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OEIUAHXAPAKTEPHCTHKA PAEOTH . ' 

AKTyam.HOCTL npo6J:zeMH. B pa6oTe* noitasaHo, '!TO npl! .lnlllllt8HIDI 
YJII,TpapeJIJITHBRCTCKl!X s~eKTJlOHOB ll ll03RTpOHOB B,I{OJII, KPHCT~orpa4?H-
1l8CKIDC HaII~eHlrli B KpllCT~e B03MOJKHH 3qqi0KTH l!IHT8HCHBHOro a~eK
TpOMaI'Hl'lTHOro l!3~8HRJI B peHTreHOBCKO~ R raMMa-.IJ;RanasoHe. Bosmma
IOlll88 H~emre OT~aeTCJi OT paHee R3B9CTHHX 6Mee BHCOKOil Cll9KT
pam,HOH l!IHT9HCHBHOCTLD. 3TO o6CTOHT8JILCTBO OTKp!lllaeT,B03MO.l!tHOCTll 
~ 003.IJ;aHHH MOHOXp0MaTH118CKl!X r&lMa-IIY'IKOB, KOTOpue MOryT 6HTL 
npmll9H8Hl:,l B npHKJia,JtHWC U8JIJIX, a Truate B :mcnepm.18HT~HOil: ipH3llK9, 
HanpHMep, B l13Y1!8HHH qx)TO.a:,n;epHWC perummt. Ilpll CB8PXBliCOKHX 3HeprHHX 
:im~em,;e RHT9HCHBHOro 3~8KTJlOMarHHTHOro H~SHHH '!8CT.tm B KPHCTM
~ M0.1it8T 6HTL liCllOJII,30BaHO, HallpHMep, ,IVIJi .IJ;9T8KTl!JlOBaHRH onpe.n;e
~eHHoro copTa 11acT.im. 

Ko SpeMeIDI npe,n.n:oxeHrul .n;aHHoro sKcnepHMeHTam,Horo.ncCJie.1toBaHRH 
l!3~9HHB ~erKRX '!aCT.tm npl!I Ka~poBaH:wt 6~o TOJII,KO npe.IJ;CKa3aHO. 
K HaCTOJi1119MY BP8M9Hl'l Ilp0B8.IJ;8HO H8CKO~KO 3KCneplIM8HTOB, B KOTOpl,IX 
6~o Ha~.n;eHO npe.IJ;CK838HH08 H~emre. O.n;mmo YPOB8HL 3KCll8JlHM9H
TaJll,HllX norpemHOCTett H OTCYTCTBl18 CllCT9M8TH'!9CKl!X .n;aHHHX no pJJ,IJ;y' 

xapaKT8pHCTllK R~9Hl'!Ji He ll03BOJIJIDT C'!l!T8TL llCCJI9.IJ;OBaHl'!Ji .n;aHHoro 
BOnpoca 38BepmeHH!:l.Mll. HanpRMep, 3KCnepHM9HT~Hl:,18 .n;aHHHe_no 3~8KTPO
MarHl!ITHOMY li~eruw ll03HTp0HOB B llOTe~e aTOMHl,IX MOCKOCTeil: ~ 
l!IHT9,PBM9 KPHTH'!9CKOrO yrJia .llmJ,mrap~a B CllJIY H0.IJ;OCT8TOtIHOro annapa
TYJlHOro paspemeHHJI H8 IlO~TB9p,!UtlIH OlltH,!(80M09 H3 TeOpRH ll0B8.IJ;8Hll'.8 
BepoaTHOCTl!I u~eHHJI. HMeJOTCJI pacxOJK,neHHH Teoplll! c aKcnepHM8HTOM 

* KU1118khOV M.A. Phys.Lett.Ser.A, 1976, v.57, P.17. 
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B a6COJIJOTHO! B0Jill"Cll!He HHTBHCHBHOCTH Hanyt!eHIDI. Bee paHee 8KCnepIDJieH
Tam.Ho nsMepemw:e cneKTpam,HHe pacnpe,D;eJiemm aHeprnn nanyqemm 
Il03HTp0HOB npH6Jm3HTeJU,HO B ~a pasa mme TeopeTHtieCKIDC. 3KcnepIDJieH
Tam.mie HCCJI8,IJ;OBaHRR: ll3JIY'l8HIDI 8JI8KTPOHOB BWIOJIHBHH B yCJIOBIDIX, 

0
• 

KOr,IJ;a 8qxp8KT llC.Kall\'.aJICH MHOrOKpaTHHM paccemm:eM BCJie,IJ;CTBHe npllMeH8Hlla 
6oJII,mon TOJllltllHH KPHCTaJJJia H OT6opOM HCCJI8,'ey"8MHX ql()TOHOB B MBJ!OM 
yrJIOBOM l'!HTepBaJie, cpaBHllMOM C xapaKTepmn.m yrJiaMH li3JIY'l8Hlla. OcTa
JillCb npaKT:II'q8CKH HeHCCJie,IJ;OBaHH!:lMll BOilpoCli 06 yrJIOBOM pacnpe,D;eJI8Hllll 
aJieKTp0MaI'HllTHOro H3JIY'I8HIDI. llMeJODt]i!eCa 8KCnepllM8HTaJibHH8 ,IUllllllle H8 
OCBe~aroT BOnpOCli CXO,IJ;CTBa H O'l'JIH'lRB: H3BeCTHOrO KOrepeHTHoro TOPM03~ 
HOrO HSJIY'leHna H HSJIY'leHna npn KaHa.7IllpoBamm. 

Um pac5oTH. llcCJie,IJ;OBaHHe an:eKTPOMarHHTHOro HSJIY'l8Hna, Bosmi:
KaJOIIlero npn npoXOlK,!(8Hllll llOSHTPOHOB ll 8JI8KTPOHOB C aHeprwn.m IO raB 

·B,IJ;OJII, KPHCTaJIJiorpaqili'IeCKHX HanpaBJiemtl!; B TOHKHX MOHOKpHCTaJIJiaX 
KpeMHruI. CpaBHemi:e HSJIY'lemliI npn RaHaJmpoBamm C KorepeHTHliM TOIJMOS
HliM llSJIY'l8HlleM. 

HOBHSHa pa60TH. Cos~ aKcnepnMeHTanrn ycTaHOBKa .ItJIJi ncCJie
,IJ;OBaIUJH aq$3KTOB aJieKTpOMarHllTHOro H3JIY'l8HWI JI8rKHX sap.imemmx tm.C
Tlm B TOHKRX ItpHCTaJIJiax, o6Jia,narolqasi peKOp,IUmM yrJIOBliM paspememi:eM 
H wnmMaJll,IlHM ypoBHeM ql()Ha. Ilpl!MeHeHHWI axcnepl!MeHTa.Jll,HWJ MeTO'ARKa 
llOSBOJmJia Bll8pBli8 BWIOJIHllTb 60JI88 TO-.:m:He H CllCT.eMa.TmecKne. HCCJJ;e,IJ;o.
BaHHH xapaKT8PllCTllK H3JIY'l8Hlla aJieKTp0HOB H IlOSHTpOHOB B RHTepBaJI8 
BXO.IUllll yrJIOB B KpllCTaJIJI, He npeBHmaID~ KPHTlf'l8CKIIH yrOJI .Jilm'Axap'A!l. 
BnepBH8 ll0Jly'I8Hli· 8KCll8pHMeHTa.Jll,Hli8 .ztamme, OCBeniaIDllllle CXO,IJ;CTBa JI! 

OTJlll'lll'.Sl Cil8KTpaJII,HHX pacnpe,D;eJiemtl!; ~yx TRIIOB H3JIY'IeHJm - ll3.11}"!8Hrul 
qacTJm B p8l!WMe DJIOCKOCTHOro KaHaJillp0Batm.a: R ll3B8CTHOrO KOrepeHTHOro 
TOpM03HOro llSJIY'leHWI. BnepBHe llCCJie,IJ;OBaJillCb yrJIOBli8 pacnpe,D;eJI8Hlla • 
Hanyt!a8MHX raMMa-KBaHTOB WieKTpOHaMR ll Il03RTpOHBMli B llOTe~e 
aTOMHOi IlJIOCKOCTll KPHCTaJIJia. BnepBli8 IlOJIY'leHH 8KCll8PHM8HTam,HHe 
,IJ;aHHHe no MHOroKpaTHOMY paccemum qacTim, ~Hllt8Hlle KOTOpliX B Kpnc
TaJIJI8 conpOBOlK,I(aJIOCb rureKTPOMarHHTHliM ll3JIY'leHH8M. BnepBHe llOKaSaHO, 

'· 
qTo B cneKTpe ll3JIY'IeHHa Il03RTPOHOB, ~HlltylllRXCH B,IJ;OJII, IIJIOCKOCTH 
(IIO) ltpllCTaJLJia, HMeeTCH ,IJ;OilOJIHHT8Jll,Hmi MaKC:m.,yM, He npe,D;CKa3amm:l.1 
T80pH81. Bnep:ml8 B O,IJ;HOM 8KCil8pHM8HTaJibHOM HCCJI8,IJ;OBamm B H,IJ;8HT:II'q
HHX YCJIOBMX BWIOJIHeHH llSMepeHHa pa3JlR'Ullll xapaKT8pllCTllK aJieltTpO
MarHHTHOro R3JIY'l8HWI SJieKTpOHOB H nos:e:TpoHOB B ltpHCTaJIJI8. 

IlprutTmecKaa B HaY;IHM µeHHOCTb. I!OJly'Iemme B HaCTOJllllei pa6oTe 
pesy.n-raTH: 

a) ncnOJibsOBaHH .ItJIJi npoBepKH PJt!Ul TeopermecKHX pacqeTOBi 
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6) CHrpaJIH onpe,IJ;eJieHHyD CTHMYJim>YJl)Ieyi) p0JII, B YJIY'lfileHHH yrJIOBO
ro paapememm aKcnepHMeHTaJibHoi ycTaHOBKH B UEPH; 

B) CTHMYJIHpoBaJIH SKCnepHMeHTaJibHlie ll TeopeT:e:qecKne llCCJie,IJ;OBa
HHSl ,IJ;OnOJIHn:TeJibHOrO MaKCHMyMa B llSJiy1ieHHH n03HTPOHOB B nOTe~e 
aTOMHOH IlJIOOKOCTH ItpRCTaJIJia. 

PesyJII,TaTH HCCJie,IJ;OBaHRH MOryT6HTb npriMeHBHli•,IJ;Jla COS'AaHIDI 
0606~8.lOIIlei T80pHH ~JieKTpOMarIUlTHoro H3JIY"leHWI qacTim B KpHCTaJIJiaX, 
,IJ;Jla·CPaBHemm C 6y;zr,ymm.m_TeopeTli'IeCllliMH pactJeTaMHll .n.im: IIJUlllllp0BaHrul 
n npoBe,IJ;eHHa 6y.Izyll!l!X axcnepl!MeHTOB Ha ycKOpHTeJIRX. 

IlOJIY'!ElHHlie pesyJibTaTH nOSBOJIJiT KOpp8RTHHM o6pasoM Oll;eHllTb B03-
MOlltHOCTH npm.ieHeHIDI 8JI8KTp0MaI'lllITHOro nruryqeHM, B03HllKaID~ero npn 
~HllteHllll·rureKTPOHOB H llOSHTpOHOB B KpllCTaJIJie, B nprutJia.u;HWC liCCJI8,IJ;O
BaHlllIX. 

Anpo6a:rms:r H ny6.Jrn::I<a:rm,:. PesyJII,TaTH ,IJ;HCC8pTan;IDI no %CTR H3JIY
qeHM nosnTpoHOB·B IlJIOCKOCTHOM KaHaJie 6HJIH npe,IJ;CTaBJieHH Ha IX Mellt,Ily
Hapo.ltiioi RO~peHn;HH .no aTOMHHM BSaHMO,IJ;eicTBMM B TBep.nmc· TeJiaX B 
J!lIOH8 ( ~aHn;Ha, I98I r.). 0CHOBHH8 pesyJibTaTH ony6.7ImtoBaHH B. 
pa6oTa:x:/I-24/. 

06'.&eM ,tm:ccepTrumn • .Il,HccepTan;na coc:ronT na BBe,IJ;emm, mecTn rJiaB 
:e: 38.KJIB)tJSHWI. Pa6oTa CO,D;eparn:T 2I5 CTpa:rmn;, BKJIIOqaa 80 pHCYHKOB, 
3 Ta6.Jmn;ll H c5n6JmorpacpR'lecKHi CIIHCOK JIHTeparypH H3 I35 HaHM8HOBaHRH. 

ABTop 38WWY?AT: 

I. Paspa60TKY H COS,IJ;aHHe 8KC~8pIDl!eHTa.JI:bHOi yCTaHOBKH ,nJIB: HCCJie
,IJ;OBaHlitt SJieKTp0MaI'HllTHOro H3JIY"leHID1 aJieKTpoHOB li ll03HTpOHOB BHCOKIDC 
8Heprni B TOHKHX KPHCTaJIJiaX, ROTOpaH o6ecnetmJia: 

- Ha.wrytmiyK) Ha cero,IJ;I!JilllHmi ,IJ;8HI, TO'!HOCTb Onp8,IJ;eJI8Hlla yrJia BXO,IJ;a 
'ia.CTHil,li B RpRCTaJIJI, OROJIO 6 MRpa,D;; 

- MRHHMaJIE,mni YJ)OBeHb ql()Ha TOpM03HOro H8.7IY'leHM Ha Be~ecTBe 
annapaTYJJlii 

- per:e:cTpan;HD raMMa-KBaHTOB (c BepoaTHOCTbIO,IlpaRTm8CKH paBHOi 
e,nmnme) c SHepr:wn.m B HHT8pBaJI8 OT 5 MaB 'AO .3 raB H c :rnepre
T:e:qeCitm4 paapemeHHeM He xyJJte 3% npn IOO MaB; 

- BWIOJIH8HH8 a6COJIJOTHHX H3M8pem (Ha OJUIY ll8pBlflIHYJO tmCTHn;y) 
xapaKT8PRCTHK 8JieKTPOMarHllTHOro RSJIY'leHIDI tmCTJm~ TOHKHX 
ltpHCTaJ.LIIaX KP8MHWI C norpemHOCTbIO OKOJ!O IO%; 

- HSMepemi:e BepTHKaJII,HliX npoe~ yrJIOB BHJieTa raMMa-KBaHTOB C 

TO'!HOCTbIO OKOJIO 4 MRpa,D;. 

2. Oprrumaan;mi o6pa6oTKH ,IJ;aHHHX H coa,IJ;aHne pH,IJ;a nporpaMM .IVISI 
aHaJIH3a 9KCilepzMeHTaJibHOrO MaTep:e:aJia IlO HCCJie,IJ;OBaHHIO HSJIY'leHru.£ 
8JI8KTp0HOB li ll03HTPOHOB B TOHKRX ltpHCTaJIJia:x: xpeMHHH. 
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3. PesyJII,TaTll llCCJI0,ll;OBalillli opHeHTaIUIOHHHX 3aBllCllMOCT0li Beposrr
HOCTll, cneKT~HOli IIJIOTHOCTH H nOJIHHX noTepD 3H0pI'lIB Ha 3JI8KTpoMaI'
HRTH08 ll3JIY'I8Hll8 3JI8KTpOHaMH H Il03HTpOHaMH C 3HeprHl!Mll IO rsB B 

noTemumJie IIJIOCKOCTll (IIO) B TOHKllX RpHCTaJIJiax KpeMHJitll. ,llaHH:Ile CHCTe
MaTH'ISCKllM o6pasoM, c HffiDIY'IllISH yrJIOBoil TO'lHOCTDID ocBemaIDT ocHOBHHe 
xapaKTepHCTHKll H3JIY'I8Hlitll KaHaJIHpOBaIIHWC ll KBa3lll<aI!aJlllpOBaHHHX tmCT:,m. 
HM:eeTCfl H8IIJiyqlll88 no cpa:aHeHIDO C pesyJIDTaTaMII ~yrmc 3KCnepRM8HTOB 
cor;racne no .a6coJI10THOH BeJIH'IHHe sKcnepHMeHTaJibHHX pacnpe.n;e;remm c 

TeopeT:II'leCKlIMII pactteTaMH. 
4. 3KcnepllM8HTaJibl:ll:l8 .n;aHHHe no MHOroKpaTHO:My-pacceflHRID n03HTPO

HOB B sruincHMOCTH OT Bxo.ruwro yr;ra B IIJIOCKOCTD (IIO) KpHCTMJia KpeM
Hlitll ll no yrJiaM BWieTa raMMa-KBaHTOB B 3a!lllCHMOCTll OT me 3H8prmt, 
ll3JIY'I8HHBX 3JI8KTPOH8Ml'I ll n03HTpoHa.Mlf B nOT8HUHaJ18 (IIO) KpllCTaJLlla 

Iq>eMHWI. 
5. Pe3yJII,T8Tll 3KCnepHMeHTaJibHOro llCCJI0,ll;OBaHlitll xapaKTepHCTllK 

3JI0KTpOM8I'HliTHOrO ll3JIY'I0Hlitll 3JI0KTPOHOB ll n03llTpoHOB,C 3Heprnm.m 
IO fsB B noTeHUlia.710 OCH <III> B TOHIWX KpllCTaJIJiax KpeMHHfl, KOTO
p!:le 3aKJIIO!IaIOTCfl B CJI0AYfillll0M. IlOJIY'IeHH ClICT0M8TH'i0CKHe ll 6oJiee TO'll!He 
.n;aHHl:le no opneHTauHOHHl:lM 3aBllCllMOCTflM B8poflTHOCTefi, cneKTPMDHOli 

IIJIOTHOCTlI ll nomrnx noTepD 3Hepru Ha ll3JIY'I0HR8; 
6. IlOJIY'I0HHHe . .n;aHHHe no MHOrOKpaTHO:My- paccemrn:ro 3JI0KTpOHOB B 

3a!lHCIDJ!OCTlI OT no.7mpHoro yrJia BXO,ll;a B OCD <III> KpeMHIDI ll no 
yrJ.taM BHXO,ll;OB ra.MMa-KBaHTOB B 3a!lllCRMOCTll OT lIX 3Hepru, H3JIY'I0HHHX 
3JI0KTpOHaMli B noTeHUlla.710 OCll ' <III> KpllCT8JLll8 KpeMHHSI. 

7. Pe3yJII,TaTH llCCJI0,ll;OBalillli KorepeHTHOro TOpM03HOro ll3JIY'I0Hlitll · 

3JI0KTPOHOB ll n03llTpOHOB C 3H8PrllflMR IO rsB.B,nOT0HUliaJ10 KpllCTa.JIJill
tt8CKOli IIJIOCKOCTlI (IIO} B KpeMHllll. l13Mepemme opHeHTarnmHHHe 3a!lllCll-· 
MOCTll B0pOflTHOCT0ll ll3JIY1!0HllJI n03llTpOHOB H 3JI0KTpOHOB B l!llipOKOM IIH
T0pBaJI0 BXO,ll;HHX yrJIOB OCB0l!laIOT BOnpoC!l CXO,ll;CTBa ll OTJilittIDI ll3JIY'I0Hlitll 
npH ItaHaJmpOB8HHll H KOrepeHTHOrO TOpM03HOro H3JIY'I0Hlitll. 

KPATKOE CO,llEP.IAffi1E PAEOTH 

IlepBM rJiaBa ,ll;liCCepTall;Wi nOCBfllll0H8 o6sopy TeopeTlltt8CKHX ll 3KCne

pHMeHTa.71DH!lX pa60T no llCCJI8,ll;OBalWJIM 3JI8KTpOM8I'mi:THOrO R3JIY'I8Hlitll 
3JI0KTPOHOB ll n03llTpoHOB BHCOIWX 3Heprd, HallpaBJI0HllllX no.n; M8.7WMll 

yr.nrum K KpllCTaJIJIOrpaqi:II'leCKHM OCJ!M ll IlJIOCKOCTflM MOHOKpllCTaJIJIOB. 
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TeopeTHtteCKHe pa6oru* YK83HBaIDT H8 CYIIl0CTBOBaHHe llHTeHCllBHOro 
3JI0KTpOMaI'HllTHOro ll3JIY'I0HWI ttaCTim B KpllCTaJIJiaX. BeJillttHHa HHT0HCill3-
HOCTll ll3JIY'I0HIDI npnHHMaeT lAfl;KCHMaJll,HOe 3HatteHne npn YCJIOBHH KaH8JIH
poBaHlitll. 

IlepBHe 3KcnepHMeHTaJlDHH0 llCCJI0,ll;OBalillfl ll3JIYtt0Hllfl KaHaJlllPOBaHHHX 
ttaCTim BHCOKHX ~Heprmt BllnOJIH0Hll B CJIAKH. Ilo;rytteHHHe .n;aHHl:le no.n;
TBep.n;HJIH BHCOKYID llHT0HCllBHOCTD ll3JIYtt0Hlifl n03HTpOHOB B IIJIOCKOCTHOM 
ll B OC0BOM KaHaJiax KPHCTaJLlla aJIMa3a, ·o.n;HaKo noCJie,ll;OBaBD!lle ~eopeTH
tteCKHe pa60T!l no "Ill:CJI0HHOMY cpa:aHeHIDO TeOpllll c·aKcnepIDJieHTOM noxa-
3aJlll npH6JIH3HT0Jll,HO .n;ByxKpaTHOe IlP0Blllll0Hli0 pactteTHHX KPHBHX Ha,:n; 
3KCnepHMeHTaJibHHMll TOttKaMll, 

::lKcnepIDJieHT!l no llCCJI0,ll;OBaHHID ll3JIY'I0Hlitll 3JI0KTPOHOB ll n03llTPOHOB 
B xpncTaJIJiaX KpeMHlifl BlilloJIHeHH TruoKe BUE~. B nepBoft pa6oTeJBE 
yrJIOBOe pasperueHHe annapaTYJ)H He n03BOJiflJIO 0,ll;H03H8ttHO Bll,ll;eJillTD co6H~ 
TM B KpllTlltt0CKOM yrJie KaHaJillpOBaHllfl. ll3MepeHlitll, BllnOJIH0HHl:le C He

CKOJII,KO JIY'IDlllM yrJIOBHM paspemeHHeM,ony6JIHKOBaH!l n03.IUi88 BO BTOpOli pa-
6oTeJBBE. , . . 
B Be.Jill'lllH0 MaKCllMy-Ma CII0KTp8JII,HOli IIJIOTHOCTll ll3JIY'I0Hllfl OT OJKH.n;80MOH 
ll3 Teoprur. He.n;ocTaTOttHO OCBemeHHl:lM B .n;ai_rnoM 3KCnepHMeHTe OK83aJICfl 
Bonpoc 06 ll3JIY'I0HHH 3JI8KTPOHOB_. 

l1CCJI8,ll;OB8Hllfl ll3JIY'I0HlitlI B KpllCTaJIJiax 6wm BllnOJIHSHH TaKllte ll npll 
cpe.IUillX :rneprMX ttacT~. B pa6oTax STIIX rpynn IlOJIY'IeHH pesyJII,
TaTH, CBH.n;8T8JII,CTByrooui8 0 BHCOKOH IDIT0HCllBHOCTll ll3JIY'I8Hllfl ttaCTim.B 
IlOTSHURaJiax KpllCTaJIJilltt0CKOll OCH ll IIJIOCKOCTll no cpaBHSHHID C H3JIY'I8-
HlleM B aMOpqiHOH MHmeHH. 0.IUiaKO H3Mepe!Illfl·BlillOJIHeHH npn TaKHX YCJIO
BllflX (.n;ocTaTOttHO TOJICT!le KPHCTaJIJIH'l8CKlle o6pa3Il,U, yrJIOBOH pa36poc 
nyttKa paBeH BeJIH'lllH9 KpHTntteCKOro yrJia KaHaJlllpoBa!Illfl ll (llJill} npn 

*KyMaxoB u:A. ,!!,AH CCCP, 1976, T.230, C.I077-I080. 
.Axliesep A.H. H ~- IIpenpllHT XiI?Tll, 77-38, xapDKOB,!977. 
Baier V.N. et al. Phys.Lett., 1979, V.7JA, P.414. 

**MnpomHHtteHKO H. ll. n .n;p. lJllCDMa B JK3TiI?, 1979, T. 29, C. 786-790. 
ABaMH P.O. ll .n;p. lK3TiI?, 1982, T.82, B.6, C.I825. 

***Atkinson P.O. et al, Phys.Lett.·, 1982, V.110B, P.162. 
Bak J. et al. Buel. Phys., 1985, V.B254, P.491. 

****AraHDflH!l A.O. ll .n;p. IlllcI>Ma B ElTiI?, 1979, T.29, B.9, C.554. 
Bopo6DeB C.A. n .n;p. IlliCDMa B JlraTiI?, I979, T.29, ·B.7, C.4I4. 
TaH0HKO B.E. n ~- IlllCDMa B JK3'N>, 1980, T.32, B.6, C.397 • 
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orpaillI'3:8HllliX anepTypax·,It8T8KTOPOB), KOTOpHe He Il03BOJIJilOT BllllOJIHHTI, 
a.neKBaTHH8 tillCJI8HHll8 cpaBH8HM IlOJIY'I8HllllX peay~TaTOB C Teopnett. 

Bo BTOpott r~e :1UICC8pTamm onnc:imae~ca llOCTaHOBKa 8KCil8pllM8HTa 
ITO llCCJI8,ItOBaHllD ll3JIY'l8HM M8KTpOHOB ll Il03llTpOHOB B TOHKIDC KPRCTaJI
~- 3KcnepnM8HT npOB8,It8H Ha npoTOHHOM cmucpoTpoHe llHCTllTYTa !p.1!3llKll 
BHCOK:IIX 8H8p:rafi (:ml/ID;, r.CepnyxoB). lJyqKn M8KTpOHOB' ll ll03llTp0HOB 
coa.ItaHR cneun~Ho ,nJilI .ItaHHoro aKcnepRMeHTa /I/. 

'cxem 3KCll8PRM8HT~HOli yCTaHOBKll /2,3/ npllB8,It8Ha H~ pnc.I. 
IJy"q:OK 8JI8KTP~HOB (noanTpOHOB) na,naJI Ha MOHOKpllCTB.7IJilfll8CKYJO ll41:llll8Hb, 
pa3MemeHHYD B ,!UICTaHIU!OHHO ynpaBJI.fI8MOM roHROM8Tpe. JJ,IDI onpe,ItM8HRJI 
TpaeKTOPRll qaCTim!{ .ItO ll IlOCJI8 Mll!ll8Hll liCll0~30BaJiaCI, CliCTeMa ,IIJ)8li
qoBWC Ka.Map, crpynnnpOBaHHllX B Tpex 6.JroKax. 'leTBepnn! 6JIOK ,IIJ)8HqJOBWC 
KaMep CJIY21tli.l1 ,nJilI onpe,ItMeHRJI TpaeKTopnn qacT:imu noCJie aHaJI.Ranpyiomero 
MaI'HliTa. faMMa-KBaHTH, ncrrycKaewe B ll41:llll9Hll, perncTpllpOBaJIBCI, ,It9T9K
TOpOM Ha OCHOB9 CUliHT~YJOlllero KpllCTaJIJia CsJ(Tl), OKpylitSHHOrO 
CBllHUOBOH 3amRTOli R CllCTSMOli CtI8T'illKOB aHTllCOBna.nem. Yrm BW!8Ta 
raMMa-KBaHTOB R3M8p&llllCI, C llOMOml>C 6JIOKa ,IIJ)8li40BWC KaMep co BCTpoeH
HllM KOHB8pTOpoM, pacnoJIOll8HHOro H8llOCp8,ItCTB8HHO nape.It pa,IUiaTOPOM 
raMMa-Cil8KTpOM8Tpa. JJ,IDI ~8HTllqllllta.I01lll BTOPlAHllX M8KTp0HOB (ll03llT
poHOB) RCll~30BaJIBCI, JillBH8BH8 tI8p8HKOBCKli8.CtI8T~ ll3 CBllHUOBOrO 
CT8KJia~ YcTaHOBKa aarrycKaJiaCI, CllCT8MOli CtI8T'illKOB COBna.nem ll aHTll
COBlla,nelilltt n pa60TaJia Ha Jlliiio c SBA EC-I040. 

., 51 M 

-t£3~T 
MOHOnPoBOA 

•s .... 
A';. IJJ;Jt~~TP 

53 ~ ...... KOt-lBEPTOP 

Pac.I. Cxew 8KCll8pllM8HT~HOi ycTaHOBKlt. 51, S2, SJ, 
AI"'."AB - CD;llHT~Omme Ctie~ • .ma-JUG - 6.JIOKlt ,IU>8il
qoBHX ,ItaM8p, 'ICIIlI - tiepeHKoncm ctiennK noJIHoro norJio
memm C pa,nnaTOPOM }13 CBl!HnOBOro CT8KJia, CsJ - r8ltlMB.-Cll8R

TP0148Tp Ha OCHOB8 KpRCTWIJIB nesd-:llo,It, CI, C2, - KOJI.llll
MaTOPH, M, MI, M2, M3 - OTK.1IOBJm!IR8 MarHRTH. 
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0.ItIIBM ll3 TP860Bamrii R cos.ztamm "tIIICTHX" YCJIOBirii HSl\f8p0HllJl: 
aqqieKTa fillJIJieTca npRMeHeHRe B aKcnepl!MeHTe TOHKliX KpncTaJIJmq8CKnx 
IJJia.CTRH. Ilpn .ItOCTaTOtIHO MaJIHX TOJillUIHax .ItOJia co6HTd c O,ItHOKpaTHHM 
ll3JIY't!8Hll8M B Mml!SHR 6y,IteT npeo6Jra.naID1I1efi. Y.ItOBJI8TBOpmcnine 8TRM Tpe6o
Bruma:M TOJI!llllHH Kp8MHlI9BIDC KpllCTaJIJIOB paBHH ]J)I.H IlOSllTpoHHllX llCCJI8,ItO
Balilltt npllMepHO IOO MKM l1 ]J,]I.H 8JI8KTpommx: - OKMO 50 MKM. Ilpn YKaSaH
HIDC TOJillUIHax Mmll8H8li 8KCll8pRM8HT~HB:,fi YCTaHOBKa CMO.llt8T B0Cllp0ll3B8C
Tll RCTliHH08 8Hepr8Tll'l8CK08 pacnp8,ItM8Hll8 qJOTOHOB. ClrrytiaR C pa,ItHaIJ;Hell 
,ItByx H 6Mee raMMa-KBaHTOB B ll41:llll8Hll, a Ta!O!t8,40HOB08 TOPMOSHOS HSJIY
tI8Hl18 Ha BemecTBe ,It8T8KTOPOB ~pllB8.ItYT K RCK8llt8HHOMY Cil8KTP~HOMY 
pacnpe,IteJieHRD. JJ,IDI YM8Hl>fil8HRH qoHOBOro TOpMOSHOro H3JIYtI8Hlla 6WIO 

MRHllMRSHPOBaHO BemecTBO CIU!HTl:tJLJI.flIUIOHHHX cqeTtil!KOB l1 MallJ!apOBHX OKOH 
noHonpoB0.1ta.-Bec1, TpaKT rrytIKa B ycTaHOBKe, o6maa .ItJIHHa KOToporo coc
TaBJiaeT ,v 70 M, BaKYYMRPOBaJICH. ,lij)ellqoBaa Ka.Mapa JUQ, COS.ItaHHaa cne
UllaJil>HO ,nJilI HaCToamero 8KCil8pllM8HTa /4,5/, pa60TaJia npn llOHIDlt8HHOM 
,ItaBJI8Hllll 250 Topp, H BC8 ee npoBOJIOtIKlt pacnOJiaraJIHCI, BH8 o6JiaCTll 
rrytIKa. PasMemeHne MarHRTOB MI n ~ nosBoJIRJio peaKo YME!Hl>lllllTl> lixmoBoe 
TOp.MOSH08 llSJiyq8Hl18. Ilp:a 8TOM B pa6otiyio anepTYPY raMMa-Cll8KTPOM8Tpa 
llOna,naJIO OKOJIO I% qoHa, o6yCJIOBJI8HHOro B.emecTBOM YCTaHOBKR ( ... 5•ro-2 

pa,!UI8IU!OHHIDC e,ItRHlIU), tITO OKaSaJIOCI, BilOJIH8 npneM.JieMHM. 
Cyw,,apHaa TOtIHOCTI, 6.JIOKa 06HtIHIDC Ka.Map ()U{I, JU{3 H JU{4) COCTaB

JIHJia OKOJIO 50 .MKM, TOtIHOCTI, 6.JIOKa ,IU>ellqoBHX KaMep Hll3KOro ,ItaBJl8ID'Ui 
(JUQ) - OKOJIO 90 MKM. TaKne TOtIHOCTll o6ecnetIHBaDT Ha 6ase I?~ paspe
meHne no yrJIY BXO.Ita OKMO 6 MKpa,It, a no yrJIY BHXO.Ita Ha 6ase IO M -
OKMO 30 MKpa,n.' 

!JaTmi 6JIOK ,IIJ)Sil.qoBHX KaMep JU{5 CO BCTp08HHHM KOHB9pTOpoM CJIYlltM 
]J)I.H HSMepeHRa yr"JIOB BW!eTa raMMa-KBaHTOB HS KPHCTa.JIJia /6,7/. CoB
M8CTHO C KaMepaMR JU{I. JUQ H .ILK3 np:a6op o6ecnetIIIBaJI B MaJIOH tiaCTll 
co6HT.llli ("' 4%) RSMepeHHe npoeKURH yrJia raMMa-KBaHTa B BepTllKaJII,HOit 
IIJIOCKOCTll C TOtIHOCTI,D OKMO 4 MKpa,n. , . 

faMMa-Cil8KTp0M8Tp BWIOJIH8H Ha OCHOB8 KpRCTa.JIJia CsJ(Tl)t l!MSD
mero ~PMY UllJiliH,IIJ)a c ,ItRaM9TpoM 200 MM :a ,ItJIHHOR 300 MM (B HatI~HOM . 
BapHaHT8 - ,I(ltaM8TpOM 150 MM :a .ItJIHHOH 230 MM) /8,9/. Pa,rtnaTOP npocm
TPHBaJICH O,ItHl!M qJOTOYMHOlltHTMSM Tnna <I/SY-49. PerncTpanwt raMMa-KBaHTa 
npOl13BO,ItliJlaCI, O,ItHOBpeMSHHO B Tpex ,ItllaIIaSOHax: 5+200 MaB,5+1000 MaB 
:a 5 + 3000 MaB c neHoit OTctieTa OKOJIO O,I MaB; 0,5 MaB n 5 MaB 
COOTB8TCTB8HHO. CXeMa C~8Ma HHqopMamm C raMMa-Cil8KTp0M8Tpa npe.ItY
CMaTplIBaJia TaKllt8 Bp8M8HHOil. aHaJIHS llOC'eylIBJO!llliX CRrHaJIOB. lfcno~SOBa
HH8 8TOil. HHqJOPMaUHll Il08BMliJIO 3HatIHTeJII,HO YM8Hl>mHTI, qoH.CJIY'lafiHIDC 
co6EtTm1. Kaml:6poBKa Cil8KTpOM8Tpa npoHSBO,IUIJiaCI, C IlOMOml>D pa,nl!OaKTHB-
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HllX RCTO'!HlIBOB, a TaKllte TIO Koppe.JI.!IWIR RMIIY~bCa BTOVR'IHHX qacTnn n 
OTcqeTOB ra.MMa-CTISKTpOMeTpa (MeTO,ll;OM "MeqeHl:lX" q_JOTOHOB) - CM. pnc.2. 
HenoDoe nor~oII{eHRe (oKo~o 90% ::meprmr ~HH, KPHBM I) o6yCJiaBJilffiaeT 
HSKOTOpylO H~HeHHOCTJ,. OKo~aTeJII,Hllli BapnaHT pa;n;naTopa Il03B0.1IWI nor
~OTRTJ, OKO~O 97% 3Heprmr ~H.ll (KpllBM 2). PaspemeHRe raMMa-CilSKTPO
MeTpa npn 3Heprnn I MsB COCTaBJI.fIJIO 8% (TIOJIHM runpnHa Ha no~OBRHe 
Bl:lCOT!:l), npn :meprmr IOO MsB ,n;eTeKTOp HMM paspemeHRe He xyi!CS 3%. " 

AnepTypa rru.~ro-cneKTpOMeTpa (80 x 80 ~) Ha 6ase 30 M o6ecne
~~ perncTparuno q_JOTOHOB C yr~ru.m Il3JIY"ISHIDI B npe;n;Max ± I,2 MPM, 
T.e. npRMepHO 20 RHTepBaJIOB KpRTR'!SCKOro yr~a lllIOCKOCTHOro KaH~
pOBaHIDI, 

N 

500 

400 

300 

o• 1000 2000 
1.P, M!B/e 

PHc.2. ~6pOBKa raMMa.-CTISKTPO~ 
MeTpa MSTO,ll;OM "MeqeH!:lX" q_JOTOHOB. 
Pa3Mepl:l pa,nnaTopoB: I - ~I50X230 
Mlf-; 2 - ~200x300 rd-. IIo ocn a6c
nncc OT~OlKSHa pa3HOCTb A.P = p O - p, 
r.ne P0 - cpe;n;HRH RMIIYnc ~a. 
P - RMIIY~I>C BTOpll'!Horo M8KTPOHa. 
ITO OCR op,n;nHaT - OTcqeT!:l raMMa
cneKTpOMeTpa. CIIJIOIIIHl:le Kplll3!:l8 

3000 TIMRHOMRanHOe npn~eHRe. 

TpeTI>H r~aBa IlOCBHlll8Ha o6pa60TK8 3KCnepllM8HTanllliX ,llaHH!:lX. 
06paOOTKa ,llaHHl:lX ocymecTBJI.fIJiaCJ, Ha SJH C TIOMOIIU>IO KOMlllI8Kca cnennam,
HO paspa6oTaHH!:lX nporpru.w. Ha nepBOM aTane oaa BlUilllqaJia onpe,n;MeHRe 
KOHCTaHT ,Iij)8llq_JOB!:lX KaMep, reOM8Tpll'l8CKYJO peKOHCTp~ co6!:lTlill, 
ywIOTH8HR8 RHqiopManRR ll sallllCJ, Ha Jl8HTY CYMM/lPH!:lX ,llaHHllX (liC~). 
CJie;n;yromrui aTan npe.u;cTaBJI.fIJI co6oil qiopMllJlOBaHlle KpnTepneB OT6opa co6!:l
Tllii, nporpaMMHOe onpe.u;MeIDie IlOJIOlit8WIJI OCH (~60 lllIOCKOCTll) KpllC
TaJIJia ll HOpMRpOBKY ,ll;aHH!:lX. 

KpllT8pllll OT60pa co6!:lTlm (cM.TS6~.I) ~Tl:lB~ norpelllllOCTll B 
IDCTllpoBKS ;n;eTeKTOpOB Il CJIY"Iall npocqeTOB, KOTOpl:le onpe.u;e.rutJll'!CI, C 
IlOMOlln,D BOCCTaHOMSHHllX TPSKOB qacTIDJ;. B Ta6Jmne npne;n;eHll TaKlK8 
pesynTaT!:l, WlJIB)CTpnpyiomne .n~ lf,Il;8HTil~poBaHH!:lX 3~8KT.POHOB 
(Il03lITpOHOB) qepeHKOBCKF!M C'l8T'll!KOM nomoro norJlOII{8HllH. KpRTepml: 
coxpaHelillH sHeprllll B co6uTmr· npe.u;cTaBJIHJI co6oil Tpe6oBaHRe, qTo6!:l 
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CYMM/l 3Hepr:im sap.imeHHOH ·qaCTIDJ;l:l ll .qx)TOHa 6!:lJlll PaBHH cpe,ll;HeH 3Heprmr 
~a. ITpllM8H8HH!:l8 KpllT8.Pllll orpaHHqRB~ paCCMaTpRBaeMIDt llHT8.PBaJI . 
3Jl8KTPO.MarHllTHOro ll3JIY"I8HllH .no B~ 3,5 rsB. ,lI,ruI aHaJIH3a ,ll;aHH!:lX 
no ll3JIY"I8HIDO B TOHKllX KPllCTaJIJiax Kp8MHRII 3TO' orpamrtI8Hll8 6:wro BTIOD9 
Ilpll8M.718MHM, 

Ta~a I 
KpnTepmr oT6opa co6uTllii 

' . 

m11 I HallMeHOBaHlle KpllT8PRII i llnCJio 6paKo-
i jBamrux co6HT. % 

,I. AHTllCOBIIa,n;aTenHllli cqeT'Ilm A2 I5 
2. ~8Hq_JOBM KaMepa ,Jl.K2 2 
3. ~8Hq_JOBM KaMepa. JI.K4 IO 
4. llepeHKOBCK¥H cqeT'!llK llCIIII I 
5. KOJIJmMaTOp raMMa-cneKTpOMeTpa IO 
6. . ll,neHTl'lcJ.iIIBanM 3Jl8KTpOHa {:wm e+) 2 
7. CoxpaHeHUe 3Heprnn 2 

IlpoBepKa MRIIHl'!H KpllT8plleB OTOOpa COO!:lTlm Ha a6COJIIOTHYJO !IOPMll
pOBKY ,llaHH!:lX (npHBe.neHHHX K O,ll;HOH TI9pBII'IHOH qacTnne ll Ha 8,1J;RHIWY 
TO~ KPllCTaJIJia) noKasan:a, qTQ ,ll;OM CJIY"IallHllX COOHTI'lli npn 3Heprnn 
qJOTOHOB Hllllte 30 MsB He npemmaeT 8%, B oMacTn 60 MsB - 2% n I% npn 
aHeprRHX Bl:lllle IOO MsB. CllCT8MaTR'l8CKM oum6Ka B HOpMll])OBKe ,1l;aHHllX 
oneHHBaeTCH Ha ypOBHe IO%. • 

B qeTB8pTOH rJiaBe npe;n;CTaBJI8Hl:l pesynTaTH 3KCil8PllM9HTanHoro 
llCCJI8,11;0BaHRII 3Jl8KTl)OMarHllTHOro ll3JIY"I8HIDI 3~8KTpOHOB ll Il03llTpOHOB B 
TIOT8HIO{aJI9 aTOMHOH IlJlOCKOCTH KpllCTMJla Kp9MHU.ff /I0-I7/. IlOJIY"I8HH!:l9 
pesynTaTH cpaBHllBaDTCa C T90pneil,n C ;n;aHH!:lMll ,IUJyrnx 3KCnepHM8HTOB, 
Ha pnc.3 npllB8,11;9Ha. 3aBllCHMOCTJ, qnCJla ll3JIY'l8HHl1X raMMa-KBaHTOB OT 
yrJla Bxo;n;a nosnTpOHOB B lllIOCKOCTI> (IIO) KpncTaJIJia KpeMHHa. lli!TepBan: 
3H9prllii !pOTOHOB JleJltllT B .nnanas'oHe 40 ... 80 MsB. OTcqeT yrJla B9,11;9TCH 
OT HaIIpaBJl9HllH KpllCTaJIJiorpacJ.ill'lecKOH lllIOCKOCTil. MaKCHMYM B pacnpe;n;e
Jl9Hllll npHXO,ll;llTCa Ha yrOJI BXO,lla npHM8PHO 50 MKpa.n;. ,llaHH09 IlOBe;n;eHite 
BepoaTHOCTil cor~acyeTca C IlOJlOlK8Hll8M Teopnn, corJlaCHO KOTOpott OCHOB
HOH BKJla,n; B ll3JIY'I8HR8 ,ll;aDT Il03llTpoH!:l C nonepeqHQli 3Hepruett, npri~-
3llTeJll,HO paBHOH Bl:lCOTe IlOT8HnUaJIJ,HOro 6apbepa. 3TOT.Pe:arn:M OCYlll8CT
BM8TC.ff npn yrJlaX BXO,IJ;a B~3ll KPRTR'lSCKOro yrJla JimI.mcap;n;a. ,UaHHM 
oco6eHHOCTb B ,PaHHllX 3KCnepllM8HTax o6Hapy,iteHa H9 6:wra. Kpmiaa npe.n
CTaBM8T T80P8Tilq8CKHli pacqe~. H3 pllCYHKa Bll,ll;HO, qTQ 3KCnepllM9HTaJlI>-

* Eaiiep B.H. n ,IUJ. IlpenpmIT HH~ 8I-I39,_HoBocn6npcK, I98I. 
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HHS MHHHS :H pac'IST xopomo corJiacymca. B OTJmlm8 OT nosnTpoHOB 
BepOHTHOCTb ll3JIY'i8HWI raMMa-KBaHTOB 3~8KTpOHaMlI illll88T MaKCE:MyM np:e: 
napa.7m8J1l,HOM Bxo.ne B aTOMJIYJO WIOCKOCTb Kp:HCT~ /I6,I7/. 

·~ 
... 
i 

~0-80 

P1 
) l • •• • •• ~ . • • - 0 

-200 -100 100 200 

8J1(MKpa,ll) 

,!-

Pllc.3. Pacnpe.nMeHHe 'lRCJia ra.MMa
KBaHTOB, ll8JIY'l8HlillX n03:HTp0HaMll 
c aHepr:e:eit IO I'aB, B 3aB:HCilll!OCT:e: 
OT yrJia Bxo.na 'laCTim B WIOCKOCTD 
(IIO) KpeMHruI TOJillUJJ!Oli II3 MKM. 
',Uamme n~eHH ~ qx)TOHOB B 
3HepreTH'lecKoM ,n:e:anasoHe 40-BOMaB. 
CwromHaa KPJ!BM'- TeopeT~ecKmi 
pac'leT. 

Ha p:e:c.4 npe,nCTaBJISHH pacnpe,nMeHWI cneKTpaJI&HOit MOTHOCTH 
3~8KTp0Mal'HHTHOro :H8JIY'l8H:e:a nos:e:TpOHOB C aHeprlIRMII IO I'aB B Kp:HC
TaJIJIOrpaqi:e:qec1toit wrocKOCTH (IIO) KpeMHM. Bxo,nHHe yrJJll. nos:e:TpoHOB 
Ha.XO;lt!iTCa B npe.nMax KpR~SCKoro yrJW. WIOCKOCTHOro ruma.impo:eaKWI. 
JJ,amme RJIJIX>CTPH.PYJOT OTJilflmTMMJYlO oco6eHHOCTb :H8JIY"l8HWI npn IW.HaJIR
poBamm - '18.CTOTa ll3JIY'l8Hlla OCHOBHOfi rapMOHHKR He 3aBRCRT OT yr~a _ 
BXO,na '18.CTlllJ,H. Pesy~TaTli 3KCnepKM8HTa ,It8MOHCTpRpy!)T li,;IUJYI'YlO oco-
68HHOCTb - C POCTOM yrJia BXO,na ~eJllf4lmaeTca B:RJia,11; BliC!llllX rapMOHlllt,, 
T.e; ra.MMa-KBaHTOB, 'laCTOTli KOTO,Plil B ~a :e: 6~ee pa3 6o~me 'laCTOTli 

• nepBol rapMOHllltR. CneKTPSJll,Haa IIJIOTHOCTD li8JIY"l8HWI B MaKCm.iyMe np:e:
Hl!Ma8T Ha:e:6o~mee 3Ha'l8Hli8 npR yrJiaX BXO,Ita 30 + 40 MKpa,u;. B 3TOM 
CJiyT{ae npeBU1118HREl Ha,u; Yl)OBH8M R8JIY'l8HWI Ha aMOpgJHOil Mm!I8HR COCTaB
JL!I8T 42 ± I pas (np:ime,neHa cTaTRCT~ecxasr norpemHOCTb) .,Kpmm.e Ha 
p:e:c. 4 paCC'!RTaml no <Ix>.PMY~aM, llOJIY'ISHHEIM B pa6oTe* )J,JIH on:e:caHHSI R3JJY
'18HWI ICruiamq)OBammx n03RTPOHOB. H3 pncymca BH,ItHO, 'ITO T80p8T~8CKR8 
KpRBli8 13 oMaCTll MaKC~ Ha I5 - 20% BHIIIS 3KCnepRMSHTa.7II,HHX TO'lei. 
I!O-Bll,IUlMOMY, 3TO CBa3aHO C TSM, 'ITO B pac'leTax HS np:mmMaJ:ioc:&- BO-BHH
MalllIS nepepacnpe.ne~eHRe nosnTpOHOB no nonepe'!Hoit aHepr:im, npo:e:cxo;lt!i
mee :e:s-sa paccemm.g '!aCT:mt B Kp:e:cTaJI.lle. 

Ha p:e:c.5 npe,nCTaBJISHli ,W3HHH8 no cneKTpaJI&HOfi-WIOTHOCTR ll3JIY'l8-
HRa nos:e:TpOHOB B WH.POKOM ,IUmIIa80H8 BXO)UWX yr~OB B MOCKOCTD (IIO) 

* Eas~eB B.A. :e: ;iw. xa'N, I98I, T.80, C.608. 
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Pllc.4. Cne~TPMbHruI MOTHOCTb 
R8JIY'I8HM nOS:HTpoHOB B nOTSH-
1.UiaJIS IIJIOCKOCTR (IIO) KPRCTM
~a KpeMHruI. SHeprrui: n03RTpo
HOB _ - IO I'aB, TO~Ha Mmll8HR 
no rrrncy- - II3 MKM. U:e:~ 
YKa3aHH .n:e:anasoHH BXO,nHHX 
yr~OB 'laCTim B Kp:HCTaJLII (MKpa,n), 
Kp:imue - T80p8TH'l8CKIDl: pac'leT. 
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Pllc.5. CrreKTpaJU,HaJI MOT
HOCTb li8JIY'i8HM n03:HTpOHOB 
B nOT8HUHM8 IIJIOCKOCT:H 
(IIO) KpRCTaJIJia KP8MHRII, 
Ha pncyHKaX YKa3aHH .n:e:ana
soHH BXO,nHHX yr~OB B Kp:e:c
Ta.JIJI (MKpa,u;). Kp:imue -
T80p8TH'l8CKim paC'!8T. 



KPHCTaJIJia. H3 pl:ICYHROB Bl'l,I(HO, 'iTO JII)KO BllpalltellHHli MaKCl:IMYM cneKT,PaJil,
HOH IIJIOTHOCTl:I l:I3JIY'I9Hrui (npn 60 MsB) Ha.6.moMeTCJI TOJII,KO npn BXOAHliX 

· yrrn 'iaCTl:ID;, He npeBwrraJOil]ux yroJI .lliur.nxapAa. .nrne Ta101te xopomo 
HJI.JlJOCTpl:IJlYIOT oco6eHHocTH l:I3JIY'l6Hl1lI Ha,u.6ap1,epHI1X irosnTpOHOB. Us pirn. 5 
(B,r) Bl'l,I(HO, 'iTO tJ:aCTOTa l:I3Jly-q6Hl1!I Ha,u.6ap1,epliblX tJ:aCTl:ID; no Mepe YB6-
Jil:I'i6Hrui BXOAHOro yrJia CMe~aeTCH B 6oJiee xeCTeyIO 'iaCTl> cneKTpa; 
l1HT6HCl:IBHOCTl> C pOCTOM yrJia naMeT. CTIJIOIIIHble Kpl1Bll6 - TeopeTHtl6CKl:IH 
pac'ieT* • .naHHble no cneKTpaJI:E>HOMY pacnpeAeJieHl:IJO aJieKTpOMarHl:I;Horo 
l:I3JIY'I6HIDI nosnTpOHOB npl:I onpeAeJI6HHliX MaJiblX l1HT8pBa.rrax BXO'AHblX yrJIOB 
(20 + 30 MRpa,u.) o6Hapy,KIIBruoT paHee He npeACKasaHHIDi: MaKCl:IMYM npu 
8Hepr111:I qJOTOHa 30 MsB /I3/. 

Ha pnc.6 npeACTaBJielibl AaHHble no 3aBHCl:IMOCTH cneKT,PaJil,HOH IlJIOT
HOCTH l13JIY'I6Hl:IH 3JieKTpOHOB OT 3Heprl11:I raMMa-KBaHTOB .I(JI.ff pasJil:I'iliblX 
l1HT6PBMOB ~XO'AHblX yrJIOB B IlJIOCKOCTl> (IIO) Kp8MH11H. UliT8HCl:IBHOCTl> 
H3Jly-q6Hl:IH 3JI6KTPOHOB npn yrJiax BXOM O - 20 MR~ npHIIBMa8T MaKCll
MaJil>HOe 3Ha'ieHne. Ilp6Bl,llll6Hll6 Ha,u. YPOBHeM l13Jly-q6HM B aMOP@{OM 
Be~eCTBe cocTallJIBeT 33 ± 2 pasa. AHa.Jiorn'lllll'.e BeJIR'illlill B sKcnepllMeHTe 
B UEPH COCTaBliJil:I 32 pasa .I(JI.ff Il03llTpOHHbIX H I6 pas .I(JI.ff 3JI9KTPOHHblX 
AaHHblX. CilJIOllIHJ,!6 KpllBble - TeopeTRtJ:eCKRH paC'i6T ll3 pa6oTbl~ (.I(JI.ff . 

Kpl:IBbIX Ill 2) H pa60Tll~ (Kpl:IBue 3 ¼ 5)~ 3Ha'i8HRH Op'AllllaT TeopeTll
tJ:8CKRX KpllBUX YMHOX6Hll Ha K03<I$mn6HTll 0,85; 0,8; 0,85; 0,85 ll I,6 
COOTB8TCTB6HHO. He3Ha'Il:IT6Jll>Iill6 OTJIE'iM paCtJ:6THblX Kpl:IBUX OT 3KCnepn
M6HTaJil>HllX AaHHllX MOryT 6UT:E> 06yCJIOBJI6Hbl T8M, 'iTO B pactJ:eTax o~eH 
H3 paCCMOTpeHM npo~ecc pacceHHruI 3JI6KTPOHOB B KpUCTaJIJie ll, BCJI6A
CTBli8 3TOro, B03MO~H08 Bll6UBaHRe 'iaCTl:ID; 113 KaHarra. 

IlpeACTaBJI6Hll ,I{aHHll6 no MHOroKpaTHOMY pacceHHHIO Il03HTpOHOB H 
yrJiaM H3JIY'i6Hl1H raMMa-KBaHTOB 3JI6KTpOHa.Mli H Il03HTpOHa.Mli B noTeH
~8Jl8'IlJIOCKOCTll (IIO) KpeMHM. PacnpeAeJI8HliH no3BOJI.IIlOT CpaBHETl> BeJIR
'llIHY paccemma: -qacTm:i;, HSJIY'iHBlllllX raMMa-KBaHT, co CJIY'iaeM pacceHHIDI 
683 H3JIY'I8Hl1H. IlpeACTaBJI6HHll8 MHHll8 no pacceJIIDUO nosRTPOHOB xapaK
T~pnsym oco6eHHOCTH .n;BHllt8Hl1H KaHaJIRPOBamillX H Ha,IJ.6ap1,epHUX tJ:aCTl:ID; 
B noTe~e aToMHoii TIJIOCKOCTH KPHCTaJIJia. Us Affi\HblX CJieAYeT, 'iTO 
cpeAH8KBa,IijlaTlr'lllllli yroJI pacceHHruI n03HTpOHa B KaHa.Jie MOllt8T 6UTl> B 
.n;Ba pasa 60JII,me aHarrorRtJ:Horo yrJia Ha aMOI$Ioii MHllleHH • .llaHHlle noKa-
3UB!WT OT'i8TJil:IByro SaBHCl:IMOCTl> B8JIH'llIHbl yrJia pacceHHM B npo~ecce 
KllliarrHpOBaHM OT 3Hepr:irn IlOII8p8'iHOrO .n;BHllt8HM 'iaCTHIJ;ll, 3JreKTpOMaI'HET-

~ Ealiep B.H. n AP· ITpenpHHT llff~ 8I-I39, HoBocn6npcK, I98I. 

H Eaiiep B.H. n ,Iij), IlpenpnHT llff~·84-II6, Honocn6npcK, 1984. 

Hi£ Khokonov H.Kh. Radiation Effects, 1984, v.ao, P.93. 
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PHc.6. PacnpeAeJieime· CII8KTpaJI:E>HOH IlJIOTHOCTR ll3JIY'l6HRII 
aJieKTpoHOB C aHeprneii IO rsB B noTe~e IJJIOCKOCTR 
(IIO) KpRCTaJIJia RpeMHRJI TOJIIllllliOH 4I MKM. Ha pRCYHKaX 
YKa3alibl RHT8pBarru·BXO,IUlliX yrJIOB B Kpl1CT8.JIJI. Kpmme 
- pesynTaTll T80p8TR'i8CIWX pac-qeTOB, lJymtTRpHUe llpmi,lli8 
llOKa3llBa.J)T ypOB8Hl> ClI8KTPaJil>HOH IlJIOTHOCTR Ha aMOpq!HO! 

Mmll8HR. 
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HOB ll3Jiy'IBHHB, B03HimaIOmee npn KamullipOBaimll MBKTPOHOB ll Il03llTpoHOB 

B KPHCTaJIJIOrpa~lf!IBCKOii WIOCKOCTH, KaK H Ol!tll,IJ;aJIOCb ll3 ~eopHH, HailpaB
JIBHO B Y3KOM yrJIOBOM KOHYCB Bnepe.n; B,ll;OJ!b HailpaBJIBHruI WIOCKOCTll Kpnc
TaJIJia. HallMBHBB Y3Kllli yrJIOBOii HHTBPBaJI npm:o.n;nTCJI Ha OCHOBHYD tJ:aCTO
TY ll3Jly'l9HruI - 38 ± 3 MKpa.n; ,n;JllI Il03llTpoHOB ll 75·± 7 MKpa,n; ,n;JllI 8JIBK
Tp0HOB. 

lliITa.a: rJlaBa .n;nccepTan;mi npe.n;cTaBJIJIBT peayJII,TaTH 3KCil9pllMBHTaJ!b
HOro HCCJIB,ll;OBaHHJI 8JIBKTpoMaI'HHTHOro ll3JIY'IBHHJI 8JIBKTPOHOB ll Il03llTpOHOB 

C 3HeprHJIMH IO raB B IlOTBHIU!aJIB KpllCTaJIJIOrpa~ll'IBCKOii OCll KpeMHIDI 
/17-20/. Ha pnc.7 rrp:ime.n;eHll 3aBllCllMOCTll 'lllCJla raMMa-KBaHTOB OT IlOJIJip
HOro yrJra BXO,n;a 8JIBKTPOHOB OTHOCllTeJll,HO OCH <III> KPHCTaJ!Jla KpeM

HlilI. ,l!aHHHe IlpOHHTerpnpOBaI-Il,l no a3nMYTaJII,HOMY yrJ!Y. IIoBe.n;eHne 8KCile
PllMBHTaJ!bHHX TO'IBK corJracyeTCR C IlOJIO~BHllBM TBOpHH, corJraCHO KOTOpoii 
BBPORTHOCTb 3axBaTa 8JIBKTpOHOB B KaHaJI C IlOCJIB.n;ylOmeii pa.n;llaIUiBli raMMa
KBaHTOB MaKCHMaJI&Ha npn napaJLnBJU,HOM Bxo.n;e tJ:aCT:im OTHOCllTBJil,HO OCH 
KpllCTaJIJia ll rra.n;aeT .n;o HYJIR npn KpllTll'IBCKOM yrJle oceBoro KaHMHPOBaHHJI. 
AHaJ!Orll'IHM 3aBllCHMOCTb ,n;JllI Il03llTpoHOB llMBBT MaKCHMYM npn IlOJIJipHOM 
yrJle OKOJIO 130 MKpa,n; •. 

Ha pnc.8 npe.n;CTaBJIBHII peaym,'l'aTII ll3MepeHim: CllBKTpam,HOli IJJIOT
HOCTll ll3Jiy'IBHruI 8JIBKTpOHOB B IIOTBHIUIMB OCll <III> KpHCTaJIJia KpBMHlilI, 

,llaHHllB np:ime.n;eHII ,n;JllI .n;Byx llHTBPBaJIOB IIOJIRPHHX yrJIOB BXO,n;a tJ:acTim B 
KPHCTaJIJI. IlyHKTllpHlle KpllBIIB npe.n;CTaBJI.mOT peaym,TaTII pactJ:eTa*. l39Jill
'lllHa CllBKTPaJ!bHOil IlJIOTHOCTll ll3JIY'l9HruI 3JIBKTpoHOB B MaKCHMyMe npeBII
maeT ypoBeHb ll3JIY'leHruI·B aMop~oil MlilllBHH 0B 80 ± 2 pasa. ,llaHHIIe, 
IlOJIY'IBHHIIe B mnpOKOM llHTBPBMB BXO.n;HHX yrJIOB, IIOKa3IIBaIOT, 'ITO MaKCH
MamHM CllBKTpaJU,HM WIOT!IOCTb_Ha6.mo.n;aeTCR npn napaJIJIBJlbHOM BXO.n;e • 
tJ:aCTllIJ;ll B KpllCTaJIJI. YBBJlll'IBHIIB BXO,ll;HOro yrJla He CKa3illlaBTCR Ha IlOJIO
l!temm MaKCHMj'Ma. IIoBe.n;eHIIe CIIBKTpMblllIX IJJIOTHOCTeii ll3JIY'l9HlUl Ha.n;-
6apbepHIIX tJ:aCT,m OT BXO.n;Horo yr.Ira aHaJIOrH'IHO KaHaJlllpOBaHHIIM. 0,n;HaKo 
IIPll'lllHll B03HIIKHOBBHHJI MaKClIMYMOB B CIIBKTpax ll3JIY'I9HruI B HKX: pa3Jlll'II-Il,l. 
IIpn KaHMllpOBaHllll MaKCHMj'M o6yCJIOBJIBH rrepno,n;n'IlIOCTbro .n;BlllKBHruI 3JIBK
Tp0Ha B KaHMe; npn Ha.n;6apbepHOM .n;BlllKBlillll - oco6eHHOCTm.m paccemnm 
8JIBKTPOHOB Ha ~BTIO'!Ke aTOMOB B o6JraCTll M?JIHX rrp1mem,HIIX napaMBTpOB~ 

CneKTpaJ!bHM WIOTHOCTb ll3JIY'l9HruI Il03llTPOHOB Ha OCH <III> 
MBHee MOHOXpOMaTH'IHa ll CMemeHa B 06JraCTb 6om,mnx 3Heprllli ~TOHOB, 
'IBM aHaJIOrll'IHoe pacnpe,n;BJleHne, IlOJIY'IBHHOB Ha WIOCKOCTll (IIO). ,llaHHoe 
IIOBe.n;eHne cor.1racyeTCR C pactJ:eToJf. B MaKCHMyMe npeBlilll8HH8 Ha.n; HHTBH-

* 3HMHH H.H. IIperrpHHT owm I-83-729, )Jy6Ha, 1983. 

u IllyJlbra H.~. n )Ul. JK8'N>, I984, T.87, C.250. 
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CRBHOCTbID H3Jiy'I8HlilI II03HTpoHa Ha aMO~Oli MllillBHll COCTaBJIJieT 35 ± 2 
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Pnc. '7. Pacnpe,n;MeHne 'lllCJla 

raMMa-KBaHTOB, ll3Jly'IBHHIIX 
8JIBKTPOHaMll C aHeprHeii 
IO raB B IlOT0HIU!M0 8TOMHOR 
OCH <III> KpllCTaJIJia RpBM
HruI TOJilllllHOii 4I MKM • .llaHHHe 
npe.n;CTaJ3JIBHll B 3aBllCllMOCTll 

OT IlOJIRPHOro yr.Ira BXO,n;a tJ:aC
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Pnc.8. CneKTpam,HM WIOTHOCTb 

H3JIY'IBHllR M0KTpOHOB C 3H0p
rnei1 IO raB B IlOTBHIU!aJ!B OCH . 
<III> KpHCTaJIJla KPBMHllfI TOJl

lllliHOii 4I MKM. !JymtTnpHlle Kpli
BIIB - peaym,TaTII paC'IBTOB, 

BlillOJIHBHHllX C IlOMOmbID MO,ll;BJlll
pOBamIB. AI - ypOBBHb lI3JIY'IB
HllJI Ha aJIIDMliHHBBOit MHIDBHll. 

Ha pnc.9 npe,ncTaJ3.7IeHa 3aBHCHMOCTb cpe.n;HeKBa)UlaTH'IHOro yrJra pac
ceJmHJI M0KTpOHa OT IlOJIJipHOro yrJra BXO.n;a B OCb <III> KpHCTaJIJra 
KpeMHruI. 3KcnepHM0HTaJ!bHH0 ,n;aHHHe TIOKa3IIBaIDT MaKCHMYM pacceRH11!1'IlPll 

yrJie BXO.n;a B6Jlll3H KPHTll'IBCKOro. IIpH 60JlblllllX yrJlax na,n;eHruI (CBlilllB 
600 MKpa.n;) .n;amw:e ltlLIDDCTPHPYIDT MHOroKpaTHOe pacce.mme Ha aMOp~oit 
Mm110HlI. IlOCKOJibKY ,ll;OJIR aaxeatJ:eHHllX B CBR3aHH00 .n;Blll!t0Hll0 SJI0KTpoHOB 
C pOCTOM yrJra BXO.n;a OTHOCHTBJil,HO ocn KpllCTaJIJia na.n;aeT, TI0.8BJ10Hll0 
3TOro MaKClll.fYl&l, IIO-BH.n;HMOMY. o6yCJIOBJIBHO xapaKTepoM .n;Blll!tBHHJI Ha.n;-
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Plic. 9. 3aBHCHMOCTI, cpe;n;HeKBa.z{paTlI'!HOro yrJia. 
pacceSllll1fl 8JISKTpOHOB BJIOTSimHMe OCH <III> 
KJ>HCT~ KJ)SMHIDI TOlllliHOii 4I MKM OT llOJIJII)HOro 
yrJla Bxo;n;a B KJllICTaJIJI. 

,,_ 

6apMpHHX -qacTlm;. B pa6oTe* OTM8'lMOCI,, 'ITO cpe;n;mm KBa,n;paT yrJ1a 
paccemum Ha,I{6ap1,epHHX 'laCTim; MOJltST 3Ha'lnTSJ!I,HO npeBUCllTI, aHMorm
HylO Bemmrny, ITOJIY'!SHHYJO B aMOJ>WHOii cpe;n;e. 3.n:eMeHTapHUM npoueccoM, 
onpe;n;e.rumlllllM pacce.HHRS 'IaCTim;U B KJ>HCTaJIJie, B 8TOM CJiy'lae BUCTy-naeT 
pacce.HHlle Ha OT;D;SJ!I,HOii IJ;SllO'lKS aTOMOB. naHHaJI TSOJ>STH'iSCKa.H MO;D;8J!I, 
xopomo Ollll:CHBaeT noBe;n;eHRe 8KCll8JlHMSHTaJrI,HHX TO'lSK. 

Il 3KCll8JlliMSHTe Il0.1Iy-q8HU AaHHUe no yrJIOBOMY pacrrpeAM8HIDO q>OTO~ 
HOB, H3.7Iy-q8HHUX 8JI8KTpOHaMR B IlOT8Hll;llM8 OCH <III> KJllICTaJIJia 

KpeMHH.H. CTaII,Il;apTHOe OTKJIOH8HH8 pacnpeAM8HIDI yrJIOB BUJleTa ClOTOHOB,' 
'laCTOTU·KOTOpUX COOTB8TCTBYJOT o6JiaCTH MaKCHMYMa B Cll8KTpe, JlaBHO 

(I05 ± I2)MKJ>8,I{. 3TH peayJII,TaTU He llJ>OTHBope'laT .naHHUM 3KCllepHMSHTa, 
BUllOJIH8HHOro B TOMCKOM llOJIRTSXHH'l8CKOM BHCTRTy-Te~. 

·llieCTa.H rJiaBa ;D;HCC8JlTaI.UIH ·nOCB.HII18Ha HCCJI8AOBaIIIDO KOrepeHTHOro 
TOpMoaHoro naJiy-qeHIDI aJieKTpoHoB H noaHTJ>OHOB c aHeprH.HMH_IO raB np:ir 
MaJIUX yrJiax opneHTai.um OTHOCHT8JII,HO llJIOCKOCTR ( IIO) KJllICTMJia KpeM
HR/i /2I-24/. Ha pnc.IO npe;n;CTaBJieHU 3aBHCHMOCTH 'lnCJia ~TOHOB OT 
yr;ra BXOAa ll03HTJ>OHOB B KJllICTaJIJI KJ)8MHWI OTHOCHTeJII,HO llJIOCKOCTH 
(IIO) • .llaHHUe IIpHBe;n;eHU MR paaJilI'IHUX HHTepBMOB :meprlili raMMa-KBaH
TOB. !JyHKTHpHUe JIHHHR llJl8ACTaBJI.HJOT COOTB8TCTBYJOIIlH8 BSJ>O.HTHOCTH lI3JJY
'l8Hli.H Ha aMOPWHOii (aJIIOMHHHeBoii) MmiieHH. MaKcm.,yM BUXo,na raMMa-KBrui
TOB C 3HeprRR:MH I0-80 MaB COOTB8TCTByeT yrJiaM BXOAa II03HTpoHOB B 
npe;n;eJiax KPHTH'I8CKOro yr;ra JIHH,IOCap.na. H3JIY1IeHH8 60Jiee XSCTK.IDC raMMa-

* . A:x:neaep A.H. R .IUJ. Y~H, I982, T.I37, C.56I. 

~po6i.eB C.A. n ,IUJ. lliicI>Ma B JKa'N, I979, 29, ~-7, c.4I4. 
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KBaHTOB TaKJK8 HMSST Ma.KCHM,VM BSJ>O.HTHOCTH, O'AffaKO M8HI,meii BeJIR'IHHU 
lI npII 60JII,illHX yrJiax BXO,na, 'l8M yrOJI JIHH,IOCap;n;a. 1:!a pirc.IO BH'AHO, 'ITO 
'lnCJIO H3Jiy-qaeMUX 40TOHOB npH KaHa.JIIIpOBa.HHH rrpH6JllI3lIT8JII,HO Ha rrop.H
;D;OK rrpeBumaeT aHMOrHtJ:Hoe 'lHCJIO npH KOrepeHTHOM TOpM03HOM II3.1Iy-q8HHH. 
nruiHUe ITO H3.1Iy-q8HHIO 3Jl8KTpOHOB, lIJJJIJOCTJ>HPYJOlllliS OTJIHtJ:H.ll Bepo.HTHOCTeii 
PMHaIUIB npH KaHaJIRJ)OBaHHlI OT KOrepeHTHOrO TOJ>M03Horo H3JIY'I8Hli.H, 
IIpHBe;n;eHU Ha p~c.II. Pacnpe;n;eJieHH.H Ha pnc.IO (r,n) H Ha pnc.II (E) 
npe;n;CTaBJI.lllOT opneHTaIJ;HOHHyio 3aBHCHMOCTI, B8Jl0.HTHOCTH, xapaKTepHyio 
;n;JI.H KorepeHTHOrO TOpM03HOro na.iiy-qeHH.H (KT1:!). IlOJIOJKeHH.H MaKCHMYMOB 
H Ila,I{eHHe BepO.HTHOCTH npn Hy-Jl8BOM yr;re xopomo corJiaCYJOTC.H C llOJIOJKe-.. 
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Plic.IO. Pacnpe;n;MeHH.H ~HCJia. raMMa-
KBaHTOB, H3JIY'l8HHHX ll03HTJ>OHaMH B 
IIOTeHIJ;llMe llJIOCKOCTH (IIO) KpSMHH.H 
TOJ1lllliHOli II3 MKM B 3aBHCHMOCTH OT 
BXO'AHOro yrJia. 'laCTHIJ; B KpHCTaJIJI. 
ilHCllpaMH yxaaaHU aHepreTH'lecKHe 
;n;nanaaOHU ra.MMa-KBaHTOB (MaB) • 
CllJIOIIIHaJl KJ>mla.H - peayJILTaTU 
TeopeTH'!ecKoro pac'leTa. IlyHKTHJ>HOH 
JIHHHeli OTM8tJ:SH Yl)OBeHI, '!HCJia·'iioTo-
HOB Ha aJIJOMHHHSBOli .MHIIISHR. . . ._.. 
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Plic.II. Pacnpe;n;eJieHH.H '!HCJia 
raMMa-KBaHTOB, H3.1Iy-q8HHUX 
3Jl8KTpOHaMH B llOTeimIIMe 
llJIOCKOCTll (IIO) KpeMHH.H TOJl-
11.llIHOil 4I MKM B 3aBHCHMOCTH 
OT yrJia BXO;n;a -qacTHIJ; B KplIC
TaJIJl. ilHCWaMH Yl(a3aHU 3Hep
reTll'l8CKHe ;n;nanaaoHU q>OTOHOB 
(MaB). IlymtTHJ>HUS JIHHRH -
COOTB8TCTBYJ)lllll8 Yl)OBHR MR 
aJIIOMHHll8BOii MHIII8HH. 



Hl'J.HMll Teopn:a lcrl-F. CIIJIOWHaJI KpllBrul Ha pnc, IO {B) npe,n;CTaBJISI8T 
TeopeTH'l:eCKlirli pac~e~ :aarryqeHM Ha.n;6apbepmnc ~acTmi;. Ilo MHemm 
aBTOpOB,~pll ,I(aHlillX yCJIOBIDIX 8KCnepHM8HTa 3aBHCHMOCTll B8poRTHOCTeii 
H3JIY'l8HM OT BXO,I(Horo yrJia ~aCTmJ; B KpllCTaJIJI, pacc~TaHHHe B pe.lmMe 
H3.JIY'lOHM Ha,n;6apbepHHX ~CTmJ; H no Teopnn KorepeHTHOro TOpM03Horo 
narryqeHM,IlpaKTH'l:eCKH COBna,naJOT • 

Ha pnc.I2,I3 npe,n;CTaBJI8Hll 3aBllCHMOCTll cneKTPaJThHOH IIJIOTHOCTll 
H3JIY'l8HM 8JieKTPOHOB ll nosnTpOHOB OT 8Heprnn raMMa-KBaHTOB npn 
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PHc.I2. CneKTPaJThHrul IIJIOTHOCTb 
H3JIY'i8HM 8JI8KTpOHOB {e) ll 
n03HTpOHOB {o) B IIJIOCKOCTll {IIO) 
KPHCTaJJJI.a KpeMHIDI. lLaHHHe no;ry
~eHH B llHTepBaJie BXO,mmx yrJIOB 
0,5 + 0,8 Mpa,I( OT OCH <III> 
KpllCTaJJJI.a. ~ Ha pHCYHKax 
yxasam,i yrJIH BXO,I(a ~aCT~ {MKpa.n;) 
OTHOCHT8Jll,HO IIJIOCKOCTH {IIO). 
CIIJIOIDHWI KPHBM - pac~eT no 
TeOpHH KorepeHTHOrO TOJ)M03HOro 
H3JIY'leHHR, nyHKTH!)HM - H3JIY'l8-
HHe Ha aJIIOMllHHeBOH MllWOHll. 

t.5 
A 

100-150 

150-200 
-----------------

o. o.4 o.e 1.2 1.s • 

Er [rJB) 

PHc.I3. CneKTPaJlbHM IIJIOT
ll3JIY'l8HHR 8JieKTp0HOB (e} 
H n03llTp0HOB (o) B IlOTeH
~e IIJIOCKOCTH (IIO) 
KpHCTaJIJia I<peMHHR ,n.JIJi· .n;Byx 
HHTepBaJIOB BXO,I(HHX yrJIOB -
IOO + I50 MKpa.n; ll I50 + 200 
MKpa,I(. IlymtTHpHM JllllllUI -

COOTBeTCTBYJl]llrli ypoBeHl> ]T,Jifi 

aMO,I$Ioif'meHH. CIIJIOWHWi 
I<PHBM - TeopHR KorepeHTHOro 
TOPM03HOro H3JIY'IeHHR. 

* Tep-MmtaeJIRH M.JI. B.rrruume cpe,IJ;H Ha aJieI<TpoMal'HHTHHe npo~eccH 
- np:a BHCOI<RX aHeprIDIX. EpeBaH, HS.!t-BO AH AIJ,!CCP, 1969. 

**Ea.Hep B.H. n ,IU), IlpenpHHT H~ 8I-I39, HOBOCH6H!)CI<, I98I. 
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pa~HHX HHTepBarrax BXO,mmx yrJIOB 0THOCllT8JibHO IIJIOCKOCTll (IIO) 
I<peMIJHR. IlOJIJipHHe yrJIH ~acTmi; OTHOCllT8JibHO OCH <III> KpllCTa.JIJia 
npeBHWaJill 500 MKpa,n;. CIIJIOWHOH KpllBOli noKa3aHl:l cneKTPaJThHl:le IlJIOTHOCTll 
H3JIY'l8HM, pacc~TaHHHe no TeopHH KTM MeTo.n;oM, H3JIOllteHHHM B pa6oTe*. 
IlymtTllpHOH .rrmmeii nplll38,I(8Ha cneKTPaJibHaH IlJIOTHOCTb TOPM03HOro ns;ry-· 
~eHHR . Ha a.JiiJMlllill8BOll Mlllll8Hll, . 

3KcnepHM8HTaJThHl:l8 cneKTPH li3.JIY'l8HHR 8JI8I<Tp0HOB ll nosnTpOHOB C 
yrJiaMH BXO,I(a B llHTepBaJiaX () + 70 MKpa,n; ll 80 + 100 MKpa,I( (pHC.I2) B 
o6JiacTH Hll3I<llX 8Heprd raMMa-KBaHTOB Ka~eCTB8HHO pa3JIIP:raIOTCR KaK 
M8"JK]Jy co6oii, TaK ll C pac~eTHO:li Kp:imoii. IIpeBiruI8Hli8 8KCnepli;M8HTaJiblillX 
TO~eI< ,n.JlfI n03llTpOHOB B HHT8pBaJie yrJIOB 80 + IOO MKpa,I( H8,I( T80p8Tli
~eCKOll Kp:imoii 06'b!ICHR8TCR 3aXBaTOM ~aCTmJ; B p8l!UIM KaHaJmpoBaHllSI sa 
c~eT MHOrOKpaTHOro paccemmsr C IlOCJI8.JJYll)ll1llM ll3JIY'l8Hll8M B KaHaJie. 

HarryqeHRe Il03HTpOHOB npn BXO,I(HHX yr.nax 80 - IOO MKpa,n;, Ha~M 

C 8HeprHH raMMa-KBaHTOB IOO MaB ll BHWe, y,I(OBJI8TBOpllT8JibHO onHCHBaeT
CR Teop:aeii KTii, TOr,n;a runt ll3~eHHe aJieKTPOHOB IlO,I(aBJieHO ,I(O 8HeprHH 
qx>TOHOB 300 - 400 MaB. 3TO o6yCJIOBJI8HO, IlO-Bll,I(llMOMY, HeO,I(llHaKOBHM 
BJm.llHlieM OCH <III> Ha ,I(BmiteHHe ~aCTmJ;. Ilpll BXO,mmx yrJiax B HHTep
Ba.nax IOO - I50 MKpa,I( H !50 - 200 MKpa,n; OTHOCHT8Jll,HO IlJIOCKOCTll (!IO) 
KPHCTaJIJia (pnc.!3) sKcnepHMeHTaJibHl:le ,n;ruiHl:le no naey'qemm aJieKTpoHOB 
ll Il03HTJ)OHOB B npe,n;eJiax TO~OCTll ll3Mepem COOTBeTCTBYJOT pac~eTHOMY, 

IIpe.n;CTaB.ll8HHH8 ,n;amme Il03BOJlm'.lT ,I(8T8Jll,HO CpaBHHTb cneKTpaJibHH8 
xaprutTepllCTRKll H3.JIY'l8HM np:a ItaHaJll'l!)OBaHHH C KOrepeHTHHM TOPM03Hl:lM 
ll3JIY'leHReM. Ilpn KaHBJIHPOB!UllUl llOJIOJiteHHe OCHOBHOro MaKCHM;yMa B cneR
Tpa.lil,HOM pacnpe,n;eJieHHH He 8aBRCllT OT BeJmlillliH BXO,I(HOro yrJia ~CTmi;H 
B KpllCTaJIJI (pllc.4,6). B TO BpeM!l mm cneKTpaJibHOe pacnpe,n;eJieHHe KTH 
C pocTOM yrJia BXO.I{a CMelll8,eTCH B xeCTKYJO o6JiaCTb cneKTpa.{pnc.I3). 
OTJmtme Me:at,I(y paCCMaTpll'.BaeMHMn BE.I{aMll ns~em MOX8T 6HTb llJIJIBJCTpn
poBaHO TaKXe CpaBH8Hll8M cneKTpOB ,n.JlfI IlOJIOlltllTeJU,HHX ll OTJ)mJ;8T8Jll,HHX 
~CTmJ;, Ha6m:l.I{aeMOe B p8lltllMe KaHaJmpOBaHHR npH6JI:a3HT8Jll,HO ,ltBYKpaTHOe 
paSJmtI:ae B ~aCTOTax llSJIY'l8HllH Me:l&JJY aJieKTPOHOM ll ll03llTpoHOM (p:ac.I2) 
npaKTBtieCKH OTeyTCTBY8T npll KTH (pHc,I3). 

,B 38.KJIIReHHR eqx>J>MYJIHpoBrum OCHOBHHe pesym,TaTH n B~O,IJ;H ,I(llC-

cepTarnm: · • . · 
\ \,, 

- I, Paspa60TaHa ll C08,I(alia 8KCll8pHM8HTaJibliaR ycTaHOBKa ,n.JlfI llCCJI8-
~0BaHRII BJieI<TpOMaI'HllTHOro ns~eHM sapmteHHl:lX ~aCTmJ; BHCOKHX 8Hep~ 
rlidt B.TOHIWX KpHCTaJIJiaX. YcTaHOBKa o6ecne~:imaeT ~ee Ha cero,n;
wmunrli .neHb paspemem1e no yr;ry BXO,I(a ~acT~ B KPllCTaJIJI -- OltOJIO 

~ 3mmH H.H. IIpenpnHT orum PI-83-294, l(y6Ha, I983. 
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6 MRpa.n;. ,UocTHrHYT MllHllMaJII,Hllli ypoBeHI, qJOHOBOro TOpM03HOro ll3JIY'IeHiur, 
3KBHBaJieHTHOro KOJilf!IeCTBY BemecTBa OKOJIO 5-ro-4 pa,n;Ha!U!OHHHX ,ll)ll'IH. 

3JieKTpOMarHHTHOe ll3JIY'IeHHe perncTpllpOBaJIOCI, O,IUIOBpeMeHHO ~-Tpex 
aHepreTiftieCKHX ,i:umrrasoHax 5 + 200 MaB, 5 + !ODO MaB n 5 + SOOD MaB 
C ueHOH OTC"!eTa O' I i,laB, 0. 5 MaB II 5 MaB, COOTBeTCTB9HHO. C aqq>eKTHB
HOCTI>ro, rrpaKTl!"leCKn PaBHOH e.n:HHJ!Ue. PaspemeHHe raMMa-ClleKTpOMeTpa 
rrpn 3HeprnII 100 MaB He xyJKe 3%. ArrepTYPa .n:eTeKTOpa IT03BOJiff.Jffi perIIc
TpnpoBaTI> l'l3JIY'IeHIIe B llHTepBarre BllXO,IUI11X yrJIOB .n:o ,ll;Ba,rmaTll KPilTlltiec
KllX yrJIOB IIJIOCKOCTHOro KaHaJII!pOBaHll.ff. IlpHMepHO ,Il;JL'I 4% C06llTl'lH ll3Me
PJIJillCI, BepTllKaJII>Hlle npoemurn yrJIOB BllJieTa raMMa-KBaHTOB. T<?"IHOCTI, 
Il3MepeHIDI COCTaBAJIJia OKOJIO 4 MKpa.n;. 

2 •. B o6pa60TKe ,n:amII1X rryTeM 13Be.n;eHll.ff KpllTepneB OT6opa co6HTHH 
,ll;OCTHrHYT BllCOKllii ypoBeHI>·tIJICTOTH UCCJie,n:oBaHHH U3YtiaeMoro 3@.)eKTa. 
BeJII!"!UHa CJIY'Iffi1:HllX co6HTHii rrpl'l 3Heprl'll'l qJOTOHOB HIDKe 30 MaB paBHa 8%, 
B 06mcT11 60 MaB - OKOJIO 2% ll I% rrpn aHeprll.ffX Bllme !OD MaB. YpoBeHI> 
a6COnIDTHOll rrorpemHOCTII B HOPMIIpOBKe 3KCrrepHMeHTaAI>HHX ,n:aHHHX COCTaB-
JmeT OKOJIO 10%. . 

3. BKcrrep:ml!eHTMI,HO J,JCCJie,n:oBaHH opueHTauHOHHHe 3aBIICllMOCTil 
"!UMa l'l3JIY'IaeMHX raMJ.la-KBaHTOB, crreKTpMI>HOH IIJIOTHOCTJ,J II llOJIHllX 
llOTep1, 3HeprIIM Ha 3JieKTpOMarHHTHOe U3JIY'IeHile 3JieKTPOHaMl'l Il ll03IlT
pOIIaMll C 3HeprllJIMII IO ran B llOT8HUHMe II.Ji:ocicoc-rll· (IIO) B TOHKUX 
KpllCTaAnax _KpeMHI!.!I. IloKa3aHO, '!TO 3aBilCllMOCTI, "!UMa raMMa-KBaHTOB 
OT yrJia BXO,n:a ll03llTPOHOD B KpIICT~ llO,ll;TBep,K.n:aeT llOJIOllteHue Teoplll'l, 
corJia.CHO KOTOPOMY OCIIOBHOH BMa,JJ; B II3JIY'IeHile JiaroT "laCTIIIUl C rrorre
pe"!HllMU 3Heprmn,rn,. llpII6mI3UTMI,HO paEHHMll BHCOTe IIOTeHUl'lMI>HOro 
6ap1,epa; B paHHlIX 3KCrrepIIMeHTax BCJie,ll;CTBUe He,n:ocTaTO"!HOro yrJIOBOrO l 
paspememm: OJKn,n:aeMoe llOBe,n:eHue He llO,ll;TBep,K.n:arrOCI,. BElCOKOe yrJIOBOe 
Il auepreTmecKoe pas_pememre arrrrapaTYpH rro3BOJIBJIO ITOJIY'IHTI> aKcrrepn
MeHTMI>HHe ,ll;aHHHe, KOTOpHe C ,ll;OCTaTO"!HOll llMHOTOH OCBemaroT crreK
TpMI>HHe xapaKTepnCTllKl'l I!3JIY'IeHll.ff KaHaJIBpoBaHHHX tiaCTHU, oco6eHHOCTil 
B cneKTpe Il3JIY'IeHIIH rrp:u nepexo.n:e OT KaHaJIBPOBaHll.ff K ,ll;BID!teHJno tiaCTllU 
B Ha.n;6ap1,epHOM pextHMe, a TaK.~e IT03BOJIBJIO o6uapYJKl'lTI> paHee He rrpe.n:
cKa3aHHllli MaKCl!Mj'M B cneKTPaAI>HOii: IIJIOTHOCTil Il3JIY'Ie!IIDI ll03llT,POHOB 
rrpn yr~ Bxo.n:a 20 - 30 MKpa,n; rrpll 3Heprllll qJOTOHa, paEHOfi IlMOBilH9 
3HepreTiftI8CKOro IlOJIOJKeHll.ff OCHOBHOro MaKCIJMYMB,. IIoBe.n;eHl!e ,\aHHliX no 
cneKTPMI>HOH IIJIOTHOCTl'l Il3.JIY'leHll.ff 3JI~~TpoHOB II Il03IlTpOHOB B KpilTil
tieCKOM yrJie IlJIOCKOCTHOro KaHaJIBpOBaHlliI C xopomeir TO"!HOCTI,ID OllllCll
BaeTCR TeopeTlr'IeCK:l!Mll KpllBHMl'l; HMelOIIUieCR He3Ha"!l'lTeJU,HI1e OTJm:"lllil B 
BllCOTe MaKCl!Mj'MOB (15 - 20)% MOrYT 611TI, YMeH1>meHI1 rryTeM YtieTa rrepe
pacnpe,n:eJieHHR tiaCTHU no norrepe'!Hll11 aHeprIDIM; ,n:aHHllli ypoBeHI> corJiacIIR 
C Teopneir B prurnnx 3KCnepllMeHTax He Ha6.mo.naJICR. 
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4. BrrepBlle 3KCnepIDl!eHTa.JU,HO HCCJie,n:oBaHH paccemme peJIRTHBilCT
CKHX ll03IITPOHOB Il yrJIOBl18 pacnpe,n:eJieHlliI raMMa-KBaHTOB, H3.JIY'leHH11X 
3JieKT,POHaMH Il n03IlT,P0HaM][ B noTeHUl'laJie IIJIOCKOCTH K,PIICTaJIJia. Ilpe,n:CTaB
JieHHll&,ll;aHHlle no pacceRHHID ll03IlT,POHOB B llJIOCKOCTil (!IO) KpeMHIDI TOJI

ll\lIHOll II3 MKM xapaKTepil3YJOT oco6eHHOCTII .n;BillKeHIDI KaHBJIIl,POBaHHHX Il 
Ha.n;6ap1,epH11X tiacnm. Cpe,IUieKBa,n:paTmHHii yrOJI pacceJ!HillI KaHaJiliPOBaH
HllX II03IlT,POHOB MOlKeT B .n;Ba pasa npeBwuaTI, aHaJIOrlr'IHYJO BeJIIl'IRHY Ha 
aMOpg)HOli MilllleHll Il noKa311BaeT OT"!eTJIIlBYJQ 3aBilCllMOCTI, OT 3Heprnn none-. 
pe'l!Ioro ,ICBID!teHll.ff "!8CTIDJ;ll B KaHaJie - tieM BllIDe rronepetIHaR 3HeprHR, TeM 
60.JU,ille yroJI _pacceRHruI. PesyJII>TaTll Il3MepeHruI yrJIOB BllJieTa raMMa-KBaH~ 
TOB n_pn KaHaJIBpOBaHilH tiaCTIII{ no,n:TB8plK.D:aJOT CJ18.D:YJOll\1I8 nOJIOllteHilJI 
Teo_pnn: qx:>TOHll :us o6JiacTn MaKCl!Mj'Ma B cneKTpaJII>HOM pacnpe,n:eJiemm 
IlSJIY'IalOTCH B HanM8Hee YSKOM yrJIOBOM HHTepBaJie; 1I3.JIY'leHlle·q/OTOHOB Il3 
JK8CTKOll tiaCTil cneKTpa Ha!IpaBJieHO no.n: 6onee mnpoKIIM yrJIOBIDJI paCTBO,POM; 
B tiaCTHOCTil, npn IIJIOCKOCTHOM KaHaJinpOBaHllll Ha.RMem,nm:e ,n:nanaSOHll 
yrJIOB Il3JIY'l9HlliI raMMa-KBaHTOB paBHll 38 ± 3 MKpa,n: ,Il;JL'I n03llTpOHOB Il 

75 ± 7 MKpa,n: ,Il;JL'I 8JieKT,POHOll. 
5. 3KcrrepIIM9HTaJI!,HO lICCJI9,ll;OBaHH opHeHTauHOHHll9 3aBIICllMOCTil 

'!RCJia IlSJIY'laeMHX ra:MMa-KB8HTOB, cneKTpaJII,HOH IIJIOTHOCTil Il nOJIHllX 

noTepI> SHe_prnn Ha 3JI9KT,POMarHilTH09 ll3JIY'I9Hl1e 3JI9KTpOHaMH II nosnTpO
HaMil c aHeprIDIMil ID raB B rroTeimnarre ocII <III> B TOHKHX KpncT~ 
KpeMHllH •• IloKa3aHO, ~TO 3aBllCllMOCTil "!IICID n3.JIY'laeM11X qx:>TOHOB 3~9KTpo
HaMH H ll03IlTPOHaMil Ka"l9CTB9HHO cormcyIOTCH C Olltll,ll;aeMllMil ns TeOpllll; 
aHaJIDril"!Hlle ;n:aHHlle WIJi II03HTp0HOB B .n,pyrnx 3KcnepHM9HTax He npe.n:
CTaBJIHJil'ICb. 3KcnepID1!9HTaJll>Hll0 _pesyJU,TaTll no cneKTpaJII>HOll llJIOTHOCTil 
ll3JJY'l8HlliI 3JI0KTpOHaMil ll nosnTpOHaMil xopomo cormcyioTCH C pac~eTaMil, 
BlinOJIHeHHHMil C nOMOml>IO MO,I(Mll,POBaHJUI; no cpaBHeHillO C _paC"l9TaMil B 
pa6oTe ABaKHH A.JI. II .n,p. (E:3~. 1982, T.82, C.573-59I) IIM8IOTCR _pac

XOJK,n:9HilH B '!,'-0"1K9 E 1f = o. 
6: HsMepeHH MHOroKpaTHOe pacceRHII9 3JI9KTPOHOB B 3aBilCIIMOCTil OT 

noJIRpHoro'yrJia BXO,n:a OTHOCllTeJII,HO OCH <III> K,PilCTaJIJia KpeMHllH ll 
yrJill ll3.JIY'l0HilH qJOTOHOB B 3aBHCIIMOCTil OT IlX3Heprnn 3JI9KTpoHa.Mil B 
nOT9HUilaJI9 OCH <III> KpllCTaJIJia KpeMHll.ff. Bne_pB119 nOJIY'!9HHHl19;,n:aH
Hll0 no MHOrOKpaTHOMY paCCSHHllID SJieKTpOHOB B nOT9Hnll8Jl9 OCH KPilCTMID 
col'JI/3.CYJOTCH c BllBO,n:aMll TeopeTntiecKofi MO,n:eJIH. lilnpIDia yrJioBoro pacnpe
,n:eJieHilJI qx:>TOHOB, COOTB9TCTByxlllIIX MaKCllMYMY B cneKTpaJII,HOll IIJIOTHOCTll 
Il3JIY'l9HilH, paBHa (!05 ± S)MKpa,ll;i 3TH pesyJU,TaTll He npOTHBOpetiaT ,n:aH-

. * HllM 3KCII9pIIM8HTa B TOMCKOM llOJIIlT9XHll"l9CKOM WlCTllTYT8 • 

7. BrrepB119 B O,ll;HOM 3KCn8_pID1!9HTa.JU,HOM IlCCJI9,ll;OBaHilll TIOJIY'IeHll 
c_paBHllT9JU,Hlle ,I(aHH119, noKa311BruomH9 cxo,n:cTBa ll OTJIIl"lllH xapaKTepnCTllK 

*CM.CHOCKY Ha CTp.I6. 
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3JISKTPOMaI'Hl'ITHOro li3.1Iy'I8HII.f.[ npli ruura.impOBaJmll ll ll3BSCTHOro KOrepeHT
Horo TOpM03HOro ll3.1Iy'Iemm. IlOKa3aHo; qTO npli MOCKOCTHOM KaHa.mipOBa
Hlili 3JISKTPOHOB li Il03llTpOHOB C 3HeprliJlMH IO raB B KpllCTaJIJie KPSMHIDI 
B MOCKOCTll (IIO) ~MO ll3JIY'{aeMIDC raMMa-KBaHTOB npll6Jm3llTSJII,HO Ha 

IlO!)JJAOK BlllllS qnMa qJOTOHOB' reHepnpyeMIDC nplI KTII. IlpH BXO,nHIJX yrJID.X 
~CT~ B npe,n~ O,nHoro KpllTllqecKoro yrm OCHOBHaJI qacTOTa lI3Jiy'Ie~
HII.f.[ He 3aBllCllT OT BS.JllITilllW BXO,nHoro yr~. PeayriT~TH lI3Mepemur 
cneKTpam,Horo pacnpe,nMeHIDI KorepeHTHoro TOpMoaHoro na.rryqeHruI noKa-
3HBaIOT OJKll,11,aSMOe lI3 TeOpmi CMemeHRe MaKCE:MYMa B XSCTKylO qaCTD cneK~ _ 
Tpa C pOCTOM yrm BXO,na qacT~ B KplICTaJIJI. 3KcnepHMSHTaJII,HH8 .nrurnile' ' 
IlOKa3W3a!OT," qTO Ha6.mo.n;aeMoe npn YMOBlIR IIJIOCKOCTHOro RruraJmI)OBaHJUI 
npll6Jm3HTSJII,HO .nBYKPaTHOe paa~e B qacTOTax lI3Jiy'ISHWI M8llt.IIY·MSK
TPOHaMH H Il03HTpOHaMH npaKTnqecKH OTcyTCTByeT npll yr~. npeBHlllaJOIIlliX 
,nBa KplITHqSCKlIX yrm MOCKOCTHoro K~pOBaHWI. 
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