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8 rrocnenHee BpeMSI 50JiblliOil. HHTepec Bbl3b!B8!0T HCCneJlOB8HHH, CBH-

38HHble C rrpo5neMOil HenHHeilHOI'O B38HMOJleii:cTBHSI pa3nH'lHbiX KOnneKTHB-

/1/ 
HhiX cTeneaea CB050Jlhi B rrna3Me. YJKe B pa5oTe Ha rrpHMepe HOHD-3By-

KOBbiX KOne5aHHil. 5binO BblSICHeHO, CKOJib CyiUeCTBeHHOe BnH51HH E' Ha JlHCIIep­

CHOHHbl9 CBOiiCTB8 IIH83Mbl B o5naCTH HH3KHX 'l8CTOT \H. 'l.) MOlKeT OK838Tb 

HanH'lH9 BblCOKO'l8CTOTHOii ( B.'l.), B 'l8CTHOCTH neHI'M!OpOBCKOfi, Typ5yneHT-

/ 2 3/ 
HOCTH. 8 IIOCne)ly!O!liHX HCCneJlOB8HHSIX 

1 
, K8C8BlliHXCH B035yJKJleHHSI 

CIIOHT8HHblX M8I'HHTHblX rroneii B.'l. Typ5yneHTHOCTb¥> H HenHHeHHD-Jlpeil.cpo­

Bb!X HeyCTOA'IHBOCTeil., ~TOT cjlaKT 5b!n CO BCeil. O'IeBHJlHOCTb!O IIOJlTBeplKJleH; 

TaM JKe 5hin rrpennoJKeH o5mHil. MeTOJl HccnenoBaHHSI rrono5HbiX 3anaq. 

I13BeCTHo, 'iTO B rrna3Me, o5nanaJOmeil. aHH30TporrHeii TeMnepaTyp, aarrpH-

Mep, aneKTpOHOB B03HHKaeT arrepHOJlH'IeCKaH H. 'I. HeyCTOil.'lHBOCTb B o6naCTH 

<U<Icv (o5o3Ha'leHHH CM. HHJKe). B pe3yJibTaTe pa3BHTHSI aToil. HeycTOH'lHBOCTH, 
Te 

141 
K8K 1IOK838HO B , rrna3M8 penaKCHpyeT K H30TpOHHOMy COCTOSIHH!O. C Jlpyroil. 

CTOpOHbl)H3BeCTHO, 'ITO B MelKIInaHeTHOil. rrna3Me Ha5nJO)laeTCSI JlOBOnbHO 3Ha­

'IHTeJibH8Sl aHH30TpOIIHH TeMrrepaTyp. Uenb naHHoil. pa6oTbi - BhiRCHHTb BnHR­

HHe neHI'M!OpOBCKOil. B.'l. Typ5yneHTHOCTH Ha JlHCIIepCHOHHbie CBOHCTB8 8HH3Q­

TpOIIHOil. rrna3Mbl B o5naCTH 'l8CTOT <U << k v Te 

1. Bbillle 5bmo OTMe'!eHo, 'ITO MeTon rrony'leHHSI HenHHeiiHoii nHaneK-

TpH'lecKoii IIpOHHUaeMOCTH l lj IIpH JlOBOnbHO 06IUHX IIpenrronoJKeJIHSIX 

/2,3/ 
5bin pa3BHT B , II09TOMy 3UeCb Mbl nH!llb BKpaTUe OCT8HOBHMCSI Ha 

HeM. Pa3o6beM cjJyHKUHJO pacrrpeneneHHSI aneKTpOHOB £<•> ( v) , a TaKJKe 
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3neKTpH'leCKoe none E HQ Typ6yneHTHY!O H perynSipHy!O COCTaBnSI!O!IlHe. 
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B HCXOJJHOM Typ6yneHTHOM ccicTOSIHHH F. .. 0 • ByneM HCKaTb OTKnHK 

Typ6yneHTHOH nna3Mb! H8 H. 'l, none E , B03HHK8!0!Ilee B pe3ynbT8Te 

cna6oro H3MeHeHHSI ~YHKUHH pacnpeneneHHSI ~aCTHU H B.'l. nynbcauHii. Tor-
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OueHKY qneHa cneny10mero nopSIJJ.Ka CM. HH:>Ke. 
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~ 
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-rpynnOBa51 CKOpOCTb 

a.q, Kone6aHHii, a w k 
x) I 

-peweHHe HX nHHeiiaoro AHCnepcH0HHoro ypaB-

HeHH51 , W= fWJt
1 

dt 1 T e -TeMnepaTy pa s neKTpoaoa. EecKoaeqao 

Mana51 aenHqHaa i 8 yKa3biBaeT npaBHno o6xoaa nonroca. 

OcTanhHbie Kos¢¢HuHeHTbi aaroT npeae6pe)I<HMO Manbiii BKnaa npH 

_w __ « 1 • 
n 0 T., 

BaeaeM cneayromHe o6o3HaqeaH 51: 

.... 
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(I) 

n ke 

, 1 ... ) e D =-(w- v -- d 0 E 0 IJ,2 m IJ,L k,L 
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Toraa BMecTo ( 1.3) HMeeM 

x) 

( 1.9) 

( 1.10) 

3aecb MOM HO orpaHHqHTbC51 lln51 W Jt I pewe HHeM nHHeHHOf'O llHCnepCHOH­

HOf'O ypa BHeHH H • .ileifCTBHTenbHO, llaM e Jln51 neHf'MIDpOBCKHX BOnH , rpynno­

Ba51 CKOpOCTb KOTOpb!X BeCbMa Mana, TIOTipaBKH K qaCTOTe, CB513aHHble C HX 

ae nHHeHHbiM B3aHMOilei1:cTBHeM, He BHOC51T BKnaa B v gl ang H30TpOITHOH 

Typ6yne HTHOCTH, ( CM. /6,7 I). OaaaKo B aocTaToqao nnoTHoii nna3 Me, rae 

BaMeH yqeT COyAapeHHH, STOT p e3ynbTaT MOMeT H3MeHHTbC51 /6/ 
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2. n e peiflleM K HCCne):lOBaHHID llHCTiepCHOHHOf'O ypaBHeHH 

pa3HO Bbt6paTb CHCTeMy KOOPilHHaT TaK, qTo6bt 1 = ll<,O,O I , 
a ¢YHKUH51 pacnpeaeneHH51 

x) 
3ror pe3ynbTaT nonHOCTbiD coanaaaeT c nonyqeHHbiM B 
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(1.11) 

Ylcnonb3Y51 ypaDHeHii51 MaKcBenna, ( 1.11) u <jlopMyny 
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pa3HO Bbi6paTb CiiCTeMy KOOPAiiHBT T BK, '! T06bi 1 = { lt,O,O! , E =I 0,0, F. ! 
1 

a <jlyHKUii51 pacnpeaeneHH51 

x ) 
121 

3TOT pe3ynbT8T ITOnHOCTbiD COBIT8ABe T C nony'!eHHb!M B 
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y :1 v 2 

f no 

-(--•-+ __ x_) 

:1 y :1 2 
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e .l 2vl l 

27rvll Y4-
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y - v' .....:..lL V a y_};_ 
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TOr)la JlHCITe.pCHOHHOe ypaBHeBHe KOJIJI9KTHBHb!X JlBH>K9HHi1, npHBOJlSilllee B 

u 6 " u /6 / 
JlHHeHHOM npH JIH>K9HHH K 8HH30TpOITHO.n HeycTOH'i·HBOCTH, eCTb 

k :l c 2 

--;.;r f 88 - 0 • 

Hai1AeM KOMITOHeHTY TeH30pa E 3 8 • fing 8TOrO Bhl'iHCJlHM 

nonaraSI B. q, nynhC8UHH neHrMIOpOBCKHMH H H30TpOITHblMH 

tre
8 

-+ kllkiJ 2 

~< _a_w .. 
a k tx k1 

d ll 
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W W m k2 
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w · n
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1< 2
1 

w -kv +i8 
oe e glx 

(2.2) 

H d 1J3 ' 

(2.3) 

(2.4) 

B bi 'iHCJISI5! HHTerpan d: B cpopMyne ( 1.12), HeTpyAHO ITOK838Tb, 'iTO (AnSI 

H30TpOITHblX B. 'I. nynbC8UHH) B f 88 BHOCHT BKJ18Jl nl-llllb K08cpljJHUii9HT d 1a8 • 

KOTOpbiH onpenemieTCSI cpop Mynoli: 

tre 2 k2k2 8 
a -- w a ~< 1 t 1 

d 138 
W 

2 
2 J d k lx lz k 

oe w me t 
k5 

I 

v 2 

W -kk 1x3 WTe + i8 
(2.5) 

oe 

EyneM paccMaTpHBBTb (2.5) B ABYX o6nacTKX 

1) w >> k v g l H2) w«kv g l • B nepBoi1 o6nacTH 

'!8CTOT (2.5) JierKO Bbl'iHCJISieTCSI 

8 

8 
k tr f 

d =- 2 
188 9 n

0
- m., w 0 

W k d k 1 
I 

f1p11 8 TOM 

2 2 
w T,l T,l w -

( "'1+~(---1)+--.!!iy!!......!L_ [1+ 
88 w2 Tl~ Til w2 2 kv ll 

kvil 2 k 2 
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9 w no T.l 
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Yl3 8TOrO Bbipa>KeHHSI cnenyeT, 'ITO HeyCTOH'iHBOCTb, CBSI38HI3 

nHei1 TeMnepaTyp, He cymecTBeHHa, ecnH 

k2 c 2 
T..L 2 ,

2
k2(--1fw dk

1
>»1--2-

2( Tj! l -9- noT..L kl woe 
L 

TH 
n; 

B a ToM cnyqae npoHCXOAHT (aHanorH'iHO ) reaep~Uf 

M8rHHTHb!X nonei1 neHrMIOpOBCKO~ Typ6yneHTHOCTbiO, IT08TOMJ 

Te penaKC8UHH T8KOH HeyCTOH'IHBOCTH Jl01l>KH8 H3M9HHTbCSI ljJJ 

Jl9119HHSI ITJI83MOHOB. 

B o6nacTH w << k v 81 JlllSI Bbl'iHCJieHHSI HHTerpana E 

JlHMO 3H8Tb BHJl CT8UHOH8pHOrO CITeKTpa B,'i. Typ6yJieHOCTH 
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k31T 

d 188 = - 9 n . m al 2 J 
0 • 0 (2.6) 

I1pH 8 TOM 

I1o.ucTaBHM (2. 7) B (:l.2) H pell!HM nonyqaiOll!eecsr KBa.upaTaoe ypaBHeHHe 

2 .2':!:.. al ~ y .!!_ 
TJJ oe 2 (2.8) 

!13 8TOI'O Bblp8)1(9HHH cne.uyeT, 'ITO HeyCTOH'lHBOCTb, CBH38HH8H C 8HH30Tpo-

IIHefi TeMnepaTyp, ae cymecTBeHHa, ecnH 

T .J. 2 IT 2 2 1 1<2 c 2 
2 < - ·- l - ~< <-- J w d ~< > » I -- -

TJJ 9 n0T.J. k1 I w!. (2.9) 

( /2/) B 8TOM cnyqae IIpOHCXO.UHT aaanOI'H'lHO reaep~UHH CIIOHT8HHb!X 

M8I'HHTHb!X noneii neHI'M!OpOBCKOli: Typ5yneHTHOCTbiO, II08TOMy B pe3ynhT8-

Te penaKC8UHH T8KOH aeycTOH'lHBOCTH .UOn)I(H8 H3M9HRTbCH cjJyHKUHH pacnpe-

.ueneHHH nna3MOHOB. 

B o5nacTH a1 << k v 81 .unsr Bhi'lHCneansr HHTerpana B (2·,5) aeo5xo-

JlHMO 3H8Tb BHJl CT8UHOHapHOI'O CII9KTpa B, '!, Typ5yneHOCTH W k I . 
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EcnH rrpeArronmKHTb, 'ITO B.'l. rrynbcauHH pacrrpeAeneHbi rro fayccy, 

x) 
TO 

k W w
2 

d • 1 oe [ 3 _ 1 rr 
188 T2 noT!! -1--;-v-

2
-i{3(C 1 +fnf3ll. 

w wo. 
rAe f3 = kvji 

k 10 VII 

1 

3{2 
«1 B CHny w << k v 

T8Bn5!H B ( 2.10) CTBplliHM qneH H p91118H ( 1.3 )
1 

IlOny'lHM 

ll 2 T T k c .l. .l. -;; 1 k !I v,cp1 ll W 
-:::T+ (1---l·i--V- ~[I----<-->--- l. 

W
00 

Til Tfl 2 kvll 108 kfo vii n0 TJ. 

(2.10) 

gl 
Oc-

(2.11) 

l13 8TOrO Bblp8lK9HHH BHAH0 1 'ITO BnHHHHe B. 'l. Typ6yneHTHOCTH CT8HOBHTCH 

CYIII9CTB9HHbiM IlpH 

2 2 w 
_k_ ( v cpl ) > 1 ' 

k~ 0 vii n0 TJ. (2.12) 108 

IlpH 8TOM 3H8K HHKp~M9HTa H3M9HH9TC91 H HeyCTO~'lHBOCTb p83BHB89TCH 38 

C'leT 8HeprHH B,'l. Typ6yneHTHOCTH. DoaTOMy 8HH30Tp011HH TeMrrepaTyp MQ-

lKeT COXpaHHTbCH. 

DpH HapyllleHHH (2.12) HMeeT MecTo o6bi'lHaH aHH30TporrHaH HeycToii-

'lHBOCTb. 

ABTOp B9CbMa rrpR3HaTeneH B.H.UbiTOBH'lY H E.f.lliHHOBY 3a rrone3Hbie 

o6CylKA9HHH, 

x) 
DpH rrony'leHHH (2.10) 6binO HCI10nb30BaHo pa3nolKenae B psw cpyHKUHM 

E
1
(x) IlpH ManbiX X C TO'lHOCTb!O AO nHH9MHblX qneHOB E 1(-x)=c+fnx-x. 

3AeCb C -IlOCTOHHHaH 3!1nepa, a C I B cpopMyne (2.10) eCTb C I • C+- I • 
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