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@ O6J,eQHIIeHHWii IUICI'IITJ'T JI,1IepHlWt HCCJle.AOBaHJdi lW'6Ha. 1986. 

1. BeelleHHe 

B sToR pa60Te paccRa3weaeTCH 0 TeopeT~ecKHx HcCne.!lOe8KMHx. 
npoBeAeHHbDC e OOHH, e ROTOpYX CYllleCTBeHHyn ponb Clil'pBJIM paCqaTli C 
nOMo~b~ BHqRcnMTUbHIiX MamMH. 

B HamM .!1HH H8BJle'lleHlte M3 OI1H'l'OB ·nepB~HoA" i(lm~ecKoA MH¢op­
MaQHM HeMHCnKNO 6ea Hcnonb30BaHHH YO~ H .!loporocTo~MX KONnb~e­
poe. ponb ROTOPWX He YCTynaeT ponM perKCTpKpYJlllleA annapaTypw. O.!l­
HaRO nOllo6HYe 38M Taltlle coeermeHHo Heo6xo.!1KNH M 8RH .!lubHeRllIero 
OCMliCJlHBaHKH nonyqeHHHX 3KCnepKMeHTUbHHX llSHHHX. qTO ytle HUHaTCH 
npeporaTKBOA TeopKM. 

no xapaKTepy Kcnonb30BSHHH 38M TeopeT~ecKKe KCCne.!lOB8KMH eCTe­
CTBeHHO pa3llUSOTCR HB .!lBe KaTeropKM: 

- c qKCJleHHYMH pBCqeT8MH; 
- C SHUKT~eCKKMH (¢opwynbHHMH) BHlIKCJleHHRMH. 

MH COqJlK ~enecoo6pa3HHN BHllUKTb K3 nepBoA rpynnw KCnOJlb3~e 

CTaTKCT~eCKKA NaTO.!l MOHTe-Kapno KBaHTOBononeBwe pemeTO'QHYe BHlIKC­
JleHKH. KBR npe~Hu~Me oco6we Tpe60BaHKR K MaTeMa~ecKoMY o6ecne­
qeHHD K BpxKTeKType 3BM, a TBltlle rpynny KCCJlellOB8KKA, npKBO~X K 
KaqecTBeHHo HOBHN pe3YJlbTaTaN, .Henpe.!1BIilItRMW llO npoBelleH'I'U1 BHlIKC­
JleHKA. 3To HBnpaueHKe, KOTopoe B BIt.!le KCK~qeHKH Kano_eHO, e OCHOB­
HOM. Ha npKMepax, nOqepmyTIiX Ka MHpoBoA rIpaKTKRH. B nocnellHee Bpe­
MH Bce q~e Ha3WBaDT 3RCnepKMeHTaHbHOA MaTeMaTKKoR. 

ABTOPW He CTpeMKnKCb .!laTb CKOJlbKO-HK6Y.!lb nOJlHHA o6aop pa60T 
OHAH, KCnOJlba~X BHqRCneHKH Ha KOMnbnTepax. rJlaBHaH UUb Hanoze­
~ - BHRBKTb pOJIb MamHHHOA MaTeMaTMKK B nOJlytleHHK H8K60Jlee Ba.HIiX 
TeopeTMqeCKKX peayJlbT8TOB. B 06eCneqeHKK KX KOHKypeHTocnoco6HOCTK 
K, e KOHeqHOM CqeTe, B onpe.!1eneHKK nepcneKTKBHHX HanpaUeHMR pa3BK­
TKS O6oe.!1KHeHHOro KHCTKTYT8. 

2. lbtd}P2BWe paCqaTW 
nepeA.!1eM K KpaTKoR x8paKTepKcT~Ke HeKoTopHX B~HHX HanpaueHHR 

TeOpeTKQeCKKX KCCne.!10B8HKA B OaRH. On~p&D~KXCR HS HCnOJlb30BaHKe 
KOMnbKlTepoB ,lVlR l.UItlJpoBHX paCqeToB. 

J '1.; /.;. 



MroOHHN~ KaTanHS H Sana~a TpeX Ten. Ha~HHafl c ceMMAeCRTMX rO~OB 

B OMRH CHnaMH COTPY~HHKOB ]T~ H nBTA B6AYTCfl COBMeCTHHe TeopeT~e­

CKHe HccneAOBeHHR H pac~eTM no ~BaHTOBOMexaHwqeCKO~ saAa~e Tpex Ten 
H ee npHno~eHHD K np06neMe MIDOHHOrO KaTanHsa. 3TH paÓOTN BO MHOrOM 
onpe~enHnH BOSPOAHBmH~CR B MHpe HHTepec K npoóneMe MeaOKaTaRHSa H 

ee npaKTH~eCKHM npHMeHeHHRM. 

3a npome~He rOA~ ó~a paspaÓOTaHa cxeMa TaK HaSHBaeMoro ~Ha­
óaT~eCKoro npeACTaBneHHR s~a~H TpeX Ten H COSAaH 3~eKTHB~ ~HC­
neHH~ MeTO~ pemeHHR MHorOnapaMeTP~eCKHX cneRTpanhHHX SaAaq c mH~ 

pOKHM KpyroM npHMeHeHHR B .TeopeT~eCKHX HCCneAOBaHHflX. B OCHoBe cxe-
MH neEHT pasno~eHHe BonHOBO~ ~KtiHH ~(R,r) ypaBHeHHR llipeAHHre­
pa CHCTe~d Tpex KynoHoBcKHX qaCTH~ dtf no nOHHOMY Haóopy peme-

HH~ s~a~H ,IJ,~yx ~eHTPOB/I/ 

...... (1)r m - v./R_. .......... t ...
'Ydt(R,r)~ . "r" (riR) J\. (R).t J J J
d t 

B pesynbT8Te HCnOnbSOBaHHR MeTOÃa npHBeAeHHR KaHTopoBH~a nonyqaeM
 

ÓeCKOHeqHYD CHCTeMY OÓ~KHOBeHHMX ~~epeHUKanbHHX ypaBHeHHR:
 

fL + k~ - U. (R)}:J.,.. (R) = ~.u .. (R):f. (R) •1 dR2 1 1 1 ~J 1J J 

(2) 

B KOHRpeTHHX paCqeTaX paCCM8TpHBaeTCfl N -ReH8JIbHOe npHÓnHMeHHe, qTO 
COOTBeTCTBYeT yqeTY N nepBHX qXeHOB B pa3XO~eHHH (I). ilOCTSHOBKa 

HenHHeAH~ rpaH~~ ycnoBHR Ha ROHeqHOM HHTepBane 

[ fi (k ) ~R- 1. i (R) + gi (ki ) x, (R)] R=O,R = O (3)
i rnax 

n03BOJIH8T paCCMaTpHBaTb KaR SaAaqH Ha CBlIsaHHYe COCTOHHHlI, TaR 
H 3~aqH paCCeHHHlI. HaROHeI..\, ,lU{CRpeTRSaI:tWt no Henpep1JlBHOMY cneKTpy 
C!I) npHBO,D.H'l K MHoronapaMeTpHllecKof.l sa~aqe na p06CTBeHHhle SHSqeHIUl 

,IVlB AHiW)epeHQH8JIbHHX ypaBHeHHf.l c TaÓJIHqHO S~aHHhDOt nOTeHI..\H8Jl8MH 
U (R) H C Hemmeillimm rpaHHltHIAiM ycnOBHJDIH (3). )l,BB pemeKHSI Ta-

RoA 88R1"iH p8Spa60T8HH 8~eRTRBHHe libD'l'OHOBCIUl9 CXaMH c BKJIJ)'tl8­

HHaY B0SMYmeaaa B XO~9 aTep~ a OnTBYRS~ xx CXO~OOTR. 

,lJ.ID1 n~eHWl peSYJ1l:lT8TQB c rapaHTapoBaHHol TO'tIHOCT:&JD mmon:aeH 

MHoronapaMeTPKQeCRHR'8HaJIH3 omHóoR annpORcHMaQHH HCXO~Of.l S~qH 
(2),(3). 3HaqeHHn ypoBHe~ K BOnHOBHX ~KI..\HR MeSOMOJIeRYX c TOqHO-. 
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CTbID 10-2 - 10-3 sB M OTHocHTe.nbHo~ TO~HOCThID 10-5 - 10-6 , Heoóxo­

~HMO~ ~nR cOBpeMeHHo« TeopHH MIOOHHoro KaTanH3a, Ó~H nonyqeHH B 
pesynbTaTe pac~eTOB c ~HcnOBMMH MaCCMBaMH OÓ~HM oó~eMoM 200 Móa~T, 

nOCKonbKY acnoasaoaaaacs CHCTeMa c N x 900 .lU'1lM?epeHI.U1aJI:bHHM YPaBHe­
HRHM cneUH8XbHoro THna/2/ . BpeMfl, saTpa~eHHoe Ha SBM CDC-6500, 

COCTaBHnO 300 ~aCOB BrOA Ha npoTflMeHHH 5 neTo OTMeTHM, ~TO TonbKO 
B ~HaóaTH~eCKHX pac~eTax Ó~H BnepBHe OÓHap~eHH H B~cneHH c 
He06xOAMMO~ TOQHOCTbID xapaKTepHCTHKH cna60CBRSaHHHX COCTOflHH~ Meao­
MoneKyn ddJ< H dt~ ,KOTop~e RMlIIOTCR KJIIO~eBHMH B TeOpeTHtleCKO~ 

MOAenH peSOHaHCHoro oópaSOBBHHR 3THX MesoMoneKyn. TeM caMHM paÓOTH 
OHflH KHHI..\HHpOBanH BO MHOrHX ijayqHHX lieHTpax paCqeTH CBRaaHH~ coc­
TOHHH~ MesoMoxeKyn BapHallHOHHHMH MeTO~aMH. HaKonneHHH~ OnHT ~Haóa­
THtleCKHX pac~eTOB Tpe~aCTH~HHX CHCTeM n03BonHn B KopOTKHe CpOKH 
COSAaTh B OHflH YHHKanbHHe BapHaI..\HoHHHe cxeMH c perynRpHSaQHe~. C HX 
nOMO~bID BHnonHeHbI pacvera ypOBHeA 3HeprHH ddj( H dtjA C HaHnyq­
me~ Ha CerO~HHmHH~ ~eHh TO~HOCTbro ~ 10-3 - 10-4 sB/3/ . OÓ~aR XPBHH­
MaR HH~opMaUHR cocTaBMna~1000 Móa~T Ha SBM EC-106I, BpeMR paCqeTOB 
~200 ~aCOB BrOA Ha npOT~eHHH ~BYX neTo 

B HacTogmee Bpeua RBneHHe MID-KaTanH3a illHpORO H3~aeTCH RaK Teo­
peTH~eCRH,TaK a 3RCnepHMeHTaH:bHO BO MHOrRX ~H3H~ecKHX ~eHTpax Mapa 
(CMH,~oc-AnaMOc,Tp~,KEK H ~.).HOBue Tpe60BaHHH TO~OCTa TeopeTa­
~eCRKX npe~CRaSaHHH,~TyeMHellOTpa6HOCTRMH COBpeMeHHHX aRCllepHMe~­
TOB,llPKBOAffT R Heo6xOARMOCTR paSpa60TKR MHOrOMepHHX a MHorOnapaMeT­
pH~ecKKX Mo~aneH Teopaa MID-R8TanRSa H paSB~TKH MeTO~O~ RX ~cneHHoro 

aaanaaa I Tpe6ymuoc pOCTa ocS'DeMa BWU4CJleH.Wl:. IIoaTOM;y )J,1lJi ,na.lI:bHeiilmero 
TeOpeTKtieCKOrO H MaTeMaTH~eCKOI'O oóecne~eHHfl HayqHo~ nporpaMMbl 
Hccne~OBaHH~ RBneHHR MID-KaTanHsa H ero npHMeHHMOCTH B RAePHo~ 3Hep­
reTHKe HeOÓXO~KMO YBenKtieHHe B~HcnHTenbHo~ MO~iOCTHIUBK B 10-20 pas. 

CTpYKTyPa CnOJlHbIX R,gep. )1;ISI pemeaaa s~a~ no CTpYKType aTOMHO­
ro ~ B nT~ 6NH6 nocTpoeHa KB6SHqaCT~HO~HOHHaR MO~eJIb (K~M) 

lIApa ,KoTopaR ycnemHo HcnonbsyeTcR ~fl aH8XHSa H HHTepnpeTaQHH 
mHpoKoro Kpyra AaHHUX O BHCOKOX~HX Bosó~eHHRX cnOMHNX ~ep: 

3neKTp~eCKHX, MarHHTHbIX H sapHAOBO-OÓMeHHUX rHr6HTCKHX peSOHaHCaX, 
O~OqaCTKQHHX peSOH6Hcax, He~TpoHHHX peSOHaHcax H npo~. HcnoxbSOBa-
HHe OÓOCHOBaHHYX ~SHqeCKHX npHÓXHMeHH~ H paspaÓOTK6 3~KTHBHHX ~ 
~cxe~HHX MeTO~OB B~HcneHHR AaHH BOSMO~OCTb npOBeCTH HeOÓXO~HMHe 

mHpOKOMacmTaÓHHe. pac~eTH Ha HMe~XCR B O~ SBM. ITpH pemeHHH YKa­
SaH~ s~a~ npHXO~TCR, B ~aCTHOCTH, HM~Tb AeHO c CHCTeMaMH nHHeR-
HHX ypaBHeHH~ BbICOKoro nop~Ka (103 - 106) . Paapa60TBHH cneI..\HanbHHe 
MeTO,IUi (TOlffiHe H npHeimUteHHHe) pemeHHJI 3THX aanac , n03BOmOOIql~e COR­
paTHTb speaa cuera na SBM aa 3-4 nopanaa no cpaBHeHHID c TPa,JI,HUHOH-
HbIMH cnOCOÓaMH. 
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B OTn~~e OT paC~eTOB qHCTO CTPYKTYPHHX XapaKTep~CT~K ~ep, 

B~~CneHHe ~~~epeHu~anbHHX CeqeH~n ~epHHX peaKU~n Tpe6yeT He TOnb­
KO pemeH~H 60ibm~x n~He~HHX C~CTeM, HO H HaXOm~eH~H C BHCOKOA TOqHO­
CTb~ T~CKQ onpe~eneHHHX HHTerpanOB (~H K~OrO Ha60pa KMHeMaTiqe­
CKKX nepeMeHHb~). He~aBHO BHnonHeH~ nepB~e paeqeTM TaKOrO po~a 57. 
B ~aCTHOCTH, B paMKax K~M B~cneHO CeqeH~e Boa6yM~eH~R MarH~THoro 

~HnonbHoro peaOHaHca B ~aOTonax Zr np~ HeynpyroM pacceHHKH npOTO­
HOB.STO nOTpe60aano HeCKanhKKX ~aCOB BpeMeHH CDC-6500 • Ma-aa orpa­
H~eHH~ KOMnbDTepHWX pecypCOB B KOHKpeTHHX paCqeTaX np~XO~~TCH BM­
6~paTb ynpo~eHHNe Mo~en~ H~epHHX CHn ~ yqHTHBaTb CBHa~ He 60nee 
2-3 KaHanOB peaKu~A. ~TO me KacaeTCR 06~eMa B~cneH~~, TO OH OqeHb 
6HCTpO (3KcnOHeHnHanbHO) paCTeT c YBen~qeH~eM qHCna yq~T~BaeMNX CBH­

aeR paSn~qHHX KaHanOB. 
Cne~oBaTenbHo, BoapacTaH~e npo~aBo~HTenbHocT~ ueHTpanbHoro BH-

q~Cn~TenbHoro KOMnneKca (UBK) OMHM B 10 ~ 60nee paa ~ Han~He ~ocTa­
TOqHHX pecypcoB naMHTH n03BonHT pemaTb KaqeCTBeHHO HOBHe a~aq~ 

~epHo~ ~aHKH. 
~coK03HepreT~qeCK~e BaaHMOAe~cTBHH aTOMHHX RAep. B p8MKax 

KHHeT~ecKoro no~xo~a K ~epHHM peaKqHHM paapa60TaHa ~BYXcT8A~~HaR 
Mo~enb BHcoK03HepreT~qeCK~X ~o-nAepHHX Baa~Mo~eAcTB~R. TIepBaH, 
6HCTpaR CT~HR CBO~~T Baa~Mo~eRcTBHe ~ep K cep~~ ~ByxqacT~~HHX 

cTonKHoBeHHn Mem~ ~epH~ COCTaRnRD~H~. MaTeMaT~qecKyro OCHOBY 
OnHCaHHR COCTaBnHeT c~CTeMa CBR38HHHX K~HeTHqeC~X ypaBHeHHn 60nbU­
MaHOBCKOro T~na ~R O~HOqaCTKqHO~ ~KQ~~ pacnpe~eneHHR fA~ fA(x,p) 

)J.-.:, A "" A A' (4)P ofi f (x , p ) ::: 7:: DCOLL(f , f ), 

r~e x H p - '4-MepHHe Koop~~HaTa ~ HMnynbc, DCOLL - HHTerpan 
CTOrrKHOBeH~~, KOTOpHA BKnroqaeT ~ 3~eKTH ~epHO~ cpe~. PemeHHe 
ypaBHeHHH (4) noaBonHeT nO~HTb HH~pMaUHD o 6HCTpHX qaCTHuax, ~c­

~eHHYX Ha 3TOR cTa~~~, a TaRae o Boa6~eHlUiX HAepHYX oCTaTKax. 
PaccMOTpeHHe nocneAYD~en 3BOnDUHH 06paaOBaBmHXCR Boa6YMAeHHHX ~ep 
H conyTcTByn~eR 3~CCHH qaCT~U npOBO~TCH Ha 6aae 3BonmU~OHHoro 

(MaCTep-)ypaBHeH~H 

( 
dPn(E , t) ( 5) 

x 
ee -LJ\+(n)+ À_(n) + z.~).j(T,n)dT1Pn(EX,t) + 

dt J 

X,t) X,t)
+ À+(n-2)P + Â_(n+2)P n+2(En_ 2(E 

í 
+ IJJ.Âj (T,n+j)P (E' ,t) S (T+Bj+EX-E )dE'dT

n+ j 

J 
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3~eCb P (Ex, t) - BepORTHOCTb Haxo~eH~R C~CTeMhl B MOMeHT t B 
n 

COCTORH~H, xapaKTep~ayeMoM 3Hepr~en Boa6~eH~R EX H q~cnOM B03­
6y7K,lJ,eHHbIX qaCTHu H "~bIpOK" n ; À ± H .À

j
- BepOHTHOCTH nepexona 

B'coce~He COCTOHHHR HnH B HenpephlBHbIR cneKTp c 3MHCC~en qaCTHU~ TH­
na j • B npenene n=n pa8H. TaKoe onxcaaae nepexonar B 06WIHyn 
paBHonecHyn CTaTHcT~ecKyn Teop~. HaqanbHhle ycnoB~R ~R ypaBHeHHR 
(5) HaXO~RTCR ~3 pemeH~R 60nbUMaHOBCKHX ypaBHeHHn (4). KHHeTHqeCKHe 
ypaBHeH~R, O~ChlBaD~~e KaK nepByn, TaK H BTOpyro CTa~~D, pemaDTCR 
MeTOAOM MOHTe-Kapno. BpeMR paCqeTa o~oro C06HTHR nponOpUHOHaRbHO 
npO~3Be~eH~D MaCCOBNX qHCen CTaHKH~CH ~ep H cpe~e~ MHO~eCT­

BeHHOCT~ qaCT~U, 06paSOBSHHHX B HYKnOH-HYKnOHHOM coy~apeH~H. ~R 

CTonKHOBeHHR ~BYX R~ep aprOHa ( Ar+Ar ) npH 3HeprHH I f3B/HYKnOH 
aTO COCTaB~~O OKono 30 ceK Ha B3CM-6, qTO npH BeCbMa YMepeHHO~ CTa­
T~CT~Ke (1000 C06HT~) Tpe6yeT OKono ~ecRTH qaCOB MamHHHoro BpeMeHH. 

Mo~eT1b noaBonReT paCCqHThlBaTb paaHo06paaH~e xapaKTepHcTHKH po~­
~eHHNX qaCTHu ~ ~epHNX WParMeHTOB, a Ta~e ~aeT B03MO~OCTb oueHHTb 
p~ ~~HaMHqeCKHX BenHqHH, xapaKTep~3yn~Hx npouecc Ba~Mo~e~cTBHR 

~ep, - TeMnepa'I'YPY, nJIOTHOCTb 6apHoHoB, 3HTpon~D H T n. I10nyqeHHble 
peaynbTaTN RBnRIDTCR BnonHe KOHKypeHTocnoco6HHMH ~ mHpOKO Hcnonb3Y­
DTCfl KaK ~R aHan~aa 3Kcnep~MeHTSJ'bHNX ~aHHNX, TaK H npH nrraHHpOBa­
H~H 6y~~x 3Kcnep~MeHToB (oueHKH 3KCTpeMafl.bHblX YCT10B~n, ~OCT~HMNX 

B CTonKHOBeHH~ T~en~ ,OHOB, po~eHHe CTp8HH~ ~aCTHU, 06paaOBSHHe 
r~ne~arMeHTOB R T.A.) 6/. 

~bHe~ee pa3BHT~e no~xo~a npe~nonaraeT yqeT 3~eKToB KBapKO­
BO~ CTPYKTYPbl aAP0HOB npH nepexo~e B 06naCTb penRT~B~cTCKHX coy~a­

peHH~ H yqeT KOJIneKT~BH~ 3~eKTOB cpe~Hero nonR, ~p~pyeMoro 

CTaJIK~BaIOlI\HMHCR TmKenhlMH HOHa.MH npH npOMemYTOttHblX 3HeprHRX. Heo6xo­

~HMOCTb rrpOBe~eH~R STHX Hccne~OBaHHH 06YCROBneHa BBO~OM B ~e~CTB~e
 

B 6n~a~ee BpeMR HOBNX YCKOpH'I'eneH T~eJINX HOHoa KaK Ha penRTKBH­

CTCKHe (UEPH - SPS , EpYKxeBeH - RHIC , AY6Ha - HyKJIOTpOH), TaK H
 
Ma npoMeJ!YTOqHlJIe (~pMlIIT~T, ,lJ,yóH8 - YCTaHOBK8 Y400 + Y40CM) aaepraa.
 

no cpaBHeH~ID c paCCq~TblBaeMHMH B HaCTo~ee BpeMR ~~pO-~epHHMH 

COy~~peHHHMH HOBble YCKopHTenH Tpe6ynT B~~cneHH~ np~ 60nee BblCOKHX 
3Hepr~RX ~, qTO e~e 60nee BamHO, paCCMOTpeHHR 60nee TmKe~ ~ep. 

rrpo~aBOA~TenbHocTb EC-I061, Ha~60JIee MO~HO~ K3 SEM O~ ~ 3TKX 
:'> 

uenen RBHO HeAOCTaTo~a, He06xo~Ma SBM c npo~aBO~~TeJIbHOCTb~ Hé 
MeHee 10 MRH. onepaUH~/ceK. 

3neKTpOMBrHMTHYe nonR YCKopH~enen 

3~a~ ~cneHHoro MO~6XHpOBaHRH 3~eKTpoMarHHTHHX no~e~ ycnslli­
HO pemaroTcH B p~e ~a60paTOpRK OMffM. 

5 
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~ ~a~eCTBe nepBOrO npllMepa paCCMOTpRM npOBe~eHHOe B KBTA B~C­
~elmel71 CTa~OHapHOrO MarHHTHOrO nOnR MHOrOCeKU~OHHOH C~CTeM~ n~­
HeHHOrO HHAYKUHOHHOrO YCKOpHTenR ]HY-30, cooPy~aeMOH B ]a60paTOpHH 

HeHTpOHHOH ~H3HKH OaRM. ~HOCTb 3a~aqH qHCneHHOrO MO~enHpOBaHHR 

pacnpe~eneHHR MarHHTHOrO nOnR YCKOpRD~eH CHCTeMH nHY o6ycnOBneHa 

Heo6xo~HMOCTb~ 3HaHHR 3TOrO paCnpe~eneHHR ~nR paCCMOTpeHHR ~BH~eHHR 

3apRMeHHOrO SneKTpOHHOrO nyqKa. ÔKCnepHMeHTanbHOe H3~epeHHe MarHHT­

HOrO nOnH ~R BCeX B03MO~~ 3HaqeHHH TOROB B ~OKYCHPYD~HX nHH3aX 

npaKTHqeCKH HeB03MO~HO. E~~HCTBeHHHR B~O~ H3 SToro nono~eHHR COC­

TOHT B H~e~OM qHCneHHOM Mo~enHpOBaHHH MarHHTHoro nonR. OHO ~ÓpMH­

pyeTcR Ha HaqanbHOM YCKopHTenbHOM yqacTKe, cOAe~~eM 12 COOCHHX 

ocecHMMeTp~Hux ceKUH~, pacnoxameHHHX Ha pa3n~HoM paCCTORHHH APyr· 

OT ~pyra. OCTanb~e yqacTKH YCKopHTenR co~e~aT OT~enbHO pacnono­

~eHHNe nHH3~. 

C MaTeMaTHqeCKOH TOqKH 3peHHR 3~aqa onpe~eneHHR cTallHOHapHoro 

MarHHTHoro nonH CBO~HTCR K pemeHH~ KpaeBoH 3~aqH BH~a 

d 11'0 'O 11'0 45f.--J'aZ ( ~ r "5Z{rAe » + ?i1' ( ]i p ~(rAe)) (6)e e 

Ael&;,0, Ae ( (0) = o I 

rne )L = f {z, r, \l Ae } - Mar~THaR npOHHuaeMOCTb cpena, J ­e 
nnOTHOCTb TOKa, a A - aRCHanbH8R ROMnOHeHTa B8KTop-nOTeHUHana.

e 
ITocKonbKY ~aHHaR 3~aqa OTHOCHTCR K HeorpaHHqeHHOR 06naCTH OHa 

pemaJI'liCb MeTO~OM "rpaH~HHX HHTerpanbHbIX ypaBHeHHf;\". COOTBeTCTBYD­

~ee (6) HHTerpanbHoe ypaBHeHHe AaeTCR B~~eHHeM 

A8{~ ) +Jk{X ,x) A (x ) as = SJeL{X ,x)dx,x e!",o o o x o o 
r T 

r~e r - rpeHHua MHOrOCBR3HO~ o6nacTM, co~e~eH Bce ~ppoMarHeTH­
2')KH, T - MHorOCBR3HaR oõnacrs , cOAepJl8II(aR nHH3H (x = ~ z2 + r 

PaCqeT n03BonHeT HaHTH none B Hn60H rrpOCTpaHcTBeHHoH TOqKe. qTO ~e 

RacaeTCR H3MepeHHH, TO OHH BBH~ TeXH~eCKHX TPYAHOCTeH npOBO~H­

naCb nHmb Ha OCH OZ. PaCqeT O~OH KOH4MrypaUHH MarHHTHoro nonR 

~R Bcex I2 ceKUH~ 3aHHMaeT 4-5 qaCOB Ha EC-l06l. npa aTOM Tpe­

6yeTcR OKono 3-x M6aHT onepaTHBHOH naMRTH. 

, OnHCaH~H npHMep, B CHsy aKCHaHbHOH CHMMeTpHH,npeACTaBnReT CO­

60H ~nyqaH ABYMepHOH MarHHTOCTaTKQeCKOH 3~aqH. CHTYaQHH ~H Tpex­

MepHHX 3~aq eme õoaee CJIOltH8R. B STOM cnyuae npoaenesae aeoõxona­

MHX paCqeTOB ~R HMe~~HXCR B HaCTo~ee BpeMH H pa3pa6aT~aaeMHX B 

OWflH ~CKopHTeneH (HYKnOTpOHa H CynepHYKnOTpOHa) Tpe6yeT B03paCTa­

HHR OCHOBHbIX pecypCOB UBK , (npOH3BOAHTenbHOCTH H nB.WlTH) He 

MeHee qeM B IO-20 pa3.Cne~eT Ta~e nO~qepKHYTb, qTO no~06H~e 3~aqH 

nO~8DTCH s~eKTHBHOMY pacnapaxxenHBaHHD, c~eAOB8TenbHO, ~R HX 
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pemeHHR uenecoo6pa3HO" Hcnonb30BaTb cneunpoueccopN BeKTopHoro THna 

(MaTpHqHHe npoueccop~). 

TIpH pemeHHH 3~aq ~HHaMHKH H TpaHcnopTHpOBK~ nyqKoB 3ap~eHHHX 

~CT~ B OHMY ÓHH ycneillHo npRMeHeH MeTO~ MOMeHTOB WYHKUKH pacnpe~e­
~eHHH 8/.n ano B TOM, qTO B pRAe B~HHX cnyqaeB npH paCqeTe YCKOPRD­

lI\HX, ~OKYCHPYDlI\HX H TpaHcnopTHHX CTPYKTYP YCK9pHTenb~X KOMnReKCOB 

OKa3NBaeTCH B03MO~HM orpa~HTbCR He60nbmHM qHCnOM nepBbIX MOMeHTOB 

npH 06eCneqeHHH AOCTaToqHOrO ypOBHR TOqHOCTH. ÔTO n03BonReT YMeHb­

mHTb CqeTHOe BpeMR B HeCKonbKO AeCRTKOB pa3 no cpaBHeHH~ c 60nee 

Tp~HUHOHHMMH cnoco6aMH B~HcneHHn H ~enaeT B03MO~HNM npOBOAHTb 

onTHMH38UHID sneMeHTOB KOHCTPYXUHH pa60TaR B HHTepaKTHBHOM p~HMe c 

TepMHH8na c rpa~HqeCKHM ~HcnneeM. TaKHM cnoco60M, HanpHMep, B Teqe­

HHe He~anH 6Nn npOH3BeAeH paCqeT ABYX Bap~aHTOB KaHaHa H~eKUHH nyq­

Ka npOTOHOB Me30HHOH ~6pHKH ~ AH CCCp/8~ 

3. AHaHHTKqeCKHe BHqHCneHHH 

Bo3MOJlHOCTH COBpeMeHHNX KOMnb~TepOB AaHeKO He HCqepnNBa~TCR 

UH~pOBNMH paCqeTaMM. B nocne~HHe rO~N 6NCTpO nporpeccHpyeT 06naCTb 

HH~pMaTHKH, CBR3aHHaR c o6pa6oTKoH CHMBonbHNX AaHHbIX,~ B qaCTHOCTH, 

MaTeMaTHqeCKHX B~~eHHH (~PMYH), co~ep~~Hx CHMBonN. ITo3BonRR 6NCT­

po H 6e30mH6oqHO B~nonHRTb mHpOKH~ Knacc ~OPMy'nb;WX npeo6pa30BaHH~, 

06HQHO Ha3NBaeMNX aH8nHTKqeCK~MH BHQ~cneHHRMH710 , KOMnb~Tep CTaHO­

BHTCR He CTonbKO B~Hcn~TenbHO~ (B CMNcne BNnonHeHHR qHCneHHNX pac-. 

qeTOB) CKonbKO YHHBepCaHbHO~ MaTeMaTHqeCKO~ MamHHO~. 

MHorHe aKTyanb~e 3~aqH TeOpeTHqeCKOA ~3HKH H npHKn~HOH 

M8TeMBTHKH Tpe6Y~T B~nonHeHHR lipe3B~a~HO rpOM03~KHX aH8nHTKQeCKMX 

B~KnaAOK,He CBOARlI\HXCR K 06HQHHM qHCnOB~ paCqeTaM. ITpHMepoM OAHoro • 

H3 CaMNX RpKHX ~H3HqeCKHX pe3ynbTaToB, nonyqeHHoro 6narOAapR aH8nH­

TKQeCKHM B~HcneHHRM, RBHnCR p,aCjeT aHOMaHbHOro MOMeHTa sneKTpOHa 

B qeTNpeXneTneBOM npH6n~eHHH/11 • OH n03BonHn nonyqHTb TeOpeTHqe­
:>CKoe 3HaqeHHe BHOManbHoro MarHHTHoro MOMeHTa 3neKTpOHa c TOqHOCTb~ 

~IO-10t qTO Heo6xo~HMO ~R aHanH3a sKcnep~eHTanb~x AaHHHx, KO­

Top~e Ta~e HMe~T TOqHOCTb~IO-10. HH o~a H3 TpexneTneB~ AHarpaMM 

H TeM 60nee agI qeT~eXneTneBoA ~HarpaMMN, cOAep~eA COOTBeTCTBeHHO 

~105 H ~106 cnaraeM~ B llo~HHTerpanbHoM B~p~eHHH ~R HHTerpanoB 

~eHHMaHat He Morna 6~ 6~Tb B~HcneHa 6e3 HHTeHC~BHoro HcnORb30Ba­

HHR npOrpaMMHHX ~HCTeM ~nR aH8nHTHqeCKHX D~HcneHH~ (CAB). 
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B OMHM 3a nOCneAHHe AeCRTb neT HaKOnneH 3HaqHTenb~~ OTIHT HÇ­

nOnbSOBaHHR aHanHTK~eCKHX B~HCneHHv. Ha 3BM B TeopeTM~eCKHX HccneAO­

B8HHRX. K HaCTo~eMY BpeMeHH B 06~eAHHeHHOM ~CTHTYTe HMeeTCR ABe­

HaA~aTb CAB pasnH~Horo H8SH8qeHMR t Tpa M3 KOTOp~ SCHOONSCHIP t 
REDUCE K FORMAC oK8sanKCb HaH60nee npHeMHeMMMH AnR TeOpeTHqeCKKX' 

p8CqeTOB. PaCCMOTpHM BKpaT~e HeKOTopNe MS HHX. 

MHoroneTneBNe paCqeTN B KBaHTOBO~ TeopHH nona (KTll). 8T0 H8H­

óonee TP6AK~HOHHaR oónaCTb npKMeHeHHH aHanHTHqeCKHX B~HcneHH~ B 

O~t qepB~e B~H~e pesynbT8T~ B KOTOpO« ÓüHH nonyqeHN B 1976 roAY 

BCKope nocne BHeAPeHHR Ha CDC-6500 nepBOv. CAB 'CKYHlliVllI • COSA8HH8R 

e~e B 1965 roAY cne~HanbHO AnH B~CHeHRR AKarpaMM ~e~HMaHat 3Ta 

CKCTeMa AO CKX nop HaxoAHTCR aHe KOHKypeH~K a paCqeTaX B~cmHX no­

PRAKOB TeopHK B03~eHH~. MMeHHo c ee POMO~~ BMnonHeHM HaR60nee 
pexopnaae KBaHTOBOnOneBNe BHliHCJIe~II-I2/ • MHoroneTneBbte pacvera, 
Bb1nOHHReMMe B OVúill t opKeHTHpOB8H~ Ha cOBpeMeHHb1e KanHÓpOBO~b1e Teo­

PH" ~~aMeHTanb~x BsaHMoAeAcTBK~. ~ qaCTHOCTK, qRKn paõoT ÓNn 

nocBBIlteH BI:fImCJIeHIDO pacxo,IU1MoCTR B KBaHTOBOH XpoMo,1ijlliaMRKe /KXJJI 
R p~e cynepcRMMeTpR~HX MOAanen BllllOTD AO TpeX'neTaHb BKHID~TanDHO. 

IIoRa 'tiTO CaMHM TpYAOeMImM JIBJIfieTCa pacxer TpexneTJIeBOrO BKJl~a Bjl ­

~JD WUI KX,U, cOOTBeTcTB~ero CJIaraeMOMY ... 'fJ4. B BHPaJItelmR 
B (g) = -(11 ~ ~f)g2 _ (102 _ ~ f)g3 _ ( 2857 _ 5033 f + _~f2)g4 

f 3 3 2 18 54 , 

rne g =o(S; 4TL H f - t1KCnO KBapKOBbIX apOMaTOB. ,!{.JUI aror-o norpe-
ÓOBanOCb BYQHCnKTb BKnaA 440 TpexneTneBHX AHarpaMM, HaMóonee Tpy­

,n.oeMKHe M3 KOTOp~ KMeDT aH,n. 

~ -u 
lloCKonbKy TpexrHDoHHo~ BepmHHe COOTBeTCTByDT no npaBKnaM ~e~H­

MB.Ha 6 TeH30pHhIX CJIara.eMblX 

, p rg r - g["f<O (p-q)! + gvJ' (q-r~ + gPf (r-p)~] , 

4~p 
q 

TO K8J'lt)\a..R ms 3THX ~arp8l4M B nO,D,hlHTer,p8JIbHlaX BlipBJIeHloUlX co,u,epm'l'l'
 

M8TpllIt.lHble nOJUIHOW31, COAe~He
 

66 = 46656 cn8raeMHX
 

-§c-M-.-oraxx--e-o-6-a-op-Jildi- ]1,OIr.lL8JJ./I 3/ • -----,~.__.
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Bb1'qHCneHHe STKX nonHHOMOB C nOMO~bn CKCTeME CKYHillHIT nOTpeóosano AHR 
KBJK;IJ.O~ H3 AHarpa..MM o~ono IDO cex na CDC-6500. 

llpOBeAeHHHe B/I /suqHcneHHR 3-neTneBNX~Harpa.MM B ~tB CBOD 
OqepeAb.BomnK COCTaBHO~ qaCTbID B pac~eT~I2 , nOKasaBmHe OTCYTCTBKe 

3-neTneB~ pacxoAHMocTeA B N=4 cynepcHMMeTpuqHoA TeopHH BHra­

MKnnca. ~QT pesynbTaT nopoAHn uenoe HanpaaneHHe HccneAoBaHHA. CBa­

3aHHOe C nOCTpoeIDIeM peanacraxecsax lÍJIi3H'tleCKIDC reopaã 6e3 pacxona­
MOG~eA. ~HHoe HanpaBneHHe, HHTeHCHBHO pasBHsaeMoe B HameM HHCTHTY~ 

Te/ l 4/ , Tpe6yeT Bca B03paCT~ero HcnQnb30BaHR.li 8HaJIHTH'tleCKRX ~c­
neHHA K COOTBeTCTBeHHO SHa~HTenbHoro nOB~eHHH 3~eKTHBHoCTK CAB H 

UBK. 
~yroe B~HOe HànpasneHKe, OnHparo~eecR Ha HCnOnbSOB8HHe CHCTe-

Mbl CKYHIIMn H TaIOlte HMeIO~ee AeCRTHneTHKA "crax" B OlliU1, CBRSaHO C 

CHçTeMaTK'qeCKHM yqeToM paAHa~HOHHHX nonpaBOK K CeqeHHRM B3aKMOAe~CT­
BR.li anaMeHTapHHX 'tlaCT~,R B 'tlaCTHOCTR,K aneKTpOCJIa6HM npouecc~I5/. 
C03AaHHHe Ha, aTOM nYTH s~eKTHBHHe OÓ~He anrOpy.TMN H nporpaMMN 

paCtieTa CeqeHHA no cxeMe "MaTpHl.IHbl~ 3neMeHT =9 nonHoe CetieHKe" OKa- , 

sanHCb BeCbMa nnO~OTBOpHblMK npH 06paÓOTKe ~sHQecKoA HH~PMa~HH.n~­

~eHHoit B TaK.KX: KpymUlx SKCnepm4eHTax owm KaK HA-4 H AíIKC-mITMAlI5 • 
B OTnH'qHe 0'1' onHCSHHblX BHme npHMeHeHHA aaanHTy,qeCKHX BNtiKCneHHA 

B ~HSKKe BHCOKHX SHeprKA,oCHOBaHHHX Ha HCnOJIb30BaHHH rOTOBoro RCTpoeH-

HOro annapaTa CHCTeMH CKY~n COBepmeHHO MHOA MeTOAHtieCKHn 

nOAXo~ K KOMnbIDTep'HOn peanH3~HH AHarpaMMHOn TeXHHKH ~e~HMaHa npeA­

Ho~eH B pa60Te/I77 . 3AeCb ArrR BblnonHeHHH Ha 3BM TpYAoeMKHX paCqeTOB 

B paMKax pa3BHEaeMoA B nT~ BHpTOH-KBapKOBoA MOAenH COSAaH cnenuanH­

SHpOB8HHHA flHcn-naKeT (no-c~eCTBY CneQHanH3HpOBaHHaR ]Mcn-cHCTeMa), 

HanKcaHHHA na sasxe Standard- LISP ,Hl3JIRl!JI.IeMCa BHyTpeHHHM RSHKOM 
(RSW(OM peanHS~HH) CHCTeMH P~ .~HHn naKeT BeCbMa SKOHOMHqeH : 
no OTHomeHHD K pecypCaM 3BM H nOSBonReT nORHOCTbIO aBTOMaTHSHpOBaTb 

BCIO nOCHe~OBaTenbHOCTb paCqeTOB MaTpK'qHHX sneMeHTOB B BHpTOH-KBapKO-

BOn Mo,n.enH. a HMeHHO: . 
- reHepHpOBaTb AMarpaMMH ~eAHMaHa Hccne~eMoro npOUeCC8j 

- BHQHCnRTb MaTpK'qHHA 3HeMeHT; 

- reHepHpOBaTb He06xOAHMb1e nporpaMMH Ha Rsw<e ~OPTPAH ArrR H8­
xo~eHHR qHCnOBblX KOS~KUHeHTOB MaTpK'qHOrO sneMeHTa, KOTOpHA RBnR­
eTCR nORHHOMOM no BHemHHM HMnyHbCaM AHarpaMMH. 

~CCHe~OBaHHe RnHHHHR HeHHHeAHblX P6S0HaHCOB Ha As~eHHe qaCTHg 

B UHKnKqeCKHX YCKOPHTeHflX. 8Ta. SQAaqa CSOAHTCR K aHanH3Y CHeAYD~en 

CHCTeMN HeRHHenHHX AH~epe~anbHblX ypaBHeHHA 
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x"+ y2 X = ~~iF (x ) (x, xé, z , zé ) , (7)
e x 0 i 

1->,1 

ze"+ ~2z = ~ eiF ~z) (x, Xé, z , zé) ,z	 L~ 1
 

L~1
 

rne e IV ro/Ro _ MaJIblA napaaerp ( r - pa,Il,HYC BaKyyMHO~ KaMepbl, ao
 
R - pa,IJ,HYC ttM,IJ,eaJIbHoti" Op6HTbI); llaCTOTbI 6eT8TpOHHDDe KOJIe6aHHU
 

o
Y	 H ~z CBHSaHhI YCJIOBHeM peSOH8Hca K oV + Kz yz=q (Kx,K z H qx xx 
- ~eJII:JIe tiHCJIa). 

YpaBHeHH~ (7) HCCJIe,IJ,OBaJIHCb aCHMnTOTHlleCKHM MeTo,oM YQ~e~eHHH 

KplilIO:aa - Boro.moÓoBa BIlJIOTb,IJ,O TpeTbero 11pH6mmeHHH 181. &1'0 n03­

BOJI~JIO nOKasaTb YCTO~HBOCTb pa60TbI YCKopHTeJIR no,IJ, BJlHflHHeM pasJIwq­

HHX pesoHaHcoB. CooTBeTcTByID~He aHaJIHTHlleCKHe BHKJI~KH 6~~H aBTOM8­

THSHpoBaHbI c nOMo~bro CHCTeMH P~DC H Tpe6ymT HeCKOJIbKO ~aCOB Bpe­

MeHH EC-I061 Ha O,IJ,HH pesoHaHc npH naMRTH B 2-3 M6aRT .• 

KnaccHWHKagHR HHTerpHpyeMHX HeJIHHe~HHX yPaBHeHH~ B~a 

i. . 
u = f(u,u ... ,u u;; u(x,t), ui := d ui êlx\ (8)

t 1, n), 

KOTópHe npe,IJ,CTaBJIRIDTC, BecbMa BaaHHM B CBR3H c HX COJIHTOHHHMK pe­


meHHHMH. B pa60Tax/ I9 OnHCSH aJI;OPHTM H ero npOrpaMNH6H pear~3~H
 
Ha CAB ~PMAK t nOSBOJIHD~aR: 

_ HaXO~Tb nnOTHOCTH KaHOHHlleCKHX SaROHOB COXpaHeHHH ~R ypsa­

HeHH~·(8) H nO~aTb OrpaHHlleHHR Ha HX npaBym llSCTb, BHTeK~e HS 

YCJIOBHA HHTerpHpyeMocTK; 
_ Ha.xO~HTb He'l'pMBHaJIbHhle CHW4eTpKH (3JIeMeHT1:I anreõpa J!tf-BeKJIYH-

AS) ,l\JIH (8); 
_ CTpoHTb npe06paSOBSHHe BeKJIYH~a, CBHSbIB8ID~ee PaSXH~e MHTer­

pHpyeMHe ypaBHeHHH, eCJIH TaRoe c~ecTByeT. .
 
~H H8U6oJIee rpOMOS,IJ,KHX CJIyqaes 3T8 nporpaMM6 Tpe6yeT HeCKORbKO
 

KHJIo6aRT n8MHTH EC-I061 H ,u,e6RTH MHHYT ClleTHOrO Sp6MeHH. Ee HCnOJIb­


SOeSHHe n03BOJIHJIO nOJIyqHTb PH;l B~ peSYJIbTSTOB ,l\JIH ypaBHeHHR (8)
 
'BbICOKHX nopftAKoe. B qaCTHOCTH, y,u,anOCb 06H8PYXHTb ,IJ,S8 HOBHX HHTer­


pHpyeNtiX yp8BHeHHH nHTOrO nOp~Ka H nOJIHOC~bID npOKJIaCCH~pOB8Tb
 

BNCmHe aHaJIOrH ypaBHeHH,~ Kop'l'eBera - Jl,e ~H3a BI1JIO'l'b ,IJ,O ypaSHeHHR
 

9-ro nopfi,IJ,Xa. B H8CTO~ee Bpeun Be~CR MCCJIe,IJ,OBQHHfi no o606~eHHD
 
MeTO,JJPB aH8JlH38 ypaBHeHHH (8) Ma CJIYlla~ CHC'l'eM ypaBHeHHAt llTO norpe­


6yeT ôBM c npOH3BOAHTeJIbHOCTbD, npeBocxo~e~ EC-I061 B ~eCHTKH pas.
 
CJIe,n,yeT OTMe'l'Hlfb, llTO A'IJi aH8JIHTHll8CKHX BbNHCJIeHHA nepBOCTen8H­

Moe 3HalleHHe npHo6peT8eT 3~eKTHBHHR ,IJ,K8JIOrOBHA peKHM. âTo CBa3SHO 
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c llaCTO BOSHHKaD~e~ He06xo~OCTbm npOCMOTpa H KOHTpOJIR npOMeEYTOll­

HHX CT~! B~HCJIeHHA H COOTBeTCTB~HX npOMemYTOllHUX B~p~eHH~, 

nOCKOJIbKY OlleHb Tpy,IJ,HO, a llaCTO H HeBOSMO~O sapaHee o~eHHTb 06~eM 

BhIKJI~OK H Tpe6yeMbIe pecypCbI 3BM ~R OT,IJ,eJIbHHX 3TanOB ClleTa. no 3TO~ 

npHllHHe He06xo,IJ,KMO c~eCTBeHHoe paSBHTHe ,IJ,HaJIOrOB~ B03MO~HOCTeR J~K. 

4. KaJIH6poBollHHe TeopHH Ha pemeTK8 

OCHOBHbIM M8TO,IJ,OM HTIT, He CBR3aHHHM c TeopHe~ B03~eHHA HBnHeT­

CR MeTO~, HCnOJIbS~HU npe,IJ,CT8BJIeHHe KOHTHHYaJIbHOrO HHTerpaJIa. BBO,IJ,H 

,IJ,HCKpeTHyn pemeTKY B eBKJIH,IJ,HSHpOBaHHOM npOCTpaHCTBe-BpeMeHH, nOJIY­

ll8IDT TaK Ha3~BaeMYID pemeTOqHYD ~PMYJI~pOBKY KTIT, aBToMaTHllec~ co~ep­

~~ YJIbTp~OJIeTOBOe 06pesaHHe. ÔTOT no,IJ,XO,IJ, (cM.,HanpHMep, 20/) 
nOSBonHeT HCCJIe~OBaTb pR,IJ, BonpocoB, B KOTOp~ cYmecTBeHHyro pOJIb Mr­

paroT HenepTyp6aTHBHMe 3~eKTbI, TaKHX KaK KOH~aAHMeHT, cneKTp Macc aA­
POHOB, ~sOBblA nepexo,IJ, B COCTOR~He KBapK-rJIrooHHoR nna3MH. BBe,IJ,eHHe 

psmeTKH CBO~T KOHTHHY8JIbH~e HHTerpaJIN Henpep~BHo~ TeopHH K xopomo 

onpe,IJ,eJIeHHbIM MHOrOKpaTH&M HHTerp8JIaM, BH,IJ,a 

-1 Sn n -S(u,4')<O(u,lf» = Z dUe d lf'i O{u,lf) e , -(9) 
pe~pa" ';3fH 

Z =S ndu n d 10, e-S(u,'l').e	 e.~ '11 

rne O(u , lf ) - BbNHCJIHeMaR cf>~3HlleCKaR BeJIHllHHa (Ha6JIDJl,aeM8R), S8BH­

C~w:I OT MaTpHllHHX nepexesasx U, npHH8,IJ,JI8lmII\HX KOMIl8KTHOA KaJIH6po­
BOqHOA rpynne G, H nOJIeR MaTepHH t.f. S (u , Lf) - pemeTOllHoe eBKJIH­

~OBO ,IJ,eACTBHe, B~6HpaeMoe TaKHM 06paSOM, qT06N e npe~eJIe HYJIeSOro 

mera pemeTKH a---O CHenpepHBHOM npe~ene) OHO nepeXO,IJ,HJIO e ~eRCTeHe 

HenpepHBHoR TeopHH. B CJIyqae llHCTOR rJIDO,IJ,HHaMHKH c G = SU(N) npo­

cTeAmMR BH60p ,IJ,eACTBHR, npe,IJ,JIo~eHHUR ocHOBononOMHHKOM pemeTOllHoro 

nO,IJ,xo,IJ,a BHJIbCOHOM, COCTOHT e CyYMHpOBeHHH no eceM 3JIeMeHTapHbIM rpa­

HRM pemeTKH cnenyomero Blipa.eHHR 

SG = B L (1 - ~ ReTr u o ) • (lO) 
o 

23~eCb B=2N/g ,IJ,JIR rpynns SU (N) (g - KOHCTaHT8 ceR3H), a 
.~ 

u o ecrs npOH3Be,IJ,eHHe rpynnoasx U -MaTpHU, COOTBeTCTB~X peõpaa 

~8.HHoA rpaHH , 
K 

-1JD ua = UijUjkUktue.i Ui j u j i 

i e 
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B HHTerpane (9), T8K *e KaK H B AeAcTBHH (10), KanH6pOBOqH~e 

nepexeanae u~ npYinHCblBaIOTCR peõpaa pemerxa e== (i j). H npOH3BeAeHHe 

6epeTCR no BceM pe6paM. B KaqeCTBe Mepbl HHTerpHpOBaHHR no u~ Bbl6H­

paercs HHBapHaHTHaR Mepa XaapalE
) ,IVIR rpynns G • IIOJIR MaTepHH c.fi 

"nOMe~aIOTCf{t1 He Ha pe6pa, a B Y3JIbI pemeTKH. 

qpesBbtQaAHO rrpHBJIeKaTeJIbHO~ oco6eHHOCTbD pemeTOqHOrO nOAXOAa 

npeACTaBJIHeTCR npHMeHHMOCTb K BbtQYiCJIeHHIQ HHTeI'paJIOB THna (9) Tp8,lJ,H­ l 
~HOHHbIX	 BbtQHCJIHTeJIbHUX MeTOAOB CT8THCTHQeCKoij ~HSHKYi, TaKHX KaK 

~~ cne~HanbHaR pasHoBHAHOCTb MeTOAa MOHTe-KapJIO, BapHaqHOHHble MeTOA~, 
(\j 

MeTOA cpeAHero nOJIR, B~coKoTeMnepaTypHoe paSJIO~eHHe H AP. 
HaH60JIee YHHBepcanbH~ MeToAoM B~HCJIeHHR HHTerpanoB (9) RBJIR­

eTCR MeTOA MOHTe-l~pJIo, KOTOpbl~ COCTOHT B reHepa~HH nOCJIeAOBaTeJIb­

HOCTH pemeTo~bIX nOJIeBbIX KOH~HI'ypa~n c i ,i == 1,2~ ••• ,K C 60JIbQ­
MaHOBCKO~ BepORTHOCTbD 

(I I)
p (C. ) rv exp [ -5 (c. ) ] 

l l • 

nOCRe STOI'O HHTerpaJI (9) annpoKcHMHpyeTcR CYMMOA 
K 

1 '" .<o>	 == K L...-O(C.) • 
í==1 l 

AJIrOpHTM reHepaQHH KOH~HrypaUH~ c pacnpeAeJIeHHeM (11) COCTOHT B 

nOCJIeAOBaTeJIbHOM "npoxone" scex pe6ep (a B CJIJ"iae nOJIeA MaTepIDI - H 

YSJIOB) pemeTKH c Bbt60pOM Ha K~OM pe6pe HOBoro SH8QeHHfl nOJIeBO~ 

nepeMeHHoH. HOBoe SHaqeHHe Bbl6HpaeTCR YiCXOA' HS HMeD~e~CR KOH~Hry­

P8.UHH, .no BnOJIHe onpeAeJIeHHUM npaBHJIa~/20-21 , rapaHTHpYID~HM nocae 

AOCT8TOQHO 60JIbmOrO qHCJI8 nepe60pOB npeAeJIbHbtti BHA (11). HCHo, QTO 

06~eM~btQHCJIeHH~ nponop~OHaJIeH QHCJIY HTepa~HA (npoxoAoB no pemeT­ ,
Ke) H qHCJIY CTeneHe~ CBo60Abt CHCTeMH. nOCJIe,n,Hee Onpe~eJIReTCR p8SMe­

pOM pemeTKH H CTpYKTYPOti HsyqaeMoH MOAeJIH. TaK, ,n,JIR qHCTOA rJIDOAH­
HaMHKH, c rpyrmoã 5U (N) H d -MepHotl I'HnepKy6~ecKoH 'pemerxa c L 

YSJIaMH no K~oA OCH qHCJIO CTeneHe~ CBo6o,n,b1 li COOTBeTCTBeHHO KpaT­

HOCTb M HHTerpaJIa paBHbt 

(I2) 
N2 dM == ( - 1 )dL , 

( 

*J Hanpaaep , ,IVIR rpynrrs 5U (2) 3Ta uepa HMeeT BHA: 

'1 4	 <::' 2 -2 .... ­du == --2 d a o (a + a - 1) , rAe u == a + ia s: , a tf'J[ o	 o 

<li (i==1 ,2,3) - MaTpHUbt IIaym1 . J1 

2rne N -1 - KpaTHOCTb HHTeI'paJIa no rpynne li dL d - qHCJIO pe6ep pe­

meTKH. ~R Toro QTo6b1 pemeTOqHbte paCqeTbI COOTBeTCTBOBanH peanbHoCTH, 

T.e. ,IVIR HCKJIDqeHHR apT~KTOB, CBRSaHHbIX c KOHeqHblM pasMepoM pemeT­
KH H marOM a ,.)ieo6xOAHMO BbtnOJIH.eHHe qM3HtleCKHX OrpaHHqeHHH BH,IJ,a 

a <'<'5 <<. La	 ( 13) 

rne s== 11m' - KO ppeJIRLUiOHHaR ,D,JIHHa, a !TI .: xapaxrepaaã <fM SHqeCKHtl 

napaMeTp paSMepHOCTH MaCCbt. B KXll, HanpHMep, m eCTb Macca ~OHa,H 

YCJIOBHe	 (13) OSHaqaeT, qTO KOMnTOHOBCKaR ,IVIHHa BOJIHbt á,n,poHa Ao~a 

6~b MHoro 60JIbme mara pemeTKH H MHoro MeHbme ee pa3MepOB. 

B npaKT~eCKHX BHqHCJIeHHRX paSMep pemeTKH onpe,n,eJIReTCR B03MO~­

HOCTRMH 3BM. ilaMRTb KOMnblDTepa ,n,OJIMHa 6btTb He MeHbWe,qeM M M8illHHHbIX 

CJIOB, rne M- sparaocrs aarerpaaa (9) .3To ~e06XO,IJ,H:MO ,IVIR "aanouaaa­

HHR" TeKYIl\eH nOJIeBoA KOH~Hrypa~HH npa nocrpoenaa, pacnpeneneaaa (Ir). 

BbtCTpo,n,e~cTBHe KOMnbDTepa ,n,o~o o6eorreqHBaTb nocTpoeHHe pacrrpeAeJIe­

HHR (11) S8 pasYMHoe BpeMR. Bce 3TH Tpe60BaHHR c yqeTOM ~SJiqeCKOI'O 

YCJIOBHR (13) OK8SbtB8IOTCR qpe3B~aAHo BbtCOKHMH,H B peaJIbHbIX paCqeTaX, 

npoBe,n,eHHHX AO CHX nop (peKOp,D,HhIe pemeTKH npH paCqeTaX Macc aAP0HOB 

B~, HMenT, HanpHMep, pasMep 48x243 , qTO cooTBeTcTByeT KpaTHocTH 

HHTerpanoB ~IO?),YCJIOBHR (I3),cTporo rOBopR,He BbtnOJIHRDTCR. TIo3TOMY 

pemeTOQHbte pesYJIbTaT~ ,n,JIH TaKHX Be~KqHH, KaK MaCCbt ~OHOB H CHJI~ 

M~KBapKOBoro B3aHMOAe~CTBHR, npHBO~RmHe K POCTY nOTe~HaJI8 Ha 

60JIbmHX paCCTORHHHX, nonyqeHHbte B paCQeTaX c nOAo6H~ pemeTKaMH 

Ha cynepKoMnbIDTep8X 'i'Hna "CaA6ep-205" HJIH "Kp3tf" c npOHSBOAHTeJIbHOcTbro 

B COTHH MHJIJIHOHOB onep~H~ B ceKYHAY, XOTR H npe~CTaBJI~HeCR KpR~He 

BaxHbtMH c ~SHqeCKO« TOqKH speHHR, He MOI'YT paCCMaTpHBaTbCR KRK OKOH­
qa'i'eJIbHbte. 

PemeTO~bte paCqeTbI n03BOJIHJIH HaqaTb HsyqeHHe HOBoro 4Ms~eCKoro 

RBJIeHHR, KaKHM HBJIHeTCH ~30Bbttl nepexo,n, OT ~OHHOA ~3~ K ~se 

KBapK-rJIDOHHO~ nn83MH npH TeMnepaTYpax nop~Ka 10 12 K, KorAa HCqe­

38mT CBo~cTBa KOH~~HMeHTa. ÔTO RBJIeHHe npe,n,cT8BJIHeT HHTepec ~R 

nOHHMaHHR p8HHe~ CTa,D,HH o6paSOBaHHH BceJIeHHoA. B JIa60paTopHhIX YCJIO­

BHRX OHO, B npHHQHne, Mo~eT npORBHTbCR B BblcoKosHepreTKqeCKHX flAPo­

n,qepHblX cOYAapeHHRx. 

B HameM HHcTHTYTe paCqeT~ Ha pemeTKe,Be~HecR COBMeCTHbtMH ~ 

YCHJIHRMH yqeHHX RT~ H nETA B Te~eHRe nOCJIeAHHX 4-x JIeT,npHBeJIH K 

pR~ HHTepecHhIX pe3YHbTaToE KaK B qHCTO~ rJIDo,n,HHaMHK~,. T8K H B Ka­

JIH6poBO~btX TeopHHX c xarrcoBCRHMR CRaXHpHHMK nOHHMR/22/.rrOCHe~e 
npHBJIeKaDT Bce 60JIbmJ{~ HHTepec,B nepByD OqepeAb B CBRSH c npo6HeMO~ 

XHrrCOBCKoro ceKTopa 3JIeKTpOCJIa6HX B3aHMo,n,e~CTBH~. XHrr~OBCKHe CKa­

JIRpN npe,l\CTaBJUtIOT co6o~ npOCTe1'l1lIH~ (C BWiHCJIHTeJIbHOA TOqKH apenaa) 

THn nOJIe~ MaTepHH, BSaIDAOAeAcTByDlIfHX c KaJIH6pOBOqHblMH 110JImf'o'I, H 

12 13 



2 

I,
 

MorYT 6&Tb npOMO~enHpOBaHH Ha MeHee MO~H&X 3BM, qeM ~e,KOTOp~e Tpe­

6yroTCH ~H yqeTa KBapKOB B ~. B ~Kne pa60T, BHnOnHeHHHX B OMHH, 
BnepBHe 6una ~eTanbHO HCCne~OB8Ha ~30Bafl CTpYKTypa mHpoKOrO KnaCCa 

XHrrC-KanH6poBOQHblX MO~ene~ c ~ ,li (1) ,SU (2), SU(2) x li (1 ) 

H SUp) rpynnaMH CHMMeTpHH. JWyrHMH CnOBaMH, Ha~eHO nonoxeaae 

8(U,4') SG + 2;J(1 + ) cP~4>i +À(q:,~4\)2 Re4>~ Uij<PjJ. 

H THn ToqeK ~30BblX nepeXO~OB B npoCTpaHCTBe napaMeTpOB MO~enH B, 

m H .À , BXO~fDI\HX B ~e~CTBHe 
• 2 

~= ­
peopaM 

e=(ij) 

rne SG - naerca <PopMynO« (10). 

CooTBeTcTBym~He HHTerpanH (9) ~H pa3nHqH~ Ha6nD~ae~ THna 

. D (U , 4» =I4J~ <Pi' cP~U i j tPj , Uo' . .. } ~htt:lHC~flnHCb MeTO~OM MOHTe-
Kapno Ma EC-I060, EC-Iu61 ~H pemeToK 4 H 6 H rroTpe6oBanH HeCKonb­

KO COTeH qaCOB MamHHHOrO apeueHH (npHMepHO no 200 qaCCB Ha K~ 

Mo~enb). 

8TH paCqeTH, a TaKEe aHanH3 3~eKTHBHoro rrOTeHQHanà KoynMeHa­

BaAH6epra, Ha«~eHHoro SH8.JIHTHqeCIm npa ManHX B , nOK8.3B.JIH, qTO 

nHHHH ~30BHX nepeXO~OB nepBoro po~a OK~B~TCR TOqKaMH ~30Boro 

nepexo~a BToporo po~a. Haxo~eHHe TaKHX TOqeK RBXReTCR BamHHM 3TR­

nOM aRanH3S pemeTOQHHX TeopHA, nOCKonbKY npH npH6nHJiteHHH K TOqKe 

~30Boro nepexona BToporo pona KOppeJIJnUiOHHWI ~HHa ! -- 00. B 
COOTBeTCTBHH c ycnoBHeM (11) 3TO paBHocHnbHo HenpepHBHoM,y npe~eny 

a~ o. 
.Cne~~R mar B Hcnonb~OBSHHH pemeTOqHHX xHrrc-KanH6pOBOqHNX 

TeopHR COCTOHT B BH60pe TOqKH ~30Boro nepexo~a BToporo pOAa, OTBe­

o q~~eA peanHCTHqeCKOR HenpepHBHoR TeopHH. ~R 3Toro Heo6xoAHMo BH­

qHCneHHe p83nHqHHX KOppeJIRUHOMHHX ~KQHR H HX Koppen~oHHNX ~HH. 

TaKHe paCqeTH n03BOnRmT Ta~e nonyqHTb TeOpeTHqeCKHe rrpe~CKa3aHHR 

~fI Macc nOHa Me HaR~eHHHX XHrrCOBCKHX qaCTH~. KoHeqHO .e ~anbHeR­

mHe HCCne~OBaHHR Tpe6YVT c~eCTBeHHoro YB8nHQeHHR MO~OCTH UBK 
(B ~eCRTKH p83) H Hcnonb30BSHHR cne~npoQeCCopOB, KOTopHe;3HaqHTenbHO 

nOB~aDT 3~KTHBHOCTb pemeTOqHHX paCqeTOB. ~e 60nee cepbe3HHe Tpe­

,60BSHHH K pecypCaM 3BM npe~RBn~eT ~eTo~oe Mo~enHpoBaHHe ~ c 

yqeToM KBapKOBHX CTeneMeR cBo6o~/2 ,217. 3~ec~ Heo6xo~Ma npOH3BO­

~HTenbHOCTb B COTHH MHnnHOHOB onepa~HR B ceH~ H n8MRTb B ~eCRTHH 

Mera6a~T. 

14 

5. MaTeMaT~ecKH~ 3KCnepKMeHT 

nepeR~eM Tenepb K ~yroMy BaEHQMy llpHM8H8HHID cOBpeMeHHHX 

3BM, CBH3aHHOUY c TaK H8SHBaeMoR 3KcnepHMeHTaRbHOR M8TeMaTKKoR. 

IIoHSl'l'Ho, tlTO npa HMHtlHH K8qeCTBeHHO H~eJKHoR H KOnHqeCTBeHHO ,r(OCTa­

TOQ:HO TOqHO~ MaTeMaTHqeCKO~ Mo~enH ~H3HqeCKOrO RBneHHH nD60R SH8­

nHTHQeCKHR HnH qHCneHHH~ paCqeT MOJiteT RBnRTbCR npoo6pa30M peanbHoro 

~H3KqeCKOrO npoQecca H COOTBeTCTByromHX H3MepeHHR. C MOMeHT8 CBoero 

nORaneHHH ,COBp8MeHHHe KOMnbIDTepH HenpepHBHO Hcnonb3yroTCR ~R 

qHCneHHoro paCqeTa pasnwqHNX KOHCTPYKQH~ H cnOJKHHX ~SHtleCHHX CHCTeM, 

HMeID~HX B~oe npHKn~Hoe SHaqeHHe. O~8KO, KaK npaBHno, OCHOBHHe 

KOHCTPYKTHBHHe 

'l'enbHblX MamHH, 

H ~3Ht1eCKHe 

a paCqe'l'bl Ha 

~eH ~pMynHpyIDTCR 6ea yqapTHR BHtlHCnH­

ôBM YTOtlH.RIOT npH6nvJ!teHHbte npe~BapHTe.n:b­

HHe o~eHKH nH60 HHTepnOXHpyroT M~ TPY~HO OCYmeCTBHMHMH H ~oporo­

CTO~HMH peanbH~ 3KcnepHMeHTaMH. EcnH ~o6aBHTb e~e CH~aqKHtKOr~8 

3KcnepHMeHT B H8Type Boo6~e HeBoaMo~eH, KaK HanpHMep, npH HsyqeHHH 

3~aq rno6anbHO~ 3KOHONHKH HnH KnHM8THtleCKHX nocne~CTBH~ ~epHoR 

BO~bl, TO CTaHeT HCHO, tlTO COBpeMeHHaR BHtlHCnHTeJIbHaR TeXHHKa SH8­

QHT8nbHO paCmHpHna BOSMOEHOCTH HayKH H TexHHKH H MaTeM8THtleCKHR 

3KCnepHMeH'l' ~ononHReT ~3H~eCKHR Ha HaH60nee BaJKHHX H cno~YX H8n­

paaneHHHX. 

O~aKO, tl'l'O R8caeTCH HayqHHX npo6neM, M~ ~aHtleCKHUH H Ma­

TeM8'l'HtleCKHM 3KcnepRMeHTawI H~eeTCH c~eCTBeHHoe, XOTR H BnOXHe 

eCTeC'l'BeHHOe paSnKtlHe. ~H3~eCKHR 3KCnepHMeHT ~aeT OCHOBY ARR ~p­

MHpOBSHHH ~SKtleCKHX npe~CTaBneHHA H nOHRTHR, a T8REe ~R ~PMYnH­

POBSHHR ~3HqeCKHX SaROHOB Ha 

3KCnepHMeHT OnHpaeTCH Ha 3TH, 

RSHRe MaTeMáTHKH. MaTeMaTKtleCKHA 

yme HSBeCTHHe H3 ~3HKH, saKOHbl. C 
ero n?MO~bm, TeM He MeHee, y~8eTCH OTKpblB8Tb HOBbIO RBneHHR. ITpHae­

~eM HeCKOXbKO npHMepOB. 

KaqeCTBéHHHe OCHOBbl KBaHTOBOR XpOMO~HH~AKH, BK~DtI~e npe~­

CTaBneHHH o KBapK8X, rnDOH8X H QseTOBoA CHMMeTpHH 6wnH ~o6HTbl B' 

HTore cnOERoro npoQecca, OnHp~erOCH K8K na TeOpe'l'wqeCKHe H8XOAKij, 

T8K H Ha 3KCnepHMeKTanbHHe AaHHHe. 06H8p,yEeHHe oco6eHHOCTeR rny6oKo­

Heynpyroro B3aHMo~eRcTBHa nenTOHOB H ~OHOB, npHBe~ee K ~PMHPO­

B8HHD napToHHoA rHnO'l'eSbl,. gBn~eTCH qeTKHM npKMepOM onpeAen~e~ 

poRH 3KcnepHMeHT8 B 3TOM npoQecce, HTorOM KO'fOpOro RBHnaCb npOCTaR 

H 3neraH'l'HaR ~puynHpOBKa OCHOBHoro saKOHa CHHbHHX BSaHMO~eRcTBH~ 

IJ B B~e narpaHllHaHa !{}{A. Ha era OCHoae T~HQYiOHH1:lIMH cpe~CTB8MH nepe­

• HOpMKpOBSHHOA ~eopHH B03~eHHA 6~o nonyqeHo KOnHtleCTBeHHoe 

HHe nponeccos , CBHsaHHIiX c MaJlIiMH paCCTORHHHMH. )J,IrH KSytleHHR 

onHca­

S~8q 

p 
60RbmHX pacC'l'OHHHR 6HH npHaneqeH HOBHR MeTO~, OCHOB8HH~ Ha 

HeHHH ~KU;HOHanbHoro HHTerpana H Hcnonb3~HR npH6nH*eHHHA 

npeACT8B­

tlKCXeH­

15 



11",1 

I
 

II
 

i 

Il 

~ , 
li! 
II 

III 

H~~ MeTO~ MOHTe-Kapno, O KOTOpOM yEe ynoMHHanOCb BNme. MMeHHO Ha 

3TOM nYTH y~anocb nonyqHTb YKaaaHHR Ha nHHe~H~~ pOCT Me~KBapKOBO­

ro nOTeHQHana, tlTO MO~eT nOCnyEHTb OCHOBO~ 06õRCHeHHR KOH~~HMeHTa. 

ECnH 3TH pe3ynbTaT~ nonyq8T ~anbHe~mee p8SBHTHe, TO MO~eT OKaa8TbCR, 

tlTO ~eHOMeH HeB~eTaHHR KBapKO~ H rn~OHOB, B Te~eHRe ~onroro BpeMe­

HH HMelOUlHA CT8TYC np8B~Ono,IJ,06HOrO cBoRcTBa KX,n, 6Y,IJ,eT "3KCnepHMeH­

TMbHO OTKpb.nr" C nOMO~blO MO,IJ,MHpOBaHHR aa KOMnb~Tepe. 

T-cnoA. B 1968 ro,u,y KOMHTeT no ,IJ,8naM OTKp~HA H H306peTeHH~ 

npH COBeTe MHHHCTpOB CCCP 3aperHCTpHpOBM B KatleCTBe OTKp~HR 3~eKT 

T-cnOR, saKnroQ81OmHACR B TOM, qTO npH onpe~eneHHHX ycnoBHRX B nna3Me 

aa ~pOHTOM y,IJ,apHott BonHbl BOSHHKaeT nOKaJIHSOBaHH8R "ropavas" 06naCTb, 

B KOTOpO~ COCpe,IJ,OTOQeHH 3neKTpKQeCKHe TOKH H ~OYReB H8rpeB. ÔT.O . 

HOBoe ~H3HQeCKOe RBneHHe 6HnO OTKp~O rpynnoA COBeTCKHX y~eHHX!23/ 
·npH qHCneHHOM MO,IJ,enHpOB8HHH Ha afiM ~B~eHHR nnOTHoR nn8SMH B MarHHT­

HOM nane. ~HSHtleCKOe OTKp~He, C,IJ,eR8HHOe npH nOMO~H KOMnblOTepa, 

cnycra 5-6 neT 6WIO nO,IJ,TBepK,IJ.eliü B npRMoM <pH3~ecKoM sxcnepaaenre. 

B H8CTo~ee BpeMR H3yqaroTCR B03MO~OCTH np8KTHqeCKOrO HcnOnb30BaHHR 

3~eKT8 T-cnOR H Mr~-reHep8Topax C ~enblO CYmeCTBeHHoro nOB~eHHR HX 

KI1,Ll. 
Ham cne,IJ,ylOlI\HA CR:HlteT CBRSaH C TaK H83b1BaeMbIM AHliaMHQeCKHM X80COM 

- HOB~ H8yqH~ Hanp8BneHHeM, B03HHKaro~HM B TeqeHHe nocne~ero ,IJ,e­

CRTHneTHR. OpHHqHnHaJIbH~A pesynbTaT COCTOHT B TOM, QTO rrpOCTble ,IJ,H­

HaMKQeCKHe CHCTe~, OnHC~BaeMHe pemeHHHMM yp8BHeHHA C He60nbmHM 

QHCnOM CTeneHeA CBo60,1J,bl, MOryT npoRBnRTb X80THQeCKOe nOBe,IJ,eHHe. 

DpOCT8R HnnrocTp~R CBR38H8 C HTep8qHRMH <pyHK~HOHMbHHX OTo6­

PaEeHdt24/• 

OTo6pB.lleHHe 

x --- f(x) =Àx(1-x) (I4) 

npa C06JIlO,IJ,eHHH ycnosas o <. À < 4 ,nepeBO,1J,HT e,IJ,HHKQHbI~ oepeaox 

o ~ x ~ 1 C8M B ceõx. .Onpe,IJ,eJlHM nocne,n.OB8TeJIbHOCTb HTep8.QHA 

3Toro oTo6paMeHHR 

x ~ x = f(x+1n n n) 

H nOCT8BHM BOrrpOC O CXO~OCTH T8KHX HTepanHR, 
lim x = x~ = ? rrp~ n --- 00n 

PesynbT8T, nonyqeHHblA c nOMO~blO aBM, H306paMeH H8 pHC.~. KaK BH~O,
 

npa .i\ ( 1\1 =3 HMeeTCR O)J.HH YCTotttrnBblR npenea x'C = 1-1/.Il
 

KOTOpl:it!" OK83HB8eTCR YCTO~HBblMKQpHeM ypaBHeHHR XX = f (xx)
 

DpH YBeRHtleHHH fi 3TOT xopeas TepReT yéTORtmSOCTb. BMecTe c TeM
 

nORBJIReTCR n8pa KopHeR x~ H x~ ,Y~OBXeTBop~aa CHCTeMe y'paB­

HeHHR 

'Xn 

I -. 
it-------·~-~I~
 

~ I 

~, }\z 1l~ Aoo 11. 

Puc.4 

a ó 

G 
i) a 

~
 

Puc.2 
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~ ~ ~ ~ 
x = f(x ) , x = f (x ) , (5)1 2 2 1 

KOTOpafl B cOBoKynHocTH 06pasyeT YCToRqHB~ 2-QHKJI: npH ~OCTaTOqHO 

60nbnrnx SHaqeHHflx.í\ peSYJIbTaT HTepaQHR "nepenpuraaaer" OT x~ K 

x~ H Ha06opOT. VlSMBHeHHe qHCJI8 H YCTOt\qHBOCTH pemeHHA Has~BaeTCfl 

6H~pK~HeA. Ha pHc.1 6H~ypKB.QHH OTBeqaeT TOqKa BeTBneHHfl KpHBOA 

npa À =:.1\.1. • ITpH YBeJIHqeHHH napaaerpa J B TOtlKe .L\ z npOHCXO~HT 

sropaa 6H<lJYP~R, H B 06naCTH i\ 2 < i\ < i\. J npenensnoe noseneaae 
~ ~ ~ ~ 

e~e 60JIee YCJI01ltHfleTCfl: nOflBJIflIDTCfl 4 SHaqeHHfl: x 1 , x 2 , x 3 , x 4 

flBJIflD~HeCfl pemeHHeM CHCTeMil 4-x ypaBHeHH~ THna (15) H B cOBoKynHocTH 

06paSYJWtR9 YCTOtNHBHi1 4-l'(HKJI. no Mepe ~anbHettmero soapaceaxaa À 
nponecc y~BoeHH~ qHCJIa xopseã rroaropaerca. B 06naCTH A n < .il. <. I\. n+1 

nOCJIe o 6H~YPKaQHH HMeeT MeCTO 2 
0 

-~KJI: npe~eJIbH8fl cOBoKynHocTb 
0

3Hal.leHHtl x: C.oCTOHT HS 2 :3JIeMeHTOB. KaK BH~O HS pHC. I, rpaHHttHble 

TOqKH 1\n crYII\aIOTCfl H npa n-l-ooCTpeMflTCfl K HeKOTopOMY .npe~eJIbHOMY 
SHal.leHH~ i\. 00 , npHtleM npe~eJIbHiltl saKOH CTpeMJIeHHfl HMeeT creneaaoã 
xapaxrep A n = f\. 00 - c/ sn ,r~e fi = 4,6692016 ••• - TaK naaxaaeaoe 
qHCno ~eAreH6aYMa. ~fl Hac cet1tlac c~eCTBeHHO B nepByID Oqepe~b TO, 

qTO B 06JIaCTH .À"/ A 00 pacrrpeneneaae npenensmrx TOqeK CTaHOBHTCfl 

nOJIHOCTb~ XaOTHqeCKHM. TIPH aTOM cnyqa~Hiltl npoQecc B~cTynaeT KaK 
n npenen sce 60JJee CJIOJItHbIX ynopanoueassx CTPYKTYP 2 npa o --- C>O • 

MO*HO CKasaTb, qTO xaoc BOSHHKaeT B HTore YCJIO~eHHfl nop~Ka. 

3TOT B~BO~, KaK OKa3aJIOCb, HMeeT BeCbMa 06~HA xapaKTep. AHaJIO­

rHtlHOe nOBe~eHHe npOflBJIfleT mHpoKHtl KJIacC ~HHaMHtleCKHX CHCTeM, B TOM 

qHCJIe~nHCHBaeMNX ~H~epeHUHanbHH:MH ypaBHeHHflMH. 

AHrapMOHHl.IeCKHtl OCUHJInflTOp c TpeHHeM, HaXO~~HHCfl no~ B03~etl­

CTBHeM nepHO~HqeCKO~ BHemHet1 CHJJbl, onHCHBaeTCfl TaK HaSblBaeMNM ypaB­

HeH~eM ,D,toqxpHHra 
., l' 3 
x + T x + x = b sin2.fc: t • (16) 

YMeHbmafl CHJIY TpeHHfl, T.e. YBeJI~BaH K03~HUHeHT À , nOJJyqaeM
 

,I 
KSqeCTBeHHYID KapTHHy,6JIH3Kyn K npe~~eA. B 06naCTH ~ < Ai peme­


I AHe ypaBHeHHfl ,D,to~HHra, paccMaTpHBaeMoe Ha ~soBoA nJIOCKOCTH nepe­
iH! 
MeHHHX x H 'x, cTpeMHTcfl K YCTOt1tlHBOMY npenensnoay llHKny (CM.pHC.2a). 

1fiE.I!- À =.1\.1 npOHCXO)J,HT nepaaa 6H<fJypK8UHfl, H npenensauã UHKn KaK 6~ 

"y~BaHBaeTCfl" HJIH "paS~BaHBaeTCfl" - CM. pHc.26. IToRAoe BpeMfl npOXOlf\­

~eHHfl HOBoro ~Kn8 paBHo ~BYM nepHo~aM BblH~~~eA CHJIH,H ero eCTe­

CTBeHHO H8SBaTb 2-QHKJIOM. ITpH ~aJIbHe~eM YMeHbmeHHH CHnbl TpeHHfl B 

TOqKe ) =A 2 npoHcxoAHT BTopafl 6H~pK8I..lHR, BosHHKaeT 4-~Kn, Hs06pa­
lf\eHHH~ aa pHC. 2B H T. n. ITpH ~OCT~eHHH npenensaoro SHaqeHHfl /\00 xa 

~SOBOt1 nnOCKOCTH npOflBJIfleTCfl uenafl 06JIaCTb (CM. pHc.2r), SaMeH~afl 

III 
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6eCKOHeqHO ycno~HeHHYID KpHByID npe~enbHOrO QHKna. HacTynaeT xaoc. 

Xapaxrep CTpeMJIeHHfl l\nK A 00 onpenennerca TeM xe CTeneHHbIM 3a~OHOM, 

KaK H ~fl ~YHKQHOHanbH~ HTep~H~,c TeM *e YHHBepcanbH~ nOKa3aTe­
JIeM, paBHblM qHcny ~ettreH6aYMa b . 

Cpe~H B~~ ~H3HqeCKHX 3a~aq, ~fl KOTOPHX 6HnO YCTaHOBJIeHO 

aHaJIorHqHOe B03HHKHOBeHHe xaoca H3 ycnO*HflID~erOCfl nopH~Ka,co~ep*HTCH 

3a~aqa ~BH~eHHfl Bfl3KO~ ~H~KOCTH, onHCHBaeMaH ypaBHeHHeM HaBbe-CTOKca. 

STOT WaKT rrOSBOHH9T rrO-HOBOMY Bsr~YTb lia rrpapoAY TaKOrO CHOXHoro 
HBneHHfl KaK ~yp6yneTHOCTb. 

Y~e OKono 15 neT B OXflM Ta~e BeAYTCfl pa60T~ no qHCneHHoMY 

3KcnepHMeHTY. ÔTH HcCne~OBaHHfl OTHOCflTCfl K TeopHH HenHHe~HHX BonH 

H COJIHTOHOB. B nepBHX pa60Tax Hsyqanacb BpeMeHHaa 3Bon~QHfl BOJIHOBWX 

naKeTOB B" paMKaX HenHHe~Horo ypaBHeHHfl illpe~HHrepa. ITos*e Hccne~OBa­

HHfl CTanH BeCTHCb dOJIee WHpOKHM ~pOHTOM H KaCaJIHCb TaKHX 06~HX 

BOrrpOCOB TeOPHH COJIHTOHOB, KaK CBO~CTBO HHTerpHpyeMocTH TO~ HJIH 
HHOt\ MO,I(eJm/ 25/ • 

Vl3yqanHcb O~O-,,I(Byx- R Tp9XMSpHilS MO,I(QJll'[. B pSSYJThTaTe 6wm 

OTKp~T~ HOBHe COJIHTOHOno~06HHe 06õeKT~ - nYJIbCOHH:, npe~CTaBJIflID~He 

c060A ~bJIrO*HB~He crYCTKH nYJIbCHpYID~ero BO BpeMeHH nOJIfl. 

BHaqane OHH ~OBOJIbHO HeO~H~aHHO nOflBHJIHCb npH HsyqeHHH B 1976 r. 

3BonIDQHH TpexMepH~ XHrrCOBCKHX nys~e~, MO~eJIHpY~~HX B paMKaX 
MIT-BAG MO~eJIH rrOB9,I(SHHS rJlIDOHHfl. ITpe~noJIaraJIOCb, qTO TaKot\ nySHpb 

6y~eT nonepeMeHHo CXJIOITH:BaTbCfl H pacmHpflTbCfl 60JIbmOe qHCJIO pas. 

~CJIeHH~ 3KcnepHMeHT ~an HHyID KapTHHY: nySH:pb nOCJIe HeCKOJIbKHX 

(06~0 2-5) CXJIOnuBaHHR, HSJIyqafl qaCTb cBoeR 3HeprHH, npeBp~aeTcfl 

B JIOKanHSOBaHHHA· B ero QeHTpe crYCTOK nOJIfl pasMepaMH, Onpe~eJIfleMNMH 

3anaceHHoR 3HeprHeA. BpeMR *HSHH TaKoro nynbcoxa 0'1' HeCKonbKHX COTeH 

no HeCKonbKHX THCfN nepaonos nynbCB.QH~ rrom/ 26/. n0311te aHanOrHqHHe 

06õeKTil 6anH OTKpHTH H B paMKax ,~yrHx noneBHX Mo~eneA, B qaCTHOCTH, 

ypaBHeHHfl CHHyc-rop~OH, a Ta~e nepeOTKpHTit H nO~BeprHyTit ~aTeJIbHO­

MY "H3yqeHHK:I B ,IUlyrHX naõoparopaax MHpa (AHrJIHH, ,I1,aHHH, BpaSHJIHH, 

CCCP H np.}, 

B 1980 rOlJ3 B OIDIH npa HsyqeHHH DS8.HMO~e~CTBHfl 2-MSpIlliX 

conHTOHOB 6HnO 06HapyKeHo ~e O~O Ma nepBilA B3rn~ napa,I(OKCanbHoe 

flBneHHe: CBfl3aHHOe COCTOflHHe ~BYX HeYCToRqHBHX KBa3HcOHHTOHOB OKa­

3aJIOCb YCTO~HBHM ~OHrOEMB~HM 06paSOBaHHeM. 

BpeMH EH3HH 3Toro COCTOHHHfl B COTHH HJIH ,I(a.e THCKQH pas npeBil­

mano BpeMfl EHSHH K~oro HS 06pa3YID~HX ero conHTOHOB B OT~eHbHOCTH. 

~RaTep9cHO O'l'M9TRT», 'q'l'O aTO'!' ,I(OJII'OJWBymudt '~M9HCTpn oaasanca 

He tleM HHW4, KaK o~ott HS p8SHOBHP,HOC'l'eR TJyJIbCOHaf 27/. 

Ha nepBOHaqaxbHoM aTane paCCMaTpHBaJIHCb cBoAcTBa O'l',I(enbH~, 

CHMMeTpHtlHHX B npOC'l'paHCTBe conHTOHOB, tlTO a~eKTHBHO ~eJIano 3~aqy 
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O~OMepHO~ H Tpe60BanO paSYMHOrO BpeMeHH ~R npOC~eTa o~oro Bapv.­

aRTa. 

ITocTaHoBKa BMQHCnHTenbHHX SKCnepHMeHTOB C ~BYMfl H 60nee BSaHMO­

~eACTBYD~HMH COnHTOH8MH npHBO~HT K ABYX-, a HHor~a H TpeXMepHHM 

Sa~aq8M. BTopue e~e nO~8DTCH pemeHHID c nOMO~bD COBpeMeHHO~ B~HC­

nHTenbHO~ TeXHHKH (H H8YKH), XOTR STO pemeHHe ~e CTaHOBHTCR ~OBonb­

HO ~oporHM. TpeXMepHHe S8~a~H YMe HaXO~TCR Ha rpaRH BOSMOEHOCTeA 

COBpeMeHHMX cynepKOMnbDTepoB. 

6.	 3aKnD~eHHe 

KaK cne~eT HS BumeHsno~eHHoro, 3BM B HameM HHcTHTYTe, no~rnMO 

npHMeHeHH~ B sKcnepHMeHTaRbHO~ ~sHKe ~R perHcTp8~HH C06HTHA H 06­

p860TKH ~aHHUX, ycnemHO HcnonbSOBanHCb B mHpoKoM cneKTpe saAa~ Teope­

TKQeCKO~ H MaTeMaTHqeCKO~ ~HSHKH. r~STOMY MOMHO KOHCT8THpoa8Tb, ~TO 

B~HCRHTenbHaR MBrnHHa RBnReTCR BaEHHM HHCTpYMeHTOM nonyqeHHR ~SH­

~eCKO~ HH~OpM~H. ~HSHqeCKHe pesynbTaT~ TeopeTHKOB, npe~CTaBRRID~He 

c~eCTBeHHyro ~aCTb HayqHoA npOAYK~H ~HCTHTYTa, B OCHOBHO~ Macce ~O­

6MTH c nOMO~bD 3BM UBK. 
B SToA CTaTbe 6~0 Ta~e nOKaS8HO, ~TO COBpeMeHff~e 3BM AOnyCK8­

IDT npOBeAeHHe M8TeM8TKqeCKHX pac~eTOB, KOTopHe B nonROM CMNcne CRO­

Ba RBRRDTCfl aHanorOM ~SH~eCKHX 3KcnepHMeHToB - OHH nOSBOnRDT OTKpU­

B8Tb HOB~e HaneHHR. MO~H8H 3BM Mo~eT A8Tb ~SH~eCKyID npOAYKQHID,CpaB­

HHMYID c pesynbTaTaMH COBpeMeHHO~ SKcnepHMeHTanbHO~ YCT8HOBKH. ~R 

SToro He06xo~MO HaRKQHe ~OCT8TO~Horo Ha~oro noTeH~Han8 K8K ~3H­

KOB-TeopeTHKOB, T8K M M8TeMaTHKOB. B O~ T8KO~ nOTeHQHan HMeeTCR. 

TaKHM 06paSOM, ~OCTaTOqHO MO~HU~ UBR MomeT CT8Tb B OAHH PRA c 6a30­

B~ 3K~nepHMeHTanbHNMH YCTaHOBKaMH Hamero nHcTHTYTa. OTCID~a cneAYeT 

BUBOA o He06xo~HMOCTH nepeCMOTp8 mKan~ npHopHTeTOB ~H8HCHpOB8HHH H . 

c~eCTBeHHoro YBenKQeHHH ~onH cpeACTB, oTnycKaeMHX Ha B~CRHTenbHyID 

TeXHHKY,H B nepByro OqepeAb H8 H~ p8SBHTHR UBK. CYMMMPYR B~e­

CK8SaHHOe, MO~O nepeQHCnHTb OpHeHTHpOBOqHHe MHHKManbHHe Tpe60DaHHfl 

~ UBK OMHM, cnOCOÕHOMY B Te~eHHe 6nKm8~X neT 06eCneQHTb pa3BHTHe 

B OMHH 8KTyanbHHX TeOpeTKQeCKHX HCcneAOB8HH~ H nonyqeHHe HOBHX KOH­

Ryp8HTOCnocoÓBHX pesY~TaToB. 

I. llpoHsBoAHTeHbHocTb - He MeHee 30 MnH. on/ceR H8 onep~HX 

c nR8B~e~ S8nHTOA npH p8Sp~OCTH He MeHee 64 H mHpOKHM AH8na30HOM,	 . 
npe~CT8BneHHfl QHcen. 

2~ Onep8THBHaR Q8MHTb - He MeHee 32 M6aAT. 

3. BHemHflfl n8MRTb H8 YCTpoAcTBaX npRMoro ~OCTYn8 He MeHee 

4 r68AT. 

5. P8CmHpeHHe ~HanorOBHX H M8TeM8TKQeCRHX BOSMO~HOCTeA CHCTeM 

SHanHTKQeCKHX BHqHCReHH~ H OCH~eHHe HMM nepCOHaRbHMX 3BM. 
6.	 PasBHTHe 6H6nHoTeK qHcneHHHX ~ CHMBonbHUX nporpaMM. 

7. ~eKTHBHoe 06neAHHeHHe Bcex Tpex THnOB MamHHHUX onep~HA: 

~HcneHHHX, aHaRHTKQeCKHX H rpa~H~eCKHX. 
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TEMATWIECKHE KATErOPHH ID'BJIHKAI.lHA 
OB'bE,nHHEHHOro HHCnfrYTA SI,QEPHWX 

HCCJIE,llOBAHHA 

HH.tleKC TeM8'1'11Ka 

1. 3KcnepHMeHTanbH8A ~3HK8 BWCOKHX 3HeprHA 

2. TeopeTH4eCKaA ~3HK8 BWCOKHX 3HeprHA 

3. 3KcnepHMeHT8nbH8A HeATpoHH8A ~3HK8 

4. TeopeTH4ecKaA ~3HKa HH3KHX 3HeprHA 

S. MaTeMaTHKa 

6. RAepHaA cneKTPOCKOnHA 11 paAHOXHMHA 

]. ~3HK8 TA*enWX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenl1 

"' A---,·--··-- , , 
. ·-·-··- .......... """'"' '"' .... ..,g........,," .... '"'""'''C:..,rU .. C:M' I CIIIDMMA 

A8HHWX 

11. Bw4Hcni1TenbHaA MaTeMaT11Ka 11 TexHHKa 

12. X11MI1R 

13. TexHI1Ka ~3H4ecKoro 3KcnepHMeHTa 

14. HccneAOB8HHA TBePAWX Ten H *HAKOCTeH 
AAePHWMH MeTOA8MM 

15. 3KcnepHMeHTanbH8A ~3HK8 RAePHWX pea~HA 
npH HH3KHX 3HeprHAX 

16. no3HMeTPHR 11 ~3HK8 38~TW 

1]. TeopHR KOHAeHCI1po88HHOrO COCTORHHA 

18. Hcnonb3oaaHI1e pesynbTaToa 11 MeTOAOB 
~YHA8MeHTanbHWX ~3114eCKHX HCCneAQB8HHA 
B CMe*HWX o6naCTAX H8YKH 11 TeXHHKH 

19. 5wo~H3HKa 

repAT B.n •• Me~epHKOB M.r •• WHpKOB ~.B. 
KoMIII>IOTepw B TeopeTH'leCKOA fPHSHKe 

P2-86-848 

.Pa6oTa, H~nHC&HH&R no M&TepHanaM AOKn~a AByx ee aBTOPOB 
/M.r.Me~epHKOBa H ~.B.WHpKoBa/ ua 60-A cec~HH Yqenoro coBeTa 
OHHH 5 HWHR 1986 r., COAep~T o6sop npHMeHeHHA MamHHHoA MaTe­
MaTHKH B HCcneAOBaHHRX no TeopeTH'leCKOA H MaTeMaTH'leCKOA fPHSH­
Ke, npoBOAHMbiX B HameM HHCTHTyTe, ~aWTCR peKOMeHAaQHH no Aan&­
ueAmeMY pasBHTHW UenTpan&noro Bbi'IHCnHTen&noro KoMnneKca /UBK/ 
B QenftX ero COOTBeTCTBHR nporpaMMe paSBHTHft TeopeTH'leCKHX HC­
cneAOBaHHA B 6nH~aAmeA nHTHneTKe, 

Pa6oTa BwnonneHa B na6opaTOpHHH Bbi'IHCnHTenbHOA TeXHHKH ' 
H aBTOMaTHsaQHH H B na6opaTOpHH TeopeTH'lec:KHit-4iH9ii.CH OHHH. 
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The paper is;written on the basis of the report presented 
by two authors '(M. G.Meshcheryakov and D. V. Shirkov) at the 60th 
session of the JINR Scientific Council, June 5, 1986. It re- ~ 

views the usage of computer mathematics in theoretical and ma­
thematical investigations carried out in the Joint Institute. 
Recommendations are given on further development of the JINR 
Computer Center in accordance with the program of theoretical 
researches in nearest Five-Year Plan. 

The investigation has been performed at the L~b~~atory 
of Computing Techniques and Automation, JINR.and at the 
Laboratocy- of Theoreticai Physics,JINR. 
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