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1. BBEAEHHE 

0)l.HHM H3 B03MO:>KHbiX DpO.SBJieHHH 34KJ>eKTOB KOJIJiei<TH

BH3aQHH B3aHMO)l.eHCTBHR a)l.pOHOB B B)l.epHOM BemeCTBe, 

no)l.o6HbiX KYMYJIRTHBHOMY Me3oHoo6pa3oBaHHIO, RBJIReTc.s 

pO:>K)l.eHHe aHTHDpOTOHOB npH CTOJIKHOBeHHH peJIRTHBHCTCKHX 

npOTOHOB C R)l.pOM B DO)l.DOpOrOBOH 06JiaCTH 3HeprHH. 

lloporoaa.s 3Hepru.s po:>K)l.eHHR aHTHnpoToHa B HYKJioH

HYKJIOHHOM CTOJIKHOBeHHH pasHa: 

E nopor. _ 
p 

6,58 F3B 
nopor. 

/1/ 

/KHHeTH'IecKa.s 3Hepru.s T P = 5,64 F3B/. 0)l.HaKo 3Kc

nepuMeHTbl /I. 2/o6Hapy:>KHBaiOT aKTbl po:>K)l.eHHR aHTHnpoToHoa 

BDJIOTb )l.O 3Hepruii T ,., 3 F3B. 
)J.JIR 06'bBCHeHHRP 3TOrO 34KJ>eKTa nepBOHaqaJibHO 6biJia 

npuaJie'IeHa MO)l.eJib, Y'IHTbiBaiOmaB Qle_pMH- )l.BH:>KeHue HYK

JIOHOB B R)l.pe-MHWeHH. rpy6ble OUeHKH/1,2/ OpHBeJIH K noae

)l.eHHIO ¢ = I (p) I I ( 11) OTHoweHHR BbiXO)l.a aHTHnpoToHOB 

H ." -Me3oHoB, KaqecTBeHHO cornac.yiOmeMyc.s c 3Kcnepu

MeHTOM /6biJia HCDOJib30BaHa HOpMHpOBKa Ha 3KCnepHMeHT/. 

K co:>KaJieHHIO, 3Ta HHTepnpeTauu.s CTaJIKHBaeTCB c p.s)l.OM 

Tpy)l.HOCTeif. 

li3BeCTHO, HanpHMep, 'ITO MO)l.eJib QlepMH- )l.BH:>KeHHB He 

B COCTORHHH ODHCaTb 3aKOHOMepHOCTH pO)l.CTBeHHOrO BBJie

HHB - KYMYJIBTHBHOrO Me30H006pa30BaHHB Ha R)l.pax /3/. 

)J.anee, )).JIB pO:>K)l.eHHR aHTHnpoToHa Heo6xo)l.HMa peanu-

3aQHB 3Ha'IHTeJibHbiX DO BeJIH'IHHe OTHOCHTeJILHbiX HMDYJIL

COB Me:>K)l.y HYKJIOHaMH R)l.pa, COOTBeTCTBYIOJUHX BeCLMa 

MaJibiM paCCTOBHHBM Me:>K)l.y HHMH. Tor)l.a HeDOHJITHO, noqeMy 
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B 3THX ycnOBHJIX Hyi<nOHbl He B3aHMO,!(eHCTBYIOT C nepBH'IHOH 

'laCTHI.J;eH I<Onnei<THBHO. 

COMHHTenLHa TaK>Ke CaMa B03MO)I(HOCTb HCllOnb30BaHHH 

llOHJITHH ABYX'IaCTH'IHOH BOnHOBOH ~YHI<UHH ,nnH B3aHMHblX 

paCCTOHHHH, I<Or,na Hyi<nOHbl ,!(On)I(Hbl yTpaTHTb CBOIO HH,!(H

BH.!(yanLHOCTb. 

Mo)I(HO npHBeCTH H ,npyrHe apryMeHTbl, CBH,neTenLcT

BYIOI.QHe 0 I<paHHeH Heonpe,neneHHOCTH npH Tai<OH llOCTaHOBI<e 

3a,!(a'IH. Hai<OHeU, B03HHI<aeT H Tpa,nHUHOHHblH BOnpoc: HB

nHeTCH nH yi<a3aHHaH HHTepnpeTaUHH e,nHHCTBeHHOH. 

2. MOJ(EJib "COEHPAHHJI" H PO)J(j(EHHE 
AHTHIIPOTOHOB 

J,necb Mbl paCCMOTpHM pO)I(,!(eHHe aHTHllpOTOHOB Ha 

H,npax B no.nnoporoBoB: o6nacTH 3HeprHB:, HcnonL3YH npe.n

cTaBneHHJI "co6HpaTenLHOH" MO,nenH I<ai< O,!(HOrO H3 Ba

pHaHTOB, peanH3YIOIUHX npou;eCCbl I<yMynHTHBHOrO THna. 

ITo,npo6HaH ~opMynHpoBI<a 3ToB: Mo,nenH ,naHa rJ 4z 3.necL 

Mbl HCllOnb3yeM MO,!(H~HI<ai.J;HIO MO,!(enH, y,no6Hyl0 .!(nH aHanH3a 

B 3TOM cnyqae. 

Ha puc. 1 cxeMaTH'IeCI<H H3o6pa)l(eH npou;ecc, npHBo

AHIUHH I< pO)I(,!(eHHIO aHTHnpoTOHOB. ITepBH'IHLIH npoToH, 

HaneTaH Ha H,npo c pa,nHycoM R- r A l/3 , r .. 1 ,2 tPM H 

nnoTHOCTLIO p ::: 3 I 4rrrg • o6pa3yeT 
0
c Hei<oT8poB: BepoHT

HOCTblO I<OMnayH,n-CHCTeMy COBMeCTHO C Hyi<nOHOM, Ha

XO,!(HIUHMCJI B6nH3H TO'II<H z l . 3Ta CHCTeMa, ,!(BHraHCb 

.nanee no H,npy, MO)I(eT nocpe,ncTBOM Tai<oro )l(e npou;ecca 

yBenH'IHBaTb CBOIO Macey B llOCne,!(OBaTenLHblX CTOni<HO

BeHHHX C Hyi<nOHaMH B TO'II<aX Z 2 , z 3 H T .,!(. fiOCI<OnLI<y 

nopor pO)I(,!(eHHH aHTHITpOTOHa 3aBHCHT OT 'IHCna ll "co-

6paHHblX" Hyi<nOHOB MHWeHH: 

2nm 

[ E(n) nopor 

p ] 

2 2 2 2 
(n+3) m - (n +1 )m '"'-~(3n+4) 

n 
/2/ 

I m - Mace a Hyi<noHa/, TO c poe ToM n npou;ecc MO)I(eT npo

Hcxo,nHTL npH EP , 3Ha'I~TenLHO MeHLWHX, 'leM 3Ha'leHHe 

/1/. AcHMITTOTH'IeCI<H[ E(n ] nopor. ~3m. Pacna.n o6pa3oBaB-
P n~oo 

4 

.. 

p 

~/ 

Puc. 1. CxeMa npot~ecca "co6upaHUJI ", npuaoOJIUiezo K 
poJKOeHU10 aHIIIunpomoHoa. 

WeHCH B npou;ecce C06HpaHHH I<OMITayH.!(- CHCTeMbl C Hei<OTO

pOD BepOJITHOCTbiO COITpOBO)I(,!(aeTCH pO)I(,!(eHHeM npOTOH

aHTHITpOTOHHOH napbl /Ha cxeMe - B6nH3H TO'II<H z3 /. O,nHai<o 

perHCTpHpyiOTCH nHWb Te aHTHllpOTOHbl, I<OTOpble CMOrnH 

npOHTH B H.!(epHOM Bei.QeCTBe ITYTL z 3 ~ Zmax , MHHYH ai<Tbl 

aHHHrHnJII.J;HH. 

PaccMOTPHM nocne,noBaTenLHO 3TH ~a3hl npou;ecca. 

CHaqana o6cy,nHM nepBbiH ~ai<Top: BepoJITHOCTL npou;ecca 

"co6HpaHHJI" nepBH'IHOH 'laCTHI.J;eH ll Hyi<nOHOB B I<OMnayH,n

CHCTeMy. O'leBHAHO, 'ITO ee BenH'IHHa c poe ToM n 6y,neT 

pe3I<O na,naTL. 

Bl4/ llOI<a3aHO, 'ITO BepOHTHOCTb npou;ecca C06HpaHHH 

n Hyi<nOHOB nepBH'IHblM a,npOHOM B I<OMnayH,!(- CHCTeMy 

nponopu;HoHanLHa Bblpa)l(eHHIO: 
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(n) Tr (ap>" 2 n 
W =- ------ I2R +L n (ap+a.) k=l 

. l J J= , •• n 

2 
(n) y[2; 2(a e_:!-_~~..!!1_-1' c ------ 2 
k (ap+ak) /3/ 

y[ 2; x) - HenOJIHa11 raMMa-$yHKUH11, a1 =o 0 H 

(n) ~I 

ck,.£1 = n (ap +a,\)[ n (ak-a.;)] 
A=l, ... n .;=l, ... n . 

,\.,£ k .;.;, k 

c (n) = r (-l)n+l ~ c(n) -11 
k-l k=2 k 

/4/ 

W(n) 
BeJIH'IHHa JaBHCHT OT .ll.BYX napaMeTpoB, JHa'leHH» 

KOTOpbiX 6biJIH Bb16paHbl npH COrJiaCOBaHHH MO)l.CJIH C )l.aHHbiMH 

no KYMYJI11THBHOMY MC30H006pa30BaHHIO. 0)l.HH H3 HHX -

napUHaJILHOC Ce'leHHC o6pa30BaHH11 KOMnayH)l.- CHCTeMbl: 

in 
a3 0,25· aNN· 

BTopoii: napaMeTp 

r c - 5 0 -

onpe)l.CJI11CT 3Ha'leHH11 BCJIH'IHH an B /3/: 

a 
n 

1 

r
0 

C 

(n' 2+l)m
2

+2n'mE --·-- _______ ::Q __ _ 

( E2 - m 2) y, 
p 

n'=n-1, n_?2. 

/5/ 

/6/ 

/7/ 

BeJIH'IHHbl an Y'IHTbiBaiOT B03MO~HOCTb pacna)l.a CHCTe

Mbl /H )l.pyrue npH'IHHbl BLI6LIBaHH» npouecca H3 pace MaT

puaaeMoro KaHana/ Ha npoMe~yTO'IHbiX 3Tanax MexaHH3Ma 

co6HpaHH11. 

B nepaoM npu6nu~eHHH paJyMHO ucnonLJoaaTL aenH'IHHLI 

W(n) npH TCX ~e 3Ha'ICHH11X napaMeTpOB /5/ H /6/, TaK KaK, 

ao-nepBLIX, 3HeprHH Ep HaXO)l.11TC11 npH6JIH3HTCJibHO B TOM 

~e HHTepBaJie H, ao-BTOpbiX, B 060HX CJiy'la11X /KYMYJI11THB

HOC Me30H006pa30BaHHe H pO~)l.CHHe aHTHllpOTOHOB/ pa3p11)l.

Ka ·npaKTH'ICCKH BCCH 3HeprHH B036y~)l.eHH11 CHCTeMbl npo-

6 

HCXO)l.HT nyTeM pmK)l.CHH11 Manoro 'IHCJia qacTHU I O)l.HOH 

H )l.ByX, COOTBCTCTBCHHO/ • (n) 
Ha puc. 2 npe)l.cTaaneHo noae)l.eHHe W B JaBHCHMOCTH 

OT n /11)l.pO-MHWCHL Cu /. llpH Bbl'IHCJICHHH )l.JI11 paJJIH'IHbiX 

n HCnOJib30BaHbl 3Ha'leHH11 3HeprHH, onpe)l.eJieHHe KOTOpOH 

)l.aHo HH~e /eM. /13// . BH.ll.HO, 'ITO c pocToM nop11)l.Ka 

KYMYJI11UHH /"co6HpaHH11"/ BeJIH'IHHa w<n) pe3KO yMeHLwa

CTC11. 

Ha CJIC)l.YIOI.QeH CTa)l.HH co6paHHa11 CHCTCMa, 6y)l.y'IH CHJIL

HO B036y~)l.CHHOH, )l.OJI~Ha npeTepneBaTb pacna)l., O)l.HHM H3 

KaHaJIOB KOTOporo/npH BblllOJIHCHHH KHHeMaTH'IeCKHX ycno

BHH/ 11BJI11CTC11 po~)l.eHHe npoToH-aHTHnpoTOHHOH napLI. 06-

cy)l.HM KpaTKO BOnpOC 0 Bep011THOCTH W ( p,!! ) pO~)l.eHH11 
aHTHnpOTOHa C HMnyJILCOM B6J1H3H Ja)l.aHHOrO 3Ha'ICHH» p . 
lloCKOJibKY B KOHe'IHOM COCTO»HHH npHCYTCTByeT )l.OBOJibHO 

MHOrO 'laCTHU /"co6paHHbJe" HYKJIOHbl nJIJOC pO~)l.CHHa11 napa 

H, B npHHUHne, B03MO~Hbl "M11rKHe" 7T -Me30Hb1/, TO )l.Jifl 

onpe)l.eneHH11 BH)l.a $yHKUHH w(p, U)pa3yMHO HcnonLJOBaTL 

TepMO.ll.HHaMH'IeCKYJO MO)l.eJIL. HaH6onee aa~HLIM )l.JI» Hac 

06CT011TCJibCTBOM 11BJI»eTC11 TOT $aKT, 'ITO 3Ta MO)l.CJib npa

BHJibHO OTpa~aeT Ka'leCTBCHHbiH COCTaB pO~)l.eHHbiX lfaCTHU 

/H p11)l. )l.pyrHX xapaKTepHCTHK/: B 06JiaCTH Ha)l. noporOM 

OTHOWeHHC HHTerpaJILHbiX BbiXO)l.OB aHTHnpOTOHOB H TT- MCJO

HOB COCTaBJI»eT 1CT4 ~ 10-~', 'ITO HCnJIOXO cornacyeTC11 C 

3KCnepHMCHTOM /S/. 3THM B )l.aJibHCHWeM Mbl H BOCnOJIL3y

eMC» )).1111 HOPMHPOBKH $yHKUHH ¢ = I (p) /I ( rr) /HopMHPOBKa 
v ,., rl. 'I' 1' nopor. / T 6 

3TOH '¥YHKUHH Ha 'f' 3KCfLnpH p > p, ''Jlli • aKHM 0 pa30M, 

OCTaeTCfl Y'ICCTb, 'ITO H3MepeHHfl npOH3BO)l.flTC11 He )).1111 BCCX 

3Ha'ICHHH HMnyJILCOB aHTHnpOTOHOB, a B6JIH3H onpe)l.eJICHHbiX 

3Ha'ICHHH, T .e. paCCMOTpCTb pacnpe)l.eJieHHC no HMnyJibCaM. 

CornacHo TepMo)l.HHaMH'IecKoil MO)l.CJIH a c.u.H. aHTHnpoTOHbJ 

flBJI11JOTCfl HCpCJI11THBHCTCKHMH, a HX pacnpe)l.CJICHHC onpe)l.C

JlflCTC11 Bblpa~CHHCM: 

dv. - p 2 dp exp(- p 2/2mTl, 
0 0 0 0 /8/ 

T "' < 0,9-:- 1,0) f.1 • 
7T 

Yrnoaoe pacnpe)l.eneHHe a Ton ~e cucTeMe npe)l.nonaraeTC11 

H30TponHbiM. Tor)l.a B Jia6opaTOpHOH CHCTCMe /6/ 
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, • .lnl 
VV(cu) 

10
1 

10° 

10-1 

102 

8 

o' Ee-7,4130 

' \ 
\ 

\ 
'o _ Ee = 5,21 130 

\ 
\ 

\ 
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\ 
\ 

Ep = 4,48 l3D .. 'o 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

ED= 4,12 l30 \ . 0 

1 2 3 4 

Puc. 2. IIoeeoeHue rjjyHKijUU W (n) ( Cu). 

n. 

) 

l 

J 
) 

~2-

_ p Eo -
w ( p Cos() ) = ---- w ( p

0 
, Cos 8

0 
) • 

-2 -
Po E 

191 

lf3MepeHHJI B / 2/ npOH3BO,IJ,HilHCb ,IJ,il.ll yrna BbineTa ()= ()0. 

Tor.IJ.a c yqeTOM /81 HMeeM 

r,IJ,e 

w<P) = 
-- 2 p 

v-:2 +- 2 
P m 

2 
_,_2 2 T> 
v P + m exp (- __o_ ) 

0 2mT ' 

'P = <'Po+ v<nl Eo )y<nl • 

1101 

1111 

3HaqeHHJI CKOpOCTH V(n) H nopeHI.J;-tlJaKTOpa Y(n) onpe

,IJ,en.IIIOTC.Il KHHeMaTHKOH MeXaHH3Ma "co6HpaHH.Il". 

3,1J,eCb He06XO,IJ,HMO C,IJ,enaTb 3aMeqaHHe. qT06bl ynpo

CTHTb tlJaKTHqecKHe pacqeThl, Y.IJ.06Hee paccMaTpHBaTh npo

uecc npH 3HeprH.IIXEP (~ ) , He cTporo paBHbiX noporoabiM 

3HaqeHHJIM 121, a ,IJ,OCTaTOqHbiM .IJ.il.ll TOrO, qT06bl B Ka)I{,IJ,OM 

nop.ll.IJ.Ke KYMYil.IIUHH 6bln B03MO)I{eH BbineT aHTHnpoTOHOB 

c HMn~nbcOM Po -<Po > ... 0,45 F3B/c. 3TH JHaqeHH.Il 

F ~n) ( T Pn) ) nerKo onpe.IJ.enHTb, yqHTbiBa.ll cpe.IJ.HIOIO cyMMap-

HYIO KHHeTHqeCKYIO 3HeprHIO pO)I{,IJ,eHHOH napbl 

t_ ""2'L "' 0,2 F3B. 1121 
p.p p 

<n> I I TaKHM o6pa30M, .IJ.il.ll ablqHcneHH.IIE aMeCTO 2 nonyqaeM 
p 

Bblpa)l{eHHe 

(n) 2 -
E = ( 2m ( 3n + 4) + 2 T _ 

p P• p 

-2 
(n+3)m +T .... 

p.p 

1 -
,_ [m(3n+4)+(n+3)T_ ]. 

n p,p 

)_l_= 

2nm 
1131 

B ,IJ,anbHe~eM 6Y.IJ.YT Hcnonh30BaHhl HMeHHO 3TH JaaqeHH.Il 

3HeprHH E pn • 3To noJaonHT H36e)l{aTb aeonpe,IJ,eneHHOCTH, 
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CB.R3aHHOH C noporOBbiMH .RBneHH.IIMH, H o6ecne'IHT B03HHKHO
BeHHe aHTHnpOTOHOB C HMnynbCaMH, liJHKCHpyeMbiMH 3KCne

pHMeHTanbHO. 
CB.R3b E(n) H3 1131 c KHHeMaTH'IeCKHMH xapaKTepucTu-

KaMH ~n) H Y(:)onpe.n.en.ReTC.R COOTHOWeHH.RMH 

v -
.(II) 

rlnl 2 
\ ~, -Ill 

-------
1
, ( n) 
~ t 11111 

p 

F(n) 
y - - ' ~ 11111 
In) --~ ~--

I ') ') ( ) \ m-(n-~l)~t2nmF n 
p 

1141 

1151 

HaKoueu.uecKOnbKO cnoB o nocne.n.ueii 4Ja3e npouecca: 
npoxo~.n.euuu auTunpoTOHOB qepe3 .R.n.po. B nepBOM npu-
6nu~euuu 3~eKTaMH nepepacce.RHH.R KaK aHTHnpoTOHOB, TaK 
u rr -Me30HOB npeue6peraeM, C'IHTa.R, 'ITO B paccMaTpHBae
MOM HHTepBane HMnynbCOB OHH He CHnbHO BnH.RWT Ha OT
HOWeHHe BbiXO.IJ.OB. Y'ITeM rpy6o numb B03MO~HOCTb auuu
run.RUHH aHTHnpOTOHOB. 3aMeTHM npe~.n.e BCero, 'ITO Ky
Myn.RTHBHbiH npouecc npu Bb16paHHbiX napaMeTpax o H ro 
o6na.n.aeT CBOHCTBOM "o6beMHOCTH" I eM. I 41 I. l1o3TOMY 
liJaKTOp "Bbi~HBaHH.R" aHTHnpOTOHOB B BeiUeCTBC B nepBOM 
npu6nu~euuu .n.on~eu 6biTb nponopuuouanbHbiM TOniUHHe 
npo3paquoro no oTuoweuuw K auuurun.RUHH cno.R .R.IJ.pa y 

3a)J.HeH ero noBepXHOCTH. 

Tomuuua npo3paquoro cno.R npu6nH3HTenbHO paBua cpe.n.
ueMy CB060)J.HOMY npo6ery aHTHnpOTOHa no OTHOWeHHW K 
aHHHrHn.RUHH. I103TOMY nono~HM, 'ITO liJaKTOp "Bbi~HBaHH.R" 
nponopuuouaneu Bbipa~euuw: 

11 Ci> >- 1 I p a Ci> ). 
aHH. 1161 

,l],aHHbie o ceqeuuu auuurun.RUHH auTunpoTOHOB B ( p, N>
B3aHMo.n.eiicTBHH/7 I MoryT 6biTb npe.n.cTaBneHbi cooTuowe

HHeM: 

10 

~ 

t 

~ 

a (-aHH. p)= (6~±2)p-(0,64±0,02) .M6. 1171 

3. CPABHEHHE C 3KCIIEPHMEHTOM 

TaKHM o6pa30M, no H3nO~eHHOH MO)J.enH OTHOCHTenbHbiH 
BbiXO)J. aHTHnpOTOHOB MO~HO npe.IJ.CTaBHTb B BH)J.e npu6nu

~eHHOH liJopMynbi: 

( n) -) (- ) cp "' A W w(n) (p TJ P . 1181 

B no.n.noporoBoii o6nacTH 3Hepruii, T .e. nfu n > 2 , B cooT
BeTCTBHH c 1131 Bbl'IHCn.RWTC.R E(n) (T(n ), a 3aTeMV(}. 
Y(n) H w<nl. Bbi6Hpa.R HMnynbcbf i5 niKHMH :>Ke, 'ITO: B 
3KcnepuMeHTe 121 npu 3Hepru.Rx TP , 6nH3KHX K T(n). Mo~-
uo Bbi'IHCnHTb liJyHKUHH W(n) (p) H TJ ( p ) . p 

Pe3ynLTaTbi npe.n.cTaBneHbl ua puc. 3 COBMeCTHO c 
3KcnepuMeHTanbHbiMH .n.aHHbiMH. HopMHPOBKa <Preop.npo
H3Be.n.eua nyTeM TaKoro Bbi6opa nono~eHH.R TO'IKH npu 
\..:::- 6 F3B up =2,0 F3B/c,'IT06bi ¢"' ¢aKcn!l ua.n.noporoBoii 
o6nacTH I TP > 5,64 F3BI. llo.n.qepKHeM eme pa3, 'ITO 
TaKa.R uopMupoBKa Bnonue onpaB.n.auua, TaK KaK ocuoBaua 
ua npaBHnbHOM onucauuu Ka'leCTBeuuoro cocTaBa qacTHU 

B TepMO)J.HHaMH'ICCKOH MO)J.enH. 
Puc. 3 .n.eMoHcTpupyeT y.n.oBneTBopuTenbuoe cooTBeT

CTBHe Me~.IJ.Y MO)J.enbW H 3KCnepHMeHTOM: TeMn na)J.eHH.R 
¢ c yMeubweuueM Tp , a TaK~e nop.R.IJ.OK pacnono~euu.R 
H BenH'IHHa pa36poca TO'IeK, COOTBeTCTBYWIUHX pa3HbiM 
3Ha'leHH.RM HMnynbCOB npH ~ "'C011St, He npOTHBOpe'laT ua-

6nW)J.eHH.RM. 
Ha puc. 4 npuBe.n.eubl cneKTpbl auTunpoTOHOB ua ManbiX 

yrnax npu'fp== 6 F:JB: TO'IKH - 3KCnepuMeHT /I/, B KOTOpOM 
ucnonb30Banc.R B Ka'leCTBe MHWeHH yrnepo.n., nnaBHa.R Kpu
Ba.R - pac'leT no Mo.n.enu .n.n.R cnyqa.R co6upauu.R .IJ.BYX uyK
nouoB (n=2).0TMeTHM, 'ITO TP =6 F3B uecKonbKO npeBbl
waeT noporoByw 3Hepruro .n.n.R po:>K.n.eHH.Il B NN-coy.n.apeuuu. 
O.n.uaKo npoCTbie pacqeTbl .n.n.R 3Toro cny'la.R npHBO.IJ..RT 
K 3Ha'IHTenLHO 6onee y3KOMY pacnpe.n.eneuuw. Ha puc. 4 
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0603Ha'IeHIHI: 

V!Mnynbc 0 2,0fsB/c 
aHTHIIpOTOHa:A 1,37-"-

V 1 ,20-"-
o 0,97-"-
0 0,76 fsB/c 

3KCIIepHMeHT - CBeTnhle 
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Puc. 3. OmHoWeHue cp(TP )=l(p)/1 (rr) ,.Ropo-MuweHb Cu/
2
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Puc. 4. CneKmp pHmunpomoH08 npu Tp- 6 T:JB, 8biAemaJO
IJIUX U3 .11opa l 2 Cfl I. JIAaeHa.R Kpuea.R - pact.tem no MooeAu 
I n= 2 ; HOpMupoeKa Ha :JKcnepuMeHmallbHble mot.tKU e6AU3U 
MaKcuMyMa pacnpeoeAeHu.R/. 

HHTepaan, r~e pacnpe~eneHHe oTnHqHo oT HynH, oTMeqeH 

nHHHHMH: lliTpHXOBaHHaH - HMnynhC OT~aqH npH BWneTe 

aHTHllpOTOHa BOCllpHHHMaeT TpeXHyKnOHHaH CHCTeMa, 

lliTpHx-nyHKTHpHaH - HMnynhCW OT~aqH BOCllPHHHMaeT O~HH 

H3 HyKnOHOB 3TOH cHcTeMhi. BH,IUIO, qTo KYMYnHI.I,HH 3HeprHH 

no co6upaTenhHOH Mo~enu (n=2) npe~noqTHTenLHa H B cu

TyauHHX, Kor~a Tp HecKonhKO npeawrnaeT ( T~opoqNN' HO 

oTnuqaeTCH OT Hero Mano. 

4. 3AKJIIOfJEHHE 

llepeil~eM K BbiBO~aM. 
rpy6oCTb HCllOnb30BaHHWX B pacqeTaX npH6nH:>KeHHH 

oqeaH~Ha. B ~anLHeilrnux, 6onee KoppeKTHWX uccne~oaaHHHX 

13 



MHOrHe H3 HHX MOryT 6hlTL CCJIH He ycTpaHCHhl, TO 3Ha'IH· 

TCJILHO YJIY'IWCHhl. 

0,D,HaKO y)l(e CCH'IaC MO)I(HO YTBCp)I(,D,aTL, 'ITO OCHOBHOC 

Ka'ICCTBO XBJICHHX COfiHpaTCJILHaX MO,D,CJIL nepe,D,aCT npa· 

BHJILHO. fipH 3TOM CJIC,D,YCT yKa3aTL Ha BCCLMa Ba)I(HhlC 

06CTOXTCJILCTBa. 

1. Mo.D.eJIL no3BonxeT o6oHTH cepLe3Hhle TPY.D.HOCTH, 

B03HHKaiDmHe B ,D,pyrHX llO,D,XO,D,aX /B 'laCTHOCTH, B MO,D,CJIH 

<iJepMH· ,D,BH)I(CHHX/ H o6yCJIOBJICHHhlC HC06XO,D,HMOCTLID npu

BJICKa TL coo6pa)I(CHHX 0 ,D,CTaJILHOM llOBC,D,CHHH ,D,BYX-, Tpex

H T .,D..- HYKJIOHHhlX CHCTCM Ha MaJihlX B3aHMHhlX paCCTOXHHXX. 

CTporo rosopx, ,D,a)l(e npasoMepuocTL nocTaHOBKH Bonpoca 

B 3TOM nJiaHe juanpHMCp, HCll0Jih30BaHHC llOHXTHX <iJyHKU.HH 

.D.BYX "HyKJIOHOB" ,D,JIX TaKHX paCCTOXHHH/ Bhl3hlBaeT COMHC

HHX. 
2. Mo.D.eJIL onupaeTcx ua o'leBH,D,HhlH Te3HC, 'ITO niD6oil 

<iJH3H'ICCKHH npou.ecc peaJIH3YCTCX B npe,D,eJiaX KOHC'IHOrO 

llpOCTpaHCTBCHHO·BpCMCHHOrO HHTCpBaJia. 

3. fipe,D,CTaBJICHHhlC pe3yJILTaTLI llOJIY'ICHhl npH TCX 3Ha

'ICHHXX napaMeTpOB, KOTOphle ll03BOJIXIDT OllHCaTL H KyMy

JIXTHBHOC Me3ouoo6pa3oBauue. TaKHM o6pa3oM, u 3.D.CCL 

npoxsnxeTcx po,D,CTBO o6oux npou.eccoB, KaK npou.eccoB, 

npoTeKaiOmHX B6JIH3H npe,D,eJILHhlX 3Ha'ICHHH KHHeMaTH'ICCKHX 

nepeMCHHhlX. 3TO CBH,D,CTCJILCTBYCT B ll0JIL3Y MO,D,CJIH B U.C

JIOM. 

TaKHM o6pa30M, uapx,D,y c auaJIH30M ,D,aHHLIX o MHO)I(CCT

BeHHLIX npou.eccax B x,D,epHOM semecTBe /8/ , KYMYJIXTHBHOM 

Me3ouoo6pa3oBaHHH I 4/ 34l<lleKT no,D,noporosoro po)I(,D,euux 

aHTHllpOTOHOB llOKa3LIBaCT, 'ITO llpH HCCJIC,D,OBaHHH npo6JieM 

peJIXTHBHCTCKOH x,D,epuoil 4Ju3HKH ueo6xo,D,HM XBHLIH y'leT f 
llpOCTpaHCTBCHHO- BpCMCHH.hlX <iJaKTOpOB. 

ABTOphl npH3HaTeJILHhl A.M.Iian,D,uHy, li.H.Banyesy, 

A.B.E<iJpeMoBy, B.H.Orueseu.KoMy u M.H.lllupoKOBY 3a 

06Cy)I(,D,CHHC H KpHTH'ICCKHC 3aMe'laHHX. 
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