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B SKcnepHMeHTe no ynpyroMye- d. pacceRHl'IID, rrpoBe~eHHOM 

Ha EpeBaHCKOM Cl'IHXpOTPOHe [I] , Cl'ICTeMa 113 qeTlipex KpeMHl16BliX 

nonynpoBO~Hl'IKOBblX ~eTeKTopoB per11cTp11poBana 3apRaeHHlie qacT11~. 

BliHeT81llJll16 113 Ml'lmeHH C .f) e B pe3yJII;TaTe pacceHH!llH H8 ea 

RAPBX 3Il0KTPOHOB c SHeprHeM 4,5 raB. MHWOPMSIU!H OT Ka~oro A8-

T6KTOpa ITIOcn:e npoXOlKAeHl'IH cneKTPOMeTpHqecKoro TpaKTa ITOAaBa -

n:acb qepe3 CM8CHT8HD , (pa36!11B81llll!ll~ KaHa~ 8H8Il!1138TOpa Ha qe­

Tlipe rpynllbl no IOOO KaHan:oB B Ka~o~), Ha BXOA aunnHTYAHoro 

aHaH!ll3aTopa J)J DA C - 4000. 

OCHOBHO~ ~8Hhll SKcrrep11MeHTa RBHRHOOD onpeAeHeH11e ynpyr11x 

~OPMWaKTOpOB A6~TpoHa B !llCCHeAyeMO~ 06HaCTl1 nepeAaBa8MblX !llM­

nym,coB. 

Cne~1!Wl1K8 SKCnepl1M8HTa Il0Tpe6oBan:a npl1M8H8HRH H8CTaHAapT­

HliX M8TOAOB o6pa60TKH. 0TM8Tl'IM H8KOTOplie oco6eHHOCTl1 !113Mepe­

H!llti. 

SKcnep!llMeHT npOBOAHHCH Ha BHyTpeHHeM nyqKe Ill STO 38TPYA­

Hl1HO npoBeAeHHe COOTB8TCTBYlll!lero MOHHTOPHPOBaHHH c A0CT8TQqHoU 

TOqHQCTDll (BCH8ACTB!lle orpaH11qeHHOCT!ll TOqHOCT!ll KB8HTOM6TpHpo­

BaHHR-eAHHCTB6HHoro, Ha Ham B3rHHA, llPl1M8Hl'IMOro B ABHHOM cny­

qae M8TOAS). 

3. 



PerHcTplllpyDmaH arrnapaTypa noaBoruina onpe;zi;enlllTI> TonI>KO aHep­

rlllID qaCTlllUN Ill He l/l;D;eHTlllWlllUl'IPOBana qaCTlllUN no MaccaM. ~ettTpOHli 

oT ynpyroro pacceHHlllH l'l;D;eHTlllWlllUl'IPOBanlllcI> B~eneHllleM lllS o6mero 

cneKTpa ynpyroro ITHKa. 
MHmeHI> co;zi;epEana nplllMSCI> o6Nqaoro Bo;zi;opo;zi;a. 8To o6cTOHTenI>-

cTBO, xasanocI> 6N, MOEHO lllCrrOnl>30B8Tl> ;D;IDI MOHlllTOpl'lpOBaHlllfi. 

O;zi;aaKo, ;n,onm yxasaHHOtt nplllMeclll ToqHo ycTaHOBlllTI> He y;zi;anocI>,l'l, 

6onee Toro, IDIK OT ynpyroro pacceHHHfi HS npoToaax npzueclll qac­

THqao nepeKpNB86TCfi c ynpyr.llll IDIKOM OT 'A6lTpOHOB (cM.pHc.I), 

qTo ycno:&HHno o6pa6oTKY· 
0 pH;zi;e ;zi;pyrzx oco6eHHOCTett 6y;zi;eT CK8S8HO Hl/l:le. 

Ha pHc.l npe;n,cTaBneH THrutqH!ll cneKTP aapnzeHHl>IX qacTHU, 

perHCTpHpyeKWC ;zi;eTeKTOpOM. STOT cneKTP BKJlJlqaeT ;n,elTpOHH H 

npoTOHl>I OT'ASqH OT ynpyroro pacceHHHfi sneKTPOHOB Ha 'A61Tepllllll H 

Bo;n.opo;n,e KJllmeHH, aapH:aeHH!ile qacTa~, BWieTa~~He JllB yrnepo;zi;a . 

MHmeHH Jll npoTOW>i OT paaBana ;zi;eMTpOHOB. Il08TOMY OZH;n.aellhltt 

cneKTP MOZHO npe;n,cTaBHTl> B BH;zi;e: 

j1< j jt< (d.6(Ti)) j jK . ( d6(Ti)) jK .l T 
t!.N (Td'°[npJp (Ti) d.T p +no.fd (Tl) ~cl +f (Ti.)l~i•t , (I) 

j I( . 

:rite t. N (Tl) - o~ztaeMoe qll!cno qacT~ c aaeprv.ea Ti 

cooT:BeTOTBYD~el L -MY xaaany aaanHaaTopa, nonaztaDDUDC :a K-il 

;zi;eTeKTOP B J -ow ceaace aaMepeHHlt , . A Ti. - irnepreTaqecxas 

nJ J 
llllllP!dHB K8H8l18 8H8llHB0TOp8 , p Id nc1 -HOpMHPOBOtfBhl6 K08!P-

i{lldUl'l6HTN, oei~ae ;D;:llll BC6X ;zi;eT6KTOPOB B d -OM ceaac.e ldBMepeHlllil , 
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J~~ d) (n) - aifl!J)eKTl/lBHOCTb [ 21 per~IC Tpa L\llllll npoTOHOB (;zi;e~TpOHOB) 
c sHeprlllett Tl OT ynpyroro pacceim~rn, (cl.6 (Ti)/dT)P(d.f ;n,lllifJiflepem:~lll­
anI>HOe ceqeHllle ynpyroro e-p (e-d) pacceHHlllH.GeqeHllle ynpyroro 

e-p pacceHHlllH nplll onHcaHllllll nepBoro qneHa cyMM~ B I rrplllHlllManocI> 

J/lSBeCTH~M (Mhl ilJlllHClllpOB8Jllll cpe;n,Heirna;zi;paTlllqHbli:t pa;n.l'IYC npoTOH8 

paBHbThl 0,817 F (3] Ill 1rnnonI>SOBanlll 1rncwTa6l:lhltt aaROH ;n,nH om1caHlllH 

MarHlllTHOrO iI.JopMifl8KTOP8 npOTOHa). 
Onpe;zi;eneHllle ai!)i!leKTl'lBHOCTlll perl'lcTpaUllllll ynpyro 

pacceHHIWX qaCTllll.\ 

.Sr:. jl< ~YHKUl'llll f P (Ti) Ill f<t (Tt) orrpe;zi;emuoTCH reoueTpl'!eii 

cornacHO [2] lllMemT Blll;D.! 

OITNT8 Ill 

i (T) = ~. J-d::x: exp[- _i_ ( Q x fJ .sinlG .. -9. :J:.)co~(G-8{T) x)l-exp(-<j>(t,x)) 
J 91a o X 2 ec L €ic. Sc. If' (-t:,x) 1 

(2) 

r;zie ~ lp - 8SliMYT8Jll>HNl OXB8T ;zteTeKTOp8' l = 14.SO :W4 - pac­

CTOHHli8 OT OClll sneKTpOHHOrO rryqKa ztO nn:oCKOCTJ/l zteTBKTOpa, @1 
8

2 

, fJ - COOT:B6TCT:B6HH0 llOllilPHb16 KOOpztlllH8Tbl Kp88-P lll ccpe;n,l'l-
1 

~ 

Hbl ;llBT8KTOP8 OTHOCHT6Jll>HO ~eHTp8 nepeceqeHll!H 11J'lK8 c Mll!llleH:&JO, 

e (T) - yron BNneTa qaCTlllUli OTztaqa C SH6I'l'lll6il T OTH0ClllT8Jll>HO 

IlJIOCKOCTlll, nepneH;IJ;l'lKYnflpHOil OClll sneKTPOHHOrO rryqKa, t - TOn­

ll\lllH8 !.llllme~ :a (r/cif), Q -= J6~ + L2 (cSe)a; 61 - ;n.ll!cnepcl'IH ,unoTHoct 

Tiil pacnpe;zteneHl'lH L\l'IPKYJilllPYD~ero sneKTpoHHoro rryqxa no BepTll!Ka-

Jllll, oe - ;llliCilepCliH ero yrno:soro pas6poca. 

t ( t I X) = ~ X 2 [ + + f tt 2 - C + f tl ( ~: X) ] 
(3) 
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Elc VI Qa - Vl3BeCTHhle BNpa~eHMH B TeOpVJVJ MHOrOKpaTHOro Kyno­
HOBCKOro pacceHHVIH [4] : 

'/c 1/e - 1 -1 ec:: 0,-396[1(1+ 1)/fl] 2 ·t f-> p ' 

fla.:: 4.49·10-
3
]_ '/

3( 1+-3.35 d.) l/ep- 1, 

J..:: 2 L , A VI X 
137f.> 

Mep BS!lleCTB8 , ~ 
- C00TB8TCTBSHHO STOMHN~ Bee VI STOMH.Wl HO-

P , .f-:i - COOTBSTUTBeHHO 3SPHA , VIMITYJll>C 

B MaB/c VI CKOpOCTL (B e,llVJHVJ~ax CKOpOCTVJ CBeTa) pacceV1BaeMo~ 
qaCTVI~~. C- noCTOHHHaa SMnepa. 

EcnVI AHR HaXollt,ZleHVJa WYHK~VIVI .f (T) BocrronnaoBaTLCH He pesynL­

Ta TaMtt pa60TN [
2

] • a o6~qHNM KH8CCVJqecKVJM BNpaa eHVJeM ,llHH 

yrnoBoro pacnpeAeneHVIH MHoroKpaTHo pacceaHHh!X qa cTVI~, nonyqeH­

HhlMVI MonLep[
4
], TO cooTBeTCTBYD!llaH WYHK!.U1R B ycnOBVIHX reoMeT­

PVIM Haruero OITNTa rrpeACT8BllH8CL 6N B BVJAe TPO~Horo VIHTerpana ' 

(no yrnOBOMY 8KC8ITTaHcy AeTeKTopa, TOH!llVIHe MVIID8HVJ VI npoeR~VI 
Ha OCL nyqxa o6naCTH B38VIMO,lle~cTBVIH nyqKa c MVlmeHL~) ' qTo 

oqear, YCJIOlltHHno 6u BaAaqy. YKB38HlWe HHTerpVIpOB8HHH 6uHVJ rrpoHa­

Be'AeHhI B pa6oTe [
2

] VICITOJll>ayH He wopMyny MonDep , a HCXOAHoe 

MHTerpannHoe rrpe,2tcTaBneHV1e AHR Hee. 

YqeT paAHaqvroHHNX nonpaBox. 

TeopeTHqecKV1e Blipal!eHRH AJIH 'AH<P\IlepeH~ttanLHwc ceqeHHU yrrpy­

roro pacceHHHff SJl6KTPOHOB Ha IlPOTOHaX H ASMTpOHax 06hlqHo ,ll8DT­

CH B rrpm.!8HVIMOCTVI O,llHOWOTOHHOro rrpV16mtllt6HVIH. B cnyqae e - p 

pacceHHVIH 3TO IlpHBO'AHT K H8B8CTHOtt wopuyne PoaeH6JIJOTa [s], 'AHR 

e-d. paCCSHHVIH COOTB6TCTBYJO!llee Bhlp8llt6HH6 MOlltHO HS~TVI, HanpHMep, 

B ( 
6 
J • Ey,lteM o6oattaqaTL r ( oo.TBeTCTBeHHO (d6/d T Jo,pM (d6/5 r )o~cl 
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,Z(,rn yqeTa OTnVJqVJH OT OAHOWOTOHHOCTVI, a TaKae Ha1~qVJfl aqigieK-

TOB, SKcnepVIMeHTSHLHO HS OTIDfqHNX OT ynpyror•o npo~ecca Vl3-38 

KOHeqHoro paspemeHVJH anrrapaTypN, He06XOAVJM yqeT P8AVIS~VJOHHb!X 

rrorrpaBOK [ 7] • 06NqHo, aKcnepttMeHTanLHO onpeAenaeMoe ceqeHtte 

ripeACTSBHHSTCH TaK: 

d6 /cn ==- ( d 6 Id T) a • (1 + '5 ( T)) J ( 4) 

r,lle 6 (T) ecn COOTBeTCTBYIO!llSH pa,llVJS~VJOHHSH nonpamca. 

MeTO,llVIKS yqeTa PSAVl8!.U10HHh!X nonpaBOK B YCROBVIHX HSV16onee 6RVl3-

KVIX ycnoBVJHM Hamero SKcrrepVIMeHTa, OITVJC8H8 B pa6oTe [BJ • 
MN BOCITOHLSOBSHVJCL peaynLT8TSMVJ STO~ pa60TN, cornaCHO KOTO-

poM: 
OC> 

S(r)=~{r +M+E_i ff(;ie+i:).d.'-f(~)ds} . (S) 
:iT OM.y. de M .f(-£) ') d~ 

Ade 

r,lle 6M.y=--::enf:i - ~ e11A~-en.A~·fn~- ~ e~t.~- 2
: , 

IO ( ) 17 O . O . t 0 O i 2 C.8 5 Y ~ 5 o 
":! ~ = -12 U1. o- l/ ln b fn.~ - 2 en~- g + t; ~ +(!+~)"~+ 2lti{I+~+ 

+ f~(1+u)-[En.[1+u)+~ L + ~ ] €n (t-+~1\ J~ en.(1+xJ d.x 
ll d 4 I+~ 4(1t-~) 2 ~~ 

0 
.x , 

d..= e?/ti. c 

~=rn~ ( 2MT ' 

~tl: M+E A~ • M 
d M ~ 

me - Macca aneKTpOHa, 

- Macca qacTVJ~bf, 

';}?!::: Sitt G 

VI aa-aa M8Jl0CTVJ yrna G MOl!CHO 38ITVIC8TL de =. e 
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E - aHeprJ11.ff nep11J111rnoro a11eKTpoHa , ~; ~£ ! , j('de) -orrn-

caHHa.ff Bhlfil6 awrlleKTJ/IBHOCT:& perJllCTp8UKlll qaCTJllU, Ll~ - npOlllS-

BOJI:&H8ff ,l\OCT8T0'!H0 MaJiaH BeID1qHH8 T8K8ff 'lTO ff (oc •ll~)-H::R) /«I 
' • ' :f (ae} ' 

OT KOHKpeTHOro BhlelOpa KOTOpo.ti OKOH'l8T6JI:&Hhlil pes:rn:&TaT npaKTJll-

qecKl/I HS 38l!J/ICJllT. Tor,l(a, C yqeTOM (2) HaXOllt,ll6HJ/16 o(T) CBO,l(J/ITCH 

K Bhl'lJ/ICJISHJ/IW .l\BYKP8THblX J/IHTerpaJIOB, r,l\e B KaqecTBS nO,l\blHTe~ 

rpaJI:&HhIX rllYHKUJllil WJ11rypMpYfilT ,l\OllOJI:&HO rpoM03,l\KJ/le llhlpa~eHJllfl. 

0,l\HaRO, MO~HO npOJ/13ll6CTJ/I O,l\HO J/IHTerpJ11po11aHJ11e, SCJIJ/I npeHe6peq:& 

qJieHOM en x ll (3) • EcJIH Tenep:& npOJllSB6CT!/l TPHllt,llbl onepa­

UJllD J/IHTerpJ11pOB8HJ/l.ff no qacT.ffM B (5) ' TO MO~HO CH.ffT:& J/IHTe-

~pJ11pOBaH111e no $ J/I npe,l\CT8BJ/IT:& (5) B BJ/l,l\6: 

6(T)= d.·lllf [ M$ ]3-~ f-{ 1 [ (612-e-~£::~::]'2] 
231"2 (M+E)6c :f-(8)0 ..{23ff,' .exp_- 2g'e~ -

Me ~ 1 M& c. 
_ 1 • exprJEJ2-EJ- M."E x) ]- _exp [-(e,-f:l-M+E .:x:) ] + 
~C.Jf (B+~'J L 2(B+~)El~ ~23it' 2.f,'(9c.c. 

M8 )2 
+ 1 exp[-(17,-e-~:x:' J}-J

1 
(x)dx,, 

(6) 

..Jc.~(s+tf 2(B+t!.)-8c 

:flx) = ~ [ 4-t..3::x: -2 (.3x .. 2) En~x ]+[cx:1)x+(xe+x+ ~}en. !:,Jen(t+1}+ 
· +(xc.-x+t)Jfn(1+9}d~, 
o • _ '; a ~ o ~ &"-

r,l\e tJ - a.. I 2. l Ge ' 5::: i. +fn2.- C+ eh~. e Ge 
Ilplll llhlqJllCJieHHJ/I (6) Mhl IlOJI:&50B811J/IC:& paaJiogeHHeu: 

J fn.ll + ~) d.~"' x + ~ 2 
+ • • • , TIHcJio qJieHOB 11 paanozeHHJ/I 111i1-

6~pa11ot:& TaK, qTQClhl ,l\OCl8ll116HHe OCTa11:&HlilX He ll11HHJIO Ha peayl'lb-

T8TH J/IHTerpHpOll8HJll.ff. Jl.mI STOro npOJ/15110,l\J/IJIOC:& HHTerpJ11pOl18HJ11e H8 

aBM Blilpaxeiurn ~6) npH paammwx G (T) ' npJ1111neKaH pas;nwrnoe 

qJ11cno qneHOB paa;nollerutH. B1i1qJ11c11eHHH noKaSa.llll, qTo uolltHo orpa-

--s-

HHq~T:&C.ff llflTblO q11eHaMJ11. Aa11ee, ,l\11.ff Toro, qTo6N y6e,1\J/IT:&Cff :e 

npmaeHHMOCTi'l BJ¥paxeHHH ~ 6) ,l\IDI Hamea aa,llaqH, MN cpallHHB8lIH 

peay11:&T8ThI BW!:HCJI6HJll.lt H8 SBM Bblpallelil!.lt (5) . H (6) • 

0K858110Cbt qTQ peayJI:&T8Tlil He OTJIHqaJOTCH 6oJiee,qeM Ha I0%.8TO 

n03B01IJllJl0 llWtlHCJIJ/ITb pa,l\H8UJ/10HHhle nonpaBKH llO WOpuyne (6),qTC 

cyll!eCTlleHHO ynpocT.r.mo STH Blil'lHcne1:im. TaKHM o6paaou, oJKH,l\ae­

Moe qJ11cJio npoTOHOB (.lleMTpoHoll) c sHeprHe.lt Tl B sHep~eTJ11qec-

KOM J11HTep11ane t:. Ti. , nona,l\aJOll!JllX B K - .It .l(eTeKTOP :e d - OM 

ceaHOe H8YepeHJll.lt YOlKHO npe,llCT8llJ/IT:& ll BJ/l,l\e: 

jl( j j1< [ jK 1 ( d.E,(TL)) (7) 
t1.NP(dfTd = 11.p(J)Jp(d)(T;J 1 +6P(ct)(Ti.) . clT o,P(d). 

YqeT if!oHa 

j I< 
F (Ti) - rllYHKUKH pacnpe,l\eneHIDI, BKmoqa10maH if!oH aapHiieHHhIX qac-

TJ/IU OT yrnepo,lla uH111eHJ11 H npoTOHOB ·OT paa11ana ,l(eilTpOHOB. AJIH 

yqeTa qiona OT yrnepo,lla 6HJIH npoBe,l\eHbl J/ISYepeHIDi Ha MJ11meHJ11 

C -z F 4 • THnJ11qHaH Ka pTHHa qioHonoro cneKTpa npe,l\CTaBJieaa 

Ha pJ11c.2 . 

IlpfiYOe llhlqHT8HJ/16 qioHa npJll OTCYTCTBHH MOHHTOpHpOBaHJllH aa­

TPY.llHBHO XOTff 6N noTouy, qTo B o6JiaCTH 11e110~ Ha.116onee HHTeH­

CJ/IBHO.lt ero 'l8CTH TPY.l\HO npoHa11ecTH npJ11BfiSKY K 06pa6aTN11ae1.10My 

cneKTpy, TaK K8K HM6HHO ll STOil ero qacTJll H8XO,l\HTCff ynpyrH.lt 

p - llHK, BJIIDIHJ/16 KOTOporo pacnpocTpaHHeTCfl Ha BCW Jl6BYIO 

qaCTb, a npaBaH ~e qacT:& 1'8JIO J/IHTeHCJ/IBHa. 

06pa6oTKa if!0Ho11oro cneKTpa noKasana, qTo if!oH OT yrJiepo,l\a 
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MOXHO aanapaMeTplll80B8T:& B B~e: 

Fe (T) =a., exp(- Qa T} +- Q 3 exp ( - a 4 T). 
(8) 

r.21e T - aHeprlllH qacTlllltbl, a Q1 , a.
2 

, Q3 Ill a
4 

- Blip:&lll-

pye~w:e napaMeTpli. )[Jr.ff 3Toro clJYHKqRH (8) cpaBHlllBaJiaC:& c SKC­

neplllMeHTaJI:&HblM cpOHOBlilM crreKTPOM WiHlllMl/138l.IR8H clJYHKqlllOHaJia: 

c. F K xi\~ L ( C3 (Td-Fc(T;) )c 
· A K 1 
l t 

( 9) 

lo: K 
r,11e fc 3 (Ti) - aKcnepMMeHTaJI:&Hutt cpoHoBut1 crreKTp, /1 i - cooT-

BeTCTllYIDlllaH omH6Ka 143Mepemrn. Bap:&HpoBaJI!llc:& napaueTpl:l Q
1 

, ci.
2 

Q 3 , a 4 • l10,1106HaH npoqe,11ypa rrpollO.zllllJiac:o .zlJIH Ka}X;z:\Oro ,11e­

TeKTopa nplll paSJilllllHh!X ceaHcax lll3MepeHllltt. Ilplll STOM IlOJIYlllllJIOC:& 

xopomee OIIlllCaHllle ( X f X a ::::: 1 ) • 
KpoMe Toro, o~eHMBaJICH cpoH OT paaBaJia .21ettTpoHoB. OqeHKlll 

3Toro scpcpeKTa IlOKa3aJilll , llTO yKaSaHHl:lii cpOH l/IJ4eeT Blll;z:\ ITJiaBHO 

cna,11aID1I1eH clJYHK~llllll. 

Bee 3TO IT03BOJllllJIO HaM 3anapaMeTplll30B8T:& CyYMapHblit cpoH B 

(I) B Blll,1\e (8). 

HeKOTopue acneKTli o6pa6oTKlll ,1\BHHblX Ha 3BM 

CornacHo, HanplllMep [6 ] .zllllcpcpepeH~lllaJI:&Hoe celleHllle ynpyroro 

e-d. paccef!Hlllfl (d6/dT)od. MOJKHO npe,11cTaBHT:& B BH,Z\e npotrs:se-

.21eH.1rn M3BeCTHOH KlllHeMaTH'lleCKOii !JlYHK~I'I k (T) Ha G:( c{}-KB8)(­

paT ynpyroro !JloputiJaKTOpa ,1lehpoHa , r.11e c('= 2 Mc1.· T - KBa.ztpaT 

-W· 

4-x MepHoro rrepe,llaBaeMoro .21ebp0Hy vrMnyn.oca • .llJIH omwaHlllH ilJopM-

2 \llBKTOpa )leHTPOHa Mhl HCilOJI:b30B8JIH CJI8,7.\YIOll!ee P88JIOlKem1e no q, 

Gd( <t")= f-flc(+-Bq,"- cq,G, 
(IO) 

Onpe,lleJieHvre Roal}>i1illl~MeHTOB aToro paanoEeHlllH HB1IBBTCH O,Z\Hotl: l/13 

OCHOBHh!X ~eJieii YKS38HHoro 3KCneplllMBHTa. 

TaKlllM o6paaoM, Ml:l rrOJIY'llHirn aHaJilllTwrnc1<oe npe,11cTaBJieHMe 

N jK 
Ol!C.11,1\aeuoro CITBKTpa .1 (Tl} ' aa:BlfCH!llero OT COBOKYITHOCTH 

rrepeqHc.neHl:!hlX rrapaMeTpoB ( HOpM11po:soqub!e Roa\P\IJ11~11eHTb!, napa-

MeTpu cpoHa l\l!ff Kallt,1toro .zteTeRTopa, .zt11crrepc.Mf! nyqKa, TOllflllllHa 

u11men11, nono~eH11e .zteTeRTopoB, napaMeTpu .zte.t!TpOHHoro WOPMWaKTo­

pa), .ztJI.H onpe.zteneHHH KOTOpblX Ml1HHMH3lllpOBa1ICH tPYHKqVJOHaJI 

K K 

X ~ = '> [tifllj (Ti) -Mlh•«n (TL) ] ~ 
J L 11.K , (II) 

K, l Ji 

rlT,el tir./i\Ti) - 1l.l/IC1IO C06b!Tl1.t! B i. -o.M KaHaJie aHaJIM3aTopa OT 
• K 

K-ro ,ll8T6KTOpa B J - OM ceaH·ce 113MepeHH.t!' b, j i. - COOTBeT-

CTBYIOlllBff omM6Ra M3Mepemi.t! . B RaqecTBe BapM1pyeMb!x napaMeTpoB, 

Hapff,11y C HOpMHpOBO'llH!iM.11: K03\iX!JH~MBHTaMM n~ M nj , K01'0pb!e 

Bap:o11poBa1llllCD 113-88 OTCYTCTBlllf! MOHHTOp11poBaHl/IH IlY1lKS,napa­

M8TpOB woHa .ztJI.H Kallt,1toro .ll6TBKTopa :a Ra~oM ceaHce,Tpex napa­

MeTpoB .zte.t!TpOHHoro qJOpMqJ8KTOpa, 6pa1l~C:& TaKl!Ce ,1(l11Cnepc11R rrytl­

Ka Q j t T01IU{.HH8 l.ll/lilleH.1'1 t j H Il0.7IOli'.6Hl1e .zteTeKTOpa, T • e • e j K 

IlapaMeTp n CLJ n Bapl>HpOB8JICff, TaK KSK HST ,7.\0CT8T011HO TO'llHhlX 

.ztBHHhlX o paaMepax !IY'llRa • 
j - ' K 

IIapaMeTp!i t .it ej :Bapblllpo:aanHC:b, T8K KaK B Cl1JIY Pli.lla 

.. TI; 



rrpl1ql'lH 6b1JIO TPYAHO yc TaHOBl1Tl> c AOCTaToqHO~ TOqHOCTl>ID TOJI~HY 
Ml1llieHl'l ( HeOAHOpO;D.HOCTl> TOJIU(l1Hbl no noBepXHOCTl1 u11meHl1 , ne 113-

BeCTHa o6JI8CTl> B3811MO;ll;e~CTB!Afi nyqKa c Ml1llieHDID 113-38 cneu11~l1Kl1 
BblBO;n;a nyqKa Ka M11menl>), a TaK~e Toqnoe nono~eH11e M11meH11 oT-

Hoc11TeJibHO AeTeKTOpOB. 
MIAH11Ml1381.(l1fi clJYHKJ..\l10HaJIOB (9) 11 (II) npo113BO;ll;11lI8Cl> MeTO;D;OM 

n11Heap1138u>'ll1 no rrporpai.we FU Ml LI [9] • 3TOT ueT0;!4 Tpe6yeT 

rrm.rnuo aa;n.amm caM.o~ \l>YHKUl111 ell(e l1 ee rrpomrno;zi;Hb!X no Bceia :aapI>-

11pye1i1b!M napaMeTpau. 
Kalit,'ll;O!lY ceaHCY l13MepeHl1~, a l1X A8CfiTl>, COOTB8TCTBY8T OKOJIO 

300 TO'leK, 11 pa;zi;1t18L\l10HRble r10npa:aK111 aa:s1t1CflT OT mecTl'l 
11

reo­

MeTp11qecK11x11 napaMeTpO:B ( TOJIU(l1R8 Ml1lli0HY! t napa!.!eTp II a.. II Ill 

nOJIOlKeHl'le qeTblpex ;zi;eTeKTOPOB) npO!t13BO;zJ;Hbl8 no KOTOPblM Bblpaxa­

mTCfi qepe3 ll!HTerpaJihl c ;ll;OBOJ!l>HO rpOM03AK111Mlt1 IlO;ll;blHTerpaJil>Rhllll1 

:BblpaxeHl1fiM!t1. IloaTOMYt B ueJIHX 3KOHOMll111 M81lllllHHOrO Bp8M0ID! Mlt1-

Hl'lMl138Ul1fi (II) rrpOBO;ll;l1JI8Cl> B AB8 aTana. 

Ha nep:soM - lJ.bl npeHe6peran11 BJil'lHHll!eM pa;zi;11aul'loHHblX nonpaBOF 

H8 nonyqeHl'l0 rrepeql'lCJI8HHblX napa!.!e TpOB npl'l Mll!H11Mlt138Ullll1 (II) Ill 

\l>1t1T npoBO;D.1t1JICH 6es yqe Ta pa;zi;11aUl10HHblX napaueTpo:s. KcTaT1t1, yKa­

saHHaH npoue;zi;ypa nosBon11na HaM pem11Tl> no6oqHym sa;zi;aqy - orrpe­

ABJU1Tl> napaMeTp Q • qTO npe;zi;cT8Blifi8T orrpe;n;eJieHHbl~ l'!HT6peC. 

\lbl nonyqHJIR a.. = (2.38 :t 0.16) Mll· 
Jl,anee, noJiyqeHHble B pesyJII>TaT0 \f)11Ta 11 reoMeTp11qe cK11e napaJAeT-

pb!" ;ll;llfi K8JK;zi;OrO ceaHC8 l1 3Kep0Hl1~ 6liJm ip1.rnc11poB8HbI l1 MHHH!ll138-

Ul1fi \l>YHKUHOH8Jl8 (II) npo:ao;zi;11JiaCl> yJKe c yqeTOM pa;ztliaUROliRblX 

nonpaBOK. Ycpe;ztRHB saTeM no :aceM aKcnoaHWifiK napaMeTpli A , f) 
li c li3 (IO) t Mbl orrpe;zten:mrn SRaqeRlifi ;ne ~TpORHI:a. \l>Op1t\l>aKTOPOl3. 

-12-

~Jlfi li3BJieqeHHH ;ztH\M)epeHuHaJIDH~X ceqeHH~ HS 3KCne pHM8HT8Jil>HOro 

cneRTpa BliqHTaJICH ~OH c napaMeTpaMH, nonyqeHHblMli B pesyHDTaTe 

~ma (II) • lloJiyqeRHbli'I crreKTP ;zi;omiteH co;zi;epllt8TD npoTOH~ 11 ;zteH­

TPOHM OT;zi;aqJ.1 TOJil>RO OT ynpyroro pacceHHl'lH 3JI8KTpOHO:B Ha Hl1X. 

SaTeM, BliqHTancH npoTOHHbltt cneKTp, npe;zi;cTaBJieHHlii'I KBR rrepBhl~ 

qJieH clJl1Tl1pye1tott ~YHR!.(1111 (I) c napaMeTpaMH, rrpl'l KOTOpblX ;ztOCTl1-

raeTCH Ml'lHHMYM \l>YHKUHOH8Jl8 (II) , ( TaK K8K npOTOHHbltt li ;zi;ettTpOH­

H~H ClI0KTP~ qacTliqHO nepeRpliBBIOTCH li 3RCil0pl1M0HT8HbHO H0 OT;zi;e-
"' j K 

Jlfi!OTCfi). 0CT8Bllil1~Cfi CTI0RTP - b.N d. (Ti ) TIOCJie ;zi;eJieHHfi H8 

6 T t ycpe;ztHHeTcH no s\l>(j)eKTHBHOCTH: 

,._,j K 

t: t. Nd ( Ti ) It.Tl ( ~!J~/~r) = f- { J,t(Ti)·[f ~&Jk(Ti )J~ (I2) 

j K 
r;zte 6d (Ti) - COOTB8TCTBymmaH pa;zi;HaUHO~H8fl nonpaBKa. 

J 
~anee, B3fil3 HOPMlipOBOqHh!e K03lM_lliUli8HTbl ncl t nonyqeHHhl0 B 

pesyJil>T8Te ~HTa (II), COC Ta Bl'lHH OTHOID0H l1e : 

3 1(cn ----

(dE/fdT)d ::: (~NiK/t.r)/n~ (13) 

KOTOpoe H 6p8Jl0.Cl> B KaqeCTBe ;ll; l1\M.l0P8HUl'laJI:&HblX ceqeH11tt. 

Tj K 
~JIH onpe;zi;eneHHH COOTB8TCTEYK>mett SHeprHl'l np0113BOAHJ!8CD 

cJie;ztymmaa npoue;ztypa. CHaqaJia onpe;zi;en:Hnocl> ycpe;ztHeHHOe no AB~­

TPOHHOMY IIHKY TeopeTHqecKoe suaqeuHe ceqeHHH, 11cnonI>sya yJte 

nonyqeH!W0 HaMH napaMeTpli ;ztei'ITpOHHOro ~OPM~BKTOpa: 

13· 

I 



( 
cl6 jK) me~f' 
d.T -

cl. 

d.6(TJ) [ jK jl( + l ~ o,ct· f+-&d. (Ti.)]·fd (~) 

f j~l<(Tt) { 1 tod'.K( TL)] . (!4) 

COOTBeTCTBYIO~yio STOMY ceqeHmo Kl/IHeT111qeCKYJO aHepram A6MTpOHa 

TjK 
OTAaqa .I'! 6pa;im B KaqecTl!e • C11e,l{YeT OTM6T.l'!Tb, qTo pe-

3Y1IbT8T c11a60 qYBCTBlllTeneH K KOHKpeTHWI aHaqeHIDJM WOPMWaKTO­

poB, TaK KaK OAlllHQqHblM IllllK, BSHT~tl CaM no ce6e, M81IOHHWOPMa­

THB6H OTHOCl/IT61IbHO IlOCil6,1\HlllX. ~a11ee, BSHB OTHOWeH111e nonyqHBWHX-

( j"/ )3kcn CH AlllWWepeHuHailbH~X ceqeHIDl d6 ;-c:lT K K (T) M~ 

no11yqaeu SHaqeHHe .qiopMc).JP. ~ .•
1 

syeM KaK A1IH onpeAe~emi , 

.(QTOpoe B .llailbHetlmeM lllCil01Ib­

YPlil .ll6MTpOHa, T8K 111 AHH nony-

qeHHH SHaqeHHM HetlTpOHHOro qiopMW8KTOpa. 

C1I6.llY6T OTM6Tl/1Tb, qTo llP6.l\Il8raeMaH M6TO.l\HKa npHM6HHMa .l\1IH 

o6pa60TKlll aKcnepHM6HTOB no ynpyroMy paCC6HHlllIO aJieKTPOHOB KaK 

Ha .ll6HTPOHax, TaK H Ha .flPOTOH8X .I'! .llPYrHx H.l\pax c I(61Ib!O no11y­

qeHHH l'.!X qiopMW8KTOpOB B cnyqaHX, KOrAa perHCTPHPYIOTCH qacTH~ 

OT.z1aq11, KpoMe Toro, ,1{aHH8H M6~0,1\HK8 IlOSBOJIHeT c BliCOKOtl Toq­

HOCTDIO onp6.l\6Jll'.!Tb OTHOW6HHH ceqeHHH ynpyroro e - d. pacceHHHH 

K ceqeHHIO ynpyroro e - p pacceHH.l'lff, 6C1I.l'I SH8Tb c .l\OCT8TOqHotl 

TQqHOCTb!O OTHOCHTeilbHOe CO.ll6Pll!aHHe BO.llOPO.lla .I'! ,1{6HT6P.l'IH B M.l'l­

ill6HI'.!. 0TM6T.l'IM e~e. qTo, np11MeH.l'IB yKasaHHYIO MeTO.l\HKy, nou111Mo 

OCHOBHOM S8.ll8q11 - onpe.z1e11eH.l'IH qiopMqiaKTOpoB ,MOJKHO peml/ITb I'.! 

no6oqHble sa.z1aq.lf, qTo 6~110 noKasaHo Ha np11Mepe onpe.z1e11eHHH Bep+­

T.l'!Ka1IbHblX pasMepoB nyqKa. 

ABTOp~ Blipall!aIOT npHSH8T61IbHOCTb ].W.]aIT.l'l.l\YCY sa IlOCTOHH~ 
Hlitl l'.!HTepec K pa60T6 ,a TaKJKe ~.M.Eernap1rn .I'! r .P.ryJIK8HHHY Sa 
IlOJI63!me 06CYJK.ll6HHH. 

-I+ 

ti 
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0 200 'f(JO /j{XJ 800 n, 

PHc.I T11n11qHN~ cneKTP sapHJKeHHblX qacTHU OT CDz 
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