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Bseneaae 

3JtenepHM9HT81lbBble ARBI!ble liO 0Dp830B811BIO OAHIIO'tllbiX " -M930BOB B RY1t11011-BYJt-

11011HOM eoyAap&HRB B BBTepB8119 SHeprBA 1-3 fsB HAXOAHTeH B YAOB1leTBOpKT91lbHOM eorna-

/1/ 
eaR e npeneJtaaaanstMH MOA&nll onaoMeaosnoro npafinuJKeHBH {OMn) • AaanorB"<tHast eary-

/2/ 
anaa aafimonaeTest R nps fionee BbleOJtBx saeprHstx . B STOll esstaB npeneTasnseTeB ec-

TeeTBeHHhlM liOApOOHO paeeMOTp&Tb po11b AHRrpaMMbl OAHOliHOHHOro OOMOH8 !IpB SH&prHHX 

KHJK9 1 rss, B qaeTHOeTH BD11H3H 600 Mss, rne H8JCO!I1!9H 3H8'1BT91lbHbll! SKenepHM9HT 81lb-

HhlA uaTepaan no saepr&TB"<teeJtouy a yrnoaouy paenpeneneHRJO 

eH !IpH eT011KHOB9HRR H9li01!SipH30B8HHblX HYK110HOB. 

11 -M930H0Bt pO>K.n8JOIUHX• 

lloCTOHHeTBOM MOA911H OAHOM930HHOrO 1IpH011HlK9HHB SIB1!SI&Test TO, 'ITO !IpH ee enpa-

B91t1lBBOeTH YA89Tell eBH38Tb BQeAHHO ARHHbl& liO "N -paee&RRRIO e ARHHblMB liO peaJt-

!IRK NN .. NN" sna, eTporo roBOpll, aaall ~83bl "N -paceea aast B onpeneneaaou 

HHTepsane aaeprRA", MO.>KH0 1 He BBOASJ ltOllOnHHTenbHblX HeR3B&CTHbiX ¢yHKnHJt, 38 HCKnlO'II&-

aaeu ~pu~axTopoB HyKnoaos, nonaoeTbJO onaeaTb nponeee poJKAeHBH 11 -M930HOB B 

HYK110H-HYK110HHOM eoynap9HJIR, B STOM eMblene A8HH8H MOA911b npeT9HAY9T Ha K011R'I9eTB9H

H09 O!IBe8HR9 nponeeeOB M030HOOOp830B8HHll, XOTll H B orp8HR't9HHOM HHT9pB8119 SH&prRA, 

flp&MeHHT911bHO It li011llpR38!IROHHblM HBneHHHM B HeynpyrRX HYJt110H-RYit1lOHBblX eoyAap&HHHX 

uonenb OMn noaso1!HeT Bb!HeRHTb Bh!AeneaayJO ponb peaoaaaeab!X eoe:roaaaR rrN -cue-

TeMbl . B qaeTHOeTR, see s<!><l>exTbl nonRpaaanaa B aeenenyeuol! peaxnaa B03HRKRJOT KHK 

CneACTBKe p930H8HCHOrO B38HMOA9ACTBHH " -M930H8 e HYK110HOM B eoeTOHHRH T~J = :V2 

flps npBM&B&HliH uonena onaonaoaaoro ofiueaa B03HHKaeT pan TPYAHOeTeA ofimero 

xaparrepa, JtOTOpb!& no aacToamee speMH ae npeononeabl 110 Koana. flpeJKAe seero aeo6-

XOIIBMO Y'IBCTb BHPTY811bHOeTb " -ueaoaa, KOTOpb!M o6MeHHBRJOTeB ayKnOHbl. llm• SToro 

ayJKHO pemHTb aa.o.aqy aHanliTH'I:ecKoro nponon)t(eHBH aMnnHTY.Llbi pacceHHHH peaJrbHbiX rr -

M930HOB B He~H3H"<t9eKyJO 001!8eTb. 3TOT BO!IpOe !IpHM9HHT91lbHO K eoeTORHHIO ( 3/2,3/2) nN-,. 

eneTeMbl Obl1! paeeuoTpea <l>eppapa R Cenneps
131 

e noMOWbJO onaouepab!X uaenepenoa-

HhiX COOTHOUI9HHA 1 H IIOnyqeHHbl9 pe3ynbT8Tbl BCIIOnb30B8llHCb B .ltOHKp9THblX Bhl'riHCneaH

HX/ 
1 1• OnaaKo aeCKonbi<O noaJKe llJKeKeoa, pewall sTy JKe aauaqy upyraM nyTeM, nony'IHn 

ll11ll 8Mli11HTYllbl paee&liHHll ~OPMY11bl 0 OT11B't810WH9ell OT H8All9HRblX ynoMRHYTblMH BbiW& 
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a nTo paMa
14 1 

B peaynbTBTe aTa na~HaH npooneMa He HMBBT no cax nop onHoaHaqBoro 

pe weHHH • 

.llpyra " aan a qa - onpeneneuae <jlopM<!>aKTOpon, onHCh!BB!O!IlBX acnycKaHHe a pacnpocTpa-

Jte HHe BH pTyBJibH bi X TT -M930HO B, OCT89TCH TO>K9 H9pel.li9BHOA, H IIpH K:OBKpeTHbiX pac-

"'eTaX JliiR UH X llp H HHM810TC H B blpll:>KeHHSI, 8 H8JIOrRqHble HCfiOIIb3Y9MbiM IlpH OITHC8HHH aineK

TpOMil r HI! THh!X <!>o pM<!>BKTopon HyKnouon. BoaHKaJOmHe npa aTOM KOHCTBHTb! onpenenH!OTCH 

H3 C p8BHe HJ.f R pe3yJibT8 T OB Bbl~HCJieHHtl C 3KCnepBM9HT81IbHbiMH .ll.8HHb1MH. 3TOT nyHKT SIB-

nHeTc st nTopbtM c na6btM aneaoM O Mn. HaKoHeu, c ymecTeyeT npooneMa yHHTapaaauaa S
/5,6/ 

M 8Tp Hilbl t on p e,nenst e Mon H3 M OJl91IH Oll.HO ITHOHHOrO 06M9H8 

B HllCTostmetl paooTe nponanollstTc st ebt'IHcneHHH auepreTH'IeCKHX c neKTpon 
+ 

11 -Meao-

Hon, oopaayJOmaxcH n npo ToH-npoToHHbtX coyaapeHHHX npa aHepnm 660 M ae n n paonaJKeHI!H 

OM n • .lln st aTon peaK!liiH npaeeaeHbl TSKJKe OlKHil8eMb!8 3HB'IeHHSI neno-npanoll 8CHMM8TpBH 

+ 
" -Me30HOB npHMeHHTe JibHO K HMeJOIUHMCH IT01ISipH30B8HRbiM rryqx:aM npoTOHOB 

Cllfo<ponHKno Tpo ua OYISH!. 

B pac ~eTa x HcnonbayeTCSI ec st aMeJOmastCSI HH<!>opMa!li!H o <!>aaa x TTN -pacceHHHH, 

eKn!0 ~8 SI H uepe30H8HC Hb!e <jla3bl. BKnanbl nHarpaMM Y'IHTb!eSJOTCSI CTporo oea npeHeope

JKeHH il HHTep<jlepeHttROHHblMH ~neHSMH. 

1. Monenb onuoMeaonnoro npaonHJKeHHH 

H a pHc . I n pHeeaeHbt ua aoonee oomae naarpaMM bt o6Mena OllHHM " -MeaouoM nnH 

pellKttHH NN ~ NN" ua nonstpaaonaHHOM ny'!Ke nyKnonon. 4-I!Mny nbcbt naneTaJOmero 

n yK n O H8 H HyKnOII8 M H I.U9HH o603Ha-qe Hbl ttepe3 p l 

n y nbCbl .llnSl KO H9ttH bi X HYK fl O HOB 0603H8\f9Hbi qepea 

H p2 

q H 
1 q2 

COOTBeTCTB9HHO,. Te >Ke RM-

, a .onsr " -Me30H8 -

~epea S ( p , i p ) - 4-MepHBSI nonS1pH38!li!H TIY'IK8 HyKnOHOB C HMnynbCOM 
1 1 0 

p 
1 

• Tl p l!nene aHbtx n Ma r paMM ObinO Ob! enonne nocTaTO'IHO nnH onncaHHH HHTepecyJOmeA 

Hac peaKUJI H, ec nH 6bJ ue HanHttHe KOHKypn p y10mero npouecca NN ~ m! , anymero npn 

pacc MaTpnsaeMofl aneprHH • .llnH 3Toro npouecca HYJKHO yqecTb eaaHMoneflcTBHe nnyx KO

'"te '-I.Hbl X HyKnOHOB 1 'lJTO CHflbHO y cnO>KHSl9T B blltHCneHHSI. 0.llH8KO .OnH TSKHX CnO>KHbiX p8C'Je

T OD C C BMOr O HB '-I.BnB He BH .ll HO OCHO BSHHA, flOCKOnhKYtBo-nepBbtX,BnRHHHe 3TOrO rrponecca 

ua acc n enyeMbiA npo acxonaT oonee ani! MeHee KocneHHbtM nyTeM, '!epea TpeoonaHHe ya11-

T Bp HOC TH S -MaTpH!l bi a, eo-nTophtX, aKcnepnMeaTanbHbJe naHHbte npn 660 Mae noKa-

3biB8IOT, l.JTO .llOnSJ STOff peaKnHH B o6m.eM qBcne· 06pa3yJOlllHXCH " -Me30HOB H9 BenHK8 

171 
H cocT.~emteT oT 20 no 30% • MoJKHO uanestTbCSI, 'ITO cornacne c aKcnepnMeHTOM oKa-

JKeTCSI TaKoro JKe nopHnKa. C y~eToM aTIIX aaMeqaaall npyrae naarpaMMbt, KpoMe yKaaau-

H bi X HB p HC. 1, HSMH H e p8CCM8TpHB810TCSI. 

B seneM n poeunpyJOmHe onepaTOpbt nnst cocTOHHHll aa~anbHbiX HyKnonos 

4 

B B'Hll9 

A•, 

rne 

A 

3aecb ·A ~ ·y
0 

•A
0 

_ ,; • • i\ 
( e a anhHetlwax pac '!eTax npeae 

aeKc A e o ooauaqeuastx Mac· 

H YKIIOH OB B KOHne , T O npoenHp; 

A(q
1

) H A(q 2 ) , n paqeM 3T 

1/ 2 e e bipaJKeHIISIX ( 1) eeenea : 

HHSIM npR B bPIR CJI9HHH B86 JI JOJl.8 

KOppenHpOe8Hb! 0 TO MSTpH.!ly IU 

P;'c 1 

rae a aaK x oaaaqaeT npsn .. 

aK!liiH NN ~ NN" 0 603 H 8'lJHT 

llTI H aToA peaKUHH 5yneT 

p :~ = [A(q, 

rae 

Ce~euue poJKneHHst " -Me30H 

do·, (2 

3necb F = .,j(jl ·p )2
- p

2 
p

2 
- "' 

I ~ t 2 

Me. 

Tax KAK uac HHTepecyeT 

BblpS)!{eHHII ( 6) RHTe r pHpOBSHHE 



QO CBX nop OQH0388~0rO 

>IIlHX acnycKaaae R pacnp o cTpa

:oll, H llpH KOHICpeTHbiX pac-

>3Y9MbiM llpH OllHC8HHH 9neK-

OM KOHCT88Tbl Ollp9QenH~CH 

fB Q8HHbiMB. 3TOT nyHKT HB-

npooneMa YHBT8pH381IHB S -
6/ 

+ 
R~eCKHX c neKTpoB t7 -M930-

apraa 660 M :;,a B n paonaJKeaaa 

HHSI neBO-Ilp8 8 0l! 8 CHMM9TpHB 

BBHHbiM llY'IK8M llpoTOHOB 

:> ¢aaax 11N -p8CC9HHHH, 

tJOTca c Tporo 6ea npeueope-

HHH 

HB OJl HHM T1 -M930HOM .llnH 

4-HMnynbCbl aaneTaJOmel"'o 

cooTBeTCTBeHHo. Te >Ke HM-

• a .nnst tr -M930H8 -

KB HyKnOHOB C HMnynhCOM 

1llH OllHC8HHH HHTepeCyJOrnel! 

NN .. ml , Hllymero npa 

b B38HMOQel!CTBHe llByX KO-

> Jl,n H TSKHX CnO>KHbiX pac qe-

BhiX ,snHRHHe 3TOro nponecca 

'eM, qepea TpeoosaaRe yna

QBHHbJe npa 660 M:;,s noKa -

! SI 17 - M930HOB He BenRKB 

lCHe C :3KCIIepHMeHTO.M OKB-

.nuarpaMMbi 1 KpoMe yKa3a H-

•H biX HyKnOHOB 

B Blf ll9 

lS(l+ir. s )·;\(p ), 
I I 

(I ) 

rne 

A(A) -
1
-(m - iA) 

2m A 
A 

(2) 

Y -Ma TpHIIbl napaxa, m A - Mac es nyKnoHa c HMny nbCOM A 

( B Qallh Kal!mBX paC'!9T8X llpeueoperaeTCH pa3HO CTbiO MHCC llpOTOIIa H He i!TpOHil , ll0 3TOMY IIH

QeKC A B 0003H8'!eHHHX MaCChi onycxaeTca). n ocKOllbKY Hac He HHTepecyeT nonapaaauaa 

HyKnOHOB B KOHIIe, TO llp091IHpyJOmHe OllepHTOpbl QllSI COCTOSIHHll KO H8'1HbiX RYKllOIIO B OyllyT 

A(q 1 ) a A(q 2 ) , n pa '!eM 3TH senH'IHHbJ o n penenRJOTCR c ooTaoweHHeM (2) . Ko :;,¢¢auueaTbJ 

l/2 8 Bblp8JKeHHSIX (I) BBe)l9Hbl JlllSI y'leTa ycpeQHeHHl! llO H8'18llbHbiM CllHHOBbiM COCTOH

HRHM npH BbPIHCneHHH na6nJOJl8eMbiX BOnRqBH. T aK KBK COCTOSJ HHSJ HaqanbHhlX RyKnOHOB He 

KOppenHpOBSHbi, TO MSTpHilY ITnOTHOCTM .nnst HHX MO >KHO 3SflHCSTb B BHJl9 

(3 ) 

!"'Jle 3 HSK X oaaaqaeT npRMoe npoaaseneaae MaTpau. Ecna MaTpauy nepexoQa QnH pe -

aKIIHH NN .. NN 1T oooaua'!HTb qepea M 1 TO M8 TpHU8 nno THOCTH KOHOqHoro COCTOfiHHR 

QllH 3TOH peaKUI<If oyneT 

rne 

., 
P, 

(4 ) 

M 

(5) 

Ce'!eHae poJKJ1eH HH 11 -Meao aos B a ToM cnyqae onpe,qenHeTcR ¢opMynoii ( c = 'fi = 1 ) 

do •, -· ( 211) 
m• 
2F 

Sp P•l 
f 

(6) 

3necb F = y(p . p )2 
-p

2 
p

0 
- H8'18llbHblll noToK 'IHCTHil, aanHCal!Hbl ll B IIHBapHaHTHol! lpop-t ~ t ~ 

Me. 

True: KaK Hac HHTepecyeT ::mepreTRT.JecKJ.di cneKTp TT - Me30JIOB 1 TO, npOK3BO.US1 B 

B blp8JKeHIIII ( 6) HHTel"'p11pOB8Hife ITO nepeMeHHbiM " q 2 , C y'leTOM lJ -<j>yHKillfH 

5 



H8XO,QHM 

rAe 

p = 

2 • 
d U I 

dTL dOL 

-· . m "I 
= ( 2rr) -- yT L (TL + 21') f!pp •pdros(J Ld¢ L 

2F r • 1 '"1 

2 

~lL 

(7) 

(W-q0L)q +q {-p oosO +'\..[oosOL•rosO +sin0Lsin0Lros(¢ -¢ )H 
t::lL tOL =:: tL qJL • q q

1
L q ql q1.... q

1
L 

npeuCTB Bl!!IQT CTBT<)>aKTOp. noA'19pKHYTbl9 CH1t3Y BOIIHHCTOil IIHHHell B9l!H'IHI!bl o603Ra'llliOT 

MonynH TpexMepHbiX seKTopoB HMrrynbcos. HnneKc L YK83biBaeT, 'ITO COOTBeTCTBYIOIII8.11 

B91IR'IHH8 Bbi'IHCII!IQTC!I B na6opaTOpHOil CHCTeMe KOOPUHHBT. Yrl!hl (J 0 L 

U91l!IIOT H81Ip8Bil9HH9 Bblll9T8 HYKIIOH8 C HMrryllbCOM qU. (eM. pHCo 2J, 
" -Me3ona c KHHeTI<qecKoll 3I<eprHell TL ; W = y 2m ( T

0
L + 2m) 

¢ onpe-
qL 

I 

e"'- ' ¢"'-
rronuall auep-

rHSI C H C T9M bi U9HTp8 MSCC .C.BYX H8'l81IbllbiX HyKnOHOB1 T OL - KHH9TH'I9CK8SJ 3HeprHH Da

UBIOIIIBrO HYKIIOHB. J.1CII01Ib3Y!I 38K0Hbl COXpaueHIIII HMIIYilbCa, HCKIIIO'IaeM mipeMeHBYIO q 2L 

nonHOCTblO, 8 1 npHM9HSIH 3BKOH COXp8H9HHH 3HeprHH 1 Bblp8>K8eM B9nHIJHBy q 10L (cooT-

B9TC TB9HHO q!L ) •1apee~ rr e peMeHH ble 0 H 
q L 

1 

¢ C IIOMOIIIbiO <)>opMyllhl 
q L 

1 

q 10L 

c0 c 1 -c 2 yc~ -m 2 (c~-c~) 
2 2 c - c 
1 2 

(8) 

rue 

co 
2 2 

~l c 1 - E1L-!!.. + 2£ u. '!,L oos e "'- 1 .• 

C 1 = W - q OL ' 

c 2 = ~L[oosO.Loose.L +sinO.L·anO•L oos(¢"'- -¢.Lll~£ 1Loose.L. 
I 1 I t 

TaKHM o6pa3oM , rronbiHTe rpanbaoe Bbtpa>KeHHe B ( 7) 3BBHCHT OT yrnos () 11 ¢ 
q L q L 

I 1 
SIBHbiM o 6 pa30M B ll03BOnsteT llpoH3B9CTB l.fHCn9HH09 BHTerpRpoB8HH9 1 ecnB npeJliiOnO)KHTb 1 

'ITO 38BHCRMOCTb umypa OT 3THX yrllOB H3BBCTHB. 3Ta 38BHCHMOCTb 6yneT H81lABH8 HQC-

KOnbKO ll03>K9. 

0TMQTHM 3A9Cb, 'ITO IIpH <)>HKC11poB8HHOil 3HeprHH H yrne Bbtn9T8 '11 -M930H8 HH-

T e rpnposaaHe no rronllpHOMY yrny e 
qiL 

.UOn}f(HQ 6biTb orpaHH'l9HO HHT9pBB.nOM 

o ~e .:: _ . [ AB +C/c•:;. 8•_.,2 
• L arc .-o . 1 
' B'+c• • 

(9) 

6 

rAe 

~-

2 2 
A = cl 

¢ - ·¢ - ll3HMYTlll!~ 
qL qJ. 

I 

Bbl'lltcneHHe 1urrypa, c 

npocToA no cymecTBy rrpou 

!pp:l = s 

+ s 

3ueCb Mbl BBellH 0603H8'19f 

P, 

p 

'o Sp Po, = 

co a; 11 / 10 -cKSnSipHS S 

B o6meM cnyqae 3TO B b tpa : 

pe3yllhTaTe 1111!1 rrpouecca 

M9TpHH B HCflyCK8HH'H T1 

Tpyn Ho noKaaaTb 1 qTo ecnH 

TO T S KliSJ T e Op9M8 BbiiTOnHSJ 

Dn!! cocTasneHH!I nce1 

v. H • Torna 

rae KOHCT8HT8 C Bbt6HpC 



>sO L d¢.., L , 
ql I 

(7) 

HeA senH'IBIIbl 0603BB'IBIOT 

BB8T0 'ITO COOTB8TCTBY~IIIBH 

·nbi 0 • L 

pac . 2), 
~ 

¢• L onpe-

' oqL ¢qL 

nonaa11 aaep-

KHH8TH'IOCK8SI 9HeprHH na

'Klli0'188M mipeMeaay~ q ~ 

BODH'IHBY q IOL (COOT-

Ilb!O ¢opMyn hl 

(8 ) 

l. 

IT yrnoB (} q L Sl tP q L 
I I 

eanue, ecnH npennono>KHTb 1 

AOCT b 6yneT aaAneaa aec-

B btneTs JT -M930H8 HH-

qeno HHTepsanoM 

l. (9) 

~ 

A K c~ rosO - p , B= q sinO rose!>. 
qL lL ""L qL 

tP q L - ·¢ qL - B3HMYTBnbHbiA yron HHTerpBilHH, 
I 

Bb!'IHcneaHe mnypa, CTO!IDie ro non aaaKoM HHTerpana B ( 7) , !IBnReTc!l nmtHHOA, ao 

npocToA no cymecTBY nponeaypoA, Dpe>Kn e acero a anHilleM BhlpalKOH!Ie a n 11 wnypa a BHJH! 

( 10) 

+ S ~[ i\(q )A(q )Mi ·y ·y /, M] .= I (1+ S A ~) 
li.t I ~ 5 1J. 0 IIJ. ll 1

0 

3necb Mbl BB8nH 0603H8'18HHH: 

0 •• =0 
p PI I MaTpHUB nnoTHOCTH llB'IBnhROrO COCTOSIHHSI 

0 1!11 =0 
P, P, 

llBYX HenonS1pH30BOHHbiX H y KnOHOB, 

M8TpHU 8 nnOTHOCTH KOHe'tfH Or O COC TORIIH 5J
1 

COOTBeTCTBYlOlll8S1 838HMOneAcTBHlO nen onR-

pH30B-8HHbiX HyKnOH O B , 

Sp/1 = ~[A(q 1 )A(~)Mp1°MJ - seml'mna, rrponop<lltOH an b H II ~ r eqe nn 10 po " <ne -

HHst " -M830HOB IlpH COy!WpeiJH I1 HellO /l SI -

p lf3088HII b1 X Hyt<:nOHO B
1 

A,t 4 -MepHLiii nceeaoaeKTop, cocTaaneHH t.rli 11 3 HMnyn b-

co a; -cKBliHpHaH <hHKilHH, orrpenenSieMa!l ¢ opMyno A 

- I 

10 ~[A(q 1 )A (q 0 )Miy .. yll p~ M] 
( 1 t) 

B o6meM cny'lae 3TO Bbipa}f(eHHe He paBHo nonSipH38UHH ayxnona a KoHne pe n KUHH , H a 

pe3ynbTBTe nn" rrpouecca He BbHIOnHSI9T CSI TeopeMa 0 paBeHC T Ae BCHM-

M9TpHH B HcnycKSHHH " -Me30 HOB H nonR;:>H3aUHR po>K.naJOruerocR HyKnoHa. Onuaxo He-

TPYJlHO rroKaaaTb, 'ITO ecnH po>Kneaae " -M930HOB onpenenfleTCfl T OnbKO nHarpBMMOA 1 
1 

TO T aKan T eopeMa BhinonnsreTcsz. 

nnH COCTSBUOHHS! IICOBilOBOKTOpa HMQJOTCSI TpH H938BHCHM bi X B9KTO p8 

H q • Torna 

All = C • ip p q < 
ly ~p 0 IJ.VfZT ( 12) 

r .ne KOHCT8HT8 C Bht6Hpa eTcst T aK HM o6paaoM, lfT06bt AP.. 6Ltno enHHJf1·HibJM seKTopoM. 
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PacxvoeM cxan<~ p 

S!{L AI' = •C· msin6q,LP 1 ~L~IL ms¢<#.- , 

PI 

·C -

- nongpaaanHH n yqxa , aa npa sneaaa H snonb ocH y • Ecnn Bb115paTb 

1 
TO Bb!p8lK9HH9 J:tnH li!ITypa MOJKBO nepemrcaTb B BHJ:t9 

m sin 6 Ql. !,\L £ IL •, I 
Sp p ~ IJ (1 + P

1 
ros ¢ ~ ) . 

I ""Io 

rne 

CnenosaTeJtbao, c e'!e n :m p<'.l!Ul&HHSI 

HM99T Bllll 

" -Mea oaos aa nonRpH3o sanao M ny'lKe ayxnoaos 

d2 o·o!! l • 
~ ~ 

d TL dO L 

• d 2 0' 
+ P1 ros¢ -~ 
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H a n ;JHneaeHHLIX <jlopMyn cneayeT, 'ITO acuMMeTpHll B ucnycKauuu 

aa~<e B TOM cnyqae, Koraa oaua H3 aMnnuTya, nu6o 6eccnuuona11 

t1 -M930ROB B03HHK89T 

a 1 1 nB6o CllliHOBO-

aanHCSJ D!all b1 , oTcyTcTayeT, H aaecTHo, '<To B TaKoll JKe cuTyanuu npu pacceHHBB pe

anhH biX 1T -M830HOB H8 TIOnHpR30B8HHbiX n pOTOH8X 8CHMM8TpHH H9 B03HBKaeT BOo6me. 

E c nH 3TO TOK, To n pH nepexoae K BbiCOKHM aueprliHM, Koraa nonHpHaaaHOHHbie 3<j>¢eKTbl a 

ynpyf'OM pacceH HHM 'IBCTilll HC'I938JOT, H81lH'IH9 llOIUipH38UHOHIIblX 9<1><1>eKTOB B HeynpyrHX 

B.,lli!MOUelkTUIHIX IIYKilOHO B CBHlle T91lbCTBOB81lO 6bl B llOnb3y llepu<jlepB'I9CKOI! MOll91lll, 

Ha <jlopMyn cneayeT TQKJKe, 'ITO 8CBMM9Tpllll OTCyTCTByeT B cnyqae, ecnH EIMllllBTy-

llbl ITN - paCC9liHBll liBilliJOTCll 'IHCTO aellCTBBTellbHblMH HIIH MHHMblMll, n o cKOllbKY llllll 

pe30flliHCHb1 JC COCT OR HHtl: ITN - CHCTQMbl 8 MfinHTYllbi RBJISilOTCH KOMfin9KC HhlMH, TO BCHM-

M e Tpl!!! B ll llHHOil MOaenH B03HHK89T BC9f'll8 1 KOf'llB liM9JOTC!I B036YlK!l911Hbl9 COCTO IIHHH 

HYKllOHOB. 

2. <S>aabl ~rN - pacceHHH!l 

nn!l n poBe Jll'HHn KOHKp9THbiX Bbl'IHCil9HHII H906XOllliMO YCTBHOBRTb CBll3b · MelK!ly 8Mll-

nnT y /1BMH a b II <jla38MR ~rN - pacceHHHH, C a Toll nenbJO nepenullleM M aTp Hay 
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lHRH 1T -M930ROB B03HHK8eT 

)B8H • nB5o CllHHOBO-

CBTYHDI<H DpH pacce!IHHH pe

~TPHH He B03HBKBeT B005me. 

nonHpH3BDI<OHHhle ~~eKTW B 

"'x acl>¢exToB B aeynpyrHx 

19pH(j>epB'!eCKOl! MOAenH. 

·eT B cny'!ae, ecnH aMnnHTy

H MHI<MhlMH. nocxon&Ky Jlnll 

!"CH KOMrrneKCifhiMH, TO 8CHM

•oa6y)I{JleHHb19 COCTORHHH 

"'BHOBHTb CBstaL · Me>K..Ily BMII

i nen&JO nepenurneM MBTpHny 
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B o6meM BRAe ne YCTH
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OHHbi X COOTHOWeHBA. 

EcnH nonyCTHTb, 'ITO TBK09 )1{9 COOTHOill9HH9 cnpeBennHBO H lln!l npyrHX COCTOHHHll TT N -

CHCTeMbl, TO MO>KHO H8IIHC8Tb 
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3Jl9Cb OQ -yron pacceHHHR BHpTyan&noro 1T -M930118 C HMrtynbCOM k Ha HyKno-

He C HMrtynhCOM B HX CHCT9M9 neHTpa M8CC Q -cHCTeMa). 11Hil9KCbl : y aM-

COOTB9TCTBYIOT 3HaqeHHSIM llOnHOrO MOM9HT8 CHCT9Mbl j = f :!: ~ 
2 

- p. 'ITO paEmo-- npHcoeAHHBHHble ~YHKUIIB JlelKBHApa. Ecn11 nonol!UITh 

CHnbHO rtpennonO)K9HHIO pea..nbHOCTH npoMe>KyTO'IHOrO 1T -M930HB , TO QlyHKUH SI 

8 ( w 2 
, ·fl. 

2 
=- p. 

2
) paaua e!lHHHne. 
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UHI! 
2 2 2 2 

E( fl. ) = k (fl. ) • k '.(fl. ) • (26) 

MMeHHO HBJ11P!H9 TBKOH ct>YHKUHH, 3BBHCstmef.i TOJlbKO OT ncpenaHHOrO HMITynbca, S1BJ1S18TCSI 

OC069HHOCTblO rtepH¢epH 1IeCKOf.i MOJl8nH, OTJ1J.1.'1Bl0l.lle~ 3TOT M9X8HH3M, HBIIpHMep OT Mexa-

HH3M8 o6pa30B8HBI! 

CKOJlbKY BbJqRCnHTb 

1T -Me30HOB, qepe3 JlHB.rpaMMbl C MHOroqaCTHqHblM 06MeHOM. no-
2 

E( fl. ) TeopeTH'!eCKR B HBCTO!Itnee Bp9MI! ue Yll89TC!I, TO llnl! ee 
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npenCT8Rn9HHH RCBOilh3yeTCH 8H8/lHTH'I&CK8R 38BHCHMOCTb BHUa 

E( tJ.
2

) = 1 - A 

1+~ 
+ A 

(27) 

a 

aanoMaaaJOmaH anexTpoMaruHTHhtll <J>opM<j>aKTop ayKnoaos. 3aaqeHH>I KOHCTHHT A a a 

HBXO.l:U:ITC.R H3 Cp8BH9HH51 C 3KCnepHM9HTB.IIbHb!MB tl8HHblM_R. riOCKOnbKY 3.KCnepRM9HT8nbHbi9 

naHH"bre B IIHTepsane 970-3000 Mas ynosneTsopRTen&ao onacwsaJOTCR npa A * 0,28 a 
• Ill 

a • 4. 73 I' , aTH aaa'!eHHR H acnonh3yJOTCR B nan&nellmax Bbi'!HcneaaRx. CTpo-

ro f'OBOpn, <j>yHKUHH ( 27) Bpi!M9HRM8 llRIDb npH !J.2 .$_ 3Q I' 2 , XOTSI C ee flOMOIUblO pac-

'19Th! npoaason!ITCR H npn 6onbiDRX aaaqeaHRX nepenaaaoro RMnyn&ca. B uacToHutefl pa6o-

Te MHKCHMH!lbHO B03MOlKHOe 3H8'19HH9 nepenaHHOf'O RMBY!lbCa COCTHB!IReT • 40p 2 npa 

657 M a;,. 

1-'13 KHaeMaTRKH peaKtlHH NN .. NN" cnenyeT, 'ITO ecnu oaa accnenyeTCH npa auep-

f'RH TOL 

aueprau 

, TO <flaabt 77N -p8CC9SIHHR ll.On>KHbl 6b1Tb 3aA8Hbl B HHTepaane KHH9TH\f8CKOA 

1T -M930H8 

'>.2m( 1 + .2u)(1- __ 1 __ ) -p( 1+ L). 
2m j 1 +~ 2m 

2m 

0 < T 
- 77L (28) 

nn .. 3118'19HHR TOL = 660 M aB BenH'lHHa T"'· 38K!IJO'leHa B HHTepsane 0$. T $ 200 M3a. 
17 8/ - I7L 

B aToA: o6nacTH aHeprHt'.f HMeiOTCH o6mHpHhie .llBHHbte • , H3 KOTOpblx cne/lyeT, "'TO npH 

$B30BOM BHBnH3e tr-N-pacceHHJfS1 .nOCTBTOLtHO orpaHHtJHTbC SI S - H P - <j>aaaMH. 3aepreTa-

qecKHe aaBHCHMOCTR Man bi X <!>aa Dbl!IH ooccTauosneHbl aa rpa<j>HKOB, npaaeneHHbiX Pone

poM191 ( <j>a3bl B PAUHAIHlX): 

S( sat ; "') 

S(s
11

; "'> 
S(P

31 
; w) 

S(P
13

; w) 

11Mnyn&c 
Q 

q 

3 qQ· [ 0,0481-0,1744qQ + 0,0282·(qQ/ + 0,0031·(qQ)"1 .• 

z qQ· [ 0,2040-0,0931.qQ + 0,0310 ·(q~ - 0,0036. (q Q)3 1 , 

z (qQf·[-{),0170-0,0032· qQ + 0,0025· (qQ )2 1 

(29) 

= (qQ)
8
·[ 0,0045-0,0115. qQ + 0,0028·(qQj' 1 

onpeaenHeTcst qepes nonay10 aueprHJO w "N -cHCTeMbl 

Q 1 • 2 2 2 2 ~2~ 
q = ___ [,.., -2w (m +j.L )+(m -p ) 1 • 

2w,. (30) 

npH MBllblX 3H8"1eJIHP.X ¢ a3 COOTBeTCTByJOLUHe 8MflnHTYAbl MO>KHO HBH'TH H3 COOTHOW8JlHH 

. _ exp [ iS(f,T, 2J ; w) 1· SinS (f2T .2.1: w ) 
a(f2T, >I , w) - _ 

q 

S(f 2T :u :w) 
~ qQ 

AMnnaTyna pacce!IH!i!l nnR cocTostHHR c aaoTonHqecKuM cnl<HOM T = 3/2 H nonHLIM 11.10-

14 

....-.L""--

M&HTOM - 3/2 DblnB Bbl'IHC 

p9UlKK9BCKHX BOntOCOB. npennom 

HOM, UBHJKyrneflCH no TpaeKTOpHl 

TYUW p8CC9RHHH B COCTOHHHR 

Meaoaa). 

rue 

3nech 

c 
a ( P aa ; "' ) = - 2c 

ch' - 1 + -
I ( < 

a = 

m* - 8,911-' 

3 + •( 
2 

z 0,30. 

Auanoraqawe coo6paJKeHHR 

Jlbl p8 CC9SIHHSI B COCTOSIHHH p 1 ! 

TYUhi: 

rne 

3 f 
2 

a( pll ; "') = - -r 1 ( 

g• 
+ l • 

16(qQ)2w2 (w-m) - 1](o. 

2 
g = 14. : 

ch( · = 1+ 
l ( q 

CorrocTaaneHHe <Paa , HBt\JleHHbiX 

3 H a qe1UH1Ml1 nOK83biB8eT XOpOlUE 



l'h Bll.llll 

(27) 

3aaqeaaa KOHCTaaT A H a 

H. rloCKOJibKY 3KCnepHM9HT8JibHb19 

lnHCbiBalOTCll npa A • 0,28 H 

a llllnbaeAwax Bbl'lllcneaasrx. CTpo

) fJ. 
2 

• XOTll C ee nOMOillbiO pac

•o HMnynbca. B aacTosrmel\ pa6o-

lbCa COCTiliiJili9T - 40p. 2 nps 

9CJIH OHil HCCJ191lY9TCR npa 3H9p

J8JlllHbl B HHT9pB8JI9 KHH9TH'I9 CKOI\ 

1-p.(l+ L) 
2m (28) 

ra a RHTepaane 0 s_ T < 200 M:;,a 
_ rrL- • 

H3 KOTOpblx cneayeT, \fTO npH 

S - H P - cjlaaaMa. 3aepreTH-

·pacjlaKoa, npaaelleHHbiX Pone-

+ 0,0031·(q QJ"1 .• 

1 • 

' 1 

·N 

0,0036.(qQ)'1. (29) 

-cKCTeMbf 

(30) 

t>K HO HB ifTH H3 COOTH01IJ 8 HHH 

!OM T = 3/2 If flOnHLIM MO -

M&RTOM J ~ 3/2 6blJIIl Bbi'IHCJI&Hil B pa6oT&/lO/ Hll OCHOB& HCnOJib30BilHHll rllnOT93bl 

p&lllKH&BCKHX nomocoa. flpellnonarall, 'ITO aao6apa l!Bnli&TCll '18CTII1lell c nepeM&RHbiM cnH

eoM, llBRlKYIII&I\cll no TpaeKTOpHR PelllK&, 6brno BbiB&Il9HO cn&llYJOIII99 BblpalKenae llJill aMnna-

TYilb! p8CC9liHHll B COCTOIIHRR 

M930H8), 

( BC9 B9JIH'IHHbl npHB91l9Hbl B 91lRHHU8X MllCCbl 

. c 1 e>p(-~ 1 )+e>p(-e:2 )·e>p[(( -.CXa-Y,)1 . 
,w)=--- 1 ~ l • 

11 

2t 6) - m * + y, i r . { "'-(m + 1) l i/o 
m*-(m+ 1) 

(3 1) 

3Jl9Cb 

2 cb' - 1 + :--o:v. 
I ( q ~) 

a= 

m* = 8,91fJ. 

812 
3 + t(w- m*) + Y,ir.[. w-(m+ 1) 1 
2 m*-(m+1) 

-Macca Hao6apbi, r • 0,72 - ee WHpHHil , = 0,41; 

c = 0,30. 

AaanorH'IHbre coo6palKeHHll 6brna npaMeH&Hbi B pa6oTe/ll/ np11 HllXOlKil9HIIH aMnnuTy-

llhl paccestHHH a cocToHHHH P 11 • Ehino nonytteHo cnenyJOmee Bbtpa>t<eHHe UJHf 3ToA a.M nnn-

TYilbl! 
2 

!..~I e>p( -~· · )+ exp[( 1+<'(w-m ))(f' -C)] I exp(-( ·)· _I_ + 
2 1 2 1 2 w-m 

+ 
(32) 

rile 
2 

g = 14.5 
2 

f = 0.08; ' ·= 0.40 

2 2 

ch(,· 1 + 
2 

ch ~~- = 
w -{m-1) 

1 

~ 2(q Q)2 

w 2 -m 
2 
-2 

2(q Q )2 
- !. 

ConocTaBneHHe ¢aa , HaJ'\neHHI>IX H3 cooTHotuenHfl (31) H (32), c ltX ·~ K c nc p 11~1 e HTallb JJI :1\t.! 

aHattet-nHIMH noKa3btBaeT xopomee cornac11e snnoTb ao 3Hepruu T r.L = 220 M ·.,n. 
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3. 3aepreTH~9CKH9 CD9KTpW 1T + -M930HOB H a<J><i>eKTbl neso-npaBOA 

+ 
8CHMM9TpHH B peaKDHR pp -+ pn11 

YcTaHOBn8RHH8 l!lwme coo TaomeaaH a.n11 a.a<jl<jlepeanaan~oawx ceqeaall a acHMM&TpHH 

MOryT 6bJTb HCDODb30B8HW IJ.flR Bbi'IHCDeHHR 3H9preTK'19CKHX CDeKTpoB H ~eKTOB D9BO-

Dp8BOI! 8CKMM9TpiiR B RCnyCK8HRR rr -Meaoaos B m o6oA p&BKnHR Tana NN -+ NN rr 

aa nonapaaoBaaaoM ny'<Ke ayxnoaos. OnBaKo B aKcne paMeHT anbHOM oTaomeaaa nerqe Bee-

ro xccnenyeTCR p e axnaa pp -+ pn w+ 

aeAmeM. 

, KOT0p8R DOIJ.p06HO H p8CCM8TpHB8eTCll B IJ.Bnb-

npw pacqeTe no a.aarpaMM8M I 74 aeo 6 xonHMO YCT8HOBHTb CBll3b M&l!Uly 8 MMHTYA8MH 

<jlR311'19CKKX COCTOliHKll 1rN -cBCT9Mhl R 8MITnBTY!lBMH1 ODHCbiBSIOillHMH nepeXO!lbl B npocT-

paHCTBe aaoTonaqecKoro cnaaa. Hcnonb3yll nonaoTy aTHX <jlyaxnall,MO*Ho aanacaTb paano-

M8HH9 

<11'N'·JM 1 iaN>= I .<rr'N '1 'rm >.<Tm JM I 'rm ><Tm JrrN> 
T T Tf T T 
•"'T 

3.necb <rrN I 'r m T > 

nepsoll .naarpaMMW 

KO~HDH8BTbl Kne6ma. npwM&BRll aTO pa3DOlK9HHe, H8XO.llHM .llflll 

~ ~ <.1 
r. (cu ,t ) = la(Sal; cu) +3(a(Pal;cu)+a(Paa;w)]cos8 I, 

~ ~ 
f~(w , t ) = {a( P

31 
;w)- a(P 

33
;cu )I 

3aweaoa t2 .. ;~ 
nonyqaJOTCll 8MnnKTYIJ.b1 IJ.Dll BTOpoll nHarp8MMhi. 

n n11 TpeTbltl! IJ.H&rpaMM')>I HSXOIJ.RM 

3aMeaoA 

p 

~~ fi p 
f 1 (u ,1!. )= 3 {(a(S 31;u)+3(a (p

31
;u) + a(p

33
;u) )cosr ]-

-[ a( S 11 ; u ) + 3( a(P 
11 

; u) + a( P 
13 

; u)) ro s < P Jl , 

~ - y2 
f 2 ( u ,I!.~)= _

3
_{( a(P

31 
; u) -a(P

33 
; u)) ~[ a(P

11
; u) -a(P

13
; u 11 • 

-. ~ "' .. [', nony'<aJOTCll aMnnaTynhl a.n11 '<9TBepToll nHarpaMMbl. 3nech yrnhl (} Q 

R f HBn9~TCH yrn8MM pacceHHHR BHpTyanbH~X " -Me30HOB 88 HyKnOH8X B HX CHC -

T&Me U9HTpa M8CC IJ.D!I cnyqa!l paCCM8Tp HB89MbiX llH8rpaMM. nn.11 peSKDHH 

ltOHCT8HT bl CBH3R p8BHbl 

G 1 = G~ =y2G G = G = G 
3 • G = y.4a g ' 

~ 
g = 14.5 • 
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+ pp .. pnJT 

npx HCDODb30B4BHH DODY'<9HHI 

nposeneaw 'l!lcneaawe pac'<eThl 
+ 

pp • pn11 , a TaKJKe J 

DOfl9pH30B8BBOM ny'<Ke DpOTOH< 

meA pa6oTe, a a.na cpasaeaall 

B.C. Heraaosa H O.B. Casqea 

paeA II 3KCD9pHM9BTOM 0 XOTll I 

nonb3o88HO 1IBWb nonaoe ceqeJ 

nanbaei!W8ll npoB9pK8 3 T 

M9BTOB. Ha puc. 4 noKa3aH bi ( 

+ P P -+ pn 1T llPR aaeprHH HI 

ny'<Ka. Ha aTHX pacqeToB cnep 

6nK3KBX K 60° B na6. CHCT&Me 

M930H8 1 Jl.OCTUr8R a6nH3H B9pJI 

aapyJOTCR axcnepaMeHThl c nen 

3aMeTHM a.necb, 'ITO ecn 

<jl&KT 8CHMM9TpHH HC'19389T. 3 

<jlepeHUHH MeJKUy co6oll MBHMbl 

9.llRHCTB9HHOll KOMDD9KCHOll 8M 

aaTep<jlepeanaa c npyraMR aMn 

<jlaa BC9X COCTOSIHHll, 3 8 HCKDK 

'ITO 6blnO DpoB9p9HO 'tHCD9HHbl 

a<jl<i>eKTbl B aeynpy rHX HYKDOH-J 

aao6apoll 3/2, 3/2. 

CnenHanbHO BhtnonaeHHbJE 

KOro Cfl9KTp8 1 T8K H npH B bllJP. 

qneHbl 1 B03HHK8lOIUH9 BCn9ll.CTB 

KO HX BKnan T8 KOB, qTO OH KO 

TBK '{TO Y'<9T TODhKO nepsoll L 

Hhlll p ac'<eT. 

Ecna rnaBHhili BKnan B p 

/13/ 
HO llOK838Tb, Cn~nyH , qTO 

IT+ -M930H8 B p eaKUHH pp -+ pn 

ro H3 HYKDOHOB (aanpHM9p, D> 

npoTOHOB B COOTBeTCTBYJOIUHM 

T8 HOBK8 T8KHX 9KCnepHMeHTOB 

B9llDHBOCTH nepH¢ epaqeCKOll MC 



a<P<!>eKThi neao-npaooa 

oHbiX C9'1911HII H 8CHMM9TpHH 

cneKTpoB R :3<1><i>eK TOB neao

eaJ<nHH THna NN -+ NN 11 

'anbHO M OTHOW8HBH nerqe Bee-

HO H paCCMaTpHB8BTCSI B Jl8nb-

BHTb CBSI3b Me~y 8MDnHTyJl8MR 

!Cb1B8IOIIIB MH nepe:O.:Ollbl B DpaCT

.BKUHA,MO>KHO 38DHC8Tb pa3no-

n'O pa3nOJK8HHe, H8XO.ll.HM Jl.nsr 

.rpaMMbi. 

) ro se"]-

I • 

; u] I . 

3rpaMMbi. 3necb yrnhl (} Q 

30HOB aa ayxnouax a HX cuc

finH peaKUHH pp .. po" + 

g • 

flpJf RCDOnb30BABllH nony'IBHHhiX Bh!In9 <i>opMyn aa aneKTpOHHO-Bbl'IHCnHT9nbHOA M8WHH9 6binH 

DpaBeA9Hbl 'IJICn9HBbl9 paC'IBTb! :3H9pr9TH'I9CKHX CD9KTpaB ,+ -M930HOB OT peaKUHH 

+ + 
pp -+ pnJT 1 8 T810K8 neBO-Dp8BOA 8CRMM9TpKH B HCJJYCKSHHH " -M830HOB H8 

nonsrpH30BallJIOM ny'll<e npoToaoa. Ha pRe. 3 aaaeceabl cne~tTphr, Bhi'IHCneaabre B a a cToH-

111911 pa60T9 0 H AlUI cpaBBBHHSI DpHB9A9Bbl 3KCDBpHM9HT8nbHbl9 TO'IKH, B3SITbiB H3 pa60Tbl 

/12/ 
B.C. Heraaoaa R O.B. CaaqeHJCo • KaK BHAHo 1 HMeeTCSI xopowee cor nacRe Me>Kny Teo-

puea H :3KCD9pRM9BTOM, XOTSI AnSI a6COniOTBOA HOpMHpOBKH T90p9TH'I9CKOA KpHBOA 6binH HC

DOnb30B8HO nRWb nonaoe ceqeaHe naaaoA peaKnHa npR 657 M3B. 

fianbH9Alli8SI rrpoaepKa :3TOA MOn9nH Tpe6yeT DOCT8HOBKH DOnS1pH38UHOIIHbiX :3KCD9pH 

+ 
MeBTOB. Ha psc. 4 noxaaaHbi O}I(Bll.89Mbie auaqenast acHMMeTpRD rr -Meaoaoa a peaKnHR 

+ pp -+parr npH aaeprHH aaneTaiO!IIHX npoToaoa 612 M as H 100% -aol! noJr!lpH3aUHH 

ny'll<a. J13 :3THX p8C'I9TOB cnenyeT, 'ITO H8H60nbWHB a<l><i>eKTbl O>KHll8IOTCSI B6nH3H yrnoB, 

6nH 3KRX It 60° B na6. CHCT9MB, npH'IBM BenH'IHH8 a<l><j>eKT8 paCTBT C pOCTOM :3H e p rHH 7T -

M930Ha, AOCTnra!l a6nH3H aepxael! rpaHHUbi cneKTpa no'ITH 100%. B aaCTOSI!IIee apeMSI nna 

HHpyiOTCSI aKcnepHM9HThl c nenbiO npoaepKH :3THX npencKa3aaHll MonenH OMIT. 

3aMeTHM 3ll8Cb, 'ITO ecnH nonO}f(HTb BKnB!I, COCTOQ:HHSI P83 paBHbiM ayniO, TO :3<1>-

<!>eKT 8CHMM9TpHH HC'IB38BT. 3TO CBSI38HO C TBM 0 'ITO 8CHMM9TpHS1 nponopnHOH8nbH8 HHTep-

<!>epeHilHH M9>KnY C060l! MHHMbiX H peanbHb!X 'J8CTe l! 8MDnHTYA 

9AHHCTBBBHOI! KOMDnBKCHOll aMnnHTynol! SIBDSI9TCSI a(P
88 

) 

H H 1 T8K K BK 

1 TO TOnhKO H3-38 ee 

HBTep<i>epaHilHH C npyrHMH 8 MDJil!TYJl8MH H B03HHK89T BCHMMBTpHSI. flpH paBeHCTBB ayn iO 

~83 BCeX COCTOHHHA, 3 8 HCKn~qeHH9M p 
88 

t 8CHMM9TpHSI npaKTBIIeCKH He MeHH9TCSI, 

'ITO 6blnO npoaepeHO "'HCn9HHbiMH p8C'I9T8MH. 3THM H llOK83biB89TCH, liTO JJOnSipH38 ItHOHHbl9 

a<l><!>eKTbi B aeynpyrHx ayKnoa-ayKnOHHbiX coynapeaHSIX npH 657 Maa uennKOM o6ycnoaneHbi 

H3o6apoll 3/2, 3/2. 

CnenHanhHO BbtnonHeHHbie pacqeTbi rroKaaanH, qTo KBK npH BbiLfiicneHHH aHepreTJPtec 

xoro Cll9KTpa 1 T8K H npH Bbl'.JHC119HHH 8CHMM9TpHH , B9CbM8 CyW.eCTB9HHblft BK118.0. .ll8lOT 

qneHbt, eoaHHKBIOtnHe acneacTaHe HHTep¢1epeHUHH Me>KJJ.y paanlPJHbiMH .O.HarpaMMBMH. OnHa

KO HX BK118Jl. TBKOB, l.fTO OH KOMII9HCHpyeTCSI BK118ll.8MH OT 2-oA, 3-ett H 4~A .llHarpaMM 1 

TBK 'ITO ytteT TOllbKO nepBOA !1H8rp8MMbl .ll8 9T llp8KTH'I9CKH TOT >K9 peaynbT8T 1 "'TO H T O'I 

RbiA pact:teT. 

EcnH rnaBHbll! BKnan B paccMaTpHaaeMyiO peaKnHIO naeT 1-aSI nHarpaMMa, To aeTpyn-

/13/ 
HO fl0K838Tb 1 cn:ellYSI 1 'ITO HM99T M9CTO p8B9HCTBO M9>Kll.Y 8CHMM9TpHeA B H CIIYCKB HHH 

rr+-M930Ha B peaKUHHpp -+ pnrr+HB nonS!pH30B8HHOM nyqKe npOTOHOB H nonHpH38 UHeli OllHO 

rO H3 HyKnoHOB ( HanpHMep, rrpoToHa )., HcnycKaeMoro npH eaaHMo.nettcTBHH J;:enonstpHaoeaHH bi X 

npOTOHOB B COOTB9TCTBYJOlllHM o6pa30M IIOCT8B119HHbiX KOpp91IRIIHOHH hi X :3KCIIepMMeHT8X. n oc 

T8HOBK8 T8KHX 3KCnepHMeHTOB IT03BORHn8 bbl BbiSICHHTb ponH p83RIP.IH bi X .UHar paMM npH cnpa-

BennHBOCTH nepH~BpHq9CKOll MOnBnH o6pa30B8HHH M930HOB. 
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npoB8A9HH08 p8CCMOTp9HH9 OCHOBblB8llOCb H8 llH8rp8MM8X C o6MeHOM 1T 

Me30H8MH, T8K XaK H3 06IllRX C006p8>K9HHA SICH0 1 ttTO TBKHe .OHarpaMMbl .OOn>KHhl n:rpaTb 

38M8THYJO pOllb B HYKllOH-HYKllOHHbiX COYil8p9HHHX 0 OC059HI!O B COCTOHHHSlX C 5onbWHM Op-

6HT8nbHbiM MOM9HTOM 1 llOCKOnbKy " -M930H SIBnSJ9TCSJ C8MbiM nerKHM KBSHTOM CHnbHO 

B38HMOil8l!CTBYJODlHX nonei\, 8 COCTOHHHS!X C M8llb1M II8p8M9TpOM COYilBp8HHl! B03MOlK9H 

BKna.n H .npyrHX 6030HOB1 8 T 8K>K9 A HarpaMM C o6M9HOM Oll.HRM HyKnOHOM HnH MHOrO'I8C

TII'IHbiM 05M8HOM. nnst OIIpeA9Jl9HHH BKJl8ll8 3THX llHSrpaMM U8Jl9C005pa3HO HCIIOJlb30· 
114/ 

B8Tb <j>euoMeuonoraqecxul! M&TOA MauuenbCTaMa TOnbKO c Toll MOAH<j>HxauueA, qTo polK-

Jl9HHe M930HOB 38 C'l6T B38HMOQ9t\CTBHSI HSq&nbHbiX ByKnOHOB B COCTOSIHHRX C 6onDlliHM Op-

6HT8nbHbiM MOM9HTOM no-np9}KH9My p8CC'tlHTbiB89TCH B O.[lHOIIBOHHOM npH6nH>K9HHH. 

3axnJOqeuue 

I. nmta38HO rryT&M qgcneHHbiX pacqeToB, qTo IIpH5nHlK9HH9 OMn rrp~BOAHT X xopowe

+ 
MY cornacHJO c aKcnepHMeBTanbHbiMH ABHHbtMR no po>KtleHHJO " -Meaoaoa a peaxnHH 

pp .. pn11 + npH 3ueprHH 660 M3s, ecnH npoBOAHTb uopMapoaxy ua nonuoe ceqeuue 3TOll 

peaKUHH, 

2. YcTauoaneeo, qTo B npu5nuJKeHHH OMn nonHpH311UHOHHbi& a<j><j>eKTbi B peaxnuu 

NN NN11 U8JlHKOM 05ycnOBJl9Hbl HBJlHqHeM B035yJKA9HHOrO COCTOS!HHS! HYKllOHOB 

c T = I • 3/2. 

3, nnSl 6onee nonuoro BbiS!CH9HHS! BOllpoC8 0 M9XBHH3MQ 05p830B8HHS! M930HOB llpH 

paCCM8TpHB89MOl! 3HeprHH npeAnaraeTCH ocymeCTBHTb DOCTilHOBXy llOllHpH38UHOHH~X 3XCne

pHMeHTOB. B qacTHOCTR 1 a pa5oTe npHBea.eabJ O>KRnaeMwe aaa'leHHH neao-npaaoA acHMMeT

+ 
pHJ.t. B HCnyCK8HHK fT -M930HOB HB fiOIISipH30B8.HHbiX nyqK8X npOTOROB1 Bbi'tfJ.fCneHHbT9 B 

npa6nHJKeHHH OMn. 

B 3BKnJOqeuae asropbi 5naroAapstT C.M. Buneubxoro, ll.l1. JlanHAyca, P.M. P~HAHHa, 

H JI,JJJ. lJJexTepa 311 non83Hb18 o5cylKA9HBH. 
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R8rp8MM8X C o5M9HOM " 
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c TOl! MOJlH<i>HK8UH9l!, 'ITO poJK

B COCTO!IHH!IX C 5onbWHM Op
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