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1. BBep;eHHe 

CnmKHOCTL coBpeMeHHoro · annapaTa i{>yH:x~oHanLHoro BHTerpH

poBaHRK B OHa'IHTenLHOH CTerreHH o6ycnoBJieHa TeM 06CTOJITenLCTBOM, 
'ITO ({>yHI~OHanLHLii; BHTerpan , <l>eiHMaHa Ia:K MaTeMaTH:,IeCID 

o6'LeiT He orrpep;eneH (1-5). I,lpH'IBHoi Taxoro rrono.E.eHH.R p;en JIB

n.s:e,Tc.s: He O'IeHL xopomee ITOBep;eHHe . \ no~HTerpa.7IbHOH ..... 9ICITOH~HTLI 
exp{ iS} rrpH BHTerpHpOBaHHH ITO 6eCIOHe'IHOMY rrpOCTpaHCTBy' ({>yH

ID;HH. BopL6a c 6ecxoHe'!HocTmm rryTeM pao:Horo pop;a peryn.s:pHOa

n;Hi H C COITyTCTBYJOID;HM11 HeOp;HOOHa'IHOCTJIMH I.ax pao H rrpHBO)J;HT 

x 'IpOOMepHoi y6Io.E.HeH:U:ocTH. ~opManimMa [5, 6). KonH'IeCTBo pe

ryn.s:pHOan;ri. ( HCIYCCTBeHHO~· yny'lllleHHe CXO)J;HMOCTH) MO.E.eT 6LITL 

yMeiiLmeHo, ecn:H .I ({>yHID;BOHanLHOMY ·DTerpany rrp:nteHHTL HOB~ 
CTHLni HO TeOpHH IOHe'IHOMepHLIX BHTerpanOB MeTop; OD;eHIH rrop; Ha

OBaHHeM "MeTop;. rrepeBana" ( MeTop; ceAJIOBoi TO'IXH, Ha:Hcxopeimero 

crrycxa, cTan;HoHapHoi i{>aoLI). Hap;o OTMeTHTL, 'ITO yxaoanHLii Me

Top; Ia:K 6yp;T,O 6LI y.E.e npHMeHJIHC.S: p;n.s: OD;eHXH i{>yHI~OHanLHLIX BH

TerpanOB. B AeicTBHTenLHOCTH, op;Haxo, xpoMe Hcrrolri.ooBaHHJI yxa

OaHHLIX BLime TepMBHoB, HH'Iero no cyTH p;anHoro MeTop;a B llliTepa-
Type o6Hapy.E.HTL He yp;anocL. . . 

. Ilnan CTaTLH CHep;yiOIIJ;Hii. CHa'Iana .HaiTOMHHM OCHOBHYJO Hp;eiO 

xnaccH'!ecx~ MeTop;oB Jiarrnaca H rrepeBana B npocTeimeM BapHaHTe 

p;n.s: on;eHXH op;HoxpaTHoro HHTerpana (7]. 3aTeM rrpHMemDI aTy Hp;eiO 

p;n.s: OD;eHXH ({>yH:lt~OHaJILHOrO BHTerpana. 
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2 . MeTOA JlanJiaca 

MeTo~ Jlan:naca npHMeH.ReTCJl ~Jlj( o:o;em:n :miTerpanoB B~a · 

. F(A) = t e>-f(:::)dx, (1) 

r~e A - 6oJII>moi Belll.eCTBeHHhli napa.MeTp, <l>YHKD;WI f(x) Ha npo

Me.tKyTKe (a, b), KOTOpnm. MOlKeT 6LITL H 6eCKOHe'IHLIM, :HMeeT O~HH 
MaKCHMYM B TO'!Ke Xo E (a, b); npH·~TOM <l>YHKD;WI e>.f(:z:} B TO'!Ke Xo 

:HMeeT OCTphli H BLICOK:Hi MaKCHMyY. l!o HarJij(~HLIX coo6pa2KeHHH 

o'IeBH~HO, 'ITO OCHOBHOH BKna~ B HHTerpan ~aeT MaHaR OKpecTHOCTL 

TO'IKH Xo: 

fb e>.fC=ldx ~ r=o+c e>.f(:::)dx ~ r=o+c e>-U(:::o)+!J;'(:::o)(:::-~oY~Idx = 
la , l:::o-& l:::o-& · . · · 

= e).f(:z:o) . r=o+~ e~f"(:z:o)(;-'=?)~d~ :' 
l:::o-c . . , 

r~e E: > 0 -,--- M~oe '!Hen~, n B parinoLKeHH:H f(x) B6rrnon TO'IKH x0 -

oT6pomeHLI M~Lie Benn'IHH~~ OciaiOlll.HiCJl· cnp~a HHTerpan nerxo 

BLI'I:HCJij[eTCJl, ecnn'npe~~ oa.MeHHTL Ha 6ecKOHe'IHLie, 'ITO He BHO

. CRT: 6oJII>moi ()IIDI6KH BB~Y 6LICTporo y6~aHl'UI .. ''noflbiHTerpanbHOH 

<l>YHKD;~ npny~aneHHH OT TO'IKH xo: . n~~aiOlll.aJlCJl 'o:o;eH~a ~o-· 
BOHLHO TO'IHa, eCJril KOHD;LI npOMe.tKyTKa :miTerpHpOBaHl'UI He BHOCJlT 

6onLmoro Bxna~a B HHT.~rpan~ Ecnn na o'rpeoxe (a, b) HMeeTCJl He
cxonLKO TO'IeK MaKCHMyMa y <l>YHK:o;HH j( X), TO o:o;eHKa HHTerpana 

eCTL CyYMa BKna~OB Ka.tK~O.H TO'IKH. 

3. MeTOA nepeBaJia 

8TO ·HeCKOJThKO 6onee o6lll.Hi MeTO~ OD;eHKH HHTerpanoB B~a 

F(A) = fc exp[~f(z)]dz, · . 
-.- . ' ' . -

(2) 

r~e x~ oo, j(z) :.:___;, 3JianHTlf'IeCK8.Sl <l>YHXwul; C- KOliTyp B TIHOCKO

CTH z, a BIHaR KOHD;OB KOHTypa C B HHTerpan np~nonaraeTCJl Ma
JThiM. CornacHC) ~ee Jlannaca; ~n.ii o:o;eHKH HHTerpana {2) lia~o yqecTL 
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Bxna~ Tex TO'Iex XOHTypa, r~e MOAYHL . no,~:~biHTerpanbHoro. BL!pa.tKeHl'UI 

exp[ARe(f(z)] Bemn:. BBHAY aHannTmocTn J(z) cornacHo TeopeMe 

Komn Mo.tKHo Ae<PopMHpoBaTL xoHTyp. C, He MeHJLR nono.tKeHl'UI ero 
,KOHD;OB H OHa'Ie!IU CaMOro ~Terpana; llycTL KOHTyp C Ae<l>opMHpo

BaH B KOHTyp C Tax, 'ITO C llpOXO~HT 'Iepeo CTa:o;HOHapHYJO TO'IKY 

z0 <l>YHKD;HH f(z) (xoTopa.s: MO?J'eT ne.tKaTL n ~anexo B cTopoHe aT 

xoHTypa C) B HanpaBneHHH Hancxopeimero cnycxa <l>YHKD;HH Ref(z). 
TenepL ocHoB:Hoi unaA 'B HHTerpan (2) onpeA~eTCJl Manoi. oxpe

. CTHOCTLIO f1C TO'IKH Zo Ha XOHType C. B6nno:H TO'IKH z0: 

f(z) ~ u(x,y) + iv(x,y) ~f(zo) +~f"(z0)(z- z0) 2 : 

llycTL f'(z0 ) = pei8 ,' z ~ z0 ..:.. rei~. TorAa 

. 1 ' ·.. . . i 
u(x, y) = u(x0 ,y0)+2pr2 cos(8+2<P), v(x,y) = v(x0 ,y0 )+2pr2 sin(8+2¢). 

: . .I I . . , . . ·• • . . (3) 
Ho(3) BHAHO, 'ITO HanpaBne:Hne Hancxopeimero cnycxa <P AJij( <l>YHKD;HH 

u(x,y) c nepeBan~>Hoi TO'IKH (x0 ,y0) onpeA~eTc.li:.ycnoBneM 

. 
cos(D + 2¢) = ~1, . --+ 

1 ' 
<P = 2( -8 ± 11"). 

\ 

Tenepi, 

fc e>.f(z)dz =]
0 

e}.f(z)dz ~ j"'-
0

exp (-'[/(z0) +~/'(z0)(z- z0)2J) dz • . 

BLITIOliHJU[ Oa.MeHy Z --+ r no~ OHaKOM HHTerpana H HHTerpnpyj[ no 

r :B 6ecxoHe'IHLIX np~enax; "'TO He BHOCHT 6oJII>moi onm6xn BBHAY 

6LICTporo y6LIBaHU. fiOJ:Ib!HTerpmHOH <l>YHXIJ;HH, nonyqaeM 

F(~)., e'f(ro),# ~ ~' 
'ITO .B ~eHCTBHTen:LHOCTH j[BHj[eTa rnaBHLIM · YeHOM ac:HMnTOT:H"'e

CXOro paonolKeHH.I: no.cTeneHDl 1/..\ npn A--+ oo• 

fuJDI o6paooM, BHTerpaJI (3) MOlKeT 6LITL BLI"'HCOOH np:H6n:H

lKeHHo, eCllll y <fJYHI~ f(z) B:MeJOT~ cT~oHapHLie·TO'IIH. B:rna~ 
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o}:\HOH TO'DtH H3.X~J\HTCll MeTOJ\OM Jlan:naca. J\llil :KOHTypa HaHC:KOpeii

mero cnycxa - B 9TOM H eCTL cyTL :MeTO}:\a nepeBana. BaJKHo Ta:K2Ke 

oTMeTHTL, "'ITO <f>aoa IIOW>IJITerpan:bHOH SXCllOHeHTLI OCTaeTc.R.llOCTO

.RHHOH npH. J\BH2KeHHH Bn~nL C, H, . Clle}:\OBaTenLHO, HeT. OCJ:UIBilll~, 
:KOTOpLie OCB02KHHBH 6LI on;eHXY. 

' u '' ' 

4. <l>yHKD;HOHaJILHhiJ!' MeTOA nepeBaJia 

Hono2KeHHLiii MeTOA on;eHxH HHTerpan:a (2) M02KeT 6LITL no~TH AO

cnoBHO nepeHeCeH Ha CJIY'IaH 6e~XOHe'IHOMepHLIX, ( <f>YHXJ:UIOHaJILHLIX) . .. ·. . ~ . ,' . . ' ~ ' 

HHTerpanoB. . 
flpocTeiimHii <f>eHHMaHOBCXHii <f>yHXJ:UIOHmHLiii HHTerpan ( aMllBH-

TYJ\a nepexo}:\a) J\llil "'IacT:Hn;LI C 0}:\HOH CTeneHLJO CB060}:\hl,' }:\BH2Ky-

m;eiic.a B noTeHJ:UianeV(x),.HMeeT BHA: · > · 
. t • 2 . 

< x1,t11xi,.ti >~ J Dx(t)eJ{p[iS(~(t))], S[~(t)] =ft.'l~ - y-Cx(t))]dt. 
. . .. . . . .. . . .. . . • . .• . . (4) 

. ' 
PaccMoTpHM 6onee o6mee BL:rpa2Keime: 

. . ·. .... . . ' · ... ·, ·.. . :j;2. . . 
< x1,81!xh8i >= jDx(8)_ .. exp[iS_(x(8))], S(x(8)) ~ _l[T-V(x(8))]d8, .. c . 

(5) 

rAe 8 = t + ir-:- xoMnnexcHoe BpeWI, x(8)-xoMnnexcHa.H TpaexTopWI, 

C-xoHTypBnnocxocTH 8 c x~HD;aMH 8i,81;x(8), V(x)-;aHanHTH'IecxHe 

<f>yHxiJ;HH. llpH eToM <f>YJIXJ:UIOHan S(x(8)) ripHHmtaeT xoMnnexCHLie 

OHa"'IeHWI, H.ero M02KHO paccMaTpHBaTL :Ka:K,aHaJIHTH"'IeC:KD <f>yH:KIJ;H-
. • ' - ,. . - •' . : • ' l •• • ,_ . • ~ 

OHaJI B TOM CMLicne, 'I~O . 

! ReS(x) ~ !ImS(x),! R~S ~::..co ImS;'x(8)= u(t,r) +iv(t,r). 
vU vV · vV vU . .. . (6) 

8TH COOTHOIDeHWI liBruuoT.Cll <f>JH:KJ:UIOHa:m,HI,nm aHaJIOfaMH ycnoBHii . 

KomH-PHMana ·H npoBep~Tc.R HenocpeJ\CTBeHHO. PaoYMeeTc.a, <f>op

Myin.r (6)eciL cneJ\CTBHe aHaJIHTH'IHOCTH x(8) H_V(x):· BLmonHeHHe 

COOTHOIDeHD (6) llOOBOJUeT fOBOpHTL 0 HeiJaBHCHMOCTH <f>yH:KJ:UIQ

HanLHoro HHTerpana (5) OT "nono2KeHWI :KOHTyPa HHTerpHpOBaHWJ." B 

· <l>YHXJ:UIOHanLHOM npocTpaHcTBe · ( <f>YHXJ:UIOHanLHa.R· TeopeMa Kom_H). 
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IIycTL r - HCXO)l;HLiii XOHTYP B HHTerpane (5) (B ( 4) OTO Bem;e

CTBeHHa.H "ocL"). EcnH B (5) XOHD;LI XOHTypa C 8i H 8/ ne2KaT Ha 

.· BeiD;eCTBeiiHOH OCH, TO HHTerpan (5) COBnap;aeT C (4). 8TO O'IeBH)l;HO. 

Ho Taro , "'ITO S(x(8)) = S(x(t)) B cHnyTeopeMLI KomH, H HO Hee 2Ke: 

. f ~~ . .. 
In Dx( 8) =In I} dx( 8) = Jc I~ dx( 8)d8 = lti In dx( t)dt = In Dx\t), 

T.e. D(x(8)) = D(x(t)). 
HHTerpan (5) M02KHO llOHHMaTL :Ka:K XpHBOnHHeHHLiii HHTerpan B 

XOMimexcHoM p;ByMepHoM <f>YHXD;HOHanLHOM npocTpaHCTBe. TeriepL, 

HOBLOJ.HCL <f>JH:KD;HOHaJILHOH TeopeMOH KomH, nepen:HmeM (5) B BHJ\e: 

< xf,8tlxi,8i >= £.Dx(8)exp[iS(x(8))] ~ fr.Dx(8)exp[iS(x(8))J, 

r}:\e f-HOBLIH qlYHXD;HOHallLHLIH XOHTyp, "XOHD;LI" XOTOporo COBlla

}:\aJOT C "xom:~aMH" XOHTypa r. IIOHJITHO, 'ITO HaH60BLIDHH BXBa}:\ B, 

. HHTerpan p;ap;yT Te <f>YHXD;HH x( 8), J\rul :KOTOpLIX MO)l;JBL no~biHTe- . 
. ' . . 

rpanLHOro BLipa2KeHWJ. BenHx, T.e. exp[Re(iS)j HBH Re(iS) BeBHXH. 

Ecnif npep;nono2KHTL, 'ITO y <f>yHx:o;HoHana S(x(8)) ecTb op;Ha (p;u 

. ITpOCTOTLI) CTaD;HOHapHaR T<?'IXa x 0(8), TO XOHTyp f J\OB2KeH npoxo

}l;HTb 'Iepeo xnaccH'Iecxoe pemeHHe x 0( 8) B HaiTpaBneHHH HaHcxopeii

mero cnycxa p;ru1. Re[iS(x)] B <l>YHXD;HOHaJibHOM npocTpaHCTBe. Tor}:\a 

npH }l;BH2KeHHH BJ\OBL f <l>YH~D;HOHan Re(iS) 6yp;eT MaKcHManeiJ: p;ru1. 

x 0(8). ,U:an:ee, B coo±BeTCTBHH c H}:\eei Jlan:na~a, HHTerpHpOBaHHe no: 

. f· M02KHO llpH6BH2KeHHO OaMeHHTb Ha HHTerpHpOBaHHe BJ\OBL ManOR 

OKpeCTHOCTH .6.f CTaD;HOHapHOH TO;'IKH. Xo( 8) ~a KOHType f: 

_fr.Dx(8)exp[iS(i(8))J::::: k.r_Dx(8)exp[iS(x(8))]. (7) 

TaKHM o6paooM, p;eno CBO}l;HTCH x OTbiCKaHHJO HanpaBneH:ita HaHcxo

peiimero cnycxa Re( iS) B To'Ixe x0( 8) <f>yHx:o;HoHanLH:oro npocTpaH
CTBa. 

IIonLoy.Hcb TeM, 'ITO B npaBoi 'IaCTH (7) <f>yHx:o;~. x( 8) 6JIHQKH K 

. x0(8) ,paono2KHM S(x(8)), orpaHH"'IHBa.HCb KBa}:\paTH'IHbiMH 'IneHaMH: 

S(x(8)) = S(xo(8)) + o2S,x(8) == Xo(8) + ox(8), (8) 

5 



fJ2S = fc[fJx2(8) ~ V"(x 0 )fJx2]d8 .• 

TenepL 

< x1,8,lxit8i >= eisofAt D(~x(8))exp[ib2S(fJx)], 80 -· S(x0(8)) ~ (9) 

l{acTO HMeHHO liCllOJIL30BaH:O:e paono2KeHIDI (8) li npe)J;CTaBneH:o:e a.M
nn:o:Tmlll B Bll)J;e (9) HatJLIBa.K)T MeTo;n;o~ nepeBana. B ;n;eicTB:O:TenL
HOCT:0:.2Ke cyTL MeTo;n;a nepeBana cwmaila c BLl'mcneH:o:eM npe;n;excno-
HeHD;llanLHoro c{JyHxn;:o:oHanLHoro HHTerpana s. (9). . 

IIycTL fJx(8) = r(t, r)exp[i<P{t, r)], r;n;e cfJYHKD;liJI r(t, r) Mana :o: 
npe)J;CTaB11JleT C060H OTK~OHeH:O:e OT Ce)J;HOBOH TO'IKli Xo( 8) B c{JyHXD;liO.:. 
HanLHOM npoCTpaHCTB~.B HaiTpaBileHD lf>(t, r)~ Tpe6yeTCJI HaHTli Ha
npaBneH:o:e Ha:o:cxopeimero cnycxa 4>(t, r) )J;llil c{JyHxn;:o:oHana Re(ifJ2S) 
np:o: MaHOM CMe~eHllli OT i 0( 8), T .e; np:o: Manll!X -r( t, T ). Q-qeBll)J;HO, 
9TO HanpaBneH:O:e HaxO)J;liTCJil:ID Tpe60BaHIDI MliHHMyMa c{JyHXD;liOHana 

Re( ifJ2S(r, 4>)) oTHOC:o:TenLHO c{JyHXD;llli 4>( t, r ): 

{J 
fJ4>Re(ifJ2S) =O (10) . 

' / 

H~eM eToT MIIHHMyM. <l>yHx:o;lwHan · Re( ifJ2 S) np~o;n;:o:TCJI x ·. B:o:;n;y: 

Re(ifJ2S) = fc ((Adt ~ Bdr)cos24>-(Bd~ +Adr)si~24>), ~ · (11) 

r;n;e 

A= 2rtrr+r2W(t,r),B ~·r'f-r;-r~U(t,r), V"(x0) = U(t,r)+iW(t,.r), 
' ~- ! ! ·_ 

8r 8r 
Tt :- 1Ji' Tr ~ 7fi• 

. . ' . '· 

Y-q:TeHLI ycnoBIDI Koiiili-;-PHMaHa )J;llil fJx(8).: 4>t = '-Tr/r,4>r = Tt/r, no
OBOnHBIIIlle liCXm<>'qliTL liD (11) npO:O:OBO)J;HLie lf>t,lf>r· llooTOMY ycnOB:O:e 
(10) BLirllil)J;liT TpliB:O:anLHO: .. 

. - ·, . ' . . . 
{J ' - ' - ' . '--' . . ! ' ' - ' 

fJ¢Re(ifJ2S) = (Br'(.\) ~- At'(.\)]sin24>- [Ar'{.\) + Bt'{.\)] cos 2¢ = 0. 
. {12) 
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3;n;ecL .\- napa.MeTp B)J;OnL xoHTypa C . . ,I(anee ilaxo;n;HM 110. (12): 

Ar'+ Bt' 
tan 24> = Br'- At' -•. 

EcTL ;n;Ba pemeHIDI eToro cooTHomeHllll: 

· 'B'-A' .·A' .B' 
2A.. .. T - t . . 2A.. . .- . T + t (13) cos '+' = s1n '+' =· , 

· . · .. J(A2+B2)(t'2+r'2)' . J(A?.~B2)(t'2+r12) . 

· At' - Br' · . ·. · - Ar' + Bt' 
COS 2l/>1 = Sin 2l/>1 = . • 

. · ·_ J(A2+B.2)(t12+_r12)' · -. ·· \j_(A2+B2)(t'2+r'2) _ 
'.. . . ' ·. . ' ''- -_- {14) 

IIo;n;cTaBn.u: (13) B cfJYHXD;liOHan ifJ2S, Haxo;n;HM: · · 

ifJ2S = Re(ifJ2S) = -f:.1 J(A2 + B2)(t'2 + r'2)dX, Im{ifJ2S)= o. (15) 
' . 

H Tax, np:B: Mamux cMe~eHllliX oT Ton:H x0( 8) B HanpasneHllli (/>( i, r) , 
)J;aBaeMOM {1S), no~e~pam.Ha~ · axcnoHeHTa B cfJYHXitu:OHaJILHOM liH
TerpMe.(7) 61.tcTpo y6LIBaeT. llp:o: aTOM MHmlWI·-qacTL c{JyHx:o;~oHana 
iS(x(8)) OCTMTCa UOCTO.RHHOH, :o:, OHa-q:o:T, OCD;llnllilD;llli'He: nopTJIT 

-,xapTHHy. BB:o:;n;y xopomero· y6ma.HIDI rro~eJ.paJIDHoro c{JyHxn;:o:o
Hana liHTer-p:o:poBaTLM02KHO no BCeM c{JyHXD;liJIM r(t, r), He orpaH:o:-q:o:-
Ba.RCL MaillliMll r(t, r). . - .. . ....... - . ·. .. . 

PemeH:o:e{14) c c{JyHxD;llJIMH qJ(t,r) ;n;~T "HanpasneH:o:e Ha:o:cxopei-

mero rro;n;'Le:Ma" ~ . . _. 
,I(anee, BLinOmi.IUl oa.MeHy · c{JyHXD;li<lHMLHOi nepeMeH:Hoi HHTerp:o:..: 

poBaHllll fJx(6)- r(t, r), nonLoyJICL Tax~e c{JopMynaMH {13), oxoH-qa.:. 
·,_• . '·: ' ;'- ·•·. 'I •. ' ·';'.·. · ·. ,, . . . c TenLHO nonyqaeM. : . • ... .. , . . . . , . . 

. .. . .. 
< XJt_8JIXi,6i >==' 

.. · eiSo jJ)r(t,r)exp[- J:.1 J A2 + B2 ( Jt12 + r 12dX)1 det[fr(rei~)],_ . 
' . . ' ' . .·. . . {16) 

r;n;e 
ei~ = (B+~Ar'+it')l/4 

· B - aA r' - d' • 
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5. Oocy.)Iq:t;eHue 

<l>opMyJia (16) nOXOOhlBaeT, 'ITO llJIOXO OllpEmeJieHHbli <fleHHMaHO

BCXD <fJYHx~oHarrLHhli :o:HTerparr c noMo~IO MeTo~a nepeBarra Mo

)KeT 6LITL CB~eH X <flyHX~OHaJILHOMY liHTerparry OT Xopomo y6LIBa- · 
10m;eii excnoHeHTLI. HeJILo.R Jili Ha eTOM nyT:o: <fleiiHMaHOBcxyiO aMnrr:o:

T~ nepexo~a BBeCTli Xax Mepy B <fJYHX~OHaJILHOM npocTpaHCTBe? 
flpaBaJI 'laCTL (16) npe~CTaBJI.ReT cq6o:ii B CJIY'lae rrpO:O:OBOJILHOrO 

noTeH~arra V( :c) HerayccoB :o:JiTerpa.Ii, nocxorrL:i:y B noxaoaTen:e exc

noHeHTLI CTO:O:T <flopMa 'leTBepTOH CTeneH:O: no~ XOpHeM OT <f>YHK~ 
r(t, 7). Jl~ ~Jill cBo6o~Hoii 'lacT:HWi nony'laeTC.R HH~erparr rayc-
COBa T:o:na: 

< z1,o1lzi,oi >= 

eiSo j Drexp[-1:' (r;'+r';)(Vt12 +712d-\)] det[:r(rei~)], . (17) 

~a :o: TO aTo He coBceM o6LI'IHhli raycwiJ :O:HTerparr. ,J:(en:o o~ecL ~a)Ke 
He B np:o:cyTCTBlili ~eTepMliHaHTa, a B TOM, 'ITO .KBa~paT:O:'IHaJl <flopMa 

B noxaoaTeJie 9K~noHeHTLI. npe~CTaBJI.ReT co6o:ii .Kp~BOJI:O:HeHHLIH liH

Terparr. ,I:( a li <flyH.K~OHaJILHbli liHTerparr B ( 16) _:: eTO B ~aHHOM crry

qae; Tax cxaoaTL, pacnp.RMJieHHLIH xp:Haon:o:m!iiHLiii HHTerparrv Tax:o:M , 
' ', ' / ' > J 

o6paooM, liOBeCTHOe YTBep)K~eH:o:e 0 TOM, 'ITOpaoJIO)KeH:o:e ~eHCTBli.R 
B6JI:O:Oli CT~OHapHOll TO'l.KH ~0 K~a~paT:O:'IHLIX 'IJieHOB Bcer~a np:o:

BO~liT X raycCOBLIM liHTerpaJiaM, O~eCL O.KaiJhlBaeTC.R .. HeBepHLIM. 

Heo6xo~:o:Mo OTMeT:o:T.b, 'ITo B (16) rrorryqe:Ha npe)Kym;aJin axcno
HeHTa 6eo .Kax:O:X 6LI TO. Hli . 6LIJIO alleJIJI.HIJ;:o:ii .K . eBKJIH,Il;OBbiM . MeTO

~aM, .KOTOpLie Tax nonyJI.RpHLI ~ero~H.R li O~liH 'u:o rnruruL!X MOTH

BOB BBe~enu .K~TOpLix _:_ YJIY'lilleH:o:e CXOAHMOCT:O:. <flyHxn;:o:<?HaJILHLIX 

HHTerparroB. B cBeTe npe~rraraeMoro <PYHKD;liOHaJILHoro MeTo~a ne-:- · 
peBarra eBKJIHJJ;naa~n~ BLirJI.R~RT ..JaCTHLIM. nplieMOM

1 
li e:ii Ha CMeHy 

~on)I{Ha npniim xoMIIrrexc:o:<fl:o:xan;u (a TO'IHee cxao~TL - aHaJiliT:o:

'lecxoe npo~on)l{eH:o:e). HanpHMep, B CJIY'lae ~Byrop6oro noTeHn;:o:arra 

V(:c) = -\(z
2 -772) 2 nyTeM nepexo~a x EBKJI:IIJzy naxo~.RT xnacc:o:'lecxoe 

pemeH:o:e (HHCTaHTOH) (8]: 
. . ... w . 
zo( 7) = ±7] tanh( 2 7) ; , w2 = 8-\772 • 

/' 8 

B ~eiicTB:O:TeJILHOCTli eTo xoMnnexcHoe pemeH:o:e :c0(0) = ±7]tan(~O), 
no~cTaHOB.Ka .KOTOporo B (16) BOCllpO:O:OBO~liT RoBeCTHLIH 9.KCnOHeH
D;liaJILHLIH <flaxTop aMIIJiliTmLI eiSo = ew

3
/ 12\ li OCT~TC.R BLI'lliCJiliTL 

npe~excnoneHTY, npe~CTaBJI.RIOm;yiO co6oii xopomo onp~en:eHHhli, HO 
nerayccoB liHTerpan. 

B np:o:Mepe c HHcTaHTOHOM HeT Bem;ecTBeHHLIX pemeH:o:ii c. Bein;e

CTBeHHLIM BpeMeHeM, li noaTOMY TaM nepexo~ X eBKJIH,Il;y, B 06In;eM, 

OnpaB~aH. A BOT np:o:Mep Bein;eCTBeHHoro pemeHli.R B Be~eCTBeHHOM 

BpeMeH:O: C KOHe'IHLIM ~eHCTB:O:eM (IioTeHD;liaJI TOT )!{e). flycTL 'lacT:o:tia 

. no.KOliTC.R B TO'IXe Z = 0 B COCTO.RHlili HeycTOH'lliBOrO. paBHOBeCli.R. 

PemeH:o:e, on:o:cLIBaiOin;ee cxaThlBaH:o:e c ropx:o: B MoMeHT t = -oo :o: 

BOOBpain;eH:O:e B MOMeHT t = oo,:o:MeeT B:O:~: 

zo(t) = ± 7].../2 

3TOMY pemeu:o:!O COOTBeTCTByeT excnone~n;:o:arrLHhli. <flax Top. B a.M

nJiliTme exp(iw3.../2/12-\), _no Mo~yJIIO paBHhli e~im:o:n;e. ,J:(JI.R Haxo

)l{~eHli.R· npe~excnoHeHTLI Ha~o. BLI'lliCJiliTL •<flYH.KD;liOllaJILHLJi liHTe- . 

rpan, a nepexo~ x eBKJIHJJ;Y B ~aHHOM cny'lae ToJILxo :o:cnopT:o:T ~eno, 
· nocxonLxy BHeceT HeHy)I{HLie o'co6eH~ocT:o: B V"(z0). 3Ha'lliT, B ~aH
. HOM crry'lae Heo6xo~HMo o6:PauiaTLC.R x MeTo~y nepeBana. HeJILo.R Jili 

aHaJIOrli'IHOe on:O:CaHHOMY B ~aHHOM a6oan;e ( Bein;eCTBeHHOe) pemeH:O:e 

HaHTli B TeOplili n~JieH JlHra-M:o:JIJica?,(To'Ilio Tax ~e, Kax liHCTaHTOH 
· BTIIllT [9] --:. KBaHTOBo-noneBoii aHanor HepWTliBliCTcxoro liHCTaH- .. 

TOHa.) ; 

· <PopMyna (16) norry'leHa Ha ocHoBe np:o:6Jili)KeHIDI (7), xoTopoe ecTL 

CJie~CTB:O:e n <flyHKD;liOHaJILHOH ·TeopeMLI Koumn. 3Ta TeopeMa, xo

He'IHO, npep;CTaBJI.ReT .co6o:ii: no:s:.a He OtieHb XOpOillO 060CHOBaH

HYIQ r:o:noTeoy ., 
,J:(aHHaJl pa6oTa BLI:imiiHeHa np:o: <fl:O:HaHCoBoii nop;p;ep)l{xe Pocc:o:B:-

. cxoro <floHp;a <flYHp;aMeHTaJILHLIX :o:ccnep;oBaH:o:ii (npoexT No. 93-02-
3972). Brrar.op;apiO opraH:o:oaTopoB :o: J'laCTHliXOB ceMHHapo~ 
nCTPYHLI li pemeTx:o:" JIT<P OHJIH :a: Jla6opaTOplili .KBaHTOBOH Te

oplili noJI.R liHH.ff<P MrY, oco6eHHO B.M. Bap6amoBa, B.B. HecTe

peHxo, B.E. Tpo:o:n;xoro, H.TI.· Bono.6yeBa, A. ,J:(aa~LI'leBa. 
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llpHHHMaeTCSI. nOAnHCKa HU npenpHHTbl, 

HHCTHTyTa SIAepHblX HCCJieAOBaiiHii 11 <<KpuTKHe CO< 

· YcTaHOBneHa CneAyiOUlaSI CTOHMOCTb no.nnm 

0J.Ull1, BKJIIO'IaSI nepeCbinKy, no OTACnbHbiM TeMa 

11HAeKC TeMaTHKa 

1. 3KcnepHMeHTanbHaSI lPH3HKU BbiCOKHX :mepm 

2. TeopeTw'lecKaSI !IJw3HKa BbiCOKHX :mepmi\ 

3. 3xcnepwMeHTaJlbHaSI HeiiTpOHHUSI !IJw;mKa 

.4. TeopeTH'IeCKaSI!IJH3HKa HH3KHX :meprui\ 

5. MaTeMaTHKa 

6. Sl.nepHaSI Clli!KTpOCKOnHSI 11 paAHOXHMHSI 

7. <l>H3HKa TSilKenbiX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AnToMaTH3aU.HSI o6pa6oTKH sKcnepHMeHTanbH 

11. Bbi'IHCJIHTenbHaSI MaTe.MaTitKa H TexHHKa 

12. XHMHSI 

13. TexHHKa lPH3H'Iecxoro sKcnepuMeHTa 

14. 11CCJie)lOBaHHSI TBep)lblX Ten H lKH)lKOCTCH SIAe] 

15. 3KcnepuMeHTanbHllSilPH311KU Sl)lCpHblX peaKU.l 

npH HI13KHX 3HeprHSIX 

16. )J,03HMeTpHS1 H lPH3HKa 3UUlHTbl 

.. 17. TeopHSI KOH)leHCHpOBHHHOrO COCTOSIHIISI 

18. 11cnonb30BaHwe pe3ynhmTon · 

H MeTO)lOB lPYHAllMCIIT<InbllblX <fJH3H'ICCKHX HC 

B CMClKIIbiX o6naCTSIX HayKH 11 TCXIIIIKH 
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