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OH!lAH XAPARTEPH<mfKA PAEO'IH 

IlporpaMMH SKCnepm&eHTBnLHHX 1/ICcne~oBam HB 
CllnLHOTO'IHHX YCKOPJIITemx npOTOHOB Ha 9Hepmn (0,5+1) rsB, BHnoJIHemrn 
KOTOPHX nosBomno 6H CYll!eCTBeHHO nponmryTL pemeHJ/Ie MHOrJ/IX BOnpocoB 
B o6nacm qiRsmm SKcnepmeHTanLHHX 'IBCT!iID;, aTOMHoro ~a 1II np11IKn~
HHX 1/ICCne~oBam, Tpe6ynT 9H8'IJ/ITenLHOro Y13en1II'IBHIDI 1/IHTBHCJ/IBHOCT!iI nep
Bll'IHHX 1/I BTOpliI'IHHX nY'IKOB 'IBCTEI(. IlOllCKJ/I nyTeff noBHmeHJ/IH li!HTBHCJ/IBHOC
m npnem K TOMY, 'ITO B H8'1Bne 60-x ro~OB CTBRJ/I paspa6aTHBaTLCH npo
eK'l'H MeSOHHHX qia6plillt Ha 6ase nmreff:HHX 11I D;J/IKnliI'leCKJIIX yCKOPJ/ITeneff. 

O~off 1/IS pa6oT 9Toro HanpaBneHM HBMBTCH npoeKT peKOHCTPYKin1111I 
cmrxpommnoTpOHa Jia6opaTOPIDI H,ItepHHX npo6neM 06Le,mmeHHOro KHCTRTyTa 
H,ItepHHX liICcne~oBaHd B qiasoTpOH C npocTpaHCTBeHHoff Bap11Iaz:n,ieff MarHJiIT
HOro non.a (qiasoTpOH OHffif). OcHOBHO:I!: D;enLll peKOHCTPYKil1m J!Blll'!nOCL YBB
nJ/I'IBHJiie TOKa BHYTpeHHero nyTIIta c 2,3 MKA ~o 10+50 MKA liI cos~e 
CliICTBMH BHBO~, 06ecne'limaD11e:1!: noBHmeHliie afxI>eKT!iIBHOCTliI BHBO~a c 5+7 

~o 50% liI BHme. 
Peqiep!iipyeMaH ;JJ;JilCCepTar:nii:OHHM pa6oTa llOCBHmeHa BOnpocaM paspa6oTKliI 

1/I COS~HliIII BHCOKOafxI>eKTJiIBHO:I!: CliICTew BHBO~a ny'llta qiasoTpoHa OHffif 1/I 

HBJilieTCH 0606meH11IeM pa6oT, BmIOnHeHHHX no 9TOff npo6neMe B COOTBBT
CTBJ/IJ/I c npo6neMHO-TeMaTJ/I'leCKliIM nnaHOM 06Le,mmeHHoro KHCTJ/ITYTa H,ItepHHX 
accne~oBaHJiI:I!:. 

qenL pa6om cocToana: 
l) B m6ope liI onTJ/IMJ/Isarnm: napaMeTpOB CJ/ICTew B096ylK.l(eHM p8;JJ;Ji1-

anLHHX CBo6o~x Kone68HJ/Iff (cHcTeMa sa6poca) Ha ocHOBe pereHepaTJ/IB
HOro MeTo~a. o6ecne'IJiIBalillll!X MaKCliIMBRLHYll afxI>eKTRBHOCTL sa6poca YCKO
peHHHX '18CT!iID; B OTKROHHlillll!:I!: KaHan C T07lllll!HOA cenTyMa 0,4 CM; 

2) B pacqeTe 1II qiopM11IpoBaHliiliI MarH!iITHHX noneff B sneMeHTaX cRcTeMH 
sa6poca 11! ceRD;J/Illx gene:mo-ToKOBoro KaHana; 

3) B qiopM11IpoBaHJiIJiI MaI'HJ/ITHOro nona qiasoTpOHB C CJ/ICTeMoff BHBO~a 
ny'llta; 

4) B nony'leHJ/IliI BHBe~eHHoro llY'llt8 npoTOHOB c sa~HHHM KOafxI>J/II(liieH
TOM BHBO~ 1/I liICCne~OBBHJ/IliI ero napaMeTpOB. 

Ha 'IHM HOB!iISHa a6om sBKnnqaeTca B paspa6oTKe liI peamsarnm: CliI-
cTeMH BHBO,I",,8 nYTIIta C eKTRBHOCTLI) 50:,70 % ~M qJ890TPOH8 C npocT-
paHCTBeHHOff B8PliIEm11Ie:I!: MaI'HJ/ITHOro non.a. 

PemeHliie sroff npo6new BKn1>qaeT B ceoo PH.It 'IBCTHllX pemeH!iI:1!:, o6na
~llllliIX HBY'IHOii HOBJ/ISHOff, KOTOpHe MOlltHO cqiopM,YnHpOBaTL cneMllllliIM o6pa-
90M: 

- npe~noaeH 1/I COS~aH geneSHO-TOKOBHli: KBHan, JIIMelillll!:I!: TORllll!IHY cen
TYMa, KBKJ/IY TOKOBOro KBHana, HO o6ecne'l'.JIIBalll!liiff B HeCKOnLKO pas 6onLmyn 
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§ ~i6i.t. ,1,;c·i'· ,d;.:..;n m-1cnrr;.,., 
I. fUi~;J?."U; !JL .H'.JiJJ.l;!Urif.! 
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B87llll'llmY cmr11temm MBI'IUITHOro IIOJIJI rrpK paBHOit .nmme K IIO'l'pe6l!HeMO:I 
MOIIIHOC'llj 

- rrpe.nnollt8HB K peamsoBBHB HOBBR: CKC'l'8M8 llll'IMMIIPOBamm BO~emtli 
MBI'HlI'l'HOro IIOJIJI O'l' RBHana. ROTopaa IIOSBOmna 3H8tm'l'8lll,HO coxpamn 
BPElMfI IIO,~OPMIIPOBBHKD MBI'HlITHOro IIOJIJI ~asoTpOHB C CKC'1'8MOI BHBO.ItB 
rry1JRa; 

- rrpe.nnollt8H8 K paspa60TBH8 arrrrapa'l'ypa .Itlll'I ,ItRBI'HOCTKRK IIy1JRa BHY'l'
PH OTitnOHJil]Jlero RBHana HB OCHOBe .ItB'l''Il!KOB B'l'OpKtmoit st.mcc:im. 

IlpaKTJ,ttJ8CK8JI geHHOC'l'L pa6om 
I)CoS,ItaHa ~8JI83HO-TOROBaJl ce~ Italiana c TOJilllRHOii cenTYM/3 0,4 CM, 

o6ecnetmBaBll!Wl B8nHtmHY CHKlltSHJm MarmI'l'HOro IIOJJJi 0,45i-0,47 Tn 
B pa,ItHBnLHOI arrepType I,8 CM. IlpK IInOTHOC'l'K TORS B C8ll'l'YM8 I75 AJwl
IIOTpe6meMBJJ MOIIIHOCTb paBHa I05 ltBT. 

2) B I98.5 ro.ny OCYJIISC'l'BneH BHBO.It IIPO'l'O~Horo IIY1IRB c BHeprm:el 
664 MaB KS ~aSOTPOHa OIDIH B 38.ItBHHOM HanpaBnemm C pacqeTJWM RO~K
IU!SH'l'OM BHBO,It8. 

C I986 ro.na Ha ~BSO'l'pOHe IIPOBOM'l'CSI Haylllme R IIPKRJiamme Kccne.no
BBHRII IIPK TORS BHBe,IteHHoro ny1JRa .., 2 MKA. 

3) PacqeTHI:le K 8ItcnepHMeH'l'8llI,HO-M8'l'O,ItRqecxm:e pesylll,'l'B'l'l:l pa60TH 
MOI'YT 6HTb KCIIOllI,SOBaHH npK COS.ItBHD ClilCTBM. BHB.o.na ny1JRa KS IU!KllOTPO
HOB K ~asoTpOHOB, a TaKllt8 B ,Iq)YI'WC OTpaclll'!X HBYKH, npHMeHJimtHX 'l'8XHlil
KY ~opMHpoBaHM MBI'HlilTHHX none:!!:. 

Anpo6agrut. OcHOBHHe pesyllI,'l'aTll ,ItRccep'l'~D .ItORna.ItHBanRCb Ha Hayq
HHX ceMHHapax B OHHH, Ha II-I MeWHBPO.ItHOI ROH!pepemnm no IU!KnoTpo
HaM K HX IIPHM8H8HKD (Toxm:o, I986 r.) t Ha BcecODSHOM COB811!8HmI no yc
ROPKT81JJ!M lilOHOB Hl'ISKHX K cpe,ItHKX BHeprd (KHe:a, I982 r.). HB m. Y, Ym, 
IX H X BcecoDSHHX coBell!BHMX no ycRopKTeJJJiM saps.11teHHHx qac~ (MocKBa, 
I972 r.; ,Ily6Ha,I976, I984, I986 r~r.; IlpOTBHHo,I982). 

Ily6mmagu. Ilo TeMe )OlccepTBIU!H ony6mmoBaHO I7 pa60T, nonyqeHo 
BBTOpcxoe CBH,It8'1'8nbC'l'BO Ha KS06peTeHlil8 "MarHHTHHI KaHa11", KOTOpoe 
BHe;npeHO Ha ~830'1'pOH8 OIDlli. CrrKCOK nHTepa'l'ypH npi:me,neH B ROI{q8 aBTO
p~epaTa. 

CTpyRTypa 8!1fCCepTa9!!. Pa6oTa COCTOK'l' HS BBe;nemm, Tpex rnaB H 
sax11meHM. 06mmt o6~eM )OICCepTa!(HH COCTBB7lf!8T I50 CTpamm:, BKllMBJ'! 
55 pHCyHKOB, II T8671IDl K CIIHCOR 7Ili!IT8paTypHHX CCHllOR KS 80 HaHMeHOBB
HHI. 

CO,Il;EPlKAHHE PAEO'IH 

Bo BB888HD C(pOpr,wmpoBaHH noc'l'aHOBKa H axTyanLHOC'l'b sa;na,m, nenb. 
Hay~ruc HOBHSHa K npaxrnqecxaa neHHOC'l'b pa6om~ 
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B I rnBBe )OICcepTatt:im IIPOBO,IlB'l'CJI 8H8nRS CHC'l'eM BHBO,Ita IIY1IRB HS 
IU!K1IlI'iecox Mesommx ~a6pu. OcHOBHHMI! napBMeTpBMH, onpe.nemll!IHMH BH-
6op 'l'Oii HD HHOI ROHRpe'l'HOI CKC'1'8Mll .It7lf! .namroro YCROpuem • .f!Bll!IMCJI 
appeK'l'l:mHOC'l'b BHBO.ItB, SMlI'l'TBHCH K BHepreTKqecRd pas6poc qacTHn B BH
ll8.It8HHOM nY1JRe • 

B nimmqecux MesoHHHx ~a6puax pas.neneHHe op6HT Ha KOHe~oM pa
,ItKyce COCTaBJmeT 0'1' .noneii ;no H8CROllI,KHX MIUlnHMB'l'POB. B pesynHaTe 
BOSHKR88T He06:XO,ItKMOCT1, B HCnOllI,SOBamm ~HSHqecRKX M8X8Hl'ISMOB, KOTO
pHe o6ecneql'[Bam yBe,mqeHKe pa,I1Ji1a1U,Horo mara qacrnnH B soHe BHBo.na. 
IIPBBHIIIBll!lero '1'01llllllHY cenTYMa OTKnOHJill!lero KBH.a11a. 

HsBeCTHHe B HBCTOSilllee BPBMH CKCT8Mll BHBO.ItB nY1IRa OCHOBBHll ,m6o Ha 
MeXBHKSMe YBe11J,ttJemm pas.neneHM op6HT, nm6o Ha BOs6yll!,IteHHH xorepeHT
HllX pa,ItK8llbHHX·Kone6aHd B SOHe ROH8lllmX PB.ItKYCOB ycxopeHM. 

MeTO,D;H pas.neneHM op6HT KCnOllI,Sytl'l'CJI B IU!KllOTPOHBX C 60lll,WOI rny-
6KHol Bapl!I:~ Mal'HHTHOro noim. HM8mtRX C8RTOPHYD CTPYRTYPY MBI'HHTHOI 
CKCTBMH. 8qxpeRTHBHOCTb BHBo.na,paBHaa IOO% KnH c noTeps.MK Ha ypoBHe 
3•I□-4,.nocmraeTCJI sa cqeT: a) ycxopeHM saps.11teHHHx qacTHn c nepesa
pa.nxoa B SOHe BHBO.ItB (HaIIpHMep, Ir-HOHH); 6) 6onbmoro Ha6opa BHepmH 
38 o6opoT (HeCROllI,RQ MeraaneKTPOHBOllbT); B) COS.ItBHM B o6nacm BHBO
.na Tpe6yeMoro rpa,ItKeHTB BMIInHTY.nH OCHOBHOI rapMOHKRH MBrHKTHoro noim. 
Blll'Ilill!lero Ha KO~eHT pacWHpeHM op6HT •. ~ I!paKTJ,ttJ8CROro HCnOJII,sO
BaHWl MHHHX M8TO,ItOB Tpe6yeTca rryqox C M8JWM 8MRT'l'aHCOM K HHSRHM 
aHepreTJ,ttJeCID!M pas6pocOM. 

llosMOlltHOCTD peamsano ~8RTKBHHX pesoHBHCHHX MSTO,D;OB BHBO,Ita oc
HOBaHa Ha KCnOllI,SOBamm pesOHBHCHOI CBliSK M8llf,1tY aSIDzy'l'BllDHHM H pa.ItK
BllI,HHM .ItBKllteHKeM 38psillt8HHHX qacTHn, BOSHKRamtefi: B6nHSK SHaqeHHI. qac
TOT CB06ommx PB.ItKBllbHHX 11:one6aHd Q2 = I; '3/2; 2. HcnonbSOBBHKe 
,Il/IR: mmo.na · 8THX qacTOT HaK118.ItllB88'l' 1lt8CTRH8 ycnomm Ha BH6op 
npe;nenHott aHepro.yc11:ops.eMHx qac'l'Hn B nmcnoTpoHax. 

IlpH paspa60TK8 npoeKTOB, OCHOBBHHHX HS peKOHCTpyro:om: CYJll9C'l'BY~X 
CKHxpOnmt7IOTpOHOB, pesoHBHCHHe YCllOBM ,ll7111 622- B SOHe BHBO.ItB He BC81'
.na BHIIOnHKMll, II08'1'0MY HCnOllI,SYll'l'CJI noxanDHHe KCKallteHM OCHOBHOrO Mal'

HHTHoro IIOJm .It7111 rronyqeHJiIII COOTB8TCTBYll!lero SHaqeHM B911J,ttJHHH Qe, • 
IlpK pesoHaHce KcqesaeT npeneccmi:, o6ycnoBneHHaH HepesoHaHcHHM SHaqe
HKeM qacrom H9B03MY1118HHOro ,ItBHlltSHM,K H8ql{HBS'l'CR pesoHaHcm.tlt pelltlW 
Bos;nettc'l'BM MBI'HH'l'HOro nolIJI H90.ItHOPO.ItHOCTefi: Ha Rall!,ItOM o6opoTe (m6o 
qepes o6opoT npK Q2 ==3/2), B pesynbTaTe RoToporo P8.ItKBllI,HHe OTRnoHe
HWI qacTHn OT op6Hm H, COO'l'BS~C'l'BSHHO, pas.neneHHe op6HT BOSPBC'l'Bm' 
no axcnoHemurallI,HO?.W SBKOHy. B nepeXO,ItHOI o6nacn MBrHH'l'HOro nom He-
0:nHOPO.ItHOCTel, a :aKllte .It7lf! H8CROllLRHX o6opoTOB B o6nacm pa6oqero 
rpa,ItKeHTB, B TeqeHHe ROTOPHX H86Hpae'l'CJI Heo6XO.Itl'[MOe pas.neneHHe op6KT, 
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aRcRanLHOe ,lOlHl!tBHHe 'AOnlltHO OCT8B8TLCH YCTOfftmBHM H orn6all!IM aRCH8llI,
HHX ROne6amrij He 'AOnma npeBlllll8TL 'AOilYC'.rl!MHX 8HaqeHJitli. P~llI>HHa mar 
op6HTS sa o6opoT npono~oHaneH aMIInHTY'Ae ~one6aHH! Ha npe'AmeCTBYIIlleM 
o6opoTe qacTBIUi, qTo npH HenpepHBHOM cneRTpe aMIInHTY'A B nyqRe He nos
BOII!IeT nonyi:m:TL ·nomoro pas'AeneHRII 8Mli!lTTaHC8 ny~a. 9To-o6cTOHTellI>~ 
CTBO Tpe6yeT npHMeHeHHH B CHCTeMe BHBO'AS OTRnOHHll!IHX RaHanoB c MHHR
MallI,HOii T071llll1IHOa cenTYMa .mm no7IYqeHRII MaRCHMaJll,HOtt appeRTHBHOCH BH-

BO'A8o 
B @asoipoHe OIDJH HcnonLsyeTCH pereHepaTRBHHil: MeTO'A sa6poca qaCTlm 

B OTRnOHJill!lH:li RaHan, OCHOBaHHHtt H8 MeXSHHSMe napaMeTpRqecKoro peso
H8HC8. B 'A8HHOM MeTO'AB C nOMOIIU>ID o,mro! HnH .nBYX nOK8nLHHX HeO'AHOPO'AHO
CTBH rpa.zn,reHTa MarHHTHOro no7I!I B086yMSIDTCH CHHxpOHHHe pa.zn,ranLHHe KO
ne6aHRII qacT1m B6nHSR qacTOTH Qi =I. ,I{Jm @aSOTPOH8, npH HCnOnLSOB8HHR 
.nBYX noRanLHHX HeO'AHOPO'AHOCTett (Bos6y.zn,rTenL I![ pereHepaTop) C npaRTH
qecKR npReMneMHMH Bem~aMli!l rpa.zn,reHT8 M8rHHTHOro no7I!I,Heo6XO'AHMO, 
qT06H sHaqeHRe qacTOTS pa.zn,ranLHHX Kone6amtli B SOHe BHBO'A8 ( i = 260-
270 CM) COCT8BII!InO Qe=I,07+I,09, qTO H8Rll8'A!lB8eT onpe'Aenemme Tpe6o
BaHlm Ha 88ROH RSMeHeHM CP~'Aliero .MarHHTHoro no11.ll: YCROpRTe7IlI. MarHHT
HOe none @asoTpoHa B cpe.lllleii nnocKOCTH onHCHBaeTca @ymamett 

B: (2.~ = B&(e>{ I+ E.,1 (2.) 5in[ft,<1(2) - tlr]}, 
- . ~~00 

r'Ae B/2) - cpe.lll{ee MarmrTHOe none, c"' (2) - _ R 

(I) 

-~ Br(:?) 

ft;.1(~) =-;:: - BapHarnuI H @asa ocHpBHOii !'I -tt rapMOHHKH nona, IV HA -
neplIO;uH'lllOCTL H pa.zn,ranLHHil mar CTPYKTYPH no7IlI. 

BapH8UIDI MarHHTHOro nona, COS'AaBaeMaH qempLMl! napaMH ll!HMM, H80-
rnymx no cmi:pamr ApXRMe'AS, o6ecneqmiaeT aKcHanLHYID ycTo!qHBocn B · 
pacTymeM no pa.zn,rycy MarHHTHOM none. PocT cpe.llllero MarHRTHoro nona OT 
ueHTpa R npe'AenLHOMY pa6oqeMY pa.IJ;KYCY onpe'AenHeT .zn,ranasoH R8MeHeHHH 
qacTOTH YCROp!Itinero Hanp!IEBHM I![ BH6paH HS ycnOBli!l! no71Yqemm Tpe6ye-

. MOii BenH'llm!l 02 B 80He BliBO'AS iK) B BH'AB 

- [ 2 2. 2 6 c!!. g Ba(e) = B0exp 0,359 (
211

) + 0,83 ( 2 ") - 2,38I (~) + (2) 

2- 9 ,!;!. 10 
+ I,5 (~) - 0,025 (~)], r'Ae Bo=I, I902li,/K=270 CM. 

B @asoTpOHB OIDJH 'Alla nonyqeHM ny~OB BTOpRqHHX qacTHU RCnOJU,8Y
IDTCH BHelllHHB MHmBHH. IT08TOMY K CHCTeMe BHBO'Aa, HBp!I'AY C BliCOKHM R08ip
@HUHeHTOM BHBO'AS, npe'A!.l'tBIIlIIDTCH 'AOnOnHKTBllLH!le Tpe6oBaHHH, ROTOpHe 

iK) Kl.r.Anemnnrna H ,np. OIDJH, P9-5246, .1ly6Ha, I970. 
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CBO;IUITCH R nonyqeHHD BHBB'ABHHoro nyqKa C Manm.m nonepeqJWMR paSMepBMII[ 
I![ OTHOCHTBRI,HO HHSRRM 8HeprernqecRHM pas6pocoM. 

,I{Jm pereHepaTHBHoro MBTO'AS sa6poca qacT1m B_OTRllOHHIIllHtt KBHBn. 
HBR6onee PB'AHKBnLHHM cpe,ItCTBOM YBemqeIDJJI a'fxpeKTHBHOCTH BHBO'AS HBnH
'eTCH 8HBqnTellI,HOe YMeHLmemre T071ll!HHf,l cenTyMa BXO.lll{Ott CBKUHH OTKllOHHD
mero RBHana. I!pR 8TOM nOHB7lllBTCH TBREe B08MOlltHOCTL HeKOTOporo YMBHL
memm BBJIH'Dllm sa6poca, qTo npKBO'AHT K 88MeTHOMY YM8HLmeHHID noTepL 
qacTHU no BRCRBnLHOMY ,lOlREeHHD. 

Ha 8TBne paspa60TRH CRCTBMli BHBO'Aa ny~a 1![8 @asoTpOHa 6HnH pac
CMOTpeHH @eppoMarHHTH!lil I![ ROM6HHRPOB8HH!ltt OTRllOHHIIllHB RBHam C TOllmH
HO! cenTyMa HB BXO'AB 3 CM R 0,4 CM COOTBBTCTBBHHO. B pesyJU,TBTe BHa
msa a'fxpeRTRBHOCTI![ BHBO'AB H T8X!{RqecKHX BOSMOlltHOCTett no C08'ASHRD Tpe-
6yewx BeJIH~ MarHHTHOro nona BHYTPH KBHBna B KaqecTBe OCHOBHoro 6Hn 
npRHJIT BTOpott BBPH8HT OTRllOHHll!lero KaHana C BXO'AHO! l!tellB8HO-TOKOBOtt 
ceKUl![eH, npe'AllOEBHHO! BBTOPOM. 

B Ta6nHUe I npHBB'ABHH npoeKTHHe napaMeTpH @B80TPOH8 OIDM. 

Ta6HHUa I. IlapaMeTp!l @asoTpOHB OIDIB 

9HeprHH YCKOpeHHHX npoTOHOB (MeB) 
TOR BHYTPBHHero ny~a (MKA) 
Pa.zn,ryc KOH8'IBO! op6HTl:l (cM) 
Cpe'Affee MarHHTH~e none Ha ROHB'IBOM pa.zn,ryce (Tn) 
BapRBUM MBrHHTHoro nona Ha KOHB'IBOM pa.zn,ryce 
IIapaMeTp cnnpam ApXHMe'AS (cM) 
tf:e:cno .IJYBHTOB 
AMnmTY'AB YCKOp!Ill!lero HanpaEeHM 
.IT.HanaSOH HSMBHBHR!! qacTOTl:l 
lJaCTOTB MO.IJY1IlIURH 

(KB) 
(MI'u) 
(Tu) 

680 
I0-50 
270 
I,6276 
0,II 
I5 
I 
30-50 
I8,I8-I4,4I 
200-500 

lJaCTOTH 6eTaTpOHHliX Rone6BHHH 
Ha ROHB'IBOM pa'Al![yce 

Qa = I,07+I,09 
Qi!= 0,3 

Bo BTopott rnaBe .zn,rccepTBURK npOB8'ABHH RCCllB'AOBBHRII pereHepaTHBHOii 
CRCT8Mli BHBO'AS H BH6op OCHOBHHX napaMeTpOB eneMeHTOB sa6poca ny~a R 
ceKU:mi EenesHO-TOROBOro KBHana @asoTpOHB OIDIH. . 

CHcTeMa B086yll!,IleHM pa.In'[BJll,H!lX KOne6amtli COCTORT RS .nBYX noKanL
HHX H80.llllOPO.llllOCTett (B086y.zn,rTenL R pereHepaTop) C npOTHBOITOllOEHRMH no 
8HBRY rpa.mrnHTaMl'I MarHHTHoro ITOJIJI. IIpe,lOlapnTenLHliil BH6op HBO'AffOPO'AHO
cTett (BB7mqHHH rpa.zn,reHTOB MBrHHTHOro nona, 88RMYTBnLHHe R pa.In'[BnLHHe 
npOTJUBHHOCTR) OCHOBHBanca HB BHBllH8e qacTOT 6eTaTpOHHHX KOne6aHHii iK) 

iK) .1T.MRTpKeBcKd B.II. ,IIpH7IRilKO T.M. ,Pu6a1IK0 B.C. OIDIH,P9-3434-I,.[v6Ha, 
I~7. 
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B MarRKTHOM none (I),(2) : 

C()f,2,q't/= CtJ12p(),, - -1 [?; ~(~)+ T.tctltea}]--Jin2JiQo+ 
+ 17j Ta ct:bz.(e,)cp,,2(e2)•,k,Y1 Qo J,,•-ri'n Go(2Ji-fa,), (3) 

r)le Tr=:t An,ol1, T2='!An2d.2, Anr, A n2 - K8MeHemi:e nOR888TeJ.tR: llOlllI 
HB op6KTe B o6nacTK nepBO! K BTOpott HeO)lHOpO)lHOCTeff, J..r,J2 - 83:e:M,y
TBJll,HruI npOTSillt8HHOCTL o6nacTeii, 0r, 02 - 83:e:M,yTH RX pacnonom:eHM, 
.for = 82 .- er >o, 

cP,, (0)-:::/4 [I:!. c,-1~~/J;_,J ~~#-,</0)]. (4) 

B STKX BHpam:eHMX BepXHd 8HaR OTHOCKTCSI R pa)lH8Jll,HOMY, HHlitIDl:tt - R 
BRCKanLHOM.Y ,ItBKllt8HHD, a ~o K Qo - orK68DllWI K qacTOTa COOTBeTCTBYlll!e
ro BH)la xone6a!Dti!: npK OTCYTCTBRH noxanLHHX HeO)lHOpO)lHOCTett. 

JlanLHe:lmlaSI onTm.m3arum nap~eTpOB B036y.IJ;HTeJ.tR: K pereHepaTopa npo
BO.Ill!nBCL Ha ocHoBe tracneHHoro MO)lempoBaHHH npoQecca B036y~eHM pa
,1'.J;iiBnLHHX 1t0ne6amtli c noMOUU,D nporpaMM CYCLOPS , MAXCOLA K SIMP Z ~). 
PaBHOBecHHe op6KTH qacTHQ onpe)lemmcr, no nporpaMMe CYCLOPS K tracneH
HO, nyTeM Haxo~eHM .ItBYX conpmteHHHX pemem 'A71R: mHeap:itsOBaHHHX 
ypaBHeHd cBo6o,mmx Kone6am, onpe)lemimcr, qacToTH K sneMeHTH MBTPR
QH o6opoTa HeB03MYlll8HHOrO ,ItBRllteHM. 8TH )laHHHe JIBnHnKCL RCXO,IllmMR 'Alll'I 
nporpaMMS MAXCOLA, B ROTopott 'A71R: KBllt)loro nonom:emm B036y,IJ;HTem (P) 
OTHOCKTelll,HO ~a3H OCHOBHOtt rapMOHHRH MarHHTHOro nolll'I pacctraTHBamcr, 
onTJ.tManLHHe nonom:eHHSI pereHepaTopa (R) K 3HaqeHHSJ c:itn P :it~, cooTBeT
CTBYBl!lHe Beim~e MBKCHManLHOro pa3)leneHM op6RT Ha 83:e:M,yTe BXO)la B 
OTKnORflmtllff RaHan npK coxpaHeHJ.tJ.t 8KCK8nLHO! YCTOfftraBocm. ,!t,m mz6paH
HHX napaMeTpoB B036y~Tem K pereHepaTopa ( Grp = -0,031 Tn/cM; 
GR =0,02? Tn/cM; olr=d2=5, ?0;_ !3-r=62,5°) :$peKTRBHOCTL 386poca )llll'I 

Haqalll,HHX SHeprd pacxa~ ~=660 MaB K ~=6?0 MsB (Ag=O), npR PBBHO
MepHOM pacnpe)lenemi:H qacTHQ no aMIInHTY'AaM CBo6o,mmx Kone6am (A2 ~ 3 
CM; A~ ~I,3 CM). COCTBBKna 53%. IlpR aH8nR3e noTepr, nyq!{a 6sno 38Meqe
HO yBenHqeHKe (B I,5+2 pa3a) orn6aBl!lHX 8KCR8Jll,HilX KOne6aHHR Ha noc
ne,mrnx o6opoTaX 'Alll'I A2> I, 5 CM 38 cqeT npR6nHllt8Hrui MI'HOBeHHO! qacTOTH 
Qt K pe30HBHCHOMY 3Haqemn> Q.a =0, 5. ,n;Jllt nOHRllt8HM qacTOTH QZ 6Hna 

BBe)leHa )lOnOnHRTenLHruI H80,llHOpO)lHOCTL TRn8 pereHepBTOp (R_n), pacnono
llt8HHruI 38 B086y)lRTeneM, qTo ll08BOmno nonytraTL aqqieKTRBHOCTL 3a6poca 
68% i19£). 

*>cohen R. et al. IEEE Trans. on Nucl. Sci. Ns-16, No J, 1969, p.434. 

u) Bopo~OB C.E. R .Iq). OIDIH P9-?954, l{y6Ha, 19?4. 
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Ilapru.!eTpH OTRnOHHD11ero RBHana 6sim BH6pBHH HB OCHOBBHRH pacqeTB 
BHBO,DlmX TpaexTopd no ypaBHeHHSIM ,ItBRlltemur R OrR68mtl!X nyqxa c noM0-
1111,ll MBTpR~oro MeTo,na. :?a oceByll TpaeitTopRll RBHana npmmManacr, ~aex
TOPRH qac'l'Jlml, pacnonom:eHHoff B SOHe MBRCRMBJll,HOff nnOTHOCTR qBQTRQ B 
p8,I1;HBlll,HOM qi880BOM llpOCTpB,HCTBe HB BXO)le B OTRllOHHmtl!ff KaHBn. BBe,Ite
HRe oceBoff ~88RTOPRR no3BOJIRno OT)lenLHO paccMBTPRBBTL OTRllOHHmtl!6 K 
qiORYCRPYmtl!8 CBO!CTBB ceI<Qd RBHana. C nOMOlllLD COS)l8HHHX BBTOPOM npo
rpBMM 6am BH6paHH Be~ CHRllteHHSI K rpa.IJ;HeHTH MBrHHTHOro nolll'I, 
88:e:M,yTBnLHHe npoTSillt8HHOCTK, anepTypH R pa.IJ;HyCH KpRBRSHH ceRQd OTKnO
HSilll!ero KBHana. KpRTepReM OllTKMSllLHOCTK BH6opa .ItaHHHX napru.!eTpOB HB

mnocr, OTRnOHemi:e nyqxa B 38,I{8HHOM HanpaBneHKK C ~llLHHMK noTepSI
MK R nonyqeHKe MmmMalll,HHX nonepe'll!Hx pa3MepoB nyqxa HB BXO)le B c1rc
T8JIAY TpBHcnopTB:pOBRR. IlpR 8TOM J'Ill:THBBnacr, npBKmqecxrui: BOSMO!KHOCTL 
nonyqeHRSJ Tpe6yewx MBrHRTHHX none! B ceRitIDIX KaHana • 

CxeMa paSMememur aneMeHTOB cRcTeMH mrno.na nyqxa B KBMepe qiaso~o
Ha nORB38HB HB PRC.I, a RX napBMeTpH npRBe)leHH B Ta6n.2. 

... ~-,.,,t., 

800 zaw, 

PKc.I. CxeMa paSMemeHM CRCTeMl:l BHBO)la nyqxa B KaMepe (p830TPOHB, 
ronOBHHX aneMeHTOB npoTOHHOro TP8KT8 R xapBKTepRC'l'KRR 

'MBrRKTHoro nom (B - cpe)lHee none; B4, B8, If' 4, ':Is - qeT
BepTWI K BOCLMWI rapMomnm noJIH K KX qia3H) B o6nacTR pac
nonom:eHM aTKX sneMeHTOB. P - B036Y.IJ;HTenr,, R- pereHepa
Top, I-IY - cexmm m:enesHO-TOROBoro ItBHBna, I,2 - BHBO'A
HHe TpaeKTOPRR oceBott qacmQH )llllt BenR~ CHllllt8HM MaI'HR
rnoro llOJ.tR: (A.B) B ceRIUmX OTKnOHHD11ero KBHana, npHBe)leH
HHX B TB6RRQe. 
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Ta6,mga 2. IIapaMe'l'pH CHC'l'eMH mrao.na 

8neMeHTH CHCTeMB Asm&yT. Arre:eTIEa PB.mI.Yc 
dAB-.10~ BHBO,Ita IIpOTJI-

2a.~ 
xpmm- d8 llt8HHOCTI, .Za.e SHH d-2 

(rpa.n;.) (CM) (CM) (CM) (Tn) (T1lfcM) 
Bos6y.n;HTen1, 5,7 - - - - -3IO 
PereHepaTop 5,7 - - - - 270 
.nono nHHTe n1,1Mt 3,0 - - - - 350 pereH8jlBTOP 
MamH'l'Hl:lft KBHan 
I ateneSHO-'l'OKOBSJI I7,7 ·r,8 2,4 406,6 -0,47/-0,45 I50/30 
II cpeppoMBI'IDITHBJI 4,5 2,2 2,4 422,0 -0,4 -IOO 

m cpeppoMarmi:THaJI IO,O 2,6 2,4 495,8 -0,54 -IOO 
r::, cpeppOMBrHH'l'HBJI 8,0 5,0 3,0 - 0 IOOO 

Pacqe'l'Hl:le IIOIIepe'iH&e paSMeps IIYtJKB B,IJ;On:E, 'l'pBBR'l'OPD liI 8KCeIIT8HC 
xaHana npne.n;eHH Ha pHc.2. Bem'ill:HH om6allQlll nonyqeHH .n;JIJI MOHOSHep
reTH'iecxoro nyqxa IIPOTOHOB IIPH TPBHCIIOpTHpoBRe ero B BBRYYMe. 

,!'., 

,"'1) . ((W) 

, .. ,-~ 
., 

..,,, 

_.;J 

,. 

Plll:c.2. Om6a1111He nyqxa .n;JIJI BHBO.D:HHX 
'l'PBBK'l'Opd'I,2 (pHc.I) H BKCBII'l'SHCe 
0T1tnorun:111ero xaHana. Gr -£'.15 - rpa.n;H
eHm MarHHTHoro no111I B cexmmx KBHana. 

Pas6poc no sHeprHH ± 3,2 MsB npno.n;HT 
K JBenll:'iBHIIID ropRSOHTBn:E,HOro pasMepa 
nyqxa Ha wxo.n;e :e:s xBMepe ycxop:l!'l'em 
B I,6 pasa. TaKHM o6pasoM, om.naeMWi 
nonepe'll!Wl: pasMep BSBe.n;eHHoro nytJKa 
6y.n;e'l' paBeH ... (3xI) cJ?-, a IIOTepH BOT
KnOHJimteM KBHane COCTBBIIT (5+7)% 0'1' 
B8nH-.:mHH sa6pomeHHoro. 

B, T;eenea rnaBe .n;HccepTamm pac
CMOTpeHS BOIIpoce cpopwpoBBHID! MBrHHTHOro II011lt B sneMeHTBX CHCTeMEl BS
BO,Ita, mHMMHpOBBHHJI BOBMJill8Hd MarHHTHOro nom cpasoTpOHa, o6ycnoBneH
HSX OTitnOHJIIIllllM KBHanoM, H 8KCnepHMeHTBn:E,Hee pesynuam !IO BilBO.IJy 
IIytJKa. HS cpasoTpoHa OlfffiI. ManmTHSe II01IJI ,Il;JIJI cpeppoMarHHTHSX sneMeHTOB 
ce:cTeMli BeBo.n;a nyqxa (P, R , ~• II, m III T:Y cexmm KBHana) cpopMHpy
mcJI c noMOlll!>D atenesHex nnacTHH KOHeqgo:ii .n;nHHY, pacnonoateHHSx onpe.n;e
neinmM o6pasOM OTHOCHTenbHO cpe.n;Heft nnOCKOCTH YCKOPHTeJIJI. OcHOBHSe H 
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m:HMMli{PJD!IHe nnacTHHS Kall!.n;oro sneMeHTa pacnonoateim B cHn1,Ho Heo,IJ;Hopo.n;
HOM MarHHTHOM none cpaSO'l'pOHa no PB.mI.YCY H asm&y'l'y.Pacqem MBrHH'l'Hl:lX 
none:ll (B .n;HccepTamm .naHo ormcaHHe nporpa~ cos.naHHBx BBTopoM) He no
BBOJIJill'l' C ,Il;OC'l'B'l'OtmOi TO'iHOC'l'l,D BS6pa'l'I> reoMe'l'pR'iecKRe paSMepe·nnacTHH1 
H OHi/I KCIIOn:E,SOBamc1, KBR ~epBoe 1IpH6mateHKe.01toH'i8'l'en1,Ho M8I'IDI'l'Hl:le 
II01IJI B cpeppoMarHIIITHHX sneMBH'l'BX cpopMHpOBamc1, Ha MO.n;emx KB pa60'iBM 
sasope MarHHTa.B pesyn:E,TaTe pacqeTa H Mo.n;empoBaHHII 6am nonyqeim xa
paxTepHC'l'HKH MarHHTHOro nonJI (Ta6n.2) B pa6o'iHX B8p'l'HR8n:E,HOi H pa,llR-
8/ll,HOtt anepTypax.Ipa.n;HeHTH MarHH'l'HOro nom .n;nJI PH R (G2=-0,03I Tn/cM 
R GR=0,027 Tn/cM) c TO'iHOC'l'l,D ... 2% BHIIOnHJill'l'CJI B HHTepBane 42=7;5 CM 
C B0nR'iHHO:l! nepeXO.n;HOi BOHS .., 3, 5 CM. Bo3MYilleHM MBrHHTHOro IIO]lf{ B 06-
nacTH xnrpxympy1I11ero nytJKa oT II H m cexitl!fi xaHana He npeBmuaDT 30· 
rcr4 Tn, J:Y cexmm He BHOCHT BOBMJill8Hd B 30H8 pacxa"tJIW p8.n;H8n:E,HSX 

xone6aHd. 
IIpR m6ope napaMe'l'pOB TOKOBSX 06MOTOK atenesHO-TOKOBOft C8Kin!H RaHa

na (JKTC) 6am 11cc11e.n;0Bami H pemeHH npo6new, BOSHHKSD!IHe np:e: cos.n;aHRH 
cenTJMHHX MBI'IDITOB C Bl,ICOKOi nnOTHOC'l'l,D 'l'OKB (>50 A/~): 

I. Bs6paHa OIITHMBn:E,HBJI cxeMa oxnaat.n;eHRJI C8IITYMHOfi o6MOTKIII C yqe'l'OM 
pa.n;HBin!OHHOro HarpeBa R MBKCHMan:E,HOft ; IIJIOTHOC1'H TOK8 I75 A/~, nos
BO]lf{Bll!8JI nony'il!:Tl, np11I6msHTen:E,HO o.n;Hopo,IJ;Hoe pacnpe.n;eneHHe MarHHTHoro 
no]lf{ B Tpe6yeMoi BepTIIIR8nI,HOi anepType III MHHHMan:E,Hee BOBMJill8HHR: B 06-
nacTH YCKOPJIBMOrO nyqxa. 

2. PacC'iH'1'8HS yc:e:n:im Ha TOKOBee H cpeppOMBrHH'l'Hl:le sneMeHTH ETCH 
BH6paHB·KOHCTPYKIXWI cenTyMa, 06ecne'iHBBDI18JI .n;onycTHMee .n;ecpopMamm no.n; 
.n;e:l!cTBReM snexTpOMarHHTHHX c:e:n :e: TeMIIepaTYPHBX Harpysox. 

3. IIpe.n;noateH cnoco6 :e: cos.n;aHa 6ucTpo.n;eiroTBYmtBJI arrnapaTypa ,Il;]lf{ 
KOHTPOnJI TeMIIepaTYPli C81ITYM8 R OXJI8ll!.n;8Dil8i BO,IJ;e, 

4~ PemeH Bonpoc P~OHHO CTOi!Roil Hs~.~8plKliB8.Xllteii: T8IJJ10Bli8 
.n;ecpopMailHIII H SHaKonepeMeHHSe HarpysKII!, o6ycnOB118HHH8 H8CT86Rn:E,HOCTI,D 
H nyn1,camrm.m TOKa IIICTO'ilil/IRB IIIIIT8HHJI. 

5. PemeHa npo6neMa BBO.n;B B B8KYYMHY'8l K8Mepy TOK8 (I2 KA) H oxnaat
.n;anneft Bo.n;e c o6ecneqeHHeM Tpe6yewx perympoBOK pa.n;Han1,Horo nonoate
HHJI KBHana. 

Pacqem MarHHTHOro IIOlllI B ETC npOBO,Il;HnllICl, C J'i8TOM pea~Horo ceqe
HHR: H KOHcpHrypamr:e: TOKOBSX H cpeppOM8rHHTHliX 8118M8HTOB. B pesyn:E,T8T8 
6una nonyqeHa nonHBJI TOnorpacp:im M8rHHTHOro noJlJI B saBHCHMOCTH 0'1' .n;o
Hli R np:e: OTXO.n;e OT cpe.n;He:lt nnOCKOCTR. Ha OCHOB8HIIIIII paC'i8THWC .n;aHHSX 
6Hn HSrOTOB118H nPJIM01111!HealM! M8K8T ETC B M8CmTa6e I:I,Ha xqTOfOM 6HJia 
IIISMepeHa TOIIOrpacpmi: MBrHHTHoro nom H orrpe.n;eneHH BOSMOlltHOCTIII lllllIMMRpO
B8HWI 38 C'i8T nepepacnpe.n;eneHHJI TOKOB B 06MOTKBX ceruum, npoBepeHa 
Eli6P8HH8JI CX8Ma oxnall!,Il;emtJI III onpe.n;eneHS TeximqecKHe H 8KCnnyaTBilHOH
Hli8 xapaKTepHCTHKR ceKinIH • .IT.aHHBe pacqeTa H Mo.n;e,mpOB8HHR: JIBH7.lliC!, oc-
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HOBamreM ,nlJJI HsroTOBnemm pa6oqero-BapHBHTB lK'l'C. l!ITC COCTOKT HS qieppo
MBrHRTHO! IInBCTKHH, ceIITYMHOil H ROppeKTl!pYlllleff 06MOTOK,PBCCtm'1'8HHHX 
Ha pa6otmil TOK II RAH 3,I RA cooTBeTcTBeHHo. CeIITYMHBli o6MOTRB BHIIO
nHeHa B B~e .IUlYX He8BBHCRMO oxnal!l',JlBeWX BK'l'ROB,C08~8HHHX noCJ.Ie.no:sa
TWHO no TOKY,B pesynTaTe qero cyw,mpmrtl: TOR B cen'cyMe paB8H 22 RA. 
TOJilllillla BXO.IlllOff qacm cenTYMS COCTBBlJJieT 0,4 CM H YBe~aeTOJI 
(no ,IUl!.llltemrn IIJqita) .no I,O CM, HBtmHB.ll c 40 CM, IIP!.I STOM nnoTHOCTK 
TOKB COOTB8TCTB8HHO paBHH I75 A/Mlf' H 55 A/Mlf'. CenTyMHHe IIJIBCTKHH 
Ha6paH!:l !.18 M8;mn{X Tpy6oK ceqemreM 0,4x0,86 CM R I,OxI,O CM c OTBep
CTKeM .nlllI oxnalll'.,lleHIDJ 0,2x0,66 CM H .tS0,56 CM COOTB8TCTB8HHO. KoppeK
TJ!PYDIIB-R 06MOTKB BHIIOnHeHa B ~e .IUlYX BKTKOB,C:l!IMM8TPH'lli0 pacnOJIOJ!t8H
HWC OTHOCHT81II>HO cpe.Illlel IInOCKOCTK, H H8I'OTOBR8HB HS Me.IlllOff Tpy6KH 
ceqeHHeM I,OxI,O CM. C OTBepcTH8M .nlllI OXnalll'.,llemm .tS0,56 CM. B xaqecT
Be H80n.imHH HCIIORL8Y8TCH OICHCL ann.mHWl: CAe203), HBH:C8HHM MeTo.noM 
nnasMeHHoro Harmnemm Ha .neTB711IX Kopnyca H ceIIT.YMHHX nnacTHHax, Mmta
neaTa H CT8KRO'l'RBHL. 

IlHTBHKe o6MOTOK l!ITC OC.Ylll8CTB7III8TCJI OT CTB~PTH!:lX BWpaMHTenL!mX 
arperaTOB C HOMHH81II,HliMH TOKBMH H HBIIP/illteHrun.m, COOTBeTCTBeHHo paBHH
MH: I8=I2,5 KA, UH=I2 B - .mm cenTyMHott :e: IH=3,4 RA, Ua=I2 B - ,nlllI 

xoppeKTHPYlllleil 06MOTOK. BHIIP/iMHTen:e: CHB6llteHH CTa6Hn:e:8aTopaMH,mmOJIHeH
lIHMH Ha 6ase MBrHKTHHX KOMIIapaTOpoB ,o<lecneqHBamtm,m CT86H1II>HOCTL TO
KB Ha YPOBH8 Io-3. CHnOBBH qacTL BHIIPffMHTeneff CMOHTKpOBaHB Ha Bep:meff 
6alllte HpMa MBrHHTB YCKOPHT8lllI, a CTO!KH ynpaBneHHH H CT86Hn:e:srunmpac
nOJIOJt8HH Ha paccTOHHHH ..,200 M OT YCKOPHTelJJI. TOK K 06MOTKBM l!ITC no.n
BO,nHTM C noMomLD anu.mmreBHX Bo.nooxnal!l',JlBeWX llllIBOIIPOBO,noB, Me~x 

· I'Jil:6KHX nepexo.noB H KOBKCHBRLHHX TOROBo.norro,IUlo,noB. IlpH pa60ql{X TORBX B 
06MOTKaX ceKIUm TeMIIepaTypa BO,lll:l Ha mxo.ne H8 KOBRCHanoB COCTBB7III8'1' 
57° C .n7III cenTyMHoil H 52° C .n7III KORPeRTHPYlllleil, IIPH BXO.IlllOil TeMIIepa-
. Type BO,lll:l 20° C H ,IlBBneHHH 5 Kr/cNf. lia.neH:e:e HBIIP/illteHM H noTpe6lllie
MM MOmHOCTL B 06MO'l'RBX l!ITC (UI, PI), ROBKCHBJU,HHX (U2, P2) H rH6RHX 
(U 3• P3) TOROIIO,IUlO,nax, a TaKllt8 cyMMBpHHe B8nHql{Hl:l npne.neHH B Ta6n.3. 

!a6,m:ga 3. 9nettTpHqecRH8 xapBKTepHCTHKH lltenesHO-TOROBOff CeKIUm 

I ¼ Pr U2 P2 U3 P3 ~u zp 
(A) •. (B) (RBT) (B) (JtBT) (B) (KBT) (B) (RBT) 

CeIITYMHM o6MO'l'RB 
IIOOO 7,4 • 8I,4 o, 7. 7,7 O,I I,I 8,2 90,2 

KoppeRTHPYDIIM 06MOTRB 
3IOO 4,I I2,7I 0,4 I,24 · 0,3 0,93 4,8 14,88 

IlpH pa6otmx TORBX B 06MOTKBX C8KQHH 6Hm nonyqeHH Tpe6yeMRe MBIHH-
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THHe ·IIOJlll B anepType l!ITC (Ta6n.2). 06- ~ CHCTeMH BHBO.nB ny~a B _ 
KBMepe YCKOpllT8llll nORBSBH HB pHc.3. , 

PHc .3. CHcTeMa BHBO,na IIJql(8 qJ880TpOHB OIDill. 

Jllm IIIHMMHPOBaHHI! B081.Wlll8Hd MBI'HHTHoro IIOlllI qiasoTpoaa, o6ycnoBneH
HHX llteneSHO-TOICOBHM KBHBROM, npe.nnollteHB H paspa60TBHa HOBM CHC'1'8MB 
IIIHMMKPYllllHX sneMeHTOB (pHc.4), pacnonollteHHHXHa.n IIRBKHPOBKO! YCROPH
TenLHOI RBMepu. 

PHc.4. CxeMB paSMemeHWl: CHCT8MR Bimo.na 
nJql(B H IIIHMMHPYDIIHX sneMeHTOB B KBMepe 
qiasoTpOHB. P - BOS6y,nHTenL, R.non.- .no-

. IIOnHHTenLHH! pereHepaTop, R - pereHepa
TOP, I - IY - c eKQHH RaHa na, I -4 - .n»
pann.oorneme nnacTKHH .n7III 1tpenneHM ce
KTOPHHX IIIHMM, (!) - TORmHHB B MM ceRTO
pm.rx lllHMM. 

9To II08Bomno 8HB-rmTenLHO CORpamTL BpeMa:·IIO qJOPMHPOBBHHD MBrHHTHOro 
IIOlJJI qJBSOTpOHB C OTRnOHHD!IBM RBHSROM. MarHHTH!:le nolJJI B086Y.nHTelJJI H 
pereaepaTopa, nony~eHHHe B pesy1II>TaTe pacqeTa H Mo.nenKpoBBHHI! HB cTe
a.ne, He IIOTpe6oBam .nononHHT81II>Horo lllHMMl!poBaHIDI B none qiasoTpoHa. 
XapBKTepKCTHKH MBI'HHTHOro IIOlJJI qJBSOTJ)OHB C CHCT8MOH Bimo.na (pHc.5,6) 
o6ecneql{BBDT ycxopemre npoTOHOB .no ttoaeqgoro pa,n11yca H y,noBneTBOP/iDT 
Tpe6oBaHHHM pereHepaTKBHoro MeTo.na sa6poca qacTmt B O'l'RnoHH'OIIHff RaHan. 

ll 



TO'IHOCTI, RSMepemm axcnanLHOtt KOMIIOHeH'l'H MBI'ffiITHOrO nolIS:I COCTaBllflna 
±r·ro-4 Tn. 

-1~ ~\ 
-2 

1n, 
MJI 

PRc.5. XapaRTepHCTmtll MaI'HR'l'HOro nollfl 
@asoTpoHa Ha KOHe'IHHX pa,D;l!!ycax. I -
BMpe6., 2 - .4B.!',· 3 - Ge, 4 - Q,a, 
5 - Bil. -- - 6es CllCTeM!l BHBO,Ita, 
--- C OTKROHJIDIIIDd KaHanoM n ceRTOP
HHMH nmMMaMH pnc.4. 

IlpoBe,nemme tmcnemme pac"<JeTli SMl'!T-. 
TaHca n sHeprem-qecxoro pacnpe,nene
HIDI ny-qRa Ha BXO,ne B KaHan ,Itllfl c@op
MRPOBaHHOro MBI'HRTHOrO no11.fI @asoTpoHa 
noKasann, '<JTO om,naeMaa: SHeprR!I BHBe

,neHHOro ny"<JRa 6y,neT paBHa(664±3,2)MsB, a appexTKBwe pa,D;Ra1.U,Hlili R aK
cHa nI>mtlt SMHTTaHCl,I 6 a=~~ 2, 0 Ji CM MPS.It. 

r.!r.)e;,, .............. -, 
r .,,,,,,,, ' .,,J,,,,.,,,,,, \ 

10191-/ \ 

,~ \ fJ 
·tr \ 

i· 5 

0 .... .... ---$ ......... _~:::==-:;,·?::::. ___ ""-2' 

-2' 

{CN} 

PRc.6. AMnmITY.Itli n @as1,1 nepBott (cnnoimme 
nRHRR) ll BTOpott (nJHKTRp) rapMOHRK MarHRT
HOro nolIS:I B SOHe BliBO,na. I,I'- 6es cncTeM!l 

I . I 
Bl,IBO,Ila, 2,2 - c O'l'KJlOHJillllRM KBHanoM, 3,3 -
c cncTeMott BHBo.na (Bos6y,D;RTe1.U, n pereHepa
Top B pa6o"<JeM nonollteHRR), 4 - c CRCTeMOH 
BliBO,na (nocTaBneH .nononHHTenLHHli pereHepa
Top), 5 - sneMeHm CHCT8Mll mBO,na KBR B 4, 
HO MarHHTHoe none nsMepeHo .Itllfl~= 0,5 CM. 

Sttcnepl[MeHTanLwe nccne,noBamm CllCTew 
mBo,na_61,1m npoBe,neHli B na sTana. B nep:a
o.n @:asH"<JecRoro nycKa ( I984 r. ) ,nJIS:1 c@op
MRpoBaHHoro MarHHTHoro noJ1JI @asoTpoHa 6es 
OTKROHJill!lero KaHana ll ,D;OllOnHHTenI>HOrO pe-
reHepaTopa (pllc.5, IlJHKTHpHlie nRHRR) 61,1na 

Hccne.noBaHa cHcTeMa sa6poca ny"<JRa. B pesynI>TaTe nccne.noBaHHtt 61,1m on
pe,neneHli: 

a) Bem'q}IHa sa6poca ny"<JRa Ha Bxo,ne B oTxnoIDill!IRtt xaHan, npn pac-qe
THOM pacnonollteHKR BOs6y,D;RTellfl K pereHepaTopa, 

6) saBRCHMOCm BelIK'qKH!,I sa6poca OT pa,ItKBHI>Horo llOlIOlltemm P n R 
B) pacnpe,neneHne nnoTHOCTH sapg,na no Bellll'ql!He sa6poca; 
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r) BP:Cli!anr.mnt paSMep nytrita K ero nonollteHJi!e OTHOCJi!Telll,HO cpe.n;Hea 
nnOCKOCD YCROPli!TelIS:I. B1,1no nOKBSBHO (p!i!c.7), 'q'l'O HB OCHOBe pereHepa
THBHOro MeTo,na Bos6yll',Ilemra PB.ItKBlll,HI,IX Kone6aHK:A o6ecne-inraaeroa Heo6-
XO,D;IIM1Ul Belilf'mHa sa6poca ny"<JRa Ha BXO,ne ornnowm11ero KBHana (.o.~ax = 
2,6 cM) np:e: coxpaHeHli!li! BP:cnanLHoro paSMepa ~i axz I,O cM) :e: np:e:6n:e:-. m 
sll'l'ellI,Ho paBHoMepHoro pacnpe.nenemm nnoTHocm sapHJta no Bem'ql!He sa6-
poca. 

PRc.7. ABTorpa@1,1 ny"<JRa npli! HSMeHeHRlil pa
.ItKanLHoro nonolltemm Bos6y,nnT~m (RP) :e: 
pereHepaTopa (RR) :e: B o6nac~ pacKa'<JKH 
pa,D;RaJU,HUX KOne6aHK:A np:e: pac"<Je'l'HOM nono
lltemm Bos6y,nnTeJIS:1 n pereHepaTopa.i= 0 -
cpe.ItHWI nnocxocTL ycKop:e:Tem, RaB - pa
.Itli!YC npo6mma HB BXO,ne B KBHan. 

Uy"<JoR BHBe,neHHlix npoTOHOB 6Hn nony"<JeH B anpene I985 ro.na. TpaeKTO
pmi: BHBe,neHHOro IIY'<JRa C TO'IHOCTI,ll ~r CM COBnana C p8C'q8'l'HO! HB BXO,ne. 
B ornnoHJill!IRtt Marmi:T CII-35 (p:e:c .I, RPRBM I). Sttcnep:e:MeHTanLwe :e:c
cne.noBaHR!I CHCTeM!l BHBO,Ila npOBO.ItKnRCI, 6es R.non. np:e: BMlllllITy,nax YCKO,Pll
llll!ero HBllp!lllteHH.11 Ha 'W.CTOTax SaxBaTa( ;/, = I8,IB Mrtt) n BHBO,na ( :F =I4,4 
Mrtt), cooTBeTcTBeHHo paBHlix 32 KB n 25 RB; 

.nm ,ItKarHOCTHKH ny"<JRa :e:cnonLSOBanRCI, cne,nylllllle MeTO,Itli: 
I • .no pa,ItKyca IM (sHeprR!i IIPOTOHOB~70 MsB) TOK ny"<JRa :e:SMep!IIICH 

TpexnaMenLHliM npo6HHKOM, 'qTO ,IlaBano TaKllte HH@OPMBinlll 06 aRCHanLHOM no
nollteH:e::e: IIY'<JRa oTHoc:e:TenI>HO cpe,D;Hett nnocKocm. 

2. Han:e:'ql!e ycxopeHHoro ny-qRa Ha pa.ItKycax ::,,0, 5 M onpe,nemnocL c no
MOlllI,ll CQHHTHnmnntOHHOro .neTeRTOpa no raMMa-H Heil:TPOHHOMY HSny'q8Hli!ll, 
o6pasyllll!eMy-ca npn BSaHMo,neicTBlf.111 ny"<JRa c MlilllleHL!l npo6HHKa • 

3. HSMepeHR!I HHTBHCHBHOC'l'H BHYTPeHHero IIy"<JRa Ha pa,ItKycax R = I07 ,5, 
145, !83, 222,5, 262 CM IIpOBO,ItKnRCI, C noMOlllI,ll HH,nyRQHOHHl,IX ,naT

'<JHKOB ,nmp(pepeJmliI!)Ymtero Tnna Cnnxan-sneRTpo,noB). To'Illocn nsMepeHR!I 
TOKa IIy'IKa COCTaM&7Ia .., IQ%. 
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4. HH'reHCl!lllHOC'l'I, :a pacnpe.nenemi:e IlllOTHOCTK sapH,Ita npOTOHHOro ny,ma 
Ha BXO)le ll B.JJ:Olll> )llllIHH O'l'KllOH.llmtero KaHalla_ onpe,nellf!71l![CI, aKTW3aI!KOHilllM 
MeTO)lOM, a Ha BI:lXo,ne l!8 YCKOp:e:Telll>HO! KaMeJ)H - aKTHBamJOHHHM ll KallCr
pl!MeTp:e:qecKl!M MeTo.nru,m. To'lHOCTI, H8Mepemm: )llll! .nammx MeTO)lOB COCTaB
ll!IeT ,.,rQ%. 

5. P8,IOtalll>HOe l! aKCl!aJII,HOe IIOllOEemut lIJqJta, IIO OTHOIIIBHll'.ll K anepTy
PBM ceKmJ! OTKllOH.l!Dnero KaHana, onpe,nena:71HCI, C IIOMOIJlI,ll MIIOronaMem,HHX 
H ~epeHIUlalll>HHX )laTttllltOB BTOpR'lHO! SMl!CCl!H, paspa60T8HlmX aBTOpOM. 

6. C IIOMOIJlI,'() BBTOrpacpOB Ha C'l'eRne onpe.nell!I1IHCI, O'l'KllOHeHWI OT cpe.n
Heii nnocRocm, aRc:e:alll>HW!: pasMep, Be~a sa6poca :e: nonepe~ pas
Mep BHBe,neHHoro ny,ma. 

Ha p:e:c.8 IIOR88aHH BBTorpacpH ny'lllta B.JJ:0711> BHBO)lHO! TpaeRTOPHR, IIOllY
qeHmte B TOtJRaX ~• Ilr, 113, A R Ha BXO,ne B Cil-35 (p:e:c.I, TpaeRTOPM I} 

PHc • 8. ABTorpacpH IIY'lllta B)lOJII, BHBO.JJ:HOI TpaeRT!)PHR I (p:e:c •I)• 

IJyqoK xopomo ccpoKyc:e:poBaH B.JJ:Olll> .nmmt KaHana Hero nonepeqmte pasMeIJH 
c TOqHOCTI,ll IO% cornacyll'l'CJI c pesylll>T8T8MII pacqem (pzc.2, RpHBHe I). 
TaK KBR pa,n:e:alll>HHe anepTJPH ceKmJ! KBH8718 (Ta6n.2) 607II,W8 COO'l'BeTCTBY
DllHX nonepeqffllx pasMepoB rry'lllta, TO HMeeTca BOSMomocT1> .nna cornacoBa-• 
HM TpaeKTOPRR BHBe.neimoro IIJ'lllta C OIITHqeCKO:l:l: OCI,I) IIpOTOHHOro TpaRTa 
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6es IIO'l'epH llHTeHCl!lllHOCTR BHYTPR O'l'K710Hllmtero RaHana. 8Kcnepl!MeHT87II,HO 
6H710 onpe,neneHO,qTo llpli pasBopoTe ItaHa.na OTHOCHT8J.II,HO mco.na Ha ±,0,I CM 
mme.nemmtt nyqoK CMemaeTca Ha BXo.ne B CII-35 Ha ±0,7 cM. 

HsMepeHIDJ RHTeHCl!BHOCTH ny~a aR'l'l!BaI!KOHHHM MeTO)lOM IIOKasam, qTo 
K09W:mt:lleHT BHBO,na COCT8B7PieT 50 + 70 %, a IIOTep:e: BHYTPH O'l'K710Hf.!Dne
ro KaHana He npeBHmallT IO%. SqxlieK'l'W3HOCTI, BHBO)la, H8MepeHH8H C IIOMCr
llU,I) mJ.nYKinlOHHHX .naT~OB (R= 262 CM) H K8710pHMeTpa' COCTaBH71a .... 60%, 
np:e: TORe BHBe,neHHoro ny'lllta ... 2 MRA. • 
. Be~q:e:mz ropH80HT871I,HOro l! aR8l!a7II,HOro SMl!TTBHCOB IIJ'lllt8 6H71H li8Me
peHH MeTO.JJ:OM nonepeqmtX ceqeHd~. IlpcxpHm BHBe.neHHoro IIJ'lllta HSMepsi
mcI> B Tpex TO'llltBX 88 MHmeHHO:lt CT8HmJeff (MC) npli BR711)qeHHOM M8rHHTe 
CII-35 (pnc. I) • .n:na: pactJeTa SMl!'l'TaHCOB HCII071I,80B871HCI, pa3Meps npocp1111eff 
IIJ'lllta Ha YPOBHe 0,9, 'ITO COOTBeTCTBJeT npH67mSHTe7II,HO 95% qacT:mt. Iler
llJ'IJeHHHe 8Haqemm: aqxpeKTliBHHX SMl!TTaHCOB B TO'lllte (pOKyca (TO'lllta F, PRC. 
I) COOTBeTCTBeHHo P8BHH ,;. = .(6, 9 ± I, 4) %CM•M})8)l :a 4 =(3,3 ± 0, 8) :It 
CM• Mpa,n. PactJeTmze 8H8tJeHM aqxpeR'l'l!BHHX SMl!TTaHCOB B 8TO:li TO'lllte, C 
ytJeToM pas6poca no ooepro ± 3,2 MaB,l!MeDT BemtJHHH,cx = 4,35.iCM•MPa,IJ; 

li CE-= 2, 0 $CM MpB)l. B pactJeTe He J'lHTl:lBa710CI, .nettCTBHe Ha nyqoR BHIIY
CRHOi!: ,n:e:acppa!'MH li liOHR88QHOHHOii RaMeps, RMellllHX o6my!l T0711111IBY ... soCMRM 
(ann.mHd) R ytJacTita B08,llYX8 )l71l!HO:l:l: ~5 M. HanJ!qlle 710Ra71E.HHX li IlpOTH
EeHHHX pacce:e:BaTenett cymecTBeHHO B1IID18T Ha paSMepH a.mTTaHCOB nyqKaH) 

' np:e:qeM Bemqea BOS)le!CTBM Cli71E,HO saBHCliT OT RCXO)lHHX pasMepoB. Y,m-
THBBH, 'ITO Ha cpasoTpOHe IIPOBO;niITCH pa6om IIO OIIT:l!Mli88rnra napaMeTpOB 
pa6oTaDllHX CRCT9M l! BBO,llY HOBHX, KOTOpHe BJll!lill'l' Ha napaMeTpH BHBe,neH
Horo IIy'lllta, OK0ffq8Telll>HHe B871HqJ!HH BMl!TTBHCOB 6y,llYT JTO'IJHlITCH. 

B 1986 rO,llY MaKCHM871!,HaH liHTeHCRBHOCTI, BHJTpeHHero ny'lllta cpasoTpOHa 
)lOBe,neHa .no 7 MRA, ycKopemnm IIJqOR BHBe.neH HS RaMepH YCROPHTena c 
i:qxpeKTl!BHOC'!'I,I) ~50%. liHTeHCRBHOCTE, BHBe,neHHoro IIy'lllta np:e: o6H'lHOii pa-
6oTe COCTaBlll!eT - 2 MRA. C:e:cTeMa BHBO)la pa6oTaeT YCTOil:'IBBO :e: He. Tpe6y-
9'1' IIO.JJ:CTpottrur IIPl! IIOB'l'OPHHX BK7lll'leHMx YCROPJ.ITelll!. B Ta6n.4 IIPHBe)leHO 
cpaBHeHJ.Ie pacqeTHHX R SKCIIepHMeHTa71E.HHX napaMeTpOB BHBe)leHHoro ny'lllta 
cpasoTpoHa OIDIH. 

B KOHUe rnaBH pacCMOTpeHa BOSMOlll'.HOCTI, YB9JIH'IJ8HM aqxpeK'l'lIBHOC'l'l! pe
reHepaTJ.IBHO:l:l: CliCTeMH BHBO)la IIytJRa RS cpasoTpOHa OIDIH IIPH lICII0711>80BaHRR 
B ClIC'l'eMe BHBO)la 8719KTPOCTaTJ.ItJeCROro ,necpneKTOpa C TOnmHHOii ceIITJM8 
O,I CM. 

~) B.M.A6a80B :e: ,np. OIDIH, 9-87-322, .ltr6Ha, 1987. 

a)H.K.A6pocRMoB, M.C.IlepcRd, r.A.B!6oB. B c6.: Tpy.JJ:H IX BcecomHoro 
COB. IIO YCROp. saimatemmx tJaCT:mt. OIDIH,,Itr6Ha, 1985, T. 1, c.352. 
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Ta611Xga 4. IlapaMB'l'PH BHBe~eBHoro IIpO'l'OHHOro 
ny,ma HS qiasoTJ)oHa OHHH 

IlapBMeTPH nytma 

:3Hep!'lm, MsB 

SHepremtrecKllft pas6poc, MBB 

HHTeHCHBHOCTL, p/c 

IlJIO'l'HOCTL HHTeHCJIBHOCTH 
Ha BHXO~e HS KaMepu ?. 
YCKOPRTBZUI, p/cM""•C 

3Itcnepm.i:eHTB7II,HHB 

659 :!:. 6 

3,I :!:. 0,8 

~2,4•roI3 

~0,8•IOI3 

SqlpeKTRBHOC'l'L BHBO,lta, % 50 - 70 

SqlpeKTl1!BHH8 8Ml11'l'TBHCH Cx =( 6, 9±!, 4) T 
B 'l'OtrKe qioeyca .1t1IR 
95% nytma, CM•Mpa.lt c:fe=C3,a±0,8)::r 

OCHOBmlE PESYJil>T.AT!i P.AEO'Thl 

PactreTHHe 

664 

3,2 

53-68 

c.,,=4,35 J1i 

c*=2,0 :,c 

r. BIIBPBH8 ocymecTBneH BHBO.lt ycKopeHHOro nytma IIPOTOHOB C afxpeK
Tl11BHOCTLI> 50:,70 % .ltZUI qJaSO'l'pOHa C IIpOC'l'p8HC'l'B8HHOit Bapl1!mnteit MarHl11'1'
HOrO IIOZUI. MaKCl11M87ll,HaR lllHTBHCl!BBOC'l'L BSB8,lt8HHQro nytma npO'l'OHOB coc
T8BZU111a - 3,8 MKA., C IIJIO'l'HOC'l'LI> lllH'1'8HCl11BHOCTl11 0,8•I013 p/ct?-c Ha BH
XO,lt8 HS KaMepH YCK0Pl11T8ZUI. IlpH o6H'llHOit pa6oTe TOK IIytma paBeH ~ 2 MRA. 

2. Ilpe,!tJIOllteH l1I COS,lt8H HOBH! Tl1III OTRJIOH.11Dll8r0 KBHBJla C TOJIDtl1IHOit 
ceIIT.YMa 0,4 CM H IIJIO'l'HOCTLI> TOKa I'75 Al~. l11M8lllll1!it B H8CKOJILKO pas 
6011I,myll Bemtnmy 0Hl11llt8Hr.tfi MarHRTHOro IIOZUI !IO cpaBHeHl111) C TOKOBHM IIPl11 
paBHOft .1tmme, Tominme CBII'l'YMa H IIOTpe6ZUieMoft MODtHOCTH. HcIIOJILSOBBHlte 
8'l'oro KaHana B Cl11CTeMe BHBO,lta IIy'ma RS qiasoTpoHa OHHH II08BOJIJlllO IIOJIY
'ql1['l'L MaKCl11MaJILmni KOappmn!(8H'l' BHBO.ltB )tJlli .ltBHHOro xnacca YCKOPHTeneff B 
CCCP,trTO COOTB8TCTBY8T ypoBHJO,JtOCTRI"BYTOMY B Ml1!pOBOit npaKTRRe • .IJ,ammtt 
Tl111I KaHana MO~e'l' 6HTL l11CIIOJIL80B8H B CHC'l'eMe BHBO.ltB IIY'llKB ]1[8 In'(KJIO'l'PO
HOB C perympyeMO! 8H8pI'lle!. 

3. IlpoBe,lteH BH6op K_OII'l'HMll88In'{g napaMeTpOB 8Jl8M8H'l'OB Cl11C'l'8M!l BH
BO.ltB, 06ec1Ie'ql1[B8Dlll!IX M8KCl11M87ll,HJI) afxpeKTmlHOC'l'L sa6poca l1[ O'l'KJIOH8HWi• 
IIYtrKa IIpOTOHOB C 8HeprHeff 664 MaB B 88.ltBHHOM H81IpaBJ1emm C MmmMBJILHH
Ml11 IIOTepm.m B KaHane l1I MaJIHM nonepetrHHM pasMepOM ...., 3xI CM Ha BHXO
,lt8 l118 KaMepH YCKOpKTelll'I. 

4. CqiopMRpoBaHH 'l'pe6yewe MarHR'l'HHe IIOIIl'I B 8Jl8M8H'l'aX Cl110'1'8M!l :mrno
)ta. Ilpe,!tJIOllteHa JI paspa6o'l'aHa HOBaJi CKCTeMa mBMMRPYDlll!IX 8Jl8M8H'l'OB ,ltl.llI 
qiopMlitpOBBHRfi MBrHR'l'HOro IIOIIl'I qJB80'l'pOHa B 80H8 BHBO.ltB, 'll'l'O II08BOJ1l11JIO 
sHa'lll'l'eJILHO coxpa'l'l11TL BpeMJI !IO llllIMMHPOBaHRI> B03MYllleHmi MarHRTHoro no
lllI, o6ycnOBJl8HHHX llt8J188HO-TOKOBHM KBHBJIOM. 
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5. Paspa60'l'8HH BTOpl1!'1lH0-8MHCCKOHHHe ,ltBTtmKR, II08BOIIl'IIJlll!l8. l11SM8pSi'l'L 
pa,Itlla JILHOe JI. axcliiallLHOe IIOJIOlltemte nytma BHYTPl11 O'l'KJIOHJIDl!Bro .KBHBJIB. 
HcIIOllLSOBBHHe ,!taHHHX cpe]J:C'l'B ,ltl1larHOC'l'IIKH II08BOZU18T ocymeC'l'Bl.llI'l'L He
npepHBtlH! onepa'l'llBHBit KOH'l'pOllL pB,IUIBJILHOro IIOJIOlltemut nJ'mB !IO O'l'Home

HJII) K anepTypaM K8HBJl8. 
6. PaccMO'l'peH nyn JtBJ1LH'e:ltllero JBBnRtremm afxpeK'l'l1!BHOC'l'l11 pereHepa

THBHOit CKCT8Mll BHBO,lt8 IIytma RS qJSSOTJ)OHB 0Rlm 88 Ctre'l' l11CIIOJIL80BBJU!li 
8Jl8K'l'POC'l'B'l'l11'1l8CKOro ,lteqJJl8K'l'Opa C 'l'OJllllJIHOit CeII'l'JMB 0, I CM. 

Co;tepimmte ,IUICC8p'1'8In'll11 OTPBllt8HO B cne.nylJltllX OCHOBHHX pa6oTax: 
I. AneHJrIUI<d IJ.r., 3BIInaTHH H.JI., llecHoB A.~. O BosMomoc'l'l11 RcnonL

soBBH!im llt8Jl83HO-TOKOBOro xaHana B Cl110'1'8M8 BHBO,lta IIJtrKa KS RSOX
poHHoro In!KJIOTPOHB Y-I20M. - B RH.: MaTepHBJIH II pa6otrero COBema
mm !IO HSO:lCpOHHOMY In'(KJIOTPOHY Y-I20M. - llv6Ha, !972, c. !23-130. 
(IIpeIIpimT / 06Le)t. HH-T .fI,D;BpH. l11CCJl8,ltOB.: P9-624I). 

2. A.c. CCCP J;39ro87 c np:e:opHTB'l'OM OT !97! r. "MarHHTHHff KBHall" • 
Aneimntd 10.r., 3annaTRH H.JI., llecHOB A.~. E1>nneTeHL OlillOT3 

ma, I9'73, c.I75. 
3. AXMBHOB B.B., 3anna'l'lllH H.JI., llecHOB A.~. S?JBKTpOMarHRTHaa ceKilR!l 

KBHBllB B Cl11C'l'eM8 BHBO.ltB IIytrKa HS noxpoHHoro tnIKllOTPOHa. - llv6Ha, 
!974. - II c. (Coo6nteH:He / 06Le)t. KH-T .fI,D;epH. HCCJ18,ltOB. :P5:l-I0306). 

4. Bopo~oB C.E., ••• , lJecHOB A.~. CHc'l'eMB BHB0.1ta trac~ HS tpasoTpo
aa C npocTp8HCTB8HHOit BBPHBin'(eff·MarHR'l'HOro IIOJIH C HCIIOJILSOB8Hl118M 
llt8Jl88HO-TOKOBOro KaHana • - B KH.: Tpy,ltH ill BceCOllSHOro COB8ntaHRfi 
no ycxopHTBZUIM 88pSillt8HHHX qacmn. - M •• HaYKa, !9'73, T.2, 

c.99-103. 
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