


1. BBE,llEHHE 

npot.~eCCbl ynpyroro VIJ. (;; IJ.) e -pacCeftHI-Ift, Ha6!110AaBWI-1eCFt BnepBble 
B 1973 r. B UEPHe 111, npoAonmaiOT ocTaBaTbCft o6DeKTOM 1-fHTeHci-IB
Horo 3Kcnepi-1MeHTa!lbHoro l-13y4eHI-1ft. B HacToFt~ee speMF~ yme Bblnon-
HftiOTCFt/21 !11-160 HaXOAftTCft B 3aBepwaiO~e~ CTaAI-11-1 noArOTOBKI-1 ~, 
3KCnepHMeHTbl HOBOrO nOKO!leHHft no H3MepeHHIO Ce4eHI-1~ 3TI-1X npot.~ec

COB C 04eHb BbiCOKO~ CTaTHCTHKO~ H C Ma!lbiM ypOBHeM $OHa. 
npot.~eCCbl 

v IJ. (;; IJ.) + e ... v IJ. (v IJ. ) + e /1/ 

RB!lftiOTCft 41-!CTO nenTOHHbiMI-1, n03TOMy npl-1 I-IX aHa!ll-13e MOmHO nony-
4aTb 1-1H$OpMal..ll-110 06 OCHOBHbiX napaMeTpax 3!leKTpOC!la6o~ TeOpi-IH 
rn3WOY- Ba~H6epra- CanaMa /rBC/, He 1-!CKameHHYIO AI-!HaMHKO~ 
CI-!IlbHbiX B3aHMOAe~CTBI-1~. 

B pe3y!lbTaTe 1-!CC!leAOBaHI-1~, nposeAeHHbiX HecKO!lbKI-IMI-1 rpynnaMH 
asTopos B Te4eHI-!e 1978-1982 roAOB /eM. o630Pbl B pa6oTax ' 4•51 I 
6blno noHFtTO, 4TO 1-13MepeHHft Mace W- 1-1 Z-6o30HOB, a TaKme nonHo

ro~speMeHI-1 mi-13HI-1 MIOOHa 1-1 I-13B!le4eHI-1e napaMeTpa sin 2 0w H3 KaKo~
""'uu 1JtdK41'11'1, ti KUTOpOH npOFIB!lftiOTCft 3(j)(j)eKTbl HeHT pa!lbHbiX TOKOB, 

AaiOT 3Kcnepi-1MeHTa!lbHYIO 1-1H¢opMai..IHIO,Heo6xoA~-'~MYIO A!lft nposepKI-1 npeA
CKa3aHI-1~ TeOpl-11-1 rBC B BbiCWI-IX nOPFtAKaX TeOPI-11-1 B03My~eHI-1~. 

BpeMFt mH3HH MIOOHa I-13MepeHo c BbiCOKO~ T04HOCTbiO yme AaBHO 161• 

HeCKOilbKO MeCFtl..leB Ha3aA nOftBI-1!11-!Cb nepBble CBeAeHHft 0 Ha6!110AeHI-11-1 
W- 1-1 Z-6o30HOB 171 , B03MomHo, 4TO 1-1x Macca 6yAeT I-13MepeHa 

C T04HOCTbiO nOPFtAKa +1 r38 yme B 3TOM rOAY, 4TO AaCT B03MO~
HOCTb H3Mepi-1Tb napaMeTp Teopl-11-1 sin 20 w• onpeAeneHHbl~ KaK 

sin 
20 w ~ 1 - M!/M; /2/ 

C T04HOCTbiO nOPftAKa 1Q%.RCHO, 4TO 4HCTO nenTOHHbl~ nPOI..IeCC /1/ 
HaH!lY4WH~ KaHA1-1AaT A!lft He3aBI-1CHMOrO I-13Bile4eHI-1ft napaMeTpa /2/, 
a 3TO H o6ecne4HT menaeMyiO nposepKy TeOpHH rBC Ha 01\HOneT!leBOM 
ypOBHe. 

,llnft nony4eHHft 1-1H¢opMal..ll-11-1 o napaMeTpax Teopl-11-1 np~-1 aHa!ll-13e 
AaHHbiX Ill06b1X BbiCOKOT04HbiX 3KCnep!-1MeHTOB Tpe6yeTCft T~aTe!lbHbl~ 
Y4eT paAI-1ai..II-10HHbiX nonpaBOK. no3TOMY BnO!lHe ecTeCTBeHHO, 4TO 
Bbi41-1C!leHI-110 OAHOneT!leBbiX nonpaBOK K npOI..IeCCY /1/ nOCBft~eHO MHO
meCTBO pa6oT, 0630p KOTOpbiX MOmHO Ha~TI-1 B noc!leAHe~, Hai-160!lee 
noAp06HO~ pa6oTe 181 • 

,llonO!lHHTe!lbHOe 1-!CC!leAOBaHHe 3TOro BOnpoca, npeAnPI-1HftTOe 
HaMH, HMe!lO C!leAyiO~I-Ie l..le!ll-1: ~-,,· ~--.~_.,...._.-
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1 • BcneACTBHe 3Ha4HMOCTH HaAemHoro onpeAeneHHH paAHa~HOHH~X 
nonpaeoK menaTenbHa He3aBHCHMaH npoeepKa ~opMyn pa6oT~ 181 , Ko
TopaH MomeT fibiTb e~nonHeHa 6e3 TPYAa c Hcnonb30BaHHeM pe3ynbTa
Toe, nony4eHH~x HaMH AnH OAHoneTnee~x aMnnHTYA n~6~x 4eT~pex
~epMHOHH~X npo~eCCOB/Q/, H pac4eTOB BKnaAa TOPM03HOrO H3ny4eHHH 
B CHTya~HH, KOrAa He perHCTpHpyeTCH AOnOnHHTenbH~~ peanbH~~ 
~OTOH /lOI, 

2. B pa6oTax /4,9/ Mbl npeAnomHnH npoBOAHTb e~4HcneHHH 3neKTpo
cna6~x nonpaeoK e ecTecTeeHHO~ cxeMe nepeHopMHPOBOK, rAe e Ka-
4eCTBe He3aBHCHM~X napaMeTpOB HCnOnb3Y~TCH 3neKTPH4eCKH~ 3aPHA 
e H MaCCbl BCeX 4aCTH~ TeOpHH, 4TO n03BOnHeT nony4aT b OAH03Ha4-
H~~ pe3ynbTaT. B OKOH4aTenbHOM e~pameHHH AnH nonpaeoK nerKo cAe
naTb KOHe4HY~ nepeHOPMHPOBKy napaMeTpOB H B~pa3HTb Ce4eHHH ~ fA
HoneTneeoM npHfinHmeHHH 4epe3 KOHCTaHTy ~epMH B ~-pacnaAe TI~ , 
3neKTPH4eCKH~ 3aPHA e, napaMeTp sin 2 Ow, onpeAeneHHbl~ ~opMyno~ 
/2/, rAe M w H M z- Mace~ ~H3H4eCKHX W- H Z-6o3oHoe, 4epe3 
Mace~ ecex ~epMHOHoe H Macey cKanHpa XHrrca. M~ npeAnaraeM npH 
aHanH3e npo~eCCOB /1/ napaMeTp /2/ C4HTaTb HeH3BeCTH~M nOCTOHH
H~M napaMeTpOM. ~3BneKaH ero H3 AaHH~X no 3TOMY pacceHHH~ H 
CpaBHHBaH C pe3ynbTaTaMH 3KCnepHMeHTOB no HenocpeACTBeHHOMY H3-
MepeHH~ MaCe W- H Z-fi030HOB, MOmHO fiyAeT npoeepHTb CaMocornaco
BaHHOCTb TeOpHH rBC Ha OAHOneTneBOM ypOBHe. 

3. HaKoHe~, TpeTbH ~1 caMaH eamHaH ~enb 3Toro AOnonHHTenbHoro 
HCcneAOBaHHH 3aKn~43eTCH B TOM, 4TOfibl H3Y4HTb BnHHHHe 3KCnepH
MeHTanbH~X KPHTepHeB OTfiopa ynpyrHX COfi~T~~ /1/ Ha eenH4HHY 
---··-····-· .. ·-·"· ---------- "--- .. -- .. ··· ____ .--- IRI _________ ----
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nHCb AnH TaKHX 3KCnepHMeHTanbH~X ycnOBH~1 B KOTOP~X TOPM03H~e 

~OTOH~ He perHCTpHpy~TCH, H HX ~a30B~~ OfibeM HHKaK He orpaHH4H~ 
eaeTcH. Xopowo H3BeCTHo, OAHaKo, 4TO TPHrrep n~6oro 3KcnepH
MeHTa B onpeAeneHHO~ Mepe BCerAa AHCKpHMH~HpyeT COfi~THH C HBHO 
pa3nH4HM~M ~OTOHOM,4TO TpefiyeTCH AnH yMeHbWeHHH YPOBHH ~OHOB~X 
COfibiTH~, 3TO 03Ha4aeT, 4TO He fiyAeT 3aC4HTaHa TaKme 4aCTb COfibi
TH~ BHyTpeHHero TOPM03HOrO H3ny4eHHH, T.e. pac4eT nonpaBKH 
AnH cny4aH nonHOCTb~ HeHafin~AaeM~X ~OTOHOB BCerAa BHOCHT HeKo
TOpy~ owH6Ky. B AaHHO~ pa6oTe Mbl noApo6Ho HccneAyeM 3TOT eon poe, 
npH 3TOM npeAnaraeTcH HOB~~ cnoco6 y4eTa 3KcnepHMeHTanbH~x 
KPHTepHeB OT6opa. CyTb MeTOAa COCTOHT B TOM, 4TO BMeCTO Ofibi4HOro 
Bbi4HCneHHH BKnaAa MHrKHX /nOnHOCTb~ HeHafin~AaeM~X/ H meCTKHX 
/4aCTH4HO HeHafin~AaeM~X/ ~OTOHOB npeAnaraeTCH B~4HCnHTb no 
MeTOAY MOHTe-Kapno eepoHTHOCTb Hafin~AeHHH peanbH~X ~OTOHOB H 
B~4eCTb nony4eHH~~ pe3ynbTaT H3 pac4eTa, OTBe4a~ero cny4a~ non
HO~ HeHafin~AaeMOCTH ~OTOHOB. npH 06~4HOM nOAXOAe BKnaA mecT-
KHX ~OTOHOB, OTBe4a~~H~ 3KCnepHMeHTanbH~M KPHTepHHM OTfiOpa, 
TaKme MomeT fibiTb B~4HcneH T04HO TOnbKO no MeTOAY MOHTe-Kapno. 
Pe3ynbTaT 3THX B~4HCneHH~ nonomHTeneH H HMeeT TeHAeH~H~ COKpa
~aTb OTpH~aTenbH~~ BKnaA OCTanbH~X cnaraeM~X. 3TO COKpa~eHHe 
TpefiyeT 04eHb T04Horo paC4eTa BKnaAa meCTKHX ~OTOHOB B nonpaeKy, 
4TO npHBOAHT K fionbWHM 3aTpaTaM MaWHHHOro epeMeHH. npH HOBOM 
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.. 

MeTOAe npHXOAHTCH B~4HTaTb 3Ha4eHHe nonomHTenbHOrO BKnaAa H3 
OTPH~aTenbHO~ nonpaBKH, no3TOMY noTepH T04HOCTH npH COKpa~eHHH 
He npOHCXOAHT. KpoMe TOrO, B HOBOM MeTOAe ycpeAHeHHe Ce4eHHH 
TOpM03HOrO H3ny4eHHH HMeeT MeCTO B OCHOBHOM B o6naCTHX ~a30BOrO 
06beMa C 60nbWO~ 3HeprHe~ ~OTOHa H C 60nbWHMH yrnaMH BblneTa 
~OTOHa OTHOCHTenbHO H3ny4a~~e~ 4aCTH~~. 8 TaKHX ofinaCTHX AH~
~epeH~HanbHOe ce4eHHe npo~ecca HBnHeTCH 6onee rnaAKO~ ~YHK~He~, 
4eM B ofinacTHX, OTBe4a~~HX meCTKHM ~OTOHaM, Bbi4HCneHHbiM npH 
06bi4HOM nOAXOAe, a 3TO npHBOAHT K 3Ha4HTenbHO ny4We~ CXOAHMOCTH 
pe3ynbTaTa C4eTa no MeTOAY MoHTe-Kapno. 

Bo eTopo~ 4acTH pa6oTbl Mbl npHBOAHM ~opMynbl AnH OAHoneTneBbiX 
nonpaBOK, nony4eHH~e B ecTeCTBeHHO~ CXeMe nepeHOPMHpOBOK H COOT
eeTCTBY~~He HAeanH3HpOBaHHO~ CHTYa~HH AnH cny4aH HeHafin~AaeMbiX 
~OTOHOB. Pac4eTbl npoBOAHTCH e npH6nHmeHHH t , s- t >> m ~ 
/s = 2meE 11 , t = 2me·<Ee- me) , E 11 H Ee- 3HeprHH naAa~~ero 
He~TpHHO H 3neKTpOHa OTAa4H, m 8 - Macca 3neKTpoHa/. 

B TpeTbe~ 4aCTH npeAnara~TCH ~opMyn~, Heo6xoAHM~e AnH pac4e
Ta BKnaAa Ha6n~AaeM~X ~OTOHOB no MeTOAY MoHTe-K~pno. B 3aKn~-
4eHHe oficymAa~TCH 4HCneHHble pe3ynbTaTbl, OTBe4a~~He CHTya~HH, 
xapaKTepHO~ AnH KanopHMeTpH4eCKHX H3MepeHH~. 

2 . .41-1~~EPEHL(~1AilbHOE CE4EHHE nPOL(ECCOB /1 I B 0,[\HOnETilEBOM 
nPH6Jll-1}i{EHI-11-1 

n,,.+,.+.,........,,....,,,,,,4-. .... , ,,,...,... ,...,... ,...,,,...,,....,...,_., .. ""'1."0'-'TI""\r'\U~ r'\TM:::lliiA rptJt31-1l.At3 nnr'l-

~ec~~;'+'/1/' ·;"6~~~;;C~;M -~~~6~~m~~~~. ;~~~W~~ ~~ ofi~I~H;M BHA~ Ill/: 

B 
dav~e 

dy 

B 
dav~ e 

dy 

3AeCb 

[ 2 2 2 
2a0 gL + (1 - y) . g R)' 

2ao [(1- y) 2 g~ +gil. 

1 . 2 (} 
gL = -2 + sm w' 

. 2(} 
g R= sm w' 

(0 ~) ) 2
meEv Ee- me 

ao = , Y= --
Tr Ev 

/3/ 

/4/ 

/5/ 

!6! 

(~) 
0 F - KOHCTaHTa ~epMH B ~-pacnaAe, CBH3aHHaH C nonycnafio~ 
KOHCTaHTO~ g = e/sinfJ w(Sin 2 (} W = 1 - M!/M ;) COOTHOWeHHeM 
/4.5/ pa6oTbl /4/: 
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4 

a (J.L) 
F 

v2 
g 2 a 
-(l +-X) 
8M2 4TT w 

rAe X AaeTcR Bbipa)f(eH11eM /4. 6! pa6oTbl 141• 

171 

0AHOneTnesoe np116n11)f(eHHe aMnni1TYA~ npo~eccos /1/ B~411cneHo 
B pa3Aene 4 p~60Tbl 191• ~3 0614ei1 QJOPMYnbl /4.5/ 191 HaXOAHM, 4TO 
B cny4ae vJ.L(vJ.L)e -pacceRHI1R aMnni1TYAa B OAHOneTneBOM npl16nl1)f(e
HH11 HMeeT BHA 

·2 4 1 z 2 z 2 
:Jll = .2!L(2TT) {0 ®0 ·F 1 (q ,s) -4(1-R)Oa®Ya ·F

3
(q ,s)l, 

16R q 2 + M 2 a a 8 
z I I 

rAe q2 = t, R = M!/ M;, Mz - Macca Z-6o30Ha. 
<l>opMQJaKTOPbl aMnni1TYAbl F r 11 F i COAep)f(aT Q:laKTOPH3YIOl411i1CR 411CTO 

3neKTPOAI1HaMH4eCKI1i1 BKnaA, onpeAenReM~i1 QJOpMynoi:i /4.29/ pa6o
Tbl / 9/: 

FQED= FQED =~{[4-2(q2+2m2)j"(q2,m2,m2)l·PrR+ /9/ 
1 3 4TT 

m2 2 3 
+ 2ln2 - q . K (q2, m 2 , m2 ) + 2 q 2 j" (q 2 ,. m 2, m 2) - 41 

Mw 

"Cna6bie" BKnaAbl onpeAenRIOTCR QJOpMynaMI1 /4.59/-/4.61 I pa6oTbl 191. 
B nocneAHHX Q:lopMynax cneAyeT CAenaTb np116n11)f(eH11e s, q 2 << M ~, 
M~.Bocnonb30BaBwl1cb pe3ynbTaTaMH np11no)f(eH~R D pa6oTbl 191 /Q:lop-

Mynbl /D. 21 I -/D. 23/ I, nony4aeM "cna6ble" BKnaAbl F f(O) 11 F; (0) 
B 3TOM npH6nl1)f(eHI111. 

4To6~ B~pa311Tb Ce4eH11e B OAHOneTneBOM np116n11)f(eH1111 4epe3 
a~) , e 11 sin 2 

() w = 1 - M!/M 2 , Heo6XOA11MO 113 QJOPMQJaKTOPOB F t(O) 
z (/' z 0 11 F 3(0) Bbl4ecTb senH411Hy 4 x. TaKI1M o6pa3oM, AnR F 1(0) 11 

F ~ ( 0) OKOH4aTenbHO 11MeeM 17 

z g 2 5 
F 1 (0) = l + --[ Z(O) - W(O) + - R (1 + R) - 2 -

16TT 2 8 /10/ 

9R 
4(1-=-R) lnR + B ~ (0)], 

F~ (0) 
g2 R 5 2 

1 + -- { Z(O) - W(O) + --[ Z(-1) - W(-1)] + -R -
16TT 2 1- R 8 

# 

2 2 
1 62 9R z 2 m J.L 8 m J.L 11 

- - R - - - lnR + B 2(0) + - ln- + - - - - + 
24 9 4(1 - R) 3 M! 3 q 2 9 

/11/ 

2 

+( 3
1 --3~mJ.L )·-1-Ltq 2, m2, m2 ) + Tr[(8(1-R)Q~ -21Qri)·I 1 (q 2,m~, ~)11. q 2 q 2 J.L J.L 

Bee o6o3Ha4eHI1R BBeAeHbl B 19• 121, 3AeC b Mbl o6paTI1M BHI1MaHI1e ni1Wb 
Ha To, 4TO ¢>opMyna /D. 22/-/D.23/ pa6oTbl 191 6bma nony4eHa Ami 
q 2 » m 1 I m r - Macca n106oro Q:lepMHOHa/, 4TO HecnpaseAni1BO B pac
CMaTpl1saeMOM cny4ae. ¢>opMyna /11/ cso6oAHa OT 3Toro npl16nl1me
HI1R, 4TO 11 np11Ben0 K Tpi1BI1anbH~M 3aMeHaM: 

2 
(ln~- 5

3
)=> 6I 1 (q 2,m~ ,m~), 

M2 
/12/ 

w 

I 21 m2 c!. 1n...!.- - 11 ) => .! 1n_g 
3 M 2 9 3 M2 

8 m2 
+-.:::..1!:. 

3 q2 
/13/ 

w w 

11 1 2m~ 1 2 2 2 
--+(--~-)·-L(q ,m ,m) 

9 3 ., 6q2 q2 J.L J.L 

rAe It 11 L onpeAenRIOTCR Q:lopMynaM11 /2.13/-/2.16/ pa6oT~ 1121 • 
Bbi411CnRR A11¢>¢lepeH~I1anbHoe ce4eHI1e, OTBe4a1014ee aMnni1TYAe 

/Of, Ha.X.U~I'IM 

) 
duOLW 

.3!:.:. 
B 

duyl' e 1 2 

dy 
_ _.___ + 2uo 1- (f 1 - rs ) + g L( r 1 + r 3) + 

dy 4 . /14/ 

+ ~R(2f8(1-y) 2 +f 3 -r 1 ]1, 

OLW 
du vll e 

B 
dujill e 

dy dy 
+2uol !<rt-rs)(1-y)2 +gi<rt+f3) x 

/15/ 

x(1-y) 2 +gi[(f8 -r 1 )(1-y) 2 +2f8 ll, 

rAe r 1 = F1z(O) -1 r 8 = F;(o) -1. 
Tenepb K ce4eHI1RM /14/ 11 /15/ Heo6xoAI1MO A06aBHTb ¢>aKTOPH3YIO

l4YIOCR 3neKTpOMarH11THYIO 4aCTb /9/ 11 BKnaA TOPM03HOrO H3ny4eHI1R 
¢JOTOHOB, npOI1HTerpl1pOBaHH~~ no nonHOMY ¢la30BOMY 06beMy QJOTOHOB. 
BKnaA TOpM03HOro 113ny4eHHR Bbi4HCnReTcR c noMOl4biO KOBapl1aHTHO~ 

TeXHHKI1, pa3BHTO~ s/10/ H C ~CnOnb30BaHHeM CHCTeM~ aHanHTH4ec-
KHX Bbi4HCneHH~ SCHOONSCHIP 114; nony4eHHaR 3neKTPOAHHaMH-
4eCKaR 4aCTb ce4eHHR nonHOCTbiO cosnaAaeT c pesynbTGTOM pa6o
T~ /8/: 
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QED a 2 f (y) da
11 

e 2a - [ g L L _,P._ ~~ = 0 1T 

dy 

2 2 ] + g R (1 - y) f R (y) ' 
/16/ 

da-QED /17/ 
__..5!.~ 

dy 
a [ 2 2 2 ] 2a0- gL(1 -Y) fR(y) + gRfL(y)' 
1T 

( ) /8/ rAe fLY) 1-1 fR(y onpeAeil.AIOTC.A QopMynaMI-1 /15a/ 1-1 /15c/ pa6oTbl 
COOTBeTCTBeHHO. He11b3.A, OAHaKo, He OTMeTI-1Tb, 4TO C nOMO~biO, 
KOBapl-1aHTHO~ TeXHI-1KI-1 1101 3TOT pe3yJlbTaT noJly4aeTC.A HaMHOrO 
npo~e, 4eM c I-1CnOilb30BaH!-1eM MeToAa pa6oTbi 181 • 

<l>opMyJlbl /14/-/17/ npeACTaBJl.AIOT C060~ OKOH4aTeilbHble BblpameHI-1.A 
Ail.A A1-1<l><l>epeH~I-1ailbHoro ce4eHI-1.A npo~eccoa /1/ a OAHOneTneaoM npi-16-
Ill-1meH!-11-1. OHI-1 nony4eHbl c l-1cnonbaoaaH~er ecTeCTBeHHO~ cxeMbl ne
peHOPMI-1poaoK 1-1 COAepmaT napaMeTPbl 'G ~ , a , sin 2 0 w , Macey 6oaoHa 
X1-1rrca Mx 1-1 Maccbl ecex <l>epMI-10HOB me· 3aa!-1CI-1MOCTb ce4eHI-1.A oT Mx 
4pe3Bbl4a~Ho cna6a.A 1 131 , no3TOMY I-13Y4eHI-1e npo~eccoe /1/ e xoAe 
3Kcnep!-1MeHTOB c BbiCOKO~ cTaTI-1CTI-1KO~ 1-1 aHaill-13 AaHHbiX c y4eToM OA
HoneTneBbiX nonpaBOK n03BOJl.AIOT onpeAeJlVITb C BbiCOKO~ T04HOCTbiO na
paMeTp sin 20w = 1- M.i/M~ VI npoaepVITb caMocornacoaaHHOCTb Teo
PVII-1 IBC Ha OAHoneTneaoM ypoeHe. 

3. TOPM03HOE 113JlY4EHHE HA6IliO/.IAEMbiX <I>OTOHOB 

An.A pea111-13a~1-11-1 on1-1caHHO~ eo BBeAeHI-11-1 npo~eAYPbl y4eTa BI11-1.A
HI-1.A 3KCnep!-1MeHTaJlbHbiX YCilOBI-1~ Ha BeJli-14VIHY paAI-1a~I-10HHO~ nonpaBKI-1 
He06XOAI-1MO 1-1MeTb <!>OPMYilbl Ail.A KOMnOHeHT I-1MnyJlbCOB KOHe4HbiX 4aCTI-1~ 
VI Ail.A nOilHOCTbiO A1-1<l><l>epeH~!-1aJlbHOrO Ce4eHI-1~ npo~ecca TOpM03HOrO 
I-13Jly4eHI-1.A, conpOBOmAaiO~ero ynpyroe pacce.AHI-1e /1/. np~-1 MOAeill-1-
poBaHI-11-1 MeTOAOM MoHTe-Kapno KOMnoHeHTbl I-1Mnynbcoa noaaon.AT 
npoaHaJlVI31-1pOBaTb KVIHeMaTI-1KY npo~ecca 1-1 OTBeTI-1Tb Ha Bonpoc: 
6yAeT 111-1 i -Toe pa3blrpaHHOe C06b1TI-1e VIAeHTVI<!>I-1~VIpOBaHO TpVIrrepOM 
KaK Heynpyroe. AVI<!><l>epeH~VIailbHoe ce4eHVIe noaaoJlVIT Bb14VICilVITb 
sec i-Toro co6biTVI.A. 

B 3TO~ 4aCTVI pa6oTbl AaH KOHKpeTHbl~ npVIMep TaKoro pac4eTa. 
noJlHOCTbiO AVI<l><l>epeH~VIailbHOe Ce4eHVIe npo~ecca 

11 P. (; P.) (k 1) + e (p 1 ) -+ 11 P. (; P. )(k 2) + e (p2 ) + y (p) /18/ 

VIMeeT BVIA 

dOR 
da = 2a

0 
_a_dydz--P [g~EL + g:ER], 

lip. e 778 2 4IT 

/19/ 

da- = da (g L <--+ gR) • 11p.e 11p.e 
/20/ 

6 

l 

.l 
-.J 

R R R 
3AeCb s = -2p1k1, z = -2pk 2, d.OP = d cosO d¢ 

-+ -+ p p 
, rAe OR VI ¢R -

p p 
yrilbl BbiileTa <t>oToHa a R-cVICTeMe (k2+ p = 0), 

2 m~ 2m~ 
E = - (s - z - v ) - - s - + 

L 2 v2 v 2 
1 2 

2 1 2 t 1 1 + (s + - z - sz) (-- - - + -) + 
2 v 1v2 v 1 v 2 

+ (1 + 
t 

v1 

ER =-(s-

v2 1 
-) (z- s +- v2), V1 2 

2 
2 me 

t - v 1 ) - + [ z (s - t -
v2 

2 

1 2 
- z) - (s - t) ] x 
2 

2 2 
me t 1 1 1 m eZ 

X (2 - --- + - - -) + ~- t - - Z) - 2- + 
v 1 v 1v

2 
v1 v

2 
2 v 1 

v1 • t 1 
+(- +--l}(t-S+-V), 

v2 v2 2 1 

2 
=(Pl-p2); v ( 1 ) = - 2pp ( 1 ) ; 

2 2 

z = -2pk2. 

0 .... , ........... .,,,..,,., . ..., ~· I 'l 1 I . • I 'l 'l I --- --- - - - .. - .... - -- - -
- ..,...,,t"'"""'"....,.''"''''" 1-•1 rt ,._.._,'1M'- ..JIV OUUI"'IVmnu, 1~1)1 IIVJIUIJ\.,-IJIIo'l 

nepeMeHHble Z, 0 R VI ¢ R VI3MeH.AIOTC.A B CJleAYIO~VIX npeAeJlaX: 
p p 

0 < z < zmaz = 2t(s 2
- st- m~t)/[ sy't 2 + 4m~t + t(s + 2m!)], 

R 
-1 s cosO 11 ::; + 1 ; 

0<¢R<27T 
- p - • 

/21/ 

/22/ 

u• e- 8. 

/23/ 

KaK o6bi4HO e MeToAe MoHTe-Kapno, 3Ha4eHVI.A 3TI-1X nepeMeHHbiX Ha
XOARTC.A no <l>opMyJlaM 

z "'z max · Y 1 • ¢ R = 2rry , cosO R = -1 + 2y
3 

, 
p 2 p 

rAe r 1 , r2 , r 3 - cny4a~Hble 4VIcna, paeHoMepHo pacnpeAeileHHble Ha 
0Tpe3Ke /0,1/. nepeXOA.A C noM~biO IlOpeH~-npeo6pa30~aHVIH Vl3 
R -cVIcTeMbl e na6opatopHyiO c ocbiO· Z BAOilb BeKTopa k 1 VI noaopa-

4V1Ba.A ee TaKVIM o6pa30M, 4T06bl BeKTOp p2 nema11 B nilOCKOCTVI 
(y; Z) , HaXOAVIM KOMnOHeHTbl 4-aeKTOpOB p 2 VI p 

p2J: = 0, 

P 2y = -s2 /s, 
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P 2z 

p20 

px 

= c I (2m s), 
2 e 

= (t +2m :)l(2me), 

..;7!2 · sinO:· sin.P: , 
/24/ 

- R s 2 [l + (s- t)l.,jA • cosOP ]/(2s) - R R -+..; z • c sinO cos¢ / (2s.,j A), p p 
Py 

Pz 
- R 

c[l + (s- t) I .,jA • cosO ]I (4m s) - R R -
- m ..; z s 2sin8 cos¢ / (s J A), P e 

- R 
(s -t +VA· cosO )/(4m ). 

P e 

e P P 

Po 

3AeCb s 2 =vst(s-t-z)-m~(t+z) 2 , c 2 =st+2m;(t+z), 

2 2 2 c = s - c 2 , A = (s - t) - 4m ez. 

4. 06CY~AEHHE PE3YnbTATOB 

AH$$epeH~HanbHOe no nepeMeHHo~ y ce4eHHe npo~eccos /1/ s OA
HoneTnesoM npH6nHmeHHH paBHO CYMMe B~pameHH~ /14/ H /16/ AnH 
v~e-pacceHHHH //15/ H /17/ AnH v~e -pacceHHHH/ B cny4ae, ecnH 
TOPM03H~e $OTOH~ He perHCTPHPY~TCH. OnpeAenHM, KaK o6~4HO, 
paAHa~HOHHy~ nonpaBKY $OpMyno~ 

'"'' \II . OL aa--"/<ly + da'"'~~ /dy + da'"'/dy 
8 (E v, y) = 

/25/ 
B da ldy • 100% , 

a nonpaBKy, CBH3aHHY~ C y4eTOM 3KCnepHMeHTa~bH~X ycnOBH~, B~pa

meHHeM 

8 BR (E v • y) 

(4) BR 
d a r d.{} -r dz . p dy dz dflp 

daB 

dy 

. 100%. /26/ 

4eT~pexKpaTHOe AH$$epeH~HanbHOe Ce4eHHe B 4HCnHTene ~~pameHHH 
/26/ OnHC~BaeTCH $OpMynaMH /19/ H /20/, aero HHTerpHpOBaHHe 
AO OAHOKpaTHoro ce4eHHH no y ocy~ecTBnHeTCH MeTOAOM MoHTe-Kapno 
no TeM KOHe4HbiM MaTeMaTH4eCKHM KOH$Hrypa~HHM, B KOTOp~X C06bi
THe TOPM03Horo H3ny4eHHH /18/ 6yAeT pacn03HaHO KaK Heynpyroe 
co6biTHe. 

8 3KcnepHMeHTaX KanopHMeTpH4eCKOro THna KOHe4H~e $OTOH H 
3neKTpoH nopomAa~T 3neKTpoMarHHTHble nHBHH. Co6biTHe 6yAeT pacnoa
HaHo KaK Heynpyroe, ecnH ABa nHBHH xopowo paanH4a~TCH. B~4Hcne

HHe HHTerpana /26/ C AOCTaT04HO~ T04HOCTb~ MOmeT 6~Tb B~nonHe
HO TOnbKO nocne T~aTenbHoro H3y4eHHH xapaKTepHCTHK onpeAeneH
Ho~ 3KcnepHMeHTanbHO~ ycTaHoBKH. MomHo, OAHaKo, npeAnonomHTb 
npOCTY~ MOAenb pacno3HaBaHHH nHBHe~, Tpe6yH, 4T06bl OAHOBpeMeHHO 
BblnonHHnHcb cneAY~~He ABa ycnosHH: 

>
t.O 

8 

6 

Ey >k 1 ·Ee H 

1000138 ----/ .......... 
I ' 

I ', 
I ' I \ 

k2 

eey > "Ee 

I 1Q(lr38 \, 
/ ----........ \ 

L.l.r~-- _J~~I38 ',, \ 
. ........ ' \ 

100138 ......... ,, \ 
-·-·-. " \\ ......... 1138 ................... , ,, 

------:::......, .. :,\I ..,-- ' -~ \\ 
/ 1138 "'"'" 01 ~ ~-~- bt" . o:"6" o"J~. 

2 
/" 

-2 

-L. 

-6 

-8 

-10 

/27/ 

rAe E e H E y - 3HeprHH Ko
He4Horo 3neKTpOHa H $OTOHa 
COOTBeTCTBeHHO, a 8 ey -
yron paaneTa 3neKTpoHa H 
$OTOHa B na6opaTOPHO~ CH
CTeMe /3HeprHH H3MepHeTCH 
B 138ax, Oey - B paAHaHax/. 

AnH He~TPHHHoro Ae
TeKTopa OHRH-H$83 131 . 

k 1 = 0,1 7 0,3 ' 128! 

a 2 = u,uJ.. • u,uu. 

RCHO, 4TO, B~6HpaH MHHH
ManbHble 3Ha4eHHH AnH k 1 
H k 2 , Mbl 6yAeM HMeTb MaK
CHManbHY~ senH4HHY o8 R. 

Ha pHc.1 noKaaaH~ rpa
$HKH ¢yHK~H~ 0 OL(E v• Y) H 
o BR(Ev ,y) B 3aBHCHMOCTH 
OT Y AnH v~e -pacceHHHH 
npH Tpex 3Ha4eHHHX 3HeprHH 

PHc.l. 3aBHCHMOCTb OT y 
8 OL I crrnomHbie JIHHHHI H 8 8 R 
I rryHKTHpHbie - k 1 "' 0, I 
H k 2 = 0,01, illTpHXIIYHKTHp

Hbie - k 1 = 0, 2 H k 2 = 0, 03 I 
AJI.fi v ll e -pacce.fiHH..fi rrpH 

::meprHH HeHTPHHO E = I 
100 r3B H 1 T3B. v 
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>. 
c-o 
8 

6 

4 

2 

-2 

-4 

-6 

-8 

-10 

1ooor3B ,..--- ....... 
/ ' 

/ ' 
/ ' 

/ / 1001:aB _ ', 
,.., ..- ........ \ .,....... ...... \ 

, ..... 1ooor3e ' , -·-·- ,, ,-· ., \\ 

/ 1oor,e -...... ' ' -·- ' ,, .,..,.-· ·-. . ,, / 1r3a.- __ ----:.....,.."':-- ,, 
,,.,.--- "'--:·~ ~ 

., "" 1 r,e '\:\, \ -·-·-·-· 
0,4 0,6 0,8 y 

JU1TEPATYPA 

OL 
PHc.2. 3aaHCHMOCTb oT y 8 
I cnnomHble JIHHHH/ H 8 BR 
/nyHKTHPHble - k 1 = 0, I 
H k 2 = 0, 0 J', WTPHXIIYHKTHp

Hble = k 1 = 0,2 H k 2 = 0,03/ 

,IJ;JIR II /). 6 -pacceJIHHR IIPH 

3HeprHH aHTHHeHTpHHO 

E- = I , I 00 r3B H I T3B. ... 

naAaiOUiero He.:iTPYIHO E 
11

• Ha 
pHc.2 noKa3aH~ Te me ca
Mble KPYIBble Ailfl v/J. e -paccefi
HYifl.nonHafl nonpaeKa c y4e
ToM 3KCnepY!MeHTailbH~X 

YCilOBHH OTPH~aTeilbHa H pas
Ha pa3HOCTYI MemAY COOTBeT
CTBYIOUIYIMYI BeilH4Y!HaMH 
80L(Ev,Y) H 8BR(F.,.,, y) • 
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