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TAPAH D.l3. 

I. OHUAH XAPAKTEPHCTHKA PAWI'li 

lieaP Da60TU 3~anaCb B TOM, ~T06H, H3M8pRR 
~epHoro ynpyroro pacceRHHR rrpoMe~oqaux He~TpoHo 
C 3HeprHRMR OT e~ ~0 COT9H K313), OT~8~Tb ~yr 

S- H p -BO~ H Ha 3TO! OCHOB8 llOJIY'iHTb HOBH8 CBe 
CTBJm p-He!TpOHOB C Jl,lWBMI!, ManO~OCTyiiHb19 HCCJI8~0 

TO~aMH: 

I) OTHOCHT8JlbHH8 BKJI~ CIDIHOBWC KaHaJIOB B p 
(T.e. rrapaMeTpu cMece! KaHanoB); 

2) ~TY.IO:l p -pacceRmm Ha R -He'leTHWC H co 

HWC ~ax; 
3) cpe~HHe p -He!TpoHHUe napaMeTpu R~ep - cHJI 

3U nOT8HUHanDHOrO pacceRHHR. 

AKTYanAHOCTp Hcc~enOBaHHU o6yc~oarreHa TeM, 'IT 
HH~pMauHR 0 H8!TpOHHQ-~8pHOM B3aKMO~e~CTBJm OTHO 
~60 K S -He!TpOHaM (npz MaJIWC 3H8prnRX) ,~60 K He 
BHIIIe .- I Msl3 6es pas~eJieHHR zx no napUHa.IIl>HHM BO~ 
B~8JI8HH9 p -B38HMO~e!CTBHR rrpz rrpoM9JKYTOqaux 3Hep. 
TaKX9 nOTOMY, 'ITO OHO n03BO~eT H3y'iaTb TaKH9 He ~ 
HaM RRIT9HHR, KSR CM9liiHBaHH8 CITHHOBUX KaHaJIOB H CIIK 
1!19lln9HH9 rHraHTCKHX O~OqaCTH'!HWC pe30HaHCOB. 

EaaOBaH ycTaJ!omsa .II MeTOIQIKa. OcHoBHUe H3Mep' 
Ha nyqKe HMIIy~cHoro peaRTOpa HEP-30, pa60TaBruero : 
c HHJlteKTOpOM s~eKTpOHOB JIY3-40. Hsyqae~ o6paseu-J 
1!18JICR B H9i!TpOHHOM nyqK9 Ha BpeMRIIpOJI9THOH 6ase 
pa, a pacceRHHHe HM He!TpOHH perzcTpzpoB~Cb nepe1 
~8T8KTOpOM B ~e 6aTap9H rrponopnJJOHa.IIl>HWC ~9-0'!9~ 
3KCU9pHM8HTOM, HaKOlln9HH9 ~pManHH H KOHTpO~ 89 
BJliiJIHCb c llCHOI!IbD Mmm-SH.t MEPA-60-30. 

Hay;man HOB.IJ3Ha pa60TU onpe~~eTCR ~BYMR qlaK~ 
cnoco6 no.nyqeHHR pesy~TaTOB - no aHH30TponJm ynpyJ 
~ 06~aCTH npOM9~0'lHWC 3HeprJJ! UO'!TH He npHM9HRJ 
pwc, CBMI! pesy~TaTU B no~~9M 60~DIHHCTB9 CBOE 
BUS • .11 TO, H ~yroe COCTaBJliDOT 0~0 H3 HOBWC Hallpal 
Cll9KTpOCKOUJm. 
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IOBaHHoro COBeTa TAPAH D.B. 

I. OHUAH XAPAKTEPHCTHKA- PAE<Yrn 

Uanp pa6oTg SaKnENanacb B TOM, ~To6u," HSMBPffR aHHSOTpoDHD 

~epaoro ynpyroro pacceRHHR npoMe~o~ ael!TpOHOB (T.e. ael!TpOHOB 

C ::meprrun.m OT 8.Inilllm .IJ;O COT8H K3B), OT.IJ;8JiliTb ,n;pyr OT ,n;pyra BKJIB,I(ll 

S- H p -BOJIH H Ha 3TOfi 0CHOB9 TIOJiy"'IHTb HOBU8 CBe:nemm: 0 B3aBMO,Itefi­

CTBHH p-aeJ!TpOHOB C Jr,1ij)BMH, M8nO,ItOCTynilli8 HCCJI8,It0Bamm:M.,n;pyrm.m M8-

TO,ItaMR: 

I) OTHOCHT8JI])HU9 BKJIB,I(ll CnHHOB!lX KaH8nOB B p -p830HaHCBX 

(T.e. napaMeTpu cMeceti KaHanon); 

2) aMIIJmTy.IJ;U p -pacceRHH.R: aa R -He'!eTHUX H coce.ztHHX ~eTao-~eT-
HUX R,n;pax; • 

3) Cp9,It1m8 p -H8J!Tp0HHU8 napaM8TpU R,Itep - Clt1IOBU8 qiyHKmm H <f>a-

3U UOT8HURanbHOrO pacceRHIDI. 

A.KTJSI.!ThHOCTp HCCJI9lt0Brumjt 06yCJIOBJI9Ha T8M, 'ITO RM8!0lllaJ1CR C9J!~ac 
RH<f>OpMauHR 0 H9J!TpOHHQ-~9pHOM B3aHMO,It8HCTBHH OTHOCHTCR B OCHOBHOM 

Jm60 K S-HBJ!TpOHaM (npH Manllx: 3H8pl'WJX) ,Jm60 R H8HTpOHaM C 3Hepr:aeil 

BUlliS -I MsB 6es Pa3,It9JI8HHR me no napUIIanbHUM BOJIHaM. KpOMe TOro, 

BU,It9JI91m8 p -B3aHMO,It8ilCTBRIJ npH npOM8.JKYTO~ 3H8pl'WJX aKTyanbHO 

Ta.Kl!t8 nOTOM], .~TO OHO TI03BOJIH8T H3~aTb TBKH8 He UpHCYI!IH8 · S -H8itTpo­

HaM RBJI8HHII, KaK CM8liiHBaHHe CnHHOBUX KaHanOB H CnHH-Op6HTanbH09 pac­

menJieime rHraHTCKHX O,ItHO~aCT~HUX p830HaHCOB. 

EaaOB8H YCT8HOHKa H M8TOHBKa• 0CHOBHH8 H3M8p9HIDJ DpOBO,Itlt1IHCb 

Ha ~e HMIIyJibcaoro peaKTopa HEP':""30, pa6oTanmero B 6ycTepHOM peJIIlJMe 

c HHXBKTopoM sJieKTpOHOB EY3-4b. lls~aeMHJ! o6pase~~pacceHBaT8JI]) noMe-

manOR B HBHTpOHHOM nytme Ha BpeMRnpM9THOH 6ase 250 M ·aT peaKTQ-

pa, a pacceRHHHe HM HeiiTpoHH per:acTpHpOBaJIHCb nepaMemaeMUM no yrJ!Y 

.zteTeKTopoM B BH,Ite.6aTapeH nponopuaoHanbHUX ~e-cqeT~OB. YnpaBJieHHe. 

:JKCU9pHM9HTOM, HaKOnJI9HHB HH<l>opMaUIIH H KOHTpOJib ee Ka~BCTBa OC]m9CT­

BJIHJmCb c nOMOmbiD r.mmt-SRf · MEPA-S0.:.30. 

Hay;maR HOJm3Ha pa60TH .0Dp9.IJ;9JIHBTCR .IJ;B]MR ifJBKTOpaMR. Bo-nep:ma, 

cnoco6 nOJfY'lemm pesyJibTaTOB - no aHHSOTpomm ynpyroro pacceR:mm -

,ItJIH 06JiaCTH npOMBEYTO~ 3H9pr:ait no~TH He npHM8HffJICR paHee. ~-BTO­
pux, CBMH pe3yJibTaTH B nO,ItasnHJOm8M 60JibillHHCTB8 CB08M nOJf1'18HH Raep­

BHB. H TO, ~ ,n;pyroe COCTaBJIHJOT O,ItHO H3 HOBUX HanpaBJIBimit HeitTpOHHO:It 

CU8KTpOCKOUHH. 

3br..tiU>tit'tirlh<il ;mcn.'Tjt 
r' • .}l~l)!H:ll !.!CC .'H~J!O.ilillti~ 



HaVllliM li npal£TgtiecKan ueHHOCTk. Paapa60Ta.H cnococl. onpe;ieJieHKII 

HOBOrO napaMeTpa He:iiTpOH:!!llX peSOHaHCOB - ·CMeCli CUHHOBHX KaHaJIOB. Ees· 

SHaHHH 8TOrO napaMeTpa HeBOSMOEHO nonHOe 0UHCaHH6 CBORCTB TaK HBaWBa­

eYHX ",n;:ayxKaHaJIOBHX" HefiTpOHHHX peaOmlHCOB, H60clXO.n;HM06, HanpHMep, 

B npOclJieMe HeCOxpaHeHmi ripOCTpaHCTBeHHOH '!eTHOCTli B p -peSOHa.Hcax. 

HayqeHHe KOpp~ MSJ!O:CY CUHHOBID.m KaHaJiaMH Bal!lliO ,ItJm BWICHeimH CnH­

HOBOfi SaBHCHMOCTli smepHHX cHJI. Omicu:aaeMHil cnococl, npe,n;HaaHa'ieHHH1i 

,n;Jili peaOHaHCOB B KHJIOSJieKTpOHBOJil>THO! OclJiacTli aHep~, pa,n;B:KaJ.ffiHO 

pacnmpHJI BOSMOEHOCTli li3yti9Hmi BKJia,IJ;OB CUHHOBHX KaHaJIOB, TaK KaK ,n;py­

roii cnococl - . no aHHSOTpOUHH t -Jiyqe:ii HeilTpOHHoro sax:aaTa - npHMeHHM 

ripaKTH'i6CKH TOJil>KO B 8JI6KTpOHBOJil>THO! OclJiaCTli. , 

~ MHKpOCKOUH'ieCKHX pac'iSTOB CBOHCTB Jm6p HSOclXO,n;HMO 3HaHH6 

MSEHyKJIOHHOrO B9aHMO,II;6HCTBRH B Jm6pHO:ii cpe,n;e, KOTOpoe MOXST C~6CT­

B6HHO OTJIH'iaTLCff OT C00TB9TCTB~ero B9aHMO,I1;6HCTBHH B BaKYYM6• 

C aTOH TO'IKH speHHff npe,n;CTa:aJIHJIO HSCOMHSHHH! Hay'JHH:ii HHTepec Cpa:aHHTL 

. aMUJIHTy,ltll p-paCCemiR!i . iipoMeJKyTO'iHHX HS:iiTpOHOB Ha 'IBTHO-'i9THHX smpax 
li COC9,II;HHX ~ax C O,II;HHM HecnapeHHHM HyKJIOHOM, C KOTOpHM HaJIST~ 

HS!TpOH, OclMSHHBMCL O,II;HHM 3t -MeSOHOM, BSBHMO,n;e!CTBy6T Ha clOJILmaM 

paccTOHHHH, 'ISM CO CnapeHHID.m HYKJIOHaMH. IloJiyqeHHM B9pXHHH 0~9HKa 
BKJia.n;a o,n;HOnHOHHoro oclMeHa :a p -pacceHHHe Ha ~ax c R ;::: 90 MoxeT 

OKaaaTLCff UOJI93HOH KaK npli TeopeTH'ISCKHX paC'iSTax, TaK li ripli UJiaHHp~ 
Ba.HHH HOBHX UO,IJ;OclHHX 8KCnepHMeHTOB. 

B OUHCHBaeMHX liCCJIS,II;OBaHHHX ycpe,n;HeHHHX no peaOHaHCaM ~epeH­
D;HaJIDHHX ce'ieHd ynpyroro pacceHimH pO.n;HJICH HOBH! MeTo.n; onpe,n;eJiemm 

Be!TpOHHHX CHJIOBHX ~il. B OTJIH'IHe OT liSBSCTHHX pa.Hee Tpex ,n;pyrHX 

MeTo.n;o:a - no napaMeTpaM OT,n;em,BHX peaoHauco:a, no cpe,n;HHM noJIBHM ce­

'!eHHHM li ce.'ieHHHM pa.n;HBUHOHHOro aax:aaTa - ,n;JIH p -Be!TpOHOB STOT M9-

TO,II; noa:aoJIHeT paa,n;eJIDBO onpe,n;eJIHTL cHJioBHe \IJyHKinm B KaHaJiax p1ja 

li p3/2 , a TaKXe c xopome:li TO'IHOCTLJO noJJ;itmTL napaMeTpH nbTeHUKam,­

Boro p -:-PacCemiR!i. Hcnom,aOBaHH9 M9TO,n;a Ba peaKTOpe lffiP~O ripliBeJIO 

K PJmY. BOBHX pesym,TaTOB, B TOM 'IHCJI9 K nepBOMy Henocpe,n;CTBSBHOMy 

H86~eHHJO CUHH-opclliTaJIDHOrO pac~enJieHHH 3p ~ MaKCHMyMa He!TpOHHO:ii 

CHJIOBOR ~ li ycTaHOBJieHHJO peSKO H6MOHOTOHHOrO·XSM6H6HHH ~ 

p -paccem!Rii c MaccoBHM '!HCJIOM fl pacceliBaDitero ~a. PeayJri.TaTW 

no cpe,n;HHM He:iiTpOHHHM napaMeTpaM, noJiyqeHHHe .n:JIH 34 smep lis . .n;Hanaso­

Ha 48< A < 144, JierKo HBTepno.mq>y:roTCH Ha JIJOclue ~a liS aToro .n;Ha­

nasoHa Mace, 'ITO onpe,n;eJieHHO MOXeT clHTL noJieSHHM .n;JIH ripaKTH'i9CKHX 

D;eJie! •. MOlleT TaKXe Ha:iiTli ripaKTH'i9CK09 npHMeHeHHe paapa60TBHHH! cno­

cocl HepaapymaDJtero aHaJIHSa Be~eCTBa Ba ripHM9CL aTOMOB BO,II;Opo,n;a no . 

aHHSOTpOUHX pacce.!IHHff Me,n;JieHHHX Be:iiTpOBOB. 
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IlOJIOXSHRg li pesy~TaTH. BMHeceHHHe Ha SaillHTY 

1 .. TeopeTH'iecKHe peay~TaTH 

!.1, IloJiyqeHH BHpaxemm ~epe:mnrmBoro ce'!emm ynpyroro pac.:.. 

CeHBHH HSHTpOHOB ~aMH B OKpeCTHOCTK HSOJIKpOBaHHOro S - li P -peao­

Ha.HCa C Y'!eTOM noTel!UHaJIDHOrO·pacceHimH B npe,n;cTaBJieHRHX CUHHa KaHa-. 

Jia li nOJIHOrO MOMeHTa HS~TpOHa. . 

1.2. B npliclJIHEeHHH BenepeKpHB~CH pesoHa.HCOB ce'ieHHe np~­
~ero nyHKTa B npe,n;cTaBJieHKK.noJIHoro MOMeHTa He!TpoBa ycpe,n;HeHo no· 

liHT9pBaJiy aHeprHH, co,n;e~eMy MHOrO peSOHaHCOB, .n;JIH CJiy'iaH 'iSTHO-

'JeTHHX smep-MHmeHe!. . . . 

I.3. Ce'ieHHe npe~ero nyHKTa oclocl~eHo Ha MHmeHK npOliSBOJIDBoro 

CUHHa~ 0Ho SanKCaHO ,n;JIH meCTll: npe,n;eJIDHHX CJiy'iae:a KOppeJIHD;HH M9J!O:CY 

cMenmBaJOillll:MKCH Ka.HaJiaMH P•la K P3/a . 
1.4. B R -MaTpH'iHOM OnHCa.HHH ce'Ie:mrli npHMeHeHH Ho:aue rpaHK'IHHe 

yCJiomm, .n:a:rontll:e n;eJIHii psm npe~ecTB; 
1.5. B:ae,n;eHO HOBOe.nOHRTll:e 0 pa.n;Hyce pacceHimH C OpclKTaJ!DHHM 

MOMeHTOM e;). 0. 
1.6, ~ 'l6THO-'i6THHX MKmeHefi noJIHpll:SBUH.!l HS:iiTpOHOB npll:pacceH­

HKK BHpaxeHa 'i9pes CHJIOBH6 \IJyHKinm li ~H pacceH:mm. 
. . 

2. MeTO.n;H'IecKHe peaym,TaTH 

2.1. Coa,n;a.Ha aBTOMaTliSHpOBWIHaJl ycTa.HOBKa ,n;JIH HSMepe:mm no :ape­

M9HH UpOJieTa cneKTpOB HSitTpOHOB C SHepi'HSIMH ,II;O ..., 500 .. KSB, pacCeHBHHX 

Oclpaa~OM Ha paaHHe yrJIH M6l!Ozy 40 .ll: 140°. 
2.2. Paapa60TaHa MeTO.n;KKa ,n;JIH onpe,n;eJiemm ~epe:mnraJIDHHX ce'!e­

HH:ii ynpyroro pacceHmm. 

2.3. Ilpe,n;JIOXSH H peaJIKSOBa.H MeTO,II; Hepaapym8l0lllero KOJIH'ieCTBeHHO- · 

ro a.HaJIKSa Be~eCTBa Ha npHMeCL smep BO,n;opo,n;a C 'iYBCTBKTeJIDHOCTLJO li 

TO'iHOCTLJO nopsmKa THCH'IHHX ,II;OJie:li ~a Ha H,n;pO Ha OCHOBe HSMepeBHH 

aHHSOTpomm ynpyro paccMHHHX He!Tpouo:a c aHepi'KIIMH ,.... 1-200 aB. 

3. Pesym,TaTH no Onpe,n;eJieHKJO CMece:ii CUHHOBHX KaHaJIOB 

3.1. Paapa60Ta.H MeTO,II; onpe,n;eJieHmi OTHOCliTeJIDHHX BKJia,IJ;OB CUHHO..:. 

BHX Ka.HaJIOB B H61iTpOHHHe lliHpll:HH p -peSOHa.HCOB. . · 

3.2. Dnpe~eJieHH CMecH KaHaJIOB ,n;JIH ,n;:ayx peaoHauco:a 19F x ,n;eCH­

Tli peSOHaHCOB 
9y (liS nOJIHOro 'IHCJia ,II;SBHTHa,n;n;aTH peaOHa.HCOB C liS.:... 

BeCTHHMH CMeCHMK). 

4. BunonHeHH aKcnepHMeHTH 'no nOliCKY aqxpeKTa O,n;HOimOBHOro oclMeHa 

npli pacceHHKK He:iiTpOBOB H,n;paMH; noitaaa.Ho, 'ITO ,n;JIH smep c A?; 90 
BKJia,n; TaKOro oclMeHa B pa,n;eyc p -pacceHimH He npe:aumaeT ±o,5 <lJM. 
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5. Pesy~TaTu no cpe~ ~epe~HHM ce~eHRHM pacceHHRH 

5.I. Ce~eHZH n:sMepeHH ~ 20 a~eMSHTOB n: I4 n:soTorron B ~anasoHe 

48 <. A <. I44 rrpn: aHepl'l!IIX HSiiTpOHOB OT e,ItHH:im; ~o .v4QO KaB. 

5.2. ~ BCSX HCMe~OBaHHHX Jmep Orrpe~MSHH 3KCIT8pnMSHTaJibHH8 

sHa~emm HeitTpoHHUX cMOBHX qiyHKlnifi .ItJIIi .P~/2 - n: P3f2-HefiTpoHoB n: 

rrapaMeTpOB ITOTSHIUt8.1Il>HOrO pacceHHRH .ItJI1i p -HefiTpOHOB. 

5.3. OcymecTBJISHO npRMOe Ha6JDQlteHHe cmm-op6n:Tam.Horo paCiqeiJJie-

mm H8CBII3aHHOrO o~o~aCT~OrO COCTOSJID!fi 3p Ha 3p1fz. H 3p3f2. 
~TO UpOHBMOCD B HSCOBIT~SHHH MaKCHMyMOB COOTBSTCT~ CMOBHX 

~ Ha l!lKaJie R ; n~eHHOe pacmeiiJieHHe 11R = Ia±4 HSCKO~Ko 
rrpeBill!laST BeJIIi'IIDIY, !flHcypHpy:IOiliYIO B 60~IIIHHCTB8 OITTHKO-MO~MDHHX pac­

~eTOB. 

5.4. B srumcnMocTn: OT A o6HapyJKeH r~oKHfi MIDmMYM noTeHUXMD­

Horo p -paccMmm rrpn: A = 8().;.90, r~e !flasa MOl!teT rrpn:HnMaTD aHOMMD­

HHii no~Ol!tliT~HHfi 3HaK; c yne~eHHeM A OT 90 ~o IIO pacceR:HHe 

p -HettTpOHoli pesKo nospacTaeT, ~OCTHrM MaKCHMyMa B• paiioHe. A = I20. 
5.5. C rrpn:wre~eHHeM ~TepaTypHHX no~pR3auHOHHHX ~aHHHX no~e­

HO yKasaHHe Ha cmm-op6n:TanLHOe pacmeiiJieHHe !flas noTeHIUt8.1Il>Horo 

P -pi:iCCeJIHHII, cor~acyromeeCJI C TaRO BUM ~ CH.liOBHX <fJymi.Inrll TO~KO 
Ka~eCTBSHHO ( 4A "' 5 llpll rrorpelllHOCTH TOro l!t8 llOp!I~a) • 

5.6~ ~ ~eBIITH He~eTHHX H~ep 06Hapyl!t8HO CllCT9MaT~9CK08 OT~­
~e .aHH30TpODEH pacce.R:HHH ~~ no cpaBHSHRID C ~eTHO-~STHHMR JmPaMH, 

CBH3aHH08 C OT~ OT Hy.~ CITHHOM H CM8mHBaHH8M CUHHOBHX RaHaJIOB. 

5. 7. .lWJ HCC~e~OBaHHHX .fi,I1;9p B lip~ Max onm:60K HH CMOBile !flyHK­
~. HH p~cu' pacce.R:HHH He 3aBRCJIT OT CUHHa JmPa-MmiieHH. 

. 5~ 8. ilO-:mmn:MOMy, MOl!tHO YTBSpJltD;aTD 0 Ha6JDQlteHIDr HeCTaTHCT~ec-
KOro aqxpeKTa KOppe~ MS]!(,ey CMSmHBaDJn!MHCJI KaHaJiaMH B p -p830HaH­

ca.:x: Rh n: SB ; ~~ IICc~e~oBarurux nHTR MZ!lleHett co cmmoM I/2 B CJry-

1me 3aM8THOfi KOpp~ mHpliH ~o~a RM9TD M9CTO aHTHKOppeJI!IlU!ff 3Ha­

KOB me .aMIIJin:T~. 

Anoo6BIIW! pa6oTu .II ny6JIUKmum. Pesy~TaTH llKJllO~eHHUX B ~ccePTa­

~ HCMS~OBaHHfi HSO~HOKpaTHO ~O~BaJIHCD Ha pas~ BC8COID3HHX 

H M~apo~ KOH!flepeHURHX, r~e 6~ C 6~nm:M HHTepecOM BCTpe~eHH 

H~HOfi 06mecTB8HHOCTDID. MaTepHaJIH, BOme~nm:e B ~CCSpTauHID, ony6~o­

BaHll B 22 ne~aTHHX pa60TaX, B~~M ~Be 0630pHHe. CunCOK 3THX pa60T 
llP.IIBS~eH B KOHne aBTOpe!flepaTa B xpOH0~0~9CKOM no~e. 

CToYKTypa H 06~eM nHCCSpTWntij. ~ccepTauBH COCTOHT li3 BBe~eHRH, 
llHTH r~an, pas~MeHHUX Ha I9 pas~MOB n: IS rro~as~e~oB, s~~emm n: 

CDHCKa qKTHpOBaHHOfi ~TepaTypH. Bcero B ~ccepTauRH 228 CTpaHHri 

MaiiiHHODHCHOrO TSKCTa, llKJllO~M I5 Ta6.mnt, 34 pliCYHKa H 6n6~orprupma 

ns I33 HanMeHo:aruulli. 

/ ·l 

n 

\ 

1 
l 

.l 

IT. KPATKOE COJlEP]rAHHE JlHCCEPI'AUillf 

Bo BBeyeHHB oxapaKTepn:sonaHo MecTo onncHBaeMHX Hcc~~oBaHKfi 
B HefiTpOHHOtt Cll8KTpOM8TpHH, KOTOpHe MOl!tHO OTH9CTH K O~OMY R3 HOBHX 

HanpawreHHtt noMe~~ - CllSKTpOMeTpH.II aszsoTpODHH ynpyroro pacce.R:HHH. 

llo~06HO HSJiai'aSTCJI · HOO~I!l.8R, · HO ,IJ;JIHTMDHM ITO BpeMeHH ( · ,..,. 30 ~ST) 
HCTOpHH BOSHHKHOBSHEH 3TOrO HanpaBJieHHH, K KOTOpOMy Hyl!tHO OTHecT.II 

TaKXe HecK~Ko Hcc~e~oBaHHtt I970-I986 ro~oB B Ka~cpya, OK-~e H 

rMe, IlpHBS.n;mHX K Ollp~MeHmO Op6HTaJ!bHOrO e ll no~oro J MOMeHTOB 

y HSCKO~ COTSH peSOHaHCOB. )(aeTCJI KpaTIGifi 0630p co,itep.!taBHII.~C­
cepTauHH.llO r~aM, r~e OCHOBHOS BH.IIMaHHe y~e~eHO ~SMOHCTp~ aKTY­

aJIDHOCTH BWIOJlHSHBHX HCMS~OBaHKfi. ~llpHBO,m!TCJI nepe~eHb ITO~Olltemtii,. BH­

HOCRMllX Ha Saii!RTY, a TaKlltS KOH!flepe~, Ha KOTOpHX ;qO~aJIOCD 

60~IIIHHCTBO H3 no~eHHHX pesy~TaTOB. 

lleoBaH r~a nocB8meHa TeopeT~ecKOMy onncaHHID rrpo~ecca ynpyro­

ro pacCeR:HHH HefiTpOHOB ~aMH H CO~epl!tliT OCHOBHHe KO~eCTBSHHHS CO­

OTHOmeHHH Me.JK,ey 3KCnepnMeHTMDHO RSMep!ISMHM.II Be~aM.II H BeJm'mllaMR, 

no~e~ onpe~e~eHHID R3 3KCnepHM8HTa. 3TH COOTHOmeHHH 6~ no~e­
HH aBTOpOM KaK KOHKp8TH3BIOm !flo.PMaJ!bHOfi TSOpH.II JmSPHHX pe~ 1f)IR 

C~aH ynpyrmc HSfiTpOHHUX KaHMOB C f ~ I rrpn: ~eTe T~KO O;qHOro 

6~ero COCTOHHHH KOMnaylUt.,;.~a, O~aKO TOWOCTD H no~OTa me 

Bn~e ~OCTaTO~ 1f)IR aHanH3a pacCMaTpHBaeMHX 3KCnepHMeHTOB. 

0cHOBOtt 1f)IR 60~mnHCTBa COOTHOmeHHfi HBnffSTCH BUpazeHHS ~e.:. 
peHqKaJ!bHoro ce~eHKH ynpyroro pace~ B nsonzpoBaHHOM S - K p -pe­

sOHaHce. ORo sanncHBaeTCH B B~e Tpex nep~ux qneHon pas~ozeHHH B ~ 
no no~OMaM Jle~a 

5(fJ) == 80 + 81 cosf! +B2P2 (cosfJ), (I) .. ' . , 

r~e {}- - yro~ paccSHHRH, ~ 

5(-&) -: [1' + 001 cos~+ c.o.J~(c:cs~J ~ (2) 

T.e. orrpe~eJ.IIleTCH l!HTerpaJ!bHHM ce~eHHeM paccSHHRH e>; =43!8
0 

H ~:syMft 
napaMeTpSMB 8HK80Tpomm w1 = B,/Bo H OJ2 = Bz/Bo • B CBOD o~e­
pe~. KO~eBTH 81. COCTOHT K8 Tpex ~acTefi 

B· = BI'IG'r.t . +~3- +B~HT. 
1. 0~ L ' 
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OTB9'laiOIIIHX JIOT9HIU!aJI!>HOMy paccwrmm, peSOHaHCHOMy pacceir:HmO H HHTep­

qiepeHIU!H M~ Hmom. llOJIIIOe Bl:lpallt9HH9 ;IJ.JIR 6(-fJ) 6WIO IIOJJY'l9HO KaK 

B npe.ztcTaBJieHHH ciiHHa KBHaJia s=I±1f2.< I - ciiHH H.ztpa-MHllleHH), Tax 

H B np9,ItCTaBJI9HHH JIOJIIIOro MOM9HTa Hei!Tpo~a j = e ± 1'2 • MEl JipHB9,IteM 

3,It9C:& TOJI:&KO ero JIOT9HD;RaJI!>HyD 'lacT:& B j -JipS,ItCTaBJiemm H peSOHBHC­

HyD 'lacT:& B2 B .ItJ!YX npe.ztcTaBJiemmx: Kax Ha.H6oJiee BaJJtHHe ;IJ.JIR .ztaJIDHeil­

mero HSJIOllteHHH: 

K:ag~oT. = Si~_80 + Si.n2dfi + 2 Stn283k , (3) 

K2B~ =2stn&,[sm8~CQS'(~-8~)+2stn8.3flcos(~-83/a)],. (4) 

Kz.S:.or. =2sinas.y2 +4 Si.n8ra sin8~z.C!Qs(8",-8~), (5) 

. 
. { 0 JIIl6oiJ: S -peSOHaHC H f -peSOHaHC C J < 1 

. ~(3"= z ol.{E)af;t2J+1)p; p -pesoHaHC c J =l± o/z. 

~ d.(E)3(2J +1)(p_ r: -p+ 4)2 p -pe~oJ~l ± 'Yz ' 
(6) 

0 JIJ06o:li S -peSOHaHC H p-peSOHaHC C J < 1 

K2~~·< Mi(E)sf?r! p-pesoHaHc c J ==I±%. (?) 

'fXi(E)g[qJ% +vr.t2r¥a'ecs(8rl-~~2 p-pe~oJ~I±%, 

.r.zte HCIIOJI:&SyroTCH o6osHa'leHHH 
2 2 

_
1 2

J +
1 

ol(E)=[(E-Eo) +r1'4J , s=2(2I+'f), 

-2. Vl2J-1)2J(21+1){2J+2)(2J+3)' ' 2(21+1)(61-4!+1) 
P-vs (J+s)(J+s+1J(J+s+2.X1-st-J)!(1+s-JJ! P s(I+r+fiXI+I.-%' ' 

_tt-n(10I-8J+1) . r- (3J-I+%.)(3J-I+%) " 
'J.. ~2.(I:J-r,)(I+J+%)' ' - 20(l+J+ ¥2)CI+J+¥z) • 

B aTHX Bllpallt9HllHX K - BOJIHOB09 'lHMO HeiiTpOHa, Sc, , 6f2 H . 03f
2 

-

qias!l IIOTeHIU!am.Horo pa.cceJJmm cooTBSTCTBeHHo B S -, P¥i - H P¥2-
COCTOJUmliX, E H E0 - aHepi'Hii Hei!TpoHa H ee pesoHa.HcHoe SHa'leHHe, 

~ H r - Hei!TpOHHaiJ H JIOJIHaiJ IIIHpHH!l peSOHBHCa. Cyti!9CTB9HHO, 'iTO 

6 

n 

,.. 

·-

p -pesoHBHC!l c J = I ± 1f2 y MHmeHeil . c I ? 0 o6paaymCH H pacna,~ta­
~CH IIO .ItBYM pasJIK'lH!lM CIIHHOB!lM KaHaJiaM, B COOTB9TCTBlm C 'laM HX rn 
9CT:& CYMM!l 

rn = r: + 4. = r~:a + ro/2 , (8) 

r.zte nepBaJJ napa cJiaraeMHX OTHOCHTCH K KBHaJiaM c s=I-% .. H S=I +V2 , 
a BTOpaJJ - K' KaHaJiaM C j = 1/2 H J = 3/2. · 

)tOBOJI:&HO JIO.ztp06HO OJIHC!lBaBTCH npon;ecc ycpe,ItHeJIWJ o(if) JIO S-
H p -peSOHaHCaM, B pesyJI:&TaT~TOpOrO peSOHaHCHaJJ H HHTepqiepeHIU!OH­

HaJJ 'lacTH cpe,ItHero ce'leJIWJ 5(-&) · OKas!lBamCH B!lpaJKeHH!lMH 'lEipes Hei!T-

sc s"· s• p0HH!l9 ClJJIOB!l9 qiyHK.n;m! , ~tz. _H 3/z. ;IJ.JIR s -, P4/2. - H P3/z.-
H9i1TpOHOB, a IIOT9HD;RaJI!>HaR '!JaCT:& C9'l9liWJ H qias!l B HHTepqiepeHIU!OHHOi! 

'lacTH OCTaJDTcH, 9CT9CTB9HHO, H9H3M9HH!lMH. Koa~i$m;HeHT!l 6'(..9-) B' pas­

JIOlltSHHH (I) JipmmMa.BJT ~ 

tfoF(ao)+ l fr2F(O.t'z)+f3/z.FCQ:vz) 

Kzer3·= 1 ffo~ ~F.(a!J+§i1zF(a~z)+ffraF(ci~2)+ 
~r=o . 

(9) o ~ l' -0,1 3 G 1 . 
+no/z (("iba.s~a) ;IJ.JIR I=12 . 

i-foL'~F(cio)+tf%L caF(a~,)+ ; 
. r=r:t~ . J"=I.tYa+tf31zLSG(ri,ct}J;IJ.JIR I>%, 

z. '"""iii3· . :r::z:t</'z . 
K 81 =0, (IO) 

;IJ.JIRI=O 

v!B~3·={ ~rf*F(a~+~Pf'*H(<J,[WhQ~) 

2.ft~~ (a~) +2f~=~J~_H(~,fibQ~ 
.wmi=f2un 
~>12., 

K
2 s:lfT. = -fo SiNt

280 -f~ Sim
28f2 - 2f¥:~. Si..~-z8.r2 , 

~B~m:= -fo[si.tt&ksitn(~6:-8r~;-2sitn8¥2sim(.280-8.yz)]-
(12) 

- -sm8,[fik~28t:a-8.,)+2f*sim(2c%-aJ], 
K~B~Ifr. = -2f1a SiM~sim(28t':~.-~- . 

(13) 

-2f.rz[sv.,-z8* + s~8r2 sim(28:rz-8r2)]. - (14) 

I • BIICIT. oacn: . ( ) ( ) . 
H ;IJ.JIR :acex 1. t = ci. , KaK B qiOpMyJiax 3 - 5 • B B!lpaJtemmx: 
(9)-(14) 
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fo=:nS~ , f11. =:n1!1S~12.~ ,f*=:mr,Srzvr;; ,fWj=s:rzjs~z (I5) 

( '\Ji= ~R1/(1i-1<2 Rl) ' r.n;e R - pa,wc H,IUJa)' a a.~ j - Sa.BKCHII!lie OT e ' r ' j H E OTHOmeiDIJI cpe.n;HHX pa.n;nrumommx H aeihpommx mnpHH peso­
HaHCOB, BHP8Xa9MHe qepes OTHOmeHBH COOTBeTCTBYIDmHX CKHOBHX ~· 
BeJmtmHH F., G n H - HeKOTOpl:le HHTerpaJII:l, co.n;e.PJEBI~nle cpymaum pac­
npe.n;eJieHBH aefiTpommx nmpHH. ~IJMYJII:l nOJJy'IeHI:l B npe.n;nOJiollteHHH aene~ . st Kpl:lBaxllltWCCJI peSOHaHCOB H noJieSHI:l DpH yCJIOBHH, qTO. CKHOBI:le cpymaum j 
He Sa.IIKCJIT OT CnHHOB J , a llJIOTHOCTH peSOHaHCOB nponop~OHa.TlbHI:l2.J+i. 

,IVm ~Pas noTe~am.Horo paccemnm npm.teHHJiocJ> R -MaTpnqHoe onnca­
HHe, B KOTOpOM B~a KaJ!f,t(Ofi !lJaal:l cSej 0Dp9,ll;9JI!JeTCJI !lJHKCHpOBaHHI:lM 
pa,wcoM Ka.HBJia (H,IUJa) R = I, 35 A -tf3 qu n no.n;rollileMI:lM K aKcnepm.teHTy 

00 . 
BKJia,ItOM .n;aJieiWX ypOBHefi R. ej , a aHepreTnqeCKM SaBHCHMOCTJ> -
KOMClHHaimefi HSBeCTHI:lX c}jy1m:mtlt OT I<R - !lJaal:l paccemnm Ha TBep.n;oll: c:qJe­
pe tPe , npo~aeMocTn Pe , !lJaKTopa c.n;Bnra Se - n KOHcTaHToll: rpa­
HH'llillX yCJioBHil: Be • HoBmecTBOM B aToM onncaHHH CSwio ncnonsoBa.HHe 
rpaHl{qHI:lX yCJioBHil: Be,j , SaBHCJilllRX OT Rq n oCSPalllaiOIIIHX B e~ 
.n;onOJIHHTeJil>HI:lll: !lJaKTop npo~aeMOCTH clej , KOTOpl:lll: BOSHHKaeT DpH Bl:l­

,ll;eJieHHH B R :-MaTp~e ee I!JOHOBO:i!: qacTn R00
: 

1• \1· f- 2. 

Sej= Se-Rf; +y (Rej)z- Pe ' (I6) 

. oa Roo 
r.n;e sHaK nJIDC Ha.n;o CSpaTJ> npn Rej > 0, a MHHYC - npn ej <. 0. STo 
npKBO.n;KT K CSoJiee npocTo~ Bl:lpallteHHID .n;JISJ I!Jasl:l 

8ej = cf:>e +arc. si-n ( Pe Rej) (I?) 

H, rJiaBHOe, OCBOCSO~aeT OT .n;HJISMMI:l - BBO.n;HTJ> HJIH He BBO.n;HTl> B Bl:lpaJit9-
. Bl1II (15) .n;Jifi f I!JaKTOp d - H TO, H .zu>yroe m.teeT CBOK He.n;OcTaTKK. 

. . C U9Jil>D DpOBe.n;eiDIJI COBMSCTHOro aHaJIKSa ,ll;aHHI:lX no pacceRHHD K 
.n:ammx no nOJiapnsrumK B nocJie.n;HeM pas.n;eJie nepBoll: .rJISBI:l .n;aeTcsr paaBep­
HyToe :BI:lp8llteHKe .n;JIH nompH3rumK Hell:TpOHOB npH ynpyroM paccemnm Ha 
qeTHo-qeTHI:lX sr.ru>ax, yq:RTI:lBamtee KaK noTe~am.Hqe pacceaHKe, TaK n 
a_~eKT, ycpe.n;HeHHI:lll: no peaoHaHcBM. OHo OTCYTCTBOBaJIO B JIKTepaTYPe H 
HMeeT BK.n; , • _Q_ 

. pt-&l St.'\1 v- X 
\.~ KZ~ 

x{2simCS*-8(z)[sim&,strr{0:,-8.,2-8*)-3sW,brz~8*coS-t!J+ 
+fos~(<%-8i7)eos(20:,-Btz:..8%) + era) 
+ff/2[~8.,cos(&,-28rz)+3~b%CoS(cf*-2~eosfJ]­
..;.f¥2(s~8ocos(~-28-l2) +3~oy2eos(<%-28~)oas'!51]}, 

u 

PI 

~--

r.n;e HS qeTI:lpeX cTpOK-cJiaraeMHx nepBoe·oCSnsaHo noTe~aJ.[])HO~ paccea­
HHD, 'BTOpOe- S-peSOHaHCaM, a TpeTJ>e H qeTBepT09 - p.;.p930HaHCaM CO 
CDHHoM J= I/2 H 3/2 COOTBeTCTBeHHO. 

Bo BTopolt rJiaBe oimcimaeTCJI MSTO.n;HKa sKcnepHMeHTOB n oCSpaCSOTKa 
HX pesynTaTOB. JHaqaJie COOCSntamcH OCHOBHI:le xapaKTepHCTHKK He:i!:TpoH­
H.oro eyqKa OT peaKTopa-CSyCTepa HEP~o • .n:al!lllero HeiiTpomme BCliHlllRH 
C nOJiynmpHHOlt "' 5 MKC IOO pas B ce:eya.n;y H paCSOTaBmero Dpli cpe.n;Hell: 
TeiiJiollolt MOntHOCTH 5-8. KBT. OCSocHOBI:lBaeTCH mCSop o.n;Horo xopomo aantH- · 
nteHHoro nepeMent~erocsr no yrJiy .n;eTeKTopa B BH.n;e CSaTapen npono~o­
Ham.HI:lX cqeT~OB c 3He, KOTopl:lll: per.wcTpHpyeT nonaBmHe B Hero He!T7. 
poHI:l sHepnm E ~B c ~~eKTHBHOCTl>Xl · 

{ 

-2.~/-/E 1-e ·. . npK E <.50 aB 

£ = 1, 12. £-0•33. npH E > 50 aB. 

KpaTKO OnHCI:lBaSTCJI 8JieKTpOM9XaHHq9CKOe H 8JieKTpOHH09 oCSop;rnOBaHKe, 
nOSB~ee BeCTK HSMepeHHH npa Tpex yrJiax paccSRHHH B aBTOMaT:RqSC­
KOM peJIGIMe 11 JIKHHH c :3:mt MEPA-60. llo,zu>oCSHo onncl:lBaDTCJI K oCSocHOBI:lBa­
mcsr Bl:lCSop TOHKHX llJIOCIWX oCSpasUOB-pacceHBaTeJieil:, nopJJ.n;OK Ha6opa_ , , 
CTaTHCTHKK, KaJIKCSpOBKH; MHOrO liHKMaHJm ;rneJieHO aHa.miSy HCTO'IHKKOB. 
I!JoHa K cnoco6BM ero yqeTa, .n;aHI:l oueinm Hey<mTuBaeMHX KOMnOHeHT I!JoHa. 

3Ha~T9Jil>Haa: qacTJ> rJiaBI:l nocBIDI{eHa oCSpaCSoTKe aKcnepm&eHTam.ma 
.n;ammx, KOTopaa: npeBpalllaeT annapaTypHI:le cneKTpl:l pacceammx HeltTpOHOB 
B napaMeTpl:l .n;n®>epe~BJII>Horo ce'lemm (2) .ItJlli pasHI:lX aHeprid! HeiTpo~ 
HOB. lleplll:le lllarK oCSpaCSOTKK - _CYMIDIPOBaHH9 O.n;HOTHIIHI:lX cneKTpOB K sop:;: 
MHpoBKa. HX Ha O,ll;HO K TO .llte ~CJIO OTcqeTOB MOHKTOpOB HeiTpOHHOro, nyq­
Ka, ~Trume I!JoHa K I!Jop.mpoBrume cneKTpOB no HyltHI:lM aHepreTJ~tiecm 

HHTepBaJiaM. )taJiee, qTo61:l ~CJia OTcqeTOB ,ll;9T9KTOpa B pasHI:lX KHTSpB&­
JiaX DpK pasHI:lX yrJiax paccesmm c.n;eJia.Tl> nponop~OHa.TlblWMK COOTB&TCTBy­
lOIIlHM ~epe~BJII>HliM ceqemmM, BBO~TCJI DODpaBKK Ha ocJiaCSJieHKe H&IT­
pOHHOro nOTOKa B MaTepKaJie pacc~KBaTeJI!J H Ha SHSpi'KD OT,ll;a~, liJl:HJlDIO'Il 
Ba ~KTKBHOCTl> per.RcTpauKK pacCeaHHOrO HeitTpOHa ,ll;9T9KTOpOM. lloc~e 

BTOro KaK pemeHHH ·TpexypaBHeHd {.ItJlli Tp9X yrJIOB)· C TPEIMII H9H3B9CT. 
.MH npK x~oa aHepnm saxo~Tcsr napaMeTpl:l'ceqeam .tO.t , w2. ~. c6"5 • 
fl:ai<oseu, nyTeM cpaBHeHJIH c pesy.n.Ta.TSMK .ItJlli KaJIKdpoBo'D!oro paeceKJia;. . 
TeJISJ HS rpE$fra HCKJIDIIaJJTCJI ROHC'l'aHTH C H onpe.n;eJI81l'rCJI HHT9rpaJ.[])IIII8 
ceqe:mm 6"s • 

lJpK pa60T9 C dOJil.IIIBMI[ 3Hepr9Tll'l:9CKBirm HeODpe,Jt9JI9BHOCTJDm 
AE/E: . ;:::; · 0,2 (111Hpoue asepl'eTlt'lecKKe yqacTKH, IIJIOxoe aseprem­

qecxoe paspemeHHe) ·seo6xo.n;mao .n;ocTaTO'DIO xopomo sHaTl:. ~TKBHI:le 
8Hepl'liH, R ROTOpHM OTHOCJITCJI HSMepemme Ce'le:mm. Cne~BJII>mdt pas.n;M 
BTOpOI rJI&BI:l Ue.mtKOM nOCBIDI{SH STOMy BOnpocy. JWyrol BaliHldt liODpOC -
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xoHTpo~ sa co~epxaHHeM B ncc~e~eMOM o6pasue aTOMOB Bo~opo~a, npx­

cyTcTBHe. KOTopmc M:ozeT ~Ho xcxasHTI> cpaBHHT~Ho MaJIYlO aHHSOTpo-:­

mm paCCeJiHHII, npBCyJIIYIO ripOM8JltY'l'O'lHI:lM He:liTpOHaM. CnrHaJIOM 0 HaJIH'DIH 

BO~opo~a B o6pasue c aTOMirnM BecoM A CJIYDT TOT. (paRT, -qTo npn :mep­

I'HJJX HHJ!tS "' I K3B 3Ha-qeHHSJ KO~eHTOB C.V1 B C.Vz. B ~a6opaT.OpHO:Ii 
cxcTeMe .oTc-qeTa saMeTHO 6o~me BeJJ:HimH 2/ fl H 1/ R2 

, cooTBeTcTBYJO­

JilBX pa.ccemnm, xaoTpomiOMy B cxcTeMe ueHTpa Mace. Tor~a, omrpaJicl> Ha 

HHTSHCBBHOCTI>. pa.cceJiHHII no~ Sa,I(HHM yr~OM, B KOTOpyiO npB TOHKOM o6-
paaue BO~opo~ He ~aeT ~a,n;a, no na6a:Tey HHTeHCHBHOCTB no~ nepe,ItHlDl 

yr~OM MOEHO onp~~l> K0~8CTBO IIpHM8CHOrO BO~OpO~a. B ~ccepTauHH 
npHBO,ItllTCJI BCS H906Xo~e )VIH 3TOrO COOTHOmeHHSI. A SaTeM )VIH 60~ 

· mHX aHeprd He:liTpOHOB pemaeTCJI o6paTH8JI _sa,n;a-qa,: no H~SHHOit KOHUeHT­

pauHB BO~opo~a Onpe~BnaiDTCJI BHTSHCHBHOCTB paCCSHHHH TO~KO Ha OCHOB­

HHX H,!ij)ax, )VIH -qero npB He06XO~OCTH npHM8BIISTCJI MSTO~ nOMS~OBa­

T~HHX npx6~eHH:Ii. Ma 34 ncMe~OBaHHHx o6pasuoB BO~opo~ co~epJitaJIH 
. 8 B K0~8CTB9 OT 0,002 ~0 0,06 aTOMa Ha aTOM. • 

B KOBUS. BTOpO:Ii r~aBH OIIHCa.Im ~Ba KOHTpO~HHX OITHTa, npeMe~e>-:­

BaBmHX UBnD - KOMnn8KCHyiO npOBSpKy MSTO~ HSMSpeHHH B o6pa60TKH 

peay~TaTOB. llepBHfi OITHT. COCTOH~ B HSMepeHHHX C HSOTOnaMH O~OBa Ha 

KBa3HMOHOXpOMaTB'iecKOM ny-qxe iPHJ!:&TpOBaHHHX He:liTpOHOB (£:::::: I40 KaB, 

~E ~20 KaB) OT CTBUHOHapHoro peaKTOpa BBP-M B IDlM All YC~ a BTO-

pott - B HSMepeHHHX C yr~epo~ o6pa3UOM B CT~apTHHX YMOBHRX 6yc­

Tepa MEP.:.so~ CpaBHeHHe peay~TaToB nepBOro ona:Ta c peay~TaToo na­

Mepem Ha MEP-30, a peay~TaTOB BTOporo ona:Ta c ~TepaTyllHHMH ~a.H­

HHMH no~TBS~aeT np~HOCTI> HaiiiHX ce-qeHH:Ii 0s BMOTI> ~0 ,..., 500 K3B, . 

HO, c ,lU)yro:li cTopoHH, no6~aeT c-qxTaTI> H8IIIH aHHSOTpOIIHH W1 H <A>2 

Ha,JtSEHHMH TOnKO ~0 ,..:, 250 KaB. 

. B TPSTI>eit r~ase HS~araeTCJI MSTO~ onpe~MeHHII CMecett CITHHOBHX 

Ka.HaJIOB B . p -p930Ha.HC8X, T. e. OTHOCHT~HHX ~a,JtOB Mai'aBM!iX: HSitT­

pOHHOit mHpBHH (8), H npimO,ItllTCJI nepBUe peay~TaTH npHM9H8HHH MSTO~a. 

B Ha-qaJ!e rJia.BH ~aJOTCJI 06DtHe CB9~8HHH 0 CITHHOBIDC Ka.Ha.nax peaKIJ;Hlt 

(B -qa.cTHOCTH, pa.cCSHHHII) B npe~CTaMeHHH emma xaHana S H nMHOrQ. 

. MOMeHTa He:liTpOHa j , ~eJra.eTCJI 0630p pammx: BCM~OBa.Hd CO CITHHOBI:Dm 

Ka.Ha.naMH, no~epKHBaBTCJI B8.lltHaJI p~ CITHHOBIDC KOMITOHSHT lliHpHH B aHa­

Jm3e 8KcnepHM8HTOB, B KOTOp!DC !PHKCHpyiDTCJI yr~ ~eTa npO~TOB pe­

a:rtmm B (MH) npBMeHHSTCJI no.mipH3BUBii ~a.cTHU. C TBOpeTn-qecKOtt TO-qKH 

3pemm HCM9~0BaHH9 ~a,JtOB CITHHOBHX Ka.HaJIOB npe~CTaBJIIIeT SHa'lBT~­

BJil HHTepec nOTOMy, -q:TO OHO nOSBOJ.ISST OTBBTHTI> Ha BOIIpOC: iPJryKTyBW­
JlT ~ OT pe30Ha.HCa K. peaOHa.HCY Hait'rpOHHHS mHpBHH B pasma: Ka.HaJiax 

lE 
l'pe6HeB A.B. B .IUl• OIDIM,P3-82-5I4, ,IIy6Ha, I982 • 

./-

HI 
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t. 

HeaaBHCHMO liJlll MeJJOzy HHMH ecTI> xoppe.nrnnm?· Tax xax. aMn.lmTy.n;a ·npne­

~emton Ha:liTpoHHOi lliHpBHH C TO-qgOCTI>D ~0 KOHCTaHTH paBHa "HHTerpa.ny 

nepeKpHTBR" BO~OBOit ~ KOMIT~-cOCTOHHHII C BMHOBOtt ~eft 

KaHana (T.e. HaBaaBMo~eAcT:ayDIIHX He:liTpoHa B a~a), JIBl6oit onpe~MeH­
Hiiit OTBST Ha 3TOT BOnpoc.~aCT'HHiPOpMaUHD 0 CTpyKTyll9 BO~OBOH ~ 

KOMITBYHJt-H,!ij)a (B60 BO~OByiO iPYJoonm KaHana MO.lKHO c-qxTaTI> H3B8CTHOA) • 

B -qa.cTHOCTH, MOI'yT 6HTI> nony-qeHH CB.eJteHHSI 0 TaX OC069HHOCTJIX KOMna­

YJm-COCTOHHHit, KOTOp!iB nopoJif,ltBDTCJI lla7IOH3B9CTHID4_ CITHH-CITHHOBHM 

B3aHMO~ettCTBHeM KaK -qacTI>D ~epHOrO raMRXI>TOHHaHa. 

.Kala!:e ze npe~o~o:ateHHH o KOPPBJiaUWIX lliHpHH n ciTHHOBHX KaHa.nax · 

MOJitHO c~~Tl> sapaHee Ha.ocHOBe TeopeTn-qecKHX Dpe~cTanneHHA? Cxopee 

Bcero B yc~oBHaX xpa!He c~oJitHoA npipo~ Bos6yJif,lteHHH ~a B peaoHaH­

cax KOppe,mnnm ~0~ OTCYTCTBOBaTI>~ K TaRDily BUBO~ IIpHmM B I966 r. 
B3 xa-qecTBeHHHX coo6pa:ateHd ~.JI.Illaimpo, a B I97I r. A.M.JieAH noxasa.n 

CTporo, "qTO Tax 6y;tteT, 9~ BwiO~SHH yMOBBR npBMeHHMOCTH CTaTHCTH­

-qecKOft MO~e~ H,!ij)a, HO 6y;ttyT KOppe.mnnm Melir,Dy JII061i1MH ~:eyMIJ KaHa.naMH, 

e~ y HHX 9CTI> 06~ee ~0~09 COCTOJIHH9 H, C~~OBaT~HO, IIpOMamyTO-q­

HaJI CTPyKTYPa• !MeeT a C TaM. B ~ccepTaumt ripBBB~eHH HSKOTOpHe apry-. 

MeHTa: B no~sy ·Toro, -q:TO ~a:ate npx oTcyTcTBHH npoMill!y'ro-qgott CTPYKTYPH 

CITHHOBHS KaHaJIH BC9 :ate MOI'yT KOppMHpOBaTI>. r~Hiiit B3 3TBX apryMBH­

TOB: BO~OBH9 iPYmtUJm TBKHX KaHBJIOB OT~BDTCJI T~KO 3Ha-qe.HHJIMH . 

CITHHOBHX nepeMSHHHX, H 3TOrO p8S~MOX9T HB XBaTaTI> ~ pe~SanHli 

HeaaBHCHMIDC ~Tyan;d BHmeynoMmiy-rmc "miTerpa.noB nepexpa:THB". 

MeTO~ SKcnepHM9HT~Horo onpe~MeHHH COCT~ H9:1i'rpOHHHX 

mHpHH )VIH OT~~HHX CITHHOBHX lta.HaJlOB p -p930HaHCOB· OCHOBaH Ha 3aBH­

CHMOCTB OT 3THX COCTaliJUIJliiiHX Tp9Tl>SrD ueHa ce-qeHHH 5(-fJ) . (I) H (2) . , 
B COCTOHT B H3M9p9HHK aHK30TpOITKH peaOHa.HCHOrO pacCBHHHB ~2 , CHK-

M9TpxqHott OTHOCHT~HO {r = 90°. C nOMO~l>D Tp9Tl>HX CTpOK iPOPMY~ (6) 
H (7) )VIH ".JtBYXltB.HaJIOBHX" p -peBOHa.HCOB H9Tpy.n;HO mmTR CBII3H napaMBT­

pOB CMBCH KaHSXOB 

_ c · _ ~ em 
f3s - r: + fi. , Pi - r:;1a + r31a 

. , 
C K3M9p.ammu KO~eHTOM GU~ , )VIH KOTOporo CIIpaBe,ItJIKBO IIpK6~-

:ateHHoe BUPa:ateHHe 

4 2Bpe3. 
w'= K 2. • • (20) 

z c:X(E) s rn z • 
:3TH CBIISB onp~ElJI!IIl'l'CJI TO~Ko ciiHHBIOI I K J' :ra: )VIH HaK6Mee BHTepec­

Horo CJJYliall I = I/2, J = I nolt83aHI:l Ha pKc:I. ~o, -q:TO ~. 
I I . I 

.f3s ( G02 ) 0~03Ha-qga T~KO npR W2. > 0,5, a IIpR W2. ~ 0,5 . 
oRa ~:BysHa-qga. ~ ze J3i ( cv; ) 6i>Jree Heo~osHa-qga, noaTo~q 

)} 



j-npe~cTaaneHRe MeHee ~o6Ho,~ npHMe­

HeHRli B OIIKCllBaeMOM MeTO~e. 

llpaKTH'IeCIW ,I(.1Ili H8XOJ!Ql;9Im.SI aHRBOTpo­

IIIDI pacCeJJim.SI B pe30HaHCe W~ (eCJIH 

~; ~ 0) H~O B:3M9pB:TL nnom~ pe30HaH­

CHOrO nHKa,·OT~anHH ero OT no~OXKR ~Ha 

:e: noTeHURanLHoro pacceJJHHH, np:e: Tpex 

paaHUX yrJiax. MolKHo o6oi1TRCL :e: ~YMII 

yrJia'i.m, eCJIR w; <.<.. I wm ec.'lli noJILso­

BaTLCH np:e:6JIRXeHHUM COOTHOID9HR9M 

w::::: Onoi-.Eo r I f3oorh • r~e ce­

~eHRe noTeHURanLHoro pacceJJHHH H~o 

BMTL B 6apaax, a :meprmo pesoHaHca 

B KaB. 

CJ:t ,/ 
I 

1.5~ i~ 
I 
f 

tO~ 

Q2 Q4 Q6 

PHc.I. ~ W~ ( f3s) -
cnnOmHM J!RHRR H Wz( Pi)­
IDTpHXOBUe · J!RHJilH. 

IIocKOJ!bity · cMec:e: CimHOBYX KaHaJIOB Ii03MOlEHll TOJ!bKO y a:~ep c I > 0 , 
a .~CJIO p -p930HaHCOB C H3BeCTHmm CimHaMH y TaKHX SJ,IJ;ep - C~TaHHlle , 
e~Hl'IIUl, Ha.H60Jiee BllrO~O npOBSCTR H3Mepeim.SI KO~eHTOB W2. 
y pesoHaHCOB Ha SJ,IJ;pax c I = I/2. C noMOmLIO ~PMYJI (6) H (20) JierKo 

. y6e~Tj,CR, ~TO HepaBeHCTBO · w; HyJ!IO R .?/IO rapaHT:e:pyeT, ~TO CimH 

COOTBeTCTByiOmero p -pe30HaHCa paBeH I, R, CJie~OBaTBJ!bHO, OH ~BYXKaHa­

JIOBUn C napaMeTpOM CMeCB: (I9) 

{
(1±V2w;')/3 np:e: o ~ w~ £: 0,5 

f3s= (1 +v2.w;)f3 np:e: 0,5 < c.u; ~ 2. 

1ilJm npoBe~eHU noHcKowe :e:sMepeHRR c o6paan;aMH F , Y , Rh , . R8 , 
Col .• IIIcc{ • II~cd • II?sn •. II9Sn R PPJ • co~epxaiitHMl! SJ,IJ;pa 

c I = I/2~ ~HaKO Ills-sa aeBuro~aoro ~ pacceJJHHH cooTaomeHRR 

G, << r np:e: HR3KllX aHeprHRX R He~OCTaTO~Horo paapemeHRR np:e: Bll- . 

COKllX aHepr:e:a:x no~o~e pesoHaHCll - K~aTu ,I(.1Ili ~anLHe~ xoJIR­

~ecTBeHHUX H3MepeHR~ - 6llJIR 06HapyxeHU TOJ!bKO B ~BYX nepnHx o6paan;ax. 

llo~o6Ho on:e:caHll TPII! aKcnepRMeHTa, B pesyJILTaTe KOTopux aHa~~ 
HRR f3s 6llJIR onpe~eJieHll ,ItJilJ ~Byx pe30HaHCOB IgF H ~eCHTR peso..: 

HaHCOB 89y , np~eM y nocJre~Hero ,I(.1Ili ~eTupex pesoaaHcoB OHR ~By­
saa~. B 38KJI!O~TeJ!bHOM paa~9J!e rJiaBU npii!BO~TCH ~aHHUe o6 ocTanL­

HllX H3BecTHYX f3s ,I(.1Ili ceMB: pesoHaHCOB miTIIl R,Itep, KOTopue 6llJIR noJIY­

~eHU no aHR30TpOnRR .~-KBaHTOB p~a:u;RoHHoro 3ax:BaTa B BpyKXe~BeH­

cKoft Ha:u;ROHanLHOii Jia6opaTOpHR Ill B JIH~ OHHH, R npOBO~TCH o6c~eHII!e 

BCelt COBOitynHOCTR ~aHHllX. 

llepBHft TpHBR~HHft Ill llOKa.~CTBeHHH3 onpe~eJieHHllft BilBO~ R3 

RMSJOmeitCR m$JpMa:u;RR 0 . .f3s pe30HaHCOB COCTORT B TOM, ~0 y paaHUX 

R,Itep ~axe npH o~a&OHYX cnRHax I :e: J cimHoBue RaHaJIH cMemii!BaiOTCR 

12 

1 

l 

B paaHYX nponop:u;ruix. 0 xapa&Tepe .lite ifl.7ryltTYa:u;Ril J3s OT pesoHaHca • 

K pesoaaH~ o~oro Ill TOro .lite SJ,IJ;pa coo~eHHft MM:o. CoBnaBIDB:e. j3s y pe-

30HaHCOB 1 F roBOpi!T B noJILey cll:J!bHOit KOJlpe.JDiinm, Ho HX Ecero · ~Ba, 

30 

""""' 

PHc.2. 3aa~eHHH f3s ,I(.1Ili 
89Y . • N. OTHOCKTCH 
K rii!CTOrpaMMaM R llOKaall­
EaeT ~CJIO pe30HaHCOB Ha 
HHT9pBa.7! J3s mB:pHHOit 0, I. 

H COllll~eHJI!e MO.l!t9T 6UTL ~aHHuM. 

CKTYauRR c f-'s ,I(.1Ili ~eCHTH pesoHaHCOB 
89y · :e:so6paxeHa Ha pxc.2, r~e rop:e:- · 

30HTanLHlle pa3M9pll· npRMOyroJU>HRKOB 

paBHll ~BOeHHUM CTaH,D;apTHllM OTKJIOHeHR~ 

JiM B~ j3s , a IJ;BHTpll npRMOyroJri,­

HB:KOB COOTBBTCTBy!OT 3Ha~eHRRM j3s Ha 

OCR a6CURCC Ill 3H9prHRM pe30HaHCOB Ha 

JIBBO!,.OCJI! Op~aT •. 1!epmle npRMoyrOJ!b­

HJI!IW npe~cTaBJISIIOT o~03Ha~e · /3s. , 
a 6emre Ill aamTpHXOBaHHUe - ~BysHa~e. 

EcJIR y Bcex ~eTupex pesoHaHCOB BepHU . 

M9HbmJI!9 j3s (HeT 381U'rpBXOBaHHllX nPmto-

> • yrOJ!bHRKOB), TO Ha6~aeM09 pacnpe~e-
J!9HJI!9 .f3s corJiacyeTCH c TeopeT~ecKHM, noKaaaHHllM ciiJio~oil JIRHB:elt :e: 

COOTBBTCTByDIIRM ~BYM. He3aBRCB:MllM llOPTBp-TOMaCOBCIWM __JlaCnpe~eJISHJI!RM ·- --. 
~ r::i. 1 17 npHBe~eHHUX mii!pHH r_ K + c paBHmm cpe~ r: R + .• EcJIR , . 

.lite. peaJIR3yiOTCR 60J!bmR9 3Ha~eHRR (HeT 6eJIYX.llpi!MOyrOJ!bHRKOB), TO BC9 . 

/3s llOll~alOT B KHT9pBaJI 0,5-I, ;sepORTHOCTL ~ero ,I(.1Ili llOKa3aHHOrO CRM­

MeTp~oro pacnpe~eJieHRR TOJ!bKO "'0,2%. ,UnlJ 3aMeTHOil BepORTHOCTR Ta­

KOI rpynn:e:poBIW fos HyJmO ·npe,ItiioJIODTL H~e JIR6o 6oJILmott paaaoc­

~e~ ~HH (nyHKTKPHM r:e:cTorpaMMa Ha pii!cYHKe cooTBeTCTBYBT 

r_ = 10 r~ ) , JIR60 3aMeTHOit KOppeJIIlUJI!H Me~ r: H f"+ • ,lWyr:e:e 

B9pCHB: 0 fos ~eTupeX 11~By3Ha~" p930HaHCOB npHBO~T, 9CT9CTBeHHO, 

K MeHee onpe~eJieHHUM saKJIDqeHRRM. 

3eTBenTa8 r~a nocBRmeHa aKcnepB:MeHTaJ!bHO:l!: npoBepKe ~e:e: 

0 B03MO.l!tHOM llpORBJieHB:H ~9RTa ?~Onii!OHHOrO 06MeHa np:e: B3aii!MO~eitCT-. 

BHR KRJI03JieKTpOHBOJ!bTHllX He:l!:TpOHOB CO CJ!OlKHllMR SJ,IJ;paMK. ' . 

XOTR B Onii!CaHRR ManOHyKJIOHHllX CHCTSM Bee 60JibmyiO pOJib Ha~aDT 
KrpaTL KBapiW, "KJiacc~eCKOe" M930HHOe R HyKJIOHHOS OIIKCaHRe SJ,IJ;epHUX· .· 

CJI!JI R CBOitCTB He 0~9Hb JierKHX R~ep OCTaeTCH llOKa rJiaBHUM. llpK 3TOM .. 

B3aliMO~e:l!:CTBRe M~ napo:l!: HyKJIOHOB, XOpomo Jll3B9CTHOe B nycTOTS, MO­

]lt9T saMeTHO H3MeHRTLCH, eCJIR 3TY napy noMecTRTL B peanLHOe R,ItPO, · r~e 
M930HH09 ll?JIS BOKpyr Hee CTaH9T HHllM. ilOSTOMY BCRKM HHqiopMa:u;RR 

0 napHOM B3amJiO~eitCTBHR RJm OT~BJ!bHllX ero ~epTax B SJ,IJ;p9·RB!tlieTCH 

O~eHb llOJie3HOit. ilOCKOJ!bity ~aJ!bHOCTL B3aHMO~eiiCTBHR o6paTHO nponOpD;R­

OHaJ!bHa CyMMapHOit Macce BRPTYaJ!bHllX' ~acTHIJ;, KOTOpllMR 06M9HKBBJl'lCR 

HyKJIOHll, p~c B3aHMO~eilCTHRR MaRCB:MaJ!ElH np:e: nepe~a~e O~OrO 

I :-J 



.ft-MSSOHa: OH B,JJ;BOS 60JI!>ID8, 'ISM y ~:eyxmtOHHOrO 06MeHa, BTpOe 60JI!>­

ID80 '!eM y TpSXImOHHOro, B'!STBepo 60Jll>me; 'ISM y 00M8Ha O,Itl:WM l?-Meso­

HOM H T.~. ilOSTOMy MOJKHO .n;yMa.T:&, 'ITO npH BSaHMO~e!cTmm Me,ivremmx K 

npOMeJcy"l'Ol!HHX HSitTpOHOB C SI;IijlaMH, KOr~a Cyii{SCTBSHml TOJI!>KO S -BOJIHa 

H p -BOJIHa, BKJia.It noCJie.I{He! 6y,u;eT 'l'eM 60Jll>me, 'ISM 60Jll>me BKJia.It O.I{HO­

naoBHoro 06M9~ B Cy.MMS BSaKMO~e~cTBHf BCSX THnOB. 

UztEl.ll COCTOJdT B TOM, '!T06H CpaBHHT:& f -paccemme Ha 

6JmSKRX no II JJ.IWBX, '!9TH0-'!9THHX .R .II -He'!eTHHX. .UeJio B TOM,· 

'!TO nOT9~aJI O~OnJdOHHOrO 06.M9Ha C0~9PEJdT .MHOEJdT9JI9M npOR3-

B9~9HJd9 CnRHOB BSru!MO~eliCTBYJ(JltJdX '!aCTJdll;, ll, 9CJIJd 0~ liS 

'!acTJdll; - SI;IUJO CO BCSMJd onapeBHHMH HyltJIOHaMH, BK.7ra,It O,I{HOnJdOHHOrO 06Me­

Ha B noJIH09 BSBHMO~e!CTBHS H9!Tp0Ha C STHM SI;IUJOM paBSH HY~• TaKBM 
o6pa30M, O~OnHO~ 06MSH B03MOZ8H TOXLKO C H8'!9THHM npOTOHOM HXH 

He!TpOHOM SI;Iijla. · 

. llepBH! Jl9 OnHT, B KOTOpOM. pacCeJilnte Ha a -'!9THHX 3JI9M8HTBX 

Cc;f , Te H PB , · co~epJtall!HX npeRYylltecTBeHHo '!9THO-..'!eTHHe SI;Iijla, 

cpaBimBaJIOc:& c pacceJIJmeM Ra K -HetieTHHX SI;~U>ax Itt , I H Bt , y6e­

~ B TOM, '!TO O,I{HOnHOHHH! 06M9H H9 ~aeT Onp9~eJIIIDIISrO llKJra,Ita 

B. p '.:.pacceJIHKe Ha cJIOJllmX SI;Iijlax, HO sapemcTpHpOBaHHOe pasJlH'lJde Ha 

2~0% · B napax SHa'!emrll 001 no6y;ttllJ!O npoBeCTH ~a.lii>He!mlde exonepH.MeH­

TH. Ewia HCCJie~OBaHa n;enotiKa liS IO s.~:eueliTOB no,l@IJ.lt OT RIA. ~o I , 
a saTeM HS 7 HSOTOnOB OT IIGStl ~0 · I 24Sn , BKJil!l'laJJ II7sn ll 

II9sn • I!pH 8HBJm39 llKCnepm.ieHTOB C nOMO!It:&l> np!ri6JIIiiJleBHOro COOTHOme-
mr.g q:•-:: 

oo1 = 2(t<R)z.nr-RR~ .:;¥,PH K- 0, (2!} 

Rl 0 1 
r~e o - xopomo HSBecTHH! KaK R Pa.ztHYC {.RXH ~) S -pacceJIHBJ~, 
6wro BBe~eHo noHHTHe pa,ItHyea {noTeHD,lria.lii>HOro) p -pacceJimm R~ H on­

pe~eJieHH ero nepBHe excnepli!MSRTU:&HHe SHa'!emm. axqiexTa, lallliCJmtero 

OT '!9THOCTlri 'llricnB HeiTpOHOB 1 SaM9'19HO He 6wro, HO Ha JIOMaBOI JIKBHH, 
coe.ltlriBIDllte:lt Tom R~·c II ) .ItJM .PCaDsJISMenoB, o6Hapymn~aJ.mc:& 
- IO-npon;eRTwe "sy6n;H• c BepiDHHElMiri A7JH He'!eTHi:lX it • npaB,JJ;a, npH 

norpemaocTsx HSMepeH!ri! Toro ze no~. 

. 3aKJm'llriTeJi:&HH! 8HaJllri3 BOSMOJlHOro BJllitlilDJJl O,I{HOrO H9'!9THOrO HyKJIC>­

Ha Ha p :-PaccElJIHKe HeiTpoHa ·BeaM H,JU>OM 6Hil. <meJiaH no pesynTa.TBM, 

nOJiy"19Hlri9 KOTOpHX OnRCHBaSTCH B rJiaBe 5. FilJro pacCMOTp9HO 34 SHa'!e­

HlriR: Pa,Iteyca R'1 ,wm sr.ztep c fl OT 48 ~o 144 {pHc.3), B TOM 'llriCJie. ,wm 
CeMlri H,Itep c'HecnapeHBHM npOTOHOM K ~- C H9Cnap9HHHM HS:It'l'pOHOM. 

PacnO.I:OZ8HH9 CBST~ H T9MHHX TO'leK Ha pJric.3 nOSBO~eT n~:& Bepx­

Hilll on;emty, :a:cxoworo . B.liir.IIHWI: ,ItJm sr.ztep c fl ~ 90, OTJilri'llrie R~ HS'!eTHHX 

.IX~ OT R1 coce,I{HlriX '!STHO-'!STHHX OrpaHJI'leHo BeJii!'mHOI IIpmlepHo + . . . . 
-0,5 qu., Hs-sa XY.Jt1119:lt TO"'HOC'l'H ~ H,It9p Cl.c 8Ta OIJ;9HKa B 2-3 paaa 
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xy21te, a ,It7Ili 89y , m.teBlltero K TOMY xe 

OTpJrin;aTeJil>BHR p~c, c~eJiaT:& KaKO:It-JIH60 

BHBO~ He npe~CTaBJ!aSTCH BOSMOJltHHM. 

IlHTM rJ!a.Ba co~epJmT 60Jll>mon .sKcne­

p!riMeHTaJI:&HHH MaTeplriaJI no .MHoronapaMeTpo~ 

BOMy aHa.msy ycpe~emmx .IJ;K@lepe~aJI:&HHX 
CS'!eHJri:It, nOSBOJIHBIDSMy Cyil{SCTBSHHO pacum:­

pliT:& HamH SHaHIIH 0 BSaRMO~e:ltcTmm 

p -He!TpOHOB C H,lijlaMH B ~ana30H8 

A::::::: 50- !50. 
B BBO.I{HOM pas~eJie rJiaBH roBopRTCH 

0 TOM ypOBHS S~t KOTOpH~· CJIOEKnCH 

K Ha'laJiy OnJdCI:lBa9M!lX HCCJIS~OBaHH:It. B ce­

pe.ItHHe HSY'!aBme:ltCH HaMH o6JiacTJri H~epHI:lX 

Mace HaxO~TCH 3p -MaKCEMYM HSHTpOHHO:It 

CHJIOBOH ~ • 
.. ., s1 2 81 s = 3 ~h. + 3 o/2 ' 

~r-~r-~r---T---~~,-, 

,.tr-..-
~ sL I f\ · I .d 

• ft! 

10 

.0~~ 
-s,L_~~~~~~~~~-L~ 

40 60 80 11)0 120 140 
A 

PHc.3. P~cH p -pacceJI­
HHH ,It7Ili '!8TH0-'!8THI:lX 
(TSMHHS TO'lKH) H H8'!8THI:lX 
{ CB8TJII:l8 TO'!Klri) H,Itep. 
CMI:lCJI mTpHXOBOH JIHHHH o6~­
HCHH8TCH B HSJIOJlSHHH rJia­
BI:l.5. 

(22). 

npe~CKa38HHH:It OnTH'!SCKOH MO~eJil>JO B 1954 r. H BCKOp9 06Hapyxemnm. 

BKCnepRM9HTaJI:&HO. 3a npom~e ~8CHTHJI8THH BTOT MaKCHMyM HHTSHCHBHO 

HCCJIS~OBaJICH C IJ;eJil>JO yCTaHOBJie:mJJi ero TO'!HO~ <!Jop.m, OC069HHO B CBHSH 

c TSM, '!TO sxcnepRMeHTaTopl:l H~SHJIHC:& y~eT:& cnHH~op6RTaJI:&HOe pac­

IIISnJieJme 3p -nRKa Ha nHKH 3p4f2. : R 3p:.yz. , KOTOpl:le, COrJiacHO Ha-, 

6JI~J,I~;aworq pacl!lenJiemm · c:BlisaHHI:lX ypOBHeli, ~oJDtHH 6HT:& pasReceHH Ha 

BSJlH'lJdHY Afl ~ IO. B pasHI:le ro.Itl:l 6wro H HecKO.lii>KO JIOJllmX OTKPHTR:It 

pacl!lenJie:mJJi. noKa He CTaJIO HCHO t '!TO paspeum:n nHKH s-t..,2 H S¥z 
B CyMM9 {22) HSBOSMOJlHO, 1ri "O,I{HOrJia.Jnlli" nHK 51 

OKaSaJICH TOJI!>KO 6o-. . ~ . . 
Jiee noJIOrlriM B. cTopoey 60.lii>IIIltlC A , r~e ~oJillteH ~l:lT:& nRK S ~12 ·• O~Ha-
xo CHTYan;wi OCTaBaJiaC:& Kpa!He SanyTaHHOH, . R60, KaK BnepBH9 nOKa3aJDi[ 

EaK R llepn, sHa'!HTeJil>HaJJ um:pima lil acJriMMeTpHII 3p -MaKCJ4MY.Ma nopo~e­
HI:l He CTOJI!>KO CnHH-Op6RTaJI:&HHM paC1!18nJI9Hlri8M, CKOJI!>KO acM>eKTaMH ~­
.MH'!SCKO! ~e<I>opMan;HH sr.zt9p sa C'!ST JdX KBa,lijlynOJI:&HI:lX KOJie68HH:It. STy" npo-

6JieMY MOJlHO peum:T:&, TOJI!>KO onpe~eJlf!Ji o6e KOMIIOHSRTI:l Sf pa3~8Jll>HO. 
Ha. pnc. 4 noxae aHa TaKM nonHTKai c,IteJiaHHM HBMH ,It7Ili I2 '!9THO-'leTHHX · 

sr.ztep C HSBSCTHI:lWI CnHHaMH p -pesoHaHCOB no noCJie,ItHHM JIHTepa:rypHI:lM :' 

~aHHHM. ()qemr;~tHo; 'liTO TaKlriM cnoco6oM pacl!lenJieHJrie y,u;acTCH onpe~eJIIl'l':&, 

no-~OMy, 8lll9 O'!eH:& Hecxopo. 

,UOJirOe BpeMli BCH. llKCnep!riM9RTaJI:&H8.!I HHJl!OpMan;HJI 0 nOTSHD,lria.lii>HOM·· 
. I 

pacceJIHmi CBO~C:& . TOJI!>KO K pa.ItQOaM ~ , OTBSTCTBSHHHM Sa liiSC>-

TpOnHOS s -pacceJIHJrie sa c'!eT c,ItBHra cpasl:l So=- 1< R~ • C mao~011 
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HeATpoBHol cneKTpocKonHH B o6~acTL 

SHepr,aa B COTHK KSB CTMO HS06XO~ 

Y'JRTHBa.Tl> H nOTB.H!OiaJib_HOS p -paccemme, 

.B~ KOTOpOrO B nO~OM ce~eHHH MO~­

HO Onpe,tteJIIITL,TO~KO BMElH cnSKTpOMSTp 

Ql d'IM ' I 

00 eo 100 120 A 

Pxc~4. KOMnOHSHTH S1 
no 

HOBSAmliM ,ItaHHilM o6 OT,Ite~­
BHX peSOHaHCax. 

C 0~8Hb E:lCOKHM paapemeHKeM. Me~ TSM 

nepBSH SKCnepHMSHTaJibHSH HH~pM~ 

0 TaKOM-paCC9HHHH CTMa ,ItOCTynHOI no~e 

HSMepemm ce~eHKa o('b-) ~ DpOMSJeyTO'IJ­

HHX HeiTpOHOB B AproHcKo~ HaQHOHam.Rol 

~a6opaTopo K JIH~ OHHH. AHa.ms ,ttaHHHX 

no ~1 C nOMOmbD npH6~8HHHX COOTHOmeHKI THna (2!) 06Ha~ peSRO 

HSMOHOTOHHYJl 3aBKCBMOCTI> 81 OT fl H HSCOCTOHTS~HOCTI> DpOCT!lX on;e­

HOR Bpo,tte Oe ~ - (KR)2h<f • INecTe c TeM 6wro JicHo, 'ITO .It.1III 6o­
~ee TO'IJHoro onpe,ttMBHRfl ({laa 81 Tpe6yeTCJI 6o~ee no~e,ttoBaT~mrll 

- . 
aHa.ms .ItH@lepeHD;Kam.BHX ce~eHd pacc9Hlmfl. 8-ro KHTepecHo KaK .ItJI11 Te-

opu, TaR il ~ DpaKT~SCKKX D;Me~. 

-Bo BTOpOM paa,ttMS r~a.Jlll OimCHBaDTCJI 0CHOBHil8 ~epTH H npaKT~ec­
KOe pa3BKTH8 aHBJmSa o(ff) , CYII!BCTBO KOTOporo ~ 6SCCnKHOB!lX 

~STHO-~eT~ H,Itep ,HJIJilOCTpi!pyeTCJI Ha pKc.5. 3,ItecL npe,ttCTaMSHil SKene-

pBMeHTam.HHe sHa~eln'tff napaMeTpOB ce~e­

Hl'tff 6'({}) B ~pMe (2), KOTOpHe onpe,tte­

~8Hil B TeKcTe noc~e (2) Jt n~e Teo­

peT~ecKHe-BHp~eHKH ~ ROTOpllX MO~O 

nO~Tl>.C nOMOmbD ~PMY~ (3)-(5) H 

(9)-(I4) .ItJI11 ~aa I = D. C~omHHe 
RpHBH9 - HaHnyqmee 0ImCaHK9 SRCnepKMeH­

Ta T80p8TI£'l8CKHMK BllP~Blfi'tffMH; ORO no­

~SHO B pesy~TaTe H93aBKCHMO! nO,ItrOH­

Ril no_MSTO,Ity HaHMSHI>miiX KBa,ttpaTOB 

· (nporpar.wa FUMILI ) ImTH napaMeT-
. . 5° S" S1 

pOB: CHJIOBHX ({lymanDt , 4/?. , 3/t 
H B8JlilfmB RC: • R-:;o ' ODp8,IteJIIDliiiiX 

~H 00 H 01 cor~Ho Bllp~emm (I7) 

(B #pqJiaX (3)-(5) ll (I2)-(I4) nMa-

ranocL ~~~~= 83/2 = o1 , a B (5) 1{.o-

% 
"-.g 

,., .. 

&,__. .......... 
..,_ _______ .......... '13/:Z 

~" -------........ -- a. ---1!.2 ---.S.uz ·••ll2 
0 ----

200 ••• 
E-,K3B 

PBc.5~ 1kJra.Itll p~ na~ 
· mJM_~OB B ~-:J;ImpOBSHKS 

5'('1t) ~ H,Itep Ra,ItMIIII. 6aM~Ro ~aeMoe 10si.n~0sinh;cos(O;-cS), 
B R~opOM R;_o .ItJm 02 6panoc1> pB.BmDI 

R0 ) • 11Y,HRTBpHHe RpKBHe noxasHBam _ 

Bit1Ia,Iti:l B 6s , 001 H c;.t'z , -KOTOpHe B OCHOBHOM onpe,tt8Jl!DJTCJI napaweT­

PaMII lLlDil: :l:x KOM6HHamwm, yxaaa.mnDm y xpnHX. CBOlDDI ycnexmm Ham 
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MSTO,It 06J!Sa.H r~HilM o6paaOM .ItBYM CBOHM ~epTaM: SHa~emm ~2 Dpil 
- 1 

C ;S 50 RSB O,ItHOSHa'IJHO onpe,tteJJmOT S 3/z , a SHa~eln'tff ~., Dpil BCSX 

aneprmix: ,ttaDT, rpy6o roBopg, OTHOmeHKe 81/ Oo • -
r~mrll RS pesy~Ta.TOB, OimCHBaeMHX B ~8.ztYDll8M paa,ttMe, no.ny­

'IJSH Ha I3 a~eMeHTax c ~eTHilMK Z OT Ti ,tto Nd. H I2 'IJBTBHX HSOTo­

n8X Mo , Cd H Sn ; Ha piic.6 OR Hso6pax~H 6es y-qeTa .iaHHHX ~ 
94Mo ll Nd. • MaccHB SHa~eHd - 51 

.. /2. H 

-J ~ ~· _l 1 ! 
~ • r 1 ]tt1~. I 
,I t/- r1t J~+'-Lr. J, .11 
H j I 

~ 4 /?/~ 
~-·!/1 .· ~"'~l s. 

., 80 100 120 A 

51* He,tteyCMH~SBHO nORaaan, ~TO RX 

ImRK, npKMSpHO O,ItliHaKOB!i8 no B!iCOTS H 

mBpHHS, ,tteilCTBIIT~HO paa,ttBKHyT!i Ha 

mxane A B "Hyli!HylO" cTopoey. PaccTOSIHHe 

Mellf.ItY MaRCHMyMaMH ImKOB till onpe,tteJIII­

~ocL nyTBM no,ttroHKH no,tt aRcnepKMeHTaxa­

HHe TO'IJRK .ttBYX ~opeHD;eBHX . RPHBHX ( oa 

noRasaHH Ha pHcynRe nyHRTKpoM) c TpaYSI 

H93aBKCHMliMH napaMSTpaMH ~aa. 0ROH­

~aT~mrl1 pesy~TaT · .ItJI11 25 H,Itep 

AR = (IOs±4) - (95±I) = I3±4. (23)_ 

i TaKBM . o6paaoM, rrpKMeHHMocTL "o6o~o~e'I-
Pllc.G. Pesy~TaTH no Sj BOro" CnHH-Op6HTanl>HOro IIOTSHD;Hana wrra 
~ 23 ~8TH0-~8THHX JI,It~p ~~· 
lTBMH!iB TO'IJRK) ll 9 H8~8T- orrpe,ttMSHHSI IIO~O~eHK! HSCBffSBHHHX 0~0-
HliX (CBST~e TO'IJRK). 'IJacT~·COCTOJIHK! no~aeT nepBOS 

llp!IMOS nO,ItTB8p2101;8HH8. liTO llt8 KaCaBTCJI BS~ paCI!l9M8HHJI (23), TO 

OHa, RaK noRaaaHo B Sa.RJilO'mT~HOM paa,ttane r~a.Jlll, Ha I,~2 CTaH,ItapT­

BHX OTMOHSHKH 6o~me, ~eM ce~ac npliHIITO B 60~mKHCTB8 pac~STOB no 

OnT~SCRO! MO,Ite~ JJ.ItP~ ( Afl ~ 5+7). TaM llt8 B ROHD;e r~aBH aHaJIKSHpy~ 
MCJI BOSMOXHHS np~ STOrO paCXOlii,ItSHKH. 

BTopo~ Baxmrll pesy~TaT COCTO~T B II0~9HHK CliCTeMaT~9CKOA HH­
~pMaD;HH o noTeHD;Ham.HoM paccMHHK p -HefiTpoHoB. OHa npe,ttcTaMeHa Ha 

pHc.3 B lll:f,Ite pa,tteycOB R~ , ROTOpHe CBffSaHH c (paaaMH H c R~ cooT-

HomeHlliiMH 

R~ = R etm ~ = R(1-~R~), e ~o '1"1 
(24) 

r,tte IIO~e,ItHee paBSHCTBO KM88T MBCTO RaR ,ItJI11 rpaHH'IJHllX y~o:od (!6), 

TaR K .It.1III ~acTo ucno~syeMHX Be·= -e H &e = Se • Pesy~TaTH Ha 

pHCynRS . rOBOpliT 0 CpaBHHT~HO C~HOM P -pacCMHHH Ha JJ.ItPax C fl 
ORO~O II5. 0rpHD;aT~Hil9 pa,tteyCil B KHTSpBane fl = 70+90 OSHa~am aHo­

Manbmrll no~ol!OIT~mrll SHaK <Pas 01 , ·.'ITO cociTBeTcTeyeT TaREe R~> -fj3 • 
B Sa.RJID!!SHHH IUITO! r~aml nORa3aHO, ~TO STO JIBJI8HK8 Bn~e COmfSCTKMO 

C npe~CRa38HHJ'IMR OIIT~SCKOit MO,It~ C npSIMOyrO~HO! nOTBHD;Kanl>HO! 
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SIM01!:. JJ'yHKT:HpHaJi JlliHRII Ha pE:e.3 nepeetmTaHa JJ:S JIOpeHIJ;SB!iX K.J:>E:BliX Ha 

p:He.6 e ytl6TOM yepe~HliJH (22) :e: HSBeeTHO! eBliSR R'i e se B6Jm3R 

-•• 
Q4 

Q2 

-Q4 

• ••• 

40 60 80 

'\lt.· •• 

100 120 140 A 

P11c:7. IJapaMeTpH · R~ x 
R1j .zt,7IIJ 'I6THO-'I6THHX 

J'l',Itep. Jimimr nepectmTaHH 
JIS JIOp6Hll;6BHX KpRBHX Ha 
pxc.6. 

I'lli'aHTeiOtX peSOHaHeOB. ~0, 'ITO 

C o6el!X eTOpOH OT 3~ -MaKCm.eyMa pe­

syJII>TaTH no S1 :e: . R~ HeUJioxo eorJia­

cyJOTCH: IIO eprumemm e SKenep:HMeH­

Ta.n:&HHMR TO'IKaMH KpHBaJi TOJII>KO H6MHO­

ro e.ztBHHyTa BJieBo :e: Mem,me saxo,It:e:T 

B 06Jia.eT:& R~ < o. -
IToeKOJII>Ky IIO ,Ita.HHHM 0 o(iJ) e~ 

Jia.T:& pa3JIR'IE:6 MSllr;lly 84/a H 8:¥2 
OKaSaJIOe:r, HSBOSMOllt!WM, 6wra IIpS,Itiiplif­

HS:Ta IIOIIHTKa pacmeiiRT:& ~ Ha R~a 
:e: R~ IIyTSM IIpE:BJie'IeHKii JIE:Tepa­

TypHHX ,Il;aHHHX IIO aHaJ!IlS:IIpyDilte! eiiO­

eo6HOeTR paceeHHEH IIpH 3H6prR:H He1!:T­

pOHOB OKOJIO 400 KSB H aHaJI:HSa l!X e IIO­

MOUI:&D BllpSZSHliJH (IS) O,ItHOBp6M6HHO 

e aHaJIRSOM 6{-8) • 3Ha'IeHKii R~ 
BI{SeTe e IIOJiy'ISHHHMR paHee Hepacuten-, 

JieHiillMR R~ noKasaHH Ha pRe. 7. 

XOTJi Olllii6K:e: y R::OJ· IIOJ!y'mJme:& eYJII&:-
~ ~~.,, . 

eTBSHHO 60JII>me, 'ISM ORR 6HJIE: y R1 , "KpHBHe" R.fj lfl; KrueyTCH 

e.ztmmyTmm: OTHoexTeJII>Ho .n;pyr .n;pyra B iy lite eTopony, 'ITO x Sj {R) , 
HO BeJIJITD!Ha e.ztDra .v 5 e,It~mHU ll:MeeT norpemHoeT:r, Toro' lite IIOPJi.ItKa. ITo­

STOMy IIOKa MOZHO roBOpHT:& TOJII>KO 0 Ka'IeeTBSHHOM Ha6~eHRK eiiHH­

op6KTa.n:&HOrO paeutSIL1I6HKii B IIOTSHll;l!:a.n:&HOM paceeJiHJI:H. 

llOKa3aHHH6 Ha pE:e.3 H 6 eBeTJIUMK TO'IRaMJI p~ell K eKJIOBHe 

~ .zt,7IIJ J'l',Itep c He'l!eTHHMR A , CTporo roBo,PH, Hesa.KOHHH, Ta.K KaK . . 
ORR IIOJiy'ISHH 663 ytiSTa CIIRHOB, KaK .zt,7I1J 'ISTHO-'ISTHHX J'l',It6p. ,llOBOJII>HO 

CJIOZHH1!: CII6Iijla.n:&Hll1!: aHaJIRS pesyJII>TaTOB .zt,7IIJ f/ -HS'ISTHHX J'l',It8p IIO,It­

p06HO. OIII:CaH B IIp6.n;IIOCJI6,ItH6M pas.zteJie rJia.BH. Mil IIpllBS,ItSM S,Itec:r, TOJII,KO 

.. ero ocHoBHHa non. 

PesyJI:&TaTH, IIp6,ItCTaBJISHHH8 Ha pHc.B, IIOSBO~ YTBS~aT:&, 'ITO 

HJI 6S , RR 001 He o6HapymmaiOT CYUISCTBSHHOI 3amlCRMOCTH OT CIIRHa 

JJ,n;pa.;..paccenaTe.m I (KpOMe, MOJ!eT 6uu, CJiy'Ias 89y ) , a sHa'l!eHKii 

OOz .zt,7IIJ 7 'Ks 9 H91!6THHX J'l',Itep SaMSTHO MSHI>me, 'ISM .zt,7I1J COCS,ItHl!X 6ec­
CIIIHOB!iX 'IISTHD-'ISTHHX. ITOS'l'OIIy .zt,7I1J BElJDI1DIHH IIOCJIEl,ItHero .sqxpeKTa MOJmO 
Ha.IIJ[Ca.T:&: 

-ae = w~*o /wl=o ~(s~JJT*o/(Br3)l=o' ': (25) 
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J .PRc.B. IlapaMeTpH ce'l!eHd npH sHep­
., rRl!: 48 KSE, IIOJiy'I6HHH8 B pesyJII>Ta­

T6 IIO~OHKE: IIO BCSft 06JiacTE: 3H6p-
. rmi, 05 - B 6apHax. TeMHHe TO'I­

KR - .zt,7IIJ 'ISTHO-'ISTHHX paCCSE:BaTe­
Jiefi, CB8TJIH6 - .zt,7IIJ H61!6THHX. 

z 

o cu; ' t.5 l"i' J'j 

PRe. 9. BapHaHTH noBe.ztemm 
IIapaM6Tpa de B SaBRC:IIMOC­
Tl! OT fV'j • 

• r.zte TO'IHOS paBeHeTBO - OIIp6,It6JI6RR6 1 a IIpE:6JIHllt6HH06 TSM TO'IH96, . 'ISM 

MeHI>me sHepnm x, cJie.ztOBaTeJII>HO, BKJia,It 01 B Bz. (eM. plile.5). Ha 
pE:C.9 JIE:ImliME: IIOKa3aHH SHa'l!eim!I a! , pace'IRTaHHHS Ka.K OTHOmemm BTO­

po! l! Tp6T:&e1!: CTpOK (II). K nepB01!:, B SaBHeE:MOeTH OT OIIp6,ItaJI6HHOrO · 

B (I5) n~paMeTpa )Wj , .ztaDutero ~aKllte OTHomeRRe cpe,ItHHX ne1!:TpOHHHX 

llliipE:H B j -KaHaJiax. IT,PHMlle CO mTpl!XOBKOH - SKeTpeMa.n:&HHe SHa'l!eHliJH, 

a Kpl!BHS eOOTBSTCTByiDT. Tp6M pasHHM rHIIOT83aM 0 IIOpTSp-TOMSCOBCIOtX 

q,JiyRTyaiUJJDC mlilpl!H B CM6111iiBaDUIHXCH KaHaJiax: I) mTpHXJIYHKTKpHHS - H6-

3aBl!Cm.wM q,JiyRTY~ CO CJrytra!HHMR 3Ha.KaMlil aMIIJiltTy,lt m:HpHH, 2) CIIJIOm­

HHe - IIOJIHOI KOppeJilir(ml IIO BaJIH'll'!H6 B: SHaKy aMIIJmTy;zt, 3) DITpliXOBH8 -

IIOJIHO:lt KOppeJilir(ml m:Hpl!H l! IIOJIH01!: aHTHKOppeJIIIIUDI. 3Ha.KOB l!CC aMIIJD!!Ty,lto 

PacnoJiollteHHe sKcnep:e:MeHTaJI:&HHX TO'IeK Ha pHcyHKe (HX a6~ccu onp~e­
JUIJlliC:& IIO JIOp6Hll;6BHM KpliiBHM Ha 'pE:c.6) IIpHBO,ItliiT K CJIS~ BuBO,ItaM: 

.ztJIH Bcex llliTH J'l',Itep c I = I/2 nmoTesa 2) .ztomma 6HT:& OTBeprnyTa; 

.zt,7IIJ SB MaJIOBepMTHa nmoTesa I); .zt,7IIJ Rh E: R~ :npe.n;no'I!T:a:TmHa r.Ji-
noTesa 3), a .zt,7IIJ Y x In - rmroTesa I). · 

AHaJIRs Bemrnm so • R~ lit R~ .zt,7IIJ He'l!eTHHX J'l',Itap no~u:saeT. 
'ITO ORR H61!YBCTBliiTeJII>HH K TJmY KOpp~ MeJl!.ztY CIIRHOBlllrUI Ka.H8DIOl~ 

a TaKlltS XOpomo · BIIRCHBaeTCa: B aHCalof6Jll'! Ta.Kl!X BeJIHt!E:H .zt,7IIJ 'I6THQ-'I6'lmtX 
1 . 

J'l',Itep. CKJIOBHe xe cpymaum S j IIOJIY'IISilTCH pasHHMl! :npx pasHHX BapJiaK-

Tax KOpp~, HO .zt,7IIJ IIp6.n;IIO'ITJITeJII>HllX BapRaHTOB (BH6pa.HHHX IIO. Kpl[­

T6p:HD 'af! ) OHlil 6Jll'!3KR K SJ 'I6THD-1!6Tmlx J'l',It6p. :3TOT q,a.KT YKa3m6T 

Ha TO, 'ITO R p -BOJIHOBHS CJIJIOBHS cpymaum, IIO-Jm,Itl!MOJ4y, He SaBHCHT OT 
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emma Mmiieim. IIpmmTue B HTOre aHa<reHmi napaMeTp~B Truto:eH: R~ H S1t2 
COBIIa,JJ;ruoT CO CBBTJmMH TO'IKaMH Ha pHc.3 H 6, a S 3/2. 0 }J)lR C9MH Jm9p 
HSMBHHBJIIHCI> B npe,Ite.muc OIIIH6ox, ,n;Jm NS H In npH6Jmawmci> K KpHBOii 
Ha pHC.6 Ha 0,8•10-4 R 0,7•10-4 COOTBBTCTBBHHO. 

B a~eHHH IIO.IJ;B9,It9Hil OCHOBHUB RTOrH HCCHB,ItOBaHRi ynpyroro 
paCCBHBEH ~OMBxyTO'IHHX HBiiTpOHOB: 

- npe,It~O~BH R p9anR30BaH MBTO,It HSMBpeHRa OTHOCRTenl>HHX BKna,IJ;OB 
CrmHOBUX KaHaJIOB B Hefi'rpOHHUe IIIHpHHU p -peaOHaHCOB, 

- HSMBpeHU CMBCR KaHaJIOB y 12 peSOHaHCOB (Ra 19 H9B9CTHHX CM~ 
celt), 

- IIOKaSaHO, <rTO }J)lR H,Itep c A ~ 90 BJIRHID!:e O.IJ;HOimOHHoro o6MeHa 
Ha pa.IJ;IIYC p-pacCBHBEH HBHTpOHOB He npeBHillaeT ±0,5 ({M, 

- RSMepeHU ~epeHUR~HHe ce<reHHH ,n;Jm HBHTpOHOB C 3H9prHHMH 
,ItO,.., 400 KaB Ha 34 wax B .IJ;RanasoHe 48 < A < 144, 

- ,n;Jm Bcex Jmep orrpe,ItMeHU Befi'rpoHHUe CliJIOBRe ~ ,n;Jm P~ta 

n p 3/2 -HeliTpC>HOB · R napaMeTpu noTeHUR~Boro p -pacceHBEH, 

- y CliJIODUX ifJyHKuiDi Ha6~eHO JIBHOe cmm-Op6RT~H09 paCIIl9IL7I9-

HH9 BMR'lllHOfi AR = I3±4, a y noTeHIUI~Horo pacceHHRa - xapaxTepHaJI 
CliJ.ll>HaJI 3a.Bll:CRMOCT1> OT A • 

- y 5 JI,Itep CO CIIRHOM I/2 3KCII9pHM9HT~HO OTB9prHyTa CliJ.ll>HaJI 

KOppeJISnnm CmiHC>BUX KaHaJIOB IlpH O,ItHHaKOBUX 3HaKaJC aMIIJIHTy:lt COOTBBTCT­
BylOIIlHX IIIHpHH -

.. K paciCMaTpHBaBTCJI ,ItmHefunee RX pa9BHTH9. IJO K~OMY H3 Tpex HanpaB­
Jiemnt, OimcaHHHX n r~anax 3, 4 H 5, YKa9aHU BepemeHHUe npo6~eMH H 
H8M9'!9Hil 06~9KT!l 6~ 3KCIIBpHM9HTOB. 
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