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HIGH ENERGY PARTICLE IDENTIFICATION BY .MEANS OF 

X-RAY TRANSITION RADIATION (XTR) DETECTOBS 

A.I. Alikhanian,K.A.Ispirian, A.G. Oganess i an, A. G. Tamanian 

ABSTRACT 

The results of an eXIieriment on the investigation of a 

XTR-detector are gi ven. On the basis of t hese r esul ts and 

theoretical cal.culati·ons the possibiliti es of U£ ing XTR­

detectors for identifying part i cl es with various masses 

in the momentum region P.:;:: 'IOOGeV/ c are analysed. 

IlplUIO»JTCS peayllJ>T8Tli axcneplOleHTa no KCC116~0BSlil!ll 

~eTeKTOpa H6 OCBOB6 peHTreHOBCKOro nepexo]Uloro MB~y'!eDIHI. 

Ha OOHOB6 a'?HX peay.n:DT8TOB,a Ta~ teope·r11qecKll'.X '!:'Ll'IHC116Hd 

11poa!i8JU!31tpOB8Hli .B03110ZHOCTH l4CllOID>BO.BaHI4fI T8KiU 'Zl.U 1'0i('J:0 

pOB AJ!li HA6HTK~l4K8~.K qacTWJ; c paSJWqHJ,lllll UBCC811>{ ~ oo.nac­

TH K11n,ylli.co.B P '?!:- roo rsB/c. 

PH~ pa6oT, nocBH~eHHl:iX zccna~oB8JUID peH!reBoBcaoro uepexo~­

HOl'O R3~6KHR qacTH~ BliCOKKX aaepl'Ha [I-6} llOS.BOlil!l.11 Ha~eHTl>C1i, 
qfO B o6JiaC!rl'! auepl'Ha 100•1000 raB npK z~eHTHtPzKaltHH qaCTH~ KOH­

KYJl6HTOM qepeHKOBCKHX cqeTqKXOB K0ll6! llllB!l>CR ~eTeKTOP Ha OCHOB6 

nepexo~oro na.nY1leHHR. IlpiiI TaKHX aaepI'HHX 6oJil>lllan Jl)IHHa qepeHKOB­

cKHX cqe~oB HaKJia.ll.lill86T cep»eauoe orpa.HBqeHHe Ha l4X HcnoJll>ao­

•aHZe. ]llmHa noporoBHX qepeHKO.BCI01X cqeTqzKoB pacTeT nponopIUIO­

H8.Jll>HO ~~~ ( 6/1'>1. c2 )
2 

• EcJIH BSH!» sa OCHOBY HM6DJlU!6CH Bua­

CTOH~ee BpeUH uepe HKOBCKH6 cqeTqnKH, npe;zu1aaHaqeH1We NIH pas'Aene­

Rltfi qaCTHU uo Maccau B o6nacti! HMilYn:bCOB - 50 I'BB/C [7] t TO 

J1X ;zvrnaa IlpM HMIIY;JD)C8.X ~ 100 raB/C 'AOnl!tHa COCTB.BHTl> ~eCH!KH 

Hllll ,nalle COTH¥. MeTpOB. B HaCTOHme« pa6oTe 6y~eT noxaaaliO , qTO 

npa o;zu1ott m roi ze paspemaio~ett cnoco6HOC'fi'I ~eTeKTOP qac!Hll BHCO­

KJIX aHepndl Ha ocaoBe nepexo;zu1or~ asnyqeHHH 6y'AeT MRoro Kopoqe 

noporO.Bl>IX qepeHKOBCKHX cqeTtraKOB, qTO ,naeT OCHOBaHJ!,8 CID!!8.f», 

qTO B o6na.cTK ~ 100 I'aB/C XCllO.lll>SOBtJJUte TaKOro 'A6!6KTOpa 6onee 

~enecoo6paaHo. 

Teopaa. 

B BTO« qac!H 6ylfYT npHBe~eHH OCHOBHlie ~OPMY.lll>t l4 T~ OpeTn~e c­

tK8 saxllllqe!UIH, KO!Oplie 6ylfYT HCilOJil>BOBa.Hli B ]l.BJU>HettmeM. BoJiee 

ao;tU>o6Ho TeopHR nepexo;zu1oro xa~ellliH Hanoseaa B [8-10] • 

HsBeCTHO [9] . qTO HHTCHCZBHOCTl> peB!l'8BOBCROro nepexo;zu1oro 

HSJ!YllOlillH Ha O;llllO~ ·T8.liill4C pas)6_eJia cpe.na-:BS.KYY¥ (!4JIH BB.KYYJ(-cpe­

]ta) ,naeTcR JWPS.itemteu : 
> 



dW -2e
2 ji(. l 1. ) 2 

l 
-=- - 2 z - ... 2 e de, 
dw 11"c 1. - f +a 1- .rr.r e + %:;? (I) 

r'Ae 8 - yron H3JiylleHllll, (f =- ltJT ~ e/m (II{ - imcxo :>:ne.1ttpo110B 

B 011-3), w - qacToTa HSJiy'lemrn. 

I'apHd.flHOll r.M. [9] 61>1JlO llOKa3aHO, 'l!TO 6CJIH if>op11y11y (1) npo~ 
HHTerpJlpoBa!I> no e O'f 0 ;ltO 7 /2, TO 

dW = '2e
2 [(.!:.. + (f.- .J'}),,/-) [, fJ. + (J _ )-1] 

dw 7rc 2 G"" ""lJ (1..-fiZ)w~ > 
(2) 

OTKY;!l.S. cne;qyeT, 'l!TO ecJIH 0-02 <:<(me# )2 
' !O 

-dW e~ <> 2 f t: ) 4 

dG) ·..:::. ac . w" \>nc:r · (9) 

B pe8.Jll>HO~ yCTUHOBKe aa;nyqeHJl8 6y;qeT HllC'f» llCC!O He Ha O'A­

HO~ rpaHllite, a Ha AByx rpamu:~ax nJJacHH. 11p11 S'fo11,' ecu soHa 

QJopopoBaHHll lllBJIY'ICHHfi B cpe;ite Zcp 11Horo 11eHI>me TOJillUIHhl n:uc·· 

~XHl:i a t TO JIHTeHCllBHOC!l'I> HSJIY'l!CHJ!.11 YBCJmtJ.KTCll BABOe. C'.70faJtl> 

npH 6oJI:&lllHX ~:. o/' rJtc<! aoHa it>opimpoBaHlrn B cpe;ite, paBRU 

(..) 

lCf ~ ( ~ > 
c . 1~2 + Ci"'-t· o/t.)2) 

(4) 

CTBJlOBHTCH ;qocTaToqHo 6oJI:&mo~, H ecJIJI Z~P >a; , noRBllR.MrJ:t 

HH!ep<J]epeHIUlOHHl:ie sqxpeRTU B Hsnyqeruuoc OT o6enx rpaHHU. B 3TOll 

cnyqae BlleCTO if>op11yJW (I) He06XO~MO ll011l>SOBaT:&Cff qiopuyn~ ;lUlll 

Hsnyqeimx B nnacTRHe fro] : · 
dW _ ge~ r. '!.de[ i. - i. ]2 
dw-"Jl'c/3 l-.l+-62 J.-1~-t-G2+-3<"' 

2.[t:Ja.. (. 2 2 J xS~ ... ~\1.-_r~G+%<) . 
(5) 

... 
~{ 

1'nfl o6ecne'lleHHfi BLl.COKol scixiieK!lllBHOC!H perHCTpa!U!! 'llaCTHU, 

oqe»n~o, He06XO;ztKllO KCilOJil>SOBa'fl> MHOXeCTBO rrJiaCTHH, T.e. CJIOHC TYD 

cpex,y. TI pH STOii paCCTO.liHBe KeQy llJ18.CTHHalGI g ;itOW!tHO 6h1Th 60JI:&­

lllt soHH cJ)opopoBalUlfl us:iiyqemlfl B BaKyy11e 

(6) w 2 ~ I 

C c(i.-/+G2
) 

B upoT•••o11 cnyi.iae He 6y~et HMeT:& wecro npoctoe cyw,mpoBaHHe HS­

.,,ittnx OT Bcex n:naculi; :wsnyqemre ua ll8.C!l!Otax, :awne onpe~eJieHHl:iX; 

6y~e! Ko~xeHo, ~To np11:ae~e!' K ocxa6neBZJO aHepreruqecxoa saBHCH­

a1ocu .-WH TaKJCC axaqeJllll ~ , Kor;ita ll:> g [II] • Oru:eTl4M,qTO 

yuoHe r.,: g B pe11ueHOBcxoa o6nactl! qacTOT nenco :swromui.-

110 JI ;i;\allO B c3Y11ae,. KOr'Aa ~ '.:!! 104 B 0611aC'fB li.w ~ 5 K3D. IlpH 

HOii 50118. tpOplilllpOBaHKH °il ·:::: IO-I CM. Pac'lle!H, npJlBO~llLl.e ;IJ;aJiee, 

J18.llK npo:ae;zteKH l'ltl OCBOJl8.JlllB <llOPKYJlli (5). 

B [I2-I4] 6hlJJO noKa&aJIO, 'llTO B OllTH'll6CKO~ 06Jl8.CTB tJ8.CTOT HH­

teHCKBllOO!D nepexo;n,Jtoro HSJIY'llelUfll !8.Klle n11eeT CHE>HYID 38.BHCHMOC!'D 

OT BHepl'JIX qacT•~H, ec:im pernetpHpOB8.!:& HSJiytteHHe B waJIOll HHTep­

B8Jie yrno:s BOKpyr li8.llpa»JICJIJIH ABKlleHJ:fi llaCTH~. 0'A!la.It0 6011ee CHJil>­

H8.ll 8aBHCHMOC'f• OT 3Hepr:::H Ha6JU>'AaeTCll B peHTI'eHOBCKOit o6nacTH 

qacTOT npx per•cr~x Ha.JIYtJeim:n B onpe;qexeuHWC yrnoBux H qacTOT­

.. ,x HHep:aa.uax. 
:neitC!'BllflllKO, 11HTerp11pyR (I) no 9 OT 0 ;110 onpe ;zteJieHHOrO 

2 !'. ~I )2. . 9 x no~aru 8 '-<- lmc I 13 , noocyq1111 

d.W ~~ [ tr/w 2 Ji 4 (£ )4 
dw :::: iC (m.c'l'i:f + o/w2 8 lni.c< · (7) 

iellJl 3~ « (t>tc.!£ r t TO 

dW e2. IS".;!. ~GE )a --=-·-·9· - (8) ciw 2'1fc. c:.l" m.e' ' 
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> i#i< -< · I~ , "mco/ )< 
e C.IDI :,:<) ·'::J ~> t le I l! t:;~;:;;, » ( IE ' TO 

dW ~ . (,? .. r,,e, o:f/E:l 29J+%2 1-
dw - i-.: -[.< tt- (ht<. 2)~ w:1 (9.:.-r o/w2 ) - li1·+ <T/w:i · 

(9) 

'J'arJU.1 o6pa:JOM , KaK CJie)!J'eT H3 q)opMyJI (7), (8) M (9), B llli6-

paHHOM qacTOTHO!d vi !{!'JlOBOf.! HHTepBaJiax c y:seJW1'.lefli1eM ~ 38.llllCH-

lilOCTl> ;iHTC!lCJ.l"lllJOC:e? '13Ji:Y1IeIDIH OT atteprJrn qacTHIUl M6HlleTCli O'f -6 
,no Jiorapmg)r.1w1<'Cl'O~ . IJ11emi;1um , ttTo :a cJ1y;,zae Zcr >U. • , lg f g 
neoCiXO;ztl!MO '}.11(),J!OI'ilt!ffHe l!lillO]li:i JJ,e nan YJte Ha OCHOBe 1; ·0 1•!.IYJ!li (5), 

lfH'!erpi!pyR ce no G OT 0 AO e . CCJUI }13JIY1Ielrne per'l!drpa-

J 

pye'!Cll B yrJIOBOt.I H:RTe pBa.1e 0-t 8 • K OT 8! ;!O (1 ' ecmi pe­

I'HCTPaIUlfi np011S:SO,nHTCli B yrJIOBOM HRTepBaJIC 6l ..:...9 , a Taltlle KK­

TerpxpyH ee no 0611acTH 3Heprxll per 11cTpHpyew.oc KBSHTOB P6H'!r6HOll ­

-CJtOro HSJI;ylleHHH. 9'ro CBH3aHO c 'MM, ll'fO 3KCIT01Jl'!!.le!1Tam>li8il yc'!a­

HOBKa perHcTpnpye·!' 11anyqetme :s orrpep;ene r:Ho11 qacTO'!HOM M yrJIOllOM 

HHTepBSJ!ax. llpH 3TOU HSJ{O RKe'!l> B BKAY. qTo ITOCKO.Jll>KY npa ueHJt­

lliBX qacTOT8X 14HTOHCl4BHOCT~ nepeXO.ttHOrO HSnyqeHVH Bwne, a cneKTP 

HueeT pea:KO na,®.IDJJIHil BB~, .sa.:mo pentc'l'pltPOBl:\:r!> <P.OTOIIb! c l.l6 Hl>IBl4~ 

3Hepl'il'RWI, eCJil! rrpOJII3BO;!{HTCR yrxo:safi ~cKpgnmHa.nHfl· 

:zt;n.q V.JlIDOCTpail;lU'l Ha pHC. I npHBe~ellH El'l'l'J1C]le!mDie n o qiopeyJJ•' 

t5) sa.B'f!C»UOCTK rracJta RBaHTO:B rrepexo.ttHoro lt!3JlytreHlHI N B mrac -

TiiHC K3 !!OJ!R3THJ16Ha 'l'OJll!UIHOii a, :::: I0-3 cr.r OT /, Mfi paamftUhll 
" 

cnyr.raeB. Ha pac. Ia npaBeAe Ra a11epreirHqecKaii aasHcHuoc Tb tV 
rrpmmTerpHpoBaHHoro no Bceli! aHat1eHKllll G , ao npRJ pas.mt'llllilX 

qacTOTHblX ¥.HTepnana:{. PHc. I:s OTHOCHTCK ¥. C~!Ul, KOrAB. HHTeHCHB­

HOCU H::myqeHJIIB npOHHTerpHpo~a no t[8C'!O'!a¥ tw ~ 5 K3B H 

t.., ~ 20 K3ll • B pa3JIBtiHHX yrJIOBHX illl'l'OpBaJlax O+ 8 ' a pBc.Ic 

- ~w "'=- 5 KSB 14 8i .;- Q COO'l'BeTC'fBeHBO. Kai< Clie,1\Ye'! Jll3 pac.Ia, 

qeu l:IWlle aHeprH!I pel'HctpwpyeMlilX: <J>OTOHOB, TC M -peaqe aamica11ocu N 

0'1' ~ ii TeM MCHbme aOCOJIJ)'fM BhIXO~ nepeXO;zuiO:'I) H3JiylleBJIR. 

' 

f\ 

· Ha. pxc. IB cJie;itye!', ll'.TO c ,.e•Jo11eBJ1e• yrJio:aoro •Hep:eeJia, B xo- . 

TOpOll p$I'llCTPJIPyeTCH KSlcyl,leJUle, aseprefxqecRall S&DmCHKOCn lll!Clla 

il>O!'OJIOB CTSJIOBWl CH peslle B corllaOD c qiop11yl!8.Jm (7) i1 (8) p;Jl.11 

KB~l!llll sa o~oll rpa.JUn~e, xora pac11et1>1 BWIOJUieHli no ~OPMfJie 

(5) ;ltJill xa:BJt(ellJlll B nxacTlrllie. XO!'a B peay:ai.!'a~e yrJioBo~ ;zuicxpu­

e11aIUIH 11ac'!JO ll8JIYll911lU1 tepo2~a. O.ltBaKO yc1meHJ1e aHeprenqecxota 

88l3XCBll'OC1'111 M<>ae! crroco6ctBOllatl> 1~me1Utn paspem8.IJlllell cnoco6Boc­

H npH llMHTH~ 'llaCT~ c paSD'IHIOOl wacca1111. IlpH pel'HC!pe.-
• 

•IUIK H8Jtyq911Hfl ll Jlll'l'epMJie yrllOB (Ji+ 9 ;llOilOJIHH!eJW!He ll01'9IJI 

XSlcyl,lellJIJI npeHe6peDW, ecu 0+ 9
1 

<.< If~ , ~!O l!llAHO HS pee.le. 

T81CJUl 06paso11, eclDt COS;B;afl> yCT8.HOBKy' cnoco6HyJ> pel'KC'l'I'&­

po:aa!'l> it>oTOHl:il nepexo)!Horo BSJ11'1eHHa B onpep;eneHHOK qacTOl'HOK, 

•n. onpe;lleJieHHOI( qac'fOTHOM JI yrJIOBOK KH!'ep:sue ' 'l'OrNt SllJ<l>eKUll­

llOC!'l> peI'HCTPaIUDI qac'!I:~ Ta.KO~ YC1'8BOBKOll ;llOJIZHa AOCTa'l'OqHo pea-

KO saBHCS!D 0'1' ~ • 9'1'0 06CTO!l!9Jll>C!'l!O M0Ee1' 61i1n KCil0Jil>80BaBO 

;ltllJl ;!IJ(CKplllG'lllaIUIH qaCTKU c pas:imqHHlilJI uacc8.MJII B HSOl!MIIYlll>CHOll 

n;rrne. 

9Kcnepxue11!'. 

,Z4nH axcnepaweHTaJil>noro xccne;llOBaHHH TeopeTHqecKHX npe~cKa­

aaBlll, OTHOClUl!BXCll K ycHJIOHID SHepreTHll'.eCKOll 88.BXCllllOC!il npH BH­

;l{eJieHllH onpe;11exeBBliX yrJIOBl:lX HHTepB8.llOB , Hai&H 61iU1 noc'faBJieH axe-
• ' 

nepnueHT Ha EpeBaHCKOM CHHXPOTPOJl'.e 11APYC 11
• !Ipe;itBapH!6JlbHHO pe-

BYJ1J>T8'!H a11oro aKcrrepaMeHTa HSJIOXt!HH 11 [5] • 
B HaCTOJllll9M SKcnepHMeHTe Halm Ci!Dl npe;zurozeH H HCilOJlJ>B OBBJi 

weTO;ll OT;lleneHHll HBJiytieBBH OT sapKll:eHHO~ tfaCTllUli, KCllOlll>SYJllllll~ 

;l{eTeKTOp il>OTOHOE TOppOK;zlaJil>HOi qiopMH. B 3TOM cJiyqae qaCTHUa H 

qaC'fl> HS~yqeHKH npoxo,ll,l'lr qepea ~eHTpaJil>HOe OTBepCTHe ;AeTeKTOpa 

i))OTOHOB, a IISJiyr.leHHe, ilCDynJ.eHHOe B yrll013014 BHepBL •• <l 61 7 8 1 

pel'ilCTpHpyeTCli. 8 H 8t 3a;z\alOTCJl paCCTOHHHeK MOll]!y ClIOJIC-

7 



TOil cpe;noit ll •Testopou, a 'faKm BBem1 .. • BllyYpesu11 ~uetpa­

r e1 'fOppOllP.ll. Ka.K CRJ,Je'f !18 pac. IC, OHOCll\teJIHO OOllllJll BMXOi 

rrepexo)Uforo ISJJ1'ltHDUl llJlll CllAllol r.1epre'fl!llecxol 88l!llCl'eOC'fa 

l!IOJC'f KeC'fO lipJS 9L 4' 1'.~ ,._ 8 • . 
ne'feK~p 'le.C1l'll~ BHCOKHX aaepI'Jll, OCHOB8J1Hlil 118 82011 llp!lllUl­

ne, <Sm 11ccne,A011811 Ilpll IIOllOJQl 82K'fp0JIOB c 8H8pl'IUDlll - 0,4 + 

,0 l'a:a, IIO~ma: C IIOllO!GD ;itBolS:OI KOHBepcBB SJleK'fpollOB 

J :':&HcKoro cuxpoTpo11a 11AP1C". Ha pac. 2 npne.11ieae. rtPHllIUIJI118ll­

• cxea aKcnepueea.. 9JleK'fpoo, G6pe.SJ1>l!llle H.Jylle111e B c.1cmo-

oa cpeAe, npoltJtR qepes OHepoue B 'fOppOB;itanBOM KpHO!a.JIJDJqec­

KOM CIUIB!UJUITOpe CsJ(Te) 6-cnexTpoue2pa, pel'llC'fpJlpoBaDc:t. 

Te.ecxooo11 citJ1HftD1D.01omua: cqenBKo:B Cr , c2 11 c3• B.aJ"fl)eml 
H uellllUdl mlUe'!Pli KpHC'famia Cs J (Te) COC'faBUD COO'f:BHCEIHKO 

o,a CM I 7 ,6 cu. qaCTORJil BH!epB8.JI pel'llC'fp'.i9p7e11HX KBaHOB sa­

Jta.BaJICH noope;ncnOM ~p;!IDUWll>IIOl'O aJmJUI'fYJUIOl'O )!ICKPlllOIHa­

'fOpa DD • 'l1CJ10 SJ!OK'fPOHOB, tzBcno wotonoB Jrts~e11u, BHSBaK­

HHX >!U, • "DIC210 c~ COBIIa)temtl onpe;MUDCJ. npH IlOlllOlltll 

nepecqeTJtm: npll60poB SJ. ' s2 • S3 COO'f:Be!C'fBOHHO. JlnA y.11en­

meBllJI wosa • nO'fep:t. KBaH'fOB xs-sa norno~eH1111 6HJD1 1ono~so:BallH 

reJmOBl!8 lllltmJal Ha BC811 llJ'!B SJieK'f POHOB H Jraali'fOB ~o H nocxe 

CJIOllCTOI cpe.)tY. llna 111em.me1DU1 4)oaa 6~ HCil0.D>30BaJl8. '1'8KSe 

T~a'fe:llAll8Jl 8Kpa.HllpOBKa ;lleT8KTOpa CBH~OBHl!ll 6JIOK&Mllo DC'fHpOBlt8. 

ycTaHOBKJI npoasBO~ac~ c no11oiu.m ll8.sepa. IlocxoJ1J.K1 a;iextpo11H 

B ~OBCTOI CpltAO KpoK8 nepeXO)UIOro BSlcylle&Kll o6pa3Jl)'f raxze TOp-

1108BGe HSllJ"IOOe, MB yqe!'8. IlOCJle;itHCro HSMepeHH npoBOAJUC~ B . 
B 8KllJIBaDIW!DilX CllJIOlllllilX CiJeMX• 

Ha pac. Sa llpBBe;ztem axcuep11eHTaJ1J.Ho onpeJJ;e~DHe 8*a­

r11B11ocn penC'rpann 8J!elt'fpoHa E OT JDC s&epI'Jllrl npu pasuq1u.a: 

ei JI 9 • B anx KBll!llleHHJIX CJIOKC1'1Ul cpe;na npe;ztC!aBJIJtJia co6ol 

h'L = 380 JJ.laC'!Ill IIOUS!'lUltH8. 'fO~!lOI a, = 4 .. 10-S cw, pac-

8 

JIOnoaBBm: Ba p&CC'fOlUllUl g .. o?s CM ;iuiyr OT ;ztpyra. ABB.JlOI'HQHlie 

SUJ1CB11ocn, IIIJIBC;iteBHlie Ba pac. SB, n<nlylleBH IIp14 Hcnonao:aamm 

CJIOllCfilX cpe;zt c m = ro-8 CK, f; = o,s Cll, /')\.. = 380 Ha =I0-3CK, 

8 = 0~!2 CK 1 m = 930. 

Bo Bcex o.ly"laia: xsnyqeB11e pel'lllc~po:BaJioc:i. B ~OYll anep­

I'HI n •JJ!'fOB i;.(.<) ~ IS mm, uo !311Jvnanoc:i. no~l'Olf wmD'fy.l\­

s:oro ~CKPJ!IWIUopa ])D (PBC• 2), onaD'1pOMJIJIOro nOCpe;ite'l'­

BOil p8J0108Jt.HBH01'0 H0'1'0lUDIK8 Sri.119 
•
1 

Ycmsomtn nopor .:WCXJllDlllBa­

~H 81138 IS KSB Be npe;ttoTaBJIJlllOCl> BOSMOUHll HS-88 peuoro peu­

lle~.t: QOlla CJIY'lal&x COBila)l;eJld. STo 6H.IO oCSy~Olme&O CSO»Qll 

JPOBHeM ~OB& B axuneJ>IU!eB'fa.Jll>BOM 88lle B 60Jl!dllUI pa8pelll8llllUIK Bpe­

JIOBltJI cxeD col!DaJteHJUI cc2 118-Ba 6onmoro BpeeRll BHCBn1111a­

HHft KP1ctaua C~J(Te). Mc0Dm1oe cpaBneBlle SKcuepJ111e11nn-

11HX peBJD'fa'fOB c ~opsel Be ;itemuroc:r., 'f.x. !HI npa~8llllllOCJ. 

B081lODHll axcnepirmB'f8Jll>BO DOJIJ"D!!L B8BllCIDIOCll Sl)ileK'fllB!!OC!B 

pel'BC!rpalUIJI WO'fOHOB O'l' ·llX a&epl"lllK. 

Kax OJle~'l' 1(8 8'1'HX pesynHa'fOB, B C00'1'1'8'1'C'fllJOl c OQJ!lle­

.•Wl, 81J>il>eK'fJIB!IOC'f:i peI'BCTpa!UUI B:IOK'rPOBOB ll~eeY peSKYJ) BaBJICB­

llOC'flt O'f S!lepl'BB.. Ilp2 xccne~lllilC HH'!epi18:1SX yr.JIOB H aHaqeHBllX 

aHepI'lll aqxpeK~BHOO!rl> ;ztOC'1'Hrae'f aaaqeHJIK ,_ O,l. ICaH CJle,llYef 

11s :i-c. 6a, 1IPJ1 9 = 2,3 • I0'"'8 
H Bi. = 2, 7: ro-4 88.BHCJDIOC'fll t 

O'f suepl'SJI e~~npo11o:a B o6nacn E -z I.5 + s,s l'BB x11ee'f BS:it 

,....E2,S • Kpo11e 1'0l'O, B COOTBeTC'fl!JUI c XO"'Olf ·KPDHX pHC. Ic, c 

yneJDNemte11 9 • ~ SHepre'1'1'111ecKa11 88.BJICIDIOOn ocll8.~Bae!. Hs 

P•C. 3B BH;itHO, 'ftO YJ!eD'lle!Ufe qxcna nnac'flllll B OJIOllC'l'OI cpe;ite 

npJ1BO;tt1:! x YJ!e:IJl1UIHllD aqxpeKTHBHOO!!ll pel'BC1'pa!UUI sneKTpOHOB. 

Yu1'HB8Jl, ll'rO CIIOK'fP nepexo)Uloro BSJIY'leBldll peSKO pacTe'f c 

yW(Hl>ll!e!Dleu °k.c.J , et1eBJ1,zuro, uo JrtcnonsoBaHHe .zteTeRTopoB ll.>O'l'O­

HOB, cnoco6!DIX c BHCOKOI aif!qleK'l'BB!lO!)'fl>J) pel'BCTJ>BpOBa'f~ Ha~yqo­

ue npl! wel!IJ>lllJl..O SHeprJU!X KBall1'0:e, qe11 STO HlleJIO AICCTO B H8Jllell 

9 
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cxyqae, noa:eomi:'? pel'JICTpilpo:ean t1acuIU>1 :eacoKBX aHep!'HI c E - I 

IIpH COOT:Be!'CTBYJlllt61l no:r.16ope SHalleHlll 8 t 9! H 'IHCJia cnoe:e. 

SToro Ko:mo ;ito6u:&cH ncnoJI:&so:e~" •t1e11 :BKecTo KPHCTaJ111a Cs J {re) , 

HanJlllMep, repllB.BHe:eoro ]teTeKTO:pa, tlTO JIOSBOJIH pel'HC'?pBpO:eaT:& ipo­

TOHil c sneprKl'llOI 'lw ~ 5 KSll npn nyqme11 :epe11eHHe.v: H aaepreTHT1ec­

KOK paspemel!JWI • 

ITOCKOJl:&lty HH~eHCHBHOC'?:& nepexo;itHoro KSJIYllCHHH sa:eHCH'? OT '6' 
TO Olle:Bll;ltllO Ta.KJte t llTO Taxol ;zJ;e!'eK'?Op llOKeT 6H'?:& JICIIO.lll>30BaJI AU 

a;iteHTHipXK8IOIB qacTHit T!IZeJiee aneKTPOHa no MS.CCall c B~COKOI paspe­

mar>ntel cnoco6HOCTI>D :e 06J1ac'?H KMIIym.co~ p ~ 100 ra:e/c. 

IlpHlleHemndl Ke'?O:r.t 1t&TeKTltpO:eaBHft qac!'Hn BWCOIQIX 8Hepl'lill 110-

lleT <Si.tn HCIIOJl:&SOB8Jl ;ztRJt pas:zteJleHJlft tiaCTHit B Tex. cxyqau:, KOr;zta. 

npoua:ee:r.teHHe nonepeqaoro cet1eHBl'l H yrno:eoro paa6poca nyqga Be:ee­

JIHKO, !.K. ;o;JIBK6Tp IIytlKa onpe;iteJlfteTCft :Ailall6TPOM OTBepCTHfi 'A6'?6K­

TOpa ip~OHOB, a yrno:eol paa6poo qacTHit B IIYtIKe )tOJ!l!eH 6HT:& ueH•-

me 8 . • 

BOSllOJtHOCfll :r.teTeKTOPOB·Ha OCHOBe nepeXO,llHOrJ 
HSJlytleHJ!l'l 'AJIH HA6HTHipilX8.ItJIJI tlaCTHit BHCOKllX SHeprHI. 

KB.It cxe;ityeT HS ~eopeTKlleCKiiX ~ SKC1Iepn11eHT8.Jl:&HHX pesyn:&Ta-. 
TOB, 'AJift H;l.!6HTXipHK8.IUUI qacTHit c BHCOXOi paapemax>~el CIIOC06HOC!':&J) 

Beo6XOlUillO pel'HCTPBPOB8.T:& ~SJI,YlleHae HJil'I ITO;lt BCeMK yrxaKH, HO c 

onpe:zteJieHH!ilOI qacTO!'BIOI, Hlln lie B onpe;iteJieHHOM qacTOTHOM H yrxo­

BOll BHTep:eaxe • 

~~~KTBPOBaHHe· qac!'HU BHCOKKX 8HeprBl nocpeACTBOll HsnyqeBJIH 

:e CJIOHCTol cpe;ite (6es yrxo:eol J4KCKPHWIH~H) 6hlJio :enep:eae npe:zt­

no:seHo B [I] H SKcnepHlleHTaJIIollO KCCJICAO:BaHO B [2,IS] • 3~ec:& Mlil 

6Y1t!ll a.HaJIHSHPOBaT:& B03110llHOCTll TaKOro :r.teTeKTOpa IlPH H;l.!eHTH@IKa­

IUlll qacTHU BHCOKHX aHeprBl c HSBeCTHHM HMIIYJU>COK, He KBcaftC:& 

IlOK8. BOnpoca OT'A6JleHHH HSJIY1l8HHl'l OT sapfilleHHOl tiaCTHUHo 

IO 

J{XR HJIJIJICTpa!UfH Ha PHC. 4 npH:Belteml ~K'flill!HOC'll> pe:mc!l'pa­

IU1H IIHOHOB E H KO~eHTH paaAeJieHJU! IIHOBOll OT IIPO!'OHOB R:vp 
:e Sa:BHClrlllOC'lH OT Hwtylllica qac'!Bit p ' BHtlBC:l6Rmie B IIpe;ltlIOJIOZC-

• 
HJIK, qTO pacnpe:r.teneHKe 'l'.JICJia o6pa30B8.HHHX ipOTOHOB Il0'AtIBHR6'fCl'l 

Sa.KORY ITyaccoHa. Ilpe;ltlIOJiara.noc:&, 'lTO CJIOHCTBJl cpe,7.ta COCTOH •a m 

IIJiaCTBH HS nOJI113'fHJieaa T011111HHOl ro-3 Cll H peI'BCTPHPYJl'?CH WO'fOBH 

c· aHepl'Jlel lr..u ~ 15 KSB. E H R ·:ea'll!lcJteHH 'AJIJI c.nyqae:e,KorM, lip 
yc-raao:eKa aanycKaeTcll npu perBcTpa.IUm N ~ I, 2 HJllll 3 ipO'fOl!OB. 

KaK cne;itye'f •s pnc. 4 , npa pasyamolt 1$l)eK'1'JIBHocu perHCTP8JtD 

IlKOHOB nepexo;1.!Hoe BSJiylleHHe llO:Ee!' 6HT:& HCilOJl1>30BBHO 'Al1JI pas~ne­

Dll iIX O'f npOTOHOB c :Bl:lCOKHll paspemeoeu B o6.nacft •WiyJl:&COB 

,.,Ifl- + 103 ra:e/c. ITpz STOii He06XO]UIM COOTB8!'CTByuiudt no;it6op 

aaalleHHI m. • N H HHnero SHatleHHR aHep:mz pel'HcTpapyeawx ipo­

TOHOB. 011eBH,llHO Tal(Jte, 'lTO TaKOl cnoco6 H;lteHTBIPl!K&ItEI c 60JII.llUDI 
' 

ycneXOll llO:&eT 6HT:& XCilOJilo30BaH ~ paSACJieHHJI 5JleKTPOHOB OT !'ft-

•eJIHX 11acnn. 

Pesy.JlliTaT 'AOIIOJIHHTen~•oK yrJio:eol AHCKPHKHH8.!UDI :e AeTeKTOpax 

Ha OCHOBe ~epexo;1.!Horo BSJiyqeHHll HJ!JIIJCTpHpyeTCR Ha pxc. s. KpBBHe 

3){ec:& BHllHCJleml Jllllt paslD!llHHX yrJIOBHX HH'fC PBallOB O+ e IlpM N ~ I 

H ti.w ~ IO Ka:s. COllOCTaBJieHHe pHc. 5 c pHc. 4 no&as1maeT, llTO :e 

06JiaCTJll PlllIIY.n:&COJ3 ,...., IOO + 300 rsB/ c yrJIOBaJI lUICKPHIOIHBitBll IIpl'l 

COilOCTa:BHKOI ~KTHBHOCTB 06ecne1ll1Bae'? n;rimee paspeme!Dle no Mac-

CBM. 

PaCCllOTPHM H6CKOJl:&KO MCTO~OB perHCTpa!UDl ·KBaHTOB. 0TAe-

JieHHe nepeXO,llHOro HBJIYlleHKJI OT aap1!lleHHOl llaCTHIU>l nocpe~CTBOll 

uarHKTHOrG> nOJIJI, :enep:eae HCIIOJl:bSOBaJIBOro B[3] H B ;llaJIDl!elme11 -

B [ 4] , CH.JI&HO saTpy;1t11JieTCft npH 6omu:x: SHepnIRXo lllcnom;aoBaDe 

CTpHKepHOI KaKepH [6] nosBOJ11fe!' O.itHOBpeMeKHO peI'llC!pH.po:ean sa­

pllZCHHyD llaC'lllztY H ipOTOH I llTO 6esyc~OBKO npe;itcTaBJ1Ji6T 60JI:&lllOe 

npeHllJ'll!CC!'BO. O:r.t!laKO-B BTOM CJ!Ytf8..e HeT BOSMOlll!'.OCTH cipopMHpGaaT~ 
II 

- """""' 
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. JJipaJIUDltll nnymc, aeo<SxomillJG npx pa6o'!e on. fi:n.e. • 0 11e!fo-

Jte, •CJIOD8~811 HppOBM.,.,_HJil M'!eKTOp KBaB'!OB, IIOJtP06BO l'OBOpll­

.1001' Bllll~. ll08'!011Y llH OC'!8BOlll!llCJl aa ;a:e!eK!fOI•l Jla OCHOBe Jiepexo;it-. . 
sol'O •&~eHJ1•, acnollli&J'llllllll 11e!fo;zt xapaK1'6p•c'fxqecKoro xal!ytleH~H. 

B 11er0Jte xapax'!epac!Jlqecxoro xsnyqeHH.11 [I,2,15} qac'!ll~a B 

BH8B8BJloe em BSJQ'lleHlle JIOJI~ B raa-norxo1'HTeJ1J., pacno.1ozexindt 

aa c.nomc'!ol ope;1tol. b&B'!H c saeprBe~ tw~ Et<. , r;zte EK.,. 

snep.1'11.11 K - KpaJI, llHpliB8Jl'1 a.1ex!pOB c K - ypOBB.11 a'!o110B rasa­

nor.1~te:1J1, B pe&yllli'!a'!e qero a!fo~ acnycxae'! xapax'!epac'!1111ecxoe 

xa~eBBe c 8Hepl'Jlol JipaJC'!JlqecKJI paBHOll 1::: ' KO'!Opoe HK88'! MSO-
) 

Tponaoe pacnpe;zte.1e1Dte. KoStlllf!~aeB'! nor.1o~e1U1.11 xapax'!ep~c'faqecxo-.. 

ro xal!y1lemt.11 B S+IO pas KeHJille, qeK N1.ll li>O!rOBa c 'ii.w *" EK 

Il08'!0111 pacJIO.IOm!B BOKpyr raaa-it-0rxo~TeJlJI ;zt8'!8K'!OJH KllaJl'!OB, 

llOZllO pel'llC'!PBPOB&'!a 60llliJIYll ;llO~ ~O'!OBOB xapaK!repBC'fBqecKoro 

B8JIY1ieBB.ll. ~OCTOBHC'!BOll '!8.Koro 118!01'11. llBX.118'!Cft C!a6JIJlliHOC'!li IIO­

pOl'OBOro ana~eHB.11 8H8pl'IDI pel'XC!pmpyeMHX li>OTOHOB t q'fo, xax 8'!0 

C.18JtY8'! B8 pJICo Ia, oqeaJ. :saxHO. 

Bo.1ee ~e.1ecoo6paaao noMeC!ll!li cnoBc!ym cpe;iu- B ras-norxoTH­

To.n:&. B STOii cl!ytlae WOTOBH nepexo:AHoro HSJIYlleHJI.11 c 6olII>mel Be­

pO.ll'!HOC!J.m B~SOBy'! xapaK!8PHCTBqecxoe HSJiyll8Hl!8 B rase ll~Z;lU" 

CX01Dlll, HeJteXH norxo!.ll!CJI B nocxe)tyEJllBX CXOllX. 9TO oco6eHHO Ba.Jt­

HO npH H~eHTH4JHK~·· qacTH~ c O'!HOCHTOJ!l>HO MaJIHllB HlllIYJI&CaMH, 

xor;zia He06XO;ztHMO pel'HCTPBPO:BaTJ. ~OTOBH nepexo)Uloro •sxyqeHHl'I c 

MaJlliMB 5H8pl'HJlllH, KOTOPl:ie HH76HCHBHO norJ!OlllB.DTCR B CXOHCTOI cpe­

;zte. K TOlfY XO S'AOCJ. HOT ll:pHHIUIJlHaJll>HOrO Orp8JUlqeHHl'I Ha llHC.110 

cxoeB Hs-sa norxo~oHH.11, T.e. 11oauo noxyqxTJ. :lqllEHoe qwcxo ;zviH 

o6ecneqeHJit~ xopomoro paspemeHB.11 no 11acca.M a yiteHJ.meHHH BJIHHHHl'I 

~OHOB, paCCllOTpeHHHX B fI,2) • 

JlJil'I KOHKpe'l'HOrO 'AO'l'8K'I'Opa, COCTOHll!ero HS WI.= I,.5 • I03 

IIJia.C~H HS IIOJIHSTl'IJ!OHa pasuepB.llH 5 X 5 X ro-3 CM, IlOMOlll6l!HHX 
12 

B apro• JIU JCpxIIHl! ,ltDIOI SOc11, EIYU BIAICX6JIH E. B R.p B aa­

BHCXlfOCD O! Bll!Iynca qacn~ p . KflHBHe' BH1UIC:fe.IBHe c J11HOll 

KO~eH'l'a IPJcyopec~elllUUI B I'eOllO'!pBqeoKHX llOilpaBOK AXK CXytlaeB 

N~ I, N'? 2 B N>.:. 3, ilJlHBeM•H Ha pie. 6. Bml.llBBe paau'UHI: 4Jo­
Ho:a S~)CJ. Be Jll'l'eHO I OHO 'AOn.110 onpe;ztelU'ITDCJl 5KCnep~lleH'l'aJI1>HO. 

KaK o.ue;iu-n BS pHcyua, TB.KOi ;zt8T8K!Op II{•: ;l(OC'fQ'fO'ClBOI ~KDB­

HOC~ H xopom~11 KO~H~eB'!e pa8A6.116BH.ll cnoco6eH ~CKPBIOIHJlpcBa'!D 

IlHOJIH 0'! llpO'l'GllOB B 06.1acu wmy.nco:a ~ IOO raB/C H ~ 3001'3B/O 

B cxyqae aproHa H KPKil'l'OHa OOOTBO'l'CTBOBBO. 

0Ta&eTllZ:, 11'1'0 Bee pacc110TpeHHHO SAOCJ. A8'fOKTOPH qacTIU{ Ha oc­

HOBe nepexo;itHoro HBJlyqeo.11 .. aSBOJLl!ll!r ;ltHCKPllllHBHP,OBaTJ. '!aKZ8 mto­
HY O'! KaOl!OB, XO'l'll I! c H8CK0.1IloKO MeH:&l!IHll ycnoxo11, qeu T 0'1' p, 
Cnoc.o6c'!BymllOlO KpHBUe He IIPHBO~!C.11 BO H86eZSBHe Sal'pOllOZ)t8HH.ll 

pifoymcoB. 

TaKJlll 06paao11, Bl>III01IH81HHO ;ztO HaCTOJ1118rO Bp8110BJI SKCDepHuex­

!H no HCC.118;zt0BaJDID ;zteT8KTOPOB qac'l'Jll( BHCOKHX 8H~pl'Jll Ha OCBOBe 

nepexo,JtHoro &sJtyqeHJia, a 'l'amre npHBe;l{oa:me s;ztecJ. pacqne, noxasH­

B8.ll'!, q'l'O Ta.KHO 'A8TeKTOp!il CIIOC06HH H~8H'l'B~llIUIPOB8.'fli qac'!H!Ui c 

HlllIYJI&COll ~ 100 rsB/C c BHCOKOI paspomallll!OI cnoco6HOC'!J.Q. IlpH 

STOii .nmma ,l(8TOK'l'OpOB COCTQB.1.118'! o,s +I ,011 JI ..... IQ II B c.1yqae 

HCDOlII>SOBBJDlll 116TO;ztOB xapaKTOpHC'l'Hqecxoro HS:nytle!Dl.11 H yrnoL~l 

]UfCKPHllHHIUUifJI OOO!BCTC!B8HHO (BO BT~POll cxyqae ytlH'!HBaeTCll pao­

CTOJUD!e KOJQty CJIOftCTOft cpe~I H A8TCKTOPOll KBaE'fOB), qTo llHOro 

Ke!ll>mo ;ltllHHlil COOTBO'fC!BJ'l>llllfX noporOB.liX qopeHKOBCKHX cqe!~KGB. 

B 88KJIJJ1ieHJ1e, anopH BiipUU)!l' 6JlarGMPHOC'!li npoiJI. r.M.I'apB-

6.llHy sa IlJIO,lt8!BOPHlile o6c~9J[H, a TB.K~ 06CJcyDBlllllllOKY nepcoaa:­

:rs.y "APYC" H coTPY.ltlflllWI Ee, uaaa:sJllJll( n0110DtI> npH npoBO;zteHD 

sxcnepa11eH!a. 
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