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I. BBeneoe 

TeopM lh<aBii Y.t OIIIIIOHB88T IIS811110,118ltOTBl!e ORSJII<pJIOl'O Cf(JC~ 
K «>ep.moHKOl'O yt(~) llOJISlt B t:f -IIBpJIOM llpoCTpa!IO'l'BS-BpaiEHit /f( 
llJIO'rHOCU Jiarp!UIIIItaHa IIS811110,118Io'rlll1ll 88IIIIIOHB88TCII B IIIJ,lle 

(I.I) 

r,~~e r - H8HOTOpall Ma'fplllla ,lbtpaKa. Sora T80pM llpeli;CTaB>It<OT 00601 0)1;

H:f D OCHOBHHX I!OJI8B!IX IIOll;eJiel, Ha KOTOpol llpoB8psllTCil pii8JIIAIIIl8 Me

TOAV KBIIII'rOBOI TSOpJDI I!OJI!l, IIpwmneORll H8BOBIIOKIIO ll;aTl> CKOJI1>KO-Hit61.1tl> 

llOJII1HI ll8P8'18111> pa6CT, llOCBlllli8HBHX K8T'I8Hitll pa8JDAHIIlt aoll8KTOB MOJIOJIK 

Draa. lios'rO>f1 MH KOCHSMCII TOJ!l>KO TSX BCOJI8,1t0BaHitl, KOTOpJIS CTHOCIIT-

011 .S: BOI!pooy, saTpoH:fTOIQ" B JIBHBOI pa6CTe, HM8HHO, MH 6y,II8M D;r<aT:& 

I!OB8,11811l18 B I!P8JI9JI8 OlJJil>l!OI 01!11811 IUIOTHOCTit 8H8prit8 B8.KYY>f~i: 

Ef1) =- h- _j_ tn(o{ .5v{3)/o)J (}' v-.oo v (!.2) 

t{ 
r)!e Sv (aJ- MIITPJI!4a paooeRI!llll B KOH8'1HOM 061.eMS v C /R . 

llpe.KJ!S BC81'0 CJI8J!18T OTII!1'JI'fl>, 'ITO IUIOTHOCT:r. 9H8PI'Itlt B8.KYY>fli 

(!.2), llpe)!C'1'9.l!JlliDII8 B TeOpltlt BOBII,VlllEIHHI 0111111 T!IK HaBHB8.8MHX Ba

.ley1111111J[ Jlltarp&MM, cyDt8CTH:f8'r TOO.KO B KOHO'DIHX It C11!8Pil8paHOPMHP18-

MHX T80p.IIHX. lfoH&'IHHMK TSOpMiolillll!JllmrCII HeJIOl!8JI:r.llll8 B8811110)!8IOTBB!l, 

B KOTOp.KX ~KTHBIIIlll llpol!araTOp «>epMI!oHa 'S' ((') y6HB88T B SBIWIJIOBOlt 

o6JiaCTH (p"....-oo) J!CCTaTO'IHO 6HCTpo: 

s(p)=0(
1
;.

1
,), <r.3> 

r,~~e 21 > d. , 'ITO o6eone'IIIBa8T cxo)!ll¥)ou Boex llltiU'PSMM IDelaMBHa 

II liiJI1 T80pJDI B08JI;Vlll8Hitl. 

B &TOM CJ1Y'<a9 , HOI!OJI1>81'1 KOMI!aKTHYJl l!_I!IIIIICI> 11. -ro '<JtSHa ~ 

TSOpJDI B081q1118Hitl, Bll8paH8 ~OHHYJl B /I/, JISrKO llOIWiaTl> / 2•3•4/, 
'ITO B IIOHB'IHOM o<l1.eMS MaTplt'IHHS eJI8lii8HTH S -MBTPIIIIH lll!JllmrCII ll8-

JIHMH aH8JIII'l'IA8C.IGII!!! <liYJ!KlllWIJI 1!0 IIOHCTaHTS 01!11811 ,j , Kpoll! TOI'O, 

ltii!IDTCII 11Wl!llllll< /5,S/, 'ITO IUIOTHOCTl> 8H8PI'Itlt B8.KYY>fll (!,2) It Jlll1I'!I8 

M11Tplt'IHH8 8J18M8HTH S -MIITPIIIIH aH8JIJITB'IIIH B '1'3~ ~ - 0 , B 

CTJIII'Die CT 60BOHIIHX B8811110,1181CTHHI TKI!a ! <f • 
'lTo KIICMTOii nose,~~ellltli ~ E(j). B (!.2) nplt ~~ c>e> , 

TO T!IKII8 oneHKit 6wm npose,~~eHH B pa6oTe '/?I, rll;e HenoopeJ!CTBeHHo npo

ltSBOJ!ItJiaOI> Oll8HK8 OB8pxf It CHit81 /l -I'O 'IJISHa pltll;a T80pJDI BOSIQ"

lJISHitl, Oll8HRII 6wm ll0JI1'18HH ,li1JJt OJIY'i!lll, KOr)!a nponaraTOp «>epHHOHB HS 
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OO,ll9pzl!'l' Q -MBT}li!Il It y611B88T B I!pe,lleJI9 60Jli>I!IIIX ltMDYJ!DOOB COrJiaOHO 
(I.3). . 

Jlo.K8.1Wi81i oyuepnepeROPMI!PYeiiBil: MJ;IteJII> IhtaBu Yz ltBY'laJiao~> 
:a p:"ra!,""OTPYK'l'liiBROro no.JtXO.ltQ M!i9I'IIMII aBTOpaMII ( OM., R811]>1tMep, 
odaop 8 ). '!To moaeTaa: no:ae.~telllll< It1IOTRoo~ aHe.Prltlt Ba.teyYMa E(j). 
TO dwm nOJiyqeHH Jlltiitl> rpydile OtteHKit CRI!By ;g,ID!. 

B lt!IIIHOll padoTe MH nOJlY'Il'IM no:ae.~teHite It1IOTHOOTit aHe~rltlt Ba.teyYMa E fi) :a npe.~teJie £ ~ o0 Ha ooRo:ae npe.~tOTaBJielllll< .)v -MaT}li!IlH 
.JI)lX MO,lleJIIt IhtaBu Ya B <fx>J>Me \PYH1ttii!OR&1Ibi!Oro ltHT9rpaJIQ no 
·rpaaCMai!OBOll aJiredpe. Pa3BI!THB IISTO,l!H UOSBOJllDJ'r nOJiyqi!T!o orp81DI'l:e
lllll< 

(I.4) 

PaoOMOTpeHH OJI9.11YJ1lll!B OJiyqalt. llPH ReJIOKBJI!.HOM BS8.1!MO.ItellcTBitH 
HcOJie,llOBaHH TOOPitlt o nponaraToPQMH ~pMitoHa: 

,._, "' . K K 1 ! A 2.} S(•'w)=I1~Xf lt'-M'' 

~ ,A - 1 ( M
2 

) f-1: S{•K)- 11-if 11 1 +K 2 ' 

(I.5) 

r,l!B nePI!Hll IIP.OnarQTOp OOOTB8TOTBY9T TQK Ha3HBa9MOMY BltpTOHHOIIIY no
Jill ( ~. /III), B anyqae nponaraTOpoB (I.5) 110&0 nOJiyqHT!o TOJI!oKO 
OllBRJ!3' OHI!SY E f!) . 

JVm nponaraTOpOB, RB BaBI!OS!llll!X OT MaTPitll .lfllpQKQ: 

,..,_ • f ( 112 _) t 
S(~t')= M I ft't«') ' (I.6) 

f -
OKQ3SJIOO!o BOSM01!HHM nOJiyqi!T!o otteHKit oBepxy E (J) It OHI!BY E {j) . 

i!OOJI9,l!OBBJIQO~ TQKl£9 JIOKBJibH!III oynepnepeHOPMI!PYBIIBil: MO,l!BJ!b Ji . 
PacoMBTPI!BaJII!O!o .ltBe Blt,lla nponaraTopo:a \J!epJm-nOJ!li: 

J 
(I. 7) 

B nepooM anyqae nOJiyqeRa TOJ!bKO otteRm OHitsy E tJ} , a BO BTo
poM - OllBHKit OHI!SY It CBBpxy. 

B HaCTOJIIIIBll padoTe lt3J!Oli9HH pac'<eTH Jlltiitl> .llllX noeB,l!OcRBJIJ<pHoll 
OMSit, KOr;IIQ r=ifs BJiarpeiiD8H~ BSaltiiO.It9liOTBWI (l.l).i!alm 
dHnlt npo.IteJiaHH QHBJIOI'IAIIHe pac'leTH .JI)lX ORBJIJ<PHOll r= I It BeltTOpHOll 
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f7= 1J;. cMsel!. OK831UIOC~, 'ITO xapaKTep IIOBe)lelmii aHepi'lm BaKYY-
Ma B !Ipe,lleJie 9 ~ o<> MH BCeX TpeX BllJJ;OB B9BIIMO):(Bl!CTBIIII COBIIQ)laeT, 
ilOJIY'IeH!IIiO pesy~TRTH lljJRBO)leHH B Ta6.J!Jme, 

RpoMe roro,paocMOTpeHa BMil1mTYAR 6oaoH-6osoHHOI'O Heyrrpyroro 2 npo11ecca 2~1\/ B CJIY'iae nponararopa \!JepMHoHa '!:'(•')= ~ 1!-Xff-:.J 
B npe,IteJie J -... c:>Q • 0RaS8JIOC:&, tiTO B BTOM rrpe;u;eJie "BWKJ?[BB.KlT"TOJibltO 
rpa!)jinm - )lepeau. 

2. OrmcaHIIB MOl!BJlll };;( 

MH 6yneM· paccMaTpl!BilTD MO)leJI~ lilltaBH };( , IDTopaa: Olii!cHBaeT 
nceB,liOCICIUill:pHOe B9BIIMO):(Ol!CTBHe \!JepMHOHHOI'O !IOIIR 'f{K) ,( C 6090HII!IM 
rrOJieM Cf(K) B c(- MepHOM rrpocrpaacrae-BpeMeRH /R Il7IoTHocn 
Jiarpamma.Ha Bsam.to;u;elcTmvr aarmmmaeTCH B mme 

(2. I) 

B pa6oTe 6y):(BT HCOJI8):(0BQT~OII s -MaTP1111!1, 3a!II!CaHHaR: B ljlopMe <li.YHKI1l!O
H8mHOI'O lUITBrpeJia B eBK1II'Il!OBOl! MeTpHKe, JlpoUO):(Yp8 rrepeXO,liB H3 
llpoCTpaHCTBQ MuRIDBCROI'O B ,IIPOCT!)aHCTBO Elm.m!na MJi \!JePMII-IIOJIO:Il IIOD
BflmBHO MHOI'O HCCJIO):(OBBHH:Il /IZ,I37, 

M!i He 6yneM OCTBRBBJIHB8.T~OII SJ[eC~ Ha STOll rrpo6JreMe, a cpasy 
sa:I!MeMM Olii!CaJIIIeM aamel! MO)leJIH B rrpocTpaaCTBB EBK1II'Il!a fRd , rrpH
'leM 6y)leM c'lHTaT~ d 'lBTHHM. EBK1II'Il!OBH {- MaTpl1!1!1 :a CIII!HOPH 'f , CJI onpe)leJIHM TBRHM o6pasoM, 'lT06H o6ecne'!HT~, ao-nepBHX, IDBa-
PHSHTHocTD T80p.HH OTBOCHTBHDHO SB~OBHX BpameHHI H, BO-BTOPHX, 
IIOJIHOe COBIIQ)leRH8 S -MBTpHJ1 B pli)ly TeoplU{ BOSII\YIIIeRHI! B !Ipe,1111arae
MOM H CTBR,liBPTHOM IIO~O):(SX, 

B eBK1II'Il!OBOM !R npocrpagcrae cY!llecraym d BHTH!(()myTHpyJOil!llX 
SPMIITOBHX MBTPH!1 df' (r=f, ... , cl) pasMepaOCTH c{><c( ( d 'lOT-
Roe): 

Ol"av+tvJ'r= 2Sr" (r~1, ... ,.<), 
+ Yr = il'r · 

(2.2) 

BBB):(OM TBKie MaTPHJ1Y 

,/(ri-!} 
(s=i z j;· ... '(.r (2.3) 

ORa o6JIBABeT CJie,1lYDitliMII cBO:IlCTBaMII: 



2 
lla!!pHMep, B npocTpaHCTBe /R B Ka;recTBe Jf..- It {s - MBTPitiT 

MOliii!O BH6paU 

J.=6J, az=q;' d:,-=io;~=6'z, 

"' r,lie s· -MBTPitiT!i lla;pm. B rrpocTpa!ICTBe fR 

~·"" (,.~.-~~) (i= 1,2,3)} t = ( t -~) ' 
(2.4) 

r.--.:_J1 rz r.1, = (;g). (2.5) 

llOJIH 'f II 'f B eBIUlll.llOBOII MeTpltKe J!BilllmCil H63BBitCJIMLlMII 

II BHTIIKOMM;YTI!JJYDT .JIPYI' C .JIPYI'OM. 
llJlll'lll!lllaH <f/y!IKUM I'pi!Ha ~pMi'!-IIOJIJI SBIIItCHBaeTCil KaK 

(/ 1 )d ~ -1-k(lfrKz) 
s(K,-K2J= J 12"; s r,·~ e 

(2.6) 

" 3,Iiec" K = {r. lf'r.. . 
npocTpaHCTBY /R«. 

llHTerpitpoBBHI!e B ( 2. 6) Be)leTCil ITO 6BI<Illi.Il;OBOMY 

llponaraTop (2.6) Y.IlOBJieTBopaeT yCJIOBIIIIM 

fs S(xJ JS. = S(-x). (2. 7) 

BBe~eM o6osHa~eHRe 

(2.8) 

By)leM IIpe.IliiCJIBrBTl> ( ~ Bcex PBCCMBTpi!BBeMHX CJ!Y"B9B STO BHIIonER
eTCH), liTO 

~ [~ ]2 S(iK)= 6'(i;y (2.9) 

Tor~a cnpaBe~ cooTHomeHHe 
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By,JJ;eM ,JJ;eJiee paccMaTPIIBaT" .llB!I Bll.1l!!. npcnaraTopcB WOPMIHIOJm, 
Bo-nepBIIX, npcnaraTOPH, arumc:Flll!lie oT K • B STOM CJlY'ia" dy;~~eM Hay-
qaT:& npcnaraTopH Bll,1la z. f-.1 

s {•'kJ = 11~'&: .(-~-~·~ 1(.) z.' 
r;~~e I- HeROToplill napaMeTp • .IW< sToro ;~~POnaraTopa 

(2.IO) 

{i(ll')= jS(i&:)j=_L( Mz )t· 
1'1 1'1.+k' 

YGnoBHe cxo~ocTII Bcex <Pe!HMaHoBcKBX liJI8rpaMM 

{T(o)= j({;/ {{(K~ < oo 
HelC1l!l;li!IBaeT orpaHII'Iel!IIe Ha napaMeTp t : 

ex'= 21 < 1 
(2.II) 

B GnY'Iae ! = j npcnaraTop 
I'piiHa CBOdOJU!OrQ ITOJm .l{Hpai<a: 

(2.I0) HanReTCH odH'!HoA ~~eA 

s {z'k.) = 1. -" 
/11-1 I( 

KpcMe npcnaraTopa (2.IO) dY;lleM paccMaTpiiBaTD ~~pcnamTOPH 

~ If" 'j ·" • K K S{•~<)=- .exo -1----
/'1 I f' /'1z. ' (2.I2) 

r,JJ;e f' 11 M - HeROToPHe napaMeTpH. 3Ta n~M ~K!<HH HBJiaOTCH 
nponarM'OpoM TB.K HQSHBaeMOI'O BHpTOHHOro llOJJJI /II/ H HOllOJlb3YeTC.fl B HeJio
Ra>Il.HOll INJ;lleJIII KBapKOB, Jlm< STOro nponaraTopa 

{f(K~ = I S('~)/ = /, ext{- ~:j . 
.IW< Teopllll c npcnaraTOpaMH (2.IO) 11 (2.I2) dy;~~eT ITGnY'IeHa oueHKa 
WWT.ROCTII 9H9PmH BaJ!YYM8 CllliSY, 

Bo-BTOPHX, dy;~~eM paccMaTpHBan Trume <PePMH-nOJm:, npcnaraTop KOTo-~ . z pax He Sa!ll!CIIT OT K , a 3aB!i!CIIT TOJll>KO OT I< • !JpcnaraTOPH B 
TSKBX Teopi'IRJC dy;~~eM odosHa'!aT" 'lepas G (1<'). HanPJ1Mep, 
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(2. !3) 

(2.!4) 

HBM He I!SBeoTBH peauHHe qJePMII-IIOJII{, 11M9DIIlle !Ip0118I'aTOpH Te.KOro Blt

.ll!i. 0.llH8KO )IIlli T90pd 0 llpoii8I'8TOpeMII (2.!3) It (2.!4) MO.m!O IIOJ!Y

'<I!TI> xopoUDte OII9lll<ll! )IIlli 9H9prllll BaieyyM8 OBep:xy It OHI!By. KaK 6Y.Jl9T 

IIOKaB!iHO IIJIZ9, B llp9.ll9JI9 _g.-, o<> Or(elll<ll! )IIlli 9H9prllll B!i11YYMB CHllsy 

)IIlli !IpOIIQrBTOpoB (2. IO) It (2. !2) It, OOOTB9TOTB9IIHO, )IIlli !Ip0118I'8TC>-' 

poB (2.!3) It (2.!4) OOBII8.llBlDT. IIOOKOJII>.!<Y OrteHKll O!Ipe~M 110Be.ll9-

Hit9M !Ip0118I'BTOpoB IIPit K~ "" • TO l\!OKIIO H8.ll8JITI>M, '!TO .Bepx!WI 

O!ISHKa )IIlli !Ip0118I'8Topa (2. IO) OOBII8.ll89T o Bepx!lelt o!leHl!Oit llll" !IpCl-' 

naraTopa (2.!3) It, aHBJIOI'It'IIIO, Bepx!WI orteHKa llll" !Ip0118I'aTopa (2.!2) 

OOBII8.ll89T 0 B&px!lelt OrteHROit )IIlli !IpO!IarBTOpa (2. !4). IIOBTOiij' ltsy

'19Hit9 l\l).ll9JI9it 0 TaKIII\II[ !Ip0118I'BTOpeMII llp9.llOTaB>IIi9T Oiipe.lleJiei!HHit M8T9-

MBTI!'I90Klllt I!HTepeo. 

Te!Iepl> pa001\I)TPI!M 60BOI!HOB IIOII9, ROTOpoe BXO.lli!T B J!arpaKlllt8H 

B88BI&).Jl9itCTBBII (2. !) • BoBOI!H09 IIOII9 O'<I!T89TM 06H'IHHM JIOl.!8JII>mDII 

IIOII9M. IlpollarBTOp 60SOHHOI'O IIOJII{ 

((_.t .(- -11((1,-lt',) 
})(K,-'Iz)=) (2T~ j){M'jf ) (2.!5) 

KaK It B CJIY'l89 qJePMHOHHOI'O I!OJII{ (2. 9), )IIlli OOSOHHOI'O !IOJII{ MO&RO BBeo

Tit \WHKIIBil 

(2.!6) 

3. !l!!pe.l!eJieHI!e 1!\yiD!a!!OHMh!IOI'O BHT9I'D!!Jl8 

MaT~ paoceJDmli, l1llm s -M!ITPI!rteo 88l!liOSIJ18I< OT 6090HBOI'O 

IIOJII{ Cfm {If} If qJePMI!OliHHX llan:ell f/lw,(Y), if;,..M, B8111!CYEB.eTM B ~p-
149 ifiYl!Klll?!OHBJII>Horo lll!TerpaJia. Me.llYIJIIliM o6paaoM: 
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s [ Cfu. ' <f';.. ' <f't.. 1 = 

=d js'fjJ'vfJt ~f{--Jffot~ll'l2. Cf(r,)75(r,-t.)fj(x,)- <3•1> 

-ff~r,rAYz cp~,J s-fr.-r,)'f'(r,)'tig p,t{ifM•ifu.t>V{s(<tPM.-. M){fu!t-'f'" c-v j . 
-1 -1;:, 

3;1190:& ~ .]) ('1) H S (IC} OHpe;IIEIJ1811H COOTHOill9IIIWIII 

fJ;r 1>(x1-~)lfh-rz) = cf(Y.,-X.), 

fd(f S(;·1-:J)S-1(J-Xz) = J'(Y,-)(2 ). (3.2) 

HOPMI!POBO'IH!IJI ROHCTaHTQ B (3, I) Bli61ijlaeTOJi TaKIIM 06pa80M, 'ITO 

s [ rv.. , !f~., , '~' ... ],I = 1 
1~=0 . 

~ICI:(HOHQJ1:&H09 HHTerpllpoBalllile npoBO,IlHTOJi ITO ~80HHOMy HOJllD (j>(/t) 
H H98aBHCI!MYM q,epMHOIIHHM HOMM 'f (/t) K <j/ (I<), ~HQJI&-
mdl HHT9rp!UI B (3.1) HOK!I He 0Hpe)I9J19H ... T9M!ITI!A90KH. 0npe)I9J1HM ero. 
C!!a'!IUia npoBe,lleM aeROTopae iPoPW>JI:&HHe npeo6pasoBa!IIJii. B (3.1) npoas
Be,lleM B!IMilHY nepeMeHHIIX: 

Cf(Y} = jct){1 Ll (Y-)(J Cf'
1
{YJ, 

<f!M = jctx' 6(x-x)if/(x'), 

lf' (x) = J d)(' Cf/1 [x ') o (x'-x), 

(3,3) 

r,Jte ~ LJ(J') K 6'{X) 0Hpe.II9J19HH pa89HCTBaMH (2.9) K 
(2.16) • B pesyJI:&TQT9 aTOll SBMeiiH S -W>T]>mlll. (3.1) IIOXeT 6HT:& 
Hpe,r(CTaBJ!eBa B BH.It9 

s [ <f;., ' 'f'.:.' o/t. 1 = 

= ~/Jcr/J<tjr'f &Xf{-ffoxy/{1)-jdY'I'~Jrf(tJx (3.4> 
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r.lle nOJUI 'fM 
0 IIOJV<MII tf (•), 

, YM 11 ¢c~J oBIIs811H oooTHomeJIIII!Mil (3.3) 

<.f' &-J II 'f (Jl) , no ROTOpHM npoBO,IJ;IITOR: IIHT9rpllpo-

BBlllle. 
qTOdH yOTpBHIIT:& pacXO,IliiiiOOTII, OBII88.HIIH9 C TpaHOJIIIIUlOHHOit BH

BapllaHTHOOT:&Jl TeOpllll, IIOM!IOTDM paOOMaTPI!Ba6!11YD OIIOT6!q B ROHS'<IIllll 

o6!>6M V • TW<llM odpasOM, BHTerPI!p¢B8.!1119o(no J( B (3.4) dy)leM 

IlpOBO,IJ;IIT:& no Orpaml'i9HHOit o6JiaOTH V C 1/( • 
By,ll9M Ilpa,llOMaraT:&, 'ITO B o6JraOTII . V CymeCTB;yeT OpTOHOpMH-

poBIIIIHiill 6as11c { ~- (~), 1'1 = €), 1,. . .], TaRO It, 'ITO 

fdit g .. Mg,~c~;= 3.,.,,, 
Voc 

E. 8 .. c~) ~,Jx') = S {y-x'). 
n=O 

(3.5) 

.Illrs ;y,ll06CTBa dy)leM C'IIITQT!> iPYJn<!4BH 8" (JC) B91116CTB9HHHMH. Jlpe,ll

noJiaraeM, 'ITO Jm6aa WHKIIHI' f {y) G Lz. (")) w:>lltEIT 6HTL paSJIOlltEIHa 

no sTorq 6as11oy: 

fC~)=~f"'~"(1), -f. ... -jaxg.,Mf(l'), 

£ /J.l= fh /f(~Jt < oO. 
"'-:.0 V 

JloCJie STIIX IlpalXBaPI!T9JILHHX 98M9'18.!1111t npHOT;y,llHM K Ollpa,ll9.1l9HHil 

WHKI1110Hwt:&Horo IIHT~a. CHa'laJia onpa,ll9.1lHM WHKI1l!OHaJII>HHII IIHTerpwt 

no 6ose-IIOJIBl ( oM. ) • B WHKI1110Hwt:&HOM BHTerpwre ( 3. 4) nMODIIII 

""' 
(jl6)= L f .. Mu., 

n-=.o (3.6) 

Tor.lla 
"""' ¢M=L Ll.,(1JU.,_, 

n=-0 (3.7) 
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r.~te 

.Lln M = !(/)( 1 Ll {lf-lfj j" (KJ, 

v 
He<rPY.ItRO npo:seprr!o, no 

""' t;... E LlnMiJ"(1')=/tf;L1(Y-:J)LJ{r:xJ= D(Y-xJ . 
. V-J>"" "~• . · (3.8) 

tV 

, ¢,_r,)=L JJ"r,;u .. 
·n=-0 

(3.9) 
x onpe,lt9JIBM Mepy 

(3.IO) 

Q6p8TBMOII <renep!o R \flelM!OHIIHM nepeMeHJIHM. ~RI:lHOIIBJU,HOe HH
'rOl'pllpOI!SIIII9 :B . ( 3, 4) no .\flePMJI-nOJVIM ·~'OM paOOMB'rpx:B8'r!o H8 H9HR8 . 
HH'r8l'p81IO:B no rpaoCMBHo:soll 8JII'86pe I . Onpe,~teJIBM nepeMeii!IHe 
(av , a,) R8R 06Jl89YIIIll!e rpaCOMI!IIO:SOJI aJII'86pH. 3,lt9C!o HH,It9RO 
)/ = (n, o<) , r,~te o( = I, ••• : d ,. cnHHop!!Hll HH,IteRo. 06pa-

ayDill!e (a.,, av) Y.ltOI!JIO'r:BOpl!m COO'rHOmellllliM 

(3.II) 

ll:se,1t9M 011MB011H (cia.,, !Iii;), lly,ltOM C'll!TB'r!o, 'i'l'O OHH 'rru<I!O Hll
JI'JDJTOII ·9JI8MeH'riiMII! I'pBOOMI!IIO:SOJI aJII'8dpH, 'r. 8. ;rnoBJie'r:SOJl!Dl'l' COOTHQ
mel!llliM (3.II). KpoMe TOro, OHH BH'rHROMMY'rl!PYlJT CO :BCOMII 9JI9MeH'riiMII! 
aJII'86pH (a.,, a.,). O,!tHORpe'rHHe HH'r8I'p8JIH no rpaocMBHO:SOll BJire6pe 

fcia.., = pa., = 0, 

}Ia., a.,,= -jcla., q.,, = · Jv"' = J,", cJ: ... , 
KpaTHHO HH'r8I'p8JIH IIOHJIMalD'rOII R8R no:soropHHe. 
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ITOJIOlDIM " {3.4), ocyoBSH )I>Ilt npocTow cmmopllile HH.lteKCH, 

""' oO 

lf'M=?;; g .. c~Jav , Cf'M="fo a" jJ7
). 

Tol';l(8 corJiaOHO {3.3) UOJIY'DIM 
o<> C>'O 

1f{tJ=E 6~C1>a., , YM-L. a" 6.,(~), 

6;, (~) = fri){ 1 6' (X-X? ffn {X') , 

v 

6.,('f) = /Jx' ff,(x')6{K 1-X}. 
v 

Cnpmle,wm:BH OOOTHOBie!Dm 

-t;,., L: 6, (x) 0., (xJ = S (r- ){'), 
v_,.oQ "":.o 

""' tv.... L o,{x)6.(xJ= fi(y-xJ. 
v_, oQ "'=-o 

fo/ 

1f/;(!.)= L ~6)a., 
n=o 

H onpe~e~ rpacoM&HoBy MBPY 

N d - Cln« a,« 
= ,ll ![ c1 ct .... d a;,., e , 

TB..K 11'1'0 

{3.!3) 

{3.!4) 

(3. !5) 

(3.!6) 

(3.I7) 

Tenep~ MH B OOCTORHHH onpe~~D ~OH&nDHHft BRTerpan B (3.4). 

ITo onpe.n:eJieHBJ), 6y.neM. C'q]ftaT:&t 'ql!IO 

II 



Sv[ 'f-.., <f..,' <ft..]= 

J:;f~ j'6~ &~f/J j{fJJ·<A~/s(t6J+~{ft~J~r~~}. 
V (3.I8) 

TaKHM odpasoM, WHKq~~OH8Jildllill m<TerpBJI B KOHe'D!oM o6,.eMe nOHI!M8BTCJ< 
KaK npe.ItBJI MBOroxparHoro mtrerPBJia. lis (3. IS) BH.lti!O, '<To npl'l W<Jp-
MaJ!I>HOM nepeXO.ltB ~~~~ 0'0 , v~ C>CJ nOJIY'<BHHOB BHpalleHI'!B nOJIHOCTl>lD 
cOBnB.ltBBT o (3.4). B .lt8JIJ>HellmeM IIJIH npocTOTH 6y.IteM onycRan SH!Ut npe
.~tem.Horo nepexo.ItB no IV . 

PHJI T90pl'll'l B0""'YlYt9lll'lll IIJIH MliTPI'l'D!HX 9JIBM9HTOB s -MliTPIIIIH, 
nOJIY'<eHHHft I'IS (3.I8),nOJIHOOTl>lD COBnB.ltOOT C 06H'<HHM ~OM T90Pi'll'l BOS
MYJI(9lll'll!, nocKOJU.K.)' 

g.., rdo'f ¢(•) 'Prr/== t.., L 4.'(r)iJ., (r')=]) {Y-KJ, v ... oo ;~ v .... .,., " 

tt., }6f. ?.f{r)1l(t)= f;.., [ 0., {r)O, (~') == S {x-x'). 
v~oo ' v~O'Q .., . 

4. !l7rOTHOCTJ> 9HBprHI'l B!!ll'QM!I 

B .ltaHHOft pa6ore Hac 6Y.!t9T HHTepecoBBTJ> rJIBBHHM o6pasoM ITJIOTHOOTJ> 
aHeprHI'! BBKYYMB· 0Ha onpe.IteJ~Keraa ooorHomeHI'!eM 

E(j)=- /!;: / ~ (ofSv(3)fo)> <4.r> 

r.Ite 

<'o/ Sv{3)/ 0 ) 

HBJIIIOTOH Cpe.ltHI'IM no BaKYYMY OT MliTPIIIIH paccemm>l. CorJISCHO onpa.It9JI9llllllM 
npe.ltH.ltYJ!Iero pas;~~BJia < Oj SvC3) I o) MCJIHO Sani'!CSTL B Wc>PMB WHKqi!OH8.JII>-
HOI'O I'!HT9I'p8JIS: 
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Hama all,IIBqa cocToliT :a TOM, qro611 KcCJie;~~o:aan ~ E (~) 
:a ( 4. n ,ll11lt nce:a;IIOCKa11lipHOI'O :aaaKMO;n:eliCTllllll (2. I) :BHe pll>O)K Teopmr 

:B0811\Yl110HIII!. 

BllpazeHKe (4.2) nepenmneM :a y;1106HHX ,11111t ;llllll:lollellmero o6osHaqellllfiX: 

<oiSv(a))o)= [d6., fr,;( f-s-a -01f{- (a c..)+~"! (aHa)}, - .,( 

8 a d'o: = JI lL d a""· d cth.,. , 
(4.3) 

(~o.J=E(a"" a".), (C( Ha) = EE (4 •• H...~~,,a"-.,). 
M,ol. hol t~~f.t' 1 

MaTpJIIIQ H pmlHa 

H = )d..,d5(~J'f5 6(tJ¢{Y:}, 
(4.4) 

v 
a ee !llaTpKqHIIO OJIOMeHTII IDIOJDT CJie.eyDillllll: Bll,ll;: 

(4.5) 

v 
Ilpol'ISB8;118M B l'll!TOI'plllle ( 4.3) TOJE.llOOT.Jl811!1118 npeo6pa30BaHKH, CMIICJI 

KOTOpiiX 6y)IOT l!COH KO )llllll>Hellmero ( OM. /I4/): 

<ol Sv(~)\o)= 
= fd6v f1 a po: exr[-(a{1-tr)ct) .,.(a raJ+iJ (aHa) j, <4.6) 

r;~~e 1- - ;llltai'OHIIIll>HaR: !llaTPBI1B C !llaTPl'I'IHIIMII 3JIOM8HTaMlll 

(1)n.t, h 1,J 1 = r.. J'..., ro(at' . (4. 7) 

'li!CJia rn IIOJ!Oli£JIIT8JibHII lll Y:IIOBJieT:BOp!Wl' YCJIOBli!J) 

""" . 

~ rn < C>C. (4.8) 

IlpoHs:ae;~~eM :a (4.6) saMeHy nepeMeHHIIX li!HTerPJilpoBaHKH Cllld.-->.~ , 
r1"''f• 

(ojS.,~)Io>==JI~+<r./f6yf~"r£1~(a ~a)+iJ(aH,a)j. <4•9J 
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3.lleo:r, ., 

H~= VIT1~ H ~ = fdr sr C9J"s- ¢(1J69M) 

6:. {x) - t/ 6N 
9 1+'j ' 

(4.IO) 

T.e. 

(H) ,,=fd/~M vs¢6). 6n'f¥J) 
' 'I nJ,hOI Pt-+r- Q' V1+ 7•' •""' .v . . ' 

~~oHanDHHA BHTerpan no ~paccMBHoBHM rrepeMeHHHM ~erKo 6epeTCH, 
H Mil ITOJIY'IaeM . 

<oiSJj)/o)= IT{H"/jaocp dd(I-~-ij Ht), . 
~ ~- (4.ill 

rli,e J; = I+'\- - ~Hant.Hlll! MaTpHITa. 
3alf.aqa COCTOHT B TOM, qTo6H oneHHTh l!.9T9PMHR8HT B (4.II). CHe

IJY9T oTMeTHT!!..t ~o MaTpl!IIQ H'f, HeapMHToBa ll7lli Teoj)HI!, y KOTOPID< 
nponaraTop S(i~) aaBHcHT oT ~=Yrl<r · (eM. (2.IO) :a (2.I2)). )l;m 
Tamtx T90pJdl 6yli,9T ITOJIY'I8HQ TMhKO OneHRS CHI!SY ll7lli MOTHOCTII 8H9p
ri!H mueyyMa. )l;m Teopllll, y KOTOPHX nponaraTop ~PMH-rrOJll{ 8aBHCHT 
TMhKO OT I(~ ·(aM. (2.I3) H (2.I4)), MaTPHITa Hf, apMHToBa. B aToM 
OJIY'Iae MOll!IO ITOJIY'Il!Th ll7lli MOTHOOTH 8H9pri!H llSleyyMa ( 4. I) On9HKH 
CB9JJXY I! CHI!Sy. 

5. HeppeHCTBS .TUpi JieTepMltHaHT~B H gag oiieHoK 

~OM I!OITMhSOBSTh CH9~9 H9paB9HCTBQ AXff l!.8T8pMHB8HTOB,RO
TOpH9 nos~ HaM rrOJIY'Il!Th oneHKH CBepxy :a cHHsy li1IR MOTHOCTH 
9H9Pri!H mueyyMa. + 

HeJ>aBeHCTBO IV . IlyCTh A = B + i C - H9KOT0))811 KB8,IJ,paTII!III . ~ + 
KOMM9ROH8R MaTPHITa, B = st- • c = c . Torlf.Q cnpaBeAXff90 cne-
~·· HepaBeHOTBO: 

/M(ITA)I ( €xp{i S'p{A-+A+)+ 1 Sp AA"~"}= 

= exr{ Sp B + d Sp(B
2
* ct)}. (5.I) 

l!oRasaTMhCTBO. liycT~ {Ill}. - xapaRTep:aCT:aqecKHe q:acna HeOTpHITaTMh
HO Onpel!.MSHHOI MaTPI!nH {I-+A){J.t.A)+. Torlf.Q 



I f 

[U(hA)\= [olei(hA){I-tAtr = [ v /\jr · 
'U-f 

u<e 
' 

CfiPI!J!e;II>D!BOI'O .llliii BoeX 1A :? 0 , IIM99M 

fol.d(I -tA)I { 1J e-h1·-tJ = e~r{ ~ ~ (1.-0l= 
I J ) 

= ~xr{i sr[a -tA){J-tA}t_ I]j =ext (-I: Sf{A~A}+iS, AA}. 

H&paB!lBCTBO N- . IlyCTI> J - ]lll9I'OB8Jil>R!IIl IIOIIomrreJIDRO on-

pe;II9JieRR81l MB'l'PJIIl9, Bee oodcneRHHe silaqeRIIJI { Jj· J .KOTOpol nOJio-
mrr~BH lil OTporo Mem.me e,ltHHl'IIU:l: 

0 < Jj· .{ To < 1 ' ( Fj) . 
IlyCTI>,;II9JI9e, MaTpzqa C B.PMJITOBa. Tor)l!l onpaB&;II>D!BO HepaBeRCTBO 

(5.2) 

3.JieCI> 

B=J(J-2)+i[J,C]-+C
2

, (5.3) 

'Z(.J.)=[i-~-J;t] { & (1-~)2 -[1-(1-Jol]}. (5.4) 

llpl! :r. ~ 1 

(5.5) 

J!ol!a9aTOJILc'rBo. !lyon {). d - xapHRT&PI!cTaqeORI!e qaCJia MaTpl!nH 

A = I-J.,. i C , a [ 1\j l - xapHRTepaCTfleoKI!e qaCJia HOOT-
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Pll!lBTeJ!DH~ o;?l'e;lleJJ:OHHol! MaT~ 
CorJiaCHo IS I!M!IeM . 

ll 

11,..,·., = ~.:., i\J' = ""'" (2, A AtE). · 
cYIII"O'fBYOT T~ ymiTa~il,:;.;~ v { vv-t= 1) . '!To 

v-r AU= T, 
r;lle T -· BePxmm Tpeyro,n~~ali MaTJllllla: 

T= 0-rr, 

::6 = ( >-1 •• 0 ) ?: = ·(
0 

.. tij)' . 0 . • 0 . 
~~ 0 

rroc=I<Y c~, ?)= {(/i?, oZ' )=t, IIMSOM 
' ·. + . t ' 
11..,,., = Mll'\ c~, AA i!J = ""'" (i!, TT 2 J =-

c•,?)~l (i!,?J= 1 

(5.6) 

= mNn (~, [0:1J+ -t 'Lr-t]r )= "'~ {Z /~it/~.J~ J/'l"Z/1 J 4-(;,:e)~t (l.ZH j {5. 7) 

? I }...,,J.) IRe >. ... .-J;;? (1-J;,) 
2

. 
BoCIIOJil,l!yeMCJI ,llBJIOe HepaBeHOTBOM 

(5.8) 

r;lle · 

Z = (1-2Uol [tn:. - (1-u.)}, 

KOTopoe cnpaBe,II1D'IBO lJ;lUI Bcex 1<4- Uo (o<tt.<O, C yqeToM HepaBeHCTB 
(5, 7) B (5,8) IIOJIY"BM y. Yl 
. ltidAI=[UA-A+J z= [Vt1j] 

2

~ 

> vexp{1(11J-t)- rz£J.){Artf}= <5•9> 
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I',ll6 '7_ {To) ,ll66TOII ())oplo\VJIOJ! (5.4). IIO,llC'r!lliJiltJt D (5,9) IDll!lll Dll,ll 
MaTpl!IIH A =J-J-rtC, nonyqaeM HapaDeHOTDO (5.2). 

B 'laCTHOCTII, ,II1II< apiii!TODOJ! MaTPIII<H C 111169M (8=0,J"=0) , 
IIOITOJII>SY" HepaDeHC'rBa ;V + II AI- , 

exp{ 1 Sp C 2
-: s1 c"J~ jU{I-.iC)/ ~ -exr[1 Sp cj. 

(5.IO) 
C no~ nonyqeHHHX HepaBBHCTB Ha npooTelmeM np11116pe noKa-

llteM II.lleJl H811111X li!IJ!l>HOllmHx OneHOK CBepxy II CHIISY ,II1II< nJIOTHOOTII 8H9pi'I!I!! 
BaleyyM!l.. 

PaCCMOTj)IIM O,llHOmpHHII IIHTOrpaJI 

(5.II) 

z:; - MaTpllllQ llayJIII, 

oLe:t{I-igr;rJ= 1-tl'r2. 
e>'O I 'f~ 2 

s{aJ _[;i~ e-}: (tv~-r)= f-tJ . 
(5. I2) 

AH8Jior nJIOTHoCTII sHepi'I!I!! BaleyyMll. ( 4. I) eon 

Tenep:E. sai!MeMOII oneliKIIMII HHTerpaJia (5.II). llcnOJII>syeM T~OTDO 

dd(I -13 r:,r)= {t-tr/ ofd{I-Jt-zj ~~;), <s.r4> 

r,lle .;, = 1~ I II r > 0 . IIO,llC'r8.l!Jilm (5.I4) B (5.II), nonyqxy 

2f ( J. . .:It!LJ S(J)={f-t:t) dO, old I-1-2J 1-t-~j- . (5.I5) 

CHS'i6Jia nonyqHM oneHKY omt3y ,II1II< E (!} . BoonOJII>syeMOII HepaDeHOT-
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E{j)=-&1[1-~-3/+V(f-r3J)2-tl] + 

+ 1 ~ 1[t-Jl+((t+3g'/-tj'}-
t-3 3< -/(t+3g'l-K 

2
- 1+3a 2+kf-t3t/-f8

2 
• 

IIpJI! 3 ~ ""' ll01JY'D!M 

E-{j) = :- th/ 2 :-(!+,3f3-t)+ Of;~). 

(5.I6) 

(5.I8) 

TaKIIM o6pasoM, rJI!IBHHII aCliMIITOTR'!ecl!ltll ueH :s (5.I8) coBn~UaeT c To<r-
HIIM no:se)leimeM E {!J :s (5. I3). · 

Sal!MeMCli TenepJ> OJ<eHKOll c:sepxy 11'!11 E {J) . B .It!IHHOM cnyqae 

dd(I-Jfig J:~)= /ol£t(r-J1-l·a1~~;)/. (5.I9l 
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llcnOJII>BYJI H9PaBeHCTBO AI.- , liiMI!eM 

3)l9CI> 

l-=.Ji = t~ , a 'Z (J;,) ,lllleTCit (popM,yJioR (5.4). PacCMOTpllll 

acBM!ITMJDI1 S(3) npl! ! ~ ooa • B aTOM C1IY'Uie 'i-+ ao 11, 

0JI91{0BaTeJ1I>HO, ;r,-+ f . liMe eM , 

dd {r-;,-~~ ~)4 ~f{-t+ fl~~- ft'/~rj.(5.zr> 
IIOI{CT8Milli H9P8B9HO'l'BO (5.2!) B (5.Il), C yqeTOM (5.!4) IIOJIY'II!M 

""" I t 

S{JJ~jlfe-Ert etf / fir(r)j, (5.22> 

2 '-<£2. ( 2 72 2 

Hlf)= ~1-f-t fz- t- f t.r . 
HeTpy,ll;llo Bl!){eT:&, 'ITO MB.K<JI!MYII i!>YH~ H ~ ( Cf) He HSXO;Illl'l'Cit B Toq-

Ke ~ = 0 . II09TOM1 BOOIIOJII>3yeMCit OJle,li)'DIIIIM IIPI!8MOM. 3eiii!CliB8!1 Me-

py J 15" 'f B JiBHOM Bl!){8 , C){B1llleM I!HT9rpeJI 110 <f H8 IIpo1!8BOJII>H08 

'II!Cl!O 4> : 

sea):;:. P6r.exr{-r¢--1f2+Hr(r*¢)}. (5.23) 

• 
IIPHMeHI!M K IIOJIY'I8HHOMY I!HT9rpeJIY H9p8BeHCTBO 

j d6'f eypj W{cp) 14- Mef{ po., W(q)}, (5.24l 

BepH08 ,11M BC8X B811l8CTB8lll!llX i!JYH~OHSJlOB W . iiMeeM . 
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IlO;ItOTSl!JIAA B (5,25) ltBIIOB Blipa&eHJiiB )I1VI . II; 1 ITOJ!y'laeM · 

E(!) ~ Et(j), 

Et(j)= f~ 7' { ~ <[/-- tn1l.rt-j:"(1-f¢~+ 
+ [t-z.f{t+<P 2

) + ::{3+6"¢2+¢~<)]t.,q,2}. 
MltlDno\YM no o/ JierKO Bll'DICJIJ{BTCii! 

E+(J) = ;/; f (t.~-t.-.l)(t-ltJ -r6).)+ 

(5.26) 

1· 3 (f->-i' }. + 2.).- 2.~ +2). + f'.>.•(~t3·-~~) . , .. (5.27} 

r~te BBe;ltBHa HOBW< nepelollHHW< .A= ~ ·. ·Mitlllno\YM ·nOJIY'ieHH6ro l!lipWKe-
1111!1 OCYJIIBOTBMeTCR: npa . . 't' 

(5.28) 

(5.29) 

IlOJiy'<BHHHB pesy~TaTH ITO.Kilalll!allT, '<TO JIOIIOJil>SyeMHJI HIIMll MBTO;It 
OllBHOR ;lt0110JIL!i0 TO'IBH, IIOO!tOJILey B aCIIMIITOTI!Re ~~ 00 IIID!IIlil{ (5.18) 
Jl Bepx!llll< ( 5, 29) OttBHJ<I[ COBIIa.IlSilT C JICTIIli!IHM IIOBe;ltBHliiBM iPYHJallm 
B (5.13). 

s. OneHJ<a cHJilsY E-(a) 
l!CI!Ol!!.Sy>I MBTO;It OllBHOR, JISJlOEBHHHil B npe~BM pe8)leJIB, ITOJiy'<HM 

OllBHRY cmt3y . .J11VI Ba!':YYMHOro ""'W'!JW< S -MaTPIIllH ( 4, II) • IlPIIMB
HeHlile HepeseHC'l'BS N+ npJI OtteRJ<e ;~teTe.PMHHwrra B ( 4.II) 'ltBBT 

jM (I -.J'\ -+iJ H'!,) I ~ 
~ expf sr(-J~ .. fJ,t)+ ~~sr(H,-~Xt -Jj)+ ts,H,~r·1> 

~M COrJIBCHO (4. 10) 
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• 

Sp (fly -H/)(f-Jj )= 01 . 

Sp H1 H/ jftr,dr,_ Sffe1(~,J(o¢6,J6i(r,Jf{Mfs 9(hJ6/r·§= 
v 

= jpr,dYz ¢(!,) Tf1' (t,x,_) ¢ (rz) 1 

v 
z 

1J16~>x•)== d ~ (!t1tJ 

I!Me8M 

(oj 5_; (~)jo) ~ ~ /J6r &>:f{ {[{h/r2 ¢~.)~ (r,1x.J¢(r,) }'<s.z) 
v 

r)le /11. =e,tr{o< £[&(1-rt~.)- _t_.,_ + j_/~)zn 
1 I "..o Y 1-tCfn 2 ( t+'f• J f' 

~l<l1IIOHBJI»HHl! II!!Terpas no 6oaoHHOMY nOJIKl J<BJIJieTCll rayccoBHM 
It TO'IIIO BwmCMeTCll. BocnOJI»SOBallliiiiC» (3. 9) It (3.10), ltM88M 

" 
<'oiSvC1)1°)/ ~ [v&t(t~-t~ .. ,)f2

, (6.3) 

r)le 

~"' = fft!¥1,. 1 LJ.,M Tf1 {x,x')Llh,(,.') . 
v 

Ilpl![ nepexol!e R npeJI&JJY V-'> oc B \l>O.PMYJie ( 4.}i ,ll1lll sHepi'IIIl 
BaieyyMa diy;tt8M it'onOJIDSOBST!I OOOTHODI8HHJI, no.n:yq:e.HHHe B 4/. lfMeHHO, 

'Dtwta tj,n. mryT 6an BOOpaHH TaRIIM o6pasOM, 'i'l'O 

&;.., .i..f /{1n}= (f{';:)d f(1{1l'Jl, 
V-o"" If ,_o ) l; j f I ') (6.4) 

tw, f:. 6,(•)6;,(.-') = f(JI()« cc~·J. -lit(Y-r) 

v .... o() .,._a ( 1~fi.n)A 2tr {f+r{•'J)"' e ) 
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r.~te {(v)-orpamr<e!IHIJH. ~. TaKM, no f(w;.:oO(uj nPB -u ... o . 
liC!IOJII>ayll 8TH COOTHOJDeJIHH, a TB!Q!e (3.8) II (3.15), nOJ!Y'D!K 

!:; : &~=~j(t;Jitn{f+f~~-1::~0+ 1(t!;1.,)J, 
I 

~ / t,,Jt~ct(L~,- qlJ?..,)l- 2 = v..,.,.. y 'L . . 11 j (6.5) 

=- f/~-'1)« tn(1- ~!!; ~~)' 

2 
IIWJY'I8HH09 H&pa!leHCTliO cnpase~ Mil Jlll6HX 3 . Hac 6Y.II9T I!HTe
peooBa<rl> noBe,ll911118 E-(3) fiPB (}.., o<> • MaltCIIMitSaiiiiR ~oi!Wia 
(6.8) llpHIIO,IIHT R CJIODOJI,f IIHT9rpalll>l!OM,)' ypaBHeiiiiiJ. Mu He 6Y.II9M pe- . 
man sro ypaBHellll8, a nocTYnHM CJI&.IIYDJIIIM o6pasoM. BH6epeM 4\YIUCIIim if (L 2) B \IX>PMe 

(6.9) 
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O'leBll.ltHO , B cBJC;f yCJioBWI ( 6. 7) , iWJna:lWI / fJ!: oO np11 /1 ~ 00 • 

Jlporpe>NS. BH<mCJielllll! COCTOilT B CJ18;D;yX1118M. llO)ICTSBilT:& (6.9) B 

( 6. 8) II Bll<mCJIIlT:& SCIIMIITOTHI<y BCTP8'<8DIIIIXCli IIIIT8rpaliOB llj)ll I~ -
Jl7lli KOHKpeTHOI'O B1tM nponai'STOpoB. 3aTeM Ha06XO,lliiMO HaliTII TO'II<y MBR-

CIIro\VMS no f.. !lOIJY'leHHoro Blij)!lliOOHWi ll TeM c!IMYM onpe,lleJIIIT:& 

SCIIMIITOTHI<y 'E T;J llj)ll g: ~ """ . 
PaccMOTpllM CHa'lllJUl npoMTop (2. IO) , Jlllli KOToporo 

(6.!0) 

TOI'JlQ 

IlO)ICTaJWIII ~KllD> 'I (({Z) B (6.8), llOCJie HeKOTopHX BH<mCJielllll!, 

KOTOpJlB MH 8,1180:& OfiYOKaeM, llOJIY'D(M Jl7lli IIIITerpanoB, BXO)Iflliii!X B (6.8), 

llPII f-'> oo CJiei(ympre BllpaEeHWI: 

«ft~[e..u+~J-~!~ +l:(i+~rJ=H'CJJ C, ([1+0(71)). 
f 
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~II.KUII>I Rd p&) MOHOTOHRO ;%!lllaeT " ITjll! fz. ~ <><:> : 

Rdr"J = o ( ;zi). 
lli.reeM .JlQJISS 

r.11e 

rl-'t (tll 
?, = d M ~~· J R,{o). 

l'CJIOBHS CXO.IIHMOCTH (6, 7) : 

0~5~1. 
Y'IIITJm81l nOJIY'Iei!IIHe oneHKII, BH.I~HM. uo MllltCJIMYM \I!Ymtnl<o
HaJl& (6,8) C \PYJtK!tl!8ll tt ITO (6,9) OC)'DleCTBMSTCJI ITjlJ! 

OTI<Yil& 

(6.II) 

(6.I2) 



rli,e 

PaccMOTJliiM Terrep" TeOpi!Bl, B KOTOpoll rrponaraTopdM ~PMH-IIOJ!l! 
!llll!JI8TCSI \WHK!III>! (2:I2). B &TOM CJIY'I86 liii98M 

K' 
Cj(k)= ;r~~; e-"jji. · · 

(/• (6.!3) 
Iloli.CTamtM <)iyHKI1iGI (6. !3) B (6.8). B rrpeli,llJie /~ <><> IIOJIY'IHM lWI. 
lii!TerpaJioB, .B!Coli,lllllHX B (6.8), CJ!eli.)'lOOllle ~: 

" . . 

d[{z";f{!n~+tJ-4 +J{;~)J= !1~4r)i~f;.:) [t+O(~~}j' 
• J \I ., > 

"iT t/CZ (t.tP: R / I K2) 
u,(K~= '1'1 7 z£ e..{ 1'1' , 

{f_{K'}= ff*fe(f-f')e~-(fHKJ}) ~(o)= 2f". 
~ R2 ( u) MOHOToHHo y6HBS.eT H rrpH 1{ 4> ~ 
Be IIIIo paBHa BYJDJ. liMe eM li.Wiee 

r;(" )" /}[ L r-- · ,7 
-) ( 2; tm f- m'+K' 171 {KYJ r;:, 

a' 

- mdj(1i)f-&(t- K~,)-l, s~:o•}-r 
«t « s 

+ 11'!; Js(~tr:-S(;7!6':/[!.· ~ti] 1-

-r 11" ~k)' ? f tntrt ' 
25 



r,11e 

Y CJIOJ3llle CXO,IlliiMOCTR ( 6. 7) 

0~?~1. 
W II B !Ip~llll Clly'l!ie, IIIO.&HO yde,IIIIT:bCJi, 'ITO MaltCIIIIY" 
\liYBKIIIIOII8JUl (6.ll) OcyJII&CTBJ!H6TCJi IIpll '7 0 41 

(6.14) 

-t 
7. OueHm cBeoxv E {.9) 

QueHll.\' CBePJ<Y ,1WI IIJIOTHOCTII aHepi'I!H BaeyyMa Mil CMO&E!M fiOJIY'D!Tl; 
TOJ!l>I<O ,1W1 TOO~, r,~~e nponaraTop i!JePMJIOHHOro ncwr SaBIIOIIT OT K 2

, 
T. e. BMeeT :s:B,ll (?' ( 1(2.) • .IleJro B TOM, 'ITO HaM H8,ll;O OneHJITJ; ,liOTep
MIIIIQIIT B \!>OPMYJIO ( 4. II) OHIISY. TOJIJ;KO IIpll :BHIIOJIHeHBil C\!>O]»fj'mlppBSH
Horo YOJ!Ol!lm ,li9T6PJGlliiiH'r OKaSHBaeTOS: CTporo fiOJIOZIITeJir.HHM. )lei!OTBII
TeJIJ;HO, B &TOM OJIY'<Qe llf8.TPJine B (4.Il) BPMJ!TOBa: 

+ H, = H1 , 

L Ks =2n-d 
s ' 
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K, -r ••. + K. 6wta He'leTIIllll '111!CJIOM, iiMeeM ;~~aJiee 

rY(I-Ji-zjH~)=ext(f~ sr(J~-~JH~r= 

= ~f{ J.t.~ 5f{(Jf-iJ H~f+(Ji +iJ Ht))j= 
~ 

= {d.d{I-J1-tcJH'f,)(I-J1-1·3H,)} > 0. 

Ta!GIM o6paaoM, ;~~eTepMiiHSHT OR83ImaeTOH IIO>IOl<I!TeJThHHM. 

,ll1tR: O!IBHKII 0!11193" oocnO>I:oayeMC>I aepaBeHOTl!OM IV- : 

r;~~e MBTpi!IIB B'f, onpe;~~9Jil!eTOH corJiacao (5,3): 

(?.I) 

(?.2) 

iPy!ll\l4llli 'Z (:Jo) Ollpe;ll9JI9HQ B (5,4), a 'IIICJIO J;, · iillJili9TOH MBRCII

MaJIJ>JmM 'IJI9HOM ;llllaroHaJIJ>Holl. MBTPHIIH :Jij. , Ta.K R8Jt @'Hltl4111i 9 (•') 
BHdllpaeTOH oorJiaCHo (6.9), a nponaraTop q>epMlii-IIOJiil G{K') iiBJiileT

Cil MOHOTOHHO y6HB811llell iWJI~II, TO 

J =max ___i.!!_=-may f=(it~ = 1fo) = _j_ 
0 n 1-+-f· ll' f+rft') 1-+'/(o) 1+/ . (?.3) 

lioc.KOJI:&JtY Hac ZHTepecyeT npe.lleJI 60JI:bllmX KOHOT8HT CBfl8ll !! -;)> oO t TO 

1 ... oC> • II pH I~ 0'0 WVI i!>YRI<I1IIll ~ (:;;,) B (?. I) IIO>IY

'IIIM COrJiaCHO ~PMYJIHM (5,4) II (7 .3) 

'Z='Z(Jo)= lt~f. (?.4) 

Ilo;n:cTallJillii. (? .2) B· ( 7. I) , I!MeeM 

cl.d{I-J,-•".fH~)¢ ext( w;_r<PlJ (?.5) 
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r.11e 

w; r <r>J =-sr{i (21-~2)+: (z;,-:1/lj -r 
+ lSf { H; + i {2Jy-J,/H/+ i{(JiH,f-J/H,z}j-

z ¥s u'l (7.6) -7( J f nf · 
IIO.IIC'Nil!IIB IIOJIY'IeHHoe HepaJ!eHCTBO B ( 4. II) , IIMBSM 

Jla>r1>11ellmldl mar COCTOIIlT B Cll!e.JIYD!leM. 00HOBHOI! IIBJIS,II B IIHT8X'pSJI 
(7.7) .118CT o6Jraon IIHTSrpi!POBalll!ll no <;; , r,11e \llYlOOII!oHSJI U!fUJ 
nplllmiiH8r MaROJIM&1[1>l!Oe aaB'Ie!lllle. O'leBI!JlHO (OM. (7.6)), «To aTJI 
aaa'<elll!!li Cf oTJIIAHII or eyJVI. O,IIHaKO Hai!TJI ljJymcmn:l ¢,.. .. , (•), aa 
.KOTOpol! Ooylii8CTBJl'JI8TOH Ma!!<llDCYM \llYlOOII!oHSJia ~ { ¢] , npa&TJAeo-
ICIII HSB03Mll£Ho. IIoaTOIIIY noo'cylmM Cll!B.JIYD!lltM o6paaoM. Y'li!TliB!lH orrpe
,ltE!JI81111l8 ll!lp!l c/0, (3.I0) B IIHT8I'PSJI8 (7.7), npoK9B8.JIBM O,liBJiii' no 
nepeMSHHol! I!HTerpKpoBalll!!li Zlo : 

'Zio -? 'Zfc -t /V 1>1 ¢,» 
r.119 ¢. - H9.KOTOP811 npoK8BOJIDH811 noCTORHRM paaM8pHoCTK nOJVI cf. 
B 4iYHKIIIIOHSJI8 Ulf [ ¢1 WHKlliiii ¢ M ' .KOTOP811 O!Ip9,118J19Ha 
corJiaOHO (3. 9), IIBMSHIIlTOH Cll!9.JIYXIIII!IM odpeSoM: 

noo.KOJil'>I<y j•(¥) = ~ . TaJmM o6paaoM, I!HT9I'PSJI ( 7. 7) samnneM B ~e 

(7.8) 

BoonOJIDSOll8Bllllii0D HepSBeHOTBOM ( 5. 24), ttOJIY'Ili!M 
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Bwmcmm ID!TerpllJI no o(Or , . ~ .WIOTHOCTH aHepi'I!H BaieyyMa no
JIYWM oneHey cBepxy: 

... + 
, E(g){ E (J). · 

3.Jxec:o · 

E+(!)= d ~ ¢: {-f{zoli)f~(t~f;}- 1~~ +i~!JJ-
. f 2./: n A, 2} )112 "'- 2. 

- 2. ? l JIJ,-t If( 'tO + 2ti 'Po + (7 .IO) 

+~'Zf~r!it ~ zgft;,_+~/+ ((!!J3+~ ct(r ~J]}, 
r.l(e liOJ• H RJ· - IIiiT~rpllJI!i, COOTB8TCTBYJII!lil8 )11!l8l'paMMSM <lleliJIMalla, 

ITOK!l38HH1iM Ha PHC. I, Ha .I(HarpaMMaX llPHHHTii CJie,eyDlllle llpa!liiJUI COOT-

BeTCTBBA:: 

2. ,._ ___ G. r 
~ '1- > 

- f . ~JJ=--z-•. 
. 1Y1 +ll 

Trut, Hanpm,rep, 

H T • .IJ;. 
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zf E7 
::02. zE7-2~+~ 
~3 2 0 + ~ 
R{ - C> 
Rz 2C>-~ -...__/ 

RJ ~rD + 2 0 
R" 0 

Pao. I. ,llmlrpaMMH, OOOTBe*c:t<B,YJJilHe BHT8I'Jl!UIBM, RO>!opue 
oope.llMSJ!T E (J) B (7. IO). 

PJto. 2. PaOXO,Illlll!l!eOII ~ B MO;!l8Jil! Yz . 
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llOJIY'leHHBII <»oP"'YJia (7. IO) .ItaeT o~:~eHRY CBepxy .IWI MOTHOCTH 

9H6PI'IIJ![ Bai!YY'fB. npll J!BldHX Bei!I6CTBeBBHX fl- . Hao xe 6y,IteT HHTepeco-

BaTI> noBe.IteBHe E +(j) npi! ff __,. <><> • i(a, 11 npi! O!leHKe CHIISY, BH-

'ilta>IeBHe TO'Dloro lllllHI!Io(l')l no tf,. B (7. IO) cB!Islll!o c pemeHHeM a>IOllt--

soro HHTerpaJII>soro YPaBHeBHH. MH noOTYIJHM .ltPYl'IIM cnoco6cM. q)yHICIIIID 

lf (I(~ ~) MOXHO BH6paTI> 60Jiee HJil! MeHee llp011SBOJIABO 11 SaT eM BH

'iltCJIIITD MHHi!"'YM !10 napaMeTpy, I!aK 9TO 6HJIO C,IteJIIli!O B npe.ItH.ltYIIIeM pa9-

,IteJie. RamBO xe .ItOllOJIBHTeJII>Hoe Tpe6oBalllle , BaRJIB,ll;!ll!aeMOe sa WHKilllll 
~(K2,.f)? 

!Ia lli!SJIJiaa <»oP"'YJIH (7. IO) a>Ie,ItyeT, '<To B npe.ItaJie ff __,. ""' oc

HOBHoll nOJIOXHTeJII>HHil BMa.It B (7. IO) ,Item a>IaraeMHe, no.lt'lePJ<HYTHe 

BOJIBHCToll JIHHHell. OHH salll!CHBamCII B lll!.lte 

*[K~:tcz~-rn2-2ftf(1;/r21~~~J 6t+g+¢a+fr;:tG~I(J. 
. (?.II) 

MI!JniMyM aTOI'O BHPa:lteBHH !10 CPo
2 

)lOJIJteH pa9HHTDCII eyJIID. 3To BOS

MOmiO JDDIIl, Tor,na, KOr,Ita B IIp8,lleJI8 ,......,.. o0 BHIIOJIHHeTCH COOTHOme

BHe 

[J(~:t(2J?-J1
2

)G; t" = f(1i/ (2:1,-1
2t f(f:lc; 

(7. !2) 

TaKHM o6paaoM1 sam BH6op WSR!111l! 

(7.!2). 
'J, { K ~ /} 6y.IteT orpaHH'IeH yCJioBl!eM 

PaccMOTpl!M csa'<Ma Teopllll c nponaraTopoM i!JeJlMil-nCJIII (2. !3). B 

aTOM OJIY'iae lWI Toro , '1To6H y,ItOBJieTBOpHTI> ya>IoBim ( 7. I2) , WHKilllll 
Cf{K~ /) a>Ie,ItyeT BH6pau B a>Ie.ItYDJleM lll!.lte: g 

1 t-r fi-r :.·r' -u.,. :.'; 
~(k!f)= . Kz ! • 

[ 1 + ~-~·1 (7. !3) 

HeTPY.ltHO y6e)li!TI.CII B TOM, 'ITO B cmry O'<BBli.ItHOI'O pa9eHCTBa: 

(7 .I4) 

ya>IoBl!e (7 .I2) BH!IOJIHHeTCII. 

ITO.ItCTaBI!M Tenepi> WSICIIIID 7(1C~;f) (7.I3) B (7.IO) H nepeli.IteM 
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3.lteci> MH nepeiW!H K 6espasr.tepHIIM BeJlH'DIIIaM: 

o<.-2 2M rJ-o/ -oif'1J ,.j,2 11'/2 s -J 3 ~~ , 11=1 'tO , r= /'12 , 
H BOOII~30138JIB:C::& TOM, liTO 

Z ='<-(/)~ lfl!n/'. 
f~-

UoaTOJDIIIlie 'Ai lit I? • onpe.llllJVtll'l'OR TeMlit JKe ,ll;l!tBrjl8MMQMI! ~I!HMaHa ( OM, PitC• I), 'J, 0 l\llYI'liMli ITpaJ!MaMll COOTBeTCTBIIH: 

> 

ZJO = ~" { B(;, 1-t)- t B({. f;_j]> o. 
0CT8l!olllm .1lllliil> rJI!lBIIIle 'iJieHY npH /- oO B (7.!5), HaXO,Il;l!tM 

Ml!lllll(fM no 1\ : 

.t oif - .f!_ f I -] Er(;)= d/11 min I rf<Jo + d 'T- 2 Rv . 
f (7.ffi) 

32 



(?.I?) 
IIo,ltCT8B1li!Jl" ( 7. I?) B ( 7. IS), OKOJAaT.eJII.HO HOJIY'UI9M 

E-r(J) =- f1 .tK_,. j 2~"' , 

o( :a 

K = d ( 11d-f ~:J~ {1-t)[zo-rj ~} z--< 

+ 2. 
Bl<,!tno, 'ITO .£>T9H911I> poeTS ... £ {,j) no :J OOBI!SJ189T. CO OTeneiiDXl 

poOTa £ {g:)(oM. (6.!2)) •. · . 

PaoOMOTPI!M Teneph OJJY"llll, mr,lt8 qiepMJI-njxmaraTop mreeT BHJl 

(7.18) 

(2.!4). ~ ~r/(:1J BH6Ji1P89M B BHJl" 

~(<!)=I ~xf{- ~:}. 
' (7.19). 

HeTpy,!t8o y6e,lti!ThC>I, 'ITO np11 /-7 o<> 

f(1~/Ji"=f(;;y'J1- (vn~f), 
(7 .20) 

f( d~)clln~rn = J(d~<)d (i.i'>l 
27T ~ 't 2T 1 ' (7.2I) 

r,lte 
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8. Tio:ee&ume 8!!IIJP!TV! 6osoH-6osoHHoro Hernp;yroro oaco9lllll!ll 



r.11e, no onpe,lleJie!lllll, Ti,,(x,, ... , Y.) lt-To'le'IHM iWJ!~ I'p:a:-

Ha 6oaoHa. 

B IIHTerpaJie (8.I) BBe.IIBM ~ 'f , T8K ze, KaK It B CJIY'IaB 

(4.6) It (4.9): 

Jv()f, .. >x")= IT (1+~·fJ~6'f J~~ cf>(ll,)' .. : <Nxn)uf{ (afya)+l«H,a)} 
(8.3) 

Tipeo6paaoBaHHe (8, I) B (8,3) sm>VleT<lli TOll,ll;ecTBeJilmM. Mero.11 141tHlt-

141ta811Blt, no cBOell cyTit, oaHB'IaeT BaJITJ!e IIHTerpSJia ( 8. I) MeTO.IIOM 

nepeBSJia. llpit aTOM ~ E(j) onpe.I~BJD<eTOii BH6opoM aRCTpe14!1JII>

aol! iWH- f1 (I( 2} • 

Hame npe)IUOJio:&eHite COCTOllT B TOM, 'ITO nplt .IIOCTBTO'IHO clOJII,IIIItX 

ROHCTBHTQX CBII81t i B IIHT9rpaJie (8,3) OJ!B.IIYBT BH6pBTL iWJ!~ 

Cf(/( 2) B ee 9RCTpei4SJILHol! ~pMe It npeHe6pe'IL 'DI8H014 (zt J~t:t) • 
3aMeTitl4, 'ITO HB cero,llHiiJill!l!l! )IBHL STO IIpe)IUOJio:&eHitB I4H HB MOlltBM CTpo

ro 14BT814BTX'IBCKII 060CHOBBU. 

I( 0rpaHit'llti4CR: paccwTpeHiteM B8Biti40.IIBI!CTBJIII (2.I) B IlpoO'I'pSHCTBB 

/R c nponara'!'opoM <Pepm-nOIIII (2.I4). GqlopMYJIItpoBBHHoe Bllllle 

IIP9.!1UOJio:&eHite OSHB'IaBT, 'ITO B P"..IY '1'80pitlt BOSMYJIIBHitll nplt'lltHHM 

~ I'pltHB MOM~pyeTCR:: 

S.IIecr, IIPit .IIOCTBTO'IHO 60JIDIIIItX q napaMBTp / ". BBitCitT oT C? OJie-

;IJYDilltl4 06p!l8014: (f 0 

(8.5) 

2 92. 
r.11e G = 76Jii 
Jiax. 

'ITO 6WIO IIOJIY'IBHO B npeJtH.I1YIIIIID< p!18.IIB-

ilpeZ)Ie BCero peccMOTpltM nOJIHYll ~ I'pltHa 60BOHB: 

fj (I(')= 1 
111 z-t-K2+ lT(~<') ' (8,6) 

r.11e TT ( K 2
) - M!l.ccoBHil <ineperop 6oaoHa, npe)lcT~ oooolt 

cyMllJ' UO BC8M CZJI:bHOCBfl3HllM C06CTBeHH0-9HepreTK"'eCltBM ~: 
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(8. 7) 

CorJiacHo on;eHKBM ,llpliBe.u;eHIWM B npuoxemm, HMeeJII IIpll d ..... c::-

(. )
h .. f 

TIc~ c;) =tnt . rr (K2) 
- n '0 /2." 1/n. [' J' (8.8) 

r.n;e TI" rrpe.n;cT8lWieT codol! cyMMy Tax ze ,IJ;li8I'paMM, Ho c MO~
poooHRHMB JipOnara'l'Opa.MH: 

(8.9) 

Horrom,syx COOTHOinellll:e (8.8), HMeOM 

Tf(~<2.)=;; (~T{e.,;·r-1 TTz..(K~= 
= ;.11'77;_ {KZ) + 0( C:t). (8.IO) 

TaKHM oCSpasoM, MY: Bli,II;BM, 'tlTO B II,Pe,lleJie ~~00 WJE!IIB88T TOJIDRO BTO
pol! !IOj:fi.ltOR MO~poB811Hol! TOOj)lm B0811\Ylll8illl:l!, 

PaoCM01'PJIM TerrepL 8MWIIITY.I1Y pecceJlllltli 2 --; N : 
o<> ')" no.,.ztt T 

Tz~,., = ~o 3 I"(~)' (8.II) 

r,n;e I'J 0 = N' ·t-2 - llll:SIIllll! IIOPII,iJ;OK T80j)lm BOSiol)lllleilll:l!, B KCTOpoM BOS
MOJISH )laHIIHII !IpoltE>CO. HCCIIO,ey8M 8MWIIITY.I1Y (8.II) IIPII 8~ <><>. 
ilPH STOll 6y.n;eM C'Di!TQTD, 'ITO BH8llllmEl 6osomme li!Mil3"Jll>CII paBHII IIYJD!l• 
B8JIII'DIII8 "f., ( 3') !Ipe,ll;CT8lWI8T 00601! CYMI!Y BOOX CBIISHIIX ,llllai'paMM 
e<!IIHMalla B (no+ 2rt) IIOpa.n;Re T80j)lm B0811\Ylll8illl:l!, KpoMe TOro, BMSCTO 
OBOOO.JtHOA ~ Ipima OOSO!Ia 6y.n;eM IICIIOJ11>80BaTio liOJIHYlD ~ 
I'pmm (8,6). YCI!Ol!HO S!llmiii8M 

Tn {1) = /; 7;.(J~)(; ). 
J'tt 

{8. !2) 

I',ll;O CYMMQ !IpoB0)11I'l'CI< !IO B08M OBIISHIIM ,liiiai'j)aMMQM, KpoMe ,IJ;li8I'pai\IM C 
IIj)lmC;ItllMllMII BOTaBltllMI! B 60SOHHIII! !IpoJiaraTop. CorJiaOHO BII'IBC118!1l1111M, 
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npoBe.Ite~ B llpltliOlte!DIII, HMeeM npJil J __,. """ . . 
r/'"r;) = ln.-2n( R,f yz+n+K~ r (J .. ). 

(8.!3) 

3;1190~ If;, - 'lli!OJIO 6090HIIHX mnmJ! B ,IIHBI'p!lMM!IX, nplt Jli!SP9SaHIIII ROTD

IJHX .JIIIIII'P!IMMS. CTBHOBlil'rO!i H9CBR:JlHOJI. AMwnrry;ila T;. (I•) . COOTB9TCT!I19T 

Toll se ,IIHBI'pSMMe, 'ITO It 7;,_ V•), TOJI~ o ll9MeH9IIHIIMil nponaraTopa

Mil ibePMIIOHa H 0030Ha COrJiaCHO (8.9). Ilo;IICTaBJ!Rii (8.8) B (8,6) It Hc

nOJI~3YJi ( 8. 5 ), nOJIY'IIIM 

#+2 0'0 • 

T: = _!_ (J'JT~j2\(8~()~ )l(y-h[(J,). 
z_,ltl (tn3J"" t / . L r J Lc-J< 'J n ·<s.r4> 

Yl =-0 Jn 
MaKcltMM~Hoe aHa'leHHe 'lli!OJ!a f<'r ,II1Ili npoJ:~ecca 2 ~ N B 

(no+ 2 n.) nop~J.JU<S 'reopJilll BOsr.ey'lllel!llll paBHo /{. ={ /V-1 , n~N-1, 
<f n ' n~ IV-1. 

lis nOJIY'IeHHHX <PopMYJI CJI9,1!Y9T , 'ITO Bl!JI8H B BMilJIH'1'Y.DY Tz ~ ,V 

nplt j ~ <><> lJ1Wl T~RO .JIIIlii'paMMH c MaKOJDia.li];llllM 'lli!OJIOM K'f 

(tl-f • 

J: = consf )(8<Jrz.)n.\ T(J .. ) 

2-MI ( !Jng t L__, f" ~ . In . (8.!5) 

n=o ; .. : f<.,.=n 
TaKII9 )J;IIarp&IM!I HaSHBamOI'! )ijl9B9CHHMII. 

iiTaK, MH nOJIY'IIWI HHTepecHHII pesynTaT: B npe.IteJ19 CBni!Oll OBR:-

3H 9....,. oO "mnnmam" TOJID~ rpallmi:e:-.trepeB~. 9TO IIO,Il;TB9pz.ua8T OCHQ

ll1 HSBecTHoro ibeHOMBHOJIOrH'IecROro nOJlXO.II!l B 1!J!pBJIIoHOII Teopllll. B aToll 

'r90pllll B 1Wi9CTB9 O,Ili!Oro ItS rJiaBH>IX npe;IIIIOJIO:Eel!llll npiiiiiiM88TO!i rltn0T9-

Ba 0 TOM, 'ITO HMBHHO ,llHai'paMMH-.Itepem.ll ;!IBm OOHOBHOI! BKII8H B aMnJIII

'cy,I!Y == \fm:Bil'lecRitX nponeocoB. 

9. Saepl'llll !laKj'YM!! 13 crnepneneHO!?MHWllMOII MOI!!!J!!! Yz 
rrmt f: ..... ~ 

Bocn~syeMOI'! pasllll'rlOOI MBTO- ,II1Ili nOJIY'Iellllll aOHMn'roTII'IeoROro 

noBa;~~eHllll npl! 8 -+ ""' nJIO'rHOCTII 8H9pi'IIII BaByyMa B JIOl<WD'>IIOit ii"YYYlP"-

HOI! MO.IteJIH Xll<aBH ~ , JlarpaHEit!l!l B8aHMO.IteiiCTBil!t ,II1Il{ aTOll M>.IteJIH 
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(9.!) 
llporraraTOPli rrMell BMellT Bill!; 

' (9.2) 

MaTpllllll rr I! Ys B!i61!jl81)'1'0Ji oorJIHCHO (2.4). 
B STOll .,~ lllM!lllTOJi JI1Illll. .ltB9 paCX0,!1IIIlll!eOJi ,1:li!IU'p8MMil, l!OK&

SHHH!ie HH PliO. 2. JlM :YCTpaHBIII!ll PHCX0;D;IIIalCT91! ,llOCTH"O'IHO ,ll06&Bn:& K 
JiarpaliDHH;y BSSJIM),ll9JIOTBlllt .ltB9 KOHTJ>'<>I9!iH! 

(9.3) 

Jl.nleM ~H'I':&, 'iTO B il!IT9rpaJIII, OIJP6.ll6JIHDI!I!6 KO~j)'VIOH!i (9.3), lllle,lle
HH RIIKSii-Jill60 peryM]li!S!IIIIJI[. ilmmf! Bill!; 9TOro OOpeSI!!m/{ ,111lli. HHO. He 
JDI.Ili!9'1'0Ji OYJII90'1'B9HIIIIM. 

Kai< OKallaJIOOL, B paDOMHTJ>liBHE!K>! Mt>;lleJII! Yz. OII9HRH Olmll:Y 110-
JlY'IHeTOJi 6es Blle,llelll!ll loiiJIIHMI!SII1'YJlii"II \llYHKlll!l! /. (c') • JlM lli!.K;YY>I!Ioro 
Ollf!!)l,!llll!ll S-IIH'I'pllllllllll!!leM oorJiacHo (4.2) " ( .II) 

(o/ Sv(3)lo) -fo6f f«6fexr[~J"x ?f'M(s fMcPM-JdrnjJx¢~; t VJ E} = 
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= fdo'f dd(I -lj H) €11f{- -1SrnjAx ¢Yx)+ V J'Ej, <9.5J 

r~e ~ paccMaTpKBaeMOro BSSHMO~elcTBRO 

H = Joix 6M(s- 6{x) cP(¥). (9.6) 

v + 
BocnOHDSYBMCH HepaBBHCTBOM )\1 ; rro~e npocTHX npeo6pasoBBHHI n~
"\!RM 

<'oiSJJ)/o) ~ Jio'f exp{-f~Jy,,Jyl (M,JWr,-v.) t(r,)-t V Jtj, 
v (9. 7) 

r~ c Y'!BTOM orrpe~eJiellllll (9.3) H (9.4) 

TI1 C~J = J(-'};t fi; (p')e-~'Px, 

ft (p") = 2 J(;~t [ /1:rK2 - V(H 2+K2)M2<-(kfJ')] = 
1 

- J_ J r1. o(. 
11 r ( -at ..i.J ~ __!_ /} L <9

•
8

' 
- 2Jr' 0 J al( 1-a<) lm[1 +d. 1 ) 1'12 p•""- 2 :JT t/n 1'12 . 

~TerpaH no OoaoHHOMY nanm HBn&eTCH rayccoBHM H ~erKO ~cnaeTca. 
0KOJI'lSTBJil>HO n~ ~ WIOTHOCTli SHBPI'lll![ BaJeyyMa 

E(;) ¢ E-{J}, 

t(JJ=-f/(f:J1~C· ~M-tnf-+ ,£;. tt;rKv)}. (9.9) 

3!!81'! BCIIM!ITOTll'I9CKOe noBe~eHHe \WJ!I<IlHR ~ ( K•) li ff1 { K
2
} npli 

1{ 2 -> oO (<!J<>PMYJIH (9.4) li (9.8)), JierKO Bll'lli=D ITOBe~eHHe WIOT

HOCTH 9HBPI'lll![ BaeyyMS. £-(J) ITPH g-'> 00 • I!o~e npoCTHX Bll'lliC

JIBlillll n~ 
2. 

E(J)=- (£t~!J(t-+0(tn~·)). (9.10) 

JVm TOI'O l.J:T06H ll0Ra38Tlo, "iTO ITOJIY"'DD31l1WIC.S: 8ClWIITOTEKB. aHeprmr. 

BaeyyMB. npH !J...,. oo rrpe~cTBBJifleT co6ol HCTmmoe noBe~HHe E (J) , 
~ell OIIBHRH CBepxy li CHliSY ~ TBOPHli C nponaraTOpoM (!lejlMl!OHB, 

He SBBHCliiQllM O - MaTpl!II: 

G{KZ)= ( 
V !'{' i" K 2 (9.II) 
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B aTOM cnyqae Teopm< KSnneTCH TaRZe cyneprrepeHOPM"PYeMOfi H co~epxoT 
Te JKe pacxo)llllllHeCH ,liH!U'paMM!l ( eM, pno. 2), 

IJepeHOPMHP9BallllliM MB.CCOBHM orrepaTOpoM 6030Ha B ~aHHOM cnyqa9 6y~eT qiyHI<ml!l: IT, (K1) B (9,8), KOTOpaa H BO~e'r B COOTBOTCTBYKJlllllE' 
KOHTp'<l!ei!H, OueHKa CHHBY Mli WIOTHOCTH aHep!'lm BaKYYMB. rrporo=ca 
aHilJIOI'H'<HO rrpo~JiaHllliM Bllll19 BHM- H orrpe~eJIS!eTCH ~PMYJ!Ol! (9,9), %• BMecTo qiyHKD,Jm IT~ ( ~·; CJie~eT rro~cTaBHTL MB.CcoBHfi orrepaTop n:; (I<') , IlOCKOJILHY aCHMIITOTH'I9CK09 IIOBe~eHHe STHX \l.)yHKrllll! IIPII K"~ e><:> o~rutoBo, To rrpa g-+ 00 noBe~eHHe orreHKil: cHHsy E{J) 
COBIIIlJiaeT C (9,I0), 

.lJM: IIOJIY"9HBH 0110HI<lt CBe]lXY BOCIIOJILSyeMCH HepaBeHCTBOM ( 5, IO), 
Tor~ MJi BliKyyW!Oll $ ....aTpa!J,H ( 9 ·b) IIOJIS'OO'. 

(9.I2) 
S~ec:o z 
~,[cp]= -£ ffJr,dYz cP(~,JTT;(r,-Y2)¢{¥z)-

v 

- /"' [...fotr,· .. :ciYt R(r1,.··A)¢fr,)· .. : <Nt'~) + V J' E, (9.I3) 

v 
r~e 

J\7m ,llaJI:&Hel!mel! 0!:(9HKil: HHTerPBJia ( 9, I2) HCIIOJILSY9M Mmll!MI!Saili!Ol!HYJl 
npol:(e,eypy no 6osoi!H1IM IIOJISIM ( CM, /I47J. Y'III'IliB3l1 onpe~eJieHHe Me PH do'f ITO (3,I0), npo-M CJ19,eyJ:IIll!e TOll\ll9CTBeHlllie rrpeo6pasoBa!lllff: 

ftio'f exfJ(Wv!<PJ} = 

==W_I:!i )~xpf- ~? {f+~n)~2+ j f ~n11•2 + /¥;;{ ¢} }= 
= TJ&+fnTi jJ6f erf/1 f1~ .. 11,

2
+ u:(,{ ¢~JJ. (9.I4l 

r~e 

1;6J=?' f~i~) ~n. 



'lu.CJia tfJr. y.n;oBJieTBopmoT rrepeliHCJieHHHM BWOe yCJIOBHffM. BociiOJID30BaB

nmci> )la1lee HepaBeHCTBOM (5.24), m.reeM 

< O/ Sv(J)/ o) ;;:;> 

? -0"Xf{-1 r (t,(r+r.J- 2=-)+}r16f W: [ ~7}. " f+t, (9.I5) 

liHTerpJ<pcBam<e IIO 6ose-IIOJV<M B ( 9, I5) JIBrKO B>!IIOJIIIJ!BTCI!,I! OKOH'ia

T8~HO nonyqaeM noane npocTHX npeo6paaoBSHKI 

E fj) ~ E-t{j), 

Er6)= tnM-1 f ((d~<f[tn(l+f{•~- ~(~tJ j-
d· po )Lzr) f.,.r;M 

£ (!t~< l2 ff, (•'1 1-M + L'''f(!l!.f(fl(l,lz. if (p,,p,J . ~ 
- :z Jl2rl , •.,."' t+r-{•'J 4' JlzrJ ;rz;; ("'"1·W--f{ft'1)("''+f.}{ttf{f:J)' 

R~U _ d!_d•t._f· 2/M2+(K+p,-.(!z}2 + V1'12+K2. (9.I6) 

ft.f•)-2)lliJ ( l'fz-rK')V( ffZ,.(~~. .. ,Y)(/'t'+(K+p.J'){Nl:..(Ktp.+p>)') . 
BH6epeM \WHRIIBXJ r (K

2
} B ifx>PMB 

~ 

1(K~J=/~):: , (9.I7) 

llO)ICTaBJISU! (9,I7) B (9.16) I! BH'mCJili!I JIBTerpa1!H Ilpl! ~~oa, IIOJIY

'lJIM 

Eu}= Mz l1t.in {.JT/1- l!!..Z/1..,. (!l!nst11)z tnflj<9.l8) 
! /JT {)0 Lrlr 112 

( ltli 1'12 Vf · 

YCJIOBKB MIII!IIMYM!l IIO S=lf SaiiKCHBaeTCfl K8.K 

;;r- L tns + CQ-w.,t!L t?ns) 2 
f _ 

2Tr/1 2 .S ~ Lr1T't'1 2 .S tf,.,S - O ' (9.I9) 

IljlH 3 ~ 00 llM99M 

s =fi =:. ~12.(1 + 0 1¥!11 (9.20) 
1' 2.11'!'-12 

' ( -? /) ' 
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llo~CTaenHR pemeHHe (9.20) B (9.I8),n~ ORO~aTa[bHO 

E+(t)=- r~~{l(t-rO(~)). (9.2I) 

TaKHM o6paaoM, ~ o~eHKa (5.2I) co~aeT c BepxHe~ (9.IO) n 
IIPH a~ oo 

E(j)=- (}:1/(1+0(~~4)). 
( 9.22) 

il!lR1IOllteHH6 

PacCMOTpi!M aciiMllTOTIIRY npn / ~ oo nponsBOJIDHO~ cBR:aHo!l .n;llar
paMI!Ii ~l!m.!aHa, OIIJ<Clillllnltel! 6030H-60SOHIIH8 B3ai!M0~8l!CTBWt B n 
nop!i,JU<e Teopnn BOa~eHHI! c uponaraToPOM WSPMJ<OHa (7 .4). By~eM C'II!TaT», 
qTo Bee BHemane J<Mny~J>o~ 6osoaoB paBHH HY~· 
!JyCTI> 

L'f' - 'IHCJIO BK,1Tpeiii!I!X WSPMJ<-JIIIHHl!, 
L 'I' - 'll<CJIO BHYTpeH!IIIX 6oae-Jimll!l!, 
;1/S' - 'IJ<CJIO BHBIIIHHX 6oae-.1IllliJili. 

MeE,JJ,y 9TJ/IMH BeJDI"DDfB.MH CYIJteCTBYJOT COOTHomemm: 

IlyCTII, ~ee, 
(IT. I) 

(11.2) 

r~ 1<:, - 'IJ<CJIO BHYTpBH!IIIX 6030-Jilll!llf!, llPH paspesaHJ<J< O,IJ.HO! H3 KO
TOp!DC )1HarpaMM!I CT8.HOBll'r<lP.: H8CBII3HOll. 

PacCMaTPHBaeMBH ,!1HarpaMMa orrpe~SMeTCii HHTerPMoM 

J: = jff ( !f.:l fr G(pU. ff J5 (.sK), 
j•f ,·~1 f+~ (f;) N (IT.3) 

3~60J; JV - 'IHCJIO HBSaBJ<CIDIIIX m;TerpnpoBaHJ<ll, ~eM 

IV== L<f -L'f-n-t-f = ; - 1' ·d. 
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a 6oae-n0Jill 

{II, 7) 
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