


no Cp&BH6HH~ C ony6nHKOB&HHHMH B nHTep&Type nOnfHHKn~3HBHYMH 

pac~eTaMH (CM. 1 H&npHNep,/2/), 3KCKn~3HBHI!.ft peKOHCTpyKQHH &KTa ~OH
~OHHOrO CTOnKHOB6HHH OTKp~B&eT 3H&~HTenbHO 6onbmHe B03NO.HOCTH ~H 

~eTanbHoro conocTasneHHn c aKcnepHMeHTON paanKQHNX npe~nono•eHHR o6 
OC066HHOCTHX KB&pK-rmDOHHOrO N8XaHH3N& ~OHKYX B3aHNO~eRCTBHR. 

lliaH&p~e ~HarpllNNI>I ~&liT BKn~ TOnbKO ~H H63K30T~eCKHX ( B 

CMHCne S -KaH&nbHOrO 06NeH&) peaK~HR H ero MO-HO B~enHTb no nonHO

NY ce~eHHD we3oH-HyKnO~ B3aHNo~eRcTBHR, ecnH napaweTpH30B&Tb aHep

reTH~eCKYD 31!.BHCHNOCTb C6~6HHH B B~e 

Gtot = 0 p + 6"R /VJ' (I) 

r~e Op H ()R - ce~eHHH, COOTB6TCTBYDUIH6 o6MeHy nouepOHOM H p6,II;llt60-

H8MH. TaKan napaweTpH3~H cnpaBe~HB& ~o B~o~a ce~eHHR H& nnaTo 

npH B~COKHX 3HeprHHX; npH ~e 6onbmHX 3HeprHHX COxp&H~TCH nHmb 

UHnH~~eCKHe ~HarpaMNY. 

B nnaHapHOM cn~ae N630H-HyKnOHKYX B31!.HMO~eRCTBHR THn KB&pKOB 

(&HTHKBapKOB) H ~KB&pKOB Ha KOHU&X CTpyH~, yHOC~HX BeCb ~OHH~ 

HMnynbc, onpe~enneTCH BH~OM cauoR ~HarpaMMH (eM . pHc.I). ,Unn npouec

coB C nouepOHHYM 06MeHOM, Kor~& 06p&3YDTCH ~Be KBapK-rn~OHKYe CTpyH~, 

6y,IJ;eM llp6~0JUU'aT:D, ~TO KB&pKH (&HTHKBapKH) HMe~T paBHYD 1 H6 3amt

C~ OT HX &pOMI!.TS, BepOHTHOCTb OKI!.38TbCft HI!. KOHU&X CTp~ H onpe

~eneHHOe pacnpe~eneHHe no ~one ~poHHoro HMnynbca t1 (.x J • nonepe~
~ ~B~eHHeM KB8pKOB B 6~cTpOM ~poHe MO~O npeHe6peqb. 

;,, --r;;
AR = h; ~ 

PMc. I. 
KsapKOBI!.ft cTpyKTypa pe~eBcKoR A R H noMepoHHoR A p awnnMTY~ 

B38HMO~eRCTBH11 ~poHOB hi H hz 

aepo1!THOCTb 06Hapy.HTb Ha KOHU6 CTp~ ~KBI!.pK C onpe~eneH~ 
3H&~eHHeN CnMHI!. H M30CnMH& onpe~M1!eTCft ycnOBM6N, QTO CT&nKM~H6C11 

H po~a~eCft ~OHH npHH~e.aT OCHOB~ COCTORHRRM 35- M 56-yYnbTa

MeTOB rpyn~ SU (6). EcJIH npe~nonoliJITb, ~To ~HKB&pK B npo~ecce B3aH

wo~eAcTBHft COXpaH1!6T CBOA CnMH H M30CnHH, H ~eCTb 1 ~TO nonH&ft BOJIHO

BU WHKIUUI Tpex 6apHo~ KB&pKoB, 3&BHCIIDIU OT YHMT&pKYX, CnMHOB~ 
H npoCTpaHCTBeHH~ nepewe~, CHNNeTpMQH&, TO NOltKO onpe~MHTb CnM-
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HOB~e H H30TOnHqeCKH9 COCTOHHHfl ~HKBapKa B HaqanbHOM 6apHOH9 (6apHO

H!lX) H HaRTH KOHeqH~e 6apHOHHHe COCTOflHHfl. 

~IT,YHbCH~e pacnpe~eHeHHfl KB!lpKOB (aHTHKB!lpKOB) B M930H8 H HYKHO

He MO~HO HaRTH, paccMaTpHB8fl pe~eBCKyn aCRMTITOTHKY nHOH-HYKROHHoro 

paCC9flHHfl B HanpaBHeHHH Bnepe~ H Ha3a~ 3a cqeT BTOpH~ nOHDCOB Pe~

~e ( ~anee ;r; orpaH~HMCfl paCCMOTpeHHeM TOHbKO N- N H :Jl- N B3aHMO

~eACTBHA) 3/ 

B 
r~e f· 

8 B -1/2 3/z 
Uq, (X) =_?

0 
X. (1- X) , (2) 

M M -112 - f/z 
Uq; (X}= Po X (1-X) , (3) 

H 
H fo - nocTOfl~e, onpe~enfle~e ycnoBHeM HOpMHpOBKH, 

J1 8 fl H 
U0 {X) d.x = Uq, (:r) dx. = J. (4) 

o T 0 

ilpH 3TOM CqHTaeTCfl, qTO KB!lpKH HSCYT B Ce6e "o6HaKo" rHDOHOB H Mop

CKHX q, q, -naplE) • 

CYMMa HMIT,YHbCOB KBapKa H ~KBapKa pasHa HMIT,YHbCY HYKHOHa 

~
1

[u;(xl -r u;q, (:J<)]xdx = 1, (5) 

r~e 
8 B 

Uq_q_, {X) "' U q ( 1- X) , (6) 

-lilt------------ - - ---·- ... --------- - ----------·-· ---·-··-
"' Q\3_tJU.U VV.PQ.:JJlV&J.\rli\.VTl U U.,U..t'Vll-~VlUI.V"' VVJ,U.U.,t' .... l1nn. V "'.t"J I& ...... J-'vn...,n.v 

~HT nyTeM H93aBRCKMOR ~parMeHT!lUHK HaXO~HXCfl H!l ee KOHUaX KBapKOB 

(aHTKKBapKOB) HHK ~HKBapKOB B Ha~aMH9 ~pOHH. ~fl MO~eHKpoBaHKfl 

CBOACTB 3THX ~OHOB ~ BOCnOHb30BanKCb CnOC060M 1 npeAHOM8~ B pa-

60T9/o/: KOr~a B CHCT9M9 U9HTpa MaCC CTpyHH 6NCTp~ KBapK Q C HM

IT,YHbCOM R, neTKT B HanpaMeHHH 2- , To Ha ero nyTH_ uaeToBoe none 

po~aeT KBapK-aHTHKBapKoayn napy f, B • AHTHKBapK f:. BMecTe c KBap

KOM a... 06'D8~HflDTCfl B M930H a i, , a OCTaBmKACfl KBapK fJ 06ne~Hfl
eTCfl C aHTKKBapKOM H3 CHe~~eA napN H T.~. (CM. pKC.2 ). ~nyHbCN 

po~aD~KXCfl M930HOB onpe~eHflD!Cfl ~KUHeA nHOTHOCTH B8pOflTHOCTH ne

pexo~a KBapKa a a Me3oH af:. c ~oneR HMnY.Hbca ~arMeHTHp~ero 
KB&pKa c0i=i-~. 8 COOTB9TCTBHK C pa60TOA75/ ~ BOCnOHb30BaHHCb 

Anfl 3TOA ~KUHK B~~8HH9M 

lE) Mo~eiDipo:arume pacrrpe.n;eJieHIIir1 BH,I{a..fCx 1 =.Po :x...;,c{-.r).Sy.n;o6Ho BH
IIOJIHJIT:& MeTo.ztoM oopaTHoil !IJ~ I 4/. llcKoMoe sHa'leJme x 
npH 3TOM onpe~9Rfl9TCfl ~reOFa~eCKKI~,,)'Il8.BHel:f,H8M _ ~ 

!=5
0

J'(::x:)dx::j\X '#;,(oi+n-t1)n! CL(K ~)+.fo1t-o(' 
r~e 0::: s < i - paaHoMepHo pacllJle~eneHHoe cnyqaAHoe ttHcno, N -
~ocTaTo~o 6onbmoe uenoe qKcno. YpaaHeHHe pemaeTcfl HHTepnonHUHeA 
C JdCIIOJ1930~8M Ta6JI:m:(H 3apaH99 paCC'WTaHHHX IIap TO'l9K (.x:,.,,~,.), 
r~e Sm=J J'(X)clx. 
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PHc.2. 

CxeMa ~arMeHTauHH KBapKa H ~HKBapKa B ~oHH. 

2 f q, ( Z ) = 1 - a. + .3a '2 ( 7) 

r~e napaMeTp a. = 0, 77. 
OnHcaHHHA cnoco6 pacqeTa ~arMeHT!lUHH no~cKa3~BaeTcfl CTPYH~H 

M0~8RflMH, Henocpe~CTB9HHO paCCMaTpHB~HMH ~a3p~B CTpyHH nYTeM po~

~8HHfl ~i-nap H3 B&KyyYa B nOCTOflHHOM none/of H npHBO~T K cornacyn

~HMHCfl C o~OM ~KUHflM ~arMeHT&UHH B nponeccax e+e--aHHHrHHflUHH. 

Mhl yqH~BaHH RHIIIb TpH OCHOBHYX KB&pKa U , d H S H npe~no
naranH, qTo o6R~81lll1He pa3HHMH 3HaqeHHflMH apoMaToB q/j,-na~ po~a
DTCfl C OTHOCHT8Hb~ B9C8MH 

puu : ed : ~s = 1 : i : I( ' 
r~e M8An9HHO paCT~A C 3HeprHeR ~KTOp no~&BH8HHfl CTpaHHYX qacTHU 

Vr'T') 
v 

U~'I.OUII"''Oml"tft' 'D TT'I"\0".01'11"1o'V' 
---------·--- -·· - ··r-,....------

11 ?'J ...- Y trr\ ./ 11 K 
v 

KaapKK H &HTHKaapKH c pas~ aepoflTHOCTflMH woryT o6ne~HflTbCfl 
B nceB~OCKSHflpHNe K B8KTopHNe M930HH 

Fi= 0 : Ps = 1 = 1 : 1 . (9) 

EcHK o6p&30B&BmKACfl M830H- Jd30CKanRp, TO yqldTHBanOCl> CM9WJdB8HH8 U~, 
d d K ss -nap c yrnaMH e = 45° Mfl nceB~OCKaHflPHNX H e = 90° Mfl 
B9KTOpHNX M830HOB. 

XoTfl ~q -napN po~aDTCfl c HYRSBNM CYJOfapHHM nonepeqm.~M HMIT,YHb

coM, HMIT,YHbC KB&pKa p
1 

K &HTKKB&pKa -P.r pa3~p~BaHKCb no pacnpe~eJie
HKD 

Wq, (p.L)=exp (-PJ /rJ 2
) /.1lo 2 

(10) 
C napaMeTpoM o s 01 35 r3B/c / 5/. nonepe~NA Hwnynbc po~~erocfl 

~OH& paBeH CYJOf8 nonepeqKHX HMnyHbCOB COCTaBH~X ero KB&pKOB. 

~&rMeHT!lUHfl ~KBapKa MO~SHHpyeTCfl &H&Hor~HHM o6pa30M. ilpo~e 
BCero 3TO 6HRO C~SHaTb, npeHe6per8fl CTpyKTypoA ~KB&pKa, O~&KO Ta

K08 npH6HU8HHe IIpOTRBOp8'WT ~aHHHM no rJI;yOOKOHeynpyrou;y nenTOH

HYKHOHHOMY pacceflHHD/7/. HcnoRb30B&HHa~ HaMH npone~ KHHDCTpKpy

eTcfl Ha pHC.26. ~KB&pK ab C B8pOflTHOCTbD ~g nepexo~T B M830H 

(MY CqHTanH e_c, = 0,5) H c sepOflTHOCTbD i- Pab B 6apKoH. flpe~no-
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naranoc&, ~To o6pasyn~Rcn B nepsoM cnyqae HOBHA )l,HKBapK coxpaHneT 

CllKH K H30CnKH CTaporo ~KBapKa, sa HCKH0~8HK8M )l,HKBapKOB, COCTO~X 

K3 KBapKOB O)l,HHaKOBHX apoN&TOB. B STON cnyqae HOBHR )l,HKBapK HN88T 

CllKH K H30Cl1HH paBHiiMH f .l1Muym.CI:l: poli,J\8.DJIKXCH N830HOB QC , cd K 
T.~. H 6apHOH8 a&d pasHrpl:l:BaDTCH, COOTB8TCTB8HHO, !10 pacnpe~eH8HH-

~ rM 3 
J"q,q, (z)= Jt~, <rr> 
f ~4 ( ~ )' :::- 2 2. ( 12) 

KsaHTOBYe ~Kcna 6apHoHa o~osHa~o O!lpe~ennoTcn KBaHTOBYMH 

~HCHaMH )l,HKB&pKa H po~~HXCH N8SOHOB. 
Bo BC8X KKH8M8T~8CKHX B8H~H8X yqHTYBanKCb MSCCY KB&pKOB K 

,ll,HKB&pKOB: r7lu= ma = 0,3 fsB, ms= 0,5 fsB; 111/PI= mad= 0,45 fsB, 

mus = mds = 0, 5 fsB; mss = 0,? fsB. 
CneAYeT saweTHTb, ~To Ha !1p8KTHKe sHa~HTen&Ho y~o6Hee Tion&soBaT&

cn !lepeMeHHYMH CB8TOBOI'O KOHYCS BM8CTO !lpO~OHbHOI'O HM!1yHbC8 H 3Hep

I'KK. 8TH BSJIH'IWW, o6osHa~aewe Wt "' ~~ 1- E , r~e E - sHeprHn pac

cMaTpKsaeMoR ~aCTKql:l:, HBHHOTCH HHBapKSHTHYMH OTHOCHT8HbHO nopeHq8BHX 

I1peo6pasosaHHR s~on& H&I1pasneHKH P, , a !lepeMeHHYe x K ~ KHTep

llpeTHpynTcn KaK COOTB8TCTB~8 ~OHM 3TKX B8H~HH. O~aKO !lpK 3TOM 

nonyqaeTCH 6eCKOH8QH08 ~CHO ~OHOB C ManYMH 3H8~8HHHMH yV H, CH8-

~0B8T8HbHO, 6on&mKMK oTpH~aTen&HYMH HMTiyHbCaMH P11 ( ~oHY BYHeT&mT 

B CTOpoHY, I1pOTKB0!10HO~HYD ~B~eHHO Ha~&nbHOI'O KBapKa HHH )l,HKBapKa). 

'iTOOY KCKHIO~KTb H8H80HIO)J,Bt:lMblt:l Ha Ullbl'l't:l 4BC'l'MUbl C fir ' v , lliJUUt:lCC qJpal'

M8HT~HH )I,O~eH o6pYBaTbCH npH H8KOTOpOM VV= vvmcn • ~8HOM8HOHOI'H
~eCKHA 11apaueTp VVmin Mo~o O!lpe~enHTb HS cpasHeHHH BYCOT pac~eTHo

ro H 3KCnepHM8HTanbHOI'O 6NCTpOTHHX pac!lp8,11,8H8HHA po~a~XCH ~SCTHQ, 

KOTOpl:l:8 B8CbMa ~BCTBHT8HbHY K ero B8HH~KH8. TionyqeHHOe TSKHM o6pasoM 

3H8~8HHe Wmi~= 0,9 rsB OK83YBaeTCft npHI'O)J,HYM ~H OllHCaHHH ni06HX ~ac

THU B Jl-N- H N-N- CTOHKHOB8HHRX (pHc.3). 

0!1HCaHHI:l:R Cl10C06 paCQ8Ta I1pOU8CCOB !18p8X0)1,8 KBapKa H )l,HKB&pKa 

B ~OHY !1pHBO)I,HT K ~KUKHM ¢parM8HT8UHH, XOpomo COI'i&C~MCH C 
3KC!18pHM8HTOM. ~ft KBapKa 3TO !10K83aHO paHee B pa60T8 5/, a )J,HH )J,H

KBapKa HHHIOCTpHpyeTCH pHC.4. 
06pNBaH pac~eT ¢pal'M8HT8UHH YCHOBH8M W > W min , MY OCT8BHH8M 

H8C!lapeHHYe KBapKH. ~X MO~HO HC!10Hb30BaTb )J,HH TOI'O, ~T06Y o6pa30BaTb 

)J,Ba ~OHS H nyTeM COOTB8TCTBYI0~8I'O 0!1p8,11,8H8HHft HX KHH8MaTH~8CKHX 

xapaKTepHCTHK y~osneTsopHTb saKoHy coxpaHeHHH sHeprHH H npo,ll,OHbHoro 

HMnyHbCS (llOllepe~HaH KOM!10H8HT8 HMnyHbCS llpH HameM Cl10C06e MO)J,8HHpO

BaHHH coxpaHHeTcn asToMaT~ecKH). B cnyqae UKHHH,Il,p~ecKoA )l,Harp&MMY 

,103a a,DJ>OHa llOJIY'lalDTCSI nyTeM 06i>8,li;HH8HWI OCTaBIIIHXCSI Ha KOJI®X CTPYH 

KBapKOB.B WiaHapHOM CJ!Y'Ul8 ~OllOJ.llmTem.HO poJK,IJ;aeTCSI 8~8 o~a <f f -napa. 
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PHc.3. 

~ fO 

$' 
b' 
a or 

EHcTpoTHYe pacnpe~eneHHR BTOPH~ ~acTH~ B Hey!lpyrHx cTon~Ho

BeHHHX ~OHOB npH pasn~HHX 3H8pi'HftX. fHCTOI'paMMI:l: - pac~e~ npH 
W = 0 1 9 fsB. OKCI18pHM8HTanbHY8 KpHBY8 H TO~KH ~ft p-p BS&M

MO~eRCTBHH BSHTY HS pa60T/S-Il/. KpHBY8 ~HH 3L+-p- BS&JJMO)J,eAcT

BHH - amrpoKC~ 8KC!19pHM8HTaJll>HWC ,wunnlX C llOMOI!Il>D ~IJ(,yn 

HS/!2/. 

X 

PHc.4. 

~yHKUHH ~parueHT~HH )l,HKBapKoB pasnH~ THnos. KpHBHe -

pac'!leT. 3KcnepHMeHTan&HYe TO~KH o , • , x BSRTH Hs pa6o~7 I 
H OTHOCftTCft, COOTB8TCTB8HHO, K PP', ~P-H }'f- B38KMO~eAC'i'BHHM. 

0~8)l,HH8HH8 H I'8H8pHpoBaHH8 KB&pKOB I1pOH3BO)l,HTCft B COOTB8TCTBHH c OllH

CaHHOR BHme npo~eAYPQA ~I'MeHT~H. Heo~osHa~ocTb pacnpe~ene~ft 

3H8pi'HH H !lpO~OHbHOI'O HMnyHbC& M~ ~Byuft ~OH8MH ycTpaHB8TCH no~-

6opOM ITO~I'OHOQHOI'O rrapaweTpa HCXOAft HS YCXOBKH MHHKM&XbHOI'O HC~a.eHHH 

HMITYRbCHHX H sHepreT~ecKHX pacnpe)J,eneHHA poll,l\eHHHX a,ll,poHOB. T~oe 

HCK~eHHe C~8CTB9BBO rrpH He60nbmHX 3H8pi'HHX, KOI'~& BCe p&CCYOTPeHH8 
CTaHOBHTCft npo6neY&THQHHM. 

06pa30B&BmH8Cft npH CTOHKHOB8HHHX ~OHOB peSOHaHCH MOI'YT ~DaCT~ 

CR. ~H OTHOmeHHH B8poRTHOCT8A KaHanOB paCITa)l,8 MY BOCITOHbSOB&nHCb ~&H-
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HNMK pa6oTY/131. npe~nonaranoc&, ~To ~syxqacTKqHye pacn~ npoHcxo

~RT H30TpOnHO B CHCT9M9 HX USHTpa M8CC. Tpe~&CTHQHY8 pacn~ paCCQH

TYB&nHCb qepea ~Ba cne~x ~yr sa ~yroM ~syxqacTHQHYX. 

C noMO~b~ MeTo~a MoHTe-Kapno paccMaTpHsaeMaR MO~enb noasonxeT 

Onpe~eHKTb BC8 X8p8KT8pHCTHKH K~OrO OT~8HbHOrO ~H-~OHHOrO 

CTOHKHOBSHHR, TO 9CTb reHepKpOB8Tb H860p "3B83~", KOTOpYe ~anee MO~

HO 06pa68TYB8Tb nO TaM ~e np8BHn8M, QTO K COOTBSTCTByD~e 3KCnepHM8H

T&nbHY8 "3B83~"· 
B pa6oTax 14- 15/ onHcaH sec&Ma 3~KTHBHYA cnoco6 3KCKH~3HBHOro 

p8CQ8T8 HeynpyrHX CTOHKHOBSHHA ~pOHOB H8 OCHOB8 ~HOM8HOHOrHQ8CKHX 

npe~nono~eHHA 0 CBOACTB8X ~OH-~OHHYX B38HMO~eACTBHA. Ham cnoco6 

OTHKQ88TCft TSM, QTO OCHOBaH H8 ~HOM8HOHOrHQ8CKHX npe~nOHO~SHHRX, 

OTHOC~KXCft K 6onee rnY,60KO~, KB8pKOBOMY ypOB~. ijpe~nOHO~SHHft, HC

nOHb30BaHHY8 B pa6oTax714- 157, npH 3TOM nonyqa~TCft K&K cne~CTBHS. 
B HameM no~xo~e Hcnon&3yDTCR scero nHmb ~Ba "~oHHYX" napaMeTpa -

OTHOm8HH8 ~Byx KOMnOHSHT nOHHOrO C8Q8HKR, COOTBSTCTB~KX nnaHapHYM 

K I..IHnH~HQeCKHM rpa¢8M TononorHqecKoro paano~eHHR erR/ Op~ H napa

MeTp, onpe~eH~KA BYCOTY nnaTo 6YcTpOTHoro pacnpe~eneHHR VVmin 

0 TOM, H8CKOnbKO TOQHO Ham cnoco6 OnHCYB88T 3KCnepHM8HT, MOMHO 

cy~Tb H3 npHB8A8HHYX HK&e ~8HHYX. 

A 

'1, .?5 
c 
v "" 

'5 

'0 

5 

0 

pp 
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PKc.5. 

CpeAHRH MHo•ecTBaHHOCTb qacTHU, po~~Kxcx a HeynpyrHx 

CTOnKHOBSHHHX npoTOHOB K TL -ueaoHoB c npoTOH~K. K~~BYe

pacqe/i2~gn~~HM8HT&nbHYe TOQKK B3RTY K3 pa6oT/16-2 I. CM. 

Taoe ' ' I, r~e npe~cTasneHa no~o6HaR 6K6HKorp~x ~x 
<ttdt) -COOTB9TCTB8Ji!i0 C yqeTOM H 6ea yqeTa BU~a ~!llpaKUKOHHYX 

npoueccos. 
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PKc.5 noKa3YBaeT, KaK cornacymTcx pacqeTHYe H 3KcnepHMaHT&nbHYe 

3H8~8HHR OCHOBHOA X8paKT8pKCTKKH HeynpyrHX B38MHO~eACTBKA npHBHCOKHX 

SH9prHRX - CP8AH8A MHOM8CTB8HHOCTH BTOpKQHYX Q8CTHU pa3nHQHYX THnOB. 

,li,JIH CJMM&pHoA MHOM8CTB8HHOCTH 38pJDt8HHYX Q8CTHU < Yl.ch) , COCTO~X 

B OCHOBHOM, H3 npOTOHOB H nHOHOB, Xopomee COrHaCH8 HM88T MSCTO B mH

pOKOM HHT8pBane 3HeprHH T OT ~8CHTKOB ~0 COTSH TYCRQ raB (ecnK YQHTY

B8Tb TOQKY npH IS = 500 raB, nonyqeHHyD B OnYTax co BCTp8QHYMH nyqKa

MH) • Ham pacqeT He BKJIIlltaeT ~K!IlpaKLIHOHHYX npo1.1eccos, OAM&Ko, KSK 

BHAHO K3 pKC.5, r~e ~~~ CpaBHSHKft npHB8~8HY 3KCnepHM8HT&nbHY8 3H8Q8-

HHH C YQSTOM H 683 YQ8T8 3THX npOUSCCOB, KX BKH~ B <nch> H8B8HHK. 

B npe~enax 3KcnepKNaHT&nbHYX norpemHOCTeR c OnYTOM cornacymTcH 

'T808 OT~MbHY8 KOMnOHSHTY <rich > - MHOllt8CTB8HHOCTH .Ji + , Ji- - M830-

HOB H CTp8HHYX Q8CTHU. Xy..e cornacHe ~ft npOTOHOB (Ta6n.I), QTO CBH-

38HO c Heo6xo~HMOCTb~ 6onee ~eTan&Horo onHcaHHR npouecca !llparMeHTa

UHH ~KB8pKa (yqeTa ~KT8 HH~HpOB8HHH C COxpaH8HK8M KB8HTOBYX QH

cen H&neT~eR qaCTKUY). ,li,JIR p830H8HCHYX Q8CTHU p8CQ8THY8 H 3KcnepH

M8HT&nbHY8 3HaqeHHH COBn~~T C TOQHOCTb~ ~0 K03~HUH8HT8 ~1,5, XOTH 

HM88TCR B03MOMHOCTb 60.JI88 TOQHOR no~rOHKH"?8p8M8TpOB. 0TM8THM, QTO 
MO~enHpOB8HHe B38HMO~eAcTBHA i8TOAOM/I4-Iv npH T~IOO raB 38BYm88T 

BYXO~ j> H !::,. B H8CKOHbKO pas 27/ 

If) 

CpeAHRH MHOllteCTBeHHOCTb npOTOHOB B HeynpyrHx 

p-p CTOnKHOBSHHRX 

T,rsB < np > 
PacqeT 0nYT* 1 

IO 1,4 I ,35+0, I 

ro2 1,2 1,42+0,1 

I03 I,O I, 40+0, I 

Ta6nHga I. 

AnnpoKCKi8UHR H3B8CTHYX 3KcnepHMSHT&nbHYX ~aHHWX no 4oPMYH8M H3 
pa6oT/I 2 • 

PHc.6-8 HHH~CTpHpyeT xopomee cornacKe c onYTOM ~BoAHYX ~~peH

UH&nbHYX pacnpe~eneHHA nepeMeHHHX x H ~ • HeKoTopoe pacxo~eHHe 

KM88T M8CTO HHmb ~~~ 6apHOHOB B 06JI8CTH I xI ~ 1 . XapaKT8p 3TOrO 

pacxo~eHHft 38BHCKT OT Taro, HBnRSTCH 68pHOH COxpaHH~eACft Q8CTHU8A 
HHH H8Tlf). 

If) 
CoxpaH~aACft H83YB88TCH Q8CTHLI8, HMSD~aR Te llt8 KB8HTOBY8 QHCH8 
H BYn8T8~8ft B Ty llt8 nonyc~py, QTO H H8QaHbHaR. 

9 
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PHc.6. 

~ , Q& fgB/c x- >oofgB 
6 ~ t50Df3B 
• - t062fgB 
• -ttoor 3 B 

0 Of 0.2 05 Oit 

X 

~~peHqK&nbHY8 pacnpe~eHeHHft npOTOHOB B HeynpyrHX p-p 
CTOHKHOB8HHftX npH 3~8HHOM 3H8~8HHH nonepe~HOPO HMnyHbC8 p~ 

PHcTorpaNMY pacc~TaHY npH 3HeprHRX T = roo raB M T=rooo raB, 

COOTB8TCTB8HHO ~Hft PL = 0,3 raB/c, ~ = 0,4 H 0,8 raB/c. 

8Kcnep~MeHT~bHYe TO~KM npM paaH~ aHa~eHMRX T B3RTY Ha 
pa6oT/2B, 291. 

CneKTp coxpaH~MXCR ~acTKQ HKKe aKcnepMYeHT&nbHoro. 3To o6DftC

HfteTcft T8M 1 ~TO, BO-nepBYX, B HameR M0~8HM H8 ~TeHY ~p~MOHHYe 

~aCTMI..\Y, KOHU8HTpHpYIJIIIM8Cft K8K paa B 06H8CTH /X/~ 1 , BO-BTOpYX, 

~TO CBft38H01 HanpHM8p, C npe~nOH0&8HH8M 0 paBHOB8poRTHOM, H838BHCH

MON OT apoYaTa BY6ope B38KMO~eACTBym~ero KBapKa B CT&nKKB~XCft 

6apKoHax. B CH~ae p- p saaKwo~eRcTBKA nocHe~ee npKBO~T K TOMY, 

~TO cpe~ftft 3HeprHft po~8.DJIHXCft npoTOHOB npK T > roo raB 3aM8THO 

M8Hbme 3KCnepKM8HT&nbHOA (Ta6H,IT) H ManO OTHH~88TCft OT 3HeprMH H8AT

pOHOB, ~TO npoTKBope~T 3KCnepKM8HT&nbHYM ~aHHYM/32/, 
Ta6JIHga IT. 

0THOmeHM8 pac~eTHOPO H 3KcnepKM8HT&nbHOPO 3H8~8HKA cpe~eR 

KMH8T~8CKOA 3HeprHH npOTOHOB, po~~XCft B HeynpyrMX 

p- p CTOHKHOB8HMftX 

T,raB < §"p > reop / < Yp> 3Kcn *) 

ro r,4 

ro 0,85 

5·ro2 0,62 
ro3 0,62 

~) <fp) 3KCn. pacc~TaHO no annpOKCMM8UHOHHYM ¢opuyHaw K3 pa6oT/r 2/. 
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• I 

PP -7' h 

10 

I 

0.1 

u U,d (l,'i 

PHc.7. 

A= 0,3 raB/c 

u,o 

o K;. 

• K-

U,CJ 

~~p8HUM8.11bHY8 pacnpe~eHeHHft M830HOB B HeynpyrHX p-p 
CTOHKHOB8HMftX npH T=I00 faB H 3~8HHOM 3H8~8HKM nonepe~oro 

HYnyHbC8 P1. , rHcTorpaMMY - paC'i9T, OKCll9pm.t9BTaJU.HH9 TO'IIGI 

H3 pa60TY/28/. 

H-
CneKTp HecoxpaHRD~MXCR 6apHoHoB (HanpHMep, ~ -~acTHu, cw. 

PHC 9) Hao6opoT 38BYm8H B 06H8CTH Jxl~i , B 3TOM OTHOmeHMH Hama 
. ' ' /27/ 

MO~eHb 6HH3K8 K NO~eHH nes~eHKO H HHKOH88B8 • 
Ha pHc.IO H B Ta6H.W co6paHY ~aHHYe o nonepe~ HYnyHbcax 

po~aD~xcR ~acTHU. TeopHR H aKcnepHMeHT xopomo cor.llaCYDTCR npM Ma

MeHeHMK ce~eHMA H8 TpK nop~a B8HH~MHY, 
113 npHBe~eHHYX ~aHHYX CJie~eT, ~TO npH T > IO raB HaJD8 N0~8Hb 

~OCT8TO~O xopomo OnHCYB88T OCHOBHY8 XapaKT8pKCTHKM HeynpyrMX B3aH

MO~eRCTBMA ~OHOB H M0&8T CJiy&MTb OCHOBOA K8K AJift ~&nbHeAmero yco

BepmeHCTBOBaHMft T80pHH, T8K H AJift npHKJI~ pac~eTOB, HanpMN8p, 

CBft38HHYX C pacnpOCTp8H8HH8M BYCOK03H8preTM~8CKHX ~aCTHU B B8~8CTB8. 

ll 



Pn 

'§l 6 195T:.B/ c 

" ~ 
liJ 

~IZ 

PHc. 8. ,llH/WJepetmMBJibHYe pacnpe~eJieHMR Jl -Ne30HOB B HeynpyrMx p- ,_ 
M Ji-- p CTOJIKHOBeHMRX. rMCTOrpaMMbl - paC'!9T 3KCil9pHM9HTaJil.HH9 

/30 31/ • 
TO~KM B3RTH M3 pa6oT ' • YK&3&HY 3Ha~eHMR MMnyJibCOB HaJie-
TalliJIMX ~&CTMU. 

-{ -0-9 -06 
X 

PMC • g • ,llH/WJepeHUM8JibHY8 Ce~eHM.R MHKJIIl3MBHOrO pOli,D,eHMR (j t t -~aCTMU 
B p-p CTOJIKHOBeHM.RX npM T:68 rsB M nepe~aB&eMHX MNnyJibC&X 
It I ~ 0.8 <rsB/c) 2 fMcororpaMMW-pac,eT. f\yHKTMp-annpoKcMM&.qMR 
SKCnepHM9HT8JibHHX TO~eK x3 pa60TH 18/ no ~pMyJiaN pa60TH/33/. 
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{ 

0 

I 

Pn ~:;;~ .. 

196- r:.B/c 

04 08 

PHc.10. 

04 08 

P/ (raB/c) 2 

Pacnpe~eJieHHR nonepe~HHX HMnyJibCOB poli,D,all~Hxcn ~ -Me3oHoB. 
rHCTOrpaMMH-pac~eT, 3KCnepHMeHTaJibHHe TO~KH H3 pa60TH/30/ 

Ta6JIMUa ill. 

CpeAHHR nonepe~HYR HMnyJibC ~acTHll B HeynpyrHx p-p 
CTOJIKHOBeHH.RX < PJ. > { rsB/ c) 

T,rsB ITPOTOHY Ji±. -Me30HY 
pacqeT OnHTlf) pacqeT OnHTlf) 

10 0,21 0,30 0,27 0,30 
102 0,35 0,41 0,34 0,33 
5·102 0,45 0,42 0,37 0,33 
ro3 0,46 0,44 0,37 0,33 

JE) AnnpoKCHM&UKR 3KcnepMMeHTaJibHHX ~aHHHX no ~PMYJiaN pa6oT/I2( 
IlporpaMMa MO~eJIMpOBaHHR H&nHCaH& Ha ft3HKe Q}oporpaH M 3&AeftCTBO

BaH& H& 3BM :SOCM-6 H CDC-6500 • Bpeu pacqeTa THCfNH p- p CTOJIKHOBe
HHR NeHee I MHH H Ne~eHHo yseJI~HB&eTcn c pocTOM sHeprHH T. 

ABTopH 6Jiaro,ItapHH M.r .Me~~~epRXOBY sa o6c~eHHe :pesyn'l'aToB. 
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