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I• B aacTo~en ~zccepTa~HH paccMaTpHBanTcH Bonpocu npnueae

HHH pa3XJiqHHX TCOp9TJiqeCKHX MO~eneK K"ODHCaHHD neDTOH-aApOHHHX 

B3aHKO~eHCTBHK DpH BHCOKHX 3HeprHHXo 

nenTOH-aApOHHHe B3aHMOAelCTBHH/I/AaDT YHHKaHLHYD B03MOX

HOCTL AHH H3yqeHHR CTPYKTYPH ~poHoB, B TO xe Bpeua nx TeopeTn

qecxoe onncaaHe npo~e, qey onzcaane a~oH-aAPOHHHX CTonKHQBeanH. 

ll03TOM] H8DTOH-a~OHBH9 B3aHYOA9HCTBHH BCerAa Hrpann ¢yHAaMeH-

TaHLHYD ponL B ~H3HKe 3neueaTapaux qacTH~. B 3TOH o~nacTH 3a 

nocneAHHe ro~u, ncnonL3YR HOBHe ~pynaue ycKop~TenH B HoBOCH~Hpcxe, 

CepnyxoBe, ~paCKaTH, rau~ypre, CT3H~OpAe H T.~. ,yqeaue HaKODHnH 

l MHOrO HHTepeCHHX ~aHHHXo HMeDTCH BaXHHe pe3yHLTaTH 0~ ynpyroM 
•• 

j 

l 
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H HeynpyrOK paCC9HHHH 3H8lt'%pOHa H H82TpHHO a·a K,YMOHe, ·o~ 

aHHHrHHHUHH 3H8KTpOHa· H D03HTpOHa B aAPOHH H p0~8HHH nenTOHHOH 

napH B aAPOH-~pOHHHX CTOHKHOB8HHRX. Ha HaW B3rX~,CallHM 

BaXHHM HBHHDTCH ~aHHH8 0 rny~OKOHeynpyroM pacceHHHH aneKTpOHa . . 
Ha_HyltHOHe. 

B 3ItcnepHMeHTax no rny~oKoH~ynpyrowy. anexTpopo~eann 3a~qa 

. CBO~TCR It· H3MepeHJID B8~8CTB 8HHHX CTPYKTYPHHX ¢yHK~Hit W4 H Wl.., 
'2. . 

3aBRC~HX OT KBa~aTa nepeAaHHoro 4-HKeynLca ~ H nepeAaqz 

3HeprHH ( B ~a~opaTOpHOI CHCT8K8) Y/M • llepBYe 3KCnepoeH-
. . 1.7./ . 

TanLm.te AaHHHe ~HHH nonyqeau rpynnol MIT SLAC. B 1969 roAY , . . r 

aa CT3H~op~cKoK nHHeiHow aneKTpoaaow ycxopHTene. B.aac:ro~ee 

Bp9MR HM8DTCH·~aHHUe,no~yqeHHH8 npH ~adopaTOpHOI 3HeprHH OT 4,5 ~0·. 
18 T3B aa yrnax pacce~HHH 6°,10°,18°,26°,34° H KB~paTe nepe~aqn 

onynca ·\'\!'\ = 1.5.-21 (r3B)2 • 

Cpe,u CBOICTB 3~CnepHlleHTaHLHHX ,M.HHHX B n.tpByD oqepe,llL 

HYDO· 38lleTJITJ. CBOICTBO KaCIITa~Hol HHBapHaHTHOCU ~YBXUJII 2W4' 
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H Y Wl, npH aCHMIITO:J:HqeCKH 60JII>mHX 3l:JaqeHHaX 'C' H .Y 

(\'tl 1 ..Y .» (I rsBi ) ,:r.e. cymec:rBo:sane raKoa o6xac:tH nepeil:eaaax 

B KO:tOpol! <l>YHKUHH 'J.JW, H ~ WJ. aaqHHaD:t. 3aBHCBTI> TOJ!I>KO OT 

6espas:u:epaoro o:raomeHHa .S "'" -~h.v • Macm:ra6aaa HHBapHa.H:t-

HOCTL cpasy :m:e npHBO,ll;HT K MB,ll;J19HHOuy ,y6HBaHHD ceqeHHa C pOCTOM 

cC , aa trro YKasax M.A.MapKoB/:3/B I963 ro.n;y. H)(e.SI o Macm:ra6HOM 

noBe.n;eHHH-CTpyK:typHHX <l>YHKUHI 3neKrpopo~eHHa 6una BnepBHB 

BHCKaSaHa E:&epKeHm/:/ H c<J>op:u:ynnpoBaHa B 061!lBM BH.n;e KaK npHHUHfi 

aBTouo.n;eJI:&Hocnr Ma:tBeeBw, Mypa.n;aaoM n TaBxenn.n;sef51. Jlax:&Hettmee 

fiOHHMaHHe Macm:ta6Hol! HHBapnaH:tHOCTH 6WIO ,ll;OCTHrHYTO Ha OCHOB9 
. .. 

061!lHX npHBUHnOB JIOKaJII>HOl! KBaHTOBOl! :teOpHH nona H 6onee 

KOHKpeTHHX cneun<J>nqecKHX :u:o.n;enea. 

Ha OCHOBe 061!lHX npHHUHTIOB KBaHTOBOlt :teOpHH nona C y.n;OBJIBT

BOpH:t9JI:&HOlt MaTeMaTnqecKott c:rporocr:&n Eoronn6oBHM, Bna.n;HMnpoBRM 

. H TaBXBJIH~sef6/ 6b!JIH YCT8.HOBJIBHR CBH3H M9llt,lly aCHMnTOTHqecKHM 

noBe.n;eHneM c:rpyK:rypHHX <l>YHKUHlt sneK:tpopo~eaHa H CHHrynapHoc:ra

MH KOMMYTa:topoB Ha cBe:toBoM Koayce. B6nHsn CBeToBoro Koayca 

renn-MaHHOM n Ppnqe:u: 6Hnn nocTynnpoBaHH anre6panqecKHe c:tpYKTYPH 

KOMMyTa~opoB a,n;pOHHHX TOKoaf7/. 

Macm:ta6Haa HHBapUaHTHOCTL BHpallta.e:t npOCTYD SaKOHOMepHOCT:&, 

xapaK:tepHyD .n;na 6ecc:rpyKTYPHHX ~aC:tHU. ITpn 6on:&mHX nepe.n;aqax 

HMnYJILCOB_ceqeHne 3JieK:tpopO~BHHa BSJIHKO, qTo HanoMHHaeT 

pesyn:&ra:r Pesep<J>op.n;a. 3TH qepTH 3Kcnepn:u:ea:ra no6y.n;Hnn PeltHMaHa 

H E:i.epKeHa npe.n;nOJIOlltHTL, q:ro HYKJIOH COCTOHT H3 ToqetiHHX 06'LeKTOB 

(napToBoB),H rny60KoHeynpyroe sneK:tpopo~ea~e npe.n;c;aBJIHeT codon 

BeKorepeHTHoe pacceaHHe sneK:tpoHa Ha 3THX•:totietiHbiX o6'Leuaxl81. 
Bmr.n;y Toro, trro omrcaHHHe Bume Mo.n;eJIH B03BHKiiH. Ha 6ase 

3KcnepHMEH:taJILHHX .n;aHHHX no 3JI9KTp0p0~9HHD, HX npOBBpKa CBH3aHa 
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JIHmL c sxcnepHMeHTaUH no .n;pyrHM rny6oKoHeynpyrn:u: npouecca:u:, 

·xo:rst o6o6meaHe 3THX H.n;e« B cnyqae .n;pyrHx npoueccoB qa~:ro Tpe-

6yer .n;onoJIHH:ten:&BHX npe.n;nonoxeaH«. C :totptH speHHa npoBepKH 

COBp9M9BHHX :U:O,ll;eJieit Ca:u:HUH BaXHH:U:H H OCYI!lBCTBHMHMH B 6JIHEaltmeM 

6y.n;yme:u: SlBJIHDTCH CJI9,ll;YDI!lH9 npOU~CCH: 

I. rny6oKoBeynpyroe pacceSIBHe nonHpH30BaBHHX 3JieKXpOHOB 

Ha fiOJIHpH30BaHBOli npOTOHBOli Ml'!meBH 

e + p --7 e + a.n;poHH 

( e H p. nonapnsoBaHH) (I) 

2. rny60KOHeynpyroe paCC9SlHH9 (aHTH) HeR:tpHHO 

-lj( (:v,.) t- N -7 ~ (,..) + a.n;poHU 

Ha HYKJioHe 

J. Po~eHHB a.n;pOHOB B CTOJIKIIOB9HHHX ,ll;BYX BHp:tyaJI:&HHX 

<!>OTOHOB 
t ~ -. e + e- --·-· 7 e. +- e + a.n;ponhl 

(2) 

(3) 

4. Po~eane napu nenTOBOB B a.n;poH-a.n;poHHHX CTOJIKHOBeHHHX 

N ~ N (n) --'7 ~+ ~ ,..- + a.n;poau 

N -t- NU<) -) Wt. + a.n;poBH. 
'-:-7 }At ~iY..;) 

(4a ) 

(46 ) 

B npe.n;narae:u:on .n;nccepraUHH o6cyx.n;anTca n:u:eHBO s~n npoueccu 

Ba OCHOBe' 061!lero npHHUHna aBTOMO,ll;eJILBOCTH H COBpe:U:eBHHX MO,ll;BJielt •. 

Jlncceprau:Ha cocroH:t H3 BBe.n;eBHH, qe:rupex rnaB, saKJIDtieHHa . 

H .n:BYX npHJIOXSHHR. • 

IT. Bo BB9,ll;9HHH .n;aerca ~paTKHil 0630p 3KCnepHMeH:taJILBHX H 

TBOpe:tHilSCKHX pa6or, npHBS,ll;mHX K B03BHKHOB9HHD TSXHKKH CHHrynap

HOCTH Ha CBSTOBOM KOHyce, nap:tOHHHX MO,ll;SJieR,H .n;pyrHM COBpBMSHHHM 

:u:o.n;enHM, a.taxx~ o6cy~avrcst npeHMYmec:tBa H ae.n;ocTaTKH pasnHtiHHX 
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nO,ll;XO){OB. B nepnott rnane KpaTKO H3Jioxen npHHilHTI aBTOMO.I(~Jil>HOCTH 

n n3yqaRJTCR npol.\eccu (I) H (2). Bo BTopott rnane ,I(aeTc~ anaJIH3 

3KcnepuMeHTOB 1 llpll ll0l.l0!11ll KOTOpW( ll3MepeH llOTOK- MRJOHOi3 1 poz~eHHhiH aT

!~Occj}ep~W!II Hei1Tpimo rnydoKo no){ nonepxHOCTbiO 3eum/
9l. -

·B TperLeit rnane paccuarpHnaeTCH yo~enHe ~poHOB B CTOJIKHoBe- · 

HUSIX ){BYX BHpzyaJil>HHX cpOTOHOB ( npouecc (J) ) Ha OCHOBe npOCTOll. 

napronnoil Mo){eJIH u anr eO pH OHJIO~l>HHX on epar opon npn Oony,mlfx 

3naqeHUHX MaCC.cpOTOHOB li CHCTBMhl a.I(pOHOBo 

B qeTBepTOit rJiaBe oOcyl!t,IJ;aDTCH BOilpOCll npnMeHeHHSI COBpeYeH- .:_ 

nux Mo){eneR K onucanHD peaKnutt (4)/IO/. 

.B l.§I ,l{aeTCH KlUieMaTHKa nponeccoB (1) (2} H ~4) 1 a B 1.§2-

0030p 3KCnepHMeHTaJILHHX ){aHHHX ,I(JI.II npOI.\eCCOB (I) - ( 4) npH 

BHCOKHX :meprHS!Xo 

B I.§J npoBo~TCH KparKoe oOcyx.I(eHHe npHHnnna anToMo

,I(eJILHOCTH Ha npRYepe npouecca (2). lloKasaHa!
111, qTo n3 aBTO

MO,I(en:oHoro noBe){BHHH CTpyKTypHHX tPYHKilHR nponeccoB (2) D 

npe){ene 

:_a ... .; -J oo " ) ' 

S ·:. - 9, '>-j.,_ v tPH KC. 

cne~ er, qT~ noJIHb!e ~"" N H ~I'" N ceqenKH c poeT OM :meprHK 

paCTYT JIHHeBno, H ){OJIH 3HeprHH 1 nepe.I(aHnaa neitTpHHO K WDOHY. 

iv1 ~, B cpe){HeM .IionJ:Ha 6Hu nesanHcHMa or sneprHH nettrp:ino 

(5) 

~r I E~ • E do-'• i 8 +- \<.,(\<,_ '1- 3 i(1 /1<"1.. 
'f - - .5.1! - dE. -= ' 6 ~ - a:rVI.J' o 1!..,1 dEl" I< -11. +it ic:dKl- t- 8 \(l/l<l. ( ) 

- ( ~tJ 

r.I(e K. .. = 5~~\ n)c\~ - ) 

( 

Kl. = ~ f:w(~)J~ > 
" yl\1 

K, '::=; ~sf1 (~)d_t H 

. t;. <s) S!BJISl!OTCH COOTBeTCTBYID!11HMll aCUMllTOTHqecKHMH ¢YHKI1HflMH. 
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C noMOI!ILD ycJioBHS! noJioDTeJI:&HoB onpe){enennocTH :MoJ:Ho _nonyqJiTL 
- . - ~1 -

BBpXHDD H HKXHDD rpa.HHilll Ha t<. _ 

L'~l~ L.. o, 56 ~ ~ - o, 75. 

HcnOJIL3YSl COOTHOrueHHe (6) 1 UOJ:HO·onpe~eJIHTL HaKJIOH llOJIHOrO 
~ - "¥ 
-JJA N- ceqenHS! no :meprHH 2: , nyT-eM n3MepeHnS! neJmqnHu It 

n naKJioHa noJinoro Y,. N- ceqenKS! no :meprRH Z 
OcoOIDl HHTepec npe.I(CTaBJIS! eT ,npuueHeHne aBTOMO){eJI:oHocTu 

K cnnHOBHM sqxpeKTa.M, rax KaK cmdt no onpe.I(eJienilD HI3JIS!eTCS! 
. . ~ ~-

(7) 

neKoBapHaHTHOit BBJIHq:~mott. B ne){ymeu nopS!.I(Ke B npe.I(ene (5), HY_KJIOH 

KOXeT ID4eT L 11Mll!L ll01IS!pU3a!1HD, COOTB eTCTBYDJitYD CllHpaJILHOCTS!M 

+1, -l
1

Il03TOMY D 3TOM J:e npe.I(e1Ie npHHilHll aBTOMO){e1ILHOCTH onpe,I(e

JIS!eT aCHMTITOTnqeCR.Oe nOBe){eHHe CllHHOBblX CTpyKTypHHX cpyHKnHil 

3JI8KTp0pOX.I(eHHS! 1IHmL ){nH·1IHHeilHOR KOM0HHai1HH 

9W;N(q_~v-) .+ yaw~r.~(~\J) ... 1_ R.etJ(s}. · (8) 

ACHMTITOTRqeCKOe llODe){eHHe CTpyKTypHOH cpyHKI.\HH, COOTBeTCTBYD!I1eit 

nonepeqno no1IS!pH30BaHHOMY HYK1IOHY w;u, ,IJ;OJili:HO 3~BHCeTL OT , Oonee 

cnel.\H~HqecKHX CBOilCTB ){aHHblX MO){eJieit, n03TOMY 3KCnepHMeHTaJil>HOe 
<!N 

onpe){e1IeHHe aCHMnTOTHqeCKOrO noBe,IJ;6HHII VJ3 oqeHb BalKHOe 

Bo ll. §I KpaTKO H3JIOXeHa napTOHHaS! MO.I(e1IL i!>eRHKaHa/
8/c ee 

npe){cKa3aHHHMH AnSI nponeccoB (2), Hcnonh30Ba.HHHMR B nocne){oBa

Te1Il>HOM aHaJIH3e· LOJOHHOrO ·noTOKat ·po~eHHOrO aTMOCcpepHHYH HeilTpHHO. 

Boll. §2 paCCMaTpHBa.DTCS! KeTO){Ii. perHCTpanHH H BllqHC1IeHHH 

WDOHHOrO nOTOKa, po:I,JJ;eHHOrO aTMOCcpepHHMH HettTpH~o/9/. BnepBHe Ha 

.B03MOli:HOCTl> Ha0JID,I(6HHS: KDOHOB, pO~eHHHX aTMOCcpepHHMH He~h:pHH0 1 

yKa3aJI M~A.Ma.pKOB/!2/. HeRTpHHO o0pa3yDTCH B aTKOCcpepe B peeynua

Te pacna){OB i\,- \t,- f- Me30HOB 1 KOT0pble 1 B CBOD oqepe.I(L,pO~a.DT

CH npH- CTOJIKHOBeHHIIX npOTOHOB H S!.I(ep KOCMaqecKHX JiyqeR C S!){paMH 
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aTOllOB aTMOCcpepu. B SKCnepm.leH'taX/
9/, npoBe,IJ;eHHUX B SOJIOTOpy,IJ;HHX 

maxTaX B HH,IUIH (l( G F) H B D:moit AtPPHKe (E R \) M l , 6HJIH 

no.nytteHH CJI6,Dylll!lH8 CKOpOCTH CtteTa MDOHOB, BH3BaHHUX HelhpHHO 

B ropHSOHTaJILHOM HanpaBJI6HHH 

I <"l;z.) = ('!I o; t o.lj) 1- ~o"c.J.t.:r· c:' _g.r-4 (~Gr) (9a) 

llh:/~) = (it.l. t · 0.~) J.. ~01~{.){1.(: 1 c..c:-j).~ (E. it~t'\) (96) 

llpH odcy~eHHH TeopeTHtteCKOrO BHtlHCJI6HHH 3TOrO MllOHHOro ITOTOKa 
. . . 

paCCMaTpHBallTCH CIT8KTp aTMOCiPepHUX He~TpHHO H Cp6,II;HH6 ITOT8pH 

~HeprHH MllOHOB B ,II;aHHOM rpyHTe. 

Bo H. §J paccMatpHBa.DTCH ;mqxpepeu~Han:&uue cettesna npo~eccoB 

(2) H BHtlHCJieH MllOHHUn ITOTOK B npe~OJI0%8HHH ~TOMO,II;6JILHOrO 

noBe,IJ;eHHH ueRtpimopolt,II;eHHII H cyl!leCTBOBaHHa W- 6osou~II/ 
fopH30HTaJI:&HUlt ITOTOK MDOHOB ~ pOJQ~;eHHHX aTMOCiPepHUMH HeltTpiiHO, 

uo:mo pas,IJ;eJIHTL ·sa TPH cnaraewx 

IUv~, M"' \ ·: T ~...ULid +.Itt- (lit).., Mw) -t- I~ C£11., Kw) ; (IO) 

r,IJ;e IL. ~ BKJia,IJ; ueRTpHHO c suepnett Meu:&me, tte:u: IO fsB, Itt
BKJia,IJ;_HettxpHHo c s~eprHe~ 6on:&me, tte:u: IO fsB,H Jrvv - BKna,IJ; 

npo~eCCOB pOlt,II;eHHSI W- 6030Ha. CJBBHHBaa SKcnepHMeHTaJILHUe ' 

BepXHHI H HHJtliHlt npe,II;ElJIH ITOTOKa :MJJOHOB C ero 3Hatt6HHSIMH, 

BHttHCJI6HHHMH TeopeTHtt6CKH npH pa3HHX 3Hatt6HHHX napaMeTpOB 1 1 ~ 

H M .v , ~o:mo onpe,IJ;eJIHn. ,IJ;onycnnzyn' odnac·u B nJIOQitOCTH (c ,~ y'IJ{ 
. Hutepecuo 3aK8T.:HT:&, ttTO B npmi~ne npH ,II;aHHUX 3HatfeHHHX l H l• 

llO%Ho BHBec!H orpaHHtt BHHII ua ::u:accy M w H CBepxy K CHHSY. 

. / 
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HanpHMep, llPH l :. ~ =- o, 52 nonyttaeTCH J, 5 rsB {, Mw ~ 12 rsB. 

llpK tp'ex CTaH,II;apTHHX OTKJIOH8HKHX MOllt!IO C,IJ;eJiaTb Jlltm:&. BHBO,IJ;, 

ttTo M ~o~~ > 2 rsB~ 

B lli.§l npOBO~TCH Odl!lee 06CyX,IJ;8HH6 CBH3H Me~ aCHMITTOTH

tteCKHM noBe,IJ;eHHeM cxpyKTypuux iPYHK~tt 3JieKTpo- HJIH uettxpHuopo~-. ' . . . . 

,II;8HHH K CHHryJIHpHOCTfillH KOMMfTaTOpOB a,IJ;pOHHUX tOKOB Ha CB8TOBOM 

KOHYCB. B m.§2 pacc::u:aTpHBaeTCH p~3JI0%6HH6 BKJILCOHa ~a npOH3Be

,II;6HHH JIOKaJILHHX onepaTOpOB npH MaJIUX H H30TpODHUX paCCTOHHHHX 

KaK HHTepeCHHtt CITOC06 HCDOJIL30BaHHH MaCmTa6Hott HHBapHaHTHOCTg'l~ 
lanee KpaTKO K3JIOX8Ha MO,II;BJIL feJIJI-MauHa H ~pHtta/7/ ,IJ;nH 

KO:MMYTaTOpOB OKT8THUX TOKOB K ,IJ;aHO cinpe,I1;8JI6HH6 6HJIOKaJILHUX 

onepaTopoB. 

B m.§J odcyx~eTca anredpa 6KJioKan:&uux onepaxopoB K ycJIOBHH 

ee npi~euHMoCTH. TaK KaK npH npK:ueueuHH anredps 6HJIOKaJI:&uux 

onepatOpOB llU KM66M ,II;6JI~ He MeHLme, tteM.C tt6THpLMSI JIOKaJILHHMH 

TOKalllit ORa npHY6HSI6TCSI B nepByD Ottepe,II;:& K OITHCaHHD HHKJIIl~KBHUX. 

npo~eccoB 
. ~'\( '\.t) t: ~ (PA-) --.? ·J.,_(-'{, .. ) + a,IJ;pOHH (pit) (II) 

H COOTB6TCTBYillllKX .nepeKp~C~HiliM. npo~eccoB. ':\-d<t,.-)- a,IJ;pOHHhll1 

TOK, c. HMIJYJILCOM 'tf , · B3aHMO,IJ;81CTBYill!lHlt C _napoit JI6nT OHOB, 

A - a,IJ;p_~Huoe,'coCTOIIHHe. Cette~HH 3THX npo~eccoB onpe,IJ;eJIIIDTca 

CBH3aHHUMH Ma.TpHttHHMH 3JI6MeHTaMH npOH3B6,II;6HHSI tteTUpeX TOKOB.""' 
. 1- ' . . . . 

( ~A,R\(-rtl ... ,l'i~ritlt~~)\ ,Tl~"(~~) l;o.t~tl )\ r"• A)c. • Anredpy 6HJIOKaJILHUX ' 
E ' ,~ • 

opepaTOpOB MO:IllO npHMeH~TL JIHmL B 06JiaCTH llr.,-X~) ... -::::. (~,-·'l~l~~ • 
~ .... ( ... (. ,~ . . 

(\1 14-..)-:::. ("'\-'!-..) .,.._ 'J,-lC,) "'- 'i:.- X;a.l ~ 0. Ha .OCHOBB MBTO,IJ;a C~aiUIOHap-:-

HOit cpa3H ITOKa3aH0/6/, ttTO .f\ - npoCTpaHCTBY 3TOK 06JiaCTH 

COOTBBTCTBYBT ITOBTOpH~H npe,IJ;eJI: .. · .. 
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- G T-~"-'lCA = ~m\.P ... -~.u, '\~/'{.~~"-C..~ t.:Wil\'{~1 1 \q;-\ -:>-o J 

nMnyJII>W ~pOHOB cpHKCHpOBaHH } , (I2) 

CaMHM npocTHM npHMepoM asnaeTCSLJnpouecc. t'+r• ---"7 ~ponu, 

ceqeHHC KOTOporo B npe~eJie (I2) H3M9p119T H9CBII38HHYD qacTI> 

aJiredpll dHJIOKaJII>HllX on epaT opos. B 3TOM cnyqae- npe~cKasaHHii 
. -

anredpll dHJIOK8Jll>HIDC onepa.TOpOB MOl\HO HHTepnpeTHpOBa.Tl> B Tep:MHHaX 

-napTon~aHTIDI!lpTOHHHX BKJia~oB • B Ill §4 npe~nollteHa npocTaa napToH

nan Mo~en/I?/ ~n nponecca (J) ~ odna.cn, B KoTof1oK ~ponu 
po:z;MDTC II B nepByD oqepe~I> ~BYXlPOTOHHHM OdMCH OM 

{(~1)re"tk,}-i f(q_,)tf{£t .. ) te-ll!,')t e(k~) -7 flt;)+e-(k~)~ a~pOHI:l (p) (D) 

npn doJII>mHx 3HaqenHax a,~.~;- H Pl.~ Cq,-t~~>l.. • JJ.nn napTOHOB 

co CllHHOM I/2 nonyqaeTCSl 
. c.. . -q'"-'l ... p'--, ... 
~~t l!"+f-J uqp·""l '' ·' :>(~a.~ )ot.~ Ct'tt-> p.~+"- ), (I4) 

r~e Q~ odosnaqaeT sap~ napTona, 11 o.'' _;_ nonapH3aUHOHHile 

HH~eKCbl tPOTOHOBe B liD~CJIH KBapKOB ('r, Q~)-:(2/J)"t-(Vl)~t-(~'~)~a ¥9, 

· Ceq en He nponecca (IJ? ~np e~enaeTcn Tensopow W ,..J, ,..·~· (I{.,, q; .. ), 
KOTOJ:ll!l npe~cTaBJIHeT codon· MHHMYD qacn aMnJIHTY~ll paccemma . 

BUpTyaJII>HOro qJOTOHa Ha BHPTYaJII>HOM tPoTOHe snepM. w~~ ~-t' (ct./{ .. ) . ' 
M0%9T dHTL pa3JI0%6H no BOCI>MH Be~eCTBCHHHY HBBapHaHTHHM tPYHKUHHM 

Wc.Cq;,q.~, ~~~), KoTopHe B npHdJIHlltemm desKaccoBHX napronos 

- CO CllliHO:U: j-: 0 H V2.- MOryT <lliTI> npe~CTaBJICHll B BH,lt9 

W<q.~,q.~)q,,q,1)""' -~ (Q~ )lW:(u:)+ fW:t(WI$>l}' 
=3=o, v.._ (IS) 

_10 

'.'-1' 

r~e 

W: Y/I i> f ... i>'/r.. I v:. q,'\. .. l 1.=~~""--q,'i'l(.~. 

~Jlll BlliiCHCHHSl B03MOlii:HO!l pOJIH npe~CKa3aHHll,npe~JIOllt9HHOH napTOHHOll 

·M'o~CRI>D 1 pa.CCMaTpHBaDTCSl- pa.sJlliqHile acHMOTOTHqecKHe OelJiaCTU 

no '\.~ > (\';. H p'>- Ha OCHOBe aHaJIH3a CHHry JlllpHOCTeli Ha 

CBCTOBilX Konyca/I&f • B qaCTHOCTH1 KpOMC (I2) HCCJlC~DTCSl CJIC~D-
~He npe~en u: 

A-npe~e_n = ~I'll 1-'t,\-tt.; 1 P'l.~.,., ) t:t.Utt.~- 1 P~t ~ut.c:. j 

- <ti I -'l-~ ,· f· '>") )'\')~ 

Hb
1 

- npCAen =~~ 1.-.<t~-,....,, -fi~ ~--"~~1\,lP~-<{.;-)..a·,-'(.; 1 ~: 4 .. ". J 

p~ -'\,.~I>) - '\,~ ')) Yt\~ 

A R.- npe~en -=- !!i\\\ 1_\q,;\> \q_,';. \ -) _, ,lq."~q,; 1 4>4tc.T~M)p~,.., 1 't~/(.~ h"'-l 

p ~ '>/ ·- q.~ I - <{.! '>) \'\1,; • 
. /I7/ -

IIoxasano , qTo cpeAH woxecTBa npe~enos GT, 1\ 1 A~,~ u- 1\-~t_ 

TOJII>Ko G-T- npe~en KOHTponHpyeTcll nonHocTI>D mmrynapnocTHMH Ha 

CB6TOBllX Konycax. O~HaKO TaKllte H9663llHTepeCHO OKaXCTCII 
' 

COnOCTaBHTI. C 3KcnepHM9HTOll nap,TOH-aHTHnapTOHHilC BKJia~ll U B 

npCAenax A H A~:.~ . 
B Ill. §S pa.ccuatpHBaDTCII nepcneKTHBll sKcnepmHrnTaJII>Holt npo

sepKH anre6pll 6ltJIOKaJlLH!iX onepa.TOpOB H npe~JlOltCHHOlt napTOHHOlt . 
- . 

M0~6JlH. )J.na HCCJle~oBaHHII MHHllOR qacTH aMOJIHT,Y~ll tPOTOH-tlJOTOHHOrO 

pacceHHHH snepe~, npH 6oni>mHx snaqenHax Kacc tiJotonos, nylii:Hil 
. . 

SitcnepHM:CHTMI>Hlle H3MepeaHa (- qeTH.Oiil qacTH ceqenna npo~ecca 

(J) npH :WaJillX yrJiaX pacceSIHHH 3Jl6KTpOHOB ( e; <: 2.0") 11 npH· 60Jll>

lliHX snepnax nyqKa ( E. ~ IS rss~ CeqeaHe npouecca (3) oi.teneno 

II\ 



·~. 

npH KHH6MaT~6CKOM orpaHHli6HHH 

s =- c ~~~~{ >) \ aJt >7 P-z.. ">7 
2. 

h'\r. ' (16) 

aaJiaraeMoro G T - npe.n;eJioM. IloKasaao/
17 I, liTO B KBapitoBott Mo-

'.n;eJIH B o6JiaCTH q.> .. q..~""' ~0 rc .. C' ) 'Pl-~ 3\t..'o~, S= S"t-(•::l· ('d,'l.. 
3 ~ . 

C6li6IIH6 no nopH,li;KY C..f> = IO-
9 

CM • )!Jig napTOHOB CO cnHHOM 
t- -'!.J .... 

H sap MOM '!: ~ no.nyliaeTCH Ao =., ;.. {o 01 • IloSTOMJ B 6JIH• 

EattmeM 6y.n;ymeM aeJI:&SR HCCJI6,li;OBaTb noBe,ll;eHHe C6li6HHR npH 

60JibWHX MaCCaX BHpTJaJibHHX ~OTOHOB, a TaKXe H6B03MO%HO C,ll;eJiaTb 

KOJIHli6CTB6HHOtl npoBepKH 6HJIOKaJibHHX onepaTOp~B~ ~ 

B I~ §I nepeliHCJIRDTCR H odcyx~DTCR BOSMO~IHe Tpy.n;aocTH 

npHM6H6HHtl COBp6M6HHHX MO,li;6Jietl K nponeccaM (4) H paCCMaTpHBa6TCH 

aCHMnTOTHli6CK06 llOBe.n;eHHe HX C6li6HHtl Ha OCHOB6 npHHUHna 
/IO 18/ . . . 

·aBTOMo.n;eJt:&HOCTll ' • ·B IY. §2 BHBe.n;eH pR.n; aepaBeHCTB Mex.n;y 

celieHHHMH nponeccoB ( 4), c 11cnon:osoBaH11eM npe.n;noJIOllteHI1i1: a) a.n;poH

HHe TOKH 'OIIHCHBaDTCJI no T60pHH Ka6H00Qj 0) B t- KaHaJie BKJia,li;OM 

OOMeHa 3K30T~6CK11X liaCTHI.t (I) { J • I() t ) MOli!JIO npeHeOpelib; 

B) BepmHHa TOKOB SUI3) , a BepmHHH a.n;poHoB S.Ul2.1r 

CHMM~;PHtiHH/19 1. CelieHHR ~HHHx npo~.teccoB onpe.n;eJIHDTCR TeasopaMH: 

a\, ( ·'\" \• 1\. ;,"' · . vf'. . W 1 -=- E )d''xe LV"1\''r.:" v~ (y.)-.,_(cl\p"-',~t .:1\ lc.. ~ 
.Lp,.lij' <.""" 

(I7) 

-c..l, 
H aHil.JIOrHIJHHMH T6H30paMH \;J.J ;,..(', J!('>' IIpOH3B6,!1;6HHtl aKCHaJibHHX 

TOKOB. Hs npe.n;noJIOXeHHtl a) - B) CJie~eT, liTO CHMM6TpHtiHaH liaCTb 

TeasopoB W~"' , I HMeeT BH.n; 
cLfl>~~r 

o..b -w J.p,~',..· -
(.lb(.. \} (.. ' I 1 

d ,£.(\1 Ill r- ' (18) 

12 

r.n;e 
c\ e~.bc.. __ 

S U( '3) - MaTpHna re.HJI-Maaaa. J{aJiee npe.n;noJia....; 

raeTCH, liTO W o.b "" W a.lo H HCIIOJI:&syeTCH YCJIOBH6 IIOJIO-

XHT6JI:&HOtl onpe.n;eJieHHOCTH. CaMHMH HHTepeCHHMH HBJIRDTCH 

CJI6,li;YDI.qHe H6paBeHCTBa 
Ql. 5'" 0."~-

Wp .... ~ «; WPP 
) 

. <Q_1 ~ . +- - . w"r ~ q ( wpp+ wpp) 

Q"l. 

Lt >-.. WII+-r / Q.. ~ "l~t 
'/W;;-., 

Q'l. !:.- i- -
WP" ~ ~ (Wp., + Wp~ ). 

(I9a) 

(196) 

3TH COOTHOW6HHH MoryT 6HTb BHB6,!1;6HI:J H IIyTeM qJOpMaJibHOrO IIpHUeHeHUR 

MO,ll;eJIH reJIJI-Mil.HHa H ~p~a~ HO eCJIH OHH OKa~TCH HeCIIpaB6,!l;nHBHMH 

IIpH 3KCII6pHMeHTaJibHOtl IIpOB6pKe, TO 3TO Oy.n;eT ropas.n;o OOJibW~ 

li6M H6COCTOHT6JibHOCT:& MO,li;6JIH reJIJI-MaHID H ti>puqa. 

B 1Y. §J BHliHCJiaHo celiaHHe pox.n;eH HH W • 6osoHa B npocTott 4JaHOMaHo

JiorHliecKon MO,ll;eJIH, IIpHMeH~HHOtt EepuaHOM H .n;p/f?01t OmfCaHH~ 
pOllt,ll;eHHJI. IIapli MDOHOl(I8'·. IlOKaSaHo, liTO CelieHHe lT":i'(.S

1
Mw) 

cymecTBeHHO He nsMeHUTCR npH Bap:onpoaaHHH s. H . M v,; 

B IUHpOKOM HHT6pBa.l!a HX SHali6HHtl; a ero Cpe.n;Hee 3HalieHH6 no 

IIOpR.n;ey ....-...., 10-36 
CM

2
. • Ha IIpHMBpe STOlt MO,li;6JIH HCCJie,JJyeTCH 

If pOHb KaJIHOpOBOliHOtt HBBapHaHTHOCTH npH onpe.n;eJieHHH aCUMIITOTH

li6CKOro IIOB6,!1;6HRH nponeccoB (4). 
r 

ill. Ilepat{HCJIHM OCHOBHH6 P.6SYJibTaTbl ,li;HCCepTa~.tHH: 

I. IloKaSaHo, liTO HS aBTOMO,ll;eHbHOrO IIOB6,!1;6HHJI B IIpo~ecce 
"'i (2) CJI6,lly6T, tiT 0 B6JIHliHHa ( II OCT OHHHa, H HM6DT M9CTO npe.n;eJibl 

. Jlii (l v . 
0,56 ~ R_ f 0,75 • HsJ.tepeaHeM 3Hali6Hl!il R H C MOl!OIO 

onp~eJIHTb saalieHHe c 
2. ·Haa.n;eHH aBTOMOACJI:&HHe aCHMIITOTHKH cTpyKTYPHHX ~YHKUHil 

3JI6KJpOpOllt,li;6HHH, onpe.n;eJIHDmRe 3aBliCHMOCTb OT CIIHHa. 
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3. ButmcJieH WJOHHIDi noToK, polltAeHIIIDI an~oopepHUllH . 

HeliTpHHO nyTeM CpaBHeHHJI TeopeTHtlecKOrO H 3KCnepHMeHTWI:bHOro 

:mat~eHHJI MDOHHoro noTOKa, u onpe,IteJieHH ,ItonyCTHJ.We sHalleHHJI 

HaKJIOHOB ~ H c .. 
4. IToKaSaHo, tiTo ecJIH npoMezyTOliHHI aeKTOpHHK dosoH 

Cyl!leCTByeT, TO no ,ItaHHHM 3KCD6piD!eHTOB C aTMOC<l>epHinm HeltTpHHO 

M~~.~) 2 rsa' npH Tpex CTaH,ItapTHHX OTKJIOHeHHSIX. 

5. ITpe,It1IollteHa npocTaSI napTOHHaSI MO.IteJIL MJI onHcaHHSI 

· npo~ecca acm.mTOTHllecKoro noae,IteHHSI (IJ) H Ha OCHOB e aHMHsa 

CHHryJISIPffOCTelt Ha CBeTOBOM Koayce BHSICHeHa B03MOlii:HaJI pOJI:b 

npe,ItCKaSaHHK STOll MO,It6JIH B paSJIHliHHX aCHMnTOTHli68KHX OdJiaCTJIX 

no ~ .... , q~ "" p1. • IlomsaHo, liTO B odJiaCTH npHKeHIDIOCTH 

a nredpH dHJIOKaJILHHX one paT opoa ee npe,ItcxasaaWI MJI nponecca: 

(IJ) COBDa,ItaDT C npe,ItCKa3aHHJIKH napTOHHOK KO,IteJIH. 

6. Ha ocaoBe caoRcTBa CHKKeTpHH BHBe,IteH pJI.It HepaaeHCTB 

MJI cetJeHHR npo~eccoa (4). 
7o B <I>eHoweHonorHqecKoR Mo,IteJIH HaH,IteHo liHCJieHHoe 3HalleHHe 

CelleHHSI pOJQ6HHSI IJJ- dc:i3oHOB a· BYKJIOH-HY KJIOHHHX CTOJIKHOB6HHliXo 

-0CHOBHHe pe3yJILTaTH, HCllOn:b30BaHHHe B ,ItHCCepTaUHH, 

onydJIHKOBaHH 8 padoTax II,I3,I6,I7,IB,I9 ." 
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