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BBE.IlEHME 

IlOHfiT~e pe30H8HCOB (KB83~CT8l\~OH8PHhiX COCTOHH11i1) IUJIIPOKO 

nptUICHflCTCfl B H,llepHOf! !Jll1311Ke (ell, /I, 2,3/ J11 JJ~TeptJTypy H llllX), 

Hs:secTHO, qTo cymecTnyeT MHO~ecTBo onpe,lleneHl1ii pe3oHaHCDB, Wl131l

qeciwe CO,llep~aHl1€ 11 M8T€M8Tl1qeCKl1H t,(JOPM8Jll13M KOTOpbiX ,liOBOJibf!O 

Cl1Jil>HO OTJJl1q8iOTCfl ,llpyr OT ,llpyra. 0,liH8KO B paMKaX ypaBHCI!Ilfl I:Jpe

,lii'IHrepa C C8MOCOrJJ8COB8HHI:lll IIOT€HI.Il18JJOII MOlltHO Bbl,li€Jll1T:b 06JJ8CTl> 

no,ll6apbepHbiX 3Heprl1f!, r,1.1e pasJII'!qHue onpe,lleJieHl1H pe3DHaHCHhiX coc

TOHHI1f! Tipl16Jil1311T€Jll>HO 3KBl1B8JJ€HTHbl, CeqeHl1€ paCC€fiHl1fl B 3TOM 

CJiyqae lll>I€€T OCTpble pe30H8HCHbl€ TII!!KI'I Tipl1 3Heprll!IX H8JJCT3lOI~l1X 

qacTl1U, 6JII13KHX K O,liHOqacTI'JqHblll ypOBHfiM 3Heprlltl !(B83l1C1'8UI'IOHap

HbiX COCTOHHI'IH, 8 IDI'IpllHbl ~Tl1X TIIlKOB H6TIOCpe,liCTB€HHO CBH38Hbl C 

BpeMeHeU 38,1.16plltKl1 tJ8CTill\ B 06JJ8CTI1 ,llef!CTBilfl TIOT€HI.Il18JJ8. 

9Heprllll 11 IDl1Pil·Hbl O,liHOq8CTl1tJHb!X pe30H8HCHbiX C0CTOHH11il MOli!HO 

B!ltJHCJil1Tl> K8K KOMTIJI6KCHb16 C06CTB€HHI:l6 3H8tJ6HHR ypaBH€Hl1fl !Jpe,lll1H

repa np11 onpe,lleJieHHI:lX KOIITIJieKCHbiX rpaHl1tJHbiX ycJJOBl1HX (cu.,Hanpl1-

wep./41). B aacToametl pa6oTe paanl1naeTCH MeTO,ll Haxoll!.n.eH~H aHep

rMti l1 BOJIHOBbiX q:yH~II!H KB8311CT8I.Il10H8pHbiX COCTOHHilii IWK C06CTB€H

HiiX pemeHilJ;! ypaBH6Hl1l'l llJpe,llllHrepa C fl,ll€pHhlllH IIOTCHI.Il18JI8Ml1 B 06-
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R3CTW Eell(~CTB6HHHX 3HeprWH. ~fl ~3HbH0~6MCTBYID~WX ITOT6H~W3HOB 

3T3 33,Z\3qa 6HH8 paCCMOTp6H8 B /IZ/, illHpHHH KB83HCT8~HOH8pHHX 
COCTOHHWll B npe~o~eHHOM ITO~O~e onpe~eHHIDTCH HHTerpaHbHO~ WOP

Myna~, 6RH3KOH K H3B6CTHO~ WOpMyne ~eW68X8 / 5/, BIT6PBH6 nonyqeH

HOH c.r.Ka~MeHCKHM c COTPY~HHK8MH B pa60T8X 16 •71. KaK 6y~eT no

K838HO HWEe, 3Ta WOPMYH8 W~eHTHqHa WHTerpaRbHO~ WOpMyne Epe~Ta/f/ 
npwqeM B~6op WOPMYHH ~fl onpe~eneHWH WHpWHH 38BHCHT OT HOpMHpOB

KH pa~W8HbHOH qaCTH BOHHOBOH WYHK~HH KB83HCT8~HOH8pHOrO COCTOH-

HHH, 

I. Pe30H8HC~ npw pacceHHHB B ueHTp8HbHO-CHMM6TpHqHOM 

none. 0AHOK8H8HbH8fl 38Aaqa pacceHHHH. 

ACHMITTOTRqeCK06 ITOBe~eHHe pa~H8HbHOn BOHHOBO~ ~YH~HH 

tit ('t.) ypanHeHwH Wpe~wHrepa 

u;c't-) + [ A2
- {(~1)_- V{tt)] U/tt) = o, <I> 

r,Z\e Yctt) - KOpOTKO,Z\6HCTBYIOU\H~ H,Z\epH~ii ITOTeH~HaH_, npH 60HbiDIDC 

t. HM66T BH,Z\ 

ut c~)= oG.eCk)[cos~jeCk~t:)-.sins;~ck"~. (2) 

~H KBa~paTa nonHonon WYHK~HH Ha rpaHH~e noTeH~Haxa wa co

OTHoweHwH (2) MOXHO 38ITHC8Tb CHe,Z\yiD~yiO WOPMYXY 

z '1:)- //' oL: c k) (3) 

u / - [ u} n ~ J z ,e [ • u~ · 'J2 
--.:...:..~< .ftl+ Tp--T() . ue ne Jt. Ue <IL. • 

f1apgll8RbH06 ceqeHH6 pacceHHHH ~HH ~8HHOrO Op6HT8XbHOrO MOM6HT8 

KOmtqecTDa ~BHlll:eHHH / paBHO 2 

6{= (2l+t) :_ sir/Oe,, C4> 

r~e A - ~miRa B~HH~. BemtqHHa ~/X . wweeT waKcHwanbHOe 

aHaqeHHe npH Sin., Ji = I. 9To ycnonwe BHnonHHeTca, ecnH 
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, 
Ut 
Ut 

, 
ne - , nt 

* (5) 

liTO ;zt86T 

[ 
. u" . , ]2 k z 
lt utt -It = nj ? 

(6) 

Tor;u;a Ha (3) Hweew 
z .z z k 

Ue ('r)= ol..e(k)ne( 'l.). (7) 

IlpH ycnOBHB I ne l ~ lj t I pe30H8HC' onpe;u;exeHHJill B yKa-

aaaaow BHme cwHcxe, ;u;aeT aa rpaHH~e noTeH~Hana 6on»moe aHaqeHHe 

BeXB'IHHii u; ('t-) = ot:(la )I cosSf.je_(k"-)-.sin.aj, neCk'l~ ~ 
Ha COOTHOW6HBH (2) T8KZ8 MOKHO 38ITBC8Tb B~paXGHHe ~H TaH-

reHC8 waaH pacceaHHH ,. , 

t ~ - jeCk'r-)Uc- h (kl)Ut 
';j 0[ - , , ne ut -nt ue 

(8) 

CornacHO (5), npB peaoHaHce 

~8e=~. (9) 

CooTHomeHHe (9) HBHHeTCH ,Z\pyrHu ycxoBHeM peaoHaaca. 

HanoEeHHOe BHme onpe,lleneHHe peaoaaaca HBHHeTcH o6~enpHHH

TiiU B 06RaCTH B6~6CTB6HHiiX 3HeprHft /I/. B paUK8X H3HOE6HHOrO 

no~o;u;a cy~ecTnyeT ,Z\Ba cnoco6a onpe;u;eneHHH mHpHH!i peaoHaacaoro 

ypOBHH. 

============================ 
~ 3aU6THW, qTO rpaHHqHHe yCHOBBH (5) npBW6H6Hii B pa60T6/S/ 

~fl onpe~eH6HHH KB83HCT8~HOH8pHiiX pemeHBft pa,Z\H8XbHOrO ypaBH6HHH 

llipe;ztHHrepa. 
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I) 0npe~eneHH6 WHpHHH r qepea HHTerpan OT KB8~P8T8 BDnHO

BO~ ~YHKUHH B 06naCTH ~e~CTBHH IIOT6HUHana. ~8HHH~ IIO~O~ paccVOT

peH, nanpauep, B pa6oTe /I2/. 

B aTOM cnytrae BORHOBaH WYHKUHH nopuHpoBaHa Ha e~HHHtrHyD avn

nHTY~Y BH6 06naCTH ~6~CTBHH IIOT6HUH8R8, T.e. 

oL: (k)=1. 

~anee, II0Tpe6yeu BHIIOnHeHHH ycnOBHH 

I Uelntlz= i/2. (IO) 

Tor·~a neo6xo~zuo, trT06& , , z 
I !!!._- ne ) n 4 =) k )z 

ue ne e · (II) 

B npe~nono~eHHH, tlTO H3U6H6HH6 neBO~ tl8CTH C 3HeprHe~ YOXHO an

pOKCHYHpOB8TD nHH6~HO~ ~yHKUH6~, ycnOBH6 BHIIOnHeHHH COOTHOW6HHH 

(IO) 38IIHlli6TCH B BH~e 

M liE [ n/(~~- ~: JJ! =1, 

r~e Ll E - a6comoTHaH BeJIHtrHHa paanocTH ue~y aneprHe~, npH KO-

Topo~ I Ue I ne I z = i/Z ' H pe30H8HCHO£! 3HeprHe~. 
Cornacno II/, BeJIHtrii!Ha r := !ZDE I cooneTcnyeT mHpHHe pe

aonanca H Orrpe~enHeTCH cne~yiDI!I6~ wopuynoR: 

T== ~?J /JR/Ucizd~. (I2) 
0 

B STOY cnyqae Bp6UH 38~6pZKH ~ CBHS8HO npOCT&V COOTHOW6HH6V C 

BenHtrHHOt\ r 
12 

F=~ 
E 

2). 0npe~eJI6HH6 WHPHHH r qepe3 KBa~aT 8VllnHTy~ a({(~). 
Tor~a HHTerpan OT KBa~paTa BOnHOBO~ ~YHKUHH B OOJI8CTH ~e~CTBHH 

IIOT6HUHana HOpuHpOB8H H8 e~HHHUY• 

6 

ri 

B HaCTORI!Ie~ pa6oTe uu 6y~ev paccuaTpHB8Tb peaoHaHcH&e mHpHH& 

B pauKax BTOporo onpeAeneHHH. 

PaccuoTpHY ~Ba crroco6a B&BOAa ~opuynu, Bupa~IDI!Ie£f un:pHHy 

trepea KBa~paT aunmiTy~ oe;c k ). 

I. MeTOA BemecTBeHHUX aHeprH~. PaanoEHu BORHOBYID ~YHKUHID 

Yt (7-) C 8CHMIITOTHtl6CK.IUI IIOB6~6HH6M 

'1'{ c~)-- jl Ck~)- ~0£ nt (k'r-) (I3) 

B o6nacTH Ae~CTBHH noTeHuHana no nonnouy Ha6opy WYHKUH~ cBR3aH

HUX COCTOHHHt! !:fJnc('l.) H ~errpepbiBHOrO CII~Tpa _9k('l.) 

Yf_ c~) =jeCkt)+ t, a~ :fh_<!C'l-)+-Ja(k)y}/>r-)dk, 

r~e ~ - tlHCnO CBH38HH&X O~HOtl8CTHtlHbiX COCTOHHHH B IIOT6HUH-

8JI6 VCz:) • !Ipe~rronollillu, trTO B nerrpepunHou cneKTpe HMeeTcll .!{' 
IT0~6apb6pHbiX KB83HCT8UHOH8pHUX COCTOllHHa, onpe~eneHHbiX TaK, 4TO 

"{_ 

nonHOB!:le wYHitUHH ,Yn STHX cocTOHHH~ y~oBneTBOpHIOT ypaBHeHHID 

illpe~HHrepa (I) c rpaHHtrHI:lMH ycnonHHMH (5). Tor~a B6nH3H peaonaH

ca HueeT uecTo cne~yromee paano~eHHe 
JV,. 

!)f;('t)= f (k'L)+La~r)n>r-(IC), (I4) 
{ dl n=i 

r~e f:Pn 't ( 'L) - pe30H8HCH&e BOnHOB&e ~yHKUHI'l, HOpUHPOB8H-

Hl:l6 T8K, 4TO R 

J l:tn\~)("dy_ =1. (I4a) 

((~7?) 
0 

COOTBCTCTByeT Oc5naCTH ~6HCTBI'IH IIOTCHUHana 1/(t_) ) • 

IIo~cTaBI'IB pa ano:aeHne ( I4) B ypanHeHHe illpe~HJirepa (I), yMHOJKHB 

Cn6B8 H8 ~(~) , IIpOHHTerpHpOB8B OT Hynll ~0 1E H BOCIIORb30B8B-

UIHCb ycJIOBHeM opToHopuHponaHHOCTI'I q,yuKJ:.tHI'I !}?
12 

('t-) , HaXD.lli'IM 

Qn = bn / ( Rz-R~ )
7 

(IS) 
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r~e ~n - BOHHOBO« BBKTOp, COOTBBTCTBYIDmHD pe30H8HCHOMY COCTO-

oO 

in= J je Ck't-)V('t.)~(t)d>t. 
0 

HHHID, a 

(!6) 

Tor~a MOEHO H8ilHC8TL cne~yro~ee BHpa~BHHB ~ 

~~e = ~ SVc~)r 2Ck~t)drt +-L ftl~! <r7> 
~ 0 d 1!-=1.. 

ITapuHan:oHoe ceqeHHe pacceHHHH ~aeTCH ~opuynoD 

c5eCie)= 1} (.e{+-.t)l2.el~ (I8) 

r~e 8MflHHTy~a ~( CBH38H8 C TaHrBHCOM ~3H cne~ID~HM COOTHOme-

HHBII: ( 

' J>c = [~De]-~ (!9) 1e - 9e -l 
ITo~cTaBHM ~oe H3 (!7) B (!8), non:oayHCL COOTHOWBHHBM (!9), 

;!VIH ceqeHHH pacceHHMH B npHCiHHlltBHHH O~HHOllHOrO ypOBHH, H8XO~Hll 

4 [ 1i2 f/]2! 6eCk)= -p mF ~ Lf 
(£- E, f + [:£ .g!11/4' 

IT pH 3HeprHM E.:;: E. + r 1£ ' r~;; ~ 
(20) 

n- /' Ji2 2 
T= mF gn. " C2r> 

CB'IBHMB 6e (_k) na~aeT ~0 ilO~BHHH IISKCMllaHLHOrO 3H8'1BHHH, ~0-
CTHraeuoro npM TO'IHOM pe30HaHce E =En . !I03TOMy B6JIH'IHHa r 
HMBBT CYNCJI mHpHHH pe30HSHCHOro ypOBHH. H3 ~OPIIYJIH (20) TSKEe CJie-

~yeT, liTO B HamBM npHCiHMlltBHMH CB'lBHHe npzo6peTaeT BH~ C6'1BHHH 

Epe~Ta-BHrHepa H cooTBeTcTByeT npeae6pezeHHID noTeHuHaJILHO~ qacT:om 

pacceHHHH. 

2. MeTOA KOllnJIBKCHHX 3HeprH~. ITpe~oJIOKHM, 'ITO paccTOHHHH 

MB~Y KB83HCT8UHOHapHHMH ypOBHHMH BBJIHKH no cpaBHBHHm C mHpHHOA 

ypOBHe~ H liTO 3HeprHH B pe30H8HCHOD TO'IK6 paBHa £"[,- ~ r 
E 't. H r -BBIIlBCTBBHHH H r > 0 • Tor~a 

8 

I 
i 

II 
I 

i 

t 
~ 

I e:xp [-L (E7.- ~ r)t /n]) 2= exp (- Tt /tz) 
H, cne~OB8TBHLH0 9 BBpOHTHOCTL pacna~a B e~HHHUY BPBMCHH paBHa 

w=T/Ii. 
CJie~H paooTe 191, aanfllweu pa~naJI:ouyiO qacT:o no;monotl tlJYHKUlilH 

B 8CHllilTOTH'IBCKOI.I BH~B · /_ * · k 
-(R't L '1:-

Ue('t)---A{CE)e -Ae(E)e , (22) 

r~e A e (E) - KOMllnBKCHaH ilJYHKUHH OT KOllrrneKCHOi1 3!!Bpi'HH E H' 

COI'H8CHO (2), Ha BBIIIBCTBCHHOH OCH HI>IBBT Bl1~ 

Ae (E)= de (k) exp(- ide+~). (23) 

IIpH E = E 'Z:- ~ r . HJIBBT MBCTO paBBHCTBO 

A 1 (Ez.- iT)= o. (24) 

Tor~a' paanaraR A e (E) B PH~ B OKpBCTHOCTH E'-- '~ r . orpa

HH'IHB8HCL nepB~ll 'IHBHOM, llOJiyqaeu 

A/E)= [E -(Ez- ~ T)]ae. 
ITo~cTaBHB (25) B (22),Hueew 

. 7' * i)n 
UeCrc) = LJ ae e , npH 

(25) 

£ =E'[_ -~r 
CornaCHO ypaBHBHHIO Henpep~BHOCTH, llOHH~tl TOK BCpORTHOCTH 

fJnk. /iTa; ~ 2 paneH nepoRTHOCTII pacna~a n e~mmuy npeMeHH 

T/h , r.e. 

/AeCE)\
2

= ~~ T. (26) 

uyny 

romee 

B npHCiHHlKBHHlil M8H~X WHpHH HMBBT CMb!CH annpOKCHMHpOB8Tb !IJOp

(26) B OOR8CTb BBIIIeCTBeHH~ 3HeprHtl. Tor~a cnpaBB~RHBO cne~y

B~palKBHlilB ~nR wllpHH~ T 
r = t/1? r:i: (k) 

m e ' 
~e(k)~ _; Jj { ck'l) V('t)Ut C>t)d'Z:. 

(27) 

., 
0 
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Popuyna rana (27)(Mna,tJTO ro ze cawoe,(I7))BnepBwe owna nony
qeHa ~ellidaxou 151, a aaTeu n padoTax /IO/,/II/ ododmeaa ~H o0 -

pacna~a B npadnll~eHHH Manofi npoHII~aeuocTII noTeH~aani>Horo 6api>epa. 

ITpHdnll~eHHH, ~onymeHHWe rrpll BWBO~e ~opuyn (27) II (!7), IIMeiDT 

O~HH8ROBYID np11po~y II COOTBeTCTBYIDT cnyqaiD, KOr~a MaRCHUYM CetJeHIIH 

ynpyroro pacceAHllfl aueeT na~ (20) B npe~enax llillpllHW RnaallcTa~llo

HapHoro COCTOflHllfl. 

rr. PeaoHaHc~ rrp11 pacceHHHII B HeueHTpani>HOM none. 
:,!Horor<aHamHaH aa;p,aqa paccef!HHH 

B !IaCTOfllJ18}I pa60Te HanolKe!!Hble Bblllle onpe~eneHIIfl RBa3HCTauiiOHap

HbiX cocTommi.i 13 pauKax o;n,HOKanani>Horo pacceHUHH ~nfl c!JJeplltJecKoro 

noTenu11ana Mbl pacnpocTpaHHnH ua cnyqafi MnoroKaHani>Horo pacceH-

Hllfl B HeueHTpanLHOM none. 

)lml onpe~cneHHOCTH paccMOTp11M ypaBH6Hlle !Ilpe~I!Hrepa 

( T+ Yc-;f_) + 1{
0
_(i)-ES2,x J?j£rt-= 0 (28) 

c ~ecDopr.mponaHH~M rroTeHullanoM CaKcoHa-By~ca 

V(t--7?(8))= Yo {i+exp[~-l?(G))/aJ)-
1 

'
29

) 

¥.o.c '[) - ITOTCIIUIIan C~I1H-Op011TanbHOrO B3aHMO~eHCTBIIH. 

PaanoJK!lM ?IF;, (rz:) no rronHouy ua6opy crrHH-yrnon~x c1JYHK-
s;. JilL ' 'Tt 

Ul1ll ~- ((}, ¢) oa £ £ 
1 111 eli)=·~ L He.Crr-)"!f.e. (e,cp). C3o> 

.:r 51, '][ c..- e.;· j j 
52 • 

Tor~a cDyHKuna Rei ('Z) 6y~yT y;n:onneTBOPHTI> 6ecKOHetJHOH cacTeue 

CBfl3aHH~ ~11clJc1JepeH~HaRI>H~ ypaBH8HllH BH~a: 

( T -r v(t-R)-£52 7L )R{sa (~) = ' J £ (3!) 

L < ~£· JVcz-R)-vC'r.-JC(e))\Yo~.,>R,~pc). 
e'j' 1 'J .... J 
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( 
{ 
i 

' f 

ITp11uew cne~~rom11e o6oaHatJeHIIH: 
T-= _JL d 2 + 1i2 ea+i) ? 

Zm d't 2 !!,m 'z:.z 

k2- /2;-rz, E rt . ) - . = ---::;;-2 C) ? \..I >) = (; 'l 

(32) 

~ ~,TL ~ 

J{ .. C'C)= vc~-R )-< ~esz IWtz--7?)-lfctz:-RCG))\ Y.e > 
(.£. 52 J £J ' 

Jf,L~ (~) == -<:Je. )VC~-R )- li(rz:-R(8))j~~-~ > 
(<:jC') :J I-J ; 

£ 
Re_;. C 'Z-) == ui ('t- ). 

B yKa3aHH~X 0603H8'18HIIflX CIICTCM8 (3!) rrp1106peTaeT Bll;n:: 

u~c~)+l/u.ct)-t((i1)u (t)= LJ£..pc)u.,c~). (33) 
(. (. t (. i 1 (.' ' 

PerneHIIe ypaBHeHHH (33) MO~HO rrpe~CTaBI1Tb B 11HTerpanbHOM BH~e 
'C. 

2( (t) ~ (k~ )-~ flftlkt)~Cki)JeCkt)1(krJ7fjt)~~r'>J~34) 
lilHTerpani>Hoe npe~cTaMeHHe (34) noaBOnf!eT onpe~enHTI> acnr.mTOTil

qecKII£1 Bll~ cpyHK~I'IH 2( (t) : 

uJ~)==cic. ck)[ cos~ ckaeCk"t-)-.sinqck)ntCk-c >.1 (35) 
.,.., 

oL,;wsS>: i- Je S IZe(k'cSZ- J{ii' Ct')U,:,('f-)d'< (36) 
0 (. 

ol.;)5i.nfJc. =.- t f.,Je Ckt') Z. 'JC,,, ('t') u.,ct ')c/x~ 

rJte 

K. D c 
CooTnoweHHH (35-36) noKa3~BaiDT, 'ITO B cnyqae uHoroKaHani>Horo pac-

Cef!HMH, T8K lite K8K II B O~HOKaHani>HOM cnyqae, 11MueT CM~Cn BBO~I!Tb 

C06CTB8HH~e c1J83~ H aMITRHTy~ pacceHHllfl ~fl Ka~~oro KaHana. Qqe

BM~HO, IT0~06Hoe rrpe~CT8MeHHe crrpaBe~nMBO TOnbKO ~fl ROpOTKO~eU

CTByiDmllX rroTeH~HanoD. B npe~ollteHHOM no~o~e ~nfl MHoroKaHani>noro 

pacceHHllfl nerKO 38ITHCaTb Orrpe~eneHI1C KBa311CTauHOHapH~X COCTOAHIIH, 

BBO~fl ycnOBlle RBa3llCTaUllOHapHOCTII AnA KaX~oro KaHana. Tor~a yCllO

Blle (5) rrp!lo6peTaeT BH~ 

II 



, u. 
(, 

LL;, 

, 
ne 
ne 

7 (i ::r1.,2, .. ,ft). (37) 

nanee, onpe~enHu nonHyro rnHpHay peaoaaHcaoro ypoBHH cne~yiDmHM 

06~3~: 

r= Z r. • ~ ? 

' 
(38) 

r~e T 
' 

npe,l.ICT8MHRlT COC5CTB8Hlllll8 (napl.(H8R:&Hh!e) IUHpHHbl ~JIH KSlK-

~oro KaJiaJia n onpe,ZJ;eJIHIDTCH qJOpMyJiott, aaaJiorH<mon (27): 

r = tt% d~ 1k) 
~ m ~.. '-' J 

,l j 11= )2(39) 
cl.z = k:~. o je Ckrc.);. :J(i/>t-)U<_/t)drc • 

ill. 38A8'l'8 onpeAeJieHHH KB83HCT8UHOH8PHlliX COCTOHHl'JH 
K8K 38A8qa H8 COC5CTB8HHOe 3H81J'eHH8 

YcJIOBJI!e KBaancrau>~oaapaocTH, aanHcaHHoe B (j)Dpue (5) 11JIH (37), 

TI03BOJ!R8T aa~aqy onpe~eJieHI1H KB83HCT8U110H8pHhlX COCTOHHHH pacCM8T

pl1B8T:O KaK aa~aqy na co6cTBeHHOe 3HaqeaHe. Ellaro~apH KOPOTKo~en

CTByrol!lm!y XapaKTepy TIOT8HUH8JI8 (29) (CU. pHC • I), B KO!IKpeTHb!X pac

qeTaX HUeeTCH B03UOlKHOCT:O 3a~aqy B TIOJiyC5eCKOHe'l'HOU HHTepBaJie[o,oa) 

annpOIWllMnpoBaT:& aa KOHe'l'HhiW llHTepnaJI [ 0:> Rm. ]. B STOM cJiyqae 

rpaHll4Hble ycJIOBI1H ~RH ypaBHellllH (I) B llHTepBane [0,7?
111

] ITpi1HI1M8-

IJT Bll,ll; 

~{,{ (0) == 0,. 

neCkrr-) i utCt-)-UtC~)j~z-ntCkz){ = o. 
t::::Rm 

(40) 

CBe)'(Cillle 3u,l.\84ll Ha KOHe'l'Hblj,j l1HTepBaJI C rpaHH'l'HhiMll yCJIOBHHUH 

(40) ITpllBO~nT K I\OHRpeTHOH ITOCT8HOBKe 38~81JI1 Ha C06CTBeHHOe 3H8-

12 

,A1 ~t 

{0 2 
~ 

8 ~ /6 "Z,~¢M 

-20 

1 

-40 

Pl10. I. 3am1CHMOCT:O uaTpl1'l'HhiX 3J!eMeHTOB J(_F ("C) OT z ,ll;JIH H~-
ns I I 

pa Lf • QapaueTplll TIOTeHUI18JI8 B3HThl ll3 17 • Kpl'!Eble: 

I - aaaqeaHe .J(i ('to) (noTeHul1aJI CaKCOHa-By~ca), r,1.1e 

L=(f= O,j=0.5), 2 - anaqeHne J(,, (7:)=:!(,, ('C)~ 
r~e (·:((=u,j=O.S), i./=.(f=2,j=1.5). 

13 



qeHae. B rrRaHe B~'IHCRHTeRnHOU cxewu npoOReKW orrpe~eneHHfl KnasH

cTaQaoHapHhiX II CBH38HHHX COCTOHHI1H CT8HOBBTCfl SKBI1B8ReHTHbiMil. 8TO 

OOCTOHTGJlnCTBO IT03BOHHeT rrpllMeHI1Tn MeTO~, pa3BilTble ~fl orrpe~eRe

HI1fl CBfl38HHb!X ypOBHei'! SHepr11li 11 llX BOJ!HOBbiX QYHKr(I1H K peweHI110 38-

~3'IIl H8 pe30H8HCHb16 COCTOHHIIH. B pa60T8X /I3/ Ha OCHOBe HerrpepbiB

HOrO aHanora MeTo~a HnroToHa 6una pasnuTu MeTo~ 11 anropuTMhl pewe

HHH CUCT6Uhl ;l!l1clJ@epeHr(l181InHhiX ypanHeHI1fi Ha COOCTBeHHhle 3H8'IeHHH C 

rpaHI11IHbi:AH ycJJOBilHMH 

Ut(O) = 0, 

ttfC"")+- Fck)utC'r-)lt-:1?,= o? 
(40a) 

COOTBeTCTBJ'IDmllMH CBfl38HHbiM COCTOHH11HM. B H8CTOHmeli pa6oTe Ta lite 

Bbl'IHCRHTeRnHaH cxeMa 6uJia acrroRb30BaHa ~H perneHHH ypanHeHHH (I) 
HJIIl (33) C rpaHil'IHbiMH yCROBHHMH (40), COOTBeTCTBYID~Mil KB83HCT8-

r(HOHapHbiM COCTOHHHHM. 

Ycnonae HOPMHPOBKH nonHonol'! WYHHQHI1 n STOM cJiyqae MOlKHO sa

rrl1caTn T8K lite, K8H l1 ;l!]!H CBH38HHbiX COCTOHHI1~ 

5" SRm ,z 
L:- u" eod""& = 1 . (4I) 

L 0 

BOJIHonyro ~YHKQHID pesoHaHcHoro cocTOHHHfl, KaK WYHKUH~ Henpe-

PbiBHOrO cneKTpa, MOlKHO HOpMI1pOB8Tb Ha ;l!61InTa-wyHKr(l1ID OT BORHOBOrO 

neKTOpa k HJill OT aHeprHH £ . Tor;l!a HMeew 

i
; Ha e(k-k)~ 

Ztn aa O(E -E 1
) 

xf/k ' 

J{" 1, 

Z ai Ck)==-
,· =1. 

rM (~) 

00 

d.:( k)= ; .. I j jeCkt )?- .1\}'<)U, cnd'<r 
0 

14 

ITpH TaKol'! HOPMHPOBKe BOHHOBOI'! WYHKUHH onpe;!!eJJeHae llii1PI1Hbl (39) 

Hecnpane~HBO. B STOW CJ!yqae IUHpHHa onpe;!!eHHeTCH qepe3 HHTerpaJI 

oT Kna;l!paTa BOJJHOBOH wYHKQHH n o6nacTH ;l!elicTnHH rroTeHul1ana (cu., 

HanpHWep, WOPMYJ!Y (12)). 

TaKHW o6paaow, yCJIOBHe HOPMHPOBKH ll wopwyna ~H onpe;l!eJieHI1H 

WHpllHbl pe30H8HC8 B38HM0CBH38HH 1 ITOCKOJinKJ' WOPWJ'R8 (39) cnpane~H

Ba npH J'CJIOBHH (4I) H1 H8060p0T 1 WOPMyJia (!2) HMeeT M(;CTO npH 

YCROBHil ( 42) • 

qi1CJieHHbl6 pe3yRbT8Tbl 

r. CWepHqecKHe HJ\pa. ITpH HCCRC;l!OB8HI111 OJ\HO'I8CTlt.IIHbiX pe30H8li

COB B cwepH<reCKHX H;l!pax HeOOXOJ\HMO pewaTD ypaBIIeHI1e i:lpe,llHHrepa 

(I) CO cwepHqecKHM ITOT6Hr(I18JIOM CaHCOHa-By]lca 

-i 
vz~)=-~ { i-+-exp[c~-7?)/a]y + l{

0
.Ct) 

a c rpaHH'IHHMH yCJIOBHHMH (40). 

(43) 

KaH Ob11IO ITOK838HO llh!We, ;wiH 'lHC1IeHHOli pea1!1138Uilll MeTO;l(a He

OOXOJ\HWO annpOKCHMHpOB8Tn 38;1(8'ly Ha !COHeiJHh!H lli!Tep:sa1I [ 0 7( ] • 
> 1n 

TOr;l(a B03HHKaeT npOOJieMa CXOJIHMOCTH pe3yJJnT8TOB B 38BHClUIOCTll OT 

Bbl6opa HHTepnaRa 11HTerpaponaHHH [ 0, lCm] • Ha pac. 2 noi\aaaHa 

aanHcKMOCTD yponHe1! 3HeprHil H BOJIHOBbiX rpyHKQHt1 npM l13MeHeimM Rm 
B 001I8CTH, KOr]la ITOTCHI..(M81I (43) H8'lllHaeT 3KCITOHCHUH8RLHO yCL:LUTD. 

flCH0 1 'ITO CXOJIMMOCTn pe3yRbT8TOB o6yCJ:OBJieHa TeLl, 'ITO B yi\838HHOii 

o6RaCTl1 pmaeHHe ypanHeHHH (I) onpe;l(e1IHeTcH Hepery;rRpHoll (J>YHHQMei1 

PM.KK8Tfii-EeccJJR ne c k't,) . CXOJIMIJOCTn pe3y1IbT8TOB !1Pl1 ;zJ:OCT8TO'l

HO 60RbliiMX R onpalli¥"BaeT annpoKcn:JaQMIO nony6ecJ;uneqno:; o5Jiac

TH KOH61JHUU MHTepB81IOW IIIHTerpHp01!8HHfl ~R ~8HHOrv ITOTeHUIII8R8 (43). 

B pa60Te /I4/ KBa3HCT81..(MOHapHb!e COCTOHHHH J\RH CqJeplf'IeCK~lX 
H]lep HeXO;l(HJIIIIC:b !deTO;l\011 cp8I\TOpH38Ufllfll BOJIHOBOH flJJ'HKr(lfl1 HenptpJJBHQ-
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~ 

~ ro cneKTpa B 00~8CTH pe30H8HCHOH 3HeprHH 

!'") r:tE (r-c) ==A . (£) :Je; c~) ¢. (fJ, cf ). 
~ ~ lj 0 '[, (jtr7 
~, ~. h B 3TOI4 CJiyqae 38]t8'!8 onpe;zteJieHH.fi KE83HCT81.1;HOH8pHb!X COCTOHHHtl 

.;).. t0 U CEO;zJ;HTCH K HaXOllt;zJ;eHHKl M8KCHMyMOB <lJYHKn;HH At C E) npH peweHHH 

·~ ~ ::1: ~ .!.. ~ ypaEHeHHH llJpe;n;HHrepa (I) ~H paa~HTIHbiX 3HaTieH~tl £ B HeKoropoti 

D;, 151 .. ~ (I) 

1 
+ ':t> ro .§! ~ ~ no;n;6ap:&epnon o6~acTH. 

"'~ ~l=l ~p, L ~ ~n' ~ ~ ~ ~ ~ Ha pHc .3 npHBe;n;eHbl BOJIHOBble <lJYHKn;HH peaonancHbiX cocTOHHHil. 

I ~""a:: // 1 ~ ~ 11 r;j ,..:, ~H H;n;pa c A=208, :l- = 82 Ha pac5oThl I
4 

H paccquaHHble nacTOHil\HM 

~ -.,; ~~:5 ~ 
1 
-r <;;r;:"' ~ a:: ro ~ r;j M6TO;zJ;014, BH.ztHO, 'ITO BOJIHOBb16 <lJYHKI.I;Hitl C0Bll8;zJ;8IOT C TO'!HOCT:&Kl ,llO 

<;::) 151 p, .. 0 151 
I IV) gj ,g ,~ o ~ HOpU!tlpOBKH. 8TO CB.fi38HO C Tell, 'ITO B H8CTOHII\6tl paOOTe BOJIHOBhle 

I 1'0' o :a a:: ~ P=1 ~ §. ~ <lJYHKI.I;Hitl HOpi1HpOB8Hhl no <lJOpllyJie (4I), B TO BpeMH K8K B paOOTe /I
4

/ 

I II g t: II ~ :I: • 
1 

~ ~ ~ -..... HOPIIHPOBK8 npo!t13BO,llHJI8Cl> no <IJopuyJie ( 42) • 
S;1 ~~ g;; / ) ~ g .; ~ ~ ~ B Tac5~Hn;e I npHBe.zteHhl aneprHH H wHpHHH peaoHaHCOB ~H H,llep 

1 
ffi § '91 § §' t: c A=208, ~ = 82 H A = 60, :l = 28. Xopowee corJiacHe peayJI:&TaTOE 

:S:C01=;'-J'O 
t'( / '<0 ~ ~ 11 g ~ ~ no 3H8li8Hitlf!ll 3HeprHtl H EO~HOBhlll <lJYHKI.I;Itlf!M yK83hiB88T H8 npaBOMep-

<"1 o I t<1 ro I ~ ~ lXI ft!"" H ~ :S: HOOT:& Bhlc50p8 rpaHH'!HOrO yCJIOBH.fi B BH;zJ;e (40), KOTOpOe Bhl,ll8Jifi6T H3 

' co 'O:a t-. :s: C\J «> G) >:s: ~ Henpepb!BHOro cneKTpa perueHHH, COOTB6TCTBYIOII\H6 KB831t!CT81.1;HOH8PHb!M 

-> 151 II lOt :IS :a ro ', j I ~ §. ~ H ~ ~ p::j cocTOf!HHflll B no;n;oap:&epHoil. oc5~acTH • 
.,........, ~ .. p,~=;co 

0:::"'-4 :I: .. a::~rol=l r ""' :;., 0 151 :s: ro Q,llH8KO peay~:&T8Tbl Bhllllt!CJieHHH IUHPHHH pacna.zta H8CKO~l>KO 
"} >8< \0 III • t:r l5l 

~ ro:.:>:t:r IV) ~ II § >& , ~ :§ pa3JIHli810TCfl, XOTH B 1.1;8JIOM HMeeT UeCTO xopowee COrJI8CHe, Cyl!leCTBy-

JXIOO:P.OOe-< '·, § ro a C\J r;:: g 1011166 pa3JIHllld8 ~fl HeKOTOpb!X no;n;6ap:&epHbiX COCTOf!HHtl oc5yCJIOM8HO He-

~ I I I § P. H II I 

1 
,::q :;! ~ ~'t- C\J i! aHat~HTe~:&Hotl paanHn;e« B anaqeHHf!X aHeprHtl. TaR, HanpHuep, cueme-

/ ~ HHe ::meprltlil. COCTOHHHH I j I3/2 H8'""3% ( £J.j.L3/Z =J.J.f'-/Mi6"3.~5M38), 
~ C UOUOl!ll>Kl B8pH81.1;HH napaWeTpa rJiyc5HHH UOT8HI.I;H8Jl8 ~ t npHBO,llHT 
p.., r r -3 -3 

K H3!.!6H8HHIO IDHplt!Hbl • nacv20,5% ( .: , 99·f0M38_,.J.23JQ/'13B ), 
--- - -- \I I 8TOT peayJI:&TaT noKaab!BaeT ,HaCKOJI:&KO TOTIHO Heooxo;n;Hwo BhlliHCJIHTI> 

ypOB!iltl 3HeprHt;l pe30H8HCHbiX COCTOf!HHil. 1 '!T06bl UOJIY'IHT:& pa3yMHb16 3H8-

~ '18HHH IDidpHHH ~ , ~CUOJI:&30B8HHhlil. B H8CT0Hil\8H pa6oTe U8TO;zJ; peweHHH 

~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ I 

I I I 
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ypaBIIeH>Ifl (I) C rpaHM1lH!lMI'I ycJIOBI'IflMI'I (40) ITOJIHOCT:bJO y,nOBJ!8TBOpfl

eT 3TI'IM Tpe60B8HI'IflM. 

r ill 

BeJIHqHHI:l B T86JII'I~e I COOTB6TCTBYIOT .naHHI:lW Ha pa60T!l/6/ • 
B!lqi'ICJI6HHHK ITO WOpMyJie (27). ilpi'I STOW B KaqecTB8 BOJIHOBI:lX ~yHK~I'Ill 

KBaaHcTa~HoHapHux cocTOHHHfi HcnoJinaonaJIHcn BOJIHonue WYHK~HH cTa

~HonapHux COCTOflH>ltf, Bbl'qi'ICJI6Hilb1C B paMK8X 0600II(8HHOrO KB831'IKJ!8C

CVfqecKOro r4eT o.na I IS/. 

,llanee, K81t rroKaablnaroT pacqeTbl, yponHH ik i5"/2,3/l-/Z,Zt13/Z 
uaxo.nHTCfl uecKOJibKO Bbiiile noTeH~MaJinHoro 6apnepa. B STOM cJiyqae 

rrpvr6JIHlileHHfl, I'ICI10Jlb30B8HHUe npH Bb!BO,ne if}OpMyJII>i (2 7), He BCer.na 

Bbli10J!HfllOTCfl Vf, K8K CJI8.l(OB8JIO OlKI'I,l(8Tb, COrJI8CVf8 C peayJibT8T8MVf 

pa60TU /I4/ I!CCEOJ!bl\0 yXy.l(lii88TCfl. 1/la cpaBHCHI'Ifl BCJ!I'I'qi'Il! r I 1 T
11 

r ill r 1'1 BI'I.l(HO, qTQ liii'IpVfl!U , Bbl'qi'ICJieHH!l8 l!8CTOAII(I'IM M8TO,l(OM 

,l(Jlfl yK838Hl!b!X COCTOAJH1!1 1 H8XO,l(HTCH !.!eJK,IJ;y pesyJibT8T8MI'I pa60T!l /I4/ 

1'1 /6/. 

TaKlKe I'Il!TepecHO npocJie,l\HTD 38BllCI'IMOCTb lllllpi'IH!l r OT npe.ne

Jia VfHTerpHpOB8HI'Ifl ][In B if}OpMyJie (4I). 1/la T86JIH~ 2 BH.l(HO, qTO HMe

CTCfl CJI868fl 38BllCllMOCTn ~ OT napaMeTpa Jt , O,l(H8K0 1 H81li'IH8fl 

c ueKOToporo R >Rme<.oc (B .nauuow cnyqae Rma.x. =14¢117 ), 
KOI',l(8 BOJIHOB8fl if!YHK~I'Ifl I'IM68T 3KCJ10H8H~I'I8JlbH06 ITOB6,!(6HI'Ie 1 rcR.) 
Bh!XO,l(llT 1!8 KOHCT8HTy. 

2. ,lleWOpMHpOB8HH!l8 H8P8• ~H H8XOlK,l(8HI'IH KB831'ICT8~HOH8pHI:lX 

COCTOHHI'Itf ,l\8if}OpWHPOB8HHOrO H,npa H806XO.l(HMO pelii8Tb CHCT8MY .l(Hif!We

peHqHaJibHUX ypaBHCHHti (33) C rpaHI'I'ql!!lMH yCJIOBI'If!YI'I (40), B0061l(e 

rOBOpH, 6eCROHeqHoro paHra. TIOC~OJ!bKy B KOHKpeTH!lX Bl:l'qi'ICJI6HHHX 

Mil orpaHHqHB86MCH KOHeqH!lM 'qi'ICJIOM ypaBH8HH!1, TO Heo6xo.nHYO l\8~!1 

paa nponepHTb CXO,l\I'IWOCTb 110 

paaJioJKeHHH (30). B KaqecTBe 

yweHbill6HI'Ie BCJ!HqHH!l ..JY;~ C 
':/ 

qHCJiy ypaBH6HI'Iti, HJIH, 'qTO TO lK8 C8MOe, 

wep!l CXO,l\I'IMOCTI'I MOXHO paCCM8TpHB8Tb 

yB6Jli'I'i6HH6M ! 1'1 j , r.ne 

20 

"R !P» 111 
COCTO-
HHf! '\. en, ."_i -r 
2 i I3/2 

2 h. 9/2 

rj I3/2 

H rrapaueTpH cpeAHero ITOJ!fl COOTB6TCTByDT 
'l'ae5Jr. I 

II I2 I3 I4 IS 

I.34 I.24 I.20 I.I9 I.I9 

o.n 0.67 0.64 0.63 0.62 

r.o·ro-a r.O·Io-a r. O· Io-< r.o·ro-a r.o.ro-3 

I6 

I.I7 

0.62 

0.99·!0-3 

rk I7/2 O.I4·I0-3 0.!41:0-3 o. I4- IIT3 o.r4•ro-a O.I4•IO-a o.r4· ro-a 

3{7/2 

8Hepru 

~t~B;t 
0 I/2 

2 3/2 

2 S/2 

4 7/2 

4 9/2 

6 II/2 

6 !3/2 

8 IS/2 
8 I7/2 

I.3I I.rs I.08 !.04 I.~ r.~ 

-·-·---

~ Ta6nHYa 3 

BenHqHHH ~i H napuHanbHue mapHHH pacna8a 
~~ He«TpOHHOrO KB83HC'l'8UHOH8pHOrO COC'l'OfiHHfl 

H8P8 239lf • 

6 1983 

.rlt? fl· (Y3B) 

0.2I7I I.I442 

O.S932 2.249I 

0.0046 0.0224 

0.~91 0.3934 

0.0!32 o.072I 

0.027! 0.0079 

0.0~3 0.002I 

0.0736 0.0032 
0.096·I0-3 0.4•IO-s 
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~ JR~n 
fl{/ ::: u;. eod~. 

J 0 1 
(44) 

ITpH STOM nonHonaH WYHKUHH HOPMHponaHa cornacHo (4!), r~e 1?=~)?0 ~ M 
h?o= 'loA rpm - pa~Hyc H,llpa). 

z 
B ra6nHue 3 rrpHne~eHu nenH'lHHN ~- ~H HefirpoHHOro KBaaH-

;z3g 'J 
crauHoHapHoro cocrOHHHH H~pa 2L c E = 6.983 (MaB). liiMeeTCH 

XOp01118H CXO~HMOCTb2 ITO IT8pl(H8RbHhlY BOnHaM ( {J ) ( OTHOIIJeHHelli: 81'f~ 
K M8ItCHM8RLHOMY~·=Z3/.2 panHo I.6•I0-4), 'ITO onpan;nunaeT rrpHue-

IIHMOCTL pa3.'lOlKeHI1H (30) ,l\RH ~81!110!1 38~8'lH. CXO,l\11MOCTb pa3JiOlK6HHH 

(30) ,l\RH ,llpyri1X COCTOHH~lfi Tait8H lKe HRH Ry'lllle, BCRI1 !RH rJI8BHOfi 

J(QMITOIICIITLI p83RO)I(CHI1fl 11MCCT MCCTO HepaBeHCTBO .l'!tj 3:' Q. 6. 
B pa6oTax IIG, 17 I nonHonue rpyHRl.\1111 rny601w rro,ll6aphepHux Rna

.., CT8l(I10H8pHblX COCTOHHI1!1 ~eifJOploi11POB8HIIblX H~ep Bb!'l11CJlflRHCb C ITO

Io!OIIU>IO pa3ROlKBIII1fl 'pa~l18.'lbi!O}; 'l8CTH BOmfOBOti WYHltl(I1H R ej (rc,) 

ITO 683HCHhlAI (]lyHRl(Hfl!.l :fnf· ('t-) Ccpepl1tleCRH CHMMeTplll'lHOrO ITOTeH-

l\~8R8 Vc't) C 8CHMITTOTI11J6CK~M ITOBe~mli1CM 
y;,e; C>c) ___,. .AhR· ex.p(-aene,- '-c.);> (45) 

J z~oo :J J 

Rei ('7.-) = ~ anf;; ~nf.J· ('Z:). (46) 

RcHo, qTo paanoJKe1111e (46) cnpane~n11no TORl>Ko ~fl rny6oKo 

ITO,l\6apbepHhlX COCTOHHHM, KOr~a aCHMITTOTHKa BORHOBOM WYHitl(KH KBa3lll

CTal(HOH8pHoro COCTOHHHH lllloleeT BH~ (45). TaR Me, KaK lll 6b!JIO C~eJia

HO B pa60Te II31 ~H CB!l38HHhlX COCTO!lHlllfi, lllloleeT CMb!CJI CpaBHlllB8Tb 
./(" 2 .e 

neJilllqlllHb! L_ Clne: , B3HTue lll3 pa6oTb! /I? I 11 J"f';. , Bhl'lHcneH-
n..=:t. 'J -.; .2. ff z 

Hb!e ITO WOPMyJie ( 44) • B T8 6Jillll(6 4 ITplllBe~eHU BeJil/lqlllllbl .N(. 1-1 La,{; 
+ :J !/:."j .; 

~H Hel1TpOHHbiX KB83lllCT8l(lWHapHb!X COCTOHHlllLl 912 [844], !312 [_BIZ) 
+ 1 1 J.239 

H I312 [806J ~~pa ~ • lila Ta6JilllUhl BH~Ho xopo111ee cornacHe 

MeZt~y yR838HHbiMI1 BeRHqlllH8M11, B TO BpCMH K8K (T8KlKe 11 ~JIH CBH38H

Hb!X COCTOHHllll1), ypOBHI1 3HeprHI1 OTRI1'l8IOTCH, rrpi1MBpHO, H8 2 (M3B), 
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EcrecrneHHO, xopowee cornacne BOJIHOBHX \IJYHKr:tnlt(n.I.IH, 'ITO ro xe cruwe, 
.2 :: 

B ,l\8l!HOM CJIY'l8C, BCJIIII'll'IH.bl Jii· H Lane.; ) ooycJIOBJ!eHO 8CI'IMIT-

TOTl'I'ICClti'IM llOBC,I\CHI'IeM BOJIHOBOtl <lJYHK[{l'll'l B ITO,I\08p:oepHOi'! OOJI8CTI'I, 

KOI'.I\8 rp8Hl'I'IH.ble ycJIOBl'IR (408) Y.I\OBJieTBOpiiiTeJI:oHo 8rrnpOKCI'IMI'Ipyror 

ycJionne (40). H8 pHc. 4 ,1\eMOHcTpiiipyrorcH BOJIHOB.ble \IJYHKJ:tl'll'l KB831'1-

CT8Ul'IOH8pHoro COCTOHHIIIH, llOJiy'ICHH.ble H8 OCHOBe rp8HI'I'IH.b1X yCJIOBI'IA 

(40) Ill (408), lWI',I\8 napQIII8JILHble K8H8JI.bl HBJIHIDTCH ITO,I\08pbepHblM.I'I. 

B 3TOM CJiy'l8e BOJIHOBblC \IJYHKQl'll'l C0Bll8,1\8IDT C X~pornej,j TO'IHOCT:OID. 

0)'1ll8KO, K8K 3TO CJie,l\yeT 1113 pnc,5, CCJil'l XOTH 6bl 0,1\I'IH 1'13 ll8pQIII8Jlb

HblX K8H8JIOB He IIIMCCT llOTCHQl'I8JlbHOI'O 08p:Oep8 (I'IJIIII 3Hepri'IH B.biWe era), 

TO rp8HH'IHhlC ycJIOBI'Ifl (408) ,I\8IDT COBepWeHHO IIIHOA pe3yJI:OT8T, 'ICM 

ycJIOBl'IC KB83l'ICT8QIIIOH8pHOCTIII (40). C ,1\pyrotl CTOpOH.bl, ITpl'l OTCYTCT

BI'IIII 68p:oep8 (H8ITpH!.!cp, ,1\JIH ~ = 0 KOMITOHCHTbl) BOJIHOB8fl cfiYHKQIIIR, 

ITOJiy'ICH118H rrpiii yCJIOBl'lll ( 40), TCpilCT CBOA OObl'IHblj,j Bl'l,l\ KB83.1'1CT8QI10H8p

IIOCTIII (U8KCl'li.!8JI:OHOCT:O u!.IITJIIIITy,l\.bl B OUJI8CTI'I ,1\eiiCTBIIIil ll0TCHQ.1'18JI8). 

0,1\HQKO Il ,I\Ci)}Opt.mpOB8HH.biX H,l\pax, B OTJIIIIlJHC OT C\IJCPll'ICCKl'iX, ;li.Jlil 

rrapQIII8JI:OllblX IWHaJIOB c f = 0 llJ.Jll rJaJibiX aHepriiiRX cylllecrnyroT arJ:;ijieK..:. 

TI'IBHhlC HC,I\l'I8I'OH8Jl:OH.b1C 08p:oepu (cu. piiic,I), T8K 'ITO B 3TOM CJiy'lae 

IIIMCCT MeCTO yCJIODl'le KB831'1CT8Ul1Wl8!JUOCTIII (40), H8 p111c.6 ll!JI'IBC,I\CH.bl 

BOJI!lOEble rJ!YHKUIIIH C l = 0 ,1\Jlfl llO,I\68pi,epnoro (£ = 0.05 uaB) Ill 1!8,1\-

68p:oepHOI'O (£ = 6,9 KaB) cJiy'laen. Taim:.! o6pa30iJ, KB83HCT8Q110H8p

Hoe ITOBC,I\CHIIIC BOJIHOEO.h (IlYHnUl'lll B H3CTOHI11CU llO,l\XO,I\e Il CI'!JILI!OH CTe

ITCHIII 38BI'ICIIIT OT rrpiiiCYTCTBIIIH !10TCHQIII3JILHOI'O 68p:Oepa. 

B p860Te /
7 I ll8 OCHOBe IIIHTerp8JI:OHOil r: opr.tyJI.bl (39) OblJI npOBC

;zteu P8C'ICT ill111pi1Hbl O;ll!IOHyKJIOHliblX KB83l'ICT8Ql10H8pHb!X COCTOHHI1H ,1\C-

I'J/ 239 
!JJOpMI1pOB8HHOI'O H,l\p8 U • flpl1 3TOM BO.ilHOBblC c~yllKQI!III O;llHOlJ8CTI,lJ-

HOI'O KB83lWT8L\HOH8pHOI'O COCTOHHl'lfl 6p8JII1C:O 113 pa60TLI /17/ • B T86-

Jll'IQC 5 rrpMBO;lliiiTCH Cp8BHCHI1e IT8PUll8JlbllhlX illHpHH 1113 p860Tbl / 7/ C illi'I

Pl1H811111 B H8CTOHU\el1 p86ore. MMJCTCH K8lJecr:seHnoe corJiacl'!e peayJI:o-
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O,l( 
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/0 cp.M 
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-0.~ h 

/2 
-c. I( 

Pl'lc. 4. 
~3gu 

BOJIHOB.ble WYHKL\1'1~ H;ztpa • CrrnornH8H ni'IHI'IH coorBeTCTBy-

0,'-/ 

~;Z 

- ~:2 

er rpaH~lJHbiM ycnoBRHII (40), rryHKTIIIPH8H - (408). KpiiiBb!e: 

I - BOJIHOB.ble WYHK~I'IH rrpl'l { = 5, j = 4,5; 2 - np~ { = 5, 

j = 5,5. 

~ 39r)/ 
PHc. 5. BoJIHOB.ble WYHK~HH H;ztpa vt 

10 f5" "t~¢111 

1~L 

.t .., f 
• CITJIOIDH8fl JIHHHH COOTBCTCTBy-

e! rpaH.l'llJHbiY ycJIOBHHU (40), rryHKTHPHBR - (408). KpiiiB.ble: 

I - BOJIHOBBH WYHK~I'Ifl rrpH I! = o.j= o, 5; 2 - npH t = 2' 

t = r,5. 25 



t;'f 

t;~ 

-t}2 

-~.Y 

t j 

5 9/2 

5 II/2 

? I3/2 

Ta6JI111na 5. 

UapnHa~nHUe mHpHHU HeiT~OHHHX ogaoqacTHlJHHX 
COC'l'OflHHit Sllep 39 2? • 

9/2- L725Jn 9/2+ [844] fL 
I r/ t r?;19B) rtM3B) rv (/'13B) {j(M3B) j 

2,2•ro-5 5,a? •I0-6 4 9/2 6,7•!0-? 6,38•I0-8 
2,6•!0-3 ?,a5·ro-s 6 II/2 r,3·ro-9 3,78•!0-8 
2, ?·ro-8 I,32 ·ro-B 6 I3/2 a,6·ro-7 I,52•I0-6 

7 I5/2 4,B·ro-9 3,06•!0-IO 8 !5/2 3,9·ro-II 8,23·!0-II 
3,2-ro-9 8 !7/2 I,98•I0-9 

TipHueqaaHe: I - mHpHHH pa6o'l'u 171; TI - mHpiiiHU, nonyqeaHUe B 

aacToa~eA pa6o'l'e. 

..1 

'r_,¢~ 

Pille. 6. BO.iiHOBhle ~:yHJ\1.11'111 COCTOHHIIIH ~ = 01 j- = 0,5 H,l{pa 

KpnBh!c: I - BO.i!HOBaH !f'~'HKI.Illfl rrp11 <lHeprHH E = 0,05 wsB, 

I - rrp11 E = 6,9 wsB. 
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T8TOB 1 OC006HHO ~H rJia:BHbiX IWMITOH6HT p83Jl0lK6HllH (30) (OHll ITO,l{

qepimyTbl). 

Ha OCHOB8!HU1 npo:Be,l{eHHhiX paC'l'6TOB ll I'IX CpaBH6HIIli! C aHa

JIOrlll'l'HHKIII Bhl'l'HCJI6HIIli!KIII KOEHO C,l{eJiaTn BUBO,!{ 0 TOU 1 'l'TO.llp6,l{JIOE6HHU~ 
M6TO,l{ HSX0~6HHH 3Heprllltf III illl'lpi'!Hhl pacna.l{a TIO,l{OapnepHh!X KB8311ICTa

l.IIIIOH8pH1~ COCTOHHIIIH C~eplll'l'6CKIIIX H,l{ep ,l{86T yCTOH'l'IIIBh!e peayJibT8Thl 

1'1 1 KaK OTU6'l'8Jl0Cb 1 y,lJ;OOeH ,lJ;JlH pea~III381.1111111 Ha 8BM. 8TO 00CTOHT6JlbCT

BO TI03BOJIH6T OOOomHTb pa3BIIIThiH MeTO,l{ ~fl IIICCJl6,l{OB8HIIIH KB8311ICT81.11'1-

0HapHh!X COCTOHH>ltl B ,ll;6!lJOPM>lpOB8HHh!X H.l{pax, r,lJ;e OOll!SH CllTY8l.llllfl 

K8K B MeTO,lJ;H'l'6CKOM 1 T8K III Bhl'l'IIICJliiiT6JlbHOM 8Cfl6KT8X npe,l{CTSBJIH6TCH 

00Jl66 CROJKHOtl. 0.l{HaKO l(0~.1111J6C!B6HHOrO COrJiaCIIIH peayJinT8TOB Bbl'l'IIIC

Jl6HIIltl mlllpHH c nouo~ro ,l{aaaoro no,lOCo,l{a c aaaJiorH'l'HbiMH peayJIDTaTa

MH paoOThl / 7/ TIOJly'l'HTb He y.l{aJIOCb. HCHO, 'l'TO OCHOBH8H TIPH'l'IIIH8 Ta

KOro pacxo~eHHH oo~flCHHeTca paaJIH'l'Heu ypoBHetl aaeprHtl KB83HcTa-

1.1HOH8PHhiX COCTOHHHtl, TIOCaOJlnKy, K8K yJKe rOBOplll.iiOCb, B cpe,l{HeM Ta

K06 pa3JIH'l'III~2 K3B. TeM H6 MeHee ~OJKHO CK838Tb 1 'l'TO K8'l'6CTB6HH8fl 

KOppe~Hl.IIIIH H81llHX paC1J6TOB C aHaJIOrHqHh!MH Bhl'l'HCJl6HIIIHMIII paoOThl /?/ 

,l{6UOHCTplllpyeT ycTOHlJHBOCTb IIIHTerpaJinHOtl !lJOpMy~H (39) no OTHO!ll6HIIIID 

K IIICTI0Jln3Y6Mh!M ~YHKI.IIIIHM. 

llTaK, B ,l{8HHOA paooTe pa3BHT HOBhlH MeTOl[ Bhl'l'IIICJl6HIIIH 3HeprHtl 

H llllllpHH O,lJ;HO'l'8CTH'l'Hh!X KB8311ICT8l.II'IOH8pHhiX COCTOHHIIIH B HenpephJBHOM 

cneKTpe ~H c~epH'l'6CKIIIX III ,lJ;6WOPMIIIPOB8HHh!X Hl[ep. nna CW6PIII'l'6CKIIIX 

al[ep TaKaa aal[aqa 6una pemeaa B /!4/ .l{pyrHM MeTO,lJ;OM. Tipe~oJKeH-
Hhltl M6TO,ll; BOCTip0>!3BO,lJ;IIIT peayJinT8Thl 3TOH pa60Thlo nna ,lJ;6~0pMIIIpOB8H

Hh!X H,lJ;ep CYl!l6CTBOB8Jl TOJlbKO npiiiOJlllllK6HHhltl M6T0l[ H8XOJK,lJ;6HIIlfl KB83H

CT8l.IIIIOHapHh!X COOTOHHIIItl, TO'l'HOCTD KOTOpOrO HBHO H6,l{OCT8T01JII8. 

Tipe,l{CT8BJlfl6TCH np>!BJI6KST6JlbHh!U npHM6HIIITb ,lJ;SHHh!H UeTOl[ ~H 

HCCJl6,lJ;OB8HHH npOTOHHOtl pa,lJ;III08KT>IBHOCTIIIJ cl- pacnal[a III H6t!TpOHHhiX 

CIIIJIOBh!X ~yHKI.IIIltf. 
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A:sTDPhl 6;raro,napHI~ B.r.COJIOB1EBY, C.r.KA]l.~EHCKOMY, JI.H.IIOHQ

iAAPEBY,B.Yl.<WPMAHY, C.II.HBAHOB0£1 aa noJieaHHe .AMcKycceH, a TaKlte 

T.II.IIY3b!H!IIHO~ » Jl.H.COMOBY aa KOHCyJIDT8QHH, CBH38HHble c IlOCT8HOB

KOi1 nporpaMM Ha 8BM. 
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