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1. BBEilEHHE 

B 0TAene HOBbiX MeTOAOB ycKopeHHR OHJH1 ocy~ecTaneHo ycKope

HHe 3!leKTpoH-HOHHOro KO!lb4S B IlHHeHHo-cnaAaro~eM MSrHHTHOM no

ne/t/ CO!leHOHAa npeABSPHTe!lbHOrO YCKOpeHHR /CnY/. 3aTeM 

3IleKTpOH-HOHHOe K01lb40 6bmO ycKOPeHo/2/a 3!leKTpH4eCKOM none 

HHAYKI..IHOHHOM YCKOpfl~~e~ CeKl.IHH/3/,KOTOpaR RB!lReTCR OCHOBHOH 

4aCTbiO pa3!11o14Hblx nHHeHHbiX HHAYKLIHOHHbtX ycKopHTeneH /nHY I, 
. npeAHa3Hal.leHHbiX AilR ycKopeH~t~fl npRMbiX lo1HTeHCHBHbiX ny4KOB. 0AHa

KO Allfl ycKOpeHHfl 3JleKTPOH-HOHHbiX KOJleLt MHOr~t~e y3Jlbl IIIHAYKI..IVIOH

HOH ceKLI"""" Tpe6yiOT 3HS4HTenbHO~ nepeAenKH, B nepay10 04epeAb 

3TO OTHOCHTCR K Y3JlSM ¢OpMHpOBSHHR MSrHHTHOrO nOJlR, B KOTOpOM 

3JleKTPOH-HOHHOe KOJlbl.IO TpaHCnOpTHpyeTCR OT CnY AO npHeMHOrO 

yCTpO!ItCTBa /MI-lWeHI-1/. 3TO CBJl3aHO C TeM, 4TO B AaHHOM CJ1y4ae 

He06XOAI-1MO Ha paAI-iYCe KOnb~a Ro=40 MM no BCeMy TpaKTY erO 

ABI-i)KeHI-111 c¢opM1-1poeaTb MarH~THOe none, aMnJ11-1TYAa ~ rpaAI-leHTbl 

KOTOporo YA0BJ1eTeOpRnl-1 6bl ycnOB~JlM/ t/: 

Bz(R0 ,z)~1 T, 

a"Bz -1 
~azs5-to T/M. 

/1/ 

,ll11R C03,f;\aHI-1Jl 1-iHAYK~r.-iOHHO~ ceK~I-11-'1 6b1Jlr.-1 lo'ICnOllb30BaHbt ~HAYKTOpbl 

nHY- 3000/4/. B anepType HHAYKTOPOB noMeU\eHbl KaTyWKH, ¢lopMHpyiO

~r.-1e MSrH~THOe none /pl-'lc.l/. 3a3op MemAY KaTyWKSMr.-1 B co6paHHO~ 

r.-13 I-'IHAYKTOpOB CeK~~~ AOJlmeH BMAepm~BaTb ~MnyJlbCHOe HanpRmeHr.-1e 

n~TaH~R ~HAYKTOPOB. npH yKa3aHHbiX pa3Mepax KaTyWK~ MarHa.tTHOe 

none B~l T MOmHo nony4~Tb np~ 1-iMnynbCHOH sanl-iTKe KaTyWKr.-1. DA

HoepeMeHHO cneAYeT ~3MeH~Tb KOHCTpyK~I-1~ nepB~4HOrO B~TKa ~H

AYKTOpa c TeM, 4T06bl YAOBneTsop~Tb eaa~MHO npoT~eope4~BbiM Tpe-

6oeaH~RM: o6ecne4~Tb 3all.\HTY cepAe4HHKS ~HAYKTOpa OT HaCbl~eH~R 

pacce.RHHMMI.<1 MSrHI-lTHbiMH nonJlM~ 1'1 M~HI'IMaJlbHO HCKS3~Tb BeAy~ee 

MarH~THOe none KaTyweK. 

Tpe6oeaHI'Ie ManocTH rpaAHeHTOB MarHHTHOro·non.R /1/ no eceMy 

TpaKTY o6R3bleaeT y4HTbiBaTb cornacoeaHHe MarHI-1THbiX noneH cny 
r.-1 HHAYK~HOHHO!It ceK~HH 1.<1 BJ1HRHI'Ie Ha MafHHTHOe none KOHCTPYK~I'I~ 

pasnH4HbiX npHeMHbiX ycTpoVIcTB. 3Ty aaAa4y MO>KHO BblnonHHTb c 

nOMO~b~ cornacy~ll.\HX COJleHOHAOB, pacnonomeHHbiX Ha TOp~aX HHAyK

~HOHHOVI CeK~HI-1. 
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PHc.l. HH~YKTOp ITHY-3000. 1 - KOMnayHA; 2- nepaHqHhlli 
BHTOK; 3 - ynnOTHeHHe; 4 - KaTymKa; 5 - BhiBO,IJ; KaTyillKHj 
E 3 - sasop MeJK,JJ;y KaTymKaMH. 

PHc.2. CxeMaTHqecKHH qepTe* HHAYK~HOHHOH ceK~HH. 

•. 
~· • 

J - HH,IJ;YKTOp /24 illT./; 2- KaTymKH HHAYKTOpOB! 3 - Ka
TymKH ConeHOHAOB; 4 - ,IJ;H3neKTpuqecKaR Tpy0Ka. 

PaccMaTpHeaeMaR HHAYK~HOHHaR ycKopR~~aR ceK~HR cxeMaTH4ec
KJ.1 npeACTaeneHa Ha pa.1c. 2. HJ.1)f{e np1-1eo,qRTCR peaynbTaTbt pac4eTa 
J.1 HaJ1aAKJ.1 OCHOBH~X ee Y3J108. 
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2. PAC4ET MrHHTHbiX nonE~ HHilYKTOPA H HllllYKL1HOilHOn 
CEKL1HH 

~~ pac4eTa nones~! ~cnonbaoaanacb MeTOAHKa, npeAnomeHHaR 
a pa6oTe/5/, CY~rtTaR BHeWHirte TOKH IB, 3KpaHbl "" Haae,qeHHble a 3K

paHax TOKI-1 I H aKcHa.nbHO Clr1MMeTpH4HbiMH H paa6a.1a 3KpaHbl Ha N 
,QOCT8T04HO M8flbiX 8KCH8flbH0-CHMMeTpH4HbiX KO.Oe4, MOmHO H8nH

C8Tb CHCTeMy ypasHeHHH ,Q.nR Haxom,qeHHR B 3THX KOflb48X H8BeAeH

HbiX TOKoa: 

/2/ 

3,qeCb lk ,Rk ,r k - Haae,qeHHblsli TOK,ConpontBileHHe H P8AHYC 

k-ro KOilbU,a 3KpaHa; Mik- aaai-1MOHHAYKTI-1BHOCTb i -ro H k-ro 

Ko.neu.; M ii - caMOHHAYKTHBHOCTb KOneu; A 8 k - aeKTOPHbiH noTeH

U,I-1811 BHeWHHX TOKOB H8 k -oM BHTKe. ECJll-1 y,qellbHOe conpOTHB.ne

Hio1e p MeTanna 3KpaHa Mane, a d>>S, r,qe d- T011UV1Ha 3KpaHa, 

8 -NcK~r~H-c.noH, TO ablpameHHe /2/ ynpo~aeTcR: 

_l I. M.k =-2""'•. ABk /3/ 
1•1 l 1 

B pa6oTe/6/noKaaaHo, 4TO AnR onpeAeneHHR aMnnHTYA HaBeAeHH~x 
TOKOB B~pameHHe /3/ cnpaeeAflHBO BnnOTb AO d~8. 

3HaR TOKH 18 H !H• no H3BeCTH~M npaBHnaM/7/ MOmHO onpeAe-
nHTb BeKTOPH~~ noTeHU,Han H KOMnOHeHT~ Bz(r ,z) H Br (r,z) 

B HHTepecy~~e~ HaC o6naCTH fB¢=0/. AnR HHAYKTOpa nHY-3000 
/pHc.1/ TOKH B K8TYWKe 4 RBnR~TCR BHeWHHMH, a nepBH4H~H BHTOK-
3KpaHOM. OcHOBH~e Pac4eT~ no onpeAeneHH~ reoMeTpHH nepBH4Horo 
BHTKa, KaTyWKH H napaMeTpOB nonA npOBOAHnHCb no ~OpMyne /3/, 
aaTeM YT04HRnHCb H KOppeKTHPOBa!lHCb Ha OCHOBaHHH CHCTeM~ ypae
HeHH~ /2/. 

nepa~H 3Tan pac4eTQS MarHHTHoro nonR 6~n npoeeAeH AflR OAH
H04HOro HHAYKTOpa /C'KaTyWKO~/ C u,enb~ B~6opa KOHCTPYKU,HH erO 
nepBH4HOrO BHTKa. Pa3Mep~ KaTyWKH H nepBH4HOrO BHTKa OOKa3aH~ 
Ha PHC.3. KaTyWKa COAepmHT 80 BHTKOB. nePBH4H~H BHTOK HHAYKTo
pa /pHc.36/,cnnOWHOH, 6ea paapeaoe. BHTOK HHAYKTOpa 3B HMeeT 
paapea~ Ha u,HnHHAPH4ecKoH noeepXHOCTH. Paapea~ npoAonmeH~ no 
6oKOB~M noeepXHOCTRM Ha eenH4HHY Ar. TaM me npeAcTaeneH~ 
COOTBeTCTBY~~He KpHB~e pacnpeAeneHHR Bz(R 0 ,z) npH aMnnHTy-
Ae TOKa B KaTyWKe 18 =1 KA. EcnH yKa3aHH~e KPHB~e OTHOPMHpo
BaTb Ha C06CTBeHH~H MaKCHMyM, TO KpHBaR 1 6yAeT HaH60nee nono
roH, KPHBaR 2 - HaH6onee OCTpoH. 0cTa!lbH~e aaHMyT npoMe~yT04-
HOe 3Ha4eHHe. CneAOBaTenbHO, HaHMeHbWH·e HCKaM<eHHR OOJlR KaTyW
KH BHOCHT nepBH4HNH BHTOK 3e C 60nbWHM Ar. 3TO o6DRCHReTCR TeM, 
4TO 004TH 90% HaBeAeHHOro B nepBH4HOM BHTKe TOKa COCpeAOT04e
H0 a AByxcaHTHMeTpoaoH o6nacTH oT KOHu,a paapeaoe Ar /pHc.4-1/. 

C yeenH4eHHeM Ar B!lHRHHe HaBeAeHHOrO TOKa Ha none B 06!1aCTH 
KOnbU,a yMeHbWaeTCR. 
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Pnc.3. KaTymKa /a/, HHAYKTOP /G,B/ H pacrrpegeneHHe HX 
MarHHTHhlX rroneH. I - gna 3a; 2 - gna 35; 5 - AnR 3B, 
COOTBeTCTBeHHO 6.r =20 H 40 MM, 

B.d~,O} T jAj, 
q3 

B1(fl~ i!} T 

a. 
.SIItJ 

q:J -!/()I} 

qf 

RMI'I z .. ., 
·20 

PHc.4. PacrrpegeneHHe nnoTHOCTH aaBegeHHoro ToKa /1/ rro 
rrepBH~HOMY BHTKY H ITOnR /2,3/ B nonocTH HHAYKTOpa 3B I fl.r =0/. 



Han~4~e paape30B ~r B nepB~4HOM BHTKe ~HAYKTOpa yMeHbWaeT 
ero 3KpaH~py~~ee Ae~cTe~e. MarH~THOe none, npoH~KHYB a o6nacTb 
Haxo~AeH~R cepAe4H~Ka, MOmeT np~aecT~ 4aCTb ero, np~nera~~Y~ 
K paapeaaM, B H8C~~eHHOe COCTORHHe, T.e. yMeHbWHTb 3~eKTHs
H0CTb cepAe4HHKa. PacnpeAeneHHe nonR s nonocT~ HHAYKTopa /6ea 
y4eTa cepAe4H~Ka/ noKaaaHO Ha p~c.4 /2,3/. MomHO npeAnonomHTb, 
4TO cepAe4H~K OKa>l<eTCR HaCbl~eHHbiM Ha rny6Y1HY, npeBbiW8~1!.U'IO paa
pe3~ Ha 10-20 MM. 

BTopoH 3Tan pact.~eTOB npoaoAHilCR c ~enb~ YT04H~HHR paaMepos 
nepsH4Horo BHTKa H KaTyWK\.1. Pac4eT~ CAenaHbl AI1R cpeAHeH o6nac
TH HHAYK~HOHHOH CeK~HH, C06paHHOH ~3 50 HHAYKTOPOB /pHc.l,2/. 
HaHAeHO, 4TO np~ 3830pe MeH<AY K8TYWKaMH f 3 =14 MM /WHPHHa Ka
TYWK~ 36 MM/ rpaA~eHTbl nonR npeBbiWa!OT AOnycntMble, yKa3aHHble 
8 /1/, Aame 6e3 y4eTa BilHRHHR nepBH4HbiX BHTKOB HHAYKTOpa. 003-
TOMY 83RT MHHHMailbHO BbJnOilHHMbiH 3a30P f 3 =9 MM /WHPHHa KaTyWKH 
41 MM/. ~R 3TOrO aaaopa Ha pHc.5a npeACT8BI1eHbl HOpMHpOBaHHble 
Ha 1 T rpa$~K~ nonR Bz(R 0 ,z) AflR nepBH4HbiX BHTKOB /pY1c.3e/. 
,£lilA cpasHeH~R np~BeAeH rpa$HK nOilR npH OTCYTCTBHH nepBH4HbiX 
BHTKOB /KPHBaA 1/. C yeeJ1H4eHHeM ~r OAHOBpeMeHHO yaeJ1H4HBaeT
CR aMnnHTYAa nonR /pHc.56/. 

0CH08biB8RCb Ha pHc.4 H 5, CileAYeT Bbl6paTb ~r=20 MM. npH 3TOM 
TOil~HHa Hacbl~eHHoro-cnoR cepAe4HHKa ~YAeT AOnycTHMOH AI1A HH
AYKTOpa n~Y-3000, eCilH aanHTbiBaTb ero HMnyJlbCH~M HanpRmeHHeM 
aMn.nHTYAOH 30 KB ~ AilHTeilbH.OCTb!O 200 He. ,ll.nR ynyt.~weHHR aaHMy
TailbHOH OAHOPOAHOCTH c.neAYeT CAenaTb 8-12 pasHOMepHO pacnono
>KeHHbiX paapesos. 
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PHc.5. ITynbca~HH /a/ H aMnnHTYAa nonR /6/ ceK~ npH 
pa3nH~Hb~ nepsHqHhlx BHTKax. 1 - 6e3 yqeTa BnHRHHR nep
BHqHbJX BHTKOB j 2, 3, 4 - ~r=0,2Q H 40 MM COOTBeTCTBeHHO. 
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BYwe 6~no OTMe4eHo, 4TO AnR cornacosaHHR MarHHTH~x noneH 
HHAYK~HOHHOH ceK~HH, cny H npHeMHOrO ycTpoHCTsa Hcnonb3Y~TCR 
cornacy~He coneHOHA~, pacnonomeHHYe no Top~aM ceK4HH. KoHcT
PYKTHBHo coneHOHA~ H CeK4HR s~nonHeHW KaK OAHO ~enoe. Cornacy~
~He COneHOHA~ COAepmaT no 6 KaTyWeK, aHanOiH4HWX KaTyWKaM HH
AYKTOPOB, pacnonomeHHWX B AH3neKTPH4eCKHX KOpnycax. nepHOA 
H 3a30p MemAY KaTyWKaMH /no MeAH/ TaKHe me, KaK H B CeK4HH, 
T. e. 50 H 9 MM COOTBeTCTBeHHO. ECJ1H H3BeCTHbl nOJ1ll B z{z) CnY 
H CeK4HH, TO MeTOAOM OOA6opa TOKOB B KaTyWKaX COrnacyo~ero 
coneHOHAa H s nepswx KaTyWKax ceK4HH 3TH nonR MOmHo cornaco
saTb C Tpe6yeMOH T04HOCTbO. PaC4eTY noKa3aflH, 4TO 6ea TaKHX 
coneHOHAOB Tpe6yeMoe cornacosaHHe none~ HeB03MOmHo. 

PeaynbTaTw pac4eTa senH4HH~ ToKa s KaTyWKax H pac4eTa nonR 
Bz (Ro ,z) npeAcTaBneHbl Ha pHC.6 /1,3/, rAe 100% COOTBeTCTBY-
~T 775 A. no OCH afiC4HCC OTflomeHO paCCTORHHe OT MeAHaHHOH 
nnocKOCTH aAreaaTopa H HOMepa KaTyweK /6 KaTyweK nepsoro co
rnacy~ero coneHOHAa,24 KaTyWKH HHAYKTOpos,6 KaTyweK BTOporo 
cornacy~ero coneHOHAa/. nocneAHHe TPH KaTYWKH /34-36/ sanHTaHY OAHHaKOBYM TOKOM C 4enbO o6ner4eHHR Tpe6osaHHH K HCT04HHKaM 
HX nHTaHHR.EcnH noTpe6yeTCR cornacosaTb MaiHHTHOe none ceK~HH 
C APYrHM npHeMHWM YCTPOHCTBOM, senH4HHa TOKa B KaTYWKaX BTopo
ro coneHOHAa 6yAeT HHOH. 
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PHc.6.rHcTorpaMMhl pacqeTHOro /J/, ycTaHosneaaoro /2/ 
TOKOB KaTymeK H rpacJ;lHK pacqeTHOrO 3HaqeHHS! nonS! B Z(R0 ,z). 

3. 4>0PMHPOBAHHE MrHHTHOrO nOJlil HHAYKUHOHHO~ CEKUHH 
3a OCHOBy 6WnH B3RTW paCC4HTaHHWe 3Ha4eHHR TOKa KaTyWeK co

rnacHO pHc.6. BHAHO, 4TO no senH4HHe TOKa see 36 KaTyweK Mom
HO paa6~a 5 rpynn H npHcOeAHHHTb HX K CXeMaM OHTaHHR co
.ifl8CHO PHC.(. 3apRAKa scex ORTH KOHAeHCaTOPHYX 6aTapeH OT OAHOiO O~ero BYnpRMHTenR H OAHOBpeMeHHWH 3anyCK BCeX THpHCTop-
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PHc. 7. CxeMbi DHTaHHH KaTymeK L 1 + L 36 • IIP - no,:rca 

PoroBCKoro; TK - THPHCTOPHbie KmO't!H; C - KOH;J;eHca-

TOpHbie 6aTapeH; L5- OannaCTHble HH,IJ;yKTHBHOCTH. 

HbiX K.nl04et1 TK OT OAHOro o6U~ero ynpae.nRIOIJ.Iero ycTpoticTea o6ecne-
4~tteaeT 3Ha4HTe.nbH~e npeHMYIJ.IeCT8a npH C03AaHHH H 3KCn.nyaTa4HH 
8ceH c~ttcTeMbl. K.n104H TK o6ecne4H8aiOT peKynepa~HIO 3HeprHH Is/. 
HMny.nbC TOKa 8 KaTyWKaX HMeeT $OpMy no.nyCHHyCOHAbl, AJ1HTeflbHOCTb 
KOTOpOH Tr 80 8CeX rpynnax OAHHaKOBa C T04HOCTbiO +5%. 

Pac4eTHaR HHAYKTH8HOCTb OCH08HbiX I Ill 1-1 IV I rpYnn - 0,8 Mr, 
a paC4eTHblti CyMMapHblH TOK 8 rpynnax - 3-4 KA. np~tt pa604eM Ha
npR>KeHHH 3-4 KB /KOHAeHcaTOPbT HM-5-150/ nerKo onpeAeilHTb: 
c3.,c4 =2200 MK<l>, Tr =4,5 MC. np~tt TaKoti A.nHTeJlbHOCTH Tr MarH~H
HOe no.ne 6yAeT MeHRTbCR MeHbWe, 4eM Ha 1%, eC.nH KO.nb~O 6yAeT 
TpaHCnOpTHp08aTbCR C pa36pOCOM +100 MKC 86.n~tt3H MaKCHMyMa nOJlR, 

YcTaH08Ka TOKa 8 MaKCHMYMe ·HMnynbca 8 KamAOH KaTywKe III 
H IV rpynn, cor.nacHO p~ttc.6, ocy~J.~eCTB.nR.nacb c T04HOCTbiO +2% 
npH noMOIJ.IH A06aB04HbiX conpOTHB.neHHC1 H3 nOJlOCOK CTa.nH 12XT8H9T 
TO.niJ.IHHOI7J 0,3 MM. Be.nH4HHa TOKa 8 KaTyWKaX 1, II H V rpynn ycTa
HaB.nHBaJlaCb nyTeM OAHOepeMeHHOrO H3MeHeHHR eMKOCTH K0HAeHca
TOpHOC1 6aTapeH H 6an.naCTHOI7J HHAYKTHBHOCTH L6,H3MepHTe.nbHaR an
napaTypa n03BO.nR.na OnpeAe.nRTb BeJ1H4HHY TOKa C T04HOCTbiO ~0,3% 
/CM. PHC. 6 CHCTOrpaMMa 2/. 

7 



0KOH48TenbH8R KOppeK~~R TOKa B KaTyWKaX 6~.na npOBe,QeHa Ha 
OCHOB8H~~ MarHHTH~X ~3MepeH~H C noMO~b~ MOAePH~3~pOB8HHOrO 
~Mny.nbcHoro xonnoecKoro MarH~TOMerpa MMX-z/9/. B ocHDBHOM Kop
peKntpoeanacb een~4~Ha roKa 1-3 KaryweK, ~t~6o e o6nacr~ CTbt
KOBKH- CnY - lriHAYKLU•10ttHafl CeK~J.1fl rpa,QHeHTbl nOnR OK838J114Cb B 2 
pa3a B~We ,QOnyCTHM~X /1/ J.13-3a yBeJ1~4eHHOrO aaaopa MemAY CnY 
1o1 HHAYK~MOHHOH ceK4HeH. 

Pac4eTH~e 1o1 ~r~aMepeHH~e atta4eH~R no~R ~HAYK414DHHOH ceKu,HH 
~ ero rpaAY1ettroa npe,Qcraenettbl e pa6orel3/, 

np~r~ aarpy3K6 3J16KTPOHHOro KOJlbU,a nerKHMH HOH8MH HJlH nporo-

HaMH rpa,Q~t~eHTbl MarHHTHoro nonR ,Qonmttbl 6b1Tb /to/-~~~ 0, 1 T /M. no

.ny4HTb TaK\IIe rpa,Q\IIeHTbl B CeK4HIII 143 i-1H,QyKTOpOB nJ.1Y-3Q0Q MO>KHO 
B OCHOBHOM 3a C4eT npHMeHeHHR npO¢HJH~HbiX KaTyWeK. Hanp~t~Mep, ec.nH 
B K8TYWK8X y6paTb no 4 B~TKa B U,eHTp8J1bHOH 4SCTH ABYX BHyT
peHHHX CJ10eB, TO M8KCI-1MSJ1bHble rpa,QHeHTbl nOJ1R yMeHbWaTCR H8 
2•10-l T/M, H BJlHRHHe 3830pa Me*AY K8TyWKaMH 6y,QeT M6HbWe, 
4eM BJl~RHHe KOHCTPYK4HH nepBH4HOrO BHTKa HHAYKTOPa. 

Ha OCHOBaHHJ.1 H3JlO>KeHHOrO 6bl.na C03AaHa M8rHHTH8R CHCTeMa 
HHAYKU.HOHHOH ceKu,H~ nporor~r~na KYT~, YADB.neraopR~~aR nocraa
neHHbiM Tpe60B8HHRM, 8 KOTOpOH OCYIL\eCTBileHbl Tpattcnopn-tp0BK8 
H yCKOpeHHe 3J1eKTpOH-HOHHOro KOJlbU,a/ 2/. 

Aeropbl C4HT810T CBOHM npHFITHbiM ,QOnroM no6.narO.Q8PHTb B. n. Ca
paHu,eea H n.H.benReea aa nocrattosKy aaAa4H, u,etttt~e coseTbl 
1o1 nocroRHHYIO noMO~b a pa6ore; B.M.na4Httoea, B.C.A.neKcatt,Qposa 
H y48CTBOB8BWHX nO,Q HX pyKOBOACTBOM B 3KCnep~MeHTe COTPYAHHKOB 
3a opraHH38~HIO H npoee,QeHHe MarHHTHblX H3MepeH~H. 
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