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A H H o T a u H H 

MeTonoM CUHHTHnnHUHOHHbiX cqeTqHKOB H3MepeHhl cpenHHe no nByM COCTOHHH--
HM CBepXTOHKOil CTPYKTypbl 3HaqeHHH all. - Koacl>qmuHeHTO~ acHMMeTpHH aneKTpo-

HOB ( ~~-e )-pacnana B Me30aTOMllX cepe6pa 1 Kp8CHOrO H qepHoro cPOCcP~OB H g"' 

speMeHH >KH3HH Me30HOB B aTHX MOnHcPHK8UHHX cl>oc¢opa. BenHqHHbl a.. nnst 
' ·~ . ~ . • . ' i . . . . . . • . 

KpacHoro (H30nst.Top) H qepHoro (nposonHifid. cPOCcPd,pa npstMO cimneTenbCTBYIOT B 
. ' . . . . •' '~ \ 

nonh3Y TOro, qTO 6naronapSI npHCYT~CTBMKt. aneKTpOHOB npOBOnHMOCTH yMeHhWaeTCSI -tZ, H ? Hailne-BpeMH penaKCaUHH CllHHa Me30HOB B Me30aTOM8X. Ha OCHOB8HIIH 

Hhi B cl>oc¢ope 11, H Ho - 3aceneHHOCTII ypOBHeil B COCTOHHHHX r "'1 H ,.C =0, 

a TaK>Ke At H .Lo BepOHTHOCTH 3aXBaTa M930HOB stnpoM B 3TIIX COCTOSIHHSIX, Mx 

3HaqeHHSI HenocpencTBeHHO yKa3biBaroT Ha To, qTO A, 't: 4 · ·( cna6oe B38HMonett-

CTBH9 3aBHCHT OT CllHHa) H h > "'-f (3axBaT 1!3 COCTOSIHHSI r: 0 npOHCXOnHT 

6biCTpee, qeM 1!3 COCTOSIHHSI F - 1). nonyqeHHbiil HH>KHHil npenen. BenHqi!Hbl 

d.- ..I.J- b npSIMO CBHneTenhCTByeT B nonh3y / _4-.,rJ1-B3aHMOneilCTBHSI, 

A - .J. L, t L ./o .y y 
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1. B B e Jl e H H e 

. /1/ 
B pa60Te 6bi.IIO. OTMeqeHo 1 'ITO H3MepeHHe BepOSITHOCTH 38XB8T8 MIOOHOB 

SJJlpaMH B JlByx cocTOSJHHSIX caepxTOHKOA cTpyKTypbi M:o:meT Jl8Tb cae,UeHHSJ· o cnHHOBofi 

38BHCHMOCTH cna6oro B38HMO,Ueti:CTBHSI B npouecce ~ -+ ~ ~ ,/1_--t-.Y . • Vl,UeSI npe,U

no>KeHHSI CBOJlHTCSI K TOMy1 'ITO.eCnH BepOSITHOCTb 38XB8T8,B ~ByX COCTOSIHHSIX p83H8SI1 

TO 3~BHCHMOCTb •mcna sneKTpOHOB OT BpeMeHH DpH. (/-e-. )-pacna,Ue B H30nHpOB8H

HbiX Me308TOM8X He 6yJleT ODHCbiBaThCSI npOCTOtl: SKCDOHeHTOA1 -H. norapH¢M pacna,U

HOtl: KpHBOtl: ,UOn>KeH HMe:rb nonO>KHTenhHYIO KpHBH3HYo. Me>KJlY . TeM, SKCnepHMeHT8nb

H8SI. npoaepKa TeopHH B03MO>KH8 TOnbKO npH o6paaoBaHHH MeaoaTOMOB B cpeJie. H anH

'IHe cpe,llbl MO>KeT njmBeCTH K llOSIBneHHIO nepeXOJlOB MIOOHOB Me>K,Uy· ypOBHSIMH CBepx-

/2/ 
TOHKOA CTpyKTypbi1 H 1 CJle,llOB8TenbH0 1 K ycnO>KHeHHIO KapTiiHblo B pa60Te• · 6bi.IIO no-

K838H01 .'ITO cyUleCTBOB8HHe nepeXOJlOB. H. CDHHOBOtl: 38BHCHMOCTH -B38HMO,Ueti:CTBHSI OK83bl • 

aaeTCS! noneaHJ;>IM npH sKcnepaMeHTanbHOM J.iccne,UoBaHHH THna aaaHMoaeAcTBHs:r. TaK1 

ecnH H3BeCTHa· BepOSITHOCTb •DepeXOJl8 .If! 1 TO H3MepeHHSI 0 3H8K8 H .. BenH'IHHbl KpHBH3-

Hbl K. norapH¢Ma pacna,U~~~-_}fPHBO:ll: OJlH03H8'1HO onpeJienSJIOT BHJl B38HMOJlefiCTBHSio . 
. 0 /3-5/ ., 

I'(, s:ranSJeTcs:r oqea!:, cno>Kaoii . H noKa 0JIH8KO aa,Uaqa onpeJieneliHs:r ·aenH'IHHbi 
' . /6/ 

SKCnepHMeHT8nbHO He peweHa _ o noaTOMy OKOH'l8TenhHble· 38KniO'IeHHSI .. 0 B8pH81JTe 

/6/ 
B38HMO,Ueti:CTBHSI1 OCHOB8HHb_Ie TOnhKO, H8• 9KCnepHMeHT8nbHblX ,ll8HHbiX . 0 KpHBH3He K. J 

He MoryT 6biTb cJienaHbi. . 

. . /57/ 
I-13 pa60T · 1

. cne,UyeT1 'ITO O,UH03.H8'1Hble 38KniO'IeHHSI. 0. BHJle B38HMO,UeiiCTBHSI 

• MOryT 6biTb C,llenaal>i T8K>Ke H8 OCHOB8HHH H3~epeimSJ aemi'IHH. ~ H ·-:no ·- aacenea-

HOCTeA ypOBHeA B COCTOSIHHSIX ,;:: = 1' 'H ·;: = 0,. H LJX ;_paaHHUbl BepOSJTifOCT.eii aax-

B8T8 Me30H?B SIJlpOM B STHX COCTO~UiHRX. npH ·peal'iH38UHH' 'sTHX ODbiTClB ·yJl06HbiM o6'beK

TOM Jins:r HcciieJioaaHHSI s:ranSieTcs:r ¢oc¢op, SI,Upa i<oTo"poro' HMeiOT c~ma · ·/ = 1 /2~- .LleA: 

CTBHTenhHO, ¢oc¢op o6paayeT aecKonbKO ann.bTponH~~C:Kix BHJlOH3MeHeHHii. Ecmi y'leCTb , 

'ITO sneKTPOHbl npOBOJlHMOCTH OK83biB810T CBOer'O pon'a K8T8nHTH'IeCKOe ,Ueti:CTBHe, 

yMeHb!li8SI BpeMSI penaKC8UHH SI,UepHOr'O. CDHH81 .'-J0 H8H60~hWH:ll: HHTepec np~JlCT8BnSIIOT 

KpacHbiA ( Haons:rTop) H qepHbiA_· (npOBOJlHHK) ¢oc¢opbi. Mo}Kao o:lKHJl8Tb, 'ITO Ha-aa 

· 12•5• 1 I ·. . ·. . B aenH""Ha·x /l "' 
KOHBepCHH U8 sneKTpOH8X DpOBOJlHMOCTH • p83HHU8 ~" , ·. H ""o 
,Uns:r STHX MOJlH¢HK8UHii B MOMeHT 38XB8T8 Me30H?B SI,llp8MH 6yJleT Jl0CT8TO'IHO:ll: 

TOro, 'IT06bl. H3MepeHHe HX 3H8'leHHtl: H aenH'IHHbl LJA . OK83anOCb B0:3MO>KHbiMo 

B aacTos:rmeA pa6oTe .6bmH onpeJieneHbi aenH'IHHbi ~ • /.10 · ~ ~./ Ha ocaoaa

HHH H3MepeHHSI B Kp8CHOM H qepHOM ¢oc¢opax 8CHMMeTpHH B yrnoBOM pacnpe,UeneHHH 

sneKTpOHOB (/_- e )-paCD8Jl8 H "'apeMeHH >KH3HHM /1- -Me30HOB,.' 



2. 3 K C n e pH M e H T 

a) 1-fsMepeHHe 8CHMMeTpHH B yrnoBOM pacnpe.aeneHHH :;meKTpOHOB 

· (.fl-1/ -pacna.aa 

Ecna .anSI asMepeHHSI acHMMeTpHH acnonb3oaaTh MeTo.a, npe.ano:m:eHHbiA B · pa-

6 
/8/ . ... . /4. . 

OTe 1 TO .Cl_llSI BeiUeCTB 1 HMei()IUHX Sl,llepHbin CDHH; .,- C)) KpHBSSI npeueCCHH·, 

aa6mo.aaeMaSI ua onbiTe, 6y.aeT o6ycnoaneua cynepnosHuHeA xpHBbiX npeueccaa/ -

MesoHoa, pacna.aaromaxcSI Hs · o6oHx cbcTOSIHHA caepxToaxoA cTpyxTyphi. Cne.llOBaTenh-- •. 
H01 Be11H'lHH8 -~ -xo9cpcpHUHeHT8 acHMMeTpHH B npoHHTerpHpOB8HHOM D0·9HeprHH 

911eKTpOHOB yrllOBOM pacnpe.aeneHHH 1'~ ac.?J t9 6y.aeT SIBllSITbCSI ycpe.aHeHHOA DO 

.ClBYM COCTOSIHHSIM.·. CyiUeCTBOBaHHe nepeXO.ClOB CKa:m:eTCSI B TOM 1 'iTO ~ 6y.aeT 
/5 6/ .· . . /9 10/ . 

38BHCeTb OT BpeMeHH 1 
• 0THOCHTe1lbHbie HSMepeHHSI 1 

. elo -K09cpcpHUHeHTOB 

aCUMMe~pHHa YC:Pe.ClH~HHbiX DO BCeMy cneKTpy, .ClllSI BeiUeCTB C / ""0, DOK8SbiBaiOT1 

'ITO tZ, He saBHCJ:[T OT apeMeHH H aTOMHOro H~Mepa ;t ·. . EcnH a He saBHCHT . 

oT ·. ~- . , TO nyTeM -cpaalleimsi senH'IHH -Q; . .ail_SI ·ce~e6pa H cpoccpopa MO:m:Ho. cy.aHTb' 

0 saceneHHOCTH ypOBHeft .. /'_. • •-l H r ==() B MOMeHT sax.aaTa · MeSO HOB Sl,llpaMH 

cpoccpopa. )leACTBHTe11bH01 y MeS08TOMOB cepe6pa1 HMeiOIUHX / , ==·1 /2 H MarHHTHbiA· 

MOMeHT S1.Clp8/N'/~· 0, nepeXO.Clbi 6y.ClyT npOHCXO,llHTb HS COCTOSIHHSI. /" •0 B. COCTOR • 

HHe r- :al. noc~OllbKY B 'COCTOSIHHH r"· ""0 Me30Hbi ,lleD011SipH3yiOTCSI1 a COCTOSIHHe 

r •1 *noMHHT' HanpaaneHne cnnHa, TO HallH'IHe nepexo.aoa He cxa:m:eTcSI aa aenH'lH-

- ·- '• - . /11/ 
ue tlo. : f!'2o. 6y.aeT DOCTOSIHHOil BO apeMeHH H paaHOA t2o = 1/2 £tl'0 · • 

8 Clly'lae. MeSO~TOMOB cpoccpopa, HMe_IOI1IHX ./ ··1/2 H _/IN>; 1 COCTOSIHH9 

r -o SIBllSieTCSI HH)KHHM, H cymecTBOBauHe nepexo.aoB 6y.z:teT npHBO.ClHTb K yMeHbwe

HHIO ii, co apeMeHeM. B Ha'tanbHbiA ~oMeHT apeMeHn . · t = 0 . .anSI cpoccpopa. 

-&; = ~=fa . 'Tor~a cpe.aHe~cpeKT~Hbie (sa ,HHTep~an apeMeHH oT 0 .ao /') 

sHa'teuHSI saceneHHOCTeA ypoauea , /1, H /.1o MoryT. 6biTb uaA.aeHbi Hs u~r:m:ecne.ayro-
, . . '. 

IUero COOTHOU!8HH.SI 1 8C11H Y'l8CTb1 'ITO .h.;_,. ho. = 1. . 

·-. 
.& 

.:.iil~ 
~---·a, 

- -17,4 + g~ o;, 
.1. /} . + ..t.. t7. 
7' r.-r., . f' tJ 

} (i) 

r .Cl9. 4 H ~- _BellH'IHllbl • t1; . .ClllSI ·.~occpopa H cepe6pa1.' COOTB8TCTB8HH0 1 H3Me- · 

peHHbie sa apeMSI OT 0 .ClO t" 1 a;... H f7o. - K09cpcpHUH8HTbi 8CHMM9TpHH B COCTOSI-

1 

,-~ 

;. 

.)': 1 

'· 
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TO,I"0 1 'ITO 
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5 

c /11/ =l · n: r . .;,0, aaan:cs:mme TOnbKo OT crmua Hnpa • JlnH npoaepKn: 

. tl0 . He· 38BHCHT OT, ,t t H3 BeLUeCTB 1 HMe!OLUHX / ·=0· H ,c··. 6nn:a-' 
. ) . 

¢oc¢opa n:. cepe6pa, MoryT 6hiTh n:ononhaoaaHhi cepa H K8.1lMHH. Jlei!CTBH-
, /12/ 

TenhHO, cornacHo TeopeTn:'leCKHM npencKaaaun:HM 1 cnenaHHhiM a 

,i;:::; 15,. rne a6coniOTHhie aenn:'IHHhi KBBHTOBhiX Bhi~ono~ .If' 
pa6oTe nnH 

n: L :-cep~il a Me3o-
/13/ 

BTOMBX 51Bn5IIOTC51 nOCTOHHHbiMH , a 0:>Ke - nepeXO.llhl n:rpa!OT _2!e3H8'1n:TenhHYIO 

ponb, a" . He non:>KHbl aaan:ceTb OT ;z . BenH'IMHbl t2:. M a MO:>KHG HailTH 

ua ocHoamlim .n:aMepeHMH 'IRena sneKTpOHOB 4a..r M H.w.eW npu nayx aHa'!eHMH~:·.,_, 
· I 14/ ~ '· 

±.H (a KOTOpOM H8X0.1lMTC51 MMWeHb ) t COOTBeT-HanpSI:>KeHHOCTH MBI'HMTHOI'O nons! 

CTBY!OLUMX paCC'IMTBHHbiM no <iJopMyne t: +Lf f = : -:::: .?7/-NC / . ,_ e#. 
rne t/ ':'" a'peM~· 38,1lep:>KKM 1 .tJI- WMpMH8 "BOpOT 11 M r - nepuon npeuecCUM 

cnuHa "cao6onHor~" MeaoHa ( cepa, KanMui!:), nu6o cnuua MeaoHnp'a ( ¢oc¢op, cepe6-

po). 

YcnoBMH onhiTOB · n: ucnonhaoaauHaH sKcnepuMeHTanhHBH ycTauoaKa 6hrnu Te :>Ke, 
. /9 14/ • 

'ITO n: a paHee ony6nMKOBBHHhiX pa6oTax • • Ha pn:c. 1 npuaeneua 6noK-cxeMa 

yCT.BHOBKM. 0TpHUBTenbHb!e / -Me30Hhl, OCT8H8Bnii8810LUUeC51 8 MUuieHM 8 1 peru

CTpMpOBBnHCb CXeMOfi 10 BHTUCOBnaneHMil 1 +2-3. YfMnynhCbl CO CXeMbl 10 1 ·S8,1lep:>KaH

Hhie HB 0,1 MKCeK, OTKpblBBnM cxeMy nponyCKBHMH ( "aopOTa") 12 Ha BpeMH 1,2 MKCeK. 

llepea "aopoTa~ npoxonunu MMnynhChi OT sneKTpouoa ( .;¥- e )-pacnana co cxeMbi 

11 coananeHMil 4+5 M perMcTpupoaanucb nepec'!eTHhiM ycTpoi!:cTaoM. MuweHM MMenu 

paaMepbi 15x15 eM; Tonmuua MMweuefi·paaHSinach 8 r/cM
2

• B onhrTax c cepoii n: 

¢oc¢op.•OM Tonmuua napa¢uuoaoro ¢unbTpa 9 Me:>Kny cqeT'IMKBMM 4 M 5 6bma paaua 
2 

7 r/cM • B onbrTax c cepe6pOM u KBllMHeM BMecTo napa¢uuoaoro ¢unhTpa 9 ucnonh.;. 
. 2 

aoaancH aniOMMHMeBhiil, TOnLUMHOIO -r:aK:>Ke 7 r/cM • EnaronapH licnonbaoaaHMIO aniOMMHM· 

eaoro <iJn:nbTpa BenM'IMHy s<iJ<iJeKTMBHOCTH perMCTp8UMM r -nyqefi C SH,~p;Mefi MeHb-

. we 10 Msa, HcnycKaiOmnxcH ua MnweuH a peaynhTaTe nornomennH Meaouoa, ynanocb 
-3 

cnenaTh MeHbwe, '!eM 10 • MnwenH H napa¢MHOBhiil ¢nnhTp Hcnonb3oaanHch aHa'!u-

TenbHoil TOnLUHHbl nnSI TOI'01 'IT06hi 8 OllhiTBX ll3Mep5In8Cb 8CUMMeTpU51 8 KOHUe ClleKT

pa sneKTpoHoa pacnana, rne Kos<P<PnuHeHT aqnMMeTpuM oKaabraaeTcH 6on~we Kos¢¢H

uHeHTa & 

nony'!eHHhie aenH'IHHhi 



6 

Ta6nuua 1 

BewecTso £ .f NHt-tlf · ---;Vj,.l,., 
Ka.aMrrfi 0 1,10.:!:.0,01 

Cepe6po 1/2 1,05.:!:.0,01 

Cepa 0 1,10::!:_0,01 

¢>occpop (KpaCHbiH) 1/2 1,04::!:_0,01 

ctloccpop ( qepHhiH) 1/2 1,00::!:_0.,01 

B npuse.aenuhie semi'lHHhi f 
-.aep>n.KH, wuprruy "sopoT", 'l 

6hmu sse.aeHbi nonpaBKH, y'lHTbiBarowiie speMSI aa-

- BpeMSI :lKII3HII ./'- -Me30l!OB II TeneCHb!H yron 

J].9T9KTOpa aneKTpOHOB. npii BB9JJ.9HHII nonpaBOK, Y'lliTb!BaiOlUHX pacna.a II aaxsaT 
~-

M930HOB, 6hmii IICnonhaoBaHbi ana'!eHIISI l · .anSI Kpacnoro II qepnoro cpoccpopa, 

nonyqeHHbie B nacToSiweil pa6oTe (cM • .aanee), a .anSI cepbi, KaJJ.MIISI II cepe6pa - B 
/15/ 

pa60T9 • YKaaaHHbie 01UH6KII SIBnSIIOTCSI CTan.aapTHb!~H CTaTHC,TII'l9CKHMII OTKnOne-

HHSIMII.• 

6) Y13MepeHII9 "sp9M9HH :lKH3HII" /- -M930HOB B cpoccpope. 

npu HCllOnb30B8HHII ·.anSI II3M9p9HIISI Bp9M9HII :lKII3~1I 06b!'IHOI'O M9TOJ].8 na6niOJ].89" 

MaSI · B onbiTe c cpoccpopoM KprrsaSI pacna.aa /.--Meaonos 6y.aeT o6yc~snena cyriep-

noau~ueil KpliBb!X pacna.aa Jf./ -Me30HOB 0 p8Cll8J].8101UIIXCSI II3 JJ.BYX COCTOSIHHH ./ · . s- F~·rH· 
csepxTOHKOH CTpyKTYPhi. Tor.aa li3M9pSieMaSI. Benii'!IIH8 cyMMbl .- ~Hi 

(a.aecb ~· qrrcno aneKTponos B MOM9HT Bp9M9HH li:· ) 6y.aeT SIBnSITbCSI 

ycp9Jlli9HHOH no COCTOSIHHSIM /" = 1 li ~ = 0, T8K K8K HeTpy JJ.HO ll0K838Tb1 'ITO . . 

s:::: 11; ~f -f ii.; So (eM. npuno:lKeHrre 1 ). <:_'leBHJJ.HO, 'ITO ecnrr B KpaCHOM 

II qepHOM cpoccpope 3Ha'l9HHSI aaceneHHOCTII ypOBH9H ~ II /?;, li3B9CTHb! 0 TO H3Me-

peHH9 Benii'IIIH S oilnoana'lno onpe.aenSieT ~ II So ,a, ~ne.aosaTenbHO, II ~ 11 ~
BpeMeHa :lKII3HH /- -Me30HOB B 'cocTOSIHHSIX r = 1 H r = o. EnoK.:.CXeMa 

9KCllepHM9HT8nbHOll yCT8HOBKH 0 HCllOnb30B8HHOll B STHX Ollb!T8X 0 H306pa:lKeHa Ha TOM 

:lKe puc. 1. HaMarnrr'lHBarowaSI KaTywKa 7 nprrMeHSinacb .anSI· KO!>ineHcaunrr paccemmoro 

Mar!IHTHoro nonSI cunxpouuKnoTpona. 3neKTpOHHaSI annapaTypa pa6oTana cneayiOlllHM 

J 
I 
•j 

~ ·: 
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o6paaoM. VIMIIynbCbi co cxeMbi 10 aHTncoaiianenHii 1+2-3 aaiiycKann Tpnrrep 13, 

KOTOpbiH Bblpa68TbiBan IIOno:lKHTenbHbie IIpHMOyronbHbie HMIIynbCbl CT86HnbHOH nnnTenb."::" 

HOCTII 5 MKCeK. Ha apeMSI. 5 MKC9K. OTKpbmanaCb li cxeMa IIpOIIYCK8HHH ( "aopoTa") 14. 

Y:epea "aopOTa" IIpoxonHnn nMIIynbCbi co cxeMbi 11 co.aiianeunii 4+5, sanep)KaHHbie 

a 12 ua apeMH 0,2 MKCeK, KOTOpbxe aaiiycKarm cpopMHpyiOmee yc:rpoitcTBO 16. 3anep)K

Ka 12 6bm a aaeneua nnH p_erncTpaunn ua sKpaue auannsaTopa 18 "uyneaoro"' apeMeHH 

Me)Kny IIMIIynbC8MMo VIMIIynbCbi 1 IIpe,nuaauaqeuHbie nnH aaiiycKa KOHBepTopa 17, IIO-
. . 

cTyiiann ua ero IIepabiii axon co cxeMbi 16, a ua BTopoii: - ns cpopMnpyiOmero ycTpoii-

cTaa 15, 38IIyCK89MOrO sanHIIM cppOHTOM IIMnynbca OT Tpnrrepa 13. Ha BbiXone KOH

aepTO!l8 IIMIIynbCbi, 8MIInnTyna KOTOpbiX. IIpOIIOPUIIOHanbHa IIHTepaany BpeM9HU Me)Kny 

nayMH IIMIIynbCaMn 1 IIOCTyiiaiOlUIIMU H8 ero BXOnhi 1 auanusupoaanHCb IlpH IIOMOillH 
. .· /16/ 

128-Kananbnoro aMIInuTynuoro auanuaaTopa 18 THIIa AMA-3C • nuueituocTb aiiiia-

paTypbi IIpoaepSinacb 6 IIOMOillbiO· ua6opa Ka6eneit aanep)KKH THIIa PK3-401, uMeiOmHx 

0,52 MKceK. VlneuTnquocTb aanep)KKH IIpoaepHnacb npu IIOMOillH pesouaucuoro MeTona 

9 ToquocTbiO no 0,5%. Ha pHc. 2 IIpHaeneua aaaHCHMOCTh noMepa Kauana 17 auanH-

saTopa oT aenuqHHbi aanep)KKlf t BTOporo HMIIynbca B KOUB9pTope IIO OTHOlll9UHIO 

K IIepBOMy. KaK cnenyeT H3 pHC. 2, uenuueitHOCTb .ue IIpeBbllllana: 1%. CTa6HnbHOCTb 

Kan n:6poBKH aiiiiapaTypbi a TeHenHe 15 qacoa pa60Thi 6bma nyqllle 1% • .Llm1 oiipene

neHHH "uyneaoro" Kauana auanHaaTopa· ·cun:HTHnnnuHOHHbie cqeTqHKH 1,2, 3, 4, 5 pac

IIonar.~nHCb IIO "OCH"' IIyqKa ~9301106 1 II pH STOM KaHanbi aHTHCOBIIaneHHH OTKniOqanHCb. 

Bee ycnoauH OIIbiTOB c KpacHbiM n: qepubiM cpoccpopoM 6bmn onHuaKOBbiMH. B cny

qae qepuoro cpoccpopa ( Kpacuoro ) · ua HHTepBane apeMeHH OT 0 no 2~ MKCeK, KOTopbifi 

cooTBeTcTBOBan 80 KananaM auanusaTopa, 6hxno aaperHcTpHpoBaHo qHcno sneKTPOHOB 1 

paBuoe 19272 ( 12088 ). VluTepaan apeMeHH OT 2,4 no 3,3 MKCeK 6hm uciionbaoBau 

nnH BblqHCneHHSI cpOH80 B MOM9HT apeMeHH t "' 0 OTH0lll9HH9 Me)Kny qHCnOM HM

IIynbCOB OT sneKTpOUOB H qucnOM . HMIIynbCOB OT cpoHa p8BHSinOCb 23. t..J:Hcno OTKpbiBa~ 
-1 

HIIit "BopoT" COCT8BnSinO 600 C9K , T.e. 6 Ha HMIIynbC YCKOpHTenH. 

npH Bb!qHcneHHH BenuqHH s HMIIynbCbl CYMMHpOBanHCb OT 4 K8H8nOB 1 T.e. 

ua HHT9pBan BpeMeUH 0,127 MKCeK. VlaMepeHHbl9 SHaqeHHSI s IIOnyqHnHCb cnenyiO~ 
illliMH: nnH qepuoro cpoccpopa s~ = (0,540:!:_0,007) MKCeK H nnH Kpacuoro cpoccpopa 

SK = (0,590.£0,012 ) MKCeK. npHaeneHHbl9 OlllH6KH SIBnSIIOTCSI CTaHnapTHb!MH CTaTu-

CTHqeCKHMH OTKnOH9HHSIMHo 
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3. 06cy)KJleHHe nonyqeHHbiX pesynbTaToB 

Kax cne.ZlyeT H3 Ta6nHUbi 1, Be_nH'IMHbi t .llnH cepbi H Ka.llMMSI nony'IHniiCb 

O.llllH8KOBb!Mll B _ npe.Zlenax CT~TI!CTI!'IeCKIIX OWI!60Ko 3Ha'leHn:SI aD 1 H8:li.llOHHbie C nor-~ 

M.OWb!O f 1 B npe.Zlenax OWII60K OnbiTa COBll8.Zl810T CO 3Ha~eHI!HMll 4:;· ·, nonyqeHHbiMH 

N - . • 
B pa6oTe • PaBHb!Mll Me)KJlY co6oa OKasann:cb H 3H8'1eHIISI elD • Ha:li.ZleHHb!e 113 BenH-

'IllH t , . 
.ZlnSI cepe6pa H xpacHoro ¢oc¢opa B .Zl8HHO:li pa6oTe H Ha ocHoBaHHH H3Me-

peHn:SI 6onbwero "lHCna 'ro'leK Ha KpHBo:li npeueccH~ .lln~ xpacHoro. ¢ocq)opa B 
. I 111 

pa6oTe • 

B onbiTax c qepHbiM <llo~¢opoM He 6hmo· o6Hapy)KeHo sasHcHMocTH, cKopocTH · c'leTa 

aneKTpoHOB OT TOKa HaMarHH'IHBa!Owea K·aTyWKH. Ra6niO.llaBWaSicSI B aTHX onbiTax c 

cepe6pOM H Kp8CHb!M ¢oc¢opoM M8KCHManhH8SI 8CHMMeTpHSI aneKTpOHOB npH qacTOTe 
. -

npeueccHH cnHHa MesOSI.llpa B 2 pasa MeHbwea qacTOTbi npeuecCHH cnHHa CBo6o.ziHoro 

N . /171 
./ • -MesoHa 1 ewe pas Henocpe.llCTBeHHO yKasbiBaeT Ha T0 1 'ITO cmm oTpHuaTenb-

Horo .Jl -MesoHa _paBeH nonoBHHe. 

nocTOSIHCTBO H3MepeHHb!X BenH'IHH . a,, 
BeTCTBHH C TeopeTH'IeCKHMH npe.llCK838HHSIMH 1 

.ZlnSI Cepb! H K8.llMHSI H8XO.llHTCSI B COOT" 
. ' 112/ ' . 

C.llenaHHbiMH B pa6oTe • Cne.ZloBaTenb-

H01 H8 OCHOB8HHH BenH'IHH f .llnSI cepe6pa H ¢oc¢opa MO)KHO H~~TH cpe.ZlHe-a¢¢eK-

THBHb!Q sHaq_eHHSI _f" 11 Ji:, . saceneHHOCTH ypoBHe:li E = 1 H r. =0 B .ZlBYX 

MO.llH¢HK8UHSIX 1 ecnH BOCnOnP30B8TbCSI. COOTHOWeHHeM ( 1 ) : 

-a, 
~ '::! 

&~ 
r.Zle t2 ·. n: ~ 

li; ~ ~ H~ tZo 
:J , -4 -f- ~ Clo 
¥-

paBHbi cooTBeTCTBeHH/ 11 I _t .),./ -f' :1 
~ ;t[t' f H 

..L 
3 

:t/-1' 
J-.7-~" / 

B onbrTax no· HSMepeHHIO acHMMeTpHn: 6bm n:cnonb3oBaH llHTepBan BpeMeHH OT 0 .llO . 

1,3 MKcei( ('ITO coOTBeTCTByeT .llBYM .. BpeMeHaM )KH3HH .. 
'?' ' 115/) 
" KpacHoro ¢.oc¢opa • - -

3ifaqeHnSI h, H ho B aToM- HHTepBane BpeMeHH oxasanHcb cne.ZlYIOWHMH: .llnSI qepHoro 

¢oc¢opa 17, '* 0 , Po IS' 1 H .llnSI KpacHoro - /?o "' 2/5 H 17,,.. 3/5. BenH'IHHbi 

n; H iio: CBM.lleTenbCTBYIOT B nonb3y TOI'01 'ITO BepOSITHOCTH nepeXO.ll8 /- -Meso

HOB Me)KJly , ypOBHSIMH' CBepxTOHKO:li CTpyKTypbi B M0308TOM8X .llBYX ,MO.llH¢HK8UH:li cy

WOCTBeHHO OTnH'I810TCSio 8TOT ¢aKT H~nocpe.llCTBOHHO YK83b!B8eT_ Ha T01 'ITO 6narO.ll8pll 

npHCYTCTBHIO aneKTpOHOB npOBO.llMMOCTH yMeHbWaeTCSI BpeMSI penaKC8UHH CnHH8 Meso-

12 75 I 
HOB B Me308TOM8X 1 1 

• 

~ 
,.~ 

;{ 
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06paTHMCSI Tenepb K peaynbTaTaM naMepeHnfi Benn:qn:H . S .anSI qepHoro n Kpac

Horo ¢oc¢opoB, YlaMepeHn:e S npoBo.annocb B nHTepBane BpeMeHn OT 0 .no 2,4 MKCeK 

( qTo cooTB9TCTByeT "4 T " .anSI KpacHoro ¢oc¢opa), Ecnn yqecTb TOT ¢aKT1 qTo que

no sneKTpoHoB ( .JI- ej .. -pacna~a, noSIBnSIIOIUHXCSI B nHTepBanax 2 ~ n 4 Z" , 
npn:6nll3llTP.rbHO O..QllH8KOB01 TO Bb!p82K9HllSI 5 • .anSI .UBYX MO . .UllcPllK8Ullfi MOryT 

6hiTb aanncaHhi B cne.ayiOIUeM Bn.ae: 

SK == /I,K s; ..,.. //dK So 
s., s~ 

(2) 

~z :: /1,z. + d4Z. 

EcnH HafiTll ·ll3 STllX COOTHOlll9HHfi Benn:qn:Hhl ~., H ~ 1 TO npn: ncnonb30B8HHH 
/18/ I?' 

Ta6nn:u Kos¢¢nun:eHTOB 1 npn:Be.aeHHhiX B pa6oTe , M02K?O .nony'IHTb 'L, H ~. · 

BpeMeHa 2KH3Hll /.- -Me30HOB B COCTOSIHUSIX. r = 1 H r =0 n:,cne.aoBaTenbH00 

dt H /o - BepOSITHOCTH 38XB8T8 M930HOB SI.UpOM ll3 STUX COCTOSIHllfi, 

Yf3MepeHH8SI B H8CTOSIIUefi pa6oTe Benn:qn:Ha ..) 2' OK83anacb M9Hblll9fi, '19M 

Bemi'lllH8 s/r , Pa3HllU8 STa SIBnSieTCSI .aHaqn:MOfi, T8K K8K npeBbJWaeT Tpll CTaH-

.aapTHh!X OTKnOH9HHSI, 3TOT cP8KT1 a •TaK2K9 3HaqeHllSI h, Jf 1'/'o .anSI KpacHoro · n: · 

qepHoro ¢oc¢opOB1 KaK cne.ayeT na cooiHoweliHSI ( 2), Henocpe.acTBeHHO CBn.aeTenb-. 

CTBYIOT B n.Pnb3Y TOro1 'ITO ~-;# k (cna6oe B38HMO.QefiCTBH9 GaBHCllT OT CDUHa) 

H At,> At ( aaxBaT ll3 COCTOSIHHSI r = 0 npon:cxo.an:r 6hiCTpee, _qeM ll3 COCTOSIHHSI 

F = 1 ), Ha OCHOI3aHHH H3MepeHHh!X Benn:'IHH Sz H s~ M02KHO c.aenaTb onpe.ae

naHHhJe · aaKniO'IaHHSI o BapnaHTe cna6oro Baan:Mo.aeficTBHSI B npouecce /-""' ;:'.7 /?.,.~ 
A/f ---6-../ .. 

ecnn: HafiTn Hn 2KHHfi npe.aen aenn:qnHhi ~ · -:: "' / .L _, • Ero · M02KHO nony-
o/1 _ -VA';! y ~6 

'IHTb ll3 COOTHOW9HHSI (2) npn: 3H8'19HllSIX ~ H ~- 1 paBHh!X ~ =3/4 ll ~ =1/4 

.anSI KpacHoro n: ~ = 0 >:1 ,?., = 1 .anSI qepHoro ¢oc¢opoB ( CM,n pn:no2KeHn:e 11) • .LlnSI 

STOrO cnyqaSI HCKOMbJe. Benll'IHHhl OKaaann:cb cne.ayiOIUn:Mn: 

t' -6 ut = (0,61 :!:. 0,016) • 10 ceK, 

BepxHn:fi npe.aen 

HH2KHHii npe.aen 

A,= ../r + ~tre~r 

Ao :::- .../o +- ~Qt:!n 

!;fJHu~ 

-6 
(0,54 :!:. 0,007) • 10 ceK 

6 -1 = ( 1,42:!:, 0,035 ) • 10 ceK , 

6 -1 
(1,72 ±:,0,022) •10 ceK , 

=- 0,29 :!:. 0,04. 
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3H6'i9HII9 B9pOHTHOCTII pacna.na M930HOB .f;,"e.b . . 5 -1 
6binO B3SITO p8BHbiM 4,505•1 0 C9K • 

n PHBe.a.eunbre. oum6KII sBnmoTcs cTaTIICTH'iecKHMII. 

Ha pHc. 

./'- ~.,.,. 
A - ./'f 

3 npe.ncTaBneua .nnSI Bo.nopo.na aaBHCHMOCTb 

1 Bbl'iHCJ19HHaSI· . .C.JlSI THll8 B38HMO.Uei1CTBHSI 

d~ . 
- OT BSJlH'iHHbl 

4 ,4-r.xY ~ p 
( G; ·~ ) 

C Y'i9TOM acpcpeKT6 cna6oro M6rH9TII3M6 Ha OCHOB6HIIII cpopMyn, npHB9.0.9HHbiX B 

/7/ . ~~ 
pa6oTe •. B cnyqae aaxBaTa MeaouoB SI.npoM cpoccpopa BenH'iHHa A. 6bma pac-

' C'iHTaua auanorH'iHhiM o6pa3oM .nnSI % =- 1121 Ha ocHoBe Mo.nenH illMII.D.Ta, a 
/5/ .. 

TBK>Ke ua ocuoBe Mo.nenH ·Maaepa-l1euceua B pa6oTe • PacC'iHTaHHbie BSJlH'iHHhi 

nony'iHJlHCb paBHhiMH - 0,25 ii ·-0,45, cooTBeTCTBenuo, EcnH cpaBimTb aTH. aua'ieHHSI 

CO 3H8'i9HH9M 1 npHB9.0.9HHbiM H8 pHC. 31 MO>KHO CK£i38Tb1 'iTO .C.JlSI cpoccpopa B9JlH'iHH8 

.J! B 15 H 9 pa3 1 COOTB9TCTB9HH0 1 M9HbW91 '19M .nn'g BO.C.Opo.na, J13 pHC. 3 cne-
A. . (LJ"'-./ . 
.nyeT, 'iTO nonyqeuuoe 3Ha'ieHHe. -:;z-lHP,/tiW• B3SIToe c y'ieTOM .a.ByKpBTHoil cTaTHCTH-

qecKo~": OW.H6KH 1 CBH.C.9T9J1'6cT~yeT B ll0Jlb3Y TOro, 'iTO 'Bee '3H8'i9HHSI A/> 0 · (Mo

'Zl9Jlb illMH.a.Ta) H ana'ieHHSI % 1>o B HHTepB'ane o.c X /L ~ (Mo.nenb Maa-

). / .a.-1 
epa/-l1euceua , HCKJ1IO'i8IOTCSI1 TaK KBK np11 % ~ oO -~ ? r-2,5. TaKHM o6pa30M 1 

/ fl. . 
ecnH y'ieCTb,· 'iTO .nns .,/] -pacna.na /.A' / =1,25, TO MO>KHO aaKJ1IO'iiiTb1 'iTO 

peaynbT8Thi .naHHhiX onbiTOB uenocpe.ncTBenuo CBJa.neTenbc'rByiOT ~ B nonb3Y {A- ...t 1J - -
- B38HMo.neilcTBHH. Ha ocHOBBHHH cp~ueacpcpeKTHBHbiX aua'ieHHfi ~ H #o H Benw 

'iiiH $ MO>KHO uailTH BenH'iHHY T .nnSI cpoccpopa. CpaBHeHHe aToil eenH'iHHhi 

/3 5 19/ 
C T90p9TII'i9CKIIMII npe.a.CK636HIISIMII. 

1 1 
.naeT B03MO>KHOCTb nony'iHTb CB9.0.9HHSI 

o BepoHTHOCTH nornowenHH M930HOB npoToHaMH paanH'iHbiX o6ono'ieK SI.npa. O.nnaKo, 

'./ Cp8BH·~HH9 npOH3B9CTII He y .0.8J10Cb1 T~K K6K OWH6Ka B B9JlH'iHHe ,;; ~K636J18Cb 
oqeub 6onbwoi1 Hs-aa 6onbwoa ueonpe.neneuuocTH B BenH'iHHax /f H #, 1 nony'ieu

HhiX llO M9TO.Uy 1 IICllOJlb30B8liHOMY B .0.6HHOfi pa60T9, 

B aaKniO'iSHHe aBTOpbl c;HTBIOT CBOHM .nonroM no6naro.napHTb qYJl'I,'SMa aa 

llOMOlllb1 OK636HHYIO npll BbinOJ1H9HIIH pa60Thlo 

np1IJ10>K9HH9 

Hble B IIHTepBane Bp9M9HH OT 0 
_;E. e r. . BBe.neM o6o3H8'i9HIISI 

S.;; ~~ + ii.S'o • ' Df.. 
.$ ~·'r; . (" L h.,· ~ 

nycTb BeJlii'iiiHbl cyMM $, = N/ H. u 0 = .114 I B.:x~cneu-
.no t 1 COOTB9TCTBYIOT 9KCllOHQHT8M e T, II 

•/ 10 ~ 
/V/ + ..A/o = N, ;v-= a II IV = ~- a 

1. JlOK8>K9M 1 'iTO 

Cno:»<HB cyMMhi St 11 ~ , nony'iiiM 

l 

" " I' 
K 
[ 

t 
.\ 
r 

·t. 

·-

j 
't 

l 
l 
I 
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2 rff.!-~- /7//.c~· 

/11' ( 1 ) 

~ 0 
r-ne ~· = 11~· ..f /1~· 

Qqean:nHo·. 'ITO Kor-na 

o6o3HaqaeT nonHoe qn:cno. p~cnanoa B MOMeHT.~peMeHn: ~·. 
?, U ~ . He CHnbHO OTnH'l8!0TCS1 npyi' OT npyi'~t aenn:'liiHbl -paaH.bi cooTBeTCTBeHHO aenn:'ln:HaM 3aceneHHOCTn: ypoaHeii .; .17, n: Ho • 

11. Bbipa*eHn:st S nnst nayx Monn:¢n:Kaun:ii ¢oc¢opa n:MeiOT cnenyiOwn:ii an:n: 

d, s; _,. (~- Cl,j.S:, SI. 
~ S, -1 (t-61.,,) .J;, Sti 

jf -..5;7 
Pa3Hn:ua S,- So pm;ma J;.- So =. a!..:.. a., 

. npon:3BOllHbie .OT pa3HIIUbl s~- .fc, UO t:2, II ~ 6ynyT paBHbl COOTBe1-

CTBeHHO 

l-13 aTn:x Bbipa)KeHn:ii cnenyeT. '!TO Benn:tJnHa J; -.So yMeHbwaeTCSI npn 

B03pacTaHn:ll CCI' ll yMeHbWeHHII a 0 • Qqean:nHot 'ITO 3HatJeHn:e $- So 6y neT 

HanMeHbWHM, Kor-na 4 _, ii, ~ ..f!.. n: 4, ""'1;-:;_ ::: C)· •. Ecnn yqecTh, 'ITO 

/ J,-S~jr--/./1,-.Ao/ , Toy npn h,==f; n: h..t. =0 3~a.'leHne(4-Aoj 
TSK)Ke 6yaeT MllHllMSnhHbiMo 
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PHc. 1. 

BnoK -cxeMa ycTBHOBKH. 

1,2,3,4,5 - CUHHTHnmiUHOHHhie c'leT'IHKH, 6 - MHWeHh, 7 - HBMBI'HH'IHBBIOWBR KBTywKa, 
8 - Me.OHhle qJHnbTpbi, 9 - napacjJHHOBhiil qJHnhTp, 10 - cxeMa BHTHcoana.oeHHil, 11 - cxeMa 
coana.oeHHA, 12 - aa.oep>KKa, 13 - TpHrrep .onHTenhHOCTH 'aopoT', 14 - cxeMa nponycKa
HHR ( 'aopoTa'), 15, 16 - c:jlopMHpyiOWHe ycTpOltCTBB, 17 - KOHBepTOp, 18 ·- · BMnnHTYJ:lHhlll 
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