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!~ B llOCJie;ItHee :speMH CTaHO:BHTCH HCHbiM~ 'qTO HsyqeHHe 

rJIY60KO HeynpyrHX npol.{eCCO:B C yqaCTHeM JI6llTOHO:B MOEeT 

;ItaTD :saxayro HHIDOpMaUHID o cTpyKType a;ItPOHO:B Ha MaJIRX pac

CTOHHHHX~ ITpH STOM 60JIDmO~ HHTepec n~e;ItCTa:BJIHeT npo:sepxa 

H;IteH 0, TOM~ 'qTO npH :BhlCOKHX SHeprHHX1 KOr;Ita :SO :BSaHMO;Ite_ti

CT:BHH JiellTOHO:B C a;ItpOHaMH OTKpbiTO SHa'qHT6JIDHOe qHCJIO Ita

HSJIO:B• acHMnTOTHqeCKOe no:se;IteHHe•nOJIHhlX ceqeHH~ STHX npo

U6CCO:B HMeeT "Toqe~hl~'' xapaxTep/!..:3, !2/. 

. . B HaCTOH~ee :speMH HMeiDTCH KaK SKCnepHMeHTaJIDHhle/4/, 

TaK H TeopeTHqecKHe/S/ yKaSaHHH 0 TOM, 'qTO aCHMnTOTHqec

KOe no:se;IteHHe IDOPMIDaKTOpo:s HeynpyrHx npouecco:s c yqacTHeM· 

JienToHo:s onpe;IteJIHeTCH IDYHKUHHMH, sa:sHc~MH JIHmD oT 6es

pasuepHDIX OTHOmeHH~ HH:BapHaHTHbiX nepeMeHHbiX. 

Mht XOT6JIH 6bl o6paTHTD :BHHMaHHe Ha TOT {flaKT, 'qT9 no

;It06HOe acHMnTOTHqecKoe no:se;IteHHe IDOPMWaKTopo:s HeynpyrHx 

CJia6htX H SJI6KTPOMarHHTHbiX npouecco:s HYeeT xapaKTep :BeCDMa 

6JIHSKHti TaR HBShl:BaeMOMY a:BTOMO;lt6JIDHOMY xapaKTepy llO:B6;7t6HHH 

pemeHHti-pfl;lta KJiaccHqecKHX sa;Itaq rH;ItPO;ItHHaMHKH, HanpHMep, 

sa;ItaqH CHJIDHOrO Toqeqaoro :BSpbi:Ba/6-?/. KaK HS:B6CTH0 1 npH 

HaXOJK,1{6HHH a:BTOMO;lt6JIDHhlX pemeHH~ Sa;Itaq rH;ItP<?;ItHHaMHKH 60JID

myiD llOJIDSY OKaShl:BaiDT M6TO;ltbl TeOpHH no;It06HH H pasYepHOCTH . 

:B coqeTBHHH C HeKOTOphlMH KaqecT:BeHHbiMH C006pa~eHHHMH 0 xa

paKTepe <PHsHqecKHX npo~ecco:s (eM.~ HanpHuep,/61). 
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B HacToameH aau:eTKe MH nonuTaeu:ca o6cy~HTD npH~Hn 

ripH~nH~eHHOH aBTOMO~eRDHOCTH B npHK9H9HHH .K nponeccau 

cna6oro H sneKTpou:arHHTHoro BaaHu:o~eHCTBHH npH 6onDmHX 

SHeprHHX,H nepe~aHHUX HMnyRDCSX,H BUBe~ellpH~ cne~CTBHit, 
- .... 

KOTOpue MOryT 6HTD npoBepeHU SKCnepHU:9HTanDHO. , 

Ey~eM .. CtmTaTD ~ -'tlTO aCHKnTOTH'tl9CKOe noBe~eHHe wopy.;; < 

waKTopoB :nponeccoB _c yqacTHeM>nenTOHOB npH Buco:KHx sHep;.;. 

rHHX,H 60RDmHX nepe~aHH~~HMnYRDCSX ~HKTyeTca·coo6pazeHHH

MH paaMepHOCTH H ~pe60BaHH9M npH6nHZ9HHOit HHBapHaHTHOCTH 

npH MacmTa6HHX npeo6paaoBaHHHX 

q,~ ,( '}, 
< 

r,. -.:;> ~ p. 
I. 7' I. I 

r~e ~ ~ HMnynDC, nepe;ztaHHHH OT nenTOHOB,K ~poHall, 

Pi: - HunynDcH ~poHoB, yqacTBYJOmHX B peaKUHIII~ 

llo;zto6Hoe npe;ztnonozeHHe no cymecTBy oaHatiBeT, tiTo B 

paccMaTpHBaeu:ou: acHMnTOTHqecKOM npe;ztene, Kor;zta 

ql~.oo 'V~P.;~ Oo 1 

WOPUWaKTOpH nponeoCOB 0 ytiaOTHeM nenTOHOB onpe~eHHDTCH 
c:yt. 

WYHKUHHMH 6eapaau:epHUX OTHomeHHH ·W;,-=- q,. p; i · _H npu6nH-

zeHHO He 8aBHCHT OT MaCe 'tlaCTHU H ;ztpyrHX paau:epHHX napa

MeTpOB, TaKIIIX1 KaK p~HyC BSaHMO;zte~OTBHH H T.n; llO;zt'tlepKHell, 

'tlTO STOT npiiiHUHfi aenpHileHHil K nponeocaM tmOTO 'OHHDH~ 

B8aiiiMO;lt9HOTBIIIH, TaK KaK B STOM cnyqae nponeoCHi no-BH»fllOIIY, 

oymeoTB9HHO 88BPIOHT OT-fiOOTOHHHHX paauepHUX B9HH'tlHH. 
.. . . .. . 

Haze 6y;zteT BHBe;zteH pa:zt cne;ztoTBIIIit-npHHn.Hna'aBTOilO;D;enD-

\ 

\ I 

~.~.. ' 

I 
r 

BOOTH ~nH nponecCOB aHHHrHHHnHH SH9K' 

B a~poHH, sneKTpopo~eHHH H nponecca 

HHX nap npH CTOHKHOBeHHH ~yx)a~pOHO: 

2. PaccuoTpHM BHatiane npocTeitmH 

nponecc c ytiacTHeu nenTOHOB - aHHHrn 

B ~pOHH 

e.+-+ e- ~ a 

B·O~HO~OTOHH~ npH6nuzeHHH STOT npon 

HO ;ztHarpawe : 

e+~h., 
e-

a nonHoe cetieHHe Hu:eeT BH;zt (npH m-e 

s-rc:~.z.. -
~t c\'~) -=- 7 .PC 1\f). 

BcH HH~opKaUHH o ~HHaMHKe nponecca c 

cneKTPanDHOit WYHKnHH (wopM~aKTope) 

onpe;zteneHIIID CBHSaHa c TeHaopou: f~vl 

JJ-'-1 (,) =- J cA:t. e,~cyx,< 0} ':1,. (:x.) 'Jv£ o) \ ~ 

= 7J (2~r)'t cf(q..-Pti) <o I 'J,-(o) \N) 

"' 
: c-~IAV ql+ cr,.tt,) P f cv,_J. · .. 



4. 

uH nonuTaeMcH o6cy~HT:& npHHUBn 

~o~en:&aocTH B npHMeHeHHH K nponeccaM 

l.n~uumaoro BaaHMO~eMCTBHH npH 6on:&mEX 

HMJIYn:&cax, H BHBe~eM PH.1t cne,l{CTBHH, .... 
npoBepeau axcnepHMeHTan:&Ho. , 

~ . qTQ aCHMnTOTHqecKOe noBe,l{eHHe (pOpM- ·· 

C yqaCTHeM'nenTOHOB npH'BHCOKHX 8Hep~ 

RHHHYn~~vnbcax .l{HKTyeTCH coo6pazeHHH~ 

~ 

PL 
nepe,l{aHHHH OT nenTOHOB K a,l{pOHaK, 

a,l{pOHOB, yqacTByro~X B peaKnHH. 

nonoxeame no cy~ecTBY osHaqaeT, qTo B 

OTHqecKOM npe,l{ene, KOr.l{a 
q,.p,~ Oo 

' I 

COB C yqacTHeM nenTOKOB onpe,l{enHDTCH 
q,~ 

PHHX OTHOmeHHH ·W i.-::. ;;;;;; · _H npH6nH-

Macc qacTHn H ~pyrmx pasMepHux napa

P~Hyc BSaHKO,l{eHCTBHH H T.n; ITo~qepKHeK, 

lenPHKeHHK K nponeccaM qHCTO • CHn:&H~ 

aToM cnyqae nponecCI:i, no-BH»tKOJIY, 

OT nOCTOHHHHX pasMepHHX Benuqma •.. 

....... 11ea PH.l{ cne.l{CTBHD ·npH~nuna·aBTOMo~en:r:,..: 
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5. 

HOCTH ,l{nfl nponecCOB aHHHrHnHnHH aneKTPOH-nOSHTPOHHHX nap 

B a.l{poau, aneKTpopoE.l{eHHH H nponecca o6pasoBaHHH nenTOH

HHX nap npH CTOnKHOBeHHH ~yx ~pOHOB. 

2. PaccMOTPHM Baaqane npocTeMmHH rny6oKo aeynpyrHH 

nponecc c yqacTHeM nenTOHOB - aHHHrHnHnHD nenTOHHOH napu 

B a,l{pOHH 

e,+-t e,- ~ a,l{pOHhi. 

.. 

B·OAHO~OTOHHOK npm6uzeHMH aToT nponecc npoTeKaeT cornac

ao .l{Harpawe: 

e+~}~w,, 
e-

a nonHoe ceqeHMe MMeeT BH~ (npM m-e • 0): 

8-y:ta.J... 
~t (o/·) -::. o/ jJ( 1\1). 

BCft HH~OpKaUKH 0 AHHaYXKe nponecca COAepXKTCH B HeK3BeCTHOH 

cneKTpan:&HOR (pyHKnMH ((popM(paKTOpe) p(t~ , KOTOpaH no 
COOTHOmeHHeM: onpe.l{eneHHD CBHSaHa C TeHSOpOM j'l"" ( o/) 

J_,..~(,) =- )cAx.e~~:c,<ol 'J"(:x.)':lvC0
) \ o > ~ · 

= Z (1ft")~ S(q,-f>li) <o I 'JJ'(a) \N)(tl \"j~(o) I b > -= 

"' 
'= (-~,.v q,1.+ '\',.~.,) p [ q,'-). 



6. 

RerKo no~c~TaTD pasuepaoCTD Teasopa f~v(~) · x): 

, [ ~vC~)]= [mL] 
~ . ' , 

OTey~a :BH~HO, tlTO f ~ q,_L ), 'KaK H CJie~O:BaJIO OllCH~aTD, 

6e spasMepao: 

[~Ccv'I.J] = I.· 

llpH MaCmTa6H~ npeo6paso:BaHHHX mKaJIH HMfiYJIDCOH 

q, ~ ~"" • I 

C ytzeTOM npHHUHna a:BTOM0~9JIDHOCTH CJie~eT, tlTO 

fJAv (~~) -= j..!& tv (ct--) 

J' ( ~tq_,l-) • f{ty\.)::. CCJI~t 

TaKHM o6pasoM, npH 6oJIDmHx q,'Z. noJiuoe cetzeuHe ~oJI~Ho 

8CHMfiTOTHtleCKH BeCTH ce6H 11TOtl8tlHHM11 o6pa30M, aHaJIOrHtlHbiM 

C pesyJIDT8TOM TeopHH :B03MY~eHHH ~Jifl aHHHrHJIHUHH :B f.~~

napy: 

----------------------> 
x) MH HCfiOJIDByeM CHCTeMy e~UHHU, r~e ~efiCTBHe H CKO

pOCTD 6espasMepHH H ii. = C = I, a B xatzecT:Be pasMep

Hoi1 BBJrHtlUHbi :BU6paHa Macca. HanOMHHM, tlTO B STOi1 CH

CTeMe pasMepHOCTD TOKa paBHa ['JJ']:: [ m3j / 
a h.. -tzaCTUtlHbifi BeKTOp COCTOHHlifl npH peJIHTU:BHCTCKH

HHBapHaHTHOH HOpMlfpOBKe HMeeT pasMepHOCTD [In)']: em-hJ 
• 

I 

I 
I, 

I 

.,t 
. II 

i' ' 

lr\ J 

~I 
;l 

' 

f-1 (r.p: f.4, P!t, q,"') -: 1. ' 
tJ-"" F :S. ( p. 

' . f·, 

) 

ft.(P.P~ f4,P!cv,cv"J~ ~ -fi (~ 

T.e. :B aCHMnTOTMtleCKOH 06JiaCTH WO 

~OJI~HH Sa:BMCeTD TOJIDKO OT Tpex 6e 

3ro npe~CKa3aHHe MOEer 6HTL 

B 6HHEa~meM dy~ymeM • 

5. llpHHUMfi aBTOMO~eJIDHOCTH T 

:BaH npH aHaJIHSe fiOBe~eHMfl WOPMWaK 

·EoJIDmon MHTepec npe~cTaBJIHeT axon 

CJie~CTBHfi npHHUHna npH6JIH~eHHOH a 

uecca rJiy6oxo aeynpyroro pacceHH 

( CMo, -HanpHMep~ /2 ~-I2~ 
6. B saKJirotzeHHe OTMeTHM~ tzTo 

no~06HHfi xapaKTep @>}>M!Pa.KTOpOB· SJie 

npouecco:B nosnon'HeT B acHMnTOTHtze 

YMBHDml'ITD Ha e~HHUY tll'ICJIO HeSaBH 

pux,·saaH wopMwaxTopu npH o~HOM 

BH~BTD HX SHatzeHHe npH ~pyroM, np: 

Hhle OTHOmeHUfl npH STO~ OCTaiDTCfl w: 

UHTepec :BHsnarro 6u ::mcnepHMeHTaJID: 

3HB89MOro npHHUHfiOM aBTOMO~eJIDHOC' 

HHX 60JIDmHX SHatzeHHH UHBapHaHTO:Bo 

CKaSaHHi1 03HatzaJIO 6H~ tlTO B urpy : 

WaKTOp, HanpHMep, 11sJieMeHTapH8ff ~; 
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:pasue:paocT:D Teaso:pa fl'v(~) · x): 

[m .. ], 

( .~~ ), KaK H cne~o~ano oZH~aT:D, 

[~(o.,'-J] =I 

soBaHHfiX mKanu uMnyn:r,co~ 

OMOAennHOCTH cneAYeT, ~TO 

j..!JJ fp.v C'v) 

f(ty")~ COJI~t 

,.,) 

~~ nonaoe ceqeaHe AOn~HO 

ce6fi 11TO~e~HHM11 o6pa30M, aHanOrH~HHM . . 
B03yY~eHHfi Anfi aHHHrHJifiUUH B f+~-

M CHCTeMy CAliHHU, r~e ~efiCTBHe H CKO

U it = c = I, a B KaqecTBe paauep-

~vvaHa Macca. HanoMHHM~ ~TO B STOfi CH

TOKa pa~aa ['JI"] = [m
3J ... 

BeKTOP COCTOfiHHfi npH penRTHBHCTCKH-
. nueeT paauepaocT:D [In~]=- Dn-"], 

i. 

\ 

. '\t 

.. tl 
. l' 

J /\ i 

~J. 
l\. 

I 
I 

;, ·\' 

II. 

. ( 1. 
0 ( I ( "') - i F ( P·'ll f·~ cv ) 
J1. f·P, f.4, P·l\','tl - <J."" ~ f.'Pt 1 TP' 'P.r-

0 ( I Oil. p' a,\.l- :!-. ·n; ( f:J! p~ty q,.L ) ' · ) t. f·P 
1 

r·-r, ·o/, -r I- q..\4 Z f·P' J ;:pi 1 f.pr L• 2,~1 lf,S, 

Toeo ~ acHMnTOTH~eCKOll o6naoTH ~O:pM~aKTOpH BW~eKTH~HO 
~onEHH aa~HCeT:D TOn:DKO OT TpeX 6eapaaMepHHX nepeMeHHHX. 
3TO npe~cKa3aHHe MOXeT dHTb 3KCnepHMeHTanbHO n:poBepeHO 

B dnHEa~meM dy~ymeM. 
5. TipHHUHll a~TOMO~ennHOCTH TaK~e MOECT 6HT~ HCfiOnn30-

B8H npH aaanHae noBe~eHMfi ~o:pM~aKTo:po~ cJia6Hx npoueccoB • 

'Eon:r,mott HHTepec n:pe~cTaBnfieT sKcnepHMeHTaJinHafi npo~e:pKa 
CJie~CTBHll npHHUHll8 npH6JIHECHHOll aBTOMO~ennHOCTH ~nfi npo

uecca rny6oKO aeyn:pyroro :pacceRHHfi aettTpHHO aa nyKJioHax 

(eM., -aanpHMep/2 ~-I 2/~ . 
6. B saKJIID~eHHe OTMCTHM, ~TO aBTOMOACnnHUll HnH caMO-

llOA06HUll xapaKTep tfoJ>M~KTOpOB· 3JICKTPOMarHHTHUX H _cJia6HX 

npoueccoB nosBOJIReT ~ acHMnTOTli~ecKoil o6nacTH, Bo-ne:pBmc, 
. . 

yuea:r,mHTn aa eAftHHUY ~cno aeaaBliCRMblX nepeMeHHHX, BO-~To-
pmc, 3H8fi ~opM~aKTOPH npH OAHOM Ha6ope HHBapHaHTOB,npeA

BHACTn HX aHa~eHHe npH ApyroM, npH ycnOBHH, ~TO on:peAeJieH

HUe OTHOmeHHfi npH 3TO~ OCT810TCfi ~HKCHpOBaHHHMH. Hau60JinmUll 

UHTepec BH3Bano 6H 3KCnepHMeHT8JlnHOC UOATBCJlXACHliC npeACK8-

3HB8eMOrO npUHUHllOM 8BTOMOAeJinHOCTU noBe~eHHfi AO onpeAeneH

HUX 6onDmHX aHa~eHHti U~ap~aHTO~. 0TKJIOHeHHe OT 3THX npe~
CK838HHll OSHa~aJIO 6H, ~TO ~ l~rpy ~CTynaeT HeKHit paauepHHll 

~aKTOPt aanptn.tep, 11 aJieMeHTapH8fi AnRH8
11 

H T .n •, KOTOpHfi 
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cy~ecTBeHHO B~HfleT Ha JtHHaMHKY nponecca npH cBepxManHX ~ . 

paCCTOflHHl'IX. 
~fl 060CHOBaHHfl paccMOTpeHHOI'O SJt8CD npHHUHna aBTO-
. ' . .... 

MOJt8~HOCTH BaEHYJO pO~D MOI'yT CHI'paTD COOTHOliieHH~ JtHCnep-

CHOHHOI'O Tlma, no~qeHHHe B _pa6oTe/l3/ o 

,• 

MH BHpaxaeM I'~y60KYJO 6~ai'OJtapHOCTD H~H~EOI'O~I060BY 1 

KOTOphlft o6paTH~ Harne BHHMaHHe Ha BOSMOlltHOCTD npHMeHeHHfl 

HJt8H aBTOMOJt8~DHOCTH K pacCMOTpeHHHK BHWe Sa]taqaM, a TaK-' 

xe n.H.E~OXHHUeBy, A.A.RoryHoBy, M.A.MapKOBy, M.A.MecT

BHPHliiBH~H, B.H.OrHeBeUKOyY H P.H.~aycTOBY sa no~eaHHe 06-

CYZJt8Hll:fl. 
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PyKOfiHC 
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aa ~HHSYHKY npouecca npH cBepxManax 

paccMOTpeHHOrO 3~eCD npHHUHna aBTO-. ' 
,,1 

pO~D MOryT CHrpaTD COOTHOmeHH~ ~Hcnep-

Jrry~eHHHe B pa6oTe/I3/o 
L ..... ,l'(n.,.,nn 6~aro~apHOCTD H.H.Eoromo6oBy, 

BHHMaHHe HS B03MOlltHOCTD npHMeHeHHH 

K pacc:u:oTpeHHinl BHme aa~a~aM, a TaK- · 

A.A.!oryaoBy, M.A.MapKOBy, M.A.MecT

IHeBeUKOMY H P.H.~aycToBy sa noneaHHe o6-

,. 

..... 

I3~ 
."---~ 
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PyxonHcL nocTynHna B HS~aTenLcKHM OT~en 

I Hnna I969 ro~a. 


