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Paccmampusaemca oona 3adaua onmuManibHO20 YNPAeieHus, ONUCLIGAeMAs HA
PA3TULHBIX OMPE3KAX 8PEMEHU PASTUUHLIMU OUDDepenyuanoHeIMu YPasHeHUsMU, a QyHK-
YUOHAT KAYeCmaa AGIAEmcs MHO2OMOYEUHbIM. [JOKA3aHbL aHA0SU NPUHYUNA MAKCUMYMA
JI.C.Ilonmpszuna, TuHeapu3o8anHo20 yCI08Us MAKCUMYMA U AHAL02 ypaeHeHus Juepa.

KaioueBble cioBa: cucrema ¢ NepeMEHHOH CTPYKTypoH, OOBIKHOBEHHOE audde-
PEHIMAIbHOE ypaBHEHHE, NIPUHIMI MakcuMyMma [loHTpsATrHHa, TMHEAPH30BaHHOE YCIOBHE
MaKkCHMyMa, ypaBHEHHE Dijepa, JOMyCTUMOE yIpaBiIeHHE, HEOOXOAUMOE YCIOBHE ONTH-
MaJbHOCTH.

1.BBenenue

B pabotax [1-5] nzyueHs! pa3ziuyHble 337a4d ONTUMAIBHOTO YIIpaB-
JICHHUS C TEePEeMEHHON CTPYKTYpO#l (Takue 3aqadd yrpaBlICHUS Ha3bIBAIOT
TaKXe CTYNEeHYAaThIMU 3a/ladaMy ONTUMAJILHOTO yrpaBieHus [3-5]), onuchl-
BacMble Ha pa3IMYHBIX OTpPE3Kax BpPEMEHHW pa3nuvHbIMH auddepeHnnans-
HBIMU YPABHEHUSIMH.

B npemaraemoii pabote paccMaTpuBaeTcs TakKe 3a/1a4a ONTUMAalb-
HOTO YIIPaBJICHUS C MEPEMEHHON CTPYKTYpOii, HO ¢ OoJsiee oOmmmM (MHOTO-
TOYECYHBIM) (P YHKIIMOHATIOM Ka4eCTRBa.

Jloka3zaHbl psii HEOOXOOUMBIX YCIOBUH ONTHMAJIbHOCTH HpPU pas-
JIMYHBIX NPEIIOJIOKEHHUAX Ha ITapaMeTpbl pacCCMAaTPUBAEMOM 3aauu.



2.IlocTanoBka 3agauu 1 popMyJia npupaeHnsi GyHKIMOHAIA KaYecTBa
Ilycte T; = [t;_4, t;],i = 1,2 —3a1aHHBIE OTPE3KHU, (t, <t <t,), 6; €
(Lo, t1], 6 € (t1, 2], ((g < 01 <O, < <O Sty 8 <& <§H < <G <t)— 3a-
nanneie Touku, U; € R™ u U, € R? — 3agaHHble HEMYCThIE U OTPaHHYCH-
HBbIC MHOXKECTBA, ¢,(a,, .., ay), ¥, (by, ..., b)) — 3aJIaHHBIC HENPEepBIBHO audde-
pEHIIUpYEeMbIe CKAIIPHBIE QYHKIIUH.
[Ipenmnonoxum, 4To ynpasis€Mbli, JBYX3TAIHBIA IIPOLIECC OMUCHI-
BaeTcs cucteMoi TuddepeHInaTbHBIX YPaBHCHHUMA
% () = fi(t,x (), u (D), t €Ty = [to,t,], (1)
%) = fo(t,x,(0), up (1)), t € T, = [ty, 1], (2)
C HaYaJIbHBIMU YCJIOBUSIMU
x1(to) = X410, 3)
x,(ty) = g(x1(t1))- 4
3nech f;(t,x;,u;),i = 1,2 — 3aJaHHBIE HENPEPBIBHBIE IO COBOKYITHOCTHU
MEPEMEHHBIX BMECTE C YACTHBIMHU MPOU3BOJHBIMU MO Xx;,i = 1,2, n-MEpHbIE
BeKTOp-pyHKIIMU, g(x;) — 3amaHHAs HemnpepbiBHO nuddepenupyemas N-
MepHasi BEKTOP-(DYHKLHSA, X9 —3aAaHHBIA TOCTOSHHBIA BEKTOD, u;(t) H
u,(t) —KyCOYHO HETpEephIBHbIE (C KOHEUYHBIM YHCIOM TOYEK Pa3pbIBa MEPBO-
ro pojia) r U F-MEpHbIE COOTBETCTBEHHO, BEKTOP-(OYHKIIMH YIPABISIONIAX
BO3JICMCTBUI CO 3HaUYCHUAMHU U3 MHOKeCTB U; u U, COOTBETCTBEHHO, T.€.
w(t) e U,teT, (5)
u,(t) € Uy, t €T (6)
Kaxnyro mapy (u,(t),u,(t)) ¢ BhILIENPUBEICHHBIMH CBOMCTBAMHU Ha-
30BEM JIONYCTUMBIM YIIPaBJICHUEM.
[Ipeanonaraercsi, dYTO KaXIOMY JONYCTUMOMY  YIPaBJICHHUIO
(u1 (), u, (t)) COOTBETCTBYET €IUHCTBEHHOE KYCOYHO-TJIIAAKOE pEIICHUE
(1 (6), x, (1)) 3amaun (1)-(4).
PaccmotpuM 3aauy 0 Hax0KJI€HUM MUHMMAJIBHOTO 3HAYEHUS] MHO-
rOTOYEYHOro (hyHKIHOHAJA
J(uy,up) = (P1(x1(91)' ---:x1(9k)) + ¢ (xz (§1), ---'xz(fk)) (7)
npu orpanndeHusx (1)-(6).
Homyctumoe ynpasnenue (u(t),u,(t)), HOCTaBIsONIee MUHHMAIIb-
Hoe 3HauyeHue ¢pyHkiuoHany (7) npu orpanuuenusx (1)-(6), HazoBeM onTH-
MaJIbHBIM yIpPaBICHUEM, a COOTBETCTBYIOIIUI Ipouece
(uy (£), uz (£), %1 (t), x,(£) ) — ONTUMATBEHBIM HPOLIECCOM.
[Tepeitnem K BBIBOJY HEOOXOAMMBIX YCIIOBHMA ONTHMAJILHOCTH B pac-
CMaTpUBaeMOH 3ajaye.
IIyets (uy (6), up (8), %1 (8), %) ¥ (61 (6) = uy () + Dy (£), U, (8) = u,(2) +
Auy (t), %, (1) = x,(t) + Axy (t), X, (t) = x,(t) + Ax, (t)) HEKOTOPBIE HOIyCTUMBIE
MIPOLECCHI.
Torma, sichHo, urto mpupamenue (Ax,(¢),Ax,(t)) TpaeKTOpUH
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(1 (£), x,()) OyneT permeHneM 3agaun

AJZ'1 (t) = fl (t' fl (t)' ﬁl (t)) - fl(t' X1 (t)' Uy (t)), (8)
Ax, (tp) =0, €C))

Ax,(t) = fz(t' fz(t)'ﬁz(t)) - fz(t: xz(t):uz(t)): (10)
Ax,(t,) = 9(71 (t1)) - g(xl (t1))- 1D

[Tycts ;(t), i = 1,2 HEKOTOPBIE n -MEPHBIE BEKTOP-(DYHKIHH.
Beenem ananoru ¢pynkuuu ['amunsrona-IlonTpsiruna B Buje
H;(t,2:(0), (0, %:(©) = i (Ofi(t, (), (1), i = 1,2.

N3 toxnaecTs (8) u (10) cnez[yeT 4TO

f%mmmm—

= f[H1(t’f1(t)’ﬁ1(t)’¢1(f)) _H1(t:x1(t),u1(t):lp1(t))]dt,

to

[ won, @ -
to ‘
= f [Ha (£, %2 (), @ (£, 2 () — Hi (£, %, (1), w2 (8), v, (D)) ] .
t1
Torma npupamienue GyHKIHOHANa KadecTBa (7) MOXKET OBITh 3aITu-

CaHO B BUJC
J @y, 1p) = J(ug, up) = (P1(321(91): ---:f1(9k)) - <P1(x1(91)' ---'x1(9k)) +
ty

+(P2(972(f1)' ---'fz(fk)) -, (xz (&1), ---»xz(fk)) + f Yy (DA%, (t)dt —

- f [Hy (6, %,(6), 8, (), 1 (8)) — Hy (6, %,.(6), uy (6), 14 (1)) | dt +

to
t1

f%@m&m~fm&awwwwmn—
—Hl(t x5 (6), u, (), P, (1)) ]dt. (12)

BBenem o603naueHMs
Ag Hilt, 9] = H; (8, x;,(8), 5 (), () — H; (£, (8), uy (0, (1)), i = 1,2,
oH;[t, 1/;] _0H, (6 2 (), 7 (), P (t)) oH; (t, x;(6), w; (), ¥, (t))
dx; x; x;
U TPEIMONI0KHUM, YTO BEKTOP-(QYHKIMU ;(t),i = 1,2 ABIAIOTCSA PELICHUAMU
CHEAYIOUIMX JUHEUHBIX MHTETPATIbHBIX YPAaBHECHUM:
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tr .
P (1) = f Md‘[ _ Z () CNEXCRINEACH) ~

dx, ; da;
t =1

_ i ag,(x1(t1)) a‘Pz(xz(fﬂ' e xz(fk)) +

i 0x4 db;
tzag’(x1(t1))aH2[T:¢2]
+f 0x, 0x, ' (13)
ts ! k
aHz y Y2 a 2 2\51 /) vy A2
pa(©) = [ L] g N g 20202 60)

t
3nech a;(t) W Bi(t) XapakTepucTUdeckue (QyHKIIMH OTPE3KOB
[to, 0;], [t1, &;], COOTBETCTBEHHO.
Torna npupamenue (12) ¢yHkuuonana kadectBa (7) MOXET ObITh
IIPEACTABIIEHO B BUJIE
t1 ty
G @) =) = = [ g Hleplde = [ A, oleps)de +

to t1
t1

k k
+o, <Z||Ax1(ei)||> +0, (Znsz(a)n) - [ osian @ -
i=1 i=1

to
tz

- f 04 (lIAx, (D de +

i1

_I_Z a(l’z(xz(ﬁ X 2(fk))

05 ([l Ax, (£ =

- "’g—,’;mos(||Ax1(tl)||)dt— [ P e -

t2
_ f Ay, Hy [t, 5]

o, ra 0. (15)

t1
3nech ||a|| HopMa BekTOpa a = (ay, ay, ..., @)’ , onpenesseMas Gopmy-
701 |||l = ¥™,|a;], a o(@) ecTb BenuunHa 6oJiee BHICOKOTO MOPSIKA YEM «,
T. €. ()—>0HpHa—>0

JHoxkazarenbcTBo popmynsl (15) 1aHO B MPHUIIOKEHHH.

3. HeoOxonuMple yCJI0BHS ONTHMAJIBHOCTH
N3 Gpopmynbl mpupamenus (15) cinenyet, 9To npu Au,(t) = 0



ty ty

J@y,up) = J(ug, up) = — f Ay, Hy[t,q]dt — J-

to to

JdA; H,[t,
Oz thlt, wl]Axl(t)dt+
0x4

21

k k
+o, (Zumueon) +0, (Znsz(a)n) - [ stz @mac -

to
ta

- [ outiax@lpae +

21
k

B(pé(xz(fl), ey xz(fk))
+Z ab,

05 (Il Ax, (£ —

i=1
ty

H,[t,
- [ o, o,
a u3 ¢popmyn (8)-(11) cienyer, qlTo
Ay () = f1(6, %18, () = fu(t, 2 (0), us (1)),
Ax,(t;) =0,
Ax,(t) = f, (t' AR (t)) - f2 (t’ X, (), u, (t)),
Ax, (ty) = g(f1(t1)) - 9(x1(t1))-
[Ipu Au, (t) = 0, Au,(t) # 0 moJry4aem, 4To
ty tz
G ) =) = = [ B lepolde — |

i1 t1

dA; H,[t,
g, Haltr ] ¢2]Ax2(t)dt+
d0x,

tz

k
+o, (2||sz(a->u) - [ ostiax.@mae.

t1
IIpu 3TOM, Ax,(t) = 0, @ Ax,(t) ABISETCS PEIUICHUEM 3ada4K
Ax,(t) = f, (t' X, (), u, (t)) - f2 (t' x(), up (t)),
sz (tl) = 0.
N3 cootnomenutit (17)-(20) cnenyet, 4yTo
t

20,0 = [ (A5 @6@) - fil6x®u®))dr,

to
t

(16)

17)
(18)
(19)
(20)

(21)

(22)
(23)

(24)

Ax, (t) = Ax, () + j (fz(T' X, (1), uz(T)) - fz(T: X3 (T)'uz(f))) dr.(25)

ty

N3 (24) mepexonms K HOpME, M HCIOIB3ysS JieMMmy ['poHyosia-

bennmana, nomyyaem crpaBeyIMBOCTD (CM. HAaIpUMeEp, [6]) OLIEHKH
t
185, @1 < Ly [ lla filel e,
to

rae Ly = const > 0 HeKoTOpasi MOCTOSIHHAS.

9
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A u3 (3.25) monydaem, 4To
t
8%, @1 < L |Iax @l + [ Izl @7)
t1
rnae L, = const > 0 HEKOTOpas MOCTOSTHHASI.
[Ipumensass k mocnegHeMy HEpaBeHCTBY JeMmy [ 'ponyosuta-bemi-
MaHa, U YUUTHIBas OLIEHKY (26) IPUXOIUM K OIIEHKE
t1
1%, @1 < L [ 13, Alellldz, (26)
to
rae Lz = const > 0 HEKOTOpas NOCTOSHHAA.
[To ananmoruu ¢ omeHkoit (26) u3 (22) ciemyer CIpaBemIUBOCTh
OIICHKHU

1A%, O < L, f 1aa, £, <1l d, 29)
ty

rae L, = const > 0 HEKOTOpas IMOCTOSIHHAs.
[Tycth 6 € [ty t;) MPOU3BOIBHAS TOYKA HEMPEPHIBHOCTH YIPABISIO-
e QyHKIUH u,(t), v, € U; — MPOU3BOJIbHBINA BEKTOp, a € > 0 MPOU3BOJIb-
HOE JOCTaTOYHO MAJIOE YHCIIO, TAKOE, UTO 6 + & < t; .
CrenpabHOe MpHUpaIeHne yrpasisiromeil GyHknuu uq (t) ompene-
UM 110 hopmyIe
v, —uq(t), te|6,0 +¢),
Ay (&5 €) = {01, 1 teT\ [[9,9 + e)).
[Tycte (Ax,(t;€),Ax,(t;€)) — cliennaTbHOE NPUPAINICHUE TPACKTOPHH,
OTBevarollee crenuanbHoMy mnpupamienuio (30) ympasinstomeil (yHKIUHN
u, (t). Torma us orenok (26), (28) cienyer, 4To
1Ax, (t; )| < Lse, t €T,
1Ax, (8 )|l < Lee, t €Ty, (31)
rae Ls, Lo = const HEKOTOpBIE MOJ0KUTEIbHBIE TOCTOSIHHBIE.
[Mpunumas Bo Buumanue opmyny (30) u ouenku (31), uz popmy-
71 ipupatienus (16) noiaydaem, 4yTo
J(uy () + Auy (85 €),u,(8)) — J (uy (8), u,(2)) =
= —el, Hi[0,9,] + o(e). (32)
Temneps crienuaibHOE NPUpAIIECHUE YIPaBISIomed GyHKIun U, (t)
OIpeiesIuM 1o GopmyIie

(30)

v, — Uy (8), te&s+w,

gt ) = {7 N A L

3nech v, € U, — TPOU3BOJIbHBIA BEKTOp, & € [t;,t,) MPOU3BOJIbHAS

TOYKA HEMPEPHIBHOCTH YHPABJISIOMEH (QYHKIUU u,(t), a p > 0 IPOU3BOIb-
HO€ IOCTATOYHO MAJIOE YHUCIIO, TAKOE, UTO & + u < t, .

SICHO, 4TO B ATOM cilydae CIELHAIbHOE MPUPALIEHUE TPACKTOPUHU
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x1(t) paBHO Hymr0, a aiast Ax,(t; 1), T.e. AIS CIENUATBHOTO MPHPAIICHUS
TpaeKTOpHH X, (t), orBeuaroriee npupaieHuto (33), B cuny (29), numeer me-
CTO OLIEHKA
18x, (& Il < Lye, t €Ty, (34)
(L, = const > 0).
YuureBas popmyny (33) u onenky (34), u3 GopmMysl IpUpaAIICHUS
(21) momyuaem, 9To
J(ur (), wx(8) + Auy (65 1) = ] (wa (8, u, (D) =
= —ul,, H, (£, 2] + o). (35)
N3 paznoxenuti (27), (35) cnenyer
Teopema 1. Jlig oONTUManIbHOCTU JOIYCTHUMOIO YIIPaBJICHHUS
(uy (), u,(t)) HEOOXOUMO, YTOOBI COOTHOILICHUS

121635(1 H1(9,x1(9), Uy ¢1(9)) = H1(9' x,(0), u1(9)1¢1(9));
12163542 Hz(f' x, (), Uzﬂ/’z(f)) = H1(f' xz(f)’uz(f)'lpz(f))

BBITIOJIHSUTUCE JUTs BeeX 6 € [tg, t) u & € [ty,t,) COOTBETCTBEHHO.
Tenepp NpennonokuM, 4ro MHoOKecTBa U;, i = 1,2 BBINYKIBIL, a
fi(t, x;,u;),i = 1,2 IMEIOT HENPEPBIBHBIEC ITPOU3BOIHBIE TAKKE 1O Uy, i = 1,2 .
Tornma ¢ paccyXIeHUSIMU, AaHATOTHYHBIMU PACCYKICHUAM U3 IIPUIIO-
KCHHH, 110 AaHAJIOTHH C JI0Ka3aTeabCTBOM (hopmystsl ipupanienus (16) moka-
3BIBAETCS, UTO
t1
J@Wg,up) — J(ug,up) = — f

to

k k
+o, (Zqul(ei)n) +0, (Zuz\xz (&)u) +

k '
a 2 1)y =eny 2
+; = (fa)bi - (Ek))OS(IIAx(tl)ll) -

t1 iy

—jOs(llel(t)+Au1(t)|I)dt— j o;(lax, (®)[Ddt,  (36)

to ty
t2

aHi [t! 1»01]

oo Au, ()dt +

0H,[t,
J(uq, ty) — J(ug, up) = — j %Auz(ﬂdt +
ty
t1

k
+o, (Zquz(a)u)— [ oeiax, @ + aw@lde. - G7)

Hanee u3 otieHok (26) u (27) nostydaem, 4yTo
t

1
1A%, (O] < Ly f 18w (O llde,
to
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t1

18%,@1 < L [ 18w @ld, (38)
to
rae L; = const > 0,i = 8,9 HEKOTOPHIC IOCTOSIHHBIC.
A u3 onieHkH (29) moiy4yaem, 9To
tz
8%, O < g [ 14 (©)lde. (39)
4
(rome Lyo = const > 0 HEKOTOpas MOCTOSTHHAS).
ITycTh v, (t) € U; — MpON3BOJIbHAS OMyCTUMAs yHpaBisitomas GpyHk-
s, a ¢ € [0,1] mpou3BoOIbHOE YMCiO. Torna cnenuagbHOE MpUpalieHHue
YIpaBISIONEH QYyHKINH Uy (t) MOXKHO OTPENETUTH O (GOpPMYJIe
Au, (t; €) = e[vi (8) —us (D], t €T (40)
Yepes (Ax;(t;€),Ax,(t;€)) 0003HAYMM CIIEIMATBHOE MPUPALICHHE
TpaekTopun (x;(t),x,(t)), OTBEYarolee ClennaaTbHOMy NpuparieHuio (40)
yrpasistomeit Gy U, (t). Torma yuurtsiBas orenku (38) u Gpopmyiy
(36) u3 yacTuyHOM opMyIibl pupalieHus (36) noiyyaem, 4To

J(us(©) + Aul(tt: &), uz(8)) = J (uy (), u, (D)) =

_ f OHy[t, 1]

[v1(8) —uy(O]dt + o(e). (41)
du,

to

Ecau cnenmansHoe npupamnerue Au,(t; 4) JOMyCTHMOR yIpas-

astrorieit GyHKIMU U, (t) ompeaenum no Gpopmyrie
Au, (6 1) = plv, (1) —ua (0],
rae 1 € [0,1] mpoussoasHOE YHcIo, a V,(t) € U, Npou3BOJbHAS JOMYCTH-
Masi yrpasJistonias GyHKIUs, TO yYUThIBas Takke oleHKY (39) u3 popmynsl
npupatenus (37) noaydaem, 4To
J (uy (), u,(2) + duy &) = J(u (0, u, (1) =

L, J OH; I, p,]

S ()~ wa Ol + 0Go). (42)

t1
C nmomorsto paznoxenuii (41) u (42) nokazpiBaeTcst
Teopema 2. (IMHeapU30BAHHBIN NPUHUUN Makcumyma). Eciou
muokectBa U;, i = 1,2 oTkpeiTel, a Bekrtop-®yukimu f;(t, x;,u;),i = 1,2
HenpepbiBHO-ub Gepenupyemsr o (x;, u;),i = 1,2, TO A1 ONTUMATBHO-
ctu nomyctumoro ynpasienus (uy(t),u,(t)) Heobxomumo, uTo6bI COOT-

HOIIICHUA
t1

J' OH, [t, ]

o [v:(t) —us (D)]dt <0,

to

12



J V2] 1, 6) — wy )1 < 0

du,

t1
BBITNIOJIHSJIMCH 11 BCEX v4(t) € Uy, t € Ty U v,(t) € U,, t € T, COOTBETCTBEHHO.
Ucnons3ys ¢opmynsl npupamenus (36) u (37) B ciaydae OTKPBITOC-
Tn obmacreit ynpasnenus U;, 1 = 1,2 noka3piBaeTcs CleAyOIIee YTBEPK/Ie-
HHE.
Teopema 3. (anajor ypaBHeHusi Jiiiepa). Ecim MHOXecTBa
U;,i = 1,2 oTKpbITEL. Toraa /Uit ONTUMaIbHOCTH JOIYCTUMOTO YIIPaBICHUS

(uy (), u,(t)) HEOOXOJUMO, YTOOBI COOTHOILICHUS

OH.[0,¢,] 0 OH,[§, 2] 0
ou, ou,

BBITTOJIHSJIMCH JJISI BCEX 6 € [ty, t;) u & € [t1,t,) COOTBETCTBEHHO.

4. 3akiroueHne
YcTaHOBNIEHHBIE HEOOXOAMMBIE YCIOBUS ONTHMAIbHOCTH, SIBIISISICH
YCJ'IOBI/ISIMI/I OIITUMAJIBHOCTHU nepBoro HOprJIKa, HOCAT KOHCTp}/KTI/IBHblf/'I Xa-
paktep. OHM MOTYT OBITh MCHOJIB30BAHBI JIJISI YHCIECHHOTO PEIIeHHs COOT-
BCTCTBYIOHII/IX I[BYXBTaHHI)IX 3aa4 OIITUMAJIBHOT'O ynpaBJ'IeHI/ISI, a TaKXeE
MIPU UCCIIEIOBAaHUH KOHKPETHBIX MPHUKIIAIHBIX 33/1a4.

S. IIpunioxkenue
JoxazarenbctBO hopmyisl (15).
[Tpumensiss popmyny Teitnopa u ucnonab3ys BBEJEHHblE 0003Haue-
Hus, u3 (12) nomyuum, HTO

k
0 1\ M1 91 1 6
/(al,az)—f(ul,uz)—z 2i6 5 0) )4, (Z||Ax1(ei>||)+

aal
i=1

k
N Z 3, (xz (51 xz(fk)) Ax, (&) + 0, (Z”sz (Ei)||> +

ty

f VO8Ot — [ g, p)de -

to

t1 ty
_ f aHl[tllpl] ﬁlHl[t!ll}l] Ax (t)dt—
1

ox; Ax, (t)dt — f ax,

to to
t1 ty

f 05 (l14x, (O I dt + f V3 (DA%, (©)dt — f A, H 6, o)t

to t
ts ts

f “”2 Ax, (6)dt - f %}g“mz(t)dt— [ ostisr@ar. @

t1 t1
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W3 HavanpHbIX ycioBuid (3) u (4) ICHO, 4TO
t

Ax,(t) = fAJ'cl(T)dT, (n.2)

to
t t

Ax,y (t) = Axy(ty) + f Ak, (T)dt = g(%,.(t)) — g(x,(t) + f A%, (7)dr. (n.3)
tq t1
Iycts a;(t) xapakTepuctruueckas GpyHKIUsA oTpe3ka [ty, 6;], a B;(t)
€CTh XapakTepucTuueckas QyHkuus orpeska [t1, &;],i = 1,k .

Torna u3 npeacrasieHuit (1m.2) u (m.3) moayyaem, 4To
t1

Ax,(0;) = fai(t)AJ'cl(t)dt, (n.4)

Ax, (&) = 9(321(151)) _9(x1(t1)) + j Bi()Ax,(t)dt. (n.5)
ty

H03TOMy CHpaBeL[JII/IBLI COOTHOIIICHMUA .
k , bt g
091 (x1(6), ..., x1(6y)) _ 01 (x,(61), ..., %, (ek))
Z da; Axy (8r) = f Z @ (1) da;

x,(t)dt, (n.6)

0

k
Z a<p2(x2(§1 xz(fk)) Ay (£) = f Z.Bz(t) a‘l’z(xz(fl %2 (&) Aiy(£)dt +

i=

t1

+Zafpz(x2(f1 xz(fk))[ (

db;

f1(t1)) - 9(x1(t1))] =

i=1

f Zﬂl( )a(l’z(xz(si L x2(&)) Ak, ()dt +

1

f Z g, (Xz (51 X2 (fk)) 6g(x1 (tl))

ox, Ax, (t)dt +

+Za(pZ(xZ(El;;,f"'xZ(E"))05(||Ax1(t1)||), n.7)
= i
I%Am(t)dt = I f%:lwl]dr Ax (t)dt,  (n.8)
I%sz(ddt = I f%;:’bz]dr Ax, (t)dt +
+ I I aHz’a[Jrc,2 Pl ag(;;itl)) d’[] Ax; (H)dt + j %}tjﬂosqul(tl)n)dt.(n.%
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YuuteiBas Toxzaectra (11.6)-(11.9) B popmyne npupamenus (1.1) mo-
JTy4UM, 4TO
1 t1
G ) =) = [ W88 e — [ byl lde -
t

to
t1

t1 , ° t1 k ,
Of, I, 09, (2:(61), .., x, (0
- I%d Ml(t)mtf;ai(t) 01 (u( LB D) ps ot -

to
t

) f faHg[r,wz] 2g(x: ()

dr| A%, (t)dt +

axz axl
f Z a(pz (x2 (5(1 xz(fk)) ag(xl(tl)) Axl(t)dt +
dxq
ty g 0 - 2
f Zﬁl() 0622 8) a4 [ gm0 -
t) tza [ ] ty ty
H, |7, .
_f fa—;;/)zdr sz(t)dt—fAﬁsz[tﬂliz]dt_
tll " 6 t1
A, H, L, 00z, H,lt,
] f%modh J %Amﬂdw

(Z||Ax1(e)n>+oz (Zquz(a)u) f 05 (143, (O Ide -

j o4(||Ax2(t>||)dt+Z GLAGVER 6 os (1 ()1 ~

- j [%Z”Z]osum%(tl)n)] d. (n.10)

Teneps, ecnu mpeamnonarats, uro Y;(t),i = 1,2 sBusoTcs perie-
HUSMU UHTErpalibHbIX ypaBHeHu# (13) u (14), To monyuum dopmyny npu-
pamenus (15) pyHkMoHana kauecTna.
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BiR DOYiSON STUKTURLU OPTIMAL iDAROETMO MOSOLOSI HAQQINDA
J.B.OHMODOVA, K.B.MONSIMOV
XULASO

Keyfiyyat meyart coxndqtali funksional olan vo miixtolif zaman pargalarinda
miixtolif diferensial tonliklorls tosvir olunan optimal idaroetmo mosalosine baxilir.

Pontryaginin maksimum prinsipinin, xattilosdirilmis maksimum sartinin analoqlart
va Eyler tonliyinin analoqu isbat edilmisdir.

Acar sozlor: doyison strukturlu sistem, adi diferensial tonlik, Pontryaginin mak-
simum prinsipi, xattilogdirilmis maksimum sorti, Eyler tonliyi, miimkiin idars, optimalliq
iiglin zaruri gart.

ON ONE OPTIMAL CONTROL PROBLEM WITH A VARIABLE STRUCTURE
Zh.B.AHMADOVA, K.B.MANSIMOV
SUMMARY

One optimal control problem is considered, described at different time intervals by
various differential equations, and the quality functional is multipoint. Analogues of the
principle of the maximum of L.S. Pontryagin, the linearized condition of the maximum and
the analogue of the Euler equation are proved

Keywords: system with variable structure, ordinary differential equation, Pontrya-

gin’s maximum principle, linearized maximum condition, Euler equation, admissible
control, necessary condition of optimality.
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BAKI UNIiVERSITETININ XOBORLORI
Ne3 Fizika-riyaziyyat elmlari seriyast 2022

YK 517.954

INVESTIGATION OF FREDHOLM PROPERTY
OF A THIRD ORDER THREE-DIMENSIONAL
COMPOSITE EQUATION BY NEW METHOD

Y.Y.MUSTAFAYEVA, N.A.ALIYEV
Baku State University
yelenamustafayeva@bsu.edu.az

The paper is devoted to investigation of Fredholm property of a three-dimensional
third order composite equation with nonlocal boundary value conditions by a new
approach including construction of a fundamental solution, finding basic relationships
and regularization of the obtained necessary conditions.

Keywords: three-dimensional, third-order composite equation, fundamental
solution, basic relationships, necessary conditions, regularization, Fredholm property.

Introduction

As is known, for an ordinary differential equation the number of ad-
ditional conditions (Cauchy conditions or boundary conditions) always
coincides with the order of the equation in question [1].

The non-local boundary conditions free us from the above misunder-
standing between ordinary differential equations and partial differential
equations. The authors, precisely for nonlocal boundary value problems,
found the possibility of proving Fredholm property with the help of the
derivation of the so-called necessary conditions and their regularization.

The idea of necessary conditions was first used by A.V. Bitsadze for
the Laplace equation [2, p.185]. We are going to obtain the necessary
conditions from the basic relationships which are deduced only from the
equation under consideration and are analogs of the Lagrange formula for an
ordinary differential equations and for partial differential equations they are
obtained from the second Green formula. Necessary conditions show to
which relationships the required solution and its partial derivatives must
satisfy on the boundary of the domain and that we cannot arbitrarily define
the desired function and its partial derivatives on the boundary of the do-
main even in the class of admissible functions (continuous or continuously
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differentiable). That is, if the boundary conditions do not satisfy the
necessary conditions then the stated boundary value problem has no solution
in this class. If the boundary conditions are a linear combination of these
necessary conditions then the solution will not be unique and the boundary
value problem will have infinitude of solutions.

If the necessary conditions are singular they can be regularized with the
help of the very non-local boundary conditions and then used to prove the
Fredholm property of the stated boundary value problem by an original
scheme [3], [4].

Considering the nonlocal boundary conditions for a partial differential
equation we get the opportunity to investigate the solution of boundary
value problems for differential equations of both even and odd order.

1. Statement of the problem
We are going to consider a three-dimensional composite equation

LU(X>—§§%§Q ° (82;;) azu;)J 0 (LD)
2 X2

X =(X;,X,,%X;) €D,

in three-dimensional domain D < R® with Lyapunov boundary [ and
convex in direction x,, with nonlocal boundary conditions:

m o O U(X m /o O°U(X m o 0°U(X
lu _Z{ '(”)(X) ( ) x=rm) + ,(zg(x) ( ) Xs=rm () T |(3§(X) ( ) Xs=7m (X)
m=1
m d*u(x) m m o*u(x
+OCI(12)(X) ( x;ym(x) |(13)(X) ( ) x3:ym(x) |(2;(X) ( ) xym(x'):|+
au(x) au(x)
+Z{ 5 O o0 T OO Lo |+
j=1 j '

+oi” (XX, 7, (X)) + o7 (X Hu(X ,72(X )= fi(x),i=13, (12)
ux)=f,(x), xeL=T,NT,, (1.3)
where domain S cOXX, is the projection of D onto plane OX X, =OX',
I, and T, are the upper and the lower half-surfaces of the boundary I'

respectively defined as I, ={5=(&.£,.6): & =7(&), &=(5.8)es),
where & =7,(&,6,),Kk=1,2, are the equations of T, and T, respectively,

functions y,(&'),k =1,2, are twice-differentiable in S; L is the equator
connecting [, and I,: L=T,NT,.
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We denote the projection of domain D onto the plane OX;X, =OX'

as F0={§=(§1,§2,§3):§3=7/0(§')=0, f'=(<§1,§2)65}. The coefficients

ai) (X)), ai) (), i,k=12;],p=12,3, satisfy Holder condition in S, the

right-hand sides f,(x'),i=1,2, and fyo(X) are continuous in S and L
respectively.

The linear independent boundary conditions (1.2) as if «saw» the
values of the desired function U(X) and its partial derivatives on the half-

surfaces I, and T, .

2. Fundamental solution

The fundamental solution of three-dimensional equation (1.1) has
been obtained by means of Fourier transformation of equation (1.1) in the
form [1]:

i(a,x=&)
€ da. @.1)

i
Ux-9%)=
-=0 5 I
The direct integration of super-singular integral (2.1) can be done by
Hormander ladder [5]. But the authors found another way: to represent the
equation (1.1) in the form:

2 2 2
a2(a1 +a; +a3)

A9 i =
LU(X)_Aax u(x)=0. (2.2)

Then the fundamental solution U(x—¢&) of equation (2.2) satisfies the

equation:

LXU<x—«:)=AXaiU<x—r:)=c’>‘<x—§>.
X

2

As the fundamental solution of three-dimensional Laplace equation is

0 ___
x DXme)= dnfx—¢&’

then the fundamental solution of equation (1.1)
1
U(x—f):—4—1n|x2—§2+|x—§||. (2.3)
T

3. Basic relationships and necessary conditions
Multiplying (1.1) by fundamental solution (2.3), integrating over the
domain D and taking into account LU(X-&)=0(Xx-¢&) where 5(x—¢&) is

Dirac’s O -function we obtain the first basic relationship:
JAU(X)U (x = &) cos(v, X, )dx —

r

2
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|00 ) gy 0 VD) g
r ov OX, " X, ov
U(é), ceD,
s 3.1
I PO o

The first relationship in (3.1) gives the representation of a general solution
of (1.1) and the second one is the first necessary condition:

%u(f)z l[Au(x)[ 41” X, — &, +|x—§||jcos(vx,xz)dx—

_juf_ 1 Ak - _
m [ FEm égdeﬂu(x) ( 47[1n|x2 & +[x §||jdx , el
or
_u(f) = ——j(ln|x -&+ |X §||)AU(X)COS(anXz)dX+—j|X 1 §| 8;(X)
+Lju(x)wdx , el (3.2)
At |X—§|

All the integrals in (3.2) have a weak singularity (the order of singularity
doesn’t exceed the multiplicity of the integrals.

So, we have proved the following
Theorem 3.1. Let domain DcR' be convex along axis Ox, and

bounded with piece-wise Lyapunov boundary I'. Then the first necessary
condition (3.2) is regular.

. 2
Let us consider [X—&['|, _, o, k=12

S=7 (&)

|X fl Xy= }/k(x) |X §| + (7 (X') = J’k(f)) =

&=rk(
|x'—§'|2 [1 + i(_@;g)fx‘ )J cos*(X'=&', X, ) +

2O (X) 37 (X)
oX,

cos(X'—&', X, ) cos(X'—&', X, ) + O(|x’—§'|)}. (3.3)

2

Introducing notation

P(X,&) =1+ {M cos(X'—&",X,) + Ir.x) cos(X'—&", X, )} +0(x—=£))
OX, 0oX,
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we can rewrite (3.3) as follows

b = ==& P(x. &) . (3.4)

&=7k(Sh
R em ar k. Note that for £'= x" we have:

B¢ x)=14+| 260D L OROD | s
oX, oX,

[x~¢f

If we expand each surface integral in (3.2) over the upper and lower
half_surfaces Fk = {§ = (51’52563) : 53 = 7k(§')} ) 5’: (921’52)6 S = pr.f}:Ork B k = 152 )
we’ll obtain

1 cos(X—¢&, dx'
- 1 J
2 u(f) =y (&Y T Z( ) Iu( ) X3=7; (X") |X—§|2 izz;k((f’}) COS(VX, 3)
11 au(x) ax'
+Z( b I|X g ov, [36 cos(v,,x,)
_z( ' —j'(ln|x Eeos(x—&,x )+1|)Au(x)cos(v X)) son % Eerl,. (3.5)

Obviously, when k#i in (4.1), the corresponding integral is not
singular. When k=1 in the first sum in (3.5), then the corresponding
integral has a removable singularity at x— ¢ and in the second sum from
(3.5) the corresponding integral has a weak singularity, since the order of
the singularity is less than the order of the integral's multiplicity. Therefore,
denoting non-singular terms by ellipsis in (3.5) and taking into account
(3.4), we obtain the first necessary condition in the form (for k=1, 2):

COS(X _g’vx) S3=7k (&) '
i (3.6
P(X,ENX=E] cos(vy,X;)
To derive the second basic relationships we multiply (1.1) by
U(x-%)

1
SU gnier = (D" i!u(x)

%3=7k (X))

,i=13, and integrate it over D applying integration by parts:

oX,
jAu(x)Wcos(v, x,)dx — [ Au(x) ——=22 U (x=¢) cos(v, X, )dx +
+Iau(x)i(aU(x—é)jdx_IaU(x—gf)i(@u(x)]dxz
roox ovl  ox rooox, ovl ox
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), e,
_) % P13, (3.7)
L, r
2 087 ’

the latter of which in (3.7) are the second necessary conditions (& €1 ):

Tou®) _ 1 cos(x—&,x) Au(x)
2 0& drr x—¢&  (cos(x—¢&,x,)+1)

s LU0 cosx=Ev) g 1 10 [y g
4”1_ aX |X—§|2 47Z'1‘|X_§| an aX ? [

dx +

lau@) 1 .oux cos(x—ec,‘/x)der 1 1 0 [dex (3.8)

208 Azt ok, x-&f arilx—gov| ox

2

Expanding in (3.8) each surface integral over the upper and lower half-sur-
faces I} = {éz =(61,62,63) 163 = 7/k(‘f‘)} » §'=(6,6)eS=pre Iy, k=12 , we obtain:

1 ou(é) 2 (=1)! [ cos(X—&,X,) Au(X)

> Een(@) T T 4 I ézmévdx +

2 0 Fodron x=¢ (cos(x—&,x,) +1) [R5
2 (— i —_ 2 —_ i

+Z( 1)! . ou(x) cos(x /f;vx) . X+Z( 1) [ 1 0 [au(x) L i=13
T o4r o ox, x—¢| W\ A fx=&ov, | ax JiTE

Tau@)
2 0,

2 (=1) Iau(x) cos(x—&,v,)

) 1 .(-D' o M
TS 4x § ox, ‘X_g‘z

dx + — —
£on (&)
PG OX

L axs (3:9)
4z i |x =&l ov 5

X=7,(x)

2

Obviously, when k # j in (3.9), the corresponding integral is not
singular. When k=] in (3.9), then the corresponding integrals have re-
movable singularities at X — &. Replacing the surface integrals in (3.9)
with the integral over the projection S, denoting nonsingular terms with
three dots we can rewrite the necessary conditions (3.9) as follows:

1au@) O A0 esx—Ev) | s (3.10)
2 0& 47 s X PB(X,&X-E] HEAY

All the integrals in (3.8), or (3.10), have weak singularities what
proves

Theorem 3.2. If the assumptions of Theorem 3.1 hold true then
necessary conditions (3.10), or (3.8), are regular.

To obtain the third basic relationships we multiply (1.1) by

M, i, j =13, and integrate it over D:
XX,

&=1(&)
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FUK=E) givx)- LU0

iA”(X)[ XX, o0,

————==cos(V, X; )jdx +

(P ) D .
u) fe
+if 09 FU - 6E)cos(v,xk)dx— 0605, (3.11)
I oX0X;  OX0X, lazu(g) fer
2050¢,° ’

the latter of which in (3.11) are the third necessary conditions (£ I'):

12u©) _ U (x— Cf) aU(x=9) _
2 0808, =] Aux )( xR T o G s XJ)JdX
U U(x=9) aUx-9)
éi ox %, ( ox.0x cos(v,X,) — > ————=2cos(V, X, )de+

ou(x) ou(x-9%) cos(v, X )dx, i, j =13,

or, namely,

1ou@ _ 1 cos(X—&,X%,)
2 o8 f ()(M x—&

cos(v,X,)+

1 cos (X=&,%,) +cos(X—&,X,) cos’ (X =&, %) +1-2c0s’ (X =&, X))
4r x—&[ (cos(x—&,%,) +1)

cos(V, X, )de

Ia U(zX) cos(x—¢&,v) dx ,
At 6X1 |x §|

10w 2 u(x){ 1 cos(X—&,X,)

](cos(v, X,) —cos(v, X,) Jdx —

2 ] rox,0x | 4rx |x—;‘|2
Iazu(zx) 1 cos(x égzn X,) cos(v, X )_LOOS(X—{,XJCOS(V’ X,) [dx —
Lo | 4r x—¢& 4z |x—¢

= SO oy, x,) [ax+
dr |X_§|

+J8 ux)| 1 cos(x—¢,v) dx
r aXzz 472' |X §|

Iazu(x)[l O Ex) L
! oxox,
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120°u() _J~ u(x) 1 cos(x=&,%) 1 1
2 08> ) ar x-&f 4\_5\

y cos’ (X—&,X, ) +00s” (X =&, X, )cos(X— &, X, ) +1—2c0s* (X =&, X, )
(cos(x—§, X,) +1)2

Ia ux)| 1 cos(X—¢&,X;)
ré’xé’x 472' |)(—§|2

cos(v, Xz)jdx -

1 cos(X—¢&,X,)
4 | - |2

cos(v, X, )de +

HaZu(x)( 1 cos(X— gv)JdX

r 6X32 4r |X §|
1 azu(g)
2 5?:1552 Gene) T
Iazu(ZX) L COS(X_§29 Xz) COS(V )_Lwcos(v, Xz) dX+
roox | 4rx |x—§| 4r | - |
+I82U(X) L COS(X_(:EZ’ X3) cos(v, X[)_was(v, X3) dx —
FoxoK, (47 |x—¢] Az |x=¢

Ia u(X)[l cos(X — év)}dx,

Poxox, | 47 |x—¢&f
107 Ia UOI| L os(X=8,%) ooy xys L
20606, 1 o (4r |x—¢& T A x4

><cos3(X—¢f,X2)+cosz(x—§,xl)cos(x—‘f,xz)+1—2005 (X—§,X3)COS(V %) |dx—
(cos(x—é,x2)+1)2 o

@ u(x){l cos(X — e:v)JdX
roxox, (47 x—gf

cos(v,X,) +

10U _ e 1 cos(x—¢&,x,)
20608, t ar g

11 cos(X—&,X)cos(X— &, X, )(cos(X =&, X,) +2)

cos(v, Xz)}dx +

g fos(x= ) 1)
+f62U(X) 1 cos(X—fz, X,) cos(v, Xl)_L"OS(X;%XI)COS(V, X,) |dx +
FOXOX, | 4 [x—¢| 4z |x—¢
Ia ue| 1 cos(x=&.v) |y (3.12)
Foxox, (47 |x—¢
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Splitting the surface integrals in (3.12) over I into two integrals over
upper and lower half-surfaces I} and I, then replacing them with the

integral over the projection S, denoting nonsingular terms with three dots
and introducing the following notations

K::(,,)A (X',é') — [1 COS(X — 5’ X ) COS(V’ X ) +

4x R(X.&"
+L c0s’ (X —&,X, ) +cos(X— &, X,)cos* (X — &, X,) +1—2cos* (X — &, X, )cos(v x|,
Az P.(X, & (cos(x =&, %,) +1) BEAH
K‘“ (X, = ( 1 cos(Xx—&,X )cos(v,x,)—cos(X—cf,X,)cos(v,xm)j; L m=23,
P.(X,&") R
K® (cos(v X,)—cos(V,X, ))cos(x—f, X)) 3 =
22pm(x &= [ 4 Pk(X',f') iz;i:i;, p=2m=13,
K(“ (X', = (cos(v )—oos(v,xl))cos(x—a_‘,‘,xz) _
R(x.&" e
(k) voEny Lmsz(x_g’xz)
K}},A(Xaé)_[“.” Pk(X',gl) +
+Lcos3(xf§,xz)+cosz(x7§,xl)cos(x E,X,)+1-2c0s” (X — &, X, )cos(v x)
4z (cos(x—&,%,) + 1) P (x',&" R Y
. 1 cos(X—¢&,X%,)cos(X—&,X,)
K® (x , N 2 3 4
23,33( g [47[ Pk(x',é')
3 2
+Lcos (X—=&,%, ) +cos’(X—&, X )cos(X— &, X, ) +1—2cos* (X &, 3)c0s(v,x3) s
Ar (cos(x—&,%,)+1) Xa=7i ()
k00,0 = Llstex=8)
4r  P(X,&) o
;)A(X g) 1 COS(X é: Xl)'COS'(X_é:a X3)+
4x R.(X.,&"
+L cos(x—é,xl)cos(x—é,X3)§cos(x—§,xz)+2) cos(v,xz) e
4x (cos(x=&,%,) +1F P(X',&") e
1(:)32()( £ = (cos(v X,)—cos(v, X ))cos(x ¢, X]) s
4 P(X & 6=, (X)

we can rewrite the necessary condition (3.12) with singular or weakly
singular terms:

KA (x dx'
2 6§ &=n(&) T =-(= 1) IAU(X)|5 =7 (&) | (§|§)COS(VX)+
1 s N3
1 o°u(d) O Kin(x,&)  dx
PEEYE |;=yk(5'> =D I@X ox 0 e
gz s 27N |X _ég| COS(Va X3)
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K(k) ' 2 K(k '
+( 1)k+]j a U(X) v ) 22,22 dx + (_1)k+1J‘ ) 22,23 dX + s
s _§| cos(v, X,) s OX,0%, —§| cos(v, X,)
12°u(®) KB A
2 69‘32 & 7(5) X =7, (X') §| COS(VX)
. K, dx
+( )k ].[ Y0 33,3 12 +
x'=&|" cos(v, X,)
LOWE) ey alu(x) Kfziz(x',g") dx
20808, 157 s OX, 0, T Ix _§'|2 cos(v, ;)
l alu(ég) | k+1 Kl(;()A dx’ 4
2 0608, e Ry | cos(v,X,)
+ (_l)kﬂj' aZU(X) K](;()BZ dx'
s X%, T xg] cos(v, x)
10 ()MI K, (3.13)
2 agza; &=n (&) 5 Xy =7, (X') §| COS(V )

Thus, we can establish the following
Theorem 3.2. If the assumptions of Theorem 3.1 hold true then

necessary conditions (3.13) are singular.
4.Regularization of necessary conditions

m,j=13, by coefficients ;) (&") under

mj

Multiplying

=7 (X')?

0¢,0¢,
assumption that functions ) (&") satisfy Holder condition we build their
linear combinations and substitute the necessary conditions (3.6), (3.10),
(3.13) we obtain

z{ (&) )

o0&
cerno TARE)

o’u(®)
o0&

weron FAR(E)

o’u(®)
og!

v FBRE)—

x\:ym(x) |(22) (5 )

X =7n (X)
m=1;

o'u®) o'u®)
05,06, 0,08,

(k)
KHA _odx N
oy )

| cos(v

NCAUES)
05,06,

x;mx')} =

=S ANEN- 1)“{}Au(x)

(k)
K22 21 dX' +
— | cos(v, X,)

0
ZKZZ 23 dX' +
O lx—g]* cos(v,X,)

o’ u(x)

X=7 (X')

FEANE ){( DG

2 KZ;)ZZ dXV
Xv7§| 2

0’ u(x)

2
+ _1 k+1
cos(V, X;) D 's[ OX,0%;

+( l)kl'[

%=7, (X)
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2KE dx

—_— 4
X'— |cos(vx)

X=7 (X)

+Zﬁ.‘§l(§ )[( 1)k”IAU(X)

+ (_l)kﬂi‘ ax ax

2K, dx!
)

x‘=n<X'>|X_ | cos(v, X,

%=7 (X))

2K(k) = '
+Z,B.(:(2(Cf )I:( 1)k+1J' 12,12(X 55 ) dX +”.:|+

|X'—§’|2 cos(v, X,)

(k)(g )|: k+1 ) 2l\<l(3k,)A dX'

’ |2 +
_§| cos(v, X,)

2 (k) '
+(_1)k+l-[ a U(X) 0 K]332 dX L+
s OX,0X, X'— §| cos(v, x)
(k) k+1 a u(x) 2K;§>?3 dx' 4 1
+Zﬂ.23(§){( ) i e cos(vx) . (4.0)
Entering in (4.1) the coefficients Sy, (f’) under the integral , subtracting

and adding A, (x') and taking into account that functions ) (&") satisfy
Holder condition: |B%(&) - B4 (x)| <Cle-x|",0<a <1, and, consequently, all

the integrals containing A% (&) A% (x") have a weak singularity we shall
leave only singular terms and rewrite (4. 1) as follows

L1 & pm o O m e O _
'"ZII:JZ;AH (é:) 662 x,:m(x) ﬂl pl (ég)aépagl X =7 (X)
-3 | i L (0 B0 002K +
k=ls
+( 1)k+lﬁ(k) =7 (X) K;Z)Zl-’_( 1)k+lﬁ.<;)z( ) . K;;)zz
+(=1)* ‘“(X) S 2KE + (D B OO)AUX)] 7,(X)2K;S’A+

3

=7 (X) K3(l3(31+( l)kHﬂIlZ( )

+ (=D BX )

:;/K(x'>2K1<;)12(X’v 5‘) +
2

I :.T;(x'mu(x) e 2K+ B (X )a”(x) 2K+
" o’u(x dx'
(D X “) 2Kl |2 (4.2)
cos(v, X )

As all the coefficients K, (x',&"),m,Li,j=13, in (4.2) can be expanded by
Taylor’s formula as follows
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Ko (X', = KIG (X, XD + ..
where three dots contain nonsingular terms. Then substituting this formulas
into the above integrals we shall mean K®. =K® (x',x") .

mLij mlij

2 —
Grouping the terms in (4.2) containing 2xu((3§) s M j=13, and
X 1
m J
compared to the boundary conditions we get the following system of
equations for the unknowns “(x), i=12m,j=13, which can be
represented in a matrix form:
(=D2K 0 (=D"2K{) 0 0 (EDT2KE AR (ann(x)
CDV2KE 0 EDUIKE GO0 VK AR | a0 (g 3y
(=D2K, 0 (=D2K{ 0 (DT2KEL CDT2KEL | ARG || el '
0 (=D™'2K}, 0 (=D™2K3), 0 0 ) | | e
0 0 0 0 0 (D2KE, | ARG || afix)
0 0 (D2KE, (DK, 0 0 BEX)) {al(x)
or
1
AYBY = —a¥, k=1,2..
p 64
The determinant |A“| of system (4.3) can be reduced to the form:
Kin K& 0
|A(k)|: l;)IZK;:UK}(:ZI Kl“l(,)A Kf:A K;;LZZ : (44)
0 KL Ky

Evidently , we have obtained
Theorem 4.1. System (4.3) has a unique solution pv —(g® g© g®

. pY.p%) if the determinant (4.4) doesn’t vanish: |A‘k>| 0.

After having solved the system (4.3) and substituting the values of
BY.i,j=13, into (4.1) we get regularized relationships:

Jjo

2 S (m) U ’ (m) a U(é) _
m2||:§ﬁlu (5 ) 6512 X::,lex‘) i.pl (g )aépagl X:VW(X):| -
,[ 5‘ |: il ;:y‘,(x) |”;2)( ) ;/m(x) |‘T3‘( )6 U(X) X3 = (X))
UT\i (m) (m) 4 5
a (x) aox, +a.]; (X ) (x) roeraoy oo Los(v ( )

Taking into account that from boundary condltlons (2.2) we have
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2 8 0’ o’
2[ 50020 oo sanon T2
o d
(m)(x) (m)( ) U(X) . ,"(x) I(r;})( )aué;() xl;/m(x'):|:
= ,00)— z{ “’(x)a“(x) oo+l ) B “(X) }

OO 0+ P GO 00) T3, (46)
and substituting (4.6) into (4.5) we get

2 o OU(E) e OUE) _
Z{Zﬂ. ) oz 1o Z Bi(&' )8§ o¢ MN(X)} =
fi(x) 2 1 a® au(x) dx'
%é! |)('_§'|2 o (X) 00 cos(v, X,)
(O 7, (X)) (4.7)
=15 | y'— s(v X )

S8 =123 k=12, IntO

(4.7) and changing the order of integration we obtain regularized
relationships:

: m (2 OUE) m (2 O°UE)
%{Zﬂ|u (5) a§ X3 =7 (X) Zﬂ| (5)85 aél X3 y(x):l
I f(x) dx'
© cos(Z—X,v,)|,_
) (D" " (X) P dx dz'
Fids oz, [n@| 4mos x—g) Nz—x  cos(v,,x,) |cos(v,,z,)
P cos(Z—X,v )x o
2 D" (@) T i . (4.8)
ZJU(Z) X =7 (X) 4 I 2 +...
K1 nn @) 47 s |X=E] cos(v,X,) |cos(v,,Z,)

Evidently, if the right-hand sides f (x'),i=13, of the boundary
conditions (2.2) are continuously differentiable in S and vanish at the
boundary &S then integrals ; f.*) _ d  converge in Cauchy sense.

Thus, we have obtained three regular relationships (4.7) and proved
the following

Theorem 4.2. If oV(x),i=13,m=12;p,q=13%xeS, belong to a
Holder class with index x>0 and a™x)ec(s),i=13,m=12xes, and

f. (x)eC®(9), f, and
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4.1 the relationships (4.8) are regular.

5. Fredholm property
The unknowns g ,&E) 62“(5)‘52”:,),i,j:E,kzl,z, can be
) o Tt ages
expressed by the derivatives u(x , QU0 s,
axj X, =7, (X') 8X32 X=y, (X)) 2 >
In the virtue of the formulas of calculus we have:
0 ou(x) au(x) 07, (x")
—U(X,X,, X,X,)) = Xo=r (X" () A
axp ( 1 7k( )) axp =7 (X) 6X3 =7 (X) axp 2
k=1,2; p=1,2,
whence we have
au(x) _Ou(x,7, (X)) _ ou(x) oy, (X) (5.1)
axp X =75 (X') axp 8)(3 X =y (X') axp >
p=1,2; k=1,2.
as well as for the second derivatives we have
0’ o°u(x o°u(x o7, (X'
u(Xl’XZ’}/k(Xl’XZ)) :# % =7, (X)) + ( ) % =7, (X) 7k( )+
OX,0X; OX,0X; OX,0X, X,
L U™ Oy (X) | o'u(X) 0y (X) 0y (X') , Qu(x) 2’y (X)
e AR ax: e ox o ax, ax, T ax ox,
whence
o*u(x) 0* . ,
= ux', 7, (x")) —
o ox, 12 = B o CHACY)!
~ouX) Iy, (x) 82U(X)| 7, (x)
=7, (X') %=y, (X")
ox,ox, " ox, axox, T ox
_2u(x) 7, (X) Oy (x) _au(x) 2’y (X) (5.2)
o X, ox, ox, T ox ox,
p,j=12k=12
Let us write (5.2) in open form:
2’u(x) R
L= u(x', v, (X)) —
aXlz X=7, (X) 6X12 ( 7k( ))
U 7, (x)  2'u(x) y, (x)
X, 0%, T o OX, 0%, T o,
_duX) a7.00) _aux, ()
ox: el ox ox, e ax
’u(x) VI
axzz X, =7, (X) :aT;U(X ,}/k(X ))_
~duX) Iy, (X)  duX) iy, (x)
OX, 0%, T ox, ox,ox, T ox,
_ouX) (X)) u) 2’y (X)
ox: Ty, ox, T ek
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o’u(x) 0’

6X16X2 X=r () axlaxz U(X > Yk (X ))_
_ o (x) o oy (X)
xXox, T ok, axyox, T oax
_ouX) 0y (X) Oy (x) _ du(x) 7 () k=1,2. (5.3)
o e ek, axg MY axx,
Substituting the expressions for ouX) s 1 =12,
ox,ox,
u(x) s 1=12, from (5.1), (5.3) into the left-hand sides of the boundary
ax. X=7 (X)
J
conditions (1.2) and relationships (4.7), we’ll get a system of 6 equations
2
with respect to 6 unknowns ) oo a u(zx) s k=12
XX, T o ox, 1T ox,. M
z[ 00T ano0 T A0 T2 N,lei(x'),iﬂTé, (54)
= X, O)
where F.(x'), i=16, are functionals:
oul  ou o'ul &*ul. éu
F ) =F, o M auf | Izrk’ b 12y
OX,  OX, OX Lo OXT O, OX,0X,

Theorem 5.1. If the determinant of system (5.4) is not equal to zero
then system (5.4) has a unique solution

0 ol e, @
P00 g b P | O, o,
ox,0x, 1 : ox T ox, ox, LoOxT o axoxox,
2u(x) o, ou, o'l &,

B v:(D(rn)(u X X
OX,0x, 170 PRk ok, Tox, | I

ulr aulr 62u|l_ azulr a u
ox o ox, ox| T oox’ T ax, T oxex,

k=12),

E}

ox’ 7 oox, Toxox,

k=12), m=L2. (5.5)

—Hm
X (X) =®; (r’

3 1

From the necessary conditions (3.8) and (3.13), relationships (5.1),
(5.3) and (5.5) we get Fredholm integral equations. Thus, we have
established

Theorem 5.2. Under assumptions of Theorem 4.2 and Theorem 5.1

problem 1.1-1.2 has Fredholm property.

REFERENCES
Vladimirov V.S. Equations of Mathematical Physics, Moscow: Mir, 1981.
2. Bitsadze A.V. Boundary value problems for elliptic equations of second order,
Moscow, 1966, Nauka, 203 p.
3. Mustafayeva Y.Y., Aliyev N.A. New Method of Solvability of a Three-dimensional
Laplace Equation with Nonlocal Boundary Conditions. Journal of Mathematical
Physics, Analysis, Geometry, Kharkov, 2016, vol. 12, No. 3, pp. 185-204.

—

31



4. Mustafayeva Y.Y., Aliyev N.A. New method of investigation of the Fredholm
property of three-dimensional Helmholtz equation with nonlocal boundary value
conditions, J. Filomat, 2018, vol.32, issue 12, pp. 4445-4460.

5. Hormander L. Differential operators of basic type, Math.Ann., 140,124-146, 1960.

UCOLCULU KOMPOZIT TONLIYIN FREDHOLMLUGUNUN
YENI USUL iL9 ARASDIRILMASI

Y.Y.MUSTAFAYEVA, N.A.OLIYEV
XULASO
Magqals yeni yanasmadan istifads etmoklo qgeyri-lokal serhad sortlori ilo {iglincii
doracoli ti¢dlgiilii kompozit tonliyin Fredholm xassosinin Oyronilmosina, o ciimlodon
fundamental hallin qurulmasi, osas miinasibatlorin tapilmasi vo oldo edilmis zoruri sortlorin

requlyarizasiyasina hosr edilmisdir.

Agar sozlor: tglincii doroacali tigolgiili kompozit tonlik, fundamental hall, osas
miinasibatlor, zaruri sortlor, requlyarizasiya, Fredholm xassosi.

UCCIEJOBAHUE ®PEATOJbMOBOCTHU TPEXMEPHOT'O COCTABHOI'O
YPABHEHUA TPETBEI'O NIOPAJAKA HOBbIM METOJOM

EJOMYCTA®AEBA, H.A.AJIUEB
PE3IOME
Crarbsi MOCBsIIIEHA MCCIICAOBAHUIO (DPEAroJIbMOBOCTH TPEXMEPHOTO COCTABHOTO
YpaBHEHHSI TPETHETO MOPSIIKA C HEJIOKAJHHBIMH KPACBBIMHU YCIOBUSIMHE C MTOMOIIBI0 HOBOTO
MIOJIX0/1a, BKJIFOYAIOMIETO MOCTpOeHHE (QYHAAMEHTAIBLHOTO PEIICHHUS, HAX0XKACHHE OCHOB-
HBIX COOTHOIICHHUH M PETyJISIPU3aLHNIO TTOJyIeHHBIX HEOOXOIUMBIX YCIOBHI.
Ki1roueBblie c10Ba: TpeXMEpHOE COCTAaBHOE yPaBHEHHE TPETHETO MOpsiIKa, QyHaa-

MEHTaJIbHOE pElIeHNe, OCHOBHbBIE COOTHOIICHHS, HEOOXOJUMBIC YCIIOBHS, PETYISIPH3AINS,
(bpeAroIbEMOBOCTS.
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BAKI UNIiVERSITETININ XOBORLORI
Ne3 Fizika-riyaziyyat elmlari seriyast 2022

YAK 517.977.52

HEOBXOJIUMBIE YCJIOBUA OIITUMAJIBHOCTHU TIEPBOI'O
BTOPOI'O IOPSIIKOB B OJHOM 3AJTAYE ONTUMAJIBHOI'O
YIPABJIEHHS C IEPEMEHHOM CTPYKTYPOM "
PACITPEJEJIEHHBIMUA ITAPAMETPAMM

"K.5.MAHCUMOB, *B.I'.P3AEBA
'Baxunckuii I' ocyoapcmeennblil Ynueepcumem
2 Hucmumym Cucmem ynpasénenus HAH Azepoaiioxncana
3 Cymeaumckuii 'ocyoapcmeennstii Ynueepcumem
kamilbmansimov@gmail.com

Paccmampusaemces 3adaua onmumanbHo2o ynpasienus ¢ nepemeHHol CmpyKmypot,
onucwieaemas 8 pa3iudHbIX 001ACMAX COBOKYNHOCMbIO 2UNEPOOIUYECKUX UHMeSPO-Ough-
Gepenyuanvuvix ypasHenui muna Bonvmeppa u 08yMepHbIX UHMEZPANbHBIX VPAGHEHUL
Boavmeppa.

Ilpu npeononoscenuu omxpvimocmu obracmu ynpagieHus yCmaHoseieHbl Heooxo-
oumble YCio8Us ONMUMATLHOCIU NEPBO20 U 8MOPO20 NOPAOKOS.

KaioueBble ciioBa: 1ByMepHOE MHTErpalibHOE ypaBHEHHE THIA BosbTeppa, rumep-
Oonueckoe HMHTErpo-AndQepeHIaibHoe ypaBHEHNE, Bapuanus (YHKIMOHANA, aHaJIoT
ypaBHeHUsI Dinepa, ananor yciuosus Jlexxanapa KieOra, kaccuaeckuil skcTpeMalb, He-
00X0IMMO€ YCIIOBHE ONITUMATHLHOCTH.

1.BBenenue

MHorue A0BOJNBHO CIOXHBIE IIPOLECCHl ONMMCBIBAIOTCS PA3INYHBIMU
MHTETPaIbHBIMU WJIN K€ UHTErpo-Au(pepeHnanbHbIMU YPaBHEHUSIMH (CM.
Harp., [1-3]).

Hcxons U3 TeopeTHdecKuX M MPaKTUYECKUX MOOYXKACHUH, pa3HbIMU
aBTOpaMH M3YYEHBI PsAJl aCIIEKTOB 33Ja4 ONTUMAJIbHOIO YIPABIEHUS, OIHU-
CBIBA€MbIE PA3IMYHBIMU UHTETPATIBHBIMU U UHTETPO-1u(pHepeHnalbHbIMU
ypaBHeHUAMH (CM. Hamp., [2, 4-6]). Ho Teopus HeOOXOIUMBIX YCIOBHUIl OTI-
TUMAJIbHOCTU YIPAaBJIECHUs IJIA TAKMX 3a4ad euie Mano paspaboraHo. OT-
YacTH 3TO BBS3aHO C BO3HUKAIOIMMU TPYAHOCTSMU IIPU UCCIIEOBAHUHM I10-
JOOHBIX 33a7ja4 ONTUMAJILHOTO YIIPABICHHUSL.

B npennaraemoii paboTe BepBble CTABUTHCS, U UCCIEIYETCS OHA 3a-
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Jladya ONTHMAJIbHOTO YIPABJICHMS, ONMCBIBAEMasi COBOKYIIHOCTBIO JBYMEp-
HBIX WHTETPAJbHBIX YpaBHEHUI THIa BoibTeppa u rumnepOOINYecKux HH-
Terpo-auddepeHnnanbHeIX ypaBHeHUH Tuna Bonpreppa. YcTaHOBIEHbI He-
00XOMMBIE YCIOBHUS ONTUMAILHOCTH MEPBOTO M BTOPOTO MOPSIIKOB.
2.IlocranoBka 3amaum. Ilycte U, cR",U, c R’ —HeKkoTOphle 3adaH-

HbIE HEILYCTBIE, OTPAHUYEHHBIE M OTKPBITBIE MHOXKECTBA, D, =|t,.t]x[%,. % ]
D, =[t,.t,]x[x,, %] (t, <t, <t,;x, < x,) 32IaHHBIE MPAMOYTOJIBHUKH, U, (t, X), U, (t, x)—
I 1 ( -MEpHBIE COOTBETCTBEHHO U3MEPUMBIE U OTPAHUYEHHBIEC YIIPABIIAIO-
II1€ BEKTOP-(PYHKIUH, yIOBJIETBOPSIOIINE OTPAHUUYEHUSIM
u(t,x)eU, cR", (t,x)eD, (1)
u,(t,x)eU, <R, (t,x)eD,. (2)
[Mapy (u,(t,x)u,(t,x))— ymosiersopsrouryro orpanunuenusm (1)-(2) ua-
30BEM JOIYCTUMBIM YIIPaBJICHUEM.
[TpeamonoxuM, 4To ympaBisieMbl mporecc B obmactu D, omnmchl-
BaeTCs CIEAYIOLIEel KpaeBoii 3agauen ['ypca

0%z (t X) “T[Ax7.5)(r,5)+ ,(t.x,7.5, U (z.9)]dsdz, (3)

tU Xy

Z](tO,X)= a(x), Xe [XmX]]’ 4
_ 4)
Zl(t’ Xo)_b(t)’ t E[to,t]],
a B obmactu D, cucremoli IByMEpHBIX MHTErPAlbHBIX YpaBHEHMH THIIA
Boasreppa

z,(t,x) = H[Az(t x,7,8)z,(z,8)+ f,(t. x,z,5,u,(z,s))|dsdz + G(z,(t,, x)). (5)

3mech Alt,x,7,s)i=1,2— 3aJaHHBIE N-MEPHBIE BEKTOP-(QYHKIINH, HENPEPHIB-
HbIE [0 COBOKYITHOCTH MEPEMEHHBIX, f,(t,x,7,s, u,),i=1,2— 3a1aHHbIe N-Mep-
HbIE BEKTOP-(DYHKIINHU, HEMPEPBHIBHBIC 110 COBOKYIMHOCTH MEPEMEHHBIX BMe-
CT€ C YaCTHBIMH HPOW3BOJHBIMU 10 U1 =1,2 10 BTOpPOrO mopsiika BKITIO-
quTeNbHO, a(X) ¥ D(t) — 3amaHHBIC aOCONIOTHO HENpPEpPBhIBHBIC N-MEPHBIC
BekTop-¢pyHkuun, G(z,)— 3amaHHas IBaXIbl HENpepbhiBHO audepeH-
upyemasi N -MepHasi BEKTOP-QYHKITHSL.

[lpenmonaraercsi, 4YTO KaXAOMY JIOMYCTUMOMY  YIPAaBJICHHIO
(u,(t,x)u,(t,x)) COOTBETCTBYET EAMHCTBEHHOE abCONIOTHO HEMPEPHIBHOE pe-

meHue z,(t,x) kKpaeBou 3amauu (3)-(4) ¥ €IMHCTBEHHOE HEMPEPBIBHOE pe-
LIEHHE Z,(t,X) UHTErpajbHOIro ypaBHeHus (5).

Ha pemenusix 3agaun (3)-(5) NopokI€HHBIX BCEBO3MOXKHBIMU JIOMYC-
TUMBIMH YIPABIECHUSMU OINPEAETUM TEPMUHANBHBIN (PYHKIIMOHAT

I0,u) =0t x )+ 0.z x). (6)
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3nech ¢(z,) i=1,2— 3amaHHbIE, ABAXKIbI HENPEPHIBHO AU (EpeHIUpyeMBbIe
CKaJIApHBIE PYHKIMH.

Jonyctumoe ynpasienne (u,(t,x),u,(t,x)), JOCTaBIsrOIEe MUHUMAIIb-
Hoe 3HaveHue QyHKIroHany (6) nmpu orpanudeHusx (1)-(5), Ha3oBeM ONTH-
MaJIbHBIM YIIPABIEHHUEM.

[lenbro paboTHI SABJISETCS BBIBOJ Psifa HEOOXOAMMBIX YCIOBHH ONTH-
MaJILHOCTH [IEPBOTO ¥ BTOPOTO MOPSIKOB, B PACCMATPMBAEMOM 3a/1aue.

3. Bbluncienne Bapuanuu (yHKOUOHaNa KadecrBa. IlycTh
(u, (t. x).u, (t, x), 2, t, x), z,(t. x)) u (@ (t.x)=u,(t, x)+ Au,(t, x), T,(t, x)=
=u,(t,x)+Au, (t, x), Z,(t, X) = z,(t, X)+ Az, (t, ), Z,(t, x)=z,(t, x)+ Az, (t, X))~ HEKOTOpBIE
JIOITYCTHMBIE MPOLIECCHI.

Torna sicHo, 4to (Az,(t, X), Az, (t, X)) OyaeT pemenreM 3a1aun
i%ﬁﬁ ﬁ Alt,x,7,5)Az,(,5) +
+(f (x5, T(z,8))- f(t, x5, u(z,s))]dsdz, (7)
Az(t,,x)=0,
Az,(t,x,)=0, ®)

Az, (%) = | [[A [t x.7,5)Az,(z, )+
t %
+(f,(t.x,7,5.0,(z,5)) - f,(t, x,7,5,u,(z,s)))|ds d z + 9)
+ G(Zl (tl > X)) - G(Zl (tl > X))
IycTs w,(t,x), i=1,2 MOKa IPOM3BOJIBHEIE N-MEPHBIE BEKTOP-(DYHKITHUH.
Torna u3 toxaects (7) u (9) momydaem, 4To

et x)%dw-u [wl UL DI DT

tI}l//z (t X)Az (t,x)dxdt =
[l oxshe - .
+(£,(t,x, 7,8, T,(z,8)) - £, (t, %, 7,5, u,(z,s))lds d 7 Jaxdt +

1 [y €0 [6(2, 0, 0) ~ Gz, (¢, ) e,

VYuuteiBass KpaeBble ycioBus (9) u nmpumensis dopmyny I'puna s
IPSIMOYTOJIbHBIX 00JIaCTeH MosTyyaeM, 4To

o (0 FE202 =y 0 %) 225 (i -
G %

Otox i,
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_pow't.x) L 0y (6 X)
| ™ Az(l,x)dx+ o ——L 222 Az (t, X)dxdt. (12)

X

Jlanee Ha ocHOBaHME (HOPMYIIBI CDy6HHH MOJIy4aeM, uyTo

17| Fiveexfaoxmshon o)

1%

+(f.(t,x 7,5, T(z,8))- f,(t, x, 7,5, u;(z,))lds d 7 Jdxdt =
. :f [f{V/i'(r,S)[Ai (z.s,t, x)Az, (t, x) +

+ ( f.(z,s t,%0(t,x))— f,(z,5,t,xu,(t, x))ds d Jdxdt.
VYuuteiBas ToxnectBa (10)-(13), a taxke mpumensis ¢opmyry Teitnopa,
npupaiieHue GyHkimonana (6) 3anmuceiBacTCsS B BUJIS

J(@,d,)-3u,.u,)= %&”X‘» (. x,)+

(13)

1272 127
1

2 X 2020 %)y, 1, )+

l ' 62¢1(21(thl)) 2 8(Dz(
+2AzI (t,,x,) p Az,(t,,x,)+0, Q|Az (. %) )+ o, X

1 0’ t, X
+EAZ2 '"(t,. X, )M Az,(t,, %, )+o, Q|Az2 (. x ) )+

oz;

(X))

L9
+z//]'(tl,x1)Azl(t],x])—![%—Az](t, X, )dt —

X Y toX 2
_ J‘ ayll@(tl: X) Azl (tl’ X)dx + I I a (t X) Az (t X)dth
% X ty X,

[]}V/l( s)A(z,s,t,x)dsdz Az, (t, x)dxdt—
i

.y [ﬂ% (z,5)A,(z,s.t, x)dsdr}Az (t, x)dxdt —
3

gl
1]

X e—x x-_,x

w,'(z,s) (7,56, %,0,(t,x))— f,(7,5,t,x,u,(t, x)))dsd 7 Jdxdt +

+ lj ?y/z'(t, X)Az, (t, x)dxdt —

t,

i {;}%v(f,s)(fz(f, s L, (LX) T, (5.5 L xu 1 x)))dsdr}dxdt—

[ (0 X)[G(E 1. %) - Bz, (t,. x, ) Jixdlt. (14)

tl X

BBenem 0003HaueHUS

M (6 %), 2,6 x)) =, (6 X)6 2, (¢, )
N (21 ) _ 8(0; (Zz(tl o X, )) G(Z] )’

0z,
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H, (6,0, 6 ), (6.X) = [y, (7.9) (258 %, U, (6. x))dsde,
H (6 xou (6 Xy (6 ) =~ 220X D) 6 )

oz, e
+tf?wz'(r,3) f,(7,s,t,%u,(t, x))dsdz.
t %,

[Tpumensst popmymy Teitnopa, momydaem, 4To

M 1, (6002, 6.3)- M 1002, 0,0) = M EEX2EXD g

0z,
+%Azl’(tl,xl)azM(V/Z(ta’z);)’Z‘<t"x))Az,(tl,x)+ 03Q|Azl(tl,xX|z) )
N .-G 6,0) - 2D )
+;Az '(t,,x 1)%&””&(@xl)+o4ﬂ|Azl(t1,x]|2) 1
H, (6, %,T (t, x)w, (£ ) H, (t,x,u, (t, ), (8, X)) =
_ 6H,'(t,x,u,a(ltj, X)’Wi(t’x))Aui(t, X)+ 17)

wLag © X\a H,'(t, x,u, (t, ), (t,x))
2

ou’

VYuuteiBasi BBeJIeHHbIe 0003HaueHUs1 U paznoxkenus (15)-(17) dpopmyna
(14) nnst mpupamenust GyHKIMOHANIA Ka4ecTBa (6) MPEeICTaBIIeTCs B BUIIE

J(E,UZ)—J(ul,uz):WAz (t.x)+

Au(t, x)+o,+4QAui(t,x]|2) i=12.

12 1
1

2 12 7

+%AZ (L%)WAZ (t,x) +0Q|AZ (t. x 1)")

1

1, o’p;(z,(t, X,
+EAZZ (tz,xl)w (. x)+o0 Q|Az (t, x l]|)

+8N'(Zaz(ltn 1))AZ ('[I,X)-i- Az ( )WAZ (th)

1
t

cofazftx )17 '(‘”z“g)’ 206X ¢, e -
xjo Q|Az (. x) )dxdt -

/

t,

Az'(t,X) oM (%(ta’zxz)’ 2,(t.x) Az,(t,, x)dxdt +

|
0 1

N =
—x

<

37



(1002, 60 T LR g -

Azl(t],x)dx+tjxj6 V/‘ (t %) Az [(t, x)dxdt —

:” ﬁx{w‘ (=.s)A(z, Svt’x)deT ]AZ (t, x)xdt —

_}}‘ GHI'(t,X, gltj,X),l,lll(t,X))Aul(t’ X)dth—

tjxj Au,'(t, x) )X, uag[ SIVAC X))Aul(t,x)dxdt—

- tj i o, Q|Au1 tx)’ )dxdt + tj ?y/z'(t, X)Az, (t, x)dxdt — (18)

au,

~{fAu,(tx) JO°H, (L x uaﬁt LIVA X))Auz(t, X )dxdt — }}o Q|Au2(t, x)||2}ixdt.

[IpeamnosoKum, 4TO BEKTOP-QYHKIHUH 1y, (t,x),l =1,2 YIOBJIETBOPSIOT
COOTHOLICHUSIM

0 lgtlétx,x) :tJ:ZfAA'(T S,t,X)Wl(TaS)deT’

oW x) _ M) 20

ox oz ’ (19)
o, (tx) _,
ot >
V/I(tnxl):_awl(zalgtl’)(l)) 6N(a£1’ 1))’ (20)

o)== 2R g ST At (e skisor. (21)

Kpaesyro 3amauy (19)-(20) u unrerpansHoe ypaBHeHue (21) HazoBemM
CONPSIKEHHOW CUCTEMOM ISl pacCMaTpHUBAaEeMOM 3aayuH.

[Ipu BemMonHenun cootHommeHuit (19)-(20) dopmyna npupamieHus
(18) mpumer Bua
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3(0,0)- 30,0 | PXBLALEID o -

t % 2
[ Au,'(t, x)a Hl(t,x,uéﬁt;x),y/l(t, x) Au,(t, x)dxdt +
T, %, .

1

2
+—AZ ’(tl,xl)_a ¢l(glz(2tl’X1))Azl(t1aX1)+

1

+=Az,'(t,,x )WMI(@XI)—

Ijl Xj Az,'(t,, ) My (t.x).2,(t,, X)) Az,(t,, x)dxdt —

/!
PR s ual(: Aol X»Auz(t,X)dde

+%Azz'(t2,x)—az%( Z,(t,, X ‘))A Lt % )—

2 25 71
0z,

03Q|Az x)| )1xdt+o Q|Az t.x ) )
osmAu . x) }1xdt IijoémAuz(t,x]r)ixdt. (22)

[Ipeanonoxum, 9to Au,(t,x)=0. Toraa u3z coornomenuii (7), (8) cie-

+

Az,(t,X) = ﬁ[]jAl(r,s,a,,B)Azl(a,ﬁ)dadﬂ}dsdr+
T8 (.00 8.0 (@, 8) - £ (55,0 o ﬂ))]dadﬂ}dsdr _

:_ﬁA(a,ﬁ,r,s)dadﬂ}Azl(r,s)dsdr +

X_] [t (e p.7.5,0,(r.5) - fl(a,ﬂ,f,s,ul(r,s))]dadﬁ]dsdr.

B sTOM TOXKI€CTBE NIEPEXO K HOPME U YUUTBIBAs yCJIOBMIO JInmmu-
113, I10JIy4aeM, YTO

Iz, ] < L[ [ [|Az, (. )| + |, (=, s) Jds d 7, (23)

rae L, =const >0— HEKOTOpas MOCTOSHHASI.
A u3 toxaecTsa (9) npu Au,(t,x)=0 moJydaem, 4To
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Az,(r,s)|dsdz +[Az,(t,. x)

Azt < Lz[ﬁ } (24)

rage L, =const >0— HEKOTOpas MOCTOSHHAA.

N3 nepasenctsa (23) Ha ocHOBe JieMMbl [ poryosa-Benapodda (cm.,
Hanpumep, [7]) IpuxoauM K OLIEHKe

Az, t, )| < L] [|Au,(zs)|ds 7, (t,x)e D, (25)
(L, =const>0).
A u3 HepaBeHCTBA (24) yuuThIBas OICHKY (25) moiydaem, 9To
Az, &, %) < L[ j|Au,(z.5)|dsdz, (t.x) € D.. (26)

(L, =const >0).
Ecnu npeanonoxuts, uro AU, (t,X)=0, To u3 coorHomenwuii (7), (9)
MOJIYYUM, 4TO Az, (t,x)=0, a

Az, (t,X) :jf Az(t,x,r,s)Azz(r,s)+sz(r,s)}dsdr. (27)

2

A W3 TOCIeTHEero COOTHONICHHUs, MpHUMeHss JiemMmy ['ponyosa-
Benapodda mpuxoaum K orieHKe

Az, t, )] < L] f|Au, (z.s) dsdz, (t,x) < D, (28)

rage L, =const >0— HEKOTOpas IOCTOSHHAA.
YcraHoBneHHbIe oLeHKH (25), (26), (28) MO3BOJSAIOT BBIUUCIUTD HEP-
BOE€ U BTOpOE Bapualuu (yHKIIMOHAA KauecTBa.
[Tycth & mpoOU3BOJIBHOE, JOCTATOUHO Majoe MO aOCOIOTHON BEIHYH-
He uncno, a & (t,x)e R, (t,x)e D~ Mpou3BOIBHAS U3MEPUMAs M OTPAHMYEH-
Hasi I -MepHas BekTop-QyHKiMsA. Torma B CHIIy OTKpPBITOCTH oOjacTeil
yopasieHud U,,i=12 CIeOUaJIbHOE NPHUpPAIIECHHE HOIIYyCTUMOIO YyIIpaBiie-
Hust (u,(t, x),u, (t, x)) MoKeM ompenenuts 1o Gpopmyiie
Au, (t,X;¢) = &ou, (1, X), (1,X) e D,,
Au,(t,x;6)=0,(t,x) e D,.
Yepes (Az,(t, x;6),Az,(t, x;£)) 0003HAUMM CIIEIMATBHOE TIPUPALIECHUE CO-

(29)

crosaust  (z,(t,x),2,(t,x)), oTBevaromee npupamenuo (29) ympasieHus

(u, (t, x) u, (t, x)).

YuuteiBas onieHku (25), (26), ¢ momomibio hopmyn (7), (9) noxaspia-
ercs

Jlemma 1. J{nst Az (t,x;¢) U Az,(t,X;£) UIMEIOT MECTO PA3JIOKEHHUS

Az,(t, %;8) = &0z, (t, X) +olt, x; &), (30)
Az,(t,x; )= &z, (t, x)+olt, x; £ ). (31)
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3nech &, (t,x) ¥ &z, (t, x) SBIAKOTCS PELICHUSIMH CIIEAYIOIMX YpaBHE-
HHUii COOTBETCTBEHHO

62521('[,X) :j']s A(t,X,T,S)521(T,5)+wa’ll(z—’s) de‘[, (32)

otox ou

1

0,
0 (33)

&, (t,x) = j i A, (t,x,7,5)0z, (z,s)dsd 7 + W&I (t,,X). (34)

Kpaesyto 3anauy (32)-(33) u ypaBHenue (34), ciaemys KiIacCHYECKOM
TEPMMHOIIOTHH, (CM. Hamp., [8]) HA30BeM ypaBHEHHAMH B BapHALIHUSIX.
Tenepb CHENMANBHOE TPUPAIIEHUE JOMYCTHMOTO  YIIPABIEHHS
(u,(t.x).u,(t,x)) onpemenum o hopmyiie
{Aul(tax;ﬂ) =0, (35)
Au, (t, X; 1) = pdl, (8, X).
31ech A TPOU3BOJBHOE JOCTATOUYHO Maoe MO a0COIOTHOM BEIUYU-
He umcio, a A, (t,x)e R%,(t,x)e D~ MPOU3BONBHAS M3MEPUMAst U OTPAHMYEH-
Hast (| -MepHas BEKTOP-()yHKIHS.
Yepes (Az(t,x; 1), Az,(t,x; 4)) 0003HAYMM CIIEHHATBLHOE IPUPAILIEHUE COCTOSI-
aus (z,(t,x)z,(t,x)), oTBeuaromee npupamenuo (35) ynpasnenus (u,(t,x)u,(t,x)).
SIcHO, uTO npH 3TOM Az, (t, x; )= 0. W3 onienku (28) ciemyer, 4to
Az, (t,x; 22)| < L, (t, %) € D (36)
HNmeer MecTo
Jlemma 2. JTnst Az,(t,x; 1) CIPaBELIMBO PA3JIOKCHHE
Az, (t, %; 1) = 2 (t, )+ 0, (t, X; 22) (37)
3nech 1(t,x) sBJIAETCSA PELICHUEM CIIEIYIOLIETO JIMHEWHOIO HHTErPaib-
HOTO YpaBHEHUS

I(t,x):ﬁ{AZ(t,X,r,s)l(r,sﬁW&Z(RS)}BW- (38)

VYuuteBas nemmbl 1 u 2, onienku (25), (26), (28), a Taxke hopmyibl
(29), (35) u3 dhopmynsl npupamieHus GyHKIMOHANA (6) MOTyYaeM CIpaBe-
JINBOCTh Pa3JIOKEHUM

2
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I, + esu,u,) - I(u,u,)= —f | oH, t.x, ua(: X X)) U, (t, x)dxdt —

_%]L? Su '(t,x\é HI'(I,X,U](t X)"//l(t’x))&,ll(t,X)dth +

_£ lij5, (tl,x\a M’ (%(t X) (t“x))&,(tl,x)dxdt+

24 oz}
2 0°N'(z,(t ,x
£ (n) XD )
2 2
+ % oz, (t,, X, )%ﬂt”’“» &z, (t,, % )+ 0(e?), (39)

I(u,u, + pdu, )= I(u,,u,) =
‘jxf oH, (t,x,uz(t, X), v, (t’ X))ajz(t, x)jxdt +

ou,
+%I'(tzgxl)wl(t2’xl)_
%z tj ) VO H, (6%, ua(tz x)w, (t.x)) au, (t, x)dxdt + o(z*). (40)

W3 paznoxenuit (39) u (40) ciaenyer, 4o nepBasi, 1 BTOpasi Bapualiu
(byHKIIMOHATA UMEIOT COOTBETCTBEHHO CIIEYIOUTHI BH/T:

5'3(u,.u, :éUl):—:j’:j' 6H"(t’X’”la(:’x)"‘"(t’x))a;,(t,x)dxdt, (41)
53000, )=, 0) 222X )
1

P (t,,xl)%(]))éz (1.%)+ 2, (1% ,)W&z (t0)-
- :f} au,'(t, X)aZHl(t’x’uél(Jt;X)’ 4 (t’x))dj, (t, x)dxdt —
MO w

tx |

5'J(u],u2;5u2):—ﬂ6H2'(t’x’u5(:’X)’%(t’x))wz(t,x)jxdt, (43)

530 u0,) = . x)—62(02(222(;2’X‘))I(tz,xl)—
—tjj:jiau (1, ) 2H .(t.x, “6(t2 Xy 1)) 5 ou, (t, x )xc (44)

Boraucnennsie Bapuanuu (41)-(44) dyaknuonana (6) mO3BOJSIFOT TOJTY-
YUTb HGOGXOI[I/IMBIG YCJIOBUS ONTUMAJIBHOCTU IEPBOT'O U BTOPOT'O MMOPAAKOB.
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4. HeoOxogumple ycJa0BHSI ONTHMAJIBLHOCTH. [Ipeamonioxum, 4to
(u,(t, x)u, (t,x)) ABISIETCSI ONITUMANIBHBIM yIIpaBieHueM. Toria Ha OCHOBE OC-
HOBHOTO pe3yJibTaTa KJIACCUYECKOTO BAPHAIIMOHHOTO MCYHCIEHUS (CM., Ha-
npumep, [8, 9]) momyyaem, 4To I BCEX &Jl(t, X)

t, x

i} oHx, ué(li’x)"”'(t’ XD s, et — 0, (45)

) 22 .

127

to X,

1

0*N(z,(t,, x, . 0, (z,(t,, X,
+§Zl‘(tl’Xl)y5zl(tl’xl)+§zz (tz,Xl)Wé‘Zz(tz,Xl)—

2 2
) Z

24 x, 2
_%” é‘ul'(t,x)a Hl(t’x’ul(t’x)’l//l (t’x))&ll(t,x)dth _

ou’
2% 2
- %1” 521'(t1,x)a My, (taz)i) Zl(t"x))&l(tl,x)dxdt >0, (46)

1

a IUIs BCEX JOMYCTUMBIX Bapvaluii &u,(t,x) yrpasisromen GyHKuun u, (¢, x)

tj }‘ 8Hz'(t7 X, U, (ta X), v, (t’ X)) é‘uz(t, X)det =0, 47
(' aUz
0t )220 HZ(t’X’uél(fz’X)’WZ(t’X))aJZ(t,x)jxdt >0, (48)

Kak BunHo, HepaBeHcTBa (45) u (47) sABIAIOTCA HESIBHBIMU HEO0XO-
JIMMBIMHU YCIIOBHSMHU ONITUMAJILHOCTH [IEPBOTO MOPSIIKA, & HepaBeHCTBa (46)
1 (48) SBIAIOTCA HESBHBIMH HEOOXOAMMBIMHU YCIOBHMSAMHU ONTUMAIbHOCTH
BTOPOTO MOPSIKA.

VuuteiBas NpOM3BOJILHOCTh JOMYCTUMOM Bapuaun (A (t,x),du, (t,x)) yri-
pasnenus (u,(t,x)u,(t, x)) u ucnonssys Gopmynsl (45) u (47), no cxeme, Ha-
npumep, u3 [10], nokassiBaercs

Teopema 1. Jlns ONTMMAILHOCTH JONYCTUMOIO  YIPABJICHUS
(u,(t,x) u,(t, x)) HEOOXOAMMO, YTOOBI COOTHOLICHUSI

aHl(H’ é::u](‘%é:)"//l (09 5)) =0 (49)
au, |
aHZ(Q, §,u2(9, 5),1,1/2 (9’ §)) -0 (50)
au,

BBINONHAIOCH JUIst BeeX (0,8)elt,.t )x[x,.x) u (6,€)elt.t,)x[x,.x,) coorBercT-
BEHHO.
Bueck (6,8)elt, t)x[x,x) u (6,¢)elt.t,)x[x,,x) NpOU3BOILHBIE TOUKH

JleGera (cm., nanpumep, [7]) ynpasisromux GyHxuuii u,(t,x) u u,(t,x).
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CootHomenus (49) u (50) cnenys Hanpumep, [8] Ha30BeM aHAIOrOM
ypaBHEHHUs Dilsiepa JUisl paccMaTpUBaeMoil 3a1a4u.

Kaxnoe monyctumoe ynpasienne (u,(t,x)u,(t, x)), sBisronieecs pemie-
HUEM ypaBHEHHs Diljiepa Ha30BEM KJIACCUYECKOM IKCTPEMAIbIO.

JI11g «CyKeHHUs» MHOKECTBA KJIACCHUECKHUX dKCTpeMaliel ¢ TOMOIIIbIO
HepaBeHCTB (46) u (48) mosydnM HEOOXOIUMBIC YCIOBUS ONTHMAIBLHOCTH,
BBIp@KEHHBIE Yepe3 MapaMeTphl pacCMaTPUBAEMON 3a/IauH.

Pemenue kpaeBoii 3apaun (32)-(33) monmyckaeT npeicTaBlieHne

&,t,x) = [ [[Q,t.x,7,8), (z,5)ds d . (51)
3nech

Qtxe)= 1R (e p) HEL LD g g

rae R (t,x,7,s)—(nxn) Marpuunas QyHKIWS, SBJIAIOMIAACA PELICHUEM Kpae-
BOM 3a71a4n
R (t,x,7,5)
0105
R (t,xt,3)
05
R, (t,%,7,x)
or
R (t,xt,x)=E

(E—(nxn) enHUYHAS MaTpHIIA).

- jj R,(t, %, B)A (. B,7,5)dedp,
=0,

O:

Haree, monoxum

Qz(t’X’T’S): ijz(tsXaa’:B)

MQI (tl’ﬂ’f’s)dadﬂ *

oz
aGl (Zl (tl > X))
+ —a Q(t,,x.7,s),
rae R,(t,x,7,s)—(nxn) MaTpuuHas QyHKIKUS — PEIIEHUE yPABHEHUS
R,(t.x,7,5)= [ A (t.x.cz. )R, (@, B.t. XHad s + A (t. . 7. 5). (52)

Pemenue ypaBHenus (34), Ha ocHOBe (HOpPMyYJIbl O HPEICTABICHUU
pelIeHni IMHEHHBIX WHTErpalbHbIX ypaBHeHUl tuna Bonbreppa (cMm., Ha-
npuMmep, [5]) ronmyckaeT npejncraBieHUe

&, %) = [ [Q.(t. x,7,5)u,(z,s)ds d7, (53)
a pellleHue UHTErpaIbHOTrO ypaBHeHUs (38) pomycKaer npeAcTaBieHUe
I1(t,x) = [ JQ,(t, x, 7,5)é, (7, s)ds dr. (54)

3n1ech
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Q, (t, X,Z',s) _ of, (t,X,;,uS,Uz(r,s)) N

2

+] Rz(t,X,a,ﬂ)afZ(a"B’;;s’uz(T’S))dsdr, (55)

2

rae R, (t,x,7,s)—(nxn) MatpuuHas GyHKIUs — pelenye ypaBaenus (52).
Ucnone3yst npencrasnenus (51), (53), (54) zaiimemcs mpeoOpas3oBa-
HUEM OTJCJIBHBIX CJIaraeMbIX B HEpaBeHCTBaxX (46), (48).

Nmeem
o’ (2,(t,x,)
a (tI’XI)Téz (tlaxl)
= jj&]'(r,s)Ql'(tl,xl,r,s)%(“‘))q(tl,xl,a B, (e, f)dsdrderdp, (56)
521'('[1:)(1 )%(}’Xl))é‘zl(tl’xl):
0z,
- R bxn M o e pistsaass, o)

tJ']" 521'(1:1’ X}a M (‘//2 (t X)’ l(t X)) 521 (tl,X)dth _

o tnrs)s

| max(s./3)

M@y g ﬂ)}é‘ul(a, BYsdrdadg, (58)

e, (0) 2D g )

o, (2.(t,.x))
J ,(@,5)Q,'(t,, X, 7, S)Tx
< Q. (L% AU (e, s dr dardp, (59)
|'(t1,X1)a (Dz(azz(zz’ 1))|(t2,X])=

2

(o5, x,5) 2]

f)[D 822
x Q, (t,,x,,a. B)du, (e, f)dsdz de d. (60)

BBenem 00o03HaueHUS
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K (e:52.8)= Q0,297 PEbX o 0 ap)-

Qe MR g p)-

} ]' '(tuaXaTas)wQ,(t,,X,a,ﬂ)dxdt—

t, max (s, 22

-0 lxr s 2o )

Klesa)=0 ltxrs) 2 ELI o i o p)

[IpuHuMast BO BHUMaHUS B HepaBeHCTBax (46), (48), noka3zaHHBIE TO-
xpaectBa (58)-(60) momydaem, 4To
[[&u,(z,5)K, (z,8,a, B)0, (e, B)dsd rdrd s +

N faJ.'(t»X)azHlv(t’X’Lglgt; X)’V/‘(t’x))&ll(t,x)s 0, 61

1

IJ‘&Jz'(ns)Kz(Tasaa,ﬁ)&lz(a,ﬂ)dsdeadﬂ+

2 "
+ja 0 (t’X’”glft;X)"”z(t’x))ajz(t,x)s 0. (62)
D, 2

CrnenoBarenbHO, UIMEET MECTO
Teopema 2. [l ONTUMAIBHOCTH KJIACCHUYECKOM JKCTpEMalH

(u](t,x),uz(t,x)) HeoOxoanuMo, 4TOOBl HepaBeHCTBa (61) u (62) BBITIOJHSIIUCH
mns Beex AU, (t,x)e R, (t,x)e D, m &u,(t,x)e R, (t,x) e D, COOTBETCTBEHHO.
3aMeTHM, YTO MCIONB3ys MPOM3BOIBHOCTH IOMYCTHMBIX BapHalmii
(&u,(t,x). 4, (t, x)) ynpasienus (u,(t,x).u,(t,x)) u3 nepaBencts (61) u (62) MOXk-
HO TI0JTy9UTh OTHOCUTENBHO JIETKO IPOBEPSAEMBIE YCIOBHUS ONTUMATEHOCTH.
[IpuBeeM O/IHY U3 HUX.
Teopema 3. Ingd ONTUMAIbHOCTH KIIACCHYECKOW JKCTpPEMANH
(u, (t,x).u,(t,x)) HEOOXOAMMO, YTOOBI HEPABEHCTBA

az|—|l’(&j,ul(ﬁ,é)ﬂlll(@"f))v <0 (63)
ou’ o
ZHZ'(H,é,UZ(e,5),(//2(9,5))\/ <0 (64)
2 ou; o

BBITIONHATOCH I Beex V, € R, (6,¢)elt, .t )x[x,.x) u v,eR%, (6,&)elt,.t )x[x,.x)
COOTBETCTBEHHO.
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DOYISON STRUKTURLU PAYLANMIS PARAMETRLI BiR OPTIMAL
IDARODETMO MOSOLOSINDO OPTIMALLIQ UCUN
BIiRINCI VO IKINCi TORTIB ZORURI SORTLOR

K.B.MONSIMOV, V.G.RZAYEVA
XULASO

Isdo miixtolif idaro oblastlarinda Volterra tip hiperbolik inteqro-diferensial tonliklor
sistemi vo ikidlgiilii Volterra inteqral tonliklori ilo tosvir edilon doyison strukturlu optimal
idaroetmo mosalosi nazordon kegirilir.

Idaro oblastlarinin agiq oldugu halda optimalliq iigiin birinci vo ikinci tortib zoruri
sortlor alinmigdir.

Acar sozlar: ikiolgilii Volterra tipli inteqral tonlik, hiperbolik inteqro-diferensial

tonlik, funksionalin variasiyasi, Eyler tonliyinin analoqu, Lejandr-Klebs sortinin analoqu,
klassik ekstremal, optimalliq ti¢iin zoruri sort.
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NECESSARY CONDITIONS FOR THE OPTIMALITY OF THE FIRST AND
SECOND ORDERS IN THE OPTIMAL CONTROL PROBLEM
WITH VARIABLE STRUCTURE AND DISTRIBUTED PARAMETERS

K.B.MANSIMOYV, V.G.RZAYEVA
SUMMARY

The paper considered the problem of optimal control with a variable structure
described in various fields by a set of hyperbolic integro-differential equations of the
Volterra type and two-dimensional Volterra integral equations of Volterra type.

In the case on openness of the control domains, the necessary conditions for
optimality of the first and second orders are established.

Keywords: two-dimensional integral equation of the Volterra type, the hyperbolic
integro-differential equation, is a variation of the functional, analog of the Euler equation,
analog of the Legendre-Clebsch condition, classical extremal, the necessary optimality
condition.
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CALCULATION OF THE STRENGTH OF THE MAGNETIC FIELD
OF TREATMENT OF THE PUMPED WATER INTO THE
FORMATION TO OBTAIN THE MAXIMUM OIL PRODUCTION

A.M.MAMED-ZADE', H.Kh.MALIKOV', EN.ALIYEV',
R.E.MUSTAFAYEVA? T.H.MALIKOV'
1-Scientific-Research Institute
""Geotechnological Problems of Qil, Gas and Chemistry"*
2-""University of Oil and Industry**
rena-babaeva0O@rambler.ru

The article follows the mathematical problem of the flow of a viscous fluid in a
porous medium, taking into account the action of magnetic forces, which are described by
Maxwell's equations. The applicability of the considered model of the mathematical model
for the study of a viscous fluid in a porous research laboratory was carried out by
calculating the results with the results of laboratory studies. It has been established that the
release of transformer oil from a porous water medium treated with a magnetic field of
hardness H = 51,740 A/m is 87.5%. Such a conclusion can be considered reliable. The
proposed mathematical model makes it possible to obtain the final oil recovery factor,
which makes it possible to calculate mineral reserves with reliability.

Keywords: magnetic field, electro-kinetic processes, oil production, mathematical
model, the strength, Maxwell's equations

Introduction. Determination of the maximum value of recoverable
oil at the stage of field development design, which is one of the important
problem of oil production, is devoted to a number of works [1 - 3, etc.].

All these studies, with rare exceptions, were carried out without
taking into account the influence of electro-kinetic processes arising as a
result of liquid filtration and affecting the flow characteristics. In addition,
in recent years, successful laboratory and field studies have been carried out
on the injection of magnetized fluids in order to increase oil production [4-
6]. The use of existing mathematical models for the processes of filtration
and displacement of oil from the porous medium of reservoirs, gives a
significant discrepancy with the results of experiments due to not taking into
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account electro-kinetic processes. The article deals with the mathematical
problem of the flow of a viscous fluid in a porous medium, taking into
account the action of magnetic forces, which are described by Maxwell's
equations. A mathematical description of the process of oil displacement by
magnetized water can be realized by applying the Navier-Stokes equation
for the flow of a fluid and Maxwell's equations describing electrokinetic
processes in the following way. However, in contact with the surface of the
porous medium, an electrical double (adsorption) layer appears, which an
electrical-conductive system. In this case, oil is an electrically conductive
liquid. Double electrical layer, depending on the composition of the rock,
oil, filtration rate and many other factors, has a certain electrical capacity.
During the filtration process, an excess of electric potential arises that, in the
form of a magnetic field, is radiated by a double electric layer and acts on
the flow characteristics of the filtration flow, sometimes making significant
changes. In this case, we can apply the model proposed above for the flow
of a liquid in a porous medium.

Statement of the Problem. We solve the following mathematical
problem. We shall assume that the velocity of the flow of the liquid V along
the ox axis, the external electric field Eo, and the external magnetic field Ho
do not change and perpendicularly along the streamline. In this case all the
flow parameters depend only on the coordinate oy, in addition to the
pressure varying along the axis ox. Following, we write the system of
equations for the given case in the form:

(V-v)V = —%Vp +VWA +E2 (7 x H) (1)
divV=0 2
rotH=7 3)
divH=0 (4)
rot E =0 &)
divE=0 (6)
J=olE+ po (V x H)] (7)

In this system, unknowns: V;p;H;E; j.
In this formulation: V, =V = 0, from the continuity equation:
V= Vi(y) =U(y).

(Equation 4) in this case means that the component of the vector
along the axis oy is constant and equal to H,, that is, Hy =const = H,.

From the (Equation 6) follows divj = 0 and this means that the
component of the vector the current density along the oy axis is constant, it
must be zero, since the lower and upper walls are isolated (j, = const = 0).

Taking into account these relations, the equation of an incompres-
sible fluid (Equation 1) in the projection onto the ox axis can be written in
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the form:
ap _ dz_U .
E_dez _JzBoa (8)

where: j, - is the component of the current density vector in the direction oz;
U - is the velocity of the fluid in the channel

The equation of momentum in the projection on Oz gives jx = 0.

The projection of this equation on the Oy axis takes the form:
T=iB, ©)

Projecting on the coordinate axes (Equation 7), we obtain that the
current density components along the axes Oy and Ox are equal to zero, the
component on the axis Oz is defined as follows:

Jz=0[E;+UB,] (10)
where: E, is the constant component of the electric field strength along axis
Oz, determined from the conditions at the flow boundaries. Combining
(Equation 8) and (Equation 10), we obtain the following differential
equation for U(y):

(F—Z—sz=EBOEO+la—p, where: k* =25 (11)

dy u nox u

The solution of this equation under the boundary conditions U = 0
fory= i% and the assumption that , Z—i ~ 0 has the form:
a

2P\ 5E,B, [chaZHa ]
FrARECEC) sy |

U= 2 (12)

where: %— is the channel half-width; Ha=B, \E a 1s the Hartmann number.

oBZ ch Ha

If E, is set equal to zero, then the expression for velocity is obtained
in the form:

1 0 chZHa
B2 %[chaHa - ]’ (13)

We denote the velocity on the channel axis U,=0 = U,, we obtain:

ch Ha — chZHa
U=Uy————— (14)
When Ha << 1, that is, when the viscous forces are much greater
than the electromagnetic forces, (Equation 14) is reduced to the form:

u=u,(1- %) (15)
It is known that oil samples taken even from the same well with a
small interval of time have different physicochemical properties. To check
any provisions and for calculations, parameter values that are not variable
are needed. Based on this, in our experiments we used a certain fraction of
oil, which is used in transformers of an electrical substation and is called
“transformer oil”, has constant physicochemical parameters. Plotting both
profiles on the same scale shows the intersection point of the curves. The
area in which the velocity of the displacing fluid (water) is greater than the
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velocity of the saturated oil was considered mobile; therefore, this part of
the oil was recovered from the formation.

Considering that the mathematical model was applied for a system of
parallel, through capillaries and an individual oil fraction, conditions that differ
from the real porous medium and oil, such a result can be considered
satisfactory. The movable volume of transformer oil is 71% of the total volume.
Laboratory studies show that the displacement of transformer oil from a porous
medium by water treated with a magnetic field of strength H= 64 476 A/m is
60%. This agreement of the results can be considered satisfactory. The movable
volume of transformer oil is 91% of the saturated volume. Laboratory studies
show that the displacement of transformer oil from a porous medium by water
treated with a magnetic field of strength H= 51 740 A/m is 87.5%. This
agreement of the results can be considered satisfactory.

Conclusion and recommendations:

1. The proposed mathematical model makes it possible to obtain the final oil
recovery factor by a relatively simple method, which makes it possible to
calculate the reserves of the field with satisfactory reliability.

2. This method allows you to select the strength of the magnetic field for
maximum oil recovery during the operation of the field.
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NEFTIN iSTEHSALININ MAKSIMUM ARTIRILMASI
UCUN LAYA EMAL EDILMIiS SUYUN MAQNIT SAHOSININ
GORGINLIYININ HESABLANMASI

A.M.MOMMODZADO, H.X.MOLIiKOV, E.N.OLIYEV,
R.EMUSTAFAYEVA, T.HMOLIKOV

XULASO

Mogqalods Maksvell tonliklori ilo tosvir edilon maqnit qlivvelorinin horoksti nozors
almmagqla, mosamoli miihitdo 6zIlii mayenin aximinin riyazi problemindon bohs edilir.
Nozors alinan riyazi modelin masamoli miihitds 6zlii mayenin axini {igiin totbiqi, hesablama
noticolorinin 6zIii yagin maqnitlonmis su ilo sixisdirilib ¢ixarilmasi laboratoriya tadqiqatla-
rimin  naticaleri ilo miiqayise edilorek qiymatlondirilmisdir. Miisyyen edilmisdir ki,
gorginliyi H = 51,740 A/m olan sabit enino maqnit sahosi ilo emal edilmis su ilo yagmnin
masamoli mithitdon sixisdirilib ¢ixarilmast 87,5% togkil edir. Alinmis naticolori qonastboxs
hesab etmok olar. Toklif olunan riyazi model nisboton sads {isulla son neftvermo omsalini
oldo etmoyo imkan verir ki, bu da neft yataginin ehtiyatlarmi qonaotboxs etibarliliqla
hesablamaga imkan verir.

Acar sozlor: maqnit sahosi, elektrokinetik proseslor, neft hasilati, riyazi model,
intensivlik, Maksvell tonliklori.

PACYET HAIIPSI)KEHHOCTHU MATHUTHOT O ITIOJIAA OBPABOTKHN
3AKAUABAEMOW BOJIbI B IIACT JJIS1 HOJTYYEHUSI
MAKCHUMAJIbHOM JOBbIYY HE®TH

AM.MAME/BAJIE, X.X.MAJIUKOB, 3.H.AJ/IUEB,
P.O.MYCTA®AEBA, T.X.MAJ/IMKOB

PE3IOME

B craree paccmaTpuBaeTcs MaTeMaTHdecKas 3ajada TeUCHHs BS3KOH KHUIKOCTU B
MOPHUCTOM Cpefie ¢ yUETOM ACHCTBUSI MAarHUTHBIX CHUJI, KOTOPbIE OMHUCHIBAIOTCA ypaBHEHUS-
MU Makcseta. [IpyMeHMMOCTh paccMaTpUBaeMOil MaTEMaTUUECKON MOAEIN [UIsl TEUECHHUs
BSA3KOW KHUJIKOCTH B TIOPUCTOM Cpejie OIICHWBANIACh MyTEeM CPAaBHCHMS Pe3yIbTaTOB pacuera
C pe3yiabTaTaMH JaOOpPATOPHBIX HCCIICAOBAHUM BBITECHEHHS BSI3KOTO Macia HaMarHu-
YEeHHOW BOJOW. YCTaHOBJIEHO, YTO BBITECHEHUE TPaHCHOPMATOPHOTO Macjia M3 MOPUCTOM
cpensl Booi, 06paboTaHHONH MarHMUTHBIM TOJIeM HampspkeHHocTsio H = 51 740 A/m co-
craBnsieT 87,5%. Takoe COOTBETCTBHE PEe3yIHTATOB MOKHO CUUTATh YAOBICTBOPUTEIBHBIM.
[IpennoxxeHHass MaTeMaTH4ecKas MOJENb IO3BOISET OTHOCHTENBHO IMPOCTBIM METOAOM
MOJIYYUTh KOHEYHBIH KOA(PPHUIUEHT HedTeoTnaun, 4TO MO3BOJISET PACCUMTHIBATH 3aIachl
MECTOPOXKJCHHUS C YAOBIECTBOPUTEIBHON HANEKHOCTBIO.

KiroueBble ca0Ba: MarHUTHOC MOJIE, JICKTPOKHMHETHYCCKUE IPOIECCHI, J00bYa
He(TH, MaTeMaTHYEeCKasi MOJIENb, HATIPSKEHHOCTh, ypaBHEHNS MakcBea.
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AZORBAYCAN DILINDOKI MOTNLORIN MUOLLIFLORININ
TANINMASI UCUN N-QRAM METODU

L.M.HOSONOVA
Baki Dévlat Universiteti
Lamantry@gmail.com

Maqalada moatnin formal tohlili yolu ilo matnin miialliflivini miiayyan etmak
problemini hall etmaok magsadi ilo yeni metod N-gramin icrast kimi matnin harflarinin
ardicilliginin formal riyazi modelina asaslanir.

Agar sozlar: mislliflorin taninmasi, n-qram, slamotlor, kvadratik norma, testlor.

Kompiiter texnikasinin inkisafi ilo slqaqoedar olaraq roqamsal sokildoe
verilon informasiyanin o ctimlodon motn tipli informasiyanin hocmi siiratlo
artir. Belo moatn informasiyanin asas hissasi tabii dilde yazildigindan onlarin
avtomatik tohlili mosolosi get-gedo aktual olur. Belo masolonin on mii-
hiimlorindon biri motnlorin atribusiyas1 (miislliflorin taninmasi) miisllifin
identifikasiyas1 masalasidir.

Ovvallor matnlorin taninmasi ananovi lisullarla hoyata kegirilirdi. Bu
osason olyazmanin miioyyan olamatlorino goro hoyata kegirilir. Son zaman-
lar motnlorin kompiiterds yigilmasi ilo slagoedar olaraq standart ¢ap for-
masinda verilmis matn sonadlorinin avtomatik tohlil edilmosi daha miihiim
ohomiyyat kasb edir.

Qeyd etmok lazimdir ki, matnlorin miislliflorinin taninmas1 masalolori
ilo kegon osrin avvallorindon mosgul olmaga baslamislar. ©vvallor bels
mosaloalorin halli secilmis acar sozloradon istifado etmoklo hoyata kegirilirdi.
Bu istigamoatds ilk addim N.A.Morazov torofindon atlmigdir [1].

Bu metodu gobul etmoyon A.A.Markov halo ondan avval 6ziiniin tok-
lif etdiyi statistik paylanma daracalarini todqiq etmisdir [2].

Bundan sonra motnin miallifinin miioyyon olunmasi masalosi miixto-
lif todqgiqatcilar torofindon arasdirilmisdir. Bu arasdirmalarin tarixi [3]
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kitabinda genis sorh olunmusdur. Qeyd etmok lazimdir ki, hor hans1 bir mot-
nin miisllifinin statistik metodlarla miioyyon edilmasi tokco adobiyyatsiinas-
larin deyil hom do kompiiter elmlori moasgul olan riyaziyyatcilarin da digqot
morkozindo olmusdur. Bels ki, bu problemin avtomatlasdirilmasi ilo kegon
osrin 70-ci illorindon baslayaraq daha intensiv mosgul olmaga baslamislar.
Bununla olaqodar olaraq son zamanlar motn tipli informasiyanin komiyyot
xarakterli metodlarla tohlilino maraq xeyli armisdir. Bu metodlar osasinda
motnin insan torofindon nozarat edilmosi ¢otin olan xiisusiyyatlor osasinda
tohlil aparilir ki, bu da biitiin miislliflor iigiin eyni dorocodo xarakterikdir.
Bununla birlikde matnin hansi xiisusiyyatlorinin daha yaxsi natico verdiyi
haqqinda timumi roy yoxdur. Bundan basqa Azorbaycan dilindoki matnlor
izorindo aparilan todqiqatlar az oldugundan hanst metodun yaxsi oldugunu
sOylomak cotindir. Dlbattas, ingilis va rus dillorinds olan motnlarin arasdiril-
masi iizro miixtalif metodlar tostiq edilmisdir. Lakin bu metodlarin Azarbay-
can dilindoki motnlor totbiqinin ugurlu olacagini sdylomok korrekt olmazda.
Belo ki, Azarbaycan dili 6ziiniin qurulus xiisusiyyatlorino gora o biri dillor-
don forglonir. Buna goro do Azaorbaycan dilindoki matnlorin miislliflorinin
taninmas1 tgiin istifado olunan metodlar1 dorindon tohlil etmok lazimdir.
Qeyd edak ki, Azerbaycan dilindo olan motnlorin miislliflorinin indentifi-
kasiyasi ii¢lin miioyyon islor gortilmiisdiir [4-7].

Tutaq ki, A = {44, 4, ..., A, } miialliflor coxlugudur. Hor bir A; miial-
lifin n; sayda osori vardir. af( ilo A; muollifinin k -c1 osorindaki simvollarin
saymi isara edok. Forz edok ki, asorlorin yazildigi dilin olifbasindaki isa-
rolorin say1, yoni olifbanin giicii M -5 borabordir. Onda A; miiollifinin n;
sayda oasarindoki simvollarin say1

Ni= T, aj (1)
miinasibati ilo toyin olunur. Biitiin miislliflorin asorlorindoki simvollarin
say11s9

N=3P2,No= YIS0, d )

Motnlorin miislliflorinin taninmasi masoalasini hall edorkon forz olunur
ki, har bir matn onun miisllifinin yazi iislubunu 6ziinds saxlayir ki, bununla
da osl miallifi digorlorindon forqlondirmok miimkiin olur. Matnlari bir-biri
ilo miiqayise etmok vo miiollifi miisyyanlogdirmok {i¢lin hamin matnin uy-
gun elo adadi xarakteristikasini qarst qoymaq lazimdir ki, bu eyni bir miisl-
lifin osorlori ii¢lin bir-birino yaxin olsun, miixtalif miiollifin osorlori ii¢lin
bir-birindon ohomiyyatli doracads forqlonsin. Belo xarakteristikalardan biri
n-qramlardir ki, bunlar da motnlorin ardicil golon n simvollarin birlogsmasini
ehtiva edir.

Ovvalca onu da geyd edok ki, giicii M -o borabor olan olifbada biitiin
miimkiin n-qramlarin say1 a(n, M) = M™ -5 borabordir.
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Indi iso hor bir motnda olan n-qramlarin formalasmasi prosesind ba-
xaq. A; miiollifinin k-c1 (k = 1,n,) osorindoki simvollrin saymi1 miioyyon
etmok onlarda horflordon bagqa digor simvollar1 (durgu isarslori, basliqlar vo
s.) atiriq vo sozlor ardicil olaraq yazilir. Forz edok ki, motnin belo yazili-
sinda simvollarin say1 a’, -yo borabordir. Onda aydindir ki, bu motndo olan
biitiin n-qramlarin say1 al, — n + 1 ifadesino beraber olacaq. Onda A; miiol-
lifinin biitiin osorlorinds olan n-qramlarin sayi

N = Z:i:l(a;c —n+ 1) = 2221 a—m—-Dn;=N,—(n—Dn; (3)
olar. Xiisusi halda n = 1 (monogram) oldugda N = N;, n = 2 oldugqda
iso N7 = N; — n; olacaqdur.

Indi iso n-qrama uygun olamotlori miioyyonlosdirok. Moatndoki n sayda
ardicil horf birlogmolori miioyyon olamoto uygun golocokdir. Maosalon,
n = 1 {iglin monoqram halinda bu olamatlor olifbadaki haorflor olacaqdir.
Onda biitiin miimkiin slamatlorin say1 elo miimkiin n-qramlarin saymna be-
rabor olacaqdir. Xiisusi halda n = 1 oldugda bu slamatlorin say1 M-o bora-
bordir. Lakin ayri-ayr1 mialliflorin miixtolif asorlorinde bu olamatlorin say1
miixtolif ola bilor. Yoni ola bilor ki, hor hans1 bir miiallif miioyyon horfdon
istifado etmir vo buna gora do hamin horfo uygun slamot olmayacaqdir. Forz
edok ki, i -ci miiallifin hor hansi bir motnin miisllifi oldugunu toyin etmok
ticlin olamatlor ¢oxlugu K;-dir. Onda i-ci miiollifin k-c1 asorindoki s (s €
K;) alamotli n-qramlarin sayimn Nl-sk ilo isara edok. Bu halda i-ci muollifin k-

c1 osarindoki s olamatinin orta qiymoti asagidaki diisturla miioyyon edilo-
cokdir.

N

N .
A; = ak.—zl\(/+1 seK,,i=1...nk=1...n; (4)

Bu qayda ils i-ci miiollifin biitlin aserlorinds s olamatinin orta qiymaoti
n; NS

f_% SEK;,i=1..m (5)
kimi toyin edils bilor. Bununla da biz i -ci misllifin esorlorindoki s alame-
tinin orta qiymatini tapiriq. Bu orta qiymot bizo imkan verir ki, hor hansi
yeni bir asarin hans1 miiallifs aid oldugunu miisyyen edok. Tutaq ki, bizs
har hansi bir L asari verilmisdir. Homin asordoki simvollarin sayini [ ils isa-
ro edok. Aydindir ki, bu motnds olan biitiin n-qramlarin say1 [ —n + 1 qiy-
matine barabar olacaq. L asorindoki s slamatine uygun n-qramlarin sayint
M; ila isars edok. Onda bu asardoki s olamatinin orta giymati

ni =i SEK, (6)

l-n+1

soklinds olacagq.
Indiiso ki —n; farqino baxaq.
Bu forq har bir s slamatine géra L asarinin i-ci miiallifinin asorine na
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doracads yaxin oldugunu gostorir. Bu forqi biitiin s alamatino goro kvadratik
normaya gora comlosak

& = Nser @s (ki — n)?,i=12,..... ,m (7)
ifadosini aliriq ki, bu da L asorinin alamatlorinin i -ci miiallifi xarakterizo
edon olamoatloro no dorocodo yaxin oldugunu gostorir. Burada ag omsali s
olamotino uygun ¢oki amsali olub, bu olamotin miisllifinin toyin olunmasi
ticlin no godor vacib oldugunu xarakterizo edir.

Beloliklo, miisallifin toyin olunmasi (7) diisturu ilo ifado olunmasi &;-
nin i-yo nazoron minimallagmasinin tapilmasi mosalosino gotirilir.

Monoqrama (n=1) asaslanan tanima

Indi iso yuxarida qeyd olunan diisturlar osasinda n =1 olduqda
miuollifin taninmasi prosesino baxaq. Bu zaman {i¢ muxtalif olamotlor ¢oxlu-
gundan istifads edocayik. Birinci halda K olamatlor ¢oxlugu kimi Azorbay-
can dilinin biitin 32 horifindon istifado edocoyik. Yoni bu halda K =
{a,b,c, ...} kimi toyin olunur. Aydindir ki, hor bir miiallif iig¢iin K; € K va
demoli, U2, K; € K ola bilor. Belsliklo, bu halda tamami K ¢oxlugundan
olan olamatlors gors aparacagiq.

Ikinci halda bizo her bir miiallif ii¢iin shomiyyatli olan alamotlorden
istifado edocoyik. Buna goro do hor bir miiallif {igilin ohomiyyatli slamatlor
coxlugunu asagidaki kimi toyin edok.

K, ={s:s € K;, ki > ¢}. (8)
Burada k; orta qiymoti (5) diisturu ilo toyin olunur. € iso xiisusi halda 3% )
barabar ola bilor.Bu halda slamatlor ¢oxlugu kimi

K =UZ, I?L ©)
coxlugunu gotiirs bilorik. Bels olan halda (7) ifadssinin avozinds
& = Yser, as(k{ — n)? (10)

ifadosini istifado edocoyik.

Asagida bes miiollif Elxan Elath, Rovson Yerfi, Amid Salimoglu,
Fyodor Dostayevski, Cingiz Aytmatov iiclin Excelds ii¢ test aparilmigdir.

Birinci testdo bes miioallif tigiin alamatlor kimi olifbanin biitiin boyiik
va kicik harflori gotiirtilmiigdiir. Daha sonra hor bir misllif {i¢iin 6ziinlin
namalum asari va digor mislliflorin namslum asarlori gotiiriilmiis vo avval-
cadon test edilmis 6z asarlori ilo miiqayise edilmisdir. Natico olaraq Test 1-
ds an kicik Elxan Elatlinin namalum osari, Test 2-do Amid Solimoglunun
namolum osoari ligiin orta kvadratik xota minumum olmusdur.

all Testl(E.E) Test2(R.Y) Test3(A.S) Test4(T.D) Test5(C.A)
Elxan Elath 0.000709082+ | 0.00115 0.001126652+ | 0.00105 0.05354
Rovson Yerfi 0.00082013 0.00118816 | 0.001271268 0.03612 0.000915916
Amid Salimoglu | 0.0012 0.0007 0.0012 0.00115666+ | 0.0249
T.Dostayevski 0.0095 0.0108 0.009785633 0.00857 0.00894+
Cingiz Aytmatov | 0.01 0.010510294 | 0.010126 0.008320952 | 0.009
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Ikinci testdo oalamatlor kimi islonmo tezliyi 3%-don ¢ox va ya boraber
olan horflori gotiiriilmiisdiir. Daha sonra hor bir miisllif {i¢lin 6ziliniin na-
molum osari vo digor miislliflorin namoalum osarlori gotiiriilmiis vo avvalco-
don test edilmis 6z oasorlori ilo miiqayiso edilmisdir.

3 Test1(E.E) Test2(R.Y) | Test3(A.S) | Testd(T.D) | Test5(C.A)

Elxan Elath 0,000727826+ 0,00117 | 0,000615015 0,00106 0,05504
Révson Yerfi 0,00081367 | 0,00122346 | 0,000677849 0,03076 | 0,000940877+
Amid Solimoglu 0,00124 0,00065 0,00072+ | 0,001164111 0,01999
T.Dostayevski 0,0056 0,0063 | 0,005558287 | 0,00507629 0,00497
Cingiz Aytmatov 0,005648 | 0,005162129 0,005276 | 0,004151309 0,004096

Ucgiincii testdo bes miiallif iigiin alifbanin slamotlori kimi osorda say1 0
olmayan biitliin horflori gotiiriilmiisdiir. Daha sonra hor bir miisllif {igiin
Oziiniin namalum asari va digor miislliflorin namoalum asorlori gotiiriilmiis vo
ovvalcadan test edilmis 6z asarlori ilo miigayise edilmisdir.

0 Testl1(E.E) Test2(R.Y) Test3(A.S) Test4(T.D) Test5(C.A)
Elxan Elath 0,000717701+ 0,00116 | 0,000606353 0,00105 0,05437
Révson Yerfi 0,00082881 0,00120233 | 0,000677672 0,03249 | 0,000920563
Amid Salimoglu 0,0012 0,0007 0,0013+ | 0,001158565 0,0217
T.Dostayevski 0,0055 0,0062 | 0,005459203 | 0,005045562 0,00489
Cingiz Aytmatov 0,00557 | 0,005132916 0,005202 | 0,004121143 0,004052+

Bu miiqayisalori tohlil etdikds goriiriik ki, birinci testdo 20%, ikincido

40%, ligiinciido iso 60% diizgiin natico alinmisdir.
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N-TPAMMHBII METO/] PACIIO3HABAHUSI TEKCTOB
HA A3EPBANIKAHCKOM SI3bIKE

J.MIACAHOBA
PE3IOME
B cratse paccMoTpena mpobiiema orpeeNieHus aBTOPCTBA TeKCTa ImyTeM (popMaib-
HOro aHayin3a. HOBBI METOT OCHOBAaH Ha (JOPMAaJIHLHON MaTeMaTHIECKOW MOJICNH MOCIEI0-

BaTEIbHOCTH OYKB TEKCTa, KaK peanu3anueil N-rpaMmbl.

KiamoueBble ciioBa: TIpU3HAHUE aBTOPOB, 3HAKW N-I'paMM, KBaJApaTH4YHas1 HOpMa,
TCCThI

N-GRAM METHOD FOR RECOGNITION OF TEXTS
IN AZERBAIJANI LANGUAGE

L.M.HASANOVA
SUMMARY
The article solves the problem of determining the authorship of the text through a
formal analysis of the text. The new method is based on a formal mathematical model of

the sequence of letters of the text as an implementation of an N-gram.

Keywords: recognition of the authors, n-gram signs, quadratic norm, tests
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Ekoloji obyektlorin va proseslorin modellarini vo onlarin dyronilmasi idisullarini
riyazi ekologiya dyranir. Riyazi ekologiyada istifada olunan riyazi modellori miixtalif nov-
lora bolmak olar. Basqa sozla, determinik, stoxastik va empirik-statistik modellar: farglon-
dirirlar. Determinik riyazi modellor sistemin daxili tasvirina asaslanir va sistemin kom-
ponentlari arasinda alagani ifada edir (Maltus modeli). Tasadiifi funksiyalar: ehtiva edan
riyazi modellor isa stoxastikdir. Empirik-statistik modellor giris vo ¢ixis sistem doayisanlari
arasinda funksional asililiglar (reqressiya modellori) yaratmagq iiciin sistem haqda empirik
malumatlardan istifado edir. Empirik-statistik modellor qurularkan riyazi statistikanin
metodlaridan istifads edilir.

Ekologiyada riyazi modellagdirma, demak olar ki, bu elmin yarandigi vaxtdan tatbiq
edilir. Canli tabiatdaki organizmlarin davranisin riyaziyyat vasitasi ila adekvat tasvir etmak
an miirakkab fiziki proseslordan qat-qat ¢atin olsa da, modellor ayri-ayri populyasiyalarin,
elaca do fordlorin inkisafinda bazi ganunauygunluglar va timumi meyllori miiayyan etmoya
komak edir. Tadgigatin 25as maqsadi ekologiyada kompiiter modellasdirmasinin aparilmasi
tictin miihiim riyazi aparatin toyin olunmasi, eloCo do ekoloji proseslorin modellosdiril-
masinda imitasiya modellagdirmasinin ahamiyyatini siibut etmakdir.

Qeyd edak ki, ekologiyada riyazi (kompiiter) modellasdirma hom modellosdirma
obyektlorinin se¢imi baxumindan, ham metodlar toplusu baximindan, ham da hall edilacak
masalalarin spektri baximindan kifayat qadar genis todgiqat sahasidir Buna gora da mo-
dellasdirmanin biitiin aspektlorini bir anda ahata etmak kifayat gadar ¢atindir. Bu baximdan
togdim olunan isda diqqgat diferensial tonliklordan istifada edarak modellagdirmaya ydnal-
dilmigdir. Bu tip modellorin oz iistiinliiklaori va monfi cohatlori var. Bu da diferensial vo ya
forq tonliklorinin proseslorin dinamikasini real vaxtda tasvir etmasi ilo baghdur.

Acar sozlor: simulyasiya modellogdirmosi, ekologiyada kompiiter modellagdir-
mosi, biologiyada kompiiter modellosdirmosi, eko modellor, modellogdirmonin tatbiglori.

Ekologiya — giiclii todqiqatlara ehtiyac duyulan bir sahadir. Kegon
asrin 60-c1 illorinda bir qrup miitoxassislordon savayi genis ictimaiyyato bu
s0ziin monast malum deyildi. Biitiin bunlara baxmayaraq bu termin 150 ildir
ki, malumdur. 1869-cu ildo alman tobiotsiinast Ernst Hekkel biologiyanin
yeni bir bélmosi kimi ekologiya terminini («eko» - ev, yasayis yeri vo «lo-
gos» - elm, bilik) toklif etdi [1, 58].
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Klassik ekologiya — otraf miihitin vo orqanizmlorin qarsiliqli alagosi
haqqinda elmdir. Bu giin ekologiya dedikdo, ¢ox zaman klassik ekologiyani
deyil, yeni elmi istigamot kimi formalasmis, otraf miihitin miihafizasi prob-
lemlori vo insan comiyyatilo bu miihitin garsiligl slagesini dyronon sosial
ekologiya nozordos tutulur.

Bu mogqalads biz «kdhnoy» ekologiyanin bir neco klassik modellarila
tanis olmaqla kifayatlonocoyik. Bunun bir nego sobabi var.

Birincisi, klassik modellar kifayst qodor dyronilib vo sadadir. Bu tip
mosalolorin qoyulusu askar, dork etmok ndqteyi-nozordon faydali vo ma-
raqlidir.

Ikincisi — otraf miihitin ¢irklonmosi va tullantilarin yayilmasi ilo bagh
modellor — hoddon artiq miirokkob riyazi aparatdan istifado etmoyi tolob
edir.

Lakin bu sahado tam formalasmis riyazi aparat holo ki, yoxdur.

Movzuda rast golocoyimiz bir nego termino agiglama verak.

Fard — miistaqil yasayan orqanizm.

Populyasiya — eyni bir vaxtda yasayan vo miioyyan orazini tutan, eyni
bir n6vo moxsus fordlorin toplusu.

Vo nohayat qrup — (vo ya comiyyet) dedikds, birgs yasayan, hoyat
stiron populyasiyalar toplusu nozords tutulur.

Klassik ekologiyada bir ne¢a tipin (ndviin) qarsiliql alagesina baxilir:

-Orqanizm vo otraf miihitin slagasi,

- Populyasiya daxili fordlerin qarsiliqh olaqosi;

- Miixtalif nov fordlorin qarsiliql olagasi (populyasiyalar arasi qarsi-
ligh slag9).

Praktiki olaraq, ekologiya elmi meydana ¢ixan andan burada riyazi
modellardan istifads olunur.

On miirokkob fiziki proseslordon forqli olaraq, canli tobiotdo orqa-
nizmlorin davranigini adekvat riyazi vasitolorlo tosvir etmok hoddon artiq
cotindir. Lakin biitliin bunlara baxmayaraq, bu sahado totbiq olunan riyazi
modellar ayri-ayr1 qrup ve populyasiyalarin iimumi inkisaf tendensiyalarini
vo bir sira ganunauygunluglart miisyyon etmays komok edir [2, 112].

Klassik ekologiyada riyazi modellorin yaradilmasinin osas mogqsadlori
asagidakilardir:

1. Modellor ¢oxlu sayda unikal miisahidolorin ¢ox zoruri, lakin da-
giniq, porakonds xiisusiyyatlorini bir ne¢o parametrin komoyilo ifado et-
mayo, birlogdirmays va ya bu miisahidolorin mahiyyatini agiglamaga kdmok
edir. Bu da 6z ndvbasindo baxilan proses vo ya problemi tohlil etmokdo
ekologa komokdir.

2. Modellar sanki «timumi dil» kimi ¢ixis edir vo bu dilin komoyilo
har bir unikal hadiss tosvir oluna bilor vo bu clir hadisalorin nisbi xiisusiy-
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yotlori daha tez agkar olunur.

3. Model-«ideal obyekt» vo ya ideallagdirilmis davranis niimunasi ola
bilor. Miigayiso yolu ilo obyekt vo proseslori 6lgmok vo giymotlondirmok
miimkiindiir.

4. Modellor - real alomin geyri-miikommol imitasiyasi olmaqla ho-
qigaton da bu alomas yeni bir nur, «isig» sala bilorlar.

Ekologiyada riyazi modellor qurularkon, bioloji sistemlorin spesifik
xiisusiyyatlorini nazors almaqgla mexaniki vo fiziki sistemlorin modellosdiril-
masi tocriibasindon istifads olunur:

- har bir fordin daxili qurulusunun miirokkabliyi;

- orqanizmlorin hoyat foaliyyatlori {igiin zoruri soraitin, xarici miihitin
bir sira amillorindon asililigt;

- ekoloji sistemlorin gapali olmast.

Kompiiterlorin totbiqi, ekoloji prosesin modellasdirilmasi imkanlarini
xeyli geniglondirdi.

Burada moxsusi olaraq prinsip etibari ilo yeni bir istigamot olan
imitasiya modellogdirilmasinin meydana ¢ixmasini qeyd etmok lazimdir.

Novdaxili raqabat modellari.

Diskret dovrlorls ¢oxalan (artan) raqabot modelina baxaq. Populyasi-
yanin t zaman aninda sayi-Ni-dir. Vo tomiz artim siirati ilo (R) miitonasib
olaraq zamana goro doyisir. Bu ciir ndvlors bitkilorin vo hagoratlarin boyiik
bir qismini aid etmok olar. Bu ndvlorin miixtalif nosillori zamana gors doqiq
qgeyds alinib. R omsali, bir mévcud (yasayan) fordo nozoron artan fordlorin
miqdarin1 (eyni zamanda artiq yasayan fordlorin sag olmasini) xarakterizo
edir. Bu model asagidaki tonlikls ifads oluna bilor:

N =N*R )
belo ki,
N:=No*R', (2)
harada ki, Ng -populyasiyanin ilkin sayidir.

Bu model - rogabatin olmadig1 populyasiyani tosvir edir vo bu burada
R=const. Ogor R>1 olsa, populyasiyanin say1 sonsuz olaraq artacaq [3, 141].

Monbolords populyasiyanin siirstli artimina aid ¢ox maraqli misallar
var. Xlsuson bu bitkilors, hosaratlara vo mikroorqanizmlors aid olan mi-
sallardir. ©gor bunlarin artimi iiclin olverisli, ideal sorait olsa Yer kiirasi
galin bir qatla ortiilo bilor. Hoqiqgotds iso hondosi silsils ilo artan populyasiya
uzunmiiddstli zaman kosiyindo miisahido olunmur. Belolikla, (1) tonliyini
elo doyisdirmok lazimdir ki, tomiz artim siiroti novdaxili rogabotdon asili
olsun. Ragabati - hor hansi bir orqanizm torafindon bir sira resurslarin qida,
su, i51q, mokan - istifado olunmasi vo bununla da digor orqanizmlor ti¢lin bu
resurslarin algatmaz olmasi (azalmasi) kimi qiymotlondirmok olar.

62



Ogor raqabat aparan organizmlor eyni bir névo aiddirso, onda bunla-
rin arasindaki qarsiliqli miinasiboti novdaxili raqabot adlandirirlar.

Sokil 1-do téromo (artma) siirotinin populyasiyanin saymdan sado
miimkiin olan asililiq qrafiki tasvir olunub.

A ndqtasi - populyasiyanin sayinin 0-a yaxin oldugu situasiyani oks
etdirir. Bu zaman raqabat praktiki olaraq yoxdur vo artimin faktiki siiratini
R parametrinin ilkin voziyyatilo tosvir etmok olar. Demali, asagi sixligh po-
pulyasiya zamani (1) tonliyi dogrudur (ve ya adalotlidir) .

B

O K N,
Sok. 1. Populyasiyanin artim siirotinin mohdudiyyati.

(1) tonliyinin doyisdirilmis formasi asagidaki kimi olacaq:
Noo 1
N R
B ndqtesi iso oksina. Populyasiyanin yiliksok oldugu situasiyani oks
etdirir vo kifayot dorocods ndvdaxili raqabati {izo ¢ixarir.
Rogabat noticasinds faktiki artma (tdroma) siirati o qoder azalir ki, po-
pulyasiya biitlinliikds yalniz har nasilds 6z sayin1 borpa edo bilar.
Ona goros ki, dogulan fordlerin miqdari 6lonlarin miqdart ile tarazlasir.
Sakil 1-do tasvir olunmus hipotezo asagidaki tonlik uygun golir:
N, *R
1+a*N, )

t+l

harada ki, o = % )

Bu tonlik ndvdaxili rogabotlo mohdud olan populyasiyanin artim

modelidir.
Modelin mahiyyati ondadir ki, (1) tonliyindoki R sabiti artimin

ilo.

faktiki siirotilo ovoz olunur. Basqa so6zlo,
I+a*N,

Bu komiyyst populyasiyanin say1 artdiqca azalir. Alinmis tonliyin
iistlinliiyli onun sadeliyindadir. Bu tip raqabat populyasiya saymin 6z-6ziino
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tonzimlonmaosino gotirib ¢ixarir (sokil 2).
A N
200

150—
100 [
50—

O— 5 10 hs | >t

Sak. 2. (3) tenliyina uygun olaraq populyasiya sayinin doyismasi.
(R=2, K=200, N¢=20 olan hal tigiin).

(3) tonliyindo sado doyisiklik aparmaqla roqabotin intensivliyini
nazars alan daha timumi model almaq olar. Populyasiyanin artim siirstinin
saydan asili olaraq asag1 diismasinin asililiq qrafiki (sokil 1) tobistin qanunu
deyil, yalniz slverisli hipotezdir.

~ N,*R
ey @
Novdaxili roagabstlo miioyyon olunan populyasiyanin real dinamikasi
he¢ do har zaman, hoatta komiyyatco belo sokil 2-do tosvir olunmus modello
uzlagsmir. Populyasiyanin artim siiretinin agagi diigmo qanunu haqda daha
iimumilosdirilmis hipotezi asagidaki tonliklo ifado etmok olar:

Verilmis bu modelin (3) tonliyindon farqli olaraq timumiliyi —b para-
metrinin daxil edilmasindadir. b parametri — artim siiratinin populyasiyanin
saymdan asililiq tipinin néviinii miioyyan edir.

a, b, R komiyyatlorindon koskin forqli situasiyalar1 miiqayiso

ticlin istifado etmok olar. (4) tonliyinin digor miisbat cohati, onun real alomin
tamamilo yeni aspektlorini is1iqlandirmaq qabiliyyatidir.

Populyasiyanin dinamikasini tosvir edon oyrilorin tohlili vasitasilo
tobii populyasiya haqqinda qabaqcadan miiayyon noticoye galmok miimkiin-
diir.

Sokil 3 a, b, ¢ va d-do adadi modellogdirmanin komayils populyasiya
saymin dinamikasinin (4) tonliyi vasitosilo miixtolif variantlar1 gostorilmis-
dir, b vo R parameterlorinin miixtalif qiymatlarinda.
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Sok. 3 a. Statsionar populyasiya saymin monotonlugu b=1,4, R=2 olduqda

200 —
150

100
50

Sak. 3b. b=3,9, R=2 oldugda populyasiya sayinin statsionar rogsi horokoti
N A
200 —

150 —
100

gy
| | | | -

0 5 10 5 Z0 T2

Sak. 3¢. b= 3,6, R =4 olduqda populyasiya sayinin doyismasinin
limit dovriiniin dayaniqlhigi

(4) modeli ilo oslagoali todqgiqatin miithiim hissasi, (b, R) baza miistovi-
sindo monoton sonmoni, zsifloyan rogsleri, dayanigli limit dovrlerini vo
tosadiifi (xaotik) doyismolori ayiran sorhadlorin qurulmasidir (sokil 4). Bu-
nun liclin a va Ny giymatlarini vermak vo b, R parametrlorini doyismoklo
hesablamalar1 aparmaq lazimdir. Miimkiin variantlarin hor birini forqlondir-
mak iiclin kompiiterin ekraninda populyasiya saymin dayismasi qrafiklorini
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qurmagq tgiin vizual horokot etmok vo bu zaman bir rejimdon digor rejimo
kegdikda b, R parametrlorinin uygun qiymatlorini yadda saxlamaq lazimdar.

N
200 —

150 —
100
50
| | |

0 5 10 15 20

Sak. 3 d. b =4.4, R= 4 olduqda populyasiya sayimnin tosadiifi doyismasi

Bir seyi qeyd etmok lazimdir ki, kvaziperiodiklik, aperiodiklik vo
xaotik horokotlor arasinda forqin qurulmasi — miirokkob riyazi masaladir.
Onun holli l¢iin Furye g¢evirmoalorindon vo digor cevirmoalordon istifado
olunur [4, 232].

(3) va (4) tonliyino osason, ekologiyada biitiin modellor {igiin 6donilon
imumi xarakterli bir geydi xiisusi olaraq vurgulamaq istoyirom. Daqiq
tobiat ganunlarina asason qurulmus modellors malik fizikadan forqli olaraq,
ekologiyada modellor daha c¢ox sortidir. Onun realliga adekvatligi yalniz
eksperimental olaraq yoxlana bilar.

Belo ki, ekologlar sokil 4-do tosvir olunmus, dinamiklorin hor birini
dofolorlo miisahido ediblor, uygun model iigiin faydaliliq haqda notico
cixarmagq olar (oks halda o, ancaq riyazi tapsiriq ola bilor).

Beloliklo, biz diskret dovrlii ¢oxalmaya malik populyasiyalarda tatbiq
edilon modellora baxdiq. Lakin tabiotds elo populyasiyalara rast galinir ki,
orqanizmlorin dogulmasi vo mohvi diizgiin getmir, belo populyasiya mo-
dellori tiglin asagida gostorilon tonliklor moslohat deyil.

Kosilmoz ¢oxalmaya malik populyasiyaya baxaq ve sayma goro
doyison populyasiyanin modelini quraq. Burada riyazi aparat diferensial
tonliklor olacaq. Bu halda artim tempinin siirati

Y kimi gostorilo bilor, onda sayin orta artim stirati, bir individ li¢iin

hesablamada a@—’:‘ *ﬁ komiyyatilo miioyyan edilir:
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Tasadiifi doyismo

Dayaniqli limit dovri

Soénon rogslor

Monoton sonmolor

R

N
7

Sok. 4. Diskret artimli populyasiya saymin dinamikasinin faza diagraminin sxematik tosviri

Novdaxili konkurensiyani hesablamadan alariq:

N, 1 oN

—*—=r voya —=rN.

o N ot
r vasitosilo sayin artma tempinin ani siirati isara edilmisdir ( b.s., bir individ
izro hesablamada vahid zaman miiddatinds sayin artimi). Bu modeldon bels
natico ¢ixir ki, novdaxili konkurensiyalar halo tam dyronilmomisdir, r > 0
oldugda populyasiyanin say1 geyri-mohdud artacaq, basqa sozlo, eksponen-
sial temp miisahids olunacaqdir.

Indi névdaxili konkurensiyani dyronmoya ¢alisaq. Bunun iigiin biz yu-
xarida totbiq etdiyimiz metoddan istifads edocoyik.

Saokil 5-0 baxaq. Populyasiya say1 0-ra yaxin oldugu halda artim siirati r
komiyyati ilo toyin olunur, belo ki, konkurensiya populyasiyanin artimina
tosir etmir (A ndqtosi).

Na zaman ki, N artaraq K-nin qiymotine yaxinlasir (ehalinin limit six-
1g1), onda populyasiyanin artim siirati 0-radok azalir (B noqtosi).

oN 1
oot
A
T
B N
0) N “K

Sak. 5. Populyasiya sayinin tokrar istehsal siirotindon asililigi
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AB diiz xattinin tonliyini yazsaq, alariq:

i—IZ =rx*N* @ (5)

Sonuncu tonlik “logistik tonlik” ad1 ilo mashurdur. Onun {istiin xiisu-

siyyatlorindon biri sadoliyidir. Tonlik standart ndve aiddir vo analitik hollo
malikdir:

KN,
NO= N, +(K —N,)e™ ©

Ekologiyanin tarixindo bu tonlik bdyiik ohomiyyoto malikdir, o, eko-
logiyada riyazi metodlarin totbiqindo bdyiik rol oynamisdir. Digor torafdon,
tonliyin sadsliyi onun totbiq oblastlarinda mohdudiyyotlori meydana ¢ixarir,
belos ki, onun komayils bir neg¢o real populyasiyani tosvir emok olar.

Lakin biitiin mohdudiyystloro baxmayaraq, asagida baxilan logistik
tonlik populyasiyanin artim dinamikasinin torkib hissasi kimi istifade olunur
[5, 255].

(5)-(6) disturlarina uygun populyasiya saymin doyismasi gokil 6-da
gostorilmigdir.
N

200 1

100 T

| | .
0 1 2 3 f

Sak. 6. No =25, K =200, r= 3 olduqda populyasiya sayinin artim dinamikasi

Novlararasi raqabatin logistik modelinin qurulmasi algoritmi.

Novlorarast rogabatin mahiyyati ondadir ki, bir néviin individlorinin
nasilverma qabiliyyati, yasam qabiliyyati vo artma stirati eyni bir resursdan
istifada noticosinds azalir vo digor noviin individlori konkurensiyanin tosiri
naticasindo bu vo ya digor 6l¢iido miixtolif novlorin tosirine moruz qalirlar.

Belo ki, biz iki miixtolif populyasiya ilo maraqlaniriq. Onlar iiciin
asagidaki isarolomalori gobul edok. Tutaq ki, Ni- birinci populyasiyanin,
N, —iso ikinci populyasiyanin sayidir.

Onda tomin edilmonin limit sixlig1 va populyasiyanin dogusdan mak-
simal artim siiroti uygun olaraq K, Ky, 1y vo rp —dir (sokil 7).

(5) logistik tonliyina baxaq ve ondaki ndvlerarasi raqabati dyronmayo
calisaq. Forz edok ki, M ikinci noviin individidir vo birinci néviin indivi-
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1

dina do eyni qayda ilo tosir edir. M sabiti bu halda rogabat omsali adlandi-
rilir vo onu o, kimi isara edak.

0 1 2 3 t
Sak. 7. Ri=2, r,=4, K; =200, K, =180, a1,= 0.5, 0= 0.65,

(0}
N =100, N2 =25 oldugda populyasiyanin dayaniqli birgs yasamasi.

Belo ki, birinci ndve olan biitlin tosirlori oks etdirmok iiclin logistik
tonliyin stiratindo N-in yerino N; + a12°N, yazacagiq.

Analoji olaraq ikinci populyasiyanin saymin tadqiqi li¢iin do tonlik ala
bilarik. Noticads iki diferensial tonlikdon ibarat sistem aliriq:

dN, =1 *N, Ki=N, —a)N,
dt K, )
dN, K, =N, - N,
=h* Nz
dt K,

Bu sistemls ifads olunan ndvlerarasi raqabat modeli onun misllifinin
sorofine «Lotki-Volterra modeli» adlanir.

Qeyd edok ki, agor a1z Va a1 amsallart vahiddon boyiikdiirsa, onda
ragabat aparan populyasiyanin 6z ndviiniin individlerine olan konar tosiri,
digor noviin individlarine olan kanar tasirdon daha giiclii olur.

Dayaniqli birge yasama yalniz aiz- 021<1 olduqda oalds edilir. Biitov
xatt -birinci populyasiyanin sayi, strix xatt — ikinci populyasiyadir.

Novlorarast rogabat todqiqatgisini maraqlandiran osas sual her bir
noviin sayinin hansi soraitdo artmasi vo ya azalmasidir?

Bu suala cavab vermok ii¢lin hor iki ndviin sayinin biitiin miimkiin
birlogsmolorini gostoron diaqramlar qurmaq lazimdir. Belo diagramlarda bir
ndviin say1 iifiiqi ox boyunca, digarinin say1 is9 saquli ox boyunca ¢okilir.

Boazi ndvlorin sayimnin birlosmalori ilo miisahido {i¢iin se¢ilmis po-
pulyasiyada artim, digerlorinds iss onun sayinda azalma qeyd olunacagq.

Hom do névlarin har biri {i¢iin izoklinlor ¢okmok miimkiindiir, belo
ki, izoklinlorls sayin na artmasi, na do azalmasi miisahide olunmayan xatlor
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tosvir olunur (sokil 8).

N2 N2
A\

D K2 A

i SNE— A \d

(04

12 ¢ /]\
K

K N, 0(_2 N,

21

Sak. 8. Lotka-Volterra modelindan istifads etmokls alda edilon izoklinlar.

Bu boraborlik vuruglardan hor hansi biri sifira borabor olduqda ye-

ring yeirilir. On maraqli situasiya iso
Ki=N,—a,*N,=0 voya N, =K, -, *N,

olduqda alinir.

Oxlarin uzunluglart név saymnin doyigsmosi ilo miitonasibdir, oxlar
ndvlarin sayinin doyismao istiqgamatini gostorir.

Belolikla, gordiiyliniiz kimi (N7, N2) miistovisindo diiz xattin tonliyi
olan izoklin tonliyi oldo edilir.

[zoklindon yuxari vo saga dogru, hor iki populyasiyanmn ¢oxlugu so-
bobindon 1-ci ndv populyasiyanin say azalir, oks istiqamotlordo artir. (Izok-

. g oN, .. . . ; .
linin yuxarisinda vo saginda 8—'[1t0r9m9s1 manfidir vo buna gora do birinci

. . .. oN .
populyasiyanin say1 azalir. Izoklinin asagisinda vo solunda a—tltéramem

miisbatdir vo buna gora da birinci populyasiyanin sayi artir).

Analoji olaraq, 2-ci ndv ti¢iin izoklinlor qurmaq miimkiindiir.

Sokil 9-da miivafiq izoklinler qurulmusdur va onlar populyasiyalarin
saymdaki doyisikliklori gostorir.

Yuxaridaki problemi holl etmok {i¢iin hor iki ndviin izoklinlorini bir
faza miistovisindo birlosdirir vo eyni zamanda onlarin saylarinin dinami-
kasini dyronirik.

Izoklinlar bir-birino nisboton dord farqli sokilde diiziiliir ki, bu da
rogabatin forqli naticasini verir.

Sokil 9-da M.Biqon va diger mialliflorin “Ekologiya” kitabindan
gotiirtilmis, (7) tonliklor sistemindon istifado etmoklo oldo edilmis, roga-
batin naticolori toqdim edilmisdir.
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R

12

- K, N; K — N

— Ky N;

c) d)
Sok 9. Miixtolif parametrlor {i¢iin Lotka-Volterra modelindon istifado etmoklo oldo edilmis
roqabatin naticalori. Sakil a-da I zonada har iki populyasiyanin say1 azalir;
II zonada - birinci populyasiyanin say1 artir, ikincisi - azalir;
IIT zonada - har iki populyasiyanin say1 artir.
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MATEMATHUYECKHE OKOJOI'MYECKHUE MO/JEJIN
I''A.PATUMOBA
PE3IOME

MaremaTtiudeckoe MOJCIMPOBAHHE B DKOJOIMH HCIOJB3YETCS HPAKTHYSCKU C
MOMEHTa BO3HHKHOBEHUsI 3TOil Hayku. Camble CIIOXHBbIE (HU3NUECKUE MPOLECCHl, MOJCTH
MMOMOTAar0T YCTaHOBUTH HCEKOTOPBIE 3aKOHOMEPHOCTU U 06IJ_II/Ie TCHACHUWNU pPa3BUTHUA
OT/EJIbHBIX MOMYJISLHMA, a TaK)KE COOOIIECTB M MOATOMY aJICKBATHO OIUCATh IMOBEICHHE
OpPraHU3MOB B )KUBOH IPHUPO/IE TOPA3I0 TPYIHEE CPEJCTBAMHU MATEMATHKH.

Ienp Hameif paGoOTHl MO3HAKOMHUTHCS C HEKOTOPHIMH METOJaMH KOMIIBIOTEPHOTO
MOACJIUPOBAHNUA B OKOJOTHMU U J0Ka3aTb BaXHOCTb KOMIIBIOTEPOB B MOJACIIUMPOBAHUU
9KOJIOTHUECKUX TporeccoB. OHAKO MaTeMaTHUeCKoe (KOMITBIOTEPHOE) MOJICIHPOBAHUC B
9KOJIOTHU JIOCTATOYHO OOLIMpHAs OOJAaCTh HMCCIECIOBAHUS MO BHIOOPY OOBEKTOB MOJE-
JIMPOBaHMs, 0 HAOOPY METOJIOB U O CIIEKTPY peliaeMbIX 3a1ad. [103ToMy 10OBOJBHO TPy -
HO OXBAaTUTh CPa3y BCE acleKThl MOJCIHPOBaHMs. BHUMaHue B Haulleil paboTe oOpalueHo
MOJICJIUPOBAHUIO € MOMOUIBIO T (EepeHIMATbHBIX ypaBHEHHHA. MoOJENN Takoro THIIA,
00J1aJal0T CBOMMHU JJOCTOMHCTBAMH U HeJocTaTKaMH. TakuMm o0pa3om, auddepeHuranbHbie
WM Pa3HOCTHBIC YpPaBHCHHUS IMO3BOJSIOT OIKCHIBATH JUHAMHKY IPOLECCOB B PEKHME
PEaNbHOrO BPEMEHH.

KiroueBble cii0Ba: MMUTAIIMOHHOE MOJICIUPOBAHNUE, KOMIIBIOTCPHOE MOIACIUPO-

BaHHUE B AKOJIOTHH, KOMITBIOTEPHOE MOACTHPOBAHNE B OMOJIOTHH, SKOMOJICIH, PHIOKCHHS
MO/JIETTMPOBAHHUSI.
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MATHEMATICAL ECOLOGICAL MODELS
G.A.RAHIMOVA
SUMMARY

Mathematical modeling in ecology has been used almost since the emergence of
this science. The most complex physical processes and models help to establish certain pat-
terns and general trends in the development of individual populations, as well as communi-
ties, and therefore it is much more difficult to adequately describe the behavior of organ-
isms in wildlife by means of mathematics. The purpose of our work is to get acquainted
with some methods of computer modeling in ecology and to prove the importance of com-
puters in modeling ecological processes. However, mathematical (computer) modeling in
ecology is a fairly extensive area of research in terms of the choice of modeling objects, the
set of methods and the range of tasks to be solved. Therefore, it is quite difficult to cover all
aspects of modeling at once. Attention in our work is paid to modeling using differential
equations. Models of this type have their own advantages and disadvantages. Thus, differ-
ential or difference equations make it possible to describe the dynamics of processes in real
time. Key words: simulation modeling, computer modeling in ecology, computer modeling
in biology, eco-models, modeling applications.

Key words: simulation modeling, computer modeling in ecology, computer mod-
eling in biology, ecomodels, modeling applications.
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MODUL TODRIiS TEXNOLOGIYASININ TOTBIiQi ZAMANI
TOLIM-TODRIS MUHITLORININ NIZAMLANMASI

N.A.IMANOVA
Baki Dovlat Universiteti
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Verilmis isdo modul texnologiyalarina asaslanan talim prosesi arzinda tolim - tadris
miihitlorinin se¢ilmaSi Vo hazirlanmasumn tistiinliiklari, homginin talim miihitlorinin néviari
Vo onlarin qurulma prinsiplori, talim prosesinda miiallim va tolabanin vazifalori 6z aksini
tapmisdir.

Acar sozlor: modul todris texnologiyasi, todris miihiti, 6yronmo foaliyyastlori, modul
qiymotlondirmos, misllimin rolu, tolobonin rolu.

Molum oldugu kimi, sosial inkisafin asas monbayi ixtisaslt is¢i qiiv-
vosi hazirlamaqdir. Bilikli, bacarigli vo somarali is¢i qlivvesini yetisdirmok
funksiyasi tohsil sisteminin vozifasidir. Tohsil sistemi bu vozifoni yerino ye-
tirorkon, elmi vo texnoloji doyisikliklar, fordi ehtiyaclar kimi ictimai inkisafi
vo gozlontilor kimi bir ¢ox amili nazore almalidir. Ciinki geyd olunan bu
amillor, davamli olaraq is¢i qlivvesinin inkisafini tolob edir. Buna goéro do
tolim-tadris prosesindan tutmus tohsil prosesinin har marhalasine, miivafiq
tohsil miihitindon forqli todris metodlarina godor tohsil texnologiyasinda
davamli bir inkisaf var. Elmi arasdirmalara osaslanaraq, bu inkisaf prose-
sinda har zaman daha qalic1 va daha tasirli yronmayi tomin etmok zoruridir.
Onanavi tohsilde yaranan problemlorin halli vo golocak isci qiivvesinin daha
pesokar olmasi tigiin modul todris texnologiyasina ke¢id vacibdir.

“Modul” termini, imumiyyatls, biitovlilylin miioyysn edilo bilon his-
sosini ohats edon alt hisso kimi istifads olunur. Tadrisds modul anlayist is9
miloyyan magsadlor daxilinde miioyyon miiddst orzindo mozmunun tamam-
lanmasina asaslanan “biitov”’ demokdir. Modul todris, bir-birindon miistaqil
olan vo miivafiq tohsil programi cor¢ivasindo monali bir biitiinliik togkil
edon 6yronma vahidloring asaslanan bir todris texnologiyasidir.

Tolimin reallagdirildigit mokan dedikdo otrafda yerlogdirilmis insan
qiivvasindon konarda olan obyektlorin qoyulan hodoflors asason on mohsul-
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dar vo saglam sokildo istifado olunmasi basa diisiiliir. Todris miihitlori ford-
lora an tasirli vo qalict dyronmoni tomin etmoys uygun olaraq toskil edilme-
lidir.

Molumdur ki, insan oxuduglarinin 10%-ni, gordiiklorinin 30%-ni,
esitdiyi vo gordilyliniin 50% -ni, sdylodiyi vo yazdiginin 70%-ni, etdiklori-
nin is9 90%-ni xatirlayir. Tadris miihitlorinin todris prosesi lizerindo miisbat
tosiri boyiikdiir. Umumi olaraq, hoqiqi situasiyalar1 vo tocriibolori bdyiik
miqyasda oks etdiron todris miihitlorinin talabalar {igiin daha diqqget ¢okon
olacagi vo daha foal olacag deyilo bilor. Bu baximdan, tolobanin xiisusiy-
yatlorino vo goriilocok iso uygun miihitin nizamlanmasi todris prosesinin
tokmillosdirilmasi baximindan daha miisbot noatico veracokdir [1].

Tadris miihitinin nizamlanmasi isinin ohato dairasi tohsil saytlarin-
dan darsliklora kimi biitiin fiziki mokanlar vo toloba, miitoxassis, miiollim,
idaragi, valideyn va s. olmagla biitiin is goronlori ohato edon sosial miihiti
toskil edir. Basqa sozlo, todris miihitinin nizamlanmas1 prosesi talobalords
miixtalif saholoro aid biliklori asilamaq, homginin tohsildo insan vo otraf
miihit alagalorinin biitiin sahalorini shate etmoakdir.

osas talim va tadris miihitlari. Tolim vo todris miihitlorinin planlas-
dirilmasinda diqqget edilmasi tolob olunan asas addimlar asagidakilardir:

I addim: fiziki miihitin dors daxilindoki modullarin voziyyatino gors
tadrise uygun sokilde hazirlanmast;

IT addim: tadris ti¢lin togkil edilmis miihitin no vaxta kimi bu sokildo
qalacaginin miioyyaonlosdirilmasi.

Talim — tadris makaninda talabalarin yerlasma formalari. Emalat-
xana, sinif vo ya digor tolim-tadris mokanlari, tolobolorin mohsuldar isloys
bilocoyi sokildo asagida tovsiyo olunan yerlosmo formalarina goro toskil
oluna bilor.

1) “U” sakli. Siralar va ya stollar, makanin dlgiilari va toloba say1 ne-
zars alinaraq, “U” soklinds yerlogdirils bilor [6].

“U” soklinin asas xiisusiyyastlori asagidakilardir:

v Cox fargli mogsadlar tigiin istifads oluna bilon yerlosma formasidir;

v’ Talobolori rahat isloya bilacayi is sahasi ilo tomin edir;

v' Proyektorla niimayis olunan goriintii rahathiqla hor kos torafindon
izlonilo bilir;

v" Tolabalor bir — biri ilo asanligla tizbaiiz iinsiyyat qura bilir;

v Qrup halinda islor goriilo bilir.

2) Qrupla ¢calisma saKli. Ellips vo ya daira soklinds olan yerlogsmo

formasidir. Bu yerlogsmo formasinin osas tstiinliiklori asagidakilardir:
v Qrup halinda isi asanlasdirir;
v Qarsiligh oturan tolobalor bir-birilo asanligla alago qura bilir;
v Tolabolor stullarmin istigamotini  doyisdirorak 16vhoni vo ya
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proyektor pardasini asanligla izloys bilirlor.

3) Konfrans sakli. Stollar diizbucaqli va ya kvadrat soklinds oldugda
bu c¢ox alverisli bir yerlosmo formasi olur. Bu yerlosmo formasi asagidaki
xiisusiyyatloro malikdir:

v" Bu yerlosmodo miiollimin funksiyasi minimuma enir, sinifin aktiv-
liyi 6n plana ¢okilir;

v" Miisllimin stolun ortasinda oturdugu yerlogsmodo tolobalor miiallimlo
daha asan tinsiyyat qura bilirler;

v" Bu yerlogsmo torzinin dezavantaji daha rosmi bir alaqo miihitinin ya-
ranmasidir.

4) Daira sakli. Stol olmadan sadaco stullar istifado olunaraq tez vo
asanligla toskil edilo bilon yerlogsma torzidir. Tolabalorin yazi yazacaqlari vo
materiallar1 qoyacaqlar1 bir saho lazim olduqda stullarla birlikdo masalara
torof donorok yerlosmo formasinda doyisiklik edilir. Bu formanin osas
xtisusiyyatlori asagidakilardir:

v" Stollar olmadan da sadoco stullar istifado olunaraq tez vo asanligla
toskil edilir;

v Qrup daxilinds diskussiyalar ti¢iin ideal bir yerlogsma soklidir;

v Dors daxilindo bir nego dofo qisa miiddotli diskussiya qruplar
yaradildigdan sonra avvalki vaziyyato asanliqla qaytarila bilir.

5) Klassik sinif yerlagmasi. Tovsiyo olunan yerlosmos torzlori emalat-
xana vo ya siniflorin boytkliyii, avadanliq, tolobo saymin ¢oxlugu kimi
mohdudiyyetlor sobobindon totbiq oluna bilmirse klassik emalatxana vo ya
sinif yerlosmao torzi totbiq oluna bilor. Bu miihitlords talabolorin daha da ak-
tiv olmas1 ti¢iin miixtalif tovsiyalar tokmillogdirils biler.

6) Qruplarin ayrilmasi. Miibahiso edon vo miisahido edon olmagla
forqli qruplarin toskil edilmasi formasidir.

v Bu yerlogsms torzi, miibahiss vo ya qrup islorini izlomok kimi foa-
liyyatlords istifads oluna bilar;

v' On ¢ox totbiq olunan formasi ortada birlogdirilon masalarin shatosin-
do 2 qrupun vao diger kenarlara qrup islorini miisahide edacok qrup-
larin yerlogdirilmasidir.

7) “Is dayanacag”. Aktiv laboratoriya islori {i¢iin uygun bir yerlos-
mo soklidir. Dayanacaq adlandirilan sahonin otrafina 2 tolobo yerlosdirilir.
Miisllim nalorin edilmasini praktiki olaraq gostordikdon sonra tolabalar bir —
biri ilo omokdasliq edorok is goriirlor [7].

8) Layiha va xiisusi is qruplari. Genis bir sahods yaradilan forgli is
gruplaridir.

v" Bu yerlosms oldugca boyiik sahasi olan mokanlar tigiin va ya iclas
zallarinda totbiq edilo bilocaok bir yerlogsmadir;

v" Darsdon konar faaliyyatlar tigiin do istifads oluna bilir;
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v' Qrup layiholorinin hazirlanaraq miibahisoyo agilacagi islor iigiin
ideal bir yerlosmo formasidir.

9) Virtual oyranma (Internet iizarindan e — talim) miihitlori. Bilik-
lorin tam sokildo vo ya bir qisminin tolobalor torofindon soboko vo ya in-
ternetdon oldo edildiyi 0yronmo miihitidir. Texnoloji avadanliglara osas-
lanan dyronma metodlarini talob edon bu dyronmo miihitlori hazirki dovrds
getdikco daha da yayilmaqgda vo maraqla garsilanmaqdadir [2].

Moktobds virtual sinif miihiti yaradila bildiyi kimi, kompiiter ava-
danliglari ilo fordi e — tolim soraiti tomin edilorok Internetds tolim-todris foa-
liyyatlorinin totbiq olunmasi yolu ilo do tolim vo todris reallagdirila bilor.
Virtual 6yronma miihitlori, tolobolorin vaxtlarini daha yaxs istifado edoacoyi,
molumat axtarmaq yerina digqotlorini biliyo yonosldocoklori vo analiz, sintez
va doyerlondirma saviyyesinde diisiinmolorini dostokloyan torzde formalag-
dirtlmalidir.

Oyranma miihitinda miiallim va talabanin dayisan rollart

Miiallimin rolu. Talabalorin miistaqil sokildo Gyronma gabiliyyatlo-
rini artirmaq hadoafi, miisllimin vozifslorinin daha forqli vo adekvat olmagini
tolob edir. Hor modula uygun hazirliglar tolobays toqdim olunmazdan avval
tamamlanmalidir.

Miisllimin dyronmo prosesi iiglin 2 vacib suali avvalcodon aragdir-
mast lazimdir:

1. Tolabalor 6yronmo faaliyyatlorini miistoqil olaraq reallasdirmaga no
qader maraqhdirlar vo bu faaliyyatlorinin no qoderinin dhdesindon
golo bilorlor?

2. Tolobalorin miistaqil dyronma gabiliyyatini tokmillogdirmak {i¢iin no
ciir va hansi1 doracads xarici nazarat lazimdir?

Miisllim hom miitoxassis kimi davranmali, hom do dyronmo proses-
lorinin har bir modul faaliyyatins uygun sokilds tonzimlayicisi olmalidir.

Miisllimin yeni bir todris miihiti toskil etmasi ilo olagodar vozifolori
asagidaki kimi gostarilo bilor:

1. “Informasiya taminedici” funksiya. Miiollim, tolobalorini modulun dyro-
nilmasing istiqamotlondirir. Oyranmo prosesi ilo olagodar olaraq tolo-
balare, tolim hodaflori vo is metodu haqqinda agiglama verarok dostok
olur. Oyronmo miiddati va tolobenin miioyyan tapsiriglari toqdim etmosi
ticiin lazim olan vaxtlar haqqinda moelumat verir. Miiallim tadris prose-
sinda tolobalarin tlizorino diison vozifolorin miistoqil sokildo totbiq olun-
masi ii¢lin onlarin kifayst godor melumatli olub-olmadigina nazarat edor.
Miiollim proqram iizro dors vo moslohat saatlari, togdim olunacaq sonad
va ya icra edilocak testlari qabaqcadan bildirir.

2. “Miitaxassis Vo rohbar” funksiyasi. Miallim bir miitoxassis olmagla bo-
rabor, homginin kdmok edon bir ustaddir. Oyronmo prosesinin reallas-
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dirilmasinda toloboni dostokloyon vo dyronmao foaliyystlori hagqinda tod-
qiqat aparan bir maslohatcidir. Tolobolordon gozlonilon naticalarin nalor
oldugunu aydin sokildo ifado edir. Oz vozifolori vo tolobonin mosuliy-
yatinin no oldugunu agiglayir. Tolobs ilo lazimi is vo yoxlama-nozarot
olagasi qurur. Miiollimin tapsiriqlart vo tolobonin 6ziiniin cavabdeh ol-
dugu tadris tapsiriglarini bir-birinden ayirir. Tolobalorin islomo metodu-
nu miisahido edir vo dyronmosini tokmillogdirmak ti¢lin kémok edir.
“Asanlagdirict” funksiya. Miiollim tolobalorin informasiya aldo etmosin-
do diizgiin todris vasitolorino malik olub-olmadiglarini vo bu vasitolorin
diizgilin totbiq olunub olunmadigini arasdirir, lazim goldikdo mihit vo
yaxud avadanliglar haqqinda olavo informasiya verir. Tolobolorin yeni
miihit vo avadanliq haqqinda no godor molumatli olduqglarini arasdirir.
Modul ii¢lin lazim olan elektron todris materiallariin olub-olmadigini
va verilib-verilmoyacayini yoxlayir.
“Keyfiyyat monitoru” funksiyasi. Miiallim tadris nozaratgisi olaraq todris
prosesini daimi olaraq qiymotlondirir. Todris miiddoti orzindo tohsil
keyfiyyatini yliksoltmok mogsadilo miitomadi olaraq tadris miihitinin uy-
gun voziyyato gotirilmasi vo yaxsilasdirilmasi iizorindo isloyir. Todris
sartlori vo ¢atismazliglart miisahids edir.
“Tolim prosesi monitoru” funksiyasi. Nozarot edon miiallim toalobanin
iralilomasini miitomadi izloyir vo bunu talobas ilo olagodar molumat vo-
roqlarinds geyd edir. Tadrisin naticalarini, geydlari vo qiymatlondirmani
daimi miisahids edir [3].

Talobanin rolu. Taolobonin 6ziiniin tadris prosesi ilo alagodar masu-

liyyati artir. Oz dyronmo miihitini 6zii toskil edir va todris prosesino getdik-
co daha ¢ox nozarot edir. Tolobo tadris prosesindo miivaffaqiyyatli olmasi
iiclin asagidaki suallar tizorinds aragdirma aparmalidir: [8]

v’ tolim komponentlorinin 6hdasindon 0zii sarbast sokildo vo ya bas-
qalari il birlikde neca goalo bilor?

tadris faaliyyatini neca planlagdirmalidir?

Oyranmokla slagadar problemlari va suallari neco formalasdirmalidir?
haradan vo kimdon roy almalidir?

hala da 6hdasindan golo bilmadiyi hansi problemlor var?

Oyronma prosesini ndvbati marhals liclin neco tokmillosdira bilor?
Talaba vo miidllim arasinda interaktiv alaqa. Todris prosesinin

AN N NANAN

tokmillosdirilmasi, tolobonin ¢atismazliglarinin 6hdssindon daha asanligla
galo bilmaesi liglin miiallim vo tolobe arasinda daimi slaqa qurulmalidir.
Miiollim toloboyo asagidaki tovsiyalori verib miizakiro edorok ona kdmokgi
olmalidir:

v" modulun 6yronilmasi liglin zaruri olan biitiin todris vasitoloring sahib
olub-olmadigindan amin olmag;
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vaxti diizglin bolmok;

todris prosesi orzindo modullar1 zaman iizro diizgiin sokildo boliis-
diirmok;

todris miihitini biitlin modullar {i¢iin hazirlamagq;

islomo miihitini se¢cmok;

catigsmazliglarin i$o oangol olmasina sorait yaratmamag;

elektron todris vosaitlori haqqinda gabaqcadan molumat toplamag;
sosial tadris miihiti planlamagq;

komok vo rohborlik imkanlarint miioyyoanlosdirmak.

Talobo nolor iiglin alave kdmok vo rohborlik ehtiyact duyacagini qa-
bagcadan miioyyonlosdirmolidir. Miivafiqg modul ilo alagodar imkanlar seg-
diyi miihitlo slagoli olmalidir. Modullarin iizorinds tok vo ya qrup soklindo
islomaya ovvalcadon gorar verorak todris miihitini buna gore hazirlamalidir.
Komok lazim goldiyinda kimlorla maslohatlosga bilocoyini miioyyanlogdirmo-
lidir.
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KOPPEKTUPOBAHMUE (PET'YJIMPOBAHUE) YYEBHOM CPE/Ibl BO BPEMSI
MPUMEHEHMS MOAYJbHOMN TEXHOJIOT'MU OBYUYEHU S

N.A.UMAHOBA

PE3IOME

B nmanHO# paboTe BO BpeMs ydeOHOH cpeasl Ha OCHOBE MOIYIBHOM TEXHOJOTHH
MIpenMyIIecTBa BIOOPa W TIOATOTOBKH OOyHaloIIel cpeabl OOy4eHHs,a TaK’Ke BHUABI 00y-
YaloIed Cpe/ibl M UX HPUHIUIEI TIOCTPOCHUSI HAIIUIM CBOE OTpa’keHHE O0S3aHHOCTH IIpe-
MOJIABATEIISI U CTYJICHTA.

KarwueBble c10Ba: MOTy/IbHASI TEXHOJOTHsI 00yUeHHUsI, cpeia 00yueHus, yaeOHas
JACATCIBbHOCTb, MOAYJIbHOC OLICHUBAHUC, POJIb YUUTCIIA, POJIb YUCHHUKA.

TRAINING - REGULATION OF LEARNING ENVIRONMENT DURING
THE APPLICATION OF MODULAR TEACHING TECHNOLOGY

N.A.IMANOVA
SUMMARY
This paper reflects the advantages of seclecting and developing learning
environments during the learning process based on modular technologies, as well as the
types of learning environments and the principles of their construction, the responsibilities

of teachers and students in the learning process.

Key word: modular teaching technology, learning environment, learning
activities, modular assessment, the role of the teacher, the role of the student.

80



BAKI UNIiVERSITETININ XOBORLORI
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FiZiKA

PACS: 75.10.Jm, 78.30.-j.

INTERBAND ELECTRON RAMAN SCATTERING
IN Hg;.xCd Te IN QUANTIZED MAGNETIC FIELD

T.HISMAYILOV*, SA.ZEYNALOVA**
*Baku State University, ** Institute of Physics of the Ministry of Science
and Education of the Republic of Azerbaijan, Baku State University
tariyel.i@gmail.com, sebine-zeynalova@mail.ru

The interband electron Raman scattering of light in a quantizing magnetic field in
the inverse band of the crystal Hg,,Cd,Te (x<0.15) is considered. The differential effective
cross section of scattering is calculated. Possible processes are determined in specific
cases of polarization of incident and scattered light Estimates are made and it is shown that
the effective cross section of the spin conversion process exceeds by several orders of
magnitude the effective cross section of all possible Raman scattering processes in a
quantizing magnetic field in "normal" semiconductors.

Keywords: Electron Raman scattering, Hg;Cd,Te, quantized magnetic field,
inverse band structure, spin-flip scattering

Raman scattering of light (RS radiation) from electronic excitations in
semimetals and semiconductors provides valuable information about their
band structure and electronic properties. It is known [1-3] that the ERS
spectrum essentially depends on the band structure of the substance. Based
on the location of the initial and final states, two types of ERS are
distinguished: intraband (when the initial and final states are in the same
band) and interband (when the initial and final states are in different bands).

Interband ERS (IERS) in gapless semiconductors in the absence of a
magnetic field was first considered in [4], where the authors limited them-
selves to the parabolic approximation (&, >, ¢ - is the distance between

the bottom of the conduction band and the top of the light hole band). In [5],
nonparabolicity was taken into account both in the spectrum and in the wave
functions.
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In this paper, we consider the problem of IERS in a quantizing
magnetic field using the example of, Hg; «CdyTe in connection with the
problem of stimulated ERS with frequency tuning. The band structure of
this compound in the absence of a magnetic field (H=0) is shown in Figure
1. The same figure shows the only possible IERS process at T=0. Under the
action of laser radiation (pumping), an electron is excited from the zone of
light holes (band a) into the conduction band (c). In the second act, an
electron from the zone of heavy holes “drops” into the hole formed in the
zone of light electrons. The overall process is reduced to the fact that the
electron, as if, passes from the zone of heavy holes to the conduction band,
i.e. from the initial state in the heavy hole band to the final state in the
conduction band. We designated the conduction band, heavy and light holes
bands as c, b, and a, respectively. When a strong (quantizing magnetic field)
is applied, the c, b, and a bands are quantized (i.e., Landau levels appear), a
gap is formed between the ¢ and b bands, and the “distance” between the bot-
tom of the conduction band and the top of the light hole band increases [4].

The states of electrons in the bands are given by the full set of quan-

tum numbers a — (n,k,,k ,o), where n-is the Landau level number, k, .k, are

the components of the electron wave vector, o==+1 (or T,1) is the spin
quantum number.
We will proceed from the general expression for the differential
effective cross section of the ERS [6, 7]
d’s

2 a)l 2

Todo = 50§|Aﬁ| hS(hw—E, +E,) (1)
where
1 | (FlEBiryr|g, iy (f|&,B|r)(r|e Bli)
A =—
! mﬁ{ E —E +ho, ! E-E -ho, 2)
€ ¢
\\\ ? //
\\ //

82



e2
Here, r, =
0

of the electron in the crystal, i, f, r,— indicate the initial, final and inter-
mediate states of the electron, w,, ®, - the frequencies of the incident and scat-

—the classical radius of the electron, p-the momentum

2

tered radiation, &,,& - the corresponding polarizations, o=w, - - the dis-
placement frequency, E_E, E —the energies of the initial, final and interme-

diate states electron.

To calculate the differential effective cross section of the ERS, it is
necessary to know the explicit form of the wave functions and the spectrum.
In [8], the wave functions for the conduction band, the bands of light and
heavy holes are presented in the case of a “normal” semiconductor of the
InSb type. From these wave functions, taking into account the inversion of
the conduction band and the band of light and holes in Hg; «CdsTe (x<0.15)
with respect to the corresponding bands in InSb, one can obtain wave
functions for the inverse band structure. Using the found wave functions, we
calculated the differential effective scattering cross section in the parabolic
approximation (&, - ). In this case, it was assumed that the energies of
the states in the band of heavy holes are ¢, (k,)=0, thus we neglected the
order terms m./m,. Such neglect is quite justified, since in the material
under consideration m; <<m;.

As a result of the calculations, it turned out that IERS processes are
possible both without and with spin flip at An=0,+1,42 ( An - is the change in
the Landau level number) and at different polarizations of the incident and
scattered light. In the general case, the expression for the differential ef-

fective cross section is cumbersome. Therefore, we present here only for-
mulas for specific polarizations and scattered light.

If the incident light is polarized along the left &, :%(ex —ie,), and the

scattered light is polarized along the right & =——(e, + iey), then the following

1
J2
processes take place:

a) An=+2,Ac=0,n.—>n_,

b) An=+2,Ac=0,n, —>n_,

C) An=+1,Ac=+1,n, —>n,

In the following expressions for processes a), b), c),
2m
k=

n_hz

*

¢ [how—(N+ AN+ % + %)ha)c] where the sign (+) is taken for the transition

of the electron to the final state with spinT, and (-) for the transition state
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with spin .
a) In this case, the expression for the DCS is:
d’s  27r’s’(w, —w) 02 s’n(n+1)(n+2)
dQde 2567w [2k2 +5s(s+ l)]2 | |

€)

eH . e’ , 2k +sn
he’ °omc’’ " 2k? +s(4n+3)’
o, , [2) & eH
B: g 9 B = ! b a)g :_g9 a)c =
20+ 0, -0, - o, 20+ 0, + 0, - o, h m.c

In the case of w, < @, , as can be seen from (3), oscillations occur due
to the density of the final states. In the experiment at low frequencies
@ << @, they should be clearly observed. At large @, due to the fact that
the factor (o, —)/ tends to zero, as well as B, B’<<I, these oscillations
are suppressed. If o, > o, oscillations appear at low frequencies associated

with transitions to discrete Landau levels, which gradually disappear with
increasing @, and resonance occurs at a certain frequency:

1
wzz(wo—a)g+a)c) 4)
In the absence of a magnetic field (H =0= @, =0), the resonance sets in at

w:%(wc —a)g) [2]. The magnetic field for this process shifts the resonance

point by the amount of o= %a) towards higher frequencies.

b) The expression for DCS in this case is:
d’s  3r’s’(w, aJ)
dQdew  2567° w0
This expression is similar to formula (3). In the region of low
frequencies, both in the resonant and nonresonant cases, oscillations
dominate, which are gradually suppressed for the above reasons. When
@, > @, resonance occurs at the same frequency as in process a).

¢) In this case, the DCS has the form:

d’S  3r’s*(w, - o) 3(n+1) N
== k,C:| D' +D+———=y(n)(B+B 6
dQdew  1287°w,w Zn: o n 4 )( ) ©)
1 1. le 1 1 1o sn
—+= —=—+ , r(n)=——
D B 2o, D B 2o 2k” +sn

g

"i (n+2)|B+B| ®)

This process is qualitatively different from the previous two. This is a
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spin flip process.
At a)=[n+1+%ja)c, DCS d-dS =0. When @, <@, in the region of

dQdw

low frequencies, the cross section first increases, then reaching a maximum

at Za){n +1+%) , it begins to decrease to zero.

When @, > o, at low frequencies, the cross section behaves as in the

case of @, <w,, and at high frequencies there are w:%(wo - o, +60c)
resonances, which coincides with the resonances a) and b) and
a):%(a)o -0, +%a)c], shifted to the right by the amount of %wc relative to
the previous ones.
If m;=0.035m,, H=10°’E, n=-1, o :%a)c then for the nonresonant case
d*s
[

magnitude greater than the cross sections of all processes in normal
semiconductors in quantizing magnetic fields [9-12].

at the maximum we have 5 ~2-10%'sm™s-sr” , which is several orders of
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KVANTLAYICI MAQNIiT SAHOSINDO
Hg,.,Cd, Te-DA ELEKTRON RAMAN SOPIiLMOSi

T.H.iISMAYILOV, S.I.ZEYNALOVA
XULASO

Invers zonali Hg,.,Cd,Te (x<0.15) kristalinda kvantlayict maqnit sahasinds zonalar-
arast Raman sopilmosi mosolosine baxilmisdir. Sopilmonin diferensial effektiv kosiyi he-
sablanmisdir. Diigon vo sopilon isigin konkret polyarizasiya hallarinda miimkiin olan pro-
seslor miioyyonlosdirilmisdir.

Qiymotlondirmslor aparilmig vo gostorilmigdir ki, spinin ¢evrilmosi ilo gedon pro-
sesin effektiv kasiyinin tortibi “normal” yarimkegiricilorde kvantlayici magnit sahasinda
miimkiin Raman sopilmasi proseslorin effektiv kasiklorinin qiymatinden bir ne¢s tortib bo-
yiikdiir.

Agar sozlar: Elektron Raman sopilmoesi, Hg;,Cd,Te, kvantlanmis maqnit sahosi,
tars ¢evrilmis zona qurulusu, spin-flip sapilmasi.

MEXK30HHOE 3JIEKTPOHHOE PAMAH PACCESAHUE
B Hgl-xCdxTe B KBAHTYIOIIEM MAT'HUTHOM ITOJIE

T.L.ACMAWJIOB, C.N.3EMHAJIOBA
PE3IOME

PaccmoTpeno Mex3oHHOE dnekTpoHHoe Paman paccesinue cBera (OPC) B kBaHTYIO-
mem marnutHoMm mosie B kpuctraie Hg; Cd,Te (x<0,15) ¢ nHBEpCcHOW 30HHOW CTpPYK-
Typoil.

Paccunrano nuddepenunansHoe 3 pekTnBHOE ceueHne paccesHus. OnpeaeneHb
BO3MOJKHBIE TTPOIECCH B KOHKPETHBIX CIIydasX IOJISIPU3AINH T1aJaloIero U paccessHHOTo
cBera. Crienanpl OIEHKN U IT0Ka3aHo, 4To 3 QEKTUBHOE ceYeHNe Mpolecca ¢ IepeBOPOTOM
CIIUHOM (CITUH-()JIMIT) Ha HECKOJBKO TOPSIKOB IMpeBHIMAcT 3(Q(QeKTHBHOE CeUeHHE BCeX
BO3MOXHBIX TporeccoB DPPC B kBaHTyromeM MarHMTHOM II0JI€ B MOJYIPOBOJHHMKAX C
HOPMaJIbHOW 30HHOM CTPYKTYpPOH.

KuoueBble cjioBa: JnektpoHHoe Paman paccesame, Hgi,Cd,Te, kxBauTyromee
MarHUTHOE I10JIe, HHBEPCHAs 30HHAsI CTPYKTYpPa, PACCESIHHUE C IEPEBOPOTOM CITHHA.
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JJIOMMHECIHEHIUA U @OTOIMPOBOAUMOCTD
B I'ETEPOCTPYKTYPAX GaSe/InSe
ITPU JIABEPHOM BO3BYXJIEHUN

P.M.MAME/IOB
bakunckuu I'ocyoapcmeennwtii Ynueepcumem
rovshan63@rambler.ru

DKCnepumMeHmanbHo UCCie008aHbl TIOMUHECYEHYUS. U (hOMONPOBOOUMOCTIL  MOH-
xux niaenox GaSe, InSe u eemeponepexooa GaSe/InSe npu 6030yarcoenuy uTyYeHUAMU UM-
nyabcrnoeo Nd:YAG-nazepa co ecmpoennvimu eenepamopamu 2-1i u 3-il 2apMOHUK, NPeoHd-
3HAUeHHbL 0JiA 2eHepayuu uznyyeHus ¢ Onunou 6oanvl 1064, 532 u 335 um. Ilokaszano, umo
PEKOMOUHAYUOHHOe U3NYyUeHUue Habmodaemble 8 CHEeKMpax JIOMUHECYeHYUU eemeponepe-
xo0a GaSe/InSe, no-euoumomy, c6:13ano co c600600HbIMU KCumoramu. Mccredosanus kpu-
evix penaxcayuil pomomoka 6 cucmeme GaSe/InSe, nokaszvieaem Hanuyue y HUX 6biCMpo2o
KAHAA peKOMOUHAYUY U IHEpeemu4ecko2o bapvepa OJisd HEPABHOBECHBIX HOCUMeIell, 2eHe-
PUPOBAHHBIX TA3EPHBIM U3TYYEHUEM.

KawueBble cioBa: rereporepexon GaSe/InSe, masep, nroMuHecHeHIs, GoTo-
MIPOBOUMOCTb.

1. BBenenue

Crnouctsle mosynpoBOAHUKM ceneHun ramnus (GaSe) um uHIUA
(InSe) B mocnennee BpeMs CTalnd NPEIMETOM HWHTEHCHUBHBIX HAayUHBIX HC-
crnenoBaHuil. IOHHO-KOBaJeHTHAs CBS3b MEXKy aTOMaMU B CJIOSX U cllaboe
Ban-gep-BaanbcoBckoe B3aMMOJEWCTBUE MEXKIY HHMH OOYCIIaBJIMBAIOT
CHJIbHYIO aHHU30TPONMIO MX (PU3MUYECKUX CBOHCTB M SIBJISIOTCS OCHOBHOM
NpUYMHON HaOmoaeHus psiia 3h(EeKToB, HECBOMCTBEHHBIX IPYTMM aHHU30-
TPOIIHBIM NOJyNpoBoAHUKAaM. Hapsay ¢ HenMHEHHBIMU SIBICHUSMHU, paHee
OOHapyKCHHBIMHM B 3THUX BEIIECTBAX IPU BBICOKMX YPOBHSX ONTHYECKOTO
B0o30ykaenwus [1-7], kpucramiel GaSe u InSe B HacTosiiee Bpemst SBISIOTCS
BEChbMa IEPCIEKTUBHBIMU MaTepHajgaMy JJIs UX UCIOJIb30BAHUS B CBEPX-
TOHKOM M CBEpXOBICTPOACHCTBYIONIEH AiiekTpoHuKe [8-21]. Dkcnepumen-
TaJIbHOE HCCIICOBAHUE JIIOMUHECLEHTHBIX U (POTOINEKTPUUECKUX SBICHUN
B retepornepexonax GaSe/InSe, Bo30yk/1aeMbIX CBPXBBICOKUMH CBETOBBIMU
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MOTOKaMH, ITO3BOJISIET INMUPOKO NMPUMEHSTH 3TH T'€TEPOIEPEXO/Ibl B OITO-
AJIEKTPOHUKE.

B nmanHO# paboTe mpencTaBieHbl KCIIEPUMEHTABHBIC PE3YIbTAThI
noyrydeHust TOHKUX TieHok GaSe, InSe u rereponepexoma GaSe/InSe u uc-
CIICZIOBAaHUI MX ONTHUYECKUX M (POTOTFOMHHECIECHTHBIX XapaKTEPUCTUK MPH
J1a3€pHOM BO30YKICHUH.

2. MeToauka 3KCIIepUMEHTAa

Kpucramner GaSe u InSe Obimu BeIpamensl MeTonoM bpumkmena.
Tak Kak 3TH KpUCTAJIJIbl UMEIOT CIOUCTYIO CTPYKTYPY, TO yJAlOCh MONY-
YUTh OY€Hb TOHKHE MOHOKPHUCTAJUIMYECKUE TJIACTUHKHU MyTeM OTLICTUICHUS
UX OT TOJICTBIX 00pa3uoB. [Ipu 3TOM cpasy mosydanuch 3epKajlbHbIE ONTH-
YecKUe MOBEPXHOCTH, HE TPeOyIolIHe crenruaibHol MonupoBKu. TommuHa
HCCIIeTyeMbIX 00pasioB ObUTa OT JoJiel MUKpOHa 10 2-4 MukpoH. ['eTepo-
ctpyktypa GaSe/InSe monydanach myTeM AMCKPETHOTO WCHApeHHUs B Ba-
Kyyme kpuctamuioB GaSe Ha moi1okky u3 InSe. Pazmepsl kpuctaminaeckux
nout0KeK coctaBisin 10 X 6 X 0.5 MM,

B kayecTBe WMCTOYHHMKA HW3JIYYEHHS HCIOJIB30BAJICS HMITYJIbCHBIN
Nd:YAG-na3ep co BCTpOEHHBIMU T'eHepaTopaMu 2-i u 3-if rapMOHMK, ITpe.-
Ha3HAYEHHBIN JUIsl TEHEpaluy U3JIy4eHus ¢ AauHoN BoaHbl 1064, 532 u 335
HM. JITMTeNbHOCTh JTa3epHOr0 MMIYJbca cocTaBisuia 10 HC ¢ MakCUMallb-
HOM MOIIHOCTBIO ~12 MBTt/cm’. VHTE€HCHBHOCTE W3JIy4EHUS] U3MEHSIACH
MpU TOMOIIM KaluOPOBAaHHBIX HEUTpPaIbHBIX CBETOBBIX (uibTpoB. C mo-
MOILBIO JIMH3BI NaIAI0MIKN JIa3epHBIN J1yd (GOKYyCHUPOBAJICS HA MOBEPXHOCTh
oOpasna ¢ auamerpoM mnaTtHa ~2.0 MM. CHEeKTpbl TIFOMUHECHEHIIUU TOHKHX
meHok GaSe, InSe u rerepoctpykTyp GaSe/InSe ncciaenoBanuch ¢ HCTIOb-
30BaHMEM aBTOMATHYECKOro MoHOXpomaTopa M833 ¢ nBolHON aucnepcueit
(cnextpanbpHOe paspemieHue ~ 0,024 am Ha amuHe BoaHB 600 HM), ¢ KOM-
MBIOTEPHBIM YIPABICHUEM U JE€TEKTOPOM, PETUCTPUPYIOLIUM U3ITYyYEHUE B
nuanazone AuH BoiaH 350-2000 uM. Perucrpanust uMmnynascoB (poTomnpoBo-
JUMOCTH MPOU3BOJMIIACH MO METOAMKE MO3BOJISIIOLICH 3aMUChIBaTh Ha 3K-
pane 3anomuHaromiero ociuuiorpada (Le Croy 9400) onnHOYHBIE HaHOCE-
KyHIHbIE UMITYJIbCBI [22].

3. DKcnepuMeHTAJIbHBIC Pe3YJIbTATHI H HX 00CyKIeHHE
Ha pucynke 1, a, 6 npexncraBiieHbl clieKTpbl (POTOTIOMUHECIIEHIIUH
GaSe u InSe, Bo30yk1aeMbIe JTa3epHBIM CBETOM C 3Heprued hw =2,3498 .

Ilo-HamemMy MHEHHIO MAKCUMYM HU3JIy4E€HUS COOTBETCTBYIOLIMM JJIMHE BOJI-
Hbl A =606 HM, CBA3aH C U3y4aTeIbHON peKOMOMHALIMEH CBOOOIHBIX IK-
cutoHoB B GaSe [23, 24]. O0 3TOM CBUAECTEIHCTBYET HATMYUE y3KOH MOJIO-
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ChbI U3JIyYEHHUE C MOIYIIUPUHON OKOJIO 2,5 HM U PaCIOI0KEHUE dTON JIMHUHU
U3NydyeHus: oT Kpas mnosiocsl norsiouieHuss Ha 0,02 3B B cTOpOHY HU3KHX
SHEPTHi, YTO COOTBETCTBYET SHEPTUU CBS3H CBOOOIHBIX HSKCUTOHOB B GaSe.
Habnroienne MHTEHCHBHOTO U3Iy4YeHHsS ¢ MakcuMymoM A =1083 HM B
uH(ppakpacHOi 00JacTh CIEKTpa, MO-BUAMMOMY, OOYCIOBICHO aHHHUTHUJIS-
1Mel cBOOOIHBIX SKCUTOHOB B InSe, ¢ sHeprueii cBszu ~25 MaB.

W.vw%
W | ]

it A Ul . . - - -

a b
Puc.1. Cnexrpsr poromromunectieninn GaSe (a) u InSe (b),
BO36YK/1aeMOIi JTa3epHEIM cBeTOM ¢ dHeprueit i = 2,348 .

[IpencraBnsier 0coOblil MHTEpEC MCCIEOBAHUE CIIEKTPOB (hOTOIIIO-
MUHecLeHIH reteporepexoaa p-GaSe/n-InSe npu Bo30yxnennn 1-oii u 2-
oii rapmonukoit ummnynascamu Nd:Y AG-naszepa. [leno B ToM, 4YTO pH BO3-
Oyxnaennn 1-oii rapmonnkoit Nd:Y AG-ytazepa, sHEprus Ja3epHOro H3Tyde-
Hus (hw =1.17 5B) oka3piBaeTcs MEHbIIIE, YEM IIMPHHA 3alPEIeHHON 30-
Hbl HaHodactull GaSe (E,=2.07 5B). IIpu ocemenun cucremsl p-GaSe/n-
InSe co croponst GaSe (IMPOKO30HHOE OKHA) TP BBHICOKUX WHTEHCHBHO-
CTAX BO3OYXKIEHHS C DHEPIUEH KBaHTa /1@ < E , MOXKET UMETh MECTO JIBYX-

¢doronHoe noryomeHue. M3BectHo, uTo K03(hHUIUEHT 0JHOPOTOHHOTO MO-
TIIOIICHUE Y Kpasi coOCTBeHHOTO moruomenue GaSe o ~10° em™, Torma kak
npu aByxdororHOM moromenun o ~107 em™ [25-27]. TlosToMy 13-3a Ma-
J0CcTH KO3 UIMEHTa IBYX(OTOHHOTO MOTJIOIIEHHUS, BO3MOKHO CO3/IaHHE
3HAYUTENIbHON KOHLIEHTPALUU 3JIEKTPOHHO-ABIPOYHBIX Map B OOJBIIOM
o0beMe HuccaenyeMoro Bemiectna. MccnenoBanue peKkOMOMHALMOHHOTO U3-
Jy4eHHs, BO3HUKAIOIIETO IPHU TaKOM CIOCOOE CO37aHMsI HEPaBHOBECHBIX
HOCHUTEJEH, MpeACTaBIsSeT 3HAYNTEIbHBIN UHTEpEC BBUAY TOTO, YTO JIFOMU-
HECIIEHIIMS B 3TOM Cllydae UJEeT U3 BCero o0Obema MOJYNPOBOJHUKA U TO-
BEPXHOCTHBIC SIBICHUSI HE CKAa3bIBAIOTCS Ha HAOIIOJAaeMBIX 3aKOHOMEPHO-
ctsax. C apyrod CTOPOHBI TaKOH METOJ BO30YXICHUS aJIEKBATHO OTPAXKaeT
MPOIeCcChl U3Ty4aTeNIbHON PeKOMOMHALIMH, TPOTEKAoNe B 00beMe rere-
ponepexona p-GaSe/n-InSe.
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Ha pucynke 2 mnpejacrtaBieHbl CIEKTPbl (POTOIOMUHECLEHIIMUA CHUC-
tembl p-GaSe/n-InSe, Bo30yxnaembie 1-oii rapmonukoii Nd:Y AG-nazepa
(A=1060 HM). Kak BUAHO U3 PUCYHKA, CHEKTP U3IYYEHHs] OXBaTbIBAET J0-
BOJIBHO IHPOKHUM Juana3oH uiiH BoJH 590 — 1100 uM. CpaBHeHME TUHUNA
n3ny4yeHus, csi3aHHbIx ¢ GaSe (A =606 HM) 1 InSe (A1=1097 HM), ITOKa3bI-
BAeT, YTO MHTEHCUBHOCTH JIMHUY H3iyueHus: GaSe Ha 1Ba MOpsiKa MEHbIIIE
MHTEHCUBHOCTU n3nydeHus InSe, 4To sBIsSETCS MPSIMBIM JOKa3aTEIbCTBOM
HaJInyKe JBYX(POTOHHOTrO noriouieHne B GaSe Npu BBICOKUX YPOBHSX BO3-
OyXKIIeHUSI.

2000

1500

T

I, arb. units

1000

1 1 1

1 1 > 1 1 1 1
590 600 610 620 1080 1090 1100 1110 1120
A, nm

Puc. 2. Ciektp GoTONFOMUHECIICHITUH TeTepoIepexoia
p-GaSe/n-InSe Bo30yxmaemoii 1-oii rapmonukoit Nd:Y AG-nazepa.

Ha pucynke 3 mpezacraBieHbl CHEKTpbl (POTOTIOMUHECLIEHIIMH CHC-
teMbl p-GaSe/n-InSe, Bo3Oyxxnaembie 2-oif rapmonukoir Nd:YAG-nazepa
(A=535 am). Kak BUIIHO U3 pUCYHKA, €CITH HE YYUTHIBATh HE3HAYUTEIHHBIN
CHIBUT CIEKTpa M3JIyuyeHHs], NOJOKEHUE MAKCUMYMOB OCTA€TCSl TaKUM IKe,
Kak B ciaydyae Bo30yxnaeHus l-oit rapmonukoit Nd:Y AG-nazepa. Ongnaxo B
3TOM Cllyyae U3-3a CUJIBHOTO MorjomieHus B ooiaactu GaSe, HUHTEHCUBHOCTh
M3IYy9YCHHUsT OKa3bIBAETCs ~ B 4 pa3a 0OJIbIlle IO CPABHEHUIO C U3ITyYCHUEM B
obnactu InSe. Takum 06pazom, MpUMEHssE METOAbI BO3OYKICHUsT NEPBOl U
BTOpoil Tapmonnkor Nd:Y AG-mazepa, MO)KHO MEHSTh MHTEHCUBHOCThH M3-
Jy4YeHHUs, MPUHAISKANIeW pa3HbIM KOMIIOHEHTaM TreTeporepexoja p-
GaSe/n-InSe. [IpoBeneHHbIE SKCIEPUMEHTHI [TOKA3bIBAET, UTO KPOME IKCH-
TOHHBIX NHMKOB M3JIyueHUs, B reTepornepexonax p-GaSe/n-InSe, npu Bo30y-
XKICHUU |-0ff TapMOHUKOMW JIa3€pHOTO M3ITyUEHHUsI HE OOHAPYKEHBI U3Tyde-
HUS, CBSA3aHHBIE C JAe(eKTaMu, AUCIOKALUAMHI WIH APYTUMUA HEOAHOPOCTSI-
MU, OOBIYHO BCTPEYAIOLIMMHUCS B HIMPOKO30HHBIX HOIYIPOBOJHUKAX.
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Puc. 3. Cektp GoTONFOMUHECIICHITUH TeTepoIepexoia
p-GaSe/n-InSe Bo30yx)kmaemoii 2-oii rapmonukoir Nd:Y AG-na3epa.

XapaKkTepHbIMU OCOOCHHOCTAMHU 00J1aJal0T KPUBbIE pesakcauu ¢o-
ToToKa cucteMsl p-GaSe/n-InSe mpu Bo3OyxaeHun 1-0if u 2-0if rapMOHU-
Koii nazepa (puc.4). [Ipu Bo30yX1€HMM BTOPOIl TapMOHUKOM JIa3epHOT0 U3-
Jy4eHUsI BpeMsl pestlakcanuu coctapisiet 1,5 Mke (puc.4,a). Takoi ObICTpBI
can (HOTOTOKA, MO-BUAMMOMY, OOYCIOBICHO HAIWYHEM OBICTPOTO KaHasa
pexomOuHanuu B GaSe [30]. OnHako KpuBbIe penakcanuu (GOTOTOKa MpU
BO30YKJ€HUM 1-0l rapMOHUKOH JIa3€pHOT0 U3IYyYEHUS 3HAUUTEIbHO OTIH-
YaeTcsi OT KPUBBIX, HAOIIOJaeMbIX MPH BO30YKIEHUN 2-0l TapMOHUKOMN J1a-
3epHOro m3nydenus (puc. 4,b). B aTom cirydae Bpemst peiakcanud HaMHOTO
(Oonee 20 MKC) MpEBBINIAET BEIMYUHY INPH BO30YKIECHHUHM H3ITy4€HUEM
KBaHTa ¢ 3Hepruen 2.34 5B. Ilo-Hamemy MHEHUIO TakOe IOBEJICHUE B IIEp-
BYIO Oo4epesib 00YCIIOBIEHO 0ObEMHBIM BO30YKJIEHHEM HCCIEIYEMBbIX CHC-
TeM. BOBTOpBIX, HEOOXOAMMO YUYECTh, YTO B CIOUCTBIX KpHCTaJUIaX THIIA
GaSe nanuune 1e(QEeKTOB YIAaKOBKU MPUBOJIAT K JIOKAIN3ALUH 3JEKTPOHHBIX
BOJIHOBBIX (DYHKIUI B HalpaBiCHUM MEPHEHIUKYISIpHOM ciosMm [24, 30].
OTa JOKaIU3alMsl AIEKTPOHHBIX BOJHOBBIX (yHKIMU B GaSe ckopee BCero
MIPOMCXOJUT HAa HAWBBICIIEH BEPIIMHE BaJCHTHOM 30HBI U HAaWHU3LIEM JIHE
30HBI POBOJUMOCTH. JTO OOCTOSTENHCTBO NMPUBOIUT K TOMY, UYTO HEOC-
HOBHbIE HOCUTEJH, F€HEPUPOBAHHBIE JA3€PHBIM H3IYyYEHHEM JOJIKHBI Ipe-
0J10JIeTh MOTEHIMANBHBIN Oapbep BeanuuHoi ~ (50-100) m3B.
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Puc.4. Kpussie penakcanuu GpoToToka B rereporepexose p-GaSe/n-InSe, Bo30y-
xmaemoit 1-oit (kpuBas a) u 2-oi rapmonunkoit (b) Nd:Y AG-nasepa.

4. 3aki049eHue

MeTo10M JUCKPETHOIO MCIapeHus B BakyyMme kpuctaiuioB GaSe Ha
no/u10kKy u3 InSe momyuena rerepoctpykrypa GaSe/InSe.

Metonamu  OAHO(OTOHHOTO U ABYX(OTOHHOTO BO30YXKIACHUS
Nd:YAG-na3zepa, 53KCIEPUMEHTAJIBHO MCCIEIOBAaHbl CIEKTPBl  JHOMH-
HecneHIn rerepornepexona p-GaSe/n-InSe u mokaszano, 4to HabIIOaeMBbIC
JIMHU U3JTy4eHus, npu JuinHe BoiHbI 606 HM 1 1097 HM, 00yCIOBIEHBI U3-
Jy4aTeIbHON peKoMOMHaIMel CBOOOTHBIX SKCHUTOHOB. OCOOEHHOCTH, Ha-
OmrofaeMble B KPUBBIX pesakcallud (pOTOTOKa, MOTYT OBITh OOBSCHEHBI Ha-
TUYUeM OBICTPOTO KaHala PEKOMOWHAIIMU W SHEPreTHYEeCKoro Oaphepa B
3aIpEIIeHHON 30HE MOJIYIIPOBOIHUKA.
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LAZER HOYOCANI ZAMANI GaSe/InSe HETEROSTRUKTURLARINDA
LUMINESSENSIYA VO FOTOKECIRICILIK

R.M.MOMMODOV
XULASO

Eksperimental olaraq GaSe, InSe nazik toboagslorini vo GaSe/InSe heterokegidini
1064, 532 vo 335 nm dalaga uzunluqlu siialanma generasiya edon generatorla tohciz edilmis
Nd:YAG-lazerinin siialanmasi ilo hoyacanlasdirmaqla liiminessensiya vo fotokegiricilik
xassolori todqiq olunmusdur. Gostorilmisdir ki, GaSe/InSe heterokecidinin liiminessensiya
spektrindo miisahido olunan siialanmali rekombinasiya sorbast eksitonlarla slagadardir.
GaSe/InSe sisteminda fotocoroyanin relaksasiya oyrilorinin todqiqi onlarda siiratli
rekombinasiya kanalinin vo lazer slialanmasi ilo yaranan qeyri-tarazliqlh yiikdasiyicilar
ti¢iin enerji baryerinin movcudlugunu gostarir.

Acar sozlar: GaSe/InSe heterokecid, lazer, liiminessensiya, fotokegiricilik.

LUMINESCENCE AND PHOTOCONDUCTIVITY IN GaSe/InSe
HETEROSTRUCTURES UPON LASER EXCITATION

R.M.MAMEDOV
SUMMARY

The luminescence and photoconductivity of GaSe and InSe thin films and a
GaSe/InSe heterojunction are experimentally studied upon excitation by radiation from a
pulsed Nd:YAG laser with built-in generators of the 2nd and 3rd harmonics, designed to
generate radiation with a wavelength of 1064, 532, and 335 nm. It is shown that the re-
combination radiation observed in the luminescence spectra of the GaSe/InSe heterojun-
ction is apparently associated with free excitons. Studies of photocurrent relaxation curves
in the GaSe/InSe system show that they have a fast recombination channel and an energy
barrier for nonequilibrium carriers generated by laser radiation.

Keywords: GaSe/InSe heterojunction, laser, luminescence, photoconductivity.
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NANO OLCULU Y03 KRISTALLARININ ELEKTRIK
XASSOLORINO NEYTRON SUASININ TOSIRI

A.O0.DASDOMIROV, R.F.RZAYEV
Azarbaycan Dévlat Pedaqoji Universiteti
arzu.dashdemirov@adpu.edu.az

Togdim olunan isda, yiiksak tomizlik daracasine (99.99 %), nano olgiida kristalin
sixhigr 0.069 g/em® xiisusi sath sahasi 100-150 m?g, kristalin orta élgiisii 8-10 nm
intervalinda dayisan itrium oksidin 300-700 K temperatur intervalinda miixtalif intensivlikli
(4.0%x10" n/sm?, 1.3 x10™ n/sm?va 4.0x10™ n/sm? siiratli neytronlarla siialanmadan sonra
elektrik xassalori todgiq olunmusdur. Miiayyan olunmugdur ki, genis temperatur interva-
hinda Y,O03 nano kristallarimin elektrik xassalori miixtolif intensivliklords siialanmadan
sonra elektrik keciriciliyinin qiymatinda Xatti qanuna uygunluqla artma miisahida olunur.
Siiratli neytron siialanmanin intensivliklorindan asili olaraq kegiriciliyin artmasi itrium
vakansiyalarimin kegiricilikdo dominantliq tagkil etmasi ilo baghdur.

Acar sozlor: nano itrium-oksid kristali, elektrik kegiriciliyi, siirotli neytronlar,
aktivlosmo enerjisi.

1. Giris

Nano materiallar vo nano 6l¢iilii kristallar {izorinds son illor yerino
yetirilon eksperimental toadqiqatlar, hom¢inin bu sinif materialara moxsus
olan Y,0; nano kristalin miixtalif siialanma menbalori ilo siialandirdigdan
sonra struktur xassolori genis todqiq olunmaqgdadir [1, 2]. Y,O3; nano kris-
talinin ZrO,, Si0,, TiC, ZrC kimi oksid vo keramik materiallarla miixtolif
konsentrasiyalarda amolo gotirdiyi kompozit birlosmalori analitik tadqiqat
metodlarindan istifado edorok oOrtilk materiallar1 {igiin totbiqi arasdiril-
maqdadir [3, 4]. Malumdur ki, Y,03 nano kristal niimunalori yiiksok termik
vo elektrik keciriciliys, yliksok mexaniki xassoloro malikdir. Termofiziki
xassolorin yliksok olmasi va genis temperatur intervalinda, oksidlosmo vo
struktur degredasiyasinin olmamasi termik noqteyi-nozordon daha ¢ox tod-
qiq olunmaqdadir [5]. Lakin nozeri hesablamalar ilo miioyysn olunmusdur
ki, Y,0; quruluslu niimunslorin elektrik kegiriciliyin qiymatinin dyronilmasi
olduqca vacibdir [6-8]. Otaq temperaturundan 1000 K-5 gador Y,03 niimu-
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nosinin termik kegiriciliyinin qiymoti azalan ganuna uygunlugla doyisir [9,
10]. Forqli miihitlordo Y,0; elektron strukturu haqqinda aparilan todqiqat-
larda O vo Y atomlarinin elektron konfiqrasiyasinin osaslari, elektron sixli-
ginin doyismasi, forqli birlogmalarlo qarsiligh tosir zamani elektron miiba-
dilo haqqinda todqiqatlar yerino yetirilmokdodir [11]. Malumdur ki, siiratli
neytron siialanma zamani struktur doyisiliklori nano kristalin mexaniki,
elektirik vo termik xassoloring tosir gostorir [12].

Tadqiqat isindo otaq temperaturunda 1 MeV enerjili siiratli neytron-
larla stialanmadan sonra elektrik xassolorin todqiq olunmus vo prosesin ak-
tivlogsma enerjisinin qiymati toyin olunmusdur.

2. Eksperimental hisso

Tadqgiqat tigiin yiiksok tomizlik daracasine (99.99 %), nano Slglido
kristalin sixlig1 0.069 g/cm’, xiisusi soth sahosi 100-150 m?/g, kristalin orta
Ol¢iisii 8-10 nm intervalinda doyison itrium oksidin kristallar1 gotiiriilmiis-
diir. Todgiqat niimunalari Birlosmis Niivo Tadgiqatlar Institutunun, Neytron
Fizikas1 Laboratoriyasinin IBR-2M impuls rejimindo 1 MeV enerjili, sel
sixlign 4.0x10"% n/sm?, 1.3x10" n/sm? vo 4.0x10'* n/cm? olan siiratli ney-
tronlarla otaq temperaturundan stialandirilmigdir. Nano kristallarin elektirik
xassolorinin todqiqi zamani niimunslor xiisusi dérdbucaqli formalarda ha-
zirlanmis, anod vo katod {izliiklori cilalanmis vo xiisusi miigavimatinin
eksperimental Olciilmasi yerino yetirilmisdir. Elektrik xassolorin dl¢tilmasi
zamani elektrodlardan, termociitlordon, qizdirict sobadan, corayan monboyi
va voltmetrdon istifads olunmusdur. Nano kristallar: elektrodlar arasina yer-
losdirdikden sonra qizdirict vasitasilo 2.5 K/daq siirati ilo xoatti qizdirilmasi
hoyata kegirilmisdir. Niimunonin temperaturu termociit, miigavimati E6-
13A teraommetri vasitosilo dlctliir. Elektirik kegiriciliyinin temperatur asi-
liligindan alinmis eksperimental qiymatlordon istifado edorok aktivlosmo
enerjisinin qiymaoti hesablanmisdir. Aktivlosma enerjisi Arenius koordinat-
larindan istifads olunaraq toyin olunmusdur.

3. Naticalar vo miizakiralor

Y03 nano kristal niimunslori presloms tisulu ilo paralelopiped hon-
dasi forma soklinde hazirlanmis, 300-700 K temperatur araliginda elektrik
kegirigiliyine siiratli neytron siialanmanin tesiri tadqiq olunmusdur. Stialan-
manin tosiri altinda yaranan defektlorin elektrik sahosinin tosiri altinda do-
yismasi va strukturda yaranan vakansiyalarin elektrik keciriciliyina tasiri dy-
ronilmisdir. Nano kristal niimunslor stialanmadan ovval 1300 K temperatur-
da termik islonmisdir. Termik islonma prosesindon sonra niimunalorin ilkin
siialanma qiymatlori dl¢iilmiisdiir. Tocriibi 6lgmolor elektrik sahosinin sabit
12 V giymatinde yerins yetirilmisdir. Niimunalorin miigavimatinin tempera-
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turdan asil1 olaraq todqiq tigiin E3-13A teraommetr cihazindan istifads olun-
mugdur. Miigavimoto osason nano kristallarin verilmis saholori, kontaktlar
aras1 moasafonin qiymaoti vo toyin olunmus xilisusi miigavimoatdon homin ma-
terialin elektrik kegiriciliyi toyin olunmusdur. Sokil 1-do Y,O; nano kris-
talinin 700 K temperatura qodor miixtalif intensivliklords siiratli neytronlarla
stialanmig elektrik kegiriciliyinin temperatur asililigi gostorilmisdir. Miioy-
yon olunmusdur ki, yiiksok aktiv sotho malik kristallar 300-370 K tempera-
tur intervalinda soth torofindon zoif kimyavi qarsiliqh tosirdoe olan su mole-
kullar1 elektrik kegiriciliyina tosir etmir. Y,03 gadagan olunmus zolaginin
eni 5.6 eV yarimkegcirici olmagla genis temperatur intervalinda elektrik ke-
ciriciliyini ki¢ik gqiymotlords doyisir.

-1

Y,0, ilkin
Y,0, 4.0x10" n/sm?

Igo(Om sm)

Y,0, 1.3x10" n/sm?

Y,0, 4.0x10" n/sm?

:v TTT T T TrrrrT TTrroT T TrrrrT Trr T TrrrrT TrrrrT T
20 22 24 26 28 30 32 34 36

1000/T, 1/K
Sok. 1. Siialanmamis vo miixtolif intensivliklords siiratli neytronlarla siialandirilmis Y,O;
nano kristalinin elektrik kegiriciliyinin temperatur asililig1.

Stialanmamis Y,03; nano kristal niimunslorinin elektrik kegiriciliyi
temperaturun 290-340 K intervalinda xatti qanuna uygunluqla dayisir. Lakin
stiratli neytron selinin intensivliyinin artmasi verilmis temperatur interva-
linda elektrik kegiriciliyinin artmasina sobab olur. Eksperimental tocriibalor
mexanizminin miiayyan olunmasi li¢lin stialanmamis Y,0Os3 nano kristal nii-
munolorin elektrik keciriciliyinin tokrar 6lgma sorti yenidon yerina yetiril-
migdir. Molum oldugu kimi tokrarlanan 6l¢molords niimunslorin elektrik ke-
ciriciliyinin qiymatindo azalma miisahido olunur vo yiiksok temperaturlara
dogru doyismoklos tokrarlanan qiymatlora barabor olur. Homg¢inin “Differen-
tial Scanning Calorimetry” metodu ilo aparilan todqiqatlar gostorir ki, Y,03
nano kristal niimunslorinin sothindo 300-540 K temperatur intervalinda zaif
absorbsiya olunmus su molekullarinin dehidratasiyasi kimi miirokkob proses
bas verir. Mexanizm olaraq dehidratasiya prosesinin kinetikas1 elektrik ke-
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ciriciliyinin odadi qiymatinin azalmasina, genis temperatur intervalinda qa-
nunauygunluglarin miioyyon olunmasina vo siiratli neytron selinin inten-
sivliyindon asili olaraq elektrik kegiriciliyinin iimumi doyismesi haqqinda
miilahiza sdylomok imkani yaradir. Nano strukturlu birlogmolorin aktiv sot-
hindo absorbsiya olunmus su molekullarinin hacmdoki kationlarla ion-dipol
qarsiligh tosir formalasdirir vo bu qarsiligl tosirin iimumi naticosi yeni hid-
roksil funksional qruplarin yaranmasina sobab olur. Kristalin sothindo su
molekullarinin desorbsiya mexanizmi niimunonin elektrik kegiriciliyinda
osason Y vo O anion vo kation xarakterikli qiymotloro malik olur. Siirotli
neytron selinin intensivliyinin artmasi ilo elektrofiziki xassosindo miigahido
olunmus doyisikliklori formalasan vakansiya, noqtovi defekt vo hoyacanlas-
mig hallarin aktivlogmosi ilo izah etmok olar. Neytron siialarin nano kristal-
lar tosiri zamani yiiklii vo struktur defektlori formalagir.
Y,05—¢', ¢, S, =Y,=YO0

harada ki, ¢”, e desik vo elektron geyri-tarazlh yiik dasiyicilari, S” - adsorb-
siya iizro aktiv morkoz, =YO vo =Y radikal hallarda formalasmisdir. Yara-
nan qeyri-tarazli ylikdasiyicilarin strukturda voziyyati elektronodonor vo
elektronoakseptor vakansiyalarda movqe tuturlar. Elektronodonor vo aksep-
tor voziyyotindo lokallagmis markazlorin vo geyri-tarazli yiikdasiyicilarinin
lokallagmis hallar1 soklindadir. Elektrik yiikdasiyicilarin elektrik kegiriciliyi
prosesinda istiraki ii¢lin lokallagma markozlorinin vakant yerini tutmagq ligiin
xarici enerji kegidi tolob olunur. Mahz bu aspektdon elektrik kegiriciliyinin
qiymoatindo xotti artma hal1 460K sonra yaranmaqdadir. Neytronlarla siialan-
mis Y,0; nano kristal niimunolordo temperaturdan asili olaraq doyismo
verilmis oblastda eyni xarakterli defektlor kaskadinin yaranmasini gostarir.

Y;,0; nano kristal niimunalorinin elektrik kegiriciliyinin 300-600 K
temperatur intervalinda prosesin aktivlosmo enerjisinin hissalora ayrilmasi
miisahido olunmusdur. Siialanmanin genis temperatur intervalinda elektrik
keciriciliyinin aktivlosma enerjising tosiri cadval 1-do verilmisdir. Aktiv-
losma enerjilori temperaturun artmasi ilo energetik baryerli morkozlorin ak-
tivlosmosi formalasir. Siiratli neytron selinin siialanma intensivliyinin art-
mas1 aktivlosma enerjisinin kigilmosino sobab olur. Siialanmamis niimuno-
lords aktivlogsma enerjisinin qiymati 1.04, 2.23 vo 4.32 eV oldugu miiayyan
olunmugdur, vakansiya vo noqtovi defektlorin aktivlosmo enerjilori ilo
uygunluq toskil edir.
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Cadval 1

Neytronla siialandirilmis Y,O3 nanohissaciklorinin elektrik

keciriciliyindo aktivlosma enerjisi

intensiviik Aktivlasma enerjisi, eV
270-330 K 330-420 K 420-700 K
Stialanmamig 1.04 2.23 4.32
4.0%x10" n/sm’ 1.02 2.20 430
1.3x10" n/sm’ 1.00 2.15 4.28
4.0%x10" n/sm’ 0.8 2.09 4.16

Aktivlogsmo enerjisi osasinda lokallasma morkozlorinin energetik so-
viyyalari haqqinda molumat verir. Siialanma intensivliyinin artmasi ilo ak-
tivlosma enerjisi kigilir, siialanma tosiri ilo yaranan ylikdasiyicilar yiiksok
enerjiys malik olmusdur.

Naticd

Miixtalif intensivlikli 4.0x10" n/sm’ 1.3x10" n/sm* vo 4.0x10"
n/sm’ siiratli neytronlarla slialanmis Y,O3 nano kristal niimunolorinin (to-
mizlik deracasi 99.99%, toz halinda sixlig1 0.069 g/sm’, xiisusi soth sahasi
100-150 m*/q, hissacik &lgiisii 8-10 nm) 300<T<750 K temperatur inter-
valinda elektrik kegciriciliyinin qiymaeti toyin olunmusdur. Miisyyon olun-
musdur ki, verilmis temperatur intervalinda elektrik kegiriciliyin qiymati
miixtolif hissoloro ayrilmaqla log(-13) don log(-8) intervalinda doyisir.
4.0x10" n/sm?, 1.3x10" n/sm” vo 4.0x10"* n/sm? intensivliklordo aktivlos-
ma enerjisinin qiymati 1.04, 2.23 vo 4.32 eV oldugu miioyyan olunmusdur.
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BJAUSTHUE IYUYKA HEMTPOHOB HA DJIEKTPUUECKHUE CBOVCTBA HA-
HOPA3MEPHBIX KPUCTAJIJIOB Y,0;

A.O.JAINIAEMUPOB, P.®.P3AEB
PE3IOME

B npencraBinenHoit paboTe HCIOJIB30BaH OKCH UTTPHUSI BEICOKOH CTENEHU YHCTO-
T6I (99,99%), mioTHOCTH HaHOpa3MepHoro kpuctamia 0,069 r/cM3, ynenbHas MOBEPXHOCTh
100-150 mM2/r, cpemuuii pa3mMep KpHCTailla BapbHpyeTcs B nuamazone §-10 HM, wn3ydeHa
IEKTPUUECKHE CBOWCTBA TOCIIE O0JIydeHUsT OBICTPHIMU HEHTPOHAMHU PA3HOW MHTEHCHBHO-
ctu (4,0x1012 w/em?, 1,3x1013 v/cm? u 4,0x1014 n/cM?). /cM?). B MHTEpBaJIe TeMIlepaTyp
300-700 K. YcTaHoBI€HO, 4TO AJIEKTPUUECKHE CBOMCTBA HAaHOKpUCTAIIOB Y ,0; mocine 06-
Jy4eHHs PA3IHMYHONW MHTEHCHBHOCTH, B IIHPOKOM AMANa30HE TEMIIEPaTyp MOKa3bIBAIOT
yBEJIHUEHHE 3HAYCHUS HICKTPOMPOBOJHOCTH IO JTUHEHHOMY 3aKOHY. YBEJIMYEHHE MPOBO-
JIMMOCTH B 3aBHCHUMOCTH OT MHTEHCHBHOCTH H3JIy4CHHUs! OBICTPBIX HEHTPOHOB CBSI3aHO C
mpeobaagaHreM B IPOBOAUMOCTH BaKaHCHN HUTTPHS.

KiroueBble cj10Ba: HAHOKPUCTAJUIBI OKCHAA UTTPUS, JEKTPONPOBOAHOCTD, OBICT-
pble HEUTPOHBI, SHEPTHsI AKTUBALIMH.

EFFECT OF NEUTRON BEAM ON ELECTRICAL PROPERTIES
OF NANOSIZED Y,0; CRYSTALS

A.O.DASHDEMIROYV, R.F.RZAYEV

SUMMARY

In this work, we used high-purity yttrium oxide (99.99%), nanosized crystal density
0.069 g/cm3, specific surface area 100150 m neutrons of different intensity (4.0x1012 n/cm?,
1.3x1013 n/cm? and 4.0x1014 n/cm?). /cm?). in the temperature range of 300-700 K. It has been
established that the electrical properties of Y,0s; nanocrystals after irradiation of various
intensities, in a wide temperature range, show an increase in the electrical conductivity
according to a linear law. An increase in conductivity depending on the intensity of fast neutron
radiation is associated with the predominance of yttrium vacancies in the conductivity.

Keywords: yttrium oxide nanocrystal, electrical conductivity, fast neutrons,
activation energy.
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HOQIQI IDENTIFIKASIYASI OLMAYAN LEPTON FONUNUN
MATRIX METODU iLO QiYMOTLONDIRILMOSI

_ N.9.HUSEYNOV
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nguseynov@jinr.ru

Togdim olunan isda tHq(bb) kanalinda haqiqi olmayan leptonlar fonunu giymat-
londirmak iigiin istifado olunan molumatlar asasinda Matris Metodun (MM) yaxinlasmast
asas ideya kimi tosvir edilmigdir. Matris Metodu tez va haqigi olmayan elektronla-
rin/miionlarm identifikasiyasimin, izolyasiya va tosir parametirlorinin tolablorinin forgli
reaksiyasina asaslanir. Metod lepton se¢imlarindon istifada etmaklo ilkin se¢im bolgasinda
oldugu kimi eyni meyarlarla se¢ilmis malumat hadisalarindan istifads edir. Nominal se¢im
kasiklorinda asagidan kegan leptonlar six leptonlar, daha bos meyarlardan kegan leptonlar
iSa bos leptonlar kimi geyd olunur. Elektronlar va miionlar iigiin operativ effektiviik haqiqi
olan va olmayan elektron vao miionlarin nominal elektron/miion talablorini ke¢mo ehtimall
kimi miiayyan edilir va hagigi olan va olmayan leptonlarla zanginlaosdirilmis xiisusi nazarat
bélgalarinda dliiliir. Miivafiq elektron va ya miionlarin haqiqi olmayan vao real effek-
tivliklori pT va |eta|-da parametrlasdirilmisdir.

Acar sozlar: Higqs bozonun yaranmasi, fake lepton estimation, Matrix metod

Giris. Matrix Metodu [1] iimumi analiz kontekstinde haqiqi olmayan
fiziki obyektlori, elektron vo miion saymin qiymatlondirilmasi tiglin verilon-
lora osaslanan texniki yaxinlagsmadir [2]. Se¢im kimi istinad edilon signal
bolgasino uygun golon miioyyan tosnifatlardan istifadoe olunur. Lepton seci-
minin otrafl1 tosviri cadval 1-do gostorilmisdir.

Matris metodunun asas ideyasi birinci morhslads yalniz bir leptonun
nozora alindigi va sadolosdirilmis prosesi effektiv sokildo tosvir etmokdon
ibaratdir [3]. Six leptonlarla hadisolorin say1 (T ilo isarslonir) vo se¢imdo
zoif leptonu olan hadisslorin say1 (T/ anti-six kimi gqeyd olunur) asas bosluq
ficiin effektivliyini qeyd etmok miimkiindiir. iki tonliklor sistemi vasitasilo
six se¢imino kegmok ii¢iin asas bosluq (burada "sorbost" "anti-six" vo "six"
alt coxluglarin birlogsmosino uygundur) real (cald) vo ya haqiqi olmayan lep-
tonlar ti¢lin nozords tutulmusdur.
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Cadval 1
Osas sarbast va six leptonlarin tayini

Electrons

Loose Tight
|d3'® 5 5
|z sin 8| 0.5 mm 0.5 mm
Electron ID Loose LH Tight LH
[solation — FixedCutLoose WP
Non-prompt rejection PromptLeptonVeto< —(0.7
Charge flip rejection — QMisIDKiller = 0.7

Muons

Loose Tight
ng{lity Loose Loose
dy® 3 3
|z sin 8] 0.5 mm 0.5 mm
[solation — FixedCutLoose WP
Non-prompt rejection PromptLeptonVeto< —(0.5

N' =&, N +e; NT
NT =4, N+ ¢, N

vo yaxud matris soklindo asagidaki sokilds ifado etmok olar.

NT £ £ N"

edler) real (haqiqi olmayan) leptonun six se¢imdon ke¢mosi ligiin
effektivliyi, &/ =(1- &) (¢/F£1- &) real (hoqiqi olmayan) leptonun six zaif,
lakin halo do asas se¢imdon kegmo ehtimalin1 xarakterizo edir. Verilmis ton-
liklori oks istigamotds ¢evirmokls real vo haqiq olmayan leptonlarin geyri-
miioyyan sayini1 miisahide edon kamiyyatlor dasting, yoni six vo six olmayan
leptonlarin saymna vo six se¢cimdon kegcmok iiciin effektivliys aid etmok
miimkiindiir. Hom real, hom do hoqiqi olmayan lepton effektivliyi daha
sonra otrafli tosvir olundugu kimi, molumatlardan istifado edorok, xiisusi
qeyd olunmus hissalordo birbasa 6l¢gmok miimkiindiir. Analiz miiddotinds
tHq(bb-) kanalinda hoqiqi olmaya bilon osas se¢imi tomin edon bir lepton
namizadi mdévcuddur. Bu forziyyoye gors istifade olunan Matrix Metodu

formalizmi dilepton hallarindan biridir [4].
Hor bir leptonun six se¢imdon kegib-kegmomasindon asili olaraq,
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verilmis i-ci hadisa iki ortoqonal (yan zolaglar {izro) bolgadon hor hansi
birino tosnif oluna bilar.

Ti-six secimdon kecon aparict lepton ilo bas veron hadiso (com
hadisolor NT)

/ T/; - aparict leptonun six se¢imi ilo naticalonon hadiss (com hadisalor
N")

Bu ciir hadisolorin iimumi saymi forqli real vo hoaqiqi olmayan lepton
torkibi ilo xarakterizo olunan iki dileptonik bolgodoki hadisslorin timumi
sayma uygunlasdirmaq ticlin A2x2 effektivlik matrisi miioyyan oluna biler,
yani:

ri aparici leptonun real olmast ilo bas veran hadiso (com hadisalor N")

. fi aparici leptonun haqiqi olmamast ilo bas veran hadiso (com hadisalor
N)

Miisahids oluna bilon funksiya kimi signal bdlgasinds hoqiqi olmayan

sayini oldo etmok ticlin 2x2 matrisini torsing ¢evirmak olar.

MRS AR MIEVa

N(r,T) signal bolgasindoki real leptonlarin son sayi, yoni on azi bir
real leptonu olan T hadisalorinin iimumi say1 torifdon tapila biler.

#rNT —epNT
R FErd, -
N(f,T) signal bdlgesindaki haqiqi olmayan leptonlarin son say1, yani

on az1 bir hoqiqi olmayan leptonu olan T hadisalorinin imumi say1 torifdon
tapilir.

N?"

¢ NT — e NT

f
N
Sr‘;éf - Sf‘ﬁ{:r

Matris tonliyini sonraki tonliklora olave etmokls alinmis comi asagi-
dak1 kimi geyd etmok olar.
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L NT =& NT
N;‘ =.'.'fo =z.'?.-¢’|l & =
- fr,..ff —e5f,

T T

I Zf.-_ﬁg'.‘“-wi- - Z EfifriWi

i i

l
W, =

b Evifpi— Efikyi

Aydmdir ki, har i-ci hadiso tonliyin sag torafindoki iki comdon yalniz
birino tohfs verocokdir. Bu analizds tH-ML analizindon real vo haqiqi
olmayan effektivlikdon istifado olunmusdur. Alinmis noticolorin otrafll
tosviri ATLAS-1n daxili geydindo verilmisdir [1].

Natico va miizakiralor

Haqiqi vo hoqiqi olmayan, (CR) kimi istinad edilon iki nazarat bol-
gasi hoqiqi vo hoaqiqi olmayan leptonlarin six se¢im toloblorini kegmasi {ligiin
effektiv 6lgmok {i¢iin miioyyon edilmisdir. Asagidaki verilonlorlo genis so-
kildos gostorilmis bu nov hissolorin kinematika vo fon torkibi baximindan
2SS0g va 30g signal hissasini tomsil etmok ii¢lin nozords tutulmusdur vo
eyni zamanda kifayot qodor bdyiik statistikani1 saxlamaqgdadir. 2SS0Og SR-yo
ortoqonalliq yalniz bu halda 2 va ya 3 sirnaq vasitasile hayata kecirilir vo di-
lepton talabi 30g SR-ys ortoqonallig1 tomin edir. Haqiqi olmayan formalas-
mada potensial boylik dayisikliklorin garsisin1 almagq tiglin on az1 bir b eti-
ketli sirnaq tolabi saxlanilir. Lepton kinematikasindan asili olaraq haqiqi ol-
mayan proqnozlar oldo etmok {igiin effektivliklor Pr ilo hesablanmisdir.
Elektronun haqiqi olmayan siirati ti¢iin faktiki olaraq (Nb-tags) ikiolgiili
parametrlogdirmo istifads olunur. Bu halda boyiik b-sirnaq ¢oxlugu olan
hadisalords hoqiqi olmayan modellogdirma tokmillasdirilir. Miionlarin haqi-
qi olmayan deracesi {i¢iin an yaxst modellosdirma masafs haqqinda molu-
matlart miion vo onun on yaxin reaktivi P ilo yanasi ehtiva edon parametr-
losdirma vasitesilo alde edilir. Haqiqi vo haqiqi olmayan elektronlar vo
miuonlar iigiin effektivlik paylamalar1 miivafiq olaraq sokil 1-3 verilmisdir.
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Sak. 1. Verilmis malumatlardan dl¢iilon elektron (solda)
vo milonun (sagda) real effektivliklori.
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Sok. 2. Verilmis molumatlardan &lgiilon elektron (solda)
vo milonun (sagda) real effektivliklori.
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Sak. 3. Verilmis molumatlardan &lgiilon elektron (solda)
vo milonun (sagda) real effektivliklori.
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Sablon metodundan istifado edorak Matris Metodunun naticolorini
carpaz yoxlanilmigdir. Verilmis metod yalniz haqiqi olmayan genislondiril-
mis niimuns ils az1 50 % haqiqi olmayan leptonlarin bir hissasindon istifado
olunur. Malumdur ki, 1L kanalda bels bir niimuns se¢gmok miimkiin deyil.
Hoqiqi olmayan lepton fraksiyasini genislondirmok ii¢lin optimal doyison
kimi enino kiitlo gotiiriiliir. Sokil 4-don goriindiiyli kimi, hoqiqi olmayan
fraksiya, hotta ki¢ik < m(T) doyarlorindo do ¢ox asagidir. 30 GeV vo 60
GeV-don kicik kesimlori ilo iki hoqiqi olmayan genislondirilmis hissosi
secilmisdir.

*. nommalised to total Bkg.
" ERI s L B

250000 ned

T
- ATLAS

g Internal ¢ Data MM fakes
o [ (5=13TeV, 1391t -« MM fakes EltH
. tH{bb) channel WEKG 2 Uncertainty -
4{]000? FR e

- Pre-Fit

5 4

Data/ Prad.

miiGeV

Sak. 4. <m(T) paylanmasinda haqiqi olmayan CR axtarilmasi.

Beloalikla, biitiin naticolor codval 2-do timumilesdirilmisdir. Hoaqiqi
olmayan leptonlarin fraksiyalar1 miivafiq olaraq 6.6 % vo 4.4% toskil edir.
Beloalikla, 1L kanali ii¢lin sablon metodunu totbiq etmok miimkiin olmadig:
naticasinag golirik.

Cadval 2
Haqiqi olmayan leptonlarin paylanmasinin
SR CR(m(W/T)) 30 GeV | CR(m(W/T)) 60 GeV

tH 48.5¢1.1 10.1+0.5 25.8+0.8

BKG 44900+80 32810+£70 79680+100

MM hagqiqi olmayanlar | 1291+30 2336+35 3670£50

Com 46240+80 35160+£80 83380+80

Malumat 49137 35188 85770
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BBIYUCJIEHUE OIINBOYHO HWAEHTUOUIINPOBAHHBIX
JIETKUX JIEHNTOHOB MATPUYHBIM METOJIOM

H.A.I'YCEMHOB
PE3IOME

B 9T10i1 craThe omuchIBaeTCs OCHOBHAs Wjest MarpuuHoro merona (MM), ocHo-
BaHHOI'O HA JIAHHBIX [TOX0/1a, UCIIOJIb3YEMOTr0 ISl OLCHKH (PaIbIIIUBOTO JICIITOHHOTO (hoHA
B kaHane tHq(bb). MeTos ocHOBaH Ha Pa3IMYHOM OTKJIMKE MTHOBEHHBIX U JIOXKHBIX DJICK-
TPOHOB/MIOOHOB Ha TpeOOBaHMS K WACHTH(DUKALNHU, U3OJIUA U MPHUICIbHBIM Mapamer-
pam. MeTox UCIONB3yeT COOBITHS JaHHBIX, BRIOPAHHBIC C TEMH KE KPUTCPUSMHU, YTO U B
00J1acTH MpeIBapUTEIEHOTO BEIOOpA, HO ¢ OoJiee caObIM BEIOOPOM JIETKUX JICTITOHOB. Jler-
TOHBI, IPOIICANINEC HOMHHAIBHBIC Pa3pe3bl 0TOOpa, B JadbHEHUIIIEM Ha3BIBAIOTCS THIOTHBIMHU
JICTITOHAMH, a JISIITOHBI, IIPpoIIemue Ooee ciadble KPUTEPHUH, 0003HAYAIOTCS KaK CBOOO/I-
HbIC JenToHbL. DanpmmBas 1 MrHOBEHHAst 3P (QEKTUBHOCTE IS AJIEKTPOHOB U MIOOHOB OII-
penensieTcss Kak BEPOATHOCTb TOTO, YTO JIOKHBIM WM HACTOSALIUHN DJIEKTPOH WM MIOOH
MIPOWJIET HOMUHAJIbHBIE TPEOOBaHNUS K AJIEKTPOHAM/MIOOHAM, U U3MEPSIETCS B CIICIIUATBHBIX
KOHTPOJBHBIX 00JacTsIX, 000TalEHHBIX PEATbHBIMUA K JIOKHBIMU JenToHaMu. U QpuKTHB-
Hasi, ¥ peanbHas 3(Q(HEKTUBHOCTE MapaMeTpu3yroTcs B pT u |eta] COOTBETCTBYIOIIETO 3JICK-
TpOHA WM MIOOHA.

KirwueBble ciaoBa: Poxaenne 6o30Ha Xurrca, OrneHka (aabIIUBbIX JCITOHOB,
MaTpuuHblif METOT
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ESTIMATION OF MiSIDENTIFiED
OF LIGHT LEPTONS USING MATRiX METHOD

N.A.HUSEYNOV
SUMMARY

This article describes the basic idea behind the Matrix Method (MM), the data-
driven approach used to the estimate the fake lepton background in the tHq(bb) channel.
The method relies on a different response of the prompt and fake electrons/muons to
identification, isolation and impact parameter requirements. The method uses data events
selected with the same criteria as in the pre-selection region, but with looser light-lepton
selections. The leptons passing the nominal selection cuts are referred to as tight leptons in
the following, while leptons passing the looser criteria are denoted as loose leptons. The
fake and prompt efficiencies for electrons and muons are defined as the probabilities of a
fake or real electron or muon to pass the nominal electron/muon requirements and are
measured in dedicated control regions enriched in real and fake leptons. Both fake and real
efficiencies are parametrised in pT and |eta| of the respective electron or muon.

Keywords: Creation of Higgs boson, fake lepton estimation, Matrix method
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BAKI UNIiVERSITETININ XOBORLORI
Ne3 Fizika-riyaziyyat elmlari seriyast 2022

VJIK 621.38

JJIOMUHECHEHIUA U ®OTOINTPOBOANMOCTD
B I'ETEPOCTPYKTYPAX GaS/GaSe
ITPU JIABEPHOM BO3BYXJIEHUN

P.M.MAME/IOB
baxunckuii 2ocyoapcmeennbwiit ynusepcumem
rovshan63@rambler.ru

DKCnepUMEeHmMAaIbHO UCCIe008AHbL CHEKMPbL U JIOKC-AMNEPHbLE XAPAKMEPUCTIUKU
JHOMUHeCYeHYuU U Kpusble peraxcayuu gomomoxa cemeponepexooos GaS/GaSe npu 0gyx-
omonnom 6o30yacoenuu umnyivcrnozo Nd:YAG-naszepa. [lokaszano, umo pexombunayuon-
HOe uslyueHue Habmodaemoe 8 cnekmpax aomunecyenyuu cemeponepexooa GaS/GaSe
CB3AHO 30HA-30HHBIMU U NPUMECHBIMU nepexodamu. Oyenena KOHYeHmpayus HepasHoBeC-
HbIX HOCUmMenell, 2eHepUPOBAHHBIX IA3EPHBIM CEEMOM.

Kuarwuesbie cioBa: rereporepexon GaS/GaSe, masep, JiroMUHEHCUEHIHS, (OTO-
MPOBOIUMOCTb.

Brenenne

Celiuac 04eHb TPYJHO IMPEICTAaBUTh COBPEMEHHYIO (PU3UKY TBEPI0-
ro Tena 0e3 MOJIYINPOBOJHUKOBBIX IeTepocTpyKTyp. IlomymnpoBonHHKOBBIE
reTepOCTPYKTYPbl U, OCOOEHHO, JBOWHBIE TI'€TEPOCTPYKTYpbI, BKIIIOYas
KBaHTOBBIE MBI, HUTU U TOYKH, SIBISAIOTCSA CETOJHS IPEIMETOM HCCIENO-
BaHUU 2/3 uccnenoBaTeNbCKUX Ipyni B o0jacTé (U3HUKHU MOIYHIPOBOIHU-
KoB. EciM BO3MOYKHOCTH YIIpaBJIEHHS] TUIIOM IPOBOJUMOCTHU IOJIYIIPOBO-
HUKAa C TOMOUIBIO JIETUPOBAHUS PA3IIMYHBIMU IPUMECIMHU U UES] MHKEKLIUU
HEPaBHOBECHBIX HOCHUTENEH 3apsaa ObUIM TEeMH CeMEHAaMH, U3 KOTOPBIX BbI-
pociia NOJyIpPOBOJIHUKOBAs MIEKTPOHUKA, TO, FETEPOCTPYKTYPhI JalOT BO3-
MOKHOCTh PEIIUTh 3HAYUTEIBHO Oojyiee oOIIyl0 mpolieMy yrpaBieHUs
(GbyHIaMEHTaJIbHBIMU TapaMeTpaMy B MOJIYIPOBOJHUKOBBIX KpUCTAJUIAX U
npubopax: MUPUHON 3anperieHHON 30HbI, 3(PPEKTUBHBIMH MacCaMU HOCH-
Teled M MX IMOABHKHOCTSMM, IOKA3aTesIeM IPEIOMIICHUS, 3JIEKTPOHHBIM
SHEPreTUYECKUM CIEKTpoM U T.J. CylliecTByeT MHOTO METOJOB I M3IO-
TOBJIEHUSI T€TEPONEPEX010B. B OONBIIMHCTBE Ci1y4aeB reTeponepexoibl 13-
rOTaBIMBAIOTCS 3MUTAKCUAJIbHBIM HapallMBaHUEM OJHOIO IMOJIYIPOBOAHU-
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KOBOI'0 MaTepuaia Ha JIpyroi: UCIapeHue, CIUIABICHUE U BhIPALIMBAHUS U3
pacTBopa, MOJIEKYJISIPHO — ITyYKOBasi SMUTAKCHUHU, Ta30(a3Hast SMUTAKCHS U3
MapoOB METAJUIOOPTAaHUYECKUX COCTMHECHUM, Ja3epHas a0msus u T. 1. [1, 2].

Hapsiny c Belleyka3aHHBIMM METOJIaMHU CYILLECTBYET €LI€ OJUH Me-
TOJI U3TOTOBJICHHUS MOTYIPOBOJAHUKOBBIX T€TEPOCTPYKTYP. DTOT METOJT OBbLI
pasBut B 1930 roxy A.®. Nodde, HO n3-32 TEXHUIECKOW IPUUUHBI HE OBLT
peanu3oBaH. DTOT METOJ Ha3bIBAETCA METOJAOM IOCAJKU HAa ONTHYECKHUI
KOHTakT. CylHOCTh METO/A MTOCAIKN Ha ONTHYECKUI KOHTAKT 3aKIH04aeTCs
B TOM, YTO JIBa KOHTaKTUPYIOIIMX MOJIYIMPOBOJIHUKOBBIX MaTepuasa A0JIK-
HbI UMETh TOYTH «UCATbHYI0» MOBEPXHOCTh. VIHBIMU CIIOBaMU JJIsl ONTH-
YECKOIr0 KOHTaKTa IIEPOXOBATOCTH IMOBEPXHOCTEN KOHTAKTUPYIOIIMX MaTe-
pHaJIOB HE JIOJIKHBI ITPEBBIILIATH YUETBEPTH JUIMHBI CBeTa. Pazymeercs, He Bce
MOJIYTIPOBOJITHUKHA OTBEYAIOT ATHUM TpeGoBaHUsAM. [t sToro HeoOxomumo,
9TOOBI TETEPOIIEPEX0/Ibl, H3TOTOBJICHHBIE METOIOM TTOCAIKH HA ONTHYECKUI
koHTakT (IIOK), xapakTepr30BaInch OTCYTCTBUEM WJIM MaJlOM KOHIIEHTpa-
IIMeH COCTOSIHHIA Ha TPaHUIIEe pa3/iesia KOoHTakTupyomux das [3-7].

Crnoucteie kpuctamibsl GaSe, GaS, InSe u gpyrue KpucCTaIbl U3 CO-
eJUHEHUN A’B® UJEAbHO NOAXOIAT Uil 3TOU 1enu. Ilockonbky 3TH Kpuc-
TaJUIBl 00JaAIOT CIIOMCTOW CTPYKTYpPOW, TO 3Ta OCOOEHHOCTH MO3BOJISET
M3TOTOBUTH Ha MX OCHOBE OOpa3Ilbl C 3€pKaIbHON MOBEPXHOCTHIO U 00Y-
CIIaBJIUBAaET XUMHUYECKYIO, a TaKXe aJCOpPOLMOHHYI0 HWHEPTHOCTH IIO-
BEPXHOCTEH €CTECTBEHHBIX CKOJIOB. [Ipu 3TOM 00pasibl XuMudeckoir oopa-
00TKe He moaBepraivchk. Kak MOKa3pIBaIOT UCCIIEOBAHMUS, MOHOKPHCTAILIBI
IIOJIYIIPOBOXHUKOBBIX COCIUHEHUN THUIIA A’B® co criomcroit CTPYKTYpOU Xa-
PaKTEpU3YIOTCS MaJIO KOHIIEHTPAIMEH Pa3HOOOpPa3HBIX MOBEPXHOCTHBIX
COCTOSIHMM, ¥ TpaHula pa3jiena IUOAHBIX CTPYKTYp Ha UX OCHOBE SIBJISIETCS
0oJiee COBEPIIICHHOM.

Jlannast paboTa MOCBSIIEHA SKCIEPUMEHTAIILHOMY HUCCIIEIOBAHHUIO
CIEKTPOB JIOMUHECIIEHIIMH U (DOTONMPOBOIUMOCTH rereporepexono  (GaS/
GaSe, U3roTOBJIEHHBIX METOAOM MOCAKH Ha ONTUYECKUI KOHTAKT MOJ AeH-
CTBHUEM JIa3€PHOTO U3JIyUEHUS.

IKCNepUMEHTATIbHbII MeTO/

Jl7is M3rOTOBJICHHSI TETEPONEPEXOAO0B OBLIM HCIOJIB30BaHBI MOHO-
kpuctauibl  GaS m GaSe, nosydyeHHble MeTonoM bpumkmena. [IpocTeim
PaCHICIVICHUEM MAaCCHBHBIX 06pa311013 6LI.HI/I HU3TOTOBJICHBI IIOCKO-IIapal-
JIeTbHBIC TUIACTUHKU ¢ TommuHamMu 50 + 100 MkM. 3aTeM CBEXECKOJIOTHIC
MOBEPXHOCTU OBUIM MPUKATHI APYT K IPYTY, U OHU JEPKaIUCh BMECTE He-
CKOJIBKO 4acOB I0J HeGobmmM gaBineHneM ~ 10 kr/cm”. ITpu aToM 0oGpas-
bl OBUIM IIPEIBAPUTENHLHO CHAOKEHBl OMUYECKUMU KOHTakTaMu u3 In. Ilo-
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BEPXHOCTH KOHTAKTUPYIOIIUX O0PAa3I0B CLEIUISUIUCH U3-3a2 BHYTPUMOJEKY-
JSPHBIX CUJI, BOBHUKAIOIINUX MEXAYy HUMU. OMHUYHOCTh KOHTaKTOB Ipe/Ba-
PUTENIBHO MpOBEpsUIach MpPHU TOMOIIM BOJIBT-aMIEPHBIX XapaKTEPUCTHUK
cuMMeTpu4HbIX cTpYKTYp In-GaS-In u In-GaSe-In. Ilnomanu uccnenosan-
HBIX TE€TEPONEPEX0I0B COCTABIISIIN MOPSIKAa HECKOJIbKUX KBaJIPATHBIX MUJI-
aumeTpoB (3x3 MMZ). [ToBepXHOCTH KOHTAaKTUPYIOLIUX MAaTEPHUAIIOB HE MO~
BEprajich HUKaKO XuMHU4eckoi oOpaboTKe.

B kauecTBe MCTOYHMKA HU3IYyYEHHUS MCIOIb30BAJICS HMIYJIbCHBIN
Nd:YAG-nazep co BCTPOSHHBIMH Te€Heparopamu 2-i W 3-i TapMOHHK,
IIpeHa3HAYEHHBIN JUIs TeHepalluy U3Ty4eHus ¢ JIIMHON BosHbI 1064, 532 n
335 uM. JIMUTEeNBHOCTD JIa3epHOr0 MMITyJibca cocTaBisiia 10 HC ¢ Makcu-
MAJIBHOH MOIIHOCTBIO ~ 12 MBt/cM’. NHTEHCHBHOCT W3JIy4YEHUS] U3MEHS-
Jach MPHU TOMOIIM KadHuOPOBAHHBIX HEUTPANbHBIX CBETOBBIX (UIbTPOB. C
MOMOIIBIO JIMH3BI MAJAIOMIMKA JTa3epHBId JIyd (HOKYyCHpOBAJICS Ha TOBEPX-
HOCTh OOpasua ¢ auameTrpoM mnaTtHa ~2.0 mMMm. CHekTpbl JTOMUHECIICHIINN
toHKuX MmeHok GaSe, GaS u rerepoctpykryp GaSe/GaS uccrnenoBaiuce ¢
UCIOJIb30BaHUEM aBTOMATHUECKOro MoHoxpoMaTopa M833 ¢ aBoiiHOI auic-
nepcuelt (cnekrpanbHoe pazpemienne ~ 0,024 am Ha qmuHe BoaHBL 600 HM),
C KOMIIBIOTEPHBIM YIIPABJIEHUEM U JIE€TEKTOPOM, PETUCTPUPYIOLIUM H3JIyde-
Hue B nauana3one JiuH BoiaH 350-2000 uM. Peructpanus ummynbscoB GoTo-
MIPOBOJIUMOCTH MPOU3BOAMIACH IO METOMKE MO3BOJISIOLIEH 3aUChIBATH HA
sKkpane 3anoMuHawotiero ocuuuiorpada (Le Croy 9400) onnHOYHBIE HAaHO-
CEKYH/IHbIE UMITYJIBCHI [§].

JKCIEePUMEHTAJIbHBIC Pe3yJIbTAThI H HX 00CYKICHHE

OcHoBHbIe (u3myeckue cBoicTBa rerepocTpyktyp GaS/GaSe 3a-
BUCAT HE TOJIBKO OT IEKTPUYECKUX MAPAMETPOB KOHTAKTUPYIOLIUX MOJIY-
MIPOBOJHHUKOB, a TAK)KE OT KOHCTPYKTUBHBIX OCOOEHHOCTEH CTpyKTyp. Ha
camoM jeine rerepokoHTakT GaS-GaSe sABiseTcss CTpyKTypoH MOJIYIPOBOA-
HUK-JUDJIEKTPUK-TIOTYIIPOBOJHUK, B KOTOPOIl pOJib TUANEKTPUKA, HECMOTPS
Ha CJIOKUBIIEECS MHEHHE 00 MHEPTHOCTH MOBEPXHOCTEH CIOUCTBHIX IOJY-
MIPOBOJAHHUKOB K abCOpOLMU CTOPOHHUX aTOMOB U3 aTMochepsl, Urpaer
MMEHHO CJIOM KHCIIOpOo/a, KOTOPBIM MpeacTaBiseT coboil HepaBHOBECHOE
COCTOSIHME CHCTEMBI C JOJTUM BpeMeHeM penakcauuu. Beneacrsue nuddy-
3MOHHOTO PACIUIBIBAHUS KHUCIOPO/a, MOIYIIPOBOAHUKOBBIE I1acTUHBI GaS u
GaSe npuxosT B peajabHbId TECHBIM KOHTAKT, MUIOMIAb KOTOPOIO COCTAB-
aser Bcero ~10 % oT reomerpuyeckod miomaau rereporepexona. Eciu
IIPOU3BOIUTH pacueT K.I1.A4. (oTonpeoOpa3oBaHus TAKUX CTPYKTYp € yU4ETOM
peasbHOM MIoIa Iy (T.€. IJIOLaAN, KOTOpasi MPUILIA B TECHBIN KOHTAKT), TO
€ro BeJIMYMHA JJIs TeTeponepexo/ia, PU U3rOTOBICHUU KOTOPBIX UCIOIb30-
BAJIMCh MOHOCEJICHU/IbI Cylb(uIa U rajulds ¢ ONTHUMAaJIbHBIMH JJIEKTpUYe-
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CKMMHM Iapamerpamu, Bo3pacraer ¢ 3,2 go 11-12 %. B Ttom cnyuae, eciu
peaym3anusi y4acTKOB TecHOro koHTakta GaS/GaSe sBIsieTCs ClelICTBUEM
YaCTUYHOTO BBHITECHEHHSI BO3AYIIHON MPOCIONKU WITH K€ «0O0BOJIAKMBAHUS
CKOTUICHUH aJcOpOMPOBAHHBIX aTOMOB IIOJ] JIEHCTBHEM Beca KOHTAKTH-
PYIOIIMX TMOJYIPOBOJHUKOB, I€I€CO00pa3HBbIM MPEICTAaBISAETCS MpOBeze-
HUE WCCIIEOBAHUS BIUSHUS JaBICHUS Ha TapameTpbl (oTorpeodpaso-
BaHHMS onTudeckoro koHrtakta GaS/GaSe.

Ha pucynke 1 mpeacTaBieHbl BOJIbTaAMIIEPHBIE XapAKTEPUCTHKH Te-
teporniepexona GaS/GaSe npu pazaMUHBIX MPHIOKEHHBIX BHEIIHUX J1aBiie-
HUsX. ['eTepornepexo/Ipl MoABeprajiich MEXaHMYECKOMY JIaBJICHUIO, HAIPaB-
JIEHHOMY TEPHEeHIUKYISIPHO MJIOCKOCTU TPaHMIBI pasfena (BAOJIb OCH - ¢
cummetpun kpucramioB GaS u GaSe). /laBieHre N3MEHAI0Ch B UHTEpBaJIe
or 5 10 500 kr/cM”. BUIHO, 9TO ¢ yBeTHYEHHEM JABICHUS MpSIMasi BETBb
BAX ynyumaercs, Ho HaunHas ~ 400 Kr/cM® MPOUCXOJUT YXYAUIEHUE Xa-
PaKTEePUCTUKH.

1 (MkA)

) W 15 20 25 30 3
204 U (B)

&
g
S
&
*
S

Puc. 1. Bonbr-amniepHbie XxapakTepucTuku rereponepexona GaS/GaSe npu pa3indHbIX
MIPHIOKEHHBIX BHEITHUX JaBlIeHUsX P (KF/CM2 ): 1-5, 2-50; 3-100; 4-500; 5-300.

HccnenoBanue crnekTpoB onruueckoro moriomenus GaS u GaSe,
MOJABEPTHYTHIX BIIMSIHUIO OJHOOCHOTO cxartus nasieHueM a0 P=75 klla,
CBUJICTEIIHCTBYET 00 OTCYTCTBHHM W3MEHEHWUW B JSHEPIETHUYECKOM CIEKTpE
3THX MOJIYMPOBOJHUKOB. YMEHBIICHUE MIMPUHBI 3aMPEIICHHON 30HBI MO
JCHCTBUEM JABJICHUS CTAaHOBHUTCS 3aMETHBIM JIMINGL TPU 3HAYCHUSAX JIaB-
nenust P>75 klla. 9To 006CTOSATENBCTBO Aa€T OCHOBAHUS CBSI3aTh U3MEHECHHS
BOJIbTAMIIEPHON XapakTepuCcTUKH rereponepexona GaS/GaSe B uccnenye-
MOM JHUarna3oHe MaBICHUNW C W3MEHEHHEM, MPOUCXOJSAIIMMH Ha TPAHUIIC
pasznena.

Ha pucynke 2,a u 0, IpeaCTaBICHBI CHEKTPHl U3Iy4eHUSI TeTepO-
ctpyktypsl GaS-GaSe npu Bo3Oyxaenun BTopod rapmoHukod Nd:YAG-
nazepa (hw = 2.343B). Kak BUIHO U3 pUCYHKA, B CIIEKTPE JTIOMUHECLICHIIUN
rerepocTpykTypbl GaS-GaSe HaOMO1aI0TCS YEThIPE MAKCUMYMa C JUTMHAMU
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BoiH 492 M, 507 HM, 613 HM 1 622 HM.

Puc. 2. a-criextp nznyuenus GasS, 0-criextp uznyuenus GaSe.

[To-Hamemy MHEHUIO y3Kas JIMHUS U3JIy4€HUS A =492HM C IOJIyLIH-
puroit ~10 A’ Ha puc 2,a obycioBneHa mroMuHecHeHImeR B GaS mpu
IBYX(OTOHHOM BO30YKIEHHH, TaK KaK SHEPIUs KBaHTa BTOPOM TrapMOHUKU
na3epHoro ceera (hw=2,343B), MeHbIlIe UPUHBI 3anpelieHHoi 30861 GaS
(E, =2.535B), T.e. hw<E , a ITMHUM U3ITy4E€HUS A =613 HM C IOTYIIUPUHON

HECKOJIbKO aHTCTPEM Ha pHc.2,0 CBsI3aHBI C M3ITy4aTeIbHON peKoMOnHaIein
GaSe npu 0gHO(OTOHHOM BO30YKIEHHMH, TaK KaK B 3TOM Clydae dHEprus
KBaHTAa BTOPOH TapMOHUKH OOJIbIIIE IIUPUHEI 3ampernieHHol 30Hb6I GaSe (
E, =2.025B), T.e. 7w >E,. Caeayer OTMETUTD, YTO MHTEHCUBHAS JIMHUS W3-

Jy4eHUs ¢ JUIMHOW BOJIHBI 492 HM (7w =2.533B) cBsi3aHa ¢ HENPSAMBIMHU Te-
pexonamu Ha Kparo ¢yHIameHTanbHoro noriomenus GaS [9,10]. lupokast
10JI0Ca U3TY4YeHUs: ¢ MakcUMyMoM 507 HM (e =2.453B) o0ycioBieHa riy-
OOKMMM IpPUMECHBIMHM LeHTpaMu. UTO KacaeTcs JIMHUN HU3JIy4EHHUs C Mak-
cumyMaMmu 613 HM (hw=2.023B) 1 622 um (7w =1.99 3B), kak ObUIO yKa3aHO
BbIllle, OHU NpHuHaanIexaT GaSe U CBA3aHBI 30HA-30HHBIMU U MPUMECHBIMU
nepexoaMu, COoTBeTcTBeHHO [11].

Ha pucynke 3,a npencraBieHa kpuBas penakcaius ¢oToToka B re-
tepocTpykrype GaS-GaSe. Kak BUIHO U3 pUCyHKa KpuBas pejakcaluyu co-
CTOUT U3 JABYX KOMIIOHEHT, ObICTpasi, C BpEMEHEM pellaKcallun 2x107 cex u
meiennas ~ 2x10° cex. Tak Kak JTa3epHbIl CBET MaJaeT HA FETEPOCTPYK-
Typy GaS-GaSe co croponbl GaS (IIMPOKO30HHOE OKHO), TO MOYKHO TPE/I-
MIOJIOKUTh, YTO OBICTPBIA KaHaj penakcauuu cBs3aH ¢ GaS, a MeuIeHHBIN
KaHaJl pejakcaluu oOyCJIOBJIEH PEeKOMOMHAIME HEPaBHOBECHBIX HOCHUTE-
neil, reHepupoBaHHbiXx B GaSe. Ilo-HameMy MHEHHIO yIIMpPEHHME KPUBOU
penakcanuy (pOTOTOKa, CBA3aHO € TEM, YTO HOCUTEIH TOKA JUIsl JOCTUKEHUS
KoHTakTa B (GaSe NOJKHBI MPEOJOJETh MOTEHIMAIbHBINA Oapbep, co3maH-
HbIW CTPYKTYPHBIMU HEOJTHOPOJHOCTaMU BeliecTsa [12].
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Ha pucynke 3,0 mokasaHa 3aBHCUMOCTb ()OTOTOKA B I'€TE€POCTPYK-
Type GaS-GaSe oT MHTEHCHMBHOCTHU J1a3epHOro u3nydeHus. Kak BugHO U3
PHCYHKa, JIIOKC-aMIIepHasi XapaKTepUCTHKa BHAYaJle UMEET KBAJPATUIHYIO
3aBUCHMOCTH |, =12 , a IpH BBICOKMX MHTEHCHUBHOCTSX BO30YXIEHHS HA0-

Ph aasz. 9

JIFO/TaeTCsl JIMHEHHAs 3aBUCUMOCTh. [lo-HalieMy MHCHHIO KBaJpaTHYHAs 3a-
BHUCUMOCTH 00YyCJIOBJICHA TBYX(OTOHHOH (OTOMPOBOAMMOCTBIO, BOSHUKAIO-
meid B GaS npu Bo30yxkaeHun BTopor rapmonukoit Nd:YAG-nazepa. 13-
BECTHO, YTO HEpaBHOBECHAs (hOTOMPOBOIMUMOCTh Ao ompeaensiercs (op-
MYJIOM:

Ao =euzfid (1)

rAC e-3apsa SJICKTPOHA, A - IOABHKHOCTH 3JICKTPOHOB, ﬂ -KBAHTOBBIN BBIXO/I,

o -Kod(PUIMEHT TOTIIONMIeHNs CBeTa, | -MHTEHCUBHOCTB JIa3€PHOTO CBETA.
IIpu mHOTO(OTOHHOM TpoIriecce KOIPPHUIMEHT TOTIOUICHUS 3a-

BHCUT OT MHTeHCHBHOCTH cBera, o"~I"", rae n-uncio ($hOTOHOB, y4acTBO-
BaBIIUX MPH HETUHEHHOM mornomenuu. [losromy npu AByX(OTOHHOM II0-
rinomeHuud « ~I, a 1ByxoToHHass POTOMPOBOAUMOCTh OyJIET KBAAPATUYHO
3aBUCETh OT MHTEHCUBHOCTH Jia3epHOro ceera [13]:

AP ~a()l ~12 )

Takum 00pa3om, KCHEpPUMEHTAIBHO HaOMIOacMasi KBaJpaTUyHas
3aBUCUMOCTh (DOTOTOKA OT MHTEHCHBHOCTHU JIA3€PHOTO CBETa MOXKET OBITh
YIOBJIETBOPUTENILHO O0BSICHEHA ABYX(OTOHHOM (POTONMPOBOIUMOCTHIO.

JluneitHast 3aBUCUMOCTH, HAOII0JaeMO B JTFOKC-aMIIEPHON XapaKTe-
PHUCTHKE HEPaBHOBECHOH (DOTONPOBOIUMOCTHU CBsI3aHA C JIMHEWHON PEKOM-
OmHanmei HocuTenei Toka Ao ~An~I [14].

ITo wuccnenoBaHUI0 HEPABHOBECHOM (OTONPOBOAMMOCTH MOKHO
OLICHUTh KOHIIEHTPAI[I0 HEPABHOBECHBIX HOCHUTENEH, FT€eHEPUPOBAHHBIX Jia-
3epHOM CBETOM IpPU ABYX(POTOHHOM BO30YXJeHMU. Tak Kak B HallleM CIy-
yae (OTOMPOBOIMMOCTh M3MEPSIETCI B PEXKUME IOCTOSIHHOTO OIS
(R<<ro5p.), TO CBsA3b M€Ky (HOTONPOBOJUMOCTBIO AC U IEPEMEHHBIM Ha-
npsbKeHHEM 9 BbIpakaeTcst popMyIioi:

4

rae V=110 B - BHemHee HanpspKeHue, MPUIOKEeHHOE K 00pasiry, R=2- 10° Om -
Harpy3ouHoe colnpotusieHue. OLEHKU T0Ka3bIBAIOT, UTO Ao =4,55x10"°, TO-
raa u3 GOpMyIIbL:

Ao =e(An)u 4)
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MOXKHO ONPEACIINTh KOHIICHTPAIUIO An HEPABHOBECHBIX HOCHUTEJNCH:

An=29 (5)
eu

2
C yderoM 3HaueHHs TOABMKHOCTH, KOTOpOEe paBHO u=20cM /B cek, KOH-
LIEHTpaIsl HEPAaBHOBECHBIX HOCHUTENEH OyleT paBHA An=1,42x10" ecm™, a

o 3
KOJIMYECTBO HOCUTEJIEHA B eUHHIIE 00BEME 6y):[eT pPaBHO An ~142x10°cM .

lge (arb. units)

L ,
107 2 3 45 678910 2 3 45 6789102
Io (MW/cm?)

Puc. 3. a-xpuBas penakcanuu GpoToToKa B retepoctpykrype GaS-GaSe, 6-3aBUCUMOCTD
¢doroToka B rerepoctpykrype GaS-GaSe OT HHTEHCHBHOCTH JIa3€PHOTO M3ITy4EHHS.

Takum 00pa3om, OIEHKH MOKAa3bIBAIOT, YTO YHCIO HEPABHOBECHBIX
HOCHTEJICH, reHepupoBaHHBIX B rerepornepexone GaS-GaSe mpu aByxdo-
TOHHOM BO30Y>KICHHH PAaBHO An ~ 1,42X1016CM-3.

3ak/ro4yeHue

MeTo0M NOCaAKK Ha ONTHYECKUI KOHTAKT OBUIM M3TOTOBJIEHBI IeTe-
pornepexoasl GaS-GaSe. Ilox aeiictBuem Bropoit rapmonuku Nd:YAG-na-
3epa (hw=2.347B) sKkcriepuMEHTaIbHO UCCIIEIOBAHBI CIIEKTPHI U JIFOKC-aM-
NEpHBIE XapaKTEPUCHUKU JIIOMUHECIIEHIIMN U KPUBBIE pellakcaiuy (GOoTOTOKa
rereponiepexonoB GaS/GaSe. IlokazaHo, 4To OOHapy>KE€HHBIE B CHEKTpax
JIOMUHECIIUY JIMHUM U3Ty4eHus: ¢ Makcumymamu 492 um, 507 uMm, 613 HM u
622 HM MOTYT ObITH O0YCIIOBJIEHBI 30HA-30HHBIMU U MPUMECHBIMU MIEPEXO-
namu. KpuBble penakcanuu cocTOST U3 JABYX KOMIIOHEHT, OBICTPOil co Bpe-
MEHEM peJlaKcaluu 2x107 cex 1 mMeteHHoi ~ 2x107 cexk., KOTOpBIE Xapak-
TEPU3YIOTCSI HAIWYHEM OBICTPOro KaHama pekoMOuHanuu B GaS U MOTeH-
LUaJIbHOrO 0apbepa, CO3JaHHOTO CTPYKTYPHBIMH HEOJIHOPOJHOCTAMH.
KBagpatuunas 3aBUCMMOCTH (POTOIPOBOJAUMOCTH OT HHTEHCUBHOCTH JIa3ep-
HOIO W3JIYy4eHHUs MO3BOJIAET YTBEpXkJaTh Haludue ABYX(OTOHHOU ¢oTo-
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MIPOBOJIMMOCTH B HCCIENOBaHHBIX Tereponepexomax GaS/GaSe. OueHku
MOKA3bIBAIOT, YTO KOHIIGHTPAlLlUsI HEPABHOBECHBIX HOCHUTENEH, reHepupo-
BaHHbIX B (GaS/GaSe moj neiCTBHEM J1a3epHOTO HM3IYYCHHS pPaBHA An
~1,42x10" M.
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LAZER SUALANMASININ TOSIRIi ILO GaS/GaSe
HETEROSTRUKTURLARINDA LUMINESSENSIYA VO FOTOKECIRICILIK

R.M.MOMMODOV
XULASO
Tacriibi olaraq GaS/GaSe heterokegidinde Nd:YAG lazerinin impulsunun ikifotonlu
hoyocanlasdirmasinda liiminessensiyanin spektrlori vo likks-amper xarakteristikalari, fo-
tocarayanin relaksasiya ayrilari tadqiq olunmusdur. Gosterilmisdir ki, GaS/GaSe heteroke-
¢idinin liminessensiya spektrindo miisahido olunan siialanmali rekombinasiya zona-zona
va asqar kecidlorle baglidir. Lazer isigimin yaratdigi qeyri-tarazliql yiikdastyicilarin kon-

sentrasiyalar1 qiymatlondirilmisdir.

Acar sozlar: GaS/GaSe heterokecidi, lazer, liminessensiya, fotokegiricilik.
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LUMINESCENCE AND PHOTOCONDUCTIVITY IN GaS/GaSe
HETEROSTRUCTURES UPON LASER EXCITATION

R.M.MAMEDOV
SUMMARY
The spectra and lux-ampere characteristics of the luminescence and the photocurrent
relaxation curves of GaS/GaSe heterojunctions under two-photon excitation of a pulsed
Nd:YAG laser are experimentally studied. It is shown that the recombination radiation
observed in the luminescence spectra of the GaS/GaSe heterojunction is associated with
band-band and impurity transitions. The concentration of nonequilibrium carriers generated

by laser light is estimated.

Keywords: GaS/GaSe heterojunction, laser, luminescence, photoconductivity.
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BAKI UNIiVERSITETININ XOBORLORI
Ne3 Fizika-riyaziyyat elmlari seriyast 2022

RESIDENCE TIME DISTRIBUTION APPLICATIONS

Ch.Y.ABBASOVA
ANAS Institute of Radiation Problems
Chichek.1996@gmail.com

Stimulated by an ever increasing demand from the large production plants, many
radiotracer techniques have been evolved to provide fast and effective solutions to plant
and process problems.These techniques are now in routine service to industry in many
developed and developing countries. The number of services for troubleshooting
inspections carried out per year is not known precisely, but it is certainly in excess of
several thousand, worldwide. The services are available either from private companies,
who carry out the majority of applications, or from national nuclear centres.

Keywords: Residence time distribution, radiotracer, radiation detector.

1.Introduction

The applications of radiotracer RTD methods are widespread throug-
hout oil refineries worldwide and this industry is one of the main users, and
beneficiaries of the technology [1-9]. Economically, the most important
operating unit in a refinery is the Fluidized Catalytic Cracking Unit
(FCCU), the function of which is to upgrade the “heavy” components of the
oil to gasoline. Technically, this is also the most complex unit, involving as
it does the interaction of multiple phases: solid catalyst, vaporized feedstock
steam and air. Because of the construction and extreme operating conditions
of FCCUs, the only effective way to diagnose their behaviour is through the
application of radiotracers. Radioactive tracers have been used to great
effect in enhancing oil production in oil fields [10-17]. The main radiotracer
technique is the measuring of the “time of travel” between injection and
production wells. If a water injection is to be effective in sweeping out oil
from the permeable zones it is important to ensure that short-circuiting or
channelling, where by much of the residual oil may be bypassed, does not
occur. Therefore, it is important to understand how the water from injection
well travels to the producer.

The petrochemicals plant lies immediately downstream of the oil
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refinery and in many developing countries construction of the two types of
facility is proceeding in parallel. Like refineries, petrochemicals plants are
generally continuously operating and technically complex [12]. Thus, high
economic benefits may be realized by the applications of radiotracer
techniques on petrochemicals units. Though radiotracer RTD methods are
useful in solving a wide range of problems, the economic benefits become
more pronounced the further “upstream” they are applied. This means that
diagnosis of the cracking furnace, primary fractionator and gas separation
chain is of the highest potential value.

This generic heading covers an enormous range of industries. Mi-
nerals processing plants, in one form or another are to be found in practi-
cally every country in the world, and in many cases they are major contribu-
tors to national economy. Though the range of minerals which are extracted
and processed is extremely wide, there are certain processes found throu-
ghout the industry: Comminution, classification, flotation, homogenization

The primary justification for focusing attention on this sector is based
upon health and environmental considerations, rather than purely on econo-
mic benefits per se. The operation of a wastewater treatment lagoon can be
deceptively complex. Given the unsatisfactory state of current theoretical
approaches, there is a need to be able to assess performance practically; that
is, by actually measuring the RTD. Modelling by RTD is a powerful tool,
aiding both the design and performance optimization of wastewater treat-
ment systems. Residence time distribution (RTD) and mean residence time
(MRT) and are two important parameters of continuously operating indus-
trial process systems, which have a direct bearing on process efficiency and
product quality. The measured residence time distribution data are analyzed
either to identify the cause of malfunctioning or to characterize the degree of
mixing in the system. RTD technique using radiotracers has been routinely
used to diagnose imperfect mixing.

2.Experimental work

Radiation detectors were mounted in two rings of four. The top ring of
detectors was mounted 30 cm under the top of the packed bed, and the lower
ring of detectors was mounted 30 cm above the bottom of the packed bed
[20-22]. The detectors were equally spaced every 90 degrees around the
circumference of the tower and expected distribution percentage per
quadrant was 25 percent for equal distribution. Fig. 1 shows the detector
orientation and elevation.
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Fig. 1. Detectors location and orientation

Radiotracer test for liquid distribution has solved the problem.
Analysis of liquid distribution in top ring of detectors showed preferential
flow to the South and East with 38% and 25% of flow, respectively (Fig. 2)
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Fig. 2. Radiotracer responses of detectors at top ring
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Fig. 3. Radiotracer responses of detectors at lower ring
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Radiotracer has troubleshooted the liquid maldistribution inside the
tower. Theoretically, the liquid should behave the same in all quadrants,
meaning the pulse profiles and timing should be identical for all. The data
collected showed some preferential liquid flow to the South quadrant within the
tower. Gamma scan technique has limitations in troubleshooting inspection of
flow distribution problems of packed bed towers e source of tower malfunction.
In this case the combination of complementary techniques such as gamma scan
with radiotracer RTD gives a comprehensive picture of what happens in the
process and solve the problem. [23].Gamma scan or neutron backscatter
techniques are employed to detect gross mechanical problems within different
towers. Radiotracer ensures that all possible fluid flow distribution issues are
covered as part of the tower performance investigation.

The chemical reactor of the phosphoric acid production has recently
experienced a reduction of the quality and quantity of the production.
Radiotracer RTD test was requested to diagnose the performance of the
reactor. The homogenization of reacting materials (phosphate powder,
sulphuric and phosphoric acids) plays an important role in the whole process
of production.

The reactor consists of a cylinder with a central unit in which
phosphate, acid sulphuric and acid phosphoric enter and a peripheral unit
through which the pulp is recirculated into the central unit. The central unit
has a turbine mixer, while around the peripheral unit are installed 7 stirrers
to assist the recirculation and homogenization process generated by the
central unit. The physical volume of the reactor was 900 m3, and the flow
rate of the pulp was estimated as 300 m3/h during the test. The phosphate
and the acids enter at the central unit of the reactor through separate pipes.

The application of these two radiotracer compounds has a particular
importance for tracer
groups in developing countries, where there is not nuclear reactor for
production of radiotracers and hardly can purchase radioisotope generators
from abroad. In almost all developing countries there are nuclear medicine
departments where these two radioisotope compounds are commonly used
in routine for diagnosis and therapeutical purposes. Having possibility to
utilize these two radiotracer compounds, tracer groups in developing
countries can apply radiotracer technology for problem solving in many
industries and industrial processes.

Radiotracer test

The tracer experiment was carried out under production conditions for
the same regime.

Approximately 100 mCi of 1311 (Nal31I) was injected. The
radiotracer was obtained from a nuclear medicine department. The radiotracer
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was injected at the entrance of the reactor inside the central unit through the
tube feeding acids (Fig.4). In order to record the tracer concentration-time
curves, a gamma detector was placed at the discharge end of the reactor.
The pulp flow through the reactor is characterizes by the RTD function
E(t):
E(t) =I(t)/ [LVI(t) dt] - (1)

where I(t) is the count rate measured at the discharge end of reactor.

The radiotracer detection at the outlet of the reactor was measured
using online (continuous) method with a scintillation Nal detector (2”°x2”)
well collimated. The measuring time was fixed at 10s in order to measure
the flow rate of the internal recirculation inside the reactor.

Phosphate 150th
Dry basis

H,80, Injection
ESIIITC; |J||

38 m¥h
70 t/h

[

Phosphos
Gypsum

@ |4s0un Liquide
200 tih

Slurry

290 m*h
Dens 1.45

Return from filter

360 tth 300 m¥h Acid
Dens 1.2

Product acid

@ ... Detector position 98 th

Fig. 4. Position of the radiation detector at the outlet of the reactor.

Nal31l and 99mTcO4- can be used as radiotracer for RTD
investigating the phosphate chemical reactor. Both they are good tracer of
water. They are also used in many case studies for investigation of different
chemical reactors. Iodine ions (I-) could be oxidized and transformed in
elementary iodine (I) in oxidizing, acid and high temperature mediums.
Elementary iodine could also be released as gas in the air if there is any
bubbling inert gas in the medium. The chemical reactor for phosphoric acid
production has an acid but not oxidizing medium and moreover there is no
desorption process because no bubbling. In such circumstances iodine ions
remain in the medium. Regarding the iodine ions in radiotracer, their
concentration is extremely low, hence even if the medium is oxidizing the
oxidation reaction would last very much longer than the residence time of
radiotracer inside the reactor. In any case, lack of bubbling makes iodine
ions or elementary iodine to remain in the pulp and move with it. lodine ions
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are also hardly absorbed (practically not at all absorbed) by reactor walls
(solid surfaces) and mineral substances (calcium phosphorite or sulphate)
created during chemical reactions in the reactor. Therefore iodine tracer
remains in water phase of the pulp following the pulp hydrodynamic
behaviour. As known, water and solid phases of the pulp have the same
behaviour in the reactor. Pertechnetate ions (TcO4-) could be converted
(reduced) into metallic technetium (Tc) in acid, reducing and high
temperature mediums. The metallic technetium can be adsorbed by all solid
surfaces and could also released in air if there is bubbling throughout the
reactor. In extremely low concentration, as it is the case of pertechnetate ions
radiotracer, the reducing reaction is very slow. Moreover the reactor medium
is not reducing agent and there is no bubbling. Pertechnetate ions could be
absorbed and complexed by the solid phase of the pulp (calcium sulphate
which precipitates), but in the concrete case of the tracing of the pulp
hydrodynamic throughout the reactor this does not affect the RTD of the
radiotracer; the solid phase of the pulp has the same RTD as liquid phase.

In short, both sodium iodide and pertechnetate are good tracer of the
pulp movement through the phosphate chemical reactor. Between them
sodium iodide (as chemical Nal) has the advantage of practically being not
at all absorbed by solid surfaces or mineral substances, and iodine
radioisotope (I-131) has advantage of having higher gamma energy and
detection efficiency outside the reactor and pipe walls.

3. Results and discussion

Mean residence time

Figures 67 shows the experimental data (grouped in three minutes
intervals) of the online radiotracer test using [-131 as the tracer. Data are
corrected for background and radioactive decay.
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Fig.5. Experimental RTD curve (online) for I-131 tracer test and the
ppercentage of the material leaving the phosphate chemical reactor each time
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The curve observed is a decaying sinusoid imposed on an exponential
decay and is typical of the response of a well-stirred system to an impulse
input. There is not any long tail. Simulation of the experimental RTD curve
data with a model showed that the perfect mixing model fits better, thus the
reactor was behaving almost like a perfect mixer. The mean residence time
was found of MRTexp =2 h. The theoretical mean residence time calculated
from physical volume V =900 m3 and flow rate Q = 300 m3/h was
calculated of MRTth =3 h.

Based on the experimental MRT the active volume of the reactor
during the experimental time was calculated of:

Va=Q x MRTexp =300 m3/h x 2h = 600 m3

The non-active volume is consequently estimated of nearly 300 m”>.
This means that nearly 1/3 of the reactor volume is inactive to the process.
Based of the regular form of the RTD curve (without any long tail) it can be
stated that the inactive volume in this case is very probably a dead volume
or a blocked volume by the solidified material (slag). The perfect mixing
model indicates that parts of the pulp are staying inside the reactor from few
seconds till nearly 6 hours. This is shown from the cumulative RTD
function F(t) = X E(t) At (Fig. 68). The cumulative curve can be useful when
analyzing the behaviour of the reactor. The distribution of the contact times
results relatively large: there are raw materials leaving the reactor very early
without undertaking the chemical reaction (reducing the quality of
production), as well as there is pulp remaining in the reactor much longer
that needed, spending energy and reducing the yield. Fig. 67 shows that
20% of the material leaves the reactor in nearly 0.5 h; 30 % of the material
goes out the reactor in less than 1 h, 60% of the material exits in less than 2
h; 80% goes in around 3 h and 90% needs only 4 h to go out.

Recycles in principle should be indicated in the experimental RTD
curves by peaks accepting the assumption that every recycle gives a
maximum of the record in the outlet of the reactor. A recycle is counted
from the moment the pulp enters the central unit, moving throughout the
central unit vortex, leaving it in overflow, and circulating the peripheral unit
in unique sense until arriving again to the central unit from its bottom part.
In front of this turning point is located the output pipe. The recycled pulp is
splitting in two parts, one part leaving the reactor and the other part
continuing the next recycle.

4.Conclusion

The reactor realized a perfect mixing of the pulp in nearly 2/3 of its
physical volume. The mean residence time of nearly 2 h indicates that
nearly 1/3 of the reactor volume is not active and probably is blocked by
solidified material. This conclusion is valid for the reactor working
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conditions of the date of the experiment. The nine month of continuous
working might have an influence in the reduction of the active (productive)
volume of the reactor. The pulp inside the reactor is well homogenized; the
flow rate of internal circulation is nearly 12 000 m’/h and the coefficient of
recirculation nearly 40. This coefficient is quite enough to ensure the
homogenization of the pulp within the active volume of the reactor.
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YASAMA MUDDOTININ PAYLANMASI PROQRAMLARI
C.Y.ABBASOVA
XULASO

Boyiik istehsal miiossisalorinin artan tolobi ilo slaqedar olaraq, fabrik vo proses
problemlorinin siirotli vo somorali hoallini tomin etmok {i¢iin miixtolif radiotraser iisullart
hazirlanmisdir. Bu tisullar hazirda bir ¢ox inkisaf etmis vo inkisaf etmokdo olan 6lkolorin
sonayesindo istifado olunur. Nasazliglarin aradan qaldirilmast moagsadilo hor il hoyata
kegirilon xidmatlorinin daqiq say1 malum deyil, lakin biitiin diinyada bir ne¢o mindan ¢ox
xidmot var. Xidmotlor ya miiracistlorin oksoriyyatini hoyata kegiron 6zal sirkotlor, ya da
milli niive moarkazlori torafindon tomin edilir.

Acar sozlor: yasayis vaxtinin paylanmasi, radiotraser, radiasiya detektoru
MNMPUJIOKEHUSA 1151 PACIIPEAEJIEHHUSA BPEMEHU INTPEGBIBAHU A
Y.10.ABBACOBA
PE3IOME

B cBsA3M C IOCTOSIHHO pacTyLIUMM CIPOCOM CO CTOPOHBI KPYIHBIX IPOM3BOACT-
BEHHBIX MPEANPUATHH ObUTO pa3paboTaHO MHOXKECTBO PATHONHINKATOPHBIX METOMOB IS
obecrieueHnst OBICTPBIX M AIPPEKTUBHBIX PEIICHUH 3aBOACKUX U TEXHOJOIMYECKUX MPO-
6eM. DTH METOJBl B HACTOSIIEE BPEMS MCHOJIB3YIOTCSA B MPOMBIIIJICHHOCTH BO MHOTHX
Pa3BUTBIX M Pa3BHBAIOLIMXCS CTpaHax. KolnmdecTBO cepBHCOB IO YCTPAaHEHUIO HEMOJa-
JIOK, TIPOBOJIUMBIX €KETr0JTHO, TOYHO HEHM3BECTHO, HO BO BCEM MHpE HX, 0€3yCJIOBHO,
OoJIbIIe HECKOJBKHUX THICSY. YCIYIH HPENOCTABISIOTCS JMOO YaCTHBIMH KOMITAHUSIMHU,
KOTOpBIC BBIMOJHIIOT OOJIBIIMHCTBO NPWIOKEHUH, MO0 HAIMOHAIBHBIMHU SIACPHBIMH
LEHTPaMHU.

KioueBble ciioBa: pacrpe/ielieHie BpeMeH! MpeObIBaHUs, PaJAnOUHIUKATOP, Je-
TEKTOP H3JIydeHHUSI.
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