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S u m m a r y 

Relativistic theory of charged Cf and neutral 'f' 
'scalar fields is considered. The interaction A Cf 1lff is 

local, space-time is four-dimensional. Instead of "bare• 

creation-destruction operators the "dressed• ones are 

introduced. They have the following main property: 

"dressed" vacuum and one-particle states must be stable. 

This property requir•s in particular that the total 

hamiltonian as a function of "dressed" operators must 

not contain trilinear terms, i.e. terms similar to the 

interaction ones (terms involving four, five ••• 

operators enter instead). The main equation of the paper 

is obtained by equating to zero the sum of all 

trilinear terms. A reason is presented in fav~r of 

the assertion: the equation solutions (if they exist) 

cannot entail the self-eoorgy divergencies. A necessary 

condition of existence of the other solutions is 

obtained. It claims that some integrals involved in 

the equation must converge nonuniformly and must 

have some asymptotic property. It is shown that this 

property can be realized inleed. 



BBe;zteHHC 

UICXO,ltH8fi H,ztefi 11 0,zt6B8HHH11 COCTOHT B TOM, tlTO KOpnyCKYJIHpH8fi 

HHTepnp6T8UHH T60pHH co B28HMO,ztettCTBH6M He ,ltOJI:atHB 38HMCTBOB8TbCH 

HS CBOC>O,ztHOi TCOPHH ("roJWe" tlBCTHUhl), HO ,ltOJIEH8 ClhlTb IlOCTP06H8 

38HOBO. 8Ta 38,lt8tl8 ,ltOJI:atHB npe,ztmeCTBOB8Tb pemeHHD KOHKp6THhlX npo6-

JI6M THil8 pacceHHHH. HOBBH KopnyCKYJIHpH8fi HHT6pnpeT8UHH ,ltOJI:atH8 

y,ztOBJI6TBOpHTb CJI6'AYDDt6MY OCHOBHOMY TpeC>OB8HHro: B8KYY14H~« B6KTOP 

HOBUX onepaTopoB p0:at,lt6HHH-YHHtlTO~eHHH H HOBl:ie O,ztHoqaCTHqHue COCTOH

HHH ,ztOJIEHl:i ClUTb COC>CTB6HHUMH B6KTOPBMH IlOJIHOro raMHJibTOHH8H8. 

T8K8fl nporpaMMa nepBOHaqaJibHO C>UJI8 OCYll{6CTBJI6H8 B npOCTUX 

uo,zteJIHX TeopHH noJIH (cu., HanpHuep/1/ H 121, rnaBa IV. 11 0,zteBaD

~He" npeo6p830B8HHH BBO,ltHJIHCb BO MHOrHX IlOCJI6,ztyro~HX_pa6oTax, no

CBHll{6HHUX rJI8BHUM o6paaoM M8T6M8THtl6CKHM BonpocaM T60PHH IlOJIH (cu., 

H8IlpHM6p,/3/-/?/)X/. B qaCTHOCTH, B/3/ Cl!:iJI8 YK838H8 WOPM8JibH8fi 

npOIT6,llypa nocTp06HHH 11 0,zt6BBDll{6r011 npeo6p830B8HHH, ro,ztH8fi 'AJIH 061,1q

HOM peJIHTHBHCTCKOi JIOKBJibHOtt T60PHH. OHa OCHOB8H8 H8 TeOpHH B03My-

11{6HH~ OCll:itlHOro THna, B6,ll6T K IlOHBJI6HHID H3B6CTHUX paCXO,llHMOCTett H 

Tpe6yeT nepeHOPMHPOBOK. 

B HBCTOHll{ett paooTe npe,llJiaraeTCH ,ztpyrott IlO,ltXO,ll. OH Il03BOJIH6T 

npHB6CTH PH.it .llOBO,ltOB B IlOJib3Y B03MO:atHOCTH IlOJiyqHTb KOHeqHl:i6 coo

CTB6HHO-aHepreTHqecKH6 nonpaBKH K M8CC8M qacTHU. TOJibKO 8TH no

npaBKH pacxo,ztHTCH B paCCM8TPHB86MOtt T60PHH B38Hl40,zt6ttCTBYID~HX aapa

:at6HHOr.o li H6itTp83IbHOrO CK8JIHpHWC IlOJI6i (BepmHHHUi rp8WHK q)ettHM8H8 

X./ qTO :ate K8086TCH YHHT8pHhlX npeoopaaOB8HHtt raMHJibTOHH8H8, CX~.ztIµ,IX 

C paCCM8TpHB86MhlM B STOtt paC>OTe, TO OHH HCllOJib30B8JIHCb y:ate B 

MOHOrp8WHH BeHTU6JIH/B/, 014. KOHCU § 7. CM. T8Kge/9/-/IO/ H ,ztO

K838T6JibCTB8 T8K H83hlB86JWX T60P614 8KBHB8JI6HTHOCTH (/2/,rJI.!0). 
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..,I' 

CXO;llliTCH). 9T8 TeOpliH IlOXOlK8 H8 KB8HTOBYIO :a]):ei(Tp0,l\l1H8Mluty, HO ro

p83;ll0 ilpOlll,6. BM6CTO H6i!Tp8Jll,HOrO B6KTOlJ#:~t~ir}~~tM:6M CK8JiffpHO6, 

aeT Hl1K8.Ernx ;llOilOJIHHTeJII>HhlX ycJioB11ll/II/ ,~~tftlt·r ·· 
/ i\• i;') . 
( .J,,..J 

I. ~OPMYJIHPOBKa Teop1111 11 06O3aaqea11H 

,·· 
I 

Ilp11H11MaeTCH JiarpaaJKeBa wopMyJI11poBKa Teop.1111. raMHJII>TOHHaH, 

IlOJIHhlH 38pH;ll, IlOJIHhlH liMilYJII,C 11 npoq11e B8Jll1ql1Hhl ;llOJllKHhl 6b1TI, Bhlp8-

JK8Hhl qepes KB8HTOB8HHhle IlOJlff l/J lx) 11 'f {it} • Ey;lleT 11cnoJII>-

3OB8TI,CH CiOJII>men qaCTI>lO mpe;lll1HrepoBCK8H K8pT,rna. B T8KOM Bl1;ll6 

Teopl1H CBO6O;llHhlX CK8JIHpHhlX noJiell l13JIOJKeHa, H8Ilpl1Mep, B KH11re 

BeHTnenH/8/, CM. § 6 11 8. IlJIOTHOCTI, IlOJIHOro r8Ml1JII,TOH118H8 p8BH8 

fl 7ir (x I -t(V'f Jl + f-'-'l'l. l + [ 1i,/7T,, + (v<P-t U'f} + m; crt-'I' 1 + 

+ ">i (vn)11z.1.tt'f 'f. 
(I) 

HaM 6y;lleT YAO6HO BB8CT11 p83JIOJK8Hl1H tflX) 11 ifM no nnoc-

KliM BOJIH8M: 

1 J d3
b ixp[ it] 

'f'lx}=~= -+--e ap+ ()_/' . Xf=Xf1t+Jf.r-t!l.A,. h (2.71)3 f.(p) 1 1 

[a,,,a}J=ECpJS-Cr-'IJ; [tr, t;J"' ECpJSCp-r); (2) 

to(,- I f ,PK. eix"[ -t-1 
l ,: -t2( 2 r,)3 W(1<) 9t< + :l-1t; ; [ 91<, 3:, J == uJ(I<) S(k-1< 1

) 

x/ 38M8Tl1M, qTO raMl1JII,TOHl18H Teop.1111 He HBJIH8TCH IlOJIOJKl1T6JII,HO 

onpe)leJieHHhlM, CM./IZ/ 11 § 9 B/I3/ (qTo6hl npl1B6CTl1 B3811MO,l\6HCTB116 

q,t<f 'f K O;llHOMy 113 Bl1;llOB, paCCMOTpeHHhlX B/IZ/, ;llO-

CT8TOqHO BM8CTO ({It 11 'f BB6CT11 ;ll6HCTB11T6JII,Hhl6 IlOJIH). 9TOT 

H6;llOCT8TOK He noMemaeT Bh1IlOJIH8Hl1!0 nporpaMMhl O;ll8B8Hl1ff. 
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B OTJIHqHe OT (7.270) B/2{ a ODHCimaeT OTPHU8T6JihHO 88PHllt6H

Hlle qaCTHUll, 6 - DOJIOlltHT6JihHO aapHE6HHll6. B p88JIOllt6HHHX (2) 

Elp) H W(K) oaHaqe!lT cooTB6TCTB6HHO {pa. +m2 HVK.'-+Jlf2·
1 

I',1{6 m H f" - H6H8B6CTHll6 61116 MBCCll 6y,1ty111wc "o,1t6TllX" qacTHU. Yno

Tpe6neHH6 T8KHX pa3JIOllt6HHil 3KBHBaneHTHO O()llqHOMY npHeMy BB6,1{6HHH 

"nepeHOPMHpOB8HHllX11 Mace: ;u.z. 'fZ.::: l"z.'fz. .+ {f"',,2-~Z.)r,'Z. 

(aHanorHqHo .itnH DOnH lf{K) ). lJIH npoCTOTll 6y,1teM C~T8Th, qTO 

B HCXO,1tHllil I'814HJihTOHH8H, BllP8llt6HHllii qepea noJIH tp(K) H fCx}, 

,1{OC>8BJI6Hll T8KH6 C - qffCJIOBll6 qneHll H qJieHll JIHH6ilHll6 no 'f{K}, 

qTo B T8pYHH8X a,~, CJ raYHJihTOHH8H HY66T BH,1{, HOpY8JihHO 

ynol)H,1toqeuuuil no a., &, 3- xi : 

B (6) /4 o6oaHaqaeT ]d 3/'/£CpJ, 
Bcm,1ty cqnaeu, qTo h = I H c = I. 

(3) 

x/ 88Y6THY, qTo B KBSHTOBOil 8JI8KTPO.itHH8MHK8 B88HYO,1{6itCTBHe C ca

Moro HaqaJia HBnH6TCH HOPMSJihHO ynopH,1toqeHHllll, 6CJIH B8HT 8HTH

CHW6TpH8OBBHHllil TOK/II/,§ 14.4. 
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2. BB81t8Hl48 11 0.ll8TWC11 onepaTopoB 

BBe;ztell Bll80TO a, & , 9 HOBH8 B8JIH11HHH o(, p, r 
TSK, tlTO a , H8DpH11ep, 6y;zteT HeKOTOpOit q>yHKI.\H8it o(, p, t. IlOOJ18;zt

HH8 6y;ztyT DOHHll8TbOH K8K onep8TOPH B q>OKOBOKOII npooTp8HOTBe O Ba

KYYIIHHII B8KTopo11 .n T8K1'111, tlTO o( .s2 = P sz = r .s1. = o. 
lOmtHO BHDOHHHTbOH yDOIIHHYT08 BO BB8;lt8HHH nepBOe Tp860B8HH8: 

I) Q, ol.-t- _Q , p+ J2 H rt 5l. ;ztOJIZHH 6HTb OT86HnbHHIIH 

OOCTOHHHHIIH. Il0Tpe6ye11 ;lt8Jl88, tlT06H 2) ~, fl 1 r y;ztoBne-

TBOPHJIH T8M_llt8 K8HOHHtl6CKHII nepecT8HOBOtlHW4 COOTHOW8HHHII, qTo H 

a, 8, !J , H8DPHMep, [ol.,, cl/ J = ✓ p'-.,. m"-
0 

$ (f-'I) • 9TO Tpe-

60B8HH8 6y;zt8T BhlDOJIH8HO, 8CJIH o/1 fi, Y CBH38Hll C 

a, C, 9 npH noMontH q,op11a11bHO yHHTapHoro npeo6paaoBaH1.rn 

a,,= es olp e -s ; /J S -S s -s ' 
o1 = e p,. e i 7" = e y; e ; :5,t = -S (?) 

Tor:zta H3 oi, p, r MOlltHO DOCTpOHTb 06HtzHHit onepaTop tlHO-

Jl8 tl8CTHI.\_H ;zt8Tb 06HtzHW4 06paao11 KopnycKynHpHylD HHTepnpeT81\HIO T80-

pm1X/. S MOJltHO npe;ztCT8BJIHTb ce6e K8K HeKOTOPYID q>YHKI.\HIO OT ol, 

oi.+, p, ... • HanpHMep, S MOllt8T HM8Tb BH;zt: JIHHeitH8H q,opua ca11oro 

o6ntero BH,'lt8 OT BC8X HOBhlX onepaTOPOB nnmc KB8;ztp8THtIH8H q,op11a, 

DJIIOC q,op11a BH;zt8 ( 9), CM. HHllte, H T.;zt. 

BHDOnHeHHe Tpe60B8HHH I) 06ecnet1HB88TOH OJI8:ztYIDlltHM o6paaou. 

BHpazaeM H t1epea oi, p, f 
npe:ztcTSBJieHHH Toro ze onepaTopa 

• Ilo;zttzepKH811, tlTO petzb H;zt8T 0 

H qepea HOBH8 onepaTopH. 9Ty 

x/ B03110EHO, tlTO KOpnycKyJIHPH8H HHTepnpeTSI.\HH 110llt8T 6HTb ,'lt8H8 H 

He06HtlHllll onoco6011. 3Ty B03110lltHOCTb o6Cyllt;zt8Tb He 6y;zteu. 
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npoue~ypy HnnllcTpHpyeM Ha npHuepe H1: 

H
1 

= ;\ J,J, w~r-¥> [ a;, a1 J,,-1 + ... J = 

=11 -.l.[eso1.+e-s esol. e-ses v: e-s ]-
,. f w f 'I I f-'I + .. • -

= e s J, J, ; [ ol; ci9 (;-'I + .. . ] e -_s 
)lanee nonLsyeuca HaBeCTHoH ~opuynoH: 

eSHre-s = H1+ [S, H 1] + ½ [s, [ s, H1]} + ... (8) 

B pesynLTBTe H 6y~eT HMeTL, Boo6~e roBopa, BH~ 6ecKoHeq

Horo pa~a H -t [ S, 1-1 J.,. .. , • )lane e KBllt,7.U,IH qneH sToro pa~a npe~

CTBBnaeu B BH~e CYMMbl cnaraewx, HOpM8nLHO ynop~oqeHHiiX no HOBblU 

onepaTopaM. Ilocne sToro H + [5, HJ+... 6y~ei' Hsoc5palltai'LCH 

TBKHM pH~ou: C - qHCJIO + JIHH6HH8H ~OPMB Oi' HOBWC onepai'OpOB + 

qneHu, co~eplltB~He npoHsBe~eHHH ~Byx onepaTopoB (KBa~pai'HqHaH wopua) 

+ HopuanLHO ynop~oqeH~e i'pexonepai'OPHHe qneHbl + •••• HasoBeu 

TaKoe BblPBllteHHe HNs • lli'OClbl 12. 6uno co6cTBeHHblM BeKTopou H , 
Ha~o no~o6paTL S TBK, qTo6u B HNs He 6uno qneHoB, co~epllta

~HX npoHSB6'A6HHH O'AHHX TOJILKO onepaTOPOB POllt~6HHH. B npOTHBHOM 

cnyqae H 51. 6y~eT cynepnoSHUHeH B88HMHO opToroHanLHblX B6KTOPOB 

.fi. ' r .n. ' ol.1 p+ 12. , • • • AHanorHqHO I AHH Toro I qT OClbl BeK-

TOPli c,1/ Sl I fJI fl. 1 f ,/ .f2. CliinH CTa6HnLHblMH, B H;vs 'AOnlltHbl 

OTCYTCTBOBBTL qneHli, CO'A6Pllt8~He TOJILKO OAHH onepaTOP YHHqTOllt6HHH 

('AOllYCK8BlTCH i'OllLKO qneHbl BHAB o1.;o{, 1 p; p,, H ~+(°,< ) • 
PasyueeTCH, B spMHTOBOM onepai'ope HNs O'AHOBpeMeHHO AOH~Hbl OT

cyTCi'BOB8TL qneHbl, spMHTOBO conpHllt6HHbl6 K nepeqHcneHHblM. BBHAY 

aToro B HN$, B qaci'HOCTH,AOJilltHbl OTCYTCTBOBBi'L Bee i'pexonepaTop

HHe ll:JI6Hli. 
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qTOOli npO,ll6JIOHCTpHpOB8T:&, K8K 11O,ll6B8HH6 11 JIOE6T np6,IIOTBPBDl8T:& 

pacxO,llHMOCT:& CO6CTB6BHO-aHepreTHqeCKHX nonpaBOK, ,llOCT8TOqao pac

CMOTpeT:& T8KYIO orpaa11qeaay10 88,llSqy: K8KOit BH,ll ,IIOJIEHO HJl6T:& S , 

qTo6N B HNs ae 6sno O,llHOonepaTopasx, "nnoxHX" ,llByxonepaTopasx H 

TpexonepaTopasx qneaoB. He 11cKn10qeao, qTo yze nocne TaKoro aenon

aoro 11 O,ll6B8HHH11 p8CXO;!!HMOOT6i1 B paCCJl8TpHB86MOil T6OPHH H6 6y,ll6T. 

HeTpy,llHO noR888T:&, qTo npOCTli6 S B BH,ll6 nHHeilao!,t S1 HJIH 

KB8,llp8THqao!,t S2 <J}opiru OT cl., c,£. +, p,. , , rt H6 noaBOnHIOT o6pa

THT:& Bayn:& KOa<J}<J}HUH6HTli npH TpexonepaTop!WX qneHax B HNs • 8TO 

MOEHO o~enaT:& Ton:&Ro, eon11 S co;ziepEHT eD1e TpexonepaTopase qne

HN, B qaoTHOCTH, qne!W Toit ze CTPYKTYPH, qTo H H 1 
: 

~ =·4 ~ J.: [ (1,. J,,'; d./ ~ +{2,1 )p; "'/p.; + 

+(5!,.,);, P-P°'f +{~1.2}:,p;p_,, ]{1< - 3.c. 
(9) 

Ycno1111e OTCYTOTBHH TpexonepaTOPIWX qneaoB B HNs npHBe,lleT K 

ypaBH6HHIO ,llnH <J}yHKUHl,t 2. • 

0K83HB86TCH, qTo eonH npOH8B6CTH TOn:&KO npeo6paaOB8HHeeipS3, 

To B HNs3 noHBHTCfl qneas, co,I1epzaD111e O.IIHB onepaTop J';_ c K=O 
(,llpyrHX O,llHOOnepaTOPHliX qneHOB 116 B03HHK86T) H Tpexonep8TOPHH6 

qneHH HOBOrO BH;llB, Ky611qaue no r (OM. npHJIOE6HH6 2). KpOM6 TO

ro, B ;ziononaea11e K nepBoaaqan:&HHM ;ziByxonepaTopasu qneaau (cu. (4) 

H (5)) noflBflTCH HOBN6. l!TOOH J4J16T:& BOBJIOEHOCT:& y6paT:& BC6 "nnoue" 

qneas, aa;zio npoHaBeCTH npeo6paaOBaa11e (7) c S = 53 + 531 , S1. + S1 , 

r,lle S3r o6oaaaqaeT TpexonepaTOPHYIO <J}opMy, Ky611qay10 no f ( H 

Ton:&KO nocne TaKoro npeo6paaoBaHHfl npo11a11ecTH aopuan:&aoe ynopa;zioqe-

HRe H + [S, HJ+... no HOBHM onepaTopau). Ilpeo6paao11aa11e exp~ 
yze <J}8KTHqecKH 6uno npOH8B6,ll6HO. liM6HHO T8KHM npeo6paaOB8HH6M OBfl-
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38Hhl 11 ro1me" onepaTOphl C "ronmrn" M8CC8Ml'I l'I BB6AeHHb!e B p83Aene I 

"romrn" onepaTophl C 11 0A6Tb1Ml'I 11 M8CC8Ml'I. l!T06bl He sarpOMOJltA8TI, l'I31IO

llteHHH, He 6yAeM BAeCI> AenaTI> npeo6paaoBBHl'IH exp S, , YAB11Hro111ero 

OAHOOnepaTOPHhle 1!1IeHbl C rl<=O , a T8Kllte ~Kf' S3r , Y.1l81IHro111e-

ro q11eHhl, Ky6l'I1!Hble no Y . KaK OK83blB86TCH, 8TH npeo6p830B8Hl'IH He 

BHOCHT BK1I8,1l8 B Te 1I1IeHbl ypaBHeHHH ,1l1IH ;! , KOTOpble Mhl HBHO Bhlnl'I

meM x~ IlepBhle 1I1IeHhl Bhlpalltemm H qepea HOBhle onepaTophl nocne npe-

o6paaoB8Hl'IH exp~ 6YAYT BhlilHC8Hhl B p83A61I6 4. HaCTOHII\HH pas-

,1le1I Uhl 38KOH1IHM HeCK01II>Kl-lMH 38Me1!8Hl'IHMH no llOBO;lly nporpaMMhl 11 0A6-

B8HHH11. 

0AHOH H3 ueneH nporpaMMhl HB1IH6TCH nocTp06HH6 nOAXOAHII\6rO 

rH11I>6epTOBa npocTp8HCTB8 (cBoero A1IH R8llt,1lOro 3H81!6HHH KOHCT8HThl 

CBH3H ~ ), B KOTOPOM A01IlltHhl CT8BHTI>CH H pewaTI>CH WH3HqeCKHe 38,1l8-

1IH TeOpHH. BH81!81I6 He BBO;llHTCH HHKBKoro npocTp8HCTB8 B6KTOPOB, Ha 

KOTOP116 uornH 611 ,1l6HCTBOB8TI, if, 'f, a, {, fl . IlOBTOMY l-lX 

C1I6.1lY6T paCCU8TPHB8TI, He KBR onepaTOphl, HO K8K anre6paHqeCKl-16 B6-

1IH1Il-1Hll, ,1l1IH KOTOPllX onpe,1l61I6Hhl 06111!Hhl6 anre6p8H1!8CKH6 onepaUHH, 

BK1IIDqaa onepauHro t (conpHllt6HHe H1IH HHB01IIDUHH)/14/, H 38A8Hhl nepe

CT8HOB01!Hhl8 COOTHOWeHHH. Ilpeo6p830B8HH8 (9) HB1IH6TCH a11re6paH1Ie

CKHM,H U61II, ero T0Jlt6 UOJltHO CWOPMY1IHpOB8TI> anre6paHqeCKH: B HIVS 

He A01IZHO 6hlTI, 11 ll1IOXHX11 1!1I6HOB onpe,1le1IeHHOro THna. B 3TOM CMblC1I8 

npeo6paaoBaHHe exp S3 cy111ecTByeT, ecnH cy111ecTByeT pewemrn 

ypaBHeHHH .1l1IH l . IlpocTpaHCTBO B8KTopoB cocToHHHtt BBO;lll-lTCH nocne 

H8X0lltA6HHH HYlltHhlX a, /3 1 { K8K WOKOBCKOe npoCTp8HCTBO, H8THHY-

x/ 38M8THM, qTQ B KB8HTOBOH 31I6KTPOAHH8MHKe T8KHX npeo6p830B8HHH 

;llenaTI> He HYlltHO, noTouy qTo B HNs He MOllteT 6hlTI> 1rneHoB, co

,1lepxa111Hx npoH3B6A6HHH O;llHHX WOTOHHHX onepaTopoB, eC1IH HX qHC1IO 

H61!6TH06 ( 3TH qneHll 38pH,1lOBO-H6HHB8pH8HTHH, cp. _"Teopeyy <l)appH" 

/III). 

9 



Toe Ha BeKTopH R , o{ p fl., oip ex; Sl H T .,n;. J.InH peweHHH aa

,n;al!H pacceHHHll H8M He HYlltHli nepBOH81!8JIJ,HJ:i6 B6lllil!HHli 'f 1 If, a, t, !• 
8 T8Kllt6 €~ps, H,B 1!8CTHOCTH,H6 HylltHO 8H8Tl>, llBnllIOTCll RH OHH 

onepaTopaMH B nocTpOeHHOM rHn1>6epTOBOM npocTp8HCTB6. 

Ilocne BlinOnHeHHfl nporpBMMli 11 O,ll;6B8HHll11 MOJICHO Blip88HTI, nonll 'f 
H 'f qepea "o,n;eTlie 11 onepaTOPli poJK,n;eHHll-YHHqTollteHHll H H8rH8TI, Ha 

TeOpHH "ronlie", qmryp11pyro11111e y H8C TOlll>KO K8K BcnoworaTenI>Hlie Be

nHqHHli. IlpH STOM He«Tp8JII,HOe none 'f B mpe,n;HHrepOBCKOH K8pTHHe 

Blip8llt8eTCll He TOlll>KO qepea HOBli6 onepaTOpli r He«TpBJil>HliX qac

THU, HOH qepea HOBlie onepBTOpli 38Pllllt6HHliX qaCTHU. ~TO6li B STOM 

y6e,n;HTI,Cfl, no,n;CTBBHM B paanoJ1teHH6 (2) Blip8llteHHe f/, qepea HOBli6 

onepaTopu, nonyqaeuoe,HanpHMep,11a (7) c nouo1111>IO (8) H (9) 

;jK = rk -J, I, [(~,,)'/~ «; o{f t,., J -t- ••• 

AHanorHl!Ho, aapaJKeHHoe none 'I' BlipaEaeTCH H qepea onepaTo

Pli He«TpanI>HliX qaCTHU. B CBH3H C 8THM HeyueCTHO HHTepnpeTHpOB8TI, 

BliP8E6HHe BH,n;a ( S2 ) T f' { x,, t, ) 'f { >Ca, t,. ) / fl. ) K8K if>YHKUHIO pac

npoc TpaHeHHH 11 0.n;eTo«'' He«Tpan1>Hoil qacTHUli ( cp/2/, rna:Ba 17, § I). 

3. l1ononHHTen1>Hue Tpe6o:BaHHfl K "o;geTUM11 onepaTopau 

K OCHOllHliM Tpe6Oll8HHllM I) H 2) K11 O,ll;6TiiU11 onepaTopaM, cqiopMy

llHPOll8HHliM ll npe,n;li,n;y111eM paa,n;ene, Mli ,n;o6a:BHM pH.n; HOllMX 6CTeCTlleHHliX 

Tpe6Oll8HHH. OrpaHHqeHHH H8 llO814OlKHlill O6!1lHH BH,ll; S , BliT6K8IOl!lH6 H8 

aTHX ,n;ononHHTenI>HliX Tpe6O:BaH11il,aHaq11Ten1>Ho ynpo111aIOT llfiqHcneHHe HNs 
H 38IlHCI, peaynI>T8TOll. 
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3) .• One pa Top o1.,t ]{OJillteH p0lK]{8TI, O]{Hy Ol-\l'lHl'lIJ,Y 0Tpl'lll,8Te Jll>HOro 

38pH]{8 (K8K l'l Qt ) , pt - IlOJ!Olltl1TOJ!l>Hhlll 38PH]{. J{pyrl'!Ml'l CJIOB8Ml'l, 

nomihll.t 38p.f!]{ Q ]{OJ!lltOH Bblp8llt8Tl>CH tiepe3 Cl( 11 p Oc5hltIHhIM o6paaoM 

Q = e ~ f p/ Pr - ol./ <i,] • · I.1a aToro Tpe6oBaHHH Bh!TeKaeT, tITo aa-

PHlKeHHhle onepaTOphl MOryT BXO]{l'!Tl> B s TOJ!l>KO qepea nocpe]{CTBO 

KB8,l\p8TllJqHhIX KOMCll'lH8lJ,l'll.t, coxpaHH!Ollll'lX a a pH]{: c,(+o(, /11/1, o1..+p-t, fl c{, 

TaKl'lM o6pa30M,(9) .f!BJIHeTCH H8l'l60Jiee 06111el.t TpexonepaTOpHOl.t ~OpMol.t, 

CO]{epllt8I11el.t aapHlKOHHhle onepaTOpbl. 

4). IloTpe6yeM, tITOClhl o{; fl. Clh!JIO COClCTBOHHhlM COCTOHHl'leM 

onepaTopa IlOJIHoro H!.tnYJII>Ca F} :::-if d 3x ~j {x) C COClCTBOHHhIM 

3HaqeHl'JeM Pi ; f} ol~ Sl = Pi o1.; .Q I j::: x, 'J, 2 1 JJ Ei (Px, P:1, Pe), 

,Uanee, COCTOHHHe o1.; ~; .52 l'l BCe npoqllJe MHOroqacTllJqHhIO co-

CTOHHl'lH TOlKe ]{OJllKHhl OClJI8]{8Tl> onpe]{eJieHHhIM IlOJIHhIM l'lMilYJII>COM. 8TO 

8KBHB8JieHTHO Tpee50B8HHIO [ ~-' °Y'.,. 1 = fJ·d./ • OHO Ciy]{eT Bh!IlOJI

HeHo, eCJil'l /J HMeeT TOT lite Bl'!]{ B HOBhIX onepaTopax ol. , j3 , r, 
qTo H B "ronh!X11 , T.e. eCJil'l exp S f} ex/'(-S) = f} . 0TCI0]{8 cne]{yeT, 

qTo [ s, P.J] = 0 •. IlO]{CTBBJIHeM B a Ty KOMMYT8lJ,l'l!O Bhlp8llte Hl'le ( 9) 

]{Jill S l'l l'lCilOJII>ayeM KOMMYT8lJ,Hl'l Bl'l]{8 [ FJ·, ~,] =-Pt· ol.? • IIony-

qllJM, qTO Bee WYHKIJ,l'IH z;f ]{OJIJKHhl Y'AOBJieTBOPHTl> COOTHOilleHl'l!O 

l~ ( Pi·-'fi- l(J) = O npH moe5h!x f'i , 'Ii, ~- . 8To BOaMOlltHO 

TOJl!>KO, 8CJIH i;'l"'S(p-f"i<) • IlpHMeM, qTO 

m, n=f,2. 
(IO) 

5). _TpeC5yeM, qTOClhl ol../ S2. B8JIO ceeiH npl'l TpexuepHbIX Bpa111eHHHX, 

K8K COCTOHHHe, HyMepyeuoe TpexMepHh!M BeKTOpOM f (]{pyrHMH CJIOBa-

MH, COBOKYilHOCTr, l'IH'A8KCOB px, P;,P~ ]{OJ!lltH8 npeoe5paao-

Bh!B8TT>CH npH Bpa111eHH.f!X R8R TpexuepHhll.t BeKTOp). AH8JIOrl1qHOe TpeeioBa-
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HH8 npell,~HBJIH8TCH K OCT8HoHHM Oll,HOtI8CTHqHJ,DI COCTOHHHHM p;sz, 
r~tsz H KO BC8lrl IIHOroqacTH'IHHK. B DpHJIOX8HHH I DOK8S8HO, K8K 

OTCIO)t8 CJI8.ttY8T, qTo 2,,,n (P,f} HS (IO) ll,ODHY S8BHC8Tb TOJioKO OT 

pz. , f z.. H ( f "if,} • 
6). qTO K8C8STCH DOB8,tt8HHH "OlJ.8TYX" qaCTHU DPH npOCTp8HCTB8H

HOM OTP8llt8HHH p , TO 8CT8CTB8HHO npHHHTD, qTo OHH )tOJIJtHI,J Hlrl8TD 

onpe,tt8JI8HHYIO qeTHOCTo, npHqey T8KYIO xe, qTo H npH BYKJID'll8HHOM 

B881,UIOll,8ltCTBHH, T,. 8 • K8K y 11rom,1x" • B np1,moxeHHH l DOK888HO, qTo 

HS aToro Tpe60B8HHH H8 BHT8K88T HOBHX orpaHaqeHHlt H8 ~,, • 

7), 8). Tpe6yeu, t1T06H HOBue onepaTop1,1 npH onepauaa oTpaxe

HHH Bpe1rr1eHH T H sap~oBoro conpa:ateHHH C npeo6paaoBHB8nHCo 

ToqHo T8K lite, K8K "roru,ie". Tor;&a pe8KUJdH C yqaCTJd811 11 0)t8THX11 qac

THU 6Yll.YT T H C - HHBapHBHTHH B 06Ht1Ho11 cwcne. 0Tc10_tta cooT

BeTCTB8HHO Bl,IT8K88T (CM. npHJIOlK8HH8 I), 'IITO :lmn (P,f,} ll,OJIEHH 

6HTD ,tt81tCTBHT6HDHl,llrlH ~YHKUHHMH H 'IITO )tO.lIZHY Hlrl8TD lrl8CTO COOTHome

HHH 

~ .. lp, f J = .i.u Ct,P J 1,2. (M)~.l,2(f,f) j Z, (f,'!)= 12., (?,/'). 
(II) 

9), Hop8HU8BCKH8 npeo6p880B8HHH UA cy~eCTB8HHO OTnzqSIOTCH 

OT npeo6p880B8HH1t, paccMOTp8HHl,IX ll,O CHX nop: OHH BKJIIOqSIOT B ce6H 

ll,HH8lrlHKy. Mono ocy~eCTBHTD C)tBHr BO BP8lrl8HH, IlOJio8YH0o ti.,. H 

npoCTP8HCTB8HHHIIH C,ttBHrBMH. STO CJie,ttyeT HS H8B6CTHOro KOMMYT8UHOH-

Horo cooTHomeHHH l Lx, Px],,. ,· H lJ.JIH reHepaTopa JiopeHueBcKo-

ro npeo6paaoBaHHH l x H npocTpaHCTBeHHoro C,ttBHra Px • Hey,7tHBH

T8JI1>HO, 'IITO UA j" u/1-I BHP8llt88TCH H8 TOJIHO qepea ~ (lr'1e), 

HO H qepea ll.PYrHe t 88PHZ8HH1,18 t onepaTop1,1, 8H8JIOrHtIH0£1piHt g" exp(-ill9" 

BCJI8lJ.CTBH8 8TOro "ronoe II O,ttHO'll8CTH'IIH08 COCTOHHH8 gt ,Slo 
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B APYroti JiopeHUeBcKon CHCTeMe BhlrllHAliT K8K cynepnoSHUHH COCTOHHH~: 

OAH8 HetiTP8llbli8H qaCTHU8, napa 38pHmeHHhlX qacTHU li T.A. (CM. npH

llOl!teHHe 4). iloTpe6yeu, qTo6hl "oAeThlti" BaKyyM ll 6un nopem.\eBCKH 

liHB8pli8HTHhlM, 8 "oAeTble" OAHOqacTHqHble COCTOHHHH npH JiopeHUeB

CKHX npeo6p880B8HHHX OCT8B8JiliCb OAHoqaCTHqHhJMH COCTOHHHHMH (c co

OTBeTCTBeHHO npeo6p830B8HHhlM HMilYllbCOM). B npHll0l!i8HHH 4 Il0K888HO, 

K8K 8TO Tpe60B8HHe BeAeT K YCJIOBHID OTCYTCTBHH TPHJIHHeHHhlX qneHOB 

B reHepaTopax L1 nopeHueBCKHX npeo6pasoBaHHti, BhlpameHHhlX qepes 

HOBhle onepaTOphl. ITpli6llHl!teHH08 CJI8ACTBli8 8TOrO yCJIOBliH Mhl CWOPMY

lllipyeM li HCilOllbSyeM B p88Aene 6 (CM. T8KJKe Aanee npHueqaHHe 6). 

4. Co6CTB8HH0-8HepreTHqecKHe nonpaBKli H ypaBHeHHe 8llH 1 

H:1 HH Hl BhlnHmeM nepBble qneHbl Bhlpal!teHHti , H qepes H0Bhl8 

onepaTophl, BBOAHWire no wopuyne (7) c SB wopue (9). BBeAeM 060-

sHalleHHH 

(I3) 

.nanee BupaxeHHe NA t I= A 6yAeT ooosHati:aTb4J9 N At Ef'I A? 
(cHMBOJI N o6osuaqaeT uopMaJibHoe ynopHAOti:eHHe), 

(14) . 

(!5) 
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+ ~ N A1 L 1~ (WI(+ ~;t("J +(2-'<)t 1~;'l.] II f1c -t J. c. t- ... 

Hr= NAt U"'Ar/(. -t 9.c. + (16) 

-t- A+[z~11%A ft.Yn -11t121:: LL1/»AJ; 1r,.+N/1 111'-ll·#ll 1ZkflJ -f 'J.C.+ ... 

Bhlpa1Kemrn B11,na [:i, '=J.2i npo11cxo]{HT OT KOMMyTan.1111[At'ZA,/l+ EA}, 
KOTopaH OK83hIBaeTcH paBHoit At [ i, E].2J A • 8.c. 3Hat111T 11 apM11-

ToBo-conpm11:eHHoe Bhlp8lK61!116 11
• B tJ8CTHOCTl1 t B nepBoi1 CTpOKe (16) 

a.c. OClO3H8tJ86T N At U"-t A(,/ (38MeTl1M, !{TO (tu),,~ = 
I( -1( 

= Uff = U /'7 ) • Bo BTOpoll CTpOKe (16) no,npa3yUeBaeTC!l 11H-

Terpl'lpOB8Hl'le no I<= ( "•, l<y, K2 l 
CB8C8Ml'I u.7-1(1CJ 11 UJ-1(n> 

11 no n= ( n,,, h:,, llz) 

COOTB8TCTB8HHO, 

HopM8JII,HO ynopH,l{OtJl1B8ll BTOpyro CTPOKY B(16), nonytJl1M HOBhle 

]{Byxonep8TOPHhl6 tJJI8Hhl B .nonoJIH6Hl16 K nepBOH8tJ8HDHhIM (4) 11 (5). 
KO8WWHIJ.11eHThl np11 Hl1X BhltJl1CJieHhl B np11JIOlK8Hl111 3, ECJil'I Mhl orpaHl1lll1M

Cll TOJII,KO 3Tl1Ml1 npocTeiim11Ml1 HOBhIMl1 tJJI8H8Ml1, TO ·cyMM8 BC6X 11 nnox11x11 

,l{ByXOn6p8TOpHhIX qJieHOB ( CO,l{6plK811ll1X f 1f1 11 ol.1/3-t ) 11CtJ83H6T, 

ecm,1 

~:-~>-_,. f (lf.J = 0 
~ 

x/ 
ml·- m~+ d(r} = 0. 

4 (17) 

x/ 8TO COOTHOW8Hl1e O3H8tJ88T, tJTO cyMMa BC6X nonpaBOK K "ronoW' 

Macce (HatrnH8IDlll8llC!l co cnaraeMoro t ( k J ) ,He .nonmHa aaB11ceTr, 

OT K : ft 2.::: f'/ - 4 t (k.) + .. · 9TO llBJI!l6TC!l CJI8,l{CTBl16M Tpe-

ClOB8Hl1ll1 KOTOpoe no,npa3yMeB8JIOCI, ylKe B p83,1{8Jl6 1: 8Hepr11ll UJ(I{) 

11 o,neTOi111 qaCTHIJ,hl ,l{OJilKH8 ClbITI, peJI!lTl1Bl1CTCKl1 CB!l38H8 C ee 11unynr,cou 

K C nOMOlllbID H8KOTOporo noCTOllHHOro nap8M8Tp8f: lu(1<t=/K'+f"t. 
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(18) 

{I9) 

Ilocne 3TOro cyMM8 Bcex ,1lByxonep8TOPHIDC qneHOB 6y.zteT l/lM6Tb nplllBl:lq

Hl:lH Bl/1.zl CBO6O,1lHOrO ra1.1111nbTOHlll8H8, HOC "nepeHOPMIIIPOBBHHl:lMl/111 3Hep

rIUU4l/l 

Ypi3BH6Hl/16 .zim1 <l>YHKUllltt 2 1113 (9) nonyqaeTCfl nplll np111paBHlllB8-

Hl/ll/l HynID cy1.11.1u BC6X TpexonepaTOPHl:lX qneHOB. Kos<I><I>l11Ulll8HTl:l nplll 3Tl/lX 

qneHax f!BnflIDTCfl deCKOHeqHl:lMl/1 cyMM8Mlll. Mu Bl:lillllW61.1 TORbKO KO3<l><l>lllUlll

eHTl:l Ilplll TpexonepaTOpHl:lX qneHax, f!BHO <l>lllryp111pyID~lllX B (I4)-(I6), l/1 

KBa.ztpaTHqHue no .2 KOS<l><l>l/1Ulll8HTH np111 TpexonepaTopHux qneHax, 

BO3Hll!KBID~111x nplll HOPMBRDHOM ynopH.zioqeH111lll BHPBlKeHlllfl-} [.S, l S, H 1
]} 

(He Bl:lill/lC8HHOro f!BHO B (I6)). Ey.ziyT ony~eHl:l RO3<l><l>111Ulll6HTl:l, RydlllqHue 

no .l , npo111cxo.ztH~111e OT [ S, [ S, [ S, H 3-t H,.,]}], lll Bee npo-

q111e. PeaynbTBT rpOMO3,1lKIIIX Bl:lqll!cneHllltt, Ofll/lCBHHl:lX B np111nOlK6Hllllll 2, 

Y.ztO6HO Bl:lill/lC8Tb B Bl/1,1!8 M8TplllqHoro ypaBH8Hlllfl .ztnfl HOBl:lX H8l/13B6CTHl:lX ,. 
IPYHRUHH .tmn 
i,,lp,q}::-f [wtr·¥J-HpJ+£t1J J l,il/',rJ ; li/r,r)=-} [w-ur>-UrJ] li1. lp, r) 

iz, (p,7J::..:. f [w+ flr)+ Hr/ 1 lz1 (p,q) ; lzilM)= -1 [w ~ Up)-[[r)] 2i,.Cf','I). (2I)· 

IlepBOHaqanbHl:le <l>YHKUHH r,, I l,z lr1 T.)l. B .zianbH6HW6M npoCTO 
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,. t 
0603H8tl8IOT BHp8llt6HHH-)2,, [W-£ (J')+[{y)r H T.,ll. MOlltHO IlOK8-

38Tl>, tITO BCe BHP8llt6HHH lu(f'-f)t£(p}:t£(f} npH ycJIOBHH ff<2,n .. 
B Hy111, He 06pal!la10TcH. YpaBHeHHe ,llJIH l HueeT BM 

_ l + ( I t) _ t (p-1) { '"l, + 2 t ) _ ..£.J!L ( dr d, ) 
l'1 11 2.}\ w(p-f} ff ff 2~ f.frJ J) d

1 
d

1 
+ 

t _J__ ( d, d'):l) z _ 1 [ 7:(p-f) .,. V-{pJ .,. V{f/j /11) (22) 
2."- £tr) dr dr f1 2 w<r-'IJ Elf) UtJ ( t , + 

-+ i r d1f l w,, 
W.1.1 

W.:,,) 
w -t ... 

.u. 
=O 

B (18) H (19) B1,1IlHC8Hhl f H d • 0CT8JI1,Hl,18 Oc508H8tl8HHH 

1; = ( 2,, (1,p) .t~. (f,/')) 
f 'l,:i. (7, /'J Y22 ( '!,Pl 

"' ) .. l J r ,Jlt <[ 2,2.ltu.,t ]2 [ :z2 , (t11<,t) ]2) 
~"' =~:latJ£.Ct•1<Jl 411(.-£(t+1r.J.utJ - w,,_+£l1+1<J1E{tJ ) 

t( dJt ([ 'Z,, (p,t} 12 [ '2~, {p,tJ 12.1 
V(p}= ~jl{J/l,l){t-tJl 1 w{p-t)-f(rJ+r.(t) - tv{p-t)+ [{pJ ... [{t} 

W'"" (p,t,r) == [ V,.," ( /', t,f} + r,.," (p, t,'f)] [ l{p1t) tv{tJ E {ftt) j-J 

(23) 

(24) 

(25) 

(26) 

BHp8llt6HHH ,llJIH V,nn H r,, Bl,IIlHCBHH B npHJIOllt6HHH 2. IlpH H8Jl0llt6-

HHH CJI6,llCTBH~ H8 (22) M1,1 ,ll8,llHM Heoc5XO,llHIW8 CB6,ll6HHH oc5 HHTerpa11ax 

OT Wn,n • 

IlpHCYTCTBHe B (22) coc5CTB6HHO-aHepreTHttecKHX nonpaBOK t H d 
B8lltHO ,llJIH ,ll8Jl1,H6~mero. OHH BXO,llHT B ypaBH6HH6 H Henocpe,llCTB6HHO H 
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~epea nocpe'ACTBO 3Hepr1dlW(k}:::i/Kz.+/14 2 H Elr)=vpz.-tmt. 'BRO

TOPWC f1 H m BlilP8llt8IOTCH 11epe3 "rom,ie" M8CCbl H 11epea f I d, C/111. 

(I?). MOlltHO YK838TL O'AHH o6~HH nyTL, ,no KOTOpouy B(22) nona'ASIOT 

Bee BO3MOJltlllile co6CTBeHHO-3HepreTHl!eCKH6 nonpaBKH. BO3LMeM JII06yl0 

n -yro noBTopHyD KOMMyTaumo l S, l S, ... l S, HJ .. ] • HopuanL-

HblM ynOPH'AO116HHeM H3 Hee MOlltHO Blil'AeJIHTL 'AByxonepaTOPHlile '1JI6Hbl, co

'Aepllta~He co6CTBeHHO-aHepreTHtieCKHe nonpaBKH. IlpH Blill!HCJieHHH CJie

'AYIO~en, n+l , noBTopHoll Kow.iyTauun, aTH 11neH1,1 npu KoJoWyTaunu c 

S 'A8'AYT HBHO Tpexonep8TOPHlil6 '1JI8Hl,I, BKJII0'18IO~He Te lite nonpSBKH • .. 
0TMeTH14, '1TO llOK8 He H8it'AeHO 2 ' HeJIL3H rOBOPHTL O BO3MOJltHOCTlt 

B38HMHOro YHH'lTOllteHHH B yp8BHeHHH Blil'1HCJI8HHlilX nonpaBOK t H d .. 
c 'APYrHMH nonpaBKSMH: t H d JIHHellH.bI no 2 , ocTSJILHlie lite .. 
88BHCHT OT 2 H6JIHH6llHOo 

(22) eCTL CHCTeMS H~JIHH6itHHX HHTerp8JILHHX ypaBH6HHH. naze 

6CJIH M.bI OCT8BHM B (22) TOJILKO BlilllHC8HH.bie '1JI6HU, TO IlOJIY'lHM H6JIH

HeitHH6 HHTerpaJILHHe yp8BH6HHH, He npHH8'AJiellt8~He K K8KOMy-JIH6o H8-

BeOTHOMY B M8T6M8TH'18OKOtt JIHTepaType THny, 'AJIH KOTOporo 6!:iJIO 6.bl 

'AOK888HO XOTH 6u oy~eCTBOB8HH8 pemeHHH/IS/. Hamett 'A8JILHettmett aa

'A8'1ett 6y'AeT HCOJI6AOB8HH6 (22). Ero peayJILT8TU C M8TeM8TH'18CKOtt 

TO'lKH apeHHH HBJIHIOTOH H6O6XO'AHM.bIMH yCJIOBHHMH cy~eCTBOB8HHH pemeHHH. 

5. 06 OTOYTOTBHH pemeHHtt. BeAymHX K paOXOAHMOCTHM 

(22) 

EoTeCTB8HHO OH8'18JI8 nonpo60B8TL H8ttTH npH6JIHllt6HHOe pemeHH8 

no MeTo~y o6utniott T6OPHH BO8MY~8HHtt, cu.131. IlOCKOJILKY B .. 
TO Z 88BHCHT H OT HHX. · (22) · BXO'AHT napaMeTp.bI "' m, /W,. 

"' "' -I .2..., .... 
Ilyon2=i!0 ♦ i\z,+i\ ~z.+, •• ,. r~e 2,. He aaBHOHT OT A • IlO'AOTaB-

1IHH T8KO6 i B (22) H OO6Hp8H '1JI6H.bl O O'AHH8KOBIIllH OTeneHHMH ~, .. 
nony11ae11 Z O = I. 
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llO,ltCT8BHJI 2 = I B npz6nHl:eHHOe ypaBHeHHe .itnH 2. ' HB8H 

qacTr, KOTOporo COCTOHT TOnLKO HS qneHOB, BUDHC8HHYX B (22). Hu,e

. rpanu t H d,,, 8 BJ18CT8 C HHJIH W H £. OK88HB811TCJI 6eCKOHH-

" HWIH. Jl8B8JI qacTr, ypaBH8HHJl T8pH8T CIUICn H DOSTOIIY 2 = ·I He HB-

nft8TCH HHK8KI411 npH6nHJ;8HH8JI K pemeHHII npz6nHl:8HHOro yp&BHeHHH 

(KOHeqHo, He nyqme o6CTOHT ,iteno H C ypaBH8HH811 ,ltnH nepBOHaqan»HWC 

ll>YliKllHI 2 , 011. (2.14) B npunozeHHH 2). 

Do STOI xe npHtmHe npH6nHJ;8HH08 yp8BH8HH8 He IIOZ8T B006ute 

Hll8T1> K8KHX'.'9n1460 pemeaHft, o6paut81>UU1X f H d B 68CKOHeqaocTr,. 

" He pacnonaraH HBHHM BHAOII Toqaoro ypaBH8HHH .itnH 2, Jiu ae 

UOE811 npoBepHTL TSKYI> SKSOTHqecKyD BOSIIOZHOCTL: B TOqHOII ypaBHe

HHH p8CXO,ltHUU1eCH BeneqHHu CYJUIHPYl>TCH B KOHeqaoe BUP8Z8HH8 (HBne

HH8 nna e.,c 1' (- 00
) = 0 x/ ) • Doa,ouy JIU He J101:e11 CTporo ,1toxa

aa,r, T88HC: "YpaBH8HH8 ,ltJIH .& He HlleeT pemeHHI, B8AYDtHX K 6ec

KOH8qHHJI co6CTB8HHO-aHepreTHqecKHII nonp8BK81111 • DpHB8,lt8H TOJILKO 

,ltOBOA.B nonr,ay 8TOro TeaHca: BCe C06CTB8HH0-8H8preTHqecKH8 nonpaB

KH BXO,ltHT B TOqHoe yp8BHeHH8 ,ltJIH 2 H DOSTOIIY 11oryT 0811H npe,lt

OTBP8Dt8TJ, CBOII DOT8H)lH&nr,Hy1> p8CXO,ltHIIOCTL. B cne,lty11Dt811 paa.itene 

6y,iteT YCT8HOBJI8HO O,ltHO He06XO,ltHII08 ycnoBHe CYDt8CTBOB8HHJl pemeHxl, 

,ltSIIDtHX KOHeqHue co6cTB6HHO-aHepreTzqecKHe nonpaBKH. 

x/ Bonpoc O TOil, Jlory!r nI4 11KOMD8HCHPOB8TLCH11 6eCKOHeqHOCTH, ecnH 

OCT8BHT1> B yp&BHIHHH Koueqaoe tmCJIO qneaon, CT8HOBHTCH ?CMHCJieH

HUM, TOJI1>KO ecnH BB8CTH ,ltODOnHHTenr,uoe np8,ltDOJIOZ8HH8 0 K8KOI-TO 

BCDOIIOr8T6nI>HOI perynHpH88)lHH HHTerpanoB (IS) H (19), B KOTOPHX 
.... 

nonoaeao 2= I • 
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6. Hep8BHOM8pHBH CXOAHMOCTb HHTerpanoB 

Co6CTBeHHO-aHepreTHqecKH8 nonpaBKH HBHHIOTCH KOHeqHI,JMH, ecnH 

~YHKUHH l,..n (p, q) CTpeMHTCH K HYHIO IlpH p, 'f, - °" X/ 

) . 
PacCMOTPHM noBeA8HR6 OTA8HbHHX qneHOB ypaBHeHHH (22) npH 

.... 
p, 9- 00 

• IlepBHil qneH - 2 CTpeMHTCH K Hymo, BTOpon 

(:1) 80Tb KOHCTBHTB. IlpOCMOTp BC8X HHTerpanoB, BXOAHmHx B OCT8Hb

HH8 qneHu, 06HapyZHB8eT, qTo HX IlOAHHTerpanbHlie ~YHKUHH y6HB8IOT 

C POCTOM f 2 
I 92 H (p-q JZ· • 8TO OTHOCHTCH H K HHTerpanaM 

f d 3t W,.n , He BHilHC8HHHM. HBHO. EcnH HHTerpanH CXOAHTCH paBHO-

MepHo, TO H CBMH OHR CTpeMHTCH K HynBl npH p2
, '/

2 
I {p-,;)2 ➔ (>O • 

B T8KOU onyqae qneH <:1) HHqeu He KOMileHCHpyeTCH, T.e. ypaBHeHHe 

He YAOBneTBOpH8TOH. SaKnJOqaeu, qTO AHH oymecTBOBBHHH y6HBBJOmero 

pemeHHH H800XOARMO, ~OOH H8KOTopue HHTerpanu B (22) CXOAHnHCb 

H8p8BHOM8pHO H 6HnH onoco6HH KOMileHOHPOB8Tb qneH <~:). 
IlpHB6A8M npHMep H8p8BHOM8pHO CXOAHmerOCH HHTerpana, 6HH3KHn 

K Hameuy cnyqaJO, KOrAB IlOAHHTerpanbHli8 WYHKUHH KaqecTB6HHO OAHHB

KOBO 38BHCHT K8K OT nepeueHHHX HHTerpHpOB8HHH, T8K HOT BH8WH.WC 

x/ lnH CXOAHMOCTH (18) H (19) AOCT8TOqHo 6uno 6H He iyduB&D.KX, 

HO OCUHHHHPYJOmRx i , MOEHO llOK838Tb, qTo nonp8BKH, KBBAP8THq-

" HH8 no _,2 (He BHilHC8HHhl8 B BTOil CT8Tbe), KOHeqHhl TOHbKO,, 
" eona z y6HB8JOT. Eonee ToqHoil wopuynapoBKoil 6ena 6e,Hanpa-

.... 
11ep,_T8K8H: H806XOAHMO, qTo6e 2 y6HB8HH "noqTH npH BC8X11 B03-

p8CT8JOmHx 3HaqeHHHX apryMeHTOB. TaKoe yToqH8HH8 yqHTHBano 6H· 

B03MOEHOCTb 5K30THqecKHX cnyqaeB THna,npHB8A8HHOro B/I6/. 0AH8-

KO YABHOOb llOK838Tb, qTo YP8BH6HH6 HCKn10qaeT T8KHe onyqaH. 
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.. 
'f/l '99UB}t • "i! := nl O.th 'n9Bhllr011 '(II) ee:.towoe:o HBB:fl.tlllh.A'. • X 

\, .. " 
.to "l ci.toon111OHe:ee i1ie.A'.dHBH.t0d:imox 9H lIBHI,rn ' "~ HU'lt e:o.tuen£,1de ... ... 

OUOHh H8M'IH9ftA '(6 9HH8S:099d.t O.th 'nH.t9ff88. 00 o'lt I .to HOffHlnaHH9ft 

l 'tlll/ [ sr( '1- d3) - 7 M ]-= X .tHen.A'.Jde ffRHdensedse9 H.toee:e: OH9O'lt,A'. 

;{(1,)J - (J)] ] - T[(l,-JJ mJ :mtneHH911O)1 XH ffOHltO .to Oll'IUO.t OH 

' ( f ue'lteed ·no) 7:{ h-d) 111 "lb \d e:o.tHen.A'.Jde x,rna:o xeoe: , .to 

9H .tHOIIIB:88 ( /, 1J) ··~ : 'l.:&OOHlltOft8O0: a£ma.A'.lt9Ir0 .t98a:R88HO'ltO11 f 8U9'1t88d 

" 
8111 (6 9HH8B:099d.t O.th 'OH888llO11 V HHH9lltOUHdU g • {::) 8H9Uh a111neoH911 

-noH 9Hlnaea:lllh911O99O Ill (22) e: e:ouedJ9.tHIII mdo.tOX9H 111.toon111ltoxo ffOHd9N 

-oHa:edeH H eH!n.A'.ltee: ouciue.t111e:.toffelt ' ~ .ta.A'.a:.toem£o o.th 'neze31OU 

" • ,~ 'IU9.tl/lEOHJI iHxdeltoo OHB:H 9HH9llt8dfla: 90H'IU8dJ9.tHmi'OII H.tOX 

' ( V/ll HHBd o.toodu HO) 0 ~ \' Hdll CIUAH ll HO.tlllff9d.to 9H uedJ9.tHJ/I 

1 OJO.t enod)I • .(l OHI/IU ea: OUR!) IIIH RP 31831 ' .a, 31 8J/lll81,IU9 ' 11 .:&HO 

-OHO: OJ9H e: treuxe: ifOHB:OHOO All'IUOHOOll __ 'oHd8nOHB:8d8H HO.tH'ltOXO U8dJ9.t 

-Hli • ( -a-'11 = ,n AH9Jl88 ff8U9'1t0) JiJ/1O1/lB:88 8H ,a .to U8dJ9.tHIII neo OH 

'00 f--.(t Ill n ftOHH80:0dl/lOHHi» Hdll O f-HHnxu.A'.c» H8H'IU8dJ9.tHH'ltOU 

•((II) Ill (I2) OHO8UJOO B:OJiH9ffAJde 

XIIIOB:O HffHHnllH.A'.W H11flHhHd.t9WffHO '1Jifl9 RH:«UO'lt n:~ H T,I~ 9'1t.I ' ( i72) 

ued.iHHH denHdueu '·no) I 1,-dl HUH b ' cl e:od.tenede;-mHHeneden 



KouC5HH8UHH X H 'J uoryT C5!iTI, M8JiliMM, ,ll8llt8 Kor.zia pz. 1'I l/z. 
B8JIMKH,H B 8TOM CM!iCJie 8H8JIOrHqHli p88HOCTH U H V B npHMepe 

(27). Hanp1,,1uep,[w2.-{£,.-£,)2.]ftc,"

l(£,.1- t, )1· -wz] / 4 ni~ -/1'.,_ = l np.11 

npHJIOJKeHMe 5). 

...... 
panao I np1,,1 '!=P- 00 , a 

lj=-p ~ - (no.n;poC5aee cu. 

PacCMOTPMM yp8BH8HH8 (22) np1,,1 T8KHX 8CHMilTOTHqeCKH C5OJII>mHX 

aaaqemrnx p H 'I : pt, f/2.-, s:,o , H np1,,1 aTOM yron Mellt.n;y p 
H ij, OCT88TCH OTJil,,lqHml OT oO HJIH raoO, T8K qTo 1,,1 Cf:; j Jl. - 00 

roxe. 

B 8TOM 8CHMilTOTHKe apryueHTli ~YHKUHi (28) CTpeMHTCH K C5eCKOHeqHo

CTH. IlyCTI, npH 8TOM ~YHKUHH (28) CTpeMHTCH K HYJIBl. B npHJIOllt8HHH 6 

B T8KOff 8CHNilTOTHKe Bliql,,ICJI8Hli HJIH oueHeHli BCe HHTerpaJI!i, BliilHC8H

Hl,18 B (22). VIHTerp8JI!i f { p-'{) H. d(p} CXO)l;HTCH H CTP614HTCH 

K KOHCT8HT814 C pOCTOM (p-f}t. H pz.. IlOCKOJII>KY B yp8BH8HHe OHH 

BXO,1l;HT B npOH8Be.n;eHHHX C yC5liB8BllI!HMH ~YHKUHHMH 7:/w H 25/ l. 

TO nee qneHli ypaBH8HHH, co.n;epllt81l{He t H d ·, MOlltHO OTC5pOCHTI, no 

cpaBH8HHIO C r::}. Bee HHTerpaJI!,i jd't w,." TOllte CTP8MHTCH 

K HYJIIO npH q,, He napaJIJI8JII,HOM p • lriHTerpaJili lite 'L (p-9) H 

1T{p) CTpeMHTCH npH (p-'/]2. I pz-, 00 COOTB8TCTB8HHO K toMtUJ{p-1) 

H CDn~t £Cp) • EC1IH ~YHKUHH (28) T8KOB!i 1 qTO 8TH KOHCT8HTli 

cyTI> Be11HqHH!i nopH.n;KB ~o (cp. npHMep (27))x/, TO qJieH 

-J ( 't/w-+ Vrf£p+ V,/~ )(::) 11Ollt8T KOMil8HCMPOB8TI, (! f) • KoHeqao, 

x/ 88M6THM, qTO BlipaxeHMH (24) H (25) ,ll1IH 'C H V HBHO co.n;epllt8T 

MHOlltHT61II, ~
1 

H B OC5liqHott TeopHH BO814Ylil6HHM ,1l;O1IlltHU C5UJIH 6u pac

CM8TpHB8TI,CH K8K Be11Hql,,IHU nopH,llKB ,\ z. • VIHTepeCHO 611(8 OTM6TMTI, ~ 

qTo 8CHMilTOTHqecKH HBHC5O1II>illHMH OK888JIHCI, He qJieH!i ypaBH8HHH, co-

.n;eplt81l{H8 HHTerp81Ili t 1 d 1 paCXO,1l;Hll{H8CH B TeopHH BO8MY11(8HHtt, 

HO qneHu, co.ziepllt811(1'18 CXO,llHll(H8CH HHTerpa1Ili (24) H (25). 
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Mbl He MOllteM nonyqHTD ToqHoe yCJIOBHe KOMileHC8UHH, IlOCKOJIDKY qJI6Hbl 

T8KOro THil8 uoryT BCTpeTHTDCH H B HeBblilHC8HHOH qacTH ypaBH6HHH 

.l{JIH 2 • ITpoBe.zteHHO8 HCCJie.ztOB8HHe IlOK83blB8eT TOJIDKO npHHUHilH8JlD

HYID BO3MOlltHOCTD KOMil6HC8UHH. 

ITo,n;qepKHeM, qTO ocymecTBHMOCTD 11 O.zt6B8HHH11 KpHTHqecKHU o6pa-

3OM 38BHCHT OT H8JIHqHH H6JIHHeHHblX no Z qneHOB ypaBHeHHH, cnoco6-

HllX.KOMneHCHpOB8TD(:: ). ECJIH Clbl HX H8 ClblJIO, TO npeo6p83OB8HH8 

11 O.zt6B8HHH 11 (7) He cyuiecTBOB8JIO Clhl (.ztallte anre6paHqecKH) B OClblqHOU 

M8T6M8THqeCKOM CMblCJie. ielCTBMTeJIDHO, ,l(8llte 8CJIH Clbl (22) HLt8JIO 

pemeHHH npK OTCYTCTBHH KOMileHC8UffH' TO OHH BeJIH Clbl K 6eCKOHeqHb(U 

3H8tJ8HHHM ,l(JIH rn~Z.-Jn2. H ~,,Z•-j11 1 
• 8TO O3Haqano Clhl, qTO He cy-

111ecTByeT npeo6p83OB8HHH eKp S.z. , CBH3blB8Kllll8rO onepaTOpbl C 

"ronoa" M8CCOH H C "o,n;eToil". iJIH cpaBH8HHH 38M8THU, tJTO YK838HH8R 

JI. <Pa.l{.zteeBWJ. npoue,1typa 11 O,n;eBaH1rn1113/ B cnyt1ae paccuaTpHBaeuoa Teo

PHH m,,eeT CLtblCJI TOJIDKO B pauKax nepeHOPLIHPOBOqHOH H,l(80JIOrHH (Bcno

uoraTeJIDHOe o6p838HHe, KOHTpqneHbl H T.,n;.). 

3 A K JI ID q E H 0 E 

06bltJHblH HB6op Tpe6OB8HHi! K 11 O,l(8ThlM11 onepaTopa./If Uhl ,l(OilOJI

HliJIH HOBhlLIH 8CT8CTB6HHblMH Tpe60B8HHHUH, (cM. paa.zteJI 3 ).CJI8,l(CTBliH H3 

HHX ClblJIH cy111eCTB8HHO HCilOJID3OB8Hbl K8K npH BhlBO,l(8 OCHOBHoro ypaBne

HHH (22), TBK H npM ero MCCJI8,l(OB8HMH. ITO-BH,l(Hl!OMY, HBHO8 HCilOJID-

3OB8HH8 CJI8,l(CTBHi! ,l(OilOJIHHTeJIDHblX Tpe6OB8HHH B8lmO MLt8HHO B pe8JID

HblX T8OpHHX IlOJIH, r,n;e npoue,n;ypy "o.zteBBHKH11 He y,n;aeTCH npoBeCTH 

,l(O KOHUS H TOqHo, K8K aTO C,l(8JI8HO, nanpHMep, ,l(JIH MO,l(8JIH JIH (cu. 

/I/ H /7 /). 

B paccuaTpHBaeuoi! Teopmi: o6cyllt,n;aeTcH HenonHoe 11 O,n;eBBHHe" 

(cu. paa,n;en 2).0CCJI8,l(OB8Hbl H8OClXO,l(HYbl8 yCJIOBHH cyuiecTBOB8HHfl peme-
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HHH ypaBHeHHH 'AJIH WYHKUHit ~ , onpe.n;enawmHx npeo6pasoBaHHe 

II O,ll8B8Hlt1H11 • 0K838JIOCI,' 'llTO npH6JIHllteHH08 ypaBH6HHe 'AJIH 2 He .n;o

nyCK88T pemeHHit, Be'AYmHx K co6CTB6HHO-aHepreTH'll6CKHM pacxo.n;HMO

CTHM npocTeitwero BH.n;a. IlOK838HO, 'llTO B TO'llH08 ypaBH8HHe ,llJIH .Z 

BXO,llHT BCe HHTerpanu-nonpaBKH K 11 rOJllilM11 M8CC8M. ECJ'IH B ypaBH6HHH 

OHH He cyMMHPYIDTCH B Bblp8llt6HHH, OCTSIDmHeCH KOH8'1lHblMH npH pacxo.n;H

MOCTH nonpaBOK, TO peweHHH H TO'llHOrO ypaBH8HHH (eCJIH OHH cymecT

BYDT) ,llOJllltHbl B8CTH K KOH8'1lHblM 3H8'1l8HHHM ,llJIH BCex nonpaBOK K uac

cau. 

IlonyqeHO O'AHO H606XO,llHMOe yCJIOBHe cymeCTBOB8HHH peweHH~, He 

B8'AYmHx K pacxo.n;HMOCTHM: H8KOTOpble HHTerpaJll,J B ypaBHeHHH (22) 
'AJIH j 'AOJilKHbl CXO,llHTI,CH Hep8BHOM8PHO H HMeTI. onpe.n;eJieHHOe acHMil

TOTH'll6CKOe IlOBe.n;eHHe. IlOK838HO, 'llTO STO YCJIOBHe 'Ae~CTBHTeJII.HO 

BblilOJIHHeTCH, eCJIH i<p,9) 8CTI, WYHKUHH HeKOTOpb!X cneUH8JII,HblX 

KOM6HH8UHU p H 9 , CM. (28). 8TH KOM6HH8UHH He HBJIHDTCH 

npoH3BOJII,HO yr8'A8HHblMH, OHH 6blJIH nonyqeHbl npH o6cyllt,lleHHH CJ16'ACT

BHit O'AHOro H3 'A0IlOJIHHT6JlI,HblX Tpe60B8HH£1 K 11 0,ll6TblM11 onepaTopau. 

BnarO'ABPID B.H.BanyeBa H oco6eHHO o.~.SaBI.HJIOBa sa o6CYJK'A6HHH 

H Il0Jl63Hbl6 38M6'1l8HHH. 
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Ilp.lUIOllt8Hl10 I. CJie)\CTBHH li8 )\OilOJIHHT8JI])HblX TpeC>OB8HHt1 K 11 0)\8TblM11 

one~au 

IloJiyqnM CJI8,2lCTBI1fl 118 Tpe60B8Hl1tt 5)-8), CM. p88,2lCJI 3. 

5). ECJI11 Tp6C>OB8Hl16 4) 08HaqaeT, qTo np11 TP8HCJIH~l1HX e~p~·f}·~) 
. al..-,. 

B~OJIJ; mo6oro 113 HanpaBJieHHii J = x, f, l one pa Top '/' .21omteH 

npeo6pa8oBblB8TJ;CH no npaBimy expU I}· q,) ex/ up(-i0•q)-= ecp(,'f1•q)ol;t, 

TO TpeC>OB8Hlie 5) CB0,2ll1TCH K 8H8JIOr11qH0My COOTHOW8Hl1ID 

expUM~J°';,t- €.~p{-i~i:J) = ix."!,,
11 

M: (Mu, ll.131 1 M,~); Mq =-ifd'x [4.-)y·-?;f x,) (I.I) 

no IlOBO'AY flaq cM/8/, § 2; wp OCl08H8qaeT COOTBCTCTBYIDlllliM o6-

p880M IlOBCPHYTblii B8KTOp f • COOTHOW8Hl10 (I.I) 6y.21eT l1M8T]) MCCTO, - . 
CCJIH BhlP8lK8iil18 /\1 qepe8 11 0,2l0Tble 11 onep8TOpbl l1M8CT TOT lKC BH.21, 

qTo 11 qepe3 "ro111,1e": ex!' S M e.xrf-.S) =M. 0Tcro.21a noJiyqaeM 

s == €-,.p(iitw J s e.."' t-tMuS) 113111 

f,J,.( [fl,.,; cJ./d, {1e -t ••. ] = ;~{ [{2,, ;;, et'Mw"f 1ol?fice-OI~ ... ] = 
(I.2) 

= 1,J,i l(z,, J"~ "'~,o{wr r"'I( 1- ... J=;,4,J,,, l {2,,J:,~~,, °'i' i,, fe-t ... J. 
IlOCJl8.2lH88 paBeHCTBO B (I.2) noeyqaeM IlOCJie 88M8Hbl nepeMCHHhlX }' '=41p 
l1JII1 p::ur1pf: mp' • Ilp11paBHl1B8H K08qlq)~H8HT!i npH H888B.liC.liM!iX 

onepaTopax (11JIH 6epa COOTB6TCTBYIDlllH6 M8TpaqHi.e 8JI6M8HThl),BH.2lHM, 

qTO ,2l0JllltHO 11M8TJ; M8CTO (z,,)" = (z,,) ""' . 8TO 3H8t[HT, qTO (:z11 ),IC 
,,, "'I''"'! , 

,2l0JllltHO 88Bl1CCTJ; HO OT l<. 111 I<.; 
1 

, .. '/~ B OT,2l8JI])HOCT11, HO 

TOJIJ;KO OT PIX Bp811(8T6 JIJ;HO-HHB8 pl18HTHblX KOMC>HH8~Ht1 I(~ J'~ 'ft J (£- f) 
11 T • .21. 8TO He npOTl1BOpeq11T (IO), IlOCKOJI])KY S(i.-p~·n~J((K-fti);. 
C yqeTOM (IO) noJiyqaeM, qTol,,,n ("11) .2l0JllltH!i 88BHC6T]) TOJIJ;KO OT f~ 

i 2
, (piJ • 
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6). IloTpec5yeM, 'tIT06!i npOCTP8HCTBeHHhl0 qeTHOCTH :acex 11 o.1(eTblX11 

118CTHU P8BHlll!HCI, +l (K8R Hy 11 rOJI1,1X11 ). Tor.1(8 onpe;l\eJIRIOll!He COOTHO!lle

Hlrn ;l\Jlfl onepaTopa P HMeJOT O;l\HH H TOT lite BH,1( K8R B Tep11urnax "ro

JIUX11, TaK H "o.z1eTux" onepaTopo:a: 

pa; Jlo == a+..,, 11.,, ; p o(/ .fl ::: o{~p 52. ; 

P tat 1Z ·a+ a+ n . po{+ ... ,-t n - ,v 1- o1.-t r, . ap 'f O ::: -p -f JI.a 1 p IA, JC. - ~-/' -I/ .IC. 1 • •• 

II08TOMY p B!ip8llt86TCH qepes 11 0,ll8TUe 11 onepaTOPli T8R lite, R8R qepes 

"ronlie": e~pS PeKff.S}=P. OTc10.z1a yllte HSl!Ollt8HHhlM npHeMOM nony11ae1,1 

2;'1:; 2::;,_, , a c yqeTOM (IO) :.z.,,'/ = Z-p,-r • STO COOTHOme-

HH8 8BTOM8THqeCRH Y.IIOBJI8TBOpHeTCH, 8CJIH j!f'f 88l3HCHT TOJII>KO OT 

p2., '/z. 1 (pf) • B c11yqae ipyHKUHH Tp8X BeRTOpOB 8H8JIOraqHoe p8B8HCTBO 

HCRJilllq8JIO c5!i 88BHCHMOCTI> OT nceB,llOCK8JIHpOB BH;l\8 • ( [p,c 9, ]· r) 
?).BOSMOlltH!i p88Hlie onpe,lleJieHHfl onepaUHH oc5p8nt8HHH :apeMeHH T_ 

~HKCHpyeM CHaqana npHHHMaeMoe 8,lleCI> onpe.z1eneHHe x/ 

Tflx,t) y-'=?TJ(x,-t}. (l.3) 

OnepaTOP T 8HTHJIHH88H, T8K 'QTO TC r-i = C * 1 8CJI14 C 8CTI> 

C - 'tIHCJIO. B (I.3) J Oc508H8'q88T onepaTop llOJifl 'f HJIH f' 
Ms (l.3) H pasJIOJK8HH~ (2) 

Ta,, T-, = 'l ll.-p 

T t; y-• = f/ t"!:,, 
T 'J v. 7-1 = ?o 'J-" 

MOJKHO no11ytIHTI, SRBHB8JI8HTHlie COOTHOWeHHll 

(I.4) 

x/ CM. RHHry/2/, (?.321), a T8Rllt8 pac50Thl/l?/. B o6sopel18/ 8TOMY 

onpe,lleJieHHIO COOTBeTCTByeT COOTHOW6HH8 (15). ~pyroe npe,llCT8BJI8HH8 

o6p8nt8Hl4fl BP8M8HH T8M Oc508H8q8HO qepes T 1 • Ero IlPH.z18PlKHll8IOTCfl 

lliBHHrep, IJaynH H PR.II .z1pyrHX 8BTopoB, CM., HanpHMep/191. 
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,lla11ee ,ztJrn npocTOTbl no11araeM ? = ?" =+ 1 • no T8M :ate MOTHBaM, 

qTo H B c11yqae npoCTP8HCTBeHHOro OTpa:ateHHH, Tpe6yeM, qT061:,1 'A31H HO-

BUX onepaTOpOB o(.,f1( HMenH MeCTO Te :ate COOTHOWeHHH 

(I.4), T.e. qT06bl T Bblp8:at8310CI, qepea ol,/J,r T8K lite, 

KaK qepea a, C, 3 : e.,f .5 T e11(-S) = T. OTCll,lla c11e,llyeT 

S=TST-I H31H 

{J, cu:r-rJ [ :i,, {p, f) ol/c1.1 (;-, t,., J = 

=4~ j;[T'i,,lf,'l)T"
1
Tof/T1 Tcl.,T"'Tf,., 7·1 + ... ] = (I.S) 

= 41, ii [ 1.,''{f','l )ol.-r°'·r Y:.,+, t ... ] ={I,, 1v~,·-11) [ z!,:' r-,:-'l~c{;, o1,, r, .. ,. t,.,). 
Ilo:nyqaeu, qTO ~,,,~ (f,'{) = Z,,,. {-/',·f) • IlOCKOJil>KY 1,.,,, ( ·l',·f) ::::.]-(p,t/)

1 
TO 

aTo oaHaqaeT, qTo 1,, lp, tJ, ~,L (/','I J, 'i!;,., {p,'I ), 2.zz. {t,f) ,ll031lltHli 61:,1TI. .iteU.

CTBHTe31I>HblMH ~YHKUHHMH. 

8) 3apH,llOBOe conpa:ateHHe. C!J)opMy31HPOB8HHOe B p88'A8318 3 Tpe60B8-

HHe 6y,lleT o6ecneqeHo, ecnH HOBble onepaTOpbl aapH:at8HHblX qaCTHU 6y)tyT 

BeCTH ce6H npH aapa,itOBOM conpa:ai:em,rn T8K :ate, KBK H "rollble", CM., Ha

npHMep, (7 .330) B/21: 

co1./ c-'= f/ p/ . , 
C fl/ c-• = fc a,t 

C °', C_,:: ?cl, 

C -I ,ti_/ /1 C :::: fc u,.r 
(I.6) 

l?c l=i. 

IlyCTI, fc H aapH,llOB8H qeTHOCTI, H8UTp831I,HblX qa~THU paBHbl 

+l. KaK u npe:ai:){e, m.ieeu S =CS c ·1 • C noMOlllI>IO paaBepHyToU aa-

nHcH (12) ,1{318 $ T8M :ate npHeMOM, qTo H B (I.2) H31H (l.5), nonyqHM: 

2,, lp, r) = 2:,:l·r,-1') ·, ],,. {/', f) ;_2,z. {-r,· f) ; 2.z, {t, 1) = ~2, (-?,-!') (I. 7) 

H31H COOTHOW8HHH (21) 1 fiOCK031l>KY 2,,,,, (f,'I} 88BHCHT T01ILKO OT('! f~{jiJ. 
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IlpRnOZ6HH6 2. IlonyqeaHe ypaBH6HRH ~nH :Z, 

BuqacneHRe KOL114YT8~HH [ s,l s, HI 1] o6nerqaeTcH ~opMynott 

Blf,ll8 

[C-C\ k-t1<-1-] == [C, l<]-[c: K]+ ~.c. 

rpouoa.ziKoe BupaJKeaHe .zinH [ S, [S, H1J J Mb! He Ciy.zieM 

B&nHCliB8Tb ~enHKOLI, nocKOHbKY Henocpe,llCTBeHHO H8M HyEH~ TOHbKO 

qnelili, KOTOp&e nocn8 HOpM8HbHOro ynopH,ZlOqRB8HHH ,ll8IDT TpHnHHettH&e 

qneH& BH,ll8 At f ... ) A r-t- '). c. • IlO14HMO HHX ,B [ s, f S, H 1]) eCTb 

811{8 qnem,1 THna 

.{ ~- /4: At [ ~ ♦ I(, [ 2 ♦~ u_+IC'J,,].D A rt r,,; /;-♦ ~ 9. e. 

HopuanbHOe ynopH.zioq8HHe Hx no onepaTopau tX1fl npHBO,llHT 

K KyCiHqH&ll IlO r qneaau. Bee 3TH qneHu 11 nnox11e 11 • A HM6HHO, qneH 

0 {,<tr:, rI He 8HHynapyeT BBKYYLI , .zipyrHe Tpexra1.11.1uue 

, nHc5O 

apUHTOBO conpHE6Hli K HeSHHynnpyDll{HLI qneHau. YHHqToEeHHe TBKHX qne

HOB ,llOIDKHO npOH3BO,llHTbCH C nOLIOll{bID OT,ll6HbHOro, .ziononHHT6HbHOro npe

oc5p83OB8HHH BH,ll8 (9) C TBKHLI S (cu. paa.zien 2): 

S3r =1.{.( c r(1c,,1c,.,"3> ~.r,.. fk
3 

-t ... J. 
HopuanbHO ynopH.zioq11BaH [ S, l S, H c J] no onepaTOPBM r H onyc-

KBH Bee Tpexrawuue qneHhl, nonyqaeu BupaEeHHe 

[S, [S,H 1
]] ➔ -NAtl"A·/lt[l+; tr]2> Ar;+ JAt[z;U'Z,IJ·AIIF'.lt"A f; + 

+ N Atu. "II ·At[ '2 ~21-".Jj')A ~ + ,r'[z; U"'J~A · /ti ,4+_1+~ /Z .,_ 
+ 1 N fl+l."A-A"'l2~ u+~!IJI/ (1e. -,. A+ /2~ .l"J~ll • AIA 1ll1"A )';-t 9. c. 

(2.I) 
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IlOAP88YM6B8IOTCH llHTerpllpOB8HHHJd'h/4J~JH/d'k/w(lc/. ~llH HOPM8llDHOro 

ynopaAoqeHHH (2.I) HCil0llDBY6M HenocpeACTB6HHO nponepaeuble g)OpuynH 

A1 XA: N A+XA + f £dl'P, x,,2 ,,2.: NA tXA + f .,L f. x,"'; =#A.,XA-t J Tr X 
/'/ ht:f,1. 'I' , "' (2.2) 

NA+XA·NA-1-YA= N(A ... XA·AtYA}+ NA+[X(!~)Y1- Y{:t)X]A-,. 

+11 x2.• yu 
f f l'f 'If. (2.3) 

B (2.2) HCil0llD80B8HO CBOilCTBO (II). IlocneAHHil C - qHCllOBOil 

qneH B (2.3) A86T llHH6ilHLl6 no fK•O Bblp8E6HHH, He BXO~lllll6 B HB-

we ypaBH6HH6 AllH 2 . Ilocne HOPM8llDHOro ynopHAOqeHHH nonyqaeu OT 

(2.I) TpHmrnenm,e qneHL1: 

N At [Tl(+ 1/4 + RI(] A f.< + 9. C, (2.4) 

'l!neHLI c M8Tp1u1,eil ~ BOBHHKBIOT OT Tr B (2.2): 

~ = f f-2"-Tr [it: Ul<j:b + 2-t11.1Tr[2~ll"]2) t U"-Tr[~~lt")~+ 

+ 2"· Tr [:Z~ ll'<J~ +.ln-2 Tr[2~U+"]3 -1- u+n·Tr [2; l"}2> 1, (2.5) 

'l!ll6Hbl VI< B08HHK8IOT OT ynopHAOqHB8HHH IlO wopuyne (2.3) nepnoro 

H qeTB6pToro cnaraeULIX B (2.I), COA6PE8lllHX M8TPH~Y U C HHA6K-

cou JC • R" npoHCXOAllT OT ocTanDHLIX cnaraeublx B (2.I). IlpHBeAeM 

TOllDKO BblpaEeHHe ~na VK , np11qeM B HecKonDKO npeo6paaonaHHOM BH~e 

C YK888HH6M HenpepblBHLIX 11M8TpHqHf,IX HH~6KCOB11 (no IlOBTOpH!OlllHMCH HH

A6KC8M no~paayMeB86TCH HHTerpHpOB8HH6 C B6COM tc_, HllH £ -t ) 

(v,J,,,=[-1,;,c!~J1;,;, +2;,", {gf.J2;1q,]2>u,\ t 

t u;,,JJ l-2;", n ~J1;; +2;,;. (! ~, 2/1 J + 

+i;,,, c~~)u,\,:!J1;,., ... 2,~.2>tt,~,. l~~>2:,; -
-2;;, 2>U/,,f:~)2,~, -2;;. (~~)tt;,,,JJ.lf~f 
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BHlDIOXeBBe (2.5) H (2.6) npOHSBOlUJTOH uenoope~OTB8HHO. BOT8Bmlell 

1;,=s(IC.:-ft-'l}E,,, H u;,==S(11.-,+f)J(:;J H BHnomu1e11 HH!e-

rp1pOB8HHH, HOKnmqaD01e S- ~YHKitHH. llpH STOii BBB~ ~elCTBHTen»

aocTK 2 uee11: 

(2.7) 

8~eco zt oauaqaeT ll8TPHUY, TP8HOllOBHpOB8HHym no ~HOKpeTHHII HB

~eKOSII, 011. (23). Bea~e ncnom,aynca OBottcuo (II)Jipr,u1ep1•BHq1t1cne

HHI: 
ih, l!:J2t,n =SlP-r'Jf "-'( ( ~,,t,,,rJ:z.t,,,,., 

,.,. r f' l.C/' J -21., lr, ,,., 2.,, <r.,•J 
:Z,,(p,,•} :Z1., (p,p')) 

~z,{/',J•') ~, Cr,r'J · 
Peayn»TSTH BeqncneaHI: 

(k}oo=$(1<-ptf }[3 t(f-f) ( 2 -t- Z t) - T{p-f) ~ ( 11)] 
'l W{/,-t/) ff ff ttJ(p-f) 11 • (2.8) 

BupallteHHH ~nH t H 'C 011. B ~p11ynax (18) H (24) paSAena 4. 

(2.10) 

B (2.10) nepBHI H BTOpOI COIIHOlltHTenH K8l[,1{0ro qneHa 38BHOHT 

COOTB6TOfB6HHO OT one;ityxrntHX nap apry11eHTOB: (/', p-t t) H ( q-t ~ 'f). 

Hanp1111ep, '2,, 'lu '== 'Zn (p, pd) ~.z:z (f't t, f) . lt111eeT 11eCTO p8B6HCTBO 

Vu{f',t,f)= 11,,('1,t,p) • Bupazeane ;lt1IH V-{f) 011. B (25). H8KOH6Ih 

(R" )/>f == £ (lf.-ftt} [31/'r:D dlfJ 0: }-3 ~ ( ")1>2 + 
t ~ J tJ't ( r,. r,,. £<f} UpJ t• l'f (2.II) 

Clf+f) w(.tJ Uf+t) fa, raJ ]. 
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11BTerpan d CM. l3 (19). Ha Bcex Bupaxemd! r,,,,, 
TOJil>KO r,1 

BblllHCUB86M 

r,, = 2 i 11 lz, - 21..,2z1.. -.z!z2. 2., + 211 :Z,, -2 2-,, 2,,. + Z,,. 2z2. -

- 211 22.1.. -t:Zlu .i?.22. - 'i!,i 2,1 -.2 l,:1..21., -t i!u.~.z., -t .,;,z.z., 2
11 

• 

(2.12) 

B nepl3oit CTPOKe B (2.12) nepl3liit COMHOJKHT6Jll, Ka~.itoro qneHa aaBHCHT 

OT nape apryMeHTOB (p, p-t t J I l3TOpoit - OT ( p ·t't:, f-t t) • Bo 

l3Topoit CTpoKe nepBblii COMHOlKHT8Jll, 88BHCHT OT ( /> t t, f-t t) 
1 

BTO-

pott OT ( q1- t, 'f) • 

YpaBH8BH6 )tJIH ;f Tenep1, MOlltHO aan11caTI, B BH,1t8 

[.E" EJ~+2"-[4Jl1e.)-. ~6t-~t] -t(2-1<Jtt'.~-~t-,. tl.1(-t 1 
2.W[I</ 4uJO<I 

-1-l(~ ➔ ~+R,.)+ ... ==0-
2 

(2.13) 

YqT8H KO3cpcpHUH8BT I/2 nape.it [ s' [S, H.I] 1 
l3O8 qJieHbl ypal3B8HHH Ha WIOJKHT8Jll, £ (1<- f' 1-q) 

M8HH6 COOTHOW6HHH (!?). 

B (8). CoKp8T.HII 

H npHll6M l3O BHH-

Tor.its nonyq.HM 

lrf »E'I -£,JJ1,, +1,,,w{r-r>+ ~ l:f J-E7;!") {in.,. z;, J-
. '1> dco ( "} + il1fJ [ ")1Jl _ ~ [Ee:il W !£ll]( 11) -zff 2. £<ti fl . 1.Elp} ft If 2 Mf·t) + llf) -t [ff) 11 t 

~ f d
3 
t ( V., tr,, 

-t £<f-tt)w(t/£(fTtJ "'i,t l"z, 
. V.:i." -,.r,2 ) t 
1/42. -t rz~ ... =O 

(2.14) 

. .. 
Ilep13ue TP.H qneaaA ypaBH6HHH nocne BB6,1t8HHfl BOl3liX cpyHKUHli l, 

cu. (21), npeBpautaJOTOfl l3 - A 2 (p, 'I). 
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DpanozeHHe 3. DonpaBKHK 11ronW111 11800811 

OpOOTeitmHe DOilp8BKH B08HHK81>T OT KOIIIIYT8UHH [S, HI]) T.e. or 

BTOpoit OTPOKH qneHOB B (16). Ooone HX HOPll8JIDHOI'O ynopH.1{0qffB8HHH c 

DOIIO~DI> 4X>p11yn (2.2) H (2.3) DPHJIOJt8HHH 2 nonyqaeu T8K08 KB8'AP8THq

H08 no onep8Topa11 BupazeuHe 

f Trl~~u1,,r .. r-:,. ff Tr[2~ u•~J/)- Tr[r~ ll"]J'J l ~•r,.-1 Tr[lf:llt"JJ'JJ{1f,:1 + 

+ NAt[U"[!:J ]t".,. 2t"(!r}1J."+ i"{!:)ti.1" + Ut"{gf }2'<] A. <
3

•
1
> 

qneHH nepBOit CTPOKH B (3.I) cyTa nonpaBKH K nepBoit OTpOKe B (IS). 
TSKOI'O PO'A8 BHpazeHHH yze BHqHCJIHJIHOD B npHJIOJt8HHH 2, 011. (2.5). 
BHDMW8M cy1111y nepBWC OTPOK (IS) H (3.I) 

HHTerpan t onpe'AeneH ~op11ynoit (IB). Ha-aa tIJieHa r,.~r:.: oo-

OTOHHHH fl H ,,,... J2 He HBJIHIITOH 0060TB8HHHIIH ~YHKUHHIIH H 
8TOT qneu noaT011y 'AOnJteH 6HTD 11y6pau11 Ha H • IlpHpaBHHB8H uynK> Ko

a~HUH8HT npH Hell, nonyqaeu nepBoe OOOTHOW8HH8 B (I7). 
CoBepmeHHO 8H8JIOI'HqHQ no0Tynae11 0 6HJIHH8i1HWIH no i,/3 tme-

H811H B (3.I). B11e0Te o J,. J, NA; £ff A1 OHH 'ABIOT 

f .kl.NA; R (3.3) 
3 (Elpl-t(111:-.,,,Wuc1J.,.2dt1J (,,. • .,__,,,9'2.rt,}-t-2dr,J) 

Elp) . {tr,.,,.-111,.)/:uc,,..,. 2dc,J E{p)-t {hl.'--111'/12[(,rt2.d{f) . p 

0TOll,lt8 88T8M noeyqae11 BTOpoe OOOTHOW8HH6 B (17). 
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Ilpm10J1te1rne 4. PeJIHTHBHCTCKBH KOB8pHBHTHOCTI, 11 0]16TJiX11 

COCTOHHHi! 

IlpH o6cylE,7leHHH aToro Bonpoca npH'AeTCH nepeilTH K reilaeH6eproB

cKott KBPTHHe. llopeHneBCKOe npeo6p830B8HHe Tpe6yeT Bl:lXO'AB 38 paMKH 

mpe~HHrepoBCKOtt KBPTHHN C ~HKCHPOBBHHOtt BpeueHHOtt OCI,10. 

IlOCK01.IIiKY 'flY.1t)=exp(iHt}tfl1.J e.'Xf'{-i'Ht) 
1 

TO H3 (2) BNT6-

KBIOT TBKHe paanoJKeHHH rettaeH6eproBCKHX nonett qepea "roJINe" reilaeH-

6eproBCKHB onepBTOpli POlK'AeHHH-yHHqTQlKBHHH 

' 

I ( cl3p i'xp 
flx,t: = - J e I a ltJ+ t_t (t:J} 

V2l2.nlJ f lf'} /' -p (4.I) 

'f (Y.,t) =_I_ J d 3
1r. t

0

XI([ 
· h.c2-,,>' wu,, e CJ,/tJ + /1-:{t)) (4.2) 

iHt -t'tlf: [ 1 -~ ) ~k~,: e ;/1t.. e •
1 

9,,.{f/ I 9:,(t) =v Jt. 11-J"~ s (Jt.-l{' . (4.3) 

~JIH o6Cyl!t'A6HHH noBe'AeHHH onepaTopoB POlK'A6HHH-YHHqTQlK6HHH npH 

1.IOP8Im8BCKHX npeo6p830B8HHHX npH'ABTCH BliimC8TI, Blip8E8HHH reHepBTO-

poB 8'.rHX npeo6p830BBHHil qepea 11rom~e" onepBTOp!i (BBTOP He 

cuor HBttTH TBKHX BNP8E6HHtt B 1.IHTepaType). CorJIBCHO KBHOHHqeOKOMY 

~OPMBJIH3MY, 3TH reHep8TOp!i p8BHli 

Li=fd'"ftt1++=-JPx xiH{x,t) +tfd1x {J-b<,t). (4.4) 

Cu., HanpuueP"8/' /II/. 8'Aec1, H [y., t) 11 ~- (x, t) - nJIOTHOOTH 

nonHoro raMHJIIiTOHHaHa H 11unyn1,oa, Henpzuep, 

Hc~tJ = 1 [(~rc~t>/,}t )1· + (vr J'.,. I'•,. 'f'] + 

+ [(~1p+a,tJ!JtJ(;J'fht) + (v'ftvtf) + 1n: 'f.,.'I' J + ).('n/'z<f+lf f1. 
(',.S) 
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IJTO<5I:J ( 4 .4) Bupa3ll!TI> qepe3 a(tJ , & lt} , j(t/, Ha.14O HMeTI> ,KpoMe 

(4.I) Ill (4.2), eute pa3JIOllt0HHH 'AJlfl drf/:Jt l4 9'f l;Jt • IlepBoe 

nonyqaeTCH 11!3 11!3BeCTHOro p83JIOllt0Hl4fl 'AJlfl r,+[x} (K8HOH11fqecKII! co-

nplillteHHOit K lJ't (x) BeJIHqllfHU) no qiopMyne d I/' l'Jf ~ 
xi 

(4.6) 

AH8JIOrHqHoe p83JIOl!t0HHe !4MeeM ,1!Jlfl d If /';}t • IlocJie rpoMO3)4KHX 

npeo<5p83OB8HH.tl 11!3 (4.4) c IlOMOUlI>ID (4.5) Ill (4.I), (4.2), (4.6) MOl!tHO 

nonyqHTI> 

(4. 7) 

(4.8) 

(4.9) 

xi P83JIOllt8HHe (4.6) MOl!tHO T8Kllte noJiyqHTI, )4HqiqJepeHUHPOB8HH6M (4.I) 

no BpeMeHH. XOTH npH H8Jll}q)4llf B38ll!MO)46.tiCTBHH a,,(!) H 1..; {t) 88BHCHT 

OT Bp6M8HH He npoCTO K8K 8KCilOH8HThl' 'AJlfl HX cyMMhl HMeeM i;[ a,.<t1+t;etJJ::: 
=-iHp>[a,.(tl- C_tltJ} • itettcTBHTeJII>Ho, Ji/'/-;Jt ==i[ H{.t), tf~,tJ] .. i [H 3, If], 
IlOCKOJII>Ky y H8C HI KOMMYTHpyeT C 'f ( ,., t) • Henocpe.14CTBeHHhlM 

BhlqHCJI6Hl4eM C nOMOUlI>ID KOMMYT8UHit BH.148 (4.2) y<5ellt,l486MCH, qTO 

l [ 1-1 ', 1/J J N [ f,, HpJ a; (tJ a,. {th... , I, l a, ft, .. t_; {t) J ... J "' 
"' ~ [- £ lf} a,.(tJ + [ lpJt-; (tJ ], 

T.e. nonyqaeM npaByro qacTI> (4.6). 
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l !=Jff£t. £1 d
3
k ,~;'.(-ft9i1e)f~Q"tt?!C+l_pCirtl;'-rllgic+Q_t] (4 ro) 

1 flrl [lf) W{I<) , r , rt • 

3.l(ec:r, $/ lp-r) = 'JS{p-r)/-;JpJ - B 3THX ~OpMyJiax Mbl onyCTHJIH 

apryueHTbl t y reltseHC5eproBCKHX onepaTopoB a, I, ? H TaK 

6y,l(eM ,l(8JI8Tb B ,l(8JibHeltrueM. B OTJIHqHe OT (4.4i npHB8,l(8HHOe Bblp8JK8-

HH8" .l(mI Lj HBJIHeTCH HopuaJII>Ho ynopr1.l(oqeHHblM (cp. pas,l(eJI I ) • 

Tenep:r, MOlKHO BblHCHHTJ,, K8K H3M8HHIOTCH a(t), -t {t) 
1 

;1{t) npH 

6ecKOHeqHo M8JiblX JIOp6HU8BCKHX npeo6pa3OB8HHHX -;, = x -rt, 
t' = t -( £ i). HanpHMep, 

~!t = e 1-p (-d/ f_J) 7,t e1'p {t'L/ ~·) == i: + <' 0 £ 9,/,L1 J. 

B KOMMYTBUHH [ i: 
1 
L/] ~HrypHpyIOT H onepaTOpbl 38pHiK6HHblX 

qacTHI.{. !1O3TOMY H3 O,l(HoqacTHqHoro COCTOHHHH 9: Qo npH iro--

peHU:8BCKOM npeo6paaoBaHHH IlOJiyqaeTCH COCTOHHHe, r,l(e npHCyTCTByeT 

napa 38plDK6HHblX qaCTHU: (H3-38 HamrnHH 4 t tt i B l/ ) . 
ECJIH Mb! XOTHM, qTOClbl 11 O;lleTO8 11 COCTOHHH8 f,/ Q BblrJIH.l(8JIO 

BO Bcex JIOp8HU:6BCKHX CHCT8M8X KaK O,l(HoqaCTHqHoe COCTOHHHe, TO B 

LJ , BblpaJKeHHOM qepea ix, JJ I y, .l(OJIJKeH OTCYTCTBOBBT:r, 

qJieH C cl/ 13+ f • ECJIH Mb! TOrO lK8 XOTHM OT COCTOHHHit c(_ f Q H 

fat 52 I TO B lj ,l(OJilKHbl OTCYTCTBOB8Tb qJieHbl C oJ.+-o1..r+ H /+,ft,~ 
H8KOH8U:, B8KYYMHOe COCTOHHHe 52 6y.l(eT JIOP6Hl.{-HHB8pH8HTHblM, 

eCJIH B Lj H8T o1...+-;r•r 1 
• IACXO,l(H H3 H3JIOllt8HHOro, IlOTpe6yeM, 'llTOClbl 

B Lj. He 6blJIO TPHJIHHellHbIX no c:1.,1,r 'llJI8HOB. 

Koa{1xllHUHeHT npH TpexonepaTOPHbIX 'llJICHax B exp S3 ll exr (- S1 ) 

BbJqHCJIHJICH T8K lite H B TOM JKe npHC5JIHl!t8HHH, 'llTO H B CJiyqae 

e')(p 53 H exp(-5,), ( cu. pa3,l(CJI 4 H npHJIOlltCHHe 2).B peayJII>T8T8 
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nonyqHJIOC1 TSKOe Bblpa~eHMe ~Jlff SToro KOSq>q)M~MeHT8: 

l SJ (-p-,.'f~")[ 1,,,,_":bff - £p 2Jl,0 .
11 

f-,. 4
1 

w{k.J + ;\ (::J -t-

B OTJIM~e OT JieBOH qacTM (2.14) KB8AP8TH8ff CKO6Ka 38BMCMT He TOJI1-

KO OT BeKTOPOB f M 9 ' HO M OT K • ECJIM MCilOJI13OB8T1 paBeH

CTBa BMAS 

TO (4.II) MO~HO npeo6pa3OB8T1 K BMAY' rAe 38BMCMMOCT1 .OT K co

cpeAoToqeHa B S - WYHK~Hax: 

L~ (k.-p·t-tf) f £'/ ~- Z/'f Y) + fp !/),2 _2b -2;,
1 

/!Li.L +,., 1-f-
'J .;J~ I 1 ul{f-f} (4.13) 

+i;![1c.-p+9)! 1. 

BTopaa WHrypuaa OKO6Ka B (4.13) nonyqaeTca MS KBa~paTHOil CKO6KM n 

( 4 .II)' 8CJIM B Heil IlOJIO~T1 K. = p-1 . Ilocne STOro Mbl noJiyqaeM 

Bblpa~eHHe, COBna~aro~ee O Jienon qacT1!0 ypaBH8HMH (2.14) M paBHOe 

BBMAY aToro HyJiro. TaKHM o6pasoM, ycJIOBMe paBeHCTBa HyJiro KOSWWM~HeH

Ta npM TpexonepaTopuux qneuax B npeo6pasonaHHOM L1- npeBpa~aeTCH 

B YCJIOBM6 p8B6HCTB8 HYJIIO nepnon wHrypHOil CKO6KH {Il B (4.13). 

Ilonpo6yeM H3BJieq1 M3 3Toro YCJIOBMH K8KMe-HH6YA1 ~OllOJIHMT8JI1~ble. 

OBe~eHHH o HeHaBeOTHblX (fiyHK~HHX l . YpaBHem1e iI1 = O B ueKoT.o

pou CMblCJie npome, qeM (22): BO BTOpyro (f)Hrypuyro CKO6Ky BHOCHT BKJI8~ 

nee qJieHu Ha KBa~paTuon OKO6KH B (4.II), B To BpeMa KaK B {Il 

nona~8IOT TOJI1KO Te, KOTOpble 38BHCHT OT K • B 3TO~ pa6.OTe H80 HHTe-
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pecyeT BOnpoc O KOMneHC8Ulili qneHa (!!) HeJIMHeUHhlMli no 2 qne-

HaMH ypaBHeHHfl (22). Bee HemmeUHble no z qneHhl B KB8;itp8THOH 

cK061te B (4.II), KOTOphle np11pz., qZ., (f-'!Y·➔ 00 CTpeMHTCH K 1rnH-

CT8HT8M (H MOryT KOMil6HClipOB8TI, (::) ), He ,1t8!0T BKJ18,1t8 B { I J • 
Il03TOMy,eCJlli Mbl y;itepZliM B KB8;itp8THOI CK06Ke (li TeM CBMblM B (22)) 

TOJlI>KO TBKlie qneHhl, TO ypaBH6HMe iIJ = 0 npHMeT npoCTOH Bli'A 

Ei i. 2f'I ~ + £r ;D. ~zfr - z.f" .../!L.:: .. J.i = o 
IJ 11 I W(f-f) • 

IlpHBe;iteHHble Bhlllie coo6pazeHlifl YK83hlB8!0T 118 TO, qTQ perneHlifl 3TOro 

ypaBHeHlifl MoryT noMoqI, liCCJ16,1tOB8Hli!O Bonpoca O KOMil8HC8Ulili. HaU;iteM .. 
liX. BBe;iteM WYHRUMM .Z , CM. (2I). nocne STOro ypaBH8HHe 6ll\6 60-

Jie e ;ynpoCTHTCH: 

:) '\ :;) A • 

f, f rJfj 2) 21''! + £1 :J'/f ,2 f'l 2) = 0 , j:: 1, 2, 3, (4.14) 

" 
KaK (}bJJlO YCT8HOBJ18HO B paa;itene 3 (npHJIOlK6llli6 I), 2,, 38BliCHT -- ~ 
TOJII>KO OT p\ 'fz. li (ff/) • BBe;iteM BM8CTO npOH3BO;itHhlX :if. no /JJ· 

H 9i npOH3B0,1tHhle no nepeMe!IHhlM £.p =-ilpL~m'- I £,,=,!tt+nt'- H 

t = ( p-'ij Jl • IlonyqHM ypaBirnmrn 

? "' -;;J "' " "" f.J· ~c/>z + 1i ~£,i~ + 2[p;-z)( £r ft ~z-£7 ;t22>)=0. (4.15) 

8_;0 B6KTOPH08 ypaBHeHHe BH;it8 ~- = 0 ' j = I ,2,3' npHqeM B8KTOP 

X neJKHT B nnocKOCTH BeKTopoB f H 9 . IlosTOMY TPH ypaBHeHHH 

X::: 0 paBHOCHJII>Hhl ;itByM: npoeKUHHM X = 0 11a BeKTop fo H 11a "if. 
YMHOJKHM X; c11aqana HB ff ' noTOM 118 1i li npocyMMHpyeM no 

j : 
p"-

8
~
1

1>2 +(i5ijlt,2JJ + 2Lp'--(fiJ][ lrfft2Ji-f#ii2] ::::o 

cptjJ 5£ J>i + 1r!i: i2>.,. 2l<fiJ-r•Jl£,ft!lJi.- t;iti2>J=o. 
f ( 

(4.16) 

l'ICKJ1roqem1e f; 'J2>2/:>t -E'I 'Ji:t>/~t 113 (4.16) npHBO~liT K npOCTOMY 
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ypaBH6HHIJ 

KOTopoe IlO3BOnHeT ynpoCTHTb H nepBoe yp8BH6HH6 (4.16) 
.. :} ... ';} .. 

2. 2>2 + 2 ( Et ;,/1>2 - £,, St ~J))::: 0. 
;]£, 

(4.17) 

(4.18) 

8TH ypaBH6HHH IIOJWO nonyqHTb H m>YrHY nyTell. H8AO BBCCTH B (4.15) 

BIICCTO l/.; BCKTOP ft= ,zz. -<ji)PJ· J opTorouanaHHit K l-'f1 H 

nocne aToro npHpaBHHTa OTAenauo .uyn11 xoaWmtHCHTH npa BCKTopax 

P.1 H f.1 • 
(4.I?) 8CTb CHCT8118 qeTHpex H638Q8DnHIJDtHXCH ypaBHCHHH B qacT-

HliX npOH3BOAHHX. MeTOAOII xap8KT8PHCTHK H8XOAHII, qTo o6~ee pemeHHe 

ypaBHCHHH C HOIICPOII I,I eCTb npOH3BOnbH8H q>YHKQHH OT t: HXst,.-4_ 

IlOACT8BIDIH §,, ( t, x) B ypaBH8HH8 I.I CHCTCIW (4.18) 1 nony-.. ... /: 
qae11 ypaBueuHe d :z!,,/'Jx -t- .2)(. ;) ::!,, :u = 0 • Ero o6~ee pemeHHe 

8CTD npOH3BOnDH8H q>YHKUHH OT nopeHQCBCKOro HHB8pH8HT8 xz-t= 

=(£, -£.rY-{f-j r- . B KaqecTBe apry11euTa 110JW0 B3HTa H xo11<b'!Ha-
/- -)1 /4 7z 2.{ - -) ;;, z UH'IJcp-9 +,.'--<f.1-Er = UJ f-'I -1...f.,-£1). Qua OK83HB8-

e TCH 6onee YAO6Hoit ( 6yAYqH p8BHOH npOH3B8].t8HHIJ Blipa:it8HHit w- £,. + 1, 
H W + Ep - £'I , q>HrypHpy11~wc B qiop11ynax (21).l 0CT811DHH8 

ypaBHCHHH pema'IJTCH T8K ae. 

IlpHnOll8Hl'l8 5. CBOlr1CTB8 Blip8llt8HHit wZ(p-r/-(£.1':; £,)~ 

a) to'-{j,-r}-(f;-fr)'" 11O:ltHO nepenHC8TD K8K 

_µ1 +2 f {✓ r1 +mz.)'f'-+Pt"- -ff'l +mz)] + f l''l -fffJ]J. (5.I) 

IlOCKOnI,KY /t~ni1.rjz~•2. "? f'/-t n,Z H /-'1 ~(fj)1 

TO W 1 
- {£.,,- fr J2' ~ )''- J 3H8K p8B8HCTB8 AOCTHraeTCH llpH 

_. -

37 



IlyCTI, f <pHKCHpOB8HO. Hatt,l.\eM noBepXHOCTH YPOBHH qiyHKllHH 

/,l)Z.-(£,-£1)2·, T.e. Te 3HaqeHHH '1, npH KOTOPllX tD'-{£,,-£,J'· 
l-lM66T qJl-lKCHPOB8HHOe 3Hat1eH:1-1e JUL+ uz • lll30JI:1-!pya KOPHH H B03-

BO,l.\H l3 KB8,l.\paT, MOJKHO npeo6pa30B8TI, COOTHoweH:1-16 11 ti3/.z == qmrypHoll 

CKOC>Ke B (5.1) 11 K BH,l.\y: 

(p2-+m .. )1l + rnL f Cfi -p[2~~)Z+JJ}1-=(pL-,.m•)u.l.[G',,,)Z....J}_ (5.2) 

BBe,l.\eHll llllJlllH,l.\pl-!qecK:1-16 nepeueHHbl6 ,l.\Jlll 9 } ' ,,2:::: '/,i .. 9,: ; 
OCI, 2/lf. (5.2) eCTI, 3JIJillilCOH,l.\ Bpa~eHllll c ll8HTPOM B ToqKe iio;O, 
q~o =- p [ 2 ( u{2.,.,)2· -t-1.] . IIocuoTpHu, K8KOBH ero napaueTpll npH Tex 

UL H p , KOTOpue H8M C>y,l.\yT .BCTpeqaTI>CH. KoUC>llH8lll'IH ;u'"+u.l. 
ecn apryueHT qiyHKUHH i,, t yC>llB8Kl~e« npH ti. 2➔ o" • 9tpqJCKTHB-

H8H OC>JI8CTI, ee cocpe,l.\OToqeHllH .B KOHetIHOM cqeTe ,l.\0JIJl[H8 onpe,l.\8JIHTI,-, 

ca napaueTpaMH Teop.l'rn In'-, v4t, A, HO He nepeMeHHHMH /J H 

'J, , IlOTOMY tITO i, He 38BHC14T OT f H tj l3 OT,l.\6JII>HOCTH, HO 

TOJII>KO OT HX KOMC>HH8UJ,rn u2 • PacCM8TPHB8H ac:1-1unTOTHKY pa.➔ oo, 
MOlKHO C'llHT8TI>, tITO 3qiqJ6KTHBHH6 uz. MHOro MCHI>me /':,,. • PaccuoTpHM 

T8KYKl OC>JI8CTI, 3H8tI8HH.£i U.2 
: 111 2 << 11.1. << ,.. • Tor,l.\8 3JIJIHilCOH,l.\ 

CHJII,HO BllTHHYT B,l.\OJII> OCH 21/ p : ero C>OJII>maa noJiyOCI, p8BH8 

a1=2p{U/2m)>>P, a Y8JI8H a.1.~u(u./21r1), T8K tITO Q..L<<tli!, 

Cp8BHHB8H a:l C fio, BH,l.\HM, qTQ a~ =jao • ECJIH U2 <2m(p-m), 

TO BCe lite <f,1.0 > Cl2 - 3JIJIHilCOH,l.\ He1rnoro He ,l.\OXO,l.\HT ,l.\O H8tI8JI8 KO-

Op,l.\HH8T. MOlKHO CtIHT8TI>, qTo T8K C>y,l.\eT npH BC8X cy~eCTBCHHblX uz. : 

f BCer,l.\a MOlltHO cqHT8TI, CTOJII, C>OJII>WHM, tITO U 2 < 2.mp, 

Cettqac Mbl paccMOTpeJIH wz-{ i.r -£r}2, K8K q>YHKUHIO f 
npH qJHKCHpOB8HHOM p . B HHTerpaJI8X ypaBHCHHH (22) BCTpetI86TCH H 

CJiy'llaii qJHKCHpOB8HHOrO (p-i, ) • 
B) tv1 (2 JiJ - [£(to<)- [(t-J<)]2, Je qJHKCltlpOBBHO • 9TO Bblp8llt6HH6 

MOlKHO npe,l.\CT8BHTI, K8K 
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MolltHo noKaaaTL, qTo 0< E 1 ~2xz. • K HYJIIO qmrypHaH CKoc5Ka 

CTpeMHTCll npH t➔ o0 H t {( Je • HaHc5OJILmee 3H8q0HH0 ,&OCTHraeTCll 

npH t .Li . IloBepXHOCTL ypOBHll 2 { 1 = u.Z. B ~HJIHH,&pHqecKoti CHCTe-

Me KOOP.l\HH8T ,&Jlll t C OCL!O 2 /1 ii HMeeT BH,& 

9TO rHnepc5OJIOH,& Bpa111eHHll (H8IlOMHHY., qTo u.z.= 2 [ J $ ',.)(I. ). 

Kax H B cnyqae a) pacc11OTpHM oc5JI8CTL fn'Z.« u.z. << Jt1. • Tor,&a 

a% :: Jt. 
1 

a.J. = U.{2 : IlOJIOCTH rHne pc50JIOH,&8 CHJII,HO BllTllHYTll B:z{OJIL 

OCH .2 • BepmHH!l ero Jiellt8T npH()Jil,13HTeJILHO B TOqK8X ± J< H8 OCH 

MOlltHO pacnHC8TL K8K 

4m'--f'-+2f[Jp•+m2./1r~m"""i - (f'I+ mz.)] + [ P'I +(pi/] J. (5•5) 

Kax H B cnyqae a) ,HMeeM ( l ~ () , HO paBeHCTBO HYJIIO ,&OCTHraeTCll 

npH 'ij, =-p • IloBepxHOCTL ypOBHll llBJill0TCll CHMM0TPHtIH!lM OTp8llteHHeM 

8JIJIHilCOH,&8 (5.2) OTHOCHTeJILHO Haqana KOOP'AHH8T (ypaBHeHH0 noBepx

HOCTH OTJIHqaeTCll OT (5.2) TOJILKO 38M0HOti 3H8K8 (-) B ¢1r1rypHOH 

CKOc5Ke H8 3H8K (+)). 

d) [E(t*Jt)i: £(t-x)]':..w'{2Jt) MOlltHO npeoc5paaoBaTL B 

(5.6) 

MOlltHO IlOK838TL, qTo 0~ f J<oo (HYJIL ,&OCTHraeTCll npH 

t:::: 0 ) • IloBepxHoc~i ypoBHll 2 f l = uz. cyn snn.1r1ncoH,&hl 

Bpa111eHHll C ~eHTPOM B H8tI8JI0 KOOp,&HH8T C OCLIO :1 II it. • IlpH ml<<Lll<<Jll 

nonyoc.1r1 T8KHe: a~:: JC a.i = u 12 ' T8K tITO SJIJIHilCOH,&ll CHJII,HO 

BllTllHYTll B,&OJII, OCH 2 • 
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Ilp11110J1temrn 6. B1mrn11eH11e MHTerpanoB t, ?:'; cl, V

M ogeHKa J d't W,.,,,. 

Cti:MTBeM, ti:TO apryMeHTOM i,. = :l,.z. HB1IfieTcH[u/(('·1)-([r-4l10~ 

a apryMeHTOM i,2. M :£z., c11yi1mT [(£,+£'<)'--w'-Ct-r)]/(',m•.._,,,.,•). 

ilHT6rI?,8Jihl t M 7: • 

BBe;zteM B (18) BM6CTO n nepeM6HHYIO MHTerpMpOB8HMfi 9= fi-t k:/2.. 

Tor;zia n-= ~- k./z. , ii-t iZ"" ij+ K/2 . Ilo;ziMHTerpaJII,Hhle BhlpaJKeHHH 38BHCHT 

TOJIJ:,KO OT 1<1 , ( f K), 91. • IloaToMy oc1:, 2 ;zt1Ifi nepeMeHHoil 

HHTerpHpOB8HMfi 'J, MOJKHO H8Ilp8BHTJ:, nap83IJI6JIJ:,HO °i< • Bhl6Hp86M g11-

JIHH;z\pliti:6CKYIO CHCTeMy KOOP;z\HH8T ;z\1Ifi 9, • IlO;z\HHTerpa111:,Hh16 cpyHKgHl4 

He 38BMCfiT OT yrna 'f , HO T01Il>KO OT t/2. H i.1. • BMeCTO f 2 14 t/,J. 
MOl!tHO BB6CTl4 nepeMeHHble 

E'f+ lefL = V £N+1}-+ K'-/4 +'/;, I< -t m'-
1

; [.'l_,,,4 = /9}·+'/,f-ic l(.3/❖ -'/2-,;;;;_ (6.I) 

Eonee y;zio6HhIMl4 OK83hIB8IOTCfi nepeMeHHhle 

5 = f.'l+ "6. + £,_ "k r = Er+ 1<1.z. - E.1.:.. l<f.z. • (6.2) 

MOl!tHO IlOK888TJ:,, ti:TO s~ s1>t,'•=IK'-+qmL R ti:To-li<l<r<-t-P<I. 0<5-

paTHOe Bhlp8l!t6HR6 CJ,.1 14 C/2 qepea S R r RM66T Bli'A 

q'J, = s r !!l..1< ; 9.J. = 
2 
~ / (sz._ 1<z.} (k.z.-r•) - 4-;;;;;;_;, (6.3) 

a MO'AY1Il> fiK06H8H8 npeo<5p880B8Hlifi OT 92 ' 'l.i. K s ' r paBeH 

Ef+¾. £f· "'6. / 2 I( 'f,1. 1 T8K ti:TO 

d3'1;:. d'f2 <J.1 d<f,1. dr = E'[+ ¾.f'I- IC/zl2 I<,-, dr <l.s d'f. 

BBH'AY 3TOro IlO;z\HHTerpanJ:,Hhle Bhlp8JK6Hlifi (I8) M (24) CH1Il>HO ynpo~aIOT

Cfi. HanpHMep, 

i(tt.}"' ->.z:: fJ drds{ i, ( s1.-w1/4m'--~•) + i,,. (sz.-wz./4 hi'--pz.}J (6.4) 
S+WCl<I S-W(IC} • 
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K TOMY' xe OK88Im86TCH, tITO o6naCTD HHTerpHpOB8HHH no r H S 

OllHOblB86TCH OTHOCHTenbHO npOCTO. B nepeMeHHblX 92 H 9L eIO 6bl.7I8 

no.nyn.nOCKOCTD 1J. ~ 0 C rpaHHueit 'jJ. =- {) • lla ( 6. 3) cne]tyeT, IITO 

yp8BHeHHe 11HHHH '/J. ;::, 0 B HOBblX nepeM6HHblX HM6eT BH]t 

(6.5) 

C11. pHc. I. HanoimHaeu, 11To S :> o H - I<< r<..-K.. 

Paao6ae11 (6.4) Ha .1tBa HHTerpana: t (1</ =A,. B 

A=-)/· 71 fJJrd.s i. ..Y... · 
K. 12. s1.-wa I 

(6.6) 

BMeCTO S • Yp8BH6-

HH6 HH~Heit rp8HHUbl HHTerpHpOB8HHH npHo6peT8eT BH)t: 

XH=(Jt-ff"-)/(1-r) I ~=.}<L/(',,nL-.)'t) l f::: r/11<1. 
'. 

la.nee, IlOCKO.7IDKY IlO]tHHTerpanbHOe BblpazeHHe He 88BHCHT OT r 
H1IH f , TO , 

I( 00 J .,.. w . v'6c-l}l()c-<f} 

J drf. dic, .. =2Kf,dpf.,c dx ... =2v.J dx ... l d'f 
-K ,CH D J H I D • 

IloaToMy ]t11H HHTerpanoB A H 8 HB (6.6) nonyll8IOTCH T8KHe OTBeTu: 

(6.7) 

(6.8) 

• llHTerpa1lli no x .. .. 
CXO)tHTCH, ecnH 'PYHKQHH Z,,. C•J H 22, (1-J y6Im810T H8]t116E811{HM o~pa-

8O11 O pOCTOM X • 31p!p6KTHBH8H o6naCTb cocpe]tOTO'leHHH 8THX ipyHKUHit 

uozeT 38BHC6Tb TO.7IbKO OT napaueTP?B T6OPHH m ,/' H ~ , CM. 

npHnozeHH6 5. BBH.7tY T8KOU orpaHH116HHOCTH 81p!p6KTHBHblX 8H8116HHi1 X 
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no;zt HHTerpaJioM, Mbl HMeeM: v ➔ w(~J npH w(1t.l ➔ oo • Il03T0-

MY f3 ~1/wL(1t.l npH 1<. .... ""' • 

ConepweHHO 8H8JI0rHqHo BblqHCJIH8TCH HHTerpaJI (24) 

'l;(k) ::::. 47l >,z. j,_dx [ 2,z Cx)}~@. O-l _!_} 
W(I<} ym'--:;4 1 

I X X-t fj + K" · (6.9) 

3aM8THM, qTo nepBoe H8 C00TH0W6HH~ (I7) YA0BJI8TB0pH6TCH, eCJIH 
,. ... 
],z. = 'lz, (cu. npHueqa.HHe Ha cTp.I4). Tor,Ita 8 =0 H noJiyqaeu 

.)'•Z.-J< z. ::: '1, 71 N /, "°&l r i,z. {I()~ 
,C 1(-t-~ I 

(6.IO) 

l1HTerpaJibl 1)" H d 

Ilo 8H8JI0rHH C npe;zu,1,Ity11U1M BblqHCJI8HH8M Il0CJie 38148Hbl i= '/-t- p~ 
I 

t-p='/-P& M0ZH0 BB6CTH H0Bbl6 nepeMeHHble 

s = £. ('J+ "/2.) +w( f- l'lz.) r= E.{ 'I .. Plz) - w{1- l'h.J. (6.II) 

IlpHM814 ;ztJIH npoCT0Tbl, 'llT0 j,i = tn 1 Tor;zta w /-tJ"' £.{t) H (6.II) 
ll0JIH0CTDID C0Bll8;zt86T c"(6.2), T0JIDK0 BMeCT0 napaMeTpa K Tenepb 

HMeeM napa:ueTp p • 
HK0c5H8H Tenepb p8B8H £ ( f+ P/2.}W{f- P/2.) h.pfJ. 1 8 ypaBH8HHe 

rpaHHUhl oc5nacTH HHTerpHpoBamrn HMeeT BH;zt Sr:::: p /I+ It m•/ ( p•-r1). 

)lJIH lT( p) noJiyqaeM HHTerpaJI 

~ . 

V'(p)= )i.tn f dr J~s [ [ 211 ( (S~P)(r,-r)/,n,.J\ { i.z,((s-tEl'}{r+ £,Jhm•J~}= 
f r S £p S-t El' 

~z7ff f 0o " . ~ (6.12) 
= -I' _ dr t:;,:r J__ dx [ ~~,..,. ~z.71['fdr r+Eef.-c/. [ 2., f:J.jz 

I' x,.,, " P -,. 3tn• !I '3 q 
rp " . 
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C).t6JI8Hl:l 38M6Hl:l nepeueHHl:lX ><=(S•£p)(c.,,-rJ/,,... H j=={!-t-£,)(r ... fr)h111 .... 

B npHHUHne HHTerpan no ,., LIOJKHO BSHT:r:. TOqHo, nocKon:r:.Ky OT/" 

SBBHCHT TOJIT:,KO Xrp H 'J rp
1 

8 HX 88BHCHLIOCTT:, OT I" HSB6CTH8 • 

HanpHuep
1 

0).tHBKO B OTJ!HqH6 OT cnyqaa HHTerpana (6.6) BH).t rpaHHUl:l HHTerpHpona

HHH r;,, = f {x.} OK8SblB86TCH oqeH:r:. CJIOJKHliM. liHTerpan no /" y).ta

noc:r:, Bl:lqHCJIHTT:, npH6HHJK6HHO, paa6HB HHT6pBan HHTerpepOBBHHH Ha ).tB8 

nO).tHHTerpana, B KBllt).tOM HS KOTOPl:lX r;,, = f [x) MOlltHO npH6nHSHTT:, 

npocTl:lMH WYHKUHHMH. Pesyn:r:.TaT Bl:lqHcneHHtt eueeT BHA 

v-(.eJ = . .2 71 ~.if"" l i, tx, J'- f' //-{ J ) 
Up) 1ri:2. 'I obc -x- _ df f1-jJ) + v P" 

·. [te-l{K+ I)'-+] . . 
(6.13) 

liHTerpan d (p} Bl:lqHcnaeTCH aHanorzqHo. llonyqaeM 

d(p)::-:Tt>.'-f,
00

dx i,,x(xJ [1-'X+V(Ht}'--lt], p- 00
• (6.I4) 

liHTerpanl:l 

ACHMnTOTHqecKoe IlOBe),teHHe BliqHcneHHl:lX HHTerpanoB He SBBMCeno 

OT KOHKpeTHoro noBe1-teHHH HeHsBeCTHl:lX WYHKUHi1 l . He TaK oocTOHr 

).t6JIO C OCT81IT:,HblLIH HHTerpanaMH. "1x SBBHCMLIOCT:r:. OT f, 9 onpe).tenaeTCH 

" KOHKP6THl:lLI BH).tOLI 2Mn npH 6on:r:.mHX SHaqeHHHX apryM6HT8. Bee OHM 

).tOHlKHl:l y6UB8T:r:. npli p~ '12"- 00 npH ycnOBHH j J{ p. 
PaCCMOTpHM, HBOpHMep, npOMSBe).t6Hli6 i,, (p, f+t) i.2. (f-t- t, f) ::: 

:::,,J,,(r,/'+t} 211lf,'ld} ' CO).tepJKaoteeca B /dlt w,1 I CM. (26) 

H WOPMYlllil (2.IO) HS npHHOJK6HHH 2. B np1,mOxt6Hl1l1 5 6liJIO yCTBHOBne_HO, .. . 

qTo WYHKUHH 2,. Cp, <f) B ocHOBHOM cocpe1-toToqeHa BHYTPH HeKoToporo 

annHnco111-ta sHaqeHett ~ 

WYHKUHH i,, ( p, f + t} 

q= p+t 

'Bl:lTHHyToro B).ton:r:, p • Y no1-tHHTerpan:r:.Hoi1 

nepeueHHb!M HBHH6TCll He 9 a t .. 
• 8TO SH8qJ,1T, qTo '.Z11 (f, f'+ t} cocpe1-t0Toqe-
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H8 BHYTPH 8JIJIHllCOH,IJ;8, C,ll;BHHyToro no Cp8BH6HHID C OilHC8HH!lM B npH-

JIOllt6HHH 5 H8 B6KTOp (-p) ,(cM. pnc. 2).AH8JIOrHqHo, i,, (r,'l+t} 

cocpe.n;oToqeHa BHYTPH 8JIJIHllCOH,IJ;8, BliTHHyToro B,IJ;OJI» 'ij ' ( pHC. 2). 
KaK nn.n;Ho, ecnn ij He napannen»Ho p , To ipyHKUHH i, (p, p-t t) 

cocpe.n;oToqeHa B OCHOBHOM T8M, r.n;e M8Jl8 ipyHitUHH ;!: ( 'I, 'l+tl,, 

H H8O6opoT. lo CHX nop Mli HMeJIH .n;eno co cnyqaaMH, KOr.n;a no.n; HHT6-
A 

rp8JIOM ipHrypHpOB8Jl8 JIH6O O,IJ;H8 ipyHKUHH 2 (HHTerp8Jlll t H d ), 
JIH6O KB8,ll;p8T O,ll;HOit ipymcu1-rn. Bo BC6X 8THX cnyqaax ,IJ;JIH CKOJI» yrO,IJ;HO 

6OJ1J,moro f (HJIH K ) MOlltHO YK888Th T8KH6 8H8q6HHH nepeM6HHOit HHT6-

rpHpOB8HHH, qTO apryM6HT HeH8B6CTHOi1 llO,IJ;HHT6I'P8JIDHOi1 IPYHKUHH 6y.n;eT 

M8JI, 8 C8M8 OH8 H6 M8Jl8. B cnyqae npozane.n;eHHH i,,(/',f+t}i,,{f, f-ri}/ 

6CJIH M8JI apryMeHT i .. (p, f+ t) , TO ,KaK npaBHJIO, BeJIHK apry

MeHT i,,{ 'I,'{+ t), H H8O6opoT. IIoaTOMY npOHBBe,IJ;eHHe y6HB86T 

C POCTOM p~ '12. ( npz ~ JI p ) npn BC6X 8HaqeHHHX t , 88 HCKJIID\16-

HHeM OKpeCTHOCTH H8'118Jl8 KOOp,IJ;HH8T, o6~eM KOTOpoi1 He p8CT6T C POCTOM 

p2, q2 (DOCKOJl»KY 148Jllie nonyocn 8JIJIHllCOH,IJ;OB He 88BHCHT OT 1, H 

,, ' CM. npHJIOllteHHe 5). B 8THX ycJIOBHHX HHTerpan 

]d't 'x11lf',f'-tt)Z11{'f,f-t'f-J[ £(p+t-)w{t)£(r+tJ)-J ,ll;OJIJE6H y6HB8T» C poCTOM /J2. 
H q1. 

PaCCMOTPHM 61116 npoM8B6,IJ;6HH6 1~, lp, f-r'f} j(t {pd, 'l+ t) / 
BCTpeqam111eec11 B ;,, , c11.. (26) n (2.I2). r.n;e cocpe.n;oTo\leHa ipyHK-

una :i,, Cp+t:,'{+·O ? Bne.n;e11. aonyro nepe11.eHHyro HHTerpnponaHHH 

t'= t+frrJ/2. H o6oaHaqeHH6 i( = (p-"f)h • Tor.n;a 

i,.lp+-t, y .. tJ= J., (t'.,Jl, t'-Jc). 06naCT», r.n;e HenennKo BHpazeHne 

w2(2Jc}-l£[t'+Jtl- £lt'-,1tJj2·,on111caH8 B npHJIOllt6HHH 5. STO H6KOTOPlli1 CHJl»

HO BliTHHYTlii1 rnnep6OJIOH,IJ; Bpa111eHHH C OC»ID, napaJ1J1eJ1»HOi1 X. C ueH

TpOM B TO'll'.Ke f' = 0 , T.e. TO'll'.Ke f = -{j+f}/2 (CM. pHC. 3). 

SJIJIHDCOH,IJ; cocpe,IJ;OToqeHHH i,, lp, f+ t} , BliTHHYTlli1 B,IJ;O11», 

HMeeT 88MeTHOe nepeceqeHHe C DO1!OCTHMH rnnep6OJIOH,ll;8 TOJlhKO np111 
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p-7 11 p , T. e ., onaT1>-Ta1u1, np11 napannenI>HOM HJIH aHTHnapan-

JieJII>HOM p • 

s 

-p 

+I( 

_ ____._ ____ .__ ___ _.._ __ r 
-/( t I( 

PHc. I 

PHc. 3 
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