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/2,3/ 
flaHH8H pa60T8 HBnReTCH npOJlOnJKeHH9M HCCn9JlOB8HHII KOHK:l9THbiX CBOfiCTB cnOJK -

HblX 'l8CTHU , JlBHr8lOWHXCH BO BH911IH9M none. MHorHe CBOA:CTB8 T8KHX ClfCT9M MO>KHO Hay-

'IHTb H8 npocTel\weM npHMepe 0JlHOM9pHOH 38Jl8'IH Tpex Ten, llpH KOHKp9THbiX p8C'I9T8X Mbl 

HCfiOnb30B8nH M9TOJl, lf3y'I9Hlfl0 KOppeKTHOCTH KOTOpOrO llOCBHIU9Hbl p860Tb/
4 •51 , 

l1HTepeceH He TOllbKO CaM <jJaKT CyiU9CTBOB8HlfH 3<jl<jJeKT8 8CHMM9TpHH np011lfU89MOCTlf 

68pbepOB .OnR CnO>KHblX t.I8CTHU 1 KOTOpbtfi, B03MO>KHO, He n Bn5I9 TCSI H90>KHD.8HHbiM anSI tPH3H 

KOB, XOpOlliO 3H8KOMblX C KBBHT OBOH: M9X8lHiKVH. npertCTBBnHBT onpeaeneHHbtti HHTepec KOnH

tt9CTB9HH8R OU9HK8 a4$eKT8 1-18 KOHKp9THOtt MO.QenH . nony'-IHTb TBKyJO OUBHKY 1 K CO.>KBnBIHflO , 

aenb3H 6e3 6onh moro o6beMa cnoJKHbiX pacqeToB. ( PacqeTbi npoaoannHCb H8Mlf Ha aneKTpon

Holl C'I9THOII M8WHHe.) 

fleT8nbH09 H3Y'I9HH9 38Jl8AH Tpex Ten ll03BOn>reT Jl9n8Tb np9JlCK838HHH 0 pHJle 

CBOIICTB 6onee CnOJKHblX CIICT 9M, Mbl npeanonaraeM B 6yaymeM p8CCM0Tp9Tb BOnpoC 0 TOM, 

tt9M MO.>K9T ITOMO'tb ITOH H M8HH9 ITOB9.U9HHH CnO>KHbiX tiBCTHU BO BH9WH9M none B p9W9HHH 

6o nee CnO>KHbiX 38.ll8lJ 1 T8KH X, H8ITpBM9p, KBK 38,ll8"'H qeTblpex Ten H 38ll8ttH 0 B036y)f{lle 

HHHX ( THIT8 CnO>KHbiX KB83Ht.I8CTHU} CHCT9M MHOrHX Ten. 

CTOHT OTM9THTb 1 tiTO B nocne.llH99 Bp9MH nepen ¢II3HK8MH, 38HHM8lOWH MHCfl KB8HTO -

BO'A: M9X8HJIKOti t OTKpbiBB9TCH WHpOK09 none Jl9HT9nhHOCTH IIO 06bs:tCH9HHJO pS1Jl8 38raGOG.HblX 

CBOti:CTB >KHBOfi M8T9plnt: , OTKpb!TbiX 6HO¢H3HK8MH . 0TbiCK8HH9 KOHKp9THbiX KB8HTOBbiX 

M9X8HH3MOB, Hrp8IOIUIIX H8H6onee cyiUeCTB9HHYIO pOnb B <jJyHJl8M9HT8nbHbiX 6nonorH -

qecxHx rrpoueccax, e H3BeCTHoti: Mepe HBnHeTCH o6SI38HHOCTbJO ciJH3HKOB. AaTOpbi HaneiOTCH, 

qTQ Jl8HH8H pa60T8 XOTb B OTnaneHHOH C T9II9Hll 6yneT COOTB9TCTBOB8Tb H 3TOH 38Jl8qe. 

llBH)K9HH9 CnQ)KHOfi "'8CTHUbi BO BH9WH9M none OIIY.CbiB89TCSl 6eCKOH9qHQI':\" CHCT9MOt:l 

/ 4 / 
an<jJ<!JepenunanbHbiX ypaanen11l! 

- ¢ ;;:.(x)- ~ (K (x)¢ (X)+ 2Qnm(x)¢~(x))+C0 ¢0 c . E¢
0 

• 
m ,n nm m 

( I) 

3aecb <jlyHKUHH onHCbiB810T .O.BH )f{9HH9 U9HTp8 HH9pUHH CnO)f{HOA tt8 C THU bl B COCTOHHHH 

no BHyTpeHHeMy JlBI!lK9HHIO; K o3<jl<jJHUH9HTbl Kmn Q mn H en onpeaene-

Hhi Tax: 
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l)n- En (x) -Knn (x); Kmn{x) = f <l>m <t>; . dy Qmn (x)~-f<l> m<l> ',; dy • 
(2) 

rue E 1 H <1>1 
-co6CTBeHHbie 3 HaqeHII Il H C06CTBeHHble <jlyHKUHH ypaBHeHIHI UJpellHH-

repa, OllHCblB8lOIU9rO BHyTp8HH98 JlBH>K9HHC CnO>KHOti tt8CTHUbl llpH cilHKCHpOB8HHOM nonome-

HHH ee UeHTpa l!HepUHH . B cnyqae, I~or.oa cno>KHBH qacTHua cocTOHT H3 nayx npocTbiX , 

-<ii.+ ·2(m
1

+ ·m
2

)[V
12

(y)+ l:\ (x,y)+0
2
(x,y)-En ]4.>" ~o · (3) 

3ueCb \', 
12 

(y) - B38HMOneliCTBHe Me>KJlY co6oi!: npOCTbiX qaCTHU, COCT8Blll!IOli1HX CnO>KHyiO, 

{ji - BH8WH89 none, Jl8i%CTBYIOW88 H8 '3TH npOCTbiS t{8CTHUbt . 

AcnMMeTpHSI npouuuaeMoCTH 

noKa>KeM, qTQ UpOHHU8eMOCTb 6apbepa UI060ll <jlopMbl JlnSI npOCTOtl qaCTHUbl He 38BH

CHT OT TOrO, B K8KOM nanpaan e HHH H8 Hero ll8ll8lOT tt8CTHllbl. npoae.a.eM STO .O,OK838T8nb 

CTBO T8K
1 

1.1T06bi era nerKO 6binO o6o6lUHTb HB cnyqat\ CnO>KHblX 'i8CTHU. 

Ecnn Ha noTeHuHanbHbtA 6apbep H3 

TO BOnHOB8ll <jlyHKUHS! 6yneT HMeTb BHJl : 

IT8Jl89T 8JlHHlP·IHbif% llOTOK npOCTblX tt8CTHU 1 

'l'_(x) ~ 
{ 

lkx 
e +· 

tk ' x 
Ae 

- lkx 
Re npu 

npll 

rue k ~ y 2m(E-•V(-oo )) , k ' - y 2m(E -V(oo)) . 

X ..,. _ , co , 

(4 ) 

X -+ oo 

2 k' 
Ko a<jlqmuneHT npoxO>K)leHHS! 6apbepa pasea o_ . ~ I A\ T Ecnu qaCTHUbl nanaiOT Ha 

6apbep cnpasa ( H3 + oo ) , TO 

'I'+ ( x) { 
-tk ':x 

e 
t k 'x 

+ · re 

-1kx 
ae 

K oa¢<1>llnlleHT npoxo>KJleHHll 6apbepa cnpasa uaneso pasea 

npH X .... +· oo , 

npH X -+ - : co , 

2k 
o+~\ a ly. 

( 5) 

B cuny a.ellcT

'1'* 
Bl!TenhHOCTH Koa<)J<jll!uneHTOB s ypasneHHll W penllnrepa peweal!eM 6yneT TaK>Ke H + ' 

• 1V + :( x) { 
elk 'x + :f e- tk'x 

l kx 
a• e 

4 

npH X ..,. + co 1 

( 6) 

n pll X ..,. - oo 

l 
j 

l 
l 

nocKOnhKY ypaBHeHI!e Wpe, 

pRJlK8 1 TO Mbl MO>K9M C ITO 

nocTpOHTh mo6oe ero peua 

( 6) paauennM aa a* 

T .e . D + . ~ · D_ 

Boo6me llnll mo6btX usyx r: 

CTBYIOW8R 0JlH03H8t{H8R CB! 

fiBH>KeHHe cno>KHOIT q. 

ypasaeanll BToporo nopllllK· 

>KeT yxo.aHTh a 6ecKoHe"t.JH 

HOM COC T OS1HHRX 1 8 OCTBnbH 

s6nnau 6apbepa ; T, e, ¢yaK 

Ubi B B036y>KJleHHbiX COCTO. 

ypasaeHliA , yuosneTsopHIOli1 

Mb!X peweHH!I ( np11 auepru 

Ubi H8 6eCKOH8'-IHOCTH 1 ttHC. 

o6p830M 1 C nOMOlli blO H6KO' 

BHCMM blX p9!ll9HifSI ) M b l HE 

3TOM C11y1.f89 0JlH0 3 llll 1.fHOi1 

H8UpHMep, Me>Kny KOaQ){jJHUl 

llpOTHBOTI0110>KHblX Hanpa 811( 

uuanhnoro 6apbepa . OuHaK· 

W6HHA CHCT6Mbl H HX conp 

HHe CHCT6Mbl . TaK , H anpul.. 

na.naeT TIOTOK 1.f8CTHU T011b 

C nOMOlllblO 3THX peweHHti 

Korna YaCTHll bl na.na10T HB 

no HC HHM B03MO*HOCT 

CTpOPHM , 'l9M D npeJ:tbl!lYlllHX 

p11c , I , nanaeT cnesa noTo 

r H H ,llBH>K9HHfl U9HTpOB M8C 

CUO>KHOH qacT.>IUbi, {i, 
0 

Bapbep ua puc. I necl!MME 

npOHCXOllliT CHllbHOe B036y 

Mace no aenH"'HHbl E-



<!J m <1> '.; dy ' 
( 2) 

~yHKUI!I! ypaBH9HI!Sl l1Jpe!II!H-

1pl! QJI!KCI!pOBBHHOM UOnOlK9-

COCTOHT H3 llBYX npOCTbiX t 

0 • 
(3) 

THU 1 COCTBBnstiOWHX C110>KH YI01 

!. 

I UpOCTOl! 'IBCTHUbl He 38BH

ilpOB9U9M 3TO UOK838T9nb-

,IX t{8CTHU. 

't!Hbtt\ ITOTOK npoCTbtX ti8CTHU, 

X ... - = oo , 

(4 ) 

X ~ oo 

EcnH t~aCTHUbi nana10T Ha 

(5) 

X ... - : oo 1 

2k e·laly. B CHny u .eilcT-

eM 6yUeT TBKlKe II '1':. 

X ... + oo 1 

(6) 

X ... - oo • 

nocKOnhKY yp8BH9HH9 IlJpenHHrepa C C Tb n H H0!fJJ Ol.' rtHfj,po p OHl : H811bHOC y pD.BH e HHC B TOpOrO no ~ 

pst!IK81 TO Mbl MOlK9M C UOMOWbiO !IBYX mmei"fiiO HC30IlHCHMhiX ero peUJeHI! H - ( 5) H ( 6 ) -

nocTpOHTh n106oe ero pemeHMe, aenpHMep (4) , nnst 3 TOT'O YMHOlKifM (5 ) Ha 
r* 
-;- ' II 

( 6) pa3AennM Ha a* If cnolKI!M nx. IlonyqaeM : 

• 
A 

'1-l r! ( 7) 
a• 

T . e . D +,e· o_ 
Boo6we Anst nJ06biX ABYX p9U19HI!I! ypaBH 9HI!st llJpeAHHT'epa B 3TOM c nyqae HM99TCSI COOTBeT -

CTBYIOlll8SI OAH03H81{H8SI CBSI3b. 

nBHlK9HH 9 CnOlKHOli 'IBCTI!Ubl OUHCbiB89TCSI 6eCKOH9'1IIOfi CHC T 9MO I"I !I>!QJQJepeHUIIBnbHbiX 

ypaBH9HHli BTOpOT'O UOpst!IKB ( 1), ilyCTb 3H9pT'IIst CnOlKIIOii '!BCTHUbl TBKOilB , 'ITO 'IBCTHUB MO-

lK9T YXO!{I!Tb B 6eCKOH9'1HOCTb ( X ~ ±; ~ ) TOnbKO B OCIIOBIIOM If B nepBOM Il036ylKU911 -

HOM COCT05JHBSIX , 8 OCTBnhHbi9 COCTOHHlUI MOryT B036y>KA8TbC51 p98JthHO HnH BHpTyanbHO nHWb 

B6nH31! 6apb epa ; T, e , QJyHKUI!I! , OITHCbiBBIOUlH e .UBM>K9HH9 CllO>KIIOti t18CTH-

Ubi B B036y>K.09HHblX COCTORHHHX, 3KCIIOH9HUH811bHO 38TYX810T D£l811H O T 6apbepa. CHCT9M8 

ypaDH9HHH , y.llOBn9TBOp5110lll851 T8KHM rpBHHtJHblM ycnOBHRM,_UMeeT tJ9Tbtpe 11HH9J1 HO H938BHCU -

Mb!X peUJeHHst ( flpll 3HepT'HII , UOCTBTO'IIIOH Unst B036yli<!I9HIH! m COCTORHHfi CllO>KHOfi l.J8CTH -

U bi Ha 6ecKoH e lJ:HOCTH, t.JHcno nHHe tlHo He3aBHCHMbiX pemenHif c HcTeMhJ 6y.ueT 2 m ) • TaKJ.IM 

o6paaoM, c noMomhto aeKoToporo peweHHSI CHCTeMbt H ero corrpn.iKe uuoro ( 2 nnHe HHo n e a a 

BHCHM biX p9W9HHSJ ) M b l He MO.>K9 M nony l.fHTb n106oe p9 111 9HH9 C 11 CT9M bl. f\'• b l He TIOll y qaeM B 

3TOM cnyqae OOH03 H l1 t{HOfi: CBS13H M9>K.lly llBYMSJ p8311Hl.JHbl MH llpOU9C C 8MH . Yf COOTHOH19HHe, 

HanpHMep, M9>K.llY Ko3<P¢ HUH9HT8MH npOXO>KJl9HHSl CllO>KHbiX lJ:8CTHU fl O C HOBHOM COC T O HHHH B 

llpOTHBOTIOllO>KHblX H8flpaeneHHHX qepe3 68pbep 6yaeT 3 0 I3HCeTb OT KOHKp9THoro BH.ll8 noTeH

UHanb HOT'O 6apbepa. OaHaKo uMeeTcS! npyroe cooTHOIUeHHe . C noMoUtbJO nnyx pll3f!H'!Hblx pe

weHIIl! CHCTeMb! H HX COflpstlK9HHbi X ( BC9T'O 4 p911JeHI!st) Mbl MOlKeM nOCTpOHTb lli06 0e petu e 

HH9 CHCT9Mbi. T aK , HanpuMep, ecnu Mbt 3 H89M pemeHHe .nnst rrpoue c coe , Koraa H3 

IT8.ll89T flOTOK Y8CTHU TO/lbKO B OCHODHOM H TOllbKO B nepeOM B036y>K.ll9HIIOM COCTOSJHHSJX , ro 

c rroMOlllhJO :3THX pemeHHH Mbl MO.iK9M onHCBTb nro5o~ n.pyrotl npouecc, HanpHMep, a cnyqa e , 

Korna 'IBCTI!Ubl nanaJOT Ha 6apbep cnpana . 

noSJCHHM B03MO>KHOCTb 8CHMM9TpHH npOHHU89MOCTH 6onee H8r11H.llHbiM 1 XOTSJ H M9H99 

CTpOT'HM, '19M Il fiP9UbiUYWHX paccy~<U9H I!stX 1 o6pa30M , ilyCTb HB 6Spbep, 11306pa >K9HHblli H8 

pHC. 1, IT8.ll89T Cl19B8 ITOTOK CllO>KHblX tt:SCTHU B OCHOBHOM COCTOHHHH. KH A9TH't 9CK8SJ 3H9p -

T'HS! UBH>K9HH51 U9HTpOB MBCC 3THX 'IBC THU 6yUeT E- &, E - nonHBH a HeprHSJ 
OCH 

CllO>KHOH: tt8CTJillb1 1 {b - 3H9pT'H st OCHOBHOT'O COCT Ostiii!Sl no BHyTp9HH9My UdHlKeH IIJO ), 
OCR 

Sapbep Ha p11c , I HeCHMMeT pH'IHb<ll: neBbll! Kpal! ero pe3Ko o6pb1BaeTcst, 11 y 3Toro Kpast 

npoHcxonHT cnnbuoe B036ylK!IeHHe 'IBCTHU, 'ITO npH BOilHT K yMeHbWeHH JO 3HeprHH ueiJTpa 

Mace no eenH't!HHht E- &, B036 ( {b 
8030 

- 3H9pT'Hst B036y>KU9HHOT'O COCTOSlHHst UO B HYT • 
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E 

E-{ • ._ •-- -

E-{,.Ji ,_-

A 5 

p H C , 

06nacTb A < x < B xapaKTepnayeTcH cnnhHbiM CMewnaanneM cocTOSI-
Hnn BHyTpenHero .!1BHR<9HRH cno>KHotl qacTHUbt, A - 8 "= a 

Mep CrrOJKilOl\ 'I8CTHUb! . 
, r.oe a -paa-

peHHeMy llBHJKeHHIO), np8B8Sl CTOpOH8 6apbepa MeHSieTCSl nnBBHO, H nepeXOilOB MelK.Ily BHYT

p9HHHMM COCTOHHHHMH CnO>KHOii 1..J:8CTHllbl B 3 TO A o6n8CTH np8KTH'l8CKH He npOUCXOll, HT, Ta

KHM o6p830M 1 "18CTHU bi 1 IT8.ll8101UH9 B OCHOBHOM COCTOHHHH H8 6apbep Cneaa, CHnhHO 803-

6ylK.IlBIOTCSI y caMoro ero KpaSI, acneacTsne qero 6apbep am• HIIX CTBHOBHTCSI Tpyanonpoxo

llHM, H OHH CHnbHO OTp8}f{8lOTCH , EcnH )1{8 1.J8CTHilbi D8.08JOT H8 6apbep B OCHOBHOM COCTOH

HHH cnpa aa, TO aoa6y>KllBThC5I OHH H81.{HH810T nuwb Torna , Koraa rrpofl.oyT no'tfTH aecb 6apbep, 

H 3TO He .llOn}KHO CHnbHO yMBHbUlHTb npOHHU88MOCTb, J.1TaK 1 B OCHOBHOM COCTOHHH~ l.J:8CTHUbi 

npoxoi!SIT qepea 6apbep na p11c , 1 ner'!e cnpasa .• PaccyJKilASI a nanorH'!HO, nony'IHM, 'ITO a 

B036YJKileHHOM COCTOSIHHI! '18CTI!Ubl npOXOilSIT 68pbep nerqe B HpOTI!BOHOrrOlKHOM H81lp8BneHI!I!, 

6 

I 
..J. 

.X. 

i 

I 

lln11 C.'IY'IBSI cno 

HOCTb flOTOK8 . 

Y MHOlKHM (I) H 

TeM H3 nepBOr O BTOp 

<¢:-</ 

npocyMMHpyeM (8 ) ll• 

8HTI!CI!MMeTp1!el\ Q 

~II <¢: 
d x n 

BenH1.fHHa , cTosrmast a 

6apbepa Q - 0 o H I 

nHqHbiX COCTOSIHHSIX, 

lln11 npoBepKI! T 

(9 ) , B KOTOpOtl pewe1 

HbJX nHHBAHO H838BHCI 

nony'IHM <lJOpMyl 

cnyqae , Koraa 3HeprH 

uoro cocToHHHSI, Orp1 

50nbWI!M 'II!CnOM ype 

THU B OCHOBHOM COCT 

HMelOT BHa: 



~-

!liJHB8HH8M COCTOH -

, r.ne - paa -

H nepexoaoe Me~<ny BHYT

lCKH He nponcxoa HT, Ta-

,ep cnesa, cHnbHO soa-

CTBHOBHTCSI TpynHOflpOXO-

~bep B OCHOBHOM COCTOSI -

rpoJ1ayT no'!Til eecb 6apbep, 

•BHOM COCTOHHH~ 1.f8CTHUbi 

Maonono}f{HOM aanpaeneHHH . 

CoxpaHeHHe noToKa 

nn st C.'IY"'BH CnO>KHbiX tt8CTHU H9CKOnbKO H3M8HH8TCH 4JopMyna , onpe.nenHJOlU8H nnOT -

HOCTb llOTOK8. 

YMHO)f(HM ( I) Ha ¢~ , a ypaeHe HHe1 conpH)f(eHHoe (I), yMH OlKHM ua .P n H Bbltt -

TeM na nepeoro eTopoe, nony'IHM : 

(8) 

f!pocyMMnpyeM (8) no K ~( Q 2 ) + Q' · 
mn mn mn 

a TBK >t<e 

8HTHCHMMeTpHeli Qm• OTHOCHTenbHO nepecTSHOBKH HHneKcoe. B peaynbTaTe nony'IHM: 

~ II.<.P*.P'·-4> ¢* ') +:n Q, <.P*.P - ·.P .P*ll- o. 
d X n n n n n m<n m n m . n m (9 ) 

B enH'IHHa , CTOSI!USSI e <j>HrypHb1X CK06Kax , H onpenen!leT noTOK cnO)f(Hb1X '!SC":'HU. Bnann oT 

6apbepa Q • · 0 t H JJOTOK CnO)f{HbiX t:t8CTHU p8B8H llpOCTO CyMM8 JlOTOKOB 'IBCTHU B pa3 -

nMttHbiX COCTOHHH.RX. 

nnSI npoeepKH TO'IHOCTH 'IHCfleHHOrO C'leTa H8 M8lUHHe yno6HO fl0flb30B8TbCH <j>opMynoli 

( 91, e KoTopoll perneHHe cncTeMb1 (I) H ero conpH)f(eHHoe aaMeHHJOTCH Ha aea npoH3BOflb

Hb1X flHHellHO He38BHCHMb1X pE>llleHHH CH CT9Mb1 ( II. 

flony'IHM <jlOpMyny llflSI KOa<j><jlHUHeHT8 UpoXO)I{fleHHSI '!epe3 flOTeHUH8flbHb1tl 6apbep B 

cnyqae , Koraa ::meprHH cnoJKHOA ttacTHUbi nocTaTOLJHa nnst soa6y>Kll8HHH nepaoro ooa6y>t<JJeH

Horo coCTOSIHHSI , OrpaHH'IHMCSI TpeMSI ypaeHeHHSIMH e cncTeMe ( I). ( Cnyqatl npn6nHJ«eHH!l c 

60flblllHM 'IHCflOM ypaBHeHHI! p8CCM8TpHeaeTC!l COBepllleHHO 8H8flOrH'IHO.) flyCTb flOTOK '18C 

T HU B OCHOBIIOM COCTOSIHHH nanaeT H8 6apbep cnpaea , fp8HH'!H b1e ycnOBHSI B 3 T OM Clly'!ae 

HM810T BHll: 

•f)c X lk1x 

4> , 1 +. R
1

e 
•lk X 

¢1 A t e 
1 

<~>. R2 e 
tk

2
x 

.P. A2 e 
-lk

2
x 

( 101 

.pa ae R - Kax J 
¢3 A3e +K3X) 
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rne k t. 
2 

a v 2M ( E - & t. 
2 

) ; "a· .j:2M(&
3
-E). ( II) 

PerneaHe, ynosn <!TBopsnomee ( 10) , MOJKeT 6biTh nonyqeao KBK nHaellaast KOM6HHBI!HSI 

lll9CTH llHH9liHO H938BHCHMbiX pern e HHII CIICT9Mhl. nocKOllhKY Mbl Cp83y MOJKeM YI!OBll9TBO -

pHTb Tpe60B8HIIIO OTCYTCTBHSI cneBa OT 6apbepa pacTymel! Bneso 3KCI!OHeHThl B </> S , TO 

nocTaTO'IHO nHTH naaellao He?aBIICHMb iX perneaall. B&I6epeM r p aHII'IH&Ie ycnoBHSI nnst HHX 

cneaa OT 6apbepa cneny10WHM o6paaoM: 

r: 1 •. 1 r:1 
0 0 0 

¢;. 0 0 0 

</> • I I o I ; I 0 I : 1 : 0 : o I ( 12) 

.. J l : J. 1 :u:tE .. I 0 
2 

"'· ¢' \. "••v a . x•:a:, 

t{HcneHHO pernaSI CHCT9My C 3THMH rpaHH'IHbiMB ycnOBHSIMB 0 Mbl I!Ony'IHM CI!p8B8 OT 6apbepa 

B TO'!Ke x, 3H8'19HBSI ~YH~UHII 4>. (1); •• ; ¢. (V).; 

C I!OMOWbiO perneHHSI V Mbl MOJKeM YHH'ITOlKHTb B '19Tblp9X npyrHX perneHHSIX 3KCI!O

H9HTY B ¢
3 

, . paCTYWYIO BanpaBO C npaBOI! CTOpoHbl OT 6apbepa. Ta~HM o6pa30M, Mbl 

nony'IHM '19Tb!pe perneHHSI I' . ; •• ;.· IV' . • j nanee c I!OMOWbiO IV,. YHH'ITOJKHM B Tpex npyrHX 

pemeHHSIX BOnDy B "'· , nanaiOwyiO ua 6apbep cnpaea. C noMowbiO nony'leHHbiX Tpex 

perneRRII noCTpORM 1!88 p3W9HRSI, B KOTOpbiX Bbli!OllH9HO ewe OI!HO ycnOBR9 - OTCYTCTBR9 

BOllHbl B cp 
2 

, nanaiOmeA aa 6apbep cnesa. H, HaKoReu, cocTaBBM H3 nony'<eHHbiX nsyx 

pelU9HHII TSKYIO nBReliHyiO KOM6HR8UHIO, B KOTOpoll He 6binO 6bi B </>I BOllHbi0 1!81!810Well 

aa 6apbep cnesa. nonyqeaaoe perneaue c TO'IHOCTbiO no nocTOSIRHoro MHOJKHTenst cosnana-

eT c HCKOM&IM perneaaeM, ynosneTBOpSIIOWHM rpaRR'IHhiM ycnosastM ( 10). OcTaeTcst TOnh-

Ko HOpMHpOB8Tb B HeM 1!81!810WHII I!OTO~ B cp I R8 ei!HRHUy. ¢>opMyna l!llSI ~Oaci><I>HUReHTa 

npoXOJKI!9RRSI nonyqaeTCSI I!OBOllbHO rp.OM031!K8SI, 1!03TOMY Mbl npRBOI!HM ee B npRnOJK9HHR 1. 

l.facneRHOe pelUeHRe ypaBReRHfl B R81!paBneHRR, o6paTHOM TOMy, B KOTOpoM npoXOI!SIT qepe3 

6apbep 'IBCTRI!bi, npoBOI!HTCSI c uenbiO nony'leHHSI 6onhrnell TO'IHOCTH. B 3TOM cnyqae scno

MOraTenhHhle pelUeHRSI (12) B03p8CT8IOT cnesa RSI!paBO, K8K H RCKOMOe ~H3H'IeCK09 perne

H390 H npR ere I!OCTpOeRHR He npoHCXOI!HT 6onblliOrO naneHHSI OTHOCHT9llbHOII TO'IHOCTH, KO

TOpoe o6staaTenbHO npoacxonano 6bi npa npyroM Bbi6ope HanpasneHHSI 'IHCneaao ro perneaast. 

KoaKpe TaaSI Monen& 

nnst OU9HKH 3<j>~9KT8 8CHMM9TpHH npOHR1!89MOCTH 6bill Bbi6paH I!OT9HUR8n, n pei!CT8B-

neHHbiii HB pHc. 2, I!OCTpOeHIIbii! H3 I!BYX CTyneHeK BbiCOTOli V = 4 H V = 2. nnSI 
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o~--------------

noTeHUH8llbHbii! 6apbep, 

HOI! 'ISCTHI!bl B p83Hbl9 CTOp< 

KOaci><I>BUH9HTbl CM9IITHB8HBSI B 

pelUeRRSI CRCTeMbl ypaBR9HRII 

I!OTeRUR8llbl C I H KOaci><I>RUI! 

3TH ~YHKURR 6binli nony'leHbi 

~YRKURII R C06CTB9HHbiX 3H8< 

posaRHOM nonoJKeHRR ee uea· 

HRII X OTHOCHT9llbHO K8JKI!C 

Ubi, o6paayiOmHe cnoJKHYIO "' 

aon I!pS!MOyronhHOII S!M bl lUR! 

Q II I!llSI CTyneHbKB V • 

Hbi B Ta6nuuax. Pacqe T &I n : 

lUBpHRbl 6apbepa. npa 3TOM 

KOaci><I>RUHeHTbl CM9lUHBaHHSI p 

</> B aHanRTH'IeCK OM BHl . 
npOTHBOITOnOJKHbiX HanpasneR. 

npencTaBneHa Ha pac. 4,5 • 

ITpoXOJKI!eHHSI B p83Hble CTOp 

TOHHHR MoryT pa3nHq8TbCR I 



(I I) 

nHHeAB8 H KOM6HH8UHH 

a3y MO*eM yaoaneTeo-

xcnoaeHT bl B </> 8 , TO 

H b!O y cnOBHH A nH HHX 

(12) 

v 

nyqHM cnpaaa oT 6 apbepa 

a pyrax pewe&HHX axcno

TaxHM o6pa3oM, Mbl 

tqTOJKHM s Tpex apyrax 

UbiO nonyqeHHb!X Tp9X 

y c nOBBO - OTCyTCTBHO 

M H3 nonyqeHHbiX ABYX 

</>I BOnHhl, U8Jl810UlOA 

r o MHOJKHTena coanaaa

aM ( 10). OcTaeTCH TOnb-

yna ana xoacjlcjlnuaeaTa 

)!1HM ee B npanOJKOHHH 1. 

<OTOpoM npOXOART qepe3 

•· B aTO M cnyqae acn o

OMoe ~aaaqecxoe pew~ 

CHTenb HOA TQq HoCTH, KO -

.HH tiHCR 8 H HOr O p eWeHHH. 

noTe HuHan , npencTaa-

4 H v = 2. n nll 

l 
·J 

E 

- - - -- - - - -- - - --- ..--------------· 

E-£.'3,·2- - - - - - - - - -

oL----------------L------------------------------------. 

p H C. 2 

noTOHUH8nbHblA 6apbep, AnH KOToporo BblqHCUOHbl KOacjlcjlBUHOBTbl npoXOlKA9HBH CnOJK

BOA qacTBUbl B pa3Hbl9 cTopoab!, IIJapaaa 6apbepa H3MeaKnacb, B o6nacTB a +:.!L < x < a--f, 

KOacjlcjlHUBOHTbl CMOW HB8HBH B CBCT9MO ( 1) p8BHbl Hymo, 2 

peweHHH CBCTOMbl ypaBH9HBA AnH ~YHKUBA HOOtlXOJlHMO ,6b !UO BbJqacnHTb acjlcjleKTHBHb19 

UOTOHUB8nbl C1 B KoacjlcjlBUBOBTbl CMOWBB8HBR Q11 B K 11 , BXOARUlBO B STy CBCT9My. 

3TH ~YHKUBB 6binH nonyqeHbl qacneHHb!M p0WOHB9M 38Jlaqg Ha H8XOlKAOHBO C06 CTBOHHbiX 

~YHKUBA B COtlCTBOHHbiX 3HaqeHBA ana BHyTpOHHero ABHlKOHBa CnOJKHOA qaCTBUbl npH ~HKCa-

poB8HHOM nonOJKOHBH ee UOHTpa HHOpUHH X • Peweane 3TO npoaoaanocb JlnR 20-n 3aaqe~ 

HHI! X OTHOCHTOnbHO K8lKAOA H3 CTyn e aex, noTOHUHan 1 CBH3 biB8JOlllB A !189 qaCTH-

Ubi, o6pa3y10ma e cnoJKHY IO qac Tauy, B b i 6 apancH ana ynpomeaaa pacqeTos a saae 6ecxoae'l-

HOI! UpHMOyronbHOtl HMbl WBpHHOA rr • Ha pac. 3 n p ase a e H b l rpa~HKH xo~~auaeaToB 

AnH CTyU OHbKH V • 4 , 8 3 Haqe HHH 0
1 

H Q
11 

am• o6eax c T y neaex npaaeae-

H bi a Ta6nauax. PacqeTbl npoaauaeMOCTH 6 apbe pa npoaoaanHc b anH pa3nB'IHbi X 3 aaqeaatl 

W HpHHbl 6 apbepa, npa 3TOM M bl HCUOnb30BanB TOT ~8KT, 'ITO B o o naCTH a + · .::..._ <x< b - · " 
2 T 

KOacjlcjlHUHOHTbl CMOWHB8HHH p a BH bl HyniO H MOlKHO UpOCTO nony'IHTb p e WOHHO y p8BHOHHH Anll 

cpa B 8H8nHTH'IOCK .OM BHA O, 3aBHCHMOCTb KOacjlcjlHUHOHTOB UpoXOlKAOHHll '10 p93 6 a p bep B 

npOTHBOUOnO JKH b l X H8Up8 BnOHHHX Upll 3 HeprHH E • 6,01 OT aenH 'IHHbl 6. • · b -a 

n p eacTaaneaa u a p 11c . 4 ,5 • 113 pa c . 4,5 BHJlHO, 'ITO Jln H Bb!6pauaoll Moaena xo~~HUHOHTbi 

n poXO lKAOHRll B p83H b l 0 C TOpOH bl n p R U8!1 0 BHH CnOJKH b l X '18CTHU 8 8 6apb e p B OCHOBHO M CO C 

T OHH HR M OryT p83n Hq8TbCll B ~ 3,5 p83 8 ( B B036YJK!10RHOM - B • 600 pa3 ) , 
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Q,j 

OJ 

O,S 

0,1 

0,& 

o,r 

0,\ 

0,, 

0,2 

0,1 

I 

I 

I 

I 

I 

I 
' I 

,., 

\ Q2l 
I 

I 
I 
I 
I 

·7·\ ~--1
1 ·~ , . r . 

/ ' / \ I / \ 

I 
I 

\ 
I 

' / \ I I ' ' \ ' \ 
a~. I

I ~~"' I ' \ ~ 
,' / \\ \ / ~a 

' ' / ' \ I I \- O, h 

! '/ \ >,-. .,./'\ .... / / 
;- / ' / \ \ / ' r~ ~· ·~ , ~ 1 ' \ ' . 

' \ / \ ' , 'v 
""-......___.... ' 

•0,1 

-o,z 

· 0,) 

-0,\ 

.o,r 

K oacMmu n eHTbi CMeUJHBBH ust 

nmt c no)tmofl 1.JBCTIIU bi pa.:n .. tepa rr. 
Q;j 

' 

p II C , 3, 

anSI noTenu nanbJ-IOro 

\ 
""-- /-" / --/ ·..___./· 

6apbe pa V(x) a I ~ x<-i-
x> " -,-

Y1TaK J 4BCTJHlhT npoxo.nstT 't c pe.J 6apbep n e rl1e cn pR Aa Hnn e no , ecnn nanaiOT 11a t5apbep e 

O C H O DBOM COC T OSJ IHfH , If B o6pllT IIOM H 8 fl j)8BJW HUU, eCnll llEI /lliiOT 11 8 t5apbep B B03f5y>KJl91I -

H O M COCTOSlHUD . C pOC T OM f!O Jl HOii 3 Hf' lH"HH E 'IBC T Hil p83HUI1 8 B KO~¢nuneHT8X n p OXO>K -

neHJH t n pa3H nie CTOpoHLI yMCHbmacTc s-J . 

10 

I; 

l c:v:~ .. 

o,1j.\ ( 
0,& 

o,s 

OA 

0,3 

0,2 

0,1 

\~~y 
\ ' . I \__ . 

0' ·-:5-::----<----+-~-; 

/0 

Koa¢¢nuneHTbi npo 
CnO)I(H biX l.JBCTHU 1 llBLlB IO 

.O.nJI t{8CTHU 1 08Ll8JOWHX ( 

YKaaannbiR e pa6o 

TbiBBTb pa3HHUY B eepo1 

B n,apa H BbiXOLl8 HX H3 

HYKIJOH HrpaeT ponn 6a~ 

Bo3MO>I<HO TBK>Ke, 

O.oHJtM lf3 Ba>KHLJX Mexa 

-1 MOnexyny ) n ponyc1 

XO B npyry~. noK8 060~ 

E c nH Mbi npencTaf 

KOM 0Bif>K9HHII, BHeCeHa 



>pbepa V(x) • I 

::m-t ITA/18 IOT liB (}apbep B 

na 6apbep s soa6y>KneH -

a n Ko3¢¢nuue uTax npoxo>K -

1 

l 

0,9 

0,8 

0, 1 

0,, 

o,s 

a, ~ 

0,3 

0,2 

0,1 

0 

·'"\ . r~ 
\ 0'" 

\ 
<;[)_ 

I \ \ \ \ I ' ' I J . I 
\. ./ 

' 

\ .... / \ \_. 
'--"' 

p " c. 4. 

Koa$PHuHeHT bi npoxo>K.aeHIHr "'epea 5apbep, npe.acTaaneHHbif~ ua pHc. 2, n.nSJ c'tfciJ.BR 
CnO)KHbiX '48CTHU , na.QBIOWHX H8 6apbep B OCHOBHOM COCTOSIHHII . Koa$$H ~~H9HT D 

.nns=~ ttacTuu , na.naJOmnx cnpasa, D _ocn - a nH 'iBCTIUl , nan.aJOmux cne aa . + 

3aKnJO 'ieu n e 

Yxaaa Htrbin a pa5oTe 3¢$eKT nMeeT OTHoweuHe K s:~.aepuoA <f>na uKe. TaK, Hy>Kno y "'H-

T biBBTb p83HHUY B B9pORTHOCTH IIpOHHKHOB9HHSI -"'BCTHU (u Oonee cno>KHbiX 'IBCTJ.Iu) 

B SUI.pa H BblXO.!l8 HX H3 SJ.!t9p. To >K9 OTJ-JOCHTCSI H K HyKnOH8M
1 

fl0CKOnbKY B 3 TOM Cnyttae 

HyKnOH HrpaeT pOnh 6apbepa, 8 SUlpO - CnO>KHOJ1 l..fSCTHU bi . 

BoaMo>Kuo TBK>K e , 'iTO 3Q>¢eKT noasonHT noiHJTh n eKoT opbJe 5noci>H3JPiecKue fi' BneHJIR. 

0.0HJfM H 3 B8}f{HLIX MeX8HH3MOB .>KH3Hlf S!BilReTCR CCTOC06HOCTb TOHKHX rrneHOK ( T OnllBtHOJi B 

-1 MoneKyny ) rrponycKaTb MoneKynbt HeKoTopbiX aewecTa xoporno s oauy c To poHy n rrn o 

xo B llpyrylO. noKa 06'b f! C H 9 HIJR 3 T OMy RBI19HHJO He 6blll0 ll8HO . 

EcnH Mbl rrpellCT8BHM ce6e , l!TO B cpe,ay CllO>KHbiX l!8C TIIU , HBXO!lRWUX CR B X80TH .. I9C

KOM llBH}f{eHH U, BH9C9H8 1.f8CTHUa , B38 HMO!l9ti:CTBYK>W8H C '18C T11U8MH Cp9!lbl 'l.epea HeCHMMe -

II 



0,1~ 1 ,•. 

(\ 
.}~- .. (\ {\ (\ . . . o,l, 1 I ' 

O,lt •\ !Z)_ 

I \ ! \ 
I . 
. \ I 

o,, 1 ·• 

I \ 
. 

I \ I o,1o ~ 1 ! \ . 
0,011 \ I \ 
o,os 

0,01 f I I \ 
! \ I \ I 
I 

. I \ I \ . ··:h I \ 

oot ~ / 

I I \ 
. 
I \ ) 

\... 
0,03 

o,oz 

0 , 01 

() 

~ % ,. ... •,Jy 

p H C, 5, 

Ko a<l><lmuueuT npoxoJKneun• 6apbepa {j:..c. 2) D 
8036 

u D 
80315 

"fast cno>KHhtX lf8CTHU, na.naromHx HB 6apbep e soa6y>K.D.e~HOM cocTOSIHHH . 
.anH cny-

TpK'iHbtA: DOTeHUMB.n. TO BBH.O.Y HeCHMMeTpHllHOti lTpOHHUBeMOCTH . HB 3Ty ttBCTHUy C OllHOP.: CTO 

pOHbl 6y,neT OK83biB8TbCH 6onbWee llBBneHHe, 'ieM C lTpoTHBOJTOnO>KHOA:, H "18CTHU8 H8'1HeT 

naHraTbCH. TaKoA •KBBHTOBbiA .llBHTBTenb"' , eoa~o>KHO, noaaonnT noHHTb HexoTop&Ie ynopSI -

JlO'IeHHbl9 .UBH>K9HHfl 1 B03HHK8lOWH e B KneTKBX H T • .Cl. 

AaTopbl Bbtpa>KaJOT 6onhwyJO 6naronapaocTb C.H. Coxonoay, a nu:cxyccHHX c KOTOpbiM 

aoaHHKnn uneu, uano>KeHHble a JlBHHOR pa6oTe, a TaK>Ke M.A. Kac MM>Kanoay aa HHTepec K 

pa6oTe u nonean&Ie o6t:y)K.aenu:st . 
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.4 

<l>opMyna nm1 KoS<jl<jmr 

llnH aoa6y~eBHH nepaoro 

Horo B HHTepaane 0 ~ x 

HOBHOM COCTOHIIHH 

rne 

2 (AI~I I.JJ I 
\A\ ~14 t 2-B,Jj 2 -A: 

B cnyqae, Korna qac 

Mynhi (tnt) aMeeM: 

rne 

I 
. . 2 (A' 11 A ' \~ · 14 2,-;t -



r r·, . \ 
! \ i 

\ I 

D ooa6 

(HH. 

\ I 

I I 
\ . 
. ) 
\.. . 

anst cny-

I 

qaCTHUy C O.QHOP. CTO 

n, H qaCTHU 8 H8qHeT 

HTb HeKOTOp~e y nO pH -

llHCKYCCH9X C KOTOpbiM 

*BHOBy 38 HHTepec K 

11PI1nO)KEHI1E 

$opMyna nnn Ko~¢nunenTa npoxo~eHHH cno~no~ 'iSCTHUbi c aneprneA, nocTaTO'iHOA 

nnn ao36y~eHHn nepaoro B036y~neHnoro cocTonnnn, noTeHunanhHoro 6aphepa, pacnono~eH

Horo a HHTepaane 0 ~ ' x ;:;, x 1 , nnn cny'ian , Korna qacTHUbi rranaiOT na 6Aphep a oc

HOBHOM COCTOHIIHH 

( 1 I1l) 

rne 

' '( 1 112) 

( 1 !13) 

I A ' · l~-
2 

( 1 114 ) 
I An If + I s" I 0 

2 • 

B cny'iae, Korna qacTnua rranaeT na 6apbep a ao36y~nennoM cocTOHHH H, aMecTo ¢op

Myn&I ( 1 11]) HMeeM: 

0 a ( 1115 

rne 

( 1116) 
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BenH<tHH bi 

lA'/. 
I · 2 1 · 2 

I A 1 1· +I a 1· 
I fJ(I . 1~+ · 1 a11 r• 

I I 

2 

I A'2l e I . 

A 
I Bl HM9IOT BH.O: 

I 

A 1 
I , It . II 1 , I 

( </> I + </> j ) Sink I X r + ( k I</> I - k; </> 1• ) COS k I X r , 

I ( H 1 ,1 I , 11 ) 
B ~ k ¢ - -</>j·)sink 1 x

1 
+ (¢ +¢ · cosk 1 x

1 
, 

1 1 1 k 1 1 1 

II k 2 IV III III IV 
A 1 ~-· (-¢'· +¢ )sink

1
x + ·(k ¢'· -¢ )cosk

1
x, , 

k ' r ~ 1 1 
1 

II Til IV k IV III 
B c (k 2 ¢'·- ¢ )sink x + ·(.J. ¢'· +</> )cosk x 

t 1 1 t r k 
1 

1 1 r 

I k II I II 1 I 
A =-{::..J. ¢' · + ·¢

2 
)sink

2
x + ·(k ¢ - _ ¢' · )cosk x , 

2 k
2 

2 I 1 2 k
2 

2 2 I 

I 11 1 ,t . I k ,11 
B

2
= · (k

1
¢ --</>·)Sink x - (¢

2
+ _2..cf> )cosk 2 x

1 2 k
2 

2 2 I k ~ ~ 

An= · -{</>'~v + </>Ill )sink x 
2 2 2 2 r 

IV 1 ,Itt 
+·(k ¢ - · _ ¢ · )cosk 2 x , 

2 2 k
2 

2 I 

II IV 1 III III 1IV 
B" = (k 2 ¢ 2 - · T ¢

2
' · )sink 2 x

1 
+ (¢

2 
+ ¢

2 
)cosk

2
x 

(1m ) 

( lfl8) 

EcnH 9Hepruu cno~HoA qacTHU bl HeaocTaTO<tHa anH ee so~6y~aeHHH , To <!>opMyna anu 

Koa<!><!>uuueHTa npuo6peTaeT npocToA sua: 

rae 

4 
D e 

II I 2 I 11 2 
(k 1 b -a ) +· (b +· k 

1 
a ) 

I 

</> 1 (x, )sin(k 1 x ,>+f</>'i (x,)cosk
1 

x, , 
1 

b
1 

= ¢ 1

1
(x

1
)cos(k

1
x

1
l-'lz;¢' i (x 

1
)sink

1
x

1 1 

II II 1 , It 
¢ I (X I ) sin (·k 1 X I )+.f-<Pk j (X I ) cosk I X 

I I 
a 

II rr II 

b ~ </> I (X I )cos (k t X I )-f,cf>'j (X I ) sin k 1 X I • 

14 

( lfl9) 

( l fiiO ) 

1, I!.Jl. I!aHaay, E,M, I!u<!>rr 

2, B. H. 3axapbes, C. H. Co• 
HbiX <taCTHU. flpenp 

3, B. H. 3axapbeB, C.H. Cot 
qacTHuax. flpenpHH' 

4, B. H. 3axapbeB, C.H . Co1 
npnHT OvHHI, P-1 

5 , B. H. 3axapbeB, P.K. Ka1 
P-1818, Jly6Ha, I~ 



cos k 1 x r , 

I ' 

1sk 
1 

x 
1 

, 

•S k X 
I I 

cosk x 
2 I 

)cosk 
2 

x
1 

, 

oosk x • 
2 I 

( 1n7) 

(HIS ) 

Ll9HHll , TO <jlopMyna !liTH 

( HI9) 

(1 ntO) 
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1. fl .ll. flaaaay, E.M. flH<jlruau. KaaHTOBal! MexaHHKa, § 25, <I>H3MaTrHa, 1963. 

2. B . H. 3axapbea, C, H. CoKoT.oa. 3 <jl<jleKT ycaneaaotl npoaHuaeMOCTH 6apbepoa an11 cnoJK
HbiX qacTHU. npenpHHT 011 51 11, P -1473 , lly6aa, 1963. 
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T a6nHn a I 

J{o :3 QX~>1l\H eHT bl c, H Q,l 
{

0 npH x< " 
ARH TIOTeHUHaRbHOrO Clapbepa C~ 

4 
:~ 

llpH X 2 

x/rr (.'; 
I 

c. ca Q 1 2 Q 81 Q!2 

--------------------------------------0 1 4 9 0 0 0 
0,05 1,001 4,055 9 ,104 -0,0)684 . 0,02115 -0,061 

0,1 

0,15 

0,2 

0,25 

o,J 

O,J5 

0,4 

0,45 

0,5 

0,55 

. o, 6 

0,65 

0,7 

0,75 

o,8 

0,85 

0,9 

0,95 

1,0 

1,0)2 

1,115 

1,22) 

1,)5) 

1 , 524 

1,701 

1,87) 

2 ,06) 

2,)22 

2 ,62 

2,95 

J,J)J 

4,067 

5 

5,405 

5,16) 

5 ,017 

5j 004 

5 

4 , 148 

4,447 

4 , 690 

5 ,1J1 

5,451 

5,696 

6,127 

6,599 

6,791 

6,688 

6,712 

6,725 

6,977 

7,727 

8,258 

8 1ll7 

8,021 

8 ,01 

8 

9 , 246 -0,1286 0,0691 -0,2015 

9 ,612 -0, 2122 0 , 1095 -0,)188 

10 1 055 -0, 2952 0,1J62 -O,J95J 

10,)5 -O, J5 0 114)4 -O,J995 

10 , 725 -0,)867 0,1172 -0 ,))29 

10,6)) -0,4217 0,0607 -0,1698 

10,704 -0,4157 -0,0234 

10,906 -0,3849 -0,12)7 

11,104 -0,)2) 9 -0, 218) 

11,418 -0, 2229 -0, 2741 

0,0607 

0,266) 

0,3247 

0,2065 

11,69 -0,0)93 -0,2629 0 1 0258 

11,974 0,1787 -0,1761 -0,0555 

12,002 

12,046 

12,318 

12,68 

12,843 

lJ,008 

lJ 

16 

0 1 5165 -0 1 0)2 -0 1 0231 

0 1 8363 0 11)67 0,1649 

0,8092 0,2224 0,4109 

0,4954 0,194) 0,4914 

0,1929 0,0964 0,289 

0,057 0,0293 0,0819 

0 0 0 

TaelJmga 2 

{

0 npH x< 11 

l{osqxpHl\HeH Tbl C, H Q
11 

ARH TIOT8HIJ.HaRbHOrO 6a pbepa C = 2 7; 
npH x <

2 

---------------------------------------------
x/rr c, c. ca Q,. Q 81 Q 82 

------------------------------- ---------------
0 

0,05 

0,1 

0,15 

0,2 

0,25 

o,J 

O,J5 

0,4 

0,45 

0,5 

0,55 

0,6 

0,65 

0,7 

0,75 

0,8 

0,85 

0,9 

0,95 

1,0 

1 

1 

1,02 

1,04 

1,12 

1,21 

1,29 

1,41 

1,52 

1,65 

1,81 

1,98 

2,17 

2,40 

2,7) 

2,86 

2,99 

2,99 

J 

) 

) 

4 

4,01 

4,07 

4,20 

4,)5 

4,54 

4,7) 

4,92 

5,09 

5,14 

5,19 

5,19 

5,20 

5,25 

5,4) 

5,58 

5,81 

5,98 

5,97 

6,005 

6 

9 0 0 

9 -0,025 0,015 

9 ,1 -0,06947 O,OJ6 

9,25 -0,125 0,055 

9,50 -0,18)7 0,077 

9,69 -0,2) 0,085 

9,74 -0, 2496 0,0511 

9,74 -0, 245 0,005 

0 

0,05 

O,ll 

0,16 

0, 216 

0,220 

0,126 

0,02 

9,76 -0,226 -0,0484 -0,0806 

9,87 -0,18 -0,1 -0,1) 

10,01 -0,1277 -0,142 -0,0922 

10,17 -0,025 -0,165 

10,35 0,115 -0,117 

-0,02 

0,0472 

10,)7 0,201 -0,06 0,07 

10,4 0,)64 0,015) -0,0189 

10,46 o,J96 o,o82 -0,1J5 

10,59 o,J12 0,102 -0,2J1 

10,72 0,174 0 ,079 -0, 224 

10,92 0 1 080) 0 1 041 -0,125 

10,97 0,0250 0,015 -0,05 

ll 0 0 0 


