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AKTYMbHOCTb 

IlpH npoeKTHpOBaHHH H 3KcnxyaT~HH pasXHtrnHX q,HSHtreCKHX.YCTaHO-
BOK BOSHHKaeT Heo6xo~MOCTb B H3ytr8HHH M&rHHTOCT&THtreCKHX noxeA. &!-
6op onTHMMbHHX BapHaHTOB KOHCTPYKilHA 3XeKTpOM8rHHTOB B Kpyrnrax 
3X8KTpOq,H3Htr8CKHX ycT8HOBK8X C ytr8TOM Toro, tlTO OHH OTHOCHTCH K tlHC-
xy B8CbM8 'AOporOCTO.ffi!IHX 3XeMeHTOB, HM88T B8lltHOe npaKTHtr8CK08 3Hatre

HH8. O~HM H3 HaH6oxee 3q,q>eKTHBHHX COBpeMeHHHX MeTO'AOB P81Jl8HHH no
'A06HHX 3&'A&tl HMHeTCH ~HCJieffHJ:,18 3KcnepHM8HT. tmcxeHHoe MO'AeXHpOBaHHe 
no3BOXH8T HCCX8'AOB&Tb KapTHHY MarHHTHoro noxn 3H8tlHT8XbHO noxHee, 6NCT
pee H 'A8WeMe, treM 3TO MOlltHO C'A8X8Tb M8TO'AaMH 3KcnepHM8HTMbHOA q,H3HKH. 
B H8KOTOpHX CXytraHX nocT&BHTb q,H3Htr8CKHA 3KcnepHM8HT I!p8'ACT&MH8TCH 
B8CbMa Tpy~oA, XH6o COBC8M H8BWOXHKMOA 3&'A8treA, HanpHMep,KOr'Aa Tpe-
6yeTCH OI!p8'A8XHTh MarHHTHOe noxe BffYTPH q,eppoMarHeTHKa. B 3THX cxy
t{aHX tlHCX8HHJ:,1A 3KcnepHMeHT HMH8TCH e'AHHCTB8HHNM cnoco6oM HCCXe'AOBa

HHH. 
CYllleCTByeT TpH OCHOBHHX THna IJOCTaHOBOK 3&'A8tl warHHTOCT&THKH: 

~q,q,epeHil{ MbHl:,18, HHTerpMbHNA H CMeDl&HHNA , OHH pa3XHt{SXlTCH xapaKTe

poM ypaBH8HHA, HCIJOXh3Y8MHX 'AXH OIJHCaHHH MarHHTOCT8THtr8CKOro noxH. 
~A KXacc M8TO'AOB HMeeT KaK CBOH 'AOCTOHHCTBa, TaK H CBOH H8'AOCT&T
KH. Ilpe'AnOtrTHT8XbH08 HCDOXb30BaHHe Toro HXH HHOro M8TO'A8 OI!p8'AMH8T
CH reoMeTpHeA MarHHTa, cpopMoA TOKOBHX 3X8M8HTOB, ypOBH8M XOKMH3&UHH 
noxn, xapaKTepoM pacnpe'AM8HHH noxn H TaK 'AMee. 

,lbtccepT8UHH IJOCB.ffi118H8 MeTO'AY BTOporo THna - M8TO'AY HHTerpMbHHX 
ypaBH8HHA. EcxH M8TO'A rpaHHtrHHX HHTerpMbHHX ypaBH8HHA 'AOCT8TOtlHO 
xopomo HSytreH H mHpOKO HCIJOXb3Y8TCH, TO M8TO'A o6t.eMHNX HHTerpMbHHX 
ypaBH8HHA CO'A8p,DIT MHoro BOnpoCOB K&K B TeopeTHt{8CKOM nxaHe, TaK H 
I!pH npaKTHt{8CKOM HCIJOXb30BaHHH. OcHOBHaH TPY~OCTb 38l(Jil)t{88TCH B 

Tp8XM8P,HOCTH CaMHX ypaBHeHHA, tlTO I!p8,Il;hHMH8T &8CTKH8 Tpe6oBaHHH K 
KatreCTBy ~CKp8TH3anHH HHTerpMbHHX ypaBH8HHA, K MeTO'AaM pemeHHH 
~CKpeTH30BaHHHX ypaBHeHHA. IlpH 60XbmHX 3HatreHHHX MaI'HHTHOA npoHHnae
MOCTH HMeeT M8CTO MOXM o6yCJIOMeHHOCTb ~CKpeTH30BaHHHX 3&'A8tl, 
BBH'AY 60Xhmoro KOXHtreCTBa MHoroKpaTHHX, B o6~eM cxytrae, CHHryXHpHHX 
HHTerpaxoB B03HHK8DT saTpy~eHHH I!pH BNtrHCXeHHH K03q,q,HL\H8HTOB MaTpHn, 

BXO'A.ffi!IHX B ypaBH8HHH. 3!W,eKTHBHOCTb HCDOXb30BaHHH MeTO'A& HHTerpMbHHX 
ypaBH8HHA 'AXH pactreTa !pH3Htr8CKHX ycTaHOBOK CBH3aHa C pemeHH8M nO'AffH-
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TlilX npo6neM. Bee 3TO onpe,J:tMH8T &KTy8JibHOCTb paspa6OTKH M8TO.J:tOB pe

meHM nocTaMeHHblX BOnp0COB. 
Pa6oTH, nonogeH}{l,18 B OCHOBY AHCC8pT~. BHnO~8Hl,I B COOTB8TCT

BHH C npo6neMHO-T8MaTHtl8CKHM MaHOM HayqHO-HCCJI8,J:tOBaTenbCKHX pa6oT 

06~8AHff8HHOro HHCTHTyTa fiA8pHHX HCCJI8):tOB8HHR B .[ly6He. 

UeJib pa6om 

UMbll ):tHCC8PT811HOHHOR pa6oTH HMH8TCH paspa6OTKa H TeopeTHtl8-
CKOe o6oCHOBaHH8 tJHCJI8HHIDC M8TO,l:tOB pemeHHH s11,11;aq M&rHHTOCTaTHKH, qTO 

BKXJlqaeT: 
- nocTpO8HH8 AffCKp8TH30B8.HHHX ypaBHeHHR; 
- TeopeTHtl8CKO8 o6ocHOB8HH8 CBORCTB AHCKp8TH3OB8.HHHX s11,11;aq; 
- paapa6oTKa M&T8MaTHtl8CKHX M8TO,J:tOB H SJirOpHTMOB, H806XO):tl{MHX 

AJIH p88JIH3a~ npeAJI&raeMlilX ):tHCKp8TH3811HR, 
- paspa6oTKa HT8p~OHHHX np0Q8CCOB AJ?ff pemeHHH H8XKH8ffHl,IX 

AHCKp8TH3OB8.HHHX ypaBH8HHR; 
- npHM8H8HH8 paspa6oTaHHlilX aJiropHTMOB AJIH pemeHHH KOHKP8THHX 

npHM~ 38,ll;aq. 

HaytraM HOBH3Ha 

B OTnINKH OT Tp8,ll;Hll,HOHHblX M8TO.J:tOD ~RCKp8TH3811HH o~eMHYX HHTer -
pSJibHNX ypaBH8HHR uarHHTOCTaTHKH BB8,l:t8HH8M ,1:tononHHTMbHOro KHT8rpR
p0BaHHH no TOqKSM Ha6nll,J:t8HM nocTpoeHH KyCOqffO-nOCTOfflilfM H KYCOqffO

nHHeRHM AffCKp8TH3aQHH. IlpOB8):t8HO TeopeTHt18CKO8 o6ocHOBaHHO paccwaT

pHBaeMlilX AffCKp8Tn3OB8HHHX 38,ll;aq.,l:loKasrum TeopeMH CYll!8CTBOB8.HHH pemeHHH. 
~H,KYCOqffO-nocTOHHHOR .J:tHCKp8TH3aUHH .J:tOKase.HH T8Op8MI,1 8.J:tHHCTB8HHOCTH 

pemeHlffl H HenpepHBHOR saBHCHMOCTH OT BXO):tHHX ,J\8.HHlilX. Ilp11 CTpeWI8HHH 
AffaM8Tpa paa6H8HHH o6nacTH K Hynll noKasaHa CXO):tHMOCTb pemeHHff AffCKp8-
TH3OB8.HHHX 38,ll;aq K pemeHHJO H8npep!,1BHOR 38,ll;&qH H nonyqeHH Heynyll!IIa0-

we B Macce KYCOqffO-nOCTOfflfflliX WJ{KQHR OQ8HKH CKOpOCTH CXO):t}IMOCTH. 
Paspa60TaH!il HTep~oHlllile M8TO,l!,LI pemeHHH H8XHH8Rmlx ,l\HCKp8TH3OB8HHHX 
ypaBH8HHR. ,l:loKasaHa T8Op8Ma O CXOAJO(OCTH HTepaUHOHHOro npoqecca K 
pemeHHll OT Jm6oro HaqaJibHOro npK6naeHHH co CKOpOCTbD reoM8TpHll8CKOR 

nporp8CCHH. Paapa6oT&Ha M8TO,l\HKa Bl,ltfflCJI8HHH K03~8HTOB MaTpHQ, 

BXO~ B AffCKp0TH3OB8.HHH8 ypaBH8HHH H B CBH3H C 3THM cq,opuynHpOBa.tilil 
M8TO,ttl,i npHB8.J:t8HHH MHOrOKpaTHl,IX CHHrynHpHllX HHT8rpMOB K KOM6HHaQKU 
perynHpHHX HHTerpMOB M8HbmeR Kp&THOCTH. B CJiyqae noCTOHHHOR MarHHT

HOA npOHHQa8MOCTH HCCJI8,l\OB&HO nOB8,J\8HH8 nonn D OKpeCTHOCTH yrnOBlilX 

ToqeK. 
fipaKTHll8CKM U8HHOCTb, , 

Paspa60TLUiHM H T8OpeTHt18CKK o6OCHOBaHHM M8TO)\HKa nO3BOXff8T 

BNIIHCHBaTb AHCKp8TH3OBaHHH8 3&,l\atJH JIHT8rpaJibHHX ypaBH8H~A MarHHTO-
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CTaTHKH 6onee BHCOKoro nopB,J:tKa TOqffOCTH, qeM CYll!8CTBYJOlllH8. MeTO,l\ 

pemeHHH HMHH8ffHHX ,l\HCKp8TH3OBaHHl,IX ypaBH8HHR, npeAJio~eHHHR B AffCCep
TaUHH, nOSBOXM nonytmTb pacnp8):tM8HH8 nonn B MarHHTHHX CHCT8Max, 

KOTOpHe He Y'AaB8JIOCb paccqHTaTb paHee. MeTO,l!,LI H aJiropHTMH, P8.3BHTH8 
B ,l\HCcepTaUHH, npHM8HMHCb AJIH pacqeTa KOHKP8THHX ~3HqecKHX ycTa

HOBOK. IlpH paspa6OTK8 H3OxpOHHoro QHMOTopoHa MOll!HOro HenTgOHHOro 
HCTOqffHKa C ,l\8RTpOHHLIM IlyqKOM 3H8prHH 35 MaB H nOTOKOM 101 -IO1%1(o.f-c) 
B Ra6opaTOpHH M8PHHX npo6neM O6~8,l\HH8HHOro HHCTHTyTa fiA8pHHX Hccne
,1\OBaHHff B )],y6He npOB8):t8H Tp8XMepHHff pacqeT MarHHTOCTaTHtl8CKOro nonn 
C8KTOpHOrO 3X8KTpOMarHHTa. IlpOB8):t8H pacqeT 3X8KTpOCTaTHqecKOro nonn 
OT cnomon KOHipHrypaUHH aneKTPO,1\OB ():tYaHT, npoTHBO):tYaHTHM paMKa, 
HCTOtrnl{K HOHOB, mTOK HCTOqffHKa ropH3OHT8JibHOro BBO):ta, nynep), H8O6-
XO,l\HMI,iff npH 8H8JIH38 'AffHB.MHKH ,l\B~8HHH nyqKa B Q8HTp8JibHOR o6nacTH 
ipa30TpoHa. IlpH 3TOM M8TO):tOM pemeHHH 6onhmoro KOXHtl8CTBa llpffMblX 38,ll;aq 

pemaJiaCb o6paTHM 38,ll;aqa - onpe):tM8HH8 Heo6XO'AffMOff KOH~ryp~H 
aneKTpO,l\OB. IlpOB8):t8H pacqeT nonn B ):tHnOnbHOM MarHHTe C yqeTOM yrno

BlilX oco6eHHOCT8ff. qaCTb pe3ynbTaTOB, nonyqeHHlilX B ,l\HCCepTaUHH, HM88T 
CaMOCTOffT8XbHO8 npHM&'AffO8 3HaqeHHe: pa3pa60TaHHHff H peMH3OBaHHHR B 
BH,l\8 KOMM8KCa nporpaMM Ha ffSl,II(e qiopTp8H anropHTM pas6H8HHff Ha T8T
paa,l\pH o6nacTH, np8):tCTaMff8MOR B BH,l\8 o6~e):tHH8HHff MHOrorpaHHHKOB; 
HOBHe onTHM8JibHH8 Ky6aTypHHe ifJopyYnH 'ARff TeTpaa):tpOBi M8TOAHKa BHqffC
neHHff MHOrOM8pHl,IX CHHryngpHlilX HHTerpanoB. 

CpaBH8HH8 pe3yRbTaTOB pacqeTOB C peanbHHMH ,J:taHHlilMH H C pacqeTa

MH, HCnOXb3YJl~HMH ,l\HifJif,epeHUHMbffYD nocTaHOBKY 38,ll;aq MarHHTOCTaTHKH, 
fiO3BORff8T C):t8RaTb BHBO):t, ~o M8TO,l\ HHTerpMbHHX ypaBHeHHff ffMff8TCff 
aifJif,eKTHBHHM HHCTPYM8HTOM 'ARff pacqeTa MarHHTHHX CHCTeM ipH3Htl8CKHX 
ycTaHOBOK. 

Anpo6aUHn pa6oTY 

0CHOBHH8 pesynhTaTH ,l\HCC8pTaUHOHHOff pa60TH ):tOKn&'AHB8JIHCb Ha 
M~apO'AffOM COB8~aHHH no nporpaMMHpoBaHHll H MaTeMaTHtl8CKHM M8TO,l\8.M 
pemeHHff !J,H3HqecKHX 38,ll;aq (.[ly6Ha, 1r;f77 r.), Ha mecToff Mmt,JzyHapO,l\HOR 
mKone no npHM8H8HHI> MaTeMaTHKH !I T8XHHK8 (BapHa, HPB, 1980 r.), Ha 
BcecODSHOff mKone no qffcneHHHM M8TO):t8.M pemeHHff 38,ll;aq MaT8MaTHq8CKOff 

~3HKH. (PHra, 1982 r.), Ha M~apo,l\HOR KOHif,epeHUHH no pacqeTaM Mar
HHTHYX noneR COMPUMAG (I'peHo6nb, .HUHff, 1r;f78 r.). 

Ily6JIHK8.UHH 

0CHOBH08 CO):t8pz8.HH8 AHCC8pT~H ony6nHKOBaHO B ):t8BffTH neqaTHYX 
pa6OTaX. 
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CTJ>YKTypa H o6~eM pa60TH 

~ccepTB.l.1Hff HsnollteHa Ha IOI CTpaHHue M8lD_HHOnHCHoro T8KCTa H 
COCTOHT H3 BBe~eHHH, Tpex rnaB, 3aKnD~8HHff H CnHCKa nHTepa-rypH HS 
98 HaHMeHOBaHHtt, nHTH Ta6nHU H TP~UaTH pHCYffKOB. 

Conepllt8.HH8 ,ll.!iCCepTaUHH 

Bo BB8~8HHH .n;aeTCff KpaTKHtt o6sop nHTepa-rypH no BonpocaM MaTe
MaTHqecKoro MO~enHpOBSHHff HenHHettHHX s~aq MarHHTOCTaTHKH, npHBO-
.n;HTCff Kpyr HSytraeMWC np06neM. IlyCTb u.Q. 8CTb pas6H8HH8 38.MKttyTOft 

,, l:1 
3

1 
orpattHqeHHott o6nacTH .n. c.n = p ..n. , .n c R l , npffqeM Mepa nepe-
ceqeHHH Sl;. c .n.j npH 11-{' paBHa eynn. IlycTb {fk Cxl, k=1, ... ,N l 
ecTb Ha6op IPYffKUHtt, acco1nrnpoBaHHHX o pa36HeHHeM [ .n K 1 

{

1 xe.!lK 
fk ( x ) = __ 

o xe: .fi.,c 

RycoqHo-nocTOHHHM )];HCKP8TH3aIIHH HHTerpanbHHX ypaBHeHHtt MarHHTOCTa
THKH OnHCHBaeTCff cne,IzylOlllett CHCTeMott HenHHettHHX ypaBHeHHtt 

J fkCa><'f; pc/~s~11 l 
Jl. 

fe (al Jdva =J'• J Fii:cliif,,_<a.iclvct -,. 
J2. 

t f f,Jlildvii ::c [ 1 (( 1; Be u-~lt1l,n He<i)), vd. Ri"~a.l) d"x] 
.n. 

K=-1,Z, ••• , N 

(I) 

BeKTOp Hs(a) B (I)-eCTb none OT TOKOBHX o6MOTOK, BHqHMff9MOe no 

3aKOHY BHo-CaBapa, B"' - ~IIHH MarHHTHoro nomr B Jh. , ,,u <x) -

MarHHTHM npoHHUaeMOCTb, ,)lo - a6conDTHM MarHHTHM npoHHuaeMOCTb 
BaKYYMa. AHanOrffqffO BHnHCHB8JOTCff .n;HCKpeTHSaUHH 6onee BHCOKOro nop~
Ka. ,lvln Kycoqtto-nHHettHott .n;HCKpeTH3aIIHH B KaqecTBe Ha6opa lfk(xJJ 
B (I) 6epyTCff KYCOqffO-nHHettHHe !pyHKIIHH. 3aIIHlll8M (I) COKP81119HHO B 
B~e 

[c] a· = ~s +< CcJ + Col JM<ai (2) 

r.n;e [c] H [oJ cHMMeTpHqffHe MaTpHUH pasMepa [3N x 3N] ,B= ci:i
1 
,a

2 
; •• ,iiNT, 

" " - 1 - 1 T 
M(B)=(B1(1- )'(//B1ll)), ••• ,BN(1- ,U(/IBNII) )) 

HS = d HS (a) f1 (a) dv_ , •••• , J HS (a) fN (a) dv- ) T • 
..11. a .n. a 

IlepBM rnaBa nocBmqeHa BOnpOCaM T90p9Tffq8CKOro o6ocHOBaHHff pac
CMaTpHBaeMWC .n;HCKpeTH38.l.1HA. Bee )];MbH9RmHe paCCYJlt'A9HHff npoBO.n;l[TCfl 
B npe~ngnollteHHH, tlTO A}Iff M(B)=B(1- ~~)) npH nn6oM B 0 .BlmonHH6TCff 
HepaBeHCTBO )J 

4 

f/ 

,i, 

\1 

., 

O~M(B){Mmax • (3) 

,lvin nn6oro THna lltenesa HepaB9HCTBO (3) HM99T M9CTO. ~ononHHTMbHO 
noTpe6yeM, qTo6H A}Iff npoHSBOnbHHX B1 H B2 BHnOnHHnOCb HepaB9HCTBO 

IM(B1l-M(B2ll ~ g IB1 - B2I , (4) 

r.n;e O ~ g < 1 H He saBHCHT OT B1 H B2 • HepaBeHCTBO (4) HM88T 
M9CTO AJ!fl 6esrHCT9pe3HCHHX cpe~. 

Ha OCHOB8 npHHIIHna illay.n;epa, Hcnonbsyn H8paB9HCTBO (3), B §I.I' 
)];OKa3HB8JOTCff Teopew CYllt8CTBOBaHWI pemeHHff y BC8X paccMaTpHBaeMHX 
BO BB8)];8Hlm ~HCKP8TH38.I.1Hft HHTerpanbHHX ypaBH8HHtt warHHTOCTaTHKH. 

B § I.2 .n;oKasHBaeTCfl Teopeua O 8~HHCTB8HHOCTH pem8HHH .n;HCKp8TH-
30BaHHOtt 3~atm ( I) • 

B § I.3 .n;oKa3HBaeTCff HenpepHBHM SaBHCHMOCTb pemeHHn (I) OT 
BH8111Hero nonn i:is • IlycTb iis=lfs+ ,<as , H B y.n;oueTBOpneT 
ypaBH9HHD 

(c) a = iis+C [cl + [ol JM(Bl. (5) 

IlyCTb V min =m~n 1 f k (a) d Va > 0 • HMeeT M9CTO Teopeua 
TeopeMa 

A AS 

PemeHH8 B CHCT8Ml,I (2) HenpepHBHO saBHCHT OT B9KTOpa H 

HMeroT M9CTO oueHKH 
-"s 

/IB-iHI!:--¾- lvA~ II 
1-g min 

11 M<Bl-MCBJH 
A 

L. ----1.L II t>.Hsff 
- 1-g2 V . min 

[ ] 
A~ A [ ·3-1 /\s A 

C (B-B), (B-B)) ~ 4 ( C AH , 6Hs) 
(1-g2)2 

(()
"" A~ "" /\~ 42(()-1 AS "S 

C (M(B)-M(B)), (M(B)-M(B))}!, g C AH , AH) 
( 1-g2) 2 

B STOM lite naparpaif,e ~oKa3HB&8TCH cxo~oCTb B ■eTpHKe L2 (.n.J Kycotmo
nocTomIHHX pemeHHff ( I) K pemeHKI) HCXO~ HliTerpMbHHX ypa:eHeHHff. . • 
IlpH · cTpeMJieHHH · K ffYJl!l .n;Hall:8Tpa. h pasfHemtn o6JiaCTH .n Ha noAo6nacTH 

"' . Sl.;_ ( .n = !!., J2. i..) noKa3aHO, tl'fO yKnOH9HHe p~8HHH .n;HCKp9TK30B8.HHOff sa-
A8tlH OT pemeHHH HenpepHBHOff B,M8TpHK8 L (Jl) 8CTb BBnHtmHa nop~Ka 

O(h) 
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&roprui rnaBa nocBmqeHa Bonpoca.M npB.KTHtrecKott peanH3amrn pac
cMaTpHBaewx: AHCKpeTH3aUHtt. flpH Bl:,ltlHMeHHH K03ipllHUHeHTOB MaTpHU, 
BXO~HX B AHCKpeTH30B8.HHI,le ypaBHeHH.R, B03HHKaeT npo6neMa Bl:,ltlHMeHH.R 
6onbmoro KonH'lleCTBa, B o6~eM cnyqae, cHHryn.RpHI,OC, mecTHKpaTHI,OC HHTer
panoB. B TeX cnyqruix, KOrAa 3TH HHTerpaJIH YAaeTC.R B3.RTb aHMHTH'lleCKH, 
3TO 'npHBOAHT K rpOM03AKHM BHpSllteHHHM OT nnoxo Bl:,ltlHM.ReMHX Ha 3BM q>yHK

UHA. KaK npaBM0,3TH HHTerpanN _He npeACTaBnJUOTC.R B BHAe KOHe~ BHpa
!teHHA OT aneMeHTapHNX q>yHKUHA. B CB.R3H C 3THM B 'ARCC8pTa,ulill HHTer
panN onpeAenmoTc.R 'llHMeHHO C HCnonb30BaHHeM Ky6aTypH1,0C q>opMYn, B TeX 

cnyqruix, KOrAa nOAHHTerpMbHrul q>yHKUH.R CHHryn.RpHa, npHMeHeHHe Ky6a
TypHblX q>opMYn 3aTPYAHHTenhHO, Bo BTopoA rnaBe pa3pa6aTNBaeTC.R MeTOAH

Ka BhNHcneHH.R noA06HNX HHTerpanoB. 

B § 2.I. pacCM8TpHB8lOTC.R BOnpOCN pa36HeHH.R o6nacTH HS 6a3HCHNe 

aneMeHTN. TaK KaK TeTpa3APN - AOCTSTO'llHO YA06HNe aneMeHTN ,!VI.fl onHca-
. HH.R cnolltHHX rpaHHU, B 3TOM naparpa./Pe paspa6aTNBaeTC.R OAHH anropHTM 

pa36HeHH.R Ha TeTpa3APN o6naCTH, npeACTaBn.ReMoA B BffA8 o6oeAHHeHH.R 
MHororp8HHHKOB. AnropHTM peMH30BaH B BHAe KOMnneKca nporpaMM Ha .R3N
Ke q>opTPaH, TaK KSK noAHHTerpMbHrul q>yHKUH.R 3Ha~TMbHO H3M8H.ReTC.R 
B npeAenax aneMeHTa, B03HHKaeT Heo6XOAffMOCTb_B npHBnel.leHHH Ky6aTyp
HblX q>opMYn·BNCOKoro nop.f!AKa TO'llHOCTH. BBH,Izy 6onhmoro KOnH'lleCTBa HH

TerpanoB, no,Jµe~8111HX BhltlHcneHHD, HaKnSANB8lOTC.R oco6eHHo !teCTKHe orpa
HHtleHH.R Ha onTHMMbHOCTb Ky6aTypHbIX q>opMYH, B CB.R3H C 3THM B § 2.2 
BNBOA.RTC.R HOBNe onTHMMbHNe Ky6aTypHNe q>opMynN ruecToro H CeAbMoro 
nop,RAK8 TO'llHOCTH ,!VI.fl TeTp83APOB. 

Ha ocHoBe noH.RTH.R OAffOPOAHhlX q>yHKUHA B § 2.3 pa3pa6aTNBaeTc.R 
MeTOAHKa npHBeAeHK.R MHOrOKpaTHNX CHHryn.RpHNX HHTerpanoB K KOM6HHaUHH 
peryn.RpHblX HHTerpanoB MeHbmeA KpaTHOCTH. PaccMaTpHB8lOTC.R o6o6~eHH.R 
AaHHOA TeopHH. ~OKa3aHa OAHa TeopeMa O nOHHlteHHH nop,RAKa HHTerpHpo
BaHH.R. fJyCTb Tpe6yeTC.R Bl:,ltlHMHTb HHTerpan 

t J dx J F 0

(x,y)dvy- (6) 
O G(x) 

G (x) - o6naCTb H3 RN , napaMeTp!N8CKH 3aBHCffillrul OT x i Y -BeKTOp 

H3 G(x) • ~q>opMYnHpyeM cne,1zyn~He l.leTHpe ycnoBH.R: 
A. lliiTerpM (6) CXOAffTC.R a6conDTHO. 
B. lliiTerpan j F (x, y) dvg CXOAffTC.R a6coHDTHO H eCTb HenpepNBHrul 

G(x) 
q>yHKUH.R napaMeTpa x H3 nonyHHTepBana (O,b]. 

c. CyiqecT11yeT r Ta.Koe, l.lTO o6nacTb G( >. xl nonyqaeTC.R H3 G(xl 

pacTmteHHeM B ~l pa3 OTHOCHTMbHO Hal.lana KOOpAffHaT ,!VI.fl Bcex 
).. H3 oTpeaKa [ 0, I J • . • 
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D. ifyHKUH.R F (x, y) TaKoBa, l.lTO F( .>-x, >-"'.i }= ).kF(X1Yl 

. 3AeCb )f TO !te C8M08, l.lTO H B C H 0!). ! 1 

TeopeMa 
fJyCTb BNnonHm>TC.R ycnOBH.R A,B,C,D H ~N+1+k Io. 

TorAa s"ax J F(x,y)dvy 1+ :N+k s F(b;y)dvy. 
0 G-{,c) ,;/£) 

B § 2.4. npe,Jµarax>TC.R ABa MeTOAS pemeHH.R HMHHeAHNX AHCKpeTH30-

BaHHl,OC ypaBH8HHA. IlepBNA MeTOA opH8HTHpOBaH Ha pemeHHe AffCKpeTH30BaH
HNX 3Ma'll MarHHTOCTaTHKH AOCTaTO'llHO o6~ero BHAa (B paMKaX HJ{Terpanb
HOA IlOCTaHOBKH). BTopoA anropHTM npeAnonaraeTC.R A.fl pemeHH.R AHCKp8TH30-

BaHHOA CHCTeMN (2). PacCMOTpHM cne,1zyn~A HTepaUHOHHlitt npouecc 

[ ) 
A 1\5 1' A 

C BK+-1 =H +( [C] + [D) )M(Bk) K=0,-1, ... 
(7) 

fJyCTb ~(B
0

)=A 5
+( [c] -i; to) )M(B

0
)- [c) B

0
jHMeeT MeCTO cne,1zyn~a.R 

TeopeMa . 
TeopeMa 
HTepaUHOHHNA npouecc (7) CXOAHTC.R OT nK>6oro Hal.lMbHOro npH6HH

. !t8HH.R B
0 

K pemeHHD B CHCTeMN (2) co cKopocTbK> reoMeTpiNecKoA npo-

rpeccHH, H HMeeT M8CTO He~p~a_B_e~H~C_T_B_o ____ _ 

h " gk (c)- 1 icao), icfio)) 
H Bk -BIi -,-_- V . 

g min .. 
rAe ·v. =minJ fk(a)dv_ o~g<1 

min k SL a ~ 
B TpeTbeA rnaBe paccMaTpHBaK>TC.R Ka~ TeopeTH'lleCKHe, TaK H npH-

KnMfflie BonpocN. 
B § 3.I. H3ytr8lOTC.R BOnpOCN noBeA8HH.R HHTerpMbHNX ypaBHeHHA 

npH CTpeMneHHH TOQKH Ha6nK>AeHH.R K rpatti,ue !tene3a. IloKa3NBaeTC.R, l.lTO 

B cnyqae rnMKOA rpaHHUbl cyiqecTByeT npeAen HHTerpMbHoro onepaTopa, 
l.lTO Il03BOn.ReT 3anHcaTb ypaBH8HH.R ,!VI.fl TO'llKH Ha rpaHHUe, ~.fl IlOCTO.RHHOA 
MarHHTHOA npoHHUaeMOCTH B ABYMepHOM cnyqae H3yqaeTC.R noB8A8HHe HHTer
pMbHNX ypaBHeHHA non.fl B OKpeCTHOCTH yrnoBNX TO'll8K. 

B § 3.2 paccMaTpHBaeTC.R ABYMepHNA pacqeT MarHHTHoro-non.R C yqe
TOM yrnOBlilX oco6eHHOCT8A. flpHBOAHTC.R pacl.leT 3neKTpocTaTH'll8CKOro non.fl 
cnol!OtoA.KoH<f>Hrypau}iH aneKTpoAOB qiasoTPOHa c Hcnonb30BaHHeM rpaHH'llfflilX 
HHTerpanbHNX ypaBHeHHA. 

B § 3.3 npHBOAHTC.R pacqeT TpeXMepHoro C8KTOpHoro MSrHHTa UJ!KnO

TPOHa N0111Horo HeATEOHHoro HCTO'llHHKa Ha 3HeprHD AeATpoHoB 35 MaB H 
IlOTOKOM '1014 - IOI H/(cM2, C ). 

B § 3.4 npHBOAffTC.R OnHCaHHe KOMnneKca nporpaMM, peMH3~HX 
KYCO'llHO-nOCTO.RHHYJ) AHCKpeTH38UHD, paccMaTpHB8lOTC.R'BOnpOCN peryn.RpH3a
UHH pemeHHA npH 6onbmHX 3Hal.leHH.RX MarHHTHOA npoHHuaeMOCTH. 
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B 3aKJIKlqeHHH rrpHBO,IJ.HTCH OCHOBHH8 pe3yJibTaTN 'AHCC8pTB.QHH: 
I. B 'AHCCepTB.QHH H3~8HH Kyco~o-nocTOHHHM H Kyco~O-JIHH8RHM 

~cKp8TH38QHH B p8.MlCax HHTerpMbHoro nO'AXO'Aa. ~OK8.38Hbl Teopew CYII!8-
CTBOBaHH.fl pemeHHH y paccMaTpHBaeMHX B 'AHCcepTB.QHH 'AHCKp8TH3aUHR, a 
T8.Kllt8 y 'AHCKp8TH3a.QHR,nonogeHHHX B OCHOBY naK8TOB rrpHM~ rrporpaMM 
no pacqeTy MarHHTOCTaTHqecKHX nonen. "GFUN3D" (P888pqK>P'AOBCKrul Jia6o

paTOpH.ll) H "MAGSYS" (Qilllli). 

2. ~oKa3aHa 8'AHHCTB8HHOCTb pemeHH.11, a Taue ero CXO'AffMOCTb K 
HerrpepNBHOyY AJI.fl Kyco~o-nocTOHHHOR 'AHCKp8TH38.QHH. IloK8.3aHa Herrpe

pNBHM 3aBHCHMOCTb pemeHHH OT BXO'AHHX 'AaHHHX. IIon~eHH HeyxyqmaeMHe 

B KJiacce Kyco~o-noCTORHHHX giyHKUHR OU8HKH CKOpOCTH CXO'AHMOCTH 'AHCK

peTH30BaHHHX pemeHHR K HerrpepNBHOyY. 

3. Pa3pa6oTB.H H peMH30B8.H Ha H3HK8 ~pTIJaH reHepaTop pa36H8HH.fl 
Ha T8Tpa3m,H o6JiaCTH, I1p8'ACTasn.11euon B Bff'A8 o6~8'AHff8HHH BmiyKJil:lX 

MHororpaHHHKOB. 

. 4. B 'AHCCepTaUHH noJiyt18HN 'AB8 OnTHMMbHH8 Ky6aTypHH8 ~pMynH 

AJI.fl T8Tpa3'APOB mecToro H C8'AbMoro nOPH'AKa TO~OCTH. 

5. Ha ocHoBe noHHTHH O'AffOpo'AHHX giyHKUHR .P8.3pa6oTaHa TeopHR 
I1pHB8'A8HH.fl MHoroKpaTHHX CHHryJiapHli!X HHTerpMOB K KOM6HHaQHH peryngp
HWC HHTerpMOB M8Hbmen KpaTHOCTH-. 

6. B 'AHCcepTaQHH p8.3pa60TaH 34xfieKTHB~R HTepaQHoHHHR 8.JlrOpHTM 
pemeHH.fl 'AHCKpeTH30BaHHHX HeJIHHeRHHX ypaB~eHHR MarHHTOCTaTHKH, KoTo
pHR noJI~HJI CB08 'AaJibHeRmee p8.3BHTH8 B mHpOKO HC.nOJib3Y8MOM B OMIU!: 
naKeTe rrporpaMM no pacqeTy MarHHTHHX CHCT8M ycxopHTeJieR M8TO'AOM HH

TerpMbHHX ypaBH8HHR "MAGSYS'~, 

7. ~H Kyco~o-noCTOHHHOR 'AHCKp8THsaQHH pa3pa60TaH K'repaQHOHHHR 
anropHTM pemeHHR HeJIHHeRHWC ypaBHeHHtt. ~OK8.3aHa Teopeua O CXO'AffMOCTH 
HTepaQHOHHOro rrpoqecca OT JIJJ6oro HaQBJibHOrO rrpH6JIU8HHH co CKOpOCTbD 

reOM8TpHQ8CKOR rrporpeccHH. } 

8. IlpOB8'A8HH HCCJI8'AOBaHHH ll0B8'A8HHH HHTerpaJibHoro ypaBHSHH.fl 
MarHHTOCTaTHKH rrpH CTpeMJieHHH TOQKH Ha6JIJJ'A8HH.fl H rpaHHqe o6JiaCTH. 
B CJI~ae llOCTOHHHOR uar~HTHOff rrpoHHuaeMOCTJ{ npose~eH pacqeT IlOJIH C 

~eTOM ero nOB8'A8HH.fl B yrJIOBWC TOQKax. 

9. MeTO~OM rpaHHQHHX HHTerpanbHWC ypaBH8HHff~npoB8'A8H pacqeT 

YCKOpJllllllero IlOJIH, COS'AaBaeMOPO CJIOllHOR KOH~Hrypa.QHeff 3JI8KTp0'AOB B 
QeHTpaJibHOR o6nacTH ~OTIJOHa. ., ... - ,, V 

. . ~ - . 
IO. Ilpoae~eH TpeXMepHHR pacqeT ceKTopHoro ~arHHTa HsoxpoHHoro 

QHMOTpoHa MOJqHOPO HettTpOHHoro HCTOtIBHKa C 'A8RTpoHHW ~OM 3HeprHH 
35 MaB H IlOTOROM 1014 - ro15 H/(cu2-c). 
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