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B padoTe/1/ dwn npe~oxeH HOBhl~ MeTO~ B pBBHOBeCHO~ TeOpHH ilO

nHpOHa, OCHOBBHHH~ HB CJMMHpOBBHHH ITO 6030HHHM CT9ll6HR~ CB060~ C 

ITOMDmDID TBXHHKH ~ -npoH3B6A9HH~. 3~ec~ MN pacCMOTpMM B p8MK8X 

3TOro ITO~O~a BNqHcneHHe p8BHOB8CH0~ CB060~HO~ 3HeprHH ITO TeOpHH 

B03MJ!ll.6H11~ AO BTOporo TIOpH.:UKB' ITO of.. • 

!. MO,ll61l:b IT0JHipOH8 OnYICHB86T CB060.1Uib!M 3JI6KTpOH S , B38HMO

;n:e"cTByn~M C ~OHOHHHM ITOJIBM HOHHOrO KpHCT811118 ~ • raMH11DTOHH8H 

HMeeT a•i1- 3/: 

H = H (I.)+ H (S )+ H;nt (f;,'£), Ul 

1-\(L-) 

H (s) 

- ~twf (b{.bf+%_), 

pL l '[Z-
- !11.m + ~ z:- ' 

1 tj (t:.. ~2 ,-p, 
H;.,+ (~,2:)= JVf liflP-wf;(b++ !/-.,c) e , 

(1a) 

(16) 

(IB) 

r~e f , 'l_ -HMITJRW H KOOpi\I!HBTB aneKTpoaa; 6-j-f , b;. --<jiOHOH

HUB BMITnHTy~, ~ -KBB3H~CKpeTHH" HH,ll6KC B011HOBOro B6KTOp8 WOHO-

HOBj 'Jo -KOHCTBHTB 3JI6KTpOH-wOHOHHOrO B38HMO.ZJ;6~CTBllHt V -o<h-
BM CHCTBJ.lhti ~ 2. 7 0 , '2. 2. -:.,. .0 1 B {16) - ll.811bl~ BCITOM.OrBTBJI:bHfl£\ ll8-

p8M0Tp, BBOI\I!MhlA ~nR y~odCTBB (cu,f1f), . 

CE060AH8R aHeprHR MO~enH 38ITHCHE88TCH B EHAelf: 

f = f ( "2:. ) -t- f ( S) + f;n1; ( <;;, 'I:. ) (2) 

I/no onpeAeHeHHD,cEo6oAHBH aHeprHH ~H cHeTeK~ c raMHnDTOHHBHOM 
r " Tellnepa TypoM e = IG T paBHa: r r: 

f=-e& 5;pe-e, a~ec~ S're-"
CTBTHCTHQeCKBH Cy>IMB, JlnH cpe~He~ 8HeprHH HMee!l: <~'-,- _ e2~ [f./] 

j I- ue /(3 • 



r,n;e -f. (L.) t f(fi)- XOpOmO H3BBCTHhiB CB060.ZUUie SHBprMH HBB88H.U:O)leki.
CTBY~mHX ITO~CHCTBM ~ , ~ t 8 AHR CB060,li;HO~ SHeprHH B38HMO~eMCT
BMH fiVI f ( S , 2:) ITOCJJe CyJIIIH PDBBHHH ITO ljiOHOHHilM rrepeMBHH~ll B/1/ 
6uno rronyqeHO BHpa~esHe: 

.f. int (.r, 2:) = -; 4 <T { e 1'} )r , 0) 

ft = 1. I e ' e = k T ( TeKrrepaTypa)' 

r~e <··· >r OBHa•aeT rM66COBCKOe ycpeiU!eHJie no r = H (5) (16), 
I! r:Ue qiyHK!(HOHBJJ c:p HllBeT BH)l: 

a2. ~I; ,# -r- -cp 1 tf 0 r r if' 12-s- r<.a) = V _2 fti;w p J oiS) d. iS 7-(' (s- 6) e (3a) -r () 0 ' 

e-WJS-6/ + e -~t,-W-t-wJS-~1 
1 e -,;Si;w 

- e '7_ e 

, (36) 

(3B) 

(a~eCb H HHEB MH nonarae.u:, K8K 06Hqno, qro BCB WOHOHHhle qacTOTH 
OIU!HBROB!I, W .f. ;;: W ) • 3HSK T B (3) OBHeqaeT XPOHOJlOrnecxoe 
I!!..OPH.n;oqHBBHHe no nepe.ueHHlilf: S , G , BXO,ZUIIItHM B cp qepea Rs, Re: . 

2. 
fiOCKOJIJ,Ky CJ 0 ~d._. t r.zte c(_ -6espas.u:epH8H KOHCT81f1'8 CBHSH B 

TBOpHH llOJJHpOHS (ell. HHEe (9)), TO,p83JJBrBH llPBByn qac~» (3) B 
ljiOpMBJI»H!IM pHil no cp , noJJyqH)l PU l.'eOpHH BOBily~eHH" no .X : 

-fo =o, (4a) 

f1 =-; (T{C/>}/r' (46) 
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2. ilepBaR nonpaBKa /1 . 'lneH /1 pHI\8 (4) Hecnolllio B~~•cnH
erca/I~ " 6Hn nony~eH paHee ~pyrHMH MeTo~aMH. BocnpoH3BeneM a~ecb 
8TO BHq~CReHHe, ITOCKOnDKY OCHOBHHB MOMBHThl ITOH8~06HTCR npM BhlqHCne

HHH .f,_ • 
)lJifl Bxo,uamero B f.t cpe.zmero lJJ.Mee~/: 

.J. '(T{(- - z "' e -6 1?-s-Ra.) J>r. (5) 

BXOI\HmM~ CID,l\8 KOppenHTOp 

~ (S-<5) "' /T{(i'.s- ~<.:)~} fr (6) 

BH"MCRRnCH B/I/: 

':Z)(S)= 
?,1;- (iS/\ 
--;;;;- /S'I 1 1- pt: ) , /S\ ~ ftf;- . (6a) 

Ha OCHOB8HMH (4a) • (5) non)"'aeM, nocne nepexol\8 K npe,l\eny V-70<>: 

';/{ (S-(J) 

y ~ (s- 6) 

2/s,uecb lJJ.cnonDayeTca cneuHanDHN0 cnyqa" ~opMynH 
( e A /r = G i<~' >r • ue A -nHHe~~··· a r -KBa;npaTH~
H8fl WopMa no 6oae-oneparopaM,cM.ITO,llpo6Hee/I!. 



Y~o6Ho nepe~TH R 6eapaaMepHUM napaMeTpaM 

S 1 =SW, G'==GW 

H BB6CTH CT8H~8pTHU~ 6eapaaMepHHn napaMeTp B38HMO~eMCTBHH! 

o(. , 

B T6pMHH8X KOTOphlX BNpa~eHHe (7) rrpH00peT86T BH~ (WTPHJGI B 
H BCIO~Y HH JB:e 

I~ 
tw -

r.ue 

K (G) 

orrycRaeM): 

;, _t 
K(S-&) fi Q_~ Jc~ s !d cg V]) (S-6) ' I= 

e -lSI -t- e -_,e+ IS) 

1-e-!5 JSI"'ft, 

1)(S)= }S/(1- ~I), IS l s j?. 

(8) 

(9) 

(8) s~ec> 

(IOI f;-w , 
e , 

(II) 

(I2) 

~YHlCJlHH K ( s) • :b {S) 00JIB~8IDT B8l!H~MH CBO«CTB811H CH!!MOTPHH: 

K(S)= K(-s), .b(s)= .b(-s), 

K (s) = Jc ( ,g-{s/), ]) (s) = :b (,.8 -{sf) 
{B) 

H MOPJT 6~T1 nepHO~~eCKH npo~OREeHN HB BCIO BemeCTBeHHYIO OC$ C nepHO~OU JS /If, 3TO IT03BORHOT CHHT> OJ!BO HHTOrPHpOBSHHO B (IO), a B OCTBBmeuca nepe"TH K TIOROBHHHOMY HHTepBSRy: 

~) 
(I4) 

B rrpe~eRe HYROBO~ TOUrrepaTypH 9-7<>, T,e.,5~ '/icojr9 -7 -1-IXI, nonyqaeM TI6PBHn T6pY Anff SHeprHH OCHOBHOPO COCTORHHff! 



(15) 

f' 3) 
3. BTopaH ITOITp8BK8 T2. • B COOTBeTCTB"" C (3a), (4B) HMeeM: 

3~8Cb A~R KpaTKOCTH 0603Ha~8HO: 

OpH aTOM no @OJ!MYJie, aHanornHofi (5): 

- a-r<T{([A;~ +FE"3,/"})r 
- \_ (IS) 

]laJiee, 

< T {(JAtt + ft:.3'1 )Z-f"/r = ~ ~(T{t,72'2.~ >r -r 

+ -f <Tt .b..?;~ )r + ./ 2 (-rrJ<T [ A/2. £!,.?.., S > r, (19) 

ue f-= /.f/ , !J = / i{/ . S~ecl> 611Jio HcrroJil>30BaHo CBoftcTBo 

3/peayJil>TBTII C006~8Hii npenBapHTelll>HO B/4/. 
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_<_r{f.\.o<b:Sl/ ='h"';e j {-r{Eli's>, 
r~e !':,, /':, 1 paBHo JJI16o £:, 1._ , nH6o iS:J,; «1fi = {X, :9, ~ 'r. TBRHM o6pa3oM: 

(20) 
= i (fZ.:o1"L +j"-JS,~ + 2. (.Jj)'F125<t) 7 

ue ~ 1z = 0 :s,-s,_), :OJ~= .!8(>:.-S~) (cr.~,(6)), 
H I',1l;6 'tl8p63 r:j:.

12
J 'i 0603H81f6H K0pp6JIHTOp, HI'pBIOil~d! B ,1.!;8JJ:&H6L'till6M U6HTp8JIDHJIO poJI:D: 

HerrocpencTBEHHOt:! npoBepKott Momro y6eMTDCH, t~TO 

T ~ 1 a "' ex ) (2Ia) .;123~ = 2_ l074+ 02_3- o13-2)2-~ . 
Tenep:b MbJ MOJKeM ITPDBBCTH CJMM11pOB8HM6 ITO BOJIHOBblM B6KTOp8M r, j B (!7). Y~HTHB8R (!6)-(20~BH~HM, qTo aa~a~a npHBOJJI1TCR K BNqHcROHHID rayccoBa HHTerpaJia: 

((dl .:ii ( { P ; ( Fi:n +I .0.3~)}), "' 
JJ f z. 9 '- T - r 

"" ""' 1.. 
-:= (LJ'fr )2./dJ /cif i /o{::x_ 

0 0 -1 

<1. </?c. = ( 't7J) 6 _1_ f ~========::== 81r3 0 -J S!>1t.fDJ'1- _:t.2- :7':,~]'1 
rro~cTBBRflfl (22) B (!7), nony""" ,(T { q> '-}-): • OT!.IeTHM, qTo a To BHpalKeHHe npeBpBTHTCR B ,( T { ell} )\- , .fcJJI1 qiOJWan»Ho nono-lKHT» C}:123 '1 =. o , YqHTNBaH (!6), nonyqaeu B paayR»T8Te: 

Jf;-
.f.2. =- jf { !iw y·f)7Jds1d.rzJs1 Jsv J{:(s1-S,)0 ,

23
) 

0 
. 
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r~e (: , ]) orrpe~eneH~ B (II),(I2), H r~e, B COOTBOTCTBHH C (2!) 

1="n3~ = 3~- h2-3 '1 , (25a) 

F 1 ( D 1> D \ (2so) 
12-3 ~ = 2._ \ 1~ + '23 - 1)13 - 2..~ ) • 

PaccMoTpHM rro~po6Hee CBO~C.TBB ljJyHKUHH F123~. STa ljJyHKUHfl HH

BBpHBHTHa OTHOCHTen~HO C~HPB f:j -7 S/ T ct., i = !,2,3,4- H, 

C]!e;zJ;OBSTeJl:bHO, peBJI:OHO 3.aBJ.1CHT OT 3 apryMeHTDB, B KB'IeCTBe KOTOpbiX 

MOJ<HO B3flT~ (!; = S ~ - S :1. , S = S '1- S 3 H napaMeTp 

f: = S 'f - S '1 , xapaKTOPH3Y~IJll1~ B38HMH06 pacnonoxeHHe OTpe3KOB G 
H S (CM,pHc,I), 

t 

s 
0 

BocnoJJ:oaoBBBIDHCb npe,ucTaBJiemteM (256)_, HMeeM B aTHX nepeMeHHhlx: 

F n3v = (26) 

= ~ { D/+) -r ])(6+S-1:-)-])(s-t)-.D(G"-t)}, 
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<E = S'2. - S:t ' 

(26a) s - s'1 - s3' 
I 5y s~ L: - -

ilO!l ijJyHRUMO~ ]) ( S) B (26) 6y,1leM ITOHHMBTI>, R8R yJ<e 06CylK.l1BnOc1> BMme, nepHOAHqecKoe M CHMM6TpHqnoe npo~on~eHHe Mcxo~HoM WYHRUV.H Ha BCID E8~8CTE8HHyro 001>. ~3 rrpe/lCTBEnOHH~ (258), (26) BM!lHM, ~TO F (6, S, -1;) He MeHHOTCH rrpn rrepeCTBHOERe 6 H S M MeHHOT aaaK npH CMeHe 3H8R8 b HJWl .S • 0TM6TlUf T8RJK8 CJI8.l!YJOU(66 CBOMCTBO: 

F(6,s,-t:)= F(6,S,6+s-t:-). (27) 

JJ,n• !laUHe~mero y!lo6Ho paccMOTpeTI> F ( 6 , S , i- ) rrpn !liMHCMpoaaHHb!X 6 M S "" o6nacTH 0 f,_ S £ 6 .::, _c /2. " naMemno!JleMCii t ITpM 0 f,_ t ~ /3 . Hcrronl>ayH (25),(26) IIOlKHO rrpoaepl1T:Eo, liTO B aTott o6JiaCTH F { ~s, t- ) npe~cTSBHMa B B~~e: 

(28) 

(28a) 

rile L G,S (t) -,!Ull!H8 0Tpe3H8, 38EHCH~8H napaMeTpHqecKH OT t , H8 ROTOPQil 0Tp83KH S II G nepeRpblBBIDTCH (pHC,!). BBH/lY CBOMCTB CHilMOTpMM H nepHOJlHqHQCTH OO~M cnyqag CBO/lHTCH R 06RaCTM (28a). 
OnHCSHHhfe cBoMCTBB CHM"IleTpHH M nepHoMqnoCTM F123 'i , KOTOpHe CITpaBSanaBH H ~J'IH BCero ITO~~TerpanbHOrO B~pazeHHR B (24), IT03B01JHIDT ynpocTHT:Eo aTo BHpaEeHHe: 

K(s) 1< (6) 0 (29) 

r 1 

0 t-JJ){s)])(G)-:xz.cc:,,.s ttJ- ~nz. 
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I) 0 ~ -f:: {; S , -c {t-) = -t > 

2) S fo t {, G; , T ( t- ) = S, 

3 ) G fo t- {, S-r ;_;, -c ({- )= G+S--t 
4 ) 6 ,._ .s f, t s fi ' --c ( & ) = 0 . 

(29) 

(30) 

CJI6.7J;OB8T8JI:&HO, HHTerpaJI llO t B (29) paa6HB86TCff H8 4 HHT6rp8Jl8, 

rrp• aTOM o6nacTH I • 3 ~IDT OA"HBKOB~~ BKRBA (BBHAY (27)). B peaynb-

TSTe HMeeM! 

~-.5' (3I) 

+ + 

Vd.s(1- ;)(1-})-:xt.(s- ;.Jf 

_t-6-S 

~s (1- ~6 ){1c))- x1-(;s y 

9 



(3I) 

~OpMyRa (31) ~88T TO~HOe BhlpaxeHH€ AllR BTOpOM (rrporrop~MOH8RbHOn o(L) rronpaBKH R CB060AHOfi aHeprMH B MOABR~ llORHpOH8 ll~H npoH3BORbHOM TBMllBpaType. HBCRQJ'I~KO HaM H3BBCTHO, 3TOT TQqHMM peayn!>T8T nonyqeH 3ABC~ BnepB~e. £HqucnBHHB ~ 3RBHB8RBHTHO BMtiMCRBHMID BTOPMX llOllp8BOK AnR CT8THCTHqBCKOfi CJMMH HHH CpBAHett 3H8prHH (CM.CHOCKy I). 

BTOp8B: IIOITp8BK8 B p83m:ttiHhiX f£0HTBKCT8X BbJqHCJ'IHJI8Cl> MBTO,l{OM KOHTHHy8Jl1HOrO HHTerpMpOB8HHH B pa60T8X/S-?/, r.zte 6MJlH TIOJlyqBHbJ ITpH6-JlH~HHHB BHp8~8HHH. 

B rrpe/leRe HyReBOM TeMrrepaTypH e = 0 (/f -7 +0 ) Bhl~HCR8HHe MOXHO llp0B8CTH llO KOH~8. ilepeXO/lR B (3I) H rrpe/leRy, ITOR~BeM: 

le =o (32) 

00 6 .s i I1= (' r e- ca-s rolf- fq 1 2.; d 6 c/S .; J X 0 

o 0 -J 6s - t"-x 2 
) 

0 

"" ,::: i 
Iz. r [d s e- &-.s fc1x 6-s - jc/6 n.r,; ' b 

0 0 -.xzsz 

MHTerpanu 6epyTCH HBHO! 

(33) T ,_ = 



CKn8~B8R, rrony~aeM OKOH~8Ten1HYID ~OpMyny ~nfl BTOpO~ TIOTipaBKM B 

3HeprHID OCHOBHOrO COCTORHHR: 

.f.2. j = E ro; - _ o1_ 2. r _.£, ( 2 ) 1 ] 
"f0 C> =o 2.. - L1 1+ 'LV'/_ - J2. =(34) 

~ ( . = - o( 0' 015"3 1 '3 b •.. ) • 

3TOT pe3yn1T8T 6~n nony~eH paHee B pa6oTaxf8o
9f ApyrMMH MOTO~MH 

(CM. T8KZO 06Cy~eHHO B/10/) 4/. 

~3R0.8HHH~ 3~80~ M6TOA MOEHO p83BHB8Th M B H8ITp8BR8HHH B~~HC-

JI8HHfl BHCmHx nopH,nKOB no of._ B paano:zeHHH {4). XapaKTepHBH qepTa 

npH STOK - ITOffBJI6HH6 Kp8THHX HHTerpanoB, npH BH~HCH8HHH KOTOpYX 

RpMXO~TCfl ~enaT» p836HeHH6 H8 60JI1W06 tlHCJIO o6nacTeA KHTerpHpOB8HHH. 

fiepeqHCJI8HH8 T8KHX 06JI8CT8A H8CKOJibKO H8llOMHHBeT nepeqHCneHHe ~ar

paMM B KaHOHH~eCKRX ~Op¥8X TeOpHH BOSMY~OHHft/12/. 3A6C1 ~eM~ HM6-

eK HOBYD pa3HOBH~OCTb TeOpHH B03My~eHHA. Tio,nqepKH8M, qTo H B BYC

WHX ITOPRnKBX U8HTpanbHYD pOJID 6y,neT Hrp8TD no,npo6HO H3JQ8HHY~ H8MH 

KoppenRTOp F1254 . 
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