
OB'bE,l\HHEHHYA HHCTHTYT H,l\EPHYX HCCRE,l\OBAHHA 

YAK 539.12.043:538.172.17 

16-89-429 

CblPEIAlllVIKOB 
AHApeli1 EereHbee1114 

MOAEfiVIPOBAHVIE MEmbHAEPHOro KACKAAA 
B BElllECTBE C MArHVITHblM nonEM 

nPVI HAPO-HAEPHWX B3AVIMOAEIACTBVIHX 
AO 10 r3B Ha HYKflOH 

Cne4111aflbHOCTb: 01.04.16 - cl>1113111Ka aTOMHOro ffAP8 

111 3fleMeHTapHblX 48CTll14 

ABTOpe~epaT AHCCepTSUHH Ha COHCKSHHe yqeaoA cr.eneHH 

K8HAHA8T8 ~H3HKO-M8T0M8TffqecKHX HayK 

tl,y6Ha 1989 



PaOOTa BlillOJIHeHa B JJaoopaTOPHH BliCOKHX aHeprua 061,enHH8HHOro 
HHCTHTyTa .fill8PHHX llCCJienonauHa 

Hayt1HUtt pyxoBonHTem,: 

O,tlHLUfaJll,Hli8 OllIIOH8HTU: 

Beny~ee uayqHo-ucoJieno~ 
BaTem,cKoe yqpe*neu11e: 

noKTOP T8XHHqecKHX HBYK, 
npoweccop 3AililEB ].H. 

noKTOP qJH3HKO-MaTCMaTH'fOCltHX HEIYK, 
npo1pecc6p l:iAPAIIIEHKOB B.C. 

xa11n111taT ,pu:ll!KO-MaT8MCiTWi8ClWX 

uayK CEPklliliMKOB C. B .• 

lli!CTl!'l'YT aTOMHOU auepruu HM, 11.ll.Kypqu•roBa, r. MOClllia 

~UUU1Ta nuocepTUI-U1H OOCTOHTOR 11 __ .. ___ rnu r. 

B _ qac. _ MHH. ua 31.ioenumrn C11ewm.1111a11poarumoro oouoTu 

.U-CJ47.0I.03 llpH Jlu6opuTO{JHl1 Jilt6PIIUX npoOJlOM Och.01tH1tol!HOI'O 
HHOTH'l'yTa 1l~OPHLlX HOCJIOl(ODWiH.0, ,IJ.yOHa MooKOUCKOU OOJIUOTH, 

KOHl!J8P8HLt-3aJI JIHII, 

C ItHCC8p'l'aLtH8it MOJKHO O3HaKOMHTbO11 B Ol1OJIHOT8K8 011lil1, 

Aa·rope(!iepaT paaocJiaH " 

yq~Hli.t! ceKpeTapb 
CneIUfaJIH3llpoBaHHOro OOBeTa 

11 ____ !98 r. 

IO.A.EATYCOB 

O1::iillM XAPAKTEPHCTIIKA P AEOTd 

AKTVa.JII,HOCTb T6M11, TeopeTuqecKH npencRa3IIBa.6M8.fI BO3MOiKHOCTb no
CTIDK6HHR B ll6HTpa.JII,HUX coynapeHHRX nocTaToquo T.fDK6JIWC Rn6P T8PMOJtHHa
MHqecKHX YCJIOBllli nepexona Rn6PHOH MaTSpllll B qiaay KBapK-rJilOOHHOli 
ITJia3M11 y;n.e npu aHeprumc no IO raB Ha HYJUIOH cTHMYJIHPOBaJia aa nocJien
HHe neCRTb Jl€T BO BC6M MHpe llHTepec K 3KcnepHM6HTaJibHhlM HCCJienosrurn
.flM nnpo-nnepHhlX B3aHMoneHCTBHH. 3To, B CBOID oqepenb, llHHIUfHPOBaJIO 
coanaune HOBIDC npoeKTOB ycKOpHT6Jl6li TRJK.6JIID( 3apmteHHUX qacTHLt Ha Bli
COKHe 3HeprnH H HHTSHCHBHOCTH. IlpaKTHqecKoe HCilOJlb3OBaHHe nyqKOB 
RnSP B RaqecTBe HCTOqHHKOB anpoHOB B COBP6M6HHOli MenHLtHH6 H OHOJIOrHH, 
nM no~eHHR B 6OJ!blllll'X KOJIHqecTBaX HOBUX ll3OTOilOB B nnepHOli 3Hepre
'rHK6 npen1>RBJIR6T nonoJIHH.T6JlbHhl6 TpeOOBaHHR K 3THM npoeKTaM, CBR3aI_I
Hhl6 C nocTH~6HH6M MaKCHMaJibHO BO3M~HX HHT6HCHBHOCT6li Rnep B nyqKe, 
C BO3MO~HOCTbID illHPOKOro BapbllpOBaHHR HX MaCC ll 3HeprHH, 

EoJib!ilHHCTBO paapa6aTHBa6MUX B HaCTOffill66 BpeMR·npoeKTOB opHeHTll
poBaHO Ha 3HaqHT6JlbHO MeHee 3Hepro- H MaTepnaJIOeMKHe BapllaHThl 
YCKOPHT6Jl6H co CBepxnpoBonRI!IHMH MarHHTHUMH CTPYKTYpaMH, OnHaKO, Kalt 

IlORa3hlBa6T npaKTHKa HCilOJlb3OBaHHR 3THX CTPYKTYP npll ycKopeHHll npOTO
HOB Ha CB6pXBhlCOKH6 3HeprnH (CillA), MaJihlli TeMnepaTypHhlli aanac llCilOJU,-
3Y6MhlX cBepxnpoBOJtHHKOB n.Trv0,5 K Ha nepexon o6MOTOK B uopMaJlbHOe 
COCTORHHe npHBOnHT K TOMY, qro WaKTOp paztHaLtHOHHoro pasorpeBa ll3-3a 
H€H3O6iK.HhlX IlOT6pb npH llH.lK6KIUfll, ycKopeHHll ll BHBone qacTHLt nyqRa 
CTaHOBHTCR OCHOBHhlM, orpaunqHBaIDIJtiJM npoeKTHhle HHTOHCHBHOCTH ll 3H6P
rHH. 

EnHHCTB6HHhlM cnoco6oM OLt6HKH pannaLtHOHHUX Harpy3OK Ha CBepxnpo
BO:ztR!JtiJ6 o6MOTKH (CITO) Ha CTanHH npoeKTHPOBaHHR RBJIROTCR MSTon npRMO
ro CTaTHCTnqecKOro MoneJIHPOBaHHR wuanqecKHX npoueccoB, CBR3aHHUX: 
- C TpaucnopTHpOBKOli qacTHLt B MarHHTHhlX H 3JISKTPOCTaTHqecKHX noJIRX; 
- C ;popMHPOBaHH€M IlOTSPb Ha BHYTPSHHHX MIDilSHRX (ceITTYMax); 
- C pa3BHTH€M RztOPHO-3Jl6KTPOMarHHTHO!'O RaCKazta BTOpllq}{hlX qacTHLt, 

llHHUHHPOBaHHOro IlOTepJIMH Rnep Ilyqlia B CJ!~ no KOH(pllrypaUHH ll 
RnepHO-qlH3nqecKOMY COCTaBy MaTepnaJIOB MHW6HRX - MarHHTHh!X 3Jl6M6H
Tax ycxopnTeJIR. 

B HaCTOffill66 BpeMR 3TOT MSTon nocTaToqHo pa3BHT H peaJIH3OBaH B 
BHne KOMilJISKCOB MOHTS-KaPJIOBCKHX nporpaMM ( MARS n np.) JIHWb nM 
IlpoTOHHhlX YCKOPHT6Jl6li Ha BhlCOKHe ll CB6pxBhlCOKH6 3Heprnu •• B.c~ae 
MoneJIHpoBaHHR M6~Mnepuoro RacRana qaCTHLt, llHHUHHPOBaHHoro RztpaMH, 
CYll!6CTByID!JtiJ6 MSTOnHKH IlO3BOJllIIOT paCCqHTHBaTb JmOO IlOJIR BTOpnHoro 
H3~6HHR B Jl6!'KHX cpenax B onHOMepHOli reOMOTPHll MHlllSHSH BllJIOTb no 
TO.7JlllHH •v ;30 r/cr/- (Rnpa c Maccoit !+56 a.e.M, c aueprneH no 20 raB 
Ha HYKJIOH) OT KOCMnecKOro raJiaKTnecKoro H3Jlyq6HHR, JIHOO B TpeXMep-
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HOH reoMeTpHH rrpOTJiiK8HHOH MHWeHH np:.r ramemrn nyqKa Jierru1x (no yrJie

pona) Hnep C 3Heprnei1 no IO raB B KOHn;SHCHPOBaHHiIX, B TOM qncJie H 

neJIHIIlll'XCH, cpenax H B aTMOCiepe (KACKA.U). 

,llJr.g Toro qT061:l HaJJ;SlKHO npornosnpoBaTJ:, pan;Ha.IUIOHHUS Harpysru1 Ha 

CBepxrrpoBOJJ;Hlllll'X YCKOPHTSMX mi;ep HOBOro nOKOJI6HHH (npoeKT "HyKJioTpOH" 

JIB3 O.llilli), Korna nJirumpyeMl:le 3HeprHH Hnep COCTaBJ.LfIIOT rv 0, I+6 fa.cl Ha 

HJI(JIOH, a HX MaCCl:l MOryT MSHHT!,C~ OT I no 240 a.e.M., Heo6xon:nMo no

nOJIHHTl:, HM6IDIIlll'8CH non;xoJJ;bl no CJISn;yIDIIIHM OCHOBHfill HarrpaBJI6HH.IIM: 

- BKJI!O~Tl:, B MoneJIHpOBa.HHe M9.iK'bJI1(9pH.Oro KaCKan;a qacTMIJ; oco6eHHOCTH 

3JI6KTPOMarHHTHOrO H HnepHoro B3aHMoneilcTBHH cpenHHx H TIDKSJiblX Hnep 

C aTOMaMH MHWSHH; 

- B;ECJII(ltJHTl:, B OIIHCaHHS TpaSKTOpHH sapHJKSHHblX, B TOM qncJie M MHOrosapHn

HhlX, qacTHIJ; HCKpHBJieHHe sa c-iieT MarHHTHOro noJIH; 

- BKJIIO~T1:, npou;eccl:l aJI1:,6en;Horo TMIIa n;JIH MHorosapHJJ;HblX qacTHIJ; Ha rpaHH

u;e "cpena-BaKJYM" npH MaJiblX yrJiax Bblcanru1 nepBHqHI:,IX Hn;ep M HaJIHqHH 

noJIH B TMIIHqH!:lX reoMeTpHHX MarHHTHblX CTPYKTYP ycKOpHTSJIH. 

IlpenMSTOM HCCJISilOBaHHR HBJIHIDTCH npou;eccbl B3aHMOJJ;SHCTBHH Bl:lCOK0-

3HepreTWI8CIU1X qacTHIJ; H Hn;ep C aTOMaMl:I KoHneHCl1})0Ba.HHblX cpen B nnana-

30H9 IUIH8TWI8CIUIX 3HeprHH O,I+IO raB Ha HYKJIOH (an:poH); MSTOJJ;l:l MoneJIH

p0BaHHH HJJ;SpH0-3JI6KTpoMa.rHHTHOro KaCKa.Ita B CJIOJiUiblX TpexMepHblX reoMe

TpH.RX MHmeHH; MeTonl:l pacqeTa npocTpaHCTBeHHoro pacrrpen;eJieHHH norJiomeH

HOH nosu; MSTOJJ;bl MOJJ;SJIHPOBa.HHH TpaeKTOPHH qacTHIJ; nyqKa H n0Tep1:, B Ma.r

HHTax H JIHH3ax CHCTSM M8JJ;JISHHOro BhlBOJJ;a li cynepnepnona YCKOpHTSJIH 

Hnep. 

lieJI1:, pa60Tbl SaKJIIDqaeTCH B paspa6oTKe MSTOnHKH H coanaHHH Ha ee 

OCHOBe KOMIIJISKCa nporpaMM pacqeTa JJ;030Bh!X xapaKTSpliCTMK nOJISH BblCOK0-

3HepreTH~eCKOro li3Jiyq6HliH, HHHIJ;HHpyeMblX B3aHMOJJ;6HCTBli8M T.IIJKSJiblX pe

JifITHBliCTCKHX Hnep C BemecTBOM B TpeXMepHOH reoMeTplili C MarHHTHb!M no

JISM. 

MeTOilH HCCJISilOBaHHH. B JJ;HccepTa.IUIOHHOH pa6oTe HcnOJib30BaJICH Ma

TeMaTWISCKHH arrrrapaT TSOpHH cTaTHCTMqecKoro MOJJ;eJIHpOBaHliH CliJibHOBSTBH

lllll'XCH rrpou;eccoB, TSOpHH MHOroKpaTHblX CTOJIKHOB6Hll'H n TSOPHH nepenoca 

BblCOK03HepreTWI6CKOro liSJiyqeHHH B BemecTBe, a TaIOKe 3JI6MSHTl:l TSOPHH 

MOJJ;SJIHPOBaHHH ~H3Hqecrurx npou;ecCOB Ha 3BM H CTaTHCTHqecKOH o6pa60TKH 

pesyJibTaToB. 

Ha.v<rnag HOBli3Ha pa60Tbl COCTOHT B TOM, qTo: 

- npoaHa;ms:.rpoBa.Hl:l oco6eHHocTH nepeHoca cpenHHx H THJKeJlliX HJJ;ep B KOH

neHcnpoBaHH!:lX cpenax, B qacTHOCTH, Y'JTSH npou;ecc 3JI8KTponnccoIJ;Ha.IUIH 

peJIHTliBHCTCIWX Hnep; 

- liCCJienoBaHa poJib WparMSHTOB HJJ;ep B pa3BHTHli MSlK~HJJ;epHoro KaCKaJJ;a 

qacTHIJ; H B \POPMHp0BaHll'H rrpocTpaHCTBeHHoro pacnpeneJieHHH norJiomeHHoil 

nosl:l B B6lll9CTB6; 
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- noJiyqeHbl pacqeTHl:le naHHbl8 0 BJiliHHHli Ma.rHliTHoro noJIH Ha nnqqiepeHIJ;H

aJil:,Hl:le xapaKT8pliCTHY..H aJIJ:,6eno (OTpa.iK6HH6) MHOrOSapHJJ;Hl:lX qaCTHIJ; H 

Ha r.n:y6HHH09 pacnpeneJISHHe nosl:l npH Bl:lcanKe HJJ;ep Ha noBepXHOCTl:, 

MHllleHH non Ma.JIHMH ( .LE = I+IOO MPan:) yrJiaMH; 

- cosnaHa nporpaMMa pacqeTa pannaIJ;HoHHl:lX TenJIOBl:lJJ;eJieIDIH B MarHHTH!:lX 

CTPYKTypax YCKOPHTSJISH Hnep H cneJia.H npornos nonycTHMb!X HHT8HCHB

HOCT8H npli MenJieHHOM Bl:lBOJJ;e li3 YCKOPHTeJIH nyqKa HJJ;ep C MacCOH OT 

I no 207 a.e.M. B nnarrasoHe aHep~HH 0,2+6 TuB Ha HYKJ!OH. 

ABTop sanrnlllaeT: 

I) MSTOnHKY pacqeTa npocTpa.HCTBeHHoro pacnpeneJieHHH norJIOlll8HHOH 

JJ:031:l npH pa3BHTHli HnepH0-3JI6KTPOMarHHTHOro KaCKa.Ita qaCTHIJ;, HHHIJ;H

liPOBaHHoro Hn;paMH, B ~emecTBe C MarHHTHl:lM IIOJieM; 

2) cosnaHHl:lH Ha OCHOBe 3TOH MSTOJJ;HKH KOMnJISKC nporpaMM ( EDMONT) 

CTaTHCTWISCKoro MOJJ;SJIHpOBa.HHH M8lK'bJinepHoro KaCKan;a qacTHIJ; H HJJ;ep; 

3) pesyJIJ:,TaTH q:HCJISHHl:lX liCCJISJJ;OBa.HHH ~li3WISCKHX saKOHOM8pHOCT8H 

~OpMHpoBaIDIH nosoBblX xapaKTepHCTHK nbJIH BTOpH<moro li3Jiyq8HHH B 

KOHneHCMpOBa.HHOH cpene co cpen:HHM sapHJJ;OM; 

4) naHHl:le O BJiliHHliH MarHHTHOro noJIH Ha aJib6eno MHorosapHJJ;Hl:DC Bl:lCOK0-

3HepreTWI8CKHX qaCTHIJ; H Ha rrpocTpaHCTBSHHOe pacnpen;eJieHHe nosl:l B 

MHWSHli npli Bl:lCanKe Ha ee nOBSPXHOCTl:, non MaJil:lMH yrJiaMH peJIHTHBliCT

CKHX HJJ;Sp; 

5) pesyJibTaTl:l pacqeTOB pan;HaIJ;HOHHl:lX TSIIJIOBl:lJJ;SJieHHH B MarHHTHl:lX CTPYK

.Typax CBepxrrpoBonHIIlll'X YCKOPHTSJISH Hnep. 

IlpaRTWISCKaH 3HaqHMOCT1:, COCTOliT B TOM, qTo pa3pa60TaHHblH aBTOpOM 

KO~mJieKC nporpaMM EDMONT noSBOJIHST npomosnpoBaT1:, pan:Ha.IUIOHHl:le 

Harpys:iar B peaJIJ:,Hl:lX reoMeTpli.RX H yCJIOBHHX 3Kcn.n:yaTaIJ;HH MarHHTHl:lX 3JI8-

MSHTOB YCKOpliT8JI6H Hnep Ha aHeprHH O,I+IO raB Ha HyKJIOH. PesyJibTaTH 

pacqeTH!:lX HCCJienoBa.HHH, npoBeneHHl:lX B n:nccepTaIJ;HOHHOH pa6oTe, Heno

cpencTBSHHO HCnOJib3yroTCH npH cosna.HHH CBepxrrpoBOJJ;HlllHX YCKOpliTSJISH pe

JIHTHBHCTCKHX Hnep Cilllli H HyKJIOTPOH B OIDilI (r.,Uy6Ha). 

PesyJibTaTl:l HCCJISUOBa.HliH MOryT TaIOKe liCnOJIJ:,30BaTJ:,CH IIPH rrporH03li

poBaHHH pan:Ha.IUIOHHl:lX HarpysoK OT MHOrosapHJJ;Horo HOHli3Hpyromero KOCMH

qecKoro ns.n:yqeHHH Ha pa3JIHqHbl9 3JI6M9HTbl KOCMWI6CKOH TSXHHKH. 

Arrpo6a.m,:H pa60TH. OcHOBHble nOJIOlK8HliH pa60Tl:l noKJian;l:lBaJIHCl:, Ha 

X BceCOID3HOM COB6lllaHHH no ycKOpHTeJIHM 3apIDK8HHl:lX qacTHIJ; (,Uy6Ha, 

1986 r.), Ha BcecoIDSH!:lX CSMHHapax KOMHCCHH Hay-<rn:oro COBeTa no rrpo6-

JI9MaM ycKOpeHHH sapIDKeHHl:lX qacTHIJ; rrpH OH~ AH CCCP (1984-1986 rr.), 

Ha Hay-<rn:oil KOH~peHIJ;Hli OH~ AH CCCP "t!a.CTHIJ;l:l n HJJ;pa npu Bl:lcorurx SHep

rn&" (MocKBa, 1987 r. ) • 

ily6JIHRaIDra. no reMe nnccepTaIJ;HOHHOH pa60Tl:l ony6JIHKOBaHO 7"pa60T. 
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CTDVKTypa H o6~eM 0060TH. ,iLHccepTawrR COCTOHT ll3 BB8U6HHR, Tpex 
rJia.B H 3aKJI!OtI8HHR, a TalCite COU6pllillT 6H6~Horpap~eCKHH CilHCOK ll3 I46 
HaHMeHOBa.HHH. 06~eM pa60TH COCT~eT 146 CTpaHHU, B H6H coneJ)J.iliTCR 
33 pHcy1rna E 5 Ta6JIHU. 

· CO,JJ;EF.lAfUIE PAEOTcl 

Bo BB8Il6HHH 060CHOBHBaeTCR aKTyaJU,HOCTI, T6MH nnccepTawrOHHOH 
pa60TH, npenci~eH a.HMH3- COCTORHHR rrpo6J16MH, a Ta.K;K6 c;i:i<)pMy~upoBa
Ha IIOCTaHOBKa 3anaTIH ll ne~I, HCC~enoBa.HHH. 

B rrepBoU r~aBe naa KOJIHTieCTBeHHHil aH~3 rrponeccoB B3aHMonel1cT
BHR TiaCTHU RU8PH0-3~6KTPOMar'HHTHOro KaCKaUa C aTOMal,m H RUPaMH aTO
MOB KOHUSHCHpoBaHHoro BemecTBa._ Oco6oe BHHMaHUe yUeJieHo crrewr@uKe 
rrepeHoca BHCOKo:mepreT~6CKHX TmKe~ MHOro3aPJmHHX qacTHU ( 3~6KTJlO

MaI'HllTHHe B3aHMOU8HCTBHR), a T~e OITHcaHHIO nponeccoE MHOJit6CTB6HHOro 
polKI{eHER qacTHU B RUPO-RU8PHHX B3aHMOU6HCTBHRX. 

K ocHOBHHM nponeccaM, onpene~~M rrepeHoc MHoroaaPf.{nHux TiaCTHU 
B BemecTB8 B ECC~enyeMOM UHaITa30He 3HeprHH CJienyeT OTH6CTH llOHH3awrIO 
H E036YlKU8HHe aTOMOB cpenu C HCIIYCKaHHeM E3 TpeKa ~ -3~6KTPOHOB; 
q.T!YKTYawrH 3HepreT~6CKHX ITOTepI> (cTparrJIHHr) if 3Qi,JleKTHBHHH 3aplin B 
KOHU6 rrpo6era, KOTOpHe BM8CTe C MHOrOKpaTHHM KY~OHOBCRHM pacceRHHeM 

MoryT 6HTI, OITHCaHH B PaMKaX T80PHH MHOrO:Kpa.THHX CTO~KHOB8HHH. B 06-
~CTH 3H6PI'HH ,...., I raB Ha HYMOH TJDKe~e MHoro3aplIUHH8 tiaCTHUH a.p-J)eK

THBHO B3aHMOU6HCTBYfilT C RUpa.MH cpenu, IIPHTI6M B HeyrrpyrHX Rnpo-Rnep
HHX B3aHMOU6HCTBHRX q>OpMHpyeTCR HOBHH IIO cpaBH6HHID C anpoHHHM KaC
KanOM BHCOK03Hepr6THTI6CKHH KOMIIOH6HT IIOM BTOP~Horo H3~YtI6HHR -

M8lK~RnepHH:li KaCKaU MHoroaapRUHI:Df: tiaCTHU (qiparMSHTOB Rnep-cHaplIUOB). 
KpoMe Toro, Ha Men~eHHHX C_TaUHRX pacrrana HaH60JI66 MaCCHBHHX qipar
M8HTOB (crreKTaTOpHHX OCTaTKOB) Riep-cHaplIUOB reHSPHPYIDTCR nono~H
T6Jll,HH6 llCTOTIHHilli npyrIDt Bl:.::COK03H8preT~ecKHX KOMITOH6HTOB: HcnapeHHe 

TiaCT:l:!U - HYMOH-M630HHHM M8;it'h.fIU6PHHM KaCKaU; CHRTH6 OCTaTOTIHoro E03-
6y,,meH:l:!R q>OTOHOM - a~eKTpoH-(.POTOHHHM JIHB8HI,. B o6JiaCTH peMTHBHCT
CKHX aHepruil B cpenax co cpenaHM aapRUOM ceqeaue 3JI6KTponuccowrawru 
TJDKS~oro Rnpa CTaHOBHTCR CpaBHHMh!M C C6TI8Hll6M RU8pHoro B3aHMOU8HCT
BHR, TO 8CTI, anpOHH H (.POTOHH, o6pa30BaHHH6 npn 3~6KTPOMarHHTHOH nuc

COUl!awrli Rnep-cHaplIUOB, TaIOKe reHepupym COOTB8TCTBYIDmli8 BHCOK03Hep
reTHTI8CKH8 KOMIIOHSHTH IIOM H3~YtI6HHR. 

.ll;.mi oITHcaHHR nponecca 3~SKTponucconnawru BHCOK03HepreT~ecKHX 
RU6P npe~O;itSHH aHMHT~ecKHe .Blipa;it8HHR, ITO~YtISHHHe HCXO.ll,ff H3 cpop
MYJI BHm,RMca-BeftnaeKKepa c ncnOJII>3oBaAueM aRcnepHMeHTaJU,HHX UaHHHX .• 
IlpHB6U8HH peaym,TaTH pacqeTOB C8TI6HHR BHXona HYMOHOB :I:! ~erKHx 
qrparMeHTOB no MeTony Bu~I>RMca-BettnaeKKepa, no npen~oJKeHHott q>OPMY~e 
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B cpaBH8HHll C 3KcnepHM8HTaJil>HHMH H3MepeHHRMH H nponeMOHCTpllpOBa.Ha 
pa60Tocnoco6HocTb rrpen~o~eHHoro rro~y3MrruputiecKoro onucaHHR nponecca_ 

3JI6KTPOUHCCOUHanHH TID.:SJI!c!X Rnep. 
Ha OCHOB6 aH~3a JIHTepaTY1)HHX naHHHX noKa3aHO, TITO.B HeyrrpyrHX 

Rnpo-HnepHWC B3al!MOU6l1CTBHRX npu peJIRTllBHCTCKHX 3HeprHRX H3-3a acco

Ul{aTUBHOro xapaKTepa po~neHHR CTpaHHHX tiaCTHU BHXOU nHOHOB ITOTITH Ha 
UBa ITOPRUKa Bhlllle, 'ISM EhlXOU Ka.OHOB HJIH rHrrepOHOB. To 6CTb, C TOTIHO
CTb!O no EepORTHOCTH reHepaUl{H BHCOK03HepreTH'l6Citl'IM (!)OTOHOM anpoHOB B 

,IJCJTORU8PHillC pearw;HRX, KOTOPOH npu MoneJIHpoBaHHH 3JI6KTPOH-{)OTOHHHX 
JIHBH8H no 3Heprnw B H8CKOJibKO neCRTKOE f3B rrpeae6peraIOT, B M8lK'h.fIU8P
HOM EacKane BTOp}!tIHHX 'faCTHU, M().)KHO orpa.H~HTI,CR pacCMOTp8HH€M TOJII>KO 

'rrHOHOB H HX pacrranoB, rrp~€M KaK HE C~Tiae anpoa-Rnepaoro B3aHMOU€H
CTBHR OCHOBHHM HCTOTIIIBKOM 3JI€RTPOH,j)OTOHHOro JIHBHR OCTaHYTCR pacrranH 
-<Jr

0
-Me 30HOB. 

EnHHOe Teop6'£~€CKO€ omrnamrn MHOli:E:CTB6HHoro polKI{€HHR anpoHOB H 
wparMSHTOB B RUpO-RU6pHWC B3aHMOU€HCTBHRX B HaCTORmee BpeMR OTCYTCT
BY6T, TunponHHaMH'!6CKH6 U T8PMOUHHaMHTI€CKH8 MOU6JIH H6ITJ10XO OITHCHBaIOT 
pacnan CHJII,HOB036y,meHHOH 30HH RnepHOli MaTepHH B 06JiaCTH rrepeKpHTHR 
CTMKHBaIOmHXCR Rnep B coynapeHHRX neHTpam,Horo THITa, npH 3TOM MOU6JIH 

qailp6o~. J;al1pcTpHK He npHM8HHMH K nepwJlepHTI6CKHM B3aHMOU6HCTBHHM. 
iVloneJIH BHYTPHRnepHHX Kacrano~ BOCnpoH3BOURT JIHillI, HaTiaJII>HYID CTaUHIO 
CTO~KHOB8HHR, Korna Rn6PHM MaTepuR cymecTB6HHO H81)a.BHOB8CHa. Mone
JIH, OCHOBaHHH6 Ha Y1JaBH6HHH BJracoBa-YJIHHra-YJieH68Ka, COTI6TaIOmero B 
ce6e H UByxtiaCTHTIHHe CTOJIKHOB6HHR, H 3@.il6KTH cpenaero noJIR, cnoco6HH 
BOcnpOH3B6CTH BC6 Ha6JIIOUaBillH8CR B 3KCil6pHM6HTax oco66HHOCTH reHepa

Ul!H anpoHOB. OnHaKO, TIT06H orrucaTI, BHXOU MHOr03aplIUHHX ~parMSHTOB B 
paMKaX Bcex nepetIUC~€HHHX Bhllll6 MOU6JI€H, Tpe6yeTCR BB6U6HH6 UOIIOJIHH

T6JII>HHX MexaHH3MOB, OTBeTcTBSHHHX 3a MenJieHHHil pacrran cJia6oBo36yJ:CIJ;eH
HHX cneKTaTOPHHX OCTaTKOB RUSP - HcrrapeHHR, ne~eHHR, MY~bTH~parMeHTa
Ul{H. 

KoMIIJI6KCHOe cpaBH8HH8 KaCKaUHO-HcrrapHT8Jll,HOH MOUSJIH /I/ C qJOT0-

3MYJll,CHOHHHMH naHHHMH no UHcMJepeHUHaJII>HHM BHXOnaM BTOPHTIH~ tiaCTHU 
B Jinpo-RnepHHX B3aHMonei:icTBHRX P-t·Em, ,i+Em , C-t- ~m ,Ne-t-Em 
rrpH peMTHBHCTCKHX 3HeprHJIX ITOKa3aJIO, TITO Olia YUOM6TBOPHT6JibHO 
OIIHCHBaeT BCIO COBOKy-IIHOCTI, HHKJII03HBHHX ITO npHUSJibHOMY rrapaMeTpy pac
npene~eHHH. 

Ilpu MOUSJIHpOBaHHH RUSPH0-3JI6KTPOMarHHTHOro KaCKana anpoHOB H 
Rn8P B BemecTB6, Karna CTaTHCTHTI8CKll peaJIH3Y6TCR 6om,moe TIHC~O Rnep
HHX B3aHMonei:icTB:l:!H, HHTerpMbHHe WYffKUl!O~ ITOJIR BTOpH'IHOro HMYtie
HHR 6ynyT 3aBHC8TI, TOJll,KO OT oco6eHHOCT6H HHKJII03HBHHX nHcMJepeHUl{aJll,
HhlX xapaKT6PHCTHK MHOlKSCTBSHHoro po~neHHR tiaCTHU. CJienoBaTeJll,HO, HC
ITOJII>30BaHH8 KaCKanHO-HcrrapHTSJibHOH MoneJIH B Ka'I8CTB8 reaepaTopa 
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BTopwmwc tiaCTlH.{ II03BOJillT o6ecrrei:mTI, B cpen;HeM IJ;OCTOBepm,1e B8,,1.lf'IllHH 

IJ;03H B liCCJien;yeMOM n;HaIIa30H8 Mace ll :rneprnil .ffn;ep. 

Bo BTOpoij rJiaEe Ha OCHOE€ aHamrna rrp.lif6Jrn.ateHHhlX al!aJll!T.lf'I€CKllX, 

'!HCJI€HHIDC li CTaTHCTli'I€CKHX M€TOIJ;OB OIIHCaillrn pa3JI.lf'IHhlX R(?ll1IIOH8HTOE 

JIIJ;€PH0-3JI8KTpoMaI'HliTHOro KaCRan;a rrpen;Jio.ateHa M€TOIJ;llRa pac-qeTa rrorJIO

meHHOli IJ;03H OT M€7.tMn;epHoro KaCKan;a BTOPWIHHX -qacTlfU,- llHll~lfPOBaHHO

ro BHCOK03HepreTH'!€CKHMli .fIIJ;paMli B IJ;HaIIa30H€ Mace 1¼207 a.e.M. If 

3Heprlili O, I¼IU raB Ha HYRJIOH B M.11Ul€H.fIX C.110JiillhlX reoMeTpWieCiIBX KOH

iplirypan;ll'li C BRJII01!8H.11€M BaK,YYMHhlX 30H rrpli HaJIU"tJJflf BH€illHJfX MaI'HHTHhIX 

IIOJI€li. 

MeTOIJ;liKa peaJIH30BaHa B KOMII.il€KC€ rrporpaMt\1 [DMO/VT , B KOTOpOM 

.fIIJ;8PHli8 B3ru!'MO.ll;€HCTBHH an;poHOB H MHOr03ap!IIJ;HhlX -qacTHU MO.ll;€JIHPY~TC.ff 

3KCKJII03HBHl:lM crroco6oM C IIOMOUU,IO KaCRan;HO-HCIIap.HT€JII,HOill MOIJ;€JIH /I/; 

pacrran;bl IIHOHOB H 3JI8KTPOIJ;HCCO~a~JI .ffn;8p - HHKJII03HBHO, C IIOMOUU,!O 

rrpHBen;eHHIDC B rrepBOli rJiaBe COOTHOUl€HHH. ITocTpo6HH6 TpaeKTOPHli sapR-

7.t€HHl:lX -qacTHU B BemecTBe H B BaKYYM8 ocymecTBJIJI8TCJI UiarOBl:lM M8TOIJ;OM 

C y-qeTOM HCKPHM6HHJI 3a C1!8T MarHHTHOro IIOJI.F.! H MHoroKpaTHOro KYJIOHOB

CKOro pacceJIHH.fI, a TaroK8 C YTI6TOM ,ftn:YKTY~H rrepen;a11H 3HeprHH Ha 

.110Hli3a~ro H B036y7.tn;eH.He aTOMO~ BemecTBa. B 3aBHCHMOCTli OT IJ;JIHHH Tpa

€KTOPHH (rnara) aBTOMaTH1!8CKH IIPOlfCXOIJ;HT BH,c:iop_coo:;r_B6TCTByromero rrpH-

6JillJK€HHOro OIIHCaHH.fI 3THX rrpoueccoB B Teop.HH MHoroKpaTHbiX CTOJIKHOB6-

HHH. ,UJm KoppeKTHOro BOCIIPOH3B8IJ;8HH.ff aJII,deIJ;Horo EHCOK03HepreTli1!€CKO

ro KOMIIOH6HTa IIOJI.ff H3Jiy-q€HH.fI B6JIU3H rpaHHUH "cpen;a-BaKyyM" BBen;eHa 

IJ;OIIOJIHHT6JII,HO 3aBHCHMOCTI, EH6opa rrp.H6JI~6HHoro OIIHCaHH.fI rrpocTpaHCT-. 

B8HHO-yrJIOBOro pacrrpen;eJieHH.fI 3apmK6HHllX "tJaCTHU OT B8Jill1JHHH yrJia M6-

7lll.Y TeeymHM HarrpaBJieHH8M IJ;BHF.8HH.ff H IIOE6PXHOCTI,IO rpaH.liIUU. 

B rrpouecce Mon;eJillpoBamrn MeJK'.b!IIJ;epHoro Kacrmn;a paccMaTpnEaIOTC.fI: 

M8iK'b.fIIJ;8pHh!H RaCKaIJ; WJfOI'03ap!IIJ;HhIX qiparMeHTOE, HYK.7.IOH-M€ 30HHl:lH ltaCKaIJ;, 

3JI€KTPOH-¥)TOHHllH .11HB8Hb, Hll3KO:mepreTH'!8CKllH KOMIIOH€HT C 3Heprll€H 

HH7.t6 0,02 raB Ha an;poH (HyKJIOH) B rrpll6JillE€HHH "JIOKa.JlbHOI'O rrorJiome

HH.fI". 
Pe3yJibTaTH pac-qeTOB rrpocTpaHCTB8HHOI'O pacrrpen;eJieHJf.fI IJ;03H cpaB

H€HI:I C H3M6p6HH.fIMli, rrpoBen;eHHh!MH Ha IIY1IK6 CHHXpO:j,_B30TPOHa JIBS 0.11.HH 

C IIOMOil(b!O KPHOI'6HHblX Y..a.JIOplfM€Tpll1!8CKllX IJ;03JfM€T~OB ll C pac-qeTaMH ITO 

arrpo6HpoBaHH.bIM KOMrrJieKcarJJ rrporpaMM MAGNET I I H KACKA.U / 3/. IIo

Y.a3aHO ( PHC. I) ,- "tJTO rrpen;JIO)K6HHB.ii paCTI6 THa.ff M6TOI\.lifKa H8IIJIOXO BOCIIpo

i-13BOIJ;jfT 3KCII6pHM6HTaJII,Hhl6 n;aHHh!e B THII.lf'IHhlX TIO reoMe TPlflf H .ffn;epuo

J.{3H1!€CKOMY COCTaBy MaT6PlfaJIOB MarHHTHh!X CTPYKTypax If MOJK€T lfC

IIOJib30BaTbC.fI IJ;JI.ff IIPlfRJiaIJ;HllX pac-qeTOB pan;lfa~OHHOI'O pasorpeBa CBepx

rrpoBOIJ;flmHX 06MOTOK Ha ycKOPlfT6JI.fIX peMTHBHCTCKHX sap.f!J.{6HHblX "tJaCTHU. 
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Pnc.I. 3aB.HcnMocTb n;osH D , 
rrorJiomeHHOH B KaJiopllMeTpe, OT 

TOJlmHHl:l JK8JI63HOI'O 6apbepa d, 

rrpll rameHHH IIy,IKa n;eliTOHOB C 

3Hepr.HeH 3,655 raB Ha HYKJIOH. 

TuCTOrpaMM!l - paC1!8TH no npo

rpa.MMaM KACKA,I.( (·:.) H E:DMONi" 
("l.); • - H3MepeHH.fI n;aT"tJHKOM 

TBO; • - pesHcTop A.rrJieH

Epen;IDf; o - M8n;HO-HHK8JI8Bl:lH 

IJ;03HM8Tp. 

Pllc.2. 0THOCHT8JlbHHe BRJian;H 

bE/E B 3HeprHID E, nor;romeHHYID 

B jl{€JI93HOM 6JIOK8 B 3aBHCllMOCTll 

9T 3Hepr.HH HHHUHHPY!OlilSI'O .ffn;pa 

TP. I - mmr:nmpyromee Hn;po; 2 -

HYKJIOH-M830HHl:lli Ra.CKan; (Trrop= 
= 0,02 raB Ha HYMOH .If.Jill 

an;poH); 3 - 3JI8KTPOH-qJOTOHHhlH 

JIHB8Hb; 4 - HH3K03HepreTH1Jec

Kll8 -qacTHUH; 5 - M8jK'b.fIIJ;8PHHH 

KaCRan; MHOI'03ap!IIJ;HHX -qaCTHU. 



TpeTbff rRa.Ba nOCBffill6Ha aHaJll!3Y pesyJII,TaTOB pac"l:6THHX HCMenoBa

Hl'lll OCHOBHl:alX 3a.KOHOMepHOCT6H (QopMHpOBa.HHff ItO3.bl OT M6JKMnepHoro KaC

Kal{a tJaCTHU, HHl'IIJ;HHPOBaHHOro ffnPaMH, B Tl'!Il~HhlX reoMeTpHmc rawemrn 

H IIPH BhlcanKe non Ma~ (no IOO Mpan) yrRaMH IJY'IKOB anep OT npoTOHa 

no CBl'I~ Ha OnHOponHHe Mlllll8Hl'I. 
B reoMeTpHH rameHH.fI ny-g:Ka B no.ny6ecKOHe"l:HHll JK8R63H.blil 6HOK B 

rrpoMSJKYTO'lHOil o6~CTH paccMaTPHBaeMoro nHarrasoHa Kl'IHST~eCKl'IX 3Hep

:rnil B~.It B no~yio norROll!6HHyID B 3TOM 6ROK6 3Hep:rnIO OT M6JK'hfIIt6PHOro 

KaCKal{a qiparMSHTOB cTaHOEIITC.fI cpaB!lliMhlM (HHl'IIJ;HHPYIOilll'IS anpa cpenmix 

Mace) H~ rrpeBHUlaeT (TIDKe~e .flnPa) BManhl OT OCT~Hl:alX BhlCOKO3Hepre

Tl'J-q8CKl'IX H HH3KO3HepreTH"l:8CKl'IX KOMITOHSHTOB noJIR H3JIY'I6Hl'l.fl, ItOCTHraa 

B MaKCHMj'Me nJIR anep CBl'l~a N40% OT Cj'MMapHoil B6~HHH (pHc.2). 

IlpoztO.1II,HO6 pacnpeneReHHe noshl B USHTP~HOH o6RaCTH pa3BHTH.fl 

anepHO-3R8KTPOMarHHTHOro KaCKal{a O"l:8Hh "l:YBCTBl'IT6Jll,HO K 3HeprHH H 

Macce HHHUI'll'IPYJOll!ero· anpa. MaKCHM~HHe 3Ha"l:eHH.fI nM RerKl'!x anep Ha-

6~aIOTC.fI rrpmaepHo Ha TeX JKS r.ny6HHax, "l:TO Hy npoTOHa, H CB.fI3aH.bl c 

MHOJKSCTBSHHHM pOJKiteHHSM an;poHOB B nepBl:alX aKTax ·Heynpyroro anepHoro 

B3al'IMOit9HCTBH.fI. B cRy-qae TRJif.8Rh!X anep MaKCl'IMYM·nos.bl CM6ll!8H K OCHOBa

Hl'IIO MSJK~RnepHoro KaCKal{a H o6ycROM6H HOHl'l3all;HOHH.blMl'I noTepRMH nep

B~Hoil "l:aCTHUH H MHOrosapRnHl:alX qiparM6HTOB (pHc.3). 
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PHc.3. IlponomHoe pacnpe

neReHHe nos.bl npH raweHHH TOH

Koro ny-q&a anep B JKeResHHil 

un~HitP paitHyca 2 cM. To"l:Kl'! -
pac"l:eT no nporpaMMe KACKA,IC: 
• - rrpoToH, * - anpo re~a, 
A - yrRepon. il!CTorpaMMbl -
pac"l:eT no rrporpa.MMe tt>MONT; 

Kpl'IB.b16 - BMall B·ItO3Y OT MSJK~
RnepHoro &acKa.na. MHorosa.pRit
HhlX qiparMeHTOB. 

IlpH B.b!CanKe ny-g:Ka anep Ha JK8H83HYIO MaCTHHY non M~H yrRa.MH 

Ha6JI10naeTC.fI Cl'!Jil,Haff 3aBHCHMOCTb rRy6HHHOro pa.cnpeneReHH.fI noshl OT 

THna. ffnpa H yr~ B.b!CanKH. E.Jiaronapa -qyBCTBHT6Jll,HOCTH npoueccoB OT-
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PHc.4. I'.ny6nHHoe pacnpeneRe
HHe nos.bl B n~CTHH6 H3 JK6Re3a 

npH B.blcanKe Ha ee noBSPXHOCTh 
non Ma..,'IUMH yrRru.iH IlillPOKOro 

IlYtJKa anep. il!CTorpaMMH - pac
"l:6T no nporpaMMe F.DMON'T' ; 

un~p.bl - B8~"l:HH.bl_yrROB B.b!CanKH 

B MHJIJrnpanna.Hax; TO"l:IW - pac
rrpezteReHne nosN np,r BKJilO"l:6HHH 

➔ •► 
Ma.rHHTHoro noJIR IB(r)\ =4 TR 
(yroR BHcanKl'I IO Mpazt). 

pa.)K6HH.fl nepBINHilX anep K H~~IO BH6li!Hero noJIR Ha6Jll0It8.6TC.fl HSKOTO

poe H3.M6H6HHe 3THX pa.crrpene.1eHHii npn BK.11IO"l:6Hlilf MarHl'!THoro noJIR B 

Mlllll6HH xapaKTepHOH ItM MarlliJTOB,COBp6M6HHl:lX YCKOpHTe~eii BS~-ql'JHH 
(puc.4). 

n 3aKJ1!0"l:HT6Jil,HOM na.parpa.@e rRaB.bl C noMOUU,IO nporpa.MM1! [ ()MOIi, T 

CMOrte~pOBa.Ha. J)aitHclWJOHHM CHTyarum:, BO3Hl'!Ka.10ll!aff B onHoM H3 Ba.pHa.H

TOB HyMOTpOHa, rrpn M6I{R6HHOM BhIBOrte ny-g:Ka "l:8.CTHU H pacctJHTaH.b! Be

~"l:Hilll pan:iraunoHHI1X T6!WOBl:lJ:t6H8HHii B CBepxnpoBonmzurx O6MOTKa.X Ma.r

Hl'ITOB H Rl'IH3 CHCT6Mhl M8ItR6HI!Oro Bi:lBOita H cynepnepnona. (pnc.5). 

OnpezteReH Ha.H60Ree "ona.cHHil" C TO"l:KH 3P9HH.fl nepexona O6MOTKI'! B HOp

Ma.JU,Hoe COCTO.fIHHe 3R6M6HT H OU6H6H.bl npeneJII,H.ble l'IHT6HCHEHOCTH pas
~"l:HI1X anep B BhlBOitHMOM lIYtJKe. 

~ 3aKJllO.!ifil!lli1 cg)opMy~poBaHJ.: OCHOBH.ble pesyJII,Ta.TH nHccepTauHH. 

OCHOBH.bl6 P63YJII,Ta.Tll pa.60Tl:l 

I. C USJII,JO nporH03HpOBa.HH.fI panHauHOHHUX Harpy3OK Ha CBepxnpo

BOit.flll!H6 3RSM6HT.bl YCKOPHTe~eH peMTHBHCTCKllX anep B H8.CTO.flll!6H pa6oTe 

npoBeneH a.H~s q>HsuqecKl'!X npoueccoB, OTBeTcTB6HHI1X sa. nepeHoc B 

B6ll!6CTBe BllCOK03HepreTHqecKUx anep, a T8.Klite oco6eHHOCTeil pa3BHTH.fl 

H~epH0-3R8KTpoMarHIITHoro KaCKana. "l:8.CTHU B Ma.rHHTHOM lIORe npH Jll{PO

anepH.b!X B3aHMoneilCTBII.fI B nHa.na.soHe 3HeprHil O,I-IO raB Ha HYlUIOH H 
Mace I-20'7 a..e.M. 
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PHc. 5. :1laKCI!M8JII,H~e 3HatieijIIJI Il;03hl B o6MOTKaX MarHllT

HhlX 3JieMeHTOB B Oil;HOM H3 BapllaHTOB npoeKTa "HyKJIOTPOH
0 

rrpH Men;JieHHOM BllBOn;e IIJ'!KOB Jll(ep. sec - CllCTeMa 3JieKTpo

cTaTH'!8CKOro cenTyMa, ,Ii.I - n;e,liOKJCllPJ"i0!118JI KFJan;pyrroJII,Ha.Jl 

JIHH3a, i',i./1 - MarHilT JiaM6epTCOHa, ..;2 - 'iJOKJCllPYJO!ll8JI JillH3a, 

.UC - n;nno;r1, cyrreprrep.ron;a; _])0 - 3HatieHn.H n;orrycTnMoil: 

Ha nepexon; B HOpMaJThHOe COCTO.HllliS CBepxrrpoBOIUiHKOB Il;03hl 

n;JIR pa3JIH'!Hh!X Il;JIHT8JII,HOCTeii B!IBOil;a 'T° llMn (nJHKTllPHhlS 

Jllllllill); Tp 3HeprH.H BHBOil;llMUX tiaCTllU, L, ace - IIJiaHHpy-

eMlie IIOTepn .Hn;ep Ha ,cenTyMe·_ OT npoeKTHh!X 3HatieHHil: HHTeH

CllBHOCTll B BUBOil;IIMOM IIJ'!Ke. 

2. Ha ocHOBe aToro aHaJIH3a paspa6oTaHa MeTOn;HKa pactieTa rrorJio

meHHoil: Il;03hl B CJIO~HhlX no COCTaBy ll KOH\Plfrypar.urll MHWSIIBX C BaeyyMHh!Mll 

BKJIIO'I6Hll.HM1J. i,i6TOil;llKa peaJill30BaHa B B1JI1;8 KOMnJieKca rrporpaMM CTaTll

CTll'I€CKOro MOil;eJIHpOBaHll.H .Hn;epHO-t_Pll3ll'I6CKHX rrpoueccoB EDl"IONT' • 
3. CpaBH6Hll8 pe3JJII,TaTOB pactieTa rrpocTpaHCTBSHHOrO pacrrpen;eJie

Hll.H Il;03hl C 3KcnepllM8HT8Jll,Hh!MlI H3MepeHHJIMll Ha IIJ'!.KaX tiaCTllU CHHXPO~ 
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',;.}a30TPOHa ;133 Q;-!Jfl U paC'I6Tfill}l no ll3B6C'rHi:!M KO!,ffiJ16,<CaM nporpaMM 

f\A6N [1' H :CACrwu rro:r;asa.;10 rrpe.BH,;JbHOCTI, paapa60TaHHOll aBTOpOM 

M6TOil;UKH ll E03MO:::HOCTI, llCITOJII,30Ea'UJ.fI C03lJ;aHHOH HM nporpaMMhl 

[D/'10NT Il;.iIB pactreTOE pan;nauIJOHHillC T€IlJ10EillJ:6JI8IDiil B CBepxrrpo-

EOll;JllllllX 3J16M6HTax ycROPll'i.'6JI6ii p6J1.HTifBUCTCKHX Jin;ep. 

4. ;3 TIIIIWii!UX reOM6T1)11.HX Mllill6H,l' C TIOMOill.bIO nporpaM1'1ii! 

BnepB~e TIOJIJ'I6Hhl n;aHHhl6 o: 

- BKJia;J;ax pa3,TiltIH.i,IX KOMnOH6HTOB. noJT.JI l!3JlJ'!6HllJI B rrorJiomeHHJIO 

,meprmo; 

- pomi Me;io,mepuoro KacKan;a MHorosapmi;m.nc cppariJ.eHTOB B pas

EllTI!H !II1;6pH0-3.16I,TPOMarHU'rHOro KaCKan;a I! B 00PM'APOBaHirn npocTpaHCT

B6HHOro pacnpen;e.'IeiIBJI nor.11omeHHoil n;o3b!; 

- BJIIl.HHI!H MarHI!THoro TIO.IDI Ha a.11,6en;o T.llr.teJlh!X MHOrosap.Hn;HIDC 

tJaCTI!U H Ha rJ1J6llHH06 pacrrpen;6J16Hlle Ii;03l:l rrpl! Bb!Can;Ke UHI!LUfHPJIOmHX 

JII1;6p Ha TIOE6pXHOCTI, MIU16lill non; lt.8..Jlh!MJJ (I-100 Mpan;) yr.1ar-.m. 

5. IlpoBen;eHO MOii;6JIHPOBaHl!6 pan;uar.uro:1HO~ CI!TJauHII, B03HIJKalO!Il6il 

B CI!CT6M6 M6Il;,16HHOrO Bh!Eon;a H cyneprrepuon;a, np::;i Bh!BOil;6 ITJ'IKOB pa3-

J1U'IHh!X .Hn;ep us cEepxnpoBon;muero ycKopl!TSJI.H. Pacc'II!TaHh! pan;uar.uroHHlie 

TenJIOEh!Il;0JieHUJI B o6MOTltaX MarHUTOB H JlliH3 I! OU6H6Hl:l n;orrycT,lMhl6 no 

rrepexon;y 3J16M6HTOB E HOPMaJII,HOe COCTO.HHHe UHT6HCI!BHOCTI! traCTHIJ; B 

Bl:!BOil;HMOM nJ'!KS. 

OCHOBHh!e pe3JJII,TaTh! Il;I!CC6PTaullU orryd.'IlJKOBaHhl E CJien;y-.omux 

pa6orn.x: 

I. BacI!JISB rr.r.' .BaxHSHKO E. A.' .UeeB .t3 • .H.' 3ailU6B JI.H.' PemeTHH

KOB r.rr., Cupe,lmuKOB A.E., XapI!TOHOB .a.c. TenJIOBi:,16 npoueccli I! 

YCTOil'II!BOCTI, CBepxrrpoBOll!Imero COCTO.HHI!JI Il;l!TIOJI!,HOro MarHI!Ta npu 

llMIIJJII,CHOM HarpeBe o6MOTKIJ. v!H.,t.-'¼',r3,;,,.' T.X III, Jj 2, MI!HCK: 

H3~-BO AH BCCP, 1985, c.301-305. 
2 . .i(auKOB B.H., 3aiiueB JI.H., 1,iyHTJIH C.B., CupeHmnRoB A.E., 

XnoCTOB B.E. l13MepeHlle norJiomeHHOH 3Hepl'HU B 3J16M6HTax MarHI!TOB 

YCKOPHTeJieii C nOMOmI>IO Kp.roreHHh!X KaJIOpHMeTpU'I6CKHX Il;03UM6TpOB. 

OHHl1, 16-84-677, jzy6Ha, 1984. 
3. 3ailueB JI.H., PellleTHHI<OB r.n., Cupeil:mHKOB A.E., XBOCTOB B.l:i. 

PactreT pan;HaJII>Horo pacnpen;eJiellliJI norJiomeHHoii n;osu npu nan;eHnu 

JI6rlGIX Jin;ep non; yrJIOM I Mpan; Ha ,K6,163HJ!O M'A!ll6HI,. mL-In, 
16-85-710, ,lzy"6Ha, 1985. 
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4. ::la.ill.l;eB JI.H., PeI11eTHHRO:e r.rr., Cupeiinumo:e A.E. Ol.l;eHKH n:o
rrycTIDl!.bC{ HHT6HCHBHOCT6H IIY1JKOB rrpu HaCTp0;1ICe CBepxrrpOBOIJ;.fI
l!IMX YCKOPHTeJiei1 pe.ilfITHBHCTCKHX .fIIJ;ep. OHiJlI, 9-86-4, ,::Ycl1m, 
1986. 

5. C11peHUUfKOB A.E. ,i.LHJx_pepeHI.(1laJI1,H1!e xapaKTepHCTHKH am,Cien;o 
peJI.fITHBHCTCKHX Jin;ep B MarHHTHOM IIOJie. J.(ec.fIT06 .Bcec0!03H06 
co:eemrume ITO YCKOPHT6JI.fIM 3apH.:K6HH11X '!aCTlll.l;, /yCiim, 21-2:3 
OKTHdp.fI 1986 r. B RH. : Af!HOTal.l;HH l.(OKJial.(OB, omm, P9-8B-620, 
.Qy6tta, 1986, c.162. 

6. ::lai111;e:e ji,H., HmtyJIHH C.lI., Cupetnumo:e A.E. OueHKa pan;Ha-
I.(1!0HH.bC{ Harpy30K rrpH l,16JJ;Jl6HHOM BUBOJJ;6 peJl.fITIIBHC'rCKHX JII.(ep 
H3 HyKJioTpoHa. TaM ,:te, c. 150. 

7. :::>ai111;eB J1.H., C11peiiimirKoB A. E., ..{o:eclyH B.H. ,M3l'l'!ecKHe ac
rreKTH \[opMHPOBaHH.fI l/l6;J('b.fil.(6pHoro KaCI'..al.(a B :eemecTBe C Mar
HHTHh!M ITOJISM IIPH .fIIJ;l)O-.fil.(6pH1!X B3aHMOn;eiicTBH.fIX. 0!1rfil, 
16-87-821, ,cy-CiHa, 1987. 

Ull'THPOBaHHaH JIHTepaTypa 

I. iiepern Q.r., :';lycym,MattdeROB i,'..i.:. JLerro1mp.rryoJI. Oltil1 
E:3-10-84-873, ,UyCiHa, 1984. 

2. 3aHI.1;6B jI,H. H n;p. IIperrpHHT Ovl.rfil Pl6-l2264, ,UyCiHa, 1979. 
3. EapaI116HKOB B.C. H n;p. IIperrpHHT m1HM P2-85-l73, ,Uy6Ha, 

1985. 

Pyl(OimCL llOCT~ B H3'A8T8JlLC!Wit OT'A8Jl 
I3 RlllWl 1989 rO'A8, 
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