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OHUAfI XAPAKTEPMCTMKA PAEOTl:l 

ARTYaJil>HOCTI, T8Mli. HefiTpOHH HH3:KRX 3HeprHfi CJIYJKaT MOl!lllliM 
cpe,D;CTBOM H3;rI8HHH aTOMHOii H MarHHTHOilCTpyltTyp, ynpyrmc H .nHHa
MW!8CKHX CBOHCTB KOH.u;eHCHpOBaHHllX cpe,i:i;. B HaCTOmuee BpeMH B rrpo
BO.I(EMllX HCCJie,Il;OBaHHJDC oco6eHHO ycnemHO HCIT0.1Ui3YJ)TCH XOJIO,IJ;HHe 
HeiiTpOHHO Ma.JIM 3HeprHH (E !E 5.I0-3 sB) H 60Jil>WaH ,n.ruma BOJIHH 
( }l ~.4 A) Ta:KRX HeiiTpOHOB o6ecneqHBallT YHHKaJil>HYK> B03MOlKHOCTI, 
H3MepeHHH nepe.u;aHHllX 3HeprHHH HMIIYJil>Ca. 0.u;HaKO CYill8CTB9HHHM 
orpaHmeHHeM urnpoRoro rrpHMeHeHHH .u;JIHHHOBOJIHOBHX HeiiTpOHOB JIBJIH~ 

8TCH OTHOCHT8JihHO MaJIM HX ,Il;OJIH-B, paBHOB8CHOM TeITJIOBOM cneiKTpe 
RJt8pHI,IX peaRTOpOB, qTq CHJihHO yxy,nmaeT OT~omeHHe IlOJI83HOro CHI'
HaJia K woey a.cos.u;aeT CJIOlKHOCT~ npa aHaJIH3e aKcnepHMeHTaJILHI,IX 
,IJ;aHmlX. 

B CBH3H C 3THM, OCHamemre smepHoro peaRTOpa ncToqHHKOM xo
JIO,IJ;HI,IX HeiiTpoHoB (MXH), WCPMHPYJllmHM B KaHaJie peaKTopa cneKTPaJlr 
HO qaCTutt,n;rroK XOJIO,IJ;HI,IX HeiiTpOHOB BHCOKOii HHT8HCHBHOCTH, 11 co-
3,Il;aHll'.e Ha ero 6ase 3KCnepHMeHTaJihHHX YCTaHOBOK, 3qxl]eKTlffiHO HCllO
JI1>3ymtliX 3TOT ITOTOK, C llOMomr,n COBpeMeHHllX cpe.ncTB aBTOMaTHSa
UllH, perHCTpaIUlH H aHaJIH3a 3KCnepHM8HTaJILHHX ,Il;aHHHX, HB;1IJI8TCH 
aKTYaJil>HOii sa.n;aqefi. 

UeJir, HacTomqeii pa6oTH saKJIIO'IaeTCH B paspa6oTKe-H cos.u;aHHH 
,JUl~paRTOMeTpHtteCKOro KOMITJieKca C HCTOqHHKOM XOJIO,IJ;HI,IX HeiiTpOHOB 
Ha smepHOM peaKTOpe MPT-M MHCTHTYTa !pli3HKH AH rccP, 3JieKTpOHHOii 
armapaTypll H pa3JIH'IHI,IX MeTO,IJ;ll'.K rrpone.neHHH CTPYKTYPHIIX HCCJie.u;o
Bamrl!: KOH.u;eHCHpOBaHHl:lX cpe.u;, a Trutl!te CHCT8Mll aBTOMaTH3al,n'IH H3Me
peHHii n o6pa60TKH .D;aHHHX. 

. HayqHM HOBH3Ha H OCHOBHHe ITOJIOXeHHH, BlffiOCHMHe Ha 3a.I!lHTy: 
I. BnepBHe B npaRTHKe cos.naHHH HCTOqHHKOB XOJIO~HHX HeiiTpO

HOB B OTprumTeJie smepHoro peaKTOpa 003,IJ;aH XOJIO.nHHii 38M8.nJIHT8JII, 
6oJir,moro o6~eMa H3, IlOJIHKPHCTaJIJI:eqeCKoro 6epRJIJIHH C peryJIHpyeMOH 
OT 25 · .no 500 K TeMITepaTypon: o6ecneq,iBaKllllHfi HSMeHemi:e crreKTpa H 
HHTeHCHBHOCTH HefiTpOHOB Ha nuxo.ne KaHaJia peaKTOpa. 

2. Ha 6ase HXH paspa~OTaHa,H C03,IJ;aHa YHHBepCaJil>HM 3KCnepH
M8HTaJil>HM ycTaHOBKa "CBAH", ,pyHKUllOHaJil>HO coqeT9.1001M BpeMJI-npo
JI8THHH cneKTpOMeTp H KJiaCCHtteCKHii .nH~paKTOMeTp. 

3. Paspa60TaH ,M 003,IJ;aH pR;ll opnrHHaJihHHX TexHHqecKHX peme-
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mm H MeTO.IUflt npoBe;n;emui: H3Mepemrli Ha cneKTpoMeTpe "CBAR": 
- Mexamr<reCKruI CHCTeMa MO;I(ymDJ;l'IH HeHTpOHHoro nyqKa KOp0TKOH 

.n;m:TeJIJ,HOCTE; 

~-

- MO)'.(Y"JIJ, op>IeHTa.nm'I ,1 KlCTHpoBKE. ECCJie;nyewx·o6pasnoB npH TeMne
paType llrnJ(Jtoro reJIIDI; 

- tmoroKaHaJIJ,HruI CHCTeMa perHCTpaium HeilTpOHOB C conyTCTByDJteH 
sJieKTpOHHOH anrrapaTypo:11. · 

4. C03.IJ;aHa aBTOMaT,I3,Ip0BaHHruI E3Mep>ITeJIJ,HO-Bll'IJl:CJmTeJIJ,HaJI 
CHCTeMa, BHIIOJllleHHM C ECITOJIJ,30BamieM 3BM MERA-60, MO;I(yJIJ,HOtt 

· anrrapaTypll KAMAK m MHoroKaHaJihHoro amunrnaTopa BM-96, o6ecne'IH
Bruontrul nporpm.mmoe ynpaBJieHHe XO;D;OM npOBO;D;,IMllX SKcrrepHMeHTOB H 
o6pa60TKY rro.nyq:eHHHX .IJ;aHHllX. 

IlpaRTK'leCKruI 3Ha'qJ'!MOCTJ, nnccema.mm· saJtJID'IaeTCH B TOM, 
'ITO C03.IJ;aHHe HXH H KOMIJJieKCH0:11 nettTpoHorpatpwiecKol YCTaHOBKH, 
ll03BOJIH!l!lle:11 ncnOJIJ,30BaTJ, BCe MHoroo6pa8Re MeTO;D;OB He:11TpOHHOtt 
OilTmti!, B CO'IeTamm C BHCOKOI CKOpOCTLD HaROllJie:mm R o6pa60TKR 
sKcnepHMeHTaJIJ,HHX .IJ;aHHHX, mHPOKirli ;D;HanasOH HCllOJIJ,3YeMHX .n;m:H 

BOJIH l1 nepe;n;aHHoro lJMllYJIJ,Ca, a TaRZe 60JIJ,llme B03MOlltHOCTH YCJIO- · 
Bn:li n reoMeTpmt npoBe;n;emrn sKcnepll'.MeHTa, no8BOJISDlT C'IHTaTL' Ta
xott nyTJ, onpaB;D;aHHHM ;D;JIH 6oJIJ,lllll'.HCTBa .na6opaTopd, He pacnoJiara
Jllltl!X BHCOKOnOTO'IHHMl'I peaRTOpaME:, ll'. pemaTJ, nm:pom p.a;u; SKcnepH-" 
MeHTaJILHHX @!SH'!eCRll'.X 3a,ll;a'I. 

Anpo6ap:HH pa60TS. MaTepll'.aJIH ;D;HccepTano 6Will'. ;D;OJIOllteHH H 0~ 
CyJr.I(aJill'.CJ, Ha CJie.nyJllltll'.X KOHq>epeHnHHX, COBemaHll'.HX ll'. ceMll'.Hapax: 
YI, YII, YID ll'. IX coBemannHX no ncnOJIJ,30BaHHD paccemrnH He:11Tp0HOB 
B <pR3ll'.Ke TBep.Itoro TeJia (CBep.ItJioBcK, I977, !98!, I987; JleHll'.Brpa,11;, 
!983; Pll'.ra, !985); YID, X, XI, XII, Xlll, H XIY'BcecoDsmn: coBemaHll'.
HX no KOOp.IJ;HHa,nml'. HHP. BHnOJIHeHHHX c·· nOMOmhD H.I(epmn: peaRTOpOB 
(AJIMa-ATa, I974, I982; CBep,nJIOBCK, "I978; TamxeHT, !980; TOMCK, 
!984; ,nm.mTpOBrpa.a;· !986); Hayt!BliX ceCCll'.HX, KOHq>epeHnll'.HX, ceMR-
napax H~ AR fCCP, Jia6opaTOpHll'. H81Tp0HHHX HCCJie;D;OBaHll'.R OID!H H ' 
~nsll'Iecxoro imc·Tll'.TYTa HM. II.H.Jie6e,neBa AR CCCP; MeJtJJ:YHapo;D;Ho:11 
KOHq>epeHnHll'. no He:11Tp0HHOH @!3HKe (IDl:eB, !987). 

IIy6rnamm. IIo MaTepll'.aJI8M ;D;HCCePTanD ony6JmKOBaHO 8 

pa60T. 
06'beM pa6orn. ,I!ll'.ccepTanll'.H COCTOHT HS BBe;n;ern, 'I6Tllpex 

pas,neJIOB, 88.ltJI)JllBHll'.H, npll'..lIOllt6HHH H CllHCKa HCnOJIJ,30BaHH0:11 JIHTepa
TYPS, BKJIJJqaDlllero I8I HaHMeHOBrume. (}Ha co;n;epimr I54 CT~ 

Manm:HOllll'.CHOro TeKCTa, 47 pHCYHKOB H 6 Ta6Jmn. 
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KPATK0E C0JJ;EPJKAIIBE PAEOTH 

Bo BBenern o60CHOBaHll aRTYaJIJ,HOCTJ, H BalKHOCTI, pa60Tll, 
c<papMYJmpOBaHH ee neJm. 

B nepBOM pasneJie ,naH o6sop SKCnepHMeHTaJIJ,HllX'. MeTO.IJ;OB CTPYK
TypHOli HeHTpOHOrpai_pmr, B. qacTHOCTn, paCCMOTpem:i COBpeMeHHoe coc
TOmme HCCJie;D;OBaHll'.H, npOBO;D;HMHX C ll'.CllOJIJ,SOBaHll'.eM pa8Jmt!Hllx nc
TO'IHll'.KOB HeHTPOHOB, annapaTypH, TeXID'!KH n pa3Jra'IBHX MeTO;D;OB 
npoBe.IJ;eHll'.H )l;PI<ppaKD;HOHHHX 3KcnepHMeHTOB. Oco6oe BIDIMaHHe y;n;eJieHO 
oco6eHHOCT.llM ncnoJIJ,SOBaHHH MeTo;n;a BpeMeHn.npoJieTana CTB.IlllOHap
HHX .a;u;epm peaRTopax. IIoc;re;n;HHH qacTi pas;n;eJia nocBSillleHa coBpe
MeHHllM CHCTeMaM pernCTPa.nm'I H aBTOMaTll'.38.IXHH @!3H'teCKRX SKcnepH~ 
MeHTOB Ha 6ase 3BM ll'. MO;I(yJIJ,H0:11 SJieKTpoHHOit 'armapaTypll. 

Bo BTOpOM pasneJie OllHCaH paspa60TaHHllH H C03.IJ;aHHHH Ha .a;u;ep
HOM peaKTope HPT-M 11~ AH rcCP HCTO'IHHK XOJIO;D;HHX He:11TpoHOB, HaJIH
'IHe KOToporo·npe;n;cTaBJIHeT sHa'IHTeJILHHe npeHMYJlleCTBa npH npoBe;n;e
HHR CTPYKTYPHHX ll'. .IJ;HHaMK'leCKHX He:11TpoHHHX HCCJie.IJ;OBaHHli pa3J!Wl:HllX 
o6~eKTOB, He3aBHCHMO OT THna peaRTOpa·H MeTO;D;HK llpOBe,IJ;eHHR HSMe
peHllli. I{aqecTBO HXH l1 xapaRTepHCTmtH C<papMHpOBaHHoro HM HelTpOH
HOrO nyqxa ITpaRTH'IeCRH nOJIHOCTJ,D orrpe;n;eJIIDOTCH BH6opoM BemecTBa 
saue.ItJIHTeJIH :e: TeMnepaTypott ero OXJiallf,neHHH B KaHaJie J)eaKTopa. Hs
BeCTHO, 'ITO Han.nyq:mll'.M XOJIO.IJ;HllM 3aMe.ItJI}JTeJieM HBJIHeTCH 2KH,IUC1,II BO
;n;opo;n;, B oco6eHHOCTH xor;n;a Ha,nO o6ecne'IHTb BllCOKll'.il noTOK HellTpo
HOB c .n;m:HBMH BOJIH, JielltalllHMlI sa npe;n;eJiaMll'. xorepeHTHHX 6psrroB
cox sqt:peKTOB ( A~ IO i), 'ITO o6ycJioBJieno HaJIH'IHeM TpaHCJIJIUHOH
HHX MO.It, o6ecneqHBaJllllIDC 3tpf)eKTHBHli:11 c6poc sHepr:im B o6~aCTH 
MeHJ,me I0-3 sB. O;D;HaRO cepbe3HllM npenHTCTBHeM npaKTH'IeCKOro HC
ITOJIJ,30BaHHH BO;n;opo;n;a HBJIHeTCH ero B3pllBOOllaCHOCTL. IlOMHMO STOro, 
1'!3-3a CTporo <pHKCHpOBaHHOit TeMIIepaTypH ST0:11 Kp:e:oreHHOli JKH,I(KOCTH 
(20 K), MaKCHMYM HHTeHCHBHOCTll'. HellTpOHOB B cneKTpe TepMaJIHsruum: 
HaxO.IJ;HTCR B ,IJ;HaITaSOHe wruH BOJIH 4-6 j H He MOXeT 6HTb CMe~eH B 
6oJiee KOpOTKOBOJIHOBYXl 06JiaCTJ, cneKTpa. HCHO, 'ITO npH B03MOlKHOCTH 
HSMeHeHHR TeMrrepaTypH SaMe.n;m:TeJIH B mHPOKOM ;n;nanasoHe MOltHO 6HJIO 
6s no.n.nepimBaTJ, TaRRe ee 3Ha'leHRH, npn KOTOpHX HHTeHCHBHOCTJ, 
He:liTpOHOB c sa;n;aHHOfi .nmmoii BO.mm: ·B cneKTpe TepMa;m:sruum: 6HJia 6H 
MaRCl'!MaJIJ,HOH. 
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Paspa6oTRa n cos.u;mme HXH c pery.1mpyeMoil -reMIIepaTypoil xo;ro.u;
Horo S8Me,I(JmTeJUI Tpe6yeT_KOMIIJie~cHoro pemeHHH psma BOIIpOCOB: 
- Bu6opa pa6oqero BemecTBa xo;ro.u;noro saMe.I(JmTeJUI, \I)opMll: n reOMe

Tpnn pacnOJioxemm IDrn:B KaHaJie peaKTOpa; 
- onpe.u;eJieHHH OIITHMaJII,HOro .u;JUI .. TepMaJmSanHH HeiiTpOHOB 66t.eMa xo-. 

JIO,D;HOro S8M8,D;JIHTeJUI H BeJIITT:HHll TeIIJIOBll,D;eJieHHHB HeM; 
- paspa60TKH n COS;ItaHHH pa6oqett KOHCTpylttlmI n cncTeMH.OXJiall(Jl~HHH 

liXH; 
- onpe;tteJieHHH qia.KTOpa BHlll'pllma HeHTpOHOB HHSKillC SHeprn! B _SaBH_. 

CHMOCTH OT TeMIIepaTypH XOJIO;ttHOro SaMe,D;JIHTeJIH n psma ;ttpyrnx 
napaMeTpoB. _ 

B pesyJII,TaTe pemeHHH BumenepeqncJieHHHX BonpocoB 6uJI cos.u;an 
mrn c xoJio,IUIHM saMe.I(JmTeJieM ns noJimtpncTaJIJIITT:e9Koro 6epHJIJlllH, 
o6ecne'llffiallllntfi q>OpMRJ)OBaHne, no~eHHi n BHBO;tt :i!s mtTHBHOii soHU 
HeiiTpOHOB C SHepI'JffiMH E = I0-2 SB. B KaqecTBe XJia,noareH~a B HJCH 
ncnQJII,SOBaH rasoo6pasm reJmfl. Ha p:e:c. I npne.u;eHa npmmmmam,-
HM TeXHOJiomecKrui: cxeMa oXJiall(Jlemra: HXH. 

Pac. I. 

~~ ~~=-~~·:·- l 
~i- -

_;:.,~-- ~~ ., .. , ~JII -~ :__I_ 
I .,~< 
2 a·- 4 

TeXHOJ[ornecKM cxeMa oXJiaJr,IteHlU! HXH: I - aKTHBHM 
sona smepnoro peaxTopa, 2 - Kl)__noreHHrui: RBMepa HXH, 
3 - 6epJ1IJIJDieBHI SaM8,I(JmTeJib mrn, 4 - 6HOJI0~8CltaH 
sa,m:a:Ta, 5 - itp:e:oreHHM reJmeBrui: ycTaHOBKa KI'Y, . 
6 - 6Jioxn o~cTR:H H ocymR:H rasa, 7 - itowpeccop, 
8 - rasroJI1,;ttep. 
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BH6op KpHCT~eCKOI'O SaMe,D;JIHTeJIH o6ycJIOBJieH Ilp0CTOTOil co
s,nrurn:H B6JIHSH aKTHBHOil SOHll peaKTOpa BSpHB06esonacHOil H H8.n8.lltHOH 
B SKCIL71YaTannn ROHCTpyKIJ;HH mrn C mnpoKHMH BOSMO.lltHOCTm.m peryJIH
poB81mSl TeMnepaTypH SaMe,D;JIHTeJIH, Haq:imrui: C TeMnepaTypu %H;ttKOro 
reJIHH n BHme. BMecTe c TOM 6epHJIJIPIH, o6;ra,n;rui: xopolI!HMH sai1e,ItJIJID
mm,m cnoco6HocT.RMH n HHSKHM ceqeHHeM norJiomeHHH B nponecce Tep
MaJIHS~106ecneqnBaeT HaROIIJieHHe ,ltlIHHHOBOJIHOBHX H8HTp0HOB B 06-
JiaCTH T.H. "KorepeHTHllX JIOBymeK", npn 5.I0-3 H 8.I0-3 sB. l!mKe 
SHeprnn 5.Io-3 sB ceqemi:e pacceHHHH 6epHJIJIHH peSRO YMeHbmaeTCH, 
qTo BJieqeT sa co6oi YBeJIITT:eHHe ;ttJIHHll cBo6o.u;Horo npo6era HeiiTpo
HOB, C SHeprnm.m M8Hbme 6psrrOBCKOrO nopora, ,D;JUl KOTOpHX SaMe.u;
JIHTOJII, CTaHO!JHT~:ff npo:;ipaqnHM. 

0nT:HMaJII,HllH, C TOqKH speHHH TepMaJIHSannH He:f:iTpOHOB, :061>eM 
xOJio.u;noro saMe.u;JIHTeJIH 6HJI onpe;tteJieH nyTeM npoBe~eHHH pacqeToB Ha 
SBM, nocpe;ttCTBOM pemeHHH MHororpynIIOBoro KHHeTnqecKoro YPaBHeHHH 
nepeHOCa HeilTpOHOB, c yqeTOM peaJibHOil reoMeTpHH paCIIOJIOXemra: 6e
pnJIJIHeBOll c6opo B RaHaJie peaKTopa.· 

Pa6oqM KaMepa saMe.u;JIHTeJIH npe.u;cTaBJIHeT co6oi ueJ!bHOnpecco
BaHHYD KOHCTpyKQHIO HS a.JDCMmmeBoro CnJiaBa, C Bll,D;aBJIOHHllMPI B Heil 
naTpy6RaMH . .u;JUI npncoe.imHeHnH BaKYY?JllipoBaHHHX Tpy6onpoBO;ttOB no.u;a
qn rasoo6paSHOrO reJIHH OT RpnoreHHOii reJineBOil YCTaHOBKH KI'Y 
I50/4.5. C nw10 oprami:sanim sqxiieKTHBHoro TenJiocMMa,. oXJiall(Jlae
MM c6opKa S&te,I(JmTeJIHBHIIOJIHeHa B Bn.u;e IIJIOTHOynaKOBaHHOH pemeT
Kn, COCTOHtnett l'IS ]lHJIPIH,ItpHqecKHX CTepxHett, ;ItJIHHa, ;ttR8MeTp n KOJIH
qecTBO KOTOpHX 6HJm onpe;tteJieHH HCXO;It.fl HS yCJIOBn:f:i OIITHMHSau;Hl'l 
HCTO'ffiHKa C TOqRH speHHH,TepMaJIHSannH HeffTpOHOB. 

Ha pnc. 2 npe.u;cTaBJieHo·snepreTmecxoe pacnpe.u;eJieHHe· HeilTpo
HOBB nyqxe· ns RaHaJia peaRTOpa C XOJIO,D;HHM SaMO,nJIHTeJieM npn TOM
nepaType ...:.25 K. Hs RJlHBOil Bn.u;Ho; qTo cne1tTp HeHTpoHoB ns HXH 
xopomo c;re;rryeT noBe.u;eHHJD RJlHBOit TpaHCIIOpTHoro ceqeHHH Ott B 
6ep:wr.mm (IIpHB8,D;8HHOi1'.u;JUI CpaBHOHH.S: psmOM),IIpH'IeM MaRCJIMYMH HH
T0HCHBHOCTH paCIIOJIOXeHH B 06JiaCTH "KorepeHTHHX JIOBymeK", B6JIPISH 
,D;JIHH BOJIH 3 n 4 i. C IIOBHmemteM TeMIIepaTypH SaMe,u;mTeJIH. npH T 
~400 K, 8TH MaltCJIMYMH crJiaDBSDTCH, MX HHTOHCMBHOCTb SHa~Te

JII,HO YM8HbmaeTCH, a cneKTP HeiiTpOHOB MOlBlIO annpoKcm.,npoBaTb M!llC
CBOJIJIOBCKHM pacnpe.u;eJieHBeM npn .u;rumoA TeMIIepaType. 

OxJ!all(Jlemi:e saMe.u;JIH-reJIH OT T ~ 400 K .u;o 25 K npno.imT K 60-
Jiee qeM I5-RpaTHOMY YBOJIITT:OHHlD HHTOHCHBHOCTH XOJIO,D;HHX HeATpOHOB 
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·PRc. 2. 
CneKTp H8HTp0HOB 
Ha Kauan:a peaK- ~ . •. 
TOpa C 6E:lpl!JIJIHe
BHM'38M8,nJIJIT8JI8M: 
I - 20 R: 2.-
300 R; 3 - TpaHC

·nopTHOe ceqeHHe 
. pacce.RlmJi ]1.JIH 
CSeplWIID!. 

CE :6- 5.Io-S aB Ha BHXO~e H3 KaHaJia peaKTOpa C mm H COCTaBJIH8T 
Be~:imy.ro? HelTpO?/cM2 Ha. K~ MBT MOlllcHOCTH·P88.KTOpa~ 

EepHJIJIHeBHfl 38Me,ItJmT8JIL IlpaKT~eCKH He ycTynaeT ,m,nKOBO~O
pO.JUIOMY B o6JiaCTH ·.ItJmH. BOJIH, i-6 R_ O~HaKO . 6oJiee scplJeKTHBeH B Ka

qecTBe pa6oqero B8!ll8CTBa mm B CBJI3H C BO3MOXHOCTLJJ H3148H8mut 
TeMIIepaTypH TBep~OT8JILHOro ~8.Me~T8JIH B nmpOKOM ~anasoHe, npo
CTOTOI ·KOHCTPYKnIDt, Ha,JJ;8llHOCTLD,H 6eaonacHOCTLD B ~KCIIJIYaTanim.: 

B Tp8TL8M pa3,Jt8JI8 OlIHCaH YHHB8pCMLHI,!R Bp8M.1I-1IpOJI8TJl¥fl aB

TOMaTH3HpOBaHHHfl Cil8KTpOM8Tp H,8HTpO~OB "CBAH"~ C03~aHHaH Ha 
M8pHOM peaKTOpe HPT-M Ha 6ase mm YCTaHOBKa npe,1Uia3HaqeHa ]1,JIH 

npoBe~eHHH HCCJie~oBaHd B o6JiacT~:wuaHKH KOMeHCHpoBamrnx cpe~, . . - . . . - . -

M8pHOfl @'13HKH H ~p. O.JUIOI HS OCHOBHHX 38,)J;aq ~8TCH HCCJie~OBa-
HH8.CTP,YKTYPHHX JI ,m1HaMH11:eCKHX xapaKTepHCTHK KpHCT8,IJJIOB c ~eW9K
T8MlI, B qacTHOCTH, HCCJie~OBaHHe KHHeTmm HaKOnJI81m:f!, B38.HMO~efl- , 
CTBHHH,o6pa3OBaHHH Toqeqma .I(8!f,eRTOB H HX KOMilJI8KCOB, BOSmntax>
lltHX B KpHCTaJIJiax lIPH o6Jlyqemm HJIH .I(pyrzx BH81IIHHX BO3.I(8flCTBIDIX. 

Bll:COKBJi qyBCTBll'.T8JILHOCTL M8TO~a paCC8HHHJI XOJIO~X Hei!Tpo-. 
ROB 1IpHM8HHT8JILHO R 11ICCJI8.I(OBamm CTpyxTypHHX HapymeHHI H peJiaK
CaIUffl pemeTKH BKpJICTaJIJiax, lIO.I(BeprnyTmc pa,JJ;H~OHHOil o6pa6OTKe, 
6HJia lIOKaSaHa B npOCTHX OlIHTax no nponycKaHHJJ. B rBMMa-o6JiyqeH-
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HHX (HJIH CO.I(8plltalllHX sapRllt8HHYJO npm.1ecL) HOHHHX KpHCTaJIJiax HM88T 
M8CTO aHOMaJILHO CRJThHOe pacceJIHHe H8HTPOHOB, a HS KpHBHX pacnpe
,!(8JI8HWI HHT8HCHBHOCTH ,lU!!p'.pY3HOro paCC8HHHH B6JIH3H CTpyKTypHHX 
Y3JIOB o6paTHOfl pemeTKH, a.TaroKe B6JIH3H H8IlpaBJI8HHH IlMaDmero nyq
Ka (MaJIOyrJIOBOe pacceJIHHe), BO3MOlKHO npHMOe Ha6.mo.rleHHe CTpyKTypH 
~e~KTOB Ha aTOMHOM ypoBH8, IlOJIY'I8HH8 .I(aI!HHX O p8JI8.KC8.I{HH pemeT
Im, MexrumaMax ~rMYsHH H .ItpyrHx xapaKTepHc-rmtax .Ite~KTOB. IIoJIY
qeHHe 8TOfi HH(p()pManHH BKJimaeT npe.I(BapHT8JibHO8 CHJITHe IlOJIHOH Hefi
TpOHOrpaMM!l, Ma.noyrJioBoro H ~tpyaHoro pacceHHHH 'IBCTHX (He no~
BeprH,yTmc o6pa60TKe) o6pa3UOB, ]1,JIH COilOCTaBJI8HHH C pesyJibTaTaMH 
H3MepeHHH B .I(e~OpMHpoBaHHOH pemeTKe. IIoaTOMY npH paapa6OTK8 
3KcnepHM8HTaJILHOfl YCTaHOBKH O.I(HHM H3 OCHOBHHX Tpe6oBrumfl 6wro 
o6ecneqeHHe ee ymraepcaJILHOCTH,. nosBOJimomen npoBe~eHHe ioppeKTHo

ro CO1IOCTaBJI8HJIIH peayJILTaTOB H3Mepe:im:n, IlOJIY'I8HHllX .I(JIH 'll'ICTHX H 
06.JIY'IeHHHX -06paauoB, B O~HOH H TOfi ~e reoMeTpHH, C HCilOJib3OBaHH
eM O,nRHOKOBOro cneKTpa IlM8.IOlll8ro nyqKa H8HTpOHOB, T.e. o6ecneqe
HH8 TIOJIHOCTbD H.I(8HT:HqHI,!X YCJIOBIIB H3MepeHHH npH TIOCTaHOBKe 3Kcne
pHM8HTa C HCTIOJIL3OBaim8M pa3JIB~1IX M8TO~OB H8HTpOHHOH OilTHKH. 
IlpH TaKOM no~o.I(e o6ecneqHBaeTCJI Ta.Kl!e 6oJiee panHOHMbHOe HCilOJib-
3OBrume ~oporocToH!llero o6opy.I(oBrumH. 

BHnoJIHeHHe ycJIOBHH YHHBepCaJibHOCTH .I(OCTHraeTCH coa~aHHeM Ha 
6ase mm ycTaHOBKH C mHpOKHMH 3KCilepHM8HTaJILHHMH BO3MOlKHOCTHMH, 
Il03BOJimO!D.8fl BapLnpoBaTb cneKTP H HHT8HCHBHOCTL IlMaDIIU!X Ha o6pa
seu HeflTpOHOB, C H3MepeHH8M aHepreT~8CKOro H yrJIOBOro pacnpe~e
JieHHH pacceHHHHX HettTpOHOB 6oJILmHM 'll'ICJIOM ~eTeKTOpOB O,lUIOBpeMeH
HO. ~KUHOHaJII,HO YCTaHOBKa npe.I(CTaBJIH8T co6ofl KOM6HHa,nHID BpeMJI
npoJieTHOro cneKTpoMeTpa c KJiacc~ecID!M ,nn~paKToMeTpOM H o6ecne'll'I
BaeT pa6oTy KaK B pelmMe MeTo~a BpeMeHH nponeTa, TaK. H c ncnoJIL
soBrumeM M8TO.I(a lIOCTOHHHOll .I(JIHHH BOJIHH. Cos~rume mm H KOMIIJieKC
HOll HeflTpOHOrpaipHqecKOi yCTaHOBKH, IlO3BOJIR!Olll8ll HCTIOJib3OBaTb Bee 
MHoroo6pasne M8TO.I(OB H8HTpOHHOa OTITmrn, .B coqeTaHHH C BHCOKOtt 
CKOpOCTLJO HaKonneHHsi 3Kcnep'l'IM8HTaJibHOll HHqJOpManHH, mHpoKHfi ,I(Ha
nasoH .I(JIHH BOJIH H nepe.I(aHHOro :m.myJJl,Ca, a TaKllte 6OJibmH8 BO3MOlKHO
CTH OTITHMH3anHH ycJIOBHll H reoMeTpHH npOB8,!(8HHJI 3Kcnep'l'IM8HTOB no-
3BOJI.!IDI' C'll'ITaTb Bll6pamnrti nyTI, OTITHMMLHHM ll OllpaB.I(aHHHM ]1,JIH 6o
JILmHHCTBa- Jia6opaTOpHtt,' He pacnonaraDIIU!X BHCOKOlIOTO!ffiUMH peaKTopa
Ml'l ClI8UHaJIH3HpOBaHHOrO HaaHaqeHHJI. 

B OCHOBY cos~rumH cneKTpOMeTpa "CBAH" 1IOJIO%8HH npHHr(HllH, 
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paspa60TaHirne B XO'Ae C03'AaHIDI KOM6mmpOBaHHoro cneKTPOMeTpa MaJIO
yrnoBoro H .mi:qxpysHoro pacce.l!HHH xono~x HellTpOHOB, cOS'AaHHoro 
pauee. Ha 3To:i1 ycTaHOBKe 6u.im OTpa6oTami: no'AXO'All ·K~ Me1'o.mi:qec
Koro, TaK H KOHCTPY:KnHOHHoro xapaKTepa, KOTOpue WHpOKO 01:lJm HC
nonI,30Bairn npH C03'AaHHH cneKTpoMeTpa "CBAH", 'ITO nosBo.imno SHatJ:H
TenI,HO.YJIY'l'.IIIHTI, cneKTpannHYJl 'l'.HCTOTY nM8Dlltero nytJ:Ka xono.mmx 
He:i1Tp0HOB, npH COXpaHeHHH BllCOKOH CB9TOCHnll. Ha PHC. 3 npime'AeHa 
npHHmffiHMI,HaJI cx~Ma ycTaHOBitH "CBAH" c mm, pacnonoxeHHoli B ceK
Tope I-ro ropH30HTannHoro KaHBJia peaKTopa l1PT-M • 

Pnc. 3. 

. ,·; .·.::; ... •. ),,,.,:,,,,';',,.,: .,.,.;3 : .• ,;,:,;:,::::,'•:~~-~:~I 

..'. 

IlpmumnnannHrui: cxeMa ,IU'I~paKTOMeTpH'l'.ecRoro KOMilJleKca 
C IDJI: I - aKTHBHM 30Ha peaxTopa, 2 - mrn, 3 - um:-
6ep, 4 - 6epHJIJmeBml ~I,Tp, 5 ~ ceneKTOp HeliTpOHOB, 
6 - Tpy6onpoBo.in,t no'Aa'l'.H rasoo6pa3Horo reJIHH 7 -
MOHHTOpH ny-q:Ra, 8 - o~pasen, 9 -· 'AeTeKTOpHHh 6noR 
MaJioA MaTqJOpMH, IO, II - 'A8TeKTopu, I2 - 6noR Ma
noyrnoBoro pacce.l!HHH, IS - 'AeTeKTopHHe 6noRH OOJII,
moii nna~OpMH, I4 - BaJtYYMHPOBaHHHe HeliTpOHOBO.in,t, 
15 - MMM nnaTc}.iopMa, I6 - 3autHTa. 

HettTpOHH H3 aK:lmHO! 30HH peattTOpa I lla'Aall'l' Ha ID(H 2, KOJIJIIII
MHpylOTCH H BllBO'AHTCH qepes 6nonOI'll'l'.8CRYJD 3aI!!HTY peattTopa nocpe'A
CTBOM 3anHpruomero YCTpO!CTBa (mH6epa) 3, B nocne.zumx 'AByx CeKIU!
HX KOTOporo pacnonoxeH c~eMHml ROHH'l'.ecm KOJIJIIIIMaTop c BHXO'AHUM 
ORHOM 30x50 MM2 • .IJ,mma nyTlI HeiTpoHOB OT KaMBpll ID0J 'AO BllXO'Aa H3 
6HonorHtJ:eCROA 3ail!HTll COCTaBJI/IBT 325 CM. Ha BllXO'AB H3 6nonol'H'l'.ec-
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KOll 3autHTll, B 3aBHCHMOCTH OT pellmMa pa60Tll, YCTaIIaBnHBaeTca JIH60 

©MI,Tp xonO'AHIDC HeliTpOHOB 4 H3 IlOJIHKpHCT~eCKOro 6ep~. C 
rpammeii o6pe3aHHH Jl = 3. 96 t nn6o MeXaHHtJ:eCKHli ceneKTop HellTpo
HOB 5. !IDlJffiTp H npepHBaTenI, MOryT ;!J;HCTaIIlU!OHHO BBO,IU'!Tica H BllBO
'AHTI,CH H3 ny'l'.Ka, 'ITO Il03BOJI/IeT nerRO nepecTpaRBaTI,CH C O'AHOrO pe
JKm~a pa60TH Ha 'Apyroll. KOHTpOnI, HHT8HCHBHOCTH HeiiTpOHOB B ny'l'.Ke 
ocymeCTBJI/I9TCH MOIDITOpHHMH 'A9T9RTOPaMH 7. ~aJiee HellTpomrn.ll: ny'l'.OK 
nMaeT Ha o6pasen 8, YCTaHOMBHHHii Ha lllCTHpOBO'l'.HOM CTOJIHKe. Pac
cemnru:e HettTpOHH perHCTpHpymca 'A8T9RTOpaMH IO H II, pacnonoxeu
HHMH B 3aI!!HTHllX 'A8T8RTOpHHX 6noRaX 9, I2 H I3. 
~ o6ecneqeHHa 3HepreTH'l'.ecKoro H yr~oBoro aHaJIH3a pacce.l!H

HHX o6pastioM HeliTpOHOB·YCTaHOBKa ocHameua 'ABYMH noBopoTHHMH 
MaTipopMaMH, 6onmoli H MaJIOll I5, a TaKXB·aBTOHOMHHM MOKOM MaJIO
yrioBoro·pacce.l!HHH I2. Bo H36eXaHHe pacceaHHa ua Bos~e nyTI, 
HeiiTpOBOB OT pOTopa npepHBaTeJI/I 'AO MecTa RX peI'l!CTpanHH nonHOC-
TI,10 Brufyyr..mpoBaH C nOMOll!I,10 uellTpOHOBO'AOB I4. -

Oco6eHHOCTI,10 C.03'AaHHOro cneRTPOMeTpa HBM8TCH ocuameHHe ero 
PMOM pa3pa6oTaHHllX opHrHHBJII,HHX ycTpoliCTB H CHCTeM: MOlJYMUHH 
HellTpOHHOro ny'l'.Ka, opHeHTarnm MOHOKPHCTaJIJIIll'l'.eCKHX o6pa8UOB B 
HeliTpOHHOM ny'l'.Ke npH HH3RHX TeMnepaTypax H MHOrOKaHanI,HOH CHCTe
MH peI'llCTparnm paccemmmc HeHTPOHOB. MeXaHH'l'.eCKM 'l'.aCTI, cneKTpO
M8Tpa BlmOnHeHa B BH'Ae MaCCHBHOro OCHOBa.HHH, C pacnonoxeHum.m: 
Ha HeM IlOBOpOTHHM CTOJIHROM MOlJYM o6pasna H 'ABYMH noBopOTHllMH 
nnaTc}.iopMaMH c ~eTeRTOPHHMH 6noKaMH. 3ieMeHTll cneKTpOMeTpa OCHa
meHH npeUH3HOHHHMH sneKTpOMeXaHH'l'.9CKHMH npHBO'AaMH C sneKTpOHHll
MH ycTpOllCTBaMH ynpaBn8HHH H aBTOMaTHKH H 'AaT'l'.HKaMH H3MepeHHH 
yrnoBHX B8Jm'l'.li!H BllCOKOli TO'l'.HOCTH. 

Ilocioney CHCTeMa ipopMHpOBa.HHH H MOHOXPOMaTH3a:rmH uellTpOH~ 
Horo ny'l'.Ka IlpattTH'l'.9CRH noJIHOCTI,10 onpe'AeJI/IeT Ka'l'.eCTBO H TO'l'.HOCTI, 
3KcnepHMeHTBJII,HllX HCM9'AOBaHHll Ha CTaUHOHapHHX :imepHHX peattTO
pax, npoBO,IU'!MllX M9TO'AOM BpeMeHH nponeTa·(MBil), TO O'AHHM H3 oc
HOBHHX yMOB YCTaHOBRH HBM9TCH CHCTeMa, npe'AHa3Ha'l'.BHHruI 'AM 
ipopMHPOBaHHH nepHO,JtH'l'.eCKOll, CTporo peryJI.lIPHOH BO BpeMeHH, nocne
'AOBaTenHOCTH ueil:TpOHHllX m.mynI,COB KOPOTKOH 'AJIRTenHOCTH, 'ITO 
npHBO'AJIT K He06XO'AHMOCTH C03'AaHHH BRCOKOCKOPOCTHHX npepHBaTenen 
H8HTp0HHOro ny'l'.Ka, C o6ecne~eHHeM BRCOKOll CTenemi: CTa6HJm3a:rmH 
CKOpOCTH BpameHHH pOTOpa cene_RTopa, 6esonacHOCTH H HM8lltHOCTH 
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npH )UmTenLHOtt _8KCIJJiyaTarnm B nmpo~OM JUiana30He pa6oqmc CKOpoc-, 
Ten, BllJIOTL .no npe.ne~m,oc 3HaqeHHn, onpe,neJIJieMHx npoqHOCTHID,m 
xapaKTepHCT:mtaMH MaTepHMa poTOpa npepHBaTeJIJI. KOHCTpyi'tmta: npe
pUBaTeJIJI-MOHOXpOMaTOpa HE!ilTpOHHOro IJY'IKa 6wra cos.naiia Ha dase 
neHTpHgiyrH OTeqeCTBeHHoro'npOH3BO.IJ;CTBa UBP-I, C ncnonL30BaHHeM 
HeKOTOpmc ee ysnoB H sneMeHTOB (pHC. 4). 

3 
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PHc. 4. 
· CxeMaT~ecKd BH.n ce

neKTOJll:! HeilTpOHOB: 
I - pa6oqrui: KaMepa, . 
2 - pOTOp~ 3 - BXO.IJ;HOe 
OKHO, 4, · ::i - ,naTqmw 
o6opoTOB, 6 - MeM6paHa, 
7 - CTpYHa, 8 - pe,nyK
TOP, 9 - .IJ;BHraTenL, 
IO - ,naTqmt ,naBneHIDI 
Macna, II, I2 - Macno
Hacoc, I3 - .naTqHK Ba
KYYMa, I4 - BOB,nymHl,IH 
ManaH, I5 -- OTKaqKa, 
I6 - TaxOM8Tp. 

TI pH TaKOM no.nxo.ne cos.nrume . BHCOROCKopocTHoro ceneKTOpa HeiiT.:. 
pOHOB IlpaKT~8CKH CBO;u;RTCJI K H3rOTOBJieH:l'IJl CMeHHUX poTopOB, KaK C 
npmMm, TaK H C RpHBOJIHHefuraMH meJIRMH pa~HUX paJJ;HYCOB KpHBH3-
Hll, npe.nHasHaqeHHllx .IJ;JIJI_o6ecneqeHHJI 8<pil8KTHBHoro nponycKaHHJI Hett
TpOHOB B 111Hp0KOM ,IJ;HanaBOHe ,ItJilffi BOm. Paspa60TaHa ~8XHOnOI'l'fJI 
H3rOTOBJieHIDI TaKHX poTOpOB, BKJIJJ!taIOl!laJI C~3,ItaHH8 cneUHMLHllX KOH
CTpyKUHommx MaTepHMOB C BHCOKOH CTeneHLD nor~omeHHJI H8ilTpOHOB 
H rBMMa-KBaHTOB, o6~aIJDtHX H806XO.IJ;HMOH MexaHHqecKOtt npoqHOCTLD.' 
KoHCTpyxmm pOTOpOB (np()(pHJIH IlaK8Ta menett, .IJ;HaMeTp'H MaTepHM) 
onpe.ne~CL H3 Tpe60BaHHil KOHRpeTHUX WH3meCRHX sxcnepHM8HTOB 
H np:irae,neHll B TaM. I. 

KlcTHp0BKa MOHORpHCT~ OTHOCHTenLHO HanpaBJieHHJI na.naJX11ero 
HettTpOHHoro nyqRa 3a,ItaHHOff llJIOCKOCTLD OTpallteHHJI, B coqeTamm C 
He06XO,IJ;HMOCTLD peryJIHpoBaHHJI TeMnepaTypH B IIIHpOROM JUianaSOHe, Ha
qimrui: OT TeMnepaTypll lm,IUCOro reJIHJI H BHme, JIBJIJI8TCJI cno:arnoil SKC-
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TaMHUa I 
IlapaMeTpll CM8HHUX pOTOpOB·ceneKTOpa CROpoCTefi H8HTPOHOB 

OcHOBHlle napaM8TPU POTOp I POTOP 2 POTOp 3 

MaTepHM T8RCTOJIHT opr. CTeMO KOMil03HUHOH-

.Il,HaM8Tp, MM I50 I50 
mnt MaTepHM 

200 
To.1mnrna, MM 80 80 72 
Macca, Kr 7 6 IO 
IlnOIItaJJ;L naKeTa, MM2 625 I350 I200 
IIIBpHHa meD, MM I 2,8 ' - •" 5 
To.mmma nepero- I 2,2 I,2 
po,nRH, MM ' 
PaJJ;HYC KpHBH3Hll, MM 2500 500 npiIMrui: menL 
HHT~fBM CKOpOCT8H, (I,2-I2).I03 (I,2-20).I03 (I,2-6).I03 
Mm! 

OMaCTL sHepr:mi, sB ro-I-ro-3 Io-2-ro-4 ro-1-ro-3 

CTeneHL'MOHOXpO- 80% 20% 
MaTHBarnm 
PaspemeHHe ynpy- O,OI2 0,007 0,02-0,08 
roro paccesnmJI 
COOTHOID8HH8 OilTH- 0,005 O,OI 
MMLHOCTH 

nepHMeHT~Hott sa.naqett. Co3,naHa KOHCTPYKUHJI MO,ItyJIJI DCTHPOBKH H 
opHeHTaUHH o6pasnoB Ha BUBe,neHHOMHeilTpOHHOM nyqRe,_a .ItHanasoHe 
TeMIIepaTyp 4,2-500 K. Mo,nynL o6pasna (pHC. 5) COCTOHT H3 reJIHe
Boro KpirocTaTa co cMeHHHMH .nep,m-reJIJIMH o6pasnoB, roHHOMeTpwrnc
KHX npHCTaBOK, MaCCHBHOrO lllCTHPOBOqHoro CTOna, no.n~eMHOro ycT
poilCTBa n ys~~ CTHKOBKH IlOBOpOTHOrO CTOna c KpHOCTaTOM,_ o6ecne
qHBaDIItero me coocHoe BpameHHe • .I{ep,mTenL o6pasnoB reJIHenoro 
KpHOC,TaTa Il03BOJ!JI8T YCTaHaBnHBaTL B xono,ItHOil KaMepe .no Tpex o6-
pa3UOB O,ItHOBpeMeHHO, C B03MO~HOCTLD nonepeM8HHOro BBe,IteHHJI 06-
pasna B KO~poBaHHHH nyqoR, nyT8M B8PTHRMLHOro nepeMenteHHJI 
KpHOCTaTa no.n~eMHHM ycTpoilcTBOM, qTo o6ecneql{BaeT npoBe,IteHHe 
!lHMa H3MepeHHtt 683 pasrepMBTH3aUHH pa6oqeft K8M8pll RpHOCTaTa. 

PeryJIHpOBaHHe TeMilepaTypll o6pasna B KpHOCTaTe OT T8MnepaTy
pH 41 2 .no 500 K (c ToqHocTLn ~caUHH .no 6,r K) ocymecTBJIJieTcJI 
aBTOMaT~eCKOil CHCTeMOil peryJIHpoBaHHJI • .I{nJI 8TOro B ROHCTPYKUHD 
,nep:staTenJI BKJimeHH cnetmMLHHe TeMTiepaTypHHe RJIDtm, o6ecneinmruo-
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Pnc. 5. · 
IlpHHUHllHaJII,Hrul cxeMa 
MO,IIYJIH KJCTHpOBim H 
opHeHTHpoBami:H o6pasua: 
I - reJIKeBHli KplIOCTaT, 
2 - pa6oqrur ItaMepa c 
'Aepl!taTeJieM o6pa8UOB, 
3 - xopnyc 'AepimTeJIJI, 
4 - onopinnl: no.Il,lllHIIHHK, 
5 - q>HKCaTop, 6 - KpoH
mTeiiH, 7 - B:HHTOBrut ne
pe'Aaqa, s·- sneKTPQnpn
BO'A C pe)crltTOpOM, 9 -
llOBOpOTHID!: CTOJIJIK IO -
npHBO'A cToJrnKa, II .;.;. _ 
MeXaHH3M cneMeHHH, 
I2 - Ma.JIM nnaT/flOpMa, 
cneKTpOMeTpat I8, I5 -
npHBO~ nnaT opM, -I4 -:-: 
6on1,mrur MaT opMa cneK..;; 
TpOMeTpa, I6 - paMa 
cneKTpoMeTpa, 17 - 'AeP
xaTeJII, o6pa3UOB. 

!llHe (sa cqeT H3MeHeHlffi TennonpoBO,lUlOCTH) KOMMj'Tan;HJO pel!rnMOB ox
nal!,Il;eHHH H HarpeBaHHH. Ilponecc aBTOMaTmecxoro KOMMj'THpOBaHlffi 
peJKHMOB OTKaqKH H HaI!YCKa rasoo6pa3HOrO reJrnH B TeMTiepaTypHllX 
KJilO'Iax, peryJmPOBaHHe TeMnepaTypH BO BCeM 'AHanasoHe o6ecneqHBa-
IDTCa_snexTpOHHOtt CHCTeMott, co6paHHOH B CTaH'AapTe KA.MAI{. _ 

IlpH npoBe'AeHHH H3MepeHHil npH KOMH8.THllX TeMnepaTypax HMeeTCH 
B03MOlKHOCTI, YCTaHOBKH Ha KJCTRJ)OBOqHOM CTOJDIKe roHHOMeTpmeCKOH 
rOJIOBKH peHTreHOBCKoro )U'IippaKTOMeTpa, ocHruneHHOli MHHHaTIOpHHMH 
3JieKTPOilpHBO'AaMlt )J.JUI )U'ICTaHUlIOHHOro ynpaBJieHHH. 

PaccemiHlle HettTpOHll perncTpHpyIDTCH MHOrOKfillaJII,HOtt CHCTeMOH 
'AeTeKTHpoBaima, cos'AaHHOil Ha 6ase nponopUHOHaJII,HWC He

3
-cqeTqHKOB 

THna CilM-I7 H CHM-IS. PaSMemeHHHe B 38.lltl'lTHHX xopo6ax cqeTqHKH 
ycTaHOBneHH Ha 'AByx Bpruna.iommcca nnaTqic>pMax c 06mett·oc1,ro BpameHIDI 
H nponeTHl:lX 6asax 3,06 H 5,5 M COOTBeTCTBeHHO. Kal!,nllH cqeTqHK 
HeilTpOHOB OCHameH TTmOBOH sneKTpOHHOH cxeM0:11 qic>pwipOBaHl'IH m.ffiYJlI,

COB, KOHCTpyKTHBHO BHnomeHHott B Bl!')l;e OT'Aen1,HHX MO.nyneil. MaKCHMa
nI,HOe qncno KaHaJIOB perncTpan:ira 32. C uen1,JO llOBHllleHHH 3q>g/eKTHBHO
CTH H Ha,nelKHOCTH npoBO;IU!MliX H3MepeHHH COS'AaHa sneKTPOHHrul aBTOMa
TH3HpOBaHHrul CHCTeMa )U'IarHOCTHKH cneKTp0MeTpmecxmc KaHaJIOB pern
CTpa.n;:lm, OCHOBaHHrut Ha perHcTpa.n;:lill lI aHanH8e npoxollQJ;eHHH CTall'Aap-
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THOrO CHrHa.Jia_ C reHepaTopa IIO BCeM KaHaJIBM H BllllOnHeHHrut H8 TH
IlOBHX MO,IIYJiett KAMAI{. 

MaJiruI IlOBOpOTHruI njaTqic>pMa C 'AeTeKTOpaMH npe'AHa8HaqeHa 'AJIJI 

IIOJIY'<IeHHa 8KCIIpecc-HH~OpManHH npH npoBe'AeHJIB HCCne'AOBaHHH no.mr
H MOHOKpHCTaMOB, H JtJJ.H pa60TH B reoMeTpHH o6paTHOro paccemnm; 
pa'AHYC nneqa I,I M, Bpruneime OcymeCTBniieTCH B )U'Ialla30He yrnOB 
o0-'2fio0 ·co CKOpOCTI,JO 0,JUlOtt yrJIOBOtt MHHYTH B ce~. ,llJm H3MepeHHH 
Be~Hll yrna llOBOpoTa HCllOJII,30BaH 'AaTqHK yrJIOB poTarni:OHHOro TH
na IGR , TO~OCTI, n3Mepeimn: ±r yr JI. MIIH. · reoMeTpru:r pacnoJio:aremm 
cqeTtmKOB B 'AeTeKTOpHOM MO,IIYJie MaJIOH MaTqiopMH BH'AHa Ha pnc. 2. 

Eon1,maa·noBopoTHruI MaTqic>pMa npe'AHa3HaqeHa 'AJIJI npoBe'AeHl'IH 
H3Mepemm no nponyCKaHHID, )U'Itppa:iazym, MaJioyrJIOBOMY lI )U'I\MJy3HOMY 
paccemm:ro c 6on1,mef1 TOqHocT1,ro; pa,IOij'c nneqa 3, 5 M, 'AHanasoH Bpa
meHHa 0°-120°. Ha Hett YCTaHOBJieHll 8 'AeTeKTOpHHX Kopo6oB c I6 
cqeT-cnmru.m, KOTOplle MOryT 61,ITI, pasHeCeHll 'APYr OT 'APyra npOH3BO
JII,H!,IM o6pa30M. Kal!r,Inlil: 'AeTeKTOpHll:it MO:IJYJII, <50JII,IDOtt nJiaTqiopMll co
'AeplltllT ,JUla O'AHOmeJieBilX KOJIJil'!MaTOpa, IlOKpHTHX lI3HYTPlI Ka,IJMHeBOH 
MacTHHott, c uenro HCKJI!l'ieHHa sepxa.niHo OTpa:arenHHx no'A MaJIHMlI 
yrnaMH HettTpOHOB, ,JUla cqeTHllX KaHaJia co cqeTqnJtaMH, c nonesnott 
nnolll8,ll;1,JJ perncTparni:H 20XI20 MM2 KaJmlitt, ycTaHOBJieHHHe B BaKYYMH
poBaHHOi KaMepe CHMMeTpliqno 'APyr OTHOCHTeJII,HO.'Apyra C yrJIOBHM 
maroM 20, a TaK:&te oxnaimaeimtt 'AO TeMIIepaTypu lltH.IlKOro asoTa ~1,Tp 
H3 llOJil'!KplICTaJinHqeCKOro 6epHJ1JIHH, lICllOJII,SyeMHtt B 3KCnepHMeHTax 
no )U'I@ly3H0MY paccesmmo. 0.1U'IHH3 'AeTeKTOPHllX 6JIOKOB Ha 6onmoii 
MaT~pMe npe,lUla3HaqeH 'AJIH R3MepeHHH cneKTpa na.nannmc na o6pa
sen He:itTpOHOB R cna6lll'.eH a.BTOHOMHOtt ClICTeMOii yrJIOBHX nepeMemeHHtt, 
a TaKlte 'AJIJI aHaJIR3a RHTeHCHBHOCTH MaJIOyrJioBoro pacceHHRH B )U'Ia
nasoHe yrJIOB OO-IQO •. 

,llJm onpe'AeJieHRH yrJIOBHX llOJIOlKemm 'AeTeKTOpH!lX 6JIOKOB Ha 
6onmoii MaT~pMe, a TaK:&te me KlCTRpOBKH, HCTIOJII,8yeTCH OTITlIKO-Me
x~eCKruI Cl!CTeMa. Pa6oTa 8TOtt ,ClICTeMH OCHOBaHa Ha npRmnme 
CJiexemIJl sa OTpa:ateHHHM .eyq_oM nasepa (T:ena JII'-72) OT sepKa.Jia, yc
TaHOBJieHHoro no'A sa,naHHHM yrJioM 11 pacnoncixeHHoro Ha CTOJIHKe 06-
pasna; ~OCTRraeMaH TO~OCTI, H8Mepe!IBH yr~OB npH 9TOM ±I yr~.MIDI. 

HaJm11111e 6onmoro KOJ!Hq~CTBa axcnepHMeHTMI,HllX YCTpOttCTB, 
Tpe6YJOIItRX )U'ICTaHUHOHHOro ynpa.BJI8HHH Henocpe~CTB_eHHO Ha HettTpoH
HOM nyqxe gnepHOro peaKTOpa, Heo6xo~OCTI, KOHTPOJIJI sa_pa6oTott 
'AeC.aTKa ~8.TtmKOB, 60JII,mO:I noTOK_3KCll0pl!MeHTaJII,HOn HH~pMa.UHH. 
nocTynannen no MHOl'HM itaHaJIBM O,llliOBpeMeHHO, R :m:enmme o6ecnetmTI, 
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COH3MepmzyRJ CKOpOCTI, npHeMa, mmoruremrn: H. o6pa6oTKH ,I(aHHT:lX TIOTpe-
6oBamI C03,I(aHHH aBTOMaTH3HpOB8.HHOit CHCTeMII C pa3BHT!.M nporpaMMHUM 
n annapa-rypimM o6ecneqeHHeM, OTIHcaJmD KOTopoit TIOCBJl'.llleH 'ieTBepTHit 
pa3,ZJ;eJI ,n;n:ccepTamm. CHCTe1.m aBTOMaTH3arnrn C03,nruta Ha 6a3e SBM 
MERA-60, MHoroMepHoro BpeMeHHoro aH8.Jil'I3aTopa BM-96 (MHTEPTEXllliK) 
H MO,IzyJII,HOH annapaTypH KAMAI{. OHa npe,nCTa.BJ!Jl:eT co6oil COBOeyIIHOCTI, 
aBTOHOMH11X no,nCHCTeM: perHCTpar:tHH H HaKOTIJieHHH cneKTp0MeTpmecKofi 
HHqiopMar:tHH, peryJmpoBaHHH H CTa6HJIH3a.n;HH CKOpOCTH BpameHIDI ceJieK
TOpa HeilTpOHOB, ynpaBJieHHH cneKTpOMeTpOM, H3Mepemrn: H. KOHTpOJIJI 
napaMeTpOB 3KcnepID11eHTaJII,Horo o6opy,noBaHHH H.BHBo,na HHWOPMaJ::tHH. 

Ha pHC. 6_npe.ncTaBJieHa 6JIOK-CXeMa KOHipl'lrypaqHl'I QIICTeMH aBTO
MaTH3a!lID! ,nHrppruamom1oro ROf,n,YJieKca. PeI'HCTpa.n;HH H HaKOTIJiemrn 3RC
nepm.ieHTaJII,ROH HHcp()pMar:tHH ocynieCTMRJOTCH npoMeJKyTO'iHilM HaICOnl'!Te
JieM, co3,naHHHM Ha 6a3e MHoroMep110ro aHaJIH3aTopa, nporpaMMHo yn
paBJIReMoro SBM, 'iTO, C 0,UHOtt CTOpOHH, npe,nocTaBJIJieT P.fI.Il ,nonomm
TeJII,HllX y,no6cTB n B03MOlltHOCTeil npH npoBe,neHHl'! ,nJIHTeJII>HHX sKcnepn
MeHTOB,. 3Ha'iHTeJII,HO noBHmaeT Ha,neimoCTI, pa60TH KOMTIJieKca, a C 
,npyron n03BOJIJieT ropas,no_ s@eKT:lffiHee l'ICTIOJII,30BaTI> SBM, "npaKTH'ie
CKH noJIHOCTI,ID OCB060,IUIB ee OT onepaTOpHoro HaKorureHJ'IJI 60JII,Im'IX 
MaCCHBOD ,naHHHX, noc-rynanumx B BH,Ite BpeMeRHHX cneKTpOB no MHOrmA 
RaHaJiaM o,nHODpeMeHHO. 

nJIJI peryJIHpOBa.ImJI CTa6J'I.ID13auID'l CROpOCTH BpameHl'IR pOTOpa Ce
JieKTOpa HeilTpOHOB, B llll'lpOKOM ,IUiana30He CKOpOCTefi C BblCOKOfi TO'i
HOCTI>D, C03,I(aHb!_YCTpOiiciBa Ha 6ase MO,IzyJII,HOH annapaTypbl KAMAK: 
CncTeMa ynpaBJieHHsr o6ecne'iHBaeT TIHTaHHe npHBo,na, ynpaBJieHHJI ce
JieKTopoM B PTIHOM l'I aBTOMaTH'!eCKOM pellO'!Max, ROHTpOJII, sa COCTOH
mreM napaMeTpOB OT,IteJII,Hb!X MeXaHJAeCKlJX Y3JIOB, a TaRllte CTyne!Pia
TOe peryJIHpoBrume o6opoToB poTopa no ttoMaH,ne c 3BM. CHcTeMa cTa-
6HJIH3arum: peaJIHsyeTCJI llpl'I a.RTHBHOM TiaCTJ'IH SBM, IIpH 3TOM ynpaB
JieHHe ceJieKTOpa OCYll!eCTBJI.a:eTCJI no aJirOpHTMY "H3MepeHHe-aHa.Jrn3-
ynpaBJieHJ'le". KpOMe Toro:· RMeeTCJI aBTOHO~aJI CHCTel',la CTa6HJIH3arnm, 
OCHOBaHHaH Ha npHHrnme \fla30BOro cpaBHeHHH 'iaCTOTbl BpameHIDI POTO
pa c qacToToi onopHoro reHepaTopa. nocTHraeMM TO'iHOCTI> cTa6RJm-
3a.n;HH B o6oHx £eJKHMax ro-2-ro-4%, B pa6o~eM HHTepBaJie o6opoToB 
103-2.104 MHH- COOTBeTCTBeHHO. 

C03,nrurae CHCTeMH aBT0MaTH38IIHR noTpe60BaJI0 pa3pa60TRH p,ma 
H0BHX sJieRTP0HHHX ycTpoilCTB B CTaH,napTe KAMAK (KO,IUipOBtm'!Ka H0Me
pa ,neTeRT0pa, 6JI0Ka ynpaBJieHHJIMHOr0KaHaJII,H0ro aHaJIH3aTopa, KO
JtHP0B!llHKa a,n;peca n ,np.), HCnOJII,SOB~Jme R0T0pb!X o6ecne'iHJI0 np0Be-
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FPrc. 6. EJiox-cxeMa HSMepnTeJII>Horo M0JzyJIJI: PM - ieTeKTOplWil MO.nyJii, 
MK• - Me:xalm1lec:rmi R0MMYTaT0p, MA - MH0I'0Ka.HaJII,Hwf amum
SaTop I'H - reHepaTop mmyJIJ,coB, AK - ruza.noroB&if R0MMyT~
TOp, CH - C'ieT'llllt HMI:tyJII>COB, RIUl• - R0.IUIP0BIIIHR HoMepa .ne~ 
TeKT0pa, BK - BpeMeHH0it K0,IUip0BIIIHR, KA11 - KOJIHDOBlllRK an
peca, KB• - R0MMy-TaTop Bxo,noB~ HI-4• - HH~ep<pettcu, EYA~
C!JroK YTIP.aBJieHHH aHaJIH3aTopa, d1l -·6JioR 3JreRTpOHHilX qacoB, E::n• - C>JIOK sa.n~ npor~pyeMHJt, .Il - ,neJIHTe.lll,, q -
qacTOT0Mep, ECO - 6JIOR CTa6wm3amm oOopOTOB, roq - re
HepaTop OTI0pHott 'iaCT0TH, BP - BX0.nH0it perHCTp, PM - peJieit
lWit yYJll,TlUlll8RC0p, 'JJ:l - .naT'iHK yrJI0B, · CH - CeJieRTOp Hei!:T
p0HOB, III-2 - ruraTIPOPMH, CT - CTOJmK o6pasna, MY.6 - MaJio
yrJioBott .neTeKT0pmd C>JI0R, IlY - no~~eMH0e YCTp0iCTB0, 
EHY• - 6JioK H3Mepemm yrJioB, UAII - mrqipo-attaJioroBHtt npe
o6pa3oBaTem., UB - mrcppoBot! B0JII>TMeTJ?t· EYT• - 6JioR ynpan
Jiemm TeMnepaTypH, HM - l'lCTI0JIHRTeJII>HliH MeXrumSM; KI' - ... 
KpHOCTaT reJIHeBblit, nT - ,naT'iHK TeMnepaTypH, ffi - rpajlono
CTp0HTeJII,, rn - rpaqi}JtleCRHft ,IUICTIJiei!:, KI{ - KpeilT-K0HTpOJI
~~, TUI - nep:popaT0p JieHT0'iHIDi, ~ ;_ cp()TO-C'iHTHBaTeJII,, 
UIIY - rmcflpo-ne'iaTaJlllee YCTpoi!CTB0, JJJI - .JnfCR0BM naMJITI,, 
T - Tep,mHBJI, I, 2 - .naT'IBKJf o6opoTOB, 3, 7 - ~aT-cnnm 
TeMIIepaTYJJH, 4 - .nanHR .na.J}JieHHH, 5 - ~aT"IBR BaeyyMHHit, 
6 - ~aT'iHR H0Mepa o6pasna lB11.1te~eHHHe •" .6JioKH paspa6o-
TaHH H ll3r0T0BJieHil B H~ AH rCCP J. . . 

.nemre paSJnrtlHHX peDM0B H3MepeHHit Ha YCTaH0BRe. 
YnpaBJieHHe K0MIIJieRC0M, HSMepeHHe H ROHTpoJIL napaMeTp0B 3KC

nepHMeHTaJII>Horo H TeXHoJiornqecRoro o6opy,noBrumsr o6ecne'lllBaDTca 
paspa60TaHHOi! nporpaMMoft LINA JtJIJI TeKY:Utero C0CT0.fIHlrH Cl'ICTew •.. 
IlporpaMMa nosBoJIJieT Ha SBM MERA-60 pea.,m3oBaTI> ynpa:BJieHHe xo,noM 
3KCnepHMeHTa B peaJILH0M MaCIIITa6e BpeMeHH, BO BCeX pemwax pa6o
TH 8KCnep:P1MeHTa.JII,H0ro JUicppaKTOMeTpH'ieCKOro R0MIIJieKca. IlporpaMMa 
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LINA npe.n;cTaBJISieT co6oii HHTepnpeTaTOp KOMaim, BHIIOJIHelnlllx B BH
,n;e .n;ncneTqepa nocne.n;oBaTeJII,HOCTH KOMaH.n;, cOCTaBJIJmiltlDC nporPaMMY 
9KCTiepHMeHTa, TIOSBOJI/leT Tip0H3BO,lJ;HTJ, ynpaBneHHe napa.MeTpaMH MO.JtY
neii KAM.AK, npHeM n HaKOnneHHe cneKTpoMeTpli'leCKOii n CJIYJKe6HOH HH
qiopMamrn:, samicr, ee Ha .Itl'ICKOBYJO na.MilTr,, npe.n;BapnTeJIJ,HYJO MaTeMaTn
qecKyJO o6pa6oTey HaKonneHHux ,n;ammx_ n BHBo.n; Ha TepMlffiaJIH HHq)OpMa
r.um B BH,IJ;e Ta6.IDIU n rprupHKOB; 

OCHOBHlIB PE3Y.JThTATl:.I 

I. ,llmr no.nyqemm, qiopwrpoBamm n BHBo,n;a ns KaHMa peaKTopa 
cneKTPanhHO 'lll:CTOro, HHTeHCHBIIOro ny,ma ,n;mmHOBOJIHOBHX HeitTpOHOB 
B oTpa.JKaTene sr,n;epHoro perutTopa HPT-M IDl:cTnTyTa WJi3HKH AH rcCP 
paspa6oTaH H C03.)l;aH HCTOqHHK xono.n;HHX HeiiTpOHOB C peryJmPYeMoit 
B . .nnanasoHe 25-5QO K TeMIIepaTypoii sa'lle.lt}IHTeJIR:. IIOKa3aHO, qTo nc
riom,soBami:e KpHCTaJIJIHTl8CKOrO OepHJUII-UI B rmqeCTBe pa6oqero BemecT
Ba xono.n;Horo saMe.lt}IHTeJI/l npnBO.)l;HT 6o~ee qeM K I5-KpaTH0MY BH
nrJllllllY llHTerpMI,HOH HHTeHCRBHOCTH HeHTpOHOB c :meprIIeii 5. ro-3 aB 
H: HUe TIPII. OXJirulm!:!IDm 38M8.lt}IHTeJIR: .no TeMnepaTypH ~ 25 K. COS.)l;all
HM KOHCTpyrunffi HXH H_TeXHonornqecKaJI·cxeMa OXJia.ilr,IteHMJI,, OCHOBaH
HruI Ha Ull'.PKYJI.R:mm B SaMKHYTOM KOHType rasoo6pa3Horo re.IDIH, o6ec
netmBaeT npOCTOTY, H8,lleJKHOCTJ, H 6esonaCHOCTJ, SKCn~aTaUHH HXH B 
uenoM.· 

2; Ha 6ase HXH paspa6oTaHa n cos.n;aIJa *KTHBHM ymiBepcanr,
HM 8KCnepHMeHT~HM YCTaFIOBKa ~ MHOro.n;eTeKTOpHOH CH?TeMOii pe
rHCTpaUHH, npe,n;HaSHaqeHHM ,lJ.JIH llCMe.)l;OBaHHH CTPYKTYPH BemecTBa 
Ha aTOMHOM ypOBHe C ncnonJ,30BaJmeM pa~ MeTO,lJ;OB HeiiTpOHHOii 
OllTHKH- ,ICRqlprutrnm, MMOyrnoBoro H .)l;H<ppySHOrO pacceJmn:ii. 

·s.· 9os,n;aHa KOHCTPYKU!l'.H BHCOKOCKOpOCTHOro MeXaJmqeCKoro npe
pHBaTeJI/l~MOHOXpOMaTOpa HeiiTpOHOB cq. CMeHHHMR pOTOp8Ml'l. PaspaOOTa
Ha TeXHOnOI'J'IH nsrOTOBneHIIH pOTOPOB npepHBaTenH. 

4. Paspa6oTaFia n cos.n;aFia cncTeMa aBTOMaTnqecKoro peryJmpoBa
HHR CKOpOCTll BpameHIIR pOTOpa npepHBaTeJI/l HeiTpOHHOrO nyqKa, C 
TO'IHOCTJ,ID CTa6Hnn38Ull'.H I0-2%. 

5. PaspaOOTaH n COS.)l;aH MO.JtYnh IOCTHpOBRJII n opneHTBUll'.H MOHO
KPHCTaJIJIOB OTHOCHTe~J,HO HaIIpaB~emm HeiiTpOHHoro nyqKa npn TeMIIe
paType lltlI,IUtoro rennn. 

·6. Paspa6oTaHa n cos,n;aHa MHoroKaHMJ,HaJI cncTeMa perncTpaunn 
HeiiTpOHOB, OCH8JlleHHM .n;narHOCTJIBOii cneKTpOMeTpnqec:imx RaHMOB B 
CTaH,n;apTe KAMAI{. 
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7. Cos.n;aHa;cncTeMa H9Mepeimn yrnoBux n .mmemmx nepeMemeHHft 
MeXaf!HqecKIDC Y3~0B cneKTpOMeTpa~ . 

8~·Paspa6oTruru: n cos,n;aHH sJieKTpomrue einoKH B cTrumapTe 
KAMAI{: MHOroif>YHKimOHaJil,HHii KO.nRpOBIIlHK HOMepa .neTeKTOpa, KO,IUipOB
untK a,npeca ll 0nOK ynpaBneHHH MHOrORaHMJ,Horo aHMHSaTopa. 

9. Ha Clase 3BM MERA-Go; annapaTypu KAMAK n MHOrOKaHWHoro 
aHaJm:SaTopa paspaeiOTaHa Il 003.)l;aHa CHCTeMa aBTOMaTHSaqJm .)l;HqlpaKTO
MeTPH't6CKOro KOMIIJieKca, OCH8JlleHHM pa3BHTHM nporpaMMHllM oeiecneqe
HHeM, 06ecnetnmaD111aJI ynpaBne1me XO.)l;OM npOBO,l(HMH'X HSMepeHnii BO 
BCeX pe.llrnMax paOOTH: HaKonneHne n o6paeioTey SKCnepHMeHTaJII,BHX 
.)l;aHHHX H KOHTpom, napaMeTpOB TeXHOnOrll'leCKOro o6opy,n;OBaHMH. 

IO. 3KcnepHMeHTaJil,HHe HCMe.n;oBaHHH, npoBe.n;eHHHe Ha .)l;HqlpaKTO
MeTpll'l:eCKOM KOMIIJieKce C. P!CTO'IHHKOM XO~O,IUillX HeiiTpOHOB B nepno,n; 
1985-87 rr., BHHBHJill BHCORy-ID Ha.lleJKHOCTJ, SKC~aTaunn YCT8.HOBKH 
H llO,lJ;TBep.n;nJm IlpaBlln!,HOCTJ, BHCipaHHHx TexHnqecKHX pemeH:mt. 
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