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MEMRISTOR PROPERTIES OF THIN-FILM NANOCOMPOSITES Coy(TiO3)100-x, (C041Fe39B20)x(TiO2)100-x

Yu.r. Kalinin, Doctor of Physical and Mathematical Sciences, Full Professor, VVoronezh State Technical University,
Voronezh, Russian Federation, e-mail: kalinin48@mail.ru

A.V. Sitnikov, Doctor of Physical and Mathematical Sciences, Full Professor, VVoronezh State Technical University,
Voronezh, Russian Federation, e-mail: sithikov04@mail.ru

V.V. Rylkov, Doctor of Physical and Mathematical Sciences, Chief Researcher, National Research Centre ¢Kurchatov
Instituteé, Kurchatov, Russian Federation, e-mail: vwrylkov@mail.ru

K.G. Korolev, Candidate of Physical and Mathematical Sciences, Docent, VVoronezh State Technical University,
Voronezh, Russian Federation, e-mail: korolev.kg@mail.ru

G.S. Ryzhkova, Student, Voronezh State Technical University, Voronezh, Russian Federation,

e-mail: sitnikovOo4@mail.ru

Nanocomposite Com(TiO;)100.= and (CosFe40B20)=(TiO2) 1007 films with the thickness of 4-5 em have been deposited by
the method of ion-beam sputter deposition. The film deposition has been performed on the glassceramic substrates at the room
temperature in the argon atmosphere with addition of oxygen with the partial pressure of 2.2 %. The met-
al/nanocomposite/metal structures for study of the film transport properties in strong electric fields (>10* V/cm) have been
formed in transverse geometry using shadow masks. Reversible change of the sample resistance at the electric field action has
been observed at the metal phase concentration bellow the percolation threshold. Addition of oxygen with the partial pressure
of 2.2 % at the composite Co=(TiO,)1g0- film deposition increases effect of resistive switching up to 4000% and shifts the metal
phase concentration appropriate for the system maximum response to the region of grater = ©60875 at. %
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50G>1J st bs jdstfjieObslts f issStse bsjtz0. W OOt G j
bhtsodv & A 6OffeiHiLikdy  jdByjeosis
Misdtfddd? YsizdiitedLoydd o Lofidostdeddsise ik o
GOOEd2 dgtsds, s ote i jdad.

HoB2Aso0 k0l jieq0E0

J 0B 1 d kOBt 2 tfecfosHwisiiv flos2fse0 kW
etz jsCOhd, GjsBrsHA®Y j HEWY tjh jkdy s jfises? d
B jr0tdyifSs? LOHOY fistsise jishise jdaiss. _JOIjted0kAdr j
Yol st BYRd GOMHjET COS di fssfise jdkdkr A
Chtjedkjtte, 0C o f tskshas  fsHosHSe
siedHdjbdy [4,6]. rdv ditsz'Lzigses o 0Btk
flowLizesh jots  IzteOodjtrdj SdtrisdSd  Yisizdd jedLoydd
BY s LWt © adH  zts0adzjhd I e0ZsO-uisd i dih0 n-cs
fisteWHEO f) OolssCOlsOkdLEd

E
%:Ae'ﬁ(l-x)”xa, (23)

6Hj A E ,n,a O tPLogjste, R S hdo jtehOddow
cOLES00OW HfishlstsWdow.

u0BEdYO 1
HoMse0 B0l jted0t fzsw HEW b jifizses? LOHOYJ
JBoLoyiedd | Ajedudieo CHdtbdy "
v, 0,43 3
tot 480 Sr)/Se
r, 1,17 a/gs®
A 708 1
E 64 Sr1/dtsz
R 8,31 i/ (st s)
n 0,93 ()
a 0,68 ()
K, 2,69 Ab/( 8)
K,, 2,69 Ab/( 8)
Ka; 0,52 Ab/( 8)
r 1,51 /g’
C, 881 1/(S6 8)
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u0BEdYO 2
o250 GOk jted0k0 fizsw HEW B jn0kduinSs2 LOHOYU]

JBeLaoyiedj | Ajzdudéo CHatdy "

EY, Ef 58,7 130
ES 0,12 130
G} 0,03 130
G}, G} 0,04 130
ny 0 (e
ny, nf 0,49 (e
E°, ES 65 130
ES 13 130
GS 45 130
Gy, G 5 130
ng 0,03 ()
ng,, ng 0,3 (e
a’, ay, -7,63i10°® /s
ak, 1,53i10™ s
a’, a;, 2,5i10° /s
as, 7,2110° Us
b", b} -2.93i10° 3
bg -8,0110° 3

b, b -3,14i10* o)
b, -8,0110° 3

L -11 AC

T, 210 AC

] 0.48 5]

T, 21 s

Ts 9 s

v otz jdadzts j BEHjEzdtes00hdj

TJh0Jdsow LOHOYO Wodwjlshw difewLOdks2. Gl
LGOydls, ust  BjrObdyifSsj  HjWSkdGdtesa0ndj

CahstzCydd &j okdvjs &0 HesdhesHwhdj o @42
sy jnhr it jtjesht. wkjHse0ks jidks, st
bidgtitOlize © tOMyilsts? SBEOMSH BEMES #02sd
slsH jidts, tishij ujets tjhds! &jn0dkdyjhSzes LOHOYE.
VO i, onsHYPdj o HisisEs itk BEHt, BYEd
e jOkdLtse0Br o odHj fisBhise jlabiset  HtsctOddisets
GstsHiZEY HEw fdhisdos™ Sladubss-LtzjdsJdistsets 0k0zdLo,
YLotizvesh jets tsOnfudisOls+ Sl judlzss Wistedlz dLHizdY,
dieslssot jlbses di SadstfisLdls0 ) s jtedststs jOSsdfodis2
BOstecy 2.

e ydhd jddisets dssH jddtsso0dkd™ B  dzd o BeOG
B OLY " I-GBEOLGS? Wsthr, dLesstaddad jdrj ©O
Ok=ddidjos? shdomisSj. JBEOLjy — 1 tfisjHifskz0c0dhw
v fishd jddrds di 50 fiktsjo ke jisCOdd, o ks ote jizw SO
sBeOLJYy — 2 fshissWiz dL 16 fiksje. d fshs0e Csi judts-
A B jlsBTRBEHJER  HEY g3 jR0GuiiCes Oy s
(tedfi). 20) oRsHWS s jt0 SHGONSES d dLHjkd2 Zyjlssd
BBl JLCd b jRtstseduiiSan tedtiznCse. A disHjed HEw
kjtfzsotsets &0 O  (tedfy. 2B), tfskdms ShbkomssS d

qLHjid?, onsHWs BEsSH dL fjdshis jSk0, Lotiskdgesh jois
ot jbrjj  ttoshistOdijsots  shEofssS, 0 KOO
GOSkOHSd  dL  fdhdShhktes?  tojLddlr,  Swlttrj
B i judo0tls te0adist jtetisj thed>Od tfiejWistsds™ %0
AsOtfj dLetsistsad jddw.

Haxnaaka u3
CHJIMKOHOBOH
PE3HHBI

7
7

brok u3
[ICHOCTEKIa

ISR NS N]
77177 7 I

[

AIIOMUHHEBas
OCHACTKa

©) (8)

o). 2. sH jirq SBISOLYO GO OEstycitac] jors? hAGOMSS j HEw
s jtfizstsess (0) d djR0dcfuinSEes (B) 0ty jiste

tihtdj bjtizsets? LOHOY] YesdLosHdEsh )
G505 0 SSEUOBAY Hlestdsed, fesdiimsHden 2 e
St jEoblsj 100 AC. SEEHisESyY tisH jiec0ton
G0stsjolz HE s jBtfjiOblzts 180 AC fis MSHsishistes
20C/Bdh,  tfshzy  yjet  ovHEMe0LOn  tfied
I jest jte0blzte j Wtadstse0dd 3 yOno. J k0B 3 tiedojH
dhtfsziLzigr2 ydSe skojtexiHjdkdv. JHH ikdeso0dkd ]
GO MY diHjed® o Hjud  ShEP jisedvesh
LOHOGAjl  Eised?  StwejSydd 40 hizdgdiOtes?
foBBEHES o jsRaGsisd Hhsits™ dLtdj-shEonseo.
e ShEonsCs? d  dikjtdl  sonfdolstedentt
dH,j0 G2 s jifizsets Sists0gk.

uoBEdYO 3
1Oadhddtshis- s jdztfjteOlskzte ™ osLHEZRO o Y jyd ls ote jo3 jdadf )
a3t JdalsO sCEstyOdw testidlsSd

_ G B jie0bkE0
dujdyy, s | UaBUEOSHE
5 100
10 180
220 180
300 26

1P j&dj iin0ddy inSs? LOHOY] ttsdLotHdEshH f)
sk jdals0 oSy ikdw fjud. v bses ysseT  zyjfis
HJWBteROYdd  chEonsSd L0 oW  dOckjod HE
sJHitolsize™ HiestidsSd, &0 Hjtosds MOcj et jhadw
o fdhsigd B & LOHOGS tfede0 jhd] bk itolizsr,
00t j OLBAY ] kB0t tlestolsSd o Stuolsks?
it iteOlsizer. LY Uehkj Assets Yok ikt jtolskzts,
GJSBRSHOBE]  HEY  OMUIS0  GdsiROdofu SR
HJWisted30yd?, BteOEEh! du tejh jddw s jtfizsets? LOHOY.
WO Yoojengshsd CowsOCs0  diHjkdy d  shdgonsSd

fedijivesht  He®  kdfd  cwOhadukre  Hizsed?.
Ve jHsEOCOERM!, st HE  BEEGIESO 6 izdteso0ddw
fowzshjes  duHjodd  gtyds BJL ISt o
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YeshCow+L rolls+ tis shikofisCd, 0 tishizd Lstets disdsjdiso
fdkdyojls BJL  oLBEMGEHsd  HOdsshistWs jk- disets
BHiEjady.  Iehkd LOojtehjkdw SREOMHJGAW  HE
Cosdolhs? s jdstjeokizte  YsdhntHdis  sOLHiERd]
durjedy d shaonsSd tizkjd zHOCjhdY dL Ssijuds-
Az jB Jdalstis? dgsHikd IO shionsSd. oSttty o
dLHdezdd GOtfew>| Jta 9 Astsls 3t Jtils
9ot HOE, oYL 90w iSOy jadw jots Wistedz ™.

TiLlE0s T 0%0ELO

Lz 0T d3H Jzdteso0ddw fHicsBGE
gLz & &0 tedazted sBteOLYO dL 50 fisio. O tedh. 3
YCoLoh ™ LoftfejHithdy sJdtitokize o CuihstslzSydd
o atejgw SkEyjorn MOHIR tesyinnd Wikdso0ddw.
3 jhshls jSzts sBEOHO s BOEE? s jYizttistotHEEs &, Yt
tedotsHdls fizh jso it ds Yt jYOHON bjkHiolisr o
ik ofs otejigv thetsyfiise dOctejod d tSAEZO>HjddW
(tedf. 30, tedfy. 39). At otsjkw  OSkdods? WOLY
sidi jtedLoydd o CeiybLds) fesdintHdls o Hizjkdd
kjtf0, st tdosHdls Cjot dsCOE BE®BE it jotjolz
(tedf. 3B).

. 3. tontfsjHidjddj s jostjeobizs o SadfstelSydd (AC) ofs
ate j&gW t0cts joO (0), 0Skdadis? WOLT isizdd: jtedLOydd
fowLzEsh jets (B) d tsei0MH jdd™ ()

SOBSAET BONYejHiEiedY  sjjed
oedBedLoydd o dirjedd o tOLeduhrj dsBds”
olo j8 i YSCOLOGY 0 tocfy. 4. DsbO™ Hisizefds jisdLOyA™
fewLze=h jets onszyduo ity orHieSd o kjujtdd
3 tfied] s s jisOlzts j Wisteckso0t™.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

RN R R L oLt
SHNWEGNEOS~NW
CoCLo000000C0
AAULIUIUILILIGGCICICY
NESRRNATNOONANN

©)

COO0C00O00000
@OV
BOORANNWE RGNS

(8)
(9)

tdh. 4. toftejrieihd] Nisjyied tsedbitdioydd o dLHjedd:
(0) T o7 Hjte>1$0 1y 15 dd ted lsjd3tfjteOlslzts ] Wisteczso0ddY,
(B) T 8T HjteX1€0 1y 45 B3t ted ks idzt.iteOlskzts j Wistechso0ddw,
(9) T 9V Hjtex S0 2y 25 d3dftz tfted s idzH.iteOlsize | Wistedzso0ddw

O thedojH b COlsdBOR  LOKjbs, ysts
st jedLOyd™ tiess SO, Brijstj o kekOR dLHjtd™ o
otz df BSkij o jadenses tisesjo0 ofs ot kv
GORBMHIGdY  ©  Yjud.  Ohtfednieied)  hisidied
fkdd jtedLoydd tfis sk diz HilsOkd csostedls & BSEZ ]
BiHEjGGRE etk jCoddd  tjoSydd o  fdtswa,

fedizreoshdn € ohiohksSd, ts  felodkikds s
fotBEHEE2 Misttesdks2 dLHidzdY.

>

CoorrENNWWWADN
obNRUONOORNRWO

o). 5. SOfse jdib0v SO0 afSO jdif Wisteds™ tsBE0LYO of
ojududer Yitjkif jkd? (Bd)

Ishj hdvisdw  f)  shhohsSd  fesdhnsHds
CtetsBEjldj  dLHjhdw, Skt orEOMOjsiv o
Egje D jkdd Jes  duBOyOiths  evdgr e zedkse.
sOyihe k2 odH dnSO>|Jjhhs? Wstk™ tBEOLY0, O
5OSMJ  tjejkiPikdy jos s jbsS, tfsklyjdzrj o
to jLizzIs0ls . teOfuls® CistotsBiz jdedw, YfCOLOGYT &0 tedfh). 5.
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1 TsHj udikjohses  dsHjedisse0hdy K0S Brid
Lk jis it 00 jiste™, FOwOCk sl CletsBizjtd}

BBeOLYSe.  Avydhzjusrj  hOyjedy  kedsera
tsisitst jizf2 LOG %" o OB 4.
) u0BEdYO 4
LG j BlsCaztsdz jdad, A

: : 1Ofdls tfts dstsHjad

WBHE 5BEOLY0 | Ydhds fiksjo 008660 | CHILE

1 50 1,195 1,415

2 16 1,323 1,398
IS o jLizka00ds  datsHjddftetso0kdw  adHEO

LOCHUGE® jtekahlst,  fsckonns Sttt sl jddv,
obLEdSoENd) o t0Myjksor ts dssHjkd te0hB jiecd,
dijsts e s ejedudilz,  ujl  skCasijnd,
fetin0jkrj tfs &sHjkd CHILE. ©0S, didsjdjddy
kedtse, ovrydhiithry ts gsHjEd  w©e0kB jEco,
sCOLOGdH, o Tt jHAGjd, %0 12 % &jkt g, yjd o BisHjid
CHILE. tOLtdy0 o ajedudizo= dnSoMjhdv Wekhr o
Asdm  BBHJEVR  SBIWRGW Y  tsOLzdubrd  Iskadid
GOthewsy ik o diHjtdd, Ysklzyjbhrn € dsddsk
fdevisdw ) shiohisSd. 4z0adks2 tedudis-ssets WodW jishw
(3Jm0tdLds dGOSYlzikd™ GOtewy jhd?, LOZEMJjaky2 o
MsHjd!  ©00BBjiec0. uscEonGs & jdklz  &Otewy) jhdv,
GOBOGGYj  CohifoLdssi o tojLdbstisHEBGS:
fshistwddd, cLORGBEO>Mda0skhve Ytod LOMs jShso ro0dkdd
(21). A fosts syjjnd, GOt jidy, tsEinOjdr] o
s St sEBieOLGEE  Mshstwdkdd, wedweskhw ik jHhisodjd
Bdn0kduintdn  HJWBEEOYd?, tedsBjsiet = 1]
gy fsiCesedkdw. 1  d&oHikd CHILE kOS]
OLHJEZjkd ] sishizshiselzjls, d dGOtfewy jhdw oLidSoEsls sis
lzdBOtsG T & jR0hdu SR HJWsEROYdR, sty jdgra
f) %OYOEO to i jizdw LOHOY.

10SE =y edd

Jd te0B&lj Yo jHidts st isduinS 0ot jdd
diojisz™n o ddsjteOlsize dsHEZIR  tslse jtediH jdadw
CodstfsLefls®  f)  jtedstjoCsdokrd  hewikshdd.
alzh jhisozE=Adj #0 HOGGT 2 dsdids dHid sBEBh jRr
HEY oLBEY G sdh0kdy ttesydhnd ske s> Hjddw
CodstfsLdls® f) zyjlssl3 sh@onsSd. WOuGs? dsodLds?
e JHEOCOjgs?  dsHjd  Wedweskiw  klzyb jhdy, €
Colstster 'y slsdshdshy - Goydds  yjkd  HJWsEROyd?
0B jrOBAhSE2 thedtesHr ) dstsds jdis® 6 jzdftetso0dof
flowLzEsh s, 0 500> BJROGAuNSd? Chis0Ss dijsiHE
dunjedjls d choonses?, SCesster?  djdvjs fetsj
fishissvadj o Yy teghjdd™.

Lt jhdv, onsHWAd ] o tfishistets jdablzs d3tsH jdz-,
e jOkdLtse0kr o odHj fisBhise jlabset  HtsctOddisets
G3BHEZEY HEw fdhisddr Sldubs-djBJdshses 0k0kdLo,
YLotizvesh jets tsOnfudisOls+ Sl judlzss Wistedlz dLHizdY,
dieslssot jlbses di SsdstfisLdls0 ) s jtedstste jOSsdfods2
BOtecyj2. MetscfLo jHjhts ydidz jbdtsj dstsH jedteso0dkdj
slso jiex{H Jddw ACHY jtedo3 JasOzAd Y - SBiEOLY B9,
slszdyds iz ggd shse jhhkshiswakd Chlsksses Wodzwslshw
COLHtjhdj LOHOY] 4O ek d G jn0hdynSss
fishistadweshdj, tskdsyjtnr? Zyjl shaohsSd ¢o ofjjn
As0for  Wolesa0ndw  diHjkd?, ki dedddj
Bdm0tkdyhCdn tesydhftse f) disdsidis0 oSetyied™ fiud

d bjfsndhdyihtdm desyitse f) disdiesd sCskyokd™
testfdsSd,  tfesdhesHde j?  fied  ftorh jads?
s Jotf itc0lsizte J.

0 tfledds e BHEEEE dL d3sHjEdlzjd3 - BBEOLYSO
YtosH BEhnstdese0n0 toszsydy g it0kizehksets
gt d fsgtfded Ykdhdedioydd dinded™ o tftesyjfd
slso jtsxHjGdw. LctteT | lChsdkjkdy, sty jtkrj o
0yl tts dgsHJtd Ho0kB jtecd, 5COLOEdN, o fisJHAEJdb,
@0 12 % it hj, Yk o sHjzd CHILE, st
eIV jisiv  eOLzdydvdid o djr0dkdids GOSHH jddw
GOt jzd2 o eOMdz0lstedfo0 jf3 T~ BEH &R,

10860 ortfskd k0 tfied WdnOwnses? tsHH it S
Fftzdhis jtehlso0 tBtsOLSo0GAY o GOECd tA (HEEBoBE —
02.G25.31.0114 s 14 Oectisd 2014 ¢ o fishisde]
Giestiedusd? s wjozdLoydd — shsOdsed jdkdw
tc0adls jifsed A — 218, hWis 2014-218-05-8228).
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MODELING OF FORMING OF COMPOSITES BASED ON THERMOSETTING MATRICES

M.V. Kozlov, Ph.D. student, Department of Mechanics of Composite Materials, Lomonosov Moscow State University,
Moscow, Russian Federation, e-mail: my_skyline@mail.ru

S.V. Sheshenin, Doctor of Physical and Mathematical Sciences, Professor, Deputy Head of Department of Mechanics
of Composite Materials, Lomonosov Moscow State University, Moscow, Russian Federation, e-mail:
sheshenin@mech.math.msu.su

A.V. Babkin, Junior Researcher, Department of Chemical Technology and New Materials, Lomonosov Moscow State
University, Moscow, Russian Federation, e-mail: Alexandr.Babkin@gmail.com

A.V. Kepman, Candidate of Chemical Sciences, Leading Researcher, Department of Chemical Technology and New
Materials, Lomonosov Moscow State University, Moscow, Russian Federation, e-mail: alexkep@mail.ru

A.M. Kudrin, Candidate of Physico-Mathematical Sciences, Voronezh State Technical University, Voronezh, Russian
Federation, e-mail:kudrin.ru@gmail.com

The paper discusses the main causes of warpage and residual stresses in structural parts made of polymeric composite
materials that occur during the manufacturing process.A comparative analysis of known mathematical models for the curing
process is presented in the paper. The basic principles underlying the models under consideration are supplemented by
assumptions about the beginning of accounting for non-mechanical deformations from the moment of the gelation of the
binder, as well as about a mechanical contact between the part and the tooling, that changes its state in the solution process.On
the basis of the mathematical model, a user code for a finite-element analysis system was developed. It allows to solve the
thermomechanical problem and get the distorted shape of the product at the end of the forming process.Numerical simulations
of the curing processes were conducted for a number of U-shape samples using the two most known constitutive relations.As
an example, the evolution of the temperature fieldand the degree of cure during the manufacturing process are given for one of
the samples. The difference in the magnitude of the angular deviation obtained on the basis of two models under consideration
was explained
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I oy Rr I 8] s 3w udrfustosusut Mg/NbO
L. ulssetzj?, §.d. adlstdSse, ¢pry. vBdinss, S.R. HjBjhkjeSs, J. 1. v jehkdujtss

JistsHists oftstaats-zlzy joses w0y jd sChgHEs2 (Nb-O) o &5 jsottduiiss? (Mg) B &2 d dshiinz=Pdd sho-
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ok jitfstso (ofjs00SO & tecfi). 4), SBTYHS fpWLro0 ji T T
i) daseBiksshs 1 fiselCslzer [6,7]. W Okdud Hols jiz-
tflstso oSl ch0olSSS SO HsckOnkishy f) e iHts-
153 Jtzcljc 15 stscg, s iz j2SO cROe, GOt i jes0w ;O
o160 jiacl, o jHhfsOod js st fisdijszts fisekChizst,
nshsEYPEE L yjejHz=P Ao s o doctd™ d SSHAHO
oG,

1500

(002)

1000 |- E

Rk jeh dokshis4, st jH.

2Q, GIeOH
Tofi. 4. ddse jiasonSow HOWEOSYw ls tiz ko sOctd, G0t
it G0 ots0MOEs Pz fsHEEYSE, 0 KOS s B0k jisddLo
dsef™ o]

WOududj tleshizsiC sSHAHO BOCkA™ tisHise jisyHO-
Jisw Holzgw ACHY itedds jarisOdsd. Mts-tfjteorn, sk k-
MAeO iz jkSd ted ks jBtfjtObizsj 450 *a o 90SkEBj o
tfiscizishisodd Gt ies Cuizdyfised oBHBEEHO (T2
© 1/3 0bsdz.) MOk jhddls™ otsStlze shiksodsets S0 Ysyo-
HO®sIs (tecffn. 5, 0). 7 tfsiz0c0 3, Ulsts Asts fewLOds f) tsOL-
ez jdpd jog Mzsdists? MistelzClstzte ™ o tojLizizlsOls j s jtedzd-
WinSs2 0Csdodydd tesygifise HOWWELAd, O 0S4
oisLassYdasds UOhlsdudtses otshisOdsot jkdd sShgHO &Oe-
. As-olstste™ R, fistelzClstzted Yz jdeCd dz0cddw, GOy i jd-
2 GO tjtfsHa> Gz sHESMSE, NisotfOHO jis s fstetzS-
blztets? slstsy|jlatis? iz jtCd, tfisikzlnyjdts? thed tf jtocfts-
RSl SHOMH G BOlsjed0r0 G0 tfsHisy S, ks
fls - 40 ots0POE PR fisHEsYCE (o). 5. B), 40 Gj2
OS> slshizshiselztsls Mok jizizdisiz § HdSd. aizjHizils tfisH-
YdteStzis, s o fizlzy0j GOy & jhdy &0 GjtfsHod>dkzts
YoHESMCE BhOXHjR]] GOkited0z0 shizh jhsedv jishv o
dudtdd onjets desyiio GOy ajed™ d sChdHG" - fits-
Jo tj ofsLddCO jls.
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o). 5. Tiise jsonSon HAWE0Sydw (Shisetis? BOSHddlz)
iz iSOk, BOY T jkh R GO ots0P jidj & diRsHESE fS-
s of Yishzj Ss3AE0 (6), 0 5061 Syt iz jtCq
HOGHAW sty jGhs? G0 otcdPOEh jfW fsHisM S o YLitS]
(BOGt, GOt js? O G jtfisHaci ks HisHisySE (B)

JTeEhEs2G0" fiselSsie0 (Mg/NbO)s, (diHiSH
82 BLEOVOjis Csizcfufsets BAfksYe) BY O stz k0 dd
SHOSHGA] BOCkY GO YEHESHSE jbjL V-EBEOLGT 2
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ACt0d, o bt otgjdw SOC BMOMHIGI] BEMAHO ddsBdw
sz jijsoevizsi B L oftfist-Lse0hdw AS6060. Aslsshiz
etz jhhrd  dGoseshis2hg ) sBeOLyr  slizdydedi
HEEZG S Hiezed sszhdis? ¢ockdjes?  tesiks2Sd).
uszP Ao fizsje sSAHO Gdsadw o fjjn fEkzyown fis-
flsOotwk0 Ytocfesitedzs 0,96 d. WO ted. 6 YESOLOGY to-
Lizz21s0ls ™ d50tztsizetzsots? tedlse jhsonSe to Wiz jSistsds jis-
tedd dtseshizs2Gn iz jdsS (Mg/NbO)g, HIEW tOLZdy-
w2 sz der Ggockdjorn fisjo. mOOS t LOadhdd:s-
filsj2 tlskdyOlsiiv tls 50Sso A HEW ydffis' A Y iksS doe-
waw d sChdHO ddsedw T shydidvydd ol jehdetshisd
oSy ihCd skhizshisolztsls, 0 o fsts Gdn GOBEZESHOEIS-
fiw jHdldudr J tded, Seisste™j o fizk0j GOdsketsetsets
Oy jvd™ SBYyBs ddEsjtstfieilsdiszEslshv SOC to jLizds0ls
HOWE0S YT GO tfjtedsHANSE? TistezShlztsj, fshssvh j2
du sk jHse0ks ji G Ottty jkkr~ Bdhksjo [5].
Isklzyjbhrj Stedord jtsjfudsrodidi o fystsle jk-
fsodd f @ "te0> jbdids (2), tejLizk 50" s jHilsOat jhr o
sOB(z. 3.

Rl jdhcfodish, ddstf.
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tdh. 6. Tidlsc jdsonCow Godsizetso0w e jWi SISt jisted™ SBEOL-
Yo BhseshEse - fistlzClsize (Mg/NbO)s,, Slstzdyoshdriw
stz dtats? SHESEES B
u0BEdY0 3
ToniudisOhd " j Lioyiddv sszPdear Bdizsw Mg/NbO
9 LOadhddtshisf ls sz jidw dibsethizs2dkE2
izitCd (Mg/NDO)g, 40 YsHEEXSEHjtex0ls iz

tonflssradd oM.
JB6OLjy sls CteOW tfisH- Istsz P,
Mg, — s> Cts- B(ffdzsw
HJteX{ 0l jzv, B3 d, &
1 42 2,9
2 93 3,1
3 150 4,5
4 192 5,0

SOyjffso bt YisEyjehr j tjLzeikosr RsEshE
sckOnkesbip f) ssePdsohd, tstzyjGhrad HEv s
HIEA G R kYo Yt itsC dockdy d sSHgHO ddsady. St-
tefu ifiso s fsssejshsod (Mzkk0 kstPdt fitsjo
G50t o SCHAHO BB HsEYEO B! 600t0 sszPdj
BafEs" Mg/Nb-O o dilaseishzs26s fisieSlts ) &) 08-
stzesbsdatsj, tiscte jPdshis* HERIsE0jls 30 %. JHEOSH stk
L0l otfskij SBIMGAE, YSNSSEICE sygshs:
©0fu s 6 jWir jChsiscie0dsds o LauOydls e s s tfidd



LOadhdls s flstelzClstztetztsets fliso jts jdmiso® 3 j>{WOLESD
60wy ™ [6].

vojedyikdj szPder fisy Gochdy o dhkses-
fizs2ds? fstelzClsiztej (Mg/NbO)g, tfiedotsHdls € L&Oyd-
iz dsBEz @ik jkds 1 iChtdyinSses nsgtsisdod -
G tfizjisS. WO ted. 7 YrdoiH k0 LOadhddmshis Ak jS-
BtequdfSes fsessdoditdy sBteOLyse (Mg/NbO)g, fsis
GsBARorGE? sszhdhr sHEses Bdiesy (Mg+NbO).
utzhdho Bt tstzizy ko o tjLizzs0kj OtftfssChddo-
ydd LeOyjkd?, fedojH kit~ o kOBE. 3, 4O offts HEdhlz
YsHEEYCEH e Ol jiv. wdjHizjls tsHyjteCtzss, ysts ko j-
tdujhd] sszPdnr sdizsy tesdhntHds LO fyls o jkd-
it sz ol sy d0ckdy, teshizs2S0 di sShoHO
&dsBdy ofs offjn BEOLYOR hisOa0kOn! tfishlstWits2
(~0,96 dck).

6

10
5
10° k4
10*F—%
07—
- -
3 10 *‘..
© 10 ™,
(] \-
10 ~
10" .
10°
10°
2 3 4 5 6 7

sz g0 Bdfdsw, ¢d
. 7. Y0adhddshilst At jSistsdynSset fstitstsiscod jddw
Bhseshs2ns2 fstSsizsr (Mg/NbO)s, s G0t
2 sk " sHEEES BAfEEY

10adhddstshs Atz jSistedy jiSsets fstisslsdod jhdw dahisets-
fEsnE2 fstelzCslzter (Mg/NbO)g, d®ddls Gizdii2e 2,
A0ts0Ck jte. Lo jedyikd lstizPder sHESES BAhEEY 9 HOO
600 (M 2,2 HE 4,4 ) kRGN0l hstfesisdodziddj
fstelzChslzte™ &0 M s+ tfistewHCse. ied HOZAGJR i tofs-
filsd sz oz (s 5 dids) istfsslsdoddad djdaw jistw fiz0-
BS. rOddow LOodhddshist 0d0wsedyd0 LOodmdastshisws
fsteslsodz jiadw CsdstfsLdstse Ni-NbO sl Ctsday jdastsoydd
3 jlsOdzdzefy iSs? WOL™ [10,11]. A SdstfsLdsOr tfsHiSB-
&*2 odH LOadmddstshisd fiowL"o0Jsh™ fi dLdsidddjds &3d-
~OtdLd0 Az jSistesy jte jsh0 ted jteintHj Siryjdsts0-
Ydd B jls0ntdyinSs? WoLr yitsjL tstese 4 jeSsivydd
[11]. fsedybs tiejHtfsdsydlst, st o fiklzydj Ghksets-
fks2dE2 fistlzCsizte™ Mg/NbO tfesdintHdls & julsts 0d0-
tsedubs,j. JujodHds, st o ksisds fikzizydj, SseHO stz d-
%0 Bdhiztys fishisOedvjls 5 d BSEzij b Nsybssdodjkdi
Bhseshis2Rs? fstkCizter stfts jHjdwjshv 4 jteidkshsd
A jClstelshso oHBEA fitzsjo oehkdw. ushkidy hiksd sSChdHO
Gdsedw, tskizyibhtes GOYriitdid, G odshvs stiei-
Hjtveshd2 oCkOH o tiesotHdmshis T fisd dochkdw
brgsdielzesls dn. Med sz dwon BdztY Gikdd 4 &g
(s.d. tiodf &BAEOEG Y A sz di0n BOckdY Gidkdd 3 dd)
fdzsef gOctdw Bselzls BY s+ dad s dsd. Glsts Cshio jdi-
o tisHiso e HOJSMY HOGU Y d3d d30tszetsot? Wik JS-
s stedd (. tecff. 3, tBEOLIY 1). J s Miklzy0j Wiste-
HBeftelz 50w fistelzClstzte0 COLY 00 jlshw YHEBEO StdstfisLd-
bk a3 jls0kedyinCow WOLO Yt jHiisOadwjls fsBE2 G
fhfesharj fiesd, 0 GOks®ktserj sBEOMNS, LONYEZE-
MJbhrj o Bl jigj HOLjShtedSO. CdzjCistetsy|jte jdatsh) 1sO-
e flstelzClsizte™  tstits jH jdw jisiw tfie v >{Csots? ttstsotsHd-
dshis4+=, f) fstsise jishisolz= M dfdsd o fsCaldsdf Lo jdac a3
A jsSteshsttesisdod ikdw [10,11].
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Yed GOYTejkdd YrjeSd dockd™ o texddd, ted
Cilststetsly Hizdfls jtdashis? Y jisefsHAyiNSAR yoSise &io-
SHJEAY B0sjtedOE0 diji M, Uil ditedsH BORSYHGIY
tfistzizy jdsets fizsw o LW jussds Otsetstz (77107 uiststs)
BL CHGRHOYAd di0s jtsdod0, esdimsHdls Watsddisse0-
tdfj st fsekSster. wisd Gockd™ sCOL o0k
GOLH i jlr 5 fzsvdsd SSHAHO dsOcdd, Westedsdfiskzss-
Adidiw L0 ki atejdw, SEHO SHESM SO GORSHANY ot
HislssS0 SistH jnelzes P i Olssdgtso.

Ritfsi-Lso0hdj V-sB0Ldses 1St0k0, 0Lk M jhb-
isets G ixHEz g jhes d YHbs> SR, tfisLotdW jis Wists-
Gofistso0st GO HisHisYSj YESterlsdj f) ceOHdjdistsds -
P, EotfsOat jhtrds oHBE tise jtendashisd tfisHis> S|

Jeq GOYTEihdd SsHSE? fEjdSq dochkdr &0
OGBEWET j dizd dsstsStedsOkkduiiSdj tdsisodtdy-
S tsHEsS HesamnsHdls Wiskhkdteso0hd,j 5iChist-
tecfteso0tsets StedfsOtdunSses Yl risdw.

sy jHise0k jE G SHOMHIG} GOt d sShdHO
GasBg™ GO o0POEP Y JsHESHSH JsLost™ jis Ybl-
uds BeSCEhESE GO steSkis 1) IsszPduodd
Bfitsye (Mg+NbO) tisteWHEO S-SR GOt jsttso.

0odiddsshst A Sty jfSet  fstissisdotjdkd
GraseshEts2E? GOGSHsELSsEr (Mg/NDO)g, 6 stst-
P Bzt OGOESCGO Siry jbistOydsths? Load-
nddtshisd fsthesdorjzdy o CoitbLdson Ni-NbO, st
tsLottjls tisjHtsiz0c0ks GORdydj NGjbT djnohkdLd0
Ay JCIstetst jts jesO o ofLas jds el MstelzClstzts ™ (tfjts jrsH tsls
ChtfsLdlsis? § Busesibs2s) g ke jedyjtdd ¢s-
GOt dats? Istsiz ol sy dgOcd.

10860  ortfiskd k0 fed WkOGhses? HSHHjEMS]
TAANR (Hftets jSls 15-02-05920).
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The magnesium thin films, niobium oxide thin films, and multilayered (Mg/NbO)sg, thin films nanostructures containing
82 bilayer (Mg + NbO) have been prepared by ion beam sputtering of oxide (Nb-O) and metal (Mg) targets with subsequent
deposition of the material on the substrate rotating around the targets. Based on the results obtained by small-angle X-ray re-
flectometry and x- ray diffractometry it has been shown that a layered structure where Mg layers are separated by the magnesi-
um oxide, formed during the time when the substrate is located outside of the condensable atoms flow, presence in the Mg thin
films. The structure of the deposited magnesium films is crystalline with a pronounced texture, structure of niobium oxide films
is amorphous and homogeneous. Using the V-shaped shield the (Mg/NbO)g, multilayer nanostructures with varying thickness
of the magnesium layer have been obtained. The dependence of the resistance of the multilayer structure on the nominal thick-
ness of the bilayer, varying in the range of 2.2 - 6.2 nm has been investigated. It is assumed the presence of electrical percola-
tion transition in the multilayer system with an increase of the bilayer thickness

Key words: ion beam deposition, small-angle X-ray reflectometry, multilayer nanostructure, electrotransport mechanism
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LIS 546.221:539.232

"dUTLUSUTLILRL R JAURY USSR vl susdo A s CdS, frartJAta3sm
RIVGIR FCIR RUPUIRC

LW IsiZs0, A wdddete, frwdSdsdl, o FreCds, r.¢. Fqeosss, L. TiBjess

e jHisOadjdr tojLzw2ls0s T difidiHso0hdw sskSdn HzibtsS CdS, hseg skt dicdte0ttr n dstokd GiHd d dolstdw
Oy jEstsOyaj2 107 T 107 0. %. s jLoftsso0tkh ™ j sBis0LYT Brid ki jt" fisd ikt jtoktsj 400 "a. Tjdise jheWoLsor2
0k0ddL Y=C0L0E, Ust sHOMHJGET J Hkittd Wetkddtkztskiv o adHl obstlsydistis? fistelzChiter d fideds siShskzedtsso0kr o
GOtficOatziddd (002). & fsorhidkdid Sshyidstoydd theddind teidhlzh jhsoithow  stedidsoydy  GdSesdhsoke0
0LeZPO v, o ®BOLYY MsOGBadiv iShsiedictod o ®OtsOotzjkdd (101). ICOLOGS, st oojHikdi Gkjstirhs?
CelyjdisteOydd tedddnd bl sSOL o0l iz ifhlsoddsets okdvddy &0 stfisdfyinSks Pdiedblz Lot jkks? Lk fiidss.
RL& jljkdj Sdy jdistOydd djedisz=h j2 HeBoaCd tiedetsHdls S ko jhdyibds diis jdhdedshisd WilstkEddijiyiaydd sBtedLytse.
GCls MewLods f) kjk, st tied oojHjkdd fddind dserj HJWISkY tiedotsHvs C tBeOLSOORdE yjditse dLizizy0ls jz-ds?
6 jSEBBAEOYAd, 0 506> di-LO fto jkdw tistd y jdbtese B L LEkyol jE ts2 tjSadsedioydd. dSkdetr j theddind Na* o Cu?*
fied B2 dn Chhyddtoydia disels fedosHdls ¢ SBtOLEaOGAE G j0Ssdot  n HJWJSkse, tfisUstdlz tfesdhntHds g id P jkdd
ditis jhdedshisd  tEtdidiyidydd sBteOLyse CdS. v0SHMJ dskr ¢oktdy BhsCdEkEls yoflst Cokokte CthSktediztsh j2
e jSsEBdEOYdd, Sl d3d dtselds BY I, d0tfledddte, uddster Isdto Vg, o tejLizi2lsOls] yict tesdhntHdls kd>dedd Sizdyjhised
fsehise jbdm, © K0S Hteddz iy m HJW jClstse, ofik jHiisodj Astsets HtesdiinsHdls zdz jd2 1 jdad ddis jahdodishisd d&=dsddaifiyjdydd
iz jisS, s jiists ¢ jcdtesa0hh A dskodd Cu® o Na, tis fits0at jkdts f) SisH jE s ¢ jedsa0hir &g deiohd djHd

Styjor fise0: GjksH Yoisidlo OUcLsY, kskSdj ftjhSd, feWdH SOHddY, tojdejBEWoLser? OGoddL,
stfisduncdy St gestfiznSoddv, htfjShtesr WikskEsdddyddydd

AIcroRe

IstiztfiesosHidSor j fisjHdbitdy ¢"BY' d da
bodteHr J t&Omsostr BEOCEHOLY Mosdd stflsdfuinCdds,
welssEshdiiiudistrdg  d  weksylzefsods ja-+dd
fos2hse0d wokwesksiw  jtshtf iCsdod dgd d30ks jtedOEOd3c
HEY GORSd o ks jnedSd. [1].

UHBBRY g  MYthsesd  getkyiddy  fiikse
weiW jlshiw G jlssH YftesizdLo OssLEEY sy jodid A
CobteHdEOYdtGhd =  MisdHdied? (usw), LOS €OC
floshisssd 0ok jddy  d3Jr0GALBEd  SHOMHIdGW
Lo jls & NdtesCdn e jHjz0n o0t diesa0k! fishisOo
SshCsziGtykra  SeBYtLdyd?, 0 0SMJ ootHdkA
0Skdadisz=dj tfedBind o tesydhid fdwsdLO fisjo
fod feOabdlsji ts GdLSdn s jdtf jte0klze0n, O ks, o
Motk tyjtejH+ HOJls atsLdtydshs fskizy0lk iz jkSd i
LOHOGHE2 HIW jSIsts2 fistelzClsiztss? [2].

CsalrtRITWOIdC YPuu?

104 0Bd Brad difizjHse0h" stisduinSdd d
fistezClsitezj  MotsMiso®  BBOLYSO T jediso0dd

BSisHJEAd osB0id BJHd d Gosted™ [3-5], Ytsdizy joer -

dlizs0 dhgwis 3 Ofelzz0RBak0 - v, Ofifdteddss, e-mail:
asiyat.nituta@yandex.ru

e iR jkse IdCiststey dSsko jody, - A4V, H-t s jrt. GOES,
HJS0d, e-mail office@chem.vsu.ru
dSdsd: JiskdH 3 dSsi0jody T dquv, SOGH. ks jnt. GO,
HiSYjdis, e-mail |.n.nikitin@mail.ru;
JECdi pr0lstsizd?2 3 dSseo jody T A v, SOdH . WdL.-d30k.
$#0kC, Hisyjdals, e-mail alukin@phys.vsu.ru

koS rddisted? da0ksE jody - AU, SOdH. WdL.-d30k.
%0ES, fisdtsNd? GOk 2 fiskelzHEdS, e-mail
minakov_d_a@mail.ru

tdBJtsS Ji+60 ddOHdldtstsot0 T A, fskzHjdls, e-mail
orebenok@mail.ru
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qi sttt jShse
[Cd(N2H4CS)zBr2]

Ajres HOGRR? tOBES T wezwizshA
difiz jHse0dkd) fiseds jhistsets akdvddw theddk nd dsdse
®GiHd d GOkted” &0 fstelzChlted i d stfsdyinSdi
fos2hse® bsyCdn fzjhsS CdS, fetkyiter- di
wofsostese  sdssyjodist = SEBBHAGOYGSHEY -
s jHtjd? REstedHO COHBW.

adibiL iz jase hzdWdHO COHdGIY YtesosHdhd
dL osHGT R Ofsetse CYkiShd [Cd(N,H.CS),Cl,].
rev ety jtdy seeOLyse ditfsziLse0id REstedH
COHBG™ CdCI,12,5H,0 d0tsd fin.yu.0 d lsdskisyjodil
N,H,CS (thio) &OESq fin.y.0, CHlyjdseoydj? 0.1
Mt/ d 0.2 &se/i fisske jshisojhkds. 1 SOyjfise
Ejedtslzesh j2 HeBOeSd dhtfskz2Lse0kd CuCl, d NacCl,
Oy disteOydw  Cwlsstern o teOnY & jigsd teofsetsts
o0t Aceso0t0ft o HejHjon 10° T 107 dist/i
IesoHjhG " J 0did dhikjHse0ddy SO0k [6, 7],
Yss  Sdyjdbeoydy  0Skdedszesh j2  fediind o
t0fisotste fisslse jishisolzdls JJ Sty dstoydd o iz jdS,.

A COyjmisej tsHisMJS dhtfsk2Lse0dd Codtey o
sk, Cobsterj  tfejHoOkdsji'Gs  fhsnsHRd
& isBRBHA®BZE BBEOBEISSEZ HEW sydhistd Yo tendshisd.
JIOSHjGA) Nz WaHO SOHBAW  tesdintHdds  ted
400 9 bjujhdj GHESR gdalzsr.  utEPdeo
fofdals JLdteso0dd = iz jdsS 500 did.

SJifscfuinSdj fesmse0 HavesS CdS  Brid
dLizyjtr ) tisdshes it jClstetsds jisted SHIMADZU.

Jfscfuilzes Pdtediz L0tjM jgs? LT E,
stfieiHjeved du fiCkese ghsyhCohkdy fts Ckows
hefsodtntets  gocesPiddy  du fYjSlkte0d-dis?
LOaddgzshisg D = f (hv) (D T stfiscfu jfiSow tsistishss).

T idse jsWoLse 2 Od0&zdL (TN9D),
difsiLzjgv2 o  tOBSL),  GJSBABHAER  HEZW
stftejHjtikdy WoLseses fishs0e0 d fistelzClsiztsT Yz e
CdS. ¢GOkdL sBtOLYss, Htzizyjbhkrn &0 Codteyjorn
oHEsXCOR,  tesotHARd 10 i jdise jtsofCs

[Cd(N.H4CS)Cl;] d



HOWe0CIstsds jists 4 EMPYREAN
(dLizzyjded CuKpy).

afjClts ™ Welssesddkihudeydd (AF) dLddeed
f) oitistLse0hdid AShtfJteddjdsoz-das?  Ehis0dsatd,
fSLHOGES? &0  BOLj  otESSHkHS-sHisdyinSses
ftfiCkesdzjistsd USB4000-VIS-NIR (350 - 1000 dds)
Wdtels™ Ocean Optics. 1 SOyjhkaj dhistsyddSse
osLBIHJBAY  e=dgdeiivdeydd  dffise-Lse0nd
ZOLJted 2 HBH, dLiinO=hd? tfied HEdlk] ot 405
%3 [8]. TdLkzekOY dLidiejtdy MtfjSistsse YcOLOEd,
Ysts idlsOdztzso0W tfisHizs» SO hdwds d=ddiihydekzils o
sBEOMsd 525 @3, st BYds kysjks ted stdnokdd
Yizizy jhdz MY jClsteso Af

TIP3 R RM LA-U I LRE

PANalytical

T jLizds0ls to jdlse jisWOL OGS 0G0kdLO
sC0LOtd, ulss ofyj difitzjHizjd " j BBEOLYT CdS dd sl
RistelzCiztelz oEstelsyefisd (508, 1). WO HAWEOSKSEE0MkROR
Yo jasS f) hsedsghistrds_ fisHitex0Gdjd diskse BHd d
Gobted 10° T 10 7 0k, % @) tediizshsekzsls
Histszhdls jiihrj e jWejShr, skashvhdjiv ¢ dn
s JHdbjkdvd, K0S COS b tj oV HEWESkiW o adHj
nodshisws jz4Gs2 WOLY, 0 ofjsts0dedskiw o tjh jiClz
hizzAWAHO SOHGAW (tsdffy. 1).
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o 1. roweoSkses0dkT i jtss CdS, kbt n
dL [CA(N,H4CS),Cl5] tftsdf s jesti.jts0lskzts j 400 °C: O - s ¥ J;
B, 8 T fsodfists tjcdieso0td ™ j ostokd diHd d dokstsd
sy jistsOyaj2 10°°, 102 0k. % Cu® d Na* (Cc ®” = Cna'),
fstsise jisfise jdads

RL sl bk HOGGY-  odHhGis, st
Gz jedeso0tt " § sBOLY ™ df ) fisH jtex{0kdjds ek ind
CholyjdbtsOydj? 10" T 107 0. % wodweskhw
gezdSedhsoceduinSdiad i MOGE2  disjEhdodks?
kdidj?, digishj2 diHJSh (002). Clsts
flodHls jifsolzjls & ks, ysts i jkSd fdizds
s jShisiztedteso0d ™ o stsds &0tfe0od jdadd.

N0 tedi). 1 o HOWOCKESeLOR®RO GBEOLYO )
ChtpyjlstsOydj? djedelz=hj2 HeB0eSd 107 0k. %,
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fisHjte0how  ddikdd,  dusjehdodshise  Coltera
fsofOHOds ) diedhiskrid LeOyikdvid di BOLT
HOGGY A, COC d HeEds,  tiesdintHds  tfied
oy jLdstse jaedd lsjShsizts .

Yed  bojoduikdd  Sobyjdstoydd  tteddind
tflejdizh s jukow  stedjhsoydy  BdStesSiedhisOkz0
wOLEEZNOjsty o  tBEOLjy  MlsOdsodshv ot
sjShistztedteso0d o G0ttt jdd (101).

u0BEzdyo 1

T tfasnCahseard wonhssviady o izjkcon CdS,

fr]lsad32c1fr]bozm kjedeto0ntr = dskokd djHd d @Okedw
(Ccu = CNa+)

Sty JsiE0yd™ dstise dijHd J Goked®, 0k, % | L&
0 10° 0 10° 0 bd-
d [ nld [ a | nd [ ]d || b
g | % | @l | % | ok | % | 4B | % | ad | % | g
ulog
O [T [0 [1T[o 1[0 [T [0 [, ]03
3303 |0|3[0|3]0]|33| |35
5710 |57]0/|57|0|57]|0]57 7
0. g 0. g 0. g 0. g 0. |25 03
31| 381|581 |5 |31 |3 [3|.3]16
62 |, |62, (62|, |62, |62]4]|°2
0. [6 [0 [6 [0 [6]0 [6 [0 [, |02
2019|209 (2|9 |20[9]20|q |06
69 | 5|69 |5|69|5|69]|5 |69 9

JIBeLEOyikdw: d T &> fushSehists, tohfstvddi
9 Y uCon, &ls; 1T disjandodishist HOWiEOSydstdisets
BOSHdslzc0, %

JfscuinSes Pdedel L0t jbas? tsEr Eg
stfiejHjived di hYjChtese  tfesliCondy ts SO
feehsojihses  tseksPjgdy  du il jCkk0d ds?
LOadhddshsd D = f (hv) (D T sy jfiSow fizsisdshls?).

O tedf). 2 ts jHisOatz ik MY Sk HesyinCodkdy
HIZW fiddzls JLdteso0dd ™ BBtEOLYSS.

T, oTH. ex.

07+
06
05
04
03
0.2

0,14

0,0

1 2 3 4 5 6 7

o, 2. ST HestiznCotdy HEv HdeskdsdyinSdn
fizjisS CdS, fsedijists ¢jcdete0tty n dstoBd djHd d
GOksteo Sty jistsOydj2: 1 7 0, 2 - 10, 371 10°, 4 7107, 5.-
102 0. % Cu®* d Na* (Ce®* = Cpa')

o B g issHO ACHSEOYsEydd k26T T
lOsSEe BrE0 tshisisjt0 fisjtjkiow LOadhddshs!
CEAWWO Y jisO tiseizisP jaa sls Adsjieeif] Wilstst0 Hizw
ol jLfteso0nG T Y iGsS (. 3).



(Dhv)?, »B*
30 - 43

25 1

20

E,, B

0= :

1,0 1:5 2,0 2:5 3:0

tdn. 3. ebjfiekrj wedhddshsd SAWWdYdLidsO
et jidv s AGjedd Weksg0 HEw  foestdsduinSon
tfizjisS CdS, fsedijists tjcdeto0thy n dszoBd djnd d
GObsteo Sty jistsOydj2: 1 7 0, 2 - 10°, 37 105, 4 110, 5 -
102 0. % Cu®* d Na* (Ce®* = Cpa')

RL  GOWdSse  ACHstOtfskvydd — ddhki2drn
yofisSse  stizydls Pdedilz  LOeiPYhGes? LSk
s JLdteso0kh - tBEOLYEe (s0B(E. 2).

u0BEZdyo 2

JfsunSow  Pdiedi0 L0 P jhks?  LshT

tfizjtsS CdS, fisok ks ¢jedeto0ds n dskokd & jHd
d t0lste™ (Cey”* = Cia?)

HiSH e 0t d . istiso E
BJHd d GOstedw, d3ts4/d o
0 2.40
10° 2.40
10° 2.48
10* 2.48
10 2.36

dojuied]  feddsdhd  &gHd  d  @Okkd™ o
CotyjhstsOydwn  107-10° 0s. % &j GSOLYe0 s
fizb jhise jiusses  akdvldy @O0 stisdujhlzes  Pdtedilz
LOtfts jP jdatits? List™ it jdatsC.

A 0Bl j BYizd difidjH00G EEddijiyidser j
oMo Y jhss nzeWdHO SOHdY, hsaddhishks
tjedese0thsets dek0kd GiHd d Golstedw. atfjSister A
difizjrizjsr=  BBEOLYSD e jHisOadwesls  fisBE2
PftesCd M4 taishr, eixohdy o seEOnsd i
600 a0 HEs 900 a3 (tedfiy. 4).
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1, oTH. ef.
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tdh. 4. wfjSser AJ HtjesC CdS, hsedhists
& jedeso0hhr A dsk0dd & jHd d GOkt Sty jdstoydj2: 1 T
0,27107,3710° 4710 5710% 671 10° 0k. % Cu*' d
Na" (Ceu® = Cnia?)

1 BSOS [9-11]  SHdhOGO  obLGEHOW
lstelzClslAs® yjdastee d=dtzfyideydd o iziton CdS.
yisekonEGs tfis jHiisOad jedwds, tsOLadis™ ¢ o Usdr OBISISOR
yjiseT  asgdbiyieydd  iejHisOsdsls  fises2
CoBEJShT bdfd (Vve, Me), (ClsE) d (Veo, Vs),
Cibststsrj  dselzs GORSHASAY o tOLdsd LOBWHESORH
hishistwadd, BtEOL Y hftetsCfj ity
g iiyitydd. tse Me; o tfistgvests disk Cd;.

Vo jtduitdi dsjEndensiisd AJ fisads st
tjedeso0hh = tBOLYyse fewLows fi Isjk, st dshkr
cu* d Na*  fhadgqosk  Sobyjdsoydes
B LY LitzyOb jr s Comdtse s jStBBBAEOYdd:
aseronGs [12] tfediin! detk0 Goktd™ i tedotsHdls ¢
BBIEOLSOOGAE Gsov R Ykt fojuikd™, O tieddi
dst0 ijHd SBEOLEjS CEBHEZISHT (Os CuP Vo ye),
(Os"Cu ™ Vive)l,  (Os"Cu™VZ e )E  [13],  Stbstsrj
HsBOaEWEsksw & fisBisoddh a3 HIWJSSOd ({ClsE},
{Vwve, Mei}, {Veq, Vs}), MizjHse0lsje g, fsorhojsiw

Clyddisteoydy  HJWJCkte,  tkojkfsojhkzr=  LO
duin P jirdlzts o jStdiBdROydEs.  tkr  SofdttsHO
BBiZNEBowJB0  kjd3, uss  shOMHJhd)  Ydkse
YissdisHdls %0 oSLHEZA].

RL tedf. 4 odHis, yst tied Mo inisdsd
tjedese0idd dekodd djHd d GOkt ddzls jdhdodsshis-
AJ o6LEONS0 i, HEhisocOW dOShOdslzdi0 HiW Coy, na =107
0ls. %.

LGB P ikd) CoyjdseOydd eddid Hs 107
0. % o fsodjistts Ejedesolkh = i jBklon
ftfshseisokzls Bt P istslz fdec> Jecf =
dusjandotshisd  =ddidiuéudd — sBEOLyse.
iz jeCon MHjeX0Ndn SbHji Gs dskr dgjHd  HEW
CotpyjastsOydd 107 0. % HOBEEHO s dsOSHofdslzd
dizts jesndledsshisel flodujkd™, 0 Jd fitsd Jedd diesdisHds
tfied Cc, = 10°° 0. %.

Yed  ojuduiedd Suhyjestoydd teddkdnd o
hisod jflstts ¢ jedto0nir R HizjtCon Hs 107 0k. % (fdf.
4, Cedodv 6) GOBZEHOjSIW Ed ikt jkd] hodyiddw
sBisOLYESo LO fjyjls tBieOLsa0kdw Chofjtete djHd Cu,,
GHi n = 2, 3, &, Cbierj wemwslshw vy jdists0d
BJLVLEO jz &2 te iSOy dd.

JOChdk0wGsd Moduikdd o BBEOMS HEdR™
ot & = 518 &g id Zokdyiddd Stdyidistoydd



CjecelsPj2 HeB0eSd He 10° 0. % fowOds f
oWt jd5 fisHizsy S, Bt jilst o of jn SBEOLY0R
(tscffy. 5).

ted ko jedytdd Sty jdsteOydd distse dgHd tsis
107 His 107 0. % BGOBEEHO jishw ik jFr jdadj BOSHOdstzez0
Esgdeihydeydd o Hedhdisostykelzs tEOfs+ & = 733
tg, Ass MowLOds ) SBEOLSa0Rd jd HJWIShts (Cucg,
Cu)’, (Cucs, Cl)I (&df. 5, Stdovj 2, 3, 4, 5).
OLOUEubBY J Lz s0sT  GOBEEHOSKEY  d  HEw
BlSH At 7 jecftetso0dat ™ m dfst0dd B3 jHd tiz jdsS CdS.

1, oTH. ex.
1,04

0,84

0,6 4

0,4
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A, HM

o). 5. sttt § NSkt AJ ftjesS CdS,
fsod st jedto0tt R dsk0kd gjHd  d  GOstedw
sty jdaste0ycj2: 170,27 107,37 10% 47 10° 5710% 6
T 107 0. % Cu®* d Na* (Ce,®* = Cna))

o420 3d dudsjusjded Cidy.ifised
0Ckdodtelz=sf j2 HsB0eSd HE 107 0k. % tisdorHdls €
5BOLo0HAE HJWjSste (Veg, 0o, (Veg, 0) & = 815
3, A a3l sBIWhGds? GOtlzh jhdid fistelzChlzte
YzikSd L0 fyds dicdesedhdy  Ji  ®iHE
Csdstf jdiOydj2 sBeOLEZjG = dotslzh jkd? SohdtstetsHisds
(tedfy. 5, Stecfodw 6). Ied ©BEOLSOLI] Y kS
CofiztstetsH — LOGAROjs  00S0Ghdd  Mdte™,  fishjsOadww
ClClzte jydts istelz, shisOeh gz o tizjtS tshii
0L jtzW Iscfseisy jodisets Stz jShe. I sy i
MJ LO&jydedddr HW jChte Btsikzthddhsets o0C0End2
214 LOdsY, o dGOwlzh judy mistzClizer fujeSd fed
ol jHisjzdd @jHd  MsOBdEdLdiizjs  ComittsH o
BIHSELEGE, 5 st dlesdfRsHdls oy jahoyd
Bl juses  Gjhsskojshisody o fizzWdHj SOHMGIW
CfitstetsHisds iz jos fs0Csdedydd [14].

o bkojodujkdi® StlkyjdstOydd dsdkse dsgHd
i) WistedsdssoOdd™ so jteHisets tOmisotstsd LOs P jddw
tfiesdinsHdls  ©BeOLsoORd O d Cuf.  steHO
teOffysswizdj GiMHE Usdid HIWJISs0Rd hisOdsedisiw
HESTSOsYts BOETd, HesdinsHds oLOddEHj2hsed ) tis
iz jrize=h §2 finjdg [6]:

O;*+ Cuf +e=CuO

ateOotikd] MyiSktese  WebkskEddhkinyidydd
(Toh. 6) YiziksS Ejcditodhyrn GHjz dGs dskodd
BJHG Cype = 10° 0k. % f) sBEOLYOG, fsHjE0PdBd
0L He j OSkdodslzs P dj theddjfid Couna = 107 0. %,
gsCoL0ds, uss dodr  Goktdw  BEsCdtslzesls  yoms-
CoG0tse SuSiztdielzsF 2 tojCdBdBOydd, Clsstsrdd
dGselds BV, GOthedBdts, yddkter kdfd Vg, KOS COC
fiod Moftels L] iz jksS dedr G js0tdse dselzs Loddd0ls
00S0GsET ] &insd o wihisCi d &0 tsejtendshisd,

27

bgyOv  Sshdujffses  fssfjsejhlrn, 0 KOS
fedginGre  HJWJSkte, di-L0 yies  dtsdhnsHds
egja P jadd  dusjandedsisd  a=Gdbihydeydd
itz S fsodsihists & jodteso0htr R distodd Cu®* d Na',
s fitcOodzjdkdts ) SsHikAds Cjcdteso0ht¢d dsiodd
BJHd [5, 12].

1, otH. en.
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tan. 6. utfjSker Af fizigst CdS: 1 T ydhksr2
BBLOLJY, 2 - Ejcdise0htj dsiodd diHd, 3 T dsiodd
GOstecw, 4 T fsedijhishs Cjcdicedtt | dstodd ¢jHd d
0ksted™ (Cpe = 1000k, % HEW Stodfo v r 2-4)

108 SYWRE

e jud CdS, shoMqHjGET dL sdsossyjodidts-
nistedH R CteHdGOydekG R fisjHdRikd?  did
s jdstfjtsOlsizts j 400 e o7 HjkwEslsiv o adH] ostelsydists?
flstelzClstzte ™ df Ttz dats s jShskztedieso0hr o dGotfieOot jddd
(002). Med Eojicyjedd Sty jdssOydd  Heddind
tflejdBzR jijso jl0v  stsc jlsOydw  dolCtesStadiyisOizo
t0LezNO jistv d sBEOLjY fisOdsadishv s jChskztecftstso0ds o
GOtfeOatz jizdd (101).

dojnjadj Yediind dsese diHd d @Oktd™ o
CotyjhssOydwn  107-10° 0s. % &j GSOLYe0js
iz jilso jatsets otk @O sy St  Pdtsdiblz
L0t P jhiss? kT fjsS, oodHz  dBtiAh?
Gty jaists0yfd dfistzse Cu?* of Na'.

vojidyjtdl disighdedshisd Af fsedhisds
tjocfteso0t = ©BEOLYSO MowLOhts f)  dLdsjdidd.ics
Cotpy jdaistsOycfd OShscfodfislztsF j2 HBBOaSq Cu®* d Na'.
JBHOEIDLIE” BOSAlts gitsh) G=diydbydd,
o juo=ndj SeBYEjChod fsehseit '~ d tedkiner =
HJWdClsso: (Clsh), (Vive, Mei), (Ve Vs), (Cuca, Cui)’,
(Cucs, CIYl, (Veg, O, (Ves, 00 (05 Cu V= e),
(05 Cu* Ve, (05 "CU" V¥ ek Ao jHihkd]
kJedslz=P j2 HiseOoSd dskz0 dOted™ di tfiedotHdls ¢
sBiOLS00RdE Gsorn yjhstse fojuikdy o flzd WdHj
COHGAW, Slso jud=dR LO GOBZEHO &Y j BOSHABLE Y.

vojeduiedd  dusjuhdedshisd  ESsddEMydeydd
BBieOLYSO  Zjedetedhl s ds@odd P jdsykre
B jsOddse  MowlOks ) BhtSdesels?  COROdse

BJL L0l je 2 6 jCshBdEoydd, Sealtedi=Pdr
i 6iCthBqEOydj? 40 SYAROBETE erhyj yjdkeor
fojuikd®, st HjEOjs  BSEjj  AWWjCkdons?
L O L bl 6 jSEhBABOYTE. GCsdotav Hidd i
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Presents results of a study of CdS thin films, doped together with copper ions and sodium concentration of 10° ¥ 107 at.
%. The synthesized samples were obtained at a temperature of 400 °C. X-ray analysis showed that the precipitated film formed
as wurtzite structure and strong are textured in the direction (002). With increasing of impurity concentration the preferred



orientation of the microchip is destroyed and the sample is textured in the direction (101). The introduction of a small
concentration of impurity has no significant effect on the optical band gap of films. The change in the concentration of dopants
leads to an increase of the photoluminescence intensity of the samples. This is due to the fact that with the introduction of new
impurity defects lead to the formation of centers of radiative recombination, and also due to the reduction of the role of centers
of nonradiative recombination. Active impurities Na* and Cu?" at high concentrations can lead to the formation of inactive
defects, so there is a reduction in the intensity of luminescence of samples of CdS. Also, the sodium ions block some of the
competing recombination channels, which can be, for example, centres like V¢q, resulting in a decrease in the number of own
and impurity defects, in consequence of this, there is a decrease in the intensity of luminescence of the films in conjunction
doped with ions Cu?* and Na*, compared with the separately doped with copper ions

Key words: method of aerosol pyrolysis, thin films, cadmium sulfide, x-ray diffraction, optical transmission spectra, the
photoluminescence spectra
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The films of composites (Cog1FesB20)es(Si0,)3s were obtained by ion-beam sputtering method on the fiberglass, in an
inert atmosphere and adding cyclic oxygen with different portsialnym pressure. Analysis of the magnetization films showed
that the structure of the substrate determines the magnetostatic properties of the film. Particularly, a high value of magnetic ani-
zatropy of films (~ 500 Oe) is given across the fabric fibers form glass fiber having a length of up to 500 microns in diameter
yarns 7 microns. It was revealed that the frequency dependence of complex magnetic permeability of the fragmented glass on
the surface of the film are a superposition of the characteristics of the anisotropic film fragments along and across the meas-
urement of the magnetic field. Approved in the work approach allowed to have a significant amount €’ samples up to a fre-
quency of 6-7 GHz. The measured frequency dependence of the absorption of electromagnetic radiation fiberglass, with a
sprayed on the surface of a heterogeneous film, showed a considerable amount of L in the frequency range from 15 to 37 GHz.
It was revealed that the dependence of L (f) depends on the parameters of the deposited heterogeneous films

Key words: nanocomposites, electrical properties, heterogeneous multilayer structure, specific electrical resistance
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The work presents the study of the structure, electrical and gas-sensing properties of SnO, films doped by Si, Zr, and
Y. The samples were obtained by reactive ion-beam sputtering. It is shown that the addition of Si, Zr, and Y leads to the for-
mation of amorphous structure in the films. Heating the films up to 600 °C leads to the samples crystallization. The presence of
the doped elements reduces crystallites size of the investigated films after crystallization down to a few nanometers. The high-
est value of the relative change of electrical resistance in hydrogen containing environment has been showed by the SnO, film
containing more than 2 at. % of Y. The presence of solid solutions SnO, - ZrO, was the reason for the higher values of the ac-
tivation energy of the charge carriers in the films of Sn - Zr - O after crystallization of samples studied in relation to other films
(Sn - Si - 0, 3,9 atomic % Si E, & 0.05 eV, Sn. - Zr - O, 3,9 atomic % Zr E; 4 0.5eV, and Sn - Y - O, 4,8 atomic% Y E, &
0.11eV). All the tin oxide film with the addition of silicon, zirconium and yttrium showed significant sensitivity to hydrogen

gas
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Lol j200W disHEr f(...), SoOHEOduzO™, SkByjicow df
5.H., YC0 G HiSMisdGlJd3 LOHOBEGS2 SEydishisd:

min‘]dH(g) ¢ ‘]LOH (9)

YebHjBEENSEdEZjl  dissH  GodBjghdn
CoOHEBObBD @O teshissd  teddjtj. st P jisiw
BiSHJE sdtfO tfsdzdhg0 fisitfidd m.

Zysn =J (V) = 2@V (10)
I = A2 - 2y )? (11)
k=1

RICEHBY j CoWWdyd jdals™ tfskotist0
tfis jH jiwsisiw dL Zhksedv:

-?'.\‘.é w0 162%
minjagzZ; - aaVv-g i (12)
a ’flzlg j=1 =z }‘

46

rfwwitejaydtelz” gs a d Yed0addod™ Loy jad™
ofjn tlesdLotHBY R dizis, skl tiscioH jdsizes

Gd>d hofbjdlz  tdBj2nrn  e0edjkd?  (13)
(FiejsBELgoydds 2% = y,;V; =X, ):
N
N N
NEAX A XA % &Y
i=1 i i a .
axaxac.axm , | [
i i i 1 =
gxi gxi gxi ~ax"| |q ayiX
(13)
rev oty jedy  dhSehees o jChs0 &

tisBrsHA®E tesdLedhisd sB0M jhdj Gotdyr SHEdD
dL fisOdHOtEsh ~ ftfishisatse.

106 dIsdds, st ted Hislzes? Wistedzj d3sHjtzd LOHOYE
dedidLoydd Iy, d Ydn<o ojSksk0 a  tisdmsHosh"
Mol fdhStordg B lsBHES ydidzjodas2
stflsddzcLoydd, st LeOydisjz-ds fEtydid. IssthEz Y
BBYUls tsjhosk o dilsjtboSkdotsd e ddd, SBEHO
Ui aLse0jir  dgddls  obLBEYdEhis  o0tdkso0is
Wisteglz BHiEd, ydhts o0k isese, sdf Stedisitedio,
dJlstsH T stfisdlsdLoydd d k.H.

Iscejndshs!  gsHjEd Sthojddsets  Chilstosizy
dasddis lstedf fshisOadwedj:

0 = dsnjag * Ao * Drgsordy (14)
utsfisOoveshow tisctsjnashisd dudjsjedy  df,

wolw s oLojP ikt fzkks? e iPdshsi2
SSHJZA % - dLBjiejid? d oSEOHO & BHIE W / PV
9 "
LY
d2, = ag-—1Q d 15
dis a%uVig v, (15)

24, sSsEUiEOYdY d bwls HJGOBISH o
s j&30R Stfe jhisets Sistatszw

&0t Yocfudnd HAROBAYINSER et P dishisd
dfdm LOSEE= YO v o Istsa, ulss S 2 tsCOL0ji+ d
gidtejizr?  COLOji+  GORBHWSTY o 0Lk A
YiotshisteOdziso0n dLasteidad2.

ToLzduorsts e jHz=sdy dgisshr St jahoydd
HOBORYIMSE? tfisete j N dshisd:

1) vy jls LOYOLH T 90w

- dojHjidy LOYOLHY 90hW £,c, = max Ry,
Rz (t) T oL0dd3tas-Sistots jwy distadz0w WiaaSydw:

, GHJ

K\f‘z
— Hﬁw\_\__q-
/ Taf(g -b."h_,__\
tdh. 2. udfduiov  aLOdBhksSststs ji vy dsdiEow

WSy HEW Stfts jH i LOYOLH o0t



Fiv LOHOGES? HOMCEjsshisd  dLdsjijBd? Dt
JBjdk  fsssojsisodj: T, Y [K-d] USGHO, HEW

COMHGS V; (£ - L.g,) AL LEOWIEAS Vilk - d;],
tsistatsTclls JzAtas Sststetsets stetsclisi™ datsHjz-.

- Ctete jSydw o0 jisteso LOYOLH 00dkdw LO fy,ils
orydijidy SeWdydjusse o0 (by, by) tdbj20E2
WELB Y V; (t - i) Y by + byVi[k - d;]

2) GCodo0 jdists ddsls jetedtsso0dsd.

- LOd3j0 5 jSizP jets LazOydacfy Vi (t) Jets Mt jHdadcs
LBOUJBdid  (dusjoOns®) &0 diksjedly (t,t+Q),
Yhj efjes eoredudjshy thshisj2how Wistegd T
MesALWh jj fts jHGJJ

~ 1Q - 1N

Vi(t) == i V;(t)dt Y —aV;[k] (16)
q t Ny k=1

Cotots jCyd™  0te0cs jlstetso

el 202 Wistedk

Vi) = by + by AV (KD
q
3) JHisotsjdsjnhs] oojHibd] LOYOLHY 90ndw o
e Lwh jots fite jHE J6TS:

s joteOlstste0  ©

(17)

~ 1t+Q
Vi(t) = E iVi (t - Ty )dt
t

SOC d te0tjd, tojLizdlsOls Csdstf jdzhOydd HA&OBISH
Gexds  BYkY  REybie o @dBjRks?  Wistkdd
IsteOtMWistedsOydd L jtejdzd2:

- §11+Q o
Vi (t) = by + blga iVy(t-tg)dt§  (19)
Q t -

(18)

10BJsdds, usts LaOyjkd f., d Q WewwslsW
BOLErd3d HEW 0L R sCOL0kEi? V, tfeihist0dhised
diejts jted?, 1S0C >j €0¢ d CAWWydjdsr ddhj2hrn
Weds (Do by). Vesyjify Stejujiisdv ehjn LsdR
fowodsdsteso  fdisjds  Suafianoydd  HABOGASd
filste jogwisiiy - WistocgOzefLtso0ls o  Iztftetsylsalst  teOLdr dgd
otfsdsiscOls i drdsd  tedjds0dsd, wis tedydtfclOn-ais
skd — shisOskiv G ididjddrEd: LOYOLH Y 906G d,
tzfts JHdz jdedJ, Edfizj2a J Wisteds™ [6].

2.5. »ot2Mise0 &zddz j2dshisd d OHOHsOydd.

Tonhasskeddd flos2mke ddizj2ashisd o OHOYSOyd]
9 JH st ofyd jHfysod J:

1) dajtfsids? GOBEEHO & Ehis;

2) GihsotoHiddy tfeshstodhsed nehstwhd? d
YiotshisteOdziso0 GOBEEH jdd2.

JotsHWishw ¢dtfBls jLr:

chid &0 GoBdE=HO jdshis+ d dinsoyOHjkdd
Yetshste0dziiso0 fshisswld? d Histshste0diiso0 G0BE=Hjdkd2
dizj=l  ddhlss, s $0  dBJCEliesds  Set0dkou kb

disiieo0l otsjdsihd MG teddvis?  edfsls Lz
gt j2dshisd [4].
AdBsjl0  Gdijhshsd EZsejiexHOjs, yss &0

(S islststetsas Sete0md Y jdtsd ot jieo0n] oo jid [ty t,]
) Sflejujivits? dscsjhashsis o2 ¢dZ ¢dZ” T

Heshists0uhisos fishstwid? d geshstonhsos dLidted?
fowLOhG" dddj2dts. Glsts Byt o M eOLdls Wistedlzizts2:
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2 (20)
g Bl T fsHijds SsteteiSydd f) fisdshaes
OHOtsdols?  tesyjHizter &0 dsitoddy [t;,t;] (40
dulsteodizd B P Jds, uids [ty,t,1)
|B|| — adapt[t;, t;]

[t;,t5] - otejds™ OHOYOYA (Toyoys)

[t,,t,] - olbjk™, SisGHO ojishd CoftfislsjL0 ol 2eshisq
(Taqa)

RL Asdn  GOMMDHjGAR  MijHizjs, uss ttsd
teOLadsts2 tfietsyjHiztsj OHOSOYd dstsdts seteOddycfisfiw
Lo j2us? dEH s Cfjo jhtses Cdsest, 0 s
sshzishsadd OHOYsdotr R Cofibbistse T Gk Bk
GOV GjEdbj20v GEHE. [y SSiejSydy ojHjshw
zgh 0 Syj BSENdR i je0t0n ASHhEolsoydd
(Bifwy, SodEls0re), st ACodoldjdlshs dLdbjhjkdts
flos2Mse  MsOydshOLnshsq i jCk0.  4oftfislsjLO
Lo j2shsd  diijs SOSM  ewOddyjkd, CssEs]
ardX0sl  Isjtegdlsds  fikOBEEHOjhEHs10  [4] d
MsH € tstfts jH iz jdac s 10tc0 30ktecy™ | B .

udlfdet,  CteHO & ddddds  ofd  syjaSd
shisOadwesPdm  fscteiNdiiisd  GlssHO  Cishe jhdset
CISBISIBBEY: (0, Oty Oige)  HESUHEZET  Cistete Syl
GtsH jio] csetzls BYls GOYe0otjdr GO dLds jdsjdacf OGS
BEEPE?  fshjsOeiveshj? o tfjsekt  syitjH d
fissso jShso jliss  kdBSs  dLdsivsk  HletsseOdhses
diisjejid?, tdsts didjevesls Wbkl gSHjtd, ddBs
izyh Ot letsy Hids ™ CBYiGROydd HAEORAS.

3. JsHjteso0hGd) d LiftsOotjddj HOfCtsjist A
hdhisdds

rev ditfseLse0kdw Yehstsjtnr - BEHiEJ? o
LOHOWOR  [tfe0odzjhecy  Mzguizils  Eyfist Ha0
sBstws i fiso0: S isdmst  dBHIEJ2 d LOSEEHE
tfie0ok jldy. 0 kOS] OHOHlsdodshist  HlsyjHizte™
Ctstote JSydd dtsH jzd.

3.1. [Bhow tfshis0dzsaS0

AAyls LOHOG didasatsdsjietar2 diftzj2hv 2 tsed jCls o
ogHJ:
%d—x = AX+BU
| 1 dt
Y =cx+ DU
flsdBT HWW jtsjeydOzdr r te0ad jtd? o Wistsdj
sthd.
Hi &, A dOsteqyr 400 jistetse  ttetshists0dise0
(mehiss"dac2) m(t);
U (t) - 9jSststs Itfls0ot jtd2;

Y (t) - Yetshists0nisots dLdsjtsjdd2.

CD T ®gOtedyr 400 jlsteso  Hotshste0dmise0
dLdsjedded2. (Y03, wsts X(t) o Y (t) Yt hsOadds* Hfts
fids " iziz LOHOY]).

br0EsesE K0SEes BI jC50 Wodw jishw  Cisd jydis-
tOLUSTisEOw fidhisid0 [5-6]:

(21)



&X[k+1] = AX[K] + BU[K]
LY [k] = Cx[K]+ DU[K]
q fseChizeOv RO JY  dsHitdese0ndw
tfi jHS00E 0 >},

(22)

o). 3. wlstelzSlsizies0 fiF jok0 tjotdLoydd s (22)

Atfsdsddds, uiss tfted Hishistets jdscfdf dsisHd B*deef
iyt LEe0G " Ay jls ™ LS oot istsats
LOYOLHY 00Gd  HEY  SsBYjdnoydd  HABOGYNCR
tscejPasisj2. (BT f  LOYOLHTe0hdjd  z-d
ejrhsOomesisiiv - yjtfsySs f ddhSoerCdhd
JHlEcuET s 27 LOYOLHT a0t

1 sehjk fin0j EOLbquorsk sei jSkr f)
LOYOLHY 90td i3 s IztfsOat iddts, f) LOYOLHY 00%d ¢ s
dLdjtetd= o HE.

atssise jishisozes P dj e0od jkdy ddijt=l adH:

aX[k +1] = AX[k]+ BU[K]
i _ (23)
Y[k +d] = Cx[k]
(LOHjtex1 S0 G0 9 sHY)
X[k +1] = AX[k]+ BU[K - d]
1Y[K] = Cx{K]
(LOHjteX1$0 ffs Iztfic0od jhdts)

1 shijrbjds ko fsekChized fnjdr  OGods-
edudko, & twodwjkiw LOYOLHYo0kdj] o COdOkj
0ot jhdw (sBtOddB oddi0nd) @0 GJhStESE dhsd
oriOsjdj HEv  Y[K])-S.. dhdsdezis  nCstshs
sBiEOBSISCd duwsElkOydd:

(24)

1o 4, alstelzClstzte0 (EH jEdtse0ddy
LOYOLH Y 90tdw

WNSEEICE Bk fiksybs oosHSHY odslzists jddavw
LOHjEMSO [5]. Py 0L tfisHyjeChjd, st Ysdwisd]
Heshists0uhised fishstwizd? d diidtejhd? fitinsteddr
tfis WlLcfunSsilz s rielz.

JBryss [7-9] disiLizishv  CoOHtsOlsdyd T2
Ctocflsjted? COYMiso0, GOtedd.ts, Isdftfo [10-12]:
I = X "[NISX[x] + &[X "[KIQX[K]+U " [KIRU[KI], (25)

o CEsSEsty Dusjhr  Sshjussj fshssvgdj mIN],
sjSEPdj fsissvdcfr m[K] of LOSEOkT G0 0ot jdac]j f)
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tfleJHiYGndGd e isso0hdvdd ¢ doktdyods S,Q,R,
oSk ow iesedy iz jisetse@kdy min |, shissjdkbs
B lssHT cleOHdjirks SHsdBoLOydd ) dijtfst-Lse0GdjB
fistfiews jdz = fidhisds [7-12], Ehdsedw bEhiss2udetst)isd
[13] d Hte.

IsHtBEj  flstelzClslzte™  HAMCe sk n B jClstso
ditfst Lty o fdisjgon  Etfefedjkdy )
fiOBEESHO jiz jds0, SHEOSES dL-LO bstsets, ylsts -Alstsls SO
BHJEJ? T edRj2er2, IstjBlzjshv  tfishisswidow
ChtatejSyd SEWWePydjdisse KOSAR  dBHER T k. 4.
HoffSte jiskow OHOisOydw.

A(t) — ALK],B(t) — BIK]...

Qs tsBfsw ji ot iz jHizjs Zyjilss, k.S &r
WOSEAUInSd YitedntsHdds S OHOYIsclod*ds fcfhisjds0ds (.
[5-7;14-17]) did dn tOLEdul d  disHOWASOydWds
(GOBEZEHO jizd], tztfts jH]ls jizdf)

. 5. eHstelChsizts0 ktfteOot it f) GOBEESHOI jijds

10&jj [4-5] Bvits ZCOLOGS &0 djosLdis>dishs
ditfszLse0hdy IR -LOSEHSe  Efielodjkdy  HEW
el jCkse ) Bszhdds LOYOLHT 00Gdjd, fHfsiBr 1)
fOBEEHOL jiZjk0  tLotiwesls  tfiejsHEEjs! Al
Ssc0hGdyjtdi. Jedtt fssseshsol=P 2 flsekSlizir
tfledfojH % © tHj 0Bl GO jis, ktfis jHes j2 £idasO
[5].

3.2. fisidbshisd itoatjid™ s Sshe jddrd
dLsdteidedds
UIK] = K[e[K]+To /T, &efi 11+ T /Tole[k] -e[k -i]]  (26)

i=0

A tfedojH jdksd: o ze0od jkdd (26) HEZW IR -
to jolzdWistste® Hteddawist SBELGOY jddW:

K - BB jeg 2 SsWWdydids  tjtiHoyd
Y steOt datsets te jolzdWiststsO;

T, = Dt - 50<s So0dalstso0dzdf";

T, - ots W dirls jetedesa0ddw;
Tp - ok HAWW jtejdydtstsoOdd™ (HftshistsWiadz0™
ote jo3 jded HWW jte jdydtetso0did).

NBishdtese0dhhs Ztfts0od jdkdi
st jdgvi  tftestsdlst oty jddi HEW  ULK],
fishsiztfdcs fzjrizes P dos seteOLS:: LOY jos LtftsOot jtdj
HEY ULk-1] d $02Hids Lhoyjedj HEW thedis0f jadw
tfis0otz jtd™ DU[K] ; seHO tfistzizydds:



&(‘D

Uk -1] = k[e[k ~1]] +1_D_ké1e[i 1]+

o i=0

(27)

=) /) =)

+ 10 [k -1] - e[k - 2]]
TO

gD*u [kK]=U[k]-U"

Tk - 11 = goelk]+ aye[k] + azefk]

T Wisteclz0 Wistshdftstso0dadztsets ztfts0odz jddf

ClsisteOw  fisCOLro0jls, uss DU[K] (o0 jezdi
Ztfie0otzjhdw) T At ddij2uov Seiedioydy shdsss
e[k] @0 HOG&s® d Helzm tejuruzPdn  POGOR
ztficOot jkzdw; o BSEZjj 5B odH:

DU “[k] = ka: qie[k - i] (28)

GHJ 1 T Cskdyjnses hOctse fAGOLOHO LOadhdls s
fodiwsn  ydhdz itk djlstHise  dis jetediesodhdy d
HOWW jts Jiydisso0ddw (dLodhisir dssHdWdSoydd HE 4-A
hOgse GOLOH), s o =B NEkydj Asts LGOSt b
B4t Mg, s tled dirtfisiz-'Lse0ndd o T e0>jad™ (26).
10GW0Gd) T et dijst o edHkz, st
sistedsdudnsed d disdhds] L&Oyibkd Etoadjddvy
mselds  slszuPlsafw, tstssilz tfed WistshdtetsoOdaisds
tfe0otjkdd L&OWjhdj DU [k -1] Hetydés fistses
Codzlstetsizdtetso0lsHw, %Oy e CAWWA Y jdisse

Yo G G2 59051 j LOsCips 5 ds jstsHO s joteclietsottzd of
HAWW jte Jizydteso0ddw [1,4-5].

YiisBY  EhisOfsodls!  wOfses2lz  HEW  ijITSets
CsElsizted G isBRsHA®RE L&Y HAEOBAYINCd] hot2hised
5B JC0.  JYejHibihd]  HA@OBduinSdm  MesRfise
b n B jChse fsdhnatHdls fizsjk fsHOyd &0
9ntsH 5 jfstsotsets osLHj2Msadw.

J hewd ) Asdg orHiEvEsls teOLEduBrj Isdtr
oisLH j2Misad? tfts ztfis0ad jhdts.

ujisser j esLHj2Msody tfs 0otz jkdt elzs
BYIs teOLGY - Isftfiso:

a) itz s osLHJ2Misodd;

b) MCOVYSEEBREOLES] (MY jdyoksd);

c) Omsskdsy (SBYuss At fddkhsdHO
sy jeidBjbed didgjdieddd yonsss™ o HAOYOLEG] s
Wy HE W, ).

TJOSydy &0 ohslstsj otLHj2Msed]  tishii
sBiOBRISH  MosHshY € Hihistes jledt  YOMsslsk A
R00CjtedisdS  (pym, AYM, PAYM), dabjteinds
dhtfsziselr  HEW  Asdn  ydkj? iSOt ds]
fejuisOotjid) fohsjgr  [14].  Stbjuss, fosw
fjydwdco & ssijSktse f)  wOMYkjHEjeB B
for0gjs0dsd  [10,16] e d=  fldojrjkdd €
5B " Citso joutz g HOWW Jte jdaydOdz21de 3 fcffnls Jdz0a3.

10BJU0kdd:  tfed  dsHjddese0kdd  YHEBEG
fidhlsis & YeiHtcE0c0ji, Uss B G WodW jishw
Gitfiederokrds fis fosj? U jtejHOLBYEE2 WedSydj?
W;; (S) &dt G0ty Yl jHOSsYG 7 WBSyd2 HEw

5B OO 0 yjirsds W

iz Iste jBtso0ka G jtfisjierotisijsy s8I jCk0 dsj
NSBREHOMSKY, &Y HSEXGT EORHE0sEdo0ls! s COC
NS jsG 2  d  ted  dssHjbdese0kdd  edghsd
fstslsa jsisolzEsPdlj Stete jSlscfo T, CESEET j Bisa0GT GO
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gedvisdve  HdStejishm  dizd  ddstlzefigre  fohikd.
u0CE2 Iyl HAhSts jsdshisd &>y jt HEW BT jster R0
Bl jCIso,  HjedatHEr ] tesydfr o  CEbbira
fsdLds jtedds™ fis otejoz jusjds SBGOBSICH d tfesnsyHIBAW
dewstegOydeter~  YokssSse o CAJ d  Htkedn
kirtduinSdn e jHiise0n (API, A, COROET hewLd s
ftsHMiso0Bd LOP ™) diwtdOydisths-zfadvesh j2
fidhisdds™ © yJitsd. WOSERJy, © BSEld fEEM G = fikzzyows
s8I jCk d3sjls i jHisOadist COC sz iHso0 i b
fisJHdtded HdhS s Jlstzts? d G tfle e ons?
(GOLSEUONSEsGER) YOS 1rdhStelskow 1 jtejHOsydow
wzizeSydw ddsddls odH:

A@) _ag+az 7t +az 7+ +ay2 "

W(S) Y G(2) =

B(z) by+bzt+b,z7?+..+b,z™"

i Bt N diiise0 WoLdyjiSor el jSsse m ¢ n .
A diodhsern gshisedvn s dhstizefiard hdhisdkos
[1,45]  tfedotsHwishw sOBEAYT  HjejosHO sl
e ji5 otk R 1 jts jHOSSG TR WrCydR € HAfSts jistr s,
&Gottedds jte, HEW Isftfisor = Lo jd jo:

s
CeWWAydd
-s0

ted-
&4yo-
Gdd

=T W(s) G@)

ROz jt-
ydftstz-
%2
B jCls
1-5688
lﬁStGWH'
[50)

ag =kI/T

b1 — e—aTo

1+Ts 1+bz™

Yodhts
LOYOL-
HY90-

G

d=t/T,

ik
HE590ls J
el |
fisdHdt
Jdj
Holzm
Lojb j

3| w(s)e™ G(z)z™¢

9

a2t +a,z7 {:T:' |
1+bz7 +byz 72 &
’ tjczd-
&dd0-
A ds-
WOLB-
o5
F0E0S-
b jtedff)-
IsdSts?

4 k(@-T;s)
(L+TS)A+T,5)

a,+az'+a,z’ +a;z”
1+bz™" +b,z7? +b,z™°

0d-
BBz
sBhjj
HtegH-
fis0e-
Zitdd

5 k(@L-T,s)e™®
-TS)(A-T,8)A-T49)

utsslso jishlso Jaks HOWR Y &3 Hiecfo JH b2 SOBEAY ™
09BHWSTW Cistets jClsdar o flstelzClstzteds™ j fymjds™ tecffy. 3-5.

4. 0SEjtdj

wOCHds SBEOLES LONEEEEGT o HOGHS sk j
ofyj SO fishstets jdac dsH jir j2 Ssfe et Siststea:



Bs vt  YobhteOdhised dLditeild? HE
gehstesikdy  0HjSo0kks?  dHjdsoWdydisto0dns?
tsH iz

v LOHOY, ztfsOadz jdscw ) diptftsiz L0 jds 1s0Sdm
BEHJEJ? oo jdkbktes CoubtesE  tiejHtfsylsdls jz- ts2
wolwjlshw  kdhjOtdLio0ndgow  Wskd0  fofsid
HAWW Jts jiycOiz- i IOt jiscf?2 © HASts jlsts? Wistedsj
fy 4jtedsHAY NS B2 OHOtsdans? Sitste iSydi?.

s jieOlsize0

1. IO G 2, & f. REWELHEOYdshEs-ztte0atveshdj
s dskdktedRed fiztyeGrn s8I jShte [uishs] / .-
IHEOEAGT 2. - s>, 2010

2. IsHOOEA G 2, .1 _JBH jidtese0dkd
st e jag - Jesyjiise tsediiedoydd [uichs] / ¢
IsHOOE G 2. T ., 1979.

3. stujfbdsse, ¢.¢. wdijteisduinCd) ddissHr
tfs0otz i sy dd fdisdkodd: kisted™  fidfisjddsets
0d0tdLo [uiChl] / ¢.¢. stiihddSse. T4, 20086.

4. Isesyse ¢.¢. Lhbser kistedd OslksskOsdyifCses
Eztfs0atz iddW [ iShis] / d.¢. dstesdso. - J., 1986.

5. RLjeBROR, T AdWieserj hdilsigr kttOad jddw
[udShis] / T. RLted0G. - J, 1984.

6. RySsady, G.f  _FissHr  teOydshod-ds?
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CREATION OF INDIRECT CONTROL MODELS IN INFORMATION COMPUTER SYSTEMS

S.L. Podvalny, Doctor of technical sciences, Full professor, Head of department, VVoronezh state technical University,

Voronezh, Russian Federation, e-mail:spodvalny@yandex.ru

In this paper we examined general problems of creation of modeling for some quality parameters on the technological
object output in typical variant: needed parameter is not automatic measured-but we have much ones which may to be
measured in information and control system ( ICS). We need to build the indirect model after preliminary reduction the space
of measure as professional so formal computer methods. Statistics regression double filters are used for reduction. Also we use
schemes of smooth integrate and delay for improving the model. Structure of the indirect model is introduce as additive sum on
the systems of typical functions with unknown parameters. Additional identification task is a problem to solve a system of
linear equations (for square criteria ) or typical task of linear programming (for module criteria). The structure of estimation of
indirect model was used in detail. At last the control system is build as linear digital scheme with adaptive correction in real

time

Key words: indirect control, statistical model, regression matrix, dynamical estimations, identification
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The article deals with the problem of designing complex software systems for companies working in the field of farming
and agriculture. Development of modern software systems related to the automation of various aspects of human activity,
which, in turn, is connected with the solution of complex, non-standard tasks in building architectures and software
development technologies. Modern directions of development of the software development methodologies in pursuit of quality
objectives, in many cases, lead to significant labor redundancy. The use of technology in developing complex software
enterprise management systems through the use of multivariate methods of integration allows you to make better design
decisions, while ensuring an acceptable level of flexibility, functionality and performance of modern software applications. At
the same time, methods of multivariate integration apply at the level of groups combining architectural, technological and
organizational-oriented approaches, as well as in the framework of one of these approaches for the rationalization of decisions
arising in the process of building the IS. Implementation of the results obtained in the process of corporate development of IS
for the crop sector enterprises has allowed to achieve significant results in comparison with the original data - estimates,
forecasts, etc.
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V.N. Kostrova, Doctor of Technical Sciences, Professor, Voronezh State Technical University, Voronezh, Russian
Federation, e-mail: kostrova_v@mail.ru

The approach to the creation of intelligent CAD (ISAPR) electronic means (ES), is to develop a model of the domain
knowledge, based on the formation of a plurality of elements of the relationship and its graph representation. Also offered a
semantic model that allows to systematize the knowledge of the object of design with the development of routes designing
electronic means. The approach and its implementation in the form of prototypes of specialized expert systems (SES) to solve
problems in construction engineering ES ISAPR - preliminary design options Search, providing ES protection against me-
chanical and thermal influences and learning design. This approach allows you to combine and organize well-known and to
identify new knowledge, both in the individual components of the subject area, and the whole design methodology, to im-
prove the efficiency of the design process and training design, and ultimately, improve the quality of the ES and reduce the
cost of the design

Key words: Intelligent CAD, design, modeling, electronic means, expert systems
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