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B 8 e .o e H u'e 

npu 38XB8Te MS.OneHHhiX HeltTpOHOB 5I,llp8Mif HapSI.Oy C OOp830~8HifeM COCTSBHOro SI.Q-

. Ill T 0 pa B03MQ)KH0 npoSIBneHIIe ~p5IMOrO MeX8Hif3M8 eopeTU'!eCKOe 0 OCHOB8HIIe . .c UOMOlllbi<? 

R - MaTpii'!Horo c:j:>opMannaMa ·II· 'coo15pa)Kelllf5I o aepoSITHOCTII npSIMoro npo11ecca IIPII HII3KIIX 
, /21 \ I . - . '- . . -. . 

9Hepr1ISIX Ohinii .08Hbl B pal5oTe neltHa II niiHHa • B nocne.oHee BpeMSI lfHTepec K "npSIMo-

MY 38XBaTy• 38MeTHO YCIIniinCSI, UOCKOnbKY ~ era np!!Bne'!eHIIeM MO)KHO 001>5ICHU:l'b HeKOTO-
. ' ' • . 15 /3-6/ 

pbze aHoManiiii, · aal5riiO.oaeMi>ze B J;leSKIIIIHX ( n_, .Y ). B pSI.oe_ pa OT aHaniia. aKcnepiiMen-

Tanbaoro M8Tep1Iana u ol5cy)K.oeHne peaynbTaTOB npoBO.OIIniiCb c y'leTOM B03MO)KHOro BKna· 

.oa''rip5IMOrO 38XB8Ta. 0.0H8KO .00 CIIX nop HeT onpe.oeneHHblX .ll8HHh!X 0 Benii'IIIHe 9TOro' 

BKna.oa.· 

.... . /2/ ' 15 
n3 TeopeTII'!eCKOrO. pacc:MOTpeHIISI cne.oyeT, 'ITO .OOnSI Up5IMOro 38XB8T8, B 0 meM 

ManaSI, .oomKHa aoapacTaTb B Tex cnyqagx, Kor.oa KOHe'll!bie cocTOSIHRSI g.oep .ong pa.oiia-' . -
IIIIOHHb!X nepeXO.llOB, COUpOBO)K,ll8IOUliiX 38XB8T, HBnHIOTCSI .llOCTSTO'IHO '!lfCTb!MII .OHO'!SC-

: TH'IHbiMif, T~KIIe -cnyqaii p~aniiayiOTCSI y · SI.Oep c Macc~BbiMII qucnaMII B paltoae · 70 II HII)Ke 

208, y KOTOpblX BOnii31I OCHOBijblX COCTOSIHIIlt pacnonaraiOTCSI O.OH0'18CTII'!Hb!e p -ypOBHif, 

cooTBeTcT'ay_IOmiie H~XO)K.QeHIIIO ueliTpoaa a a o15on~'!Kax 2p II 3p, . Cne.ooaaTenbHO, anHSIHIIe 

npli_Moro aaxaaTa · 15y .oeT cB:aabmaTbCH B nepayiO oqepe~b y 9TIIX SI.Oep, npii'!eM B TOll qac- • 

Til CUeKTpa y -nyqell, KO'J'Opag COOTBeTCTByeT nepeXO.ll8M H8 p-ypOBHII,' 

TaKIIM ol5paaoM, IICCne.oyl! noae.oeHIIe cneKTpoa . y -nyqelt B .aaaucnMOCTII oT aHep

riiii Hel!TpOHOB II CpaBHIIB85I ero C _TeM, 'ITO npe.OCK83b!B8eT TeOp1I5I Up5IMOrO 38XB8T8, MO)K-

' . -
HO nony'IIITb .ooao.ohz aa nnii npoTIIB era cymecTaoaaHI!SI, TaK, HanpiiMep,, B non bay npg-

. I ' 

MOrO 38XB8Ta C IICUYCK8HIIeM )KeCTKI!X y -ni!HIIll roa0p11na Obi K.?ppenHUIIH I!HTeHCIIBHOCTell 
I , - , ' /2,7/ 
aTHX niiimll c HeliTpOHHhiMII wHpHHaMH pe30HaHcoa. • 

:, O.OHIIM. II3, npoHBneHHll npgMoro MexaH1!3Ma np11 3axnaTe HeliTpOHOB .oon)Kna-smnHTb-

CH TljK)Ke· II!ITepcjJepeHiliiSI B .napUHSnbHOM Ce'!eHIIH 38XBaTa, OTBe'!SIOUlOM O.llHOll HnH He"" 

CKOl!bKI!M y -niii!HliM, 113nyqaOMb!M B UpHMOM npouecce. 

MaTpii'!Hblll aneMeHT, OUIICbiBSIOlllllll pa.onaunoHHblll 38XBaT HeliTpoHa, cocTOI!T' 113 

' ·. pe30ll8HCHOll '18CTII, CO.Oep)K~lllell BKnB.Obl OOOHX MeX8HI!3MOB, II Hepe30H8HCHOll, HnH •no-' 

- . - . - x) -
TeHUUSnbHOll ... , KOTOf,'8H OOYCJ!OtlneHa TOnbKO UpHMb!M MexaHH3MOM •, noaTOMy B Ce'leHI;Ill 

oy.oeT .Ha6mo.oaTbC5I, IIHTeprpepOIIIIH pe30!181lCHOrO 38XB8Ta C UOTeHUIIBnbHhlM, B03HHK8IOUl8H 

X ) , 
pocne.oHee cnpaae.onuao nnwb .onSI H3onupoaaHHoro pe30HaHca, lloo, ao~15me 

roBOps< B' l!~p-e30!Ialti:HOil 'IBCTI! CO.Oep)K8TC,H. T8K)Ke Kphlnbll .z:ianeKIIX pe30H8HCOB; 

3 
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OT B03B~.tlelHH>I B J{Ba.ttpaT cyMMbl COOTBeTCTBYIOlliH.X aMnnHTyJ:(. 'npH STOM HHTep<lJepeH~HoH-· . . . . . ' ' 

Hwli s<PcPe~tT 'TeM 3HaqHTenbHee, qeM 6onbwe ce~eH~e noTeHuHanioiloro. 3axa·aTa. CooTae-r-
. . ' ' . /8/' . ' .. 

CTBYIOUIHe pacqeTbl 6binH Bb!llOnHeHbl noaaweM • OH .oaeT· cne.oyiOUiee BbipameHHe .ttn>I 

~apuHanbH~ro ceqeHH>I pa.ttHaUHOHHOro 3aXB~T~· . . . 

u·
1 

(x) 0 ( K I 
1 '+ 2 ...;7 X 

.1 ) , (I) + u 
I 1 + .x 2 

r.tte. u0 .- ceqeHHe pe30HaHCHOrO 3axaaTa npH SHeprHH pe3oHilHca ,(B HeM CO.ttepmHTC>I 
. , ·' '. . . ... . a- ,· ' , 
3aBHCHMOCTb 1/v ); K =· __,_ - OTHOllleHHe ceqeHH>I noTeHUHanbHOra 3axBaTa I{ ceqe-

' ., . ~ . uf . ·. . . . . ' . ' . 
• ~HID. _Pe;aaaHCHOrO npH s~eprHH pe30H~Hca; 'x ~{ E -E11 )/f.· OTitiiOHeHHe_. ~HelJI.;HH HeliTpOHa 

-OT peaoHaHcHoro 3HaqeHH>t, .oeneH!joe Ha nonoBHHY nonHoi! wHpHHbl pe3oHaHca. 

B' STOll :<lJOpM'yne 'nocne.ttHHli qneH >IBn'>IeTC>I HHTep<iJepeHUHOHHbiM; OH HMeeT 06UIHli 
' J • • • •. • ' ., ' ' I 

3HaMeHaTen~. co BTOpbiM .qneHoM; pe3oHaH.CHbiM, H Hapywae1: OcHMMeTpHIO pe3oHaaca .• nep-
\ ' I / ' . • ' ' '· '• • ~ ';-. 

Bbli! qneH npe.ttCTaBn>teT C060i! ceqeHH'e IIOTeHUHanbHOrO 3aXaaTa. • 

~\ ' . ~ . -. 
'noHCICH HHTep<iJepeHUHOHHOli aCI!MMeTpHH B _s~tcnep1HMeHTanbHOi!. ~tp~BOJ! ceqeHH>I MOryT 

I . , . 
IIpOIIHTb CBeT Ha cyUieCTBOBaHHe .H•BepO>ITHOCTb IIOTeHuHanbHOrO 3axaaTa. 

. . ' ' ·• 191' 
B ~taqecTae o6oe~tTB' Hccne.ooaaHHS 6bmo·Bht6paHo s.opo· ·Au.· , y, ·~toToporo, c O.ttHoi! 

-., / \ I 

,CTOpOHbl; HMeeTCS X~pOWO. H30nHpOBaHHbli! CHIIbHbii!. pe30HaHC npli' SHeprHH 4,91 sa; C .ttpy-
. • I . ' - ' .. ~ ., . ' ' 1 { • • 

.roll CTOpOHbi, B cne~tTpe 3axaaTHOli pa.ttHaUHH aHOManbHO CilnbHa .rpynna CaMbiX )KeCTitHX \ 
.. . . ' ' . . ' ·.' ' . . /9/ . . 
1 nHHHi!; npe.oaapHTenbHbie ,pe3ynbTaTbl H3MepeHHli coo6manHCb B .t!Oitn.a.oe • O.ttHBICO, 1{81{ 

. 6binO ,OTMeqeHO-£ 3a~e.qaHHH npH ltOppe~tType, 3a HHTep<lJepenuHIO 6bin OWH6oqHQ npHHliT 

annapaTypHbii! s¢¢e~ti, · casi3aHHblli c CH~hHoli HMnynhcHott 3arpy3~toi!. 1 B HacTo>tu.iell · pa6oTe 
! ' ~ ' \ / . ' . ' 

npHBO.tlHTC>I_ pe3ynbTaTbl .oanbHeliwHx H3MepeHHli c-6onee coaepweHHOli an~apaT!poll. 

', 

l13MepeHH >I 

!1CTQqHHitOM Hel!TpOHOB cnymHn HMnynbCHblli 6biCTpblli pea~tTOp 06'be.ttHHeHHOro, HPCTH

TyTa .g.~epHbiX Hccne.ttoBaHHi! C BO.tl>IHbiM. 3aMe.ttnHTeneM TOnUIHHOi! 3B MM. nonywuimHa 

Hei!;paHHOrO HMnynbCa COCTBBn>Ina Olt()nO 50 ~Kce~t. Ha paCCTOHHHH !00 M OT pea~tTopa 

pacn~na~_anc>I HCCne.oyeMhili o6pa3eu 30~oTa pa3MepoM I 00 x 100 x 0,5 MM. 

npHMeH>IIIHCb .oaa .tteTe~tTOpa y-nyqel!- u_HnHH.tlpHqec~tHe ltpHcTannw NaJ (Tl ) 
'/ 

pa3MepaMH 100 i 100 MM 11 40 x40 -MM. Mem.oy o6pa3r{oM 11 KpHcfa:rnaMH. noMemanacb 3aUIH

Ta H3 napa<iJHHa c 6opoM. 

~. · .. . .. · . . I lbl 
•. Cn.e~tTpbi Y .. -nyqei! H3MepsnHcb c noMOll!biO MHoroMepHoro aHallH3aTopa B ICOTO-

BpeMH nosaneHH>I HMnynbca OTHOC~TenbHO Hel!TpOHHOli BCnbiWitH peaKTopa H 'era a¥n:_:m-

B ycnOBHOM ICO.tte 3aiiHCbiBaiOTC51 Ha MarHHTHYIO neHTY no 15' .ttopom~taM, qTQ 06ecne-: 
. . . . . . . '\. . ·. 

256 BpeMeHHbiX H. 129 aMIInHTy.tlHbiX ltBHBnoa. C MBrHHTHOi! neHTbi HH<iJ6pMaUH>I 

.._4 

' ' ' '} ~ 

'.r 

.t 
~ 
lj 
'I 

·.·.: 

\1 i; 

'1', 

~ I , . ' 
3aTeM. nepe.ttaeTC>I B <iJeppHTOByiO "rraMHTb" C 2048 HllH 1 1024 ~taHanaMH. H BbiBO.tlOM Ha 

UHcf,porreqaTb. MepTaoe' B~e~g aHa'nH38TOpa OltOno 130 MltCe~t.' npa qBCTOTe UH~tnos OT 5 

.tto 10 B ce~tyH.tty · B03MOmHa perHcTpauH>t .oo 6 HMnynhcoa 
'" . 

MeHeHHeM_perHCTpOB IIpOMe)KyToqHOi! naM>ITH. 

'64 ,MitCe~t. 

3a UH~tn; 'sTQ .tlOCTHraeTC>I np117 
' . ·., .... . .. 

l1cnonh3oaanacJ> UIHpHHa apeMeHHijro KaHana 

npH H3MepeHH5IX C 60nbWHM KpHCTannOM ·HaM npHlllnOCb BeCTH 6opb6y C HenpHSTHbiMH. 
. . /W . . 

arrnapaT_y.pHbiMH S<lJ<iJeKTaMH, IIO.tl06HhiMH 06Hapy~eHHOMY ~ , 
1 

ltOTOpbiEl· B 3aBHCHMOC~H,, OT
1 

ycnoaHli. U3MepeHH>t. MeH>tiiHcb He TOnb~t·a· no aenaqaHe,, Ho H no 3Ha~ty acHMMeTpHH:" To_nhKo. 

C !IOHH)KeHael..f MOulHOCTH pe.a~tTOpa B 10 pas, npOTHB .o6biqHoll 9TH s<iJ<iJeKT.bi HCqe3nH. Yf3- ' 

·.~epeHiin' c ManwM' ~tpH_cTannoMIIIpH HO~M~rihHOi! MO.UIHocTH .Aamr:,ToT. li<e ~e3yniTaT. ··' 

' . ' . . /. ·~ 
¢oH yqwrpiBanc>t.·nyTeM npoael:feHHS H3MepeHHi! c o6pa3uO,M H 6e3 o6pasu.a:. 0 aenHqH-

He ¢oHa · MOli<Ho nonyqHTb npe.ocTaaneHae 113 pHc; 2. nonpaa~ta Ha H3MeHeHHe ¢oia ~6pa3·:... 
. . . . . . - ' ' 

UOM He. BHOCHnac& H3-3a ee ManoCTH, qTo cneuHBIIbHO HCCne.ttOBanocb. 

Ha pHc. :I npHBe.tteHbi aMnnHTY.tlHble cne~tTphi a· pe3oHaHce 
. . ·.· I . . 

Hbi armapaTypHbie <lJopMbi nHHHH .ttng 
30ndTa. TaM li<e. no~ta3a-

. •.' 
y -nyqel! OT HCTOqHH~ta Po + Be c sHeprHei! 4,43 Msa. 

·r', 

· 06pa60TIC8 .ttaHHbiX 
·\. 

, l1HTep¢epeHUHIO · MOmHo o6Hapy){(uTb HaH6onee Ha.ttemHo H npocTo; ec.nH · cpaBHHBaTb·.: '· 

KpHBYIO: ce'l'eHH>t,' B ltOTopoi! Q)KH.ttaeTcg' Bltna.o HHTep<iJepeHi!HOHHOro qneHa, c no.oo6Hoi!- Kpu:.. 
., _; i ' • ;, . • ! 

Boil, B lKOTOpOA ,;TOT BKna.o OTCYTCTByeT' H~H .npeHe6pemH~O Man •. B Hall! eM .'cnyqae B Ka.:. 

~-- \ 

·, ' '- ' . ' ,_ . ' . 

qeCTBe -Ta~toli ltOHTpOnbHOi! ltpHBOli cne.oyeT B3>I,Tb CeiJ:eHae; COOTB9TCTBYIOlllee Ta~tOMy .. 
I '. \ . • , • J ' • • ' ~ • ' ' J ' -., 

y_qacTxy y -cne~tTpa,. a. ~toTopoM· 'He co.oepmaTCH· nHHHH,· HanyqaeMbie 8 aKTax np>tMoro 
' ) .· " .· . . ' . . ~ ' . . ·. '' ,. ' 

38XBaTa~ HanpoTHB, yqacTK,H, co.oepmaUIHe ynoM>IHYThie .nHHHH, . .oonmHw. OTBeqaTb ceqe- · 

HH>IM, HCnbi~biB~eMbl~ ~a HHTep<iJepeHuHID. Y .tl~6~~e BCer~ 6paTb OTHOlli~HH>t" TBKH~ Ce:<~e~Hi! 
' . I ,· -> ' ' ~' ., • ' 

K 'K.OHTponbHOMy H HOpMHP()BB:Tb !IX Ha. 'e.ttHHHUy .OitOno' pe30HSHCHOJ! SHeprHH. 
:\, 

. nonbsy>JCb <iJop~ynoi! . (I), ~OHTponJ>~oe ceqeH~e MO)KHQ B3>ITb B BH.tte: 

UK (x) 

a ceqeHue c HHTep<iJepeHuHeA 

· du' (x) a u:·(K, + 

Q· 
UK 

.l + 'x 2 

2..fKx 
---)·+ 
1 +· x 2 · 

0 u . 
H 

1 + X 'Z 

(2) 

(3) 

npH-'HanacaHHH STHX .tPOpMyn Mb(npe.onon~raeM, qTQ Bee nHHHH· '.. . . . .. . . ' . ' y . -cne~tTpa MOmHo 
Jpa3.ttenHTb. ·Ha .ttBe rpyrinw: nHHH~ c K =0, HX .6onhUIKHCTB·o, H nHHHH c K > 0 , .OHH 

... • · - · I I , 

cooTBeTCTBYIOT 'nepexo.ziaM ·Ha p -ypoBHH n lf3ny.'l'ai0Tcg npH, 'np>IMOM 3axaa.;.e. B ¢opMyne · 

· ' (3)aecTb aenH~mHa B~n~.oa ~HHHi! 'c Kj >·a ·B, c;;o;aeTc~~~IOll!Hli yqa~TOK ~~~apaTypH.oro 
I 

\ 

5 
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.--: 
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·.f.· 

f ,· 
cneKTpa, ~ . !<, ,- acl><Pe~THaHaSI 

:. Ho~y ·.JlJIH. cMeCH -aTHl<·nHHHll:' 

-~. 
• . 4 . ~ ; '( .p, 

aeJIH'IHHa . OTHOWeimH' noTeHUHaJlbHOI'O 
) . / 

,·· 
,I\' 

ce'!eHHSI K pe30HBHC-

·.··... . •. · .t' ' 

·.~ · -:..n~nsi ·ablpameiiHe- (3) • Ha. (2) a npapaaHHaaH nonyqaeMoe· o~~~weHae ellHHHue · npa · . ''' . . ' . . .,. ' . . 
i:' = '0 .' 6y]leM H_MeTb: 

~ 1' ·..~ ., 
.; 

·'a(x) = 
: u: (x) .. 
·-· _H_. --· =l + '+,(xz). '(4) 

r:-

"!• •. 
u~ (xJ ; . 

__ a __ ··:-(2>/K .x 

1 + .i.e • · ·<' 

n~HeA~hlil·no X -'!JleH ooecneqga;eT. HeCHMMeTpHIO . . . . . ' , .· ~ . . . . . 

. H TeM. oOJlbWYIO, ·~eM oon~we'. K-

a (x) 
~"'"""" * 

OTHOCH!eJlbHO TO'IKH x = o· 
·. ,__; .. ' 

. ,. 
' ' 'CCJlH' qepe3 ;aKcnepHMeHTaJlbHble' TO'IKH, npellCTaBJl!!IOWHe cooolt 'OTHOWeHKH ceqeHHlt, 

.. ~ '.. . ' . : : . ' ' ' : .. ' ':· .. · · .. ' ' ' ·. . \ . ,., ' . ... _; . .-.-. . . . ' . ' 
··.·,,..,;' 

, npoeeCTH nnaaHyiO JlHHHIO, 'omiCblaaeMyiO <iJopMynol! ( 4), TO TaKHM nyTeM MO»<HO' onpe!le- :. 
' ··~· ' ' (' . • '. . • ' .. , . ~- . . • •' ... . f ·' ~ ' . ' 

nKTh J(_'. B'HaweM cnyqae.(cM. cne!lyiOWHil pa3!lim) aMecTo Taiolt;npoue!lyp~I·.Ilnst 'oueH-. 
• •• < ! •• • • • • ,, 

.~H ; K .' ·:Y tl~~Hee BOC00Jlb30aaTbCSI aeJIH'IHHOlt, 
ti' 

!''•' 

/), A = A+ 
: "·'"'· 

KaK . M~polt )aCHMMeTpKH a(;): 
• ·.~ • .J • ~ • ' . .; 

·' 
' ' . (' 
;oTKylla 

'I· 

"'o' . . •. 0 
' \·2av-:; 

f a(x)dx ·- f a(x)dx =·· --
. -~0 • ~ ~_·:.~ +: aK : 0 

. z 
X 
·o 

noc~OJlbKY ·a ~ 1 . _llJIH cnyqaea ~ K · << ~ 1 

f. 
' :· z r_

'2 a' X·' V KJ 
0 

•. '!), ,' z 
·' K ='J --z-) 

., j 

,,•" 

~ .. .. 

1 
(5).· 

. ~(6) _ . 2a x 0 . 

.. _ . .' ~, ·~ . ~· : I"' - -~ • ... , . - , . . . 
npaKTH'!eCKH llJlSI HaXQ»<IleHKSI OTHOWeHKlt'' a(x) · llOCTaTO'IHO ]leJlHTb llPYI' Ha Jlpyra '1 

, l • ' ": l ' , ' ' I • ' :. I ' '. , ; ' :' '' ·.: \. 0 •• ~ 

·._COOTaeTCTayiOWHe .apeMeHHble cneKTphl, OOCKOJlbKY MHO»<HTenH, ca-H3aHHble C <iJopMOil Hell-.'! 
.. ,.. . , , . . .. . I . • . . ' . . 
TpOH~oro.'cne,KTpa H, Ton~HHOil o6pa3'lla, np11, a;.O•M 'cOKP,SWaiOTC:SI• ·Y'!eT cPYHKJHH:. pa3p~we:.. ' · ' 

: ~~~H; cnei;~o~eTp~~o~aHHH H~il~poiioa' H !lOnnnepo~cKoro yw~peHKH He M-om'eT • ~ymecTaeH-' . 

' HO. H3M~~:~Tb· oTHoirieHHst ; a( x) · if, ~eM oo'nee, aiiTerpanbHhl~ een~·'IKHbl. 6.·. , nock~n~KY · · .··" 
' ' ~ • - • c ' • 

npeabiWaiOT. ecTeCTBeHHOll lllKpKHbl · pe30HaHca •. : ·. COO_TBeTCTayiO_lll_Ke, .HM UJHp~Hhl ·He ' ' - .. f /. ~- ;; .. ( 

a Ka»<llOM apeMen- · 

. . . .r. -.. 
HOM _ltaHa~e. Hy»<HO yMHO?KHTb Ha. 3HepreTH'!eCKYIO, Wi!PHHY :, KaHana B ellKHHUa_X, .2- H' no-

,. ny>ieHHble '!Kcna ,npocyMMHpoaaTb cneaa ,H cnpaaa.-oT_ pe3oHaH~Hoil 3H~pi'IIH ·Il CHMMeT{mq-:: 
! ' : ~ . .- -- . ' ' ' ' ' '* .~ • • \ 

Hh!X 1~o aHeprKH npe!lenax. 

.. .nn~· B,blq_HcneHHSI nnoma,Clell A+ H ·A_ 3H!l'leHHH. oTHouie;-Hil -~(x) 

·- .·,.,_ 
t\: . : ~ 

; ·Pe3ynbTa.;.~l H 'HX 'oocymlleHHe ... 
-.•1-

.. ·• Mbl 'npliBOilHM' pe3Y1lbTaTbl oopaoOTKH H3MepeHHil C 6onbWKM ·.r:ieTeKTOpOM B Teqe-

!'fH~ '8 · .. a~OB H C • MaJlbiM .~~TeK~~pOM ·a T~~eHHe 38. qac~a, ;BpeM~ it~nKn~6~ ~O~O~aM ]lnH 
• ' ' ... ·~ I , ~ . . ' ~ , , ' ; ; c • , • , « \ , .. _:_;.. ' 

H3MepeHHlt C o6pa3UOM'H;Oe3 o6pa3Ua • 
. '·/ •·' . . . ' ' ., 

. '' '• . ' ' . 
it'\. 

.. · 
I _/, 

.... ...,~~ ·.·. 
•' .,-". 

'· 
';1 

.6. -, . 

.. ' '~, ' 

·. 

c 

,· 

' ~ ~ 

... /~!· 
: .> .l 

'I 

,1\i· 
·II-

li • ;-
!~' 

f 
V1l 
.I . 

': ,\.:. 
-L r-.. 
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Ha ~H·c. · 1 · OTMe'!eHhi y'!aCTKH aMnn:~;-~HhiX .crieKTpoa, · .ring' KOTOpbiX iuixo!lHnKci.• oTHO..; 
, ':; . , .· -.:· • .,. • ,;" , , . . ·_ .. "' r «. :. , .: , ., • • ,, 

WeHHSI CKOpOCTeJ! C'!eTa'K.SK cPYHKUHH ap~MeHK nponeTa Hei!TpOHOa~ 3TH'y'!aCTKH abloHpa:-. 

. iiHcb ia'KaM' oopa30M
1

; 'IT~Obl OC~OBll~il IlK;;~ ~ HII~· . .daaan~ ~eCTK;HO. , y: -nHHK~ cde~.;.p~.' 
•' •. : , ., : • '•. I ""· 

_'·.nnH HarnstllHO~TH OHH ·noK.S3aHbl 'Ha ·TOM me p'KcyHKe BepTHKanbHblt,;lli nyHKTHpaMII. C Bl>ICOTa-
- . - . _- . . . . 'tlll 

· MH,· nponop_UHOHanbHbl['tK HHTeHCIIBHOCTSIM ,(,ClaHHble ·a3HTbl H3 · ), 
0 

~ . . . . _.-· : ":. ~ . . ' 

To'IKH apeMeHHbiX cneiTpoa so apex· y'laCTKax nemaT o'leHb oJIK3,KO K TO'IKaM .e. coo-r

aeT.CTayiOII.lKX KOHT~OnbHbiX.' yqa'cTKax { CM: :;npHMep. Ha p~c:_!?). a cocnseT~TBIIH. c' '!eM HH 

.• : y OllH~rp H3 • Ol'HO~eHKll He ~~oniO:D.a~OCb. ~Kon~KO-'HHOY,Ilb 3~Me.THOi!'' acHM~eTpKH. ( ~H~.3 L 
. ' ~ ,- • ,. ' ' . . . • . . . .. . . •... ·., •., ~ ' ·- ' • . . . ' . • . i : .: 

· noaTOMY K3 HaCTO!!lllKX H3MepeHHJ! Mbl anpaae· C]lenaTb TOnbKO' OUeHKY K. C JlOMOII.lbiO' 1 
. . ~ . . ,··.~ . • ; - ' I M • 

¢opMy'nbl (6). · B · Taonaue .cee!leHhl .pe3ynb'raThi: o6pa6oTKH. acex: oTHoweHHlt •. ·· /. \ 
. , ··, . '·' ,. •. e - • • -. •f 

nepeXOilSI K aHanH3Y 3TH X pe"3yJibTaTOa, npeN<'Ile 'ecero ·3aMe.TKM;· 'ITO' ecnH .corrpoaom-. 
, . \ : ~ , ' 1 , . ' ' • 1 l ·' 1 /•,: I . : 

· .zia;QlllllMK npHMOil 3aXl38T C'IH'I'BTb, HanpKMep;, 7 'caMblX, · meCTKHX 'nKHKl! cneKTpa • (cM.pHC.1), ', 
.._ ' .. ' " ,· ., . '·' I ~ '• ' • • •' ' •" \ ·, 

TO, JlOCKOJlbKY. HX BKnall BO ace· HCCJlellOSaHHble yqaCTKH ,HanHeTC!I OCHOBHhJM, TaK:>I\Ce ao 

B·~ex. Y'l.aCTKaX HHTepepepeH:~SI ]lonli<~~ npci~BnSITbC~ ~pKMepH'o • ~llHHaKOB~: no:aT~~y' B~e. ; ·' 
• ~ < ' 

0 

• ._- r ~, • V oj y' ' , " , ~ _. •, ; ' < 1• 0 f ·~ .;' \'' ~ .' 

'· npKae!leHHhle, a· Ta,o.nHUe 3Ha:eHHSI . /), , ,MO>KHO• C'II!TaTb oonee-~eHee -p~BH03Ha'IHhiMH, ', 1ng-

:0.st Ha • aTK · 3Ha'!eJiKH,' i..tomuo '·saKniO'IHT~;. 'ITo. 'HeCKMM.eTpH~· OTHoweHali Bbi3aaHa ~Kopee 
. '/' 1. • ! . . -. • . ~,· • ) •• ' ' ' ' ~ -. . • ' ' ', '. ' : . ', '_,· • ' • 

cTaTHCTHKOil; .'!eM ·uHTep¢epeHuKeil, H · ii.' npe!lenax owaooK /),' MO)KHo c'!uTaTb HyneM • 
• • ' ' ' , , ~ ·,.,., · • .r I I ·, ~. . , ~ • : '. 

B · nonb3y aToro roeopKT TaKm_e .. TOT .¢aKT; 'ITO c yaefiH'IeHKeM x e 2 ~a3!'. 3Ha'!eHHsi 6. ~ 
. '. • . '. • ' ' .. . • 0 . • ' ·:, 
'tTaHOElstTCst ewe. onKme, K HyniO, ·.a, KaK- aHilHO K3 '<iJopMynr,I · (5), liM ·cnerioaano obi yaenH-

~H\~CH 'a 4. ~a3;;~ . ' . . ' , . 

:ou~HHM eepiHIO·IO· rpaimuy K 
' . . ~· 

nonaraH, -~TO ' ·t. < 2 ', II nOilC~:an~.SI B ¢opMy;y"(6) 
•.- .. ' . •' _. . 

• . • 1' 

H, x
0 

•60,6, nony'IHM ~8 
l; K·< 8•,10 : • __ '<, • 

3Ha'!eHKSI a f ~ 1 

,• 

EcnK C'IHTaTbi'. 'ITO nHH.KH yKa3aHHOil rpymihl aanyqaiOTC!I npaMep'ao -~ io% acex. cnyq_aea 
' Ill/ : ·• · ·:· ' .· ': · '/12/ · · 

3axaaTa · ,, , a nonHoe ceqeHHe 3axaaTa a pe3oHaHce 4;9 aa ,paaHo .34000 · 6apH ~ , TO no-

nyqeHHasi ai1we ·;ueHKa o3Ha<taeT, . 'ITO c~'-.ieHKe: no:reHuHanbHoro 3axaaTa. ;,· ; , -- oTae'laiOme~ 
..- ' ' ~. '. . : -:. ' . '· ' '·~ • • . . '' ' p. ' ~ 

paCCMilTpHaaeMOi! rpynne nKHHlt, a' pai!OHe, aHeprKK Hei!TpOHOa 5 .3Q •He npeahilllaeT · 0,5. MHnnH-
, - .- .. .. . . .. '• . ·, .·, . \ ' ( 

oaP.m• • . . ' • 

•, 

\ 
. •. .. 

1-;ieooXOAHMO TaK)Ke 'yKa3aTb; 'ITO ,He. KCKniO'!eHa a03MO)KHOCTb H' TOI'O, ~TO. Haw a 
' .. ' .. . ., . ' . 

-'OUeHKa' K K
1

· cnehoaaTeJlbH~;. ce;ie'HIISI noTeHUK8zlbiiOI'O 3axaaTa He .COBCeM' KOppeKTHB no 

TOlt 'npK'IHHe, 'ITO Mbl .•pa3Ma3anii' K -;·~a oonb~ee q~cnd: n~HKJ!~ ~~M 'IHCJlO HX·,~;~yq~e-
• • ' ' - J • • .• • ' ' ' • 

• MhlX a npouecce npHMoro: 3aXBaTa. B . .cai..mM'Jlene, ]lonycTKM, '<TO npHMOll 3aXaaT ocy-
~·:' ·I .. ' I• '-. ' ,·•. ; · .. ''' • .: •'·' ,. " •, • ,·· .~ ·~ . ...---~.,·-. \ 

··mecTanHeTCH.·.TonbKO _'1epe3 _acnycKaHKe ,OilHOlt nriHHH 6,25 MaejKiiTeHCKBHOCTb_.KOTopoil 
\' - .. ' ' ' /11/' ' . . ' ·' 
cocTaanHeT .7% oT .'!acna 3axaa'<eHHhiX HeltTpoHoe : • Hecno»<Hble pac'!eThi, ocHoaaHHble. 

' ·• Ha H3aeCTHOft <iJopM'e JlHHHH ]le;;.eKTOpa,noKa3biB8KJT,, 'ITO. MBKCHM'an.bHblil aKnall . a·., 01 .3 
'' • .. . ' ' ~ .;. ~ . • . '. - •, -. _I • : " j .... • ' .. , ; - . • .~ • ' . . • - • < ... ' : : • ' : ,' ' • 

3Ta -JlHHHSI aHOCHT B yqaC,TOK '2 ,H3MepeHHil C M8nbiM ]leTeKTOpOM 1 noaTOMY Tenepb ]lnSI 
, - - , •. , \ . : . . ~ r ' . ~:· ,. . • , . -7 , 

oueHKH K • Mbl nony'IHM aenK'IH·ay' e 1~a 2 
a 1 f pa3 · 6onbWYIO"O' '!eM~ paHbwe, T.e •. K' '<. 9,10 
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·\a. ce'leHRe noTeHuaanhHoro aaxaaTa q 
p 

AnH STOR nRHHH 6yAeT RMeTh CBOeR aepxHefi 

rpimnuea npaMepHo 2 MRnnn6apHa.' AnH nRHHH 'c MeHhWiiM 
BblXOAOM Mbi _ nonyqan~ 6~1 _ewe 

6onhWYIO ·oueHKy • 

l1MeeTCH T8KiKe HeKOTOpaH BepOHTHOCTh TO!'O, 'ITO HaWa OUeHK8 HHTepti:JepeHUHH 38IIH-
' ,- : ' I . ' • ' 

-. :lK9H8 H no ApyroR npR'IHHe: ecnR ocTanCH annapaTypHbiR- sti:Jti:JeKT, npeBOCXOAHWHR OWH6KH 
' ' \ ,, 

H3M9peHHH, HO OH CKOMU9HCHpOB8H stP4JeKTOM HHTepti:JepeHUHHo 0AH8KO STO B9Cb~a Mano-' 

.B9pOHTHO, T8K K8K AOn:lKHO 6binO, 6bl npOH::\OfiTH B ABYX pa3Hb!X H3MepeHRHX UpH pa3Hb!X 

ycnoBHHX, 

HaKoHeu, -paccMoTpHM aonpoc o aoaMO:lKHOM anRHHHH _HHTepti:JepeHUHH Me:lKAY peao

, HaHcaMu. TaKaH HHTep¢epeHUII-li 'a ce'leHR!IX aa~BaTa 6blna anepBbie o6Hapy:lKeHa a peao--

- ' 195 1131 ' ' ' 
H8HC8X Pt ' H, H8CKOnhKO HaM 113B9CTHO, AO CIIX nop HHI"A9 _6onee ll9 Ha6U10Aa-

l --
nacb. 

Ecmi 8ocnonh3oaaThC!I ¢opMynoa BpaRTa-Burliepa .Ami MHOI"RX ypoaHeR -.(eM~ Hanpn-

/14/ . " ' Mep, , ¢opMyna- _( A.20) ) , TO An!I napunanbHOro ceqeHuli aaxaaTa a oKp_ecTHOCTH peao-

, HaHca-- E MO:lKHo HanncaTb abipa:lKeHRe, a TO'IHOCTH coanatia10wee c ( l). 0Ho, Y'IHTbma-o I ( • 

eT' HHTep¢epeHUHIO c OAHHM HS COC9AHHX pe3oHaHCOB, HMS!OWHM hapaMeTpbi':- E'· • r'. H

1 

- \..,., • , , · D n 

r' - sHeprHIO, HeRTpOHHYIO wapHHY H napuaanhHYIO paAH8UHOHHYIO WHpHHY. 0AHaKO B STOM 
yl' ' ' . . .· . 

Bblp8:lK9HHH 3HaK· HHTepti:JepeHUHOHHOI"O q~eHa H9 H3B9CT9H 0 a ponh Ce'ISHH!I qp Rl'paeT 

Kpbino, paccMaTpuaaeMoro poceAHero peaoHaHca: 
'-

TaK 'ITO 

K' 
I 

rr 
p 

r'r' 
___!!_..I!. 

r..r 
n yl 

2 
ITA 

r' r' 
___!!..,_.YI __ 

( E - E;~ 

(r/2/ 

(E - E'f 
0 0 

- r • 
-C-~J 

2D f 

D - c peAHHe aenR'IHHbl nonHoR wapHHbi a 1 paccTO>IHHH MS:lKAY pe3onaHcai.m· _ 
!'AS r H 

oAHoro cnnHa, Bena'laHa K' AnR paanH'IHblx·nepexoAOB i a peaoHaHcoa E' 'HApa 
' 191 l - -6 ' - ' . • 0 -7 

Au Mo:lKeT npaHHMaTh paanR'IHbie aHa'leHRH _ nopHAKa 10 • !losTOMY oueHKY -_K"' - 10 -

MO:lKHO paccMaTpRBaTb KaK npeA91l
1 

Hli:lK9 KOTOpOI"O H3MepeHH9 K n"paKTH'19CKH H9B03i.w:m:-

~O aa-aa 'HeanaHR!I 3!1~KOB '-/K~ _ ,nnH paaHblX- nepexoAOB. i u peaoHaHcoa 'E~ •. ~oaM~:lK~ 
'-. , HO, HSKOTOpy~ UOMO!Ub 3A9Cb MO:lKST OKaaaTb TO ?6CTO!I;91lbCTB0 1 ' _'1~0 AnH HHTepti:JejleH- • 

UHH C UOTSHURanhHblM aaxaaTOM 3H8K • y ~- • 'H9 ;aBRCHT . OT i . l1 eCnH UOCTen~HHO CHH~ 
. . -, • . I " 

:lKaTh HH:>KIIHR sHepl'9TH'I9CKRR no pOI'- perRcTpauHH y -~ny<ieR, TO· Ha6iiiOAa9Ma>I aCRMMeT--

pH!I !:1 • a cnyqae HHTep¢epeHUHH ~ noTe~uR~hHbiM 3axaaTO~ 6yAeT 'r;aAaTh nponopuao-. . . . . . . . 

~anhHO a , a npH ~HTepti:JepeHUHH MS:lKAY p~30H8HC8MH yM9HbW9HJl9- /). 6y_rieT npOIIC.XO

AHTh aa·cqeT yaenH'ISH~H qHCna p~I"HCTpHpyeMblX nepeXOAOB li HX B3aHMHOR KOMU9HCaUHH. 

B HHTep4Jep9HUHOHHOM qneHe • 

·' ' g, 

'I 

<---



'I 

nocne Toro, KBK uacTosuua11 pa6oTa. 6bJna no.nroTosneua K neqanr,. no-
. . . /15/ . 

IIBHnacb pa6oTa Baccoua . H .llpel!nepa , KoTopbre nposenH HsMepeHHII, auano-

. l'lf'IHbl9 HaWHM, ABTOpb! C'IHTaroT, 'ITO OHH OOHapy~Hn.H HHTep<fJepeHUHIO C no;enuuanb

Hb!M saXBaTOM, H .naroT OU9HKY a i!; 10 MHUUHOapH npH E = 1 SB (-i-.e, 4,5 MHllUHOapifa 
p n • 

_npu E = 5 sa). HaM Ka>KeTC!I, 'ITO sTa oueHKa saBbtWena H Hs 11x >Ke pesynbTaTOB cne-
/ n ~ , 

.nosano Obi C'lllTilTb a <'"- 0,5 MHnnu6apu'a npH E =5 sa. 8 nonb3y sToro roaopiiT cne.nyr.,-
p n . -

.Wife ,PaKTbl: 

- /15/ I) 06pa6oTKa uawHM cnoco6oM pesynhTBTOB, npuae.neHHbiX aa puc. 3 pa6oTbt , 

.naeT: 

t; =-1,2 :!:.1,6 .nn11 HHTepsana 

!J. •-2,5:!:.2,1 .nn11 llHTepaana 

' i 'ITO BnOnHe COl'nacyeTCII C HaWIIMll pesynbTaTilMll. 

E =3,06..;.6,76 sa, 
n - , • -, 

E. =0,67-9,15 sa, 

. . . /15/ ' 
2) 3KcnepuMedTanbHbte TO'IKH a pa6oTe nnoxo coPnacyroTCII '.c pacqeTHol! Kpuaoi! ', 

COOTB9TCTBJr10Wei! a p = 10 MHnnn6apa npu En =I sa, ooaapy>KuBall M9HbWYIO aCilMMeTpll!O 

pesoaaaca. Kpuaa11, pacc'luTaaHa!l no ·,PopMyne (4) c llsMeHeHHbtM sHaKoM HHTep,Pepeauuu 
. -7. 

npu a =I u K = 10 , .cornacyeTCII c TO'IKaMn aa TOM >Ke pucyHKe nyqwe, '!eM .npyrHe 
' - /15/ . ' 

Kpl!Bble,. paCC'IRTilHHbl9 aBTOpaMR· 

!' I 
Jln11 OKOH'IaTeUbHOl'O peweHH!I B~npoca 00 llHTep<flepeHURR HY>KHO nOBb!CllTb TO'IHOCTb 

. . • I 15/ 
HsMepeHHr1 B HecKOUbKO pas no cpaauenuro c Toil, 'ITO obrna y· uac u asTopos • 6bJno Obi 

TaK>Ke nonesHO RCCU9.!l~BaTb .!lpyrrre nO.!lXO.!llllUR9 ll.!lpa, OC009HHO Te, y KO~Opb!X 1- eme 

M9Hblll9, 2D 

B saKnroqenue anTOpbl C'IRTaiOT CBOlfM nplliiTHhiM . .nonroM' noonaro.napHTb <P.n.Wanlf-
' ~ 

po sa nbcToiiHHoe nurrMaHHe K paooTe u nonesHble oocy>K.!leHRII, fl. Ypoanua, nplfHHMaswero 

yqaCTHe B O.!lHf?M liS 8Tanos paoOTbl, r.n./KyKOBa " B.E./Kypaanesa, ooecnequaaBUIHX 

patloTy aneKTpOHRKil, " A.A.nowKapesa sa nOCTOIIHHYIO noMOIUb. 
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Pnc. 2. Cpaaaeane. apeMeHHhiX cneKTpoa • B yqacTKe 2 11 KOHTpOnbHOM yqacTKe 
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CliSKTp HOpMHpOB.8H H8 BTOpOA 'B M8KCHMyMe. noKaaau T8K)K8 <j:JoH 

B KOHTpOnbHOM Y'I8CTKS. 
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