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1. BBeAeH:He 
-{'.' ·, 

IhmccTHo [1, 2. 3] -. 'ITO ipncT~;L'l Csi(Tl) o6rrap;acT Qcrrhlu pHp;oM naMe'fa

Tt·rrhHhrx CBOiiCTB,;HaUIC)J;IIIIIX CDOC nfniueHCHU~·IIpii CO::Jp;aHIIII MHOrm.wp;yrrhHbiX 

CIICTe:.I :J;CTl'KTIII10BaHIJH 'ICICTIIQ, IIMCIOII{IIX 6orrhLuYIO. reo:r-teTpii'ICCKYIO :3<f><f>eK

TIIBHOCTh. •racTo 6iumKyro K 471" cp (4, 5, '6]. Han6.orree na:m:HhiMII cnoiicTnauu 

flB:JHJOTCfl: 1) Bh!COKOC ::mcprCTII'ICCKOC. pa:3pCIIICHIIC, cpaBHIIMOC JIIIIIIh C TpY)J;HO

oupaThiD<Wlllhil\( CQIIHTim;mTopo;..r i'VaJ(TJ); 2) CIIrrhHa.H ::JaBIICIIMOCTb <f>opMh(CII

rHa:Ja BhH:n'c•mnaHIIli OT TIIna IIOHII::JIIflYIDII{CI'O II::JITY'ICHIIli; 3) IIJiaCTII'IHOCTh; Ma

;m.ll rnrpclCKOllii'IHOCTh, BO::niO;-KHOCTh II:JrOTOBJICHIIH )J;CTCKTOpa C :3<f><f>eKTIIBHOil 

n:JoUiap;h!O perncTfmmm ;:~;o 300 c.u 2 II 6orrhiiie. . . . 

0;:J;H<1KO cyll{eCTBYCT He TaK MHOro :3KCIIepm.IeHTaiThHhiX p;aHHhiX,. II03BOJiliiO

IIIIIX IIJlO;:J;e:-.IOH<:TpnponaTh nee aTn npenuyll{eCTBa. Hep;anno noHBnJinch pa6oThi 

[7; · S], B KOTor)hiX ilHimnnnpona:Joch CQIIHTimrrmJ;nonHoe panpeiiieune p;eTeKTopa 

na onion(• Csi(Tl) B nannciiMOCTII oi A; Z, E p;nH\nnpoKoro p;nananona '!aCTUQ 

II nx :meprnii:. AnT~phi ~6pall{moT oco6oc B~IIMaHne naMacconyiO aanncnMOCTh 

n ene~_onh\Xo;:J;e Csi(Tl)-geTcKTopa H~ TOJihKO ));Jill nerKnx, Ho u )J;JIH. TH:iKCJihix no

non. Ilop;ooHhrc II:-J:-.repennu, KaK npammo, ~enannch p;mr Csi(Tl)-geTeKTopon c He-

6onhwnuu rCOMCTJ>II'ICCKIIMII pa3MepaMII K}JIICTHJIJIOB B KOM6IIHaQIUI C BhiCOK0-

8<f><f>eKTIIBHhiMII npiH'l\IHIIKmir~ cneTa- <f>oTognop;~MII <f>IIpMhi Hamamatsu S1.790, 
' S1723 [2, 9, 10, 11]. B p;mmoii pa6oTc nony~reHhi cpaBHIIMhie penyJihTaThi p;mr 

Kp~rcTamra Csi(Tl) p;mtMcTpoM 200 MM n TOJIII{IIHOII 15 MM npn pa6oTe c <f>oTo

)'1\IHo;-r-:nTcileM TIIIIH <1>3Y -173. ,[(Jill ::rarmro )J;CTCKTopa P,OCTIIrHyTo BhiCOKOC :3Hep

rCTII'ICCKOC pa3pCIIICHIIC npii perUCTpa.QUII BT-Opii~IHhlX 'faCTIIQ JICrKUX II cpCP,HIIX 

Maec (6,_£-= 0:~% 7 6.2%), pa3)J;CJICHHhiX C IIOMO.~biO J..mrHIITHhiX CIICKT}JOMCTpOB 

c:p,TJHP OIIHII, LISE TaHIIJI II mreiOII{IIX :3HcprniO oT 2 l'>bB/Ap;o 77 llfaB/A. Ilpu-

. ncp;eHa oQcnKa Macconoii n~niicnMocTn cneTOBhrxoga Csi(Tl) p;eTeK;opa aT z,. E 
II IIHTCpBaJia UHTcrpnpoBaHIIl! HHOP,HOrO 'cnrHaJia <1>8Y: IlOKa3aHa B03MOJKHOCTh 

IIP,CHTII<f>I!ImQIIIl BTOI>II'fHhiX 'IaCTIIQ_ BKJIIO~UTCJihH~ p;a·· Z = 7 MCTO)J;OM ana.mma 

<flopMhi IIMIIYJihca BhiCBe~mnaHnH: KpiicTa.JIJia · Csi(Tl ). 

2. On~:~caH:He Csi(TJ)-AeTeKTopa 
' • I , . • , f 

TecTiipyeMhiii Csi(Tl) p;eTeKTop; rroKana.HHhi{r na pnc.1a, HBJIHCTCH :3JieMeHTOM 

MHor,OMO)J;YJihHOii ycTa.HOBKII c:pQBQC (6] , ,CQUHTUJIITHQUOHHa.H o6oJIO'IKa KOTO

pOiut COCTOUT .IIa 210 nop;o6HhiX geTCKTOpon, o6panyiOIIJ;IIX c<f>epy pap;uycoM 78 
eM. KpncTaJIJihi Csi(Tl) IIIecTurpanno{r <f>opMhi c p;naroHaJihiO 200MM Imn 150 

MM 6hmn :imr~TOBJieHhi XapbKOBCKo{r <f>np:Moii ''MoHoKp1I~Ta11npeaKTIIB" MeTop;oM 

~Ioxpanhcrmro c cop;ep)rm.uneM Tl n ixpe~enax 0.067 ± 0.003%. <l>poHTaJihHa.H 

IIOBC}JXHOCTh IIOJIII}JOBaJiaCb B CIIIIpT-rJIIIQC}JIIHOBOiui cpep;e )J;JI.!I IIpep;OTBpaiiJ;CHIIH 

IIpOIJ;ecca BhiMhiBaHIIH a.KTUBaTopa Ha IIOBC}JXHOCTII, B ,TQ BpeMH KaK 06RaTHa.H 

CT_opona CQUHTIIJIJIHTOpa 6biJia cp;eJiaua paBHOMCpHO MaTOBOH )J;JIH o6eCIIC'ICHIIH 

p;n<f><f>ynnoro oTpa:a(eniiH cncTa nuyTpn nycToTenoro cneTonop;a. BoKOBa.H nonep-

. ~ Ob\Cii.r.<:'.Jtii4!l_ i!i!Clttj'r -{ . 
, l; n!l"'!7o';nJr. ucc::n:a~um:::l [: 

~- ~~SJ1HOTEHA \ ' 
'~·- ..-..-
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XHOCTb KpiiCTalllla, a TaK&C nOBCpXHOCTb CBCTOBO;r:t;a, HBJIHIO~CrOCH O;r:t;HOBpCMCHHO. 

u a:rc}.ICHT01I Kpcn:remur ;r:t;cTeKTopa, noKpbiBamrch cneQUaJihHOH aMaJibiO BIT548 

Ha OCHOBC TiQ 2 • ,UaiiHrui KOHCTpyK!llU! CBCTOBO;r:t;a, OCHOBaHHaJI Ha ;r:t;mpq>ytJHOM 

OTpa&CHIIII CBCTa, o6ecne'JIIJia BhiCOKYIO paBHOMCpHOCTb CBCTOBoro c6opa ;r:t;JIJI 

KpiiCTa.rr;ra 60:IbiiiOIJ n.'IOll1a;r:t;U ( OTK.'IOHCHUC OT CpC;r:t;HCrO 3Ha'ICHIIJI HC npCBhiiiiaJIO 

10% ). )J;;m j"BCITII'~CHIUI a6COITIOTHOii BCJill'IIIHbl CBCTOC6opa nepe;r:t; KpiiCTaJiriOM 

Csi{Tl) Ha paccTOHHIIII. 3 MM ycTaHaBnnBaJICH oTpa:a-.:aTCJih nn aJIIOMIIHIIDIIpoBa

Horo Maiirrapa TOITiliiiHo:ii 2.5 MKJ\l. B Ka'ICCTBC q>oTonpneMHIIKOB CBeTa 6hlnn Bhi-

6paHhi q>oTOJ1IHmKnTcrrn HoBocn6npcKoro naBo;r:t;a "8KpaH" TIIna <I>BY-173(167) 

C ;r:t;nar.!CTpaMII q>oTOKaTOAOB 150 1\!M Ii 100 MM COOTBCTCTBCHHO II. CO cneKTpaJib

HOll xapnKTepncTnKoii B ;n;nanaaoHc ;n;mu~ BOJIH 300 + 850HM (;r:t;rrH Csi(Tl) ..\"""c = 
550 HM). cf:lOTOJMHO&UTC!Ib pa60TaJI C nporpeCCUBHbiM ;rJ;CllllTCJICM HanpH:lKCHHH, 

. CM.pnc.l6, KO:)<P<PIIQIICHT HCliiiHCllHOCTII KOTOporo HC npCBhllliaJI ~ 0.5% B ;r:t;na.rra-

30HC a.MnllliT)'";r:t; aHo;r:t;Horo cnrHaJia ( R* = 50 n ) OT lOMB ;n;o 1000MB. Onu

caHHhiii ;rJ;CTCY.TOp n03BOJiliJI Il;rJ;CHTIIq>IIQIIpOBaTb JICrKIIC 3apHJKCHHhiC 'JaCTIIQbl II 

/-KB<lHThl no q>opMC IIMnJ!IbCa BbiCBC'-IUBaHIIH .II UMCJI HCnliOXOC a'HepreTll'ICCKOC 

panpcmeHne ~ 7.3% gnH a-~IaCTUQ c E = 5.51 MDB OT 238 Pu llCTO'IHIIKa [12, 13]. 

.3. 8KcrrepHMe~T 

HcnhiTaHnH CQUHTIIJIJIHQIIOHHoro ;n;cTeKTopa npoBo;r:t;tmnch Ha ny'IKax BTopn'I

HhiX 'IaCTIIQ cJJJIHP OIIHII [14], cq>opMnpoBaHHbiX H3 npo;n;yKTOB peaKQllii 11 B(20 

MDB/ I\) + 181Ta ' II MarHIITHOM cneKTpOMeTpe LISE ramm [15, 16] KaK npo

;r:t;YKTOB pcaK~n:ii 36Ar (44 ,UDB/A) + 58Ni, 180 (63 1\IDB/A) + 9Be •. B o6onx 

CliJ~IruiX ;r:t;CTCKTOp JCTaHa.BJIIIBaJ!CH B q>oKaJibHOll llliOCKOCTII CllCKTpOMCTpOB no;r:t; 

yrnoM 0° K HanpaBJICHIIIO BTOpii"IHOro llJ'IKa II perllCTpHpOBaJI -.l:acTIIQhi C II3BC

CTHOii:. ancprneii ;r:t;Jili HCCKOJihKIIX 3Ha'H~Hnii WJ.rHIITHOII JKCCTKOCTH Bp. ,UnH TO'I

Hoii n;r:t;CHTn<fliiKaQIIII 'IaCTIIQ nepe;n; KilliCTaJinoM Csi(Tl) ycTaHaBniiBaJICH Si(Li)-;n;e
TCKTop( 108 HKM- cJJJIHP, 300 MKM - GANIL ), KOTOphrii. Briocrre;r:t;cTBIIII y6IIpancH, 

'IT06hi rm6e:a-.:aTh He~npcp;eneHHOCTCII · B onpep;eneHnn. nHeprru! •mcTnQ' na C'IeT 

nOTCpb B fl.E~p;CTCKTOpe.C llCllO~b30BaHIJeM BPCMl'lllpOJICTHOH MCTO,l:IHKll·- _obJJia ,[10-:' 

CTHrHyTa O,[IH03Ha~Hall ll,[ICHTH~HKalllll'l perHCTpnpyeMh~ npO,l:IYKTOB.AflH llPHMepa, 

Ha pnc.2(a,6) noKa."JaHhi ;r:t;Be MaTpiiQhl Es;-TOF n Ecsi~TOF (aHepruH- BpeMH 

nponcTa), norry'ICHHhiC ;r:t;nH ripo;r:t;yKTOB peaKQliU 36Ar(44M;)B/A) + 58Ni ·Ha Bpe

MHnponeTHO:ii 6aae 18 MeTpoB npxi JKeCTKOCTn.cneKTpoMeTpa Bp =1. 78 Tn•M.lh 

cpaBHCHIIH Bll)l;HO, 'ITO ;rJ;liH CQIIHTIIJIJIHQIIOHHOrO ;rJ;CTCKTOpa II3MCHIIJICH JIIIIIIb Ha

KliOH II30TOnHhiX lillHllll OTHOCIITCJibHO BCpTliKaJIU, COOTBCTCTBJI0ll1Cll 'JaCTIIQ!IM 

c o;r:t;IIHaKOBhiM oTHOIIIenneM A/ Z = 2, a TaKJKe yxyp;IIIImocb aHepreTn'Iecxoe paa

peiiieHue npnMepHO B 2.5 pa3a no cpaBHCHUIO C nonynpOBO/];HIIKOBbiM ;rJ;CTCKTOpOM 

(fl.Ec.1 ~ 2.1%). B CQIIHTIInJIHllliOHHOM TpaKTe miTerpnpoBaHIIe aHO;r:t;Horo cu

rHaira cf:l8J' ocy~eCTBJIHJIOCb B UHTepBane (0;4.0 MKc),·rAe nepBaH !liiq>pa 0:3Ha'IaeT 

na;r:t;ep:IKKJ OTHOCliTCJihHO Ha'Jana HapaCTaHIUI IIMnynhca, BTOprui - ;rJ;liHTCJibHOCTh 

HHTepBana. 
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Puc.2 JI JeumuifjunatiUJI amojm·•J:nulX •w.cmutlt£3 pea..,;1pm 
36 Ar( 44!11 c V /A)+ :;s N i · 

Si(Li) u Csi(Tl) Jeme.,;mopa.M.u c npu.M.e'IW'It1teM. 6]JC.M.1Inpo11.cin.n01t"M.ernol1u:t.:n ur4 

6a3e 18 .m. B na-itecmae cmon-cu;maJI.o6 ucrWJI.h306a.JI.a.cu :wrla:J0711G..1I •wr:rnoma. 

B 'l-zeuepamopa t~unJI.ompoiw ( HF ). 

a 6)~ 
u.1 -~· 

-~ 

E~sl 

Pnc.3 _JIJeumuifiu.,;a7ptJI Brrwpwl:IH,lx •w.crn11.7111.3 pen?.:·,pm 18 0(63]\JcV/A) + !JB<' 

c ucnoJI.b30aauue.M. TOF. (ri.} n PSA (6) .M.cmorlou d11.lT. Csi(Tl) dcuir:?.:mopn 

4 

!Jm.ICTIIM, 'ITO ITCrKilC ::Japn::-KCHHbiC 'WCTililbl 6r,r;ro BO::J~IO::-KHO II;J;CHTIHfJIIU!lpO·. 

BaTh o;o;nm.r· Csi(Tl)-;o;cTcKTopoM, ncno:rb::J)'H aHa:nm <fJop1Ibi IIMTIYJibca BbicBe"<JII

BaHIIH ( PSA. ) . .Ilnn aToro 6br:ro ;o;ocTaTo'IHo BMecTo ciirHaJioB TOF B::JHTh ;o;pyroii: 

IIHTCpBaJI IIHTCrpnpoBaHIIH anoi:J;Horo CIIrHa:ra ¢3)', Hanpnuep (0;0.08 MKC) KaK 

noKn::JaHo Ha piic.3(a,6). Bn;:~;Ho, 'ITo·PSA. 1ICTO;J; ;o;acT o;o;Ho::JHa"'IHyro ngeHTII<fJII

KaUIIIO "<Ja<:TIIU BKJIIO~IIITC:IbHO ;o;o Z = 7. Ha 1mTpnuax nnK oT 
4 He He cooT

BCTCTBJ'CT cncTc~raTIIKe 'IaCTIIU c Z = 2, rrocKOITbKY ::mcprnn Eo = 77.4 1\I3BiA 

rrpCBbllll<lPT Etim = 61 1\hlijA ' Heo6xo;:~;m.ryro ;o;rrn TIOITHOri OCTaHOBKU a-"<JaCTIIIl B 

KpiiCTCIJill;! TOllll!IIHOll 15 MM. ropii30HTCIJibHallliiiHIIH (pnc.3a) U TO"<JKa TIO;IJ; CTperr

KOil (piic.36) nony"<JeHbl OT rcHcpaTopa mm)'ITbCOB, IICIIOllb::Jyeuoro ;o;rrn TO"'IHOII 

Ka:rii6poBKII Bccx TpaK:roB." lipiiHUimnarrbHaH 6rroK-cxcMa c6opa nH<fJopuaunu B 

nKcrrcpnMeHTax c npiiMCHCHIICM TOF n PSA ~ICTO;:J;IIK nprme;o;eHa Ha pnc.1B. 

4. PenyJibTaTbi 

Jlrrn HCCKOITbKIIX oHa'ICHIIII jf-.:CCTKOCTII MarHnTHoro cncKTpoMcTpa Bp ( 1.78, 
2.05, 2.20 '/~r) B peaKunn 36Ar (44McVfA.) + 58Ni u Bp =2.58;2.84 Tn·M B 

pcaKUIIII 18() ( 63Af e ir j.-1) + 9 fle 6biliii TIOliY'ICHbl ::JaBIICUMOCTII CBCTOBbiXO;IJ;OB 

KpncTamra Csi(Tl) OT :mcpriiii. ;o;rrn pa::JHbiX ·u::JoTorr<m c Z ~" 2 ..;-13. 3HepriiH 

Ka::-K;IJ;Oii 'W.CTIIIlbi OIIpC;IJ;Cliii~aCb II;) II::JBCl'.THOrO pe:IHTIIBUCTCKOrO COOTHOUICHIIH: 

· · (~ B zry ) E = 931.5 A y 1 +0.10369( P~: r -1 (1) 

r;o;e E- nucprnn B 1\hB, Z- ::Japn;o; •mcTIIUbi, A.- Macca rroKon B amu II Bp- ua

. rHUTHa.n ;.KCCTKOCTb B Tllf • Ha pne .4( a,6,B) rrpc;o;cTaBJICHbi ::mBUCIIMOCTII cBeToBoro 

Bhrxo;o;a Csi(Tl) B ;o;uana3oHc BHcprnii oT 22 JI1:>B/A ;o;o 77 1\138/A, KOTopbre nerKo 

:JKCTpaiiOliiiflYIOTCHHpHMbiMII liiiHII!IUII TIO yrrpOll!CHHOll <fJopMyJIC II::J pa60Tbi [10]: 

L(E) '= S E + }.1 , (2) 

r;o;e 5 II Nl • napa.MCT}lbl, OTIIJC;IJ;CliHIOll!IIC HHKliOH II IlbC;IJ;CCTaJI COOTBCTCTBCHHO. 

3HcprcTn'rccKoe p~mpcurcHIIC (b.E/ E), onpe;o;cncHHOC urupnHoii TIIIKa Ha rrorryBhi

coTe K ::mcpriiii, He ::JaBIICCJIO OT TIITia 'HWTIIUII II::JUCHHliOCb OT 2.1% ;IJ;O ·0.7% B ::Ja· 

BIICIIMOCTII OT BHcpriin: II::J aH<lJIII::Ja IIOITY'ICHHbiX pe::JyiTbTaTOB 6bma onpci];CITCHa 

pmmiiua B cBeToBhlxo;o;c KpiicTarrm~ Csi(Tl) ;o;rrn n:ioTon(m 9 Be n 11 Be, KoTopan 

COCTHBI~ITa 11% np~I ~KCTpanoJIHUIIII IWJIII6poBO'IHbiX liiiHIIIi B o6rr<lCTb :mcprnii 

10 1\f:>H/ A : AHanorrPrH.;_n rrporic;o;ypa ;o;nn rmoTorros 160 II 180 ;o;acr ::JHa'reHne 

b.L ~ 5%, 'ITO coma.cycTCH C ;IJ;aHHbiUil pa6oT (7, 8]. 
IIoBcp;eHnc rmnii6poBO'IHbiX KIJIIBbiX ;o;rrn KpncTaJirra Csi(Tl) B o6rracTII HII::JKIIX 

II cpe;IJ;HIIX riHcprnii: · "<JaCTIIU OCOOCHHO IIHTCpecno, TIOCKOITbKY MO::-KHO OIIJ>C;J;CJ1IITb 

rroporoByK> :meprriK), Ha.'mHaH c KoTopoii CB<'TOBbixo;o; KaK <flYHKuirs L(A, Z, E) 
TICJlCCT<lCT 3aBIICCTb OT 111\CCbi IIliii Kor;o;a npoHBll!ICTCH HCliiiHCIIHaJI ::JCIBIH"li:).IOCTh 
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Pnc.4 C6enw6ou 61;zxoa 1CpucmaJtJta Csi(Tl) JJti£ pa.311.biX u3omono6 c 3ap1rJo.u 

Z = 2 7 13 'K:a'K: rfjynm{uli :Jnep;;uu ( 6 o6Jtacmn om 22 MeV I A .Jo '77 MeV I A), 

noJtyv.ennbzx 6 pea'K:~n.JCx 36Ar(44MeV/A) + 58Ni (a,6) n 180(63MeV/A) + 9 Be. 
( 6 }. AnoJnble cu2naJt&l cP8Y U'11.me2pnpo6aJtUCb 6 unmep6aJte (0;4. 0 MKc). 
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Pnc.5- Cciemo6oi1. 6blxoa .,;pn~maJtJta Csi(Tl) aJtj[ Jte2'/CUX v.acmu~ c z = 173 '1(;0.'1(; 

fpyn.;:;7pt.JC ~"!Uep2UU npn 'IL'I/.TnC2pttp060.1/.1Ltt 0.'1/.0J'I/.blX ctf.2'1/.0.Jt06 6 nep60M 6peMC1/.1/.0M 

uurncp6aJtc: T1 =0;0.4 MKc.-J(A.JC 'l/.lt2A.JCJu?crntt 'K:jnt6ble u_3ornono6 Li npunoJu.JCrnbl. 
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Pnc.6 C6erno60U 6blxoa 1Cpucrna.aJta Csi(Tl) aJtJ[ AC2'/CUX v.acmu~ c z = 173 'ICO.'IC 

rfjyn'K:~U.JC :1nep2uu npu ·unrne2pupo6auuu UJf.OJ'II.biX cu2na.ao6 60 6mopoM 6peMen

uoM unmep6aJte: T2 =0;2.0MKC. J(Jtj[ 1/.0.2AJfanocrnu 1CpU6biC U3omono6 H ony'll{e1/.bl. 
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PHc. 7 · Caemoaoii BblxoJ 'ldpucma.tt.tta ·. Csi(Tl) d.ttJI .11.e2'1Cux •w.cmU?~ c >z =::;;· 1 7 
3 7W'IC fPY'W!CV,UE 3Uepzuu npu uumezpupoaauuu UUOdUbiX CUZUU.ItOtJ iJ mpernbCM. 

ape.Meuuo.M uumepaa~e: T3 =L5;2.0 Mxc>·' 
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PHc.8 J!Jeuinuifju~av,uJI •t~cmuv, no ifiop.Me u.Mny~bca. tJbtcae•tuo~n-1L; 'ICpucma.tt.tt~ 
Csi(Tl) npu uumezpupoaauuu ifjpouma.ttbnou (T1 =0;0.4 MKc} u xaocmoaou (T3 
=1.5;2.0Mxc) 'tacmd£ auoduoco.cuzua.tta_a pea1>:1ptu llB(201V/cV/A)+ Ta {lL); 
npu uumezpupoaauuu a uumepaa.ttax T1 11. T2{0;2.0J:IKc}-(6). 

8 

Tao:mua 1: IIazwAi.emphl rfir,.rnu.potw:lw.Jl crJemoH!Jtr:odn 'h:pucma.tt.tta C.sl(Tl) d.ttll 

1/.,101/1,1)'(/.l)(l H. H c, Li no' rfiopM.y.ll.r; (.'1 ), <!lh "''0:lfP!PII:I('IlC'/I.Tnl•; a;t' a;2, a;3. 03'H.£L•L(1..107n 
'/l.a.'l.:,unt. "''PU.ll'l/.3'/l..y ·u. nhedccnu1.1. ·n3ouwn11.!>1X "'']I'IJ.fll•IX. 

T 1 = 0.0; 0.-! !\IKe T2 = 0.0; 2.0 !\!KC T3 = 1.5; 2.0 !\IKC : 

ll j I liJ2 . (!13 112) an (123 (131 aj2 (133 
1.2.:'H 13.94 0.07 052.80 12.72 0.00 191.38 18.93 1.03 ' 204.15 

3,.J.<;Hr. 16.59 0.14 175.12 13.GS 0.02 191.50 18.02 O.SG 25G.73' 
tt,i',S.HLi 23.53 0.35 287.GO 14.52 0.21 3-18.50_ 17.85 O.G5 2Q4.191 

--

CBCTODbiX<qa OT ;mcpriiii. ll;ntcpcmre BC.'III'IIIHbl CBCTOBbiXO;J;a ;J;llH II30TOIIOB Z 
I, ,, .-.· , 

= ·1 7 3 rrpn '1H<'prmrx E -~ 2 -;- 20 ,\hllj.-1 · npono;:r;II:tocb' Ha ny'rKe BT~>p!!'IHbiX 'Ja- · 

(:Tnu, o6paay:Knunxcn B pcaKI!IIII 11 I3 + 1 ~ 1 Ta. npn mm;IcHIHIX r-m_rHI!THoii ;.KcCTKO· 
CTI! B p = 1.35, 1.32, 1.21. 1.13, 0.90, ti.SG. 0.81 '1\t .' IIHTcri)irponaHnc aHo;:r;Horo 
cnrwum O<'YIUCCTB:I!IiiOCb B Tpcx BJl<'l\IcHiibiX IIHTqmanax T 1.=0;0.4 MKC, T 2 =0:.:2.0 
~me r'I Ta = 1.5;2.0 :.rr~c. (pnc.'5-7) (: ucn,biD p;~~Ta~bHor~> II3Y'ICHI!H <flop1Ibi curHa:toB 

Csi(Tl)-p;cTCKTopa npu_ pcrucTpaur~ir n:JoTorron no;ropop;a, rcmrn, rrnTII!I .n orrpe

;rcncnmr onTm.iaJibHoro pc:.-KII1Ia )];ill! np;cHTII<fliiKaurm 'IaCTIU.I no <flopl\IC 11:\mynbca 

DbiCBc•mnanii,li. Ha p1Ic.5-7. crrnoWHbi1!l! :tiiHIIHl\!l! o6o::JH<VICHbi peay:JbTaTbi <flnTn-
ponaniin no <flopMyrre 1!3 pa60Tbi [7] : . · 

. . . { . . ~- ( E + ,;~.-1Z 2 )} -
. L(E) = iz 1_ E- ir~AZ l11 . 

112 
__ iz2 _ + ~~~-

, . '.. ' ~ ' " 

(3) 

c Koe~<fl<flnu;IIcHTaM_n flt, n2 '.n 11,1 , rrpnne;:r;cHHbill!l! B Ta6nnu~ L Bbi.'Jo. Y<'Ta
nonrreHo, 'ITO. HCJIIIHCiiHbiC e~cpcp(•KTbi Wl;JIIH<lKlT<'li Up!! 8Hepr!!I! 1I<;Hbill(' 'ICl\1 5 

M8B/4, KaK II B pa6oTax [7, 10, 11]. 
}-.faccoBa.ll 3aBI!CIIMOCTb CBCTOBbiXO)J;a )];:Ill 'IaCTI!ll; c' 3apH)J;011 Z = 1 B rrep

BbiX )J,BYX IIHTCpBaJia.'C. T 1 , T 2 COCT3BIIJI3 21% II 1G% COOTBCTCTBCHHO ;J;:t!I f II 

p npii E 1 =:: 30 MDH ,B TO Bpc~I!I KaK n r~IITcpr3a:Je T 3 pa3unua 11en;uy nmm 

npaKTn'rccKn oTcyTcTnycT (D.L <: 2% ). HanpoTIIB, p;.nn 'mcTnu; c nap!I;.rmt ;:r;na 

pmmnua D.L "' G% n 10% o6napy"'cna r-n;;.K.i.IY ••He, ·•He (E 6Jie = 55 .\T:>B) B 

ITC}>B01! it T}>CTbC1! IIHTcpn<ina.x· COO~BCT<'TB,l'HH<i, IIpii'icM a6C;lJ1Kl'TH<lli BCiiii'JIIIIa 

c:ncTODblXOAH pacnono;.Kcna B BO::JJlHCT<li<iur<'ii mic:tc;:ri>imT<;nbHOCTII ~:Ill 3 Hc, '1H<'. 
"He D nqmo11 OKHC II B c)GpaTnoii noc·m·p;cmaTc:tb!HlCTI! D .TJlCTbCl\1. I3, IIH~cpBa:lt' 
T2· cne~onhrxop,br ·•He, ''He pa3niPraJoTnr H<; Gonce ,'lt'l\I na 3%. IIaoTonbr Li JI•: 

paa)I,C]JH:f<lTC!I no 'cpponTy I!MIIY11Lt'a Db!CBC'IIID<lHI!li ( Tt ), op,naKo UIIT<'rpllponamw 

CllrHaJia c Y'H'TOM xnocT<moii 'IaCTII ( T 2 ) n To:tbKO xnoc-Tonoii 'JaCTJI (T3 ) no:mo-· 
!I !leT ycTaHoDIITb pammu;y B cncToBbiXo;.re !J Li ,' 7 Li, nwmna!I: c ancprnn 50 ,\I all. 

KoTopa!I ynenn'mDacTcn e pocTcni ancprm1· n ).IOCTnraeT .;, 8% rrpn ·Eo 1,; = SO 
M"Bj,L . 

IIacKonbKo cnnbHO uen!IeTen <popl\Ia cnrni1rra Dbit'B<"IIIBannli KJlllCTa:ma C.~I(Tl) 
OT TllriH. I!OHI!31!Jl}'Kl!Ul'ro Il:l11Y'I<'HI!!I,l\10:.-KHO OI.l<'HI!Tb, CIJ<lDHI!B<lli CDL'TODb!XO;:Ibl D 

3<lDII<'IIl\IOCTJI <>T Z B npnncp,<'l!HbiX rmTqma:mx IIHT<'rpnpoaannli. TaK, Hanpnl\H'p. 
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TOITbKO B TpeTbCM OKHC '{pnc.l) CBCTOBhiX<>;J; y~I<'HblllaeTcn c pOcTOl.! Z BC.l!';:t
cTBII'Z JMCHblliCHl!H BKITa;J;a MC;J;:ICHHoii KOl.!llOHCHTbl BLi'cBC'ICBaHIIll B cyJ.ntapHLiii 

cnrna.1:. Ka."In6poBO'IHhie KpiiBLH! 1!30Tonon no;:~;opo~a B ncpnm.t n BTopol.t nnTcp
na."Iax ITCjKaT HlljKC liiTli MCjKJJ;)" KpiiBbiX; COOTBCTCTB)"IOliiiiX. 'laCTI!Ua~I C Z = 2. 3 
(pnc.5,6), nocKorrhKY B ;:t;nammouc T1 onpc;:t;errmomyiO porrh nrpa~Tf>LICTpall Kmt
nonenTa BLICBC'IUBaHUH, a B )];1Iiiiia30HC T2 . npOHB:IliCTC:ll TaKjKC DK:Ia::l. MC;I:ICHl!Oii 
cocTanrrmon.ieii. ·. . . · . ' · · · 

CyMMnpyH ~ce nepe'mc."IeHHLic ;Ja~onm.tcpnocTn, ~to:-Kno c::le:taTL c:te;J;yiOultte 
' ' >! : ,, ·'' ( • 

BbiBO;J;bi: 
.J 

L OnTHManbHhiM . np.c~!CHCl.! l!HTerpnpoB<UIIIll ;J;:Ili uc·c:tc;:~;onanull ~Iacconoii ::Ja

BHCli~!OCTl! B CBCTOBLIXO:IC :'IaCTIIU Z, > · 1 liB:IliCTCll .. ;:(l!aiia;JOH OT 0 liKC: ;:(0 

3.5 7 4 MKC, O;rJ;HaK~ )];:Ill ;l~OTOII~B BO;:J;Opo;:ta H<tli60~bUIIlii <1cpcpc~T Ha6;uo
gaCTC.ll no cpponTa."ILHoii :m~Tn cnrnarra; 

2. HaH:ny<iwall. ngeiiTucpt!Kaiutll. no (pop Me ii~myi:rbca BbiCBC'IIII3aHI!ll ;J;OCTJifa
CTC.ll, ecrrn ncnorih30B,aTh ;:J;ITH l!~ITerpnponaHIIll Tt ·, T31IHTCpBililbl (puc.Sa). 
Ha~ITOTaK)Ke yKa3biBaim<:b B·p~f>oT~ [l7j; . . . . . 

' ~ ~ ' : \ ( 

3. ,HeCKOITbKO XY;:t;IUall II)J;CHTIIcpiiKaUl!ll 'IaCTliU no cpOjJMC IIMnyrrhCa BbiCBC'li!Da
HI!H norry'laeTcn B nnTcpnarrax T 1 ,' T 2 , (pm:.86), 'onnaKo Ka•rccTBo ·~tmKHo 

nOBbiCI!Tb, CCITH YMCH~WliTb ;:t;miTCIThHOCTb ncpBOfO OKHa B 4 pana, a p;i'Jn
TCITLHOCTh BTOpO~O Hao6opoT JBCITII'IIITL nacpaKTOp 2 (pnc.36 ), npu 3Tm.! 

)l;OnOITIDITCITbHO ;:t;OCTIIraCTCH 6orree BbiCOKOC 3HCprCTl!'ICCKOC pa."3pCI1ICHl!C 
p;eTeKTopa !!a ocnone Csi{Tl) B T2 (~E·bm/ ~E2~1.c = 0.9). .; ' 

. ' ' 
i; 

5. 3aKJIIO"'eHHe. 

JJ:rrn IllnpoK~~o ;o;~ana3o~a :JHcpri;lt 2.; 77 M:JB/A norry'leHap~pelllaiOlllan cno

co6uocTh cuii~TXIrrmrQXI~Iiuo~o ;:J;cTeKTopa na ocnone Csi(TJ)-KpncTarrrra c 3cpcpeK

nmnoii n~ollla:IJ;hiO 314 c~ 2 II ~oToy~no~KI,ITCIT$f. ~.nna <l>3Y -173 npn pcrncTpaun;t 
BTopu'IHLIX 'laCTXIU nerxnx n cpep;unx Mace· c, 3ap.llp;oM Z .= 1 ..;, 13: IIorry'ICWl · 

JIXIHCHHM 3aBIICIIMOC;b CBCTOBLIX();o;a geTCKTopa o~ :Jncprnn na'IIIHM c E > 5 
MGB/ A. IloKa3ano, "ITO ripn ~arr~I6po~Ke cunHTI~rr~liUIIOHHoro 1-~o:o;yrrll I~co6xo
JJ;IIMO y'lnT~IBaTh He TOIIhK0.3aBncn~ocTh aMnmiTY;:t;hici;rn~a oT Z u E, Ho n 
OT MaCChi ~aCTIIUhi, .oco6oe BHm.mnne npu :lTOt.~ crreAY~T ygcrrnTh BLJ6opy OIITn-" 

Marrhnoro IIHTepnarra IIHTerpnponamm. YKa3biBacTcn ua D03MO:-KHOCTh H;:t;CHTJI

cpii~aunu 'laCTIIU no cpopMC XIMIIYJILCa BhiCBC'UIB~HHH .C aTOMHhiM HOMepoM OT 

Z = 1 ;:t;o z'·= 7 npXI YCIIOBIIII, 'ITO IIX: 3HCpriiii .npe;:t;napiiTCIIhHO onpe;:t;erreHLI. 
Ilorry'lennoe :JHepreTII'Iccxoe pa."Jpelllenne Csi(TJ)-;o;eTeKTopa·napn;o;y c nepe'UI7 
CIICHHhiMII CBOHCTBaMXI ;:t;erraeT :o;aHHLIH. npu6op HC3aMCHliMLIM B, pngc <flumi'IC-· / 

cxux 3a;:t;a'l: Tax, nanpXIMep, ou Mor 6LI ncnonb3oBaTbCH B xa'!eCTBe ;:t;eTeKTopa 
norrnoii 3Heprmr B :JKcnepXIMCHTax no nny'leHnro cTpyxTypLI riumo6pa3HLIX n;o;ep 
6

'
8 He, 11Li, 14Be, 17B [18, 19]. · 
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