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fpH6oB B.A. 1':1 Hll 421! 

Pa3MCPHBR perynRPH38UHR B MOACOH, npHhOAR~CH 
K ypaeHeHHO THna paAuanbHoro ypaBHCHHR WpeAHHrepa 

PaCCMOTPCHB 3BAB48 KBBHTOB~~ TCOPHH nonA, npHBOAR~aR B n•Mcp· 
HOM CBKnHAOBOM npocTpOHCTBe, npH HCKOTOPWX AOny~CHHRX, K ypOBHCHHO 
THna PBAHBnbHOrO ypOBHCHHR mpeAHHrepa C OOTCHUHOrOM V(X) • C2z~n-2) • 
noKB38HO, 4TO TO'! HOC perynRp .. oe npH X • 0 PCWCHHC 3TOrO ypOBHCHHR, 
C TO'IHOCTbO AO 6eCKOHC'IHOrO HOPMHPOBO'IHOrO MHO~HTCnR, HenpcpwBHO no 
pa3MCPHOCTH OPOCTpBHCTBO n B T04KC n '" If. JlnR 3TOrO HCC PCWCHHR KO· 
HC'IH~H OTPC30K PRAB TCOPHH 003Hy~CH11H no KOHCTBHTC COR311 c 2 CBo60ACH 
npH n < If OT POCXOAHMOCTCH 11 npH n •4-0 nepeXOAHT, C T04HOCTbO 
AO 6CCKOHC'IHOrO HOpMHpoB04HOrO HHOltCHTCnR, B COOTBCTCTBy~HH OTPC30K 
p8300ltCCHHR 00 c2 T04HOrO PCWCHHR 8 lf·MepHOM Cny'lae. AHanorH4HWC pe• 
3ynbTBTW nony'ICHW AOR ypOBHCHHR WpCAHHrepa, KOTOpoe B 4-MepHOH Cny· 
48C COACPitCHT CHHrynRpHWH OOTCHUHOO norapH~I14CCKOrO THna. TeM COMWM 
OOK038HB OpHMCHHMOCTb paaMepHOH perynRPH3BUHH B paCCMOTPCHHWX Cny40• 
RX. 

Pa6ora awnonHeHa o fla6opaTOPHI1 reopeTH'ICCKOH ~H3HKH OHflH. 

Coo~eHHe 06~eAHHCHHoro HHCTHryra RACPHWX HccneAOBBHHH. AY6Ha 1980 

Gribov V.A. P2 110 428 

Dimensional Regularization with a Model which Leads 
to a Radial Schrodfnger fquation 

A problem of quantum field theory is considered which leads, 
unrlPr ~nmP as~wnotions. to_ a_ radial Schrodin~r ('quat1on with_p?ten-

I. 0.nHHM H3 M8TO,llOB ycTpaHeHHJI pacXO,nHMOCTefl. B KBBHTOBOA 

TeopHH IIOJIR, oco6emm y,noOHHM B CJij"'!ae KBJDIOpoBO'IHHX IIOJieA, RB.IIR

eTCR MeTO.Il paaMepnoa peryJIRpH3~H /eM. 0030PHYD paOOTY [I]/. 
0CHOBHOA H,neeA 8TOro rro,nxo,na RB.IIR8TCR IIOJij"'!eHHe HHTepec~ Hac 

B TeopHH ITOJIR BHp~eHH! rrepBOHa~aJILHO He B 4-MepHOM IlpOCTpaHCTBe, 

a B IlpOCTpaHCTBe r\ H3MepeHH!, r,ne r\- H8IIp8pLIBiiHI /B03MOlmO -

KOMIIJieKcHL!A/ napaMeTp. llpH ~ ~ 4 BLI~CJI8HHR no TeOpHH B03MYmeHHA 

CB060,IO{Ll OT YJILTp~OJiwroBLIX pacXO,nHMOCT8A, xapaKTepHLIX ~ Teo

pHH B03MYm8HHA B 4-MepHOM IlpOCTp8HCTB8, llOJij"'!8HHL18 llpH ~ ~ 4 

peaynTaTLI aHBJDITH~ecKil rrpo.no.~mamCR no n Ha CJIY"!al n. = 4, npH 

8TOM IIO~aDTCR y.Ke peryJIRpH30BaHHLI8 BHpBZ8HHR. 

0.nHaKO OCTaeTCR OTiqlLITHM BOITpOC, K8.K COOTHOCRTCR aTH peryJIR

pH30BaHHLie BHp8Z8HHR C TO'IHLIMH pemeHHRMH COOTB8TCTB~ ypaBHe

HH!, TaK KaK TO~e pemeHHR B 3a,n;a~ax KBBHTOBOft TeopHH IIOJIR 06H'l

HO HeH3B8CTHLI. lloaTOMY rrpe,ncTaBJIReT H8COMHeHHL!A HHTepec paCCMO

TpeTL aa,n;a~y, KOTOpaR CBO.D.HTCR, npH H8KOTOpLIX ,llOIIYJII8HHRX, K JPaB

H8HHD C H3B8CTHLlMH TO'IHLIMH pemeHHRMH ,llOCTaTO'IHO IlpOCTOro BH,na, H 

CpaBHHTL 8TH pemeHHR C peayJILTaTBMH, IIO~eHHHMH M8TO,llOM paaMep

~OA peryJIRpH3~H. 

B ,llaHHOA p~oTe paCCMOTpeHa HM8HHO TaKaR 38,11;a~a, llpHBO.JVmlaR 

K ypaimeHHD THIIa Pa.D.HaJILHOI'O ypaBHeHHR lllpe~epa C IIOT8~aJIOM, 
I 

KOTOpL!A CBO.II.HTCR, IIpH HeKOTOpLIX ,llOIIYJ118HHJIX, K CTerreHHOMY C IIOJta-

3aTeJieM cTeneHH, orrpe.neJIReMHM pasMepHOCTLD npocTpaacTBa. Pacc•a

TPHBaeTcR npe,neJI llpH n - 4 CHa'laJia TO'IHO.i:'O peryJIRpHoro B HJJie 

H.:'i1Ti., 

:riOH<JH 



pemeHitfi sToro ypaBHeHitfi :n;m CJIY'IM n.;. 4, a saT eM - KOHe'!Horo 

OTP83Ka p~a TeOpHH B03Myme~ JJ)IR ::JToro ~e perueHHR. C TO'lHOCTbiD 

~0 08CKOH8'1HO~ MYJibTHITJIHRaTHBHO« KOHCTaHTU nepeHOpMMpOBKH, pe-

3YJibTaTU B OOOHX CJiy'!aRX COBTI~aroT C TO'IHUM pery.JIRpHHM B HyJie 

pemeHHeM sToro ~e ypanHeHHR npH ~ = 4, 'ITO ronopHT o ~orrycTHMo

C'l'H npHMeHeHitfi MeTo~a pasMepHo~ peryJIRpK3~H. To ~e caMoe cnpa

BS.!Vli'IBO H :n;m ypanHeHitfi Illpe~Hrepa, co~epJKamero rrpH n. = 4 CHH

ry.JIRpH~ IIOTSH~aH OTTaHKHBaq!tfi JiorapH~MK'l8CKOrO TKIIa. 

2. PaccMoTpKM, no aHaJiorHH c [2], ypanHeHHe :n;m rrepeHopMHpo

BaHHo~ BeplllliHHOI ~yHKUHll r--= 'l., U (p2.)(}s B rt- M8pHOM 8BKJIH~OBOM 
r- IIpOCTpaHCTBe: 

( 
2 + M2.)ur. Q.) z-" t ( u(k2.) f \? '"' - (?~t j dnk . I) . r , ,2. • /I/ 

TfTOO!:l B CJiy'!ae Y\. = 4 ycTpaHHTb B03HHRa.KIIIH8 IIpH KTep~ pacxo-
1'7-~ ~HMOCTK B U(p~ , IIOJIOZIU ~ = 0. ilOJiy'!aeM ypanHeHKe, OIIHC!:lBaiD-

mee CBR::laHHOe COCTORHHe ~epMHOHOB lf l1 I.\' , B3aKMO~e~CTBYKli.lHX C 

IICeB~OCKa.JIRpHblM no.JieM <f : 

L l. ... t = ;r lf3 o s ~ ~: • 

ilOJib3JRCb rrpeoOpa30BaHHeM raaKe.JIH rrop~Ka 
00 

u(x): j f2.H. x"laJ,.H.(p-)u.(p2.)df, 
0 

(i +E.) 3E) 

*) 3~ecb K ~anee Jo {)l.) - ~yHRIUUI Eecce.JIR nepBOro po~a. l<v (x.) 
H }p {!.) - MO~H~H~poBaHH!:le ~yH.KqHH Eecce.JIR [3]. 

2 

" 

IIOJiy'!aeM npH z- i = 0 P~MbHOe ypanHeHHe :n;m u ( \() B 8BI\Jil!-

~OBOM n - MepHOM ){- IIpOCTpaHCTBe: 

2. 4 a ~+L ~ 
II [ 2. (1+E.) - Y-4 --~- f~) K Q.<y.) v.(x)-::: 0, U + - M - 'f..a (J.v.i-•t. \.x. 4~t. /2/ 

r~e E.. ~ 1'Yz - 2. . PaccMo•rpKM ypanHerum /2/ npli - 1 "' E ~ 0 
B OOJiaCTH Ma.JIHX X. 1 3a C"!eT KOTOpOI ilpH E. = 0 B03HHKaroT pacxo

~KMOCTH B 'iJieHax p~a TeOpHH ,B03MymeHHii no ~/l JJ)IR peme.HKR: U.(x). 
llpH MaJillX X saMeiDieM K4.t<..(~y.) Ha coornercTBYJ!Il{YJJ acHMTITOTHKY 

H npeHedperaeM neJIH'!HHo:lt - M2 u Ha ~He ~yrHx pacTymHX cJiarae

Mrrx. *) Tor~a H3 /2/ rroJIY"!aeTcSI ypanHeHHe ~a 

/1 l Cite.i"- ~~!, _ _:!____] t I -: Q /3/ u + - . " 2.£. "' ' v..,2. }<. ..... 

KOTOpoe Ml:l H paccMOTpHM B ~aHHO~ paOoTe. Ha /2/ TIOJiyqaeTCH 

r(-1+£.) - c2.r E..)> o, 2. 2. __ ~ 

C : 8 ft112.TL 

HO Ml:l paCCMOTpKM Ta.rt!te lil CJiyqal C 2. <:. Q 

IIpH ~ = 0 TO'!Hoe pemeHHe ypanHeHHSI /3/, peryJISipHoe npH 

)(- 0 , KMeeT BH~ /c TO'lHOCTbll ~0 HOpMHpoBO'IHOrO MHOlltHTeJIR/ 

ur'8 (x.)-= X"'!:!. +Jh c
11 

rrpH c.2.~-1 E.,O 
~ ' /4/ 

*) Ec.JIH M2 
He cJIHmKOM Be.JIHKO, To MOJKHo nnocJie~cTmm J'leCTI> 

M'l. ~ 0 Kart nonpanrcy, IIOJiy'lM npH STOM BupaJ!!:eHHe, aH8JUITH'!Hoe 

no M~ B HeKoTopol oKpecTHOCTH TO~KJI Me.= 0 /eM. [4]/. 

3 



ur .. 3-C>t)-= X ~1\os [J-(:I;c.~ ~ x +J.] rrpH c. 2. <.- ~ 1 €.., 0, /5/ 

T. e. peryJUipHOe I1p:li X-. Q peweHHe 8,ll;HHCTB8HHO llp:li C:2. ~ - ~ H 

CO,ll;eplKHT O.ll:HY I1pOH3BOJ!bHyiD KOHCTB.HTY cJ._ I1pH C.
1 

' - ~ • 3Ta 

CHTYBUHR I10,ll;p00HO paCCMOTpeHa B [5]. 
IlpH E. f. 0 paCCMOTpHM /3/ TOJ!bKO B CJI~ae E.<. 0 , T.K. 

TOr,ll;a, B OTJIH'lll:e OT CJ!~SH €. > 0 , CTa.H,ll;apTHSH T90pH.R: B03MYJ!l9Hilli 

ITO KOHCTa.HTe CBH3H C.~ ~ peweHHa ypaBH9HH.R: /3/ CBOOO,ll;Ha OT 

pacxo,ll;HMOCTea. IlpH - 4 <E.<.. 0 peweHHe ypaBHeHH.R: /3/, pery.JUip

Hoe I1pH )(-+ 0 , HM88T BH,ll; [5] 

Urea&.)-= x-112 I~(-~)£-£.) npH c2. > o, -1 ~ ~ ~ o, /6/ 

Ure~&) :X41'"j~ (-.J~c.2' ~-E.) rrpH c.1<0> -1 "E"' 0, /7/ 

r,ll;e >a_ ~ ~ -,---- >0 E.. • 

3. PaccMoTpHM /6/ H /7 I rrpH E.--. -0 H @!KcHpOBa.HHOM, xoTJI 

OH :11 Ma.JIOM X > 0 • Tor,ll;a ,ll;JlJI I~(~) H J~ ~) rrpHrO,ll;HH acmarr'!'o

THKH 

I~(~)~::, etp[C~~-~-t/11 -~Arsh(~~)] 
~>>1, ~·) 1 (2.n)~h. (~2. + ~1) ~h. 

/8/ 

d~~ ~ ~'~-p[(~1.-s{)~12·-~ Arc~(~/~~ 
~»f>~f>>~ (2n)~h (~1.-~2//2. rrpH ~>~' /9/ 

4 

,'\ 

d~ ~~c~tcos[-~+~2-~1-)~'1-~ ar~cos(1)J 
~»1' (t- ~1-)-111-

rrpH ~ >~. /IO/ 

d » 1 

IloJII>3YJICb /8/, /9/ :11 /IO I, rroJiy<rHM K3 /6/ :11 /7 I rrpH E..---<> - 0 

Ur~~)-=Y-~/?.+~1+c2 M e_~~-[-~ +(1:-+~)Arsh(~)J 
~- -o (211)~12. e_~-~-c.~)-1h, 

/II/ 

c_2.-,. 0 

ureg(~t)-= X-1/dJ~ R e~l'[-¥ +(t+~)Arc.h(~)J 
E. --o (?.11)411. ( ~~c:t) ~~ .. 

/I2/ 

-i<c.~<O 

u -r~)~l,. R 4f2. r.~ J t:~~)-\ji [-~-~cc.2)]~/ .. '/... c.osliJ-(hc.
1
)tl1.j.tcl.. , 

/I3/ 

c..2. <-~ 

'"- J-(:l+c2.J + ( i +1\ o.rc.c.oJ1 \-!... 
01. £ \s. ~ \J-<:.2.;) 4 /I4/ 

CpaBHHBaJI /4/ C /II/ H /!2/, a /5/ C /I3/, yOe~aeMCR B TOM, 

'ITO pemeHHe ypaBH9HH.R: /3/ llpK E.-- 0 I19p8XO.IU!:T, C TO"'HOCTbD ,D:O 

rrepeHOpMHpOBO'IHOrO MHOlltRT9.1!Jl, B p8W8HH8 ypaBHeHH.R: /3/ I1pK c = 0 
KaK B c~ae C.2. ~ 0 , TaK H B CJI~ae <:z > 0 • B TOM. 'l:KCJI9 BOC

rrpOH3BO,ll;HTCJI H I1pOK3BOJ!bH8JI KOHCTB.HTa oL B peweHHH /5/ I1pH 

C '2. < - 1 , T. K. I1pH f..- - Q H 3a.D:a.HHOM B /5/ 3Ha'!8HHK Jo BC9r,ll;a 

MOMHO BHOpaTb MOHOTOHHO B03pacT~JD H80rpaHH<reHHJD ITOC~e,ll;OBaTeJIL

HOCT:b t d- 1c:.) 3Ha<reHHit cpa3H /I4/, TaKHX, 'ITO c:J..o,.""' J.<> + 2li ll k 1 

r,ll;e n. 1c. - ue~oe '!Hc~o. 

TaMM o6pa30M, rrpH JilOO!lX · c2 I- 0 pewerme · U r~0-) c TO 'I-
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HOCTJ>IO ll.O 6eCltoHetmorq COMHODTeJI.II, He 3amiCID!lero OT )( , Herrpe

pHBHO no t. CJie:sa B TO'lKe E = 0. 

38Me'laHKe. C TOtffiOCTJ>!O ll.O 6eCKOHetmoro COMHOJOTeJUI, He 3ami-

CID!lero OT '/. , IIpK C.2. f, 0 pemeHKe U ree ()<..) 

pHBHO IIO E. H CIIpaBa. 

upH ~ : 0 nerrpe-

4. 3aqacTyx> TOtJHHe pemeiDIJI ypaBHeHd TKIIa /3/ HeK3B8CTirn, H 

3TH ypaBHeHHH pemaDTCH C IIOMOmoiO TeOpHK B03~eHHi IIO ROHCTaHTe 

CBH3H C 2. RCXO;rr.H :1!3 H3:S6CTHUX pemeHHi "CB060.n;HUX" ypaBHeHJdl: 

/r.n;e c2. = 0/. B "<IacTHOCTK, peryMpHoe rrpH X->0 pemeime ypa:sne

HHH /3/ MO~HO Ha!TH C UOMOmoD KHTerpanoHoro J~aBHeHHH 

)( 

l(,.·H. ~ ( (..lt,.+E. -"'t-E. -4/2.-£. lfa:+j c.2 J 
ur~~):X +2t2f.j~ d -X ~ tt2£.ur~o~ (j· /15/ 

0 

,PeruB.H /15/ HTep~, IIOJ!yqHM .n;JIH U r~0f-) o6HtmHl PHl1. 

TeopiDi B03MYJ118HKI no C2. • Ho IIpR f.. == 0 V!8Hl:l 3TOro pHp;a OKa3H

BaDTCH paCXO~CH Ha HREH6M rrpe.n;eJie HHTerpanaMH, C ~yroi CTO-

pOH!:l, IIpP! E.<. 0 PH.n; TeopHP! BOSMymeHHit IIO c 2 .n;JIH U nz.(i6<-) CB0-

6o.n;~E OT pacXO,I\HMOCTeit, IIpH"<!CM UrozaQl) aHBJUfTH'lHa IIO c2. B He-

ROTOpoi oKpecTHOCTH To•um c2. = 0 /eM • .n;oKasaTeJiocToo B [4] I. 
TI03TOMy Bl3lt!IO IIORaaaTJ>, 'lTO 3TOT CB060.n;H!itt OT pacXO,i!,RMOCTd PH.D: 

IIepeXO,l:(HT IIpH E.-'>- Q B pasJIOlt8HH8 no C £ .n;JIH TO'IHOI'O perueHKR: 

ypaBHOHHH /3/ IIpli E.= Q, .lJ.pyrHMH CJIOBaMH, BaltHO IIOKasaTJ>, 'lTO 

pasMepHaH peryJIHpH3auHH npHMeF.UUda nenocpe.n;cTBeHHo B 'U!enax pR.n;a 

TeopnH B03My~eHKtt, r.n;e aTa peryJIHpH3auHH H Tpe,6yeTcH .n;JIH ycTpane

HHH paCXO,IUIMOCTei, D03HHK8Dllil:X IIpH f.. = 0, 

Tipk €..:: 0 HeTpy.n;HO IIO HH.n;yxl.U:IB YCTaHOBHTl> BH.n rL -ro 'LilaH a 

6 

"\ 

!It 

!7 

I 
ill'l 

HTepaqROHHOl'O pH.n;a, B03HHK~ero H3 /15/, H no~yqHTb 

QO -t ~2 )(.-2i.)n. 
lf2H. --- -

Ur-&6<): X r(~+~ Z: n\ r(~+nH) 4e.2. -
1\'>'0 

/I6/ 

R ~ -e. r>r··t··r ,, J (-r-<" ,-•) npx c2.<L o, f.< o 
' 

rl~+i)t~~)~ x4'~ I~ t ~~-e.) npn C.~>O c"O 
~ , 

'lTO COBIIgnaeT, C TO'lHOCTl>!O .I(O HOpMHpOBKR, C IIpHBe~eHHUMK BHm8 

TO'IHHMI'f perueHIDIMH /6/ H /7/ ypB.BHeiDIJI /3/, 3amimeM /16/ B BH,ll;e 

3/. te. L oc , 4 (_ ca -2.t.'\ ""] 
Ur"(,y .. X z ~ + ~ n!Q-t)(:H.t-) •.. 8-t.(_n-:;)1 ( 4£. ~ j . /17/ 

B n. -M utme pH.n;a /17 I npn E.. = 0 oeeTCJI: noJIJJC l'\-ro nop~tta. 

IIocorpoll.M peuenT ycTpane:mr.a: npx e.-- 0 aTn: pac:xo.l(l!MOcTel B 

MY~LTIIIIJIJil'taTH:BHy!) l'tOHCTBBTY nepeBOpMHpoBD, pacCMOTPGB ;IJ)lJI JtMJJ

cTpai(ml 'lJieHH pH~a. co~epx8!JlHe c:}· K c" : 

lJaH. e.2. -U. c _)(.__ , 2. 2. - t.t. ] Uz.(!.),..~ c~- i;e.Y.. t-Gf..) 2.(1-L) /18/ 

IIycn 'f.> 0 ~JutclllpoBauo, E. K c 2. - MaJIRe nap8iieTps, npll'leM 

\C:l/E..I orprumqeHo. PaaJI~ll:l'IM x-2.£. H ~-L.e. B PHl1. no CT8II8WIM E. !II 

B!lHeceM B npaool 'laCTH /I8/ sa cxo6roi B KaqecTBe o611lero MHO:UTeJIH 

CYMMY cJiaraeMWC, He aam~:ciD!ln oT X.. IIpH aToM OCTB.mleeCH B cxo6-

Kax BupazeHHe MOli:HO BHIIHCaTI> JIDmb C TO! XO TO'lHOCTLD, ~TO H /I8/, 

T. e. coxparum Jli[Jl(I, BTopolit nopsmoK no. c. 2. • 11To6u npK aToM coxpa

IDITI> BCe BR.J!B,II;H OTpHI(aT6JILHHX H uyJieBOft CTeneHH E... , .I(OCTaTO'IHO B 
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pas~oJKeHPIPI X 
-2.E. PI X -4£. eoxpaHPITb TaKXe He 6o~ee 

-
nop.rmoK no E.. • B pesy~bTaTe PI3 /IS/ no~Y'fPIM 

?.f:tt£. r ca +(C.:2.):?. _J__] .r 1-
U~{)(.)~ X. l~- i;i \_i;i 2.(!-£) L 

'!:eM BTOpot!: 

/I9/ 

2. ' -h, ~ + ~)(-2£.~)( t 2 £.2. rn2x)+f5-2.)
2 

- ke. t.x: + & ~2.. ~\'\2.\(.l. 
~E. 2.(4-E) j 

Ilepexo,WI Tenepb B /I9/ K npe.n;e~y E..~-0, noJIY'fP!M 

u:?.(y.) ,..... Za(e.)· /h [1 + ~~r.t- + c&lt (~v?·x.- tn )(.)] , 
e.--o 

/20/ 

r.n;e 

2. (~ 'l. )2. ~ 
1.2. (t)-= 1- ~E. t\(~E. 2. ~-£.). 
BupazeHPie /20/, e TO'fHOeTb~ .D;O nepeHOpMHpOBO'fHOt!: KOHeTaHTU 

Z2.(.e.), eo.n;eplltamet!: nee paexo.n;PIMoeTI1 npH e_-o H He aam~e.llll(eii 

OT X , eonna,n;aeT e eOOTBeTeTByni\KMl'I 'lJieHaMK pa3~0JK8HKH no C. 2. 

To'l:Horo perueHIDI I 4/. Taru!M o6paaoM, pasMepHM pery.1I.llpPI3814IDI npH

.MeHHMa R,K 'faeTH'fHO~ eYMMe pR.IJ;a TeopHP! B03MYJ116HHfi ~ pery~pHoro 

perueHHR f:PaBHeHIDI /3/. 

5 . .113 paeeMOTpeHIDI Blipa%6HHt!: /IS/ - /20/ no~yqaeM eJie.IJ;ynlll!e 

IIpaBHJia yeTpaHeHIDI paeXO.n;PIMOeTet!: H3 'faeTH'fHOH eyw~ p.rma /I7/ 
rrpu KOHll'fHUX )( -:>0 U £--0 : 

A. IIyeTI> X> 0 ilJuKeHponaHo, E... PI c. e - MMue napaMeTpu, npu

'feM I c 2/LI orpaHH'feHo. PaeeMoTpHM n.-~ 'l:aeTPI'fHYJO eYMMY p.rma /I7 I, 
T. e. l'l-e npH6mmeHHe TeopHH B03MYJ116HHfi IIO C. 2. • Paa~ODM B .STOit 

8 

"'\ 

ij 
• 

~ 
.t1 

f 
~ 

l ... 

.\· 
'?. 
I 

. 
l. 
!•' 

-2. mE. 
eYMMe KaJK.nYJO ne~H'fHHY BH.n;a ){ I m = I, 2, rt/BpR.n; 

ITO E.. , y.n;eplKUBM Bee eTeneHH e ; OT HyJieBOH .n;o 1'\. -H BKJ!Rl'fHTe~h

HO, 'fT06H B .D;MbH8t!:lllP!X BHKJ!a,JJ;Kax Y'feeTb Bee BKJla,Jl;H OTpP!~aTeJihHUX 

U Hy.JieBOli eTelieHH E... 

E. BHHeeeM sa eiC06KH B BH.I(e 06!llero eOMHOJKP!Te~ ~n.(E..) eJMMy 

eJiaraeMh!X, He 3~BiieR!liPIX OT X. • 0eTB,BilleeeR B CK06Kax BHpaJKeHHe 

BHITHill6M e TOM JKe TO'fHOCThRl ITO Ca , qTO I1 HeXO.D;HM qaeTH'fHM 

eJMMa pn.n;a /I7/, T.e. oT6poeHM eJiaraeMHe, eo.n;epJKamPie BHelllHe eTe

neHH c2 , Ha'fHHM e (c.a) •u~ . IIoJIY'fHM aHMor BHpaJKemm /I9/. 

B. IIepexo,WI B ITOJIY'f6HHOM BhlpaJKeHHH K rrpe.n;eJiy E..-" - 0 , ITpH-

xo.n;HM K aHMory BHpaJKeHl!H /20/. TaKHM oopaaoM, 1'\. -e rrpHOJIHllteHl!e 

T80pHH B03MYJ118HHH ITO C 2. ~ perueHHR ypan}IeHIDI /3/ ITpH £--0 

ITpe.n;eT~eTcR B BH.n;e ITpoHsne.n;eHRR oeeKOHeqHoii, He 3aBHe.ffilleR OT X 
KOHeTaHThl rrepeHOpMHpOBKH c n. (€.) H KOHeqHoro, 3aBHC.Illl(ero OT X 

Blip8JK8HP!R, KOTOpoe COBITa,n;aeT e eOOTBeTeTBYRl!liHM 0Tp63KOM pa3JIOJK6-

HP!R TO'fHOro peweHIDI /4/ B P.fi.ll: ITO C 2. • 

B npHMeHPIMOCTH aTHX ITPaB~ MO~o y6e.n;HTbCR Henocpe.n;cTBeHHo, 

2. 
HarrpPIMep, Bh!'lliCJIRR TpeTHH ITOP.fi.ll:OK TeopPIH B03MYJlleHHt!: ITO C 

3aMeqaHHe. 3anHeHMOCTb c
2 

OT £ ITpH £--+ Q npOHBHTeH JIP!Illb 

B H3MeHeHPIH "l h.(_~) 3a C'f8T HMHqP!R B 3TOM COMHOJKHTeJie o•rpHD;a

TeJibHHX CTeiTeHeH E... B KOH6'tfHOM COMHOJKPITeJie, CO.IJ;epJKBIJieM 3aBll:CH

MOCTh OT )(, npH £. = 0 Oy.n;eT ilJHrypHpOBaTh TOJII>KO C~-= C.2.(E.. ""0). 

~T06bl ITOJIY'fHTb RBHhl~ BH.D; KOHCTaHTH ITepeHOpMHpOBKH l n (~) 

.n;ocTaToqHo IToJioJKHTI> X. = I B Y\.-1! 'faCTPI'fHOH CJMMe p.rma /I7 I: 

n 
"l"- (t.l-= ~ t l. 

hl"i 

~ . (_ c.2) 1'11 

tn! (~-~)(~-2.t.) ... [~-E.(m-~}] \~f. • 

B COOTBeTCTBKH C /I6/ 
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/ 

rc~~~)(~) ~ J~ ( ~) npR c..2.' 0 f. 4 o 
I J 

ti.m ll\ (E-)" l.(E..);: 

r(~~1)(-~)~ tt (-~) Y\~0<> 

npR c.1> o, f.< 0. 

0TCJO.D;a JierRO ITOJIY'fi(Tb BCRMIITOT.IUU'I '?:. (c_) ilpH E..__...- 0 . 

6. ,Il',Jm cpaBHemm c pesyJil>TaT8Ml'I pasMepHoft peryJIRpRa~ 

rrpoc~mpyeM PR.D: /I?/, coxpaHRR B K8X.D:OM ~eHe pR.D;a B Ko~
-2.nE. 

enTe nepe.n; X Ca.MYJJ cRuryJIRpHyro np:m: t.-+ 0 'Iacn R nepByro 

rronpa.BKY no E.: 

Ull.~)-=·//2 -+t[f ~1 (_c2.x-2.t)l'l.+ Z n(rH)1_0c.?..)(.-2.e.)I"\J-.. 
. n:o · \ 4t. n"'l 2. n! f.. e. 

%+t. (A c" -4~ ( c2. x.-2.€.) -=X -,+ -y_ ex.p- --
32. t: j 4 E.. 

8ToT pe3yJil>TaT IIpR f.- Q C TO'iHOCTl>IO .D;O CIt BKJJJJ'fKTe.JibHO MOXHO 

rrpe.n;CTaBHTl> TaR: 

ct 4 c 2 c 4 

u.~(ll) ~ e- "E. ~~+ _s__) x3/z.-+ 2- T 
~ az.E.. ~ /2I/ 

~[1-~: +(t)' ~~t][1+ ~~r\~+~4 (t.~2 ~-tnx~. 

&ro BHp~eHHe ITpaKTH'ieCKR COBU~aeT CO BTOpHM rrpK6JIREeHKeM TeOpiH 

B03M~eHH~ /20/. Pa3~'tKe B COMHOXMTeJie rrepeHOpMHpOBKH, He 3aDH-
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CHlll8M OT If.. , co.n;eplmTC!I BO BTOpOM IIOpR.n;K8 ITO [. , T. e, rrpeBH!llaeT 

TO'iHOCT:& .Bill'iHCJieHHH B /2!/. 

7. EcJIH IIpH IIOCTpoeHHH ypaBH8HH!I THIIa /!/ .D;JI!I BeplliHHHOH 

~YHKUHH paCCMOTpeTb 6oJiee CJIOXHuH Jiarp~aH 

L .. -t =a~:lfcs~~: +~(1z.:9lJ'i2.:+ ... 

HJIH, He MeHHH Hcxo.n;Horo .Jiarp&HEMana, yqecTb rronpaBKH R rrporrara

Topy BHpTya.n::&noro Mesona B .n;Harpam.mx JiecTHH'IHoro rrpH6JinenHJI, 

TO BMeCTO /3/ rrpH Q= 4 MH ITOJI~!M yp~BH8HH8, CO.D;8pEamee 6oJiee 

CJIO:zHID!: IIOT8JIU;H8JI, HBilpHMep, CHHI'YJIJipHHH llOT8JIWiaJI JiorapJr~'Ie-

CROrO THIIa: 

U II + [- 3./4 _ C. 'L 
y_'l. x-2. 

ct ~l 
-~ in (4/x) J U = 0 , C11.>0. /22/ 

PeryJIJipnoe rrpH X-. 0 peweHHe aToro ypaEHeHHJI nMee•r BH.D: [6 J: 

[ 
. :1.] ~,2. { fi 2Jl'1J 

U()(): \l~/7. l(~)+ ~~~4 K'/:. ~ tlL~"(J)+ ~~~4 • /23/ 

2. 2. 
fipH MaJII:iX C~ H C 2. H ~.l!KCHpOBaHHOM I( '> 0 OHO, C TO'iHOCTblO .D;O 

BTOporo IIOpJT,ll;!Ca IIO ltOHCTaHTaM CM3H, .ID466T BR.n;: 

[ 

2. l 

U(x): Xl/2. ~ t i ~)C t C~ c~VI):.- eli\2.)()-t 

~l, 2 2 ( + 8 (e..2.)(.-l ... ) + c.~7. -2.tx+2.l~x. -~1 x)t /24/ 

-t ~i (3~ 4"'- ~0~1 )1.. +~s ~2.)( -1s ehx.)]. 

II 



8TOT pe3y~nTaT TO~e MOXHO ITO~yqHT1 ITO TeOpHH B03MJmeHH~ Me

TO~OM pa3MepHO~ pery~HpH3~HH. YpaBHeHHe /22/ rrpe~cTaBHM, HarrpH

Mep, Ra.K rrpe~e~ rrpR 10.-'> - 0 ypaBHeHHsr 

u''+ _(1H .. ) -~ .. - c2.;2.E- c~- z./2.€.. U.-=0 l 2. j 2 f. ~ Cl/ J 
x.2. y..2<t 4e. x.'l+2.E... ' 

£<0. /25/ 

PeryJlfipHoe rrpR X->0 pernemm :3Toro ypaBHeHRR BupaxaeTcsr /eM. [5] I 
'Iepe3 BHpo~eHHJIO nmepreoMeTpR'IeCRYJO WJHRUH)D 4> (a., c; ')(.) 

4 

r.) ( \..<:.2. )-'\-~ "!>tz_+t ( L<:..2. -2€.) U.!J -= - -- X e. 'A • d-:!i xp 2~:.J-2.e. /26/ 

tf-.,f_i_+i. 
• '±' L 2.£. 

~ . J -- • _ LC2. -2.E... 
t.' --IJ, 

t.~-Li · 

2. '2. 
C'IHTM BS~H'IHHI:l: C~ H Cz CRO~b yro~o MMHMH, HO qJHRCHpO-

BaHHHMH, ITO~Y'JHM, 'ITO ITpH (. --. - 0 /26/ rrepeXO~HT, C TO'IHOCTnKl 

~0 6ecROH6'IHOrO COMHOXHTSJlfi, He 3aBHCJ!IIlero OT X , B Bl:l:paxeHHe /23/, . 
Ec~R rrocTpORTb peryMpHOe ITpH X-'> 0 perneHHe ypaBHeHIDI /25/ ITO 

TeopHH B03MJI!18HH!, TO BO BTOpOM ITOp~Re no ROHCTaHTaM CM3H C:f 
H C ~ , ITp:HMeHRR ITpaBHJia, ITo~y'IeHHHe B pa3~e~e 5 , no~y'IHM rrpR 

E..-- 0 pa3~0llteHHe /24/ I CHOBa c TO'IHOCTnKl ~o He 3aBHCRI!1e~ oT X 

6ecRoHe'IHO~ ROHCTaHTH ITepeHopMHpOBRH/. TaRHM o6pa30M, pa3MepHM 

peryJlfipH3~ ITpHMeHRMa H B perneHRH ypaBHeHHR /22/. 

8. PaccMoTpeB ypaBHeHRe /3/ ITPH ~~ 4 H ypaBHeHRe /25/, 

MH y6e~H~HCb B TOM, 'ITO HX TO'IHHe peryJlfiplme ITpH ')( _, 0 perneHHR 

HeiTpepHBHO /C TO'IHOCTbiO ~0 HOpMHpOBRH/ nepeXOMT Tip:H £.-'> 0 B 
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TO'IHRe peryJlfipHHe B Hy~e perneHHR ypaBHeHHR /3/ ITpH ~= 4 H 

ypaBHeHIDI /22/. IlpR (. <: 0 pR~ TeopRR B03MYI!18HH1J: ITO ROHCTaHTaM 

CBR3H ~ 3THX peiiieHRH CB060~eH OT paCXO~MOCTe~. qaCTH'IHM CJM

Ma 3TOrO p~a rrepeXO~HT !IpH E..- - 0 , C TO'IHOCTnKl ~0 6ecROH6'IHOH 

ROHCTaHTH rrepeHOpMRpOBRH, B COOTBeTCTBYIDmHfi 0Tpe30R pa3~0llteHRR 

ITO ROHCTaHTaM CBR3H ~ TO'IHOro peryJlfipHOro B Hy~e perneHHR ypaB

HeHHR /3/ IIpH n= 4 H~H ypaBHeHHR /22/. TeM CaMHM IIORa3aHa 

IIpHMeHHMOCTb pa3MepHOR peryJlfipH3~H Ra.K ~ ITOCTpoeHHR TO'IHOro 

peiiieHHR ypaBHeHRR /3/ HJIH /22/, Ta.K H, 'ITO OC068HHO BaxHO, ~ 

ITOCTpOeHKR perneHRR ITO TeOpHH B03MJmeHH!. 

ABTop r~y6oRo rrpH3HaTe~eH A.T.~HJIHnnoBy 3a nocTORHHoe BHH

MaHHe R ~aHHO:It pa6oTe. 
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