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S U M. M A R Y 

/l-J/ 
The solution of the quasipotential equation (1.1) .is 

obtained in the form of the Feynman continual integral 

phase-space paths: (1.7), (1~4), (2.12). It is shown 

in ref. 14 I that the method of fini~e approximation for 
iritegral should be chosen in accordance with the kind 

of quantization which defines the. order of the momentum 

and co-ordinate operators in the ·polynomial expansion 

over the 

this 

of. the nonlocal potential operator. The method of solving 

iciplies the following steps: i) Instead of eq. (1.1), 

an equivalent Lippmann-Schwinger equation (1.5) with 

nonlooal potential (1.6) and a certain kind of quantiza

tion, the order of the action of operators in eq. (1.6) 

being defined by their indices, is considered; 

ii) The solutions (1.9), (1.14) of the Lippman-Schwinger 

equation are expressed in terms of the operator of time 
. . . lsi 

evolution; iii) The Feynman Operator Calculus E used 

to give the operator of time evolution in the form of a 

continual integral: (2.6) - (2.ll);iiii) The continual 

solution of eq. (1.1) is compared with that by perturba

tion theory. The high- energy asymptotics of the 

quasipotential scattering amplitude is inYestigated 

in the Straight~ine Path Approximation/6, 71. 
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MeTO,I.l KOHTHHYBJI:bHOrO HHTerpHpOEBHl!lfl. HBJlfJeTCH y,ll;Ou!IblM 

vl KOMTIBKTHhlM lll!CTpyMBHTOM ,I.lJIH llCCJie,I.lOBBHMH KllBHTOBOll TBOPI1111. 

ITpe,I.lCTBBJIHBT UHTepec npHMBHHT:b 3TOT MBTO,I.l B KBB3UUOTBHUMBJI:b

HOM TifJ.IlXO.Ilef I, 2 ,3/~ KOTOpbl11 cotieTaeT 6oraTyro HH<JiopMaUHIO pe

JIHTl1BHCTeKo11 ltl3BHTOB011 TBOpl1!.1 TIOJIR C IIpOCTOTOfrl H HUrJifl,l\HOCT!>lO 

cllH3Yit!BC!Wi1 l1HTepnpeTBI..(l1l1 uepeJiflTYiBHCTCI\Oll ltBBHTOB011 MBXBHW!I\11. 

B HBCTOHl!IBti CTBT.:bB HBXO,I.ll1TCH, pelllBH!.iB ypallHBHV.fl KB83IiiTOTBHlU1BJ!:b

HOrO Tl1ITB (I.I) ll lll1,7.lB KOHTl1HYBJI:bHOrO J.IHTerpaJIU B cl;a30EOM 

rrpocTpaucTBe. KaK oh!Jio noKasauo B He;I\aBHei..t paCioTe BepesHur/'+/, 

UHTerpaJibl TBKorQ T~lllB CYiJI:bHO 3BBl1CflT OT CITOCOOa KOHetiHOKfJBl'HOU 

anrrpoKcHMBIU1l1, RoTophl11 l\OJIJKeH Bbi6~IpancH B cooTBeTcTBJ.Ht c 

BBPYiBHTOM KBBHTOBB~l1R, T.e. CITOCOOOM paccTaHOBKYi HBKOMMYTH~YIO~ 

l!ll1X orrepaTopoB l1MilYJII>ca .VI Koop;I\VIHaTu rrpVI noJiuuoMHBJII>Ho~: pa3-

JioJKeHHlil <fJYHKUl1ll OT ~THX onepaTopoB. 

B p83;1\BJIB I KBB3HITOTBHUl1BJiiHOB ypaBHBHHe CBO)(l1TCR K 

YPBBHBHYi!O . Jl.l1ITMBHa-!ilm!Hrepa C HBJIOKBJlbHbliJ TIOTBHI..(HUJIOLl H onpe

;1\BJIBHHblM BBpl1BHTOM KBBHTOBBHllfi. B p83l(BJIB 2 HBXO]IUTCH 1\0HTI!

HYBJiiHOe npe;I\CTBBJIBHHe ,I.lJIH aMITJIHTY.Ilhi · c yita3BHl1eM cnocooa arr:

rrpoRcHMBUl1l1. Mbl HcnoJII>syeu npH aToM onepaTopuoe HCtiHcJieHHe 

<lleliHMBHB/S/, KOTOpoe, ITO HBlllBMY MHCHl110, flB1IflBTC.fl 13· ,1.\CiHl!O._j CJIJ

qae OOJiee ITpOCTb!M l1 ,Y;I\OOHblM, t!BM MBTO]l, llOCTpOBHHH KOHBtiHO!tpaT

HblX ~IHTerpaJioB, upe].(JioJKeHHblii B pa6oTef
4/. B pas,l(e1Ie 3 noJiytieu.:. 

HOB KO!!THHYilJ!bHOe pewemte' cpaBHHBu8TCR . C p8lll8HH8M 1~0 TB?PHH 

B03!.!Ylil8HJii1 1 a B. pa3~eJie 4 HCCJIB,l.\YBTCR BUCOK03Heprentti8CY.aR 

8Cl1!.!flTOTl11\8 a:I.!ITJ!I1TJ).(Ll' paCC8.fiHI!fl B rrpl!cJJIJ.1;IBHl!l1. ITpHMOJll1H8i1HLlX ·ny

Teii/tJ,?/ • 
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I. CBe,'l!6HMe K ypaBHeHHIO 1Jnni.iaHa-lliBHHrepa 

PaccMOTPHM ypaBHeHl1e KBB3HnoTeHI.\l1BJil>Horo THr.:a: 

' -l. f 3 A [K.t~lt7) F(~ I<J} 
F(K, I<J) = A 1<, (-JI<,z] + d 't ~~~~ . • - . 

1 E- II~ (f') + •'f .. (I. I) 

3.1{eci>: A - ~BaaHnoTeHI.\HBJI. , aaBHCHl!U-1~ oT E , KaK OT 

napaMeTpa; 

i<,l-) K: = i<: - i<; ·~ ,;{ (k, K
1

) 
I 

(-I.2) 

o< (~<,,A',) , .. 'f'ft') , H,. (f) -:-B006l!le ro:sopH, npol13EOJII>Hhle· WYHKI.\HH. 

Ha 11 sHepreTl1tJecKoW• noBepxHoCTl1 H~ (~<~).: ff... (ki) '=' t~- ; if(i.;): f"f;.) 

KB83HriOT6HI.\H8Jll>H8H BMllJil1Ty,Z{a {(~t,_ ,_.,) COBll8.1{8eT C qm3HIJ6CKO~ 

aMnJIHTy,Z{oti, KoTopyro ,Z{aeT wopMBJil13M S -MaTpHI.\hl. 

]\JIH ypaBHeHl1H JioryHOBa-TaBXeJIH.1{3e/I/ C JIOK8Jrl>Hb!M KBB3HllO

TeHI.\H8JIOM l1MeeMX) 

~ . I 
-= .Pf::: -CA.(~<,,I<~}--0 1 J te"~mz 

Ill 

Jl..(t')= L< 
2m • (I.3) 

B ypaBHeHHH Ka,Z{hlllieBcKoro ~nrypnpynT oopaahl l1 onepal\MH npocTpaH-

CTBa Jio6atJeBcKoro: 

:;(K,, 1<1):: K~ { f -ll·r '5.l ,.,, 
{I<,. 1<,) 

r . /-
rn < (I ;. v f ·t- ,., ~ 

T' 
.!!_• 

'" I . TIt').-.: ·--: y(c";;;:l ' . 11:. f t'J: ·=- vr ... .,. - :. . 
----------

): 
(I.4) 

x)l\JIH KPBTKOCTH . nepe,Z{ CJiaraeMb!Ml1 B npaBO~ IJ8CTl1 ypaBHeHHH 

(I.I) Mbl OllYCTl1M K03WWl1I.\HeHThl, KOTOpb!e HeTpy,Z{HO BOCCT8HOBH'l'l> 
c noMOllli>JO npeo6paaoBaHHfl THna F _,F (.~ , I- A'~ c on-
pe.1{eJieHHb!Ml1 ,2!;1Ifl KBllt,Z{OrO KOHKpeTHOrO CJIYIJ8fl (', l1 C./ 

4 

Bood•e roBopH, c yp 

ITOl:epXHOCTL E 4;;.npo 

HeTpy,Z{HO CDedTH K~ ,, 
paccemuiH t 

"' " i= V +- Vf::-

C HeJIOKBnLHb!M no!e~ 

A """'. - ,~( 

v = 'f'fP.)It(4) e · 

· !IpiP.reu KnaatmqTeHL 

'·<.~<, 
F (1<,, Kl) ~ ·-· 

A ~ 

S;nech: p >l tt 

KOMMYTBI.\Ii!OHHb!MU COC 

BeKTOp onepaTopa,HL 
; '~ 

H OpTOfOHBJibHOCTiil: 

)'d1
Jc; /K>(K"f: 

KOTopb!e cnpaBe;nmiBI 

KOOP.1{HH8Tbl /1' > o I 
) . . 

l~HeTCH 11H;neKcoiA ,. a 

eT noa;nHee. ~aKTHIJ~ 

I\OMMYTI1PYIOlll~IX onepl 
KBJII>HOrO llOT6HI.\HBJI; 

" -'\ v::v 



>Horo THr:a: 

'f;K.z} 

(I. I) 

lOT E ' KBK OT 

(-I.2) 

rrpOH3BOJI1H~e·wyuK~HH. 

(. {kj) ;.. !:"- ; Y'(~)' I"'/;.) 

18;l.l8BT C <}lH311116CKOf1 

·MaTpl1~~. 

C JIOKBJI:OH~M KB83HrrO-

(I.3) . 

~~ 11 onepa~1111 npocTpaH-

I< t" ]; _, . 
"'~ 

-. (I.4) 

:0!1 llBCTli ypaBH6Hl1H 

Tpy~HO BOCCTaiiOilHT1 

, : i- A'~ c on-

H . C, H C~ 

i 
I-

Booo~e roHopH, c ypaBHBHHB~-(1.1) uoaHo CB~aaT1 .npo~anon1HY~ 

noi:epxuocTL E 4-npocTfJBHCTBB ~IMnyJI:ocoi::. YpaF.hBHIIB (I. I) 

liBTpy~HO CBBCTH K _ypaBHBHIIID ]HDMBHB-~LllHrepa Ha ~BTp~UJ 
" 

pacceHIHIH t 

- A "· " 1 -"l 

t==V+-v· .. t 
E·J.f.+•f (I.5) 

C HBJIOltaJ!LHb!M ITOTB!!UHBJIOM 

(I.e) 

l1pl1l!BM Kll83HllOTBHll,>IBJJ:OH8fl BMnJililTy~a lt!LBBT B!l~ 

" - ·(K,jtl~l) 
F (1< K ) .::" - • 

• , .z 'f-'(1<,) (I. 7) 
A , 

3~BCL: p t1 If - onepaTOphl lil.lHYJI:OCB 1'1 KOOp~laiUTbl C .Ovbl4libll.:il _ 

" " 
KOMMYTBll,l'lOHHh!Mii COOTHO!lJBHl1HMlil j. { ~ 

1 
9; }= .. ,· ~j ; J K/ • COOCTE-Bl!Hhlil 

BBKTOP onepaTopa_uMnynLca, y~oBJieTBopHmmw~ ycnoBIIHM·rro~KoThl 

l1 OpTOfOHBJI:OHOCTH: 

(I.8) 

KOTOp~e cnpal36~Jll1Ebl vl ~JIH COCiCTBBHHbiX BBKTOpOB orrepaTOpa 

Koop~uuaTbl,/"~"> • ITopH~OK ~ei1cTBllH onepaTopon B (1.6) onpe,lle

llHBTCH viH;z{BKCOM ,. a llMeHuo, orrepaTop c OOJII>IllUM HH~BKCOM ~ei1cTEy

eT D03,llHee. <liaKTl111BCKl1 B (I.6) 38,llUH cnocoupaccTaHOllKil He

KOMMYTHpyrom.HX orrepaTopoB rrp11 noJIHHOMI1B.llLHOM pa3JIOlJ(BHrll1 Heno

KaJII>Horo flOTBHlJ,liBJia~ /Lf-/ • 

-'\ v-"\ ( .1' .A "' - ' r o""\o ' .... v:: r; ~~~.)=L. (fiJ (~·r(PJ\,~ 
, (,., .... ,.. • •. l,ltl) 

, ' 

5 



~ 

ITpocTettume aJireopa;rqecKHe BbiKJia,n;Kki np!ttBO;llHT K cJie;llyiO-

n\>-IM onepaTo pHhiM peweHHHM ypaBHeHHH. (I. 5).: 

...,. 1\ . { . .• . ~ ·, . 

t = v· {;: -H J £- H r&.f • c 1 

HJiltl 

~ .• ~·][ I ' 
f : / E - ' .C - J/ r•t 

- ( ] [ ... 
I!' - ;/;:;:, £' - H Q] 

r;lle 
.)\ ,. .. 

+V /-( = He 

( 
ITOJlHhiH. raMHJihTOHHaH; =--" . 

1: ·H .,.,f 6CTh CHMBOJIH'IJ6CK8fl 

3anHch ~yph~oopaaa onepaTopa C;llBHra.no BpeMeHH: 

1 oo . i Et "' 
·~':" . ·: (-:-c) 1 cit e ..JC 
1: - H ~ 'l . • . . -t 

KOTOpblti y;llOBJI6TBOpHeT ypaBH6Hl110 llipe]:lHHrepa:. 

"" ... "' 
i dt J2-e ;: H .fl.r 

'\ 

12t;;o=l. 
I 

· (I.9) 

(I.IO) 

(I. II) 

(I.I2) 

(I.I3) 

McnoJih3YH pewe1me (I. 9) .11 ycJIOBHe noJIHOTbl ;llJIH coCicTBeHHbiX BeK

TopoB onepaTopa Koop;llHH8Tbl, aMnJIHTY;llY pacceHHHH aanuweM B 

ll.l1;lle 

< K,j tl t<.z) = fri 1r (K,f vIr> ~z (r}, 
(I.I4) 

6 

,· 

CJJ.c, (t) = l;.m [I: 
Hc(I<J.}•I! 

Y'IIHTbiB8H (I.2) H CO( 

00 

. C'm r~,·a) r dt 
4 ..... 0. . . , 

cnpaBe;llJIHBoe ;~tJIH brl 

~& {r) UOJIY'IJHM Bblpf 
- • J< 

~l (r) = 4ttt . { 
-t.-...., 

B npHJIOllteHIIIH c noMOE 

Bblpallte~He.:~tJIH 8MUJIH~ 

H KOH6'1JHOrO HMUYJIDC( 

2. KoHTimyaJIDH< 

PeweHiJe ypaBHel 

ynopH;~to'!Jeaaoitno BPE 

it : IZJCp{-

... , 
OnepaTopH /?.. , ~ 

ynopH;~tO'IJHBaJllll6rO HHl 

;lleitcTBYJIT noap;IIee. ~ 
Me (2.I) aeooxop;HYb 

T.e. cnocooa pacc~a1 
TOHH8H6 npH 0;/tHHSKOl 



(!.9) 

... 
-HQ] I 

I (I.IO) 

l 
I 

~eHH: 

(I.I2) 

,· 

(I.I3). 

nfl COOCTB6HHbiX BeK-

RH14fl. 38lli4W6M B 

(I.I4) 

f . 
9?. (t)"' &m [E-H,.(~,JJ (r/ .·• . /~<.,/' .• 

ICl H ( ] E - H "''~' 
c /(l -+£" 

.(I.IS) 

YliHTbiBSH (!.2) R COOTHOW6HRe 

(I.I6) 

cnpaBe~nHBoe ~nH orpaHRlleHHNX IDYHK~H~, ~Hfl BOHHOBO~ IDYHK~HH 

'f:.,_ (t} llOJIYllHM BHpa:m:eHHe . . 

(I. I?) 

B npzno:m:eazH c nouo~»D onepaTopuoro peweHHH (I.IO) aaxo~HTCH 
Bblpaze~He ~H 8MllHRTY~H, CHMMeTpHllHOe OTHOCHT6HDHO H8ll8H»Horo 

R KOH6liHOrO HMllYHDCOB k, 

2. KoHTHHyanDHoe npellcTaBneHHe 

PeweH~e ypaBHeHHH IDpe~HHrepa (I.I3) npe~cTaBHMO B BH~e . 

ynopa~otleHHO~ no EpeueHH. axcnoHeHTN/S,B/~ 

(2.1) 
-" A 

OnepaTOpH /?. , r?' 38BHCHT OT BP6M6HH Z" , KSK ·oT 

ynopH;ztOllHBa.Jl~ero HH;lt8KC8 1 npHli6M onepaTOpbl C 60H»WHM HH;zteKCOM 

~eil:cTBYJIT no::i~Hee. SanHCD peweHHH ypaBHeHRH IDpe;ztHHrepa B 'wop

Me (2.!) H606XO~HMO ~OllOHHHT» aa~aHHeM CXeMH KBSHTOBSHHH, 

T.e. cnoco6a paCCTSHOBKH H6KOMMYTHPYJI~HX onepaTOPOB B rauzn»

TOHHaHe npH O~HHSKOBbiX BpeueHaX. KaK lW yze BH,lt6HH B npe~y-



~eM pas~e~e, BW~ RBas~noTeH~~a~DHoro ypaBHeHHH ~npe~enHeT 
. . . ' . . 

paccTaHOBRY onepaTopo:B B noTeH~~ane (cu. ·(1.6)). Ho cy~ecT-
. A ~ 

ByeT npoHSBOJI B cnoco6e paccTaHoBRH onepaTopoB p · M · q. . , 

npMHa~Jie~a~~x pasHHM ~acTHM noJIHoro raMHJIDTQHHaHa, ~ H V 
. . 

COO~BeTCT:BeHHO. nnfi onpe~eJieHHOCTM BH6epeM STOT cnoco6 pac-

CTBHOBKH TaRMM oCipasoM, ~To6u OR coBna~ c paccTaHOBKo~ orie

paTopoB :B llOTeH~Hane npM ot ~ 0 , T.e. B CJiy~a-e JIOKB.iiDHOrO 

RB83HllOTeHU~ana. 

MH 6y~eM Y~HTHBBTD CXeMy KB8HTOB8HHH B CBMOY BHpa~eHHH 
.... .... . 

(2.!), C~BHraH aprj'IMeHTH Pz. , q,.. OTHOCMTeRDHO ~pyr ~pyra. 

Ha oeCROHe'ClHO MBJIYIO BemillMHY &> ( > 0 -, MJIM 38~8B~H CllOCOCi 

. KOHe~HOKpaTHO~ annpOKCMM8UHH MHTerpa~a no~ 3H8KOM 3KCllOHeHTH 

B (2.!): 
'i ' ~ 
J ch H ( ,; i.) = <m r A<: H ( p 'l ) 
o :- J r #~oo llrJ . L J ,. 

(2.2) 

·(2.3)· 
--- ... ..... Kt' ··r· . 
PJt.:- P.-,. ·' l~e ""# /· 1:::0)11 ••• ) 6?:: :E. 

IV 

B nOCTpoeHHH.~HTerpaJibHHX CYMM THna (2.2), COOTB6TC!Dy.ID~HX 
. ' 

. pasdHeHHID (2.3) 06JI8CTI1 H3MeHeHI1H nepeMeHHOti ~ , BOOCiii{e rOBO-

·pH, ?Y~eCTByeT CiOJIDlliOti npOH3~0JI; HO 38;lt8HHe CXeYH KB8HTO:!iaHI/IH 

O~H03HS~HO onpe]teJIHeT IlHCiOp TO~eR Pc , 'le ·, YTl8CTBYJOll4ID(:B. 

cocTaEJieHHH HHTerpaJIDHOti·cyMMH. ·~a noTeHUHaJioB THna (1~6) 
A - • J 

V:s v (~ P. I 9,} ' c Yll~TOM ;ltOllOJIHI1TElJI:&Horo cnocoO'a paccTaHOEKH H. 

onepaTopo:B, npHH8;ltJieliCaii{I1X paSHHM 'tt8CTHM liOJIHOro raw1Ji&TOIII18Ha,. 
,, ' 

8 

I 

,r; 

I 
l 
I 

'i 

. . . 
MH ~OREHH llOCT8BHTD B (2.1) H (2.2) COOTBeTCTBeHHO 

""" ol\ A . ""' A. ·"" ~ 
H ( Pr ~) -= Ho ( f'r._,.r) -1- V f Pr- .. r P;- .. .sr J ifr) ' } , _(2.4) 

"' ~ A A .""\. .A A · 

H ( P., /1 .. ):.: Ho {P..,~) + V ( ft:--1) f'"H J q"} 1 (2.5) 

PacnyTuBaHHeM BHpaxeHHH (2.1) HasoBeM onepaUHIO npH:Be~~ 
.... 

HMH ero K T8RO~ cpopMe, B KOTOpolii :BCe onepaTOPH p ~e~CT:BYl 

nos~Hee onepaTopoB . 
1r : J e [ { qf'] - fl t ( ti, 1 iJ . 

CJie~H ~e~HMaHy/5/, ~JIH Toro ~ToCiu pacnyTaTD BHpa~eHH' ... 
(2. I), npuMeHHM K onepaTopy Jlt , xax cpyHRUHOHaJiy oT cpyHK-

..... 
~HM J? , KOHTIIIHYBJIDHOe fPYPDe-npeo6pa30B8HHe, ROTOpoe ~n 

pe~eJIHeTCH B/!5/xaK KOHTHHYBJIDHHJii npe~eJI KOHe'ClHOKpaTHOrO 

«PJ'pDe-npeo6pa30B8HHH_cpyHKUIIIOH8JI8 OT ~HCRpeTHOJii cpyHKUHH (2. 

A N' • J2 -A ,. . E J.lf"' .. 
tl PrJ qr] = tm e _, "'' ,.17" tf../1 .. ) 

N-(1(1 
(2.6) 

. ,.,,, 

J f 
N+lf .1 ,j/ . ,·Z::JC~e(>o-,. ~~ } AI . ..\ 

= t;,.. ··· n c1~ ~"]e '"'' ., ·-~-r. -•r_ .~.rHfr." q.,JJ 
jl-.co IC<I K•t (1li:J' L e 1<>1 ' ' :; ' ' 

(2.7) 

~.,.z r l "J. ] 
(i;o, ! ... f !7, L"'lf"., ~~ 
('1-.t>O AI A 

x~:o _, z: H H(7:,.,q,.)] 
x [ e ... , . = 

fhl I 
1 

.'\ 

,· 2:(1(., -x,..,)(1:,._, -!'.,.,) 
e «•I X 

. ''(2.8) 

9 



. J 
- rr_ n r d}tr) 1 ... ::!.!."' 1 - JJ_ r L ' (t:r;j 

K(o);:O • 

r 

i J•-ln( (rJA"(r)" 

e 0 ut . 
' } 

. ./ ' 
X(rJ:::-r.)((r) 

"'•' (2.9) 

(npu- nepexo.n;e oT (2.7) H (2.8).6HJia c.n;eJiaHa aaMeHa nepeMeH-
"' Hb!X Xlt=x:-x~., npH YCJIOBHH X~==O. ). OnepaTop u~ B 

(2.9) y,n;OBJieTBOpHeT ypanHeHHD illpe,n;HHrepa 

~ .A ·" A. .... 

i~ (),. = {P .i(t} ·f. H ('h(t}) q)] il-1 · / Ut~c ~J 
1 

(2.IO) 

KoTopoe JierKo pewaeTcH/5/ c 
.A 

noMOIIILID yHHTapHoro npeo6paaonaHHH 
..., 

.... .. p >((f) -1 

Ut:: ~ /\ t 
( ~-'( ('f)ll" /-~) 

- e ttr.. . 

"' IIPH'!eM .n;JIH onepaTopa At HMeeT MecTo npocToe ypanHeHHe: . . 

~ ~ •lJ({() ~ . A ... ,·,J..-ffJ .'\ . ,-1 

. ..., t ·- H 11 · H = e Jl(~ftJ·lf) f :::- J/(4tfJ tn•.l(ffJ J 
1 tl~ fit ... ;' / / .) I · '/ • 

A 

TaKHM o6paaoM,oKOH'IaTeJILHO ,n;JIH onepaTopa c,n;nHra ~t noJiy'IHM 

··BHpaxeHHe 

t . 

.£.Ji i.J =· jJJ7(/~6').tJl!rJ}.e.-p 1;ftTfxtrJ(v:fr)-·;)-Nti-tr)o\xrrjJ) • .-L 4 ~, ~ • 'I' L~ ('•TJl 1'., l' ~ Jlo '.l/ 
X.{o)=o . (2.II) 

'1. A A 

Y'IHTHBBH, 'ITO (·d.J?1 (f?,9)1~l)=.Rt(Kt,~)(~JK1 ) , \IJYHK~HIO 

'!:.. 6) , onpe,n;eJieHHJD paBeHCTBOM (I.I7),npeACT8BHM B BH,n;e 

10 

~~ 

.I· 

j· 

~~ 

I 
J 

·'~i ll 
I 

·r 
I . 
'I 

'· :.j ,, 
r 

l } 
'I 
_I,\ 

) 
.1 
·1 

~ 
~ l' 
~ 

. 'J' .. ' 

. .t 

I 
:t 

111~ 
~~ 4. 

;·I 

. f 

I 
I 

. \ 

I· 
i 

KOHTHHYSJil>HOrO HHTerpaJia: . 

.9:l{rJ=<clrrl>ffpfoirrJl;~rr]w/1:r{MJ;trJ ·i<l) + f- H(~tt~ ~.:x~J)J} 
l1a (2.II) HeTpy,n;Ho T8Kllte _nOJIY'IHT:b H3BeCTHOe BblpaxeHHe 

,H,n;pa onepaTopa C)l;BHra B KOOP,1l;HH8THOM npe.n;cTaBJieHHH:. 

l I 7 'J' <1il..Rtl2'l>=1J ;;r{rl;;trJ~~1Je' · ,' 
X(cJ.:~ 

XU·).ol"z 

t . .. . 
s~ [tlr {lor- lf(t;.-rJ]' 

t> 

Cn~co6 KoHe'!HOKP_!iTHoil annpoKcHMa~HH nil:paxeHHil (2. 

,(2.I3) 38,11;8H.WOPMYJI8MH (2.5), (2.8) H 0,1l;H03H8'IHO onpe,n; 

CXeMoi KB8HTOB8HHH; 'ITO Bnepllble 6HJIO llOK838HO B CJiy'Iae 

TeMWHX CXeM KB8HTOB8HHH B He,n;anHeM pa6oTe EepeaHHa/4/. 

3; TeopHH·BoaMymeHHH 

MeTO)l; KOHTHHYSJil>HOro HHTerpHpOB8HHH ,11;8JieK OT CT] 

o6ocHonaHHH. IIosTouy Heo6xo.n;HMHM ycJIOBHeM .n;JIH .n;aJILHeMwt 

pa6oTH·c noJiy'IeHHHMH KOHTHHyaJILHHMH.peJIIeHHHMH yp~BHeHm 

illpe,n;HHrepa HBJIHeTCH cpaBHeHHe HX c·pH)l;OM TeopHM B03MYJIIE 
~ . . . . 

h....-. . nopH.n;oK paaJioEeHHH :no noTeH~HaJiy BOJIHonoM WYHK~H~ 
C raMHJI:&TOHH8HOM (2,4).HMeeT BH)l; 

,,) · rr l- l . d~(r) 1 I Jj n ~. . · · 
~~ {t} == ('l'/K,) ur' <fr:lrJlU}JJ~f '., "''t.xfr){'K'frJ .• KJt[ -H

0
{1-(r.

4
JJ] 

. . 
x (..;i)"'. n.., [~f. Vli-11-:--s• sr(:,. '"•) /''t + x(1:·JJ] 

1"11 J L~J.;- '/} .I 'J j; I o . 

.II 



CXeMy KB8HTOEBmfl MN YM~H 3~8Cb C~BHrOM apryMSHTa HMny~I>Ca 

OTHOCHTe~I>HO apryMeHTa KOOp~HH8TN Ha 6eCKOH8~HO Na~ym BenH~MHY 

~ > 0 • )lcnoni>ayH TOllt~eCTBO 

· , ..., J / oo J' r., ., ., 
n'! !7, [ frtlll f(r,c) : Jt~ "1~. .. jtt,lr n f tr .. ) 

. Cl 0 0 k~l 
(3.2) 

H ~e~aH ~ypi>e-npeo6paaoBaHHe Jl~H Kalit~oro Ha h noTeHgna~oB, 

~~H (3.!) no~y~HM BHpallteHH6 
. "" "' . . (.,) . - d J c"?'-1 J J, '· ., ' '!:c. f"r)~ J Jn[,-2 .... ~; J f; e ' , Jt~i.].t~ .. .f.~t~ (lnf<I;M:!.:!!:·)~ 

. ., " Q c Drf" (O!"J' 
(() 

i~Ji'x[i.-(,') -JY"'r/1 r J ':'0 i2" J (3.3) 
. If{!'.. L~f?'}''~~--JI.,(1r(r·,.Ji)J[!,V~{I;·""J:(~~4)/'tj~, 

r~e 

~: "' l<l "f., i 1...,: f,.- f;.., J ... I ;, : fz • f, 

.1),.,1 . ...:= - -) J (I'} :: l<z - _2.. I'; 1}(1- - t 
,., J 

(J(f"):: ( '~ 1->0 
0 J 'i'< 0 

(3.4) 

(3.5) 

B (3.3) CO~eplliHTCH KOHTHHyani>Hbli't HHTerpa~ OT ~YHKgHoHima 

nt-'!Hei'tHoro B 3KCllOH6IiT6 no )( (r) • TaKMe KOHTHHya~I>HHe HHTer

panu ~erKo 6epyTcH, a HMeHHO, cornacHo onpe~e~eHHD (26)-(29), 
llOCJle HHTerpHpOB8HHH no X {'i') J "Ji(-;--) Mbl ~O~lliH.bl llO~OlKMTI> BCIOJlY 

/,.I- -on(.,) . ) ..,_,. 
B ( 3. 3) ~ l~"' ·"' J f'f') • C)lBHr apryMeHTOll sr {r , x rl'/) 

yqHTb!BaD~~ CXeMy Kll8HTOB8HHH, ~KTHqecKH ~oonpe~e~H6T e -~yHK
gHD (3.5) E Hy~e: 

(~) 17 ( . Ll(' ,, :ft,j-t.J= [j~,- ~~~ ·lj)rT 1; -(~.-.s)j;: lj 

J>C•J( lj ,.o) ·= (; 1-1 • 
(3.6) 

!2 

I 
t 
J. 

-r 

HeTPYJlHO noKaaaTI>,· ~ 

Jtr{f -H. (J 1~Yr~.)J]=l~~.! 
" .. 

"" ;, ~~., 'oo . 

j<l1j jJ1l. "i"t .. ~,f: !·'·~( 
c u . c . 

· J c1t .-r.,ff"~·-t',) 
l_i;jJ t! ·. . ~ 

. . 1 

C yqeTOM KOTOpHX BNj 

rl> ,.,) f J , [rl~ 
T;:

2 
(r) -~ • ·· n · -

. K:J ,F-. 

OTcD~a cne]lyeT, qTo 1 
(fftHHH (!.4) ,(2.!2) _C( 

nonyqeHHHM HTTepagHel 

c~ylitHTI> ~ KaRol-TO I 

HHit (2.!!)-(2.12)~ 

BaJB:Ho OTMeTHTI>, 

KSKHM o6pa.30M lUi_ 6y; 

HOCHT6~l>HO apryueHTa 

pHH Boauy~eHHit He qyJ 

pacCTSHOBKH-onepaTopc 

qacTHM no~Horo rauH~l 

paccMOTEeH_npHuep, B 



M apryMeHTa.HMllYJI:&Ca 

OHeqHo·NaJiyiO l!6JIHllliiHY 

., 
Jftr .. ) (3.2) 
'I 

113 h .llOT6Hl\l18J!Oll, 

(3.4) 

'i'<O (3.5) 

I OT ~YHKL\HOHBJia 

KOHTHHYSJil>Hble HHTer~ 

lpe){eJieHHIO (26)-{29), 

JJIXHbl llOJIOlliHTl> BCIOJtY 

roB sr fr) . .>< fr). 
" ' , J 

I! ){OOllp6){6JIH6T e -~yHI<-

(3.6) 

HeTPYJtHO noKaaan,· t~To HMeiOT uecTo pa:BeHcT:Ba: 

(3.7) 

(3.8) 

(3.9) 

C yqeTOM KOTOpUX l!~paxeHHe (3.I) npHHHMaeT l!H){ 

OTCI>Jta CJie){yeT, qTo (n +I) nopHJtOK paaJioxeHHH aMnJIPITYJthl p~e

CfftHliH (I.4),(2.I2) C0ll!l8.1t86T C COOTB6TCTB)'illl(HM l!~pa)llemJeM~ 

noJiyqeH~M HTTepal\Hel ypaBHeHHH !HnMaHa-IDBHHrepa, qTo uoxeT 

CJIYEHT:b ~ KSKOl-TO Mepe OCiOCHOBSH!4el4 KOHTHHYaJil>HYX pewe

Hl4l (2.II)-(2.I2). 

BaJJtHO OTLf6!HTl> 1 liTO HHTerpaJI (3.7) He 38BHCHTOT Taro, 

KSKHM o<5pa30M . Mbl_ Ciy){eM C){BllrSTl> apryMeHT 'l:"fr) B #o OT

HOCHTeJI:&HO apryueHTa X fr) B llOTeHL\li8Jl9 • CJie){OB8T6Jil>HO, Teo-
, ' 

pHH B03Myll(eHlll He 'IIYBCTBHTeJILHa K ){OllOJIHliT6Jil>HOMY C~OCOOY 
.A ..... 

paccTaHo:BKH onepaTopoB I', . 11 q , npMHa){nexalliHX paaHh!M 

qacTHM llOJIHOro raMHJil>TOHHSHa. C ){pyrol CTOpOHhl,l! paCioTe/4/_ 
- . . , ' . . . 

paCCMOTpeH. npHMep, B KOTOPOM peayJI:&TSTbl TOtlHoro' .Bl:l't{HCJI6HHH 
,_ ' 



~oHTimyani>aoro HHTerpana cyl!leCTBeHHO aal!HCHT OT TaKoro cnoco6a 

paccTaHOliKH. llpe;z{cTallnHeT HHTepec no;z{poo!JO nccne;z{OllaTI> 11onpoc 

0 ·aaliHCl!MOCTl1 TOtiHOrO penreHHH (2e12) OT ;z{OnOJIHHT6J1l>HOH CXeMbl 

KllaHTOB8HHH. 

4 •. llpH6JIHJKeHHe npHMommeitHb!X nyTeit 

PaccMoTpuM llb!CORo:mepreTHtiecKyiO acHMnTOTHKY aMnnHTY;z{b! B 

npH6nuJKeHnH npm.mmmeitHhiX nyTen16 ' 7 I. Cornacao sTOMY npHCiJIHllte- · 

HUIO 
1 

I-IHTerpan nO]{ 3HaKOM SKCnOHeHTbl H CaMy SKCnOHeHTY HylKHO 

paSJIOlKHTI> ll pH]{ no CTeneHHM cJiYHRUHOHaJII>HOR nepeMeHHOit, onHCb!

BaiOI!l6~ OTKJIOHeHHe OT KJiaCCHtieCROH TpaeKTOpHH CB060;z{HOro 

;z{llHllteHHH: . .... 
2/:. -=--.....__. (4.1) }( (r) = 1/t I 

KaR noKasaao B pa6oTel71, TaKoit pfl;z{ coBna;z{aeT c sitRonani>~ 
Hh!M pa3JI~lKeHH6M aMnJIHTY;z{b! pacceHHHi91. 0CHOliHOH tiJieH pa3JIO

lK6HHH H nonpaliKH K HeMy npOI!le l!Cero lluqHCJIHTI>, eCJIH 38llHCaTI> 

ROHTHHyani>Hb!H HHTerpa~ (2.12) ll ;z{HW~epeHUH8Jll>HOll ~pMe ~pa;z{

KHHa11S/; 

rf//rJ=<'t/K/>flJIJ/iJ'jl'f;'lifrnr +E- H(arfrJ-~o~rl ~ + 11"7" ,.J""'s --1P1f . .. ( 4 .2) 
1 l' · . J . .. .. rrv 'J]/r:rrJ10. 

. 0 

PacRna;z{b!llaH aTo llb!palKeHHe 11 pfl;z{ no llapHaUHOHHOit npoHSliO;z{HOit 
. . . 

. C ytieTOM CXeMbl Kli8HTOli8HHH (2 .4) H llbl6HpaH OCI> 2 ll;z{OJI:b HM-

nyJII>C8 kz , nonytiHM! 
fA ··iZoh) . 
1"11·Jt)-:: ('r/Kz) t {i + 'X, (r) + · ·- ] _ (4.3) 

IX) "0 

'Xo(~)= J ~l V(t:11 Kz J"t -i-Vt) "',:., /'"~,V(tc~,~lt,~J,' -z::(r"') f)(
4

•
4

) 
0 . ·. ? . 

X' (t )• Ftr [i ;,: V(~, r,l•+<'t) -i f: V (•,,-.!,. zo/ j"-/fi: V(~ •/>• ·~!lt ( 
4

• 5) 

. ~~ 

14 

.l(OCT8TOtii!He ycJIOllliifl cnpalle;z{JIHBOCTH stiKOH8JI:Ol!Oro npliiOJI.I-'1-

EeHl/lfl l!OlKHO · HaHn! 1 

Hb!e nonpamm II91: 
cpaBHHllaH no no nopH.n,Ry Bemlti.liiHhi si1IwHan:o-' 

I 

i JL,f » /'X, l ; J-x,j<<i ( 4.6). . 

I..... vJ· v. · t' ,/1.;., \{ · J ~~ H.. B tiQCTHOCTH, ecJI.l/1 "·~ -~ K- 1 ..... v ·K-1 J( ,r.,""'-' ;.:. • (r.n.e 

Vc :....nopH;z{OR rroTen.unana B ocno:Bnoii o6nacT.lll ero cymecTBOBamm, 

R.. -pasMep STOH. oonacTH)' liTO BbiiiOJIHHeTCH ;z{Jifl ypaBHCHIHI 

JloryHoBa-TaBxenH;z{Se (1.3), TO us ( 4.6) rronyti.liiM ycJI0:9lm 

rna;zuwcTH RBasHnoTm:uuana n uanocTu noTenunaJI:o~oii aneprnH 

l<R>>l , ;.~I <<d? 
He "fl 

(i~. 7) 

Ilpu III8Jib!X yrnax paccenmur, g.~~J!f , 11s (I.l4) H (4.3) HeTpy;z{

HO IIOJIYti.liiT:O rrpe;l{CT8BJieHI! e l:ion:oepa/IO/ 

.. 1 ... 1 >. . 1,r~J :r4f~<,·K1 1f •• z~r?;J ] . 
(l(,'t K~~"·=•f·v-;«r_,e le. -1 ;'.t;{r.).:X.(?J/'1=-.~ (4.8) 

.IJ.nn ItnQSHJJOTCHqHan:oHOM 8llllJIUTY;z{LI (I.3) STO npe;z{CT8DJICHHe 

t:IIepBb!C c5HJIO H8ll;z{eHO B paoOTC /II/ H IIpV!MelieHO 38TCM )J.JIH 

OTIUC811Hfl SRCTICpHMCHTOll ITO Db!COROSHepreTHtiCCROMY pacceHIIHIO 
. /n 12/ -
Q;z{pOHOB. ' 

.UnH nenor<an:onoro KBa sHno TeHunana ( 1.4) nepno e Hs ycno-, 

JlUii (it.6) HC Db!TIOJIHHCTCH: }:f,}'v /::!~/ , tiTO cornacyCTCH llpll 

Vi-~ /I c pe3yn:oTaTaMH pa6on/I? I, r,lle 6w10 nccne.n.oBaHo 
~ . . 

Bb!CO!\OSHCpreTHtieCJ\OC IIOBC;IJ;CI!He 8MTIJI.l11Ty;z{bl, IIO;z{llH!Ifl!OlllCi1CH ypaB-' 

IICIIH!O l(a.l(biJ:reBCROrO • 

0TMCTUM 1 tiTO BCJIC;z{CTBHC ;z{OCT81.'oqnoro xapaRTCpa_ YCJIOBUH 

(4.6) napymeHne mt,:Booo~e roBop.a.,em~ u.e osnatiaeT Hecnpa~e.n.nz-
-:. 

JlOCTU npH6JIUlKCHHH IIpHMOJIHHei1Hb!X nyTei1 11, BOllpOC STO,T Tpec5yeT ... 

;z{QJILIIeiilll.liiX UCCJIC;z{OmiHHi/16!. 

I5 



B 3DKJI~qccue anTop ~cKpeeu~ 6nnro~a~riT c.~.ba~0ucona, 

,4;:1~ liJIOXI1H~eBa, f .ll. LcjliUOBa, ,j. f .I~a,I\UllleBCI:OrO, ~;. i;yHCTa, 

J. A. :.IaTBeena, ;;. :I.!JeilMaiia, P •. ; •.. ;up-i,uC,ii.!OBa, J • .u.GKaqi:onu, 

ii.. ri. TanxenH,n3e ··ll L,. ~a.n..r;eena 3a none3HUe a cTm.rynHp~'f~que o0-

c y::<.n emur. [t n11nom:mw 

l3 sioJJ npmw;;;tem:n. c nouo!l\LfO ouepaTupHoro peweului . (l.L) 

;m_ nonyqllLI c·m.;r.rc~·vnqHoe OT!locr:IcJII>IiO nr.;nyn:r,con 1<,· u 'k.~. JW-

Tei'PaJII>J:oe npe~cTamrcm1e .:::~nn mHMllTY;'l.bl ( 1.1·4) ·• 

~icnoJII>3YH AJifl unepaTopa c.n.nura 3annc:r, ll mr.n.c ynupHJ.iO-
. tl : ~ ;../,;\ 

. qennoH I!O :Bpeuei:H SKCITOHCHTbl I! pane!ICT:BO e -I = V· 4 e 
~ ~ 

, l.18Tpll-

-~Y paccemmH (I.IU) npc,n.c'l'Ull!HI B nn.n.e: 

i'= [E -11: Jc .. ,Fitt: ;L.·t'fl! ·./~c~l:.'(e ···!~ .. .;.. -_-t)}ii- H~] ::. 
';: . ·"' t I - ·, · . 

. , .:D=·-~~~Jt-.>l 1 Ir- i·(• ~J, e ·!: tr-rJ ~.f', 
I ' ~ ,.' • 

l , ... t .. " ' ., (.~~s) 

-... j.I.-H"' , ··• f•hH~ ;-. -1 
,., f I r 'vf f . ' .· L i~- - H.1 

(I) 

(II) 

r.n.e 
··' (,') . . -~ . ' 

11;,. ·= II. ' T " ~- ~ - I ill) 
t ' t \ 

;L;enan 3aMeHy nepcLWHHhlX i-r::t' n coBepman IIepexo.n. ua mrepreTVL-

qeci,YIO TIOBCpXHOCTl> ananoruq!IQ (I.I5)-(I.l7), ,ll.JIH armJIIlTY,ll.LI 

· paccenHJUi uonyqin.l · nupnt.teune 

:· A. : 'j: 1. I' l l JI(A} 1 (-t)· . -
• <~:"; ft- /rr:/ = •'". J •·. ).1.-, 'J;_ ft.) (r,/ V/'l',/ ~l-flz) • (IY) 

rtf~) . . 4 (M 
S.n.cc:r, r .. ft) q.._ r~)- noJmonh!e QJ'HK~HH 

" ) IIC', 

·1 i,, . . . . . r - • ,., . J} . 
~~- ;':) : .(;..,. < rz J €.;<{' {• {.It'[ H.,. -E. /Kt > 
. ,._ r ...... 'VI'·~-.: L. .-. 

(Y) 

-~ c . 
<J .. ;,rl.J-= t:, .. ·<c:p;x.·1·~rd·i'-r,;/-'~-~_:J}it,;> 

t ·--:- t.J . .... t, - ' - . 

~ . ( .YI) 
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