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OElllAfl XAPAKTEPMani:KA PA60TH 

AKTYAJlbHOCTb. Paspa60T1ta 0xe1tTpo4>HsHt1ec1toR annapaTyp11 ,nn.R 
HCC.Jle,ll.OBaHHR B 06.Jl8CTH 4>HSHKH BIICOltKX 3HeprHR H no npo6.lleMe 
ynpaBn.ReMoro TepMofUJ.epHoro CHHTesa :s eacTom11ee BpeM.R Bee t1a111e 
onHp8eTC.R Ha AeT8.JlhHIIII 8H8.JIHS NBrHHTHOro non.fl. 3To o6'b.RCH.ReT
C.R He TOJlhltO no111■eHHUM HHTepecoM K 08NOMY nolD, B '18CTHOCTH 
IC npeUHSHOHHOCTH ero xapaxTepHCTHlt, HOH yHHK8.JlhHOCThD npoeKTH
pyeM11x'ycT8HOBOK, eeo6XO,ll.HMOCThD pnTHMHSBUHH HX KOHCTpyKTHBHIIX 
H 3KCnnyaTBUMOHHYX napaMeTpOB. 

B CHIY reoMeTpH'leCKOA CJIOKHOCTH NarmtTHYX CHCTeM H 'ee.JtHHeR
HOCTH OOKCYB8DIUIX no.Jle ypaBH8HHR Al.fl HSytleRK.R ero C Tpe~yeMon 
OOlHOTOA H TO'IHOCThD uexecoo6paSHO HCOO.Jlh30BBRHB MeTO.ll.OD MBTe
MBTH'IBCltoro ('IHC.JteHHOro)MO]l,eJ1HpODBHH.fl. PaSDHTHe HBH601ee. pa
UHOHBJthHYX no,nxo,noD It pe■eHHD CJIOIIHYX Sa,lJ.8'1 H coDepmeHCTDODa
HHe .OT]l,eJlhHYX KOMilOHeHTOB DY'IHClHTB.JlhHOrO npouecca ~noco6cTDyeT 
onepaTHBHOMY BIIOO.JIHCHHD npoeJCTHYX pa60T H nonwmeHHD ;jppeKTHB
HOCTH ant. 

Oco6oro BHHMaHH.R 38CJtJJEHDaeT MOAB.llKpOBaHae HC.JIHHeAHYX npooT
pBHCTBCHHWX.OOleA. Ilpo6xeNa COCTOHT B eaxo~eHHH 3%0HOMH'IHOro 
BY'IHC.JlHTB.JlhHOro·a.11ropHTMB. 

HalK'IHB B a.11ropHTM8X ycTBHOBJleHHWX 3JCCnepHNeHT8.JlhHIIN nyTeM 
npHeMOB H riapaMeTpOB OTp,a~aeTC.R Ha ]l,JIHTeJlhHOCTH C'leT8. 38,JJ.8-
'18 COCTOHT B TON, 'IT06Y K6HOHKSHpOB8Th Bll'IHCJIHTenhHHA npouecc. 
HHTepecHHe BOSNOKHOOTH o6ecn5'1HBBeT NeTOA OT86HlHS6UHH no ee
npepYBHOMY napaNeTpy (MCHil)*. 

IlpHMeeeeHe NeTO,ll.8 eeJHHCftHOA noc1e.aoBaTelhHOA BepxeeA pelaK-
08UHH (HnBP) npHBOAHT It CHHKeHHE Tpe60B8HHR K onepaTH:BHOA naM.R
TH 33M. 0J.H8KO npH 3TON OCT8eTC.R 8KTY8lhHOA S8A6'18 OTITHMHSa

UHH KTepaUHOHHOrO npouecca. 
BaaHYN K 8KTY8JlhHHM eanpaBneaKeN HCCl8AOB8HHA'aBJReTC.R pas

pa6oTJta NeTO,nOB pe■eHII.R o6paTHYX 98,ll.8'1 MarHHTOCTaTRP •. ,B .ao
CT8TO'IHO CJIOKHON BHAe 3T8 3M8'18 JopMYlHpyeTC.R B npo6.JteMe ,CKH
Tesa NarHHTHOA CHCT8MH nO.JIOH,ll.8Jl1>HOro nola TOK8M8K8. 

A) ra11ypKH M.K. HeueeAaue JyHUHOHanHwe ypanHeHH.R H eenpe-
pYBHYe 8H8JIOI'II KT{!p8THBHHX NBTOAOB. Msn. BY3•on. MaTeNa-
TMKa, 1958, t 5(6), Co 18 - :3I;· 
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B CBHSH C KeCTKHMH Tpe6oBaHHHMH K nonm OCTamTOH aKTyaJbHl,IMH 
BonpocY ero ~OpMHpOB8HHH B 3JleKTpowarHHTax COBpeNeHHYX UHK!H
qecKHX ycxopHTeJeR sapaseHHYX qacTHU H OHCTeN HX TpaHonopTHpOB
KH. qHcneHHOe NOAelHpOB8HHe AOJIKHO o6ecneqHTb Tpe6yewyi, ToqaoCTb 
yqeTa oco6eHHOCTeR KOHCTPYKUHH N 3W>e1CT0B HaCY~eHHH se1esa. 

Oco6o Baeym polb HrpaeT qHcxeaaoe NOAeXHpoBaHHe B paspa60T
xe MarHHTHYX CHCTew C enesoN Ha NHJ!.YKUKH CBY■e 2 T, Tax xax 
ApyrHe MeTOAY 8H8JIH38 noxa OK83YBamTCH HJH CJH■KON npH6JHJteff
HYNH, HJlH npaKTHqecu TPYAdO ocy~eCTBHMHNH. Heo6XOAHNO noA
qepKHyT&, qTo ODTHMH38UHH CBepxnpDBOAH.NX warHHTHYX CHCTeM AOJE
Ha npOBOAHTbCH C yqeTOM orpaHHqeffHR~ CBH38HHUX C noBeAeHHeM TO
xoaecyux aneweHTOB B CHJl&Hux no1ax. 

JHccepTauHa HBJHeTCH 0606.esHeM pa60T, BWnonHeHHHX B COOT
BeTCTBHH c Ha)"IHO-TeMaTHqecxHMK nnaHaMH·fMH:»A HM. J.B.~peMo
na, H~B3, OHliH, HT:» H HA3 HM. H.B.KypqaTo»a. 

·UEJIB PEiEPHPYEMOR lHCCEP1'4UHH ·cocTOHT B paspa60Txe·weT0AoB·H 
weTOAHK'MaTeMaTHqecxoro MOAelHpOBaHHa-aeJHHeRRHX MarRHTOCT8TH
qecKHX no1eR, COSA8HHK Ha HX OCHOBe-nporpaMMHOro o6eoneqeaHa, 
BWDOlHBHHH aHanHSa H OnTHMH38UHH napaMeTpOB paAa peaJHSOBaHHHX 
NarHHTHYX OHOTeM, a HMeHHO: 

I) B Haxo~eHHH pauHOHIUl&Horo nDAXOAa K peaeHHm lHHeRHHX H 
HeJHHeRHYX npooTpaHCTBeHHHX MarHHTOCTaTHqecKHX 38Aaq, paspadoT-
xe qHCXeHHoro axropHTMa H 060CHOBaHHH ero 3iflipeKTHBHOCTH [r·+ 6]; 

2) B paspadoTJte 3KOHONKqHYX qHCJleHHHX anrOpHTMOB NOAe.1HpOB8-
HHH JIHHeRHYXHHeJIHkeRHWX,l'UlyNepHYX MarHHTOOTaTHqeoKHX no.1eR H 
o6ooHtiBaHHH HX 3!M>e1tTHBHOOTH [7 + 9] ; · 

J) B p83BHTHH MCHil'AJIH pe■eHHH 38Aaq warHHTOCTaTHKH [IO] ; 
4) B paspa6oTKe weTOAa pe■eHHH onpeAeneHaoro x.1aoca o6paTHWX 

sa,naq MarHHTOCT81'HltM [II + 12] ; 
5) B paspa60TK6 NeTOAa CHHTesa warHHTHYX CHCTeM IlOJIOHA8JlbHO

ro no.111 TOICAMaKOB (IJ; I4] ; 
6) B paspa6oTJte MeTOAHltH ·qHCJleHHOro MOAeJIHpOBaHHH cawooorxaco-

BaHH!JX xpaeBYX 38A8q [15}; -
7) B COSABHHH nporpaw1raoro o~eoneqeBHH, qacleHHOM" MOAe!HpOBa

HHH H ODTHWSaQHH'nap8MeTpoB-p.lI,ll8 HeJIHBeRHIIX MarHHTHEIX CHCTeN! 
GleKTpowarBHTOB nysup&KOBIIX 1taNep-[I6 + IB] , cBepxnpoBOAHlllHX 
3.1e1tTpOMarHflTOB [19 + 21] • oxeupowarHHTOB OHHXpOTpOHB. H~B~ . 
[BJ H ero· OTAeJl&HHX CHOTeN [22 -t 24] , tcarHHTHOR CHCTeMY DOJIOH

,llaJ&BOro nOJH TOltBMaxa [25]. 
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HAYlIHAH HOBH3HA PAEOTil 
r. PaonpocTpaHeHH Ha npooTpaHCTBeHHUR OJlyqaR HSBec3Hue no ABY

MepHYM pacqeTaM MeTOAY reHepaUHH Heperyx.RpHOR ceTKH * H qHCJleH
HOro MO,ll~lHpOB6HH.II Ha OCHOBe MOA~HUHpOB8HHOro CK8l.1IpHoro noTeH-

**) ) UH8Jl8 • BnepBue (1970 r. ·npOHSBeAeH qHcJleHHYR aHalHS HeJIH-
HeRHYX noneR KOHKpeTHOR MarHHTHOR CHCTeMu. 

2. Bnep»ue (1967 r.) OCYllleCTBleH B qHcneHHOM MOAenHpoBaHHH 
KOHKpeT~HX MarHHTHYX CHCTeM MeTOA HnBP. 

J. Ilpe,llJIO.eH anropHTM MO,llelHpOBaHH.II, OCHOBaHHYR Ha MCHIT H 
KOHCepBaTHBH_OR cxewe OKBOSHoro cqeTa •. 

4. JJI.II pHAa K6HOHHqecKHX ~opM pa6oqeR 06J18CTH npeAJio•eH MeTOA 
CHHTesa MarHHTHOR CHCTeMH [rr]. 

5, IlpeAIOKeH H peMHSOBaH MeTOA CHHTesa CHCTeMu nOJIOffA8lbHOro 
DOJI.II TOKaMaKa [IJ] , 

6. B pesyx&TaTe nonyqHno pa3BHTHe nepcnexTHBHoe HanpaBxeHHe -
NaTeMBTHqecxoe MO,lle!HpOB8HHe M6rHHTOCTaTHqeCKHX noneR, nocnynB
mee MeTO,llOJOrHqec1toR OCHOBOR pemeHHH KpynHDR ~H3HKO-TeXffHqecKOH 
npo6neMH - pa3pa6oTKH H COSA6HH.II HODOR 316KTpopH3Hqec1toR annapa
TypY Al.II HCCl6,llOB8KHR B o6nacTH ~HSHKH B!JCOKHX 3HeprHR H no npo6ne
Me ynpaBn.ReMoro TepMOaAepHoro CHHTesa. 

7. Ilpe,llJOKeH H 060CHOB8H cnoco6 KoppeKUHH nona B 3JleKTpOMarHH
T8X THna "OKOHHOR pawu" [28, 29] • 

fJPAKTHllECKAH UEHHOCI'B PAECYIH 
r. Ha 6ase npeAno•eHHUX MeTO,llOB H paspa60T6HHYX axropHTMOB 

C03AaH KOMDJleKC B!JqHCIHTeJl&HYX nporpaMM, npHrO,llHYR Al.II qHcJleHHO
ro MO,lleJ1HpOB6HH.II XHHeRHUX H HeJIHHeRHUX, ABYMepHYX H npocTpaHCTBeH
H!JX noxeR B 06l8M cnyqae HSOTpODH!JX H aHHSOTponHUX cpeA C AOCTa-· 
Toqao npOHSBOJlbHOR KOHJHrypauHeR TOKOHecyllOIX H ~eppoMarHHTffHX o6-
.ll6CTeR. IlporpaMwu HanHcaH,u Ha .11su1tax ARK, AJirOJl, iOPl'PAH H npH
cnoco61eHY K paSJIHqHHM THnaM.OTe~eCTBeHHYX 3BM. C HX nDMOl&m 
BHDOJIHeHY aHBJH3 H onTHMHSaUHH napaMeTpOB OJleAymlHX peanHSOBaH
HHX warHHTHHX CHCTeM: 

*) Winslow A.M. Numerical solution of the quasilinear Poisson 
equation in a nonuniform triangle mesh. - Journ. of Comp. 
Phys., 1966, v.1, No.2, p.149-172. 

**) Livingston M.S. and Blewett J.P. Particle Accelerators. -
N.Y.: McGraw-Hill, 1962, p.253. 
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a) 01exTpoMarHKTa n_ponaH-qipeoHoBoR xaNepY CKAT [r6, I7]; 
6) 01exTpONarHHT6 DAltOBOAOPOAHOR K6NepY "XllANHJta" [Ia]; 
B) ycTaHOBKH "])mepoe-I" (I9, 20] ; · .· 
r) CBepxnpoBO,JVllllero AKTI0.111 C paspeSHYM HarHHTOTipOBOAON [r2,2r]; 
A) npel(IISKOHHHX saBOpa'IHB61llllHX MarHHTOB THna 110lt0HHOR pawY" C 

OAHOpOAHl,IM B mKpOKON AHanasoHe KHJJ.YKUHA no.1ew AIR CKCTeMU MeA
neHHoro BYBOAa CKHxpoTpoHa HIB3 [29]; 

e) OJteKTpoterHKTa 6ycTepa CHHXpOTpOHfl WPB3 (c y'leTON 8HHSO
TponJUI CT6JtH) [23]; 

a) TOKflNaxa T-20 [25, 27] • 
2. Paspa60T8HHYe 'IHCJt8HHY8 aJtrOpHTNY H COSAaHHOe H8 HX OCHOBe 

waTewaTH'lecKoe 06ecne'leHHe·•cno1&sy1JTCR B OHffH, HT~. HffH AH CCCP 
H Hffl CO AH CCCP. 

AIIlJPOEAUHR PAEOTl:l 
Pesy1&TaTY.AHccepTaUHH·AoKnSAYBa1Hc&·Ha CoBell!BHHH ·no ipopwHpD-" 

B8}1Hll. ny•utoB:·sapaeHHYlC'laCTHQ BHCOltKX oaept'HII (,!y6Ha, 1967 r.); 
Ha BceCOl)SHl,IX COB811!6HHRX no ycxopHTB.IRN sapRKeHHYX 'laCTAit"B 

1968, 1970 H. !974. roAax; ea· sace,naHH11x· c~ t 2 Hay•rnoro coBe
Ta AH CCCP no ltOMTIJteltCHOA npo6JteNe "Hayqmie OCHllBLI oneup04>1iSHJCH 
H o.11e1CTpooaepreTH1tH" B 1970, 197'.3·, I976·ro.1tax; Ha IY·BcecomsHoM 
cewHHape no NeTOA8N paO'leT8 3J81tTpOHHO-onTH'ICCICHX CHCTeN (HOBO
CH6HpCK, I97I r.); H8 Mell,llyHapOAHHX COB81116HHRX"nO 60Jh■HM T01ta
im1tall (ly6Ha, ·I975 r.; ClllA, npaHcToH, I976 r;); ·ea ·BceconaoA 
KOff4,epeHUHH no TeXHHICC Hcn01&SOBaHHJf CBepxnpOBOAHMOCTH (A.lyllira·, 
!975 r.); ea )(ell,llyHapoAHBX KoaipepeHIUl.llX no·NarHHTHoA·TexHo.11orBH 
(MT:_5, lpacitaorK, I975 r:;·Nr-6,·EpaTHC.11aiia~ I977·r.);·aa Bcecoms- • 
HOR KOaj>epeHUHK no· KHlleHepHYN np0_6.1eMaN· TepNORAepHHX pealtTOpOB . 
(XCHKHrpSA, · I977 r.), a Tane ea Hay'IHHic ceMHeapax B HIB3, HT~, 
HA3 KN. H.B.Kyp'laTOBa, XBTA OHffH H HHH~A. 

ITYEXHKAUMH 
no Tet:e .. AHCCCpTaitHK onycSnRKOBBHO "65 padoT; OciHOBHlle ·pesy:w1'a- · 

TH COACpllaTCR B 30 ne'laTHHX pa60T8X, npHBCACHHYX B CTIHClCe llHTepa-

TYP"'• 
CTPYKTYPA · J1H CCEPTAUHH 
PadoTa·cocTOHT HS BBe~eHIVI, nRTH·r1aB,·sau:1~eBlffl R )Uiyx npx

.11011[8HHR; 061.eN - 218 CTpaHHit, 95 pHCyHICOB, 8 Ta6llHU, cnHCOlC JK
TepaTypY HaC'IKTYB8CT 194 H8HMCHOE6HKH. 
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BBeAeHHe COAepliHT o6oCHOB8HHC aKTyan&HOCTH pa60TH, nepe'leH& 
pacCMOTpCHHYX npo6neM, o6oCHOB8HKe CTpyKTypY AHCCepT8UHK. 

B nepBOR rJtaBe o6cyll(Jl.aeTCH noCT8HOBK8 S8A8qH H A8CTC11 KpHTH
'18CKHR odsop pas.11KqffYX TIOAXOAOB Kee pemeHHll. BTopan rnaBa oc
BemaeT Bonpocu nocTpoeHHR pasHoCTHHX cxeM. B TpeT&eR rnaBe Hsna
raJJTCR oco6eHHOCTH peanHS8UHH MeTOAOB qncneHHoro MOAenHpOB8HHR. 
[lpo6neMe CHHT8S8 COAep•alllHX ~eppoMarHeTKK MarHHTHHX CHCTCM no
CB.lll!ICH8 'leTBepT811 rnaBa. B TIHTOR rnaBe paccMaTpHBBllTCH BonpocY 
ipopMHpOB8HH11 nonen M onTHMHS8UHH napaMeTpOB KOHKpeTHHX MarHKTHHX 
CHCTeN C noMOWbD MeTOAOB, HSnOll[eHHHX B npeAYAymHx rnaBax. 

B S8K.Jlll'18HHH Kp6TKO cyMMHpyllTCR OCHOBHYC nayqHHe pesyn&T8TH. 
B npH.110MCHHH BYHeCCHY: 
I) Hcnon&syewe B pacqeTax NarHHTHYe xapaKTepHCTHKH CT8.11H H HX 

aH8.JlHTH'leC1tHe annp01tCHM6UHH; 
2) TIOCT8H0Blt8 saAaqH H oco6eHHOCTH MeTOAKKH MOA811KpOB8HHH 

KBBSHCT8UHOH8pHYX HMny.llhCHHX noneR. 

CO!EPMAHHE PAEOT!l 

rnaBa I. flOCfAHOBKA KPAEBHX 3AJ1A4 MArIIBTOCTA'rnlfil 

B AHCcepT8UKH pacCM8TpHB81lTC11 MeTO.ll,ll AH¢¢epeHUK8.11bHYX ypaBHe
HHR. 

flpRM8H SBA8'18 M8rHHTOCT8THKH ~opMj.llHpyeTCR cneAylllllH_I!. o6pas_9!!: 
Tpe6yeTCR H8RTK CTBUHOHapHoe MarHHTHOe none BeKTopoB 8 KnH H 
B AOcTaToqno npoHsBon&non des!:)iC'l'.epesHcnon cpeAe { a .. =.P: f Aj H;) 
no SSA8HHYM HCTOqHMK8M noJta J,, , MarHHTHYe CBORCTB8 ~All onH
CHB81lTC11 TeHSOpHYN H.11H CK811HpHYM npeACT8B.11CHHeM MarHKTHOR_ijpO
HHU6CMOCTHj-l_. )1onycK88TC11 4 Tlm8_06nacTeR:4(fa-1,, J;,= o)' 
])II (,J,1 ;1= 1,, J;; = o) , D!il (ft= 1, J;, ,;, o) , J)iY (_,µ ;1:, 1, T,, =I: o). 

B o6McTnx Dll H J)[j y'IHTYBaeTC.ll nenHnenaan saBHCHMOCTb fl 
OT 8 • 

C TIONOl!lbll BeKTOpHoro noTeHuHana Ji ( V,,;; -=z 8 ) npo6neMa 
B 0611!CM c1yqae CBOAKTCH K pemeHHll Tpex He.11HHeRHYX BS8HNOCB1138H
HYX AH!MiepeHUK8.JlbllllX ypaBHeHHR B qacTHHX npoHSBOAHYX BToporo no
p11Altfl OTHOCKTe.lbHO xoMnotteHTOB Ai c HyneBYM ycnoBKeM Ha decxo
HC'IHOCTH. Ha npHMepe MOAe.JlbHOR S8A8qH TIOK6S8HO [2], 'ITO 3TOT 
TIOAXOA MOlleT 6HTh pea.11HSOB8H npH noBYmeHHYX Tpe6oBaHHHX K 3BM. 
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K CYJlleCTBeHHHM ynpoleHHJIM npHBOAHT nocTaHOBlt6 AByMepHOA B8A8-
qH H nepeXOA It 6ecxoHeqHo 60.11&moA MarHHTHOA npOHHuaeMOCTH ~ep
poMarHeTHlta. Be!!OPHliR noTeHUHa.11 AByMepHoro noJIJI HMeeT OAHH 
ltOJI.IIHHeapHliA c J,, KOMnOHeHT. EC.IIH.,PFe =- 00 

, TO 06.11acT& .D.lt 
BunaAaeT HS paCCMOTpeHHJI. HCKJlllqeHHe COCTaBJIJlllT CJlyqaH C 06J1ac
TJIMH ])ii HJIH c OTJIHqHUMH OT HYJIJI no.lHliMH TOltaMH B o6JlaCTJIX ])!JI 
pacnoJOlleHHliX B noJIOCTJIX C orpaHHqeHHYM ltOHTypoM ceqeHHJI. I'pa
H~Hlie sai,.aqH npH 3TOM ~OpMyJIHpymTCJI nooqepeAHO B o6JlaCTJIX ~v 
HJH _D.lf H B l)I HJIH ])I U j)lfi • -

PemeHHe npoCTpaHCTBeHHOR sai,.aqH sHaqHTeJl&HO o6nerqaeTOJI npH 
Honon&SOB8HHH OIC8J1.flpHoro.noTeHuHana. 3AeC& HMeeTOJI TpH BOS~o•
HOCTH. 

nepBa.fl COOTOHT BO BBeAeHHH noTeHUHa.lla tpCm)A.IIJI onMcaHHJI no-
' - -(•J (mJ 
JI.fl HaNarH11qeHnoR cpe.itu, Tax qTo H = H + V (p • ,llna pemeHH.fl 
ypaBHeHH.fl'OTHOCHTeJl&HO ipC"'1Tpe6yeTC.fl noAp06Ha.fl MHf>OpMaUHR o Ba~ 
KYYNHON none 7i(o). XpTJI ero onpe.zten:enHe He BliSSBaeT OONH&HHA, 

Bee ire KOHKpeTffile pacqeffl npe.itOTaB:Jl.flllTCJI Be~Ma TPYAOeJlltHMH. 
BTopaR BOSNOICHOCT& OBJISaHa O onncaHHeM H B ])II C noNOIIU>ll. 

OAHOro 01taJUipHoro noTeHUHa:Jla (p • B pesyJl&TaTe BO.fl paCCMaTpH- . 
BaeMaR 06.11acn pas6H:eaeTca Ha ABe tmcTH,.Dz U D/ii H ])JI , pemeHH.fl 
B KOTOpliX AOJl'IIHU 6YT& OOCTliKOBaHY. -

TpeT&JI BOSMOllHOCT& OCHOBYBaeTOJI Ha npHNeHeHHH MO.ztH~HUHpOB8HHO
ro CICaJl.flpHoro noTeHUHaJla 1/" , YAOBJleTBOp.fllllero ypaBHeHHll 

.3 atr J 3 
.3 (.. ) J_ ;:r. (P,·j ax: """ - L a:x:, fi,; P;· , 

t,j .. t • J - ',]"'' 

(I) 

rAe KOMnoHeHTH :eeitTopa p JIBJIJIIITOJI pemeHHeN ypaBHeHHJI 

v ... P-=J: .. (2) 

flpH 3TON H=vv+P. (3) 
-coJ 

PemeaHe ypa:eHeHH.fl (2), :a oT.11RqHe·oT H ,_!oxeT·6uT& 11I1pa.reHO· 
qepes o;,;HOICpaTHY e HHTerpaJIY OT KOMnOHeHTOB J'o , :euq11cneID'le ICO
TOpux He BliSYBaeT S8Tpy;,;HeHKA B Jta"'l;l!OM HTep8UHOHHOM URIC.lie. C 
ApyroA CTOpOHY, 6naro.itapR YffHBepcM&HOOTH ypaBHeHHJI (I) MOXeT 
6YT& opraHHSOB8H'CKBOBHOA cqeT. 

3ToT npHeM nonyqJUI ■Hpoitoe· pacnpocTpaaenae B 'lHcJ!e1rnow ana.rM
se HeJIHHeAHHX ,ztByuepHHx·noxeA. AllTOp ~OBN8CTHO O A.C.ClfMaltOBHN 
Bnep:aue npHMeHHJI ero B qHcJleHHON MO,ll,CJIHpOMHHH HeJHHeAHliX 

npoCTpa.HCTBeHHHX IlOJieil[I,3+5]. 

6 

B onyqae terHKTHliX CHOTeM C UHIHHApHqecKHMH 3KpaHaMH TpexNep
HYll saAaqy yAaeTCJI CB BOTH IC AByMepHOR, ecJIH npe,11,no.110llHT&.,<lr.,=C>c> 
CpaBHHTen&Ho 1er1to 06ecneqHBa11TCJ1 yc.110:aHR, npH KoTopux PI 0 
JIHm& B .Di! H V = 0 Ha rpaHHUe 06.11acTeA ]).I H ])![ [ 6] • 

MeTOA nocJ1eAOB8TBJl&HHX npH6JIHgeHHR noSBOJJleT BHnOJHHT& npeuH-
3HOHHue Hcc»eAOBaHHR npK yMepeHffilX Tpe6o:eaHHRX K onepaTHBHOR na
MRTH H 6ucTpOAeRcTBHll 3.BM. Oco6eHHO ~eKTHB8H 3TOT MBTOA B 8H8~ 
nHse -TaK Hasu:aaewux 6essasopHYx cHoTeM, co.itepim~Hx o6nacTH D,v. 
Bec&Ma CHJl&Hoe BJIHJIHHe Ha no.lie M8JIYX BOSAymHHX yqacTKOB He noSBo-

}l.fleT npKMeHHT& oxeMy CKBOSHOro cqeTa. . 
PemeHHe HeJHHeRHHX HHTerpaj&HliX H o6YKHO)eHHHX .ztH~epeHUH8Jl&

HHX ypaBHeHHA ycnemao·ocy•ecTBJIJleTOJI MCHfl *. flpHMeHHTeJ&HO K 
HeJHHeflHJ,JM 38.ltaqaM MarHKTOCT8TKKH 3TOT1 MeTOA noSBOJJleT onTHMH
SHpOB6T& BliqHCIMTen&HliR npoueoc [IO]. 

CornacHo MCHII RaXOJOteHHe A :a c.11yqae· oceCHMMeTpKqffoA cHcTeMi 
C HSOTpOnHYM weppOM6rHeTHltOM CBO.ltHTCJI K pemeHHll ypaBHeHHJI 

F(r, r,t)-=L(r, :z.,,-1:.)+L.(r,r,t)=O-> (4) 

(5) rAe L (r, i!,, t)= }lJ-f=- ;,3,.frAj+ ;z {9 ::}+.Po J;, = 0-> 

~ ::p =1{82(A» , A~A{r, r, I:)., 
npH rpaHHqffOM e,,,,,, A = 0 K Haqan&HON A(,; c, o)=A,.,(r;~Jyc.110-
BHJIX. x- 00 

• 

YpaBHBHHe (4~0THOCHTen&HO A OKaSYB8BTOJI JIHHeRHYM. no HS
BeCTHYM A(t) HA (t) Mollffo nepeRTH K woMeHTY -I: +d-l: , TaK qTo 
H8XOJOteHHe A(,;~>= eim. A{,; r,, -l:) OBO,ll,HTCJI It 6ec1t0He"1HOA no-

-t---
cne.itoBaTen&HOCTH JIHH8AffliX sai,.aq. flPH CXO.ltHliX yo»OBHRX B ynOMJI-
HYTOR paHee padoTe E~n.lH,ll1to:aa K .ztp. ~OIC6S8HO, qTo npH·ToqHoM 
pe11eHHH KpaeaoA saAa'lH OTHOCHTen&HO A .11 di - 0 npH6nneulloe 
paonpeAe»eHHe A cTpeMKTCR K TotJHOMy HesaBHCHMO OT Ao fr,~) • 

*) IM,11,JCOB E.n •• Ma1tapeH1to.r.H.,-nysuHHff,H.B. HenpepHBHYR aHa
xor NeTOA8 H&llTOHa B HBXHHeRHHX sai,.aqax ~HSHltH. - ~Ks.anew. 
qacT. H 8T. RAp8, 1973, T. 4, i I, c. 127 - 166, 
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rJia»a II. ITOCTPOEHHr: PA3HOCTHHX CXEM 

3aAaqH warHHTOCTaTHKH B npHHUHne CBO.JV[TCH 1t paCCMOTpeHHD "oT
KPYTYX o6xacTeR" c rpaHHqHYM yoJIOBHeM Ha 6ecKOHeqHOCTH. Heo6xo
AHMOe npH HODOX&SOBaHHH paSHOCTHYX oxew HCUDqeHHe "npo6Jlelli 6ec
KOHeqHOCTH" NOKeT 6YT& ocy•eCTBJleHO pasJIHqHYMH nyTHMH, npHBOAH•H
MH JlH60 It TQqijOMY, JH60 It npH6JIHE8HHOMy pemeHHD. 

,CpeAH nepBaX BYAeJIHeTca CBoeA YHHBepcan&HOCT&D_cnoco6, 6a-
3HpyDlllHRCa Ha cornacoBaHHH xpae»oro yoJioBHa Ha rpaHHUe -orpaHHqen
HOA o6nacTH c noJiyqaeNHM pemeHHeM. B XOAe HTepauHOHHOro npouec
ca rpanHqHHe SHaqeHHJl HCKOMOR ~YHKUHH anHSOAHqecKH npHBO.ltllTOH B . 
COOTBeTOTBHe C · onpe.neueMHMH "~HltTHBHHlffl" · HOTOqHHK6MH ·noxa [Is] • 

McXOAlt'HS ace11n'!'OTHKH noJIH Ha donmHx·paccTO.llHHHX'OT"HCTOqHH-
ltOB qx>J:lMYJIHpYCTCJi Iij)R6JJmtCHH08 1tpaeBoe yCJIOBl!le . fil po-
A8 • TeopeTH'leCKH. 060CHOBliB6eTOJI ToqHOCT&. pacqeTa' odycJIOBJleHHaa 
Be6opoN rpaHHUH. HCC.le,ltj'8MOR . 06.laCTIC [27] . 

Bon&IDIHCTBO pacCMOTpeBHHX paSHOCTHliX oxeN 6asHpyeTCH Ha ae1tap
TOBOR OeTJte, C noMOM&D paSJHqaex·BeqHCIHTen&H9X npH8NOB'OdlaCT& 
HX npHMeHeHHH MOKeT 6YT& pacnpoCTpanena Hll'CHOTBMS co·c1101tHOR 
CTpyltTypoR. 0AHaxo H3B80THO, qTo·oco6eHHOCTH reo11eTpHH'H6 n100-
KOCTH HBHdonee Tlll6Tel&HO yqHTYBaDTCH ea HeperylHpHOI Tpe~ron&HOR 
ceT1te, npaBAB, co ·snaqHTeJl&HYNH TPYAROCTHMH' B pe8JlHS6UHH, B npo
CTpaHCTB8HHON cJlyqae onpeAeJleHHHR HHTepec npeACTaBJ1HeT·aeperyJ1Hp
H6H ceTKa HS T8Tp63ApOB, MeTO,lt reHepaUHH KOTOpOR o6ocHOBaH B 
AHCCCpT6UHH, 

HcnoJI&SOBaHHe pacqeTHOA NO.lt8JIH, cor.1aoHO KOTOpo'n· ~ = eorts.-1: 
B npeAeJlaX K6ll,JlOR ~qeRKH, H HHTerpo.1tlllPP8pCHD;W8Jil,HOI'O, KJIH Bapua..;. 
UHOHHOro·MeTOAOB H noSBOJIHBT cy.eoT»eHHO ynpoOTHT& BYqHCJlHTe1£-
1rnA ·anropHTM H. yMeHHHT& norpemHOCTK pac'leTa, CBJl36HHlle C ·yqeTOM 
cs:aqKoB JU. It C ycpeAHeHHeM- 3TOA ·»elUl'IHHY. B cnyq_ae llHHeRHOlt 
HHTepnO.IJIUHH noTeRUK8llB B npeae1ax JlqeAKH oda R8T0Aa nocTpOeHHH 
pa3HOOTHIIX oxeM·npHBOAHT·K OAHHal'tOBBN pesyn&TaTaN. 

B·1toneqH11x·paSHOCTHX Ta1t1:e·~opwy.11HpoBaHa Sa.zta'la warHKTOCTaTH

KH npHNeHHT8.Jl&H0 It MCHn [rol • 

M) A.A~Cawapcx~A. B»eAeHHe B reopHD pasnocTHIIX cxeM, - . M.: 
Hayxa, I97I. - 552 c. · 
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rna»a m. OCOEEHHOCTM PEAJIH3AIHIB METO.l{OB 4MC]EHHoro 
MO.l{EJIMPOBAHMH 

Bonpocy OHHl:8HHJl Tpe6oBaHHA K onepaTHBHOA naMHTH :3BM H 00-
Kpa•eHHH AJIHTe.ll&HOCTH cqeTa HBJIHDTCH onpeAeJlHDMHMH npH BY6ope 
nyTeR peaJHSaUKH MeTOAOB qHcnenaoro NOAeJIHpOBaHHJt. B CBH3H C 
3THN OCHOBHOe BHHMBHlte aKQeHTHpyeTCH Ha NeTOAe HnBP. nonyqeHY 
BYqHCJIHTeJl&HYe a.llropHTMe Aliff OJyqaeB npHMeHeHHH a) npOOTpaH
CTBeHHOA [5]H 6) ABYMepHOA [9] AeKapTOBOA ceTKH, B) nepery
llHpHOR Tpeyro.ll&HOA OeTKH, yqeTa MarHHTHOR BHHSOTponHH CTanH[22] 
H BHBJlltSB paBHOBeCHYX nnasNeHHYX KOH~HrypauHR B TOKaMaKe [I3] • 

B npoTKBOBeC AByxmaro»owy weTOAY 3pAeXH o6cyamaDTCH BOSMOll(
HOOTH MCHIT. HccJ1e,1tOBaH_a B TCCTOBUX H peaJIHSOBaHa B npaKTHqecKHX 
pacqeTax oxewa onTHNH3BUHK »11qHcJ11tTen&noro npoueoca. IToKasaao, 
qTo qHCJlO BpeMeHHYX OJIOeB cna6o saBHCHT OT napawe-rpa, xapaKTepH
syD•ero TOqHOCT& pemeHKH JlHHeRimx sa_naq (pHC. I), TaK qTo OHa 
NOl:eT 6eT&'sa.ztaHa BeO&Na rpy6oA • .l{pyraH 'B03MOll(HOCTb onTHMHSa
UHH OBHSftHa c BBeAeHHeM B anropHTN HeCJIOll(HOA npoueAypa, 06ecne
qJ11BaD•eA HaH60n&myD CKOpOOT& OOKpaleHHR H8BH30K npH nepexoAe 
Mellf,lly C008AHHNK BpeM8HHBMH CJlOHMH (pHc. 2). 

N'-J"--

·-· ""'tro 

, ~t;r 

f>Hc, !, 3aBHOHMOCT& noJlHIIX 
qHoen Jl~HeAHYX HTepauHA 

N~-- H BpeMeHHYX CJIOeB ~ IL mu OT TOqfil!CTH pemeHHR 
llHHeAHYX saAaq / • 
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PHc. 2. TeKy~aa ToqnooT& 
pemeHHH B saBHCHMOCTH OT 
nonHoro.qHcna JIHHeAnYx 
KTepauHA. • - nono•enHe 
»pewenuoro cnoa. T''"'': 
I-t:'~; 2- 0,5; 
3-0,75; 4-I,O. 



3HaqHTeJlbHOe ycKopeHHe CXOAHNOCTH H yNeHbm~HHe AlHTeJlbHOCTH 
pacqeTa NeTO,llON HIIBP rapaHTllpYIJT HcnoJibSoBaHHe onTHNanHoro :rna
qeHH.li napaweTpa BepxHeR pe11a1tcauHH euo,.t . Orporoe onpeAe.leHHe 
c.c,opt npeACTaBJI.lieT caNOCTO.liTe.llbHYI) 56,IJ.aqy. lfa~ecTeH tt) npH6JIH-

1teHHHR cnoco6 HaxoZAemrn tv-,,-1: 11 o6nacTH DI U Dr,; • ITpH aTON B 
])JI 3TOT napaNeTp noA6HpaeTC.li 3KCnepHMeHTaJlbHOHJIH S8AaeTC.li 

Ha OCHOBe npeAHAYlllHX pacqeToB. 
0AHaKo, K8K noKaSHBalJT pacqeTH KOHltpeTHHX NarHHTHHX CHCTeM 

[26] , NOXeT 6HTh peKOMeHAOBaHa cxeNa onTHMHSaUHH W ,llJl.li-BCeR 
06JlaCTH, BKJIJJqa.11 H8JIHHeRHHe yqaOTKH_. no cy111ecTBy 3Ta cxeNa .liB
Jl.lieTC.li 0606111eHHeM CXCMH BHHCJIOy. 

Oco6eHHOCTb npeAJllil'aeMoR-cxew ·cocTOHT. B TOM, qTo, BC.JIHqHHY 
-u>-,,f onpeACJl.liJJTc.11 pas,1te.JibHO B 061act.11x ~ U :D!iI H DE , a_· ea HX 
rpaHHue-sa,llaeTC.li HX cpe,llaee 3HaqeHHe. ITpH-3TON"CYIIICCTBCHHyll 
pen HrpaeT .a:oppeltUH.li SHa'leHHR u)oii B CJ1yqae- paCXOAHNOCTH' HTe-· 
pau0oaaoro npouecca. PaccNoTpeau pasJK'IHHe cxeNH 1toppe1tUHH (cw. 
pHc. 3,6)**):-1 - npH o6aapyxeHHH pacxOAHNOCTH-3H6'18HH.li w.,.~ 
He HSM8H.lillTC.li; IT - npH TON xe yc.JIOBHH-oHH yweHJi■allTC.li Ha·sl!,ASH-"" 
HHe Be.lH'IHHH; ID - 3TH C01Cpa111eHH.li-npoHSBO,!tHTCB JIB■& no npomecTBHH 
58,ltaHHOro 'IHCJla (o6H'IHO Tpex) HTepaQHOHHHX JlJ!ltJIOB, conpOBO'l[A81l
lllHXCH p8CXOAHNOCThlJ.· Ha ~TON xe pHCYHJte ,It.JI.Ii cpaBH8HH.li npHBO)UITC.li 

,lt8HHYC no CXO,!tMNOCTH, no.1y'leHHHe des OTITKMHSBUKH w (1tpHBIIJI 4) 
H B pac'leTe 0 TICMOlll&ll MCHIT (KpHBM s). ITpe,ltTIO'ITHTe.lhHH cxewa ID 

B MeTo,1te HIIBP H MCHIT~ 
Cxewa m npoli.1a aKcnepHMeHTall,HYJJ. nponepxy ea· donmow ·qxc.1e 

pac'leTOB paSJIH'IHHX MarHHTHHX CHCTeN. JR■& B cJyqae CHCTeMY-c 
SaMKHY1HM XCJl8SHHN MarHHTOttpOBO,!tON OHa oxasaiacb He,1toct6TO'IHO 
arlxPeKTHBHOR HS HRSKHX ypOBHliX HeBHSOlt np• flt=e >> I. Bee 11:e ee 
CJie,llyeT npHNeHHTh, Tait Jtalt no1yqaeM1,1e B Nepy·dolh■He SHa'leHHH 
oo.,,.t TIOSBOJl.lillT'BeC&Na dYCTpO AOC~HrHyTb pacqetaoro ypOBH.li TIOJl.li 

B MarHKTonpOBOAe •.. B .,lla.JlbHebeN_ CXOAHMOCTh odecneqHBaeTC.li cxewolt 
C W=~t-

tt) Winslow A.M. Numerical solution of the quasilinear 
Poisson equation in a nonuniform triangle mesh. -
- Journ. of Comp.Phys., 1966, v.1, No.2, p.149~112. 

**) Ha-pHc. ),a npHBOAHTC.11 acxHs axcHaJ1,aoro ce'leHH.li warHHTa 
Ha HHAYKUKD s.= 3 T, HCTIOJbSOBaHHHR B aHaJH38 3!p~8KTD
HOCTH paSJH'IHHX cxeN. 
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PHC. 3. a) 3CJtH3 aneKT
poNarHHTa; a. = 3 T. 
<S) "TeXy1116H" ToqaoCTh 
pe■ eHH.li npH pasaux cxe
Nax onTHMHSaUHH: 
I - ~I),. 2 -,~IT), 
3 - m) 1 4 -u,(,c), 
5 - CHIT. 

PemeHHe NarHHTOCTaTHqecKHX SaAaq 
penaxcauHOHHHMH MeTO.Zl,aMH He o6xo.n.HT
CR 6es ·3KCnepHMeHT8JlbHHX npHeMOB H 
pe1toNeH,ll6UHR, B 3TOM CMlicne MCHIT oT
JIKHaeTc.11 60Jlh■eR CTporoCTbllj OAHaxo 
Al.Ii ere peanHsauHH Tpe6yeTc.11 saaqH
TeXbHM onepaTHBHa.li naM.liTb, 

C ueJihD y,1yqmeHHR CXOAHNOCTH NeTO
Aa HIIBP npH pemeHHH npocTpaHCTB8HHHX 
36,IJ.a'I C HCOOJlbSOBaHHeM DOTeHUH8.la 'If 
npHMCH.lieTCR "KoMdHHHpoB8HHa.li cxeNa". 
Cyn ee 11· TOM, ·qTo Ha yqacT1te, r,lle . 

d._p-/d.H 2
.::. O, saAaeTc.11 HeKoe H • K 

noxaraeTC.li d.)L/'1H2
s O npH H-=-H+. 

TeN caMHN ycTpaH.lieTC.li HCTOqHHK pacKSq
KH HTepauHoauoro npouecca; npH don&mHx 

H MeTO.ll HIIBP BHcTynaeT B .oduqaoM 
BHAe, 

EOJlbmoe·BRHMaHHe y,1teneuo pasnK'IHHM 
cnoco6aM coxpa~eHHR A»HTenbHOCTH cqeTa: 
TIOArOTOBKe NaCCHBa HCKOMOR ~YHKUHH ne
pe,ll ua'laJIOM H8JIHHeRHHX HTepauHR, npH-

MeHeHHll saxoHa AMnepa, npHeMy ]JJCTepHHKa, Tpe6oBaHH.liM It SaAaHHD 
NarHHTHYX xapaxTepHCT>!K; 

ToqHOCTb pemeHH.li CHCT8MY HeJIHHeRHYX ypaBHeHHR NOKCT 60Tb 
odecneqeua ,llOCTaTO'IHO BHCOJtOR. B KOHKpeTHHX pacqeTax HCDO.lhSYllT
CR ,llBe aopNH oTHOCHTeJlhHIIX He11.11sox T H S , onpeAeneuuue· no· 
I) cpe.n.He1tBa.n.paTHqaoR H8B.li9Jte H 2) cpe.n.ueR BenH'IHHe ee MO.llYJl.11. 
C yqeTOM KoppenHUHH 3THX HOpN C TO'IHOCTbll aaxo~eHH.li xapaKTepH -

CTmt IlOJUipaSJIHqHHX"NarHHTHHX CHCTeM ycTaHOBJleHH npeAe.lhHHe sua-
qeaH.li Si:-T -;::r (5 -t o,s)~I0-6• · 

3axaH'IHBaeTC.li rJiaBa 1tpaTKHM onHcaHHeM BliqHCJIHTeJlhHWX nporpaMN 
'IKCJleHHoro M0,1teJ1HpOBaHHff, paspadotaHHBX'! RHH:»A,- OH~ OTlHqamt~ 
C.li Apyr OT ,llpyra no HasaaqeHHll H BOSN011:HOCT.liN H aanHcaau·Ha·pas~ 
HHX aJirOpHTNHqecKHX .liSHJtax npHMeHHTeJlhHO X paSJIHqffHM oTe'leCTBeH

HHM 3BM. 
B CB.liSH C TPYAHOCT.liMH peanNS8UHH MeTOAHX 'fflCJleHHOro NO,lleJIHpO

BaHH.li HHTepec npeACT6BJl.lillT MX qacTHUe BapHaHTH, paspa6oTaHHHe 

II 



npHM8HHT8JlbHO K onpeJ1,8J18HHliM THnaM npeuHSHOHllllX warHHTOB H ocy
~eCTBJ8Hfti8 Ha 3BM co·opaBHHT8JbHO HHSKHMH xapaKTepHCTHK8NH, B 
'laCTHOCTH, sacJ1yXHB88T BHHMaHHll npHeM, COCTOlllllHR B noCJ8AOBaTeJb
HOM oogpa•eHHH paccMaTpHBaewoR o6JaCTH H OAHOBpeMeHHOM yB6JH'l8-
HHH 'IHCJa ysJOB C6TKH. 

PRA nporpaMM OTJIH'la6TCll saMeTHOR yHHBepcan&HOCTbD, OHH CHa6-
lt8Hli cneuHaJbHYM MaCCHBOM, noSBOJllD~M OTpasHTb npHH6AJ61'.HOCTb 
ll'leex 11: 06J1acTRM D:r + ~. KpoMe Toro, · woryT 6uTi. BBeAeHH AO
nonHHTeJl&Hue npHSHalCH, 6CJIH 3TH 06J1aCTH no,11.pas,11.eJ/IDTCll H8 yqacT
KH C paSJH'lllllMH CBORCTB8MH; BO3MOlt8H yqeT MarHHTHOR aHHSOTponHH 
CTaJIH, 

lnll BlinOJH8HHll npeUHSHOHHYX paC'l6TOB MarHHTOB co CJOKHOR KOH
~HrJpauHeR rpaHHUY a:enesa·paspa6oTaHa nporpaNMa, 6asHpyn•aaca 
Ha HeperynapaoR Tpeyroni.Hi:>R ceTKe, HO B OTJIH'IHe OT TRIM B arol 
nporpaMMe pemeHKe CKCT814l,1 ypaBHemdt Ocyil!8CTBJISI8TCH M8TO,ItOM HilBP • 

lBe nporpaMMY noSBOIIIDT M0,11.enHpOB8Tl, _npocTpaHCTBeHHYe noJll. 
MoAeJHpOB8HH8 pelltHMOB CHCT8M nonOHAaJll,HOro noJIR TOKaMaKa Bli

aOJIHll6TCll no cneuHaJl:E,HYM nporpaMMaM. OHK 06J18A8DT PRAOM oc~6eH
HOCTeR, ,11.onycKaDlHX onepaTHBHOe BMemaT8Jl6CTBO B XOA Bli'IHCJl6HMR. 
Pac'leTY MOryT npOBO,ll.HTl,Cll K8K C SaA8HHOR, TaK H CB060AHOR rpaHH

ueR nnasMu. 

rJlaBa IY. CHHTE3 MAI'HHTHl:lX CHCTEM, COlEP](AIIMX 'PEPPOMArHETIIK 

lJ111 pllAa H,ll.88JIH3HpOBaHHYX'06JlacTeR (xpyroBOR'H 3nJIHnTH'l8CKKR 
UHJIHHApY, c~epa, 3JnKnCOHA BpaleHHll, Top) MMeeTCll"BOSMOl'.HOCTl, 
CHHTeSHpoBaTi. TOKOBYD KO~KrypaUKD npH HaJIH'IKH ~eppoMarHeTHK8 
no sa.itaHHOMy non» B ])I • BnHRHKe pacno101:eHHoro·sa xaTy■xa
MK ~eppoMarHeTHKa Y'IKTYBaeTCll C nOMOll,D rpaHH'IHOro·pacnp8,A6J8HIIJI 
Hr . ITocxonuy· no,zto6aue KOHCTPYKLIKK xapaxTepHsynTcll MHHH14y

MOM sanaceHHOR 3HeprHK H npe,iteJlbHO"NSJYM pacXOAOM'ToRoHecyllKX 
3Jl8M8HTOB, OHH npe,11.cTaBJllDT'KHTepeo B CBllSH O paspa6oTKOR CBepx

npOBOJl.llllHX warHHTHYX CHCTeM. 
B npK6nHl'.8HHH.P,_ = - npo6newa nollHOCTbD paspe11HM8 8HaJHTK'l6CKK

MK M8TOJ1.8MH. B 06111eM c1yqae ~~8KTHB8H N8TOA CKHTesa [II] , ·6a-
3KpynlllHRCll Ha aHaJHTK'leCKOM pe11eHHH ,11.u o6JtacTk .D.t UD!i H. qffc
JeHHON ·- AU DJf • B xo,11.e nocJte,ll.oBaTellbHSX npH6JHlteHHR onpe-· 
,11.enaeTcll H-r H ycTaHaBJIHBaeTCll BHe■Hll.FI rpaHHua o6JiacTH ])if! 
ITOK838HO. 'ITO 3TOT npouecc 6uoTpO CXOJI.HTOll, 06lHOCTb M8TO,ll.a 
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npOIIBJ1.F1eTc.F1 B TOM, 'ITO B npHHI.IHne HeT orpaHH'leHHR Ha KO~Hr.ypa
UHD H cTeneai. HaCYl6HHll MarHHTOnpoBO,ll.a [12]. 

K MarHHTHOR c,HCT8Me no.JtOH,ll.aJlbHOro noJlll TOK8NaKa npe,ll.'I,/IBJI.F18T
C.FI pllJI. cneuH~H'leCKHX Tpe60B6HHR. Ha Ha'laJbHOR CTa,ll.HH paSp.FIJl.a 
ypoBeHi. nonepe'IHYX noneR B saHRTOR nnaSMOR 06naCTH',11.onxeH 6HTI, 
Beci.Ma HHSKKM (~IO re). Ha BCex' CT8,ll.KllX pa.spima He06XO,ll.HNO 
o6ecne'IHTi. ycnoBKll paBHOBeCH.FI nnasMeHaoro mHypa napRJI.Y c ycnoBH.FI
MK pocTa H no,ll.Jl.epimHHll TOKa. Taxae ,11.onmu 6YTb npHH.FITli'BO BHH
MBHH8 oco6eHHOCTH cxeNY CHCTeMY aKTaHHll, orpaHH'l8HHll~ o6ycJIOB
Jl8HHli8 KOHCTpyxuKeR ycTaHOBKH H T,JI., XoTll npoueccu B TOKaMaKe 
HMellT KBaSKCTaUHOH8pHYR xapaKTep, B npH6.JtH1l(6HHH"KOHTypHYX"TOKOB 
npo6newa ~opNHpoBaHH.FI nonoH,ll.aJli.Horo nona CBOAHTC.FI K MarttHTOCTa

TH'leCKHM sa,11.a'laN CKHTeSa *). 
B NarHHTHOR CHCTeMe TOKaMaKa 'C rny6oJCHM H8CYDl8HHeM ll(e.JteSHOro 

cepJ1.8'1HHK6 pas,ll.eJieHHC HCTO'IHHKOB_nOJIOH.ztan&Horo non.Fl (cw. pHC. 4) 
no ~yHKQKOH8JlbHOMY npHSHaKy np8,ACT8BJIR8TCll HCKYCCTB8HHYN, nocxoni.
KY KofflPHrypauu BHXpeBOR o6MOTKH (HHAYKTOpa), o6ecneqHB8Dlall HHS
KHA ypOB8ffl, non.Fl paccellHH.FI B SaHIITOR nnasMOR 06.JtaCTH, cyleCTB8HHO 
SaBHCHT OT HaMarHH'l8HHOCTH cepJl,e'IHHKa, onpe,11.eJ1ll8MOR BC8MH TOKa-
MH H HSM8Hll8MOR B mKpOEHX npe,ll.e.JtaX B Te'leHHe pasp.FIJI.B, 

PHO, 4. reoNeTpHll MarHHTHOR. 
CKCT8Mli . (BapHBHT (CJ ) : 

rA:::&O"-$-f:, t = O, I.,= O; 

~

- .!ru..AYXi, ®- nJ1asMa, 
, @ , . - BHTKH o6MOT
ynpaBJe 11; I- rA = I; 

2-2,0; •.. ; 6-6,0M, 

Hs ypaBH8HHa.6anaaca Hanp.RaeHHR 

R. I def>. /d.t = E. • !Of) ) i l + , c. , L = I , 2, JI , 32, • . • , ( 6 

M) 3axapoB ].E. Pac'leT paBHOBeCHll nnas1m B nepCT8HbKOBOM 
TOKaMaKe, - iypH, T8XH, ~HS., 1974, T, 44, J 8, 
C, 1608 - 1613. 

**) HH.ztexcu cooTBeTCTByilT 06osH11'leHHRM aa pHc. 4. 
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.llnR nnosMettttoro BHTKO ( e~ = O) cne,llyeT 

"'2 {-f:)= ~ (o)- j Rz {t}'Iz(-t) olt, (7) 
0 

r,lle nepBoe cnoroeMoe cnpoBo - noToK, cuennettttuR c n.nosMoR B HO
qo.n&HHR MOMeHT, BTopoe - Texy~ee HSMeHeHHe OOTOKO, Tpe6yeMoe 
,ll.RR KOMneHCOUHH 81tTHBHOro nMeHHR Honps~eHHR Ha o6XO,lle mHypa. 

YcnOBHe paBHOBeCHH n.nasMH, COCTOHlee B COBnfeffl!H .RHHHH paB
aoro noToxa ( r-A = eoMt) c KOHTypow n.nasMH * , ,llOCTaToqao 
o6ecneqHTb B HCCKO.RLKHX rpaHH'IHUX TOqKax. IlpH 3TOM pacnpe,lle.ne
HHe npo,llO.RLHOro KOMnOHeHT8 nnoTHOCTH TOKa n.naswu 98,ll.aeTCR B 
BH,ll8 

~'
0'=y(r-AJ-r- +~(rA) ~, (8) 

r,lle y(rA) H "Z (r-A) , a TOKlle Rz (t)I
2
{f) - Hexo-ropue 

tyHKUHH, onpe,lle.nsewe gJHsHqecxoR MO,lle.nLJl n.nasMH. 
CHHTe3 MarHHTHOR CHCTeMU no.nOH,llMLHoro nonn· (H8XOllC,lleHKe 

I,{i)) uunonttseTca npH O.llHOBpeMeHHOM paccwoTpettHK"BCex ero 
HCTOqHKKOB C yqeTOM H8MarHHqKB8HHR xe.nesa (I3]. IlpH"eTOM KC
nonL3j'DTCR C He601LmHMK HSMeHeHHRMH MeTO,llHKH, paspa60T8HHUe 
,ll.RH atta.nHSa no.neR CT6UHOH8pHUX MarHHTOB. Onpe,lle.neHHe C Tpe6ye
NOR ToqaocTLII HHAYKTHBHUX n8,ll.eHHR HanpRllCeHHR "~ /a.t. B lt8~0R 
uenK npe,llno.naraeT MeKBaTHHR Bu6op HHTepBa.noB MeJr,Ay paccNaTpHBae

MUNH MONeHTBMH BpeMeHH. 

r.naBa Y. BOilPOCli ~OPMHPOBAHHR nOJIER H onTHMH3.AUHH 
IlAPAMETPOB MArHHTHHX CHCTEM 

B ,llaHHOR r.naBe o6cylll,ll,aDTCR pesyJLT8TU NaTeMaTMqecKoro·Mo,lle
.nHpOBOHHR KOHKpeTHUX MarmiTHUX CHCTeM. B 60.nLmHHCTBe c.nyqaeB· 
yqMTUB8DTCH He.RHReRHUe ~~eKTU"ttawarHHqHBaHHR CTBIH B ycnOBHRX, 
6JH3JtHX K pea.nLHONY Hcno.ntteHHD. 

nepe,ll 888.RHSOM HeKOTopux MarHHTHUX CHCTeM CTOBHIKCL cpaBHH
TelLHO cxpoMHue 3M8qH. Hcc.ne,lloBaHHR CBO,llH!HCL K-HaXOllC,lleRHJl 
pacnpe,lle.neHHR nois C ue.nLII BURCHeHHR MOrHHTHUX xapaKTepHCTKK 

M) matpaHOB B.l. 0 R6BHOB8CHHX MarHHTOrH,llpO,llHHaMHqecKHX 
KOHiHrypauHRX. - XypH. 3gcnep. K Teop. ~HS., T. 33, 
i J (9J, c. 710 - 722. 
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ycTOHOBKH, OTpa60TJtH 3.ReMeHTOB MeTO,llHltH MO,ll8.RHpOB8HHR, 060CHO
BaHHR ToqaocTH pacqeTa. HcXO,llR H3 3THX coo6paXeHHR, BUOOIHRIOCL 
MO,llelKpOBaHKe warHHTfll,IX CHCTeM ~peoHOBOR lt8Mepu HT~. npOTOBHO
ro CHHXpOTpOHa H~B3, Bcex npocTpaBcTBeBHYX noneR. 

C noNOlLD qHcleHHOro NO,ll81HpOB8HM pemonBCL Taxxe SMaqH on
THMB36UHH reoMeTpHqecXHX H 3Hepr.eTHqecltHX napaMeTpOB MOrHHTHYX 
CHCTeM npH TeCHOR YBRSlte c ~HSHqecJtHMH Tpe6oBaHHRNH H yc.nOBHRMH 
3Kcn.nyaTaUHH. Tax 6u.no B c.nyqasx nysupLxo»ux Kawep CKAT H 

"JID,llMHl8 11
• ycTaHOBICH "rHnepoa-I" H TOltaNaltOB. 

Onpe,lle.neHHYR HHTepec npe,llCT6BlIRllT BODpOCY ~OpNHpOB8HHH npe
UHSKOHHYX noneR B CHHXpOTpoeax H CKCTeMax TpaacnopTHpOBltH saps
xeHHUX qacTKU. IlpOBe,lleHH HCCle,llOBaHHR no H8XO~eHHD onTHN81LHYX 
ltO~HrypauHR ,llHnOILHU~ H ltB8,llpyno.n&HUX 31e1tTpONarHHTOB. B qacT
HOCTH, Hsyqenw BOSMOXBOCTH BHyTpHRpeMHLIX OTBepcTHR H 1toppe1tTHpy1>
•Hx TOltOB B HHX ,lllR cyleCTBeHHOro pac111HpeHHR ,llHanasoHa HH,llyltUHR 
c HKSKOR O,llHOpO,llHOCTLJl no.ns B pa6oqeR o6nacTK warHKTOB THna 
11 01tOHROR paMU". T61tEe C yqeTOM 8HHSOTponHH NarHHTHYX CBORCTB 
xe.nesa BHnOIHeH 8R6!HS noxs B 3!81tTpOMarHKTe 6ycTepa CHHxpoTpo
Ha K~B3 C ue.nLll H6X011,l8HHR B OTMLHHX !KCTax onTKM61LHOR opHeH-
TBUHH nasa n·o.ll pa6oqym 06.naCTL. · 

qa•e Beere npouecc ODTHNHS6UHK CBO,llHTCR It paCCMOTpeHIU) noc.ne
,llOBaTelLHOCTH BapH8HTOB C npKMeHeRKeN A.RR lt611,1.0ro HS HHX npHMYX 
MeTO,llOB MO,lle1HpOB8HKR. HcltJJlqeHKe COCT8BIRJlT NarHKTHUe CHCTe
Nl,I T01t6M8lt8 H ,llHno.ns C paspeSHYN N6rHKTOnpoBO,llOM, napaNeTpY 
xOTopux onpe,lleXH~TCH eenocpe,llCTBeHHO B XO.Ile pacqeTa, T.e. no 
cyleCTBY o6ecneqHB8eTCH CKHTeS NarHHTROR CHCTeMY. 

iaxee nepeqKCIHDTCR KOHltpeTHUe NarHHTHYe CHCTeMH, 1tp6TltO OT
NeqaDTCR HX oco6eHHOCTH- H ,llOCTHrHyTYR ypoBeHL ToqeoCTK MO,lle.nH

pOB6HHH. 
1. MarHHTHUe CHCTeNH nysupLICOBHX xaMep. 
a) IlpK npoe1tTHpOB6HHH 31eXTpOMarHKTa nponaH-gJpeOHOBOR 1taMe

pu CKAT 6UIH BY,llBHHyTU ,llB8 OCHOBHHX Tpe6oBaRHR: HONHHMLROe 
seaqeaxe KRAYKUHK - 8

0 
• 2,5 ¼ 2,7 T, HaHdo.nL■as aeo,llHOpOA

HOCTlt nou B pa6oqew o6t.eMe - E. ~ IO %. OxoHqaTenaas [I7] 
BeJHqKH8 pa6oqero o6t.eNa ICaMepu COCT8BH!8 4,SXI,6x0,95"6,84 x3• 

B XO,lle 3CICH3HOrO H pa6oqero npoeltTHpOB6HHR paccMaTpllBalOCL 
HeCltOILltO. B8pKaHTOB MarHHTa. Ha OCHOBOHHK MaTeN8THqec1toro MO
,lle1HpOB8HHR, 6 TaltXe HCC!8,llOB6HKR HO MO,ll81H I: IS 6YI CAeJaH 

15 



OKOHqaTe!bHUR »u6op KOH\t)urypaUHH nonepeqHoro ceqeHHH 3!eKTpO
MarHHTa c yqeTOM KOHCTpyKUHH KaMepu. 3aTeM 6un BLTnOJHeH pac
qeT CHI, .1teRCTByI>IIIHX Ha aneweHTLT MarHHTonpoBO)ta [I6). 

CxeMI,[ Bapl>l!poBamm reoweTpuqecKHX napaweTpo» warHHTonpo»o.1ta 
HSo6paKeHU Ha puc. 5 H 6. 

x•o 

%CO------ I 

---- - I 

I 
I 

%~ 
I 
I 
I 

11° I/ ,,l ll,L 
l: :_ 

I 1 
11 

---+' 

PHo. s. K onTHNHsauu11 napaweTpo» .ce
qeHHH. ITyHKTHpOM nOK638HU paCCNOT
penHLTC »apHaHTLT. I - xopnyo oxpaH
Horo o6~ewa. 

Pacxol![JteHHe »uqucneH-
Horo H HSMepeHHOro SHaqe
HHR HHJtYKUHH COCTaBHJIO 
2,4 %, qTo MOl![HO o6~HCHHTb 
.1t»ywepHuM xapaxTepow pac
qeTHOR Mo)teJIH. OTHOCHTeJlb
HLTe pacnpe.1teneHHH npaxTHqec
KH oo»naJH npH TOqffOCTH H3-
MepeHHR,., I%; 

6) ITpHwepao Te .a uenH 
CT6BHJIHCb nepe)t 6H6JIHSOM 
noJIH"3JleKTpowarHHTa BO)tO
pO.JtHOR K6Mepu "Jlll.JtNH!a M 

[IB] .' Pa6oqaH 06J18CTb K8-
Mepu HMeeT paswe~u 
0,65x0,45x2,00 N. Tpe6ye

wue BeJIH'IHHLT HH.JtYKUHH: 8
0 

= 2 ;4 + 2, 5 T (B HOMHH6JbHOM penwe) 
H 8

0 
= 2,8 + '.3,0 T ( » ipopMHpo»aHHOM peguwe). ,llonycTHMaH Heo.1t

Hopo.1tHOCTb nou e: < 20 %. "s cpa»HeHHH pesynbT8TOB pacqeTa 
H warHHTHL1X HSMepeHHR cne.1tyeT, qTo 
pasnuque B ypo»He nonH cocTaBnHeT 
-'.3 % C npe»umeHHeM pacqeTHLTX )taHHUX, 
Pacnpe.1teneHHH noneR npaKTHqecKH co»
nanu (7 % H 7,5 %). 

B) C ueJbl) 0Tpa60TKH MeTO)tHKH 
»unonHeiI pacqeT no.1H B warHHTe ippe
oHOBoR &awepu "T:,P. 06Jl6,llfi.llllleM CHM
MeTpReR BpallleHHH. Pa6oqaH o6naCTb 
KaMepll - UHJlHHJtp i 0,95 M H BLTCOTOR 
0,4 M, HoMHH6!bHaH BeJIHqHna HH.JtyK-
Ul!H - I, 7 T. . 

16 

ti 

1 

2 

J 

• 

8,,T € '/. 'JCKU.J 
C~"le~UR 

2,781( 9 Jfil_ 
2,7 8J 9,2 @_ 
2,153 Qz lr§J_ 
2,7/i( fO,f @_ 

PHc. 6 

BuqucnenHoe H uswepeHHOe sm.qeuwt HHJtYKUHI! B ueHTpe KaMepu 
OTJIHqallTOH Ha I,5 %. B OTHOCHTeJlbHLTX pacnpe.1teneHHHX HaH60llbmee 
pacxol![JteH11e wenee 0,8 % (cM.p11c. 7). 

1~ i~r,~ 
1~ . . -

' •J . 
A 

t,-... 

·~~ 
~=~ ~~ ··~--~ ... 

I I 

' " T} 

PMc. 7. a) 3aBHCHMOCTb (Bil (r-) - 80) / Bo 'Z•C:aMt; 
z (cw): I - IO, 2 - rs, ... , IO - 55; 

6) 3aBHCHMOCTb Br(~)/ 8 0 / r-•c:..Mt ; r (ow): I - 5, 7; 
2 - !5,7; ••• ; 5- 45;7. A ,M , N - rpaHHULT pa6oqero 
o6~ewa. El - pacqeT; x - 3KcnepHMeHT. 

r)B KaqecT»e 6aso»oro MarHHTa )tJIH 0Tp660TKH MeTO)tHKH quc
nenHoro MO)te!HpOB6HHH HeJIHHelblLTX npocTpaHOTBeHHLTX noneR 6una 
BL16paHa 3KCnepHMeHT8JlbffM MO)te!b 3JletTpOM8rHHTa CKAT. BuqucneH
HOe 1,1 H3NepeHHOe 3HaqeHl!H HHJtyKUHH npalCTHqecKW co:anairn (2 ;OI8 T 
H 2 T). 3a.1taHHe rpaHHULT paccMaTpHBaewoR o6Jl6CTH BdJIHSH 3JeKTpo
MarHHT6 H OTCYTCTBHe· cornacoBaHHoro Kpae»oro ycnoBHH npHBeJIH K 
36MeTHHM (AO 2,5 %) pacxol![)teHHHM B OTHOCHTeJlbHLTX pacnpe.1teneHHHX 
nonH. 

2. 3nexTpoierHHT c·paspe3HLTM MarHHTonpoBO)tOM. 
3ToT warHHT C O)tHOpO.JtHLTM·noneM paccqHT8H Ha HH.JtYKUHll 

8
0 

l:& 5, 5 T » xpyro»oR anepType /, 8 ow. Pacno10KeHl'ILTR opasy 
Kesa odMOTKOR enesHLTR 3Kp8H OOOTOHT HS ABYX qaoTeR, pas.1teneH
HUX B03)tymHLTM npoMeKyTKOM. BHyrpeHHHH qaoTb oxnanaeTCA AO 
re1HeBYX TeMnepaTyp, H8pj'l(H8H ~ H8XO)tHTCH BHe Jq!HOOTaTa. KoH
OTpyKUJIH nos»oueT ooxpaTHTb waccy oxllal![)taeworo MaTepHana no 
opa»HeHHll O warHHT6MH, 3Kp6H KOTOpLTX pacnonoxeH BHyTpH KpHOCTa
Ta·, H yweHbmHTli Heo6XO)tHMOe q11010 aMIIepBHTKOB no opa13HeHHll. O 
warHHTaMH, 3Kp6H KOTOpLTX H8XO)tHTCH CHapyKH KpHOCTOT6. 
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BHemHHH rpaHKua o6MOTKH (oHa Ee BHyTpeHHHH rpaHKUa MarHKTO
npoBOAa) onpeAeJlHeTCH B pesyxLTaTe pacqeTa. qKCJleHHOe MOAeXKpo
BaHHe npK pasnHqllllx snaqenKHX TOKa B o6MoTxe noxasuBaeT, qTo 
yMeHLmeHKe HHAYKUHK B pa6oqeA o6xacTH conpoBoll,llaeTCH yxyAmeHKeM 
ee pacnpeAeJleHKH. MaKCHMMLHOe SHaqeHHe HeOAHOpOAHOCTK nOJlH 
YAaeTCH CHHSHTL c 5,6 % AO 3,5 % (CM. pHC. 8), KSMeHHH B pa
syMHHX npeAexax noxoKeHKe K pasMepu 111exK B MarHKTonpoBoAe [21] 

"i 

' ~ ,. .• ,. ,, - .. I '(~ 

PHc. 8. CeqeHKe warHHTa: 
l - pa6oqaa o6xacTL, 
2 - 06MOT1ta, 3 - 11 XOJlOA
HOe11 Kenesod 4 - menL, 
5 - "Tenxoe JCeJ1eso. 

3. CBepxnpOBOAHlllKA MarHKT "I'HnepoH-l". 
laHHaH MarHKTHaH CKCTeMa Ha HHAYKUKD 6 T B pa6oqeR o6xacTK 

B ~opMe UKJlKHApa Pl M K BHCOTOR 0,4 M 6uxa TlllaTeJlLHO HCCJleAO~ 
Baffa Ha CTa):!HH npoeKTKpOBaHKH. :tro nosBOJIHJlO onTKMHSKpOB6TL reo
MeTpHD o6MOTKH H MarHHTOnpOBOAa c yqeTOM Tpe6oBaHHA ~HSHqecxoro 
3KCnepHMeHTa H ycJlOBHR 3KCnnyaTaUKK CBepxnpOB0.11.Hlllero TOKoHecy-
111ero 01eMeHTa. no pesyxLTaTaM KsyqeHHH 6onLmoro qKcna BapHaH
TOB 6HJlK onpeAeJleHH 3aBHCHMOCTH xapaxTepHCTHK nona·oT p63JIHqHHX 
KOHCTpy1tTKBHHX napaMeTpOB. Trut Jlte BHITOJlHHJlCH pacqeT noHAepOMO
TOpHHX CHJI B HOMHH6JILHOM H aBapHRHOM peEHRax. 

YBeJlHqeHHe HHAYICUHH B ueHTpe pa6oqeR o6naCTH"NarHHTa sa 
cqeT HCITOJlLSOBaHHH Kenesa COCTaBHJlO"" 2,2· T [19] 

AHaJIHS AOCTHrHyTOA TOqHOCTH pacqeTa npoBOAHJlCH nyTeM·cpaBRe
HHH pacnpeAeJleHltA nOJIH, nonyqeHHHX Ha CeTxax ·• maN1, ltOTOpHX no 
o60KM HanpaBJleHHHM OTJl~qaDTCH B ABa pasa (cw; pHC. 9). EHJIO 
ycTaHOBJleHO, qTQ ToqHOCTL Haxo-.zteHHH no.llH B pa6oqeR o6JlacTH Mar-:
HHTa HBJlHeTCH AOCT6TOqHO BHCOICOA (-10~4). ·pacqeTH6H H HSMepeH-
HaH KpHBHe HaMarHHqHBaHHH npaKTHqec1tH COBnaJlH [20] • ·-

4, 31e1tTpoMarHKTH CHHXpoTpOHOB H CKCTeM TpaHcnopTHpOBKH, 
K warHHTHHM xapaKTepHCTHltaM 3TKX ycTpORCTB 06HqHo·npe.11.~HBJIHDT

CH JCeCTKKe Tpe6oBaHHH, qTo BHSHBaeT Heo6XOAKMOCTL B paspa60T1te 
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PK.c. 9. PacnpeA~JleHHe K~IKllHK (I) 
H norpemHOCTH ee pacqeTa l2J B 
MeAH6HHO~ OJlOCKOCTH. 

NeTOAHlt, o6ecneqKBaDlllKX 
aAe1tBaTHYD ToquocTL pacqeTa. 

a) B npoeltTKpOBaHHK ltBaA
pynoJlLHHX JlHHS ycnemHO KC
nonLsyDTCH pesyJlLTaTH HCC.lle
AOB6HHR, 6asHpymmKXCH Ha 
npH6JlHJC8HKK.,.UFe = - H no
TeHQHane li • ITpK conocTaB
neHHH aHanKTHqecltHX K qKCJleH
HlilX pemeHKA ycTaHOBJl8HO,qTo 
npK mare ceTKK h, =· 0,02Cl 
( a. - pa.itHyc anepTypu nKH~ 
SH) aMOJIHTYAH OTA8JLHlilX rap-
MOHH1t·onpe.11.elHDTCH C'Toq
HOCTLD"'2. rn-3 (JoJ • 

6) Ha OCHOBaHHH'pesyJlLTa~ 
TOB MaTeMaTK'leCKOro·Mo.11.enHpo~ 

BaHKH pa.11.a AHITOJleR CHCTeNH M8AJl8HHOrO BHBOAB CHHXpOTpOHa HfB3 no
nyqeHH cne.11.ymue npaXTHqecxHe pex011eu.11.aUKH: 

l) AJIH CHHJC8HIIH nOlH pacceHHHH cenTyM-MarHHTa Ha HffAYICUHD l T 
CJl8AY8T myHTHpOB6Th TOk B cenTyMe Ha l,35 % [24J; 

2) AJIH BHpaBHMBaHKB no.Jiff B OTlt»OHHDlleM NarHKTe Ha HHJI.YICUHI" 
I,4 T CJle.11.yeT COSA8TL B MarHHTonpoBoAe cneuHallhHHe 1toppe1tTHpyD-
1lKe ,OTBepcTHH [24] ; 

3) AIR BSpaBHKB8HHH nolH B OT&JlOHB».eM 11arHHTe !filOTh-AO"HH
AYKUHR I,8·+ 2,2 T ue1ecoo6pa3HO npe.11.ycMOTpeTh BHTXH C TOXOM 
BO BHyTpRHpeNHilX OTBCpCTKHX-[28] (c11.·p11c. IO). 

!HaJIH3 "TOp~ma n01e1"·0T&JIOHHD1lero M8rRHT8i BHOOlHeHHHR B 
npeAnOlO&eHJIK ft~=·-- ·n_o OCHOB8HHOR Ha HCODlliSt>B8HHH ,r Me
TOAHle, OX83llJICB B" xopoaeM COOTBefCTBHH C akcnepHM8HT8.JlhHHMH 
.11.aHHHMH, noJ1yqeHHHMK npK 8 0 c 0,6 T (29] • 

B) HsyqeHHe nou 3.Jl81tTpOMarKHTll c,rnxpoTpOHa ·.itB3 npOBOAHJIOCli 
o nowo••m NeTOAHKH, OAHOBpeNeHHo·HcnonLsym•eR·noTeHUHa1s ·A K 

,r . MsMeHeHHe·rpa.11.HeHTa HHAYlUHH ua·paBHO:SeOlloR opdllTe npH 
nepexoie OT 8

0
,. 0,4 T x B0 = l ,25 T no pacqeTy coc'l'ailKJIO 

l ,2 s- % ; a corllacno axonepH11eHTY - l ,3 5- % • Taxoe pasJ1M'IMe Mba
HO npHSH8'1'l> YAOBJleTBDpllTel'LHHM, ecJIII ·npHMTl> ·Bo .BHllkaHKe, 'ITD 
3TH pacqeTY BHOOJIHHJIIICh Ha 3BM "MKHCK-2". IlOSJtRee cy11ecTBeHHH8 
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PHc. IO. ITonepeqHoe pacnpe
.neneHHe nOJIR ( ~I. = -:x:, = O). 
PacqeTHlie .naHH1,1e. Bo =I.85'1'. 
I - 6es OTBepCTHR, 2+4 - c 
OTBep,CTHRMH: t = Ja_ = 0(2), 

J", = Ja= O,I2J (3), J', = 
0,181 , ~ = 0,75J, (4). 

.nononHeHHR B aH)JIHS nonR 6UJIH BHe
ceHJi pa6oTaMH *, » KoTopux accie
AOBanoc& pacnpe.neneuae nonn B ~op-

~ CHpOBaHHOM pel!HMe npH 80 ::Ir I. 5 T. 
B nepBOM CJ1yt1ae HCnOJlhSOB8Jl8Ch 
nporpawwa MARE, Bo BTopoM - cxo.n
Han c TRIM nporpawwa, OTJIHqaoman
cn,o~o,npHMeHeHHeM weTo,na HITBP. 

r) HeKOTOpue wapKH 3JleKTpOTex
HHqecKOR CT8JIH o6na,naDT RBHO Bli
paEeHHOR warHHTHOR aHHSOTpOnHeR, 
oxasr,rnanmeR cymecTBeHHoe· BJIHRHHe 
Ha npeUHSHOHHlie xapaxTepHCTHKH 
anexTpowarHHTOB. ITpHMepuo BIO pas 
OTJIHqaDTCR ,npyr OT Apyra 3HaqeHHR 
warHHTHOR npoHauaewocTH no HanpaB
neHHRM nerxoro H Tpy,nHoro HawaraaqH
BaHHR B CT8JIH M8pKH 3330, HS KOTO
poR HsroTaBJ1HDaDTcs·noBopoTHlie-6no
KH 6ycTepa npOTOHHoro CHHXpoTpOHa 
M~B3. CornacHo.pesyn&TaTaM qHc
neHHoro Mo,nenHpOBaHHS noJIR 3THX 

MarHHTOB yqeT 8HHSOTponHH Heo6xo,nHM npH ypoBHe ,nonycTHMOR Heoi
HOpO,nHOCTH £ :IE (I + 2). ro-3. KpOMe Toro, ueo,nuopo,nHOCTh noJIR 
OK8SliBaeTCR HaHMeH&meR B CJ1yt1ae nonepeqHoR opHeHT8UHH ( ~ =90°, 
pHC. II) pa66qeR 06J1aCTH no OTHOmeHHD K HanpaBneHHD nerKoro Ha-
MarHHqHBaHHR. 

s. CHcTeMa nOJIOH,naJlhHOro nOJIR TOKaNaKa. 
C ueJlbD BliRCHeHHR BJIHRHHR paSJIHquux yqacTKOB Eenesuoro war

HHTOnpoBo,na Ha pelltHMli pa60TU HHAYKTOpa H o6NOTKH ynpaBlleHHR'B 
TOKaNaKaX MacmTa6a ycTaHOBKH T-20 npOBOAHJIOCh qacJleHHOe wo,ne
JIHpOB8HHe Tpex MarHHTHliX CHCTeM: 

M) Fabiani F. Preliminary remarks for a'reliable field 
table at 85 Gev for the Serpukhov accelerator,.- 1969, -
5 p,(Preprint/CERN: PS/FES/TN-105); . 
ITySliHOBH'i Kl,T.. PacqeT MarHHTHliX xapaKTepHCTHK KOJlhUeBoro 
6noKa ycxopHTens M~B3 MeTo,noM HenerynapHoR TpeyroJI&HoR ceT
KH. - ]., 1973. -20 c. (ITpenpHHT/ HayqHo-HCCJle,n. HH-T 
an. ~Hs. annap.: 6-0178). 

20 

,, i!'. ~-. ., 

l 

+ 

PHc. II.·· OraocHTen&Hoe · pacnpe,nene
HHe nOJIR B Me,nHaHROff nJIOCKOCTH, 

I(- xo31PI>HUH6HT sanoJIH8HH8. 
I - K = 0,8, "If = 0,. B.c I,303 T. 
2 - K .. 0,9, 'If= Q,_ ·B = I,326 T. 
3 - K = o,9, "If =1!,t:., a:= I,32I T, 
4 - K = 0,8, "if =1112, a.= I,295 T. 

6esEeJ1eSHOR (B), c ueHT
pallhH9M cep,ne'iHHKOM (c), 
C S6MKHyTUM MarHHTOnpOBOAOM 
(E), ·ITpH 3TOM O,nHH6KOBliMH 
s,a,naBBJIHCh pacnOJIOEeHHe TO-, 
KOHeCylllHX 3JleMeHTOB HMO
,neJI& paspa,na B niasMeHHOM 
mHype. 

HeJIHHeRHliMH 3JleMeHT8MH B 
pacCMOTpeHHliX BapH6HT6X B oc
HOBHOM HBJIRJIHCh.nJIBSMeHHBR 
mHyp ~ ueHTpan&HHR cep,neq -
HHK, Pa~wepe CTOeK H 6anox 
o6paTHoro NarHHTonpoBo,na B9-
6HpanHC& TliKHM o6pasow; qTo-
6e HH,!1.yKUHH. B HHX Bcer.na 6u
Jl6 HHllte HHAYKUHH HaoumeHHR 
~eppowaraeTHKa, Bo ucex Ba-

pHaHTax HCnOJl&SOB6JIOC& AByMepHoe npH6JIH11[8l!He. 
J3yqHOJHTen&HYR anropHTM o6ecneqaBan: 
a) yt18T 61tTHDHOrO na,neHHR HanpHllt8HH.fl Ha o6xo,ne nJiaSN8HHOrO 

IIIHY pa C TO'{HOCT&D ~ 4 % ; 
6) J&Utcmuuu.IWe CM:elltelllUI CBJIOBOii JmHllll B 3B,D;amrnx TO'IK8.X He 

MeHl,lll8 13'.eM 0,02 a, a - M8JlHi! pa.u;HYC IIJUl.3M8HHOI'O umypa •. 
B pesyn&TaTe 6uno noxasaao, qTo·npH HaJIH'{HH EenesHoro cep

,neqimxa cy•ecTBeaao yweH&maeTcs TOK B HH,nyxTope, a 6naro,napn 
warHHTOnpOBOAY,RJlOM8 TOI'O,CHHEIUlTOH TOKH B o6MOTKe ynpaDJeHHR. 
TaKEe 6an o6HapygeH 3:M>eKT npHTRgeHHH llJl65Mhl K CTORKBM M6l'HHTO
npoBOA8, 

C yqeTON BOSMO~HYX ·xoHOtpyKTHBHliX pemeHHR npo»e,neHa onTHMH
S6IlHS reOMeTpHH ·oep.ne'{HHKa, 3aTeM HOOJl8AODBHa. S6BHCHlilOOT& noJIR 
pacceHHHR oT·Ha'{aJl&Horo HaMarHHqHBaHHH H paCCMOTpeHe Tpe60B6HHR 
K CHOTeMe xoppeKQHH, 

· 0CHOBHUE PE3YUTA'ru lHCCEPTAUM0HH0R PAEOTH 

I. ITpxMeHHT8JhHO K 111HpOKONy·xpyry·MarHHTOCTaTHqecKHX ·npo61ew 
paSBHT NeTOA NaTeMaTHqeoxoro Mo,neJHpoBaHHH, 6asHpynatHRCS Ha 
nocTaHOBKe xpaeBUX sa,naq H HCnOJbSOBBHHH N8TOAB 
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HenHHeAHoA nocneAOBaTenbHOA BepxHeA penaKcauHH (HITBP). 
B OTnHqHe OT o6uqHoro npHMeHHeMoro ABYXCTyneHqaToro HTepaUHOH

Horo MeTOAa (c IlOApenaKcauHeA.J"Fe ) MeTOA IDIBP Il03BOXHeT: 
a) OTKasaTbCH OT AOnonHHTenbHOro MaCCHBa, paBHoro MaCCHBY 

HCKOMOA ~YHKUHH, qTo GKOHOMHT B ABa pasa Heo6XOAHMYA o6~eM one
paTHBHOA naMHTII 3BM; 

6) AOCTHrHyTb nyqmeA cKopocTH cXOAHMOCTH. 
B pesyn&TaTe nonyqeH AOCTaToqHo GKOHOMHYA anropHTM pacqeTa, 

nerKo pean11syeMHA sa np11eMneMoe BpeMH Ha 3BM cpeAHero Knacca. 
2. Paspa6oTaHa H AOBeAeHa AO npaKTHqecKoro 11cnonbSOBaHHH cxe

Ma 6BTOM6THqecKOA KoppeKUHII napaMeTpa BepxHe~ penaKC8UIIII no Te
KymeA ll~OpMaUHII O CXOAIIMOCTII l!TepaUHOHHoro npouecca. CxeMa 
06ecneq11BaeT cymeCTBeHHOe COKpameHHe AnHTenbHOCTH KOHKpeTHHX 
pac'!eToB. 

3. Ha 06m11A cny'laA npocTpaHCTBeHHYX. CT6THqecKHX noneA 0606-
meH MeTOA MaTeMaTH'leCKoro MoAen11poBaHHH, OCHOBaHHYA Ha 11cnon&so
B6HHH MOAH~HUHpOB6HHOrO CKanHpHoro noTeHu11ana. C uenbD o6ecne
'leHHH ycTOA'IIIBOA CXOAIIMOCTII HTepaUHOHHoro npouecca B MeTOAe 
HITBP npeAno•eHo IISMeHeHHe BY'IHCnHTenbHOro anropHTMa ("KOM611HII.;. 
poBaHHM cxeMa"). ITponeAeHo q11cneHHOe MOAen11ponaHHe npocTpaH
cTBeHHHX noneA B MOAenH oneKTpOMarHHTa KaMepu CKAT, IlOATBepAHB
mee ~eKTHBHOCTb npeAnOMeHHOA cxeMH. 

Paspa6oTaH II AOBeAeH AO npaKTH'leCKoro HCilOXbSOB6HIUl MeTOA 
'IHcneHHoro aHanHsa TpexMepHoro nonR B MynbTHnone c Kon&ueBuM 
MarHHTOnpoBOAOM, OCHOB6HHH~ Ha peAyKUHII IICXOAHOA S6Aaq11 K ABY
MepHOA C IlOMOl!lbD rapMOHHqecxoro npeACT6Bne111U1 nonH. 

4. Paspa6oTaHa MeTOAHKa aaan11sa npocTpaHCTBeRHoro nonR B npo
HSBOXbHOA IISOTponHOA cpeAe, 6as11pynmaHCH Ha 11cnonbSOBaHHII Tpex
KOMnOHeHTHoro BeKTOpHoro noTeHu11ana H MeTOA6 HITBP. 

5. MeTOA reHepauH11 HeperynapHoA TpeyronbHOA ceTKH pacnpo
cTpaHeH Ha npoCTpaHCTBeHHYA cnyqaA. 

6. nony'leHa II o6ocHonaaa AXHnprutrnqecruDC npMoxeHID!. 'AOCTa
Toqao o6Jll8Jl qiopM;y.7mpoBKa IIpR6JmxelUloro rprumqaoro yCJiomm B mme 
YCJIOBIDI ill p0'Aa C UElJIJ,D aHB.JmSa MaI'HRTHHX no~ett B KOHeqaott 06.nacrn. 

7. ITpeAnOieR II AOBeAeH AO npaKTH'leCKOro 11cnonbSOB6HHR anro
pllTM q11cneHHOro MOAenHpOBaHHR, OCHOBaHHHA Ha RenpepYBHOM aHano
re MeTOA6 HbDTOHa H KOHCepBaTHBHO~ cxeMe CKBOSHOro cqeTa~ 
HTepau110HHaH npoueAypa, a TaKMe B~6op napaMeTpa, pery111pynmero 
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HHTepnanu B nocneAOBaTenbHOCTK XHHeAHHX SaAa'I, nonHOCTbD aBTO
MaTHSHpOB6HH. 

8. JnR pHAa MarHHTHHX CHCTeM C KaHOHH'leCKOA ~opMOA pa6o'leA 
o6naCTH npeAXOieH MeTOA CHHTesa KOH~HrypaUHH o6MOTKH c DOCTORH
HOA no ceqeHKD nnOTHOCTbD TOKa, o6ecne'IHBaDlHA y'leT peanLHOA 
CTpyxTypw H MarHHTRYX CBOACTB BHemaeA no OTHOmeHHD It 06MOT1te 
cpeAH. C DOMOlbD a-roro MeTOAa o60CHOBaHa MarHHTH8H CHCTeMa C 
paspeSHYM·MarHHTOllpOBOAOM. 

9. IlpeAXOXeH·11 AOBeAeH ao·npaKTH'lecxoro HcnOlbSOBaHH~ MeTOA 
c11RTesa·cTpyxTypw·nono11Aan&Horo noia B ToKaMaxe, o6ecneq11nanmeA 
HHAYUHpOBBHHe H no.zutepaaRHe TOJCa B n1asMe II ycnoBHR MrJ.;.paBHOBe
CHR. EasHpyml!HACR H8 MeTOA8X MOAelHpOSaHHR HelHHeAH!,IX MarHHTO
CT8TH'leCKHX noneA axrop~TM DOSBOIReT yqeCTb BpeMeHHHe S8BHCH
MOCTH·a1tTHBHOro conpOTHBleHHR, ~HSHqecKHX H reoMeTpH'leCKHX na
paMeTpOB nnasMY, oco6eHR0CTH cxeMH CHCTeMi DHTaHHR H Tpe6oBaHHR 

k ~OpMe HllllYlbC8 pasp¥8· 
ro. npeA.llOKeH H AOBeteH AO nprutrnqeCKoro npRMeHeHRll MeTO'A 

1IHCJI8HHOro MO'AeJmpo:arumJl 'AByMepHHX m.mym,cHHX KBaSllCTa.Il;HOHapHHX 
no~ett c yqeToM aifq,eKTOB Hacll!lleHRll xMesa.EJiaro~aps1 cor~coB8.Hllll 
B XO'Ae pacqeTa rprumqaoro yCJiomm c no~CH pacnpe.n;MeHlleM 
IIJIOTHOCTR TOKa 'AOilYCTRMO pasMe~eime BHeWHett :rpa.HlIUli a.HaJIHSRpyeMOil 
o6Jracm B6JmsR npoBo,It8Illett cpe.n;H. 

II. COSABH ltOMtlnexc BH'IHClHTelhHYX nporpaMM, o6ecneqHB8DIIHR 
aw>exTHBHoe npo»eAeaHe MOAex11po»aHHB nou 60.ll&moro xpyra· Mar
HHTHYX CHCTeM Ha OTe'leCTBeRHUX 3BN pasnJAHoro oacca. IlpK HaDH
caHHK nporpaMM HCDOlhSOB8H9 axropHTMH'leCKHe RSYltH~ AKM, AJirOA, 
tOPTPAH. B od•ew onyqae HsoTponuwx H aaasoTponH1,1X cpeA·xoMttxexc 
nosno1aeT onpeAeXRTb S8BKCHMOCTB xapaxTepHCTHlt nona OT napaMeT
poB M8rHHTHOA CKCTeMY C pas111qHoR TO'IHOCThD (10-4 + !0-2). 

12. Ha CT8,lHH npoeKTHpOBaHBB BYDOlHeH AeTaXbHYA auanKs·nonH 
B MarHHTHHX CHCTeM8X nysuphltOBYX xa•ep CKAT H "JIDAMHla" H8 
HHAyKUHH 2,5 + 3 T, B pesylhTRTe ltOTOporo yoTBHOBleHO BlBRHHB 
Ha xapaxTepHCTHKH noxa OTAelbHBx·xoHCTpyxTHBHHX 3Jl8MeHTOB R npo
BeAeHa OllTHMHSBUHJI Hx·napaKeTpOB. B '18CTHOCTK, coxpa.eHY·BRem
HHe'ra6apHTY MarHHTODpOBOAa 6es S8MeTHOro·yne1HqeffKH MOlHOCTH. 
CHCTeMH DKT8HHH, CAelaHH peKOMBHABUHH OTHOCHTeXhHO HCDOlLSOBa~ 
HHS aenesa BHyTpH xawepw CKAT c ue11,m noBH■eHHa yponua nona aa 
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0,2 T H yJiyqmeHH.R ere 0,!lHOpO,!lHOCTH Ha 5 %. B1monHeH .neTaJlb
HU8 pac'!eT noH,!lepOMOTOpHUX CHJI, .nencTByDDlHX Ha 3JieMeHTH KOHCTpyK-

1.tHH npH pa3JIH'!HOM B036ylQeHHH. 
IlyTeM conocTaBneHHH .naHHUX pac'!eTa H MarHHTHUX H3MepeHH8, npo

Be,!leHHUX Ha MO,!leJIH 3JleKTpoMarHl!Ta KaMepu CKAT H 3JieKTpoMarHHTe 
nponaH-q>peOHOB08 KaMepu HT3P, o6na.nBD~en CHMMeTpHen Bpa~eHH.R, no
ny'!eHO o6oCHOBaHHe TO'!HOCTH '!HCJleHHOro MO,!lenHpOBaHH.R, Bnocne.n
CTBHH ITO,!lTBep.n11Bmeec.R npHMUMH MarHHTHUMH H3MepeHHHM11 nonen Ha 
ycTaHOBKax CKAT H "JI1>.nMHna". 

lJ. Ha CTB,!lHH npoeKTHpOBaHH.R npoBe.neHO .neTaJibHOe Hccne.noBaHHe 
nona B CBepxnpOBO,!l.R~eR MarHHTHOR CHCTeMe "l)mepoH-1" aa HH,!lyK-
1.tHll 6 T, ycTaHOBJieHO BJIHRHHe Ha xapaKTepHCTHKH nona OT,!leJibHUX 

KOHCTPYKTHBHHX oneMeHTOB. 
I4. IlpoBe,!leHO .neTaJibHOe H3y'!eHHe xapaKTepHCTHK ITOJI.R MarHHTHOR 

CHCTeMH C paspesHUM MarHHTOITpOBO,!lOM npH pas.lH'!HOM Bos6yllr,!leHHH. 
Ilo1tasaHa BOSMOllCHOCTb "rpy6on CTa6HJIHSattHH11 pacnpe.nenemrn non.R B 
pa6oqeR o6nacTH C ITOMO~bD H3MeHelllUI KOHqlllrypau;IIli aaaopa MelK,lzy '!aC

T.RMH 14lrHHTOITpOBO,!la. 
ls. Paspa6oTaHa H ,!lOBe.neHa .no npaKTH'!eCK_oro HCITOJlb30BaHHR Me

TO,!lHKa MO,!lenHpOBaHHR nona D KBa.npynOJibHUX JlHHSax; o6ocHOBaHH BU-
6op mara npRMoyrOJibH08 ceTKH H TO'!HOCTb pemeHHH. 

16, Paspa60TaHa H ,!lOBe.neHa .no npaKTH'{eCKO['O HCITOJ1~30BaHHH Me
TO,!lHKa aHaJIH3a ,!lByMepHHX npettH3HOHHUX nonen C yqeTOM Hacu~eHH.R 
llCenesa, OCHOBaHHaa Ha MeTo.ne nocne.noBaTeJibHHX npH6nHllCeRHR H no~ 
cne.noBaTeJlbHOCTH npaMoyronbHHX ceTOK C KpaTHHMH maraMH. 

BunonHeHO HCCJie,!lOBBHHe noneR B pa.ne ,!lHnoneR, npHMeH.ReMHX B 
CHCTeMe Me.nneHHOro BUBO,!la cepnyxoBCKOI'O CHHXpOTpOHa. IlpOaHMH-
3HpoBaHO BJIHHHHe Ha pacnpe.neneHHe nona B pa6o'!eM sasope cneuHan1>
uux OTBepCTHR B MarHHTOnpOBO,!le H pa3Me~eHHUX B HHX npOBO,!lHHKOB 
C TOKOM. B pesyJI&TaTe nony'!eHu napaMeTpU 3JleKTp0M6['HHTOB C O,!lHO
po.nllliM noneM THna 110KOHHOR paMH", B pa60'!eM ·sasope KOTOJJYX npaK
TH'!eCKH (- ro-4) OTCyTCTByeT saBHCHMOCTb HH,!lYKl.tHH OT nonepe'!HUX 

KOOp,!lHHaT H aji<peKTOB Hacu~eHJdR llCeJie3a BnJIOTb .no HH.!lYKttHR - 2 ,2 T. 
B npH6JIHllC8HHH r,_ = _, MeTO,!lOM MO,!lRPHttHpOBaHHOt'O CKanapHoro 

noTeHttHana npoBe.neu aHaJIHS nona pacceaHHH oneKTpoMBrHHTa THna 
11 0KOHHOR paMH". 

BunoxHeH 6H6JIH3 B03MOllCHHX pacxollr,!leHHR HSMepeHHHX H pac'!eTHHX 
.naHHHX; noxyqeHO o6ocHOBaHHe ,!lOCTHrHyToR TO'!HOCTH pac'!eTa. 
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17. C noMOUU,D OTMe'!eHHOR B n. 16 M8TO,!lHKl1 npoBe,!leHO Mo.nenH
poBaHHe noJIR B CHHxpoTpoHe HJB3; nonyqeHO Y.!lOBJieTBOpHTenbHOe co

rnacHe C OKcnepHMeHTaJibHHMH .naHHHMH. 
18. Paspa6oTaRa H .noBe.neHa .no npaKTH~eCKHX np:wroxelillli .ztBYM6P

HBJI MeTO,Itmta,6a3BpyrontaJICII Ha HeperyJUipHOit TP6yrOJil,HOH ceTKe lI Me
TO,Ite HIIBP.BwIOJIHewwii C ee IlOMOil!DD a.Ha.Jm3 IlOJill B qopCllpOBaHHOM pe
DM6 CHHXp()Tp0Ha H~Ba HaXO,ItHTCII B xopomeM COOTBeTcTmm C a.HaJIOI'li'!

Hmm: pac-qeT&m, npoBe.n;eHHmm B UEPHe. 
19. Paspa60TaHa H ,!lOB6,!l6Ra .no npaKTH~eCKHX npHJ!Ol!temtii .ztByM6p

HWl MeTO,Itmta a.HBJIH3a nOJieit C y-qeTOM ruIH30Tp0nmI Mal'HHTHl,IX CBOitCTB 
CTaJm,OCHOBaHHWl Ha M6TO,Ite HIIBP.Ha CTB,IOm npoeKTHpOBrumSl: BmIOJili6H 
8.Ha.Jm3 IlOJIH 6ycTepa CRHXpOTpoHa kiWBa

0

, !IOKa3a.HO , ~TO y-qeT ruIH30Tp0-
nHH CTaJIK 3330_ueo6xo.nKM ua· ypoBHB .nonycTHMOR H60,!lHOpO,!lHOCTH 
(l t 2).10~3 •. IlpOBe.neuo HSy'!eHHe BapHaHTOB.KOHCTpyKttHH 3JI6lTpo
MarHHTa·c·pasnH'!HOR opHeHTattKeR BOS,!lymHoro sasopa B,CTanbHON 
JlHCTe no OTHOmeHHD K HanpaBJI6HHD npOKBTa; c.nenaHH npaKTH'!eCKHe 

peKONeH,!lBl.tHH. 
20. BunoJ1HBHl:I cpaBHKT6JlbHUe HCCJ16,!lOB6RHH Tpex NarHHTHUX CHC

TeN ycTBHOBKH T-20: a) 6esKeJieSHOR, 6) c Ke.leSHUM cep.ne'!HH
KOM, B) C 36MKHYTHM xeneSHUM MarHHTOnpoBO,!lON. IloKaSaHO, '!TO 
c BBe,!leHKeN ce~e'!HHEB B ,!lBa·pasa CHHllCBBTC.R.MOlHOCTb, Tpe6ye -
Mali B uenH HH.!lYKTOpa; npH nepexo.ne K BapHBHTY C saMKHyTUM MarHH
TOnpOBO,!lON .nonoJIHHTeJibRO CHHE68TC.R MO~HOCTb, Tpe6yewaa B uenH 
o6NO'l'KH ynpaBJieHH.R. ~ 

21. BunoJIHeH ,!l6T6.lbHUA BHBJIHS noJ10H,!lMbHOrO noJI.R B MarHHTHOR 
CHCTeMe TOltBNBKa C 'l!el83HJ,IM oep.ne'!HHKOM. Ilpose.neHa OITTH!fflS81.tHR 
napaweTpo» cep.ne'!HHKa. lJI.R CJl~aa ·T-20 ·nomsaHa uenecoo6pas
ROCTi He60J11>moro yTon•eHH.R ero TOP~OBHX y'!BCTKOB. ~syqew noJIR 
pacceaHX.R ce~eqHHxa H onoco6u xoppeKttHH nou B mHpoxow .nKanaso

He Ra'!BJlbHOR RaMarHH'!eHHOCTH l1Ce1esa. 

llpOB8,!leHHUe HCCJle,!lOBBHHR y6e,!lHT6lbHO noxasanH, '!TO MaTeMaTH
qecxoe MO,!lellHpOB6HHe .RBJllieTM 3W>e1tTHllHHM, a qaCTO H 6,!lHl!OtBeli
HUM crioco6oM-aHaJIH36 H onTHNHSBttHH MarHHTHUX CHCTeM oneKTpo4>H-

3H'!eCKHX ycTpORCTB Ha CT6,!lHH HX:npoeltTHpOBBHK.R. 
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