °' I < I a. oe l Q_ ( .1 +- w ) +- r oL I {A-!, eo< I < 

2ro( z't. 
< i _ ~ ( £,k 9 e( I ( 1-t- 2~,_) +- r°' / 0n ~ ~) ) 

OTKy,l.l.a (<'2... 
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BH,Il,llM, CJI8,It0BaTeJH,H0, llT0 Bee T,PedyeMble ycJiomrn (5. 3), . (5. 4) oy)J,yT 
YA0BJ18TB0pemi, eCJHi BHc5paT:o ("4, r cl ~ R. TaK, tIT06bI 

~ 2.. 2 -2 .!J.::_ 
~IF/< R (1- 7;2) ) Q'-1-f-(<(i+;;. 2 ) .f.r-< :i_ cs.5) 

3TOT BH6op Mbl H rrpMM8M ,Il,JIH ,Il,aJihHeRmero. 

Bo3BJiaT1IMCSI Terrepv K pacc!JOT_pemuo BHpa:irem:1H (3.9) n saMeT.aM, 1uo Ha 

0CH0Bamra JI8MMhl ill llMeeM paBHOl!epHO Ha Tope _Qs 
Q 

T [ ,·e . 
l R.e , ... U.o1. (0, eOJ•·· B3 ), ... ; t J-;--.>o+-o 

Ilo:nm.{y' Ta:KJiCe B CMhlCJie paBH0MepH0M CX0,ZUiM0CTfi 

p~ (0o) ... 01 1 i)--;> Q 
. E.~+-0 

(5.6) 

OdpaTaMCR Tenepv K q>op:MyJie (J. 14). IlycTh o6o6u\eHHHe qiyHK~Mu F,,,. C >< J 
u Fa ex} TtIHTerp11pye1m Ha KJiacce C Cr; s,- ct). Bo31,Me:M N ~ t"+ s+ )}- i 
no JieIJMe h-,.. 11 h_ rrp11Ha,n;ne,KaT KJraccy C (rj s; ~) • 

~ ·---·--·-- ~ 

Tor,E,a, nepexo;n;.fl K npe.n;eny, noJiyi(M, B CMbICJ1e paBH0MepH0lii CX0)l;l'JJ.,iOCTv1: 

~ {G0 , ... 03 , E)-" f; ff;. (K} /,+ {><, 6/0, ... B3 ) ,j X +

+ :2: f Fa_ {X) h_ { X, 00 , •.• G3 ) J X. 

(5.7) 

ITp~H.fIB BO BHllMaHue HHTerpaJibHOe rrpeACTaBJieHHe (3.7) H noJiytieHHlie 
rrpe,n;eJI:&HHe COOTHOiilemrn (5.6), (5.7), y6e1:c;u;aeMCR, 4T0 B JIIO00H:-'38.MKHYT0M 06-

Jiacni, co,n;epJ!amei1CE B pacc:.:.:aTp1rnaeMoi-1 oc5J1acx11 (I. 3) K0MnJieKcHHX rrepe1ireHH11x, ,..., 
cpyHKWfM F ( k, £) paBH01iepH0 CXO.)VITCH K npe,n;eJiy: 

,..., 
1 

" ( 2( ¢ r&o,,, .. &1 ) dBo.~. d /J3 

F ( k) = ( ~) J •'J (i - koe-/00) n ( 1 - k-< e'°{}el) (5.8) 
0 fa o< ~ 

cp(eo~···{)1J~_f_ (F{><)h (>t 0. ~ Jdx 1-LfFcx)h {x,&t.1r··l).3Jclx :211 JI r "./- J or• '.,J . . :2.71 ti - . -

HBJIRID~eMyc;r aHaJIMTMtiecKoM WYHKQHeM k.. , perynspHOA B OdJiaCTR (I.3). 

ITpeo6pa3yeM ce;tqac noJiytieHHoe HHTerpaJII,Hoe npe,n;cTLBJierrn:e K mmyJI.&CHhrM 

nepe1-.IeHHhIM. 06o3Ha~un,r, KaK Bcer,n;a, <Pyp1e-odpasH cpyHKr:(ntl A-1-, /2- qepe3 

J;.,_., 7;_ n 3a:Me'.tu;.r, tITo, KaKOBhI Obi HM: 61Im1 rroKasareJIM: /:i, s..1. Mb! Bcer;:r;a 

L 
[ 

\: 

-L ., 

L ,Ill 
r,::·•.,; 

W\ }.tr 

[7 
l: 
I" 
"'1. n'. 
ll1 n1 

_tJ\ 
I J\ 
- :+\ 
LIJ\ ,,........,,, :,,. 

ciJ\ ~ 
:r< 

rl 
. t; . 

[11 
rl 
_J1 
L ) 

rl 
ri,\ ,nr~ 
.- . ,-1 

M0::¥.:811 rro.n;odpaTb ));Jl.H HUX TaKMe · r, S , IIPI1 K0T0phlX ll3 BKJI}()llemr.li:i: 

~ + e- C ( ~ s J 'f I y; ~'-1: L ; ___ h_~-~--_C_{ r, 6, ; If I y . .£2.J1.J'---_~-.,..--~ 
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6YAYT CJleAOBaTb BKJIDqeHHR: 
~-

h .,_ 6 C ( 11) s1; 4 / ~; J2 v) I 

r,.J 

),_ 6 C (p 1 i 4 / Y: J2 'f) 

fu< J "'f F,. rpJ /./.,_ rp, kJdp +- JF,, rp? Ii_ rr, k J dp 
<l?YHKW!H H1.. , orrpe.n.eneHHble cpopMynott (5. 9), o-l!eBH.IJ;HO, 06naia10T 

]llkl:M CBOtiCTBOM, qro, KaKOBa Sb! lU1 61v1a 000611-ieHIIaH <PYHKI~Irn j Cf} 

eMaR Ha Knacce C ( r.1. 
1 

st ~· 4) , BhlpaJteeHli.H _ 

JJcpJH± Cp~kJdr 

(5.9) 

(5. IO) 

T8M 00-

HHTerpHpy~ 

RBJIHIDTCR aHaJlHTllqecKHMH ~YHK~liRMli I<- , perynapHhlMli B oonacTH (1.3). 

YcJIOBlU.{CR, ,1\JIR C0Kpal.l.\emrn, HM8Tb B Bli.IJ;Y 11.M8HH0 3T0 CB0fICTB0, roB0pR, 

l!TO /../± Cp, k) KaK c)ymaimr p rrp1rna,rvre:-EHT K KJiaccy C (!:z., sj; 't} 
a KaK cpyHK~liR I< RBJIR8TCR aHaJiliT}rqecrwH, pery JI.HpHOM B 06nacn1 ( I. 3). 

- PyHK~HH 3TH Mhl Ciy.n.eM Ha3b!BaT:b ymrnepcaJihHhlMli, IIOCK0JlhKY HX B11,ll 3aBli'1Cli1T 

JIHillh OT rroKa3aTene~ KJlacca C , qHcna >J H T.n., a He OT cneUH-

aJihHoro Bhl6opa Fr, != a... B .n.aHHOM KJiacc e. 

PaccMoTpHM Terrepb Be~eCTB8HHHex) ~ = p ' JieJKam:ne B OOJiaCTvi ( I. 3). Ha 
0CH0Bamn1 JI8HMH. ill HMeeM -paBH0MepH0 

T ( f0 :t- t'o J f J £ ) ~ 0 ) 

- x)-BOOOI!le Mb1 yc .. ;OBliMCR nemecTBeHHhie liIMilYJibCb! 0003HallaTb 6yKBaM1f f , 
a KOMIIJI8KCH1le - dyKBa:uu I< • 
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. .J ? ~:~~: 
~l..i_,1 

- - ll II OTO.MY 3aIUiiOtiaeM 1!3 (3c0 J)' '!ITO B paccMaTpu:aaeMOli OdJ1aCTU 1in.rneM, TaKJJCe B 
CMU~ne paBHOMepnbl CXOAHMOCTH: 

~ ~ ~ ~ 
Fr ( p, £) ~ F C p) ,) ~ C p, i) ~ , C pJ ~ l-=> -I- 0 

C ,n;pyron CTOpOHH, BO BCeM npocTpaHCTBe BemecTBeHHbIX f 
HecobcTB8HHOe (oOod~eHHOe) npe,TI;eJibHOe COOTHOill6HHe 

crrpaBe)J;JiliBO 

I'-- r... 

f=; c p, r.; ➔ Fr r p J ) 
r- r-.. 

~ r p~ E J ~ FA. r p J ,) r ~ +- 0 
n r GAeAoBaTeJibHO, Q . 

,-.... r ,-, f"-

Fr Cp) ~ Fa. Cp)\ =- F C p) 
B 06JIUCTI1 

. \ 

I pc,( I< rel. -
) ct..::: 0,.:1.;·2, 3 

• 
Ilony<IeHH!::le 3,IJ;8Cb pe3yJibTaTh! MO:iKHO pe3IOMVIpoBaTb B BM,n;e CJie.n;y10met1 Teo

pew.r: 
,/ 

-, 

-~_TeopeMa I. r 0) IIycT:&: 6y.n;yT .n;aH11 ododlileHHhre <PYHK:rttrn Fr ( X./ 1 Fa. ( x) 
us KOTOpHx rrepna.H oy,n;eT 3arras.11IiIBa1D!l(eil, a BTopa.rr -: orrepe11mro11teil. 

2°) ITycTb cymecTByeT TaKoe ITOJIO~MTenhHOe 1 ' QTO 
r-- ,-... 

Fr ( p J = F~ c p J 
B OOJiaCTn 

f 2. +- Jj 2. < ·1 '2.. 
0 11 

/~ 
( / 

3°) B03:b1IeM IlOJI;~rueJII,Hhle QI,fCJia 

HepaBeHCTBaM: 

' -·~}·: 
·(_ \. 

r-0 ) . 1"' cl ) . R.. YAOBJI8TBOp.HRJIUM8 

2/F/<R.(1-f) I<'.,_ R_'l (i +- re z. ) -+- P, < 2..::. 
) QR~ ~ 

(5.II) 

TorAa MO:i:B:HO rrocTpouT:s aHaJI11TuqecKyro cbyHKJ~ID 
nepeMeHHHX k ( k 0' kj , ... lc.J ) pery1rnpHyID B OC>JiaCDI 

/ ko( I <- rel. 
) ol-= O,jJ··-3 

TaKMM odpa3oM, QTO 

r-- r--... ,.._ 

FCpJ = FacpJ = F..-cp) 
B-- OQJihGTU BelltecTBeHHhlX nepeMeHHhIX p Cpo,--. p

3 
) 

BC~-ICTBillUi (5. 12). 

,·-;,,, 

r-v • 

Fett.) 
-~ 
KOM11JI€KCHI:IX 

.(5.12) 

\ '. __ / 

, orrpe.n;enerrHol rrepa-

: 

; .. 
g. r ,!l 

II Lg~' 
. 
' 

; 

j ' ! 

.·: 
~ \ 

- ~ [I] 

I I, 

---------------~--~~----"~ 
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KpoMe Toro, B3.HB AOCTaToqHo C>OJibl.lllie IlOKa3aTeJIH Y,5 Mhl MOX8M 
ll nocTpOiiITb "ymrnepcaJibHRe" <PYHKJ.lR~ _ H+ C p, k} co cBolicTBaMH: . 

T 
1! 

a.) H ;t Cp, k ) Ka.IC q>yH~J.lkUi p npHHaAJie:xtRT K KJiaccy C (r; SJ 't} 
a KaK <PYHKJ.lkUi k llBJUieTC.H. aHaJIRTHqecKoff, peryJUipHoit· B oei_JiaCTH (5. 12); 

li ,\ ej) B OC>JiaCTH (5. 12) lnl88T M8CTO HHTerpaJI:&HOe npe,ncTaBJiemre: 

r 

r,/i 

~. l _J (_ =-rt ' 
r I 

~ 

I 

- .. · 

l 

(1 ' ' 

- ' f 
i • 

I 

- ~-(~_:_,, 

'/.:\: ._·, 

·~x,J ' 

Fc\J = J~c.pJ_H+ cp,kJdp ,f- J~ CpJH_cp,.kJdp 
. ( . . . 

r 

. " ··,--··· -
( § 6 '~ vi . \,.,- . 

ITepen,neu Tenepb K o6od~eHHD TeopeMH l. 

PacCMOTp~M ododmeHHHe <PYHKIU1M: . , i 
. Pr,,.,.cx-J.,X2.} j Fna. (X:1.,X,J 

Fa,Y (x~,x 2 J 

AJI.fI KOTOphIX 

t-.-, ~ ( X-1, )('Z? ;: C 

·fr,o.. Cx-1,Xz) = O 

'Fa.,t'"CX'1;.x~J .::::0 

.F",o.. ( X1, ><2).:: 0 

) 

ec.n.K 

· ecirn: 

0CJIH 

ecJIH 

F q,a.. {X:1.,X-a} 

~o 
\\ 

)(I} HJUI 

)(1 ~o HJI:lif-· 

X-1 ~o RJIH 

X1 ·~o llJIH 

IIpe.n;noJIOJKHM, qTQ npH HeXOTOpOM IlOJIOJK.vIT8JibHOM- ·1 
c--.. ''l_ ·('., 

G-;j Cp .i, Pi) - Fa,i ( P4) f12_J == o 
i ~ 

~: Y C Pi~P2.) - ~·,c. (p.i,P2 J = 'O .. 
IlpllM8HHM TeopeMy I K 

~ 

Fr,J· Cp.i,p'2. J 

Bhlpru!CeHHHM: 
r-

,) Fa, J c P .1, r" J 

X < 0. '2. "-

><2. ~ 0 

x2 ~0 

)( 2. >r.. 0 

• • 

P~CCMaTp:vrnasi HX KaK qiyHKUIUi f 1 • IlpH,11,eM K 41YHK$1JlM 

('-., 

F. ( k4; P11) 
J ' . . 

K KoropHM oriSITb rrpMMeHHM TeopeMy I, Ho yxe no nepeMeHHHM f2.. 

(6.I) 

TaKiiM oopa3mJ, ycHiJiC_nae¥~~. ~; ~-~P.e,~e,11,JIHBOCTH cJie,11,yromero YTBepJK,1J,emrn. 

IIycTb ro., ... r-J . JI~6~~t~i~~,q!i:~~7JI:oHHe tIHCJia, YAOBJieTBOpmonr,rn Hepa-
. BeHCTBaM (5. II)• 
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Tor,n;a cymecTByeT aHa.1n1T1rqecKa.H (l)j:HKWI.S: F ( K1 l ~) KOM11JieKCHHX 

·)( (v k ) · ,,. ( k \,t--= )peryn.apHa.H B oClJiacnr: 
"I "'-\o > • - • ) 1-; > A.'l. 2., , · · • l .. '"Z 'I 

\ l<.,~ I < ,y;_ 
) 

. \ \<.'2.ot,-1 < t ~ 
J 

r}.:.Ol ... >3 (6_. 3) 

· ,UJIR Bemec:rBeHHHX p., ( ,P1o > ••• f>13 ) , P2. ( P't.o , .. . ) f2 3 ) us 3TOi1 odJiacrn: 
,._ ,v 

f C p1 ) p~) = F,: j ( P1 ) Pz- ) ; t:.,r,a_; I 

j :. 1", a.... 

KpoMe Toro, B paccMaTpHBaeMOM odnacTM (6.3) RMeeT MeCTO HHTerpaJI1HOe 
Q 

npe,1;craBJI emre: 

F tK,, l<~)-= 2 f F;,j ( p,.p .. ) H;,j (p,,p.; l<,,k,) .f.r, Jpz (6
-
4

) 

u ,j:. 'f,t... ) 
H~j (p11pa.~ ><-,,){-:.)::. Hi (p,,J<.1) H) lP2.1'K.z.); H,.,.:: H-t) HC(.= 1-L ; 

ecm1 T0JibK0 TI0J:i;a3aTemr KJia?ca (. ( -r, S .~ 4-) , K KOTOpOMY ,Il;OJIJKHh! n:p1rna,I(Jie-

~aTb ~I± (KaK WYHKUMM p ), B3.HTH .n;ocraroqHo BHCO.IGIMH. 

PacCMOTpMM ooodmeHHhle cpyHKWIM 

f ' ' ( X1) i<2., t ) ' 
_l, J , 

I 

l,j:: 1".i&... t_ Bem •. tUICJIO. 

OOJID.,l];aIDmne CBOHCTBa1,rn ( 6. I), ( 6. 2) He3aBHCitIMO OT t • 

rl 
; . ~-ci

l'",-;] 

3aM e TUM, tITO no CaMOMY onpe,IJ,eJieHHlO odod~eHHbIX cpyHKUUll cymecTByeT Ta- mi 
Koll KJiacc C ( l'f> s ; .9) , HU KoropoM · Ft,j dy;I.yT HHTerp11pyeM11M11. LI] 

]03bMeM npm1.3B0.1bHyl!l QyHKljHID f;_ ( tJ . H3 KRacca (. ( tr, S ; 1.. J H , ~ . 
pacc:uoTpmi :v.mrerpaJI l_ . J~ 

f;. ('11,x..) : s f ij (X,,h,t) I.. lt) ult L~ 
Hexpy.l(to Bl1.l(eU, qro 3TII F,,j ( 1'-i, l( L) dYAYT ododmeHHHMJI {pjrnK- r ~ 

U}I.H1m, HHTerpnpyeMbIMM H~ KJiacce C. ( ,,.., ~; 8) 11 qTo OH.t1 y,n;oBJI:TBOp.HlOT _ ·•· t'i~ 

YCJIOBU.HM ( 6. I)' ( 6. 2) ~ fob! MO:!CeM, I103TOMY' BOCTIOJib30BaTbCJI paHee Cq>OpMyJIHpo- ~--'If 
BaHHb!M yTBepE,n;emrnM Iii npn,n;ni:, TaKvLM o6pa3oM, K cJie,n;yIDuien JieMMe. L ... lh 

J1emm IY. IIycr:o dYll.YT l1,aH11 odoorneHH11e cpyHKUUH 

F,,j ('x1, )(~, t ) " 
y,n;oBJieTBOpRIOfl.\li0 YCJIOBfIHM: 

Frr- l x,,x'!. , t) = O 

Fro... ()(1 -x1 t ) =- o 
Fa.r- Cxl .Xa t) ~ O 

F 0.. ~ ( >t1 ht J ::. 0 

. ' 
'-/J = r, (L . 

ec;rn X, ,{ 0 

8CJUI X1 ~ 0 

ecJIM x,~o 
ecJIM x.,~-0 

HJIM X1, < 0 
" 

HJIM .X1. > C "'-'.. (6.5) l 
HJIH Xz._ ~ 0 

HJIM )(_2.~ 0 ,-1 
j 
l 
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Tiyc.T:o 'Y'o J Y3 ~ moo:ae ITOJIOZHT8JI:SHHe ,E,ICJ18,, y,rr,0BJieTB0pmoqne 
HepaBeHCTBEJ.M (5oII) 

Tor,n;a cygecTByeT odonemran (:ym:r\rrn: t , JIB.TIRDria.rrc.,q c"\HaJHITH-..... . 

trecKoi1 (I)YHin~uell F'(Kt
1
Ki

1
·t) K01Jm1e1<:cH_HX n:epeuemn,rx 1{

1
> I-(; , peryJI.rrl)= 

IIOli B O ()JiaCTU g 

B odJiaCTliI BeqecTBeHHiiIX , Y,i:r;0BJI8TB0pJIIOII{UX F.epaneHCTBaH 

(6o7)o 
PaccMOTPUM Terrep:b odomeHHEe cpyHKI~H11: 

fi:-d.C x1 x2 t) , Lj....; r, a 
y,11;0BJI6TB0pHl01Jt:ITe ycJI0BlHIM (6o5)o IIpe,n;TI0JI0Xm.t, tJTO BU8CTO YCJIOBvIIf (606) 
B1trron.n10Tc.rr cne.n;yromue ycJiomrn: 

.-
t (6"8) 

i . ( p p t ) ;;:;; 0 BCt?t.l t < p/ 
j i.,tf 1 2 l 

IIpe,i:monoi:11M, ,1i;anee, ttTo (pnrypHpYJOII{ne 3,n;ec1, cpymnun-r 
QIC>JIA)J;aIOT H:mrteyKa3aHHbH.U1 0 0L1HM1r CBOi1CTBa1U-r: 

r0 ) J.ja. {t)l £,6 (t) 
.. MLI B HHTepBaJie N'j; t ( OO 

HerrpepnIBHh! n Heorpam-rtieHHO .n::vrip(J,epem~r1pye= 

. . ------------- - ---
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~ -~ ,_ noiKH0MHaBbH0 orpaHHqeHH; 

cyll(eCTBfHIHO no.noJtHTeJihHlil H. YA0BJl8TB0pHDT 

\ 

~ .. vl l ~ f,r"l 
-- r-.r-

.,,._; ' 
a-· _ .... ;(ti . ,, 

. _...,_ 1' ' 

4 °) .ftroaB npOH3B0,D;Ha~ ""(~aKoro yrO,D;HO nopSI,D;ICa) q,yHXIOiff "{ i, \ ~c_ . ,~ . . =: 

d
i' 

·· .. '. 
"~• 
~~ 

'. ·1 'Lo 1l 
i ~~ \·c1 'j 
. I 
t, .1 

-)~! 

. I , .... 

paBHOlrepHO orpaHQHtleHa B MHTepBaJie iv_<::· 'i ~.-: ('-,(. 0 IIpO,D;OJIXlfM Teneph j ~ 
KaKHM=UCi0 odpasoM 3TH cflYHK_I.tHI .( >= : , £ .•··~ .: Ha BCD BeuteCTBeHHYD 

OC~ C COXpaaeHHeM BCeX rrepeqHcJieHHHX CBOlCTBo 

TorAa HeTpy,D;H0 y6e,D;HThCS, qTo, KaKOB~ CiH HH CiHJIH IT0Ka3aTeJIH 

KJiacca ~- Beer ,D;a JIOXHO Hal?H IT0Ka3aTeJUI · r:, , TaKHM o6pasoM, 

tJTO HS r, .J..." 1 
/, ! ~r ··v I , · 
/1.., ' ..Jl II J<,_,•, t..., / f-. 

.._. I - \.._ 

·" )'"-... 
. ,· ;f • 
'-' ' )l 

' 

~-· \ ' t .... ,) . 

::.'J .,, , , .. ? I 
. l .J ,,# 

Bl:p'.~Ka~T ~ . i.. ,, , 1 _ 
.• . . v 1 ·x.. . '- r .~ , ..i , · ,. · ..iL.. I ,,, ·, ~ . ,, . - ,- , . •. - .••;(\ ') r ,· ~-- .. ,. ·. Y l ;, ,..... 
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Ho B03MOJ:HOCTb tal!toro llO;t6opa. ,D;OC?&TOtlJU.) 1{8.~0JrO SHallUHUUi ~ Ke= 

nocpe,D;CTBeHHO CJie,n;yeT HS ·paCCllOTpeIUUix) BWpaxerudt (? 022) 0 /I 

/\ .-1 

IlJHIMe~mo Paccw,oTpIIM qacrmdt CJiyllfaM teopeMW nil itor;;a j s:,'; (At;;:. j O 

. r ~ B sTou c.1yqae W,..:::~:,. \.i Kil c.1e,J{OBaTeJu,Ho 11 CL~ (J o Taiuu1- o6pasoK, 06= , 
.11acu, 3Hattemdt ;;, 5" , np1rna;v1e:1a~HX It 06JlaCTH pe:ryJIHpHOCTM q>YHKI(IU1 ; 
!p (2.1 i : , 1 2,_,::-- t) 6y){eT orpaHllltleHa HepaBeHCTBOMi. 
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HeTp.y,D;HO, o,11;:aa1to, C IlOMOlltbll COBepmeHHO 3JH3lle!!'rapIUiX paceyi:,JJ;eHJdl patlU4= 

pHTh npe,D;eJUi BOSMOJ:Horo «sMeHemrn · R~ :Z. ~ o 

x)HepaB~Ba (7 o2; c tf>YHI~IUIM~ f\ ,~ HMeJn! <h,1 Mecro I4 6e3 
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TaE, l-!TO-t1hl . 

Ilo.'I0ZMH 

~ (±) = 0 

{(t-) -:··[ 

.) 

) 

-t < /v1 + ft/!l 
t > /v1 -+ )A-

- .{~) . ('l.) . 

f ij (X1 'iCz. t] = f ij ( 'i 1 Xt t) 4- fiJ ( X, Xi. t) J 

/.. (t J 

f\tcx, x,tJ" U-iltJ]fo(x,1..t)· fJ(x,x,t}:t{tJf;·(;<,x,_tJ-. 
·ayHKUH!1 f fl > f;j) _ Y);DB.,eTBop,rnT Y~ROBJ!H1! Haille!1 TC0~/;11. rrepm:n 
LI3 Hux rrpn ~::::. a t =. o ··a BTOpa.n - rrpn w = o -J:. M/µ . 

. J . . .,) ✓-~ 

Pacc11·0Tp:m.r 06.rracr11 pery;rn.pHocTn !IJy1n:~liri1 cp"J . .) ¢ O.) n11mrcuBu1 
C00TBGTCTByI,)Il(He HepaneHCTDc'l J!Ulli1 .n;,'Ifl apryHeHTa 2 s . • 

. . 

' 

3TO )-re:paB.8L(CTB0 dy,iT,8T BLITIOJIE8HO' ec.rrn 

t > fv1-+~ 

pery1rn1ma rrp11 
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(1) l'"h Ctl 
TorAa BH)l;HM, qTo ooe cpyHK~H · q, j '-f"' a, CJl8AOBaTeJibHO, 

K HX cyw.ra. cp::. ¢ -f ~ 0YAYT. pery;rnpHH npH 
., t a. ""2. 

- ff r,. ~ t. 2s- ~ o J J ~ z,. l < !f ( T) , 
MH yoe.n;HJIHC:b, Ta.KHM o6pasou, B cnpaBe,Il;JIHBOCTH CJie.n;yDmero YTBepitAe

HH.H: 

Teope1.i:a Ill. ECJit-I YCJIOBR.H Teope:MH II BliITOJIHeHhl npl! ""'=-t':. 0 ' TO MOX-

HO no.n;oopaTb .J{bcTaTO'tJHO MaJIOe S' ":> O T.a.K, qTQC>H 

q> { 2,) .. ., z~., 't J 
C>HJia peryJIHpHa B OOJiapTH: 

l2.- M1 J < f /A?.., I 22- M,.l <S,~1., )91 ,-l' / < f }t'l i } '21f-t"I < f p. 't,) 
. . .. . 

. ( M)1. - r JA-"" ~ ~ 2, ~ o , I ~ 2r l < .r ,µ' "F ; -V ~ r s.r"' 
3aJ,IeTHM, qro HHXHHff. npe.n;en H3MeHeHM.H ~2~ MOX8T C>liT.b cymecTB9HHO 

pa3,Il;BliHYT, HO 3TO y~e Il0Tpec5yer 6onee rnydoKHX coodpru!teHHI. 

§ a •. 
TeopeMa IY. PaccMoTpm.1 oooomeHHiile cpyHxumH Fr ( X) H F ~ ( x J 

tieTHpex - BeKropa >< , H3 KOTopHX o.n;Ha oy.n;eT aana3.n;HBanme~, a .n;pyraH -
onepeJCa10meR. ,..,, 

IlyCTI, <.i>yp1>e-odpa3 :f ( f) I-IX pa3H0CTH 

f (x) = F,. (x )- F~ ( x) 

oopa~aeTC.H B HYJib: -fer J ~ b 

,Il;JI.H 

lr 0 l < m. 
,-

Tor ,n;a cymecr.Bye:r aHarrHTHtiecx;.~SI cpyHKUHR F Ck J KOM11JI8KCHOro ll8Tlipex-
B8KTOpa I( , perynapHaSI B OdJiaCTH: 

/kk l < l kyK;-Nt~ l (8,I) 

taKan, ll'J!O 'AJiti B81It8CTB8HlU1IX k:. f H:3 :n:oa OdJiaCTH 

F cp1-=- f.. (r) = f._ tr·). 
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.I{oKa3aTeJU,cTBO. Bo31,MeM B KJiacce C ( O, "°> i J q>yHK~HD 

8 

~(i):. ,1.) 

\flt) ~ c, 1 

- HeKoTopoe IIOJIODTe.JJ:bHOe.- lfKCJIO. 

~HKCHpyeM CKOJib yro.n;HO MaJIOe IlOJIOXHTeJihHOe J 
ipyHK~Jl ( ) _ P ~ i._.. l )c. x_ tp ')(o e .) 

dy.n;eT 1Jp1rn~JiexaTb K KJiaccy C ( eo, 00 ; 4-) ·., ecJIH Toin,Ko '& ko > 0 
( ~. MOJH:eT 6bITb KOMITJieKCHO). Il0~3TOMY MOZ0M onpe.n;eJUITb HHTerpaJI 

(8.2) 

npe,I(CTaBJIHIOJnHti aHaJIHTH'CI0CKYID 4JYHKUKIO )c: , peryJIHPHYD B OdJiaCTR, r.n;e 

Im l<e > 0 • 
HeTpy.n;Ho BH,ll;0Tb, ~TO STOT MHTerpaJI He 38BHCHT OT cne~HaJII,HOro BUdO-

pa ,qiyHKI.\lUi lp { t) • ,Uei1CTBHT0JlbHO, ecm1 'f1 H lf,z. npe.n;cTaBJIHKlT .n;Be 

BOSMOXHHe . peainrnarum tpyHK~lii lf ' TO HMee:M: 

AJIH 

OTKy.n;a BH,n;HM, qTQ B CHJIY CBOliCTBa sana3,D;HBaHHJl BO BCeM 4-MepHOM npocTpaE 

CTBe 

f Fr (xJ [tp, (x,,)- cp'l. [x.J J ix =- o 
IlOSTOMY MbI oy.n;eM 3aITKCHBaTb (8.2) B q>OpMe: 

➔'l. • 

Fr ( l<; ~ ) ~ f Fr (X) e-f Y. ➔ l )<x of.')( / (8.3) 

npMHHMaJI npaByD qacTb (8.2) sa onpe,ICeJieH:0:e TaKoro HHTerpaJia. CoBepllleHHO 
\', 

aHa.JIOrHqHQ onpeA0Jlll0M ~YHKIOIIO 

/'I ..... ' 

FA. ( )(~-~)::. s F~ (xJe-rx of (JC)( Jy .(?~4). 

mrn.!lJOil(y10ca aHa.JIHnrqecKot,t, pery;rnpHo.ll B odJiacn1, r.n;e ~ )( o< 0 • 
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3aueTHY, qTQ BHpazeHHH (8.3), (8.4) HlleDT CMHCJI H A~H Be~eCTBeHHlil 

ko. leilcTBHTe~bHO, -»x uoxHo paccMaTpHBaTb TOrAa Ka.K ~yp1>e-oc5pa3H 0606-
rn;eHHOil cpyHKUHH OAHoro nepeueHHoro x. _: 

- ~t . ~~ 

I --f K - t kx 1..,. , Fi ( )( ) e D\ x , J = ,,.., ~ 

TaKHM oopa30M, F,- ( to J k; f) J r::.. (Ko> r, J) AJIH BemecTBSHHHX k,, 
6yll,yT odoome·HH:m.m: qiyHKI{}IHlm k.-o , HBJlSIDIIt}IMRCB: aHaJIH.T11!l8CKlllm ipyHK~rum 
~ . - . 

HeTpyll,HO ydell,HTbCH :ra1ae·, q?o B 0606IJteHHOM CMHCJte ,(no OTiIOllieHJID K 

BenteCTBeHHOM nepeMeHHOff ,, c:, ) : 

~ F,. ( ,,_ -t- ; t , 1 ; f ) -=- f:; · (/JO , -: j f ) , 
I ➔~ - (8.5) 

~ ~ (pe,- iE,f;i): •t (foJ;;f} 
14+ () 

HaKOHeI{, B o6oomeHHOM CMHCJie, no OTHOlll8HliD K BemecTB8HHOMY qeTHpex-

BeKTopy f 
~ 

,....,. ~ 

Fr-CPifl= F,,..(fJJ J 

,~.., 0 . (8.6) 

' J 
I 

I 
l 
I 
1 
i 

I 
i 
l 

tt . .,. 
' i ·~ 

' 

I 
i 

I 
I 

I 
i 

I 
i 

l 
l 

-~ 1=:. c r ; f 1 = l c r J , · l1 

rll,e f. _ f1-."4 1
oc5hll!Hble <I>ypbe-o6pa3H <pyHK~HH F~ (~) J ~ rx) . \ 

r, -- I 
PaccMOTpHM_pa3HOCTI>: 

~ { F,. ( ~,ti ! , l ; f ) - t { /Jo- 1' l I it ; f } } = F,. ( /' o k; f' }-ff{!, ~f) I 
! ➔ 10 

J 
. ...1. ' ➔ .. ::: t {x) e 1f~Xt, e- f" -1 J(:X tA.x. ,j~ 

Ho, no YCJ!OBHID TeopeMH, 

j f (X) <2 ,' !oXo p{-Y.o = 0 dA~ /Jo/< m.-
Clle.n;oBaTeJII:,HO' 

,- r,J - j 
~- { F,_ (p,+ii ,:if J-:~(po-itJ k .. ; f) = 0 aA~ lfo/<: ht. (8.7) 
1-Hfo ("J ,-J - - __ 

H noroMy FA ( /(j f) J F,.. ( k; f) npe.n;cTaBJIHDT 0.IlHY H ry lie aHaJIMTxqecKyD 

cpyHK:qi,tD p ( k; f; - coo-rBeTCTBeHHO B o6JiaCT.HX: ~ k 0 > o ~ ~Jc,,< o 
Od:1acTb orrpe,n;eJiemrn F ( k > 1 J pacnpocTpaHa:eTca: Ha Bee noJio;reHHR 
Kow-ineKcHoro BeKTOpa ~ ; no OTHOilleHHD K KOMIIXeKCHO~ nepeueRHOli ko 

l 
l 
I~ 

l 
l 
I 

3Ta ~YHKUHH HM8€T J!KHRH pa3pe3a 
I ___ ,__________ - 1 
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(8.8) 

3m,18THB 3TO, q>HKCHpyeM 'ClliCJia A 1 Yv11 , 

(8.9) 

(8. IO) 
~ 

B KOTOpOM f . - Bell{eCTBeHHhl~ BeKTOp, e ,_ BemecTB0HHH~ OpT. 

OdpasyeM atCliMMeTp0:30BaHHYIO" ll "aHTPICHMM8Tp1130BaHHYIO" qiyHKil{U'I, 11:HBa

pHaHTHHe no OTHOilleHIUO K nepeMeHe 3HaEa BXO)J;.Hll{ero KBa,n;paTHoro KOpHR: 

~ ( ko);:: :l Vk. ~-Jf,f 1./ii ( ~o, Xe VY:;-- VY\~ +f;'f')-F (Ko,, -A e (k/-Jt11L r-f;;}] · 
"' 

0 1 
-- __,, r... /" • - )(8 II) fcto)= t F ( k.o·,). e fK.o2-~/- i-f; j) ,f- ~ F (ko~-AeVKo2-JU/ 1-f ;.t • 

lJIH HHX, BBM.n;y (8.7) 6y.n;eM HMeTb: 

tm [ ~ 00-1-1£} - ¢s (f'o-/f J} = 
€.➔ ·+() . . . 

· fF' . ,---- - f ,- ~-12. 2 f ) ;:: 2 rr lfo,). e ,/;/-n,,,;1- +-I; 1}- 2 ~ {fo )_ e 11/o -1111 f- ; / r 

+-J f,. (foJ-Ae/p;-11112.1-/;1)-;;; {fo~-Jevp!-M/-~f~f)~ (~.I2) 

CoBepmeHHo aHaJior:trtrno, Hafi.n;eM Ta.Io.Ce: 
• 

lim _{cpA(f<'!)+-t'£.)-c/>o.cfo-/f.}l=o (JA_.\' fto/<h-1 (8.13) 
£➔ -1-0 . 

liTaK, MH MoJKeM pac ?MarpirnaT 1:i cps Ck O J) ¢ ec Ck O } KaK aHaJIRTl.P-Ie-

CKMe_ rpyHKWfH KOMITJieKCHOro nepeMeHHoro l<o ' pery;rnpHiiie BO Been KOMIIJieK-

CHOM llJIOCKOCTli 3a llCKJIIOtI8Hli8.M JU1HI1:ll paspe3a (8.18). 

Odcy.n;HM Teneph BOnpoc O xapa.ETepe B03MOXHoro pocTa 3TRX ~yHKnHi Ha 

ClecKOHetIHOCTll. 

H3 paccMoTpeHMH pexymero ~aKTopa: 

. '. ·exp !-f x~~~o Jn-, ko ± A ex :1111 Vks'-Ju_,2;) 
MOXHO ycTaHOBMTb c~e.n;yfilmee CBQijCTBO: 
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HMeeTcfl TaKoe ~eJioe no~OAF.Te~I>Hoe no 
JIOH fS > 0 , BHpw:e:mrn 

I CPs (Ito)/ J / cpa (Ko)/ 
).(JUI 

( IMR'o { ~ .0-

, ~TO llpH CKO~l, yro,D;HO Ma-

orpamrrrnHH HeK0T0pHM Il0JUIH0M0M CTeneHli n,o ~ tITodH BOCIIOJI:b30BaTliC.H Teo-

peMO~ l{o:urn, 110.n;C!,epeM cooTBe-rcTeyD!!{Hii MHO:E:HTeJib . h (;<0 ) , KOTOpl:I~ cuor 6H 
oCecneqHTb .n;ocTaToqHoe ydhlBaHlie llpOH3BeAeHHH 

1s .{Kt>) h (?to) 
) 

(p~ {&<,.) h{Ko} (8.14) 

Ha dec.KoHetmocn,r. 
• 

B03bMeM ).(JUI STOro KaKyro-JI:mjo q>yHKnHID Q (re) BenteCTBeHHOro nepe:MeH-
0 -Haro 't' · , oona.n;aromyD HenpepHBHHMH rrpoHaBo.n;HHlilI Bcex nopH.n;KoB s HHTep-

Balle 

Q. ~ it' ~ .g ( d '> wit ) -~ 

TaKyD, qTO OHa co BC0MM CBOMMH npo~SBO,ll;Hb!Mli o6pa~aeTCHB HYJili, B rpaHHqHHX 

TO~Kax sToro HHTepBana9 

IlOCTPOMM ~YHK~D KOMilJieKCHOro nepeMeHHoro 
- ' . . 

J, {"') ( I(,,) ::: s ~ (-c) J ir: 
. f.!.1 -'G) VI 

°' 
(&.15) 

H 3aMeTHM, qro 0Ha RBJIReTca aliaJUiTHtieCKO~ q>yHK~rien, peryJrnpHO:ll BO- Bceil -
K0MilJleKCH0~ llJI0CKOCTH, 3a HCKJIIOqemi:eM JIHHliH pa3pesa 

Tl\'\ Ko ::: D 
) 

, :. I) 
Q ~ K-o $ e . 

Ha decKoHeqHQCTH 

He Me~JieHHee, .. tieM 

J./UfJ (K~) Hee npoM3Bo.n;HaE Jin6oro rropSI.D;Ea y6HBaeT 

~,I-
I Jc,;1 In 

KpoMe Toro, KOrAa 

ImK0 ➔ t-0 fl.e.Ko = Po 
· 111.rne:M paBHouepHox) no OTHOllleHHIO· K p0 

If I (ttJ -
J 6,)/. J J {ti) I ) Cf n (J<:,) 
n <14 4 "+- ,p. , ., ~ 

dK
0

.,,_ 

( - ex, < Po < o,:::)) 
cl~ 1,,,!_~)f P. J 

__ r-__ o -- i ,2 
J .,. J 'I,,- ' ,) ... 

. I'• 
x) 3.n;ecl> maeeTC.H B BH,TI;Y QE}hfqHa.lI paBHOMepnaa CXO)l;I:I:MOCTb. 
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Ec;rn }Ke 
I"1Ko ~ - () 

TO MMeeM, Ta~:m:e paBHOMepHO 

I {It) I (r,) . 
h (t:o) ~ n _ ( f11 J , · 

I 

. B81!{8CTBeHHOro nepeMeHHoro Po HenpepbIBHI:I co CBOI1MM rrpOL13BO,ll;Hhl1rn: Jl!OOO-

ro rrop.a.n;1m Ha BCe.H BelI(eCTB8HHOM OCH; npH Po ➔ '1: 00 q>yHK~H:n 3TH H 

MX npoH3BO,ll;HHe CTpe.M.HTCJI E HYJIJO He Me,n;ireHHee, 'tleM . 7~ift.e ~ 

ECHO, HaKOHe~, l!TO h :h) (p.)-:::. h_ (1t} {po) , ecJIH p} < a MJIH p/-< d ' . 
T.e. BO BCJ!KOM cJiyqae, eCJIH Pol, ::5 m2- • 

Ilo3TOMY ( ,i : .S .,a.) 
,./.. I ) / (tt) , ) h (") 
't'_. {p0 f-i'0.1 '1+ {po) - c/>. (po-,0/ _ (p<>) ::::0 6C/1q 

J <:) I 

r,n;e 
rp, {p

0 
t:iO} = l.rr, ~ {p, :t: i.f:). 

J E~+O 

Bo3IiMeM Tenepb i fl ~ llo.,.. l . Tor;i;a )J;JI.H cKOJib :yro,n;Ho Ma1rnro rr >0 

I h (~0 ) ~- { Ko) I < Ccr ' } I~ Kc. I ~ CJ, 
f K./ I . 

,UaJiee, pa3 rroc.i:re.n;oBaTeJI:&HOCTH ~· ( /'o :t. ;, ~) · cxo.n;RTCR B oCio6uteH-

H0M C1Lh!CJle, MhI MOXeM no CaMOMy onpe.n;enemrn TaKOll -CXO,I(l1MOCTH HallT:n KJiaCC 
C ('2,S; i.J , Ha KOTOpOM OHe. HMeeT MeCTO. B03I:iMeM !Jn ~- -r-.1. . 
Torina nocJie.n;oBaTeJibHOCTlil h (po t: if:) 'P.i· {fo ± i 6-) OKWKYTCR. CXO)l;JIIItHMHCR B 

o6o6qeHHOM CMLicJie Ha KJiacce C (d." s,: 1.) • Ilp11 c.n;eJiaHHO.M Buoope q11cJ1a 

n Mb! MOJKeM npnMemITI:i reopeMy I{ourn:, B3RB 3a EOHTYP 11urerpa:q:a11, KOHTYP 

qiur. I, OKpyim10mH.i1 JIHHlir:VI pa3pe3a. CoBeprmrn rrpe~eJihHbili nepexo,n; npu O ➔ 0 
ITOJIYl.!11M · · · - -~ · · .. ·~ @ .~ · · · · · .-'! · · · ·"> 

l S gl . 

. 
J;:j'7 
fJ I / 
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.n;JIR modoro Ko He JieJ:Cauiero Ha JII1HMU pa3pe3a ( 8-. 8) ., -

Ho, no caMoMy orrpe;Ii:eJiem-110 -~ 
1 

¢eA , HMeeM 

~- (p (Ko) = . cl>.s { ~o) -1-· V~l -ltt, i7 ¢"' ( Kor. 
CJieAoBaTeJI:bHO ' .. · o<> - . 

,.J., I.. J ~ ltt-,'O) /,+ {,:) - </J, {'f:-t'O) A_{~) d 
/, (Ko) \.f'{Jt~) ~ ---:" · . . • t"" f-

J.,r, - Ko + 'l'" 
h'I• . 9 ... . . 

---17 c;,,<:) 

/,tot...,,ci. ;-- ¢~ (v:~i~) h.,. Ct}- ¢a (r-/{)) h_ {y:) 1 
T --- . . dt" -f-

i,r, -K
0 

t- 'C · 

lt1t. -- .,., 

(8.17) 

. I ;·~.t.(, ... ·t))h" ft-J-~(t-,·4.Jh_ {r) I VKoi.,,,,t )": (r-,,-0)/,tv- <Ii. (,.,-oJ), {c,) i 
+-- . . at.;- · · - C'ff:°' 

Jir, ~Kot 'C j,r, - Ko+ r;- . . . 
~~ - -~ 

. f 

) -
'·· 

Pacc1.mrpm.1 renep:o np0M3B0JI:bHblH K0MrrJieKCH1lH qe:rupexBeKT0p K , ,n;JI.a j 
KOToporo BHilOJIHeHD HepaBeHCTBO (8.1). HcHo, qro AJIH Hero M0EH0 yKa3aTb i 
TaKoe tn, l < n,I. , l!T061I ! 

/Imi'/ < (I.,/4l._.,,'/, (8.18) / 

3n! 3Haqer-urn 

.n;amrero I( . 

n-1,t. MhI J.iI HCil0Jib3Y8M B Ham:ax paCCYJK)l;8H1IHX. )laJiee,- ).l;JHI 

nocrpo:viM A(t<) , e"{K) , II0JI0JKHB: 

'...---· 
~ '1 

l 

. : ( It.) = I I_rtt it> I 
I I ( t · ::1/ 

...:, / ) T,,, 'it> I,,, ✓i{o"- m;~ I 

, e ,.c:: = 
/IN iZ'> / / Im v' KJ- ,.,,z' / 

(8.19) 1 

T 
- ""I(· _,,, ,2 

or,i~a , 

Itn t' -~ >..{ K) ~--(1<) I..,. J l(l- ,,,,1. I (8.20) 

Bo3I:>MeM ram.rn r = ,.._ i:":. -{. (1') e! (K.) ~ ✓K~2. =~, ~ -~-,, 't ~ 
r,1T;e 

-~ 

'r - rrp0H3_B0JibHUH ~ellleCTBeHHHll BeKTOp. IloJiyq11M 113 (8. 17) 

c:;,,<J --- (><J 
,v, ·-1 I " (~ ~ ) ~ l ''l--, A /. ..., ., . . p(4,t''f>tfif):. .:..:!:,_ Ms ,,- ; ",.f. d~'I- ~.,-In, _· •'-t:1'l_;.",,✓o/,:f-

J;,ri' ~ - /(0 ,- t"' . £,r,• - Ko -,.7:. 

m~ IH,1, · -(s. 2I) 
- '"l. ----- - ,,,, t . ' 

+ LJA,(r:,'i/;J(.1 p) Jr;. t- JKo1
~_"",l 

7 j A" {t,;f~A:,,_r) de-
ll rr ~ - /to -t- r' - - j • -· · -,. It ..._ - -' ~n, ~ · or~ -oo . 

h(Ko) 

-->O 

l 
I 

·----·· ---------- --------=------~~-.-_Joi. 
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~- 18) 

,I(JUI 

3.19) 

8.20) 

· .. Aa (z-,f; 1<,f) :{2r/r."'-"",t'F:t ~ (re .. I(;,:) i:(1') ~'r,.-1'9,t.:. le /;J-,w,:1. J t-~~~.,.(_:f} h..;, If)

- (2b:2.,,,,1. ·r1. ~ {c, t(;:)~{;t.J (f r~-m,l '- .~ ✓J(l-m,: ') +/&~+-; ;r}k(r)(8~22) 

_ (2~t:t-m/· J·1 I=;_ { r-, - >,(;c) Efr-) {feJ- m/· 'r Re fw!-1tt,e. ') + lla."t 1-ct; f} h.,.(t:) +-

+ (2Jt1.. m,t ·y :L ~ {r: I - t{ 1') e.'( 1') 0rl._ m,L • .,. R<_ ../Koz-1t1.1, )-rt,_~ 1-"f ~ r} h_ {?: ). 

fi ,) Ilo,JJ;tiepKHeM 3,n;ech, qTo 

As fr,f; "-,f) -=- o 
AC)\ (t,'f; ~.,) = o 

ec;ur /-r: I < m 

IlepeMAeM Tenepb K MCCJI6AOBaHHID rrepexoAa f-=!> 0 e IlOKa:iKeM, Hanpli-
Mep, tITO ,JJ;JIJI t" '> WI .1 BHpaJKeHMe 

·r,_ {v:, t.{") £(1f.),({r:t-m,t
1

_ ~ ✓K~--..'- 1 ) t-f.e.ic+~; f} 
Kalt fPYHK~lI rrepeMeHHbIX t', f CXO)l;HTC.S: B ododll.(6HHOM CMHCJie K 

f:;_ i7:, {.(r.Je'(8'.)(ftr.i-m,'·' - P.e../w!, • .-,.."i')1-~i'1--<{; j 
PaccMOTpMM, B Ca.MOM .n;ene, MHTerpaJI 

. J ~ r~, ~( ") ~{1') cw- ... ,,.., -ti<. ~Ii;'-~,.,.,).,.~ i-.,.~ ., , 1 H (c-, t) J~ d~ 

B KoropoM cpyHKitHH H ('I::',~) npliiHa,n;Jie:.CHT K HeK0Topm.1y ICJiaccy C {i,s; 4} 
C .n;ocTaToqHo Bh!COKHID.t IIOKa3aTeJUD.UI 'l, .S H odpar~aerca B HYJib ,IJ;Jlll 

t-< ,..f 
]jyeeM:. f F, { t:, /.(,1l.'(,<J{{'tt_,.,, '- ~ {,i.'-m,•') •R-c .t'+f; f ~ H{i-;t} .fr,,/f =. 

=-f F. ( p,, p ·.,) 1-1 {p.,t•~t"1,n .. 1 (Re Jx.•- ./_ Jr:-... ?)-Re;t} Jp.Jf. · 



-

l
' 1<l', A 

.... t,--r\J; ~ /, Ji I / . - 127 -

IlpHH.HB BO BH.HMamrn, t.ITO ffl,t > rtl:1,. , M:&l MOi!CeM 36.MeTHT.1, qro/pof.-',tl~'- 1 

pery1rnpeH np:w: p0 > m~ ). h'l:1, "_ H_ rroroMy BHpaxemrn 

I-/ { fo, p-,.. fd,:) Z(1'-J _( ~ /l(o'-- .m,"I' - V p/·-m/· ')- /2-e. it) _, 
KaK <PYHKWJH nepeMeHIHil Po I p TaEJite IlpHHa,n;JieXHT K C c~,s i ~) 
Ho, dJiaro.n;apa -(8.6), 

. . . . ~ 

'f;_ ( p(J,;?; f) ~ F~ (Po, p') , f ~ + 0 

MMeeM, cJieAOBaren1Ho, _--i ___ · 

jf. (p.,p' ;r) H{ p., f d.(.Jit(,J (R,.Jiif-,,,/- !P.'-m/)-&t} dp,,Jp" ➔ 

➔ J F,_ (p0 ;-p) H {Po) "ft- ~(11.;t(.c) (Re/M,,tm,t- {p/·- 111,t. )-flt it f Jp0 dp , 
T.e. 

jf; {r, A(K-Jc(x.J ({t:~111/'- ~ /K/-m,1.J.,.~~1-t;1·} Htr,lf)dt"df ➔ 

➔ J F,_ {i:, {.(,<)/:(") (/cg-m,t '-Re Ju:-"','') ,-/0,;i',. ;(} 1-1 {,:,ij!) .Jr,,/if! , 
(8.24) 

TaK KaK ·rrp:aOJII148Hl-te K IlP6A8JIY B (8. 24) RBJ1R8TCH paBH0MepHI:lM ITO I(. ( B 

Kruic.n;o.0 .n;ocraro,rn:o MaJIOH OKpecTHOCTH roqK}f papcMaTpirnaeMOH OOJiaCTH (8. 18) ), 
TO Mhf MOX8M cKa3aT b, tITO COOTHOillemte: 

~ {-c, I. (K.Je'(11.J (/r:1.-ht,t1_ Re. ✓Kl·-~,t..~+-l<e-e-,."'f ~r} ~ 
~ 1; ( 'l', t{,:JZ {it)~ 1:1-M,t,~ Re /Kot_ 111,'-J t-Re it +-f} (8.25) 

HMeeT Mee TO B 060dll.l8IUI0M CMhICJie ~o OTHOillemno K rrepeMeHHHM "C 1 'f' paBH0-

MepHO no OTHOwemno K K • CoBep.neHHO TaKoe xe IlOJ102C0HHe dy,n;er H C 

..n;pyrm,rn: <PYHK~HHMH Fi 
I 

J:.; , BXO,D;.fIInHMH B BhrpaJKemrn· (8. 22). 

IIocTpOHM HeorpaH11qeHH0 ,11;.lifqJqJepern~pyeMyIO ¢YHKJ.t1U:) U ( r:} TaKvIM oCipa-

30M, tITO 
I.A(~)= 0 

lJ (r:) = I. 

I r- ~ m,2. ~ 

z- ~ h? 

Tor,n;a, B GMJIY. (e.23) Mhr MoxeM B cpopMyJie (8.21) BHecx.0: no,n; 3HaK HHTe-

rpaJioB rrpaBOH qacTH qiyHK~liM u (.,;) H. (,I (-'C} • 

]03.b11eM eme rrp0H3B0JihHYIO cpyHKI:zylIO. 'ft) H3 KJiacca e(1/'s; 3) C .n;o-
c·Ta.ToqHo Db!C0KH1U1 ITOKa3aT8JI.HMI1 'l,.S • Tor,n;a B COOTHOillemrnx, nma (8. 24) 
M0X8M IlOJIOXHTb 

H ( r:, t ) :: -J,+ ( r) u ( 1: ic J 
t(zt) 
l<o-'l: 

J 
r 
l 
i 



mnr 
/.(() 

nocKOJIM,y cTeIIeHb y61rnamrn cpymu .. u1t1 ·h.,. {r;) , h_ (-c ) 
MOlieT OllTb B3RTU 

,l!.OCTaTOlIHO OOJI1ill01l, a 3HcUi8HUTCJI1 ,,,., - 'z:' 

qecKOH OOJlaCTH J,fHTerpa~.liiH. 
ue oopa:1aeTc.H B uyJI1 B <~aKnr-

j: lJTCID,I;a BhITeKaeT cy1.:;eCTBOEaHVUi llJ)8,ll.8Jia 

.et WI h ( ~o ) s F ( ~u • ti-~ ~ r ) f. Cif, ) c,( t 
f4 +O 

li1 TIOTOMY, BBM,l!.y npOH3BOJihHOCTI1 h ( Ko} ~ cyqecTByeT _ npe,2:,e.11 

(8.26) 

HeTpy;~HO Tamn:e 3aI,IenITh, '4TO IIpHC5Jil1l18H1Ie K npe.ILeJiy RBJI.H8TCH p8.Bl-iOI,;e1JHbIM 
no 0TH0~8HHill K H B yKa3aHilOU BLlwe CM~cne. 

J'.ib! JCTaHOBL-IJI:n 3 necb tiiaKT H8C00CTB8HHOW CXOi1JH.IOCTH. YC'-rJIHF !lTOT ne3,np. 
... M ,. r-'t ~ ... .., -' • .._ u · J:' J • -

rar :t1 noKa=.:eu, lITO pc.BH01.rnp110: 

(b.!..7) 

ITocTpo:m.: B !'~OWIJI8KCH1IX IlJIOC.KOCTJIX ~! ) °' = I., t, 3 
C l.{8HTpo.M B T041-:ax Ko(. I1 pa;,JrycoM J • 

OK pyzarn C Tvl C~ 

11 0 ~I 
'1I1CJIO o· B031:J8l,~ CTO.Jib W: .. ;Tb!M, 4TO Bee ,.. C Ko.r.moHeHTciUH 

~ C o· · i--,.. , Jl8JiCUJ.qHMH BHYTPH, .11JIH Ha rpa.Hu~e o£ , npHhU.,.D;JI8lCUJIL1 Ll K 0UJ1a-
CTH (t3.lU). 

fa.rneM ror,:,:(a rro reope11e how.11: 

3a11emrn 3J\8Cb 

l'aK KaK B 3TOi,i 

tr TO np.vr 

J 

aaaa. a 

f: {;to, i2't-f; r) 

n f.."./ -"./. J ("'J 

(6.26) 



''='- O 129 ,./ .. LL ;._; . 1_) - -

3HaMeHaTeJih He oopau.:,aeTCR B HJJib- H OCTaeTC.fI no MO,n;yJIIO 60JihlllI1M 

(f/ 
B03hM8M Teneph KaKyE-JIHdO ~YHK~HIO 

rr_pmm,n;JieMan1yro K 1rnaccy C(,1, s; 3) 
~,s ' TUKYID, qro 

't?{f) BerqecTB8HHLIX rrepeMeHHHX . '1-,:,(. 1 

C ,n;ocTaroqHo Bh!COKHMH DOKa3aTenRMH 

Cu J ff {if) Jf == i. ,' 

lf {() = 0 
J ecJI!1 XOT H dhl ,11,JIR O,n;Horo o/) 

Tor,n;a H3 (b.28) nonyqHM: 

8 
Ii~ I~ T 

-/ J (t~/. _, Cf{f) ~ Fl Ko, K; f} .: _J__ J F Cito, It -r (; f} . d( 17 d K 
1 

(J;r,)3 . ,!' (K~ -K,1.,.f,;/} o{ o(. ' 

~Y~X~ . J · 

Ho BBH.~y (8.29), cl)YHl\~H.fI 

p{f) 

(U.29) 

(8.3U) 
t 

f 
l 

t 

I K,~ ~ c~ 
11 {11.~ -1(, + '1-1) r 

~ ' 
/.(f) = 

ne_peueHHHX 'I,"- raK]Ce rrpmra,11,JieJUIT K 1-rnaccy C (?,,.5 ,.' 3) _ M Mhl 1..10- ; 

EeM npHM8HMTh K npaBoA qacTH (8.30) _paHee ycxaHOBfleHHhlH pesynhTaT O cy
mecTBOBaHHH npeleJia (8.26) HO paBHOMepHOCTH COOTB8TCTByromero npndJIHEe-· 
mm. 

TaKHM oopa301,1 yeie1K,n:aeMc.11, qro B AocraroqHo Ma.rrol1 oKpecrHocrr,1 moc5o.l1 
T04KH ~ H3 o6JiaCTH (8.18) ITOCJI8lOBaTeJihHOCTh 

F (Ko,? ; f'} 

aHa.mt1THqecx:11x l!>YHIUV1M I< RBJIReTCR paBH0M8pH0 CX0)1:SfIU8HCR. 1I03T0MY, B 

crrny M3BecTHb!X reopeM, npe,2J,e111na.a g)ymu111.H 

F {Ko,~) = e,·m F (Ko, "it: j) (8.31) 

/7 ➔ +0 

c5y,1(8T aIIam1T11qecKOli yyHKI.l;i,rel1 n:1peM8HHUX ILt,1_ ; ,,L = 0, .1;2., 3 ~ pery;1RpHot1 B, 

0(JJfftCTH (8. Io). 

3aueqaR, qro n Hu.illHX paccy¼,n;emrnx m~ uor JIO Cibl 6bITh B3RTO cKo.1.11 
yrO)l;fIO U}E13KUM K m , l!.Ihl BH,Il;11.1.1, l!TO STU. 1.pyHK~:rn 0Ka3brBa8TCJI peryJiap-
H00 BO BCeA o6JI~CTM (b.l). 

HL. OCHOBumrn (8.6) yCie::,1.(6.81,[CH, qro ,1l;J1H .138~8CTB8HHbIX p I13 3TOH - ~ 
odJiacn1 paccw:1Tp11Bae1.m.f:! (JYHKIU1.fl. coBna..n;aer c F, =- ~ :t1 Harna reope11a 

Tenepb rronHOCThID ,I(OKa3aHa. 

I 
' I ~·. 
l . i 
, I 

·--~ ~----
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§ 9. 

~OKa3aHHaR B rrpe)J..N)J..ymeM rraparpawe TeopeMa IY TpHBMaJibHO OOOOmaeTCr. 
ll Ha cJiyqau 4JYHK~H, 3aB:ii·ICRIUMX OT )J..Dyx qenrpeXB8KTOpOB X1 , Xt. Li rrapaN 
Tpa -t . Kp01-re Toro, BMecTo :qeHTpaJU,HO-C}IM.MeTp:vrqHoro llHTepBaJia lfo/<11 
MOKHO pacc:raaTpHBUTb CioJiee OOII(MH HHTepBaJI tt < pl) < 6 . Tor)J..a ffepaBe 
CTBO 

.n;omrno eCT0CTB8HHO C>hITb 3fil{8H8HO Ha 

. /r .. t> 1
2 
< \ r .. ✓ ~-- "L8 

/' -(¥ / / 
TaKHM odpa30M y6e2K.n;aeMcR B cnpaBe.n;JIHBOCTH cJie,llyrontero yTBepiii:,r;em-rn. 

Jie.MMa YI. IIycTb dy;rr,yT .n;an11 

I ,j' { X:t. , Ki) i) ) 

YJJ..OBJI8TB0pmo~11e YCJIOBll.fIM (6. 5). 

llyCTb, KpOMe_ Toro: 
A..; 

-1:,j {p1.,P1,tJ - la,i { ,~,,,, tJ ::. o , 
'-

1, 1 (11:,. ,Pt,t) - r~ ( 1':1.d~1. 1 t) .:: 0, 

Tor.n;a C:{Il\SCTByeT odoo~e}IHa.H <pyHKIJ;:vUI 
I":-" t ( K1 1 K,. 1 t,) 

1 

I 

ecm,1 

ec;m 

ol-.C l',o <.~ ,' 
(9.I) 

.!lBJI.fIRJII{aRcR aHaJI11Tl1tI0CKOi1 c1JyB.Kl.{0:8H, KOMITJ18KCHblX neperJeHHbIX . 
ry;rn:pHOM B odJiaCTl1 _________ _, t 

/ I .. ~ / t < /1,., (it,.-, o/ l - (!!::fl / 
I I., iii l2 

<'." I I ... ✓(~,.- ~ t -(Y f'l r- ) . 
' 

(9.2) 

TaKaR, tJTO B odJiacru Bell{eCTBemrnx f~ , Pl- y.n;OBJ18TBOpnmm:0:x 3TMM Hepa-

,.._,_ 

p (P11P,_,t) -=- f;,,i (P11Pt, t) .. -

OcHOBHBaRc:o Ha 3Toli JieMMe, a TU(iK:e Ha reope11e II,' ,n;oKaKeM cJ1e,n;y10mee 

yr Eep7i!:;rr,eH:ne. 
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TeopeMa Y. Eciur BHIIOJIHem.r yc.rroB:aR · TeopeMhl ill, TO cymecTByeT rmcoe no-
JIO.iKMTeJibHoe 9 , lITO "OClJiaCTb peryJI.HpHOCTif" nepeMeHHhIX c,_, ... , · is- MOlKe 

'6HTb - 3~aHa IH~paBeHCTBciMH: _ _ _ _ _ . 

r~.~fal!.]<ft't ; /t,i_~Mt/<.f}'-t ; .. {i:r?:/<frt.; [it-t' I~ frL; 

M -- - a.(tf )t -v - t - 4 --1"' ~ ~ ~5" ~ o J. /1.., c, I <::.f ft -; ; - !5: 'C ~J< . 
~? ~ . 

(9.3) 
t 
l\ 

ll 
ll r 

,lloKa3aT0JlbCTBO. 13y.n;eM paccMaTp1rnaTh pas,n;eJ1hH0 ,1\Ba cJiyl!aH: -- - - -

1 - Vs. t' "' 0 I _(9. 4) 
w 

0 s t' s::J<t; (9.5) 

Bos:bMeM cnepBa c.,1yqaft (9.LJ.) 11 rrpm,wm1:M reopeuy II c w=.l, 3:.0. 
Tali. KaK. Bee . .n;01m3b1Bae1we iteHqac ycirnemre TeopeMh! 1J 0TH0CUTC.ff T0JihK0 K 

nepe:r.rnHHOH ~ {' _-. , ycJ10BI1:MCH B1IffvICI,IBaTh 3,Il;€Cb TOJII,KO HepaBeHCTBa, OTHO- ,., 

CHm11ec.a K 3T0R rrepeueHH0A. 

1IMeeM B _pacc1iaTp1rnaeMoM cJiytrae 

. .( µ, )! J I ¾,r t-?at ( <pr,. t I 'f ~l ~ "" j (9.6) 

r,n;e 
- - t. l 

ut = (Ai 7 r /I~;, ) 4 Mt 
(9.7) 

Ho HepaBeHCTBO (9. 6) uy,IteT YA0BJieTB0peuo, ecmI 

- ut s ~ ¾:s- ~ O , · IX.II\ is- I~ Pr t ( f ) t 
C ~pyroil CTOpOHhl, H3 (Y.7) HMeeM: 

(. ·--,-~ .)1, I t - '-,),I t 
ut = .2 ~ .,. ~ - <t M ~- ~ +; ;,c . ___ .- _ . 

HTu.11:, B CJiytme (9.4) 00JUtCTh. (9.3) ,11;et:lcTBLlT8JI:bIIO. BXP~.MT B !''OCiJiaCT:b 

pery.11.Hpuocn1". -· 

IIepeH,L.e1/ ~enep:o i pacc1:iorpemrID· c-J1yqa'.ci' ("9~J5/}>~ - "· . . . 
' ·. ,··,"->. \., ,,,.. __ , ·~'-

B03 bl.l8H ,40CTUToqHo MD)IOe l!HCJIO .(j >.O ·. (ioi':oQ9e~;BITOCJie,4CTBl1II!. q/WKCH
pyeM OOJiee A•~Ta;11HO) 1i TIOCTpOli1.i .B P~J'Iacce·~-c_(<J/.r:x:i;_f}. -- cpyHKJJ;MIO 

">: TaKy10. ttTo.~ _.. ,_ ~ °''~>' - ~:~~~-·-· - ,;,, ~- ~i2:ue'· .-._ . ;,: : ,_ - ,; . ::. ; ,, .. '.; ..;_ - '-"i. 

! ·. 

)~ 

1',."; 
~ 1 

' "j 

~-~ 

•j 
~ ~ 

. . ;-J! 

. -'~ •· . .-_,,_ 

d =-



.. _, 
,.:;,. 
'·.? •, 

.. 1 
[{ .. 
il r 
11 ~ 
:,.; I 

~J 
r 
f, 

) 

t ; 

' 

' 
' 

i 

... 

I ):, 
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h (t:J = D t~ )1 +··~ ~? ,,f,, - • 
/ .e 4 I 

h (t:J = c ~ M 3 1. -t- ~ ., i 4 

r,n;e 

t,J )loKa?1J Hallly TeopeMy. B paccMaTpHBae110M cJiyqae (9:5). pa3)1e;a,Ho ~JIH 

t,J· M 
1

,· J. , IlOCKOJil>KY Tor,n;a OHa OKaEeTC.H Be pH Oil Jr )J.JIR. MX CYMMhI. D03I,-, (t) ,- , ' ,, ' . 

Mell -1.~i H BOCITOJib3YSMCR TeopeMOit n np11 eu = t). ~-tJ· =- J. .- 2rr • 

r,n;e 

' . . .,; ·:,· ., ._: . ..t..: . . 
3ai,WTMM Tor,n;a, qro _06JiaCTl, 

. : . },/· l. 
-/.ll.~ !e rs-~ 0 /.rM~r) < f!"i, (;:) .1 

~ '/' {J;fJ + Mt-,,.., 7.t 
l,. Mr/' (i+lj 

HcHo, ,n;anee, qTo 

M+/1 (2! +8t) > :l 
,A.{t/i (i-,8) (9.8) 

• IIosTOMY (S"'" 

8_ .·: -. I - · 2 r . 
l . .. • 

MOJ!CHO Bcer,n;a B3RTI> Tax, qTodhl (9.8) BRHoJI

Tor,n;a 

. . -- -·: :Atri. 
t,t!. >·, 4 .. ---· -·_ - . 

. : ,: 'M .+:-;r 
H 06JiaCTI>' ~9.3) 0Ka3hf~~e~c]:_ITJ),Il;XO,n;Rrri.eu. 

Ha:M OCTaeTC.H p~~'cir~~-;-;~tJ.:.c. '• 3~eci, y;n.e: MR 6y,n;e1r MCIIOJII:,3.0Bal'h"' . 

~eMMy Y~.· '.~:::~~ E). =!lffiit!<dY\< ,Uy, 
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TO MO:ateM orpamrtrnThC.H HHTepBaJIOM 

l1r)'< -! 
< f; < !:1. 3/-' 
- .... J, +--;;-

D03bM8M HepaBeHcTBa 

(JLo+t)t~ ~t.C::: (Ai+;c)t ·} (Jto-i)t.- P't. < {3,-k)L. 

(JH:n, O'll8Bll,Il;HO, dy)l.yT BblTIOJIH8Hhl., ecm1 

-,M-/' < t 0 t 1:: < Al-t /" 1 - ]/" < Ko- T. < 3/i 
T. e. ecm1 

-6- 3,r < /to .< M ~ - i 

(9.9)-

(9. IO) 

' 
TaK111J oopa3oM, (9. 20) crrpaBe,II;Jmmr_ rrpur / 
M+.J-A{i.1/) 3 M · M-t-1"-(d.+8) . a_ 1 \. 

! - · ~ ~ Ko < r I"' - t , a - t: . / 
IIpuHHB BO BHHMamrn cooTHoiileH11.H. (7. I), (7. 2), yoeJK.TI,aer,rcn 0Tc10;i;a, q) 

l YCJlOB!1.H jle:MMLI Yl y,n;OBJI8TBOpmoTC.H B pacc1IaTp1rnae1.1ou cnyqae rrpH I 

~--

M +->,< { 1.-f I) 3 
ol. = -✓-- - ~ 

i 
) f3 = M-r,r _ /llr/"{:it3J 

1.. (9. 1111 
$ ( --.I - l. 

,c 

11 ~ ~ , / (I.) ,,; ' : 
i: 0 TaK KEl.K l3 C11JIY YCJIOB11n HaLU8ll T80pm,ihI QYHK~1111 /,i )J,OJDKHhl uUT:& n, 

r BapnaHTHH rro 0THou1eH1110 K rrpocTpancrBeHHh!M BpameHU.HM, B:vr,,~1,r~,1, tITO '.pym:nw:I 

;I'. 
l)( 

Ct) . · t: . I ( ll:t, //.1. I ) J 

perynnpHan B odaacT11 (9.2), MoieT Ohl.Tb rrpe,n;cTaBneHa B ~opMe: 

c/t) ( t I J • •. I t-s- I t; ) I 

r,rr.e ?, , ... J is- .n;aIOTCH BbipruKemrn (7. 17). 

Paccy3:,n;aa Ka.K li npli ,TI;OKa3aTeJibCTBe TeopeMH II, BbIJ)u.3IiIM 

'l!epe3 1!1,: .. ,i~,t c no110ll\bIO (popuyJI (T.20), (7.22). Tor.n;a 
0OJiaCTb- pery.TtHpHOCT.f ?.iO)'l:eT 6h!Tb · 3a,naHa HepaB8HCTDa:MitI: 

/I .. A/lrlI-clt< /r.,J(~ _ ~f-(flf{/, 

\r .. a It+ /r .. cl! < · i I.; {(1',;t° -~{"" (PT/ 
-

K:1. I J(~ 

COOTBCTCTB!► 

(9 ♦-12) 



(9.9)-

(9. IO) \ 

C.!O,IJ;U, q · 

(9. 11) 

6L1Tb ll 

'.BCTCTBJ J 

- I34 

IIpeACTaBKM cede, t:ITO HepaBeHcTBa (9.12) cnpaBe,n;;rn:Bhl ,n;;rn 

(9"'I3) 

r,n;e 

M 
at.~ M rt,. (9.14) 

+r 
Tor.n;a, BB:11,n;y HenpephIBHOCTK cpyHKizytll A, 8 , G B oKpecTHOCTM (9. 13) 

H orpaHHt:IeHHOCTR HHTepBarra R3MeHe~H t . (9.9), Mbl BCer~a MOrJUl Chi IT0,}\0-

6paTb CTOJI:b 11anoe IIOJIOJKHTeJibHOe , ' tiTalt HepaBeHCTBO (9. I2) Blitrrt5.1IHJI-

Jl0Cb ;i;irn: Bcex ~ H3 06nacn1 {9.J). TeM ca~ Hama reopeMa 61rna 6tr 
,n;oxasatm. 

liTaK, Hfilf ocraeTCJI IlOKasaTb crrpaBe,JJ;JIHBOCTb nepaBeHCTB (9.12) ,JJ;JIH 

3Hat:IeHHH (9.13). 
HMeeM ,JJ;JIH 3THX 3HatieH:ait: 

. ( )t. t. I"" c = o J r .... A ~ ~ , 

IlpaBlrn xe tiaCTH (9. 12) 60Jibille )-t L • 

HTaK, HepaB,eHCTBa (9. 12) ,n;ei-tCTBHTeJlbHO BRnoJIHHDTCH )(JI.fl 3Haqemdt 

(9.IJ) npH ycnomrn: (9.14). TeM Ca.MID.I )(OKa3aTeJibCTBO 3a.KOHtieHo. 

§ IO. 

n,j ( v. , y I , Y, J 
y,n;oBJieTBOpJIIDmHe YCJIOBHJIM: 

F.a , .,_ { 't, , Y, 1 Ys ) = 0 1 

F.,_,& (Yi, y,., y"3):::. 0, 

(IO.I) 

ecim Y, ~ Q· HJIH 

, 8CJ1H 



,,. 

.; 

/4L-z:,.. f ·'• Ji '!:' 
t..- rv fV 

- IJ5 -

r. . (1,, I 't) d ,) = D Et:AH '.,J ; ., 
1-; <= (M~14Jt. -·~ 

" 
UAff '1,-,o < 0. (IO. 4) 

TorAa MOXHO TIOCTPOliTb oooa~eHHYD <PYHKJ:zyID nemecTBeHHOM nepeMeHHOR i,' 

1./1 ( i~_, "· I -ls- I -a6) 
I 

.flBJIHIOJnYIDCSI aHaJI:WT:M1''.!8CKOM c;pyHKW{eH KOMIIJIE:F.CHiiX nepeMeHHUX l1 1 ..• 
1 

a,. J co 

CBOHCTBru.rn:: ~ 

1°) 1/1. peryJIHpHa B od~aCTH: 

/i1-Mt/~j'J-'t ; /~1.-Ht/<f,1-<1. ; /l3-'l:} <:.p)-4'-, 

. 4M 
{i=t,- r J < f )"Ct i - M+14 ~~ ::E 'L. t:s ~ 0; (I0.5) 

I I111 iS' ) ~ f rt { : )t ; - v ~ rr:. $ J<,,. 
3AeCb V - rrpOH3BOJibHOe f!)HKCHpoBaHHOe llOJIOXHT6JlI:,HOe l!HCJIO, J' 
- ~ocTaToqHo MaJioe rroJIOXHTen1Hoe qHcJio (3aBMc.amee OT V ). 
20) 

J I I (.:i. i.- l.,) .:: Q I ~~, ... J I., .. I $CAif ~, < (Mj) t (I0.6) 

3°) lJI.fl nemecTB8HHUX ii~ i,, i1 'AJIR KOTOpliX BeJIH~:WHU 

t1 :: (1,,-143/· ; ~t.: ('1-L+4.s )t ; lJ;:: (ci.,-~_,)2 

l:4:::('f..1.-'1-J)t, ' ~.s-=(1,,-1-L)f; ~,::·'J..~ J 

y~oBJieTBoparoT HepaBeHCTBaM (I0.5), HMeeM: 

'/;,i { 'f:i, 'It, 't,) == If-' {i:i., ... ; is-,· e, ) ✓ ec;U( t/,J~ > O, 

.)J_o_!l:a_3q_Te~b£T!!_O. Ey,n;eM CBOA11Tl> C,11,eJlaHHOe YTBepx,n;eHHe K JleMMe YI H 

TeopeMe Y. 

PaCCMOTpliM BHpaEeHME: 

f 
,,srz 

F,.~i {v,,r,.,rl) e dr., (I0.7) 
J 

r,n;e 
i 3 = i e, 

a e - BpeMeHHo-rrpodHh!ti, e.n;MmflmhIIl 4..:BeKT0p:-

\ 
i~ 

\ 

\.-
f :,,-
; 
( e' >o J et = i . . 

CoBepillHM Jiopem{OBCKoe· npeodpasoBamrn Ta.K:HM Odpa30M, qTQ(Jb! 

3aJIC.H HarrpaBJieHHhIM no BpeMeHHOM OCH. B H0B0H Cl!CTe:Me Eoop,n;irnaT 

\-,:, 
fl Olea- ~ 

GOOTB8TCT- :=:J.. 
-=-- -~ ~ ~ -· - - - - ➔ - - -~ --~~--
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ti 

BYIDrrtRe B6JllitII1HhI YCJIOBHMCH OT1IetraTb 3HaKOM,,IlPHM. 

BHpaAeHRH (I0.7) MOEHO paccMarpnBaT:o KaK WYHKTI;MM 

/,~j { Y, ', Y.t.' I t: ) . 

HeTpy,rr;HO BllA6Th, qTo B CHJIY YCJ1OBllil HaweM J10Miihl ~yHKil;HH 3TH y,n;OBJ16-

TDOPHIDT_BC8M YCJ10BllHM TeopeMH Y. 

Il03TOMY Mhl MOX0M IlOCTpOMTh COOTB6TCTBYIDll{YID ~YHKil;llID 
<P { i, I•••~ , i?s- J t ) I 

B KOTopoi1 

i, = (4~
0 
rt) t._ /~l. 

HcHo, OAHa.Ko, qTo 

i,=('f.,t'I-J)t I ~t.=(i1.t-tJ._,)t I i:3:: (41,,-1.Jl•, 

BBu.n;y cKannpnoro xapaKTepa GTFIX BhlpaJ1Cem1.~. Ho 

,Il;J1H 

MoJKeM .rroGTOMY BBecnr- qiyHKUHIO Lµ ( ~., ... , ~s-, t, ) , IIOJ1O:HCHB 

4-' {t, 1 _. •• , ts, i6)(= <:p {f,, ... 1 ?.r , {i;1) 
1 

f = 0 

CrrpaBe,rr;J1HBOCTh Jl8MMhl Yil Terrepb CTaHOBH¾CH O48BH,Il;HO~. 

Ilp:~rneqamrn. PaccMoTpRM oonee oom:0:11 cJiyqa.B, xor,n;a qiyHK~H -- - ---
)) 

f;. {Y,, Y£, Y,) V= .J.1 ... , e 
,J 

y,rr;oBJieTBopmoT BCeM YCJIOBL-iflM JI811MH YII, Kpo:Me ycJIOBllSI CimJI.HpHOCTH. 

BMecTo Hero npe.n;rronoxuM, qro npu npeo6pasoBaHHHX 'i MS rpyrrrrhI 
C, 

nopenu;a· Haurn: q,yHKu;u:vr mrne~rno npeo6pa.3J'DTca 

(I0.8). 

1., .,,ij.~ 
c 11011om1>10 HeKoToporo. rrpe,n;craBJ1emrn A I !t) GTOil rpyrrrrhl, p

1

asduBaromerocs 
Ha odhiqHhle rensopHhle IL cmrnopn!ile rrpe,n;cTaBJ1em1:a • .. - ' . "~. . . 

-
-·,.;.,,_,,,..;.:-.. u;.,.J.__,~ .:-.,...,,~.--:~ ........ , __ , ·~-:. -.. :-,., .... :; .... ·#.:.:,--.. .. , .:;.0':..·'":~b.,_•.:..::.. .-~_t:_•:z~:~·::_.,~~ ~:. .:.-: __ ,;:, . .;,,-.. ::; ... ::....•'",~ _.,,_-0-~, 
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""->V 
OTCiO,D;a ciy,n;eT BhITeKaTh, tITO ~:J (1,J~.t, 9,) 6y)J.yT. mrne11HO Bb!prun:aTbC.H 

( c noJIHH01mam,Hhl.MH Ko31_pcp111~11eHT&rn OT 't,: ) 11epes cKan.apHhle cpyHKW-In 
- . . . 

CJ..,, '1-t, tt.1 , 118.M 06ecne111rnaeTCR B03M0ACH0CTb rrp11MeHemr.H Jie1-JMbI YIT. 

Herpy,n;H0 Br1,TI;eT1, l!TO pe3yJibTaTbI JieHMhI YII rrpeTepneBaIOT s.n;ecb CJie,ILyIO

mee TpMBMaJihH0e H3MeHeHKe: 

MoEHO ITOCTPOHTb KOHeqHyID CHCTeMy o6o6meHHBX ~YHEnHR BemecTB8HHOB ne

peMeHH0it -c, 

~ 
L/{ {i,, ... , ls-~e,) 

.) 
)\= i., ... .,.s JI 

RB,'I.FIIO!Itl!XC.H aHa}II1T.vl'IeCKH1Hl: cpymw;:HRMH K0MITJI8I<CHblX nepe.MeHHhlX i:e, ... , ls-

YI 00Jia,IJ;aIOQHX CB0HCTBaMli! (1°), (2°) • .Il.JIR BemecTB8HH.bIX '/;,, ~~~ q., ' ,JVIH 

KOTOpHX B8JB1lfl1HbI r- y,n;oBJieTBOPRI0T HepaBeHCTBaM (IO. 5)' HMeeM npe,TI;CTaB-

.1I8ii11e C IIO1'.iOI4bIO CJMMH K0H81IH0ro lH1CJia tIJieHOB nma 
• 

-11 olJ ) I I ( ) i,1 ... q.,..:.r ~ t,, ... ,is-~l, I 

ecmi: rrp11 3T0H 

4,Jo > 0 ·. 
OTCIDAa BUTeKaeT Hafila OCHOBHaH 

TeopeMa YI. PaccMOTpMM rpaHCJIH~110HH0-HHBapHaHTH1Ie 0000!l(eHHbie (1)YHKJ.1MM 

qeTHpex 4-BeKTOpOB 

~· ~ { ~ J ... , ict) ,:2,et ) J = ~,i=r J.I::: :I.... t! 
,,, ,J , ,,, 

,J 

JIHH8HH0 rrpeo6pa3YIOI!.\H8Cfl rrpH npeo6pasoBaHHRX ;(' .vl3 rpymn.r Jlopem:i;a: , 

y ( ~ ~' . ry,i 'd.(:tJ ... ,'d.(.,)=LJ· A,,,,,, {';t') l=-,:i (K.t, ... .,4} (I0.9) 

i. ~,,,,~f 

c rroM0ll.lhIO HeKoToporo rrpe,n;cTaBnemrn A {~} :non rpynmr, paschrnanmeroc.H Ha 

OdhlqHhle TBH30pHHe H CITHHOPHH8 npe~cTaBneHHH. 

11pe.li,I1OJIO)KYnJ, KpOJ.!e Toro' l!TO BBe,JJ;eHime cpyHKnw:n y,n;oBJieTBOpHIDT 'CJ18.IT.YIO

Jll.l1M YCJIOBli.HM: 

~ ~ {x"... ., K.,) :: 0 IlpH x, ~ K3 mm x~ ~ ;Kc, ~ 

"' p~4 (x-, J .. " I 4) : D npn: K, ~ X, HJIH Xz ~ A"c, : 
(IO.IO) 

F..:{x-,, ... ,x,,; -::0 
IlpH X, ~ x1 HJIH Xz. f X''r ; 

F~ (,t, 1 ... , .t'") = 0 IlpH X', ~ X3 HJUI X'z ~ X'" . 

'! ,,, 

1 
\ 

l I. 
t 

\ 
fy. 

I 
\ . 
' t' 

. PaccMoTp~M \liyphe-o6pa31, • - I 
f

F .~ (;<, ... x.,) e.Kp ,· { p, x, 1" ... 't P1i K") cl K, ·.,"' J~'r ~ ' '' L··• . • JJ J ) . ·. - ) •'• y .• •~-Lc-r,-~,..,,,,,......-1 = 2 (p~ + ... + e'1) F,. .: (p,,, ... , P+ · ·---~ · . •~ 



3,n;ecb 

00 00Il.(8HHbie qiyHKI~Irn f :1., ... J f 'r , onpeAeneHHhle Ha MHoroodpasHH 

P:J. + ... + P1r = 0. (IO. II) 

IIpeAIIOJlQ:l!{:I,IM, qTo OHI-1 y,n;OBJieTBOp.HIDT ycJIOB11.HM: 

(10.12) 

(I0.13) 

P.,, t- f10 < Q • 

Tor.n;a MOXHO IIOCTpOHTb OOOdll(eHHhle C.PYHB.:qI1H Be~ecTB8HHO~i nepeMeHHOH z?,c:; : 

¢>,( ( i,·,.,, J ~S : ~(.) I 

RBJIRIOil.(11:eCR aHam1:n1qecKvIM:VI (J>yHI•~~.HMH rrepeMeHHLIX i,, ... 1 c~ 
1 

CO CBOMCTBa- -

r0
) cf> f. pery1rnpHbI B OOJiaCTH (IO. 5) 

2°) · 4i = 0 , ecm1 l,_<' (M-1,r)t , 

3°) )l;rn Bell(eCTBeHHbIX (',, ... , p,, II3 MHoroo6pas1rn (IO.II), ,IJ;JI~ ~O}'pp~rx\_ 
BeJIHlirufh! 

yj~OBJieTBopmoT uepaBeHCTBaM ( IO. 5), 1'!MeeM rrpe,IJ;CTaBJieHMe ·B.H-,TI;a: 

C KOHeqHh[M t.U1CJIOM lIJieHOB B cyi.we. 

,, .' ' ':/·- .. '\··-:: .. -,. ' 

ec•~ P~ •f.o > s',(f !~li!t~~:,i 
~ : ;;~ 

MHB_ap:vmHTHOCTK ,,(!} ' . ;' ·•.·• .UoKa3aTeJibCTBO. BBvr,n;y TpaHCJIHIJ;liOHHOH --- ----- ' 

V 
~,i ( K,, ... J 4) 

KX MO~O vpa:C!JaTPHBa:h K:. ~:::: .:p:x ::::uedH:liX:. ;I~~tI.¾ 



!1 ! ~~~r J .r,--;..,._. 

~ll j:), f if - l3Y -

Il0JI0JfCHM 

~~ •cV . 
ft,j' (X1J••· X4) =. I C:,Ji (X1-X3, X~- x'ZJ X1- X2+X.3 - Xr.,J (IU.15) 

r~e J1: r , 8CJII1 J = 0. i J1. = a.. eCJUI J: r 
RcHo xor7a, qTo GYHK~M 

F v 
~ c:, l'jiJ~:h,'-::13) 

,J 
Y.TI.0BJieTB0p.HIOT yc.10B:0:10 (IO. 8) np11Me-ci:aH11.a: K JieMMe YII, a TaKEe ycJI0BM.HM 

(10.2). 

laJiee, 113 (10.15) cne,!(yeT, qxo 

f=" • . '"'"'V 
L~j ( q1+ q3,-12-qJ) qJ-qi) q2-C'3) = F,.,,i (?1.1Cf2, t) 

IloJIOJKJ/IB 

11M68M 
P1 =- 91 + q3, P2-= -92-q~ ,p3 = q3-q1, Pc,= 92.-?3 

q:s-= r,;p3) p/~Cq.+q3)2} r~~c92.rq3)2, p~ = c11-q3}t. 

P~ -=· c12-13 f\ cf 1 + Pi J 2. = f 91-C/2 J 1-· 

BM.TI.MM 0TCfJ,IJ.a, qTo BhIIT0JIH_eHhl I1 0CTaJibHbie ycJI0Bll.H JieMMH YII. 

UcrroJib3J.H c)teJia1rnoe K Hel1 npnueqamrn, ·1m vi rroJiyqaeu ,!(0Ka3aTeJI::&CTBo 

Halilet1 0CH0BH0fi TeopeMH.. 

II~rneqamrn. BMecTo yc.nomrn: (IO. IJ) MH M0]CeM BBeCTli ycJioBvre: 

[ Cf 1 + p3 J 
2

- M ~ t:::-c P1,·-· fv J = o., ec.,,~ {f, + f;) 2. <. ( JA-1-~) 2.. 

leUCTBI1T8JILHO, B 3TOM cnyqae BM8CTO 

F,". 
M0EeM paCC!.WTpeTb qiyHK~I1 ,J 

[ { 2 +- 2 )'Z ,,u2Jr-v 
- '1 X 1 o X 3 - , ,: / (X1;··· X''f) 

Y.TI:OBJieTBOpflIDII{He BC0M ycJIOBI1.fIM TeopeMbI YI. 

P1°-1- P10 < 0 

ll ..,f '1 

· CooTHollieHw:e ( I0.14) 0KcU:eTc.a Tor,n;a yMHoxeHHHM Ha [ (p1 +-p1 } '-/41. 2J . 
Ha 3TOT MR01KMT8Jlb Mhl MO)ICeM, 0,II.HaKO , pa3,!(8JIHT.b B OOJiaCTW, r,!(e 

( f 1 + f 3) 2. f )A t. 

IlO3TOMY (IO. 14) 0CTaHeTC.H BepHhIM, eCJIR K YCJl0BMIO D . +-».3 > 0 · r10 I- b 

BI1TI>_ ( P1 ,t- PJ ) '2. -::/::. _M 2. 

,n;o6a-

~ 

I 
ty I,. 
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I'JiaBa IX. .n~1crre_pcMOHHlil8 C00THOillemrn:. 

§ 46. 06mHe npe.rr,cTaBJieHHH O M8TO.rr,e. 
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