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I. BBe.IIeHHe 

B OTCYTC'1'BHe TOlffiliX MeTO,n:OB TeopM BOsMYlIteHB~ (TB) OCTaeTCH o.n;­
HHM HS OCHOBHHX BHqHanHTe~LHHX HHc'1'PYMeHToB B KBaHTOBOI TeopHH rronH. 

O,n:H8KO .n;aJKe B paMKax TB aHWlHTHl:IeCKOe BIflHCJIeHHe epyHIW,Hft rpmia (<»r) li 
SaBHCffiIUD( 0'1' 60JIDlIIoro l:IHCJIa BH8lllHHX napaaerpoa, oonpsxeno co aaasa­
TMLHI:ll\m T8XHHl:I8CIGIMH Tpy,n:HOCTJiMH. 31'0 .n;MaeT BeCLMa rr0JI8SHHMH paa­
JIFmlie aCHMllTO'1'Hl:IeCKHe onepaeopaae pa3JlOJlt8HID1 (AOP) li TaKB:e., KaK pas­
~ozeHHH ~LCOHa ~ npoBsBe.n:eHRft COCTaB~ orrepaTopoB Ha ManIiX pac­

croaaaax li paaaoaenaa no 60JIJ,UIOí! MaCce 2/ H PH.n .IUJYI'RX. Ho li RQ-

HelffiO JK8. ÓOJI:DlIlHHCTBO rrpWIOlteIma AOP Henep'l'yp6a'1'HBHll8 li rrOCKOJIhKj' 

CTPYKTypa T8ImX paMoJtemdt 'y,n:OÓH8 lJlI.H. Yl:leT8 aqxpe'RTOB. CMSaHHHX c 

BblXO,ItOM sa pal4KH TB. TaRoft Yl:IST o6wm:o nezaerca nyT8M BBe,n;eHWl fÍleHo­

MeHonorH~ecKKX MaTpH~liX aHaMeHTOB onepaTopoB,npa aT~ KJ~eHT­

ase WymcuHH (K~) pa3JI01K9mm Blf'U/[CJI.fIlOTC.fI B paMKaX TB 3,4. 
KaIt xopomo H3BeCTHO li HaHÓonee y,n:OóHOa H8 cero,IJ;H.RJ1lHID1 .n;eH:D B~e­

JIHTeJI:DHOii CX8MO:tl HBJI.fIeTC.fI oxeaa MmmM~:Dr BIflWl'mmA (MK-cxeMa) 5 ., 
OCHOBaIUIBJI Ma pasaepaoâ perYJIRp:Haamm 6. B qaCTHOCTH. senasao B 

paxsax 'STO:tl cxeMIi 6WI pasBHT O~eH:D ~KTmB}ndt aJIropH'l'M BwméJIeJm.fI 

~bCHHX óesM8ccoBIiX EHTerpanoB rrponaraTopHora THTI8 ( P -HHTer­
paJIOB) .IJ;O Tpex neTeJIL B.KJ.mT.fHTeJIlJHO, tITO Il03BOJIj'{eT BHtmc.IDi'l']) 'tleThtpeX­

rreTJIeBH8 rrpH6mDKeHIDI peHOPMI'PYnrrOB~ ~ - epyHItlJ;idi H aHOMaJIhHIiX 

passepaocreã COeTa:BHHX onepaTopo:J? • O,IOiaKO ,D)IJiTOro. lfrOCíll npHMe­

HRTlI peaoparpyrmoaue MeTO,Iij.l R AOP, Heo6xo,ItHMO YMeTL BHUCIDiThIR' TB.­

KKX p8M0lt8HEI. B o6li'tlHJ:lX cxeMaX THIIa c,e~ BJ:ltmTromJI B TO'tiRe 8 cfJop­
MYJIll ,lJ,1IJI K~ ,ItOCT8TOq}{0 xopoao H3BeeTHH 9. oaaaso npaKTHllcCKH OHH 

HeY.IJ;OOHH YJKe ~ .ItByxne'l'JIeBHX pacseroa, ]lo He,ItaBHKX rrop. cHTYaUBH .wm 
MB-cxew 6wr8 npoTIDlOIIOJIOmiol: XOTH T8XHHKa :mRHCJIemIa 8,1t8CL ropaszo 
Ó0JI8e 8<W)eKTH7ia, !,06HHe <Ix>PMYJtH ,H,1IK K~ B aTo! cxeue 6WIB Hafmem 
ae 'laR .nanHO 10,1 • Hanpm4sP. B CJIYtme p83JIoxeH.HA aa MaJWX paccro­
.mm.so: lJ:By.x ICOCTaBHHX onepaeopoa K([l MOryrr 6H'l'L BHp8JleHH xepes r-m,:­
Terpa.7lli 711. 

AJIro}lHTM pa60'l'/II/ y.n;o6eH ,1!,JISI rrpaRTlAeCKítX IJ,eJIel (eJ4./12/ ) M, 

RaK CSWIO OTMel:leHO B /rrl, MOX8T 6Jr1':D. B npmImme" o606meH. Ha .IWYI'M8 

AOP B eB~OBOit o6JIacTH. B Hac'foHJ!lel paoore MH c.lIe.nyeM nporpawa. H8­

MeT.J:eHHOA B I~ H IlpoBO,lUtM aTO 06061It6HHe .Jt1IR: cny'lUleB pa3JIOJt8HID1 MYJl.'b­

TMOKaJIhHHX oneparopoa H8 M8JIHX paCCTommmc. 

2. AHroij!TM 

CHaqaJIa l&I o6cymm HeCROJILRO OCHOB..1{1l[ H.Iteil. ~91t8llU!X B ocaoae na­

mera llO,IDCO.IJ;a R onpeneaeaan K4> p88JIHtnlU SeHMij'l'OTRtleCIaDC p9.3JIoxe,mdt. 

1íUl!1i1it'iftí"h:t~ li:lIcmyr \ 
U~BWi ffttJtelOBiAü~ 

6&15J1~iCTEKÂ ............. ~
 



Bo BCeX cnyq8RX HamHMH OTnpaBHHMH TOqK8MH 6Y~T: (a) HaH60Hee 06­

lllaR: lÍlOPM8 paM01teHIDI H (6) 0,llHC) cBOlcTBO R~ B MB-cxeMe, a HMeHHO, 

HX aHaJmTH'tffiOCTh no MaJlIiM ({fmIRCHPOBaHHHM) napaaerpaM (CM. mute). 

3ToI'O oxaaasaerca nocrarcsno MS1 HaxOJK.neHHR: aBHHX qioPMYJI, BllpaJKaJJ­

lllHX R~ xepea ~:r: aaaacamae TOJIbRO OT 6OH:&nmX (aCHMllTOTHlIecKHX, crpe­
MRlIU!XeH R 6eCROHetlHOCTH) nepeMeHHHX. B HamH D;eJm se BXO.n;HT 06cYJ!,Ite­

nae TOro, CYllleCTByeT JIH AOP B TaRol lPoPW wm ROHetIHH B npezeae 
CHHTHH perYJIJipHaaII,HH R~ H oneparopa, BXO.rtmIlHe B aero, OrMeTHM TOJIh­

'O, 'TO soe 8TH npq6JIeMli MOryT 6J:lTh pellleHJi c nOMOlItD1l no.zt;Xo~ pa60T 

13 (OM. T8JCle /IO/B CJIYqae pa3JIo&eHHI aa MaJIHX paocTommscc). Ilpen-
JIaraeMWt 8JIro,PllTM 06XO,ItBT aoe YCJIomIeHHS:, CBH3aHH1:le o 8THM11 aonpoca­
Mil, H pemaeT aa.n;aqy B1:lJJ;eJIemm K~ (ROTOpaJI HaB60JIee OYllleO'1'BeHHa ,ItJUI 

llpaRTHllecKHX I.teJIeft) , CaMIlIM npOOTmI H a.n:eraHTlWM cnoccooa. Boaee 
TOro, lPoPMYJIJ:l, HatneHHlie T8KHM 06paaOM, O.K8aLIBam'OJI OlleHD y.n;06HIiMH 

c BJ:l1n'ICJDiITeJI:DHol TO'UGI speaaa, 

PaCCMOTPHM 11 - npoHaBe.n;eHHe HeROTOpHX JIOK8JIbHHX onepaTopoB 

A.B,C, ••• • IiyCTb Mll HHTepecyeMOJI nOB6.IlelmeM razcro o6'f.e.K'1'a B e:s­

HJm,Il;OBOI o6JIacTH, r,1l;e HeROTopHe HMIIYJIhCIi H/wm MaCCIi CTpeMSlTOJI· R 

6eCROHellHOCTH, a OCT8JIhHHe napaMeTpH <PHROHPOBaHHo IIyCTh MIl saaea, 
qTO B paCCM8TPKB8eMoft o6JIaCTH npoH3Be,IJ;eHHe T (ABC ••• ) MOJlteT 6llTh 

npe,IJ;CTaBneHO aCHMllTOTHqeCKHM onepaTOpHHM ~OM na.ua: 

T(A-B·C ...)==~Cn·Orl. +!:m c., T(O~Otr\)+ ... (2.1) 

3.n;ech t On.} - nOJlHllA Ha60p COCTaBHHX JIOKaJIhHHX oneparopoa , 
Cn., Cn.\n H T.,IJ;. - K~. HH,n;eRcH rt, rn, ••• COOTBeTCTBYIOT 

crnmy, TBHCTY, Haocmmy H .IlPYrHM .KBaHTOBllM 'tIHCJIaM oneparopoa, KaR 

npaBK1IO, B npaaoã qaCTH pa3JIoJlteHHA BOSHH1C8eT TOJIhKO zoaesaoe tnlQJIO 

CYMM no JIORaJIDImM, 6HJIOKaJIhHHM ..., K - JIOK8JIJ>HIlM oneparopaa, 
Oneparopa aaBHeHT TOJIhRO OT MaJIIiX (T.e. lPHRCHPOBaHHHX) rrapaaerpoa, 
EoJIee TOro, B ,IJ;OCTaTOlfilO 06111eit cHTYamm B MB - cxeae OHH oonepsar 
BClO HeaHaJmTHlIHOCTh no TaKHM nepeMaHHHM, TaR 'tIT0 Ri» O~SHBa1OTeH asa­
JIHTHqeCKHM3 ~HKUHHMH MBJIHX paaMepHHX napaMaTpo~IO.13 o aTo nOCJIe,1l;­

Haa CBOitCTBO, CB01tCTBO aHanHTH~OCTH no ManHM nepeMeHHHM, 0&a3HBaeT­

CH oseas :BWItHl{M ,IT,1ISi aaaero MeTO,IJ;a. CJIe;n;OBaTeJIhHO, MH 6y;n;eM HCnOJIh­

30Ba'!'h paaMepHYJO' peryJI.R:pHaamm H MB-cxeMY, B ROTOpol OHO BHl1OJIHS1eT­

CH. 

~ onpe.n;eJIeHHOCTH 6Y.IleM nOJIhSOBaThaR npe.n;CT~eHHeM~r H 

.COCTaBHHX oneparopoa xepes qlyHKD;HOH8JIhHHe miTerpaJIll. B qaCTHOCTK, 

npoHSBÕ~ qlyHKIl)IOHaJI (II~) qlyHRUUit I'pHHa COCTaBHOro oneparopa A(J:) 

SaIIHCHBaeTCSI B BH,IJ;e: 

'2 

( i. Sei) -t i. ~ ]eJ() 1ex) ,tI: 
TÃ(x J J) = i(]) )df A<:x) e , 

(2.2) 

rae S(r~ - aTO .ue~CTlllie reopaa, ] -HCTÓtIHHR TIQJISI i 
(ORO MOJiteT 6HTh Ô030HHIiM MH llJePMHOHHllM), 2 (J) eCTh II~ ,IT,JI.R: ~r, 

nopoJK.na1lH1iH .ueftcTBHeM S l'n o B TepMHHax II~ pa3JIOJiteHHe (2. I) 
Mo~aT 6HTh nepellBCaHO TaR: 

1: (J) =: L C T (J) + L Ch.t>'\To o (J) + ... )
ABt... n n. 011. l'lJW\ ... m (2.3) 

rne OIIYlllelill BC~ 8pryMeHTH II~, spoae J o Hama UeJIh - Haifl'H tfJop­

M;YJIIi ~ Ch.' Cn..l'Y\. H T • .u., npz YCJIOBHH, liTO H3BeCTHa tfJop-

Ma pa3JIOJIteHHH II BW10JIHHeTCSI CBOftCTBO aHaJIHTR'CIHOCTH R~. KoHS'lfilO, B 

KaJiUlOM ROHRpeTHOM OJIYtIae BH.II; 9TRX tfJoPMYJI aaBHCHT OT BH60pa Tp.~c.... 
H OT npapons aCHMrrTOTHqeCIGOC: IIapaM8TpoB. TeM ae MeHes, OHH MlJryT 

6lfl'h Ha~.ueHH c nOMOlIlhIO a.n:roPHTMa, COCTaBHbta qaCTH ROTOPOro Bcer.ua 

o.znrn H Te ae o OImmeM ero, 
PaCCMOTPHM 60JIee .ueTa1IhHO, RaR paanozeaze (2.3) BH.II;OlI3M8HHeT 

,I];HarpaMMH, namtae BK1Ia,IJ; B JIeBYIO qaC'i'h (2.3). Bo-nepsax, BBe,1l;eM on­

penezenze o Haaosex .rtHarpaMMY aCHMIITOTlPIeCIm HSnpHBO,1J;HMOft (AH) t eCJm 

OHa ae MOJteT 6liTh paaneaeaa aa ,ItBa HeCBSl3aHHHX KYCRS Y,1I;aJIeImeM 0,11;­

Hoi! 113 Jimmft, HecyIIUIX TOJIhRO <PHRCHpoBSHHHe (MaJIHe) mmyJIhCIi 1:1 MaC­

CH (HO, BOSMOJKHO, TaRoe paaneaesae MOxeT 6liTh ocynecraaeao np1I y,1l;a­

JIeHlm JI1lliHH c 6OHbl1IHM HMIIYJIhCOM H/wm MaCCoa) o HeTpy,1J;HO ymmeTh, 

qTO KWK,D;B.fI .Itl'arpaMMa, .n;aDIl8S1 BKJ[~ B TABC... B HMIIYJI:bCHOrd npooe­
paHCTBe, COCTOHT lIa HeCROJIhKHX AH-6JIOROB, coe~eHHHX .up,yr c .IlPyroM 

TOJIhKO nocpe.uCTBOM Jlmmi! c MaJlHMH n8paMeTpaMH. TaKHM 06paSOM, MbI 

HMe8M CJIe.rr.YKIJU1Il KapTHHY: 

~C.fI mmrpaMMa MOXe'I:' 6lfl'h npe,IJ;CTaBJIeHa .upeBeCHHM rpalfx>M, aoe JIHHHH 

ROTOPOro HeCYT MaJlHe m.myJIhCH 11 MaCCli, a l$PeR'l'l!'BHHMH Beprmmmm HB­

JImOTCJI AH-6JIOlCH. B CBOIO oxepens , ~ AH-6JIOR MOJlteT 61lTh" npen­
CTaBJIeH ,IJ;peBOCHHMrpa40M, CO,1l;e~ TOJIhRO aCKMUTOTHqeCRHe JIHHHH 

(Toe. HeCymHe aCHMllTOT~eCKHe HMITYJIhCH H/RnH MSCCH),H BepillHHH ROTO­

poro eCTI> o611.'tlHHe O,ItHOqaCTJm!o-lÍenpImO,I(EMl:le (ll( H) 6JIO.lGio B Ha­

lieM paCCMOTpeHHE nOHSITHe AH-6JIOKa oqeliD aCTeCTB9HHO, nOCKOJIhRy Ta­

KHe 6JIOKH COBepmeHHO HeSaBHCHMIl no OTHomeHHIO R npo~.uYpe aCHMllTOTH­

qOCROro pa3JIOJleHHHo ,UeaCTBHTeJIhHO, BeH .IUlarpaMMa ecrs npocro npoas­

Be.n;eHHe AH-6JIOKOB,H .Ra.lK,IJ;liA H3 HHX MOJleT 6l:lTh pa3JIOJleH B pSI,II; OT,I(eJIh­
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HO 0'1' OCT8JlDHLtX?C). 'l\aKm4 oõpasox, HMee'1' OMHCJI HaliaTI> C HayqeHWI paa-

JIOJleJmJi AH-KOMIlOHeHT. tI'1'odH BJ:m6JIH'1':D AH ItOMIlOHeHTY l'Al!>C. .. ') 'HY1tHO 

BI:AeO'1':D aa '1A e. C . . . BOe ,n;HarpaMMl:l, KOTOpue COC'1'OJIT, no Kpaihieiii Ma­
pe , Ma lI:BYX AH-6JIOKOB. BwiOImM, KaK '1'aK8Jl BHtmCJIH'1'eJI:DHaR: npone.rorp8 

H3MeWIeT CTPY~YPY npasoã qaCTH pa3J!01teHHJi (2.3). 
,IJ,11SI npocrora MIl paCOMOTpHM 3,!teClt CJ1YtIa:A: oes TH.J!teJIhCC 'tlaCTEU. 

HaMeHemm.,KoTopHe Heodxo,ItZMo BHeC'1'H, '{Toda BKJIID'GIT:D me B paCCMOTpe­

aae , MmmMBJIJ)HH. 
By.neM mrcmTa'1':D Bce aOHMII'1'OTHtIeCIm npHBo,IU:tMble ,ItR3I'paMMU B Hec­

KOJI:DKO 9TanOB, H nOCJIe K8Jlt,ItOI'O a'1'ana OY,lleM BWlCHSI'1':D, liTO npH STOM 

MeHJle'1'CH B npaBoft qaCTM (2.3). nepEHI mar OOCTOM'1' B Y,ItaxeHHH Bcex 

,1tHarpaw, cO.Ile~, no KpaIDie:A: Mape, 0,IJ;HH BH-OJIOK ces Bepm:ml, COO'1'­

BeTo'1'B~ onepa'1'opaM A,B,C, •••• O~a '1'aKaH ,ItHarpaMMa H30ópaze­

aa aa pHO. lá), r,n;e AH-6JIOK oea oneparopoa noxaaaa HmKe nyHKTHpHoiíi 

~. 3TH 6JIOKH He CO,!tepm8T aOHMllTOTKtIeCKHX rrepeMeHHHX H nOTOMY He 

HI'paIOT HHKaKOit .POJllI B flx>pMM:poBaHmI K~. Olm ,IJ;am BMa,IJ; TOJI:bKO B n~ 
oneparopoa, MbI: MOxteM ydpaT:D HX ces H3MeHeHmI K~, li aTO MQJl\eT OHT!> 

O,IteJIaHO o nOMom:oID npeodpa30BaHRff ]emaH,Itpa no HCTO~RY ] ,He­

oymeM,Y c})HKOHpoBaHHHe napaMeTpH: 

LJ-~' \ ... (J) = C. (<.V) 
(2.4) 

rne cp - MaCO:HlieOKOe nOJIe. IIoCJIe arorc II~ JIOK8JI:bHHX oneparopoa 
B npasoã qaO'1'H (2.3) 6YlJ:JT OO,IJ;ep.1K8T:D TOJII>KO ~tt H - ~arp8.lW&l. 
,UenOTImTeJIDHO, LJ...ctJ(~ ..(J)) = fc>tl(~)= [1'oJi1tH. CJIelJ:jlOIItd mar OOOTOMT'B 

y.n8J16HijR ,I(HarpaMM, KOTopHe MOryT Ol:lT:D npe,n;cTaBJI6Hli B mme .ItByx AH­

6JIOKoB, ~ Ha RO'1'opax oO,llepxHT BepillHHH, oooTBeToTBy~e orrepaTo­

pax A,B, C, ••• IIPEMep TaKoI ,mIarpaMMN npasenea aa pHO. 16, rae npo­
rrararop, 'nepeoeqe:HHI:dí nyHK'1'HpHOR J:mH:Reiii, aecer M8JWH HMIIYJI:Do. BylJ:i­
liH pa3JIOxteHHoit B psn, TaKSJI ,IJ;HarpaMMa ae ,IJ;aeT BKJIa.n;a B II~ JIOK8JI:DHHX 

onepaTOpos (a CJIe,!tOBaTeJI:DHO, H B Cno ). BoJIee TOro, BK1T.~ 0'1' 

,IUIarpaMM razoro '1'lIIIa B n~ OwrOKaJIliliRX oneparopoa HaxO,lI,R:TCSI BO B3aIDlIO­

p~08HatIHOM OOOTBeTOTBHH c O~OqaCTR'tlHp-nPKBO~ KOMITOH6HTaMH, 

OC'1'aBIImMHC.f! B 'To...o",,- (J) nocae npEMeHBHHfi (2.4). TaKID4 OOpaSOM, 

onycaaa TaIme ,IUiarp8.1\Q1bI. MhI OCTaBHM B npasoã liSCTli! (2.3) TOJI])RQ 1T.:lH 
-KOMIIOHeHTY II<J> To 0- • 0603Ha'lJlIM JmHeaa:o~ npeoõpaaoaaaae , y,Ita­

1\ •• , 1(2.\ 
Jl.fIIOIItee eTOT TmI aCm4IITOTHtleC&H nplmo,It'l.n&lX .rtP!arpaMM. xepea L.-. • ror­
na MhI HMeeM: 

X)3,n;ec~ eCTD aHaJIOmH o R.. -oneparaeâ, rne ~ 14 H - ÓJIOR 

T8Ime nepeHOpM1t!pyeTCX H6aamICllMO 0'1' ,IUJYrnx.. 

4 
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LJ"'~~~c ..o(J)= ~l!>c.oo(cp) = L. C; Çn +L Cn~ r'a o + ... 
. ~ n,1't'\. h ""­

(z.) <t> _ ) C 0[: +L [ r HL çe>c..~ ) - ~ h- o." I'\)h\ C~t'Y\ ~ko., + 
(2.5) 

Y'JKe na aToã cranza Mli MO'KeM SaKJIIOtmT:b, qTO K<ll Cn, m ae He3aBHOE­

Mbl. B OaMOM nene , BWmTaR: OOOTHOWeIme (2.5) O,IJ;HO M3 ,Itpyrara, nOJIY­

\{aeM: 

«-r" )LJA 1;;.<..U) '" ~'"C"':' ( "'_0...- [ro_o...r" )+ .... (2.6) 

]eBaR \{aCT:D aTora OOOTHomeHHH HBJIHeTCSI npoHaBe,IteHHeM .ItByx H OOJIee 

AR - 6JIOKOB. EIurOKaJI:bHH:A "tIJIeH cnpasa ocpaayerca H3 pa3JIOXeHIDI Tex 

.n;RarpaMM, soropae MoryT 6I:lT:D paomeroreaa na zraa AH-6JIOKa, npR'tIeM Cn ",­

BllpaEaIDTOR qepe3 npoE3Be,IteHHe K~ rrepe,It JIOKaJI:bHHMH onepaTOpalm, B03­

HHKaI<l1UiMH B pa3JIO~eHHH K8JK,Uoro MS aTme AH-6JIOKOB. 

KaPTHHa, BllRBJIeHHWI na aToi! CTa,n;HH, 'OOTaeTOR HeHSMeHHoA nOOJIe 

,ItaJI:DHe~ marca, nocze Y,ItaJIeHWI ,IUtarpaMM, COCTORJ.UHX M3 rpex, qeTH­

pex H 6MSS AH-ÓJlOKOB c oneparopasaa BepIlIHHaMH. Hanpaaep, BeJJ]{tIHHa 

~l»Ll2.) LJ--.CP·'ABCo.. ae OO,IteP'ftHT ,llHarpaMM, COCTOJIUUIX Ma rpex H 

,IlBYX. AH-ÓJlOKOB, H B ee paaaozeaaa npHOYTCTBYlOT TOJI:DKO 14H KOM­

nOHeHTH JIOKaJI:DHHX, 6KnOKaJII>HHX H TpRnOKaJII>HHX onepaTopoB. BoJIee 

TOro, K~ npM TpRnOKaJII>HOM onepaTope MOryT OHT:D BHpaJKeHH \Iepes K~ 

nPH JIOKa7I:DHWC oneparopax, B03ill1KaIWUIX B pa3JI0JleHIDIX COCTaBJIffiOllUIX 

AH-6JIOKOB. TaKKM 00paSOM, MI:l MOJiteM aaKJIKlllHT'b, qTO BeJIHlIHHa 

[TA~t:. o.' (J) ] AH ,06paaYlllIlaKM nocae Bl:ll{:HTaIDIJI acex aOHMIITOTHqeOKH npz-
BO,1U1MWC rpaéoa, (i) - conepzar B CBoeM paaaoaeaaa TOJI:bKO 14 H 
-KOMIlOHeHTl:l II~ oneparopoaj (ll) - K~ aroro pa3J!oEeHIIJI Te xe , \{TO M 

B (2.3); (l L i.') - ace K~ nepen MYJI:DTWIOKWlDHllM.H oneparopaaa MO­

ryT 6HTI> BllpaJleHH sepes npoaaaeneaaa K~ npa JIOKa1I:DHlDC lt1IeHax B pas­
JI~eHHSOC HeROTOpwc AH-KOMIIOHeHT l'Ae.C ... ( J) • TaKHe AH-KOM­

nOHeHTH eOTI> He 'tITO HHoe, .KaR AH-qaCTH ~ - npoH3Be,IteHHA, 000­

TaBJIeHHiDC li3 pa3JIH'llHHX orreparopos as aaoopa A,B ,C, ••• • Orcnna MOE­

HO C,IteJIaT:D; OJIs,ItyDItHA BllBO,It. T.JTOOH HWh~ K~ pa3JIoJtemm (2.3), HeoOXO­

,ItHMO YMeTI> onpenezars TOJI:DKO K~ npa JIOKa7I:DHIlX 'lJJIeHax B paaaoaenaax 
1r -npoH3Be,IteHHft, 06paso~ BOeMH BOSMOXHHMH HaOopaMH one­
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paropos A, B, C, ••• • BaToM CMblCJIe 8,UHHCTB8llllIDvm gJyH,Il;aMeHTaJI,bllliMH 

06'beKTar.1H, nO,WI8JKa1lUiAm l31I'lliCJIeIDnO, .HBJI.mOTCSi K(fl npa JIOKaJI,bHl:DC onepa­

ropax B paSJIlPiHliX AOP. TaK tITO B .n;aJI,bHe~eM Mb1 6y.n;eM SaHHMaT,bCR: orr­
penexexaex HMeHHO me, li aameã ornpasaoã TOqKo:!1 6y,n;eT pa3JIOJKeHJll:e 

j AI-\ q-t'\ltl-l ~ ~4H

[TJ\\;c,... -- L C'"" Ir0,,- + L Cl1.rlt 'I0nO"", + ... (2.7)
Vl. n)~ 

HanOMimM e~e pas , QTO K~ saBRCSiT OT Ma1IbIX HMIIYJI,bCOB li MaCC aHaJIHTRtIeC­
Im fIO,I3/. 

Tenep,b Mbl roTOBH npo,n;eMOHCTpHpoBaT,b npoCTo:!1 npHeM , nOSB~ 

BH,n;eJIHT,b Ch. lIS (2.7). PaCCMOTpRM ,IljJ1SI aToit ~Jm CHCT9r.w "npcezropoa" 
{ Pn ~ . I OCiJIa,naIOO{yIO CBOitCTBOM 

Pn.· ~ 
'O 

(<fe,) = ~n.~ , (2.8)K 

rne MeTKa "B" 03HaQaeT, tITO paCCM8TpHBae't'CQ "roJIWI", HenepeHoprvmpoBaH­

HaJI BeJmqJffia , a S'",lC, ecrs CHMBOJI KpoHeKepa. TaKWi cHOTeMa MOJlteT 6HTb 

OKOHcTpyRpoBaHa CJIe.ItYI01IUIM 06pa30M. 

'Ka.2K.Indi II~ ro,,- conepzar B pa3JIoxtemm no cp ,npeBecHHA 

lJJIeH 

( O-hfZ<l..
f9r5~) = ) g'PCr..) dfi.· ~ ({pJ) m) + ... ) (2.9) 

o-t~e" 
r.n;e· n - HeKoTopWt nOJmHOM no HMIIYJI,bOaM { p~ ~ 
li MaccaM rn • Bcer.n;a MOJltHO Bbl6paTb CHcTeMY .ItHlIxIJapeHIJ,1:'I8JIDHHX one­

paropon 1J/<, (~Ji~'i>ll , nOJlIDIOMHaJIbHLIX no npOH3BO~ H .ItYaJIldua: Ha­

60py nOJIIDIOMOB i o~'Le~ 3 , TaK tITO 

''l.~'l. 

(2.10)'ll (t:::pJ, ,:,:",) .0,,- (( fi~) rn\ ~ In.: ~ "K 

3aTeM onpe,neJmM "MaTplfT·nwe 8JIeMeHTH": 

~ ~ &r B 

<0\ ... ('?i'>,\tPj\) == {j I ~<rI!>(P~ \q>~o' r (et't\) , (2.II) 

KOTopue BImeJImOT lI3 II~ rOk (<1» er, HMemtYD ,npeBecHHft BMan. 

Tenep,b Ha60p npoeKTopoB t~") MOJKeT 6HTb BH6paH B WaPMe 

6 

Ph. r~. == 'Ph. (l';f~t~n,) <0\ r~. \(r4~ >\ r~ =t11 =0 (2.12) 

Y6e.InIMCSi, QTO TaK onpeneaeaaaa CBCTeMa 06JIa,naeT cBOitcTBOM (2.8). Ilpa-
MeHJm Ph. K r:,... MIi nOJIYtIaeM 6eSMaCCOBH8 Ba.KYYMHHe (r ,e , 
c HyJIeBHMH BHelIlHRMH HMIIYJIbCaMH) .JnIarpaMMI:l. ECJIH TaRWI ;ItHarpaMMa co­

.n;epuT XOTSI 6H o,wro IDiTerpHpoBamre, TO OHa paBHi ~JII) COrJIaCHO xopo­
mo HSBeCTHOMY CBoAcTBY pa3MepHO~ peryJIHpHsaUKH 6, 4/ 

) d) k· \tol 
= o) o{ -=* - :DIz. } 

(2.I3) 

r.n;e )) x: 4- 2. (. - pa3M8pHOCTb npoCTpaHCTBa-BpeMeHH B pasxepaoã pe­
ryJIR:pH3amm. TaKRM 06pa30M, nocne ,I.{elCTmuI Ph. BJDltHBaiJT TOJIbKO
 

.n;peBeCHH8 qneHH,H MIl HMeeM:
 

B ] _ . ÜfZ( = âh.K .Pn [ IOK(11le,,1\.,) - 1Jn. OI< Ipi.==m=o 

& 1l(H
 

Boeapaaacs K (2.7), aaaexaea, QTO (fono",,]
 
Ir! T • .n;. se HMeD'l' ,Iij>eBeCHHX BKJIB,IJ;OB, TaK tITO ,I.{eACTBHe Ph ,I.{0JD1tH0 me
 

"3aHYJIR:Tb: II08TOMY eCTeCTBEHIHO rronpoooaars Ir!CIIOJIbSOBaTb Pn ,n;JI.R: 

Ir!3BJIelleHWI Cn: . 
CymecTBYeT, O.n;HQRO, onaa TPY,I.{HOCTb, 3aKJID~aDItaslCSl B TOM. QTO 

MaJIue BHelIlHHe napaMeTpH aMITJmTJ',I{I:i ~e.<:.. . BXO,nffT:B ro~ , rQ o- ., ..., 
R T •.n;. B np~BOI tIaCTH (2.7) IIO-paSHOMY. HeROTopHe ManHe HMIlYJIbCH,
 

BXo.zu:mtHe:B Cn. (aHaJmTHtIecKH), ae conepsaroa B C",,"- I IIOCKOJIbl\Y
 

saBHCRMOCTb OT HHX norerouiaerca oneparopoa ro.. 0"" , TO ae CaMOe
 

BepHO .IVIH K~ npa ro..o""o", no OTHowemm K c.nrn. li TaK na­
aee, TeM ae MeHee, .n;aHHWl TPY,IUIOCTb JIerKO 06XO)tHTCSl, eCJOf HCIIOJIb30­

BaTb CBOlcTBO aHaJIH'rHtIHOCTH. A HMeHHO, .n;06aBHM K Pn. , KOTOPWl
 

3aBI!ClIT TOJIbKO OT BHeunmx apryMeH'roB ro • orreparop Te!1ropa ~ •
 
'" paamra.J:JItirlt KO~eHTH Cn. no CT8neHSiM MaJIliX rrapaaerpoa, 

BXO~ B HHX. HanPHM8P, eCJm ME:UIld napaaerp JiBJISIeTCSl m.m:yJIbCOM 't ' 
TO 1'(1) =~ Ynl''l''~''I,\=o,J H pacnmpeHHol ....CRCTeMOI npoezropoa 6YlI:YT 

oneparops ~(1) :;1',,\). Pn. • KOH8tIHO ae, 1'(,) Ct\(~)= (h(~ 
Q'l'06H npHMeHBTb Pn. K (2. 7)~ noozenaee He06xo.n;m&> nepena-

CBT}) :B TepYHHax H8rrepeHo,PMHpoBaHHHX Be~. IlepeHOpMHpoBK8 rrq; B npa­

BOI. tI80TH (2.7) BJirJIHJtHT 0JI8.ItYD1tHM 06paSOM: 
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1"-' e.ro ( 4)) = z ~~W\ '0 ,(cpp»'" 
... "" rn 

~ 4 li _ B i\i 1-1 ") V' , r B ( cp, (2. 14)10 0 <CP) -L.Lt1~)!h1r[r;o (<:pe,)l +L~hW\ OI" 1'» , 
h n, \<.,1'" k. V' V" 

r,n;e 't'n - aenepeaopaaponaaaoe KJIaCClPieCRoe nOJIe, a ~ nm.. r <> , 

Ztt.to'\. - nepeHOPMHPOBO~Ile ROHCTaH'!'hI, ~eC.R: 1I0JIllliONlaMliI 110 

BCeM paSMepIDlM napaaerpax 15/. TIO,n;CTSBJI.fUi 8TH BHpaJKeHIDi B (20'7) 
H npHMeHmi PI"\ K o6eID4 ero liaCT.fIM, rrOJ!YlIaeM: 

AH "5 - n,

PI'\.. [ TABC . .. ] = L CK ' Z"n.. + L C~y\'\ ZKtn + ...o 

k 1<) rY\ 

R1IH 

C = L Pn[TA&c .. .1AH·l~~ - L ChP'\ l:~ .Z ~ ~ - ... . (2. 15)
K n. tl,rtlJI'" 

KaK 6wro rrozaaaao BWlIe, C "-f"\,. xe HeSamtCHMH~ li MOryT 6bIT}' 

BHpWKeIm lIepea K~ nPE JIOKal!:&HHX 'iJIeHax B paSJIOJiteHHaX T - rrpoHSBe­

,n;eRldt, co.n;epxtaII.lHX MeH:blI.lee, liaM B TAB <:: .. . 'tll!CJIO oneparopoa, ]tlm 
JmX TaIOJre MOJKHO BliIIHCaT:b Ypa.BHeHIDI Tmt8 (2. 15). KO~I.n!eHTH C~ ...... ,. 
meo,n;.fIIIt'He B HHX, CHOBa BHpa.xtaIOTcn xepea HeKOTOpb1e KÇl) npa JIO.KaJI:bH1lX 

qJIeHax H TaR naaee , TaR KaR na I<aJK,ItOM CJIe.DYXlUteM nare paanaraeaoe T ­
-npo:PISBe.n;eJme COCTonT aa nce MeH:Dmero 'tfiICJIa onepaeopoa, TO npone­
,n;ypa oG5pHBaeTCJI, KOr,n;a Mli npHXO,llBM R 'T' - npoH3Be.n;eHiUIM, pa3JIO­

.lKeHIDI KOTOpWC co,n;ep>xaT TOJI:DKO JIOKaJIDHHe onsparops, TaKHM 06paSOM, 

YpaBHeHHe (2. 15) MOJmO paCCM8TpBB8T:b KaK peI<Y'ppeHTHoe COOTHomeJme 

,nJIjI orrpenezeaaa C« • Hanpasep, eCJIH B (2.15) npHcYTcTBYIOT TOJI:&KO 

JIOKaJIb1We 'tLJI8Hb1, KaK aTO CJIYlIaeTCSI aa rrOCJIe,IJ,HeM nare pe1\YppeHTHoi npo­

ue,n;,ypu, TO 
AI-! _ f.. 

C; = ~ Pn [ TAl'> c 0.0 

] ll'l..K , (2.16)• 

iTO BOcnpolllSBO,IUIT peSYJI:bT8'l', nOJIYlIeHH1llit B Hame~ 60JIee paHH6ft pacore 

II/. AH 
OTM8TItIM HHTepecHWt lPaRT. BeJmlmHa Pn [TA~C ...1 CO,n;8pxmT, BQ­

ocne I'OBOpR:, HH<ppaItpaCHHe CIDIryMPHOCTm. B03ID'IK8JDIJ.tKe nOCJIe 3aH;y.]IeH:Wi 

;... 

JIlOCar.GI nepeHOpMHpoBOllHHX ROHCTaHT ~h.WI • li '1'.,n;. TaKHM2:"", 
06paaOM, B Ham6M eJIYtIae llliií>paKpaCHH6 m YJI:bTpatIMOJIeTOBl:le paCXO,1WMOC­

TH 0.KB.3HBaIOTCJi CBJISaHHl:lMH. 

qTOÓH c,n;eJIaT:b aTY CMSI, 60JIee .fICHO:tt, MOJItHO BOCnOJII,30:aaT:&~ 

CBOtiCTB&m 'R.'* - onepanaa, rrpe,wIOxeHHOH aBTOpaMH paÓOTb1 /16 • 

J
R.!" - onepauaa .fIIlJIHeTCJI oó06mellHeM YJI:b'1'pa(pHOJIeTOBOil R - onepa­

mm na CJIYtI8:t1: IDíclJpaRpacHHX paCXO,ItIDv"tC)CTeit 11 nOSBo..'lfIeT Bl:ltIeCT:b me 
Hapw o YJIhTpa®!OJleTOBID.m. J1H<ppaKpacHhI8 KOHTp'UIeml ll acoommpyeMH8 

I,,! c BlftmTaeM1:ZMIl{ lJJIeHaMZ. JIO!(BJI,bHb1 B mmYJI:bCHOM npocrpancme H oonep­
JmT npoaasca B~a O(t,0) (cp, KOHetIHID1 npoH3BOJI B YJI:bpaCPHOJIeTO­

BHX KOHTp'VIeHax). HanpnMep. elrnryJIHpHOCTm, noposnaease HeIDITerpE:pye-

MUM npz P= 9 eps.KTOpoM Vp'l.(I~·H.') , \<~ o , MOry"!' 6HT:b 

KaMTI6HCMpoBaHH ROHTp'VIeHaMH 

-l~ ~ 
li f ~ 1 ~ . { -'Il' -1 K ]) 

~ Jr p2(K'2)~ 
)
dr(((K.2\ - ~.t)! ( to + C,«()} O s 'r1) , 

r,n;e l( 6CTh e,n;mm:u,a MaCCU H C",«()=OU:.
O 

) - rrpmf3BOJI:&HHe KOH-

CTaHTll, zoropae MoryT 6HT:& lf!MRClIIPOBaHbI HaJIOZeHHeM aa nepeaopeapoaaa­
aoe sapaaeaae KaIalX-TO ,norromIHTeJIl)HWC YCJIOBHK. TaKRM 06paSOM, Ri! ­
-onepauaz (t) nosBona6T nOJIY~T:b KOHetIHOe B~pazeHRe ,naze B nPH­

CYTCTmm Im<pPaKp8CHJ:lX pacxo,ItHMOcTeii, KaR aTO rrpolmXO,IUlT B HanIeM 0JrY­
xae , li (l i) co.n;epitRT KOHetIJlWi npoHSBOJI .. 

IIOCMOTpmJl eue pas na npasyn lIaCTlI YMBH8HHR: (2. 15). ORa liMeeT 

WoPb\Y aexoropoã R.:* - onepanam tlJI8H Pt\ [T"f>c ... JA H eC'!':b "aenepe­
HOpMlipoBaHHOe 11 m.tpalR8H1I6, B TO BperdfI Ka.K OCTaJI:DHHe 'lJ!eHH ( n r-IDHCTaH­

'7-J. ) -4
T~ z::.nt<. BWIHTaIOT KHcPpaxpaCHHe paCXO,n;m.l)CTR, npM: aTOM -2''''K 
11 .z~K BJiCTYl!BJOT KaK 1'm<pplUtpacIDi6 rrepeHo,PMHpo:aollHiie KOHOTaHTU. Haã­
,n;eM T6nep:b, sasoe YCJIOlme ,n;O.mmo 6HT:b ITOJIOJlteHO Ma R-Jl' - oneparan, 
'lJ:To6H aoonpoassecea npa:ayro lI8C'l':D Y.pa:8H6IDIR: (2.15). B 

.RnJI aToM UeJm paCCMOTpHM sspaseaae R,* [ p,"" ro~~~.. 113-38 

OBoiioTBS (2.13) B HeM :BI:DmBaIOT TOJI1lKO tL1IeHH cea lIeTeJI:E> (HaTIOMInIM, 

lITO PI-\. saHYMeT nce paSMepHH8 rrapaN.eTpa B rol;; ). 3a HCK11.IO­
"­

qeHHeM 60PHOBCltOro liJIeHa,._ TaKHe tIJI8HH ec't:b ae lITO znoe , R8K rtpoaase­

,nemm YJIbTpa(pHOJIeTOBl:lX li KHlPpaKpaCHWC KOH'1'pqn:eHOB. Ilonsoe :BUpa1teIDI8 

,n;OJD.KHO 6HTb KOH8'qJD:lM, Tal< 1:1'1'0 CYMMfl. TaKKX 1Ip01I3Be,n;eIndt T8Kll6 ,n;0J'I.JIUI8 

6h1T:D KOHSlIHOaX). EoJIee TOro, Ma MOJlteM nQJI01mT:b 8TY C1YMMY pa:BHoli KY­~o, 

t pi. ~ m m H npoJm1ISlIOll1ReCH B mI,Ite nQJIIOCOB no y~ r ' é:::; 2. -])12. • ']

C" " Cnor>1.. H T.,n. KOHetmH npH E. - O ,TaK l.ITO, 8TH
 

CIDIryJmpHOC'l'H (mt<ppaxpaOHH8!) .n;o.mm y,I(w.urrDCJi YJI:bTpa~OJIeTom:am no­ 1 
x) AHaJIo~tlHoe paccy~eHHe MOOCHO HmE: B paoore /17/. 
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JID, HOnOJI:&SYH ROHeliHI:dt rrpOH3BOJI Jlliq,paxpaCHHX BH'IHTaHH~. Tor,na 

e,IJ;HHCT,BemD:lM OCTaB1lmMCH BK1Ia,nOM oy,neT OOpHOBCIGift, H l&i HMeeM: 

fl* l Ph. ro: 1== ~ h.K • (2.17) 

( 
\. 

aTo COOTHOlIlelme H SIBJI.fIeTeJ:! HCROMUM YCJIOBHeM aa R.1t- -onepanan, ,UeftCT­


BHTeJIl)HO, npnMeHJIJI reneps R* - onepanan, qlHRCHpoBaHHYIO ypaBHeIDI­


eM (2.17), R 060HM ~aCTRM (2.7), MH rr~~aeM:
 

c, = R.~ P",- [TABf><:..' .1AH 

(2.18) 

~ [B ]"ltH
rrocROJIlaKj' lJJI8HJi THIIa R: Pk. ~0...011. ae RMeIDT 60pliOBCKHX ~eHOB 
H mryT OliTl) nOJlo!teHhl: paBHHMH HYJIJ) <5JIaro,napg ROHStnl0MY npoHSBOJIy. 

CPaBIDIBaH Tenepl) (2.15) H (2.18), l&i BlI,ItHM, 'tITO YJI:&Tpa(fJHOJIeTOBHe 

ROHCTaHTU nepeaopaaposxa rrOrJIOTHJmCl) R.* -onepanaeã, KOHe'tIHo ze , 
YpaBHeHHH (2.17) 1:1 (2.18) MOryT pacCMaTJ)HBaTl)OH KaR KOMlI8KTH8.fI epop-
Ma salIBCH mmoA ({lop~JIU (2.15). IDe OCHoBHoe ,nOCTOmIC~BO - YHH­

BepCSJI:&HoCTl): oIn! HMem' ollJS.Y 11 'J!Y ae ({loPMY BO acex npwroJltemmx. 

3. PaSJIOZ8Hl18 Ha Ma.1!HX oacÇTOSIHHRX 

CHa'tlBJIa paCCMOTpHM CJIYlIaA, KOr,na HMeeTCH TOJI:&l<O o.znm 60JIhDIOA 

BHennml eB.IUnUl;OB m.myJIl)c. 

rrycTla A, B D' {Ai.~t"::':: aI ,"') A'f - HeROTOpüe oneparopa D3 nOJI­

, Hol CHCTeMLl { 0" \ • PaCCMOTpHM CJIe,u;yDUd. II~ <pytuonrA I'pHHa rrpo­

HSBe,nemm ~(ACX)~(o)) B HMIIYJl:&CHOM npoCTPQHCTBe:
• r 

. i { _i.'1 j: ~ ( s(f)·tJ~ + ~L l AJJ 
1;!>(~)J)lJ~\r)=i('l))dJ:e [dfA(i) B(o) e , (3.I) 

r,ne Ll \ ... =J o ... , 1r - HCTOtWIKH cneparopoa { Ai ) Y • II~ (3.1)
 
'fC)DO paCCMaTpuBaT:L K8l< rr~ npoll3Be,neHHl BH,I(a 'T' ( A B ~ Ai ) .
 iTIpu 1- "="'" B eBKJIH,ItOBOI o6JIacTlf OH I«>Z8T 0Ji'1'l) npe,nCTaB1IeH 

CJIe.nY~ aClfMIITOTB'tIeCKHM ~OM \ i 
I

~f'(i> J){Jjy) ==-~ c,(1,{JJr) 'Iot\ (J, {J'\r ) , (3.2) 1 

'.-(. (SClS')+J,+i ~t J~JT -1 (d O )
o...(J,tl)l') = 2(J)) i tt(o')e 

L=4 

. (3.3) 

ErurncTBeHHoe OT.1lFme aroro ma OT oowmoro pa3JIO!teIDm ,Il;BYX orre­

paropos aa MaJIbIX paCCTomnmx? (3~2) cosnanaee c ImM npa J,,=o) 
3aKJIlO~eTC.R: B TOM, lITO Ct'1.. .HBJImOTC.R: <J)yHKmiOHaJIaMR HCTO'tffiHKOB 

{ ]~ ') v . aTH nCTO'tll!itIIW: HI'paIOT pom KOHCTaRT CBJI3n B38HMO.ne~-

CTBIDl, reHepHpyeMUX Bepll.MHar.m {Ai 3r ,H Ch. SaBHC.fI'l' OT HHX 

HapaBHe c ROHCTaJITaMH .BaaHMo,ne~CTBM.fI ~arpaHXHaHax). 
PaanOESHHe (3.2) HBH.fIeTCH nponaBO~ ~ T8R HaaHBaeMHX 

"MYJIF,TWIOK8JIlJHhIX oneparopaax pa3JIoJKeJm~", r ,e , pa3JIOiKeIDI~ MYJI:LTH­

JIORaJIF,HHX otrepaeopos T(AB ~ AJ) aa MaJIHX paccroanaax, OHI1 MOryT 

OHTl) JIerltO BOCCTaHOBJIeHU as (3.2). B CSMOM nene, oepa aapaanaon­
Hue rrpoH3Bo,nnue TIO {]t~r OT ooenx ~acTe~ paBeHcTBa (3.2), 
TIo.rryllaeM: 

1;.P,LA.\ (9) {9j~r) ]):=: .n. t -çâ].(Q;\ TAP> ('h J) 1Ji~ y) IJ_ = 
J~ Je.tj\Y 0J li' j-O 

(3.4) 

== L
r 

L L... CI-\(1, t~)\,,\· To LA.! ( {~i\.·-K I] ) 
10\=0 Lj\~ n. J... ~}Y-K 

3,necl) CYMMMpoBaHHS Be,n;eTCH no ncex aaoopax IDi,1J;eKCOB ij) '" II 

Uh-K , raxax, ~TO Lj~kn{j~r_~=o j {j",~U!j~r-k,={jS..=1,l.) ....r . 
Haoopa [~j~ I<, H { Aj ~ K o<5JIa.nalOT TeM JKe CBOitCTBOM. KiI> 

Ch.. onpe,n;eJUIIOTC.R: COOTHOllIeHHeM: 

Ctl ( 1) {rj ~ I(~ = . n r s~J. (q~)' Ch.. (4 l { 1.~ v') I] _ 
O 

I 

JE.~~k J P i. ­

14, HaROHe~, TIcIl onepaTopOB eCTb 

~ {A-~ ({1j~K) J)= n t 'f)<ji].(q.)' To (J) {J;. J\-") I 
... JI< j~!j~" J IJ n Ji""=O 

llPH aTOM rrpe,ItIIOJIaraeTCH, ~TO BO Bcex aTHX COOTHOlIleHWrX Bca IDIII1Y~l)-

CLI { Ij~ r HCTOtOOIKOB { J~ ~ v (nepaee , ax '1Iypl)e-06pa30B) lPKK-
CHpoBaRLI npa ~ ~I
X)B rrpo~OITOJIOJKHOCT:b 3TOMY, HCTOtnmK J rrOpoJlt,ItaeT JIH1IIb MaOO 

CBR:31llie rpaipH..E: Ct\. OT aero se 3aBHC.fIT (CM. npe.IlH.ICYllUI~ paanen) , 

r,ne 
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... 

B np~O~eHKffX ~aCTO HcnonbsyroTCH HeROTOpHe Cne~arrbHHe cny~aM 

(3.2). IIpH r= O ,KaR ÓWIO OTMetleHO ssne , (3.2) nepexonar 
B paanoseaae BwrbcoHa, a npa r = ~ nOJIY~aeM pasaoaeaae TpRJI0­ Dn..B C 

IS8JJbHoro oneparopa "l' (A(~) 1)(0) A,,(~)) , zoropoe HcnonbSOBaJIOCb B 

118,19/ .IJ.7lfI OIJ;eHIGl: anpoansx (flopMlJaRTOpoB: =L c", + [Ctl m 
n, I'l,M 

TA~(1J ])=~ C~(,) ·Tot\. (J) (v=O)) 
(3.5) 

(a)
rAP>I\I,S~)9K)1)=Z.Ch.(7)-%~AK(1l;)1)+~Ctl(1)~\()TOh.(J), B(t":i). 

(3.6) 

'=[C."K +3afudeMCH nonylleHl'leM <PoPM;yJl .IJ.7lfI BWillCJIemm: c,(~) t'li~ r) 
n.)KllTOÓbl npHMeJmTb .IJ.7lfI aTOR 1~eJI.R TeXIrnK,Y npoesropoa, OIIHCa.HH,YIO 

Bl:IDIe, HY2KHO nosasars CBOHCTBO aHaJIliTH'tiJiOCTH. AHarrHTHlIeCKafI 3aBHCH­

MOCTb Ctt (~) [Ti \rJ OT MaJIblX HMITYJlbCOB { ~j) r CJIe~eT HS 

TOro lf>aRTa, xro {ijh MOryT BOt\TH B C", TOJIbRO xepea 
npoHSBO,n:HHe BH,n:a =v Jj (xl (CM. BhlliIe). KpoMe TOro} C h. aHa­ (E> 
JlHTHm no MaccaM, T8R KaK B HaIUeM CJrYlfae npHMeHliMH apryMeHTH pa­ Pac.L.
 
ÓOT 10,13/. YCTaHOBHB aTo.cBoHCTBO, MH MOiKeM BHÓpaTb cHcTeM;y npo­

exropoa ,IJ,ID1 BlmeJIelOOI Ch.. (1) l~ .. \ 1:." B BH,n:e:
 

Pn ( 11'~I<)m) =T
)\ 

({~J\()}Tl)' Pn. } (3.7) 
CJ~~~ ~ A 8 A B A B 

~=~C;J'l)~; ~:::~+~6 1\ 

rne P ,n:e:ttCTByeT H8 f'o ... COrJlaCHO (2.8), a nr eCTbn 

onsparop, pa3JIaraI<l!U'ÚÍ C h. B PM Te~opa no f1i~ k H h'l. , P:ac.2. 
npHlfeM, OlfeBH,1UIO, l'C1'\ = C n. . 

OópaTHMCH reneps }, rrpHMeHeHIDO nepnsx ,n:BYX uaros anroparsa, 38­

MeTHM, tlTO sce K<I>, BXO,IJ;.fIllUfe B (3.4), B03ImKaIOT TaIOIte npa JlOK8JIhH1:DC qtt Ck ~~K 
'IJIeHax B pa3JIOJKeHIDIX 'l~B ~K ~ 

~=~Ch(Y)~+ ~Ct/~/l~~;
~~lA'~IC.(I)l~L~l;)J) = {Ctl.(~)\9\~k}To,,(J) + .", (3.8) 

~ ~ AAIt 1\ A A e, 
K8K aTO CJIe,n:yeT aa <PoPMYJI (3.2)-(3.4). T8lGfM OÓpaSOM, BTOPO~ mar aJI­ ~=~+~+~ 
roparaa TpHBHarreH, T8R lfTO OCT8eTC.fI TOJIl>RO BH,I(eJIHTl> H3 ~A B f A\ \ ... 

A AI( 8AH-KOMnOHeHTY. B paccMaTpHBaeMOM CJIYlf8e HMeeTCH TOJIbRO o,nua aCKMll­


TOTHlfeCRaJI nepeaexaaa - HMIIYJlbC i ,BXO,n:.RIIUUt B BeplllHHH A H B. ~ +~
 
,UuarpaMMa óy,n:eT naaars BK1Ia,n: B AH-ROMIIOHeHTY, TOJIl>KO eCJIH 9..-

MoieT nporesars xepes KaJK,I(yD ee JIHHHIO. Y,n:OóHoe npaxraxecxoe npasa­ PHc.3. 
JIO )J,7IH OTÓOpa AH-.I~mrpaMM MOJteT ÓblTb c(floPMYJlHpoBaHO CJle.n:y1llltHM OÓ­
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paSOM. Coe;n;mmM BepllIHHJi A ~ B lfMKTHBHoii JImmea. Ecmt nocze aTOI'O 

o6pasyeTOJI 14H ,lUIaI'paMMa, TO HOXO.n;HHa rpa4) naer BMa,n; B AR-KOM­

nOHeHTY. H Hao6opoT. 

Pa3JIOJlteIme AH-KOMrIOHeHT co,n;eP2KHT TOJIbKO Ilt H -oneparopnse AH 
,IU'.larpaMMll (CM. npe~nnra paazen) • IIpHMeHJm R'1.({~\.\k)m.") K [T~f>{A.\J 

c, (1 1 (9Lh ) = t* PnU1Jk' h'1) TA\')\Al~/ 9) {~i~K) J) ] 

H y6PIpwI ace paCXO,nPIMOCTH c nOMOIl.\},m ~ -onepanaa , onpe,n;eJIeHHo:tí 

ypaBHeHMeM (2.17). Ml:l MMeeM: 

. [ AH 
(3.9) 

fumaR: llJopMa ,n;eitcTBHH t~ -onepauaa , aHaJIOl'lPlHaR: ypaBHemm 

(2.15), onpe,n;enHeTCR CTpyKTypoM o6~oa y~bT~OJIeTOBOa nepeHop-

MPIpoBKH MYJl:bTMOKaJlbHIlX oneparopos CT'Ok{A~~k T'ltH • BXO~ B npa-
BYIO 'tIaCT}, (3.4), li Bl:lrJI.fI)UiT ,n;OBOJI},HO rpoaosnxo, B IlOJISIX 3KOHOMIDI 

MeCT8 MJi paCCMOTpHM TOJI},KO ~a.H pa3JIolteJmít (3.5) Id (3.6), n.PoHJI­

ADCTpIdpoBmnrux Ha pRC. 2 R 3. T~cTl:le JlHHHH cooTBeTcTBYIDT n~ 

nporrararopax, Hy'KHO BH,l(eJIHTb HS 3TIdX pa3JIOJKeHIdit TOJIbKO AH-ROMIIO­

HeHTI:l H neperraoars IdX B TepMHHaX "I'OJIWC" BeJIH'tlHH. WyHKUHOHaJIl:l ro.. 
[ n ]14H	 ...

H , O...AK napenoPMHPYIOTCR connaoao (2. 14), rne ~ 11....,
 

II~OMHaJIbHH no ~" • fIpRMeHJiJi rerreps cooTBeTcTByI<IItHe npoereropa
 
K o6eRM lffiCT.RM pS3JIoJlteHIDt AH-KOMIIOHeHT. IdSBJIetIemmx H3 (3.4) H (3.5),
 
MI:l HaxO,n;MM:
 

CrY1 (~) :: ~ P [ 1;& ( ~) ]) ] Ali . z:~ n (3.10) 

.1AH -I
CI11(~)~k)=LPn(,\k)[ ~BAK(~lq~)J)J ·ZhrY1 

k 

COOTHOmeHHR (3.9) RnH (3.10) li 

JIelillOa aanasa, Olm Bl:lpaJKaIOT R~ xepes 

BHeunnIM m.my~},OOM, BOSImKaI:lUHe I10Me 

l t-i 
- Ch(~}Zt1K·.zltn 
~J	 

(3. n: 

(3.11)	 ,n;amT HaM perueHHe nOCTaB­

CíeaMB.CCOBHe IDiTerpaJIH c O.n;HRM 

npHMeHeHmI ~ ({ ~i ~ 11., rn") • KaK 

roBOpR1IOOb BO BBe,n;emm, TeXHH.K8 BI:l'mM8HIDI TaKHX HHTerpaJIoB pa3lmTa 

BIlJIOTb no rpex I1eTeJI}, 77/. EoJIee TOro. %uteCTByeT SCHOON :3CHl P 
nporpasesa, BI:l'mCJI.flIOO.tM RX aHàlmTH'tIeCICH 0/. TSIGIM 06pa30M, I1OJIY'tIeH­

nse ~PMYJIbl y,n06HH WISI I1P,aKTHtIeCKI1IX BWIHMeIm!i. 0Jm 6wm YCIIel1IHO HC­

I1OJIb30BSHH. H8ITpHMep. B 712.22/ WISI B~CJleHID1 Bl:lCIIIHX nonpasoa R 

napTOIUIliM npammaM CYMM, a TaRZe B /19 ,JUI.R: aaazaaa TOJ1t,IteCTB Yop.z:r;a. 

OTMeTBM rasse , tITO B KatIeCTBe noõoxaoro npo.n;yKTa ~PMYJIJi (3;90(3.11) 
,n;aJO'1I TOlffil:lit OTBeT aa BOIlpoC. BI:lHeceHHHA B 3aI'OJIOBOK pa60TIi 2 : MO­

I'yT ~H ÓI:lTb MaCCOBl:le CHHI'Y~pHOCT:PI BI:ltITeHH MIDmMaJIDIlliM 06pa30M? A 
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HMeHHO. 3THCHHI'YMpHOCTlf, I1posmJIJlI<lIU!eCJI B BH,ZJ;e TIOJII>COB no E 
nooae aaHYJIeHKf{ MaCC, .z:r;0JIJltHH 61:lTb BlNTeHH TaK, K8K aTO I1pe.z:r;IDICImSeT­

CJI COOTHOllleHIDIMH (3.9)-(3.11). Ma ~. 1ITO HH\ppaKpacHHe BIrnITaHIDI 

scooae conepaar ae TOJIblto I10JII0ca I10 E. • TeM ae MeHee. OIm I10JI­

HOCTbD ~RCHpYIDTCR Y~bTpa~OJIeTOBI:lMH MB-KOHTpqneHaMH onepaTopoB. 

MbI	 ae paccacrpenu 113-3a He)J,ocTaTKa MeCTa B )J,a.HHO~ paoore CJIYliat1 

oneparopnoro pa3JlOJKeHI1JI B np~eJIe C>OJIbillOU Maccbl, B03HI.malO!~erO B 3a,JJ,a­

qe	 OT~enJIeHI1R TREeJIblX qaCTl14 2/. Ham anrOpl1TM MOMeT C>b1Tb npl1MeHeH 11 

B 3TOM CJIyqae. IIpl1 STOM BbrlIl1CJIeHl1e napaMeTpOB SqqieKTI1BHOt1 "JIerKot1" 

TeOp1111 (I1JII1 KOS~114I1eHTHbIX ~HK4I1A pa3JIO~eHI1R a npe)J,ene 6onblliof1 MaccbI) 

CBO,D,I1TCR K pacqeTY MaCCI1BHbIX BaKYYMHbIX (c>es BHemHl1X KMnynbcos) KHTer­

panos. OCHosH~e ~eH npeAJIOIeHHOro anrOpl1TMa RanRDTCR BeCbMa o6~11, 

nOSTOMy nOCJIe He6oJIbllil1X ~3MeHeHI1~ OH MOJKeT 6b1Tb 060c>~eH 11 Ha PR,D, ,D,PY­

rax ~eB, HaIIpKMep, Ha CJIyq~ onepaTopHoro pa3JIOJKeHI1R, BosHHKaD~e­

ro .n~" I1syqeHl111 rJIyC>OKO Heynpyroro paCCeRHI1R ,D,SYX aKpTyanbHbIX ~OTO­

Hoa/ 3/, a TaRMe Ha CJIyqa,H pa3JIo.eHI1~, reHepKpyeMbIX HeKoTopot1 l1epap­

xl1eA eaKJIH,D,OBblX HMnYJlbCHbIX nepeaeaaux Tl1na {Ql.'>"> {Pj \ » ,... 
3T11 BonpocbI 6YAYT paccMoTpeHbI S OT,D,eJIbHot1 ny6JII1Ka41111. 

B aaKJIIReHBe aBTOpH ~ r.ny6oitYJ) llpH3HaTaJIDHOCTb 

npocfleccopaM B.A. MaTBeeBY, B.A. MeutepsmoBY Ri A.H. TameeJIH.IJ;se aa noo­
TommyJJ I1o,IUte.PEKY. MH 6JIaro,napHH Ta10le R.r. 'tteTI:lPKHHY a8' U8HH1Ie a8­

MetIaRlm H ~.B. TRatIeBY aa I1QJIeSHHe 06cYJmelW1. 

JlHTepaTYpa 

I.	 Wilson K. Phys. Rev., 1969, 112, p. 1499. 
2.	 Ovrut B., Schnitzer H. Phys. Rev., 1980, D2!, p. 3369; 

Weinberg S. Phys. L~tt., 1980, ~, p. 51.
 

j 3. Christ N., Basslacher B., Mueller A.H. Phys. Rev.,
 

) 1972, E§, p. 3543.
 
4.	 Shifman M.A., Vainshtein A.I., Zakharov V.l. Nuol. P.hYB., 

1979, B147, p. 385. 

I 
1 

5.	 t'Hooft G. Nuol. Phys., I973, B6I, p. 4". 
6.	 t'Hooft G., Veltman M. Nuol'. PhyB., 1972, ~, p. 189. 
7.	 Tkaoh~v F.V. Phys. Lott., 198I, IOOB, p. 6'; 

Chetyrk1n K.G., Tkaohov F.V. Nuol. Phya., 198I, B192, p. 15g. 

15 



8.Gelmaster W., Gonsalvez R. Phys. Rev., 1980, D21~ p. 3112. 
9. Zimmerman W. Ann Phys., 1973, ~ p. 570. 

10.	 Chetyrkin K.G., Corishny S.G., ~~achov F.V. Phys. Lett., 1982, 
lli~, p , 407. 

11.	 Gori~hny ~.G., Larin S.A., Tkachov F.V. Phys. Lett., 1983, ~3 

p. 217. 
12.	 Chetyrkin K.G., Gorishny S.G., Larin S.A., Tkachov F.V. 

Phys. Lett., 1984, Ill, p , 230. 'j 
13.	 Tkachov F.V. Phys. Lett., 1983, I24B, p. 212; 

Pivovarov G.B., Tkach,ov F.V. INR preprint P_0361, Moscow, 1984. 
14.	 Leibrandt G. Rev. Mod. Phys., 1975, 47, p. 849. 
15.	 Gollins J.G. Nucl. Phys., 1975, B92, p. 477. 
16.	 Chetyrkin R.G., Tkachov F.V. ~lYS. Lett., 1982, lI4B, p. 340. 

17.	 Chetyrkin K.G. Phys. Lett., 1983, I26B, p. 371. 
18.	 Balitsky I., Yung A. Phys. Lett., 1983, ~, p. 328. 

l10tNle E.JI. t CMwIra A.B. IlHC:bMa B :lKôTçtl, 1983, -ªl, c. 250. 
19.	 Ghetyrkin K.G., Gorishny S.G., Krasulin A.B., Larin S.A., 

Matveev V.A. lNR_ preprint p_OJ37, Moscow, 1984. 

20.	 I'OP1:UllID!i! c.r., JIaplrn C.A. t TKalleB ~ ..B. IlpenpIDIT 11ffi1 TI-0330, 
rllOoKBB, 1984. 

21.	 Broadhurst D.J., Generalis S.G. Phys. Lett., 1984, 142B1 p. 64. 

22.	 Ibpmmmkt c.r., JIapllli CoA. OIDili, P2-85-?03, ,lJy6H8, 1985. 
23.	 Witten E., Nl..\cl. Phys., 1977, !!,gQ, p , 189; 

Balitsky 1.1., Phys. Lett., ~, p. 53. 

, 

J 

!/ 
PyKormc:&	 rrOcTYllV1JIa B .H3,naTaJIllcmnt OT,IJ;eJI 

6 WaBpaJJJI 1986 rena. 

16 

fOpHlllHJ-U1 C.f., Jlapn a C.A. P2-86-68 
K03tPqn-m;HeHTHble <PYIII<~HH aCHMnTOTHqeCI<HX ortep a-r-op asrx 
pa3JIQ)KeHHI1 B MHHHMaJIbliOH nblqHTaTeJIbHOÜ cxesse 

TIpe,u;.J10){CeH 3cW>CI<THHHbJl1 li oGII~_Hrl aJIrOpHTM Bbl1.iHCJIeHHR K034>­
lPHIJ,lieHTHbIX ('PYlIl(ll,~IÇI c1CHtvITlTOTH'-WCKHX ortep a'r op xsrx pa3JIO:>KeHHH. 
IIpH e r-o HCnOJIb30n:1l1HH HCOÕXO,LJ;HMO BhlqHCJIRTb tPYH1<IJ,HH I'pxna , 3a­
BHCHInHe TOJlbl<O 0'1' ÚOJIblllHX aCHMITTOTH1.ieCKHX rtepei-re aasrx , OhlqHC­
JIeHHe )!<C M.1TPH4IIbIX 3JIeMeHTOB OITepaTOpOB He oGH3aTeJIbHO. fIPH­
a erre asi nuuuo IPOPMYJthl ~VIH. napane'rpoa aCHMnTOTHqeCIG1X orrepa-rop­
HhlX pa3J10)lCCHKf~ no (íOJIblllHM eBKJIH,u;OBhIM HMnYJIbCaM. AHaJIOrHqHhle 
lPOPMYJIhl Mory'r CSbl'l'b nortyxe xu AJIIl pa3JIQ)KeHHü no ÕOJIblllOH r-racce 
H B JIl0ÓOM )1,PYl'OM CJIYt.lc1C, icorna K03cP<PH~HeHTIILle <PYHKU;HH pa3JIO­
)I{eHHR 5tDJIFIIOTCH nOJIJI1l0MaMH no MaJIblM HMnYJIbCaM H xaccau. 

PaCSOTll IIbIIIOJl!ICHI1 D J1c1õopaTopHH TeOpeTHqeCKOH lPH3HKH 
OH5m. 

Ilpenpmrr OtlbOD,UHCHJloro IDfcrHryra JlAepHblX HccneAOBaHHH. Ilyõna 1986 

Ilep enon (). C .lhmorpaAoooH 

Gorishny S.G., Larin S.A.	 P2-86-68 
Coefficicnt Functions of Asymptotic Operator Expansions 
in Minimnl Subtraction Scheme 

An cfficient and general algorithm for evaluating the 
coefficient functions of asymptotic operator expansions is 
presented. In applying this algorithm one should evaluate 
Grecn functions depending only on large asymptotic variables 
whcreas computing matrix elements of operators are unnecessa 
ry. Explicit formulae are presented for the parameters of 
asymptotic operator expansions in large Euclidean momenta. 
Analogous formulae can be found for large mass expansions 
and in any other case, if coefficient functions of an expan­
sion are polynomial in small mOTIlenta and masses. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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