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WETTABILITY OF THE SURFACE OF STEEL 12Cr18Ni9Ti B Y LIQUID TIN
'Alchagirov B.B., *Kanametova O.Kh.,*Khibiev A.Kh., *Kutuev R.A., *Dyshekova F.F, *Kardangusheva O.A.

! Kabardino-Balkarian State University
2 The Chechen State University

The temperature dependence of the contact andfels of the polshed surface of structural stainless steel
12Cr18Ni9Tiwith liquid tin in the temperature range 519P0s was established in experiments on an improved exper
mental setup using the sessile drop method under vacuum conditions. On the paliierithe tudied system, a crit
cal wetting temperature of about 870 K was found. According to the authorgpbarance of the critical temperature is
mainly due to and associated with the onset of the processes otiilissof alloying elements of 12Ch18Ni9eel in
liquid tin.

Keywords: liquid metals, tin, structural steels, edge and contact wetting angles, capdlays sgtems, nuclear
power plants, plasma, first wall surface protection, interaction of liquid metals with the surface, melting, ysotolbitit
sion.
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ON THE INFLUENCE OF INTERNAL E LECTRIC FIELDS ON THE ELECTRONIC
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Kabardino-Balkarian State University

The influence of physical conditioiisinternal electric fields and surface barrieison the fomation of
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VAN-DER -WAALS INTERACTION OF CYLINDRICAL BODIES WITH A FLAT  SURFACES
Kanametov A.A.
Kabardino-Balkarian State University
Dynamical interaction of an neutral cylindrical body moving parallel to the flat surface is considered.
For the both of perpendiculama parallel orientation of nanotube dynamical frictional forces are muchlsmal

er than the static attractional one.

Keywords: Van der Waals forces, Van der Waals friction, nanotube, atomic force microscopy end spe
troscopy.

glsOls! W wodzw jlsfw fsHBdyjddjd ©OBslkT [ 1] Hjd Sk
900d Msets (Jrl) oL OdEBsH,  Hilsesd s cdsj xBIE oustndsy @ Q- &z
ysd o &oHj dd MY dsh ds?2 fejH’ . 1 ksl ¥s@&d 07 dodds i .

dZzOdzslstelzB € Zodzse dMSE jter d Is. H. ) .

dBHAs?2 Midstsetdy Odzts Is j d3, ybksts Isjd&z0 yddzddzHted yjas s2
Yyd mMlsej wOBtsydr 1 dzj B 2z § otz figls Q2 Gpbizs 2 dzd, izl dptCQided tellz & | ¢
LsdzH tso 52 dfdOuasighke Cd EZedzj esH O, COC YCOLOdzts 8- tcOB
fMise dlsj dz' dz" &3 { dzj d3d delsORd, tBJMYJudo O M d BB Ols EIBEO e dats,
tcso Odedz" | BkZcodzjtetsHdz | dOdeslstczBCd dBselzls BT Is!! hSffagddyd M
sjteifm Hftod L Istsd3 ftcjHMIsOoadzwe s d dzgj zeodzj esHdz j dzOdatsist
Anstesh s dLoe jMmisdzO [ 4] . ltotsMmistsls® 6 jBd3j stedd dzOdztstistclzp € «
B o Myl lsOddd fm kded ¢ Odz! de" B R BOdedzugy 5T dzezdz” g ¥ D6 4
tejjev e h daisd §JtemyjCisdodesfis! JJ§ fJtoddj ddddy o o&jlstsHdECC
® COyjmlsej LtsdHdkzeh jets 1 dzj dzgj dzls O.

4 Httkzets?2 Mistesdz , sj X4 WOCIstster detcOe s fsdasy dlIsd
Is O dz' dzE@BCHs j-tadtg mMowL Odzdz" » M 3 »~ Odzd L A3 ddzf € dsticLsdEOG dis ds datzd
BsHj2Msody BIyHE fCWhdBdMmMw d HedyEkhd®dmMY HEkze Sk

] MisOIls! j BEHEIL t©OMMdzOIstede Ols* Mw Isj d&zO MteOo daf-Is j dz'
tcd2dzBHtos duf ), fstizhdgPbztz” | toj L zZdz' IsOlsT Bsekzls BT Is i to
tcOL 3 tots 9, ftcod EmMdzscedd Ctttej Clsdetsets EZyjlsO 1+ WW jck-Istso
dzdlsdz" = ftsdzj?2 HdzWw dzj2IstcOdz dz' = (dzj L Otew ) | gedets® Iz O dzdzg dzf:

17



s OdzOBls ha

HddzOdsd uj MSddid Mdaezodkd Irl. 1 twiyddki &OkjwOd dscts r
ftso jten dzsiisd BBLOL YO, otLdSOsls Mmdd Iyl ftdlswyjdad"

litwworj fJtoddsd dzj dzgdv OHHdIsdo dzscts ff tod B dzbfjof gzdzd ¥ OH dgY X ¢
dslsteke C 82 d 1 dzts ipSqoHdd ditsahzrO L B odzd fidc j Hf o dzv IsT  © O OB Bk
s kod ¢t CodffjtcoOldodts] oLOdBEHj2Msadj, Os-tlklkO

Hj dzdteseo OdzOM+ € tsdsB d dzOy d JOXZC fd® I9jsdpulr] Q@ [uOtisidfr o tstkly Bzy d
VUdls Yd HddOBduiMEdrms WWjClse dzgf ftetseosH Y wss Md
dz2" » yddzj?2 o o¢uf d o otfttsMOn EkElstsydzsg ddw W EkdH Qi dzls O
otsy LdzOyYJ dzdeji SEdgj s EYpts dzi bssdz C5 G jtd3istedd oL Od A3t
stedj dzZsOydd. 1 1lsts?2 MmMewrLd ftjHMIsSOsdzv jIlsw OF Iskzddz! dzts:
Yy mMésets Iyl oLOddsHj2MIsadwy Isjdz yddzddsHted yj MR- W st
ssd3 dr Bldtshdls] dz dzse s Hoady jdzdw d oL OddBBdes? tsted j dzls O
ddzi HEY Odketstedlsdiizz twOMMEYHjdd?2 toOBtslsr [ 1] otMmf tsdz
fd dzr Irl, Hj2Mlsokze M j2? dzO dzj 2stcOdz? dzk¥ dzOdesyOfilsdykz,
Witz dzz (A ltgd osH[IBOSC.so 52 Isj B jcOlskztej yYyOMmlsdyr d Bi6C
LOfdh sy o odHj Hokma orf tcOy j dad 2 :
__ 3>, .
Fz 4p ZAr IZ(M/)' ()
2 3
3>V r |X(W), (2)

8 2% kT

CHZi tOMMiseWY dzdj Bj > HE 020 s yEitcsis?  To OgEEEH Qs Qs d s © YO
5Bt OEdke,{ ShistY dzdz’ | 1 2O df, O (2@ GlEIIHEEBO . [ | v, 1LO¥gY & dz€ 1
(Y8t HiNw sIOC % j, SOC d o [1]. 1 MmMddk bktces, Byt f
dsj Isj s SlHOd dg i bt jOg sz iPod dack, 1 ¥ ¥ jO¥ ks wiy B Y QoL
Udls. t OMMisPLOY jHO0O&PE d o twOBsils] [ 17 {(fatdpdegts cdizids jednd,
Codaj Wdz' | of 6Oy jdedW H&w fdaz Irlo d 1rll. lgdbvs @EQddsss
ydd (1) BkHjdB Jdils!

F,=- 1or )G R H.0)), ®

Fo= g it MG (2R H.d)). (@)
GHJ 6 Jtsdsted uGRHd J GERHIIOs dMWils Iisd? Cts tsls §f OO Is
ZOdztsIste 2 B € dd, Is td@™ @ dzthsdgfidzs 2 &) ¢ s o d H

(5)

_ Pfp2 20 1 1
GZ(Z,R,H,d)—-g(R - (R-d) Ry 7
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~

F = %IZ(W)(GS(Z, RH)- Gi(zRH,d)), (7)
_ 9 >V e i
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© fistlejlmiseks hdj ¢ j&HERHYGIEREY S (4RKE)S 6a)(zRH.d),
JBjs s odH

a 2
GE(Z’R’H):pHa:‘ R (Z+R) 5/2
Xz+R?- R

(9)
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TASKS WITH PHASE TRANSITIONS UNDER
LOW -TEMPERATURE EXPOSURE TO BIOLOGICAL TISSUES

Kudayeva F.Kh.
Kabardino-Balkarian State University

To study the dynamics of ttemperature field, as well as for mathematical calculations and forecasting,
a mathematical model is constructed in the form of a problem with phase transitions. New methods have been
obtained for investigating the emerging etimensional problem with jplse transitions under low
temperature exposure to biological tissues. The programs of the proposed computational algorithms based on
the constructed mathematical models have been developed and numerical calculations on a computer have
been carried out.

Keywords: low-temperature processryotherapy biological tissue, mathematical modelingtoblems
with phase transitions.
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dZcfmisd WOLBsotets fjwoiZipis@OY oMbty dzOMNBE e @Y j cOsztcO.
WOLtsotses fjtejmrtsHO fttsdMmMatsHdIls o©r Hjdzjdd] MCtr sts?2 Isy
steiBlzjls ftejH]jdddve Istg@lf gc@OspPipse B HidOMIsd gdtsdtsc
Lize hdj fifude@ddz Isj §f dzsW dL dud MEddBBd ~OLOCIjtedMmisdC Odkd.

L ts dz, CslsstcOY dzOL "™ 9 O] Isfyw MSWBBdHVHBdZBEDWfrIWU’mHJaq’chxad;Efr?Is)dzHQtGGm
HJ dzj dzd W .

l ftesyimMimi ddL Cslsj B3 J tcOlsktedzse 5 9 t5UzH JsInfiyls of dswizelziz® Ise
tcOY j dedzr 2 tsBi j &3 IsC Odzd, sctcOded YyJ dzdz" 2 dL slsj tedi3s2d -Cted ts
Y dedzr 2 dLtSlsjted3ORd SCtedtsfstcOy jddY d LOBBtOY do Gded Vv,
sjtedBOBI L OBBteOy do Oded™w d o dzdtelv IS jitfddstDosa jH j & Husdgly v j dz
[ BtcOL B " 9 O Isfqw W OL T d etcOdzdy" ©WOLHjJjd&ZO 1Isdr WL .
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d dzj L O3ts ettyjdrieetsf2ds§ @Eetb? jj Mistelz ¢ ls M€ tetsdifs b O sty dfflatsjtship e
MeistesMmis! CtsotlsCO, IjkfjtcOkztced Ctosoad d Emdtsedw Is

I sissf3e dzOdBBdzi ] YSHABHWHhdABR HdEY dhMdzj Hso Odzd W
Isd ud MO deso d ftoscdesL qieso Odedw wWodzwe Isfpw L OHOQd Mts
daz0o, LOHOyYd M WOoOLtser i3d fJtej ~tSHOMB], L OH Qlz@{d Bfs dzfj t§ H it
dzZd3 L OHOYUOdBZ BOIsj BRIy M2 WdLrdsd

I bjfdasWdLdud M sdiz) i Oz ~eGde @ELjA dhLdz & Is fpww -fydzj H
BBd: MmMEh iMoo Odedy fJtjHjdz dzf 7 MIsOYdodzOtedsr = toj M j dzd 2
sls Hdts?2 L ftsistcOdzMmise j dzdz" = ¢ StsteH d dzOls f ted Wid-€ Md te
dzd € detso j dzd | cpfiztdsvyedpdifdision Isj f &zO, L OadMmwhdrs s Isj &y jtcOl
dz2" = MsOydodzOtedsr » tejh jdzd?2 HOjIs oL @By dshls! amHMHdiOIs
Losdzwes hdj tsfftej H] dzwls! BOSC Md B3Odz! dz' § tOL d3j tef Ltsdz € toc
s@dzd. [ deslktsdzdztsfis: HOjIs otsL sy detsfils! MM jMlsadls!
fsMisOdzesoa O3 L OHOY MHWOL $sdd df slsj Btkd Odzds L dzd § dzts o j dzd
sjfdzO ftsLotsdzw jls fdmoOlks: 1 WWjcCl {tcdzmistsOtzigly j dedztish dat
Bdtsdsedyuj MS B2 IsC Odz .

Ajdz toOfgssigbtetsjdadj BOj BOIsduj MEts2 disH j dzd dedd-C tslsj
UimMedj kCOdd, t©0OLOBBISCO di3jilstsHtso it &f)ldad® | cdedsh dAfide@® ¢ ©
WL rBythonte OfMyd Q MmdgjdzPy Mo sBBSH M2 ctOdzdy', ctOdzdyr ©OLH

[BIl jCI dmMmizs § ROBIO® Isj B3 j cOlkztcdetse s f sdzv fted dzdL
sdswscquimed) kcodd o djudydd).

Ve HaBd s d MijdzjoHtOou@dzdiy W OL so " &3d f j IS HO A te s ditd BdpB'c
LO &kOkj BOIdU]MSBEE d&sHj dzdtetse Oded W .

rdzv Hfmisdy jddy §ohmisOs dzj dzdets? yJj dzd dzj sBrtsHd dBBts tog n

DY stcdizdzdtetso Ols! deso ¥ fsMmlsOdeso ¢z L OHOYd Mmih-¥ OL ts
fise CtedtsotsLHj2Msoadw ;2@ BdBdsEcdui MSdj IS¢ Odzd

D te@OB SISOIs dzso " j dgj IssHT dmimdz) Hse Odzedw oL ggf ¢ O8 N
~BHOMBR] ftod dedL Stslsj B j cOkztcdzsd3 9gtsL Hj2Misadd dzO B d sdzt

tcOL tcOBsSIsO! HtotscteOBBdE Htoj Hdztsy jdeder 7 o ydmdzdls j dz
BOIs j BOIsduj M JBMidftplsigj diag 2 M d= JdMYftsd L so Odedj B Ud Mdzj dzck

l ttOBtlsy dMitd LtseOd &jlstsHT HIWWJt] dydOoddds » L

dzr | BjbtsHT tejh jdedw OdzejBteOdU MSdr daj dzddzj 2 der 7 EZtcOo c

l sz dzdz’ j o) sz dtelsf @RS dzj dzEf I H Ctdtsdj Hdydds @edzv teC
sztcdzse s otLHjj2Mlsadwy dz20 Bddtsedyj Mz ICOd , F-tod ts
YqdoOdedw, ftod Ctdhsttkzdteseo Odzedd d Mo jteh j dzlso 59 Odzed d
S§ tegzh gzd v € tsdeyj dzls OO YK[Q@S voj "o Migletetsdlsj dz' Mise j, o dzgj Wisy
Cedsedsdsecdd d ® HtkzcdR B &OMISW A

L 1 sMsOdzsoa €O L OHOY(q

) b O j e Ocdz! dzO% MtjHO, cHj fsdhoisHdls dfi S sls,
e HeC OB 50 j o desfls ! , SW.ig ® dif daflg O“lshj Gz s SHdsME g, 1§ t
Odz' dets?2 Wintsf aify” © O Isfpw M C Odzv te dz"udg u(P ) daj ja§ Idsty taiRle’ j dgs Offistipdzj’ o3 §
f z@=q(P,t), PI W t20d bkHjd ds2 Isj e BIsq dff Bzt § StotEy H OF Is
dzd € O3 WssMf(liddd Efdzse dW a3d Isd § dzts SSsp &y f il B acdotezidsts M leilt
SttHdOB®@®, B, oCthafitkEy M sHdls ddLCtls] &Y j cOsktgds] o
e dj IsC Odz . )

10Ctsdz MisnteOdsj dadv Isj f dztswls\W o 1 P O § e Gy | tzig iz ls d dz,
Hj dzdes?2 dhlssudzdC OB Isjf z0 L O flp-tgOpfiiairddg 24 dfjtctdsdisf X, bz st
&' 5 40 ftserh jdadj odzklstej dzdzj 2 4 dzj e dd, Wad lodkit oz @, e
5§ .

HWdvdt= fe dvdt+ Fi(G, ndSdt )
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a:-/(u)gradud ZHj d dalz® ls;tjeiztsfp(llz)r(u)dudzp/lz(udﬁ) Il tjLEd®iIs0Olsj
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1 jwots] dL kmdsed?2 (7) o' €Oy Ojls dzgjftcjter odzgsipls! s}
dzj dzdw (5) f§mdzj ddasjctedictseo Omlad "Hijtoty Of ¢ &d dzHotesdy FpXis izl
pjhdzsiisd ROT M, daP RFH] R SH @, & Wiy HQ jdizhy Coascinz § o |t

IHTA ﬁ]liv(/(u)gradu)dV: fi [/(U)E]A*ds,

A*(P1)=0

im R dSm ‘dp#dn=im A dSnd( ) d" _ MOS
e Oaxp=0 - O Ax(P)=0 |gradh | - |grad/\*|
g dzj His9 Ols j dz dzis
A dS
A [/(U)—] .dS=p # ——
A (Pt) 0 A (P,[):Ol grad/\ |

ssCkHO mtscdu@:!rndzlz,;dsdmdztse»omqouqtsdzdztscts dmudmdzj dzdvw d mdz,
dLejMmlsdetsj € 0OC Efmdzsedj wlsj W O0dzO.

[ dzv tSHdtsL dZOydese s tsftejHjdzj dedw Htesyj MMO dzj sB)R SHJC
Zsodv. [ tftdddlsjd drj kfdasedw Hty o ey @O O yYdo Gl
Brils! fjtejtsftejHydzjdedzts? d dzj HBdzy dzO B' Is! dzgj HisBHtej HJ
o fsdzdgW Is! MW WodzW W EMmdzsedps BBt yPaffisd ddsj b ndad ™ |

rdzv sftejHjdjdd sjBfWeObetkuzd §) datzzt ot teas B ik dztsFiplsiz]
toj &3j dzd, dzj sBRtsHd®ts L OHOIs! tOMftcjHjdzjdedj Isj B jtcOls
jfdzsosEts oL OddisH jDffse ¥ &N joF ozs g 6w JOsHYsds  dzO y O dz!
ttOjor" j bkmesdPd] Tw@®ier j kMmdztse Bvs j iy fijlctOisliz tcds 1J @ze O dzds
O¢ WEkdCydd CttstcHddzOl™ ftso jterndatsfisd o otcj d3j ded .

1 Oyodz dzr jtsfladndetsjodg™e Is MsMmistswdedd MdMmisj d3F o dzj Sslsster
6r 2 Mudlojlsmw jEdaCap® dtj<dfdsey tc Ba dzj dzd v f OtcOB tsdzd Y jHS ¢ s
dLotsHdzzs s otej d3j dzad, st lstsdsz Hdzw dzj ets MIisOadlsmw sH dat

JteOdedydz § ddzd CtOjorj kfmsedw tfftcjHjdvels Mhist
dh jismw tjh jdedj

rdzv OofftesSmMddOydd d + S jtcdd3] dzZlsOdz' dese s tsff toj HJ dzd
LOoadMmddisMmis: f dztslsdetsflsd O kjfdO yjteijr dLlsjtedd
IsSC Odz' 8, s Isj B3 J tcOlskzter . 1 lssC Isjlfdz00 Oy ez} 2 Is i dzlizy o
cOIlskzter .
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1O0HOYd ) %OLter &g fjtejRtsHOB] ftod dedL S slsj a3y

I fdfljdj CtttHddOls, MewL Odds2 f L slsgddkdiE®s dc
dzdj (2) ftdddizOjls odH
&+et:W, (8)
pNn
GHGi BsHEd o jClktd f dsbdashisd f e WY d &Pns ewdo Wi q
un

W jtej dzydtetse Odzdgon=- tdu dzts h @Rz O § o

aq, - /' =-/W. 9)

[dv MsOydosdzOtdy & fsyjmMmss, o OC lsido dffffs Siye+E @B
ssSCtd Isjf dzo

W=-/"(u)qq, q= JZ‘%\/ (WW(u)du. (10

CCMY jted di3d dzs Odz! dets§ Y tej HJ dzd dzdoFq(uyelz deEvwH]jts daoiand@s@po zO
ijls BBdzjj foshlsky fossd Bz s MicOs WgWel® f St Hj dj
liwotsy dL tOoe jdzmise ( 1WY ¥ o) @ sezk Ftets i J 15 D apEREf @Ys Is

Bsils! ¢ tsutle dgddEf j tOkkztr

n:no-uﬁﬂdu, g¢u¢ﬁ, n, = n(u). (11)

e [(%))
[ mdzf) =0, bsUuZuddzsj cwOd (11) MsOdss dlshv dj e fss j
mMkh jMlsoso Oded W { tetsmis tc O dzmds¥ W) adzfsts dzdittsd © dafts L Odglr{idj dfcfird. H
vsO0Cdds tBtOL B3, Hdzw sSfftejH]jdzjdedw Isj i3 jtcObkztcdatsets
COL HIjOO § sdzz yOj & Mdzj HEs h 6 | On OYk

div(/ (u)gradu) - cru, =-W(u)+ pAa  da*), PI W), t>0,

u(P,0) =u,(P), PIi WO0),

B nPy)w-u), PisPi=0, t>0
N

(12)
u(P,t) =0, %zo, Pi L (P.)=0, t>0,
[, =0, /@y =-—P _=_py, Pia*Py=0, t>0
N | grach * |

. [HdzsdMedz OHOYO ) WOLBe" B jtej ntsH OB

t Ofmfn tussitezsd| tc dzkf QL@ W  jtej ~nSHOE] Isdf O dlilsj W OdzO
u,- [k(u)+pdu- Dlu, = f(u), 0<x<s(t), t>0,
u(x,00=0, 0¢x¢s(0); s(0)=0,
u (x,t)- Hlu(xt)- u ()] =0, x=0, t>0, (13)
u(x,t)=0, u(xt)=0, x=s(t), t>0,

u(x,t) =1, x=x*(), t>0,

¢ HEW=a’W), fU)=Wu), p=r, a’)=— VUL ey by O iz, dats §
© (T_ T*)eT |T=?-(?-T*)v(u)

VPO T B j L BOL d5j t6dz0Y H(B)J Gtfsj SO @ dzs 5j § drsse dj @ thi ¢ 6k

skl j bOlEELO odzjh daj 2 Tiej ns()i GzP( I ezg §6 EO® O M6 EH)E & @M O |

R YO (0L ke teOds K B i), ls 1o O dzfyls o | dzdzOW T 437LE, A <RBOY 3 °C, 3 c3) |

/, & WittOL d&3j tedz’ j RBdztsy dIsj dzd .
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SEHOjOa O A. Mm.

4 Is Oy tb dz@x®

Li@sHsswQ@,sflso 2z h Ow (13) ddi3idls odH
u, =f), 0<x<s,
u,(x)- Hlu(x)- u]=04 x=0

ux)=0, u(x)=0, x=s,

(14)
u(x) =1, x=x*.
Vofu=1ndzv 1§ 6 ju@)isdy gzt izz YO d3
u(x):x—- sx+ >
2 2
£X** - 2sx* +8° - 1=0,

X

(15)
I
fHs +2s+2Hu, =0.
1) =u’, 0¢CH<1{ tsdzlz y O joafg 2digsdrd Odzé j B e detflj MS 5] kZtOo
2 % (0=
Hu(©)-u,) @ Tﬂu (0) =0,
GHYD)T §f szt dIsj dzt dzr 2

(16)
CtStejd ktOodzgj dzgdw (16) .
HtsMls 0o dzj dzO { tots PWhONISAE @ | 02Q ), BiAfp@® § dAu)=1. ) tcd Isj dff-j 6 Ols
f dzd ¢ Qs8R0 ftod o dzd yj ded f dstsis ¥k de@dj dad 9 Ip 5B SH dats 2
Zdudoe Ojlsmw, O cwOddy® ©OLHj G dz® q S O] lszl gt fntr O lsdzjta dzts
u,=—2°C, 1 =8=3,165=099d b =00011 tcj H fjls O gedzfydzO 1 dzO

2.00
1.75 -
1.50 -
1.25 -
%1.00—
0.75
0.50
0.25
0.00 -
0.0 0.5 1.0 15 2.0 2.5 3.0
t dM10eld Md dizts M ls sj B3 j tOlskter tls CttsteH d dzOIsT
dZdL Cslsj B j cOls z tc dzetsx<ts): Ioi b 9P, 2ifipls 8.001 ( 0 <
sOC odmede. did ko j &ed W deths BH dIs H Y fp® e jlspdFy j tOlsL todets @
MsOydtsdzOtcdets Bz Mtsmistsw dzd & .
1 OC dz8 yJ ded J
ltotsg fagz § o

OB Sls] dMidjHtse Oddw bkdzyh d dd fddzd EO.
Bdsdtsedyj M@ dfjts deX\Qjdeddz’ st iskz dzr 8Os f tod dsj dzj dz@ §
tcOkztcdzse s otsLHJj2Mlsodw dzO

YdoOdzdvw, O ISOSCHYJ

BOmud
BdBdzse dud ME Y 5L OO0, -1 Gdte

fted Sodfstebdieso Oddd d Mo jh j dfylse
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1O0HOYd ) %OLter &g fjtejRtsHOB] ftod dedL S slsj a3y

Il dBdzdtsctcOW dw

1.fdtesftsd MSd2 5. ¢. suPrygOsamMmd?2 ) PHOPYI Mo 5B |
~ndkzteedd [/ / 1 Jdzddz 2 2OV d3j n Odzd € B, d 5BOKOEBZOBEYS ME OW W

2 NtcdHBBOdz 0. Mu gObbzgztdzds f tesdL o sHAZ B f OtcOB sdzd yd ME ts

3szHOj980O A. M., sO2c6jtcdBOL B ¢. §. 1 OceBtetse ¢.FH- | ol
Bdzj &30r BfHJUYJdglsded ¢ | tstesdzi y MUzdeg cEhlzb Otchisg jodptztsc 5\ dir
2022. 892. 4.

4. sEZHOjO9 O A. M., sO2cjtcdBOLO ¢. . MOPoOBYjOoaOdT . ¢.
dzj //-wimsdsmMCd? dOkzyds 2 o MGlsdds. 2022. -~ 6. wu.

5, sZHOj98 0O A. Mm. 10ls4d30lscfu4fn§1313 IsdstsiH § dfd t&eodgydar]js, i "y df
sfdmodedw dedL S BIsj Bf j cOlsktcdzr = sy MmMtse CtedsSotsLH]2M
BiIssHT © Ibjrndsdksedwn dilldj ndzed S Jd 2023. - 2. w. 107
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o1 ¢ L1 1oroYrRCAT QU SN A R [LJCIRRIDVOISTIRE OHHY TS
SEZHOj o @& O aw.tgBOF, 50 GG DEEHORS Fdzso © [ . M., RMOCK O [ .
S OB Ot Qdz8 OteMC 2 etk Okiise j dedz 2 kdedo j efdlsjls
*arslan1961@andexru
{ OMMBslste) dz0 L O B®@o 4 g0 deliakw Mdsj " O dzdzts O olOte Geaif judedi's

O, SCtbttOw Bfdmro0jl kjyjddj odzkstd Msfdd-[ OO
d dHddemise § dedz®@mBofted M § dzd

s

Is d
dzd

sdzs yd o' j MifEasO:[ O Odzv, I PO tda) eiad dzd idif & e tis ditse §f O,
[ BttO9 j yabcd3j st H

AN ANALOGUE OF THE FRANKL 1 MORAVEC PROBLEM
AND ITS APPLICATION IN LAVAL NOZZLE THEORY
Kudayeva F.Kh., Kaygermazov A.A., Nagorov A.L, Esankulova M.H.,Isakova M.M., Bitsuev T.M.
Kabardino-Balkaria State University

We consider the FrankWloravec problem for a mixed hyperbeparabolic equation, which describes

the flow inside the Laval nozzle. The proof of the existence and unigwéitles solution of the problem isepr

sented.

Keywords: Laval nozzle, hyperboliparabolic equation, Franklloravec problem; abc method.

94 HJ 4
ZOGBBHOWY dtso’ 3 ftoddztsy j dzgdv a3 kZteOo dzj ded 2 Md3j hdOdzdats 6

zO o fsMmdzjHdzjj otej 3w dzser 2 di3fzdzr i wOLoadlsdw. Ytd ¢
LOHOYd Hddzv [tcOs dzjodedOB sezd i j tHE ts @ O dsdgif dad W 1) d3j2h] O-fzets G ts
tcOBtsdzdyud MEtsets Isdf O otLdzdC O ls ftod d3OIsy BBOIsdyd MA-tsd3z d3
dedv, d2Ofteddsjte, Htod dqLzyjdedd HodxjdedWw cOL O ddztifj- d30 dzt
ss?2 MtejHs2. | COUON]H GO 203y sMisd ddzd cOL O EZHT
O 9 fotedMmists? MejHd tIdMreoOjlkmw EktcOodzj dedj d3 W d @- Istc Oy
Isj BOIsdyd MStsjy BsHj dzdtetse Odedj dzOf tew ) j dedetsylsd + dzf § B te ts d3C
dL Hdl dzj StedC O d ftesosHWwh j2 MejHr, fHtodoatsudls ¢ mdMmls
HgWWEkLdd. [dsedy LOHOYd Ijfdatsssd dzO © My HOROM tOI
§f d dzozefdsdets] ipls™ = MteJ HOR SOC Y J JMeoBEH@E@S@R' S dd W JOip OO diz te @By dzjc

1 OHOYO AtOdss dzv [ 3] d 44 0O0dzo@ze®O&ds Bdztf y N ¢f O dellztc © o
dqLizyjdzer . | 8C0OLOI! BHSL dzZOydzz® tOL tjh JdizsMmis: OC IR L

1.1 sMisOdzso O L OH OY(d

1 M WVC tsdzj ydd@sine Wi HizOW 5B dz@f s & to  dath g § tzbipd o :

1) slstej L AOBE,AB, § oW &3x=0, x=1, y=1,fsslse j sMise j dzdzs, fgzj 3 ON
CsmpHO,

2) d3ts dzts Is s dzdzs 2G: Ve=te ffx), O¢ xCI, tcOMmMY sdztsy j dedets?2 o dgzlsted R~
stcj e tsdB@d CPdzj ¥ M j2 JjHJdeMIse j dedzz BMIAE, Isthyd kzn gH L OJs
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0 ZOLEE LOHOLUGEOEPWS & j s ftoddj dzj ded j o

s 5 YB@EO) WOMCB R OO s BEMM MW i f OOB sdd uj MSOw d cdifjtee
se ZOWRGEslse j shlso j dzdzts .

I B dWEBBidBslstdd Mak) @dzsd diioudessad yj M sets Isdf O
Lut 0_eu +a(x, y)u, +b(x, y)u, +c(x,y)u, y>0, )
Iu +k(y)u, +d(x,y)u, ye¢O0 k(y)¢O0f teyftO.
1 H Jafx,y),b(xy),c(Xy),k(y),d(X,y) iL OH Odzdz' j, HBMIOIBYdets ¢ &zOHEC
1 OHOYO AitdOEEa@anjfy1 ©2Isd tjh jdedj EZteOodzj dzdv (1) Mmts
1) u(x,y)i C(W)1C*(W\ AB)1 C*(W),
QU(X,Y)w o dzw jlsfyw tejh jdedj BY P&Oe dzj dedw (1), {fted
3) EZHbodzjlsotstew jls cGtOdzdydz &3 Emdzse dw o3
Uap= Fi(0), U= F,(¥), U=y (X). (2)
2.4bh jfMlse tsoHOoftatdfijls efj dpdzsfls: tejh j dzdw L OHOYd Af
1 5C0yJ B bl y)tdjtd Godadjjdzd v (W )s 5oy H G BNdz® fj safizts 6 O o dzts  dzkz

U‘ AA8BR8G= 0- ®3)
ri2mseodlsimgsdztstcj M jdedjy L OHOYd Mmkh jMmMsokjls. JlotHw
u(x,0) =¢(x), u, (x,0) =n(x) 4)
d fjtejotHy C-f0opkPaz fzdd (1), dL §OtOBtddyj MEB2 Y
tii(x) +a(x,0)¢ i(x) +b(x,0r7(x) +c(x,0)¢ (x) =0, (5)
t(0)=t(1)=0. (6)
uYqb0), OHdv &iffjFABIdL (5), ddjd s
a,(Xri(x) +a, ()t i(x) +a,(¥)z (x) =n(x). (7)
610 = a0 = 2D g, (g =- XD

b(x,0) b(x,0)’ b(x,0)
v d3d213>| de l‘(é<)70[) dddds j 6 mﬁthedzoBJ Jd=®

I, = nz‘(x)n(x)dx (x)z‘(x)z‘ i(x)dx+ nal(x)z‘(x)z‘ i(X)dx+ na (X)t ?(x)dx=

=i, +i +na (X)t 2 (X)dx. ©
Uudlsrafp d@ZBJGtGdUﬂZW ft u@fr]lsWd3, f sdzlz uyd d3
= nao(x)z‘(x)z‘ i(x)dx=- nad(x)z‘(x)z‘ i(X)dx- nao(x)z‘. (X)dx 9)
- ﬁa(;(x)z‘(x)t i(X)dx = ﬁagi(x)z‘ 2(x)dx+ ﬁa(;(x)z‘(x)t i(X)dx (10)
{Isfme H WGOE’J@@Z 0 0
i (0 (02 ((X)dx = - %ﬁ‘ 10022 (x)dx. (12)
RL (11) d 59)1 dd3sd d &3 01
=- i1, (001 iz(x)dx+%?a(;i(x)t2(x)dx. (12)
i = :f]al(x)t ()¢ (X)dx=- :ﬁal(x)t(x)f i(X)dx- :flali(x)z‘ 2 (x)dx (13)

[0 1O zcijmm(dar i(X)dX=-;r;ﬁ1i(X)f2(X)dX-
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SEHOj o @ OR.CH.6KBOL S0 ¢. fj.MOdSGettstet®o [ . m. , RMOCEBO O f .

1 d2Oydqdls
i, =
gzyjbtsds (14), (12) dL (8) dd&jijd
=i (n(X)dx=- fa,(x)¢ iZ(X)dX+%r”ﬁJi(X)l‘ *(X)dx-

Eéﬁavli(x)f2(><)olx (14)

11 1 (15)
- Eﬁali(X)f *(X)dx+ g, ()t * (x)dx
RL (15)Is,mdajlsite j Mz o' § sdzdzj dz¥ bkfdztse dw
ai(x)b(x) - a(x)bi(x) ¢ 0, bii(X)b(x) - 2bi*(x) ¢ 0, b(x) ¢ 0, c(x) ¢ 0,
s, ¢O.
1 s8COjd3 jfjte!, ubsts dL cdffjdeprsikzdlaj M¢s2 yofmisd
I, =/ (n(x)dx? 0.
vydlsr 8 Ow | qlsts
-—u uu, =(uu). - uz,
k(y) §$(y +X k(y) ~ by = (), -
ddi3d d &3
LAy @@
u u dxdy=
a1 ~122d(><y)2
= uu uu )dxX+ /g ——Uus - u xdy. 16
s ) - (o g o) o o)
a Q
uu uu)dx= f uu - (uu,))dx+
Ammﬁ—g W) edy( ) Aq% (y) gdy (uu,) an
1 al o]
+ uu uu )dx+ uu - (uu,))dx
clrgg() i’jy( ) %X?y(y)
RL (16) d (17) fI’]dZJHIZJlS
a1l
- uu uu )dx = uu, uu, )dx+
B@«—) gdy() néﬁ((— edy(())
X,y U2 _ (18)
uu uu )dx+ u xd
* Dy "By (00 - S =
=T, +T,+T..
RLME
s o =0 d B J dsk( )lluJSNBudX 0.
J s HO
T = ﬁ%luuxgdy- (uu,)dx=0. (19)
AG G -
RL (19) d (18) fsdkzydds
nuu dx = n%uu dy+T, +T,. (20)
10 feys@dy=0. ) doydls
- U dX=T, +T,. (21)
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0 ZOLEE LOHOLUGEOEPWS & j s ftoddj dzj ded j o

1t 5BBOL b J,a5 laodajscj;tdstsq.{té)lzfr]\'\{swqdz, d Zuydlkr a0w (3) fdzyd:

T, = n%(—uu gjy (Uu,)dx =

1 1 1 ki
= fi- ufuxdx+uydy] =- fj——=—==udu== fj-———-u’dy. (22)
e - K(y) qs\/- k(y) 4ce (- k(Y))
RL (22) (21) dd3jd B
1 i k|(y)U ~é~ 1 2 d(X y) U2
ﬁ‘(x)n(x)dx —=——dy+ g — U, - U+ xdy. (23)
qe( k) REky) k) u"p
2 dix.y) .
I rwhddd fed  GEedau u@ﬁzéﬁgugdxdyzo.
we K(y) k(y) @
l jtejotsHY o ktOodzgjdedd (1) § FOLOSkjtdmisduiMSdd ¢
v o1 v 1
X=X- fr——=dt, Ah=x+f——dt (24)
04/~ K(t) 04/~ K(t)
f sdzz ud &3
k(y)ki(y) k(v)kl(Y)
[Odzj j OARBHJ®
e 1 N uj d(x,y) 221
nd'k(y) k(y) @
21 d
=8ff—uu,dd, - A uwdd =m+ 26
Afi— U 2R f—-u'dd, = m+m (26)
a1 8-k 1 2 (K2, @ , _ (27)
u + duu g d =
A N A N A TR
1 e 1 2
=64[-Au u.d d +8p A u’+—duy dd =S +S.,.
gm L M,4,d, gm h Ki L!'vlljfjx =S )
GHP i ftcstsBtcOL B ZOMIsd ftod ltsBteOy jddd (24) .
RL (25) d (26) dd&iid
S, =8fi g u? + du d, (28)
enf %LP'
1 & k\/_ g ky/- k
=8 fi——d), +— — duy d,d, -8 -~ d'u'd,d, = j, +
II;]k 'ké Ki U A I u Jl Jz
170y jg@&l0.t Omfmdslstedd o' tsOx j ded d
. ~ ~d 2 ~k~\/'k 2,2 —
n;+12_-2nf<n\/=ku dx dh _SQ_rkiz_d udxdh = (29)
e 4k’
= - 2ff—du? —dpx dh .
O
1 Efls: o' § tsdzdzj dzr szr]dztsaq’W
1) d(x,h) ¢ 0; 2) l+4%d(x,/7)20. (30)
|
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SEHOj o @ OR.CAN.,KBOL 5o ¢ . fj.M0OdS Getstet®o [ . m RMOS O O [ ..

v tseaperj,2 0.
1 58O Bifjte, yYbt

Sl=64ﬁ—|1=,u p.dd, 20

h

S = 64n—1ﬁix;»hd d, = szn#nu,,)xd 4, = i 7 (u,,>xd -

0 g
1e h g4 A 7}
_ 2l op ~ald > S, _
—I’f:‘g“h‘g(h)' Neg oud, W, =
og"!l g R H
A Kii

_{nK_uh‘g g(u) (I{r')_u d dh} 20

ddzj Hs9 Ols j dz' dzfs,

i ()n(x)dx2 0,
jfdd orf sddzw jlsfw Ekmdsedj (30).
wf Oo jMazw® h OV 5] Stej O,
vt )ddls’ o ftsddz dr kmdzse qw
1) a(x, y)I CH(W); b(x,y)I C*(W), c(x, y)I C(W)),
2) ajb- abj ¢ 0, bjb- 2(bj)> ¢ 0, b(x,y) <0, fifx,y) ¢ 0 § tc €, y)I W,
3) d(x,y) <0, (x,y)I W,,

(31)

4k(y))*
4) 1+ i)’ —22 d(x,y) >0, (x,y)i W,.

USGHO, LOHOYO Af dd&Bjjls jHddeMIse j dedesjy toj h j ded g .
rj2Mmisedlsj d dets, fted o' §tsdedej ded b SeAfdzs N§ B2 L UOMBY I

HOON)dXE0. | Mddbk  dzj ©0e j e © (3 1)W, B @il dp jsdzd U
HOON()dX2 0. & dzj H s o) (K.

[IsmMs HO Mdzj HizjIsL PH Quglfls a | dedzts My ls ¢

sCoxyjds sjfjte! MmihjMmse tse Odzdifx y=0h K(Ya (v y)'L, ORmd<dd A [ .
d Stho@oyodz mMsoafOoHOjlk M ACENOSHEEEBWBOSkEsdilbd &6 dzj
VicOQodlgj &4 1) dtwddijls odH

0= &UatalX y)u, +b(x y)u, +c(x y)u, y>0 .
_%uxx_ (- y)muyyl y<0, O<m<l. ( )

lte<0o ROLOSkjtedmsdyujMSdn CttteHddOlOR

2-m

X=x- T p=x+_2 (y)
2-m
FtcOo dzi dzd J (32) ftoddsd s o dH
b _ . m
u, .- h- X(uh' ux)_ol b_2(m- 2)- (33)

[BdzOMsfted st f jtoj DH fxs0,00¢ e @M lsx=g(h), x ¢h ¢,
h=1), { tedajjHl Sfdz0 ¢ O R0, Xl s
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t 4 6zdzv tedats jWoets jsgjdd@ffjls fz e Oo dzgj dzgd ™ (32) bkHtSodzjlsotstews h
u(x,0) =z(x),
imu,(x ) =[21- 26)* im (- )™ (u,u,) =n(9)
qasijls odu [4]

1 a 2
u(x,y) = Q, if ax+

(- y)%m(l- 2X)g(” (1- x)”dx +
2-m =

2-mq 2 2 2-m

i 2(.21m(- y) ¥ %H (-y)* @ ZX)%l' X)"(L- 2 dx+ (34)

2-m )
(-y) * @- 206¢°(1- %) dx,

+Qymax -

o ¢ 2-m

:G(2+2b), —[o1. 20-1G8(2- 2b) _G2- 2b)
G2(1+ b) Qz - [2(1 Zb)] Gz(l_ b) Q3 - Gz(l_ b)

MOLOSCIjtedmisds O, (o@eBuveadyjfkjsiy oystlk

HQl

2 zn
> Y

| SHMsOo qo ( B5dO Wl B ) 15 dizayd o
u(x x.) =ng~¢[x+(x1- (- 20k (L t)>dt+
+%(x1- X)X+ (% - ¥(L- 20)]A- 1)° (L~ 26)°dt -

X - X=

S50 07 e (- - 2k - 0t
e
[j Ov  zOXE(dzX)(1- 2) L § sfhdjHdj ¢, &GOS EH]

2X- X

u(x %) =-Q,(x - X% f(D(z- x)°(z- 2x+x)"dz-

2X- Xq

- Qs(x - X f{i(2)(z- %)°(z- 2x+x)"dz+ (36)

2X- %

+Q; f(D(x- 2) °(z- 2x+x) " dz,

X1

CHQ,=Q,2"%, Q,=Q,2"".
ljtejatsuw o (36) § & OtOsH) tdd M@ dsp i FidostifodzO s O
f sdzlz yd o3

Y (X)=-Q,(X, - X)'l‘”’:ﬁ(t)(t- x)°(t- x)°dt-
- Qq(x, - X) 2 Rt - x)’(t- x)"dt+

+Q, (- X) 2,

(37)

CHQ,=Q,(-1)".
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ltedteOo dzd o OV o ' /te(R)>igClt] 5 iz B g B €

Q, nz‘[2x(l t[ta- t)] di+ er [2x@- t]a- vyr@- 2t dt-

m g

Qggez—xo m[2x(1 Dl *@- ) dt=/,(3).

d4HJ dzOs o f sMmdzj H dzj @l 1)t @) jsdizdy d1dO d3j dalz

Q, M(D(2x- 2) 2 °dz=Q,x "% { ()2 (2x- 2)°dz- (38)

- QX R (22 (2- X dz+] 4 (¥),

2x

az- mo2
&—0

GHQ, = Q3 20,

R dzo{ H@M“ tEos L2%@ ®X, 1Z U tetididsj i &3

Lon®)dt oo b
on—(X 0t QX nl‘|(t)t (2t- x)°dt (39)

- QX ”"nl‘(t)t (x- 1)* dt+Qm/123&X8

Qs 3 Qi 5120 1
G =22 =12 =—.
H Q= Q7 , Q= Q. Qo Q,

rdgWwjt)dydzeof 80 ) &Y s
o = Q™ it (2~ ) dt-

~

OI Itb (X_ t)1+b
St 20 i)t (21 - %) dit+ (40)

F QX (D (X- 1) dt- QX (D)t (X~ 1) dit + 77(x),

G H Qu:'Zst’ le :(' 1- Zb)Qg' Q13 :bx-l_Zng’ /_7()() :Qst I(X)+Q10/_llg
{BtOMOW (40) t£jO -k tefizluizycom{pdz hdg gzdzd d3j Is -
- BX°n(x )zsinp(1+ b) Qn: X”"dXX toi(t)
xO(x x)"? o(2t x)"?
_sinp(l+b) Q,, d X X *dx * t z‘l(t)dt
2 dxh(x- x) ”o'(Zt ) (41)
L Sinp(1+ b)Q d Xx 20 ‘”dx*t t(t)dt
yo, 2 dxe) (X- X) o(t x)?
_sinp(l+b) . d 1)( * 2")d)(it r(t)dt |

D B X e(X- X) 2 0(t- X)
S|np(1+b) dX mx) dX_| +,+1 4], + ]

p dXo(X x)?
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fjov wedidm fjter o HaIlel"'nX:(%—_e'&ingls@giz@ﬂ,j% d ujlojt
X-Z X-

Eudlsr o O HiabdziAdls @ °, F(a,b,a,2)=F(b,a,a,2) ¢ d f j tgdsjta=xdgij < 2 W &z dzs -
f tsuelf 3

L =Lx"’ di;”f (00 20U F L+ 261+ b1+ b, ),
Xo

_sinp@+h) Q, 1

GH .
Y cp2
|, =Lx /o (x- 20 ((H)FS2b, b, b, = Git,
0 o 2t~
. _ 1 sinp(d+b) Q,
G = 27 e,
", 2% pb 2
b A L, 12 O t- X
I, =X’ {20 (t- X)"FaR+2b1+ b,2+2b,~ & (t)dt,
dxo c t =
S HU = G @+ b) sinp(l+ b) Q..
G2+2b) pb
L=t Lot 0 G261+ 5.2+ 26, %% (0t
dxo o Tt =
S HI, = G 1+ b) sinp(1+b) Q..

G2+2b) pb
1 sHflsOade (40) o (3@, -, eoditsusdl o™ tOy j dzd 2
Y (0 =Q,06- )™ At (0)dr + Q0. - )™ et 1 o +
+roxﬁ<2(t,x)f i(t)dt- (A+B+C),
6 )= %)t 07, K= 0, 6= (2,

A= LzQe:I’(t - X) % tﬁx P (x- 1) Fgg+ 2b1+ b2+ 2b,%t§‘ (x)dxdt,

0

(42)

B=1.0Q, - X)-th-b%‘ﬁx-l-b(x- 0 F@+2b1+ b,2+25, XL () dat,
X 0 C X =
C=L,Q,ft- x)-th-b%‘ﬁmz)(t - 2) dadlt.

X 0

RMY sdz L B(a,bMAskbamz) d d3iki

° ~ ° ~ b
F?g+2b,1+b,2+2b,ﬂ§:%§
¢ T X<
; -2-b 126 é X-1Q t... -1 W2byg-1-b
(x- )" F@+2b,1+ b,2+2b,~—g (x)dx = px " (x - 1)t ¢ (x)dlx,
C X = 0

™
%tﬁx'l(x- t)'l"’z‘(x)xH(- 1- 2b)(x- 1)t ™7 - A+ b)Yt > " (x- t)”z"]X‘ll‘(X)dX,

0
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LYdlilsr o Om def Jsfelzj yd mdzj dedv o (42), f§odzEzydds
y(x)=Q,(x - x)“"ﬁg(t X)t(t)dt+ﬁ_ (t,x)ti(t)dt+ A+B+C+D, (43)

GHJ
L, = Qu(x - x)k(tx)- L,Quk,(t.x)- LQgk,(t.x),

D=L,Q, ft- x)*t nﬂ(x)(t x)’ dxdt.
so¢ $-8¢ 18 L0, B+261+b62+26:°"Y)=0. rfyfsdr i ks L (43)
B-S<—g X

¥ (x)=Q,(x - x)“" ik, (t, x)r(t)dt+ﬁL ()t (bt +
(44)
+nL (xltx)l‘()dt nL (xltx)n(t)dt
GHJ

L, (x,t,x) = (1+2b)LQ6 A2 dt- (1+b)LQ6r(t Xt 2dt .

L, (x,t.x) = BL,Q, At - x)*°t “dt.
1 O2 1§ &3 fipajiLi'‘te @AW, (7). [deO ddsijls odH

J (1) =ROxmx, %) (x) + Rxp0:h) c(h) - R x, )y (0) -
XepR(x,h Xi,X,) iy R(x /1 xi, %)@ % (xiydxi- (45)
& K X-Xi

ISR(0N) | Rxhi0h)e
E

x@ l-lhl hl U

se(hidhi,

GHJ
(hi- xi)* PR "
G- X (- X F(b,bLd)i% EdeS ydw { d &3O dz0
o= Xi-xhi-h)
(h- xi)(hi- x)
LIcOo dzj dedj (45) ftjnMmlsOadvjls M2 J dalsci/ny.tc O szt |
By dets § ) fdmOl: o odH]

R(x,h; xi,hi) =

c(h) + ﬁs(h hi)e(hi)dhi=F ), (46)
G ) %’*8/ *)- %s% ) ()
)_(6 2b
295 8 - X) oy ? l——gy() (47)
%7 gguR(xhxlxl) bR(X/?XIXJ 2 oxi)dxi
C + 0@ X-Xi g
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I sdzzydds Mo M) Yi(Xpd (7). tJiMjdedy odHtsdLEddzdaRicsizied
dzgj dedv (1) da&jdIs 90[H
u(x,y) = ergx m( v (L a)ﬁt(l t)] dt+

2-my hY

+Q,(-) * nnex-i< Y7 (L 2t)ﬁt<1 ol @- 2ydt+ (48)
+Q3yméX- _—m(- y) - 2t)§[t(1- O] “dt

2-

uuo[lst@;—( )2 dL (48) {§sdzudds

x _ ~ x $1+b 4

AV SO BT

o(X-1t) Q, c2+ 2o0(x-t)” o (X-1) (49)
3

Q,42- m@ " .., %t °n(t)

-—a&_——0 X n—d'[.

[BtOh OW (49) S Qadddgls jdeptgjCid™ deziH § d3 d d34 Is

,—at o
o sinp(-b) d it /19 &, gt
X l‘( ) — -
pPQ, dxo (Xx-t) (50)
_lsinp(- b) dx dt t)("1‘( )
2 p dXo(X 1) (t x)"?
,sinp(- b) d x tidt tXl”’z‘( )
Jo, dXo(X )"’ (t X))’

- Q, 2- mj2- mo2m p(- b) d x t¥*dt tx nlx )dx

dx +

Sln 1+brI b
Q Q ¢ 2 =+ p dxg(x )" o(t- x)
i zov  seditr (50) ASBuddreo<x<x. jno=cB8yeq
X- X 2— (;2— (;2+ (5:2—

X <X<1, Is t (X fizs dzlz y O o3 fr]tstslsdztsh J dzd j§
x(X) x(X)
()—i A t)f(t)dHi N (1 .(t)dt+Pon((%+P1(x)r 00+P(),  (51)
GHJ

N, (x,t) :SinfTﬁ_b) ”hF{z”’(x h) 1”MQ4K1(t,)_((h))dt,

1

N, () = SPE B), b”r}fb(x pyo B0 0 1 wxe)at,
j2 o)
_ Q, 2- m&2- m02 sinp(- b)
1+ 6 &_—0 ——,
( )Ql Ql G 2 = 1Y
H(X):G(l-'- b)q_ b)Slnp( b)_ lsmp(_ b) B(b,l- b)X-Zb,

c) p 2

é
i
i
)
i

s 2, nydy)
( t)l b )!: (X t)l b

_sinp(- b)_, d T2
P(x) =2\ 2yt =
(X) 0. X7 i

<\ UoTo

Ga), Bah)if 0Bk0 d 1jlk0 WekdSydd €2 dj 0.
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w4 sslsdztsh j dzff(X) ddg(xpHtlzd dzj MJ dedetsy d L OMg O sBddifOUn iR is2ls ugOdnHs
£(X) = FB(x ()t (52)

CGHOR(Xt) T W EdSydy Jteddd CttOjos?2 LOHOYd (5), (6).
RL ( 52H ddgo

£i(x) = i (x r(t)dt - (53)
] sSHApsdtw2) , (53) o (51) ljlsdzlzuqd3
)L ﬂ(t)dt _ 1 1+4b1 X1+4b x(X)
Mg p < ety == i (x t)dtﬁG(t syr(s)ds-
- X::b d X(iN (X t)dtﬁ;tl(t SW(S)dS 1( ) 1+4bﬁ3 (X t)ﬂ(t)dt- (54)
X1+91b 0

P(x).
i Ow ] o) TCQiHES 00C ] dpsitE O XOR (54) . f 5dkyd ds
n(x)+ E,X(Lt)(fff)n(t)dt ~g(x). (55)

GHJ
K (x,t) _sinp(- ) 1 éG(x t)- P(XGj(xt)- —niw N, (1, X)GCx, )dx -
,0 Fé dxo(x- t)
ds

d x
-— N thxst
dxmn ( )G(x,s) u

smp( b) d S
X) =

g() m O( )1+b
mMddzkz jHddmlse j dzdztsmisd tjh jdzedw LOHOYd Af MdzijHEjIs
OCdd 5w@®@Otdgs? ©OBGIS] t0MNNEs ki OB dEAdzE CYBEEHO HZ@M

HOUYd wvtdStsdd d §teddsj dzj ded ™ JSO ste@piiznjddzd © Iz tdf Qeo ddztsch
f j eisfti@®B sdzd yj MS s mbcisfJ OL Odz® Isfsm tbdgmis o | dedets s 1 O-tej M j
G

P(t)dt.
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5 tsHO, BJjL kiMkidsdsplzRlisR) 6] fd B demise j dedetsisd toj " j
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BASED ON SYNTHIN AND NAPHTHALENE FOR USE IN NEUTRINO PHYSICS

Pshukov A.M., Kokoeva A.A.

Kabardino-Balkarian State University
Center for New Detector Technologies for Neutrino Registration

Studies of optical properties for the production of new organic liquid scintillators based on synthin
(ccomponenteageng), where naphthalene with a concentration of up to 10 mg/ml was usedraatic addé
tives. At the same time, there is an increase in the luminescence output by more than 5.9 times. The results o
tained will be used to create liquid scintillation detectors for the registration of neutrinoless double beta decay
of neodymiuri50.
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STRUCTURAL AND KINETIC FEATURES OF AMORPHOUS
THIN FILMS OXIDE TUNGSTEN BRONZES

Khubolov B.M., Bagov A.M., Zhaboev Zh.Zh.
Kabardino-Balkarian StateUniversity

The most studied amorphous system is amorphous silicon; however, other amorphous systengs, in parti
ular oxides, have also found wide practical application. Their study as new materials for optoelectroies is to
ical. An important point in sucktudies is the establishment of the relationship between the real structure and
the electrical properties of the amorphous oxide. This paper reports on the results of a study of ti@asno
structure of thin films of complex transition metal oxidesd@xungsten bronzes) NaVO;, Ko sWO;, obtained
at different substrate temperatures, and the mechanisms of electron transfer in them during heating and cooling
in vacuum and subsequent heating and cooling in oxygen.

Keywords: oxide tungsten bronze, mongstal, thin film, electrochromic effect, amorphous structure.
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EFFECT OF ACCUMULATED GAMMA RADIATION DOSE ON
¢SI LI-OONNSULATORé STRUCTURES

ICherkesova N.V. Mustafaev G.A.,°Mustafaev A.G.

Kabardino-Balkarian State University
’Dagestan State University of National Economy

With varying levels of radiation dose, displacement on the substrate, and technological parameters, the
characteristics of the outer layer, the static chaig¢éhe oxide, and the number of confined holes on both sides
of the internal oxide layer were examined. Based on the amount of radiation absorbed, the voltage shift of tra
sistors with a channel made by a latent oxide when exposedapsXvas investigad. An assessment was
made of the effect of-bay radiation on the voltage shift for transistors with an oxide channel created by latent
oxide during radiation, depending on the radiation dose. Additionally, an increase in radiation sensitivity is
mirrored by a decrease in channel width. The study demonstrated that the protection from radiation of latent
oxides significantly increases when a negative voltage is applied to the substrate during irradiation.

Keywords: ¢ s i lonricms1u | at -effeck tramsidtor, géhredhold voltage, gamma radiation, gate,
channel, oxide, band gap, interface, mixing voltages.
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