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rwpa',;oTron ':arHIITHI:rX c;JcTe'.: 

K paCtJeTy 

no Ha3BBHHO!! '.:eTO~l~lKe Ha 1=!3f.!Ke cf:!QPTP..-\H COCTaBJ1€HO HeCKOllbKO 

CT8H.:tapTHf,JX nporpa\'\.1 .1:H1 peuJ€H!f'il ''€TO!l0~1 \'oHTe-Kap.'lO Cl!CT€:\1 H€"1(1-

H€1!HHX ~·pannoHJ11l .Jrn6oro KOHe'-!noro nop'TI.:tKa. OposeneHbi pacLJ:eTbr p'Tiaa 

KOHKp-"'THH\: C'I!CT€',1 ~·paBJf€HHii pa3.1H'<IHOro TIOp'TI!lKa, a T8K>Ke HeCKQ,JbKO 

Tip8KT!P-I€CKHX 30.18'--1 aHfLl!f33 H CI-IHTC3a \!8T'HHTHhTX CJfCT€\f C H€60ribll1HM 

LJ:;JC.l:0\.1 nap8\.!€Tp0B, .JaHfiB'il \.1€TO.JIIK8 n03BOriH.1a TipOBODHTb Ha 38J\\ npn

Ci.l:l!A-.eHHYF) { l 0-.20' ,, ) :10Kantf38Ul!IO pewe~m:fi .J.JH H€nt1Hei\HblX C!lCTe\1 H€BbJ

COKOro nops:t:JKa. 

Pa6ora BJ,JIIO~HeHa B ~a6opaToplllf st.tqncnnTenbHoh TeXHHKlf 

H AP, T0'.!8. Tll3aU lf ll 0! f.Hl!. 
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Det"0ndyC1PV Y: t.S., T<ncllkin V.I., Ososkov G.A. 
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On .. .:-....pplicotion of the Tsuda-Kiyono-Kleiza \1ethod 
to Calculdtinq. 1\1a~netic System Parameters 

Severo! Sl_tbroutines \vere ·written in FORTRAN lan~uage for 
:::.oh"inQ the tlOt1linenr 3ystem of equations of the finite order by 
medns of '\ T onte-Carlo method. Solving of the svstem of diffE-rent 
ot,rl.er \\·ere performed. These srtbrot ttines \vere used for the analy
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tion of tho nonlinear system of the lo\v order. 
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I. BBep;eHHe. llpaRTR'l:ecKoe Bll'DICJieHHe onHoro RJIR Be ex Kop

Heft, HBnHD~XC& pemeHHeM ABHHOft CHCTeMU HeHHHe~ anredpaR'l:eC

KHX ypaBHeHHI, - TPYAHBH, xoTa H o'l:eHb aKTYaHbHaa npo6AeMa. Hs

BeCTHO HeCKOJibRO MeTOl];OB ee pemeHHH (eM.. III)' HanpM:Me:p, 

MTepaTMBHHe MeTOAH, ra:pru!TMIJYD~Me CXO~HMOCTb BH4MCAM

TeHbHOro rrpouecca npH YCAOBRH dAH30CTH H8'l:aHbHHX 3H8'l:eHHft K HC

KOMbiM • O~HaKO B CAyt~ae, KOrlJ,a OdJI8CTb pemeHHI H3BeCTH8 rpydo, 

OHH OR83HnaDTCH desycnemHHMR. 

B 1963 rol];Y T.Tcyu,a H T.KRoHo /I/ npeAnOEKHH cxeMY MoHTe

KaPJIO AnR npH~eHHOI AOKaHH38UHH ROpHel, KOTOpaa npH3B8H8 

o6ecne'l:HTb xopoWHe Ha'l:anbHHe 3Ha'l:eHHH ~a doJiee TO'l:HHX MeTOll:OB 

HX BINHCJieHH&. llosl];Hee (19'73r.) HX cxeMa 6wra pa3BHTa B.K.nelsol 

B ero padOTSX / 2,3/, HO 3TH padOTH HOCRHH TeOpeTH'l:eCKHI XapaR

Tep, H OdJI80Tb KX npHMeHeHHI OrpaHH'l:HBaH8Cb MOl];eRbHHMH 38l];a'l:aMHo 

B H8CTO&meM C006meHHH ~ca OllHCaHHH OCHOBHOI CXeMH MeTOAOB, 

peanH30BaHHHX B nporpaMMSX, paspadOTaHHHX B 0~, a TSKKe HeKO

TOpHe pe3yAbT8TH HX npHMeHeHRH K8R K p8C'l:8Ty H3BeCTHHX MOl];eHb

HHX 38l];a'l:, T8K H KOHRpeTHHX MarHHTHHX CHCTeM YCKOpHTeHel 3apa

JleHHWl 'l:8CTKUo 
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2. CxeMa 'IHCReHHoro MeTOij8 

llyeTb 38~H8 eHCT8M8 HeRHHeftHHx Mre6paH"tJeeKHX ypaBHeHHI: 

Vi(xl , ••• ,xn) = 0 ; i=l, ••• ,n; (I) 

(n - HaTJpaJlbHOe '!HMO) • 

B Hamel pa60Te paeCM8TpRBaeTeR 'IHCR8HHOe pemeHHe eHCT8MH 

( I ) BAH llPH6.n:mteHKR K ee pemeHHil JUlYM.fi M8TOA8M}I. B /I/HMOZe

Ha M8TOAHK8 pemeHHR CHeTeMH (I) (rrepBHI M8TOA) MOAeR:MpoB8HH8M 

eRyqaftHoro 6RYJJt~ qaeTHJ..l (eM., HallpHMep, jgj) B llOTeHUHMb

HOM llORe U , nopoJE~eMOM Jp8BH8HKRMK (I) : 

rt 

U(x1 ,x,.,, ••• ,x) =Lot.: 10~(x 1 , ... ,x) ; d· =constants; 
<> n •=i 1 n ~ 

(2) 

Tor~ KeKOMHe pemeHKR OnHeHBa~eR BHpaEeHKRMK 

J ... J xi e -U~ clx1 ••• clxn 

J J -U/f.> 
<xi:> 

(3; 

••• e dx1 ••• clxn 

(i=1, ... ,n) • 

3necb P eeTb KOHeT8HTa, aKBHBaH8HTHaR KHH8TH'IeeKOA TeM

nepaType, 

B / 2 ,3/eHeTeMa (I) pemaeTCR ¥8TOAOM rrpH6RHJ~eHHoro KHTerpH

poBaHHSI ITO eXCMe MoHTe-KapRO (BTOpol M8TOA), llpHtJeM pemeHHSI Ha

XOAIITCR ITO qJclpMYR8M (4) • 
1:. ioli) 

rn;e 

K=~ ell( 

Xi :: f (o(; > 

K=< ~ I( 

(4) 

"'i' -K,oi.i"'{ [a1+(b1-a1)~k; ... ,an+(bn-anl¥n(k-1)] (5) r I<= e 

{o(;) [ ) v ]. (<Xi) h = a.+(b.-a. o · (k-1 ) n ( i.l< 1 1 1. 1 ·c K 
(6) 

B qJoPMJR8X (4J+(6) (eM,/3/) N - ~eJIO HeiTHTaHHI, 

K=l, ... ,tJ; 
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t~- cnyqaftHoe paBHOMepHO paenpenaneHHOe B (0,1) ~eRO;ai , 

b i - H8'IMO H KOH8ll KHT8pBM8, B KOTOpoM Hin8TeR xi ; o(.t- M8e

WT86HHe MHOlU!TeRH, K8K H B (2). 

.A.1J:ropHTMH, OnHeaHHHe B /!, 3/, pe8JIR30B8HH HBMH B nporp8M

M8X 'l'SUDA2 H YLEIZA (eM. R:MT/4/) H8 Sl3HK8 qJOpTpaH B MOHHTOp

HOI CKeTeMe "ny6Ha"/S/, 

llporpaMMa 'l'SUDA2 pear~3Y8T B TO'IHOeTK MrOpHTM, OnHeaHHHI 

B /I/, npKMeHHTeRbHO K eRyqa~ npOH3BORbHOrO 'IHCH8 ypaBH8HHI 

CHCT8MH (1) C ITORYaBTOM8TH'IeeKKM BH60poM eRepy~ napaMeTpoB: 

l) AL - 1VIHH8 CB060JOIOrO npo6era B 38BHCKMOCTH OT p83MepoB 

06RaeTH; 

2) D - aHenepcHR 'I8CTHilX pemeHHI; 

3) N1,N2 - 'IHCHO HeiTHTaHHi, !lOMe KOTOporo oeymeCTBRSieTeSI 

BHA8'I8 llpoMeayTO'IHHX pe3yRbT8TOB BAH BllXOA H8 

OKOHtJaHKe TeKymero etJeTa; 

4)TM - napaMeTp; 6paRest H8MH paBlWM maxU npH rpaHH'!HilX 

3Ha'I8HKRX H8H3B8CTHilX xi • 

no6aBHM, 'ITO eel noRar8RHcb paBHHMH I, 10, roo, a ~bRei

wee HX BSpi>HpoBSHHe H8 JIOpstAOK OT 100 AO 10000 He OK83HBMO 38-

M8THOro BXHRHHR H8 pemeHHe B paCeMOTpeHHHX HBMH 38~'!8X H He 

YRyqmMO ero. 

C J..lSH:&Il npoBepRH nporpaMM, YK83SHHHX BWe, 6WIH pemeHH, B 

'IBCTHOeTH, CMCTeKa »I (H3 /1/) 

CHCT6Ka »2 (Haf?/) 

[ 
xy - 3/1fi = 0 

x 2 + v 2 - 5/8 =0 H 

{ 

x2 

2x2 

3x2 

+ v2 + z2 

+ ~2 -4Z 

-4y +z
2 = 

5 

1 

0 

0 • 



B MOHHTOpHO~ CHCTeMe ",IT,y6Ha" (3BM IDCM-6) 068 pemeHH.II CHC

TeMH ~I ( (0,25; 0,75) H (0,75; 0,25) ) 6unH Hait~eHU nocne 50 

TUC. HCITUTalrnit 38 l MHH.c2 c., a IIOROXHTaiThHOe peWeHHe CHCTeMH 

Ji2 (0, 7852; 0,4966; 0,3699) - 38 2Mml.07c. no nporpaMMe TSUDA2. 

llpHMepHO 38 T8KOe ze BpeM.II H C TOit &e TOqHOCThD STH perueHHR 

6URR n~~eHU H no nporpaMMe KLEIZA 38 50 TUC. HCIIUT8HH!. 

3. PacqeT napBMeTpoB M8rHHTHO! CHCTeMU 

06a MeTOA8 6unH HCIIMb30B8HU An.1I pemeHH.II KOHRpeTHO! 38ll;.8qH 

ll~HC~eHH.II napaMeTpoB M8rHHTHO! CHCTeMU (KOOp~H8TU K8TyrueK r', 

z' ), o6ecneqHBaDmKX aaAaHHOe MarHHTHOe no~e B onpeAeneHHoit o6-

A8CTH'f.HcKoMHe n8p8MeTpU CB.II38HH Me&nY COdO! HeARHeitHHMH Mre

dpaH~eCKHMH ypaBHeHH.IIMl'l. 

flBHU! BH~ HeAHHeiHo! CB.II3H napaMeTpoB B STKX ypaBHeHRRX BH

~eH H3 BHpBZeHH.II An.II B
2 

COCT8RnHIDrue! MarHHTHO! HH~QHH OT n 

KpyrOBNX BHTKOB C TOKOM Ii H ROOPUHH8TBME ri , Zi 
r:! p B2 tr,iJ= ~ 2 r. Ii 
pi 

i .[K z'.z_,.z_rr.- r.~ )2 E] (7) 
+ =.L "" t. t/ ('2+7.'· )2 +(2-2~)" (z-z.~) 2 ... (z-z:)z ' 

l. c. L '-

rae E,K - a~HITTH~ecKHe HHTerPaRU I H II poAa, 3aBHCRmHe OT ri 
H zi 1 n•f't. 

Pa3o6beM 38A8HHYD o6R8CTL v paBHOMepHo Ha 2n ToqeK. B KBE

AOA TOqRe 38IIHWeM ypaBHeHHe (7), TOrll;.8 no~y~ CHCTeMY HeRHHe!

HHX aRre6paHqeCKHX ypaBHeHHft OTHOCHTeHhHO II8paM8TpoB ri, zi.ilo
JiyqeHHUe perueHH.II ~Mee MOXHO HCIIMh30B8Th, K8K HaqMLHUe IJ,aHHUe, 

An.1I 6o~ee TO~Horo H8XO&A8HH.II KOpHeft HTepa~OHHUM M8TOAOMo T8K8.1I 

38ll;.8qa, HanpHMep, IIOCTa~eHa B / 5/ H perueHa B qacTHOM CJiyqae C 

llOMOllll>IJ nporpBMMU FUMILI 1!3 6H0AHOT8KH CIT An.1I MOHHTOPHOI CHC

TeMH ",IT,y6aa" ESCM-6, KOTOPB.II Tpe6yeT "xopowero" aaqaJILHoro npz

o~eHHR. 
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4. P8c~eT TpaeKTOQKH a~eKTpoHHoro KMLna B 38ijBHHHX 
SR8KTpDM8rHHTHHX ITQn.IIX 

flyCTb Tpe6yeTC.II BHqRcnHTh R(t), Z(t), T.e. Tp88RTOpHH a~eK

TpoHHOrO KMLUB B CHMMeTp.IPIHOM OTHOCHTaiThHO OCH Z M8rHHTHOM nMe 

B , KOTopoe C03ll;.8eTc.II CHCTeMoit n K8TyrueK c H3BeCTHHMH n8paMeTpa-

Ml'l 

Ii ( t) 

r! 
1 

z! 
1 

- 38KOH H3MeHeHH.II TOKa B i-it K8TymKe 

- r -KOOPnHH8T8 i -it K8TymKH 

- z -KoopwmaTa i -ft KaTymKJII . 

BHqJilcneHHe R ( t ) - paAeyca KOJlbUB H Z ( t ) - z KOOp~H8TU 

KORbUa CBO~HTCH K pemeHHD ~BYX HeRHH6MHUX ypaBHeHHH OTHOCHTenbHO 

R(t), Z(t) npH ~CHpoB8HHOM t. 

Br(R(t) ,Z(t) ,r:i ,zi, Ii (t) ) =0 
(8) 

R~(t)B (R(t),Z(t),r!,z!, I
1
.(t) ) -R(t)A .• (R(t),Z(t),r!,z!,I.(t))= 

z 1 1 t-, 1 1 1 
=cons J 

rAe f3r,A'f 1 IIOAOdHO Bz, JierKO BHn:HC8Th, a const paBH8 nepBOll 

~8CTH ypaBHeHH.II IIpH t=O • 

B,..=-L:IJt) -c. . -K+ Z+'l.; +(r.- 2 ) E 
_l( rt ~ I [ ~ o.1 2 

ZJi i=< 'Z.I)C'PZ';_)2.,_(l.-i;)z ('Z.-'()2 +fi!-~ )2 ] 

A..,=:;, ti IL (t) '{f[ Ff-i!J K-id. 
3AeCL ki, MOAYJih ~IITH~eCKKX HHTerPaROil E,K 1 paBeH 

k. :: '-1-z. < 
L (<. ... oz.;:f.,.(c-~:Y. 

CJ!:CTeMa ( 8) peruaJiaCb OTHOCJIITaiThHO R ( t ) , Z ( t ) ITO nporpaMMe 

TSUDA2 • B ITpoH3BO~hHHH MOMeHT BpeMeHH t CHCTeMa (8) BHqacn&naCL 

38 4 MHHYTH 1J,l!.II 1000 HCIII:lTaHHI Ha 3BM EOCM-6; Ha!JteHHOe perueHHe 

OTJI.IPlMOCL OT BJ:R.HcneHHoro B 151 no MeToror HI.moaa Ha IO%. 
5. 3axniJqeHHe. llpoBeA8HHUe HBMH qHCJieHHHe pacqeTu no MeTo

nY Tcynu-I\HOHO-K1Iei3U II03BOJIJIDT C~aiT8Th BWlOJt 0 TOM, 'ITO ~nH CHC-
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T9M a.JJre6pa.M:T~9CKMX H9JIMH91iHIIX ypa.BH9HMii H9BiiCOJWrO ITOpS!,!LKB. (n~5) 

M9TOA MOHTe-Kapno IT03BOAR9T 38 2-3 THe, HCITHTaHl!H ROKaHH30B8TL 

pemeHHe e TO'IHOeTLil 5-IO%, rrpHtitiM Bee KOpHH orrpeAeJl.RIJTeJ'I 38 OAi{H 

llpH~. il0~06HaJ'I &e MeTO~a rrpHMeH&naeL HaMH H ~ e~OXHHX eHe

T9M TpaHe~eH~eHTHHX ypaBHeHHH e 60RLWHM 06~BMOM BHqHeReHHft (6e3 

noeTaTO~HOrO He~eAOD8HHJ'I Y~OBHH TaKOH rrpHMeHHMOeTM) M B H8KO

TOp!IX ~amc nanana 38 O'leHL MaHOe '!HeJIO MeiTHTaHHI (500 - 2000) 

peayJILT8TII, He OTJIH'lallmKeeJ'I OT pemeHHI npyrHMH MeTOnaMH 6oRee 

qeM Ha 5-IO%. 

WoiJ'4aHLHOe npHMeHeHHe nporpaMM TSUDA M KLEIZA K npoH3BORL

HHM eHeTeMaM HeJIHHeHH!IX ypaBHeHHI ITpH n > 15 He IT03BOJIKIIO Jl0KaHH-

30B8TL nee KOpHH Aaae rrpH 38n8HHH H8'l8RLHHX 3Ha'leHHA B epaBHH

TeRLHO yaKoi o6RaeTH. 

MeTO~ MOHTe-Kapno eoXpaH!'IDT Ha Haw B3rRR~ 8KTYBRLHOCTL ~ 

pemeHHR ASHHOI npo6ReMH H Tpe6JilT nanLHeAmKx TeopeTH'!eeKKX pa3-

pa60TOK K MamHHHIIX 3KerrepHMeHTOB. 
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