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1. 

UenbiO HacTosnuero .uoKna.ua smmleTCSI KpaTKoe Hano}KeHHe peaynbTaTos HeKo-

TopbiX pa6oT, sbmonHeHHhiX s nocne.uHee speMSI Ha ycKopHTene fla6opaTopHH SI.Uep-

HbiX npo6neM 06'b9.llHH9HHoro HHCTHTyTa Sl,llepHbiX HCCne.uosaHHA. 3TH pa60Tbl npHHa.iJ.

ne:>KaT K paanH'lHbiM o6naCTSIM Sl.ll9pHOA cpH3HKH, HO see OHH S TOA HnH HHOA Mepe aa

TparHSaiOT OT,llenbHbie CTOpOHbl O.llHOA H3 HHTepecHeAlllHX cospeMeHHbiX npo6neM-rHno

T93hl coxpaHeHHSI H30TOnH'l9CKOro CnHHa (H30TOnH'l9CKOA HHSapHaHTHOCTH). CyTb rHnO-

T93hl CSO.llHTCSI, KaK H3S9<;_TH01 K npe.unonO}KeHHIO 0 TOM 1 'ITO MHp nocTpoeH H3 3Ha'lH

TenbHO M9Hblllero 'lHCna 'laCTHU 1 '19M S .ueACTSHT9nbHOCTH Ha6nro.uaeTCSI1 'ITO TaKHe 1 

HanpHM9p1 SH9lllH9 He nOXO}KH9 'laCTHUbl 1 KaK npoTOH H HeATpOH1 SISnSIIOTCSI nHlllb .llSYMSI 

pa3nH'lHbiMH COCTOSIHHSIMH O.llHOA H TOA }K9 'laCTHUbi-HyKnOHa. Y:T06bi OTpa3HTb 9TO o6-

CTOSITenbCTSO, SSO.llSIT H30TOnH'l9CKHA CnHH T , KSaHTOSO-M9XaHH'l9CKyiO senH.'lHHY t xa

paKTepH3YIOillYIO OCHOsHyro 'laCTHUY (HanpHMep, HyxnoH). PaaHOBH.llHOCTH }Ke sToA qa

CTHUhi (s HallleM npHMepe - npOTOH H H9ATpOH) onHChiSaiOT1 KaK paanH'lHbie npoeKUHH 

H30TOllH'l9CKOrO CnHHa. 0l;lHaKO CO.ll9p}KaHH9 rHnOT93hl 1 no-SH.llHMOMy, 9THM He HC'lep

llbiS89TCSI. PaCCMOTpHM, K npHMepy, CHCTeMy 1 COCTOSIIUYIO H3 .llSYX HyKnOHOSo VlaOTOnH

'l9CKHA cnHH TaKoA CHCTeMbi MO:>KeT HM9Tb .usa 3Ha'leHHSI: T = 1 H T = O. 3TH senH'lHHbi 

BBO.llSITCSI 1 no cyiUeCTSy 1 'IHCTO cpopManbHOo Ho nocne Toro, KaK OHH SS9.ll9Hbl 1 S03HHKa

eT sonpoc: '19M }K9 peanbHO paanH'laiOTCSI .USa COCTOSIHHSI 1 KOTOphle OHH onHCbiSaiOT? VI 

OK83biSaeTCSI 1 'ITO S3aHMO.ll9ACTSHSI S 9THX .llSYX COCTOSIHHSIX COSCeM He nOXO:>KH .llpyr Ha 

.npyra. A 9TO y:>Ke HaCTopa}KHBaeT: He SISnSieTCSI nH H30TOnH-.:ieCKHA CllHH HOCHTeneM 

peanbuoro cpH3H'lecKoro co.uep:>KaHHSI? B csSiaH c STHM rHnoTeaa H30TOnH'lecKo0 HHaapH

aHTHOCTH H3y'laeTCSI B HaCTOSIIUee Sp9MSI C .llBYX paanH'lHbiX CTOpOH: 1 ) .uenaiOTCSI nOnhrr-

KH ShlSICHHTb1 CKOnb TO'IHO BblllOnHSI9TCSI aaKOH COXpaH9HHSI H30TOnH'l9CKOrO CnHHa1 SISnSI-

eTCSI nH OH"'XOpOlllHM"' KSaHTOSbiM 'lHCnOM 1 H 2) HCCne.uyeTCSI 1 '19M OTnH'laiOTCSI S3aHM0" 

.ueACTSHSI S COCTOSIHHSIX C paanH'lHbiMH 3Ha'leHHSIMH H30TOnH'l9CKOrO CnHHa0 

,.,. 11. 

nepsoMy H3 9THX sonpOCOS nOCBSIIll9HO HCCne.uosaHHe peaKUHH o6paaosaHHSI HeA-

Tp8nbHblX ~ -Me30HO~ npH coy.uapeHHH .ll9ATpOHOS SbiCOKOA 9HeprHH 

( 1) 

SbinOnHeHHOe S HallleA na6opaTopHH IO.AKHMOBbiM, o.Cas'leHKO H n.CopOKO. HanK-

caHHaSI SbiWe peaKUHSI npe,llOCTaBnSieT YHHKanbHYIO S03MO}KHOCTb nposepKH cnpase.unH

/1/ 
socTH rHnoTeabl coxpaHeHHSI H30TOnH'lecxoro cnHHa. KaK 6hmo yKaaaHo flanH.uycoM 1 



.. 
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9T8 pe8KUHSI MO>KeT H.LlTH TOnbKO B TOM Cny'l8e1 ecnH H30TODH'l8CKHI CDHH 118 COXp8HSI-

8TCSie .LJ.eiC~BHTenbH0 1 BCDOMHHB 1 'ITO H30TODH'l8CKH8 CDHHbl .L181TpOH8 H am:4>&-'18CTIUlbl 

p8BHbl HyniD 1 8 H30TODH'leCKHI CDHH ~· -Meaoaa pasea e.aaaeue, BH.L1HM 1 qTo npouecc 

( 1) COOTBeTCTByeT H3MeH8HHID H30TODH'leCKOrO CDHH8 H8 e.aHHHUy. 'iT06bJ CY.LlHTb 0 CTtr' 

DeHH H8COXp8HeHHSI H30TODH'leCKOrO CDHH8 B 9TOI pe8KUHH 1 B8poSITHOCTb ee cne.ayeT 

Cp8BHHTb C BepOSITHOCTbiD .apyrol p88KUHH 

d+d -r+cc., .... (2) 

KOTopasr noxo>Ka aa nepsyiD 1 ao HMeeT aneKTpoMarHHTHYIO npapo.ay. Ce'leaae nocne.aael 

-32 2 
pe8KUHH O'leHb M8nO ( =:: 10 CM ) 1 B CBSI3H C 'leM HCCne.LlOB8HHe DpOUeCCOB ( 1) H 

(2) srsnsreTcsr Tpy.aoeMKol aa.aa11el. 

'fe1\ec'fo.o~ 

M8rHHT 02 

PRe. 1. Cxewa a~:cnepn.tP.HTa no aay'leHRJO 

peaKURB d +d -Jt0 -+ .C. 

3KcnepHMeHTP.nbHOI ycTpOICTB0 1 HCDOnb30B8BWeecsr 8BTOp8MH 9TOI pa60Tbl 1 CXeMo!r 

TH'leCKH npe.aCT8BneHO H8 pHC. 1 ( M8CWT86 B3SIT DpOH3BOnbHbiM) • 0RbiTbl 6blna BbiiiOnHe-

ubi no 

ro 

11 
Hbl H8 ny'IKe .aeiTpOHOB C 9HeprHel 400 ~98. H HHT8HCHBHOCTbiO 10 .aeATpOHOB B CeKyH-

.LlY• ~HWeHbiO cny>KHn raaoo6p83Hbll .aeiTepaA1 H8K8'18HHbll B IIOnyTopaMeTpOByiO Tpy-

6y. BbrneT8IOWHe H3 9TOI MHWeHH '18CTHUbl OTKnOHSinHCb 8H8nH3HpyiOWHM M8rHHTOM H 

peracTpHposanacb cno>KHOA CHCTeMol C'leT'IHKOB. 3Ta cacieMa noaaonsrna: 1) pera-

CTpapoBaTb TOnbKO '18CTHUbl 1 HMeiOWHe onpe.aeneHHbll HMDynbC 1 2) paa.aenSITb '18CTII' 

' 
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Ubi no Bp9M9HH nponeTa (nepBble .llB8 C'I9T'IHK8) 1 3) OT.ll9liSITb anb¢&-'18CTHUbl OT .neA

TpOHOB H ,npyrHX 6onee nerKHX '18CTHU1 HCfiOllb3Yst p83HHUY B B9liH'IHH9 HOHH38UHOHHbiX 

TIOT9pb1 4) perHCTpHpOB8Tb TOlibKO Te '18CTHUhi 1 KOTOphie HM9IOT 38.ll8HHYIO B9liH'IHH-Y 

HOHH38UHOHHDr.n npo6era. Pa6oT8 CO CTOllb CliO:>KHOA annapaTypoA H9B03MO:>KH8 6ea npo

B9.ll9HHSI nepHO,llH'I9CKH fiOBTOpsteMhiX KOHTpOJibHhiX H K8liH6pOBO'IHbiX 9KCnepHM9HTOB 0 

3 
O.aHHM aa TSKHX aKcnepaMeHTOB stanstnacb peracTpauast st.nep He oT npoTeKaaweA a 

MHW9HH cpaBHHTenbHO HHTeHCHBHoA peaKUHH d + d ... n + Hfl 3 • 

Ha peaKUHst ( 1) 1 ~H aneKTpoMarHHTHasr peaKUHH ( 2) He o6Hapy:>KeHhi noKa ABTo-

p8MH 1 XOTSI OHH .no6p8liHCb y:>Ke .llO 0'19Hb M8libiX Ce'leHHito YIMH nony'I9H8 Cli9.llYIOll18SI 

OU9HK8 BepxHelt rpaHHUbl B9liH'IHHbl C9'19HHSI pe8KUHH ( 1 ) : 

5(1) < -32 2 
2.10 CM • 

TaKHM o6paaoM, CTeneHb aanpeTa peaKuHH ( 1) oKaaanacb BhiCoKoA. B cny11ae ecnH 

6hi H30TOTIH'I9CKHA CfiHH He COXp8HSinCS1 1 HHT9HCHBHOCTb pe8KUHH ( 1 ) MOrna 6hi H8 .llB8 

nopa.nKa npeabrwaTb yK838HHYIO oueHKy. nonhrTKH eme 6onbwero yrny6neHHSJ a o6nacTb 

M8llb!X C9'19HHA: BCTp9TSIT 1 no-BH.llHMOMY1 6hiCTpO B03p8CT8IOWH9 TPY.llHOCTH 1 TIOCKOlibKy 

y»<e B T9X OfibiT8X1 0 KOTOpbiX 6hlll0 p8CCK838HO BhiW9 1 CKOpoCTb C'I9T8 COCT8BliSJlia BCe

ro 1 OTC'IeT 38 H9CKOlibKO 1{8COBo 

111. 

BTopasr pa6oTa, 0 KOTOpOA st paCCK8:>Ky, fiOCBSIW9H8 HCCli9.llOB8HHIO M8liOH3Y'i9HHOA: 

peaKUHH o6pa:3osanasr 3apa:>Kenuhrx R -Me3ouoa a neATpou-npoToHHhiX coy.napenHstx: 

n+p-~•+n.+n u. n.+p- :~;- +p +p. (3} 

3Ta peaKUHSI HHTepecua TeM, 'ITO H3y'last ee, MO:>KHO nony'IHTb CB9.ll9HHSI 0 B9liH'IHHe 

C9'19HHSI o6p830B8HHSI Jr -M930HOB HYKliOH8MH B COCTOSIHHH C H30TOfiH'I9CKHM CTIHHOM, 

p8BHbiM HYliiO (60 ) • Ha,no CK838Tb, 'ITO B OTliH'IH9 OT .npyroro C9'19HHSI ( OTB9'1810lll9-

ro T=l) 

(4) 

KOTOpoe onpe,neneHO ceA:'18C C 60libllDA: TO'IHOCTbl0 1 C9'19HHO 6 0 SIBliSI9TCSI Tpy.llHO.llO

CTynHOA: B9l!H'IHHOA. Casr38HO STO C TeM, 'ITO 0 0 npHXO.llHTCSI onpe,nenstTb1 K8K Manyro 

*) + 
llpHHHTbi oooauaqeuasr: ~P - ceqeuae peaKUHH p+p - ~~ + HyKnoHhi H T.n. 
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pasHOCTb Memny cpaBHHTenbHo 6onbUJ[MH ce'ieHHSIMH, a npH aToM, ecTeCTBeHHo, B03HH-

K8IOT 3H8'1HTeJ1bHble norpeWHOCTHo 

Ce'ieHHe Oo MO)KeT 6hiTb npencTasneao npoHsaonbHhiM 'iHCnoM JIHHeHHhiX koM-

OHH8UHA OObl'iHbiX ce1JeHH:lt hrs HHX JlHlllb nee HBmllOTCSI He38BHCHMblMH). npHBelleM 

HaH6onee yno6Hbie H3 aTHX KOM6HH8UH:lt: 

0 0 = 2{ op", + 2 6p+,..)- ( 6,..:. ~ 5,~)' (5a) 

Oo = 6 6p0, + 3 6p~ - 3 6,.~ ' (56) 

011 ::: 3 5 p",. + 6 ;, - 3/2. op; 
' 

(5s) 

0 0 = 6 6p~ - .3 5 ;p 
(5r) 

nepsoe HS 9THX COOTHOWeHHA Tpe6yeT 3H8HHSI ceqeHHA scex peaKUHH OllHHO'iHOI'O o6-

p830B8HHH ~ -Me30HOB B HyKJIOHHhiX coynapeHKHX, BTOpoe H TpeTbe CnenyeT HCllOJib

30B8Th, KOI'll8 He H3BeCTHbi Ce'leHHH (5.+ *' pn H 6,.~ , cooTaeTcTBeHHo. HaKoaeu, 
,-c-

nocnenaee cooTHoueaae He conepmHT ceqeaaA nayx aaH6onee HBTeHCHBHbiX peaKUKA -

+ 60 6,.,. H pn • EnaronapH 9TOMY OHO Bhlf'OllHO OTJIH'I8eTC.H OT nepBbiX Tpex COOTHO-

WeHHA, DOCKOJlhKy ll03BOJIHeT, so-nepBbiX 1 onpeneJIHTh BeJIH'iHHY 0 0 t HCXOllSI H3 3Hlt'" 

HHSI TOJlhKO llBYX Ce1JeHHA 1 K, sO-BTOpbiX, norpeWHOCTH T8KOI'O onpeneneHHH Cp8BHHTeJib 

HO HeseJIKKH 1 T8K K8K Ce1JeHKH, BXOllH!llHe B COOTHOlleHHe (5r) M8Jlhl. TaKHM o6pa-

30M 1 COBMeCTHoe HCCJiellOB8HJ{e pe8KUHA p.,.n. -.x+ H p + p ..,. J"':• 

HBJIHeTCSI H8HOOJiee yno6HbiM nyTeM H3y'ieHHH npouecca o6p830B8HHSI 

HyKJIOH8MH B COCTOHHHH C H30TODH'ieCKHM CUHHOM T=O. 

7i -Me30HOB 

3KcnepHMeHT8JibHoe KCcnenoaaaae peaKUHH (3) 6htno Bhmonaeao B • .Ll)KenenoBbiM, 

B.KHceneBbtM, K.OraaecSIHOM H B. ct:>nHrHHhiM a a ny'IKe aeihpoaoa co cpenaei!: saepnr· 

eA 590 Mss. CxeMa onhiTa npaseneaa ua pac. 2. 06pasoaaHHhie s mHnKoaonoponaoA 

MHWeHH 38pH)KeHHbie Jt -Me30Hbl pei'HCTpHpOB8JlHCb npH UOMOIUH 60JihlllOJ'O MHOI'OKlt'" 

H8JlbHOJ'O cneKTpOMeTp8 1 fi03BOJ1SIBWef'O OllHOBpeMeHHO H3Y'i8Th 9HepreTH'ieCKHe cneKT~I 

H) 
3aMeTHM, 'iTO B STOM cny'lae norpewuocTb onpeneneHHSI BeJIH'iHHhi 6'0 oco6eH-

HO BeJIHKa. 

' 
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~ -Me30HOB o6oax 3H8KOB. Taue H3MepeHHSI 6hmH BbmonaeHbl .anSI qeTbipex yrnoa 

Bbln8T8 ~ -Me30H0Bo nepexo.a OT O.OHOrO yrna K .apyroMy OCyWeCTBnSinCSI nyTeM Bpa

W8HHSI acero cneKTpOM8Tp8 BOKpyr MHWeHHo nocne BBe.aeHHSI nonp8BOK 1 Y'lHTbU~8IOWHX 
npHM8Cb sneKTpoHOB H MIO-M830HOB 1 8BTOpb1 nony'lHnH 1 'ITO CyMM8pHOe yrnoaoe pacnpe

.l18n8HH8 s• H g:- -Me30HOB B CHCTeMe U8HTp8 M8CC CT8nKHB8IOWHXCSI HyKnOHOB 6nH3KO 

K H30TpOOHOMy (CMo pHc.3) H XOpOWO ODHCbiB88TCSI nonHHOMOM: 

~ 
~ 
" 

0,8 

0,4 

0,2 

0 

~t 
n+p-11 

.. 

-, -',x !'-• ~~""' 'lilt ,oc; , ' ~~/ 
' ItO• // ', ''" // t ......... __ j. ............ ~ 

'. 

0 so 80 90 120 150 180 
0 e, c.a.w. 

Pac. 3. Yrnoaoe pacnpe.aeneHae 38pH>KeHHbiX ,. -Me30ROB, 

o6pa3oaaHHbiX a n - p -coy.aapeaaHx npa cpe.aaeA 

8H8prHB HeATpOHOB 590 ~31'!1, 

""-

,-_~' 

• ~ 
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(6) 

ConacT&aneHHe Bblxo.aoa sapR>KeHHbiX rc: -MesoHoB pasHblX 3Haxoa noxasano, 'ITO 

yrnoable pacnpe.aeneHHR .aria xa>K.aoa as .aayx peaxuaa (3) CHMMeTpR'IHbl OTHOC_HTen&-

o 
HO 90 1 'ITO, B03MO>KH0 1 RBnReTCR cne,aCTBH8M M&nOCTH B8nH'IHHbl BJCna.aa H8p830H8HC-

HOrO nepexo.aa, r.ae B JCOH8'1HOM COCTORHHH HyKnOHbl H :'£ -M830H o6n&.a8JOT HYn8BblM 

opi5HT&nbHblM MOM8HTOMo B ~6n&CTH M&nb!X SHepru a {400 Msa), r.ae STOT nep,xo.a 

Cp8BHHT&nbHO HHT8HCHB8H H MO>K8T .Q888Tb C)'ll.l8CTB8HH)'IO HHTep¢epeHUHI01 p8H88 H&-

/2/ 
15mo.aanac& 

8KllHRX /3/. 

3H&'IHTen&H&R &CRMMeTpHR yrnoaoro pacnpe.aeneHuR 7r -Me30HOB . B pe-

nony'leHaoe·nyTeM HHTerpapoaaaus {6) nonHoe ce'le&ae peaxuaa (8) oxasanoc& 

38M9THO M8HbWHM 1 '18M B npe.abi.O)'lllHX p860T&X: 

rs;" = t:s ;,. • < 1,1.0 :!:. o.'1.6)•to-
27 

cM
2

• 

npuae.aeHHbl8 Bb1U8 peayn&T8Tbl HOCRT npe.aaapHTenbHbll X8p8KT8p1 88TOpbl npo.aomK& .. 

IOT cel'l&C H3M8p8HHR DO.O ,apyrHMH yrn&MHo 

B aacTORll.lee apeMR ·a Hawea na6opaTopaa HaxonneHa y>Ke .aoaon&Ho 6on&WaR 

HH¢OpM8UHR 0 C8'18HHRX BC8X pe&KUHI o6p83088HHR s; -M830HOB 8 HyKnOHHW:It coy.aa

/3-6/ 
peauax npu saeprua na.aa10wero HyxnoHa oxono 600 Mas • Ycpe.aHeue pesynJtTa-

•> TOB pa3nH'IHbiX HCCne.aoB&HHI .aaeT cne.ayiOlllH8 B8nH'IHHbl C8'18HHI DpH &HeprHR 590 
-27 2 

(s.aec& H HH>K8 BC8 C8'18HHR Bblp8>K8Hbi B 8.0HHHU8X 10 CM ): 

0 ~" - 4,65 !. o,so. 

s;,. • 1.a5 :!:. o,12, 
6p~ • 9100 :!:, 0140 H 

e:,. • 1,85 :!:. o,2o. 

PaccMOTpHM STH aenH'IHH~ c TO'IKH speHHR ranoTesw H30TODR'Iecxol HHBAPKAHTHOCTK. 

EcnH H30TODH'I8CKHI CDHH COXp8HR8TCR1 TO C)'MMbl C8'18HHI p88KUHI o6p83088HHR H81-

Tp&nbHbiX H 38pR>K8HHblX ~ -M830HOB .aon>KHbl OTnH'I8TbCR ,apyr OT ,llpyra pOBHO 8 

.aaa pasa. Bocnon&Soaaawac& npaae.aeHHblMH awwe ce'leHHRMH, nony'I88M1 'ITO B8liii'IIIHA 

OTHOW8HHR 

.) n 
pHB8.08HHbl8 B8nH'IHHbl OTHOCRTCR K scpcpeJCTHBHOI &HeprHR 890 Maa H RBnR-

IOTCR pesyn&T&TOM ycpe,aH8HHR C8'18~ B WHpOJCOM .QH8D830H8 &HeprHI C )''18TOM 

auepreTH'Iecxoro cnexTpa ·aeATpoaoa • 
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f,.! (8) - 1/3 + (0,20:t.0.04) cos2 8 (6) 

ConacTean-eHHe Bblxo.o.oa 3&ps>KeHHbiX ~ -Me30HOB pa3Hb1X 3H&KOB no1ta3ano, 'lTO 

yrnOBbl9 pacnpe.o.eneHHSI .O.nSI K8>K.O.Oil H3 .O.BYX p98KUHI ( 3) CHMM9TpH'lHbl OTHOC_HTen&-

900 . 
HO 1 'lTO, B03MO>KHO, SIBnSI9TCSI cne.O.CTBH9M M8nOCTH B9nHqHHbl BKna.o.a H9p930H8HC-

HOro nepexo.aa, r.o.e B KOH9'lHOM COCTOSIHHH HyKnOHbl H :4 -Me30H 06na.0.8JOT Hyn9BbiM 

op6HTanbHbiM MOM9HTOM. B o.6nacTH Manblx saeprH A (400 Msa), r.o.e sTOT nep"xQ.a 

CpaBHHTenbHO HHT9HCHB9H H MO>K9T .0.8B8Tb CYUl9CTB9HHYIO HHTep¢ep9HUHJO, p8H99 aa-

/2/ -
6mo.o.anac& 3H8'lHTen&HaR acHMM9TpHH yrnoaoro pacnpe.o.eneHHH 1r -Me30HOB B pe-

8KUHSIX /3/ • 

nonyqeaaoe·nyTeM HHTerpHpoaaaas (6) nonaoe ceqeaae peaKUHH (3) oKasanoc& 

38M9THO M8HbWHM 1 '18M B npe.O.bi.O.YWHX pa6oTax: 

... - '>· -27 2 3 1m = 5 I'" • ( 1fl0 :!:., 0.'18 •10 CM • 

npHB9.0.9HHb18 BbiU8 pesyn&T8Tbl HOCSIT npe.o.aapHTen&Hbll X8p8KT8p1 8BTOpbl npo.aon>Ka

IOT C8il'l8C H3M9p8HHSI DO.O. .o.pyrHMH yrnaMH. 

B aacToswee apeMH ·a aawel na6opaTopHH aaKonneaa y>Ke .aoaon&Ho 6on&WaR 

11HcpopM8UHSI 0 C8'l8HHSIX BC8X p98KUHI o6p830B8HHSI $C -M830HOB B HyKnOHHbiJt coy.o.a• 
- ~~~ 
peHHRX npH saepraa na.aaJOwero ayKnoaa oKono 600 Msa • Y cpe.aaeHHe pesyn•Ta-

11) 
TOB pa3nH'lHbiX HCCn9.0.0B8HHI .0.89T cne.o.yJOUlH8 aenH'lHHbl C8'18HHI DpH 8H8prHH 1590 

-27 2 
(3.0.9Cb H HH>K8 BC9 C8'18HHSI Bblp8>K8Hbi B 8.0.HHHU8X 10 CM ): 

(5 ~" - 4,85 :!:. o,so, 
s;,. - 1.85 :!:. o,12, 

6p~ • 9,00 :!:. 0,40 H 

e,,+,. - 1,35 :!:. o,2o. 

PacCMOTpHM STH B9nH'lHHbl C TO'lKH 3p8HBSI rHDOT83bl H30TODH'l8CKOI HBB8pH8HTHOCTKe •• 
EcnH H30TODH'l9CKHA CDHH COXp8HR8TCR1 TO CyMMbl C8'l9HHI pe&KUHI o6p830B8HBR H&I

Tpan&HbiX H 38pSI>K8HHbiX !JC -Me30HOB .O.On>KHbl OTlUl'l8TbCSI .o.pyr OT .o.pyra pOBHO B 

.aaa pa3a. Bocnonb3oaaawac& npaae.o.eHHbiMH Bblwe ce'leHHRMH, nonyqaeM1 'ITO· aenH'IIIH& 

OTHQW9HHSI 

ttJ npHB9.0.8HHb19 B9nH'lHHbl OTHOCSITCSI It s¢cpeKTHBROI 8R9prHH 590 Mea H RBnR

IOTCR pesyn&T8TOM ycpe.O.R9HHSI C9'19HM B WHpOKOM .O.H8D830H8 8HeprHI C y'l8TOM 

8HepreTH'l8CKOrO CD9KTpa H9ATpOHOB • 
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< o;p + 6p+, .,. Bp-,. 112 r 6/n + 6;,; = o,9o ::. o,o1 

neil:CTBHTenbHO OK83biB8eTCSI npH 9TOil: 3HeprHH 6nH3KOil: K eDHHHUe. 

OnpenenHM Tenepb aenH'IHHbi nayx oCHOBHbiX ceqeaHA o., H o, npH aaep

rHH 590 Maa. Bocnonb3oaaBBIHCb cooTHollleHHSIMH (5a) H (5r) nonyqaeM,COOTBeT

CTBeHH01 3H8'1eHHSI 4,5 !_ 1,3 H 2 16 !_ 1,2. Y cpe.O.HSISI 9TH aenH'IHHbi ( OHH llO'ITH He-

38BHCHMbi ), H8XODHM ceqeHHe 

0 0 = 3,5 !_ 1,0. 
4 

EcnH HCXODHTb H3 aenH'IHH nonHbiX Ce'leHHA ( COOTHOIIeHHe 5a) I. TO llOJiyqaeTCSI Omla

KOe K aTOMY aaaqeaHe: 3,8 !_ 1,1. .[lpyroe ceqeHHe , 6 1 , paaao npH aHeprHH 590 Maa 

61 = 10,8 !. 0,5 • 

T8K 'ITO OTH<.Well'';e B'JpOii':"HOCTeil: DBYX OCHOBHbiX npoUeCCOB (c T=O H T = 1) OK83bi-

B8eTCSI CyiUeCTBeHHO MeHbllB eDHHHUbi: 

o., 161 = o,33 !. o,o9. 

npH 3HeprHH 400 Maa 9TO OTHOIIeHHe p8BHO 0,43 !_ 0,14 1 H ecTb OCHOB8HHSJ nonaraTb, 
/6/ 

'ITO OHO MMO H3MeHSJeTCSJ B IUHpOKOM HHTepaane 3HeprHil: • 

HaKoaeu, o6paTHMCSJ K eme onaoil: aa.>KHOil: xapaKTepHCTHKe npouecca o6paaoaaaH'7i 

~ -Meaoaoa a cocTOSJHHH c T = 0 - yrnoaoMy pacnpeneneHHlO ~ -Me30HOB f., {8) 

'"C<io·. npHaeneHHbie BbiiUe D8HHbie .[l.>Kenenoaa, KHceneaa, Oraaecsma H <PnnrHH8 HBnHlOTCSJ 

no cymecTay nepabiMH caeneHHSJMH o6 yrnoaoM pacnpeneneHHH a peaKUHH ( 3), nony-

'leHHbiMH C T8KOil: TO'IHOCTbl0 1 KOTOp8SI nenaeT B03MO.>KHbiM onpeneneHHe BHD8 cpyHKUHH 

:/
0 

( 8) • ConocTaanSJSJ yrnoaoe pacnpeneneaHe ( 6) c aaA.neHHbiM paaee .nnSJ aToA acpcpe~ 

THaaoA aaeprHH yrnoabiM pacnpeneneaaeM aeATpanbHbiX 

_f. (8). "" 1/3 + (0,05 !_ 0.06) COS
2 

(} 1 nonyqaeM, 'ITO 

1L -Me30HOB 
/5/ 

.:;;: -Me30Hbi 1 OOp830B8HHbie 

B peaKUHH c T...O, pacnpe.neneabl cymec-Taeaao aaaaoTponao: 

..f;, (6} "' 1/3 + ~.7 !. 0,2) cosl8 

ToquocTh onpe.neneHHSJ cpyHKUHH .:fo ( 9) npH npyrHx aaeprHHX noKa eme SIBHO 

ae.nocT&TO'IHa, 'IT06bl noaaonHTb cy.nHTb o xapaKTepe H3MeHeHHR _fo (8) c aueprHeil:. 

TaK, :J;, (8}- 1/3 + (0,2 !. 0,6) COS
2 B npH aaeprHH 400 Mas ./.

2•51
• 

I . 
i 
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lY. 

Tenepb Mbl DOKHHeM o6naCTb BbiCOKHX aHeprHA H o6paTHMCSI K O.UHOMy H3 sonpo

COB Me30HHO:lt tPH3HICH M8nbiX aaeprH:lt - rrpoueccy 38XB8T8 Me.nneHHbiX 7i:- -Me30HOB 

S!Llp8MH so.nopo.na. 3TOT rrpOUeCC rrpHBO.UHT 1 IC8K H3BecTH01 nH60 IC 06p830B8HHIO 

Meaoaa1 KoTopbi:lt aeMe.nneaao pacna.naeTCSI aa .nsa raMMa-KBaaTa: 

nH60 K HCrryCK8HHIO raMM8-KB8HT8 H He:ltTpOH8: 

:!;"-

(7) 

(8) 

0Taoweaae sepoBTHocreA peaKuH:A (7) H (8) P = W' (7) / W (8} snepBbie 6bmo 

/8/ 
H3Mepeao naaosCKHM , 'lhHM HMeHeM Tenepb o6hi'IHO H aaabiBBIOT senH'IHHY P. 3Ta 

senH'IHH8 HMeeT rrpSIMOe OTHOllleHHe K npo6neMe H30TODH'IeCKOro CDHH8, B p8MK8X co

BpeMeHHO:lt cpeHOMeHOnOrH'IeCKO:lt TeOpHH 1 683HpyiOLUe:itCSI H8 rHDOTeae coxpaHeHHSI H30TO

DH'IeCKOrO CDHH81 cyllleGTByeT rny60K8SI BHyTpeHHSISI CBSI3b Me>K.ny npoueCC8MH o6paao-

aseaoM Me>K.ny aTHMH npoueccaMH 1 H6o peaKUHH ( 7) npe.ncTasnBeT co6o:A f!8CceSIHHe . 

(c nepeaapSI.UKO:lt) npH O'leHb ManoA aueprHH 1 a pe8KUHSI (8} 1 npoqHT8HH8SI B o6paTHOM 

nopH.nKe1 eCTb HH 'ITO HHOe 1 K8K cpoTopo>K.neHHe 

B03MO>KHOCTb nposepKH COBpeMeHHO:lt TeOpHH B ee yanOBOM nyHKTe H onpe.nenHna TOT 

DOBbiWeHHbl:lt HHTepec K OTHOllleHHIO naaOBCKOr0 1 KOTOpbiA H86n10.nanCH B Te'leHHe no

cneUHHX neT. nocne naHOBCKOr0 1 nony'IHBlllero, qTo p npHMepHO p8BHO e.nHHHUe, 6bllD 

npeunpHHHTO eLUe aecKonbKO nonbiTOK onpe.nenHTb senH'IHHY P TeM >Ke MeTo.noM. B 

9THX pa60T8X pe8KUHH (7) H (8) H.UeHTHcpHUHpOB8nHCb Ha OCHOBe H3y'leHHSI aHepreTH

qeCKHX cneKTpos raMMa-KsaaTos. O.nnaKo, aecMoTpSI ua H.neHTH'IHOCTb MeTo.nos H3Mepe

HHH1 nony'leHHbie pea ynbT8Tbi OKaaanHCb no.nsep>KeHbi aHa'IHTenbHOMY paa6pocy, 

aaMaoro npeBbilll8IOLUeMy yKaaaHHbie asTopaMH norpelliHOCTH. He6naronony'IHe s aToA 

o6nacTH ycyry6nBnocb H TeM, 'ITo H3 .naaHhiX o cpoTopo>K.neHHH H pf:ICCeBHHH 'JC -Me-

tr' /9/ 
aoaos TeopeTH'IeCKH 6hi118 nonyqeaa senH'IHHa P=2,2, s TO speMSI KBK aa:A.neHHbie 

9KCnepHMeHT8nbHO 3H8'1eHHSI rpyrrnHpOB8nHCb OKOnO 1,6, 

B CBSI3H C yK838HHbiMH p8CXO>K.neHHSIMH B H8llleA na6op8TOpHH 6binH BbiDOnHeHbi 

aKcnepHMeHTbi no onpe.neneaHIO senH<~HHbi OTHOllleHHSI nauoscKoro (A • .llyaaAues,B.naa-

Tyes, IO.npoKowKHH, Taa Cgo-saii H M .Xa'laTypBH J. B aToA pa6oTe, s oTnH'IHe 

OT npe.nbi.llYLUHX1 aHepreTH<feCKHe cneKTpbl r8MM8-KB8HTOB He HCCne.nosanHCb1 8 6bin8 

HCDOnb30B8H8 .npyraSI B03MO>KHOCTb perHCTp8UHH pe8KUHH ( 7) 1 BbiTeK810LU8SI H3 oco-
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6eHHOCTeA KHHeMSTHKH pacna.na Tt: 0 -MeaoHa. AHanHa sToA KHHeMaTHKH noKaableaeT, 

qTo r8MM8-KB8HTbl OT pacna.na .f[0 -Me30H8 paaneTSIOTCSI B na60p8TOpHOA CHCTeMe 

KOOpllHH8T T8K1 qTO ecnH 38cPHKCHpOB8Tb H8npaerreHHe BbineT8 O.llHOrO H3 rBMM8-KB8H

TOB1 TO .llpyrol BblneTaeT B npOTHBOOOflO>KHOM HanpaaneHHH BHyTpH KOHyca C yrnoM 

0 
p8CTBOp8 46 • nocT8BHB H8 nyTH 060HX r8MM8-KB8HTOB COOTBeTCTBYIOIUHe ,lleTeKTO-

pb11 BKJIIOqeHHbie H8 COB08,lleHHSI 1 MO>KHO cinpe.nenHTb HHTeHCHBHOCTb pe8KUHH (7). 

CxeMa TaKoro attcnepHMeHTa s:~caa ea pHc. 4. Ocaoeaas:~ T~.llHOCTb nocne.aaero MeTo-

.aa aaKnroqaeTCSI e TOM, qTo ea-aa 6onbwoA eeneqHHbi yrna pacTeopa KOHyca OllHH 

H3 .lleTeKTOpOB .llOJI>KeH HMeTb 3H8~TeflbHbie p83Mepbi. l.J.T06bi H36e>K8Tb 60JibWHX no

rpeWHOCTeA H3MepeHHA STOT .lleTeKTOp llOfl>KeH It TOMY >Ke o6na,ll8Tb acpcpeKTHBHO

CTbiO perHcTpBUHH raMMS-KBSHTOB, 6nHaKoA K e.llHHeue. B KaqecTee .neTeKTopa 6bln 

HCDOflb30B8H 60JibWOH qepeHKOBCKHA cqeTqHK H3 CBHHUOBOrO CTeKJI8 C pa6oqeft no-

2 
eepxaocTbiO 50x50cM • BTopbiM .neTeKTopoM cny>KHJI TenecKon c KOHBepTopoM, cocTae-

neHHbiA_ H3 CUHHTHflflSIUHOHHbiX H qepeHKOBCKOrO cqeTqHKOB. BenHqHH8 OTHOWeHBSI na

HOBCKOro onpe.nens:~nacb aenocpe.acTBeHHo nyTeM cpaaaeHHSI qecna coena.aeHHA Tene-

cKona e 6onbworo cqeTqHKa ( raMMa-raMMa coena.neaHA) C qHCflOM OTCqeTOB Tene-

cKona, He conpOBO>K.llBJOIUHXCSI nona.naaeeM raMMa-KBBHTOB B 6onbwoa cqeTqatt 

( ecna oTeneqbCSI oT eonpoca o6 a<P<PeKTHBHOCTH .neTeKTopoe, TO nocne.naee qHcno 

xapaKTepeayeT HHTeHCHBHOCTb peaKUHH (8)). 

VlaMepeHHSI 6hlnH ebmonaeHbl aa nyqKe :it- -Meaoaoe c saeprHeA 67 Mse. 

BenHqHaa npo6era ~- -Meaoaoe (a ee aeo6xo.neMo aaaTb1 qTo6hl 38TOpM03HTb 

~ 

7C- -Me30Hbl .llO OCT8HOBlm B >KH.llKOBO.llOPOll.HOA MHWeHH) onpe.aensmaCb npH OOMOWH 

/10/ 
3Be3,llHOrO .lleTeltTOpa 1 qyacTBHTeJibHOro TOJibKO K OCTaHOBHBWHMCSI 7:'- -Meao-

HaM. Katt cqeT TenecKona, TaK H cqeT raMMa-raMMa coena.neaHA 6biJIH o6SI38Hbl oc

TaHOBHBWHMCSI B BO.llOPOlle .7i:'--Me30H8M 1 qTo XOpOWO BHllHO H3 pHC. 5, r.ae cpaBHH

B8IOTCSI KpHBbie npo6eroe, H3MepeHHbie pa3HbiMH MeTo.na~H. B KaqecTee xapaKTepHCTHKH 

npHMeHSIBWeftCSI annapaTypbl MO>KHO YK838Tb1 qTo C y.naneHHeM BO.ll0p0.ll8 CKOpOCTb 

cqeTa TenecKona na.nana 6onee qeM a 500 paa, a CKopoCTb cqeTa raMMa-raMMa 

coena.neHHA - 6onee qeM B 2000 paa H cocTaengna Meaee o.aaoro oTCqeTa aa 20 qa

coe. 0THOUJeHHe CKOpOCTeA cqeTa •c KOHBepTOpOM /6e3 KOHBepTopa• paBHSiflOCb 10-15. 

0THOCHTeJibHbie scpcpeKTHBHOCTH TenecKOfi8 H 6onbllloro cqeTqHK8 It rBMMS-'KBSH

TaM pa3HbiX SHeprHA 6binH onpe.neneHbl SKCnepHMeHTBnbHO Ha nyqtte aneKTpOHOB • 



• 

~-

13 

1--

I 

I 
I 
I 

ri 
I 
I 
I 
I 
I 
I 

-- ·:..] 

........... 
r----t 

I 

I 
I 
I 
I 

\ (' 
I 
l 
I 
I 
I 
I 

Pac. 4. CxeMa H3MepeHHSI OTHOW9HHSI naHOBCKOro 

M9TO!l0M raMMa-raMM8 COBII8Il9HHA. /1/ 
H /2/- pP.8KaHH /1/ R /2/. 
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K pHBbie npo6eros ~r--Me30HOI' N(R) 
Ia oTKOCHTenbHbiX e.'1.HHHU8X I. a - H3Me
peHo npH noMOWH 3Be3nHoro LleTeKTopa. 
~ - raMM8- raMM8 coananeHHSI~ i - cKo
pocTb c~eTa raMMa-KB&HTOB TenecKonoM. 
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B K8'1eCTBe KOHTpOJibHOf'O 3KCrrepHMeHT8 1 IIOK83b!B810lllef'0 1 'ITO perHCTpHpyeMbie 

raMMa-raMMa coenaneaHn HMeiOT " 1i" -Me30HHYIO" npHpony, 6hrno rrpoeeneao cpae-

HeHHe CKOpOCTeil: C'leTa f'8MMa-raMM8 c;oenaneHHH rrpH p83JIH'IHblX p8CCTOIIHHSIX Me)KDY 

MH!lleHb!O H 60JibillHM C'leT'IHKOM. KaK BHDHO H3 pHC. 6, 3T8 CKOpOCTb C'leTa llp8KTH

'!eCKH He H3MeHSieTCSI npH ynaneHHH C'leT'IHK8 OT MHWeHH (a HCCJleDOB8HHb!X npenenax), 

'ITO xopowo cornacyeTcSI c pe3yJibTaTaMH pac'leTa H nonTeep)KnaeT, 'ITO ace perH

CTpHpyeMbie 60JibLIEM C'le)''IHKOM f'8MM8-KB8HTbl neitCTBHTenbHO JieTSIT H3 MHW eHH BHyT-

pH y3Koro KOHyca. 

EbiJIO npoaeneao HeCKOJibKO cepHil: H3MepeHHA, KOTOpbre nanH 6JIH3KHe aenH'IHHbi P. 

C yqeTOM norpeWHOCTeil:, CBSI38HHbiX C onpeneneHHeM 3cpcpeKTHBHOCTeA 60Jibill0f'O C'leT

'lHK8 (4%) H TeJieCKOII8 (2%) H CT8THCTH'IeCKOA TO'IHOCTb!O H3MepeHHH (4%), llOJiy'leHa 

BeJIH'IHH8 OTHOWeHHSI [ laHOBCKOT'O C norpew HOCTb!O 6%: 

p = 1,40 ..! 0,08. 

PaccMaTpHBaSI 3TOT pe3yJibTaT, cnenyeT OTMeTHTb, 'ITo K HacTOSIWeMy apeMeHH 

COOTHOW eHHe Me:>KDY 3KCnepHMeHTOM H TeOpHeA B BOllpOce 06 OTHOWeHHH naHOBCKOf'O 

HeCKOJibKO H3MeHHJ10Cb He B ll0Jlb3Y TeOpHH. EcnH nepBOH8'18JlbHO OCHOBHb!e COMHeHHSI 

Bbl3b!B8JIH 3KCrrepHMeHT8JibHbie D8HHbie 0 BeJJH'IHHe OTHOWeHHA naHOBCKOf'0 1 TO Tenepb 

3T8 BeJIH'IHH8 H3BeCTH8 C TO'IHOCTbl0 1 HHK8K He MeHbWeA 10%. 8 TO :>Ke BpeMSI 6biJIO 

IIOK838H0 1 'ITO TO'IHOCTb1 C KOTOpoil: TeOpHSI MO:>KeT ceA'IaC npeDCK838Tb BeJJH'IHHY P, 

He T8K Y:>K Bb!COK8 ( := 20%) BBHDY 60JibillHX Tpy DHOCTeA 1 B03HHK810lll.HX npH 3KCTpa-

/ 11 I 
IIOJISIUHH K HyneeoA 3HeprHH D8HHbiX 0 pacCeHHHH H cfJOTOpO)KDeHHH. C npyroA 

CTOpOHbl 1 C8M8 eeJIH'IHH8 OTHOlleHHSI naHOBCKOf'O 6biJia IIOJiy'leHa B IIOCJieDHHX TeopeTH-

/11 12/ u 

qeCKHX pa60T8X 6onee 6JJH3KOA K ero 3KCIIepHMeHT8JlbHOMy 3HaqeHHIO 
1 

• ,[laJJbHeH-

illHX HOBbiX CDBHf'OB B 3TOA 06JI8CTH Me30HHOit cfJH3HKH cnenyeT O:>KHD8Tb1 no-BHDH

MOMY 1 TOJibKO llOCJle ycoBepweHCTBOB8HH51 cywecTBYIOW.eA TeopHH. 

PyKOIIHCb nocTyrrHna B H3DaTeJibCKHA oTnen 

22 HIOJISI 1960 rona. 
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