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AKTJ'.:8nLllOCTL 

Buq11:cnemrn xapaKrep11cr11K pasnuqm.rx cpmrnqecx11:x npo11eccoB RBn!Jerca 

O,JJ;HOll 113 B8XH9lllliKX sa,11;aq, K KOTOpon IlpKBO,ll;RT KCCne,11;0BaHKR B KB8HTO

Bon reopKI! nona fr]_ BeCI,M8 m11pox11n Kpyr RBneHHI MOXST 6UTL 0Ill!C8H 

B paMK8X Teopnn B03MYJ!l8HHR. Ilpl! BUq11cneHl!I! aurin11ry,11; ¢11311qecKHX npo

ueccoB B sa,11;aHHOM nopH,11;Ke reop1111: B08MYJI1en11n o6uqno np11xo,11;11rca pemau 

B qncne npoqnx cne,11;ynm11e aa,11;aq11, rpe6ynm11e 11cnon1,soBaH11a Mero,11;0B BH

q11cn11ren1>Holl M8T8M8Tl!KI!: 

r) nocrpoeHHe (reHep11pOBaHl!e) qieRHMaHOBCKl!X ,11;11arpa1.1M, COOTB8T

CTBYDDll!X ,ll;8HHOMY rnny B38l!MO,JJ;elcTBl!H I! 38,JJ;8HHOMY nopR,ll;KY reopKK B08-

uymem1n; 

2) nocrpoeHl!e IlO)UlHTerpaJII,HblX BHpaxeHl!ll 113 nonyqenHoro Ha6opa 

,11;11arpaMM; 

· 3 J nuq11cnen11e · 11HrerpanoB no qielHMaHoBCKl!M napauerpau. 

PemeHl!e 3Tl!X 3a,11;aq B 6onLtal!HCTBe cnyqaeB RBnSl8TCSI ,ll;OCTaroqao cnOJ:HLlM 

H IlpaKTH'I8CKI! He MOJKeT 61iT1, OcyI!l8CTBJI8HO 6e3 IlOMOl!lll 3JI8KTpoHHO-B!llmC

JIHTeJU,lll,lX MallillH,B CBJI3li c 'tJeM oco6yio aKTyaJII,HOCTI, m.1eeT paspa60TRa 

MSTO,Il;OB rue pememm Ha 3Bvl. 

Merow pemeHHR Ha 3BM 3a,11;aq 1) - 2) Haqan11 3qxp8KTKBHO p83Bl!

B8TLCSI n11m1, B nocne,11;Hee BpeMR, rnaBHliM o6pa30M B CBSl3H C C03,1(8Hl!8M 

MOJIIIWX Cl!CTeM 8HanHTHqecKl!X npeo6pa30B8HHI H8 3BM f2J. I{ H8CTOSIJI18JlY 

fr] H.H.Eor·onn6on, n.B.ru11pKo~. BBe,l(eHKe B reopKn KBaHToBaHHLlX nonen. 

"HayKafl, M., 1976. 

[2] A.C.Hearn. In: Proceeding or the Intern. Meeting on 

programming end math. methods tor _solving the phys. problems. 

Dubna, JINR, DI0,11 - 11264, 1978, p.96. 
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BpeMeHli II3 JmTepa.TY]?ll II3B8CTlW 'l:eTupe pa.3JllI'Illli8 nporpaw.ru, TI03BOJl!lD

mHe peaJIH30BarL Ha 3BM reHepHpOBaHHe qiettHM8HOBCKHX ,n;uarpawf3 , 4 , 5 , 6J . 
.be H3 HHX f 3 ,4] TipOH3BO,n;llr raru:e. nocrpoemrn IIO~Terp8JII,HllX Bllpa:m:e

HHll H BJlqHcJleHHe HHrerpaJIOB. Bee qerupe nporpaMM!l He CB06o,n;Hll or He

.nocrarKoB, a, KpoMe roro, ucnoJ11,3yewtt B HHX no~o,n; K auquc~eHHD 3ne

MeHroB MarpHuu pacceaHH!l B HeKoropmc cnyqaax (HanpuMep, npu pacqerax 

B HeJIOKaJII,HOll MO,n;eJIH KBapKOB [7 ]) OK83llBaerca M8JI03iW}eKrHBHblM. TaKHM 

o6pa30M, pa3BHrHe KBaHTOBOll reopHH nona, B03HHKHOBeHHe HOBIDC uo.nenen 

D38HMO,lteHCTBH!l 3JleMeHrapHUX qacruu H8CTOHTeJILHO rpe6yDr ,11;8JII,Hellmux 

HCCJ1e,n;OB8HHH B 3ron o6nacru. 

Pa6oru, TIOJIO~eHHHe B OCHOBY .nucceprauuH, BHTIOJIH8HN B coorBercr

BHH C npo6neMHo-reMaruqecKHM nnaHOM uayqHQ-HCCJ1e,n;oBareJ1I,CKHX pa6or 

owrn. 

~a6ow 

Ue.m;ro ,ItlICCepTan;mI .IIBJISieTCJI pa.3pa.60TKa. MeTO~OB BWmCJieIDtH C no

uomLD 3BM xapaKrepHCrHK ¢H3HqecKHX nponeccoB B KBaHroaon reopHH TIOJl!l, 

pa3BHrne MareMarHqecKoro annapara ,n;na pemeHH!l pa.na 3a,n;aq, B03HHKaD

mHx npH pacqerax B pauKax HenoKaJILHOI Mo.nenH 1rnapKoB, a rane npmrn

ueHHe. pa3pa6oraHHHX Mero.noB H anropuruoB K pacqerau KOHKpeTHNX ¢H3H

qecKHX nponeccoB B paMKaX 3rott MOAeJIH • 

~Jill H8XOllCAeHH!l xapaKrepHCrHK ¢HsHqecKHX npoueccoB B paMKaX reo

pHH B03!4ymeHHil Heo6xo,n;HMO BHqHCJl!lU 3Jl8M8Hrl1MaTPHUH pa~ceaHH!l, Koro

pue B n - M nopa,n;Ke reopHH B03MymeHHtt 38TIHCllBaDTC!l B BH,n;e [1]: 

[3] J. Calmet, M.Perr-0ttet. J ,.Comp.Phys.• 1971, 7 • p.191. 

. [4] J • .4..Campbell, A..C.Hearn. J.Comp.Phys., 1970, 5, p.280. 

[5] M,Perrottet. In: Comput. as a Language of Phys. Vienna, 

IAEA, 1972, p.555. 

[6] T.Sasaki • .T.Comp.Phys~, 1976• 22, p.189. · 

[7] r.B.E¢HMOB, M.A.HBaHOB. o:rurn, P2-I0740, ly6Ha, 1977. 
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(' f J (n} . ~ ~ ~ 
,J11 =- ••• S (x1,Xz., ••. ,x,,) ol x,cl x2 ... " x,, , 

"-v-' 
n. 

,, . 
st"fx1 ..... x,, J = n'! T [ ~ rx,) ... ~ (x" J} ; 

X = {x 0 X1 xi X3} = {X 0 xj I I I I • 

(I) 

(2} 

3.nec1, T - xpoHonoruqecKHH oneparop BHKa [I J, £z (x} - narpaIDKHaH 

nsauMo.nencrmm nonen, yqacrnyK>l!IHX B paccuarpHnaeum1 npouecce. 

Kna.npar 1.mrpHqHoro 3JleMeHra Sf, = {'1'/ S,. ctJ, ) onpe.nenaer 

BepoHTHOCTI, nepexo.na CHCTeMll H3 COCTO!lHHH <I>; B COCTO!lHHe ¢f , 
Or,!ten1,Hoe Aiecro B. ,n;ucceprauirn 3anuu~er Hccne.noBaHHe npo6neuu 

renepHpOBaHH!l qiet!HM8HOBCKHX ,n;Harp~MM. 

Hayt1Haa HOBH3H8 pa6oru 

I. Pa3pa6oran anropHTM naxox,n;emm c TIOl!Ol!ILKl aHa.nHTHttecKHX npe

o6pa3oBaHHll Ha 3BM llO~T6rp8JII,Hl:llC BLipaxeHHll 3f11'rx, .... , x,,) 3Jl8M8HTOB 

uarpunu pacce~nmt B 3a~aHHOM nopa,n;Ke, reopHH sosMyme1mn III. HoBH3Ha 

noro anropHrMa 38KJIDttaerca B ;roM, qro B OTJIHttHe or H3BeCTHHX pa-. 

60T f 3 ,
4J, BHpaxeHH!l .nna 3Jl8M8HTOB ,S - M8TPHULI Haxo,n;HTC/I B ,n;Hccep

T8UHH He H3 na6opa npe,n;BapHT8JII,HQ CKOHCTpyHpOBaHiiLIX 'qiellH!.!aHOBCKHX 

. ,n;uarpaw, a Henocpe,!tCTBeHHO. H3 narpam1ma110B B3aHMo,n;ei1cTBH!l cornacuo 

(2) B KOOp,ll;HH8THOM npe)tCT8BJieHHH. IlpH T8KOM no.nxo,n;e He B03HHKaeT 

npo6neMLI ~CKJIDtteHH!l TOTIOJIOrHtteCKH 3KBHBaJleHTHUX ,n;HarpaMM H ,n;Harpa,w, 

JIHmeHHLIX cpH3HttecKoro CMllCJla I a raue ·8BTOMarntteCKH naxo,n;arca BCe He

o6xo)tHMHe K03q¢HUHeHTU, CB,/I38HHLie C pa3JIH'lHOr,o po,!ta · CBOfiCTBaMH, CHM.:. 

uerpH_H, ,onpe,n;enenue •KOTOPLIX 38Tpy,n;HHT8JII,HQ npH lfCTIOJII,30B8HHH no,n;xo.na, 
paccMorpeHHoro B [ 3 , 4]. 

2. Pa3pa6oraH an~OpHTM renepHpOBaHH/I c rrouomLD 3BM qiellHMaHOBCKHX 

,n;Ha,rpaMM ¢J1YKTY8UHlt BaKyyua ,!\Jill ·cJiyqaa B38HMo.nencrBHH runa 9 if. 'I' 'f, . B 
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npOH3BOJILHOM 38.ll;8HHOM nopa.nKe reopnn B03MYill8HH11. B OTJIHQH8 OT CYl!l8CT

BYJ)IllllX anropHTMOB reuepnpoBaH~H rpellHM8HOBCKHX .nnarpaw pa3pa60T8H

HU11 B .nnccepranm1 anropHTM no.npa3yY8B88T HCKJIDQ8HH8 H8CM3HLIX rparpoB 

R- rparpoB, co.nepxamnx rpepMHOHHU8 Il8TJIH, a T8KX8 cywmpOB8HH8 TOilOJIO

rnqeCKH 3KBHB8JI8HTHUX .nnarpaw C U8JILD onpe.neJI8HHlI K03~UH8HTOB npn 

pa3JIHQH1lX Tlltl8X .nnarpaMM~ Pa3pa6oTaH T8KX8 anropHTM H8XOX.ll;8HHH C no

MOillLD 8H8JIHTHQ8CKHX npeo6pa30B8HH11 Ha 3BM llO'AliHT8rpa.7ll,.IWX BUpazeHHtt, 

COOTB8TCTBYDillHX ~llHM8HOBCKID! .nnarpawaM rpnynyanRtt B8KYYJ.!8 B cnyqae 

B3aHMo.nettcrmm 1 if Y, 'f. · 
3. lOK838H8 CXO.ll;HMOCTI, ueco6CTB8HHNX HHTerpaJIOB, onpe.neJilIDillHX 

3Jl8M8HTU MaTPHnH paccenHHH npK pacqerax B paMKax H8JIOKaJILH011 MO.ll;8JIH 

KBapKOB, a Tane pa3pa60T8H8 M8TO.ll;HK8 BUQHCJIOHHlI C IlOMOillLD 3BM 3JI8-

M8HTOB s - MaTPHnH B KOOp.ll;HH8THOM H HMTIYJILCHOM npe.ncraBJI8HHlIX 121. 
4. BnepBUe IlOCTp08HU Bee THilll rpe11HM8HOBCKHX .nnarpaw qJJIYKTyannn 

BaKyyMa B BOCLMOM nop8.ll;K8 reopHH B03MYl!l8HHH H.Hall.neHU COOTBOTCTBYD

_mne HM KOM6HH8TOpHU8 K034XVHUHOHTU, a T8KJ:8 IlOCTp08HU no,rum:Te:rpaJII,Hl,le 

BUpaxemm, COOTBOTCTBYDillH8 3THM .1umrpawau. 

5. C IlOMOillLD pa3pa60T8HHUX M8TO,ll0B H anropHTMOB, peann30B8HHUX 

B BH.ll;O KOMilJIOKCa nporpau:u .ll;JIH 3BM, IlOJiyqeHU HOBUe QHCJI8HHU8 pe3yJIL

T8TU, B8XHUO .ll;Jlfi qlH3HQ8CKHX HCCJIO.ll;OBaµHH. 

IlpaKTHQOCKaH UOHHOCTL 

B pe3yJILT8Te BUITOJIHOHHUX HCCJIO.ll;OB8HH11 C03.ll;8Hll anropHTMU H npo

rpauuu, Il03BOJIJIDmHe 3qxfleKTHBHO peman C IlOMOillLD 3B!l nrnpOKHll Kpyr 3a

,11;aq B KB8HTOBOtt T80plrn nona. lHCC8pT8UHlI OXB8TUB88T B8CL nHKJI reope

THQOCKoro Haxox.neHHlI xapaKrepHCTHK rpH3KQ8CKHX nponeccoB, H8QHH88 C 

nonyqeHH8 Heo6xo.nmrux BUpaxeHHR C IlOMOillbD 8H8JIHTHQOCKHX npeo6pa30B8-

HHR Ha 3BM H KOHQ88 H8XOX.ll;OHHeM QHCJIOHHl,IX 3H8QOHH11, npe.ncraBnHDillHX 

npaKTHQOCKHtt HHrepec. 

Paspa6oraHHU8 B .ll;HCCepranHH MOTO.ltll H anropHTMU ycnemHo HCilOJIL-

30BanHCI, npa. pemeHHH pa.na sa.naq B paMKaX HOXOKanLHOR MO.ll;8JIH KBapKOB, 
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B peayn1,rare qero 6unn nonyqeuu neHHUe rpn3HQ8CKHe pesyn1,raru. Bnep

Bue B paMKaX .ll;8HHOll MO.ll;8JIH 6UJIH npOH3B8.ll;8HU pacqeru pa.na qlll3HQ8CKHX 

npoueccoB C yqacrneM 6apHOHOB H 6apHOHHLIX pe30H8HCOB, B TOM QHCJie 

- pacc'Il!Ta.HH nonpa.BKH K MaCcaM B OKTeTe 6apll:OHO✓~/ i 
- nonyqemr 3H8QOHHlI mnpHH JIOilTOHHUX pacna.noB 6apHOHOB 14 ,51; 

- onpe.neJieHa nepeHOpMHpOBKa 8KCH8JILHOll KOHCT8HTU CB83H, BU3B8HH88 

QHCTO CHJILHUM B38HMO.ll;011CTBHOM /S/; 

- Hall.neHa HHTOHCHBHOCTL BKna.na • F- H 'J:> - CBH3R B uarpnqHue sJie

M8HTl1 JIO~TOHH!,!X pacna.noB 6apHOHOB 151; 

- BllQHCJIOHU 3H8Q8HH8 8HOM8JILHUX MarHHTHUX MOMOHTOB 6apHOHOB 

cna6oro uarHernaua l 5i; 
H 

- nonyqeHu aHaQeHna nmpmr pacna.noB 'AeKaIIJieTa 6apnoHHLIX pesoHaH~o✓61; 

- onpe.neJieHU BOJIHQHHLI MarHHTHUX MOM8HTOB 2>- B nepexo.noB /fi/. 

CpaBH8HH8 IlOJiyQeHHUX QHCJI8HHUX pesyJILT8TOB C HMODillHMHC8 3KCnepHM8H-

TaJll,lillMH 'AaHHUMl'I ll03BOJIWIO Q'AeJiaTI, BHBO'A O TOM,''lTO HeJIORaJII,HruI MO,tteJII, 

KBapKoB cnoco6Ha ycnemHo onncuBaTL paccuorpeHHUe nponeccu 6apnOHHott 

rpll3HKH HH3KHX 3Heprntt. 

Anpo6agna pa6orN 

Pa6o:rN, IlOJIOX8HHH8 B O~HOBY .nncceprannn, ,D;OKJI8.ll;HB8JIHCL H8 Hayq

HL!X C8MHHapax O:lillli, 8 rane H8 38C8,D;8HH8X K8¢e,n;pN qlll3HKH 3JI8M8HTap

HHX Q8CTHU rpH3HQ8CKOro qaKyJILrera MI'Y. HeKoropue pe3yJILT8TU .ll;OJIOX8HN 

Ha OOHJI8HHOi.HayqHoil KOHrpepeHUHH "JIOUOHOCOBCKH8 QT8HH8" MI'Y, I979r. 

Ily6JIHK8IJHH 

.IurccepTaIJ.WI oCHo:aaHa Ha peaym.TaTax 6 pa6oT, ony6.mmoB8HHHX B · 

lltypHaJie "~eIJHrur qJII3KKa" R B mme coo61l{emtil Oliffii. 

06~eu !HcceprayHH 

nnccepranna COCTOHT H3 BBe~eHHH, .ll;Byx rH8Bt 38KJID~8HHR H CilHCKa 

nnreparypu, co.n;epxamero 59 HBHMeHOBaHHtt. 06mnn o6~eu .nncceprannH co

craBnReT 126 CTp8HHil, B TOM ~HCJie 7 ra6ID1n K 18 pHCYHKOB, 
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Co,11;ep:z:aH1re )!HCceprarnrn 

Bo BBe,n;eHHH 011ep11eH Kpyr npo6JieM, HCCJI8.l(Y8MLIX B ,ltl1CCeprau1111. 

IlpHBe,1teH o6sop Jil1reparypu, IlOCBSIIJl8HHOl1 BLitJl1CJI8HHD Ha 3BM 3Jl8M8HIOB 

MaIPHULl pacceSIHHSI, l1 paccuorpeHLt ,ltOCIOl1HCrBa H H8,ltOCTarKl1 CYII18CTBY

Dllll1X MSIO,l(OB H anropl1TMOB. On11caHLI npaBHJI8 HaXOllt,1(8Hl!SI aMnJIHTY.lt qlH-

3HtJeCKHX npoueccoB B paMKaX reopHH B031.fYill8HHil ll ,naHa qlH3l!tJ8CKaSI ll 

uareMarutiecKasi nocraHOBKH sa.1tatin. IIpm3e.rteHLI on11caHne crpyKrypLI ,l(l1C-

ceprau1111 n rrepe-qem, OCHOBHLIX pesynr,raroB. 

B rJiaBS I CO,ll;epJKaTCSI OCHOBHl,18 MareMarHtJSCKHe · pesyJiuam ,ll;HC

cepraum-1. 

§I IlOCBSIIJlSH paspa6oIKe uer_O,l(OB noJiylleHHSI C IlOMOIJlI,D aHaJIHIHtJec

KHX npeo6pa30B8HHl1 ua 3BM BUpaxeHHil ~JISI 3JI8M8HIOB MaTPHULI pacceSIHHSI. 

PaccMaTPHBaercsi, crpyKrypa 3Jl8M8HI8 ,$ - MarpHULI, OilHC!lBaDmen 38-

,lt8HHLlil qll13HtJ8CKHil npouecc B npOH3BOJIJ,HOM nopS1,1tKe reopHH B03MYII18HHl1. 

Paspa6oraH aJiropHU! III HaxOJK.I(eHWI c IIOMOllll>lO SB!vl IIO,IUlHTe~ BLI-

paxeHHil ,ll;JISI 3JI8M8HtOB $ - MarpHqLl HeIIocpe~CTBeHHO HS Jial"-

paHlltH8HOB B38HMO.lt8HCtBHSI (6es npoMe:z:yrotJHoro srana reHepHpOB8HHSI 

qieffHMaHOBCKHX .1tHarpauuJ corJiacHo (2) B Koop.1tl1HarHoM npe,1tcraBJieHHH. 

Paspa6oraHH11ll anropHrM B coorBercrBHH c reopeMol! BHKa[I] BKJID'llaer B 

ce6si nepequcneHHe u cywmpoBaHHe Bcex pasJIH'llHUX Kou6uaauun, cyYMHpo

BaH11e no ~ope~eBI1M·HH.1tetcau, nepeMHoxeHHe aHrHCID,1Merp11tiHLIX reHso-
" poB, npHBe.1teHHe'no.1to6HLix tJJieHoB. AJii'opHrM peaJIH30BaH B riporpawe .ltJISI 

3BM, H8IIHC8HHOff H8 Sl3LIK8 CHC1'8M!l 8H8JIH1'H'll8CKHX BLitJHCJISHHl! 

SCHOONSCHIP [B]. PesyJir,raroM pa60tLI nporpawm IIBJISl~TCR BLlpBZ8HH8 ,ll;JISI 

S~1(X1,;.';·, x,,) i3 B11,11;e cymm tJJieFioB, co,11;eplE81I1HX npoHsBe,11;eHHst
1 

~pona-
_. • • ' ,, J • ' • ~ 

raropoB 5-(X;-X;) H t- M81'PHU J(HpaKa. 

IlpH pacqerax B HSJIOKaJII,HOR MO,lt8JIH KBapKOB nponararop KBapKOBOro 

l!OJISl"06LitJHO npe,11;craBJilt8TCSI B BH,lt8 .. . . ( 

fal ·H.Str~bbe. Comp.Phys.Comm., 1974, 8, p.I. 
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• 

G(x) = A(x') + ,x B(x>.J j x= [x•x-J > I (3) 

r,l(e X:: rrx,. ; A(x2) H B(x~ B11p8ItaKJICSI qepes 4-uepH1!e 1mrer

p8Jil,l • .Una peamrnau1m Ha 3BU ;i;anr,uenmero _pac11era (2) paspa6oraHa npo-

rpawm III, raue uan11canHal! na as1me c11creu1,1 SCHOONSCHIP. 3ra 

nporpa1,1Ma no.n;craBJIHer G(x, -~·) B B1rpa;iieHne )(JIil s(nJ{x1, ••• , Xn). 

corJiaCHO (3) II OCYII18CTBJI/I8T npeo6p830Bal!He BLlpaJK8HHU, CO,ll;epJKallll!X 

0 - Matpl!ULI, B3/Itll8 @nypoB ll npHB8,lt8Hl18 IIO,l(06HIJX 'IJI8HOB. PesyJII,

raTOM pa6onr nporpal,!J.111 /IBJI/18TC/I BLlpalK8Hl18 C /IBHOH 38Bl!CHMOCTI,IO or 

A (x'I.) 11 B (x 2) • 

B §2 Haxo,11;11rcsi npe,1tcraBneHue nponararopa KBapKoBoro nona B 

KOOp,l(Hll8tHOM npocrpaHCtBe. ,llJI/1 sron USJIH paccMorpeHl,I CJIS.ltYIOIJlHe 4-Mep

HLie HHTerpaJILI : 
• ( Ir} 2. 

dlrtrJ'fJ=f..fe.c-,c!./j7J-i' P - 12p °'"P, 

58(zr1~) = .J....Ji{PIT)_ &inn✓,,2) _ei(p1J'J-1P~"P 
15 Jri. ~ ,(pi' > 

(4) 

onpe,11;enl!Dll1He nponararop G-(x) npH ero npe,11;craBJIBHHl1 B qiopMe (3) 
C IIOIAOIJlI,D COOtHOlli8HHil 

r.1te IT= 2X 
L.. 

A (xi; =- _1_ :llriri "') 
Jr2[.3 , S , 

B (x2} = ,ri~~ · ,fx; 73(,r! I J , 

7 , } 11 I., - napaMerpu MO)(BJII!: 

o~n,~2.. 
q9.s7,1,1, 

{ 
lz~B· 

KparHOCTI, HHrerpa~oB (4) YAaercsi IIOHH3HtI, nyreM HHTerp11pOB8HH/I no 

4-uepHOMY 8BKJIH,ll;OBY npocrpaHcrBy B cit,epH'll8CKHX KOOP.ltH~arax: 

oll{,~,2'J}= 4 j;~~fL{Jt) e-~:1. 'J,(tviil) o1t , 
' . 0 viii'-
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. 00 I. 

93(ir;}) = 4 f t:2Fin(Jr) e?~ ':f2(t{iii'j c(f; 
0 tffi' 

(5) 

r,ne 'J,, (!) - qiyHKUHll EecceJ!ll. OcHOBHUM pe3yJu,ra:roM §2 l!BJI!le:rcll 

TeopeMa I. 121 ,I\JI!I JI106oro we [o, co) , z > o. H npoH3BOJIL_Horo 

Be~ec:rBeHHoro j HH:rerpaJI 

Rm= jxie-'lx
1
7'in(lx) ':Jm;;xJ olx 

0 . 

(/71• (, t) I 

r,ne ~ (JX} = ~ 5X j 7;_ nx) = fii1. tX I MOJR:e:r 6blU npe,JtCT8BJI8H B BH,Jte 

wt h~ · t · 
R,,, ~ 1ir"':'e-iif[P.,m(ur2)+ 2: /;,~1

(1A12)Je4a'-tt!r (:" ✓~2-t'')«t.} (6) 
PO O ~? I 

(IC) 
np11qeu ~m (url) H Pa,m (w-2) - noJIHHOl.W OT W-1 c:reneH!,\ I H 2 co-

OTBe:rc:rBeHHOj 11,,1< 00 ; I,,(~} - MO,JtHqJHL{HpOB8HH8ll qiyHKL{Hll Ee~CeJill. 

B xo,ne ,JtOK838T8JII,CTB8 YCT8HOBJI8HO, qro n, -3 j 11z .. 4 H 

onpe,JteJieHU Bee K03'Pt>HUH8HTU nOJIHHOMOB Pt,m (W'l) H. if: (W-2) • EJiaro

,Jt8pll npe,nc:raBJI8HHIJ 'ill{ur; J} H 1d{urJ.}} B ~OpMe (6), 3TH BI,IpBJit8HHll 

y,naercll 0l.{8HHTI, no MO,JtYJill HeKoropmm qiyHKL{HllMH, ,nocraroqHo C>U?TPO 

crpeMHmHMHCll K HYJill npH w-~= 1 8 T8Kllt8 c~ec:rBeHHO OC>Jierqaercll 

RX qncJieHHOe H8XOllt,Jt8HHe. 

B §3 paccuarpHB88TCll BilllHCJiemrn CJI8,ItYJJmHx 4-MepHUX HHTerpaJIOB : 

~p(,n,))=~!2 JeHw)X5 (rr;rJX1,(,,.:1JXiC"'1?Jo1"tr /p'"=-ma , (7) 

onpe,neJillllmHx 3Jl8M8HTH S - M8TpHL{U npH pacqe:rax B H8JIOK8JII,HOI MO

,ll;8JIH KB8pKOB, 3,ll;8CL m= 11: , m= e-cn,t>O (Macca qaCTHL{U ); S,'/,,?. -

npOH3BOJII,HHe KOMC>HH811HH H3 tlHCeJI { 1, 2, j j 

X1cu-:sJ = ;11rv-;1J, 

X2'c~1JJ ~ fd(,>-/s). 

IIy:reM HH:rerpl'lpOB8Hl'ISI no 4-:iiepHouy eBKJll'l,JtOBy npoc:rpaHCTBY B cqiepl'!trec-

8 

' -i ,, 

i 
! 

i 
i 

I 

t 
Jl 
·[ 

KHX KOOp,JtHH8T8X l:!H:rerpaJIU (7 J CBO,Jtl!TC!I K 

"f - Joo 2 I,(mt} X a ) V 2 )X. ( 2 ) 
"sa't(m,}) = t ----::;-- s<t,J ":ft,} t t,J oft, 

, o m 
(8) 

r.11e r, (-e} - MO,Jtmpm:,tHpOB8HH8ll cpyHKUHH. EecceJill. B §3 ,JtOK83UBae:rcl! 

Teopeua 2. 121 KaKOBU 6H HH C)l,lJIH 3HaqeHHll BemecTB8HHUX napa-

uerpoB l ' m H ? 'F O ' HHTerpam1 (8) CXO,ll;llTCll, np11qeM CXO,Jtl!T-

Cll 8C>COJIIJTHO, 

,I\OK838T8JII,CTBO reopeMH HOCHT KOHC:rpyKTHBHI,II xapax:rep, T.e. YK8-

3UB88T ue:ro.11 q11cJieHHOro H8XOE,Jt8HH!I HH:rerpaJIOB (8) C 38,lt8HHOff ioq

HOCTLD. IlpH BI,IqHCJl8HHH HHrerpaJIOB (8) C.38,Jt8HHOI OTHOCHT8JILHOi 00-

rpemHOCTI,D C HCTIOJI!,30B8JI8CI, anocxepHOpH8ll 0l.{8HK8 

I 
s;.;'l. (m,}} I ~ 
jsp(tn;J} 

-T 
0s~tcm;v 

T I -T I :1~,'t,<m,J> -~,lm;J> 
" 8 1 .(9) 

r,Jte "J~~(m,}) H O~'l. (tn,}) npe,ItCT8BJillllT co6oa HHTerpaJI (8), B KO-

TOpOM HH:rerpHpOB_8HHe no t ae,ne:rcll OT O ,JtO 'f H OT r ,JtO 

6eCKOHeqHOCTH COOTB8TCTB8HHO, npHqeu ,JtJlll o;;"lJ'0 'j) noJiyqeHa oneaxa 

I o{i"l.Cm,lJ I~ 5s;"l.(m,!) r-;-: o . 

C llBHOi 38BHCIDCOCTI>ll OT r , iif H S • qHCJl8HHHff cqeT H8 3BM 

OOK838JI, qTQ ycJIOBHe (9), B qac:rHOCTH ,!IJ!ll e = 1% , BUOOJIHll8TCll yxe 

npH T• {I(. ,JtJ!ll Bcex HeOC>XO,ltHMHX HHTerpaJIOB. 

B' §4 paccuaTpHB88TCll H8XOllt,lt8HHe H8KOTOpUX 4-Mepl!HX Heco6c:raea

HHX HH:rerpaJioB, BC:rpeqaJJmHXCll npH pacqe:rax B HMTIYJILCHOM npe,nc:raBJie

HHH B paMK8X H8JIOK8JII,HOi !"0.Jt8JIH KB8pKOB. THnHqHHM HH:rerpaJIOM no HK

nyJILCHIDl nepeueHHHM llBJl!le:rcll 

fl : JI I (P,~ (ft+fi >: P/) dl'1 d"Pr. , (IO) 

r,11;e IIO,ItHHTerpaJll,HHe BHp8Z8Hl'lll , npe,ll;CT8BJI8DT co6oa npOH3B8,lt8HHSI 

tro'JIKllHI ./'{p:}) , 'E{P,a.J) HJll'l HX npOl'l3BO,ltHHX 1 HanpHuep, 
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.:i(P,: J) · :ll{(P,tPzl" "I)· t) ~ (~~ !) 
I 0(1',_2-) 

,.>. 

II r • .n. 3.neci, 

:/l(p: 'J) = 
p2. 

~'J/?J· e- • 

'E(p;J) = St11 O-fiii'} . e-P2 

[pi' . 

liHrerpanu B11.na (IO) Heo6xo.nmrn BIJtJUCJIHTl>, Hanpmiep, npn pactterax 

pH.na xapartrepHCTUK nenTOHHLIX pacna,l(OB 6apnOHHoro OKTeTa / 4/ •. C yqe-

TOM Toro o6CTOHT8JII,CTBa, '!JTO ITO,IUIBTerpaJil>HHe BHpallteHUH 3aBl1CHT TOJII,

KO OT KBa.npaToB 4-BeKTopoB, nHTerpaJil,l (IO) cBe.neHu K 
00 6 t ,f -t 

R = 431'3 ~ t1

2
e-?J foit4 J (f-tf)clt2. ~ li-t;"

1

• F(t1,t,,t.,)"t3 , (II) 
O -1 -1 

r.ne 

( "1
1
+(P1+P1t+P/· ~{ 2 ,. 2. 

F t,,t2;t3J= e 1 /¾,(~"'~),/; ). 

noKa38HO, ttTO l1HTerpaJI1,1 (II} HBJIHDTCH a6COJIDTHO CXO.I(HmHJ.mCff, U pa3-

pa60TaHa MeTO.I(UKa H8XOllt.I(eHJm HX C 38.1(8HHOll TOttHOCTI,D, Bepxm1n npe)(8Jl 

T nHrerpnpoBamrn no tf onpe.n;enHeTcff c noMomr,BJ anocrepHopHoll 

oueHKl1, aHanorHttHOll (9). t!11cJieHHLill ctteT Ha 3BM TIOKa38JI, ttTO YCJIOBH$ 

(9) IIpH €=1% BHnOJIH.fl8TCH yllte npH T= 10 .I(J!H Bcex HHTerpanoB TH

na (IO}, BcrpetJaBmHxca np11 pactteTax. 

B §5 paccMaTpHB88TCH npo6neua reHepHpOB8Hl1H C TIO!!Olql,Bl 3BM qiettH

uaHOBCKHX .I(l1arpaMM q\JiyKTyau11n BaKyyua .I(J!SI cnyqa,1 B38l1MO.I(eHCTBl1.fl Tnna 

3-if'I' 'f , r,11;e l/' - cpep1.rnoHHoe, 'f - 6030HHoe none. 3TH .l(Harpau-

W,.I(OJIJ!tHl,l COOTB8TCTBOB8TI, cne.nYBJmeMY BUpallteHHBJ! 

f [~)"A(X4-Xz.)-~(X3-Xq)• •.• ·ll(~,,_-; x,.n)· Z11 • 

n=1 
(12) 

3.neci, Sn npe.ncTaBJI.fleT co6ott onepaTop, .flBJI.f!DmHttcH pe3yn1,TaroM pac-

CII} (nJ 
KpHTH.fl onpe.1(8JIHT8JIH MaTIJHUH S , 3JieMeHTaJ.m S,J KOTOpott HBJIHDTC.fl 

oneparopu, onpe.nenae1rue cne.nyvm:nu o6pa3oM: 

S!~1 = 4{X, - X;) 
tJ 

( ,;j = f, t, ... ., 2 n}. 

10 

OnepaTopu A{Xi-'><j) H .id {Xi-Xj) npe.ncraBJI!IBJT co6on nponararopu 6o-

30HHoro .H q:epi.rnOHHOro nonen COOTBeTCTBeHHO, . Ilpn reHepHpOBaHl1l1 qiellH-

MaHOBCKHX .n:11arpa1rn, COOTBeTCTBYDm:nx (I2} B N -M nopff.I(Ke reopvm 

B03MYmeHHll ( N = 2n) ' H806XO.I(HMO paCCM8TpHB8 TI, TOJII,KO C Bff3Hl,le rpaq\H I 

He co.neplltam1rn neTeni,, 3a.natJett srnnae;ca raKllte pacno3HaBaHne Bcex ro

nonorntJecxn 3KBHBaJieHTHHX .nnarpa10A (c0Bna.navm11x c TOtJHOCTl>BJ .no n30-

Mopq\H3l!a) H IDC cy?,1Mllp0Balili6 ( C ytJeTOM 3H8KaJ C U8JII,J)OTip8.1(8Jl8HHll K0-

3cixflHUH8HTOB TIPJ,\_P83JIHtJHUX rnnax .nnarpauu. B §5 nocTpoeH anropnTu, 

TI03BOJI!!Dl:{Hll peaJil130B8TI, Ha 3BM reHepnpOBaHUe qiettHMaHOBCKHX ,l(Harpa!.!M,. 

COOTBeTCTBYBJ!qHX (12), c ytt8TOM nepettHCJieHHHX BUrue Tpe60BaHHll. nna 

HCKJIDtteHH!I HeCB!l3Hl,!X rpa~B nonytteH_O n O'.p()PMY.7!llp0Ba.HO B mme TeopeMH3 

He06XO,IO{MOe ll .I(OCTaTO'Il!Oe yCJIOBne CBfI8HOCTH rpaqia, COOTBeTCTByi<mtero 

(12) ,y,no6Hoe ,lJ,JIH rrpoBepiw Ha SBM •. 

Pa3pae5oTaHHHll anropHTM peaJIH30BaH .B nporpa!.!Me .nna 3BM, HanncaH

Holl Ha <l()PTPAHe. C n0Mom1,v 3Tolt nporpaM!ru y.nanoci, cKoHCTPYHPOBaTI, 

Bee q\eltHMaHOBCKHe .I(Harpamm, COOTB8TCTBYDmHe (I2} B BOCI,MOM nopa;n;Ke 

T80pHH B03MYm8HHlt, H onpe.neJIHTI, K03cWil1UHeHTLI npH TOTIOJIOrHtteCKH pa3-
·' . 

JIHttHHX Tnnax .nnarpaw. 0Ka38JIOCI,, llTO o6mee llHCJIO ;n;HarpaMM, COOTBeT-

CTBYBJ~HX (I2} H He co.nepxamHx TI8T8JII,, paBHO 14833, H3 HH~ CBH3HHX -
,. ' . ' 

13632 H~_HaKOHe~, 'IJHCJIO TOTIOJIOrHtteCKH.pa3JIH'IJHllX. THTIOB .I(Harpaw paa-

HO 43, 

nna H8XOX.l(8HHff C TIOMOmI,D 3BM ITO~W!Te:rpaJII,IWX BHpBllt8HHlt, COOT

BeTCTBYDillHX CKOHCTpyHp~BaHHHM;&;HarpaMMaM, C03,l(8H,KOMIIJieKC H3 ;D;Byx 

nporpaw, HaTIHCaHHHX Ha <l()PTPAHe H.Ha .H8HKe CHCT8Mll aa:aJIHTl1tt8QKHX 

B!IllHCJI6HHI SCHOONSCHIP~ 
• • ·1, ' 

B rJla.Be II co~eplltB.TCH, pa.C'ieTH KOmtp8THHX qIII8Hll6CRHX ,rrponeccoB. B 

paMitaX HeJIOKBJII,HOil: MO.I(eJIH KBB.pKOB, mmOJIHemme. c II0:140~ pa.spa.60T8H-
. ' ' t: - . ' . 

lWX M8TO~Ol3 H IIpOrpaMM,peaJmSO:samwx Ha 3:ai CDC - ~609, OlUillo 

B §I npKBO,D;RTCJiK~TKOe OTIHCaHHe 3TOI He;n;aBHO ~03HHKmel MO;&;eJIH, 

npe;n;craBJiffll~en_ coOol npHH~HIJHaJII,H() HOBllll no.nxo;n; K .-O~'f,ffCH8HHll llexa ... 

HHSMa "y;n;ep:zam1a" KBapKa. 
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B §2 paccHaTp1rnaeTCJ1 Texmrna Bhrq11cnemrn B paMK.aX non 1.io,1LeJJ11 

aimJ111TY.lL qm3wiecK11x npoueccoB 11 cpop1zyn11pyIDTCll Tpe60BaH11n K q11cnimmm 

pacqewu. 

B nocJJe.ILYRJilll!X naparpaqax (§§ 3 - 9 J np11Be,1Lem,1 pacqeThl pll,!La xa

pa.KTep11cT11K cp11311qeCKl1X npoueccoB C yqacTUeM 6apHOHOB 11 6ap110HHhlX pe-

30ll8HCOB C TIOMOlJl!,!') pa3pa.60T8HHOtl MeTO,!Ll!Ern, a TaKJKe cpaBHeH11e TIOJJy

qeHHIJX pe3yJJI,T8TOB pacqeTOB C mxeJJll!l1MHCSI 3KCnep11MeHT8JJI,Hl,lJ4H ,!LaHHmm 

11 co 3HaqeHmnm, nonyqemmMH ,!Lpyrmm aBTOpa.M11. 3To cpanHeH11e no3BO

JJlleT C,1LeJJar1, BhlBO,l(, qTo pa3paC>OT8HH8SI M6TO,!Ll1K8 llBJJHerca BTIOJJHe 3cp

cpeKTHBHOl1, 8 HeJJOK8JJI,HaSI MO,!L6Jlb KBapKOB CTIOCOC>Ha ycnenmo OTIHChlB8TI, 

paccMorpeHHhle npoueccH 6ap11oa~on cp11311Ku. 

OCHOBifl:lE PE3YJI1>TATU llRCCEPTAWUI 

I. Pa3pa.6oraHh! anropn:rw 11 C03,!LaHH nporpamru, HamrnaHaue Ha 

H3HKe c11c:re1rn aHaJJUTHtf6CKl1X Bl,lq11cJJeH11n SCHOONSCHil' , npe,!LH83H8tf8HHhle 

,1LJIH'noJJyqeHl1H C TIOMOll!bD 3BM no,rumTerpaJil,HWC BhlpaxeHun 3JJeMeHTOB Ma:r-

pHI.ll,l pacce.l!HHSI B 3a,1L8HHOH nopS,!LKe Teopmr B03MYJ!lemtii Henocpe,n;-

c:rBeHHO 113 narpamrnaHon B3amrn,l(ettcrnmr, a- raKllte .ILJIH npeo6pasonaHnll 

3THX BHpaxeirnn K Bl1.ILY, H00C>XO,!Ll1MOMY ,!LJISI ,l(aJJbHethmx tfMCJJeHHNX pacttero·B. 

2. loK.a3aHa cxo,1LHMoc:r1, Heco6crneHH!,!X 11HrerpanoB, onpe,lleJJ8Dllll1X 

3JJeMeHTll Ma:rpIU\li pacceSIHl18 np11 pactterax B KOOp,!Ll1H8THOM l1 HMTIYJJl>CHOU 

np8,!LCT8BJJ0Hl1SIX B p8MK8X H0JJOKaJJ!,HOl1 MO,l(eJJH KB8pKOB, 8 :raK~e paspa.60-
'· 

:raHhl anropnrMlil Haxox,l(eH11a.arnx 11Hrerpa.JJOB-c 38.ILaHHon rottioc:r1,n. 

3. Pa3pa.6o:raH anropnrM reHep11poBaHHJI C TIOMOl!lbD 3BM qJel1HM8HOBCKl1X 

,l(Imrpaw qu1yxryaIUin naKYYMff .lLJJJI cJiyqaJ1 B3aHMo.lLellcrnl-i.a r11na · </f'l'lf n 

sa.1i:aHHOM nOpll,!LKe r:eop11H B03M,'ll!eH11tl, co,nepllt8ll!Hl1 HCKJIDlJ8HHe HElCBH3HllX 

rpacpoB R rpacpon, CO,!L8plltalll11X nerJIW,· a T8Kl!C8 CyuMHpOB8HHe TOITOJIOrKttec

KH 3KBRB8Jl0HTHhlX ,!LH8rpaw C U0JI!,J) H8XOX,!LeHHll KOM6HH8TOpHliX K03cpcpHUH

eHroB, coornerc:rnyDlll11X pasJJHttHhlM rnnau ,lLHarpaw. Paspa.6oraH raKl!Ce 

8JII'OpHTM H8XOllt,l(0H118 C TIOMOll!bD 8H8Jil1T11tfeCKl1X rrpeo6pa30B8H11l Ha 3BM 
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no,rumTerpaJII,HHX nupaJ1teH11n, coorBeTCTBYJJlllHX noJJytteHHh!M qJellHMaHOBCKHM 

. .ILHarpam.raM. 

4, Pa3pa6oraHa M8TO,!Ll1K8 Blltf11CJI8HHJI C TIOMOll!bRl 3BM 3JI8M0HTOB uar

pHI.ll,l pacceSIHHH B KOOp,l(HH8THOM l1 11MTIYJibCHOJ.{ npe,l(CT8BJl0Hl1SIX, lJIJI arof 

U0JIH TIOJ!ytf0HO npe,!LCT8BJl0HHe ,!LJIH 4-MepHli!X Heco6crBeHHli!X RHrerpanoB, 

38BHCHJlll1X or napaMe:rpa, onpe,l(eJIHDlll11X nponaraTop TIOJIJI KBapKOB B KOOp

,!Ll1HarHOM npoctpa.Hcrne, Y.IL06Hoe ,!LJ!ll tf11CJ10HHHX pacqeroB Ha 3BM 11 ITOK8-

3!,!B8Rllllee, tfTO 3Tl1 HHrerpaJ!ll ,l(OcrarottHO 6uc:rpo crpeuarcll K HYJID rrpH 

c:rpeMJI0HHl1 napauerpa K 6ecKOH0tfHOCT11, 

5, C ITOMOJll!,J) pa3pa60.rammx M0TO,!LOB 11 8JirOp11TMOB, peaJll130B8HHllX 

B BH,l(e KOMTIJl0KC8 rrporpaw )(Jill 3BM, ITOJiyqeH pll,!L HOBHX pe3yJII,T8TOB, 

BaXHllX ,!LJIR q,H3Htf0CKl1X HCCJI0,l(OB8Hl1ff • 
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