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© UettTpaJibHblii ttay'lHO-HCCJ1e11.osaTeJ1bCKHii HHCTHTYT HHcpopMaUHH 

H TeXHHK0-3KOHOMH'leCKHX HCCJieD.OB3HHii no 3TOMHOii HayKe 

H TeXHHKt! (11HHHaro\tHllt:l>Op'1\ 1984 

IlpR R3Y'JeHRR Bsal!MO.IJ;eHCTBRR a.n:eKTpOHOB BHCOKRX aHepI'Kli 

(Ee - 4,5 rsB) C KpzCTaJLJIH~eCKOtt MmIIeHbD B03muta.eT He06XO.n;R -

MOCTb pernCTJllltID! raMMa.-KBaIITOB TO:pM03HOro K3.l!y1ieHllll c umpOKRM 

cneKTpOM aaep!'lli. 

3HepreTK'l:eCKRe CileKTPl:l TOpM03Horo R3Jiy~emtJI a.n:eKTpoHOB Bl:l­

COKKX o~ep~ 06ll'rHO R3MepRDT nocpe.n;CTBOM napHoro M9.I'lil!THOro 

CileKTPOMeTpa. ncnoJID31eMllli ,ll;JIII 3TOH ue;m B Ep11H napm:.rl!: cneKTpo­

MeTp [I] nosBOJI.SieT perzcTpl!pOBaTb raMMa.-KBaBTH TOpMOsHoro R3Jiy­

~eHIDI B ll!KpoKOH 3Heprem~eCKOH OMaCTR (E 3" = 20 - 4500 LraB) c 

.n;ocTaTo~o xopomHM :mepreTR~ecKHM paspemelllieM: Ag = ! 2, 4% MR 

aaep!'I!:lt 60.IIbme 30C MaB K + 7% B o6JI.acm aHepl"ltii 2G - IGO MaB. . -
Cy~eCTBeHBHM He.n;ocTaTROM, OrpaHH"IKBa.DlnDol B03MOZHOCTH ero 

npm.1eaemm, JIBJilleTca ero Ma..'IM ajlpeKTlrn!Boc Tb perzc Tpa.LUm , B 

oco6eHBocn, B o6JI.acra HK3Kl!Y. aHep!'Kll: ( < 100 MaB), ~To cBR:sa­

ao c YMeBDmemteM ce~eHKSI o6pa.so:sa.HRSi a~eKTpoa-no3l!TpOHBott naµI 

K y-Be.JOl'leHKeM :e:x yr~OB MBOro:e:paTHOI'O pacceJIHHH B 3TOtt OMaCTH 

3Bep!'I!:lt. 3To J:IPRBO.n:RT K pe3KOMY B03paCTa.JilU> ny11K0Boro BpeMe:tm, 

Tpe6yeworo MR Ba6opa. .IJ;OCTOBepHOH CTaTHCTKKil. 
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IlpH pa6oTe Ha Binle;u;eHHOM al.IeKTPOHHOM ny'llte, ,If,1L<I perHCTpa­

rum ra.MMa-KBaHTOB TOPM03Horo K3Jiy~eHHR 6HJ1 rrpHMeHeH cneKTpo­

MeTp noJ1Horo norJJomeHmI (CIIll) Ha ocHone 60JUillloro KPKCTaJIJia 

Nal ( Te ) • 11cno.1IbsyeMWt B crnr KPHCTaJIJl HMeJI pa3Mep!l 130 x 

130 x 300 MM H OCMaTpliBa.l!CH c Topua O,IUmM cneKTPOMeTPH~eCKHM 

iiX>TOSJ1eKTp0HH!:lM yMHOJKRTeJ1eM ( ~8.Y) THIIa <li8.Y-IIO [2. 3]. 

KaJIJII6poBKa CIJII 61l.na npone.nea:a Ha BTOpli'IHOM aJieKTPOHHOM J:IY'l­

Ke 1"'peBa.HcKoro ycKOPHTeJIJI. EnoK-cxeMa aJJeKTPOHlUG! rrp1rne.ne.Ha Ha 

PHC.1. TpHrrepiitlli CHI'Ha.JI, 3aIIyCKaKI$!M reHepaTop BOpOT, IlOJiy'laJI­

CH IIpH COBI.Ia,IteHmi: "6HCTpllx" CHI'HaJlOB OT ~yx c~eT~KOB rrapHoro 

cneKTpoMel'pa, anepTypHoro c~eT'IHKa, c.neJiaHHIDC Ha ocHone n.nac­

TH'!ecxoro CD;IIB'r.H.1.lJIJITOpa, H "Me,nJie:HHOro" CHr!ffi ... 'l.a OT KPHC'.l.'a.JlJ!a 

Na I (Te). Cpe,IUlrul nemr•nrna aa,IJ;ep]J(.Kll TPRrrepaoro cKrHaJia CHJ!b-

HO 38.BHcnT OT aMIIJMTy,IJ;H nmco~oro MMIIynca xpHcTaJJJia. No.I (Te ) , 
T. e. OT SHeprlllt pern:cTpHIJyeMoii HM lJ:aCnmE>J, B TO BpervJH Ka.I{ aM­

IIJIKTy~ HMIJ.YJil>COB OCTa.Jl:bHHX c~eT'iliKOB npaK'rH'leCRH He 3aBHCFIT 

OT :meprfilll. B ~rnoM aKcnepHMeHTe Heo6xo,nm.10 OliJio per11cTp:apo­

Ba.TO rar.1Ma-KBaaw pas.Jll!'iHoi1 oHeprlm (IO - 2000 MaB) • no 3'I'OMY 

Tpe6ona.11oc:r, odecne"IliTb Tarorn ycJIOIDL'l, ~1·06u yxo;u; cpe.11Heii: sa.nep-­

JKKli •rpiirl'epHoro CHT'Ha.Jia B 3a:B:aCJ:lMOCTii OT ::JHepl'llli periroTp>'lpye­

MOH ~ac'l'.i!J.O:il 6Ii.TI du MMHJa:MaJD>HHM, .n;J.1f! YJJYtimeH.W:l BpeMemoro pas-
, 

pell!emrn: hpm.1emi:eMoil: 3JlertTpom:ura. 3TO ;D;OCT'Ara..'IOCh 'l'eM. '!TO CHP-

Ha.'1 O'l' Kp1mw-'L1la No. I (Te ) rrocTyII~.J1 Ha ycu.:m:oreJib, HMetorr.tIDi ABa. 

ruiaJIOl'H'frIHX nux.o,na. CHrHa.11 c owroro BliXO.Ila rro,na:sa.JicH -:repe3 Jm­

HHiO sa.uepi!aIB (.JI3) Ha .mrnefume BOpoTa a.MnJilil'.T'.{w!Ol"O 6.H8..11H3aTOpa 

(A11), a c )W'jroro err;e pa3 ycJ:L'WJ?aJIC.ll ;rr,o ~·B.Koii :s e~W.'fID!l:l, 'l:T06H 

ll!lli JIOOO~ perzcTpHpyel\!lOti :::n-repr-..rn. aI\11'.JlllTJ.na Bl-lXO;'.JiOPO CHrHalJ.a 

,~ 

BToporo ycRJIHTeJI.H 6HJia 60Jibrne nopora ,w.rcxpHMHHaI.Um. 

ITpn aToM yxo.n cpe~eli 3a.,n;eplK!Gi TpHrrepHoro CHI'Ha.JJa B sanH­

CHMO CTH OT aHeprHH perRCTpHpyeMOR 'laCT:m_u,l OKa3aJICH llpaKT~eCKl' 

pammM HY JIIO. 

KaK YJK.6 OTl/fe-qaJIOCb, o6JiaCTb ::JHep:rn:H pernCTPHIJyewx 'ia.C'I'lill; 

B SKCIIepHMeHTe paBHHJiaCb IO - 2000 MaB. Ka.J:m:6pOBO'lll!le K3MepeHH.a, 

O.I\HaKO, Il0Ka38.Jlli, ~o HeB03MOJKHO 61l.1IO no.no6paTb TaKoe Ha.IIproite­

HHe JmTa.HIDi Ha ~8.Y CilII, ~061l IlOJiy'iHTb JIIDieiteyIO aam!CHMOCT:b 

Mex.ny aMI!JU:[Ty;u;ott BblXO~oro lL1\1IlyJibca CIJII H aHeprxett pernCTJllipye­

Moro aJieKTpona no Bceit HHTepecy,iomett me od.nacTH aHepr:WL Ewm 

no.no6pa.Hll ,IJ;Ba HanpHllteHliiff IlKTaHRli Ha (J)3Y : IIPH O~OM ( u~3~ 

= 1300 B) rrpoBe;u;eHa Ka.Ji:H6poBKa B o6Jlacrn MaJiblX aHeprlili 

(IO - 200 MaB) , a npH .n;pyroM ( U<l>3~ = 1000 B) - B ,ttKaIIa30He 

aHeprntt (60 - 2000 MaB). Cpe.nHAA ajxpeKTHBHOCTb perHCTPaI.Ulll oKa­

aa.nac:r, paBHOH 92 - 95% B ~HOM ,Il;iialla30He 3Hep!'J1Iit. 

IloJiy~emrue 3a.BHCHMOCTR aM!IJIRTy,IJ;ll HM!IYJlbCOB OT SHeprHH pe­

rRCT!llipyeMOH ~acTRIJ1:l npne.neHhl Ha p:ac.2. Ha pxc.3 rrpHBe;u;eHa aa­

BRCHMOCTb 3HepreTK<reCKOro paapemeHliiff CIIII ( f w h m ) OT aHeprma:. 
ti.E 

IlpH onpe.neJiemrn BeJ!!l~ paspememm p = e y'!RTHBaJiaCb cooT-

BeTcTBY~ KpRBa.H 3a.BHCHMOCTH aMIIJIRTY.na-aHeprKHH SHepreTH­

~ec:iarll: paa6poc Ka.Jm6pooo~oro ny~. 

0TRa.JI11[6pOBO'l.Hlitt CIIll 6HJI ycTaHOBJieH Ha TpaKTe BliBe,neHHOI'O 

al.I6KTPOHHOro nytraa (_pHc.4). 31reKTPOH!l llOCJ1e B3aKMO,neHCTBWI c 

KPHCTaJLJmtleCKOH MlillleHl>KJ (B Ka'l:eCTBe Mlilll6HH KCllOJlbSOBaJia.Cb a.n­

Ma.3HaR: II.naCTIDIKa TOJill1iiHOH I MM) OTF..IIOH.&IIHCb MarHHTOM H .neTeK~H­

poBa.llliCb TeJiecKOilOM c~TH.JIJlJlIIJIOHHHX c~eT'llIKOB S 1 , S 2 , S 3 , a 

B03Hl!Klllee TOpM03HOe K3Jiy~eHHe peI'lICTpHpoBa.JIOCb CilII. TOK MaI'HJIITa 
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dblJI ycTa.HOBJieH Ta.KKM odpasoM, ~TOdH sHepreTH'l'.ecKKli :inrrep:sa.n , 

OXBaTHBael..ruil: TeJieCKOilOM c~eT"lll:KOB s I - s 3 ' :l!MeJI BeJnr<umy 

6. E = 2 - 4 rsB. 

EJroK-cxeMa sJieKTpoHKRli rum.JIOI'K'!Ha npRBe.n:eHHoli Ha pRc.I, a 

TpKrrepHHli Cill'HaJI, sanycKaKJintli reHepaTOp BOPOT, IlOJiy-qa,J!CH npH 

COBrra,nemm CRI'HaJIOB OT CIIlI R c~eT'lliKOB s I ' s 2' s 3. 

Ilepe,n CITIT 6HJI YCTa.HOBJieH aHTHC~eT'IHK (A] .I1:JiiI 06pe3aHHll OT 

cpoHa sapmitemmx '1B.CTIDJ., l'I,IIYlllIDC no TpaKTY. 

l1H<pOpMB.UIDI OT CITIT IlO,IJ;aBaJiaC:b Ha aMIIJ!liTY.Il:HHH aH8.Jili3aTop H 

0.Il:HOBpeMeHHO CHRM9.JJB.C1> ero c~eTIIa.a xapaKTepHCTHKa, onpe.n:eJIHIC-

11¥3.H 06U1ee 'lliCJIO sapeI'HCTIJHpoBaHHIDC cf>oTOHOB. 0THOUJemrn IIOCJie.n:- . 

Heii BeJIH'llUilil K 'lll:CJiy TpoiiHHx COBrra,n;emm s I s 2 s 3 [ Ns,s.s. NaI J 
Ns,s,s3 

CJIYlKHJIO KOHTpoJieM ~KTEBHOCTR crrrr. 
Ha.KoILlleHHa.H HHcpopMa!UJH B .n:a.nHettmeM 6HJia o6padOTaHa Ha 

3BM N.:-1022, HCilOJ11>3yH KaJIH6poBO~e Kpru3ble 3aBHCHMOCTH aMll.7Ul­

Ty,I(H H paspeUJeHRH OT sHeprHH. 

Ha pH.C.5 rrpHBe,neHH R3~epeHH!le crreKTPH TOpM03HO~O H~eHHll. 

IlpH sToM cpe,n;Hee BpeMl! Ha6opa O.n:Horo cTaTHCTH"'!eCKH o6ecrre~eHHo­

ro crreKTpa COCTaBHJIO 3 - 5 MHH npli HHT8HCID3HOCTH 105 3Jl8KT­

poH/ c •. 

HcrrOJl1>30BaID!e CIIII Ha OCHOBe 60Jll>IDOro KpliCTaJIJia NaI· ( re ) 
,ll;JIH perHcT~ R H3Mepemm sHeprIDI raMMa-KBaiiTOB TopMosHoro 

li3Jiy~eIDIH Il03BOJ1HJIO IlOJIY'lliT:b ouzyTRMl:IB BHm'pbll!1 BO BpeMeIDI, no 

CpaBHemuo c pa.Hee npHMeHHeMOli MeTo.n:HKoli rrapnoro MaI'HKTHoro 

cneKTPOMeTpa, a TalO!te IIOHBliLJJaC:b B03MOJ!tHOCT1> HCilOJ!b30BaT1> crrrr 
KaK . MOHHTOP IIOJIHOro 'IHCJia cpoTOHOB HJIH llt8 qoTOHOB c onpe.n:eJieH­

HOH sHeprneii, ~o oco6eHHo BalltHO B sKcnepxMeRTax no H3Y'!eHll!O 

.o. 

B3aEt10.n:ettcTBHH 3JieKTpoHOB BIICOKHX SHepl:'lrli c KpHCTaJIJIH'leCKOH 

MRmeHDro. 
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P~tc. I EJroK-cxeMa 3JleI(T.POHID:IB: I, 2 - C'!eT'lliIDI napHoro cneKT.PO­

MeTpa, 3 - anepTypHHii C'!8T"'ll'IK; ,IJ;<li - .L(l'ICKPllMRHaTO.P-<floP­

MHJXHlaTeJll>; JI3 - JlliHIDI 3a,JJ;8.PJKI<.H; y - YCIDIBTeJll>; JIB - JIB-· 

neiilrue BOPOTa; rB - reHepaTop BO.POT; Af1 - aMIIJm.Ty~fi 

a.HaJ!H3aTop; CC - cxeMa coBrra.n;elllili. 

Ee (1'1s13) 

20 

1000 

KQHQ/lb/ 

500 1000 

P..rn. 2 33.BHCHMOCT:b B.MI!JlliTY.I\l:l ID/JIIyJII>Ca Cllli OT ::rnepr1rn: pernCTpli-

pyeMoro MeKT:POHa: o - npn nanPfIJKeHl'I:a rrn:Tamm cl?8Y CIITI 

Llq,3 ~ = 1000 B; 8 - np.11 nanpm!leiillli mi:TaHIDI \l>3Y Cllli 

U~3~= U OO B. 
d 

t 
~i 
2t 

t-

! -i 
! 
I 
! lk_ A 99 £ I 

IL~' I 
I 

J_ J____.l__l....L..L.LJ..i.l 
100 

£. (1'19B) I 
I I I 11.LLJJ 1 1 , , , I L.l...L~ooo I I 1000 

P..J.c.3 33.mrcnMoc•r:r, no,1J''!eHHOPJ :=meprern'!ecKoro paapemeH:v.H OT 

::meprn:a 8Jie:K'.rpOHOB: 0 - IT.PH P'.arrpIDK0HID'l IUI'!.'am'f}l Y23Y 

CIITI Ucp3y = IOCO B; e - np:a mmp.m1rnm.m rruTamm <'J2~1Y 

crm u cp3!j = l~~ou B. IIpRM!ie Ha rpaqm.'<ax: npOBe.n;eH!:l ITO 

MeTo,ey HaHM8Hhili1l:X R'.Ba,n;pa'rOB. 

~~l~~,11~~5 
t> ., "' ' /jJ 

Sr.a,~ 

P.11e . 4 li'lOK-cxeMa 060 PYlJ.OBa.ID1JI H.a Bl:lBe.n;eHHOM 3JleKTp01-moM flY'I-

Ke. Hill, BM2 - OTIUIOH.ii[()(!l}re 1.1armrm; G - rommMeT_p; 

S1-a - MOill1'I.'OPHl:.IM 1'eJieGROTI; chc2- ROJIJHfMaTop1:1,Q1-·11-

- Y..BB,I\pynoJll>HHe mrnsa' Na.I- crm Ha OCHOBe KPllCTU.11J!a 

No.I (Te); Q - K.BaHToMeTp. 

l) 



f 

d'fl/di•"')Jl 

!I '\ .. .. . 
4-0r · 

I 

.. .. 3.01 

2.0 ... :"'. 

i .• 
t I 

1.(1 A • • • 

.. ~ .... ; . . 
.. •• • • JI • . _... • •.•• : . ! . . . . . . 
~ ~x .ltX' ..., S!lfJ 

Pllc.5 CneKTPH K3JJY'IeHRH 3JieKTpoHOB 3HepI'm!I: 4,5 raB OT :KpHC-

Ta.JI.Jia aJIMa.3a TOJIIllRHO~ 01 1 MM llpK pa3Hl::lX yrJiaX B.lleTa: 

.A - er = 55 Mp ; 9a = G; 

x - er = 55 Mp ; ea= C,22 Mp 

e - Sr = 55 Mp ; Sa = 0,65 Mp • 

r.zte Br ; ~e - yr.Jlli Bpamelilill BOKpyr roIJH30HTaJil>Hoii H Bep... 
~Ro:it oce~ rQ_Hl!pMe~.t... QOO_'IBeTQT~~Q. 

1 epM 
;:•1l ·~£' 

3a.Ka3ti55 

Pe.ztaKTOP n.IT.MyKaJIH 

Tex .pe.n;aKTOp A.C.A6paMRH 

Bi>-04270 'fil'OO.JK 299 

ITpenpHHT ~~ ~OpMa.T H3,n;a.HWI 60x84/I6 

Ilo,ItllHcaHO K ne'!a.TH 25/Y-84r.0,5 y'l.H3,It.JI. u. 8 K' 

M3.n;aHo OT.zteJioM Hay'll!o-Tex1uP1ecKOli HHqJopMar.um: 

EpeBaHCKoro q_JH3WiecKoro RHCTHTYTa, 1'peBa.H 36, MapKapIDJa 2 


