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Abstn1ct 

Tl1e technic ue and the measut·ement results of ti1e u·J~~<l<Jt' 

distributions uf 1· 1 0 ke\T tteutrons, scatlet·ed by the '' ,\lo , Hh 

Cd , ."n 1. .. , l'h and Th nuclei, have been describ0cl, 

The rnethocl of ol •lc<ining the t·elative ave> raged diffet"Ctltial sr ·iltterittU 

cross sections fr ::>m the observed angular distribtttiotts of neutrot1s, 

emitted from thic" sc:<ttterers, is expounded, It is showtl that fot' 

each elr ··m'nt all the obtained infnnration can '•e dec-;cribed by nile 

fktrarneter '", .'r: , where <•J ic-; the coefficient for thr' first poly11otnial 

in the crnss soc ion e xpan~ion in the LP0.endre polynornia.ls, ;-l!Jd 

is the neutrotl ettergy. The CO' rtri hutiott of the compound tlltcleus in 

to the value uJ 1 is anctlysecl and is shown lo be s11nll, Th0 experi

mental results , tre compat·ecl with lhr' calculcttions perfortnc'd by the 

opticill moclel of the nucleus, 

obtained ctl the J•otentials dcscr'ibinq other di<tt on the neutron in-

tet'c'lctiot1 1\'ith ti1r · nuclr ·i, The t·es<llts for elernc•nt r., 

of the ,,·hole pic ure of ti "' coeffir ·ient '", b<>hi!viout" \\·ith the cll<<nr_le 

of nc?utron ener[ ies. 



l.BBeaeHHe 

K HacromueMy BpeMeHH yrrroBhie pacrrpe.neneHw1 yrrpyroro pacceHHHH 

HeHTpOHOB 113MepeHhl rroqT!f .QJIH BCeX 3JieMeHTOB B .Qlarra30He 3HeprHH HeH

TpOHOB OT COTeH KHll03lleKTpOHBOllbT 11 Bb!We, J111Wb B oqeHb He60llbWOM qwc

ne pa60T /1-4/ Hlf)KHHM rrpe.QellOM 3HeprHI1 6b!ll11 .QeCH1 Kif K11ll03lleKTpOHBOllbT, 

Tip11 TaKHX H 6onee H113KHX 3HeprwsrX OCHOBHOH BKlla.l B pacceHHHe BHOCHT 

HeHTpOHHaH s - BOllHa, 11 TOllbKO He60llbWaH rrpwMeCI p - BOllHbl o6yCllOB

ll11BaeT cpaBHHTellbHO cna6yro anw3oTporrwro B .nwcpcpepe!UWaJihHOM ceqenww yrr

pyroro pacceSIHWH as ( 0) , B3HTOM B cwcTeMe uenTp.t Mace cTanKHBaroml1x

csr qacTHU, 3ro o3naqaer, qro B o6brqnoM pa3llO)KeH~ 11 ceqeHHH no rronwno-

MaM Jle)KaH.Qpa 

a 
a (0) = s 

s 
47T 

00 

[ 1 + 2: w r P r < cos e l 1 
Lt ( 1 ) 

rae qepe3 ·a
6 

Mhi o6o3naqaeM 11HTerpallbHOe ceqef!H<) yrrpyroro paccesrHHH, 

38MeTHO OTllHqf!b!M OT HyllH HBllSieTCH TOllbKO K03cpqlH111eHT w I 

TeM He MeHee CHCTeMaTI1qecKOe 11CClle.QOB8HHe aroil aHH30TpOIIHI1 11 3a

BI1CI1MOCTH ee OT 3Heprl111 HeHTpOHOB H MaCChi HAep MO)KeT .QaBaTb UeHHyro 

HHcpOpMaUHID KaK 0 CBOllCTBaX SI.Qep, TaK H 0 CBOllCTEaX HeilTpOHa. B qacT

HOCTH, 3.QeCb MOryT I1pOS!BHTbC51 BCS!KOrO po,na 3cpcpeKTb .Q8llbHO.QellCTBI151 Me)K

AY Heil:rpoHOM 11 SIApOM, TaK, 113 yrnoBhiX pacrrpe.nene1 Hil Heilrponos, pacceH

BaeMbiX Ha HApax c 6onbWHM Z , 6hillH rronyqeHhi BepxHwe oueHKH Koa¢

cpwuHeHTa aneKTpHqecKoil: rronsrpw3yeMoCTH Heil:rpoHa /5,6 I. 
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8 HBCTOHWeA ~a6oTe TipilBOAHTCH MeTOAHKa il peayJibT8TU H3M8pBHilH 

B KilJI09JieKTpOHBOJibTIOii 06JI8CTH il HX TeopeTH'-IeCKHii 8H8Jlil3 HB OCHOBe OIT

TH'-!eCKOH MOABJIH Ht:\!8 AJIH pHt:\8 9JieMeHTOB cpeAHBPO'il THmeJIOPO BTOMHOPO 

Bee a. 

2. Ajmaparypa u MeToauKa H3MepeHHH 

HaMepeHHH rrpo3oannncb ua HMrrynbCHOM peaKTope 06beanHeHHoro HH

CTHTyTa HaepHb!X HC ;neaOBBHHH MBTOAOM BpeMBHil npOJIBTB HB 6a3e 252 M 

Tipil TIOJIYWilpHHe Heii"pOHHbiX BCTib!WBK DpHMepHO 60 MKCBK 1 KOTOpblB rrpOHC

XOAHJiil C '-18CTOTOH CKOJIO 5 PU. 

HaMepnTenbHa5 ycTaHOBKa B ropH30HTaJibHOM paapeae nao6pameHa Ha 

puc. 1. CKonnnMnpoEaHHbiA rry'-!oK HeRTpoHoB c rrorrepe'-!HbiM ce'-!eHHeM 

12 x22 CM2 rrorraaaeT Ha o6paaeu na nccneayeMoro aneMeHTa, n paccennae

Mbie o6paauoM HeATI OHbi perncTpHpyroTC51 aeB51Tbro aereKTopaMH, ycTaHOB

neHHbiMH rroa yrnaMn or 30° ao 150° K HarrpaBneHnro rraaarowero rry'-!Ka. Kam

Abiii aeTeKTOp - 6aTE pe51 na 20 rrporropunoHaJibHbiX c'-!eT'-!HKOB Tuna CHM0-5, 

HBITOITHeHHbiX P830M ll F
3 

, KOTOpbiH o6oraiUeH il30TOIIOM B 
10 

• fleTeKTOpbl 

CO BCeX CTOpOH OKj>y)!(eHbl CJIOeM K8AMH51 TOITIUHHOH 1-2 MM il H8XOA51TC51 

B MOWHOH 38WHTe H~ rrapa~HHB il Kap6Haa 6opa. C o6eHX CTOpOH OT o6pa3-

U8 IIY'-IOK HeATpOHOB IIpOXOAHT B BTMOC~epe aproHa, KOTOphlA coaep)!(ilTC51 

B TOHKOH IIOJiil3THITBrOBOH Tpy6e AJIHHOH 3 M il AilBMeTpOM 45 CM. 

l-JMIIYnbCbl GT J BTBKTOpOB ITOCJie yCHJieHH51 il t:IHCKpilMHHBUHH ITOCTyiia

IOT HB CIIeUHBJibHOe 9JIBKTpOHHOe ycTpOiiCTBO KOAHpOBWHK 
111 , KOTOphlA 

o6ecrre'-!HB8eT 38ITHCb CHPHBJIOB OT aeTBKTOpOB B pa3JIH'-!HbiX Y'-18CTK8X ITBM51-

Til MHOPOK8H8JlbHOPO BpBMBHHOPO BH8JIH38TOpa HMITynbCOB AH-2048. 

Bee o6pa3Ubi 6 ,wn ecTeCTBeHHaro H30TOITHoro cocTaBa. 0HH rrpnMeH51-

JIHCb B ABYX ~OpMax; B BHAe CIIJIOWHOPO HJIH IIOJIOPO UilJlilHApa AHBMeTpOM 

10 CM il Bb!COTOH 2( CM il B BilJlB ITITOCKOPO CJI051 p83MepOM 20 X20 CM2 

ilJlil 20 X 10 CM
2 • flno:::KHH o6pa3BU yCTBH8BJlilB8JICH IIOA yrJIOM K ITY'-!Ky, COB

IIBABIOIUHM C yPJIOM OJlHOPO H3 aeTeKTOpOB. B 3TOM CJiy'-lae C'-!eT TBKOPO 

aeTeKTOpa He TipilHili18JIC51 BO BHHMBHHB Dpil o6pa60TKe yPJIOBNX pacrrpeae

JIBHHH. HeKOTOpi>Ie X9.paKTepncTHKH rrpnMeH5!BWHXC5l o6paauon npnBeaeHhi B 

Ta6n. 1. 
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HaMepeHHH rrpoH3BOAHnHcb rrooqepenHo c o6paauoM B rryqKe H BHe rryq

Ka, H 6panaCb pa3HOCTb 3THX H3MepeHHH. yqHTbiF\aeMl Ill TaKHM o6pa30M tPOH 

COCTaBnHn 0,5-25% cqeTa C o6pa3UOM IIpH 3HeprHH O,li K3B, rrnaBHO B03pac

TaH AO 1,5-40% IIpH 3HeprHH OKano 40 K3B. <IJoH Kpa:iiJmX AeTeKTOpOB, CTOH

ll{HX non yrnaMH 30° H 150°, 6bin 6onbllle 3Toro rrpH6n H3HTenbHO B 1,5-4 pa

aa, HO HHKOrAa He rrpeB>,Jlllan 60%. p HJl KOHTponbHbiX )fib!TOB H pacqeTbl ITO

KaaanH, qTO OCTaiD!liaHCH HeyqTeHHOH qaCTb tPOHa, CBS3aHHaH C IIpHCYTCTBH

eM o6pa3Ua B rryqKe, HHqTO)KHO Mana H B rrpenenaX T )qHOCTH H3MepeHHH He 

MO)KeT BnHHTb Ha HX peaynbTaT. 

OonHOe BpeMH H3MepeHHH C OAHHM o6pa3UOM CO<:TaBnHnO OT 64 JlO 165 

qacoB. 

3. 06pa60TK8 aaHHbiX 

llnH rrepexona or Ha6niDnaeMbiX yrnoBbiX pacrrpe,leneHHH K pacrrpenene

HHHM, OTBeqaiD!UHM COOTBeTCTBYIDlllHM AHtPt!JepeHUHanbHblM CeqeJIHHM paCCeHHHH, 

3KCIIepHMeHTanbHbie ABHHbie IIOUBepranHCb AOBOnbHO C.JO)KHOH o6pa60TKe. 0pH 

BTOM yqHThlBanHCb BCeB03MO)KHhle 3£tltPeKThl, KOTOphl? Bhl3hlBanH pa3nHqHH 

B CKOpOCTHX cqeTa pa3nHqHbiX AeTeKTOpOB. HH)Ke OIII C8HLI OCHOBHLie 3T8IILI 

3To:H o6pa6oTKH (eM. T8K)Ke OpHno)KeHHe). 

1) OorrpaBKa Ha 3HeprHID OTJiaqH 

Heo6XOAHMOCTb 3TO:ii rrorrpaBKH CBH3aHa c TeM, q"o crreKTpanbHaH qyacr

BHTenbHOCTb AeTeKTOpOB He IIOCTOHHHa H Jia)Ke He Bf onHe MOHOTOHHa ( CKa-

3b!BaeTCH K81lMHeBaH 3KpaHHpOBKa), a He:iiTpOHLI Olll OM H TOM )Ke 3HeprHH, 

paCCeHB8HCb Ha pa3nHqHLie yrnbi 0 , rrpHo6peTaiDr HeKOTopoe paanHqHe 

B aHeprHH. BoaHHKaiDmee HCKa)KeHHe yrnoBLIX pacrrp• !JieneHHii HCrrpaanHnocb 

no cpopMyne 

•n(t)dt, N I 
HCIIp. t. 

( (t) 

dK t) 
) 

rJie n (I) - 38perHCTpHpOBaHHbiH BpeMeHHOH CIIeKTp HeHTpOHOB, dt) - OTHo

CHTenbHaH 3cf$eKTHBHOCTb JieTeKTOpOB B tPYHKUHH BpE>MeHH rrponeTa HeHTpO-

HOB, H t i+l - rpaHHULI HHTepecyiDmero Hac ap·~MeHHoro HHTepaana, a 
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K ~ ( .\ t l) /L\ t-cos (j ) ·- OTHOU!CJ!He CKOpOCTeii I!CiiTpOHa DO If IIOCJJC pac-

C8511{1f5l I!a >I;lpe C 81 OMHbl"-1 BGCOI-.1 • r!JyHKlllf$1 r\t) ltpHHHM8Jl8Cb OilHHa

KOBOr1. HlHI BCGX L\GT )KTOfJOfl If OllpCJ18JlHJ18Cb 3KCf1C)pHMCI!TF!JlbHO nyreM cpaB

HCHH5! n OJ1HHA.KOBbJ:. YCJJOBHHX C"4GTOB AOTCKTO[JOB CO 8'10TOM OTKp!.ITOrO 

6opHOrO C"48T"4HK8 1 JJJH KOTOporo 3rprpcKTHBHOCTb l1[J0110pUHOH!l.JlbHa fl[JCMGHH 

rrponera • npu HHTcrpHpOBF!Hiili /1Jl>l QJYH'<llHH dt) If n(t) ll[JHMCHHJ18Cb 

JlHIWHI!85l HHTG[JITOJ15l UtH; lllar HHTCI'[JH[l0B8HH.Il Bhi6HpA.JlC5l panHhiM 4 MKCGK. 

fv\8KCHM8JlLHOe OTJlli'-!HG HCII[la!.lJJGHHOro C'ICTa OT HGHCl1[1E\BJl<?HHOrO L\Jl>I 

AefOKTOpa ll[JH (j = 150° COCT8IlJI>!JlO 2,5% AJJ>I CaMoro nerKOrO 113 HCCJJe

AOBBBIUHXC>I 3J!GMCH I OB - CT[JOHUH>I. 

2) HopMH[JOLK!l. Ha HH3KyiO 3HeprHIO 

Yrnonwe pac~eaeneHH>I no ncex 3HeprerHqecKHX HnTepnanax nwqHc

JJHJJHCb OTHOCHTGJibHC pacrrpeACJ18HH5l B HH3K03HepreTHqeCKOM HHTepnane ITpH

MepHO 0,4 - I ,2 K31. TaKaH HOpMHfJOBKa BL!l10JlHHeT pHA oqeab none3HLIX 

<jlyHKIIHfi: 

I. CyiUeCTBGHH J yMeHbll!aeTc>r BJIH >rmw r~peficpa anrrapa rypbr H Kone6a

Hifi1 MOlllllOCTH peaK"Opa 130 BpeMH !i3MepeHHH. 

2. HcKJJIOqaerc~ BJJHHHHe pa36poca a6coJJIOTHWX 3cpcpeKTHBHocrei1 11 Te

necHLrx yrJJOB y pa3 11fqHbiX ):leTeKTO[JOB. 

3. YMeHbll!aeTc H BJJHHHHe rrorrpaBKH Ha 3HeprHro orr~aq11. TaK, B nop

M!1ponannoM pac!1p0!8Jl8Hl1!1 OHa COCTDBJJHeT BCero 0,9% L\Jl>l II[JHBGDGHHOro 

BLrllle cnyqa51. 

4. OrrranaeT HE o6xoAHMOCTb rrepecqera yrnoni,rx pacrrper~eneaHii B CHC

TeMy uenrpa Mace, ~ AJIH cpanaenHH c reop11ei1 nocTaToqHo rrpeo6pa3oBaTb 

K 3TOH C!1CTeMe TQJJ,KO yrnw LIBTGKTOpOB. 

5. YMeHbll!aerc >I BJlHHHHe paccMaTprtnaeMoro HH)Ke 3cprpeKTa caM03Kpa

Hl1pOBKH B o6pa3U8X. 

3)HcKJIIOqQEH8 pa3Jll1q[1g CITeKTpaJJbHWX "4YBCTBl1TGJlb-

H 0 C T 8 H Ll 8 T e K T C p 0 B. 

Ka)Knwft neTe!TOp perHCTpHpyeT He TOJlbKO Te He~TpOHhl, KOTOpwe 

l10!18):18!0T B Hero HOIOCpenCTBGHHO !13 paCCCl1B8TCJ1>1 1 HO l1 HGKOTOpyiO qaCTb 

TeX HeftTpOI!OB 1 KOTC·fJLlC paCC8!1B8!0TCH OT CTOHOK 3f.lllll1Tbl !1Jll1 RI>!XOAHT !13 
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HBKOTOpOrO CJIOSJ ee, 38MB)lJlSU!Cb np!r 3TOM. nocKOJlbt y OKpyiKBH!rB pa3JII!'-I

HLIX llBTBKTOpOB He BTIOJlHB CT8HJ::WpTHO ( CKa/KeM, pac: !pBilBJlBH!fe If KOHUBH

TpaU!fSI 6opa B napa¢lfHe), HMBBTCSI HBKOTOpOe pa3l!f'-IHB B a¢¢eKTHBHhlX 

cneKrpanbHLIX '-IYBCTB!fTeJibHOCTSIX nereKTopoB. B pe3y IbTaTe B HopM!rpoBaH

HLrx yrJIOBb!X pacnpe)leJieH!rSIX TIOSIBJlHBTCSI C!rCTBM8TII'!8CK!fH pa36poc TO'-IBK, 

IIJlaBHO YBBJl!f'-l!fBa!OIIII!HC'A C 3HeprHei1 If llOCT!rraiO!Il!rH <!8KC!rM8JlbHO + 4% !Ip!r 

BHepr!r!f OKOJIO 40 K3B • 

.llnH yCTpaHBH!fSI 3TOrO pa36poca Mbl IIp!rMBHSIJllf CJlBilYIOllli!H IIpl!eM: C 

O)lH!fM 3JlBMBHTOM, CB!fHUOM, !f3MepeH!fSI IIpOBO)lHJlHCb B )1B8 3T8!18 IIp!rMep

HO Olli!H8KOBOH npOilOJl/KHTBJlbHOCTH, npuqeM BO BTO~OM 3Tane )lBTBKTOpbl 

BMBCTe C lfX 38WHTHhlM!f 6JIOK8Mlf 3BpKaJlbHO MBHSIJlHCb MBCT8MI! OTHOC!rTBJlb

HO yrna paCCBSIH!fSI 8 = 90° . .llanee )lJlSI BCBX 3HeprET!f'-IBCK!rX lfHTepBaJIOB 

IIOCJIB yme O!IHC8HHOH '-18CTH o6pa60TKH C'-IBT K81K)lOrO llBTBKTOpa, IIOJiy'-!eH

HbiH B IIepBOM 3Taiie, ABJI!rJlCSI Ha cqeT TOrO /KB ABTBJ:TOpa BO BTOpOM 3Ta

rre. npH 3TOM pa36pOC TO'-IBK KOMIIBHCHpOB8JICSI, a pE3YJibT!rpy!O!IlHB OTHO

lllBHliSI OII!rCbiBaJIHCb OTHO!llBHHBM pa3JIOIKBH!rH ( 1) B ¢ )pMe 

Y< e l = c ' + w 1 P 1 < cos e l + w 2 P 2 < cos m 
(2) 

l-w
1

P
1

(cos8) +w
2 

P
2

(cos8) 

rne coxpaHeHLI '-IJIBHbi TOJibKO c f.:; 2 , a 3HaMeHaren, rrony'-!aeTCSI H3 q!fc-

JIHTBJISI 3aMeHOH 8 Ha TT- e . H BH3BeCTHb!B napa! ~eTpbl c 
O!IpBilBJlSIJl!rCb MBTOAOM Ha!fMBHbll!HX KBanpaTOB. 

Yl3MBpBH!rSI C OCTaJibHblM!f 9J1BM8HTaM!f I1pOBOI11JlHCb C HBH3MeHHbiM 

IIOJIOIKBH!fBM llBTBKTOpOB, H BCB pacrrpBilBJIBHHSI llBJIIIJll Cb Ha COOTBBTCTByiO-

llllfB pacrrpeneneHHSI CB!rHUa, !IOJlY'-!BHHhlB IIp!r TOM /KB IOJIO/KBH!flf llBTBKTOpOB, 

a rrapaMeTpLI orrpenensrn!rCb c rroMO!IlbiO ¢opMynLI 

Y(8l c I+ w
1 

P
1 

(cosO) +w
2 

P
2

(cos8) 

I+ wPbp (cos8)+ wPbp (cos8) 
1 1 2 2 

rne rrapaMeTpLI CBHHUa 
Pb 

WI 6LIJIH yme H3BBC THblMH. 
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4) norrpaBKH HB 9!jJ!jJeKT CBM09KpBHI1pOBKH H MHOI'O-

KPBTHOe pacCellHHe 

KaK BHJlHO H3 T 1611. 1, rrpHtv!eHilBWHeCil HBMI1 o6pa3Ubi 6LIJIH cpaBHH-

1'8J1bf!O TOJICTbiMH, H 3TO ITpHBOJlHJ10 K TOMY, 'ITO yrJIOBbl8 pacrrpe)l8J18HH51 

paCC8HBB8MbiX HeHTpC HOB BO BC8X 9HCpi'8TH'I8CKHX HHT8pBBJ1BX CyiiiCCTBeH

HO OTJIH'IBJIHCb OT COCTBeTCTDYIDWHX JlH!jJ¢epeHU11BJ1bHWX Ce'IeHHU paCC851HHil, 

TBK KBK HM8J1H MeCTI 9!jJ!jJeKT ocna6neHH51 HeliTpOHHOI'O ITOTOKB B 06beMe 

o6pa3UB H MHOI'OKpBT!Oe paCC851HH8. 

llnH :3KCnepHMeH raJibHoro yrnonoro pacrrpeneneHI1H B i -oM 3HepreTu-

'I8CKOM HHT8pBaJie OTIOCHT8JlbHO pacnpeaeJieHHil B HOpMHpOBO'IHOM 11HTepBa-

Jie MOMHO HBITHCBTb COOTHOW8HH8 

'\ Wl 
----
N ((} l 

a 

(J 

r; .si 

i1 
,-a 

Wl 

(@) 

"' . ((:1 ) 
I 

w ((}) 
0 

r.ae a ((:1) 
.s 

-cpe.aHeE no uHrepnany .au¢¢epeHUHBJibHoe ceqeHHe pacceHHHH, 

W((J) - H8KOTOp85! !jJyJ.KUH.Il" yrna, XapaKT8pl13YIOIIIall OTJ1H'IH8 H3MepeHHOI'O 

pacnpe.aeneHHil OT Jlil p!jJepeHUllBJlbHOf'O C8'18HH 51, G - HeCyiUeCTB8HHB51 KOH

CTBHTB, 38BHC51WB51 0' 11HT8HCHBHOCTI1 HeHTpOHHOI'O ITY'IKB H xapaKTepHCTI1K 

H3M8pHT8!lbHOH yCT&H 1BKH, 8 llH.Jl8KCLI i H 0 0603HB'IBIDT ITpliHB.JlJ18lKHOCTb 

BTHX Bel1!l'Il1H K coo·neTcrBymrueMy 3HepreTI1~ecKoMy 11HTepBany. Tor.aa 

HHTepecyiOruee Hac p.tcnpe.aeneHHe, rrponopuaoHanbaoe orHoweamo cpe.aH11X 

.au!jJ!jJepeHUHBJlbHWX CeqeHHU paCCBHHHil, 6y.aeT paBHO 

)" ( (}) -

o Wl 
e I 

N. Wl 
I 

.N ((}) 
(4) 

0 

llnll RBXOlK!l8Hlll !jJyHKUHH HCKBlK8HH51 W((}) H ee CROUCTB llp0H3Bo-

.JlHJIOCb Moaenuponaa!e npouecca pacceHBBHHil HeliTpOHOB B peanLHofi reo

MeTpH!l 3KcnepHI\1CHTe nyTeM pacqeron no Merony MoHTe-Kapno. ELrna coc

TaBneaa CI18UHBJlbHB51 IIporpaMMB paC'I8TOB,C IIOMOWb!O KOTOpOH ITO 38)l8!~ 

Hb!M Ce'IBHHID paCC8511H51 a ({)) H 'IHCJiy 51Jl8p n B 1 CM
3 

o6pa3Ua Bbi'IHC-, 
JIHeTCil pacrrpeneneHH3 rrorranaiOWHX n nereKTOpbi HeliTpOHOB M ((} l ' :JK-

BHBBJ18HTH08 8KCHepH; 18 HTaJibHOMY N ( () ) 

Me ero cocraBJIIliOW!e pacrrpeaeneHHil 

8 

rrpH Tex lKe a ((}) 
$ 

\1 I ( () ) M IT ( (} ) 

H n a TBK-

H T • .Jl., COOT-



B8TCTBYIOIIU18 HCHTpOHBM 1 IICI11>1T8BlllHM TOllbKO OAHO C ro.TIKHOBeHIIe, ABa II 

T.H., TaK "'TO M (()) ~ MI Wl+MIIWl+ ...• 113 9THX pa~"!eTOB MOJKHO rrony-

'lHTb rronHyJO !JlyuKuHio ucKalKeHH'il w < e l ~ M Wl 1 u" w l 
)!<8HI1'il npu OAHOKpaTHOM pacce'i!IIIIH w I ((}) = M I Wl/ ri ( Ol 

s 

H !JlyHKUHIO llCKil-

x) 

UK838ll0Cb 1 "'TO Llllll IIM8Blll1IX MeCTO B H3M8p8HH'i!X HC CllHWKOM 60llLWIIX 

B8llH"'HH rrpOH3B8LICIIH'il n 11 H 118 CllHWKOM 60JILWHX a•!130TpOITHA B a ( (}) 
s 

rPYHKUHH \\ ( (}) H \\ I((}) 06JI8J(810T Cll8!lY!OIIU!MII CBOHC' 'B8Ml1: 

1. ¢yHKlUI'i! \\
1 

(0) l!C 3ilBIICHT OT 8Hl130Tp0ITHII CC"!Clll1H a ((}) 11 1 
s 

Cll8LIOB8 T8.'1bH0 1 MOJKeT B I>I"'I!Cll'i!TbC 11 LI.TI'il l130Tp011HOf'O ] >acce llHil H. 

2. ¢yHKUl111 W I ( (}) XO!JOll!O arrrrpOKCl1Ml1pycTC>I Bhl )8/KCHHCM 

(5) 

rne -0,1 < n < 0 nl CTfl~M51TC5! K Hy.TIIO ITpii 

YMCHbllleHl1H na 
( 

3. ¢yHKUl15l W( 0) B8Cb:-,Ia 6lll13Ka K c!JYHKUH>-1 \~ (}) , TaK "'TO pa3-

IIOCTH COOTB8TCTBYI0Wl1X K03r\Jqll1UH8HTOB f1 
1 

~ .HOf'O M8HbW8 C8Ml1X 

B8lll1"1HH f1 I l1 f1 2 • 

Terrepb ¢opMyna (4) MOJKeT 6~Tb rrpeLICTaBneHa F Bl1Lie 

N (()) 
y (() ) = __i___ • 

N ( ()) 
0 

I 
W 0 (8) 

w l ((}) 
i 

ilsa ITOCllCLIHHX MHOiKHT8ll11 1 B KOTOphlX y"'T8HO OTllH"'He peallbH~X HCK8iK8HHH 

OT !1CK8iK8Hl1H rrpH OLIHOKpBTHOM paCCe'i!HHH H KOTOphle ~OiKHO H83B8Tb ITOIT

paBKOH Ha MHOf'OKpBTHOe paCCe'i!HIIe, B Cl1llY TpeTbcf'<> CBOiCTBa rPYHKUIIH 

\\I((}) II W ((}) Clla6o 38BHC'i!T OT (} • CooTBeTCTB fiO!llHe pac"!eTbi no-

K83biB8!0T 1 "'TO 3Ta !10I1paBK8 He I1p8Bbl!ll88T OWH60K I 3MepeHHA, IT03TOMY 

OHa He BBOL1Hll8Cb. TaKl1M o6pa30M 1 K03rPrPIIUII8HThl w 
1 

l1 w H8XOIJ.IIlliiCb 

rryTeM anrrpoKCHMBUHH ¢ynKurreA (3) pacrrpenenenrrA 

x) 
3necb H B HCKOTOphlX Jipyf'>-IX MCCTaX MLI He .QCllaE M pa3llH'l!Hl MCJK.Qy 

~)'HKUH5!MH yrna (} 1 OTllH"'tllOIIIHMHC5! ITOCTOSIHHLIM M 10/I<HTClleM, ITOCKOJlb

KY Hac HHTCpecyeT TOJlbKO OTHOCHTCJlbHWA XO.Q pacrrpEU8J1CHHA y((}) C yr

J10M. 
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y (f)) 
_I __ _ 

YPt~ f)) 

rae semPurHy w ~ (J) I w / (f) l 

i\.Wl 
l 

N ( (J) 
ll 

\\ I ( (J) 
0 ---· 

Mbl 1!83hiB8eM rrorrpaBKOH !Ia acpcpeKT 

CaM03KpaHHpOBKH. 0Ha BBOaHJ18Cb anH BCeX o6pa3UOB 1 KpOMe CBHHUa, rae 

OHa HHqTomHa H3-38 ITOCTOHHCTBa ceqeHHH pacceHHHH CBHHUB BO nceA HC

cneayeMOH aHepreraqecKoA o6nacTH. MeToaaKa nonyqeHHH areA nonpanKH 

c yqeToM pe3oHaHcHoA crpyKTypw ceqeHHH noupo611o orracaHa n OpanomeHHH. 

3HaqaTeJlbii~:Tb TIOTipBBOK liB CBM03KpaHHpOBKY onpeaenHeTCH 3cpcpeK-

THBHOH BeJlHqHHOH npOH3BeaeHHH na B HOpMHpOBQql!OM HHTepBane H TEI\1 1 

H8CKOJlbKO acpcpeKTI BIIOE na II OCTBJlbiii>IX HHTeprwnax OTJlHqaeTCH OT 3TOH 
> 

BenaqaHLT B t!OpMH JonoqHoM liHTepsane. Hau6onee cyweCTBEHHI·IMH norrpilnKH 

oKa3anHCb y cypb '-11>1. OpencTaBneHae o pon11 norrpanoK MO)KHO nonyqliTb, 

Ha puc. 2. Lin>~ cypbMbi 3HaqeH11H 

uJ 
1 1 BI,JqHCJIEHHbl? 6e3 BllE!lEHH>l IIOnpaBOK Ha CBM03KpBH!ip0!1Ky 1 !10Ka3aHbl 

KpeCTaMii. [ln>I OCTaJlbHWX 3J1EMEHTOB pOJlb 3T11X TIO!TpaBOK 6wna Mel!bWC. 

4. Pe3ynbTBTbi H HX aHanH3 

0 OCJlE El blfiO.TJ HCHH H OIIHCBHHOi\ B billiE o6pa60TKI1 113 8KClll'fll!~ICHTaJibHbiX 

yrJIOBLIX pacrrpeae JlEH!iH 6I,JJ111 OI!pC'IlCJlEHbl KOaq>C!lHUllEIITLI '" l H ''' .2 pa3-

JlOmeHHil CpeaHliX ~Hcpcpepel!UliaJlbHh!X ceqeHliH paCCGilHlill flO IIOJlliHUMaM fle

)K8Hilp8 B cpOpMe ( 1) • 3KCTiepHMeHT8JlbHJ,JC 3HaqeHI11! K03cjHjmUlleHTOB '" 1 

llJ151 aeCSlTH 3Jl8M( HTOB IIpHBE!lC'HLI Ha pl1C. 2 B 3aBHC!!MOCTH OT 3Heprl1li 

Heti:TpOHOB X). [ln ~ BCEX 3JlEMEHTOB 1 KpOMC JlaHTaHa 11 1 B03~!0il\H0 1 CTpOH-

06Hapy)KHBa!OT JlHHeHHYIO 3aBHCHMOCTb OT 3Hepral!, a 

CKOpOCTb B03pilCTlHHH w C pOCTOM 3Heprlll1 pa3J1HqHa y pa3J11{qHwX ane-

MeHTOB. 

TaKoe rronea?HHe w
1 

MOmHo nerKo noHHTb, ecn11 swpB3HTb n!!cpcpepeH

UHBJlbHOe ceqeHHE TIOTeHUHaJlbHOrO pacCeHHHH HeHTpOHOB qepe3 ilia3W pac-

x) /6 I 
Pe3yJILT3Thi HJlll CHHHUa orry6JIHKonaiibi n pa6oTe 
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Ce51HII51 0 O II 8 1 , npeHe6pera51 BKnaaOM HeDTpOHJB CO 3HaqeHII51MII op-

61!TanbriOro !\!OMeHTi.l f'' I : 

a ((;il=X2 [sin~O 
noT. o 

t-(>sinO sinO cos(8 -0 )P kos8lt >sin~O P (cos8)]. (6) 
0 1 0 1 1 1 :] 

Toraa Kos~¢11UIIeHT W l , KOTOpb!H !!MeeT CMhiCn C THOllleHII51 MBKCIIMyMa 

II p- BOnHaMH, K 1130T-

pOITHOMY '-!neHy qi1CTO s -paCCe51H1151, l1fJ11'.!eT filii\: 

w 
I 

f> sin il
1 

"os(o 
0
-8

1
) 

~in on 
8 

8 

( 7) 
I 

0 

rae nocneaHee paBeHCTBO ocymecTBn51eTC51 rrp11 aocTaToqHo HH3KIIX sHeprH

HX, Koraa ¢a3L>I CT8HOB51TC51 cymeCTBeHHO MeHbl!Je ea IHI!Ubl. C apyroti CTO

pOHL>I, 113BeCTHO, qTo flfJII H113KHX 3Hepr1151X HaneTa!Ol!l!!H '-!aCTIIUbl QJ83bl pac

Ce51HII51 Bblp8)!(8JOTC51 rrp1!6nl!)!(eHHOH QJOpMynoti (eM., Hl11p!1Mep, /O/ ); 

0 r 

2 f ~ 1 
( kH) 

[(2Ct-ll!!]
2 

li 

rae KOHCT8HT8 I 38BIICI1T TOITbKO OT KOHKpeTHOro 311aa TIOTeHUI!ana B3al!-

MoaetiCTBII51 cranKI!Bi.1IOl!liiXC51 qacTHU, R - HeKOTOpbii sij-H!JeKTHBHbiH paa11yc 

B3811MOQeHCTBI!51, a k - ROnHOBOe q11cno HeC!TpOHa. nonb3Y51Cb 3TI!M Bbipa

)!(eHI!GM anH ¢a3, nony'-!IIM H3 (7), qTo 

,,, 

rae m - Macca Hei1TpoHa, E - ero 3HeprH51. 

TaKIIM o6pa3oM, B cnyqae q11cTo rroTeHUI!anbHO'O pacce51HII51 HetiTpo-

HOB He6onbWIIX 3Hepr!!i1, Koraa k R << l , K03QJQJIIUIIIHT W OK83blB8eTC51 

nporropUHOH8ITbHbiM 3HeprHII, 11, cneQOBaTeiTbHO, BeiTII' 11H8 w l (E)/ E Ll0IT)!(H8 

6hlTb KOHCTaHTOH, xapaKTepH3YJOl!lei1 aaHHOB Hapo. Ec~ll B KaqeCTBB 3QJ~eK

TIIBHOrO paa11yca R B351Tb, Harrpi!Mep, paa11yc Hapa 3 s11ae R =1 125. A 113¢, 

TO IIHTBPBCV!Ol!l851 HaC KOHCTaHTa 6vneT P8BIIa: 
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3KCTipUMBHT8JlbH "re BBJIU"'UHL! "\ 'L 

WUX KBa/..lpaTOB K8K 3!!£ "'C!!HI! napaMeTpa l' 

lillie 3KCrrepUMOHTaJibHI 18 TO'IKU cpopMyno~i 

HaXOUHJIHCb MBTOROM HUUMBHb-

, HaHJJY"'WUM o6pa30',! Ol!lJCh!B8!0-

CpenH£'il 3Hep1'U'il Hop v~upono"!Horo llHTepsarra 1-: 0 liXO/..lllT CIO/..lU TIOTOMf, 

"'TC yrnosLre pacnpeneneHu'il so scex UHTepsanax nenunucb Ha pacnpenene-

HUe B HOflMH[l0[)0"'HOM I HTBpBaJJe, "'TO iJaBT /..lJl51 i -f'O lJHTepnana u1
1 

(l,i )-uJ
1 

it:
0

) 

BMBCTO w (I< , f1]''i!Mh!B Ha puc, 2 IlfJOBB/..lBI!h! B COOTBBTCTBHU C HaH-
1 

/..lBHHb!Mll 3H8"'BHH'i!MU (1.) 1 /I< Te> )Ke pe3ynhTaTu f1Jl'il nec'i!TU 3JieMeH-

TOB B 38BUCUMOCTU 0' 8TOMHOrO neca !Ip8/..lCT8BJl8Hh! Ha puc, 3 '!'GMHbiMU 

TO"'K8MU, TaM /KB CFIE TJlh!MU TO''c!K8MU H306pa£K8Hhl pe3yJlhT8Thl o6pa60TKU 

naHHbiX flaHrcnopcjla n np., ony6nuKosaHHbiX B aTnace 
191 • f1pu 3Toi1 o6-

pa60TK8 UCnOJib30BC1JlU:b BCero /..lBB-TpH 3HepreTU"'BCKH8 TO"'KU w 1 , H8"'ll-

Haswue·c'il c 60 HJIH 30 K3B, qepe3 KoTopr.re Morna 6r.rTh nposeneHa np'i!Ma51, 

npoxon'ilwa'il "!epe3 Hacano KOOP/..lHHaT. 

C paBHBHUO 3KCfle lH M8HT8Jlb lib IX BBJlH"'UH w
1 

/ 1.: C rjlOpMy JJOii ( 8) ( ny l!K-

TUfJH8'.1 KfJHB85I H l fJHC, 3) 0'!8Hh HanOMHHaeT CHTyaUHJO, B03HHK8!0WYJO 

KOr/..la Cp8BHHB8JOT, H8lfJHMBp, 3KCnepHM8HT8JlbHL18 3Hi3"18HU5I CllJlOBOH cpyHK-

UHU S 0 C BBJlU"'HHOH 10-4 H~'l MO/..lOJlH ""'epuoro" 51J.lpa llJlll pa/..lHYCbT ITOTBII-

Ull8JlbHOrO paCCB'i!HlJH C KflHBOI1 Tuna H = r \
1

/ :l, B o6oux cny"'aHX ro-o 
paano 6onee xopowee cornacue c 3KcnepurvreHTOM naeT onTH"'eCKaH Monenb 

H/lpa, J\t\oJK!lO OEKU):WTl, 'ITO U B HallleM CJlY'Iae pe3yJlhTDTJ.,! 6ynyT OIIUCLI-

B8TbC5l OTITWIBCKOH "-1•l/..lOJihiO, KOTOfJDH ycnelliHO npUMBtUIBTC51 npu DHUJlU38 

ll8HHbiX no ynpyroMy ! ClCCBHHU!O HeiiTpOHOB Mer83JIBKTpOHIIOJibTHb!X 3l!eprHH, 

B H8W8H EKB BBJlH'IIiH8 "\/I< 3aKJJIO'ICHa OCHOBH851 "!8CTb HHcjJOpM8UHH 0 UHcjl

cpepeHUU8JlbHLIX CB"'BHJ. HX pElCCB mlllH B o6rrac TH 3r18pruJ1, no KpaHHBH Mepe 

UO H8CKOJlbKHX UeCHTKJB KHJI03Jl8KTpOHBOJibT, 

[tJI51 KOppeKTHOr" CpBBHBHUH C O!ITWIBCKOH MO!lBJlh!O He06XO/..lUMO Bbi

fiOJIH8HU8, KaK MliHHM;·M, /..lBYX YCJlOBUH: XOpO!ll~e ycpCf(H8HU8 no /..lHCKpeT

HbiM COCTOHHUHJ\1 COCT 1BHOrO 5!/..lpa U ll03MO£K!IOCTb norry"'eHU£ CpaBHHBUBMOH 

J3BJIH"'HHLi ua rvraTpiiUL pacceHHU'il, Bbi'!HCJI'ilervrol1 B Moaerru. B HaJueM crry-

"!ae nepBoe ycrrosue } opo111o BbiiTOJIHeHo, TaK KaK paapemeHne no 3HcprHH 
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3aKI1IO'IeHo B npeuenax 1-20 K3B, 'ITO cywecTr~enno 6o Ibure cpeanero Me>K

pe3onancnoro paccTOHHH 51 Jl/151 HccneaoBaBWHXC H >T,1ep. B To poe ycJJORHe TaK>l\e 

611H3KO K BWITOJ1HGHH!O, flO HB 3TOM cnenyeT OCTBHOfll1fbCH TIOJlp06Hee, 

ileno B TOM, 'ITO Ha ODhlTe l13MepHeTC51 yrrpxroe pacceHH11e, COCTOH

Wee H3 llBYX 'IBCTeii: ITOTeHUH811bHOro, KOTOpoe BW'IHC.IHBTCH B OTITH'IeCKOii 

l\!O)lel111, 11 pe30fl8l!Cf!OrO, KOTOpoe HpOHCXO)lHT '-!Cpe3 CO< TCJFIHOe 51,1p0 If onpe

)lGJ151GTC51 B OITT!f'IGCKOH MO)lGJ11f TOJlbKO B CYMMG C pa)l18IL11011flhll\1 38XB3TOM 

11 llpyrlfMif B03MO>KHb!Mif peaKU1151MI1, il11H y'IeTa llKllB :w COCTBBHOro 5lilpa 

D yrnoBoe pacnpeaenenlfe pacceHH!f5l pa3pa6oTaHLI c.IeT )J1hi, KOTopbre, oaHa

Ko, He )l310T 60J1blllOH TO'IHOCT!f, TaK K3K II fii1X HCITOJJC>3y!OTC5l pa31111'IHOrO 

poaa npeanono>KeH!fH !fi1H !f3BecTnwe c nnoxoii TO'IHOCTb n Ilei1H'I11HW, HepeaKo 

lf3-3a f!G)lOCTBTO'If!OCTH llBHHhlX pe30fi8HCHOe paCCOHfllfe C'IIfTBIOT 1130Tpon

Hb!M, paCCMaTpi1B310T Dpe)leJ1bf!L!G CJiy'Ial1, KOrHa Clll!H Mf!WGHH I= 0 11 I o~ ~ 

11 T ,Jl, 

n p0113Be)le M OUeHKy BKJ!a)la pe30H8HCOB II '" 1 n OJ!b3Y HCb 06lll11MI1 

)0pMyi1BMI1 )lll51 yrJlOBhlX pacnpe)leJ1GHI1ii DpOilYKTOB H)l(·pHblX peaKU 11ii /10/, 

v!O/KHO ITOJ1Y'II1Tb Bblpa>KGHI1e )l/151 lllftPljlepeHU118J1bHOrO CG'IGHHH ynpyroro pac-

CeHHifH B OKpeCTHOCTI1 !f3011HpOBBf!HOrO pe30HaHca: 

a ((j) 
s 

rae 

CT ( (}) 
HHT, 

a ((j) + 
noT. 

a 
pe3. 

ape3.((J) +a HHT.((J ), 

~in 0 
0 

( ,\ E co~ 0 
0 

f' 
t- -- .;ino 

(9) 

) + 
0 

( 10) 

a ITOTGHU11311bHOe paCCe5lHHe a ITOT. ( (j) no-rrpe)!(Hervy HMeeT BHil (6). B 

cny'Iae p -pe30H8HCa K pe30H8HCHOMY 'IllGHy (9) )l061BJ!HGTCH 8HH30Tporr-

Hoe cnaraeMoe, conep>r\aruee TOllbKO P ~ ("osOl H He )l, l!Olllee BKJ18)l8 B r,J 
1 
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a B 11HTepcjlepcHU110H !OM '!.TIGHe ( 10), I'ile onymeHhi cnarneMbie c P (cos U) 2 , 

I' (cos8) 11 T,Jl,, cpa3 ,J i'J H 8 BC!DilY 31lMGH>T!OTC51 Llpyr Ha L!pyra 11 K0-
3 . n 1 

8QJQJIIUH8HT 3 3aM8H51C>TC51 81\11HHU8ll, 

ilrr51 cpaBH8HH51 C 8KCnepHM8HTa.TibH~M C8'!8HHPM He06XO!lHMO npOH3B8C-

TH o6hr'!HYID orreraurr10 ycpenHeHH51 no 3Hepi'HH: 

a (li ) '> ·cc _.._! __ _ 

J.: ·-l< 

E 
2 

f a (!<:) ,I I< , 
El 

rne HHTepnan ycpen1 8HH51 6epeTC51 CO!lep?Kil!UHM llOCTilTO'!l!Oe '!HC.TIO pe3oHaH

COB, EC.TII': pe30H3HC .r He nGp0KpL!Bil!DTC51, TO Hl!Terpan 33MOH518TC51 CyMt-.!OH 

HHTerpallOB no OT/lClbELIM pC30H3HCaM, a npOAOTJLI II Kil)K/lOM 113 HHX MO?KHO 

B351Tb b8CKOHe'!HLIM11, ilanee, eC.TI!1 npeHe6pe'!b Crra6hiM 113MeH8HHeM BeJIH'!I1l! 

11 8 
1 

B Jlpenenax HCCKO.TibKHX l1111pl1!1 Ka?KL\01'0 pe30HaHca, TO B 

pe3y.TibTaTC HHTerpH!OBaHH51 H CyMMllpOBRHH51 MW npHAeM K C.Tie!lyiDIUGMy pe-

.'3y.TibTaTy: 

Wli a'- 17T\" I 'inl2il -0) sinO so\1!·: 
ITOT 0 I l 

rAe '!epe3 (J 060 ~l!a'!CI!8 CYMMa BCeX 1130TpOHHblX '!.TIC HOB, CB513aHHL!X C 

pe30HaHCaMH, a S0 H S 1 - CH.TIOBbie QJYHKU HH Jlll>l s - 11 p - Hei1TpOHOB, 

COOTBeTCTBGHHO, onr e!lC11510Mhl8 COOTHOlli8HI18M 

s p 

Y'!I1Th!Ba q TO, '!TO c 6e c:jla3LI OTpnua TenbHbi 11 2 ! E> 1 I< I 8 0 I , MO:>KHO cnena Tb 

Bb!BOil, '!TO 3a C'!eT HHTepc:jlepeHUHH s •· p830HilHCLI YMPHb;l!aJDT, a p- pe30-

HaHCbl yBe.TIH'!HBaiOT pe3Y11bTHpyiDIUee <w1 '> no cpaBHeHI1JD c <•J 1 noTe H-.. 
UHarrbHbiM". KpoMe c oro, < '" 1> yMeHblllaeTC51 TaK?Ke 3a C'!eT "paCTBopeHIH!" 

B !130TpOHHOM cnara ':\10M (J YiHLIMH cnonaMH, 

,(!) 1 ........ f 1 (I+ f 2 + f :J ) '" 1. 

rne 
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( 11 ) 

( 12) 
2 sin 0

0 
cos(o

0
-0 

1
) 

rr sin (28
1
-8

0
) S

1 
v't: (kHI 

f :1~- 2 sinO 
1 

cos (0
0
- 8

1 
l[ I +(kR)~j 

( 13) 

3Ha'IeHHe f
1 

MOlKHO TIOJIY'IHTb, 38Me'la5!, 'ITO TIOCJie yr-. HO:lKeHHSI H8 477 'IHC

JIHTeJISI H 3HaMeHaTeJISI (11) TiepBhlll Tip8KTH'leCKH eCTb HHTerpa1IbHOe Ce'le-

HHe TIOTeHUH81lbHOPO pacceSIHHSI a TIOT •, a BTOpOll - pc 3HOCTb ycpenHeHHh!X 

TIOJIHOPO Ce'leHHSI at H Ce'leHHSI paJlH8l{HOHIIOPO 38XE8T8 ay • <l>aaa a 0 

+2 2 
H8XOJlHTCSI H3 COOTHOWeHHSI allOT 47771: sin ao , a a 1 - R3 !flop My Jib! (7) • 

TaKHM o6paaoM, Mhi rrony'laeM oueHKY BKnana peaoHaHCHoro pacceSIHRSI B 

W l , IIpHBJleKaSI TOJlbKO 3KCTiepHMeHT81lbHble Jl8HHb!e <> BeJIR'IRHaX a noT.' 

(d 1 ' s 0 , s 1 R He nenaSI Heo'!eBHJlHhiX rrpenrronoMeHRil. Pe-

3Y1lbT8Thl COOTBeTCTBYhlillHX paC'leTOB Jl1l5! BCeX o6pa3UJB !Ipll SHeprRR Heil

TpOHOB 40 KSB IIpHBe)lel!hl B Ta6n. 2 X) KaK BHJlHO R3 Ta6JIHUhl, SKC!IepH-

MeHT81lbHbie 3H8'IeHHSI < w 1> !IpH f: 40 KSB Jl1ISI snel'v eHTOB S n , T e , 

B03MOlKI!0 1 CJleJlOB81lO 6H yBeJlH'IHTb Ha 20-40%, 'IT06hi I OJIY'IHTb TIOTeHUH81lb

Hbie WI , KOTOpble MOlKHO CpaBHHB8Tb C paCC'IHT8HHblMH no OliTH'leCKOll MOJleJIH. 

nono6HaSI rrorrpaBKa, onHaKo, He BBOJlHJiaCb no cne,tymmeil rrpH'IHHe • .ilnSI 

o6paaua Tennypa 6hmo rrpoH3BeaeHo norroJIHHTeJibHoe u:IMepemre, rrpR KOTo

poM B li8Jl8hlilleM ITY'IKe HellTpOHOB 6b!Jl ycTaHOBJieH ¢HT.bTp H3 Tennypa TOJI

illHHOll 0,0454 Haep/ 6apH. TaKoil ¢H1lbTp Bb!BOJlHT R3 rr y'!Ka 6onhwym 'laCTh 

HeilTpOHOB pe30H8l!CHbiX SHepPHll, TIOSTOMY !IOJiy'leHHbie 3H8'leHHSI W 1 JlOJI:lK

Hhl 6nHJKe cooTBeTCTBOBaTh 'IHCTO rroTeHUH81lbHOMy pt cceSIHHm. Pe3yJihTa

Tbi STOPO H3MepeHHSI !IOK838Hbl Ha pH C. 2 JlJISI Te ( CBe1llbiMH TO'IK8MH), BHJl-

X)CneayeT OTM8TifTb, 'ITO lf3-3a orpaHif'i8HHOCTif IJ.BHHbiX no S 1 H nnOXOA 

lfX TO'iHOCTif f 3 !IOlly'laeTCS! C 60llbWOi'I HeonpeaeneHHOCTbhl, li09TOMy Mbl 

!IpHBOIJ.HM 3H8"!8HH5! S 1 , KOTOphl8 6p8111fCb lip!i Bbl"! !C118Hlllf f 3 • 
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H01 '-!TO Oll11 13f!OJ1He :OBIIilt:taJOT C pe3yJ1bTaTal\!11 OCI!OHI!Oi'O I!3MlcjJCHIBI, 3TO 

fljJOTI1BOpC'-111e C flilCC 111TaHill>Pd BKJ1ElDOM 'deX3HH3'.til COCT3Bll0i'O llil]-'il 1 KOTO-

pbJiJ !1J15! TCJ1Jiypa JlOJ ihel! yM8HbUtaTb '" ' IIPHMep!!O liD 30'/o, '\!0>1\1!0 OObHC-

'-!HTb a¢¢cKTOM 6noKMpOAKH peaoHaHCOB B TOJ1CTOM o6pa3Ue, Dc0cTBI1TeJihllO, 

y T8J1Jiypa B pa[ioHe 0-40 K3B Hl\!8CTC >I HeCKOJ1bKO CHJ1bHb!X pC~lOIU:li!COB, ;lJ151 

KOTOpL!X l\CJ1H'c!H!la n < rne rJ II~HITO c y'c!oTOl\! nonnnepOTICK<>l'O vunr-

p8HH5! 1 HMeL'T pe30Hal CHLie 3Ha'c!8HH51 IIOflll_C[Ka 1,5-3 (J1JIH Cp3L111E'IIHIJ: IIU llOT. 

~ 0,038) 1 a B8gb H'.l< 111!0 CI1J1bHLte pe30HaHChl BI!OC.I!T OCHOBHOii fi!Olilll 13 ne-

J1ii'U!Hy u 

W2H CTeiiCH11 111\teeT l\ eCTO AJIH Dpyrux 
1
00Jiee TOJICT!r!X o6pa3UOf\ 1 ll ,\f!,! llflpa-

(1) 1 • 

KaK 6i>IJ10 CKa3c HO Bbll!Je, npH o6pa60TKe yrnoBiriX pacnpeJ1eJieHHfi nony

'-!aJII1Ch TaK/Ke 3Hal.Je; IIHI Koa¢¢11UHeHTOB <o 
2 

• OnHaKo Miri HX He IIpHBOAHM 

11 He aHnJII13HpyeM no ps1ny np11'c!l1H, Bo-nepBbiX, Y*e nn>t cmmua npH ucnonh-

30BaHHH BTITipOKCI1!\1alilll (2) 0Hl1 TIO'c!TI1 C0Kpall[a!OTC5!1 BXO)l5! B 'cli1CJIHTeJ1b 11 

3HaMeHaTeJ1h C OIHIH'-JKOBh!M 3HaKOM, 11, CJieLLOBL1TeJ1hH0 1 onpe!lCJ15l!OTCH C 

6onbwoii oum6Koi1. Be -IlTOphiX, 11x seJIH'-IHHbi, KaK npaBI1JIO, l\WJILt 11 He o6Ha

PYMHBaJOT KaKoii-J1H6o >IBHOii 3aKOHOMepHOCTI1, B-TpeTh11X, B '''~ 6oJibWOH 

BKJla).:l BHOCHT I' -pe3 )J-!L1!ICLI 1 H 3TO OCJ10>1\HI1J10 Obi aHaJII13, 

PacqeThl rro OTilt!'-ICCKoil 1\!0DeJd1 npOH3BODUJ1HCh co c¢epi!'10CKHM rroTeH

U11aJIOM C liOBepXHOCT-lhiM TIOI'JIOWeHI1eM 11 CO CTIHH-OpOHTaJ1hHJ,IM B3ilH,\Oil8I~i-

CTBI1eM: 

[ r- 1\ J-,1 f \r 1 = l ~ e·,p(---1 .. 

d 
-,-1-r- f\r1 a l' 

[ 
r-1!-, ~' 

;:d r1- r'XP -\-----1 J, I! ,-r
0 h 

Ha11ny'-!ume 3Ha'c!eflH> napaMeTpOB V 0 wn " H r 0 

HaXO!lHJ1HSb MeTO!lOM Hal1 Mel!b ll111X Kllallpil TOB C fiOMOWb!O Cfl8UHi1Jlb H00 !!pOr

paMC\lhl1 B KOTopoii B npouecce 11TepauHti napaMeTpbt anToMaTI1'IOCKI1 nonro

H51JII1Cb TaK, 'c!TOOhl !1• JJIY'li1Tb Hi-111MeHbWee 3Hi-1'-18HHe Bei1H'-111Hbl 
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rne 0~ l - 3KCITepllMGl!T8JlbHa51 BeJlll'IllHB, 0 i - ee OlUl16{a, F I - paCC'!llTAI!

H851 B8J111'Il1Ha. [ln51 Bhl'Il1CJ18Hl151 MaTpHUbl OITTH'I8CKOf'C paCC851fll151 7Jp.i ac

ITOJ1b30B8J18Cb ITonrrporpaMl\18, cocTaBJieHHa51 IO.TI. En1 rHHLrM. 

Boo6me roBop5!, rryTeM MeTOJll1'IeCKoi1 rronroHKll Cf,Mll rrapaMeTpOB orrTll

qecKoro ITOT8HUl18Jla MOMHO YJlOBJ18TBOpl1TeJ1bHO OITllCSTb orpOMHOe MH0f'006-

p83!18 pa3J1ll'IHbiX 3KCITepllM8HT8JlbHbiX )l8HHhlX 1 B TO~! 'il1CJ1e l1 He38KOHHO 

cpaBHI!BaeMhiX c orrTl1'!ecKoi1 l\10.QeJibJO HJil1 J:La)Ke o rm6o'IHHX. Tio8TOMY 

Hl\!eeT CMJ,JCJI TOJlbKO TaKOll HOA06paHHh!H IIOTe ·IU!1L1Jl 1 KOTOpbi~i 1!8 

ITpOTl1Bope'lllT ApyrllM llM8IOlllllMC5I 8KCrrepl1l'.IeHTaJibHI·I ,J naiiHbiM. BcnencT-

Bile 8TOT'0 1 KpOMe B8Jlll'IHH u~/E 1 MJ,[ UCITOJlb30B8Hll B pac'IeTaX TaKMe 

B351Tbl8 113 p83Jll1'!HLIX llCTO'!HHKOB ll8HHJ>i8 ITO CHJIOBbn! cpyHKUl15!M Sn 1 pa-

Ll.l1yCaM ITOTPIIUIJaJlbl!OT'O paCC85!HHH ll' I! 110Jli!IdM Cl"l ?llll\fl'v! <T (npu '1Jiep-

I'JH! Hei\Tp0!!013 40 KCJI\). f1pl1 3TO~I 6pi.!J1i!Cb CO'lTI!Oll!C IlO! 

0J 1 

s -
n 

H 

2 

~: 

~ r 1 1- ,,,, 
1

,1" \
2 

+ 211- ,, \
2 

+ 1 1-, 
1 

\2 11 /2, 
,_ 1~/2 112 

B KOTOpb!X y'IT8H0 1 'ITO BKJ18L\bl ITapUl18JlbHbiX BOJ1H C j > 1 a TBK)Ke '!ne-

HOB B W 
1 

Hl1'ITOMH~ ITfll 3Heprl15!X QO HeC-

KOJlbKllX Q8CHTKOB KllJ103J18KTpOHBOJ1bT. 

CHa'!aJia 6NJI OITpeaeneH Ha6op ITapaMeTpOB, KOf'Ua B l\18WHHY BBOilllJ18Cb 

uHcjlopMaUH51 TOJibKo o6 s
0 

, n' H ac • E~>Jno BH6paHo 17 "THITH'IHLJX" 

3H8'I8Hllll Sn 1 16 - ll' H 21 - at 13 AllaiTa30He a fOl\IHb!X B8COB OT 50 

no 240 ( Ha pH c. 4 OHH u3o6paMeHbi TeMHLIMH TO'!KaMul. Ha ITepBbiX 3TaiTax 

ITOL\f'OHKll BapbllpOBaJIOCb ITO H8CKOJlbKY ITapaMeTpOB >).[\HOBpeMeHHO, HO He 

6onee 5. TiocTeiTeHHO '!HCJIO aapbnpyeMLrx ITapaMeTpOB 6biJIO yMeHbWeHo ao 

OAHoro. Bcero 6LIJ10 npoBeAeHo 42 !1Tepauuu 1 B np )Uecce KOTOpblX X 

yMeHbWHJlOCb OT 4500 L\0 477. Mbl OCTaHOBI!Jll!Cb Ha CJieJ:LyiO!lleM na6ope 

napaMeTpOB! 
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\ 
I) 4814 ,\1::llll 

0146 ~'J o 1Sn r)l 1 

= 10 l\1::m 1 

= 0 140 r!< 1 '" = 

( JWfiop I ) 

1125 r!1. 

3aTC~.I !Ipl1 11CH0l! >30J\(li!HI1 TOJ1bKO J(ill!HLJX llO "'~ / 1·: (28 9KCIICfll!MeH

TaJ1bHLIX TO'ICK) KillK/lF i\ IWpilMCTp 113 11a6opa 1 BiliJbHpOnaJ1CSI HI!L\111\III1YilJ1b

HO: 3a 2-5 HTCpaunii H ?XOL(I1J10Cb HilHI1Y'H!!ee 3l!H'-lC!!HC Hil]lill\!CT!Jil H II ilHJ!b

Hel'nue'\1 3a HnM coxpm >~norh. 3Ta orrepnni1SJ rrpOH3DOI\liJJaCb co f\CI'~ar napa-

'>1eTpat~.m n TAKoii noCJ caonaTenbHOCTH: \ ~ 0 1 r 0 , ' 'u 1 \\0 

a • KaK 61>1J10 38Mf?'-lC.!O I\ npouecce HOJ1y'leHHSl Ha6opa 11 H"!CHHO n THKOM 

llOflSl.QKC l!pOHCXOilHT pc:;T RJlHHHilSl napar--1eTpOB Ha BeJ1H'IHHY w
1 

/I< • B HTO-

rc Mhl uoJiy'IHJlll Ha6op 

I) 
\\ 

II 912 !11 cJil 1 \ .-0 10 ,\bB 1 

( na6op II 

" = 0150 chi 1, = 0,81 rb, = 0, r 
0 

= 1 .25 (b • 

Pe3ynbTaTLr pac'- eTOB no onTII'IecKoir l\IO.QeJ1II IIpencTaBJHJHLr Il BH!le 

KpHBbiX Hil pac. 3 H 4 i1 COOTBCTCTDYJ<llU!lC Il'\1 3Hil'!eHIHI \'~ n ' \ ~ Ill 

tn - 'II!CJ10 9KCneplll\1· 'HT8J1bf!h!X TO'-JCK) - Il Ta6n. 3. i 13 paCCI\\OT[lGf!l!H pH-

CyHKOB ll JlHHI!hiX Ta6Jilllh! MOW..HO CJleJiaTb IlblBOJl 1 'ITO Ha6op rrapaMeTpOB 

II ynonneTBOp!iTenbHC onncJ,JBaeT pe3yJJbTLITLI H3Mepemrii w
1 

.' 1·: 

BeHHO rrepenana>I BCe >Co6e!!HOCT!l 3aBUC!l'\IOCT!I -lTOii JleJ1H'I11!lf,J UT C-WCChf 

SlJlpa 1 ll 'ITO o6a Ha60[ a OJII1Ch!Ba!OT BC!O COBOKYIIIIOCTb Jl!lf!HL!X C OJUIHLlKO-

BL!M yCI1CXOl\1. 

Lln51 cpaBHGHIHI M ,J npmr3BGJlll pacqeTb! TaiOEe C JIC!60POM I!il[lil I\18TPOB, 

Ill I 
rrony'leHHLrx Monnay::JpOvl nyTeM nonroHKil K naHf!l>rM 110 CHJJOili.Jl\1 cpyHK-

UI1SJM ~ 11 1 a TaKlf\G I OJJHJ,!M Ce'leHI1H'\1 11 !llltlJCpepeHU!l<':lJ!bHLIM C0'1eHHH'>l yn-

pyroro pacce51Ha>I rrp11 ~Heprns:rx 0,4-1 J'v\9B B /ll!ana3oHe Mace oT 40 no 150: 

V0 = 46 J'v\9B 1 
w n 14 M9BI 

" = 0162 ¢1 h = 015 ¢, 

rae norronHnTen&HhlA lapaMeTp 

0 15 cp 1 r 
0 

= I 1 16 cp 1 

(Ha6op M) 

= 016 cpl 

onpenenHeT panuyc Hnpa B ¢opMe 

R , 0Ka3aJ!OCb 1 'ITO 11 8TOT Ha6op /l8eT rrpnMepHO TaKoe *e 

onHcaHne 9KcrrepHMeHT<, (eM, KpHBbre, o6o3Ha'leHHLre 6yKBOii M) 1 KaK Ha6o-
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Jlhl l u II • TaKHM o6pa3oM, nn>r LWIIHhlX no ycpenHe !llhrM yrnoBLIM pac-

npeneneHI!HM paCCGHHI!H KI!J103J1eKTpOHBOJ1bTHhlX Hei1Tp0iOB OITTI!'leCKBH MO-

aenb ilBOT OITHCBHI!e TOf'O }!(e XapaKTOpa, 'ITO I! LtnH npyl 'I!X JlilHHJ,JX ITO B3i11!

MODeRCTBI!ID Hei1Tp0HOB C HnpaMH, 

5, 3aKTIIO'lBHiie 

nony'IeHHJ.Te HaM!! pe3yJ1bTi1TLI C KI!J103118KTpOHBOJ:bTHLIMH HeRTpOHBMH 

BMecTe c pe3ynLTaTaMH naarcr,op!jla u np. /9/ ewe noB0'1LHO rpy6r,1 H Mano

'IHcneHHI·I. JlyMn8TCH, 'ITO HaKOITJ18HI!C II yTO'IH8Hfl8 !!X ,lf\J1H8TC51 IIOJ1e3Hb!M, 

np8}!(D0 BCOf'O He06XOJlH~10 3aiJOJ1HHTI' "6enoe IHITHO", 110 lTH ll8J1l!KOM HaKpbl

BBIDill88 o6naCTb neljlopl'-!HpOBaHHhiX Hnep, ![3Meperm ;r II )Jl83HO npOHOHHTb C 

!jJHJ1bTpaMI! 1!3 HCCJ1enyeMOf'O 3J1eMeHTi1 1 'IT06LI pe3yJ1bT3Tbl 6I>InH CB060nHbl 

OT BJ11!H!IH51 COCTilBHOf'O 51Jlpa. BepOHTII0 1 I!MGIDT C:VIhiC.I TBK?E8 H3MepeHIH1 

C XOpOII!flt\l pa3p0Ill8Hl!Ol'-\ C U8J1bill l!CCi!l~•;JOBdHI!51 HHTCf•ljH•peHUIIH IlOTeHUYiilJ!b

HOf'O paCCC>IIll!H C ]1830Hill!CHhlM B ;w11rj•O[lC'HU!la-Ibf!Cl'.1 CC' IOHHK, 3il0Ch P - pe-

30I!al!CJ,J 1\IIOJJJJO MOf'yT KOHKypl!pOBDTb C ~ - fH!30HC!IlCL! ~Ill, ITOCKOJlbKy OTHO-

W8Hll8 IIX IIKJ1D!l0B El <u I 1 I'py6o l'OI\Ojl>l 1 Oll[JOJl8J1>JeTCI! IIC,lH'lllHOH f,',J 00 /1~ 0 D
1 

( 'ITO HenocpencTBeHHo cnenyeT B npouecce 

peaJ1!!3DlU!ll 3TOii KpaTKOii ll 118IIOJIHOii "nporpaMMlol 

KaKH8-JIH<-lU OOJJee TOHKH(' >ll\Jl0Hllll 1 ll[lll~lGpOM KOTO[JlolX 1 IHJ:3:0.!0/KH0 1 HBJl>I8TC51 

Hillll pr::3yJJbTaT no J1DJ1Ta11y, KOTopJ.rii He yKnanbr!lac>Tc r B o6Iuyro KapTHHY 

11 1\10/J(C'T CTQTb IT[l0/lt\18TOM CI18UHi1Jlbl!OI'O IICCJie!lOllClllH\i, 

AllTO[llol Blol[lillh1liOT C~\0!0 f'.riYOOKVK> 6J!Df'OJJ,8)1JIOCTb l\ ;oM TeM, "ibii COB8Tbl 

I! ITOMOlllb llO l\liiOf'0!\1 CliOCOOCTilOB8J1H Ill>lliOnHOHl1H 1 '~Tilii r)[l60Thl, B '1aCT

l!OCTH, MI,J 0'-!0ilb npH3ll3T8J1bHbi >>. C:,Jp33T3py H Uoii r,, [ Cop, Il[li!IIUMilBIU!M 

yqaCTKG 11 uepBbrX 3Tarrax 1!3MepeHHR, <t>.JI. Wunnpo, 10.11. <t>erwny H M.H. Hu

Konaeny 3a rrone3HLie o6cy1KJ!eHrrll K corwTI.r, H.IO. Wr!fii'KOBOR, ~l.H. WenoH-

ueBy H LA. OcocKosy 3a Mrroro'IHCneHHhro KCHcynLTaUHil H no:-.rorrrb npn pac

qeTax Ha fl[,J'JHCJ111TeJ1blllolX Milllii1H8X, E.E. >I<yrJaBJ1Cll)' 11 r.H. 3!1MHHY 38 

o6ecne'leHne pa6oTLI 3J1c>KTpOHKKK, A.A. flouJKapeny aa y'laCTHe B II3Mepe

HIIIIX II o6pa60TKe J!ilHllbiX, 
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flpHnO)KeHHe 
r 

B hi "' H <: n e H 11 e w (f)) 

HanH"'He peaotaHCOB B ueATpouuwx ce"'BHHHX rrpHBOUHT K ueu6xouuMoc-

TH nony"'aTb cpy HKL(H J IV I (8) K8K HHTerpaJibl no ::meprHI1 B COOTIWTCTBYI0-
1 

umx ' -My HHTepsa.Iy npeuenax. flpfi 3,TOM cneuyeT y"'I1TJ.II\aTb TilK)!(e cpyHK-

UHJO BpeMeHHOf'O pa.IpeweH111l yCT8H013KH 11 HeKOTOpy!O cpyi!KLUl!O 3Hepr'HH idf:), 

rrponOpll110H8ilbHY 10 !.p0113Bell8HH!O 9rjltjleKTHBIIOC TH /IOTOKTO{lOil 11 C!lOKTpa IIa

U8!0ll(11X Ha o6paaeu HeliTpOHOB, Torua npeo6paaosaHHbiii K l\f1C'vlCI!IIhiM nepe-

M811Hb!M !1HT8r'f18J1 3ln11WeTCII Ti BHrre 

ti+l T 

J l t I w I ( e' r:) np l- ( - 1 
' )

3 
l'n 2 l h (I<) d t ' . 

30 
(A) 

-T 

rue cpyHKUusr paapeu eH11H Bhi6paua B Burre pacnpenerrea11si fnycca c rronynm-

puuoA 60 MKCeK; rrrH npeuerra T HHTerpHponaHHH no t 

CKa)!(el\1, 80 MKCeK; 9HePf'llll ueATPOIIOB E (I\ 3B) F\I,IPalKaeTCI! COOTHOIIleHHe~I 

_J_s_z_o_o __ l ~ 
t- t 

COOTBeTCTBY!OWH'vl n lOJieTHOA 083e 252 M; UJIIl cpyHKllHH h(J<:) 

3MI111DH"'PCK81l ~OOM\Jl8 

hlEl = O,SO + O,OS6 V 1·: (:;:m) 

flpu BN"'HCJ1eH~I1 UBOAHOf'O HHTerpana (A) cpyHKll11!0 WI (0, f:\ I KOHe'-!-

1!0 1 npaKTI1"'eCKI1 Her 03MOlKHO norry'JaTh \10TOrrOM MouTe-Kaprro - 3TO ~1al!llllO 

OJ,] Of'[JOM I!Oe KOJ111'-!B ~Tl\0 BpeMeHI! !!a Bbl"'HCJII!TeJ1hl!Oii l'vialliHIW, 3Ty cpy!!KI!Ill0 1 

1!1\Ie!OlllYJO CMb!CJl "'J:CJla Het'iTpOHOB 1 ITOK11Jl8!0Ill!1X o6pa30l( IIOCJie nepBOf'O 

CTOJIKHOI\8Hill! ITO/l YI HOM 8 K HanpUBJieHHJO I18U8Kllllef'O fiY'IKa lljll! U30Tp011-

l!OM ce"'ef!IIH pacceH 11111 rr , ~IOlKHO BLrpa3HTb arwJIHTII"'OCKH, Ecrm orpa-

IIH'!HTbCH nJIOCKilM C Iy'1aeM (a 3TO OJ1!13KO K fl0<'1J1bi!OCTH 1 IIOCKOJ!hKY IlJ,JCOTI•l 

o6pa3l(OB I! BXO{lHJ·,r:~ OKOII Jl8T0KTOpOB COCTaT3J111Jll1 20 CM IIpH [JL1CCTOHI!I!I1 

MOlKAY HllMH !10[l51AK 'l M) u paccMa TpuBaTb pacce lll·me B rop rrJoHTarrb Hoii 

ITJIOCKOCTH 1 TO '!HCJI ') Hei\TpOHOB 1 BLIJieTa!Oll!HX B ertllH11l\Y TOJICCI!Of'O yrrra 

OT CJIOI! o6pa3Ua BN-OTO~ ] Cl\1 1 nporropllHOII3J1bHO 
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\\I (I) .I:) (6) 

rnc a (1·:) 
I 

.. I, I··. ( ·\ ; ro ~II )~ 
- llOJ1HOe CP'!CIIHC Hi1>1 l!CHTflOHOI> C C·lHCili'Ht)fi -~, 1·. '--

\_,I 

3!1Cpi'lHI neiiTfJCll!Cl ITOCJie paCC8HHHH . .; 

ll oiip03UC 1\0 i! 11 OC-'l<C ]l<lCCC Iilli! >I, a It l!TCI'f'H{lOlla iii IE? rrpu I31lOIH!TC H IIO 11!10-

IIHH Y'ITI?!l H 3C1XBi.lT IICIITpOi!Ull L\ ll0[1C!3UC. 

Lln>t l!IIOCKC>I'O lJt)pO:JIHl, CTOmnero TIOil \Tt!0\1 t'l h IIY'IK] (eM. I•Irc.5, 

Crlel\a), iWiliiii<Jil !IIIT<•I"J<!I.'I 1•. (6) 1"'1\0;H!TCII K O;\[J()]-;:paTII<•t\ty, KOTOflhlll ner

KO 68J>0Tt"'>t, ll 

I 
1\ (I}, J·:) .. 

I 
1\ 1.0. \. l-

.. .., lll l1 

' 2. 
-- ,.,1' l-1-_ ---.- + l <1 II 

'-itn C'J --,int 0-cl! 

~·'~J ~11 
'''!' 1----1- "'!' 1- ---1: 

,iniiJ-0\ ,in ci 

rne BBeileHo o6o3IIa'!eHI!O: ~~no IU, 2:'=nu (1·:'). 
t 

IIJ H 0--<.;J ·, 0, (Bl) 

! J<H /)_ l.l I). 

(B2) 

B cny'lae >he UIU1IIIIDJ'II'!ecKoro o6pa3Ua (puc. 5, cnpaiJa) !IHTerpan 

iipi!IIHMaeT cjJOpMy 

([\ 
- ~ , [ - r ' '" ( (} - <}; '->!Il 

2 (I)- c'>)] I r d0 d r , 

llflll'!OM K81h:..\biii !13 l!OCJ1Ci\HHX {lCli"lHKClJIOB B Kil3J1fli.lTHbiX ''K06KaX 3aMeH51CT

C>l HyrreM, Korna IJOHKOfl8!IJioe IJhtpaA-;:eHHe oTp!IUaTenhHO. Ha p11c. 6 l\tOiKHO 

BHJ18Th C[lElBIIOHHe COOTIWTCTBJ'l0!U!1M o6pa30l\l HOpMHfJOfli HHI>!X pe3yi1hTaTOB 

'll!CJ!8l!HOI'CJ HJITOI'flHfJOI\ilJIHII JIO cjJOpMyJie (f) C pacnpe[{8'18H!I'i!MH, ITOJly'-!eH

JI!MclH MOTOL{OM MoJITe-Kapi10 llpH y'-!eTe HeiiT[lOHOB 1 OTKJ OII'i!JO!l[!IXCH OT I'O-

JH!3011Ti1JihJIOii [[J10CKOCT!! B lljlC,lt?J1aX :::8°, 

21 



f1p11 HO):(CTrlHOnJ:e Bhlf1A./K0HU'il (f) n (A) IJOily'lneTCil '18ThlpeXKpaTHJ,Jt'! 

UHTerpoJI, Bhi'!Hf:JI0Hv 0 KOTOpOro TaJOKe 38 aHJIO 6LI O'lel!h 60Jib!UOO BpeM 'i!, 

no:.JTOMY OLIJI l1CfiOJI!c30BLlll T[IK0!1 IlpHOM: 3!!8'10111151 H!ITerpaJia B (f) 6J>IIIH 

, ~' H 110 9THM 3HO-

'IOIIHI1~1 Qf,fllO l!rliiJ1CJIIJ Of'O pC13IJO/hC'IIHC' flO CTOfi<'JIH!\1 , 0 ~ f) 

c (.5). Kc•3qJrjJIIU:Jci!TJ, pa3JIOJh<'liH'il HCKaJIHCh n BHilC} 

771H~-Hil 

I' 

, connan8K>l1Wo 

Clll l 

I I 
l'n:S....t ,-c 'o -< -l'n2 l'nL~<~<) ( f0-<-l'n~]· 

rnpl--
1
-
1 

--l+exp(-"----h---)][1 t cxp( h Hxp--b---1 (I12 ) 

C)exp[-~[ (fn 2-p-q2'1
2 

+(fn 1'- p-qL)
2 

]I. (I13) 

Ha'!aJihHhle 3Ha'leHus Bcex napaMeTpoB onpoaeJIHJIHCh rpa~uqecKn, a OKOH

'IaTeJihH~>Je 3!!8'1CHlll-l 6b!JII1 ITOJiy'leHLI TiyTeM BaphHpOB3HH'il M8TO):(OM H311M81Ib

Wl1X KBaapaTon. Ha lHC, 7 noKa3aHLI peaynhT8TLl aaMeHbi HHTerp8na B Jlb'

pal:<eHHH (f) 9MTIHp !'!eCKOll cjJOpMyJlOll (5) C K09~~Hllll8HT8MH (.Q) JlJl51 CJiy

'1851 nonoro uanuHnp1. f1pnMepHo TaKoil ~e pe3yJibTaT 6hiJI norry'!eH n an51 

CTIJ10WHOro UHJIHH!:tpa HO, KOHe'IHO, C npyrHM Ha6opOM 3Ha'!eHHll BCeX Tiapa

MeTpOB, Ha pUC, 6 IT THKTHpHbie KpHBb!e TaK~e ITOK83h!B8!0T peayilhTaT anrrpoK

CHMBUHH HHTerpana (f) B TOM ~e MBCWTa6e, 'ITO H TO'!Hb!e 31!8'!eH1151 HH

Terparra ( CBeTJ1bie T• l'IKH, COeJlHHeHHbie TIJIBBHOU JlHHHell), 

VlTaK, ~YHKUHH W 
1
1 

(@) paCC'!HTbiB8J1HCh TIO ~OpMyrre (A), a W 
1 

(@,E) 

B llO):(HHTerpailbHOM lhlpa~eHHH 6pai10Cb B ~OpMe (B) Jli151 TIJ10CKHX o6pa3UOB 

H B ~OpMe (5) C K03~~HUHeHT8MH (.Q) - JlJ151 UHJlHHJlpH'IeCKHX, ilrr51 OTipene

ileHH'il 3~~eKTHBHhiX ':e'!eHHll a
8 

(E) H at (E) npHBJ1eKaJ1HCb BCe H3BeCT

Hhie ):(8HHhie 0 pe30J!8HCHbiX napaMeTpaX H30TOHOB iJ.811HOrO 9J1eMeHTa, f1pH 

3TOM HCITOnh30B8J1HC, cneayiOIUHe Bbipa~eHH51: 
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1-t- '1rof ·2k v ----
77 

V ( X • y k l J I. 
(E1) 

a 
1 

( 10:) ~ o 
11 

OT 1 v' 77 
,. I 
• • {J <J v ll (X ,yk) I 
k k Ok . k k 

"noTkoi ( 
\; ---- V X 

77 
(E2) 

rne CYMMIIpOIIUIIIIe BB!leTCSI ITO 6J11I3KHM pe3oHaHCaM C C JOTBBTCTBYIDII!HM o6-

pe3aJHIBM "xpr.lnbeB". 3necb "noT. - rrrennonaraJOmee:SI OllHHaKOBhiM nnSI 

BCBX l130TOI10B CC~'IBHHB 110T2HLll1aJ1bHOI'O paCC85IHH51 1 f' ~ - COF!Gp:>K8Hl1B B o6-

pa3Ll2 !130'fOl!a 1 KOTOpOMy 11p!!HallJI0)K!1T k-LIH pe30Har.C 1 k 0 k - BO.fiHOBOe 

'!Hcno neti:TpoHa np11 pe3onancHoi1 aneprHH, x E - :ok II v 1\ _ 
k ~-- 'k = ~ \ k 

rrepeMeHHwe Y'~~TwBaiDmHx norrnnepoBcxoe yiirHpBH!fe.pe~onancoB HHTerpanb-

HblX cpyHKL!Hi1 

-t 2 

u(x,yl=..l....J 
7T ~ 

(' d t 
V (X, V) = 

2 ') 
(x -t) I y" 

a OCTaJibHhlB 0603Ha'IBHII51 CTBHJlapTHhl, ¢yHKLllflf u If v BH'IIICJ15IJIIICb 

npH6JIH:>KBHHO cneuHaJibHoii rroarrrorpaMMoi1, cocTaBJieHH•JH H.lO. illHpliKOBOH, 

C TO'IHOCTblO Jl,O 0,1 %, 

np11 9HBpi'!i5IX Heii'fpOHOB BLIUJe 4-10 h9B 1 I'J:(e 06b 'IHO KOH'I8lOTC5l J:(aH

Hhl2 o6 oTnenbHhiX pe3onaacax, nenanocb rrpenrronmKeJHie, 'ITO 

a(I-:lcca(E)~u + 
t !lOT 

()K) 

T,e, pe30HaHCH85l CTpyKTypa CB'IB!IIiH 3aM01!51JiaCb rrnanH )H 3aBHCHMOCTb!O OT 

aneprHH. KoHcTaHTa M rroa6Hpanacb liS ycnoBHSI, qTo6 ,r yrnoBaSI saBHCII-

I 
MOCTb paCC'IHTBHHOf'O W

1 
(@) J:(J15l IIOCJ12J:(Hef'O "pe30iaHCHOf'O" HHTepBaJ1a 

IIOJ1y'laJ1aCb Ot:\HOH II TOM :>KB IIpii IICIIOJ!b30BaHIIH Ce'!BHIIH KaK B Blit:IB (E), 
TaK H B BHJ:(B ( )!\), 

Yxasanuoe yrrpomeHHe orrpaBt:~biBaeTCSI TeM, '!To, lo-rrepBL>IX, o6a BH!la 

CB'IBHIIH ITpHBOJ:(SIT K BBCbMa 6JIH3KHM pesynbTaTaM II L!JI { OllHOf'O-IlBYX 6onee 

HII3K09HepreTH'IBCKIIX liHTepB8JIOB; BO-BTOpbiX 1 ITOJiy'le !OlUa SIC 51 rrepeMeHHaSI 
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"43CTb CB"'IBHIH! M / i~. COCTaBJH!Jia 06bi"'IHO TOJibKO 10-20% B 11HT8pBaJie Cllll1-

B3HI15!, YM8Hblll35!Cb B 110CJieJ1yJOlll11X 11HTepsaJiaX, 0TMBTI1M T1l!OKe, 'ITO CCJII1 

rrpei1CT3BI1Tb 110JIHOC C8"48H118 KaK 

k 2 

r (E)= a 
l ITOT, 

t- 2 TT 
2 yF 

s 0 

11 113 nony"'IeHHI>IX Hal 111 3Ha"'IeH11H KOHCTaHThl M BLI"'II1CJII1Tb 3r!lq)eKTH~>HbiB 3Ha

"'ICHH>I CJ1i10BOH <PYHKU1H, TO OK33LIBaeTC5!, 'ITO 0!!11 B 2-5 pa3 0\tCHblllC H3BCCT

HLIX CI1JIOBblX <pyHKUHH JJ.JI5! 11CCJI8JJ.OBC!IIHblX 3JIBMCHTOB, 3TO Cf\HJJ.CTBJibCTByeT 

0 TOM, 'ITO HeKOe 3~peKTHBHOe 110JIHOC CC"'ICHHB, OTBCTCTBCHI!Oe 3a ~OpMHpOBa

HHe ~YHKUHH HCKai:<e !115! W
1 

(e) , MBHbllle 06bi"'II!OI'O ycpeJli!BHI!OrO !10 pe-

30H3HCaM Ce"'IeHH5!, 
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Ta6Jmua I 

H e>KoropLrc xapHKTcpHCTl1KU o6pa3UOB 

3neMeH~ ATOMHblt\ ilJIOTHOeT:& , ]LJH'!TJ a eB06. Cpe~HlUI Bee, Bee ro24aT./eM3 npo6era TOJ111\Hll8 ~OpMa 
H6t\TpO~OB) JJ e~.~n. 

Kr 

eM :lt:J CB060,ll;HJrO 

---- npo!.ler~- ---
:-:.r 87,6 0,0168 6,6 I,I9 4,5IO ij\1JIHH,D:p 

~1o 95,9 0,0157 I0,6 0,74 4,533 UHJIHH.n;p 

Rh I02,9 0,0728 2,2 0,35 1,955 Cnot\ 

Cd II2,4 0,0447 4,5 0,79 5,590 ITOJibl£! 
~11Jll'IH~p 

Sn liB,? 0,0375 5,8 0,67 6,301 I1omd1 
~HJIHH~p 

Sb I2I,8 0,0329 5,7 0,23 3,763 Cno« 

Tc 127,6 0,0093 26,3 0,15 I, 762 ITOJibl£! 
~11Jn'IH~P 

126,9 0,0096 23,0 0,34 3,5IO UHJIHHAP 

La 138,9 0,0266 I2,0 0,09 2,452 Cno« 

Pb 207,2 0,0323 2,7 I,03 6,265 ITonH« 
1~HJIHH~p 

Th 232,0 0,0218 3,5 0,80 6,559 ITOJIH£! 
~HJIKH~p 

x) J1nHH8 CB060UH0r'O Tipo6era Hei:fTpOHOB OTHOCHTC5I TCnbKO K riOT8HUlf8nb-

HQMy pacce5IHIHO. 
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Ta6nnua 2 

OueHKH RKnana p030H8HCOB n ,~w 
1 
> npu E=40 K:~n 

8JieM6HT -.;in0
0 

:-.inO 
1 

~ • IO 1 
f I f' t, f I(} d:? tf:'l) 

I 

'" -0,31 ,.,.. -O,OOI 1,2 0,72 -0,037 -r ---:J,4 

\\o -0,30 "' -0,002 4 0,69 -0,031 ""1,5 .... r,7 
m, -0,30 -0,0076 2,5 0,87 -0,028 0,27 1,08 

fd -0,28 -O,OII3 2 0,81 -0,025 0,12 0,89 

'" -0,26 -O,OIOO 3 0, 74 -0,038 0,15 0,82 

."b -0,26 -0,0098 4 0,77 -0,041 0,24 0,92 

I c -0,26 -O,OII8 I 0,70 -0,050 0,06 0,7! 

-0,26 -O,OI72 0,3 0,77 -0,050 0,012 0,74 

l..i -0,22 -0,0025 0,7 0,93 -0,094 0,083 0,92 

Pb -0,39 -0,0055 0,3 I,OO -0,044 0,09 1,05 

l"h -0,43 -O,OI09 0,5 0,94 -0,063 0,09 0,97 
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rrapaMeTpo:s 

I 

II 

62! 
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Tn6mma 3 

H \,~ JlJUl pa3JHPIH dX 

3KCITepH!\Il:liT8l!bllhiX ;Ulii!Ib!X X) 

4-,7 4-77 

3,2 923 

27 

,_, + H. 

" 

3,0 

4-,I 

1
, I< t :--

0 
t H '+ a

1 

!098 3,7 

I2I2 3,8 
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1 

PHc.l. ropi130HTaTibHblll pa3pe3 fl3MepHTe<·lbHO(I ycTaHOBK<!, 1- ;JeTeKTOp, 

2 - o6pa3eU, 3 - na;JaJOIUHil ny'ioK, 4 - aT,toc¢epa aproHa, 5 - Heii

TpOHOBOil peaKTOpa C AOf!OTIHHTeTibHhl'l KOJL~II\!i:lTOp0'-1, 6 - Kap6H.l oopa, 

7 - CMeCb rrapacjm11a c Kap6JJao" 6opa, 
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Puc.2. 3KCirCJHll\I8HTElJiblll,te 3H0.4QHH~I K03ciltillHliiCHTOB (:) 1 • CBCTJlt,IC ruqKH 

LVI>~ J',. -pe3yJihTDT lf3M0flCIIIfH c qmm.TpoM. KpcCTJ,, 1\JIH '[, - 3Ha

'4'8HH51 lr) 
I 

IIOny 1~CHbl :'-.1GTOiJ.0,\1 H8HMeHL,lll!X KJH .. LlpO.TOB. 
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9 

4 

0 
40 6(1 100 flO fbO 160 zoo 210 2411 

Pffc,3, CpennHe 3'IB'H'HffH BeiTWiffHH "'• IF B <~yHKllHH Mncc~>r >rnpa. TeMHbie 

TO'!KH - p< 3YITbT8Tbl HBCTOI!Illei\ pa60Thl, CBeTITL!e TO'!KH IIOITY'leHLI 

H3 nanur,rx n /9/. Kp11Bh!MH npe/lCTaBITeHbl pe3yiTbTBTbl pac'!CTOB no 

onTH'leCKOi McmerrH: 1 - ua6op napaMeTpoB r, 11 - Ha6op II ,M - na-

6op !13 paEoTN /II/ 
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Pl!c.4. ConocrasneHI!e 'lKcnrepi!MeHTanbHhiX naHHHX no s , , ll' 11 a , 

C pe3yJlbT8T8MI! pac'!eTOB 110 Ol!TI!'leCKOli MOUl,Jlll. feMJ!biMII TO'IK8-

MH OTMe'-leHhl BeJUP!HHhl 1 HCITOJib30BBHHhle npu ITO,ll --..OHKC rrapaMeT

poB Oll'fl1'l8CKO!'O l!OTCJIUHaiia, 0603J!El'IPII!l51 Kfli!BI•IX - Te :>Ke, 'ITO ll 

1111 fliiC. 3, 
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Prrc.5, K Bbi'iilCJieHIJJO IlHTerpana (E) Jl/15! rrnocKoro o6pa3Ua (cneBa) rr urr
IIIlHilpil'ieCKoro o6pa3ua (crrpaBa), 



fb 

4 

0 
I 05 0 

cost} 
-o.7 _, 

Pnc,6. CpanHemre rj,yHKUI!ii II 
1 

(!)) , noJiy'WIIIII.rx T]J<'M>I cwco6a~m: TeM-

HJ,Je TO'IKII - ~1CTo;:t MoHTe-Kapno, crwTfii·IC TO'IKI! n cnnowHaH KpH

llaSJ - 'lHCf!CllliOC IIHTeqHipOB<JHHC (f), IIYHKTH)'HLlSl K fll1Bil51 - 3'-iflll

!JII'leCKLlH rjJOfl"YJHt (5) C Koacprpl1Uitel!TaMl1 n B11f(C (I), Jliwepxy 

noK:~3aJJ cny•wii clfnuuil!Oro u11mrnnpa npii ~> ~, = 0 333, BHH3Y -

cny'Yc.:lit noJHH'O U!!Jll!H!llJ<:i rrrn1 ~,..., L ~ o-c: l ,o. 
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P1!c.7. ArrrrpoKCI!Maii!SI IIHTerpana B <jlopMyne (r) Bblpa>KeHI!eM (5). To'IKH -

3Ha'leHI!SI KOC <jl<jli!UiieHTOB B <jlOpMyne ( 5), nony'leHHble 113 TO'IHhiX 3Ha

'leHHR IIHTei'!BITa; KpHBWe- 3Ha'leHI!SI TeX >Ke KOa<jl<jlHUI!eHTOB, Bhl

'II!CITeHHLie n > <jlopMynaM (ll) npH a =-0,994, /~ =-0,220, y =0,921, 

s = 0,306, I' =-1,22, ( 0 = 2,76, ( = 3,81, b = 0,748, Q =0,25, 

g = 0,182, p = 1,05, q 0,093, '-lHcna y Kpi!BbiX - 3Ha'leHHSI 

OllHOI'O H3 m peMeHHLIX ~ H ~' ( BTOpoe OTITO>KeHO HB OCSIX a6CUHCC). 

To'!Ka A OTHOCI!TCSI K Kpi!BOR 10, a B H C - K KpHBOH 100, KOTO-

paSI 11pOXOilll, ITO OCH a6CUIICC. 
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