
OB'bEllHHEHHbiPI 
HHCTHTYT 
HllEPHbiX 

HCCnEUOBAHHPI 

.0.y6Ha 13. 2980 

.~· 

X. IOHrKJJaycceH 

AHA.1ll13 WPMY HMIIY JlbCOB KPEMHHEBYX 
~ETEKTOPOB 



13 - 2980 

X. IOHrKJJaycceH 

AHAJU13 ci>OPMbl l1MnY JibCOB KPEMHJ1EBbiX 
,Ll,ETEKTOPOB 

HaupaaneHo B "Nuclear Instruments and ~ethods" 



BaeneHne 

MHdJooMaUHll. coneolKamal!ell B dJooMe IIMUYllbeoB nonvnooaonaHKOBbiX neTeKToooa. rrav-
/1-~/ . 

qanaeb B pl!Jle paooT , nononHllll STII l!ecnenoB8HIIll1 H8CTOllill8ll paoOT8 oopamaeT BIIHMa-

JIHe Jia JIGKOTOpb!G oeooeJIHOeTli H npoeTb!6 eOOTHOill9JIHll 1 KOTOpb!6 MOryT Ob!Tb none3Hb!MH 

npn pemeJIHH npaKTlltJGeKHX 381l8'11 -T8KHX, K8K llll6HTH~HK8UHll qaeTHU no ljlopMe liMnynbea. 

Dpn perneTpauliH TlllKenbrx 3apl!lKeHHbiX tJaeTRu nopMHposaaaall ljlopMa nMnynbca 

q( t) = Q(t)/ Q 0 . 38BlleliT OT rnyonJibl UpOHI!KJIOBGHHll d = R COS 8 tJ8CTI!Ubl B 'I:YBCTBH-

TG/lbHb!ll enol! Jl8TGKTOp8j 31lGCb Q(t) - .38pllll0Bblfi HMIIynbe 1 H8BOiliiMb!l! Ha OOKnanKaX ne

TGKTOp81 T,e, HHTerpllpOB8HHbili: TOKOBbiH IIMIIynbe npn OTeyTeTBIIH nnljlljlepeHUHpyrorrmx ueno

'1:9K1 Q0 -MaKei!M8UbHSll (KOH8'iH8ll) Bb!eOT8 38pllllOBOrO HMUy/lbC81 R -rrpooer 'i8eTHUbl 

a neTeKTope, 8 - yron naneanl! 'l:aeTIIUbi B neTeKTop, TaK xaK R ·aasnenT oT THna 'l:l!e

THUbi II OT ee SHeprHH1 KOTOpal! H3BGeTH8 H3 H3MepeJIHll Q0 1 TO npeneTBBUl!GTCll B03MOlK

Hb!M no <j:lopMe nMny/lbea onpenennTb Tnn 'iaeTnuhr, ecmr naseeTea yron naneanll 8 , nnn 

onpenenHTh 8 1 ecnl! H3BGeTGH THU 'i8CTHUbl, DonOOJIOe 113Mepeane oyneT TGM oonee npe

llii3HOJIHb!M1 qeM TOtJJiee ¢opMa H3yqaeMoro HMnynhea aanpHlKGJIIIH Ha BbiXone .. ycHnRTenH nos

TopHeT ¢opMy aapHnosoro I!Mny/lbca, c on noll eTopoJihi, 'iTo TpeoyeT 6onbmel! mnpHHhi. nono

ebl nponyc:Kannll ycnni!Tenll 1 a e npyroli: cTopoabr, tJeM HlllKe ypoaeab myMoB, 'ITO TpeoyeT 

orpaan'l:eanll nonoebl nponyexaJinll, BcneneTane sTore Ha¢opMaunro, eoneplKamyroell B ¢opMe 

HMnynhea 1 TGM Upome Bb!llGniiTh1 'I:GM oonbme Bp9Mll BapaeTBHHll 38PllllOBOrO HMnynhCa1 T,e, 

tJeM HlllKG UOilBHlKHOeTb HOCHTenel! 38pl!Jl8, Do STOll UpH'iHHe npnMeaeane KpeMHIIGBb!X neTeK

·TOpOB Upll KOMHBTH.Ofi TeMrrepaType l!BnHeTCll JI8IIOOnee Bi:.IrOnHbiM1 H6CMOTpH Ba TO, 'ITO saep-

reTntJeeKoe paapemeane yny'l:maeTcll npn oxnal!{Jleann. 

Ill 
B paooTe yxa3aao aa TO ooeTOl!TenhcTBo, '!:To 

.. 
np - nip -neTeKTOpbi ( eTpenxa 

YK83biB!l9T H8 aanpaBneane npOHIIKHOBGHHll '18CTIIU B ll6T6KTOp) SIBnHIOTCll oonee BbirOilHbiMH1 . 

qeM p; - H pin -neTGKTOpb! (eM, JIHlK~). DosTOMy B JiaeTOllillefi paooTe paeeM8TPIIB8IOT-
~ ~ X/ 

Cll TOnhKO Dip - II np - neTeKTOpbl 

xl 
HeaaBHO rronyqeHbi oqenb xoporrme pe3ynbTaTbi rrpa o6nyqeHHH Pn -aerexropoB co 

CTOpOHbi 3atmero KOHT8KT8/9/, 
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-Dlp - Jl9TeKTOpbl 

B npennono*eann, 'ITO nnoTaocT& aocnTenell 3apana nocTonana anon& Tpexa, ~opMa BM
~ 

nynhCOB O!p -neTeKTOpOB Bb!'IHCmreTCSI KaK CyMMa Sl!eKTpOHHOI'O H nb!pO'!HOI'O BMnyn&ca 
- + /1 4/ 

q( t)~ q ( t) + q ( t) no Cl!9.llYIOill_HM ljlopMynaM ' : 

-a 
t w t 

q <t>=bT-rr~ 

- d q (t)=-
2W 

+ t 
q (t} = y 

2 
+ W[t t 1/ 1 d)2 ] q (t)=- --~ -n( --w 

d T 2T 

+ d 
q (t) = 1-2\V 

rne W - Tomnmra '!yacTnnTen&Roro cnosr, 

U - aanp!!*enne cMemennsr na neTeKTope, 

+ -
nne nonan*nocTell b =I' /p. "' 0,35. 

d 
lll!H t ~ bT '"ff , 

lll!SI t ~ bT..;. ' 
d 

nl!H t::;. TO-w>, 

d 
nnsr T(l-T) "-t ~ T, 

nnn t ::_ T 

T -apaM!! co6upal!B!! nblpox, 

+ 
-nonBB*HOCTb n&IpOK) , p. 

(la) 

( 16) 

(ln) 

(lr) 

On) 

2--
T~W /up.+ 

b -oTaome-

.llnyMepnasr ljlynxnusr <J£( d, t) HBnSI9TCll: MO.I!OTOHHOlt ljlyliltlUI'elt KaK OT t , Tax H OT 

d , T.!IK 'ITO d onnoaaa'!ao onpenensreTcsr na q n . ( B STOM aaxnro'l:aeTCsr rnan-
-r> -.. 

aoe npenMymecTBo 01p -neTeKTopoB nepen pin -neTeKTOpaMn, rne q 3aBHCHT 0T 
Ill 

d aeMoaoToano ) • CnenonaTen&ao, d MO*HO onpenenHTb, BO-nepBbiX, 113 34BHCH-

MOCTH d = d( q, t I ) , B3MepnB non10 q(t 1 ) = Q(t 1 )/Qo 

aaaonnTCR aa o6KnanKax neTeKTopa no Mo~.reaTa apeMean t t 

nonaoro nMnyllbca, KOTopan 
11/ 

( aMITl!HTY.llHblli M9TO!l) , 

BO-BTOPb!X0 H3 34BIICHMOCTH d = d ( q I , t) , H3M9pBB Bp9MR t, 34. KOTOpoe HaBOnHTCH no
/8/ 

nn q1 , oT nonaoro nMrryn&ca ( nr ~Meaaoll MeTon) • 

Ill 
Cnenyn npnMepy pa6oT&I , B xaqecTBe napaMeTpa, xapaxTepn3yiOmero ~opMy nMnyn&"'-

ca, Mbl Bbi6epeM BM9CTO B9l!H'IHHbl q( d, t I ) 

HOJ! MeTon) pa3HOCTH ( CM, pH C.) 

( aMnnnTyna&Il! MeTon) u t( d, q 1 ) (ape Mea-

&q =q(d,t 1 )-q(d=0,t 1 ), (2} 

J1t c t ( d =0 , q I) - t ( d , q 1 } • (S) 

OnTnMan&aoe 3Haqeane t 1 BbiTeKaeT B3 ycnoann &q ~mu:, KOTOpoe c yqeToM ( 2) n (In) 

aannmeTca KaK 

~ 
dt T 

4 

.. 

~i 

II. 
/ 

t
: 
'I 

3To ycnonne B&monaneTcn nnn acex d ~ ( 1-b ) W ecnn B&I6paTb 

t 1 = bT. 

nonc.TaBl!S!SI ( 4) B ( 2), l!9I'KO llOl!Y'III'Ib H3 ( J) 3aBHCHMOCTb napaMeTpa aq 
~-, 

. \·,~ 

. 'H O~~H'laT9l!bHO 

,. ' 

.. 

8q = q(d,bT)-b, 

d 
8q = 2W 

w 
&q =(1-b)[1- -(1-b)] 

2d 

nmr d ~ (1-b)W , 

nnn (1-b)W~d~W. 

(' 

OT 

(f 

(( 

(I 

06pam~eT aa ce6n BHHMaane TOT ljlaxT, 'ITO cooTaorneane {6) ocTaeTcSI B cnne naMe nJ 
~ '. . . . 

yqeTe aenocTORHCTBa nnOTHOCTII HOCBTenel! aapnna BnOl!b TpeKa, llOCKOl!bKY B MOM9HT BpE 

Mean t =bT 
~-

sn;KTpOHbl llOl!HOCTbiO Co6pallb!0 B TO Bp9MR KaK n&IpKH (I! pH yKa38HHOM yc 

noBI!H d < ( 1- b) W) , eme ae nocTnrnn aanaero Kpan qyncTBHTen&aoro cno!I neTeKTopa. 

. ' AaanorH'IHble paccy;>!{!(eanSI npnoonnT B cnyqae BpeMeauoro MeTana K onTnMan&ao~ 

3H.!I'I9HIIIO nmr q t : 

1 + b 
q1 2 (E 

OTKyna ITOl!y'IaeTCS! nng HCKOMOil: 34BHCHMOCTH J1 t OT d 

&t 
Td 
2W .lll!SI d:>,(l-b)W. 

Bo3Mo~ocTH npaxTH'!ecKHX H3MepesHA 

f...!YI.!H!l!.T.Yf!l!,b!,l!_!'::.f~t.O.fl• <t>opMHpOB.!IHHe HMllYllbCa C BblCOTOll U 1" Q( t = bT) MOllie~ 

ocymeCTBl!S!ThCR C llOMOllibiO KOpOTK038MKHYTOll l!HHHH aanepMKH C BpeMeHeM 34ll9PMK 

2 -T3 ~ bT/2 = W /2UJl Torn.a d Bbt'IHCl!HeTcsr 

Ul 

cornacao ( 5) n: ( 6) no <jlopMyn 

rne 

d=(- -b)2W, 
Un 

uo -B&rcoTa nMnyn&ca 6ea qiopMnpoaannn, u 0 " Q0 " E . 3nec&, KaK n B an;>KecnenyiO· 

mn:x ljlopMynax, rrpennonaraeTcn d :<;; (1-b)W . B cnyqae d>(l-b)W aeo6xonnMo nnonnT: 

rronpa~Ky cornacao (7). 

Ecnn '!aCTIIU&I nana10T neprreannxynSipao na rronepxaocT& neTeKTopa ( (} Q)' To 

d .;,· R II B H3BeCTHOM npn6l!Hlli9HHH MO)I{HQ 341iHC8Tb 
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3To ycnoane BhmorrHSieTcli anSI acex · d S:. ( 1- b ) W ecnn Bbi5paTb 

noac.yaB!Ilili ( 4) B ( 2), nerKO l!Ol!y'Il!'Ib 113 ' ( 1) 38Bl!CHMOCTb napaMeTpa .1.q 

·~ ... . 
\·,"\ 

. 'II O~O,H'IaTel!bHO 

'. 

.1.q = q(d,bT)-b, 

d 
t\q = 2W 

w 
t\q ~<1-b)£1- rr<1- b> 1 

anSI d:;;, (1-b)W , 

):{l!li (1- b) w :;;.d::::. w . 

(4) 

OT d: 

(5) 

(6) 

(7) 

05p~~~eT Ha ce5SI BHI!MBHI!e TOT ~aKT, 'ITO COOTHOilleHne (6) OCTaeTCli B Clll!? naMe npl! 
• : J 

yqeTe HenoCTOliHCTBa l!l!OTHOCTI! HOCI!Tenei! 38pli):{a B):{Ol!b TpeKa, l!OCKOI!bKy B MOMeHT Bpe-

Meai\: t = bT an;KTpOHbl l!Ol!HOCTbiO co5pallb10 B TO BpeMli KaK ):{blpKI! ( IIpll YK838HHOM yc

l!OBI!ll d < ( 1-b) W). eme ae aocTnrnn aaaaero KpaSI 'IYBCTBHTenbaoro ·enol! aeTeKTopa. 

' AHanorn'IHhie paccyl!(J:(eH!m npnBO.tlliT B cnyqae BpeMeHHoro MeTana K onTnManbHOMy 

aaaqeunro nmr q 1 : 

l + b 

2 

OTKy.tla nonyqaeTCli .tll!li l!CKOMOil: 38Bl!Cl!MOCTI! ,1. t OT d 

Lll!H d:;;,(1-b)W. 

BosMo~oCTH npaXTH'Iacxnx H3MepeaHft 

(8) 

ocymecTBI!S!TbCH C l!OMOIIIbiO KOpOTK038MKJIYTOil l!l!Hllll 38/:lepMKll C BpeMeJieM aaneplKK.ii 

2 -Ta = bT/2 = W /2U,: Torna d BI;>I'IHcnHeTcH 

Ul 

cornacao (5) n (6) no ~opMyne 

rae 

d=(- -b)2W, 
Un 

uo -BhiCOTa I!Mrrynbca 5ea cjiopMnpoBaHl!li, u 0 " Q0 " E . 3necb, KaK n B Hl!JKecneayiO-

mnx ~opMynax, rrpenrronaraeTcli d ~ ( 1-b) W • B cnyqae d > (1- b )W aeo5xonnMo aaonnTb 

rrorrpa~KY cornacno (7), 

Ecnu qacTHUhi nan a roT nepneunnKymtpao na · noaepXJiocTb neTeKTopa ( (J 0), TO 

d ,;;R l! B 1!3BeCTHOM 1!pl!5/ll!JKeHI!l! MOJKJIO 38lll!C8Tb 
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I,Ta 
d =R =aE 

(MKM) (MKM) (Man) 
Al1ll 5 Man .~ E <;. 60 Man 

rAe E - aneprnll qacTnu, a - 11apaMeTp, xapaKTepnayromJdl: Tll11 'IBCTnu, aanpnMep, Ann 

UpOTOHOB a .. 12, anH a -'lllCTliU a = 1,1, lloaTOMy n uenHX ll/leHTlltjlliKBilliH '18CTHil cne-

JJ.yeT onpenennTb neml'mny 

ul 
a= 2W (-

(MKM) U 0 

-I,T8 

b) uo (M3n)' 

.. 
rJJ.e BMeCTO 3Ha'leHHH 3HeprnH E JJ.BHO 3H8'19HHe BbiCOTbl HMTIYITbCa u 0 B 9/J.HHHUBX 

9HOprliH, C apyrofi: CTOpORbi0 /l11ll /lllll.HOrO COpTa 'IBCTHU MOlKRO 011p91J.9/IHTb yron 1181J.9HHR 6 

110 cjlopMyne 
2W(MKM) -I,T8 

u • b) ut. ) • cos8 = <~ - a (Man 
\l 0 

(0) 

Bo3MOJKHOCTb onpeJJ.e/IIITb H811p8B/I9RHe IJ.BlllK8HBll '18CTHUbi1 ne npn6eran K M9TOIJ.y Te/I8CKOI1a, 

MO:lKeT oKaaaTbCH noneanofi: n pliJJ.e aaAa'l. HanpnMep, aa ocaone coo~aomean.tt (9) MoJKJro 

CKOHCTpyllpOBI!Tb cneKTpOMeTp 6biCTpb!X nel!TpOHOB, pa6oTaiOmlli! 110 MeTOIJ.y IIpOTOHOB OTAir-
/5 6/ . 

'Ill • , c BhiCOKofi 3qxjleKTnnaocTbiO perncTpaunn. KaK naaecTao, 11pii pacc.eiinaann 6biCTpo-

ro aei!Tpona c snepriiei! En. npoTon OTIJ.Il'IH nony'laeT aneprllro 

2 
EP = En cos ,P , 

rAe <P - yron MeJKAy aanpanneaneM naAeliiiH aei!Tpona II nanpanneaiieM ABHJKeRIIH rrpoTo-

HI! OTIJ.Il'III, llpii nepneliAIIKYI1HpROM I181J.8HIIII nei!TpOROB Rll p81J.li8TOp1 H8XOIJ.Rmllfi:CH nenocpen

CTB8RHO H8 AeTeKTOpe rrpOTOROB 1 3Hil'leRne cosrp IJ.88TCS! Bblpe.llt8HII9M (9) 1 OTKYIJ.Il 110ITy'l8-

eTcH nnH sneprnii nei!Tpona: 

E = 36 u I ~2 4.U 
n W :1' {_- - 0,35) u 

(Man) (MKM) Uo 
0

(Man) 

C Y'l8TOM 58/Ill'lllH a 12 n b = 0,36. 

_!3P~':!~!!!!~!!~!'.!EE.:. XapaxTepHbii! nliTepnan npeMean ~ t ( 3) MOJK.IIO 11011Y'll1Tb I1YT9M 

aM6nnonHpJroro cjlopMnponaniiH, nanpnMep, nnyMH nnanHMn aaneplKKli, LlnH ocymecT:nneHRa 

011TliMill1bHOX"O C/Iy'lllll (8) C/IeJJ.yeT Bb!6p8Tb 11HRHll C BpeMeReM 38JJ.9pJKKll Ta ;::_(l+b)T/2 

II C K03#IIUI!8HTOM 0Tp8lK8Bllll HB KORUO p '"' 1/(1 +b) • llpn STOM BhiDOpe npoMOXcy"TOK 

BpOMeHII OT H8'18/I8 IIMI1Y/IbC8 IJ.O MOM9HT8 rrpOXOlKAOHIIll '18p93 HY/Ib paBHSOTCll 

2T 3 +(1+~)T/2-~t 

np - Jl9T9KT0pb1 

AnanOrll'IHbie paccyJKAeHIIll MOlKHO ilpOBOIJ.llTb OTHOCliTOnbHO 

/4,7/ 
MllpOB8llHblft 31lpH!\0Bbifi liMIIy11bC llMeeT <jlopMy 6 

QP -IJ.OTOKTOpoB, ~Op-

d -.. brln __!_ q (t) s- IJ.I1ll t ~ T 
2W W-d 

+ d -t./r 
q(t) .. (1--H1-e ). 

2W 

3JJ.eCb T -npeMH co6Kpaann ancxTpoaon,. r 

w2 
~II3/IOKTpll'leCK8H IIOCTOlll!.H8H Bpe~ 

r = p ff o 
2ull+ 

rJJ.e p II f - YJJ.811bBOe COI1pOTIIBI10BII9 H IJ.ll9/IeKTpli'19CK8H IIOCTOHBHall MaTepii8/I! 

KOToporo naroTOnnen.JJ.eTexTop. Ecnii co6nroJJ.aeTcH ycnonne t 1 ~ T , 'ITO IIM98T M 

npn d !> W[ 1- exp( -t 1 /br)] 'I'o, cornacao ( 10), xapaKTepaan nenn'IIIRa ~q npnnn 

BIIIJ. 

Bbi6npasr t =r 
I 

~q = _d_ -tl /r 
2 W e IJ./I.!I d ~ W( 1- e -tl/br ) . 

II IIOJJ.CTI!B/IS!.SI: b .. 0 1351 110/IY'IIlOM 

d 
~q = 0,18 w lliifl d ~ 0,94W 

Llnll npeMeaaoro napnaaTa aeTpy~no noita3aT&, 'ITO xapaxTepabii! IIHTepnan npe 

&t aaniimeTcll xax 

~t "' - rln( 1-d/2W) 

H ~t He 38BliCIIT OT Bbi6opa q , ecnn Ton&xo t(q 1 ).2! T, T,e, ecnn 

d d D 

qi~1-(1-2W)(1---;,v) 

HnnpnMep, ecnn BbxopaT& q I - 0 1 75, TO Bb!p8lK8Hll8 ( 12) TO'IBO IJ.IIH BCOX d ~I 

06paTIIM BHHM8llll0 Ra TO 06CTOliT911bCTB0 0 'ITO Bblp8lK8Bllfl ( 10) He Y"'IITbiBBIO'l 

IIOC~OlrHCTBO 11/IOTHOCTII 38pll!\8 BIJ.OI1b TOpM03HOrO IIYTII, 3Ty HeTO'IHOCTb nerKO IIC11pa! 

IIOIJ.CTI!B/I!Ill B <jlopMy/IaX ( 10) II ( 11) BMOCTO d/2 cpeaaee paccTOliHne HociiTenen aa: 

OT BXOIJ.HOro OKBa B MOMeBT npeMOHII IIX o6p830BBHIIll, KpoMe TOro1 B Bblp8lKOHliHX ( 10 

Y'ITOH8 311BliCHMOCTb IIOilBIIlKHOCTll HOCIITenei! OT Hll11pHlK8HHOCTH 9/IOKTpii'IeCKOrO IIOI1lf, 

HllKO aTIIM MOlKBO npeae6pe'lb1 110K8 HBIIplllKOBHOCTb IIOIIll B 110B9pXHOCTHOM cnoe &MI 

OCTaeTCll BIIJKO BeKOTOporo KpiiTII'IOCKOrO 3H8'19BHH & • Ecnn Tpe6onaTl>, 'IT06bl 
KPliT 

BIIlKHOCTI> .~blDQJt B IIOBOpXHOCTHOM C/108 CHlllKB/IBCb He 6onee '18M Ra 30%
1 

TO Ha OCJ 

18! 
IJ.BHHblX pa60Tbl · MO:KHO 110/IY'IIITb OUOHKy 

c- -I 
1.!> '" J2 KB1 CM , llO/Ib3yHCb paneHC 

KpiiT 

Mll & 
MaKe 

= 2U/W . W = (2r~t+U) II r 
\HCeK) ~ p (KOM,CM)' nerKO 

TH oneHKII nnll u II w Kp!IT' IIpll KOTODbiX IIMeeT MeCTO {!, = {!, 
KpiiT ~IaKC Kpii~ 
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q 
d 

(t) a-

2W 

+ 
q ( t) 

- w t > T .. brln-
- W-d 

(lOs,) 

d -t./r 
(1 - -)( 1 - e ) . 

2W ( 105) 

3A9Cb T -npeMn co5npaHHH S!IOKTpOHOB,, r - AHaneKTprrqecxaH IIOCTOHSHan BpeMeRH, 

wa 

rAe P H E - yAenbHOe COIIpOTHMOHHe ll AnaneKTpH'IeCKan IIOCTOn!IHSH MaTepnana, H3 

KOToporo n3roTonnen'AeTexTop, Ecnn co5nroAaeTCn ycnonne t 1 ~ T , 'ITO HMeeT MecTO' 

npn d S W[1-e:~p(-t 1 /br)] To,cornacao (IO), xapaKTepaan nenn'InHa d q npnHHMaeT 

BHA 

Ann ( 11) 

t .. , 
I H IIOACTaBnlUI b .. 0,35, nonyqaeM 

d 
dq .. 0,18 w d ~ 0,94W 

Linn npeMeuuoro napnaHTa aeTpyAHo noxa3aTb, 'tTO xapaxTepHbill HHTepnan npeMeRH · 

& t 3annmeTCll KaK 

dt "' - rln(l-d/2W) 
( 12) 

H dt He 3aBHCHT OT BhlOOpa q , ecnn Tonhxo t( q 
1

).;::: T, T,e, ecnn 

HanpnMep, ecnn Bbi5paTb q I - 0, 75, TO BbipalKeHHe ( 12) TO'IIIO Ann BCOX d ~ 0,9 W • 

05paTHM BHHMa.Hne Ha TO OOCTOnTenbCTB01 'ITO BbipaJKeHHH ( 10) He Y'IHTbiBaroT He

noc:roni!CTBO rrnoTHOCTii 3apnAa BAOnb TOpM03HOrO IIYTH, 3Ty HeTO'IIIOCTb nerKo HCIIpaBHTb
1 

IIOACTanmm n tfJopMynax ( IO) H (II) BMecTo d/2 cpeAaee paccTOliHHe HOCHTenel! 3apnAa 

oT BXOAHoro oKna n MOMeHT npeMeHn nx o5pa3onaaHn, KpoMe Taro, n BbipaJKeHnnx ( 10) ae 

Y'ITeHa 3aBIICIIMOCTb IIOABIIlKIIOCTH IIOCHTeilel! OT HanpnJKeHHOCTH aneKTpH"'eCJtOro nann. 0A

H81CO 3THM MOlKHO IIpeae5pe"'b1 IIO!Ca HanpnJKeHHOCTb nann B IIOBepXHOCTHOM cnoe .$MaKe • 

OCTaeTcH IIHJKe HeKOTOporo KpHTH"19CKOrO 3Ha'IeHHn .$ • Ecnn Tpe5oaaTb, "'Ta5bi IIOA-
KPHT 

Bll'lKIIOCTb AhlDQX B IIOBepXIIOCTIIOM cnoe CIIHJKanaCb He 5onee "'eM Ha 30%, TO Ha OCIIOBe 

/8/ 
AallllbiX pa60Tbi 

MH 
MaKe 

Til oueHKI! Ann 

"' -I 
«.!> ., 12 ICB,CM , nonb3yncb paBeHCTBa-

!CpHT 
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Puc, 1. -4>opMa sapSIJlOBoro nMnyahca nip -neTeKTopa q(d,t)=Q(d,t)/Q 0 
JlllH. Tpex 3HaqeH!lll r;Iy6JII!bl· 11pOl!llKIIOB9HliH qaCTllllbl B Jl9T9KTOp d = 0, 
d = bW n d ·= W • T - BpeMH co6npamm z:thlpOK. YKasaiihi aenHql!Hbi 

~q npn d=bW , t 1 =bT rr ~t npn d=bW, q 1 =0+b)/2. 
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