Aepokocmivni TexHosorii, 2017,Ne 1 (1)

3acib ana BigobpayeHHA

AHTeHa
AO3MMETPUUHOT iHcbopmaLyi

Brok
AETEKTyBaHHA

TaHUiA 36opy Ta
nepegavi 403MMeTPUUHOT
iHchopmavt

brepeno GesnepebiiiHoro
JKNBNEHHA

Puc. 1. ABToMaTH30BaHa cHCTEMa /IS I1JI0000BOTO Oe3nMepepBHOTO MOHITOPUHTY pafiariiinoro Gony mis
omxHOTO 06’ €kTy (MOmeNs cHcTeMH KOHTPOITIO pamiartiiinoi o6cranosku I'TICK)

GSMIGPRS
npoeailfep

MakeTHa
nepeaava jaHUx

CTraHuin
MOHITOPUHIY

BOEr-09

MporpavHe 3ade3nevyeHHn
TeneynpasBniHHA, |
Bizyani3allii, apxiByBaHHa - Cepnen

1.Bisyanizalia npouecy
2.ABapiiiHi I nonepe gxyBanbHi
NOBIAOMITEHHSA

3.ApxiyBaHHA fanux B BO
4.KepyBaHHA cTaHUie

CTaHUii MOHITOPUHIY

Puc. 2. ABTomMaTH30BaHa cucTeMa IS I1I0000BOT0 OEe3nmepepBHOTO MOHITOPUHTY pafiariiiiHoro Gony mis
IEKIITBKOX 00  €KTIB

InTepHeTy 1 MarM BCTaHOBICHE BiJIIOBiIHE
nporpamue 3a0e3neueHHs. OOMIH JaHUMH — MiX
BEPXHIM 1 HIDKHIM pIBHEM 3IIHCHIOETBCS CIOCOOOM
nakeTHoi mepenadi manux GPRS mo panpiokanamy
MOOLUIBHOTO orepaTopa.

Oynkuionye Ha |BM-cyMmicHUX mepcoHATBHUX
KOMII'I0TE€pax i3  BCTAaHOBJICHOIO  OMEpaIliifHOIO
cucremoro Windows 7 ProfessionaCkman cucremu:
OJIOKM JeTeKTyBaHHS ramMMa-punpominenns bJIBI-09,
1o 3 6mokiB BABI™-09 Ha oguH MOy s CTaHIIIT;

Moxmynmi craHmii 300py, o0poOkum 1 mepemaui
JMO3UMETpUYHOI  iHdopMaIii B  3aJEKHOCTI 10
KOH]iryparii;

creniani3oBaHe NpPOrpaMHe 3a0e3MeYeHHS st

cepBepa,;

NEpCOHAJIbHUIT  KOMIT'IOTEp 3  BCTaHOBJICHOIO
omepariiitnoro cucremoro Windows 7 Professional,
a0o BuIIE.

BucnoBku: B pesynbrari pobOTH MiAroToBieHa
TEXHIYHA MPOMO3HUIIii IO CTBOPEHHIO MOET CHCTEMH
KOHTpoNIo pamiamiiinoi ob6cranoBkm ['L[CK 3a
JIOTIOMOTOI0  O0agHAaHHSA paTiallifHOrO KOHTPOIIO
HAIllOHAIFHOTO ~ BHPOOHHWIITBA, IO  BIiATOBigae
CyJaCHHM BHUMOTaM, SIKi MPEI'SBISIFOTECS IO CHUCTEM
paaiariitHo-eKOJIOTiYHOTO MOHITOPHHTY.

Peanizauis pobotu o CTBOPEHHIO
3alpOIIOHOBAHOI MOJIEJi JI03BOJIMTH BHKOHYBAaTH BCi
HeoOximHi (yHKUii KOHTPOJIO, IO BHKOHYIOTHCS
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CTapol0 CHUCTEMOIO, TaK 1 BEJIMKY KiJbKIiCTh 1HINNX, 3
OUTHIIOI0 HAJIHHICTIO, TOYHICTIO, IH(OPMATHUBHICTIO,
OTEPATUBHICTIO, & CaMe:

3IIACHIOBATH ABTOMATH30BaHUI KOHTPOJIb
pamianiiiHoi OOCTAaHOBKM B IYHKTax IHCIOKAIlii
00'€KTIB CIIEIIaILHOTO KOHTPOJIIO;

30muparu, BimoOpaxaTu Ta 30epiratu iHpoOpMariro
y BUTIAAI 0a3 AaHWX TPO BUMIPSHI pajiariixi,
METEOPOJIOTIUHI Ta 1HIII MapaMeTpH 3 MOXKIUBICTIO 1X
BiITBOPEHHS, IOBTOPHOTO JETAI30BAHOTO aHATI3Y;

KOHTPOJIIOBATH 3MiHY TIapaMeTpiB KOHTPOJIIO,
BIIXWJICHHSI BiJl BCTAHOBJIEHUX KOHTPOJBHHUX DiBHIB
Ta nporuodyBatd PO (mpw HAasSBHOCTI CIEIiabHOTO
I13) mpu THOrogHMX Ta TEXHOTEHHHX AHOMAIsAX B
MyHKTaX CIOCTEPEKCHHS,

MIABHUIUTH SKICTh Ta JOCTOBIPHICTH OTPUMYBaHOL
iHpopManii mpo panmiamiiHUKA CcTaH B IYHKTax
JTUCITOKAIIii 00'€KTIB CIELiaIbHOrO KOHTPOJIIO;

KOHTPOJIIOBATH METCOPOJIOTIUHI TApaMETPH;

YOPABIATH POOOTOI0 aCHipamifHUX YCTaHOBOK Ha

CTaIlioHapHUX IoCcTax CHUCTEMH, 00'eMoM
MPOKAYaHOTO TOBITps 4epe3 GimbTp Ta MiTICHOCTI
GbinsTpy;

HapoIlyBaTH KUTBKICTh ITyHKTIB Ta IapameTpiB

BUJIaBATH BUIXiJHI JTaHI JJIs1 MOJICITIOBAHHS PO3BUTKY
pajiamniifHol 00CTAHOBKH B 30HI KOHTPOJIIO 1 32 il MeKaMu
UL TIONEPEIDKCHHS — PATiOaKTHBHOTO — OMPOMIHCHHS
HiepcoHay;

OIIEPaTUBHO BUKOPUCTOBYBATU OTpUMAaHY
iH(pOpMALIifo JUIsl YXBaJCHHS YIPaBIiHCHKUX PIICHb B
pa3i HeIMTATHUX CUTYAIlil;

HETaHO CHUTHANI3yBaTH TIPO 3HAYMMI 3MiHH
pamiamiitHoi  oOctaHoBKM  omepatopa OU3 Ta
YIOBHOBa)KEHi OPTaHH;

iH(hOpMYBaTH MO MiAJIETIIOCTi, YPSAAOBI OPTaHU Ta
HaceJieHHs TMpo  pajdiamiiiHy  oOCTaHOBKY  Ha
TEPUTOPISTX KOHTPOJIIO;

B3a€EMOJIIF0 Ta OOMIH TAaHMMHU CIIOCTEPESIKCHb MIiXk
pisaumMu  00'extoBuMu cucremamu  ACKPO, a
noganbuiomy cy6’ ekramu €EACKPO.

MopaepHizanis CUCTEMU nepe10a4aeThes
BINIOBITHO IO JIFOYMX YKPalHCHKHX HOPM 1
CTaH/AaPTIB.

Bce ycraTkyBaHHS, 3alporioHOBaHe B IIild poOOTi,
HOBE 1 37aTHE TMpAIIOBaTH B YMOBaX pPO3MIIICHHS
00'€KTIB  CHEMiaIbHOTO KOHTPOJIIO, BPaXOBYIOUH
CKIamHoONli 3  iHQpPacTPYKTypor,  KIiMaTHYHI
0COOMBOCTI 1 TOMY MOiOHE.

KOHTPOJIIO;
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CO3JAHHUE MOJEJN CUCTEMbBI KOHTPOJIS1
PAIMAITIMOHHOU OBCTAHOBKH I'lTCK

Critnuk B.I'.

Jiist mocTpoeHUsT aBTOMAaTH3UPOBaHHOW CHCTEMbI KOHTPOJIs paanauuoHHoi obctaHoBKH (ACKPO) B myHKTax AMCIIOKAlMN
00BEKTOB CHELHATLHOr0 KOHTPOJs U 3 dexruBHolt nuTerpaunn B Enqunyio ACKPO, noAroToBieHo TEXHUUECKOE NPEUIOKECHHE
no coszganuto moaenu ACKPO TTICK ¢ momompblo CpeacTB pajUallMOHHOIO KOHTPOJS OTEYECTBEHHOIO IIPOM3BOACTBA,
OTBEUAIOIIET0 COBPEMEHHBIM TPeOOBAHMAM, IPEIBIBIIEMbIM K CHCTEMaM PaanaliOHHO-3KOJIOTHIECKOT0 MOHUTOPHHTA.

B ny0nmkanum, mpenocraBiieHa KpaTKasi XapaKTepHCTHKA COCTOSIHUS CYHIECTBYIOIIEH CHCTEMBI, €€ CTPYKTYpa M HEJOCTaTKU.
PackpeiTel mpuunsel HeoOxomammoctd co3ganus ACKPO B myHkTax auciokanuy OOBEKTOB CHENUATIBHOTO KOHTPOJI.
Omnpenenena uenb u ocHoBHbIe (yHKiu ACKPO T'LICK. Ilpencrapiensl NpeuiokKeHHsI O COCTaBY, CTPYKTYpPE, OMHCAHUS U
xapakrepuctuk ACKPO. IlpuBeneHHbI NepedyeHb W OMMCAaHWE COCTABHBIX 4YacTeil CUCTEMBI, KOTOpHIC IUIAHUPYETCs AT ee
CO3/IaHMS.

Peanuzarys 7aHHOTO MPEIJIOKEHUS TTO3BOJIUT BBHITIONHATH BCE HEOOXOAUMBIE (YHKLUH KOHTPOJISA, KOTOpPBIE BBHIOTHSIIOTCS
CTapoil CHUCTEMOH, Tak M OOJIbLIIOE KOJMYECTBO APYIHX, C OOJbIICH HaJeKHOCTbIO, TOYHOCTHbIO, MH()OPMATUBHOCTBIO H
oneparuBHOCThI0. Co3manHas ACKPO olecrieuuT NOKyMEHTHPOBAaHHE, XPAaHEHHE, KAUueCTBCHHYI0 U OBICTpYI0 00paboTKy
Ppe3yJIbTaTOB KOHTPOJIS JUIS BBITOJIHEHNUS 337a4 BHICOKOTEXHOJIOTUYHOTO aBTOMAaTHUECKOI0 MOHUTOPHHTA, IIPH HEOOXOAUMOCTH
MI03BOJIUT CBOOOJHO HApamIMBaTh TOYKH KOHTPOJS, JICTKO aJalTHPOBAThCS K HMMEIOIMIHMMCS U IIPOSKTUPYEMBIX CHCTEM,
JIOTIOJTHSTHCSI HOBBIMH TTapaMeTpaMi KOHTPOJIS.

Kniouesnvle cnoga: paguoakTHBHOE 3arpsi3HEHHE, YPOBEHb TaMMa-U3IIydeHHs, MOLIHOCTh J03bl H3JIy4eHHUS, paJuallMOHHbIH
MOHHUTOPHHT.

CREATION OF A MODEL FOR THE RADIATION MONITORING SY STEM
OF THE MSCC

V.G. Sytnik

For developing automated radiation monitoring sysf&dRMS) in the locations of special monitoringesitand effective
integration into the Unified ARMS, a technical posal was prepared for the creation of the ARMS rhoflehe MSCC by
facilities of national radiation monitoring equipntghat meet modern requirements for radiation neooimg systems.

The publication provides a brief description of 8tate of the existing system, its structure arattsbmings. The reasons
for the need to create ARMS in the locations ofcg&denonitoring sites are disclosed. The goal d&dnhain functions of MCSM
ARMS were determined. Proposals on the structuescription and characteristics of ARMS were preséniThe list and
description of the components of the system themp&nned to be created was provided.

The implementation of this proposal will allow terform all the necessary monitoring functions thia performed by the
old system, as well as a large number of otherd) wheater reliability, accuracy, informational waland speed. Developed
ARMS will provide documenting, storage, high-qualdnd fast processing of monitoring results for tasks of high-tech
automatic monitoring, if necessary, allow free exgan of monitoring sites, easily adapt to existamgl projected systems, and
be supplemented with new control parameters.

Keywords: radioactive contamination, gamma radiation lexadliation dose rate, radiation monitoring.
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CUCTEMM HABIT AIIII, TEJEKOMYHIKAIIIN TA JIUCTAHIIIMHOI'O
30HYBAHHSI 3EMUIT

VIIK 621.375

I'.B. Ansommn’, O.B. Konomiites?, I.B.Kapnos?

Vrpainucora deporcasna axademis 3aniznuynozo mpancnopmy,Yxpaina, Xapxie
2 . o . . . . . . . .
Xapxiscorutl Hayionanvuuil yHisepcumem [logimpsanux Cun imeni Isana Kooicedyba, Yrpaina, Xaprie

IJIAXU 35LIBIIEHHS OB' €MIB ITEPEJJAYI IHOOPMAIIIL B CHCTEMAX
CYINYTHHUKOBOI'O KOCMIYHOI'O JIABEPHOI'O 3B'AA3KY

3anpononosano 0ns cucmemu CYNYMHUKOBO20 KOCMIYHO20 JA3EPHO20 36'A3KY GUKOPUCHMAHHA NOOOBICHIX MOO (Hecyuux
yacmom) €ounozo aasepa-nepedagaya. Cenexyisi NOOOBHCHIX MOO 3i CHeKmpy 00HOMO008020 0A2amoYacmomHo20 3
CUHXPOHIZAYIEI0 NOOO0BAHCHIX MOO 1a3epHO20 unpominiogants (JIB) doseonrums cmeopumu 6a2amoKAHATbHUL 83AEMO36’ A30K
MIDIC CYRYMHUKAMU [ MOWo. 3anponoHosana 6iok-cxema cenexkmopy nodoechix moo (CIIM). Poskpuma cymuicme pobomu
CIIM. Ompumani ananimuuni eupasu 0ns po3paxyHxy inmencusnocmi JIB 3 6uxooie inghopmayitinux xananie CIIM.

Knrouosi cnosa. cucmema cynymuuxoso2o (KOCMIuHO20) 1a3epHo20 36'A3Ky, iH(opmayis, lazepHe UNPOMIHIOGAHHS,

CeNneKmop noOOBNHCHIX MOO

Beryn. CynyTHUKM TIEpIIOTO TMOKOJIHHSA  JUISA
00MiHy JaHUMH BHKOPHCTOBYBAIM pPamio XBHI. Ix
MoOXJHMBOCTI Oyian oOmexeni. Ilpore, wac iime i
Cy4YacHi TEXHOJIOTii 3pOOMIM KPOK NaNeKO YIepe.
CynyTHHKOBHW 3B'SI30K PO3BHBAETHCS 1 OCTaHHI
JIOCSITHEHHS B LI 00J1acTi TOBOPSATH PO BEJIMUE3HUN
MOTEHLaJl B PO3IIMPEHH] MPOIMYCKHOI CIIPOMOXKHOCTI
KaHaJlB repezaayi iHopmaii.

JIBocTopoHHiit CYIyTHUKOBUI iHTEepHeT,
TeneoHist, KOPIOpaTHBHA CYIYTHHKOBAa MeEpexa,
MOOLTBHUH CYITyTHUKOBHH 3B'SI30K, Bi/le0-KOH(EPEHII-
3B'SI30K, aymio-KOH(EpeHI-3B'A30K, Ieperada TaHHX
pizHOTO 00'€MYy, CYITyTHUKOBI KaHAJH 3B'A3KY — OCh HE
NIOBHUI  CHMCOK MOXIJIMBOCTEH  CYIyTHHKOBOI'O
3B's13Ky. [IOKa3HHMK JaHUX B CTOKpPAT IMiJBUINCHUI 3a
pPaxyHOK BUKOPHMCTAaHHS Cy4YacHHX JIa3epHHX IDKepell
BunpoMiHioBaHHs. CTBOpPEHHS Jasepa J03BOJIHIO
BUPIIIUTH WIAPOKE KOJIO 3aBIaHb, SKi CIPHUSIIA
3HAYHOMY PO3BUTKY HaykH i1 TexHiku. lle mo3Boimio
OTPUMATH TaKi pPO3POOKH SIK: BOJOKOHHO-ONTHYHI
JiHil 3B'SI3Ky, Ja3epHEe HABEISHHS 1 IIJICBKa3iBKy, a
TaKOX JIa3epHUH 3B'A30K.

IMocraHoBKa npoodJaemMu. OxHuM 3
MEPCIeKTHBHUX  HANpPSIMIB ~ PO3BUTKY  CHCTEM
CYITyTHAKOBOTO KOCMIYHOTO 3B'SI3KYy, € CHCTEMH, II0
3acHOBaHI Ha mnepenaui iHdopmauii mo jazepHOMY
KaHaJTy, OCKUIbKH IIi CHCTEMH MOXYThb 3a0€3MeYUTU
BEJINKY TPOIYCKHY CIIPOMOXHICTb, INpPH MEHIIOMY
€HEeprocroXMBaHHi, rabapuUTHUX po3Mipax 1 Maci
MpUHMAaIbHO-TICPEAaBaTbHOT amaparypH, YUM
CHCTEMH  Pafio3B'i3Ky  (CYMyTHHKH  HEpLIOTO
MOKOJIHHS), [0 BUKOPUCTOBYIOTHCSI B IAHMH MOMEHT.

[ToTeHIIfHO CHUCTEMH KOCMIYHOTO JIa3€pHOTO
3BSI3Ky MOXYTh 3a0e3leUyBaTH BHUCOKY IIBHJAKICTH
nepenadi iHpopmarii (iHpopMaiiHOro MOTOKY) — Bif
10-100M6it/c mo 1-10T6it/c i Bumie. EkcriepumenTH
IO peaizallii CHCTEM JIa3epHOTO 3B'A3KY IS Iepenadi
BEJIMKMX MacuBiB iH(opmauii BexyTb yci BHCOKO-
TEXHIYHO PO3BHHEHI KpaiHU CBITY.

Takum umHOM, 30UTBIICHHSA O00'€MIB Tepenadi

iHdopmarii B cucTeMax CymyTHUKOBOTO (KOCMI4HOIO)
JIA3EPHOTO 3B'SI3KY € aKTYaJIbHOIO HAYKOBO-TEXHIYHOIO
3a7a4ero.

AmHaJgi3 giteparypu. AHaii3 icHyrouux po0it [1]
Ta Pe3yJIbTATiB €KCIICPUMEHTANTBHUX JaHuX [2] Toiro,
SIKI TIPUCBSYCHI TAKOX MMUTAHHSIM CTBOPCHHS CHUCTEM
CYINYTHHKOBOTO KOCMIYHOTO JIa3€pHOTO 3B'A3KYy Ta
ONTUYHUX CHCTEM 3B’ SI3KYy 3 YACTOTHUM YIILIHHCHHSIM
KaHaTIB IOKa3ye, II0 MOXIHUBE 3’ €IHAHHSI HECYIHX
JUTA CHCTEMH 3 YaCTOTHHM YIIUTFHEHHSM KaHAJiB, aje
HEMOJXJIMBE BH[UICHHS HECYy4MX 4acToT (IOJOBIKHIX
Mox) asst hopmyBaHHS iHGOPMALIITHUX KaHATIB.

Meta crarTi. Po3poOka mIIsaXiB 30UTBIICHHS
o0'eMiB  mepemaui  iHdopmarii B cucTemax
CYINYTHHKOBOTO KOCMIYHOTO JIa3€pHOTO 3B'A3KYy Ta
MIPOIIO3MLIH 00 BUKOPUCTAHHS CEJIEKLil MTOT0BXKHIX
MOJI €IMHOrO Jla3epa-nepelnaBada Uil CTBOPCHHS
0araToKaHaJILHOTO B3a€MO3B’ 3Ky MIXK CYITyTHUKAMH 1
TOLIO.

OcHoBHuii Martepian. Cy4acHi MIKCYNYTHHKOBI
Ja3epHi CHCTEeMH 3B'A3Ky MO3BOJSIIOTH II€pelaBaTH
iHpopmamito 31 mBuakicTio mo 600 Moirt/c i
manpHiCTFO  mii Bim 1 mo 6Tmc. kM (miHil
HU3bKOOPOiTaNEHUI KOcMiuHmit amapar (KA) — HKA)
Bix 30 10 46 tuc. xm (minii HKA — reocrarionapauii
KA). Ipuknan takoi cucremu Pocii npencrapieHuii
Ha pucyHky 1.

PeTpaHcnATop Ha
MeocrauymoHapHom KA

NaszepHele kKaHanbl
&L UHGhOpMaUUY —

Puc. 1. —Cucrema cynyTHUKOBOIO 3B'3KY
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AmeprkaHcbke  KocMmiuyHe — areHTcTBO  NASA
posropuyno jazepHy cucremy OPALS (Optical
Payload for Lasercomm  Science),sixka €
EKCMIEPUMEHTAIbHUM ~ MafIaHYuKOM ISl PO3POOKH
TEXHOJIOTIH  JIa3epHUX  KOCMIYHUX  KOMYHIKaIlii
(3B's13Ky), 110 3a0e3meuye OOMIH BETHKUMH 00'€eMamMu
iHpopmanii. TexHoJOrist KOCMIYHOTO  JIa3epHOTO
3's3ky (LLCD) mxe, y 2017 pori, mokaszanga myxe
BHCOKY e(eKTHBHICTh Tepenadi JaHuUX Ha BiICTaHi
o6mmpko  400Tmc. kM. Cucrema LLCD 3marna
MpaIIoBaTH Kpalle 3a 3BHYAiHI pajionepeaaBadi i
3a0€3MeunTH Mepenady JaHuX Ha 3eMITIO i3 MBUAKICTIO
622 M6/c Ta orpumyBatm i3 mBuakictio 20 Mo6/c

(puc. 2).

Puc. 2. —Cucrema KOCMIYHOTO J1a3€pHOTO 3B'3KY

Kpim Toro, LLCD 31aTHa nepeMUKaHHS BijJ OJHI€T
HA3eMHOI CTaHMii M0 iHIIOI, (IKCYFOUUCh HA IMEBHIN
cTaHuii oe3 HEoOXiJHOCTI BUKOPUCTAHHS
paniocursaiy.

€Bporneiichbka cucteMa mepenadi maHux European
Data Relay System (EDRS)y#pymyBanHs Cy4acHUX
rCOCTALIOHAPHHUX CYIMYTHHUKIB (y KUTBKOCTI 3-X), SIKi

3MIHCHIOBATHMYTh  Tiepefady  iHopmarii  Mix
cynytHukamu, KA, O0e3MJOTHHMH  JiTAIbHUMHU
araparamu 1 Ha3eMHHUMH CTaHIIISIMH, SIK1

3a0e3neuyoTh mBUJINIY B NOpIBHSAHHI 3
TpPaIUIITHIMHU METOJJAMH TIepe/iadi JaHUX IIBHUIKICTb,
HaBiTh B yMOBax IPHUPOAHUX 1 TEXHOTEHHHX
katactpod. EDRS BukopucToBye HOBY TEXHOJIOTiIO

nazepHoro 3B'si3ky Laser Communication Terminal

(LCT).

JlazepHuii  TepMiHanm  NO3BOJIAE  TIepelaBaTH
iHpopmamito i3 mBuakicrio 1,8 I'6Git/c. TexHosoris
LCT namae MoxuBicTh cymyTHUKaM cuctemu EDRS
nepenaBati i orpumyBaTH Omm3pko 50 TepabaiT
JIAHUX B JICHb MPAKTUYHO Y PEXHUMI PEalbHOro 4acy
(puc. 3).

Jlo mepeBar sazepHOro 3B'SI3Ky, B IOPIBHSHHI 3
Pa/io3B'13KOM, MOXKIIMBO BIJTHECTH HACTYITHI:

— mepenava iHdopMallii Ha BEITUKI BiJCTaHi;

— BHCOKa IIBUJIKICTH nepenadi iHGopmarii;

— KOMIIAKTHICTb 1 JIETKICTb PUCTPOIB U1 Niepeayi
iHdopmarii (raHux);

— eHeproeeKTUBHICTS.

Jlo HemomikiB Jla3epHOTO  3B'SI3KY  MOXKIIUBO
BiJIHECTH HACTYIIHI:

— HEOOXIiIHICTh TOYHOTO HABEHCHHS MPUAMATBHHX 1
THepeIaBAILHUX IIPUCTPOIB;

— arMmocdepHi  npobiemu
TYpOYJIEHTHICTb 1 TOIIO).

(xMapHicTh, mui,

Puc. 3. —Cucrema European Data Relay System

Omxe, Ja3epHUIl 3B'I30K JI03BOJISE TEpElIaBaTH
naHi Ha HabaraTo OUIBII BiIHOCHO paiio3B's3Ky
BiICTaHi, MBHUAKICTh Tepenadi 3aBASKH BHCOKIH
KOHIIeHTpamii eHeprii i HabaraTto OUTBII BHCOKIH
HeCyuiii dvacTtoTi (Ha TOPSOKH) TaKOX  BHIIE.
EneproedexTuBHICTh, HH3bKa Bara i KOMITAKTHICTh
TaKOX Ha MOPSIIKU Kparie.

VYcKTagHeHH Y BHUIVISINI HEOOXIIHOCTI TOYHOTrO
HABEJICHHS MPUIMAaNbHUX 1 epeIaBATbHUX MIPUCTPOIB
MOJKHA BHPIIIATH CYYaCHUMH TCXHIYHAMU 3aCO0aMHU.
KpiM ToOro, mpuiimanbHi Ha3eMHI NPHCTPOI MOXKHA
pO3TalIoBYBaTH B paioHax 3emii, /e KUIbKICTh
XMapHHX JTHIB MiHIMaJbHa.

Sk Bimomo, Oe3MpoBiAHMIA Ta3epHUI 3B'SI30K — IIe
BUJ  ONTHUYHOTO  3B'I3KY, [I0 BHKOPHCTOBYE
CJICKTPOMArHiTHI ~ XBWJII ~ ONTHYHOTO  Jlialla3o0Hy
(cBiTIIO), MmO  TEpPEmAlOTHCA  Yepe3  BAKYyM
(armocdepy).

JlazepHuit 3B'A30K OBOX OO0'€KTIB 3IIHCHIOETHCS
TIIBKK 32 JIONIOMOTOK 3'€IHAHHS THIY «TOYKa-
TOYKa». TeXHOJIOTisl TPYHTYEThCA Ha Mepeaadi JaHuX
MOJyJIbOBaHHM BHIIPOMIHIOBaHHSM B iH(pauepBOHii
YaCTHHI CIIEKTPY uepe3 BakyyMm (armocdepy).

IlepenaBaueM  CIyXHUTh  IOTYXXHUH  Jaszep-
nepenaBad. [HdopMmaris TocTynae y TpUAMAIbHO-
nepeaBajbHUN MOJYJb, B SKOMY KOIYEThCS PI3HUMHU
3aBa/IOCTIKUMHU KOJIaMH, MOJYJIOIOTHCSI ONTHYHUM

JIa3epHUM BHIIPOMIHIOBaYeM i (hoxycyeThCs
ONTHYHOIO  CHUCTEMOIO  MepefaBaiya y  BY3bKe
komiMoBane JIB 1 mepemaetbes Y  BakyyM
(atmochepy).

Ha mpuiimarouii CTOpOHI ONTHYHA CHCTEMa
(oKycye ONTHYHHI CHI'Hal Ha BHCOKOYYTIMBHH
dotomion (maBuHHHMIT doTOAION), SAKHH MEPETBOPHUTH
ONTUYHUH My4YOK B eJleKTpuyHui curHai. Ilpu npomy
guM BHIe yacrora (mo 1,5 I'Tr), Tum Oinmbire 06'em
iHpopmamii, 1O mepemaerbes. Jlami  cHUTHAN
JNEMONYTIOETbCA 1 TEPETBOPUTBCS y  CHTHAIH
BHXiTHOTO iHTEpdEiicy.

JlomxmHa XBWITI BapitoeThest y Mexkax 700-950Hm
(1550 =M), 3amexHO BiA Ja3epHOro mioda, MO
BUKOPHCTOBYETHCA.

OTKe, KIIOUYOBHMH €JIeMEHTaMH JUISl 3I1HCHEHHS
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Ja3epHOrO0  3B'I3Ky €  Jasep-epejaBad  Ta
BUCOKOUYTIHBHI (oTomion (TaBuHHUE (OoTOMION).

OpHak, HpU LBOMY HE 3BEpTa€TbCs yBara Ha
GaratouactoTHicTh cnekrpy JIB. Tomy, omnum 3
LNUIAXIB  BHpPINICHHS 3amavi 30UIbIIeHHS 00'eMiB
nepenadi iHQopmanii B cHcTeMax CyIMyTHHUKOBOI'O
KOCMIYHOTO JIa3€PHOTO 3B'SI3KYy € YacTOTHA CEJEKLis
«iH(GopMaIi HHIX» KaHaJiB JIB, CriexTp
OJHOMOZOBOTO 0araTo4acTOTHOTO JIa3epa-epeaanada
Mae Habip momomkHix ™Moz (dacror). Ilpuuomy,
PO3HECEHHS IIMX YacTOT Ha BiJICTaHI MIXMOIOBUX
OWTTIB, JOCTATHLO BEIIMKE IS 1X CENEKIIT.

3i crektpy Takoro JIB 3a momomMororo cerekropa
MOJIORKHIX MOJ [2] MOXJIMBO BHIUTUTH HEOOXimHi
MOAOBXKHI MOAU (Hecydi YacTOTH), sIKi BIAIMOBIAAIOTH
KOXXHOMY 3 «iH(popMauiiiHux» kaHanis (puc. 4).

PiBeHb BTDA

1 1 |‘
Vi V2 V3

Avyg

Puc. 4. —CnexTp 0AHOMOIOBOTO
0araTo4acTOTHOTO i3 CHHXPOHI3AIlIE€I0
MOIOBXHIX Moz JIB

[Ipu mpOMY PO3MIHUPIOIOTHECS MOXKIMBOCTI CHCTEMH
3BSI3KY IUIS OyJb-sIKOi MOIyJAIil iH(pOpMAaLiHHOTO
KaHally MOJYJSILI€I0 IMOJOBXHBOI Momu. I[lpuuomy
Hallp HeCy4nmx 4acToT OepeThCst 3 TOro K €IMHOIO
Ja3epa-nepegaBaya.

Jlazepni curnanm N iHGOpMaifHUX KaHAIB JUIs
38's3ky 3 KA (CymyTHHKamu) BHKOPHCTOBYIOTH
okpeMi Hecydi uactotd (momoBxHI Mmomm). Ilpu
IIBOMY, YaCTOTHAa PO3B’s3Ka IMMOBHHHA 33J0BOJBHHITH
HEOOXIIHY AKICTb.

Bigomo, 11 (0) 0araTo4acToTHa reHepatis
MOJOBXKHIX MOJ 3 CHEKTPaJIbHOI  IIHPHHOIO,
OJIM3BKOIO JIO AIMCHOT IIMPUHU eMiCiiiHOi JIiHIi IOTO
Ja3epHOro  Iepexoiy, HaiOumem  3pydHa Uit
CHUHXpOHI3alii MOJ, OCKUIbKM €(EeKTHBHICTH TaKOIro
pexxumy  3poctae i3 30utpmeHHAM yucia N
TeHEpOBaHMUX IOJOBXKHIX MOJA. TOMy HOCIHIKSHHS
OCOONMBOCTEH  CHHXPOHI3alii  MOJOBXKHIX  MOJ
KOPHUCHO HIPOBOJIUTH 3a pe3yipTaTaMu
HarmiBKIacu4HOI Teopii Jlemba [4].

VY 3ampomoHoBanii JleMOoM TeopeTHUHOT MoJemi
06araTo4acTOTHOTO Jla3epa eJIEKTpUYHE TIoNe y
pe30HATOpPi, IO OMHUCYETHCS y paMKax KIacHIHOI
TEOpii ENIEeKTPOMArHITHOTO TIOJS, BUKIUKAE TOSIBY
MaKpOCKOIIIYHOT MOJISIpH3allii akTHBHOTO CEPeI0BHIIA,
10 OOYMCIIOEThCS Ha OCHOBI KBaHTOBO-MEXaHIUHHMX
NIPE/CTaBIICHb.

Lleit dakr, 3 ypaxyBaHHSAM BiJJOMHX pIBHSHb
MakcBeia, 03BOJISIE OTPUMATH 3aMKHYTY CHUCTEMY
PIBHSHB JUIsS aMIDITY[A, 4YacToT i (a3, TeHepOBaHUX
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ONTHYHUX  KOJWBaHb.  HamiBkiacndHa  Teopis
JTO3BOJISIE PO3IVIAHYTH TaKi SBUINA, SK. 3aTATYBaHHS,
HACHYEHHS, BiAXiX 1 KOHKYPEHIIIO MOJ, a TaKoX
CHUHXPOHI3AIIII0 MOIOBXKHIX MOJI.

AmnanitTrasi BHpa3" VTS PO3paxyHKy
enektpudHoro mons  E(f) koxHOT Moaw, 1o
3HAXOAMThCS y choekrpi Takoro JIB MoxiIHMBO
oTpumMaru 3 Bigomoro [4]:

E,(t) = A, (L+ dcosAv't)cos/,t + @, (1)

ne An —amIutityaa N-oi Moau; O — riMOMHA MOTYJISIIii;
@, — pasza n-oi Mmoau; V, — yacrora N-0i MOIM; AV —
4acToTa MIXKMOJIOBHX OUTTIB; t —yac.

TakuMm 4MHOM, JUIS MONOBXKHIX MO, SKi OyAyTh
suaineni CIIM, maemo:

E(t) = Ay (L+ 5 COSAV' t)cos/yt + @
E3(t) = Ag(Ll+JcosAv't)cos/st + @3 @)
E4(t) = Ay (L+ O COSAV' t)cos/t + @,

BpaxoByemo, 110 y Bupa3 (2) BXOAATh CKIaJI0BI:

A dcosAv'tcost +@p,) =

_( A8\ [cos[t +AV) + gy + 3)
‘[ 2 ]+cos[(vn—Av')+¢n]

TOMl, IUIA TOMOBXKHIX MoX, I1o BuaUIsoThECs CIIM,
Oye CrpaBeIMBO 3alIMCATH HACTYITHE!

Apd CosAV't cosfist +¢@o) =

_[Az_dj cos[l, +AV) +¢5] +
2 J|+cos[lr, —AV) + @]

AgO COSAV't cosf/at + @3) =

B [Ag_dj cos[f3 +AV') + @3] + 4)
2 )| +cosliz-Av) +¢s]

A0 CcosAV'tcosfiyt + @) =

_[Mj COS[{Vg +AV') + P4] +
2 )|+ cos[ly —AV) + @4]

AHaIITHYHI BHpa3" JUTSE PO3paxyHKy
iHTeHcuBHOCTI JIB 3 BHXOZIB KOXKHOrO 3 KaHaJIiB
CIIM MOXJIHBO 3aIUCATH Y HACTYITHOMY BUIIIsiAL [5]:

litgi=To™ (1_TOJ (M+3,i))*"'*(l_T0‘] (Vay) )*

(=T () - Tod 02 - Tod ) ©

ne i —aomep kanany CIIM; i=4 — HOMep MOAOBKHBOT
MOJH, SIKa BUAUIAETHCS (BHIIPOMIHIOETHCS) KaHAIOM
1-Reio—¢
1-Reio
MaKCUMyMy MOpONyCKaHHs (MpU PIi3HHLI ONTHYHOTO

2
CIIM; Ty =( j — abconroTHE 3HAYEHHS

Xoly KpaTHOi moioBHHI A); Rei0 =,/Ify; r1,Ip —
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Koe(imieHTH BIiAOUTTS KoXHOro 3 m3epkan [OIT,;

y= ) -E 5 JIoJIi  TIOPSAKY  iHTepdepeHtii;
y=E 7 — CHUMBOJI 101 YacTUHH, 2t — onTHYHA

PI3HUIISA XOMY;

3 Bupasy (5) 3po3ymino, 110 IHTCHCHBHICTB
BimcenekroBaunx CIIM 1OmOBXHIX MO ICTOTHO
3MEHIIYETHCS Yy KOXXHOMY IIOJAJBIIOMYy KaHalI,
HaKJIQJAIOUYNCh Ha  [I0YaTKOBY  HEPIBHOMIPHICTh
cnekTpanbHuX ckianosux JIB. I[Monaneiine migcuieHHs
BiZICEJIEKTOBAaHHUX CICKTPATBHUX CKJIAJIOBUX
onTHYHUM KBaHTOBUM migcumoBadeM (OKII) B
KO)KHOMY okpemMomy kanami CIIM  no3Boiuth
YCYHYTH IF0 HEPiBHOMIPHICTh, a TaK0X 3a0€3MeYnTH
HEOOXiaHy OTYXHIicTh JIB 3a51e:HO BiJl MpU3HAYCHHS

1 TaKTUKO-TEXHIYHUX  XapaKTEPUCTUK  CHCTEMHU
3B’ SI3KY.
3a pesyiapTaTaMd  NPOBEJACHUX  TEOPETUYHHX

JIOCIIDKeHb  po3poOsiena Onok-cxema CIIM, ska
HaBeJleHa Ha PUCYHKY 5.

CIIM cknagaerbest i3 N kaHaiiB, KOXKHUN 3 SAKHX
MICTSITh: ONTHYHHUN HOJIAPU3ATOP (Om)
BUIIPOMIHIOBaHHS, MAaCUBHY (Da3oBy IIaCTHHKY A/4,
o noseprae BexTop E JIB Ha kyT 45 3a oun poxin
CKpi3b Hel, By3bkocMyroBuid iHTepdepomerp Dabdpi-
IMepo (IDIT), 1m0 HACTPOEHHI HA MPOXiJ BU3HAYEHOT
MOJIOBKHBOI Moau (Hecydoi dYacTOTH), ONTHYHUN
KBAHTOBUM IMMIACHIIOBAY IS MIACWIEHHS BUXIJHOTO
JIB ta gomomikHiI m3epkana anms kanamizamii JIB 3
KaHaJIy B KaHaJ.

JIB

Puc. 5. —Cenektop Mog0BKHIX MO

[Mpunamwm po6otr CIIM mossrae y HaCTYITHOMY.

Ha Bxix CIIM HagxoguTb  OIHOMOIOBE
0araToyacToTHE 13 CHHXPOHI3AI€I0 MOJOBXKHIX MO
JIB Bix na3epa-nepenaBaya.

['pymoBuii cUrHaNm, IO CKIAJACHUIN 3 TMOJOBXKHIX
MoJ (HeCyuWx 4YacToT) mMpoxoauTh ueped On
BUIIPOMIHIOBAaHHS 1 MacuBHY (a30By ILIACTHHKY A/4,
o noseptae BekTop E munatoyoro JIB Ha kyT 45 3a
omuH npoxia. Hagxoauts Ha By3pkocmyroBuii [PII,
0 TMPOIyCKae TMepmry Hecydy dYacToTy Vi, SKa
mgcunoerbess OKII. Takum YMHOM 3OIHCHIOETHCS

BUJIIJICHHS TIEPIIOI MOJOBXHBOI MOAM (Y4acTOTH Vi),
ska ~ HeoOXimHa  uIsi  (GOpMyBaHHS  TMEPIIOTO
iH(hOpMaIiHHOTO KaHAITY.

YacTtuHa TpyMoOBOrO CHUTHANY, IO 3aJIMINNIACK,
BiIOMBAEThCA J3EPKANIOM By3bkocMyroBoro I®Il,
MMOBEPTAETHCSI Ta JOBEPTAETHCS (PA30BOIO TIACTHHKOIO
e Ha KyT 45’. Buxomuts yepe3 OiuHy rpans On
BUIIPOMIHIOBAHHS Ta HANPABISIOTECS JIONOMIKHUM
I3epKajioM y npyruil (HacTynHUid) kaHan. Y IHbOMY
KaHalli BiOyBA€ThCSI BUAUICHHS APYroi MOIOBXKHBOL
MOJIM TaKHUM JK€ YMHOM, sK i myst Vq. s octanHix N
KaHalliB  BiOyBAa€ThCA  BHIUICHHS  HEOOXITHHX
MOJIOBXKHIX MOJ (4aCTOT Vp,) TaKUM K€ YHHOM, SIK 1
JUISL TIepIIoro KaHanmy. TakuM YHHOM 3IiHCHIOETHCS
BUIUICHHS HEOOXIMHHUX MOJOBKHIX Mon (HEeCydmx
4acToOT) 31 CHCKTPY BHIIPOMIHIOBAHHS €IUHOIO
Jaszepa-mepeaaBada s noganemoro ¢GopmyBaHHs N
iHpopmariiitanx ~ kanamiB. Yactuna JIB, o
3aIMIINIACS icId BUAUIEHHS HEOOXIAHUX TOJ0BXKHIX
MoJ (HECYYHX YACTOT) yepe3 JOMOMIXKHE JI3€PKajio
HaNpaBislETbCcsl Yy «WIOBYIIKY». KinbKicTh KaHaiiB
CIIM 3ajexuTh BiJ TOr0 CKIIBKH 3HAXOIUTHCS
HECYYHMX YaCTOT BHIIC PiBHsA BTpar y cmoekTpi JIB
(puc. 4).

Brparamu JIB B onTtHuHHX eneMeHTax KOKHOTO
kananry CIIM  wmoxua HextyBatu [4]. s
iHhQOpMaLIHHAX KaHAJIB CUCTEMH 3B’ S3Ky TpoOJIeMu
€JICKTPOMArHiTHOI CYMICHOCTI HE iCHYeE, TOMY IO
CMYTH KaHaJIB MiCJg 0araTOKpaTHOTO MEPETBOPEHHS
Hecy4qol (MDKMOZOBOT) YaCTOTH JyXKe Mali.

HepmonikoM BUAIICHHS TOJOBXKHIX MOJ MOXE OYTH
Te, MO NOTYXkHicTh JIB moBWHHA 3pocTaTH Maike
MPONOPLIHHO YHCITY KaHANiB i Te, IO JUHAMIYHHUN
niana3oH (QOToMioa MOBHHEH BIIMOBIAATH TONATHIN
MOTYXKHOCTI CUTHATy, B 3aJCKHOCTI BIiJ 4YHCIA
KaHaJiB.

BucnoBku. TakuM  YHMHOM,  HaHBaXKIUBIIII
TiepeBary Jla3epiB HaJ pajiornepeaBadyaMy TOJSATAI0Th
y TOMY, III0 BOHH TIPOTIOHYIOTh Habarato OiIBII BHCOKY
MIPOIYCKHY CHPOMOXHICTh 1, KpiM TOTO, MOXKJIHBICTBH
nepenaBaTu iHdopmariiro KOPOTKOYaCHUMHU
IMITyJIbCAMH, IO B MEPCHCKTUBI JO3BOJUTH MMOHU3UTU
3arajbHi BHUTPaTH CIIOXKUBAHHS JKUBJICHHS IIPH
niepenadi iHpopMalii Ha BEJIUKI BiJACTaHI.

BukopucTanHs cenekiii MoJIOBXKHIX MOJ €IHHOTO
Ja3epa-nepenaBadya il CyMIiLIeHHs iH(pOpMariiHuX
KaHaJliB JO03BOJUTH IMOOYJAyBaTH CydacHY CHCTEMY
CYIYTHUKOBOTO KOCMIYHOTO JIa3€pHOTO 3B'S3KY.

CerneKkTop TOJOBXHIX MOJ, JO3BOJSE BHIUTUTH 3
OJTHOMOJIOBOTO 0araToyacTOTHOTO i3 CHHXPOHI3AIlIE0
MoAoBKHIX Mo JIB HeoOXiqHi moaoBKHI Moan (Hecydi
yactotd V) i nomaieimoro  Gopmysadas N
THpOPMAITIHHIX KaHATIB 3B’ S3KY.

Kinebkicts indopmaniiinnx kananis (N) 3amexuts
Bil KUIBKOCTI MONOBXHIX Mox (V4), sKi MarTh
HeoOxitH1 BUXIJIHI XapaKTEePUCTUKH TSt
BHUKOPHCTAHHSI.
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NYTHU YBEJIUYEHHUSI OBBEMOB INEPEJAYU UH®OPMALIMU B CUCTEMAX
CIIYTHUKOBOM KOCMHUYECKOMU JIASEPHOU CBS3U

I'.B. AnpomuH, O.B. Konowmitines, /1.B.Kapmos.

IIpeayoKeHO Uit CHCTEMBI CITyTHHKOBOM KOCMHYECKOH JIa3epHOI CBS3M HCIIONB30BAHHME IMPOJOJIBHBIX MOJA (HECYIIHX
4acTOT) €IMHCTBEHHOTO Jiasepa-nepenarduka. CeneKkuus MpoJOJbHBIX MOJ M3 CHEKTpa OJHOMOJOBOIO MHOTOYAaCTOTHOIO ¢
CHHXPOHM3ALHUEil TPOJONBHBIX MOA JazepHoro uanydenus (JIM) mo3BoauT co31aTh MHOTOKAaHAJIBHYIO B3aUMOCBSI3b MEXIY
CIlyTHUKaMH ¥ T.1. IIpemnoxena Onok-cxema cenekropa nponoibHbix Mo (CIIM). Packpeita cyts pabotsl CIIM. TonydeHs
aHAINTUYECKHE BBIPOXKCHHS AJIs pacyera nHTeHcHBHOCTH JIU ¢ Bbix0o10B MHbOpMannoHHbIX kananos CITM.

Knrouesvie cnoea: cucrema CIlyTHUKOBOH KOCMHYECKOH J1a3epHOM CBsi3H, MHGOPMAIMS, Ja3epPHOE H3ITYyHYEHHE, CEJICKTOp
MIPOJONBHBIX MO

WAYS OF INCREASE VOLUMES OF INFORMATION TRANSFER IN THE
SATELLITE LASER COMMUNICATION NETWORKS

G.V. Aloshin,0.V. Kolomiitsev, D.V. Karlov

The use of longitudinal modes (bearing frequenciek)only laser-transmitter is offered for a satellispace laser
communication network. Selection of longitudinaldes from the spectrum of one-mode multifrequendy wiynchronization
of longitudinal frequency of laser radiation (LR)llvallow creating multichannel communication betwesatellites et cetera.
The flow-chart of selector of longitudinal frequgn(SLF) is offered. Essence of work of SLF is exgzhsAnalytical data was
received for the calculation of LR intensity frahe exits of informational channels of SLF.

Keywords: satellite space laser communication network,rmgttion, laser radiation, selector of longitudifrauency
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Oleg MashkoV, Viktor Mashkov
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ORGANIZATION OF SELF-CONTROL PROCEDURE IN FUNCTIONA LLY
STABLE COMPLEXES

Intermodular exchange of diagnostic informationséif-diagnosis of complex technical systems withd@n structure of
testing links is considered. Information on theusture of testing links of the system, collectedittymodules as a result of

intermodular exchange, is evaluated.

Key words: self-control, self-diagnosis, inter-module excgeninformation, functional stability.

Introduction. We will consider complex technical

systems which can be represented as an aggregate of

interconnected modules capable of testing eactr.othe
It is well known that self-diagnosis of such system
based on information on mutual tests of their mesul
has been given the name self-diagnosis by the
principle of distributed core [1]. Self-diagnosifthis

kind has been investigated in sufficient detail floe
case when modules test each other's technical
condition according to a preset algorithm. However,
organization of tests of modules according to such
algorithm is a complex problem in actual practice
when the system executes its jobs [2, 3]. The titna
appears to be more realistic when elementary tests
performed in a random way at arbitrary instants of
time, when pairs of testing and tested modules are
being formed. By an elementary test (ET) is meant a
test of the technical condition of an individual ate

of the system. In this case the structure of tgdtirks
(STL) will also be random. This means that it is
impossible to determine in advance which will be th
STL after the lapse of a preset diagnosis timehis
connection the problem arises of determining theeti
after which execution of the ET should be stoppedi a
an analysis of the totality of results of the ETowld

be carried out [4]. If this time is too short, th&fL of

the system may prove such that it will not allowtois
determine technical condition of the modules with t
preset reliability, and if the time is too longethit

will result in inefficient use of modules of thessgm.

It can be shown that self-diagnosis with a preset
reliability can be provided by the availability esting
links graph (TLG) of a system of maximum-length
loops (MLL) [4]. If we take into consideration tifiect
that the number of performed ET is proportional to
diagnosis time, then we can find a relation between
the probability of formation of a MLL system in a
TLG and the number of performed ETs.

Since an analysis of the totality of results ofEdn
will be performed by one of modules of the system,
which cannot be determined in advance, it is necgss
also that each module has information about MLL in
the system TLG.

Hence the problem arises of relating the
probability of a situation when a preset number of
MLL will be formed in TLG of the system with
information about it provided to each module, amgl t

number of performed ETs.

Estimation of Information about Maximum-Length
Loops Contained in Modules of the System. After
execution of an ET, the testing and the tested hesdu
exchange information necessary to provide self-
diagnosis of the system. In this case informatieimgp
transmitted is subdivided into information contaupi
results of an ET and information containing data on
the STL of the system.

Only information related to STL of the system is
considered in the present paper. From the point of
view of practical realization of intermodular exciga,
it is desirable that this information be as simpk
possible, i.e. that it be restricted to the valokocal
degrees of nodes of TLG.

For example, let theth module transmit to thg
th module the value of the local degree ofittie node
of TLG o; and the values of local degrees of all nodes
linked in TLG with thej-th node by a simple
oriented path (provided thatthey were  earlier
transmitted to théth module).

Such information allows us to single out in TLG
of the system the availability of structure elensent
playing an important role in diagnosis of system
modules. A maximum-length loop is taken as such a
basic element.

Let us assume that as a result of fulfillment & th
totality of an ET, a MLL is formed in TLG of the
system, and let us investigate which informatioawb
it is available for the modules of the system. Tid.
can be formed by several methods depending on the
succession of fulfilment of an ET corresponding to
edges which form this MLL. In this case information
about MLL in each module also depends essentially
on the order of priority in fulfilment of the ET.

Since each node in a MLL is connected by edges
only with two adjacent nodes, the succession irctvhi
the following four ET are fulfilled:

T i+1 (MivMi+l)'Ti+:Li—1 (Mi1, M)
i (M Mi)tisgio1 (MiZ2, M)

plays an important role for the module of the syste
which corresponds to this node. The ET correspond t
edges of the graph presented in Fig. 1.

If elementary test;, i1 is carried out prior to test
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1.1, i, then the-th module will receive information not
only on the local degree of the noge corresponding

to module M;, but also on local degrees of the node
v corresponding to module M and on all nodes
whose information was sent to modulg,Marlier.

V.
(+2

V.
-2

Figure 1 - Graph of testing links

Let us denote information on local degrees of nodes
contained in thd-th module after fulfilment of the
first ET byy;. Then we can write

_ 1 1 1
Y% =ity ot T 0n,
_ 1 1 1
Y% =139t 1 000 . F TS pap,
1_ .1 1 1
Yn = thaoat thoto T ...t Tppon,

or in matrix form ¥ = TL, where

Ti= |.T|ljl, LT = [al,az, ......

We will select and consider only ETrf} to which
edges of TLG forming MLL correspond. Matfix for
these ETs takes the form:

1_ 1 1
T 1 12 0 o n
1 1
721 1 72,3 0
1
0 4,1 0
1
A, 00 L

It can be seen that matrik' is symmetrical and
only two of its elements other than elements of the
main diagonal are equal to 1, while the rest are
equaled to 0.

After fulfilment of the second ET, modules of the
system will contain informatiory?, where Y>=T?Y,
T’=[7%,;]. Then after fulfilment ofn elementary tests
the modules will contain the following information:
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Y =T Tloor Y =TsL, where
To=Th"L Tt

Matrix Ty is of the form

Te=|rg e f13(fij) e :
e rq e fon (Tij)
f31(fij) e g fan (Tij)
e fn2 (Tij ) fn13(fij ) g |

where (7)) is a function consisting of sums and
products of elements of matric€s T, ..., T: r. and
rq are elements differing from zero.

It can be shown that the following propositions are
true for matrixTy [4]:

1. A row will be found without fail in matrix s,
which has no less than five elements differing from
zero.

2. A row will be found without fail in matrix’s,
which has precisely - 3 zero elements (with the odd
number of modules in the system).

3. Total number of zero elemeritg in matrix Tx
satisfies relations

—n2_
Ko)max = N° —4natevennandn<5,

=n-5n+ 3atn<5,

Ko
Ko

max

(ko)
(ko)max=n2=4n—1atoddn,
(ko)
() =n’-6n+ 8atn> 5.

max

Sequence of fulfilment of the ET affects the
valuesf(z;) which can take values 0, 1 or 2.

Thus, depending on the succession of formation of
MLL edges, formation ofi! matricesTs is possible,
which are characterized by a definite number of zero
elements.

Since formation of matrice$s> is of a random
nature, we will consider the probability of formation
of definite groups of matrices. To do this, we break
down the totality of all possible matricek into
groupsByo=; (Tx) with the number of zero elemerks
in each being equal ipwhere(ko)min <! < (Ko)max

Therefore the probability of formation of each
group of matricesBi(Ty) can be considered as the
probability of the presence in matrix of preciselyi
zero elements, i.@{k, = I}.

The method of determining probabil@Bfk, = I} is as
follows. Intermodular information exchange is praed
as a graph (Fig. 2) with nodes corresponding toutesd
of the system, and edges to elementary tests and to
information exchange between modules of the system.
The edges are numbered depending on the ordeeiof th
formation. Arrows in Fig. 2 show direction of the
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increase of numbers of two adjacent edges.
Information transmitted from one module of the

subdivided into two parts:
1. The set of all possible matric&s is divided

system to another is represented on the TLG as an into groups each being characterized by its valug.of k

arrow directed from the edge having smaller number
to the edge having greater number. Since information
is transmitted in the direction of increasing number of

edges, the number of arrows directed one after the
other in the same direction is representative of the
distance of information transmission and of the

number of modules which receive this information.

{+f {+0-3

[+n-2

Figure 2. Graph of intermodular exchange of
information.

All probabilities P;; of a situation are determined for
each group of matrice (T;) when after exchange of
information between thith and thg-th module, the
i-th and thej-th row in matrixTy of the system will
have no zero elements. In this case only suahdj
are considered when edde j) does not belong to
MLL

2. Based on probabilitieB;}, probabilitiesP?,
are determined of the situation when all rows of

matrix Ty, Ty //Bi (Ty) will have no zero elements.

Probabilities of formation of each group of
matrices P (B) are determined earlier as the
probabilities of availability in matrix's of exactly f
zero elements. In this case probabil®y can be
determined with regard to the fact that after formation
of MLL, arbitrary matrixT will take place and

The cases are considered successively when takes\yheres is the number of groups of matrices

a concrete valug from Ko=(Ko)min t0 Ko=(Kg)max
Arrangement of arrows in Fig. 2 is determined for
each ko=I, at which the number of information

Determining ProbabilityP;. It should be pointed
out that formation of additional (with respect to MLL)
edges is represented in matfix in elements other

exchanges between modules of the system is equal to thanr, andr,. If an additional edgé, j) has appeared

(ko)max - 1. It should be noted that only information
exchanges between modules corresponding to
nonadjacent nodes of MLL are taken into account in
this case. Then the number of indexings of edges
corresponding to each arrangement of arrows in Fig. 2
is determined. The obtained number of indexings of
edges is equal to the total number of different matrices
Ty havingky=I.

We determine probabilitfP{k, = I} as the ratio
between the number of matric&s having ky=I and
the total number of all possible matricBsi.e.n!.

Thus the estimation of information on maximum-
length loops contained in modules of the system can
be performed with the aid of proposed maffix For
example, in the case under consideration when one
MLL is formed in a TLG of the system, zero elements
will be found without fail in matrixTy, and this means
that modules of the system will not have full
information about this MLL.

In order for modules of the system to possess such
information, it is necessary that additional (with
respect to MLL) edges are present in the TLG of the
system. This represents the situation when information

after formation of MLL, then theth and thg-th rows
of matrix Ty are added element-wise. If ed@gej)
appeared before formation of MLL, then elements
andg; in thei-th andj-th rows of matrixTs will differ
from zero. If additional edg€, j) was formed after
some edges of MLL already existed, and a part of
them did not, then random variakleis introduced to
take this fact into account, which takes "0" or "1"
values with equal probability. Elements of ikté and
j-th rows which are marked asare multiplied byw,
whereupon thei-th and thej-th rows are added
element-wise.

Probalilities P, are determined for each of groups
B; (Ty). To do this, one of matrices is selected

where Ts /7 Bi (Ty). Then the number of zero
elements is determined in each row of mafrix f;,

Bay <oy P

Since the other matricek, Ts //B; (Tx) can be
formed from matrix T- by means of a cyclic
substitution of rows, thé-th row of matrix Ty can
have the following number of zero elements,
respectively,, fo, ..., B This is also true for thith

exchange takes p|ace between modules of the System'row. There is a strict Correspondence between the

corresponding to nodes connected by additional edges.

Such information exchange can result in a situation
when all modules of the system receive full
information about MLL and about local degrees of
nodes of TLG.

We will investigate the possibility of such
situation.

Estimation of Completeness of Information about
Maximum-Length Loops. The problem can be

number of zero elements in théh and thg-th rows,
which can be determined from the initial distribution
of the number of zero elements over rows of matrix
Ts. To do this, we will consider cyclic substitution

Br Bar oy P

1, 2, ..., n
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wherep,, B, ..., B, are the numbers of zero elements
in rows of matrixTs:1, 2, ..., nare numbers of rows
of matrix T» belonging to grou; (Tx). Thus, at each
shift of the lower row of substitution (2), there a
strict correspondence between theh and thej-th
row, which is defined by the upper row of substitot
(2). At each shift of the lower row of substituti¢®)

we determine the existence of the fact of joint
covering of thei-th and thej-th row of matrixTs by
nonzero elements of all columns. We sum up allsase
of complete covering of columns.

The value of the ratio of the number of cases of
complete coveringn; to the number of all cases being
consideredvlj represents probability;;.

This probability differs from probabilit;; in that
the order of priority of formation of edges of Mland
of edges corresponding to additional tests is alkert
into account. To take into account the order obnity
of formation of graph edges, we will consider
separately theth and thg-th rows of matrixTs:

_ Till,filz,...rcw,rd,rcw,...,‘L'i’j_l,‘[i’j,

Ty = :
Ti,j+11---’fn
‘L’j’l,‘L'jyz,...‘L'j’i_l,‘L'j’i,‘L’j’i+1,...,rca),|’d,

TX = .

Vol rw,. T

cWyes Tin

We will introduce into consideration random

eventsb,, b, b; andb,, whereb; = {7, #0}, b, =
{7i+1 #0}, b3 = {7551 #0}, bs = {741 #0}.

Probabilities of these events are equal to 0.5esinc
by definition random quantity» takes with equal
probability the values 0 or 1. Since in elementewis
summation of théth and thg-th rows, summation of
elements; i, andg,, is possible, we introduce into
consideration complex even#, where A, ={by//
by}, t1, t2 1, 4]. Then probability of event; will be
equal toP(A)=P(bu)+ P(bp)- P(h1)P(h,)=0.75. We
will define event By,
k=1, 4 asBy ={by by}, wheret; {1, 4] by={ 74#0},
aZ(, i+1); (i, j+1)] . Then probabilities of the events
will be equal to

P(B]_): {OSlf Tj,i—l: 0.

if 7ji-1=1.
82 0.5.if 7;;1=0
1if 7;4=1.
0.5.f 7,;1=0
{ if 7j1=1.
B4— 0.5.f 7,j1=0
{ if 7j1=1.

Thus, consideration of the order of priority in

72

formation of edges of the graph is reduced to
determination of the following probability:

4

PA)] P(Bx)

k=1

PS:

Therefore, thé-th and thg-th rows of matrixT, at
each cyclic shift of the lower row of substituti¢®)
overlap jointly all its columns with probabilitys. It
should be noted that probabiliBg is determined for
the i-th and thej-th rows separately for each new
matrix Ts formed from the initial matrigs through a
cyclic substitution of rows.

With regard to probabilities'R, y =7, n , where y
is the number of the cyclic shift of the lower raf
substitution (2), we can define more exactly thiea
of m; decreasing tan’j. To determine ff}, we find
first probabilitiesPy; (k) of situations when amony;
substitutions for which théth and thej-th rows of
matrix Ts overlap jointly all its columns (without
regard form), k such substitutions will be found for
which thei-th and thg-th rows of matrixTs overlap
jointly all its columns (with regard fow). These
probabilities can be found from an expression
corresponding to the Bernoulli formula for unequal
probabilities in each outcome

> RR,.-

if,ip,-.. in=1,n

P

()= R, Picy -+ iy,

iliizi...: in
— _ p2 _
R,=R.R,=F,...R =P

n

In this case quantityn; is determined as the most
probable number of substitutions for which thth
and thej-th rows of matrixTs overlap jointly all its
columns with regard fo®. Then we findn”; from the
system of two inequalities

Pmij (m? ) 2

Pmij (m?)z Pmij (n’ﬁ) _1)

Pmij (mﬁ’ + 1),

Probability P; j sought can be found with regard to
m‘”ij as

ij

After exchange of information between the¢h
and thej-th modules, a situation is possible when
these modules will not possess complete information
about MLL. Now let us assume that théh module
will then exchange information with thgeth module.

It is evident that in this case there exists aedéhce
as to whether ETi, j) was performed or not. An ET
performed earlier can be taken into account by mean
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of respective conditional probabilities.

Probability P (i, j»/ i, j1) is the probability of the
situation when after exchange of information betwee
thei-th and thg-th modules, thé-th and thg-th rows
in corresponding matrix sTof the system will be free
from zero elements provided that exchange of
information between thieth and thg-th modules was
carried out earlier. This probability is determirfeaim
consideration of three rows of matrixs.TAS in
consideration of only two rows, probabilities Bre
determined. But in this case as distinct from
expression (3), events;fand A are possible. Then
based on probabilites? ¢ y =7, 7 we find
successivelyPp;, 2 (K), Mm%, 2 andP (i, jo/ i, ji). All
other conditional probabilitieB (i, j/ i, j1; --- ; 1, ja-1)
can be found in a similar manner.

Determination of Probabilty B Based on
probabilitiesP;; and conditional probabilitieB (i, j/ i,
j1; -~ 1y jn1), complete information about MLL in
each module of the system can be formed as the
Markovian chain with irreversible states and one
absorbing state. The states in this case are dbessbf
the system with concrete additional tests. After
completion of the next additional test, the system
changes to the state when corresponding matrikeof t
systemT has no rows with zero elements or changes
to the state in which there are rows with zero elets
in matrix Ty. This state is marked by additional tests.
It is assumed that a restriction is imposed on the
multiplicity of performance of elementary tests.

Transitions of the system from one state to another
actually take place at random instants of time.
However we can assume that these transitions @tcur
strictly fixed instants since in this model we aat
interested in time characteristics of the process.

Then Markovian chain with discrete states and
discrete time for our case can be illustrated mJ-i
It is apparent tha®, stands for the state of the system
without additional tests, an8 for the state when
rows with at least one zero element are absent in
matrix corresponding to the system. We can assame i
the simplest case that all probabilities of trdosit
from stateS to stateS (except for stat&;) are equal,
i.e. if transitions from stat8,,., to r other states from
the group of states with three additional tests are

|

State without |

additional
tests

State with two |
additional tests I
[

| additional test

|
State with one |
[

possible, then all probabilities of transitionsrfrgtate
Shi+2 are equal td/r.

The following quantity is determined for each state
of the system:

Q- .-my g —i =
P(Sﬂl+ Lt mk—l"'i) P(Sﬂl+ My g i ;Szj,
i=1m,

whereP (Sni+..+mk-1 + ) IS probability of the fact that
after performance df additional tests the system will
prove to be in stat8ni+. +mic1 +i; P (Snastmic1 +5 )

is probability of transition of the system from tsta
(Sn1+...+mk-1 +ito StateSZ-

This probability is equal to conditional probalyilit
P @, jo 1, ji; --- ; 1, jna), Where testdi, j1), (i, j2), ---»
(i, jn-1) determine stat&,; .mk-1 -

To obtain probability? (Sp1...-mk1 -}, We will take
advantage of correspondence between the number of
additional tests in the system and index of steth@n
discrete Markovian chain.

This correspondence implies that the index of step
is equal to the number of additional tests and,
correspondingly, to the number of the group ofestat
with the fixed number of additional tests. In to&se
probability P (Sni....mk1 - ) iS determined by the
formula of total probability

. L. .
R, = _lek(') B, i=1...Mm,
1=

whereL is the number of possible states of the system
at thek-th step;M is the number of possible states at
the (k+1)-th step;PY,., is probability of the situation
that at the(k+1)-th step (withk+1 additional tests) the
system will prove to be in stag P", is probability

of the fact that at thieth step the system will be in the
stateS; PY, 4 is probability of the situation that the
system at th¢k+l)-th step will prove to be in statg S

if it was at thek-th step in the state.S

States with k
additional 1es1s
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Fig. 3. System state and Transition graph

Expression (4) allows us to determine step-by-step,
one after the other, probabiliti€®S), P (S0, ...,

complete information about them, is equal to

P.=( P™)" since P! = P M2 = pMttm s

P (Sh1-..-mk-1 -) with regard to the fact that at
the initial instant of time the system was in thaetes

S Then quantity M (I, S), where
M(re.Se)= 3 Qs should be determined for
§UIk

each group of states (i.e. states with a definitamer
of additional tests).

This quantity is in essence the average value of
probability of the event that after performance kof
additional tests, rows with at least one zero eteme
will be absent in the matrix of the system Te.

M(ry ,Sg)= R2.

We will also determine probability of the event
that after performance @ ET, MLL will be formed
in TLG of the system and each module will have
information about this MLL and about local degrees
of all nodes of TLG.

Py=PuLRy orwithregardto(1)
S ~B s
o= F>MLL2: P(BI ) PU I = PMLLZ P(B| ) M (Fk ,SZ),
=1 =1

wherek = w —n.

It should be mentioned here that determination of
probability of formation of the maximum-length loop
Pw.. is an independent problem which is not
considered in the present paper.

Furthermore, we will take into consideration the
fact that several MLL can be formed in a TLG of the
system after fulfillment ofw ET. Because of this,
probability P, is considered with respect to a
particular MLL. In this connection, notatioRy"""
(wherei =1, m , mis the maximum number of MLL
for the system oN modules) is introduced for this
probability. Based on this, probabiliBs of situation
that after fulfillment ofw ET m MLL will be formed
in TLG of the system and each module will have
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probability fort arbitrary MLL
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In closing, the following conclusions can be made.
One of the main features of self-diagnosis of campl
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Relation between probabilitys . and the number
of performed ET determined in the present paper is
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development of the procedure of self-diagnosis of
complex technical systems.
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OPIAHM3AIUA TPOUEAYPBI CAMOKOHTPOJIA B ®YHKIITMOHAJIBHO
YCTOMYMBBIX KOMILJIEKCAX

Mamxkos O.A., Mamkos B.A.

PaccMOTpeH MeXMOIYJSIpHBI OOMEH IHAarHOCTHYECKOi HH(opMalueil mpu caMOAMAarHOCTHUKE CIOMKHBIX TEXHUYECKHX
CHCTEM CO CIIy4ailHOW CTPYKTYpOH TeCTOBBIX 3ieMeHTOB. OleHuBaeTcss MHGOpPMALHMs O CTPYKType TECTOBBIX DIIEMEHTOB
CHCTEMBI, COOpaHHBIX B €€ MOIYJISIX B pe3y/IbTaTe MEXMOAYJIFHOTO OOMEHa.

Knrwwuesvle cnosa. CcaMOKOHTpPONb, CaMOJHMArHOCTHKA, MEXKMOIYJIbHBIA 0OMeH, WHpOpMaIWs, (QYHKIHOHATbHAS
YCTOWYHBOCTb.

OPI'AHIBALIA TPOHEAYPU CAMOKOHTPOJIIO Y ®YHKINIOHAJIBHO
CTIMKHAX KOMILJITEKCAX.

Mamxkos O.A., Mamkos B.A.

Po3rnspaersess MiKMOIYIBHUN 0OMIH AiarHOCTHYHOI iH(OpMAaLii IpH CaMOiarHOCTYBAaHHI CKJIAJAHUX TEXHIYHUX CHCTEM 3
BHUITIKOBOIO CTPYKTYPOIO TECTOBHX €JIEMEHTIB. 3IIHCHIOEThCS OLIHKA iH(OpMAaLi Mpo CTPYKTYpy TECTOBHX EIIEMEHTIB, sKi
3i0pani y 11 MOZyJIIX 3a pe3ysIbTaTaMH MI>KMOJYIEHOTO OOMiHY.

Kniouogi cnoea: caMoKOHTPOIIb, CAMOAIaTHOCTHKA, MDKMOIYJIbHUN 00MiH, iH(pOpMalis, GyHKIiOHATbHA CTIHKICTb.
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HA3EMHI CUCTEMM, JIITAJIBHI AITAPATHU TA PAKETHO-KOCMIYHI
KOMIIJIEKCH

VK 537.311.322: 621.763

Kantokos E.1O., J[lembsanos C.E.
I'O «HIILl HAH benapycu no matepuanoBenenuo», benapycs, r. MuHck.

HU3KOTEMIIEPATYPHBIE CEHCOPBI MAI'HUTHOTI'O I10JIs1 HA OCHOBE
CTPYKTYP N-SI/SIOy(NI) AJIsI AIITAPATYPbI BOPTOBOI'O IPUMEHEHMUS

TTocpedcmeom UOHHO-MPEKOBOI MEXHOIO2UU, 3AKTIOYAIOWENCs. 6 0OYYeHUY ObICMPbIMU MANCETLIMU UOHAMU, CENeKMUBHOM
MPAGIeHUU U  NEKMPOXUMUYECKOM OCAXCOeHuu Hukens 6 nopwl copmuposanst cmpykmypel N-SiISIQ(Ni). Bnepsvie
VCMAHOGNIEHbl MeXaHUu3Mbl dneKkmponepernoca 6 memnepamypuvix unmepsarax ~300-200 K, ~200-100 Kz ~100-20 K u
obuapyscena uneepcHas no 3uaky sasucumocmsv IAC Xomra om memnepamypwvl, 00YCILO8NIEHHAA OOMUHUPOBAHUCM
anexmponnozo (~300-100 K) wiu  Ovipounoco muna nposooumocmu (~100-20 K), ¢ omxnonenuem memnepamyphoil
3a8ucumMocmy  om  IKCHOHEHYuanobHo2o 3akona npu memnepamypax Hudce 100K. O6napyowcen nonoscumenvHuiil
Maznumopesucmugnvlil d¢ggpexm, docmuzarowuti 1000 % npu memnepamype nopaoxa 25 K, ymenvwarowuiica ¢ pocmom
memnepamypul u ucyezarowuti npu ~100K, umo noseonsiem co30anmv GbICOKOUYECMBUMENbHBIE CEHCOPbI MASHUMHO20 NOJSL OISl
annapamypel  KOCMU4ecKo20 NpumeHeHus, QYHKYuonupyiowe npu AicuoKogo0opooHom oxaadxcoenuu. Onpedenenvl
nepcneKmuebl CO30AHUsL CEHCOPO8 C UCNONb308AHUEM YePeIYVIOUUXCS CLOe8 U3 (PepPOMACHUMHBIX U HEMASHUMHBIX MEMAI08 6
HAHONOPAX U NOKA3AHA B0ZMONCHOCTb NPUMEHEHUS. KOHYenyuu KYnpaeisiemozo s1eKmpoHH020 MAMepuald ¢ Nopamu 6 OKCUuoe

KpeMHUAY.
KiroueBble c¢jI0Ba: CEHCOpbl MAarHUTHOTO MOJI,
Yyepenyoumxcs CIoeB

BBenenme. B mocnemHee Bpems TPOSBIISACTCS
OOJIBIIION HWHTEpPEC K WUCKYCCTBEHHO CO3/IaBACMbIM
cpelaM ¢ HaHOPA3MEPHBIMH T'€TCPOTCHHOCTSIMH. DTO
o0ycnaBiuMBaeTCs TEM, 4YTO B HHU3KOPa3MEPHBIX
CTPYKTYpax TPOSBIIIOTCS HOBBIE CBOHCTBa, HE
XapakTepHBIE IS MaTePUaJiOB ¢ ME30CKONNYECKUMU
WIH MHKPOCKONMYECKMMHU pasMepamu [1-2]. s
MOy ICHUS CTPYKTYP c HU3KOpPa3MEpHBIMH
HEOJHOPOAHOCTAMHU  IIeNIecOOOpa3sHO  TPUMEHATH
MIPOTPABICHHBIE TPEKH OBICTPHIX TSDKENBIX HMOHOB
(mopel) B [OUINEKTPUYECKOW  MaTpWie  Ha
MOJYIIPOBOJHUKE, KaK MIabioHa JUIs 3amoJHCHUS
pa3IMYHBIMM ~ METAJUIAMH, TaK KaK  CO3JAr0TCS
©CTCCTBCHHBIC YCIOBUS I peaju3alldd  TaKuX
ctpyktyp [3]. JucKpeTHOCTh MeTayuinuecKoi (assl,
pa3leNeHHON JUAJIEKTPUUYECKON MNPOCIONKON MOMXKET
MIPUBECTH K TOSBICHHUIO HOBBIX MaKpPOCKOTMYECKHX

CBOIICTB, TaKuX Kak MMOJIOKUTEITEHOE
MarHUTOCOTIPOTHBIIEHHE,  3PdekT  Xoia,  Ha
HECKOJIbKO  TIOPSJIKOB  TPEBBIMIAIONIMN  JTAHHBIN

3 (eKT B UMCTHIX MeTauIaX, W IENOTO psaa IPYrux
HEOOBIYHBIX (PU3MUYECKUX XaPAKTEPUCTUK [4—6].
HecMoTpst Ha MHTEHCHBHBIE MCCIICIOBAHHSI CUCTEM
C HaHOPa3MEPHBIMH METAIUIMYECKUMH BKIIOUCHUSIMH,
MPAaKTHYECKH OTCYTCTBYIOT JJAHHBIE O CPaBHUTEIHLHOM
U CHCTEMaTHYECKOM M3YYEHHH DNIEKTPO(YUINUECKUX U

rajabBaHOMArHUTHBIX CBOMCTB TETEPOCTPYKTYP
Si/SiOy/meramn, xors B psage  myOauKanui
coobmiaercss O  HAOMIOZEHHHM  ITOJIOKHMTEIHHOIO

MarHUTOCONPOTHUBJIEHHS B CXOXKHX CTpyKTypax [7].
OObsicCHeHHs, TpenjaraeéMble B OJTUX paboTax,
pasinMYHBl M TIOPOW TMPOTHBOpEYaT APYr IOPYyTy, a
MHOTHE  BOINPOCHI  OTHOCHTEIBHO  MEXaHH3MOB
SIIEKTPONIEPEHOCA OCTAIOTCA  HEBBIACHEHHBIMH. B
JaHHBIX paboTax JuIs ONMCAaHHA TEMIEPaTypHOI
3aBHCUMOCTH CONPOTHBJICHHS NPUBJIEKAIOTCS

HHU3KOTEMIICPATYPHbIE CEHCOPBI, CEHCOPHl C HCHOJIb30BAHHEM

pasnMYHble  MEXaHU3MBL  ciabas — JIOKanu3auus,
KyJOHOBCKasi ~ OJIOKaja, MOPBDKKOBBI  TEPEHOC,
HEyMpyroe pe3oHaHCHOe TyHHenupoBanue [8—10].
[lepcreKTHBBI ~ MPAaKTHYECKOrO  MPUMEHCHUS
00ycIaBIUBaIOT HEOOXOIMMOCTh  TIIATEIHHOTO
UCCIICIOBAHMS JaHHBIX CTPYKTYp IUISl YCTaHOBJICHHS
yCIIOBHI HOSIBJICHUS HIOJIOKHUTEIBHOTO
MarHUTOCONPOTHUBIICHHS W OIpPENCNICHUS KPUTEpHEB
€ro cymiecTBoBaHMs. {11 3TOro Ba)KHBIM AaCIEKTOM
ABIACTCS  TIyOOKOe ~ NOHMMaHHE  MEXaHH3MOB
MepeHoca HOCHUTENeH 3aps[ U BKIaJa BHOCHMOTO
METaJUTHYECKUMU KJIACTEPAaMH B MPOCTPAHCTBEHHOE
pacnpenesneHue 3apsaa. [1o 3Toil mpuvKHE aBTOpHI B
JaHHO# paboTe MPHUBOIAT PE3yNbTATHl HCCICIOBAHUS
9NMEKTPOPU3UUECKUX U TaTbBAHOMATHUTHBIX CBOWCTB
TeTePOCTPYKTYP Ha OCHOBE HPOTPABICHHBIX HOHHBIX
TPEKOB B OKCHAMPOBAaHHOM KPEMHHH, B KOTOPBIX

MOCPEACTBOM  3JIEKTPOXUMHUECKOTO  OCAXKICHUS
chopMupoBaHsI OHOPOJHBIE KOMITO3HLIH
METAUIMYECKUX HAHOYACTHI, a TaKKe aBTOPBI
MPEACTABISIIOT cBOE BUJICHHE MEXaHHU3MOB
JJIEKTPONEPEHOCca,  KOTOpBIE  peamu3ylTcs B
uccieayeMmon CTPYKTYpe npu Pas3IMuHBIX
TeMIIepaTypax. [Tonnmanue MEXaHU3MOB

NMEKTPONEPEHOCa, PCATH3YEMBIX B  Pa3JIMYHBIX
TEMICPATYPHBIX  00JAcTAX, a TaKKe BIUSHHC
BHEIITHET'0 MarHUTHOTO TIOJIS HA JBM)KCHUE HOCHTEICH
3apsija  OMpEeNeNUT BO3MOXKHOCTh HCIOJIB30BAHUS
crpykryp Si/SIO/Ni B kauecTBe paboyero saeMeHTa B
CEHCOPHBIX yCTPOICTBaxX, B TOM YHCIIC B amlmaparype
OOPTOBOTO IPUMEHEHUSI.

Meroauka »3kcniepuMenTa. Jljis NpUroTOBICHUS
crpykryp  N-Si/SiQ/Ni B KAa4yeCTBE  OCHOBBI
HCTIOB30BAIUCH TPOMBIIILICHHO BBIITYCKAaCMEBIC
MOHOKpPHUCTAJUIMYECKUE IUIacTUHBI KpeMHuss KOD-4,5
opuenTarmeii (100). Croii oxcuma KpeMHUS, TOIIAHON
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700aM, cos3maBaiics TEPMUYECKHUM  OKHCIICHHEM
kpemuus npu temreparype 1100°C B teuerue 10 gacos
B armocdepe  OYMIIEHHOrO0  Kuciopoia. B
uccneoBatenbckoM  nentpe  «GSI»  lapmmrranr,
Tepmanus) ob6pasusl N-Si/SIQ  o6nyvanucs HOHAMH
/U sneprueit 350MbB, B pesyibrare 4ero B cioe
SiO, 00pa30BHIBATIUCH CTOXACTHYECKU PACHpE/ICTICHHbIC
TI0 MIOBEPXHOCTH JIATCHTHBIC HOHHBIE TPEKU CO CPEIHEH
wiotHocTEIO  5%1C CM'Z, COOTBETCTBYIOIIEH 03¢
obmyuenus. Jlanee JTaTeHTHBIC TPEKH, SIBISIOLIMECS IO
CyTn  OOJNacTAMH  JIOKaJIbHBIX  IOBPEXICHUH  C
MOBBILIEHHON Je(pEeKTHOCTbI0 Ha TmoBepxHocTH SiO,
MIPOTPABIIHBAIINCH B TUTABUKOBOH KHCJIOTE
koHIeHTpamuei 1,35 %npu KOMHATHON TeMmepaType.
BenenctBue  pasnmuumst B CKOPOCTSIX  TPaBJICHMS
OOJTydeHHBIX M HEOOJydeHHBIX o0JjacTtell — okcHza
KpeMHHs OBUIO  ONpENeseHO ONTUMAIBHOE  BpeMs
tpaBnenus (40MuH), HeobXomuMoe s HOPMUPOBAHHUS
CKBO3HBIX (10 moBepxHoctH Si) mop. Ilo maHHBIM
CKaHWPYIOIIeH 3JeKTpoHHONH MuKpockommn  (COM),
ObLTH OTIpeieNieHbl JopMa M JIaTepalTbHBIE Pa3MephI Iop,
KOTOpBIE MPEACTABISIIOT COOOH yCEueHHbIE KOHYCHI C
koHycHOCThIO ~ 30—-35% mmamerpamm 200-25Gim Ha
nosepxuoctd  SiO,, m 50-100aM Ha rpaHMIE C
KpeMHHeM. BpicoTa KOHYCOB COOTBETCTBYET TOJIIIMHE
okcuzia kpemuus nociie tpasienus (~250—-300um).

3anojHEHHE  KOHYCHBIX  HAaHONOP  HHKEJIEM
IPOBOIIIOCH INEKTPOXMUMUYECKIM METO/IOM.
DJIEKTPOXUMHUYECKUE IKCIICPUMEHTHI BBINOIHSINCH B
CTaHJAPTHON TPEXAIEKTPOIHON CTEKISIHHOM siuelike ¢
pa3ieNeHHBIMH  JNIEKTPOJHBIMHA  NIPOCTPAHCTBAMM.
Ocaxnenne Hukens B Temmiarel  N-Si/SIQ ¢
MIPOTPABICHHBIMA HOHHBIMH TPEKaMH MPOBOAWIOCH B
MOTEHI[OCTATHIECKOM pexIMe u3 BOJTHOTO
anekTposuTa, coaepxamero 0,5 mons/n NiSO, u 0,5
MoJb/n1 HiBOs [l paBHOMEPHOro paclpeeaeHus
MOTEHLMAJIA 110 TIOBEPXHOCTH, HA HEOKCUINPOBAHHYIO
CTOpOHY KpeMHHMs HaHocwics IN-Ga sprexTudyeckuit
CINIaB, K KOTOPOMY TIO/IBOIMJICS DIIEKTPHYECKUI
KOHTaKkT. B KkadecTBe BCIIOMOTaTEIbHOIO 3JEKTPOJA
UCIIONIb30BANIACh  IJIATHHOBAs — IPOBOJIOKA, a B
KayeCTBE CPaBHUTEIBHOTO —  XJOpcepeOpsHbIi
HachIIIEHHBIA pacTBop [11].

Pe3yabTatsl u oo6cy:xaenus. Kax cneqyer u3 COM

Puc. 1. COM-u3o6paxenue ctpykTypst N-Si/SiQ/Ni:
1 —HUKeIb, OCAKICHHBIN B TIOPHI OKCHIa KPEMHUS,
2 —cIo# OKCcHIa KPEMHYS,

3 —H101710KKa KPEMHHUS.

- m3oOpakenuns (puc.l.) u paHee OIMyOIMKOBAHHBIX HAMA
pe3ynbTaToB [11—12]Meraut ocakmaeTcs B MOpbI B BUIE
HaHoKJacTepoB pazmepoM 30-50HM, KOHTaKTHUPYIOLINX
C TIOBEPXHOCTHIO KPEMHHUSL.

HccrnenoBanne  37eKTPODU3MISCKHX  CBOWCTB
TeTePOCTPYKTYpP MPOBOIMIOCH Ha 00pasuax B ¢opme
NPSIMOYTOJIBHOTO Hapajutenenumena aaunoid 10 MM u
IHUPHHOH 3 MM ¥ TONIIMHOH, COOTBETCTBYIOIICH
TOJIIIMHE KPEMHUEBOW MOANOXKH. JIjisg MOnydeHus
OMHUYHBIX M MEXaHUYECKU HaIE&XHBIX KOHTAKTOB
Ha IIOBEPXHOCTh 00pa3moB co croponsl  SiO/Ni
METOOM  YJIbTPa3BYKOBOM  INAlKW  HAHOCWIHCH
MH/IHEBBIC SIEKTPObI IUIOMAAbIo ~ 1MM? 110 cxeMe,
MPEICTABICHHON HA PUCYHKE 2.

Onextpoduznueckue u rajbBaHOMAarHUTHbIE
W3MEpPEHHs  MPOBOJWINCH  HA  YHHUBEPCAILHOU
M3MepuTenpHoi cucteme ¢Gupmet ,,Cryogenic Limited“s
pOKUME 33aJaHHOTO TOKA OT CTaOMIM3HPOBAHHOTO
HCTOYHUKA MTUTAHMS. W3smepenust
ANIEKTPOCOIIPOTHBIICHUST R M MarHUTOCONMPOTUBIICHHS
(MR) mpoBOIMIOCH UYETHIPEX-30HIOBBIM METOIOM, a
NPHUHIUIT U3MeEpPeHnii (prc.2) obecreunBa MpOTEKAHNE
TOKa 10 CXEME METAJUI-OJTYNPOBOAHUK-MeTat. Jlmst
WCKITIOUCHUsI BJIMSIHUS aCHMMMETPUYHOCTH OapbepHOro
COMPOTHUBJICHUSI BCE HM3MEPEHUS]  BBIIOJIHSIHNCh C
KOMMyTamieii Toka |, 3HaueHWs KOTOpOro Juis
HCKJTIOYEHUSI BO3MOXHOCTH CBapKH METaJUTMIECKUX
kiactepoB B nopax He npesbnmuani  100HA.
TemrepaTypHble 3aBUCHMOCTH JIEKTPOCONPOTUBICHHUS
M3MEPSUTHCh B PEXHME HETPEPBHIBHOTO OXJIAKICHUS CO
ckopocThio  1K/MHH C TOYHOCTBIO — OTIpEICICHHUS
temmeparypsl 0,001K.

HUccnemoanus MR u  DJIC  Xomma Uy
NPOBOAMJICH B  TMOCTOSHHOM MAarHUTHOM  II0Jie

BEJTMUYNHON bi (o) 12Tn u HaIpaBJICHHOM
MEePHEeHANKYJISIPHO MJIOCKOCTH TeTepOoCTPYKTYpsI. st
HUCKIIIOYEHUS BO3HUKHOBEHHS TEeMIepaTypPHBIX
IPaJMCHTOB B CTPYKTYpax, 00pa3sisl

TEPMOCTaTUPOBAINCH NPU  KAXKJIOW TemImepaType
n3MepeHusi B TEUCHHE I0Jydaca; OTKJIOHCHHE
TEMIIEpaTypbl OT 3aJaBaeMOM NpU TPOBEACHUU
n3mepennii He mnpesbimanio 0,1K. Bo wusbexanne
nposiBieHust  gorompoBomuMoctt M (oTo-03/1C
U3MEPEHUS TTPOBOJIUITUCH B 3aKPHITONW U3MEPUTEIBHON

Puc. 2.Cxema ctpykrypst N-Si/SIQ/ Ni u pacmosoxkenust

KOHTaKTOB IS U3MEPEHUS IIEKTPOYU3NIECKUX H

raJIbBAHOMAarHUTHBIX CBOMCTB: 1 —MeTast B mopax, 2 —

CJIOM OKCcHIa KpeMHUs, 3 —KpeMHUH, 4 —TOKOBBIC
KOHTAKThI, 5 —IOTeHIMAJILHBIE KOHTAKTHI,
6 —XOJUIOBCKUE KOHTAKTHI.
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suedike. s MCKIIOYEHUS BKJIAIOB Mapa3sUTHOM
TepMo-OJIC M TreoMeTpuyecKHX OLIMOOK M3-3a
HETOYHOTO PACIIONIOKCHHS XOJUIOBCKAX KOHTAKTOB Ha
OJIHOW JKBUMOTCHIMAIMKA 00pa3la W3MEpeHUs B
KaXI0M TOYKE BBINOJHUIMCH C KOMMYyTaluen
HAMpPaBJICHUH TOKA U MOJIS.

HccnenoBanue  2IEKTPOPUBHUECKUX  CBOWMCTB
rerepoctpyktyp N-Si/SiQ/Ni noruuHo ObLIO HAYaTh C
H3y4YEHUs. BOJIbT-aMIEpHbIe Xapakrepuctuku (BAX),
MOCKOJIbKY ~ COIJIACHO ~ METOJHMKE  W3MEpEeHUs!
TOKOIIEPEHOC, OCYHIECTBISIEMbI O CXeMe MeTalll-
MOJIYIPOBOIHUK-MeTAIUT (CM. pHC.2), Mpexdrnojaraer
HEJIMHCHHOCTh 3aBHCHUMOCTEH (V). Oto
MOJITBEPKIAIOT JAHHKIC, IIPUBEICHHBIC PUCYHKE 3, U3
KOTOPBIX CJEIYeT, YTO HEIMHEHHOCTh CHMMETPUYHA
U 000UX HANPABJICHUN MPUIOKCHHOTO HATIPSHKCHHS
U CBUICTEIBCTBYET 0 Hanuuuu Oapbepa llloTTku npu
MEpexoJie HOCHUTENICH 3apsga W3 METATHYCCKUX
kiaacTepoB Ni B kpeMHHIA.

Kak BuIHO, 3aBHCHMOCTH TPH  Pa3IMIHBIX
TEeMIIepaTypax KauyeCTBEHHO MOIOOHBI IPYT APYry, HO
npu noHwkeHnn 1 HemuHeiHOCTh BAX mposiBiisieTcst
npu Oojiee BBICOKMX HANPsHKEHUSX M HMeeT Oosee
pe3kuil  XapakTep, YTO CBS3aHO C MOBBIIICHUEM
comporuBiieHuss Ha Oaprepe [3]. Tem cambim
YMEHBIIIACTCS BEPOSTHOCTD €0 MPOXOXKICHUS 33 CYCT
TYHHEJIBHOM SMUCCUU 3apPSIIOB.

TemneparypHbie 3aBHCUMOCTH
anekrpoconporueieHus  Si/SIO/Ni B HyneBoM
MarHuTHOM mone u moie 12Im mpencraBieHBl Ha
pucynke 4. Bo BceM ucciemoBaHHOM HHTepBayie 1
nMeeT MECTO yBeIHUYCHHE COMPOTHUBIICHUS
CTPYKTYpbI, 4TO B ILEJIOM XapakTepHO  IJIst
MOJynpoBogHUKOB. OpHAKo, BHI 3aBHCUMOCTEH
3HAYUTENIHLHO OOJIEE CIIOKHBINH M MMEET OCOOEHHOCTH,
KOTOpBIE  TO3BOJIIIOT ~ YE€TKO  BBIOCIUTH 3
TEMIECpPATYpPHBIX HMHTEpBaia: | — COOTBETCTBYyET

obnactu Temneparyp 300 — 180 K, Il — 180 — 30 K, Il

— 30 — 18 K.Hmwxe Temneparypsl 18 K pesynbrats
OTCYTCTBYIOT, TaKk KakK DJEKTPOCOIPOTHUBIICHHUE

—0—25K
- —=—50K
—0—100K

3.0x10’

2.0x10

=

o

X

oy

S
T

CTPYKTYPBI JIOCTHraeT 3HAYCHHUM, MPEBBIMIAOIIINX
Mpeesl U3MEPEHHsI YCTAHOBKH B PEXKHUME 3aJIaHHOTO
TOKA.

B mnepBoM TeMIiepaTypHOM WHTEpPBAJIC HMECT
MECTO OBICTpPOE, MPAKTUUCCKHU JIMHCHHOC YBEIMYCHHE
AJIEKTPOCOMPOTHBIICHHS 0OJiee YeM Ha JiBa TOPSIIKA,
BIioTh A0 Temmepatypsl 180K. [Ipu mociemyromem
OXJIQXKIEHUH T€TEPOCTPYKTYPHI Ha 3aBucuMoctd R(T)
HaOMomaeTcss mapaboIMIecKuit Teperud W Cia0bIid
poct conportuBieHus BioTh 10 30K ¢ TeHneHnmen K
HACBILIEHUIO (oGmacth ). Tperuid,
HHU3KOTEMIIEpaTypHBI HMHTEPBal XapakTepHU3yeTcs
PE3KUM  SKCIOHCHIMANBHBIM Bo3pacTaHueM R u

crpykrypa  Si/SIG/Ni B 1eroM  craHOBHTCS
gunexrpukoM npu T Huxe 18K,

Ipu aHaymse TaKo’ HETPHUBUAIIBHON
TeMIepaTypHOil 3aBUCUMOCTH

AJIEKTPOCOMPOTHBIICHHUSI ~ HEOOXOIUMO YYHTHIBATH
CIIO’KHOCTb MCCJIEyeMOM CTPYKTYpPBI, COUYETAIONIEH B
cebe MeTauInYecKie HaHopasMepHble KiacTepbl Ni B
JIUDJIEKTPUYECKON MaTpHIle Ha MOJJIOKKE KpeMHHs N-
THIIA.

Cienyer OTMETUTh, 4TO MPHU 3JIEKTPOIEPEHOCE B
MPUTPAHUYHOM CJIOC KPEMHHs, B KOHTAKTe C HHUM
HAXOJSATCS 3aMOJHCHHBIC METAJIOM MOPHI, TNIOTHOCTh
xotopsix cocraBisier 1P cM?, a cpexHee paccrosiHue
Mexny Humu ~ 500HM. YuutbeiBas, 4TO CpeaHHN
pa3Mep KOHTAKTa HUKEIS C KPEMHHUEM JJIsl € IMHUYIHOM
nopsl paBer 100HM, 310 cocTtaBisietr okonio 20%mytu
HOCHUTENIEH 3apsia NIpH ToKomepeHoce (cMm. puc. 1).
JlaHHbIE OCOOCHHOCTH HPEIONPECISIOT MEXaHU3MBbI
MPOBOAMMOCTH,  JOMUHHPYIOIIHE B  KaXIOM
TEMIIEPaTypPHOM HHTEpBale.

B mepBoM, <BBICOKOTEMIIEPATYPHOM» JHANa30He,
cuctema N-Si/SiIQ/Ni xapakrepusyercss COOCTBEHHOM
AJIEKTPONIPOBOAHOCTRIO KPEMHHS, a TeMIeparypHas

3aBUCUMOCTb OIpeacIACTCA HU3MCHCHUCM
KOHLCHTpAalluu U MOABUIKHOCTH HOCHUTEJICH 3apsaa. C
IIOHM>XKCHHUEM TCMIICPATyphbl KOHLCHTpalus

OJICKTPOHOB, MNEPCXOAAIIUX YEPE3 3alPCUICHHYIO 30HY

-1.5 -1.0 -0.5

0.0 0.5 1.0 15
UB

Puc.3. BonbT-aMiiepHbie XapaKTEPUCTHKH 00pa3ioB ¢ HUKEIEM B IMOpax mpu Temneparypax 25, 50u 100K
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B 30HY TIPOBOAMMOCTH, SKCIIOHEHIIHAIEHO
YMEHBIIAETCs,  YTO  JOJDKHO  NPHBOJIHUTH K
COOTBETCTBYIOIIEMY YBEJIMYEHHIO CONPOTHBICHHS. B
LIEJIOM Takas TeHaeHuus HaOmopaercs no T ~ 180K,
oaHako poct R(T) IpoHCXOAUT MO JTUHEHHOMY 3aKOHY.
Takoii xapakTep 3aBUCUMOCTH CBSI3aH C HAIMYUEM B
TeTepPOCTPYKTYPE KJIACTEPOB HHUKEIS CO 3HAYHUTEIHHO
MEHBIIINM YAEIHHBIM CONMPOTHUBICHHEM II0 CPABHEHHUIO
¢ kxpemareM. HecMoTps Ha TO, 9TO B pacCMaTpUBAEMOM
TEMIIEpaTypHOM  WHTEpBajie  IBIDKCHHE  3apsaa
MPOUCXOAUT TO BCEeMy OOBEMYy MOIYNPOBOIHHKA, a
TOKOTIEPEHOC B TPHUIIOBEPXHOCTHBIX OOJIACTSIX Oyner
OCyIIECTBIAThCA 10 Kiaactepam Ni, miMHa CBOGOIHOIO
npobera 3JIEKTPOHOB B KOTOPHIX COM3MEpHMa C X
pa3Mepamu.

IMpu Temneparypax Hmwke 180K npexpauiaercs
TEpPMOAKTHUBHUPYEMBIH  TIepexo] HOCHTEJeH 4epes
3alpelIeHHYI0 30HY. Y4YacTOK KpHBOW B HHTEpBaie
180-3K (obnacts Il Ha puc. 4), rae uMeeT MecTo
cmabopacrymast  3asucumocts  R(T)  sBisercs
00J1aCTBI0 C TIOCTOSTHHOM KOHIIEHTpaIyield HOCUTeNeH
3apsiga. DJNEeKTPOHHBIE PEeCypCchl NPHMECHBIX aTOMOB,
MaKCHMaJIbHBIE MIPY HU3KHX TeMIIepaTypax, HCTOIICHBI,
a WX MOABIDKHOCTH MpPU MOHIDKCHHH TEMIepaTypsl
najaeT. OT0 NPUBOJNT K YBEINYCHHUIO BBICOTHI Oapbepa
U CONpPOTHBJICHHUE HAa KOHTAKTax IOJYIPOBOAHKK -
METajul CTaHOBUTCS OoibIIe dYeM Yy KpeMHUS,
BCICACTBUE YEro OJIeKTpoHbl kiactepoB Ni  He
NPUHUMAIOT Y4acTHE B QJIEKTPOIEpEeHOCe.

Temnepatypsl Hmke 30K (obmacte Ill) maner qs
00pa3oBaHusl JTOCTATOYHOW KOHIICHTPALMU HOCHTEIeH

3apsga 3a CU4ET IMepexofa AIIEKTPOHOB C IPHUMECHBIX
YPOBHEH B 30HY MPOBOAMMOCTH, H KPEMHHMA
(haKTHYECKU CTAHOBHUTCS JUAJICKTPUKOM.

B 3THX yCHOBHSX 3JEKTPONCPCHOC B OCHOBHOM
OCYIIECTBIISICTCS 10 JIOKAJIIM30BAHHBIM COCTOSIHUSIM B
MPUITOBEPXHOCTHBIX CIOsX Si, a B 00JaCTIX KOHTAKTA C
MopaMu M0 METAUIMYECKAM Kiactepam. [Ipu 3tom
BEJIMYMHA CONIPOTHUBIICHHS U XapakTep TeMIIepaTypHOU

3aBUCHMOCTH OTIpEIETSIeTCS JOMHUHHP YIOIITAM
BBICOKOOMHBIM ~ COCTOSIHUEM  ITOJYIPOBOIHUKOBON
COCTABIISIOIIEH TeTePOCTPYKTYPHI.

[onTBepxneHneM porm METAJUTMIECKIX

KJIACTEPOB B MEXaHU3ME IIPOBOIUMOCTH HPU HHU3KHX
Temmeparypax sBisiercs  3aBucumocts  R(T) B
MarHuTHOM nose. IloBeneHne KpUBBIX Ha pUCYHKE 4
CBUJICTENIBCTBYIOT, YTO MAarHUTHOE I10JI€ HE BIIMSCT HA
JIEKTPOIPOBOIHOCTD TeTePOCTPYKTYPHI B
BBICOKOTEMIIEPATypHOM JMara3oHe, 10 KpaliHel Mepe
nqo 7~ 10K. Ilpm TOHIKEHUH TeMIEparypbl
ANEKTPOCONIPOTHBIICHHE B TOJ€  YBEIHMYMBACTCS
OTHOCHTENFHO 3HaUeHUH R B ero orcyrcTBrH (BCTaBKa
Ha puc. 4), T.e. WMEET MECTO TOJOKUTEIHHbIH
MarHUTOPE3UCTUBHBIN 2P PEKT.

W3 temMniepaTypHOil 3aBUCUMOCTH OTHOCHTEIIBHOTO

R —
MarHUTOCONPOTHUBIICHHS MRZB—PO (Re u Ry -

CONMPOTHBJICHUE B MAarHUTHOM TII0JIE W B €ro
OTCYTCTBUH, COOTBETCTBEHHO) BHMIHO, 4YTO IpHU
dKCIIOHEHIMATLHOM pocte MR mocturaer 3nHaveHwmid
~1000% puc. 5).
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Puc. 4. TemnepaTypHbie 3aBUCHMOCTH COMPOTUBIIEHHS reTepocTpyKTypbl Si/SIO/Ni B 0TCYyTCTBHE MATHUTHOTO
rmojist ¥ B mosie 12 T
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Puc. 5. TemnepatypHast 3aBUCHMOCTh OTHOCHTEJILHOTO MArHUTOCOMPOTHBICHUS CTPYKTYphl Si/SiO,y/Ni
B noiyie 12 Tn

JlaHHBIC TIPUBEACHHBIE BHIIIEC CBUAETEIBCTBYIOT O
CYIIECTBOBAaHMH ABYX MEXaHH3MOB 3JIEKTPOIEpPEHOCa
paboTaromuX B PasNUUHBIX  TEMIEPATYPHBIX
o0macTax: BBICOKOTEMIIEPATypPHOI "
HU3KOTeMIlepaTypHoi. OfHAaKO HEACHO, NpPU Kakol
TeMIepaType HPOMCXOAUT MEPEKIIOUYEHUE C OIHOTO
MexaHH3Ma Ha JAPYro, Tak kak 3aBucuMocTb R(T)
naer temnepatypy 35 K, R(B) ~50K, a u3 BAX
crenyer uro mnpu temneparype ~100 K. [us

ONpeJeNieHusT  TOYHOW  TemIepaTypbl CMEHBI
MEXaHU3MOB mepeHoca ObUTH TIPOBEICHBI
HCCIICTOBAHUSA raJlbBAaHOMAaTrHUTHBIX CBOIICTB

rerepocTpykTypsl N-Si/SiG/Ni.

Ha pucyHkax 6 u 7 mpencTaBieHbI TEMITEPATYpHBIE U
nojieBbie  3aBucuMoctd  DJIC  Xosuia, Hawmbosee
JIOCTOBEPHbIC W TUITMYHBIC /ISl Pa3HbIX TEMIEPATyPHBIX
untepBaioB (4—300K ¢ marom 25K) U MArHUTHBIX MOJEHt

TeMIIepaTypHbIe 3aBHCHMOCTH XOJUIOBCKOTO
HAIPSDKEHHs] KAYE€CTBEHHO MICHTUYHBI, HA PUCYHOK 6. B
obmactm  BeIcokmx  Temmeparyp OJC  Xomra

9KCHOHCHIMATIEHO BO3PACTACT U UMECT TOJIOKUTETbHBIN
3HaK (4To xapakTepHo Misi N-Si) 10 Temmeparyp 110—
20K. B ob6nactn T ~100K 3HaK pe3ko M3MEHsETCs Ha
OTpHL@ATENBHBIH W JOCTUTaeT MUHUMYyMa  TIpH
temneparype okono /5K. Ilpu T mmxe 75K DIC
Xomna BBIXOIWT HA HACBHIIICHWE, C TEHICHIMEH K
MelyleHHOMY —moHkeHnto Uy, 1o alcomoTHOMY
3HAYCHHUIO.

JIng moJneBBIX 3aBHCUMOCTEM OYEBHUAHO, YTO NPH
temrieparypax Beime 100K DJIC Xomma sBaseTcs
pactymeit ¢ynknuer mons, pucynok 7. Ilpu T =
100K noneBast 3aBHCHMOCTb CTAHOBHUTCSI aHOMAJIbHO
najaroniei, To ectb ¢ pocroM mnons IJIC Xomma
YMEHBIIAETCS. Huxe 100K, B obnactn

(0-12Tn ¢ mrarom 1-0,25T 7). oTpuuarensHelx 3HaueHui DJIC sBnsercs pacTymei
Bo BcemM  wuHTepBaJe  MarHMTHBIX  HOJIEH 110 a0COMIOTHOMY 3HaYeHUIO (pyHKIMEH Nos.
20 :
1 —O0-B=6Tn
I O e —e—-B=12Tn
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Puc. 6.3aBHCHMOCTD XOJJIOBCKOTO HAMPSDKEHHS OT TeMIepaTypsl cTpyKTypsin-Si/SiO,/Ni B mossax 6 u 12 Tn
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Puc. 7.3aBrcUMOCTb XOJUIOBCKOTO HANPSDKEHHS OT MArHUTHOTO Nouist Tpu Temneparypax T = 25, 100, 15K
ctpyktypbl N-Si/SiQ/Ni

Kax OBLITO yKa3aHo BBIIIIE, B
BBICOKOTEMIIEPATYPHOIl  00JaCTH  AIIEKTPONEepeHOC
OCYIIECTBIISIETCSI IO CXEME METaJUI-TIOIyIIPOBOTHUK-
MeTajul, He 3aJeHCTBYS TOpHI, 3alOJHEHHBIC
METaJUIOM, KOTOPBIC HAXOIATCS MEXIY KOHTaKTAMHU.
B nmaHHOW oOnacth TeMmmepaTyp OYEBHIHO, 4YTO
BennunHa DJIC Xosuia onpenensercs KpeMHUEM, TO
€CTh C TOHI)KCHHEM TEMIIePaTyphl MOJBHUKHOCTh
HOCUTENICH 3apsja B KPEMHHH SKCIOHCHIMAIBHO
MaJacT, YTO BBI3BIBACT JKCIOHCHIUAIBHBIA POCT
XOJJIOBCKOTO HampspkeHus (BCTaBKa K PUCYHKY 6).
Ilpy  pmanpHeWeM  TOHMDKEHHM  TEMIIEpaTyphl
npoucxoauT peskuit ckadok DJIC Xomma co cMeHOU
3Haka  (OTpUIaTeNnbHbIM  Kod(pduiment  Xojia
XapakTepeH ISl HUKEIS) C COXPAHEHHEM TCHICHIINH K
SKCHOHCHIMATFHOMY  YBEIHYCHHIO  aOCOJIOTHOTO
3HaueHust Uy. DTO CBUIETENBCTBYET O TOM UTO MpH T
~100K mnpouCXOAUT W3MECHEHUEC JOMUHHPYIOLICTO
MeXaHu3Ma JJeKTponepeHoca. Kak yxke roBOpHioch
BBIIIE, npu T > 100K HEepeHoc 3apsjaa
OCYIIECTBIIICTCSI M0 CXEME «METAJI B IMOpax o[
KOHTAaKTOM — TIOJIYIIPOBOAHHUK — METAJI B ITOpaxX MOJ
KOHTAKTOM», HE 3aJeiCTBYs NOpPHI, HaXOIAIIHECS
MEXJy KOHTakTamu. [Ipu panpHEeiIeM MOHUWKEHUU
TeMIepaTyphl MIPOUCXOTUT BKITIOYUCHHE B
ANEKTPONEPEHOC HUKEJIEBBIX KJIACTEPOB,
HaXOJAIIMXCSl B KOHTAKTE€ ¢ KPEMHUEBOM IUIACTUHOM.
Ipu T ~100K, xorma Uy cTaHOBUTCS paBHBIM HYIIIO,
TOKOIIEPEHOC MPOUCXOAUT KaK MO KPEMHHIO, TaK U IO

HUKEJIEBBIM KJIacTepaM B paBHOMU crerneHu. B cBs3u ¢
TeM, YTO B aOCOJIOTHON BENHYMHE XOJUIOBCKOTO
HaTpSDKCHHS, a COOTBETCTBEHHO B MOIBM)KHOCTH
HOCUTEJIEH 3apsAla HE MPOUCXOJUT HW3MEHHUM, Ha
sapucuMoct R(T) Ha pucyHke 4 He Habmromaercs
neperuooB.

Wnrepecnoe sBinenne HaOmomaercs npu T =
100K, xorma moieBass 3aBUCHMOCTb CTaHOBHTCS
aHoManpHO majaroueil. Takoe mnoeenenue Uy(B)
CBSI3aHO OIATH )K€ C KOHKYPEHLMEH ABYX Pa3IM4YHBIX
MEXaHU3MOB TpHU JaHHOW Temreparype. B manbix
monsix Uy wmeer Oonplume 3HAYeHUs, TO €CTh
paboTaeT KpeMHHH, a TIpH YBEIWYCHHH OIS
«BKIJIFOYACTCS» HUKENh. YBEIWYECHHE aOCOIIOTHOTO
3HaueHus: Uy mpoucxomut go Ttemmeparypbl 75K,
mocie 4ero BCTYIIaeT B neiicTBre
«HU3KOTEMIIEpaTYpHBII MEXaHNU3M HepeHoca 3apsaa»,
KOTOphIi ommcaH Beime. [Ipu temmneparypax MeHee
75K 3JIEKTPOIEPEHOC OCYLIECTBIIETCS 1o
METAUIMYECKUM  KJIacTepaM U JIOKAJIM30BaHHBIM
cocTosHHAM Ha rpanuue pasmena Si/Si0,. Kpome
TOro, MpHu TeMmreparypax wmeHee /5K crnemyer
YYWATBIBaTh €OI€ HE PEIICHHYI0 TEOpETHKAMH

npooieMy CKayKa XOJUIOBCKOH Pa3HOCTH
HOTEHINAJIOB Ha rpaHuLe cpen c
CYIECTBEHHO Pa3INYAIOIIMMHUCS YIEeTbHBIMH
3JIEKTPOCOIPOTHBICHHUIMH.

PasButue JanbHenmen paboTsI c
rerepoctpyktypamu  Si/SiO/MeTannt ¢ 1B
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pacmmpeHus TEMIIEPaTyPHOTO UHTEpBasa
CYyIIECTBOBAaHUSI ~ MarHUTOpe3UCTUBHOro  sddekra
NepCHeKTUBHO B JABYX HampasleHusX. Ilepsoe
CBA3aHO C CO3JaHMEM MHOTOCIOHHBIX CTPYKTYp C
YepeayIOIUMHCS CIIOIMU U3  (DEpPPOMAarHUTHBIX U
HEMarHuTHBIX MeTalwioB B mopax [13-14]. Bropoe
IpegycMaTpUBaeT IIPUMEHEHHE TEXHOJIOTUU

TEMPOS («Tunable Electronic Material in Pores in

Oxide on Semiconductors» — VmpasnseMbit
OnextpoHubsrii Marepuan ¢ Ilopamu B Okcuue
Kpemuus») [15]. IIpuMeHHTENBHO K  TakuM
rerepocTpykTypam cxema TEMPOSmnpencrasnena Ha
pucyHke 8.

Puc. 8. Ilpununnuanshas cxema TEMPOS-
cTpykTyphl: 1) moanoxka Si, 2)cnoit SiO,, 3) kaHans
HOHHBIX TPEKOB 3aMI0JHEHHBIC MeTAILIOM (-amu), 4)
aNeKTpUuIecKre KOHTakThl Ha Si0,, 5) ynpasnstonuii
KOHTaKT Ha Si

TEMPOSetpykTypbt TIPOSIBIISTIOT CBOWCTBa
CXOKHE CO CBOMCTBAMH 3JIEKTPOHHBIX YCTPOWUCTB THIIA
MOII-cTpykTyp, 00JamaloNyx HEITUHEHHBIMH BOJIBT-
aMIIePHBIMH ~ XapaKTepUCTUKAaMH, B TOM  YHCIE
OTPHLIATETbHBIM i depeHmaTEHBIM
conpotuBieHreM. B Toxe Bpemst TEMPOSeTpykTypbl
UMEIOT JOINOJHUTENbHbIE CBOOOAHBIE —IApaMeTpHl,
Takue Kak (opMa W IUIOTHOCTh MPOTPABICHHBIX
TPEKOB, TIOJIOKCHUE, BBICOTA, JUAMETP, W THII
Marepuana, BHEJIPEHHOr0 B TpeKH. DTo nxaer Oojee
IIUPOKHE BO3MOXKHOCTH [UIL CO3IJAHUS MHKPO- U
HAHOMJIEKTPOHHBIX ~ yCTpoiicTB. Hampumep, OGonee
CIOXKHass BHYTpeHHss1 CcTpykrypa TEMPOS o
CpPaBHCHHIO C  TPAAWIMOHHBIMH  DJICKTPOHHBIMH
JIIEMEHTaMH, YTpOIIaeT MIPOCKTUPOBAHUE
AIIEKTPOHHBIX CXeM. YMeHbIIeHE qrcia
nepUPepUAHBIX 3JICMECHTOB MPUBOJHUT K BBIATPHIIIY B
CKOpOCTH  (YHKUMOHHMpOBaHMS M K  Oonblied
HaJeXKHOCTH, B IEPBYIO OYepenb, K pajnalMoOHHOW

Cnucox nimepamypu:

CTOMKOCTH, TakKk Kak go0aBka HEOOJBIIOr0 dYHCIIa
KaHAJIOB Tlepeadn 3apsia npu oGmydernn k ~10 yxe
CYIIECTBYIOIUM (T.€. MOHHBIM TpPEKaM) HE OKaXeT
CYIIECTBEHHOTO BIIUSIHUS Ha XapaKTEPUCTHUKH.

3axatouenue. [IpuHinun paboThl, MPUMEHSIEMbIX B
HACTOSIIEEC BpPEMsi CCHCOPOB MArHHUTHOTO  MOJS,
OCHOBaH HAa YETBIPEXKOHTAKTHOM METOJC U3MCPCHHS
s¢dekra Xomra (matunku Xojuia) U U3rOTABIMBAIOTCS
OCHOBE IOJYIPOBOAHUKOBBIX MaTEpHAJIOB, HAIPUMED,
INSb 1 GaAs, 061a1ar0mKX BEICOKOM MOABHKHOCTBIO
HOCHTENeH 3apsia M COOTBETCTBEHHO OOJIBIINMHU
sHadeHnsiMu - DJIC  Xomma. bBomee mpocTeiMu B
HCIIOJIb30BaHHH SIBJISIIOTCS] CEHCOPBI, B OCHOBY KOTOPBIX
3aJI0)KCHA 3aBHCHUMOCTH 3JICKTPOCOMPOTUBIICHHUS OT
MAarHATHOTO TIOJIS, YTO TIO3BOJIACT HCKIIFOUHUThL JBa
KOHTaKTa W3 CXEeMbl u3MepeHus. K coxkaneHwo,
HeOoIbIIast BEJTHYMHA MAarHeTOCOMPOTUBIICHHS,
nocruraromias guiis 10 % franpumep, B mepmauioe)
HC TO3BOJICT WCIOJB30BaTh WX B  KAvyecTBE
BBICOKOYYBCTBHUTEIBHBIX CEHCOPOB.

B pabore moka3aHo, YTO TEXHOJIOTHS TPEKOB
OBICTPBIX ~ TSDKEJIBIX HMOHOB JIa€T  BO3MOXHOCTh
co3laBaTh IOpbl B CJIO€ OKCHAA  KPEeMHHS,
BrocieAcTBrK  3amnoiadsemsle  Metamiom (Ni), Ha
MOHOKPHCTAJUIMYECKOM KPEMHHH, UYTO OpPraHHYHO
aJlanTUPYET TAKyl0 T€TePOCTPYKTYPY K CTAHAAPTHON
KpeMHHEBOM TexHomorun. OHa MOXET CIYXKHUTh
paboduM 3IEMEHTOM HHU3KOTEMIICPAaTYpPHOTO CEHCOpa
MarHUTHOTO TIOJII, 4YTO TMOATBEPXKACHO cepuei
9KCIICPUMCHTOB o UCCIICTOBAaHHIO
NMEKTPOPU3UUECKUX  XAPAKTEPUCTHK B  IIHPOKOM
WHTEpBaJe TEMIIEPATYP U MATHUTHBIX MOJICH.

OmnpeneneHbl  MEXaHHU3MbI  3JIEKTpOIEpeHOca
peanudyemble B Pa3IMYHBIX  TEMIEPATYPHBIX
MHTEpBaNaiX, a TaKkKe YCTAaHOBJICHO HAJINYHe
TTOJIOKUTETTFHOTO  MarHUTOPE3UCTHBHOTO 3¢ deKTa,
pacTtyimiero ¢ TNOHW)KCHHEM  TEMIIepaTypel |
nmocruratomiero npu T ~ 25K Bexuuunsr 1000 %,4urto
MO3BOJISICT CO3/1aTh BHICOKOYYBCTBUTEIBHBIC CEHCOPHI
JUIL  anmapatypel  KOCMHYECKOrO  MPHUMEHEHHUS,
(bYHKIIMOHUPYIOTIEH npu KHUJIKOBOJIOPOTHOM
oxnaxnaenun (T = 20-25K). [loka3zaHbl MepCHeKTHBBI
JNanpHeWmed paboThl C TETEPOCTPYKTypaMu THIA

Si/SiO,/meranmn c LEBIO pacimpeHus
TEMIIEPaTYPHOTO MHTEpBana CYIIECTBOBAHMUS
MarHUTOPE3UCTUBHOTO  3(PdeKTa,  CBsA3aHbIE C

dopMHpOBaHMEM B IOpax YepeayIOIIUXCS CIIOEB
(eppOMAarHUTHBIX W HEMarHUTHBIX METALIOB M C
npuMmeHenneM texHonorun TEMPOS.
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HU3bKOTEMIIEPATYPHI CEHCOPU MATHITHOTI'O ITIOJISI HA OCHOBI
CTPYKTYP N-SI/SIOy(NI) AJIs1 AITAPATYPU BOPTOBOI'O 3ACTOCYBAHHSA

Kanrokos €.10., lem'ssHos C.€.

3a JOIOMOror0 i0HHO-TPEKOBOI TEXHOJOTiI, IO MOJSrac B ONPOMIHEHHI MIBHIAKMMH BaKKUMHU 10HAMH, CEJICKTUBHOMY
TPaBJCHHI 1 €JIEKTPOXIMIYHOMY OCa/pPKEeHHI Hikelo B mopu cdopmosani ctpykrypu N-Si / SiO2 (Ni). Briepiie BcTaHOBICHI
MEXaHI3MH eJIeKTpOIIepeHoCcy B TemreparypHux iHrepBamax ~ 300-200 K, ~ 200-100 K~ 100-20 Ki BusiBnena inBepcHa 3a
3HakoM 3anexHicte EPC Xoia Bin temneparypu, oOyMmoBieHa nominyBaHHsM enekrponHoro (~ 300-100 K)a6o amipkoBoro
tuiy nposiguocti ( ~ 100-20 K)3 BigxuiieHHSIM TeMIIEpaTypPHOI 3aJIeXKHOCTI Bil €KCIIOHEHIIaJIbHOTO 3aKOHY MPU TeMIIepaTypax
Hwkde 100 K. BusaBneno no3sutuBHUN MarHiTope3ucTuBHUH edekt, mo csarae 1000% npu temnepatypi 6museko 25 K, skuii
3MEHIIIYETHCS 3 POCTOM TeMIepaTypH i 3Hukae npu ~ 100K, 1110 mo3Boisie CTBOPUTH BUCOKOUYYTIHMBI CEHCOPU MAarHiTHOTO MOJIS
JUISL amapaTypy KOCMIYHOTO 3aCTOCYBaHHS, (DYHKLIOHYE IIPH PiAMHHOBOJHEBOMY OXOJIO/DKCHHI. BH3Ha4deHO NepCreKTHBH
CTBOPEHHS CEHCOPIB 3 BUKOPUCTAHHSM IIApiB, IO YepryI0Thes 3 (epOMarHiTHUX i HEMarHiTHUX METalliB B HAHOIIOPH 1 IIOKa3aHa
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MOKJIMBICTh 3aCTOCYBAHHS KOHIIEMIIii «KepOBaHOTO EJIEKTPOHHOTO MaTepiany 3 TOPAMH B OKCHII KPEMHIIO».
KirouoBi cioBa: ceHCopH MarHiTHOTO MOJsI, HU3bKOTEMIEpATypHI CEHCOpPH, CEHCOPH 3 BHKOPHUCTAHHSAM IIapiB, IO
4epryIOThCSL.

LOW-TEMPERATURE MAGNETIC FIELD SENSORS BASED ON n-S i/SiO2(Ni)
STRUCTURES FOR ON-BOARD EQUIPMENT

E.Yu. Kaniukov, S.E. Demyanov

Using the ion-track technology, consisting of iiegtbn with swift heavy ions, selective chemicalctehg and
electrochemical deposition of nickel in the poresi/SiO,(Ni) structures have been formed. The mechanisneteatrotransport
in the temperature ranges ~ 300-200 K, ~ 200-108nd,~ 100-20 K were established and an inverspdeature dependence of
the Hall voltage was observed due to the dominafitke electron (~ 300-100 K) or hole conductivigpe (~ 100-20 K), with a
deviation of the temperature dependence of therexqutial law at temperatures below 100 K. A positivegnetoresistive effect
reaching 1000% at 25 K, which decreasing with iasieg temperature and vanishing at ~ 100 K has betscted. It allowed
creating highly sensitive magnetic field sensors $pace application equipment functioning with idjunydrogen cooling.
Prospects for creating sensors using alternatiggrdaof ferromagnetic and nonmagnetic metals inopares have been
determined and the possibility of using the conagfpé "Tunable electronic material with pores iticeh oxide" has been
demonstrated.

Keywords: magnetic field sensors, low-temperature sensersa@s using alternating layers.
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ITomanHus MarepiaJjiB cTaTei 10 )KypHATY

Oécaz pykonucy —He MeHIIe 4 OBHUX apKyIIiB YKPaiHCHKOIO, aHIITIHCHKOIO a00 POCIHCHKOI0 MOBAMHU.

®opmart apkyiry A4 (21 x 29,7cm), napameTpu CTOPIHKHU (BIACTYMH Bif Kparo):

—3mBa — 2,25¢Mm;

—3mpaBa — 2,25¢cM;

—3Bepxy — 2,25¢cwMm;

—3HU3Y — 2,25¢cM.

OcuoBuuii mpudr crarri — Times New Roman, 1&rib, Mixkpsakosuii intepsai (MHOkHHK) — 1,0.

Jist myGutikanii HeoOXiJHO MPEICTaBUTH CTATTIO B €JIEKTPOHHIHN (opMi, sKa oopMIIeHa 3TiHO HABEICHUX HIKYE
BHMOT Ta i pO3APYKOBaHUIA SK3EMIUTSP, MiAMUCAHUA yCiMa aBTOPAMHU CTATTi.

CmpyKkmypa TEKCTy CTaTTi:

— IIOCTAaHOBKAa MPOOJIEMH Y 3arajlbHOMY BUIJISAI Ta 1i 3B'A30K i3 BaXIMBUMH HAYKOBUMH YH MPAKTUIHUMHU
3aBllaHHSMU,
— aHaJTi3 OCTaHHIX JOCTIDKEHbB 1 MyOumiKalliii, Ha SKi CIUPAEThCS aBTOP;
— (opMyIIrOBaHHS METH CTAaTTi (IOCTAHOBKA 3aBJIAHHA);
— BHKJI&J] OCHOBHOIO Marepiany IOCHI/DKCHHsI 3 [OBHUM OOIPYHTYBaHHSM OTPHUMaHHX HAYKOBHX PE3YJIbTATiB;
BHCHOBKH 3 JJaHOTO JIOCIII/DKEHHS 1 IEPCIeKTUBH MOAAJBLIOr0 PO3BUTKY JIAHOTO HATMPSIMKY.
Anomauii 0o cmammi BUKOHYIOTBCSl YKPaTHCHKOTO, aHTIIIHCHKOO Ta POCIHCHKOI0 MOBAMH Ta TIOBHHHI PO3KPHBATH:
— [IpeJMET, TEMY Ta METy poOoTH;
—MeToa (MeToau) abo METOIOJIOTiI0 POBEACHHS! JOCIIKCHB,
— pe3yNbTaTh JOCIHiPKEeHB,
— BUCHOBKH Ta 00J1aCTh 3aCTOCYBaHHS PE3YJIbTaTiB J0CITIDKEHb.

Cnucok iimepamypu NOBUHEH BKIIOYATH HE MeHII 8 jpkeped, ski Buaani 3a ocranHi 10 pokis. [Ipu npomy He
meHm 50% mKkepen MOBHHHO BiTHOCHUTHUCS J0 iHO3EMHOI Mepiouku. SIKII0O OCHOBHOIO MOBOIO CTaTi € yKpaiHChKa
abo pociiiceka, TO OQOPMIIIOETHCSA JBA CHMCKH JITEPAaTypH: IepiiMi (CIHMCOK JITEpaTypd Ha MOBI OpHIiHAIY
okepena) — sigmosigao o JCTY 8302:2015 BiGmiorpadidne MoCHIIAHHS: 3arajibHi MOJIOKEHHS Ta IPaBUIIA
CKJIaJIaHHs»; APYrHid —Ha aHIJIMCHKINA MOBI Ta aTuHUII (TpaHciiTepanii) — «References».

[Ipu moxaHi cTaTTi aBTOp MOBWHEH TapaHTyBaTH AIHCHICTh HaBEIEHUX JKEpEs Ta Y pa3i HeoOXiIHOCTI HalaTH 1X
y penakuiidHy kojeriro. Skmio okepeno indopmauii Mae inentudikarop nudposoro o6’exty DOI, To BiH
000B’ SI3K0OBO HABOJIMTHCS HATIPUKIHII onucy, Hanpukiaa doi: 10.20998/2522-9052.2017.1.09.

Y sioomocmax npo aemopie yxpaiHCbKOIO MOBOIO HABOJSATHCS:

— Tpi3BHUIIIE, iM' g Ta 10 OATHKOBI;
— HAYKOBHY CTYIiHb, BUCHE 3BaHHS, IOCANA;
— Ha3Ba YCTaHOBH, JI€ TIPALIIOE aBTOP, i Micile po3rairyBaHHs (MicTo, KpaiHa);
— obmikoBwuii 3amuc aBropa ORCID;
— aJipeca eJIEKTPOHHOI MOIITH.
Pykonuc cynposoosrcyemuca:
— peliensiero gokropa Hayk (mpodecopa);
— BUTATOM 3 MPOTOKOIY 3acimanHs kadeapu (Biaainy).

Hesanexycne ekcnepmmue peyen3y8anHsa IPOBOJUTHCS 3 METOI0 KPUTHUYHOI OL[IHKHM PYKOIHKCIB, IO TOJAIOTHCS JI0
myOmikamii, cmeriamicraMu, sSKi HE BXOAATh 1O CKIAQAy pEIakiiifHoi komerii. PenakiiiifHa KoJeris Hampabisie
HaYKOBI CTaTTi, IO MyOJIKYIOThCSI, HA 30BHIIIHE aHOHIMHE PELICH3yBaHHsI HE3aJIe)KHUMH €KCIIEPTaMH.

Cxema ochopmneHHsA ctateln (060B’'A3KOBI eNleMeHTH)

VK (xkerns — 11ur).

Iepenix asmopie crarti (keras — 11mr).

Iepenix ycmanos, e NpamoTs aBTopH (HazBa 6€3 CKOpOYEHb, MICTO, KpaiHa, Kerib — 11mT).
Haszea cmammi (xeris — 12101).

Anomayisi MOBOK OCHOBHOI'O TEKCTY CTaTTi (Keryb — 91r).

Knrouogi cnosa MOBOKO OCHOBHOTO TEKCTY cTaTTi (kerip — 9mr).

OcHogHuti mexcem ctatti (kernb — 10mT).

Cnucok nimepamypu (17st crateit yKpaiHChKOI0 ab0 pOCiHChKOK MOBaMH, Keriib — 91T)
Referencegkeris — 9mr).
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Bumoru 1o ej1eMeHTiB cTarTi

Habip c¢opmyn 3nailicHoetsest B pegaktopax ¢opmyn MS Equation a6o MathType. 3a6oponserses
BUKOPUCTOBYBAaTH Ansi Habopy ¢opmyn rpadiuni o6'ektu, Tabnuui Tta pemakrop Dopmyrna (formula)
Word 2007-2016.

B mento “Posmip — BusnauuTi” BBecTH Taki po3mipu: 3Buuaiinuii — 10 nr; Benmukuit iHmexc — 8 nr; manuid
HHAEKC — 7 IIT, BEIUKUH cuMBoJI — 14nr; manuii cumBoi — 10T,

B menro “Ctunie — BuzHauuTH” BBECTH CTHIIL PopMy — “mipsmuii”, ToOTO moss “DopMaTt CUMBOJIIB” — IyCTi.

Pucynxu 0608’ I3K0OBO CYIIPOBOIKYIOTHCS EHTPOBAHUMH IIiIPUCYHKOBUMH MmifnucaMu (Keriab — 9), mupuHa He
oinpre 16,5¢M, BCi Mo3HaYeHHsI BAKOHYIOTBCS KEeTJIeM He MEHIIIUM Hix 8 TT.

Y mao6nauyax tabnuunuii 3aronoBok (9 Kerip) — 0008’ A3KOBHIA.

Bumoru xo opopmiennst References

References morpibHO NPUBOAUTH OKPEMUM OJIOKOM, IOBTOPIOIOYH ITOCIiIOBHICTh IOIEPEIHHO HABEIEHOTO
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