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Mamemamuka

YK 517.95.958

A. B. AJIEKCEEBA

(2+1)-MEPHOE HEJIUHEHHOE UHTETPO-IU®PEPEHIIUAJBHOE
YPABHEHMUME AS 1 EIT'O COJIMTOHHBIE PEINEHUSA

Wucturyt marematnkn MOH PK KH, r. Anmvmatst

Iocmpoeno (2+1)-meproe nenunetinoe ypasvenue A5, Haiioenvl e2o 1-, 2- u n-conumontvie peueHuss Memooom
Xupomul.

Xopomo u3y4eHbl OJAHOMEPHBIE CONWTOHHBIE YpPaBHEHMs, TaKM€ KaK HEJIMHEHHOE YypaBHEHHUE
pénunrepa, ypaBHenue sin-I'opnoHa n knaccuyeckoe ypaBHeHue Koptesera-ne ®@pusa [1-3]. Bece onn
ABILIFOTCS YHUBEPCANbHLIMY MATEMATUUYECKUMHM MOJEISIMH, TaK KaK ONMUCBHIBAIOT MHOTHE (U3UUECKHUE
3aJa4ld O HEJIMHEHHBIX BOJIHAX. Teopus MHOTOMEPHBIX 3BOJIOIMOHHBIX ypaBHEHHH B IMOCIEIHEE BpeMs
ABJISIECTCS PEIMETOM HHTEHCUBHBIX HccaenoBanuii. B 1970 roxy Obu1o momyueHo ypaBHenue Kagomuena-
[TerBuamBuinu [4]:

(um +6uu, +u, +ut) —u, =0,

X

roe u=u(x,y,t) — A0CTaTOYHO TafKas QYHKIHUS, IS C7Ia00 HENWHEHHBIX IMHHBIX BOJH B JUCIIEP-
rupyromux cpenax. B 1984 roay 6sm10 npemioskero ypaBaenne Becemora-HoBukosa [5]:

u,=(uV). +(uV)Z +u,, U,

rae V. =-3u_,z=x+iy,u=u(z,t) — JOCTaTOYHO IIajaKas (yHKIHs, KaK IByMEPHOE MHTEIPUPYEMOE
pacmupenue ypaBHeHHs Kopresera-ge ®pusza. OTH ypaBHEHHMS MOXKHO Ha3BaThb YHHMBEPCAJIbHBIMH,
MIOCKOJIbKY OHHM TaK JK€ ONHCBHIBAIOT MHOTHE 337add O HEIMHEHHBIX BOJHAX, BO3HMKAIOIIHME B PAa3HBIX
¢busnuecKkux cUTyanusax. Takod MOAXOJ MO3BOJIAET HAXOAWTh HOBBIE MHOTOMEpPHBIE 3BOJIOLMOHHBIE
YpaBHEHUSI, YUUTHIBas CIICHU(PHUKY U CBOMCTBA COJUTOHHBIX ypaBHeHUi. Takum obpazom, JI. I1. HmwkHuk
NPEASIOKHUI MPOCTPAHCTBEHHYIO ByMepH3aluio MoauduiupoBanHoro ypaBHeHus: Kopresera-ne @pusa
([6], c. 188):

1
U, =+, +(vi) +(wu), _E(Vy +w, )u,

roe vV, = 3(142)

HaWJICHO MCXOMAS W3 BO3MOXKHOCTH CYIIECTBOBAaHHWS sl Hero mapbl Jlakca, KOTOpas, B CBOIO OYepe.b,
MO3BOJIIET PEIIUTh 3TO ypPaBHEHHE METOJOM OOpaTHOW 3ajauM paccesHus. B paboTe mpeactaBiIeHO
(2+1)-mepHoe HenmmHEHHOE WHTETpo-muddepeHnnaIbHoe YpaBHEHNE B YAaCTHBIX MPOM3BOTHBIX AS, W
Haﬁl[eHBI €T0 COJIMTOHHBIC PCIICHUA.

Hwmxe mox In ¢ Oynem moHUMAaTh (GyHKITHAIO

ln(p=1n|(p|+iarg(0, —r<argp<r.

2
W, = 3(“ )X ,u=u(x,y,t)— mocratoyso riankas QyHKOHS. DTO ypaBHEHHE OBLIO

Vv

CrnenoBarenbHO, 00JIACTb 3HAYEHUS (QYHKIUH ¢ TPEACTaBiseT co0OW OIUH JMCT PUMAHOBOW MOBEPX-
HOCTH.

[t BBIBOZIa IPOCTPAHCTBEHHO JBYMEPHBIX HEIMHEWHBIX YPABHEHUH MBI BOCIIOJIB3YyEMCSI CBOMCTBAMU
COJIMTOHHBIX ypaBHeHHH. COJHMTOHHBIE ypaBHEHHsI MMEIOT OWIMHEWHYI0 (opmy, KOTOpas MO3BOJISET
MOCTPOUTH UX N-COJIINTOHHBIE PELIEHUS, HCIIONIb3YsI METOA XUPOTHI.

— 3
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PaccMoTpuM KOMITJIEKCHYIO IPOCTPAHCTBEHHO IByMEpHYI0 OmnHelnyo Gopmy H1:

(D.D, + DD} )(¢-9) =0, (1)
rae @ #0, @ = @(x, y,t) — 10CTATOYHO IIajIKask KOMIUICKCHO3HAYHAsK (pyHKIIUSL,
D.D,(¢9)=2(¢0.0-0.0); @
DD} (¢ 90)=2(00y@ =200, + 0.0, — 20,0, + 20}, ). (3)
IMoxcraum (2) u (3) B ypaBHeHue (1), yMHO)XHUM 00€ YacTH TOJIYYCHHOTO pPaBEHCTBa Ha (/)‘2 ,
MOy YUM
20,0~ 0.0)0" +2( Py 0= 20,0, + 0,0, ~ 20,0, + 202 )97 =0,
WITH

2(0,0-0.0)0" +2(00, 0~ 20,0, + 0.0, 20,0, - 20, ) +

2 2 —4

1207 (20,0, +80,0,0, + 20,0, ) - 120,00 +8(000” —20,0,0,0" + Plpj0 " )+

2 2 —4

+4(0,0,0" + 000" —0 . 0l0” — @00 ) =0.

Taxum 0OpazoM, uMeeM
20,0, (Ing)+20°9* (In ) +8(2,0, (In @) +40> (Inp)2* (Ing) =0, )
rae

20.0,(Ing)=2(p.0-0.0,)9",
20%0) (IN9) =20, @~ 20,0, + 0P, — 20,0, — 20, )0 +

2 2 4

1207 (20,.9] +80,0,0, +20.0,, ) -120}0}0™,
8(0,0, (Ing)) =8(¢0 > ~20,0,0,0° +00°0 ™),

403 (Ing) o} (Ing) = 4(0.0, 0" +0}0}0™ ~ 0, .010” ~0l0,07).

[ponnddepennmpyem obe yactu paBeHcTBa (4) k — 1 1Mo mepeMeHHOW x W [ pa3 Mo MEepeMEHHOH .
[MTocne HEKOTOPBIX PeoOpa30BaHUH MOTYYHM

0,[ 200, (In ¢) |+0,07 | 26:2, (In p) |+
+040,180;(2,0, (ng))" |+ 020! [49;' (22 (1n )2 (Ing)) ] =0. 5)
Baenem o0o3HaueHne
y =200, (In 9),

rne k+1=2,k,1=0,2, =y (x,y,t) — HOCTATOMHO TJajKas KOMIUIEKCHO3HauHas (QyHKIms. Torma

ypaBHeHue (5) mpuMeT BU
2 kAl
Oy +0,0,y+0,0,d=0, (6)

TIe

2
2 2
®, =8(0,0,(Inp)) +40; (Inp)2: (Ing).

VYpasuenue (6) mpeacraBiseT co0OW OOmMUH BHA TPOCTPAHCTBEHHO ABYMEPHOTO COJHUTOHHOTO
ypaBHEHUs1, OPOXIeHHOTO OunuHeitHoi dhopmoit H1(1). OtMernm, uto ypaBHeHHE (6) SBISETCS Tak ke
KOMIIJICKCHBIM IPOCTPAHCTBEHHO IBYMEPHBIM OOOOILICHHEM KJIaCCHYecKOro ypaBHeHHs Kopresera-ie
®puza

— 4 —
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u +u . +6uu, =0, (7
rae # =u(x,t) — JOCTaTOYHO IIajKas IeHCTBUTENbHAS (DYHKIIUS.

B kadecTBe npuMepa NpuBeneM CICIYIOLIMN pPe3yIbTar.
Omnpenenenne. KoMiuiekcHOe HeNMMHEHHOE HHTETpO-auGdepeHInalIbHOE YPaBHEHHE B YaCTHBIX
MPOM3BOJHBIX BUA

2
Wt +nyy + Z(U )x + ((//V)x = 09
rne V= (/898 U, = VY=Y (x,y,t) — mocTaTo4HO riagKas KOMIUIEKCHO3HAYHAS (YHKIHUS, HA30BEM

ypasHeHuem A3.
Teopema 1. Ilycts y =2(Ing)  — uactHoe pemrenne ypasaenust AS, rae @ #0, ¢ = o(x, y,t),

v =w(x,y,t) — DOCTAaTOYHO TJaJKHE KOMILUIEKCHO3HAauYHble (pyHKmuu. Torma ypaBHeHHE AS MOKHO

npencTaButh B Bue Gpopmel H1. M Haobopot, hopme H1 cooTBeTcTByeT ypaBHEHHE AS.
Joxka3areinbcTBo. Heobxooumocms. Ilycts y =2(In¢@) — yactHoe pemeHne ypaBHeHus A5, riae

p#0,0=0(x,,t),y =w(x,y,t) — IOCTATOUHO IJaJKHe KOMIUIEKCHO3HAUHbIE QyHKImH. [TogcTaBum
3HaueHre (YHKIHUU | B ypaBHEHHE AS, MOTyduM
V=2(Ing), +c,(y,0)x+c;(y,0), U=2(ng), +cc(y,1).
Bo3bmem
C4(y’t) = Cs(yat) = CG(yat) = 0
Torna

2(ng),, +2(ng),,,, +8 (((m 0,) ) +4((ng), (np),, ) =0.

IpounTerpupyem o0e 4acTH PABEHCTBA MO IEPEMEHHOW X NpH ycioBuH C,(y,f) =0, mnomyunm

ypaBHEHHE
2

2(Inp),, +2(Ing),,, +8((lng),, ) +4(ng),(ng), =0, ®)

rac
2(Ing) , =2(p.0-0.0)0", ©)

2(Ing)  =2(0u? 200,90, + 9.0, — 20,0, - 20, )0 +
207 (20,.9] +80.0,0, +20.0,, )~ 12¢}0,0™, (10)
2

8((np),, ) =8(0%0 " —20.0,0,0” +0i0}0"), (11)
4(Ing) (ng) =4(0.0,0°+0:007 -0 00" —0lp,07). (12)

IMoncrasum (9)-(12) B ypaBHeHUe (8) 1 YMHOXKUM 00€ YaCTH PaBEHCTBA HA (02 , TIOJTy9UM PaBEHCTBO

20,0~ 2.0)+2( 00?2000, + 0.0, — 20,0, +20,,) = 0.
OTtkyna umeem
rae @ #0, @ = @(x, y,t) — 10CTATOYHO IIajIKasi KOMIUICKCHO3HAYHAST (pyHKIIUSL,
D.D,(¢-9)=2(p,0-0.9,),

DID} (0 0) = 2( Py @ = 2000, + 0.0, = 20,0, +207, ).

— §
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Yto 1 TpeOOBAIOCH TOKA3aTh.
Hocmamounocms. PaccMOTPUM KOMIUICKCHYIO IPOCTPAHCTBEHHO JBYMEpHYIO OWIMHEIHYI0 (hopmy
Hl. Crnenys BblmeykazaHHOMY MeETOZy, BeiBomuM ypaBHeHue (8). [Ipomuddepenuupyem obe wacTu

paBeHcTBa (8) 1o mepeMeHHo#t y u BBeaeM obo3Hauenne W = 2(In @) . . Torna ypasuenue (8) npumer By
2
Wt +V/xyy + 2(U )x + (l//V)x = 03

e V., =y U =y . y=y (x,y,t) — mOCTaTOYHO IJAIKas KOMIUIEKCHO3HauHas (yHkims. Teopema

1 1oxa3aHa MOJIHOCTHIO.

Teopema 2. YpaBHeHrne AS sBISETCS KOMIIICKCHBIM IIPOCTPAHCTBEHHO BYMEPHBIM 000OIIEHHEM
KJtaccudeckoro ypaBHenus Kopresera-ne @pmsa (7).

Joka3zatenbcTBo. [I)11 10Ka3aTeNbCTBA TEOPEMBI 2 JOCTAaTOYHO IMOKa3aTh, YTO CYLIECTBYET TaKoe
npeoOpazoBaHue

x=a;x+a,y', y=a,x+ayy', t=t', (14)

KOTOpoe TepeBoauT ypaBHeHne AS B ypaBHeHue (7). [lelicTBUTENhHO, HAWEM YaCTHBIE MTPOWU3BOIHBIC
byHKIANH

y=y(x,yt), U=Uxyt), V=V(xy1),

W=Wwxyt), Q=0xy1), F=F(x),1)
1 BO3bMEM

w=v(x,t"), U=U(x"t"), V=V"(x.t"),

W=w (x.t), 0=0(x',t"), F=F (x't")
rae

v=v(x',t"), U’ :U*(x',t'), V= V*(x',t'),

Wi =w'x,t), O =0"(t), F =F (x,t)

— JOCTATOYHO I'NIaAKHNC HeﬁCTBHTeHLHLIe (l)YHKLII/II/I, T.C.

v, =U, =V, =W,=0,=F,=0.

Tornma
2 2 2
V=V, l//xyy - a|11246|1322 Viwxts 2(V2)x B |/;|lla222 4VVx" (‘//Wx )x ) |‘j|;222 2VVx"

IloncTaBuM yacTHBIE MPOU3BOIHBIE B ypaBHEHHE AS, TOTYyYUM

2 2
a,,a a
1242 12 _
VotV 6w, =0. (14)
4 [Ala»
Cormoctarisis ypaBaeHnue (14) ¢ ypasaenueMm (7), MpUXoaIuM K BEIBOIY
2 2
a,a a
v=u, 2o 322: 21
A ey
Otkyna umeem
a,a
v=u, a,=——==1
a, —1

CrneoBaTeNbHO, TIPH YCIOBUH
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a, +a, =1, a,+a,=0,

Win
a,—a, =1 ay,-a,=0,

ypaBHenue (14) coBnagaer ¢ ypaBaenuem (7). Teopema 2 nokazana.
HUcnonb3ys meron XupoTsl, HAXOAUM peleHus onnuneiioi gopmer H1.

Teopema 3. [lycts 4/ mpoGeraer 1o BceM HaGopam u; =05 j=1N,

n,=ax+py-apit+n”, j=LN,
o :ai_aj _(ﬂi_ﬂjxaiﬂj+ajﬂi)+ﬁiﬁj(ai_aj), a,£a,, i% ], i,j=r
a; +a; (ﬂﬁﬂjxaﬁj+“jﬂi)+ﬁ[ﬁ.f(%+“.f) '

Torna yHKIHS

N N
Oy = Z eXp(Z/uini + Zlui/'l_jAg'jj

4 =0,1 i=1 I<i<j

sBiseTcs pemenueM ypasHenus H1 (1).
Teopema 3 Obuma noka3zaHa Hamu paHee. B cuminy Teopembl 3 moiy4aeM 1-CONMTOHHOE pelIeHHE
(2+1)-mepHoTrO ypaBHEHHS AS:

vy =2(Ing) . plx,y.0) =1+,

b

2-conuToHHOE pemieHue (2+1)-mepHoro ypaBHeHUs AS:

l//(x’y’t) :2(11’1(0),0C 4 (D(X,y,l) :1_|_e'71 +€’72 +e’71+772

+A4,

n,=ax+py—apit+n?, j=12,
4, % (181_ﬁzxa1ﬁ2+a2ﬂ1)+ﬂ1ﬂ2(al_az)

e’ = : a, #=a,;

o +a, (/Bl + 5, )(alﬁz +azﬂ1)+ﬂ1ﬂ2(a1 +0(2)’

U N-COMUTOHHOE pemeHue (2+1)-MepHOro ypaBHeHUS AS:

l//(x,y,t):Z(lngo Z GXP(ZMTL + Z N7y Uj

/1 =0,1 I<i<j

rae 4 mpoberaet no Beem Habopam 4, = 0,15 j = LN,

n,=a,x+fy- a,Bt+77(°), 1,

J=
o= B ﬂbﬂ+aﬂ)ﬂ
a +a, (,B +ﬂXaﬁ +a,8) ,B

’5"5

a #Fa;, i# ], i,j:I,N.

Takum o0pa3om, Mbl TpeacTaBuian (2+1)-MepHOE HENWHEHHOE WHTErpo-IuddepeHnuanrsHoe
ypaBHeHue A5, KoTopoe sBisercs oboOmeHneM ypaBHenusi Kopresera-me ®pusza (7). Mbl mokazanu
cBs13b ypaBHeHUs A5 c (2+1)-mepHoii OunuaeliHo# hopmoit H1. Mcnons3ys moydeHHbIe paHee pe3ylib-
TaThl 111 OrnmmHeHHO# popMbl H1, MbI Hanmuw 1-, 2- B n-COMTUTOHHBIE PEMICHUS YpaBHEHHS AS.
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A. B. Anexceesa

(2+1)-OJIILEM/I BENCBI3bIKTBI MUHTETPAJI-TUO®EPEHIIUAIIBIBI A5 TEHJIEYI
YKOHE OHBIH COJIMTOH/IbI LIEIIIM/IEPI

(2+1)-emuiemai OeHCHI3BIKTBI AS TeHJIEYI KYpbUIFaH, OHbIH XHUpOTa 9iciMeH 1-, 2- )KOHE N-COIMTOH/BI HIEeNIiMi
TaObIIFaH.

A. V. Alekseyeva

(2+1)-DIMENSIONAL NONLINEAR INTEGRAL-DIFFERENTIAL EQUATION A5
AND ITS SOLITON SOLUTIONS

The (2+1)-dimensional nonlinear equation A5 is constructed, its 1-, 2- and n-soliton solutions are obtained using
of the Hirota’s method.
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b. JI. JIO3BEHBETOB, b. )KAKALIIGAEB

HNPUHLIUII MAKCUMYMA JJIA SJUVIMIITUYECKHUX
JANOPEPEHIINAJIBHO-PASHOCTHBIX OIIEPATOPOB CO
CABUI'AMMU INIEPEMEHHbBIX B MUTAIHINX YJITEHAX

Kazaxckuil rocy1apcTBEHHBIH )KEHCKUN NE€Aarornieckuii YHUBEpCUTET, T. AJMaThbl

B HekoTopoii orpannuenHoii obnactu O € R” ¢ KycouHO-Iankoi rpanuieii 00 paccMarpuBaercs
uANITHYecKoe u(PepeHInaTEHO-Pa3HOCTHOE YpaBHEHUE

—Au(x)+ Ru(x)=0, 6]
rme R: (Q ) Q ) - (Q ) Pa3HOCTHBIN OIIepaTop, ONPeACICHHEIN 110 GopmyIie
u(x) =b, u(x)+ ZbRu(x)+ h
ReM

C BEIIECTBEHHBIMH K03(pPHUIIMEHTaMH, YOBIETBOPSIONIMMHA YCIOBUIO b0 > Z|bh , 31ech M - KoHEUHOE

ReM
MHOYKECTBO 7 ~-MEPHBIX BEKTOPOB LENOUNCIECHHBIMI KoopauHaTtamu O ¢ M .
KpaeBbie ycoBHs 331al0TCSl HA MHOYKECTBE

0 =[U(Q+h)/Q}U8Q )

ReM

u(x) = p(x)

OyHKIUA q)(x) € ( mpenrnosoraeTcst BeIeCTBEHHO3HAYHOM.

Haercs cienytoliee onpeeeHue KIacCUUeCKOro peleH s :

®ynkimo u(x) eC? (Q) NC (Q v ) OyJeM Ha3bIBaTh KiIaccuueckuM pemenueM (1)-(2), ecnu u(x)
yInoBieTBOpsieT ypaBHeHuto (1) mis mro6oro x € 0 u ynoBieTBopsieT KpacBoMy ycnosuio (2). Torna
Oyzer cripaBe[uIMBa cieqyoas TeopeMa.

Teopema. IlycTs u(x) Kj1accuueckoe penteHue 3anaun (1)-(2) u x,, — Touka rio6anpHOro MakCUMyMa

u(x0)| Z|u(x)|, xe (Qué), TOrja X, € 0.

3,[[601; CYHICCTBCHHO, 4YTO KpACBbIC YCJOBUA 3aHarOTCA HE TOJIBKO Ha T'pAaHULIC paCCManPIBaCMOﬁ

MOy, T.€.

obnactu O € R", a Ha HEKOTOPOM 3aMKHYTOM MHOKECTBE, K 3TOM obnactu npuiararomem. Kpome toro,

JUISL pacCMaTpUBAaeMOro Kilacca 3ajad MPUHINI MakcUMyMa (OopMyIJpyeTcs B HECKOJIBKO OCIaOIeHHOMN
¢bopMynupoBKe, T.€. B CMBICIIE MakcuMyma MoAyis. OOOCHOBaHHOCTh BBEACHHBIX B (HOPMYJIHPOBKE
TEOpeMbl OTpaHWYCHHH WJUTIOCTPUPYETCSI Ha KOHTPHPUMEpAX, ITOCTPOCHHBIX JUIi OJHOMEPHOTO U
JIBYMEPHOTO CITy4acB.

Bb110 n0Ka3aHO, YTO JaXke IPH CKOJIb YTOJHO MajoOM BO3MYILEHHH AU HEpPEeHIIHaNbHOTO onepaTopa,
TEM He MEHee, ACHCTBYeT NPHHLUUI MaKCHMyMa B JIOKAIbHOH (HOPMYJIHMPOBKE IS SJUTUITUYECKUX
g depeHITnaNTbHBIX YPaBHEHH.
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Elipis differential the equation is shown the uniquencess of it.
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b. KAKALIIBAEB, b. J]. IFO3FEHBETOB

HEKOTOPBIE BOITPOCBI _
TEOPUU JTUDPDPEPEHIIUAJIBHBIX YPABHEHUH

Kazaxckuil rocy1apcTBEHHbIH )KEHCKUN NEAAarornieckuil YyHUBEPCUTET, T. AJMaThl

PaccmoTtpum nuHeiHOE runepoonyeckoe ypaBHEHUE
L(u):uxy :a(x,y)-ux+b(x,y)-uy+c(x,y)~u =0 (1)
B XapaKTEPHCTHIECKOM TPEYTOJIbHHUKE
D= {x,y eR:0<x< y}, a(x,y), b(x,y), c(x,y) € c(D).

Ecmu L (V) =V, - (a V)x - (b V)y +cV — nubdepenumaneHplii oneparop, GpopMaIbHO CONpPSIKEH-
U,,V, € c(D)

vay 2 x>

HBIH € OIepaTopoM L(u), TO I JIOOBIX (QyHKUIUH u(x, y) u v(x, y) € C(D), 7

CITpaBeJIMBO TOXKIECTBO ['prHa B 310 obmactu [1].
Z[VL(u)— ul (v)] = (vuy —uv, - 2cv)x —(uv, —vu, — Zbuv)y .
W3 5TOTO TOXKAECTBA CIIEAYET, UTO €CITH L(u) =0 B o6mactu D, 10
(vu, —uv, + Zbuv)y = (uvy —vu, — Zauv)x

B D. Jlna P(x,y): v, —uv, —2buv, Q(x,y) =uv, —vu,—2auv B obnacty D BBIIOTHCHEI
YCIIOBHSI M3BECTHOTO MpHM3HAKa MOJHOro auddepeHnrana B OJHOCBA3HON 00NacTH D[L]. [TosTomy

BBIPAKEHHUE (vux —uv, — 2buv)dx + (uvy —vu, — Zauv)dy ABJIAETCS MONHBIM AuddepenHnuanom B

obmactu D, T.e. CyIIecTByeT QpyHKIHS u*(x, y) TaKas, 4To
du” = (vu, —uv_—2buv)dx + (uvy —vu, — Zauv)dy :

Ucxons w3 Qopmynsl mnepBoro muddepeHnuana (yHKIHKA IBYX IIEPEMEHHBIX, TOCIEAHEee
muddepeHInanT-HOe paBEHCTBO MOYKHO 3alKCaTh B BUAE CUCTEMBI T QepeHINaTbHBIX ypaBHEHUH

.
u, =vu, —uv_+2buv
. 2
=vu,—uv, —2auv
u, =vu, —uv,

Ecrm M O(XO, yo) — HekoTopas (ukcupoBaHHas, a M (x, y) — mepeMeHHas Touku obmactu D, To
dynkuns ' (x,y) BoccramapimBaeTcss (C TOYHOCTH O MPOH3BONBHOIO MOCTOSHHOIO CIATAEMOro) MO
cBOoeMy NoJHOMY muddepeHnuany no popmyie

M
u (x, y)=u"(x,, y, )+ j (v, —uv, — 2buv)ds + (v, —vu, — 2auv)dyt 3)
MO
rae § U ! — NepeMEHHbIe MHTEIPUPOBAHMS, a KPHBOJIMHEHHBINH MHTETpall HE 3aBHCHT OT (HOPMBI ITyTH

unterpupoBanus M M [2]. OyHkuns u*(x, y) Ha3BaHa HAMH TIOTEHIMAJIOM COIPSIKEHHON Maphl

u(x,y) " v(x,y) [3].
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u*(x, y) SIBIAETCS PEMIEHHEM THIIEPOOTMYECKOTO ypaBHEH)s B 06mnactu [ , mpuyeM pu @, = b_»ot0

YPaBHEHUE UMEET BUJL:
Yy

v
* * y *_
a, + a—7 u, + a—7b u, =0 4)

Bri6upas acTHBIE pelIeHHs v(x, y) COTIPSKEHHOTO YpaBHEHUS L*(v)z 0, momyunm Kmacc ypas-

HeHu# Buja (4) u ecnu u(x, y) — obrree pemieHne ucXoaHoro ypasHernus (1), To ¢popmyna (3) onpenensiet
o01ee pemeHne Kaxa0ro ypaBHeHus kiacca (4).

Takoif mMoaxoJ MO3BOJSET HAXOMWUTh PEUICHHWS HAYAIBHBIX W KPaeBBIX 3a7ad ypaBHEHHWH (4), 3Has
pETIeHIS COOTBETCTBYIOIINX 3a1ad 1Jis ypaBHeHHS (1).

Wcxons u3 cooTHomieHui (2), MOXHO chOPMYJIUPOBATh HAdalbHBIC WU T'PAaHUYHBIC YCIIOBHS IS
ypaBHEHU# (4).

[ToTeHnMaNbl CONpsHKEHHBIX Map PacCMaTPUBAIMCH HAMH U JJIS BRIPOXKIAIOUINXCS TUTIEPOOITNIECKAX
ypaBHEHUH, HarIpuMep, 1uid ypaBHeHui Ditnepa-Ilyaccona-/lapoy

u(x,y)+ p Ry =0, Q)
y—

KO3(DPUIMEHTBI KOTOPOTO CHHIYJSPHBI Ha TpaHume y =X obnactu D. «a, f — BelleCTBEHHbIE

napameTpsl [1]. [lorentnan u*(x, y) 3TOTr'0 YPaBHEHUS ONPENEIIAETCS CUCTEMON YpaBHEHUI:

o 2a _ a+p
ux - a+ ﬁ (y x) ux
U =— 2a (y—x)mﬂu
Y a+ f Y

nim KpHBOJ’IHHeﬁHBIM HUHTCTpajioM

(x.3)
u”(x,y)=u"(0,0)+ (O‘L) azfﬁ(t —s)*u j

t—s)"" udt (6)
o+ ,8

(mst 3HAYEHWH TApaMeTpoB , [, IPH KOTOPBIX MHTErpaji cXoauTces). Tak Kak u*(x, y) B obmactu D
BHOBb fBIIACTCA pEIICHHEM ypaBHeHus Jiinepa-Ilyaccona-/lapOy ¢ mapamerpamu (— a) u (— p ), T.€.

Lba), E8),

u, — u
y—=x y—x

u*(x,y

TO u*(x, y) SBIISETCSl TPOJOJDKEHHWEM peIleHHs ypaBHeHHUs (5) A OTpHULATENbHBIX 3HAaYeHUN
napamMetpoB @ u [, a popmyina (6) — HHTErPAIBHBIM TIPEACTABIEHUEM STOTO MPOIOTDKEHHUSL.

Bonpoc 00 wuccnenoBaHWM MOTEHIHMAJIOB CONPSDKEHHBIX Map A MHTErPajibHBIX TNPEACTaBICHUI
peleHuil TuIepOOINYeCKUX YPaBHEHUH U MPOJOJDKEHUs pellleHns ypaBHeHus Ditnepa-Ilyaccona-/lapoy
IO TTapaMeTpaM pacCMOTpeH B [5].
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b. XKaxawbaes, b. /. [ly36enbemos
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ELECTROMAGNETIC DECAY OF THE TETRAQUARK STATE X(3872)
IN A RELATIVISTIC CONSTITUENT QUARK MODEL
WITH INFRARED CONFINEMENT
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We further explore the consequences of treating the X (3 872)meson as a tetraquark bound state by analyzing
its one-photon decay X — y +J /W in the framework of our approach developed in previous papers which
incorporates quark confinement in an effective way. To introduce electromagnetism we gauge a nonlocal effective
Lagrangian describing the interaction of the X (3872) meson with its four constituent quarks by using the P-
exponential path-independent formalism. We calculate the matrix element of the transition X — y +J/y and
prove its gauge invariance. We evaluate the X — y +J/w decay width and the longitudinal transverse
composition of the J /W in this decay. For a reasonable value of the size parameter of the X (3 872) meson we

and find consistency with the available experimental data.

1 Introduction. This paper is a direct continuation of our previous work [1] where we have analyzed
the strong decays of the charmonium-like state X' (3 872) in the framework of our relativistic constituent
quark model which includes infrared confinement in an effective way [2]. In our approach the X (3 872)

meson is interpreted as a tetraquark state with the quantum numbers J ™ =1" as in [3]. In this paper we

analyze the one-photon decay X — y+J/w in the same tetraquark picture. The electromagnetic

interaction is incorporated into our relativistic nonlocal effective Lagrangian in a gauge invariant way
using the P-exponential path-independent formalism. Then, we calculate the matrix element and width of

the X > y+J/y decay.

We begin by collecting the experimental data relevant for our purposes. The X (3872) state
discovered by the Belle Collaboration in the decay B* — K*X (3872), X (3872)—)] lyr ™
is now well established [4]. The X (3872) decays into 7'z J/w and has a mass of

m, =3872.0% 0.6(stat)i O.S(Syst) very close to the MP + MP" =3871.8140.25 mass threshold

[5]. Its width was found to be less than 2.3 MeV at 90% confidence level. The state was confirmed in B -
decay by the BARAR experiment [6] and in pp production by the Tevatron experiments CDF [7] and

D@ [8]. The Belle collaboration has reported [9] evidence for the decay modes X — y+J/y :
B(B— XK)B(X = y+J/w)=(1.8+0.6(stat)+0.1(syst))x 107,

X —>y+J/y)
F(X—>7Z'+7Z'_J/l//
—— |4 ——

=0.14+0.05. (1)
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These observations imply strong isospin violation because the three-pion decay proceeds via an
intermediate @ - meson with isospin 0 where as the two-pion decay proceeds via the intermediate p -

meson with isospin 1. It is evident that the two-pion decay via the intermediate p - meson is very difficult
to explain by using an interpretation of the X (3 872) as a simple ¢¢ charmonium state with isospin 0.

In an analysis of B® — J/wyK " decays, the BABAR collaboration [10] found evidence for the
radiative decay X — y +J/y with a statistical significance of 3.40 . They reported the following
values for the product of 3.40 branching fractions

B(B* = XK* )B(X — y+J /y)=(3.3+1.0(stat)+0.3(syst))x 10", @)

All available experimental data up to 2007 were analyzed in [11]. The authors found that [11]:

+ + +0.20 —4
B(B* — XK ") =1.30"% x107*,
X —->y+J/ 3
( s V) _ 0224006, ®
X s>z 2 Jly)

The BABAR collaboration found evidence for the decays X — y+J/y and X —> y + I//(ZS ) in
their data samp of the decays B — cc )K decays. The measured products of branching fractions are [12]:

B(B* - XK*)B(X — y +J /)= (2.8%0.8(stat)+ 0.1(syst))x 10,

4
B(B* > XK*)B(X - y +y(25))=(9.5+2.7(stat) % 0.6(syst))x 10°°. @

There have been many theoretical attempts to unravel the structure of the X (3872) and its decays.
Many of the theoretical predictions for the decay X — ¥ +J/y published up to now are very model
dependent. We mention some of them in turn. All possible 1D and 2P c¢c assignments for the
X (3872) were considered in [13]. The authors obtained E1 radiative widths for decays into charmonium
cc states as well as for some strong decays taking the experimental mass as input. The conclusion was
that many of the possible J ¢ assignments can be eliminated due to the smallness of the observed total
width. The suggestion was that radiative transitions could be used to test the remaining J " assignments.
Some tests of the hypothesis that the X (3872) is a weakly bound D°D™ molecule state were suggested
in [14]. It was proposed that measuring the 372/ /w,%J /v, yw', KK and 7p decay modes of the X will
serve as a definitive diagnostic tool to confirm or to rule out the molecule hypothesis. QCD sum rules were
used in [15] to calculate the width of the radiative decay of the meson X (3872), which was assumed to be
a mixture between charmonium and exotic molecular [cc_[][qE ] states with J 7 =1"".

2 Theoretical framework. The e[Jective interaction Lagrangians describing the coupling of the
charmonium-like meson such as the X (3872) to four quarks, and the coupling of the charmonium J /y

state to its two constituent quarks are written in the form, (see Ref. [1]),

Lint = gXXq/l (X)J);(Iq (X)+ gJ/y/J/l//y (x)‘]jl/l// (X), (q = u’d) (5)

The nonlocal interpolating quark currents teak

J4 (x)= Idxl...J.dx45(x—gwixijq)X[Z(xi = )2]><

i<j

%emem {a.ccocr’e,cenlg, v ce. )+ o )

g4, = Idylfdyzf?(y —%(yl + )}DW (=32 E G e, () (©6)
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where @, =w,=m, /2(m,+m)=0, /2, w,=w,=m, /2(m,+m)=w,/2. The matrix
C=y 0 ]/2 is related to the charge conjugation matrix. We follow [3] and take the tetraquark state to be a

linear superposition of the and X , states acording to

X, =X,, =X, cos0+X,sind,
(7

Xy =Xy ==X, sin0+ X, cosb,
The coupling constant g, in Eq.(5) is determined by the compositeness condition Z, =0. The

compositeness condition requires that the renormalization constant Z,, = 0 of the elementary meson X

is set to zero, 1.€.

Zy =12, (my) =0, (8)
where X, (m},) is the derivative of the mass operator. One has
. : an, (p’
ZH(mIZJ)ngZJHH(mIZ-I)ngZJ a;(z ) )
p2=’”$l

and where m, is the meson mass. At this point we take the mesons to be spinless for the sake of

simplicity. The generalization to mesons with arbitrary spin is straightforward. The gauge invariant
interaction with the electromagnetic field is introduced in two stages. The free Lagrangian of quarks and
hadrons is gauged in the standard manner by using minimal substitution:

0“q — (0" —ie, 4" )q, 07— (0" —ie, 4" ) , (10)
) , 2 1 - o . .
where e, is the quark’s charge (e, = ge, e, = —ge, etc.). Minimal substitution gives us the first piece
of the electromagnetic interaction Lagrangian

Ly =3"e 4, (x)J 1 (x), J(x)=q(x)y"q(x) (11)

The second term of the electromagnetic interaction Lagrangian Lelzqt(z) arises when one expands the

gauge exponential in powers of A4, up to the order of perturbation theory that one is considering.

Expanding the Lagrangian up to the first order in A* one obtains
L® (0= g4 X ()5 )+ 25,0 1w, (x)-J7, () (g=u.d)
i = [dpD (P 5y x i, 1 = 12 e 12 - 12 ], (12)
Tt = [dp® (0 W2 (3,3 e, 1~ 1]
For example, expanding the Lagrangian Eq. (10) up to the first order in 4* one obtains

4
J;m (x)= gJ.d‘*xiJ-d“y j‘q(xl,...,x4)Ap(y)E§(x;x1,...,x4,y),

4 od*p o dr : A _ A ~
E)p( (x;xl yeees Xy ’y) =11 ij._re*lpl (=) J+ipy (x—x, J+ips (x—x3 )—ipy (x—x, )—zr(x—y)E),? (pl v Das I"), (13)

7 (27)? (27)

— 1§ ——
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3 ~ ~ ~ ~
Z{ec[_q)x(_zu f +®X(_sz)lfj]+eq[_®x(_z4j & +®X(_Zsj)lzpj]}-

J=1

T W)=[d 'y [d* v, [d* 20t (3, 3,)4,(DES,, (3331, 3,,2)

E)’(’ (pl,...,p4,r) =

[ S——

d4 d4 d4 —i -y i -y iq(z—y) T
Ef/u/(y;yl’yﬂz):J.(zﬂl;ij(zjy)ij(zﬂc)ae iy (3= Jipa (v, =y )+ig( y)EJp/W(p“pzjq)’ (14)

1

E;f/y/(pl:pbq):ec'J.dT{_qN)i//l//(_Z—)liJ _&)i]/u/(_z+)lf}'
0

For calculational convenience we will choose a simple Gaussian form for the vertex function

@ ¥ (— Q’ ) The minus sign in the argument of the Gaussian function is chosen to emphasize that we are
working in Minkowski space. One has

&)X(—Qz)=exp(§22/A2X), (15)

where the parameter A , characterizes the size of the X - meson. Since Q7 turns into —Q* in Euclidean
space the form (15) has the appropriate fall-o[] behavior in the Euclidean region. We emphasize that any
choice for @, is appropriate as long as it falls o] sulJciently fast in the ultraviolet region of Euclidean
space to render the corresponding Feynman diagrams ultraviolet finite. As mentioned before we shall
choose a Gaussian form for @ , in our numerical calculation for calculational convenience. The matrix

element of the decay X — y + J /iy can be calculated from the Feynman diagrams shown.

M(Xq(p)—>J/l//(ql)+7/(q2))=i(272')45(p—q1 _92)555;]/W€ZT#W(Q1’92)’ (16)

3 Numerical analysis. Using the calculated matrix elements for the decay X — J/y + p(a)) one
can evaluate the decay widths X — y+J/w . We employ the narrow width approximation for this
purpose. The adjustable parameters of our model are the constituent quark masses m_, the scale parameter

1 characterizing the infrared confinement and the size parameters A ,. They were determined by using a

least square fit to a number of physical observables, see [2]. We correct an error of Ref. [1] in the
normalization condition of the X meson, which led to a@ < 30% underestimate of the strong decay widths.
Both decay widths become smaller as the size parameter increases. Note that the radiative decay width for
X,=—-X,sinf+X,cos@ is almost an order of magnitude smaller than that for

X, =-X,cos@+ X, sinf. If one takes A € (3,4)GeV with the central value A , €3,5GeV then our
prediction for the ratio of widths reads
(X, >J/y+y)
(X, > J/y+27)

=0.15+0.03. (17)

theor
which fits very well the experimental data from the BELLE collaboration [9] written down in their Eq. 18

+
MX > Jly+y) 0.14+0.05 BELLE (9) .

L(X —>J/y+27) |022+0.06 BARAR (11)
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PEJATUBUCTIK KOHCTUTYEHTTIK
KBAPKTIK YJII'TIE X(3872) TOPTKBAPKTIK KYW/IIH NHOPAKBI3bLT
KOHOAVMHMEHTIIEH OJIEKTPOMATHUTTIK BIABIPAYbBI

Bi3miH anabIHFB )KYMBICTapPBIMBI3IAFbIIal X (3 872) ME30H/Ibl TOPTKBAPKTI OaMIaHBICKAH KYH PETiHIE 3epTTeH
OTBIpBII, Oi3/1iH TOCUIAIH aymMarbiHaa OHbI OipdoTonas! biabpay X — ¥ +J /iy perinzne TannaiiMbI3, 01 KBapKTEpAi

ycTan KaslyJblH THIMAI TOCUT. DIIEKTPOMArHUTU3M/I €HTi3y YIIiH, TOPTKBApPKTaH TYpPaThlH ME30OHHBIH ocepiecyiH
KepceTy yuriH 6i3 okanasl emec THimMai Jlarpamknan GyHKUpsCHH enmreiimis. bis X — ¥ +J /y/ pinsIpaybIHbIH

MAaTPHIIATBIK JIEMEHTIH €CeNTell, KAIHOPIIiK HMHBAPHAHTTBIIBIFBIH Hanenneiimiz. X — y +.J /iy bIObIpayaslH eHiH

’KOHE OCBHI BIIBIPAYABIH KYPaMBIHIAAFBI J /i ME30HABI Oaramaimers. X (3872) ME30HHBIH OIpKeNKi mapamerpin
IKCIIEPUMEHTTErT MOHJIEp/ICH alaMbl3.

M. A. Heanos, M. JJuneiixan, I'. I'. Caudynnaesa, H. Xabwvin

SJIEKTPOMATHUTHBIA PACHAJL YETBIPEXKBAPKOI'O COCTOSHMA X(3872)
B PEJEAITUBUCTKON KOHCTUTYEHTHON KBAPKOBOW MOJIEJIN
C UHOPAKPACHBIM KOHOAVHMEHTOM

Msbl u3ydaem, paccMaTpuBas mocienctBus X (3872) Me30Ha, KaK YETBIPEXKBAPKOE CBA3aHHOE COCTOSHUE,
aHaIM3MPYs ero Kak oJHOGOTOHHBIA pacmax X — y+J/y B paMkax Hallero Hojxoja, pa3padOTaHHOro B

NpeAbIIYIIMX padoTax, KOTOPHIH BKIIIOYAET yJep)KaHHe KBApKOB B 3(PQEKTUBHbIM criocoboM. UToObl BBecTH
JJIEKTPOMAarHeTu3M, Mbl H3MepsieM HENOKaJIbHYI0 J(GQeKTuBHY0 ¢yHKIMIO JlarpamxuaHa, OINMCHIBAIOLIYIO
B3aUMOJICHICTBUE ME30HA C €ro YeThIPbMs COCTABJSIOIIMMH KBapkaMH. MBI BBIYHCISIEM MAaTPUYHBIN
anement X — ¥ +J /y mepexoza U JOKa3bIBaeM €ro KaluOPOBOYHEI HHBAPHAHTHOCTH. MBI OLCHUBACM IIHPHHY

X - y+J/y pacnazga u NpofONbHBIA MONEPEUHBIH cocTaB J/y B 3TOM pacmaze. Jnsd pasyMHOTO 3Ha4eHHs

pa3sMepHOro napamerpa Me3oHa X' (3872) MBI 1 OepeM JIaHHbIE, UMEIOIIHECs C IKCIIEPUMEHTA.

—— 1§ ——
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O.Yu. PRIKHODKO, A. P. RYAGUZOYV, S. YA. MAKSIMOVA, N. Zh. ALMASOV

ELECTRONIC PROPERTIES
OF ARSENIC CONTAINING ChVS AMORPHOUS FILMS
WITH MODIFICATED STRUCTURE

Department of Physics, Al-Farabi Kazak National University, Almaty

The atomic and local structure, as well as the electronic properties of As,Ses;, AsyS; and As4Ses3pS;9 amorphous
films, prepared by the methods of thermal vacuum evaporation and RF sputtering have been studied. It was
established that the films fabricated by different methods have differences in structure and electronic parameters.
The essential differences in photoconductivity and transport phenomena are observed, too. Thereby the results show
the structure modification of arsenic containing ChVS amorphous films electronic properties.

Key words: arsenic containing ChVS, thermal evaporation, ion plasma sputtering, structure, electronic
properties.

1. Introduction. It is well known that electron energy spectrum and electronic properties of
chalcogenide vitreous semiconductors (ChVS) are determined by their local atomic structure and intrinsic
structure defects [1-4]. Consequently, one can obtain ChVS films with different electronic properties by
changing these structure parameters (structure modification). One of the ways to solve this problem is the
fabrication of the films using various technological conditions.

In this work the results of comparative complex investigation of structure, electrical, optical, photo-
electrical and transport properties as well as photostructural changes in As,Se;, AsyS; and AssSesSso
amorphous films, prepared by the methods of thermal vacuum evaporation (TE films) and RF sputtering
(RF films) are described.

2. Experimental. Fabrication of ChVS films by evaporation was carried out in a vacuum of 10 Torr
on substrates kept at a room temperature. For films fabricated by sputtering of a bulk ChVS target of the
initial composition, the process was carried out in argon atmosphere at a frequency of 13.56 MHz. The
fabrication parameters were selected so as to produce amorphous films with composition corresponding to
that of the starting ChVS and having the maximum possible carrier drift mobility. The latter parameter is
known to be one of the most structure-sensitive for semiconductor materials [1-4].The thickness of the
obtained films was varied from 0.07 to 12 pum.

To stabilize the structure and properties of as prepared films, the samples were annealed at
temperatures close to glass transition temperature 7, for 30 min. Energy-dispersion analyses on «Quanta
200i» scanning electron microscope indicated that the films composition differs from that of starting
material by less than 3%. The amorphicity of the films was monitored using x-ray diffraction analysis and
transmission electron microscopy.

The atomic structure of the amorphous films (short- and medium range order in the atomic
arrangement) was studied by X-ray diffraction analysis (1 = 1.5418 A). The local structure of the films
was analyzed by means of Raman spectroscopy. The Raman spectra were recorded on a Perkin-Elmer
Spectrum GX Raman FTIR spectrometer using light of DPY Nd:YAG laser with a wavelength 1.064 um.
The measurement error was +lcm’.

The temperature dependence of the films conductivity ¢ was measured in the temperature range from
300 K to T,. The optical gap E, of the films was found from spectral characteristics of absorption
according to Tauc relation (ahv)” ~ (hv — E,) (where hv is the photon energy) [1, 3], at absorption
coefficient a corresponding to the fundamental absorption edge. The errors in the parameters, which are
determined by scatter from sample to sample, constitute half an order of magnitude for o, £0.02 eV for
activation energy conductivity E,, and £0.01 eV for E,.

Charge carrier transport was studied at a room temperature using time-of-flight technique [3, 5], with
carriers injected into a sample by a 10 ns pulse of strongly absorbed light (1 = 0.337 um). More detail
description of abovementioned techniques is given in [6].
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3. Results and discussion. The structure study shows, that the films of all researched arsenic
containing ChVS obtained using different methods have the differences in atomic structure parameters. It
should be noted that the difference in the short-range order structural parameters is far from being as
significant as the difference in the medium range order parameter L. The latter parameter was estimated
using the Scherrer formula [7] from the first sharp diffraction peak (FSDP) in the curves of x-ray
diffraction. The results of calculations are presented in Table 1.

Table 1. Parameter of medium-range order in TE and RF As,Se;, As,S; and AsySezS3o amorphous films

Composition As,Ses As,Ss As40Se30S30
Films TE RF TE RF TE RF
L (A) 2212 2117 24 15

(The measurement error L was =1 A).

The shorter dimension of the medium-range order region for RF films indicates that the disorder in
these films takes place at the medium range order level. Besides, the photostructural changes in RF films
of arsenic containing compositions are less obvious. It follows that the structure of these films is more
rigid than that of TE films.

It was found that the Raman spectra of investigated arsenic containing TE films and corresponding
glass ChVS have much in common. On contrary, the spectra of TE and RF films have significant
differences. Fig. 1 shows, as example, the Raman spectra of TE and RF As,Se; amorphous films [8].
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Fig. 1. Raman spectra of a-As,Se; films: (a) TE and (b) RF films

It can be seen that the maximum of the main peak in RF films spectrum is shifted to long wavelength
region of spectrum with respect to that of TE films. This suggests that the structural units characterizing
the short range order in the TE and RF films are different.

The results we obtained in studying the electrical and optical properties of amorphous TE and RF
arsenic containing ChVS films were used to determine the following parameters of the films: conductivity
o at 7= 300 K; activation energy of conductivity, £, and optical band gap E, (Table 2).

One can see from the Table that the parameters of the TE and RF films are different. The RF films are
characterized by lower conductivity, higher conductivity activation energy and narrower optical band gap.

These differences between the TE and RF films parameters are explained by the greater antiparallel
fluctuations of allowed energy bands edges in RF films [1].

— ) ——
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Table 2. Electronic parameters of amorphous TE and RF arsenic containing ChVS films

Composition As,Ses As,S; As40S€30S30
Films
TE RF TE RF TE RF
o (@' em™) 9x107 7x1071* 2x107'% 6x107"° 1x10™ 6x107'
Eg (eV) 0.91 1.04 1.06 1.12 0.96 1.02
E, (eV) 1.78 1.76 2.382.28 2.08 1.89

The spectral dependence of photoconductivity of the amorphous TE and RF films was measured in
longitudinal regime at electric field strength ranging from 10 to 10° V/em [9]. The “sandwich” structure
samples were studied. It was found that the dependence for the TE and RF films have significant

difference in short wavelength region (Fig. 2).

400 500 600 700 800
A, nm

=114

lg(l . A)

-12 4

400 500 600 700 800
A, NI

Fig. 2. Spectral dependence of photocurrent in TE (a) and RF (b) a-As,Se; films measured
in longitudinal photoconductivity regime:
1 — positive and 2 — negative voltage polarity on illuminated electrode
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It is seen from Fig. 2, that in TE films the photorectification takes place. On the contrary, the spectral
characteristics of RF films don’t depend on the voltage polarity on illuminated electrode that is the
evidence in favour of bipolar photoconductivity in these films.

Significant differences can be seen in the results of charge carrier drift mobility studying for TE and
RF films of arsenic containing ChVS films (Fig. 3).
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Fig. 3. Transient hole (1, 2) and electron (3) photocurrents
in a-As,Se; TE (2) and RF (1, 3) films: £ = 10° V/em, T= 300 K

The mobile charge carrier in TE films are the holes only, but in RF films both electrons and holes are
mobile [9], that is the bipolar charge carrier transport occur.

The results of our photoconductivity and charge carrier drift mobility study are indicative of
considerable rearrangement in localized electron states controlling electron transport in RF films.

4. Conclusion. Amorphous ChVS films of As;Se;, As,S; and AsspSe30S;0 compositions prepared by
ion plasma sputtering have metastable structure differ from that of TE films, i.e. RF films of low
coordinated arsenic containing ChVS have a modified structure. It leads to important change of their
electronic properties due to a difference in the spectra of localized and extended electronic states in these
films, controlling the electron transport.
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O. IO. Ilpuxoovko, A. I1. Psey3os, C. A. Maxcumosa, H. JK. Anmacos

KY¥PAMbBIHIA MBIIIBAK BAP XIIDK AMOP®TBI KABBIPITAKTAP/IbIH
SJIEKTPOHBIK KACHUETTEPIH K¥PbUUILIMJIBIK TYPJIEHAIPY

JKorapbl JKHUTIKTI JKOHE TEPMISUIBIK OYJIaHIOBIPY OmicTepiMeH aiblHFaH As;Se;, AsS)S; koHe AsySesSzo
amMop(dThl KaOBIPIIAKTAPBIHBIH AJICKTPOHABIK KACUETTEPI MEH ATOMJBIK JKOHE JIOKAJJIBIK KYPBUIBIMBI 3€PTTEIICH.
OpTypii  OmICTEPMEH  ajblHFAaH KAaOBIPIIAKTAPABIH  OJJCKTPOHIBIK JKOHE KYPBUIBIMIBIK IapaMeTpJIepiHiH
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alBIPMAIIBUIBIFEL Oap eKeHMITi aHbIKTamFaH. QOTOOTKI3TIMITITI KOHE 3apsA TachIMalaay KyOBUTBICTApBIHIA €ISyl
alBIPMAIIBUIBIKTApEl  aHBIKTaNFaH. OchUTalillla HOTIOKENep KypaMblHAa MbIIbik Oap XIDK  amopdTer
KaOBIpIIaKTapABIH IEKTPOHABIK KACHETTEPiH KYPBUIBIMABIK TYPICHY MYMKIHAITIH KOPCETEIi.

Tyilin ce3nepi: xypambiHna Meimbik Oap XIDK, TepMusnblk OynaHAbIPY, MOHIBI IUIA3MANBIK TO3aHAATY,
KYPBUIbIM, 3JI€KTPOHBIK KACHETTEPI.

O. IO. Ilpuxoowvko, A. I1. Pseyzos, C. A. Maxcumosa, H. JK. Anmacos

CTPYKTYPHASI MOJIUGUKALIMSA JIEKTPOHHBIX CBOMCT
B MBIIIBAKOCOAEPXAIIIMX AMOP®HBIX ITJIEHOK XCII

HccrenoBanbl aToMHAs W JIOKalbHAs CTPYKTYpa, a TaKKe JIEKTPOHHBIC CBOHCTBa aMOP(HBIX IUICHOK As,Se;,
AsyS; U AsgSe3pS;p, TOITYYeHHBIX METOHaMH TEePMHYECKOTO HWCHapeHuss B BakyymMme u BU pacmbuieHws.
YcTaHOBIEHO, YTO TUICHKH, TPUTOTOBIICHHBIE pAa3HBIMH METOAAaMH, HMEIOT pa3Iuuus B CTPYKTYPHBIX U
JJEKTPOHHBIX Tapamerpax. CyIiecTBEHHBIE Pa3MUYUs TaKXKe YCTAHOBICHBI B (DPOTONMPOBOIUMOCTH W SIBICHHSX
TpaHcropTa Hocutenedl. TakuM 00pa3oM, pe3yJbTaThl MMOKA3bIBAIOT BO3MOXKHOCTH CTPYKTYpPHOH MoOIuQUKaIu
3JIEKTPOHHBIX CBOMCTB aMOP(HBIX IUICHOK MbIIIbsikocoaeprxkamux XCIT.

KuaroueBbie cioBa: Meimbskocoaepxamue XCII, TepMudeckoe ncnapeHrne, HOHHOE MIa3MEHHOE PaclbUICHUE,
CTPYKTYpa, JJIEKTPOHHBIE CBOMCTBA.
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H. H. )KYMABEKOBA', B. H. JKYMAFEKOBA®, I'. K. TYPJIBIFEKOBA'

OUSNYECKHUE METO/IbI UCCJIEJOBAHUSA OBPA3LIA
JJIAA ®A30BOI'O AHAJIM3A

'Kasaxckuii HalMOHAIBHBIN TeXHUUYecKuil yauBepcuTeT nm. K. M. Carmaesa,
*KazaxcKuil HALMOHAIBHBI YHHBEPCHTET UM. anb-Dapatu

Paccmampusaemces penmeenoghasnviil, KpUCMAIIOONMUYECKUL U PEHMEEHOCHeKMPATbHBIL MUKDOAHAAU3 ULLd-
K08, umerowue amopgHoie (asol.

Kak u3BecTHO, peHTIreHOCHEKTPaIbHBI MUKpPOAHAIN3, PEHTTeHO()A30BbIH M KPUCTAIIOONTHYECKUI
aHaJIM3BI SABJISIOTCS YacTo MPUMEHIEMBIMU METOJaMHU UccieoBaHus (pa3oBoro cocraBa ooOpasua.

B ocHOBe peHTreHorpauYecKkoro aHaiuHM3a JIEKHUT SBICHHE MU(QPAKIMH PEHTTCHOBCKUX JIydel
KpucTaJutlaMd. V3BeCTHO, YTO BEIMIECTBY B JIIOOOM arperaTHOM COCTOSTHUM CBOWCTBEHHA Ta VT WHAs
CTEIleHb YIOpsI0UeHHOCTH. Hambonbinei ynopsmIoueHHOCTBIO 00JaNaroT TBEpHAbIe KPUCTAUTUYECKHUE
TEJAa: OHU XapaKTEPU3YIOTCS MEPUOAMYECKUM MOBTOPEHUEM B MPOCTPAHCTBE HEKOTOPOM 3IEMEHTApHOM
YUKW, y3JIlaMH KOTOPOHM SBJISIOTCS aTOMBI MOHOB WIIM MOJIEKyN [1]. PaccTossHmMs Mexmy y3imamMu B
3JIEMEHTapHON sS4eliKe (MeKaTOMHBIE PAacCTOSHHUS) COCTABISAIOT HECKOJIIBKO aHICTPEM, T.€. HIMEIOT TOT Ke
MOPAZOK, YTO U AJUHBI BOJH PEHTTEHOBCKUX JIyded. biarogaps 3ToMy 3aMedarenbHOMY COBIMAJEHHIO,
TP B3aUMOJICHCTBUH PEHTIC€HOBCKUX JIy4el C TBEPJBIM TEJIOM BO3HHKAET MHTEPPEPEHIHS, a TOCKOIbKY
B KpHUCTaJJIe aTOMBI PaclojararoTcs pETyNspHO, BO3HUKACT 4YeTKas NU(PpPaKkUUOHHAs KapTUHA. Takum
00pa3oM, KpUCTAJUTBl MOTYT CIYXUTh AM(PAKIMOHHONW PEIIETKON Uil PEeHTreHOBCKuX Jiyudeid. [lo Bumy
TUGPAKIIMOHHON KapTHHBI MOYKHO JIaTh XapaKTEPUCTUKY KPUCTAJLTY.

Ho mamm o0pasubl He Bcerma sBIsSETCS KpPHCTATH30BaHHBIMH. K mpumepy, paccMoTpum obpasery
nuraka (puc. 1).
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[®]00-001-0720 (D) - Calcium Silicate - CaSiO3 - Y: 890.28 % - I/ic PDF 1. - S-Q 87.4 %

[4]01-079-0597 (*) - Iron Cobalt Sulfide - Fe.92C0.08S - Y: 374.05 % - 12 - 358.695 - l/lc PDF 4.1 - S-Q 8.9 %
03-065-1894 (1) - Iron Sulfide - FeS - Y: 163.62 % - 2 - 59.7720 - I/lc PDF 4.4 - S-Q 3.7 %

Puc. 1. ludpaxauonnast kaptuHa obpasma
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Hudpaxnmronnas kapruHa Obula monmydyeHa Ha audpakxtomerpe D8 Advance ¢ ucmosnb3oBaHHEM
MporpaMMHOT0 obecriedeHrs Isi 00paboTku pe3ynbraTtoB M moncka EVA evolution. YcmoBust cheMku:
manyuenust o-Cu, HampspkeHne W Tok 40xkB/40MA, menu mepen tpyOkodr u merekropom 0,1. Tlo
pe3ynbTaTaM peHTreHo(a30Boro aHaimsa oopaselr cocTout u3 ocHoBHOU (pa3el CaSiO; (Calcium Silicate)
umeercs Take Qaspl Fe.92Co.08S (Iron Cobalt Sulfide) u FeS (Iron Sulfide), kxpome Toro mmeercs
HEKPUCTAIUTN30BaHHAS peHTreHOaMopdHas ¢aza.

Kak MmbI 3Haem, penrreHoamopdHas ¢(aza obOo3HawyaeT, yTo (asza HE HUMEET KPHCTAUINYECKYIO
CTPYKTYPY M YTO METOAOM PEHTTCHOrpa)uuecKoro aHain3a HEBO3MOXKHO ONPEACINTh ee coctas [2]. Jns
TOTO, YTOOBI OMPENENUTh COCTAaB PEHTTeHOaMOp(HOTo 00pasiia, MBI MPOBEIH aHAIM3 METOJIAMH MHUKPO-
aHaJ3a U PpeHTTeHOCTIEKTPATIbHOTO MUKPOAHAJIH3a.

KpucranioonTuka-3To MHKPOCKOIMYECKHH METON, KOTOPBIH, SBJSIICH BEAYIIUM  METOAOM
WCCIIeIOBAHUSI MUHEPAIIOB U TOPHBIX MTOPOJ], PUMEHSIETCS Ha BCEX CTAIUAX T'€0JIOrOpa3BeJOYHBIX padoT
Y B HAyYHBIX UCCIEAOBaHMsIX [3].

MUKpOCKONMYEeCKasi IUarHOCTUKA OCHOBaHA HAa M3YYEHUHM ONTHYECKHX CBOWCTB MHHEDAJIOB, MPOSB-
JSIFOIUXCS TIPH IPOXOKAeHUH cBeta uepe3 ToHkue (0,03 MM) mpenapaTsl — neTporpaduuecKye MuTuQbl.
Haubonpiiee 3Ha4YeHHE TPU STOM HWMEIOT CBOMCTBA, CBS3aHHBIC C SIBICHHSMHU MPEJIOMIICHHS CBETa B
Kpuctaiuiax. s vccineoBaHus ONTHYECKUX CBOWCTB MPUMEHSETCS CIICHUANBHBIN MeTporpaduuecKuit
MHUKPOCKOI, CHAOXXEHHBIH MPUCIIOCOOICHUAMH Ijsl pabOThl B MPOXOXAIIEM HOJISIPU30BAHHOM CBETE, a
TaK)Ke BPAIIAIOMIAMCS MPEIMETHBIM CTONHMKOM C JuMOoM [4]. B Hamem ciydae ObUTH mccienoBaHBl B
npoxojsiiieM cBere moa mukpockornom MUH — 8 mpu yBenuuenun 320" 1 B OTpaKCHHOM CBETE TI0[
WHBEPTUPOBAHHBIM MHUKpOCKOoM (upmel Leica mpu yBenuuenun 300 u 500 (puc. 2).

1 — MeTayuInyeckoe kesne30, 2 — TPOUJIUT

Puc. 2. Mukpodororpadpumn:
a — CBET OTPaXEHHbIH, yBennyenue 300%,
6 — CBET OTpaXeHHbIH, yBenuuenue 500%;
B — NPOXOJISAIINH CBET, yBeanuenue 320°

Pe3ynpTaThl MUKpOAHATH30B B MPOXOISINEM CBETE MOKA3AIH CIEAYIOIne (Ba3bl:

1. Ctexio GecrBeTHOE ¢ MTOKazareneM mpermomiueHus N~1,617.

2. He3HaunTeabHOE KOJMYECTBO CHIIMKATA, KOTOPBIM KPUCTAUIU3YETCS B BBIIIC YKA3aHHOM CTEKIIC.
Kpucrannmuzanus o4eHb TOHKas, TO3TOMY MOXKHO TOJBKO MPEATION0XKHUT, YTO JAHHBIN CHIIMKAT SBISETCS
napasoimacToruToM CaSiOs;. OmpeneneHsl TOJIBKO MoKa3aTen mperoMiteHus - Np~1,614, Ng~1,654.

3. Onparamut CaS — OeCIBETHBIN, H30TPOMHBIN ¢ N~2,1.

4. ®a3a yepHOTO IBETA, HE MPO3pavyHasi, OTHECCHA K OpraHUKeE.

5. Equnnuneie 3epHa rematuta Fe,Os.
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B oTpa’keHHOM CBeTE B IOIMPOBAHHOM LUTU(E ONpeesICHbI:

6. Tponnut FeS — ouenp kpynHoe oOpa3oBaHue, B IEHTPAIFHONW YaCTH KOTOPOTO HabogaeTcs 00ib-
10€ KOJIMYCCTBO KPYIMHBIX U MCJIKUX BKJIIOUEHHI METaANIMYECKOIo JKeJie3a.

7. Metannuueckoe xene3o Fe — menkue u KpynHbIe KOPOJIBbKH OEJIOro HBeTa C BBICOKOHM OTpa)aTellb-
HOH CIIOCOOHOCTBIO0, IMEIOINE MAarHUTHBIE CBOWCTBA.

Jna monydeHWs TONHOW KapTHHKM cocTaBa oOpasma, OH OBUI WCCIIEZOBaH METOJOM PEHTTEHO-
CHEKTPaJbHOTO MHKpPOAaHAIN3a. PEeHTreHOCHEeKTpalbHBI MHKpPOAHAINW3 MPOBOIWICS Ha 3JIEKTPOHHO-
30H10BOM MukpoaHaimuzarope (JCXA-733 «Superprobe» ¢upma JEOL) ¢ wucnonap3oBaHHEM 3HEpro-
mucniepcronHoro criekrpomerpa INCA (pupma Oxford, Instruments Axrmms). OmnpeneneHue CpemIHEro
cocTaBa Ipod OCYIIECTBISUIOCHh U3 TPEX MapalIe/IbHBIX U3MEPCHUN B Kax10i HaOmoqaemMon dase [5].

U3 monmydyeHHBIX pE3yNbTaTOB PEHTTEHOCHEKTPAJbHOIO MHKpPOAaHAIW3a MOXKHO YBHIEThb, 4YTO
DJIEMEHTHl B 00pasle pachpeneNsioTcss HepaBHOMepHO. K mpumepy, As He ObII OOHapyXeH B
MCCIICJIOBAHUU OIPENIEICHHBIX obacteit (puc. 3, 4). Ha pucynke 5 ee koauuecTBo coctaBuio 17,21%.
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Puc. 3. MukpodoTorpadus 1 31eMeHTHBIN aHanu3 oOpasua ¢ ysenuaenuem 5007, o6nacts nccnenosanus 10 pm
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o o Ma | 5 CoFaken Fe Co Co
5.0 m i i i i | | |
N B
0.0 1 T * 1 - T
000 100 200 300 400 500 600 700 BOO 900 1000
ke
Elements ms% mol% Sigma  Met K ratio Line
0 61.20 76.37 0.65 3162464 0.1477108 K
Ma* 0.52 0.45 0.46 72465  0.0018122 K
Mg 0.73 0.60 0.38 135642 0.0027259 K
Al 2.55 1.88 0.38 543737  0.0112522 K
Si 15.54 11.05 0.42 3343266 0.0779043 K
S 0.76 0.47 0.45 132610 0.0037308 K
Ca 17.73  B.83 0.89 2280946 0.1095696 K
Fe* 0.96 0.34 274 41126  0.0050309 K
Co* 0.01 0.00 3.68 430 0.0000653 K
Total 100.00 100.00

Puc. 4. MuxpodoTorpadust 1 seMeHTHbIH aHanu3 obpasia ¢ ysenuuenueM 200%, obnacts uccienosanus 100 pm

[pu uccnenosanuun Co — takas xe curyauus. [lo Mukpoananusy (puc. 5) MoxHo yBuaers Co, HO pu
CHEKTPaJbHOM aHAIN3€e He OOHAPYKUBACTCS.
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Puc. 5. Mukpodororpadust, conepxanue:
a—Fe, 6 — Co u 6 — As 1 DIIeMEHTHBII aHanu3 oOpasia ¢ ysennderneM 750", o6macts uccnenoanus 50 pm

W3 1OJyd4eHHBIX BBIIIE PE3YJIBTATOB aHaIH3a MOXKHO YBHMICTh, YTO KaKIbIH METOH ONpPEICIIseT
3JIEMEHTBI B OIPENICICHHBIX O0JAaCTAX, U MX PE3YJIbTaThl HEMHOTO OTJIWYAIOTCSA APYr OT Apyra. Takoe
PacXOXJICHHE CUUTACTCA JIOMYCTUMBIM, ITOCKOJIbKY 007acTh W TiyOWHA B3aMMOJCWCTBUS Iy4YKa C
obpasiom pasHoe. Eciu pe3ynbTaTthl peHTICHOCTIEKTPATBHOTO MUKpOAHAIH3a MOCUUTATh U MEPEBECTH B
($a30BOE KOJMYECTBO, TO MBI MOJYYHM JOBOJIGHO IMOHATHYIO (Gopmyjy. MOXHO MPEAMNONI0KHUTh, YTO
peHTreHoamopdHas (aza, KOTOPYIO MBI IOIYYIIU IPU PEHTTCHOTpadUIecKoM aHaiu3e, coaepkut Al, Si,
As, O.

ITo pe3yabpTaraM HCCIICIOBAaHUSA MOKHO CAEIAaTh BBIBO, YTO IJIS OOJiee TOUYHOrO aHaiu3a (PasoBOro
cocraBa 00pasiia HeOOXOJUMO IPUMEHUTh HE MCHEE 3 METOIOB aHaJIM3a.
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H. H. ’Kymabekosa, B. HKymabexosa, I K. Typavibexosa
DA3AJIBIK TAJIJJAY YIUIH YJIT'THI ®U3UKAJIBIK 3EPTTEY SAICTEPI

AMop(Thl (pa3ara e NUIAKTAPAbI PEHTreHO(A3aIBIK, KPUCTAIIBIK ONTHKAIBIK JKOHE PEHTICHOCIEKTPAJIIBIK
MUKPO-TaJay KapacThIpbUIa IbI.

N. N. Zhumabekova, V. N. Zhumabekova, G. K. Turlibekova
PHYSICAL METHODS FOR STUDYING A MODEL FOR PHASE ANALYSIS

This article discusses methods of X-ray diffraction, optical and X-ray crystallographic microanalysis of slag with
the amorphous phase.
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YK 530.145.6

H. K. TAKUBAEB, A. T. CAPCEMBAEBA

COJIHEYHBIE BCIIBIIIKH,
SAPETUCTPUPOBAHHBIE B 2011 T

Kazaxckuit HaunonaneHelii ennBepcuteT M. anb-Papadu, r. AmMars

B pabome 6vin nposeden meopemuueckull aHanu3 MOWHBLIX COTHEUHbIX BCHbIULEK, 3APeSUCHPUPOSAHHLIX 6
2011 200y. ConHeunas 6CHbIUKA — MO YHUKATbHBIL NO MOWHOCMU NPOYECcC BblOENeHUs SHepeuu 6 ammo-
cgpepe Connya. Brazooaps nabarodenusm Conrnya Mol y3HAeM MHO20 HOOPOOHOCHEN U O BCHBILUKAX, U O 8bIOPOCAX U
oaoice NOHUMAeM OCHOBHbIE (husUUecKue NPUHYUNDL, OIA200aps KOMOPbIM MU AGNEHUS CIAHOBAMCS B03MONCHBLMU.

BBenenue. ConHie — OflHa W3 3BE3]], MO3TOMY MO3BOJISET MCCIENOBATH €r0, Topas3no MoApoOHee
Ipyrux 3se3q [1].

CosHeuHbIe BCIBIIIKY — HanOoJIee MOIIHbIC, HECTAI[HOHAPHBIC B3PHIBOOOPA3HBIE MIPOSBICHUS COTHEY-
HOH aKTHBHOCTU. BCIBIIIKY, TaK WM WHAYE, OXBATHIBAIOT BCE CIIOM COMHEYHOU aTMocdepkrl: dhoTtochepy,
xpoMocepy u kopony Comnnna. [TpomgomKUTENEHOCTS UMIYIBCHON (ha3bl COTHEYHBIX BCIBIILEK OOBIYHO
HE TPEBBINIACT HECKOJBKUX MHUHYT, @ KOJIMYECTBO SHEPTHH, BBICBOOOXKIAEMOIl 3a 3TO BpEeMs, MOXET
JOCTUTATh MIJUIMAPIBl METaTOHH B TPOTHIOBOM 3KBHBaieHTe [10]. Cample CHIbHBIC BCIBIIIKH BHIHBI
naxe B Oernom cBete. Brepmeie momoOHoe siBieHHE ObLIO 3apeructpupoano 1 cenrsiops 1859 r.
P. Koppunrronom u XomkcoHoM. Yarie BCero BCIBIMIKK HaOMIOJAOTCS B KPACHOM BOAOPOIHOW JTMHUH
Hao (cm. puc. 1), a Takke B peHTTCHOBCKOM JHMANa30He U B BUJE BCIUIECKOB PaTuoOU3ITydeHus [5].

HINGDE XRT 10—Mar—=2011 18:07:14.038 UT

Puc. 1. Conneunsie Benbimku (SOHO)

HaGumoienus B kpacHO# BOAOPOHOM inHUU Hol mokaskiBaeT, 4TO B HaYaJie BCIBIIIKA OJUH U3 SIPKUX
Y3€JKOB CTPYKTYpbl Xpomochepsl BHE3amHO pasropaercs. Yacro, MeHee 4eM 3a MHUHYTY, CHJIBHOE
M3y4YEHHE paclpOoCTpaHsIeTCsl BAOIb JITMHHOIO KIyTa WU 3aIMBaeT LNyl 00JacTh, MPOTSHKEHHOCTHIO B
JIECSATKH THICSY KUJIOMETPOB [2].

Benwmkn Ha CouHile u3BecTHB yke 0osee 100 jer. Oxoso 60 JeT MpHPOAY CONHEYHBIX BCIHBIIICK
M3yYaal IyTeM aHaln3a WX CIIEKTPOB TONBKO B BHUANMOHN obOnactu crektpa. C cepemuHbl MPOILIOTO
CTOJICTHS CTaIM BO3MOXXHBIMH BHEATMOC(EPHBIC HAOIIOJIEHUS BCHBIIICK B IIMPOKOM JHAMa30HE JIUH
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BOJIH, HAYMHAS OT YJIbTPa(HOIETOBOTO M BIUIOThH JIO JKECTKOTO TaMMa-M3JIy4deHHs ¢ 3Heprued (poToHOB
reckonbko I3B (1 9B = 10° 5B).

Mopenu BO3HUKHOBEHUS M Pa3BUTHUS COTHEUHOM BCIIBIIIKH, KOTOPAs aIcKBATHO OMMCHIBACT MPUIHHBI
€€ BO3HUKHOBEHHMSI U MIPOUCXOISIINE B HEM MPOLIECCHI, IO CUX MOp HE CYIECTBYET [6].

CotHeYHas BCIIBIIIKA BOSHUKAET KaK CIIEACTBHE OBICTPOTO BBIIEICHUS SHEPTHH B HEKOTOPOM 00JIacTH
coHedHOU atMocdepsl. B HacTosmIee BpeMsi CYUTAeTCs, 9TO 3Ta DHEPTUs HAKAIUTMBAETCS M XPAaHUTCS B
(opMe MarHUTHOW SHEPTHMH TOKOBBIX CHCTEM, O0Opa3yIONIMXCS B COJIHEYHOH aTMocdepe B pe3ylibTaTe
KOHBEKTUBHOTO TepeHoca miasMbl [8]. [lepBuuHOe »HeproBuIieIeHNe, SBISIOIICEcs] Ha4aaoM BCITBIIIKH,
CBSI3aHO C pa3pblBOM TOKOBBIX CHCTEM B pe3yJbTaTe TOKOBBIX HEYCTOWYHMBOCTEW WIIM BO3IEHCTBUS
COCETHUX CHCTEM, HaIllpuMeEp, MPU BTOPKCHUHM HOBOT'O TOTOKA BEIIECTBA, HECYIIETO MarHUTHOE IOJIE B
YK€ Pa3BUTYIO IIa3MEHHO-MAarHUTHYIO KOHQUrypamuo [7]. Pa3psiB / B3anMoaelCTBHE TOKOBBIX CHCTEM
MPUBOANT K HArpeBy, IBIKCHHWAM IUTa3Mbl B MAarHUTHBIX CTPYKTypaX W BO3HHKHOBEHHUIO CHIIBHBIX
JIEKTPUUECKUX TMOeH. YacTh MarHUTHOW SHEPTHHM KOHBEPTHUPYETCS B DHEPTUI0 YCKOPEHHBIX 3TUMU
MOJIIMU YACTHII — 3JICKTPOHOB, IPOTOHOB U 00JIEE TSIKEIBIX SIIEP.

Benbimku Ha Coanne. B 28 saBaps Ha ConHile ObLIa 3aperncTpupoBaHa 1mepBasi KpyIHas BCIIBIIIKA
2011 roma, oTHOCsSmascs K PEHITEHOBCKOMY Kkiaccy M 1.3 mo mpuHsTo B ¢usmke ColHIA
knaccudukanuu. Beero B mkane COJHEYHBIX BCIBINICK pa3iamdaercs 5 kimaccoB: A, B, C, M u X, xaxapii
MOCTIEAYIONNA U3 KOTOPBIX MPEBOCXOAMT Ipensiayniuii mo MomHoctd B 10-100 pa3. CoOwiTue, Oonee
TOYHO OIleHnBaeMoe kak M1.3, mpon30muIo riry0oKoi HOYBIO TT0 MOCKOBCKOMY BpeMEHH M HaOJI01a10Ch
Ha MpoTsHKeHHH 0KoJ10 20 MUHYT ¢ MakcumyMoM B 04:03 mck [3].

C - cnabbie Bcnbnuky (Knacc C)
M -cpeaHWe BCnbiWKK (knacc M)
X - cnbHbIe BCnbilW kK (knacc X)

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

27 meapAa2011 28 mBapa 2011

Bpema (MCK)

Puc. 2. Penrrenosckoe uznyuenue Comuia ¢ 27 stuBapst 2011 rona no 28 stuBapst 2011 rona
1o ganHbM ciyTHuka GOES-15

13 deBpans BedepoM M0 MOCKOBCKOMY BpeMeHH Ha COJHITE TTPOU30III0 KPYITHOE COOBITHE — camast
Oorpas 3a mocienHue 12 mecsmeB coMHeuHas BCIBIIIKa ypoBHS M6.6. CoObITHE MMENO0 UMITYJIBCHBIN
B3pBIBHOW MpPOQUIL C OYCHb OBICTPOH, ACCATUMUHYTHOH, (azoii pocta — ¢ 20:28 no 20:38 mck. Ilo
JIAHHBIM ~ CITyTHHUKOBOW CHCTEMBI MOHHTOpWHTa Kocmmueckoi moromsl GOES (CHIA), morox
PEHTI'€HOBCKOT'O M3IYy4YEHHUSI HAa OKOJIO3EMHON OpOMTE B MAKCHMyME BCIBIIIKH BBIPOC IIPUOIU3UTEILHO B
200 pa3, moce 4ero Aep aics MOBBIILIEHHBIM B TeU€HHE TPUMEPHO 2 yacos [3].
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1.0E-2

C - cnabbie ecnbmukm (knacc C)
1.0E-3 M -cpegHve Bcnbiuky (Knacc M)
X - cunbHbie Benbiw Kk (Knace X)

1.0E-4
1.0E-5
1.0E-6
1.0E-7
1.0E-8
1.0E-9

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

13 pespann 2011 14 despana 2011

Puc. 3. Peurrenosckoe usnyuenue Connna ¢ 13 ¢espans 2011 roxa no 14 ¢espans 2011 rona
1o gaHHbM ciyTHuka GOES-15

15 deBpans B 5 94 yTpa 110 MOCKOBCKOMY BPEMEHH ObLIa 3aperHCTPUPOBAHA IEpBas B HOBOM ITHKJIC
BCITBIIIIKA BBICIIETO PEHTreHOBCKOro kiacca X 2.2. CoObITHE MPOHM30LUIO B aKTUBHOM oOmactu 1158,
Haxozsueics B 10HOM nodymapud CojHIIa ¥ XOpOIIO BUIMMOM, B TOM 4YHCJIE U ¢ 3eMJH, IO OY€Hb
KpymHO# Tpymme nsateH. [Ipomsomesmas BCIbIIKa HAXOAWIACH TMOYTH TOYHO IO IEHTPY COJHEYHOTO
JIUCKa, HANpOTHB 3€MJIM, W COMPOBOXKJAAJTach KPYHMHBIM BBHIOPOCOM IUIa3MbI, HAOIIOAABIIMMCS Cpazy
HECKOJIBKMMU KOCMUYECKMMH MHCTPYMEHTaMHU, TaK YTO F€OMarHUTHBIE TOCIEACTBHS OT BCIBILIIKU MTOYTH
Hen30exKHBI [3].

1.0E-2
C - cnable Bcnbi kM (Knacc C)
1.0E-3 M -cpepH4e Bchbil Ky (Knacc M)
X - CUAbHbIE BCMbIWKK (knacc X)

1.0E-4
1.0E-5
1.0E-6
1.0E-7
1.0E-8

1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

14 heapana 2011 15 despana 2011

Bpema (MCK)

Puc. 4. Pearrenosckoe usmyuenne Conaua ¢ 14 ¢espans 2011 roga mo 15 ¢espans 2011 rona
o gaHHbM ciiyTHEKa GOES-15

Ha Connne 10 maprta, 0KoJ0 2 4acoB HOYM IO MOCKOBCKOMY BpEMEHH, IIOCIE IEpepbiBa MOYTH B
MECSII TPOU30IIIa BTOpass B HOBOM 24-M IHMKJIC COJTHEYHOW aKTUBHOCTH BCIHBIINIKA BBICIIEro Oamra X.
Tounblid Oamn coObiTust coctapun X1.5. MomHocTe HOBOro coOwbiTusi TpuMepHO Ha 1/3  ycty-
naeT peKopAHoH Bembilike oT 15 ¢espans 2011 roga, umepmeid 6amn X2.2. Bempiika crana pe3ysibTaToM
KpYIHEHIIEro B 3TOM LIUKJIE BCIUIECKA aKTUBHOCTH [3].
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C - cnabbie Bcnbiwky (knacc C)
M -cpegHue Bcnbnuky (knacc M)
X - cMNbHele BCNbIW KA (Knacc X)

1.0E-7
1.0E-8
1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

09 mapra2011 10 mapTta 2011

Puc. 5. Penrrenosckoe uznydenue Connua ¢ 9 mapra 2011 roga no 10 mapra 2011 rona
1o gaHHbM ciyTHuka GOES-15

7 wioHs ytpoMm (B paiioHe 1-4 u mo UTC wmmm 4-7 4 1mo MOCKOBCKOMY BPEMEHH) MPOH3O0ILIENT
JIOCTaTOYHO CHJIBHBIM BBIOPOC COJHEYHOI'O BELIECTBA B KOCMOC, YCHJIMJICA COJIHEUHBI BeTep U
peHTreHosckoe nsnydeHue CousHia. MomHelii B3pbiB Ha CONHIE BBI3BAI LIEIYIO JIABUHY H3JIy4YCHUS.
ConHeyHas BCHBIIIKA OlleHeHa Kak M-2 (cpenHsisi) U ee MakcumMyM Habmonanca B 05:41 mo mupoBoMy
BpeMmeHu [3].

1.0E-2
C - cnabbie Benbnuwi (knacc C)
1.0E-3 M -cpeaHMe BcnbuukK (knacc M)
X - CWAbHbIe BCNbIu KK (Knacc X)

1.0E-4
1.0E-5
1.0E-6
1.0E-7
1.0E-8
1.0E-9

00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

06 mroHA 2011 07 vioHa 2011

Bpema (M

Puc. 6. Perrrenosckoe uznyuenue Comnnua c 6 uronsd 2011 roga o 7 urons 2011 rona
1o gaHHbM ciyTHuka GOES-15

B HOYB ¢ BOCEMOTO aBrycTa U JI0 NOIyAHA 9 aBrycTa Ha OTHOCUTEJIBHO CIIOKOHHOM ()OHE B CEBEPHOM
nonymapud CoNHIIAa HEOXHAAHHO TPOM3OLUIO Cpa3y 4deThlpe KPYIHBIX B3phiBa. Bce oHHM OblTH
3aperiucTPUpPOBaHbBl B OJHOM W TOW K€ aKTHBHOW o00nacTu, moiyduBLIeld Homep 1263 B kaTanore
amepukaHckor ciy>k061 NOAA. Ilepas w3 Bcmbimek, O0amma M3.5 (3Tro 4 ypoBEHB MOIITHOCTH II0
5-0annbpHOM BCIBIIEYHOH IIKase), mpou3onuia okoio 10 wacoB Beuepa MO MOCKOBCKOMY BpEMEHH
8 asrycra. IlpumepHO 4epe3 5 yacoB B TOH e oOjlacTW ObuIa 3aperHcTpUpoBaHa BTopas "aBoliHas"
Bembimka Oamna C, makcuMmyMmbl kotopoi mpunumuck Ha 02:09 m 03:22 mo Mockse. [lamee mocine
IPUMEPHO TAKOI'O >K€ IATHYACOBOIO IIEpephiBa 3AECh K€ OBIIO 3aperuCTPUPOBAHO TPEThE COOBITHE:
Benblka Oamta M2.5 ¢ makcumymom B 07:54 MCK, u HakoHel, OYTH POBHO B MOJIACHb 10 MOCKBe
B oToi ke oOmactu ConHIA NpoW30IIes] KPYyNHEHIIMI B3pHIB B TEKYLIEM COJIHEYHOM LHUKJIE:
COJIHEYHas BCIbIIIKa ypoBHS X6.9, npojomkasiiasics okoiao 20 MuHyT ¢ 11:48 1o 12:08 mo MockoBCKOMY
Bpemenu [3].

— 3) ——
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1.0E-2
C - cnabbie Bonbiwkw (knacc C)
1.0E-3 M -cpeAHWe BCObIW KK (Knacc M)
X - cunbHbie Benbiw kK (knacc X)

1.0E-4

1.0E-5

1.0E-6

1.0E-7
1.0E-8
1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

08 asrycta2011 09 aBrycta 2011

Puc. 7. Perrrenosckoe nznydenne Comnua c 8 aBrycra 2011 roma mo 9 asrycra 2011 roma
o gaHHbM ciyTHEKa GOES-15

B HOub ¢ 7 Ha 8 ceHTs0pst Ha ComHIle Tpon30IILIa Bemblka 6amta X1.8.

1.0E-2
C - cnabble Bcnbiwku (knacc C)
1.0E-3 M -cpeaHWe BCRbIW KM (Knacc M)
X - cMAbHbIE BENbw KK (Knacc X)

1.0E-4
LOE-5
LOE-6
LOE-7
L.OE-8

1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

07 ceHTAOPA 2011 08 ceHTADOPA 2011

Puc. 8. Perrrenosckoe m3nyuenne Comnnua ¢ 7 centsiopst 2011 roza o 8 cenrsiops 2011 roxa
1o naHHbIM criyTHuka GOES-15

22 centsa6ps 2011 roma oxono 15 gacoB mo MOCKOBCKOMY BpemeHH Ha COJIHIIE 3aperucTpUpOBaH
OJIVH W3 KpyIHeHmuXx (a ¢ OONBIION BEPOSATHOCTHIO, M CaMBI KPYITHBIH) BBIOPOC IJIa3Mbl 332 TOCICIHUE
Heckoiabko JieT. CoObITHe OBUTO 3aperuCTPUPOBAHO IICNIOH CEThI0O KOCMHYECKUX 00cepBaTOpHIA:
TeJIeCKONIaMu Ha O0OpTy amepuKaHCKoN obcepBaropum SDO, 3aperucTpupOoBaBIIMMH Hadajlo BhIOpoca,
kopoHorpapamu LASCO Ha OGopty eBpomelickoit cranimun SOHO, a Takke 00eMMHU CHyTHUKaMU
STEREO (CHIA), HaxomAmmMucs ceiiuac Ha THTAaHTCKOM PaCCTOSHUU B COTHH MIJUTHOHOB KHJIOMETPOB
OT HaIlIeH IIaHeTHI U, OJarogaps 3ToMy, HabmogaronumMu CoTHIE He TIPSAMO, a cOOKY IO YIIIaMU OKOJIO
90 rpamycos [3].
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-nabble BcnbuukW (Knacc C)
M -cpeAH4 e BCNbIL KK (Knacc M)
X - cvAbHble BCNbILKK (Knacc X)

1.0E-8

1.0E-9
00:00 04:00 08:00 12:00 16:00 20:00 00:00 04:00 08:00 12:00 16:00 20:00 00:00

22 ceHTAOPA 2011 23 ceHTAOPA 2011

Bpema (MCK)

Puc. 9. Peurrenosckoe usnyuenue Comnnua ¢ 22 cenrsops 2011 roga mo 23 centsdps 2011 roxa
1o ganHbM ciyTHHka GOES-15

Ha Connne 3apeructpupoBana BTOpas 3a 3 JHs BCIBIIIKA BEICIIEro kiacca X MO MATHOATBHOMN
BembIieyHo# mkane. Kak u mepBoe coosrtre oT 22 ceHTs0pst 2011 roma, BCIBIIIKa IPOU30IIlIa B 00J1acTH
¢ HomepoM 1302 no kaTasnory amepukanckoi cimyx0s1 NOAA [3].

=
C - cnabbie ecnbnukk (Knacc C)
1.0E-3 M -cpepH4e BCrbiW KK (Knacc M)
X - CMNbHbIe BCNbiw kK (Knacc X)
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Puc. 10. PenrrenoBckoe uznydenue Counnna ¢ 24 centsiops 2011 roga no 25 centsiopst 2011 roga
1o gaHHbM ciyTHHka GOES-15

B HOYb c 3-ro Ha 4-0¢ HOAOps (IT0 MOCKOBCKOMY BPEMCHH) 3apeTHCTPHPOBAHA MOIITHAS COJTHEUHAs
BCIIbIIIKA, COIPOBOXAArOImIasdCd PEHTTCHOBCKUM BCIIJICCKOM Kilacca X 2 u I/IH)KCKIIHGﬁ ITIOTOKOB
SHEPTHYHBIX MPOTOHOB B MEXKIUIAHETHOE MPOCTPAHCTBO. B OKOJI036MHOM MPOCTPAHCTBE 3TO OTO3BAIOCH
MOTJIONICHAEM PATMOBOJTH B BRICOKUX IIMPOTAX M HA OCBEIICHHOU cTOpoHe atMochepbl 3emiu [3].
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C - cnabbie Bcneiw ke (knacc C)
M -CPEAHK e BCNbILKK (Knacc M)
X - CUJIbHbIE BCNbIW KK (Knacc X)
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Puc. 11. Penrrenosckoe nznyuenue Connua ¢ 3 Hos6ps 2011 rona no 4 nos6ps 2011 roxa
1o gaHHbIM ciyTHuka GOES-15

3akiouenue. BrIOpoCH BemiecTBa U3 COMHEUHON aTMOC(Ephl — OMHO W3 Hamboyiee BIEYATIISIONINX
SIBJICHUI, KOTOPOE MOKHO HaOJI0aTh Ha ONmxkaiiiiel k HaM 3Be3/e. Eciii Bo BpeMs COTHEUHBIX BCITBIIICK
0 3eMJTH JTOXOJIAT MPEXKJE BCErO MOIIHBIC IMOTOKH W3IYYCHHS, a TAKXKE MOTOKA YCKOPECHHBIX YACTHII,
KOTOpBIe OOMOapIupyIoT aTMOochepy 3eMIiIH, HOHU3YS €€ BEpXHUE CIIOW U BHI3BIBAS MOJIAPHBIC CUSHUS, TO
BO BpeMs BEIOPOCOB B KOCMOC BBIOPACHIBAIOTCS IIeIbIe 00J1aka pacKajJeHHON COTHEYHOH TIa3Mbl, THAMETpP
KOTOPBIX JOCTHTaeT MACCATKOB MHJUIMOHOB KWJIOMETPOB, @ CKOPOCTb IIOPOM IPEBBINIAET THICSIUY
KHJIOMETPOB B ceKyHAIy [9]. CaMbIM omacHBIM cymTaeTcsi Kinacc X, 0COOCHHO KOT/ia CKOPOCTh JIBIDKEHUS
IJIa3Mbl, BEIOPOIICHHOH W3 KOPOHBI CBETHWIIA, MpeBHIIaeT 1,6 MiaH KM/4, a Macca gocturaer 10 mipm T.
VYnmap Takoro obmaka o MarHuTocepy u armocdepy HaIIed IUTAHETHI CIIOCOOEH BBIBECTH €€ U3
paBHOBECHs Ha HECKOJIbKO CYTOK, B TEUYECHHUE KOTOPHIX MAarHUTHOE IOJie 3€MJIM HCIBITHIBACT PE3KUC
KoJIe0aHwsI, HApyIIaeTcs MPOX0XKACHNE TEIEBU3NOHHBIX CUTHAJIOB M CHTHAJIOB CITyTHUKOBOM HaBUTAIWH,
BO3HUKAIOT JOIOJIHHUTCIIBHBIC TOKU B 3JICKTPOCCTAX, CIIOCOOHBIE BBIBOAWTH U3 CTPOS LECIIbIC KOHTYPLI B
SHEpreTudecKoil cucreme 3emiu [4].
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H. )K. Toxibaes, A. T. Capcembaesa
2011 XXBIJIBI TIPKEJITEH KYH XXAPKBIJIJJAPBI

Kympbictra 2011 *KbUIbI TIPKEITeH KyaTThl KYH apKbUIIApbIHA TEOPHSIIBIK Taaay Kyprizinai. KyH sxapkpuisl — Kyn
aTrMocepacbiHIa KyaThl OoiibiHIIA OipaeH Oip sHeprusi wbirapy ypaici. KyH OakpuiaynapbiHbIH apkackiHAa 013
JKApIKbUI MEH IIBIFapbIHIbBUIAP JKaMIbl MalliMETTep/ieH Xabapnap Oonambl3 KoHE Jie OChl KYObLIBICTAp MYMKIiH
OonaThIH HeTi3ri (U3UKAJIBIK KaFUAaTTapbl TYCIHEMI3.

N. Zh. Takibayev, A. T. Sarsembaeva
SOLAR FLARES REGISTERED IN 2011
In this paper carrying out theoretical analysis of the powerful solar flares registered in 2011. A solar flare — a
unique capacity to process energy release in the solar atmosphere. Through observations of the Sun, we learn many

details about flares and emissions, and we can understand the basic physical principles by which these phenol-
mena are possible.
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B. C. AHTOIEHKO, IO. B. ®PAHI]EB, U. X. ?)KAPEKEIIIEB,
O. A. JIABPUIEB, E. B. AHTOL[EHKO

ABTOHOMHBIE UCTOYHUKHU DJIEKTPUYECKOHN U
TEILJIOBOM YHETPUU HA OCHOBE OPUTHUHAJIBHBIX
TEILIO-®OTOJIEKTPUYECKHUX COJTHEUHBIX BATAPEN

Kazaxckuil HaunoOHaIBHBIA YHUBEPCUTET UM. alb-Papadu, r. AnMarsl

Ilpeocmasnensvt ocHo8Hble 3manvl paspabomKi HOB020 MUNA NPeooPa308amess COTHEYHOU IHePeUU- KOMOUHU-
POBAHHO20 MOHOIUMHO20 MeNI0-homodIeKmpuieckoeo mooyis. Paccmompena paboma maxoeo npeobpasoeamens
8 YCI08UAX KOHYEHMPUPOBAHHO20 00yuenus. TlonyuenHble SKCnepuMeHmaIbHble pe3yibnamsl C8U0emenbCmayom o
803MONCHOCIU dPGhexmuenozo npeobpazosanus Oonee uem O0eCcAMUKPAMHBIX NOMOKOE CONHEUHOU pAouayuu npu
UCNONIL308AHUU - 8 Kayecge 0A308bIX - NPOMBIULIEHHBIX COTHEYHbIX daemMenmos munopasmepa 125 um. Ilpodemon-
CMpUpoO8an NPOMOmMun menio-QpomodNeKmpuieckoi KOHYEHMPAMOPHOU YCMAHOBKU ¢ O8YXOCEBOU CUCMEMOU
ClledHcenUs ¢ NUKOBOU MOWHOCMbIO 45 Bm npu 60cbMukpamuoi onmu4ecKkol KOHYeHmpayuu.

1. BBenenme. ['enrosHepreTrka BCe yallle CTAJKHUBAETCS ¢ MPOOJeMOW pa3BUTHS HauboJyiee IKOHO-
MUYHBIX ¥ 3((EeKTUBHBIX MpeoOpa3oBaTenell comHeuyHol 3Hepruu. OIHUM U3 PElIeHnH cOo3JaHus BO300-
HOBJISIEMBIX HMCTOYHHUKOB MOJKET SBJISTHCS WCIOJIB30BaHWE THOPHUAHBIX cHcTeM. DOTOBOIbTaWYECKHE
TEIUIOBLIC THOPHUIHBIC COJHEUHBIC KOJUICKTOPHI, U3BECTHBIC B JINTEpAType Kak cucteMbl hybrid-PV/T wiu
PVT [1, 2], npeactaBiasitoT co00i CHCTEMBI, KOTOPhIC KOHBEPTUPYIOT COTHEUHYIO PAIUAIMIO B TEIUIOBYIO
U DIIEKTPUYECKYIO0 DHEPTHI0 OJHOBPEMEHHO. B 3Tmx cmcremax (oOTORNEKTpUYeCcKHuid 3IeMeHT (WiTu
MOAYJb, COCTOSAIIANA W3 MHOXECTBA (OTORICKTPUUECKAX DJIEMEHTOB), KOTOPBIA TIpeoOpaszyer
AJIEKTPOMArHUTHOE U3Iy4eHUE ((POTOHBI) B AIEKTPHUSCKUIN TOK, KOMOMHHUPYETCS ¢ OOBIYHBIM COJTHCYHBIM
TETUIOBBIM KOJUIEKTOPOM, Pa3MeIlaeMbiM CHU3Y M 3aXBaTHIBAIOIIUM OCTAaBIIYIOCS SHEpPrur0. B Takmx
KOHCTPYKITUSAX (DOTOIIEKTPHUSCKHA M TEIUIOBOH AJIEMEHTHI IMPOCTPAHCTBEHHO DAa3ACICHBI W HCITOJNb-
3YIOTCSI CAMOCTOSITEIILHO.

W3BectHO, 4TO 3(PPEKTHBHOCTH MPeoOpa3oBaHUsS (POTOIICKTPUUCCKHX IEMEHTOB MMAJacT C POCTOM
TeMITepaTypbl B OCHOBHOM BCJICACTBHE OTPHUIIATEIIBHOTO TEMITEPaTypHOTO KO3(PIHUITHEHTA HANPSHKCHUS
X0J0cTOro xona. JIOTMYHO, 4YTO MOXHO C€O37aTh MOHOJUTHYIO CHUCTEMY C HHU3KHUM TEILJIOBBIM
COIPOTHUBJICHHEM, B KOTOPOU TEILIO 3a0upaeTcs OT (POTOIISKTPUUSCKUX IIIEMEHTOB, HallpuMep, paboueit
JKUJIKOCTBIO, TIPEAYNpeX aas WX TMeperpeB, W, TeM CaMbIM, COXPaHSAA BBICOKYIO 3(PQPEKTUBHOCTh
npeoOpa3oBanusa. KpoMe Toro, mepenBurasch najee Mo 3aMKHYTOMY KOHTYPY, JKUIKHHA TETUIOHOCHTEIH
MOKUIAET (POTOIICKTPUUCCKHI AIIEMEHT ¢ OoJiee BBICOKOW TEeMIIEpaTypod M TepeaacT MPHOOPETCHHYIO
TETUIOBYIO HEPTHIO B TEIUTIOOOMEHHUK JUTA €€ NATbHEUIIIETO NCIIOIB30BaHMsI BO BTOPOM KOHTYpE.

OXJIaIUBIINCH B TETNIOOOMEHHHUKE, TETUTOHOCUTETh BO3BPAIIAETCS K (DOTOAIEKTPHICCKOMY DJIEMEHTY,
uMesi 0ojiee HHU3KYI0 TeMIleparypy, M 3aMmbikaeT muki KapHo. Tem caMbIM, HMCTOYHUK TMOMHMO
ANEKTPUYECKON DHEPrMM TMPOU3BOJUT CIE W TEIUIOBYI) DHEPIHI0 3a CYET MPSMOro HH(paKpacHOTO
uznyueHus. HecMoTps Ha To, 9To ki nukia KapHo H0CTaTrodHO HU30K, TEM HE MEHee, OIS BRIPaOOTKH
TEIUIOBOM SHEPrHUM [0 OTHOIICHUIO K JJIEKTPUUYECKOW TMOCcie NpeoOpa3oBaHUs COJHEYHON 3HEPruu
aBTOHOMHBIM MCTOYHUKOM coCTaBiseT 10 80%.

2. 'mopuanas kouuenuus. Konnenrparopusie cucreMsl (CPVT unu PV/T-koHIIEHTpaTOpHI) UMEIOT
SIBHOE TIPEUMYTIIECTBO TIepel HEKOHIICHTPATOPHBIMU CHCTEMaMH, KOTOPOE MPOSBIISIETCS B TOM, 9YTO B HUX
3HAYUTEIHHO CHUYKAETCS KOJIMYECTBO HEOOXOAMMBIX (DOTOINEKTPUUECKHUX DIIEMEHTOB, KOTOPBIX 3a4aCTYHO
SBIISIIOTCS. CPaBHHUTEIBHO OOJiee JOPOTOCTOSIIMMHU, YeM JPYTHe KOMIIOHEHTHI CHCTeMbl. OCHOBHBIMHU
TPYAHOCTSIMH B pa3pabOTKe KOHIIGHTPATOPHBIX MCTOYHHKOB SIBIIAIOTCS OOEcIeueHHue HaIeKHOTO
oxJaxacHUs (HOTOAIEMEHTOB [3, 4] ¥ OCHAIICHHUE JOITOBPEMEHHOW MEXaHUYCCKOW CHUCTEMOU CIICKEHUS
3a ConHueM, TpekepoM [5-7].
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INeKTPH YecKan CeTk

Puc. 1. 'nOpuaHblii aBTOHOMHBIA HCTOYHHK
Ha OCHOBE COBMEILIEHHMS (POTONIEKTPHIECKOT0 Mpeodpa3oBaTes (C1eBa) H COJIHETHOTO TEIIOBOTO KOJUIEKTOpa (CIpasa)

®DOTOBOIBTANYECKUI MOIYJb (CM. puC. 1 cleBa) M CONHEYHBIN KoJuiekTop (cM. puc. 1 cmpasa), uc-
MOJIb3yeMble OOBITHO KaK CaMOCTOSATENbHBIE MTPeoOpa3oBaTeNy COTHEYHON IHEPTHH, B HAIlIEM MCTOYHHUKE
00BETMHEHBI B OJHOM YCTPOHCTBE, 00ECIIeUNBas CyMMapHBIH YHEPTETHICCKII BBIXOI.

[IpuMeHeHne KOHIICHTPUPOBAHHOTO CBETA JOTOJHUTENBHO MOBBIMIACT IPPEKTUBHOCTh PabOTHI CO-
BMEIICHHOH TEeIUI0-POTOIIEKTPUIECKONH CHCTEMBI 332 CUET CHUKCHHS TETUIOBBIX MOTEPh OT (PpOHTAIBHOMN
MMOBEPXHOCTH MOJYJA Oiiarofaps ee MallbiM pa3MepaM. DKOHOMHYECKHHA BBIMTPHIII OT HCIOIB30BAHUS
FI/I6pI/II[HI)IX KOHIOCHTPATOPHBIX CUCTEM COCTOUT B TOM, YTO GOHBHIa}I 4acCTb OOPOTrOoCTOAIINX IOJIYIIPO-
BOJIHUKOBBIX COJIHCYHBIX 3JIEMCHTOB 3aMEIIacTcs OoJiee NEHICBHIMU KOHCTPYKIIMOHHBIMU 3JICMCHTAMU
TETUI0-(POTOITEKTPUIECKON CHCTEMBI, TAKIMH KaK paMa M 3aKpeIUICHHBIM Ha Hel aHcaMOIlleM IIOCKHX
3epKal.

3. UccaenoBarenbckasi KOMINOHeHTa. HayuHo-mccnenoBarenbckas 4acTh CBsi3aHa C Pa3pabOTKOM
HOBOW KOHCTPYKIIMU KOHIIEHTPATOPHOTO TETUIO-(POTOBOIBTANYECKOTO MOJYJIs, 0OecIeunBaroIeil Hanbo-
Jiee HU3KHE IMOTEPH DIIEKTPHUECKOW MOIIHOCTH Ha TOCIEN0BATEIHLHOM CONPOTHUBIEHHH, d(deKkTnBHOE
OXJIAXKJICHUE U yCTPaHEHHE MOTEPh OTBOIMMON TEIUIOBOM 3Hepruu. Ha puc. 2 mokazaHo pacrpeiesieHre
ANEKTPUYECKHUX TIOTEPh MOITHOCTH JJIsi OOBIYHOM (CIIeBa) U MpeayiaraeMoil HaMH KOHCTPYKIUHU pacripeie-
JIEHHBIX KOHTAakKTOB (cmpaBa). BumHo, 4TO Omaromaps HaJW4YWIO PaCIPEAETICHHOTO AIIEKTPHUIECKOTO
KOHTaKTa CyYMMAapHBIC MOTEPU MOIIHOCTH, PAaBHBIC COOTBECTCTBYIOIIHUM ILIOINAAAM IOJA TPCYroJIbHUKaAMU,
PE3KO CHUIKAIOTCSI.

P P
L |_M4444L

Puc. 2. Pacnipenenenye norepb MOUIHOCTH P Kak GpyHKIUs PacCTOSHHUS
JI0 KOHTaKTa BJIOJb TIOBEPXHOCTH COJIHEYHOTO JIEMEHTA.
CneBa — 6e3 pacrpesieNieHUs] KOHTaKTOB, CIIPaBa — C PACIIPEACIICHHBIMUA KOHTAKTaMH.

Ha puc. 3 cxemarnyHo HM300pa’keH MOIMEPEUHBIH pa3pe3 KOHCTPYKIUHU TEIUIO-(hOTOIIEKTPHUECKOTO
MOIYJI ¢ (PPOHTAIBLHBIMU U THUILHBIMA KOHTaKTaMH, PACIPEEICHHBIMU 10 BCEH TUIOINAIM COJIHEYHOTO
aneMeHTa. Hanmiune B KOHCTPYKIIMU 3a30pa MEXAY TOKOCHEMHOHW TUIACTUHOW M COJTHEYHBIM 3JIEMEHTOM
MO3BOJISIET KUAKOCTHOMY TETUIOHOCHTENIO0 HETIOCPEACTBEHHO OMBIBATH COJHEYHBIH AIIEMEHT U, TaKUM
00pa3oM, oCcyIIecTBIATh 3P PEKTHBHBIN TEILIOOTBOI. ITa OPUTHHAIBHOE KOHCTPYKTUBHOE pellieHre ObLIO
3armaTeHToOBaHO B pabote [§].
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Puc. 3. Cxema Tenno-GpoTorIeKTPHUECKOr0 MOIYJIS ¢ paclpeeICHHON ThUIBHO-KOHTAKTHOM CTPYKTYPOH.
KuKoCcTHOH TEIIOHOCUTENh BXOIMT B 3a30p CJIEBA CHU3Y C HU3KOW TeMIlepaTypoi
1 BBIXOJUT CIIpaBa CHU3Y C BBICOKOH TeMIepaTypoi

UrtoObI MpoBEpUTH BBHICOKYIO A((HEKTUBHOCTE (DOTOAIEKTPHUYECKOTO MOIYJS HaMU OBUIM W3MEPEHBI
pasnudHble paboume pexmMmbl mpu Temreparype 25C. Ha puc. 4 mpuBemeHB SKCIEPUMEHTAILHBIC
BOJIbAMITIEPHBIC XapPaKTEPUCTUKK HAIIETO TEIIO-()OTOAIEKTPHUECKOTr0 YCTPOHCTBA MPHU PA3HBIX YPOBHAX
o0nyuyenus. KpuBbie cripaBa MOKa3bIBaKOT, YTO €CJIHM MPU OJHOKPATHOM OOJIyUYECHHH €r0 BOJbTaMIICpHAs
XapaKTePUCTHKA COBMANAeT C TAaKOBOW IS OOBIYHOTO 3JIeMeHTa (HIDKHSAS KpHBas), TO MPH BOCHMH-
KpaTHOM KOHIICHTpAllUd OH TeHepupyeT MoITHocTh Ha 60% OombIle, YeM TpaaWIMOHHBIN COJHEYHBIN
3JIEMEHT. DTa pa3Hulla B MOIIHOCTU AP cOOTBETCTBYET IUIOIIAAN MEKIY BEpXHEH U cpeHell KpUBOA.

__A*H;—A—&***f.itk‘t“
aa,
A

aa,

30+

—=— 3aponckon, C=1, P=1,8 Br|
—A— moonchu, C=8, P=11,5 B

—o— zaponcrkon, C=8, P=52 B

Puc. 4. 3aBUCUMOCTD JIEKTPUYECKOr0 TOKA OT HANPsDKEHUS IIPU IBYX KPaTHOCTSAX COHe4YHOU uHTeHcuBHOCTH C=1 u C=8.
BepxHsist KprBasi COOTBETCTBYET HallleMy KOHIIEHTpaTOpHOMY rubpuny npu C=8

Crnemyer OTMETHTB, YTO MPH TAaKOW BBHICOKOW MHTEHCHUBHOCTH OOBIYHBIN DJIEMEHT IMeperpeBaeTcs H
BBIXOJIUT U3 CTPOS yKE uepe3 HECKOJIBKO CEKYH TECTUPOBAHUS (CpeHss KpUBas), B TO BpeMs KakK TerJio-
(doToanekTprUuecKuii mpeoOpa3oBaTenbh COXpaHIEeT CBOM IMapaMeTphl B TeUEHHE BCETO MEPHOAA UCITBITAHHIHA

(BepXHsA KpHUBas).

Ha puc. 5 npeacraBneHo ceMeNCTBO BOJNBTAMIIEPHBIX XapAKTEPUCTUK IS TPEXAIEMEHTHOW KOHIICH-
TpaTopHOH OaTapeu MpHU pa3IHUYHBIX ypoBHAX oOmydenus oT C=1 go C=11 kpar. BunHo, uto ¢ pocTom
MHTEHCUBHOCTHU CBETOBOT0 notoka C HabmomaeTcs ciadas HeMTMHEHHOCTb.
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Puc. 5. 3aBUCHMOCTD JIEKTPUIECKOTO TOKA OT HANPSIKEHHS
TIPH Pa3IMYHOI KPaTHOCTH COMHEYHOH MHTeHCHBHOCTH OT C=1 10 C=11 cHU3Y BBEpX

4. ABTOHOMHBIH TemI0-(OTOIIEKTPUUECKH mpeodpa3oBaTeiab. Ha ocHOBe pa3pabOTaHHBIX H
SKCMIEPUMEHTAFHO TMPOBEPEHHBIX YCOBEPIIEHCTBOBAHUI KOHCTPYKIUW 2(PPEKTHBHOTO OXJIAXACHUS H
0TBOJIA Teruia ObUI CO3[aH 00pa3el-IPOTOTHIT TETUIO-(POTOIIEKTPHYECKON CHUCTEMBI C NMHUKOBOW MOII-
HOCTBIO 45 BT ¢ Tpems coTHEUHBIMHM MOIYJIIMH Ha OCHOBE KpeMHUs. OTbITHAas yCTaHOBKAa aBTOHOMHOTO
WCTOYHHKA AJIEKTPUYECKON W TEIUIOBOI SHETrpHH Ha OCHOBE OPUTHHAIBHBIX TEIUIO-(DOTOAIEKTPHUISCKUX
COJTHEUHBIX MOAyJel n3o0pakeHa Ha puc. 6. B cuctemy BXOIUT TpeKepHas yCTaHOBKa CIIEKEHHS 3a
COJHLIEM, TOTpedisieMas MOIIHOCTh KOTOPOW MHHHU3UPOBaHA 3a CYET ONTHMAIBHBIX pELICHUH
MPOrPaMMHOT0 YIIPABICHUSI U3MEHEHUS yTIiia OT BPEMEHH. DIIEKTPHUYECKass MOIIHOCTh STOW yCTaHOBKH
MIPH CTAHIAPTHBIX YCIOBHAX COCTABIISET MPUOIM3UTENBbHO 45 BT, a TenmoBas MontHOCTh — okoJio 250 BT.

Puc. 6. OnbITHEI 00pa3en-npoTOTHH TEIIO-(POTOIIEKTPUUECKOH CHCTEMBI C TMKOBOH MOIIHOCTEIO 45 BT ¢ TpeMst MoyisamMu.
CrpaBa 1nokasaH BU MOJyJIEH C JIUIIEBON U ThUIbHOW CTOPOHBI

Konnenrpatop mpeacrasnser coboil ananor nuH3bl Openend. Kaxngas mapa u3 IBeHaALATH 3epKaj
MUMEET OTpeJesICHHBI Yrol HaKJIOHa K MJIOCKOCTH paMbl KOHIEHTpaTopa. C ero MmoMOIIBI0 COTHEYHBIH
CBET, OTpaXasich OT aHcamOns 3epkaji, (QOKyCHpyeTcs Ha JHIIEBOH MOBEPXHOCTH  TEIJIO-
(hOTORIEKTpUUECKON O6aTapen B MATHO MPSIMOYTOILHON (hopMbl pazmMepoM 135x440 MM ¢ BOCBMHUKPaTHON

— 4) ——
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MHTEHCUBHOCTHIO. DOTO3NEKTpHUYCKas MaHEeNb C MOMOLIBIO ABYX IUTAHT JKECTKO 3aKpeIuleHa K pame.
Hcnonp30BaHMEM IUIOCKMX 3€pKaJl TNPSIMOYIOJIbHOW (OPMBI JOCTUTAeTCS BBICOKAs OIHOPOIHOCTD
CBETOBOT'O TISITHA HAa (PPOHTAIBEHON CTOPOHE (POTOINEKTPUIESCKOTO MOJTYJISI.

[ToMuHYTHBIN pexuM clekeHus 3a nonoxkeHrneM CoiHua obecrieunBaeT GOKYCHPOBKY M3IyUYEHHUS Ha
MoJyJe B polecce padoThl YCTAHOBKH NPH MUHMUMAJIbHOM IOTPEOIEHUH SHEPTHH aKKyMyJsITopa (MeHee
1% ot BelpaOaTbIBEMOIl 3HEpruu). YIJIOBOE MOJOXKEHUE pPaMbl YIPaBISETCA TPEKEPOM, ABYXOCEBOE
BpallleHUE KOTOPOTO TPOrpaMHUpYeTCsi TOYHOM OpHeHTalueld Ha TpaeKkTopuio nBwkeHHs ConHoa B
TE4YEHHH CBETOBOro AHA. I1o McTedueHnio cBeTOBOro JHs TpEeKep BO3BpaIacT KOHLEHTPATOp Ha CTAPTOBYIO
YII0BYI0 no3uiuio. C Ha4yanoM CIIEAyIOIIEro CBETOBOIO THS LIMKJ BPAIIeHUs TPEKepa MOBTOPSAETCH.

5. Texnonoruveckasi acnekt. VHXxeHepHas KOMOHEHTA MPOMU3BOJICTBA BKJIIOYAET B ce0sl OTPabOTKy
Oomee 4eM JIBamUaTH OTHEIBHBIX TEXHOJOTHMYECKMX M COOPOYHBIX ONepaunuii TpH CO3JaHUU TEIIo-
¢doTroanexkTpuaeckoro Moxyisi. OCHOBHBIMH OIEPALUSIMHU SBIISFOTCA:

a) U3TOTOBJIEHHE TOKOCHEMHOM MJIaThl C KOHTAKTHBIMHU JOPOKKaMH,

0) hboTonurorpadus TOKOCHEMHOM IIHHEI,

B) popMHpOBaHHE HAOOPAa KOHTAKTHBIX CTOJIOMKOB,

T') DIIEKTPOXUMHYECKOE OCAXKACHNE KOHTAKTHBIX MITAYKOB Ha THUIBHYIO CTOPOHY COJHEUYHBIX Oartapeil,

) MOHTa)K COJIHEUHBIX Oarapell Ha TOKOChEMHYIO IIIary,

€) JaMUHUPOBaHHE FePMETUUECKUM KOMIIAYHIIOM U

) U3rOTOBJICHHUE y3/1a IUPKYJLIINN OXJIKAAIOLICH X KUIKOCTH.

Ha puc. 6 cmnpaBa uzoOpaxkeHsl Qortorpaduu (pOHTANEHOW M THUIBHOW TOBEPXHOCTH (HOTO-
AIIEKTPUUECKOW OaTaper, COCTOSIIEH M3 TPeX MOMYJEH, M3TOTOBJICHHBIX B PE3yJIbTaTe BbIICYKa3aHHBIX
TEXHOJIOTMYECKHUX OIepamui.

WHTEepecHO OTMETUTH TAaKXKe, YTO MHOTHE KOHIIEHTPATOPHBIE CUCTEMBI, U3TOTOBJIEHHBIE 32 pyOexoM,
OCHOBaHBI Ha NapabolouAHON GopMe 3epKaJbHOTO KOJIEKTOPa, U3TOTOBJICHHE KOTOPOTO MpeAroaraet
JIOCTAaTOYHO TPYIOEMKYIO TexHoJoruto [6]. B Hamem ciydyae reoMeTpuss OCHOBHOW MOHTaXKHOU paMbl
KOJUIEKTOpAa M CHUCTEMBl 3€pKaJl SBJSIETCSl IUIOCKOCTHOM, YTO 3HAYMTENIBHO YMPOLIAET INPOLECcC HX
W3rOTOBJIEHUSA. HemaloBa)XXHBIM NPEMMYIIECTBOM MpeajaraéMoil IUTaHApHOM KOHCTPYKLIMU TIpes-
CTaBISIETCS. TO OOCTOATENBCTBO, YTO CHUCTEMA JIETKO pa3OMpaeMa, MOXKET CKIaIupOBaThCS, HE 3aHUMas
OONBITIMX TUIOMIANECH, M TakXke 0e3 3aTpyJHEHWH TPaHCIOPTHUPOBATHCA. YKa3aHHBIM aCIEKT JIOTUCTHKU
MOOWJIBHEIX MpeoOpa3oBaTeIe Malol U cpeaHel MOITHOCTH OCOOCHHO BaKEH C SKOHOMUYECKOW TOUKHU
3peHus AJ1s1 yIAIEeHHBIX WU JIOKAaJbHO pa30pOCaHHbIX MOTPeOUTECH.

CebecTouMOCTh OZHOTO BaTTa NHUKOBOW MOIIHOCTM IHpeAjaraeMoro B paboTe COBMEIIEHHOTO
npeobpasoBarens coctaBisier 2-3 $US, B To Bpemsi Kak Juisi mpeoOpasoBatelieil, W3rOTOBJICHHBIX 3a
pyOeXOM M BIIOCJIEICTBHH PEaM3yeMbIX Ha OTEYECTBEHHOM pBIHKE, OHa jpocturaer 5-6 $US u Ooree.
Iloutn ABYKpaTHOE CHM)KEHHE YAENbHOW IICHBI BBICTYINACT SIBHBIM IPEHMYIIECTBOM ABTOHOMHBIX
KOMOMHHMPOBAaHHBIX CHCTEM H CBHICTEIBCTBYET O KOHKYPEHTOCIIOCOOHOCTH IpenIaraeMoro HaMH
nmpeobpa3oBaTensi Ha MECTHBIX pBIHKaxX. B nanpHelIneM mNiaHUpyeTcs co3/laTh M ONpPOOHpOBaTH B
€CTECTBEHHBIX MOTOJHBIX YCIOBHUSX TEIUIO- (DOTOIEKTPHUECKYIO CcTeMy MOIIHOCTHI0 160 BT 1 BoIIIE.

BaxHbIM (akTOpOM NpH NPOU3BOACTBE COJHEYHBIX TEILUIO-(POTORIEKTPUUECKUX KOHIIEHTPATOPHBIX
Oarapeil sBNSETCS OCHAIIEHHE W TIOCIEAOBATEIHHOCTh ONEpaluii Ha MPOM3BOJACTBEHHOW JIMHUU.
[TnannpyemMoe Mpou3BOACTBO AOJDKHO COCTOSTH M3 ISTH YYACTKOB: XMMUYECKOH 00paboTku u HoTonuTOo-
rpa¢un, BaKyyMHOTO HallbUICHHsI, COOPOYHOT0 y4acTKa, y4acTKa TECTHUPOBAHHA U y4acTKa MEXaHUIECKOH
obpabotkn. Kpome TOro, MAOMKHO OBITH TPEAYCMOTPEHO TaKXKe CIEIHAIBHOE ITOMEIICHHE,
MpeIHa3HAueHHOE IS CKIaIupPOBaHUSI TOTOBOM MPOIYKIIHH.

6. 3axiroyeHne M BbIBOAbI. KOHIEHTpAaTOpPHBIE HCTOYHHKH COJIHEUHOHW O3HEPrUM Ha OCHOBE
KOMOMHHMPOBAHUS TEIUIBIX KOJUIEKTOPOB U (DOTORIIEKTPUUECKUX MOIYJIEH B €IUHYIO CHCTEMY 00JagaroT
00JBIIMM MOTEHLIMATIOM U MOTYT 3aHATh CYIIECTBEHHYIO JIOJIO0 Ha PBIHKE allbTEPHATUBHOW 3HEPTreTHKHU
[9, 10]. B Ka3zaxcTaHe OHM 3aHUMAIOT JaXX€ JIUAUPYIOIIYIO MO3UILUIO, TaK KaK OTPacisM{ 3HEPreTUKU
pecriyOnMKH HE NPOMU3BOAATCS KOHEUHBIE (POTORNEKTPUUECKUE CHUCTEMBI, TOTOBBIE K MPIMOMY
WCIIOJIB30BaHMIO. BOJBIIMHCTBO peaTn3yeMbIX Ha OT€YECTBEHHOM PBIHKE COJIHEYHBIX MpeoOpasoBaTeneit
UMIIOPTUPOBAHO JHOO LETUKOM, THOO0 MO0 KOMIIOHEHTaM.

[Ipennaraemplil B HacTosAmed paboTe UCTOYHMK TEIUIA U AJIEKTPUUECTBA OCHOBAaH HAa OPUTMHAIBHON
KOHCTPYKIHMH TemI0(OTOIIEKTPUUECKUX COJIHEUHBIX Oatapeil. Ilo cpaBHEHHMIO ¢ OOBIYHBIMHU CTaIHO-
HapHBIMH ITIOCKOCTHBIMHU OaTapesiMH, Ha €€ MPOU3BOJICTBO TpeOyeTcsl 3HAUUTEIbHO MEHbBINE JEHEKHBIX
41
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3aTpaTr Ha €IUHUIY MMUKOBOW MOIIHOCTH. boiee TOro, ¢ 9KOJIOrHMYECKOW TOYKH 3PEHHUsS MPOU3BOICTBO U
paboTa aBTOHOMHBIX HCTOYHUKOB O0Jiee Oe3BpeIHBI M3-32 MEHBIIIETO BIMSHUSA Ha OKPYKAIOIIYIO CPEy.
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B. C. Anmowenxo, FO. B. @panyes, U. X. Kapekeuies,
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OHTAWJIBI XXbUIBLUIBIK-®OTODJIEKTPJIIK KYH KO31 BATAPESJIAPBIHA
HETT3JIEJITEH DJIEKTPJIIK XXOHE XbIJIBLIBIK SHEPT' MAACBIHBIH ABTOHOM/1bI KO3/1EPI

Makanaga KyH K31 3HEprHsChlH ©3repTy[iH jKaHa YJrici — KYpacThIPbLUIFAaH MOHOJHUTTIK IKbUIBLIBIK-()OTO-
3NEKTPIIK MOJIYJIIH Kacall LIbIFapyIblH HETi3ri Ke3eHaepi 3epaeiaeHren. MyHnail e3repTyaiH MIOFbIpIaHFaH coyJiere
TYCipy KarmaibIHIarbl JKYMBICHI KapacThIPbUIFaH. OKCIIEPUMEHTAIAbl 3€PTTEYIiH KOPBITHIHIABUIAPEl KYH
paauaIusIChl TACKBIHBIH 125MM KeJeMiHeri 0a3ajblK OHEPKICINTIK KYH KO3i 3JIeMEHTTEpIiH Maiiaianranaa OH ece
JKOHE OJIaH J1a KOFapbl THIMAUIIKIIEH e3repTyre OonaThiHbIH KepceTTi. Cerizecenik ONTHKAaIbIK IIOFBIPIaHABIPY
JKaFaiiblHaa ekiOumikTi Oalikay yiteci Oap, KyaTThUIBIFBI 45 BT KBUIBUIBIK-(DOTORNIEKTPIIIK KOHLEHTPATOPIBIK
KOH/IBIPFBIHBIH YIITICi OCHHEICHTeH.

V. S. Antoshenko, Yu. V. Francev, I. Kh. Zharekeshev,
O. A. Lavrishev, E. V. Antoshenko

AUTONOMOUS SOURCES OF ELECTRIC AND HEAT ENERGY
ON ORIGINAL THERMAL PHOTOELECTRIC SOLAR BATTARIES

The main stages for development of a new type of solar energy converter — a combined monolith thermo-photo-
electric module are presented in the paper. Working regimes of this converter under conditions of the concentrated
are considered. Obtained experimental results manifest themselves a possibility of effective conversion of more than
tenfold flows of solar radiation by using - as the base — industrial solar elements of linear size of 125mm. A
prototype of the thermo-photoelectric concentrator set-up with the sun-tracking system of double axes rotation with
45W peak power at the eight-fold optical concentration is demonstrated.

Key words: solar energy conversion, photovoltaic engineering, solar elements, thermal collectors, photoelectric
modules.
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