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I. BBe,D;eHJie 

B nep:ooi!: 'IB.CTlll HaCTOJIIIlero coo6111eHliiSI [I] (B ,D;aJU:.Hei!:weM aTa pa-

6oTa o6oaaa11aeTCJ1 11epes I) no,D;p06Ho pacCMB.TPHBaJICH Tax HaSiiBaeMhli!: 

npBMOI nponecc CnliiH-pemeTO'IHOro BsaHMO,D;eiCTBHH,.KOTOpHI npH TeMUe­

paTypaX Hllae 70K lii npH OTCYTCTBllllll Me:xamiSMOB HeO,D;HOpO,ItHOro ymHpeHliiSI 

JiliiHllll ,D;aeT OCHOBHOI m<JiaJl B IDliiPHHii SJieKTpoHHHX ypoBHei!: napSMai'HHTHWt 

ltpliCTBJIJilll'leCKKX COe,D;liiHeHd pe,D;KoSeMeJil>HWt SJieMeHTOB. Ha OCHOBe He­

KOTOporo "BeKTOpHoro nplll6.nUeHliiSI" 6WIK Hai!:,D;eHH WOPMYJIH (I 4,I 2I, 

I 22), KOTopue nosBOJUIDr ( c yqeTOM CTaTlll'leCKliiX napBMeTpoB KPliiCTBJIJIH­

'IecKoro ITOJIJI R £ 111 ) ,D;aT:& oneHKY cHlllsy BKJIB,D;a rrpJIMoro rrponecca B IIUI-
• 

pHH!i ypoBHel. IIpHMeHeHllle STliiX COOTHOWeHHi!: ,D;JIJi HHTepnpeT8IUilll KOHKpeT-

HHX CITeKTpoB Tpe6yeT, O,D;HSKO, e111e HeKOTOporo ,D;OITOJIHli:TeJibHOrO aH8JIH3a 

B CBIISII c npx6JmaeHlll8Mlll, C,D;eJiaHHHMH rrpx BliBO,D;e BTliiX qJ<>pMyJI. 3THM 

:oonpocBM nocBIUIIeH CJie,D;yDIIIII IIyHKT HaCTOJmlel pa6oTH. B rroCJie,D;HeM 
"i) J+ 

rryHKTe oneHliiB9.17l'CJI WHplllDi ypoBHel HH8Uiero MyJI:bTHITJieTa rr B 

'Pt FJ , liSBecTHHe liS BltcnepHMeHTa no HeynpyroMy paccemum HeiT-

poHOB f2) • 

2. 1CJIOB11Jl npliMeHBMOCTll OCHOBHHX qJQJNYJI ,D;,1Ul oneHKlll WIIPJi!H 
ypoBHel 

llpll lliBO,D;e COOTHomeHd (I 4)1l(l 21) 6WI C,D;eJiaH neJIHI pH,D; 
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npH6JIIDJtemlli, KOTOpble C.BR38.Hbl C YIIPOI!IeHHbiM Olll'!CaiUieM CBORCTB il>OHOHHQ­

ro ITORH H KpHCT~a (O~OpO~OCTb ~eil>OpMauRR, H30TpOITHOCTb CKOpOCTH 

3BJKa, ytieT JIHllll> a.KYCU!lleCKMX BeTBeiii \l.JOHOHOB C 3aKOHOi<i ~CllBpCID! 

w(i,.,.J = 1·V' - o603Ha'l:eHIDI CM. B I). 3TH npH6JIIDiteHHil He 

~OJIJKHhl C!tl.JibHO BJIIDITh Ha !.paBHJibHOCTh OKOH'l:aTeJihHOrO pesyJihTaTa, IlQ­

CKOJibKY yqacTHe pa3JI.H'llih!X il>OHOHOB B rrpHMo"; rrpouecce {eM. I I3) nplil­

Be~eT K onpe~eJieHHOMY ycpe~eHl!ll STHX CBORCTB [ 3 ) , l!eivi CJI01K!lee 

KpliiCT~H'l:eCKafl CTPJKTYPa pacCMaTpHBaeMOro ~oe~eHHR H ~eM HKEe ~ 

~e~aH CHMMeTpHil KpHCTaJIJIH'ieCKOrO ITOJIH B MeCTe H8XOli,I{eHWi pe~ose­

MeJihHOro HoHa, TeM 60Jiee onp~ nepe~CJieHHHe npH6JIKEeHHil. 

CJioXHee 06CTOHT ~eJIO C rrocne~CTBMHKH"~Al'lHHOBORHOBOrO rrpM6AM~e-

HIDI11. ECJIIil oueHHBa.m'CH IIIHPIDm HH3KOJieJJtamHx ypoanell,pasHocTb 3Hep-

rHI Eij Me~ KOTOPHMH cocTaBJIHeT rrpHMepHo I cM-I [ 4] , TO npH 

cpe~ei CKOPOCTH 3eyKa V = 2,5 • IO 
5 

cM/c CJ.:j = CJ);_j/V 

HMeeT nopMOK 10 6
/cM H yCJioBHe ( 1ii ~i ) << I xopomo BliiiOJIMeTCH. 

i3 STOM CJJY'l:ae il>OPMYJiaMH (l 4), (I 21) H (I 22) M01KHO ITOJih30BaTbCH 

6es ~OITOJIHHTeJihHOR KOppeKTiipOBKH. 

B CJIY'l:ae, KOr~ OUeHHBa.m'CH mRPHHH ypoBHeR, Me~ KOTOpHMH 

BOSMOJJtHH npHMHe il>OHOHHHe nepexo.D.H c aHepi'HJIMif f,j ~ nop~a 
I( f1 ~ 250 CM-I , BOJIHOBOI BeKTOp npl!IHBMaeT SHa'l:eHHil ~0 ~& = 

= 2 • I08/cM. I!OCKOJihKY y'6.e ~e JIHraH,ll;li pacCMaTplriBaeMOrO HOHa 

H8XO~TCH Ha paCCTOHHHirl B HeCKOJihKO aHrcTpeM,~AHHHOBOAHOBOe npH6JIH­

JKeHJile 6oJI:bme He ro~TCH. IToaTOMY CJie;oyeT JIH6o SSMeHJriT:b B (I II) 

C.BSi3aHIWI C 3Tl'!M npH6JIUeHJrieM !l>aKTOp 

(if ~;)(a.,,,. - Q~· ... ) (I) 

CBOl'!M HCXO,IUihlM BHpa.JteHHeM 

• -> .. 0 ( if-i;/2 .. -if-i;~z) 
Z i 'L n ( ~ . 'Rrf 2) !lf, t e - Q ;, to e 

(2) 

4 

JIH60 yqecT:b pa3Hirllzy Me~ (I) H (2) B (I 4) 
1 
(I 2I) H (I 22) npH6JIH­

'6.eHHbiM o6pasoM. HKEe paccMaTpHBaeTca BTopol no~~ K pemeHHD aTol 

rrpo6JieMh!. 

0CHOBHOe pasJIHqHe Me~ onepaTOpaMH (I) H (2) COCTOHT B OCUHJI­

JIIIPYDIIeM xapaKTepe ITOCJie,lU!ero H B ero OrpaHH'IeHHOCTH no MO,DyJID, :ffa 

pa3Hi!Uli Ha'IHHaeT CHJihHO CKa3h!BaT:bCH nplrl 3Ha'l:eHJriHX Cf 1.1. 'R~ , Mil 

KOTOpbiX <J 'R; > 2, llapaMeTpli KPHCTaJIJIH'l:eCKOro ITOJIH ITOHBJIHil'l'CH 

B il>OPMYJiax (I 22) Ha OCHOBe paBeHCTBa R e,. .. L at ... ( 'R;) 
' I. ' 

IlpH yqeTe (2) B CYMMaX (I 22) no I B03HHKam OCUHJIJI"IIpyi!ll(He MHOlltHTe-

JIIrl F {t;) . Cor;racHo qJOPMYJie (I 6) ,HMeeM 

-· i 1 
nr, .. C~i) "'('Ri ) tt ._ ( ~i) h4 u R, ... ~~ o.L, .. (i;) 

I I(~i~~) 

,r~e 

R - HeKOTOphll alxl>eKTHBHh!H ~C KOiviiTJieKca 6JIIDitafuu:III.X Jil'lraH~B. 

I!03TOMY HaJIJrl'1He MHODTeJIH 

Ha CYMMaX (I 22) ITO I npH 

cyw. no I Mil l = 2 H 4 

F(i;) MeH:bWe Bcero CKa3HBa6TCH 

l = 6, Ha-sa 6o;ree CJia6ol CXO,lUIMOCTH 

OCUHJIJIIriPYD!Ild\ MHOliUITeJih CYI!IeCTBeHHO 

y.MeH~>maeT SHa'l:eHHil STKX cy-MM. TaKHM o6paaoM nepBM nonpaBKa ocHOB­

IWX il>OPMYJI ,llJIH OJ.J;eHKll WHPHH B c.nyqae 60JI:blllliX f.:j COCTOHT B TOM, 

~TO Mhl OCTaBJIHeM il>OPMYJIH (I 22) Mil f = 6 6es H3MeHerutll:, a ,llJIH 

l = 2 1r1 4 npHHJriMaeM 

c t: = 0 ( t = 2,4) • (3) 
I 

ItropaH nonpaBKa CM38H8 C MHODTeJieM ~ 

OTBe'l:aeT 3a ITOHBJieHJrie qJaKTOpa c;., 4 B fi,j' 
H3 (I). KOTOpbll 

il>OPMYJIH (I 4). 

3aMeHHH onepaTop (2) ,llJIH o .. 'R a (&)··'R fv > 2 
I 'I 'J 

Ha ero 

MaKCHMaJI:bHOe 3Ha'I6Hirle 2 ~ ( a _, _ a'!. _. ) , Mhl ~OJilltHH B , ,,. 't ,. lv 
3aM8HHT:b 

G) ·t · ( ~ii 'R r ( ~ r HO. 't ( ~ ).z. 
~ ' 

TO eCTb HKeeK 
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~ - " f("'•i) I v I~ (4) 
,: l - M., l. ~ < li I c I ~ > . ll LJ" ) 

~J 

r,~~;e 

l. { ( zt•/~ (..) .. 
~~ 

E-. ,A .. = n.p .. 
~J 

41//'Rl. 
tJ > 2 t..i)j'R. . 

A;IUI <mCJieHHWC pac'leTOB r.laTpl!'lllliX MeMeHTOB < 1 i t C I 1'~ 7 
6o~ee y,~~;o6HO TIO~b30BBTbCH Be~eCTBe~m BaiTK'lHHaMH. C arol ue.-'Il>D 

OCHOBHI:ie \llOPMYJihl pa60Tbl I ,II;8.Hii B npMOl!teHHK aa ".asm<e" TeccepMbHbiX 

{ilyHKUHA [ 5 ~ 

3. llillpHHH MeKTpoHHbiX ypoBHe! npaaeo.lUIMa B 'Pt F~ 
llpH ITOMO~ \llOPMY~ (I 4), (I 2I), (3) a (4) ~.aT= 20K 6UXH 

U· 
oneaeHH mHpHHbl MeKTpoHHHX ypoBHeA a:aswero MY~bT~eTa 3 H,. - '?t 
B KPHCTaMH'leCKOM rroJie 'Pt F~ • CneKTP STHX ypoBHei\ 6WI xcCJie,II;OBaH 

B SKCIIepHMeHTe ITO aeyrrpyroMY pacceRHHD aei\TpOHOB Ha ITO~HKpKCT~­

'leCKOM o6pasne [ 2 J . fiaBeCTHH Ta.Kae onTH'lecKHe ~e o crreKTpe 

npaseo,n:HMB. B L a. r! [ 9] . 

B K8'18CTBe BOJIHOBIU ~i\ MeKTpoHHbiX COCTORHH! li 
HCITOJibSOBMHCb \ll~, npKBe,ll;eHHble B pa60T6 (G) . Ana pasni'lHHX 

BMH<mH, KOTopHe BXO.wtT B WOPMYJihl (I 4) K (4), rrpHID!MBJliCb CJie.ey-J>­

IIIlle saa'leHHH 

a ~J., .t ') fa br~(, 'l./r.H ; f(LD) .. 3 Mc.>/l""'" fU - pacnpe,II;MeHxe .Ue6a.a; 

6 = 360K; 1r = 2,5 • I05 cM/c [I] ; 'R = 2,5 • I0-8 cu [G). 
&ia'leHHH napa.MeTpoB R ,,... (CM. (ll I) ) H aaeprHI ypoBHel 

Ei BSHTbl n pa6oTW [
21. 

6 

J 
\ 

J 
\ 

PesyJibTaTH pac'leTa npHBe,ll;eHH B cToJI6ne YI Ta6JIHUH I. 3Kcne-

pH:.:eHT8.JThHble .u.aHHHe no li!HPiiHBM ypoBHei\ A Ei. HS f9] H [2] co-

,~~;epJKa-rc.a COOTBeTCTBeHHO B CT0~6nax IT H lli Ta6JIHUH. 

llpH cpaBHeHHH TeopeTH'leCKiiX H SKcnepHMeHTBJibHbiX 3Ha'leHHi\ WHPHH 

He06XO,II;HMO Y'leCTb CJie.IJYKIIlee. ,IJJ:unme pa60TH £';;;) UOJIY'leHbl npH H3Mepe-

~ aa MOHOKPHCTaJLJ1e La. 1=3 H ll!cnpaBJieHH aa BMH'lliHii ll. Ei 
KOTOpHe CM38Rli C l$IleKTaMH HeO,II;HOpo,II;HOro ymHp8HHJi JiiiH:IfA. fiCIIOJib-

syeMOe npH aro;v; npc;J;IIOJio:a:eHHe !!. Ei = 6 E1 Bl:lllOJIIDieTc.fl JiiiWb 

npH6~eHHo, TaK 'ITO KCTHHHoe sHa'leHHe A E~ MOlleT 6HTb ropas,~~;o 

MeHbme. 

llpHBe,ll;eHHble B CTOJI6ne ill WHpHHH UOJIY'leHbl B (2) nyTeM TeopeTH'le­

CI\OrO BOCilPOKSBe,ll;eHJlfl 3KCnepHMeHTMbHOrO crreKTpa. llpH BTOM IIIHpHHbl 

~ nepexo,~~;oB onpe,~~;~cb KaK 

tlf- .... ~f·+llE· 
~J L J f 

(5) 

a aHa'leHHH l1 Ei 6WIH HOPMHPOBBHH Ha ll t 1 = 0. TioCJie,II;Hee 

osaa'laeT, 'ITO B saa'leHRHX AEi cTOJI6na W e~e cKpbiTH BKn~ 

/l. fi OT aqxpeKTOB HeO,II;HOpO,II;HOrO ymHpeHHH, KOTOpHe He06XO,II;HMO 

Bli,ltMHTb. Momm ou.nau, 'ITO SHa'leHHH c1 E i ,II;.IISl nOJIHKpHCTaJI-

a'lecKoro o6pasna 'Pt FA 6y'JIYT 6o~bme aaa'leHHti ll f, , llOJIY'leHHbiX 

npx KcCJie,ll;oBB.HD MOHOKpllcTMJia La. F~ ( 6 E, ~ 0, 5 cM-I [I~. 
Lil6apaH ,1Wi fl E. B CJIY'lae p.,. r! 3Ha'leHHe 2 CM-I, llOJIY-

'lB6M c Y'leTOM npa6.mmeHKH A Ei = 6 E. saa'leHM !!. E, ,npH-

Be,ll;eHHHe B ctoJIOu.e IY Ta6JIHnbl. Onpe,II;M.fleMble npH noMo~ BTHX L1 Ei 
H COOTHOWeHJIJi (5) WHpXHH JIHad A f.fj , OTB6TCTBeHHHe aa Bii,II; 3KCne-

piMeHT8JibHOrO cneKTpa (CM.Ta6Jiany 2, pHC. 4 ii 5 pa60TH[
2) ), COBil8-

,ll;am' co aaa'leHHHMH ~ E .. i , BH'lll«:__eHHHMll npH noMa~ L1 E i. cToJI6-

na Ill Ta~ I. Bli'IHTM cei\'lac or1 E. Ha Bcex ll. E'i CTOJI6na 

IY Ta6.1IIlnH, Mil rrOJIY'iaeM aHa'leHilfl li!HPHH L1 E, , rrp:HBe,ll;eHHble B 
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Ta6JIHI.la I 

3H ';") u 3HeprHl'l H WHP.HJW MeKTpoHHWC ypoBHeii MYJibT:rmn:eTa t - l't 

B ?.,. F3 rrpH T = 20K • (Bee B CM -I, rro,zwo6HOCTH eM. B 

TeKcTe' "0" 03Ha'l86T .0 E, ~ Io-2) 

I II Ill IY y YI YII Ylll 
i £. (Z.J AE·(S., AE· CzJ AEi AE.: A£.: AEi 4Ei • l l 

9 500 I3 II 9 2 2,7 4 

8 330 II 9 7 3 4,7 5,8 

7 290 IO 8 6 4 3,6 5,2 

6 222 9 7 5 2 3,5 4 

5 202 8 6 4 2 I,6 2,8 

4 I35 6 6 4 2 2 2,4 2,9 

3 69 4 2 0 0 0,03 0,2 

2 60 3 4 2 0 0 0 0 

I 0 0 0 2 0 0 0 0 
- . 

CTOJI6Ue Y, KOTOpble H CJie,nyeT C'IHT8Tb "3KCilepHMeHTaJibHbiMH" Wi!pi!HaMi! 

ypoBaeii, cBHsaHmiMH c upRMbiM r.poueccoliii. CpaBHHBaR SHa'!eHHR ~ fi. 

cToJI6ua Y Ta6JIHIJ;!i c .0 E.: cTOJI6ua YI, Mhl yBH,JUIM, 'ITO ":aeKTopHoe rrpH6JIH­

llteHHe" ,JJ;aeT pa3yMHyll HHJitHJ)J) OUeHKy 3H8'leHHii aTJIX Wllpi!H. 0THOCi!TeJib­

HO 60JibWOe pa3JIH'IHe Me~ "TeopKel" H SKcnepHMeHTOM ~ ~tiC 

l = 7, 8, 9 RBJIReTCR Jiiimb K~CR, T.K. 3TH ~E;. Ks-sa 

MaJiol HHTeHCi!BHOCTH JiiiHHI I-7, I-8 H I-9 He MOrJIH 6HTb o,JJ;Hosaaqao 

onpe,JJ;eJieHH B f2] HS sKcnepHMeHTaJibHOro cneKTpa. IlpHBe,JJ;eHHHe B f2 ] 

~ Ei c i = 7, 8, 9 6WIH rpy6o oueHeHH SKcTpanOJJ.IliUiel TeH,JJ;eHWU~ 

8 

I 
~ 
I 

I 

I 
~ 
I 

i 
I 

:aospacTaHHR .0 Ei. c pocTOM i oT I ,JJ;o 6, 'ITO rrpiiiBeJIO K HBHOI 

rrepeoueHKe SHa'leHHI STHX WHpiiiH. 

B Ka'leCTBe ,JJ;eMOHCTP8.Ul!i! sqxpeKTiiBHOCTH BeKTopaoro rrpH6JIJ/Jll(eHHR 

WHP.HJW A £ i. BH'!HCJIRJIHC:& TB.Klte ~ KOMrJJieKca, cocTmnuero 143 o.zum-

Ha.n;uaTH i!OHOB qJTOpa, KOTOpbli paCCM8TpHB8.1ICR llplii nOMOJ.UH cynepnOSHUHOH-

HOR MO,ll;eJIH B pa6oTe [ 6] (c.n:yqal CTp]KTypbl 'j>j~ - n:ti ) . B 

CTOJI6Ue Yli T86JIHIJ;Ii I rrpHBe,JJ;eHH SHa'leHKR Wi!piiiH ~E.: , orrpe,JJ;eJIRe-

Mble no 4}0pM]JI8M B6KTOpHOro npH6Jii!JiteHHR, a B CTOJI6Ue YJ1 CO,ll;epJKaTCR 

sHa'leHHR WHPI4H, Bbi'IHCJieHHHe c yqeToM Bcex 'UieHoB ( M =I, 2, ••• 9) 

<l><>PMYJibl (I I8) H cooTBeTCTBYifll!i!X rronpaBOK aa HeBbiilOJIHeHHe ycJiomrn 

npHMeHHMOCTH .n;nHHHOBOJIHOBoro npH<lJ!HJ:eHHil. hm'!3ocT:& SHa'leHHii AEi 

cTo~ B cTOJI6uax YII H Ylll Ta6JIHIJ;Ii I~o,JJ;TBep~aeT npaBHJI:&HOCTb c,JJ;e­

JiaHHoro B I JTBep~eHHH, 'ITO BeKTopHoe npH6JIHEeaHe yqHTHBaeT c~e­

CTBeHHyJJ ,JJ;OJiil fiOJIHoro BKJia,JJ;a onepaTopa (I I8) B Wi!PHHH ypoBHetl. 

CpaBHHBaTb SHa'leHHH .0 Ei. cToJI6UOB YII H Ylll Ta6JIHIJ;Ii c aKcnepHMeH-

TaJI:&HbiMH saa'leHHHMH AE, ,cTORml'!MH B cTOJI6ue Y, ae w~eeT 6oJI:&-

ruoro cMHCJia, T .K. TO'IH8R KpHcTa.T.IJU!'lecKaR cTp]KTypa Pt F3 noKa 

He orrpe,ll;eJI6H8 O,ll;HO 3H8'lHO ( 6 j • 

Pac'leTH c BaPHBUHel (B rrpe,JJ;eJiax 50%) napaMeTpa cyneprrosHUHoH­

HOii MO,lJ;eJIH t' "" 7, BXO,JJ;SllUero B COOTHOWelUII! (I 6) H (I 22) , liOKasa­

Jii!, 'ITO TaKM BapHauHR JIHW:& CJia6o MeHaeT saa'leHKR A E, ,. orrpe,JJ;e­

JIReMble ITO <J>opMyJiaM BeKTOpHOrO rrpH6JIJ/Jll(eHHR. :11'0 06CTORTeJibCTBO 

COrJiacyeTCH. C BbiBO~ K8'l6CTB6HHOrO o6cy~eHHR BeKTOpHoro rrpH6JIHllte­

HKff B KOHUe pa6oTH I. 

4. SaKJimeHHe 

KaK rroKaSaJIH pacqeTbl Wllp.IIH MeKTpoHHWC ypoBHeii 'P1"H B 

'Pt F
3 
~ HH3KHX TeMIIepaTyp, rrpoBe,JJ;eHHHe no 4}opMyJiaM (I 4), 

(I 2I), (I 22) (3) H (4), paCCM8TpKB86MOe BeKTOpHOe rrpH6JiHEeHHe 

,JJ;aeT pa3]MHY!l HUHJlll oueHKY BKJia,JJ;a np.IIMoro npouecca crrHH-pemeTo'lHoro 
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B3aHMO,D;ei!CTBIDl B IUHPHHli SJieKTpOHHHX ypOBHeft pe,D;K03eMeJil>HWC IIIOHOB, 

H8XO,D;HmHXCR B KpiiiCTannwqecKOM ITO~e. 

IlpeHMylllecTBOM Halllero rro.nxo.na K oueHKe lllllPHH no cpaBHemm c 

6Qnee ~OEHHMH CXeMaMH pac~eTOB {?) ~eTCH TO o6CTOHT~bCTBO, ~TO 
OIITIDf~bHO HCL~b3~CH CTaTwqecKJIIe ITapaMeTpH KplllcTannwqecKOl"O IIOAH 

R, 111 , a TaruKe ycpe.IUieHIWe cooitcTBa <J>oHoHHoro n~ H KpllcTanna, 
' 

~ OIIHCaHHH KOTOpHX Tpe6yeTCH ~ MaHOe ~~0 rrapaMeTpOB. 

IlOCK~bKY KC~e,D;OBaHJie cneKTpoB SJieKTpOHlWX ypoBHel ~CTO npo­

HSBO,D;HTCH npH TeMIIepaTypax T ~ ?OK H BWIIe, paMaHOBCKd npouecc 

crrHH-pemeTo~oro B38.HMo,nelcTIWI npe,ncT~eT TaKJte 6~blloit JIHTepec • .. 
CxeMy m:oo.na a@leKTHBHoro orrepaTopa C {I IB) Moe:o npKMeHHTb 11 

K raMHJibTOHHaHY (I 3). Il03TOMY aBTOpy npe,ncTaBIIJieTCH U~ecoo6pa3HHM 

HSY'!aTn BO 3IIJOlltHOCTH BllBo.na WOPMY~, aHaJIOrKqHHX cooTHomeHHSIM (I 2I) 

Ill (I 22), KOTOpHe IJ03BMHJIH OH B pBMKa.X H6KOTOporo "BeKTOpHOl"O IIpK­

O~Mllt6H.If.ll" ,naTn rrpocTYKJ oueHKy rropH,D;Ka ~a.na paMaHOBCRoro rrpouecca 

B lllllllHHbl aJI6KTpOHHHX ypoBHel pe,D;K03eM~bHHX SJieMeHTOB. 

Ilplii.IIolleHJ!e 

Teccepa.nnHHe WymtiUUi [s,a] ~t,• ( J: t) onpe.n~eHH ~epes 
OO~e cq,epJAecKHe qJyHKUHH ~t,• cr.~) C~e.nyJlllliM o6paSOM: 

~t,WJ = Cm [ '!:ft,-Jrrtl +~"'(-~)Ill '!ft,ltt~J] 
~e,m = >.Ill. [ ~~~~ c.rrt '!fe,m + c_,. qe,-tn] 

r.ne 

[

1/"W 
c,. = 1. 

iffi {

+! 

~IlL - 0 
- f . 

' 
{

(-i)"" 

A.· i 
1 
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{

>0 

J"" m.. • D 
< 0 

qepes STH <PYHKWm ra;,;wrbTOHHaH KPHCTa.r~~eoKoro IIMH (I I) 

rpe.ncT~eTOH Ra.K 

N e 
L. HK.r = L L. 

P" 4 e .. .z,~t-,lo m•-t 
N t 

=L.I: L. 
P•-t t.,..z,tt,c. m..•·t 

.., 
a onepaTop C (I I8) 

Rt,m :Jt,ra (O,) = 
(TI I) 

Rem 9 t. c np) , 
I I 

B mt.ne 

c .. t f.. 1: L 'R; Vi; Clt,• ci;) Yt,rfl (n,) , (II 2) 

p•4 t,m t 

r,ne no a.HaJIOntH c (l 6) 

t -a,,,.. Ci;) = R~ ('R'/'R~)" ~e,lll (.o.ii) (II 3) 

.., Ia. 
· ,lWl MaTp~o:ro eJieMeHTa J<lj I C ll'.: > (I ?I) J~MeeM TOr.Jia 

9 -.. " - ,2, 

l<ll c 1 l'.: >lz !II .L I< lj I L c,,. ~ !f~ ... (n.,)ll~>l , en 4) 
.I M:" t,• r•ot 

. r~e 

-of tt. -
C =-- R t,.,n hl' t,m. 

(II 5) 
-z. m. -
C t, ... == r.,,, R ,,."" , 

Ct,- ==r;;; l,., ... ,)(t .. ,M,.fy -~~~~z~~~ .. Rt,-'"''•4 + oc: •• iR,,,.H] ... -.s 4 { [ ... 

+~Ill J<t-l"'l)(t•l"'l+4)' [~tt,,Jir,lmf+4 + <~£_"'" Re,-l•l·d}, 
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-'t 4 [ r. -Ct,m =- 1fi' l(t+lllt./Xt-lrrt/+i) Loc,._, 7-lu-tRt, ~lrrt/+i + 

+ ( c<._,_., ~ ~-lmJ) Rt,lml-d 

- ?111 J<t-IMIXt+l•/+1), [tt.,. Rt,lm/H +at'" Rl:-lrrtl-1] J lL 

[ 

"11. 
c(lll = 1~fr { 

> 0 

M. • ,. 0 

< 0 

~AS! 
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Y CJIOBHS 06MeHa 

IlpenpHHTW B coo6JQeBBJI OHJIH paccwmuoTCJI6ecnnaTHO, ua ocuose 
B3aHMHOrO 06MeBa, )'BHBepcHTeTaM, BHCTHTyTaM, Jia6opaTOpHJIM, 6&6-
JIBOTeKaM B Hay'UIWM rpynnaM 6oJiee 50 CTpaH. 

• IIOMBMO peryJIJipHOH paCCWJIKB B UOpJI~Ke 06Me&a,H3~TeJibCKBB 
OT~eJI elKerO~HO BWUOJIHJieT OKOJIO 4000 OT~eJibHWX 3anpOCOB Ha BW­
CWJIKY npenpBHTOB B coo6JQeHBi OHJIH. B TaKBX 3anpocax cne~yeT 
06JI3aTeJibHO yKa3WBaTb BH~eKC 3anpaWBBaeMOrO B3MHBJI. 

A,D;peca 

IIBCJ.Ma no seeM sonpocaw o6Me&a ny6JIBKallHJIMB, a TaKlKe 3anpo-
cw 118. OT~eJIJ.Hwe H3~aHBJI cne~yeT uanpaBJIJITb no a~pecy: 

101000 MocKea, 

F11aeHblii no'II/IQMII, n/11 79, 
Hai>allellbCKuii o•i>ell 

06'beOUH€HH020 UHCI/IUIIYIIQ 

JIOepHbiX UCC/Ie006QHUU. 

~pee ~· nocWJIKB scex ny6JIBKa.IlBii B nopJI~e o6MeHa, a TaKlKe 
~JIJI 6eCDJiaTHOH UO~BCKB Ba Hay'Uible lKYPHaJIW: 

101000 MocKea, 

F11a6Hblii nO'II/IaMII, n/11 79. 
Jlay'IHO"I/I€XHU'I€CKQJI 6U6/IUOI/IeKa 

06'be0UH€HH020 UHCIIUllf,YI/IQ 

JIOepHbiX UCC/Ie006QHUii. 


