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BB8,ll8HH8 

apf>eRTHBHOCTl> ql1H;naM8HTam.HHX H DPHRJia'AHl:lX HaytIHUX HCCJI8'AO
BaHWi 'n B'A8PROi cpHsHBe B H8CTOB!ij:l8 BpeMJJ B pemall]l8il; CTenena·sa
BHCHT OT iaqecT:ea 6aBOBHX ycTaHOBOR, npe,nHasHaqeHHBX ~ reHepa
In!H nyqROB MJlRpoqacTHQ, H806XO.JUIMH; 8KCnepHM8HT8TOpaM. 

CroHMOCTl, coBp8M8HHHX HCTOqHHBOB TSROro po;na, KaR npSBHJIO, 
'AOCTHraeT MHOrHX MHMHOHOB pydnel, H HM88TCB T8H'A8Hm!B ee pocra. 

BMeCTe C TBM C118]t18T OTM8THTl> ,ItBa npeMOJreHHB, peaJm38IlHB 
ROTOPl:IX OT.Kpwra nyTI, R COS;nBHHD YCT8HOBOK, HM8DIIHX HapB]tY" 0 nep
BORJiaOO!WMJI napaMeTpaMH OOHOBHOro H83HaqeHHB T8Rll8 H BBOORYl) 8KO
HQMHqHOCTI, •. 

B 1955 r. Jl.H.EJioXHHQeB BB'ABHHYJI H'A8D C03,It8.HWI m.myJll,OHOro 
peaxTOpa ll8pHO,Itll1i8CROl'O )teiicTmm Ha 6HCTplDC HeiiTpOHaX,KOTOpruI ll'.e- _ 
pes IIJll'I, JieT 6:wra pea.ma:soBaHa COBM8CT1WMII YCWllI!IMR COTpy;ItHHKOB 
wnsmto-anepreTHtieCRoro mrcrnTy-Ta(r. 06mmCR)H OWlli(r. ,ITy6Ha)IIpH 
YlJa.CTHlI ~a npe.unpruITHii H HHCTHTyTOB ·ccCP * . 

IJepBHi B MHpe peanop 8'1'01'0 'l'Hna,. IIY11¥3HHBi 23 HDiB 196U r. 
B Jia6opaTOPHH HelTpOHHOI q>HSHBH OHlIH, 6wx HSBBaH HEP. 3TOT HOToq
HHR,Ha nepnmt B3l'JlR'A,H8SH8qJ,IT8J.ll,HO! cpe,nHel MODIHOO'l'H (l-6 KBT) 
Jl]1ff B'A8PHO-q>HSHqecRHX HCOJI8'AOBaHJII Me'l'O'AOM HeiTpOHHOI cneKTpOCRO
IIHH no npeMeHH nponeTa OR838JIOB 8KBHB8JI8HTHllM MODIHOMY CTBQHOHap
HOMY peaRTOPY Ha cpe,llHDI) MOIIIHOOTI, B HeCKOm.KO MBT. 

BTOPM He Meaee Q8HHM H aqqJeRTHBHM H'AeB 6una npe'A)IOJreH8 
H.M.~paHKOM H ~.JI.lllarmpo* B TOM lite 1960 r., Kor;na.HaqaJiaOI, yonem-

! HM 9KCII11Y8'1'8In!B. HEPa, B BH'A8 cnoooda CORpameHHB OOJiee qeM Ha 
IIOPS'AOK 'AJIH'l'8,U,HOOTH H81TpOHHHX HMnym.OOB B HEPe npH ero pa6oTe 
B Kaqeorne T.H. HMnym.cnoro 6ycrepa. B &TOM peDMe pa6oTB peax
Top OOTaBTOB Boer;na IIO.ItRpHTHqecKHM, HO ~o~a npOHOXO'AffT!, MO,ty
JIJJI(U ero peaRTHBHOCTH 38 cqer Bpalij:lHHB no,ItBHEHOI qaOTll 30Hll. 
B MOM8H'l'll'M8ROHMYMOB peaRTHBHOO'l'H, B U8HTpe peaxropa YCROPHTeJieM
HHll8R'l'OpOM reaepHpyeTOB KOPOTR8S BOIIllllJRa HelTpOHOB, KOTOpue pas
MHOll817.rO~ B·aRTHBHOii 30H8 HEPa B COTHH pas. 

B 1961 r. paOOTB no C03;nBHHD HHl!8RTOpa HEPa - MHKpOTPOH8 
nosrnanHJI aBTop. 

B KOHQe 1964 - Haqa.ne 1965 rr. B Jia6opaTopu HeiTpOHHOI 
q>HSHRH OHffil BCTYJIHX B CTpol ~e!OTBYDIIHX Y0'1'8HOBOR HOBHff Horoq
HU ROPOTRHX BCIIllllleK HeiiTpOHOB - m.myJll>OHHii 6ycTep "HEP+Mmtpo-
T!X)H"/l-4( . 

* Illa6a.mm E.II. HMllyJ1I,CHlle peaitTOpll Ha 6HCTpHX HeiiTpOHaX. 
ATOMH3,ItaT, M, , 1976. . 
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50 pas B C8KYH;l!Y' 9JI8KTPOHIW8 JilMIIYJll,CH 0'1' YCKOPH'1'8JI8 C BHep-

raeii 9JI8R'l'POHOB 26-30 MaB, HMIJYJII,CHl,IM 'l'OROM 60-80 MA H MH'l'em,
HOC'l'LD 1,3-~,3 MRC 6oM6ap;napoBanR pacnoJIOl!eHayn B QeHTpe no;mrpa'l'H
qecRol aRTHBHott soHu·HEPa ypauoByn MameHL a reuepapoBana·ea Hett 
H8liTpOHIWe BCIWlllRH 'l'Oii lite MHT8Jll,HOCTH / 5/. HMnym,cH IIOCllJiaJIHCL 
Ha MHW8Hb CHHXPOHHO C MO;l!Y'JI811Heli peaRTHBHOCTH SOHH 'l'QqHo B MOMeH
'l'H MaRCUMyMOB ee peaK'l'HBHOCTH, 'Kaqqie( - 10-2- -(5xro-3),· q'l'o oooc
neqHBano, C O)U{OI C'l'OpOIW, YMffOlK8HH8 qac,ra IIOpo:E,ll8HHHX 9JI8RTPOHa
MH Hel'l'pOHOB xaz,nott BCIIHWRH B I00-200 pan IIPH O;nHOBpeMeHHOM YBe.;. 
naqeHHH IIOnfWHPHHH )lO 3-4 MRC H, C ;npyroii CTOPOHB, IIO,ttall1I8HHe ipo
Ha sanas;nuBamua Hel'l'pOHOB Mell,llY BCIIHWRSMH. 

Cpa:sHHTem,HaJJ Ta6JIIU:{a'napaMeTpoB HEPa H HMnym,caoro 6ycTepa 
"HEP+Ml!RpOTPOH" IIPH o6uqHoii ;ltJI8 HHX qacT0'1'8 CJI8)lOBaHHJJ HMnyJII,COB 
50 I'q ;zta8TCJJ HHlle. 

Ta6muxa l 

.HEP+ HEP MHRPOTPOH 

, ,Cpe ;nHJJJJ MOIIIHOCTL (RBT) 6 •7 l 
IJrutoBmi.IIO'l'OR H8ITPOHOB B 
TeJiecHHI yroJI 4/jj"(HelTp/c) 'l,3°1017 4•1017 
Cpe;nHd noToR HebpouoB/c 

3,5•1014 • s•1013 TeJiecHHI yroi 4CJJ'(ae1Tp c) 
qHCJIO H81'1'pOHOB B HMnym,ce 7•1012 1,2•1012 

JlmIT8JII,HOC'l'L Heii'l'pOHHOro 
HMnyJII,CQ Ha IIOJIYBRC0'1'8 (MKc) 56 3 

Oco6eHHO llpHBJI8H8T8llt,HRM B pa60T8 nepBol B MRpe YCT8HOBRH 
STOro po;na'.RBHJIOCL He 'l'OJILRO coxpa1118HH8 6oJiee qey Ha IIOPJJ)lOR 
n,nIT8JII,HOC'l'HliMIJYJII,C8 H8R'l'POHOB, HO T8Rll8 O;nHOBpeMeHHHI CyWeC'l'
B8HHHli~OCT IIWtOBoro 110ToHa-HelTpoHoB 110 cpa:sHemtn c CaMHM HEPoM. 
3TH 11peIDqJOOcTBa Hapn;ny- c y-..e ynOMBHYTHM 11o;naBJieHIWM <pOHOM Mell;ny
HMIJYm,CSMH ;ne.nam KOMIIJI8RC "HEP + ycxopH'1'8}lJ," BHCOROa<ppeKTHBHRM 
H 11epc11eK'l'liUlHSM HC'l'oqmmoM aeiTpOHOB RaR )lJlJJ HCCJI~;ltOBa'l'em,cxn 
pa6oT, 6aSHPYDIIHXCJJ Ha Me'l'o;ne BP8M8HH IIP0.118'1'8, TU. a· 'J]Jl8. npu.na;n
HHX pa6o'l', B KO'l'OPRX Heo6xo;nw.m Rpa'l'ROBpeM8HHRe, HO YOUIHR8 eel~ 
'1'pOHHH8 BOs,nelC'l'BHJJ~ . . . , 

PellHM BRCIIJIYQ'l'amm YCROPH'l'e.JlJJ, npa RO'l'OIJOM nepnomi ae11pepim
HOI MHOrocy'l'Oqaol pa6o'l'H 6ycTepa nepeMel!SJIHCL nepao;nru.m IIPllM8P-
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HO T8KOii l!8 MH'1'8JI&HOC'l'H pa6o'l'R Ha 9RCllepHM8HTaJI&HB8 HCCJI8;1tOBaHH~ 
O;ltHOI'O __ HEPa B peaR'l'OpHOM .1)8~Me, 6Jiaro11pHJJ'l'C'l'BOBaJI 11poBe;neHHD/HH
T8HCHBHRX 'l'eOpeTHqecxllX /5-7/ H BKCllepHMeH'l'aJI&HHX 12, 4,5•7- 13 HC
CJie;noBaHd MUpOTPOHa, H8 OCHOB8 KOTOPlIX ClHJI paspa6oTaH ·a peaJIH
SOBaH PJJJl BallHHX ero yc_c:>BepineHC'l'BOBSHHii. 

Bee aTo 11osBOnRJIO 11o~HTL aa·HeM 11pa ero uenpepRBHoii MHoro
cyToquott pa6oTe pexop;nHHe napaMeTpu nyqxa ;iwn B'l'oro KJiacca ycxo
pHTeJiel: TOK BJieKTPOHOB H8 MHmeHL peaxTopa 80 MA IIPH RX BHeprHH 
30 M3B / 5/' He 11peBsoii;neHHRe ;no H8CTOJJU1er0' .. BpeMeHH. . 

Boxope IIOCJie 9RCllepHM8HT8JII,HOro IIO;lt'l'BSpEiieaas BUCOROli BqXpeR
THBHOCTH HMIJYJI&CHOro eycTepa "HEP+MHRPOTpoH", B 1964-65 rr., aaqa
TO 61mo 11poenap0Bamte ~erruiaTTHoro HEP-::2_ H no;nxo;u.amero ;nJIJJ 

Hero HHll8K'l'Opa ~ 11pe;nJIOllteHHOI'O aB'l'OPOM JIHH81Horo HH;nyxilHOHHOro 
ycxopHTeJJR .IDIY-30 Ha,&Heprnn 9JI8K'l'POHOB 30 MaB, TOK B HMIJYJII,Ce ' 
250 A, ;nJIHTem.HOC'l'L HMIJYJILC8 0,5 MRC qacroTY CJI8;n0B8HHJJ 50 I'o H 
cpe;ztHD'.l MOIIIHOCTL nyqxa 200:RBT /l4,l~I. Cos;ztaHHe aroro"B 1000 pas 
6oJiee MOIIIHOI'O,- qeM 11epBul HMIJYJI&CHW eycTep, KOMllJieRca Tpe6yeT, 
paayueeTCJJ, He ·Me"Hee 15 JieT. IloBTOMY' O)U!O:epeMeHHO B 1966 r. CHJia
.MH JJa6opaTOPHH 6HJI cnpoeKTHPOBaH 11p0Mel!Y'l'Oqemf 110 'uolllHOCTH peaR
TOp HEP-30 Ha 25-30 Jd3'1',- KO~Opul ycTaHOBJie~BMeCTO HEPa, 11pHqe~ 
6imllld sax MHRpoTpoea aa;ncTpoeH, H B HeM ·BepTHRaJILHO ycfaHoBi.tee 
11pe;nJIOJ1eBHmi B.H.Byeamw &JieKTpoeeim e:ezexi'c>P - pesoHaHcmrli _1m:. 
aelHHI ycxopHT8JIL .!113-~. 3Jie.RTpoBH0-011'1'11qe~Rlm. TpaRT MrutpOTIJOHa . 
ac11om,s0Bae -;nJIJJ TpaacnopTHPOBRH.nyqxa oT JlYS-40 na MHmem.' HEP-30 
6es HSM8HeHHI. 

B- 1970 r. Ha BTOl)OM m.filyJILCHOM 6ycTepe ''HEP-30 + JJYo-40" Ha-
118JIHCL -HeiiTJ)OHHO-qlHSH'ieCIGie RCCJie,nO:arumJI, IIpo,ztOJDmKl!IHeCSI IIOH:Eme. 

B 1977 r. BHIIOJIHeHa RPR'l'HqecRaJJ c6opi<a HEP-2 6es eaTpHeBOro" 
OX.118z,neBHJJ aR'l'HBHOI SOHH. Buxo;n peaRTopa Ha MOUIHOCTL·4 MBT OD-
;nae'l'CJJ B 6nall81mHe ;nBa ro.na. · ' 

Ylle HSr0'l'OBJieH HHllleRTOpH:wl yqacToR·.IDIY-30,o6ecne'IJ'.RB8.llllll IIpR

poc'l'. BHepnm M~TpOHOB 3 MaB,H,IteT RSI'OTOBJielllie OCTa.7ILHlllC ero 
y,mcTKOB R SaBepmaeTCJI CTpORTeJILCTBO 9,ll;~ YCROpiITeJlll. ' 

OceOBHae 11apaMe'l'pll Bcex ;ny-6eeHCRHX HMIJYJILCHRX dycTepoB ;ztaHR 
B '1'86JI. 2. 

. Paspa6oTR8 ~HsHqecRHX OCHOB JIRY'-30 Haq a Ta 6sJia aBTopoM B 
1965, r.' IIpoeJT ycKOPHT8JI8 H TpaR'1'8' B~o.na ,nyq.Ka B HEP-2 paspa6o
TaH · COBM8CTHO COTpY.zt!IlIKBMlI Hay,mo-ncCJie,nomTem,CRoro mICTHTyTa 

* Eymm E.H. lI .ztp. OHffil, 13-6213, .ny6Ha, 1972. 
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8JieRTpOq)Il:3WieCKOH 8IIIIa.paT.YJ)U HM. J{.B.lllioeMOBa ll JlHgi OIDJI1 IIpH Ha-
ytIHOM !)YXOBO.D;CTBB aIITopa/l4-l6,l8-3?/. ~- .. . ' . . 

. ., 

TaCS.lll!ua 2 

HEP+ HEP-3o + 
MHRpOTpOH JlYS-40 

illi[>~ + 
JIHY-30 

BpeMR pa6o'l'l:l 64-68 rr. c 1970 r. npoeRT 
tJacTOTa CJIBAOBaHBH HMnym.coB 
(In) 

50 100 50 

PeaKTOpHwi peDM 

IbmoBwt DQTOR ue;tTpOHOB B 1 2•1017 
yron 4rr {eeiiTp/c) • 2·1017 4•loI9 

Cpenmui llQTOR HBJiTpOHOB B 14 
yron 4·JT {neitTp/c) ·· 3,5•!0 
Cpemum '1'8DJI0Ba8 MOl!lHOCTJ, 6 

l,4•I015 . .. I, 7•I017 

(itBT) . . 25 4000 

BpeMR Zll3Hl'l DOROJl~HHH -61:lCTPl:lX . 8 
ueiiTPOHOB B 20He \C) 1,2·10-
IIOJIY111HPHH8 HelTp.BCIWlllltl!(MRC) 3 56 
KagecTBO Helh~p.JilCTOqH. (HeiTp/c, ' l,l·lo23 

BzcTepnwi pell!HM 

l,6•1□-8· · 
70 
2;9•1023 

Jl.mITem.HOCTJ, 3JIBK'l'p.lWII. (MKC) 
lli.myJII,cuml: TOR 3JIBRTp0HOB (A) 
3eeprirn 3JIBR'l'poHOB {lt3B) · ,, 
Cpen.MOlllHOC'l'J, 3JIBRTp.nyqRa 
(itBT} . 

I,3-2,3 l,6 

MaTepaan MHMBHH 
Y'MHOll!eHHe 
Cpe.iuuui' TenmBaa MOlllHOCTz,{KBT) 

Cpe,m.Hil DOTO!( HeiiTp~ 'B Yl'OJI 
4"":i1', faeiiTp/c, 
IlrucoBmi llOtOR ueiiTpOHOB B 
yron 4~ {ueiiTp/cJ .. 
IlonymHpl'!Ha HBit'l'p~BCirnlllKH (MRC) 
I{agecTB03~eitTp.HCTOgHBKa 
(ueiiTp/c J. 
l!Hcno HBii'l'pOHOB BO BCIIElllRe 

0,06-0,08 0,25 
:30 44. 

Q,.2 
.c:.J8U 

100-200 
l 

s•ro13 

4•I017 

3 

6,?·102~ 
I,2•1012 

I,7 
w 

I50-2LO 
12 

7•IOI4 

2·1018 

'.4 

4,4•1025 
!7•1012 

4~2•1crs 
92 
2·1025 

0,5 
::· 250 

30 

200 
w 
IU) 
440 

2,5•IOI6 

I,7•1020 
3' 

2,a•ro2'i 
5•loI4 

B ;nHccepTalll'!I'! npl!Be;iteHl:l. OCHOBHl:le peaynl>TaTl:l. TeopeT~ecux. H 
8RCD8pID1eH'1'8J.ILHl:lX l'!CCJIBAOBaHd I! paspl:16!)T,OK., DO 8JI8KTpOHHl:lM. HH~~-
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TopBM AJ18 RMIIYJILCHl:lX peaKTopoB na.csucTpl:lX ueiiTpouax HEP a HEP-2 
H peaym,TaTu nepooit B wpe ycnemaoa ;neMOHcTpalll'!H pa6oTl:l HMI1YJ1J,C
uoro ClycTepa "HEP+MHKpoTpoe", O'l'BO~eca:It ero HlD!teit'l'opy, 
DOJIY"IBHHHe 8BTOpOM HJIH llOJ!. ero PYKOBOAC'fBOM. 

"' 
r}l_8B8 l. HHaenop ,DB.JlBOrO ,:ty6H8HC~oro HMIIY.Jir,CHOro 

~ycTepa - Mllltp0'l'pOH 

Tp&RT, TJl8HCDOpTHPOB8BIIIBit 3JIBRTPOHH OT Bl:lBOAHOro MaI'BH'fHOro 
R8H8.ll8, YCTSHOBJieHHOro H8 nocne,llHeit opCSHTe MHRpoTpoHa, '11,0 Ml'!M81lll 
HEPa, CSu.11 C;ite118H DPJ!MO.lll'!HelHBM. ~KYCHp0BR8, .«' HaIJ8JmB8Hl!8 IlBHTP8 

.. THZBCTH qlOl'cy'CHOro WITHS IIYt)lt8 HS OCl> Ill'l.lll!HAPH'i8CKOI ypaHOBOK MH-, ,, 
meHH BWIO.llHHBTCH e;nHHCTBBHHHM JtY6.ll8TOM qeTl:lP8XllOXllCHl:lX M8I'HHTHHX 
.lll!H3 t pacnonoaeHHUM Ha cepe;nHHe Tp8KT8 - DOJUIOTO.llROM 38Jl8 perut
Topa {pac. l}. Hane.mmanae ocymecTBMBTCH npocT~ftmRM YC'fpo!CTBOM 
nna .lll!CTaHQJtoHHoro,1toBTpo.11HpyeMOro c IIYJ1J,Ta·pe~Topa nonepequoro 
nepeueQaHHH K~ Ha mrns. Ocz, 1rpana -l38pTHRam,na. 

3TB ROMD03HitlilJJ Tpe6oB8.ll8 J4.B8pTHR8.lll>HOi fCTSHOBRH MBAHSHHOI 
nnocxocTH uarHHTa MHRpoTpoua, npaqeM npeW4Y1118cTBo B uane:1HocTH 
6ycTepa B 8'fOM c111qae onp8BJU,1B8XO H806XO,lll!H)CTD, npeOJtO.llBHHH -1103-
HHRMBX AODOXHl!Tem.mix TPYJlHOCTeit p83M81118HIIIJI o6opynoBaBHH. 

B 6eTOHHOM 2-MeTpoBOii. TOJIIIIHHH DO'l011R8 381.18 peaxTopa IIM8BT
cs aalQHTHl:ll mHCSep, OTRpHBaDIJdcs H aaxpl:lBalllldcs 6es aapymeuas 
BweyyMa B 8.ll8RTPOHOBO,tte. Ilp11 38RPl:lTOM~ro llO.llOll!eHBI! ~OHlilRHOBe
HHe Xll6oit PB.lll!&m!ll B 38.ll MIKPOTpoBa HS aana peSRTopa HCRJim88'l'C8~ 
3THM o6ecneqBB&J18CJ, BOSMOZHOCll 8KOD8PD&eHT8Jif>H~ro l!CCJ18AOB8HBH 
H co»epmeucTBOB&HHH YHXpoTpoea B·nep11onu, xorna HEP pa6oTax B pe
anopuou pe111Me. 

B MUJ)OTPOHe, npoeRT ROTOporo paapa6oT8H 6ux co~eCTHO co
TP1Alilm8MII Jr.aoopaTOPHH uelTpoHHOI qaISHR~ OHffil I! wsagecRcm .uaoo
paTO,l)HH Hl!CTH'cy'ra qal3H118CKHX llpOM8M AH CCCP IDII. c.H.Bamr.JroBa/4{ 
ucnOJll,aomca: T.H.BTopoii pell!HM yCKopemm,npewrOJJtemwtt c.rr.Kamw;eii 
H B.H.MeJI~. . 
Bamnam ero npeJUIYlll8C~ SBMll'l'CS BJtBOe ooJII,IDHii, qeM ocswmo, . 
ypoB8Hl> H8IIpSJl8HHOCTH H ,nocTOSHHOro MBl'HHTHOro D0.118' (y HSC -61:l.lIO 
H,., 2200 3),6.naro.Jtapl'I 'lleM;V' CSWI MHOl'Oltpa'l'HO 'CHJ!llteH l38C Mal'-

mITa; lial:lop SJieR'l'pOHaMH weprmi Ha . ~OM OOOl)OTe . ~ l MaB, 
T/llt ~TO ;30 JlsB OHR npHo<SpeTa.o: Beere ua 30 oCSopoTSX; a Taxae 131:l
coRa.s HHT8HCIIBHOCTf nyqxa. . ' KaJDma C.Il. H )U)• Jr3Tw, I960, 39, c. 997. 
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,, _ ~Topo,M 61m npoBe;nee Te;Jle'l'.lf'lf;!CRd aRami:s -nooo;neRHH peme1mtt 
ypaBHeHHli ,llB~lK8Hif.fl en:e.KTPOHOB B MHRPOTpom~,.lt,_ BHllOJ1H81IU·- COBM8CT
-~o ;,C JI~ArMepicy'JIOBUM e ,.H.lllenom::ieBUM pac<JeTH npooecca YCKopemui 
no· BCeM op6HT8M ea 3BM 61 • PaccMaTpHBanoc1, ,llBHEeHHe •tJaCTHU B - . 
Me.IUJaHHoij ~ocRocu 14arm11a. CBl:J no,mMH pacceHHHn B npon:eTHwc 
q_KHax- p~s~ea,-opa H. pa,IUJal:{HORiruMH IIOT8PJJMH ·eeeprHH · 9JI8RTPOROB, Ha · 
RPYI'OBHX op6H'l'ax npeee6peranoc1,. · , -· -

-"· q_ llOMOlllT,I) M8TO;IUIRH, llp8'AJIOJl8HHOit B { 38( 61mo llORasaHo,11TO · 
H3-31l_. H8JIH'IH.\l- B -p~SOHaTOP!3 MRRpO'l'poea ,1tapn;ey C o;nHoHanpaBJI8HHNM' 
YCKOPSJBll!RM 9JI8RTpHtJ8CRllM IIOJieM TaKl!te H MOlllHOro M8rHHTROro CJ3lI 
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IIOM, M8RHDUE!ro B8JIH<JHHY saBopa<JHBaDI!8ro IIOCTOSJHHOro llOJISJ MarHHT8 
Ha BRYTPHP830H8TOPHNX 0Tp83R8X op6HT, ycRopeHHe npaRTH<JeCRH Beer
Ira conpOBOZ)t88TCSJ npettqx)M op6HT B eanpaBJieHHH, nepneHnHRYJISJPHOM 
T.H. HX 0611!8MY ;nHaMeTpy, BCJie;ncTBHe qero BTO TP8nHUHOHH08 llOHJJTHe 
B KJI8CCH'l8CROM MHKPOTpOHe SJBM8TCSJ YCJIOBHllM. Ha PHC. 2 (KoOp;nHHa
Ta Y ueHTpa RPHBHSHH OTHOCHT8JIJ,HO "o6mero nHBMeTpa op6HT" 
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PHc. 2 

BsnTa B 6espasMepIWX enaHHuax, 
B ROTOpHX B8JIH'1HHa 0,68 COOTBeT
CTneT I CM) nBH paCC'lHTaHHlW . 
B / xo;n y' C HOMepoM N 
op6HT. BH;nHo, . 'lTO y;naneHHe UeH
Tp0B OT "o6mero ;nHBMeTpa" ;noc
Tl!I'aeT 2,5 CM. Ilpa STOM R KOH
uy YCROpeHHJJ BOfil!HK88T HeycTpa
HHMwi pas6poc Y op6HT peso
HBHCHHX 9JI8RTPOHOB ;nJISJ JIIOOoro 
~HKCHPOBaHHOro Ha6opa napaMeT
poB _YCKOpeHil:Sl (KpHBH8 Y ( N) 

pas1IH'lH11X op6HT Kaz;noro TaKoro 
Ha6opa rpa~H<JeCKH OnHHBROBH). 
3To npHBO;nHT R H8HS68ZHOMY pa
;nHaJII,HOMY yrJIOBOMY pas6pocy 
TpaeRTopaA nyqRa Ra Bxo;ne B 
MarHHTRl:lli RaHaJI, ROTOPHH B Ha-
W8M cnyqae ;nJISJ HOMHHaJIJ,HOro 

Ha6opa napaMeTpOB ycRopeHHSJ COCT8BJISJJI No, 015 panaae • .l:IM8CT8 C 
T8M ROOP;nHHaTa !f,·p. Il8HTpa KpHBHSHH H oceBoii TpaeRTOPHH rryq-
Ka He paBHB RYJID. B1,1paEeHHaSJ B MHJIJillM8Tpax, OHa npe;ncTaBJieHa Ha 
pac. 3 B saBHCHMOCTH OT YPOBHSJ 
R8DPSJZ8HHOCTH llOCTORHHOro MBrHHT
HOro DOM. nponopUHOHaJIJ,HOro J2 
( H=2200 3 ;nJISJ S1 = I , 96), H 

8MllJIHTY1U,1 f, YCKOpnnuero Ha
DpSJZ8HHSJ, nponopUHOH8JII,HOA f, 
(npnMHe npH KSE;!lOM ~HRCHp~BaHHOM 
!:.: ;nam 38BHCHMOCTI, · Y.•p OT 
2 }. Rax ;namme pnc. 2, '1'8R H 
PHC. 3 61,1JIH no;nTBepzneHH 8KCnepH
M8HTaJIJ,HO / 6/. 
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Pac~eTbl IlOKa3a.nH TaRJEe, 'lTO TpaeKTOPHH 'l8CTH peao-:-
HaHCHl:IX 81IeKTpOHOB He. MOrYT OOOliTH O,lUlH; H3 YI'1IOB npnMOjTOJII;'l!oro 
peaomiTopa :nepBoHa'laJlI>Hoii KOHCTPYKURH H Heo6xo.IlHMO CYIIllCTBeHHoe 
CHHmeHne ero paaMepa B]!om, "o6mero ,IlHaMeTpa -0p6nT". :XOpomne pe
aym,TaTH no Y,c,opeHHID 6b!JIH•nony'leHbl lia pacic'lHTaHHl:IX KBa,npaTHIDC 
peaoliaTopax 76 • E1,111H pacc'lHTaHH TSKJEe peaoHaTop1,1 UHJIH.H,npnqecRHe, 
npe,!UIO'lTHTem.Hlle no 'TexH011orH'lecKHM coo6pa:!E!HHnM, o6ecne'lHBmae 
CTO.m, lite BHCORYID .HHTeHCHBiiOCTI; ny'lRa Ha BHXO;lle. IlpH 8TOM C uem.lD 
OnTHMH3aIIBH KOHCTpyKUHH pe30HaTOp-OB no B03MOlKHO 6onee mllpOKOMY Ha-
6opy llX xapaKTepHCTHR dana' paCCtJliT8HH Be1IH'lliHH HHTepBana ~33 C..1/c 
BlrneTa 8118RTPOHOB C RaTo;na (B KOTOpoM HBXOWJTCJ3 Ha'la1II;HH8 ~831,J 

':f, T.H. peaoHaHCHhlX 'laCTHU, yc1<opeH0e ROTOPl:IX no YC1IOBHJ3M qia-
30Bor°o ,IlBliJReHHJ3. B03MOlKHO f-0 3u-fr op6HTR) B 3al31ICHMOCTH KaK OT H 
li aMn1IHTY.IW. yc~opmou:cro CiiTI IIOJIH 6 . raK u OT Ha'lam.HHX ROOp
;nHHaT 8MllTTHPYIDll!llX TO'leR • PacC'lHTaHH 111 ,npyrae xapaRTepHCTliRH npo
uecca YCRopeHHJ3 • B 'peaym.TaTe 6H1IH ll01JY'leHH R01IH'leCTB8HHHe ,IlaH
HHe, no3B01IHBlllHe onTHMH3lipOBaTI; KOHCTPYKUHID peaoHaTopa, a TaKl!te 
,Il8Hlille, H806XO,IlllMHe';nJiil npaBHJII,HOii ycTaHOBRH H BHOOpa ,nHanaaoHa 
perynapoBaHM Il01IOlE8HHJ3 MarHHTHoro BHBO;nHoro RaHana. ·B COO.TBeTCT
BHH c nocne;nHHMH ero Bxo;n dwr ycTaHOBJieH Bl,llll8 "o6ll!ero ~aMe~pa 
op6HT" H 'WISJ: o6ecneqemm· COOCHOCTH BHBe,neHHoro ITY'lKa c aneKTpo
HOBO,IlOM BO BCeM ,nHanaaoHe· 'ria·paMeTpOB YCKopeHHJ3, a He T01II;KO npn 
HX HOMHHa1I!;HOM Ha6ope, 6ana BBef_eHa·pe:ry:11HpOBRa ll01IOl!teHHJ3 KaHana 
B,IlOJlI, ero OCH Ha± 0,8 CM. {B pa6oTe 167. HMeeTCJ3 one'laTKa -· 688-
paaMepHHli aaaop Mel!t,ny RPHDIRaMH peaoHaTopa t cne,nyeT BCID;cy 
C'll!TaTI; paBHHM I,36 13M8CTO I ,26.) 

JJ.nn MOmHoro MHKPOTPOHa, B OTJill'lRe OT peaoeaHCHdro JIHHeiiHoro 
ycRopHTeJISJ, HarpyaRa peaoHaTopa nyqKoM · Mol!te·T Ha 'nopsi;noK npe:Soc
xo,nHTI; T.H. HarpyaRy XOJIOCToro xo,na, xapaKTepaayeMY!l MOll!HOCTI,ID, 
pacceHBaeMoli B CTeHRaX peaoHaTopa. 3TO He6naronpHiiTHOe COOTHoine
Hlie o6yCJIOB1IHBaeT npH BCJ3l(OM BR1I!l'leHHR yciopliTeJI.8, XOTjJ R ipaT.:.· 
KoBpeMeHHO - B nepao.Ii TpeHHPOBKH peaoHaTopa n noimmemrn·ero iia.:. 
rpy3Rli ,no HOMHHaJra, paccornacoBaHHe CHCTeMH, conpOBOl!t,IlaeMoe" OT
pal!teHHeM .,,_? 70% MOIIIHOCTH o6paTHO B TP8KT. _ TeopeTH'le·cRoe pac
CMOTpeHHe 7' 8/ npaBeno R aHaJIHTH'leCKHM BHpal!teHHnM, CBn3Hll8llllHM 
T .H.OTHOCHTem.eylD Harpya.Ky peaoHaTopa (OTHOmeHHe MOll!HOCTH ITY'lKa 
l( MOll!HOCTH, 3aTpa'lHBaeMoii Ha B086yl!t;neHHe pesoHaTopa) 6 ROBqlpl<UIH
eHTOM CT08'leH B01IHH HanpnlE8HHJ3 (KCBH) B TpaRTe Ha BCex 3Tanax 
paOOTH CBII cacreMH,oT MOMeHTa BKnmeHan ,no Bl:IXo,na Ha ~OMHHam.Hsii' 
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pelRHM. CnpaBen11HBOCTI, Teopaa 6Hna no;nTBepl!t,IleHa BKCnepHMeHTam.HO H 
Ha "xo11071,HhlX" li3MepeHanx, a Ha pa6oTanneM yc1<0paTene / 7- 9/. 

Eommoe BllllMaHHe 6ano y;ne11eHO ~pMHpOBaHHID ,IlOCTaTO'lHO O'HO
pO,IlHOro 111arHHTHOro IlO}ljJ B pa6o'leli o6nac·rn KaMepH YCKOpHTe}ljJ 5/. 
06pa6oTRa nonrooB o6enx 'leTapexnoJIJDCHHX MarHHTHl:IX IDI.H8 a11e1<TpoH
HO-OilTH'lecKoro Tp8RTa 6ycTepa 6Hna npoBe;neHa B Jia6opaTOPHH HOliT
poHHOii ~H3HRH no cneuaamHo paspa6oTaHHOR TeXH01IOrHH, Il03BOJIHBmeli 
C TO'lHOCTI;D B 0,002 CM lI01IY'lHTI,·ranep6omt'leCRHii npo~HJII; RaE;noro 
nonrea Bn1IOTI; ,no paccT08HH8 OT OCH B I,6 nonyanepTypu 1IHH3H. Mar
HHTOilpOBO,Il JIHH3 pacc'lHTaH 6HJI Ha OTCYTCTBHe HaCHIU8HlljJ B CTa1IH BO 
BCeM ,nHanaaoHe npHMeHneMHX rpa,nHeHTOB llOJIJ3. 

Hs BC8X Y81IOB MHRPOTpOHa pesoHaTop BO BpeMSI ycKopeHHn Haxo
;nHTCjJ B aaa6o11ee T8l!t81Il:IX YC1IOBHnx, H B no;naB}ljJllUleM 00111,illHHCTBe 
c111qaeB ,IlJJHTem.HocT1,·oqepe;nHoro nepao,na HenpepHBHOR pa6oTH 6ycTe
pa onpe,ne}ljJJiaCI, pecypcoM peaoHaTopa. H ;ne110 TYT He T01II;KO B TOM, 
'lTO npaKTH'leCRl/l BCjJ MHKPOBOXHOBan MOlllHOCTI, TaR HJIH HHa'le paccea
BaeTcn qepea aero (aTa cpe,IlHjJJ3 · MOll!HOCTI, HeBeJIHRa, ~ I KBT), HO, 
r118BHHM o6pasoM, B 'lpeaMe~HOii ee·K~HneHTP8lIHH RaR B npocTpaHCTBe 
(o6'J>eM pesoHaTopa -vIOO CM ) , TaK H BO BpeM8HH (BM OHa BHne}ljJeTcn 
B 50 ROPOTKHX N 2 MKC HMnym,cax). Han6onee paapymHTem.Ho B08-
,neHCTBYm Ha pesoHaTop 6ax11aCTHH8 8JI8KTPOHHi 60M6ap,Illlpymtne Ra-
TO;nHY!l KPWRY noc11e nepBoro nonyo6opoTa /I2 • · 

. 0,HO HS ajxpeKTHBHl:IX ycoBepmeHCTBOBaHHii peaoHaTopa COCTOjJJIO 
B TOM II/, 'lTO B KaTO,IlHOli ero KPHmKe 61,1na npo~peaepoBaHa KaHaB
Ka, r1116HHa ROTOpott B HeCK0111,RO pas npeBOCXO,IlH1Ia mapHHY IlOJIOCKH. 
Bp03HH. Ea.zrJracTHHe 8JleKTp0Hli noCJie 8TOI'O XOT.fl H narpeBaJm ,WIO 
KSHQBRH, HO BBH.IlY OTCYTCTBH8 TaM IlOM CBq llO'lTH Bee Hell811aTeJIJ:,HHe 
BTOPH'lHHe nponeccu ll0,ll813JIH1IHCI,. Ha O,IlHOM H3 TaRHX peaoHaTopoB OHJI 
38q)HRCHPOBaH MaRC'a~mrlt TOR ycRopeHHHX AO noc11e;nHeii op6HTH 8JleK
Tp0llOB 90-100 MA 12 , npH'leM Ha,Ilel!tHOCTI; paOOTH YCKOPHTe}ljJ a 6y
CTepa cymecTBeHHO llOBHCHJiac1,. 

Jqiyroe ycoBepmeHCTBOBaHHe COCTOR1IO B OTRaae OT nepecTpOllKH 
peso1:1aTopa.·8TO ycTpaHHJIO B03HHKHOBeHHe OOJII,WHX HeBocnOJIHl!MllX no
Tep1, yc.KopeHHHX 'laCTHU H8~3a HeROHTpOJIHpyeMOR yTpaTH napa1111e111,
HOCTH KaTO,IlHOi KPHIIIRH H Il1IOCROCTH ,IlllCRa, orpaHH'leHHOro HaCTpoe'l
HOli MeM6paHoi, Ha lIPOTHBOllOXOl!tHOi RPHlllKe pesoHaTopa. 

B noc~e;nmni nepao~ pa6oTu HMnymcHoro 6ycTepa "HEP-tMHKpo
TpoH~ Bee acnom,syeMHe peaoHaTopu 6amt IIHJIHH;npH'leCRHMH, He nepe
cTpaaBaeMHMH H'Wo481IH K8HaBRY ,IlJU3 6aJI1IaCTHl:IX aneKTPOHOB. 
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YnOM.RHeM emc, '!TO 3aRpyrneHne RPOMOR nponeTHWC OROH pe30HaTopa ero 
8JieRTPH'l8CRYKl IlPO'IHOCTl, He IlOBHmano, a CHlll!aJIO. CymecTBeHHO ee. no
BHlliaJIH aneRTpOilOJmpOBRa n oco6eHHO OTll!llr co6paHHllX c KaTO~a.Mll 
pe30Ha.TOpoB B Brutyytie llpll 670-770 K B Tetieiru:e ~ 3 tiaCOB/5{ 

HeJKeJiaTem,Hoe pa3BllTlle pesOH8HCHoro CBq paspn;na B IlOJIOCTll 
pesouaTopa npn BBone nocne;nHero B ;nellcTBne RoppennpyeT, B 'laCTHoc
Tn, C H8Jnt1meM 6apbepHoro YPOBHR CBq MOmHOCTll, IlO)l8BaeMOH Ha peso
H8TOp, COCT8BJIRBmero · 06H'IHO ""1% OT MomHOCTH HOMllHam,non. IlpH BBO
;ne pesoHaTopa B neiiCTBHe 8TOT ypoBeHb cne.nyeT npOXO)lHTl, Me)l]IeHHO 
B mannmeM pesoHaTop pel!tRMe, He ;nonycRan qpe3Mepnoro noBumeHnn naB
neunn B OTpC3I<e BOJIHOBO,n!IOI'O Tpa.KTa, OKaHtIIIBa.BIIleMC/l pe-
30HaTopoM. IIpeo;noneB 8TOT YPOBeHb, )lOBe)leHHe MOlllHOCTH ;no HOMHHam,
HOii MOlKHO BHilOJIHRTb ropas;no CROpee· (sa lD-20 MHHYT). B CBR8H C 
8TllM, a TaRllte BBll)lY HaJill'lllR:B TPaRTe XOTR li RpaTROBpeMeHHoro, HO 
6om,woro oTpallleHllR CBq MomuocW oT pesoHaTopa 6un paspa6oTaH CBq 
TpaRT IlOBHWeHHOli H8)lelKHOCTll / . C .nBYMR nocne;noBaTeJibHO BRJil[Jlj6H
HHMll llHPRYJIRTOp8Mll. 

Heo6XO)lHMOCTl, paspa6oTRR RaTo;na HOBoro TRna )lJIR MHRpOTPOHa 
6una BHSBaHa, rnaBHblM o6pasoM, qpesMepno 6on1,won (B ;necnTRll aMnep) 
aMITJIHTY)lOli TORa, HarpeBa R8TO)l8 B' ROHCTPYRllllH C IlPRMHM OMH'leCRllM 
ero HarpeBOM. B08MOlltHOCTb CRHXPOHH8aUHH BpameHHR M8XOBIUta HEPa C 
ITPOMllWJieHHOli llaCTOTOH aneRTpoceTn OTCYTCTBOBana, B CBR8H C -iieM 
B08MYtUeHHe npouecca YCRopeHHR M8rHllTHHM noneM nepeMeHHoro TORS 
HaRana R8TO)l8 npn Tpa)lHUHOHHOM OMH'leCROM ero narpeBe 6ano 6u He
ll86elKHWA. 

IIo Hnee aBTopa, BMllTTep RaTona - unJmH;npHK as kB
6 

- narpe
BaeTcR aneKTPOH8MH, 8MHTTHpOBaHHHMH HaRaJieHHOli cna6HM TOROM BOJil,
¢P8MOBOH HHTbll, YCTaHOBJieHHOii Ha Tex Ee cnnoBwc JIHHHRX, llTO ll UH
JmimpMK,Hc! B H6CKOJI1>ruDC C8HTl!MeTpa.X OT M6.n;li8.HHOll WIOCKOCTII ·ll!al'Hll

Ta.Ha HllT!,IIO~aeTca OTplillp.TeJibHOe HanproKeHHe,yCKOpma!!ee.sJieKTpoHH 
TOJibRO B HanpaBJieHHH llHJillH)lpHKa. B 8TOH cxeMe )lJJJl narpeBa RaTO)la 
OKasaJIOCb )lOCTaTOllHHM nonnepl!Ul.B8Tl, MOlllHOCT!, 6oM6ap)lHpyJr.UlHX ·. 8MHT
Tep BJieRTpOHOB -20 BT IIpH ' npaRTHlleCRH IlOJIHOM HCRJIKJ<leHHH B03-
MYm6Hllli M8rHllTHoro IlOJISJ MllRpoTpoHa. BMecTe C TeM H )lJIHTeJibHOCTl,, 
J:l6PHO;ita H8)l6lltHOll·pa6oTH R8TO)la pesRO B03pocna H)lOCTHrJia 500,'!8.-
coi/5,IO{ _ . . .- _ . -. . . 

S;nec1, YM6CTHO OTMeTHTl.,. llTO YCJIOBHR pa6oTH llMnym,cewc 6ycTe
POB CYlll6CTBeHHO o6nerqaKJTCR, ecJIH MO;llYJIRIIHR peaRTHBHOCTH·RX aKTH.B
lillX 80H 6y.neT CHHXPOHH80BaHa C 8JI6RTpocenKJ •. 0CHOBHBaJJCl, Ha 8~0M 
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coo6pallteHHH, BBe;neHa CHHXPOHR8aUHJJ MO;llYJISlllliH peaRTHBHOCTl'I HEP-2 
C 8JI6RTpoceTbll. 

· rn~B~-~- 0CHOBHHe napaMeTpH MliRPOTpoaa-HHllteRTOpa H 
nepBoro ;iiy6neHcRoro llMilYJibCHoro 6ycTepa 

lflaRT H8JIHllHJJ B MH.KpOTpone pesoH8HCHOro YCROpeHHJJ 8JleRTPOHOB 
C HaH6om,men llYBCTBHTeJibHOCTbll perncTpnpyeTCJJ no BHesanHOMY B03-
HHKHOBeHHll B sane YCKOPHTeJIR t -pa;m1amnt 6om,mon liHT6HCHBHOCTli. 
,lJ,allte YCRopeane aneRTpoHOB XOJIO;nHOit 8MRCCHR C XOJlO;nHOro RaTo-
;na ynepeHHO ;neTeKTRpyeTcJJ aTRM cnoco6oM. 

lI8MepeHR8 lite Ha HeCROJibRO llOpJJ;nROB 6om,mero TORa yc~opeHHllX 
'l!aCTRU, BMRTTHPOBaHHllX HaRaJleHHHM K8TO;ItOM, ·yno6HO BHllOJIHJJTl, nepe
MemaeMHM B;ItOJib "o6mero ;miaM8Tpa" op6HT ROJIJleRTOpOM, ORPYllleHHHM 
)lJIR YCTpaHeHHJJ HaBO)lOR CllJIOWHEM TOHKHM aaseMJI6HHHM BM8CTe co WTO
ROM npo6HRRa npoBO;nRWRM 3RpaHOM. 0Ra8aJIOCb noJie3HHM pas;neJiliTl, 
!(OJIJI8KTOp Ha ;n:ee JlaM8Jlli C IlJIOCROCT:&ll pas;nena, COBna;iiailmeii C Me)lH-
aHHOH llJIOCROCTbll MarHHTa. . ' 

BnepBH8 ycRopeHHH8 B ;iiy6HeITCROM MliRPOTPOHe 3Jl8KTpOHH 6aJIH 
llOJIYt)eHH B q>eBpaJie 1964 r., 1t nocne HeKO_TOPHX ycoBepmeHCTBOBamm 
peaoaa-ropa B MapTe -roro llt8 rona nx saeprHR 61:1Jia ;noBe;neaa ;no 27 MaB 
IIPK pacnp~eJiemm TOKa yCKopeH!WX tiaCTJm no · op6nTaM, nso6pa
xeHHOM Ha pHC. 4 (KpHBaJI l; Ha STOM pxcymte TOK Ha 13 op6nTe llpll

HJJT sa 1). Hccne;noBaane axcRaJlbHoa acHM-
M8TPHH ny-iiRa, BlillOJIHeHH08 C IJOMOWl,ll ;n:eyx
JI8M6JlbHOI'O npo6HRKa, no;nTBep;nano onaceHHJJ 
0 -.ipesMepHO B036YM;It6HHOM H8llteJI8T6JlbHOM 
aRCHaJibHOM ;n:Blillt8HHH YCROpJJeMOro nyqRa RaR 
Qenoro. PeayJlbTaTa BToro Hcc'ne;noBaHHJJ no
MorJIH Bapa6oT8Tb PYROBO;nRlllYll H;nem cos.na
HHJJ CRCT8Mll JIORaJll,HO ;neffCTBymil!X RoppeR
TRPY~XrJlBBHllM o6pa80M aRCH8JlbH08 ;n:BH~ 
llt8Hli6 Boero nyqRa TOKOBllX BHTROB R npHMe-

t-
\~ ,, .... _ 

\ 0~, '-, -, I 
'·.... ~ o;z ·--·-·-·-'·..--2 N 

0 I·--

0!ST7192123252729 

Pnc.4 

H8HliJJ RoppeRURH llOJIOllteHRJJ M8)lH8HHOli llJIOCROCTH MarHHTHoro llOJIR ea 
nepnq>epRR ero pa6o~eit-o6nacTH. 

O;naaRo npoeRTRPOBaHRe H R3I'OTOBJieHlie ROppeRTRpynnett CHCTeM!l 
Tl)860:eaJIR H8CKOJll,RllX MeClllleB. lIOSTOJVJY IIO IIp£WI0'1t8RllJO 
w • .n:.lllarmpd3{ llM8Blll8I'O lleJI!,Kl yCKopeime llpoB8p!GI IIpHIU]iIIIa pa60TH · 
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HMIIY1tI,CHOro 6YCTepa, MU YAJIHHHJIH BOJIHOBOll.Hmi OTP830R, Ha ROHII8 RO
TOporo RpenHncn pesoHaTop MHRpoTpoHa Ha 8 maroB op6HT; H BIIepBHe 
II-28 ,neaa6pn 1964 roila 6HJIH npOB8]18HH 3RCnepHM8HTH no YMHOll.8HHD 

H8HTPOHOB, reaepHpOBBHHHX ycRopeHmiMH'B MHRpOTpoHe ,no 22 MaB 8JI8R
TpOHaMll Ha MlillleHH H3 2~,YCTaHOBlieHHOH B neHTpe BRTHBHOH 30Ht,t 
HEPa. 

IlapaMeTpH MHRPOTPOHB H HMIIYlILCHOro eycTepa ~ 3Toro ROPOTRO
ro &Tana. pa6oTt,t ',llalill m1:ae B T86JI. 3 (I-it CTOJI6eu). 

0TM8THM cymecTBeHHmi He,nocTaTOR nepBoro BapHaHTB ROHCTPYRIIHH 
ysna MHWeHH, o6Hapyll.8HH:aii Ha 8TOM 3Tane COBM8CTHOtt paOOTH MHRPO
Tpona C HEPoM. Hccne.noBaHHBSJ 38BHCHMOCTI, 3CPPSRTHBHOCTH ROHBepcHH 
8JI8RTpOHOB B H8RTpOHH OT H8COOCHOCTH MH-
W8HH H CIPQRYCHPOBBHHOro Ha Hee.nyqRa H30-
6paxeHa Ha pac. 5. · HacoOCHOCTI, BBOJUIJIBC:b ,. lW 
sa cqeT onnoBpeMeHnoro nepeMemeHHn.o6eruc 
Marii~THHX JIHH3 TpaxTa B panaam,HoM (no 
OTHOW8HHD R nyqay} HanpaBJI8HHH. KBR BHnHO 
H3 pac. 5, cpennnn MOWHOCTI, HMnyJII,CBOro 
6ycTepa,· ROTOpM nponopIIHOHaJII>Ha llq)(peR
THBHOCTH ROHBepcHH, npa H8COOCHOCTH nyq
Ra 'c MHW8HI,D Bcero B 0,25 CM CHH:KSJIBCI, 
B;D.1308 IIO cpaBH8HHD C HOMHHanoM. 

2 J, 

PHc. 5 

l••I · 

BcRope 6una H3r0TOB.lI8Ba H OTJI8ll.8HB CHCTeMa TOROBl:IX BHT.KOB H 
CMOHTHPOBBHll CHCT8MH IIHTSHHR ceiundt 06MOTRH MBrHHTa, ROppeKTHpo
BaBmRX IIOJIOll8HR8 cpenneil MarHHTHOI nnocROCTH, H BHTROB. Y,ItJllllIJl-
!OlllBJI BOJIHOBO,nHan BCT8BR8 B 6.lIORe pe30HBTopa 6una CHRTa H no-
C1I8 c6opRH yc1<0pHT8JUI ,MR pa60TH B HOMHHBm.HOM pe:uMe 6H.lI no.nyqee 
H HanpaB1I8H B peaRTOP nyqoR 31I8RTpOHOB C 8Hepraett·30 MaB H .npyra
MH napaMeTpBMH, npHBe,neHHHMR BO 2-M CTOJI6ue Ta6n. 3. 

3W8RTHBHOCTI, Jt8HCTBM C03,llaHHHX,ROppeRTHpyJlllHX,MBrHHTHOe 
none 3.lI8M8HTOB xopomo HJIJIJX:TPHPY8TCR pHC.4 (KpHBWI 2-CKoppeK- ., ' 
THpOBB.Ha cpe,ItW!lI MaI'IDITHaJI IIJIO CKOCTI,, · 3-KoppeKI.tWI' BCeMB 8JieM8HT8Ml!) • 

HoBH8 ,namru:e no llq)(peRTHBHOCTH MHW8HH, nonyqemwe B 'pesym,Ta
Te acc11e,noBaHM,'BHII01IH8HHoro cpasy no nonyqeHHH nyqRa C HOMHHam,
HOH 8Hepraeil:, TBRll8 IIO,ItTB8PJUIJIH TOT ~BRT, qTO BH6paaewi ee ;ttl!8-
M8Tp I CM CJIHWROM Man. Koa<l$ll@eHT npeo6pa30BBHHH·3Jl8RTPOHOB _B 
H8HTPOHH OR8381ICH PBBHHM 6•Icr3 , Tor,na KBR oim,n'e'o~ ero. suaqe-:. 
HHe ,MR T01ICTOH ypaHOBOil MHW8HH 61mo I;6•Icr2 .:5 • .YBeJIHqeane' 
,IUlaMeTpa MHW8HH ,ro I,6 CM, peaJIH30BBHHOe B C8HTH6pe 1965 r. 
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Ta611mia 3 

Ilepao.n paOOTH 
liapaMeTp nexa6pI> Mali 1965 r.- MBPT 1967 r.-

!964 r. HDJII, I966r. RDJII, I968 r. 

8HeprHH 3JI8RTPOHOB (MaB) 22 30 24-30 

TOK B HMIIYJII,Ce {MA) 2I 60-80 00 

]umTe1II>HOCTI, HMnyJII,ca{MKc) I,6 I,3-2,3 I,6-I,8 

~acToTa cne,noBaHHn (I'n) 50 50 50 

HMnym,cean MOWHOCTI, CB~, 
BBO;nHMM B pesoeaTop{MBT) 5,7 5,7 

MolllHOCTI> nyqxa.ua Bwco.ne: 
HMIJYJII>CHM {MBT) 2,4 2,4 

cpe,nH.llS {RBT) 0,2 0,2 

3pileRTHBHOCTI, TpaHcnopT!-
IOO POBRH nyqRa,ea MHmee~ (} IO0 IO0 

J))IaMeTp ypaHOBOtt MHW8HH(CM) I I-I,6 I,6 

KoaqxfJRIIH8HT npeo6pa30BBHHH 6•rcr3 
8JI8RTPOHOB B eeil:TpOHH I,5•I0-2 I 5•10-2 

' 
YMHOllleHH8 IOO- I00-200 I00-200 

HOO 

C~,nWIH MOlllHOCTI, 6ycTepa 0,02- 0,6-I,2 0,6-1,2• 
(RBT} 0,2 

lloJIYlllHpHH8 BCillllllRH H8HTpO-
HOB {MRC) · · . 2,5-IO 3 3 

IlHROBllli noTOR B L. 4 ·Jl' 
{eett-rp/c) . 4•1ol7 4•IU17 

B.T.Py,neHRO, II03BO.lIHJIO 6onee qeM Broe IIOBHCHTI, ee aqilleRTHBHOCTI, 
H nonyqHTI, Ko~eHT l,5•10-2 / 5 • . 

B TeqeHHe ooowc nepBHX 8T8IIOB ,neilCTBHH HMny.JII,CHOro 6YcTepa 
HCIIOJII,30B8.lICH MarHeTpOHHIM CBq reHepaTop. B nocne,nHHR lite nepno,n, 
C MapTa 1967 r., pe30HBTOP MHRPOTPOBB B036Yll.It8JICH O,IU!HM ll3 11.BYX 
RJIHCTPOHOB, npennaseaqeHEWX ~ aneRTPOHHOro HHll.8RTOpa asroTOB
JISJBmerocn HOBOro HMnym,ceoro 6YcTepa "HEP-30 + JIY3-40". 

IlapBMeTpH 6ycTepa "HEP+MlmpOTpoH" Ha nocne~HeM STane ero pa
doTs, saRoeqnBme!ca B eme 1968 r., npHBe,neeu B 3-M cToJICSUe 
Ta6Jr. 3. 

'l 
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, 2-n_rJiaBa ;iurocepTallHH aaBepmaeTcn ormcaaHeM rurTHBaitHH H aaMe

'<leHHHX H8MeHeHHil CBOiiCTB npHMeHeHHHX B HHlKElHTOpe MaTepaanoB no,11 

,11ettcTBHeM aneHTPOHHoro nyqga·u reHepnpyeMott HM palll!rumH. 0TMe'<leHo, 

,l3 iiaCTHOCTH, 'lTO pesllH8. HOJ11,IJ8BHX Ba!tYYMffl:IX yMOTHeHHii o6e•rnitRR 

I<aMepu B Y3ROM ceRTope B HanpaBJieHHH X0,118 IlY'<JK8 H8,ll peaoHaTOpOM 

aaTBepnena H CT8118 XPYllROii H HOHIJy pa6oTH MHK,l)OTPOHa B'Jly6He 
(CYMMapHan 8HCll081UrnB :v 4000 '<J8COB}. ''. , -

r}la_B_a~. HH:zeKTOP TpeT1,ero' ';11y6aeac1toro HMllYnl>CHoro 
6ycTepa · · ., ·· 

HaBeCTHO, '<JTO H8 K8E;llllR MeraBaTT MOII\HOCTH IJyqK8'npOTOHOB,' 

yc1<opemmx ;no "600 MaB, Bl:IXO,ll HeiiTpOHOB Ha ypaH.OBOR-MHmeHR npH

MepHO 'aa nB8 nopn;IIRii' BHme, '<JeM npR ee 6oM68Plll!POBRe : e1ieRTpOH8MH 

c aHepraeii 30 MaB. KpoMe Toro, H BWIYCK npoToenoro II1'3Ra '<lepea 

OROHe'<lHYll cTeHRY BaRYYMHOii R8Mep1,1 ea Mifmea1, oc~cTBJWeTCB eecpa:e

HeHHo nerqe, '<leM 8RBHB8JI8HTHOro anenpoiiiioro. TeM iie Meeee, . ltaR 
:·l' , , . ·, - .' ,"l,, 

BTO llOK838HO B 3-iicrnaB~ Ill!CC8pT8llHH, 8118R'I'.POHHw,\ HH~eRTOP,;iu,t!;i 

HEf'..:.2 JrnY-30 OR8lKElTCB no MeHl>mea Mepe B H8CR011!,RO pas BROHOMH'<J

Hee npOTOHHOro., 

BMecTe C TeM, K8K reHepa'iop KOpOTRHX HeitTpOHHl:IX HMnyncoB 

Ha HepasMHOllaD118ii MHW8HR JilfY-30 6:y-neT HaXOill!Tl>CB Ha ypoBHe •ny:ijmBX 

,11eiiCTBYDllHX YCT8HOBOR 1 8 ocymecTBJieHHe peEHMa pa6oTH C CORpaoie

HHeM nnRTeJll,HOCTH aneRTpOHHoro HMny11l,C8 B aneRTpOMarHHTHOM rpynnH

poBaTene, 8H8JIOrH'<JHOM YllOMRHYTOMY B /l7/, ll03B01IRT llRKOBHii llOTOR. 

6HCT~mc HeiiTpOHOB C MHmeHH B reHepapyeMllX, BClll,llllKSX ,llOBeCTR ,110; 

"'lo"l HeiiTpOHOB B C8KYH;IIY • . . 

CneoaqmRa Tpe60BaH0.li, npe,11MB11neMHX R HHZ8R,TOPBM HMilY11l>CHHX 

6ycTepoB, oco6eHHO npRO nponBR118Cl, B ROMll118RCe "HEP-2 + JIBY-30". 
' BHCOKHli ypOB8°Hl, pa.muuma: H aaTj:jyhiieHHOClT.E, ,llOCTylla R oe HTPY 

aRTHBHOli aoHH HEP-2 orpaHH'<lHBam RaR Bu6op ROHCTPYRllHOHHHX MaTe

paa,roB ,ll1I8 OROH8'<JHOli 'l8CTR aneKT!)OHOB0,118 H BHfiYCRHOro OKHS, T8R 

a nnoma;m, noc,re,11Hero ( ·-vl6 cM"). B TO 11e »peMil ·Ma,ra · a iiacToTa; . 

CJie,llOB8HM CHHXPOHR30B8HHWC C BpameHHeM MO;IlYMTOpa peaKTHBHOC'l'H 

HEP-2 8118KTPOHHHX HMilY11!,COB,' a HX BHeproco,11e~l!8HHe (4 Klla H8'HM

ny111,c) Ha Olll!II-nB8 nopn,11im BHme, '<lel',f B,_Hs:i3ecTitmc aneRTPOHIJlDC yc

ROPHTe_nnx;....reHe_(laTopax HeiiTpOHH!iX: Bprt~eR Ha H8.IJ8,~MHOZ8D!lruC, MH
mewix (B OR o:.A _. 0,00 Klla Ha HMilY11!,C)! .B aTlll YCJIOBHRX 

~ Bowman C.D. IEEE Frans., 1979,NS-26,No. l,p.1426. 
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e;IUIHCTB8HHHM cpe,llCTBOM npoTHB CKoporo paapymeHRB ORHa BBnneTCB 

npH,118HHe eyqxy BJieKTPOHOB npellRSHOHIWX 8Jie.KTPOHHO-OllTH'<JecKRX Rl~

'<JeCTB, a RM8HHO - 118MHH8PHOCTH H p8BHOll110THOCTH TORS no ce'<leHRIJ. 

8TH Ka'<JeC'l'Ba llOR8 He no,ryqeHH HR B O,llHOM JIBY. 
Peman RJill'<JeBYIJ npo611eMi C03,ll8HRB JISMHHaJ;JHoro llOTOK8 (pasYMe

eTca, B npeRe6pezeHHH HS'<JWIE,Hl,IM pas6pOCOM Tenn~BHX nonepe'iHHX CKt 

pocTe! '<J8CTHil Ha 8MHTTepe) B-HRzeiTope HEP~2 JrnY-30 !19,28,30-37, 
MH BOCll011!,30BElmICl> T8M, 'IJ.TO ,llmIT811l,HOC'l'l, ReiiTpOHHOro HMUyJI!,C8 

6ycTepa C YMffOllteHHeM ~ 100 B8m!Ra - HeCK01ll,KO MRKpoceKyH,11. 8To 

ll08B01IH110 H )11IHT811l,HOCTL 8JI8KTpoHHOro HM!lYnl>C8 JIBY-30 BH6p8Tl,' 

npe,11811!,HO 6om,myn - 500 HC, s TOK YMeHl>mHTl,' ilo B811R'<JHHH 250 A, 
npa ROTopoit ecTl> BOSMOJtHOCTL c<lx>PMHPOB8'l'L naMHHapHwi IlY'<JOR Ha 

BX0,118 B JIBY-30 H coxpaHHTL BTO ero CBOiiCTBO BCIJ~ B HHlreKTope. 

Kpoue Toro, ITOCJI8;11HHD: ;lt01IZ8H 61,1n 8811lHmeH OT aRTRBaIJHH R 

npoHHRHOB8HHB P8Ill!08KTHBHHX BelllE!CTB HS SOHH l1EP-2-npH noBpellt,lleHRH 

BHilYCRHOro OKHa, a TaKae 06JI8,ll8Tl, BHCOKOll H8,lleEHOCT!,1Jpa60TH (c 

MOll!HOCTl,IJ IJyqK8 200 KBT), BOSMOllHOff T01ll,KO npa npaRTH'<JeCKH ll011HOM 

OTCYTCTBHH n0Tep1, ycxopneMHX H Tp8HCllOPTHpyeMHX .~118RTp01lOB. 

Y,110BneTBOpeHH8 STRX Tpe6oB8HHH npRBeno R pn;ny oco6eHHOC'l'eii B 
ROMIIOSHllRH H COCTaBe 06opy,110BaHHB, a ·TaKZ8 B ROHCTPYKIJHR 18110B 

HHJteRTOpa. TaK, ropH30HTaJII,HM OCL ycxopHTe11LHOro TP8RTa onymeHa 

OTHOCHT811l,HO 1leHTp8' aKTRBHOli' 30}!1,1 peaxTopa · Ha 5 M H nepen BXOJtOM 

B HEP-2 IJyqOK 9JI8KTPOHOB 38BOP8'<JHB8eTCB Ha yron ·1'/2 (puc. 6). 

B TeqeHHe'Kall,llOro llpOM8Z3"TRa MeJt,llY HMUy11l,C8MH 8BTOM8TH8HpOB8HH8B 

aJieKTpOHHM CHCT8MB ·6y~eT BHITOJIHBTl> llHK11 onepallRli KOHTP0118 COOC-

. 'HOCTH BBO,llHMoro B peaxTop IJy'<lKa H BepTRRanI>Horo OTpes1ta aneRTpo

HOBOM'-; 0.18H'<JHBarinerocn, r.mmein.n, IlOCTOBHCTBa pasMepoB Ce'leHHB 

DYtJKa nepe~ MHllleHl>IJ R O;IIHOpO;IIHOCTH pacnpe,11e118HHB llJIOTHOCTH TORS 

B,HeM. Ilpe;nyCMOTpeHS aBTOMaTR'<J8CK08 OTR111J!l8HH8 YCROpHT811B H11H ne

peX0,11 aa '<JaCTO'l'Y ClI8,llOB8HHB HMny111,coB l lit npa oelHapyEeHHR '<lpes

M8PHl:ilX OTK1IOHeHru1 OT HOMHH8118 BHme_yR888HHHX napaMeTpOB IlY'lRS. 

BBHltY TOI'o·; '<JTO npH ITOBOPOT8 IJyqK8 ero OCeBM CHMMeTpHJJ yTpa'lHB8-

eTCB, a ipopMa era ceqeHHJJ Ha MHlll8HH zeJiaTem.Ha ItpYI'JIM, Ha yqa

CTKe BB0,118 ~xycapoBKa IJyqKa BunonHHeTca 'll.eTHpeXIIOJllDCHWvm MarHHT-

. amol' :hl!RsSMH, a· ae coneHOH,118MH, xax 9TO nenaeTcn 11a ycRopne111,HoM 
TpaRT8. , 

g: cnyqae aBap'HitHoro eapymeHM rpaHR'<JHOii CTeHRH , pa.3,IteJilmlleii: 

BaitYYM H ci~amiirl[ MmIIeHI, HaTplrli, 6HCTpO,IteiiCTBj'm!HH .RJiaIIaH, pac
IlOJIOltemrirll: ttepe,It BXO,ItOM !Iylma B IlOBOpOTHHE! M8.I'HHTH,B Te1Iemre 
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Pac. 6 

la!fEl 

2 . . 
5• 10- c 3aKpoeT OCTaJII,HOil: 3JieitTpoHOBO,D; H · RaMepy .lll1Y-30 OT 
IIpoHHKHOBeHWI B HHX ~OaRTHBHOI'O ua,n;oareHTa. 

CJie;ayeT o6paTRTl, BHHMS!me ~ R838JIOCl, 61:l qpeSMepHYJ) ;wmey 
CaMOro ycROpHTSJI.B - 219 M. B /I 61:lJIO IlOK838HO, 'IT0,9KOHOMH'I
HOCTl, YCKOPHTeJIR, B '18CTHOCTH, ero KIJJl pacTeT npH YBBJIH'ISHHH npo
nom,Horo pa8Jllepa H CHHXeHHH nff8M8Tpa YCROPJlllllHX BJieMeHTOB JIHY 
(T.H. HH;llYRTOpoB). PeaJIH38IlHJl BTOtt H)leH B npoeRTe H OOJil,WaR nJIH
TeJil,HOCTl, HMnyJil,C8 npHBSJIH R YR838HHOi_ nJIHHe JIHY-30. 3RcneP,HM8H
TaJil,H8Jl npoBepRa 9TOro pemeHHJl Ha rOJIOBHOM o6pasue JIHY-30 725/ 
nonTBepnaJia ero npaBRJil,HOCTl>. 

IIpenJIOll!eHHJ:.ii H peaJIH30B8HHsil MSTOJt ROJIH'leCTBeHHoro npe;ncRa-
38HHR KOH!pHrypaQHH BMHTTepa RaTona OC8CHMMeTpH'IHOi llYllll(R C npaR
TH'leCRR Jl8MHH8PHllM R paBHOilJIOTHl:lM llY'IROM peJIBTHBHCTCRHX. BJieRTPO
HOB_Ha COTHH aMnep TORS Ha ee BllXOJlS BRp8TUe COCTOHT B CJI8;1[1Dll8M. 
WOpMa Bcex BJieHTponoB, RpoMe BMHTTepa RaTona, R pa3M8Pl:l MarHHT
Horo 4JOKYCHPYDll8rO COJISHOHM !pHRCHpymcJJ. W<>pMa ll!e MepznaaHHoro 
ce'leHHR BMHTTepa nocne Raz,noro npoMeQ"TO'IHoro pact1eTa Ha 3BM :xo
na Ha6opa (naJiee-Beepa) "panaaJil,HHX TpaeRTopd" (;neicTBHTBJil,Rl:le 
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TpaeRTOpHH - npocTpaHCTBeHHue RPHBl:le}, Ha'laBWHXCJJ Ha paSJIR'IHUX 
panzycax BMHTTepa, _ )le_qx>pMHPYBTCJJ CaMOH 3BM TaR, 'IT06U CJiemrrinHil 
pac'leT!Wtt Beep npH6Jm:3MCII_K 3TaJIOHHOMy-. KoHTpoJII,HDe cetieHlle 
nyqxa~ Ha ROTOpOM 3BM sanoMIIHaeT nepen oqepenHJ:lM pactJeTOM Beepa 
nanHue aTaJIOHHoro JiaMHHapHoro paBHonnoTHoro nyqxa, a nocJie pac
qeTa cpaBHRBaeT C HRMH MHHOO XO)Ul TpaeRTOpd BU'IHCJI8HHOro Beepa 
H BHOCHT H806XO,llHMl:le nonpaBRR B qJOPMY 8Ml4TTepa, BH6Rpa~TCJl acHM
llTO_TH'l8CRH naJieRo OT R8TOM H 8HOnttOro OTBepCTitJJ • IlpHHUHilH8Jll,HO 
138mruM Ha Bcex aTanax IlOHCRB_Heo6xonaMOll qx>pMu SMHTTepa JlBJIJleTCJl 
npe;nnOJIOll!eHHe O Jl8MHH8pHOCTl4 IlOTORa,HeCMOTPJl Ha p88Jll,H08 ee OT
CYTCTBHe B Beerax MHOrHX H8'18Jll,HUX BTanoB. OHO Il03BOJIR8T Bcerna 
ll0Jll,30B8Tl,CJJ BUB8)l8HHUMH B /3G/ TO'IHl,lMH nJI,ll JlaMRHapHoro llOTOR8 
peJ.tBTHBHCTCRRMR ypaBHe~HJJMH TpaexTopHil t1acTHU B ocecaMMeTpR'IIIDX 
llY'IRax, ROTopue B UHJIHH)lPH'l8CROR ClfCTeMe RoopnaaaT ( '1- , ':J', :2- ) 

RMe,m BHn , . ,.. _ A '.'IA o<. . 

1
-z"-r ,.,.,_ 0.' ~v _ )V-+·_ ;Tl"fr-z!"Ja +- ~(II- ~J('Li:-i1

~ -1- -)]--= 0. i"j{L' ~ ,rz ~ ri!: J 'i. "l; ,.'°L '?:.! ·z.i ~ 

col __ :r,- (A - ~)·· · · · (I) 
y - t13 -z 'J '"Z- ) ' 

a . . . 

/.1 1.;cll)·o-=~ e,2.=-lf2..;l-fSt/A'$-~J~ 4 --• .f.zA~-}fo.?29'')i ; Cl=-1..-oV. 
\! -cLa- , . 1>1,,ei 1 ~ 0 :10 +,z,2.) , l '., v . li-=-2,, 

V , A - cRaJIJJpauit 11 Bei<Topasil ocecHMMeTpR'IHue noTeHIIHaJIU CYM-. 
Mapawc llOJieR llY'IR8 H BH8WHHX noneR, e. .• mo , C - a6COJillTHaJJ Be-
1IHtJHHa 38PJ!;D.8,, M8CC8 llOROJl aJieRTpoHa It ciopOCTl, CBeTa, f <7:) -Be
JIH'IHH8 TORS nyqxa B Rpyre panayca 7, • 

· Pac'IEiTHSJJ·npouemrpa llOHCRa He06XOnffMOil·qJOPMl:l SMHTTepa, pea
JIH30B8HH8JJ no.n PYROBO)lCTBOM H npH Y'l8C'l'lfH 8BTopa Ji.A.MepxyJio- · 

:am/28•~•35( 0KasaJiac1, cxo,nro11ei1C1I. , 
PasBHTui MeTon npe)lCR838HHJJ SJI8RTPOHHO-OllTR'l8CROli cxeMH 

nymRH C JiaMinapHHM llOTOROM.8JI8RTpOHOB MH H83B8JIH MSTO)lOM BffYTpeH
Hero CHHTesa. 

· .lllmTeJil,!{l:l8 pac'l8TU ll03BOJIHJIH C xopomei1 TO'IHOCTl,I) npencR838T:b 
H8CROJil,RO 9Jl8R,TPOHHO-OllTH'leCRl4X cxeM He TOJI:bRO nyweR-lUiO_noB. 
MeTO,n;mta 6HJI8 pacnpocTpaHeHa TaRJKe Ha CJiy'l8ii rryrueK TpeXSJISKT
po,D;HHX H 6wra paCC'IDTal!a qOpMa SMll:TTepa, o6ecne'IHB8IOIU8Jl JlaMHHap
HOCTl, llO'l'ORa B 8Jl8RTPOHHOR nymRe C ceTROil, H8XO)lJlmeilcn non npo
M8JIYTO'IHUM noTeHQH8JIOM. 

PesyJU,TaTl:l pactJeTOB )lOJllEHll peaRll30BUB8T:bCB C yqeTOM llSMeHe-
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Hll.ll (p()pMH K8TO;na npll. ero HarpeBe OT KOMH8THOH TeMIIepaTYl)U, npll. KO
TOpoii npoHc:ico;nHT ero 1rnroTOBJieHHe, ;no pa6ci~eii TeMnepaTypu -vII20 K. 
Ilpll. peaJIH88llHH H806XO;nHMO C06Jill;neHHe ll.. p.11;na .npyrnx npe;nnoJiaraB
illHXC.11 npll. pacqeTe YCJIOBllli - o;nHopo;nHOCTll. 8Mll.CCHOHHOH cnoco6HOCTH 
SMHTTepa, oTcyTCTBll..R BOSMYlOOHHil MarHHTHoro ll. sieKTpnqecRoro nonn 
ll. T.ll. 

PemeHHe TO'lHOrO ;nJIJJ JiaMll.HapHoro noToKa ypaBH8Hll..ff (I), CaMO
corJiacoBaHHOe C pesym,TaTaMll. ll.HTerpll.pOBaHll..11 ypaBHeHll.a'IlyaccoHa 
;nJIJJ o6JiaCTll. Bcero npoT.RlKeHHOro YCKOPll.T8JII,HOro TpaKTa JillY-30,HeJII,-
8R BHllOJIHHTL ;naJKe Ha coBpeMeHHUX SBM. 'O;nHaKo ;nJIJJ ll.HJKeKinpoBBHHoro 
B JillY ocecm,lMeTpH'lHoro JiaMRHapHoro 'peJIRTHBHcTcKoro nyqKa aneKTpo
HOB Ha COTHH aMnep TOKa Haft;neno .nocTaTO'lHO TO~Hoe c:r,,ocornacoBaH
HOe aHaJIHTll.'lecKoe BupaEeHne noTeHllll.aJia. V(77 r) / 37 , KOTopoe 
MOlltHO sallll.CaTL B BH;ne 

V 
. I CzJ I (l,, 

(-z, 2) : ¼ ~ V,.Ji., l) + --,.,--- - ~ ( i -t .if« fi ) • 
" epu.. C:~(t.,-

(2} 

S;necL ¼ = e,ori,c;f;._ - 8MllJill.TY.ll8 Hanp.REeHll..11 Ha KaTo;ne 8JI8KTpOHHOH 
nynum, e, v; - llOJIHwl llpllpOCT 8Heprll.ll. 8JI8RTpOHa B Bll.XpeBOM yc-
ROp.Rlll!8M noJie, I l'l- - BeJIH'lll.Ha TOKa nyqRa, /?, l 2) '7 R,,,_ <. ~) - pa-
;nnyo HapylKHOll TpaeRTOpll.ll. ll. pa;nHyo llOKJlliTOli pesll.OTll.BlWM OJIOeM OTeH
RlI BaRYYMHOH KaMepi:. Bapll.aUll.ll llOCJI8;nHll.X B.llOJil> 2 npe;nnoJiaram
OSl nJiaBHUMH. PasYMeeTosi • B.llOJIL TpaeRTOpllH In) .,,_ co n,yf. 

- v I.,, (1. 1f-+1_~)] . 1 ½. . . 
ffia.- ~iAl1- 1!(¥,.'-jfl:i I- " , f,A-=(:1-t,f} 'J ¾~i+«r(V,i+Vi (3) 

lls (I), (2) ll. (3) BHTeRaeT HenapaKCll.aJII,H08 ypaBH8Hll.e TpaeRTOpnii, 
nonyoKal!lllee ll.HTerpHpOBaHll.e Ha SBM npn CRpOMHUX saTpaTaX O'l8THOrO 
BpeMeHH: 

If _ ,f_ j UL{ f./. oL 1-l" 3) fl ol- '3/-ll/ 2. f/ I 

-z. - :rJ3;(i "i'Z---;z:-7?:7. (i+i"2--:f6 2 -l'tztz)-

-7f1'2' + 2,c;.Ii,i.l(-1-j,:l) I -"Z'\1.+ I 62.)11} e~,;~ a. .In · In-a.'J • 
(4) 

[ I-{_ :: I-le 07 -~)]. 
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. UnBMarHeTHSMOM nyq.1<a, MaJil,IMll. .llJI.R -JrnY-30 BeID1tJl1HaMH ;~ ll. 

CJiaraeMHMll B :;~· ' ll.M8Klllll1Mll MHOlliliT8JII, p~ ' npeue6pelKeHo • 

MHTerp11poBaH11e (4) Ha SBM npu 6Jill.8RHX R peaJILHHM pacnpe,lleJie
Hll/U.I H(O, 2) H o1 Ha Boeii ,llJill.He ycRopll.Tem,Horo TpaRTa JillY-30 
B.llOJIL KaE;noii ll.8 5 TpaeKTOpll.ii, HatJaBWll.XCSl Ha pasJill.'lHUX pa;nnycax 
"to , HMeDmnx Ha'laJILHHe npoll.8BO.llHH8 •z~ 'noRasaJio, 'lTO JiaMll.

HapHOCTL ll.HlReRTll.POBaHHOro noTORa ooxpaHSl8TC.ff Ha BCeM TPBKTe JIHWL 
Tor.na, Kor.na npoeRUll..11 Ha'laJILHoro qiasoBoro o6~eMa ny'lRa na n,roc
.ROOTL ( 'le 1 'Z~ ) 6Jill.8Ra K npoll.8BOJILHO HanpaBJI8HHOMY np.HMOMY JIY
gy, ll.OXO.n,Rlll8MY H8 Ha'laJia ROOp;nHHaT. 

B npouecce noo,re;nHHX pac'leTOB 6wro Haii;neHo, 'lTO napaRoll.aJII,
Hoe npn6JIHEeH11e no RpailHeii Mepe .llJISl ll.HlKeRTopHoro ygacT.1<a JillY-30 
.RBJI.H8TC.ff OJIHWKOM rpy6HM. BoJie;ncTBll.e 8Toro pacC'lll.TaHHHe c ero no
MOIUE,D ;nonyoKH Ha 8JI8RTPOHHO-OnTll.qecRHe napaMeTpu JillY-30 /I9, 2o1 
6uJIH OROppeRTHPOB8HH no (4). PesyJILTaTu npe;ncTaBJI8HH B T86JI. 4. 
B Hell .naHH noJIHHe mll.pll.Hll .nonycTRMUX OTHOOll.TeJILHUX H8M8H8Hll.ii, O;nll.
HaROBUX Ha BCeM TpaRTe, OT.ll8JILHHX nOHMeHOB8HHUX B nepBoii KOJIOHRe 
napaMeTpoB npn ~HROHpoBaHHllX HOMHHaJILHHX sHa'leHH.11x Bcex ocTaJILHUX. 

Ta6JIHua 4 

IlapaMeTp PactieT no(4) JJapaRCHaJILHOe 
npH6JIIIEeHHe 

'1//<%) 6 IU-I5 

4(%) 
ll"o 

II 20 

'$<%> 22 22 
, Oih (%) 

I., 5U 56 

t../?"(%) 
R~ 23 IU-I4 

M<~ (pa;nHaH) 0,(J5 lJ,05 

. Sp;onep11MeHTaJILHaa · npoBepRa 8qXpeRTll.BHOCTII npe;no.KasaHll.Sl BJieK
TPOHHO-OllTll.'l80.RHX cxeM oceoHMMeTpll'lHllX nymeK O JI8MIIH8pHl,lM noTOROM 
BJI8RTPOHOB. Ha BllXO;ne MeTonoM BttyTpeHHero OUHTesa 6uJia npoBe;neHa 
Ha·oos;naHHOtt B.~ OMHH B COOTB8TCTBllH C BHWeynOM.HHYTHMH pac'leTa
MR ap;cnepHMeHT8JILHOii 8JI8KTPOHHOii nymRe SSII-2, HCCJI8,ll0B8Hll.R !{OTO-
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poll / 34/ ITO)lTBep.ll,l!JIH npaBll1II,HOCTI, Teopnn ll MeTO)la pacqeTa. IlOTOR 
eJieRTPOHOB Ha BllXO)le ~Sll-2,B 36 CM OT RaTona,6nnsoR R JiaMllH8pHOMY 
)l8l£.8 npH Ha6ope napaMeTpoB, cymeCTBeHHO OTJIHqallllll'.XCJJ OT HOMHHam,
HllX. lu!aMeTp nyqRa 3nec1,, MHOI'ORpaTHO llSMepeHHHii npn TOR8X nyqRa 
OT 130 nC> 250 A, YllOB.1IeTBOpllTe1II,HO COrJiacyeTCJJ C pacqeTHSMll ero 
SHaqeHRBMH. HsMeHeHne TORa IlllT8HM qx>RYCllPYDUero COJieHOll)l8 BllSH
BaeT corJiacy1Jmeecn c pacqeToM O)lHOSHaqHoe nsMeHeHne .ll,l!aMeTpa nyq
Ra. IlocJie)lHlla npH aHeprnn aJieRTpOHOB )lO 320 RaB ll CRpOMHOii BeJill
qnHe M8KCHM8JII,HOR H8IlpBJEeHHOCTH nonn qx>RYCHpynuero COJieHonna 
flrnai< llO 450 8 MOll!HO YMeHiiWHTI, (B 36 CM OT R8TO)l8) )lO ~l CM ll 

MeHee. MRHllM8JII,HO BOSMOlltHhlli )lllaMeTp HSMepeH He 6HJI ns-sa 0~8.B-
meroC!l paspyweHHB TOKOITplleMHHR8-KOJIJIHM8TOpa. IlponymeHH8B CRBOSI, 
ero OTBepCTlle )lllaMeTpOM 0,26 CM CTpyaKa aneRTpOHOB 8H8JIHSllpOBa
JI8CI, nepeMemaeMHM nonepeK Hee KOJIJieRTOpoM, ycTaHOBJieHHHM B 5,7 CM 
OT ROJIJmMaTOpa. Pesym,TaTH aHaJIHsa CBH)leTem,cTBYJDT O npaKTnqe
CROM OTCYTCTBllll yrJIOBOH pacXO)lllMOCTll B CTpyfute. 8MHTT8HC Boero 
nyqRa c TOROM 254 A, aueprneii. eJieRTPOHOB 323 RaB H l-lrnu.1,."-400 8 
He npeBOCXO)lHJI 2•ro-2 CM -pa;urnH. JiawmapHOCTI, ITOTORa eJieRTpOHOB 
B 83Il-2 ITO)lTBepanaeTCJJ T8Rllte ll qeTRO npocJielltHBaeMUM nono6HeM xo
na pa)lllam,Horo pacnpeneneHHB IlJIOTHOCTli TORS no ;nllaMeTpy nyqKa 
npll qlllRCllpOB8HHllX [ 11. , ¼ ll B8piillpOB8Hllll S8)laBaeMOro )lHB 

Ralltp.oro pacnpeneneHRB 1-Lrnux.· 

OcHOBH_11_13_ pesym,TaTu ;qaccepTaynn 

JJ.ocTHrHYT8 UEfil, PAEO'Ill, COCTOBBWSB B ITOBHllleHllll"c ITOMOIJlE,I) 
aJieRTPOHHOro YCROPllTeJIB-llHllt8KTOpa RaqecTBa HeilTpOHHoro llCTOqHllR8 
6asoBOli YCT8HOBRll 3RCnepnMeHT8JlbHOft nnepHOR qlllSllRli - liMllYJihCHOro 
peaRTOpa Ha 6ucTpwc Heii.TpOHax. CosnaHHllft llHl£.8RTOP 'HMnyncHoro 6y
CTepa "lffiP+MllRPOTPOH" IlOBllCllJI YR838HHml napaMeTp HEPa B 60 pas. 

· 8aJIOl£.8Hll OCHOBH )lHB ero YBeJIRqeHHB B HEP-2 B 140 pas c ITOMOIJlE,I) 
paspa6oT8HHoro liHSElRTOpa JIW-30. B 3TOM lK8 COCTOHT ll AKTYAJil>HOCffi 
TEW. 

HAY1IlIAff HOBHSHA. BnepB11e B Mllpe cosnaH aJieRTPOHHmt · HHllteR

Top HMIJYJihCHoro perutTopa n B qacTn, Racanuettcn HHllBRTopa, npone
MOHcTpHpoBaHa ycneWHaB pa6oTa Ha 3Rcne_pHMeHT MOlllHOro HeftTpoHHOro 
HcToqmrna HOBoro Tana - llMflYJihCHOro 6ycTepa "HEP+MHRpoTpoH". Ilo
nozeHo Haqa;no ll noRasaHa nepcneRTHBHOCTI, pa3BllTliB HOBOro HallpaB

JieHHB B YCROPllTeJihHOft TeXHKRe - 003)l8HHB YCROPllTe;nef-HHllteKTopoB 
J1,JIJl IDlfilYJII,CHWC pea.RTOp0Bo 
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PaSBHT11 • ll np0Bepemi1 3RCnepllM8HT8JIJ,HO Teopirn )lpeii<pa op6i1T B' 
MllRPOTpoHe non nei1:CTBll8M MarHllTHoro cnq ITOJIB pesoHaTopa, a T8Rllt8 
TeopllB cornacoBaHHB noc;ne)lHero C tORHOBOnHHM Tp8HTOM •. Paspa60Ta
Hu'n C03)l8HH 3(pp0RTHBHUe EOJIHOBO)lHllH CBq TP8RT, pesoHaTop, R8TO)l, 
CllCTeMa ROppeRUllll op6HT, CllCTeMa- BllBOna rr e;neRT.l)OHIIO:..onTI!qecRliii 
T_paRT, TpaHcnopTllPOB8Blllllii nyqoR OT MllRPOTpoHa 7io ypaHOBOR Mlillleill!'.~ 
ycTaHOBJIElHHOH B UeHTpe 8.I(THBHOH SOHI,1 HEPa. Ilo;nyifeHlme IiapaMeTpu 
6ciM6ap;nnpOB8Blllero MHllleHI, nyqRa - TOR 3JI8R 0TPOHOB 00 MA npa llX . auep
rl!'.n 30 MsD ; - He npeBSOimell!l B MllKpoTpoHax .n;o C.liX nop. 

IIpe)lJIOJB.eH THU ll q>HsaqecRll o6oCHOB8Hh! napaMeTp11 I! OCHOBHhle ' 
ROHCTPYRTllBHb18 oco6eHHOCTll llHllteRTOpa 3-ro ;ny6neHCRbroHMIJYJII,CHOro 
6ycTepa - JIW-30 Ha e1;1eprmo eJieRTPOHOB 30 MsB a cpe)lHIOIO MOll!HOCTI, 
nyqRa 200 KBT. 

ITpe]lJiomeHa nnen, pasBHTa Teopan, paspa6oTaH, peanasoBaH a 
npoBepeH ::lKCileplIMeHTaJII,lIO MeTo.n; pactJ~Ta cpopMll Ol,!l!TTepa ocecnM
M8Tpll'IHlDC 3JieRTpOHHllX IIyilleR C JI8MlIH8pHl.!M nytntOM Ha COT!llI aMIIep 
(MeTo,n; BHyTpemrero mmresa) .)laHo uenapaKCHaJiwoe ypaBHem1~ TpaeKTo
paR _B YCROpBeMOM,B Jil1Y ocecHMMeTpaqHOM JiaMllllapHOM ny-qRe 3JieRTpO
HOB Ha COTHll aMnep TORa, Ha.OCHOBe ROToporo _HaR,neH11 YCJIOBllB, H8-
o6xo;nl!M11e )lJIB coxpaHeHHB JI8MllH8PHOCTll llOTORa Ha BCeM YCROpttTeJII,
HOM TpaRTe. 

lJo .TeMe naccepTamrn nonyqeHO 8 aBTOPCRHX CBtt)leTem,cTB 118 
nso6peTeHHB, HS ROTOPUX 2, BJie.n;peHo. . .-. 

ITPAKTWIH:KAH UEHHOCTh. Cos.n;aH l!!DKeRTOp l!filla - MlIKpoTpoH,ItoTo
ph!il 3(pp0RTHBHO B TeqeHtte 3300 qacoB pa6oTa;n B COCT8B8 liMIIYJII,CHO
ro. 6ycTepa "HEP+MHKpoTpoH" Ha eRcnepHMeHT, c _B11co1<HM enepre'l:'aqec
RRM pa3peweHHeM. S;neRTPOHHO-OITTaqecI<Ha TpaRT MllRPOTpoHa 6eSOTR8S
HO )leitCTBYeT B TeqeHne 16 neT. CeRqac OH pa6oTaeT B COCT8B8 2-ro 
,ty6HeHcKoro 6ycTepa "HEP-30 + .JIY0'."40~, a MHRpoTpon, nepeBe,semmii 
B.r. Yzropon, BBJIBeTCB ,neiiCTBYIJllleH 6aSOBOli YCT8HO~ROli 0Tnena ~o
TOB)lepnux npoueccoB IDil1 AIUCCP!" AHanoraqHllll MttRpoTppH cos,naH no 
)lORYM8HT8llliH _Jim> .OHHH npa ROHCYJIIiT8l.lHU aBTOpa a ,neiicTByeT B ~3H, 
r.06mmelt~ 3aBepllleH npoeRT ll tt]leT cos_na1me HHlieRTOpa Jll-!Y-3(; _llJI.fl 
MOlllHOro: llMIJYJII,CHOro peaRTopa HEP'."2. f>aspa6oTal!a 31!8RTpOHH8R ny-111-
Ra-;nno)i c JiaMllH8pllb:M JlOTOROM Ha :meprnto 3(,() ReB n TOR 250 A IlJI.fl 
JIBY-30. 

BunoJIHeHHue paspa6oTRtt n nponepeHH11e aRcnep»Me11TaJi1>Ho Teo
pan ll MeTO,llH pacqeTa MOryT H8HTI! npru.ieHeHUe rrpa C08,ll8Hllll HOB!lX 

* Oml:CKo A.)].. ,IIonoBlf<t l{.).1..IlpeIIpHHT fillJil-l-7~~cJ,.i{Hen,I:!7b • 
• de A6pa.MOB A.J1. :a .n;p. IIpenpllliT <1>::JH-iII,06mrncK, b'IU. 
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• 
ycxopaTenen, a M8TO,ll BHYTP8HHero CKHTeaa - B pacqeTe CHm.HOTQqHwc 
ocecIDv1MeTpaqHHX sneRTPOHHHX nyweR C 1J8MR!l8PHHM IIY'lROM T8Rllte a~-WIR 
~yrHX YCT8HOBOR H npH6opoB. 

CTPYKTYPA )Ul.CCEP'l'AllJfi'I, co,nep,mime 11 HaSBaHlIH rJra.B o,IJ;IDiruw
BH B Heit H B a.BTOpajlepaTe; Jimill, "3a.KJuaqelille .nnccepTanm,:" 
B aBTOpajlepa.Te HMeeT 3aI'OJIOBOR "OcHomrue pesyJU,TaTII .nnccepTaUIDI" • 
0611{Hii 06'!.eM pa.60Tll - 150 CTp. 

OcHOBHHe pe3Y1lbT8TH OIJYEJMKOBAm B 38pa6oTax. OHR ,llOR1Ja)ll,I
B8nHCb Ha 3-H MeE;nyHapO,llHOH ROHqiepelll.lHH OOH no acnom.aoBaHHD 8TOM
HOH 8Hepran B MHPHHX Den.ax (JlreHeBa, 1964 r.). Ha 5-H ROHqiepeHDHH 
no <pHSHRe n TeXHHRe liCC1J8.nQBaTem.cRHX peaRTOpOB (BapmaBa, 1968 r.), 
Ha CHMil03HYM8 no HMnym.CHHM p'eaRTopaM (~6y1<epR •. CIIIA, I969 r.}. 
Ha BceCOJ03Hl:DC coBemaHMX no YCROPHT61JRM (r.bCRBa, 1974 r., ToMCR, 
1975 r.). 
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