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Bo3MOmHOCTH nepeXOAa OT 3aAa4H 06 ynpyrOM pacceRHHH B CHC­
TeMe MHOrHX 4aCTH~ K OAH04aCTH4HO~ 3aAa4e nOCBR~eH~ MHOrHe 
pa6oTbl 1 1-31 . MHHMaR 4aCTb onTH4ecKoro noTeH~Hana o6ycnosneHa 
B03MOmHOCTb~ HeynpyrHX CTOilKHOBeHH~, a TaKme pe30 HaHCHOro 
o6pa30BaHHR B036ymAeHHOro KOMnileKCa - npoMemyT04HOrO RApa. 

K HeynpyrHM npo~eccaM HyKilOHa c RAPOM s o6nacTH Manblx 
3HeprH~ OTHOCRTCR CTOilKHOBeHHR, B pe3yilbTaTe KOTOpbiX npOHC­
XOART B036ymAeHHR HH3WHX KOilileKTHBHbiX COCTORHH~ RApa-MHWe­
HH. Mbl HCXOAHM H3 TOro, 4TO OnTH4eCKH~ noTeH4Hail MOmHO pa3-

s 
AeilHTb Ha ABe 4aCTH: OAHa 4aCTb (Vonr .) CBR3aHa C CYMMHpO-
BaHHeM no HeKOilileKTHBHbiM COCTORHHRM RApa-MHWeHH, cna60 3aBH­

CHT OT 3HeprHH H cna6o H3MeHReTCR OT RApa K RAPY; APyraR 
4aCT b (V O~T . ) OnpeAeilReTCR cne~H<!>H KO~ KOilileKTHBHbiX B036ymAe­
HH~ AilR AaHHoro RApa-MHweHH: 

vonr. ~ v ~nT. + Vo~.(£,A) · 

KaK noKa3aHo s pa6oTax 
14

•
5 1

, o6~ee BblpameHHe AilR onTH4ecKoro 
noTeH4Hana B paccMaTpHBaeMOM Cily4ae HMeeT BHA: 

+ /1/ 

rAe 6110K g CBR3aH C B~4eTOM BepWHHHO~ 4aCTH r B KaHane 4ac­
THI;Ia- AbiPKa / 41 : 

g ~ ~Ag. /2/ 

3AeCb ~ - aMnilHTYAa pacceflHHR s cpeAe, A - npoH3BeAeHHe no­
IliOCHbiX 4aCTe~ OAH04aCTH4HbiX <l>YHK~H~ rpHHa. 6IlOK g MOmHO 3anH­

CaTb B BHAe 

g ~ ~X s • 

rAe Xs onpeAenReTCR H3 ypasHeHHR 

Xs ~ A~Xs· 
AnR BToporo cnaraeMOro s /1/ s j -npeACTasneHHH 

I I 
g j j 1 (w s) g j1 j, (w s ) 

£- w -£ . + io s J 1 

/3/ 

nony4HM: 

/4/ 

rAe j ,j' - Hafiop KBaHTOBbiX 4HCeil COCTORHH~ CnilOWHOrO cneKT­

pa, j 1 - KBaHTOBble 4HCila 4aCTH~bl B npoMemyT04HOM COCTORHHH, 
w 5 - 3HeprHH KOilileKTHBHoro B036ymAeHHR RApa-MHWeHH. B MH-
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6 
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KpOCKOm14eCKOH TeOpl-11-1 A11fl 110Ka g -- • n011y4HM C11eAYIOll\ee 8bl-
' 6 / JJ 

pa>KeHHe • · 

A = }; x -' _ v' 2I + l < j J : I I:fl jj-':I , 151 
• , J- J. J1 J 2 1 2 

j J 1 2 

rAe 
I + 

X·· = <I II Ca a ) 1 11 0 ·, 
J 1J 2 J 1 J 2 , 

a < j 1 j~ ; I i :J j jj '; I > - MaTpH4Hbl i1 311eMeHT napHoro 83aHMo-

Aei1cT8HR - pacc4HTbl8aeTcR no o6bi4HbiM ¢opMy11aM 8 o6o11o4e4Hoi1 
6 . Q 

MOAe11H . • noc11e HeC110l!<HbiX npeo6pa308aHHi1 A11fl Im v OIIT. 

OKOH4aTe11bHO n011Y4HM: 

Q liz Q ... ... 
Im V = Im }; V ( k , k ' ) ~ 

/L =- liz f.lf-1 

~ - ..!:.._ }; (2I f-1) I - }; .-. j~ j 1 I I ~f I j3 j 4 ; I > X I . i 2 . p p (0) , 
4 J 3J 4 J3J 4 1 

16! 

... 
rAe 0 - yr011 Me>KAY 8eKTOpaMH k 1-1 k , , j 2 OTHOCHTCR K 4ac-

TH~e 8 npoMe>KyT04HOM COCTORHHI-1, j1 - K pacceRHHOH 4aCTH~e, 

j 3 , j 4 - K npoMe>KyT04HOMy 8036Y>KAeHHOMy COCTORHI-110 RApa­

MHWeHH 111. PaAHa11bHaR 8011H08aR <lJyHK~Hfl 4aCTH4bl 8 npoMe>Ky­

T04HOM COCTORHI-11-1, 8XOARll\aR 8 MaTpi-14HbiH 311eMeHT 

< j 2 j 1 ; I ; ~ ~ j 3 j 4 ; I '> , onpeAe11ReTcR c11eAYIOll\HM o6pa30M: 111-160 

KaK C8060AHaR <1JYHK4Hfl 

.!fiilk . ... ... 
R ,, . = v -...,.,... J o (kr) Y 1, , (k. a ) : 

r 2 J 2 11 h"' t 2 72 r ~ J 2 

111-160 KaK HCKa>KeHHaR <1JyHK4Hfl 

2mk ± i0 r j 
,~ v· --2-e 2 2 F . 

;r h I :! i 2 

+ R -
r 2 i 2 

(kr) . 

rAe 8 p 
2 

i 
2 

- ¢a3bl pacceRHHA, F r
2 

i 
2 

(kr) - pery11ApHoe peweHHe 

ypa8HeHHR WpeAHHrepa; 111-160 KaK paAHa11bHaA <l>YHK4HA C8R3aH­

Horo COCTORHHR 4aCTH4bl 8 npOMe>KyT04HOM RApe. AHa110rH4HbiM 

o6pa30M onpeAe11RIOTCfl paAHaJlbHble 8011H08bl e ¢YHK4HH 8 COCTOR­

HHHX j 1 , j :3 , j 4 . B npH611H>KeHHH TaMMa-~atKoea K03<l><l>H4HeHTbl 

X ! . HaXOARTCR M3 CHCTeMbl ypaBHeHH H 
J 3 14 

\ ' I = A ~f X I , I 7 I 

rAe A 8bi6HpaeTCR 8 8MAe 

u+ (p) o_ (h) 
A ~ ------

2 

E- e - e + i t 
p h 

181 

• 
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P1-1c. 1. Yr11o8aR 3a8HCHMOCTb 

ImVo iiT. (E ,O ) AJlfl 
16 0 npH 

E = 14 tbB : a - pac4eT 8 npH-

611H>KeHHH C11y4aHHbiX ¢a3, 6 -

pac4eT 8 npH611H>KeHHH TaMMa­

~aHK08a, 8 - 110Ka11bHbiH <1JeHO­

MeH0110rH4eCKH~ nOTeH4Ha11, 

r - He110Ka11bHbiH ¢eHOMeH0110rH-

4eCKHH noTeH41-1a11. 

CocTOAHHA 4aCTH4bl (p) 1-1 AblpKH (h) npHHaA11e>KaT AHCKPeTHOMy 

cneKTpy; ¢YHK4Hfl 0 + ~) onpeAe11HeTCfl 8 8HAe 

0, E " E F' 
(-J +(p) = ll EP ·· E 

, p / F• 

rAe EF- 3HeprHR <l>epMH; e P 1-1 e h - 3HeprHH 4aCTH4bl 1-1 AbiPKH 

COOT8eTCT8eHHO. 
B npH611H>KeHHH c11y4ai1HbiX 

Hble KOppe11R4HH, aMn11HTYAbl 

171, rAe 

¢a3, y4HTbl8aiOll\HX 4aCTH4HO-AbiP04-

x 1 onpeAe11RIOTCR 1-13 ypa8HeHHH 

A= 
0 + (p) 0- (h) o _(p) e + (h) 

191 
E-ep-eh -li f E + ep + eh-it 

~pa>KeHMe 161 Mbl HCn011b3yeM AJlfl p3C4eTa yr11080H 3a8MCHMOCTM 

MHHMOi1 4aCTM onTM4ecKoro noTeH41-1a11a ynpyroro pacceRHHR Hei1T­

poH08 HM3KMX 3HeprHi1 Ha RApaX 
16 0 M 

4°Ca. 
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~APO 16 0. KaK noKa3an~ paHH~e ~ccneAOBaH~R a paMKax Kon­
neKT~BHoa:i MOAen~ RApa 17 / , OCHOBHO.:i BKnaA B lm V OIIT. AaKJT 
B cny4ae C$ep~4eCK~X 4eTH0-4eTH~X RAep KOnneKT~BH~e YPOBH~ 
3- lAo 50 %/. B 3TO.:i CBR3~ oco6eHHO aa~Ho npoaep~Tb en~RH~e 
KOppenRU~a:i B OCHOBHOM COCTORH~~ /nC'/ Ha BKnaA~ H~3W~X KOn­
neKT~BH~X COCTORHH~ /3-/ no cpaBHeH~IO C pac4eTaM~ B nAT 
~ KOnneKT~BHO.:i MOAen~. 

BonHOBble $yHKU~~ COOTBeTCTBYKllli~X 3Hepr~a:1 B036y>:<AeH~R .AAPa 
16 0 B np~6n~~eH~~ nAT ~ nC' nony4eHbl l!<1-1nne H BHH-May ' 8 

Pac4eT ImV onT . CAenaH np~ 3Hepr~~ E = 14 M3B c Bbl~opoM 
OCTaT04HOrO ABYX4aCT~4HOrO RAePHOrO B3a~MOAea:iCTB~R .f B B~­
Ae o -c~n l 6 .i 

CI __, __, (__, -+ 
J =g(l-a +aa1 · a 2 )o r 1-r 2 ). 

6bln~ y4TeHbl cneAYIOill~e ypoeH~: 3-1 T = 0 /6,2 M3B/; 3 ; T ~ 1 
/13,2 M3B/; T = 1 13,01 M3B/; T = 1 /13,0 M3B/; 01 T ~ 0 
/10,9 M3B/; 02T = 1 /12,8 M3B/ . 

Pe3ynbTaT~ pac4eTOB ImV ~liT. B nTA ~ nc' noKa3aHbl Ha 
p~c. 1 /Kp~BaR a- nc,, KP~BaR 6- nTA/. Ha 3TOM ~e P~CYHKe 
npeACTaaneHbl $eHoMeHonor~4ecK~e noKanbHbiA /a/ ~ HenoKanbHbla:i 
/r/ noTeHu~anbl 19 •10 1 • KaK B~AHO ~3 p~cyHKa, pac4eTHaR KP~BaR 
B nC' npaKT~4eCK~ COBnaAaeT C HenoKanbH~M $eHOMeHOnOr~4eCK~M 
noTeHu~anoM. B nC$ BKnaAbl ypoaHea:i a Im V onT . np~<~ () =0 cne-
AYKllll~e: 31 - 57, 7% ; 3 2 - 9%; 1 - - 17% ; 2- - 10%; 0 1 - 5%; 
02- 2% . B np~6n~~eH~~<~ nTA: 31- 36,5%; 32- 13; 1-- 24%; 
2-- 16,5%; OJ.- 6, 7% ; o-- 3,5%. 11TaK, B nC$ no cpaaHeH~IO 
C nAT BKnaA HI-13Wero KOnneKT~BHOro YPOBHR 3- 3Ha4~TenbHO yae­
n~41-1BaeTCR, 4TO oco6eHHO ea~Ho, nocKonbKY ypoaeHb 3- AaeT 
OCHOBHO.:i BKnaA B lm VOilT, · 

SIAPO 
4
°Ca. Pac4eT npoaeAeH np~ E = 14,6 M3B c y4eToM Kon­

neKT~BHblx ypoaHea:i 3- /3,78 M3B/ ~ 5- /4,45 M3B/. BonHOBble 
$yHKU~~ B nc' B3RTbl ~3 pa60Tbl / 8/ . Ha p~c. 2 noKa3aHbl pe3ynb­
TaT~ pac4eTa /KP~<~BaR a - nC$, 6 - HenoKanbH~a:i $eHOMeHonor~-
4eCK~a:i noTeHu~<~an 1 10 • 11/ I. KaK B~AHO ~3 p1-1c. 2, ~<~MeeT MecTo 
xopowee cornac1-1e pac4eTOB B nC$ C $eHOMeHonor~4eCKI-1M Heno­
KanbH~M nOTeHu~anOM. npl-1 cpaBHeH~~ pac4eTOB B nC$ ~ B paMKaX 
KOnneKT~BHO.:i MOAen~ AnR RAeP 16 0 ~ 4°Ca 1 7 -' C $eHOMeHOno-
rl-14eCK~M Oni-1CaH!-1eM npi-1XOAI-1M K B~BOAY, 4TO y4eT KOppenRUI-1.:1 
B OCHOBHOM COCTORHI-11-1 CYilleCTBeHHO yaen~41-1BaeT BKnaA B lmV OllT. 
HI-13Wero KOnneKTI-IBHOrO COCTORHI-IR 31 · 
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Jli1TEPATYPA 

P1-1c. 2. YrnoaaR 3aB~<~C~<~MocTb 

lm VonT . (E,f)) AnR 4° Ca np1-1 
E = 14,6 M3B: a - pac4eT a 
np~6n~<~~eH~<~~<~ cny4aAHbiX $a3; 
6 - HenoKanbHbla:i $eHoMeHonor~-
4ecK~A noTeHu~<~an. 
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