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I. B pa6oTax 
11 

,:.u 6b1no noKa3aHo, '!TO HOH-H OHHble coynapeHHH 'IBC THU Mo

ryT 38 M e THO H3MeHHTb K 8pTHHY HeJ1HHeiiHOro B38HMoneiiCTBHH neHrM!OpOBCKHX BOJ1H 

B TIJ183Me, eCJ1H p83 HOC Tb '!8C T O T B38H MOlleiiCTBY!OlUHX BOJ1H Ml!OrO MeHblUe '!8CT O-

Tbl Coynap e HHH HOHOB 

cu i "' I 
I« v 

1 ( 1.1 ) 

V I - '!8CTOT8 CoynapeHHii HOHOB CO BCeMH '!8C THU8MH , 0.:tH8KO npH 3TOM p8CCM8T

PHB8J10Cb B38HMoneiiC T BHe nocTaTO'!HO 6blCTpblX neHrMJOPOBCKH X sonH T BKHX , 'ITO 

-+ T 1 2 -+ .... -+ 
l k_l vT

1 
.. kvT

1
«v HJ1H v » v N (--). 3 necb l k -l=lk -k I pa3-

<P To D T I 2 
• T 

HOC Tb BOJ1HOBblX BeK T OpOB B38HMOnei!c T BY!OlUHX BOJ1H , V = y --0-•-1- - COOTBe T-
To,1 m 

• • 1 
C TBeHHO , T ennOBhle C KOpOC TH 3 J1 eK T pOHOB H HOHOB, 

/ 2 / 
T eM He MeHee, pe3ynb T 8 Tbl, nony '!eHHbie B , no3BOJ1HJO T TBKlK e oueHHTb 

B J1H HHHe HOH- HOHHblX coynape HHA H8 B38HMOne iiCTBHe MenneHHblX n e HrMJOpOBC KH X 

;'QJ1H, npH 3 TO M nepeK8'!K8 OCylUeC TBJ1 HeT CH 3C T a<jleTHblM 0 _6pa30 M ( CM., H8TipH -

/ 2 ,3 I ) • A I ... I 
Mep , , T. e . B 38HMOllei!CTBYIOT llOCT8TO'!HO 6nH3KHe BOJ1Hbl, C Ll k , k << k 

H 

(1.2) 

B T O BpeMH K8K 

k v > v 
T1 1 ( 1.3) 
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I k I v >>II 
- Te e ( 1.4) 

E c nH 3~eKTHBHOCTb TaKO~ nepeKaq KH AOCT a ToqHo BenHKa, TO B pe3ynbT8Te 6onb
k 

WOI'O KOnHqeCTB8 • ---- noc neAOBaTenbHblX nepeAaq 3 Hep rHH MO>KeT OK838TbCSI , 
~k 

q T o 3CTa~eTH8SI n e peKaqKa npeB30~AeT OAHOKpaTHyro 6eCCTOnKHOBHTenbHyro n epeKaq-

KY Ha 6. k os k • Y! MeHHO B 3TO~ C HTyBUHH yqeT CTOnKHOBeHH~ C T aHOBHTCSI npHHUH-

nHanbHbiM, 

B 3BBHCHMOC TH o T yrna Me>KAY B3BHMO,:te~CTByromHMH BOnHaMH AnSI npoc To

T bi 6yAeM p8CCM8 T pHBaT b ABe o6n8C TH. B nepBO~ B OCHOBHOM npOHCXOAH T n epeaa

q a 3HeprH H no C lleKTpy, BO BTOpO~ TpaHC~OpMaUHSI 3 HeprHH He Cy!lleCTBeHHa, H He-

nHHeliHOe B3aHMOAefiCT BHe BOnH npHBOAHT K HX H30T pOH_H3ai.t i!H, .[leiiCTBHTenbHO, H3 

... 2 2 
HMeeM I k _I .. .J k + k -2 k k cos 0 Bbipa>KeHHSI AnSI k T aK KaK yron 

I 2 
02 

I 2 -+ 

0 npeAnonaraeTcSI ManbiM, T O cos 8 .. 1 - -r , H I k _ I .. .J 6. k 2 +k~O. 
I 

Yl 3 aToro HenocpeACTBeHHO c neAyeT BhillleynoMmiyToe pa3AeneHII e o6nac -re~: I) 

1) ~ k » kIf) a k _ ., ~ k , 2) ~ k « k I 0 , npll 3 TOM k- ., k I 8 , 

B AanbHellmeM Mbi noApo6Ho IICCneAyeM nepByro o6nacTb, cooTBeTCTByromlle 

OUeHKII AnSI BTOpol! o6naCTII HeTpyAHO n o nyq11Tb 1 liMe S! B BIIAY cneAyromee 06CTO-

Ctl ~ k 1 
SITenbCTBO : TaK KaK BCerAa Ctl ,. ~k , TO OTHOWeHIIe --- = --- = -- ; BO BTC>-

k _ k II a 
poli o6nac T11 a >.1 , c n e AoBaTenbHO, ( c.J_ / k _) B 3 TOli o6naCTII B a pa3 

MeHbwe, qeM B nepBo~. 

YqiiTbiBaSI BbiWell3 nO>KeHHOe, AOC TaToqHo ap11 HCCn eAOBaHIIII !'!BneHIISI HenHHeli

HOii 3CTa~eTOli 1130TpOnll3ai.tllll BBOAIITb COOTBeTCTByroWHM o6pa30M K03~HUHeHT a 

npH 3 T OM HHKpeMeHT H30TpOnH3aUIIII yBenllqHBaeTCSI Hnil yMeHbWaeTCSI no Cpi'IBHe-

Hllro C IIHKp e MeHTOM n e peKaqKH B 3aBIICIIMOCTH OT TOI' O, KaK BXOAIIT BenHqiiHa Ctl _ 

B 3 HaMe HaTene 11n11 qHCnHTene COOTBeTC TBeHHO. 

/ 2 / 
HH>Ke Mbl 6yAeM nonb30BaTbC SI COOTH OW eHIISIMH , nonyqeHHbiMH B pa6oTe , 

noaTOMY BbllliiCbiBaTb 3AeCb 06Ullle Bbipa>KeHIISI AnSI HeniiHeliHblX TOKOB nna GMbi 

c yqeToM coyAapeHIIll, a TaK>K e HenHHeliHoe AIICnepCIIOHHOe ypaBHeHHe npeACT aB-

nSieTCSI Heuenecoo6p83Hb!M, no Mepe He06XOAHMOC TH 6yAyT npHBOAHTbC SI Bblp8>Ke

/2/ 
HHSI AnSI HHKpeMeHTOB, nonyqeHHbie B 

2. Oue HHM B e nHqiiHY o6naCTII, B KOTopoll B03MO>KH8, H8pSIAY c 6eccTonKHOBH

T e nbHOll, TaK>K e 3CTa~TH8SI nepeKaqKa, 3T8 o6naCTb onpeAenSieTCSI HepaBeHCTBa-

Mil (J.1) - (J.4). Yf3 (J.1 ) 1 (J.2) H (1.4) nony qHM o6naCTb H 3MeHe HHSI OTHOCH

M 
T e nbHOll BenHqHHbl ~ = 

k 
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~V «t.« 
ND 

V T 
2 

min ( 1 , _l_ ) . 
N0 a 

3aeCb !!_BBLICHbl Ci1BLIJ::!OillHG 0603H8'!GHH5!: 
w 

N 0~~ 'lHcno '!BCTHll a ae6aeacKoii ctjle pe, . 
W O 

0
- i1eHrMIOpOBCK8 5l 'l8CTOTa 3 11CKTpOHOB, 

V - 311CKTpOHII85l 'lilCTOTa coyaapCIIHii, 

"' v T. 

(2.1) 

V ~ __ __::.O.o:•-~ --' T 
k v Tl 

- OTHOW8HH8 TeMnepaTyp 3i18KTpOHOB 

Te 
H HOHOB , 

m . 
a "'-

k v 
- Te 

p. = -- - OTHOill8HHe MBCC 3118KTpOHOB H HOHOB, 
m I 

(2.2) 

H epaBC HCTBO (1.3) LI8CT orpaHH'lCHHe Ha BGi1H'lHHy OTHOCHTC11bHOH tjla30BOH 

CKOpOCTH V CBepxy 

V « N T- 2 • 
D 

ConocTaBi15!5l (2 .1 ) H (2.2), nony'!HM 

(2,3) LIBCT 0611aCTb H3MCHCIIIH! V 

N 
D 

(2.3) 

, 'ITO BMCCTe C 

(2 ,4) 

J--13 (2.1) CnenyeT, 'ITO p8CCM8TpHB8CM851 K8pTHH8 HC11HHCHHOro B38HMOLICli-

CTBHH B03MO>KHa B HeH30TepMH'lec Koi1 nna3Me T >> 1 
a (2,4) npHBO,[IHT K Cne-

LIYIOWeMy ycnoBHIO nnH napaMeTpoB nna3 MW 

N 
D 

HCH30T8pMH'l8CKOii Ri183Mbl, TO 

N » T
2

• 
D 

5 

(2.5) 

, 'ITO 06 bl'lHO BbiR011H5!8TC5l ,[1115! 

(2.6) 



llnH aanbHeHwero yao6Ho paaaenHTb paccMaTpHaaeMyiD o6naCTb He 'leTbipe 

noao6naCTH, onpeaenHeMbie cneayiDWHMH COOTHOWeHH 'i!MH: 

.. 1/2 
(I) cu»lklv T . (2,7) 

- - Tl 

(ll) 
.. .. ~2 

lk-1 vTI « cu_« I k_, l vT 1 T , (2.8) . 

.. 
lk_lvTI .. 

(ill} « "'- « I k_ I VTI • (2.9) 

" I 
I k 12 v 2 

(IV) "' - · 
« - Tl (2.10) 

v 
i 

nocKOnbKY 3TH HepaBeHCTB8 H8Kn8AblB810T AOllOnHHTenbHbie orpaHH'leHHSI H8 

napaMeTpbl nna3Mbl ( CM,HH>Ke), uenecoo6pa3HO BblllHC8Tb HX B HHOH !jJopMe: 

(I) 
1 

No 

V « t:. « _1_ V 2 T 3/2 1/2 
N p. ' (2.11) 

0 

-2 -1/2 
B neaoH qacTH HepaaeHCTBa (2.4) aon>KHO Tenepb CTO'i!Tb min I N 

0 
T ; p. l ; 

-1/2 2 
aTo 03Ha'laeT, 'ITO an'il nna3Mbi, y KOTopoH N 

0 
> p. T , o6naCTb H3MeHe-

HH'il V CBepXy COKpamaeTC'il, 

B o6nacTH (ll ) HepaaeHCTBo (2.11) coxpaHHeTC'il. BMecTo (2.4) nony'IHM 

-1/2 I _, 
P. « V « min I N T-2 • -I ~11 

2 , 
D ' p. T > (2.12) 

0TCIOA8 BHAHO, 'ITO noao6naCTb (II) CyllleCTByeT B nna3Me, y KOTOpOH 

N ~ p.-1/2 T 2 
0 • (2.13) 

B cneay10weH o6nacTH (Ill) HMeeM 

V « t:. « -
1
- V T 2 

No N 
0 

(2.14) 

-112 1!2 -2 
p. T «V«N

0
T (2.15) 
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H3 (2.15) cnenyeT, 'ITo nono6naCTb (lll) 
CyJ.UeCTByeT B IT1183Me, y KOTOpolf 

(2.16) 

HaKone u, B rrono6naeTH (IV) 

BMeeTo (2.15) IT011Y'IHM 

eOOTHOWeHHe (2.14) eoxpBH5!eTe5!, B TO )Ke BpeM5! 

II 

--...:
1
---) « v « N D T- 2

' 

I k _ 1 v 
Tl 

(2.17) 

OTeiO)la 

N 
0 

> p. -1/2 T 9/2 . (2.18) 

flpOBe)leHHOe BblWe. HeC/leJlOBB HHe ITOK83blB8eT, 'ITO llHWb B O'IeHb pa3pe)KeHHOM H 

BbieOKOTeMnepaTypHOM fi1183Me (eM. (2.18)) OeHOBH85! o6naeTb H3MeHeHH5! ITO V, 

orrpenenReMaR (2.4), MO)KeT 6bJTb pa36HTa Ha 'IeTbtpe yKa3aHHbJe nono6naeTu. B 

eny'Iae llOC T BTO'IHO ITllOTHOM H HH3KOTeMnepaTypHOM IT1183Mbl cytueeTByiOT 11Hillb Oil-

na HllH nee nepsbJe rrono6naeTH. 

CnenyeT epa3y OTMe THTb, 'ITO B Kpl!TepHi1 pa36HeHH5! na nono6naeTH BXO/lHT 

Be11H'IHH8 CU 
• KaK H3BeeTHO, ona MO)KeT onpenenRTbeR npH noeTaTO'IHO 6onb-

WOM 3HeprHH 11eHrM!OpOBCKI1X K011e6aHHM (2.11) - (2.18) HellHHeMHbJM B38HMO)leM
/4/ 

CTBHeM 
fl03TOMy COOTHOilleHM5!, Oripene115!10J.UHe YK838HHble BblWe DpHBe)leH-

Hhie nono6nae TH, enpasennHBbl 11Hillb B eny'Iae, Korna cu _ 

HOM Jl»CnepeH efi ( KpH TepHM 3 T OrO 6y JleT BbiiTHeaH HH)Ke) • 

onpenenReTeR llHHefi-

3 . flpHBe)leM Bblpa)KeHHH JlllH l1HKpeMeHTOB He11l1Hefi HOM CITeK Tpa llbHOM rrepe-
/2/ x) 

K 1'iKH B o6naeT5!X (I) (JV) • 

1,28 w 
... .. 

I "k_ 13 3 
lk_l VTI 

k k 2 VTI Oo (( __ 1_2 )2 (I) y .. ~- IE .. I d k k I 16 "n T k I k k 2 3 v 2 w 0 I 

(3.1) 

1,28 w k k T , w .. • 0. 
f(-1_2_ )2 I E .. I d k 2 

(II) y .. ~- -----k 16 rr n T k I k 2 k 2 
T • "• 

I 
0 (3.2) 

x) 
3neeb H Jl81lee pHMeKHe UHtjlpbl OTHOeHTeH K eOOTBeTeTBYIOlllHM 0611ae T5!M pa3-

61!eHHS1 (eM. (3.1) - (3.4)). 
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~ ~ ~ 2 
1, 73 w k k I k I v 2 T 

< m > y.. ~ _ o. f < __ 1_2 > 2 
1 

E 
1 

2 - T 1 __ 1 d k 
k k ~ 2 

1 16 rr n T 1 k 2 2 w 11 T 
0 • - 1 e 

(3.4) 

.. .. 
0,06 w k k II w T .. 

(IV) 
Oe f ( 1 2 )2 I E.. 12 I - __ I dk 

y --k k 2 T 2 
1 41Tn 0 Te k 1 k 2 I k -1 v Tl • 

(3.4) 

KpoMe BblllHCBHHblX COOTHOllleHHll (3.1) - (3.4) HBM llOTpe6yJOTCS! Bblpa>Ke-

HHS! AilS! HellHHel!HblX nonpaBOK K neliC TBHTellbHOll qaCTH W _ - B38HMOAe-JICTByJO-

lllHX BOllH. 

.... .. 2 
WOe m k k 2 2 lk_l VTe .. 

(I) 8w .. E -·-f( 1 2 ) I E .. I . 
dk2 

k 1 16 rr n 0 T • m I . k k k 2 ll 
1 2 w (3.5) 

.. .. 
2 w k 1 k 2 w .. 

(II) 8w .. ~ 
Oe f( ) 21 E k 12 - dk 

k 16 IT n T k I k 2 2 I r 12 v 2 1 
0 e - Te 

(3.6) 

.. .. ~ • 4 
2 k k 2 T .. I k- I v Tl 2 (2,6) w o• 

)
2 I E; I (ID) 8w .. =-- f( 1 2 <-') dk !3.7) 

k1 3 
16 IT n 0 T • k 1 k 2 

2 2 2 T 2 
II w 

I e 

.. .. 
w k k m I w 112 T .. 

(IV) Bw .. ~.2_ h f( _1_2_)2 IE .. 12 - e ( -• )3 dk (3.8) 

k1 3 (2,6)2noT. k,k2 k2 m lk 1
4

v
4 

T 
2 

e - Te i 

~ k k 2 
V 'T' e 

3neCb H HHlKe 6yneM H83biB8Tb AHCnepCHJO llHHeliHoll , KOI'AB W _ *' > 8w 
woe 

H HenHHeliHoll B o6paTHOM npenene. H cHo, qTo nono6Hoe pa3neneHHe 6yneT HBKna-

AblB8Tb onpeneneHj"Ee .. f'C llOBHS! HB ypOBeHb lllYMOB neHI'M!OpOBCKHX KOne68HHll B 

nna3Me W c f k • 

8 rr n T 
0 e 

OrpaHHqHMCS! noKa cnyqaeM llHHeliHoll AHCnepCHH . npH 3TOM <jlopMyllbl (3.4) -

( 3. 7) onpenenS!IOT He c yllleCTBeHHbie nonpaBKH K neliC TBHTenbHOll qaCTH w • He -

XOAS! H3 3 TOI' O 06CT O S!T e llbCTB8 0 nonyqHM Cn e n y JOlllH e OI'pB HHqe HH SI H8 ypoBe-Hb Illy 

MOB B nono6naC TSIX I-IV , 

8 

'1 
.t 
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I , 

(I) W« I -I -· 1 l ,.. v 

(IT) ,..« w « 

-I v-• e -I -2 W<l.l ( T v No ) . (Ill) 

i1CIIO'llb3YS1 (2.15) H (2. 16), Bblpa)l(eHHe B CK06KaX MO)I(HQ nepeiiHCBTb B BH-

T 
1

/

2 

,.

3

1
2 

, T.e. o6nacTb AliR W no cpaBHeHHIO c (1) orpaHH'IeHa caepxy 
ae 

6onee )l(eCTKo. 

{IV) 5 l » w > ,.T 

T << 1.1 -I /& , 'ITO He MO)I(eT 6b!Tb Bblfi011HeHO A liSl CHllbHO HeH30TepMH'!eCKOlt 

nna3Mbz. B STolt o6nacTH MO)I(eT 6biTb cyrueCTBeHHbiM H3MeHeHHe AHcnepCHH Ha-aa 

12,41 HeliHHeltHblX B38HMOAelicTBHlt C y'leTOM 3 11eKTpOHHblX coyaapeHHlt ( CM. ) • 3To . 

H3MeHeHHe onpeaenSleTCSl IIOPSlAKOBolt ¢opMyliOH 

Bcu • 
• 

- cu w Oe 

(3.9) 

HCII011b3YS1 KOT0py101 IIOliY'IHM H3 CU > l) CU W< N D V -S {'1 2 , 'ITO B COOTBeTCT-

BHH c (2.17), (2.18) npHBOAHT K W < 1.1 T-7 • TaKHM o6paaoM, AHcrrepcHg a o6-

118CTH (IV) , KBK IIpBBHliO, onpeaeliSleTCSl HeliHHeltHblMH B3BHMOAeltCTBHS1MH lleHrMIO-· 

POBCKHX BOliH. 

noCMOTpHM Tenepb., KBKHe orpaHH'IeHHSl HB {'1 v H N 0 B 38BHCHMOCTH 

ljleTHOlt nepeKB'IKH ( Ha {'1 k • k 
OT napaMe T_.POB IIOliY'IBIO_TCSl li_JlH cpaB~eHHH CTOliKHOBHTellbHb}X HH~e~elfTOB :3CTii_-: 

Koraa y,.. > y, 
y,.. H 6eccTo11KHOBHTellbHbzx y B ycnosHsrx, 

I • CpaBHHBBSl (3.1) H HHKpeMe HT a enHHeltaoro pacceSlHHSl neHrMIOpOBCKHX BOliH 

Ha 3 11eKTpoHaX, KOTOpb!lt HMeeT BHA 

.. .. 
2 Y2rrcu 0 • k I k2 [ k I k 2 V T •"'-y .. -- J ( ) 

E-+ dk2 
k 

k I k 2 I k .. _ 12 
.. 

k 
I 4rr n 0 T • 

"'~• lkJ V Te 
2 ('3.10) 
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npH v << v 
<jJ T e 

m 
(-1-) t/3 

m 
e 

H 

(<) 

Y-+ -=- Oe 

1/2 TT 
k k 

J( I 2 )2 \E .. \2 

... 3 3 m 

\k _\ VTe(--8 ) 2 dk 
k 

t 16~rn 0 T 8 k k 
I 2 

npH 
m 

vTe(-·l)t/s 
m 

k 2 

«v 

3 
(<) 

m « V ( I 1/2 
Te -- ) 

me 

nonyqHM a nepBOM npenene 

7/4 
!!. > T 

-t/2 -s/4 -s/2 
N 

0 
p. V 

BMecre c (2.11) :>To naeT 

-t/3 VIB -site t/9 
p. >V> T p. N 

m 
I 

(3.11) 

0TcJOna cnenyeT, qTo o6nacTb, rne coynapeHHll noMHHHpyJOT, cywecrayeT rrpn N 
0 

<< 
-t/2 -t/2 ( 5) << T p. , c npyroii cropOHhi, H3 2. , HMeeM: 

N >> -t/2 t/2 
D p. T 

qro HeCOBMeCTHMOo 

CpaBHHBall (3.1) H (3.11), HMeeM: 

-t/2 t/ 4 t/4 t/2 
tl>N

0 
T p. V 

qro BMecre c (2.11) naer 

-1/2 1/s tie 1j 6 p. > V > N 
0 

T 1'-

3TO HepaBeHCTBO COBMeCTHO C (2.5) ITpHBOJlHT K CnenyJOWeMy pe3ynbTBTy: 

-t/2 1/s 1/e -1/e 
p. > V > N0 T p. 

OTKyna BHJlHO, qro cywecrayer y3Kall o6nacTb rrapaMerpoa rrna3Mhi, rne HHKpe

MeHT 3CT8QJeTHOH nepeKB"'KH (3.1) 6onbWe (3.11 ). 

II • Y cnoaHe JlOMHHHpoaaHHSl (3.2) Han HHKpeMeHTOM pacceSJHHll Ha :>neKrpoHax 

y~ 
I 

V 2rr w 
0 0 

16 rr n 0 T • 

.. .. 
k k 

r < I 2 ) 2 I E 
k k 

10 

2 w .. 
: I 

2 I k \ V T e 

dk 
2 (3.12) 



HMeeT BH/1 

Vlcnonb3YH (2.11 ) H (2 .1 2 ), non y '!H M 

11 -1/2 T 1/2 > V > N: s 11 -1/s T 1/9 , 

OT CI0/18 

'ITO cornacye T CH c (2 .13 ). 

III • n pe B 8 flHpOB8HH e HHKpeMeHT 8 (3 .4 ) H ll/1 6eccoyaapHTe flbHbiM HHKpeMeHT OM 

c n e KTpa nbHOH n e p eKB'lKH npu pacceHHHH HB HOHBX, paBHbiM 

-+ 
y 2flw

08 k k 
12 

w •. T 1 
y -+ c - f ( I 2 ) 2 I E-+ -+ dk 

2 • k k 
I 16 " n T k I k 2 2 I k _l) v T1Te 0 

HeB03MOlK HO, H60 11fl H 3 T OPO He06XOUH MO, 'I T 06b! BbJn OnHHnOCb ycnOBHe 

I'>> N-1!2 -t/2 - /2 J/2 
0 1-' V T 

unu ycnoeH e 

K OTOpoe nony'!H M , HCHOnb 3YH (2 .1 4) H (2 . 15) , 

-112 1/2 N- 1/2 V• 
1-' T < V < 

0 
1-' 

'ITO npOT HBOpe'lHT (2 .1 6) . 

(3 .1 3 ) 

HaKoHeu, B o6nacTH IV , cpaBHHBaH (3.4 ) H (3. 13) , Mhl npuaeM K aHano-

PH'lHOMy Bb!BOAY 06 OTHOCH T eflbHOH ManOCTH 3CT84Je T HOil CTOn K H OBHT e n b H OH n epe -

TaKH M o6pa3oM , naJKe B cnyqae nuHeilHoil aucnepCHH B nono6nacTHX H 

II Cyi.UeCTBYJOT o6naCTH napaMeTpOB nna3Mbl0 rae HHTeHCHBHOCTb MHOPOKpllTHOH 

3CTa~eTHOH nepeK8'lKH npH y'leTe Coyaape HH il ( H 06H38HHOH CBOHM npOH CXOlKAe

HHeM HenHHeilHOMy B38HM0/1eHCTBHIO neHPM!OpOBC KHX BOflH) npeBOC XOAHT HH T eHCHB

HOCTb 011HO Kp8THOil 6eccoyaapHTeflbHOH cneKTpllllbHOil nepeK8'lKH. npu 3 T OM 0 011-

HllKO, HylKHO OTM8THTb, 'ITO H3MeHSieTCSI flHWb ee HHTe HCHBH OC Tb, HO He HanpaB-

neHue. 
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4. nepei1neM Ten e pb K Cny'!BlO HenliHefiHOfi !li1CHepCI111, T.e. KOrna 8 W > W 

Benli'!HHa lieu , xapaKTep113Y!Olll851 H3Me HeJme !lliCITepC»OHHblX CBOMCTD »3-38 

HenHHefiHoro B38HMO!leflCTBH51 neHrM!OpOBCKHX BOnH, OITpenenHeTCH B COOTBeTCTBy-

!OlllHX o6naCTHX Bbipa>KeHHHMH (3.5) - ( 3.8) • 

H epaaeHCTBa ( 1.2) » ( 1.3) np»BO!lHT B naHHOM cnyqae K cneny!OlllliM yCJJOBii

HM cymeCTBOBBHHH COB MeCTf!Ofl o6naCTH 3CTaljJeTHOfi H 6eccoynapHTGnbHOH n cpeKa-

'leK: 

» 

N- 1 V « ~ « N- 1 VT 
0 D 

-2 
«V«N

0
T 

(4.1) 

(4.2) 

PaccMoTp»M CHa'!ana o6nacTII I 11 III • Vf3 ypaaHeHIIH (3.5) 11 (3.7) cne
/ 1 ,2 / 

nyeT (CM , TBKlKe ) , 'ITO B 3TIIX 06JIBCT51X IIMeeT MeCTO Hen»HeflHaH !li!CCII-

ITBTI1BH851 HeycTOM'IIIBOCTb , KOTOpaH MO>KeT ITpi!BO!li!Tb K CITeKTpanbHOH nepeKS'!Ke 

B HarrpaaneHI!Ii npo6neHI!51 M8CWTa6a Typ6'yneHTHOCTH, B ITpOTIIBOITOlKHOCTb 6eCCQ-

ynapiiTenbHOMY npeneny. 

I. Vf3 (1.1) 11 (2.7) IIMeeM HepaaeHCTBO 

~ 1/2 
v 1 » \ k_ \ vT

1
(Te/T 1 ) 

Hnl! 

!'!. « N -I V T 3/2 
D . 

06be!li1HH51 aTo ycnoa11e c ( 4.1), rrony'!HM : 

N ~~ V « !'!. « 3/2 
N-1 V ( T ) 

D 

T. e. o6naCTb H3MeHeHHH no !'!. cy311nacb caepxy . Ycnoa11e 8 w _ > w 

'ITO 

w > Jl-ly -· 

12 

(4.3) 

03H8'11leT, 

(4.4) 



YaoaneTBopnn HepaaeHcTay (2 .7), nony~uM TBK*e 

w > /1- v -I 

(4 .5) 

C apyroli CTOpOHbl, U3 ' (1.1) HMeeM: 

(4.6) 

HepaBeHCTBa ( 4.4) U ( 4.5) orrpeaenHJOT B03MO*HYJO o6naCTb l!3MeHeHUR OTHOCH

TenbHOli 3Hepruu WyMOB W 

l1HKpeMeHT 3CTa<jJeTHOli nepeKB~KU HB fl. k ~ k B a6naCTU ruapaaHHBMH~eCKOll 

HenuHeliHoll HeycToli~uaocTu uenecoo6paaHo cpaBHUTb c 6eccoyaapuTenbHbiMH HH-

KpeMeHTBMH (3 . 10) U (3 . 11 ), B KOTOpblX Tenepb 

eM (3.5) x). 

YcnaBHe AOMHHUpOBBHHR nepaoro Haa (3 .10) nony~aeTCH rrpH 

l1cnonbayn (4 .3) H (4.4) , HMeeM 

max f /1- -I V - 4 

BMecTe c (4 .2) aTo aaeT 

- 1/7 9/7 
max f /1- N 

OTKyaa 

,1/4 T sh N 0 > max f .- T u / s -!ls l 
/1- ' 

CpaBHHBan (3.5) c (3 . 11) nony~uM, ~To HHKpeMeHT acTa<jJeTHall rrepeKaqKH 

6anbwe 6eCCTOnKHOBUTenbHOf'O npu 

w > max f !;, - s v-I /1- 2 /1--1 v - 4 l ' 

rae yqTeHo TBK*e ( 4. 4) . 

x) 
noaqepKHeM, qTo TOnbKO B cny~ae H30TpOITHOli Hnl! OAHOMepHOli Typ6yneHT-

HOCTU W_ OITpeaenneTC H COOTHOWeHHeM ( 3.5) • n oapo6Hee CM_I4/ . 
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CoaMeCT HO c ( 4.5) H ( 4. 3) a T o npHBOAHT K c n eayJO!lle My H e paaeHc Tay 

-1 1.h sh 2 3 I 2 -1 1/ 2 - 3/ 2 -1 _ , 
min I N p. T V ; T N V l > t.. > max I N 

0 
p. T V ; N V l . 

D D D 

0 T CIOL(8 fiOliY'HI M , HCfiOl!b3YH (4 .2 )
1 

- 2 312 -112 - 312 
N 0 T > V > max I N 

0 
T p. ; p. T I . 

D 03T OMy 

N > -l/2 1l2 
D 1-' T 

D epeAaeM K H Ccnea"baaHH IO Hel!HHe liruoro B 3 8HMoaelir c TBHH a o 6nacTH Ill . 

Ha uepaaeHCTBa (2.9) nony •mM c n enyiOlltee ycn o aH e ·Ha OTHOCHTe nbHYIO 3 He p-

1"'11 10 WYMOB 

t.. 3 N T - 3/ 2 P. 1/ 2 v - s < w < ·r gf2 P. 1/ 2 
D V - 2 N - 2 

D (4.7) 

YIHKpeMeHT, nonyqaeMbiH ·H a (3 .7), 6 o n b w e (3 .1 3) np H BbmonHe HHII H e p a a e HC Taa 

2 -1 V2 112 
W < t.. V T 

CoaMeC T Ho c ( 4. 7) n o n y 'IHM, 

t.. < N ~1 T 2 V 4 • 
Hcnonh3 YH (4 . 1) 11 (4 .2 ): 

1-' 

N T 
2 > V > T - 2/3 

D HnH 

N o> r•h 

AHanOI"'H'IH O , C p 8 BHHB8 51 (3 .7) H (3 .1 3 ) H H Cn Onb3Y H H e paBeHCT B 8 (4.1 ) , (4.2) , 

MOlK HO l10liY'IHTb 

N 0 > p.-1/ •r 3/ 4 

T aKHM o6paa oM, Mbl BHAHM, 'IT O c ywec TByiOT LI OBOl!bHO WHpOKHe o6nac TH na

paMeT poa n n a3Mbl , rae H8l!H HeHH851 I"'HAp0l(H H 8 M H'le C K851 HeyCT OH 'IHBOC T b l(OMHHH-

pyeT H8l( COOTB 8 T C T BYIO!llefi 6eCCT OnKHOBHT8l!b H OH nepeK 8'1K OH, 

P acc M o TpHM T e n epb o6n ac TH II 11 IV . 

II • Ha ycnoaHH (2.8 ) H He p a a e HC T Ba 8 w_ > w_ 
liMe eM 

-1 112 -1 112 112 
V p. < W < max I V p. T ; p. I . ( 4.8) 
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KpoMe Toro, H3 ( 1.1 ) H ( 4.1 ) nony'IHM 

2 3/2 1/2 N~1 
V < 6. < max { N ~ ~ V T 

2 
, N~1 V T p. IV l . 

(4.9) 

00AC T 8B1IHH (3.6) B (3.2) H (3.1 2) H Cp8BHHB8 H HX MeJKAY co6oif, HMeeM 

1/2 S/4 1/4 -1/2 
6.> V T p. N . 

Yf c nonb3YH ( 4,8) H ( 4,9), npHXOAHM K YC1IOBHJO 

min { 11 ; V -1 11 1!2 T 1/2 l > W > V -3/2
11 

-1/ 4 N 1/2 

OTKYA8 0 BMeCTe C (2,3) TI01IY'IHM 

N D T - 2 > v 

TaKHM o6paaoM, aeo6xoaaMo, 'IT06bi 

. -1s/u 11/ 4 
N 0 > p. T 

TaK KaK nocneaaee He BbmonHHMO, To B paccMaTpHBaeMolf noao6naCTH II aena

aelfHbie B38HMOnelfCTBHH neHI'M!OpOBCKHX B01IH 0 OTIHCb!B8JOTCH 6eCCT01IKHOBHTe1Ib-

IV. B 3 T Olf o6naC TH Bb!TI01IHHeTC H H e paBeHCTBO ( 2.10). npa 3 TOM H3Me aeaae 

12 41 AHCnepCHH onpeaenHeTCH 3 1IeKTpOHHblMH coyaapeHHHMH (CM, 0 ). nopHAOK Be-

1IH'IHHbl 8 CU eCTb 

8 cu _ .. cu Vi N -IV 6. -I 
Oe D (4.10) 

11cno1Ibayn (4.10) H (2.10), nony'IHM 

2 3 3 -sh 1!2 W < N 
0 

y- 6. T p. 

" C Apyrolf CTOpOHbl, H3 ycnOBHH 8 cu _ > cu _ c neayeT 
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J.13 ABYX nocnenHHX ycnOBHH HMeeM, HCTIOnb3Y51 (4,1 ), 

N-1 V T 2 > t+. > max! N-1 T
5/ 2 ,..-!/2; N-1 V I, 

D D D 

OTC!Oll8 BMeCTe C ( 4.2) 

-2 1/2 -!/2 
N D T > v > T p. 

HnH 

s/ 2 -112 N0 > T p. 
(4.11) 

CpaBHHB851 (3.4) H (3 . 13), B KOTOpblX w onpenen 51eT C51 Bbipa>KeHHeM (4.1 0) , 

nonyqHM , q T O CTOnKHOBHTenbHblH HHKpeMeHT 6onbWe 6eccoynapHTenbHOrO TipH 

-1 2 
V > N

0 
T 

ConMeCTHO c ( 4 .2) aTo npHnonHT K cnenyiOrueMy ycnoBHIO 

2 
N 

0
>T , 

qTo H8XOAHTCH B CornaCHH C (4.11). 

V. BbiWenpnneneHHbiH aHanH3 noKa3biBaeT , qTo ¥>Ke yqeT nHWb HOH- HOHHbiX ccr 

ynapeHHfl B nn83Me MO>KeT KOpeHHbiM o6pa30M H3MeHHTb HeTIHHeHHOe B38HMOAeiicTBHe 

neHrMIOpOBCKHX BOnH B nna3Me , ,lleiiCTBHTenbHO, ll8>Ke B o6naCTH llOCT8TOqHO Ma

T! 2 
nbiX ~Pa30BbiX CKOpOCTefl V 41 < V T eN D (--T-) BnHHHHe napHblX coynapeHHfl 

e 
B nna3Me Ha cneKTpanbHYIO nepeKaqKy MO>KeT 6biTb onpenenHIOIUHM. 3To HBn51eTC51 

cne)lCTBHeM TIOBbiWeHH51 HHTeHC HBHOCTH HennHeHH blX B38HMOAeHCTBHH n eHrMIOpOBCKHX 

BOnH C yqeT OM HOH- HOHHblX coynapeHHH, 'ITO npHBOAHT K B03HHKHOBeHHIO 3C T 8QJeT-

HOfl nepeKaqKH, 

CnenyeT, KpoMe Toro , o6paTHTb BHHMSHHe Ha TOT QJaKT , 'ITO 3a HCKniO'!eHHeM 

o6nacTeft, rne B03MO>KHO B03HHKHOBeHHe rH,:tpOAHH8MH'IeCKHX Heni1HeHHbiX HeyCTOH

qHBOCT eft , 3CT8QJeTH8H nepeK8'1K8 npHBOAHT nHWb K H3MeHeHHIO HHTeHCHBHOCTH CneK

TpanbHOii nepeKaqKH 0 OCT8BnH51 HeH3MeHHbiM ee HanpanneHHe, 3TO 06CT051TenbCTBO 

MO>KeT OK838Tb BnHHHHe H8 HenHHeiiHyiO CT86HnH38UHIO nyqKQBOH HeyCTQMqHBOCTH 

/5/ 
B nna3Me 

B o6nac T 51X, rne B03MO>KHO B03HHKHOBeHHe rnnponnnaMH'IeCKHX HennnefiHbiX 

HeycT oi! q HBOCTefl , K8pT HH8 B38HMOAefiCTBH51 oqeHb CnO>KH8, noaTOMY anSI KB'IeCT-

BeH HOrQ TIOHHM8HHH HenHHeHHbiX npoueCCOB B 3TOM cnyqae MO>KHO npH6erHyTb K 

paccMoT peHHIO B38HMoneflcTBH51 6ecKoHe'IHO y3KHX H 6nn3KHX naKeToB neHrMIOpon

x) 
CKHX. B OnH Me>K~ C060H , 

X7 CneaveT OT MeT HTb, qTo paccMoTpeHHOe HennHefiHoe nHcnepcnoHHoe ypanHeHHe 

(2.1 ) pa6oTbi / 2 / B cnyqae B38HMoneiicTBHH 6ecKoHe'IHO Y3KHX naKeToB cnpanen

nHB O, nHWb eCnH HHTeHCHBHOCTb OJlHOrO H3 HHX 3H8'1HTenbHO 6onbWe Apyroro, 3TO 

o6CT051T e n bCTBO, OllH8KO, He npOTHBOpeqHT p8CCM8T pHB8eMOfl KS'IeCTBeHHOH K8pTHHe. 
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/6/ 3aecb Mbr onycTHM noapo6aocTa noao6aoro accn eaoaaHHH ( eM. ) • 0TMeTaM, 

'ITO B l'HilpOilHHBMH'IeCKH HeyCTOti'!HBOH o6naCTH B03MO)I{HO nOHBileHHe HellHHetiHb!X 

/ 1 / HeycToti'!HBOCTetl raapogHHBMH'IeCKoro H gaccanaTHBHoro THna , npaaoaHmax 

K pa3Hb!M ~H3H'IeCKHM 3~~eKT8M nepeKB'IKH 3HepPHH no CneKTpy B CTOpoHy 60ilb

WHX k H paCnllblB8HHIO BOIJHOBOPO naKeTa COOTBeTCTBeHHO. 

3aecb Mbl orpaHH'IHilHCb noapo6HbrM Ka'!eCTBeHHbrM aaanaaoM pHaa npenenb

HbiX Clly'laea. nollHb!H 8H811H3 Bcex a~eKTOB 'IHCileHHblMH MeTOil8MH npaKTH'!eCKH 

0K83b!B8eTCH 38 TPYilHHTellbHblM BBHily pa3H006pa3HH B38HMOilei!cTBHl!, TpexMepHO

CTH npoueccoa cneKTpaJJbHotl nepeKa'IKH H T.n. TeM He MeHee 6ea 'IHcneHHbiX MeTo-

llOB TBK)I{e Tpy llHO 8H8/lH3HpOB8Tb ll0CT8TO'IHO noap06HO p8CCMOTpeHHb!tl 3~~eKT 
3CTa~eTHOti nepeKB'IKH. noaTOMy CneayeT CO'IeTB Tb KB'IeCTBeHHbre OUeHKH H 'IHCJJeH

Hb!e MeTOilbr. B aToM CMbrcne a HacToHmeil: pa6oTe npoaenaHa llHWb nepaaH ee no-
llOBHHa. 

B 38KilJO'!eHae aaTopbr C'IHTBJOT CBOHM npHHTHbiM aonroM Bbrpa3HTb 6naro

napHOCTb B.H.UbrToaaqy aa noneaabze llHCKyccaa. 
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