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OJfilWl XAPAIIT:EPliCTllKA J?.AJ3()_Thl 

Alt:ryanI>HOCTl> npo6neM!I. IlOMpll30B8HHHe He~TJ)OHH Il IIOJI!ll)Il-

30B8EHlle .fl,nepirue MmlleH!1 E8XO,Ill'IT lllliPOKOe npRMeEeHne B aKcnep:tmeH-

. T8JII>HO:fi (!)R3HKe • Hs 8KCIIepllMeHTOB C MCilOJII>30B8HileM IIOWipl!30BaH

HIDC HC:fiTpOHHUX ~OB ll IIOWipll30B8HHl:IX .H,UepHHX MmJJeHefi IIOJzy"<I8DT 

ueHHyio liHqx)pM8UHIO O CBO:fiCTBaX 8TOMHHX .H,Uep Il BemecTB B KOH,neH

CllpOB8HHOM COCTORHilli. B <pll3llKe aTOMHoro smpa IIOJI!ll)ll30B8HEHe . 

HeilTpoHH ll m:wa ,naroT B03".10lm0CTI> Ilp.f!ME™ M8TO.D:OM nccne,noBaTI> cmr

HOBYJO 38Bl!CllMOCTI> B38HMO,ne:ficTBW! Hei!TpOHOB C smpaMir. 

Pa6ow no cos,naHMIO n ncnom,soBaHllro B qru:~ecxmc aKcnel)ID,leH

Tax IJy't(KOB IIOJIHPll80B8HHb!X He:iiTpOHOB ll Il07I.flIJPl30B8HHllX .anepirux 

MilllleHefi Be,IJYTC.fl yxe ,naBHO, HeCKOnbKO ,neC.flTilneTRn,o,ll,HaKO OHil pas

BilB8JIHCI> He 6HCTpo, IlOCKOJibKY 6UJm CB.fl38H1I c 60.1II,i!!ID.fil qmsw:rec

IillMM Il TeXHw:reciillMJI Tl)Y,ll,HOCT.flMH. IlytllC!f IIOJI!lPil30B8HH!,lX HettTpoHOB 

cpaBHilTenI>HO BHCOKnX aHeprlti1 (E > 100 KaB) MOryT 6HTI> IIO}zy'lelili 

Henocpe,ncTBeHHO ll3 .H,UepHHX pea:rmnfi C 88pro!t9HHblMil traCTlitt0Mll, a 

MeHee IO aB - ;nn~aKIUiefi OT HaMar~eHHoro tl)ElppoMBrHllTHoro MS

TepHana. 0,ll,H0KO,B o-qeHI, IDITepecHofi,c TO~ 3p9Hll.fl HeilTpOHHO:ii 

<pli8HIDI ,o6naCTil aHeprlti1 HBHT!)OHOB IO + 105 aB,B Te'ieID!e ;nmrrenb

Horo BpeMeH.H He 6Hno y,noBneTBOl)HTenI>HWC M9TO,nOB IIO}zy'le:Hna: II01DI

-pH80B8HHl:IX IJy~OB He:iiTpOHOB. Paspa60T8HHl:Il! B Jla6op8TOpllll Ee:ii

TpOHHOli <pli8llKil Ome.mrneHHOro l!HCTllTYT8 .H,Uepmrx: nccne,noBam 

MeTo,n Il0JI.flpli3all;llll HBitTpOHHOro ~Ka nyTeM nponycKalOOl -qepe3 IlOJ!.fl

pli80BaHHYIO npOTOHifYIO Millll9Hl> II03BOJIWI, npll ]MepeHHoft IlOTepe KHT9H

CllBHOCTil,IIOJIY'I8TI, ~ HeliTpOHOB C Ilb!COKOH IIO.Jmpll30IUJ:eil B o6-

JI8CT.ll aHepr.ufi oT I aB ,no 100 KaB. 

OcHOBHM gen1> pa6oTH - cos,naHne aneKTpoHHott armapa-ryp9: 

06~:~-ei;;,,;1,tl ua~ 
~nil :m·.i,eJt~ 

"~m10Te.MA . 



,It3lll RCcne,noBa:lllrli C nomipRSOBaHBID.m H8fiTJ:)OH8Mll li JJ,lJJ)aMR Ha HM-
• 

nym.cHOM peaKTOpe :HEP .nm o:wrn:. 
Hay,mB.!I HOBRSHa. B ~ccepTamm npe,ncTaBneHl:l pesyn1,Tam BH

nonHeHHofi B I967 + I9?8 ro,nax pa6om no cos,namno aneKTpoHHoii 

annapaTY!Jll ,It3lll cneKTJ:)OMeTJ:)a C IlOJIHpHSOBaHHl:IMll: H8HTJ:)OHaMn: li smpa

MR Ha peaKTope :HEP JIH~. B KOTOPOM nnepBHe B Mllp8 ,It3lll Il0Jmpli88IUIB 

HeiiTJ:)OHOB HCilOiII,80BaH MeTO,n npony:CKaHKf! 1Iepes IlOJIHilH80D8HHYIO 

IlpOTOHHYJ) MIDI!eHI>. 

Penieime aTOH HaytmO-TeXHH'!8CROii 88'AS'Ill OXB8THBaeT paspa6oT

ey n coa~amre aneKTpoHHoll annapaTYIJH ,It3lll :rcpnoreHHoro o6opy,noBa

mm, c:e:cTeM KOHTJ:)OJil! IlOJIHpR88mm HeilTpoHHOro n:y-<nta li IlpOTOHHOH 

· MHillelm,- CRCTeM CT86:wmsamm MSrlmTHUX IlOJiefi li '18CTOTbl CBlI JiISny

tJ:eHWI, ·· perncTpRN!)IIleii a:rmapaTYIJH n nporpaMMHo-ynpaBna:eMoii a JieK-
. \ 

Tpomoot. 

IlpaRTl'I'Iec.Ka.lI µeHHocn pa6ow. Co~aHa aJieKTpoHHaJI annapaTY

. pa ,It3lll nccne~oBamtlt C IlOJIHilRSOBaHHHMR HeiiTpoHaMll li smpaMH,RCilOJI~ 

80Bamre ROTOp0H Il08BOJmno BHilOHHRTI, pJI'A qM8R1Iecrorx aKcnepnMeHTOB, 

B ·pesynDTaTe ROTOpHX 6HJia liCCJie,noBaHa CIIRHOBafl 88BHCliMOCTI, 

nommx cetJ:emrii BSaRMO,neiicTBlifI Me~emn.x HefiTJ:)OHOB C ,nefiTOH8Mn: ll 

smpam 8TOMOB pe'AKQSeMeJU,Hll.X aJieMeHTOB c141P-t , 159Tb , 165Ho, 
167E-z. , 169.r,,.. ). Paspa6oTaHH1,1e ,It3lll aKcneIJlIMElHTOB Q -MeTp n nsMe

pMeJU, Tep1110conpoTHBneHl'Ifi npn cBep:iarn:8KIDC TeMnepaTYJ)ax ncno~ 

8YDTCJI Taae B Jia6opaTOpHH .smepHl:lX npo6neM o:rurn:. KpoMe aToro,Ha 

ocHoBe Q-MeTpa cos,naHa a.neKTIJOHHaJI annapaTYJ)a ,It3lll cBepxnpoBo

.ztmitero RBaHTOBOro HHTepipepoMeTJ:)8 C tzyllCTBHTeJU,HOCT:E,10 K M8rlmT

HOMy-,IlOlID,COOTBeTCTBYl)Illefi 2.10-II rc!rn112• 

Anpoda.µrur. OCHOBHHe pesyJU,TaTH pa6oTH 06cYJ1QJ;amrc1, H8 cer.m

Hapax Jia6opaTOpHH HeiiTpoHHOii qM8HKH Ol,lliH, 8 qMSli'!eCKHe pe5YJU,Ta- . 

TII,IlOny'i8HHl,le C HCilOJII,80B8Hll8M aTOfi aneKTJ:)OHHOii annapaTYIJl:,l,,UOiIO-
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)Kel!U Ha pa8Jlll'llil1X MelK,IIYHapo,Il,HblX 11 BC8COJ08HbiX ItompepeHIJ;nmc(KneB, 

1976,197'7 r.; ,lzy6Ha I9?6 r.; Lowell, USA I9?6 r.). 

·rry6JIUKaI.jHU. no pesynI>TaTaM BllIIOHHeHHWC UCCiie~oBaHttH oIIy6-

illlKOB8HO 14 pa6oT B nH,ne cTaTeil B lKYPHanax H\I>, IlTS, lvleTponormr, 

coo6meHHfi 011ffl1 n ,nomra,non, ony6iIHKOBaHHUX B Tpy,nax KoHqiepeHIJ;nfi. 

OmeM ;p;uccepTaUI111. ,ILl1ccepT8QlIB co,nepll!l!T 120 cTpaHHU Mal!JH

HorrncHoro TeKCTa,B TOM 'llCiIB 45 pncyHKOB H Ta6nnuy, COCTOl:T HS 

nne,neHIIB,ITJITH riiaB, samno11emm 11 6116Jillorpaqiirn,.nmno11alOllleii ffi Ha

RMenonanIDi. 

K SalIJilTe npenCT8BJIHJOTCR: 

- ROMIIiieKC SiIBl{TpOHHOii amrapaTYl)H IlOJmpll80B8HHOii IIPOTOHHOii 

MHllleHH; 
- aneKTPOHH8Jl armapaTypa IIOJIHilll80B8HHOii JI,nepHoii MHDJeHn; 

- cne1tTpoMeTpH11ecKaR annapaTYJ)a; 

- nporpaMMHo-ynpanJIReMBR aneKTpoHHRa. 

KpaTitoe conep,1taHne pa6om. 

B nepnoii riiaBe KpaTKO paccMOTpeHH MeTO,ml nOJmpll38Ullll Hefi

TpOHOB ll JI,nep, qM8H1IecKHe IIpHHUHilll peBepca Il0Jmpll88UHH HefiTpOH

HOro,nytJ:Ka Il c{popl',\ViIHpOB8HH Tpe6oBaHHR K cneKTpoMeTpy C TIOJIHpll-

80BaHHHMH HefiTJ:)OHaMH ll SI,J]Jl8Mll, a T8KlKe K BXO,D,lllltHM B Hero 8 iieK-

TpOHHUM 61IOKaM. 
CneKTpOMeTP ,It3lll IlOJmpR8aIU'IOHHWC HCC1!8~0BaHHii .HS RMilY1il>CHOM 

peaKTope l1EP JlHW Olliill npewiasHa'leH ,It3lll nsy'l:eHWI CIIHHOBOi\ saBI1CU

MOCTli nomrux cetJ:emnl: B88HMO,nefiCTBHR MeMeHHHX HeilTpOHOB C SIJJ;P8-

Mn: aTOMOB,B OCHOBHOM,pe,nK08eMeiII,Hl:lX aJieMeHTOB. )lJIJI pas,neneHIIB 

He«TJ:)OHOB no aHeprHRM HCil01II,8yeTCJI MeTo,n no BpeMeHH IJp01IeTa. 

Ha IJYTli He~TpOHOB OT peaKTopa ,no ,neTeKTopa llOMemeHH ITOJIHilil88TOP 

HeHTJ:)OHOB(IlOJmpil80BaHH8Jl IlpOTOHH8Jl Mmll6HI>) Il nccne,nyeMSJI nona:

pnsonaHHaR JI,nepHaR MillI!eHI>. IloJIHpnsaznm: HefiTpoHoB ocymecTBm=IeT-
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CJ! MeTO,I(OM rrponycKaHWI HenoJUip:irnoBaHi'IOro nytIKa HeiiTpOHOB tfepe3 

IIOJifip:irnoBaHHYRJ IIpOTOHHYRJ MIIDJeHI,. OTOT MeTo.n OCHOBaH Ha Cl1JIIJIOi1: 

3aB.lilCHMOCTl! pacceJIHl!JI Hei1:TpOHOB Ha IIpOTOHax,HMeromeii MeCTO ,!(JI.fl 

Hei1:TpOHOB C aHepr11ei1: .no~ IOO KaB. CetfeH11e pacceJIHl!JI Hei1:TpOHOB Ha 

npoToHax npn aHT:imapaJIJieJIDHOi1: op11eHTau;1111 l!X CIIl!HOB SHa'!llTeJIDHO 

rrpeBOCXO,I(IlT CetJ:eHl!e pacceJIHWI rrpll rrapaJIJI6JIDHOfi opHeHTail;Hl! CIIl!HOB, 

Taxoe COOTHomemie Mel!QJY cetJ:eI:IB.lIMl! IIpl!BO,I(IlT K OTHOCHTeJIDHOMy 060-

ramem110 Hei1:TpoHaMH, CIIl!Hbl KOTOpb!X opHeHTl!pOBBHbl B HarrpaBJieHHH 

IIpOTOHHOi:i IIOJUip113aIJ;l!ll. B KatfeCTBe pa6crqero BemecTBa IIOJUipl!30BaH

HOii IIpOTOHHOii_MlillleHl! HCIIOJID3yeTC.lI MOHOKpl1CT8JIJI .I(BOiiHoro JIBHTaH

MarHHeBoro Hl1TpaTa La.2Ms}(l'J03)12.. 2~H20 'COKpameHHO H831maeM!Ifi 

JIMH. B aToM BemecTBe He6onmaJI tJ:aCTD HOHOB La. (<I%) saMemeHa 

rrapm.mrHHTHHll/IH HoHaMlI Nd 11 .nnuaMrrtfecKHM MeTo,noM rroJUipHSYRJTC.lI 

IIpOTOHH Kpl'ICT8JIJlll3aIJ;UOHHOi1: BO,ll;l,l, .I{JIJI IIOn:ytieIDm IIpOTOHHOii IIOJIHpl1-

3ail;IIH MOHoxpucTaJIJI .JIMH oxnaxmam ;rr,o TeMIIepaTYIJll T ~ IR, rroMemaroT 

BO BHelilHee·MarHHTHOe none C Ho~ 2.104 3 l1 06n:ytiaJOT Ha tJ:aCTOTax, 

COOTBeTCTBYRJIIU1X 0,I(HOMy H_3 sarrpememmx rrepexo.noB CIICTeMhl aJieKTpOH 

+ IIpOTOH. 

IlOJUipll3aIJ;l!JI JI,I(ep pe.n;Ko3eMeJIDHHX aJieMeHTOB ocymecTBJI.lleTCJI 

CTaT.litJ:eCKIIM MeTO,I(OM C IlCIIOJID30BaHJ1eM CBepx'l'OHKl!X MarHIITHHX IIOJieii, 

T,e.nonefi~cos.naBaeMWC Ha JI,I1JJax l!X co6cTBeHI:lHMII aJieKTPOHlillMII 060-

JiotJRaMII, Il ,I(OCTl!raJOIIU1X BC.IDI'llillbl Io5 + IO 7a. BHelllHHM MarHlITHl,JM 

IIOJieM CBepxTOHKlle IIOJIJI MOryT 6UTD COplieHTMpc:rnalJH B IIpOCTpaHCTBe, 

tfTO IIplI ,I(OCTBTO'IHO HH3KOii TeMIIepaTJPe o6pasu;a II03BOJIJieT IIOJJY'IBTD 

Bl,JCOKy!O JI.I(epHYRJ IIOIDipl13ail;lIJO. B crreKTPOMeTpe Ha peaKTope ill3P-30 

,nJIJI ,I(OCTilllteHl!JI JI,I(epHoii IIOJUipM38Il;MlI lICIIOllD3YIOTCJI BHemHee MarHl'IT

HOe IIOJie IIOpJI.n;Ka I5 K3 lI TeMIIepaTJPa MeHee 0,03R. 

Penepc IlOIDipM3aIJ;l!ll HeiiTpoHHoro nytJRa,He06XO.I(IlMlli )J,IDI IIpOBe

,nemm HCCJie.noBaH.0:i1, ocymeCTBJIJieTC.lI ,I(BYMJI MeTO,I(8MH: nepecTpofiKoii 
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aJieKTpoHHoro napaMarHnTHoro pesoHaHca (3ITP) c o.nHoro smrpememm

ro nepexo.na Ha .npyroii (Me.nneHllllii penepc) u nonopoToM ua rno0pa-

60TaJ01I1eii IIpOTOHHOfi MHll!eim ( 6ucTpui1 peBepc). 

Pe3yJIDT8TOM paCCMOTpeHl!JI IIpUHil;l!IIa pa6om YCT8HOBKl1 ,UJI.fl no

JI.flPH3aIJ;HOHHblX 11CCJie,noBaHnfi Ha peaKTOpe l1EP JIBJifieTCJ! qx:>pMym1pona

Hl1C o6llll1X Tpe6onaHHfi K ycTaHOBKe. TaKM ycTaHoBKa ,noJilltHa o6ccrre-

1lliBaTD: 

- IIOJUipl!Sau;1m HeiiTpOHIIOrO IlJt{Ka B He06XO,I(IlMOfr .UJI.fl 11CCJIC:U,OBa

Hl!fi 06nacT11 aHeprlifi; 

- IlOJUipJ13aIJ;Hro 11CCJie;rr,yeM1,JX H,nep B JI,nepHoii Mllll!CH11; 

- )J,OBe;rr,emie IlOJUipH30B8HHOro nytfKa HeiiTpOHOB .no IlOJI.flp1!30BaHHOi-i 

H,nepHoii Ml1IDCHl1 j 

- peBepc HeifTpOHHOii IIOJUipl13aUII11 no OTHOU!CHHIO It HarrpaBJICHHID 

H,nepHOfi IIOIDipJ13aUI111; 

- KOHTpOJID IlOJUipl13aUH11 HefiTpOHHOro nytJRa l1 MII!ilCIJefi; 

- B03MOlKHOCTD 11CCJie,noB8Hl!.lI aHepreTUtfeCKOfi 38Bl1CHMOCTl1 nsam.10-

.neiiCTBM, T .e. pas,nenemie ue:ilTpOHOB no auepr11JIM; 

- perHCTpau;iiro l! o6pa6oTey aKcnepuMeHTaJIDHOii l!Hqx>pM8Il;lI11j 

- ,nHCTaHil;HOHHOe yrrpaBJiemre l! 8BTOMaTH3aIJ;l1!0 npou;ecca H3MGpem!H. 

Bo BTOPOii rJiaBe paccMOTpellll cpyHKil;l10H8JIDlllle cxe~ l1 IIpIIHUHil 

pa6oru .nnyx cneKTpOMeTpOB C nomrpl130BaHHblMl1 HefiTpOH8M11 U JI,IIJJaMlI, 

ROTOpHe 6H.IDI cos,naHl,J noaTallHO .nmr pa6ow Ha peaKTopax HEP-I l1 

HEP-30. Ha p11c.I rroxasana cpymmHoHaJIDHaJI cxeMa cneRTpoMeTpa c 

IlOJUipl130BaHHHMII HeiiTpOHaM11 H JI,IIJJaMII Ha peaKTope HEP-30. 

IlOJUipl138TOpOM neiiTpOHOB HBJIJ!eTCJI IlOJIHpH30B8HHaJI IIpOTOHH8J! 

Mlill!eHD 9 l13 JiaHT8H-MarHl1eBoro HllTpaTa pa;MepoM 64x50xl7 Mi'1i8. 

l;IOHOKpHCTaJIJI JIMH IIOMemeH D CHI{ pesciHaTop 06'!.eMOM 100 CM3 
}I ox

Jiaxt,neH .no TeMIIepaTJPH T ~ IR D KpHOCTaTe IQ C l1HTenmm11oii OTKB'I

Roii reJIJ1JI-4. IlOJUipH38UAA IlpOTOHOD Mll!lleHH OCYIIICCTBJIJieTC.lI MCTO,JJ;OM 
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Puc.I. !PyllRilHOH8Jll,H8.ff cxeMB crreKTpoMeTpa C IIOJI!Illli80B811HIIMII 

HefiTpOH8MII l1 JI,llll8MII Ha peaICTope .HEP-30. 

I - peaKTOp .HEP-30; 2 - lIU!Oep; 3 - B8eyyMllpOB8HHilli HefiTpOHO-

BO,Il,; 4 - 88IqlITa; 5, 2I - MOHIJ:Topu; 6 - TOKOB8.ff qJOJibra; 7 -

M8rHl1THble KaHaJlll; 8 - 8 JieKTpOMarH.IIT Ilill.1 j 9 - IIOJI!Ill.lI80DaHH8.ff 

npoToHHa.ff IIOOileHi:, (IIIJM); IO - Kp11:ocTaT IIIIM; II - KOlIJIIIM8Topu; 

I2 - aneICTIJOIIp.lIBO;I\ 6I1cTporo peBepca; I3 - KoMIIpeccop,HacoC!:I; 

I4 - 6JIOKll IIHTamm aJieKTpOM8rHIITOBj I5 - .ll;l\epHllli CTa6HJIH3aTop 

MBrHIJ:THoro nomI; I6,I7 - nyni:,TU ynpanneHI11I; I8 - sneRTpoHHa.ff 

arrrrapaTypa MOHHTopoB; I9 - rasronb;I\ep; 20 - SMY; 22 - aneRTpo

MarHUT IlH!vl; 23 - aKcrrepIJ:MeHTaJibHilli san; 24 - RpHOCTaT IlHM; 

25 - IIOJI!IllH30B8HHWI .ll;l\epHa.ff Mmne111, (IlffM); 26 - He:i-iTpomruii ;I\e

TeKTop; 27 - aKcnepIJ:MeHTaJiblruii II8BllJll,OHj 28 - HefiTPOHHa.ff JIO

BymRa; 29. - li3MepllT8Jil,HhlM [(eHTp; 30 - CllCTeMa ,Il,HCTammmmoro 

ynpannemm crreRTpoMeTpoM; 3I - 8BM TPA- i. ; 32 - 3BM ESCM--4. 
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,IlHHaMY!''!eCKOil op11eHTarum .fI,Il,ep Ha 'laCTOTe ~ 74 rlu H B MarHHTIIOM 

llOJie Ho~ I9,3 K0. n Tpex MeTpax OT IIOJI!Illl18aTopa HeiiTJ;:OHOD naxo

;[\HTC.fI I!OJI.fipl180Dalllll3.fI .ll;l\epHa.fI MH1U8Hb 25' KOTOpa.fI IIOMemeHa B Mar

HllTHOe IIOJie Ho~ I5 K3 8JI8KTpoMarHHTa 22 11 oxnai;meHa ;rr.o T z 0,03K 

n RpHOCTa.Te c pacTnopemieM remur-3 B reJIH.II-4. Bo ns6eJKmme ;rr.erro

JI!Ill.M:Saunn IlOJI.fipHSOBamruii IIy'lOK HeiiTpOHOB ,Il,ODO,Il,HTCJI ,Il,O IIOJI!IllHSO

naHHOM .ff;l\epHo:ii MI1lll8HM no M8rHHTHOMY KaHany 7. KonJil1MaTopu II rrpo

nyc1caroT Ha H;rr.epeyro M.IIllleHb mnni:, He:iiTpollll,rrpome,w!llrn 'lepes rromipH

sonaHHYJO IIpOTOHHYJO M.IIlll~Hb (IIIJM). Ha paccTO.ffHllli' I20 MeTpOD OT aK

TliBHOH 30Hl1 peaKTOpa YCT8HOBJieH Xll,!UtOCT!lli:ii CIUiHTl1JIJI.8IU10HHilli ;I\e

TeRTOp 26. YrrpanJieHIJ:e crreKTpoMeTpoM OCYllleCTBJIIIeTCJI c·IIyJibTOB I6 

H I7, a ,Il,HCTaB[(liOHHO - IJ:8 liSMepHTeJil,HOro [(eHTpa 29. B 8BTOM8Tl1-

tJ:eCKOM pelltllMe paOOTll cneKTpoMeTp ynpanmieTCJI OT 8BM TPA-i. C rre

pHO,Il,HtJ:eCIWM (qepei RalKJ]ple 3 MliH.) OHCTpllM penepCOM IlOJI!IllHSar:um 

He:iiTpOHHOro nytma. EacTpllii: peBepc IlOJI!IllH38Ul-!lf ocymeCTBJIII6TCJI 

CJie.DYIOlllHM oopa3oM. 3JieKTJ)OM8rHIIT 8 c YKPeIIJieHHHMii Ha HeM RpHOC

TaTOM IO, MarHIITHl:lMli KaHaJIBMII 7 H TOKOBOii qJOJil,rO:fi 6,ID!lKHeli IIJIOC

KOCTbJO ycTaHOBneH Ha IIOBOpOTHYJ) IlJI8TqJOpMY. 3Ta IIJI8TqJOpMa,OO!llHM 

BecoM oKOJio 8 TOHH,sa IO ceicyH,It nooopallll:naeTCJI Ha IaP. TaK KoH

CTIJyKTHBHO BWIOJIHeH OllCT:pim peBepc HarrpaBJiemm IlOJIRpHSa[(IJ:II HeH

TpoHHOro_nyt!Ka ~ He:iiTpoHOB ncex aHeprmt,nOJI!IllH3YeW:X: IIOJI!IllHSa

TOpoM H8:HTpOHOB. qepes Ralll;Il;lle TpH "!808 nponecc HSMepemtii OCTa

HaBr.HBaeTCJI,H HaKonnemiaH B·IlaMliTH aHaJIHSHpYJ(l!IHX ycTpoiiCTB HH

qiopMBUWI sanHCl:lB8BTCJI Ha MarHIITHYIJ JI6HTY 3BM :&ie~. Me;rr.JieHHllH 

penepc II011RJ)l13a[(IJ:II IIpoHSBO,Il,HTCJl O,Il,HH pas B CYTKll ,t(JI.ff ycTpa.HeHWI 

annapaTYIJHOft acru.weTp1m,nosmma:ane! npn nonopoTe noJI!IllHSaTopa 

Hei!:TpOHOB. 

B TpeTbe8 rID3B8 OIIHCaHa 9JI8KTpoBHa.fI annapaTypa IIOJI!IllH~OBaH

Hl1X JJ,D;epl{IIX MlillieHen. Ha pMc.2 noRasaHa 6no1e-cxeMa aneRTpOHHoro 
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Plic.2. EJIOK-CXeMB 8,JieKTpOHHOl'O o6opy,ttOB8HHJI ll01lllPRS8TOpa 

He:iiTpOHOB. 

I - 6JroK llRT8HRJI Cil-08; 2 - aJieKTpOMBrHHT Cll-08; 3 - pesoHaTop; 
4 - .rtaT'lliK CT86RJIHS8TOpa M8I'IDITHOI'O no.wI; 5 - CT86RJIRSlipYJ)ll!lle 
RaTYlllIIB Cil-08; 6 - JI,Itep:mni CT86HJIRS8TOpj ? - JI,Itepmm MBI'lmTOMeTp; 
8 - '1!8CTOTOMep; 9 - ilyJII,T ynpaBJieHHJI llOlllIPHSaTOpoM HetiTpOHOB; 
IO - 6JIOK 8BTOllO,ltCTpOiool: Q- MeTpa; II - yCRJIHTSJII, BliCOKO:ii tiac
TOTll:; I2 - .rteTeKTOp lI YCRIDITBJII, HHSKO:ii '1!8CTOTll:; I3 - 6JIOK KOM
neHCBIUm; I4 - 8Ml!ITTepmm noBTOplITem,; I5 - YSKOnOJIOCmtll: ycn
JIHT61Il,; IG - MO,tzy:mITOp Mal'HHTHOro noJm; I? - XBa~emrli renepa
Top; I8 - .qiasotzyBcTBnTeJI:LHHii .rteTeKTop; I9 - 6JioK .rteBnamm B. q. 

reneparopa; 20 - BllCOKOimCTOTHlm reHepaTOp; 2I - CHHXpOHHllli .rte
TeKTOp lI HHTerpaTOp; 22 - CB1I 8TTemoaTop; 23,24 - BOJIHOBO}lIDiii 
Tp8KTj 25 - JIOB; 26 - BliCOKOBOJll,TH!lli CT86RJIHSHpoB8HHllli 6Jrolt llH

T8HRII JIOB; 2? - ocmumorpaqj; 28 - ,neTeltTOp CB1I; 29 - OCIUIJIJIO~ 
paqj; 30 - onopmm pesonaTop; 3I - .neTeKTOp; 32 - cmixpoHHml: .ne
TeKTop; 33 - MO,Dy.JDITOp; 34 -.ncnomrn:rem,mm .rtBnraTem, peBepca 
noJDipHsamm; 35 - aJieRTpOMaIIIWIHlru ycwmTem,; 36 - 6JI01t ynparure
mm peBepcoM; 37 - SIIII-09; 38 - 6JIOK ,JJ;RCT8Ht(HOHHOI'O ynpaBJieHHJI; 
39 - aBM TPA - i • 

8 

,. 

'.?J 

o6opy,D;OB8HM.H noJIHpHSOB8HHOii npoTOHHOil MlllileHII. :a Hee BXO]VIT: CB1I 

CllCTeMa (22 + 33), annapaTY!)a wm: KOHTpOJlll noJilll)H88I.UilI II}:OTOHHOii 

MmllSHJI! no C.H:rH8JIJ .H,D;epHoro MarHHTHoro pe80H8HC8 (IO+ 2I) II CHC

TeMa CT8c5V.JIH88ll;HJI! MarH!l!THOl'O IIOJI.II an:eK'I:POM8rHHT8 (I,2,4 + 8). 

CB1I cll!cTeMa cocTOHT ns CB1I reHepaTopa,B KatJeCTBe KoToporo 

ncnom,syeTCJI .}!8Mll8 oc5p8THOii BOJIHll (JIOB) tieTUpeXM!l!JIJIIDAeTpOBOro 

;n;nanasoHa C BllXO)J;IIOY. MOIJlllOCTnro B HeCKOJinKO B8TT,BOJlllOBO;IJ;IIOl'O 

TpaKTa,pesoHaTopa C MOHOKpliCT8JIJIOM JThlH, BblCOKOBOJinTHOro 6JIOK8 IIH

T8HIDI,6JIOKa KOHTpoJlll li CT86Jl!JIH88ll;Hli '1!8CTOTll: reHepaTopa. ,nrui 

YMBHl,IJJeHlllI noTepi, CBlI aHeprnH OCIIOBH8.FI 'tl8CTl, BOIDIOBO;IJ;IIOl'O Tp8KT8 

BblnoJilleHa B Bn,ne KpyrJIOl'O Me;i:nioro BOJIHOBO.rta. B peSOH8TOP CB1I-MOll1-

HOCTl, llOCTYTI8eT 'l!epes nplIMoyrom,lli,ru BOJIHOBO.rt,coe;m'!HeHHblli C 

Kpyr1JllM tiepes CIIell;lI8JU,Hllli npeo6p880B8Ten1,. TaK Kalt MOlllHOCTI> lI 

'1!8CTOT8 JIOB ClIJU,HO S8BHC.FIT OT IIll:T8lO!IIHX HanpmKeHIIii,TO zcnon1,syeT

C.FI CTa6Jl!JIHSHpOB8HHIDl: lICTO'IlilUC llHT8HH.FI • .norrommTeJinHa.FI CT86lIJIMSa

UIDI tiaCTOm:CBl! lISJIY'IeHIDI o6ecne'Il!BaeTC.FI CliCTeMoii: 8BTOM8THtieCKOil 

no.rteTpOHKll tIBCTOTU JiOB (.AIJtI) rro.n. tI8CTOTY BblCOKOCT86ll!JI1>HOro onop

HOro pesoHaTopa. OT8 CHCTeMa o6ecne'11D38eT CT86HJI1>HOCTl, tIBCTOTll: 

He :xyJ!te ro-4. KoHTpon1, napaMeTpoB CBl! reHepaTopa ocYJI1ecTBJllleTc.FI 

;m'ICT8Hll;liOHHO, a ynpaBJieHne - npn llOMOl!llI cenl>CHHOB. 

.nanee paccMOTpeHa aneKTpoHHa.FI annapaTY!)a .rtJlll HSMepeHHJI no

JI!I!lHSaQlm npOTOHHO:ii MllJlleHII no Clil'HBJJY .H,D;epHoro MarHlITHOl'O peso

H8HC8 (HMP). Ilpl!Be,nen anamrs cxeM, cpaBnemi:e me c CYJ!leCTBYJOi!lllMl!I 

ll Bb16p~H OllTHMSJU,Hlill B8pll8HT .rtJlll aKcnepnMeHT8]Il>HIDC ycnoBnii Ha 

peaKTOpe lffiP. 06H'l!HO n01lllJllr38UIDJ llpOTOHHO:tt MilJlleHH onpe.ne1IlmT Me

TO.rtOM Q-MeTpa no HSMeHemuo conpOTHBJIElHH.FI peSOH8HCl!Oro KOHTYP8 

C oc5pa8ll;OM,BOSH.H:Ral0lllero npn C061I!qll;eHHH YCJIOBllii .ffMP. Jlmi: aToro B 

pe80H8TOpe,noMemeHHOM B reJIHeBWi KpHOCT8T H MarHHTHOe none,HMeeT

C.fI pa;n;no'l!8CTOTH8.FI K8TYJ!IKB,CBIIS8HH8.FI C MOHOKpllCT8JIJIOM JIMH,KOTOpa.FI 
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BM0CTe C BH0lllHllM KOH,I(0HC8TOp0M o6pasyeT napaJIJI0Jll,Hllli l'IJlll nocne

;!(OB8TeJII,Hblli ItoJie68T0JII,Hllli KOHTY.[l. IIpH H8CTYirneHIDt HMP llpOl'ICXO,IJ;IIT 

li8MeHeirn:e peaKTHBHoro conpoTHBJ10HR!I KOHTY.[)8 2 l'I, CJI0;!(0B8T0Jll,HO, 

OTHOCl!TeJII,HOe H8MeHeHHe Bl1XO;!(IIOro Hanp.IDKeHHJI: 

Ax = - ilnnz. Q)(_. 
,ti • II 

3;!(0CI, ::{_ "' ''- - J I\: ..; KOMllJI0KCH8JI JI;!(0pH8JI p8,n;HO'l8CTOTH8JI 

BOCllpl'IllM'IllBOCTl>; X.1 
- ,n;HCIIepCl'IOHH8JI 'I8CTI, BOCllplrnM'mBOCTH; 

~· - MHHM8JI 'I8CTI, BOCllpID™'lllBOCTH,OIIBCllB8J01118Jl nor11omemm pa,n;HO

'l8CTOTHOH MOl!lHOCTHi 2 - KOaqxpnlU!eHT sanoJIHeHHJI K8TYJIIKH; 

Q - ;!(06pOTHOCTI, KOHTY.[la. 0THOC11T0JII,H00 l'I3MeHeHHe MO;rJY.lI.f! Z , 

llpOIIOpIU!OHBJII,HOe l'I3MeHemno ;!(0T0KTllpYeMoro CllrH8JI8,o6yCJIOBJI0HO B 

OCHOBHOM IIOI!JIOil!eHHeM pa,n;HO'I8CTOTHOH MOl!lHOCTH B o6pa~e,H B nep-

BOM npl'I67Il-Dltemm p8BHO ~'If i Q ~'. 0;,:(HaRO ~ BHOCl'IT 88MeTHllli 

BKJI8;!(,ROTO:plll1 B TOlJ'.HllX 113Mepemmx: Heo6xO,D;IIMO Y'!llTHBBTI, l'IJlll RO~ 

neHCl!pOBBTI,. ,IlJllI l'I8Mepemm: ITOlI.f!P1!3aIUm npoTOHHOH MlillleHH B cneRT

poMeTpe C IIOlI.f!Pl'ISOBamruMH HeiiTpOH8MII H JI,Ill)8MlI liCITOJll,ByeTCJI aJieR

TpOHHaJI annapaTypa,KOTOpaJI CO;!(epJICHT llll'IpOROilOJIOCHllli Q - M8Tp C 

nocJie;!(oBaTeJIJ,HllM pesoHaHCHllM KOHTY.[)OM,CllCTeMY .AJN KOHTypa l'I 

BCIIOMOraTeJil>Hhle 6JIOitH. C IlOMOl!ll>lO STOH annapaTypH MOlltHO npOBO,IJ;HTI, 

HSMepeHHe IlOlLfIPH88IUrn IlpoTOHIIOH MmIIeHH B ;,:(Byx pelltHM8x: 

- CHHXPOHHOe ;!(eTeRTl!pOBaHHe CHrHaJia HMP C MO,IJYJIHinieii MarHHT

HOro IlOJlfI; 

- 118Mepemm CHrH8Jia np11 6liCTpofi pa8B0pTKe 'I8CTOTH Bl1COKO'I8C

TOTHOro reHepaTopa 11 IIOCTOJIHHOM 8Ha'!eHl'IH MarID!THOro ITOJI!l. 

Pel!rnM CliHXpOHHoro ;!(eTeKTl!pOBamm HCITOJII,ByeTCJI ;!(lLfI nepBOHa'IaJII,HO

ro IIOHCKa CHrHBJia illvfP MlillleHH. B aTOM CJIY'l8e pa8BepTKa 'I8CTOTH 

renepaTopa ocymecTBmieTCJI c nepHO;!(OM ;!(O IOO c,a Ha MO.IJYJlHIWomrue 

KaTYDJKH aJieKTpoMarID!Ta C 'I8CTOTOH 37,5 m ITO;!(aeTCJI Hanp.IDKeHHe 

MO;rJYJllllnIB. CHrHaJI C Bl1X0;!(8 Q - Me'rpa ycninrnaeTCJI yBKOIIOJIOCHl:lM 
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YCHJlllTeJieM, H nocne CHHXPOHIIOro ;!(eTeKTHpOBaHHJI saIIBCllBaeTCJI Ha 

110HTY aJieKTpOHHoro IIOTeHIUioMeTpa 3IlII-09. BTopofi pellrnM pa6oru HC

IlOJll,8yeTCJI ;!(lLfI OTHOCHTe]II,HOro H8MepeHM IlOlI.f!PHSaQ.11.11 npOTOHHOfi 

Mmll0HH B npouecce aKcnepHMeHTa. Ilpll 'I8CTOTHOfi MO.IJYJlHIWH BllCOKO

'IaCTOTHOro reHepaTopa npoHcxo,n;HT paccornacoBaHne 'IaCTOTH reHepa

Topa H pesoHaHCHOro KOHTypa,'ITO npHBO,n;HT K llCKaxeHHJIM cpopMb! HC

cJie,IJYeMoro cHrHana. ,IlJllI KoMIIeHcaunH aToro paccornaconaHHJI nc

no111,syeTcJI aBTOM8TH1!0CKaJI IIO;!(C'rpOHKa 'IaCTOTH pe80HaHCHoro KOHTY

pa npH noMOlll.11 qiasonoro ;!(eTeKTopa,cnrHan c BUXo;!(a KOTOporo no

;!(aeTCJI Ha Bapmum,no,D;ltJl!O'leHHllli napa1111eJll,HO rrepeMeHHOMY ItoH,I(eHca

Topy KOHTypa. 

CymecTBeHI!liMII npem,!YllleCTBaMH paspa6oTaHI!l:lX cxeM JIBJifieTcJI: 

- llll'IpOKOII01IOCHOCTI, YCl'IJlllTelI.f!,IIOSBOJlillllllaJI.6es ero nepeCTpoiiltH 

npOBO,IJ;HTI, H8Mepemm: B ,n;HanasoHe 'IaCTOT ;!(O 120 Mln; 
- CHCTeMa aBTOIIo;!(cTpoii:KH,o6ecne'l.11BaIDmaJI KoMIIeHcaumo orn6aIOO(efi 

8MII1lllTY;!(HO-'laCTOTHOH xapaKTepHCTHKl'I pe80HaHCHOro ROHTYP8 .11 ITOBH

lll8K1118JI TO'IHOCTI, l'I8Mepelilill Il0.1lHplI38UHH npOTOHHO:li MHIUeHH; 

- l'ICIIOJll,SOBBHHe IIOCJie;!(OBaTeJII,Horo pe80H8HCHOro KOHTY.[l8,CHH

!taKIIl08 Tpe60B8Hl'Ill K BXO;!(HHM KaCKa.nBM np:irnr.moro TpaKTa Q -MeTpa; 

- B08MOlKHOCTI, ycTaH8B11HBaTI, 8JI8KTp0HHlie 6JIOKH Ha OTHOCHT0]II,

HO 60JII,DJOM p8CCTOJIHHH OT llpOTOHHOfi MHll!eHH,TaK KaK eMKOCT.11 COe-

,nHHl'IT8JII,HWC Ka6enefi, pacnonoxemru.x BHe KpHOCT8Ta, He BXO,nlIT B 

peSOHaHCHllli KOHTyp. 

IIpone;!(eHo nccne;!(oBaHHe Tonorpacp.11.11 MarHHTHoro nom n ero 

llll'IMMHpoBaHHe B 0611acTn,r;!(e pasMemeHa IIOlI.f!PHSoBaHHaJI npoTOHHaJI 

MHIJl0HI,. CTa6nmrnaUIIJI MarHHTHoro IlOlI.f! aJieKTl)OMarHHTa ocymeCTBJTJI

eTCH npH IIOMOlll.11 JI;!(epHoro cTa6H11.1188TOpa C ,n;HCTaHIUIOHHHM ynpaBJie

HHeM 'Iepes I 3. B pe3YJII,T8Te O;!(HOpO;!(HOCTI, IlOJl!I B o6JI8CTl'I MHIJJ0HH 

COCT8BJI!l0T 10-4,a CT80HJII,HOCTI, JIY'llll8 5.Io-6. 
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B npouecce ,IVIHT6}[E,HOI'O 3RcnepHMel!Ta TeMIIepaTYJ)B OXJiala,I(ae.Moii 

H,UepHO:i1 WillleHH HenpepHBHO ROHTPOJIHpyeTC.fI .yrOJI!,HllMH ROMII03H:qliOHHH

.Mli T6pMOCOilpOTHBJieHIDIMH. IlpH M3Mepemm CB6pxHH3RliX TeMIIepaTYJ) 

B03HmtaeT onacHOCTI, neperpeBa TepMOCOnpoTHBJieHHii HSMepnTeJII,HID.,1 

TOROM. TaR,IlIJH T ~ O,IR cymeCTBeHHhlM ORa3b!BaeTCH HarpeB,o6ycJIOB

Jl6HHllli H3M6pHTe}I:E,HOH Y.OmIIOCTI,ro,paBHOH 10-12 BT. IlocJie aHaJIH3a 

p83JIH'lHUX napnaHTOB 6uJI paspa6oTaH lll6CTHRaH8JII,lJIDi H3MepuTeJII, Tep

.MOCOllpOTI!BJielll!:i1, 6JIOR-CXeM8 ROTOporo noRa3aHa Ha puc.3. OH IICilOJII,

eyeTCH ,IVI/I ROHTPOJlll TeM1IepaTYJ)l,l sr,nepion MlillleHH,OXJiam,neHHOii .no 
T = 0,03R B RpMOCTaTe c pacTnopeHHeM remm-3 ~ reJIMM-4. OCHOBHHe 

xapaRTepMCTliRM MSMepMTemr TepMOCOnpoTHB"JieHHil:: .nnana30H H3MepHe

MUX TepMOCOnpoTliBJielll!:i1 - 102 + 106 OM; H3MepuTeJII,H8JI MOmIIOCTI, -

10-12 + 10-15 BT; pa6o'tJBSI 'IBCTOTa - 19,6 Tu;; B.XO.nIIOe conpOTHBJie

mrn (Jo= 19,6 Tu;) - 5.I070M; TO"IHOCTI, (UBX ... IO MRB, Re IO ROM) 

= 0,5%; RoaqipmmeHT ycmreHHJI HBMepnTeJII,Horo ycHJIHTemr - 5.Io4 ; 

R03qxpMIUreHT OCJI86JieHM.fI TPaRT8 Ha 'I8CTOTe ceTH - 00 .nE; HHTerpaJII,

H8.fI HeJIMHe:i1HOCTI, JIY'll!Je I%. 

qeTBePTaJI rJI8B8 BRJnotiaeT B ce6ll onncaHHe cneRTPOMeTpH'leCROH 

annapaTYJ)l,l ,IVI/I BpeMeHHHX H3MepeHIIii B 3RcnepHMeHTax C IlOJI.fIPlI30B8H

HllMH. He:i1TPOH8Mll,' a TaIOKe nporpaMMHo-,ynpaBJiileMoii 3 JieRTpOHMRII • B 

rrpouecce II3MepeHn:i1 ROHTpon1, noJiilpn:saqmr HeiiTpoHHoro ny'IRB ocy

mecTBmreTCH ,Il;lly-MFI MOHHTOpHUMH Tp8RT8Mll,R8lli,ll;!ffl liX ROTOpNX co,nep

llmT c'Ie T'IHR, npe.nycnJIHTeJI1,, ycnJIHTeJI1,, ,nmfi[Jepemw:am,mm ,nncxpru.urna

Top, un:qipolllle BpeMeHHble BopoTa C ynpBBJieHHeM OT CT8pTOBllX HMnyJII,

COB peBRTopa n o6mn:i1 .UJiil H.llX 6JIOR ynpaBJieHH.fI.IlepBllM MOHHTOpOM 

3a,naeTC.fI HHTepB8JI,B Te'IeHHe.ROToporo BTOpllM perncTplipyroTCH Heii

TpOHH,IlIJOllle,nmMe -qepe3 IlOJillpM30B8HHYJ{) IlpOTOHHYJ{) l\lUllleHI,. 

nanee orurcau 6licTpW1 JIMHeiiHIIB ycnJIHTem, c napaMeTpaMH: 

Roaq$n:w:eHT ycnJieHM - 600; co6cTBeHHOe BpeMR: HapacTaHM.fI .nnrr OT-
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Pnc.3. BHOR-CXeMa ruecTmtaH8JII,HOI'O H3MepnTeJI.fI TepMOCOilpOTl!B

JI6HlIH npn cnepxHM3RliX TeM1IepaTYJ)ax. 

Pnc.4. ~OHBJII,HaJI cxeMa nporpaMMHo-ynpanJllleMOii 

aJieltTpOHmCH. 
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PlITT8T8JII,IIUX m.myJII,COll C aMIIID!TY;IJ:OH 3 BOJ!LTa !l8 Harpy8Ke '75 OM -

3 He; nepxrum rpaHatrna.11 tJacToTa yc1rnemm mmycmr;nam,Hb!X c1rrHanon 

- 160 MIU; ,n11qqiepem~1Iam,Ha.11 HeJilIHeilHoCTI, He oonee l ,5%; MaKcJI

MaJII,Ha.11 8MIIJilITY;IJ:a BllXO)J;HOI'O IIMIJYJII,Ca Ha HarpysKe 'i5 OM - 3,5 B; 

BXo,nnoe conpoTJIBJiemrn - '75 OM; sa;nepmrn cv.tl'lmJia - 6 He • 

HeiiTpOHllL!ii ,neTeRTOp ycTaHOBJI8H Ha paCCTO.fIHIII! 120 M OT aR

TllBHOii 80Hbl peaRTopa Ii rrpel(CT8BJI.fl8T co6o:ii ceRIUIOHllpOBaHHJ,lli 

200 - JII!TpOBllli )KJ,1,IUtoCTH!l:ii ,neTeRTOp C BpeMeHeM BI,lCB6tJJIBamm crnm

UJ,IJIJI.fITOpa 10-9c,o6ecrre'!lIBaroIIU!:ii B pelKI!Me coBrra~eHIIfi cKopocTb ctJe

Ta .no 3.105 c-1 ll 8qxp6RTlIIlHOCTI, perucTp~:im HefiTpOHOB,paBHYJ{) 30%. 

MaJia.fl B6JilI'OOia aqxpeRTOB,IlOJIY'I86MhlX B aRcnepUMeHTax C IIOJI.fl

p!I80BaHHb!MlI HeiiTpoHaMU II .fl.I(paMH,Tpe6yeT .I(JilIT6JII,HUX ll8MepeHIIfi, 

ROTopue TpY.n:HO rrpOBO,I(HTI, 6e8 aBTOMaTll8aUJ,!ll rrpouecca II8MepeHIIii. 

.IlJill aBTOMEIT1!8~lm ll8MepeIIBtt IICilOJil>8Y6TCSl nporpaMMHo-ynpaBJI.fIBMa!I 

aJICRTpoHJIKa ,q,yHKUlIOHaJII,HaSI cxeMa KOTOpo:ii IlOK88aHa Ha pnc .4. 

OHa o6ecne'!lIBaeT aBTOMaTlI'I6CKOe H8KOilJI8Hlie l!HipopMau;.m B MHOro

KaHaJil,lilie BpeMemrue aHaJilI88TOpl ll naM!lTI, TPA - i. ,BUBO.I{ llHipopMa.;_ 

U!IlI,HaKonJieHHoii B nepectJeTHll.X 6JioKax Ha uu<fJ.ponetJaTaJOOtee ycTpOfi

CTBO lI ,I{HCT8Hl4HOHHOe yrrpaBJieHne OllCTpliM penepcoM II01IIIplI88I.Uffl 

Heil:TpoHHOro nytllW. 06pa6oTK8 HaKonJieHHofi·IDiipopMBUHH IlpoBO,I(HTCSl 

Ha aBM ESCM-4.no CTa~pTHllM nporpaMMaM TI~H. 

B MToU rnaBe :KpaTRO ormcaHl,I pesyn1,TaTH qiusH'l:ecrn nccne

.nonaHJifi,rrpoBe,nemrux Ha cneRTpoMeTpe c no1I1Ipn80BaHH1,1Ml'I Heil:TpoHa

MII u SI,IUJaMli B 196? + 1968 r. n B 19?4 + 19?8 r. B 8!{CllepllM8HT8X 

C ll01IIIplt:lOBaHHUMH HeiiTpoHaMll 11 II01IIIpl!80BaHHUMH ,neiiTOHaMl'I orrpe

,neJieHS OIIJ!HOBM S8BHOHM00Tl:, B88HMO,I{eflcTBHlI Me,nn:emm:x HeflTpoHOB 

C SI.IUJ8MH ,nefiTepwI,880T8 H JIBHTaHa. B HCCJIB,I{OB8lllmX CrmHOBOii sa-
. . . 

BRCHMOCTR B8aHM:>,nefiCTBM HSHTpOHOB C SI.IUJ8Mli pe,nK088MeJil:,Illll aJie-

MeHTOB B OOJiaCTll aHeprufi HeiiTpOHOB .no 300 aB IIO,I{TB8pat.I1;6H1,1,YTO'I-
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H8Hl,I H BHOBI, orrpe.n;eJieHl,I 8HatJeHll.fl 226 CIIllHOB HeiiTpomrux pesoHaH

con, a B o6JiaCTll aHepru:ii HeiiTpOHOB 2 + 100 RaB onpe.n;eJieHl,I cpel(

Hlle 8HatJeHWI Il01IIIplI88UIIOHHlllC cetJeHJifi. HeROTOplle .namrue 06 IICCJie

,I{OBamrux JJ.IIP8X ll IlOJJYtJ8HHble .I(JI.fI HllX pe8yJII,TaT!l npIIDe.n;eiru B Ta6-

JillUe. 

H.n:po 1411¼ 159Tb 165Ho 167E'l- l69Trn 

MarHeTOH Eopa 4,1 1,5 4,1 -0,56 -0,23 

Crum (I) 5/2 3/2 7/2 1/2 I/2 

BeyTpeHHee MarHllTHOe 
TT()Jl8 (1063) 

3,5 4,0 9,0 9,0 7,0 

r,,11e
2 

'll!CTID! 'll'ICTHH 'll'ICTID! 
TmFe2 

BemecTBO Mlllll6lil'I MeTaJIJI M6T8JIJI M6T8JIJI 

TOJill{ll:Ha MIIlll8HII 1,5 1,07 1,2 0,66 1,55 ( ro22 ILchf') 

f,.,B % 70 60 60 40 50 
KoJilitJ8CTBO orrpe;neJieH- 27 67 55 41 36 
HUX CIIllHOB p880H8HCOB 

OCHOBHhle pesyJII,T8Tl,I paOOT!,1 

1. Paspa6oTaHa ll BHB,llJleHa 8JI6RTpOHHa.fl arrnapaTypa ,IiJI.11 KOHT

POJI.11 ll ll8MepeHJISI Il01IIIpll8aUU:n npoTOHHOii MIIlll6HlI no CIIrHany SI,nep

Horo uarHHTHoro pesouaHca, B TOM 'UICJie: 

- llillpOROilOJIOCHhlii Q - MeTp C nocne.n;oBaTeJII,HUM pe 30HaHCHbIM 

ROHTYJJO~ Hero aBTOIIO,ll;CTpo:iiKofi, Il08BOJJ.fIRlI1Mii IlOBUCllTI, TO'IHOCTI, 

ll8MepeHll.lI II01IIIpH8aUJ,!JI rrpOTOHHOii MIIlll6H1Ii 

- OJIOK .n;eBnauuJI_tJaCTOTl,I Bb!COKOtJaCTOTHoro reHepaTopa C ne

PHO~OM pasBepTRII OT 0,02 .no 100 c; 

- 6JIOR CllHXpOHHoro .n;eTeRTllpOB8HIISI CnrHaJia .imepHoro M8rHllT

HOro pe80HaHca npoTOHHOii MIIIIl8Hlli 
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- BllOOKO~aOTOTHIDi reHepaTop OO'OTa6llJIH8MpOB8HHOM aMIIJIBTY.IJ;Ofi 

BhlXO,IJ;HOro Olll'H8Jia; 

- 6JIOK KOMIIeHoar.um or1r6al0Ill8li aMIIIDITY,n;HO-~aOTOTHOM xapaKTe

pllOTIIRlI pesoHaHOHoro KOHTYP8 Q - M8Tpa. 

2. PaspaCloTaHa H HOIIOJII,3YeTOSI n :monepI!MeHTax O.HOTeMa aBTO

IIO,IJ;OTpoiiRH ~aOTOTI! CBtI reuepaTopa O ;rr,HOT8IlUl10HHUM ynpaBJiemreM. 

3. Paspa60T8H li BHe.n;peH lll80TIIR8H8JII,Hllii I!8MepnTeJII, TepMooo

npOTMDJieHIDi npn onepxmISKMX TeMrrepaTYPaX O MIIHl!M8JII,HOli II8Mepn

T8Jil,IIOli MOlllHOOTI,IO,paBHOii: ro-I5 BT. l18Mepe1me TeMIIepaTYpll D RPHO

oTaTe npo¥.8BO~TCSI'HenpepunHo B Te~eune noero aKonep.I!MeHTa. 

EJIOK IIMeeT ,W!CT8IlU.HOHHOe ynpaBJieHIIe II aBTOMaT~eoRIDi IWHTPOJII, 

OOHOBHHX napaMeTpOB. 

4. Cos,n;aH I!8MepllT8JII,Hllli Tp8KT ,IJ;JISI KOHTPOM Il0Mplrna4m1 

ueii:TponHoro nytJ:Ka. 

5. Paspa6oTaH H HOCJie,IJ;OBaH lllMpOKOIIOJIOO!lilli .m-meiimrfi yonm1-

T8JII, C Koa{l$II.Ui8HTOM yoiinemm K = 600 M oo6oTBeHHUM npeMeHeM 

1iapaoTaHMSI - 3 HO. 

6, Cos,n;aua I! IIOilOJII,80B8Ha B .HOCJI8,IJ;OB8HIISIX O IlOMpH80BaHHU

Ml! npOTOHHOii .H ,n;eiiTOHHOli MIIll!8WIMH 8BTOM8TH8HpOBaHHaSI O:UOTeMa 

ynpaDJieHMSI aKonepIIM8HT8JII,HOli yoTaHODKOfi. 

'(, PaspaCloTaH II BHe.n;peH 6JIOK KOHTpOJISI II ynpanJieHMSI oneKTpo

M8TpOM O 110MplI30B8HHUIV'Jl: HefiTpOH8Mli II .H,I!Jl8Mli,o6eone~mmo!JjHll ,I(HO

T8IlUIIOHHh!fi KOHTpOJII, II ynpanJieHI!e D aDTOHOMHOM pemIMe pa6oTbl I!illi 

OT 3l3M TPA-i.. 
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