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OEIIWl XAPAKTEPHCTHKA PAEOTH 

AKTyan:i,HOCTl, TeMl:l. CoBpeMemme :a;IDtJllA8CIGl8 peSOHaHCHHe ycxopnTe
}lll C nocTOmmol BO Bp0M8HII paBHOB8CHOI OpORTOI R Jl[3M8H/IIOOlllMCH B8.D;Y
IIIIDr1 MaI'HllTHHM IlOJI8M .ffBJIJmTM ymmam,nw,m ~8ll118Cl(Jl[MJI[ YCTaHOBKaMl'!, C 
IIOMOllll>D K?TOPHX ocymecTBJIJmTM MEoro~cJiemme nccne.D;OBa.Im/l B oonacTll 
.11,ItepHOI ~Smtll JI[ ~SRRR 9JI8M8HTapHHX .118.C'l'llll. Cmixp$30TPOH Ha 8H8p
I'D lipOTOHOB IO raB, ycnemHo sruiymemml B 1957 r., HBMCTCH O.D;HIIM Jl[3 
TaKHX ycxopRTeJiel JI[ B HaCTOJD1188 Bp8MH BXO.D;Jl[T B ~OJIO OCHOBHHX oaso
BHX YCTaHOBOK 00~8.D;llH8HHOI'O IDICTRTj'Ta JlJ];epHHX RCOJI8.D;OBamn1. 

HOBHM 8TallOM B'paSBllTJl[JI[ cnmcpoqiasOTPQBa. .ftBMOOJ, ycxopeHne Ha 
HeM JI8I'ICHX JJJ];8p .D;O 8Heprd 4,5 TaB/HYXJIOH, -~TO BHB8JIO ero B JIJl[,ll;llpy!)

lllYll rpYIIIIY ycxop:e:TeJiel aHaJio~oro KJiaoca R nocJJYD}lo Ha~a.noM axcne
pmreH'l'am,Hwc RCCJI8.D;OBaHRI B HOBOM Hay1m0M Ba.lipaBJieHllll - peJIHTllBHCT
cxol Jl,lt8pHol <»R3lm8 *. BoiMoimocn IlOCTaHOBI(JI[ Ba. ny,max CRHxpC>qla30'1'
poBa. YHllKaJil,HWC qlil8ll118ClOIX axcnepRMeHTOB ll OOJIJ,mOI BHTepec B MRp8 K 
HCCJI8.D;OBamm B OOJiaC'flI peJIHTHBRCTCKOI .11,ItepHO! qlil3HKll onpe.D;eJIJmT a.K
TYam.HOCTl> paOOT, HanpaBJI8HHl:lX Ha .D;8.Jll,Helmee pa3BllTlle l:I MaKOllMaJII,HO 
aqql8RTHBH08 llCIIOJil,80BaHH8 8TOI'O yoxopl:IT8JIH. 

ijeJIJ, paOOTH _OOCTOHJia B paspaOOTK8 l:I C03,It8lDIH KOMllJleKca .D;llal'HOC
~ecxol annapaTYJ)H ,ll;JlH RCCJI8.D;OB8Hl:Ill ny,moB npOTOHOB H .11,ltep, l:IHllt8KTR-

·PY8MWC B CHHxp$SOTpOH; axcnepHMeHTa.nl>HOM l:ICCJI8.D;OBaHlm .D;llHaMl'!lGI ~

ROB Ha Ha"la.JIJ,HOM 8Tane ycxopeHRH, BWiCH8HWi IIP~ IIOTep:i, 118.0'l'llll JI 

onTmmsanim JIIHlltSRUlll:I; JIPOB8,D;eumt KOMilJleKca paOOT, OBSISaHHWC C ll3~e
HR8M ll KOppe~el Mal'HRTHOro IIOM CimXp0~30i'pOHa, HaapaMemmx Ba. 
llOBL11118Hll8 HHT8HCRBHOCTJI[ YCKOpH8MLIX 118.C~, 003.D;alllm Ma.I'HRTOM8Tpll'iec
xol an.aapaTypli ,ll;JlH llP8~3ROHHLIX Ji[3J,18p0HRI xapa.KTepRCTHK Ma.I'HRTHOI'O 
IlOM MaJIOanepTYJ)HHX CBepxnpOBO.ztmltJl[X ~JILTHllOJIJ,HLIX Mal'HRTOB B "TellJIOM" 
peJDIMe. 

HOBBSHa paOOTH. PaSBllTa M8TO.D;RKa BSMepeHRH aHepreTll~ecimx xapax
T8pllCTBK RBllt8KTRpYeMHX B KaMepy CmDCpoqia30i'pOHa 'l!a.C'fim C RCIIOJIJ,SO:ea.
HR8M :S:Op0TKOI JIIHllt8~ B aBaJIJlsa qJOpM!i "oeTaTpoHHOro" m.mym,ca. 

llOJIY1:[8HL1 COOTHomeHRH .D;JIH :pac~eTa KOppe~ llOR8.8aT8JIR: H80,ll;HOp0.D;
HOCTlI Mal'KIITEOro llOM Cim:xpoqla30i'pOHaR paco~TaHH OilTHMa.JlI,HL18 COOTHO
melDIJI TOKOB .D;JIH pery,mpoBaHHII ceKCTYfiOJII,HOI COCTaBJlllllll81 MaI'HRTHOro 
IlOJIH c y,18TOM KOOp.D;Jl[HaT xoppeRTHpYJW!X JIPOBO.D;Hll:KOB, HaXO~CJI 
. B6JIJl[SR IlOJillCOB Mal'HJ!lTa. 

lloKasaHa ll excnepRMeBTa.nl>HO ll0.D;TB8plr,It8Ha D;8JI8COOOpa3HOCTl> RC-

fi F:aJwm A.M. BecTmm AH CCCP NB, I98I, o.85 • 
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IlOJU,BOBa.HWi HOBl:lX B Te.xmme Ma.I'HRTHl:lX HSMepemnl ram,BaH0Mal'HHTOpeROM-
6~ommx (!'MP) npeo6paso:eaTe11ett B 14811.RX cos.zta,HRR: npocTWC n Ha.n;ex
lWX MHOro:KaHam,ma: Mal'HHTOMeTpoB, 06JiaMmtHX BHCOIWMH MeTpo11omec
ronm napaMeTpru.m. 

PemeH ROMWiexc BOnpocoB, OTBOCJmlRXCJI x paspa6oTxe K cos~ aB
TOMa.THBHpo:eaHHl:lX CHCTeM HSMepeHWI MaI'HHTHOro II01ISI ClIHXp()@aBOi'pOHa H 
MaI'HHTHl:lX no11ett ~OJieil, RBa.n;pynOJII,lWX K MYJU,THIIOJII,lWX mms·, JJpHMe
Wi8Ml:lX B HaCTO.lmlee BpeMII JJpH COOpYJtE!HHH CHHXp0i'pOHlWX YCROpKTe11ei1 H 
Ra.HaJIOB TpaHCIIOPTHpoBRK IIY1lltOB Bap.lDlteHHl:lX "la.CTH14. 

Ilpe,!tJIOJKeHN K HCllOJILBO:eaHN .ztBe HOBUe ROHC'?p~ BUCORO'IYJ3C'l'BH
T8JU,HWC ~omwx ~T1IHROB ,ltJIJI HBMepeHKJi na~eTPOB MBl'HHTHoro 
IIOM, santmileHHNe aBTOpcron.m CBH,lt8T8JU,CTBru.m. 

BnepBue B 6om,moM odi>eMe IIOJIY1ieHl:l axcnepRMeHTam,Hue pesym,TaTu 
HCCJ18'A0BaHRII MarliHTHOrO II01ISI CHlOCpoWElBOTpOHa. HBMepeHKSi JJpOBO~CL 
6es npe6HBa.HHJ1 Jlll,ll;el B Pa.n;nanKOHHOI BOHe H Mal'HHTHOM no11e ycxopHTe1ISI. 

IlpaRTK1i8CltaJI U8HHOCTL. COB'AaH l)M YCTpOICTB K K8MepHT8JII,lWX CHC
TeM, C IIOMOIIU,ID ltOTOplilX B~01IH8Hli axcnepIDlleHTam,HUe HCC1I8'A0Ba.HHJI ~
HaMH.KH 'lla.CTHl'.4 H Be.n;ymero·Mal'HHTHOrO DOM CHHxp*BOTpOHa~ IIOBB01IHB
mKe coBMecTHo c ycoBepmeHcTBOBaJmSIMH ycxopwre1I:&Horo Jt0Mn1Iexca cy
~eCTBeHHo Yl381IK1iHTI, HHT8HClitBHOCTI, ycxopR:eMWC nyqROB. , 

KoMII1Ie:KC paspa60TaHHol·HSMepHT8JU,HOil armapaTY})H, pa60Tall!IKil B 
aBTOMa.THBHpoBaHHOM peDMe ,Ha . ·1IHHHH . C SBM, ll08B01IM JJpOB8CTB HCC1I8'AO
Ba.HWi xapaRTepHCTKR Mal'HHTHUX no11ea CBepxapoBO,ltlDltl{X 'AHll01Iel K 1IHH8 
B "Ten110M" peDMe Ha ypoBHe JIY1iI11HX MHpoBl:lX 'AOCTHllteJmtt B ·. 0611aou 
Mal'HHTOM8TpHH. . 

AnnapaTypHaH 6asa OOB'AaHBllX OHOTeM, MeTO,IJ;mta HX llOCi'pOemm K 
ODUT 8RCII}lyaT~ MOryT 6HTL ROll01IL80BaHH xax Ha 'A8i1CTBYJ]llHX ycxopn
TeJllIX CHHxpOTpOHHoro THna, Tax K JJpK COB~ HOBl:lX. 

I / . , , 

Anpo6arrn~ pa6oTu n f6mi7. OoHoBHNe pesym,TaTu ~ccepT~ 
ony6mOBaHH B pa60Tax / -: 28 H 'A0lt1Ia.n;HBaJIHOI, Ha Y- M, YI- M, :e: 
Yil- M BceoODSHl:lX OOB81118,HWIX no yoxopnTeJIJIM Bap.1Dlt8HHUX 'lla.OTm:t 
{,Ily6Ha, ORTJI6p:r,, 1976 r., 1978 r., 1980 r.), Ha BcecoDSHott Ha,ytmo

Te:xmrqeoxott ROHqiepeHI{HK •Teopu, M8TO'AU K OP8'ACTBa KSMepemm Mal'HHT
Hl:lX B81IK1iHH" (Jiemmrpa.n;, Matt I977 r.) n Ha II- .Ii BceoODBHOil ROHqie
peHD;mI "MeTO'AU H CP8'ACTBa KSMepeHKJI llapaM8i'pOB u.arHHTHoro IIOM" 
{J!eHHHrpa.n;, HOH6p:r,, 1980 r.) 

CTpyKTYpa llKCoepTamm OTB811a.8T KB6paHHoi1 TeMe K 00'A8p.1IalmD. 
)UiCOepT~ OOOTOHT HS BB8'A8HKJi, Tp8X r11aB H 9aRJm1i8HWI. CO'A8P.lltHT 

\ 
II2 CTpaHHl'.4 T8ltCTa, 27.0i'paHH!'.4 H1I1IDCi'par,;itlt, 6 Ta61IH14 H 6H6Jmorl)$-
1iecmnt cnnoox 1IKTepaTypu ns I39 HaHMeHoBamnl. 06~ o6i.eM pa6oTu -
l64c~. 
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KPATKOE CO,llEPJKAHHE PAIDTU 
Bo BBe'Aemm ·'AaHa o611!8,1i :xapaRTepncTHJta pa6oTu, o6ocHoBaHa ee ax

-ryam,HOCTL. CqloPMY1IKpo:eaHa ~e}l!, pa60TU H RpaTRO H91I0Jlt8HO TO HODoe, 
'iTO,IIO MlI8HHD aBTOpa, BHOCHTCJi B pemeHKe llOCTaB1I8HHOi1 5a'Aa'iH. 

B nepBoil r11aBe paccMa.TpHBaDTCJI BOJJpOCU paspa60TRH H COS'AaHHJi 
,IJ;l!8l'HOCTK1i8CROI annapaTypu, JJp8'AliaBHa1ieHHoi1 )tJIJI HCC1I8'AOBaHHJi OOHOB
HHX napaMeTpoB ny1iltOB ·sap.lDlteHHUX 1iaCTH14, mDKeRTKpY8MUX B RaMepy CHH
xpo~BOi'pOHa, TaRHX,Ralt BeJDr<mHa K ~OpMa HMllYJU,OHOro 'l'ORa, nonepe'i
HUil BMR'l'TaHC K eHepre'l'K'ieCRHe xapa:KTepHCTHRH. AHMHszpymCJI KBB8CT
Hli8 M8TO'AU K3MepeHKJI yxasaHHHX napaMeTpOB, 060CHOBaHH Han6011ee pa
IOlOHaJII,HUe M8'l'O'AK1i8CRH8 npKeMU K OIITHMaJII,HHe JtOHCi'pyxTHBHUe K cxeM
HNe pemeHM JJpH COB.l(aHKH ~HOC'l'K'i8CRHX YO'l'polcTB. 

PacCMaTpKBaDTCJI ooo6eHHocTH nocTpoeHM annapamu .ItJIJI KBMepe
HM B8}1lfq}IHU K q,opMU KOHHOro 'l'ORa KHlKeRD;HOHHOro i'palt'l'a O IIOMOnu,D 
Mal'BKTOHlI,IJ,YRD;HOHHHX 'AaT'iKROB (MH.Jl). IIepe'iKOMDTC~ HCT01Dllll0l llOM8X H 
yxasaHN ny'l'H ~rmeHlUI 81I8Jti'pOMarHH'l'HUX HaBO'AOlt Ha i'paRT HSM8plIT8}1!,.;. 
Horo JtaHa1Ia •2 • I'pynna m.zt paspa6oTaHHOI THllOBOI ROHCi'py:KIOm Ha 
JJpOTJDlt8HKH IO 118T ycnemHO 8RCII1IYaTKpyeTCJi Ha HHllt8JtIOtOHHOM Y'lla.CTJte , 
CIIHXp*SOi'pOHa H 06ecne'iHBa8'l' onepa'l'KBHHI peJmM HaCTpoilRH MBOrHX 
YB1IOB KH.llt8RTOpa. C llOMODtE,D paspa60TaHHOi1 aBTOpOM 81I8RTpOHHOi1 annapa
TypH mJt ll09B011Ji8T 6eCJtOH'l'aJt'l'HNM cnoco6oM KSMepR:'l'L Be~ HOHHoro. 
'l'OXa B ~soHe (O,I ••• 50) MA JJpK 'A1IKT8}1!,HOCTH KMny}lI,CHOrO TOJta 
600 MXC c'norpemHOCTLll 5%. Ilpe'AC'l'aB1IeHHHil pac'ieT bMJl B Hal'JIH,D;HOil 
q,opMe OllP8'A81IJi8T CBJi3I, BUXO'AHOrO Hallp.lDlt8HHJi O 'l'OXOM JJpK paBJIKtlHUX 
81I8Ri'pK1i8CltllX H reoM8TpK1i80RHX :xapaRTepKCTKJtax 'AaT'iHJta; IIOBB01ISl8T 
oneHKTI, norpemHOCTH HBMepeHHJI, 06yc110B1IeHHHe orpaHJAeHHo! "la.OTOTOil 
nepeM'<DI KSMepKT8JILHOro RaHa1Ia. IloJtaBaHH llP8lIMYIIl8C'l'l3a KHTerpKpYJillero 
peDMa. pa6om MHJl B ycJIOBKJix BOS~eilc'l'BKJI Ha Hero KMny}lI,CHUX noMex. 

OnncaHa paspa60'l'aHHaH aBTOPOM CKCTeMa, llOmlOJJJiDll8JI HCC1I8'AOBaTI, 
nonepe"DiUlt 8MHTTaHC ey,ma Ha BHXO'A8 1IHHeibioro YCROpKTeJVI (JIY-20) • 
)T.aH aHaJIJ[3 M8TO'AK1i8CXHM norpemHOC'l'.ffM JIBMepemm. 

Ba.lltH(!e 3Ha1i8HJie B ne1ISIX OllTHWiJIJ,HO! HaCi'pO!Ial pe.lltKMa JIIH.llt8itnml 
'iaOTXn B KaMepy ycJtOpHTemt maeeT KEqlOpMaIOtJI 06 aBepreTK'iecJtKX :xa
paxTepKCTmtaX mmeRTKpyeMUX "la.CTJm. HSMepeHHe'K HaC'l'polxa MrHOBeH
HOro K JU1Terpa1ILHoro &HepreTK'iecJtKX cneRTPOB IIBJIJiDTCJI :erumettmm.m 
npone'AYPBNJ[ )tJIJI 'AOCTDemm Mal(CHMaJII,HOil KHT8HOHBHOCTK ycxopemmx 
ny,ntOB, ll08TOMY KBM8pl[T8}1!,H8JI annapaTypa ,llOJUala pa6o'l'an B lllHpOROM 
~BOHe HHT8BCJU3BOCTe! 'lla.C'fllll (OT 5.ro6 llplll ycxopemm Ji'A8P H80Ha 
'AO I. ra14 JJpK ycxopeHIIH JJpOTOHOB), 'AOJI.lltHa 6HTI, onepa'l'KBHOil K JJpOCTOil . 
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B 8RCIL7JYaT~. &rm.I Tpe60BaBWDl B SHa1D!'l'8JJI,HOI CT8ll8HH OTBeimeT Me
TO.Jt, OCHOBaHlllli!: Ha aHaJIHse _@()pM!l •6eTaTpOHHoro" nmym,ca. PaSBHTHe 
M8TO.Jta Hero peB.JlHsanwI paccMOTpeHI:l B nooJ1e,JtHeM paS,JteJie rJiaB1,1. KpaT
xoe CYl!leCTBO &TOro M8TO,Jta COCTOHT B CJI8.lJYD!l8M. EcJIJI B xom,no c:imxpo
~SOTpOHa OCY1!18CTBHT:E. ROpoTRyD HlD!tem:tD) (HanpHMep, .Jt}DITeJJI,HOCTidl 
(IO+ 50} MRC}, TOr,Jta DpH onpe,JteJieHHOM COOTHomemm 9H8pl'Hl! 11a.CTJm H 
B8JIH"lmHI:l_B8.JtYlll8ro Mal'BJITHOro llOJJJ! (MII} Ml'HOB8HHH8 Op6HTH.1iaC'l'Jlll; 
npolt,JtyT B6JJHSH imip,reRTopa. B paCTYl!leM MII 'llaC'ffllnI noCJl8 sa.Bepmemm 
MHoroo6opoTHOI D;HpRyJUII01H B MOMeHT, BpeMemi: i 1· (pl[C. I} Ha'lHY'l' BSSH
MO,JtelcTBOBaT:E. C MHlll8H:E.D, Haxo.wmielOJI B6JlHSH BHYTP8HHel. CT8HRH KSMepH 
ycxopHTeM ("6eTaTpoHHas:t" MHllleHD} • .limITeJJI,HOCT:E. HMnYm,ca ( ll T} onpe
.1teJIS1eT BpeMJI noJIHoro BsaHMo,1telcTBHJJ 11acT~ c MHllleHDm H llpl[ onpe,1te
Jiemwx ycJ1omtJIX xapaKTepHsye-.r BeJ1K1D!HY MrHOBeHHoro aHepreTH11ecxoro 
cnexTpa HlD!teRTzpyeMHX 11acT~. 

PHc. I. BpeMeHHaa: .JtHarpawa Itl!P1tY
Mitl!H ( tu,} H BSaHMO,JtelcTBHJJ 
( ll T } mmeKTHpyeMoro nytma .JtJJH
T8JJI,HOCTDD T,.,, c BHYTpeHHel MH-
mem,m B KBaSll6eTaTpOHHOM peZHMe. 

Kpmias:t I'coOTB8TCTByeT TORy MHlll8HH npH l!E!t8KIJ;!m B MOM8HT BpeMeHK I; 
Kpl!Bas:t 2'- HIDKeKO;lm B MOM8HT BpeMeHH 2. 

Pac-qem, IIpl[Be,1temwe B ,ltllccep-.ranmr, noxasHBa.D'r, 'tlTO.saBHcHMocT:E. 
11mpmm saepreTH11ecxoro cneRTpa OT AT HMeeT npaxTH11ecKK mmelHI:lit 
xapaxTep. OnTl!Malll,HaJi HaC'fpoha saKOHa HSMeHemm Cpe,JtHel 8Hepl'Hl! mI
lK8R'fHpyeMWC 'llaC'l'Jlll; ( w c.p >. KOTOpas:t npe,ltllOJial'aeT DpOXOllr,ll;eHHe MI'HO
Bemmx op6HT B6JIHSH lm!pJ!eKTopa Ha DpOT.IDlteHKK Beel ,ltJJHTeJJI,HOOTH lm

xex:o;im, llpoHSBO,ltllTOJI HSMeHeHKeM ~SH B.'tl. Banp.lD!temm B!lpa:BHHBaT8JJJ! 
BHeprKH H ROHTpoJIHpyeTOJI no ,ltJJHT8JJI,HOCTH D;l!pltyJJ'.f!Itl!H ny-qxa { tu,, } l3 
RaMepe yoxopHTeJJJ!. Ilpl[ vpam,:JJI,Hol HaCTpohe Wcp npewr ( t~+AT} He 
,ltOJIJEHO YM8H:E.maT:E.OJI llpl[ OMellleHKH Ha11a.Jla ROpOTROi KHlKeKO;lm. 

BTOpaJI rJiaBa nOCBJlllleHa pa60TaM, HanpaBJieHH!iM Ha COBepmeHCTBOBa
mte cmocpowasOTpOHa B 'llaCTH nommieHlitfI HHTeHOlilllHOCTH ycxopa:eMHX ny-q
ROB. IlpH BBO,lt8 B 8RCIL7JYaT~ JlllllelHHx ycxopHTeJiel JIY-9M (I97I r.} H 
JIY-20 (I974 r.) 6WIO OTMe'tleHo, 'tl'l'O Yl38JIH118Bl!e HHTeHCHBHOCTH Ha 
CHHXp~SOTpOHe He HM88T npa:MOI sam,:cmrocu OT 'tlHCJia HlDlteRTHpyeMWC 1 

'llaC'l'Jlll; H, 6oJiee TOro, Ha1llmafl c HeKOTOporo ROJIH118CTBa 1iaCT~ npexpa
lllS8TOJI POC'l' ROHe'tlHol JillIT8HClill3HOCTH. B OBJISH C STEM MaKCJIMaJJI,HaJI BH
TeHCHBHOOTll o~*SOTpOHa Dpll pa6oTe JIY-9M OOCTaBJ.IJVIa 
(I+ I,2).roII p/Itl!lOl, a .ltJlll JIY-20 - 2,s.roII p/Itl!lOl (:rpJIBail I pHc.2) 
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PHc. 2. HHTeHCHBHOCT:E. yoxopeH
HOro ny-qxa DpOTOHOB B SaIDICH
MOCTH OT ROJm'qeCTBa 'tlaO'l'Jlll; B 
RBaSH6eTaTpOHHOM pel!mMe .ltJlll 

pa:3.1IZ'tlHIDC 8TallOB paSBHTIDi yc
ROpHTeJJI,HOro ROMnJieRca cmncpo
~SOTpoHa. 
(I - npH sanycxe HHllteRTopa 
JIY-20; 2 - DpH Yl38JIH1leHRH TO
Ra HHllteRD;lm C MO,ltepHHSHpOBaH
HOI CRCTeMOI KOppeRD;im n r1., n 

H ynpa:eJieHRH pa60TOI MO.JtYJISl
'l'Opa 8Hepr:im C llOMOm:E,D ~YHKIJ;R
OHSJJI,HOro reaepaTopa). 

HSMepeHHe 'tlHCJia 'llaCT~, Bl:l6HBIIIHX HS ycxopeHH.li B nepBHe (IO+ 20} MC 
C llOMOm:&D 4 MHmeHett, pacnOJIOllteHHl:lX C 'tle'l'!lpex CTOp0H KaMepH YCROpH
TeJJJ!, noxasaJJH, 'tlTO nocJie @OpMRpOBaHJJJl ycxopa:eMoro crycTRa -qac~ 
llOT8pl! npoHCXO,ItliT B' BepTHKSJJI,HOM HanpaBJieHlm R BHSBaHl:l HeCTa6IDII,HO
CT:E.D pa6o-qea TO'Dm Ha .ltllal'P.~e 'tlaCTOT 6eTaTpoHHl:lX ROJie68Hlill. 3Rcne
pHMeHTSJJI,lW8 HCCJle,JtOBaHWI 73 yxasI:maJIH Ha TO 'tlTO CMe111eHHe pa6o-qea 
TO'tlRH np:a: ROHe'tlHoii' HHTeHClIBHOCTH 60Jiee 2,5. rah (.zvm JIY-20} Bl:lSBaHO 
,I{ei!:CTBlleM llpoCTpaHCTBeHHoro sapa:.Jta, DpH ROTOpOM pa60'tlaR TO'lll(a ycxo
pHTeJISI qO,a,I{aJia B llOJIOCl:l HeJlRHelHHx peSOHallCOB. CorJiaCHO pac'tleTBM 
pa60Tl:l 14, Ha'tla.!U,HHI C,ltIDlr 'tlaCTOT 6eTaTpOHIWX KOJie6aHKI .ltJlll D;eHTpam,
BOtt 06JiaCTH ny,ma COCTaBMe'l' A V'T. = -I~ 2. rn-2 H 6 -J,. = -6. rcr2 llpl[ 

'tlHCJie SaxBa'lemmx 'tlaC'l'Jlll; N = 3.IOI. B aTOI ze pa6oTe ,JtaHa 

OD;eHRa ll!RpHH H CHJIH peSOHaHCOB. AHaJIHS pesym,TaTOB noxasI:maeT, 'tlTO 
OCHOBHj'l) pom, sa BOS6yJK,!telme pesoHaHCOB HI'pa!OT DpOllSBO.n;Hl:le '}t\,/l'L 

l! rue asm.,y'l'am,Hl:le rapMomnm. 
BammM o6CTOJI'l'eJll,CTBOM .RBJJ./leTOJI H TO, 'liTO ll!RpHHa pesoHaHCOB cy-

1118CTBeHHO 5a.BHCRT OT aMIIJJHTY.Jt p~l:lX 6eTa'l'p0HHl:lX ROJie6aHKI! 
( a,'L ) • Il08TOMY OCHOBHl:le pa60TH no llOBl:llllemm HHTeHOHBHOCTH Ha 

8TOM 8TaIIe 6.wm Hallpa.BJielW Ha MO,lt8plm3~ CHCTeMl:l KOppeKIJ;RR noxasa
TeM neo.n;aopO.n;HOCTB Mal'HRTHoro llOM "~ n B YJIY'tlmeHHe peJJWMa RHJiteRD;lm 
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c neJII,D MaRcm.ram,aoro SaIIoJIHemm pa6o~ea 06.nacTH KaMepu ycxopnTeJIJJ 
'laC-mna,Ml! c ~ a,. 't. • KpoMe Toro , KaK OTMe'laJIOCI, B pa6o
Te*, npn MHoroo6opoTHott mDKeRil:ID! B pacTylllee MII_ycxopnTeJIJJ, panao
Mepaoe SaIIOJIHe:ime lIPO'AO)IJ,Horo axcenTaaca cimxp$soTpoaa 'laCTlIIJ,8MH c 
MaJIHMH a,.'t- yneJ!lttllmaeT B"'I,5 pasa xoa~eH'l' SaXBa.Ta B cimxpo
TpollliWt peJmM ycxopemm. 

C neJII,D IIOB.lllll8ImJl eqxJ/eKTHBHOCTH pa6oTH MO,Izy'JIJJTOpa aaeprnn, o6ec
II8imBalllt8ro panaouepaoe sanoJIHeHHe !IpO'AOJII,HOro axceirraaca 'laCTHnaMH 
c 11,z, l'W.i11,, paspa6oTaH n cos~ amworonua <J?yinmnoHa)IJ,Hlltt reaepaTOIJ 
Blilo~oe HallpJDltemie xoToporo mweHlleTcJI no nporpaMMl!rpyeMOMY saxoay7A{ 

.ll;IJI OOYll!eCTBJiemm !IpOCTpaHCTBeHHO-BpeMeHHott onepaTmmo!/s~pex
D;Rli "n," paspa60TaH n co~ ym$nuipoBaHHlltt HCTO~ TORa 6 • B 
cxeMe llCTO'lllllUCa B xa~eCTBe Y!IpaBJIJJeMWC peryJIJITopOB TOKa Hal'pYSKll 
llCilOJII,SOBaHll TllpllCTOpH, ~o [IOSBOJIWIO IIOBHCllTI, Ha,ItelB:HOC'l'I, pa60'l'll nc
TO~a n YMeHJ,11[1!'1'I, ero ra6apHTll. Ha 6ase llC[IOJII,SOBamIJI 32 llCTO'lllDI
KOB TOKa·ocYll!eCTBReHa MO'A8PHllSanwI ~8CTBOBaBllle! CHCT8Mll KOppeRil:ID! 
" fl, " H asHMy-Tam,Hoa acHMMeTplm Mil • HoBaJI CHCTeMa, HaXO.IPm!aJICJI 
OKORO 8 ReT B 8RCIIRYaTaD;RH, noxasa.na BHCOxyD Ha,ItelB:HOCTI, pa60'l'll n 
IIOSBOJIJJeT HS SMa YnpaBRemm YCKOpll'l'e~eM BBO,Itl{TJ,•Heo6xo~e xoppex
D;RH. 

Paspa60TaHa n co~ cnc'l'8Ma oneP,a~or'o HBMepemm a8HMy-TMI,
Ho! Heo~opo~OCTH MII c:imxpo<JiaSOTpOHa 78 • ,ll;nJI O!Ipe'AeReHRJI O[ITHMa.JU,
Hlil COOTHOmemrll BeJW1llIH TOROB B IlpOBO~Kax, Ha.XO~ B6JllISll no
BepXHOCTH IIORDCOB MaI'HHTa.H peryJmpYililH)e RB8,IU)aTJ!1illyIO HemmettlioCTI, 
MIT, !IpOHSBe'AeH pac~eT TOKOB c;t;)eTOM HaKROHa no~o~ MaI'Hl'ITa ll pe
aJII,HllX KOOp,D;RHaT !IpOBO~OB • IlpHBe'AeHH aH!l.JIHTJNeCRHe BllpalK8HHJI, 
CBJISHBaDitHe.BemttmHY rpa,D;ReHTa MlI C TOKOM B xoppeRTllpYJlllHX !IpOBO~
xax. llncReHHlltt pac~eT rpa,D;ReHTa MII, co~anaeMoro pa6o~ea o6MoTxoa, 
.xopomo cor.nacyeTOJI c axcnepnMeHTaJII,HllMlil pesyJII,TaTru.m (pnc.3). 

Pac~eTJWM nyTeM ncc~e'AOBa.Ha pa6o~ o6RaCTI, KaMepu yoKOpllT8JIJJ, 
orp~eHHaJI 'AOIIYCTHMllMll llCR8Jlt8lilIJIMH B pac!Ip8'AeRemm ti: f('t.) , 
BHOCHMllMH neHTpaJII,HO! rpynnoa xoppeKTllpYJWIHX !IpOBO~OB (pnc.4) / 9/_ 
IlpoBe'AeHHe BUmeyxasammx pa6oT IlOSBOJIWIO YMemmHTI, mnpmm IIOROC He
mme~ pesOHaHCOB H CMe~eHHe pa6o~ett TO'lllm Ha ,D;RarpaMMe 'laCTOT 
(sa c~eT YMemmemm IIJIOTHOCTH npocTpaHCTBeHHoro BaPfl'Aa), ~To o6ecne
~o ycxopeHHe ~OB 60JII,llll'IX llHTeHOllBHOCTea (KpHBaJI 2 pnc.2). 
JJ,a,u,aeamee BllIIOJIHeHHe axcnepBMeHTaJII,HWC, TeopeTH~ecxnx n MeTo,Itll11ec
ImX llCCRe'AOBamrll OimXpQ\PaSOTpoHa H COBepmeHCTBOBaHHe Pfl'Aa ero enc-

* r.Ip:m, 3.KypaHT. Ycxopne;m (llO'A pe'A. B.H.H6ROROBa). 
M., "Hayxa", I962, c.292. 
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Pnc. 3. '3xcnepHMeHTaJII,HHe (I ••• 6) 
n pac~eTHHe (7, 8) BeJ!lf'mllll rpa
'All8HTa Mil, COS'AW3a8ML!e npOBO~
ROM C TOKOM B sasope MarllllTa B sa
BHCHMOCTH OT paCCTOJimm 'AO npoBO'A
HHRa. 
(I,7 - Z = 0,75 CM; 2 - f= 2,75 CM 
3 - ~= 4,75 CM; 4,8 - != 6,75 CM; 
5 - l= 8,75 CM; 6 - £= 9,75 CM, 
r'Ae ~ - BllCOTa, OTC'lllTHBaeMaJI 
OT M8,D;RaHHOtt IIOB8pXHOCTll ycxopHTeM. 

TeM /IO,II/ IIOSBOJIWIH no•1, MaKCID.faJll,J!Yll) HHTeHCltBHOCTI, ycxopemrnx 
~OB 'AO ORe.eylllllIX ~BHeii: npoTOHH - 4,7.I012, 'Ae:l,lToHH - 4,I.IOII, 
Jl'APa reJIHJi - 5,o.roI n Jl'APa yrRepo'Aa - 3.Io6 sa IntKR pa6oTu ycxopn
TeJIH. 

G,.,., rx~-R ,,. 

IO 

,;.1 r2 . 
IO 

r3 . 
75 20 25 30C>f 

Pnc. 4. Pac~eTHbl8 saBHCH
MOCTll rpa'Al{8HTa MIT 'ARJI 
pasJl'.lllllillX ~ !Ipll llOCR8'AO
BaT8JII,HOM BKJIB'.l~8HllH !IpO
BO~llROB TI••• r4. 
(I - l = 0, 75 CM; 2 - ~ = 
= 6, 75 CM; 3 - i = 8, 75 CM; 
4 - l = 9, 75 CM; 5 - ~ = 
= II CM; 6 - l. = 13 CM). 

B TpeT1,e! rrne paccMa.TpllllamCJI BOllp0Cll COS'AaHHJI npn6opOB n 
aBTOMaTHSllpOBaHHlil CllCT8M 'ARJI HSMepemm MarHHTHllX llORe! cma:poTpOHOB. 
KpaTKO HSJIOXeHH OCHOBHll8 MarHHTOM8Tpl!'i8CKll8 5a'Aa'lll li cnoco6u llX pe
meHHJI, !IpmlO,D;RTCJI aHaJilIS OCHOBlillX norpemHOCTeti HSMepeHHJI MIT C ncnom,
SOBa.HlleM JlrMIIyJII,CHllX mr,nymnromwx Mal'HHTOM8TpOB ~PMYJmpOBaHll Tpe-
6oBaHHJI R 8ReMeHTaM HSM8pllT8JII,HO! B.llIIapaTYPll /f2/. 

B pa6oTax no COBepmeHOTBOBaHHD CHHXpOqla.SOTpOHa H IlOBHmeHRD RH
T8HCHBHOCTH ycxopJieMl:IX ~OB BallCHOe SHa~eHHe RMeeT llCCRe'AOBaHI!:8 TO
norpai_p:rm fill! BO BCeii pa6o~eil 06RaCTll ROJIJ,na ycxopnTeJIH HBO BCeM .ItRa

nasoHe Mal'JDITHlil Hli.I(1Kinni. BHIIommn 6()JIJ,lllott 061.eM Ha.Me~emwx HSMepe
Hll! 6es HaJill1IWI aBTOMaTHSllpOBaHHOii CllCT8Mbl, llCKJIDliaDlle! npHCYTC'l'BHe 
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06cJIYDl3Bllllero nepcoHaJia B onacHo! soHe (pa,nBa.D;HoHHoM H Mal'HHTHOM 
llOJie YCKOpHTeJUI) H COxpamaDI1e! o6mee BpeMll HSMepemrli,'AO llOCJie~ero 
BpeMeHH He llp8'ACTaBJUIHOCL BOSMOJ!WHM. 

He6om,maa: Bemmma rpa,J.1HeHTa MII CHHxp()(paSOTpOHa, KOTOpaJI coc
TaBJUl8T Bcero JimllI, 5,35.Io-4 T/M npH noJie mure~ B.., = 0,023 T, 
cos~eT: Ollp8'A8JieHHHe Tpy~OCTH B opraHHsaIJ;lm aBTOMaTHSHpOBamWX 
HSMepemi:11 fff7., ff H Onp8'A8JIJI8T Heo6xo~OCTL HCCJI8'AOBaHWI OCTaTO'l!HOro 
Mil YCROpHT8JUI. )LnJI HSMepemm OCTaTO'llltOro MII, KOTOpoe HaXO~TCJI B 
npe'AeHaX (-0,6 ••• +5).rn-3 T,BnepBue B CCCP cos~ MHOrORa.HaJII,Hll! 
MaI'HHTOMeTp C HCDOJU,SOBaHHeM HOBoro THlla npeo6pa30BaT8JUI B8JlB1llllill Mil 
B 8JI8KTPH"!8CRH! CHI'HM.· Ilpeo6pasoBaTem., HasBa.lIHll! rMDBSBOM8.I'Hll
TOpeROM6~oHHHM (!'MP)~ ma:eeT ~ cymecTB8HHllX llp8HMYIIl8CTB H ~o 
OJIW,IlaTL, tITO MaI'HHTOMeTPll Ha ero OCHOBe B 6.7JIDJtaJmee Bp8Mll ~T nm
poxoe npHMeHeHJl[e B HSMepHT8JU,HOtt T8XHJl[I{8, a. OT'A8Jll,Hli8 YMH paspa6o
TaHHOro npH6opa MOryT 6UTL peROMeJOJ;OBaH!,I npH 003,Ilalml{ llpOCTllX H Ha
'AWEHllX npoMlllllJlemmx TecJia.MeTpOB. Ha pHc.5 npe'ACTaBJieHaJTI>~~HaJI 
cxeMa C03'AaHHOro aBTOPOM MHOrORaHam.Horo MarHHTOMeTpa 3 - I 7. 

--c.- I 
I ···········1 

r- - ------ - - - -- -- -------------7 

' 

r---'!, __ ..,. __ 4 : 
.[a Ii;~ : , 

1 
-~ I , _: 

J.Sl~--c--4 n ~CB 
1

: VI -~ _________ _ :-6--J . L~~--~--------------i_; L__ ____ .: _______ _ 

PE:c. 5. CTPYRTYilHaSI c.xeMa. 'A8CJITHRaHa.JIDHoro MaI'HHToMeTPa c IMP 
npeo6pasoBaTemnm. 
YO - ycwmTem, orpamrrm-rem,, CJ]; - cimxpoHHlltt 'A8T8KTOp, CxC - KOM

napaTop, r - reHepaTop, HOH - HCTO'l!HHR onopHoro Hallp&lE8lmR:, 
H3 - HarpeBaT8JU,Hll! 8JI8M8HT, C-q - CtieTtIHR, P3 - py,mof! sanycx, 
.mn - 'A8Dmlfil)aTOP, CT - CB8TOBOe Ta6Jio, CY - c.xeMa ynpaBJiemm:. 

* IDmyc r.E.,CopORHH O.B. llt'N>, 1957. TOM XXYII Jill c.2647 H 
JieBHTac H.c., IIoxeJJB. Kl.K. J!HToBcRltlt ~SH"!ecm c6. YII 1&2, 1967,387 
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Oco6eHHOCTI,Jl ero JIBJUl8TCJI peMHsaxnm peJKHMa pa60Tll, llpH ROTOpOM .ItJIJI 
HSMepeHWI llOCTOJDml:lX Mal'HHTHWC llOJieil !'MP npeo6pa~OBaT8JU, B036YJIUJ;a8T
CJI nepeMemwM Hanpm!:8Hll[8M, a HH~P~ 0 B8JJHtIHHe Mil HO T8MDepaTY
pe AaTtIHKa, Heo6xo.ItJ,IMol .ItJIJI ero TepMocia6wmsaIJ;1m, ocymec-rBJUieTCH 
,iTeM P,a3'A8JI8HWI BWCO~oro CHrHaJIB. ~TtIHRa no tiaCTOTmIM llpHSHaRaM 

4 ,157. IlpH &TOM HCllOJU,SOBaHHe cpaBHHTeJIDHO npOCTWC c.xeM npeo6paso
BaHWI Cm'HS.Jla C AaTtIHRa DOSBOJUieT, TeM He MeHee, llOJIY'tIHTL BllCOKYJJ 
'tJYBCTBHT8J!DHOCTL R Mil ( 150 B/T)' XOp0myJ) DOMeXOS8lllRill8HROCTL H BllCO
RYI> T8pMOCTa6HJU,HOCTL ~TtIHRa. 

.lvIJi np80'AOJI8Hll[H TPY~OCTett, BOSmmaJlllHX DpH aBTOMaTHSanml HSMe~ 
peHHf! H860Jll,llIO! BeJIH'tJlmll 'AlmaMH'tl8CROro ~eHTa MII c:imxpoqiasoTpOHa, 
aBTOp0M llp8AJIOJK8~ H peMHSOBaHa HOBaJI ROHCTpymnu!: ~oHHoro 
npeo6pasoBaTeJUI 61, ROTOpaJI o6JIB,l{aeT BllCOROI 'tJYBCTBHT8JU,HOCTLD 
(4,5.I02 BLT npH nocTOHHHo! BpeMeHH ~enH o6paTHOI CBHSH HHTerpaTopa 
Toe = 10-2 C) H BllCORO! H36HpaTeJIDHOCTLD ( 80 AB) R rp~eHTHOI 

KOMllOH8HT8 Mil (pHc.6). 

Pl!c. 6. KoHCTpymnu!: 
Hs6irpaTeJILHoro rp~
eHTHoro AaTtIHRa 
(I-RJJHHOB:imHaJI ceRUHH, 
2-xapxac AaTtIHRa, 
3-BHHT). 

BHTIGI HSMepHTeJIDHott o6MOTIGI saHHMaD'f BCD 60ROBYD llOB8pXHOCTL RJJHHO
~ol ce~ H o6pasym ROHTYJl, OllHCHBaeMHI rapMOHRtieCRma: SaKOHOM. 

.lleCJITL TaIGIX ~TtIHROB H AaT'llm .ItJIJI HSMepeHHH a6cOJIJOTHO:li BeJIH
tIHHU MII o6pasYDT e~ yseJI (6JioR npeo6pasoBaTeJie!), ROTopu! ycTa
HaBJIHBaeTCJI Ha llJJB.Tql()pMe, o6ec.aetIHBall!lel nepeMemeHHe 6Jioxa BlfYTPH 
RaMepu ycROpHTeJIH. Ha pHc.7 np8ACTaBJI8Ha CTPYRTYPHaH CX8Ma COS'AaHHO! 
MHOrORaHa.JILHO! HSMepHT8JU,HOft CHCTeMll lI3M8peHHH ~ecxoro 'oxasa
T8JIR: Heo~opo~OCTH Mil, pa6oTamte1t Ha JIHHml C 3BM EC-IOIO 717 • 
lIHCJIO RaHaJIOB - II, TO'l!HOCTL HSMepeHHH a6COJIDTHOI B8JIHTmlnl ff t1, ff' I% 
B ~asos:e Mil OT 0,023 T 'AO I,2 T. Pesym,TaTU Rallt,ltoro HSMepemm 
BW30AHTCJI Ha BHelllHHe ycTpottcTBa 3BM (AUilY, ~ecm H a.JI\PamrrHO
~OBO:li ,ltHCllJieH, rpa.qionocTpOHTeJIL) H sanHCllBalO'l'CH Ha Mal'HllT$HHYD 
JI8HTy. IlepeMememie'DJJB.Tql()pMll c 6JIOROM npeo6pasoBaTeJUI, ee OCTaHOB
Ra Ha ~OM asm.iyTe YCROpHTeJIH, HSMepe:ime JI llpOAOJ.llteHHe ABRJKeHWI 
OCY11!8CTBJ1lll)TCJI aBTOMarntiecIGI. C ee llOMOJQLl) BnepBUe llOJIY'tl8li 60JILlll01t 
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Macc:im KBWOP~ (-40 THC. SHa.tiem) o noxasaTeJie neo,ItHopo,ItHocTR 
MII cmtxp*soTpoHa 6es npe6imaHltll o6CJJYJlGUl8llllero nepcoHa.Jia B onacnott 
SOHe Y,CKOjlll'l'8JIJl ll 6es SHa'lll'l'8JII,lWX 9HeprosaTpa'l' Ha BOS6yz,n;eHRe MaI'-
Hll'l'a 718/ • . 

PBc. 7. CTpYl{TYl)Hall cxeMa MHOrOKa.Ha.JII,HO! 8.B'l'OMa'l'HSllpoBaHHOll 
cRcTeMl:l RSMepemm ,nimaMll'lecxoro snatiemm noxasaTeJIJI neo,ItHo
po,ItHoc'l'll MII ClillxpO«paSOTpoHa. 
IIII - nJia'l'qlOPMa c 6JIOROM npeo6pasoBaTeJiett, IIYC - npe.IJYcwm
Ten, Hll - HC'l'O'lllllllGI IIH'l'allWI, .I{ - ,ItBlll'a'l'8Jil,, M - ynpa.BJllle
Ml:ltt a'l''l'8Hlla'l'Op, H - BHTerpaTop, OY - OKOHe1Dmit YCWIH'l'8Jll,, 
.llII - .mmeitmdt npHeM!Dll(, AK - aHaJioroBiitt ROMMYTaTop, B(t ) 
- B-Tahep, BPH - 6JIOK BpeMemwx pelltllMOB HSMepem, re -
- rpoMKasl CBJISI,, Hiijl - mw.ma.Top llOJIOJtelilm nJia'l'q)OpMl:l, 

IIYJ{ - nynT ynp8.BJlemm ,ItBlll'aTeJieM, IIBP - nap8JIJieJII,Hiltt BXO.rt
Bott perHcTp. K8Y - RBa,IWaB'l' yCKOpH'l'8JIJI. 

B llJ!aB8 COs.ztamIJI lE8C'l'KO(p()RYCHpYDI18ro ycROpll'l'8JIJl peJIJl'l'llBllC'l'CKHX 
~ep H npo'l'OBOB - liyKJIOTpoHa * B JIBS OHHH paspa6a'l'BBa8'l'CH 'l'8XHOJIOrHH 
H H8I'O'l'OBJllWl'CH o6pasxnl CBepxnpOBO,WDitHX Mal'HH'l'OB. BacoIGJ:e Tpe6oBaHHH, 
KO'l'OpW4 ,ltOJll!HH Y.rtOBJ18TBOpl!'l'1, Mal'Hll'l'Il CHHXpO'l'poHOB.onpe.rteJJJm'l' Beo6xo
,Itl!MOC'l'I, co~amm IIpeQH8llOHHOtt MaI'Hll'l'OM8'l'pH'l8CROtt annapa'l'ypli. HccJie.rto
BaHRe Ma.I'Bil'l'HHX xapaKTepHC'l'llK pa6o-«mx o6pasnoB MaI'Hll'l'OB Heo6xo.r.tm,ro 
OCYJ!l8C'l'BJIJl'l'I, Be 'l'OJII,KO npR 'l'8MI18paTYpe lltH,ltROro reJIHH, HO H npll KOMHa'l'
BllX 'l'8MI18pa'l'ypax. 3To no~B8pllt.lta8T ll Ollli'l' pa60'l'Il co CBepxnpoBO.ltfflllHMH 
MaI'lDITaMR ~ TeBaTpoHa. (~, CIIIA) a. IlpR aToM onepaTRBHo H 6es 
SH8.'lll'l'8J11,JWX 9Beprosa.Tpa'l' Ha KpHOCTa'l'HpOBaBH8 HSM8pHl)'l'CH OCHOBHil8 no-

* ~ A.M. H ,Iijl. Tpy,ltll IY-ro BcecomsHoro coBe~aima no ycxopHTe
Jll!ll sapazemwx 'laC~. TOM II, M. 1975, c.4. 

B Fick H.E. et al. IEEE Trans. on Magnetics, No.1, 1981, p.420. 

IO 

KaBa'l'eJlll M9.l'HH'l'OB (BeJIH'lllHa llOJIJl Wlll r~eHTa, HX H80,ItHOpO,ItHOC'1'1, B 
pa6otiett o6JiacTR anepTY!)!l, eqq,eK'l'llBHall ~a MarHRTa, ropHsoH'l'aJIJ,HasI 

COC'l'aBJIJlilllasl ~ ' ~OJIJlX), a TaKlKe BWmJIJlll'l'CH BOSMO.!tlllle . .rt8~8K'l'Il 
ll8I'O'l'OBJI8BHH g • 

B Ha.C'l'O~ee BpeMII ~ IIpeQHSllOHmlX llCCJ18,ltOBam .rtBYM8plWX MaI'

HllTHWC llOJiett RaR B CCCP, TaR H sa py6elltOM llpllM8HH8'l'CH M8'l'O.rt rapMo~
'l8CROro aH8Jlllsa .rtaHHHX, nony,meMWC.c .rtaTtIHXa B npo~ecce ero Bp~emm 
llJm nOBOpo'l'a Ba onpe.rteJiemme yrJIIl. 3To'l' M8'l'O.rt, Bll8pBil8 HCllOJI!,SOBaHHiitt 
~ llCCJ18,ltOBaHRH llOJie! KBa,IU)YllOJll,HiiX JIHHS ;i DO~ ~arHe:limee pas
BllTlil:8 B pa6oTax H H pa6oTwt c YtJaCTHeM aBTopa - • Halt6onmee 
pacnpocTpaHeHRe B KatieCTBe .rtaT'lllROB HaillJill mr,uyKI.1;Komme npeo6pasoBa
TeJIH, COCT~e ns 0,ItHOtt HJm H8CROJI!,lO!X 06MO'l'OR B Jm,Ite llJIOCIGl:X pa
MOK l2I/. 

CTpYl{TYl)HWI CxeMa co~ott npn Henocpe.rtC'l'B8BHOM YtJaC'l'llH 8.B'l'O
pa llSMepllT8JII,HO! CllC'l'8Mll~ pa60TaK111ett B.aB'l'OMaTllSHpOBaHHOM pelKHMe Ha 

J1llHmI c SBM MER.A-60 :wm: 3BM ID-IOIO H pe~s~ yxa88.HHiltt M8TO.rt 
nSMepeHHH llMnyJI!,CHHX MII,noxasaHa Ha pnc.8 2'1, 25 • · 

* 

PBc. 8. CTpYl{TYl)Haa: CX8Ma aB'l'OMB.'l'RSllpoBaHHOI CHCT8MI,i 
llSMepemm MarHllTHHX xapaR'l'8pHCTD ~OJiel H JlllHS. 
MS - HCCJie,IJyeM!itt Mal'lm'l'Hlil 0JI8M8BT, Hll - mr,uyKI.l;KOHBiitt 
npeo6paSOBa'l'8JI!,, M - peSRCTopHHtt MOOT, H - BHTerpaTop, 
Ail -· aBaJIOrOBWI IUlMIIU, K - KOlW,\Y'l'a'l'Op, llU{ - maromdl 
,ItBlll'aTeJII,, I1IIlU - llllTaHRe maroBoro ,ItBlll'aTeJIJl, EI'P -
- 6JIOK raJIJ,BaHlltJ8CROtt paSBJISKll, HB - HHTeppelc BOJII,T
M8'l'p~, IIM3 - llllTaBlle Mal'HlI'l'HOro 0Jl8M8HTa, l{Hp - RpettT
ROB'l'pOJIJlep. 

Dayton I.E. et al. Rev. Scient. Instr., 1954, v.25, No.5, p.4a5. 
I'pexoB H.H., Pa60B A.IT., roJII,.rtnH R.R. IITS, 1956, .1&2, c.28. 

ilBE Cobb J.K. et al. Int.Conf. on Mag.Techn., Hamburg, 1970, p.1439; 
Sampson W.B. et al. Int.Conf. on Mag.Techn.,Brookhaven,1972,p.752. 
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B ,u;RccepTaumt B ~onoJIHelme K H8B8C'l'HHM pa60'l'8M, B KOTOpHX ana
JWSHpylJTCJl norpelllHOCTH H8M8pemm HeO,ItHOp0,ItHOCTH MII, ~ KJlaCCliqllll(a
nwt HCT01lliltKOB norpellIHOCTel HSMepemm OCHOBHHX rapMOlmK MII ,u;RnOJiel H 
mms, paCCMaTPHBam'CJl oco6eHHOCTH cxeMHHX H M8TO,u;R"'l'.8CimX npHeMOB, 
ll08BOJ11llll1IDC llOBliCHTl> TO'lliOCTI, HSMepemtll B8JIHTmml noJJJI :wm rpa,ItlleHTa, 
a T!UC!te CMSaHllllX C :em.m e4liieKTHBHOI ,IVIWm Mal'HllTa lI llOJIOlKemm: Me.u;R
wmol.noBep:xlIOCTH. ,lL1IJI YME!m,memm: norpemHOCTH, BliSBallliol CMell!eHlleM 
npeo6pasoBaTeJJJI OT ocn Bpall!emm, npe~oxeHa KOHCTp~ ~aT1DIKa 1261, 
Hcnon:i,syD!lero He o,n;Hy, a ~e R,I{eH'lJflllille paMRH, cHMMeTpll'llio pacnono
umme OTHOCl:tT8JII,HO OCl:t Bpamemm ,lUlT'llma. C ~eJil,l) onpe~enemm M8TP0-
JIOIT18CKHX napaMeTp0B ,1UlT1WICOB npe~OJKeHli lI peaJmSOBaHH MaI'HHTHlie 
Mepli, o,ItHa HS KOTOpliX co:maeT BliCOKOO,ItHOp0,ItHOe MII ( 's 'o ~ Io-4) B 
cqiep:H'ieCKOM o6~eMe pB,WCOM 56 MM, a BTOpaH - l!!l:om,r llJ1H Irna,Iij)Y-
llOJII,HYJ) COCTaBJJ.lmllYKl llJIOCKOnapaJIJieJII,HOro MII • 
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HcCJie~oBa.HWI cepllll CBepxnpOBO~ MaI'lmTOB B "TellJIOM" pel!HMe 
noKasaJIH, 'IITOCOs,naHHaH HSMepHTeJII,HaJI annapaTYpa, pa60'J.'aDllaH B aBT0-
MaTH8HpOB8.HROM peJKRMe, o6~aeT CJie~ xapaKTepHCTHKSMll: 
norpelllHOCTl> OTHOCHT8JII,lWX lISMepemrli OCHOBHoa rapMOlmKR - I.Io-4 )I)IR 

,u;RnOJieit H 2.Io-4 .ItJ1H KBa.lU)YllOJ!I,HNX mms; norpemHOCTl> B onpe~eJieHHH 
OTHOCHTeJII,HOi a4liietmmHott ,nJlllllll Mal'HHTa - 2.Io-4 ;n;m. ,u;RnOJiett H 
5.ro-4 ;n;m. mms; norpemHOCTI>.onpe~enemm ropHSOHTam,Hott cocTaB,llJnr ' 
II!el !WI B .u;Rnone - 3.Io-4; norpemHOCTl> onpe~enemm Hemmeil:HocTH MII -
5.Io-5 ;n;m ,u;RnOJiel H 2.Iir-4 ;n;m. JIHHS. • 

Hsr.iepelrim npoBO)tHJIHCl> B MaJI0all8PTYPlWX MaI'Hl'[Tax (50 MM ;n;m. ,wmo
Jiett H 32 MM ;n;m JIHHS) Ha ypoBHe IWI,paBHOM (0,03 ••• 0,05) T H rpa,Itll
eHTe 3 T/M np:e: xpyTHane HapacTamm TOKa Bos6~emm~2 RA/c. BpeMa: 
HSMepemm l:t o6pa6oTIW pesym,Ta'l'OB - 2 MHH c aBM .EI:-IOIO H 30 MHH Ha 

JIHHHl:t c :3BM MERA-GO. 
B nocJie,ItHeM paB'AeJie rJJB.Bli npHBO,ItltTCJl H8KOT0plie SKCnpHM8HTam,Hli8 

pesym,TaTli Mal'~ lISMepeHHtt Ha CHHXp()qlaBOTPOH8 H OllHCalia MeTO,u;RKa 
HX o6pa60TKH /IS/_ 

' B saKJIJ)1l8HHH cqJOP14YJIHpOBaHli OCHOBllll8 HTOrH pa60Tli. 

I. Paspa60TaH H COSMH KOMIIJI8KC ,u;RarHOCTH118CKOi1 annapaTYPH, 
KOTOpmt Hcnom,syeTCJl ;n;m HCCJie~o:aamtli OCHOBlWX xapaKTepHCTHK mmeK
THpY8MOro ny11Ka (BeJW11Hllll H q,opMH TOKa, nonepe,moro sMHTTaHCa ny11Ka, 

eHepreTH11ecxoro cneKTPa). 
2. IlpoB8~8llll 9KcnepllM8HTaJII,Hli8 HCOJI8'AOBaIDm 'AHHawmH ny'IIKa B 

KaMepe cmocpoq,aBOTp0Ha, pesym,TaTli KOTOpHX nosBOJIHJIH llO'A'l'BOp,Itl!Tl> 
TeopeTKtl8CKH8 nono:zemm O BJIWDmll llp0CTPaHC'l'B8HHOro Ba:PJmB. Ha T81.ID 

.noTep:i, 11acTHI:t B Ha'l8JI&Hlii1 nepHO'A ycxopemm. 
3. Paspa6oTaH, cos.itaH H ncnom,syeTcH ~oHaJII,Hliit reHepaTop 
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)I)IR MO~JIHTOpa 8Heprmr 'llaO'l'ltit, HHZeR'J.'HPY8MWC B K~O YCKOpHTeJIH, 
KOTO},lil ll03BOJ1lit7! YJIY11mHTI, corJiaCOBa.BJrl:8 llPO'AOJII,llOro SMHT'l'aHCa ny1lKa 

C npo~OJil,HI:,IM iµcoenTaHCOM CllHXp~BOTpolia. 
4. IloJJY118llll pa0118'1'Hli8 pesym,TaTli OllTBMaJil,mlX TOKOB KOpp8RitJD1 

n 11, 11 npH peryJIHpoBamm KBa,l{pynOJII,HOI H C8KCTynOJII,HOI COOTaMffDqHX 
Mal'HHTHoro ilOJIH ~80Tp0Ha O y-qeTOM KOOp.ItHHa'l' npoBO,ItHHKOB, 
HaXOWDl!HXC.S: B RaMepe ycxopHT8JllI. 

5. Paspa60TaH ylll$UtapoBaHHHI m.myncmnt HOTO'IIHHK -TOKa ;n;m. 
IIH'ra.HWI xopp8KTHPYllllHX 06MO'l'Olt. HsroTOBJI8Ha cep:e:s: HS 32 HCTO'IIHHKOB, 
Ha 6ase ltOTOplil: 00Yl!l80'l'BJ18Ha MO~eplDisa.IOIJI CHC'l'8M xoppem:tmt 11 "1:' 11 H 

a3HMYTSJII,HOI aCHMMeT!)lm Mal'HHTHOro llOJIJI Cl!HXp()q8BOTPOHa, 'IITO pacIIIH
pHJIO ~OHaJII,Hli8 BOSMOZHOOTH H llOBliCllJIO onepaDBHOCTI, xoppeKTH
py:uumc CHC'l'8M. 

6. Co:maHa • aXCIIJIYaTHpyeTc.a: o:e:c,eua onepa,mmoro HBMepeHHH 
SSHr,6,Y'raJII,HOI H80,ItHOp0,ItHOCTH B8.ztYlllero Mal'BHTHoro llOJIH ycxopHTeJJJI • 

7. Paspa60'J.'aH H COB.®,H MHOroxaHaJ.II>Hlil Mal'HHTOMeTP ~ HCOJie~o
.BSHKlI CTa'l'H'lleCKHX Mal'HJil'tHliX nonel, B KOTOpOM BnepBHe npHMeHeHli ra.m.
BaHOMal'HHTOpexoM6HIUU4HOHHlie npeo6pa.SOBaT8JIJ!I. MarlmTOMElTP o~aeT 
BliCOXOI ~CTBJi!T8JII,HOC'l'I,J) ( 150 B/T) npH OpamDl'l'8Jll,HO npoCTOI CX8M8 
ycJIJmTeJII,Horo TpaitTa K Hcnom,syeTCJI ;n;m KsMepeHHH pacnpe~eneHHH oc
TaT011Horo Mal'HH'l'HOro llOJIH c:imxpoiiasOTPOHa. 

8. Paspa6oTana :e: :e:sro,oBJieHa aBTOMaTHSHpOBaHHSH cHcTeua. ~ 
HCCJI8~0BaHHH noxasaTeJIH H80,ItHOp0,ItHOCTH MaI'BlITHOro no.na: cimxpoq,a-
30Tp0Ha, ltOTOpB.11 llOBBOJmJia Bll8pBli8 llOJJY1Dl'l'l> llOJIHYJ) HHqlOpMa.IUW 0 
pa.r(lla.Jll,HOM lI asmqTam.HOM pacnpe~8JI8JDm " 11., " B pa6011eit 06JiaCTH Ka
Mepll Cmocpoqla30Tp0lia HBO BC8M ,ItHallaBOH8 Mal'HH'fHHX nOJiei 6es npe6H
BaHJIH JIIJ,It81 B pa,rtlilaiti!OHHOI BOH8 H Mal'HHTHOM noJie ycxopKTeM. 

9. Ilp8'AJIO.lE8Hli H peaJIHBO.BaHli 'AB8 HOBlie XOHOTpyxt{HH HBA.Ylu.tHuHlWX 
,lUlT'IIHKOB, o6~aDIIRX BHCOXO:lt ~C'lBH'l'8JII,HOCTI,I) H HS6Hpa'l'8Jll,HOCTJ.l) 
x onpe~eneBIWM rapuoHHKaM Mal'JmTHoro no.na:. IloJ1Y118Hli ~a aBTOpcmu: 
CBR,I{eTeJir.CTBa. 

IO. CoB.®JI xoMnJiexe HBMepHTeJir.Bol annapaTYPli, pa6oTanitd B aB

TOMaTJAecitOM pemme Ha mnnm: 0 SBM ~ npe.ItHSXOHHWC HCCJie~oBaHHI 
MaI'HH'l'HHX _xapaRTepHC'l'mt CBepxnpoBO~ MaJ!Oall8PTYPlWX .u;RnOJle! H , 
JIHHB B "TenJIOM." pel!HMe • . 

II. IlpoaHaJIHSHpOBaHli norpemHOCTH H8M8peHHS:, npHCyJl!H8 ~
OBJim,f MaI'HHTOMeTpaM; pacCMO'lp8Hli Jipll"'Dlllll, npBBO.ztm!IR8 lt 011IH61t8M KS

M8P8HHS: OCHOBHliX ral)MOBHlt MaI'HHTHoro nOJIJI ,wmoJiel JI JIJ!IHSJ ~ pe
XOMe:e;ItaitHll WI,11 npoelt'l'HpOBa.HWI yBJIOB llpeltHSHOHHOI HSMepHTenHol 
annapaTypli. 

Pa60TH no Oll'fitMHSanHH HJmeK[ijlH ny1lKa B xaMePY. CJmXpC>q)aSOTpOlia, 
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a TaRJKe MO'A8PHR~ CHCT8MH xoppeimmi: Mal'BHTHOro noM COBM8CTHO C 
'APyrRMH ycoBepmeHCTBO:eaHHJiMH ycxopHT8M nosoomum CYlll8CTB8HHO YB8-
Jll11mTL HHT8HCHBHOCTH llY1ll{OB, ycxopxeMWC B C~SOTpoue omm. 

PaSBHTHe MaI'HRTOM8TPR118CROff annapaTYPH, Hcnom,sye~oa ]1,1IH Hccne
'AOBaHM xapaxTepHCTHR 'AHUaMH118CROro 'MaI':imTHoro noJlSI Cli!HXpo<paSOTpoua; 
cnoco6CTBOBMO COS'AamID B Jla6opaTOpHH BHCOICHX aueprd 6as1,1 HSMepH
T8Jll>HWC npH60poB H T8XHOnorHH np81\HSHOHHOtt.MaI'HHTOM8TpHH, ueo6XO'AH
MWC'AJm HccneAOBalDL4'. MBI'HRTHHX xapaRTepHCTHR, npoeKTHpY8MHX B JlB3 
'AHllOnett H mms cBepxnpoBO,Itmltero ycxopHTeM - HYRJlOTpoua. 

OcHOBHHe~esym,TaTH 'AHCCepTal\HH ony6nHROBaHH B cne.DYJlllHX 
pa6oTax /l - I: 

l. BoeBO'AHH M.A. HSMepemi:e HOHHOro TOKa MaI'lllITO~OHHHMH 
AaT'IHKaMH Ha y,mCTRe HHJKeronm Cli!HXpo<paSOTpoHa, omm, 10-4600, 
.lJy6Ha, 1969. 

2. BoeBO'AHH M.A., CalipynHH W.3. FiecKOHTaRTHaJI CHCT8Ma HSMepemm 
ny,ma H Ha6Jm'A8lllle sa HHM Ha yqacTRe muteKI\HH Cli!HXpo<paSOTp0Ha 
omm, omm, 9-4834, .IJy6ua, 1969. 

3. FiesHorHX D • .U., EoJN-OcMonoBcml A.r., BoeBO'AHH M.A., 3HHOBl>
eB JI.IT. 0 nOBlilll8HHH HHTeHCHBHOCTH ny,ma, ycxopxeMoro B 
Cli!HXpOipaSOTpoHe OIDill. lJaCTL l. (3KcnepHM8HTM!>HH8 pesym,TaTH, 
OCHOBHHe llP8'ACTaBnemm O eynOHOBCKOM C'ABHr8 ~aCTOT xone6ami:lt), 
omm, P9-9II5, .IJy6Ha, 1975. 

4. fieSHOrHX D.,U., EoJN-0CMOROBCKd A.r., BoeBO'AHU M.A., 3HHOBL-
8B JI.IT. 0 noBlillleHHH HHT8HCHBHOCTH ny,ma, ycxopeHHoro B CHH
xpoipasoTpoHe omm. 1lacTL II. (PesoHaucHHe noTepm, cpaBuemi:e 
axcnepHMeHTa H Teopo. JT.a;n.Henmxe nepcneKTHBH),omm, 
P9-9120, .IJy6ua, 1975. 

5. FiesHOrHX D • .u •• BoeBO'AHH M.A., Calipymm W.3. ~KI\HOHaJILHHtt 
reHepaTop ynpaBJJJDlllero HaIIpSDEemm MO'AYJlSITOpa aHepro nzHett
Horo ycxopHTeM, ITTS, 1979, I 2, c.40-42. 

6. BoeBO'AHH M.A., KopyxoB H.A. HMnym,cwtt HCTO~ Toxa c 
nporpa.MMHHM ynpaBnemi:eM 'A.1lH xoppeKI\HH "~" cHHXpo¢asoTpoua, 
omm, 9-7318, .IJy6ua, 1973. 

7. BoeBO'AHH M.A. H 'AP· CHCT8Ma xoppeKI\HH noRaSaTeM cna.na Mal'

HHTHOro nOJIJI Cli!HXpQ¢aSOTPOHa, OIDill, 9-9625, .lJy6Ha, 1976. 
8. BoeBO'AHH M.A. H 'AP• CxeMa onepaTmmoro HSMepemm aSHMy-TML

Hott acHMMeTpHH MarHHTHoro noJlSI CHHxpoipaSOTpOHa, omm. 
9-10266, .lJy6Ba, 1976.• ' 

9. BoeBO'AHH M.A. H 'AP· Pac~eT xoppeKI\HH rpa,nHeHTa MarBHTBoro 
noJIS1 c~soTPOHa, OHHH, P9-8l-354,.IJy6ua, 1981. 
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IO. Fiesuormx D • .U •••••• BoeBO'AlfH M.A. H 'AP• ITOBlilllemi:e HBTeHcHB
HOCTH ycxopeHHoro llpOTOHHoro llY1ll{a B CHBXpo<paSOTPOHe OHHH. 
B KB.: Tpy'AH Y-ro BcecoJJsuoro coBemamm no ycxop. sap!Dl. 
~c~. T.II, M., "Hayxa", 1977, c.245-247. 

II. Fiesuorroc D • .U. • •••• BoeBO'AlfH M.A. H 'AP· SxcnepRMeHTMLHHe 
pesym,TaTH no nOBlilll8HmO HBTeBCHBHOCTH ycxopxeMHX llY1ll{OB B 
CHBXpoipasOTpOBe omm H :WC aHa.JIHS. B KB.: Tpy'AH YI-ro Bceco
DSHOro COB8malllm no ycxop. Bapmt. ~CTRQ, T.Il, OIDJH, .lJy6Ha, 
1979, c.136-132. 

12. BoeBO'AHH M.A. H 'AP· Hwiym,cmdi ~Omwfl MarlllITOMeTp, 
OIDIH, I3-II855, .IJy6ua, 1978. 

13. BoeBO'AHH M.A. H 'AP· MHorORaHaJll>HHfi MaI'HHTOMeTp c HCnOJll>SOBa
HReM raJll>BaHOM8.l'HHTopeKoM6HB~omwx npeo6pasoBaTenett. - B c6. : 
TeSHCH 'AOMB.nOB Ha BcecODSHOtt Hay,mo-rre~ecxott KOHipepelil\HH 
"Teop:wi:, M8TOAH H CP8'ACTBa HSMepemm Ma!'HHTHHX B8JIH1mH" -
JleIDIHrpa,n, 1977, c.35, a Ta.IOKe B JBYPBMe IlTS, 1978, I 6,c.143. 

14. BoeBO'AHH M.A. HCTO~K CTa6wu,uoro BanpmteHHR: CI:IHyCOI!'AMLHOtt 
\POPMH 'AJlH BOS6YJK,Itemm rMLBaHOMaI'HHTOpeROM6~0HHHX npeo6pa
SOBaTenett, OHHH, 13-108~2, .lJy6Ha, 1977. 

15. BoeBO'AHB M.A., POMaHOB JO.If. HSMepHT8Jll>lildl TpaRT H ROMMYTaTOp 
MHOrOKaHa.JILBOrO MarlllITOM8Tpa C rMLBaH0MaI'HHTOp8KOM6HHal\HOBHH
MH AaT~ru.m, omm, 13-1000'7, .IJy6ua, 1977. 

16. BoeBO'AHB M.A. ABT. CBI!'A8T8Jll>CTBO CCCP I 631848. OT 17.06.78. 
13mJIJr. OillIOT3, 1978, Jfi 41, c.170. 

17. Bo.eBO'AHU M.A. H 'AP· MHorORaJll>HaH aBTOMaTHSHpOBaHHWI CHCT8Ma. 
'AJlH HSMepeHWI noxasaTeJJJI H80'AH0p0'AHOCTH MarHTHOl'O. nOJlSI 
Cli!HXpo<paSOTpOHa Ba RHBHH C SBM EC-1010. - B KH. Tpy'AH Yll-ro 
BceCODSHoro conemamm no ycxopHT8JlSIM 3apmt8HHHX ~CTRQ. T.11, 
AY6ua, 1981, c.272-276. 

18. FiesHorroc JO.,U •••••• BoeBO'AHU M.A. H 'AP· HccneAOBaHRe H80'AHO
PO'AHOCTett MarHHTHoro noJlSI Cli!HXpo<paSOTpoua. 0 'AHHaMHK8 nyqxa 
MMOtt HHTeHCHBHOCTH, omm, 9-81-570, .IJy6ua, 1981. 

19. A,$3eB B.c •• BoeBO'AHH M.A. H 'AP· ITonyqe:ime nonett BliCOKOtt O'A
BOpOAHOCTl! B cnepxnpoBO.ztmitHX uarmrrax THna "oxoHHaJJ Pa.Ma" 
B·KB.: Tpy'AH Yll-ro BceCODSHOro COBemamm no ycxopHT8JlSIM sa
pmtemwx ~CTRQ, OHHH, T.l, .IJy6ua, 1981, c.360-363. 

20. BoeBO'AlfH M.A., KoBM8BRO A • .U. HccneAOBaHHe 'ABYM8PHWC MaI'HHTBWC 
nonett M8TO'AOM ral)MO~ecRoro aHMHsa. 1lacTL l. (OCHOBll M8TOAa), 
OHHH, P9-l2233, .IJy6ua, 1979. 

21. BoeBO'AHH M.A.; KoBMeBRO A • .U. HccneAOBaHHe 'ABYM8PBHX MaI'HHTHWC 
none! J.eTO'AOM rapMo~ecxoro aBaHHsa •.. 1laoTL 2. (HSMepuenHHe 
KaTYJJIKli). omm, P9-12378, AY6Ha, 1979. 
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22. BoeBo,z,;m M.A., KoBaJ.Iemto A • .ll. HcCJIMOBaHKe .ItBYMepuwc Mal'mtT
HWC llOJiel M8TO~OM rapMOJm1180ROro aruumsa. 'tJaCTL 3. (Onpe
~8JI8HH8 ,zyl!OTBHT8Jll,HOOTH R Mal'mtTHOMY llOJII) HSMepHT8JlLHWC Ra
TYJ118R), owm, P9-80-432, ,lly6Ha, 1980. 
BoeBo,z,;m M.A., KoBaJ.IeHRo A • .ll. HonOJll,SOBalme rapMOHH'!leoxoro 
8.H8.JlHBa npH exonepmaeHTaJll,HWC·Hcoxe~oBaJIHSIX Mal'HHTHWC noJiel 

23. 

24. 

25. 

26. 

27. 

28. 

B OHCT8MaX ynpaBJiemm: ,ItBD8HH8M sapmtewmx 'llaOT~. B 06: 
TeSHOH ~O~OB Ha II- I BceOOJJSHOI ROHqiepeimira "MaTO~ H 
ope~oTBa HSMepelIHJl: napaMeTpoB MaI'HHTHoro noM" - !eHHHrp~, 
1980, o.IIO. 
BoeBO~H M.A. l'I ~- CTe~ .ItJISI npeD;HSHOHHWC :e:m.repemut Ha JlllllHH 

0 3BM EC-1010 MaI'BHTHHX xapaRT8pHCTl'IR ,ItHilOJien H mms M8TO~OM 
rapMOJDl1!80ROro aHaJIHsa. - B RH: Tpy~ Yll-ro BceOODSHOI'O 
ooBemamm no yoxopHTeJIJIM sapmteHHWC -qao~. T.11, owm, 
,lly6Ha, 1981, o.290-293, 
BoeBo,z,;m M.A. H ~- OnepaTHBBaa: oHoTeMa npeD;HSHoHHol Mal'HHTO

MeTpmt ~OJiel H mms M8TO~OM rapMOHl'!'q80ROro aHaJmSa, owm, 
P9-80-595, ,lly6Ha, 1980. 
BoeBO.ztHH M.A., KoBaJ.IeHRo A.,ll. ABTopoxoe o~eTeJll,OTBO CCCP 
Ji 711505, OT 13.04.78 •. Em7I. OHIIOT3, 1980, Ji 3, o.201. 
BoeBo,z,;m M.A., KoBaJ.IeHRo A • .ll., 'IJepmmoB B.H. 1IeTl:lp8XC8RD;HOH
HaJI xaTymxa o o~opo~ 148.I'HHTHHM noJieM, OIDlli, Pl3-1289?, 
,lly6Ha, 1979. 
BoeBO,ItlW M.A., KoBaJiemco ,!l • .ll., KopyROB H.A., 'I'HxoMRpoD D.H. 
MyJll,TlWOJll,HaJI Mal'IDITHaJI Mapa~ RaJIH6poB1GI rapMOHl'I'q8CRHX 
JIH.IIYmtHOHHWC ,ttaT1mROB Mal'mtTHoro noM. IITS, 1981, Ji l, 
c.215-217. 

PyltoIIllOL noc~ B HS,ItaT8Jll,Omnl OT~eJI 
30 08HTSl6PJt 1982 ro,Ita. 

16 

.· 


