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§ 1, Boeaenn:e 

B nacToSJ m ee BpeMS! TeopHS! B3BHMoa el!cTBHSJ neHrM !OpOBCKHX Bona o T y p6y

nennwl! rrnaaMe 6 ea yqeTa KynonoocKHX c oyaapenHtl qacTHU paapa6oTa aa oecbMB 

111 / 2,3/ 
noapo Gno • B p a6oT a x a oTop o o 6bmo o6pameao BHHMBHHe ua To, qTo rra p-

Hbie coy n a peHHSI qacTHU MOry T 3 8 M e THO H3MeUHTb H e nHHel!HbJe B3B HMOileliCTBHS! B 

cnyqae, K o raa p83HOCTh 'IBCTOT B3BHMOilellcTBY!OlllHX BOJlH 118MHOrO MeHbille :3<)>

!jleKTH BHOII qaCTOTbl coyaapeHHfi 

"'• <U 21 « II 

( 1,1) 

/ 2 / 
Paapa 6 oTaHHBSI o TeopHS! noKaaana, ' i TO ecnH HapSiay c ( 1,1) BbiiionHeHbi 

nepaoenc Toa 

I k I v «II 
- To 

I k i v «II 
- T1 1 

( rae ~ k - ~ -p83 HOCTh BOnHODbiX BeKTOpOD J:\3B HMOileHC TD YlOlllHX BOnH, 
I 2 

V TI. 1 COOTBeTCT DeH H01 T e nnOBble CKOpOCTH a n eK T p OHO B I! HOHO B, II 
1 

v 
Te 

a¢4JeKTH B IIbie q a cTOT bi c oyaape HH t'J, COOTBe T CTBeHH0 1 3neKTpOH ::> O CO B CeMH '18CTHU8MH 

H HOHOB CO B CeMH q a CTHUH MH) 1 TO HenHHeliH ble B38HMOJletlCTBHSI MeHSJ!OTCSI KOpeHHbiM 

0 0p830 M l B qacTHOCTH 1 H3 M e HSieTCSI Ha npaBneHH·e C IIeKTpBnhHOlf n e peKB'IKH, B CIIeKT-

pBnhHHSI n epe KB'IKH HOCHT X B pBKTep nenHHetlnotl HeyCTOii'IHBOC TH rHil p OilHfWMH'IeCKO

ro TH!T 8 B IIpOTHB O!TOnO m iiOCTh rrepeKaqKe B OTCyTCTBHe CoyaapeHHtl, KOTO p BS! HMeeT 

x a paKTep nenn:nell n otl neycTollq HBOC T H KnueTH'IecKoro Tnna , HacTOSJfl laSJ pa6oTa rroc 

BSi mena n oapoo u oMy ana nHay n e nn:ue tlH biX oaaHMoaeilcTBHtl nenrMIOp oocKHX oonn np11 

BblllOJlHe JIHH HepaBei! CTB · 



l/ .... v 
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1
- »I k _I» -·-

v v 
T t Te 

Ecnn yron MeJKAY D3BHMOAeilcTBYJOIUHMH nynbcaiUIHMH ne 

w 0 • m 1/2 T s/2 OJ 0 nopHAKa k " k "'-- . TaK KaK v "'v ( --"-) (...J....) , a --•-
1 2 v<l' I • m 1 T1 " 

'laCTIIU B ae6aeBCKOI\ ccpepe, TO ( 1,3) 03HaqaeT 

OJ 

T 1 2 
(-\ 

T • 
N « 

D 

vcp 
« N 

v 
Te 

D 

Man , TO 

nopS!AKD 

3 Ltecb V cp = --
0
-
0

- -xapDi< TepHIH! cpa~OBaSI CKOpOCTb B38HMOA9 JICTBY!Ollll!X 
k . 

nEICTh ( 1.4) B9CbMEl WHpOKa B H9II30T9pMH'l9CKOl\ nna~Me, 

T » T 
1 

( 1,3) 

IL I 

N" -'lHCnD 

( 1.4) 

BOnH, 06-

( 1,5) 

E cmr Hemwei!Ho e H3MeHeHne mrcnepcmr n eurMropoBCKHX aonu Mano , TO ycnoane 

(1,1) B AaHHOM cnyqa e 03~U 'laeT 

HnH npn /1. k 

2 
t.k k V T e « 1/ "' 1/ 

OJ 
Oo 

I 

m T s/2 
\1-"- ( --· ) 

m T 
I 1 

-4 » N1/2 m1 1/4 
D ,(--\ 

T1 ,sl• 
( -

m v 
To e r. 

CoaMeCTHO C ( 1.4) 3 TO A89 T 

N » (~ ) 1/2 ( T s/2 D _1 ) 

me T 

( 1,6) 

( 1. 7) 

( 1,8) 

B cnny T » T 
e 1 

nocneauee ycnoane o6br'lHO aceraa BbmonHHeTcH ( T.K, N » 1) 
D 

H 0 Cl!9AOBaTenbH0 0 IIM99 TCSI WHpOKaH o6naCTb napaMeTpOB 0 A ilS! KOTOpb!X Bb!fli!CaH

Hbl9 HepaaeHCTBa Bbil!Ol!HSIJOTCSI, Ycnoane ( 1,6) MoJKeT Bbmon HHTbCH n a cnyqae, 

Kor.ua ( 1, 7) Hapyweuo , ecn11: 

4 



6!: 1 
-- « --

k N 
D 

2 -- s/2 
v m T 

_jE_ v -·- ( -·- ) 
v 2 m T 

1 1 
Te ( 1,9) 

T,e , rrepeKa '!Ka IlpOHCXOAHT !18 i\k << k, 3TO IIOKa3biBaeT1 'ITO B 1IpO!l9CCaX CIIeK -

T p aiibHOj,) rrepeKa'IKH u a MalTbie /1 k coyaapeHHSI Bceraa cywecTBeHHb!, EcnH >Ke 

paCCMaTpHBaTb IIpOIX9CCbl CII9KTp8IIbHOJI rrepeKa'!KH Re H8 yron !IO ;:JHAK8 9AHHH!lb !
1 

a 

Ha Ma!Ib!ll yron, TO k _ -rropHAKa 6 k H YCIIOBHe ( 1.3) 03HO'!aeT 

( 1.10) 

T , e , HaKIIaAbJBaeT OI'[)8HH'I9HH9 n e Ha 3Ha'I9HI!9 cjJ830Bb!X CKOpOCTell , a H8 B91!!1'1HHY 

L\k 

k 
Hu>Ke rroKaabrBaeTcSI, 'ITO y'leT HOH-HOHHb!X cciyaapenull MO>KeT naMnoro 

yB9IIH'IHTb acjlcjleKTHBHOCTb H9IIHUel!Hb!X B3aHMOA9l!CTBHJI , 3TO 03Ha'!89T
1 

'ITO IIpH 

2 T 
N "'10 H -T· ~ 10 

D I 

T,e, B B9CbM8 lliHpOKOH 

nepeKa'!Ke H8 yron IIOpS!AK8 9AHHH!lb1 1 H8!IpHMep, AIIS! 

v"' 2 
!IOIIY'I9HHb!9 pe3yiibT8Tb! npHM9HHMbl AIISI 1 << __... « ]0 , o6 -v,... 
n aCTH cjla30Bb!X CKOpOCT9H 1 Ha'IHHaS! C MHHHM81IbHO B03MO>KHb!X V cj:J !IOpS! AK8 V Te 

HH >K ii!i!S! I'p8HHUa ( 1,4) OTOADHI'ti9TCS! H B03 HHKaeT o6naCTb 3Ha'!9HHl! c pOCTO M ND 

V<t/' B K OTOpOit HOH- HOHHbJe COyaapeHI!S! !IpH pacC9HHHH H 8 yron !IOpHAKa 9AHHHUbl 

porrH H e Hrpa!OT , 0 aHaKO II pH nepeKa'!Ke Ha Ma!Ib!e YI'!Ib! coyaapeHHS!, cor naCHO 

( 1,10), MOI'YT CKa3aTbCS! 1 11 1 9CIIH 9{jlcjJeKTHBHOCTb nepe Ka'IKH Bb!COKa, TO B03MO>KHa 

TaK8H CHTyaU[{S! 1 KOI'Aa B peayiibTaTe MHOI'OKp8THOit nepeKa'IKH Ka>KAb!il pa3 Ha Ma -

II L! il y ron H Manoe 6k Typ6yneHTHbre nynhcaunH 6yayT rrepeKa'!aH b! na yron no-

pHAKa 9A[{ Hlfllb! II i\k rropHAKa k . TaKaS! acTacjJeTHaH rrepeKa'!K a npH y 'l e Te coy -

nape HH ll MO>Ke T OK838TbCS! 6onee 3<jxjleKTHBH OH He:>K9IIH OAHO!<p8TH8 H nepeKa'!Ka Ha 

yron ITO[JHAK8 9AHHI!U b! H 6k " k 6e3 y'leT a coyaapeHHit, l1MeHHO B 3TOl! CHTya -

UHH Y'I9T COyAapeHHit IIpH06peTaeT 1IpHHUHIIH8!IbHb! lt X8p8KTep , H , CIIeAOBaT91IbH0
1 

6e3 yqeTa COyAape HHit He!Ib3H COCT 8BHTb Ilp9ACT 8 BII9HHS! A8:>K9 0 1IOpS!AK8X BeiiH'IHH 

H9IIHH9ilHb!X B38HMO!{eitCTBHH, 

EcTecTBenno, rr pH oqenb 6 onh m nx N 
0 

N ... "" ) n ccnea yeMaSI o6nacTb ( 1.4) 
D 
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CMemaeTCH B o6naCTb CTOI1b BbiCOKIIX 'IEICTQT 0 'ITO y'IeT coyna peHIIil npii nepe KB'IKe 

naJKe 3CTatj>eTHoro x a paKTepa OKB3btB aeTcH HeHyJKH btM, II B <>TOM cnyqae c npa sen nii-

11 / 
Bbt pe3ynhTa Tb1 , O n 1wK o B KoH1cpeTHbtX yc noBHHx, BcTpe'Ia iOmHxc H B na6opA T o p-

H btX aKcnepwMeuTa x, senH'IHHa N 
0 

qacTo n e oqeub BennKa ( B OTI1H'IHe OT a c Tpo-

tPH3H'IeCKHX ycnOBIIHX0 Ha n p iiMep, MeJK3Be3JliiOil nna 3Mb1) , no 3 TOMy B OUeHK R X, Ha-

/ 4/ 
n p HMep1 . CTa6II!1H38UHH HY'IKOBh lX HeyCTOii'IHBOCTOH 113-3 8 n e;, :•HeliHbiX B38 H M O-

neliC TBHil H npyrwx ::>cj:><j:le KTax yqeT coynapeHHil B Henwue ii Ho M B38H Moneilc TBHH MO

JKOT 6b1Tb BeCbMB cymecTBeHH h!M , nony'IOHHbte pe3yf1bT8Tb l 6y/lyT HMOTb n p H!10lKO 

HHO TBKJKO /l/15! npo6neM bl B 30HMO/leJicTBH5! BOI1H B OTHOCHT0 !1bHO HI1 0 THOII TI!183M0 0 

/5/ 
C03 /HlB80MOi! na3e p HO fi II CKpOi! 0 II Jlp, ll !'JO OI1 8 M , 

8 HBCTOHUIOil pa6oTe ITOJly'IOH bl KOHK p GTHb1e K p iiTOpHH, TI03BOI1H!OUIHe OUOHHTb 

BI1HHHFI5! coynapO HIIH HOHOB HB H0!1HHe f! Hbl0 B38HMOJlOiiCTBHH B 3 8 BMCMMOCTII OT ll!10T-

HOCTH If TCMne paTypbl II JlpyrMX n a p a MOTpOB TII183M b l , 

rnc 

§ 2, 06time COO THOlil9liH5! 

/2,3/ 
PaccMoTp iiM HenKHeiiHoe nucrrepcl!oHHoe ypasneHne nnH neHrMIOpOBCKIIX sonH 

r .. 2 .. 
(U - w ( k ) ~ J I ' ( k • k ) I E -? I dk • 

1 I I 2 • 2 
2 

};'(k ,k )~2rrl!I(k ,k ,k ,-k )+I(k ,k ,-k ,k )-
1 2 I 212 12 2 

8rrl 
)S (k ,k ,k )l p(k .. ) 

2 I 2 - w ~<U 
1 I 

w =wp(k) 

(U 

S
1 

(k , k , -k 
f (k _) - I 2 

2 2 

( 2,1) 

(2,2) 

3.Q e c b k~{k,wl, s H L -RenHHefiHb1e ll0!15!pii3 Y OMOCTH llf18 3Mb1 0 x a paKTe -

pH3YIOUIIIe Heni!Hel!Hbte TOKH BTOporo II Tp€'TbOrO HO;JS!Jll(B no 3!1eKTpli'IGCKOMy !I0/110 

B38l!MOJlellcTBY!Ollii!X BOnH 

J' 2 '~J S (k,k , k ) 8(k -k -k )E. E dk dk 
k 2 I 12 •k 12 

(2.3) 
I 2 
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(2,4) 

H aKoueu , t ( k) - ecTb npononbnaH JlH3neKT p H"lec K a H npouuuae MoCT b n n aaMbi , 

B ypaBHeHHH (2. 2) yqT eH numb n p ouecc BaaHMo aeAcTBHH q epea BHp T yanbuyro 

npononhHyro Bon ny ( o 6 o6bi"'HO ManoM BaauMoneilcT BHH q epea BHpT yanb Hbre nonepeq-
/ 1/ ~ 

Hbie BonHhi CM, ) • 3 aMeT HM, 'ITO n pH B bmon Heuuu I k _I v Te >> "' e coynapeHHH 

:;~neKTpOHOB He cKa3 biBaroTcH u a • BenH"'HHax S , I, t • Y "'HT biBaH KpoMe Toro , 'IT O 

H3 - 3a Han U'IHH B b!COKHX CTeneuetl IT' B 3HaMeHaTenHX S H I B 3THX Bbrpa-

)l{eHUHX cnen yeT y 'IHTbiBaTb fiHWb 3 neKT pOHHbie B Kna)lbi , M bl BHQHM, 'ITO npU n p n -

HHThlX ycnODHHX S COOTBeT CT ByiDT 6eccoynapHTenbHOMy cnyqa ro, a HOH-

HOHH bie CoynapeHHH CKa3bi BaroTCH n Hlli b Ha ( B enH'!HHa C yqeTOM HOH-HOH

/3/ HbiX coyaapenH i i n p H I i: I v «.., 
- Tl 1 

H <<"' 
1 

• I k _I v 
Ta 

HMeeT BHJl ( CM , ) , 

(2. 5) 

rue ( e (k_) H € I ( k_) BKn £lll bl :;~neKTpOHOB B HOHOB B non HyiD ( ( k ) COOTBeTCTBeHHO 

"'2 / cu I 
( k ) = 01 ( 

k2 2 k 2 v 2 k 2 v 2 - V Tl 
2 

"' - Tl + 1, 28 ! ----=--:!:! 
"' 

- 3 k 2 vit v 
"' - +2,6! 1 

(2. 6) 

"' 1 

2 
e "'o. "'- "' ( ( k -) = < 1+ iv.E_ exp I - 1). 2 2 2 k V Te 2 k 

2 2 
k v v 

Te Te 

(2.7) 

06mHe Bbrpa)l{eHHH n n H <!>yHKUHil S 
1 

, S 
2 

H I Ill 
n puseneH bi B , B H HTepe cyrome M 

uac npene ne ("'-I k _ v Te )« 1 OHH HMe iDT n pH6nH)I{eHHblA BHJl 

1 e 
S I (k_, k I , -k 2)=---

8" m 
• 

7 

~ ~ 

cu_(k I k 2) 

k k k v 2 
- I Te 

(2,8) 



1 e 
s (k > k • k 

2 I 2 
)=--

8rr m • 

"'o.<( k2) 

k k k 
2 

2 
v 

To 

s s --1-=~(k ,k ,k ,-k )+!(k ,k ,-k ,k ), 
I 2 r'(k ) I 2 I 2 I 2 2 I 

S rr i 

w_ 

noil CT.10,,1lll 3T1! Bblp8)f{eHHSI B ( 2, 2), nony qaeM 

2 _. _. j_~ 
~ '(k 1 • k 2 ) = - 4 m • 

e 

.. .. 2 

(k I k 2) cu Oe 

k ~ k 2 k 
- I 

4 
V Te 

<I ( k 

0 (k- )[,"(k_)+< 1 (k_) l 

(2,9) 

(2.10) 

(2,11) 

3 aMeTn M , 'ITO B S 
1 

H S 
2 

(a T8K )KC I ) Mbl rtpe n e6pernH MHIIM b iMH 

'lBC TSIMH, CBSI3QHH b iMil K8K C 6ecco ynapn TenbHOH Jll!CCI!flOUIIe fl , TBK H C aneKTpOHHbiMii 

coyoapeHHSIMII, n epBbie H3 HHX BMeCTe C jll' ( e (k B OTC)'TCTBH C c oyn.1pemlil 

rtpi!BOJlSIT K pacceSIHHIO HO aneKTpOH8 X , C Jlp)'I'OII C TOpOHbl, 08)f{e B 6eCCTOnKHOBH 

T 8nbHOfi nna3Me p acceHHHe Ha HOHax HBnHeTCH npeo6nanaroillH M B cnyqae 6onh rnllx 

~830DbiX CKOpOCT8I1, 8 HM8HHO! 9 o6naCTll 60nbllli!X l~830Bb1X CKOpOCTeil ( CM , ( 1,4)) 

CyiiieCTBeHeH )' '18 T J!OH-llOHHblX CO)'Jl8peHHI! , noaTOM)' Mbl B nepB)'IO O'lepeob )' 'lT8M 

arl•tjleKTbl t B03HI! J(8!0ll!l!e OT MHHMb!X 'l<3 CTeil 
1 

( . CBSI38HHblX C llOH-HOHH biMH C0)'08 -

p e Hli5IMI! , 3TH 3<PrP8KTbl 8H8nOPH'lHbl rtpOUeCC8M p8CCeSIHll51 Ha HOH8X B 6 eCCTOnK <iOBH

T e nbHOM cnyqae, B~~ecTe c TeM HMeeTCH OllHO Ka'leCTBeHHO BB)f{HOe OT JHI'l lie, c ocToH-

11188 B TO:vl, 'ITO B 6eCCTOnKHOBHTenbHOil !In83Me MHI!Mbie 'I8CTH (I nponopu11o-

HanbHbr exp! -cu! / 2 k :_ v ~1 I H aecb a<jxpeKT B 38 HMOJlellcTBHS! OKEl3 bi BaeTc H ManbrM 

H ( 2 / 2k2 2) .. .. rtpll cu >> k V , anH'lHe Bem!'lllHbl exp -cu V B HeJm He ;t HOM B38HMO: l c il -
- - Tl - - Tl 

C T DII H 11 "1 88T rtpOCTOII rpi!3H'l8CKHI! CMbiCn: HHTeHCllBHOCTb B38llMO)leJ1CTBHSI rtponop -

UflOH.'tnbH[l 'li!Cn)' HOHOFI , KOTOp b!e MOI')'T rtpllHllM8Tb )''l8CTHe B pacceHHHH, B pac-

CMDTpi!B88MOM 3/l8Cb C n y qae, KOI'Jl8 C)'ll!eCTBeHHbl llOH-llOHHbl8 CO)'Il8peHHS! 1yK838H

H LIJi 3KCflOH8HHII8nhH blfl o6p bl B B381!MOJlel\cTBHSI OTC)'TCTByeT, II a<jlrpeKTbl, CBS!3aHHbl8 

C :-,t HIIMOlt 48CTbiO r
1 

(k_)
1 

Ofli!CbiB810T B38HMOJlelkTBHe 6e3 K8KHX-nH60 Ol' !J8 HII'le-

8 



HHll HB <jla30Bhle CKOpOCTH BOflH, C 9THM 1 B 'IBCTHO C TH, CBH38H8 B03MOlf<HOCTb 

yaenH'leHI!H a<P<lleKTHBHOC TH HenHHe:"!HOPO B38liMOilellcTBHH llflH BOnll MBflblX tPB30 -

BbiX CKOpOCTel!, noaTOMy HHJKe aQJ<jleKTBMH pBCCeHHHH HB aneKTpOHBX B llepBOM 

llpHOflH JKeHHH rrpeaeopHP88TCH . 8 ll8flbHe111lleM 1 OllHBK0 1 n pOH3BOilHTCH OTHOCHT8flb

H08 Cp8BH8H!Ie llOny'laHH blX peaynhT B TOB C aQJcpeKTBMll pacceHHHH HB a n eKTpOII'IX
1 

a T B KJKe OOCYJK.ll88TCH
0 

a<jJ<jleKT H3M8 H8HIIH HHT8HCHBHOCTH T B KOPO pacceHHHSI H3-38 

HB flii'lHH IIOH-HOHHblX coy.oape HH ll , 3 aM8TilM 1 'ITO a<jJ<I>eKTbl B38HMOilellcTBHH C HO

HBMH He MOPYT Ob!Tb B .llBHHOM cnyqae HHTeprrpeTHpOBBHbt KBK aQJcpeKTbt paccest-
-+ -+ 

HHst, T,K, B brrronaeaHe ycnoBHH w =k_ v ae HBIIHeTcSI npH y'leTe HOHHbiX coy.oape-

HHll CytneCTBeHHbiM, 

§ 3, BnHHHHe HOH-HOHH b!X coy.oapeHHlt HB Cll8KTpanbHYIO rrepeKB'IKY 

neHPMIOpOBCKHX BOnJI 

BbtllHilleM Bb!pBJKeJIHe .llnH MHHMOll 'IBCTH CU - 'wOe ( CM, ( 2,1) 
1 

onpe.oenSIIOtnelt 

HHTeHCHBHOCTb ClleKTpanbJIOll rrepeKB'IKH llpR npeJieopeJKeHHH }mf 8 (k_), 

1 a 
TE:I2at 

k 
I 

_. · ~> " 2 I _. 
( k 

1 
k \ ,, I E ;,+ I Jm ( Ck ) d k 

?! • 2 - ? 
( 3.1) 

k 2k~ ',-k' 
1

2 2 I e r 
1

2 
VT• f ( k_)+t (I·_) 

1. PaccMoTpHM KOHKpeTH b re DH.llbl ftenHHeiiabrX aaaHMo.oe iicTDHil a fteKoTopbrX 

npe.oenbHbiX cny'I8SIX. nycTb w » I k I v 
- T ! 

, 3TO COOTBeTCTBy eT ll p H OnlOKeHHIO, KOP -

na pacceRHHe aa uoaax a 6eccoynapuTenhHOM c nyqae 

coy.oapeHHlt (",»I k _I v T& R n p H "'- » I li_ l v 

T.e. npH 0-1 H DpB 

v « v "' v-'-

y_. 
t 

I 

cp 

9 

T• m • 

T t 

OTCyTCTByeT, npH yqe'te 

(T I T ) 1/ 2 

• t 

(3.2) 



B Tex ~e ycnoBHHX HenHHeHHQe B38HMoneHCTBHe npH pacceHHHH Ha sneKTpOHax 
Ill 

HMBBT BHA 

npH 

H 

npH 

y ... 
k 

I 

y2rrw Oe 

4rr n 
0 

T e 

... .... 2 ... ... 2 2 2 
(k 1 k 2 ) [ k 

1 
k 

2
] V Te w_! E ~ I 

k~k:lk_l 2 
w 

Oe 
I; _I v 

Te 

v «v (m 1 1/ s 
<P Te ·;- ) 

e 

... .. 2 -1> ~ 3 2 
v 2rr w 0 ( k k ) I k I v . I E :; I m 2 

Y -+ ~ _ e J 1 2 - 1 e 2 (--•- ) 

k 16 rr n T 2 2 3 m 
1 0 e k k "" I 

I 2 -

1"1 l/3 ml 1/2 
v (--) «v..._ « v (--) 

Te m 'iJ Te m 
e e 

0TCJ0}:18 CneayeT, 'ITO ( 3,3) }:10MHHHpyeT H8A (3.4) npH 

v ~ » ( _1_ ) 1/ 5 ( ml s!to r. 1/ 2 
v N -- ) 1-- ) 

T e D m. T1 

-+ 
d I< 2 • 

dk-+ 
2 

(3.4) 

( 3.5) 

BMecTe c ( 3.2) nony'IHM, 'ITO o6nacTb, r ae coyaapeHHe aoMHHHpyeT, .He HC'IeaaeT 

npH 

m T 
N D »> -"-( -"-\ s/2 

m T 
I I 

CpaBHHBaSI (3.3) c (3.5) , nony'IHM 

v m I T -4L« N (-1- )l 2 I 5/ 2 
D m ,(T) 

v 
Te 

10 

( 3 .6) 

( 3.7) 

l 
.f 



1 
J 

., 

f 

v m, 1/ 3 
B MecTe c ycnosneM ____q. ">> ( --\ aTo naeT 

v m 
Te 

YcnOBHe )lOMHHHpOBaHH5! CHeKTpanbHOil nepeKa'IKH (3,3) Han 3 8TyXaHHeM H3-.3a nap-

Hb!X coyna-peHHtl HMeeT BHll 

2 

\'.' 1 
1» ---» --

v T I 
~( -o- )7 2 

n T N2 
0 o D 

v 2 T 
<P 1 

W=J IE; I dk - IT011Ha5! 3Heprl15! lliYMOB. 

B btpalKeHJ.Je B KBanpaTHbiX CK06Kax B CH11Y (3.2) ( 1,4) 

TOMY (3.8) Bbtn011H5!eTC5! 11Hllib B TOM C11y'!ae, KOrna M811b!H 

KO MrreHcnpyer aToT 6onbmoii MHOlKHTenb. B '18CTHOCTH, ( 3.8) 

(3.8) 

BCerna Be1!HKO. noa-
T m 1/2 

M <r OlKHTe11b (~) 
m, 

COBMeC THO C ( 1.4) 

naeT erne onHo Heo6xonnMoe y cnosne cyruecTBOBa HH5! o6nacTH , B KOTopofJ npo5tB1!5! 

eTc5! B38HMOlleilCTBHe (3 .3) 

v T 1 1/ s (_m1 )3/e. 
--+'> (--\ 

v 
To 

T 

Ycnoane (3.8) cymecTBeHHO o6nerqaeTC5! B o6nacTH 

v .+. m 1 1/3 
-= » ( --) . 

V To "'• 

2. PaccMoT pHM Te nepb Hen nHetiHoe aaanMoneilcTane B cny qae, Korna 

T m 1/2 v m1 
(-o_ l_) » _JiL » \ - - . 

T m v m 
1 To 

VfMeeM 11a ( 3.1) 

II 

(3.9) 



y _. 
k 1 

.. .. 2 

1,28"' Oe f (k1 k2) T 1"' 

16"nor. k2k2 T v 
1 2 • 1 

(3,10) 
2 .. 

IE .. I dk . 
k 2 

2 

3ToT peaynhTBT TBK~e nenecoo6paaao cpaBHHTb c ~~eKTOM pacceaaaa aa 9neKTpo-
. 11/ 

HBX, KOTOpbii\ OllHCbiBB9TCH ~pMynolt 

y .. 
k 

I 

y 21T "'Oe 

161Tn
0
T

0 

.. .. 2 

(k1k2) "' 
r .. 
. k2k2 !k_i V T e 

I 2 

2 .. 
l Et> ! dk

2
• 

( 3, 1 1) 

2 

Ha cpaaaeaaa (3,11) a (3,10) nonyqaM KpBTepaA aoMBBHpoaaaaa aaltaeaaoro 

aaecb aenaaeAaoro aaaaMoaeAcTBBH (3.10) 

v T 5/2 m 1/2 
-4L «( -~-\ ( -1-\ N 
v T m o 

Te e e 
(3. 12) 

CpaaBlJBBH (3,12) c (3,9) nonyqaM, qTQ o6nacTb, rae coyaapeBBa cymecTaeaHhi, 

ae paaaa ayn~ aceraa, ecna 

T 
N »( • )5/2 

D --T (3,13) 
1 

Ycnoaae aoMHBHpoBBHBH aaaaMoaeAcTBBH (3,10) aaa aaTyxaaaeM aa-aa coyna

peaaA HMeeT aaa 

W 1 v
2 

-
l» -- » -- ___!.!. I m I T • s/2 

n T N 2 \ -- .C-- \ 
c • o v-+- m T 't' e I 

(3,14) 

T,e, 

v m ·' N » __2.!_ 1 1 )"4 T s/4 
D -- (-"-) 

v m t cp e 1 

( 3.15) 
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B aauuoM cnyqae o6na cTb swnonHe HHH (3.14) (3 .15) secbMa wHpoKa. 

nonqepKIIeM, 'ITO see nponeneni!Lie c p B B HeHHH He Y'IHTbiB8TIH B03MOlKHOCTH 

9 CTaQoeTUOii nepeKa 'IKH, KOTOJHHl MO>KC T TIHIJJ b pawHpHTb o6naCTb UpHMeHHMOCTH no

ny'leHHblX <jJopM y n. 

1/2 
3. PaccMoTpMM Tenepb HenHHeiiHbre aaaJtMonefrcTBHfl npH v » v (T m / T m ) 

cj) Te e I I e 

HnH TO'!Hee 01 _ «l k_l v T l . H enHHeiiHbre s a aHMoneilcTBH51 B 9TOM cnyqae OK83 b iBaroTC51 

pa 3 l1M'r1I biM n .J[I R H C11MOCT TI OT T OrO, l3 hlllOnHeHO HJlH He T cne JlyJO!Tlee HepaBeHCTBO 

2 
k V T 1 

w >> ----

" l 
(3. 16) 

n p H BbiUOnHeHHH ( 3.14 ) CT0 111< HOFli!TeUbHBH nt? p eK8 '1K8 onpenenHeTC51 HHKpeMeli-

T8M 

I, 73 w 
_________ o_e___ J 

If'" n T 
0 

2 k 2 2 
( k 1 k 2) - v Tl T I 2 4 

-~~----~--~-- 1 I CY F k' 2 
(3.17) 

2 
k k w v T 2 

I 

CpaBHeHHe HHTeHCHBHOCTH HenHHe~uoro B38H MOJleilCTBH 51 ( 3.17) C COOTBeTCTByiDII!HM 

6eccoyna pHTenbHbiM HHKpeMeHTOM CneKTpa nbHOil nepeK8 '1KH npH pacceHHHH H8 HOH8X 

y 
y 2TTw 

___ __:O:;e:_ f 
16" n T 

0 T 
e 

E4 

' 

2 

I d k 
2 (3. 13) 

2 

TIOK83b!B8eT, 'ITO Cy!IleCTByeT JlOBOnbHO ll1HpOK851 o6naCTb rp830Bb!X CKOpOCTe il , on-

pene nHeM8H HepaBeHCTB8MH 

v 1 
N » ---'P- » --

0 v N 
Te D 

m T 3 
__ I ( -"- ) 

m T 
I 

"' J -1-
m 

T s/2 m I 
« N «( - -" ) J--, 

D T l m 

13 

(3.19 ) 



rae onpeaemUOillHM SIBnHeTCSI HenHHefiHoe B38HMOA9fiCTBHe C y"'eTOM HOH-HOHHbiX 

CTOnKHOBeHHfi, 

BaaHMoaeficTBHe (3,17) aoMHHHpyeT Haa aaTyxaHHeM aa-aa coy aapeHafi, ecna 

w 1 m T 1 1» -- » -- ,; --L ( --lL )3 2 

n 0 T. N~ m
8 

T1 . , (3,20) 

m 1 T 1l4 
"'TO H8XOAHTCSI B cornaCHH C (3,19) npH (---;--i-) » 1. 

HnH 

4. PaccMoTpHM aenHHefiHoe aaaHMoaeficT~H~ npH 

T m 
v cp >> v v--·-' 

Te T m 
1 

2 2 
k_ v '1'1 

(L) « 
.... , 

T s/2 m 11 2 
N » (-·- ) <-'-) o· 

Tt m • 

Ha ( 3,1) nony'!HM 

Y .. 
k I 

0, C6 (L) 

Oe 

4rr n T 
0 • 

.. .. 2 
( k I k ) V cu 

J 2 1 • IE .. 
k

2
k

2 
k

2 
v 2 T k2 

I 2 - T! 

T 

( 3,21) 

(3,22) 

2 

d k 
2 

(3,23) 

3TO B38HMOAefiCTBHe BCeraa npeBOCXOAHT 6eCCTOnKHOBHTenbHOe (3,18) npH BhlllOn

aeHHH ( 1,4). HHKpeMeHT B 3 8HMoaeficTBHH ( 3,23) npeaocxoaHT v e . ecna 

W T 1 1» -- »( --1 )3 2 ( m1 )1/2 
n T T ---

o e e m 

§ 4, BnHHHHe HOH-HOHHbiX coyaapeHHfi Ha aenaHefiHbie 

AHCnepCHOHHble CBOfiCTBa neHrMIOpOBCKHX BOnH 

(3,24) 

Ha (2,1) aeTpyaao nony'IHTb HenHHefiabie nonpaBKH K aeficTBHTenbROfi "'BCTH 

'!BCTOTbl nearMIOpOBCKHX KOne6BHHfi, 0llHCbiB8101!lHe a<P<fJeKTbl H3Me!<eHHSI HX AHCnepCH

OHHbiX CBOfiCTB H3-38 HenHHeHHbiX B38HMOAeHCTBHfi 

14 



(4.1) 

( k
.. k .. ) 2 

WOe 1 2 • 
----- J --2- -2 I E ; 

16 11 n 
0 

T e k k 2 

Re 

• (k_)+ l} (k _) 

1. EcnH 

m 
"' » k v v-·-. 

- "T'e m 
(4.2) 

1 

TO BKrrBA HOH-HOHHbiX COyAapeHHli npeae6peli<HMO Man H H3 ( 4.1) cneAyeT 

• l>w 
w 

Oe 
m 

(4.3) 
m 

1 

HenHHeilHbie nonpaBKH, KBK cneAyeT H3 oueHKH pacceSIHHSI ( 4.3), npeaanHpyJOT 

H8A AHCnepcHeli neHrM!OpOBCKHX BOrrH 113-38 TennOBOrO ABHmeHHSI UpH 

W 11' 1 V Te 4 
1 » --- » --( --). 

n T m v 
0 • • cp 

T.e. 
vcp ( m1 \1/4 

BO BCSIKOM cnyqae Up!! -- » --
V Te me 

CneAoBaTenhHO, nony'!eHHbiil BbJme peaynhTBT 

W m 
1 

v 4 

--« -- ( ___I_! ) 
n

0
T

8 
m

8 
vcp 

CeaMeCTHO C (3.8) II ( 1.4) STO 03H6'186T, 'ITO 

v,-~-, T. 2 
---»L ( --) » N 

v T D 
Te 1 

15 

(4.4) 

(3.3) cnpaBeAniiB, ecn11 

(4.5) 

(4.6) 



T m 
una y » --1

-. npu BhmonaeHHH ycnoBH!I o6paTaoro ( 4,5) aeo6xoaHMo pewaTb 

ypaaaehae (~~) , KOTopoe no caoefi cTpyKType coanaaaeT c paaee uccneaoaaHRhiM 
/3/ 

aaTopaMu ypaaneaaeM ( 5.10) pa6oThi • Hcxoa!l aa aTofi aaanoruu
1 

MO}f{RO yTBep}f{-

aaTb, 'ITO ypaBHeHHe (4.3) OUIIC biBSeT HeT!HHei!HOe B38HMOileiiCTBHe 1 npHBOil!lntee K 

llp0611eHHIO M8CU1Ta6a Typ6yneHTHbiX nyTlbC8ltHfi 1 npH 9TOM ypoBeHb 9Repr11H 9THX 

ITy/1bC8UHH llO/l}f{eH 6b!Tb llOCT8TO'IHO BbiCOKHM CM. (4.4). YIHKpeMeHT 9TOro npo-

uecca I!MeeT nopHilOK 

Y ~ "' ( W 1/ s 
Oe ~) 

0 e 

( v Te) 2/s 

vcj:> 

<2 1 ~/s 
m 

1 
(4. 7) 

.11Meaao aToT RHKpeMeHT cnenyeT cpaaauaaTb c ( 3.3), KOTophrfi npH nonc-raaoaKe 

(4.7) HMeeT oneaKy 

y ~"' 

v N (--I.!... ) 2 m 1/2 
D <~---"--) 

T1 s/2 
(--) 

T 

B peaynbTaTe 

V Oe 

y > y , ecnu 
v 

v cj:> m • 

N » [-w~~< vcJ:> 
D n T -v-l 

~1 1/s (i)t/2 (~)s/2 

m m T 
0 e Te 1 • 

Y'!H1'b!B8!1 T8K}f{e yCI10BHe ( 1.4) 1 HMeeM 

v: 
n T 

0 • 

y. » ___!_!( ~)I/2 
v m 

cj:> 1 

T1 3/2 
(-) 

Te 

v m T 

(4.8) 

(4.9) 

(4.10) 

· , h 1 e 
~ » ,1--

1
- 1 'ITO npoTHBOpe'IHT ycno-

VTe me 1 
BMecTe c aepaaeac-rBoM ( 4.4) aTo naeT 

m 
BHIO w _> k_ v \ 1--

8
- • TaKHM o6paaoM, a o6nacTH, onpenenaeMoll HepaaeacTBaMH 

Te m1 
(4.4) H (4.2), runponuaa MH'!ecKaH aenuaei!aaa aeyc-roli'!HBOCTb rrpeaanupyeT aan 

KHHeTH"!eCKOfi. 

2. nepel!aeM K paccMoTpeHHIO aenuuetiHbiX rronpaBoK K nucnepCHH H ux BnH!I-

HHH Ha paCCMOTpeHHble Bb!We nponeCCbl nepeKS'!Kll B yCI10Bli!IX UpOTHBOIT0/10}f{HbiX 

( 4.2) • 3aMeTHM 1 'ITO CyUieCTBeHHOe li3MeHeHHe llliCUepCHOHilbiX CBOi!CTB neHrMIO

pOBCKHX KOne6aHHi! ITpOHCXOilHT llllllib Upll H30TpOUHOi! Typ6yneHTHOCTH 1 'ITO OTMe

'18/lOCb aaTopaMH a
121 

• B o6nacTH cu _» k _ v Tt ua ( 4.1) rrony'IHM, 'ITO uou

HOHHbie COyllapeHHH C/1860 CK83biBBIOTC!I HB He/1HHefiHbiX ll011p8BK8X K llliCUepCHH 

neHrMIOpOBCKHX BOT!H: 
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CIJ _., - w k ... 
k I 2 

Ha ( 4.11) nonyqaeM, 'ITO naMeaenne ancrrepcnoanhiX caol!cTB nearMJOpOBCKBX 

BOIIH B ABHHOA o6naCTB llpOHCXOAHT B ycnoBHRX 

m W m 
--· » --- » v --· 

m
1 

n
0

T
8 

m1 

IIpH 3TOM W_ HMeeT llOpRAOK 

w ~w 
- Oe 

v 
Te 

(4.12) 

(4.13) 

noncTBBIIRR ( 4.13) B ( 3.10) 1 nony'IHM, 'ITO HHKpeMeHT ( 3.10) 38MeTHO Boa~ 

pacTaeT H nMeeT rropRnoK 

y"' wOe (4.14) 

DnR Toro, 'IT06bi I!HKpeMeHT ( 4.14) npeaocxonl!n v e 1 aeo6xonnMo 

T e ~/4 (~)1/4 ~ 
No»(-T-) m v 

1 e Te ( 4.15) 

CoaMeCTHO C ycnOBHeM ( 1.4) 3TO 03H8'!8eT, 'ITO 

~» ( ~) 1/s (4.16) 
T m 

1 e 

TaKHM o6paaoM, B paccMoTpeaaoM npenene I!MeeTcR rnl!pOKaR o6naCTb napa

MeTpOB, rne cymecTBeHHhi IIOH-HOHHbie coynapeHI!R a rrepeKa'IKe 11 necymecTBenno 

naMenenl!e nucnepcun, a TaK*e rnnpoKaR o6nacTb rrapaMeTpoa, rne 1!3Menenl!e 

IIHCne pCHH BnHReT H8 CTOIIKHOBHT9fibHyJO nepeK8'IKy. 
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3. nepel!aeM K paeeMOTpeHHJO nennae i! nhiX nonpaBoK K anenepenn a o6naeTn 

cu _ << k _'v Tl • Eenn, KpOMe Toro, 

"' 

TO 

lieu= 

2 2 
k_v 

<<---.!:.' 
1/ 

I 

(kl Jr-+2)2 

k 2 k 

2 - T e 3 m1 co_ve f--) 

< < Tl 
I "' e 

k _ V Te 

(4.17) 

I E .. 1
2 

d k 
k 2 2 

( 4.18) 

3aeeb OT6pOW8Hbl Bee 'ln8Hbl, Bbln8.Q810WH8 H3 p83HOeTH 'IBeTOT rreHrMIOpOBeKHX 

KOrre6aHH fi B erry'lae H30TpOrrHO Jl Typ6yneHTHOeTH. n ony'I8HHbll! peayJibT8T errp8B 8LlJIHB 

npH Bblfi0ITH8HHH H8p8B8HCTB8 

CU~ V e m I 
s 3 

k v ' "' Te e 

T s 
(-e-) 

T 
I 

» I. (4.19) 

noenenuee eooTaoweune nony'leHo na epaaaeBHR e nonpaBKaMH K nnenepei!H 

/2/ 
H3-38 arreKTpOBHbiX eoyaapeHH i!, H8l!.QeHHhlX B pa6oTe , CpaBH8HHe ( 4,17) H ( 4,19) 

rroKa3biBaeT, 'ITO H3Meneane t:tnenepenn B paeeMaTpHBaeMotl o6naeTH onpet:terrlleTeH 

/2/ 
aneKTpOHH hiMH eoynapeHH~Mn: npn aToM, eornacHo , nopHt:toK BerrH'IHHhi 8,., 

eeTb 

w l v 
8w .. ---- ~ 

n T N 
0 e D 

v 
Te 

(V 
Oe 

n, eneaoaaTerrbao, HHKpeMeHT erreKTparrbHol! nepeKB'IKH npn 

w 
1» ---

0T 

v 
» ND(-2.! )3 

v 
cp 

HMeeT rrOpli.QOK (eM, 3,23) 

y"' 
w 2 T 3/2 "' ( --) ( --·\ 

Oe n T T 
0 e I 

m v 3 

v-~ __m_ 
m 3 

e V 
Te 
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(4.20) 

(4.21) 

(4.22) 



CpaBHHBaR (4,22) c v BHilHM 1 'ITO Y » V 

• 
rrpH Bhl iTOnHeHHH ycnOBHA 

v v 3 T 3/ 2 
__1l_ « N « ( ___j£_ ) ( -" ) 

m 1 W 
(--1 ) l 2 (-- )2. 

v D v T m n T 
Te Te l .. 0 .. 

"'TO 06bi"'HO nerKO BbliTOITHReTCR, 

(4.33) 

4, PaccMoTpHM Tenepb uaMeueHue nncnepcnn neHrMIOpoBCKHX aona npu Bbi

nonaeHHH uepaae~cTBa rrpoTuaonono*Horo (4.17). CornacHo (4, 1) HMeeTCR anR 

BKnana B ~- - ITpH H30TpOITHOA Typ6yneHTHOCTH 

llw ~- 2 

3 
(4.34) 

3ToT peayn&TaT crrpaaennHB rrpu npeHe6pe*eHHH BKnanoM an eKTpoHHbiX coyna peHHfi 
/2/ 

(eM, ) , Korna 

2 Tl 
~ «-

- T 
• 

k 
4 

v 

2 

2 
v 

I 

k v 

Te 

3TO HepaBeHCTBO BMeCTe C ~ >>~1 

T 2 
(-"-) 

T 
I 

k - V Te 

v 

u ( 1.4) naeT 

T 
»--"

TI 

(4.35) 

(4.36) 

YpaBHeHHe, nonyqaeMOe H3 ( 4,34 ), OITHCbiB8eT uenuaelluyiO llHCCHIT8 THBHYIO 
/3/ 

ueyCTOfi"!HBOCTb, KOTopag T8K *e K8K H B COOTBeTCTByeT CITeKTpanbHOA nepe -

K8<rKe , HMeiOmeA ua rrpaaneane , npoTHBorrono*aoe 6eccoynapuTen&HOMY npeneny 
/ 3/ 

( CM, ) 1 T,e, npOHCXOllHT npo6neHHe M8CUIT860B Typ6yneHTHOCTH, nnsl TOrO "'T06bi 

3TO HMeno MeCT0 1 ueo6XOllHM0 1 'IT06bi HHKpeMeHT rHllPOllHH8MH<reCKOil ueycTOfi"'H

BOCTH, nony<raeMbifi H3 ( 4,34), H HMeiOUIHA ITOpRilOK 

y"' ~ 
Oe 

( __ v._· -) 2/3 < _2. 1 2 r~,~h <~ll/3 
n 

0 
T T • m 1 · vq:, 
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6bm 6onbwe KHHeTH'le CKoro ( 3,17). 3To nMeeT MecTo npH 

w v • m 1 T --« r (~ ) · ( __ e_ ) l 2 ( --1 )3/2 
nT 0 ~t>- m T 

0 e '+' l '! 

(4.38) 

C npyro ll c TopoH bJ , nnSI Taro 'lT06bi HenHHeliHaSI JlHcnepcBSI Obina 6onhwe Tennoaoll, 

Heo6xom<Mo, co r nacHo ( 4.37), 'lTOOb! 

w - - > 1 
n T 7( 

0 " D 

~)6 
Tl 

m I V T 2 -- ( __ e) 
m vtll 

He p a a eHcTaa ( 4.38),( 4 .39 ) coaMeCTHbi npH 

T 2 
( -e-) 

Tl 

v T • 5/2 
-W- » ~ » (--) 

v D T 
To I 

m 
( _ 1 _ ) 112 

m • 

(4.39) 

(4.40) 

3TOT 8H8ITH3 ITOK83 biB8eT, 'ITO cymecTayeT WllpOK8SI 06IT8CTb B03HHKHOBeHHSI 

HenHHeliHOll JlHCCIIIT 8 TH BH Oll He yCTOli'lHBOCTH, OITHC b l i:l8IOlliell npo6neHHe M8CWT800B 

Typ6yneHTHOCTH. BMecTe c T eM H HenHaellaaSI KHHeTH'leCKB SI HeycToll'lHBOCTh (3',17) 

B03 MO>KHB B nocTaToqoo mBpOKoll o6nacTH, HaKoHeii, c nenyeT OTMeTHTb, <JTO ycno-

BHe y > y He SIBITSI9TCSI A ITSI B03HIIKHOB9HHSI H9ITHReliHOll JlHCCHITBTHBHOll H9yCTOll-

o /3/ 
'IH BOCTH OITp9Jl9ITSI!OlliHM ( CM, ) , 

§ 5, 06cy~eHHe pe3yiThT8TOB 

I. TaKHM o6pa3oM, y<JeT HOH-HOHHbiX coynapeaBll KopeHHbiM o6pa30M H3MeiJSieT 

aenBHeAaoe B3aBMoneikTBHe a o6na cTB, onpenenSieMoll ( 1.4). 

I. TaKBe B38HMonellcTBHSI OK8 3 b iBBIOTCSI 3HB<JHTenhno 6 onee a¢¢eKTHBHbiMH, 

ne>Kenu B38HMOileAcTBHSI 6e3 y<JeTa CTOITKHOBeHHA. CneaoaaTenbHo, 3KCTpanonSIUHSI 

pe3ynhT8TOB 6eCCTOITKHOBHTenbHOll TeOpHH B 3Ty o6naCTb SIBnSieTCSI He38KOHHOA, 

2. C Hamell TO<JKH 3peHHSI B9CbM8 cymeCTBeHHb !M SIBnSieTCSI TO OOCT0 51 T 9 ITbC TBO, 

<JTO B o6naCTH ( 1,4) 38BHCHMOCTb H9ITHH9liHblX B 3 8HMOI!ellCTBHll OT ITnOTHOCTH ITIT83-

Mbl COBepmeHHO HHBSI, '19M 3TO HMeno MeCTO B 6eCCTOnKHOBHTeiTbHOll T90pH11. 
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TaKaS! aaBH CHMOCTb MolKeT npoS!BHTbCSJ npH HenHHefrHoii cTa6HnH:3aUHH n yq 

KOBol! HeyCTOil'IHBOCTH B HeH:30TepMH'IeCKOii Jll!B:3Me , ecnH ee Jll!OTHOCTb no nauaeT 

B 0 6l!aCTb ( 1.4), npH 9TOM B CHn y TOro , 'ITO arp<jleKTHBHOCTb HemrHeilHb!X B:3aHMO

f{el!cTBHii B03p0Cna, 3<jJ¢eKTb! CTa6HJIH3aUHH MOryT Ha6moua Tb CSI npH OTHOCH Tel!bi!O 

M8l!Ol! CKOpOCTH ny'IKOB, KpOMe TOro, KpHTepHH CTa6Hl!H3aUH H 6yueT :38BHCeTb OT 

JlJlOTHOCTH lll!a3Mbl 0 TOrua KaK B 6eCCTOl!KIIOBHTel!bHOM Clly'!ae TaKflll 3aBHCHMOCTb 
14/ 

OTCyTCTByeT , 3TO y Ka3b!B8eT Ha TO, 'ITO, COrnaC HO pa3BHBaeMh!M TeopeTH'Ie-

CKHM npencTaerreHHSJM, 3<jlljleK THBHOCTb aaaHMoneilcTBHSJ IIY'IKOB c nnaaMolf nonlKHa 

ObiTb onpeneneHHoii cpyHKUHefr nnoTHOCTH nocrrenHel!, CywecTBeHHaSJ 3aBHCHMOCTb 

acjlcpeKTHBHOCTH B3aHMOne (ICTBH SI ny'IKOB C lll!li3MOil OT ee lll!OTHOCTH Ha6nJOnanaCb B 
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aKcnepHMCHTax H no cax nop He naxonHna o6'bSJCHeHHSJ. Mbt naneeMcSJ, 'ITO paa-

BHTbte coo6palKeHIHI 6ynyT norreaHbi rrpa aHanR3e yKaaaHHbtX aK cnepHMe nTa nbHbiX 

pa6oT. 

3, nony'!eHHble pe3yl!bT8Tbl Il03B0l!SI IOT TaKlKe OUeHHTb a<I><!JeKTHFIH OC Tb 9CTa

cpeTHOli nepeKa 'IKR na aenH'IHHy k _, ynoan e TBOpSJJOWyro ycnoaHro k _ v Tt > "
1 

B TO BpeMSJ , KaK H8 Ka)!(JlOM aTa n e TllKOli rre peKa 'IK H YUOBlleTBOpS!e T o6paTHO -

My YCliOBHIO, 

4. B aaKllJO'!eHHe c rrenyeT oco6o noa '!epKHYTh, 'ITO o6napylKeHHblii :l(jJ<jleKT Ha -

MeHeHHSI Harrpaene HH SI cneKTp8l!bHOH nepeKa'IKH B ycrromt SIX rHnponHH8MII'!eCKOli He-

l!HHel!nol! CTOl!KHOBHTel!bHOfr neyCTOl! '!HBOCTH HMeeT cyme CTBeHHOe 3Ha'leHHe C TO'I 

KH 3peHHSI OO!Ueii TeOpHII Typ6yneHTHO ii ll l!a:3Mbl , 
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