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llH~paKTOM9Tp EU-3 BXO~T B COCTaB Cll9KTpOM9Tpa CHHM-2, 

KOTOpufi npe~asna~eH ~ K~eHKH CTpyxTypH ~OBHX COCTOHHHfi, 

UH.IJ:Y'IUIPOBa.HHiiX mvmy.n:&CHblM MarHHTHhtM IIOJISM, H KHH9TI1JGI Mai'IDITflliX 

®a30BHX IT9p9XO~OB B MOHOKpHCT~SCKHX o6paauax. 
B TSXHKq9CKOM OTHOillSHHH ITpOTOTKITOM Hn-3 RBXHSTCH HSfiTpOH­

Hilli: CITSKTpOM9Tp, HCIIOJI&3YSM!:lli .n;Jiff pemeillm aHaJIOI'JflHliX 3a,n;a-q 

Ha peaKTOpe l!EP-3C [Ij • B ,l\aHHOJ! padoTe llp9,l\CTaBJI9HO OITKCaHH9 

Bll-3 H 9l'O OCHOBHH9 XapaKTSpHCTKKH. 

I. WopMHpoBaHMe nepBHqHOro TIY!Ka HefiTPOHOB 

EU-3 paCITOJ!Ollt9H Ha lll9CTOM KaHaJie peaKTOpa l!EP-2 Ha 

paCCTO.mnm 30M: OT aKTHBHDH 30HU. llCIIOJTh3Y8TCH rpedeRTiaTI:ti! 

BO~OJ! 3aM9)\J!KT9Jr& tzl , llOM9li!9HHHfi OKOJ!O aKTKBHOJ! 30HH, II 

0)\KH .1!3 .I\BYK 39pKaJr&HHX HeJ!TpOHOBO)\OB (3H), YCTaHOBJ!9HHHX Ha 

Ka.HaJIS. 

He:tiTpOHOBO;D;, H3l'OTOBJI9.HHHfi H3 CTSKJia C .HHK9JI9BHM IIOKpllTHSM 

BHyTpeHHHX ITOB9pXHOCT9fi [3} , COCT~SH H3 rrpHMO~e~ 

ceKql!l! )\Jll!HOl! 0,75M c BnyrpeHHI!M ce~eHKeM I5xi7DMM. HaqaJio 3H-
H8 paCCTORHHH 3,5M OT llOBSpXHOCTH 3aM9~~, 9l'O KOHSU -

na paccTomnm 0,45M oT J.19HTpa EU-3. P~c HCKpl!BJ!eHKH 3H 
OKOJ!O 2000M. Ha BpeM>I padOTH OH 3aiTOJil!II9TCR aprOHOM. I!JIOTHOCT~ 

llOTOKa HeJ!TpOHOB Ha BHXO,l\9 3H OKOJ!O 4"I06njc~c. 
Ha p11c.I noKasan cneKTP nepBR.noro ~a nel!TponoB,nOJIY­

-q:~ aaMepeimeM aexorepeHTHoro pacce.mniH aa BBaan;uu ai .IUIWPax­

l.ll!OHHoro paccelii!IDI Ha n<WIKpRCTaJIJI9 Fe (CN)4K3 (,ill!H ,IIlllllllio<' · 

BOJIHOBOIJ: ~acTR Cll9KTpa) • I'pami'IJIM )\Jll!H8 BOJ!HH cneKTpa HelJ:TpO­

HOB OKOJIO 0,85X, ITpH 3TOM B03MomHa_pa~oTa B ~arrasoHe ~ 
.BOJ!H, ITO Kpall:Hel! M9pe, ,110 I5t 
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2. Mexa.wrqecKM Cl:JCTeMa Hlh'3 

,Ilmppa.KTOM9Tp (cM.pHc.2), B COCTaB KOTOporo BXO,IUIT lJacTI> 

OCHOBHIDC yaiTOB Cll9KTpOM8Tpa BKCH-300 [41 , CO,llBpoHT UeHTpan»~ 
CTUH, ~a 60~IDHX ~ella, KOTOpHe MOryT TIOBOpalJHBaThCH BOKpyr 

JJ;SHTpaJ.Il,HO:M: OCR , H ,n:sa MaJIHX ~eqa C OCJIMH Bpaiil9lillR, IlpOXo­

~ 'tlepes JJ;SHTpH CTOJlliKOB, KOT0Jlli9 pacTIOJIOllte.HH Ha 60JThlliHX 
llJ19lJSX • Ha MaJlllX IIJI9lJ8X paaM81q9HH B 381URT9 .U9T9KT0pb1 HBiiTpOHOB. 

PaCCTOHHHe M~ JJ;9HTPBJibHO:M: OChiD H 60KOBHMH OCHMH BpameHHR 

paBHO l,6M, M~ 60KOBHMH OCHMH H TIOB9pXHOCThiD ~9T8KTOpOB 

0, 55M. EOJIDIIIHB Wie'tlH MOJKHO ycTaHaBJmBaTh no,:n JW6h1M yrJIOM 

OTHOCHTSJIDHO nepBR'tiHOrO nyqKa HeATpoHOB B .I{H8IT820H9 0 ~ !70°. 

M~e llJI9lJH C ,:nBTBKTOpaMH .I{OrryCKaroT TIOBOpoThl B ~anaaoHe 

±goo. 

llHWpaKTOMeTp CO.JlBpoHT TpexoceBoll roHKOMeTp IKC-IOO c 
+ 0 ~an830H8MH BpameHRH - !80 OTHOCHTeJihHO B9pT~O~ OCR H 

t 25° OTHOCHTSJII,HO JI:BY'X. rOPlJSOHTaJIDHhlX OCe:B: H .n;:ea ]I;ByxOCSBHX 

roHHOM9Tpa rK-40 C ,:nnanaSOHaMH BpameHHH ! 20° OTHOCHTSJIDHO 

ropx30HTaJThHIDC oce:M:. rKC-!00 npe;n;HaaHalJBH .ItJI,ff ycTaHOBKH Ha 
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PHc.2. CxeMa ~WPaKTOMerpa:I- 3epKannHHH HefiTpoHoBon; 

2 - IJ;SHT:f)aJThHIDi CTOJI; 3,4 - ciO.JTh!Iill9 ILJIS'Iffi; 5,6 - MBJIH9 

ILJie'I!E:; 7,8- nereKTOpli HenrpoHoB; 9- ocipa3eiJ; c ~~~c­

HHM MarHHToM; ID,II - cioKOBlie croJIHKH; I2 - renHeBlifi 

KpYIOCTaT C M9Xa.IDr3MOM TO'lliiOrO TIOBOpOTa BOKpyr B9pTH­

K~HO~ OCH; 13 - pe~CH ~ T9~9~ re~eBOrO KpHOC­

TaTa; 14 - KpHCT~-MOHOXpOMaTOp. 

USHTpanbHHi CTOR, rOHHOMeTpH TK-40 C KpHCTanHH~9CKHMH MOHO­

xpoMaTopaMH MOryT ciHTh TIOMemeHH Ha ciOKOBH9 CTanHKH (Ha OCH 

BpameHRR ManHX ~e~). 

Ha pe~cax, pasMemeHHWC Ha,n ;rtHqJpaKToMerpoM napaJIJI9JThHO 

TISpBHqliOMY ~y, H8XOnflTCR TSJiam&a C reJIHSBHM KpHOCTaTOM H 

M9XaHH3MOM TO~Oro TIOBOpOTa KpHOCTaTa BOKpyr B9pTKKaJIDHO~ 

OCH • KpHOCTaT C TIOM9lll9HHWVT B Hero Ocip8.3UOM MOJKHO OnycKaTh B 

naa pacio~ COCTORHHH: B USHTp ~WpaKTOMeTpa KnH Ha OCH 

O,IUIOro H3 MaJIHX ILJISq, YCTa.Ha.:BJIMBafi IlpH 8TOM COOTB9TCTBy:Rlll99 

Oo~moe nneqo B HyJienoe noJioEeHHe. 
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IlpM pa60T8 C 830THWvT KpHOCTaTOM HCIIOJTh3YBTCJI CIIBUflMhlH:lli 

CTO~ C ycTpOfiCTBOM ~ Kpe~eHHg HMTIY~CHOro Mai'HHTa H Mexa­

IDI3MOM TOl!HOro IIOBOpOTa KpHOCTa.Ta C 06pa3IJ;OM BOKpyr BBpTJilia.TI:b­

HO.ti OCHa 

fiwryJI:&cHbl.ti Ma.I'llliT npe.llCTaBJI.ffST co6oH ,llByxceKIUWHHyro 

KaTymKy C ~3~8KTpKq9CKMM 3a3opoM Me~ CBKUHBMll, B KOTOpOM 

HMBIDTCH KaHanH ~ HBfiTpOHHHX rryqKOB H ~ BBO,lla B Mai'HMT 

KOHD;a KpHOCTa.Ta C 06pa3IJ;OM. J~1arlli1T MOJKHO yCT8H8.BJllffiaTI> Ha 

IJ;SHTP~HHH CTO~ all-3 ~ Ha 60KOBOfi CTO~, paCIIO~ORSHHHfi 

B 3TOM c.rryq.ae Ha OCJil IIBpBHT.IHOrO IIytnta. ,lloiTyCKaeTCH yCTaHOBKa 

MarHIITa C BSpTMKaJIDHbU'i'T VIJII1 C ropH30HTBJ:ri>HhR\.~ HaiipaBJIBHHSM' 

MarHHTHOrO IIOJI.ff. 

Mexamrsrvru: IIOBopoTa 6oJThlllliX IIJIB'l, re.mreBoro M aaoTHoro 

KpMOCTaTOB H ~nC-100 CHa6~8HH illai'OBHMll ,llBHraTe~ THIIa 

i=DS -/A 51 H .J.I.llWi-200-3-I. llpH 3TOJJI 60JII>J.J.rue ILJIBlTII H MBX8Hll3M 

re.mrBBOro KpHOCTaTa lDliB!OT ,llaT'tflll\.H yr~OBOrO IIO~O.lKBHHH. 8THNJ 

o6ecne'!HBaeTcJI .IVICTaHD;HOHHOe ynpaB~emre YrJIOBilllill rro~oJKem:r.mvrn 

OOOTBBTCTBYJOlltiDC JCTpOifCTB, a Ta.KJKB aBTOMaTH'!BCKM, ITO 38,llaHHOfi 

rrporpaMfiiie, OpHBHTaiUrn MOH0KpMCT8JJJia ITO H.HTSHCllBHOOTil .n;H:@pa.K-

mrmrnoro pacce.mnrn H aBToMaTJNecKoe naMepeHHe aaBHC:.-rNIOCTH 

HHTBHC:iiiBHOCTH .rr;M!;iJpaKW~OHHhiX ffillWB OT yr;ra Epsrra. TOT.IHOCTI> 

yr~OBHX ITO~OJKBIDI.f1 IIO BCBM OCID'Il BpameHIDI HaxO,IUfTCH B Jip€.ll9JI8X 

~7~\-zo 
\o 0 M 

0 
0 6 
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Pnc.3. BoaMOXHHe reoMeTpHM 
3KCIIBpHM9HTOB Ha ijll-3. 
Q - MOHOKpHCT~BCR.Ha 
o6paaeiJ;, A - .ueTeKTop, 

M - MOHOXpOMaTop. 



Ha p]lc.3 noKa38Hl::l B03MOmrHe reoMeTpKlii H3MepeHd Ha Im-3. 
B c~ae ropH30HTanDHOrO HarrpaBXSHHH MarHHTHOrO llanff KOHCTpyx­

UH.ff Mai'HKTa .n;onycKaeT yr.JW pacce.ri.HIDI 26 Ha o6pa3ll;e B ,UHanaso­

aax: I65°+ I80°, 80°+ I00°. ~ BepTHKarrDHoro aarrpaarreHKH 

MarH:Il:THOro ITOJUI yroJI pacCSRHlUI onpe,n;eJTHSTC.fl Ka.Ha.JIOM B HMIIYJil>­

CHO:M MarHHTS I1 MOKBT 6HT:& JTI06IDJI B npe,IJ;eJiax 0 + I80° • 

3. ~pHorSHHa.fl CHCTSMa 

re~eBH~ H asoTHHfi KpHocraTH ,n;o~ o6ecne~aT:& no~eHHe 

8~aHHO~ T8MIT8paTypH Ha MOHOKpHCTanJ!B, BBO~OM B ysKH! 

()l.l!aMeTpoM I5 + I7MM) KaHan >!MIIYJ!bCHoro Mai'HI!Ta. He )(orrycKaeTcJI 

HCITOJil>30B8HM8 MBTanna ~ HHEHHX ~aCTS~ KpHOCTaTa, H806XO,Il;HMO 

o6ecrre~T:& xopomee rrponycKaHHe HB:tiTpOHOB ~epes CTBHKM KOHTe~e­

pa, oKpyxaromero o6paseu. 

BepXHH8 ~aCTH KpHOCTaTOB Tp~OHHH ITO KOHCTp~: 

asoTHHli cocy,n; H co~eTaHHe re~eBoro cocy,n;a c asoTHHM ~ cooT-

BBTCTByromKX KpHOCTaTOB, a TaK&B BH8illHH8 KOKJXH H8rOTOBJI8HH H3 

H8PJK8B8I0~8H CT8.JIH • reJmBBWi COCY,IJ; OKpyJKSH MB,WIHNI 8Kpa.HOM • 

~~acT:& reJmeBoro KpMOcTaTa rrpe,n;cTaBJIBHa Ha pnc.4. 

llriOHOKpHCT8JIJUl:'II8CKHfi o6pa38U IIp:HEJI8ID3a8TCJl K KOHIJY TBITJIOBO;D;a -

cTepKH.fl ~aMeTpoM 7MM,~oH oKoJio IOOMM, HsroToBJieHHoro H3 

a.rryH)la ( A I 2 03 ) • TeWioBo)( rrpM rroMOI!ll< MeTaJJ.JI~NecKaro IUT)TI1epa 

KpeiTHTC.rr K KOHUY rraTpy6Ka, coe~eHHoro c o6~9MOM renneBoro 

cocy;n;a. Ha HIDK.HBM KOHIJ;B TBIIJIOBO;D;a HaxO~TCH HarpeBaTBJTh - HBC­

KOJ!bKO BMTKoB HMXpoMoBoro rrpoBo)la (corrpoTMRITeHI!e oKo~o IO OM). 
T8ITJIOH30JIHUR.fl TBITJIOBO;D;a o6ecne~a8TCH CTB~OTKaH:&IO H M8Ta.JI­

Jllf3HpOBaHHbiM JI8.BCaHOM 06nte:ti TOJWtliiHO:ti OKOJIO 0 ,ICM. 1fSM:epeHHe 

TBMITSpaTypH 06pasua OCJm9CT~9TCH T8pMOTiapaMH MB;D;P-KOHCTaHTaH 
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Pac.4. HREHa. ~aCTb xpao­
CT8Ta C MOHORpHCT~~SC­
KRM o6pa~OM: I - MOHO­
KpRCTaJJJI, 2 - a.>IYJI.Il;OBHI! 
T9Il1IOBO.It I 3 - Hai'p9B8.TWffi' 
4 - KOHT8HH8p H3 68360pHO­
ro CTGKHB, 5-~ re­
J:IHii, 6 - MS.n;Htill: S.KpaH, 7 -
T9UXOH3~, 8 - aKTHBR­
po:saHllllli yrOJ!b. 

ITpH T >80K H MOHOKpHCT~BCKHM TBPMOCOllpOTHB~9HH9M ~ 
Oo~ee HH3RHX TeMITeparyp. OOpaaen c Te~oBo;n;oM oxpy~eHH xo~Oo~ 
H3 0es6opHOrO CT9Kna, rePMSTKqSCKH COe~eHHO~ C M9T~9CKHM 
KOEYXOM KpHOCTaTa. 

J'~aJThHa.H T9MIT9paTypa o6paa:u;a B reJillSBOM KpHOCT8T8 

OKO~O 20K. PaaHOCTb TSMnepaTyp M9~ B9pXHHM H HHmHHM KO~aMH 
o6paana rrpx era BHCOTB IcM He rrpeB~aeT IK. 

HE3HRH ~aCTD aBOTHOrO KpHOCT8T8 ycTp09H8 aH~QrKqHHM 
o6pa30Mo 

4. TI9T9KTODY HS:ij:TpOHQB 

~@paKTOM9Tp CHadEOH ~yMR ra3oHan0~9HHHMH HeATpOHHHMH 
~BT9KTOp8MH JMff-92/20, ~TO ll03BOXff9T, rrpH HS06XO~OCTH, 
p9rHCTPKPOB8Th paCCBRHH9 O~OBpeMSHHO OT ~yx KpHCTaEnOrpa-
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Wll'<ecKl!X IIJ!OcKocTeil. Pa6o~Hil o6~eM ;ueTeKTopa ,Uillli - !111JIKH,lijl 

~ruaeTpOM 9,2CM ~ TO~O~ 2oM (B pa60~8M ITOAOXSHHH 001 

~~a nap~e~Ha nyqKy perMCTpMpyeMHX HettTpoHoB). AHonoM 
CJzyJKaT C8M:O ID!TS:ti TOJllUHHO:M': 50MKM, HaTmzyTHX nap8JJJISJII,HO ,Iqlyr 

~yry B cpe~eft nnocKOCTH rasosoro o6~8Ma. CocTas rasoBofi 
CMec11: ~e - 500!dla, A•- 200KJ1a, co2 - 4Kila. Hanpru!te~e 
prumo 2, 5KJ3. 8q¢8KTHBHOCT:O perUcTparzyut HS:tiTpOHOB C ,n.mniOit 

BO~H 2j OKO~O 90%. 
Ha o.ruro H3 IIJie'tl MWPaKTOMSTpa MOJKST 6HT:o rroMenteHa HeHT­

poHHaR KaMepa, KOTOpaa IT03BO~T, KpOM8 Bp8M8HHO:ti 3aBHCHMOCTH, 

orrpene~T:O yrAOBO€ pacrrpe~e~eHHe pacceRHHHX HSHTpOHOB B 
yr~oBoM ~anaaoHe 4,5° c yrAoBHM paspemeHHeM 3·ro-3~. 

:110HHTOpHpOB8lm8 nepBH'mOrO rry'lllta ITpOlf3BO,IUITC.fl HH3KQ­

ScMleKTHBHIDJI raSOBHM Cl!8T1lliKOM, YCT8HOBJI8HmlM B pa3pl:lB8 3H. 

5, 3JISKTPOHHaJI arrnapaTypa 

TpaKTH peraCTpauHH neTSKTOpHHX HMTIYJbCOB COCTORT H3 

llp9J1YCHJIJ!T9JI9Ji (K09<)$!IJ,li9HT YCl1JI9HIDI OKOJIO 400) , pa3M91Jl9HHHX 

B Kopnycax ~eTeKTOpoB, BOCbMHKaHanbHore yc~Te~- WopMHpo­

BaTeJia Y~-8, npO:rpaMMH:pyeMoro Bp8M8HHOro KO,IU:l:pOBuimta 

BKIT-4 (5] H 6y9JepHoro sanOM!1HaiD!llero ycTpolicTBa 03YI6Kxl66!1T[6]. 

8@WeKTHBH08 M9pTB09 BpeMH IIpH p8rHCTpauHH H9~TpOHOB OKO~O 3MKC. 

~OK - CX8Ma 8~8KTPOHHO~ CHCTSMH CIT9KTpOM8Tpa CHMM-2 
rrpe~CTa.:BJIBHa Ha PHC.5. BCH CHCT9Ma IIO,ItKJIIOlJSHa K MHKpO - 3BM 
THna MERA - 60 l!epes KpeiT-KOHTponnep KK. lloc~e Ha&onxeHHH 

B 03Y crreKTpOMeTp~~ecKaR HHWopM~H sanHcHBaeTCH Ha rn6KHe 
Ma.I'HHTHl:l9 )Jl1CKH. 

EJIOK JTIPaB~9HIDI EY1J.UL-3, BbliiOJIHBHHl::lit Ha OCHOB9 MHKponpo­
J19CCOpa KI80I!lMIB, o6ecrre'lliBaeT yrrpaBJieHl!e BCOMII no,I(B1llKH>li4K 
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MArlACTPAAb KAMAK 

hiC .5. :EJIOK-CX8r.1a SJI8KTJ)QHHOfi CHCTSMH OIISKTpOMSTpa CHlli·•l-2. 

EY'll.Ul-3 - 6JIOK ynpaBJI8flli..F.[ lllai'OBbiiVJJI .n;BHraTSJI.HM'H, 

IIPT - rrporpaMMHpyeMIDi peryJJJITOP T81JJIIepaTypll, 

.dKfl-4 - Bp8M8HHOJ:t KO,IC1p0Blll)lli, 03Y - onepaT:VIBH08 3ano­

MIDiaJOIU88 yoTpOi1:CTBO, :GYMJ,IY - 6JIOR yrrpaBJISffi:r.ff Mai'HI1T­

HOi1: ycTaHOBKM, .lti.J;!I;J - 6JIOR 'tl3M8p8HHH llJOpMli HMiryJI:OOOB 

MarHMTHOro IIOJI.fl, K£'~ - KpefiT-ROHTpOJIJI8p, y;·~1 - yOHJIHT8JTh 

MOIUHOCTH H8..I'p8BaTeJIJI 06pa3u;a, EK3 - 6JIOK ROHpOJIFI :i1 

38.IIU1TH MarmiTHOfr yCTaHOBIUI, Y:{ - YI'JIOBOli IWHB9pT8p, 

;·AKIT - rmrnponepeK.JIKJY:aTeJI:o, ffi{ - npeo6pasoBaTeJTh KD;n;a. 

lJaCTJnv'lM )~M!i)paKTOM8Tpa. ABToMaTWI8CIUifi KOHTpOJib T8Ryn:t>1X 

IIOJIOJK.eHMti OCYlll8CTBJIR8TC.H: KOHB8pT8pa.MM-OIITlifY:8CKID.rn: npeo6paSOBa­

T8JJIDilli yrJia, a ,UJlff I'OHHOM8Tpa Y.l{C-100 H M8XCIJ:ill3Ma IIOBOpOTa 

a30THOI'O KpHOCTaTa- nporpaMMHO, nep8Cl!8TOM BHI10~8HHHX lliai'OB 

.D;Brli'aT8JI8:M:. KpoMe TOI'O, ,1I.1I.H ROOp.n;ruianiDI ITO Ka!<.;ll;O:fi OCH TIP8.1Uia3-

HalJ9HH KOHU8BH8 B~aTe~, Krparomli8 po~ ,:n;aTl!HKOB HCXO;n;HHX 
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TIO~OX9HH~6 nettCTBHS KOHBepTepa OCHOBaHO Ha npox~eHHR OBSTa 

Ha WoTo~o~ qepes oKHa ~yx oiTT~ecKHX KO~OBHX ~cKOB, 

KOTOpR8 M8XaHK~8CKH CBR3aHR M9~ COOOfi (pe~ 1:10) H C 

COOTBSTCTByroiU;IDI1 llOBOpOTHblM ycTpoitcTBOM 6 Bee KOHB9:pTSptl 

coe~eHH c 6~oKoM TIK, B KOTopoM cHrHanH c WoTo~o~oB npeo6-

pasyiOTCH B JJ;BO!!'IHD-.U9CJITH'Illlll! KO,U. B TaKOM BJ<l,JJ;8 lli!iJ!OpMaL11<ff 

06 yr~OBHX ITO~O~SHHHX IT0CTJTI88T B BYmll-3, a TaKES B 6~0K 

BH3YaH~HoH ~anKH, r~e rrpe~CTaB~STCH Ha uzWpOBOM Ta6~o. 

B nepBoM .u.ucKe co.uepmnTCH IOOO oKoH, BO BTopoM - IO. TaKHM 

o6pU30M, BCBMY HSMSpRSMOMY KOHBepTepoM yr~OBOMY ~ana30HY 

cooTBOTCTBYIOT IOOOO pa~ no.uo~eHHfi. Bo Bcex c~aRX 

~CTI0~30B8Hllfi KOHBSpTepOB (~a ~eqa, ITOBOpOTH neTSKTopa H 

renHBBOrO KpHOCTaTa] 8TO COOTB9TCTBYST ITOBOpOTY Ha 360°, T.e. 
I 

~CKpeTHOCTh H3M9p9HHH yr~a p8BH8 2,16 

IlporpaMMI!pyeMRfi peryMTop TeMTiepaTypR JIPr T~e, aHa.uo­

rn~o 13Yl1Ul:-3, co.uepmnT Ml!Kpo.upor(eccop KISOIBMIE H ocHOBaH Ha 

co.upJDKeHHH IIDll!R KAMAK c llli!Hofi 0. YmrJIHTen MOI!liiOCT.u (YM) 

ooecne~aeT pa6ory HarpeBaTeM o6pas11a c MOI!llloCThiD .uo IOBT. 

TeMnepaTypa cTa6RRH3HPYBTcH c To~ocThro I%. 

6. XapaKTelllicT!IKl! HJ\-3 

Ha pnc.6 TIOKa3aHH pacrrpe~e~eHllfi HHT?HCHBHOCTH ~ pa~­

HHX ~ BOXH H9fiTpOHOB ITO ceqeHHID nepB~OrO rryqKa B ropH30H­

TanbHOM HanpaB~SHHH B UBHTpe ~WpaKTOMBTpa, TIO~SHHHS C ITO­

MO~ID ,U9T9KTOpa C BXO,UHOfi ~em,ID mHpHHOfi I MM. 

Yr~OBRS pacrrpe~e~eHHH nepBHqHOro nyq&a B BepTHK~Ho~ 

IIJIOCKOCTH, ITOKa3amrn:e Ha pHC 6 7, no.rryqeiD:l C IIOMOIUbiD MOHOKpHCTaJI...; . 

.rra. d...- Fe20 3 , HMSIOIIlero paaMepl:l oKOJIO 2MM:,MoaazuocT:& oKOJio 
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150 

PKc.6. Pacnpe~e~eane 
llHT8HCHBHOCTH HeMTpOHOB 
no ce~eHHID nepBn~oro ~a: 

1 - I M~ ,\. = o, ~s ·H,OA, 
2-1·5103

AM A=2.~3A 
~ _ t. 2-1o-• ._.~ A= 5+6A, 
4- i· 2·1Cf2An~ i\ = 7+BA. 

oml-f.eg 

150 

6' 

• 1111) 
• 1222) 
0 1333) 
A 1444) 
c (666) 

• 

SA 
4A 
2.67 ii 
2 . .K. 
1,33A 

11444) 

500 

PHc.7. Yr~oBHe pacnpe~e~eHRa 
nepB~oro ~a B BepTHK~Hofi 
UHOCKOCTH ~ HSCKO~KHX 3Ha~eHHfi 
~H BO~H HSfiTpOHOB. 

4 yr~.MIIH., YCT8l!OM8HHOro HH I'KC-IQQ B I(8HTpe HJl-3. !Ipn OTOllf 
,IJ;STSKTOp, ycTaHDBJieHHI:rlt YTrrn; yrJIOM 120° K nepJ3WIHOMy ~, 
6an 3~a@ParMHPOBHH ropH30HTanhHO~ ~e~ID B K~ ~pHHO~ 
3MM. Odpasen; BpaJ!iaJICH BOKpyr ropH30HTa.JIDHOii OCH, npoxo.wru.teH 
l!8p83 0Tp8JKaJOl[{YlO llJIOCKOCTJ:, • YrOJI e/... ITOBOpOTa BOKpyr STO~ 
OCH CBH3aH C H3M9H8HH8M HaiTpaBJISHRff o{o ITSpa~oro rryqKa B 
B8pTHKanhHO~ ILJIOCKOCTl1 COOTH0~8Hl18M cJ... = of.... S 1 n e ( e- yro~ Bparra). lliRpHHH yr~oBoro pacnpe~e~eHHH ITO o(o 
(pHC.7) OdycJIOBJISHa, rJiaBHWJr odpa30M, BepTKKa.Jr:&HWVJ pa3M8pOM 

10 



'"' t -·' 
162.1 216.:1. •.nl 

~ 

~ t) I I.. ,\ 

'"' 

'"" 

Pac.e. Yr~oBHe pacnpenaneHHB 

nepEM~oro ~a B ropMaoH­
T~oH UXOCKOCTH (COOTHome­

HH9 MEUK,J:Jy HallpaBJI9HH9M ll9piD1l!­

HOrO ny'llia '( o II yr ~OM '( ; 0. = 
= t/2). 

" ' 
& dIll 

" 
Pac.9. 3aBHcRMocTh pasp~en 

cnoco6aocTa Rll-3 aT ~ Bon­

HH • .liJm CpaBH9HliH npenCT8B119-

H8 aaanorH~8H 38BHCRMOCTD 

(o) OT M9ZITOHOCTHOrO paCCTOH­

HliH .{ )1,llll Cu., 1 Zn 6 'Ci't.3-Se.lt, 
nOJIY'leHHaa aa peaRTop'e S JL 0£ 
(I'p9H06~). 

BH~MoH ~acTH saMe~Te~, a peaKoe YBe~eHHe WHpHHH pacrrpe­

,rr.eJieHHa IIpH y-.se.mrtiSHlUI ,rr.mrnH BOJIHl::l HSi1TpOHOB CBR38.HO C TSM, 

liTO yrOJI TI~SHHH HSHTpOHOB Ha I'OpH30HT~HH9 llnOCKOCTH 3d 

CTaHOBHTC.ff ITpH STOM M8HDill8 KpHTH'l9CKOI'O yrJia ITOJIHOI'O OTpane­

llli!l. 

YrJIOBH8 pacrrpe;neJISHIDI B I'OpHSOHTaJThHO:ti WIOCROCTH, ITOK8-

3aHHH8 Ha pHC .8, IIOJIY'l8H11 81H3.JIOI'H1!HIDI! 06pa30M, HO C B8pT!<IKa.JII:,­

HHM ITOJIO~HHSM ~8WparMH Ha ,IJ.8T8KTOp8 H Bp~8HH8M MOHOKpHCTaH­

~a BOKpyr BSpT!!K~HOi OCI! 0 • !IOJIY'I9HHH9 pacnpeneJI9HI!H, B 

OCHOBHOM, corJiacyrorca c KpHT~ecrufiMll yrJiaMn no~oro orpaxeHHR 

OT ITOB8pXHOCTH HllKenR ~· OOOTB8TCTByromHX nnHH BOnH. Pa3~0e­

Hll8 pacnpe~e~eHHfi Ha Be~ OKO~O 5
1 

CBR38HO C OC069HHOCTS­

MI1 aepKa.Jil>HOrD H9HTpOHOBO~a. 

II 



Ha pHc .9 rrpe;ucTa.BJieHa 3aB.Hcm.wcTb paspema.IOOieil cnocoCiHoc­
TH Ad / d .IUicfJPaKTOMeTpa or .wrnu BOJIHhl HBMTpOHOB, no.JIY'{eHHa'i 
1\>!<)ipaKW<eli oT rro.7!liKpncTaJIJioB Cu Zn Cr.

2 
Se ;r Fe(CNiKa o,' c,~ 4 

llpl! eo'= 70~ Jlp:i 3TOM )(9T8RTOp 6WJ 3a)(i!aijJparir.MpOBBl! B8pTl!-
Ra.n:&HOi1: IU8JII,IO illHpHHO.ii 5MIW A liCITO.iLb30BaJI0Ch COOTHOlll8HM8 
tJ.d/d = b. T / T ('l' - BpeMH rrpoJieTa HeiiTpo!iOB, 11 T - ump!!Ha 

Ha TIOJIOBHH8 BHCOTI:l COOTB8TCTBYJ01!18TO IlJllia) • .ll.II.fl Cpa.:BH8H1f.H 
rroKa.Sa.Ha paspellia.IOllla'i cnocoCiHocr:o, rroJrpreHHaJI c Cv0 1Z n Cr2 Se,. - • q9 ~ Ha crreRTpOMeTpe BAHAH (peaRTOp S ILOE rpeH06JI1). CJie)()'eT, 
O.l(HaKO, 38M8THT:&, T.ITO HefiTpOHOCTpJRTYIJHii!8 HCCJI8,UOBaHIDI C 
IIO.JIHKpHCTa.JI.]llfq8CKHl\.oUf o6pa3D;a.MH Ha }JJ.J;-3 CBR3aHH C CJIU8CTB8HHl::lNl 
orpaHHT{eHHeM pasMepoB o6pasqa Ms-sa ManoM IDHPIDlH rrepBH~oro 
rry'tllia He.tfrpoHOB H H80.IUfOpO,II,HOCTI1 era CII8KTpa (pUC .6). 

JrmyJThChi MarllliTHOrO IIOJIJI, IIO.JIY'Ia8MH8 Ha MMIIyJil>CHOif 
MarHYITHOfi YCT8.HDBR8, .ID\r18IOT tf;OpMJT, c5Jrn3KYIO K \l)OpMe TIOJIYTISp.HO,IJ;a 
cRHycofl.lU:,I. ).LJruTe.:r:lliHOCTJJ :mvrrryJThca TH/2 o6Jitilio 6Jlli3Ka K IOOOMKc, 
T.e. cpaBHMMa C Illi1PHHO:fil: .n;nWpa.KWfOHHHX IIHKOB. il03TO!'JiY !IpHHUH­
llil:aJ.I1,H09 3Hal.!eHMe MMeeT BPSMSHHOe paapemewAe .II.mJlp8KTOI'IIeTpa, 
orrpe.n;eJf.f!IOlilee B KoHewoM cl.!eTe paspernemre no B9JllitU:IHe M8.I'HHT­
HOro rroJIH: • .JpeNreHHoe paspeJieffiiB cB.fl38.HO c Heonpe;ueJieHHOCTJJIO 
IIpH rrepeHOC9 H9fi.TpOHar.f".rf :ampopurarurn 0 COCTO..IUUIH MOHOKpHCTaJI­
Jllil.!SCKOrO 06pa3~a K ,Il;9T9KTOpy H M0~9T 6HTb BHp~9HO B BH,Il;9 

L>t = 253· AcJ (L 2 f;gJ:..(flLS' 
::l)(ec1 L 2- paocTo!llille oT o6pa3!.la ,n;o )(eTeRTopa [M] , Ao- )1J!I!IIa BOJ!Hlol [ il} b. ek - H801Ip8)(9J!8HHOCT1 B B8JIJ!­
~e yr~a Epsrra, cBR3aHHaR c Moa~ocTJJIO oelpaa~a ~ c 
KO.JIJIH!·JJauHefi rry'tffi.OB , 6 L 2 - Heorrpe,n;eJieHHoCTb npoJI8THoro 
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pacCTORHHH, CBH3aHHaff C pa3M9paMH 06paana H C TanmHHOfi 

pa6o~ero o6~9Ma ~eTeKTOpa. B HacTogmee BpeMH, KaK c~e~eT R3 

npl!Be)leHHJJX rrapaMeTpoB lll<@PaKTOMeTpa, Be.mrniHa A t. onpe)le­

JIHeTca, rJiaBHHM o6pa30M,BTOpHM "tJ.JI9HOM, o6yCJIOBJI9H.Hl.:ml paSMepa­

MK )l9T9KTOpa ()ll[a[jlparMMPOBaHH9M )l9T9KTOpa ITePBan ~9H MOXeT 

6HTD YMeHvmeH ~o B~H, no Kpa!HeH Mepe Ha nopgnoK 

M9Hbill9H, ~eM BTOpofi). 

,llJm cRHycmr;naJThHHX HM!IY"JThCOB MariDITHoro nom c aMIIJIHTY­

~oH Ho OTHOCHT9JThH09 paspemeHKe paBHO 

lli-1 = 2rc. f../ t./ l.l. Cos 2'7t -
Ho TH TH • 

llanp>IMep, npH A0 = 2A Be.mrniHa 1!. t"" 5 MKC (s[j>[j>eKTl!BHoe 

8Ha'!eHHe l!.L;-:"O,OIM) H TOr)la Be.mrniHa af.I/Ho J<MeeT MaK­

CI<MaJI&Hoe 3Ha'!eHHe, paBHoe ~ 2% (npl'l t. = 0 l!JII'! T" /2 ) , 

yMeHDmaHCD llO 3Ha'<eHEM, orrpe)le~eMHX npyrrnMK [jlaKTopaMH 

(HarrpKMep, HSO~Opo~OCTD MarHKTHOro llOJm, H9CTa6~HOCTH) 

B 06JiaCTH Ma.KCIDizy'Ma HM!IY.n::DCa llOJTH ( cefi'qac llpa.KTK'I9CKH H9 

6oJTI>me I%). 

KpoMe HCCJIS;D;OB~ H3M9H9HHH MarHRTHOtt CTpy&Typa, YCTa­

HOBKa ll03Banff9T ITpOBO~b Ha,yq9HH9 ~aMKq9CKHX CBOfiCTB Mar­

HnTHOfr CRCT9MH B MarHHTHOM ll0JI9 no H9ynpyrOMY KOrepeHTHOMY 

pacceHHKD - B COOTB9TCTBHR C reOM9TpHett, ll0Ka3aHHOfi Ha pnc.3B. 

llpx aTOM HarrpaaxeHKe nep~oro nyqKa ~o~o coBnanaTh c 

BH6paHH!lM HaJipaBJ!9HH9M ( yrOJI '7 ) KBa3HIIMilYJThCa ~ MarHOHa 

(cM.pl'!c,IO), a yrOJI pacC9JI!!Hli V Ha o6pa3!1B >I JIMIIYJThC BTOpi'!'IHHX 

H~TpOHOB ~' orrpe)le~SMHA pacceRHI'!eM Ha MOHDXpOM~ope, 

)lOJilltiiH 6!1TD CBJl3aHH COOTHOIIIeHHeM p2 = z. sin? I smv • 
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Ilepe;n;a.H.Haa 3H8p:riDI H, CJIB,nOBaTeJihHO, BBJiiflllUUl RBa3JlliMIJY.lThCa H 
3H8prnl MarHOHa Orrpe;n;BJIJIIOTC.ff IIOJIOX<.BHVIBM Ha HBiiTpOHOrpall·1lv18 
COOTBBTCTBYIOlllBrO Mai'HOHHOrO mma. JlMnyJThC MariDITHOrO IIOJLFI 
HB06XO.llRMO Cill!XPOHH3Hp0Ba.Tb C 3THM IIHKOM. 

Puc .IO. a- .lbrarpaMivTa H3MepeHH.rr HBynpyroro xorepeHTHoro pacceR:­
HHH C 38,Il;aHHhlJVI HaiipaBJIBHHBM KBB.3IDn.anyJI:OCa q, . 
6 - CMSII!BIDIB Mai'HHTHOro ITIIKa IIpl:l: ;u;ei1CTBJ'lli MariDITHoro 
IIOJJH. 

7, 3alt.!n!riS!!!!8 

3Ha~Te.JI:&Ho 6oJiee Momaan KMTIYJI:&CHH~ peaxTop H Hcrro.lThaOBaHHe 
38~bHOrO HB~TpoHOBO,na IT03BO~.IIOJIY~Tb IIOTOK HB~TpoHOB B 
JlSHTpe .lll4iVpaKTOM8Tpa lipll i\ >. CJ35 ~ liplldJri!SKTSJII>llO B 102 pas 
6oJI:&me, -qeM Ha HEP-30. B o6JiacTl!I xoJIO.ItH:tlx HeitTpoHOB BHlil'])iilll eme 
60JI88 3Ha"mTBJThliH:ti. ECJIK IIpl! pa60T8 Ha HBP-30 IIOCTOHHHO CKa3HB8JI­
Cff ;n;~T HBitTpoHOB, TO Ha HOBOM ~paKTOMSTpe CO;n;BpaaTBJThHaR 
HB:tiTpoHOrpa:MMa, HB.IIpKMep C Mal'HHTHllM IIOJIBM .11;0 120 K3, IIOJiy'tffi.BTCJ:I 
sa IO+I5 MHH. GymecTBeHHoe paaBHTMe ~oa~SKTpoHHoro o6opy~oBa­
HHH 068CIT8"'qDBaBT Ka"'q8CTBBHHHB CKa"'qOK B 8BTOMaTH3auKK HaMepeHHtt 



:a B o6pa6oTKe ciieKTpoMeTJnPrecKoia HHWopMaumr. 3HauTeJINio paclllli­

peHH Kp:aoreHHI:lS B03MOJKHOCTK CIISKTpGMSTpa, a TaiOKS a.BT0Ma.TE:9a.uiD! 

TIO~rOTOBHTS~DHI:lX rrpouenyp, BllTIO~RSMHX C o6paaUOM: OpE:SHT~ 

MOHOKpKCT~a, CM8Ha OT~ TinOCKOCTen, K3M8p9HH8 T8Mll9paT,yp­

HOM 3aBHCHMOCTH HHTSHCHBHOCTH OTpaKSHni. B HSROTOpRX ~ cyme-

CTB8HH08 3Ha~SHH8 HM89T B03MOEHOCTD O~OBp9M8HHOrO H3M~peHHH 

nBJMR ~STSRTOpaMH paCCSRHHff OT nBYX RpHCT~OrpaWH~8CKHX TinOCKOC­

TeM, B ~CTHOCTH, npR Ray~eHIDi nepexo~HX npou;eccoB B o6paaue. 

Bo3MOl!UIO, B ;J;aJIDHSH:!n9M 6yJIYT TipOBO.n;HTDCR H3M9p9HIDi 

Heynpyroro KorepeHTHOrO pacCSRHHFI HSii:TpOHOB C liiVlliy~DCHI:lM li!BrHHT-

HI:lM TIOJISM. 

ABTop~ 6~aronapHT cOTPYnHHKOB Iia6opaTopnn aeliTpoHHoi @HsEKK 

38 ~CTHS B C03~HHH ~@.paKTOM9Tpa, llO~OTOBK9 pa&rraqaoro 060-

py,Il;OB8.HIDI H MHOrO"tfi1CJI8HHbl9 TIOJI83iill9 06CYHJJ;9HIDI. 
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