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CEKUMNA «<MH®OPMAUMNOHHBIE PAOANOTEXHOJIOI N »

NOBbLILWEHUE 3®PEKTUBHOCTU COJTHEYHbIX MAHEJIEU 3A CYET
UCNOJIb3OBAHUA BbICOKO OPUEHTUPOBAHHbIX MJIEHOK U3
MIMOTHO YNAKOBAHHbIX YINMEPOOAHbLIX HAHOTPYBOK

AeepkuHa A.A., cmydeHmka 2p.741301

Benopycckuli 2ocydapcmeeHHbIl yHugepcumem UHopMamuku U paduoarieKmpOoHUKU
2. Munck, Pecnybnuka benapyck

PomaHosuy A.Il". — kaHO. mexH. Hayk, doyeHm

C npuxoooM NOHVMMaHWS, YTO YernoBeKy HeobXxoanMbl BO30OHOBNSAEMbIE UCTOYHUKN SHEPTUN, OCTPLIM
BOMPOCOM cTano 3dpdeKTMBHOE UCMNONb30BaHME CONHEYHbIX MnaHenen. ConHeyHas 3Heprusi cymtaeTcs
OOHMM U3 Hauboree NepCrneKkTUBHbIX anbTePHATUBHBLIX MCTOYHWUKOB 3JIEKTPOSHEPTMU. OKOHOMUYECKYHD
LenecoobpasHoCTb MPUMMEHEHUS TakMX CUCTeM onpedenset Ko3MUUMEHT MONE3HOro OencTBust

COmnHeyYHbIx GaTapen. OgHako 3dEKTMBHOCTL Mpeobpas3oBaHMs COSIHEYHOrO CBeTa B 3NEKTPOSHEPTUIO
cocTaBnseT B cpeaHem Bcero 15 - 20 %.

bonbwas yactb SHEPIrMn nagavwmnx Ha naHesb COJIHEeYHbIX nyqe|7| pacxogyeTca b Ha eé Harpes.
B xope wuccnegoBaHui Obin BbISIBNEH Cnocob I'Ip606pa3OBaHl/Iﬂ Bblpa6aTbIBaeMOF0 BNyCTyO Tenma B

anekTpoaHeprno. Cnocob 3aknioyaeTcsd B MCMNONb30BaHUWM MNEHOK OPUEHTUMPOBAHHBLIX OAHOCTEHHbIX
yrnepoaHbIX HAHOTPYBOK [1].

Takas nnéHka npepacrtaBnseT cobour KaHan, KOTOpbln OTBOAUT CpeaHee MHdpakpacHoe usnyyveHve
(nornmowaeT oTxoaslee TeNno) 1 npespaLlaeT ero B OOTOHbI B Y3KOW NOMoCe 4acToT, KOTopble 3aTeM MOryT

ObITb NpeobpasoBaHbl B 3NEKTPUYECTBO. [1OCKOMbKY 9neKTpoHbl B HaHOTpybkax MOryT nepemeliarbcs
TONbKO B OOHOM HarnpasneHuu,

OPVEHTUPOBAHHbIE TMNIEHKN SBMSAOTCA MeTanIMYeckKuMn B 9TOM
HanpaefieHn1, a U3oNMUPYIOT B NepneHanKyNsapHOM HanpaBnieHun. IToT acpbdeKT Ha3BaH runepbonnyeckon

nmcnepcweﬂ: Tennosble (bOTOHbI MOIyT nagatb Ha NJNeHKy C noboro HanpaseHunda, HO MOryT yIZTI/I TOJNbKO
yepes3 OaHo.

VI306peTeH|/|e NNEHOK C TakMMuM CBOMCTBaMW CTano BO3MOXHbIM 6narop,apﬂ OTKPbITUIO y‘-IéHbIMVI

yHuBepcuteta Paitica B 2016 rogy npoctoro meTofda CO34aHUSA BbICOKO OPUMEHTMPOBAHHLIX MNEHOK
pasMepom C NNacTUHy U3 NAOTHO yNaKoBaHHbIX HAHOTPY6OK [2].

N3ob6paxeHne (CM. pUCyHOK 1), NOMyYeHHOE C MOMOLLBI CKaHMPYIOLLEro 9NEeKTPOHHOro MMKpPOCKoNa,
nokasblBaeT CTPYKTYpbl CYOMMKPOHHLIX MOSIOCTEN MNIMEHKU OPUEHTMPOBAHHBLIX YINEepOAHbIX HAHOTPYOOK.
Monoctn ynaenuBaloT TennoBble (POTOHbI U CyXalT WX MOMOCY MPOMyCKaHus, npespalwias Ux B CBeT,
B 9NEKTPUYECTBO.

KOTOpbI 3aTeM MOXeT ObITb NnepepaboTaH
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PucyHok 1 — CTpykTya CyOMMKPOHHBIX MOMIOCTEN NNEHKN 1

w

OPWEHTUMPOBAHHbIX YINEePOAHbIX HAHOTPYOOK
[o6aBneHne NNEHOK K CTaHAAPTHBLIM COJTHEYHbIM 3NIEMEHTAM MOXET 3Ha4YMTEeNbHO NoBbICUTb ux K1
MO CPaBHEHUIO C TEKYLLMM 3HavyeHumeM. Ecnn cxumaTb BCHO HEHYXXHYH TEMSIOBYIO SHEPruMio B HEOOMbLLOMN
crnekTpanbHoM o6riactv, MOXHO O4veHb 3(PEKTUBHO NPEBpPATUTL €€ B 3MEKTPUYECTBO. TeopeTuyecku
BO3MOXHO A0OCTUYb 3Ha4YeHnsa acpcektnBHoctn 80 %.

CnucokK ucnonb308aHHbIX UCIMOYHUKOS!

1. Carbon nanotube films created at Rice University enable method to recycle waste heat / M. Williams // Rice University,
posted 12 July 2019.

2. Rice University researchers discover way to make highly aligned, wafer-scale films / M. Williams // Rice University, posted 4
April 2016.



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

METOAUKA PACYHETA AMHAMUYECKOIO OANAINA3OHA MHTEPMOANYALIUN
TPETBEIO NOPAAKA N-KACKAOHOIO TPAKTA

ApxuneHkos [].B.}, acrniupaHm

Benopycckull 2ocydapcmeeHHbIl yHUsepcumem UuHgopMamuKku U paduo3/1eKmpOoHUKU®
2. Munck, Pecnybnuka benapyck

3abeHbkoe U.U. —npogbeccop, 0.m.H.

AHHoTaums. lMokasaHa husnyeckas CyLHOCTb 06pasoBaHNs MHTEPMOLYMSLMOHHBIX UCKaXeHW. Ha ocHOBe MonyYeHHbIX pe3ynbTaToB
npeacTaBnieHa MeToauka pacyeTa (hmsnyeckn OOOCHOBAHHOTO 3HAYEHWS MOLLHOCTM WHTEPMOAYNALMOHHBIX MPOAYKTOB Ha BbIXOAE
Kackaga/kackaaos.

KnioueBble cnoBa. [JuHamMn4ecKuin AnanasoH, MHTEPMOAYALMOHHbIE UCKaXeEHMe.

MHTepMOAYNALMOHHbIE WUCKaXEHUN — 3TO HENUHEWHbIE WCKaXKeHWs, CcOo3OaBaemble YCUTENbHO-
npeobpasoBaTenbHbIX  MOAYMAMMW. B  uyacTtoTHOM  cnekTpe  ABYXTOHanNbHOTO  CUrHana C
WHTEPMOAYNALMOHHBIMU  UCKaXXEHNAMU coaepXaTbCA KOMOMHAUMOHHbIE COCTaBMsOWME C 4YacToTamu,
ABMSALMMUCA CYMMOWN U Pa3HOCTbIO OCHOBHbIX M FAPMOHNYECKNX YaCcTOT BXOAHbIX curHanos. NMpegensHas
BbIXOAHAsA MOLUHOCTb MHTEPMOAYNALUMOHHbIX OIP3 MCKaXeHun B 3apybexHon nutepartype onpegensiercs
TOYKOW NepeceyeHns TpeTbero nopsaka n paccuutoiBaetcsa no gopmyne (1) [1,2]

N
1
OIP3=G,, +1IP3=)"G,, + :
= - P . G, +Gpl.Gp2+'”+Gpl.Gp2."'.Gpn—1 1)
IP3, 1IP3, 1P3, 1P3,
rae Gy, — CymMmMapHbli KO3(PUUMEHT nepedaqn pafuonpuemHoro yctpoictea; G, — KoaphULIMeHT

nepeaayn n — ro kackaga paguonpvemtoro tpakta; |IP3 — BxoaHble ToUkM nepeceyeHns MHeTpMoaynsLMK

TpeTbero nopsgka n-ro Kackaga.

BeiBog BTOpon Yactu dopmynbl ang pacydeta |IP3He npeactaBneH B M3BECTHbIX NUTEpaTYpPHbIX
WCTOYHMKaX, a popmyna aTa 4Yacto ucnonbdyemas. OgHaKO OHa HOCUT YMCTO hopManbHbIV XapakTep u Ang
eé onpegeneHus HeobxoAMMO MCNONb30BaTb rpadmyecKkyd WHTepnonAumMilo napameTtpoB IP3  no
3KCNEpPMMEHTaNbHO M3MEPEHHBIM OaHHbIM B pexume «cnaboro curHana [2] w  ee cnpaBegniMBOCTb
Bbl3blBAET COMHeHUs. Mo3ToOMy Lenblo AaHHOW CTaTbu ABNAETCHA npeacTaBneHve u3n4eckn NMOHATHOMW
METOOMKN OnpedeneHnMs [daHHOM TOYKM M pacyeTa peanbHOro AvHaMMYeckoro AuanasoHa no
WMHTEPMOAYNALMOHHBIM UCKaXKEHNAM TPeTbero nopsigka.

PaccmoTpum HenVHelnHble adppekThl ans ABYX nocnegosaTtenbHO COeAVHEHHbIX

YeTbIPEXNOJINCHUKOB BUAa WHTEepMoOaOynAuun TpeTbero nopsagka C 4YactoTamMu 2f171ifn2=fc, roe

f,10 f1720 fo— uacToTHble cocTaBnsitoIME MOLWHOCTU BXOAHOrO cwrHana P,,.. [lpumeHnm npuHUMN

OEKOMMO3ULMN  [aHHbIX YETbIPEXMOMIOCHUKOB, MNPU  KOTOPOM KaXAbll M3 HUX pasgenum Ha [Ba
napannenbHbIX Kackaga, KaxAbli U3 KOTOPbIX MHTEPrnpeTupyeT MNpOoXoXaeHWe NUHENHON U HenuHernHOoW
cocTaBnsiowen curHana. B pesynbTaTe B NOMHOM MOLLHOCTW CUrHana BTOporo kackaga (puc.1) kpome
NMHEeHON nepefady MOLLHOCTW U ABYX NMOMEXOBbLIX COCTaBMAOLWNX NOABMASETCS ele ABe COCTaBnsioLlmne
MOLLHOCTW  UHTepMoaynsLmu Pouns = Posper + Pospnr  TO€ Puxi-  CyMMapHasi  MOLLHOCTb

MHTEPMOOYNAUMOHHBLIX MPOAYKTOB Ha BbiXo4e ABYX KaCKa[oB.

G13 st : PBb/Xl

Peox=Prmi+Pp2

Gll GZl Peble

PucyHok 1 — [JlekoMno3numsa ABYX HENMMHENHbIX YeTbIPEXMOMCHUKOB

MpY HEKOTEPEHTHOM CIOXEHUN HENMHENHBIX COCTaBNALIMX TPETbEro NopsiAKa BbIXOAHON MOLLHOCTU
pesynbTaT pUc.1 MOXHO 3anucaTb Kak

3
PHE/[I/IH.S = (PBX3 Gn) 'Gza + P;X ‘Gls ‘621’ (2)
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Mcnonbsys cnpaBoYHble JaHHble AN MUKPOCXEM YCUMUTENEN Unn cMecuTenen Ha BenuunHbl G,
IIP3(0IP3) moxHo onucaTs rpadpukn, Kak NpeACTaBNEHO Ha PUCYHKe 2.

PBbIX C
B

PBbIX.A __________

IP3, 1P3c p_
I1P3s

PucyHok 2 — padwmkm onuckiBatowwme 11P3(OIP3) onst HeNMHENRHbIX MUKPOCXEM

OOuiee ypaBHeHME ANst KPUBBLIX HA PUCYHKE 2 MOXHO 3anucaTthb Kak
me.ebe = Gl : Pbi\’ /(“P3)2 B (3)

[ns npymepa paccMOTPUM TpaKT COCTOSALUMMA U3 ABYX yCUTENbHO-Npeobpa3soBaTenbHbiX MOAYNEN CO
cnegylolwmMm napametpamn GG, — KOaddULMEHThI Nepeaayn MOLLHOCTM NMepBoro M BTOPOro Kackanos
(cnpaBoyHble AaHHble); OIP3,0IP3, — BbIXOAHbIE TOYKM NepecedyeHuss TPeTbero nopsiaka nepsoro u
BTOPOro Kackagoe npecenektpa; PIM3,PIM3, — COGCTBEHHbIe(TEeKylMe) 3Ha4YeHUss  MOLLHOCTU
WHTEPMOAYNSALUMOHHBIX NPOAYKTOB Ha BbIXOAE NEpBOro M BTOPOro KackagoB npecenekrtpa (CnpaBo4vHble
AaHHbIe).

PaccmaTpmBas nokasaHHylo Bbille (U3MYECKYI CYLIHOCTb 06pa3oBaHus WMHTEPMOOYNALMOHHbIX
UCKaXXEHU MOXXeM anpuopu OTMETUTb YTO:

PIM3, <OIP3, (4)
PIM3, -G, + PIM3, <OIP3, nnm (5)
PIM3,-G, + PIM3, < IIP3, -G,. (6)

MoacTtasum B chopmyny (6) popmyny (3) v Bbl pasum P, Npy MakcMansHOM ero 3HaveHum

11P3,
P = -
G .G ™
||P3§ ||P3f
Torpa 04 11P3
2
DD, = g(PBX.MAX - Pp )[dBm] ) (8)

roe Pp — pealribHada 4yBCTBUTEJIbHOCTb paanonpmnemMHoro yCTpOVICTBa.

O6biuHO [IP3 6onbwe CPL (Touky komnpeccumn) Ha 6-15 gb, a npu paboTe ycTpovicTBa amnnuTyaa
BbIXOJHOIO CWUrHana He npeBblllaeT TOYKY KOMMpeccuu, TO uernecoobpasHo mcrnonb3oBatb mecto OIP3
KOHEYHOrO Kackaga TO4YKy KOMMpPeCcCcun KOHEYHOro kackaaa.

Takvm 06pa3oM AOCTOMHCTBOM NMPEANOXEHHOro MeToda SBNAeTCH BO3MOXHOCTb pacyeTa peanbHon
BENUYUHBbI AMHAMWYECKOro Auana3oHa MHOrokackagHOro npecenekropa, MCMorb3ys CrpaBoOYHble AaHHble
MWKPOCXEM UNWN APYINX YCUnUTeNbHO-NpeobpasoBaTenbHbIX 351IEMEHTOB.

CnucokK ucnosib308aHHbIX UCMOYHUKOB:
1. OnHuwyk A.I"., 3abeHbkos U.U., AmenuH A.M. PaduornpuemHbie ycmpoticmea. 2-e uddaHue. MuHck: Hoeoe 3HaHue; 2007.
2. Designer’s Handbook RF Micro Devices Inc., 1999 — P.650.
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NCMNoJiIb3OBAHUE KPUOIMEHHOIO YCUITUTENA B CUCTEME
NACCUBHOIO PAAMOBUOEHUA

Acmposckas [. H., maecucmpaHm

Benopycckull eocydapcmeeHHbIl yHUsepcumem UuHgopMamuku U paduo3rieKmpoHUKUL
2. Munck, Pecnybnuka benapyck

3abeHbkos U. 1. — dokmop mexH. HayK, rpogeccop

AHHOTauusA. B cBs3n ¢ Manon UHTEHCUBHOCTBIO COBCTBEHHOIO M3MyYeHUsl, Ha OCHOBaHUM KOTOPOro (OYHKLMOHUPYET cUCTemMa NaccuBHOIO
pagMoBUAEHUS, BO3HUKAET HEOBXOAMMOCTb UCMOSb30BaHWSI B MPUEMHOM TpPaKTE CUCTEMbl KPUOFEHHOTO ycunutensi. KpuoreHHbIn
yeunuTens 06nagaeT HU3KMM YPOBHEM COGCTBEHHBIX LLYMOB 3a CHET UCMONb30BaHMS KPUOMEHHBIX YCIOBUNA.

KniouyeBble cnoBa. PagrosraeHus, KPUOTEHHbIV ycunutenb, MaJ'IOLLIyMﬂLLlVIVI ycunuTenb, Kpuokynep, nynbCaunoHHbIe pr6b|.

CuncteMbl NacCUBHOTO PaavOBUAEHUS PErUCTPUPYIOT COBCTBEHHblE PaaMOTENSOBbIE U3MYyYeHUs OT
Habnogaemoro obbekta. WHTEHCMBHOCTb COBCTBEHHOrO WU3nNy4YyeHWs obnagaeT [OBOMbHO MarbiM
3HayeHveM. B cBA3M € 3TUM, yCUNUTENM NPUEMHOrO TpaKTa CUCTEMbl MAcCMBHOIO PaavoBUAEHUSA OOMKHbI
obrnagatb ManbiMM COBCTBEHHbIMM LWyMamu. Mcxoas w3 BblenepeyucrieHHbIX MpUYrH, B KayecTse
yCUNUTENs B CUCTEME MACCMBHOIO paaVoBUAEHUS Lienecoobpa3Ho MCNoNb30BaTh KPUOTEHHbIN YCUNUTENb.

KproreHHble ycunutenu npegcraensioT cobov cBepxmarnowymsilimMe YyCUNUTENu, ypoBEHb LLIYMOB B
KOTOPbIX CHWXaeTCs 3a CYET MCMONb30BaHUSA KPWMOTeHHbIX (HM3KoTemnepaTypHbix) ycrnosui. [log
KPMOreHHbIMW TemrnepaTypamm YCIIOBHO MOHUMAIOT TEMMNEpPATYpPhbl, NeXalnue HUXKE TOYKU KUMEHUS XNOKOro
Bo3gyxa - 80 K (-193,15 °C). Ona [OOCTMXEHWs TakMx TemnepaTtyp MCMoNb3ylTCA KPUOKYNepbl.
COOTBETCTBEHHO, KPUOFEHHbIN YCUMUTENb B CUCTEME MACCMBHOIO paguoBUAEHMS MNpeacTaBnseT cobon
COBOKYMHOCTb CBEPXMarnoLlyMSALLEro yCUnuTens n Kpuokynepa.

Kpvokynep cogepxut cnegywowme «@QyHKUMOHANbHbIE Y3Mbl: TENNOOOMEHHMK, KOMMpPeccop MU
pereHepatop. OpHUM ©3 MOATUMOB  KPUOKYNEPOB SABMSIIOTCH  KPMOKYMepbl  3aMKHYTOro  LMKna.
MpenmyLLecTBOM Takoro TmMna KynepoMm siBNSETCS OTCYyTCTBME BO3BPAaTHO-NOCTYNaTeNbHOro pereHepaTopa B
XOMOAHOW rofoBke. OTO NPUBOAMT K TOMY, YTO Takue CTPYKTYpbl KPUOKYNnepoB obnagatoT MUHMManbHbIMU
BMOpauusiMm n manbiMM akycTudeckummn wymamu. CTpyKTypHas cxXema KpuoKyrepa Ha MynbCaulNOHHbIX
Tpybax npeacTtaBneHa Ha pucyHke 1 [1].

5 [ 18] 10

=]

| 7 /
E g y0O2 | 20

PucyHok 1 — CTpyKTypHasi cxema KpuoKynepa Ha nynbCaLuoHHbIX Tpybax. (1 — komnpeccop; 2 — TenNo06MEHHUK;
3 — pOTOpHbLIV BEHTWUMb; 4 — kaHan; 5,6 — pereHepaTtop; 7,8 — TennoobmMeHHuK; 9,10 — nynbcauuoHHble Tpyobl; 11,12 —
6ydepHble 06beMbl; 13,14 — conpoTnBNEHUs NOToKy AnadparmeHHoro Tuna; 15,16 — 6annacHele BeHTnnuW; 17,18,19,20
— BblpaBHMBAaTENW NOTOKA rasa.)

OcobeHHOCTM paboTbl  KpUOKyNepa Ha MNyfbCaLMOHHbIX Tpybax TaKoBbl, 4TO pPErynupoBka
TeMmrnepaTypbl XOSIOAHOW TFOMOBKU OCYLLECTBNAETCA MOCPEeACTBOM WM3MEHEHWUs TennoBOW Harpysku. Liukn
paboTbl KpMOKyriepa HauyMHaAETCs C OTKaykuM renus n3 pereHepartopa. [lpu 3TOM renum paclumpsieTcs B
Tpybax, oxnaxpaeTcs M NPOXOAMT Yepe3 TennoobMeHHUKKU, oxnaxaas wux. [loTok renus m3 GydepHoro
obbema noctynaeT B TpyObl Mpu TemnepaType okpyxatowein cpedbl. CneayolwmMm sTanom sBRsieTcs
3akayka renusi B pereHepatop. [pu 3TOM renuii BbICOKOrO OaBrEeHUsI NPOXOAUT Yepe3 pereHepartop,
oxnaxkgaeTcsl B HEM 3a CYET XonoAunbHoro adpcpekta npenblayLlimMx LMKIOB, Aanee npoxoauT B Tpyobl
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yepes TennoobmeHHukW. a3z B Tpybax CxKuMaeTcs, BO3HWKaAET rpaaneHT TemrnepaTtypbl: B BEPXHEW 4acTu
Tpy6 renun HarpeBaeTcs Bbille TeMnepaTypbl OKpyxKatLlen cpeabl. ConpoTusneHne guadparm nogobpaHo
Takum obpa3oM, 4Tobbl CKOPOCTb M3MEHEHMS NOTOKa ra3a u3 GydepHoro obbema oTcTaBana OT CKOpOCTU
U3MEeHeHNs1 AaBneHus B NynbCcauuoHHon Tpybe, crieaoBaTenbHO MO OKOHYaAHUKU CXaTus MOsIBMSIeTCA NMOTOK
ropsiyero rasa B 6ydepHbii 06beM, rae ra3 oxnaxgaeTca 0 TemnepaTypbl Okpyxatowen cpefbl. Janee
LIMKIT NOBTOpSiETCS.

Vcnonb3oBaHue Xugkoro renunst o0ycnoBrieHo TeM, YTO OH MOTEeHUManbHO C 3anacom nepekpbiBaeT
TpeboBaHMA MO YpPOBHIO TemnepaTypbl OXNaXOeHus (KpuctaTtupoBaHus). [ns cpaBHEHWS, XWOKUN asoT
OTHOCWUTENBHO AelWeB W [OCTYNeH, OOHAaKO [Aaxe MpW OTKayke MnapoB He B COCTOSHMM obecneyntb
oxnaxkgeHune Huxe TeMmnepaTtypbl TPOMHOM TOYKKM a3oTa, unm 65 K, 4To ABHO HEAOCTaTOYHO AN AOCTWKEHNS
npegernbHbIX NapamMeTpoB TPaH3UCTOPHbIX Manowymsawmux ycunutenen. Kvakum Bogopond, CnocobHbIN
obecneuntb HYXHbI YpPOBEHb TemnepaTypbl KpUOCTaTMpOBaHWS, npeactaBnseTr cobon [A0BOSbHO
B3pbIBOOMACHLIN ra3 1 TpebyeT 0cobbiX YCrNOBUIA aKCNyaTaumu, No3TOMy Takke sIBMSeTCs HenoaxoaaLmm
BapvaHTOM AnNsl OXNaXOeHUSA KPUOreHHbIX ManoLyMALLmMX yeunuTenen [2].

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. YepHukos, KO.H. Pa3pabomka kpuocmamoeg Orisi si0epHO-gbusudeckux uccrnedosaHull : duccepmauusi / A..H. YepHukoe—
Ay6Ha. : O6beduHeHHbIU uHcmumym si0epHbix uccnedosaHue, 2018. — 136 c.

2. BoosuH, B.®., payes, B.I". KpuoceHHbIl manowymsawul ycunumers 0ns paduoacmpoHOMUYecKUx HabnrodeHul u cucemm
OanbHel KocMmu4eckoll €85i3U Ha caHmuMemposbix 8onHax : nybnukayusi / B.®. BdosuH, B. I. [payes —: Acmpogpusudeckuli
6ronnemens, 2016. — 278 c.

ABTOMATU3NPOBAHHAA CUCTEMA BbINOJIHEHNA CLEHAPUEB
PEIYNAPHbBIX YHYETHbIX NMPOLIEAYP SC-BANK NT

Buxkmoposuy A.B., cmydeHmka ep.844691

Bernopycckuli 2ocydapcmeeHHbIl yHugepcumem UHopMamuku U paduoaieKmpOoHUKU
2. MuHck, Pecnybnuka benapycb

CnasuHckas O.B. — kaHO. ned. Hayk, doyeHm

AHHOTauusA. B cucteme 6GaHkoBCkOro fena HeobGXoguMo C oOnpefdernieHHbIM MHTEPBarnioM BbINOMHATb YCTAHOBMEHHbIE MPOLEeAypbl:
obpaboTka 6onbLuoro obbema MHopMaumn nNo onpeaerieHHOMy anropuTMy W BblAada OTYeTa MO OKOHYaHWo paboTbl; hopmMMpoBaHue
UTOrOBbIX BbIMNCOK; 06paboTka NUnn MCMOMHEHNEe AOKYMEHTOB MO PacrnmcaHunio, yCTaHOBNEHHOMY B 3aBMCMMOCTM OT paboTel 6aHka. [laHHas
cTaTbsd OnucbiBaeT paboTy aBTOMAaTVU3VMPOBAHHOW CUCTEMbI BLIMOSIHEHWSA CLEHapueB perynspHbiX yyeTHbix npoueayp SCBANK NT,
BbIMNOSTHEHHYIO HaMW.

KnroyeBble cnoBa. KasHauelicTBO, pecnybnukaHckuii GropkeT, MEeCTHbI OHomKeT, Ka3Hayew, NVKBMOHOCTb, (PUHAHCOBBLIN PbIHOK,
AenosuntapHasi AedTenbHOCTb, Aeno3uTapui, CLenaeno3nTapun, AEnOHEHT, Aeno3vTapHbIi JOroBop, ByxranTepckuii JOKYMEHT, nayka,
cleHapwi, 3aaada, xypHan, dopmyna, MHTepsarn.

OpraHbl rocygapCTBEHHOrO Kas3HayencTBa MpeacTaBnstoT CcoboM  eOuHyl  LeHTPanv3oBaHHY
CUCTEMY, CO3[aHHYI0 MO TeppUTOpPUanbHOMY NPUHLMNY, U BXOASLWY B cocTaB MuHucTepcTBa (OMHAHCOB
Pecnybnukn Benapycb (MuHdwuH), 1 BkmovaloT B ceba [naBHOe rocygapCTBEHHOE Ka3HaA4enCTBO
MuHucTepcTBa WHAHCOB W  ynpaBreHuWs rOCyAapCTBEHHOrO Ka3HayencTsBa [MaBHbIX ynpasBreHun
MuHucTepcTBa huHaHcoB no obnactsam n ropogy MuHcKy, nx otaensl (CEKTopbl) B ropodax 1 panoHax.

YnpaeneHve fdeHexHbIMU cpeAacTBamm pecnybnukaHckoro OopkeTa, 604XKETOB rocygapCTBEHHbIX
BHEOIOOKETHbIX (POHOOB W MHBIMW CpeacTBaMu, HaxXOAAWMMWUCHA Ha cyeTax, OTKpbITbiX MuHpuHY B
HauuwoHanbHoM 6aHke Pecnybnukn Benapych, ocywectenaetca MMHucTepcTBom pmHaHCOB.

YnpaBneHve AeHeXHbIMWU CpedcTBamMy MECTHbIX OHOOXEeTOB, HaxXOAALWMMWUCH Ha cyeTax, OTKPbITbIX
TeppuTopmanbHelM opraHam MUHUH, OCyLLeCTBNAETCA MECTHbIMU (PMHAHCOBBLIMW OpraHamu, Ucn
ONMHUTESbHLIMU N pacnopsAnTENbHBIMU OpraHamMu NEPBUYHOIO TEPPUTOPUANLHOTO YpoBHS. [1]

KasHauelicTBO — opraHu3auusa kasHayeeB, OOCNyXuBalWMX KasHy — rocyaapCTBEHHOE,
yYpexaeH4Yeckoe WnM YacTHoe XpaHwnuwe pgeHer. KasHayenWcTBO oOpraHusauum —  KIlOYeBOe
noapasgeneHve kopnopauun, 6aHka wnu gpyron duHaHCOBOW opraHusaumn. OCHOBHOW ero goyHKUMen
aBnseTcd obecneveHne nukeMaHocTw. Nog aTum nodpasyMeBaeTcs NpoBedeHue nnaTexen, NpuBnedyeHue
AEHEeXHbIX cpeacTB Npu ux geduunte nnu pasMelleHme cBob6oaHbIX CpeacTB Ha OPMHAHCOBLIX (OEHEXHOM,
BanTHOM, (DOHAOBOM W MHbIX) PbIHKaX MO COBCTBEHHBIM MW KMMEHTCKMM onepauusamM. [2]

[denosntapHas OedATenbHOCTb — (UHaAHCOBLIE YCNYrK, CBA3aHHbIE C XpaHeHUeM cepTudurkaTos
LeHHbIX Bymar n/vnm y4€Tom M Nepexogom npas Ha LeHHble Bymarun. [podeccmoHanbHbIN YyY4aCcTHUK PbIHKa
LUeHHbIX Oymar, OCyLecTBNSWNA Oeno3nTapHylo AeATenbHOCTb, HasbiBaeTca Aeno3ntapuem, nmbo
«cneugenosutapvem». Jlnuo, nonbayloLleecs ycrnyramm Aeno3vTapusi Mo XpaHEeHMo LeHHbIX Bymar n/unu
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YUYETY npaB Ha LeHHble Bymaru, umeHyeTca AenoHeHToM. OTHOLLEHUSA Mexay AeNOHEHTOM U Aeno3utapuem
perynupyloTcs Aeno3ntapHbiM 0roBOPOM (OroBOPOM O CHETE AEeno).

Byxrantepckuin OOKyMEHT npefcTasnseT cobol MMCbMEHHOe CBUAOETENbLCTBO O  (DaKTUYECKOM
COBEpLUEHMM XO3ANCTBEHHOW oOnepauum wWnNu npaBe Ha ee coBepweHue. [pynnupoBka OyxranTepckmx
OOKYMEHTOB Ha3blBaeTCs naykow. [3]

ABTOMaTM3MPOBaHHas cUCTEMA BbINOMHEHUS CLEHapueB perynspHbiX y4eTHbix npouenyp SCBANK NT
paspaboTtaHa Hamu gns obecneyeHnss BO3MOXHOCTM MpPOrpaMMHON 06paboTkn onpeaerieHHOro nepeyHs
OTYETOB MIN JOKYMEHTOB MO 3agaHHOMY OaHKOM pacnucaHuio no 3akasy. Cuctema no3sonsietT Npons3BoanTb
UMNOPT U 3a4nUCeHne BHELIHUX Madek, a Takke hopMuMpoBaTb OTYETbl NO pacnucaHuo: opMupoBaHmne
WTOrOBOM BbIMUCKMN ON1A Ka3HavyencTBa (MeCTHbIN OomxeT); (hopMupoBaHMe NPOMEXYTOYHON BbIMUCKA OIS
KasHayenctBa (MecTHbIl  OwmkeT); OopMUpOBaHME  WUTOTOBOW  BBINWCKA AN KasHayencTea
(pecnybnukaHckmn  GlogXeT);  OpMMpOBaHME  MPOMEXYTOYHOM  BbIMMCKW  ONs  KasHayewucTsa
(pecnybnukaHckm GrOoKET); POPMUPOBAHME WUTOrOBOW BLIMUCKM ANs Aenosutapus; ¢opMuMpoBaHue
WTOrOBOWN BbINUCKU AN1S Aeno3nTapums 3a Mecsu,.

MporpammHoe cpeacteo (MC) paspabaTbiBanock AMs BbIMNOMHEHUS MpoLeayp WMHTErpupoBaHHON
6aHkosckon cuctemol (MBC) «SC-BANK NT» (puc. 1), Tak Kak CyLLeCTBYIOLLME aHanorn He yaoBneTBopsnm
3anpawimBaemMomy 6GaHKOM QyHKUMOHaNy n TpebyeMoMy YpOBHIO KOHMMAEHUMAnNbHOCTM AaHHbix. [1C
OOIMKHO 6e3 ownbok pabotatb ¢ mogynsamm MBC «SC-BANK NT»: Bbi3biBaTh dhannbl 6ubnunortek, 3agaeatb
BXOAHble MapameTpbl Ans yHKUURA, Bbi3biBaTb DYHKLMN HE TOMNbKO Ha ypoBHe Delphi, a Takke Ha ypoBHe
0asbl gaHHbix (BL), 3anuceiBaTb BCO MHGOpMauuo O BbIMOMIHEHWMM CLEHAPVMEB B XXypHan, KOTOpbIN
pocTtyneH u3 rnasHoro mMeHio MBC «SC-BANK NT», a Takke UMeTb MOHATHbIA AN COTPYAHMKOB GaHka
uHTEepdenc, 4tobbl MOXHO Obino B OaHke 6e3 nomowm pa3paboTyMkoB 3adaBaTb CBOW pacnucaHus.
CyuwiecTByOWMM aHanorom ¢ nogobHbiMu dyHkuuAMKN aenseTca Windows PowerShell — komaHgHas
obonoyka C £3bIKOM CLEeHapueB, MNO3BOMAKLAA MEHATb HaCTpoWKM onepaumoHHon cuctembl (OC),
ynpaBnate cnyx6amu 1 npoueccamu, co3gaBaTb CUeHapuy ANng ynpoweHnsa 3agad agMUHUCTPUPOBaHUS m
apyrve. Windows PowerShell paccuyntaHa 6onblie Ha MCMONb30BaHME CUCTEMHBLIMW agMUHUCTPaToOpamu,
YeM psAoBbIM Kaccupom baHka. Ewe ogHum aHanorom siBnsetca NnaHnposLwmnk 3agady B Oracle — anemeHT
agpa cucteMbl ynpaeneHus 6asamu gaHHeix (CYB[), gocTyn nonb3oBaTtens K KOTOPOMY NnpefocTaBnsaeTcs
NnocpeacTBOM MPOrpaMMHON JIOTMKM U 3anemeHToB cxembl B[. YToObl co3gaTtb pacnucaHve (cueHapui,
3agavy) unm onpegenntb HeobXxoouMble MapameTpbl U FOrMKY BBINOMHEHWUSI pacnucaHusl, Heobxoanmo
HanucaTb HebonbLuylo «nporpaMmy» Ha si3blkax PL/SQI, Java, C nnn ncnonb3oBatb koMaHabl OC. Tak kak
MBC «SC-BANK NT» saBnsetca cobctBeHHow paspabotkon komnaHum OOO «CodpTknyb» u ummeet
cneundmryeckyto peanusaumio, a cywecteytowme aHanoru (Windows PowerShell, nnaHnpoBLLmMK 3agaHuii B
Oracle) He nogxoaunu, ObINo pelleHo paspaboTaTb CBOW NPOAYKT.

% Perynaprie ywémibie npouenyps! [ [E [t
Jeicrenn Cnpasounncn  Cepauc
Pacnuicanue | Xypwan ebnameria |
G || = + 7 ||| 00 & @ ¥ Toneko aktyansHele pacnicania
Pacnucanus
Va. pacricarme]Ma. cuerapia [HanveHo arie pacnHeatHA [Cramye Creayowni samyek | Onveanve [nmac rpynner [Hanvenoeaue rpymnen [sTaTusiD JisacTive [Funcio [~
b 156 5 i BbACKU AT (Mectren Sonxer] | 30121185 4 1 E=)
i 164 164 PoprupoBariE ATOroB.i BNAGKM A ( [l 30121183 1 1 959
| 172 7z W EBIACKH AT [ @ 0/1211893 1 1 53
D 180 180 SPopruposanus uTorosoi ssnucku ana flenosurapua MpuocTanosnen 30/12/1833 4 1
o 188 188 Popruposane uToronoi sonuasm A JlenoaTapun 52 MecAL Mpvocranoener 30/1211839 1 1 59
7 6 ouepean: 0 A0 VIKTAROVICH 31/03/2021 |

PucyHok 1 — naBHOe OKHO nporpammbl

NMC paspabatbiBanocb ¢ MOMOLLbIO S3bIKOB NporpammMupoBanns Delphi n PL/SQL, gomkHo pabotath B
TecHown cBasn ¢ mogynamm MBC «SC-BANK NT».

Ons 3anycka mogynsi Heobxogumo B MeHo «MonuTopa» (rnasHow dopmbl MBC «SC-BANK NT»)
BblOpaTb NYyHKT MeHio «MeHemKMEeHT cuctembl» - «PerynsipHele yy4eTHble npouenypbl». CoTpyaHuk GaHka
MOXeT BbIMOMHATb pa3fnyHble AENCTBUSA, HEKOTOPbIE N3 HUX PACCMOTPEHBI HUXKE.

[na co3gaHus HOBOrO CuUeHapusi COTPYAHUK AOMKEeH 3anTum B MeHo Moayns «CnpaBOYHUKMY» -
«CueHapuny». lNMpu cozgaHum cueHapus («dencteusa» - «CosgaTb CUeHapui») Ons Hero ykasbiBaeTcs UMms,
onncaHve W MNpu3Hak HeakTyanbHoCcTW. [lpM HEOOXOOMMOCTM  UMELWMECss  CLEeHapUM  MOXHO
oTpefakTupoBaThb (BbINONHUTE «[encTBusa» - «PegaktupoBaTb cLueHapuini»).

[na co3gaHua HOBOW 3aayn HYXHO 3alTM B MeHo Moayns «CnpaBouHukuy» - «3agaum». [Npu
co3gaHuM 3afjadv ONns Hee ykasbiBaeTCs MMs, onucaHnve, Tun 3agauv (pyHkums Delphi, dyHkunsa 6asbl
OAHHbIX, OTYET WM 3anycK MPUITOXEHUS) M MpPU3HAK HeakTyanbHOCTU. YTOObI npukpenuTb 3agjady K
CueHapuio 1 3agaTb HeoOXOoAMMble BXOOHblE MapaMeTpbl, COTPYOHUK OOJDKEH 3aWTM B MEHI0 MoZyns
«CnpaBoyHukmn» - «CueHapun u 3agaum». [Ona pgobaBnenuss 3agayvM K CUEHapuio BbiIOpaTh HYXHbIA
cueHapuii B BepxHel Tabnuue. [anee nyHKT MeHio «[evictBusi» - «3agada» - «[dobaBuTb 3agayy B
cueHapuii». 3aTeM OTKPOETCSl OKHO BblOopa 3agayn. UTobbl yganutb 3agadvy M3 cueHapusi - MYHKT MEHH0
«dencteua» - «3agada» - «YganuTb 3agadvy u3 cueHapus». Takke MOXHO 3a4aTb MOPSAKOBbIA HOMEP
3afjaun B cueHapum - NyHKT MeHo «[encteus» - «B3agadva» - «3agaTtb NOPSAKOBbIA HOMEP 3a4ayuny.
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MopsagkoBbIN HOMep onpedensdeT MOpPsiAoK, B KOTOpoM OyayT BbINOMHATHCA 3agauv cueHapud. lNocne
nobaBneHus 3afauvM K CLeHapuio 3aJalTcd BxoAHble aTtpubyTbl. YToObl co3gaTh pacnucaHue Ons
NONYy4YEHHOro CLIEHapUs HY>XHO 3aWTW Ha rnaBHOW (bopMe B NYHKT MeH «[enctBua» - «PacnucaHue» -
«Cospatb pacnucaHve». [Ona pacnucaHus 3agaeTcsa  HasBaHue, OnucaHue, Mnpu3HaK akTUBHOCTU
pacnucaHusi, opmynbl U MHTepBanbl. «Popmynbl» — NPOBEPKM, KOTOPbIE LOIMKHbI BbINOMHATLCA MpU
BbIYMCIEHUN CriegyoLLero 3anycka. Hanpumep, npoBepka Ha To, YTO 3TO NOCMNeAHMN pabounii AeHb Mecsua
— pacnucaHvne GyaeT BbIMNOMHATLCA B NOcnegHun paboumn geHb mecsua. «HTepBanbl» — npu co3gaHum
WHTepBana 3agaeTca Tun uHTepBana (rod, Mecsu, OeHb W Tak garnee), Hayano BbIMOSHEHWS, KOHeL
BbIMOMHEHNST U MNepuog MOBTOPEHMs (Nepuog MOBTOPEHMS 3a4aeTcsi B TOW XKe BEMWMYMHE, YTO U Tun
WHTepBana).

PaspabotaHHoe [C oTnnyHO MoOAXoouT AONSA MCMNONb30OBaHUS COTpPYAHUKaMu OaHka: oT psgoBOro
Kaccupa A0 CUCTEMHOro aAMUHUCTpATopa — Tak Kak MMeeT NPOCTON U UHTYUTUBHO-MOHSTHBIN UHTepdenc, a
TakkKe NonHoCTbIO yaoBneTBopsaeT BceM TpebyembiM 3anpocam ang pabotbl ¢ MBC « SC-BANK NT».

CnucoK ucnosib308aHHbIX UCIMOYHUKOS:

1. Kodekc Pecnybnuku benapycb 06 obpasosaHuu om 25.10.2000 Ne 441-3 (c usm. u Oon.)/ HayuoHanbHbIl peecmp
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NCUXONOIMMMYECKUE ACNEKTbI NEOATOMMYECKOIO OBLUEHUA KAK
COUUAIIbHAA KOMNETEHUUA BYAYLWWEIO NEOAIOlA-
NMPOrPAMMUCTA

Bukmoposuy A.B., cmydeHm 2p.844691

Benopycckuli 2ocydapcmeeHHbili yHUgepcumem UHGoOpMamuku U paduo3/1eKmpoHUKU
2. MuHck, Pecnybnuka benapycb

lNMapagusiHosuy T.A. — kaHd. ned. HayK

AHHOTauus. B ctatbe aHanm3npyeTca BaXXHOCTb 3HAaHUA NCUXOSI0NNYECKMUX acnekToB neaarorm4eckoro obLueHus B pamMkax coBpeMeHHOro
oGpasosava, BaXXHOCTb 3TOr0 3HaHUA He TOINbKO AnA quTeneVl, HO U AnA CTyAeHTa, a Takke MeCcTo MOTuBaLun B npolecce OGyHeHVIFI.

KnioueBble cnoBa. KOMNETEHTHOCTb, KOMMETEHLUs], Lienn NOAroTOBKM, OOBbEKTbI rIpOdI)ECCI/IOHaﬂbHOVI OeATenbHOCTN, YHMBepCarnbHble
KOMneTeHuun, negaror, MotmBauua K 06yL|eano.

OpHon 13 Befywux 3agay COBPEMEHHOro 00pasoBaHMsA  ABMAseTcda 3agada  opmupoBaHus
coumanbHbIX KOMNeTeHUM obyyarowerocs B 06pasoBaTenbHOM npoLecce.

KomMneTeHTHOCTb — CNOCOGHOCTb MPUMEHATb 3HAHUS M HaBblkKM AN AOCTVXKEHUST HaMeYeHHbIX
pesynbtatoB (CTB MCO 9000-2015). KomneTeHuus — 3HAHWUS, YMEHMS, OMbIT U JNIMYHOCTHbIE KayecTea,
HeobxoaMMble ANs peLleHns TEOpeTUYECKMX U NpakTuyeckmx 3agad. [1]

CneumanbHoctb 1-08 01 01 «[MpodeccuoHansHoe 0byyeHre (Mo HanpaBneHUsM)» B COOTBETCTBUU C
OKPBE 011-2009 oTHocuTcs Kk npodunto obpasoBaHus B «[lMeaaroruka. MNpodeccnoHansHoe obpasoBaHme,
HanpaBneHuto obpasoBaHua 08 «[lpodeccnoHanbHoe obpasoBaHue». CormacHo OKPB 011-2009 no
crneumanbHOCTU NpefyCMOTPeHbl HanpaBeHus cneunansHOCTU: HanpasneHne cneunanbHoctn 1-08 01 01-
07 «MpodeccrnoHansHoe o0byyeHne (MHopMaTuka)» obecnedynmBaeT nonydeHme ksanudukaumm «lMepgaror-
nporpammucT». OOWMe uUenM MOAroTOBKM crneuuanucta: ¢GopMuMpoBaHWe W pasBUTME COLMANIbHO-
npogeccuoHansHon, NPaKTUKO-OPUEHTUPOBAHHOWN KOMMETEHTHOCTH, no3BonstoLLen coyeTtartb
yHuBepcanbHble, 6a3oBble NpodeccnoHanbHble, Cneunann3mpoBaHHble KOMNETEHLUUN NS pelleHns 3agad
B cdepe npodpeccroHanbHOW W coumarnbHOW AeATenbHOCTH; opMUupoBaHMe npodeccuoHanbHbIX
KoMneTeHuMn ana paboTtel B obrnactu obpasoBaHusi U npousBoacTBa. O6bekTtamu npodeccuoHansHom
AeATenbHOCTM crneuuanucTa SBnsioTCs: obpasoBaTenbHbIN NMPOLECC B y4pexgeHusax npodeccroHanbHo-
TEXHUYECKOro, CpedHero crneuuanbHOro, BbICWIEro 00pa3oBaHus, YYPEeXAEHUAX CUCTEMbl MOBbILEHUS
KBanudmkaumm 1 nepenogrotoBkM KaapoB, B OTAENax TEXHUYECKOro OOy4YeHUs MPOMBbILLIIEHHbIX
npeanpusTUn; HayvHble WCCRNedoBaHWS B OTpacneBblX W akageMUYecKuX HayyHO-uccrenoBaTenbCKuX
WHCTUTYTax; MNPOWU3BOACTBEHHbIA MPOLECC Ha npeanpuaTusax oTpacnen akoHomukn. Cneuuwanucr,
OCBOMBLUMI  cogepaHue obOpasoBaTenbHOW nporpamMmbl Mo chneumanbHoctv 1-08 01 01
«MpodbeccrmoHanbHoe 00y4YeHus (MO HampaBreHusM)», OOMKeH obnagaTtb yHuMBepcarbHbiMU, Ga3oBbIMU
npodeCccuoHanbHbIMU U cneunanu3npoBaHHbIMU KoMieTeHUnamu. [1]
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CneunanucT, OCBOMBLUMI copepXaHue obpasoBaTenbHOW MporpaMmMbl MO CNeLManbHOCTH, OOMKEH
obrnagatb cnegyowmMn yHuBepcanbHbiMU KoMmneTeHumamn (YK): Bnagetb KynbTypon MblWNeHus, BbiTb
CNOCOBHBIM K BOCNpUATUIO, 0D00OLLEeHnI0 1 aHanuay uHgopmaumnmn, punocogckmx, MUPOBO33PEHUECKMX,
coumanbHO U JNIMYHOCTHO 3Ha4MMbIX Npobnem; BnageTb BbICOKMM YPOBHEM KynbTypbl MONUTUYECKOro
MbILLIIEHNS U NOBeAEeHWs, NO3BOMSIoWero 6biTb akTUBHBIM Y4aCTHUKOM MOSNIMTUYECKON KU3HM ObLLecTBa,
NMOHMMAaTb CYLLHOCTb, LEHHOCTU, MPUHLMNBI MAE0NorMmM 6enopycckoro rocyaapcraa; ymeTb aHanM3npoBaTb U
OUEeHMBaTb COLUManbHO-3HaYMMble SBIEHWsi, CODbITMSA, MPOLIECChl, WCMOMb30BaTb COLMOMOIMYECKYD U
9KOHOMMYECKYI0 MHbopMaLMio, BbiTb CMOCOBHBIM K NPOSBNEHMIO NPeAnpUHUMATENbCKOM MHULMATUBSI; ObIThb
CMOCOBHBIM aHaNM3NpPOBaTb OCHOBHbIE 3Tanbl U 3aKOHOMEPHOCTU MCTOPUYECKOTo pasBuTusi 6enopycckoro
obLecTBa B KOHTEKCTE pa3BUMTUS €BPOMENCKON LMBUMM3auUM B Lensax (opMMpoBaHUSA NaTpuvoTusMma,
rpakgaHcKon 1 NpodeccUoHanbHO-NMYHOCTHON No3numKn; obrnagate 6a30BbIMY HABbIKAMWU KOMMYHUKaLMKN B
YCTHOM W NUCbMEHHOW (popmMax Ha rocyaapCTBEHHbIX W WHOCTPaHHOM $3blkax AN peweHus 3agad
MEXITMYHOCTHOIO U MEXKYNbTYPHOIrO B3aMMOLEWNCTBUSA; BNadeTb HaBblkaMu 300poBbecbepexeHus; BbiTb
roToBbIM NOAAEPKMBaTb HEODXOANMBIN YPOBEHb HN3NYECKON NOATrOTOBKKU, 06ecnevmBatoLLniA NOMHOLIEHHYO
npoceCccuoHanbHyo AesaTenbHOCTb. [1]

KomneteHTHOCTL (M0 U. A. 3umMHen) — 310 cucTema KOMNeTeHLMIA, Hannume onpeaeneHHbIX 3HaHU 1
HeobxooMMoro onbiTa AN pe3ynbTaTMBHOM OeATEeNbHOCTM B 3adaHHOM obnactu. KoMneTeHTHOCTb
YyerioBeka MMeeT OornpedeneHHYl CTPYKTYpY, BKIHOYAMOLWY KOMMOHEHThl, CBS3aHHbIE CO CMOCOGHOCTHLHO
NMYHOCTM pellaTb HeobxoauMMmble Mpobnembl B pasnuyHbIX 06nacTax AesaTenbHOCTU: CaMOCTOATENbHON
no3HaBaTeNbHOW, rpaXaaHCKO-00LWEeCTBEHHOM, COLMarnbHO-TPYA0BOW, KyNbTypHO-A0CYroBow [2].

N. A. 3umHAs pasgenseT KOMMNETEeHUUW couunarnbHOW cdepbl Ha KOMMETEHLUMM COLMarbHOro
B3aumogencTaus (c obLLecTBoM, OOLLHOCTBIO, KOMNMNEKTUBOM, CEMbEN, OPY3bAMU, MApPTHEPAMMU, KOHMIMKTLI 1
UX norawieHne, COTPYAHUYECTBO, TONEPaHTHOCTb, coumanbHass MOBUNBHOCTb) M KOMMNETEHUMM ObLieHns
(ycTHOE, NMCbMEHHOe, Ananor, MOHOSOr; 3HaHWe 1 cobrnigeHve Tpaguunn, TUKeTa; KPOCC-KYNbTYpHOE U
NHOA3bIYHOE ObLLEeHMe; AenoBas nepenncka; KOMMyHMKaTUBHbIE 3agaym) [2].

Mpodbeccna neparora — oyeHb OTBETCTBEHHas npodyeccus. llegarorm OPMUPYIOT 3HAHUA Y
obyuvaromxca pasHbix Bo3pacToB. VMx 3agayda 3akntoyaeTcs B TOM, YTOOblI HAWTK NOAXOA K KaXK4oOMY, YTOObI
06yunTh. M B Kaxxaom Bo3pacTe eCTb CBOM HIOAHCbI B NOWCKE NMOAXOAO0B.

Moatomy neparory HeobxoauMmo oOnagaTb He TOMbKO NefarorMYeckumn  3HaHUsIMK,  HO
NMCUXOMNOrMYECKUMU, YTODbI «HAMTM KIOY» K pasymy Kaxgoro pebeHka, nogpocTtka, B3pocroro. Jliobas
obnacTe neparorvku (guvaakTvka, Teopusl BOCMMTAHWSA, YacTHble MEeToauMKM W Apyrve) npegnonaraet
NCUXONOrMYEeCcKMe 3HaHUS.

M3 nuuyHoro onbiTa npenogaBaHuMst Ha Kypcax Ans paboOTHMKOB pas3nuMyHOro poga npodpeccuin mory
caenaTb BbIBOA, YTO C yBenuyeHMeM Bo3pacta oby4varolmxcsa 3ajada MoTvMBauMM K oDydeHuio 1 nowvcka
noaxoga Kk obydawuwemycs crtaHoBuTca He nerde. OTBnekawowmx MOMEHTOB CTaHOBUTCA 6Gornblie u
yYEHMKaM Yxxe CMOXHO BOCMPUHMMAaTb MHAOPMALMIO B BUAE TPAOUUMOHHBIX 3aHATMI. [10aToMy npmuxoamnTcs
UCcKaTb HOBblE PeELLeHNs B NMPOBEAEHUN 3aHATUMW, TOTOBUTLCH TLaTerbHee K UX nposBedeHuto, npuberatb K
0O6LLEeN3BECTHBIM M BCEM MOHATHbIM nNpuMepamM M3 XusHu. OOblYHBIM hopMaT npoBedeHus 3aHATUr (K
npuMepy, nekunn) He gaeT CBOW pe3ynbTaT, MO3TOMY Ha 3aHATMAX HEOOXOAMMO NPEenoaHOCUTL TEOPUIO B
AVHaMu4HOM Buge, pasbveas maTtepuan Ha YacTu, a B KOHLE KaXXOOW YacTu npepbiBaTbCA Ha BbIMOSIHEHWE
HebonblUIMX 3afaHWA, KOTOpble MO3BOMAKT 3aKpenuTb MaTepuan, TOMbKO 4TO YChbllWaHHbiM. [aBaTb
3aJaHnsa Ha OM CTaHOBUTCSA OECCMbICIEHHO, TaK Kak Yallle BCEro OHW He BbIMOMHATCA. OTO 0ObsCHSeTCA
paboTon MOMMMO 3aHATUWA, AOMaWHUMKM OOA33aHHOCTAMM U WMHbIMM obcToAaTenscTBamu. [loaTomy
HeOOXOAMMO B Hayarne Kaxgoro 3aHATUS ycTpauBaTb OMNpOC WM AaBaTb 3adaHusl, YTOObl «OCBEXWUTbY B
NnamsiTu paHee U3y4YeHHbI MaTepuarn.

3HaHue 3aKOHOB, MO KOTOPbLIM MPOTEKAKT NCUXMYECKME MPOLECCHI, POPMUPYOTCH YMEHUSA U HaBbIKY,
YeM XapakTepusyeTcs WX AMHaMMKa M B YeM 3aKm4yaeTcs npupoga MOTMBOB WM CMOCOBOHOCTEW, umeet
OfPOMHOE 3HayeHue B peLleHMM T[NaBHbIX negarormdyecknx npobnem: nosbiweHne 3APHEKTUBHOCTH
00y4yeHunsa n BocnuTaHus, a Takke cogepxaHnsi 0bpasoBaHMsa Ha BCex atanax obyyeHus.[3]

Byaywemy negarory HeoGXOAMMbI 3HaHWS MCUMXONOrMK, YTOBbLI MPOBYAMTL B YYeHWKe WHTepec K
npegMeTy, 4YTO MopoXaaeT AONOMHUTENbHY MOTMBALMIO K U3yYeHUo npegmeTta. YUYeHWK >xenaet cam
nony4nTb 3HaAHWS U NpeoforieBaTb Nperpagbl Ha MyTWM UX Nony4veHusi, byaet ¢ yooBONMbCTBMEM paboTaTb
caM M CaMOCTOSITENIbHO, YAENAs HEKOTOpyk 4acTb cBOOOOHOro BpemeHw. Ecnu 3HaHum ncuxonoruv He
UMETb — OYEHb CITOXHO Bbl3BaTb OYpHbLIA UHTEPEC K NpeaMeTy, MaTepuan 3aHAaTuiA He OydeT ocTtaBaTbCcA B
rofioBe y4eHWUKOB, BbI3biBaTb UHTEPEC U ByaeT GbICTpo 3abbiBaTbCA.

Moatomy, nogBoas WUTOMM, MOXHO CKasaTb, YTO OCHOBHOW YKIMOH MNedarormyecko-BocnuTaTeribHow
AeATenbHOCTM naeT Ha opMmMpoBaHME MOTUBALUKM K 0Dy4eHuto, KOTopas BKMYaeT B cebs MHTepec K
n3yvyaemomy npegmety, TAry K 3HaHUsAM, xenaHve pas3BuMBaTbCH U YYMTbCS HOBOMY, OBrageBaTb HOBbIMU
HaBblkaMWU W YMeHusAMW W Tak parnee. MoTuBauus [OIPKHA pasnU4YHbIMU crnocobamm MOOoWpPATECA |
noadepXXmBaTbCs negarorom, M B Oombluen YyacTn obyyeHus 3TO ABMASeTCH ycnoBumem 3EKTMBHOCTM U
YCMeLWHOCTM Kak negarormveckon paboTbl, Tak M paboTbl yyeHukoB. [lommmo Bcero npodyero, 6onblioe
3HayeHVe uMeeT U NWYHOCTb Mejarora: Mepjaror, KOTOpbl yBaXaeT W Mobut npenogaBaemyld UM
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OncumnniinHy, Bbl3blBaeT YyBaXeHne W npuenekaet BHUMMaHME Y4YeHUKOB, a ero Jun4yHble KadvecTtBa M
noeegeHmne BoO BpemA 3aHATUI HanNpAMYH BIUAKOT HA TO, KaK YH4EHUKN OTHOCATCA K NnpeaMeTy B LieJIOM.
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meHedxmeHma kayecmea. OCHOBHble rOMoXeHUs u crosapb. - Bsamen CTB MCO 9000-2006 ; esed. 01.03.2016. — MuHck :
Foccmandapm : benVICC, 2015. - IV, 54 c.
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Mopososa. — Sipocnaens: CospemeHHble KoOHUenyuu eocriuma-Hus, 2015. — C. 171.
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YOK 621.396.2

O HEKOTOPBIX 3®®PEKTAX UHTEPMOAOYNALUN B BbIXOAHbIX
YCUIMTUTENAXWNPOKOANANA3OHHbIX YKB PAOUOCTAHLUUNU

Bodyuy A.A.Y, acnupaHm

Benopycckull 2ocydapcmeeHHbIl yHUsepcumem UHgopMamuKku U paduo3/1eKmpoHUKUT
2. MuHck, Pecnybnuka benapycb

Kosnoe C.B. — 00Kmop mexHU4YeCcKuUX. HayK

AHHoTauus. B paboTe npuBefeHbl NpakTuiecke cBeeHnst 06 MHTEPMOOYSLMOHHBIX UCKAXKEHWSIX, BO3HUKAIOLLMX MeXay OLHOBPEMEHHO
paboTalolmnMn B pexuve nepefadv paguMocTaHuusimv. Ha npumepe aKcnepuMEHTanbHO MCCREeQyemMoro pagvovacToTHOroO ycunuTens
nokasaHbl 3aBUCUMOCTU YPOBHSI MHTEPMOZYSLUMOHHBIX UCKaXKEHWIA OT YacToTbl NMpu paboTe ycunutensi ¢ obpaTHoW CBsA3bio 1 6e3 Heé a
Take BnusiHMe cnocoba namepeHusi. BoipaboTaHbl pekomeHaauum no onTMMM3aUmMm CXEMOTEXHUYECKUX PELLEHNIA YCUIMTENENn MOLLHOCTH
YKB pagnocTaHuuii.

KnioueBbie cnoBa. NHTEepmMoaynauuns, B3auMHoe BnaHWe nepegatynkoB, YaCTOTHaAsA 3aBUCUMOCTb, pa3BA3Kka aHTEeHH.

Kak npaBuno, OCHOBHOE BHMMaHWe Npu WM3y4eHWM napameTpoB paguMocTaHuui obpalwiaeTcs Ha
YaCTOTHbIM AManasoH, YyBCTBUTENbHOCTb B pexuMe npuéma, MOLWHOCTb B pexume nepegadn u
yHKUMOHamnbHble  BO3MOXHOCTW. [lpn 3TOM paguocTaHuMM C  OAMHAKOBbIMKM  (COMOCTaBUMMbIMM)
napameTpaMu MOryT rnokasaTb PasfiMyHyl0 AanbHOCTb CBA3WM MPW UCMONb3oBaHMU Ha obbekTe. MNpuynHom
OTNNYMI ABASIOTCS NapaMeTpbl BHYyTPMOOBHLEKTOBOM 3NEKTPOMAarHMTHOM COBMECTUMOCTM paanocpeacTs.

Mpn paboTe pagmocTaHUMA B YCNOBUSX COCPEOOTOYMEHUS CPEACTB CBA3W Ha 0ObekTe Henb3s
HeJooLUeHVBaTb MapameTpbl  3MNeKTPOMarHUTHOM COBMECTUMOCTW, KOTOpble BIUSAIOT Ha OCHOBHbIE
TaKTUYeckne AaHHble — AanbHOCTb CBA3W. B peanbHbIxX ycnosusix npu paboTe pagnocpeacTsa Ha aHTEHHY B
pexvMme nepefadv, Ha BbIXOAHblE LENU paguocTaHuMu OT aHTEHHOro BXoda nonajaltT paguocurHanbl
APYrMX UCTOYHUKOB paguounsnyyeHui. [pyn aTom, BCNeacTBue HENMHENHbIX XapakTepUCTUK YCUNUTENbHbIX
aneMeHToB (OCHOBHOM WCTOYHWK HENWHENHOCTM), Heu3bexHO BO3HWKaT BTOpMYHbIE KonebaHus
WHTEPMOZYNALUMOHHOIO TMna (npumep n3obpaxeH Ha pucyHke 1). B pesynbtaTe B3aumMogencTBusa CUrHanos
Po n P1 (monesHoro u meluawwero COOTBETCTBEHHO) BO3HMKAET MHOXECTBO HOBbIX COCTaBMsOWMX, C
YacToTaMy NONE3HOr0 U MELLAKLLEro CUrHamnoB, OTCTOALWMX ApYr OoT Apyra Ha JacTtoty Af. [1] W, kak uTor, B
N3ry4yaemMoM aHTEHHOW CMeKTpe, MPUCYTCTBYIOT HOBble pPagMoYacToTHble cocTaBnslowmne — noboyHble
konebaHuns nHTepMoaynsauMoHHoro Tuna. [aHHble konebaHns cnocobHbl CyLLEeCTBEHHO CHU3WUTb anbHOCTb
CBSA3U OpYyrMx paguocTaHumi, paboTarolmx B pexmume npuéma n Haxoaswmxca nobnnsocTu K nepegaroLumm
paguocpeacTBam Ha dacToTax 3Tux konebaHui, a Takke Ha 4vactotax Omnu3kux k HuMm. Haunbornee
NpobneMHbIMK ABASIOTCA UCTOYHUKM U3MTYyYEHNs, HaxoadaLmecs B HenocpeacTBEHHOW 6nM30CTH — Takue, Kak
pagnocTaHLMM TOrO e Auanas3oHa, PpacnonoXeHHble Ha OOHOM 0ObeKTe C YNOMSHYTbIM pagnocpeacTBOM.

OnucaHHad cuTyauus TUNMYHA ANs CTauMOHAapHbIX M OCOGEHHO Ans MNOABWXKHBIX OOBEKTOB
obecneyeHuss  CBSA3W, XxapakTepuaylowmxcd  6oMbliMM  KONMMYECTBOM  CBA3HOrO  obopyaoBaHus,
pPacnonoXXeHHOro Ha Marnow nnowaan camoro oobekta. OpUeHTUPOBOYHbIE pa3mepbl NOABWKHBIX OO BEKTOB
B nogaensowem 60MblIMHCTBE CrnydaeB He npeBbiwaT 5x2.5 M. Hebonbwmne pasmepbl 06bEKTOB
3acTaBMnsAOT paguMocTaHuMM y3na cBA3uM paboTaTb Ha OnmM3ko pacnonoXeHHble aHTEeHHbl UKW Ha OAHY
aHTEHHY - C MOMOLLIbIO Pa3BA3bIBAIOLNX YCTPOWUCTB - aHTEHHbIX (PUINLTPOB.
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PucyHok 1 - MpumMep BO3HMKAOLLMX MHTEPMOAYNALUMOHHBIX UCKaxeHui (Pv) npu coBMecTHOM paboTe
pagvonepenatymkos (PO n P1).

M3 rpadmka, n3obpaeHHOro Ha PUCYHKe 2, BUOHO, YTO 3HAYEHUS MeEXaHTEHHOW pasBsA3KM Mpwu
pPacCTOSAHUN MeXay aHTeHHaMmn 1,5 M HeBenukn 1 gocturatoT MrHyc 15 ab B HWxHen yactn YKB ananasoHa
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PucyHok 2. MNpakTnyeckne gaHHble pasBasku B gnanasoHe 30-108 MMy mexay nonHopasMepHbIMyY aHTeHHaMU
npv paccTosHUM Mexay HUmMu 1.5 n 4 m.

MHTepmoaynaumnoHHble cocTaBnsowme, obpa3oBaHHble Mpu paboTe [OBYX pPacrnonoXeHHbIX
nobnunsocTn nepeaaTyMkoB, NonagarT Ha BXoAdbl APYrMX pagnmocpencTB, HAaXO4ALWMXCA B pexume npuema.
[daHHble cocTaBrnsowme MOryT nonagaTe B B MOMOCY npornyckaHus npecenektopa (1-2 % oOT 4actoTbl
HaCTPONKM). YPOBEHb MHTEPMOAYNALMOHHBLIX UCKaXKEHWI, BO3HMKAOLWMNX 1 nonagarwwux Ha BXo4 B AAHHOM
crnydae, MOXeT onpegensatb Heobxoaumyk un3bupaTenbHOCTb MpPUEMHUKA MO0  BNoKMpoBaHMo, U
n3bupaTtenbHOCTb MO NOBOYHBIM KaHanam npuéma B MoNoce MPonyckaHus mpecenektopa paguocpeacTsa

[4].

BbIXOOHOW TpaKT COBPEMEHHbIX NPOrPaMMHO onpeaensaemMbiX pagnuocTaHLuUi, BCNeaCcTBUE LLMPOKOro
AvanasoHa paboymx 4acToT (OT HECKOSbKMX OKTaB), UMEEeT B CBOEM COCTaBe OrfoK MepeknoyaeMbix
PUNBLTPOB HWU3KOW 4acTOTbl (pMNbLTPOB rapmMoHuMK). Ha kaxgom v3 unbTpoB paguocTaHums paboTaeT B
AnanasoHe 4acToT ¢ nepekpbiTuem [ paBHbiM 1,4 — 1,7. [JaHHble PUNbLTPLI, TOMUMO NOAABNEHUS BbICLUNX
rapMOHUYECKUX COCTaBMSAIOWMX, TEHEPUPYEMBIX B YCUIUTENSIX MOLLHOCTM, NMPENATCTBYHOT MONagaHui K
YCUMNUTENIO CUTHANOB COCEAHMX PaAVNOCPEACTB, paboTaloLWwmMX Ha YacToTax 3Ha4YMTENbHO BhILLE ero paboven
yactoTthl (B 1 1 Gonee pas). Takke B criydyae reHepauuMnm WHTEPMOOYMSILMOHHOIO MPOAyKTa 4acTOTOM
3HAYMUTENbHO BbiWe paboyer 4YacToTbl (MPU YacTOTe MeLLaLWen PagMOCTaAHLMU 3HAYUTESNbHO HUXKEe
nonesHon) — cunbTp GNOKMPyeT ero MpoxoXaeHwe B aHTeHHy. Takum obpa3om CTpyKTypa BbIXOQHOMO
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TpakTa JOCTaToO4HO 3ahhekTUBHO BOpETCs C NOSABNEHMEM B @HTEHHE MHTEPMOAYNALUMOHHBLIX NCKaXEHUIN Npu
OTCTpOMNKe cocefHero (MeluarwLlero) pagnocpeacTsa Ha okTaBy M Aanee. HO MNOTHOCTb pacrnonoXeHus
paguocpenctBs Ha OObekTe He MNOo3BOMNseT BblAENUTb HACTOMbKO LWIMPOKME AuanasoHbl paboTbl Bcem
paguocTaHuuaMm. B wmpokoamanasoHHbIX BO3MMbIX PagMoCTaHUMSX CTaporo napka ansg obecneyeHus
BO3MOXHOCTWN paboTbl HA HEBOMbLUMX YaCTOTHbLIX OTCTPOMKaX B CTPYKTYPHYHO CXeMy nepefatyvka BXO4un
Y3KOMOMOCHBIA MexaHW4YeCcKn nepectpanBaemblii MONIOCOBOM (PUNBTP Ha BbIXOAE YCUNMUTENS MOLLUHOCTU. B
COBPEMEHHbIX MPOrPaMMHO OnpefensemMblX pagnoCTaHUMAX, MMEILWMX BO3MOXHOCTb paboThl B pexume
MIPY, mexaHuyeckas nepecTtponka No 4YacToTe Henpuemnema BCreacTBue e€ HU3KOM CKOPOCTU, MO3TOMY
NpYMeHSeTCa NUWb Habop nepekntovaemMblX PUIbBTPOB HU3KOW YaCTOThI.

Takum oOpa3oM B COBPEMEHHbIX  LUMPOKOAMAMA30HHbIX  MPOrpaMMHO  OMNpedensiembix
pagmnocTaHumsix ocobeHHO BakHa 3afava ONTUMMU3aL MU BbIXOAHOW YacTu TpakTa nepefayun ¢ TOYKU 3peHUs
MUHUMM3aLUN MHTEPMOOYNALUNOHHBIX UCKaXKEHUIN C APYTMMU nepegaTynkamMmm. Tak Kak BbIXOOHOW yeunurernb
B pexume nepepayunm €ABMAAETCA OCHOBHbIM WMCTOYHMKOM HenMHeENHbIX addektoB [1], 3agaya ero
CXEeMOTEXHUYECKOM ONTMMM3aLMM 1 ONTUMU3aunn pexxmma paboTtbl BeIrmaguT Hambonee NpuopuTETHOM Npwm
paboTe Hag MUHUMU3AUUEN YPOBHS reHepupyembiX MHTEPMOAYMSLUMOHHLIX cocTaBnswowmx. Heobxogmmo
npopaboTtaTb BONPOC Kak MMHUMM3aLIMWN UCKAXKEHUI, TaK U cnocoba OLeHKN pe3ynbTaToB MUHUMMU3ALINN.

Knaccuyeckun cnocob oueHKM MHTEPMOAYNALUMOHHBIX UCKaXXEHUIW 3akrdaeTcsa B nogaye Ha BXxoA4
yCUNUTEnNs OBYX rapMOHUYECKNX COCTaBIIAIOLWMX OOUHAKOBOMO YPOBHS € YacToTamu Fi1 n F2 n nocnegytoLlen
OLEHKEe YPOBHSI BO3HUKLLNX MHTEPMOAYMSALMNOHHBIX COCTaBNALWUX (Kak NpaBuio TpeTbero nopsigka: 2Fi-F2
n 2F2-F1) [3]. OCHOBHOWM NPWYUHON HENMUHENHBIX UCKAXKEHWUI MPUHATO CYUTATb OTKIIOHEHUS] OT JIMHEMHOCTM
aMnNnTYOHOM XapakKTePUCTUKN yCUnuTens, ocobeHHo npu pabote BOGNN3M TOYKM KOMMIPECCUU (PUCYHOK 3).

A P Bbix NpeanbHasa AX

PBbix 106 -——r—-——-

Mpumep AX YM Ha
LDMOS TpaH3uncrope

Pex 106 P Bx
-

PucyHok 3. MNpymep amnnnTyaHOM XapakTepUCTUKN YCUnuTens

B abcontoTHOM OGOMbLUMHCTBE CryYyaeB LENbl KONMMYECTBEHHOW OLIEHKM WHTEPMOAYNALNHOHHBLIX
UCKaXXeHU yeunutenst cnyxut obecnevyeHme HeOBXoAMMOro KavyecTBa nepeaBaeMbiX CUrHaNoOB, UMELLNX
aMnnuMTygHyto ormbatolyto — Bce BuAbl aMnnuMTygHou moaynsauun. NoatomMy, npu nogobHbIX U3MepeHUusIx
pasHoc YacTtoT F1 n F2 nexut B npegenax paboyen nonockl MOAYNMMPOBAHHOIO CUrHana u CocTaBnsaeT, Kak
npaeuno, 1 kl'u. Ho, kak nokasanu akcnepumMeHTanbHble UCCNeaoBaHus, Npyu yBENUYEHUN pasHoca 4acToT
Mexagy nepegaTyvMkamy, YpPOBEHb TEHEPUPYEMBbIX WHTEPMOAYMSLMOHHBLIX COCTaBNSAOLWMX CnocobeH B
3HaAYUTENbHOW CTEMEHM U3MEHATbCH B CTOPOHY yxyAdlleHus. B akcnepumMeHTanbHbIX MccnegoBaHUsX
uUcnonb3oBanuMcb [Ba BapuMaHTa OLEHKU YPOBHS BO3HUKAKOLWMX WHTEPMOAOYMSLMOHHbIX MPOAYKTOB —
ABYXTOHOBbIV M cnoco® nogaym NoMexm Yepes BbIXO YyCUINUTENS.

CTpyKkTypHas cxema U3MepUTENbHON YCTaHOBKM n3o06paxeHa Ha pucyHke 4. Ha Bxoa McnbITyeMoro
ycunutena YM nogatwTcsa curHanbl OT ABYX BbICOKOYACTOTHbIX reHepatopos M1, 2 yepes cornacoBaHHbIN
TPOMHWK T. YCUMEeHHbIM curHam MOCTynaeT Ha COorfacoBaHHyK Harpys3ky B BuAe nocrnegoBaTenbHOro
BKMOYeHNs AByx aTTeHoatopoB ATT ¢ cymmapHbiM KoadduumeHTtoM nepegadn muHyc 50 gb. Oanee
curHan nocTynaeT Ha aHanmusatop crnektpa S, C 9KpaHa KOTOPOro CHUMAKTCS MOKa3aHWsl YPOBHEWN
COCTaBMSALNX BbIXOOHOrO CnekTpa.
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PucyHok 4. CTpyKTypHas cxema M3MepuUTeNbHOro cTeHaa ANs OLEeHKN MHTEPMOAYNALMN OBYXTOHOBbBIM
MeTOOM.

VcnbiTyembl yeunutens — OAHOTaKkTHeIM Ha 6a3e LDMOS TtpaH3auctopa BLF571, ¢ napannenbHomn
No HanpsbKeHWo oTpuuaTenbHON obpaTHoW cBA3bl (PUCYHOK 5). BbicokoyacTOTHble ycunutenu Ha
BMNONApHbBIX TPaH3UCTOpax UMET XyAlne XapakTepuCTUKM NO MHTEPMOAYNSAuUMUM C MOCTynalWwuMn Ha
BbIXOJ MOMexamu, YeM ycunurenu Ha noneebix LDMOS TpaH3ncTtopax [1].

Kak npaBuno, BbICOKOYaCTOTHbIE Kackafbl YCUINEHUSA CTPOATCS MO cxeme ¢ obpaTHOM CBA3bIO (fanee
OC). NcnbiTyembin yennutenbs Takke cogepxuT uenb OC (koaddumumeHT nepegayum uenu OC — okono 0.05).
OTpuuaTtenbHas obpaTHasd CBA3b MOBbIWAET JIMHEWHOCTb YaCTOTHOW W aMNiMTYOHOW XapaKTepUCTUKK
YCUMNWUTENBHOMO Kackaga, TEM CaMbIM CHIDKAET YPOBEHb MHTEPMOAYISALMOHHBLIX UCKaXXeHWU yeunuTens. Ho,
KaKk Mokasanu 3KCMEPUMEHTbI, [aHHOE YrydleHUe CnpaBegsiMBo AN WUCKaXKEHUN, SIBNAOLMUXCSA
pe3ynbTaToM MNEePEMHOXEHUS COCTaBMNSOWMX C HeOOmnbLIOW B3aMMHOM 4acTOTHOW paccTponikon. [Mpu
BOonbLIOW YaCTOTHOW OTCTPOMKE BXOAHbLIX COCTABMSIOWMX CeKTpa obpaTHas CBA3b HaNpPoOTUB - MPUBOAMUT K
YBEMUYEHNIO YPOBHS WMHTEPMOAYNSAUNOHHBIX WUCKaXeHuh ycunutensl. CnektporpaMmmbl Afis YKa3aHHOro

crnyyast npuBeAeHbl Ha pUCyHKe 6.
Unur >—

BbIXO/]
~

470

= V!
L BLF571
-

Pl/lcyHOK 5. MNpuHuMnmnaneHasa cxema ncnbiTyemMoro ycunmtena MowHoOCTH

Ha npaBon cnektporpamme BugHo, 4to 6e3 OC (pa3opBaHa uenb R2, C4) 3aBMCMMOCTb amnnnTyabl
WUHTEPMOAYIALUMOHHBIX  MPOAYKTOB OT 4acTOTbl B3aMMHOW pPacCTPOWKUM reHepaTopoB  MPaKTU4ECKu
OTCYTCTBYET, a CaM MHTEPMOAYMSALMOHHBIA NPOJYKT TpeTbero nopsiaka Ha 35 Ab Huxe ypoBHS NONE3HOro
curHana. MNpu aTom Ha nesow cnekTporpamme (ycunutens ¢ OC) BuaHa cCylleCcTBEHHasi 3aBMCMMOCTb
YPOBHSI MHTEPMOAYNALUMOHHOIO NpoaykKTa Mpu M3MEeHeHUM 4YacToTbl Meluatowero reHepaTtopa. K npumepy,
ecnu npu oTtcTpoike B 20 kIl ypoBeHb NpoayKTa nepeMHoXeHus Ha 45 ob Hke nonesHoro curHana, To nNpu
B3avMHoW oTcTpoinke reHepaTopoB B 300 kl'L STOT ypoBeHb NPUHUMAET 3HaveHue nub Ha 28 ob Huxe.
OKcnepvMeHTanbHbIE UCCregoBaHWs MOKa3biBalOT NMOAOOHYH 3aBMCUMOCTb KaK Y OAHOTAKTHbIX, Tak W y
ABYXTaKTHbIX yCuUnutenen.
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PucyHok 6. CnekTp curHana Ha BbIXOAEe YyCUNUTENS B PEXMME COXpaHEeHUs MaKCUMarbHbIX 3Ha4YEeHWUI Npu
N3MEHEHUN pacCTPONKN reHepaTopoB ¢ nonocor o63opa 1 MMy ¢ o6paTHoM cBa3blo (cnesa) n 6e3 obpaTHom
cBA3M (cnpaga).

Ha pucyHke 7 cxeMaTU4Yecku nokasaH xapakTep BnusiHUS HOMUHANoB GrokupoBoYHOro apoccens L1
uenu nuTaHWs U pasgenuTenibHOro KoHAeHcaTopa obpaTtHoi cBsisan C4 Ha aMnnuTygHO-YacTOTHYHO
3aBUCMMOCTb NpoAyKTa WHTEPMOZYNAUMU TpeTbero nopsigka. YacTtoTHoe MonoxeHue 30Hbl MoAbEéMa
ormbatowleri NpoayKTOB MHTEPMOAYNSLUM TPeTbero mnopsigka CMeLlaeTcsl Mpyu U3MEHEHWUM HOMWHAMOB
yKa3aHHbIX 3M1eMeHTOB. py NOMOLLM ONTUMU3ALIMU HOMUHAMOB GITOKMPOBOYHbIX 3NIEMEHTOB MOXHO CHU3UTb
MHTErpasbHbI YpOBEHb BO3HMKAKLWMX B YCUNUTENE WHTEPMOAOYNSLMOHHbBIX UCKaxeHWu. Mpoucxoasimii
npouecc 6yaeT NPOKOMMEHTUPOBAH HUXE.

A amMmnnntyna

NonesHbI curHan

nomexa

HomuHanbl BbIXOOHbIX Lienen

L1, c4+ [

MHTepMoaynALUMOHHbBIV
npoaykT 3-ro nopsaka

YyacTtoTa

[
_—

PucyHok 7. CxemMaTW4HbIN NpUMep CNeKTPOrpaMMbl MU3MEPEHUST UHTEPMOAYNSALMOHHBIX UCKaXKEHWI B LUMPOKOM
AnanasoHe YacToT

lMpoBeaeHbl 3KCNepUMeEHTanbHble UCCIENOBaHUSA C TEM Xe ycunuternem npu nogaye meLlaoLwero
BO3OENCTBMSA Yepe3 BbixogHble Lenu. CTpyKTypHas cxema U3MepuTenbHOW YCTaHOBKW, M3obpakeHHas Ha
pucyHke 8. Ha Bxog ucneityemoro ycunutens YM nogaércsa curHan oT BbICOKOYaCTOTHOro reHepatopa 1.
YcuneHHbln curHan 4vepes3 MpoxXOoAHOM OTBETBUTENb MNOCTYMaeT Ha CornacoBaHHYK Harpysky B Buae
atteHoatopa ATT «koapduumeHtom nepegaum MuHyc 20 agb  (MvmuTauus  pasBaskm — mexagy
aHTeHHamu 20 gb). C oGpaTHOM CTOPOHbI aTTeHwaTopa NoJaéTcsa «MeLlaloWmi» CUrHarm comnocTaBMMOW
MOLLIHOCTW C MepecTporkon no yactote. B kadectBe reHepaTtopa 2 ncnonb3oBanack YKB pagnoctaHums.
Co cTOpOHbI OTBETBUTENS CUrHam MOCTynaeT Ha aHanusaTop chnekTpa S, C 9KpaHa KOTOPOro CHMMalTCs
NMoKasaHusa YpOBHEW COCTaBNSAOLMX BbIXOOAHOrO crnektpa. MOLWHOCTb MPOAYKTOB WHTEPMOOYNSLUMUM He
3aBWCUT OT BbIXOOHOW MOLLHOCTU MUCCreoyemMoro ycunuTtens A0 MOMEHTa, Korga MOLLHOCTU MOMe3HOro u
MeLLaloLLEero CUrHanoB B TOYKE U3MEPEHUSA He CTaHOBATCS CpaBHUMbIMW. [1py 3TOM, M3MEHSII MOLLHOCTb
Mellarollero  curHana, MOLLIHOCTb WHTEPMOAYNAUNOHHBIX  MPOAYKTOB M3MEeHseTCcs  CTpOro
nponopLMoHansbHo [5].

20

1 MHz



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.
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PucyHok 8.. CprKTypHaﬂ CcxXeMa nsamMmepuTternbHoOro cteHga ana oueHkn nirepmoaynaumm metogom
BO34EeNCTBUA MOMEXUN Yepes BbIXOL,

CnekTporpaMMbl Ha pUCYHKe 9 MnokasbiBalOT WAEHTUYHOCTb XapakTepa 4acTOTHOM 3aBWCMMOCTU
WHTEPMOAYNSALMOHHOIO NPOAYKTa C M3MEPEeHWsAMU, NPOBeAEeHHbIMU ABYXTOHOBbIM METOAOM (PUCYHOK 6).
30Ha M3MEHEHWs YPOBHSA WCKaXXEHWA 3aHMMaeT Ty XXe 4acCTOTHYH no3vumio. OTHOCUTEMbHLIA YPOBEHb
npodyKkrta UHTEpPMOAYnsAuMM 3-ro nopsigka npu AByx cnocobax namepeHus pasnuyaeTtcs, HO aMniuTyaHo-
YaCTOTHbIE TEHAEHLMN COXPaHATCS.

OueHka nckakeHun MeToaoM BO3AEeNCTBUS MOMEXMN Yepes Bbixoq TpebyeT npMMeHeHns MeluatoLLen
paguocTaHuui, nubo ycunutens Ans reHepauun curHamna Heobxogumon MOLLHOCTU. JTO 3aMeTHO
ycnoxHsiet cteHa. C y4yeTOM BbICOKOW CTEMeHM Koppensuun pesynbTaToB U3MEpeHMn AByMs crnocobamw,
AONYyCTUMO UCMNOMb30BaHWe ABYXTOHOBOroO cnocoba nsmepeHus (pUCyHoK 4) Ans KOHTPONs pesynbTaToB npu
oNnTMMM3auMM napamMeTpoB YCUNUTENbHOMO TpakTa B YacTu MUHMMU3aALUN  MHTEPMOAYMSALMNOHHBIX
WCKaXXeHU C mocriedytoLlent MpoBEPKON MOMNyYeHHbIX pe3ynbTaToB MeTOAOM BO3AENCTBUS MOMEXW depes
BbIXOAHbIE Lenu.

CH1 5 Spectrum 18 dB/ REF @ dBm -28.478 dBm CH1 S Spectrum 18 dB/ REF @ dBm -30.0589 dBm
B a0 Hz T F B OF2 OB OB A& B g

BE 10 KAz VBN 10 KAz HN 10 dB 5P 4B msec REN_ 3 KAz __ VBW 3 KAz TN 10 dB WP _225.2 msec
ENTER 30 MHz SPAN 1" HHz CENTER 38 MHz SPAN" 1" MHz

PucyHok 9. CnekTporpaMmMa BbIXOAHOW MHTEPMOAYNSALUN YCUNUTENS B PEXUME COXPAHEHUSI MaKCUMaribHbIX
3HaYeHUN Npu nepecTporike reHepartopa 2 ¢ nonocown 063opa 1 My ¢ OC (cnesa) n 6e3 OC (cnpasa).

3aBMCMMOCTb aMnuTyabl MHTEPMOAYNALUMOHHBLIX MPOAYKTOB OT 4YacTOTbl PacCTPOWMKM CUrHamnoB B
cxeme ¢ OOC obbsAcHAeTCA criegyowmm 06pa3om:

-hopMmpyoTCA MHTEPMOAYNAUMOHHBbIE MPOAYKTbI Ha HENMHEeWHOM 3nemMeHTe (TpaH3ucTtope) -
paccMOTpUM MPOAYKTbI 2-ro 1 3-ro nopsaaka;

-HM3KOYACTOTHBLIN NPOAYKT 2-ro nopsigka (B Hawem cnydae fr2 — fr1) pasHOCTHOW 4YacToOThl
nonagaeT BO BXOAHble uenu ycunutens (3atBop) yepes uenn OC n npousBoaWT amnnNUTYAHYHO
mMoaynsaumio nonesHoro BY curHana, cmelas pabouyyto TOUKy TpaH3McTopa C pa3HOCTHOW YacToTOW;

- OT aMnnuTyAdbl OAHHOrO npoAykTa 2-ro nopsiaka, MOCTynawowero Ha 3aTBop, W 3aBUCUT
UTOrOBbIN YPOBEHb NCKaXKeHW 3-ro nopsigka, Tak Kak popMupyemasi TakuMm o6pasom.

Kak ykasaHO paHee, npu nogade MeLUalOLLEro CUrHamna kak Ha BXOZA YCWUNUTENs, Tak U Ha BbIXOA,
YPOBEHb VMHTEPMOAYJIALMOHHBLIX MWCKaXKEHUA C yBENUYEHMEM pasHWUbl TeHepaTopoB MO 4YacToTe
yBenuuuBaeTtcs. YactoTHasa obracTb, B KOTOPOW MPOMCXOAUT NOOBEM YPOBHS, MEHSIETCS NMPU U3MEHEHUN
YyacToTbl cpe3a (pUNbTPOB BLICOKOW 4YacTOTbl, OOpa30BaHHLIX LIEMbI NMUTAHWUS U LieNbio 0OpaTHOW CBA3U
Kakckagja ycuneHus. llocnegHUn Te3UC KOCBEHHO MNOATBEPXAAETCH BblpaXeHHOW HepaBHOMEPHOCTLIO
aMmnnuTyabl MHTEPMOAYNSAUNOHHBIX NPOAYKTOB MpU MpPOBEpKe YCUNUTEns, B COCTaBe CTeHAa MNpoBepKu
kotoporo ectb ®HY 7-ro nopsigka Ha Bbixoge — pucyHok 10. CnepoBaTenbHO - Ans onTUMMU3auLmnm
napameTpoB uHTepmogynauum ycunutens ¢ OC HeoOXoAMMO: MMHUMWM3MPOBATb YPOBEHb MNPOAYKTa
WHTEpMOAynsaLMM 2-ro Nopsiika, CHU3UTb ero BNuUAHWE Ha BXOAHble Lenu YyCUMNUTENbHOro afeMeHTa yepes
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uenb obpatHomn cBasun. laHHoro adpdekTa, K NpuMepy, MOXHO AOCTUTHYTb, CHU3NB KO3(PDULMEHT nepeaaym
uenn OC Ha 4acToTax Huxe paboyero avanasoHa, a Takke AOMOMHAA cXxemy O6NOKMPOBOYHbLIMU LenaMmu Ans
CHUXXEHMS1 YPOBHA HM3KOYACTOTHOro npoaykra 2-ro nopsgka. Cnegyet Takke BblbvpaTb kKak MOXHO Bonee
y3Kne AuanasoHbl BbIXOOHbIX PUNbTPOB rapMOHWK, OTAaBasd MpeanoyTeHME HaCKONbKO BO3MOXHO Oonee
Y3KOMOMOCHBIM PELLEHUSAM.

CH1 5 Spectrum 18 dB/ REF g dBm -1.1494 dEm
: : : : : : 30 Hhz

ExtReﬁ

RELH 38 kHz WEBH 38 kHz ATHE 28 dB SHP 188 _msec
START 18 MHz STOP 58 MHz

PucyHok 10. CnekTp curHana Ha BbiIxo4e ABYXTaKTHOrO ycunutens Ha TpaHsucTtopax BLF574 ¢ ®HY Ha Bbixoge B
pexmme COXpaHEeHUsi MakCMMmarbHbIX 3HaYEHWIN NMpU NepeCcTpomnke reHepaTopa nomexu B avanasoHe 30-40
Ml u.BbixogHast MOLHOCTL nccregyemoro ycunutens — 25 BT, mowHocTe Mewatowero curHana — 40 Br.

C y4yeToM BbICOKOW CTEMEHM KOppenauun pesynbTaToB M3MEpEeHun ABymsA crnocobamu - JonycTUMO
ncnonb3oBaHne ABYXTOHOBOro cnocoba mMamMepeHust nMpu onTUMu3auMm napameTpoB ycunuTenem B 4YacTu
MUHUMM3aLUN UHTEPMOAYNSALUMOHHBIX UCKaXEHUW, BO3HUKAOLMX MPU BO3LEWCTBUM MeLlaloLwmnx CUrHanos
yepes aHTeHHy. [laHHbIn cnocob addekTnBHEE B MPUMEHEHMUN MO NPUYNHE YNPOLLEHHON CXEMBI.
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UDC 621.396.2

ON SOME EFFECTS OF INTERMODULATION IN OUTPUT AMPLIFIERS OF
WIDE-BAND VHF RADIO STATIONS

Vodchyts A.A
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus \
Koslov S.V.. — Doctor of Technical Sciences

Annotation. The paper provides practical information about intermodulation distortions arising between
simultaneously operating in the transmission mode of radios. Using an experimentally investigated radio-
frequency amplifier as an example, the dependences of the level of intermodulation distortion on frequency
are shown when the amplifier is operating with and without feedback, as well as the influence of the
measurement method. Recommendations for optimization of circuitry solutions for power amplifiers of VHF
radio stations have been developed.

Keywords. intermodulation, mutual influence of transmitters, frequency dependence, antenna decoupling.
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POPMUPOBAHUE NPAKTUYHECKUX
NMPO®ECCUOHAIBHO-NMEAATOMMYECKUX YMEHUU BYAYLLUX
NEOAIOroB-nNPOrPAMMMUCTOB

lanyyk B.[., cmydenm epyrinbi 844691

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGoOpMamuku U paduo3/ieKmpoHUKU
2. MuHck, Pecnybnuka benapych
lMapagusiHosuy T.A. — kaHd.ned.Hayk, doueHm

AHHOTauusA. B ctatbe npeacTaBneH noaxoA K (hoOpMUPOBAHUIO MPaKTUYECKNX NPOdECCMOHANbHO-NEAArorM4eckMX YMEeHUn CTyAeHTOB
npv NPOXoXxaeHWn 6yayLUMMN negaroramu-NnporpammmMcTamy NPON3BOACTBEHHON (MEAarornyeckomn) NpakTuku.

KnioueBble cnoBa. MeToauka npenogaBaHus B y4pexaeHun Beicliero obpasoBaHus, negarorndeckas npaktuka, npogeccmoHanbHbIN
KOMMOHEHT, NpakTuyeckue npodeccrmoHanbHo-neaarornieckne yMeHus, cneumansHble UCLMNAHBI, MHOCTPaHHbIe CTYAEHTHI.

CoBpeMeHHbIN  cneumanucT, OCBOMBLUMIA  codepXXaHue obpasoBaTenbHOM nporpammbl MO
cneumanbHOCTW, OO/MKeH obnagaTte  KOMMMEKCOM  KOMMETeHUWn:  yHMBepcanbHbiMK,  ©a30BbiMuy
npoceccuoHanbHbIMU 1 cneunann3npoBaHHbiMKn kKomneTeHumamm [1]. MNegarormyeckas npakTvka CTyoeHTOB
HanpaeneHusa cneyunansHoctn 1-08 01 01-07 «[MpodeccmoHanbHoe oby4veHue (MHpopmaTtmka)» — 3TO
BaXHbIW 3Tan npodpeccnoHanbHON nogroToBkM Oyaylwmnx negaroroB-nporpaMMucToB. [naBHOM waeen
pasBUTMa  coumanbHO-NPOdECCUOHANBHON  KOMMETEHTHOCTM  Oyadywero  cneumanucta  (meparora-
nporpaMmucTa) SBMASETCA He TONbKO MNpPUODOPETEHNE 3HAHUA W YMEHWA B YCNoBUAX OpMarnbHOro
00pas3oBaHusl, HO N NPUMEHEHNE 3TUX 3HaHMIA Ha npakTuke [2, ¢.40]. Mpu NpoxoxaeHnn NPON3BOACTBEHHOW
(neparormyeckon) nNpakTUKM Yy  CTYOEHTOB-NMPAKTUKAHTOB  (hOPMUPYIOTCSE MM COBEPLLEHCTBYIOTCSA
umeromecs npodeccuoHanbHo-Negarorndyeckne  yMeHus. K Takoro poga yMeHUsAM OTHOCSATCS
OCYLLECTBMEHNE MNaHUPOBaHWSA Medarormyeckon AesTenbHOCTM, NpaBuibHbIA BbIGOp cpeacts obyyeHus,
npoBegeHne y4ebHbIX 3aHATUIN 1 BOCNMTaTeNbHbIX MEPONPUATUI C oby4vatowmmMncs (CTygeHTamm).

CornacHo Kopgekcy Pecnybnukm Benapyce o6 obpasoBaHuu, nOpsgoK opraHudaumm ydebHonm u
NPOn3BOACTBEHHOW NPaKTUKM onpegensieTca [NonoxeHnem o NpakTuke CTy4eHTOB, KYPCaHTOB, CryluaTenen,
yTBepxgaembiM [lpaButensctBoMm Pecnybnuku Benapyce [3]. 3agadamy npaktvkn Mo cneumanbHOCTU
aBnaeTca npuobpeteHme cTyaeHTamum npodecCUOoHanbHbIX HaBbIKOB MO CheuuanbHOCTW, 3akpenneHuve,
pacluMpeHme n cucteMaTnsauus 3HaHU, MNOSTyYEHHbIX NPU N3YYeHUM crneunanbHbiX Y4eOHbIX JUCUMUMMH NO
cneuunansHocTu [4]. B yacTHOCTHW, 3agavyamMmn negarormyeckon nNpakTmkM HanpaeneHnsa cneumanbHoctn 1-08
01 01-07 @BNAKOTCA He TOMbKO MPUMEHEHME W 3akpenneHwe 3HaHUW Mo NPONAEHHbIM cheuuanbHbIM Y
NCUXONOro-nearorMyeckum ANCUUNIMHaM, HO 1 hopMMpoBaHue Heobxoammblx Ans Oyayulero neparora-
nporpaMMmucTa fIMYHOCTHBIX KayecTB, BOCNUTaHWe TBOPYECKOro noaxoda K nefarormyeckon OesaTenbHOCTU.
Byoywwmii  cneumanucT pormkeH ObiTb CNOcCOGeH ycTaHaBnMBaTb KOHTaKTbl B pasfnyHbiX  cdepax
NPOECCUOHANBHOMO U MEXITMYHOCTHOIO B3aMMOLENCTBUS, MPOAYKTMBHO COTPyAHM4YaTb, paboTath B
KOMaHge, KOHCTPYKTMBHO pewaTtb 3agauu [5, ¢.112]. Bo BpemMs NpOXOXAeHWs MNpOM3BOACTBEHHOW
(nepgarornyeckon) MNpakTUKM CTYOEHT Mo KOHTPOMiEM HENOCPeACTBEHHOro PYKOBOAUTENSA MPaKTUKMA OT
opraHusaummM OOSDKEH BbIMNOMHUTL NPOrpamMmy MPaKTUKM U O0TOOpasnTb Xon4 €€ BbINOMHEHUS B OHEBHUKE
NPOXoXaeHnst npakTukn [6]. Mo OkoHYaHWIO MPOU3BOACTBEHHOMW (MegarorMvyeckon) MpakTuKM y CTygeHTa
OOIMKHbI ObITb ChOPMMPOBaHBI Crieayolme yHuBepcasnbHble, 6a3oBblie NpodeccnoHanbHble KOMNEeTEHLNN:

1) YK-1. YMeTb npumMeHATb 6a3oBble Hay4YHO-TEOPETUYECKME 3HAHNS ONA PeLLeHNsi TEOPETUYECKMX U
npakTU4eckux 3agav;

2) YK-2. BnageTb CUCTEMHbIM U CpaBHUTENbHBLIM aHann3oMm;

3) YK-3. BrnageTb nccnegoBaTenbCKUMMN HaBbIKaMu;

4) YK-4. YmeTb paboTaTb CaMOCTOSITENBHO;

5) YK-5. BbITb CNOCOGHBIM NOPOXAaTh HOBblE naeu (0bnagaTe KpeaTUBHOCTbLIO);

6) YK-6. Bnagetb mexancumnimHapHbIM NOAX0A0M MpuU pelleHnr npobnem;

7) YK-8. ObnagaTtb HaBblkamMy YCTHOW U MUCbMEHHON KOMMYHMKaLNK;

8) YK-9. YMeTb yunTbCH, NoBbILLATh CBOK KBaNM@UKaLMIO B TEYEHNE BCEN XN3HY;

9) BIK-1. dopmupoBatb npodeccuoHanbHble 3HaHWS, YMEHUS W HaBblkn y 0bOy4aroLumxcs,
obecneunBaTb NX NPodEeCCUOHaNbLHOE N NMMYHOCTHOE pPa3BUTUE;

10) BIK-2. OpraHu3oBbiBaTb M MNPOBOAMTL Y4YEOHbIE 3aHATMSA (NEKUUOHHbIE, MpaKTUYeCKUe,
nabopaTopHble, NPOWU3BOACTBEHHOTO OBOy4YeHUs U1  Apyrve) B YUYPEeXOeHUaX npodeccroHansHoro
06pa3oBaHus C UCMONb30BaHMEM COBPEMEHHbIX NeAarormyeckmx MeToauK N TEXHONOTUIA;

11) BIK-3. YnpaBnaTb y4eGHOW, y4eOHO-NPON3BOACTBEHHONM, Hay4YHO-UCCNeaoBaTeNbLCKOM BMAAMM
AeATENbHOCTM 0by4YaloLmnxcs;

12) BIK-5. CoBepLueHcTBOBaTL Nejarorn4eckmi npoLecc Ha OCHOBe noucka onTUMarnbHbIX METOO0B,
dopm, cpeacTB 00yYeHUs, MPUMEHEHUS COBPEMEHHbIX NeAarorm4yeckux 1 MHOPMaLMOHHBIX TEXHOSOMIA;

13) BIK-6. OcyLwiecTBNSATbL Neaarormyecknii KOHTPOSb U KOpPeKLuo obpasoBaTenbHOro NpoLecca;
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14) BIK-12. UsyuaTb, 0606LLaTh 1 cucTeEMaTU3NPOBaTb COBPEMEHHbIV Nefarornyeckmi onbiT;

15) BIK-13. Pabotatb ¢ HOpMaTMBHbIMW M MPaBOBbIMW akTamu B cdepe obpasoBaHus, TPYLOBOroO
3aKoHOAAaTeNbCTBA, OXpaHbl TpyAa M noxapHow 6esonacHocTy;

16) BIK-25. Ncnonb3oBaTb COBPEMEHHbIE AOCTUXEHUS HAYKM U NepeaoBbIX TEXHOMOMMA B obnacTtu
negarorvku n npodeccnoHanbHOro 06pasoBaHns ANg peLleHnst HayyHo-negarorn4eckmx npobnem;

17) BIK-26. Vicnonb3oBaTb MeToAbl U METOAUKM Nedarormyecknx UCCrefoBaHnin, UHTEPNPETUPOBATL
1 opopMnATb pesynbTaTbl Uccnegosanum [1].

lMpoxoxaeHne negarorMiyeckor npakTuku  Oyaywummn  negaroramu-nporpammuctammn  BIYUP
opraHu3oBaHO Ha Gase ydpexaeHust obpasoBaHusi «benopycckasi rocydapCTBeHHasi akagemusi CBSA3U»
(BrAC), B KOTOPOM OCYyLLECTBMAETCHA NpUeM M oby4YeHne MHOCTPaHHbIX rpaxgaH Ha nnaTtHom ocHose. B
Kogekce Pecnybnuke benapycb 06 06pas3oBaHMM CKa3aHO, YTO MHOCTPaHHble rpaxpaHe u nvua 6e3
rpaxkgaHcTea, BpeMEHHO npebbiBaolime unu BpeMeHHO npoxwusarowme B Pecnybnuke Benapycb, nmerot
npaBo Ha nonyvyeHne obpasoBaHus B Pecnybnuke benapycb B COOTBETCTBUM C MEXAYHAPOAHLIMU
porosopamu Pecnybnukn Benapych [3]. Mo gaHHbIM 3a 2017/2018 y4ebHbIv rog B y4pexaeHusX BbiCLUEro
obpasoBaHua Pecnybnukn benapycun Bcero obyyanocb 6onee 19 TbiCAY MHOCTPaHHbIX rpaxgaH mn3 102
cTtpaH mupa. B BI'AC npodeccuoHanbHas noarotoBka oby4varoLmxca n3 gpyrmx CTpaH OCyLLEeCTBAsieTCA Ha
YPOBHSX CpefHero cneunanbHOro u Beicllero obpasoBaHus [7].

lMpoBegeHne y4yebHbIX 3aHATWA, MNPeQyCMOTPEHHOE MpOorpaMmon neJarorMvyeckon  MNpakTuky,
OCYLLECTBMANOCH NO AucuunimHe «TexHonormn 6onblwmnx gaHHbIX. MeToabl MPOrHO3npoBaHKa» B y4ebHoN
rpynne cneuunanbHoctn 1-31 80 07 «Pagmodwmanka» Ha ypoBHe |l cTyneHn Bbicliero obpasoBaHus, noa
KOHTPOMNEM pyKOBOAUTENS MpPakTMKM (OCHOBHOW MpenogaBaTenb AncumnnuvHbl). Cpean CTyAeHTOB rpymnnbl
GONbLUMHCTBO COCTaBMSANM rpaxaaHe Pecnybnvkn TypKMEHUCTaH, OAMH CTyAeHT npubbin 13 MemeHckon
Pecnybnukun. bonblwas 4Yactb oby4alolmxcsi XOpOoLWOo MOHWMana peyvb Ha PYycCKoMm s3blke, 6e3 o0cobbix
npobnem Morna n3bACHATLCS M OTBEYaTb HA BOMPOCHI NpenogaBaTtens, O4HaKo YeTBepTas YacTb CTyOEHTOB
ucnblTbiBana TpyaHOCTM Npu n3bacHeHun, n okono 10% cTyaeHToB ¢ 60MblWMM TPYAOM BOCNPUHUMAIOT Y
roBOPAT Ha s13blke 00yYeHus.

Ha neKkuMOHHBIX 3aHATUMAX NPU M3MOXEHUM ydebHOro maTepuana MCMnonb30BanuChb pasnnyHble
dopmbl, MeToabl U cpeactBa OOy4veHus, ydnUTbiBaNnCb WHAMBMAYalnbHble OCOBGEHHOCTW CTYLAEHTOB,
3a0eNCTBOBANUCL  3NIEMEHTbI  YAaCTUYHO-NMOUCKOBOIO U OOBACHUTENbHO-UNMIOCTPATUBHOIO  METOO0B
obyyeHus (becena, pacckas). Bo Bpemsa yyebHOro 3aHATUS peyb negarora-npakTtvkaHTa bbina gocTatouHo
3MOLMOHanbHOW, HO 6e3 WCNOoMNb30BaHWA CMOXHBIX KOHCTPYKUWUA, Yy4ebHbIn maTepuan obbAcHANcs
CTyAeHTaM 4eTKO W CMoKOMHO. B kauyecTBe BcnomoratenbHOro cpeactea OOYyYEeHWUst K KaKOoW JeKumu
co3gaBanacb nNpeseHTauus, oTpaxaiwwas KIoYeBble MOMEHTbl M3naraeMon TeMmbl, HarnsgHocTb
uHdopmaumm cnocobcTBoBana nydllemy yCcBOEHWUO ee ctygeHTamu. [Mpu obuweHnn ¢ obydarowmmmcsa ¢
bonee HM3KNUM YPOBHEM BrafeHUs pyCCKUM A3bIKOM, MPUXOUITOCH MCNOMb30BaTbh CBOU 3HAHUST @aHITIMIACKOrO
A3blka, YTOObI JOHECTU MHAOPMALNI0 NEKUNOHHOrO MaTepmana u ybeantecsi B CTeneHn ee ycBoeHus. Ha
y4EOHbIX 3aHATUSIX UHOCTPaHHbIE CTYAEHTbl B OCHOBHOM AEMOHCTPUPOBANN CPEOHIO CTENEHb aKTUBHOCTY,
TOMBKO HEKOTOPbIE M3 HUX y4acTBOBanu B 06CyXAeHN U MOrfn NPUBECTN COBCTBEHHbIE NPUMEPBI.

Takum 06pasom, NpoxoxgeHne NPon3BoACTBEHHOMW (Neaarormyecokon) npakTukn ctygeHtamm bBIriYUP
NPOAEMOHCTPUPOBANO YPOBEHb HAYYHO-TEOPETUYECKUX 3HAHWUWA, YMEHWIN, HaBbIKOB W  JINYHOCTHbIX
KOMMEeTeHUMN, npuobpeTeHHbIX B  npouecce NpodeccMoHanbHOW  MOArOTOBKM,  CnocobGcTBOBano
npakTnyeckoMy GOpPMMPOBaHUI0 NpodeccMoHanbHO-NegarormM4ecknx yMeHnn, yHMBepcasnbHbiX 1 6a30BbIX
npodeccuoHarnbHbIX KOMMNETEHLMIA.
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NCUXONOIN'MYECKUE ACMNEKTbl ®OPMUPOBAHUA
NMPO®ECCUOHAJIIbHbIX KOMMNETEHUWX BYOYLWIEINO CNELUMAIIUCTA
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lMapagusiHosuy T.A. — kaHd. ned. Hayk, doueHm

AHHOTaums. B ctaTbe paccMaTpuBaeTCsl KOMMNETEHTHOCTHBIW NMOAXOM, KOTOPbIV aKLUEHTUPYET BHUMaHWE Ha pe3ynbTatax ob6pa3oBaHus,
Ha copMMpoBaHUK Y 0BGyYaloLLMXCS KOMMIEeKca KOMMEeTeHLMiA, Ha cnocobHocTu Byayliero cneuyanucTa AeicTBoBaTb B pasfMyHbIX
MoZenmpyembIx MPoeccMoHanbHbiX CuTyauusix. NpeacTtaBneHbl NCUXONOTMYECcKUe acnekTbl 0COGEHHOCTH pasBUTHs oby4atoLLerocs.

KnioueBble cnosa. KOMNETEHTHOCTHbIN MOAXOA, KOMMETEHTHOCTb, KOMMeTeHuuW, Oyaylimid cneumanucT, MCUMXosors, JfIMYHOCTb,
poneBble, AeNoBble UMPbl, KOYYUHT, CUCTEMa 0Gpa3oBaHuS.

B nonegHue pecatuneTns npovucxoguT MHOro npeobpasoBaHuin B cpepe o6pa3oBaHusi, BbI3BAHHbIX
cuTyauuen Ha MWPOBOM pblHKE Tpyda, HeobxoOuMOCTbH B OOLLEHWM C HOCUTENAMU ApYrvx S3bIKOB,
BbIXOOAOM CTpaHbl Ha MeXAyHapoAdHbld YypoBeHb. CoOBpEMEHHbI NoAxod K MOAroToBke OyAyLimnx
cneunanucToB, U B LEMNOM K pelleHuo npobnemMbl KagpoBoro obecnevyeHnss MHHOBALMOHHOW 3KOHOMMWKM,
nogpasymeBaeT KOMMMEKCHOe pa3BuTue venoseyeckoro kanutana [1, ¢.230]. Lindposasa TpaHchopmaums B
chepe obpasoBaHusa npeactaBnseT cobort opmmpoBaHMe HOBOW LMAPOBON KyMbTypbl JIMYHOCTU U
OCO3HaHHbIA Noaxon K npeobpas3oBaHMO MPOLLECCOB OOYyYEHUA Ha OCHOBE KOMMETEHTCTHOro nogxoga u
NCMNOMb30BaHNS COBPEMEHHbIX MH(OPMaLUUOHHbIX TexHonormn [1, ¢.231]. KoMneTeHTHOCTHbLIM noaxosd
aKUeHTUpyeT BHMMaHWe Ha pesynbrate obpa3oBaHWsl, Ha CMOCOOHOCTM 4YernoBeka [OencTBoBaTb B
npobnemHon cutyaumu [2]. OaHHbIn nogxon noAapa3ymeBaeT «cTaHAapT 3d(EKTUBHOIO BbINOMHEHNS
paboTbi» U onpeaensietca TpeboBaHWsAMM K Oygoylwmm cneumanuctam, ucxogs m3 npodeccuoHanbHbIX U
nHanBmayanbHbix kadvectB [3]. CoBpeMeHHbIN crneumnanncT, OCBOMBLUMI cogepxaHne obpasoBaTenbHOMN
nporpaMmbl MO  CMeunanbHOCTW, AOMMKeH obnagaTb KOMMMEKCOM KOMMETEHLMN: yHUBEpCarbHbIMMU,
6a3oBbIMK NPoeCcCMOoHaNbHBIMU 1 CNeumManm3npoBaHHbIMIU KOMAeTeHUMAMM [4].

KomneTeHTHOCTHBIN MoAxo4 Hayan vMeTb Bec B obpasoBaHun Gnarogaps ero 3akpenneHuo B
KayecTBe HOPMAaTMBHOIMO KOHCTPYKTa B psge odwuumanbHbiX AOKYMEHTOB, B KOTOPbIX OMMCbIBaeTcH
HeobxooMMOCTb yyeTa rnobanbHblX TEHOEHUMI B OOCTMKEHUM KavecTBa obpas3oBaHUA B HanpasreHuu
dopMMpoBaHUSa y CTYAEHTOB onpedeneHHoro Habopa komneteHuuin. WNTak, «KOMMETEHTHOCTb» — 3TO
CMOCOBHOCTb, MO3BOMAKOWAS He TOoNbko 3addeKkTMBHO pewaTtb npobnembl W 3agayn B Xoge
obpas3oBaTenbHOro npouecca, HO M NEPEHOCUTb MOMYYEHHbIE 3HAHWS, YMEHUSA W HaBbIKA Ha pelleHune
npobrnemMm B peasnbHbIX CUTyauMsiX, BO3HMKAIOLWMX B MOBCEAHEBHOW XW3HU WM B MpocheccnoHanbHom
aeatenbHocTn. Popmupyemble npodeccnoHanbHble KOMMeTeHUMN obyyatoleroca npeanonaralT yMeHue
pelwaTtb Npobnemsl 1 3aga4yn B NpodeccuoHarnbHbIX BUAax AeAaTenbHoCcTy [5].

B coBpeMeHHON ncmxonornn naen pasBuTtns nos3HaBaTeNbHbIX NPOLIECCOB U MOTUBALMOHHOW cdepsbl,
OTMeyYas BaXHOCTb nepexoa K caMopasBuUTUo NMYHocTu, cchopmynuposana J1.U. boxosudy. OHa nonarana,
YTO CMbICIT Pa3BUTKSA YeroBeka 3aKknioyaeTcss B TOM, YTO pebeHOK NoCTeneHHO CTaHOBUTCH NIMYHOCTLIO: U3
CyLlecTBa, yCBauBaloLLEero HakoMnmneHHbI YenoBe4YeCcTBOM OMbIT, OH NOCTENEHHO npeBpallaeTca B TBOpLa,
co3fgaloLLero MmatepmarnbHble 1 AyXOBHbIe LleHHOCTM [6]. B ocHOBE KOMMETEHTHOCTHOrO NoaxoAa NexuT naes
camoonpegeneHus. NpodeccrmoHanbHO pa3BuBasiCb, CNELManuCT CO30aéT YTO-TO YHUKanbHoe, HoBoe. OH
HeceT OTBETCTBEHHOCTb 3a CaMOCTOSITENbHO MNPUHATOE pelleHue, onpegenseT UuUenu, ucxogd u3
CODCTBEHHbIX LEHHOCTHbIX OpUEeHTauui, npuHuMaeT Ha cebs OTBETCTBEHHOCTb 3a pes3ynbTaTbl CBOEro
Tpyda. OpdPeEKTUBHOCTL KOMMNETEHTHOCTHOIO OOYYEHWs 3aBMCUT OT HanpaBfieHHOCTW Ha bopmMupoBaHKe
KOMMETEHUMN CTyAeHTa; OT WCMONb30BaHUA WHHOBALMOHHBLIX 00pa3oBaTenibHbIX TEXHOMOrMn; ot
apekBaTHOCTU obOpasoBaTenbHOM cpefpl, obecneuyvBaloLle akTMBM3aUMIO Mpolecca CTaHOBMIEHMS U
NIMYHOCTHO-NPOMECCMOHANBHOrO pPa3BUTUSA JIMYHOCTU. Tak Kak B COBpeMEHHOM obuiectBe oOy4eHue,
HanpaBneHHOe Ha nepeavy 3HaHui OT npenogaBaTenst K CTyAeHTY, CTaHOBUTCH He3deKTUBHLIM, Gonee
BaXHbIM OKa3blBaeTCs (POPMUPOBAHUE Yy CTyAEHTa KOMMETEHLUMIW, 3HAHUN, CNOCOOHOCTEN, JIMYHOCTHBIX
Ka4yecTB, KOTOpble MO3BOMSAKT €My CaMOCTOATESNIbHO OpUEHTMpOBaTbCA B NpodeccuoHansHoM caepe.
OcBoeHue 3HaHWK nepectaeT ObiTb «HOPMUPOBAHMEMY» TMYHOCTM MO OMNPEAEneHHOMY CTaHaapTy,
HanNpOTMB, OHO OKa3bIBaeTCsA CPeACTBOM pPaCLUMPEHUST AEATENbHOCTHBLIX CMOCOBHOCTEN NMYHOCTK [7].

lMcuxonornyeckoe conpoBoXaeHne obpas3oBaTenbHOro Mpouecca HanpaefeHO Ha co3gaHue
CoLManbHO-NCUXOSTOTMYECKMX YCITOBUIN AN YCNEeWwHOro oby4yeHnss n ncuxonorm4eckoro pa3BmMTus NMUYHOCTU
n negarora u obydaroLlerocs B cUTyaLmsix negarormieckoro B3anmogencteus. MNpexae Bcero, peyb MAET O
NMCUXOSNOrMYECKMX 3HAHWAX W HaBblkax, MO3BONAOLWMX Nefaroram: opraHu3oBaTb Oonee 3dEKTUBHO
obpaszoBaTenbHbI NpoLecc, MOCTPOUTb B3aMMOOTHOLLEHWS HA B3aMMOBBLIFOAHbLIX Havanax, OCo3HaTb U
ocMbICnUTL cebs B npodeccumn 1 obLeHnn ¢ yyacTHUkammn B3anmogencteust [8]. basoBbie TeopeTnyeckue
OCHOBbI NCUXOJIOro-Neaarornyeckoe ConpoBoXaeHne obpasoBaTenbHOro npouecca MOXHO NPeAcTaBuUTb B

25



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

BUAE criefylollend MOAenNn: NCMXoAMarHOCTUKa; NCUXOKOPPEKLMOHHAS 1 pa3suBatowas paboTa; ncuxonoro-
negarornyeckoe KOHCynbTUPOBaHUE; NCMXOOrMYeckoe NpocBeLLeHne neaaroros.

lNcmxoamarHocTMKa — 3TO NEePBbIN U CaMblil BaXHbIWA 3Tan NcUXonorMyeckoro CoONpoBOXAEHUS, Tak Kak
OHa [aeT BO3MOXHOCTb MPOrHO3MPOBaTb OMNpeAeneHHble OCOBEeHHOCTM pa3BuTudA, oby4arowerocs Ha
JanbHenwmnx atanax oby4vyeHus, npegynpexaatb NoTeHuuanbHble HapylleHusa u TpygHocTtu [9]. dopmamm
MCKXONOrMYECKOro COMPOBOXAEHMSA MeJarormyeckoro npouecca MoryT ObiTb: TPEHUHMM M CeMUHapsbl,
ponesble U OenoBble UMPbl, KOYYUHT. TPEHUHIY UMEIOT APKO BbIPAXEHHYIO MPaKTUYECKYH0 HanpaBrieHHOCTb.
OHu HaueneHbl Ha OoTPaboTKy KOHKPETHOro KOMMYHMKaTMBHOIO HaBblka. VIMEIT KpaTKOCpO4HbIM hopmar,
MOBBILLAT NNYHYIO 3PEDEKTUBHOCTE N CaMOCTOATENbHOCTL Oby4vaowmxca. CemuHapbl Toxe uMetoT
NPaKTUYECKYI0 HanpaBreHHOCTb, HO HOCAT He SpKO BblpaXeHHbIM npuknagHon xapakrep. Ponesbie wu
AeroBble Urpbl cogepaTt pasfnnyHbie MHTEPaKTUBHbIE KOMMOHEHTbl M MPeaCTaBnalT COBON NHTEepaKTUBHOE
B3auMOOEWCTBUE, YTO MO3BOMAIOT oObyyawwmmcs oOTpaboTaTtb pasfnuMyHble HaBblKMW  Ha  MPOCTbIX
CMOAEenMpoBaHHbIX y4ebHbIX cuTyaumsx. [Npegnonaraetcs, 4To B nogobHbIX ycroBusx B Byayuien
npodeccuoHanbLHON AeATenbHOCTM oByyarowmecs CMOryT NPUMEHUTL NOMyYeHHblEe HaBblku. Ponesblie urpbl
— 3TO TPEHWHIOBbIE 3aHATUSA, B XO4E€ KOTOPbIX UMUTUPYIOTCA WM paspeLlalTcs npobriemHble cuTyauuu,
TUNWYHbIE AONA  peanbHOro rnpouecca >KU3HeOedATeNnbHOCTU Jderd Kak HocuTenew onpeaeneHHbIX
coumanbHbIx yHKUMA. Kaxgon urpe COOTBETCTBYIOT CBOM npasuna wm ycnosus. Urpa pgomkHa 6biTb
AOCTyMHa [Ans BCeX YYaCTHMKOB; 3afdaHus B wrpe AOSMKHbl ObiTb OOMHAKOBLIMW WNW  paBHbIMU MO
COAEPXKaHMWIO U CIIOXHOCTW AN BCeX; paBeHCcTBa TpebyeT 1 cnocob nprBneyYeHuns K BbiNMOMHEHNIO 3a4aHus.
[enosble urpbl — 310 hopma BOCCO3AaHMA NMPeaMEeTHOro U coumnanbHOro cogepxaHus npodeccmoHanbHoOm
AeATeNnbHOCTM, MOAENVMPOBaHMA CUMCTEM OTHOWeHui. MpoBedeHne OernoBOn Wrpbl NpeacTaBnseT cobon
pasBepTbiBaHNE UrPOBON AEATENbHOCTU YH4ACTHUKOB Ha UMUTALMOHHOW MoAenu, BOCCO3AatoLLen yCcrosus u
AVHaMUKy peanbHOW npodeccMoHanbHOW AeATENbHOCTU. B xoae urpbl y4acTHUKM aHanu3npyoT 3adaHHble
YyCNoBUS 1 MPUHMMALOT pelleHus, BbibupatoT 6onee uenecoobpasHbIv Nnpouece, pewarT Npobnemsl 1 T. n.
B 3aBMCMMOCTM OT TOro, Kakom TUM MPaKTMKM BOCCO3[AETCH B UrPe U KakoBbl LIeNN YH4aCTHUKOB, pas3nm4yatoT:
yyebHble, nccnegoBartenbckme, ynpaBneHyeckme, arTectaunoHHble genosble urpbl [10].

KoyumHr kak ncuxonorudeckasi nogaepxka obrnagaer onpefeneHHon nonb3on u paccmaTpuBaeTcs
KaKk MeTod WHAMBWMAYanbHOrO pasBUTUS FMYHOCTU, TEXHMKa packpbiTUA MoTeHumana 4enoseka Ans
MOBLILWEHNSA €ro JMYHON S (PeKTUBHOCTU. Koy4uMHr mnoMoraeT packpbiTb camMoe nydlee B JIMYHOCTW,
CnocobCTBYeT ero CaMOCTOSATENbHOMY OBWKEHWIO K PELUeHVIO NIMYHBIX U NPOodeCcCMOoHarnbHbIX 3adau.
dunocodusa KoyumHra onvpaeTcs Ha Bepy, YTO Kaxdbl YyernoBek obnagaeT MOLLHbIM MNOTEHUManoMm Ans
AarnbHeviero pa3sutus, Heob6X0AMMO NPOCTO YCUINNTL €ro OCO3HaHHOCTb, OTBETCTBEHHOCTb U YBEPEHHOCTb
B CBOMX cunax. 3agadva negarora — He BbINOMHATL 3ad4aHne BMecTo obyyaemoro, a AaTb eMy YBEPEHHOCTb B
CBOMX CMNax 1 HanpasuTb ero obpasoBaTenbHY0 AEATENbHOCTb B HY)XHOM HanpasnexHun [11].

Cnctema obpasoBaHus B Pecnybnuke Benapycb HanpaBneHa Ha noaroToBKy CneuManucTos,
obrnagatoLmx BbICOKUM YPOBHEM ChopMUPOBAHHOCTY npodeccnoHanbHbIX KOMMNeTeHUuH,
XapakTepusyemblX MeXnpegMeTHOCTbIO, MEeXAUCUMMIIMHAPHOCTBIO, MHOrOYHKUMOHanNbLHOCTEIO. B xoge
HPOPMMPOBaHUSA KOMMETEHLNIA BaXHYKO POfib UrPaeT NMCUXONOrMyeckoe COMpoBOXAEHNE 06pa3oBaTernbHOro
npowecca, HanpaeneHHOe Ha Cco3faHue CouManbHO-NCUXONOrMYecknx Yycnosun Ans addeKTUBHOCTU
npouecca oby4eHns 1 pa3BUTMUS NCUXOMNOrMYECKNX acnekToB NMYHOCTK ByadyLiero cneumanucra.
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Jlio6oe TenekoMMmyHMKaLMOHHOe 060pyAoBaHWe MOABEPKEHO BIMSIHUIO pasfnUYHbIX TUMOB MoMeX, a
Ans KOppPeKTHoN paboTbl 060pyaOBaHUS HEOOXOAUMO MUHUMM3NPOBATL BIUSIHME MOMEX Ha 0GopyaoBaHue,
nMBo  MONHOCTbIO ero  UckMounTb. OcoBGEeHHO yXxyalwaeTcss KayecTBO 3JIEKTPOSHEPTMM  PasfnnyHbIX
3MEKTPUYECKUX CETEN B KPYMHbIX ropodax.
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PucyHok 1 — 3aB1MCMMOCTb OT BpEMEHM YMCra NMUKOB HanpsbkeHus B AnanasoHe cabile 200 B (C BpeMeHHbIM
WHTepBarnom cabiwwe 40 MKC)

N3 pucyHka 1 nerko yBMAETb, YTO KOMMYECTBO 3ahMKCMPOBAaHHBLIX MMKOB B paboyvee Bpems Ha ABa
nopsigka Bblle MO CPaBHEHWMIO C HOYHBbIM. MUKW HanpspkeHWst B 3MNEKTPUYECKMX ceTax — Haubornee
«aKTUBHbIE YOMILbI» OOPOrocTosiLLEA NPON3BOACTBEHHON N ObITOBOW 3MEKTPOHHOM annapatypbl. [aHHoe
yTBEpXOAEHNe Oa3upyetcss Ha TOM dhaKkTe, 4YTO 9HEeprus CceTeBbIX MMKOB MOXET JOoCTuratb eauHuL,
KNNOOXKOYynen, a SHeprus paspyLlleHns COBPEMEHHbIX MHTerpanbHbIX MUKPOCXEM COCTaBnseT eauHWUbl —
COTHWN MUKpoaxoynewn [1],

Bo Bcem mupe ata npobnema M3BecTHa Mog Ha3BaHMEM «3NEKTPOMArHUTHas COBMECTUMOCTbY
(BMC). EcTecTBeHHbIE MMMYNbCHBIE MOMEXW, HABOAWMbBIE B 3MEKTPUYECKMX CETSIX OT MOSMHWK, U NMOMEXU
WCKYCCTBEHHOIO MPOUCXOXAEHUS, BO3HUKAKOLWME OT BO3OENCTBUS MOLLUHBIX 3MEKTPOMarHUTHbIX MMMYbCOB,
HanpuMmep, NpU KOPOTKOM 3aMblKaHWM BbICOKOBOSbTHOM JIMHUKM 3riekTponepenadn, KpawmHe BeNUKU W
COM3MepPUMbI OPYT C APYrOM.

Kpome ykasaHHbIX Bbllle KpPaTKOBPEMEHHbIX MOMEX, B CETAX MPUCYTCTBYIOT W AONrOBpEMEHHbIE
nomexu, obycrnoBrneHHble nepenagaMu ceTeBoro HanpshkeHus. [locnegHve Tawke NpuBOAAT K cbosim B
paboTe annapaTypsl.

Haunbonee onacHbiMn ANs annapaTypbl ABASIOTCA UMMYbCHbIE MOMEXMW.

MexayHapoaHble U HauuoHanbHble CTaHOapTbl pasnuuyarT crnegyloline Buabl UMMNYMbCHBLIX NOMEX:
HaHoceKyHAHble [2], MuKpocekyHaHble [3] u konebaTenbHble 3aTyxarowme nomexm [4].

CrangapTbl akKyMynupyoT MHOFOMETHUIA UHXEHEPHbIN ONbIT 1 pa3paboTaHbl TakuM 06pa3oM, 4YToObI
npw NCMNbITAHUN YCTPONCTB JOCTATOYHO TOYHO UMUTUPOBATL pearibHblE MOMEXM.

MpakTnyeckn BCce peanbHble MMMYbCHbIE MOMEXU MOTYT ObITb NPEeACTaBMEHbl Kak KOMOMHALMK 3TUX
Tpex nomex. Moatomy, ecnn yCTPOMUCTBO YCTOMYMBO K YKasdaHHbIM TUNam NoMex, TO C BbICOKOW CTEMeHbHo
BEPOATHOCTM OHO ByaeT yCTOMYMBO U K pearnbHbIM NoMexam, HE3aBUCUMO OT UX NMPOUCXOXKAEHUS.

Ha ocHoBaHWM aHanus3a pasnuuHbIX CTaHAapTHbIX MaTemMaTU4eckux mopernen dopmuposaTenen
NoMex, MOXHO MPeanoXnTb eAVHY0 Mogenb.
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PucyHok 2 — OkBMBaneHTHast cxema yHMBepcanbHOro oopmMmnpoBaTernsi noMex
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[na cuHTe3a napamMeTpoB curHana npegnonaraeTcs UCNonb3oBaTh creayolme AeNCTBUS:
1 CocTtaBnsaeTca ypaBHeHUe, CBA3bIBalOLLEe BCE NapaMeTpbl CXEMbI:

E-C
U= 1 1 1 1 (1)
R2-(—+p-C2+ )-(p-Cl+ 1 1 )——
R2 p-L2+R3+R4 0-Ll+—+ R2
Rl R2
2) MNMocne npumeHeHun npeobpasoBaHuii ypaBHeHUto (1) nonyyaem:
U= C2-C1-E-C-Dirac(2,1) +E-C-Dirac(Lt)- C2 N C1+S:2
R2 R2-R1  R2
+E-C-Dirac(t) 21 + 13+1+C2'L1 _Dlrac(t)+
R2°-R1 R2 R2 R2
—(R3+R4)t (2)
(FE&Ra L1 R1-R4-R2-R1-R3-R2-R1+R2
+C-E-e - + >
R2-(R3+R4) R1-R2°-C1

,LL-(R2+R3+R4)-E-C
R2%-(R3+ R4)

rae dyHkuma Dirac(1,t) — aenbta dyHkuma Oupaka.

3) CocraBnseTcsa nporpamMmma AN pacyeTa 3feMeHTOB cxeMbl. ICXOOHBIMU JaHHBIMKW B NporpaMmme
ABNAOTCS:

— tv — ANUTENLHOCTL MMMYILCA;

— f— yacTtoTta konebaHuix;

— tdp — AnuTensHoCTb hpoHTa UMMYNbCa;

— A_ otHowenue coceaHux BepLUnH B %;

— RBbIX — BbIXOOQHOE CONPOTUBIEHUE;

— RH — conpoTuBneHne Harpysku.

McxogHble 3HaveHWs napaMeTpoB CxeMbl OnpedensoTcsa cnegyowmm obpasom:

— ecnu mogenuvpytotca konebaTtenbHble Mnpoueccbl, TO Torga ANWMTeNbHOCTb umnynbca (tn) wu
ANUTENbHOCTL OPOHTa uMnNynbea (tdhp) He y4YUTLIBAKOTCS, TakK Kak He OKasblBalOT BMAWAHWS Ha napamMeTpbl
konebaTenbHbIX MPOLIECCOB, BNUSHME 0Ka3blBalOT ToNbKo YacTtoTa (f) u conpotusneHue Harpysku (RH);

— €CIn MOAENUPYIOTCHA OOHOMONSAPHbLIE UMMYILCHI, TOrAa yCTaHaBIMBaeTCa ANMUTENBHOCTL UMMYyrbca
(tv) n gnuTeneHocTb dpoHTa MMnynbea (tp), a yactota konebanui (f) nrHopmpyeTtcs.

MpennoxeHHas nporpaMma Mno3BOfsieT MnofyvaTb HEe TONbKO CTaHOAPTHbIE CUrHambl, HO MU
YHUKanbHble, ANA  KaXOOW MOMEXOBOW CcuTyauun, 4TO nosBonseT 6Oonee [OCTOBEPHO OLEHWUTb
NMOMEXOYCTOMYMBOCTb PAANOSNEKTPOHHOW annaparypebl.

CnucokK ucnosib308aHHbIX UCIMOYHUKOS:

1 YepenaHos B., Xpyn, B A., bnydos W. OnekmpoHHbie rpubopbl Ons 3awjumbsl POA om anekmpuyecKux repezpysoK.
CnipasoyHuk. M.: Paduo u cessb, 1994.

2 CTb M3OK 61000-4-4-2014 3OnekmpomazHumHas cosmecmumocmb. Yacmb 4-4. MemoObl ucnbimaHull u u3mepeHudl.
UcnbimaHus Ha ycmou4yueocmb K HaHOCEKYHOHbIM UMIY IbCHbIM TOMexam.

3 CTE MOK 61000-4-5-2014 OnekmpomagHumHas cosmecmumocms. Yacme 4-5. Memodsl ucribimaHuli u u3mepeHud.
UcnbimaHus Ha ycmou4u8ocmb K MUKPOCEKYHOHbIM UMIYIbCHbIM romMexam 6051bwol sHepauu.

4 CTb I'OCT P 51317.4.12-2012 CosmecmuMocmb MEXHUYECKUX cpedcme 3feKmpoMasHUmHas. Ycmouldusocmb K
KonebamerbHbIM 3amyxatouum rnomexam. TpebosaHusi u MemoOdbl ucrsimaHud.
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LUWD®POBASA OBPABOTKA CUTHANOB C UCIMOJIb3OBAHMEM
®YHKLUUAN YOJLWA

LeopHukoea T.H., Mucynun E.A., CHanko P.FO., Xombiok A.A.,
cmydeHmbl 2p. 941301
Bernopycckuti 2ocydapcmeeHHbIll yHUgepcumem uHphopMamuku U paduo3ieKmpoHUKU
2. MuHck, Pecnybniuka benapycb

LeopHukosa T.H. — mazucmp mexH. HayK

AHHoTauusa. [lpegnaraetcsi cnoco6 KoAMPOBaHWA WHOPMaUMWM MpY  MOMOLUM  OPTOrOHasnbHbIX  OyHKUMIA. 1o cpaBHEHMIO
C UMNYMNbCHLIMU cnocobammn KOAMPOBaHUS OH He TpebyeT HanMuus CUHXPOrpyNMbl B CUrHane, YTo yBenuumBaet obbem nepegaBaemont
MHpopMaLMK B KOAOBOW MOCLINKE, OrpaHWYEHHOM BO BpeMeHW. B kayecTBe 6a3ncHbIX OpTOroHamnbHbIX (YHKUMIA npegnaraeTcs
ucnonb3oBaTth (YHKUMM Yonwa, KoTopble no3BonsioT addekTnBHee obpabaTbiBaTe NPUHATHIA curHan. B ctaTbe npuBeneHsbl
pesynbTaTbl MOAENMPOBaHUS Mpouecca nepedadv MHoOpMauMn W CTPYKTYpHblE CXEMbl YCTPOWCTB, MO3BOMSIOLMX peannsoBaTtb
NpeAnoXKeHHbI cnocob.

B ycnoBusax, Korga VIHCbOpMaLI,VII'O HYXXHO nepegatb B OrpaHUM4eHHOe BpewmA, Heobxoanmbl
cneunanbHble Mepbl O514  yBEeJIMYeHusa I'IpOI'IyCKHOVI crnocobHOoCTM KaHana cBsA3W. WM3BecTHO, 4TO
VIH(*)OpMaLI,VIOHHaﬂ €MKOCTb KaHalla oLueHNBaeTCAd BblpaKeHNeM.

F
Vk =Tk Afk ‘In (-),
Py

roe 1, —HTepBarn BpeMeHu, B Te4eHne KOTOporo NpMHUMaeTCs curHan; 4f, —nonoca nponyckaHus kaHana;
P. v P, —MoLHOCTb cyrHana v Wwyma B KaHarne.

Mpy 3a4aHHOM OTHOLLEHWM curHan/Wwym u mManbiX (UKCMPOBAHHBIX 3HAYeHWUsX T, U Af, pe3epBoM
yBenuueHns obbema nepegaBaemMon WHMOPMaUUM  SBNSAETCS  MWCKIIOYEHWE CUHXPOHM3auuu, T.e.
ucnonb3oBaHWe TOW YacTW curHana, KoTopas ykasbiBaeT Hauano koga Ans nepegayn uHdopmauumn. B
pabote npegnaraetcsa AnA OPMMPOBAHUSA MHEAOPMAaLMOHHOINO CuUrHamna MCnonb3oBaTb OPTOroHasbHble
npeobpasoBaHnsa Yonuia.

®PyHKUMM Yonwa HaxogsaT npvMeHeHue B nepefdade n obpaboTke uHdopmaumm. PyHkumm Yonwa
ABMSATCA KyCOYHOMNOCTOAHHBIMU (PYHKLUUSMU C HOPMUPOBAHHBIMU MHTepBanamu onpegenexus (0,1) wnw [-
0.5 go 0.5) 1 MHTepBanom N3MeHeHus aprymeHTa KOTOPbI 3aBUCUT OT nopsaka cuctemMbl pyHKUuM Yonwa un

paBeH —, rae n pasHO 1,2. UsBecTHbI onpegeneHns OyHKUMM Yorwa yepe3 pa3HOCTHble YpaBHEHUS,

dyHKUnn Pagemaxepa, TpUroHoMeTpuyecknii yHKLUKU 1 B BUAE MaTpuu,.
®yHKkumm Yonwa yepes dyHkUMn Pagemaxepa onpedensitoTcs criegyrowmm obpasom:

W(n, 9) = R(nR_l, 9), R(nR_l, 9), ey R(no, 9),
roe n= 2Mr=1 4 2Mr—2 4 ... 4 2Mro
MpocTtoTa 06paboTkm —3TO OCHOBHOE AOCTOMHCTBO NMpeobpa3oBaHun B Gasuce Yorwa, ogHako Ans
dopmMMpoBaHMA TakMx MYHKUUA HYXHbl creuunansHble reHepartopbl. B HacTosulee Bpems cywectsyeT

AOCTaTOYHO BornbLUOe KOMMYECTBO CXeM reHepaTopoB yHKUMi Yonwa. OguH M3 BO3MOXHbIX BapvaHTOB
CXeMbl reHepaTopa nepBbiX BOCbMU PyHKUMUI NpeacTasneH Ha puc.1.

HE._ELEL_.
N 7 ] =
ME i e (e 2
Ll o T\? 2
F_y'_\\' (g mibns
WU
+£ o wal i, 8

,;i;r%x wel (L8
£ "
P M2 I 4%?5’0 wol (2,8

Oy
< wal (34
"z Gt

; | rz > wal 4,9

j | M2 __E}IE’Q wal (5,4

_"_%E " 2 wal @&
Q| L g+E 0

4é'mt.:|_{;>—:'u wak(78)

PucyHok 1. 'eHepaTop nepsBbIx BOCbMU OYHKLMIW YonLua
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Anroput™m hopMmnpoBaHusa pyHKUMIA Yoria B 9TOM reHepaTope OCHOBaH Ha NepeMHOXeHUU OyHKLMNA
Papemaxepa: r1(B), r2(8) mr3(6). ®yHkuma r3(0) Tvna meaHap BblpabaTbiBaeTCs HenocpencTBEHHO
3aJalWUM reHepaTtopoM U MMeeT MakCuMarnbHYyl 4acToTy Ang ucnonb3dyemoro Habopa 6asucHbIX
PyHKUMN. DyHKUUK r2(0) 1 rl(8) nonyyaroTCs NPY NOMOLLM TPUITEPOB CO CHETHBLIM BXOOOM MyTEM AereHus
YacTOTbl BXOAHOMO CuUrHana Ha 2. [Ana nony4eHus octanbHbIX PyHKUMA Yorwa B KayeCcTBe YMHOXUTENeun
NCMNOMb3yTCA CyMMaTopbl MO MOAYMI0 2 C UHBEPCHbIMU Bbixodamu. Crnefyetr OTMETUTb, YTO Ha BbixO4e
TPUITEPOB N CXEM CIIOXEHWSI MO MOAYM0 2 HanpshkeHne nmeeT Asa ypoBHA 0 1 1, B TO BpeMs kak pyHKuun
Yonwa no onpegeneHvio  umewT YypoBHM —1 un+1. [lpeobGpa3oBaHMe ypOBHEN OCYLLUECTBASOT
onepauuoHHbIE YCUNUTENN, KOTOPbIE CPaBHUBAKOT BXOAHOMW CUTHamN C HanpsbkeHnem cmellenns E = V.

C uenbio NpoBepKM BO3MOXHOCTWM MCMONb30BaHWs Ga3nca Yonwa Ans KogupoBaHus nHGOpMaumm
NpoBedeHO MaTeMaTu4eckoe MogenuposaHve paboTbl CUCTEMbl  KOOMPOBAHUS U OEKOOUPOBAHMUSA
WHopmauuu.

Ha pwuc.2.a npusegeH rpadwmk yHkuMM Yonwa, koTtopas sBnsetca natom  ¢yHKumen B
opToroHaneHoMm 6asuce. Ha puc. 2.6 nokasaH pesynbtat npeobpasoBaHuns B 6asuce Yoniwia Takoro curHana.
Kak BMOHO un3 puc. 2.6, TOMNbKO OAUH (MATbIA) KOSIPMDULMEHT pa3noXeHus He paBeH Hynw. Ha puc. 3
npuesefeH rpaduk MHOPMAUUOHHOrO curHana Y, npegcrasnsollero cobon cymmy AeBATU 6a3vCHbIX

YHKUNA.
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PucyHok 2.a — lNatas 6asucHas dyHkums Yonuwa, 6 — PesynbtaTt npeobpasoBannsa dyHkuumn walsh (n,
5) B 6asuce Yonuwa

CnaraembiMn aBnsTca yHKUuumM ¢ Homepamu 1, 3, 4, 7, 8, 9, 11, 13. Ecnn npuHATb, 4TO nepsas
fOasncHaa yHKLMS COOTBETCTBYET CamMOMy CTapLlemy paspsgy Koga, KoTopbein dopmupyetrca um3 15
dYHKUMA, TOrga CyMMapHbIN MHAOPMaLUMOHHBIN curHan cogepXmt kog K,,:=(101100111010100)

o 5 10 15
PucyHok 3. IHbopMaUMOHHbBIV CMrHan B pesyrnbTate cnoxeHus 8 dyHkumi Yonwa

Ha puc. 4 nokasaH pesynbTaT OpTOroHanbHOro npeobpasoBaHUs Takoro curHana B 6asuce Yonwa,
rae BMAOHO, YTO KOI(MULIMEHTbI Pa3nOXeHWs, He paBHble HYMo, COOTBETCTBYIOT HOMEpaM Craraembix
rapMoHuK, a maccuB ko3ad(ULMEHTOB COOTBETCTBYET nepefaHHoMy Koay. [lpoBeaeHHble pacueTbl
nokasanu, 4To MaccuB KO3(MULMEHTOB Pa3NOXEHUSI HE 3aBUCUT OT BPEMEHHOro caswra yHKUMA. ITO
noaTBepXdaeT BbIBOA O TOM, YTO AaHHbIA cnocob nepefayn vHopmaumm He TpebyeT CUMHXpPOHU3aLmu
BO BPEMEHMW.

il 1 L

LD L5

=
(=

PucyHok 4. BoccTtaHoBneHme nepegaHHoOro koga

BbINOMHEHHbI aHann3 O00OCHOBbLIBAET BO3MOXHOCTb MCMOSb30BaHUS OpTOroHalrbHbIX (byHKLI,VIVI
Yonwa Aans KoanpoBaHunA MHd)OpMaLI,VII/I. Takoi cnocob KOOMPOBaHUA No3BONdAeT YyBEIMUYUTb obbem
nepe,u,aBaeMOM I/IH(*)OpMaLI,I/II/I B YCIIOBUAX XECTKOro orpaHn4yeHna Ha Bpemd nepenadu.

CnucokK ucnosib308aHHbIX UCIMOYHUKOS:
1. PaduomexHuyveckue yenu u cueHasbl / FoHoposckul U.C. — M.: Paduo u cessb, 1986. — 512 c.
2. OcHoebl meopuu OUCKPemHbIX CugHaI08 HaKoHeYHbIX uHmepsanax / TpaxmmaH A.M. — M.: Coeemckoe paduo 1975. — 208

3. Teopusi koduposaHusi / Kacamu T., nepegod ¢ sinoHckoz20 KysHeyosa A.B. — M.: Mup 2006. — 571 c.
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CUCTEMA OUATHOCTUKU NEYATHbBLIX Y3J10B AIMNMNAPATYPbI
CNEUMNAINIBHOIO HA3HAYEHUA

Henuc A.A., mazucmpaHm

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. Munck, Pecnybnuka benapyck

lpuHkesu4 A.B. — KaHO. mexH. Hayk, doyeHm

CoBpeMeHHble MevaTHble NnaTbl COAepXaT CHOXHYI0 3eMeHTHyio 6a3y C nnoTHOW KOMMOHOBKOW. ouck HewucnpaBHOCTW, Mpwu
OTCYTCTBUM BUAWMBIX NPOSIBIEHUIA, MOXET 3aTsIHyTbCS Ha NPoAomkuTensHoe Bpems. Lienbto siBnsietcst paspaboTka KOMGUHUPOBAHHOM
YHUBEpCarnbHOW CUCTEMbI ANArHOCTUKM annapaTtypbl crneumanbHOro HasHavyeHusl, Kotopasi Mo3BONUT AenaTb BblBOA O KOPPEKTHOCTU
PYHKLMOHMPOBAHMS NeYaTHOro y3na W, B Cry4Yae OTKIOHEHWUI, C BbICOKOW TOYHOCTbIO NTOKan1M3oBaTb HEUCNPABHOCTb.

[dnarHoctvka nedaTtHOro ysna npeacraBnser u3 ceba npouecc onpegeneHvus HeucrnpaBHbIX
KOMMOHEHTOB, KOTOpble BbI3bIBAOT cOou B paboTe uenu. BaxHOCTb AmarHOCTMKM OOycrnoBneHa Kak
NPaKTUYECKMMN, TaK U TEOPETUYECKMMUN COOBpaKeHNIMN.

HeuncnpaBHOCTK, BO3HMKAOLLME B NpoLecce 3KcnnyaTauum annapaTtypbl cneumanbHOro HasHavyeHus,
MOXHO NOAPa3aenuTb Ha TPU KaTeropumn:

- HeucrnpaBHOCTW YCTPOWCTBA;

- HewucnpaBHOCTU COOpKY;

- 9KCnyaTauMOHHbIE HEUCNPABHOCTMU.

PacnpocTpaHeHbl 4yeTblpe MeToda MoMCKa HEeWCNpaBHOCTEW, KOTOpble MOXHO pasgenvTb Ha ABe
rpynnbl: HEanekTpuyeckue, BKMoYawwme B cebs BU3yanbHbI U PEHTIEH-KOHTPOSb, U 3IEKTpUYeckue,
COCTOSILLNE U3 BHYTPUCXEMHOTO U (PYHKLMOHANBHOrO TECTUPOBAHMS.

AHanns CyLecTBYIOLWNX HEUCNPABHOCTEN M METOAOB [MArHOCTUKM annapaTtypbl CrneumanbHOro
Ha3Ha4YeHWsi roOBOPUT O TOM, YTO CyLLECTBYeT HeobBXOoAMMOCTb pa3paboTKM KOMMMEKCHOM YHUBEpPCarnbHON
CUCTEMbI TEXHWYECKOW [OMAarHOCTUKM, KOoTopas mno3sonuna Obl MOBBICUTb CKOPOCTb OnpenerneHus
HeucnpaBHOCTEN.

PaspaboTaHHas cuctemMa OMarHOCTMKM MeyvaTHbIX Y3roB annapaTtypbl CneumanbHOro HasHavyeHust Ha
OCHOBE MeToda Hepaspylualollero KoHTpons obecnevmMBaeT HeobXoaWMyl CKOPOCTb [AMArHOCTUKM,
noBblllaeT 6€30NacHOCTb NepcoHana 3a cyYeT OTCYTCTBUSI HEOOXOOUMOCTUN HaxoaAUTLCSA BOMM3N OT CUCTEMBI
npv HacTpovike unu obcnyxuBaHum n obnagaeT BbICOKOW MOOMMbHOCTLIO. Ee KOHCTpyKUMSA npeacTaBneHa
Ha pucyHke 1.

(=35

T ;umm [j J M

PI/ICyHOK 1- KOHCprKLI.Mﬂ CUCTEMbI ONArHOCTUKM nevaTHbIX Yy3/10B annapaTtypbl cneunanbHOro HasHa4yeHua

CyuiecTByeT BO3MOXHOCTb NepeaaBaTtbh N3obpaxeHne Ha NepcoHarbHbIN KOMMNbIOTEP (PUCYHOK 2) Ans
YaCTMYHOM aBTOMaTu3auum npouecca OUarHOCTUKM, AMHAMWYECKOM MpocMoTpe paboTbl neyaTHOro yana
annapaTypbl cneunanbHOro HasHadyeHns, He06X0AMMOCTM 3anuncK NOMyYeHHbIX Pe3ynbTaToB.

PucyHok 2 — MNepegaya n3obpaxeHns Ha NepcoHarnbHbIA KOMMNbIOTED

Cnucok ucnosib308aHHbIX UCMOYHUKOS:
1. Cucmema mexHu4yeckoz2o obcryxusaHus u pemoHma mexHuku: FOCT 18322-2016 — 01.09.2017 — MexeocydapcmeeHHbIl
cosem o cmaHO0apmusayuu, Memporsioauu u cepmucbukayuu, 2017. — 16 c.
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UCCINEANOBAHUE KATYLUEK AJ1A CUCTEM BECINMPOBOAHOIO
NMNTAHUA

XKmotodsik A.l1., Anosuy A.U., cmydeHmbi ep. 740401

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. Munck, Pecniybrniuka benapyce

Tumosuy H.A. — kaHO. mexH. Hayk, doueHm

AHHoTaums. B paboTe paccMoTpeHbl BO3MOXHOCTM MeToaa GecnpoBogHol nepedayn aHeprum (BM3) ¢ NoMOLLb0 B3aMMOCBS3aHHbIX
napannenbHbIX kornebaTernbHbIX KOHTYPOB U UCCIeAOBaHO BMUsSHUE pasnuyHbIX hopM NPUEMO-NEpeaaroLLMX KaTyLlek Ha 3 EKTUBHOCTb
nepegauu.

KnroueBble cnoBa. becnpoBoaHas nepefaya aHepruu, napannenbHbiv kornebaTtensbHbiv KOHTYP, B3aUMOUHAOYKTUBHOCTb.

OcHOBHbIM CcnocoboM MNWTaHWs 3NEKTPOHHOW annapaTtypbl U MOAYMEW, pacrnonaratowmxcs Ha
BpaLLalLWMNXCA YacTsX YCTPOWCTBa, SBMSETCA Bpallalolleecs KOHTaKTHOe YCTPOWCTBO - YCTPOWCTBO,
npegHasHadYeHHoe Ans nepefadvn MOCTOSIHHbIX, NEPEMEHHbIX U UMMYMbCHbLIX 3MEKTPUYECKMX CUTHanoB
MeXOY UCTOYHWKOM WM NPUEMHMKOM, PacrofoXeHHbIMM BO B3aUMHO BpallaloLwmxcs Jyactax obbekra. Takue
yCTponcTBa 06ecneynBaoT HaOEXHbIN SNEKTPUYECKMIA KOHTAKT MeXAy BpallaloWMMUCa YacTsaMu, HO UMEIOT
HU3KYH M3HOCOCTOMKOCTb. ANbTEPHaTUBHBLIM peELLEHNEM SABNSETCA cucTema 6ecnpoBogHOro NMTaHWs, Koraa
3HEeprns nepenaéTtcs C MOMOLLBIO 3NEKTPOMArHUTHOrO Mons, YTO UCKYaeT nNpobrnemy M3HOCOCTOMKOCTU
KOHTakKTa.

CyuecTByeT HECKOJIBKO METOAOB HeCcnpoBOAHON Nepeaayn aHeprum ¢ NOMOLLBIO 3NIEKTPOMAarHMTHOro
nons. OHM nogpasfenstTca MO XapakTEpPHbIM 30HaM pPacrnpOCTPaHEHUSA 3MEKTPOMAarHWTHOrO Mons.
M3BecTHO, 4YTO, B 3aBUCUMOCTW OT PACCTOSIHUA OT UCTOYHWUKA M3IyYeHWs BbIAENAOT [BE YCMOBHbIE 30HbI
pacnpocTpaHeHust anekTpoMarHutHoro nons (OMI1): GnvkHIOK 30HY M AanbHo 30Hy [1].  Hawnbonee
pacnpocTpaHeHHbIM B HacTosLee BPeMS SIBNSAETCA METOo[ 3MEeKTPOMarHUTHON MHAOYKUMM, OCHOBaHHbIA Ha
ucnonb3dosaHum IMIT 6nvkHen 30HbI M MO3BOMSAIOWMI NepedaBaTb GonblMe MOLWHOCTU NpU HEBOMNbLUOM
PacCTOSHUN MeXAY KaTyLKaMu.

MpoekTnpyemasa cuctema, CTPYKTYpHas Cxema KOTOpOoW M3obpaxkeHa Ha pUCyHKe 1, COCTOUT U3 TpPEX
OCHOBHbIX YCTPOWCTB: Nepeaarynka, NpMéMHMKa, MMetoLwmnx CcBs3b Yepes pagnokarHan 2.4 Ty, n yctponctea
KoHTponsa. Yacrtota 2,4 [Tu BeibpaHa B cooTBeTCTBUM € 0T4éTOM MCO-R SM.2303-2 [2].

M

N

Mepepatynk }E MprémHMK

Cuctema
KOHTpONs

PucyHok 1 — CTpykTypHas cxema cuctemsl B3

MepepaTumk ocyliecTBnseT npeobpasoBaHNe MOCTOSHHOIO HAMPSPKEHUSA B MEPEMEHHOE HarnpsiKeHne
CYHycouaanbHoM hopMbl C 3a1aHHOW YacToTOM, KoTopoe hOpMUpYET NEPEMEHHOE MarHMTHOE Nnosie BOKPYr
nepefamwLlen kaTywku. Ha npuémHoi KaTyllke, pacnonaralwlencsd B MEepeMEHHOM MarHUTHOM Mofe,
Bo3HukaeT OAC nHaykumn. PopmMupyembii NEPEMEHHbIN UHOYKUMOHHBIN TOK Npeobpa3yeTcsi B MOCTOSHHbIN
ANst NUTaHusa Harpy3ku. Bnok KOHTponsa cneguT 3a onTMManbHOW Nepegayvyen d3HePrun U NpyM HEOOXOAMMOCTH
BHOCUT M3MEHEHNA B paboTy nepedartyvka 1 NpUEMHMKA.

OueBMaHO, YTO NepegaroLLas 1 NPUEMHasa KaTyLLKU OOMKHbI OblTb pacnonoXeHbl NepneHANKYNspHO
OTHOCUTENbHO OCU BpaLLEHUs1 YCTPOWCTBA, HA KOTOPOE MNepedaéTcsi 3HEeprus, a LEHTP KaTyllek OOSMKeH
pacnonaratbCsi Ha OCK BpalleHust Ans Toro, YTobbl B N0O0M MOMEHT BPEMEHU MoryyaTb MaKCMMarbHYHO
MOLLHOCTb Ha NPUEMHUKE.

WccnegoBanuch Tpu Buaa KaTylwlek, MMetowwmx opmMy Kpyra: O4HOCMOMHAs niockasd, HamoTaHHas
OOMHOYHBIM MpPOBOAOM (1, pUCYHOK 2); ogHOCMOWHasa nnockad budmnapHaa katywka (2); ogHOCNOWHON
Nnockas KaTyLUKU U3 MHOFOXUNbHOro nposofa (3). Kaxxgas kaTywka usrotaBnvanach, Kak B O4HOCONHOM,
Tak M B [OBYXCMOWHOM WCMONMHeHuu. [Ons pacyéta WHAYKTMBHOCTWU TMJIOCKMX ChvpanbHbIX KaTyllek
ucnosnb3oBanacb MeToauka, nsnoxeHHas B [3].

Onsi nameperua 3asucumoctn KIO OT paccTtosHus Mexagy KaTywkamu npuémHas v nepepatollas
KaTyLUKW pacrnonaranucb COOCHO B ABYX MapasefibHbIX NOCKOCTAX Ha paccTosiHum |. Mexay kaTylkamu
Haxogwuncs guanekTpuk (Bo3gyx). MMpu npoBegeHWM M3MEPEHUn NpUEMHAa KaTywka oTgananack oT
nepegatoLLen ¢ warom B 5 Mm.
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1 2 3

1 - OgHocnorHas nnockas kaTtywka; 2 - OgHocnonHas nnockas GuunspHas KaTyLka;
3 - OpHOCIOMHOM Nnockas KaTyLLKW U3 MHOTOXMITbHOro NpoBoaa

PucyHok 2 — BHelwHWIn BMA nccnegyemMblx katyLluek

s
=

20

—_—

| | |

5 10 15 20 25 30 35 40 I, MM
1 - OpHocnorHas kaTylka; 2 - [iByxcnonHas katyuwka; 3 - [ByxcnonHas budunapHas KkaTtyLuka;
4 - [IByxcrnomnHas KaTyLlka U3 MHOrOXMWIbHOro NpoBoAa

0

PucyHok 3 — 3aBucumocTb KIM[ ycTporcTBa OT pacCToAHUA Mexay nepefarpoLlen 1 NpuéMHoON KaTyLLuKamm

N3 nonyyeHHbIX pe3ynbTaToB BWAHO, YTO NPV Mepefadve 3HEPTMUM Ha paccTosHue Ao 15 mm
onTUMarnbHbIM pelleHnem GyaeT UCMonb3oBaHWE OAHOCIOMHBLIX KaTyllek WU OBYXCMOWHBLIX KaTyllek W3
MHOFOXMITbHOTO NPOBOAA.

Mo pesynbTatam MCCNegoBaHW MOXHO YTBEpXAaTb O MNEpPCneKTMBHOCTU MeToda MarHUTHOW
MHOyKUMM B obnactu obecrnevyeHus nNWUTaHUS BpaLlaloLIMXCsl 3NIEMEHTOB  PasfMYHbIX YCTPOMCTB.
MonyyeHHble AaHHble NO3BOMAIT cAenaTb BbIBOL O TOM, YTO OAHOCMOMHas KaTyllka M [ABYXCroWHas
KaTyllKa U3 MHOFOXMWIbHOrO MpoBoAa SABNSTCS Haubonee NOAXOAAWMMU AN NPUMEHEHUs B NOOO0OHbIX
cucTeMax nuTaHws. B pganbHeMWwux uccrnefoBaHUsiX MraHMpyeTcsl M3y4uTb 3aBUCMMOCTb MNepeaaBaeMoii
MOLLIHOCTM OT KONMYeCTBa BUTKOB B NepeatoLlelt U NpMEMHON KaTyLlKax, a Takke onpeaenutb MUHUMAanbHO
HeobXxoaMMOe KONMMYECTBO MPUEMHBIX U NepefarLlmnx KOHTYpPOB B cucTeMe Ans obecneyeHusi 3afaHHow
MOLLHOCTU. [JOBOMbLHO NEPCMNEKTUBHBLIM MOXET GbiTb UCNOMb30BaHNE MPSIMOYTOSbHBIX KaTyLUEK.

Crucok ucnosib308aHHbIX UCMOYHUKOS:

1. Kypaes A.A. BnekmpoduHamuka u pacrnpocmpaHeHue paduososnH / A.A. Kypaes, T.J1. lonkosa, A. K. CuHuubiH. MuHck:
BecmnpuHm; 2004.

2. Omuyém MC3-R SM.2303-2 (06/2017) BecnposodOHasi nepedada 3Hepauu C UCMOMb308aHUEM mMmexHonoaul, He
npedycmampusalouux nepedayy ¢ NOMoWbio padlio4acmomHOE0 y4ya.

3. Hemuyos M.B. Cnpaso4yHuk o pacyémy mnapamempos Kamywek UuHOykmueHocmu. 2-e u3laHue. Mocksa:
OHepzoamomuszdam; 1989.
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OLIEHKA 3®®EKTUBHOCTU UCIMOJIb3OBAHUA PALIMOKAHATIA B
ABTOMOBWUIIbHOU CUTHATTU3ALIUU

3atiues U. A., cmydeHm ep.741301

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. Munck, Pecnybnuka benapyck

LeopHukosa T. H. — Maaucmp mexHU4YeCKUX HayK

AHHOTauusA. B gaHHoM ctatbe paccmoTpeHa 3deKTUBHOCTb MpUMEHeHWs paguokaHana nepeg GSM-kaHanom cesasu. [MpegnoxeH
anbTepHaTUBHbIN CYLLECTBYIOLLIMM AMana3oH YacToT ANS OXPaHHbIX aBTOMOBUMBbHBIX CUCTEM.

KnioueBbie cnoBa. PagvokaHan, pagMoyacToTHbI AMana3oH, aBTOMOOUbHas cUrHanmaaumsi, OXpaHHas cuctema.

B coBpemeHHOM Mupe aBTOMOOWNb HeOOXoauMoOe CpeacTBO NEPEeABMKEHUS, OCODEHHO B YCITOBUSIX
nanHgemun. Bce 6onblie n Gonblue YenoBek NMOKynawT JIMYHOE aBTO AN COLManbHOro AMCTaHUMPOBaHMS,
4YTOObI HE NONb30BaTLCS 0OLECTBEHHLIM TPAHCMOPTOM.

lMocne noKynkM aBTOTPAHCMOPTHOrO cpeacTBa IobOM BOAMTENb 3adaeTcsl BOMPOCOM YCTaHOBKU
OXpaHHOW cUCTeMbl, NOCKONbKy Becnokoutcs 3a 6e3onacHOCTb CBOeW MalwuHbl. Ha cerogHsAWwHWMNA OeHb
npon3BoaMTENU MOTYT NPeasioxXuTb MHOroobpasme pasHoro poga YCTPOMCTB WM cucTem, obragaroLimx
CBOMMM NPenmyLLecTBamMn U HegocTaTKaMmu.

CyuwlecTtByeT ABa Buaa KaHanoB CBSA3M B OXPaHHbIX CUCTEMAaX A1 aBToMOOuMNs:

- PaguokaHan;

- GSM-kaHan.

OpaHako, OCHOBHOW KaHar, UCnonb3ylLlwmincsa B nogobHbIX cuctemax, 3To pagmokaHan. B cpaBHeHWn ¢
paguokaHanoM CylIeCTBEHHbIM HegocTtatkom GSM-kaHana sBRsieTCs Hu3kas MNOMEXO03aLUMLLEHHOCTb,
nérkas nopaensiemMocTb, paboTta cetn GSM He Bcerga oTnMyaeTcsl BbICOKOW CTabWMMbHOCTbLIO, NpUBS3Ka K
TenedoHy 1 30HE MOKPLITUS MOOMIBHOW ceTn, a Takke obcnyxmnsaHme SIM-kapTbl OXpaHHOW CUCTEMBI.

B cootBeTcTBUM C pelwleHnem [ocygapCTBEHHOM KoMuccuM no  paguodactotam npu CoseTe
BesonacHoctn Pecnybnukm Benapycb «O BblageneHnM pagmo4acToTHOrO CnekTpa AN pagnoanekTPOHHbIX
cpencTte manoro paguyca geuncteus» ot 28.08.2012 Ne 12K/12 «Hecneundwmyeckne yctponctsa Marnoro
paguyca gencteusay» TpeboBaHus, NpeabsBrsieMble K CUCTEMAM, OTHOCSILLMMCS K 3TOW rpynne Takue, 4to B
YacToTHbIX guanasoHax 169,4-169,4875 My u 433,05-434,79 My npegenbHasi MOLHOCTb nepeaaryunka
coctaensiet 10 mBT.

B HacTosilwee Bpemss Havbonee pacnpoOCTPaHEHHbIN pPaguoyacTOTHbIM  AManas3oH  Bpenokos
aBTOMOOUIBHBIX CUrHanu3auuin, nNenmpkepos, NynbToB cocTtaenseT 433,05-434,79 MI'y. W kak cnegcrteue
AaHHbIN AManasoH OygeT neperpyXeH B Nepmobl, KOrga Ha CTOSHKE CTOUT OomnbLUoe KONMYeCcTBO MaLLWH. B
Kakgom aBTOMOOMMEe HaxoauTcst npuemornepeaTynk OXpPaHHOW CUCTEMbI, KOTOpbIN 0OBOMeHuBaeTcs
curHanamm co cBoum OpenokoM. B gaHHbIN MOMEHT BpemeHu OyayT nepebou B CBSI3M Ha MPUEMHOMN
cTopoHe. Takke HekoTopble Bpenokn pasHbiX nNpomnsBoauTenen u mogenen, pabortarwme Ha OANHAKOBOM
pagunodactote 433,92 MIy coBmecTumbl mexgy coboin. YTo npuBoauMT Kk yrpo3e 6Ge3onacHOCTU
aBTOTPaAHCMOPTHOrO CPEACTBa. J3MOYMbILWNEHHUK, 3HAsi Kakasg MoAenb CurHanu3auum CTouMT  Ha
onpegeneHHon mMawmHe, MoXeT nogobpaTtb 6penok MM CbIMMTUPOBaTL CUrHan Gpenoka, YTobbl OTKPbITb
aBTo. CyuiecTtByeT O0MblIOE KONMMYECTBO Tabnul B CeTW, rae MnokasaHbl Kakue mopenn GpeniokoB Kakux
npou3soguTenen COBMECTUMbI Mexay cobow.

AnbTepHaTnBa auana3oHy 433,05-434,79 MIy cocraBnser pguanasoH 169,4-169,4875 M.
[dnanasoH, KOTOPLIN Takke He HyxaaeTcs B NuueH3nposaHun. MNpu nepexoge oXpaHHOW CUCTEMbI B AaHHbIN
AvanasoH BNWsIHUE CUrHANoB OT APYrMX curHanusauuin 6yayT He3HauuTernbHbl. [ToToMy 4TO BOMbLIMHCTBO
cucTeM B MallMHax paboTaeT B Opyrux moriocax 4actoT. Takke MCXoAdst M3 TOro, YTo vactoTa curHana
yMeHbLUMNach, OanbHOCTb pacnpoCTpaHeHWUs pPafMOBONHbI YBEMNUUYUTCS, YTO MNpuUBedeT K YBenuUYeHuto
AanbHOCTM CBA3M MeXay aBTOMOOUNEM 1 ero BriagesnbLeM.

Takum o6pa3oM, yxon OT pacnpoCTPaHEHHOIO Ha CEroAHALWHUA AeHb Anana3oHa 433,05-434,79 MIy
ONA  aBTOMOOMIbHBIX OXPaHHbIX CUCTEM W nepexod B AvanasoH 169,4-169,4875 Ml noBbiwaeT
NMOMEXOYCTOMUYMBOCTb OXPaHHOW CUCTEMbI B YCMOBMSX CFIOXHOW TFOPOACKOM MOMEXOBOW OOCTAHOBKMA W
MoOBLILWAET AanbHOCTb AEUCTBUS PaguoCBA3M 3a CYET nepexoda B 6onee HU3KMIA gMana3oH 4acToT.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. PeweHue [ocydapcmeeHHol komuccuu rno paduodacmomam rnpu Coseme besonacHocmu Pecrnybnuku benapycs «O
8bi0erieHUU paduoyacmomHo20 criekmpa 07159 paduo3neKmpoHHbIx cpedcme manozo paduyca deticmeusi» om 28.08.2012 Ne 12K/12.

2. OnekmpomagHUMHasi coeMecmumocme paduo3/IeKMPOHHbIX cpedcme u cucmemM. Y4yebHoe nocobue. — Tomck: Tomckuli
eocydapcmeeHHbIll yHU8epcumem cucmem ynpasieHusi U paduoanekmpoHuku, 2012. — 228 c.
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NMPOrPAMMHOE CPEOCTBO PO3HUYHOWN TOPIrOBNU
«BECENbIA CAMYPAW»

3apembo A.U., cmydeHm 2p.844691

Benopycckull eocydapcmeeHHbIl yHUsepcumem UuHgopMamuku U paduo3rieKmpoHUKUL
2. Munck, Pecniybrnuka benapyce

CnasuHckasi O.B. — kaHO. ned. Hayk, doyeHm

AHHOTauuA. B coBpeMeEHHOM MWpe GOMbLUMHCTBO FoAei OTAAKT MNPEeanoyvTeHUe MOKyMKaM B WMHTEPHETE B3aMeH TpaaULMOHHOMY
cnocoby. AyauTopusi MHTEpHeTa CTPEMUTESIbHO pacTeT, TEM CaMblM paclumpsisi pbiHOK cbbiTa ToBapoB W ycnyr. B ctatbe onucaHo
pa3pabaTbiBaemMoe NporpamMMHOE CPEACTBO, NOCPEACTBOM KOTOPOro ByAeT OCyLECTBNATLCH PO3HUYHAS TOProBrsi B CETU UHTEPHET Anis
3akasdmka - 000 «MATA JTAYHIXK».

KniouyeBble cnosa. [MporpammHOe CpeacTBO, MHTEPHET-MarasunH, PO3HWYHAs TOProOBfiS, ANEKTPOHHas TOProBris, paapa60TKa CanTos,
npoayKTbl NUTaHUA, OOCTaBKa.

Po3HnyHasa ToproBns — npogaxa ToBapoB M YCNyr, npegHasHa4YeHHbIX 4518 IMYHOrO UM CEMENHOro
NCNoNb30BaHUA (HE CBSI3AHHOTO C MpeAnpUHUMATENbCKON AEATENbHOCTbIO), HENOCPEACTBEHHO KOHEYHOMY
notpeburtento. [1]

OneKTpoHHas TOProBns — OCYLUECTBIEHWE TOProBO-3aKyNOYHON AeATEeNbHOCTU Yepe3 VIHTepHeT.
OHa BkntovaeT B cebs:

— nepegadvy nHdopmMaLmu, NpoayKTOB UMW YCNyTr Yepes3 OHNariH pecypcsl;

— NpegocTaBneHne yCryr SfIeKTPOHHbIM NyTeM;

— opraHusauuto oHnamH Metogammn obbl4HOM Toproenu. [2]

Ha cerogHsAWHUA OeHb WHTEPHET-TOProBris MMEEeT Maccy MpeuMyllecTB nepea TpaavLMOHHON
TOProBrien, HanpuMep:

1) HET HY>XHbI BbIXOOAUTb U3 JOMA W CTaNKuUBaTbCa C APYTMMU NOKynaTensiMu, YTO COXpaHsieT BpeMS
N yMeHbLUaeT puck 3abonesaHus;

2) Npy OTCYTCTBUM HY>XHOFO TOBapa 3a HECKOMNbKO CEeKyHA MOXHO MepenTu Ha gpyroe nporpaMmMHoe
CpeACTBO TOProBmnun, YTo ABMSETCs ropasao obicTpee, Yem gobupatbecs 4O creayoLlen TOProBom TOYKK;

3) nmeeT GoraTbin aCCOPTUMEHT TOBapPOB;

4) 0T3bIBbI NOKyNaTenem, C MOMOLLBI KOTOPbIX MOXXHO OLIEHUTb Ka4eCTBO MPOoAyKLWK;

5) oTcyTCcTBME OYepenein.

AKTyanbHOCTb pa3paboTkM NpOrpamMHOrO CpefcTBa PO3HWMYHOM ToproBnu «Becenbii camypaii»
obycnoBneHa HeobXoANUMOCTbLIO YBENUYEHMS NPOA4aX, CUCTEMATU3ALMN CTAaTUCTUKN 3aKa30B U YMEHbLUEHMS
pacxofoB nyTeMm uudposusauumn npogax. 3akasdnkoM BbicTynaer OO0 «MATA JIAYHOX». Bnarogaps
pa3paboTke nNporpamMMHOro cpeacTea, Mbl MofaraeMm, 4YTo OyayT yBenu4YeHbl MNpodaxu 3a CcueT
AOMonHUTErNbHON KOMAOPTHOW (DYHKLMW [OCTaBKM ToBapa MO YKa3aHHOMY ajpecy B paMKax 3O0HbI
OOCTaBKW, a TakkKe YBENMYEHO KayeCTBO TOBapa 3a CYET BO3MOXHOCTM OCTaBWUTb OT3bIB O MPOAyKLUM
KOMMaHuK, He BbIXxoasa u3 goma. lNpoaykumnen kKoMnaHumn-3akasymka aBsioTCs roToBble NPOAYKThI MUTAHUS, B
0cobeHHOCTM BGnoaa SINOHCKOW KyXHW, YeM M 06yCnoBneHo Ha3BaHME NPOrpaMMHOro cpeacraa.

MporpammHOe cpeacTBO UMEET crepytollee TpeboBaHMA 3akasyuka:

— MPOCTOMN, NPOAYMAaHHbIN N OT3bIBYMBLINA ANU3aNH;

— BbiCcTpasi ckopocTb paboThl;

— OOCTYNHOCTb BCEM KITMEHTaM;

— OTKa30yCTOMYNBOCTb;

— BO3MOXXHOCTb MPOABMKEHUSA B MOUCKOBLIX CUCTEMAX;

— peHTabernbHble N COBPEMEHHbIE TEXHOIOTUN,

— YCTaHOBIEHHOE Ha3BaHue.

OcHoBHOEe HasHadeHue paspabaTbiBaemMoro NMporpaMMHOro cCpeactBa — paclUMpPEHUE KIMEHTCKON
©0a3sbl, MOBbILLEHNE NPOAAX M KadecTBa npoaykuun. Ero rmaBHas cTpaHuua npeacrasneHa Ha puc. 1.

OcHOBHbIMU (DyHKLMAMMK pa3pabaTbiBaeMOoro NporpaMMHOro CpeAcTBa ABNSATCS:

— perncrpauusi 1 aBTopusaLus;

— KOp3uHa ¢ JobaBneHeM, U3BMEHEHNEM W yOaneHNeM ToBapa;

— MHpopMauust o paboTe TOProBbIX TOYEK;
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— ohopMrieHme 3akasa ¢ ToBapamu;

— aKUUW 1 CKUOKM Ha NpoayKUuMio;

— ohopMrieHe OOCTaBKU TOBApOB Ha YKasaHHbI afapec, KOTOpbI BXOAUT B 30HY [OCTaBKU;
— NUYHBIN KAabWHeT ¢ nHdopMaLMen 1 agpecam 4OCTaBKY;

— obpaTHas cBs3b;

— MHdOpMaLMA 0 cocTaBe ToBapa.

@ 2 658-77-88 [ i

NOAAPKM M CKMAKN CTIOCOBbI ONNATHI LOCTAB A3BYKA CYLWM

BCE CylIK FOPSYME PON/bI PON/bI 3ANEYEHHBIE PON/bI CYWW U CALLMK CYLUN CETbI BEFETAPUAHCKUE

EL CLASSICO 26,50 1,40+:

CYLUM 3ANEYEHHBIE «UTA» 2,10 2,10¢

PYAC. MAZIAV, CHIPHBIA COYC, COYC YHATV 40~ 34
2,40 MArYyPO 2,70
34rv PUC. TYHELL. 34»;1

PucyHok 1 — MaBHaga cTpaHuua nporpaMMHOro cpeactea «Becenkin camypain»

MpenmywectBamn paspabaTbiBaeMOro NporpaMMHOro CpeacTea B OTNMYMe OT €ro CyLeCTBYHLUX
aHarnoroB sIBNAOTCSA:

— 3(ppeKTHbIN 1 YAOOHLIN MHTEPdENC;

— aganTuUBHbIA ON3alH;

— rmbkas cuctema npefocTaBneHns MHAMBUAYarbHbIX OOHYCOB;

— MYTNbTUA3LIYHOCTb;

— AOCTYMNHOCTb C PasfnnyHbIX YCTPOMWCTB;

— TpeKep COCTOsAHWS 3akasa.

Mpu paspaboTke BblnIM NCNONL30BaHbI Criegyrolme cpeacTaa:

— VHTErpupoBaHHas cpefa paspabotku JetBrains PhpStorm;

—aapo CMS OpencCart;

— CKpMNTOBbLIN A3blk 06Lero HasHavyeHusa PHP;

— MynbTUNapagurMeHHbIn 93blK TporpaMmMmMpoBaHns JavaSscript;

— pensuMoHHas cuctema ynpaeneHumsa 6asamu gaHHbix MySQL;

— CTaHA4apTU3MPOBaHHbIN A3blK pa3MeTkn JokyMeHToB HTML;

— cbopMarbHbIf 3bIK ONUCaHMA BHELLHEro Buaa gokyMmeHTa CSS;

— TexHonorusa AJAX anst o6ecneyeHns HEONOKNPYIOLLEN KITMEHT-CEPBEPHON apXUTEKTYPbI;

— MeHeoXkep naketoB NPM;

— JavaScript-6ubnmoTteka jQuery.

PaspabaTtbiBaemMoe nporpaMMHOe CpeacTBO PO3HMYHOW TOproenu «Becenbii camypany» nossonseT
yBennynBatb npopdaxu, npuBnekaa HOBbIX KIMEHTOB, a TakKkKe YyhnpowaeT nofb3oBaTesito npouecc
Nnosny4YeHns xenaemow npoaykumm (kotopasi B OOMbLUMHCTBE CBOEM akTyarlbHa B CBEXENPUroTOBIIEHHOM
Buae), 6e3 3aTpaT BpEMEHM HA XOXAEHNE B TOPrOBYO TOYKY.

CnucokK ucnonb308aHHbIX UCIMOYHUKOS!

1.PosHu4yHasi mopeosns // Bukunedus — ceobodHasi 3sHyuknoneduss [OnekmpoHHbIl pecypc]. — Pexum docmyna
https://ru.wikipedia.org/wiki/Po3HuyHasi_mopeaosens — [Jama docmyna: 30.03.2021.
2.9nekmpoHHass mopeaoesnisi // Bukuneduss — ceobodHasi 3HUukonedusi [3nekmpoHHbIl pecypc]. — Pexum docmyna

https://ru.wikipedia.org/wiki/OnekmpoHHasi_mopeoerns — [Jama docmyna: 30.03.2021.
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YOK 621.396.2

QPDPEKTUBHOCTb AJNIUTENIbHOIO HAKOMJNEHUA OTPAXEHHOIO
CUIHAIA AnsA PNcC € BbICOKUM PA3PELUEHMEM MO AAJNIBHOCTU C
YYETOM YInoBbIX PbICKAHUXA CAMOJIETOB

Jle BaH KbioHe, acriupaHm

Benopycckuli 2ocydapcmeeHHbil yHU8epcumem uHopMamuku U paduoanneKmpOoHUKU
2. MuHck, Pecnybniuka benapycb

Kosnos C.B. — 0.m.H., doueHm

AHHoTaums. [lpuBegeHbl pesynbTaTbl aHanu3a 3dpdeKTBHOCT anroOpuUTMOB HEKOTePEHTHON W KOMOWHMpOBaHHOW 06paboTkn npu
AnvtensHom HakonneHun (H) otpaxeHHoro curHana (OC) OT MHOroaneMeHTHON paanoriokaLMoHHON Lenn Tuna «camonet». NokasaHa
HeobxoaMMOCTb W MpeanoxeHa npouedypa afanTVBHOW OLEHKN MeXaynepuogHoro koadpdpmumenta  koppensaummn  nykTyaumin
OTPaXEHHOro CUrHamna nocrne KOMMeHcauunm Murpaumy AanbHOCTM U 4acToThbl B KaXgom oTyeTe no danbHoct. C umcnonb3oBaHvem
MaTemMaTu4eckoro MOAENMPOBaHUSI MoKa3aHo, YTO NpeafaraeMble anroputMbl obecnevnBaeT BO3MOXHOCTb OOHapyXeHus curHana,
OTPaXEHHOTO OT MHOTO3MEMEHTHON Lieny Npu YrnoBbIX PbiCKaHUA MOCMEAHEN B YCMOBUSIX HWU3KUX, MeHee MuHyc 10 ab, oTHoeHusx
curHan/wym Ha Bbixofe BHyTpunepuoaHon obpabotku (BMO).

KnioueBble cnoBa. PagyanbHoe yckopeHue, Murpaumnst 4anbHOCTU U YacToTbl, BnecTsime TOYKU, LEHTP Mace Lieni, YrioBble pbiCKaHUS,
KOrepeHTHOe HaKomnmneHne, KOMGUHPOBaHHOE HaKoMseHMe.

B [1] npuBepeHbl paspaboTaHHble Ha OcCHOBe [2] anropuTMbl AnWTENbHOro Hakonnexusa (OH)
oTpaxeHHoro curHana (OC) ansa PIIC BbICOKUM paspelueHnemM no AanbHOCTU C YYETOM YrNOBbIX PbICKaHWN
camonerta. Llenb HacToswen paboTbl — BbiBNeHME 1 06CYyXOeHNe OCHOBHbIX 3aKOHOMEPHOCTEN YKa3aHHOro
HakonneHus. Micnonb3dyemble UCXOAHbIE AaHHbIE N 0603HaYeHns cooTBeTcTByOT [1].

3akoHOMepHOCMU HaKoMJIeHUsi OmpaXeHHO20 cu2Hasa npu demepMuHUpo8aHHol Modesiu
PbICKaHul
Ha puc.1. npuBegeHbl  cdopMupyemble  NpuM  OJIUTENBHOM  KOFEPEHTHOM  HaKOMMEeHUU

pagvonokaunoHHble n3obpaxenuns (PJIN) uenn ¢ napametpamu cornacHo [1] npu T =256 mc, nepuoae
nosTopeHust umnynbscos PNC Ty =1 mc, uncne umnynbco B navke Q =Ty /Ty 1 AnuHe BonHbl A =10 cm

npv rMNOTETUYECKOM Cry4yae OTCYTCTBMS YrMOBbIX PbICKAHWI LIENW 1 pasfMyHON CTENEHN paccornacoBaHus
napameTpoB [ABWXEHWUS LUenM W napameTpoB cuctembl obpaboTku. Llenb coBeplana pasBopoT C
yckopeHmem 3Qg, OTHOLIeHMe curHan/lwym Ha Bbixode BHyTpunepuogHown obpabotke (BMNO) no ogHon
bnectawen Touke uenu coctaenano —10,9 gb, paspelweHue No AanbHOCTW, paguanbHOW CKOPOCTU U
yckopeHuto cocTtaensano 3 m, 0,2 m/c n 0,78 m/c?, cooTBETCTBEHHO. OpMU3OHTanNbHas OCb Ha PUCYHKax
COOTBETCTBYET A0ONIEPOBCKOMY CABWUIY 4acTOTbl, BEPTUKanbHasa — AarbHOCTU.

100 100 100

a) 6) B) r
PucyHok 1 - TpexmepHoe (a) n sipkocTHoe (6-r) PJIN uenu B koopanHaTax 4anbHOCTb-A0NNEPOBCKUA CABUT
YacToTbl Npu TOYHOM (a, 6) cornacoBaHuUM NapamMeTpoB cCUCTEMbI 06pabOTKM 1 paccornacoBaHWUM MO YCKOPEHMIO
20 m/c? (B) n 40 m/c? (r)

Kak BMOHO m3 puc.1, Npy OTCYTCTBUM YIMOBbIX PbICKAHUA M TOYHOM COrflacoBaHWM MNapaMeTpoB
ABWXKEHMS Lenu n cnuctembl o6pabotkmn dpopmupyetcsa xapaktepHoe PJI/ obbekta B Buge COBOKYMHOCTU
APKMX MO OTHOLLEHUIO K (OOHY TOYeK, pacrnpefeneHHbIX Mo AanbHOCTU U OONMEepOBCKOMY CABUIY 4acTOThbl.
Pasmep PJIV no ganbHOCTM COOTBETCTBYET HabMNoAaeMon paavanbHON NPOoTsKeHHOCTU o6bekTa. Pasmep
PJIN no yacToTe onpeaensieTca pasHOCTLIO JOMMEPOBCKUX YACTOT OTAENbHbIX Bnectswmx Todek (BT) uenw,
YTO co3gaeT MpeanochinikyM  ANA  OUEHUBaHUS pa3mepa oOObekTa B KapTUHHOM nnockoctu. [Mpwm
paccorfnacoBaHuM paguanbHOro yckopeHuss obbekta u cuctembl o6paboTtkm PJIA  «pa3mbiBaeTca»
NPENMYLLECTBEHHO MO OCU 4acToT, U, MPUM OCTATOYHO GONbLIOM paccornacoBaHuM OBHapyXXeHue Lenuv
CTaHOBUTCS 3aTPYAHUTENBHbBIM.
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Ha puc.2-4 npusegeHbl copmupyemble PJIA npu ToyHOM coBnageHun ¢ napameTpoB CUCTEMbI
0b6paboTkn ¢ napameTpamMu OBWXKEHUS LEeHTpa Macc camosfieTa U pasfnnyHbiX Nepuogax pbiCKaHUS pr|CK

NpW KOrepeHTHOM, HEKOre€PEHTHOM 1 KOMBOUHMPOBaHHOM HakornneHnn. OTHoLWweHWe curHan/wym no ogHow BT
Ha Bbixoge BIMO coctaBnsano muHyc 10,9 ab, obwee uyncno BT 19, noteHuwansHoe OCLU no Bcewn
NPOAOIMKNTENBHOCTU HabnAeHWsa AN IMNOTETUYECKOro CryYas KOrepeHTHOro CyMMUPOBaHUSA OTPaXXEHHbIX
OT BCex BnecTswmux Touek curHanos coctaensieT 26 Ab. NyHKTUPHOM NUHMEN Ons CriyYaeB HEKOTEPEHTHOrO
N KOMBWHMPOBAHHOIO HAaKOMMEHWs MoKasaH Mnopor, CPOPMUPOBAHHLIA UCXOOA WX MPEearnonoXeHns o

HopManusauuMnm ¢oHa npu BEPOSITHOCTU JIOXKHOW TPEeBoru 10°5. KoMGVHMpoBaHHOE HakonneHue
peanu3oBbIBanocb MyTeM pasgeneHuss uWHTepBana HabniogeHna Ha 8 nognadvek. CrhnaxvBaHve
OCYLLECTBIIANIOCh B 3KCMOHEHUMansHOM OUbTpe C NOCTOSIHHON BPEMEHW, PaBHOM YABOEHHOMY 3HAYeHWH
nepvogda (10 Hc) auckpeTusaumn. MNpu BbIBpaHHbIX UCXOOHbLIX OAHHbIX 32 BPEMsi HakomnneHus Grnecrsaume
TOYKM LIeNM CMeLLaloTCs Ha paccTosiHMe paBHOE, B cpedHeMm, 22 afieMeHTaM paspeLleHust Mo AanbHOCTY.
CmelleHue uenu 3a Bpemsi HabnodeHns NpMMEPHO COOTBETCTBYET €€ ANMHE.

0
] 100 200 0 100 200 0 100 200

0 100 200
PucyHok 2 - PJIN uenu B koopauHaTax AanbHOCTb-A0NNEPOBCKUA COBUT YacTOThl Npu nepuoae pbickanun 2, 1, 0,5 1

0,25 ¢ Npu KOrepeHTHOM HakonmeHuu

P

o 100 200 0 200 0 100 200 = 100

PucyHok 3 - Pe3dynbTaT HEeKorepeHTHOro HakonneHus npy nepuoge poickanni 2, 1, 0,51 0,25 ¢

2C 25 20 24

0 100 200 0 100 200 0 100 20 0 100
PucyHok 4 - PedynbTtaT KOMOMHMPOBAHHOIO HaKoONMeHus npu nepuoae poickanin 2, 1, 0,51 0,25 ¢

AHanns nory4yeHHbIX 3aBUCMMOCTEN MO3BONSAET caenaTh cneayroLwmne BoiBOAbI:
- MpW JOCTaATOYHO Marnown YrrnoBOW CKOPOCTWU PbICKaHWA C NepuoAOM NOBTOPEHUSA prlc,( =2 c PIIN

06bekTa Npy KOrepeHTHOM HaKOMMEeHMN NPaKTUYECKN HE U3MEHSIETCH B CPaBHEHUM CO Criydaem OTCYTCTBUSA
pbICKaHWI; NpU YBEINMYEHUM CKOPOCTWU PbICKaHUA NpoucxoauT pasmbiBaHue PJIM no ocu 4yactot u, npu
AOCTaTOYHO 60MbLLION CKOPOCTU PbiCKaHWU, BU3yanbHoe OBHapyXeHue Lenv no pesynbraTtaM KOrepeHTHOro
HaKOMNIeHNA CTaHOBUTCS 3aTPyOHUTENbHbIM,;

- MpUM  HEKOrepeHTHOM W KOMOWHMPOBAHHOM HAaKOMMEHUW YyBEpeHHoe OobHapyXeHue uenu
obecneunBaeTcs Ans BCex 3Ha4YeHWN neproaa yrioBbIX pblCKaHW;

- Ka4eCTBO HEKOrepeHTHOro HaKomnieHns No AaHHOW uenu, oueHMBaemoe BU3yarnbHO MO BbIXOAHOMY
curHany, npuMepHO COOTBETCTBYET KauyeCcTBY KOMOWUHMPOBAHHOIO HaKOMNMEHUs; B AAHHOM Cry4ae 3TO MOXHO
00BbACHUTDL MHTEPdEPEHLIMEN CUrHAMOB, OTPaXKEHHbIX OT Pa3NMYHbIX BNECTALLMX TOYEK Lenu, YTo NpMBOauT
K BO3HUKHOBEHWIO «OMNMEPOBCKOro LWymMa» W ClyvYanHOMYy MepemeLLeHnio curHana no AonnepoBCKUM
dunbTpam Npn KOMOGMHUPOBAHHOM HAKOMMEHWW; OOQHAKO CpeaHee KBagpaTUYecKoe OTKIOHEHUE «LLIYMOBOMNY
AOPOXKM B drieMeHTax paspelleHnsi Mo AanbHOCTU, rae bnecrswme TOYKM Lenu OTCYTCTBYHOT, HECKOIbKO
MEHbLUE, YeM ON19 HEKOrepeHTHOrO HaKoMMeHus; kak OyaeT nokasaHo Hwxe, ecnu Bnecrawme ToYku Lenm
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paspeLualTcsa no AanbHOCTU, TO KOMBUHMPOBaAHHOE HakonneHne 6onee ahPPEKTUBHO, YEM HEKOrepeHTHoe
HakonmneHue, npuyeM 4YUCMO Moanadek, Ha KoTopble pasbuBaeTcss 0OWMN UWHTepBan HabnwoaeHus
HeobxooMMO BbIGUpaTb B COOTBETCTBUW C MHTEPBANoM pbICKaHWUA (BPEMEHEM HaxOXAeHus curHana B
JonnepoBckum unbTpe Npu pasgeneHnn Ha NoAanayky) no aHanornm ¢ BbiIGopom BpeMEHN KOrepeHTHOro
HakonneHus no pnykTyumpyowemy curHany [3].

Takum obpasom, npenrioxeHHble [1] anroputmbl obecneynBaeT BO3MOXHOCTb OOHApPYXEeHUs1 curHana,
OTPaXEHHOIO0 OT MHOFO3MEMEHTHOW LIENX MPU YINOBbIX PbICKAHWsi MOCMEeAHEN B YCMOBUSX HU3KMX, MEHee
MuHyc 10 ab, OoTHOWeHMsIX curHan/lym Ha BbIXOAE BHyTpunepuogHon obpaboTkm ans PJIC ¢ BbicokMM
paspeLLeHneM no AarnbHOCTW.

3aKkoHOMepHOCMU HaKoMJIeHUs1 OMpPaXKeHHO20 CUu2Hasa npu cay4valHbIX PbICKaHUSIX yenu npu
noneme e mypb6yneHmHou ammocgepe

PaccMmoTpeHHbI  Bbille cnyyan BBMAY WCMNOMb30BaHWUS [AapMOHMYECKOTO W3MEHEHUsI YrroBbIX
pbiCKaHUI ABNAETCA MOAENbHbIM U MO3BOMSET BbIBUTb OCHOBHbIE 3aKOHOMEPHOCTWU AfIUTENbHOro
HaKOMMEeHUs OTPaXeHHOro curHana. B peanbHbIX YCNoOBUSIX pagvMOnOKauUWMOHHOrO HabnogeHus 3a
camMoneToM €ero yrnoBble pbiCKaHUA ByayT onpenenatscs TypOyneHTHOCTbI0 aTMocdepbl U NpeacTaBnaTb
13 cebs criyyaviHbIv NpoLecc ¢ 3adaHHbIMU CTaTUCTUYECKUMUN CBOMCTBAMMU.

Ona  oueHkn SMEHEKTUBHOCTU ONUTENbHOIO HAaKOMMEHUs OTPaXEeHHOro curHana ¢C  y4eToMm
TypOyneHTHOCTM aTmMocdepbl Heobxoauma COOTBETCTBYHOLLIAA MOAENb OTPaXXeHHOro curHana. B HacToswee
BpeMS LUMPOKO WCMNONb3yeTcsa MoAeNnb paguoriokauMoOHHbIX XapakTepUCTUK BTOPUYHONO  U3NyyYeHus
aspoanHaMmnyeckux Lenen, peanusoBaHHas B CcheuManM3MpoBaHHOM MporpaMMHOM Komnnekce «Back
Skattering Simulation» (BSS), cosganHon A.[. WupmaHom [4] n passBnBaemom ero ydeHukamu. Komnnekc
obecneunBaeT peanu3aumMlo  MMUTALMOHHOW MOLENW OTPaXEHHbIX CUrHamoB OT MaHEBPUPYIOLLMX
aspoauHaMnyeckmx OBBHEKTOB MpW Y3KOMOMOCHOM W CBEPXLUMPOKOMOSIOCHOM 30HAMPOBaHUM B 3a4aHHOM
ananasoHe 4actoT. B kayecTBe BXOAHbIX MapamMeTpoB LEenM WCMONb3YTCA: KOOPAMHATbI MOMOXEHUS
LleHTpa Macc Luenu; koopauHaTtel nonoxeHusa BT oTHOCUTENBHO LieHTpa Macc; NnapaMeTpbl ABWXKEHUS LEnW.

WccnegoBaHne aheKTMBHOCTU ONMTENBHOrO HAKOMIEHUS NPOBOAMUIIOCH NPU CriefyoLMX MCXOOH bIX
OaHHbIX B NporpaMmMHOM KoMmnsiekce BSS:

- Habniogaemble pagvonoKauuMOHHble Uenu: Tun-1 — cpegHepasMepHbIi camoneT, B KadecTBe
KOTOPOro NpvHUMAarncs 3afaHHblid B MPOrpaMMHOM KoMnnekce ob6bekT Tuna F-15; Tun-2 — KpynHopasmMepHbIN
caMorieT, B Ka4ecTBe KOTOPOro NpuUHMMarncs 3agaHHbIN B NporpamMmmHOM Komnnekce ob6bekT Tuna B-52;

- MapamMeTpbl pexuMa noneTa: HayanbHbIn asumyT uenu — 0 rpaj; HavyanbHasa AanbHOCTb A0 LeHTpa
Macc uenu — 50 km; BbicoTa noneta — 4000 M; HaYanbHbIN KypcoBOW yron — 225 rpaj; CKopocTb noneta —
1100 km/y;

- napameTpbl PJIC: 3oHaupylowme curHanbl B BMAE KOr€pPEeHTHbIX MNavek fMHEWHO-4acTOTHO-
MOOYNMPOBAHHbLIX  PagMoOUMMYNbCOB C  MpsMoyronbHon ornbatowenn (6e3 okoHHoW 06paboTkm);
anutensHocTb umnyneca — 10 MKc; geBmaumst yactotel — 50 MIu; anuHa BonHbl — 3 CM; nonspusaunst
curHana — ropusoHTanbHas; Yactota nostopeHus umnynbscoe — 1000 'y; pasmep ctpoba ganbHocTn — 600
M, YUCIO SNEMEHTOB JanbHOCTU B CTpobe — 512.

C ykasaHHbIMK Bbiwe napameTpamu PJIC, paspewatowas cnocobHocts PJIC no ganbHOCTM MHOro
MEHbLUE paguanbHOM MNPOTSKEHHOCTU 0ObekTa, MO3TOMY LUenb 3aHMMaeT NpUMeEpPHO 5-7 aneMeHToB
paspeLleHnsa no ganbHocTu. PesynbTaTbl MOAENUMPOBaHUA OTPaXeHHbIX CUrHanoB (LWyMbl OTCYTCTBOBanm)
Ha [OCTaTO4YHO OONbLIOM BPEMEHHOM MWHTEpBane AO W MNOCMe KOMMEHCAUUW MurpaummM [anbHOCTU C
UCNonb30BaHUEM pa3fuyHbIX )OPM MpeacTaBreHUs BbIXOOHbLIX pe3ynbTaToB NpuBedeHbl Ha puc. 5-7. Ha
puc. 5 npuBeaeHa amnnutyaHasa ormbatowas OC ans pasnuyHblxX 3Ha4YeHun Homepa k nmnynsca nadku. Kak
BuaHo mn3 puc.5, OC npegcraensget cobon COBOKYMHOCTb HEKOTOPBIX KOMMITEKCHbIX aMMnnTy, OTHOCALLMXCS
K pasnuyHbiM 3fleMeHTam paspelleHnst no AanbHocTu. [MonoXeHuMs MakCcuMyMoB B npegernax ctpoba
OanbHOCTM XapaKTepu3yT MWUrpauuio OanbHOCTWU, KOTOpas B AaHHOM Criyyae BeCbMa 3HauvuTenbHa.
OnemeHTbl pagMONOKaLUWOHHOIO MOPTPEeTa XapakTepusyloT paguanbHoe pacnpegeneHune obnacten
OTpaXeHnss 00beKkTa C Y4YeTOM €ero KOHCTPYKTMBHbIX OCOGEHHOCTEM W BHOCAT pasHbli BKNag B
dopmMupoBaHMe oOTpaxeHHoro curHana. onyktyauua curHanos BT Takke pasnuyHbel B npouecce
HabnoaeHus:: ecTb CTAbWUNbHbIE 3NEMEHTbI, @ €CTb - WHTEHCUBHO nykTympytowme. [pn  y4vete
TypOyneHTHOCTM aTtMocdepbl NyKTyaumm NpoucxoasaT C MeHbLUEM BPEMEHEM KOPPENAUUM u ¢ Gonblien
WHTEHCUBHOCTbH. OCOOEHHO HarnsaHo achdeKT MUrpaumnm 4anbHOCTM U OIyKTyaunin OTPaXXeHHOro curHana
nposiBnsieTcs Ha sipkoctHom PJI B koopamMHaTax «4anbHOCTb — HOMeEp MMMyrnbca nadkuy». VI3 puc. 7 BULHO,
yTto adpcpekt ML nNpu ykasaHHOM paspelleHMU MO AanbHOCTM HYXHO Y4YuTbiBaTb gaxe npy HebGonbLioMm
BPEMEHN HAKOMIEHUA. HFApkas JMHUA C W3MEHSIIOLWENCAS WHTEHCUBHOCTHLIO 3aMETHO HakJIOHeHa Mo
OTHOLLUEHMIO K rOpu3oHTanbHom ocu. ocne komneHcaumm MO (puc. 7 A-3) aTta NuHMA NepneHavKynspHa
rOpM3OHTaNbHOM OCKU, YTO obecrneyunmBaeT BO3MOXHOCTb  KOF€PEHTHOro, KOMOWHMPOBAHHOIO U
HEKOTrepEeHTHOrO HaKOMMEHNS B KaX0M 3fIeMEHTE paspeLUeHns No AanbHOCTY.

Ha puc. 8,9 nokasaHo chopmumpoBanune PJIM npu nonHOCTbIO KOrepeHTHOM HakonneHun (puc. 8) u
HEKOrepeHTHOM HakonneHuu (puc. 9) npu BpemeHn HabnogeHus 1 ¢ n 256 mc. HecmoTpsa Ha TO, YTO NUK
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CuUrHana Ha BbIXOAE KOrepeHTHOro HakonuTens copmupoBancs npaBubHO, 3PHEKTUBHOCTb KOFEPEHTHOMO
HakonneHusa okasanacb Huskon. O6 3TOM CBMOETENbLCTBYET CPaBHEHWE amnnuTydbl CUrHaNoOB Ha BbIXO4E
BIMO (puc. 5) 1 Ha BbiIxoge KorepeHTHoro Hakonutens (puc. 8,9), a Takke TO, YTO pe3ynbTaT KOrepeHTHOro
HakonneHus 3a Bpems 256 MC okasarncs CyLLeCTBEHHO fydlle, Yem 3a Bpems 1 C.

I 1
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a) 6)
PucyHok 5 — Mpumep oTpaxkeHHoro uenu tun-1 curHana Ha Beixoge BIMO npu BpemeHn HabnogeHus TKH=1 c
(a,6) n npu T ;= 256 mc (B,r) B cnyyasx 6e3 ydeTa atmocdepsl (a,8) U TypbyneHTHOCTU sicHoi noroas! (6,r).
KH
(anvHHBIA WTpnx — k = 0; kpyrnble Toukn k = 500 (a,6), 128 (B,r); cnnowHas nuHua k = 999 (a,6), 255 (B,r))
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PucyHok 6 — Curdan Ha Beixoge BMO go (cnnowwHas nuHKs) 1 nocne (ANWHHBIA LTPKUX) KOMMAEHcaUmm Murpasumm
[anbHOCTU NpU BpeMeHn HabnogeHnst TKH =1c (a,6) n npu TKH = 256 mc (B,r) B cny4dasx 6e3 yuyeta atmocdepsl (a,B) 1
TypOyneHTHOCTU sicHow noroAel (6,r)
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PucyHok 7 — ApkocTtHoe PIIU Ha Bbixoge BIMO B Buge curHanos Ao (a-r) u nocre (4-3) KoMneHcauum Murpauum
[anbHOCTU NpU BpeMeHn HabnoaeHns TKH=1 c(a,6,4,e)mnpu TKH= 256 mc (B,r, X, 3)
B cnyyvasix 6e3 y4eTta atmocdeptsl (a, B, A, €) U TypbyneHTHoCcTu sicHow noroapl (6, r, €, 3)

HekorepeHTHOe HakonfeHue C KoMNeHcaumen Murpaumm ganbHOCTH (puc. 9) MeHee YyBCTBUTENbHO K
dnykTyaumMamM OTpaKeHHOro curHana. B pesynbTaTe HEKOrepeHTHOro HakoMmeHuWst Ha BbIXOAEe CUCTEMBbI
06paboTkn chopMMpOoBarcst YCTOMYMBLIA [aNbHOMEPHbIA MOPTPET LUeNn, NPOTSXKEHHOCTb KOTOPOro no
yposHto 0,5 npumepHO coBnagaeT ¢ NPOA0SIbHON NPOTSKEHHOCTLIO Lienn.

B cootBeTcTBUM C [3] ANSA OTpPaKeHHbLIX CUTHANoOB C NPOU3BOMbHBLIM (PryKTyaunsmn npu peanusaumm
KOMOWHMPOBAHHOIO HaKOMJfeHUs HeoBXoaMMO UCMONb30BaTh CTPOro OMpefenieHHON COOTHOLUEHWE MexXay
BPEMEHEM KOTePEHTHOIO N HEKOrePEHTHOro HAaKOMMEHUS.
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PucyHok 8 - TpexmepHoe (a-r) u apkocTHoe (a-3) PJIV camoneTta F15 B koopanHaTax AanbHOCTb-40MNNEPOBCKUMN
COBMI 4acTOTbl MY BpeMeHu HabnoaeHns Ty =1c¢ (a, 6, 4, ) unpu Ty = 256 Mc (B, T, X, 3)
B cnyyasix 6e3 yyeTta atmocdepsl (a, B, A, €) u TypOyneHTHOCTU sicHow noroael (6, T, e, 3)

Z 4 Zz Z

|| Uﬂ |
Pl \ AN

220 240 260 280 300 220 240 260 280 300 220 240 260 280 300 220 240 260 280

a) 0)
B)
PucyHok 9 - Pe3ynbTaT HEKOrepeHTHOro HaKoMNMeHUst NPy BpeMeHU HaKoMNNeHUs TKH =1c(a,0) nnpu TKH = 256

Mmc (B,r) B criydasx 6e3 yyeta atmocdepsl (a,B) U TypObyneHTHOCTH sicHoW norogsl (6,r)

Ha puc. 10 npuBedeH BMA BbIXOQHOIO CUrHana npuM OOHOM W TOW e peanu3aumm npu
KOMOMHMPOBAHHOM HAaKOMMEHWU C pasnuuHbiMu uncnom @ noanavek (puc. 10 a, 6, B), Ha KOTOpble
pa3buBaeTcs obllee Bpemsi HabnOeHUsl, U NpU HEKOrepeHTHOM HakonneHun. B kavecTBe nokasartensi
3 hEKTUBHOCTY NP KOMOUHMPOBAHHOM HaKOMIIEHNW NPUMEM BESNTUYUHY

Zmax _ZUJ
B—T, 1)
rae Zmax - MakcumarnbHoe 3HauyeHue pesynbTaToB KOMOWHMPOBAHHOMO HaKOMMeHus; Zu_,,csm - cpegHee

3HavYeHNne cpegHee KBagpaTudecCckoe OTKIOHEeHUe pe3ynbTaToB HakonneHua AOnd oTcyeToB, rae
NPUCYTCTBYET TOJIbKO LUYM. BenuuuHa [3 ABNAeTCcA aHanoroMm OTHOLUeHUA CI/IFHaJ'I/LIJyM npn KorepeHTHoOM

HaKOMMEHUN, MPUYEM, C YHETOM HOpManu3auumM Nopor npu obHapyxeHun curHana ¢ = Z_,_, + c,_UCD_l(l— F)

X 2
1 je_t 24t Fr -

V2r -,

, roe q)—l(.) - dyHKUMs, obpaTHas uHTerpany BeposiTHocTu Buga D(X) =

BEPOSATHOCTb MOXHOW TPEBOrU.
B tabn. 1 ans Tex xe NCXOAHBIX A@HHbIX, YTO U Ha puc. 10 NpuBeaeHbl OLeHKN G, 1 napameTpa f3,

nonyyeHHble Ans Hanbonee MowHOW GnecTauwen ToYkM uenu. N3 npueBedeHHbIX pesynbTaToB BUOHO, YTO
onTMManbHblM  (MpM  3adaHHOW  OUCKPETHOCTM  OUEeHUBaHWdA) sABNsSeTca  pasgeneHve  obwen
NPOJOIMKUTENbHOCTM Habnogenns Ha (=4 nognadvek, Npu KOTOPOM LUYMOBble OTCHETbl W OTCYeT,

cofepaLlmil OTpaXKeHHbI CUrHan, pasgensTcs Haunyylwnum obpasom.
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PucyHok 10 - PesynbTaT KOMBUHUPOBAHHOMO HAKOMMEHUS MPU M3MEHEHWUW YiCa Noanadek, Ha KoTopble
pas6usaetcs nadka Qq=2 (a), Q=10 (6), Q=4 (B) 1 HeKOrepeHTHOrO HaKomnneHus (r).

Tabnuua 1 — CKO wyma v napameTp 3hPeKTUBHOCTU KOMBUHMPOBAHHOIO HEKOrEPEHTHOro HAKOMMNEHUs

MapameTp KombuHupoBaHHOE HakonneHue HeKkorepeHTHoe
HakonneHve
Q=2 Q=10 Q=4
G 57.549 120.56 70.331 884.53
w
B 41.927 24.19 48.429 6.285

Anzopumm oyeHusaHus1 MexAynepuodHO20 Ko3ghghuyueHma Koppensayuu gaykmyauyut

Tak kak mexaynepuogHble KO3(MMULMEHTbI KOppenauum (nyKkTyauuin CUrHanoB ANns pasfimyHbIX
3MEeMEHTOB paspeLleHUsi Mo AANbHOCTU, B KOTOPbIX HAaXOAUTCS OTPaXKEHHbIA OT LEenu CurHarn, pasnuyHbl u
anpuopu Heu3BeCTHbl, BO3HMKAET HEOOXOAMMOCTb UX afanTUBHOIMO OLEHMBaHWUS MO MPUHATOW peanus3aumu
[6, 7].

C yuyeToMm cneumdurkn, o6yCrnoBneHHOW NPeaBapUTENbHON KOMMNEeHcaumen mMurpaummn OanbHOCTU U
4YacToTbl, BO3MOXHbIA anropuTMOB OLIEHKM 3akrodaetcs B cnegyoowem. OueHum mowHoctb OC,
nonagawwiero B m-mMm oTcyHeT AalJibHOCTW. C y4eTOM BO3MOXXHOCTU OLUEHKM MOLUHOCTM wWymMma no BCe

((LIJyMOBOIZ OOpPOXKe» Ha y4acCTKax, rae curHana HeT, OLUEeHKY pLIJ MOLWHOCTb WymMma CHUTaemMm N3BECTHOMN C

BbICOKOW TOYHOCTbIO By, — P, -

1 K-1 | 5 R )
Tak kaK C y4eTOM HEKOPPENMPOBAHHOCTM CUrHanNa u wyma K > |Um,k |© = PCm +P,,, roe Unk -
k=0
oTcyeTbl curHana Ha Bbixoge BINO nocne komneHcaumu murpaumu gansHOCTW, TO Hambonee npocTon
anropuTtMm oueHkun motHocTn OC umeet Bug

~ 1 K-1 . 2 ~
Pem =3¢ 2 1 U P =Pu. @
k=0
OTmeTuM, 4YTO B COOTBETCTBUU C (2) OLUeHKa ISCm MOXET OKa3aTbCA MeHblle HYyIA, 4TO 6y/:|,eT

CoOTBEeTCTBOBaTb MO0 LIYMOBOMY OTCYyeTy, nMbo oOTcuyeTy, cogepxawemy npegefnbHO cnabbii wu,
cnepoBaTtenbHO, HEOOHapY>XMBaeMbIVi CUrHar, MO KOTOPOMY AanbHenLne OLeHKN He NMPoBOASTCS.
OnTuMarnbHbIN ~ anropuTM  OLUEHKM KoadduuueHTa Koppenauuu npeanonaraeT  BblYUCNEHUM
norapudma dyHkuun npasgonogodus (Prl).
+p—1
WYm(r) =UmR(Num +IN|R(r) [, ®)
roe u, :(UmO,Uml,...,Umel)T - BEKTOp, COCTaBfEHHbI M3 OTCYETOB MEANIEHHOrO BPEeMeHW Ans m-ro

otcyeta 6bicTporo BpemeHu; R(r) - oueHka koppensuuoHHoi Matpuubl (KM) cymMbl GnyKTyupyloLLero
curHana v wyma ¢ anemeHTamm
_ rla-kelgianFpsta-kam g, [Psn. ks =k

(4)
m 10, npu ky =Ko,

Riky ko

roe Fpg - AONMepoBCKUiA CABUM YacTOThl, KOTOPLIN NonaraeTcst U3BECTHLIM.

Mpu TUNoBbLIX 3HadYeHusax r =0,7...0,95 anemMeHTbl kak NpsAMoN, Tak u obpaTHoi KM GbicTpo ybbiBatoT
npv yganeHun oT rNaBHOW AuaroHanu, No3Tomy npsmyro u obpatHyto KM MOXHO 3aMeHWTb NIEHTOYHbIMMU,
BbIMNOSHASA BbIYUCIIEHNE 3PMUTOBOIN OopMbl B (3) NyTEM CYMMMUPOBAHMS MO MAaBHOW AMaroHanu mMatpuubl n
N—1 nepekpecTHbIM 3remeHTaMm B CTONOUE OT [MaBHOW AuaroHanu. [Ona 3Toro BblUKUCHSETCA
pegyuvMpoBaHHas KoppensuuoHHas Mmartpuua Rp(r) dnykTympyowiero curHana pasmepom N xN

3MNeMeHTOB cornacHo (4) u nposoguTca ee obpalleHune Qp(r) = Rgl(r). B nonyyeHHon matpuue Qp(r)

Janee ucrnonb3yeTcs TONbKO NepBbiit cTonGel.
PenyuvpoBaHHas peluatowas cTaTUCTUKa NPU HaKoMMeHWU curHamna no feHTaMm KoppensuMoHHON
maTtpuubl 6yaeT umeTb BUA
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-1 N-1K-n-1
me(r)— Z ono |Umk | +23 2 QpOn mkUmk+n T |I’I|Rp(l’)|. )
n=1 k=0
Toraa oueHka Memuynepmop,Horo koahpULMEHTa Koppensaumun rykTyaLuuin OTPaXeHHOro curHana
ana m-ro orcyeTa no ganbHOCTU

fm =argmax Yo (r). (6)
r

Ha puc. 11 npuBedeHbl 3aBUCMMOCTM peluaroLlen CTaTUCTUKK Yom (r) Ana pBYyX 9nemeHToB

paspeLleHuns], roe HaxogaTcsl KOMMOHEHTbI OTPaXEHHOrO CUrHarmna, OTPaXEeHHOro OT pafvoroKaLMOHHbIX Lienen
TMn-1,2. 3aBMCMMOCTM MpuMBEAEHbl AN PasnUYHbIX 3HAYEHUn pa3mepHocTM N yuuTbIBAaEMbIX MEPEKPECTHBLIX
UrNEeHOoB peLuaroLLen cTaTucTukn (5).

Kak BugHo m3 puc. 11a-6, Ans kpynHopasmMepHOW uenu 3HaveHne koadduumeHTa mexaynepuoaHomn
Koppensaumm donykTyaunin OTpaKeHHOro curHana nameHsietca B npegenax 0,7...0,9, To eCTb OTpaXeHHbIN curHan
B Ka)KOOM O3JieMEHTe paspelleHVs] UMeeT OTHOCUTENbHO Maroe Bpems Koppensumm dnyktyaumin. [Ons
cpegHepasmepHon Lenu (puc. 11 B-r) 3Ha4YeHMe MexaynepuogHoro koadpduumneHTa koppensaummn dnykTyaumn
OTpaXeHHOro curHana wuameHsietca B npegenax 0,988...0,996, 1o ectb Bpems koppensumn dnyKTyaumn
OTPaXeHHOro curHana HamHoro donbtue. lNocne oueHNBaHNS MEXAYNepUOAHOro kKoadurumeHTa Koppensaumm
OTPaXXeHHOro curHana no KaxaomMy u3 3NeMeHTOB paspelleHuss (OTcYeTy Mo AanbHOCTM) onpegensercs

BpemMA TKHm KOrepeHTHOro HakonjeHnAa wnu 4ucro Q_]_ noanadvyek, Ha KOTOopble pa3aendeTtcd obuwas

ONUTenbHOCTb HabnoaeHns

T . Qq - KTy

~ ) m -
In(rm ) Tiuy,
1 NPOBOAMTCSI ONTUMarbHOE KOMOMHMPOBAHHOE HAKOMMEHNE OTPAKEHHOIO CUrHana B KaXO4oM M3 311EMEHTOB
paspeLueHusi No ganbHocTu. PesynbTaT cpaBHMBaETCS C adanTUBHO (DOpMUPYEMbIM MOPOroM, OnpeaensieMbIm
3aﬂ,aHHOI7| BEPOATHOCTbIO JIOXKHbIX TpPEeBOT, OLl,eHKOVl PLLI MOLUHOCTK WymMa w”n 0OCOBEHHOCTSIMU  NTOTUKN

HaKomnmeHns npu npegnaraeMom BapuaHTe ONUTENbHOr0 KOMOVMHWPOBAHHOMO HaKoMMeHus (CyMMUpOoBaHVEM
MaKCMMYMOB KBagpaToOB MOAYen pesdynbTaToB KOrepeHTHOro HakonneHus B nognaykax [1]).

m

oy ] ER

(M

-
KHpm,

(S
D
D

(o2}
B
(@)

T ASNH N
fe/o10)V) —
, TN N
~— — _X/ I /I \ ™~
600 530f =e===r" 4420 4360
0.2 0.8 0 02 04 06 0.6 0 0.4 0.6
2) 6) m = 243 B) m = 258 r)m = 252

PuvcyHok 11- 3aBMCMMOCTM peLuatoLlen ctatucTukm (5) oT koadbdurumeHTa Koppensaumm Ans OTPaXeHHbIX CUrHaNoB ANs Lenm
™n-2 (a-6) u Tn-1 (B-r) AN pa3nuyHbIX 3HA4YEHUIA HOMEPa M aNeMeHTa pa3peLleHuns B cTpobe fanbHOCTU

Mpn 3TOM Uenb cuynTaeTcs OBHAPYXEHHOW, ecrn Mpou3oLLno oBHapyXeHWe XoTs-Obl B OAHOM
areMeHTe paspeLleHuns No ganbHocTu. Heckonbko 6onee ynpoLLeHHbIN NOAX0A MOXeT 3aknovaTcs B:

- npe/J,BapMTeanoﬁ nokanmsauum obnactu mlm2 HaxoxaeHua uenm no orcyeTam 6bICTpOFO

BpeMeHu, Hanpumep, no oueHkam (2) mowHocTtn OC;

- oueHkaM koadpduuueHTa MmexaynepuogHon koppensumm OC cornacHo (6) M BblYUCNEHUN
CpeAHEro U3 Hux;

- onpeaeneHMm oNTUMarnbHOro B CPeAHEM BPEMEHMN KOTEPEHTHOIO HaKOMMEHUSA B COOTBETCTBUM C (7)
N KOMOUHUPOBAHHOM HAKOMMEHUN OTPaXXEHHbIX CUrHAMOB.

[ns atoro cny4as npuMeHUTensHO K uenu Tun-1 Ha puc. 12 npueedeH curHan Ha Bbixoge BMNO go
KOMMeHcauum Murpaumm ganbHoCTU B Buae spkoctHoro PJIA n pesynbTaT ANUTENBHOrO HaKOMMEHWUs npu
OLEHKe cpedHero 3HadeHusa MexaynepumogHoro koadduumeHTa kKoppenauumn nykTyaumn oTpaXeHHOro
curHana 0,996. OTHoweHMe curHan/tiym no camor MOLLHOWM OnecTswler Todyke uenu Ha Bbixoge BIMO
coctaBnano —10 gb, uMcno HakannueBaembix nMmnynbcoB K =1000. Kak BugHo 13 puc. 12a, no SpKOCTHOMY
PIIN Ha Bbixoge BIO obGHapyxeHwe uenu, Hanpumep, onepaTtopoM, HEBO3MOXHO: Ha PJIM otcyTtcTByeT
XapakTepHas HakMnoHHass nuHMA (CM. puc. 7) TMOBbIWEHHONW B CpPaBHEHUM C (POHOM APKOCTHU.
HeaddekTnBHbIM SIBNSAETCA U HEKOrEPEHTHOE HaKOMeHMe nocre KoMneHcaumm Murpauum ganbHocTu (puc.
120). B 1O e BpemMs Npu KOMOWHMPOBAHHOM HAKOMSIEHWM MOCME KOMMEHCauMm Murpaumm LanbHOCTU U
afjanTUBHOM OLEHKOM CpefHero 3HayeHuss MexaynepuofHOoro koadduumeHTa kKoppensumm gnykryauun,
OTPaXXEHHbIN CUrHamn XOpoLUo BbigenseTcs Ha doHe wyma (puc. 12B).
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PucyHok 12 - ApkoctHoe PJIA (a), pesynbTtaTthbl HekorepeHTHoro (6) u koMOGMHMPOBaHHOTO (B) HAKOMMEHNS NPU CpegHEM
3HaYeHUN MexaynepuoaHoro KoapduuneHTa koppensaumm nykTyaummn otpaxeHHoro curHana 0,9

Bb180o0dbi1

M3 npuBedeHHOro Bbllle aHann3a MoXHO caenaTh crneaytoLwmne BbiBoAb:

- npumeHunTensHo K PJIC ¢ BbICOKMM paspelleHnem Mo [anbHOCTM MpW  PelueHun 3agayuu
OBHapy>XeHUsi TUMOBbIX PAANOMOKALMOHHBIX LieNlen — CaMONeTOB NPU ANUTENbHOM HaKOMMEHUN OTPaXXEHHbIX
curHanoBs Heobxodvma npegBapuTenbHas KOMMEHCaUMM Murpauum danbHOCTM M OOMNSEPOBCKON YacToThl;
yKkaszaHHas KOMMeHcaums MoxeT ObiTb 3(PEKTMBHO BbINOMHEHA B ChekTpanbHom obnactm c
ncnonb3oBaHvem npegnaraemsbix [1,2] anroputMmos;

- BpeMs koppensauun nykTyaumi oTpaKeHHbIX CUTHaNoOB B Pa3fUyHbIX OTCYeTax Mo AanbHOCTU B
npegenax pagvanbHOW MPOTSHXKEHHOCTU Lenn 3aBucut oT 6omblioro yucna gaktopoB: HOMepa oTcyeTa Mo
AanbHOCTW, pakypca HabnogeHus, OMHAMWMKM B3aMMHOTO W3MEHEHWS B3aMMHOrO MPOCTPAHCTBEHHOrO
nonoxexuns uenu n PIIC, Tna uenu, xapakTepuctuk atmocdepsl 1 T.4., B CBA3M C YeM nocne KoMneHcauum
MUrpauumM OanbHOCTU Heobxoauma afjanTvBHasA OLeHKa MeXaynepuogHoro koadduumeHTa Koppensumu
dNyKTyaumin OTPaXeHHOro curHarna B KaxaoMm oTcyeTe AanbHOCTY;

- afjanTuBHas OLEHKa MexaynepuoaHoro KosdduumeHTa koppensauun dnykTyaumi oTpakeHHOro
curHarna B KaX[oM OTcYeTe [arnbHOCTW Mocre KOMMeHcaumMu Murpauum fanbHOCTU U YacToTbl JOCTUraeTcs
nyTem pelleHuss ONTUMM3AaUMOHHON 3ajayun, npegycMmaTpuBalolenl OLEHKY CpegHWX MOLUHOCTEeW LWyMma u
OTPaKEHHOro CurHana, BblYMCNEHUN PeayLMPOBaHHOW KOPPENSAUMOHHONW MaTpuvubl CyMMbl (OIyKTyMpYoLWero
curHana v Lyma 1 BblYMCNEHUS peLlatoLlen CTaTUCTUKN ANs BCeX BO3MOXHbIX 3HAYEHUN MeXAynepuogHoro
koadhpmumneHTa Koppenaunm nykTyaumn OTPaXKeHHOro curHana;

- MONyYeHVEe OLEHKM MexaynepuoaHoro koadduumeHta koppensumm dnykTyaumn obecneynsBaeT
BO3MOXHOCTb OMnM3KOro K OMTUManbHOMY BpPEMEHW KOrepeHTHOrO HaKOMMEHWUS OTPaXeHHOro curHana c
MCMomMb30BaHMEM anroputMa KOMOWHMPOBAHHOIO HakonneHnus [1] € y4yeToM YrMoBbIX PbICKaHWM LUenw,
npegycMaTpuBarroLero CyMMUpOBaHWE MakCMMyMOB KBa[paTOB MOAYrMen pesynbTaToB KOrepeHTHOro
HakonneHus B nognadkax; npv Bblbope MpaBWnbHOrO YMcna nognayek, Ha KoTopble pa3buBaeTtcs oblias
ANUTENbHOCTb  PagMoNnoKauMoHHOro HabngeHns, KOMOUHMPOBaAHHOE HaKoMneHue cyllecTBeHHO 6onee
3P PeKTMBHO, YEM HEKOrEepEHTHOE HaKOMNEHNE;

- NPV ANUTENBHOM KOMOMHMPOBaHHOM HakonneHun B PIC ¢ BbICOKMM paspelueHVem Mo AarnbHOCTH
BO3MOXHO  (pOpPMMpPOBaHME  KayeCTBEHHOrO0  AafbHOCTHOMO  MOPTPEeTa, MPOTSXKEHHOCTb  KOTOPOro
KOppenupoBaHa C pagunarnbHON NPOTAXEHHOCTHIO Lenu.

Takum obpasom, npegnaraemble anropuTMbl ANUTENBHONO HaKOMNMNEHUs OTpaXKeHHbIX curHanos B PJ1C
C BbICOKUM paspeLleHVeM Mo AanbHOCTU C KOMMeHcaumMen Murpauui SanbHOCTU M 4acTOTbl U aganTUBHOMW
OLEHKOM MexXaynepuogHoro koadpduumeHTa koppensaummn nykTyauuin oTpakeHHoro curHana obecneynsaroT
CyLLEeCTBEHHOE MOBbILIEHNE BO3MOXHOCTEN PaAMONOKALUMOHHOINO HabmiodeHWs pagvonoKaumMOoHHbIX Lenen
TMNa «CaMoneT» MPW HU3KUX OTHOLLEHMAX curHan/wyM. CyLlecTBEHHOe U3MEHEeHWe OarbHOCTU U CKOPOCTU
uenu, a TaKkke ee YrnoBble pbiCKaHWS B TypOyneHTHOM aTmocdepe Ha WHTepBane pagvoroKauMOHHOro
KOHTaKTa C Lefbio He ABNATCA NPENATCTBUAMU ANA ANUTENBHOIO HAKOMEHUS OTPaXXEHHOro curHana.
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EFFICIENCY OF LONG-TERM ACCUMULATION OF A REFLECTED
SIGNAL FOR HIGH-RANGE RESOLUTION RADARS TAKING INTO
ACCOUNT ANGULAR YAW OF AIRCRAFT

Le Van Cuong
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Kozlov S.V — D. Sci., associate professor

Annotation. The results of the analysis of the efficiency of algorithms for incoherent and combined processing with long-term
accumulation of the reflected signal from a multi-element radar target of the "airplane” type are presented. The necessity is shown and
the procedure of adaptive estimation of the inter-period correlation coefficient of fluctuations of the reflected signal after compensation of
the range and frequency migration in each range report is proposed. Using mathematical modeling, it is shown that the proposed
algorithms provide the possibility of detecting a signal reflected from a multi-element target at angular yaw of the latter in conditions of
low, less than minus 10 dB, signal-to-noise ratios at the output of intraperiodic processing.

Keywords. Radial acceleration, range and frequency migration, scatterers of the aircraft, target center of mass, angular yaw, coherent
accumulation, combined accumulation.

MOAENb U NAPAMETPbI ABUXEHUA TUMOBbIX
PAOWONOKALUMWOHHBLIX LUENEWU NPU ANUTENIbHOM HAKOIMNNEHUA
OTPAXEHHbIX CUTHAIIOB

Jle Ban KbioHe, acriupaHm

Benopycckuli 2ocydapcmeeHHsbili yHugepcumem uHghopmMamuku U paduoaneKkmpoHUKU
2. MuHck, Pecnybnuka benapycb

Kosnos C.B. — 0.m.H., doueHm

AHHOTaumA. PaccmMoTpeHbl MOAENV ABMKEHNSI TUMOBBIX PaAVOSIOKALIMOHHBIX Liefiel Npy AMUTENbHOM HaKOMMEHWN OTPaKEHHbIX CUrHanoB,
npvBeAeHbl pe3ynbTaTbl aHanu3a napameTpoB ABWKEHNS, BIUAIOWLMX 3pdEKTMBHOCTL anroputMoB 06paboTku.

KntoueBbie cnoBa. CKOpoCTb, YCKOPEHWE, MPOU3BOAHAS YCKOPEHWS, MUTPALUS A4anbHOCTU, MUrpaLVMsl YacToThbl, ANUTENbHOE HAKOMMEHNE.

ObGocHoBaHvMe anropuTMoB AnutenbHoro HakonneHus (OH) oTtpaxeHHoro curHana (OC) [1,2]
npegnonaraet onpegeneHve mogenu (3akoHa) U nNapamMeTpoB ABWXKEHUS TUMOBbLIX PagnOMOKaLMOHHbIX
uenewn (PNU). OH Hanbonee aktyanbHo ansa PJIIL, nmelowmx manyto apdekTuBHyo nnowagb paccesHns um
(nnn) Haxogsawwmxca Ha Gonbwnx AanbHocTsax. OB6oCHOBaHHbIE MOAENb U NapaMeTpbl UCMOMb3YTCS ANS
ycTpaHeHus murpaumm ganbHoctu (M) u vactotel (MY) OC [2]. B kadectBe Tunosbix PJIL, paccmoTpum
ManorabaputHbIn GecnunoTHbIN neTatenbHbin annapaT (BJ1A) Ha yyacTkax NpsSMOMMHENHOro noreTa u
pasBopoTa, caMofeT, COBepLlalLWMi NPAMOSIMHENHbIA MOneT UM MaHeBp C 3aJaHHOW neperpyskomu,
y4YacTKN 3EMHOI NOBEPXHOCTM U PACNONOXEHHbIE HA HEN OOBEKTBI MPU JTOKALUKU C UCKYCCTBEHHOTO CMYTHUKA
3emnn (MC3) nnm HaobopoT, n BGannuctnyeckun ob6beKT (CHapsid), ABWXKYLLMICA nogd AEeNCTBMEM CUMbl
TSXKECTU M conpoTuBneHus atmocdepbl. ng peanusauum korepeHTHoro Hakonnexus (KH) [1] Heobxogumo,
4yTOObI 32 Bpems T,,, OKH nameHeHns dV,0a ckopocTtn n yckopeHus PJILL 6biv MeHbLUe, Yem paspeluaroLume
cnocobHoctn AV = A/2T,,, Aa = 1/2TZ no ykasaHHbiM napameTtpam. 3asucumoctn AV(T,), Aa(T,) Ons
pasnMYHbIX 3HaYeHuit AnuHbl BonHbl A PJIC npuseaeHs! Ha puc. 1.
= Aa, Kak BugHo u3 puc.1, npn BpemeHn KH
\‘\ § M/c2 0,5...1 Cc M3MEHeHNe CKOpPOCTU W YCKOPEHUS He

= = OOJDKHbI NPeBbILLAaTh AECATbIX-COTbIX A0Nen M/c 1
S = E~—+.. | wm/c? cooTBeTCTBEHHO. Ecrnu ykasaHHoe ycroBue
3§ He BbIMNOMHAETCH, TO NPV CUHTE3Ee anropuTMOB
— Heobxoanmo y4uTbIBaATHL MY. Murpaumio
JanbHOCTU  HeobxoaoMMO  yyuTbiBaTb,  €Cnv
TausC 0 04 0,6 TamanbHoe nepemeleHne PIIL
a) 6) 8t = |V, T + 0,T2,/2| > c/(20f ) THE Af,
PucyHok 1- 3aBncMMOCTb paspeluatoLlein cnocobHoCcTb Mo

CKOpoCTH (@) 1 yckopeHuto (6) Ana pasnuyHbIX 3HAYEHWN

ANUHbI BOMHBbI (cnowwHas kpueas - A =1 ¢cM, NyHKTUpHas - A
= 5 cM, WTPUXMYHKTUPHas - A = 10 cm)

P

pd
4

- WWpvHa cnektpa cuvrHana; V., a, -
pagmaneHble CKOpOCTb (B MOMEHT Havana
HabntoaeHus) n yckopexue PJILL

B kayectBe Haubornee obLen mMoaenu
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B3auMHOro nepemelLieHns PI1C v uenv npumem nonMHoM TpeTber cTeneHu [2], koraa AanbHOCTb U3MEHSIETCS MO 3aKOHY
t2
r(t) = ro+ Vort + 2+ alt3/6, (1)

ar
2
roe 1, HavanbHasa ganbHocTb Mmexay PIC vn PJIL; aﬂ- NpPoun3BoaHas paguanbHOro yCKOPEHUS.

Onsi obocHoBaHusa napawmeTtpoB V., a,, a£ Ha pwuc.2-4 NpuBedeHbl TUMUYHbIE 3aKOHbl WU3MEHEHWS
yKa3aHHbIX MapamMeTpoB OT BPeMeHM HabnoaeHuss Ans camoneTa, CoBepLialoLwero npsiMoNIMHEHbIA noneT
co ckopocTblo 250 m/c (kypcoBasi AanbHoOCTb M napameTtp 30 KM), camoneTa, COBEPLUALEro pa3BopoT C
pasnuyHbiM paguycom, BJ1A, OBMXYyLLErocs Mo OKPYXHOCTW, apTUMNEPUNCKOro cHapsga C HadvanbHOW
ckopocTbto 500 m/c (KypcoBas ganbHOCTb M napameTp oTHocuTenbHo PIIC 30 km) n NC3, aBmxkyLierocs no
KpyroBon opbute Ha BbicoTe 500 (600) kM, Ha MHTepBane BpeMeHN HanbonbLuero cONMKeHNss ¢ HEKOTOPOWN
TOYKOM Ha 3€eMHOWN MOBEPXHOCTH.

AHann3 nonyyeHHbIX 3aBUCUMOCTEN MpoBeAeM MPUMEHUTENbHO K BpeMeHu HakonneHusa 0,5...1,0 ¢
npu WupuHe cnektpa curHana Af;=10...50 MI'y. OCHOBHbIE BbIBOAbLI COCTOAT B CreAyoLEeM:

- npy H curHana, oTpa)xkeHHOro OT NPAMOSIMHENHO ABWXYLLIErocsi camorneTa, Heob6xoauMO yunTbiBaTb
NMHerHy Murpaumio ganbHoctn u MY, oBycnoBrneHHy paguvanbHbIM YCKOPEHWEM; YYeT MpPOM3BOOHOWN
paguanbHOro yckopeHus He TpebyeTcs;

- npu OH curHana, oTpaxeHHoro ot camoneta unu BJIA, coBepatowux passBopoT, TpebyeTtcs yyeT
NVHENHON W KBagpaTUYHOW MUrpauMyM JanbHOCTM M MUrpauMn 4acToTbl, OOYyCrOBMEHHOW, B TOM YMCIIE,

NPON3BOAHOW [OanbHOCTU TPeTbero nopsgka; TaKk, Mpu TUMUYHBIX 3HAYEeHUAX aﬁ =1...2 m/c® npu
MaHeBpPUpOBaHWUM NpupatleHme ckopocTu PJILL 3a Bpems HabnoaeHnst MoXeT cocTasuTh a, T2, /2=1 m/c, 4To
CYLLECTBEHHO MpeBbIaeT NOTEHUMarnbHy pa3peLuatoLLyto CNoCOOHOCTb N0 pagnanbHON CKOPOCTY;

- Ans 6annuctuyeckoro obbekTa (cHapsiaa) B GOMbLUMHCTBE CMyYaeB MOXHO OFPaHNYUTLCA NIMHENHON
MuUrpauven ganbHoOCTW; ANS MUrpaumnm YacToTbl AOSIKHBI YYNTLIBATLCS TPU NPOU3BOAHbIE AANbHOCTY;

- ana NC3, ocobeHHO npu peanusauuv ANUTENbHOMO (€OUHMLbBI-OECATKN CEKyH B MPOXEKTOPHOM
pexXxume npu CUHTE3NPOBaHNM anepTypbl) HAKONNEHMA HEOOX0AUMO YUNTbIBaTb MMHUMYM TpU NPOU3BOAHbIE

aanbHoctn mexay PJIC v uenbto.

/ / "a T "\“
/ ] ’.l‘ /
ped o al 4
=210 A o7 }>. :-L’.—//
211
e 1665 Tns C
Tieasr C s o T C
a) 0) B) r)
- .
f’ -\\ T \ ' || 'r" ; 1' Y ""
{ A\ s K 7 FAO r 1 ) y K
7 /r :._.‘_._,_...—-"""‘\'_""‘-\\ " '. \ ;f || Ir ) r' /
A R S W\ NS
—-#: d \\ 5 P \/ \ ) / SN ‘\7/
7 1y T L DS 7 N y
% \ L4
T © 0 T C T € Tiwr € T €
A) e) X) 3) n)

PucyHok 2 — 3aBncnmocTb pagmnanbHbIX CKOPOCTH (a, T, X), yckopeHus (6, A, 3) n npom3BogHON yckopeHus (B, e, n) oT
BpEMeHN HabnaeHus nNpu NpsMONIMHEHOM ABWXeHUn camoneTa (a, 6, B), npu pa3sopoTte camoneTa (r, 4, e) ¢
pagmycom 6250 m (cnnowHas kpusas) n 4500 m (nyHKTUpHas kpusas) n npu asmwkeHun BIA (x, 3, 1) MO OKPYXHOCTH
(cnnowHas kpusasi— paguyc 80 M, NyHKTMPHas — paguyc 78 m)

r aEn ‘\
=350 " /
P > S o
N~ ]
40 M~ T
/ ] \‘;:*‘_ _
2450 T
ki € 0 TKH' (& TKH. C
a) 6) B)

PucyHok 3 — 3aBUCMMOCTb, paguarnbHOM CKOPOCTM (a), pagnanbHoro yckopenusi (6),  Npon3BOAHOM YCKOpeHus (B) cHapsiaa
OT BpemeH HabnoaeHVs (cnroLuHas Kpusas - yron anycka 300, wrpux - yron 3anycka 45°)
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PucyHok 4— 3aBucumocTb pagmnanbHOM CKOpoCTHy (a), pagnanbHoro yckoperus (6), n nponssogHom yckoperus C3 (B)
OT BpeMeHn HabnoaeHus (cnnowHas — oicota 500 kM, WTpmX — BbicoTa 600 km)

Takum obpasom, npu cuHTesde anroputmoB [IH OC moxeT 6biTb Mcnonb3oBaHa mogens (1), uncno
YUMTbIBAEMbIX NMPOWU3BOAHbLIX AANBHOCTU U MX MaKCMMarnbHble 3HA4YEHWUs B KOTOPOW onpenensieTcs TUnom
PI1L n ycnoBuamun HabnogeHus.

CnucoK ucnosib308aHHbIX UCIMOYHUKOS:

1. Bonpocbl nepcnekTuBHoW papuonokaumn. KonnektusHas monorpadms / lMoa ped. A.B. Cokonosa // TlMepcnektusbl
nosbiweHns addekTMBHOCTU MeTpoBbix PJIC npu uncnonb3oBaHWM [NUTENLHOTO KOrepeHTHOro HakommeHus (no pesynbraram
aKcnepuMeHTanbHbIX uccnegosanun). / C.W. Hedenos [n ap.]. M.: PagnoTtexHuka, 2003. —C. 49-63.

2. Long-time coherent integration for weak maneuvering target detection and high-order motion parameter estimation based on
keystone transform / P. Huang, G. Liao, Z. Yang, X.-G. Xia, J-T. Ma, J. Ma. // IEEE Trans. Signal Process. vol. 64, no. 15. —P.4013-4026.

ANrMOPUTMbI ANUTENIbHOIO HAKOIMJIEHUA OTPAXEHHOI'O
CUIrHANA AnsA pnc € BbICOKUM PA3PELLEHUEM MO OANIbHOCTU C
YYETOM YINMoBbIX PbICKAHUA CAMOJIETOB

Jle Ban KbioHe, acriupaHm

Benopycckuli 2ocydapcmeeHHbil yHU8epcumem UuHgopMamuku U paduoaeKmpOoHUKU
2. MuHck, Pecnybnuka benapycb

Kosnos C.B. — 0.m.H., doueHm

AHHOTaums. [MpuBegeHsbl MoauduKaLMM anropuTMOB HEKOrepPeHTHOM WM KOMOWHMPOBAHHON OOPabOTKM MpU AMUTENBHOM HaKomneHun
OTPaKEHHOro curHana OT MHOTO3MIEMEHTHON PaAvOoSIOKaLMOHHONM Lienn TUna «camorneT», npedycMaTpyBaloLLme KOMNEeHCaUno Murpauum
AanbHOCTU AN BCEX BO3MOXHbIX 3HAYEHWI paanarnbHbIX CKOPOCTU M YCKOPEHUst Lenn Ha BbIxOAe BHyTpunepuoaHow obpabotku. Mpu
nocrepytowemM HEKOrepeHTHOM HaKOMMEeHN NPOBOAWTCA CyMMWPOBaHWe KBaapaToOB MOAYren OTCYETOB B AMEMEHTax paspeLleHust o
[anbHOCTK, CrMaXvBaHue pe3ynbTaTtoB 0O6paboTkn 3KCMOHEHUManbHbIM (OUNbTPOM UM OBHapyxeHue curHana B KaHanax obpaboTku c
rpybbiM onpefeneHneM paguanbHOW CKOPOCTU MO MakcyMymy CEOPMUPOBAHHOM CTaTUCTUKW. [pyM KOMOWHMPOBaHHOM HaKOMIeHUn
curHanbl B Ka&XXOOM 3fieMeHTe paspelleHust No AanbHOCTU Pa3fensitioTCa Ha MOAMadkK, ANA KOTOPbIX BbINOMHAETCH npeobpas3oBaHue
dPypbe ¢ nocnegyoWmM 0TOOPOM M CyMMUPOBaHNEM KBaAPaTOB CMEKTParibHbIX OTCHETOB C HanbonbLUen amnnuTy[ou U CrnaXuBaHneM
pesynbTaTa aKCMOHeHUManbHbIM (UnbTpoMm.

- KnioueBble cnoBa. PagunanbHoe yckopeHve, Myrpaums 4anbHOCTY U YacToThl, BriecTsaLume ToUKM, LEHTP Mace LEnu, yrrioBble
pbICKaHUs.

OgHum 13 MeTodoB MOBbIWEHMSA AanbHOCTM OBHapyxeHns Bo3gyLHbiX o6bekTtoB (BO) npy Hu3kom
OTHOLUEHMU CuUrHan/lym siIBNSETCS yBeNMYeHne BpeMeHW HakomnneHus oTpaxeHHoro curHana (OC). Ons
PJIC c BbicokoM (eguHMLbl METPOB) paspeluatoliel CnocobHOCTbI0 MO AanbHOCTU MNpU  ANUTENbHOM
HakonneHun OC ByaeT HabnogaTbea murpauuns gansHocty (M) n murpaumnsa gonneposckon YacToTel (MY).
BapwuaHTbl anroputmoB koppekumn M n MY B cnekTpanbHom obnactu u korepeHTHoro HakonneHms OC gns
ToyeyHon uenu npusedeHbl B [1,2]. NS MHOroanemMeHTHOW Uenu Tuna «caMofneT» UCMOoMb30BaHue 3TuX
anropuTMOB OCINOXHAETCH YIrMOBbIMU pbiCKaHUAMKM uenu [3,4], nNpu Hanuuuu KOTOPOro pasfuyHble
onectawme Toukn (BT) uenn 6yayT uMeTb pasHble 3HaYeHUs pagnanbHbIX CKOPOCTU U ycKkopeHus. MycTb Ha
WHTEpBane HabmnaeHnss CcTpouTeNnbHas OCb LEnu  CoBepllaeT rapMoHuveckue KkonebaHuss B
rOpU3OHTaNbHOM MNSIOCKOCTU C aMnUTyAoW Mo yriy y,, Nepuoaom noBTopeHna T u HadanbHoW ¢has3on ¢.
3aKkoH MoCTynaTesibHOro ABWMXKEHUA LeHTpa mMacc uenu x(t), y(t), z(t) koopanHatbl n = 1, N Buaumbix BT
Lenu onpegensTca paguycamm R, 1 yrnamu y, BT B ropusoHTanbHOM NockocTu. Toraa 3akoH U3MeHeHUs
koopaunHat BT moxeT ObiTb 3anucaH B BUAE
X, () = x(t) + R,(t) cos(yu(t) + Ay cos(wt + @) + yn); Y.(t) = y(t) + R, (t) sin(yu(t) + Ay cos(wt + @) + yn);
Z,(t) = z(t), rae y, = arccos y(t)/x(t) - Kypc uenn; w = 2r/T. [danbHocTb A0 n-on BT nameHsetca no

2
3aKOHy 1, (t) = \/X2(t) + Y,2(t) + Z2(t), a paguanbHble CKOPOCTb W yckopeHue V, (t) = dr;st);an(t) =2 dr’t‘z(t)
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MnniocTpauusa BO3HUKaOLWMX NPU YIIoBbIX pbiCKaHUAX caMmoneTa achdeKkToB npuseaeHa Ha puc. 1-3,
roe nokasaHbl MOAENb camoneTa B Buae CoBOKynHocTU BT n pagnansHble ckopocTu 1 yckopeHus Tpex BT ¢
HanbonbLnM (TpeyronbHUKM Ha puc. 1) OTKNOHEHUEM OT LeHTpa mMacc. Mnnioctpaums BeinonHeHa ang x(0)
=30 km; x(0)= -0,30 km/c; y(0)=30 km; y(0)= 0 km/c; y(0)= 30 wm/c? z(0)=5 km, T=2 c;
Ay =2° Kak BuOHO u3 puc.2 u 3, pagvanbHble CKOPOCTU YCKOPeHUs oTaenbHbix BT pasnuuHbl ©
NU3MEHSETCA Ha MHTepBane HabniaeHWa HenMHenHo, Npu 3ToM paguwanbHble yckopeHus BT konebnioTtcs
OTHOCUTENBHO pPaanarnbHOro YCKOPEHUs LIeHTpa Macce Lienun ¢ amnnutyaoun, onpegensemon pacctosHuem bT
[0 LEeHTpa Macc 1 Nepuogom pbiCKaHWN.

1 Y, M v, a,
A m/c M/c? L
(] 24 .:'
of 10 1190 /ff’; 24 -
B L 2
P X, M . ﬁ s 32“\;_
30 0 10 A L T
[ J "');: /"
oA ] 0 # b1 C=120
220 14
0,4 t,c 0 04 06 08
PucyHok 1 - Pacnonoxenue BT Ha PucyHok 2 — 3aBncMMocCTb pagmnanbHOn PucyHok 3 — 3aBucnmocTb
uenu ckopocTn BT oT Bpemsi HabnogeHus pagunanbHoro yckopenus BT ot

BpeMsi HabnoaeHus

Ons peanusaunm ANWMTENBHOIO KorepeHTHoro HakonneHus (KH) Heobxogmmo, 4ToGbLI 3a Bpems KH
U3MEHEHME YCKOPEHMUs e Bbino MeHblue, YeM paspeluatolas CnocobHOCTb Mo yCKopeHuto Aa = A/2T2,
[1]. 3aBucumoctb Aa(Ty,) ONA pas3nU4HbIX 3HA4YeHUn AnuHbl BonHbl A PJIC npuBegeHa Ha puc. 4.
CpaBHMBas xapakTepHble 3Ha4YeHWs W3MEHEHMSs1 YCKOPeHMs Ha puc.3 C BENWYUHOM paspeLuaroLlen
CMOCOBHOCTM MO YCKOPEHWI0 Ha puc.4, MOXHO caenaTtb BbiBOA, YTO KOrepeHTHOe HaKOMMeHwe CUrHaros,
OTPaXeHHbIX OT OoTAenbHbiXx BT, BO3MOXHO MpU OTHOCUTENbLHO HEBOMbLLIOW ANMTENbHOCTW WHTEepBana
HakonneHusa 0,05...0,1 c. lNpun panbHenwem ysenuyeHun BpemMeHn KH oTpaxeHHbn curHan 6yget
MUrpUpoBaTh B coceHue aonneposckue punbTpbl  3P(PEKTUBHOCTb KOFr@PEHTHOMO HAKOMMEHWUS CHU3UTCS.
B ykasaHHbIX YyCNoBMsX BO3MOXHa peanu3auus

ﬁfé’z HEKOrepeHTHOro HakonneHus n KOMBUHMPOBaHHOIO
NM KOrepeHTHO-HeKorepeHTHOro HaKomnneHus. BxoaHbIMK
= AaHHbIMU aBngeTca matpuua K X M KOMMNEKCHbIX OTCYeTOB
D U PO Uem NPUHAMaeMoil peanusaumu, rae m = 1,M - UHOEKC
~ S-—a «BbbicTpOro» BpemMeHuW B npedenax OAHOrO nepuoaa

- . . = noetopexus; k = 1,K- WHAEKC «MEANEHHOro» BPEeMEeHU Mo

' — nepuogam nNOBTOPeHUsA. AnroputM  KOMOMHMPOBAHHOIO
HakonneHusa npegnonaraet ycrpaHeHne MO B kaxgom

0 02 06 08 T,C nepvoge MNOBTOPEHUA B COOTBETCTBUMM C OXUOAeMbIMU

3HaYeHWsMM  cKopocTM  Un  yckopeHus Vo, a, C
ucnonb3oBaHuem anroputmos [1], pasgeneHve curHanos Ha
Q nognavek no K; =K/Q MMMNynNbCOB, BblYMUCIIEHNE
PvicyHok 4 - 3aBUCUMOCTb Aa(Tyyy) AN npeobpasoBaHusa Pypbe ([1P) no kaxgon nognadke, BbIGOP
CneKTpanbHbIX OTCYETOB C MaKkCUMarnbHbIM  3Ha4YeHWEM
amMnnuTygbl U CymmMupoBaHWe ux kBagpaToB. [Mocne atoro
NPOBOAUTCS CrAaXuBaHWe B 3KCMOHeHUMansHoM dunbtpe C
MOCTOSIHHOW BPEeMEeHUN Ty. Mpn HEeKOrepeHTHOM HaKoMneHWun

NpoBOAWUTCA CYyMMWpOBaHME KBagpaToB Mopaynen pesynbTatoB BlMO nocne ycrtpaHeHwus wmurpauuu
AansbHocTu. briok-cxema anroputma npmBefeHa Ha puc. 5.

pasnMyHbIX 3HAYEeHUN ANMHBI BOTHbI A, .
CnnowHas - A =1cMm, Wwrpux A =5cM, WITpUX-
NyHKTUP- A =10cm
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( Bxopn: pesynbTaThl BHD
v

KomneHcauua M
Y(Vor, ar) = Fax (U, Vor, ay)

v
HngrepeHTHoe KomBuHupoBaHHOEe HakonneHue
HaKOI'IKJ'IeHVIe Sq,m = (Yq.Kl,m! Yq.K1+1,m: RN Y(q+1).K1—1,m)T: q= 0, Q -1
Zn= Y linl’ Gam = (G0, Gy, s Gie) = FFT(Sqm); Z = max|Gypm|”
k=1
| ;
v

CrnaxuBanue X,,, = aZ,, + bX;,_y, m=2,M,a = e s h=1—gq;
O6Hapyxenue max (X(m,V,,, a,.) > Nuop W UBMEPEHUWE AanbHoCTH, rpyboe (No Makcumymy pesynbTaTos
HaKOMMEeHWs Ha BbIXOA4AxX KaHanoB) U3MepeHne CKOpOCTU U YCKOPEHUS!

PVIOyHOK 5 — bnok-cxema anroputma KOM6VIHVIpOBaHHOI'O N HEKOrepeHTHOro HakonneHuna

MNpeonaraemble anroputMbl MOryT ObiTb ucrnonb3oBaHbl B PJIC ¢ BbICOKOW paspeluatoLlen
CNoCOBHOCTLID NO AanbHOCTW AN MOBbIWEHWUS BEPOATHOCTM OBHapyXeHUs BO3AyLUHbIX OOBLEKTOB Mpu
HW3KOM OTHOLLEHWUW CUrHan/lyM Ha BbIXOA4e BHYTpunepuogHon obpaboTku.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. Basossbili aneopumm OnuUMeNIbHOZ0 KO2ePeHMHO20 HaKOMIeHUsI OMPaXeHHO020 CueHana npu Hamauyquu muspayuu rno
OanbHocmu U ee rnpou3sodHsiM / Kosnoe C. B., Jle BaH KbioHe // UHgbopmauuoHHble paduocucmembi u paduomexHonoauu 2020:
mamepuarnbi PecriybnukaHckol Hay4YHO-rpakmuyeckol koHgepeHuyuu, Murck, BI'YUP, 28-29 okmsibpsi 2020 2.—C. 115-120.

2. OKOHOMUYHbIE an2opummbl OrUMeIbHO20 KO2EPEHMHO20 HaKOMIEHUs OMPaXeHHo020 Cu2Hara npu Haauqyuu mugpayuu rno
OanbHocmu U ee rnpou3godHsiM / Kosnoe C. B., Jle BaH KbioHe // UIHgbopmauuoHHble paduocucmemb! U paduomexHonoeuu 2020:
mamepuarnbi PecriybniukaHckol Hay4YHO-npakmuyeckol koHgepeHuyuu, Murck, BI'YUP, 28-29 okmsibps 2020 2.—C. 173-177.

3. HobponeHckud FO.I1. JuHamuka nonema & HecriokolHou ammocgpepe. — M.: MawuHocmpoeHue, 1968. 256 c.

4. ISAR Autofocus Imaging Algorithm for Maneuvering Targets Based on Phase Retrieval and Gabor Wavelet Transform /
Hongyin S.,Ting Y., Zhijun Q // Remote Sens. 2018, 10, 1810; doi:10.3390/rs10111810.

BAPUAHT OLIEHKU NAPAMETPOB ABUXXEHUA
PAOANOJIOKALMOHHOU LENU NPU ANUTENNBHOM KOFrEPEHTHOM
HAKOIMJIEHUN OTPAXEHHOIO CUTHATNA

Jle BaH KbioHe, acriupaHm

Bernopycckuti 2ocydapcmeeHHbIl yHU8epcumem uHgopMamuku U paduo3ieKmpPOHUKU,
2. MuHck, Pecnybnuka benapycb

Kosznoe C.B. — 0.m.H., doueHm

AHHOTauuA. [NpeanoxeH HOBbI BApUaHT OLIEHKW YCKOPEHWS 1 MPOW3BOAHON YCKOPEHWSt pagmoriokaumoHHow Lenn (PLL), ocHoBaHHbIN
Ha BblpaBHVBaHUM 3afepXKeK OTpaeHHbIX curHanoB (OC) Ans pasnuyHbIX NEeproAoB MOBTOPEHUS C TOYHOCTBIO, AOCTaTOMHOM Ans WX
nornagaHus B OAMH 3NEeMEeHT paspelleHns No AarnbHOCTW, YacTUYHOM KOMMeHcauun KeappaTuyHoro hasoBoro Habera, 06ycrnoBrneHHOro
YCKOpPEHVeM Lienu, NocTpoeHun peluatowen cratnctukm (PC) ona kaxaoro anemeHTa paspeLleHns no AarbHOCTM Ha OCHOBE KOrepPEHTHOro
HakonneHnst (KH) nonapHbIX MpousBedeHW OTCYETOB MEASIEHHOro BPeMeHM U (Da3oBOro MHOXMUTENS, 3aBUCALLEro OT YCKOPEHWs |
npou3sogHon yckopenus PLI, n HekorepeHTHoro HakonneHus (HH) kBagpatoB mogynei pesynbtatoB KH Anst pa3nuyHbIX cOBUIoB Mo BpeMeHU
CUrHanoB B MOMapHbIX Mpou3BefeHusX. lNokasaHa BO3MOXHOCTb KOMMpOMMCCa MeXdy TpebOOBaHWAMM K BbIMUCIUTESbHBIM pecypcam U
noTepsiMm npu obpaboTke 3a cHeT BbIGOpa YMcna CyMMMPYeMbIX CriaraembiX Npy HEKOrePEHTHOM HaKOMMEHWN.

KnroueBble cnoBa. YCKopeHme, npounsBoAHas yCKOpeHUsa, murpaumsa AanbHOCTU, MUrpauna YacToThbl, ANUTENTIbHOE HakonneHue.

B [1, 2] npeacTaBneHbl MeToq TPEXMEPHOro MacluTabupoBaHHOro NpeobpasoBaHnsa AnNd peanusaumm
KH u oueHk1 napameTpoB ABWXEHUs Ans MaHespupylowmx uenen npu Huskom OCLL v anroputm KH npu
OLeHKe MapameTpoB ABWKEHMWS, OCHOBAHHbIN Ha pa3HOCTWM a3 BTOPOro Mopsiika B 4YacTOTHOW obnacTu.
OpHako cnoxHoe TpexMepHoe MpeobpasoBaHWe He B MOMHOW Mepe NOAXOAUT Ans NPaKTU4ecKMX
npunoxeHun. Kpome TOro, HegocTtaTkamum nogxonoB [1,2] SABNSAETCA CHMXEHWE TOYHOCTU OLIEHKU
napameTpoB [ABWKEHWSA MPU HaNOXEeHUU CNEeKTPOB CUrHarnoB, OTPaXeHHbIX OT Heckonbkux PL. B [3]
npeanoXeHbl ABa BapyMaHTa 3KOHOMWYHbBIX B BbIYMCIIMTENBbHOM MfaHe anroputmoB gnutenbHoro KH npwu
Hannuun wmurpaumm gansHoctn (MO) w ee npousBoaHbix. Llenbo HacToswen paboton sBndetcs
obocHoBaHve BapuaHTa KH ¢ aganTvBHOCTBLIO OLieHKOM NnapameTpoB AsmkeHus PL|, o6nagatoLwero BbICOKON
YyBCTBUTENbHOCTBLIO NMPU OTHOCUTENBHO HEGOMBLLIOM 1 CUTYaUMOHHO BbibMpaeMoMm 06bemMe BblYUCIIEHNN.

MNpeanaraembivi BapmaHT peanusyeTtcs cnegyowmm obpasom (¢ obosHaveHusamm [1]).
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1. BblumcnsawTcsa cnekTpbl G(F,tk) OC no «bbictpomy» BpemeHun B k =0K-1 kaxgom nepvoge

NOBTOPEHMUS.

2. [lpoBogmntCcA KOMMEHCAUMS MUrpaumm [anbHOCTU M YaCcTU4YHAA KOMMeHcaums murpauum
AONIIePOBCKOM 4acTOTbl B KaXXOOM Nepuode MOBTOPEHWs B CMeKTpanbHOM obnactm ¢ OgHOBPEMEHHbIM
yMHOXeHnem Ha KYX cormacoBaHHOro ¢unbtpa oguHodHoro curHana [3]. B pesynbtate copmupyetcs
CMNeKTpbl BbIXOAHbLIX curHanos CO suaa:

G1(F.tk) =Geg(Fle c e 3C x

c c c 2u¢
xe G(thk)-

MapameTpbl 0bpaboTkn Vg, ag, aé Bb|6wpa10Tc;| "3 ycnosvn7|:

1.2 (1)
2fo (Vos +astk +3 asti) F,
R R 2 [(V05+fasjtk+ [as+asj3+éaét|?+c °‘*’j

c c
AVaun=IVor —Vos | Tk <——: A Zlag —ar T2 < al —al 113, < , (2
nma=IVor —Vos | Tku 2T qemMa=> | s —ar | Tgy aKy6MJJ, | L-af 173, afg (2)
4TO onpenensieT TpebyeMblii Lar CeTk1 No paananbHoM cxopocm yCKopeano 1 NPOU3BOAHOIA YCKOPEHMS

onigT2, yoma- 20T,
Ans wupuHbl cnekTpa curtana Afg =10 My n Ty =1 ¢ nonyuum AVpyn=7,5 M/c, Aaygmp =15M/c?,

Adgpmn= ®)

C
AV =

Aall<y6M,El,: 45 w/cd. TonyyeHHoe 3HayeHWe NPOW3BOAHOW pPagManbHOrO YCKOPEHUS MpPaKTUYecku He

BCTpeyvaeTcsa ans peanbHbix PLL, nostomy komneHcaunen Ky6bMI moxHo npeHebpeyb, npuHss B (1) aé =0.

N = 4Vmax |-l a8max |
AVampAakemp

MaKCUMarbHbIX 3HAYEHUS MOAYMNel CKOPOCTU U ycKopeHus. Tak, Hanpumep, Mpu OBHapyXeHuw

kBagpokonTepa npu | Vimax |=50 M/c, | amax | =30 m/c? nonyunm N =53 kaHana obpaboTku.

3. lMNocne obpaTHoro npeobpasoBaHua dPypbe NONy4YMM BPEMEHHOE NpeAcTaBfeHWe BbIXOOHOro
CuUrHana B KaXaom nepuoge noBTOPEeHUaA npu KOMHeHCMpOBaHHOVI Mmurpadmn ganbHOCTU U 4YaCTUYHO
KOMMEeHCUpPOBaHHOM KBaapaTu4yHOM ¢ha3oBOM Habere:

Tpebyemoe 4MCMO KaHanmoB COCTaBUT , roe  |Vmax || 8max | - mopynm

.4 2 2
. ' _ i2 VorkT; 17“(as—ar)(kTr) Jiaﬁ(kT)
Si(tm.tk) = F - {Ga(F.ty)} = Asinc (Afg (tm — 7)) e e (4)

CocTaBuMB A4S KaXKQoro otcyeTa m ObICTPOro BpeMeHU MonapHble NPOU3BeaeHMs OTCHETOB MeAIEHHOro
BPEMEHMU, OTINMYAIOLLUXCSA HA 7 NEPUOAOB NOBTOPEHUS, NMOMYYUM:

.4rn 2n 2.2 .A4m 2 . 2n
. . o 1 VorTy 15T i @s—an Tk (e T (k- k)
S1(tm .tk -y )S1(tm k) = A%e e e e .

On nonapHblie npoun3BedeHnda nocre KoMneHcauum Ky6l/|‘-IeCKOI'O (ba3OBOI'O MHOXUTENA (ﬂpl/l
HeO6XO,D,I/IMOCTVI) OnAa pasfinyHbIX 3HaveHun k MoryTt ObITb HaKOMsEHbI KOrepeHTHO, a pe3ynbTaT AJ1d Pa3iiM4HbIX

3HayeHwn ¢ B ananasoHe ¢ =1...y,, — HEKOrepeHTHO, YTO NPUBOAMT K peLlaloLLen CTaTUCTKe Buaa

2
T oAk e Tk k)
vaar,m=> Y Si(tm X)Sl(tm,tk)e A 3k : (5)

x=1k=x

roe da= ag —a;, U COBMECTHOW OLEHKe napameTpoB 8a, NPOV3BOAHON YCKOPEHUs ar/ N HOMepa oTcyeTa
ObICTPOro BpeMeHu Ha MHTepBarne nHTepeanax M e (My,My) , rae HaxoaUTCs MOXeT HaxoanTbes PLL:
(Sé,ér/ ,m)=argmax y(3a, a{ ,m). (6)
Sa,aﬁ ,m
Makcummnsaumsa (6) Begetca B obnactsix Sae[—AaKBMAIZ,Aa,@,MIZ], me[my,my] u 3agaHHOM

obnactn uaMeHeHus aﬁ, nocrie 4ero pewaeTcda 3agada ctabununsaumm YPOBHA JIOXHbIX TpeBor U

obHapyxenus PL. Insa pacyeTa (5) uenecoobpasHo ncnonb3oBaTtb ApobHoe npeobpasoBaHune Pypbe.
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Ha puc. 1 nokasaH xapaktepHbin Bug PC npwu a£ =0 gna otcyeta m ObICTPOro BpemeHwu, rae
HaxoguTcs OC, Ha puc. 2 — Bug PC npu ogHOBpeMeHHOM Moucke Mo YCKOPEHUIO U ero npoussoaHou. B

Tabn. 1 npuseneHbl OLEHKN YacToTbl NpaBunbHOro obHapyxeHuns PLL oT napameTtpa ., (a£ =0). Pac4eTbl
npoeoannuck anst nadkm n3 K=100 nmMnynbCoB Npy OTHOLLIEHMM curHan/wym no nadvke 18 gb.

y(5a) | -
Af X ‘

I‘ L - . v
T N £ S A A
5a, mic? npow;;gonHaﬂ YCKODGHMH
Pucyhok 1 — Bua PC Anst pasHbix 3HaueHuii ), PucyHok 2 - ®opma PC npu ogHoBpemMeHHOM rouncke no

YCKOPEHUIO 1 ero Npon3BoaHoM

Tabnuua 1- YactoTa obHapyxeHusa PLL Ana pasnuyHbIX 3HaYeHW Yncna yuy

Y 1 2 3 4 5 6 7 10 15
YacToTta o6HapyxeHus PLI 0,15 { 0,23 |/0,39|050|062|0,78|0,79 1091 1,0

I'IapameTp Xnn onpenensdeT BblYUCIIUTENbHYIO CITOKHOCTb OLUEHKM NMapamMeTpoB ABUMXKXEHUA, KOTOpas

pacTteT JINHENHO OT XnH» NOITOMY Bbl60p YKa3aHHOro napametTpa 4ABIAeTCA KOMMPOMUCCHbIM MeXay
Tpe6OBaHI/IﬂMVI K BblHUCITUTESIbHbIM pecypcaM N NoTepAaMn 3HEPIrMmM NOJIE3HOIo CUrHana npu o6pa60T|<e.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. Radar High-Speed Maneuvering Target Detection Based on Three-Dimensional Scaled Transform / Zheng J.B., Liu H.W., Liu
J., DuX.L., Liu Q.H//IEEE J. Sel. Top. Appl. Earth Observ. Remote Sens. 2018, Ne 11. Pp. 2821-2833.

2. Coherent Integration for Radar High-Speed Maneuvering Target Based on Frequency-Domain Second-Order Phase
Difference / Jin K., Lai T., Wang Y., Li G., Zhao Y // Electronics 2019, Ne 8. https://doi.org/10.3390/electronics8030287.

3.OKoHOMUYHBIE aneopummbl OIUMesIbHO20 KO2ePEeHMHO20 HaKOMIEHUsT OMPaXeHHO20 cuzHara npu Hanuyuu muzspayuu rno
danbHocmu u ee rnpou3eodHbim / Kosnoe C. B., Jle BaH KbioHe // Mmamepuaribl PecriybnukaHCKoU Hay4YHO-Mpakmu4eckol KOHgbepeHuuU,
Munck, BI'YUP, 28-29 okmsibpsi 2020 e. C. 173-177.

OLUEHKA OANTBHOCTU A0 BJ1IA HA OCHOBE I/I3MEPEHVII7IV
AONNEPOBCKNX CABUITOB YACTOT B BUCTATUHECKOU
PA3HOCTHO-AANIBHOMEPHOU HABUTALUMOHHOU CUCTEME

Jleekocmyn B.B., KawkuH A.FO.

OAO «AJIEBKYPIT»
0. Kopones CmaH, MuHckul patioH, Pecrniybnuka benapyck

Mapkesuy B.3. — kaHO. mexH. HayK

AHHOTauuA. PaspabotaHa meToduka OLEHKM paccTosiHus mexay BIIA v pa3HOCTHO-AanbHOMEPHOW HaBUraLUMOHHOW CUCTEMOW Mpu
aBwkeHun BI1A Boonb rmnep6oribl NONOXKeHWs C MOMOLLBH M3MEPSIEMbIX AOMNMEPOBCKUX COBUIOB YacTOThl HABUrALMOHHBLIX CUrHasoB.

KnioueBble cnosa. BJ1A, Pa3HOCTHO-AalIbHOMepHaa HaBUrauMoHHaa cuctema, HasegeHue no rmnepﬁone, n3mepeHune 0anbHOCTU.

B [1] paccmaTtpuBaeTca meTod HaBedeHusi GecnunoTHoro netatenbHoro annaparta (BJIA) B Touky
Lenn € NMOMOLLbI Pa3HOCTHO-AaNIbHOMEPHON HaBUrauMOHHOM cucTeMbl NMyTem BbiBoga BJ1A Ha runepbony
NMOJSOXEHUS], MPOXOASALLYIO Yepe3 TOUKY Lienn C NocreayLwmmM ero BmkeHnem BLosb 3agaHHoM rmnepbonsl
(pncyHok 1). Takom MeTOA HaBeAeHMs1 MO3BONSAET YMEHbLIMTb Ha OAHY KONMYECTBO MepedarLmnx

51



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

HaBWraLMOHHbIX MO3ULMN W WUCNOMb30BaTb ANS HaBedeHUs Ha nnockocTu Ase nosuuumn. [pu aTOoM
CuHTe3upys KoHTyp ynpasneHus bBJIA no wmetoagy JlétoBa-KanmaHa (nuMHenHo-KBagpaTU4HbIN) Wnn
CUHEPreTUYECKM MOXKHO 3aKMOUMTb, YTO AN MNPUOMMXKEHHOr0 K ONTUMAarbHOMY 3aKOHy HaBedeHus
TpebyeTtca 3HaHue ganbHOCTH OT BJ1A 0O HaBUraUMOHHON CUCTEMBI.

B ctaTbe oueHKy AanbHOCTM npefnaraeTcs OCYLLIEeCTBUTb Yepe3 U3MepeHns oNNepoBCKUX COBUIOB
YacTOTbl MPUHUMAEMbIX PafMOHaBUraLMOHHBLIX CUrHamnoB Ans cnydvas aswxeHusa BJIA Boonb runep6onel
NOMOXEHWsI, Ha KOTOPOW HaxoauTCs Lernb, ABUrasicb Yepe3 6a3dy buctaTmyecKkon pasHOCTHO-4aNIbHOMEPHON
HaBUrauMOHHOW cucTemMbl. MeToauka OLEHKM [anbHOCTUM MOXeT ObiTb cregytowas: Ha 6opty BJIA
NPOM3BOAMTCS OLEHKa ABYX OOMMEPOBCKUX CABUIOB YacTOT HaBUraLMOHHOIO curHana. B momeHT nponéTta
BJ1A yepes nuHuto 6a3bl JONNEPOBCKME COBUMM OKaXyTCa BNM3KUMn K HyneBbiM. B 3TOT MOMEHT HaunHaeTcA
WMHTErpupoBaHue npoekunn Bektopa ckopoctn BJIA Ha nuHun, coepumHsiowme BJIA M HaBUrauMoHHbIE
no3nuumn, NPON3BOAs OLEHKY U Bbigady pacctosHusa mexay BJTA n HaBuraumoHHON CUCTEMOW.

Kpome Toro, ecnu Ha 6opTy BJ1IA npousBoantca oueHka cOBCTBEHHOW CKOPOCTM nofneTta (C NOMOLLbHO
WHepLUMansHON HaBUraLMOHHOW CUCTEMbI UMM AOMMEPOBCKOr0 M3MEpUTENns CKOPOCTU), TO MMeeTcs
BO3MOXHOCTb OLEHMBaTb AanbHOCTb OT BJIA [0 HaBWrauMOHHOW CUCTEMbI Ha OCHOBAHUU MU3MepSEMbIX
OONMNepoOBCKUX CABWIOB YacCTOTbl HaBUrALMOHHbLIX CUrHaroB M COMOCTABMEHMS UX C pearlbHON CKOPOCTbHO
BIA.

4500

4000

3500 V=1»_1 ® Touka crapTa
= v=0.9 (start point}
= E, 00 ; & Llenesan Touka
prigfs =3 ;
= 2500 (target point}
g © o HaeurauwoHHas nosnumna 1
EI _{EJ 2000 =} . (beacon 1}
g_ S - HasuraywoHHas nosmuma 2
3 & 1500 {beacon 2}
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1000 (trajectory}

500
0 e — ; i
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PucyHok 1 — OBuxenne BJ1A no runepbone, npoxoasiuen Yepes TOUKy Lenm

CrnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. Jleekocmyn B.B., Mapkesuy B.3. Memoduka onpedeneHusi KUHEMamu4yeckol ces3u MexAy yrpasnsrowumu nemamernbHbIM
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KOMMNbIOTEPHbLIE UTPOBbLIE TEXHOJIOI'MU KAK CPEACTBO
OBYYEHUA B YYPEXOEHUAX BbICLUET O OBPA30OBAHUA

Mycckut A.U., cmydeHm 2p.844691

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGopMamuku U paduos1eKmpoHUKU
2. MuHck, Pecnybniuka benapych

lMNapagusHosuy T.A. — kaHO.ned.HaykK., QoueHm

AHHoTauus. B ctatbe paccMmaTpmBaeTca np06nema Mcnosib3oBaHUA KOMMbIOTEPHbIX UFPOBbIX TEXHOMOMMN Kak cneunann3npoBaHHoOro
nporpaMMHOro npoAykTa, BbINONHAKLWEro 3agady oﬁyquvm nocpencTtsoM Urpbl, Kak cpeacrtea Oﬁy‘leHMﬂ B y4ypexaeHuax BbiCLUEero
o6pasoBava, HeobxoaumMoro [Aansi NoBbILLEHUS Sq)d)eKTVIBHOCTI/I o6pasoBaTeanoro npouecca. npe,U,CTaBJ'IeHbI 0COBGEHHOCTM
peanunsaunm KOMNbTEPHbIX UIPOBbLIX TEXHOMNOri kak cnocob opraHusauuu, NO3BOMSIOLLNIA NOBLICUTD nHanemayanbHoOCTb OGy‘-IeHMﬂ,
MOTUBMPOBAHHOCTb 06yqa}ou.u/|x0ﬂ K nony4yeHuto 3HaAHWUN Unn ymeHvu7|, Kak BapuatMBHad, OWHaAMU4YHO pas3BuMBatoLLaACA (bopma
opraHu3auun ueneHanpaBlieHHOro B3aMMOZENCTBUSA Y4aCTHUKOB Npu negarorm4eckoM pyKoBOACTBE CO CTOPOHbI NpenoaaBatend,
CI'IOCOGCTByIOIJJ,aFl PAaCKPbITUO NMMYHOCTHOrO NoTeHunana oGyalou.l,erocsa.

Kniouesble cnosa. KomnbloTepHble WrpoBble TexXHOMoruu, cpeactsa obydveHusi, obpasoBaTenbHbli MPOAYKT, WHAOPMAaLMOHHO-
KOMMYHVKaLIMOHHbIE TEXHOMOMM, CrieLnanu3MpoBaHHbI NPOrpamMMHbI MPOAYKT, JIMHHOCTL 0ByYatoLerocs.

B cratbe paccmaTpuBaroTCcA Cnocoobl NPUMEHEHUA KOMMbIOTEPHbLIX WUrpOBbIX TEXHOMNOMMN B
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obpasoBaTenbLHOM NPOoLECCe YYpexaeHun Boiclero obpasoBarus. Lienbio paboTbl ABnseTcs nccnegosaHme
OCOBEHHOCTEN MCMNONb30BaHUS  KOMMbLIOTEPHBIX WUrPOBbIX TEXHOMOrMW Kak cpeactsa obyyeHus B
yupexaeHusax BbiCliero obpas3oBaHus Ha MNpuyMepe ydpexaeHus Bbicliero obpasoBaHus bernopycckun
rocy4apCTBEHHbIN yHUBEPCUTET MHAPOPMATUKN U PaANOINEKTPOHUKM.

BHeapeHvne WHMOpMaLMOHHO-KOMMYHUKaLUUOHHbIX TexHonorni (MKT) B obpasoBaTtenbHbin npouecc
NpYBENO K MOSIBIEHUI0 HOBbLIX METOAOB M (hOPM NPOBEAEHMS 3aHATMI, a Tak XXe MO3BOMWMO PaclUnpUTb
AvanasoH BO3MOXHOCTEN TpaauUMOHHbIX (OpM 0bOy4YeHUss nyTem MCNonb3oBaHUs 0OpasoBaTeribHbIX
NpoayKToB, pa3paboTaHHbix Ha ocHoBe VKT (y4ebGHo-meToguyeckne mynstumeana matepmansl, yaaneHHble
3aHATUSA 1 nabopaTopHble NPaKTUKyMbl, KOMMbIOTEPHOE TECTUPOBAHME, TPEHaXePbl, ANIEKTPOHHbIE yYebHble
nocobus n T.4., a TakKe KOMMbITEPHble Aundaktudeckne wurpbl) [1, c. 1]. WHdopmaunoHHo-
KOMMYHWKALMOHHbIE TEXHONMOMMW BKMYalT B cebsa  Uenblii  apceHan CcpeactB  MHTEHCMdUKauum
obpasoBaHusa. [log wHTeHcudumkauven y4vebHOro npouecca Mbl MOHWUMAEM CO34aHWEe ONTUMAarbHbIX
NCUXONOro-NnearorM4ecknx U OpraHn3aumoHHbIX YCIOBUI NO3HaBaTENbHOW AeATenbHOCTU oby4daromxces,
yBenuyeHve o3bl 3HaHW Ha eQuHULY BPEMEHN Ha OCHOBE npuMeHeHus nepegosbix VIKT; ncnonbsosaHue
naew negarormkv COTpygHMYeCcTBa U UrpoBbIX TEXHOMOMMA U METOA0B 0ByYeHMs.

OpaHUM 13 BbICTPO pa3BMBaIOLLMXCH HaMpPaBneHUn SBNAETCS UCNOMNb30BaHNE KOMMbIOTEPHbLIX UrPOBbIX
TexHonormm B npouecce obyyeHus. Mrpa Tak mnuv mHave Bcerga npucytcTBoBana B obydeHun. Ho B
nocnegHve rofbl NPOM3oLIEen PoOCT MHTepeca K KOMMbIOTEPHBIM MrpaM, NMOKa3aBLUMK, YTO MCMONb30BaHUe
KOMMbIOTEPHBIX UTPOBbLIX TEXHOMNOIMMIN ABMISETCS O4HUM U3 KIOYEBbIX TPEHO0B obpasoBaHus [2].

KomnbloTepHbIE  UrpOBblE  TEXHOMOMMM  —  CMEUManU3NPOBaHHbIA  MPOrPaMMHBLIA  NPOAYKT,
BbINOMHAOLWMIA 3agadvy obyveHns mnocpeacTtBOM Urpbl. OTNMYMEM KOMMBIOTEPHBIX UIPOBbLIX TEXHOMOMMIA OT
Apyrmx obpa3oBaTterbHbIX TEXHOMOMMIN, OCHOBAHHbIX Ha MPUHLIMNAX Urpbl, ABMSETCS NPUMEHEHNE NOAX0O0B,
XapaKkTepHbIX OS89 KOMMbIOTEPHbIX UFP, C LEMb MOBbILEHUS BOBMNEYEHHOCTU OByvalowmxcs B npouecc
obyueHus [3].

BbigensoT cnegyowme Buabl KOMNbIOTEPHbBIX MIPOBbLIX TEXHONormm [4]:

1. MNporpamma-TpeHaxep. [lporpaMMHbIN NPOAYKT, LENbl KOTOPOro sBnsetrcd opMmpoBaHue
OMNpedeneHHbIX HaBbIKOB  WMM  3akpenneHue kakom-nnbo Tembl, NO3BONSAKLWME  OpraHM3oBaTb
WHAMBUAYanbHbIV NOAXOA U AaTb BO3MOXHOCTb OOy4aloLWMMCS BbIMOMHATL 3a4aHMs B ONTMMAarbHOM TeMne
n pexume. B BI'YUP nogoGHble TpeHaxepbl Cny»aT Ansi pa3BUTUS CKOPOCTU Habopa TekcTa.

2. BuptyanbHaa nabopatopus. [lporpaMMHbIi  NPOAYKT, KOTOPbIA  MO3BOMNSET  MO3HAKOMUTb
obyyarLmxcs ¢ HayYHbIMU NMOHATUAMU NMYTEM BbINOIHEHUSA AEATENBHOCTU B BUPTYyanbHOW cpege.

3. FoToBblE MporpaMMHble MpPoAyKThl (OOyyatolwme KOMMbIOTEPHbIE WUIPbl), UCMOMNbL30BaHME KOTOPbIX
CcnocobCTBYET MOBLILLEHNIO UHTEHCUBHOCTU M 3¢hdEKTUBHOCTN 0Opa3oBaTENbHOMO NpoLecca Ha pasfuyHbIX
3aHATUAX. [aHHasi TexHonormsa ygobHOo Tem, 4YTO Tam, Kak MpaBwno, YXe NpeacTaBfeHbl npaBuna
HauyucrneHns 6oHycoB, cOCTaBneHns Tabnuu, penTuHra n T.4., 4To ynpoLuaeT NpoLecc OLEHKN 3HaHWUN.

4. OHnaviH cpega pa3paboTku y4yebHbIX 3agaHuin B MrpoBow hopme: BUPTyarbHble MOAENW.

KomnbloTepHble MrpoBble TEXHOMOMMM OKa3blBatoT BOMblUOE BNUSHME HA pPa3BUTME NO3HaBaTENbHOW
aeaTenbHocT oby4atowmxcd. B pesynbtate cuctemMaTnMyeckoro Mx MCnonb3oBaHus B y4ebHOM mpouecce
hOpMUPYIOTCA Takme NPoLLECChl MbILLIIEHUS Kak CpaBHeHWe, aHanu3a, ymosaknoyeHve u 1.4. [1, c. 1].

CosgaHve KOMMbIOTEPHbIX WIPOBbIX TexHomnorun, TpebyeT COBMECTHOW W ChaXeHHOW paboThbl
crneunanucToB pasHbiX NpodeccroHanbHbIX HanpaBieHWd U BapbuMpyeTcs B 3aBMCMMOCTU OT CIIOXKHOCTU
peanv3yemMoro nporpaMMHoro npogykra. K takum cneumanuctam MoXXHO OTHECTM:

— Ou3ariHep NONb30BaTENbCKOro OMnbiTa OTBeYaeT 3a (YHKUMM, aganTMBHOCTb MPOrpaMMHOro
NpoAyKTa 1 TO, Kakne aMOL MU NMPOrpaMMHbIN NPOSYKT BbI3OBET Y NOfb3oBaTens npy UCNofb30BaHNK;

— AM3ariHep nonb30BaTeNbCKOro MHTEepdenca onpeaensdeTr OCHOBHbIE 3feMEeHTbl MPOrpaMMHOro
npoAaykTa, ¢ KoTopbiMn ByAeT B3aMMo4encTBOBaTb NONb30BaTENb;

— XYAOXHUK U aHMMaTop opMmnpyeT rpaddnyeckyto COCTaBnSoLLY0 NPOrpaMMHOro NPOAyKTa;

— OM3aiHep MWrpoBbIX CLEH akKyMynupyeT MOMyYeHHY Ha npeabigylmnx utepaumsax paspaboTku
MHOpMaLUo 1 POPMUPYET Ha €e OCHOBE UTPOBYHO CLEHY;

— NHXeHep-nporpammMucT popmMupyeT NPorpaMmMHYHo JTOTUKY Urpbl;

— cneumanuecT Mno TecTUPOBaHMIO MPOBEpPSeT MOMNyYeHHbIN MPOrpaMMHBLIN NPOAYKT Ha Hanu4yue
OTKITOHEHWIA OT NepBOHaYaribHO NOCTAHOBIEHHbIX TpeboBaHu [2].

KnioueByto ponb B cO34aHMU MPOrpaMMHbIX MPOAYKTOB, peanuayloLlmMx KOMMbITEPHLIE WrPOBbIE
TexHonormm B obpasoBaTenbHOM Mpouecce, UrpaeT npenogaBaTtenb T.K. MMEHHO nepej npenogaBaTenem
CTOUT LieNb KOHTPOIsA cobntogeHus cneayowmnx ycnosun [5, c. 3]:

— COOTBETCTBME NMPOrpaMMHOro NpoaykTa obpasoBaTenbHbIM LieNsmM;

— JOCTYMHOCTb AN 06yyarowmuxcsa 4aHHOro atana nogroToBKy;

— [ONYCTUMOCTb MHTEpNpeTaumm nporpamMmmel 06pa3oBaTenbHOro npouecca.

CyLLeCcTBEHHYIO porfb B pa3paboTke KOMMbIOTEPHBLIX WIPOBLIX TEXHOMOTMUA MMeEeT onTMMarbHoe
COYeTaHWA TPaAMUMOHHBIX NMPaBUIT COCTABIEHUS WUMP C LOCTOMHCTBAMW WU OrpaHUYEHMSIMU KOMMbIOTEPA,
CBSI3aHHbIX C McMxodusnonornyeckumm ocobeHHocTamMM  obydawwmxcs; Bblbop matepuana Ans
NPOEKTMPOBaHNS Urp — Ny4le BCero HakTonorMyeckoro Unn NOHATUMHOIO XapakTepa; XecTkas cenekuus
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BOMpPOCOB NPUMEHUTENTbHO K onpep,eneHHoﬁ ayagnTopuu; paspa60TKa BapnaHTOB OOHOIo0 N TOro XXe UrpoBoro
3afjaHuna C uenbio Co3gaHuAa y Kaxagoro uns o6yqarou.|,mxc;| UNno3nn HepCOHaHbHOﬁ IAFpOBOI7I cutyauumm B
pamkax obpasoBaTenbHOro npouecca; nepBoHavanbHoe onpegeneHne y4yebHbix noTtpebHocTen Ans
achbdpexkTnBHOrO agantTupoBaHus [6].

Taknm ob6pa3om, KOMMNbIOTEPHbIE UFPOBLIE TEXHONOMMN — HOBbLIM CNOCOO OpraHmM3aunmn No3BONSOLLNNA
NOBbICUTb MHAMBUAOYaAlNbHOCTb 06yquV|s=|, a Takke MOTMBUPOBAHHOCTb 06yqaroumxc;| K nony4YeHunto 3HaAHUN
nnn yMEHVIVI, 9TO BapuatuBHad, AMHAMMUYHO pa3BMBakoLladACA q)opma opraHmnsauunmn uereHanpasneHHOro
B3aVIM0,EI,617ICTBVI9| BCEX Y4YaCTHUKOB nMNpu negarormn4eCKOM pykoBOACTBE CO CTOPOHblI npenogaBaTtend.
V|I'pOBbIe TEXHOJNTIOrMnM packKpbiBakOT JINYHOCTHbIN noTeHumnan cCTtygeHTa: Ka)KLI,bIVI Y4YaCTHUK MOXeT
npogunarHocTtnpoeatb CBOU coOCTBEHHble BO3MOXHOCTU B OoTAEesIbHOCTN U B COBMECTHOM aeAaATenbHOCTUN C
ApyrmMn y4dactHUKamMu. CTyD,eHTbI CTaHOBATCA TBOpUaMn He TOJIbKO FIpOd)eCCVIOHaJ'IbeIX CVITyaLI,VIVI, HO ”
"cospatenamu" cobctBeHHOM nMYHOCTU. OHUM pellalT 3a4ayn camoynpaBneHus, ULWYT NyTu U cpeacTsa
onTmMmmnsauummn I'IpOCbeCCI/IOHaJ'IbHOFO O6I.Ll,eHVIF|, BbIABIAIOT CBOM HEAOCTATKN U npeanpuHNMaroT Mepbl Mo UX
yCTpaHeHuHo. B aTtom um nomoraet npenoagaBaTesnb. I'Ipm noaroToBke Urpbl npenogaBsaTtesib, Kak npasuno,
pekomMeHayeT UM nonbIiTaTbCA MbICITUTL 3a CBOEIro nNepCoHaxXa, npoaymartb I'IO,EI,FOTOBVITeJ'IbeIVI 3Tan Tak, Kak
npogyman 6bl ero cneumanuct. B To e Bpems CTyAeHT yuutcs npeogoneBaTb TPyAHOCTU BepbarnbHOro
(cnoBecHoro) n HeBepbanbHOro (A3blka XecTtoB) o0OweHnsa. OCHOBHbIM KpuTepuem B  CO34aHun
Ka4yeCTBEHHOIo nporpaMMHOro npoaykrta, npegHa3Ha4eHHOro Ana y4ypexageHuAa BbiClero 06pa3OBaHVIF|,
ABNAKTCA Tpe6OBaHVI9| npenogaBsartenda K pa3pa60TKe TEXHONOINMnM T.K. OH c*)opMleyeT uennm n 3agadu
NnocTaBJ1IeEHHbIE Nepen 06yquMeM. Hay‘-IHO-MeTOLI,VILleCKOG obecneyeHune y‘-le6HbIX ancumnninmH, covyetTaHue
TpaguumMi M MHHOBAUWMW, WHTerpauusi ydebHoM un BHeyydebHOW [OesaATenbHOCTH, cybbekT-cybbekTHoe
B3aVIM0,D,el7ICTBVIe, NOCTPOEHHOE Ha B3aMMOCBA3AX «MnpenogaBateslb — CTyAdEeHT» NOo3BOJIAOT HaM 3adaTb
KPYr LLleHHOCTeln 1 cnocobcTBoBaTh (HOPMUPOBAHUIO UX FIMYHOCTHBIX KAa4YeCTB CTYAeHTOB [7]. Bbibop Ton mnnu
APYron TexHonormm obyyeHus onpegensieTcsd, npexae Bcero, cneumdukon copepxaHusa yyebHom
AVCUMNIuHBl 1 cnocobom ee KOHCTpympoBaHus. Bcakasd nepecTtpovika B CTpyKType y4eOHOM AMCUUMMMHBI
BneyeT 3a cobon nepemeHbl B cnocobax npenogaBaHus 1 yyeHusi. CoBpemeHHoe obpasoBaHue CTaBuT nepen cobon
Lenb «OoCHalleHus» Oyayulero cneumanmcTa HaBblkaMyU CaMOCTOATENbHOIO CyLLECTBOBAHUSA B pearnbHOM MUpe.
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MOAYIbHbIU NOAX04 KAK OCHOBA NEPCOHANU3ALUN
OBYYEHUA

Hoeocernos H.A., Cabuno B.A., cmydeHmbi epynrbl 844691

Bernopycckuli 2ocydapcmeeHHbili yHUgepcumem UHGOpMamuku U paduo3/1eKmpoHUKU
2. MuHck, Pecnybnuka benapych

lMapagpusHosuy T.A. — kaHO.ned.HayK, OoueHm
AHHOTaLlVIH. B Tesucax npeacrtaBneH BapuaHT peanunsauum .’:)de)eKTVIBHOFO MCnonb3oBaHMA NnepcoHannM3npoBaHHOIo OﬁyHeHI/IFl I'IyTéM

TeCTUpoBaHUA CTyAeHTOB aBTOMaTU3MPOBaHHbLIMKU CUCTEMaMW Ha npeamMeT 3a4aTKoB, CMOCOBGHOCTEN NUYHOCTU U YPOBHA 3HaHWUM No
Teme.

KnioueBble cnoBa. LiudpoBas TpaHcopmaumsa o6pa3oBaHus, MOAYNbHbIM  MoAxoAd, Beb-cepBWChl, OHMaWH-nnatdopma
ANCTaHUMOHHOro obpa3oBaHus, nepcoHanusaums obyyeHus.

O6paaoBaHme SABNSIETCA [NaBHbIM MWCTOYHMKOM 3HAHWA WU OOHMM W3 [NaBHbIX WHCTPYMEHTOB
counannlagun 4emnoseka, OHO BKIlo4YaeT o6yquv|e N BOoCnuntaHne B MHTepecax JIMYHOCTH, obuwecTtea U
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rocyfapcrBa, HanpaBrfeHHble Ha YCBOEHWE 3HaHWW, YMEHUWN, HaBbIKOB, (POPMUPOBAHME TAPMOHUYHOM,
pasHOCTOpPOHHE pa3BUTOM NMYHOCTU obyyatolerocs [1]. Ponb obpasoBaHus 3aknoyaeTcs Kak B TpaHCcnaumm
N pacnpocTpaHeHUn 3HaHWUI N KyNbTypbl B 0OLLECTBE, Tak U B 9KOHOMUYECKOM POCTE M Hay4YHOM Mporpecce.
O6pasoBaTtenbHbI NPOLIECC OpraHM3yeTes ydpexaeHnem obpa3oBaHus B Lensx 0CBOeHUs obyyaroLmmmucs
coaepxaHua obpasoBaTtenbHbIX nporpamm. CerogHa cuctema obpas3oBaHMs HE MOXET CyLLecTBOBaTb BHe
N3MEHEeHN, BbI3BaHHbLIX LUMdpoBoN TpaHchopmaumen obuiectBa. COBpeMEHHbIM NOAXOA K MOArOTOBKE
Oyaywimx negaroroB-nporpaMMMCTOB, WM B LEMNOM K peleHuto npobnembl kagpoBoro obecneyeHus
WHHOBALMOHHOW 3KOHOMWKK, NoAapasyMeBaeT KOMMIIEKCHOE pa3BuTME YenoBeyveckoro kanutana [2, ¢.230].
Lindposas TpaHcdhopmaLums B cepe obpazoBaHUs NpeacTaBnisieT cobor opmMmpoBaHMe HOBOWM LIMGppOBON
KynbTypbl JIMYHOCTU M OCO3HAHHbIM nogxod K npeobpasoBaHuio nNpoueccoB 0OyyYyeHWss Ha OCHOBe
MCMNONb30BaHWs COBPEMEHHbIX MHGOPMAaLMOHHbIX TEXHOMOrMI [2, ¢.231].

B HacTosilee BpemMsa [OCTAaTOMHO pacnpoCTpaHeHbl CUCTEeMbl 0OyYeHUss Ha OocHOBe Beb-CepBUCOB C
3anMcaHHbIMM 3aHATUSIMUM U Nocnedyowen nposepkon 3HaHwui (Coursera.org, Stepik.org, BHYTpeHHWE
NPOeKTbl ydpexaeHui o06pa3oBaHWs pPasnMYHOrO YPOBHS), OAHAKO OHW He OpraHu3ylT npouecc
obpasoBaHMa OENCTBUTENBHO NEPCOHANU3NPOBAHO, TaK Kak He MPOBEPSIOT HavanbHbIN YyPOBEHb NOATOTOBKA
obyuvatoulerocq, npeobnagjaloWun KaHan nonyyvyeHnsa v nepegayun MHOpMaumu, CKNOHHOCTUM U UHTEpEeCHI
obyuvatouwleroca. Mbl XoTUM nNpeanoXvUTb CUCTEMY MEPCOHANM3MPOBAHHOMO O0YyYeHWUs, KOTopas B MOMHOW
Mepe obecneuvBana Obl MOAYNbHBIA MOAXOA4 K OOy4YeHMIO M MepcoHanM3aumio C y4ETOM 3a4aTKOB
obyyawweroca. Mbl paccmaTtpuBaeM CUCTEMY MEPCOHanM3upOBaHHOTO 00yyeHuMst Kak crnocobd
NPOEKTMPOBaHNS U peanusauum obpas3oBaTenbHOro npouecca, B KOTOPOM oOOyyalolwmMncs BbiCTynaeT
cybbektoM yyebHom pedAtenbHocTU. [lepcoHanM3aupoBaHHbI Moaxon GasnpyeTcsa Ha MOMOXEHUU, 4TO
obyyarLwmincs yunTca M pasBuBaeTCcs fydlle, ecnvm OH MOTUMBMPOBAaH, akTMBEH U €CNW YYUTbIBAKOTCHA €ro
uHauBmayanoHole  ocobeHHocTn. OOyvalwLwemycss NpedoCTaBnseTcs  BO3MOXHOCTb  MiaHWpOBaTb
cobCcTBEHHYO ObpasoBaTenbHY0 TPAEKTOPUIO, CTaBUTb 3HaduMble Ans cebs ydebHble uenu, ynpaenaTb
BpeEMEHeM M Temnom o0Oy4yeHusi, BbIOMpaTb 3agaHus, Cnocodbl WX pelleHust U npoBepku, paboTaTb
WHOMBMAYyanbHO M B rpynne, MotuempoBaTb ceba n gpyrux. Cuctema nepcoHanmM3mMpoBaHHOIO 00y4YeHus
mMorna 6bl ObITb B OTHOCUTENBHO KOPOTKME CPOKW peanu3oBaHa Ha ocHoBe Beb-cepBuca C yaobGHbIM
uHTepcencom, ans obecneveHmss KOMGOPTHOrO JOCTyNa K y4ebHbIM MaTepuanam ¢ noboro yCTponcTBa,
umetoLero 4ocTtyn kK cetn MIHTepHeT.

OcobeHHOCTN NpegaraeMorn CUCTEMBI:

1) BxOQHOE TeCTUpOBaHWE Ha onpeaeneHune y obyyaroerocst npeobnagatoLLero kaHana BocnpusaTms
nHdpopmaumm (VARK);

2) TecTMpoBaHue oby4varoLerocs Ans onpegeneHns CKNOHHOCTEN U MHTEPECOB NUYHOCTY (B Cryyae
3apaHee pa3paboTaHHOW NporpaMmmMbl 06y4YEHMSA MOXET HE NPOBOAUTCH, HAaNpUMEpP, B YHUBEPCUTETE);

3) Moaynu Kak OCHOBHasi eauHuLa obyveHnsi ¢ 06a3aTenNbHbIM 3a4ETOM NPU OKOHYaHWUW;

4) aBTOMATU3NPOBAHHbIE TECTblI HA OCHOBE M3YYEHHOro Matepuana B xoge Moayns Ans KoHTpons
3HaHuI;

5) maTtepuansl B Mogynsax NoAcTpanBatoTcs nog oby4aroLlerocs Ha OCHOBE TECTUPOBAHNS Ha
npeobragatwLwuin KaHan BOCNpUATHUS;

6) cepTuduKaumMsi N0 OKOHYaHUM Moayns, Nnbo cneumnanbHOCTK (Habopa moaynen).

MaTepuansl gns obyyatoLen cuctembl HEOOXOAMMO MOArOTOBUTL 3apaHee, NyTEM 3anvcu Ha BUAEO,
ayaovo, B BMAE SMEKTPOHHBIX JOKYMEHTOB OOyvalowux MaTepuanoB KBannduuMpoBaHHbIMKU Megaroramu.
lMpomexXyTo4Hble TecTbl BHYTPM MOAYNENW MOTyT Kak co3JaBaTbCA BpYYHy negaroramu, Tak W
reHepupoBaTbCA aBToMaTtuyeckun. BxogHoe TecTMpoBaHusi Ha onpefgeneHve y  obydaroulerocs
npeobragarLero kaHana BOCnpusaTUA MHGopMaLnmM Npou3BoanUTCs NyTEM Bblgadnm obyvarolemycsl TecTta
13 16 BONPOCOB, HA OCHOBaHUN KOTOPbIX BbICTABATCA KOAhULUMEHTbI onpeaensawwme npeobnagatoLime
KaHanbl BOCMpuATUSA. Takume TecTbl pa3paboTaHbl M Jaxe NPUMEHSATCA B Y4ebHbIX 3aBedeHusix. B
3aBMCUMOCTM OT TOrO Kakme pesynbTaTbl 00y4aloLWmMnecs nNomy4ms Ha OCHOBE TECTMPOBaHMSA cuctema byaer
oTobpaxaTb KOHTEHT BHYTPU MOAYNEN, KOTOpbIA Hanbornee noaxoauT Ans BOCNpUSTUS oby4varolmmcs.
«Mopynb — oTHocuTensHO 060cObBNEHHasi, NOrMYeckn 3aBepLUeHHaa YacTb obpaszoBaTenbHOM NporpamMmbl
no cneuuanbHocTW, obecneuynBawwas (QOPMUPOBAHUE  OMNPEAEeNieHHONW  KOMMeTeHuun  (rpynmbl
KoMneTeHUuMn). KoMneTeHuuss — 3HaHWSA, YMEHWs, OMNbliT U JIMYHOCTHbIE KayecTBa, Heobxoaumble Anis
pELLEHNS TEOPEeTMYECKUX W npakTudeckmx 3agad[3]. Moaynb kak OCHOBHasa eguHuua obyvatowero
MaTepuana npeacraensieT cobow OTAeNbHY AUCUMNINHY, MO0 ceMeCcTp AUCLMMNINHBI, ECNIN OHA CIMLLKOM
o6lWurpHa anst ogHoro moayns. B kaxgom mogyne uMmetoTcs pasgaensl, npeactaBnsiowme us cebs normyecku
3aBEepLUEHHbIE TEMbl BHYTPU MOAYMs, MOCMe 3aBEepLUEHUs] KOTOPbIX OOyyaloLlmMincs nornyyaet 3adé€THble
Oannbl, KOTopble HEO6XOoAMMBI NSt AOMYCKa K UTOFOBOMY TECTMPOBAHMIO U CEPTUdUKALIMN.

TecTbl ANS OLEHKN YCBOEHUSI MaTepuana oby4darowmmcs 1 BbICTaBNeHMs 3a4€THbIX 6annoB AOMKHbI
OblTb 00si3aTENBHO C 3rEMeHTaMu CIy4YamHOro pacrnpenerieHusi BOMpPOCOB U MPOBEPKU 3HAHUW CTyAeHTa
BOMpocamu, KOTopble pAecTabunuavpoBanu Obl obyvatlowlerocs B criydae, ecnu maTepuan OCBOEH
HeJoCTaTOYHO XOpOoLo. Bonpockl ans TecTtoB npenogaBaTenu MOryT roTOBUThH 3apaHee, NiMbo UX MOXHO
reHepMpoBaTb Ha OCHOBE KOHTEHTa MOoAysfs aBTOMaTuMYecKu, HO B NIIOOOM cryyae MX KONMM4YecTBO LOSKHO
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OblTb 3HauuTENbLHO Gonblle, YeM Ans OAHOro BapuaHTa TecTa. B maeanbHoM BapuaHTe — oTobpaxaTtb
obyuvatowiemycs B ogHoM Tecte He 6onee 10 BonpocoB 13 obuero Habopa B 30-40 BONpOCOB, KOTOPbIE Ha
OCHOBe reHepaTopa Cry4vanHbIX 4ucen BblbuparTca u3 obuwien BbIOOpPKM, MpM 3TOM OOMH BONPOC U3
BbIOOpKM 06513aTENBHO «3anyThiBAOLLUNY.

TecTupoBaHMe MO OKOHYaHMM MOAYNS CTAHOBUTCA [OOCTYMHbIM TOMbKO MOCre  MNonyyYeHus
obyyarwmmMmcsa 3a4aHHOro KonmyecTsa 3a4€THbIX 6annoB 3a NpomaeHHble pasgernbl BHYTPW moayns. 3ToT
TECT MOEHTUYEH MO CTPYKTYpe C TeCTaMy BHYTPM MOZYMs, OAHAaKO MMeeT Oonbluee KONM4ecTBO BOMPOCOB,
KoTopble BbIGMpaloTCs yxe M3 obLiero nepeyHsi BOMPOCOB TECTOB BHYTPU Moaynd. Tem cambiM Bblbopka
BOMPOCOB MONy4YaeTcsi 4OCTAaTOMHO GOMbLION, C BbICOKOW BEPOSTHOCTBIO Ha AOIMKHOM YPOBHE NMPOBEPUTh
KayecTBO YCBOEHHOro MaTepuvarna, Npu 9TOM He co3faBasi AOMOJIHUTENbHOM Harpy3ku Ha npenogasaTens
ANsi COCTaBMNEHUSA pa3HbIX BAPMAHTOB TECTA, Tak Kak OHU FEHEePUPYIOTCA aBTOMaTUYECKN.

MpenmyLLecTBaMm Takom CUCTEMbI MEPCOHANN3MPOBAHHOIO 00yYeHNs sBnsieTCA:

1) ymeHbLUeHME konuyecTBa TpebyemMoro npenogaBsaTenbCKOro cocrasa NnyTém aBTomaTmusaumm
OonbLUMHCTBA NPOLIECCOB CBA3AHHbLIX C KOHTPONEM 3HaHUKM 1 nepeagayven nHdopmaumun. Negaror goMmKeH
nvWwe 3anucaTe MaTepuvan Ans Moayns v 3arpy3vTb B CUCTEMY;

2) BO3MOXHOCTb ObICTPOIN CMeHbI 06pa3oBaTeNbHON NPOrpaMmMbl B COOTBETCTBUM C TEKYLLMMMU
TpeboBaHVsIMU pbiHKa TPYAa;

3) MOBUNBbHOCTL 0By4YatoLLMXCS;

4) BO3MOXXHOCTb OpraHvM3oBaTb MOAYfbHOE 00yYeHne Ha ANCTaHLUMOHHOW OCHOBE M B yaobHoe anis
obyyaroLmxcs Bpems;

5) nepcoHanuaaumsa oby4yeHnsi Ha OCHOBE CMOCOBHOCTEN U MHTEPECOB 00yYaloLLErocs NoBbILaeT
KayecTBO YCBOEHWsI MHhopMaLuu;

6) HagéxHas cucTema NOATBEePXKAEHUS YPOBHS 3HAHWU Yepe3 NPOMEXYTOYHbIE N UTOrOBbIE TECTHI;

7) BO3MOXHOCTb CO34aH1s CUCTEMbI JOCTYNHOro obpa3oBaHUs ANs NOAEN C OrpaHUYEHHbIMA
crnocobHocTsAMM No cpeacTBam Beb-TexHonormm (A11Y);

8) cHwxeHune 3aTpaTt Ha obpasoBaHue;

9) BO3MOXHOCTb peanu3auum KopnopaTMBHBLIX KypCOB Asi KOMMEPYECKUX OpraHu3aumn,
CBsI3aHHbIX CO ccpeport 0By4eHus.

Takum obpasom, obpas3oBaHMe OpPUEHTMPOBaHO Ha TpeboBaHWs CTaHOAPTOB, ONTUMMU3ALMIO  MOArOTOBKM
cneynanmncros, obecneyeHne KayecTtBa, pasButMe AUCTAHUMOHHbLIX WU CeTeBbIX (*)OpM o6yquV|$|, NnoBbILLEHNE
MOGVIJ'IbHOCTVI, (bOpMVIpOBaHMe beH,ElaMeHTaJ'IbeIX 3HaHUN o6yqarou.u/|xcs=| ana nx npaktnvyeckoro npmuMeHeHud. B
HacTodLllee BpeMa CyLeCTBYHT U pa3pa6aTb|Bar0T09| HOBble TEXHUYECKMNE CpeacTea, o6yqarou.|,1/|e OHJ'IaI7IH-I'IJ'IaTd)OprI,
6naro,uap9| KOTOpPbIM O6paSOBaTeanblI7l npouecc CtTaHOBUTCA bonee MHTEepPEeCHbIM, COBPEMEHHbIM N NMPOAYKTUBHbIM.
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OBPA30BATE/bHbIA NPOLECC: UCMNOJNIb30BAHUE
HEUPOJIMHIBUCTUYECKOIO NOAXOAA

lNMempoyerko M.C., cmydeHm 2p.944691

Benopycckutl eocydapcmeeHHbIl yHUsepcumem UuHbopMamuku U paduo3sieKmpoHUKU*
2. MuHck, Pecnybniuka benapych

lMapagusHosuy T.A. — kaHd. ned. Hayk, doueHm

AHHOTauus. Ey,quIJ,VIﬁ negaror-nporpaMmMucT, OCBOMBLLNIA cogepxaHue oGpaaoBaTeanon nporpamMmbl NO cneunanbHOCTH, OOJDKeH
obnagartb KOMMIEKCOM KOMMETEHLMIA: YHuBepcanbHbIMN, 6a3oBbIMK I'IpOd)eCCI/IOHaJ'IbeIMI/I n cneunannsnpoBaHHbIMN KOMMNETEHLUNAMN. B
Tesnucax Begywimm B oGpaaoaaTeanOM npouecce BbICTynaet J'IM‘-IHOCTHO-OpMeHTMpOBaHHbIl7l nogxon, TaKke npeanaraetca
NO3HAKOMUTbLCA C HeI;IpOJ'II/lHFBI/ICTMLIeCKI/IM noaxoaom o6yt-|eva B 06p830BaTeJ'IbHOM npouecce - Kak negarormd4eckom wmetone,
GaSMpyFOIJ.I,eMCH Ha yMeHun 0o6LwaTbCs M OkasbIBaThb BMUSIHWE Ha OKpYyXXaroLux,
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KntoueBble cnoBa. OO6pasoBaTenbHbil  nmpouecc, obpasoBaTenbHble  NporpaMmbl MO CreuManbHOCTW,  Creumanuer,
HEMpPONUHIBUCTUYECKMIA NOAXOA, HEMPONMHIBUCTUYECKOE NPOrpaMMUpoBaHue, yMeHne 3deKTUBHO OOLLATLCS U OKasbiBaTb BMUSIHUE Ha
OKpy>atoLwLyx, neaaror, 0by4aroLLmniics.

B HacToslwee Bpemsa OOHOM M3 OCHOBHbIX 3a4ad COBpPeMEeHHOro obpasoBaTenbHOro npolecca
ABNAETCA NOAroTOBKA KOMMETEHTHOro, rMbKOro, KOHKYPEHTOCMOCOBHOro cneunanucrta, CrnocobHoro Kk
NPOAYKTUBHON NpodbeCcCUoHaneHON OeATenbHOCTU, K BbICTPON aganTauumm B yCrnoBusax MHdopmaTmnsaumm m
umdpoBmsauumn 3koHoMukn. OgHUM N3 0H6BEKTOB NpodeccuoHanbHOM aearenbHocTn Byayulero neparora-
nporpaMmucTa sIBNSeTcsl obpasoBaTterbHbIi NPOLECC B yypexaeHusx npodeCcCuoHanbHO-TEXHUYECKOTO,
cpegHero cneuManbHOro 1 BbicLLero oopasoBaHus, YTo TpebyeT OT Hero coumanbHO-NPOdECCUOHANBHON U
NPaKTUKO-OPUEHTUPOBAHHOW KOMMETEHTHOCTU U YMEHUS UCMOMb30BaTb MOMYYEHHbIE 3HAHWA NPU peLleHnn
npogeccuoHarnbHbIX 3agau.

CoBpeMeHHbIi  cneuuanucT, OCBOMBLUMIA  cogepXaHue obpasoBaTenbHOW  MporpaMMbl MO
cneunanbHOCTW, [OOMKeH obnagaTe  KOMMIEKCOM  KOMMETEHUWMW:  yHUBepcanbHbIMKW, Ga3oBbiMU
npodeccuoHanbHbIMKU U CNeuManmM3MpoBaHHbIMKM  KomneteHumsmu [1]. Beaywen wngeen obpasoBaHust
CTYOEHTOB BbICTYNaeT NMUYHOCTHO-OPUEHTUPOBAHHbLIN NOAX04, LEeHTPUPYIOWNA BHUMaHME Ha JIMYHOCTHOM
pasBuUTUM CTyOeHTa, noadepXKe ero KOHCTPYKTMBHOW WHMUMATMBBI B MNPOLIECCE CamopasBuUTUS,
camooby4deHua camoonpeneneHmss n OpMMPOBaHUM YHMBEPCAmnbHbIX KOMMETEHLMI Kak cermeHTa 6roka
coumanbHo-NpodeccMoHanbHOM KOMNETEHTHOCTH ByayLuero cneumanucta [2, ¢.231].

MpobnemHasi cutyauusa 3aknoyaeTcss B TOM, YTO Ha MpPaKTMKe Oaneko He Bcerda cneumanucTbl C
BbICLUMM 0OpasoBaHMeM CMnocobHbl peanu3oBaTb MNOAOOHbIE 3agauyn, T.K. TpaauUMOHHAs MNOAroTOBKa
crneunanvicToB, OpUeHTUpOBaHHaA Ha POPMMPOBAHME 3HAHWIA, YMEHWIA U HABLIKOB B MpeaMeTHON obnacTuy,
BCE OonblUe OTCTAET OT COBPEMEHHbIX TpeboBaHUN.

OcHoBon 06pa3oBaHWsA CerogHst AOMMKHbI CTaTb HE CTOMbKO y4eOHbIE AMCLMMNINHBI, CKOJIBKO CNocoObl
MbILLIIEHNA U AeaTenbHOCTU. Heobxoammo He TOMNbKo BbiNyCTUThL CNeumanvcTa, NomyyvvBLUEro MOArOTOBKY
BbICOKOTO YPOBHSl, HO M BKIMIOYMTb €r0 YyXe Ha cTagum obyyeHuss B pa3paboTky HOBbIX TEXHOMOMWW,
afanTupoBaTb K YCrOBUSM KOHKPETHOW NMPOW3BOLACTBEHHOW Cpenbl, cAenatb ero CnoCOOHbIM K MPUHATUIO
HOBbIX PELUEHUN.

CnoxuBlasaca cuTyauusa nobyxgaeT nejaroroB  Mckatb  CMocoObl  COBEPLUEHCTBOBAHMS
obpasoBaTenbHOro npouecca. Tak Kak, COBEpLUEHCTBOBaHME Mpouecca OOy4YeHUs MpouMcxXoamuT Ha
NPOTSDKEHMN BCEW UCTOPUM  PasBUTUS MNeJarorvky, Obino BbISBMNEHO [Ba OCHOBHbIX HanpaBreHus
COBEpLUEHCTBOBaHMS 0ObpasoBaTenbHOro npouecca, OOyCnoOBMBLUMX [ABa MoAxo4a K OpraHusauuu.
WMHdopmauuoHHbIi  nogxon coBmewaer B cebe  TeHAeHUMM  uHdopmaTtM3aumuM,  MacCoBOCTH,
dyHOAMEHTANbHOCTN, HEMPEPLIBHOCTM 006pa3oBaHus. [1epCoHMMULMPOBAHHBLIN NMOAXOL OPUEHTUPOBaH Ha
NIMYHOCTHOE 3HaHWE, YHUKarnbHOE, NpUcyLlee onpeaeneHHoOMy YeroBeKy U MoToMy 0cobo LieHHoe.

Ons mMogenupoBaHMs YCMELHOCTU CTydeHTa, HaM HeobXoOuUMO paccMOTpeTb WCMOoNb30oBaHWe
HEMpPONUHIBUCTUYECKOTO Moaxoda B oOpas3oBaTenbHOM npolecce, Korga negaror npyv  npaBWUilbHOM
MCMNOMb30BaHNN TEXHWUK HEWPONMHIBUCTMYECKOrO nogxoda B obyvyeHun cnocobeH 3HauMTenbHO YNyylinTb
pes3ynbTaTtbl 4eATENBHOCTMU.

HayHem C TOro 4YTo HEMPOSNTMHIBUCTUYECKUA NOAX0 — 3TO NeJarornyeckmin Metod, 6asvpyowmncs Ha
YMEHUN 06lWaThCa M OKasbiBaTb BIIUSHME Ha OKPYXalLMX; 9TO OAHO W3 HamnpaBfeHUN NpaKTUYEeCcKowm
negarorMku 1 NCuMxosnoruu, paccmaTpuBarollee KonvpoBaHue BepbanbHOro n HeepbanbHOro noBeaeHus
nogen, a Takke B3auUMOCBA3b Mexay dopmamMu peyu, OBWKEHWEM rnas, Tena u pyk, C BAUSHUEM Ha
okpyxatwwumx [3]. HenmponuHremcTuyeckuin nogxond, NOMOXET npenogaBaTento OTBETUTb Ha BOMPOC: «Kak
MbICIIUT CTYOEHT?», 4TOObl OKa3aTb MCUXOSOro-Nefarornyeckyto NoaaePKKY U CONPOBOXAEHNE CTYAEHTY B
pasBuUTUM NUYHOCTU. MbicnuTenbHas [eATenbHOCTb NPeAcTaBnseT CUCTEMY MbICIUTENbHbLIX AEACTBUN,
HampaBfeHHbIX Ha peleHne kakorW-nmbo npobnembl. B To ke Bpema oOHa sBnsetcs
COBOKYMHOCTbLIO MbICIIUTENbHbIX Onepauuii (aHanus, cuHTes, abcTpakuus, cpaBHeHUe, 0600LLeHue).

OcHoBOW paHHOro nogxoda CTano MNpUMEHeHWe pasHbiX MUHIBUCTUYECKUX U KOMMYHUKATUBHbIX
NPMEMOB, HampsMyl BAUAKOWMX Ha CO3HAHWUS CTydeHTa. TouyHee, BPEMEHHO OTKIOYaKLWNX €ro u
OTKpbIBAKOLMX [JOCTYyN K CamMOMy COKPOBEHHOMY KaXXOOro 4enoBeka — noaco3HaHuwo. Begb Bce
HEOCO3HaBaeMOE HaMWu MCXOOUT MMEHHO U3 Hero. [pakTuyeckn, 3TO TO Xe camMoe, YTO M BnajeHue
HaBblKAMN «Ha aBTOMaTU3MEY», KOrda PyKM U HOTU «CaMK 3HAtOT, YTO U Kak genatb». OT BCEX MOHEMHOry
ObINM NepeHsiTa TEXHUKA KOMMPOBaHWSI NOBEAEHMS YerioBeKa Kak Ha YpoBHEe BepbanbHOro odieHus, T.e. ¢
MOMOLLbIO CMOB, Tak M HeBepbanbHOro, npegnonarairLwero To Xe camMoe, TOMbKO B KavyecTBEe «HOCUTENS
WHpopMaLMmn» CTaHOBUTCSH HEKOHTPONMpyemMoe ABWKEHNE PYK, MUMWUKA U T.M.

HenponuHremctuyeckoe nporpammupoanue (HI1M) — aTo TexHMKa NpMMEHeHMs METOOOB yoexaeHus
N BMUSHMA Ha oOy4yaloLMXCs, 3TO KOMMMEKC TEXHWK, aKkCMOM W YOeXOeHWR, NPUMEHSIEMbIX TMaBHbIM
o6pa3oM Kkak noaxo K NMMYHOCTHOMY pasBuTuio. CneunduyHbIM NpeacTaBneHneEM B NPUMEHEHUN TEXHUKM
HINM agnseTca npuHUMN onpeeneHus, YTO Kaxabll 4YenoBek obnagaeT BHYTPEHHMMM pecypcamu Ans
pelweHna cobcTBeHHbIX npobrnem [3]. CerogHs Hayka O HEWPONMHIBUCTUYECKOM MPOrpaMMUpOBaHUN
LUMPOKO MPUMEHSETCA Ha Y4eOHbIX 3aHATMAX NPU PacCMOTPEHUM MCUMXONOro-nedarorndeckmx 3agad wu
cuUTyauuin, npu 3TOM COBPEMEHHbIN Neaaror 4omkeH ObiTb cNocobeH OkasbiBaTb AOCTATOYHOE BMWSIHME Ha

57



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

OKpy>XalLLuxX nogen, Ha ctyaeHToB. B npaktnyeckon geatensHoctu HIIT npumeHsieTca Anga yctaHOBREHUs
N ocyLlecTBrneHnsa a@EeKTUBHON KOMMYHMKaLMK, Npu NpodunakTnuke, KoppekumMn Moaenen noseaeHust
obyuvalolmxca, no3BonsieT NpoBecTM WX Ccamo-nporpaMMmmpoBaHne Ha 6onee aganTyMBHbIE MOAENU
noBeaeHns Ha ocHoBe ocobeHHocTeln nepepaboTkm nHdopmauumn. Ewé no dopmuposanmsa npuHumnos HIT
yyeHble obpallany BHMMaHWE Ha TO, YTO Obyvawlimecsa pasfensaTcsa Ha onpefereHHble kaTeropum no
Tnny socnpuaTtusa [3]:

1. BusyanbHas. Jltogu-Busyanbsl BOCMPUHMMAIOT OKPYXXaKLWMIA MUP Yepes3 3pUTENbHbIA aHanusaTtop
(rmas). OHu ny4we yceamBaT MHPOPMAaLMIO NOCHe HarngaHoN AeMOHCTpauuM Mmatepmana.

2. AyananbHas. Jliogn-ayamansl BOCNPUHMMAOT OKpYXXaloLWmnn MUp Yepes CriyxoBon aHanuaaTop. Bes
ycrbllaHHasa MHopMauusa «Bpe3aeTcsi» B NamATb U CTUMYNUPYET BOOOpaXeHme.

3. KunecteTtunueckas. KUHeCTETUKM BOCMPUHMMAIOT U 3aNOMUHAOT MHAOPMALIMIO JTydLle, eCNN Y HUX
€CTb BO3MOXHOCTb JOTPOHYTLCA A0 06beKkTa Unm BbINOMNHATL Kakue-nnbo encTBusi camomy.

4. NnckpeTtHada. OHa onupaeTcsa B cBoeln paboTe Ha nornyeckuin aHanns nHgopmarmm, nonyyYeHHom ot
ocTanbHbIX cuctema. [dpyrumu cnoBamu, OMCKpPETY, 4YTOObl NOHATL Matepuan, otobpasvTb ero B CBOEM
BOOOpaXeHMM 1 3aNOMHUTb, HY>XHO NPOBECTM NOrMYECKNIA aHann3 gaHHbIX.

Cnepgylowum LwaroMm nocrne onpefeneHus Tuna BOCNPUATUS CTyaeHTa Havbonee $BHOM TOYKU
BO3OENCTBUSI CTAHOBMUTCS MNPUEM, KOTOPbIN 4acTO HasblBalOT «pas3pbiB wabnoHay». [Mpm atom HIIMM
OCYLLECTBMSAETCH B MOMEHT, KOr4a WCMbITYEMbI BO BPEMsi HaxOXAEHUS B CTynope M3-3a HEeTUNU4YHOTro
noesefeHus cobecegHvka, BOCIPUHUMAET NOCTYNaloLWmMe 3HaHUA He pa3yMHO, a HanpsMylo MOACO3HAHMEM.
Hanpumep, BO BpeMsi 06 bACHEHWS HOBOW TEMbI, MOCIE MHOTOKPATHOIO NOBTOPEHMS MPaBUITbHOIO OENCTBUS,
negaror MOXeT CKa3aTb HenpaBWibHO, cAenaTtb BWA, YTO OFOBOPWIICS, U CTYAEHTbI TYT Xe 3aMeTAT 310 U
nonpaeAT negarora. Takue nNpMeMbl Kak «HEMOoSHblE NPELANOXEHNS», «MNO3UTUBHbIE KOMMEHTapUM» TakkKe
nomoraroT negarory fnerko CKOHLUEeHTpUpoBaTb Ha cebe BHUMaHue rpynnbi.

B npouecce HIIM moryT 6bITb NPUMEHEHBI U ApYyrue npasura,Hanpuvep:

— WCKMYaTb M3 pasroBopa pasbl, npeanonaralline W3BUMHEHWE WU MpeHebpexeHue K
cobecegHuky. Hanpumep, «M3BnHMTE, HO Bbl Ha ypoke» unu «[aBanTe ObiCTpo pa3bepem ¢ BaMu HOBYIO
TEMY»;

— n3beratb bpa3 «HanageHus», Bpoae «4Yto 3a 6e3obpasme 34ecb NPONCXoanT?».

Jlyqywe npmberHyTe K UCNOMNb30BaHWO dpa3s, KOTOPbIE BbI3LIBAIOT Yy CTYAEHTa MONOXUTENbHbIE
amoumm:

— YNOMSIHYTb B pa3roBOpe aHeKOOTUYECKYO CUTYauuto, NPOM30LLELYIO C BalUUM 3HAKOMbIM;

—3agaTb Napy BOMPOCOB NIMYHOIO XapakTepa, CMOCOOCTBYIOLLMX OTKPOBEHHOMY HacTpoOK CTyAeHTa
(Hanpumep, o poguTensx, CaMoYyBCTBUM U T. ).

Takum obpas3om, HEMPONMHIBUCTUYECKUI NOAXOA B AedATenbHOCTU byayllero negarora-nporpammmcTa
npegnonaraeT coBepLlaTb CO3HaTENbHbIE AENCTBUS CTYAEHTA, YTOObI BO3OENCTBYS Ha CTPYKTYPbl MCUXUKMY,
nonyyYnTb Nogco3HaTeNbHble pe3ynbTaTthl, YTO OyaeT cnocobCTBOBaTh MOArOTOBKE B OOpasoBaTenlbHOM
npoLiecce KOMMETEHTHOro, rmbKOoro, KOHKYpPEeHTOCMOCOBHOro creumanucta, CnocoBHOro K MpoayKTUBHOM
npodeccuoHanbHON AesaTensHOCTH.
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TECTUPOBAHUE ANMAPATHOIO MmoaynA rEHEPATOPA
CNYYAUHbIX YACEN B COCTABE MUKPOKOHTPOJIIIEPA
CEMENCTBA STM32

Muky3a M.O.%, acriupaHm

Benopycckutl eocydapcmeeHHbIl yHU8epcumem UuH@opMamuKku U paduoarieKmpoHUKU®
2. MuHck, Pecnybniuka benapych

MuxHesuy C.FO. — doyeHm, K.¢h-M.H.

AHHoTauus. CobpaH MakeT Ans MPOBEPKU annapaTtHOro Modyns reHepaTtopa CrydaiHbIX YMCen B COCTaBe MUKPOKOHTpoMepa ceMencTa
STM32 Ha ocHoBe oTnagoyHoi mnatel STM32F4DISCOVERY. lMpoBeneHo TecTUpoBaHME MOAyMsi reHepaTopa CryvarHbIX 4Yncen c
ucnonb3oBaHnem Habopa TectoB NIST. MNoka3aHbl pe3ynbTaTbl TECTUPOBAHMSA B 3aBUCMMOCTM OT pa3Mepa BbIGOPKY.
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KnrouyeBble cnoBa. 'eHepaTop criyyaiHbix Yncen, MUKpokoHTpornep STM32, Habop TectoB NIST.

"eHepaTOopbl cny4vanHbix uncen (FCY), ncnonbsyemble Anst KpUNTorpadnIeCcKkmux NPUOXeHUN, 06bIYHO
Npon3BOAAT MOCNEeOOBaTENbHOCTU, COCTOSLUME M3 CryYamHbIX OUTOB Hynen n eauHuy. CyuwiecTByeT ABa
OCHOBHbIX knacca CH: getepmuHupoBaHHbin 'CYH nnn ncespocnyyYanHbli U HeageTepMuHMpoBaHHbIn CY
WUIN UCTUHHBIN.

MceBpocnyyanHbin [CYH cocTouT U3 anropntma, KOTOpPbI NMPOU3BOANT NOCNeaoBaTeNnbHOCTbL GUTOB 13
HayanbHOrO 3Ha4YeHus, Ha3blBaeMOro 3epHOM. 3HauyeHusi, Npou3BOAUMbIE nceBaocny4variHbim [CY,
NMONHOCTbIO MpeAcKasyeMbl, €Cnv W3BECTHbl 3€pHO U anropuTtM reHepauum, No3TOMY 3epHO LOMKHO
XPaHUTLCS B CEKPETE U reHepmMpoBaTbCst M3 UCTUHHOro [MCH.

Nctunueim TCYH cospgaeT cnydanmHyo nocrnefoBaTeribHOCTb, KOTOpas 3aBWCUT OT  HEKOTOPOro
HenpeackasyeMoro u3nM4eckoro WUCTOYHMKA (MCTOYHMKA SHTPOMMU), HE 3aBUCALLEro OT BO34eNCTBUSA
Yyenoseka.

B HekoTopbIX cepusix cemenctea MMkpokoHTpornnepoe STM32 ot npounssogutens STMicroelectronics
(cepun F2, F4, F7, LO, L4, L4+, H7, L5) npucyTcTBYyeT BCTPOEHHbIV annapaTHbIi MOAYNb UCTUHHOro TCY.

NcTtnHHbIN TCY, peann3oBaHHbIN B MUKPOKOHTponnepax STM32, ocHOBaH Ha aHanoroBow cxeme. dTa
cxema reHepupyeT HenpepbIBHbIN aHanoroBbIv LWyM, KOTOPLIN ncnone3yetcs npu pabdote mogyna CH ana
nonyyeHunss 32-6utHoro cnyyamHoro uyucna. Cxema COCTOMT M3 HECKONbKMX KOMbLEBbIX FEeHepaTopoB,
BbIXOoAbl KOTOpbIX 00beauHstoTcs metogom XOR. Pabora CHY  cuHXpoHM3upyeTcs cneumanbHbIM
WUCTOYHMKOM TaKTUPOBaHMSA C MOCTOAHHOW YacToTon [1].

Ons nposepkn CY wncnonb3yoTCs Kak pasnuyHble Habopbl TECTOB, aHanuaupylowme BXOOHYIO
nocrnefoBaTenbHOCTb CIyYalHbIX 4ucen, TakMe kak Habop TectoB NIST u Diehard, Tak u TecThl,
aHanusnpytowme cam UCTOYHUK SHTponuu [2].

B ocHoBe TectoB NIST nexut NoHSATUE HYNEBOW rMNoTesbl, T.e. NPEANONOKEHUSA, YTO MEXAY ABYMS
dakTammn OTCYTCTBYET Kakasi-nnbo B3aumocsssb. CyLlecTBYeT Takke anbTepHaTMBHAs rmnortesa, KoTopas
ONpOBEpPraeT HyneByl rMNOTe3y: T.e. MEXAY SABNEHMAMU B3aMMOCBA3b CYyLLECTBYET. 3a HyNeByO rmnoTesy
npUHUMaeTCa NPeanorioXeHne, YTo MOoCneaoBaTeNbHOCTb SABMSETCA UCTUHHO CryYanHOW, 3HaKM KOTOPOW
NOSIBMAIOTCA PaBHOBEPOATHO M He3aBucMMO Apyr oT gpyra. CrnegoBaTenbHO, €Cnu HyneBas runotesa
BEpHA, TO reHepaTop NPOM3BOAMT LOCTATOYHO «XOPOLUME» CryYalHble Yncna.

Habop tectoB NIST cogepxut B cebe 15 TectoB. [ns TectupoBaHusa ¢ 'CH cHumaeTca HekoTopoe
YMCro nocrnegoBaTeNbHOCTENW 3afaHHOW AnuHbl. [lpu  uHTepnpeTauun pesynbTaTtoB TECTUPOBAHUSA
cTaTuMCTMKa NocrneaoBaTeNbHOCTU, CHATOM C reHepaTopa, CPaBHUBAETCS C 3TArlOHHOM UM €Crin OTKITOHEHME
Oonblue 3agaHHOW MOrpeLlHoCTM p, TO Aenaetcs BbIBOA, YTO HyneBas rvnotesa He BepHa ¢ Oonbluen
HagexHocTbl. B xoge TecTupoBaHus nNO KaxgomMy M3 TECTOB Takke MpoOBOAUTCA npoBepka [0nuv
nocriefoBaTenbHOCTEN, MpoWeWwmnx CTaTUCTUYECKUA TecT, U MnpoBepka OOHOPOAHOCTU pe3ynbTaToB
TECTUpPOBaHWS NyTeM onpefeneHus pacnpegeneHnst 3Ha4eHun BeposaTHocTu p [3].

TectupoBaHue annapatHoro mopyna [CHY B cocTtaBe MUKpPOKOHTpomnnepa cemeinctea STM32
NPOBOAMIMOCL C MUcnofb3oBaHneM oTnagodHon nnatel STM32F4DISCOVER, koTopasi cobpaHa Ha OCHOBe
MUKpokoHTponnepa STM32F407VG, KoTopbl UMEET B CBOEM COCTaBe annapaTHbIn Moayrnb UcTuHHoro MCY
[4]. Ona TecTMpoBaHus Gbin cobpaH MakeT, KOTOPbIN COCTOMT U3 oTNagoyHon nnatel STM32F4DISCOVER
NMOAKITIOYEHHOW K MepcoHanbHOMY KOMMbIOTEPY C MOMOLLbI0 npeobpasosaTens uHTepdencos TTL-USB,
KOTOPbIA MO3BOMSET OTMafovHOM nriate NoaKMuYnMTbes K BupTyansHoMy COM-nopTy nepcoHansbHoro
KomMmnbloTepa no uHTepdency USB. MukpokoHTponnep Ha oTnagodHoOW nnate ¢ nomouwpto mogynsa MCY
nNpon3BOAMT ClyyanHble crioBa pasmepom 32 6UT 1M nepegaeT MX NO nocrnegoBaTenbHOMY MHTepdency
UART Ha npeobpa3soBatenb MHTEpdENCOB, KOTOPbLIN PETPAHCANPYET MOMyYeHHble Cry4YalHble CrnoBa B
BUpTyanbHblin COM-nopT NepcoHanbHOro KoMmbkoTepa, B KOTOPOM MOMYyYEHHble 4YMcra COXPaHsATCa C
NMOMOLLIbIO NpunoxeHna TepmMuHan.

TectnpoBaHme 'CHY MUKpOKOHTpoOnepa NpoBoaunock ¢ ncnonb3oBaHnem TectoB NIST. [na atoro ¢
nomMoLlblo MakeTa ObiNmo MonyyYeHo M MpoTecTMpoBaHo 12 M6aiT cnydalHbix 4ucen. PesynbtaTbl
TECTUPOBaHWSA NpW 3a4aHHOM 3HadYeHun norpewHoctn p=0,01 nokasaHbl B Tabnumue 1.

Tabnuua 1 — Pe3ynbTaThl TECTUPOBaHMS annapatHoro moaynsa FCY B coctaBe MMKpPOKOHTponnepa STM32

Ne | HanmeHoBaHue TecTa PesynbTathl 1 (ST) | Pesynbtathl 2 (nn) | PesynbTtatel 3 (nn)
n/n (10x512000 6uT) (10512000 6uT) (1001000000 6uT)
P-VALUE | PROP | P-VALUE | PROP | P-VALUE | PROP
1 YaCTOTHbIA NOBUTOBLIN TECT 0.911413 | 1.000 | 0.739918 | 1.000 | 0.657933 | 0.990
2 YaCTOTHbIV BMOYHBIV TECT 0.534146 | 1.000 | 0.122325 | 1.000 | 0.657933 | 1.000
3 TECT KYMYIIATUBHbBIX CyMM (Cp) 0.436621 | 1.000 | 0.825665 | 1.000 | 0.508752 | 0.990
4 TectT Ha nocnegoBaTtenbHocTb | 0.739918 | 1.000 | 0.534146 | 1.000 | 0.816537 | 0.980
0MHaKOBbIX OUTOB
5 TeCT Ha camyw  gnvHHyio | 0.534146 | 0.900 | 0.534146 | 1.000 | 0.616305 | 0.970
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nocnegoBaTtesibHOCTb e€auHUL, B

bnoke
6 TECT paHroB GUHAPHbLIX MaTpuL, 0.739918 | 1.000 | 0.213309 | 1.000 | 0.616305 | 0.980
7 cneKkTpanbHbIA TeCcT 0.534146 | 1.000 | 0.991468 | 0.900 | 0.171867 | 0.910*
8 TecT Ha cosnageHue | 0.554145 | 1.000 | 0.499111 | 0.977 | 0.496918 | 0.982
HenepekpbiBaLWMNXCA  LWabnoHoB
(cp)
9 TecT Ha cosnageHue | 0.739918 | 1.000 | 0.350485 | 1.000 | 0.798139 | 1.000

nepekpbIBaroLLMXCcs LWabnoHoB
10 | yHuBepcanbHbI cTaTucTnyeckmn | 0.739918 | 1.000 | 0.066882 | 1.000 | 0.066882 | 1.000
TecT Maypepa
11 | TecT npnbnuantensHom sHTponmun | 0.350485 | 1.000 | 0.066882 | 0.700* | 0.000070* | 0.890*

12 | Tect Ha NPON3BOJIbHbIE - 1.000 - 1.000 | 0.469837 | 0.982
OTKITOHEHUs (cp)

13 | gpyron TecT Ha MNpPOU3BOSIbHbIE - 1.000 - 1.000 | 0.403517 | 0.995
OTKIOHEHWs (cp)

14 | TecT Ha nepuogmnyHOCTb (cp) 0.442315 | 1.000 | 0.000319 | 0.550* | 0.000000* | 0.735*

15 | TeCT Ha NIMHENHYIO CNOXHOCTb 0.534146 | 1.000 | 0.911413 | 1.000 | 0.262249 | 0.990

B Ttabnuue ykasaHbl HaMMEHOBaHMS TECTOB, pe3ynbTaTbl MPOBEPKM pacnpeseneHnss oqHOpPOaHOCTU
nocnepoatenbHocTen (P-VALUE) 1 pe3ynbtaTtbl NpoBepKkM 4ONM Npolleawmnx TeCcT nocrneaoBaTenbHOCTEN
(PROP). B T1abnuue npeactaBneHbl Tpu Habopa pesynbTaToB: pe3ynbTaTbl TECTUPOBaHUS BbIOOPKM
pa3smepom 10 nocnegoBaTenbHocTen no 512000 6uT, npuBeAEeHHbIE NPOU3BOAMTENEM MUKPOKOHTpONepa
(Pesynbtathbl 1) [1], pe3ynbTaTbl TECTUPOBAHUS TakoW e BbIOOPKKM, NOMYyYEHHbIE C MOMOLLbIO OTNag0YHOMN
nnatbl (Pe3ynbTathbl 2) n pe3ynbTaTbl TeCTMpoOBaHUst ¢ Gonbluel Boibopkon: 100 nocrnegoBaTensHOCTEN MO
1000000 6uT (B cooTBeTCcTBUM C pekomeHdaumammu NIST [3]), nonyyYeHHble ¢ MOMOLLbK OTNagoYHON nnaThl
(PesynbTtathl 3).

[na HeKOoTOpbIX TECTOB, B KOTOPbIX MPOBOAUTCHA HECKOMBbKO CEPUN TECTMPOBaHWs, pesynbTaTbl
yKasaHbl Kak cpegHee apudmeTnyeckoe pesynbTaToB KaXOoro M3 TeCTUpPOBaHMA. Tak e Ons HEeKOTOpbIX
TECTOB pe3ynbTaT He YAarnoch Nony4nTb U3-3a ManeHbKoON BbIGOPKM.

Ona Beibopkm B 10 n 100 nocnepoBatenbHOCTEN MpM 3agaHHOM 3HadeHuu norpewHoctn p=0,01
3Ha4yeHme PROP pomxHo 6biTb B npegenax 0,895 .. 1 1 0,960 .. 1 cootBetcTBEHHO, a P-VALUE pomkHo
ObITb = 0.0001 He3aBMCMMO OT KonMyecTBa nocnegoBartenbHocTen [3]. Pe3ynbTaTthl BbIXoddALME 3@ paMKu
OONYCTUMbIX OTMEYEHbI «*».

Kak BugHO 13 pe3ynbTaToB, peanbHble xapaktepucTukm TCY B cocTaBe MUMKPOKOHTPOIIEpa HEMHOrO
XyXXe 3asiBMEHHbIX NPOM3BOAUTENEM, OAHaKo OOMbLIMHCTBO TECTOB ObINM YCMELWHO NPOMAEHbl gaxe Mpu
yBeNMYeHHON BbIBOPKe, YTO FOBOPUT O BO3MOXHOCTW Mcnonb3oBaTk FCY B cocTaBe MUKPOKOHTpOIepa BO
MHOTUX NPUMEHEHUSIX.
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Kosnoe C.B. — 0oKmop mexH. HaykK

AHHOTauus. B ctatbe paccMoTpeHa aKkTyanbHOCTb CO3AaHus LmdpoBoro AsoviHvKa (LIJ) paguonokaTtopa ¢ CUHTE3MPOBaHMEM anepTypbl
aHTeHHbl (PCA) CnyTHMKa cUCTEMbI AMCTaHLMOHHOTO 3oHAMpoBaHus 3emnu. OBocHoBaHbI OCHOBHbIe TpeboBaHus, NpeabsiBrsemble k LI
PCA. MpueegeHa ctpyktypa LM, nepeyeHb mMooenupyembix COCTaBHbIX YacTel annapaTypbl U anroputMoB ob6paboTku MHGopmaLmm.
PaccmoTpeH Bonpoc Bblbopa A3blka MPorpaMM1pOBaHNS BICOKOTO YPOBHS Anst peanusaummy L.

KnioyeBble cnoBa. Lindposoii ABOMHWK, CUHTE3VpOBaHWE anepTypbl, akTuBHas  asvMpoBaHHasi aHTeHHas  peLeTka,
AnarpammoobpasoBaHue, cpeaa NporpaMmyMpoBaHus.

PagnonokaunoHHble cucTembl AOUCTaHUMOHHOro 3oHavpoBanus 3emnm  (O33) kocmumyeckoro
fOasupoBaHMa SBRAKOTCA  3PEMEKTUBHLIM  CPEACTBOM  MOMyYEeHUs1 OnepaTMBHOM W OOMArOBPEMEHHOW
WHpopMaLMn O COCTOAHUU U ANHAMNKE OO BHEKTOB U panoHOB 3€MHOrO Lapa B rnobanbHbIX U perMoHanbHbIX
MacwTabax He3aBMCMMO OT METEOPONIorMYeckux YcrnoBui w BpemeHu cyTok [1]. WmeHHO wu3-3a
He3aBMCMMOCTM OT Mnorodbl W OCBELLEHHOCTM, a TaKkKe M3-3a BbICOKOIO paspeLlleHns nony4aemoro
nsobpaxeHus, ana pewenusa 3agad 33 ncnonb3yoTca pagnonokaTtopbl C CUHTE3UPOBAHWEM anepTypbl
(PCA) [1,2].

CospgaHne umdpoBbIX ABONHMKOB, a Takke MOAENMPOBaHNE pas3nNmnyHbiX NPOLIECCOB, MPOTEKALLMX B
060opyaoBaHNA, OYEHb BaXKHO WU3-3a 3KOHOMWUWU BPEMEHW K pecypcoB. [Ans obecneveHns HagexHoCTN U
BesonacHOCTN JOPOroCTOSLLEr0 BbICOKOTEXHOMOMMYHOTO 060pyaoBaHNS HEOBXOAMMO peskoe yBernuyeHue
yncna UCMbITaHUN, KOTopble, HECOMHEHHO, ObICTpee 1 JelleBrne genatb B BUPTyarbHOM MPOCTPaHCTBE Ha
cTagum npoOeKTUPOBaHUA, 4YeM Ha peanbHom obopygoBaHun. A ecnu pedb ugeT 06 annapaType
KocMmyeckoro 6asmpoBaHus, TO MPaKTUYECKMe UCMbITaHUS MPOBECTM eLle CroXHee, Tak Kak Heobxoaumo
ellle BOCCO3aBaTb yCrnoBWUsi HAbMIOOEHNS 3€MHOW NMOBEPXHOCTU C 3agaHHoN opbuThbl. MoaToMy paspaboTka
uncppoBOro [BOVHMKA annapaTypbl PaavMoNioKauMOHHOro HabniwogeHuss Kocmuyeckoro 6asvpoBaHus
aBnsaeTcy, 6e3yCcnoBHO, akTyanbHOW 3ajaden.

Y camoro TepMmHa «uUMpPOBOM OBONHUK» AOBOSIBHO MHOrO TonkoBaHun [3-6, 8] — OoT camoro
LUMPOKOro, Korga uncpoBbiM ABOMHMKOM Ha3blBalOT BCE MPOEKTLI, FAe CO3AatoT Mobyto LMGpPOBYHO KOMUIO
XMBOFO WMW HEXMUBOro OObekTa, MNpOeKTa WM CUCTEMbl, A0 Cheunanu3MpoBaHHOro HayKOEeMKOro
TONKOBaHWS, Korga uUMdpoBbIMW ABOWHMKAMW Ha3blBAKOT peLleHue, KOTOpOoe COOTBETCTBYET BbIMOSIHEHUIO
Lenoro psga XecTknx TpeboBaHMW, HaMpaBfeHHbIX Ha MOBbILEHWE YPOBHSA afeKBaTHOCTU: Hanuuiue
MYNbTUU3NYECKON MOAeNu, MoaenupoBaHMe MaTepuarioB Ha MWKPO- U MakpOypoOBHEe, OAHOBPEMEHHOe
Hannune @U3NYECKUX U CTaTUCTUYECKMX MOAENEN, OCHOBAHHbIX Ha JKCMMyaTauMOHHbIX AaHHbIX,
nonyyaemblx OT [JaTyMKOB, nepefadve [AaHHbIX PU3NYECKMM M UMPOBbLIM OBOWHUKAMU B pearnibHOM
BPEMEHN.

B HekoTOpbIx onpeaeneHusx [4, 5] peyb nget TONbKO O BUPTyanbHOW YacTn (Mogenwu), cocTosLlen
n3 ABYyX YacTteun: «umdpoBon macTep», «uudpoBas TeHb». LiudpoBon mactep copepxuTt nHdopmaumio,
OOCTaTOYHYI0 ANS U3roTOBNEeHUs annapaTtypbl (CUCTEMbI) C onpedeneHHbIMY CBOMCTBaMU, a umdpoBas TeHb
— Habop AaHHbIX, NonydYaemblX OT AaTYMKOB, U MOAENb, KOTOopas MO3BOMseT NPOrHo3upoBaTb CBOMCTBA
obbekTa B onpegeneHHbix npegenax [4]. NpumennTtensHo kK PCA umdpoBor Mactep AOIMKEH COoaepxaTb
WHdOpMaLMO O TOM, Kak U3roTaBnmMBaTb pPagMosiokaTop: MaccorabapuTHble MapameTpbl CamMoro CryTHUKA,
aHTEHHOW pELLUETKN, MaHemnen ConHeYHbIX 6aTtapewn, KOHKPeTHbIE XapakTEPUCTUKM MO CTabubHOCTM YacTOThbI
OMOPHOTO reHepaTopa, €EMKOCTW aKKyMynsaTopHbix 6Gatapen u T1.4.. A uudpoBas TeHb, MCNONb3ys
WHdopMaLMo OT 4AaTYMKOB U MoAenb, cnocobHa NporHo3upoBaTk paboTocnocoOHOCTb OTAENbHBLIX MOAYNEN
N CUCTEMBI NPU peLLleHnUM KaK U3BECTHbIX, Tak U HOBbIX 3aJaya, a Takke nornyyaTb KONMYECTBEHHbIE OLIEHKM
3 EKTUBHOCTN pELLEHNS yKa3aHHbIX 3af4a4y B pPasfnuyHbIX YCMOBUSX CbEMKM U B PasfMYHbIX CUTHaMbHO-
NOMEXOBbIX CUTYaLUN.

Takoe MHoroobpasve TOMKOBaHUMN W OMpedeneHun WMMeeT TEeCHYl CBs3b C PasBUTMEM
BO3MOXHOCTEN MoOenupoBaHus. Ha cerogHsaWwHWin OeHb npouecc MOAEeNUPOBaHUS MOXHO YMyyllnTb U
YyNpoOCTUTb CpeacTBamMu BU3yanu3auum, MCNonb3oBaHNEM rOTOBbLIX BubnuoTek, Modynewn, a Takke nporpaMmm
Anst novcka owwnbok. oaToMy MoaenvMpoBaHWe sBMAsieTcs 00s3aTeNbHOW 4YacTbl MPOEKTUPOBaHMSA, a
YPOBEHb [eTanu3aumM C MWCMOMIb30BAHNWEM COBPEMEHHBLIX BbIMUCIUTENBHBIX CPEACTB MOXET ObiTb
HacTONMbKO MOAPO6GHBIM, YTO MOAENb MOXHO HasBaTb UMAPOBbBIM ABOVMHUKOM. B nepcnektuse,
paspaboTtaHHass Mogernb MOXeT ObiTb WCMONb30BaHa W MpW 3JKCMyaTauuMum A KOHTPOMS COCTOSHUSA
obopynoBaHus. Micxoas m3 BblLECKa3aHHOrO, MOXHO pa3buTb MpoLecc 3BOSMOLMU KOHLEeNUUN LmMdpOoBbIX
OBOMHUKOB Kak NokasaHo Ha pucyHke 1 [4].
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PucyHok 1 — 3Bontoums KoHuenumm umdpoBbIX ABOMHUKOB [4]

MepBbIt aTan pasBuUTUA UUMPOBLIX [OBOMHUKOB COOTBETCTBYET mnepuody, Koraa dusmdeckue
o6bekTbl cosgaBanuck ©6e3  umdposoro npototTuna. Bropom aTanm oTHOcMTCA K nepuogy, Korga
WCKYCCTBEHHbIE OOBEKTbl MPOEKTMPOBAaNUCb C MOMOLBIO LM(POBOM MOAENU, KoTopas WCMnonb3oBanacb
TONbKO Ha CTaauu co3gaHns obbekTa, YTO Ha pUCyHke 1 oTpakeHO camocToATeNbHbIM (6e3 nepeceyeHus)
cyliecTBoBaHneM humamdeckoro u undgpoBoro odbekrta. Ha TpeTbem aTane HauMHaeTCsl B3auMoAencTBme
(obmeH nHdopmaumen) mexay uanyeckuMm M LMdpoBbiM ABONHMKaMKU. W, YeTBepTbii — XapakrepusyeT
conmkeHne n «nepecedeHme» U3MYECKOro U LMdPOBOro ABOMHUKOB, KOrga MHAOPMAaLMOHHBLIA OOMEH U
obHoBneHVe undpoBOro 1 PrU3NYecKoro JBONHNKOB MAET NPaKTUYECKM B pearibHOM BPEMEHW.

Cospanwne undposoro gsorHunka ans PCA Heobxoanmo ans Toro, 4tobbl npoBepuTb ByaeT nn xoTs
6bl Mogenb PYHKLMOHMPOBATb, HACKOMbKO AOCTOBEPHbIE AaHHble ByayT OT UMdPOBOro ABONHMKA, Kak OyayT
B3aVMOAEWNCTBOBATb PasnuuHble MOAynu Mexgy cobon, OyoeT nu  OCyLecTBAATbCA NpaBUIlbHOE
PYHKLMOHMPOBAHWE MPU PasfMyYHbIX HOBbIX U (MNW) HECTaHOAPTHLIX CUTYaLMsX.

[na co3gaHusa umncpoBoro ABoOMHMKA kakoro-nnbo obopyaoBaHMs Heob6xooMMO npoaHanuanpoBaTb
ero coctaBHble 4actn. CTpykTypHas cxema GopTtoBowi PCA COBMECTHO C APYrMMW COCTaBHbIMW YacTAMU
B3anMOAeNCcTByoLLero obopyaoBaHns, NpuBedeHa Ha puUCcyHke 2.

lMocne onpegeneHns CTPyKTypbl 0BOpyOoBaHUS HEOOXOAMMO OnpedenqTb MnepeyveHb 3adad no
MaTemMaTU4ecKoMy MOAENMPOBaHWIO ANA KaX4oro ux cocTaBHbIX 6GnokoB. Hampumep, Mogens moayns
aKTMBHOM (hasnpoBaHHoOW aHTeHHON pelueTkn (APAP) [13-17] gomkHa obecneumBaTb peLleHne CreayLmx
3agau:

- pacyeTa guarpaMmmbl HanpasneHHocTu ([H) Moayns Ha nepefady Kak OyHKUMM 4acToTbl Ha
rOPU30OHTanNbHOW WM BepTMKanbHOW MOnsApM3auum ¢ y4eToM OWMBOK YCTaAHOBKW amnnuTyaHO-a3oBoro
pacnpefeneHusa Ha anepType n MeXMOoayNbHOW 3aepXKnN 30HAMPYIOLLMX CUrHAIOB;

- pacdeT [1H Ha npvem Ha ropu3oHTanbHON U BEPTUKArNbHON NONApU3aunm Kak yHKUUN 4acToTbl C
Yy4YeTOM OLUMBOK YCTaHOBKM amMnnMTyaHO-a3oBoro pacnpeaeneHvs Ha anepType;

- hopMMpOBaHME TPAEKTOPHOro CUrHara Ha BbIXOAe MOAYNS C YY4ETOM BHYTPEHHErO LLyMa.

Mogenb npoueccopa 06paboTkum curHanoB AormkHa obecnevnTb BOCMpPOU3BEOEHME MNpOLEeCcCoB
aHanusa nomexoson o6CTaHOBKM, (hOPMUPOBaHNE BECOBbIX KO3I(MPULMEHTOB aAanTUPOBaHHbIX NPUEMHbIX
KaHanos, BECOBOIO CyMMMPOBaHWs curHanos mogyrnen A®AP c yyeToM HepaBHOMEPHOCTEN KOMMIEKCHbIX
YaCTOTHbIX XapaKTepUCTUKM MNPUEMHbIX KaHamnoB, OWMOOK CUHXPOHW3aLUMU MO BpeEMEHU (OXutTepa) u
yacToTe, pasbanaHca KBagpaTypHbIX cMmecutenen u T.4. Ha Bbixoge npoueccopa o6paboTku curHanos
AOMKHbl  (POPMUPOBATLCA aAanTUPOBAHHbIE TPAEKTOPHbIE CUrHambl B CyMMapHOM M PasHOCTHbIX WUnn
UHTEepdepoMeTPUIECKUX NPUEMHbIX KaHanax ¢ 3agaHHbIM NonoxeHneM HasoBbIX LLIEHTPOB.

62



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

CvHTe3aTop curHanos

Mopaynum

Mpouecco
ADAP poti P

06paboTkn curHanos

BLUMIT ynpasneHna n
06paboTkM OaHHbIX

YcrTpovicTBa
TEXHUYECKON
ONarHoCTUKK

NcTouHMKM
nuTaHusa

Certb pacnpeneneHns
CUrHarnos u
KOMMYTaLVOHHbIE
ycTpoiicTBa

CuctemMa vHavKaumm n
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Hocutenb PJ1C

Cuctema HaBurauum

PucyHok 2 — CTpykTypHasi cxema 6opToBow annapaTtypbl PCA [2]
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PucyHok 3 — CtpykTypHas cxema mogynst A®AP (npnemMHble kaHan)

Mopgenb cuHTE3aTOpa CUrHanoB [AO/MKHA BblgaBaTb MaTeMaTMYeCKUA 3KBMBANEHT konebaHun
3aaHHON 4acToTbl, YacTOT MoAynAuun n npeobpasoBaHusa ans mogynen ADPAP c ydeTom OWMGOK Mpu
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pacnpegeneHun ykasaHHbIX curHanos mexay mogynamu AGAP. Tak kak Mogenb siBnaetcsa abecTpakumen, 1o
3anporpaMMmpoBaTh BbICOKOCTAOWMbHBIN OMOPHLIN FEeHepaTop, KOTOPbLIA NPUCYTCTBYET B peanibHOM
CYHTEe3aTope 4acToT, He COCTaBnseT TpyAda. ATo obecneynT B3auMHYH KOrepeHTHOCTb BCEX CUrHaroB.

BLBM ynpaBnenunss n obpaboTkn OaHHbIX obecneyvmBaeT corfiacoBaHue paboTbl M PEXUMOB BCEX
yctponictB PCA n ee Hocutena B COOTBETCTBUM C 3ajayen, a Takke obpaboTKy AaHHbIX C BbixoAa
npoueccopa.

Takum obpasom, matemaTnyeckune mogenu moaynen AGAP, cuHtesaTopa vactoT, BLIBM ynpaBnexus
n obpaboTkn, OoOmkHbI paboTaTb MO criegylouwemy anroputmy. PopmMMpoBaHWE MHOrOKaHarbHOro
TPaeKTOpPHOro curHana Ha AByX Nonsipusaumsx ocyLlecTBnaeTcsa B LMdpoBbIX ABONHUKAxX moaynen ADGAP.
U mopynen ADAP B3aumopgenctsytloT ¢ L[ onopHoro reHepatopa M pacnpefenutenbHOW CUCTeMbI
CUrHanoB BPEMEHHOW CUMHXPOHU3ALMW U ONOPHOM 4YacToTbl. CHOPMUPOBAHHBIN MHOrOKaHarbHbIA CUrHanM
ABNAETCHA MCXOOHBbIMWN AaHHbIM Ansa pyHKUmMoHmpoBaHua LI npoueccopa o6paboTkm curHanos. Ha Beixoae
LUO npoueccopa o06paboTkm (OPMUPYIOTCA CUrHanbl afanTUPOBAHHLIX MPUEMHbIX KaHanoB WU
OCYLLECTBMSETCA UX CXKaTue B COrnacoBaHHOM (hunbTpe BHyTPUNEpMogHon obpaboTku.

CdopmmnpoBaHHbIE MHOFOKaHarbHbIN CUrHaN COXpaHAETCA C NamsATV U C 3a4aHHOW NEPUOOUNYHOCTBIO
(Mpn HaxoXaeHWn B 30HE BMOMMOCTU) NepefaeTcsl Ha3eMHbIW MYHKT npueMa n obpaboTkn. Tak kak 06beM
3anoMuHaemMbIX W nepefaBaeMblX CUrHarNoB OYeHb BenuK, TO OCYLLECTBNAETCHA CXaTue CurHanoB C
MCMNOMb30BaHNEM COOTBETCTBYIOLLErO anropMtMa aganTMBHOrO KOOUPOBaHMS. OTO COMPOBOXAAETCH
HEKOTOPbIM CHWXEHWEM KayecTBa, YTO TpebyeT pa3paboTkuM cooTBeTcTByloWen mogeny — LU anroputma
KoaMpoBaHUS.

HanbHerwaa obpabotka nNpoBOAMTCA B UMMPOBbLIX ABOWMHMKAX HA3eMHOrO MyHKTa npuema wu
06paboTkn MHdopMaLmK, rae OCyLecTBNsSeTCH AeKOAUPOBaHME TPAEKTOPHbIX CUrHanoB, OpMMpOBaHME
KOMMMEKCHbIX, aMnnuTygHblx u ¢asosbix PJIM Ha aByx nomspusauusax U u3MepeHue napameTpoB
(Hanpumep, BbICOTbI TOMEK 3eMHOM noBepxHocTu) [1,2,11].

Lincpposon aBonHWK HasemHon annapatypbl PCA 06s3aH noggepkvBatb U pasnuyHble PeXuMbI
pabotbl. Ha cerogHAawHun geHb B PCA kocmumyeckoro 6asvpoBaHusi peanusyloTcs NpakTUyYecku Bce
TUMNOBbIE PEXUMbI CbEMKM MOHUTOPMHIAa 3€MHOW noBepxHOCcTU. Haubonee pacnpocTpaHeHHbIMU W
NepcrnekTUBHbIMU U3 HUX ABNAOTCA pexunmbl [11]:

- NOMNOCOBOW CbEMKY;

- TENECKONMYeCcKon (NMPOXXEKTOPHOMN) CbEMKN;

- OOHapy>XeHWs Ha3eMHbIX ABVXKYLLMXCS Lenew;

- Buaeo PCA,;

KOrepeHTHOro obHapy>xeHNs N3MeHeHNI;
NHTEPEPOMETPUYECKON CHEMKN;
NONAPUMETPUYECKNIA PEXNM CHEMKN.

[aHHble pexnMbl yXXe akTUMBHO MUCMNOonb3ykTca B pasnuuHbix PCA Ons pelueHus LUMPOKOro Kpyra
3agay — 310 M nonyyveHwve getanbHbix PJI, n obHapyxeHne HazeMHbIX ABUXKYLUMXCHA Lenen, HenpepbiBHOE
HabngeHne 3adaHHOrO panoHa W W3MEHEeHWA OOCTAHOBKM B HeEM, Takke onepaTvMBHasi OLEeHKa
OTpaxaloLMX CBOWCTB 0ObeKTa Mpu M3MEHEHUN pakypca ero 063opa, nornyyeHme MHgopmauum o BbICOTE
MECTHOCTM U ODOBEKTOB, KOTOpasd MOXEeT MCMonb3oBaTbCsA AN BM3yanu3aumm  TPEXMEPHbIX
Tonorpadmyeckmx nodpaxkeHnin n obHapy>XeHWs 3aMacKkMpoBaHHbLIX 0OBEKTOB U T.4. [12].

[ns apekBaTHOro BocCMpou3BegeHust oOpaboTkM CUrHanoB B HA3eMHOM MyHKTE Heobxoaumbl
uMdpoBble ABOMHMKM CreayoLwmx NpoLeccos:

- KOMMeHcauun NMHENHOW, KBagpaTUYHOM U, Npy HeobxoaMMocCTH, Kybrnyeckon murpauum ganbHOCTU
W MUrpauum 4acToTbl;

- (bopMUpPOBaAHMSA KOMMIIEKCHLIX W aMMAUTYAHbIX PagMOSIOKAUUOHHBIX WM3006paKeHUn NpUeMHbIX
KaHanoB ¢ aBTOHOKYCMPOBKOW (NMpM HEOOXOAMMOCTUN) HA FOPU3OHTANBHOW U BEPTUKANbHON NONsapusauuuy;

- HEKOrePEHTHOIO HAKOMMEHMS PagMOSTOKaLNOHHBIX N306paXeHun 1 unbTpaumm Cnekn-yma;

- onpejerneHve MOMSPU3aUUOHHBIX NapamMeTpoB U CTEMEHM KOrepeHTHOCTU  3neMeHTOB
pPaanonoKaLMOHHOIo N306paxeHus:;

- W3MEpeHWs YITOBbIX TMOMOXEHUA To4YeK (NUKCenen) Ha pPaguonoKaUMOHHBIX M30BparkeHnsX
FOPM3OHTaNbHON M BepTMKanbHOW MonsdApu3auum MNyTeM MOHOUMMYMbCHLIX WM3MEPEHWA WM pPa3BepTKM
UHTepdepoMeTpuleckon gassbl;

- npeobpa3oBaHMs MOCTPOEHHbIX PaAMONOKALMOHHBIX W300paXXeHun un3 CUCTEMbl KOOpAMHAT
«NpoJonbHas-nonepeyYHas 4anbHOCTb» B CUCTEMY reorpaduyeckyto koopauHaT; npeobpasoBaHue PJIN B
yaoOHbIi  Ons nomnb3oBaTtens BuA («packpawuBaHuve» PJIIM Ha ropusoHTanbHOW W BeEPTUKANbHON
nonapmsaumm).

PaspabaTtbiBaemble LMPpPOBbIE OBOWHWKW  OOIMKHbBI C  TpebyeMoW CTeneHbl [AeTarbHOCTU
BOCMNpou3BoaUTb PYHKLUUMOHUPOBaHWE annapaTypbl U peanu3yemblX B Her anroputmMoB OyHKLMOHUPOBaHUS.

TexHonornyeckue UMPOBON ABONHUK peanuayeTcs B BUAE KOMMMNEKCa B3aMMOCBA3aHHbIX Nporpamm
(MMUTALMOHHBIX MOoAenen), HanMcaHHbIX Ha SA3blke NpPorpamMmMMpoBaHUsS BbICOKOrO ypoBHsS. B HacTosulee
BPEMS CYLLECTBYET MHOXECTBO MPOrpamMMmHbIX NMPOAYKTOB, KOTOpble MO3BONSAIT OCYLLECTBUTb co3gaHve LI
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PCA. OcHoBHbiMM 13 HUx siBnstoTca Python, C++, C# n MATLAB. MoxHO [OMro paccyxaaTtb, Kakou u3
A3bIKOB MPOrpaMMMpPOBaHUA  HABMASETCS MyyluMM, HO B peanbHOCTM Kaxabll obnagaet cBovMMU
OOCTOMHCTBaMu 1 HegocTaTkamu [9].

Python xapaktepuayetca NpoCcTOTON M NErKOCTbIO NPOYTEHUSA KOAA, TaKKe OH NpeaoCcTaBnaAeT AOCTYn
KO MHOTMM MOLUHbIM BubnmoTekam n ux yHKUnAM. [aHHbIA S3bIK NPOrpaMMMpoOBaHNSa MMeeT BonbLuyHo
nonynspHoOCTb, MO3TOMY coobuiecTBa Python moryT gatb oTBETHI Ha BOMPOCHI, KOTOPbIE BaM HEOOX0oAUMBI, B
nybnuyHom goctyne. Takke s3blk MMeEeT CBOM HeJocTaTki. Hanpumep, TpygHOCTbL B 06HapyxeHun ownbok,
Tak kak Python siBnseTca nHTepnpeTnpyemMbiM S3bIKOM NPOrpaMmMUpOBaHKS.

B otnnume ot Python, a3bik C++ MMeeT BbICOKME MokasaTenu B NPOM3BOAMTENBHOCTU U UMEET Nerkyto
CTPYKTYpy koga. B GonblumMHCTBE crnyvyaeB nporpammbl A5ist «UMEPOBbLIX ABOMHUKOBY» nuwyTcst Ha C/C++,
C# siBnsieTca ogHUM 13 Hanbornee 4acTo MCMONb3yeMblX S3bIKOB MPOrpaMMMPOBaHUSA B MPOU3BOLCTBEHHOW
oTpacnu, Ho paspaboTtka nporpammHoro obecneuveHus ([10) orpaHudeHa onepauMOHHON CUCTEMOW
Windows. C#, kak n Python, npegocraBnseT LWMpokuii cnekTp bubnuoTek.

Ona paspaboTkm MO ucnonb3yoT kpoccnnatdopmMeHHbin dpenmeopk (Qt). OH no3BonseT 3anyckatb
HanMcaHHOe C ero NoMoLLbIo NporpammHoe obecneveHne B BGOMbLUMHCTBE ONEPALMOHHBIX CUCTEM MYTEM
NPOCTON KOMNUIAUUKX NpOrpaMMbl NS KaXOoW CUCTEMbl 6e3 M3MeHeHUst ICXO4HOro koda. Takke MHorue
NPOrpaMMUCTbl  UCMONb3YIOT UMHTErpupoBaHHyto cpedy obpabotkm (Visual studio). Ona, kak u Qf,
nogaepXXuBaeT HECKOMbKO A3bIKOB MporpaMmmupoBaHus. B ux umcne Python, C, C++, C# n gp. B cBowo
oyepenb Qt nogaepxmBaeT pasnuyHbie KOMNUNATOPLI, BKNtovast Habop Visual Studio.

MATLAB — 3TO He npocTO 43blK, 3TO Uenas cpega nporpammupoBanus. MATLAB wunpoko
NCMNonb3yeTcsl UHXKeHepaMn ANs aHanu3a U MoAeNnMpoBaHUSA CBOUX MPOEKTOB U anropuTtMOB, B TOM 4YuCrle,
co3pgaHve L. [aHHas cpefja xapaKTepu3yeTcsl MOLUHOW CMCTEMOW NS aHanmM3a LaHHbIX, CKOPOCTbH
HanvcaHns Kkopja W peanusauven CrnoxHoro mopenvpoBaHus. MATLAB npepocTtaBnsieT BO3MOXHOCTb
napannenbHbiX BbIYUCAEHUA C UCMOMb30OBaHMEM rpadumyeckmx npoueccopoB (graphics processing unit,
GPU).

CyulecTtByeT nporpammMHasi cMCTeEMa, KOTopasi HaxXO4MTCS B OTKPbITOM [OCTyne, MCnonb3ykoLllasi
coBmecTMbin ¢ MATLAB 43bik Bbicokoro ypoBHA — 310 GNU Octave. OcHOBHass MucCuUsi AaHHOro
nNporpaMmMHOro npoaykra — ato 6eiTb goctoriHom 3ameHor MATLAB. GNU Octave cnpaensieTcsa ¢ 3agavyamu
nydwe ocTanbHbIX OTKPbITbIX MaTeMaTUYECKMX MNaKeTOB, OEMOHCTPUPYS pes3ynbTaT COMOCTaBUMbIA C
pesynbtatamu B cpege MATLAB.

Mogsoas wToru, s3blk nporpammuposaHns Python yvalle ncnonb3yetcs ans Hebonblwmx n BuICTPbIX
npoektoB. C# npeacraBnseT cobor 6anaHc mexay Npon3BoAUTENbHOCTBIO U ObICTPEIMU pe3yrnbTaTamm, HO
HEe MOXEeT WMCMOMb30BaTbCA B OPYrnX OnepauroHHbIX cucTemax, kpome kak Windows. C++ n MATLAB
ABNAOTCA Hambonee yaobHbIMM A3blkamn B peanu3aumm coBpemeHHbix LI ¢ Tpebyemon HagexxHOCTbIo 1
NpPON3BOANTENBHOCTLIO.

C y4yeTOoM BCEro BbIWECKA3aHHOTO MOXHO 0003HauYWNTb KOHKpPETHble TpeboBaHUSA K LMdPOBOMY
AsonHuky PCA. A umeHHo:

- OTpaxaTb CTPYKTYpYy M xapaktep paboyen muccum gusundeckoro PCA

- C BbICOKOW eTanbHOCTbH BOCNPOU3BOAUTL (PYHKLMOHMPOBAHME annapaTtypbl U peanudyemMbiX B HEN
anropuTMoB (PYHKLMOHMPOBAHWS

- cobupaTb gaHHble 0 dmsnyeckom coctoaHmm PCA, n Ha OCHOBaHWM 3TUX AaHHbIX AeraTb NPOrHo3 o
€ro COCTOSIHUN.
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UDC 628.396

COMPOSITION AND BASIC REQUIREMENTS TO THE MATHEMATICAL
MODEL - DIGITAL "TWIN" OF THE PRIMARY INFORMATION
PROCESSING SUBSYSTEM OF A RADAR STATION WITH SYNTHESIS
OF THE SATELLITE APERTURE

Radionovich V.V.!

Loban M.A.?
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Kozlov S.V. - D.Sc.

Annotation. The article discusses the relevance of creating a digital twin (DT) of a radar with synthesized antenna aperture (SAR) of a
satellite of the Earth remote sensing system. The basic requirements for the RSA DT are substantiated. The structure of the DT, a list of
simulated components of the equipment and algorithms for information processing are given. The issue of choosing a high-level
programming language for the implementation of the DT is considered.

Keywords. Digital twin, aperture synthesis, active electronically scanned array, diagramming, programming environment.

AHANN3 TEHOEHUWA PA3BUTUA PAOUOJNTIOKALMOHHBIX CTAHLUIA
C CUHTE3SUPOBAHUEM ANEPTYPbI CNNYTHUKOB AUCTAHUMUOHHOIO
30HOUPOBAHUA 3EMIIU

Jlo6aH M.A.L, uHxeHep

PaduoHosuy B.B.?, acniupaHm

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGopMamuku U paduos1eKmpoHUKU
2. MuHck, Pecnybniuka benapych

Kosnog C.B. — 00Kmop mexH. HayK

AHHoTauus. lNMpuBeaeHbl pesynbTaTthl aHanMaa TEHAEHUMIA pa3BUTUS PaamMOoNoKaLIMOHHbBIX CTaHLUMIA C CUHTE3MPOBaHWEM anepTypbl
(PCA) cuctem guctaHumMoHHoro 3oHampoBaHus 3emmm (O033). [NokasaHo, uTo passutne PCA Beaetcs B HanpaBeHUsIX pacLuMpeHus
AnanasoHa pabouynx 4acToT, UCMOSb30BaHMUS MHOMOYACTOTHBLIX U MHOroavManas3oHHbix PJIC, noBbileHUsi paspeluatoLlet CnocobHOCTM
no npoAONbHOM U MOMEepeYHON [[anbHOCTM, TMOKOro MCMONb30BaHWID PEXMMOB  MOSMYyYEHUS U30OPaXKeHWU, MOBbILIEHUS
NMOMEXOYCTOMYMBOCTM 3a CYET KOMMEHCALMM BHELUHUX MOMEX MpU LMGPOBOM AvarpammMoobpas3oBaHun, NOBbIWEHUS Ko3adduumeHTa
ronesHoro AEeNCTBUSI NepeaaTymka U CHUXEHWE NoTepb NONE3HOro curHana npu npueme.

KnioueBble cnoBa. PagvonokauoHHasi CTaHuusl, CUMHTE3VNpOBaHWe anepTypbl, AMCTaHUMOHHOE 30HAMPOBaHWE 3emnu, TeHAEeHUMM
pasBUTHS.

Kocmunyeckne pagmornokauMoHHble CTaHUuMM C CUHTeaunpoBaHuem anepTypbl (PCA) npeactaBnsioT
coboi MHTEHCMBHO pas3BMBalOLLEECA HaydyHO-TEXHWYeckoe HarnpasneHue, obecrieuymBalollee MosyyYeHne
[IOCTOBEPHOM WHOpMALUMN O 3EeMHOW UM BOAHOW MNOBEPXHOCTU W pasMELLEHHbIX Ha Hell obbekTax
He3aBMCUMO OT METEeOpPOJSIOrMYECKUX YCIOBWIA, BPEMEHWU CYTOK, €CTECTBEHHOW OCBELLEHHOCTW, HamnmMuus
AbIMa, NbINKU, PaCTUTENBHOO UIN CHEXHOTO NMOKPOoBa.
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K TeHgeHunsam passutua PCA, pasmeliaeMbiX Ha UCKYCCTBEHHbIX CMYyTHUKaX CUCTEM AUCTaHLUMOHHOMO
3oHaupoBaHua 3emnu (O33) MOXHO OTHECTM criefyollve: paclumpeHve auanadoHa paboyux 4acToT;
ucnonb3oBaHue MHorodacToTHbeix PJ1C; noBbilweHne paspeluatoLert cnocobHocTu no npogoneHon (PCnp) m
nonepeyHon (PCnn) ganbHOCTK; rMbkoe MCMNOMb30BaHUE PEXMMOB NONyYeHUs n3obpaKeHuin; NoBbILLEeHNEe
NOMEXOYCTOMYMBOCTU 3a CHET KOMMEHCAaLMM BHELUHWX nomMex npu uudpoBOM AuarpammoobpasoBaHum
(LLAO); nosbiweHne koapduumeHTa nonesHoro pgencteus (KIMO) nepepaTyuMka U CHWXKEHWE NOTEPb
MoMe3Horo curHana npv npueme.

PacwupeHue auanasoHa pabo4mx 4acTtoT. B coBpemeHHbix kocMuyeckux PCA, npumeHsieMbIxX Ans
033, ncnonbaytot L,S,C, X 1 Ku gnanasoHsl gnvH BonH [1]. Mpu atom: L-guanasoH (o1 1 go 2 IMu) n S-
avanasoH (ot 2 pgo 4 [Tu) dBmsATCS MpeanoyTUTENbHbIMW O pelleHns 3agady  MOHUTOPUHIa
pactTutenbHoro nokposa; X- n Ku-gnanasoHbl (oT 8 go 12 'y n ot 12 My go 18 'y COOTBETCTBEHHO)
NPUMEHAIOTCA NPU  pelleHnn 3adad [BOMHOIMO HasHayeHuss 1 Ons  rpaxgaHcKoro reorpaduyeckoro
kapTorpadmpoBaHuda. Hanbonbluee pacnpoctpaHeHue nonyyunu X- n Ku — guanasoHbsl paboymx 4acToT, B
KoTopbIX yHKUMOHUpYeT Bonee 80% Bcex m3BecTHbIx PCA cuctem [33. 3Tu gnanasoHbl B HambonbLuen
CTEeneHn CcOOTBETCTBYIOT TpeboBaHWsIM MOMNy4YeHUs1 BbICOKOro MPOCTPAHCTBEHHOrO paspelleHns, Tak Kak
No3BOMSAKT UCNONb30BaTh curHanbl ¢ wupokum (o 200 MIy [2]) cnektpom. Kak npaBuno, peanudyemoe
NPOCTPaHCTBEHHOE pa3pelleHe B 3-CM AuanasoHe BonH coctaenseT 0,5-1,5 M, 4yto onTumManbHO And
pelleHns 3adady BUOOBOW pa3Bedkun, obHapyXeHWsi Manopas3MepHbIX OObEeKTOB Ha OTKPbITOM MECTHOCTM.
Mpun yBenuueHuun paspewerns o 0,3...0,5 M MoxeT ObITb 3¢p(PeKTUBHO pelleHa 3ajaya pacno3HaBaHus
TMna obbekTa. B L u S-amnanasoHax paspeluatowias cnocobHOCTb U3-3a OrpaHUYeHUIA Ha LUMPUHY CrekTpa
30HOVPYIOLLErO CUrHamna v BPeMs CUHTE3WpPOBaHUA cocTaBnaeT 3—7 M. HecmoTps Ha CHWXKEHHy B
CpPaBHEHUN C BbICOKOYACTOTHBIM AManasoHoOM pa3spellarolyto cnocodHocTe PCA, dyHKUMOHMpYOLWNE B
HU3KOYACTOTHOM [uanasoHe, MMEKT HEKOTopble MPeMMYyLLEeCTBa, Tak Kak obecneynBaeTcs obHapyxeHue
NCKYCCTBEHHbIX ODBEKTOB MOA JIMCTBEHHLIM MOKPOBOM, YBENMYMBaAETCs CTabunbHOCTb ¢hasbl curHana ans
uHTepdepomeTprdeckon obpaboTkm Npu MNOCTPOEHUW KapT penbeda u obHapyXeHWe WU3MEHEHUN Ha
PaanonoKaUMOHHBIX U300paxeHusax MeToaoM auddepeHumansHoOn wuHTepdepomeTpun n Bo3pacTaloT
BO3MOXHOCTM OLIeHKM obbema Bromacchl 1 onpeaeneHns Tvna u COCTOSHUS pacTUTENbHOMO MOKPOBA.

MNoBbiweHne pa3spewarlwen cnocob6HocTn no npogonbHonm (PCnp) um nonepevHown (PCnn)
panbHoctu. PCnp panbHOCTM onpegenserca no dgopmyne: Arnp=ifb, roe ¢ — CKOpoCcTb cBeTa
(c=3-10%w/c). CnenoBaTenbHO, ANs paspeLuatolleil cnocoBHOCTU MO MPOAONLHON AANbHOCTY paBHOW 1 M
LWUMpUHa CcnekTpa curHana pormkHa coctaBnsate 150 MIu (cm. pucyHok 1a). PCnn onpegensietca no

AR,
V-T.-sina-cosf’
aswxkenusa PIIC (V = 8 km/c) a — yron mexay BEKTOPOM CKOPOCTU M LIEHTPOM 30Hbl CMHTE3MPOBAHWUS
(a=m/2), B - yron oTKNOHeHUsi aHTeHHbl (S =1/9). CooTBETCTBEHHO, ANs pa3peLuatoleit cnocobHOCTH no
nonepevyHon JdanbHOCTM paBHOM 1 METp nNpu  PasfMyHbIX ANWHaX BOJSH (ﬂ=0,1 M, 0,05 m, 0,03 m
COOTBETCTBEHHO) BpeMsi CuHTe3upoBaHus Tc 6ygetr paBHOo 2, 3.5 u 7 cekyHa (cm. pucyHok 16).
Peanuayemas paspeluatowiass crnocobHOCTb MO NPOAOSIbHOW WM MOMNEpPeYHON [anbHOCTU COBPEMEHHbBIX
CpeacTB paguorokaumoHHOro 3emneob3opa KocMudeckoro 6asvpoBaHUsi COCTaBnseT OT Aofen OO0 COTeH
MEeTpOB.

Ar,m Ar,m

dopmyne: Ar,= rae R, - pacctosHue OT cnyTHuka Ao 3emim (R,.=500 km), V — CKOpOCTb

T

|

1]

0 100 200 Af M 0.1 1 Te. c
a) 6)

PucyHok 1 — 3aBrcrmocTy paspeluatoLleri cnocobHOCTU Mo NPOAONbHON (a) 1 nonepeyHoi (6) AanbHOCTAM

Mcnonb3oBaHMe MHOro4YyactoTHbIX (MHoroguana3soHHbix) PJIC. MHorovacTtoTHble PJIC ucnonbsytot
30HOMpOBaHME OAHOBPEMEHHO Kak B kopoTkoBonHoson (C,X,Ku), Tak u B aAnnHHOBonHoBon yactu CBY-
AvanasoHa ANuH BONH. Ha cerogHsAWHW geHb cuntaeTcs LenecoobpasHbiM CO34aHMe MHOro4acTOTHbIX
PIIC, koTopble OyayT 00beOuHATb OOCTOMHCTBA pPasfnUyHbIX AManas3oHoB. Tak, Hanpumep, GopToBOM
komnnekc SIR-C/X-SAR MHOropasoBOro kocMmyeckoro kopabnsa Space Shuttle obbeguHsieT B cebe Tpu
ananasoHa vactoT (C-, L- n X-gmanasoHbl) [2]. Takoe KOHCTPYKTUMBHOE pelueHue obneryaetr OoTpaboTKy
aHTEeHHbl, €é mMoauduKaumo, 3aMeHy BbILIEAWMX M3 CTPOS 3fIEMEHTOB MpW MOArOTOBKE annapaTtypbl K
o4yepeaHOMy 3anycky Ha opouTy. BaxHbIM NpeMMyLLeCTBOM MHOTOYACTOTHBIX PaguoSIoKaTOPOB SABMSIETCS MX
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BbICOKasi MOMEXOYCTOMYMBOCTb. MICNOMnb3ys TEXHOMOrMM MHOrOYacTOTHOIO 30HOMPOBAHMUS, 3aMETHO
yBENMUMBaeTCs BEPOATHOCTb OBHapYyeHUs1 06 LEKTOB.

FMbkoe wucnonb3oBaHME PEXUMOB MONyvYeHUs ulobpaxeHusa. Ha cerogHawHuii geHb B PCA
peanu3yloTca NpakTUYecKu BCe TUMOBLIE PEXUMbBbI CbEMKU MOHWTOPWUHra 3eMHOW noBepxHocTu. Hambonee
pacnpocTpaHeHHbIMM U MNEepPCNeKTUBHbIMA U3 HUX SABMASKOTCA: PEXMM MOSIOCOBON CBHEMKU, PEXUM
Teneckonmyeckon (MPOXKEKTOPHOM) CbEMKW, PEXUM OBHaPYXKEHWS Ha3eMHbIX ABWXKYLUMXCS LErNen, pexum
Bugeo PCA, pexum KOrepeHTHOro OBHapyXeHUs W3MEHEHWN, PEXUM WHTep(epoMETPUYECKON CbEMKM,
NoNApUMETPUYECKNA pexxuM cbeMku [1]. [laHHble peXxnMbl yXe akTUBHO UCMONb3ytoTcs B pasnuyHbix PJIC n
BbIMOMHSAIOT LUMPOKUA KPYr 3adad — 39TO0 WM nonyyeHve pgetanbHelx PIIA, n oBHapyxeHune Ha3eMHbIX
OBWXKYLLUMXCA Lenen, HenpepbiBHOE HabniogeHve 3adaHHOro pawoHa U M3MeHeHWM OBCTaHOBKM B HEM,
Takke onepaTMBHas OUEHKa OTpaxalowux CBOWCTB OObeKkTa Mpu WU3MEHEeHWM pakypca ero 063opa,
nonyyYyeHve uHgopMauum O BbLICOTE MECTHOCTM W OBBLEKTOB, KOTOpas MOXET WCMNonb3oBaTbCA And
BM3yanusaumm TpexmepHbIX Tonorpauyecknx n3obpaxeHuin 1 obHapyXeHUs 3amMacknMpoBaHHbIX 0O6BLEKTOB
nT.Aa.

YBennyeHne nNOMexXoyCTOMUYMBOCTM 3a CYET KOMMEHCauuuM BHELWHUX nomex npu uucdpoBom
anarpammoo6bpasoBaHmin (LAO). CoBpemeHHble paguoanekTPOHHbIE YCTPOMCTBA U CUCTEMbI CTPOSTCS
Tak, 4Tobbl 0becneumBanocb WX HOpManbHOE (YHKUMOHMPOBAHWE B YCMOBUSAX BHELHMX nomex [4].
OcHoBHOe JOCTOMHCTBO cucteM ¢ LIJO — CHWKeHne MOLHOCTY BHELWHMX nomex Ha 20-30 gb B coyeTaHum ¢
MOKUM M3MEHEHWEM NapaMeTpoB AuarpamMMm HanpaBrieHHOCTUM Ha M3nydeHue UM NpMeM U BO3MOXHOCTb
peanu3auuy MHOrofny4eBoro npvema.

MoBbiweHne ko3dduumeHTa None3Horo AeMcTBUsA nepepgaTymka U CHUKeHUe nNoTepb Nosie3Horo
curHana npu npueme. OgHa U3 OCHOBHbIX TEHAEHLMIA COBPEMEHHON paauonokaumMm — CTPeMUTENbHbIN
POCT MPUMEHEHUSA aKTUBHbIX (ha3MpPOBaHHbIX aHTeHHbIX peweTok (APAP) [5]. B Hamnbonblen creneHu
OCBO€eHa TexHomnorusa noctpoeHnsa mogynen APAP Ha ocHoBe GaAs-mukpocxem ¢ Kl B pexxume nepegaym
30-40% [5]. MepcnekTuBHbIM sBNsSeTCA ucnonb3oBaHneM modynen Ha GaN-mukpocxemax ¢ KM B pexvme
nepegaym 0o 65%, 4To NO3BONUT YNy4LINTbL MaccorabapuTHbIE N SHepreTudeckne xapakrepuctuku [1,5].
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NMEPCMNEKTUBHbIE TEXHUWYECKUE PELLEHUA, NCMNOJIb3YEMBIE B
PAOUOJIOKALUMNOHHbLIX CTAHLUUAX C CUHTESUPOBAHUEM
AMNEPTYPbI CMYTHUWKOB AUNCTAHLUWOHHOIO 30HANPOBAHUA
3EMIIN

PaduoHosuy B.B.},acriupaqm

JlobaH M.A.%, uHxeHep

Benopycckull 2ocydapcmeeHHbIl yHUgepcumem UHGOopMamuku U paduo31eKmpoHUKU
2. MuHck, Pecnybniuka benapyce)

Kosrnoe C.B. — 00kmop mexH. HayK

AHHOTaumsi. PaccMOTpeHbl NepCrneKTUBHLIE TEXHWYECKMe PELLEHUS] aHTEHH, 3HEProcMCTEMbl W OMOPHLIX FEHEPaTopoB, KOTOpble
UCTIONb3YIOTCS B PaAMONOKALMOHHBIX CTaHUMSIX C CUHTE3VPOBAaHUEM anepTypbl CUCTEM [OWUCTAHLMOHHOTO 30HAMPOBaHWS 3emnu.
MpuBeneHa CTPYKTypHasi cxema MOAENbHOW aKTUBHOW aHTEHHOW pelleTku ¢ LmMdpoBbIM AnarpamMmmoobpasoBaHueM. [puBeneHsb
XapaKTEPUCTUKN 3HEPrOCUCTEMBI.

KnioueBble cnoBa. CUHTE3NpOBaHME anepTypbl, cucrtema AOUCTaHUMOHHOINo 30HOMPOBaHUA 3emnu, MoAynbHaA aHTEeHHasdA peLleTka,
LlMCprBOG ,D,MarpaMMOOGpa3OBaHMe, COJ1HEe4Hble 6aTapeM, CTaHOapTbl YaCTOoThbl.

Kocmuueckne paguvonokauuoHHble CTaHuuM C cuHTeaupoBaHveM anepTypbl (PCA) npepctaensiioT

CcODON VHTEHCMBHO pasBUBalOLLEECS Hay4YHO-TEXHMYECKOe HarnpasneHue, obecneuymBalollee MonyyYeHve
OOCTOBEPHOM MWH(pOpMaLUUM O 3EMHOM U BOAHOW MOBEPXHOCTM U pasMELUEHHbIX Ha Hel obbekTax
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He3aBMCMMO OT METEOPOSIOrMYECcKnX YCNOBUA, BPEMEHU CYTOK, €CTECTBEHHOW OCBELLEHHOCTU, Hanuunsi
ObIMa, MbIfK, PacTUTENbHOMO UMM CHEXHOro NOKpoBa. Hke npuBeaeH aHanm3 nepcnekTUBHbIX TEXHUYECKUX
peLUeHUn, MCMonb3yeMblX B PaAMONOKALMOHHbBIX CTAHUUAX C CMHTE3UMPOBaHMEM anepTypbl KOCMUYECKOro
6asnpoBaHus.

AHTeHHasa cuctema u nepegatymk. OgHa U3 OCHOBHbLIX TEHAEHLUNN COBPEMEHHON paanonokaumm —
CTPEMUTESBHbIA POCT NPUMEHEHMUST aKTUBHbIX (da3npOBaHHbIX aHTEHHbIX peweTok (APAP) [5]. B HacTosiLee
Bpema APAP wucnonbaytotca B PCA kocmmyeckoro 6asupoBanuss tuna CIMHAP-10M, SIR-C/X-SAR,
PALSAR, TerraSAR-X 1 gp.

TunoBas CTPYKTYpHasa cxema MogynbHon asyxnondpusaunoHHon AGAP npueegeHa Ha pucyHke 1.

"eHepaTOp ONOPHbIX

CUrHanos YCTPOWNCTBO yrpaBreHust

\/ .

& Urn, Yrn

/N g
—_—

\/

N\

S Mpoueccop yngpposoro

N\

X Moaynm AGAP avarpammMoobpasoBaHuns

X Uen Yen,

PucyHok 1 — CTpykTypHas cxema MOAYnbHOW AByxnonspusaumoHHon APAP

Cxema cogepxut wmogynun A®PAP, aBnsiowMecs MNOMNHOLEHHbIMM MpueMo-nepegaTymkamm c
dopmMmpoBaHMeM LUEPPOBOro TPAEKTOPHOIO CurHana, YCTPOMCTBO YyMpaBfieHUs, reHepatop OMOpPHbIX
curHanos 1 npoueccop uudposoro  AmarpammoobpasoBaHus. Yucno  mogynewm B cocTaBe
KpynHoannepTypHot AGAP MoxXeT cocTaBnsaTb 16-64 1 onpegenseTca ABymMs hakTopamu:

- MNpOU3BOAMTENbHOCTBIO  Mnpoueccopa UMdpoBOro  AvarpaMMoobpasoBaHWs W KaHanos
NHOPMaLUMOHHOTO obMeHa LMdpoBbIMM CUTHaNaM1M Mexay MogynsMm 1 ykasaHHbIM NpPOLLEeCCopoM;

- BO3MOXHOCTbIO MNOCTPOEHWss Moayna Ha ©0a3e npuvemHo-nepedarolmnx SMemMeHToB C
chasoBpaLlaTtensmMm (BbINOSHEHUS YCMOBMSA NPOCTPAHCTBEHHO-BPEMEHHOW Y3KOMOSIOCHOCTW).

Tak, Hanpumep, ang kpynHoaneptypHon APAP pasmepamun 6x2 meTpa npu AnvHE BOSHbI A=3 cMm,
LUMPUHE CreKkTpa 30HAUPYIOLEero curHana Af0=150 MIy 1 MakcumanbHOM yrie OTKMOHEHWs fyya oT

HOpManu K nnockoctu mogynsa 45° ansg BbinonHeHus TpeboBaHMM MO MPOCTPAHCTBEHHO-BPEMEHHON
Y3KOMOJIOCHOCTW AN KaXOoro mogyns MoxeT notpeboBatbca mcnonb3oBaHne 16 mogynenm B ctpoke (Mo
bonbwen anvHe 6 M) n 4 mogynen B ctonbue (no anuHe 2 m). Obwee 4Yucno MOAynen coctaBuTb 64.
Pa3mepbl mogynen coctaBat 375x500 mm.

Heobxogumo OTMeTUTb, YTO HECOMHEHHbIM [OCTOMHCTBOM YKa3aHHOW CXeMbl MOCTPOeHUs
KpynHoaneptypHon A®PAP aBnsieTCA BblCOKasi HageXHOCTb. OTO 0OyCrnoBNeHO TeMm, YTO MpU BbIXOAE U3
ctpos go 15...20% mogynen pabotocnocobHocTe APAP coxpaHAeTcs Npu He3HaYUTENbHOM YXYALIEHWU
XapakTepucTuk ¢yHKUMOHUpoBaHus. Kpome Toro, npm MaccoBOM CEPUMHOM MPOM3BOACTBE OAHOTUMHBLIX
Moaynen ynpoLiaeTcs TEXHONOMs Ux 3roToBIEHUSA N CHUXKAETCA CTOUMOCTb.

CtpykTypHaa cxema mogyns A®PAP aensieTca knaccudecko Ha 0ase npuemHo-nepegaroLmx
anemenTOoB (MM3). Kaxxgpin MNMN3 BkntovaeT:

- @HTEHHbIE 3NEeMEHTbI C TOPU3OHTalbHOM U BEPTUKarbHOW nonspusaunen;

- ManowymsLmMe yCunuTenu ans KaHanoB ropu3oHTanbHON 1 BePTUKanbHON nonspusaumu;

- (pasoBpallatens U aTtTeHaTop C UMAPOBBIM YNpPaBreHWEM KaHamnoB TrOPU3OHTaNbHON WU
BEpTMKaNbHOW nonspusauunm;

- Anarpammoobpasywwme yctponctea (JOY) kaHanoB C ropu3OHTaNbHOW U BEPTUKANbHOMN
nonsipusaumen, npegcraensiowme cobot MHoroexogosbsle cymmaTopbl CBY-curHanos;

- VOEHTUYHble TMpueMHble YCTPOWCTBA C MEPEHOCOM Ha MNPOMEXYTOYHYIO 4acToTy u
npeobpasoBaHMeM B KBagpaTypsl;

- aHanoro-undpoBble Npeocbpa3oBaTeny KaHanoB BEPTMKANbLHOW U FOPU3OHTANbHOWM Nonspu3aunn.
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PucyHok 2 — Ctpyktypa moaynsa AD®AP (npvemHas YacTtb)

Mogyne A®AP pabotaet cnegyrowmnm obpasom. OTpaXeHHble CurHanbl C MNPOU3BOJSIbHOMN
nonsipusaumen NPUHMMalTCA aHTEHHLIMWU 3NIEMEHTAMUN C FTOPM3OHTANBbHOM U BEPTUKaNbHOW nonsipusaumen
M NOCTYMalT Ha BXOAHblIE ManowyMsLWMe ycunutenu, u, ganee, Ha dasoBpallaTtenu c aTTeHraTopbl C
uncpoBbiM  ynpaeneHunem. Kak npasuno, dasoBpawlatens W aTTeHwatop npeacTaensioT  cobow
KOMMMNEKCUPOBAHHOE YCTPOWCTBO ynpaeneHus amnnutygon un  dason CBY-curHanos. CwurHansl
rOPM3OHTanbHON 1 BepTuKanbHOe nonspusauny kaxgoro MNM3 co ckoppeTnpoBaHHbIMK hasamun noctynaroT
Ha guarpammoobpasyiollee yCTPOMCTBO, KOTOpoe paboTaeT Kak CymMmartop, AMs Kakaon nondpmsauuu,
nocne 3Toro Ha NPMEMHUK 1 aHanoro-uMdpoBson npeobpasosaTerb.

OHeprocuctema. ConHeuHble Oartapen (CB) B HacTosiwee Bpemsa ABNANTCA  CaMbIiM
pacnpocTpaHeHHbIN UCTOYHWMK SHEPTUU ANt KOCMUYECKMX annapaToB BBMAY IKOMOTMMYECKOW YUCTOThl (B
CpaBHEHWW, Hampumep, C SOEpPHbIMW  3NEMEHTaMW MNUTaHWUS), 3HAYUTENbHOrO pecypca, BbICOKOM
HadEeXHOCTKU, MacwTabnpyeMocTu K HeobxoaAMMbIM YPOBHAM MOLLHOCTM, OTHOCUTENbHO CcebecToMMOCTU
[2,3].

B kauecTtBe matepuana ans marotoBreHms Cb Mcnonb3yloT KpeMHuii u apcenug rannus. Mpu Krg
oKono 8-13% KpeMHMeBble 3MeMeHTbl MMelT yaenbHylo MoliHocTb 130-180 BT/mM? B Havane cpoka
aKcnnyaTtauun, a B KOHLE CpoKa, KOTopbii aAnutcs okomno 10-15 net — 70-100 B1/m2. MNpu “cnonb3osaHum
apceHuga rannusa (u3 3-kackagHblx OTO3MeKTpuyeckux npeobpasoBatenen) batapen OyayT umetot K
25-28% ¢ yaenbHoit molHocTbio 300 B1/M2 B Hayane cpoka akTueHom pa6oTel 1 230 BT/mM? B KoHue [2].

MepcnekTnBHBIM Hanpasnenvem passutusa Cb aBnsieTca co3gaHue (OOTO3NIEMEHTOB Ha OCHOBE
HaHOAHTEHH (PeKTeHH). Y peKkTeHH HeJoporoe cbipbe Ars NpousBoAcTBa M noTeHuuansHblin KMNO go 85%.
Mpon3BoACTBO M3-3a TEXHOJOTMYECKUX TPYOHOCTEN MOKa He HamnaXeHo, HO MPOrHO3upyeTcsl, Y4TO nocrne
peLueHns Npobnem peKkTeHHbI MOMTHOCTbIO BbITECHAT CONHEYHble naHenu [3].

OpHum 13 BaxHbIX TpebosaHui k PCA cucTeM AWCTaHUMOHHOIO 30HAMPOBaHWS 3eMnn ABnsieTcs
obecneyeHne MakcumarnbHOW MPOM3BOAUTENBHOCTM U OMEPATUBHOCTM CbEMKM 3aMEHON MOBEPXHOCTU. JTO
onpegenset HeobxoaumocTb paboTel PCA Ha TeHEBOM y4acTke OpOuUTbI, YTO AOCTUraeTCs MCNONb30BaHNEM
aKKyMynsaTopHbiX Gatapen. Ha cerogHAWwHWMM OeHb wumeeTcsa OOnblIOE  KONMUMYECTBO BapuMaHTOB
aKKyMynsTOPOB, M3roTaBnmBaembix Ha 6ase Hukenb-kagmueBon (NiCd) TexHonormm ¢ yaenoHOW SHepruen
okono 40-60 Bt*u/kr, Hukenb-sogopoaHon (NiH2)TexHonornn ¢ yaensHou aHepruen 50-90 BT*u\kr u nutui-
WOHHOW (Li-ion) TexHonorum c ypenbHou aHeprnen 110-160 BT u/kr. JIUTUNA-MOHHBIE aKKyMyNSATOPbI
HabupatloT Bce Oonblyto nonynspHocTb B KA un3-3a HageXHoOCTW, OTCyTCTBUSA 3adchpekta namsTun, U
XOpOLUMMU MaccorabapuTHbIMU XapakTepuctikamm [2].

OnopHbIN reHepaTop. BO3MOXHOCTb  ANIMTENBLHOIO  HAKOMMEHUSI  OTPAXEHHOro  curHana
onpegensieTca npu CUHTE3NMPOBAHUM anepTypbl OrPaHUYMBAETCS YXOAOM OMOPHOM 4acToTbl (4acTOTbI
retepoguHa). MNMpu MakcMManbHOM BpPeMEHW CUHTe3MpoBaHus nopsaka T=10 ¢ yxod 4acToTbl OMOPHOro
reHepatopa He pformkeH npeBbicuTb nopsgka 0,1...0,2 Tu. [lMoatomy kpaTkoBpemeHHylo (3a 1 C)
HecTabunbHOCTb 4acTOTbl OMOPHOrO reHepaTopa MOXHO OueHWUTb BenuduHon 107121011 (mMeHbluee
3HayeHMe xapakTepHo ans Ku-guanasoH, Gonblee 3HavyeHne — ansa L-gmanasona). Ha ctabunbHOCTb
4acTOTbl B OMOPHbIX FreHepaTopax B NEPBYO odepeab OCHOBHOW 3M1EMEHT, Ha KOTOPOM MOCTPOEH reHepaTop.
Tak, BogopogHble reHepatopbl (41-75A, CH1-75B, CH176) umetoT camyto OonbLUyl0 [OONTOBPEMEHHYHO
cTabunbHocTb 10715 /rom, uesmesbix (Times Cesium) =5 = 10712 /rog, py6uaomesbix (PRS10, P400, FE-
5660A) — 510712 /rog, keBapueBbix (Actpa, M32008, M32011) — 5% 1072 /roa [5,6]. KpaTkoBpemeHHast
HeCTabunbHOCTb YKa3aHHbIX reHepaTopoB Ha 2...3 nopsgka nyywe OONroBpeMeHHon. B GonblunHCTBE
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cnyyaeB npu BpeMeHu cuHTesumpoBaHus 1...5 cekyHO [OOCTaTOYHbIM SIBNSIETCA  UCMOSb30BaHUe
TepMOCTabnnmnanpoBaHHbIX KBapLEBbIX reHepaTopoB. [1py O4YeHb BbLICOKOW paspeluatolliert crnocobHoCTU
Heob6xo04MMO MCMNOMNb30BaTh pybuaMeBble CTaHAapTbl YacTOThbI.

Takum obpasom ans kocmudeckmx PCA nepcnekTuBHbIM ABNSETCs ucnonb3oBaHne ADAP c
LuMdpoBbLIM AMarpammMmoobpasoBaHMeEM, B 3HEPrOCUCTEME — UCMONb30BaHNE COMNMHEYHbIX NaHenen COBMECTHO
C JWUTUA-MOHHBIMW  aKKyMynsaTopamu, W TEpMOCTabWNM3MPOBaHHbLIX KBapPLEBbIX T[EeHepaTopoB UMu
pybuaneBbix CTaHAAPTOB YacTOThl B KAYECTBE reHEpPaTopOB OMOPHbIX CUTHAIIOB.
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Pydbko E.C., cmydeHm 2p.944691

Benopycckull 2ocydapcmeeHHbIl yHUgepcumem UHgopMamuKku U paduo3/1eKmpoHUKUT
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lMapagusiHosuy T.A. — kaHd. ned. Hayk, doueHm

AHHOTaumsi. CTaHOBMEHWE JIMYHOCTM KaXJOro CTyAEHTa SIBNSETCS OOHWMM M3 CaMbiX CIOXHbLIX MeproaoB Xwm3Hu. [Mpenogasarenb-
KypaTop B YHWBEpCWTETE MNOMOraeT CTyAeHTaM OCBauBaTb CUCTEMY B3aMMOLEWCTBWI B KOMMekTuBe, npuoGliaeT K Hopmam U
TpeGoBaHusiM, oGecneuvBaeT BBedeHWe B Npodeccuio. MIMEHHO C KypaTopa HauuHaeTcsi BblpaboTka CyGbeKT-CyGbekTHOro
B3aMMOAEICTBUS «MpenofaBaTerb-CTyAeHT», B3aUMHOTO YBaXEHUS U NPUOBLLEHUST 0ByYaoLLUXCS K MPOECCMOHASTbHLIM LIEHHOCTSIM.
TeHonorvst TMMBUNAMHT NoMoraeT popMMPOBaTbL KOMaHAbI, IPYNMoBoe B3aWMOLENCTBUE, Pe3ynbTaToM KOTOPOTro SIBMSETCA pa3BuTHe
VHULMATMBbI, TBOPYECTBA CTYAEHTOB, pa3BUTMe NUYHOCTU ByayLlero negarora-nporpaMmMmucTa .

KnroueBbie cnoBa. JInyHOCTb, rpynnoBoe B3anMoAencTBre, KoMaHaa, TUMOUAMHT, KOMaHA006pa3oBaHWe, MUKPOKITUMAT, OTHOLLEHUS.

CTaHOBMEHUEe NNUYHOCTM KaXkgoro CTyAeHTa SABNSETCS OOHUM U3 CaMbIX CIIOXHbIX NEPUOAOB KU3HW.
OT TOro, Kak OyaeT cknaablBaTbCs MEXIMYHOCTHOE B3aUMOAEWCTBME B CTYOEHYECKOW rpynne, 3aBuCUT
dopmupoBaHue Oyayller nMYHOCTU cneuuanucta. MHorve gymalroT, 4TO KOMaHZa MOCTpPoMTCA cama,
HeoOXOAMMbI TONMbKO BPEMS A1 pa3BUTUSA U COOTBETCTBYHOLLAs cTpaTernsa. 1o NoXHoe yoexaeHwve.

M3 aToro MoxxHo caenaTtb eAMHCTBEHHBIN BbIBOA: KOMaHAbl HE BO3HMKAKT camu no cebe.

O6pasoBaTtenbHbin npouecc BIYUP npusBaH oGecneyntb BbICOKUIA YPOBEHb MNPOdECCUOHANBbHON
NMOArOTOBKM CMEeunanncToB, KpUTEPMEM KOTOPOro SABIISIETCA He TONbKO  «...OBrafeHuwe obydarmmmncs
WHTEerpanbHON COBOKYNHOCTbLIO NpeaMeTHO-NPodeCcCUOoHarbHbIX 3HAHWN, YMEHWUA, HABbIKOB, HO U pa3BUTUE
NNYHOCTHBIX Ka4eCTB Kak COCTaBMSKLIUX COLManbHO-NPOdEeCCUOHaNnbHOM KOMMNETEHTHOCTU cneumnanucta,
HeoOXoAMMON Ans peweHus  3agad npodeccuoHanbHon agesTtenbHocTu»...[1, ¢.351]. Kak nokasbiBaet
OMbIT, KaXdoe HOBOE MOKoNeHne O0yvalLWwmuxcs MNpU CXOXEeCTU BO3pacTHbIX OCOBEHHOCTEeW BCe-Taku
OTnMyaeTca OT  MpeflecTBEHHUMKOB  CBOMMM  MUPOBO33PEHYECKMMM  MO3ULMSMU,  LEHHOCTHBIMU
opveHTaumsimMu, cnocobamu camopeanu3auun. B cBsis3M C¢ 3TM BCTaeT BOMPOC O NOWCKe HOBbIX, boree
3 hEeKTUBHBIX NyTEN B3anMOZENCTBUS C oby4darowmmuncs, uenecoodbpasHbix opM 1 METOZ0B OByYeHus 1
BOCMNUTaHMS.

MpenopaBaTenb-KypaTop B YHMBepcuTeTe 4BMseTca Knwo4veBon urypon opraHusauum
BOCMMTATENbHON PaboTbl, MIMEHHO OH BbLICTYMaeT HOCUTENeM Tpaguuumi u ueHHocten BIYUP, nomoraet
CTyAeHTaM ocBauBaTb CUCTEMY B3aUMOAEWCTBUM B KOMMekTuBe, npuobliaeT K Hopmam u TpeboBaHUsAM,
obecneunBaeT BBeAeHMe B npodeccuio. MIMeEHHO ¢ KypaTopa HauMHaeTcs BblpaboTka cyObeKT-CyObeKTHOro
B3aMMOJENCTBUSA «MpenogaBaTenb-CTYAEHT», B3aUMHOIO YBaXeHus u  npuoblieHns obydarowmxcs K
npodeccuoHanbHbIM  LeHHoCcTAM. Kpome Toro, npenogaBaTtesib-KypaTtop SIBMSIETCA  OpraHuM3aTopoMm
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pasHoobpa3Hon BHeydYebHOV [eATenbHOCTM W Npu3BaH CnocobCTBOBaTb BKMOYEHUIO CTYOEHTOB B
camoynpasfeHne 1 CTUMynupoBaTb UHULMATUBY, TBOPYECTBO, NOBYXAaTh K camopeanu3aumun. BHeyuebHasa
OEeATEeNbHOCTb BbICTPAMBAETCsl,  KakK IOrMyeckoe MpoAoIKeHMe coaepXaHus YYebHbIX AUCLMNIVH,
npuBneYeHns oByYarLMXCS K MPOEKTHOM AeATeNbHOCTW, CO34aHuMs UM «nong» npodeccuoHanbHOn
AeATenbHOCTH,  «...0bbeanHeHne BHey4yebHoOW  ageaTenbHOCTM UM Byaywen  npodeccuoHarbHOM
AEeATENbHOCTU, MOMOXUTENBHO BIIUSET, C OQHOW CTOPOHbI, HA JIMYHOCTHOE CTaHOBMeHMe obyvarmxcs
nyTém POPMMPOBAHUS Y HUX OMbITa COBCTBEHHON AEATENBHOCTU, CYOBEKTHOCTU, aKTUBHOCTU, CNOCOBOHOCTH
NposIBNATb MHULMATKBY, C APYrOM — Ha UX NpodeccMoHanbHOe CTaHOBNEHNE NOCPEACTBOM MNpeBpaLLeHns
NoNy4YeHHbIX 3HaHWN B NpodbeccnoHanbHble YMEHUS U HaBbIkny [2, ¢.12 ].

B3ammopencTBme npenogaBaTens u oby4vawLllerocs npegHasHavyeHo copmupoBaTe OAHOBPEMEHHO
CO3HaHMe W MoBedeHWe nocnegHero, nobyxgate €ro K CamMOBOCNUTaHUI, CamMoobpasoBaHuio U
camopassBuTuio. AkTyanu3auus ryMaHUCTMYECKMX NPUHLMMNOB YynpaBneHns obpasoBaHuem npuBena kK
paspaboTke M HOPMUPOBAHNIO HOBLIX KOMaHAHbLIX TEXHOMOrM, OOHOM M3 KOTOPbIX SABMSIETCS pasBuUTUE
KoHuenumn TumbungumHra. TumbunguHr (adrn. Team building — nocTpoeHue komaHAbl)) — TEepPMUH,
NPUMEHSAEMbIA K LUMPOKOMY AMana3oHy AEWCTBMI NSt CO34aHMSA U MNOBbIWEHUS 3(dEKTUBHOCTU paboThl
KomaHabl. B y3koM cMmbicne, TMMBUNAuHr npeactasnseT coO0W TPEHMHT, HanpaBreHHbIN Ha hopMMpoBaHme
HaBbIKOB KOMaHAHOro B3aMMOAENCTBUS. AKTUBHbIN TUMOUMNAWHI — 3TO KOMMNIMEKC MEPONpUATUA, KOTOpble
HanpaBneHbl Ha CMIOYeHNe KOMaHAbl MyTeM COBMECTHOrO akTUBHOMO OTAblXa, Urp, TPEHWHIOB, OCHOBHOM
Lenblo KOTOpbIX SABMSIETCS «pa3BUTME HABBLIKOB, CMOCOOHOCTEW, BHYTPEHHUX BO3MOXHOCTEW, packpbiTue
pe3epBOB JIMYHOCTU U KOMaHAbl, Hay4eHVEe U TPEHUPOBKA NOMyYEHHbIX 3HAHMIM N HaBbIKOB Ha MPaKTUKe»  [2,
c. 13]. B cocTs3aHmAX M TPEHUHrOBbIX 3aHATMSAX, OBMMYEHHBLIX B MPOrpaMMy akTUBHOTO TUMOWNOWHIA,
NMPOHU3aHHYK KOMaHAHbIM OYyXOM W eanHeHueMm, obydawwmncs cnocobeH packpbiTb CBOM MOAJSIMHHbIE
NNYHOCTHbIE, NPOdECCHMOHArbHBIE U COLManbHbIE Ka4ecTBa.

B komaHge camoe rnmaBHOe — pasBUTUE WHTEMMEKTyanbHOro M NpodeccMOoHanbLHOro noTeHumnana
KaXkgoro yvyactHuka komaHabl. M 3gecb Ha NOMOLLb NPUXOANT KOMaHAoobpasoBaHue.

OcHoBHasa uenb TumbunguHra — OPMUPOBaHUE CMNOYEHHOro Konnektuea. W3 oTaenbHbIX
yyawmxcs TpebyeTcs nOCTpOMTb KOMaHAy, CNOCOBHYI0 COBMECTHO pellath 3agayvuv, NpUHUMAaTb PeLueHus U
JocTuUraThb LIENen.

3agaym TpeHunHra komaHgoobpasoBaHus [3]:

CdopmupoBaTtb eanHoe NnoHUMaHue obLLmMx Lenen n 3agay npoecca.
YcTaHoBUTbL 6anaHc NuU4YHbIX Lenen 1 3agad ¢ LuensiMv u 3agadaMmuy KonnekTuea.
YcunuTb KpeaTUBHOCTb.
MposiBUTL 1 paspeLLmnTb MEXITUYHOCTHBIE KOH(PIMKTHI.
YRyywmnTb NCUXONOrMYECKNIA KumaT.
. YAy4ywnTb NMYHbIE B3aNMOOTHOLLEHNS.
TPEHUWHIe UCNONb3YTCA creayoLwme npuemsi:
MOAENMPOBaHNE CUTyauun;

e UrPOBblE MOMEHTLI 1 UX aHanNus;

e ynpaeneHue obCcyxaeHnem;

e aKTMBHasA obpaTHas CBA3b;

e 0DOCyXgeHue 3Ha4YMMOCTM MHAOPMALIMOHHBIX MOBOAOB U TEM;

e OTCNEeXMBaHWE y4aCcTHUKaMMU CTpaTernn COOCTBEHHOIO NOBEAEHMS;

e O[HOBPEMEHHOE BOCNPUATUE HECKOIbKMUX CIIOEB COOBLLIEHHON UHopMaLmN.

KoHeuHo, B TMbungumHre ectb M cBouM MuHycbl. Camasa rnaBHas npobnema, 4YTO MHOMMM He
HPaBUTbCS y4aCTBOBATb B TAKMX MEPOMPUATUSAX, TaK Kak He Bce NobAT paboTaTtb B KOMaHAe.

TumObunauHr — MeponpusiTe crnopHoe. Tem Oonee, 4YTo B MOCregHee BpeMs, B CBS3M C €ro
pacnpocTpaHeHUEM, OYEHb MHOTME MOHSANW, KaK HYXXHO BecTu cebsa Ha TumbunguHre: «bern co Bcemm,
Kpn4n co Bcemu, 1 Bce OyaeT XopoLuo!» — Bpsig fM 9TO UMEHHO Ta Liefb, KOTOPYH HEOOX0AMMO OOCTUTHYTh.

Ona komaHgHoW paboTbl XapakTepHbl HEKOTOpblE BaXXHble OCOOGEHHOCTU. JTO cornacve mexagy
LuensamMum CTyOEeHTOB, OpueHTauus Ha pesynbTaT, rMbkoe nuaepcTBO BHYTPUM KOMaHAbl, CMOCOOHOCTb
npuHuMaTb obwme peweHus. Ons cnnodeHns rpynnbl MOXHO PacCMOTPETb MPOLECC, B YCNOBUAX KOTOPOro
BO3MOXHA COBMECTHas [OeATeNbHOCTb, 3aHATUA U3NYECKOro BOCMUTaHMsA. VIMEHHO B npouecce
CMOPTUBHOM AEATENbHOCTU BO3MOXHO 3ddekTnBHoe KomaHaoobpas3oBaHWEe CTYAEHTOB, OAHMM U3
NpMMepPoB ABNsiIETCA KBecT-urpa «benopycckne y3opbl». B cocTaB komaHa BXOAMIU CTYAEHTHI U3 pasHbIX
rpynn M HauMOHAnNbHOCTEW, 4TO CMOCOOCTBOBANO WX 33HAKOMCTBY, CMMIOYEHMIO, B3aUMOLEWCTBUIO.
Cnegyowuin Bug TMMOUNOuHra — TBOpYecku TumbunamHr. OH  HanpaBfneH Ha 3MOLMOHAamNbHYH0
aKTMBHOCTb y4acTHUKOB. [pyn ero npoBeAeHUU CTyAeHTbl ObinvM pa3buTbl Ha KoMaHAabl. OTO 0ObeavHsAeT
CTYOEHTOB M BO Bpemsl Urpbl OHU 3a0bIBAlOT O MEXIIMYHOCTHBLIX KOH(pnmkTax. [Mpumepom Takoro
TUMOUNAWHIa ABNsieTCA NPoBeAeHNEe CaMUMK CTYAEHTaMM KypaTOPCKOro Yaca B pamKax KypCOBOro NnpoekTa.
4YTO cnNocobCTBOBANO CMOYEHMO Y4EOHOM rpynmnbl.

TpPEeHVHIM No KOMaH4000pPAa30BaHUIO OTNIMYAIOTCA HE TOMbKO BUOOM TUMOWUNOWHra, HO U Cnocobom
npoeefeHus. K npumepy KBecT-urpa v KypaTOPCKMA 4Yac ObilM NpOBEAEHbl Ha ynuue M B MOMOLLEHUN

cmoUAWNE
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cooTBeTcTBEHHO. Cenyac BO BpeMs NaHAeMUM AN CNAOYEeHUsI CTYAEHTOB MOXHO mcnonb3oBatb Web-
kBecTbl. [1pu peanusaumm Web-kBecta MCNonb3yoTcs pasnuyHble VIHTEpHeT-pecypcbl. Taknum o6pa3om Mol
npespalwiaem WHTepHeT B TeppuTopuio TBopdecTBa. PaspabartbiBaoTca web-kBeCTbl AN MakcuMarnbHOW
uHTerpaumm WHTepHeTa B pasnuuHble yyebHble npeameTbl Ha pasHbiX YPOBHAX 00yyeHusa B y4ebHOM
npouecce. OHM oOxBaTbiBAOT OTAENbHYO npobnemy, y4ebHbln npeameT, Temy, Moryt ObiTb U
MexnpegMeTHeiMUM. B Kypcosow paboTe no negaroruke s ucnonb3oBana VHTepHeT-pecypc Learningapps.
C nomollb KOTOPOro MOXHO COCTaBMnATb pasfnuyHble KBeCcTbl C 3agaHuamu. Ho camoe rnmaBHoe
NpenMMyLLEeCTBO — 3TO CO3[aHWe KBecTa ANs KoMaHAHoW paboTtel. Pabota ¢ web — kBecTamy MOXeT ObiTb
NpeanoXeHa 1 Kak JomallHee 3adaHune (BHeayauMTopHas caMmocTtodaTenbHas paborta) ons obyyarowmxcs, eé
MOXHO NPOBECTU B ayAUTOPUKN NPU HAaNMYnKU CABOEHHbIX 3aHATUN.

Takum obpasom, MOXHO caenaTtb BbIBOA, YTO TEXHOMOMMS TUMOWUNAMHIa — hopma pe3ynbTaTUBHOMN
rpynnoBon [AOeaATenbHOCTH, crnocobeTByowas crabunu3auun  MWKPOKNUMaTa, akTuBmM3aumMuM Mnoucka
pauuoHanbHbIX UAen, pasBUTUI0 MHULMATMBLI, TBOPYECTBA CTYAEHTOB, Pa3BUTUIO NUYHOCTM OyayLiero
negarora-nporpaMMmucTa B npouecce rpynnoBoro B3anmoaenctasunms.
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NMPOrPAMMHOE CPEACTBO ONTUMU3ALIUU TPY3ONEPEBO30K
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2. MuHck, Pecnybnuka benapycb

Jlucmonad H.U. — 0-p mexH. HayK, rpogheccop

AHHoOTauus. PaboTta nocBsilieHa pacCMOTPEHWMIO NMPOrpaMMHOrO CPeACTBa, MO3BOMSIOLETO PELUMTL KIoYeBble 3a4avyamu yrnpaBreHns
nepeBo3kaMy — MapLUpyTM3aUMio Trpy30ornepeBo30K W pacnpenerieHne TPaHCMOPTHBIX CPEACTB MO MaplupyTam Mpu  YCIoBuUM
BbINOMHEHWS NlaHa NepeBO30K B COOTBETCTBUM C BbIGPAHHLIM KpUTEPUEM ONTUMU3ALINM.

KntoyeBbie cnosa. MapLupyTtusauus. JlorncTuka.

O6GocTpsoWancs KOHKypeHUMS Ha pblHKE TPaHCNOPTHO-NIOMMCTUYECKNX ycnyr TpebyeT HOBbIX
NOAXOAOB K pasBUTUIO TPAHCMOPTHbLIX OTHOLLEHWW, CO3[4aHMI0 HOBbIX TEXHOMOrMN, MOBLIWEHWIO KavecTBa
npegoctaBnsemblx ycnyr [1]. OCHOBHbIM KpUTEpPUEM ONTUMWU3ALUN B YCIOBUAX PbIHOYHbIX OTHOLUEHWUN
CTaHOBATCS MUHUMAaIbHbIE 3aTpaThbl HA TPAHCNOPTMPOBKY rpy3oB. KomnaHuw, Tak unv nHadve cBsidaHHble C
TPaHCNOPTHOW NIOMMCTMKON, CTanKMBarTCA CO CrieAyowmmmn npobnemamu:

— copepxaHue cobCTBEHHOro aBTonapka o6xoanTcsa Aoporo, Yacto bbiBaeT TPyAHO BbIOpaTh
ONTMMaribHbIN HaeMHbIN TPaHCNoPT;

— HepauvoHarnbHas 3arpy3ka TpaHcrnopTa — MalnHbl OTNPAaBIIAIOTCS B PENC HAMOMOBUHY NYCTbIMU;

— B K&XAOM MapLUpyTe eCTb Macca AeTanen 1 NPpoKOHTPONMpoBaTh UX TOYHOE cobnogeHune
AOCTaTOYHO CIMOXHO, MO3TOMY COCTaBMEHHbIV BPYYHYIO MapLUPYT YacTo SABNSETCA HEMOMMYHBLIM U NOTOMY
ManoaPEeKTUBHbLIM.

Y4yeT Bcex (pakTopoB YCNOXHAET OpraHM3aunio 1 ynpasneHue TpaHCNopTHOW NOrMcTukon. Ha nomotub
NPUXOAAT COBPEeMEHHble IT-pelleHus, KOTOopble CO3[4alTCA C  LUenblo OonTUMU3auUU  NOrMCTUYECKUX
nsgepxek. OgHO 13 Taknx pelueHui ByaeT paccMOTpeHo ganee.

Pa3spaboTtaHHoe mnporpaMmMHOe CpeACTBO MO3BONSET pelwunTb Khl4veBble 3adayn  ynpaBlieHus
nepeBo3kamMy — ONTUMU3MPOBAaTL MNNaH MapLUPyTU3aLuMu rpy3onepeBOo3oK U pacnpenennTb TPaHCMopTHbIE
cpencTtBa No mMapLipytaMm nepeBo3oK MO KpUTEPUI0 MUHMMYMa CYMMapHbIX 3aTpaTt Ha NepeBo3Ky C y4eToM
TEXHUKO-3KCMIyaTauuoHHbIX ~ MapameTpoB  TPaHCMOPTHbIX  cpeactB.  OCHOBHbIMM  (PYHKUUSAMMN,
npegocTaBnsiemMble NPorpaMmMHbIM CPeACTBOM, SBMNSAIOTCA:

— 3arpyska McxogHbIX AaHHbIX O 3aka3ax (Homep, gata oopMieHus, gaTa AOCTaBKu, BEC, OObEM,
CyMMa, KOHTPareHT), KOHTpareHTax (TUn KOHTpareHTa: KOHTPareHT, NepeBO34MK; KOHTaKTHbIE AaHHbIE),
TOYKax AOCTaBKU (reorpadmyeckne KOOpAMHATLI: LWIMPOTa, 4oNroTa; obnacTtb, panoH, ropog, ynuua, oM,
BpeMS HaXOXAEHUS Ha TOYKe, Bpems paboTel, BpeMs obeaa), TpaHCMOPTHBIX cpeacTeax (BMA M Tvn
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TpaHCMNopTHOro cpeacTBa, HaMMeHOBaHWe, rocyapCTBEHHbIN HOMEp, FPy30MNo4beMHOCTb, 06beM Ky30Ba) U1
Boautensx (PNO, KOHTaKTHbIE AaHHbIE);

— BegeHve 6asbl AaHHbIX, MOUCK 1 unbTpaums B 6a3e AaHHbIX, KOTOpas nogpasymeBaeT
pobaBneHuve, pegakTMpoBaHue, yaaneHue, Nnouck n otbop nHdopmaumm o 3akasax, KOHTpareHTax, Toukax
OOCTaBKU, pernoHax, TPaHCMNOPTHbIX CpeacTBax, Buaax TPaAHCMOPTHLIX CPeACTB, BOAUTENSX;

— NpeaocTaBeHne TpeX pexXnmMoB (PyYHOW, MONyaBTOMaTUYECKUA U aBTOMATUYECKMUIN) N HACTPOEK
NoCTpoeHMs MapLupyTa (y4eT orpaHUYeHniA No KONMYECTBY TOYEK JOCTaBKW, Becy, 06bemy, BpeMEHH, yyeT
obpaTHOro nyTu, Bpems Hayana MapLupyTa), HacTpoek Ansg asToMaTudeckoro nogdbopa TpaHCNOPTHOroO
cpeacTsa (MpUOpUTETHBINA BUA U TUM TpaHcnopTa);

— MOCTPOEHNE ONTUManbHOro MapLUpyTa 1 peJakTUpoBaHWe NOCTPOEHHbIX MapLUPYTOB;

— oTobpakeHne To4eKk JOCTaBKM 1 BCEro MapLupyTa Ha KapTe;

— chopmumpoBaHue nyTeBoro nNucTa u pasdneHve mapLupyTa nyTeBOro NMcTa Ha pewncsl;

— ONTUMM3aUNI0 pacnpeaeneHns TPaHCMOPTHBLIX CPeACTB NO MapLupyTaM;

— Ha3HayeHWe BOAUTENs ANS BbINOMHEHWUsI MyTEBOro NMCTa;

— NOCTPOEHNE OTYETOB Ha OCHOBaHUN MHGOPMALMK O rpy30MnepeBo3Kax N CoxpaHeHne
ChopMMpPOBaHHBIX OTYETOB.

B nporpammMHOM cpeacTBe npegycMOTPEHO [[Ba Tunma nonb3oBatenen — «AOMWHUCTPATop» U
«Jlorncty». MNonb3oBaTenb ¢ NpaBamu gocTtyna « AOMUHUCTpPATOP» OTBEYaeT 3a 3arpy3kKy MCXOOHbIX AaHHbLIX
O 3akas3ax, TOYKax [AOCTaBKM, KOHTpareHTtax, aBTOMOOMMSAX W BOAMTENSAX, KOTopble BMOCNEACTBUM
obpabaTbIBalOTCA NOrMCTOM, a Takke 3arpy3ky CTaTycoB NMyTeBbIX NMMCTOB. B cBol o4yepeab, Nonb3oBaTernto
C npaBamu goctyna «Jloruct» npegocraBnaeTcss BO3MOXHOCTb pabotate B APM Jloructa, roe JocTynHbl
dYyHKUMM N0 HPOPMUPOBAHMIO MapLUpyTOB, MyTEBbIX NUCTOB, Nogdopa aBTOTpPaHCNopTa M Ha3Ha4YeHus
BOOAUTENS HA NYyTEBOW JIUCT, BbIFPY3KE [AaHHbIX MO CHOPMMPOBAHHLIM MyTEBLIM JIUCTAM, a Takke
dopmMmpoBaHMe OT4ETa O rpy3onepeBo3kax 3a nepunos.

ANropuT™M NnaHMpoBaHWs rPy30NepeBO30K BKITKYAET crieayowme waru:

1) BBOA AaHHbIX O 3aKas3ax;

2) 3agaHue HacTpoek AN NOCTPOEHUS MapLLUPYTOB;

3) reHepauusa BO3MOXHbIX NyTEN MEXAy TOYKaMn JOCTaBKMY;

4) BbIBOP KpaTHaWLLEro NyT! Mexay ToYKamMu JOCTaBKu;

5) dopmurpoBaHne MaTpuLibl KUITOMETPOBbLIX BbIUTPbILLEN;

6) chopmMuMpoBaHMe oNTMMarbHbIX MApLUPYTOB C YY4ETOM 3aJaHHbIX HACTPOEK;

7) nonGop TPaHCMOPTHbLIX CPEACTB;

8) odopmneHne nyTeBbIX NINCTOB.

[OTOBLI MapLpyT MOXeT ObiTb NpefcTaBneH B TabnvyHOM Buae, Tak U OTOOpaXeH Ha KapTe.
TabnuyHoe nNpeacTaBneHne mapLlipyTa npyBedeHo Ha pucyHke 1.

Cocrar nytesoro (Coctas nyteaoro: "1, MuHckuii paiion, NMiugckwit paiion, Hosorpyackuil paiion, Kopenuuckuii paiioH”)
¥ ()| & [HD Euwe -
OueperocTs, Anpec
Yaanen Bosepat [ara nocTaskn Kormparent Bec fkr) Bpemn Ha Toske {4) BpeMA MpBLITIA B Todky BpemA patoTsl ¢
Vameren Homep aakasa Cymma Bpema s nym (4) BpeMA y6eImAn © Toukm Bpema patoTe no
PaccToatue fkm)
1.1 Manc, yn. Tamvpaaesa, 66a
07.02.2018 2_00000083 36372 075 0:22:48
1011316865 6165 038 1:07:48

19,05
2, Mnckan o6in., Murckai p+, r. 3acnasne, yn. Benvkan, 53

07.022018 112_001067 157,00 075 1:30:36
1011316833 2358 038 21536

18.50
6 340731 122042 45

812

26357 v

PucyHok 1 — MNpeacTaBneHve maplupyTa B TabnMyHoM Buae

B nporpammHoM cpefcTBe npedycMOTpeHa BO3MOXHOCTb OTOBPaXeHUst Ha KapTe Kak OTAENbHbIX
TOYeK, Tak 1 Bcero mapLupyta. MNpeactaBneHve MapLupyTa Ha kapTe NpUBEAEHO Ha PUCYHKE 2.
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PucyHok 2 — lNpeacraBneHne mapLlupyTta Ha Kapte

lMporpaMmmHOe cpeactBo pa3paboTaHo Ha TexHonmorudeckow nnatgopme 1C:lpeanpusitnue c
MCMOMb30BaHNEM BCTPOEHHOIO $A3blka MNporpammumpoBaHus. Takon Bblbop o0OycnoBrneH Tem, uTO
OONbLWNHCTBO KOMNaHWM BedyT y4yeT C UCMNOMb30BaHWEM MporpaMMHbIX npogyktoB 1C, yto obnervaet
WHTErpaumio 1 no3BoNnseT paclmputb QPyHKLMOHaN MMEIOLLENCS CUCTEMbI, MPeoCTaBnAs AONONHUTENbHbIE
BO3MOXHOCTM Ans aBToMaTM3auum 3agjad forMcTMKM W ynpasneHus nepeBo3kamu. Kpome Toro,
nonb3oBaTeny MonyyarT 3HAKOMbI M MPUBLIYHBIN MM  UMHTepdenc, 4YTo obneryaet BHeapeHue
nporpaMmmHoro npogykra. [porpammHoe cpeacTBo, paspabotaHHoe Ha nnatdopme 1C moxeT paboTath
nog ynpasrneHueM nobown n3 onepaumnoHHbix cuctem: Microsoft Windows, Linux, Mac.

OCHOBHbIM MpeumyLLecTBOM pa3paboTaHHOro MNporpaMMHOro cpeactsa nepen  MMEHLMMUCS
aHarnoramm siBNAeTCA BO3MOXHOCTb MCMOSb30BaHUS NPOrpamMmMHOro cpecTBa Kak OTAeNbHOro Mogyns, Tak
N BO3MOXXHOCTb MHTErpaumm ¢ ApyrMmMum nporpaMMHbIMU NPOAYKTaMK, UCMONb3yEMbIMU KOMNaHuen. JaHHas
BO3MOXHOCTb obecneumBaeTcs BeO-CEpPBMCOM, KOTOPbIN NpefocTaBnsaeT yHKUMOHAN no 3arpyske
NCXOOHBIX JAHHbIX U BbIrpy3ke pe3ynbTaToB. Takum obpas3om, NporpammMHOE CpeacTBO MOXET CTaTb OOHUM
13 3BEHLEB NPOrPaMMHbIX NPOAYKTOB, UCMOSMb3yeMbIX KOMMAHMEN.

Wcnonb3oBaHne nporpaMMHOro cpegctsa ONTMMM3auuM Py30NepeBO30K MO3BOMSET COKpaTUTb
BpemMs Ha obpaboTky 3akas3oB, CHM3UTb 3aTpaTbl, a Takke yMeHbWwWTb TpeboBaHMs K KBanudukauuu
nepcoHana. PesynbTraT MCnonb30BaHWs TPAHCMOPTHOW NOMMCTUYECKON CUCTEMbI — BbICOKAas BEPOSITHOCTb
BbIMOMTHEHNSA «LWECTU MpaBuNl JNOTUCTUKU»: HYXHbIN TPy3, B HY)>XHOM MeCTe, B HYXHOEe Bpems, B
HeobXxoAMMOM KonnyecTse, He0BXoAUMOro KayecTBa, C MUMHUMarnbHbIMK 3aTpaTamu [2].

CnucokK ucnosib308aHHbIX UCIMOYHUKOS:

1.Koeanes, M. TpaHcrnopmHasi noeucmuka 8 benapycu: cocmosiHue, nepcriekmussbi : MoHozp. / M. M. Koearnes, A.A. Kopornesa,
A.A. flymuna. — Munck : U30. uenmp BI'Y, 2017. — 327 c.

2.CaseHkosa, T. U. Jloeucmuka : yuyeb. nocobue / T. . CaseHkosa. — M. : Omeza-/1, 2010. — 256 c.

3.Kpucmogpep, M. Jloeucmuka u ynipasneHue yerno4kamu nocmasok: y4eb. nocobue / M. Kpucmogpep — CI16.: lMumep, 2004. —
320 c.

4.Yucmos, [].B. Paspabomka & 1C:[pednpusmue 8: yueb. nocobue / J.B. HYucmos - M. : 1C-lNabnuwunHe, 2017. — 436 c.

LMOPOBON NPUEMHUK CTAHLUUU PAOVUOTEXHUYECKON PA3SBEKU

Cenrok B.O., acriupaHm

Benopycckull 2ocydapcmeeHHbIl yHUgepcumem UHGOopMamuku U paduo31eKmpoHUKU
2. MuHck, Pecnybniuka benapych

Mamiowkoe A.Jl. — kaHOuGam mexH. HayK

AHHOTauuA. [Ins OCyLLeCTBMNEHVs! 3aLUMILEHHOTO KaHana PagvocBsi3n LUMPOKO MCMOMb3YT PagvocTaHun C NpvMeHeHnem
ncesgocnyyanHon nepectponiku paboyen yvactotel (MMNPY). Moatomy, Ans npoBefeHns 3PdeKTUBHON paaMOTEXHUYECKON pa3Beku
(PTP), akTyanbHo/ 3apadeii siBnsieTcs pas3paboTka WM MPUMEHEHWE HOBEWMLWIMX UMPOBbLIX MHOrOKaHanbHbIX PaAMONPUEMHUKOB
ynbTpakopoTkosonHosoro (YKB) ananasoHa, koTopble NO3BOMSAIOT ONepaTMBHO CKaHMPOBAaThb 3a4aHHbIN YaCTOTHbIV AManasoH TaKTUHECKNX
pagvocTaHumii. B HacTosLwel paboTte Bbina ocyluecTBneHa oNTMMU3aLms napameTpoB, Tpebyemble pacy€Tbl U CUHTES (DYHKLMOHANBHOW
cxeMbl Ha 6a3e nporpaMMupyeMon Nnormyeckon uHterpansHoi cxemol (MJIUC).

KniouyeBble cnoBa. [NpuémMHMk pa3seaku, MHorokaHanbHbin, MIMNPY, YKB granasoH, BIN®, MNJINC, meraBbIOOpoK B CEKYHAY.
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Bbin nponsBenéH aHanua TexHu4eckmx AaHHbix AD6676, a Takke oueHka GbicTpogencteus MNINC
Virtex-7. AHanu3 nokasan, 4Tto BblbpaHHbIv MJTNC no3BonseT BbINONHUTL GbiCTpoe npeobpasoBaHne dypbe
(BINa) ¢ konuyectBoM BbIOOpoK Oonee 16384 Toukm B peanbHOM MacluTabe BpeMeHu Ha vactote 250 MIy,
[1]. OanHas pnvHa BbIOOpPKW, npwv uUUpPOBOM CrnekTpanbHOM aHanu3de, obecneyvnBaeT yBenMyeHue
paspelleHna no 4vactote 6Gonee uem 12,5 klu. PyHKUMOHaANbHaAA cxema MHOrokaHarbHOro MPUEMHOro
ycTpowncTBa Ha 6a3se MINNC pucyHok 1.

®HY | Al |

I )
HZAAumI ) Q R O
A2 ©HY2 L — 2

foun=2 GSPS -10...10 MI'ny A foooc= 62,5 MSPS

I~ I~ - ' =~ I
=X = dB 2-AAL[1'[2I— a1 Y @
i L OHU3 | e 8 I

@3 MLV 3 150170 MM fom= 2 GSPS | -10.tomra foon= 62,5 MSPS

I
I
i
I
50...70 MI'x ~y e~y ! s e~ o= 62,
- B A o] L oA
4 > @ I 4 [~ i A4 L F@’ ona4 L T4
I
I
I
I

@l MIIY 1

I~ Xo
R N
@2 .% [ @ o2 I&I

30...50 MI'n MIIY 2

AT

30...108 MI'

MIIY 4 foun=2 GSPS -10...10 f. 62,5 MSPS
90 MI'g ’—‘ 1 10..10 MI'n .

w |

90...110 M 190..210 MI'n foum= 2 GSPS -10...10 MI'n foooei= 62,5 MSPS

Pa3seTBUTEND

four [ oo fou [ ]

brok cunTesaropa broxk cunresaropa brok cunTesatopa brnok cuntesaropa| f:=250 MI'y FPGA

qacToT 1 gacTor 2 gacTor 3 r qacToT 4 Virtex-7

,Z[aHHI)IC pa3BCaKn

OnopHbIi
reHepaTop

for= 10 MI'n

PlllcyHOK 1- CI)yHKLI,I/IOHaJ'IbHaFI cxXeMa MHOrokaHarnibHOro I'IpVIéMHVIKa pa,CI,VIOTeXHVI‘-IeCKOVI pa3Beakn Ha 6ase
nnnc
OnTumarnbHbIM, ANS OAHHOrO MHOrOKaHanbHOro MPUEMHMKA, KONMYECTBOM KaHanoB sasngetca 4.
Mpu gnanasoHe pabounx yactot ot 30 go 108 MI'y, wupuHa ogHoro kaHana coctasuT Af=20 My,
PacuyéTbl Ansa kaXxxgoro M3 4 kaHanoB NPOU3BOAATCS aHanorM4HbIM obpasom.
LleHTpanbHasa yacTtoTa curHana Ans nepBoro kaHana onpegenseTcs no opmyre:

fa=fean fus =3873 My, 1)

rae fan =30MIy; fo; g = 50 M,
lNpomexyTodHaga JyacToTa:

fou1 = fa + fr = 138,73 MI'y,
2)

roe f.=100MIT11 — yacToTa reTepoamHa.

YacToTa retepoavHa BbiOpaHa C y4ETOM TEXHWYECKMX xapakTepuctuk 2-A ALM mogyns AD6676.
LleHTpanbHasa yacTtota MY gomkHa Haxoautcsa B npegenax ot 70 go 450 MIry. LWwnpuHa nonockl curHana ot
20 Mly po 160 Mlu. Yactota guckpetmsauum AL Tawkke onpegeneHa W3 TEXHUYECKUX OaHHbIX
NpoV3BOAMTENS U COCTaBNAET fs oymy = 2 GSPS.

>-A AU obecneumBaetr 5-OMTHbIN LUMGPOBOM BbLIXOL C BbLICOKOW YacTOTOM OUCKpeTU3auuwu,
NPeACcTaBNSOLLNIA Xenaemyto nonocy nponyckaHusa curHana MNY. -A AL paboTtaeT B pexxume n3bbITOYHON
anckpeTumsayuu.

CornacHo Teopeme KotenbHukoBa TpebyeTcs BbiOpaTbh 4acToTy OUCKPETU3aUMU fsppc, Ha BbIXxode
aeunmupytowlero dunbTpa, B ABa pasa 6onblle WMpUHBLI MONOCkl YacToT obpabaTbiBaemMoro curHana, 1o
ecTb fsppc > 2Af. YactoTel Auckpetusaumm fsppe = 62,5 MSPS ©ygeTr Gonee 4yem [OCTaTOYHO Ans
BbINonHeHunst Teopembl KoTensHukoBa. KoadhduuneHT npopexnsaHusa 6yget paseH 32 [2].

KomnnekcHble BbIXOAHbIE OaHHbIE C pas3psgHOCTbIO 16 OUT nepeparoTcs B XOCT-Npoueccop vepes
uHtepcenc JESD204B, noggepxuBarowmn KoHpurypaumio ¢ OOHOW WAW ABYMS NUHUSAMWU OaHHbIX W
obecneunBatownin GeictpoaencTeme oo 5.333 roumt/c [3].

Pa3peLueH|/|ﬂ no 4acTtoTe, Npu cnekTparnbHOM aHarnnae, MOXHO pacCyuTaTb, UCNOJIb3yA (bopMyny:
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f;

£, > AF, =,
p N 3)

NPUHSB Npu 3ToM AF, = 1 (NpsAIMOYrofibHOE OKHO):

fSDDC

fi3>N’

62,5 MSPS
P (4)
16384

f, > 3814 Tu,

Tabnuua 1. — 3aBMCUMOCTL paspeLLeHns no YacTtoTe f OT konudectBa Todek BINP N npu noctosHHOM YacToTe
ANCKPeTU3aLUMK fs ppc

KonunyecTtBo To4ek BbinonHeHusa bro, N < for K'Y
16384 3,814
8192 7,629
4096 15,259
2048 30,518
1024 61,035

[TomydeHHBIe pe3yNnbTaTHI TOBOPAT O TOM, YTO pa3pellaromiell ClioCOOHOCTH M0 YacToTe IU(GPOBOTO
MHOTOKaHAJILHOTO TpUEMHMKA, HaunHas oT N = 8192 u BblIlIe, BIOJIHE XBAaTUT, YTOOBI JCTAIBHO Pa3JIC/IUTh
TapMOHHUKH CUTHAJIa B UCCIEIyEMOM JHAMa30HE YacTOT, U TEM CaMbIM ONPEACIUTh AITOPUTM IIEPECTPONKHU
YaCTOTHI TAKTUYECKOH PaJOCTaHIIH TICEBIOCTYYaifHON MepecTpOKH padodel YacTOThI MPOTHBHUKA.

Cnu1cok Ucnonb3oBaHHbIX UCTOYHUKOB:

1. FPGA Virtex-7 [OnekmpoHHbil pecypc]. — Pexxum docmyna: https://www.xilinx.com.

2. Kecmep, Y. AHanoeo-yughposoe rpeobpasosaHue /Y. Kecmep — M.: TexHocghepa, 2007. — 1016 c.

3. lModcucmema wiupokononocHoeo npuemHuka MY AD6676 [SrnekmpoHHbIl pecypc]. — Pexxum docmyna: https://analog.com/.

ABTOMATU3UNPOBAHHAA CUCTEMA COCTABIIEHUA PACIMTUCAHUA
YYEBHbIX 3AHATUU OANA YYPEXOEHUA CPEOHEINO OBPA30OBAHUA

Cmpueenbckas A.C., cmydeHmka ep.844691

Bernopycckuli 2ocydapcmeeHHbili yHUgepcumem UHGOpMamuku U paduo3/1eKmpoHUKU
2. MuHck, Pecnybnuka benapych

Pycakoe [].B. — mazucmp mexHUKU U mexHosoauu, accucmeHm Kag. UPT

AnHoTauusa. CoctasneHue pacnucaHunsa y‘-le6HbIX 3aHATUA — 3TO CMIOXHbIV U pr,ClOSMKMIZ npoduecc, KOTOprVI Oaxe B CoBpeMeHHOM Mupe
3a4aCTylo nogpasymeBaeT noa coboi py4HOe BbIMNONHEeHWe. Ons aBTOMaTM3auumM [AaHHOrO npouecca cyulectsyetr psan
aBTOMaTU3NpPOBaAHHbLIX CUCTEM, KOTOpPble B CBOKO o4epelb obnagatoT onpeaeneHHbIMn HeaocTtaTkaMmu, UCKNKYarwmx nx noscemMecTtHoe
ucrnonb3oBaHve. B gaHHOM cTtaTbe onucbiBaeTcs aBTOMaTU3npoBaHHaA cuUcTema, pa3pa60TaHHaﬂ B pamMkKax OUMNIIOMHOro npoekra, ee
d)yHKLI,I/IOHaJ'I M OCHOBHbIE NMpenmyLecTsa.

KnioueBble cnoBa. ABToMartum3auus, pacnucaHue, cpegHee oﬁpasoBaHme, onTuMnsauu4, y'-le6HbIe 3aHATUA.

YuebHbil  pexum ydupexaeHusa obliero cpegHero o6pasoBaHMs  [OOMHKEH COOTBETCTBOBATb
bYHKLMOHAMNBHLIM BO3MOXHOCTAM y4yalumxcsa. OGbeM, codepxaHue M opraHusauua y4ebHoro npoiecca
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AOMKHbI obecneydrBaTb Takoe COCTOSHME OpraHMama, npyv KOTOPOM YTOMIEHUE MOMHOCTLIO Ucyesano bbl 3a
nepvoja otabixa.

Mpu cocTaBneHnmn pacnucaHus ypokoB AOIMKHbI yYUTbIBATLCS crieaytoLimne akTopsbi:

—paboTocnocobHOCTb (XapaKkTepucTuka Tpyaa, Ka4ecTBO M KONMMYECTBO YCBOEHHbIX 3HAHUIA UK
AENCTBUI B onpeaerneHHoe BpeMsi) 3aBUCUT OT BO3pacTa YerioBeka, ero uHaMBnayaneHoro 6uopmtma,
BPEMEHW CyTOK, OHS Hedenw, BpEMEHU roda u Tak aanee;

—CcTeneHb YTOMNAEMOCTIN 3aBUCUT OT COLMarbHbIX, MCUXONOMMYECKUX, Bronornyecknx npuymH [1].

YTobObl CHU3NTL YTOMIMSIEMOCTb Y4alUMXCA W Y4YuTEeNnem B TedeHue OJHOro [AHs, Heobxoaumo
npaBuiibHOE pacnpegeneHMe ypokoB B MPOAYKTMBHbIE M HENPOAYKTMBHbIE 4Yackl M AHW. [Ona atoro
CaHvTapHble HOpMbl U npaBuna «TpeboBaHus ANa yypexaeHun obuiero cpepHero obpasoBaHusi» [2] m
paHroeas Lukana TpyaHOCTM y4ebHbIx npeameTos [3].

OCHOBHbIMU (DYHKLMSAMU CUCTEMBI ABMSKOTCS:

— reHepauus pacnucaHus;

— NPOCMOTP pacnucaHus;

— BBOZ OOLUMX AaHHbIX AMsi COCTaBMNEHUs pacnuncaHus;

— BBOA YUYUTENAMU NOXENAHUA B pacnmcaHnn, KOTOpble MOTyT y4MTbIBATLCS MPU €ro reHepaunu;

— OMnoBeLleHne yumTenemn 0 COCTaBIEHNM HOBOMO pacnucaHns ¢ OTIPAaBKOW KOMWMU Ha NOYTOBbLIN ALLKK;

— BbIBOJ pacnucaHns Ha nevaTb.

Mpu paspaboTke cuctemMbl HbinM UCNONBL30BaH crieaytoLlme cpeacTsa pa3paboTku:

— VHTErpupoBaHHas cpefa pa3paboTku nporpaMmmHoro obecneveHus — VS Code;

— MHTerpupoBaHHas cpefa paspabotku ana CYB[ PostgreSQL — PgAdmin 4;

— A3blkn nporpammupoBaHus JavaScript, SQL;

— CYB[, PostgreSQL 13.2.

BxodHbIMW AaHHbIMK SBNATCA MHopMauusa ob yuntensax, nHdopmaumsa o knaccax, uHdopmaums
00 ypokax, tHhopmaums 0 pacnucaHmMm 3BOHKOB, MHGOpPMaLMSA O NpeaMeTax.

BbIXogHBIMW AaHHBIMW SBNSAOTCA CrEHEPMPOBAHHOE pacnucaHue B pasnuuyHbIiX popmaTax, nMcbma ¢
nHdopmaumern o pacnucaHum, nHdopmaumsa ob owmbkax cuctembl BO BpeMsi ee paboTbl.

HocTonHcTBa pa3paboTaHHO aBTOMAaTU3MPOBAHHOW CUCTEMBI:

—cucTema MCnornb3yeT reHeTUYecKne anropuTMbl MaMHHOTO 06yYeHMs, YTO NO3BOISET YCKOPUTb
paboTy reHepaumm No CpPaBHEHMIO C aHANOrMYHbIMU CUCTEMAaMM, UCMOSb3YHLLMMUN anropuTMbl NOMHOIO
nepebopa;

—cuctema nMmeeT oTkpbiToe API, 4TO NO3BONSET MHTErPMPOBATL €€ B YXKE CO3AaHHbIE NPOAYKTHI;

— KIMMeHTCKas YyacTb CMCTEMbI NMpeacTaBnseT cobon Beb-npunoxeHve TeMm caMmbiM NO3BONSS
MCMNoMb30BaTh €€ He TOMbKO Ha KoMMbloTepax ¢ MobbiMn OC, HO M HAa MOBOUIBHBLIX TenedoHax

—cucTema aBTopusaumn U ayTeHTUUKaLMM NO3BONSET 3aALUUTUTL JAHHBIE OT U3MEHEHUN TPETBUMMU

nvuamu.
CnucoK ucnosb308aHHbIX UCIMOYHUKOS:
1. Beb-pecypc eocydapcmeeHHo20 obecrieyeHusi // blanker [OnekmpoHHbIl pecypc]. — Pexum Qdocmyna:

https://blanker.ru/doc/raspisanie-urokov — Jama docmyna : 03.04.2021

2. CaHumapHbie HopMmbI U npasuna « TpebosaHusi Ons yupexdeHuli obuwe2o cpedHeao obpasosaHusi» om 27.12.2012 Ne206 //
HauyuoHarnbHbIl peecmp ripagosbix akmos Pecrnybnuku benapycb — CanlTuH 2.4.2.2821-10.

3. PaHeosasi wkana mpydHocmu y4ebHbix npedmemos om 27.12.2012 Ne206 // HauyuoHanbHbIl peecmp npasosbiX akmos
Pecnybnuku benapycb — CanlTuH 2.4.2.2821-10.

NMPOrPAMMHbIA MOAYNb ANA NPUHATUA OOKYMEHTOB OT
CUCTEMbI AUCTAHLUMNOHHOIO BAHKOBCKOI'O OBCITYXUBAHUA U
PABOTbI C HUMA

Tpembskos [].B., cmydeHm 2p.844691

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGOpMamuku U paduoa3r1eKmpoHUKU
2. MuHck, Pecnybniuka benapych

Pycakos [].B. — macucmp mexHUKU U mexHosoauu, accucmeHm kag. MPT
AHHOTaLI,VIiI. C passuTUEM VIHCbOpMaLlMOHHbIX TEXHOMNOrnmn Ha6nro,u,aeTc;| nepexon ycnyr Ha AUCTaHUMOHHOe O6CJ'Iy)KMBaHVIe, He

UCKITIOYEHNEM SABMISAOTCS U OaHKOBCKME ycnyru, 310 06YCJ'IOBJ'IeHO yﬂ,OGHOCTbiO n I'IpOCTOTOVI MCNosib3oBaHNUA CO CTOPOHbI KIMMEeHTOB
6aHKoB, No3Bonsast M 6e3 d)VISVILIeCKOFO npucyTCcTBMA B OaHke OCYLLEeCTBNATb BGONbLUNMHCTBO npeaocTtaBnaemMbliX B6aHKkamMu ycnyr. [aHHas
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cTaTbsl onuchbiBaeT paspaboTaHHbIN MHOW NPOrpamMMHbIA MOAyMb ANS NMPUHATUS AOKYMEHTOB OT CUCTEMbI AMCTaHLIMOHHOMO 6aHKOBCKOro
obcnyxvBaHvst 1 paboTbl C HUIMM.

OuncTtaHumoHHoe GaHkoBckoe obcenyxmsaHue (B0) — obuiee Ha3BaHMe cnocoba npegocTaBrneHus
D©aHKOBCKMX YCIyr KNMEHTY (Kak ropuanyeckoMy, Tak M mandeckomy nuuy) C UCNOMb30BaHWEM CPEACTB
TenekoMMyHuKauui (Yalle Bcero TenedoH, MHTepHeT) 6e3 ero HenocpeacTBEHHOro BM3nTa B 6aHk [1].

B nocrnegHee Bpemsi CyllecTBYeT TEHAEHUWS 3aMeHbl HamM4YHbIX 3JIEKTPOHHLIMU AeHbramMu WU
noBbilweHne nonynsapHoctn cuctem OBO (COBO) un 310 He yameuTenbHo Beab COBO obnagaet psgom
CYLLIECTBEHHbIX NMPENMYLLIECTB MPU €€ UCMONb30BaHUW, TaKMX Kak:

—OnepaTnBHOCTb N 3KOHOMUYHOCTb. Vicnonb3oBaHne COBO no3BonsieT oCcyLecTBNATb ynpaBreHue
PUHAHCOBbLIMM NOTOKaMM NPeanpuUATUS NPSMO U3 odurca 1 CyLLeCTBEHHO COKpallaeT 3aTpaTthbl paboyero
BPEMEeHW NepcoHarna, CBsidaHHbIe C nocelleHnem baHka.

—IMpocToTta 1 ygobcteo. ABTOMaTU3auus npowecca NogrotoBKM pacHeTHbIX U MHbIX JOKYMEHTOB, a
TakkKe HanuumMe NPOrpaMmMHOro KOHTPOISA NO 3anofIHEHMIO 06s13aTeNbHbIX PEKBU3UTOB B AOKYMEHTaxX
3HaYUTENbBHO yNpoLLaeT npouecc hopmMupoBaHMs JOKYMEHTOB 1 NO3BONSET MUHMMU3NPOBATb
onepaunoHHbIE OLLIMBKN.

—BesonacHocTb 1 adhdpekTmBHoCcTb. COBO no3sonseT yBenuunte 6€30nacHoOCTb 1
KOHMAEeHUManeHOCTb JOKyMeHToobopoTa ¢ 6aHKOM; B 1060 MOMEHT MONYYNTb BbIMUCKY, COOEPXKAaLLYO
WMHopmaLmo 060 BCeX BXOASLLMX U UCXOOALLMX OOKYMEHTAX U MHYI0 MHCPOpMaLMIO O COCTOsIHMM cyeTa 6e3
noceweHus 6aHka.

Pa3paboTaHHbIi MporpamMMHbLIN  MoAyfb siBNsAeTcsa ogHoh u3 dactern COBO nosBonsiowuin,
aBTOMaTU3MpoBaTb NPMEM LOKYMEHTOB B chopmaTe .xml, BbINONHATL MX 06paboTKy M NpoM3BOAMTL NeyaTtb
AOKyMeHTa B bopmaTtax .txt munu .rtf.

MporpammHbIN MOAyNb pa3pabaTeiBancs ans onepauunoHHblx Windows 7/8/10.

Mpu paspaboTke nporpaMMHOro MOAyMs GbINy MCNONBb30BaHbI Cneayowmne CpeacTaa pa3paboTku:

— MHTErpupoBaHHas cpega paspaboTku nporpammHoro obecnederHns — Borland Delphi 5;

— NHTerpupoBaHHas cpefa paspabotku ana CYB[ Oracle — PL/SQL Developer 14.0;

— a3blkn nporpammupoBaHus Delphi, PL/SQL, SQL;

— CYB[ Oracle 12c.

BxogHbIMM JaHHBIMK SIBNSETCA AOKYMEHT B hopmaTte .xml.

BbixogHBIMY AaHHBIMU SBMSETCA JOKYMEHT B chopmare .ixt, .rtf.

OCHOBHbIMW DYHKLMAMU MOZYNSA ABNSAOTCS:

— NPOCMOTP 3MEKTPOHHBIX AOKYMEHTOB;

— 06paboTka 3NEKTPOHHbIX JOKYMEHTOB:

— 3a4MCrEHNE MPUHSTBIX JOKYMEHTOB;

— aHHYNUPOBAHUE NPUHATBIX JOKYMEHTOB;

— chopMmpoBaHme NpoTokona obpaboTku JOKYMEHTOB U COOOLLEHNI AN KNUEHTa;

— neyatb JOKYMEHTOB.

OCHOBHBIM NPEUMYLLECTBOM [AaHHOTO MPOrPaMMHOI0 MOAYIS SABNAETCS 3HAYUTENbHAS 3KOHOMMUS
paboyero BpemMeHn NocpeacTBOM aBTOMATU3MPOBAHHOIO NPMeMa KIMEHTCKUX AOKYMEHTOB U COXPaHEHUsT NX
B 6ase [aHHbIX, TaK e HeManoBaXHbIM (DaKTOpPOM SBMAseTca yAobGCTBO M MPOCTOTAa WCMOMb30BaHMS
AaHHOro MOAyNsA NpPY OCYLLECTBEHNN paboThl C y>Ke MPUHSATBIMW KITMEHTCKUMWN JOKYMEHTaMMU.

Cnucok ucnosib308aHHbIX UCMOYHUKOS8:
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OBYYAIOLLUEE MPOrPAMMHOE CPEACTBO MO MNAT®OPME AnA
CO30AHUA NPUNOXEHUUN FLUTTER

TpybuH E.A., cmydeHm 2p.844691

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGoOpMamuku U paduo3/ieKmpoHUKU
2. MuHck, Pecnybnuka benapyck

MarnunuHa T.A. — mazucmp mexHUKU U mexHosioauu, accucmeHm kagh. UlMud

AHHoTauus. B paboTe onncaHa akTyanbHOCTb 0By4atoLLmx NporpamMMHbIX CPEACTB Ha MOBUIbHbIE YCTPOWCTBA, TPYAHOCTH pa3paboTkv Ha
pasHble MOBUIbHbIe OnepaLMoHHbIe CUCTEMbI U obyvatoliee NporpaMMHOe CpeAcTBO Mo Habopy CpeacTs paspaboTkv Ans cospaHus
KpoccnnatopmeHHbIx npunoxenun Flutter.

KnioueBbie cnoBa. OGyvatoLlee nporpaMMHOE CPeACTBO, MOOUIBHOE MPUIIOXKEHWE, ONEpPaLMOHHasi CUCTEMA, KPOCCMNaTqOpMEHHOCTb,
npousBoauTenbLHOCTb, bpaysep, Habop cpeacTs paspaboTku, Dart, Flutter.

Bonpoc adhdpekTBHOCTM 06yyeHns Bcerga OyaeT akTyaneH. B anoxy mHdopmauum, korga ypoBeHb
pasBUTUS XapakTepusyeTcs npeobnagatollein ponblo  MHMOPMATUBHBLIX NPOAYKTOB, WCMONb30BaHWe
MH(POPMALIMOHHO-KOMMYHUKALUMOHHBIX ~ TEXHOMOMMA B 06pasoBaHUM  SIBMSIETCA  BaXKHbIM  YCIIOBMEM
npuBnekaTensLHOCTU NpoLiecca oby4yeHus.

OcobbIi MHTepec BbI3biBaOT ObyvatoLwmMe nporpammHble cpeactBa Ha MOBUNbHBIX YCTPOWCTBAXx, B
TOM Yucre AN M3yYeHUs pasnuyHbIX A3bIKOB NporpaMmmMupoBaHus y ctygeHToB I T-cneunansHOCTEN, Tak Kak
3T cpencteBa obyyeHuss Bcerga HaxoAsiTCsl Mof PYKOW. Takve npunoxeHus B obLiem criyyae cogepxar
CTPYKTYpUPOBaHHbIE TeopeTuyeckne MaTepuanbl W u3pedka COMNpPOBOXAANTCA  AOMONHUTENbHLIMU
3agaHvsamMu.

Ansi co3gaHna MOBUMNBHBIX MPUIOXKEHUI HA CErOAHSILUHWMI OEHb CYLLECTBYET MHOXECTBO Pa3fINYHbIX
cpencTte pa3paboTku. Npy cylecTBOBaHWM HECKOMbKMX MOMYNSPHBIX MOOWMbHBIX ONEpPauUOHHbIX CUCTEM
OOHOW W3 OCHOBHbLIX MPOBNEM CTaHOBUTCS MEPEHOCMMOCTb CO34aBaeMblX MOOWMbHBIX MPUNOXEHWI
(kpoccnnaTtOpMEHHOCTE) Ha BCe MONynsipHble cucTembl. Ha cerogHsWwHWIA OeHb Camble WU3BECTHbIE
KpoccnnaTopMeHHble CpeacTBa pa3paboTkM MCNonb3yT TexHonorum Beb-o6o3peBatenen (bpaysepos),
TpaHchopMUpyst CanT B NpunoxeHne ans obecneveHms comectumoctn co mHorumm OC, Tak kak bpaysep
ABNSETCA CTaHOapTHbIM CpeacTBOM oTobpaxeHus CcTpaHuu ceTn WHTepHeT ansa nonb3osaTenen. OgHako
TakonW MNoAaxoAd K MepeHocMMocTM uget B ywepb npoussoauTenbHocTu. bpaysep, nomumo o6paboTku
AeKnapaTuUBHbIX OMNWCAHWN CTPaHWl, WHTEpnpeTuMpyeT CueHapuuM B peanbHOM BpemeHu, 4To Tpebyer
BornbLunx pecypcos Ha 06paboTky, Yem nporpamMmma, CKOMNUNNPOBAHHASA B MAaLUWHHBIA KO,

Mpobnemamn kpoccnnatd@oOpMEHHOCTU U NPOU3BOAUTENBHOCTU MOOWMbHBIX MPUIOXEHUI BCEpPbE3
3aHsinacb komnaHusa Google. Pesynbtatom ux gesarensHoctu siBnaetca SDK ¢ OTpbITBIM MCXOAHBIM KOLOM
Flutter, koTopbIn NpeacTaBnseT cobon Habop cpeacTB pa3paboTku Anst Co3AaHnA MOBUIBHBIX NPUNOXEHNU
nog Android n iOS Ha s3bike nporpammupoBaHus Dart. NMpobnema NnponsBoauTENBHOCTM B HEM peLlaeTcst
MCMNOMb30BaHNEM MEPEHOCHOW rpadmyeckon BUBMMOTEKN C OTKPbITBIM MCXOOHLIM KOLOM, KOTOpasi umeet
BbICOKYIO MNPOM3BOAMTENBHOCTbL Ha BCeX MNOAAEpXMBaeMbIX MnaTdopmax. Agantaumsi UHTepdencoB
nporpamMm nof KOHKPETHYI0 OMepauMOHHYH0 CUCTEMY OCYLLECTBNAETCS C MOMOLLBIO PasfnuyHbIX KOMeKummn
BUIKETOB, KOTOPbIE OTMMYATCSA TOMbKO rpaduyecku.

Tak kak Flutter aBnseTca ewe OOBOMLHO MOMOABLIM M aKTUBHO Pa3BMBaOLLUMCS MPOEKTOM, MO HEMY
He Tak MHOro obyuvalLmx MaTepuanos U M3gaHun, OCOBEHHO Ha PYCCKOM A3blke. A Te, YTO CYLLECTBYIOT,
ObICTPO TepsloT CBOK aKTyanbHOCTb B CBA3W C akTMBHOM pa3pabotkon camoro SDK. B oduuymnansHom
MarasvHe npunoxeHun Google oveHb Mano oby4yaroWmMX MPUIIOKEHUA OaXe Ha aHrIMACKOM SA3bIKE MO
Flutter.

Llenbto oby4atowlero nporpaMMHOro cpefcrtea no nnatdopme Ans co3gaHus npunoxeHuin Flutter
ABNAETCHA NpefoCTaBlieHME aKTyarnbHbIX TEOPETUYECKMX MaTepuanoB Mo A3blKy nporpaMmmupoBaHus Dart un
Habopy cpencTB paspaboTku MOOUNbHbLIX NpunoxeHwun Flutter, a Tawkke npakTUYeCcKMX 3agaHun ans
3aKpenneHust NosTyYeHHbIX 3HAHWNA.

lMpakTnyeckme 3agaHna OensaTCca Ha HECKOSbKO YPOBHEMN:

— YypOBeHb NpeAcTaBneHus: no3sonsdeT choOpMMpoBaTh NpeacTaBrieHns 06 obLWmUX NOHATMAX
pa3paboTku;

— YPOBEHb NMOHUMaHWSA: NO3BONSET chopMUpOBaTL 3HAHUSA 06 OCHOBHbIX KOHLEMNUUSIX pa3paboTky;

— YpOBEHb MPUMEHEHMS: NO3BOMNSAET ChopMUPOBaTL YMEHUSI MOCTPOEHNS apXUTEKTYPbI Koaa.
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[aHHoe obyyvalolee CcpeacTBO pacCcuMTaHo He TOMbKO Ha CTyaeHToB I T-cneunansHocTen, HO 1 NobbIX
Apyrux niogen, 3aMHTepecoBaHHbIX B MpOrpaMMupoBaHuu, Tak kak Flutter nmeeT OTHOCUTENBHO HU3KWIA
Nopor BXOXAEHMS!.

BapwnaHTbl ncnonb3oBaHmnst 0by4aroLlero cpeactea cxeMmaTuyeckm n3obpakeHnsl Ha pucyHke 1.

ayueHHe NeKUMOHHOID
Marepuana

BLINOMNHEHWE MPaKTHYECKNX
3apaHni ypoeHA
NpeacTasneHnA

BeinonHeHse NpakTHYeCKnx
3a0aHuA YpoOBHA
NOHWUMAEHWA

BrINONHEHUE NPAKTHYRCKNK
3a0aHui

Ofyvawminca

BLINONHEHHE NPaKTUYECKIX
3a0aHNA YPOBHA
NpUMEHEHIA

U

MpocMoTp peaynsLTaTos

MpocMoTp pesynsTatas
no 3agaHuAmM

MpocoTp ofwero
PE3YNETaTa BEINONHEHHLIX
3a0aHuin

PucyHok 1 — [lnarpamMmma BapMaHTOB UCMNOMb30BaHNs 00yyaroLero nporpaMMHOro cpeacTea no nnatcgopme ans
co3gaHus npunoxennn Flutter

Takum obpasom, AaHHOe obyyatoliee cpeacTBO 3aMMeT NoYTU CBOOOAHYI0 Ha AaHHbBIA MOMEHT HULY
obyyalwmx nporpaMMHbIX CPEACcTB MO MEepCneKkTMBHOMY KpoccnnaTdopMeHHoOMy Habopy CcpeacTts
paspabotku Flutter 1 nossonut obyyaloWMMCs 3akpenuTb FEeKUUOHHbIA MaTepuan npakTU4eCcKumn
3agaHusamu.
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METOA NPEKOAWPOBAHUA C YHETOM COCTOAHUN KAHATIA CBA3N
HA OCHOBE OBPATHOU CBA3U ANA CUCTEMbI MIMO

®am Xt AHb , Ma2ucmpaHm

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. Munck, Pecnybnuka benapyck

CanomamuH C.b. — kaHO. mex. Hayk,0oueHm

AHHoTauusa: B crtatbu paccmaTpuBaloTCsi METOA MCNOMb30BaHUSi MHOPMaUMM O COCTOSIHMM KaHana Ha nepejarollen CTOpoHe
cuctembl MIMO, cxema kaHana obpaTtHol cesiaun cuctembl MIMO 1 eé maTtemaTnyeckas Mogernb.

KnioueBble cnoBa: cuctema MIMO, WHdopmaumsa o cocTosHuM KaHana — CSI, cuctema AynnekcHoW CBSi3W C BpPEeMEHHbIM
pasgenexdnem — TDD, cuctema AynnekCHON CBSA3W C YacTOTHLIM pasgeneHvem — FDD.

KnioueBass TexHonorus 4etBeptoro nokonewus (4G)—cuctembl cBsa3m LTE, TexHomorms c
MHOXXECTBOM BXOAOB U MHOXeCTBOM BbixoAoB (MIMO) numeet MHOXECTBO NPevMMyLLECTB, TaknX Kak BblCOKas
3 HEKTUBHOCTb UCMOMb30BaHMA CrekTpa, Bonblias eMKOCTb CUCTEMbI, BblCOKas HaaeXHOCTb CUCTEMBI.
Takum obpasom, MIMO npuenekaet Bce Oonblie M BOMblUe BHAMAHUSA CO CTOPOHbI MPOMbILUNEHHOCTU U
Hayu4HbIX KpyroB. OgHako 3HaumTenbHble npeumyLlecTsa TexHonoru MIMO MoryT B 3HauMTenbHOW CTeneHn
onpenenaTbCca Tem akTom, YTO nepeaaTynk MOXeT nornyvaTe MHOpPMaLMo O COCTosHMK kaHana (Channel
State Information — CSI) HMcxoasiLen NMHUN CBA3N.

MHdopMaLmsa o CocTosHUWM KaHana, OOCTyMHas Ha nepefarollen CTOpPOHe, ucnonb3yetcsa Ans
npegsapuTenbHon o6paboTkn nepegaBaeMoOn MOME3HOW WHdoOpMauMm — €€ npegBapuTenibHOro
KOAMPOBaHUS.

Kak npaBuno, nepegatyvk He MMeeT MpPAMOro AocTyna K WHgopmauum O COCTOSHMM CBOEro
cobcTBeHHoro kaHana. CnegoBaTensbHo, Ans nepegaTtyuka TpebyoTcs HEKOTOpble KOCBEHHbIe cpeacTea. B
cucTtemMe AynreKkCHOM CBHA3M C BpeMeHHbIM pasgeneHuem kaHanos (TDD) mbl MOXeM MCNOnb30BaTb
B3aUMHOCTb KaHamnoB Mexay NPOTMBOMOMOXHLIMU NNHUAMU CBA3M (HUCXoOsAWwen wu Bocxogsuwien). Ha
OCHOBE curHarma, Mosfly4YeHHOro ¢ NPOTMBOMOJMIOXKHOIO HamnpaBfeHus, 3TO MO3BOMSET MOMYyYNTb KOCBEHHYHO
OLUeHKy kaHamna. B cucteme gynnekcHonm cBaA3u € yacToTHbIM pasgeneHnem (FDD), kotopasd 06bl4HO He
UMeeT B3aMMHOCTU MeXay NPOTUBOMOMOXHbLIMW HanpasneHuamMun, nepegaTyuk nonaraeTcsa Ha nHopmaumio
obpaTHOM CBA3M KaHana OT npuemHuka. Opyrumm cnoBamu, MHGOpPMaUMs O COCTOSIHUWM KaHarna [OrmKHa
ObITb OLleHEHa Ha CTOPOHE NMPUEMHUKA, a 3aTeM BO3BpaLLEeHa Ha CTOPOHY nepeaaTyuka.

B HacTosilee BpemsA M3BECTHbI ABa OCHOBHbIX cnocoba nonyyeHns nepegaTynmkom MHopmaumm o
COCTOSIHWUU KaHana cBA3su:

— OCHOBaHHbI Ha CBOWCTBE B3aMMHOCTU IMHENHOrO KaHara CBA3w;

— OCHOB@HHbIN Ha MCNONb30BaHUN 0BPaTHON CBA3M OT NPUEMHUKA K NepeaaTyunky.

PaccmaTpuBaetca cuctema 6ecnposogHon cesisu MIMO B pexume FDD c Nt nepegaowimmm
aHTeHHamMn 1 Nr npuemHbiMn anTeHHamu (N; [ 1, N; =1), kaHan sBnseTca KaHanom C paneeBcKUMU

NIOCKUMU 3aMUPaHUAMN.

o1 L ~
: g %
= @ =
Z 4] 3
: g 2
= 5 b
£ -
8 = B
jus)
g = £
= = o
Kanan

oOpaTHOH CBA3H

PucyHok 1 — CTpykTypHas cxema cuctembl MIMO ¢ npekogupoBaHueM

Ha cTtopoHe ©as3oBow cTaHuuMM npekoaMpyeT MOTOK OaHHbIX M 3aTeM nepepaet curHan. [locne
npvemMa curHama norib30BaTeNibCkasd CTOpPOHa cHayana nonyyaer MHAOpPMauMio O COCTOSHMM KaHana ¢
MOMOLLIbIO anroputma OLEeHKM KaHamna, 3aTeM obpabaTbiBaeT €€ W, HakoHel, BO3BpawaeT Ha 0a30Byto
CTaHUMIO 4Yepe3 KaHan BOCXOOALLEN NuHUM cBs3n. Ha cTtopoHe 6a30BOM CTaHUMM BOCCTaAHaBNMBaeT
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I/IH(*)OpMaLI,I/II'O O COCTOAHMM KaHana, U BbINOJTHAET npexkoanmpoBaHue n Tomy nogobHoe ¢ UCnonb30BaHUEM
nonyquHon I/IH(*)OpMaLIMI'O O COCTOAHUM KaHana.

BekTopHo-matp

M4YHaAa Mogernb onpeaender.

— nepenasBaembii BekTop: s =s[k] =[s,[K], s,[K], --., sy, [KI 1

— BEKTOp wyma:

n=n[k] = [ n[k], n,[K], ..., ny [K] 1"

— npuHUMaembiii Bektop: y =y[k] = [y, [K], y,[K], ..., y\ [KIT -
Mogenb npuHumaemoro curHana B cucteme cesisn MIMO moxeT ObiTb 3anucaHa B criegytoLlei

dopme:

y=HUs + 7;

roe H — matpuua kaHana, U — npekoavpytolas matpuua.

Pesynbmam MoOenupoeaHus.

OTHOLUEHUA CVIFHaJ'I/LlJyM npencrtaBrieH Ha pUCyHke 2.

Alamouti 2x1 vs Precoded Alamouti

1)

20

10°F

F Alamouti (2Tx, 1Rx)

#*  Alamouti with precoding
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PucyHok 2 — 3aBMCUMOCTb BEPOSATHOCTb MOSIBREHUS OLUMGKM OT OTHOLLEHMS curHasn/lwym B cuctemax MIMO Ha

ocHoBe koda AnamoyTu 6e3 npekoanpoBaHns 1 C NPEKOANPOBaHNEM

AHanus NoNny4YeHHbIX 3aBNCUMOCTEN NO3BOSISET cAenaTtb cnenywuine BblBOAbI:

Ons BepoATHOCTM ownbkM paBHON

104

3HepFeTVILIeCKI/IIZ BbINTPbILL

koga AmnamoyTu

npekoavpoBaHveM Hapg kogom AnamoyTi 6e3 npekoavpoBaHusa cocTaBnseTt 5 ab.

3aknoyeHue.

MpekogMpoBaHMe  MNO3BOMAET  COrMacoBaTthb

nepefasaemMbli  CUrHan

Fpacbvn( 3aBUCUMOCTU BEPOATHOCTUN nNodABIIEeHUA ownbkn o1

Cc

C

XapakTepuctnkamu kaHana csasu cuctembl MIMO, 4TO M NpMBOAUT K YMyYLIEHUIO €€ XapakTepUCTMK MO
cpaBHeHuto ¢ cuctemon cessan MIMO 6e3 Takoro cornacoBaHus.

CrnucoK ucnosb308aHHbIX UCIMOYHUKOS:
1. bakynuH M. ., BapykuHa J1. A., KpetuHdenuH B. b. TexHonozus MIMO: npunyunsl u anzopummsi. — M.: [opsyas nuHusi —

Tenekom, 2014. — 244 c., un.

2. Yong Soo Cho, Jaekwon Kim, Won Young Yang, Chung G. Kang - MIMO-OFDM Wireless Communications with MATLAB,

IEEE 2010.

3. Erik G. Larsson, Petre Stoica - Space-Time Block Coding for Wireless Communications
4. Mukkavilli, K. K., Sabharwal, A., and Aazhang, B. (2001). Design of multiple antenna coding schemes with channel feedback.
In Proc. of Asilomar Conference on Signals, Systems and Computers, pages 1009 — 1013, Pacific Grove, CA.
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NMPOMPAMMHOE CPELQCTBO PO3HUYHOWU TOPIrOBIN «BYKET B
MOMEHT» A5nAd KOMINAHUK OO0 «IOJIAEH ®JITOBEPC»

A3euHckul KA., cmydeHm 2p.844691

Benopycckull eocydapcmeeHHbIl yHUsepcumem UHgopMamuku U paduo3sieKmpoHUKU*
2. MuHck, Pecnybnuka benapyck

CnasuHckasi O.B. — kaHO. rned. Hayk, doyeHm

AHHOTauuA. CoBpeMEHHbIE TEXHOMOMM LLArHynv Aaneko Bnepes, U eCrnv paHbLUe MOKyrnka TOBApOB B CETU Ka3arack YeM-To 3a06/avHbIM
N HepearnbHbIM, TO CErodHs co3daHMe MHTEepHeT-Mara3vHa SIBNsSeTcs OogHUM M3 Haubornee NpUOLINbHBIX U CTabUIbHBIX MCTOYHUKOB
Joxofa. bnarogapa pasBuTUIO TEXHOSOMIA CErofHsi MOXHO HE TOSbKO KyMWTb OAexdy W TEXHUKY, HO U KaxObld MOXET 3akasaTb B
WHTEpHETE efly C [OCTaBKOW WM Bbi3BaTb Bpadya Ha AoM. [MpeacTaBnsiemoe B CTaTbe MPOrpaMMHOE CPeACTBO MO3BONSET YNpPOCTUTh
NPOLIECC NPOAAXM/MOKYMNKM LIBETOB Yepe3 MHTEPHET 1 ONTUMU3UPOBATb PACXOAbI.

AKTyanbHOCTb pa3paboTKM NporpammMHOr0 CpeacTtBa PO3HWYHOM ToproBnu «bykeT B MOMEHT»
obycrnoBneHa HeOOXOAMMOCTBIO OMTMMM3aUMM PacxodoB W YMPOLLEHUS npouecca NpPOAaKU/MOKYMKM
OykeToB. [NporpammHoe cpeacTBo paspabartbiBaeTca ans komnanum OO0 «longeH ®roBepc» M NONy4Uno
Ha3BaHue «bykeT B MomeHT». Takoe HasBaHue Obino BbIOpaHO B CBA3U C TEM, YTO ANSA OCYLLECTBMEHMUS
3akasa, nonb3oBaTento Heobxogumo He Gonee 5 muHyT. lMocne Toro, kak 3aka3 odopmreH, oH byaet
OOCTaBMeH B Grivkanilee BpeMs UNU Kak 3ByYUT B HA3BAHUM «B MOMEHTY.

C nepBoro B3rnsga KaxeTtcd, YTO MpoAaxa LBeToB He TpebyeT cnvwkom 6Gonblunx NO3HaHWi B
Bun3Hece nnu 9KOHOMUKE, HO eCTb psf PakTOpPOB, KOTOPbIE NOKa3bIBAIOT, YTO 3TO OMEHb HEMNPOCTOE AENO.

1 BnusHue ce3oHHocTU. He Bcerga uBeTbl MPenogHOCAT MO 3HAaMeHaTenbHbIM MOBOA4AM, Yalle WX
0apAaT MMEHHO B 4ecCcTb npasgHukoB. AKTMBHas ToproBns uaeT Ha [eHb cBAToro BaneHTuHa,
MexayHapoaHbIv XXEHCKUI AeHb, B rOCyAapCTBEHHbIE U NPOdeCcCUoHanbHbIe NpasaHUKN.

2 HenpoOomKkuTenbHbIN CPpoK XpaHeHus. LiBeTbl — ToBap, GbICTPO NpMxoaswmi B HerogHocTb. YacTas
cMeHa Bogpl, JobaBneHne B Hee cneumanbHbiX BELEeCTB — AENCTBEHHbIE CMOCOObLI MPOANUTL XM3Hb
Cpe3aHHOro pacTeHusl, HO paccuynTbiBaTh HA COXpaHeHWe ero Aonblie OAHOW Hedenu He cneayerT.

3 BbiCOkMIA ypoBeHb 4MCTOM MpubbLINKM, koTopasd moxeT gocturate 200-300 npoueHToB. Bbicokui
[0X0[4 NPUHOCAT aBTOPCKME DYKeTbI MOA 3aKas, KOMMO3ULUKN U3 3K30TUYECKNX LiIBETOB.

4 Bbicokas KOHKypeHuus. [lepeHacbileHne pbiHka TOPMO3UT pas3BuTMe OBusHeca, HO TOMbKO B
odrianH-cermeHTe. BonbWMHCTBO NPOAABLIOB CYMTAET OHMAMH-TOProBMIO LIBETAaMW 3aHATUEM HEBBLIFOOHBIM
N CNOXHbIM, HO OHW 3abnyxpatoTcsa. [NokynaTtenu roTtoBbl 3akasblBaTb LBETbl OHMAWH, €crnv y Bac eCcTb
Kypbepckas AoCTaBka Ha AOMaLUHWUI UNn ApYron agpec K Hy>KHOMY BpemeHu. [1]

3a cyeT pa3paboTkM NporpamMmmHOro cpeicTBa NnaHMpyeTcsa COKpaTUTb 3aTpaThl Ha:

— apeHAy TOProBoOM TOYKW — TakK, Kak Ans Nokynku bykeTa nonb3oBaTesnto 4OCTAaTOMHO 3aiTU Ha CauT,
cnepoBaTternibHO, HEOOXOAMMOCTb B TOProBOW TOYKE OTMNALAET;

— NepcoHan — Tak, Kak TOproBble TOYKM BOMbLUE He HYXHbl, TO U NepcoHan paboTalwwmii B HUX, TO Xe
He HYXeH, TaK kak Bce obsizaHHOCTU OyaeT BbINOMHATbL OAUH Cleuuannuct — agMUHUCTPATOP WHTEPHET-
mMarasuHa.

LiBeTbl MOryT JOCTaBNATLCA CO CKlaga HanpsAMyk No agpecy, ykasaHHOMY nokynaTenem — no LeHe,
Oonee HWM3KOW, YEM Yy KOHKYPEHTOB B oOdnanH-marasvHax. Takke nporpaMMHoOe CpPeAcTBO MO3BONUT
YyNPOCTUTb NpoLEecec Nokynku BykeTa, NOKynaTernb MOXET OCYLLECTBUTb BbIOOP 1 NOKYMNKy BykeTa He BbiIXOast
n3 goma. CyLleCcTBEHHYIO pOrfib, B MPUHATUN pelleHus no pa3paboTke nporpammHOro cpefctsa cbirpana
naHgemMus, KOTopas U3MEeHuna >XM3Hb NI0OEN HaBcerga W npuBena K CHWKEHWUIO COouManbHbIX KOHTaKTOB
nogen. Mbl nonaraem, 4To B Nepuog MOCTNAHAEMWUM anropuTMbl MOCTYMKOB Ntoden yxe He 6yayT
npexHvmn. MNokynatenun, KoTopble nepeLunu B OHMNarH-copmaTt, OUEHUNU BbIrody 3TOr0 U OCTaHYTCH C
npoaasLIOM.

TpeboBaHus 3akas4ymka k NporpamMmMHOMY CPeaCTBY:

— npegocraenexHve nHdopmaumm o byketax;

— YOOOHbIV M COBPEMEHHbIN AN3aliH;

— AOCTYMHOCTb;

— MYNbTUA3BIYHOCTb;

— MyNbTUBAsOTHOCTb.

3agayn, noctaeneHHbIe Npu pa3paboTke NporpaMmmMHOro cpeacTea:

— npegocTtasnexHve nHdopmaumm o byketax;

— NpegocTaBreHne nHpopmaumm 0 HOBUHKAX, CKUAKAX U aKUUSIX;

— BO3MOXHOCTb pa3MeLlLeH1s 0T3bIBOB NOKynaTenem;

— YMeHbLUEHNE 3aTpaT BpeMeHu Ha nNpuobpeTeHne bykeTa;
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— BO3MOXHOCTb [JoOaBneHuss Kk 3akasdy COMyTCTBYKOLMX TOBApOB (OTKPLITOK, TOPTOB, WIpyLUEK,
KOHOeT);

— NpeaocTaBeHne OHNamH-KOHCYNbTaUuin B peanbHOM BPEMEHMU.

PaspaboTaHHOe nporpaMMHOE CPEeACTBO PO3HUYHOW TOProBnu «BykeT B MOMEHT» BKIo4aeT B cebs
cnegyowme anemeHTbl: «Permctpaumioy, «JIMuHbIn kabuHeTy, «cToputo 3aka3oBy, «[JobaBneHne oT3biBay,
«MynbTusi3bIYHOCTLY, «MynbTUBaNOTHOCTLY», «HOBOCTHOM 6nok». Ha pucyHke 1 mpeactaBneHa rnaBHas
CTpaHuua NporpaMMHOro cpeactsa «bykeT B MOMEHT».

da i oo
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Pl/lcyHOK 1 — MNaBHasa cTpaHuLa NporpaMmMHOro cpeacTsea «EyKeT B MOMEHT»

Mpu co3gaHuM MporpaMMHOro cpeacTBa ObIMM MCNONb30BaHbl CrieaylolmMe CpeacTBa pas3paboTku:
WHTErpnpoBaHHasi cpefa paspabotku JetBrains PhpStorm, cuctema ynpaeneHus cogepxumbiM OpencCart,
A3blkM nporpammupoBannsa PHP n JavaScript, A3bik ynpaBneHus pensuuoHHbiMn 6asamu gaHHbix SQL,
pensiuMoHHas cuctemMa ynpaBneHusa 6asamu ganHbix MySQL, A3bik pa3meTku gokymeHToB HTML, A3bik
ctunen CSS, texHonorns AJAX.

Bnarogapsi paspabotaHHOMy nporpamMHOMY CPeACTBY PO3HWYHOW ToproBnu «bykeT B MOMeHT» —
nonb3oBaTenu nomnyyart ygobHoe, MpocToe B UCMOMb30BaHUM CPEACTBO, NO3BONSAOLWEE HE BbIXOAA U3 AOMa
He TonbKO npuobpecTtn BykeT, HO M [OMOMHMTBL 3aka3 COMyTCTBYKOLWMMKU ToBapamu. C TOYKM 3peHus
3aKkas34yMka NporpaMMHOEe CpeacTBO MO3BOMSET ONTUMU3MPOBATL Pacxodbl 3a CYET COKpaLLeHWst 3aTpaT Ha
apeHay TOYeK, MepcoHar, NPUBeYb HOBbIX KITMEHTOB M OCBOUTbL HOBbIE PbIHKM CObITA.

Cnucok ucnosib308aHHbIX UCMOYHUKOS8:
1. Kak  omkpbimb UsemoyHbIl UHmMepHem-maz2a3uH  [OreKmpoOHHbIU  pecypc]. —  Pexum  docmyna:
https://recommerce.by/blog/pomosh/kak-otkryt-cvetochnyi-internet-magazin. — [Jama docmyna: 29.03.2021.
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OB30P CTAHOAPTOB EECNMPOBOAHOWU CBA3U ONA
UHTENNEKTYAJIbHbIX TPAHCMOPTHbLIX CUCTEM

OnexHosuY E.B., mazucmpaHm ep. 945341

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. Munck, Pecnybnuka benapyck

Kosen B.M. — kaHO. mexH. Hayk, doueHm

AHHoTaums. [laHHas cTaTbsi HOCUT 0630pHbI XapakTep B6ECNPOBOAHbBIX TEXHOIOMIA, MCMOMb3YEMbIX B MHTEMNEKTYaNbHBIX TPAaHCMOPTHBIX
cuctemax. Takum oBpa3om, Lienu 3TON CTaTbi 3aKIHOYAKTCS B Kaccudmkaumm 6ecnpoBOAHbIX TEXHOMOMIA Ha OCHOBE WX Avanal3oHa
nepegayv u 4anbHOCTV AeNACTBUSA

KntoueBble croBa. WHTennekTyanbHasi TpaHCMOPTHasi CMCTEMa, aBTOHOMHOE TPaHCMOPTHOe CPeacTBO, 6ecnpoBOAHbIE CUCTEMBI,
Bluetooth, ZigBee, UWB, Wi-Fi, DSRC, C-V2X, 5G-NR.

TexHonornn obneryaT paboTy Yenoseka, MOBbILLIAT NPON3BOANTENBHOCTb U BEAYT K YIYyYLLIEHUIO
KayecTBa XM3HW. TexHonornyeckue pas3paboTkym M aBTOMaTM3auMsl TPaHCMOPTHbIX CUCTEM NpuMBEAyT K
noBbILLEHMI0 6e30MacHOCTN ABUXEHWS, rae TpaguuMoHHasa TpaHCnopTHas cucTema CTaHoBUTCH Bce bonee
HeopraHu3oBaHHOW W HeaddekTuBHoN. [loaTomMy paHee Obia npeanoXeHa KOHUENUWUs pasBUTUSA
WHTENMEeKTyanbHbIX TpaHCMopTHbIX cuctem (UTC).

UHTennektyanbHble TpaHcnopTHole cuctembl (UTC) - 37O cuctemHas MHTerpaumsi COBPEMEHHbIX
MHOPMALMOHHBIX M KOMMYHWKALWOHHBbIX TEXHONOMMA M CpeacTB aBTOMaTusauuum C  TPaHCMOpPTHOW
WH(PACTPYKTYPOWN, TPAHCMOPTHLIMW CPeAcTBaMU U MOMb30BaTENSAMMU, OPUEHTMPOBAHHas Ha MOBbILIEHWE
f6esonacHoCTM M 3PGEKTMBHOCTU TPAHCMOPTHOrO npouecca, KOMGOPTHOCTM [Ns BOAUTENEn W
nonb3oBaTtenen TpaHcnopTa. [1]

Ha pucyHke 1 nokasaHbl TpY OCHOBHbIE 06r1acTu npumeHeHus cuctemsl TC.

Ve N\
WHTennekTyanoHas
TpaHcnopTHas
cuctema
\_ J
A
7~ N\
MpunoxeHus, MpunoxeHns ansa MHdOpMaLMOHHO-
KpUTHUYECKN MOBbILLIEHNA pasBriekaTenbHbl
BaXXHble ANsi adhpeKTMBHOCTU € NpUNoXeHNS
6es3onacHocTU S TpaHcnopTa )

PucyHok 1 — OcHoBHble obnacTtv npumeHenns UTC

OcHoBHas 3agava NpUoXKeHUs AN NOBbILEHUS TPaHCMOPTHOW 3hEKTUBHOCTU BKIOYaeT B cebs
pacyéT OonTMMarbHOM CKOPOCTM W MaplipyTa Afs nepemeLlleHnss TPaHCNOPTHOro CpeacTtBa K MecCTy
HasHayeHns ¢ y4éToM MHopMauMM O AOPOXHOM ABWXeHUM [2]. MpunoxeHus, KPUTUYECKN BaxHble ONnd
©OesonacHocTW, uMcnonb3ylTcA Ans nepefjavv  YNpaensloOWUX CUTHANoOB MO W3MEHEHUK CKOpPOCTH,
apdhekTnBHOCTH, 6e30nacHOCTM N HagéxHocTu. MHdopMaLnoHHO-pa3BnekaTenbHble NPUNOXEHUA CBA3aHbI
C COBMECTHbIM MpefoCTaBfeHNEM JOKamnbHbIX YCNyr, TakuxX Kak onpegerneHne MeCTOMONOXeHUs
3anpaBOYyHbIX CTaHUWIA, FOCTUHUL, U T.4.

OcHoBHas uUenb pa3paboTkM 6ecnnnoTHbIX/aBTOHOMHbIX TPAHCMOPTHBLIX CPEACTB 3akni4vaeTcsd B
TOoM, 4YTObbI cAenaTh BOXAeHWe 6onee 6e3onacHbIM M HAAEXHbIM, a Takke YMEeHbLMTb 3aTtopbl. [Ang atoro
HeoOXxoaMMO, 4TOObl 3TW TpaHCMOPTHblE CpeacTBa MNOAAEPXKMBANM HaOEXHYK CBA3b C  APYrumu
TPaHCMopTHbBIMU CpeACcTBaMU W OKpyXalllen WHMPacTpyKTypon. ABTOHOMHOE TpPaHCMOpPTHOE CpPpeacTBO
MOXeT B3aMMOLEeNCTBOBaTb C APYrMMU TPaHCMNOPTHBIMW CpeacTBamMu UM CEeTEBOW MHQPACTPYKTypon C
NMOMOLLbIO pasnuyHbIX GecnpoBoAHbIX TexHonoruin. BecnpoBogHble TexHomnorun, ucnonsdyemble B UTC,
MOryT BbITb AnMddepeHLMPOBaHbI C TOYKMU 3pEHMS JANbHOCTU CBA3W.

TexHonmorMm panbHero paguvyca [encTBuA MNO3BONSAIT nepedaBaTb AaHHble, HaxodsCb Ha
PacCTOSIHUN HECKOSTbKMX KUITOMETPOB APYr OT Apyra; npumepamu SBnstoTCca KOMMyHukauum C-V2X un 5G-
NR. KomMMyHuKaumu cpegHew ganbHOCTWU, ucnonbayowme GecnpoBogHyto nokanbHyto cetb (WLAN) mnnm
DSRC, moryT obecneunTb MOKPbITUE B paguyce OEeCSATKOB MM COTEH METPOB. TEXHOMOrMM CBA3W Maroro
paguyca gencteus BkntovaroT Bluetooth, UWB u ZigBee.
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TexHonorua Bluetooth, ocHoBaHHasa Ha npoTokone IEEE 802.15.1, moxeT ObITb Mcnonb3oBaHa B
KayecTBe TEXHOMNOrmmM CBHA3M Manoro paguyca AOevWcTBus B aBToMobunbHon cetu [3]. OHa pabGoTaeTt B
ananasoHe 2,4 [Ty n MoxeT obecrnevnBaTb CKOPOCTb Mepedayn OaHHbix oo 1-4 MOuT/c ¢ nepeMeHHbIM
pagnycom pgenctsusa. [anbHocTb pgencteua Bluetooth Bapbupyetcs B 3aBUCMMOCTM  OT  YCITOBUW
pacnpocTpaHeHusi, YyBCTBUTENBHOCTU N KOSPDULMEHTA YCUMNEHMS Nepefatollen u NPMEMHON aHTeHH [4].
Wi-Fi n Bluetooth ncnonb3syoT ogHy 1 Ty e NONOCY YacToT, NO3TOMY, 4YTOObI M3bexaTb UHTepdepeHuun, B
Bluetooth ncnonb3syetcsi 4acToTHO-ckavykoobpa3sHbil crnekTp (FHSS).

TexHonorna ZigBee 6bina paspaboTaHa Ana yaooBNeTBOpPeHUs noTpebHOCTM B HeJopornx wu
ManomoLHbIX ©BecnpoBogHbix ceTax WHTepHeta Bewewn (loT). lNoomepxvBaembini guanasoH CBA3M
coctaBnsieT o 100 M npu ckopocTu nepedayn gaHHbix okono 250 kbut/c [5]. OH Takke npusHaH |IEEE
802.15.4 nnst HU3KOCKOPOCTHBLIX BecnpoBoaHbIX NepcoHanbHblx ceTert (LRWPAN) 1 ncnonbsyet pasnnyHble
YacTOTHble AnanasoHsbl (868 My, 902-968 MI'u n 2,4 TTw). B ZigBee ana mogynauun BPSK unn OQPSK.

UWB paccmatpuBaeTcs Kak TeXHOmnormss 6ecnpoBodHON CBA3W Masion JanbHOCTU, UCMOMb3yoLas
KOpOTKMEe mmnynbebl B nonoce vactot 3,1-10,6 Iy [6]. Micnonb3ys UWB, ycTporicTBa moryT pabotatbe npu
OYeHb HM3KOW MOLLHOCTW, a Takke NoAAepXuBaTb MHOXECTBO NONb30BaTenen CO CKOPOCTbI nepepauyn
naHHbIX bonee 480 MouT/c.

CpaBHeHNe TEXHOOMMIA CBA3M Marnoro paguyca AevcTBus npusegeHo B Tabnvue 1.

Tabnuua 1 — CpaBHeEHWE TEXHOMOIMI CBA3M Manoro paguyca gencTBus

MapameTp Bluetooth BLE ZigBee UwB
Ctanpgapt IEEE 802.15.1 IEEE 802.15.1 IEEE 802.15.4 IEEE 802.15.3
YacToTHbIN 2.402— 868/902—968 Ml u,

ManasoH 2.402-2.4811Tuy 2481y 24Ty 3.1-10.6 Ty
LLlnpmHa nonocebl 1 2 0.3/0.6 MI'y, 2 My, | 500 MMy, — 7.5 MI'y,
CkKopocTb 1-3 M6ut/c 1 Méut/c 20—-250 kbuTt/c 480 M6uT/c
JanbHocTb (M) 10 50 75-100 75
3agepxka (mc) 100 6 30 0.1
Mogynsauus GFSK GFSK BPSK, O-QPSK BPSK-QPSK
Crenetib 16-bit CRC 24-bit CRC 16-bit CRC 32-bit CRC
NOMEXOYCTOMYNBOCTH

DSRC - aTo cTaHgapT, crneuunarnbHO NPeAnoXeHHbIN ANns HagEXHOM CBA3W MexXay TPaHCMOPTHBIMM
cpeactBamm n ceteBolt UHdpacTpyktypon. WAVE/DSRC saBnseTca mMoaMduLMpOBaHHOW BepcUen
TexHonormm Wi-Fi (IEEE 802.11), n Habop ctaHgapTtoB, Takux kak IEEE 802.11p n IEEE 1609.x. MNomex
mexgy DSRC un Wi-Fi moxHo nsbexaTb, ycTaHOBMB 4acToTHbIN cnekTp B DSRC HamMHOro Bbille, YeM CNeEKTP
Wi-Fi. Pasnuua mexgy Wi-Fi n DSRC npuBeaeHa B Tabnuue 2.

Tabnuua 2 — CpaBHeHME TEXHOMOIMN CBA3N CpeaHeln AanbHOCTH

MapameTp Wi-Fi DSRC
Ctangapt IEEE 802.11a IEEE 802.11p
LLnpunHa kaHana 20 10
Mogaynsauusa OFDM OFDM
[MponyckHas cnocobHOCTb no 54 no 27
Tun mogynsauus no 64QAM no 64QAM
OnuTtensHOCTb cMMBoIa (MKC) 4 8
3aWmnTHbIV MHTepBan (MKC) 0.8 1.6
Paamep BINo 64 64
BIM® nepuog (MKc.) 3.2 6.4
OnuTtensHOCTb 3aronoska (MKC) 16 32
YacToTHbIN pasHOC MOOHECYLLNX 0.3125 015625
(M'u)

YacToTHbIV gmManasoH 5 5.9
3agepxka (Mc) 50 100
HdanbHocTb (M) 100 300

TpaHcnopTHbIE cpeacTBa OOMEHMBAOTCS OAHHBIMU C OKpY)XatoLLen Cpeaon Yepes COTOBYH ceTb [7].
TexHonormss C-V2X 6bina npeactaBneHa B penude 14 3GPP, a B penm3e 15 3GPP oHa nonyuuna
AanbHellee pa3sButme, 4Tobbl COOTBETCTBOBATL KpUTEpUaM cBasn 5G.

Llenbto ctangapta 5G-NR, paspabotaHHoro 3GPP, sBnsetca obecneveHne 6onee BbICOKON CKOPOCTU
nepefaydv gaHHbIX, CHKEHME 3aaepek U obecneveHne cBa3n Mexay MHOXECTBOM YCTPOMCTB.

CpaBHeHMe ABYyX TEXHOMOMMI NpmMBeAeHo B Tabnuue 3.

87



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

Tabnvua 3 — CpaBHeHWE TEXHOMNOIUI CBSA3W AanbHero paguyca AeNCTBUS

MapameTtp C-Vv2X 5G-NR V2X
PasHoc nogHecywmx (ky) 15 no 240
O0begnHeHne HecyLLMX po 32 no 16
LWnpuHa kaHana (MI'u) 20 400
3agepxka (mc) <10 <1
HapéxHocTb 95-99% 99.9-99.999%
KaHanbHOEe KogmMpoBaHue Turbo LDPC, Polar
Jlornyeckoe paccrnoeHnune ceTu na HeT
MeToa goctyna SC-FDMA OFDM
Cnocob ynnoTHeHWs KaHana FDM TDM
Tun mogynaumm 16 nnn 64QAM 256 QAM

Twvin cBA3K

LLnpokoBeLuaTenbHbIi

LLinpokoBeLLaTenbHbIN,
MHOroagpecHbIvi U1 04HOAAPECHbIN

BesonacHocTb K

Basoas YnydweHHas
KOHpNAEeHUMANbHOCTb
;I'“;);Hocm No3nLMOHMPOBaHMS >1 01
YacToTHbINM AManasoH 800/1800 MIy, 700 My, /3.6 u 26 MI"'y, MIMy,
JanbHOCTb 100 m 0o >5 km 50 M 0o >5 kv
3akntoyeHune

Takum o6pa3om, aBTOHOMHOE TPaHCMOPTHOE CPEeACTBO MOXET B3auUMOAENCTBOBaTb C APYruMu
TPaHCMOPTHBIMW CPeACcTBaMyM W CeTeBOW WHMPACTPYKTYpPOW C MOMOLLBI pPas3nuyHbiXx 6HecnpoBOAHbIX
TexHonormn. B cratbe atn TexHomormm anddepeHUnpyoTca B 3aBUCMMOCTM OT JanbHOCTU gencTsus. B
pesynbtate Bluetooth, BLE, ZigBee n UWB crpynnupoBaHbl Kak TeXHONorum OnvxHero OewncTBusi, B TO
Bpemsa kak DSRC n Wi-Fi cuntarotcs TexHonormsammn cpegHero paguyca gencteusi. AHanornvHbim obpasom,

C-V2X 1 5G-NR onpegeneHbl kak TEXHOMNOrM1 ganbHero AencTems
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CEKUUA
«MUKPO-U HAHOJ3JIEKTPOHUKA»

YOK 539.23 + 533.343.2

®OPMUPOBAHMUE, CTPYKTYPA U ONTUYECKMUE CBOUCTBA
TEKCTYPUPOBAHHBIX MNNEHOK CaSi HA Si(111)

Kponayes O.B.}, YepHes N.M*, ankux K.H.*, Anekcees A. 0.

WHcmumym asmomamuku u npoueccos ynpasneHus [JBO PAH!
2. Bnadusocmok, Poccutickasi @edepauyusi
Benopycckuli 2ocydapcmeeHHbill yHusepcumem UHopMamuku U paduo3r1eKMPOHUKU?
2. MuHck, Pecniybniuka benapych
[ankuH H.I* — dok. ¢pus.-mam. Hayk, npogheccop

Muzac [.5.? — dok. ¢pus.-mam. Hayk, doueHm
AHHOTauus. B pabote nccrnegoBaH pocT, CTPyKTypa M onTudeckne CBOWCTBa opHodasHbix nreHok CaSi Ha KpeMHUEBOW MOAMOXKE C
opueHTaumen Si(111). PeHTreHOCTPYKTypHbIVi aHanu3 nokasan, 470 (ha3oBbli COCTaB M KpUCTannmMyeckas CTPyKTypa MieHoK
npeacraensitoT cobor nonukpuctannuyeckne nneHkn CaSi ¢ npeobnapgatowen opueHTaumen CaSi(220) npu pocTe MeTodoM
MOeKynsApHO-Ny4YeBoi anuTakcum u CaSi(010) — npu pocTe MeToAOM peaKkTUBHOW anuTakcuu. o gaHHbIM ONTUYECKOW CMEKTPOCKOMNUK
paccynTaHbl OCHOBHblE OMTUYECKMe (YHKUMKM MNeHKun B AuanasoHe 3Hepruin ¢dotoHoB 0.05 — 1.2 3B. lNposBeaeHo cpaBHeHwe
3KCMEPUMEHTArbHBIX OMNTUYECKUX AAHHbIX C AaHHbIMM MEPBOMPUHLUMMHBIX pacyeToB OnTudeckux cBoicTB CaSi. lNokaszaHo xopoluee
COBMaAeHNe OCHOBHbIX MEX30HHbIX MEPEXOAO0B B CMEKTpax ONTUHECKMX (DYHKUMN.

KntoyeBble cnoBa. MoHOCUIUUMA KamnbLUWs, KPEMHWUI, 3aTPaBOYHbIN CIION, MOJNEKYNAPHO-yYeBas SNUTaKCUsi, peakTUBHAsA 3MnuTakcus,
CTPYKTYypa, NEPBOMPUHLIMMHBIE PACYETLI, ANEKTPOHHAsA CTPYKTypa, ONTUYeckue yHKLMW, CPaBHEHWE AKCNEPUMEHTA 1 TEOPUN.

Cvnuumnapl Kanbums SBMSOTCS SKONOrMYECKM YNCTbIMU MaTepuanbl U 3aHMMaloT ocoboe MecTo cpeaun
CUMMUMOOB LWEenoYHo3eMerbHbIX MeTannoB. 3TO CBA3aHO B NEPBY0 ovepedb C LUMPOKMM HabopoM CBOMCTB
CUMMUMOOB KanbLusa OT NOMAyNpOBOAHUKOBBIX [1] 40 monmymeTtannuueckux [2]. 310 MOXeT MpUBECTM K KX
LUMPOKOMY MCMONb30BAHUIO B Pa3fNMyHbIX 0BNacTaX TEXHUKM U 3NeKTPOHWKM. OfgHaKo pocT ogHOMa3HbIX
NAEHOK MOHOCMIMUMAA KanbuMs Ha KPEMHUM M UCCMEeAoBaHUE ero OonTMYECKUX CBOWCTB OCIIOXHEHbI 13-3a
Hanuuns He MeHee 6 cMNMUUOOB pasHOro coctaea B cucteMe Ca-Si [3] U OTCYTCTBUA METOAOB BblAeNeHus
npenmyLLeCTBEHHOW OPUEHTaLMK NPU PpoCcTe CUMULMAOB Ha KPEMHUMW.

HaHHasi paboTa nocesleHa anpobauun AByX METOAOB poCTa MOHOCUMLMAA KanbLMs HA KPEMHUM C
opueHTaumen (111) metogamm MonekynsapHo-nyyeson anutakcum (MJ13) ¢ ncnonb3oBaHveM 3aTpPaBOYHOrO
(xkepTBeHHoOro crosl) MQ2Si u MeTodOM peakTMBHOW dnuTakcun (P3). Ona BblpalleHHbIX MNNeHoK
uccnefoBaHbl CTPYKTypa W OMNTUYECKME CBOWCTBa, a Takke MpOBedeHO WX CpaBHeHWe C AaHHbIMU
NepBONPUHLIMMHBIX PAcYETOB ONTUYECKMX (DYHKLIMIN N3 SNEKTPOHHOW CTPYKTYpbl CasSi.

Poct nneHok moHocunmumaa kanbumsa (CaSi) nposoguncs B cBepxsbicokoBakyyMHbIx (CBB) kamepax
yctaHoBok OMICRON Compact u VARIAN c 6a3oBbim BakyymoM 1+10-1° Topp, OCHaLLEHHbIX aHann3aTopom
OM3 n 30C/XM33, 6nokomM MOMNEKynspHO-NyYeBbIX UCTOYHWUKOB kpemHus (Si) u kanbums (Ca) ans
nposegeHus ocaxaeHns Ca, Mg n Si Ha kpemHueBble noanoxku. Poct nnerHkn CaSi Ha nognoxke Si(111)
(obpasen, A) ocywecternsancs B CBB-kamepe OMICRON Compact metogom MJIO Ha npeaBapuTenibHO
CchopMUpPOBaHHbLIN 3aTPaBOYHbIV (3KePTBEHHbIN) cnoin Mg2Si, KOTOpbIA TpaHCHOPMUPOBASCSA B 3aTPaBOYHbIN
cnoi CaSi npu ocaxgeHun Ca npu T=250 °C. [na yBenuyeHns TONLWMHbI COS MOHOCUNUuuaa Kanbuus
Janee coocaxganu aToMbl Kanbuus U KPeMHUA B cooTHoleHuu 4:1 npu Temnepatype 400 °C. B CBB-
kamepe VARIAN poct CaSi nposogunun metogom P3 (obpaseu B) npu temnepatype 500 °C u ocaxgeHum
Kanbumsa Ha Si(111)7x7 ¢ Bblcokon ckopocTbio (8.5 HM/MUH). B CBB-kamepax ckopocTtu ocaxaeHus Ca, Mg n
Si, oTkanMbpoBaHHbIE MO KBApLEBbIM AaTynkam TonwuHel, coctaBnanu (2,0 n 8,5) HM/MuH, 0.4 HM/MUH ©
0,5 HM/MVH, COOTBETCTBEHHO, B Pa3HbIX SKCMEPUMEHTAax.

Cnektpbl oTpaxeHus (R-cnektpbl) u cnektpbl nponyckaHus (T-cnekTpbl) BblpalleHHbIX 0bpasuos
perucTpupoBanu B TeYeHWe OOHOrO OHS MOCMe BbIFPY3KM MpPM KOMHATHOW Temnepatype B AuanasoHe
aHeprun gotoHoB 0,05-6,20 sB Ha cnektpodhoTtomeTpe Hitachi U-3010 n ®ypbe-cnektpometpe Bruker
Vertex 80v. PacuyeTbl onTnyecknx pyHKUun NpoBoannmM B 06r1acTu Npo3payvyHoOCTy U3 CNEKTPOB NPONyCKaHWS
n oTpaxeHus. CTpykTypa nneHok moHocunuuupa Ca usyyanacb Ha gudpaktometpe RIGAKU SmartLab
(Bpawwatomiica aHog, molHocTelo 9 kBT, CuKa-usnyyeHve, napannensHbll nydok (CBO-onTuka), pexum
26/w, pasmep nagatoero nyyka 0,1 Mm), C UCNONb30OBaHWEM KPEMHUEBOIO AepXaTtens obpasua ¢ HyneBbiM
doHom u HyPix-3000 getektopa (pexum mamepeHus 1D). OudpakumoHHas kapTuHa 3anucbliBanacb B
AnanasoHe yrnos 206 ot 5° go 80°, ¢ warom 26 0,01°. PacuyeTbl 9MEeKTPOHHOW 30HHOW CTPYKTYpbl U
ONTMYECKMX  (DYHKUMIA  Takke OblNn  BLIMOMHEHbI C  MOMOLWIBID  MeToda  CaMOCOrnacoBaHHbIX
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NMONHOMOTEHUMWarnbHbIX NIMHEAPU30BaHHbLIX AOMOMHEHHbLIX nnockux BomnH (FLAPW) B ero ckansipHo-
pensTUBMUCTCKOW BepCcun € ucnonb3oBaHuem naketa WIEN2k [4].

lMocne BbIrpy3kn 06pas3LoB M3 pPOCTOBbLIX Kamep ObiNM npoBedeHa peructpauusi CnekTpos
nponyckaHuss 1M OTpaxeHus B [guanasoHe 3Hepru ¢otoHoB ot 0.05 aB po 6.5 3B. OcHOBHbIMUK
ocobeHHoCcTAMM Anst 06omx 00pasuyoB SBUNUCHL YacTMyHaAsa npo3padvyHocTb nneHok CaSi B guanasoHe
3Heprun doToHoB 0.2 — 1.1 3B 1 nnasmMeHHbIi MUHUMYM B oTpaxkeHun (Puc. 1 a), 4to paHee Habnoganoch
Aansi nneHok CaSiz [5] ¢ nonymeTtannuyecknmu cesoncTsamu. CpaBHeHWE C JaHHbIMU TEOPETUYECKMX
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PucyHok 1 — (a) Cnektpbl oTpaxeHus (R) n nponyckanus (T) nneHok CaSi B obpasuax A u B 1 pesynbtathl
pac4yeTa CnekTpoB OTpaxeHUst MoOHokpucTanna CaSi ans pasnuyHbiX NIOCKOCTEN: XX, VY, zZ. (6) cnekTpbl
koadurumeHTa nornoweHms ansa nrneHok CaSi B obpasuax A 1 B n gna moHokpuctanna CaSi (NnockocTu: XX, yy, z2z)

CMEKTPOB OTPaXeHUs Anst Tpex nrockocten moHokpuctanmna CaSi (pucyHok 1a) mokasbiBaeT xopollee
COBMageHne No MofoXXEHUIO NITAa3MEHHOTO MUHUMYMa, KOTOPbIW CBS3aH C BKMNaAoM ABYX TUMOB HOCUTENEN,
COrnacHoO JaHHbIM pacyeToB, NMPOBEAEHHbIX B AaHHON paboTe. CnekTpbl OTPaXeHUs Takke CornacylTcs no
BENNYMHE N NONOXEHNI0 OCHOBHbIX MUKOB B AManasoHe aHeprun ¢oToHoB 1.5 — 6.5 3B, uTo cooTBeTCcTBYET
OCHOBHbIM MEX30HHbIM Nepexodam B MoHokpucTanne CaSi. PacyeTbl n3 R- n T- cnekTpoB KoadhdpuumneHToB
nornoLeHuns (o) ANst BblpalleHHbIX NreHok CaSi nokasanu cylecTBeHHble 3HadeHus (3x10% — 2x10° cv?) B
obnactn meHee 1.2 3B (pucyHoK 1B), 4TO MOXHO CBSA3aTb C BKINaaoM AedeKTOB B NneHkax CaSi, Ha KOTopbIX
NPOVNCXOAMUT AOMOMHUTENbHOE MNorfnoweHne POTOHOB. DTO NOATBEPXKAAETCA CPaBHEHWEM C OAHHbIMWU ONS
MOHokpucTanna CaSi (pucyHok 1B), Ans KOTOPOro KO3 ULMEHT normnoweHus Npu aHepruax otoHos 0.5 -
1.2 3B meHbLUe Ha nonTopa — ABa nopsaka no Benu4ymHe.

CpaBHeHMe [aHHbIX OENCTBUTENBHOM M MHMMOW YacTel AONANEKTPUYECKOW MNPOHULAEeMOCTM Anis
MOHokpucTanna CaSi n TekCTypupoBaHHbIX MneHok CaSi (pUCyHOK 2) nokasbiBaeT Orn3kMn xapakrep
3aBucMMocTen B AuanasoHe aHeprui 0.4 -1.2 3B. OcHoBHble oTnnumMs HabnwgalwTca MNpu 3Heprusx
doToHOB MeHee 0.2 3B, 4TO MOXeT ObiTb CBSI3aHO C OMNpederneHHbIMU owunbkamu Mpu perncTpaumun
CMEKTPOB OTPaXXEHWs1 U NPOMYCKaHWst OT NMIEHOK, 0b6nagaoLmMx onpeeneHHoln WepoxXoBaToCTbio, a 3Ha4YUT
W OOMONTHUTENbHLIMU MOTEPSIMU HA OTPaXXEHME.
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PucyHok 2 — CnekTpbl 4ENCTBUTENBHOM M MHUMOW YacTen ANSNEKTPUYECKON NPOoHMLaemMocTn ang nrneHok CaSi B
o6pasuax A u B ana moHokpuctanna CaSi gns pasnuyHbIX NNOCKOCTEN: XX, VY, ZZ

B pabote anpobupoBaHbl ABa MeTofa pocTta ogHodasHbIxX NneHok CaSi Ha KpeMHUM C opueHTaumen
(111) n onpegeneHa TekcTypa, KOTopas 3aBMCUT OT TemrepaTtypbl MOAMOXKA MpPU pPoCcTe U CKOPOCTU
ocaxgeHus kanbums. [NpoBegeHbl pacyeTbl ONTUYECKMX (OYHKLUMIA BbIPaLLEHHbIX NIIEHOK U CpaBHEHWE C
AaHHBIMW  ONTUYECKMX (DYHKUWMWA, MONYYEHHbIX W3 pPe3ynbTaToB MNEepBOMNPUHLUUMHBLIX PacvyeToB 30HHOM
CTPYKTYpbl MOHOKpUcTanna CasSi.

3TV wnccnegoBaHns BbIMONHEHbl Npu (brvHaHcoBoW nopgaepxke rpaHta POOU-BPOOUN Ne 20-52-
00001_bBen_a.
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CTPYKTYPA, ONTUYECKUE N ®OHOHHbLIE CBOUCTBA
SAMUTAKCUATIbHbIX MJIEHOK Ca.Si U CaSi. HA KPEMHUEBbIX
NOAJNTIOXKKAX

Kpornayee O.B., YepHes N.M*, lankuH K.H., Anekcees A. 0.2

UHcmumym asmomamuku u npoueccos ynpasneHus [JBO PAH!
2. Bnadusocmok, Poccutickasi ®edepauyus
Benopycckull 2ocydapcmeeHHbIl yHUgepcumem UuHgopMamuKku U paduo3/1eKmpPOHUKU?
2. MuHck, Pecnybnuka benapycb
[ankuH H.I* — dok. ¢pus.-mam. Hayk, npogheccop

Muzac [.5.? — dok. ¢pus.-mam. Hayk, doueHm

AHHOTaums. B pabote nccnenosaH pocT, CTPYKTypa M ONTUYECKWEe CBOWCTBA anuTakcuanbHbIX nneHok Ca.Si n CaSi, Ha KpeMHWUEeBbIX
nognoxkax ¢ opueHtauuamu Si(111), Si(100) n Si(110). lNpoBeaeHO cpaBHEHWE IKCMEPUMEHTAmNbHbIX M TEOPETUHECKMX AaHHbIX
ONTUYECKOW CMEKTPOCKONUK 1 MOMNYYeHO COOTBETCTBME B 06MacT MEX30HHbIX NEepexoAoB, a Takke - B 06racTn hOHOHOB.

KnioueBble cnoBa. [Monycunuuva v OUCURWMUMA KanbumMsi, NAEHKU, KPEMHWIA, 3aTPaBOYHbIA COW, MOMeEKynsipHO-IyveBast anuTaKkcus,
peaKTUBHas anUTaKcusl, CTPYKTYpa, NePBONPUHLMIMHBIE pacyeTbl, ONTUYECKME OYHKLUMM, CPaBHEHUE SKCNIEPUMEHTA 1 TEOPUM.

B cucteme kanbuuii — KpeMHUIA POpMUpPYyETCH He MeHee WwecTn cunuumaos [1], koTopble obnagatoT,
KaKk MeTannmnyeckuMmm u nonymeTtannmyeckumm [2], Tak n nonynpoBOAHUKOBbIMU cBoncTBamm [3]. Mockonbky
cUnMumMapl Kanbums cooOpMmMPOBaHbI U3 3KOMOTUYECKN YMUCTBIX U LUMPOKO PacnpOCTPaHEHHbIX B 3€MHOW Kope
3MEeMEHTOB, OHW MNPEACTaBNSAT 3aMETHbI UHTEPEC AMNS KPEMHWMEBOW 3MEKTPOHMKM U OMTOINEKTPOHUKM.
Haunbonee M3BECTHbIN M NONy4YaeMbivi B BUAE NIIEHOK NONYNPOBOAHMKOBbI nonycunuumg, kanbuus (CazSi) B
OCHOBHOM MccneaoBaH Ha kpeMHumn ¢ opueHTaumen (111) [4], a uccnegoBaHus ero CTPYKTYpbl U ONTUYECKUX
CBOMCTB Ha [ApYrnx MOBEpPXHOCTAX elle He npoBoaunucb. [Oucvnuump kanbuua (CaSi2) sasnseTcs
nofymeTansioM C He MOSTHOCTBI0 onpeaeneHHbIMU CBOMCTBaMM B BUAE 3NUTaKCUanbHbIX NIeHOK [5].

HaHHaa paboTta nocesweHa anpobauun AByx meTogoB pocta CaxSi m CaSiz Ha KpemMHuu c
opueHTaumsamm (111), (100) n (110) meTogamu MonekynspHo-nyyeson anutakcum (MJ19) ¢ nucnonssosaHnem
3aTpaBOYHOro (>kepTBEHHOro crnosi) Mg2Si n mMetogom peaktuBHon anutakcum (P3). Ons BblpalleHHbIX
NNeHoK uccrnefoBaHbl CTPYKTypa M ONTUYECKMe CBOWMCTBA, a Takke MPOBEAEeHO UX CpaBHEHWe C AaHHbIMU
NepBONPUHLIMMHBIX PAcYETOB ONTUYECKMX (DYHKLMI N3 SNEKTPOHHOW CTPYKTYpbI, kak CazSi, Tak n CaSie.

PocT nneHok moHocunuumaa kansums (CaSi) npoBoguncsa B cBepxsblicokoBakyyMHbIX (CBB) kamepax
yctaHoBok OMICRON Compact n VARIAN c 6a3oBbiM BakyymMoM 1+10-1° Topp, OCHaLLEHHbIX aHann3aTopom
AM3 n 30C/XM33, 6nokomM MOMNEKYNsSpHO-NyYeBbIX UCTOYHWKOB KpemHusa (Si) u kanbums (Ca) ans
npoBegeHna ocaxgeHna Ca, Mg n Si Ha KpemHueBble NoanoXku. PocT nneHok CaxSi Bcex noanoxkax
ocyuwlectBnanca npu coocaxgeHum Si n Ca npu TemnepaTtype 250 °C Ha npegsapuTenbHO
chopMMPOBaHHBIN 3aTpaBOYHbIN crion Mg2Si, koTopbIi NpeobpasoBbiBancsa B CaxSi Nnpy ocaxaeHnM aToMOB
Ca Ha nognoxky npu 250 °C. B CBB-kamepe VARIAN poct nneHok CaSiz Ha Bcex Tumax noafoxek
nposogunnu metogoM P3 npu T=475-650 °C n ocaxgeHun Ca Ha Si(111)7X7 ¢ pasnMyHbIMU CKOPOCTSAMM
(0.5 - 8.5 HM/MuH). CkopocTn ocaxgeHus (Ca, Mg u Si) kannbpoBanucb NO KBapLEBOMY AaTUYUKY TOMLUMHbI.
Bcero Obino BbipaweHo 14 o6pasuoB, HO aHanu3 OMTMYECKMX CBOWCTB MPOBOOMIICS TONbKO AJis
ofHoda3HbIX 00pa3uoB nnu obpasuos ¢ npeobragatowlen ogHon dason cunuumaa: CazSi nnm CaSie.

Cnektpbl oTpaxeHus (R-cnektpbl) u cnektpbl nponyckaHus (T-cnekTpbl) BblpalleHHbIX 06pasuos
perucTpupoBanu B TEYeHWE OLHOTO [AHsI MOCRe BbIFPY3KM MpUM KOMHATHOW TemnepaType B AuanasoHe
aHeprun ¢otoHoB 0,05-6,20 3B Ha cnektpodpoTtomeTpe Hitachi U-3010 n ®ypbe-cnektpometpe Bruker
Vertex 80v. CnekTpbl KombuHaumoHHoro paccesHust ceeta (KPC) ¢ anvHom BoOnHbl BO3OyXxaaroLlero
nanyyeHuns 488 HM perucTpmpoBanu npu KOMHaTHOM TemnepaType Ha cnektpodotomeTpe LabRam HR 800
nocne xpaHeHusi obpasua He Gonee 2 cyTok. PacyeTbl 3MEKTPOHHOW 30HHOW CTPYKTYpPbl U OMNTUYECKUX
YHKLMI Takke GbinNy BbINOMHEHBLI ¢ NoMoLblo metoga FLAPW B ero ckansipHo-pensiTMBUCTCKON BeEpCUM C
ucnonb3osaHneM naketa WIEN2kK [6].
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lMocne BbIrpy3kn 06pas3LoB M3 pPOCTOBbLIX Kamep ObiNM npoBedeHa peructpauusi CnekTpos
npornyckaHust U OTpaxeHus B AuanasoHe 3aHepru ¢otoHoB oT 0.05 aB po 6.5 aB. OcHOBHbIMYK
ocobeHHOCTAMM Ang BblbpaHHbIX 00pa3LoB ¢ nneHkamn CaxSi sBMnacb Npo3pavyHoOCTb B AuManasoHe
aHeprun gotoHoB 0.05 — 1.2 aB (pucyHok 1a), a ansa Bcex obpasuoB ¢ nneHkamu CaSiz Habnoganacb
YacTU4yHas NpPO3padYHOCTb B Avanal3oHe aHepru ¢otoHoB 0.4 — 1.1 3B n nnasmMeHHbIn MUHUMYM B
oTpaxeHun (pucyHok 16), 4To paHee Habnioganocb ana nneHok CaSi: [5] Ha nognoxke Si(111) ¢
nonymeTtannmMyeckumu ceonctsamn. CpaBHeHWE C AaHHbIMW TEOPETUYECKUX CMIEKTPOB OTPaXKEHUS N1 Tpex
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PucyHok 1 — (a) CnekTpbl oTpaxeHus (R) n nponyckanus (T) nneHok CazSi B obpasuax A, B n C; (6) cnekTpbl
oTpaxeHus (R) n nponyckanus (T) nneHok CaSiz B o6pasuax D,E n F u pedynbTtathl pacyeta CnekTpoB OTpaXeHUst
MoHokpucTanna CaSiz Ans pasnuyHbIX NOCKOCTEN: XX U ZZ; (B) CNeKTpbl KBagpaTa KoaddurumeHTa NornoLieHns ans
nneHok CazSi B obpasuax A n B n moHokpuctanna CazSi Ansa pasnuyHbIX NAOCKOCTEN: XX, VY, ZZ; (r) CnekTpbl
koadpdmumeHTa nornoweHnsa ans nneHok CaSiz B obpasuax D n E n gna moHokpuctanna CaSiz (nnockoctu: XX, Yy, zz)

nrnockocTen MoHokpuctannos CazSi (pucyHok 1a) n CaSiz (pucyHok 16) nokasbiBaeT xopoluee coBnageHne
no nukam B CaxSi n CaSiz, UTO COOTBETCTBYET OCHOBHbIM MEX30HHbIM Mepexogam B MOHOKpMUCTannax.
Tarke crnegyeT OTMETUTb BnM3kne MNOMOXEHWUS MNNAa3MEHHOr0 MWHMMYMa MO AaHHbIM 3KCMepUMeEHTa |
pacyetoB B CaSiz (pucyHok 1 6), KOTOpbIA CBSAI3aH C BKIIAAOM ABYX TMMOB HOCUTENEN, COrnmacHO AaHHbIM
pacyeToB, npoBeAdeHHbIX B 3TOM paboTte n pabote [5]. PacueTtbl M3 R- n T- cnekTpoB ko3ahduLmMeHTOB
nornowieHuns (o) ANS BblpalleHHbIX MNeHoK nokasanu ana CaxSi cywectBoBaHME NPSMOro MEX3OHHOrO
nepexoga 1.05 aB (pucyHok 1 B), a ans CaSi - cywecTBeHHble 3HadeHns (3x104 — 2x10° cm!) B obnacTtu
MeHee 1.2 9B (pucyHOK 1r), 4TO MOXHO CBf3aTb C BKMNagoM pfedpektoB B nneHkax CaSi. 3T1o
NOATBEPXKAAETCA CpaBHEHWEM C AaHHbIMWM MEePBOMNPUHUUMHBLIX pacyeToB ANnNA MOHokpucTannos CazSi
(pucyHok 1 B) u CaSi (pucyHok 1r), anst Kotopbix 3HavyeHns o npu 0.5 - 1.2 3B HeCcKonbKO MeHbLUe.

Cnektpbl nornoweHus B pancHen WK obnactm gna nneHok CaxSi (pucyHok 16) 6nmskm K
TEOpeTU4ECKUM 3HAYEeHUAM MNofoXeHus PoHOHOB [7]. IHTEHCUMBHOCTL NMKOB (POHOHOB MakcMMarbHa Ang
nneHkM Ha Si(111), 4TO COOTBETCTBYET ee nydleMy KpUCTannuMyeckoMy KayecTBY MO CpPaBHEHWUIO C
nognoxkamu Si(100) n Si(110). Kpuctannuueckoe kauyectBo nneHok Ca:Si Tawke noaTBepxaaetcd
AaHHbeiMn KPC cnekTpoB (prcyHOK 26) n coBnagaeT ¢ gaHHbiMu pacyeTtoB [7]. Mukn B cnektpax KPC gns
ofHodasHbIx nreHok CaSiz (pucyHok 2B) 3apeructpupoBaHsbl Briepsble (201,3; 330,0; 381,9; 412,2 n 439,5
cMl), a ux BeNMYMHa M NONyLUMpMHA COOTBETCTBYIOT BbICOKOMY KPUCTANMYECKOMY KayecTBy nreHok CaSiz.
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PucyHok 2 — (a) KoneGaTenbHble cnekTpbl B AuanasoHe Yactot 0 — 300 cv ansa nnexok Ca2Si B o6pasuax A, b u
B; cnekTpbl kOMOGMHALMOHHOIO paccesiHusi ceeta - Ans nneHok Ca2Si B obpasuax A u B (6) n nneHok CaSiz B o6pasuax
D u E (B).

OTK mnccnegoBaHus BbINOMAHEHbI Npu uHaHcoBon noagepxke rpaHta POOUN-EPOPUN Ne 20-52-
00001_Bben_a.
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HU3KOTEMMEPATYPHBIE MATHETOTPAHCIOPTHBIE CBOACTBA
TOHKOW MMEHKM CaSi HA Si(100)
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UHecmumym aemomamuku u npoueccos yrpasneHusi JBO PAH!
2. Bnadusocmok, Poccutickasi @edepauyusi
Benopycckuli 2ocydapcmeeHHbill yHugepcumem UHgopmMamuku U paduo3iekmpOoHUKU?
2. Munck, Pecnybniuka benapyco
[ankuH H.I* — dok. ¢pus.-mam. Hayk, npogheccop
Mueac [.5.? — dok. ¢pus.-mam. Hayk, doueHm

AHHOTauus. B pabote nccrneqoBaH MexaHu3aM TpaHcropTa B ToHKo (130 HM) nonwukpuctannudeckon nneHke CaSi Ha KpemMHUeBOW
nognoxke c opueHtaumen Si(100) B guanadoHe Temnepatyp 2-300 K. HuskoTemnepaTypHble XOMMOBCKME WM MarHeTOTPaHCMNOPTHbIE
M3MepeHuss  nokasanu, 4to nneHka CaSi AeMOHCTpUpyeT TpaHCMOpTHblE CBOWCTBA, XapakTepHble ANst NMoXvMx MeTannoB. B Hen
0oBHapyXeH TMraHTCKuMiA MarHeTopeaucTuBHbin adpcpekt (TMP3) po 4000% npu Temnepatype okoro 50 K u marHutHom none 8 Tn.
[MpogemoHcTpupoBaHa nuHerHas 3aBucuMocTb TMP3 oT MarHuTHOro nonms M aHoManus yaernbHOro COMPOTMBIMEHMS, CBsI3aHHast C
nepexogom Jludwmua unm obpaszoBaHWEM BOMHbI 3apsidoBOM MNMOTHOCTM, a Takke OOHapyXeHbl OCUMNNAUMM  NPOAONBHOrO
MarHeToCOMnpoTUBIIEHUs MpK TeMnepaTtypax 2-15 K, 4To yka3blBaeT Ha HETPVBUATbHbIE KBAHTOBbIE TPAHCTMOPTHbLIE CBONCTBA MITEHKM.

KnioueBbie crioBa. MoHOCUNMLME, KasrbUmsl, MONUKPUCTANNMYECKast MieHKa, KPeMHUIM, XOMSIOBCKME U MarHETOTPaHCNIOPTHLIE U3MEPEHNs,
30HHas CTPYKTYpa, TMraHTCKUI MarHeTope3ucTVBHbIN AdhPeKT, BONHA 3apsifioBOii NMOTHOCTM, KBAHTOBbIM TPAHCMOPT.

Cvnuumnapl Kanbums SBMSIOTCH SKONOTMYECKM YNCTbIMU MaTepurarbl 1 3aHUMalT 0coboe MeCcTo cpeau
CUMMUMOOB LWenoYyHo3eMerbHbIX MeTannoB. 3TO CBA3aHO B NepByl0 ovepedb C LUMPOKMM Habopom CBOWCTB
CUMMUMOOB Kanbumsa OT NOMynpoBOAHWMKOBBIX [1] 40 monymeTannuyeckux [2,3]. 3TO MOXET NpmMBECTH K KX
LUMPOKOMY WCMOMb30BaHMIO B PasfuyHbIX 0BMacTax TEXHUKM W 3neKTPOHWKM. OAHaKko TpaHCMOpTHbIE
CBOWCTBA MNoONyMeTaninyeckux cunuunaoB WUccrefoBaHbl HedocTaTtoyHo [4,5], a marHeToTpaHCcnopTHbIE
CBOWCTBa NPU HU3KNX TEMNepaTypax U CUMbHbIX MarHUTHbIX NOMAX HE NCCneaoBanuch.

Poct nneHkn MoHocunuuuaa kaneums (CaSi) Ha nognoxke Si(100) nposogunca B
cBepxBblcokoBakyymHon (CBB) kamepe yctaHoBkm OMICRON Compact ¢ 6asosbim Bakyymom 1+10-1° Topp,
OCHalleHHon aHanusatopamum MO n 30C/XMI3I, GroKOM MONEKYNAPHO-ITyYEBbLIX UCTOYHWKOB KPEMHUS
(Si) n kanbuwmsa (Ca) gna nposegeHns ocaxaeHna Ca n Si Ha kpeMHueBylo noanoxky. Poct nneHkn CaSi
ocyulecTBnanca npu ocaxgeHun Sin Ca npu temnepatype 330 °C ¢ nocnegytowimm omxurom npmn T=330 °C
B TeueHune 20 muHyT. CkopocTn ocaxaeHusa Ca n Si, oTkannbpoBaHHbIe NO KBApPLIEBbIM AATYMKAM TOMNLLMHbI,
coctaensanum 2,5 HM/mMuH 1 0,8 HM/MWH, COOTBETCTBEHHO. TOMNLWMHA BblpaleHHon nneHkn coctasuna 130 HM.
Mopdonorus obpasua nccnegosanace METOAOM aTOMHONM cunoBow Mukpockonun (ACM) Ha ckaHupyloem
30HZOBOM MuKpockone Solver P47 cpasy nocne Bbirpy3ku obpasua n3 CBB-kamepbl. Ona anekrpuyeckmx
N3MepEeHU Ha NNneHKy ocaxganucb u Bxuranvcb npyn T=330 °C antoMuHMEBbIE KOHTaKTbl B reomeTpun BaH
aep May. MeTogukmn TpaHCMOPTHBIX U MAarHETOTPaHCMOPTHBIX U3MepeHUi B cucteme Teslatron ¢ cuctemon
oXnaxgeHnst 3aMKHYTOro LiMkna o Temnepatypbl 2 K u B MarHMTHbIX nonsx Ao 8 Tn onucadbl B pabote [5].
PacueTbl 3nNeKTPOHHOM 30HHOW CTPYKTYpbl U BKMaga CNUH-OpOUTanbHOM CBA3WM BLINOMHEHbI C MOMOLLLIO
MeToZa CaMOCOrfnacoBaHHbIX MOMHOMOTEHUNANbHbLIX NWHEapU30BaHHbIX [AOMOMHEHHbIX MMNOCKNX BOMH
(FLAPW) B ero ckansipHO-pensaTMBUCTCKOM Bepcun ¢ ucnonb3osaHuem naketa WIEN2k [6].

Mo paHHbiM ACM BbipaweHHas npu 330 °C nneHka uMena YnopsiiOMeHHYH CTPYKTypy C
LIEepoXoBaTOCTbl0 6ms=3.12 HM, COCTOALLYIO W3 B3aMMHO MNEPNEHOUKYIAPHBIX OrpaHeHHbIX 3epeH.
PeHTreHOCTpYKTYpHbIN aHanu3 nokasan, YTo pa3oBbli COCTaB U KpUCTannuyeckasi CTpykTypa BbipallleHHON
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nneHku [7] npeacraesnatoT cobon nonukpuctannuyeckyto pasy CaSi ¢ npeobnagatowen opueHtaunen (220)
W HEKOTOPOW A0Nen HaHOKpUcTannmMyecknx BrrodeHnn CazSi.

TpaHcnopTHbIE U3MEPEHUS NPU HYNEBOM MarHUTHOM MOfe Nokasanu CroXxHoe NnoBeAeHne yaenbHoro
CONpPOTMBMEHUS BblpalleHHOW nneHkn CaSi B 3aBUCMMOCTM OT TemnepaTtypbl (pucyHok 1a). OBHapyxeHbl
Tpu obnactn ¢ pasnuyHbiM nosegdeHuem: (1) nonymeTannMyeckuin xapakTep 3aBUCUMOCTM B AvanasoHe
TemnepaTtyp 50 - 300 K c nukoBow aHomanuen yaenbHOro conpotmerieHus okono 150 K; (2)
NonynpoBOAHWNKOBBINA TUM 3aBucumocTn npu T= 25 - 50 K ¢ cooTBETCTBYIOLLMM pPacKpbiTUEM 3anpeLLeHHOMN
30HbI OKoso 36 MaB (pucyHok 16); (3) meTannuueckuini xapaktep nposoanmocTtn ot 25 K go 2 K ¢ nnarto
yaenebHoro conpotueneHus. MNMpunoxeHme nepneHanKynsapHOro MarHUTHOrO NONs NPUBOAMT K AanbHenwemy
pacLUMpPEeHIO 3anpeLLeHHON 30Hbl Ha BTOPOM y4dacTke, koTopas gocturaet 47 maB npu 8 Tn (pucyHok 16).
OHo Takke ConpoBOXOaeTCs NOSIBIEHMEM OCLMNASAUMA MarHuToconpoTueneHuns (MC) B guana3soHe (2 - 15)
K (nnato) (pucyHok 1a). AHanu3 3aBWCMMOCTM OTHOCUTEMLHOrO MarHUTOCONPOTMBAEHMSA (PUCYHOK 1B)
nokasan ero yMepeHHbll poCT OT €AuHMWL, 0O NSATU COTEH MPOLEHTOB B MarHUTHbIX nonax 1 — 8 Tn B
AvanasoHe Temnepatyp 180-70 K, cOOTBETCTBYIOLLEM LLUMPOKOMY MAKCUMYMY MPOAOSIbHOrO COMPOTUBIIEHNS
(pncyHok 1a). [lpu Temnepatypax 33 — 60 K Habniogancs pesknid pocT OTHOCUTEMBHOrO
marHeToconpoTtumereHna ot 1000% no 4000% B marHuTHOM none 8 Tn, 4TO COOTBETCTBYET FMraHTCKOMY
MarHeToCconpoTUBIEHMIO B NreHke CaSi cocTosLen U3 HEMarHUTHbIX MaTepuanos.
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PucyHok 1 — (a) TemnepaTypHble 3aBUCUMOCTM NMPOAOIIBHOIO CONPOTUBNEHNS Rxx B reomeTpun BaH gep May npu
pasnuyHbIX MarHUTHbIX nonsx ot 0 Tn go 8 Tn; (6) 3aBMCMMOCTD LUMPUHBI 3anNpeLLeHHON 30HbI B Anana3oHe TeMmnepaTtyp
25-50 K oT MarHMTHOM nHOYKUMK; (B) 3aBUCMMOCTb OTHOCUTENBHOINO MarHeTOCOMPOTUBIEHNS OT MarHUTHOW UHAYKLUN
npu Temnepatypax oT 33 K go 140 K

Xonnosckue namepenus B gnanasoHe temnepatyp 2-300 K npu marHutHom none 0.5 Tn nossonvnu B
paMkax CTaHOapTHOW MOAenu paccymTatb 3PEEKTMBHbIE KOHUEHTPauMIo (PUCYHOK 2a) U MOABWXHOCTb
(pncyHok 26) HocuTenen. OgHako us-3a TOro, YTO B MMeHKe Habnaancs rmMraHTCKMn MarHeTope3ncTUBHBIN
adhpekT, namepeHnsa Ha cTpyktype BaH gep lay He MOrmmM KOMMEHCMpOBaTb PasfuyHble rPagueHTHble
aBneHus. Cutyaums Takke OCIOXHsieTca Tem, 4yTo CaSi sBnseTcs no AaHHbIM HalUX TeopeTUHEeCKUX
pacyeToB NOSyMETarnsiom C BKNagom OT ABYX TUMNOB HOCUTENeN B KapMaHax OKomo ypoBHSA Pepmu. A yyet
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PucyHok 2 —TemnepatypHble 3aBUCUMOCTU (a) 3DDEKTUBHON KOHLEHTpauum HocuTenen u (6) achdeKkTuBHom
NOABMXHOCTU HOCUTENEN, PACCUNTaAHHBIE U3 AaHHbIX XOJINTIOBCKUX U3MEPEHUIN NPU MarHUTHOW nHaykuum 0.5 Tn. Ha
pucyHkax 1(a,6,8) npeacTaBneHbl AaHHbIE 115 KOHUEHTPaLUUiA 3NEKTPOHOB U AbIPOK, X NOABWMXXHOCTEN Y OTHOLLEHMS
KOHLEHTpauun AbIPOK K 3NEKTPOHAM M SMEKTPOHOB K AblpKaM Npuy pasnnyHbiX TeMnepaTypax, pacCiMTaHHbIE B paMKax
[ABYX30HHOW MOLENW U3 AaHHbIX MarHeTOCOMPOTUBIIEHNS OT MarHUTHOrO MO U TeMnepaTypbl

CMUH-0pbUTanNbLHOrO B3aMMOLENCTBMSA MOKas3an Hanuuve TpUBMANbHOW TOMOMOrMM nceBAoMeTanna unm
MeTanmna c 3a30poM U JOBOJIbHO HU3KOWM MIOTHOCTLID COCTOSIHUI Ha ypoBHe Pepmu. Mo3ToMy M3 faHHBLIX NO
MarHeTOCONPOTUBIIEHNIO B pamMKax ABYX30HHOW MoZenu Obinv pasgeneHbl BKNagbl AbIPOK U 3MEKTPOHOB B
AvnanasoHe 45-120 K, oueHeHbl UX KOHLUEHTpaLmmn (PUCYHOK 2a), NOABMKHOCTU (PUCYHOK 26) 1 OTHOLLEHMS NX
KOHUEHTpauun (PUCYHOK 2 B). YCTaHOBIEHO, YTO BO BCEM OLEHEHHOM Auana3oHe TemnepaTtyp AblpKu MMEKT
OOnbLUYI0 KOHLEHTPaLUU0 1 MEHbLLYIO MOOBWXHOCTb, YeM 3reKTpoHbl B nneHke CaSi. Npu atom oba Tuna
HOCUTENen WUMET BbICOKYD MoABWXHOCTE (40 3x%10% cm?/(Bxcek)). ConoctaBneHWe C XONMOBCKMMMU
AaHHbIMK (PUCYHOK 2a) MOoKa3biBaeT XOpoLlee CoBnageHve B BblAENEHHOM Arana3oHe Temnepartyp.

Takum obpasom, nneHka CaSi 4eMOHCTpMpyeT CBOWCTBa TpaHcrnopTa nnoxux metannoB. OpHako
ruraHTckuin MR go 4000% npu 50 K n 8T, ero nuHerHas 3aBUCUMOCTb OT MONdA, aHOManusa yaerbHOro
COMPOTUMBIEHUS, CBsI3aHHAsA ¢ nepexodoM Jlndwurua unn obpasoBaHMEM BOMHbI 3apsgoBON MIOTHOCTH, a
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TaKke nNnaTo YAenbHOro COMNPOTUBMEHMS YKa3biBalOT Ha HeTpuBMarnbHble KBAHTOBbIE TPAHCMOPTHbIE
CBOWCTBA, KOTOpble He HabnoaaTesa Ana o6beMHoOro MoHokpuctanna Casi.
OTn unccnefoBaHWs BbIMOMHEHbI MpU PUHAHCOBOW nopaepxke rpaHta POOUN Ne 19-02-
00123_a u rpaHTa POOU-BPPDUN Ne 20-52-00001_Ben_a.

Crnucok ucnosb3068aHHbIX UCMOYHUKOS:

1. Calculated quasiparticle and optical properties of orthorhombic and cubic Ca,Si / S. Lebegue // Phys. Rev. B, — 2005. - V.
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2. Chemical bond and electronic  states in calcium silicides: Theory and comparison  with synchrotron-radiation
photoemission / O. Bisi [et al.] // Phys. Rev. B, —1989. — V. 40. — P. 10194-1202.

3. Electronic and structural properties of CaSi, / S. Fahy [et al.] // Phys. Rev. B, — 1990. — V. 41. — P. 7587-7593.

4. Low temperature properties of calcium mono- and disilicides / M. Affronte [et al.] // J. Alloys and Compounds, — 1998. — V.
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5. Conducting CaSi, transparent in infra-red / N.G. Galkin [et al.] // J. Alloys and Compounds, - 2019. — V. 770. — P. 710-720.

6. P. Blaha, [et al.], WIEN2k, An Augmented Plane Wave + Local Orbitals Program for Calculating Crystal Properties (Karlheinz
Schwarz, Tech. Universitat Wien, Vienna, 2001).

7. A low temperature growth of Ca silicides on Si(100) and Si(111) substrates: formation, structure, optical properties and
energy band structure parameters / N.G. Galkin [et al.] // J. Alloys and Compounds, - 2020, - V. 813, - P. 152101(1-12).

YOK 538.911 + 538.975 + 536.21

HuskoTeMnepaTypHbIii TEPMOINEKTPUYECKUIA MaTepuan Ha OCHOBEe KpeMHUs
CO BCTPOEHHbLIMU HAaHOKPUCTanNaMM aHTUMOHMAA rannus

Cy66omuH E.FO.*, YycoeumuH E.A.*, Yycosumura C.B.", Xosaiino B.B?,
'ymakoeckuti A.K.2, Hakamypa 1.*

UHecmumym Aemomamuku u lNpoueccos Ynpasnerusi [JBO PAH!
2. Bnadusocmok, Pocculickasi ®edepauusi
HauyuoHanbHsbIl uccriedosamernbckuli yHugepcumem «Mockosckull uHCmumym cmarnu U Criiiagogx?
2. Mockea, Poccutickasi ®edepauyus
UHecmumym ¢pu3uku nonyrnposodHukoe um. A.B. PxaHosa® CO [BO PAH

2. Hosocubupck, Pocculickas ®edepavyus

Bbicwasi wKona UHXeHepHbIX Hayk*
2. Ocaka, 5lnoHus

ropowko [.J1.* - dok. ¢pus.-mam. Hayk

AHHOTauua. B paboTe u3y4yeHbl TEPMOINEKTPUYECKNe CBONCTBA KPEMHWEBbIX TFETEepPOCTPYKTYp CO BCTPOEHHbIMM
HaHoKpuCTannamum aHTUMoHuaa rannus. MeTogom  TBepAodasHOM  anuTakcuuM  yaanoce copMupoBaTb  MaccuB
HaHOKPWCTAanMNoB aHTUMOHWAA ransusa ¢ BbICOKOW KOHLeHTpaumen (2.2x10! cM2) n3 TOHKOW CTEXMOMETPUYECKON MNEHKN Ha
Si(111). OGpasubl COXPaHSIOT BbICOKYI 3NEKTPONPOBOAHOCTb CUIIbHONErMpoBaHHOrO KpemHus. B n-nneye ypanoch
pacLwmnpnTb AManas3oH MakcuMarnbHO 3HayeHusi koaddumumeHTa 3eebeka U CABVHYTb ero B 06nacTb MeHbLUMX TemnepaTyp.
KoadpdpuumeHT nonepeyHon peluéToYHON TennonpoBOAHOCTM MPW KOMHATHOW TemnepaType Obln CyLEeCTBEHHO CHUXKEH: CO
150 B1/(m-K) oo 7.8 B1/(m-K).

KnioueBble cnoBa. KpemHuiA, aHTUMOHWA rannus, reTepocTpykTypa, TBepaodasHasi anuTakcusi, MOMeKynspHo-nyyesas
anutakcus, Tepmo-O[]C, TennonpoBOAHOCTb, HU3KOTEMNEpaTypHble MUKPO-TII .

B nocnegHee Bpemsi 6ombLUMe YCUMSA CO CTOPOHbI UCCneaoBaTenbCKUX U TEXHUYECKMX Tpynn Bbinm
HanpaBneHbl Ha pa3paboTky W BHeApeHVWe MUKPO-TEPMOINEKTPUYECKUX MpeobpasoBartenei,
KOTOpble HaxoAaT MpUMEHeHMEe B KayecTBe WCTOYHMKOB MNWUTaHWA MOPTaTMBHBLIX YCTPOWCTB,
MeaMLUMHCKUX cTumMynatopoB[1], Mukpo-T3lT, MHTerpMpoBaHHbLIX C npoueccopom [2]. MaTtepuansl,
nogxoAsiuve Ans Takux npeobpasoBaTtenen, MMeKT BblCOKY 3(EeKTUBHOCTb, HO OHWU TOKCUYHBI,
[0porn N HECOBMECTUMbI C KpeMHMeBoWN TexHornornen. O6BbEMHbLI MOHOKPUCTANNNYECKUIA KpEMHUI
umeet ZT~0.01 B cuny Bbicokon TennonposogHocTn ~150 B1/(M-K) [3]. CyLLeCTBEHHOro CHUXEHUS
TennonpoBOAHOCTM MpPU  COXPaHEHUW akTopa MOLLUHOCTU BO3MOXHO [AOCTWYb YBEMMYEHUEM
(hOHOHHOIO paccesiHUs 3a CHET CTPYKTYPUPOBaHUS KpeMHus. [4,5]

leTepocTpyktypa  Si/  HaHoKpucTannbl (HK) GaSb/si 6bna  cdopmupoBaHa  Ha
MOHOKpUCTannmyeckon nognoxke Si(111) B cBepXxBbICOKOBaKyyMHOW kamepe ¢ 6a30BbIM BaKyyMOM
2:1011 Topp. PopmuporaHme maccusa HK GaSb npoucxogunno metogom TO3. Mpu KOMHATHOM
TemnepaType ocagunu cmecb Ga-Sb B cooTHoweHum 1:1 co ckopocTaMn ocaxaeHus Vsp=3.08
AMUH 1 Vea=2A/MuH TonwmHoi 5A. TMonydeHHyl TOHKYIO MMEHKY MOABEPrNM OTKUTY Mpu
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TemnepaTtypax 200 °C/2 muH mn 380 ‘C/2 muH. Mony4veHHbin maccuB HK vmeeT koHUeEHTpauumto
2.2x1011 cM?, cpegHuii naTepanbHbIi paamep 15 HM 1 BeicoTy 1.7 HM (Puc. 1a).

TR R T -’:;*“-ﬁ’? ¢

Puvc.1. (a) ACM nsobGpaxeHne MaccvBa HaHokpucTannoB GaSb Ha Si(111). KoHueHTpauus HK 2.2x1011 cm2,
cpenHwi nateparnbHbIi pasmep 15 HM, Bbicota 1.7 HM. (6) CHuMok M3OM retepoctpykTypbl Si/HK GaSh/Si.

BcTtpavBaHme maccuBa HK B maTpuuy kpemHus ocywiecTBnsnmu metogom MJ1O npu Temnepartypax
450 C (mo nonHoro 3akpbiTnss HK) n 610 C (nocne nonHoro 3akpbitva HK). MocnegoBatenbHbim
nostopeHnem TOD n MIS cragun Gbinn chopMmMpoBaHbl MHOTOCMOWHbIE FeTEPOCTPYKTYpbl (Puc.
16). BctpoenHble HK nmetoT BumogansHoe pacnpegeneHve no pasmepam: 2.2x3.6 HM n 6.2x10.4
HM. [TOBEPXHOCTb MHOrOCIMOWHOW reTepOCTPYKTYPbl NOMIMKPUCTANINYECKas C pa3mMepom 3€peH 25 —
45 HM, cpegHekBagpaTuyHas wepoxosatoctb 1.1 — 1.7 HMm.
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Puc. 2. TemnepaTtypHble 3aBUCMOCTM TEPMOINEKTPUYECKNX CBONCTB KPEMHUEBBIX reTEPOCTPYKTYP B
CpaBHeHUN C 06 LEMHBIM MOHOKPUCTaNMMYECKUM KpEMHUEM Pa3nMYHON NPOBOANMOCTK: (a) 1 (6) KoaddurumneHT
3eebeka, (B) npoBoaAMMOCTb, (r) pakTop MowwHocTh. Kpuseie |, Il u Il — reTepocTpyKTypbl HA OCHOBE
CcoBCTBEHHOTO (i) M NermpoBaHHOro kpemHus (N, p), i,n,p-Si — MOHOKPUCTaNNMYECKNA KpeMHUIA, (cap./sub.) —
HenernpoBaHHbIV KPEMHWUIA, UCMONb3YEeMbIN B Ka4eCTBE NOKpbIBaloLWMX croés/noanoxkm obpasua I(i).

Ons oueHKkn BAMSHWS CTPYKTYPUPOBAHMSA Ha TepmoanekTpudeckue csornictBa kpeMHua HK GaSb
ObiNM BCTPOEHbI B MaTpuuy HenernpoBaHHoro kpemHusa (Puc. 2a). [eTepocTpykTypa umeeT
MeHbLUYID TemnepaTypy WHBEpCUM HocuTenen npu Temnepatype ~280K, 4yto o6ycnoBneHo
NHXeKunen Hocutenen us oovéma HK B matpuuy kpemuusa. Ona cosgaHusa p- u n-nned T3l (Puc.
26) HK 6binn BCTpoeHbl B MaTpuLy CUIbHONErMpoOBaHHOIO KpeMHus. B obpasue n-tuna yganocb
yBENUUMTL 0OnacTb MakcuManbHOro 3HayveHus Tepmo-OOC m cmecTutb €€ B 0bnactb MeHbLUMX
TemnepaTyp, Ana p-obpasua CylecTBEeHHbIX U3MEHeHWN He Habniogaetca. BcrpauBanHue HK He
NpvMBENO K 3aMeTHOMY YXYALWIEHUO 3nekTponpoBogHocTn (Puc. 2B). eTepoCTpyKTypbl MMERT
Heckomnbko Gonbliee 3HadYeHne hakTopa MOLLHOCTU OTHOCUTENbHO OOBLEMHOIO KpeMHMS B o6ractu
Hu3knx TemnepaTyp (Pwuc. 2r), 4To aKkTyanbHO ANng coBpeMeHHbIX Mukpo-TOl. Metogom 2w 6bina
onpegeneHa nonepeyHas TEMMONPOBOAHOCTb MPM KOMHATHOW Temnepatype. [ns oueHkn BAVSHUS
HK Ha TennonepeHoc 6bin cdopmupoBaH obpaseu ¢ nmutaumen pocta HK, npegcrasnsoowmn un3s
cebsa nocrnegoBaTeNbHO HaHECEHHbIe Crou KpeMHus, Ho 6e3 dopmupoBanns HK; camu obpasubl
OblNM oTMacliTabupoBaHbl ¢ 4x 00 8Mu cnoés. TennonpoBOAHOCTb OOBLEMHOIO KPEMHUS npwu
koMHaTHOM Temnepatype 150 B1/(m-K), nocnowHo HaHecéHHoro kpemHus 37 +5.2 B1/(m-K),
rerepocTpyktypbl 7.8 +£1.3 B1/(M-K).
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KombuHaumen metogos TOD n MI1O yaanock chopmmupoBaTb reTepOCTPYKTYPY HA OCHOBE KPEMHUS
co BcTpoeHHbIMU HK GaSb. BellweonucaHHoe CTpyKTypupoBaHue yaoBrneTBopseT ABYM OCHOBHbIM
uensam, npecnegyeMmbiM npu paspaboTke HOBbIX TEPMOINEKTPUYECKUMX MaTepuarnoB Ha OCHOBE
KpeMHUs: ObinM COXpaHEeHbl KPEeMHUEBbIE 3NEKTpUYeckne napameTpbl U CyLLeCTBEHHO CHWXeHa
peLéToyHas TennonpoBOAHOCTb. Takum obpas3om, NOryyYeHHble CTPYKTYpPbl MMEKT MNepCreKkTuBbI
npu paspaboTke MUKPO-T3AI, COBMECTUMBIX C KPEMHUEBOW TEXHOITOTUEN.

Crnucok ucnosib308aHHbIX UCIMOYHUKOS:

1. Nozariasbmarz A. et al. Review of wearable thermoelectric energy harvesting: From body temperature to electronic systems
/IApplied Energy. — 2020. — T. 258. — C. 114069.

2. Chowdhury I. et al. On-chip cooling by superlattice-based thin-film thermoelectrics //Nature nanotechnology. — 2009. — T. 4. —
Ne. 4. — C. 235-238.

3. Stranz A. et al. Thermoelectric properties of high-doped silicon from room temperature to 900 K //Journal of electronic materials.
—2013. - T.42. — Neo. 7. - C. 2381-2387.

4. Nakamura Y. Nanostructure design for drastic reduction of thermal conductivity while preserving high electrical conductivity
/IScience and Technology of advanced materials. — 2018. — T. 19. — Ne. 1. — C. 31-43.

5. Elyamny S. et al. High power thermoelectric generator based on vertical silicon nanowires //Nano Letters. — 2020. — T. 20. — Ne.
7.—C. 4748-4753.

CTABUNBHOCTb U 3NNEKTPOHHBLIE CBOUCTBA TOHKUX NMNEHOK
MG:SI

Anekcees A. 0.}, Kponaues O.B.2, YepHes N.M.%, ankuH K.H.?

LBenopycckuli 2ocydapcmeeHHbIl yHuUgepcumem UHGopMamuKku U paduo3aieKmpoHUKU
2. MuHck, Pecnybnuka benapych
2WiHcmumym asmomamuku u ripoueccos ynpasneHus [JBO PAH
2. Bnadusocmok, Poccutickasi ®edepauyusi

Mueac [J.6. — 3.¢b.-m.H., npogheccop

B pesynbtate mogenupoBaHus 13 MepBbiX MPUHLUMMOB Obinn npeAcka3aHbl Hambonee ctaburbHble CTPYKTYpbl TOHKMX MIIEHOK cunnumaa
MarHusi, COCTOSILLIEro U3 ogHoro, AByx U Tpéx 2D Mg,Si-cnoés. [IBymepHast cTpykTypa u3 ogHoro 2D Mg,Si-cnosi ctabunbHa B Td dase u
ABNSETCS NPSAMO30HHBIM MOMYNPOBOAHUKOM C LUMPWHOW 3anpeLléHHomn 30Hbl 0,45 aB. OBGHapy>KeHO, YTO MOCTPOEHWE TOHKUX MIIEHOK U3
Oonbluero konuyectsa 2D cnoée B Td chase Bocnpom3BoauT opTopombuueckyto ¢asdy, TunudHyto anst CapSi. YCTaHOBMEHO, 4To
MHOTOCIOMHbIE TOHKME NneHku B Td dase okasanunck MeHee CTabunbHbIMK, YeM CTPYKTYpbI B dhase T, KOTopble BOCMPOU3BOAST OObEMHYIO
KyOuueckyto hady Mg,Si, 1 MeIoT LUIMpKHY 3anpeLléHHon 3oHbl 0,74 1 0,56 aB ons aByx u Tpéx 2D MQ,Si-Cnoés, COOTBETCTBEHHO.

WccnepoBaHve HaHOCTPYKTYP pasfiuyHbIX CUIMUMOOB, KOTOPble HE TOKCUYHBI U MX (DOPMUPOBaHME
COBMECTMMO C XOpOLIO Pa3BUTOW KPEMHWEBOW TexHOMorven, npeactaBnseT MHTepec AnA Co3gaHus
NpmMbopoB MUKPO- 1 HaHO3ANEKTPOHMKK [1]. Cpean HUX BbIAENAOTCH CUMUUAbI MeTannos BTOPon rpynnbl [2],
Bkrtovarowme Mg, Ca n Ba. Cunuung marHusa (Mg2Si) nmeeT Kybuyeckyto rpaHeLLeHTPUPOBaHHYIO CTPYKTYPY
C npocTpaHcTBeHHoW rpynnoit Fm3m (Ne 225, cTpykTypy Tuna aHtu-CaF:) [2]. PaHee wmeTogamu
MOOEeNnupoBaHMa M3 NepBbiX NPUHUMNOB Oblna npeacka3aHa AuHamudeckas crtabunbHocTb Td dhasbl
ABymepHoro (2D) Mg2Si, u3BecTHOM MO AuxanbKoreHugam TyronnaBkMx MeTannoB (NpocTpaHCTBEHHas
rpynna P2,/m, Ne 11), koTopas ABRSeTCS UCKaxXeHWeM rekcaroHanoHon T dasel [3,4]. B gaHHon pabote
pacLUMPEHHO NCCNeaoBaHNE CTPYKTYPbl U 3NEKTPOHHbLIX CBOMCTB TOHKMX NNEHOK Mg2Si, korga ux TonwmHa
cocTtaenseT asa u Tpu 2D Mg:Si-cnos.

MonHas onTMMM3aunst UcCnefyeMbIX CTPYKTYp C NocnenyrowmM pacHéTom nx pOHOHHOMO CrekTpa u
3MNEKTPOHHBIX 30HHbLIX CTPYKTYP ObIW BbINOMHEHbI METOAaMW M3 MNEPBbIX MPUHLMMOB B paMKax Teopum
dyHKUMOHana nnoTtHocTu. [Ons OBGMEeHHO-KOpPensauMoHHOro dyHKUMoHana npUMMEHSANocb npubnukeHue
0000WéHHBbIX rpagneHToB lMNepabto-bypke-OpHuepxoda. Ncnonb3oBancss MeTo CBEPXAYENKN C TOSLLMHON
Bakyyma 12 A.

2D MgqSi B T ase ¢ rekcaroHanbHOW CTPYKTYpOW NpencTaBnsieT cOOOM «CTPOUTENbHbIA OOk,
BOCMPOM3BOASLLNA TOHKNE MIEHKM Kybudeckoro MgzSi ¢ opmeHTaumen (111). Kak 6bino npegckasaHo paHee
[3,4], ctpykTypa u3 ogHoro 2D Mg:Si-cnosi B T chase He cTtabunbHa u TpaHcdopmupyetcs B Td dasy (T
distorted) B pesynbTate konebaHui pelwéTkn. XoTa 3Tn Ae asbl MMelT OnM3Kne CTPYKTYpbl, OKkasanochb,
4yTO nonHas aHeprus 2D Mg:Si B Td ¢ase MeHblie Ha 23 MaB (3gecb n ganee, nog NonHOM sHepruemn
CTPYKTYp nogpasyMeBaeTCs X MOSHasi 3HEPrus B pacyeTe Ha ogHy POpMyIbHYO eauHuly). B cBsian ¢ aTum
Oblna nccnegoBaHa BO3MOXHOCTb yBenMYeHus konudectsa 2D MgqSi-cnoée B Td case (Mnu TonwmHel) B
TOHKMX MreHKax MgzSi. 3TO MOXHO OCYyLEeCTBUTb HECKONbKUMU cnocobamun B pesynbrate pasnuyHbIX
CMelleHMn n/vunn oTpaxeHu nocnepytowero 2D Mg2Si-cnoa oTHOCUTENbHO MepBoro. B pesynbTaTe
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OonNTUMU3aLUuM yCTaHOBNEHO, YTO Hanbonee cTabunbHOWM NO MOMHON 3HEPrMn ABNAETCHA CTPYKTypa Ha OCHOBE
T chasbl. 3a Hel crnegyeT CTpyKTypa, KOoTopas MoxeT ObiTb nonyyeHa, ecnu BTopon Mg2Si-crion 6bin
oTpaxéH B nnockoctn (110) n cmewwéH Ha nonosuHy ocu [010] no oTHoLLEeHUo K nepsomy cnoto. MNpoaomkas
TakuMm o06pasom CTpouTb CTPYKTYpy w3 6onblwero konuyectsa 2D MQ2Si-Cnoés, MOXHO NONy4uTb
opTopombudeckyto asy CaxSi (nmpocTtpaHcTBeHHas rpynna Pnma, Ne 62, ctpyktypa tuna aHTu-PbCl),
KoTopas He xapakTtepHa and Mg:Si. PacdeT nokasan, 4To Takasi CTpykTypa u3 asyx 2D Mg:Si-cnoés B Td
(ase okasanacb Ha 163 MaB meHee 3HepreTMyeckn ctaburnbHee CTPyKTypbl u3 aByx 2D Mg2Si-cnoés B T
ase, TOorga Kak rMnoTeTMYEcKnin oOBEMHBIN opTopoMbuyeckuin MgzSi Ha 171 mMaB Bbilwe MO MNOMHOWM
3Heprnm, Yem obbEMHBbIN Kybnyeckun Mg:2Si. Takum obpasom, ece 2D CTPYKTypbl U TOHKME MNEHKM MQ2Si ¢
bonee yem ogHum 2D Mg2Si-cnoem nmetoT T a3y B kadyecTBe CTabUNBHOWN CTPYKTYPHI.

Kpome Toro, 6bin nocuntaH QOHOHHLIN CNEKTP CTPYKTypbl M3 AByX 2D Mg2Si-cnoée B T dase ans
BbIIBNEHNST €ro AMHaMMYeckon CTabunbHOCTW, KOTOpbIA npeactaBneH Ha pucyHke 1. OTcyTCcTBME B
OHOHHOM CnekTpe Mof C MHUMbIMW YacTOoTaMun CBUAETENLCTBYET O AMHAMUYECKOW CTabuNbHOCTU TaKow
CTPYKTYpbl Npu abCconoTHOM Hyne TemnepaTyp B OTnu4Me OT CTPYKTypbl U3 ogHoro 2D Mg:Si-cnoa B T
dase.

Ha pucyHke 2 npeactaBneHbl 3MEKTPOHHbIE 30HHbIE CTPYKTYPbl TOHKUX MMEHOK, COCTOSALMX U3
ofHoro, AByx n Tpéx 2D Mg2Si-cnoés B crniyyae Hanbornee cTabunbHbIX CTPYKTYP. TOHKUE NAEHKN U3 OBYX U
Tpex 2D Mg:Si-crnoeB ABMASHOTCA HEMNPSAMO3OHHBIMW MONTYNPOBOAHMKAMWU C MEPEXOAOM M3 LEHTpa 30HbI
BpunniosHa (Touka IN) Ha eé kpan B TOYKY BbICOKON cumMeTpumn M. VX LWMPKHBI 3anpeLLEéHHON 30HbI paBHbI
0,74 aB un 0,56 3B, coOTBETCTBEHHO, MPUYEM BO3MOXHASA NPUYNHA U3MEHEHUSA IHEPreTUYECKOro 3asopa npu
N3MEHEHWUN TOMLWUHBI MIIEHKM MOXeT OblTb CBA3aHa kak ¢ 3hEeKTOM KBAHTOBOIO OrpaHU4eHunsi (M3MeHeHne
TOMLLMHbI NOTEHUManbHOro Korogua A4S SMeKTPOHHOro rasa BHYTpU 2D CTPYKTypbl), Tak U C UBMEHEHNEM
paccTosHU Mexgy atoMamMu M nosiBNeHunem aTomoB Mg C ApyrMM KOOPAWHALMOHHBLIM YMCNOM (aTOMbI
Mg2Si B npomexyTouyHoM Mg2Si-cnoe B cTpykType 13 Tpéx 2D Mg2Si-cnoés otnumyaroTca ot atomoB Mg B
CcTpykType m3 asyx 2D MQ2Si-cnoés). Ona cTpykTypbl n3 ogHoro 2D M(g2Si-crnos npoucxoauT hasoBbin
nepexon, B pesynbTaTe KOTOPOro mMartepuan OKa3blBaeTCs MPSMO30OHHbIM MOYNPOBOAHUKOM C LUMPUHOWN
3anpeLéHHon 3oHbl 0,45 3B. Hannume npsimoro nepexoga mMoxeT ObiTb MCMNONb30BAHO B OMTO3MEKTPOHUKE
N NOANEXUT AanbHeNLeMy U3yYeHUo.
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PucyHok 1 — ®OHOHHbIN cnekTp CTPYKTypbl nx AByx 2D Mg2Si-cnoés B T ¢ase
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PucyHok 2 — 30HHbIE CTPYKTYpbl CTabWMbHbIX TOHKUX NneHok Mg2Si n3 ogHoro, AByx u Tpéx 2D Mg2Si-cnoés. 3a
HYINb SHEPrUW NPUHATLI MAKCUMYMbl BaneHTHbIX 30H. LLUnpuHbI 3anpeluéHHbix 30H (Eg) Tak e npvBeaeHbl

Takum obpasom, Bbinv NpoaHanU3npoBaHbl M CMOAENUPOBaHbI MOTEHUMANbHbIE CTPYKTYPbl TOHKUX
nneHok Mg2Si, cocTosAwmx M3 Heckomnbkux 2D Mg2Si-crnoéB. YCTaHOBMNEHO, YTO TOHKUE MneHkn Mg:qSi,
umetowme 6onee ogHoro 2D Mg2Si-cnosi, cTabunmampyeTcss B CTPYKTYpPY, BOCMPOM3BOASLLYI0 OOBLEMHYHO
Kybuyeckyto asdy MgzSi (1.e. T cpasy). MNonydeHbl 30HHbIE CTPYKTYPbl TOHKUX NNeHoK Mg2Si 13 ogHoro, AByX
1 Tpéx 2D MQ2Si-CnoéB n oLeHeHa WMpMHa UX 3anpeLLeHHON 30Hbl. [1ns oueHKn nepcnekTuB uccnegyemMbix
MaTepuanoB HeOOXO4MMbI MX OanbHEWne TEOPETUYECKUE U IKCNEPUMEHTarbHbIE UCCNEeaOoBaHNs, B TOM
yucrne, uccnegoBaHue nyTen uMx mMoaudpmkauumn (BrvMSIHWE BHELLUHMX YCIOBWIA, MOALMOXEK, agaToOMOB,
BapbUpOBaHME CTEXMOMETPUM U Np.).

CnucokK ucnosb308aHHbIX UCMOYHUKOS:
1. Properties of Metal Silicides / ed.: K. Maex, M. van Rossum. — London : Inspec, 1995.

2. Semiconducting Silicides / ed.: V. E. Borisenko. — Berlin : Springer, 2000.

3. Stability of 2D Alkaline-Earth Metal Silicides, Germanides and Stannides / A. Yu. Alekseev [et al.] // International Journal of
Nanoscience. 2019. — Vol. 18, Ne 03n04. — P. 1940013.

4. Structural stability and electronic properties of 2D alkaline-earth metal silicides, germanides, and stannides / A. Y. Alekseev
[et al.] // Japanese Journal of Applied Physics. 2020. — Vol. 59. — P. SF0801.

CXEMOTEXHHUYECKHUE OCOBEHHOCTH
MYJIbTHANPPEPEHIIUAJIBHOI'O
ONNEPAIIMOHHOI'O YCUJIMTEJIA

A.B. KyHu', B.A. Yexoeckui®

1Benopycckuli 2ocyGapcmeeHHbIl yHUg8epcumem UHGopMamuKu U paduoasieKmpoHUKU
2. MuHck, Pecnybniuka benapych
2“UHecmumym si0epHbix npobnem” benopycckoeo eocydapcmeeHHO20 yHUsepcumema

O.B. [leopHukog — 0.m.H., doueHm

Aunotauusi — Paccmortpen MmymbTuaudGepeHIranbHblii onepannonnbiii yeunureab (MOY), mpemHasHaueHHbIH st paboOThl mpu
Temmepatype 1o Muayc 197 °C u pa3paboraHHBI Ha OunossipHbIX (bipolar transistors, BiT) n moneBIX TpaH3HUCTOPa, YIPABISIEMBIX P-N-
nepexoiom (junction field-effect transistors, JFET) 6a3oBoro marpuasoro kpucramia (BMK) MH2XA030.

Mpn paspaboTke anekTpuyeckon cxembl MOY pewanucb aBe nNpobrembl: y4eT U3MEHeHUsI
cTaTnyeckmx napametpoB BiT n JFET npu HM3kon TemnepaTtype 1 Heo6XxoanMOCTb OAHOBPEMEHHOIO
obecneyeHns pabotocnocobHocT MOY B HopManbHbiX ycroBusx (25 °C) gna oTbpakoBku
MUKpPOCXeM 1 npu pabounx Temnepartypax (OpueHTMpoBo4HO, meHee muHyc 100 °C).

Tak, npu cxemMoTeXHUYECKOM CcuHTe3e Ha TpaHauctopax BMK MH2XA030 y4uTbiBAnuch
cnegyowmne dakTopbl:

- HanpsbkeHune otceydkm (Vtr) p-JFET 3HaunTenbHO ymeHbluaeTcs npy temnepatype (T) okono
MuHyc 197 °C. Ecnn B HOpMarnbHbIX YCMOBUSAX MWHUMANbHO AOMYCTMMOE HanpsbkeHne OTCEeYKM
cooTBeTCTBYET 3HadeHuto Vth=1,35 B, To npu T=-197 °C oHo ymeHbluaeTca go Vt+=0,9 B;
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- abcontoTHOEe 3HayeHWe HanpskeHust Ha NPsSIMOCMELLEHHOM aMUTTepHOM nepexofe (|Vee|)
npu
T=-197 °C Bo3pacTaeT M MOXEeT MNPEBbICUTb BENUYUHY VTH, @ KO3(PPULUMEHT ycuneHms 6a3oBoro
ToKa B cywecTBeHHO nagaeTt. Hanpumep, npyn amuttepHoM Toke (lg), paBHom 50 MKA, anga n-p-n-
TpaH3uctopa |Vee| Bo3pactaet ot 0,688 B B HopmanbHbix ycnosusax go 1,057 B npn T=-197 °C, a B
nagaet ot 110 pgo 2,39. Ons p-n-p-TpaH3ucTtopa |Vee| Bo3pactaeTr oT 0,704 B B HOpManbHbIX
ycnosusx go 1,066 B npu T=-197 °C, a  nagaet oT 54 o 2,83.

CnepoBatenbHo ansa obecnedeHus pabotocnocobHoctn MOY He cnegyetr nNpUMEHsTb
BKIMIOYEHNE SMUTTEPHbIX MNEpPexoaoB Mexay WUucTokom u  3atBopoMm p-JFET, a w4actmyHo
KOMNEeHCUpoBaTb peskoe nageHne [ BO3MOXHO 3@ CYET [MPUMEHEHUS CXEM COCTaBHbIX
TPaH3NCTOPOB.

CxeMOoTexHM4ecknn CcuHTe3 1 MogenuposaHuve BbinonHanuce B CAlMP  LTSpice c
NpMMEHeHMeM MOAENen, HACTPOEHHbIX NO pesynbTataM KPUOreHHbIX W3MEpPEHWUN TPaH3UCTOPOB
BMK MH2XA030 [1].

OnekTpuyeckasa cxema paspabotaHHoro MOY, HasBaHHoro OAmMp3, nokaszaHa Ha pUcyHke 1.
OAmp3 npencTtaBnsier cobon MoaepHu3auu HuskotTemnepatypHoro OVY [2] u BkMAYaeT Tpwu
yCUnuUTenbHbIX Kackaga. [Ba kraccuyeckux BXOAHbIX AnddepeHumanbHbix kackaga (OK) Ha
noneBbIX TpaH3ucTopax J8, J9 1 J12, J13 BKOYEeHbl NapannesnbHo, UX BbIXOAHbIE TOKM (TOKM CTOKa
J8, J9 n J12, J13) cymmupYyOTCA Ha 3MUTTEPHbIX pe3uctopax R14, R15 TpaH3ncTopoB ¢ obuien
6ason Q1, Q2. Taknum obpasom, BxogHon OK n TpaHanctopbl Q1, Q2 ¢ akTMBHOW Harpy3kon Ha p-
JFET J3, J5 obpa3syioT nepBbil YCUMUTENbHbIA Kackad, BbIMNOSHEHHbIA MO CXEMe «MeperHyToro»
Kackoga.

Btopbim ycunuTenbHbeiM kackagom siBngetca [OK Ha p-JFET J10, J11 c Harpyskow B Buae
«TOKOBOrO 3epkana» Q3, Q4, a TpeTUn yeunuTenbHbIN Kackad BkMoyaeT TpaHauctop Q5 ¢ obwmm
3MUTTEPOM WM aKTMBHOW Harpy3kon Ha p-JFET J6. NcTokoBbin noBToputensb J14, NpsiIMOCMELLEHHbIE
avoabl Q6, Q7, NCTOYHMK ToKa J7, SMUTTEPHbIE MOBTOPUTENM Ha COCTaBHbLIX TpaHaucTopax Q8, Q9,
Q11 1 Q10, Q12, Q13 obpa3sytoT OBYXTaKTHbIN BbIXOAHOW Kackag,.

Paboune pexunmbl TpPaH3UCTOPOB B HOPMarbHbIX YCMOBUSIX BblOpaHbl K3  yCroBuWs
MUHUMM3aUMM Toka noTpebneHus (lrs=lrs=Ire=13,6 MKA, [r4=27,4 MKA, |r7=152 MKA), @ NCTOYHMKM
TOKa J1, R1 " J2, R2
(IrR1=Ir2=137 MKA) - ANs MaKCMMarnbHOro yBenMyeHns gnanasoHa nuHenHon paboTtbl BxoaHbix JK.

Hanbonbwwne npobnembl npu cos3gaHum HuskoTemnepatypHoro MOY Bbi3Bana paspaboTka
BbIXOAHOrO Kackaga, KOTOPbIA AOMKEH UMETb MUMHUManbHbIA TOK noTpebneHuss n obecnevnBaTb
Tpebyemoe ycunexHne MOY npu paboTe Ha BHELUHIOK Harpysky, paBHyto 2 KOMm.

YMEHbLNTb TOK NOTPebrneHns BbIXOQHOMO Kackaja BO3MOXHO 3a cyeT paboTbl COCTaBHbIX
TpaH3McTopoB B pexume B. OgHako npy 3TOM KOMNEKTOPHbLIN TOK COCTaBHbIX TPaH3UCTOPOB U WX
OCHOBHble NapaMeTpbl 3aBUCAT OT COMPOTUBIEHWUS] BHELUHWI Harpy3ku. Kpome Toro, nosiBnswTcs
WCKaXXEHWUs1 BBIXOAHOIO CuUrHama npy HanpskeHunm ONM3Kom K HyNeBOMY YpOBHI. PelueHune
yKa3aHHOW Npobriembl OCYLLECTBINSAETCA 3a CHET BBEAEHWSI AONOMNHUTENbHbIX BbiIBOAOB SW1, SW2 n
paboTbl TpaH3ancTopoB Q9, Q10 B pexume AB.

R3 R4 R5 R6
96k 48k 96k 96k

R13

H] 80k
Q12

—%sw

Q13

J10
4

Y/

R14 Q3
10.8k

PucyHok 1 —OnekTpnyeckas cxema HuskotemnepatypHoro MOY OAmp3
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B HopmanbeHbIX ycrnoBusax BbiBoabl SW1, SW2 n Out coeguHstoTcsa. [pu aTOM BbIXOOHOWN
Kackag npencrtaBnsieT cobon ABYXTAKTHbIA 3MUTTEPHbIA NOBTOPUTENL Ha TpaH3ucTopax Q9, Q10 n
obecneunBaer paboTy Ha BHELLHIOW Harpy3ky ¢ conpotusreHuem 6Gonee 500 Om. MolHble
TpaH3ucTopbl Q11, Q12 OTKMOYEHBI U HE YBENUYMBAIOT TOK NOTpebneHus.

Mpn HM3KMX TemnepaTypax BbiBoabl SW1, SW2 He coeanHatoTca ¢ Out. B atom cnyyae pgaxe
npv Marnoin BenuyuHe B CyMMapHOe yCuIeHue ToKa COCTaBHbIM TpaH3UCTOPOM (=PofsPi1) AOMKHO
ObITb 4OCTATOYHBIM ANst paboThbl Ha BHELWHIOW 2 KOM Harpysky.

Ha pucyHke 2 nokasaHbl pesynbTaTel MogenvpoBaHua MOY, BKAWYEHHOrO B Buae
MHCTpyMeHTanbHoro ycunutensa (NY). Mpn R1=1 kOm, R2=4 kOm ycuneHne MY, BbINOMHEHHOIO Ha
MOY, cocTtaensieT 5, a nogaya Vrer=100 MB BbI3bIBaeT cMeLLeHMe BbIXOAHOro curHana Ha 500 mB.

Inp2 500my 1.0V
— +
Inpl
— > - out
Inp4

Vref ——————»{ +

Inp3

0.5V

oV
R2

R1

2 : : oV

= -500m\
Os 10us 20us Os 10us

a b c
PucyHok 2 — Cxema BkntoveHus n pesynbtaTbl mogenuposanns MOY B suae NY npyn R1=1 kOm, R2=4 kOm: a —
Cxema BkntoyeHus; b — BxogHoe (1) u BbixogHoe (2) HanpsxeHue npu Vrer=0; ¢ — BxogHoe (1) n BbixogHoe (2)
HanpsbkeHve npu Vrer=100 mB
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NMPOLIECC ®OPMUPOBAHUA AIIMA30MNOAOBHbIX
YIMEPOAHBLIX NOKPbLITUU C MPUMEHEHUEM MNMNA3Mb
BbICOKOU NMNNOTHOCTH

JleoHosuy H.B., acnupaHm, 3aHbko A.U., acnupaHm, JloeyHoe K.T., cmydeHm

Benopycckull eocydapcmeeHHbIl yHUgepcumem UuHgopMamuku U paduosr1eKmpoHUKUT
2. Munck, Pecnybnuxa benapyce

Komoe [].A. — kaHO. mexH. HayK

AHHOTauus. Pa3pa60TaHa TEXHOIMOMMS XMMUYECKOTO OCaxAeHns anmasonogobHoro yrnepoaHoro NokpbITUA B ninasme BbICOKOW
nnotHoctu. OnucaH peakTop And nnasMoxXuMmn4eCcKoro ocaXxxaeHus. I'Ionyqubl NOKpPbITUA anmMasonogobHoro yrnepogaa. npe,D,CTaBJ'IeHbI
pe3ynbTaThbl UCCNieaoBaHUA TEXHONIOMM4YECKOro npouecca ocaxaeHus anmasonofobHbIX yrnepogHbIxX I'IOKprTMVI.

KnoueBble cnoBa. AnvasonofobHoe yrnepoaHoe MOKpbITVE, Niasma BbICOKOW MIOTHOCTU, UHAYKUMOHHBIN paspsif, UHOYKTUBHO-
cBsA3aHHasA nnasva.

AnmasonogobHoe yrnepogHoe (AlMY) nokpbiTMe SBRSETCS OOHUM W3 BOCTPeOOBaHHbLIX
ONTUYECKMX MOKPLITUIA, Bnarogapst ero yHUKanbHbIM CBOMCTBAM, TakMM Kak BbICOKOE NpOomnyckaHue B
UK cnektpe wn paccemBaHve WK-usnyvyeHus, BbicOKasi TennonpoBOOHOCTbL U 3NEKTpuyecKkoe
COMpOTUBIEHME, CONPOTUBIIEHNE K CTUPAHMIO U BbICOKas CTOMKOCTb K KUCIOTaM, Lenovam, Consm,
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YTO BaXHO Ansi NpuBOPOB HOYHOrO BUAEHMS, MOBUMNBHBLIX TPAHCMOPTHLIX CPEACTB NepeaBMKEHUS.
MpumeHeHne anmaszonofobHbIX YrnepoAHbIX MOKPbITUA B ONTUKE OOYCMOBMEHO Hanuuvem B
NoKpbITUN Sp3- N SpP2-rMbPNaN3NMPOBaHHBLIX CBA3EW. Y MOKPbITUA C BbICOKUM cofepXxaHnem spi
(anmasHbIX) cBsA3en ycunueaeTcsl NPOLEHT NPONyCKaHUSA CBETa, a B Clyyae BbICOKOrO cofepaHusi
sp? (rpachmTOoBbLIX) CBA3EN YCUNMBAETCA NPoLUeEHT nornowenus [1], [2].

OcHoBHble npeumywectea HDPCVD (high-density plasma chemical vacuum deposition —
XMMUYECKOEe ocaxJeHne u napora3oBowv asbl) C NPUMEHEHNEM MHOYKTUBHO CBA3aHHOW Mna3mbl, MO
CPaBHEHMIO C (PU3NYECKO-XMMUYECKUMN METOAaMU OCaXOEHWUS: XOpollas aare3us MMAeHoK K
HUXXenexalliMM CrosiM; LUMPOKMIA CNEKTP XMMWYECKMX pPeakuMn U WCTOYHMKOB ANis peakuuni ¢
OraronpusATHbIMA  TEPMOAMHAMUKOM W KMHETUMKOW. WHOYKTMBHO CBsi3aHHas Mna3ma BbICOKON
nnoTHocTn obecneyvMBaeT CO3[4aHWE HEepaBHOBECHLIX YCMOBWUWA, 4TOo obecnedvBaeT nonyveHue
pasnuyHbIX MeTacTabunbHbIX COCTOSHMM BellecTBa C  YHMKANbHbIMKU  MEXaHWYeCKUMu U
hn3M4YECKMMN CBOMCTBaMMU, @ UMEHHO ynpaBreHne opMUpoBaHMeEM COOTHoLeHUS spd / sp? dhasbl
yrnepofa v gOocTukeHuem copepxanus sps dasel 6onee 60%.

[na co3gaHus HyXHbIX YCNoBUA hOPMUPOBAHUSA BbICOKOMMOTHON Nna3Mbl U paBHOMEPHOro
ocaxaeHuns nNneHok, HeobxoomMmo obecneunTb MNpaBunbHOE rasopacnpegeneHve. Moatomy Hamu
Obin paspaboTaH UUNMHOPUYECKUI peakTop MNNasMOXMMUYECKOrO OCaXKAEHUs anmasonogobHbIX
yrnepoaHbIX MOKPbITUA C BHYTPeHHUM avameTpom 280 MM, rabapuTHble pasmMepbl peakTtopa
BblIOMpanmcb Takum obpa3oM, YTOObl MPOBOAUTL OCaXAEHUE MOKPLITUIA Ha NOAJIOKKAX AMaMEeTPOM
00 200 mm. PeakTop OCHallleH COOCHO PacriofioXXeHHbIM MIIOCKUM FreHepaToOpOM Mia3Mbl BbICOKOW
NNOTHOCTU MHAOYKLUMOHHOrO Tuna, paboTatowero Ha vactote 13,56 MI'u, 6rokom nuTaHusi, 6110Kkom
COrnacoBaHusi, KOmMbLEBbIM rasopacnpegenurenem nabvpuHTHOTO  Tuna,  OxNaXZaeMbiM
noanoxkogepXxarenem ¢ BO3MOXHOCTbIO CMELLEeHUsA noTteHumana nnasvbl U ABYMS COfleHOMAaMW.
Cxema peakTopa npeacraBnieHa Ha pucyHke 1.
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P|/|cyH0|< 1 — Cxema YCTaHOBKU OCaxgeHud anmaaono,quHoro yrmepoaHoro nokpbituA B nnasme BbICOKOM
NNOTHOCTU

Ha kopnyc peaktopa yCTaHOBMeHO [Ba CoOrneHouaa, KoTopble obecrneuvBaloT reHepauuio
MarHUTHoro nons B kamepe B AananasoHe oT 0,3 go 10 mTn. Ma3opacnpeaenntens paspaboTaH ¢
BO3MOXHOCTbLIO NMepeMeLLeHns OT UCTOYHUKa Mna3mbl Ha pacctoaHun o 150 mm, ans otpaboTku
pasnu4YHbIX TEXHONOrm4yeckux npoueccoB. lMoTok cMecu pabodero rasa, aproHa W aueTwureHa,
3afjlaeTcs Yepes perynaTopbl pacxoaa rasa — PPI-12.

MoLLHoCTb NnasMmeHHoro paspsaga onpegenseT adEKTUBHOCTb reHepauny akTUBHbIX YacTul,
a 9TO0 B CBOK o4epedb CMNocobCTBYET YBEMUYEHUIO CKOPOCTU MNa3MOXUMUYECKUX MPOLECCOB.
YcTaHoBNeHo, 4To npu yeBenuyeHun BY-mowHocTM uHAaykumoHHoro paspsga ot 300 go 900 Br
CKOPOCTb ocaxaeHust AllY noKpblTUM yBeNWYMBAETCHA, NPU pasfnMyHoM paboyem pacxoge
aueTuneHa, nokasaHo Ha pucyHke 2 (a). OTo cBuaeTenbCcTByeT 06 MOBLILWEHWM WUHTEHCMBHOCTU
MOHM3aLuMM nnasmoobpasylwmx rasoB n adpekTuBHOCTM pacnaga aueturneHa. C yBenuueHunem
MoLwHOCTN paspsaga cebilwe 900 BT gocTturaeTcs peXmm HacblWeHWsl, 3TO MoKasbliBaeT YTO
NMpakTU4eCckM BECb MOCTYNatoLWMIA ra3 NpeKkypcop pacnagaeTtcs Ha akTUBHbIE XMMMUYECKUE paauKanbl
W, B CBA3WN C 3TUM, CKOPOCTb OCaXAeHus ¢ yBenuyeHuem BY-MOXHOCTUM MHAOYKLMOHHOrO paspsja
NnpakTU4eckn He yBenuimnesaeTcs.
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PucyHok 2 — 3aBMCMMOCTb CKOPOCTM pOCTa anmasonofoOHbIX YrMepoaHbIX MOKPbITUA Ha KPEMHMEBOW
MOAOXKE B BbICOKOMMOTHOM NnasMe WHAYKLUMOHHOrO paspsifa OT BenuuvHbl noasoanmMon BY-mowHocTy npu
OCTaToOYHOM AaBneHun B peakTtope 2.5 Ma 1 npu pasnuyHoM pacxone auetuneHa 1 — 50 cm3/muH, 2 - 80
cMm3/MUH |, 3 - 120 cm3/mMuH (a), 1 OT paboyero AaBrieHMsi ra3oBON CMECK NPU PasHOM COOTHOLLIEHUM 06bLEMOB
aueTtuneHa k aprony 1 — 6/1, 2 — 3/1 (6)

Mpu dopmmpoBaHun anmaszonofobHbIX YrnepoAHbIX MOKPbLITUA BapbupoBaHWe paboyero
[aBfieHns rasoBol CMecu B peakumoHHon kamepe nposogunocb ot 0,08 go 10 MMa. MMpu atom
COOTHOLIEHNE OOBLEMOB aproHa K obbemy aueTurneHa cocTaenano 6 m 3, npu mowHocTn BY-
paspsiga 900 BT u temnepatype nognoxkoaepxatena 373 K. Npu ysenuyeHmun paboyero gasneHusi
cmecu CzHz + Ar B yCnoBusX NOCTOSHHOIO COOTHOLLEHUS 06bema aproHa Kk obbemMy aueTuneHa Kak
6/1, Tak 3/1 HabniogaeTca cHayana yBernuMyeHue CKopocTu ocaxaeHus AlMY nokpbiTviA, a 3aTtem
ymeHbLUeHve. [NepBoHayanbHoe MoBbieHMe CKOPOCTUM POCTa CBA3AHO C yBEMNMYEeHMEM MIIOTHOCTM
aKTMBHbIX paguvKanoB Yy MOBEPXHOCTW MOAMOXKW W, Kak CneacTBue, C YBENUYEeHWEM CKOPOCTU
MOCTaBKN UX K ee NoBepXHOCTU. Bbicokas ckopocTb pocTta npu pabodem gasnexHun 1,5-6,0 MNa B
peakuMOHHOW Kamepe CBUOETENbCTBYET B MOfb3y TOro, YTO MPOUCXOOUT CTaburnbHas nocTaBka
XMUMUYECKN aKTUMBHbBIX pajuKkarnoB Ha MOBEPXHOCTb KPEMHWEBOW MOAMOXKW. Tak e BEPOSATHOCTb
TpaHcopMaLnM XMMUYECKM aKTUBHbLIX MOHM3MPOBAHHbLIX paavKaroB aueTurieHa Ao yrrepoja Ha
NMOBEPXHOCTU NOAMNOXKN B 3TOM Criyqae yBenuumBaeTcs. [oBbileHNe e o6Lero gaBneHusi rasoBom
CMecu B peakUnoHHoW kamepe Bebiwwe 6,0 Na B pe3ynbTaTte yBENUYEHNSI CKOPOCTU NMOTOKA XMMUYECKN
aKTMBHbIX YacTUL, K MOBEPXHOCTWN NOANOXKKN yBENMYMBAET BEPOATHOCTb UX OTpaXeHus OT Hee. JTO
ycunvBaeT WX paccesHue K, B pe3ynbTate, MNpMBOAWUT K CHWKEHWIO CKOPOCTM pocTa
anmasonogobHbIX yrrepoaHbIX MOKPbITUNA.

C yBenunyeHvem CKOpPOCTM pocTa anmMasonofobHbIX YrMepoAHbIX MOKPbITUA  MPOLEHT
cogepxaHus sp® (anmasHomn) cBs3el nagaeT M pacTeT MPOUEHT codepXaHus rpacdut nogobHow
asbl, 4YTO MPMBOAUT K HU3KOW TBEPAOCTU U IEerkoMmy WCTUPaHUIO MNOKpbITUA. B pesynbTaTe
BbIMOMTHEHNST 3KCMEPUMEHTANbHOrO OCaXAeHUs anMas3onofobHble YrnepofHble MOKPbITUA Obinn
nonyyeHbl C HAUMYYLIMMU OMTUYECKUMU U (PU3NHECKUMU XapaKTEPUCTUKAMKU NMPU HU3KOM pacxofe
aueTurneHa M He BbICOKOW MOLLHOCTM, @ UMEHHO MpW CneyrlLwmx TEXHOMNOrM4eckux napameTpax
npouecca: BY-mowwHocTe 600 BT, pacxop rasa npekypcopa 20 cM3/MUH Npy ocTaTOMHOM AaBrneHuu
B pabouen kamepe 2.5 MNa

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1 Diamon-like carbon coating made by RF plasma enhanced chemical vapour deposition for protective antireflective
coatings on germanium / Ashish Varade, Ankit Krishna, K. Niranjan Reddy, M. Chellamalai, P.V. Shashikumar // Procedia
Materials Science 5 (2014 ) 1015 — 1019.

2. Mironov Y., Stepanov R., Osipkov A., Belyaeva A., Makeev M.. Strengthening diamond like carbon coatings for optic
materials // Russian — Israeli Bi-National Workshop — 2014. — Vol. 2. — P. 52 — 59.
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BIIMAHUE OPUEHTALUUN N MOP®OJIOIM MU HA PELLUETOYHYIO
TENNONPOBOAHOCTb SI/GE HAHOLUHYPOB CETMEHTHOI'O TUNA

Xonseo N.N.L, Xomey A.J1.1, CagppoHos M.B.?

1Benopycckuli 2ocydapcmeeHHbIl yHuUsepcumem UHGopMamuKu U paduo3a1eKmpoHUKU
2. MuHck, Pecnybnuka benapych
2benopycckuli 2ocydapcmeeHHbIl yHUsepcumem
2. MuHck, Pecnybnuka benapych

Mueac [].6. — 3.¢b.-m.H., npogheccop

B paboTe npoBeaeHo uccriegoBaHve BMSIHUS OpUEHTaLMn M Mopchonorn HaHolwHypoB Si n Ge ¢ AuamMeTpoM ~ 5 HM Ha peLLeTo4HYo
TennonpoBoaHoCTb. OBHapyXeHo, YTO ANA HaHOLWWHYpoB Si/Ge Co CTPYKTYpOW CErMEHTHOro Tuna BO3MOXHO A0CTUYb KoaddpuumeHTa
TEnnonpoBoaHOCTN MeHee 2 BT/(M-K), B TO Bpems kak 3HayeHUs TennonpoBOAHOCTM ANS HAHOLIHYPOB U3 ymcToro Si n Ge cocTaBnsaoT
19,1 n 11,4 B1/(m-K).

Tenno HenpepbIBHO TEPSETCA B OKPYXaloLlylo cpedy B BUAe TEMIOBOW 3HEPIrMKn 1U3-3a OrpaHUYEeHHON
achbpektnBHocTn (30% -40%) Tennosbix ABuratenen. TepmoanekTpuieckun addekt obecneumsaeTt cnocod
npeobpasoBaHns 3TONW MOTEPSHHON TEMNMOBOW 3HEPrUM B MONE3HYK  3MEKTPUYECKYHD  3HEepruto.
TepmoanekTpnyeckme reHepaTopbl SBNSIOTCA KOMMAKTHbIMW, MNPOYHbIMK, OECLYMHBIMU W HaOEXHbIMWU,
MOCKONbKY He codepxaT OBWXKyWuxcs yacten. CoBpeMeHHble MPUMEHEHUS OrpaHuYeHbl, MNOTOMY YTO
3(pPEKTUBHOCTL TEPMOINEKTPUYECKNX MaTeEpPUarioB BCe eLle OOBOSIbHO HM3Ka. TeopeTnyeckue paboTbl u
nabopaTtopHble obpasubl B nocnegHee AecatuneTve nokasanv noteHuman ns 3HauYuTenbHOro ynyyleHus
TEPMOINEKTPUYECKNX XapaKTEPUCTMK NPU UCMONb30BaHUN HAHOCTPYKTYPMPOBAHHbLIX MaTepunanoB, Takux Kak
HaHOLWWHYpbI. cnonb3oBaHMEe HaHOLLIHYPOB MOXET MO3BONUTb CO34aTb TEPMO3fEKTpUYeckMe maTepuanbl
HOBOTO MOKOJIEHMS C Bonee BbICOKOM 3 EKTUBHOCTBLIO. [1]

B paHHom paboTe paccMaTpuBanucb HaHOLWHYpbl M3 Si u Ge B BUAE CTPYKTYP CErMEHTHOro Tuna c
pe3kUMK (KOrepeHTHbIMW) rpaHMuamn pasgerna u HanpaeneHuem pocta <011>, <001>, <111>, <112>.
Mogenn HaHOWHYpPOB BbIPE3UUCb M3 O00BEMHOrO KpucTanmna BOONb HanpasBuineHus pocta ¢
(HOpMMPOBaHNEM BHELLHUX FPaHen B BUAE LIECTUTPaHHNKa W AnaMeTpoMm ~ 5,2 HM (PUCYHOK 1).
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PucyHok 1 — Si/Ge HaHOLLHYpbI CO CTPYKTYPOW CETMEHTHOTO TuNa ¢ HanpasneHvemu pocta: <111> (a), <110> (6),
<100> (B), <112> ()
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MopenupoBaHue peLleTo4yHON TEnnonpPoBOAHOCTU ANS pacCcMaTpyvBaeMblX HAHOLLHYPOB BOOMb WX
ocu npoBoAuMNnocb, C nomollblo naketa LAMMPS, npumeHss MeTog HepaBHOBECHOW MOMEKyNsipHOW
auHamukn. KoadppmumeHT TennonpoBogHOCTU onpeaensncs n3 3akoHa dypee:

K = = @
< 2St(dT /dz)

roe E — nepeHeceHHas TennoBas dHeprus; 2 — KO3MMUUMEHT, CBSA3aHHbLIN C pacnpoCcTpaHeHMeMm
TenrnoBoro MOTOKa B ABYX HanpasrieHusiX, BCAEACTBME MEPUOONYECKUX TPaHUYHbIX YCroBuUn; t —
BpemMs MOAEenupoBaHus; S — nnowadb nonepeyHoro cedeHus; dT/dz — rpagueHT Temnepatypbl B
NPOAONbHOM HarnpaBneHun; <mnp> — HanpasneHuna <111>, <112>, <100>, <110>, BOONb KOTOPbIX
mMoJenupoBanachk TenmnonpoBoAHOCTb. MexaTtomHoe B3aMmodencTBME ANS aTOMOB KPEeMHUSA U
repmMaHusi OnMcbIBanoch C NOMOLLbIO NoTeHumana Tepcodda.

BbisBneHo, 4to Haubonee ONTUMAanNbHOW CTPYKTYpPONW AfS MNPUMEHEHVWS B TBEPAOTENbHbIX
TepMOoaneKTpnyeckux npeobpasoBaTensax AN HAHOLHYPOB U3 KPEMHMUSA U repMaHus okasanachb CTPyKTypa C
HanpaBneHnem pocta <112> ¢ oguHakoBbiMu {111} n {011} rpaHAMM Ha NOBEPXHOCTU (PUCYHOK 2).
Hanbonee Hu3koe 3HayeHue koadhpuumeHTa TennonpoBOAHOCTM AocTuraetcsa And Si/Ge HaHOLWHYpoB C
HanpasneHnem pocta <112> u gnuHHou nepuoga 2,71 HM unu 24 moHocnos (12 moHocrnoeB Siun 12
MoHocnoes Ge) un pasHo 1,25 BT/(m-K), B TO BpemMs kak 3Ha4eHUs1 TENNONPOBOAHOCT AN HAHOLIHYPOB U3
ynctoro Si n Ge cocraenawT 19,1 n 11,4 B1/(m-K). CHmwxkeHne TennonpoBogHocTn B Si/Ge CermMeHTHbIX
HaHOWHYypax C YMEHblUeHMeM nepuoga mogynsaumm o6ycrnoBneHO yBENMYEHUMEM CKOPOCTU (POHOH-
NUHTepdencHoro paccesiHus [2].
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PucyHok 2 — 3aBucumocTb koadbdmumeHTa TennonposoaHocth Si/Ge ceepxpeluetyaTbix HW (L ~ 100 Hm, d ~ 5
HM) C pa3nuyHbIMU OPUEHTALMSIMU OT ANUHBI NEpUoaa MoZynsLmUm
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lMony4yeHHble pe3ynbTaThl CMOrYT CTaTb OTNPABHOW TOYKOW ANS AanbHewnllero uccrnefnoBaHus SiGe
HaHOLUHYPOB C 4epedylolMmMuca crnosMmu. He wmcknouyeHo, 4to SiGe HaHOLLHYpbl CErMEHTHOro Tuna ¢
nepemMeLlaHHbIMK  CcnosiMM  MOryT obnagatb MeHbLUMM  KO3(ULUMEHTOM TennonpoBOOHOCTU. Tak xe
cnepyet paccmoTtpeTb SiGe HaHowHypbl Tuna gapo/obonoyka AnNd 3KCNepUMMEHTanbHO HabnogaeMbix
HanpaeneHun pocta, a UMeHHo <011>, <111>, <112> n <001>.

Cnucok ucnosib308aHHbIX UCMOYHUKOS:
1. High performance thermoelectric materials: Progress and their applications / Lei Yang, Zhi-Gang Chen, Matthew S.
Dargusch, Jin Zou // Advanced Energy Materials, 2017. —V. 8, Ne 6.
2. Si/Ge Superlattice Nanowires with Ultralow Thermal Conductivity / M. Hu, D. Poulikakos // Nano Lett, 2012. — V. 12, Ne 11.
— P. 5487—5495.

BIIMAHUE OPUEHTALUUN N MOP®OJIOIM MU HA PELLUETOYHYIO
TENNOMNPOBOAHOCTb SI/GE HAHOLUHYPOB CETMEHTHOI'O TUNA

Xonsieo M.N.1, Xomey A.J1.X, CagppoHos U.B.?

Benopycckull eocydapcmeeHHbIl yHUsepcumem UHgopMamuKu U paduosaieKmpoHUKU
2. MuHck, Pecnybniuka benapycb
2benopycckuli 2ocydapcmeeHHbIl yHUsepcumem
2. MuHck, Pecnybnuka benapycb

Mueac [.6. — 3.¢b.-m.H., npogheccop

B paboTe npoBegeHo vnccrnegoBaHue BRUSIHUS OpUeHTauuM 1 Mopdoriorn HaHolHypoB Si n Ge ¢ AguameTpoM ~ 5 HM Ha peLueTouHyH
TennonpoBogHocTb. OBHapyXeHo, YTO Ans HaHOWHYpoB Si/Ge CO CTPYKTypOW CErMEHTHOro Tumna BO3MOXHO AOCTUYb KoadbdpuumeHTa
TennonpoBogHocTh MeHee 2 BT/(m-K), B TO Bpemsi Kak 3Ha4yeHus1 TENNONPOBOAHOCTU AN HAHOLLHYPOB M3 ynicToro Si n Ge coctaBnsioT
19,1 n 11,4 B1/(m*K).

Tenno HenpepbIBHO TEPSIETCS B OKPYXaloLLyH0 cpefy B BUAE TEMIOBOW 3HEPTUN M3-32 OrpaHNYEHHON
apdektnBHOCTY (30% -40%) TennoBbIx ABuratenen. TepmoanekTpuyeckun agdekT obecneynsaet cnocob
npeobpasoBaHUs 3TOW MOTEPSHHOW TEMSIOBOM 3HEPrMM B MOJIE3HYK  SMEKTPUYECKYHD  3HEpPruto.
TepMoanekTpuyeckme reHepaTopbl SIBNSAOTCA KOMMAKTHbIMW, MPOYHbIMK, OECLUYMHBIMU U Ha4EXHbIMU,
MOCKONbKY He copepXaTt ABWXKyLMXcs 4vacten. COBpEMEHHbIE MPUMEHEHUS OrpaHUYeHbl, MOTOMY YTO
3(pPEKTUBHOCTL TEPMOINEKTPUYECKNX MaTEpMarioB BCe eLle OOBOSMIbHO HM3Ka. TeopeTuyeckue paboTbl u
nabopaTtopHble 00pa3ubl B NocrnegHee AecatuneTne nokasanu noteHuman Ang 3HauynTenbHOro yny4dleHus
TEPMOINEKTPUYECKNX XapaKTEPUCTUK NMPU UCMOMNb30BAHUM HAHOCTPYKTYPUPOBAHHbBIX MaTepmnarnos, Takux Kak
HaHOLUHYpbI. VIcnonb3oBaHWe HAHOLLHYPOB MOXET MO3BONUTb CO34aTb TEPMO3INEKTPUYECKME MaTepuansbl
HOBOTO NOKONEHNsi ¢ 6onee BbICOKOW ApHEKTUBHOCTLIO. [1]

B paHHom paboTe paccMaTpvBanucb HaHOLWHYpbl U3 Si u Ge B BUAE CTPYKTYP CErMEHTHOro Tuna c
pe3kMMK (KOrepeHTHbIMUW) rpaHuMuaMn pasgena u HanpaeneHumem pocta <011>, <001>, <111>, <112>.
Mogenu HaHOLWHYpPOB BbIPE3WINCH M3 O0OBEMHOrO KpucTanmna BOOMb HanpaBuileHuMs pocTa ¢
dopMUPOBaHMEM BHELLIHUX FpaHen B BUAE LWECTUTPAHHMKA W AuamMeTpoMm ~ 5,2 HM (pucyHok 1).
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PucyHok 1 — Si/Ge HaHOLLHYpbI CO CTPYKTYpPOW CErMEHTHOTO Tuna Cc HanpaeneHvemu pocta: <111> (a), <110> (6),
<100> (B), <112> (r)

MopgenupoBaHue peLleTo4yHOW TEnnonpoBOAHOCTU ANS paccMaTpyvBaeMblX HAHOLLHYPOB BAOMb WX
ocuM npoBoAMNOCL C nomollbld naketa LAMMPS, npumeHss meTog HepaBHOBECHOW MOMEKYNspHOW
AnHamnkn. KoadpdumumeHT TennonpoBoaHOCTH onpeaensnca n3 3akoHa dypee:

K<mnp> = _L' (1)
2St(dT / dz)

roe E — nepeHeceHHas TennoBas aHeprus; 2 — Ko3MUUMEHT, CBS3aHHbLIN C pacnpoCcTpaHeHMEeM
TEeNnfoBOro MOTOKa B [ABYX HanpaBIieHWsiX, BCNEACTBME MEPUOOUNYECKMX TPaHUYHbIX YCroBuUW; t —
BpeMs MOAENMpoBaHWs; S — nnowadb nonepeyHoro ceyeHus; dT/dz — rpagueHT Temnepatypbl B
NpOAONBHOM HanpasneHun; <mnp> — HanpaeneHus <111>, <112>, <100>, <110>, BOoNb KOTOPbIX
mMogenupoBanacb TEnnonpoBOAHOCTb. MexaTomMHOoe B3aumogewcTBue AN aTOMOB KPEMHUS U
repmMaHusi ONUCbIBanochb ¢ MOMOLLbIO NoTeHumana Tepcodda.

BbisiBrnieHo, 4TO Haubonee onNTUManbHOW CTPYKTYpOW ANs NPUMEHEHUss B TBepAOTENbHbIX
TEPMOINEKTPUYECKNX NpeobpasoBaTensax Ans HAHOLWHYPOB U3 KPEMHUSA 1 FepMaHns okasarnachb CTPyKTypa C
HanpaeneHnem pocta <112> ¢ oguHakoBbiMn {111} n {011} rpaHaAMM Ha NOBEPXHOCTU (PUCYHOK 2).
Haunbonee Hu3koe 3HayeHue KoadpduuMeHTa TennonpoBoAHOCTU focTturaetca anst Si/Ge HaHOLWHYpPOB C
HanpaBneHnem pocta <112> u gnvHHoW nepuoga 2,71 HM unu 24 moHocrnos (12 moHocroeB Si un 12
MoHocnoeB Ge) n pasHo 1,25 BT/(m-K), B TO BpeMs kak 3Ha4YeHWst TENNONPOBOAHOCTU ANsl HAHOLWHYPOB U3
unctoro Si u Ge coctaensaT 19,1 n 11,4 B1/(mK). CHmxeHue TennonpoBogHocT B Si/Ge CerMeHTHbIX
HaHOWHYypax C YMEHblUEHMEM nepuoda moaynaumm obycrnoBNeHO YBEMWYEHUMEM CKOPOCTU (DOHOH-
NUHTepdencHoro paccesiHus [2].
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PucyHok 2 — 3aBucumocTb kKoaddurumnenTa TennonposoaHocTy Si/Ge ceepxpeluetyatbix HLW (L ~ 100 Hm, d ~ 5
HM) C pasnuyHbIMU OpPUEHTALMSIMU OT ANUHLI Nepruoaa Moagynsaumum

lMony4yeHHble pe3ynbTaThl CMOrYT CTaTb OTNPABHOM TOYKOW ANs arnbHeEnWwero muccrefoBanus SiGe
HaHOLLHYPOB C 4epepylowmmMmcsa crosaMu. He uncknoyeHo, 4to SiGe HaHOLWHYpbl CErMEHTHOrO Tuna C
nepemMeLllaHHbIMM  CrosiMM  MOryT o0nagaTb MEHbWUM  KO3(MULMEHTOM TenmnonpoBogHoCTU. Tak ke
cnegyet paccmoTtpeTb SiGe HaHOWHYypbl TMNa sapo/obonoyka Ans aKcnepuMeHTanbHO Habnwgaembix
HanpasneHuin pocta, a UMeHHo <011>, <111>, <112> 1 <001>.

CrnucoK ucnonb308aHHbIX UCMOYHUKOS:
1. High performance thermoelectric materials: Progress and their applications / Lei Yang, Zhi-Gang Chen, Matthew S.
Dargusch, Jin Zou // Advanced Energy Materials, 2017. — V. 8, Ne 6.
2. Si/Ge Superlattice Nanowires with Ultralow Thermal Conductivity / M. Hu, D. Poulikakos // Nano Lett, 2012. — V. 12, Ne 11.
— P. 5487—5495.
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BNMUAHUE OPUEHTALUN CBOBOOHOMN NOBEPXHOCTU B
CINIOUCTDbIX Si/Ge MNIMEHKAX HA MNOMNEPEYHYIO PELLETO4YHYIO
TENNOMNPOBOAOHOCTDb

Xomey A.J1., Xonseo N.N.2, CagpppoHos M.B.?

1Benopycckuli 2ocydapcmeeHHbIl yHuUsepcumem UHGopMamuKu U paduo3a1eKmpoHUKU
2. MuHck, Pecnybnuka benapycb
2benopycckuli 2ocydapcmeeHHbIl yHUsepcumem
2. MuHck, Pecnybnuka benapych

Mueac [.6. — 8.¢b.-m.H., npogheccop

B paHHom pabote npegctaBneHbl pe3ynbTaTbl UCCreoBaHWst TENNONPOBOAHOCTU ANS TOHKMX crioucTbix nneHok Si/Ge c (110), (100) n
(111) kpuctannorpadnyeckM OpUEHTaLMSAMMK. YCTaHOBMEHbI MOPAONOrUN CIIOUCTBIX TOHKWMX MMEHOK C MUHUMAaNbHLIMWA 3HAYEeHUAMN
TENMonpoBOAHOCTY, a Takke BbIABMEHO BMUSHWE KOMMYECTBA W TOMLMHBI MHAMBMAYaNbHbBIX CIIOEB HA PELLETOYHYIO TEMNOMNPOBOAHOCTb.

OgHOM U3 OCHOBHbIX MNpobrnem B COBPEMEHHOM MUpe SBMSieTCs MonydeHve BO30OHOBNSEMON
aHeprun. Okono 70% aHeprun, BbipabaTbiBAEMOM C MOMOLLLIO MOMNE3HbIX NCKOMAeMbIX Ha 3MEKTPOCTaHLMAX
unm B aBTOMOOMNsAX, pacceuBaeTcss B Buae Tenna. B nocnegHve pecstunetus 6onblioe BHUMaHue
obpalleHo Ha TepMO3NeKTpu4eckne MaTtepuarbl, MOCKOMNbKY OHW MOTYT 4YacTb 3TOrO MOTEPSHHOro Tenna
npeobpasoBatb 006paTHO B 3MeKTpMYECTBO. Ha OCHOBE TEPMOJNEKTPUYECKUX MaTepuanoB co3galoTcs
TEPMOINEKTPUYECKME TEHEpPATOPbl M XONOAWIbHbIE YCTAHOBKM, paboTawwme Ha addekte 3eebeka u
MenbTbe COOTBETCTBEHHO. BaXHeMwum HepocTaTKOM TEepMOJNEKTPUYECKUX MaTepuarnoB SBMASETCA WX
Hu3kas 9gdEKTMBHOCTL M Kak crneactBue Hu3kmi KI1L ycTpoicTB, pa3paboTaHHbIX Ha MX OCHOBE.
O PeKTUBHOCTL  TEPMOINEKTPUYECKNX MaTepuanoB onpefensieTca ¢  noMowpbko  Ge3pas3MepHoro
koachcpmumeHTa ZT.

s%oT
KetK]

7T = 1)

roe S - koadpdpuumeHT 3eebeka, o — 3NEKTPOMPOBOAHOCTb Martepuana, T — TemnepaTypa, k., W k; -
SMNEeKTPOHHAs 1 pelleToYHas CcocTaBnsALwme TennonpoBOgHOCTM COOTBETCTBEHHO.

KnioueBon nogxod yBENWYEHUS  TEPMOINEKTPUYECKOW  AOBPOTHOCTM  TEPMOINEKTPUYHECKMX
mMaTtepuanoB Ha ocHoBe Si n Ge 3aknio4aeTCs B CHKEHMM peLleToyHon TennonposogHocTu. CyulecTtsyeT
TEeXHoNornyeckas BO3MOXXHOCTb CO3AaHUSA CITIOUCTbIX TOHKOMMEHOYHbIX CTPYKTYP C MOMOLLbIO MOSEKYNSPHO-
nyyeson anutakcun. CHWXeHWe TennonpoBOAHOCTM B TOHKMX CMOUCTbIX MIIEHKax MpoucxoauT Wu3-3a
paccesiHus (OOHOHOB B LLIMPOKOM [uanasoHe 4acTOT Ha BHYTPEHHUX rpaHuuax pasgena mexay crosmu Siu
Ge, Ha To4YeuyHbIX AedeKkTax B KpUCTaNNMYEeCcKon pelueTke, a Takke Ha cBOOOAHOM MOBEPXHOCTU AaHHbIX
crnoucTbIX CTPyKTyp. Llenbto paHHOW paboTbl ABNSIETCA TeopeTuyeckoe WCCnefoBaHUEe peLleToYHON
TENnnonpoBOAHOCTU B CMOUCTbLIX TOHKMX MNfeHkax Si/Ge ¢ NOMOLLbI0 MeToaa HepaBHOBECHOW MOMEKYNAPHOM
AVHaMUKK, 0byCroBNeHHOe BNUSHMEM CBOOOAHOWM NOBEPXHOCTU AaHHbIX CTPYKTYP.

B panHom paborte paccmaTpuBanucb crnoucTtble Si/Ge ToHkue nneHku ¢ (110), (100) wn (111)
opveHTauMsMM C pes3kuMu rpaHuuamy pasgena. TennonpoBOAHOCTb M3Mepsnacb B NOMepeyHoM
HanpasneHun. TonwuHa nHameBmuayanbHblx cnoes Si n Ge BapbupoBanacbh oT 8 4o 64 MoHocnoes. ToHkue
NNeHKn cosdaBanncb C MOMOLLBK MporpaMMbl ANS Bu3yanu3aumym M aHanu3a dadHbix OVITO. [Ons
opueHTaumm (100) npowusBogunace AMMepusauMsi aTtOMOB Ha MOBEPXHOCTU MNyTEM CMELLEHMUs
onpefeneHHbIX aTOMOB HaBCTpeYy ApYyr Apyry Ana o6pa3oBaHus CBA3N MeXZy HUMMU.

PacyeT TennonpoBogHOCTM MNPOBOAMMCHA C MOMOLLbID MeToda HepaBHOBECHOW MOMEKYNspHON
OWHaMVKK, peanuM3oBaHHOroO B nporpammHoM nakete LAMMPS [1]. Ona onucaHus MeXaTOMHOro
B3aMmogencTeus mexay atomamu Si u Ge ucnonb3oBasnca noteHuman Tepcodda. KoapduumeHTsl
peLLeTo4YHOM CoCTaBnsoLen TeNNonpoBoAHOCTHN ONpeaensnmch 13 3akoHa dypbe:

E
- dT.
St (5

@)

Kemnp> =

ar
roe E — nepeHeceHHad TennoBas aHeprus, k — KO3(PUUMEHT TennonpoBOAHOCTH, . — TPapuent
L

TeMmnepaTypbl B CTPYKType, t — BpeEMs MOAENUPOBaHUSA, S — Nnoliagb nornepeyHoro cevenus. lMNnowaab
rnonepeYyHoro ceyeHusi 3agaeanacb Oonbwen ~60 HM2. [Ins co3gaHusi TENMOBOro rMoTtoka B CUCTEME Ha
KOHUAX CTPYKTYpbl pacnonaranucb Tepmoctathl ¢ TemnepaTtypamu 310K ropsyero cnoda n 290K xonogHoro
cnosi.

Ha pucyHke 1 npegcTtaBneHa 3aBUCUMOCTb PELUETOYHOW TEMNNONpOBOAHOCTU Anst cnouctbix SilGe
TOHKMX MreHoK. [NpoaHanuanpoBaB 3aBMCMMOCTM MOXHO cAenaTb BbIBOA, YTO C YBENUYEHWEM [JIUHbI
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nepuoga w/vinu yucrna nepuoaoB MMEET MECTO YBENUYEHWE MOoMnepeyHon peLleTOYHOW TEnnonpoBOAHOCTH
Ans Bcex Kpuctanmnorpaduyecknx opueHTtaumi. B cnouctbix CTpykTypax adpekTMBHas cpeaHsas AnuvHa
cBobogHoro npobera MOXET CyLWeCTBEHHO MpeBblwaTb AMWMHY nepuoja. YBenuyeHue nonepeyHon
peLIeToYHOM TEennonpoBOAHOCTM OOYCNOBMEHO BO3pacTaHMEM cpefHen AnuHbl cBobogHoro npobera
(POHOHOB MpW yBEMUYEHUN TOMLLMHBI CaMOWn CTPYKTYpbl [2-4]. 3TO nossonseTr ¢poHoHam npeoaoneBaTb
fonbluMe paccTosiHMA MexXQy akTamu paccesiHus Ha rpaHuuax pasgena mexagy Si u Ge. Kak otmevaroT
aBTopbl paboThl [3] B CTpyKTypax ¢ MarnbiMu nepunogamm MeHblue 10 HM OCHOBHOWM BKNag B TEMNonepeHoc
BHOCAT (POHOHbI C ANMHOM BOSHbLI OT 1 A0 5 HM, a cnekTpbl cpeaHen AnvHbl cBo6oaHOro npobera OHOHOB
cMewlaoTcst K 6onee HU3KMM 3HayeHuaM. M3 aToro criegyeT, YTO Mpu TEMnonepeHoce B MOMEpPeYHOM
HanpaBneHUn ApKO BblpaXkeHbl 3 dEKTbI NOBEPXHOCTHOIO paccesiHns U POHOHbI C ANMHaMK BOSH 6onbLue 5
HM 3((EKTMBHO paccemBalOTCA 3a CYET IPaHWYHOrO M MOBEPXHOCTHOIO PAacCesHWs U He y4acTBYHOT B
TennonepeHoce.

Tawke ObINO YCTAHOBMEHO, YTO MUHUMarnbHOEe 3HadeHwe TennonposogHocTn B 0,34 BT/(Mm-K)
pocturaetcs B MneHkax c opueHtauven (100) ¢ TonwwmHom nepuoga B 1,08 HM. [Ona nneHok c
opueHTaumsamm (111) n (100) HanmeHbLIKe 3HaYeHUs TennonposogHocTh pasHbl 0,51 B1/m-K (1,88 Hm) n 0,5
Bt/m-K (1,53 HM) cooTBeTcTBeHHO. Cnegyetr OTMETUTb, YTO OTNU4YME B TOMLWMHE MfEHOK nonyvyaeTcs
BCNeACTBUE pa3nuyumsa pasMepoB 3reMeHTapHbIX S4eek AaHHbIX OpUeHTauni.

SI - pe3kas rpanuua paszaena; PL - nnuna nepuona; ML - moHOCI0#
/L
L | Tt r et/ I

(100)/[100],SI:PL=8ML —u—(111)/[111],SLPL=12ML N

(100)/[100],SI;PL=16ML 7
1 ¢ (100)/[100],S;PL=24ML

(100)/[100] SI;PL=64ML
(110)/[110],SI;PL=8ML
1,
I8

W

*A*(HO /[110],SI;PL=16ML
_|—4—(110)/[110],ST;PL=24ML

SN

w
|

[\
|

TemnonpoBogHocts, BT/(M-K)

—
|

O'I'I'I'I'I'l'////

2 4 6 8 10 12 infinity
Yucno nepuonos, 1-Si x n-Ge

PucyHok 1 — 3aBMCMMOCTb peLIEeTOYHON TeNNonpOBOAHOCTM B MONEPEYHOM HanpaBneHun OT ANVHbI M Yucna
nepuogos ans (100), (110) n (111) opmueHTaumii cBOGOHON NOBEPXHOCTH

Takum obpasom, NpoBefeH pacyeT TEMMONPOBOAHOCTN CMOMCTLIX Si/Ge TOHKUX MMAEHOK C MOMOLLbIO
MeToZa HEpPaBHOBECHOW MOMEKYNAPHOM AUHAMUKW. [lonydeHHble 3aBMCUMOCTM MOKa3anu, YTO CHU3UTb
pewweToYHYI0 COCTaBNAOLY TEennornpoBOAHOCTM MOXHO MyTeM YMeHbLUeHUs nepuoda CroucTomn
CTPYKTYpbI, @ Takke BbIOOPOM onpeaeneHHon kpuctannorpaguyeckon opuentTaumnn. MNpu HebonbLom yncne
nepuoaoB WMeeT MeCTO CYLLeCTBEHHOEe BIUSHWE MNOBEPXHOCTHOW OpUEeHTauum Ha pPeLleTOYHYHo
TENnnonpoBOAHOCTb, OAHAKO NO Mepe yBENMYEeHUs KONMYecTBa CroeB MMeeT MecTo ocnabneHune paccesHus
(OHOHOB Ha NMOBEPXHOCTU U YCUNEHNE paccesdaHUsi Ha BHYTPEHHUX rpaHuuax pasgena.

CrnucoK ucnonb308aHHbIX UCMOYHUKOS:

1. Plimpton, S. Fast Parallel Alhorithms for Short-Range Molecular Dynamics / S. Plimpton // Journal of Computational Physics.
—1995. - Vol. 117, Ne 1. - P. 1 - 19.

2. Hyldgaard, P. Phonon superlattice transport / P. Hyldgaard, G. D. Mahan // Physical Review B. — 1997. — Vol. 56, Ne 17.

3. Malhotra, A. Cross-plane thermal conductivity in superlattices: Impact of multiple length scales on phonon transport / A.
Malhotra, K. Kothari, M. Maldovan // Journal of Applied Physics. — 2019. — Vol. 125, Ne 4.

4. Kothari, K. Cross-plane heat conduction in IlI-V semiconductor superlattices / K. Kothari, A. Malhotra, M. Maldovan // Journal
of Physics: Condensed Matter. — 2019. — Vol. 31, Ne 34.
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CUHTE3 rPA®EHA METOAOM XUMMUYECKOI'O OCAXXOEHUA U3
FA30BOUN ®A3bl HA TEKCTYPUPOBAHHOM MEAHOM
KATAJIIM3ATOPE C OPUEHTALMEN <001> U <011>

LHpoHuHa E.A.

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGoOpMamuku U paduo3/ieKmpoHUKU
2. MuHck, Pecnybnuka benapyck

Komuccapoe U.B. — kaHO. ¢pus.-mam. Hayk, doueHm

B paHHol paboTe npeacTaBneHsbl pesynbTaThl UCCreAoBaHWs CTPYKTYpbl rpadeHa, CUHTE3MPOBaHHOTO C MOMOLLbI0 MeToda XUMUYECKOro
OCaXaeHns 13 ra3oBow hasbl Ha TEKCTYPUPOBAHHOM MEAHOM KaTanusatope ¢ opueHTaumen <001> 1 <011>. YcraHoBneHo, 4To rpadeH,
BbIpaLLEHHbI Ha MEAHOM KaTanuaatope ¢ opueHTaumen <011> aBnseTcs MeHee AedeKTHbIM, MeHee HanpshkeHHbIM U UMeeT Gonee
BbIPaXXeHHOe pacnpefeneHne KoHLEHTpaLun Hocutenew 3apsaa.

NpadeH, ocaxaeHHbIn meTogom XIMO, aBnseTca NnepcnekTuBHbIM MaTepuanom npu UCNOMb30BaHMUS
ero B kadyectBe OydepHOro cnos Ang 9NMTakCManbHOrOo pocTa  LUMPOKO3OHHBLIX  HUTPUAOHBIX
NonynpoBOAHMKOB.

CTpykTypa MeOHOro karanmsaTtopa HanpsiMylo onpegenseTt KpMcTanfMyHOCTb rpadeHa, kotopas B
CBOI oyepenpb onpeaensdeTt KpUCTanInyHoOCTb anuTakcmanbHbix cnoeB GaN/AIN ocaxaeHHbIX Ha Hero. Tak,
rpadeH, ocaxaeHHbIn Ha mean ¢ opueHTaumen <001> COCTOUT U3 KPUCTANNMTOB ABYX TUNOB, MOBEPHYTbIX
nog yrnom 30°. C gpyron CTopoHbl, Ans opueHtaumm <011>, cornacHo pabote [1], AoMKHBbI HabnogaTbes
TONbKO OAHOHanpaeneHHble JOMeHbl. B To e Bpems, AeeKTHOCTb, a Takke KONM4ecTBo crnoes rpadeHa
TaKke onpeaensoT CTPYKTYpy M Mopdonornio anutakcmanbHblx cnoeB GaN/AIN ocaxaeHHbIX Ha HeM. B
aton pabote, MeTOOOM KOMOWMHALMOHHOIO paccesHus CBeTa, MWccrneayeTcs CTpykTypa rpadeHa,
CUHTE3MPOBAHHOMO C NMOMOLLIbIO XMMUYECKOro OCaXaeHUsa U3 razoBon gasbl, Ha TEKCTYPUPOBAHHOM MEOHOM
kaTtanunsatope (¢ornbre) ¢ opueHtaumen <001>un <011> (pucyHok 1).

1800 220
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PucyHok 1 — PeHTreHorpaMmmbl KaTanmTuyecknx MeAHbIX NOAMOXKEK Pa3NNYHON OpMeHTaummn nocne crHTesa rpadeHa

CwuHTe3 rpadpeHa ocyLlecTBnsAnca B TpybyaTomM KBapLEBOM peakTope C BHYTPEHHUMM OuameTpom
12,5 MM Ha mepgHou donbre ¢ opueHtaumen <001> u <011>. lNpeaBaputenbHo MeaHasa donbra
noABepranacb anekTpoxmmuyeckon nonuposke B 1M pactBope opTodocdhopHOM KUCAOTbl B TevyeHun 5
MUHYT MpWU MpuKknagbiBaeMoM HanpsbkeHun 2.3B. HenocpencTBeHHO nepe CUHTE30M B KBapLIEBOM
peakTope MefgHasi dorfbra omkuranacb npu criegylolwmx napameTpax: NoToK a3ota 66 cM3/MUH, MOTOK
Bogopoaa 150 cm3/muH npm Temnepatype 1050 C. lMocne omxura NoTok BOAOpoAa yMeHbLiancs no 6
CM3/MWMH W OCYLLECTBIIANICA HaMyck MeTaHa ¢ pacxogoMm 1,7 cm3/MuH B TedeHun 30 MuHyT. 3aTem obpasey,
oxnaxgancs co ckopocTbto 50 ‘C/MuH.

NccnepoBaHnma cnekTpoB kombuHaumoHHOro paccesHuss (KP) npoBOAMNUCL Ha  CKaHWMpyoWeMm
koHdokansHom Mukpockone Confotec NR500. Mcnonb3oBaH nasep C aHeprvenm Bo30yxaeHus 2,62 3B
(473 Hm). Pasamep obnactu kaptupoBaHust cocTaBnsan 48,214x48,214 MKM, KONMMYECTBO TOYEK Ha KapTe
20x20.

CuvHTe3MpoBaHHbIN MPU yKa3aHHbIX NapameTpax rpadeH sBnsgeTcsa mManocnonHeiM (~ 5 crnoes), C
He3HauuTenbHOM bpakumen ogHOCNONHOro rpadeHa (pucyHok 2). Ha pucyHke 2 npeacrtaBneHbl TUMUYHbIE
CNeKTpbl ANA OOHO M NATUCNOMHOW dpakumi rpadeHa. Cnenyetr oTMeTuTb, 4to 2D nonoca Angd
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NATUCMONHOrO rpadeHa sBnsieTca accumeTpuyHon. CpegHee 3HA4YeHME COOTHOLUEHME WMHTEHCUBHOCTU
nonoc le/lo coctaeBnset ~ 5 un 9 ona opuerHtayum <001> n <011>, cCOOTBETCTBEHHO.
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PucyHok 2 — Tunu4dHble cnekTpbl KP 0gHO 1 - nATUCNOMHOro rpadeHa Ha MeaHOM KaTanusaTope

Kpome TOro, KoppensiuMoHHbIi aHanua nonoxeHusa nonoc 2D u G (pucyHok 3, a) nossonsieT
3aKMYNTb, YTO rpadpeH, BblpalleHHbI Ha Meau ¢ opueHTaumen <001> (pucyHok 3,6), aBnsetcs Gonee
HanpshKeHHbIM MO CPaBHEHMIO C rpad)eHoM, BblpalleHHOM Ha Me4HOM KaTanusaTtope ¢ opueHTaumen <011>
(pncyHok 3,B). B cBoto ouvepedb rpadeH, BbipalleHHbI ¢ opueHTaumnen <011> umeet 6onee BbipaXKeHHOE
pacnpegeneHve 3KCnepvMeHTanbHbIX TOYEK BAOMb IUMHWM pacnpegeneHus KOHUEHTpauuu HocuTenewn
3apsga.

6)
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PucyHok 3 — QkcnepuMeHTarnbHble 3aBUCMMOCTM NOMOXEHUS NUHWMKM 2D OT nonoxeHust nuHumn G 4ns Bcex nccneayemMbix
06pasuoB (a); aKCnepuMeHTarnbHble 3aBUCMMOCTY NONOXEHUS NMMHKUK 2D oT nonoxenust nuHumn G ans obpasLos
rpadpeHa, BblpalleHHbIX Ha MeHOM KaTanusatope c opueHTaumen <001> (6) n <011> (B); JInHum noctosiHHOro

HanpsKeHMs1 U NOCTOSIHHOWM KOHLEHTpaUun HocuTenen 3apsiga npoBeAeHbl cornacHo paboTe [2] n [3] cooTBeTCTBEHHO

CnucokK ucnosb308aHHbIX UCIMOYHUKOS:

1. Controlling the Orientation, Edge Geometry, and Thickness of Chemical Vapor Deposition Graphene / T.M. Adrian [et al.] //
ACS Nano. - 2013. - Vol. 7 ,Ne 2. — P. 1351-1359.

2. Raman Spectroscopy of Graphene and Bilayer under Biaxial Strain: Bubbles and Balloons/ J. Zabel [et al.] // Nano letters. -
2012. - Vol. 2,Ne 12. — P. 617-621.
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3. Optical separation of mechanical strain from charge doping in graphene / J.E. Lee [et al.] // Nature Communications. —
2012. -Vol. 2,Ne 1024. — P. 1-8.

YOK 543.4

®OPMUPOBAHUE NAOPOTEPMAJIbHbIM METOAOM
FETEPOCTPYKTYPOKCWUA LIUHKA/METAI

pebHes B.l1., macucmpaHm 2p. 046801

Benopycckutli 2ocydapcmeeHHbil yHU8epcumem UuHgopMamuku U paduoanneKmpOoHUKU
2. MuHck, Pecnybniuka benapycb

HybeHko E.B. — kaHO. mexH. HayK, doueHm

AHHOTauusAa. B pgaHHOM cTaTbe wuccnegoBaH npouecc opMuMpoBaHUS  CTPYKTYP OKCWMA, UMHKa/MeTann Ha noanoxkax u3s
MOHOKPUCTanmmM4yeckoro kpemHusi. CMHTe3 okcuaa UMHKa rmgpoTepmaribHbiM MEeTOAOoM NpoBoauncs npu Temnepatypax 75 — 95 °C B
BOAHbIX PacTBOpPax HWTpaTa LUMHKa W rekcameTurnieHTeTpamuHa. [MonyyeHHble CTpyKTypbl 06nagatoT KpUCTanmyeckon CTPYKTYpou W
AEMOHCTPUPYIOT SKCUTOHHYIO M CBA3aHHYyt C Aedpektamm hOoTONMOMUHECUEHUMIO Ha AnvHe BonHbl 380 HM 1 580 HM COOTBETCTBEHHO.
[Mocne HaHeceHus MeTannIUyeckmx cepebpeHHbIX HaHO4YacTWL, Ha MOBEPXHOCTb MOMyYEHHbIX CTPYKTYP WMMMEPCUMOHHBIM METOAOM,
noka3aHa BO3MOXHOCTb WX WCMOMNb30BaHUA ANS Ka4eCTBEHHOro OnpeAeneHns BeLecTB METOAOM PamMaHOBCKOW CMeKTPOCKonMn Ha
npumepe pogamuHa b.

KnrouyeBbie cnoBa. Okcug LyHKa, rmgpotepmMaribHoe ocaXXaeHne, HaHOCTPYKTYPbI, OTONOMUHECLIEHLUS.

Mpoueccohl cuHTesa okcmaa umHka (ZnO) akTMBHO MccnegoBanuch elle B NocnegHne Aecatnnetusi
XX Beka 6narogaps BO3MOXHOCTW MPUMEHEHUS 3TOro MONynNpoBOAHMKA B aKyCTUYECKMX MU
ONTUYECKMX daTymkax, npeobpasoBaTensx aHeprMm M B kadectBe ¢oTokaTanmsatopa. OgHako B
nocnegHue HecKoNbKO AECATUNETUI U3YyYeHUEe MMEHHO OOHOMEPHbIX CTPYKTyp M3 ZnO npuobpeno
BaXXHOe 3HayeHMe B cdepe HaHOTEXHONMOrM u HaHomaTepuanoB. C yMEHbLUEHMEM pa3MepoB
NPOSIBNSAIOTCA HOBblE SMEKTpU4ecKkMe, MexaHuyeckue, XMMUYeckue U OonTUYeckue CBOWCTBA,
obycnoBneHHble adeKkTamn MOBEPXHOCTHOrO W KBAHTOBOIO OrpaHuyeHusi. HaHocTepxHu U
HaHOMPOBOSIOKN M3 COBCTBEHHOrO M nerMpoBaHHoro ZnO nNpuBrEKalT MHTEPeC uccregoBaTenem
Grarogaps yny4dweHHbIM 3MeKTpUYeckum, poTokaTannTUYECKUM 1 NOBEPXHOCTHLIM cBovcTBam[1-3].
ZnO HaHOMNPOBOMOKN OBbIYHO CUHTE3MPYHOTCH C MOMOLLBI BaKyYyMHbIX METOOOB, TaKMX Kak
rasodasHole MeToAdbl, MOCIIOMHOIO aTOMHOIo OCaXAEHUs, MeTannopraHn4yeckoe XMMuU4eckoe
ocaxgeHve 13 napoBown asbl U MMNYNbCHOE Na3epHoe ocaxaeHne. YKazaHHbIMKU cnocobamm moryT
ObITb MOMyYeHbl BbICOKOKAYECTBEHHbIE MOHOKPUCTanM4Yeckne MnpoBOMIOKN AMMHOW HECKOMbKO
MUKpPOH. OfHaKo 3TM MeTOAbl CO30alt0T MHOXECTBO OrpaHvyeHvuin Ans Bblbopa NoanoXku M, Kak
npaBuno, UMeKT HU3KMIN KOHEYHbIN BbIXOA nNpoaykTa. ZnO Takke MOXeT BbITb Nerko nonyyeH B Buge
CMMOLWHbIX TOHKUX MMAEHOK W MacCUBOB HAHOCTPYKTYP TakUMU XWOKOCTHbIMM MeTOAaMu Kak
ANEKTPOXMMUYECKoe U rmagpoTepmarnsHoe ocaxaeHue. OTO SBNAETCA OCHOBHbLIM NPEVMYLLECTBOM
TexHonormm ZnO neped ApyriuMu  nogobHbIMM - LUIMPOKO3OHHBIMKM  MOMYNPOBOAHUKOBLIMM
maTepnanamm — GaAs u GaN. [mgpotepmanbHbii MeTod, MOXET ObITb peanu3oBaH npwu
TemnepaTypax Hwke 200 °C, 4yTo gaeT BO3MOXHOCTb Oonee MpoCTOro MoflyYeHUss HaHOMPOBOJIOK
BbICOKOW MNNOTHOCTM W  MacCMBOB HaHOCTepXHeW. BoO3MOXHO nonyyeHue BepTUKanbHO
pacnonoXeHHbIX HaHOMPOBONOK U3 ZnOHa NOBEpPXHOCTU NoAfoXeKk ¢ 3apogpiweBbiM cnoem ZnO.
MaccuB ynopsigoveHHbIX HaHOCTPYKTYp u3 ZnO MoxeT OblTb MCMOMb30BaH B KavyecTBE MOAMOXKN
ansg  PopMMpPOBaHUSA yNOpPSAOYEHHbIX MACCMBOB HaHOYacTUL, MOMYNpPOBOAHUKOB W  METansos,
OCaXgaemblX Ha ero MnoBepxHOCTb. [eTepocTpykTypbl ZnO/MeTann, B KOTOpbLIX pacnpegeneHue
MeTannMyecknx YacTul 3agaHO pacrofioXeHMeM HaHOCTPYKTYp ZnO Ha MOBEPXHOCTU MOAMOXKW,
MOryT WCMNONb30BaTbCsl B KayecTBe OCHOBbI [fsi CEHCOPOB W MOAMOXEK [Ans CheKkTpocKonuu
rMMraHTCKOro KOMOMHaLUMOHHOIO paccesiHuA[4].
B HacTosiwen paborte Obin vccnenoBaH npouecc hOPMUPOBaHUSI reTEPOCTPYKTYP Ha OCHOBE
ynopsiAoYeHHbIX MacCMBOB HAHOCTPYKTYP U3 OKCMAA LIMHKA M HaHOYacTUL, MeTannos AN co3daHus
NOANOXEK ANsi CNEKTPOCKONUM MMraHTCKOro KOMOMHaLMOHHOIO paccesiHus.
MmapoTepmanbHoe oOcaxaeHWe HaHOKPUCTanmoB oOKcuaa LUMHKa MNPOBOAMUIIOCE Ha MNOANOXKax
MOHOKPUCTanM4Yeckoro KpemMHWs 3MNEeKTPOHHOro Tuna npoBoaMMoctn Mapku K3C-0,01 ¢
kpuctannorpaduyeckon opwuenTaumen (111). Ons ocaxgeHuss okcuga UMHKa WCMNOMNb30Barcs
BOAHbIA pacTBop, cogepxawwmn HutpaT umHka (Zn(NOsz)2) n rekcametuneHtetpammH (CsHi2N4) B
onpefeneHHon KoHueHTpauuu. KpemHueBble MOANOXKM nepesd MNpoBeAEeHUEM 3KCNEePUMMEHTOB
obpabatbiBanucb B HacbIWeHHOM pacTBope okcuaga xpoma (VI) B KOHUEHTPMPOBAHHOMN CepHOM
KACMOTe B TeyeHve 1 MWH M ANWTENbHO MPOMbIBANMCb B OeWOHM30BaHHOW Boge. [anee oHu
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nomewanucs Ha 15 MuH B 4,5 % BOAOHbIN pacTBOP NMABMKOBOW KUCIOTbl MPU KOMHATHOM
TemnepaType. [1pn 3TOM NPOUCXOAMMO yAaneHue OKCMAA KPEMHUS C NMOBEPXHOCTU MOASOXEK, U
dopmMmmpoBancss Crnou  BOOOPOAHOM  naccuBauuu. Hannuve  BogopoaHOM — naccuBauum
KOHTPONMPOBAnochk Mo yriy CMaynBaHus NOBEPXHOCTU KPEMHUS Kannen 4eMOHN30BaHHOW BOAbI.
Mpouecc ruapoTepmanbHOro OCaXOeHWs OoKcuaa LUMHKa MpOBOAMICH B  CTEKMNSAHHOM
aBTOKMNaBe C NMOTHO NPUTEPTON NNACTUKOBOW KPbILWKOW. BHyTpeHHWIA 06bem aBTOKMaBa COCTaBMsAN
40 wmn. [ns HarpeBa aBTOKNaBa WCMOMb30Banacb 3reKkTpuyeckass nnnTka, OCHaLLeHHas
TepMoAaTyYnKoM, COeANHEHHBIM C HEN obpaTHOM CBA3bl0 (pUcyHOK 1). TepmogaTymk morpyxancs B
pacTBOp, HaxoOdALWUNCS B aBTOKNaBe. BbipesaHHble 13 KpeMHMEBOW NOANOXKN 0O6pasLbl KBagpaTHOW
dopmbl  nnowaaslo 1 cM? nomellanvcb BepTMKanbHO Ha [OHO aBTOKMaBa B creuuanbHOM
dToponnactoBoM aepxatene. Bo Bcex akcnepumeHTax obpasubl MOMELLANUCb B PeaKUMOHHbIN
pacTBOp Npu KOMHATHOW TemnepaType, HarpeBanucb A0 Leneson Temnepatypbl oT 75 o 95 °C B
TeyeHne 30 MWMH U BblAEpPXMBaANUCb NMpU LaHHOM TemnepaType Ha npoTsbkeHum 2 4. B npouecce
ocaxaeHnst Nponcxoamno MOCTOsIHHOE MepeMelunBaHme pacTtBopa co ckopocTbio 120 06./MuH.
Mocne 3aBepLueHMsa npoLiecca ocaxaeHust NOANOXKN U3BMeKanicb U3 aBToknasa, NpoMbIBanuchL B
OEeNOHM30BaHHOM BoAe M cyluunucb Ha Bo3agyxe [5]. OcaxaeHue 4acTul meTanna Ha NoBEpPXHOCTb
OKCMAa LMHKa OCYLLeCTBMSANOCbL METOAOM xumudeckoro. HaHeceHve pogamuHa B Ha nognoxku
OCYLLECTBMNANOCH MMMEPCUOHHBIM METOAOM M3 pacTBopa C KOHLEeHTpauuen kpacutens 10-6 M.

WNameputens

PucyHok 1 — Cxematundeckoe nsobpaxeHue ycTaHOBKM Ans cuHTesa ZnO ruapoTepmarnbHbiM MeTO40M

Pa3smep HaHOKpMCTansoB OKCMAA LMHKA U NITOTHOCTb UX PACMONIOXEHUS Ha NOASOXKKE CYLLEeCTBEHHO
3aBMCenM OT TemnepaTypbl peakuMOHHON cpedbl B npouecce ocaxaeHus (pucyHok 2). [Mpwu
OAMHAKOBOW MPOAOIIKUTENBHOCTM MPOLIECCa OCaXAEHMUS, YBENUYEHNe TemnepaTypbl NPUBOAUMNO K
YMEHbLUEHNIO AMameTpa U YBENUYEHMIO BbICOTbI HAHOKPUCTAINOB, CBA3aHHOMY C YBENUYEHUEM WX
ckopoctn pocta. [lpu TemnepaTtype 75°C pguametp kpuctannos pgocturan 800 Hm. [lpwu
TemnepaTypax peakuuMoHHon cpedbl 85 °C n 95 °C cpegHuin anameTp KpUCTanmnoB okcuaa LUuHKa
cocTtaBnan npubnmauntensHo 600 n 500 HM cooTBETCTBEHHO. [1NOTHOCTL PACNONOXEHUS KPUCTANNOB
oKcuaa LMHKa Ha NOANOXKe YBenuyuBarnacb ¢ pOCTOM TeMnepaTtypbl. OTO CBA3aHO C YBENUYEHVEM
KONMYecTBa akTUBHbIX LIEHTPOB 3apPOXKOEHUSA KPUCTANOB Ha MOBEPXHOCTU KPEMHUEBOW MOASIOXKKA
npv Bo3pacTaHnn 3HEPTUM CUCTEMBI.
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PucyHok 2 — Ontuyeckue dotorpacdmm NOBEPXHOCTU NOASIOKEK MOHOKPUCTATMYECKOTO KPEMHMS CO
cchopmupoBaHHbIMUM Npy TemnepaType 75 (a), 85 (6) n 95 °C (B) HaHOKpUCTanaMu okCUaa LMHKa

WccnepoBaHve cnekTpoB (POTONMIOMUHECLEHUUN (pucyHOK 3) oOpasuoB nokasano, 4To
KpucTannbl OKCuaa UWHKA AEMOHCTPUPYIOT [BE MOMockbl u3nydeHus. MakcuMym WHTEHCUBHOCTM
OZIHOM U3 NOMOC, CBA3AHHOW C AedekTamun KpUCTannnyeckon peLleTkn — BakaHCUsaMKU Kkucnopoga u
MEeX0Yy3€ernbHbIMWU aTOMaMM1 KUCMOPOoAa, PacnonoXeH Ha AnnHe BonHbl — 580HM. MakcmyMm BTOpOW
nonoca OTOMOMUHECLEHLMN C MEHbLUEN WMHTEHCUMBHOCTbIO pacnonoxeH okono 380 HM. 3OTta
nornoca COOTBETCTBYET pekoMbuHaumm cBOOOAHBIX 3SKCUTOHOB. Ee Hanuume ykasbiBaeT Ha
O0CTaTOYHO HU3KYIO0 KOHLEHTpaumio AedeKTOB KpUCTanm4eckon peLleTkm okecnaa LuHKa.
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PucyHok 3 — CnekTpbl (hoTOMNMOMUHECLIEHLMM 0Opa3L/0OB HAHOKPUCTArNOB OKCMAA LUHKA,
Nony4eHHbIX NPU pasnuyHbIX TeMnepaTypax

WccnepoBaHme CnekTpoB paMaHOBCKOTO pacCesHWs nokasano, Hanuume XapakTepHbIX Ans
KpUCTannnyeckoro okcuga LuUuHKa nonoc (pucyHok 4). B moHokpuctannuueckom ZnO ¢
rekcaroHarnbHOW peLlueTKon Tuna BlopuMTa Ha 3reMeHTapHyl A4enky npuxoamtca 4 atoma, 4To
NPMBOAUT K BO3HUKHOBEHMIO12 (DOHOHHBIX MOZA: OAHOW MpoJoNnbHo-akycTudeckas (LA), OByx
nonepeyHo-akyctudeckune (TA), Tpex npodornbHo-onTudeckme (LO)M wecTb nonepeyHo-OnTUHECKMX
BeTBen (TO)[6].Moabl A1 n EinpossnsatwTca B pamaHoBckon n UK cnektpockonun, BTO BpeMst Kak
HenonspHble E2Moabl MOXHO YBUAETH TOMBKO HA paMaHOBCKMX criekTpax. Ha nonyyYeHHbIX cnekTpax
paMaHOBCKOrO paccesHuss 00pa3uoB OKCMAa UWHKA BWAHbI  NIMHUMKM, COOTBETCTBYHOLUME
koneb6artenbHbIM Mmogam TO (A1) 380cm?, LO (A1) 574 cmnTO (E1) 591 cmL. Moga E2°VoTtcyTcTByeT
Ha crekTpax BCfeAcTBME TOro, YTO KpaeBoOW ONTUYECKUrM OUrbTp pamMaHOBCKOro crnekTrpomMeTtpa
obpesaeT AaHHble Ha yyactke oT 0 go 273 cm1.B 10 xe Bpemsi MmogaE2"dh pacnonoxkeHHasi okono
437 cmn cBsizaHHas TONMbKO C KornebaHMsMM aTOMOB Kucrnopofa npeacTaBfieHa Ha MOMyyYeHHbIX
CnekTpax.
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PucyHok 4 — CnekTpbl paMaHOBCKOro paccesiHus Noaioxek okcuaa LmHka
¢ chopMMpPOBaHHbIM Ha HEM OKCcuaa LMHKa u cepebpa

Mocne HaHeceHus YacTuy cepebpa n pogammnHa b Tarke 6binmM nccnegoBaHbl CNEKTPbl PAMaHOBCKOMO
paccesiHusl nony4veHHbIX 06pa3uoB (pucyHok 5). MNMocne HaHeceHns pogaMuHa b B koHUeHTpauum 10 M Ha
CreKkTpax pamMaHOBCKOIO pacCesHWs OTYETNMBO BMAEH Habop NWHMI, COOTBETCTBYIOLWNX KonebaternbHbIM
MOJaM, XapakTepHbIM AN 3TOro OpraHW4ecKoro KpacuTensi: cxkaTue KcaHTeHOBbIX korney — 611 cm,
pactsbkeHne cesizen C—-C — 1189 cm?, narmb6 C—-H ceaszenn — 1278 cml, ckpyumBaHue C—C cBsasel B
apomaTtuyeckmnx konbuax — 1355, 1504, 1535 cm?, ckpyumBaHue C—C wn pacTtsxeHve C=C cBsseln B
apomMaTudeckux konbuax — 1644 cm[7].
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PricyHok 5 — CneKTpbl pamMaHOBCKOrO paccesiHUs MOAJSIOKEK OKCHUAa LMHKa
¢ cchopmmpoBaHHbIM Ha HEM OKcuAa LUmMHKa, cepebpa 1 podamuHa B

Takum obpazoM, B paboTe Obinv NonyyYeHbl MacCuBbl KpUCTANIMYECKNX HAHOCTPYKTYP OKCMAA LIMHKA,
obragarLwmnx rekcaroHanbHON KPUCTanmMYeckon peLleTkon Tuna BlopumTa. [JaHHble CTPYKTYpbl NPOSBASOT
OTONIOMUHECLIEHLMIO B BUMAMMOM U GnuwkHen ynbTpaduonetoBoM Auana3oHe. Hanunume 3SKCUTOHHOWM
(OTOMNOMMHECLEHLUMM YKa3blBaeT Ha AOCTAaTOYHO BbICOKOE KpPUCTanNfMYeckoe COBEPLUEHCTBO MOSTyYEHHbIX
CTPYKTYyp. pn HaHeceHMM Ha NOBEPXHOCTb MOANIOXKEK YacTuy cepebpa U UCCNeaoBaHUM C UX MOMOLLBbHO
pactBopa popgamumHa B c koHueHTpauven 10® M MeTogOM paMaHOBCKOW CMEKTPOCKONMM YyAanoch
0OHapyxuTb Habop MNONoc, COOTBETCTBYKLUMX [AHHOMY OpraHM4YeckoMy kpacuTento. Takum obpasom,
UCMNOMb30BaHHbLIN  MoAxon MOXeT OblTb NpMMeHeH B pa3paboTke MOAMNOXEK [ANs  CNeKTPoCKonuu
KOMOMHaLMOHHOIo paccesHus.

HaHHass paboTa BbiMoNHeHa B pamkax 3aganva  2.19 [TTIHW  Pecnybnukn Benapycb
«MaTtepuranoBeneHue, HoBble MaTepuarnbl U TEXHONOMUNY.
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FORMATION OF ZINC OXIDE HETEROSTRUCTURES BY
HYDROTHERMAL METHOD/METAL

Grebnev V.P., master's degree student group 046801
Belarusian State University of Informatics and Radioelectronics?, Minsk, Republic of Belarus

Chubenko E.B. — PhD in Technical Science

Annotation. In this paper, the process of forming zinc oxide/metal structures on single-crystal silicon substrates is studied. The synthesis of
zinc oxide by hydrothermal method was carried out at temperatures of 75-95 °C in aqueous solutions of zinc nitrate and
hexamethylenetetramine. The resulting structures have a crystalline structure and exhibit exciton and defect-related photoluminescence at
wavelengths of 380 nm and 580 nm, respectively. After deposition of metallic silver nanoparticles to the surface of the obtained structures
by immersion method, the possibility of their use for the qualitative determination of substances by Raman spectroscopy is shown on the
example of rhodamine B.

Keywords. Zinc oxide, hydrothermal deposition, nanostructures, photoluminescence.

THE INFLUENCE OF REGION SIZES ON THE CURRENT-VOLTAGE
CHARACTERISTICS OF GRAPHENE-BASED FOUR-BARRIER
RESONANT TUNNELING STRUCTURES

Polyakov I.S., master student gr.046801
Belarusian State University of Informatics and Radioelectronics, Minsk, Republic of Belarus

Abramov I.I. — Dr. Sci. in Physics and Mathematics, professor

Annotation. This article discusses the concept, essence and application areas of graphene-based four-barrier resonant tunneling structures
(RTS). The purpose of this paper is to study the influence of various technological parameters on the electrical characteristics of RTS. The
current-voltage characteristics of graphene-based resonant tunneling structures on silicon dioxide (SiO) and hexagonal boron nitride (h-BN)
substrates are simulated for different widths of barriers and quantum wells. The calculations presented were carried out using a numerical
model based on the Schrédinger equation.

Keywords. Resonant tunneling structures, current-voltage characteristics, graphene

When the Fermi level of the injection electrode coincides with the discrete level of a low-
dimensional structure bounded by two potential barriers, there is a sharp increase in the tunnel
current flowing through it, which is manifested on current-voltage characteristic by a section with a
negative differential resistance, which is shown in Fig. 1. This phenomenon is called "resonant
tunneling” [1].
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Fig. 1 - Energy diagram and current-voltage characteristic of a double-barrier RTS

If you continue to lower the energy level of E1, then the charge carriers will no longer be able
to tunnel with the conservation of energy and momentum, so they are delayed in the well. The
current through the structure will begin to decrease, which will lead to the appearance of a section
with a negative differential resistance on the current-voltage characteristic.

The numerical model based on the solution of the approximated one-dimensional
Schrédinger equation and included in the nanoelectronic device simulation software system
NANODEYV [2,3] was chosen as the main model for calculating current densities. As a result of the
approximation Tikhonov-Samarsky approach, the solution of the Schrédinger equation reduces to
the solution of a system of linear algebraic equations. The result of calculation is the values of the
wave function in the nodes of the spatial-discretization grid for a given energy of the incident particle
and the applied voltage.

Figure 2 shows a four-barrier RTS based on bilayer graphene under investigation. This
device includes potential barriers (dpi, db2, dws, db2) and quantum wells (dwi, dwz, dws). In the
simulation the barriers height (h) for RTS on a substrate made of SiO2 and on a substrate made of h-
BN are 3.58 eV and 3.137 eV respectively.

Fig. 2 - Four-barrier RTS and conduction band energy: 1 — graphene; 2 — substrate;
3 — contacts.

Table 1 shows the region sizes for which the current-voltage characteristics are simulated.

Table 1 - The region sizes of studied graphene-based RTS simulation

. Width of barriers, nm Width of quantum wells, nm
Substrate material
curve 1 curve 2 curve 3 curve 1 curve 2 curve 3
SiO2 1,3 15 1,2 3,0 3,5 4.0
h-BN 1,2 1,3 1,4 3,0 3,5 4.0

Figure 3 shows the current-voltage characteristics of the four-barrier RTS when changing the
width of the barriers: on a substrate made of SiO2 (Fig. 3a); on a substrate made of h-BN (Fig. 3b).
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Fig.3 - Current-voltage characteristic at different values of the barriers width

Figure 4 shows the current-voltage characteristics of the four-barrier RTS when changing the
width of the quantum wells: on a substrate made of SiO2 (Fig. 4a); on a substrate made of h-BN (Fig.
4b).
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Fig. 4 - Current-voltage characteristic at different values of the width of the quantum wells

It was found that the decrease in the width of the barriers leads to the decrease in the
current density, as well as the increase in the voltage values of the second and third peaks. The
current density decreases and the peaks shift to lower voltage values, as the width of the quantum
wells increases.
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MOOEJNIMPOBAHUE KAPTUH ANPPAKLIUU BbICTPbIX JIEKTPOHOB
2D CTPYKTYP

Bozomasoe H.C.}, cmydeHm ep.740301

Benopycckull eocydapcmeeHHbIl yHUsepcumem UuHgopMamuku U paduo3rieKmpoHUKUL
2. Munck, Pecnybnuka benapyck

Komuccapoe U.B. — kaHO. ¢pus.-mam. HayK

B pabote npeacTaBneH anroputM CUMynsiLMM AUMGPAKLUMOHHBIX KApTUH BbICTPbIX OTPaXXEHHbIX 3IEKTPOHOB MOCPEeACTBOM si3blka
nporpamMmmMunpoBaHusi JS, a Takke nosyyeHne AaHHbIX Ans AanbHenwen obpaboTkm n ux aHanumsa.

OfHUM 13 NepcrnekTUBHBIX HaMpaBneHUn s NPUNOXeHUA rpadeHa ABMSeTCs NCMOMb30BaHME ero B
KayecTBe OydepHoro crnosd Ha amopdHbIX NOANOXKAX AN AMUTAKCMANbHOIO pocTa NIIEHOK LUMPOKO30HHbIX
HUTPUAOHBIX nonynpoBoAHukoB. Kak ©Obino nokasaHo B pabote [1], ocaxgeHHble nnéHkn GaN/AIN
XapakTepusyrTcs MNpUCYyTCTBUMEM [ABYX pakuUUA KPUCTanmMTOB CO B3auvMHbIM yrnom nosopoTa 30° B
NNOCKOCTU MMeHkn. B ©BASM C 3TMM CTaHOBMTCA akTyanbHOW mnpobnema KOHTPOnNsA KavecTBa
KpuctannuyHoctn OydepHoro cnosd rpadeHa, Kak 3a[alrollero KavyecTBO 3NUTAKCUAnbHOW  MIEHKM
OCaXXOEHHON Ha HeM.

Llenbto moer paboTbl sBnseTca paspaboTka anroputma CUMynauum  AnPakUMOHHBLIX KapTUH
ObICTPbIX OTPaXXEHHbIX 3MEKTPOHOB ANA OBYXMEPHbIX CTPYKTYP, TakMX Kak rpadpeH. Cumynsaumst yamtbisaeTt
nepexopn B 06paTHoe NPOCTPAHCTBO M BXOAHbIE NapameTpbl, Takne Kak:

— 3HEPrust ANeKTPOHOB MCTOYHUKA;

— pa3mep KpUCTannura;

— YyBCTBUTENBHOCTb NpUbopa;

— Yron noBopoTa NOAMOXKN.

Ha pwcyHke 1 npegctaBneH npumep TUNUYHOW AMAPAKLUMOHHOW KapTuHbl (AudpakTorpammebl)

uccnegyemMoro rpageHa. Hmke onucaHo TeopeTudeckoe 060CHOBaHWE Takoro pesynbTara.

PucyHok 1 — TunnuHas gudpaktorpamma rpadeHa nonyyeHHas metogom RHEED

Ha pucyHke 2 npeacraBneHa npamas pelleTka ¢ TpaHCnsUUMOHHBIMY BEKTOpaMn a; U a, ansa rpadeHa
B ABYXMepHOM npocTpaHcTBe. o dopmynam nepexoda K obpaTHOMY MPOCTPAHCTBY MOXHO MOMYyYUTb
TPaHCNALUMOHHbIE BeKTopa b; U b,, C UCMONb30BaHMEM KOTOpbIX 6bifia NMocTpoeHa AByMepHas obpaTHas
pelueTka rpadeHa (CM. pucyHok 3).

a=V3r =246 pm

PucyHok 2 — lNMpsimas pelwueTka rpadeHa
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k;

PucyHok 3 — O6paTtHas pelueTka rpadeHa
B TpexmepHOM npocTpaHcTBe obpaTHasa pelueTka npeactaBnseTr cobOM rekcaroHanbHyK peLueTKy
B6eCKOHEeYHO ANWHHLIX NPOBOAOB (CM. PUCYHOK 4), MOCKONbKY BEKTOP bs, NepneHanKynsapHbIn nrnockoctn XY

o6paTHO MpPOMOpLMOHANEH MEXNIOCKOCTHOMY paccTosiHMio C, KOTOpoe Afs OAHOCMOMHOro rpadeHa
NPUHUMAETCHA CTPEMALLMMCS K HY 0.

~ LN | }-‘/\‘
L

PucyHok 4 — O6paTtHas pelleTtka rpadeHa B TPEXMEPHOM MPOCTPAHCTBE

Metog RHEED peanunsyetcsa crnegyrowimm o6pas3omM. B ycTaHOBKy, COCTOSILLYIO M3 SNEKTPOHHOW MYLUKK
(MCTOYHMKaA SNEeKTPOHOB C 3aJaHHOW 3Hepruen), gepxatensa obpasua v getektopa (CM. PUCYHOK 5)
nomMellaeTca obpasey Ha AepxaTenb. [lanee nog CKOMb3ALWMM YrIOM HanpaBnseTCa SMeKTPOHHbIN Ny, B
pesynbTaTte B3aMMOLEWCTBMSA KOTOPOro ¢ obOpa3uoM Ha AEeTeKTop npuxogdaT AudparmpoBaHHble fyuyun
OTpaKeHHbIX 31IEKTPOHOB.

Detector/CCD

Electron Gun

Sample Holder
PucyHok 5 — YnpouleHHas cxema yctaHoBkm RHEED

CornacHo [2] ycriosBrem andpakumnm aBngeTcs HaxoxaeHne Tovek (NpoBoA4OB B TPEXMEPHOM Cry4vae)
obpaTHOro NpocTpaHCTBa Ha MOBEPXHOCTU (BHYTpU) cdepbl dBanbaa (CM. pUCyHOK 6). MNpu BbIMONHEHWM
3TMX YCNOBUI Ha geTekTope OyayT HabnoaaTbCcst NoONocsl.
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PucyHok 6 — Mpadunyeckoe npeacTasneHve ycnosusi audpakumm

OudpakumoHHas kapTuvHa, npeacTtaBneHHas Ha pucyHke 1, He 9BnNAeTCs CTaTUYHOM WU ABnsieTcs
dyHKUMEN asnMyTanbHOro yrna ¢ - yrrna nosopoTa obpasua BOKPYr OCW, MepneHauKynspHOW MroCKOCTH
obpasua.

ABTopamu paboTbl [3] 6bIn NpeanoXxeH MeTon aHanu3a AMAPAKUMOHHBIX AaHHbIX, NPU KOTOPOM
CTPOMTCA  3aBUCUMOCTb WMHTEHCMBHOCTU Audpakumm (SpkoCcTM  (PriyoOpecueHTHOro 3JKkpaHa BAOMb
BblAE€MNEeHHON TONCTON NYHKTUPHOM MIMHUKU, CM. PUCYHOK 7) OT a3aMMyTanbHOro yrna.

[aHHbIn MeTOoad nony4Yun HasBaHue asumyTanbHOW Audpakumm BbICTPbIX OTPaXXEHHbIX ANEKTPOHOB
(AOBO3, ARHEED). Ha pucyHke 8 npegcTtaBneH MosflydeHHbI MHOK B pesynbtaTe obpaboTkm RHEED-
paHHbix ARHEED-kapTuHa gnsi rpadpeHa, npeactaBnsitowias cobon ero obpaTHOe MpOCTpaHCTBO (yron
COOTBETCTBYET a3nMyTanbHOMYy yriy noBopoTa obpasua).

CornacHo pucyHKy 8 uccnegyembin rpadeH coCcTouT n3 ABYX hpakuui KpUCTannToB, NOBEPHYTbIX
Opyr oTHocutenbHo Apyra Ha 30°. [JaHHoe yTBepXOeHue cornacyeTcs C PeHTreHOBCKMMMW AaHHbIMU ANS
kpuctannuyeckon cTpyktypbl GaN/AIN, ocaxxgeHHON Ha Takom rpadeHe.

PucyHok 7 — TunnyHas gudpakrorpamma rpadeHa nonyyeHHas metogom RHEED ¢ gemoHcTpauuei
aHanuanpyemoro npocuns

k(A1)

PucyHok 8 — KaptnHa AJBO3 6ydepHoro cnos rpacdeHa

Ona pacyeta M OanbHeMWero MocTpoeHUst mMoaenu oGpaTHOro MPOCTPaHCTBa U MoAeNMpoBaHUs
AndpakTorpaMmmMbl B pa3paboTaHHOW MHO NporpaMmMe BBOAATCA UCXOAHbIE AaHHble O CTPYKTYpe, KoTopble
n3obpaxeHbl Ha pUCyHKe 9.

Electron energy[eV * 105,
10-250]

Circle radius[A- 0.2-1]

=
~

Lattice constant [A, 1-4]
2.46

Angle

|
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PucyHok 9 — MicxoaHble AaHHble, 3agaBaemMble Ans ModenpoBaHus

OHeprus anekTpoHoB (B 3B) ncnonbsyetcs anga pacuyeta paguyca cepbl Isansaa no gopmyne:

k

=0512VEA™" pe (1)

E — sHeprunsa anekTpoHOB, BblpaxkeHHas B 3B
TpaHcnaumnoHHbIe BekTopa obpaTHOM pelueTku (b) BolpaxaloTcs cneayioLwmm obpasom:

2T 1 2 2
bj=—|(—,-1,0 b= ——
‘T oa (ﬁ ) =
2 (1 2 2
bo=—|(—,1,0 = ——
2 a (\ﬁ ) | 2| a \F3 (2)

a,=a (ﬁ/z, —1/2,0) lay| = a = 2.464

as :a(\/§/2, 1/2,0) |ag| = a = 2.46A @)

Pagunyc “kpyxkoB” 3afjaeTcsa Ans ydeta YyBCTBUTENBHOCTU Npubopa 1 KOHEYHOCTU KpucTanna, u3-3a
Yyero To4ka pelleTka bpasa B 06paTHOM NPOCTPaAHCTBE UMEET KOHEYHbIE pa3Mepbl.

C nOMOLWbBIO paccyYWUTaHHbIX AaHHblX, 3agjaBaembiX ANS aHanuM3a ofnpeferieHHbIX COCTOAHMN
KpUCTannu4yeckon pelueTkn rpadeHa, KOMMNNEKC nporpammbl co3gaet obpaTHylo pelleTky C AanbHenwnv
MaTemaTU4ecKMM pacyeTom napamMeTpoB, HEOBX0AMMbIX ANs NOCTPOEHMSA AndpakTorpaMmmbl.

Pa60Ty AaHHOro 3Tana nporpamMmmbl MOXXHO pa3gesfinTtb Ha HECKOJIbKO 3TarnoB:

1.

MocTpoeHne ocen No X (UCMonb3yeTcs Kak nNpubnuxeHve cdepbl OBanbaa BBuAy ee 6orbLunx
pa3mepoB N0 CPaBHEHUIO C M3y4aeMoWn 06nacTbio) 1 Y.

MocTpoeHune cdepbl ABanbaa c ynpoLleHMeM Ao Modenu “kpyra Osanbaa’.

MocTpoeHmne rekcaroHanbHOM o6paTHOM peLueTkn rpadeHa.

PacueT conpukocHoBeHus “kpyxkoB” co cdheport OBanbga. BkroyaeT okpalumBaHue nx KOHTypoB
B KpacHbIN UBET, ux “nycrtoe” 3anofnHeHue n NoAvYepkmBaHWe TOYeK nepeceveHus ans bonee
TOYHOW HaCTPOWKN NPOrpamMmei.

Mepenaya gaHHbIX, NOMYyYEHHbIX NpW 3Tane 4 B KoA Nporpammbl, CO34aroWwun gudpakrorpammy
ONs JaHHoW obpaTHOW pelueTkn 1 yrna.

Pe3ynbTaT BbINOSIHEHUSA AaHHOW YacTh Nporpammbl n3o6paxkeH Ha pucyHke 10.

2.

>» © © ® ©® ® 0 0 0 ¢
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PucyHok 10 — O6nactb o6paTHol peLleTku, NOCTPOEHHAs NPorpaMmMon

3 NonyyeHune AaHHbIX MOAENMPOBaHUA ANs AaNbHenlwen o6paboTku

lMocne nonyyeHMs [aHHbIX MepecevyeHns “kpyxkoB” co cdepor OIBanbAa BbIMUCNAOTCA
TpaHCNSAUMOHHBbIE BEKTOpa Ans MOCTPoeHus audpaktorpammbl (pUcyHok 11), KOTopble 3aTeM BHOCATCH B

mMaccus,

cogepxalumMin faHHble OaHHOW AudpakTorpamMMbl Ans KOHKPEeTHOro yrna . [JaHHbli MaccuB 3aTem

npeoGpasyeTcs B CTPOKY AN BHECEHUSI B MacCUB ANs MOJSIHOTO BpalLeHUst pelleTku C MHAEKCOM yria, Ha
KOTOPOM OH GbINn MOMyYeH.
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PucyHok 11 — QudppakTorpamma cMogenvpoBaHHoW obpaTHON pelueTku rpadeHa

[nsi nony4YeHnss AaHHbIX, PaCCYNTaHHBLIX B pe3yribTaTe MOAENMPOBAHNS, UCTIONb3YIOTCS TPU PyHKLNN,
no3eonsoLLne 3anucatb B hann HeobxoaMMble AaHHbIE:

— OyHkumsa “rolling out” ncnonb3yetca AN BpalleHWa peLleTkyM M 3anofiHeHs MaccuBa AaHHbIX Mpu
BpaLLeHun peLueTkn Ha 360 rpagycos.

— ®yHkuma “data for single angle” ucnonb3yeTca AnNs NONyYeHUS OaHHbLIX ANS OOHOrO yrra, oHa
cosgaeT dann B hopmare txt, cogepkalimin BBoguMble OaHHbIE U CTPOKY C AaHHbIMK AndopakTorpaMmbl ans
onpegeneHHoro yrna.

— ®yHkuma “data for the whole circle” ncnonbsyetcst ansa nonydeHus AaHHbIX ANs NOAHOro obopoTa
peLUeTKn Mnocne 3anofiHEHUS MaccuBa AaHHbIX MEpPBOWM (PYHKUMEN, a Takke BBOAWMbLIX OaHHbIX. [Mpumep
NMoNy4YeHHbIX AaHHbIX M306paXKeH Ha pUCyHke 12.

PucyHok 12 — lMpumep nonyyeHHOro maccuea ¢ gudpakrorpamMmamMmu npu BpatleHnn Ha 360 rpagycos

HanbHenwunin aHanu3 u obpaboTka AaHHbIX, MOSyYeHHbIX B pe3ynbTaTe AaHHOrO MOAENMPOBaHWS,
NPOBOAMTCA C NOMOLLbIO NpOorpamMHHOro komnnekcTa Origin.

PesynbTaTthl 4aHHON paboThl:
- na3paboTaH anroputT™M CMMynsauMmn ndpakumMoHHbIX kapTuH BO3 Ha 2D-cTpykTypax bpass;
- MOCTPOEHbI kKapTuHbl BOD ANg pasHbIX pasmMepoB KpyUCTannmTa 1 SHEPrni SNeKTPOHOB;
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Benopycckuti 20Cy0apcmeenblii YHUSEPCUMEN UHMOPMAMUKY U PAOUOINeKMPOHUKU®

2. Munck, Pecnyonuxa benapyce
Ilemposuu B.A. — kauo. ghuz.-mam. Hayx

B pabotre mpeicTaBieHBI Pe3yJIbTaThl HCCICAOBAHUS CBOWMCTB JICHMOHHW30BAHHOW BOJBI, CITUPTOB M BOJHO — CIHUPTOBBIX
pacTBOpPOB, KOTOPBIE TOABEPTAOTCS BO3JACHCTBHIO DJIEKTPHUYECKOTO CIIOs, 0Opa3yromierocss Ha TpaHMIe paszgena (a3 «Meramun —
KUIKOCTEY. OnpeienieHbl 0COOCHHOCTH CTPOEHUSI UCCIEAYEMbIX KHUIKOCTeH. PaccunTaHbl UANEKTpUIECKHEe TIPOHUIIAEMOCTH BOIBI
U CITUPTOB.
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IIpn mpousBoACTBE MNOIYNPOBOJHUKOBBIX MpuOOpoB M MMC MIMPOKO HMCHONB3YIOTCS pa3iMyHbIC
TEXHOJIOTUYECKHE OIEpalyy, CBS3aHHBIE C MCIHOJIB30BAHUEM JICMOHW30BaHHON BOZBI, M Pa3IMYHBIX
IIPOMBIBOYHBIX XKHMJKOCTEH, a TaKke pacTBOPOB Ha OCHOBE JICMOHW30BaHHOI BOABL. B CBs3u ¢ 3THM, a Takxke B
CBSI3U C Pa3pabOTKON HOBBIX TEXHOJIOTHYECKUX OTEpaIiii B 00JaCTH MUKPO- U HAHOAJICKTPOHUKH, CTAHOBUTCS
BECbMa aKTyaJbHOM 3aJaya M3yuYeHHs CBOMCTB TEXHOJIOTHYECKHMX JKHJKOCTEH, HO M WX H3MEHEHHE MNpHU
BHECCHUH Pa3JIMYHBIX IPHMeceil.

Henpro Moeit pabOTHI SBIAETCS W3yYEHUE CBOWCTB JEHMOHM30BAaHHON BOABI U psina cupToB: MeTmioBoro (MC),
stinoBoro (3C) u m3onpommiosoro (UIIC). Beicokas «OTMBIBaiOImasy CHOCOOHOCTh BOABI, a TAaKXKe BBICOKas ee
CIIOCOOHOCTD KaK PacTBOPHUTEIIA, ABJIAIOTCS CIEACTBUEM JIBYX acCIICKTOB!

— JMIOJIBHBINA XapaKTep MOJIEKYJIAPHOTO CTPOCHUS BOMEBL;

— BBICOKAs €€ AUIJIEKTpHYEcKast HPOHUIIAEMOCTb.

CroupTel MOXXKHO ~ paccMaTpuBaTh  Kak  mpomsBoimble Bompl  (H-O—H), B  KOTOpBIX
OJMH aTOM BOJIOPOJIa 3aMeIeH Ha OPraHNuecKyo QYHKIHOHANBHYIO rpymny: R—O—H.

Oco0OeHHOCTH CHHUPTOB, TaKk K€ W JAJsl BOJBI, OOBSCHSIOTCS HAJIMYMEM IIPOYHON MEXMOJICKYIISIPHOI
BOJIOPOJIHOW CBSI3U; 3THM K€ OOBSCHAETCS XOpOIIash pacTBOPUMOCTh HM3LIMX CHHPTOB B Bozxe. [Ipu Takom
pacTBOpPEHUH 00pa3yrOTCs MEKMOJICKYJSIPHBIE BOJOPOJHBIE CBSI3M MEXKIY MOJIEKYJIaMH CIIUPTa M BOJBL
[IpocTpaHcTBeHHAs CTPYKTypa 00pa3oBaHusl BOIOPOIHBIX CBSI3eH MEXIy BOJOW M CIIMPTaMH IpeJICTaBIeHa Ha
pucyHke 1.

S
- ) .
HY T r‘?_,,Hf’O He r‘?,,,Hf"O He. r?_,,Hf"

E E E

Pucynoxk 1 — [IpocTpancTBeHHas CTpYKTypa 00pa3oBaHUs BOZOPOIHOM CBS3H MEXKIY BOJOH U CIUPTOM

[Ipu npoBeneHHM HCCIICAOBAaHUN HCIONB30BANIUCh M BOJHO — CIHMPTOBBIE PAaCTBOPHI B Pa3IMUHBIX
KOHIIEHTpALHIX.

BwMmecre ¢ TeMm, ciemyeT MMeTh BBUAY cienyromiee obctosTenseTBo [1]. Ha rpannme pasmena meramn-
pacTBOp WM TMOJYTIPOBOJHUK-PAcTBOP (popmupyercs ABoiHON anmektpmueckuit cioit (JDC). DtoT cinoit co
CTOpPOHBI PAcTBOpa 4YacTo HaspBalOT cioeM ['yu-I'enpmronsia. o KONMYECTBEHHOIO OINpEACIEHHS
BEIMYHUHBI MIEKTPHYECKOTO 3apsia B ABOMHOM JJIEKTPHYECKOM CIO€ UCIOIB3YIOT A3€Ta-MOTEHIUAI, KOTOPBIH
OTJIMYEH OT MOTEeHIHMajda aACOpPOIMOHHOTO M OT IOTEHHIHada ITOBEPXHOCTHOTO cioeB. JlaHHBIM cioi
XapaKTepu3yeTcs HaJIW4MeM JJIEKTPHYECKOTO TIOJISl ¢ HANPSHKEHHOCTHIO MHOTHE COTHH M THICSYHM BOJIBT/CM.
HanpasneHue 37eKTpUYIECKOT0 MO ¥ €r0 BeJIMYMHA ONPEAeNIIIOTCS rajbBaHU — MOTEHIIMAJIOM, & UMEHHO €ro
BEJTMYMHON ¥ 3HAKOM. MIMeeT MecTo W pasHuIbl 3HaueHuit sHeprun @epmu Ha snekrpoae u RedOX-sHepruu B
pactBope. Taxke Ha BEIMUYHHY DJICKTPHYECKOTO IOJIi OyAeT OKa3bIBaTh BIMSHHE MaTepHall 3JIEKTPOJIOB U
COCTaB, HCCIIEYEMOTO PacTBOpA.

XapakTtepHble 0co0eHHOCTH cTpoeHust [I9C mpuBOJAT K M3MEHEHUIO CTPYKTYPhI KHIKOCTH, KOTOpas
HCTONB3yeTCsl B TEXHOJNOTMYECKHX omepanusx. JlaHHOe sBIEHME NPOMCXOAUT 32 CUET BIMSIHUSA
anexTpudeckoro nomst JIOC u nmpuBOAT K M3MEHEHHIO, NPEXJE BCETO, BA3KOCTU BOJBI/CIHMPTA, & TaKKe
BEJIMYMHBI JTUAJIEKTPUYECKOH TPOHHUIIAEMOCTH, JJIEKTPOIIPOBOAHOCTH W HHBIX (HU3MUECKHX U (PHU3HKO-
XMMHYECKHX CBOICTB pacTBOpa.

[Tpyn BBINTOTHEHNH SKCIIEPUMEHTAIBHOM YacTH NCIIOJIB30BaIach AEMOHM30BaHHAS BOJA, 00BEMOM 3 M,
mpousBeneHHas Ha OAO «MaTterpam», r. Munck. Cruptel 6sumr B3saTel B HUJI 4.3 B. I1. BonmapeHko.
HccrnenoBanust NMpOU3BOAMINCE IPU HOPMAIBHBIX YCIOBUSAX H3MEPHUTENBHBIM HPHUOOPOM - PErHcTpaTop
nmmutanca E7-25 (nmpousBoacteo OAO «MHUIIN» r. MuHcka) Ha auamna3zoHe yactot ot 25 I'm mo | MI'm.
OCHOBHBIM HMMHTAHCHBIM I[1apaMeTPOM, HECYIIMM MaKCUMalbHOE KOJMYECTBO MH(pOPMAIMHU O CBOMCTBAX
H3y4aeMbIX OOBEKTOB, SIBJISIETCS] TAHI'€HC YIJla MoTeph (tgd), KOTOPBIH sIBIsieTCs] HanboJiee 4yBCTBUTENBHBIM K
CTPYKTYpe M CBOWMCTBAM pa3MuHBIX cpel. bojee TOro, 4YMcieHHble 3HaueHHs tgd HE 3aBHCAT OT
FEOMETPUUECKUX Pa3MEPOB U KOHCTPYKIIMU JAaTUYHKa, HAXOAIETrocs B pacTBope [2].

ITo sTo#t mpuumHe mpenosaranock U ObUIO OOHAPY)KEHO, YTO JICMOHW30BaHHAs BOAA TaK K€, KaK U
CHHPTHI, B yIIOMSHYTOM JMara3oHe 4acTOT 00J1aaeT sIpKOBBIPaKEHHON IKCTPEMalIbHOM 3aBUCHMOCTBIO tg3 OT
yacToTh! f (pucyHoK 2). Jlisl cCHUPTOB 3aBUCUMOCTb tg0 OT 4acToThI f MpuBeAeHbI HAa pUCyHKax 3, 4, 5.

Hunst obecnieuenust popmupoBanus J1OC, a TakxKe IIEKTPUUECKOTO T0JIST OBIIM MPEAIOKEHb! JaTUUKH
JBYX KOHCTPYKIIMH:

1. PacmonoxeHHBIE MapajuieNbHO JIpYT IpYTy IUIACTHHYATHIE 3JIEKTPOABI KaK OJWHAKOBOH, TaK H
pa3HOH TUTOMIA/IN, TIPEACTABIISIONIHE COO0H TaTYMKM KOHICHCATOPHOTO THIIA. PaccTosHue MeXay IiIacTHHAMHU
PETyJIMPOBAIOCH MyTEM YCTAHOBKHM MEXIy HUMHU AMCTAHIIMOHHBIX AMIJICKTPHUCCKUX IIaib B npexenax 0,1-10
MM.

2. CrimpaneBUIHBIHN 3JIEKTPOJ], BHYTPH KOTOPOTO pa3MeIIajcs BTOPO MTHIPEBOI AIEKTPOI.

124


https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D1%8B

57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

C Hamreil TOUKH 3peHHs JaHHble KOHCTPYKIIMHU JTaTYMKOB SIBJISTIOTCS HanOoJIee yIauHBIMU ITPEXK/E BCETO
n3-3a2 INPOCTOTHI TEXHOJOTMM HM3TOTOBJIEHHS C  HUCIOJB30BAaHHEM IIHUPOKOIOCTYITHBIX 3JIEMEHTOB!
LWJIMHIPUUECKUX TIPOBOJIOK KaK IMOKPBITHIX, TaK M HE TOKPBITHIX H30isiued. [IpenmyriecTBoM IaT4uKkoB
KOHCTpYKUUH Nel SIBISIETCSI TO, YTO JIMHUH JJIEKTPUUECKOTO IOJISI HANPaBJIEHbI TapaIeIbHO PYT IPYTy U MPU
yauHOM BBIOOpE PAcCTOSHUSI MEXAY IUIACTHHAMH M IUIOMIAAM 3JIEKTPOJOB IO3BOJISIET HCCIIEI0BATEIIIO
n30aBUTBCA OT Tepexoja YHCICHHBIX 3HadeHWH (Hampmmep, Rs m Rp) k ompenmeneHuro yaeapHOTO
CONPOTHBIICHHS ¥ JUIJIEKTPUUYECKON NPOHHUIAEMOCTH HCCIEAyeMON >KUIKOCTH. B KkadectBe Meramia
9JIEKTPOJOB JaTYMKa MBI UCIIOIB30BAIN Meb, HUKEIb, IMHK, HEPXKAaBEIOIIYIO CTallb, INIaTHHY. B MaTepuanax
IaHHOW pabGOTHI MBI NPEACTABUIM PE3yJIbTAaThl PETHCTPALMU tg0 TONBKO IS TAaTYMKA, M3TOTOBJICHHOTO M3
IUIATUHBL. DTH JaHHBIE, IO HALIEMY MHEHHIO, IIPE/ICTABIIIIOT IPEAMET OTACIBHOTO PACCMOTPECHHUSL.

B kadecTBe maTuyMka Ui ONpeneieHus tgd NEHMOHW30BAHHOM BOJBI MCIONB30BAJCS JATYMK BTOPOM
KOHCTPYKIIMH, SJIEKTPObl KOTOPOrO OBUTH W30JMPOBAHHBI OT HEMOCPEICTBEHHOTO KOHTAKTa C BOJOW ClIOeM
JMIIEKTpUKA. YaCTHBIM CITydaeM TaKuX JaTYUKOB MOTYT ObITh MEIHbBIC CITUPAIU WM LITHIPH, U3TOTOBICHHBIC
Ha OCHOBe mpoBoja Mapku [1DB-2. Meraiuindeckiue 4acTd JAHHOTO JATYMKA H30JIMPOBAHBI OT MPSIMOTO
KOHTaKTa C BOJOH ClIOeM 3Maii — BHHHU(IEKC (WM NOJMBHHWIANCTaNb). Jlak OBUT HaHECEH 3aBOJIOM
MPOU3BOIUTEIICM MOTOYHBIX MPOBOAOB. [lo 3TOi mpWYWHE, WUCIOJH30BAHHBIC HAMHU JATYWKHU, JaBaIH
BO3MOKHOCTH HAOII0AaTh TOJIBKO 38 00BEMHBIMH CBOMCTBAMU BOJBI.

tgd
=20 xl'y
1g5=0,4
0,44

03T

0.2+

011

102 100 104 108 10 f, Ty
PucyHok 2 — DxcnepuMeHTAIbHAS 3aBUCUMOCTD 10 1eMOHM30BAHHOM BOJIbI OT YACTOTHI

B xoze nccienoBanns NpoBOIMINCE U3MEPEHNUSI HEKOTOPBIX XapaKTEPUCTHK IS CIECAYIOIINX CIHPTOB:
MetmnoBoro (MC), stunoBoro (9C) u nzonpommioBoro (MUIIC) — koTopble CMENTUBAIUCH C TEHOHU30BAHHOM
BOJIOI B pa3snMYHBIX KOHIEHTpAIMSAX. Pe3ynpTaTel NMpHUBEIEHHI B BHJE T'pa(HUKOB 3aBUCHMOCTH TaHIeHCa
JTURJIEKTPUUECKUX MOTEPh OT YacTOTHI, I'/Ie MPOCIECKUBAIOTCS M3MEHEHHS HX CBONCTB B 3aBUCHUMOCTH OT
KOHIIEHTPAIIMH BEIIECTB B BOJHO-CIIUPTOBOM PACTBOPE.

IIpu 3TOM OBIIO YCTAaHOBJICHO, YTO IPH HM3MEHEHHH KOHIIGHTPAIMH CIHPTAa B BOJHO — CIHPTOBOM
pacTBOpe CIBUTAIOTCSA 3HAUEHHS PE30HAHCHBIX YaCTOT M, COOTBETCTBEHHO, M3MEHSETCS 3HAYCHMs TaHTeHCa
IU3JIeKTpuuecKkux norepb. Hampumep, B pactBope MC/H>0 3HaueHHe pe30HAaHCHOM YacTOTHI YMEHBIIAETCS CO
CHIDKCHHEM KOHIIGHTpAllMM CIHMPTA B PacTBOpPE, TAKXKE M pearnpyer 3HaueHue tgd - ymenpmaercs. [Ipu
yYMeHbIIeHHH KoHIeHTparun OC B BOJHO-CIIMPTOBOM pacTBOpE HAONIOJAeTCsl yMEHBIICHHE TaHTeHca B
PE30HAHCHOH TOYKE, KOTOpask OCTACTCs OTHOCHTENBHO MOCTOSHHOMN. Ecnu paccmarpuBare pactsop UIIC/H0,
TO TaM HaOofaeTcs cieayloliee: IpH YBEINUYEHUN MTPOIIEHTa BOJBI B JAHHOM BOZHO — CIIMPTOBOM pacTBOpPE
pe3oHaHCHas 4acTtoTa Bo3pacraer oT 2,442I'm no 19,306I'n. Ilpu cootHomennn HoO/UIIC 1:1 pesoHaHCcHas
yacToTa cocraBisier 16k['1, a 3HaueHns 1gd B JaHHON TOYKa HaMMEHbIee. 3aBUCUMOCTh N3MEHEHHS YacTOTHI
HEJIMHEHAas.

125



57-51 HayyHasi KoHgbeperuyusi AcriupaHmos, Mazucmparmos u CmydeHmos bI'YUP, 2021 e.

tgd MC/H,0, 13T
0,7
o
0,6
24 o
0,5 0 ]
0,4 A d
0,3 R A A ¢
o A
02 RNHEIHIk O
0,1 &
A OB A
o HAAo-o b
%,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06
<O— 100%MC O 50%MC A— 100%H20 f, Ny,

PucyHok 3 — 3aBucuMoOCTb TaHIeHca JHIJIeKTPpUYecKuX norepb MC 0T 4acToThI
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Pncyﬂox 4 — 3aBHCHMMOCTDb TAHI€HCA AUIIEKTPUYECKUX NMMOTEPb IC oT 4acToTHI
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Pucynok 5 — 3aBucuMocTs TaHrenca audyekrpudeckux norepb UIIC ot yacToThl
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B cooTBeTcTBMM C MOJIENbIO peNakCalOHHBIX IOTeps (Mojenbio Jlebas) Takoe mnoBeneHue tgd
onuchIBaeTCs ypaBHeHHeM (1):
wt( g — &)

tgd =

£ + & (0T)2

o))

MakcumanbHoe 3HaueHHe tgd onpenensercs ycnorueM (2):

@)
B mannbix ypaBHenusx o=2nf, roe f-uacrora B I'm, T — Bpemst pentakcaru HabII0aaeMoro mporecea, &
— CTalMOHAapHOE 3HAYCHHE MUAIICKTPUIECKON MPOHUIAEMOCTH (U1 BOIBI HAXOIUTCA B paiioHe 80+2 equHwI,
s MC — 32,70£2, musa OC — 24,5542, mna UTIC — 19,4142), & — audnekTpuveckas MPOHUIIAEMOCTD TIPH
4acTOTEe HAMHOTO OOJBIIEH, YeM 4acTOTa, OTBEYAIOIIAsl MAKCHMAIEHOMY 3HaueHHIo {g0.
Pemas cucremy ypasHeHuii (1) u (2), Mbl nosryunnu cootHoureHue (3):

Ee — 28) — 2
SX—(1+2tg 8) — 2tgd /1 + tg26
3

Z[aHHI)Ie COOTHOLICHHUS ITO3BOJSOT paCC‘H/ITaTL [[I/I3J'ICKTpI/I'~IeCKI/Ie HpOHI/IHaeMOCTL paCCMOTpeHHLIﬁ
HaMUu )I(HL[KOCTCﬁ/paCTBOpOB. I/ICXOI[H nu3 l'[OJ'Iy’-IeHHI)IX JAaHHBIX 6I>IJ'II/I HOJ'Iy‘-IeHbI 3Ha4YCHUA, HpeﬂCTaBJ’IeHHbIe B
Tabaure 1.

Tabununa 1 — 3HaueHuUs MOJYYESHHBIX JIUDICKTPHYECKUX MPOHUIIAEMOCTEH UCCIIelyeMBbIX BEILECTB

BemectBo Bona MC 9C HUIIC

Ex 93 36,04 26,55 20

W3 nosyueHHBIX pe3ylbTaToOB MOYKHO 3aMETUTh, KaK U3MEHSAETCS AUVIEKTpUUIecKast IPOHUIIAeMOCTh KUIKOCTH,
KOTOpasi BbI3BaHa 3aMEHOM OJTHOTO aTOMa BOJOPOZA B MOJIEKYJIE BOJIbI HA OpraHHYecKylo (QYHKIHMOHANbHYIO rpynny R
B xumudeckoit popmyine R—O—H. B myOnukanuu [3] ObLIO MOKa3aHO, YTO I TOMOJIOTHYECKOro psga H-cnuptoB B
Jrana3oHe 4actoT He cBbimie 1MI 3aBucumocTh {00 MMeEeT SKCTpeMyM. ABTOpBI JaHHOH pPabOThHI CIIPaBEAIHBO
OTMEYAIOT, YTO B 3TOM e paiioHe 4acTOT 3HaueHHE AUIIEKTPHUUECKON IPOHUIIAeMOCTH CIIUPTOB Y MEHBIIAETCSI.

MOXHO cJie1laTh HEKOTOPHIE BHIBOJIBI:

- 0coOble CBOMCTBA ICHOHM30BAHHON BOJABI MOT'YT OBITh HCIIOJIB30BaHbI KaK THarHOCTUUECKUH HHCTPYMEHT NPU
pa3paboTKe ¥ KOHTPOJIE TEXHOJIOTHYECKUX POLIECCOB B MUKPO- M HAHOIJIEKTPOHUKE.

- 0COOCHHOCTH CTPOCHUS MPEACTABICHHBIX BOJHO — CITMPTOBBIX PACTBOPOB CBHICTEIHCTBYIOT 00 M3MEHEHUH HX
CBOMCTB.

- Ha OCHOBE IIOJYYCHHBIX 3HAUYCHUHA tg0 M COOTBETCTBYIOIIMX STHM 3HAYCHHSM YACTOT MOXKHO ITONYYHUTH
peanbHble 3HaY€HUS AUDJIEKTPUUECKON POHUIIAEMOCTH JKUKOCTH.

CnucokK ucnonb308aHHbIX UCIMOYHUKOS:
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2. S. A. Volchek, V. A. Petrovich, S. V. Granko, V. Yu. Serenkov and V.A. Yakovtseva Bond Energy in
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5. Xypnan Ne3 «HaonarexHonoruu: pazpabotka, npumernenue X XI Bek» — Mocksa, 2019.ctp 5-13
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PykoBogurens: IletpoBmu Brmamumup AnexkceeBHd — JOIEHT, KaHA. ¢(u3.-mar. Hayk, bemopycckuit
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YOK 621.793; 533.9.03

NMNMASMOXUMUYECKOE OCAXXAOAEHUWUE OKCUOA KPEMHUA MNMPU
ATMOC®EPHOM OABJIEHUU

3aHbko A.U. acnupaHm 3-20 kypca, JleoHosuy H.B. acnupaHm 1-20 Kypca

Benopycckuli eocydapcmeeHHbIl yHU8epcumem uHgopMmamuku U paduo3rieKmpOoHUKU
2. MuHck, Pecnybniuka benapycb

Komoe [J.A. — kaHO. mexH. HayK

AHHoTauus. MNpoBoannock NNasMoXMMUYECKOE OCAKAEHNE OKCuAa KPEMHUS C Mcnonb3oBaHneM nnas3mbl Ar+TEOS/Ar npu atMmocchepHoM
faBneHun. Crabunusaumsi Ha BO3AyXe MapamMeTpoB TMONyYEHHbIX MEHOK 3aHMMaeT nopsigka 15 gHel, npu 3Tom HabnogaeTcs
noBbILLEHNE NoKa3aTens npenomnenns ¢ 1,4-1,45 0o ctexmoMeTpuyeckoro okecnaa kpemuus 1,46-1,47.

KntoyeBble cnoa. Okeua kpemHus, MXO, atMocthepHoe AaBneHne, nokasarernb NPenioMeHns.

B HacTosilee Bpemsi akTMBHO pa3BMBAalOTCS TEXHOSOrMYECKME MpoLecChl HU3KOTEMMepaTypHOro
OCaXOEeHMs oKcuaa KPEMHUS B KQYeCTBE 3aLUMTHbBIX, ONTUYECKUX U ONINEKTPUYECKNX CBOMCTB B Pa3NNYHbIX
oTpacnsix npombiwneHHocTn. Hanbonee 4acto ucnomnb3yercss MeToq Mia3MOXMMUYECKOTO OCaXOAEHUs! M3
razoson pasbl ([1XO), ¢ NOMOLLbIO KOTOPOro MOJSTyYalT BbICOKOKAYECTBEHHbI MITEHKU, KOTOPbIE aKTUBHO
NPUMEHSAIOTCA B MUKPOSMEKTPOHUKE, ONTUKE U OMTOANEKTPOHMKE. M3-3a BbICOKMX TpeboBaHMM K BaKyyMHOM
Kamepe, rasopacnpegeneHunio, WCTOYHMKaM nnasMbl M €ee COormacoBaHus, a Tawkke HeobxoammocTu
OoCaxaeHWst TOHKUX NNeHok Ha 6onbwue nnowaam metod MNMXO kak NpaBuno sBNSETCA JOPOroCTOSALUM
Texnpoueccom. [na obpaboTkum nognoxek GOMbLWOW Nnowiaan, a Takke PynoHHOW obpaboTku BO3HUKaAET
bonbwon wuHTepec k [1XO npu armocepHOM [aBneHuun, un3-3a CBOEW BO3MOXHOCTM TrMbkoro
mMacLiTabupoBaHusa 6onbliMx obnacTten nnasmoobpasoBaHns N OCAXAEHUS NPU HU3KMX TemnepaTypax.

Ons nnasMoOXMMUYECKOrOo OCaXOEHUSI OKCuAa KPEeMHWs WCMNoMnb3oBanach 3KCMepuMeHTanbHas
paspsigHas cuctema akenbHOro TMna, kotopas n3 cebs npeacraenana KBapueBylo TpyOKy C BHYTPEHHUM
anamMeTpoMm 4 MM U CUCTEMOM BHELWHUX 3rnekTpogoB. B kavecTtBe npekypcopa umcnonb3oBarcs
TeTpaatokcucunaH (TEOS), napbl Teoca NepeHoOCUNUChL Npokayvkon aproHom. OcaxaeHwe nposoaunack Ha
KpeMHMeBbIE MOANOOKN MPU MOLLHOCTM pa3psiga 22 BT, obuwem pacxoge aproHa 720 n/4 u BapbuMpoBaHum
cvecn Ar+TEOS/Ar anutenbHOCTbIO 2 MUHYTbl. [OuameTtp obnactb ocaxgeHus coctaBnsan 8-12 mm
paBHOMEPHOCTbIO +5%. KOHTpOnb TOMNWMHBI W MoKasaTens MPEerioMMAeHUs MfeHKNn npoBoAMICH Ha
annuncomeTpe HORIBA UVISEL 2 nocne ocaxageHusa n yepes 15 gHen nocne ocaxgeHus. [ony4veHHble
3aBMCMMOCTM TOMLLMHbBI U MOKa3aTens nperioMreHns okcMaa KpeMHus npeactaBneHsl Ha pucyHke 1. B xoge
3KCnepuvMeHTanbHbIX MCCNegoBaHMn Obino 0BHapyXeHO YMeHbLUeHne TOSLWMHbI U yBENMYeHne nokasartens
NpenomeHns co BpeMeHeM A0 3HavyeHun 1,46-1,47 cTeXMOMETPUYECKOrO OKCMAA KPEMHUS, YTO roBOpUT 00
NnofnyyYeHN M3Ha4vanbHO OKCUAA KPEMHUSI C BbICOKOW MOPUCTOCTbIO, KOTOpasli ucyesaeT nocpencTBOM
OKVCNEHMS Ha BO3ayXe, AalNbHENLIME N3MEHEHNSI CBOWCTB MIIEHOK CO BPEMEHEM He 0GHapyXXeHo.
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PucyHok 1 — 3aBUCUMOCTM TOMNLWMHBI U MOKasaTens NpernomMreHns OKCMaa KPEMHUS OT COOTHOLLEHUS CMECK
razoB Ar+TEOS/Ar npyn ANUTENBHOCTU OCAXAEHUSA 2 MUHYTbI

CrnucoK ucnosb308aHHbIX UCIMOYHUKOS:
1. Kakiuchi, H. Low refractive index silicon oxide coatings at room temperature using atmospheric-pressure very high-frequency
plasma / H. Kakiuchi ¥, H. Ohmi, Y. Yamaguchi, K. Nakamura, K. Yasutake // Thin Solid Films 519 (2010) 235-239.
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OLIEHKA NPO®UNA BbIPABOTKU MULLEHU MATHETPOHHOW
PACMNbUTUTENIbBHOU CUCTEMbI METOJOM MOHTE-KAPJ1O

Benopycckuli 2ocydapcmeeHHbIl yHuU8epcumem UHopMamuku U paduo3rieKmpOHUKU
2. MuHck, Pecnybnuka benapycb

Lllekenesckutli B.B., 6e3dHukos M.C.

Komoe [].A. — kaHO. mexH. Hayk, doueHm

B paboTe npeactaBneHa MeToAMKa OLEHKM reoMeTpuu npoduns 30HbI 3PO3UKM MULLEHW WCXOAA W3 onpeaeneHus
NPOCTPaHCTBEHHOTO PacnpefeneHunsi ANEKTPOHOB Haf MOBEPXHOCTLIO MULLEHU MeToaoM MoHTe-Kapno yactuu,.

CoBpeMeHHasi NMPOMbILLSIEHHOCTL B NPOU3BOACTBE M3AENUA MUKPO-, HAHO- N OMNTOJINEKTPOHUKN MpU
HaAHECEHNN TOHKOMMEHOYHbIX TMOKPbITUMA 4allle BCEro MCronb3yeT MarHeTpoHHOe pacnbineHune. W3-3a
pacnpocTpaHeHHOCTM 3TOro MeToda B HaCTosllee BpeMsi SBNSIETCA akTyallbHbiM paspaboTka MeToauk
onpegeneHns  paBHOMEPHOCTM  (POPMMPYEMOro  MOKPbITUSA, OMs  KOTOpPbIX  Heobxoaumo  3HaTb
reoMeTpu4ecKkne napameTpbl 30HbI pacnbiIEHMS.

MarHeTpoHHOEe pacnbinuTensHoe YCTPOUCTBO COCTOUT U3 ANEKTPUYECKON, MarHUTHOMW, OXIaxaatoLLen,
rasopacnpegenutensHon cuctem. Cuctema 9neKTpPOAOB HyXXHA AN CO34aHUA Pas3HOCTU MNOTEHLMAaroB,
MarHuTHasi — Onsg Cco3daHusl MarHUTHOW FOBYLUKW, OXnaxpawwasa — Ans NpeaoTBpalleHus neperpesa
MarHMTHOM CUCTEMbI U APYrMX 3NIEMEHTOB KOHCTPYKLUWUW, rasopacnpegenutenbHasa — ang nogadyn paboyero
BELLECTBa B pa3psiAHON 30HE.

Jlokanuszaumss nnasmbl Yy MNOBEPXHOCTM MULLEHW C MOMOLLbIO MAarHUTHOM IOBYLUKW 3aBUCUT OT
KOHGUrypauum MarHMTHOro nonsi cuctembl marHuToB [1]. [Ana onpeaeneHust Npoduns 30Hbl 3p03MK MULLEHN
HeobxoauMOo 3HaTb NPOodUNb pacnpeaeneHns NIOTHOCTU MOHHOIO TOKa, KOTOPbIA 3aBUCUT OT KOHdUrypauum
MarHMTHOroO 1 3NEKTPUYECKOro nosien n gaeneHns B kamepe. Npodunb 30HbI 3p03MKM MOXHO paccyuTaTb Mo

dopmyne

VARTRYATS L o

eN pP;

raoe (Y;)— cpegHsis no aHepreTudeckoMy crniekTpy Oe3pasmepHasi BenuuvMHa koadhduumeHTa
pacnbineHs martepuana MueHn (3deKTUBHbIN KOIMULMEHT pacnbineHns) Ha paauyce r, j; (1)
— NMIOTHOCTb MOHHOTO TOKa Ha4 MULLEHbIO Ha paguyce r, A/lcM?, A; — aTOMHasi Macca pacrnblSeMoro
martepuana, r’/monb, p; — NNOTHOCTb MaTepuana, r/cm? [2].

KnioyeBblM 3TanoB npu pacyeTe nNpodunsa 30Hbl 3PO3UN MULLEHM SABMSETCH HaxoxaeHue
npodmns pacnpegeneHus nnoTHOCTU MOHHOTO TOKa, KOTOPbIA MOXHO OLEHWUTb WCXods U3
NMPOCTPAHCTBEHHOIO pacnpeferneHnss dneKTPOHOB Had MOBEPXHOCTbI0 MueHu meTogoMm MoHTe-
Kapno. [Ons aTtoro HeobGXxoAMMO pelunTb YypaBHEHUE [OBWKEHWS 3MNEeKTpoHa B MarHUTHOM W
3MeKTpU4YecKkoM Nondax no cnegyLlen opmyne

m-é:q(Vx§)+q-I§ @

rae m — Macca 4acTuubl, Kr, a — yckopeHue, M/c?, g — 3apsig, Kn, v — ckopocTb, M/C, B — MHOYKLUS
MarHUTHoro nons, Tn, E — HanpshKeHHOCTb 3rekTpu4eckoro nons, B/m.

OTO ypaBHeHue gBnsieTcs AvddepeHLManbHbIM YpaBHEHWEM BTOpPOro nopsgka, ans
peLleHns KOTOpOro B [eKapToBbIX koopAuHaTax Heobxoaumo pas3duTb Ha cucTemMy K3 Tpex
YpaBHEHUN ANsi HAXOXOEHMS MPOEKLMN BEKTOPA CKOPOCTN Ha KaXKAyHo U3 OCen

Ons npumepa Ha pucyHke 1 MokaszaHa TPaeKkTopusl OBWKEHWUS! 3NIEKTPOHOB B MarHUTHOM
NOBYLLUKE NSIAHAapHOr0 MarHeTpPOHa, pacCyYUTaHHasi C MOMOLLbLIO sidblka nporpammMmupoBanHust Phyton
3.8 ¢ ucnone3oBaHnem 6ubnmotek SciPy, Matplotlib, Magpylib, Numpy. Pac4yeTbl npoBoasTca ans
3MEKTPOHOB, PABHOMEPHO pacnpeferieHHbIX Hag MOBEPXHOCTbD MULLIEHM M CO  CryYalHbIMU
HayanbHbIMW CKOPOCTSIMU, fexawmmu B uHTepBane oT 16 3B go 300 sB, uto obycnaenuBaetcs
HeobXOOMMOCTBIO HaNUunsi 3NEKTPOHOB C SHEPrMen Bbille SHEPrunm UOHM3aLumMu aproHa. BepxHsas
rpaHuua obycnaBnvMBaeTCcs TeM, 4YTO SJIEKTPOHbl C BbICOKOW 3HEpruer He 3agepXuBarTcsl B
MarHUTHOW FIOBYLLKE 1 OKa3bIBalOT criaboe BNUAHME Ha NPOLLECCHI MOHU3aLMN.

[na onpegeneHus pacnpeneneHns 3neKTpoHOB B 00nacTn Hag NMOBEPXHOCTbIO MULLIEHW OIS
Kakgoro MoMeHTa BpeMeHn obnacTb pacyeTa pasbuBanacb Ha ob6beMbl OAMHAKOBOrO pasmepa, B
KOTOpbIX BeNicsl NnoacyeT 3MekTPOHOB, BXoAswWMX B Hero. [anee Gpanocb ceveHue, npoxogsiiee
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yepe3 OCb MarHUTHOW CUCTEMbI, 1 ANEKTPOHbI, BXoadALlne B obbembl, nepecekawLimne nrocKoCTb
ceYyeHund, CyMmmMmmnpoBanmncb BOOJb U Nonepek NnoBepxHOCTU MULLEHN.

2 My

PVIC)/HOK 1- ﬂpVIMepr TPpaeKTopun OBMXXeHNA 3NeKTpoHa B MarHuTHON JI0BYLLKE niiaHapHOro marHeTpoHa
aonameTpom 80 mm gnsa pPa3HbIX Ha4allbHbIX KOOpAUHAT

Mpumepbl pacyeTa pacnpegeneHnsi 3NeKTPOHOB B MIIOCKOCTSX, NPOXOASALWNX Yyepe3 OCb Z U
OCb X, NOKa3aHbl Ha pUCyHKe 3.5 N pUCyHke 2.

3500

2500 soo

o 2000 3
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1000 200

o
w

-30 -20 -10 [ 10 20 0 o 15 20 25 o 3
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PucyHok 2 — PaccuntaHHbIi Npodhunb KOHLEHTpaLuum 3NeKTpPOHOB NPy CYMMUPOBaHUN BAOMb Z N X
COOTBETCTBEHHO

PesynbTtat BblMMCNEHUS OaeT BblPaXEHHbIE MakCUMyMbl U MWHMMYMbI, Habnwgarowmecs
aKkcnepumeHTanbHo. [locrne onpegeneHHoOro KonuMyecTBa pacCYMTaHHbIX TPAEKTOPUM KapTuHa
pacnpegeneHnss nepecraet W3MEHATCH, 4YTO TOBOPUT O HeulenecoobpasHOCTU AanbHEnLmnX
pacyeToB.

CnenyeT 3amMeTuTb, YTO pacCYMTaHHbLIA NPOdUb ONUCLIBAET NULIbL KayeCTBEHHOEe, a He
KONMMYeCcTBEHHOE pacnpeferieHne, KoTopoe 3aBMCUT OT 4Yucia TEeCTOBbIX YacTul, KONMYECTBO
KOTOpbIX B MPOBOAUMbIX pacyeTax 6bino ot 12000 go 100000.

Ons onpegeneHys MNOTHOCTM WMOHHOTO TOKA Hah MOBEPXHOCTbID MMLLUEHU MCMONb3yeTcs
annpokcMMaunsi NOofy4YeHHOro paHee npodmns pacnpefeneHus 3nekTpoHoB. B Hawem crniyyvae
KpvBas pacnpeferneHus nrioTHOCTU ToKa paspsga annpoKkcumupoBanacb C  MUCMNONb30BaHWEM
rayccoBoro pacnpegenenuda. lNpyv gaHHOM MeToge MOAENMPOBaHWSA Npodunb pacnpeneneHuns
NAOTHOCTU MOHHOMO TOKA B 30HE pa3psifia 3a4aeTcsl aHanMTUYEeCKM C MOMOLLbI0 (hopMyIbl

o

”(ernax_Rr%in) Ojof(ri)dri (3)
0

rae Rpin — MUHMMAanNbHBIA 30HbI 3PO3UM MULLEHWU, M, R,,,, — MakcUMarbHbIi pagnyc 30Hbl 3p03um
MULLIEHU, M,
f(r)) — dyHKUMA pacnpeneneHusi, NomnyyYeHHas nyTemM annpoKCUMMUPOBAaHWUA pacyeTHoro npoduns
KOHLEHTPaLMMN 3NEKTPOHOB.

B Hawem cnyyae ucnonb3yetca moaynb 6GubnuoTtekn SciPy ana annpokcumauuy ToYeuHbIX
KpVBBIX, NOMyYeHHbIX NpU pacyeTe Npoduns pacnpeneneHns aNeKTPoHOB, 3aAaHHON yHKLMEN.
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Takum obpasom npuBegeH MeTod pacyeTa npoduna 30HblI 3pPO3MM  MULLIEHM UCXOAs U3
NPOCTPaHCTBEHHOIO pacnpeaeneHns afeKTPOHOB HaL MOBEPXHOCTbIO MULLEHW, PpacCYMTLIBAEMOro METOA0M
Monte-Carlo.

Cnncok MCronb30BaHHbIX MCTOYHUKOB!

1. OanunuH, B6.C. MarHeTpoHHble pacnbinutenbHble cuctemsl / 5.C. JanunuH, B.K. CbipumH — M.: Pagmo 1 cesasb, 1982. - 72c.
2. F'onocos, A.A., MenbHukos, C.H., Kyngac C.IM., ocTaHko A.. // Mpobnembl puramnkn, MaTtemaTvkn U TeXHUKN. — T. 2. —
3.-2010. - C. 62-67.

MOOENMMPOBAHUE KAPTUH ANPPAKLUU BbICTPbIX JIEKTPOHOB
2D CTPYKTYP

Bozoma3zos H.C.:, cmydeHm 2p.740301

Benopycckuli eocydapcmeeHHbill yHugepcumem UH@OoOpMamuKu U paduo3/ieKMpPOHUKUL
2. MuHck, Pecnybniuka benapycb

Komuccapos U.B. — kaHO. ¢pu3.-mam. HayK

B pabote npeacTaBneH anroputM CUMyNAUMKM ANAPaKLUMOHHBIX KApTUH BbICTPbIX OTPAKEHHbIX 3NEKTPOHOB MOCPEACTBOM A3blka
nporpaMMupoBaHmns JS, a Takke noryyYyeHve AaHHbIX AN AanbHenen o6paboTkm u nx aHanmsa.

OpHUM 13 NepcrnekTUBHbBIX HaMpPaBneHNN Ana NPUNOXeHnn rpadeHa ABnseTcs NCNonb30BaHMe ero B
KayectBe OydpepHoro crnos Ha amopdHbIX NOANOXKAX ANSA ANUTAKCMANbHOIO pocTa NIIEHOK LUMPOKO30HHbIX
HUTPUOHBIX MOMYNPOBOAHUKOB. B CBA3M C 3TMM CTaAHOBUTCS aKTyanbHOW npobriema KOHTPONs KayecTBa
KpucTannuyHocTn OydepHoro cnos rpadpeHa, Kak 3afalollero KavyecTBO 3nuUTakcuarbHOW  MIEHKU
OCaXXOEHHOWN Ha HeM.

Llenbto moen paboTbl sBnsieTca paspaboTka anroputma CUMynauum AnpakLMOHHBLIX KapTUH
ObICTPbIX OTPAXEHHbIX 3MEKTPOHOB ANS OBYXMEPHbIX CTPYKTYP, Takmx Kak rpadpeH. Cumynauus yuutbiBaeT
nepexopn B 06paTtHOe NPOCTPAHCTBO M BXOAHbIE NapameTpbl, Takue Kak:

— 3HEPrus ANeKTPOHOB MCTOYHUKA;

— pa3mep KpucTannuTa;

— YyBCTBUTENBHOCTbL Npnbopa;

— Yron nosopoTa NOAMOXKN.

Ha pucyHke 1 npeactaBneH npuMmep TUMMYHON OUAPAKLMOHHOW KapTuHbl (AMdpakTorpamMmbl)

uccregyemMoro rpadgpeHa. Huke onucaHo TeopeTudeckoe 060CHOBaHNE Takoro pesynbraTa.

PucyHok 1 — TunuyHas andpakrorpamma fpact)eHa nony4eHHas metogom RHEED

Ha pucyHke 2 npeacraBneHa npsiMas pelletka ¢ TPaHCMSLMOHHBIMU BEKTOpaMK a; U @, Ans rpadeHa
B ABYXMepHOM npocTpaHcTBe. 1o dopmynam nepexoga K obpaTHOMY MPOCTPAHCTBY MOXHO MONYyYUTb
TPaHCMSALUMOHHBIE BEKTOpa b; W b,, C MUCMONb30BaHMEM KOTOPbIX Bbina NMocTpoeHa AByMepHas obpaTHast
peleTka rpadeHa (CMm. pucyHok 3).
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a=V3r =246 pm

PucyHok 2 — MNpamas pelleTka rpadeHa
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PucyHok 3 — ObpaTHas pelueTka rpadeHa

MeTton RHEED peanusyeTcs criegytolmm o6pa3om. B ycTaHOBKy, COCTOSILLYIO U3 SNEKTPOHHOMN MYLLKM
(MCTOYHMKa 3MEKTPOHOB C 3adaHHoW 3Hepruen), Oepxatens obpasua v geTektopa (CM. PUCYHOK 5)
nomellaeTcs obpasel Ha AepxaTtenb. [lanee noj CKONMb3SILMM YITIOM HanpaBnseTcsl 3MEeKTPOHHbIN fyd, B
pesynbTaTe B3aVMOAEWCTBUS KOTOPOro C 06pasuoM Ha AEeTeKTop NPUXOAST AudparupoBaHHble y4ym
OTpaXXeHHbIX 3NEKTPOHOB.

Detector/CCD

Electron Gun

Sample Holder
PucyHok 5 — YnpouleHHas cxema yctaHoBku RHEED

CornacHo [2] ycrioBnem andpakunm aBnaeTcs HaxoxaeHue Todek (NpoBOAOB B TPEXMEPHOM criyyae)
0obpaTHOro NpoCTpaHCTBa Ha NOBEPXHOCTU (BHYTPU) cdepbl IBanbaa. Npu BbINOMHEHUM 3TUX YCNOBUA Ha
aetekTope 6yayT HabnaaTbCs NOMOCHI.

AsTopamun paboTbl [3] ObIn NpeanoxeH MeToh aHanu3a AUPPakUMOHHbBIX AaHHbIX, MPU KOTOPOM
CTPOUTCS  3aBUCUMOCTb WHTEHCMBHOCTU  Audpakumm (SpKOCTU  (priyOpecLeHTHOro 3KkpaHa BAOfMb
BblAENIEHHON TONCTON NYHKTUPHOW NNHMKN, CM. PUCYHOK 1) OT asMmyTanbHOro yrna.

HaHHbI MeTod MOMy4YMn HasBaHWe a3umyTanbHOW AudpakumMm GbICTPbIX OTPAXEHHbLIX 3NEKTPOHOB
(AOBO3, ARHEED). Ha pucyHke 6 npefacTaBrneH MOMyYeHHbIN MHOK B pedynbrate obpaboTtkm RHEED-
AaHHbix ARHEED-kapTvHa gns rpadeHa, npefcrtaensiollas cobon ero obpaTtHoe MpocTpaHCTBO (yron
COOTBETCTBYET a3nMyTanbHOMY yriy noBopoTa obpasua).

CornacHo pucyHky 6 uccriegyembli rpaceH cocTouT M3 ABYX (pakuUuii KpUCTanmMToB, NOBEPHYThIX
ApYyr oTHocuTenbHO apyra Ha 30°.
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k(A1)

PucyHok 6 — KaptnHa AJBO3 6ydepHoro cnos rpacdeHa

[Ona pacyeta n ganbHeWWwero NOCTPOeHMs Moaenn obpaTHOro NPoOCTpaHCTBa U MOLENUMPOBaHMS
OudpaktorpamMmmbl B pasdpaboTaHHOMW MHOKO NporpaMme BBOAATCS UCXOAHbIE AaHHbIE O CTPYKTYype.

OHeprus anekTpoHoB (B 3B) ncnonb3yeTtcs Ansa pacyeta paguyca cdepbl OBanbga no dpopmyne:
k=0512VEA™" rpe 1)
E — sHeprvs anekTpoHOB, BblpaxeHHas B 3B

TpaHcnsAuMoHHbIE BEKTopa obpaTHo pelweTky (b) BbipaxatoTcst crieayoLlmmM o6pasom:

2 1 2 2
bj=—|—,-10 bi|=——
=R () mi=Tg
2 1 2r 2
bzz—(—,l,O) bs| = ——
e \ 3 [bs| P~ @

a; :a(\/§/2,—1/2,0) la;| = a = 2.46A
as=a (\/é/z, 1/2,0) |ag| = a = 2.46A -

Pagwnyc “kpyxkoB” 3ajaetcs Ans yyeTa YyBCTBUTENbHOCTU Npubopa u KOHEeYHOCTU KpucTanna, u3-3a
Yyero Touka pelleTka bpaBa B 06paTHOM NPOCTPaHCTBE MMEET KOHEYHble pa3Mepbl.

C nomolbi0 paccyMTaHHbIX AaHHbIX, 3adaBaeMblX Afl aHanusa ofpedernieHHbIX COCTOSHWUA
KpUCTanmnuyeckon pelleTkn rpadpeHa, KOMNAeKkc nporpaMMbl co3gaeT obpaTHyl pelieTky C AanbHenwvMm
MaTemaTU4ecKMM pacyeTom napamMeTpoB, HEOBX0AMMbIX ANs NOCTPOEHMSA AndpakTorpaMmmbl.

PaboTy gaHHOro aTana nporpaMmmbl MOXHO pa3gennTb Ha HECKOSbKO 3TanoB:

6. lNMocTpoeHne ocen No x (Mcnonb3yeTcs Kak npubnmxkeHne cdpepbl IBanbga BBMay ee BonbLmnx

pa3mMepoB MO CPABHEHMIO C U3y4aemMon 06iacTbio) n'y.
7. lMocTtpoeHune ciepbl ABanbaa ¢ ynpolieHmem 4o Mmogenu “kpyra Osanbaa’.
8. locTpoeHune rekcaroHanbHOW obpaTHOW peLueTky rpadeHa.
9. Pac4yeT conprKoCHOBEHMS “KPY>KKOB” CO cchepon ABanbaa. BrrovaeT okpalumBaHue nx KOHTYpOB
B KpacHbIi LBeT, MX “nyctoe” 3amnofiHeHWe M nogyepkvBaHue Touvek nepeceyeHnsa ans Gonee
TOYHOW HACTPOWKN NpOrpamMmel.

10.MNepepaya AaHHbIX, NOMYYEHHbIX MPWU 3Tane 4 B KOA NporpaMmbl, co3darowmin gndpakrorpammy
ANna AaHHON obpaTHOW peLleTky 1 yrna.

Pe3yanaT BbIMNOSIHEHNSA OAHHOM YacTun nporpamMmmsbl |/|306pa>KeH Ha PUCYHKe 7.
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PucyHok 7 — OGnacTb 06paTHOW peLleTku, MOCTPOeHHas Nporpammoii

lMocne nony4YyeHus pJaHHbIX MNepeceveHust  “KpyKkoB” co cdpepon OBanbda BblMUCASOTCSA
TPaHCMAUMOHHbIE BEKTOpa AN MOCTPOeHUs AudpakTorpammbl, KOTOpble 3aTeM BHOCATCH B MaccwuBs,
copepxallmn AaHHble JaHHOW AndpakTorpammbl Ans KOHKPETHOrOo yrna.
PesynbTatbl 4aHHOW paboThl:
- na3paboTaH anroputT™M CMMynauMn AndpakumMoHHbIX kKapTuH BO3 Ha 2D-cTpykTypax bpass;
- MOCTPOEHbI kKapTuHbl BOD ANng pasHbIX pasMepoB KpUCTannmTa u SHEPrnA SNEKTPOHOB;

Cnucok ucnosib308aHHbIX UCMOYHUKO8:

1.Borisenko D. P. et al. Plasma assisted-MBE of GaN and AIN on graphene buffer layers //Japanese Journal of Applied
Physics. — 2019. — T. 58. — Ne. SC. — C. SC1046.

2.Xiang Y. et al. Reflection high-energy electron diffraction measurements of reciprocal space structure of 2D materials
/INanotechnology. — 2016. — T. 27. — Ne. 48. — C. 485703.

3.Lu Z. et al. Revealing the crystalline integrity of wafer-scale graphene on SiO2/Si: an azimuthal RHEED approach //ACS
applied materials & interfaces. — 2017. — T. 9. — Ne. 27. — C. 23081-23091.

4.Murdock A. T. et al. Controlling the orientation, edge geometry, and thickness of chemical vapor deposition graphene //ACS
nano. —2013. - T. 7. — Ne. 2. — C. 1351-1359.

®OPMUPOBAHUE MACCUBOB HAHOMNPOBOOOB NEPEMEHHON
MOP®OJIOIMMHN

Kacamkun M. B., ®edoceHko B. C.

Benopycckuli 2ocydapcmeeHHbIl yHUgepcumem UHGopMamuku U paduos1eKmpoHUKU
2. MuHck, Pecnybniuka benapych

lopox I'. I'. — kaHO. mexH. HayK

B xone npoBeaeHus uccnefoBaHus NPOBEPeEHa BO3MOXHOCTL Nepexoaa Mexay pasHbiMy AMaMeTpaMu NMop aHOOHOro oKcuaa arntoMUHUS
(AOA) B npouecce pocta nneHkn AOA. OtpaboTaHa MeToouka CO3[aHus Mepexoda Mexay pasHbiMvi avameTpamu. CosgaHbl U
uccnenoBaHbl NneHkn AOA ¢ nepeMeHHbIM AuaMeTpoM nop. BbisiBNeH HeJocTaTok nepexoaa ¢ MeHbLUEro AnameTpa nop Ha Gonbluni n
npeanonoXeH MexaHnam ero paboThbl.

Mockonbky AOA MMelT XOpOoLWOo YMNOPSAOYEHHYI0 HaHOPa3MEpPHYI0 CTPYKTYPY W OTHOCUTENbHO
NpOCTbI B U3roTOBMNEHUN, cdhepa UX NPUMEHEHUSI KacaeTcst GONbLIOro KonMyecTBa Hay4HbIX 06racTemn, Takmx
Kak: LWwabnoHbl AN M3roTOBMEHMS HAHOTPYOOK wnM HaHOMpPOBOAOB, MeMOpaHHas dwunbTpauusa c
nocriegymoulen yHKUMoHanm3aLumen, n3roToBrneHne MarHUTHbIX HaHOMaTepManoB N ONTUYECKUX YCTPOUCTB
M Tak ganee.

BBuay TOro, YtTo Ha HaAHOYPOBHE AEWCTBYIOT KBAHTOBbLIE 3aKOHLI, 060E M3MEHEHNEe B COCTaBe UMK
reomeTpum HaHOOOBbEKTA MOXET NPUBECTU K KapAWHarbHOMY M3MEHEHUK (OU3NYECKMX U XUMUYECKMX
CBOWCTB BCEW CTPYKTYpbl. TO cO3aeT NOTPeBGHOCTL B pa3paboTke Donee CroXHbIX CTPYKTYP (HAHOTPYOKu n
HaHOMpPOBOAA C pasHbIMX OUamMeTpamMu Ha Pa3HOW BbLICOTE), ANsl Yero Heobxo4MMOo yrpaBnATb reoMeTpuen
HaHorop AOA B npouecce Co3aaHus NEeHKN OKCMaa antoMUHUS.

MneHkn AOA c BeTBAWMMUCA MNOpaMU MOTYT MCMOMb30BaTbCA B KayecTBe LWaAGMoOHOB Ans
dopMMpoBaHUS yrnepoaHbiX HAHOTPYOOK [1] N MeTanIMYeckux HAHOHUTEN C BETBINEHNEM.

B xoge npoBeneHns nabopaTopHbIX ONbITOB cO3aaHbl 06pas3upbl ¢ 60MbLION U Manow pasHuLen Mexay
anameTpamy nop. Tak kak COM-n3obpaxeHusi BTOporo obpasua HepernpeseHTaTMBHbIE (HA HUX MOYTK
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HEBO3MOXXHO OTMMYUTbL CMOW C pasHbIM AMaMEeTPOM), paccMOTpum obpasel, ¢ 6OMbLION pasHULEN MexXay
anametpamu nop, COM-n3o6pakeHunst KOTOPOro NpeAcTaBreHbl Ha pUCyHKe 1.

W

15.0kV x3.00k SE(U) 156.0kV x10.0k SE(U)

PucyHok 1 — COM-u3obpaxeHus cevenms AOA c nepeMeHHbIM AnameTpoMm nop (cneea) n nepexofa ¢ 6onbluero
AvameTpa Ha MeHbLUWIA (cnpaBa)

AHogupoBancsa obpasel, antoMuHUMSA HeBbiCOKOM 4umcToTbl (99,9 %). CosgaBanuchk 4eTbipe Crosi
rnybuHo no 5 mkM 6e3 yyeTa TonwuHbl nepexodoB. [OuameTp nop, Kak U Apyrme reomerpuyeckue
napameTpbl NMop, onpefenseTcs HanpsbkeHWeM aHOAMPOBaHWS, KOTOPOE W perynupoBarnock B npolecce
BolpawmBaHusa cnost AOA. Tak Kak oauWH 3MNeKTponuT NOAXOAWUT ANS aHOAMPOBAHWS B Y3KOM AMana3oHe
HanpshKeHUN, TO ANA pa3HbIX CIOEB U3roTaBMMBaNMCb OTAEMbHbIE ANEKTPONUTLI, KOTOPbIE 3aMEHANNCH Ha
nepexogax Mexay cnosimu. B pesynbtate peanusoBaHbl nepexoasl mexay 212 B (BuHHas kucnota 0,6 M) n
150 B (opTtodhocdopHas kucnota 1 %).

KnHeTuka aHognpoBaHusa obpasua npeactaBneHa Ha pucyHkax 2 u 3. lNepsbiv 1 TpeTui cnow (212 B)
dhopmupoBanuck Npu MOCTOsIHHOM Toke (6 MA/cM?), a BTopon M 4etBepTbin (150 B) mpu noctosiHHOM
HanpsbkeHuu. Mepexoabl ¢ 6onbliero anameTpa Ha MeHbLMIA (bopMmpoBanuch criegyowimm obpasom. Tok
orpaHuuymBancs go 1 MA/cM?, BCNEeACTBME 4Yero HanpsbkeHWe MiaBHO YMEHbLUAanocb A0 CTauMoHapHOro
3Ha4YeHns AN COOTBETCTBYIOLLEN NMOTHOCTM Toka (BMHHas kucnota 0,6 M), mpumepHo go 193 B (cwm.
pUCyHOK 3, nepBasi MONOBMHA MEPBOro M TpeTbero nepexonos). [locne aToro npouecc ocTaHaBnMBarcs,
3NEKTPONNTLI 3aMEHSNNCL, OrPaHNUYeEHME MO TOKY CHOBA BbICTaBMsANock 6 MA/cM?, npouecc BO306HOBSSCS,
HO HanpshkeHue cHavyana nogHumanocb [0 npegbigywero ypoeHs (193 B), a 3aTteM ymeHbLIAnocb u
yCTaHaBMNMBasnocCh Ha ypoOBHE CTaLMOHAPHOTO HaNpsKeHWs BTOPOro arekTponuTa (optodocdopHas knucnorta
1 %), 8o 150 B. MNepexoq ¢ MeHbllero gMameTpa Ha OomnbLIMA hopMMpPOBaArCA NPOCTO 3aMEHOW BTOPOro
3NeKTponnTa Ha nepebii B camoM Havane nepexoga. MNpu 3Tom cTosn npegen no Toky 6 MA/CM?2, HO Tak Kak
CTauuoHapHOe HanpsbkeHwe AN MepBOro 3fekTponuTa Bbille, TO MPU MOCTOSHHOM TOKE HarnpshkeHue

NnocTeneHHo caMo NOAHMMAroCh A0 CBOEN HOPMbI.
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PucyHok 2 — KuHeTuka Toka B npouecce dopmmnpoBaHusi AOA ¢ pasHbiM AnameTpom nop
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PucyHok 3 — KuHeTuka HanpsikeHusi B npouecce dpopmmpoBarmsa AOA ¢ pasHbiM AnaMeTpom rnop

C3OM-u3obpaxeHus obpasua nokasanu, 4Tto nNpu nepexoge ¢ 6Gonbwero anameTpa Ha
MEHbLUMI YacTb MOp NPOAOIKaeT pacTy Kak U paHblle, HO CyXasiCb, a YacTb pa3BeTBNSETCS (CM.
pucyHok 1 (cnpaBa)). A npy nepexoge ¢ MeHbLUEro AnameTpa Ha OomnbLUMIA YacTb MOP NPoAoKaeT
pacTu, paclWVpUBLUMCE, @ YacTb MEPEeCcTaeT pacTu (3aKynopuBaeTCsi) Ha NPOW3BOSbHOW TnyOuHe.
lMocnegHUn MOMEHT CUIbHO BPEAWUT OCaXKOEHWIO METASIOB B MOPbI C pasHbIM AnamMeTpom [2], Tak
KaKk npu ocaxgeHuu Mopbl OOSMKHbI OblTb OTKPbITbI, YTOObLI C OAHOM M3 CTOPOH MOXHO ObINo
chopMmpoBaTb KOHTAKT, K KOTOpomy OyayT AOBMratbCs MOHbI OCaXdaemoro marepuana, 4to
obecneunBaeT BbICOKOE 3anofniHeHue nop. Takoe nosegeHne nop MOXHO OO bACHUTL TEM, YTO MeXaY
nopamu CyLLeCcTByeT ropuM3oHTanbHas pasHOCTb NOTeHUManoB, OTTankvMeawowas ux gpyr ot gpyra
(koTOpas n cTpemMuTcs pacnpedennuTb Nopbl B paBHOYyAAneHHbIe WwecTurpaHHukn). MNpu nepexoge Ha
Oonbllee HanpskeHWe Mopbl, KOTOpble paHblle Hayanu paclumpsATbCs, CBOMM TOPU3OHTaNbHbLIM
nonemM MpensiTCTBYIOT POCTY CBUX COCedew, BCNEACTBME YEro Te CO BpeMEHeEM MnepecTatT pacTu.
Bo3MOXHO 3TO 1 NpenATCTBYEeT 00 bEeAUHEHUIO MOP, HO 3Ta rMnoTe3a elle OyaeT NpoBepATbCS, Koraa
3KCMEepMMEHT JonaeT OO0 cTaanvm OpMMPOBaHUSA MacCUBOB HAHOMPOBOAOB.

HaHHasi paboTa BbINnonHeHa B pamkax rpaHta MwuHuctepctBa obpasoBaHus PecnyGrnuvku
Benapyck Ha 2021 rog, ytBepxxaeHHoro Munmuctpom obpasoBanusa 17 dgepana 2021 roga (FbL, Ne
21-3172M).

ABTOpbI Takke BblpaxalwT 6narogapHocte [.B. XKurynuHy 3a npoBegeHue pacTpoBOM
3NEKTPOHHOW MUKPOCKONUM 06pasLoB.

Cnucok ucnosib308aHHbIX UCMOYHUKOE:

1. Synthesis of multi branched carbon nanotubes in porous anodic aluminum oxide template / Y.C.Sui [et al.] // Carbon, 2001. —
P. 1709-1715.

2. Understanding Pore Rearrangement during Mild to Hard Transition in Bilayered Porous Anodic Alumina Membranes / A.
Santos // ACS Appl. Mater. Interfaces 2011. — P. 1925-1932.

Y[K 537.523
OBPABOTKA MOBEPXHOCTU MONMMAMUIOA U NMONUKAPEOHATA
B NMIIA3ME ATMOC®EPHOIO JABNEHUS

HepessHko 3.I., cmydeHm, Akcroduy A. B., acriupaHm, 3anopoxdeHko FO. B., acrniupaHm.
Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGOpMamuku U paduo3/1eKmpoHUKU
2. MuHck, Pecniybniuka benapycb
Komoe [J.A. — kaHO. mexH. HayK
AHHOTaLlMﬂ. B ctatbe u3noxeHsbl pe3ynbTaTbl 3KCNepMeHTanbHbIX VICCﬂe,ElOBaHMIZ yrna cMadmBaHuA nNoBepxHOCTU nonnammaa
6 un I'IOJ'IIAKap6OHaTa B nnasme aTMOC(bepHOFO paspsana. B kauectBe pa6ot-|ero rasa ucnonb3oBarcA aproH. Yron cmaymBaHus

AUCTUNIIMPOBAHHON BOAOW OMpedensasncs MeTodoM nexawen kannu. OnucaH Xop NPOBEedeHUst JKCepUMEHTOB. [peactasrieHbi
pe3ynbTaTbl 06paboTky NOBEPXHOCTH NOMMMEPOB.

KnioueBble crioBa. Yron cMaynBaeMocTy, nonumep, obpaboTka, nnasma auanekTpuieckoro GapbepHoro paspsiga, aTMocgepHoe
[aBrneHue, MeToA Nexaluert kanmnm
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Monnamng 6 (MA 6) 1 nonukapboHaT NpeacTaBnsalT cCOOON OOBOMBHO pasHble MOMMMEpPbl C TOYKM
3peHNsa XMMUYECKOro cocTaBa M MexaHuyeckmx cBoucTB. OpHako oba nnactvka SBRSTCA LUMPOKO
NCNONb3yeMbIMU KOHCTPYKLUMOHHBIMWU MaTepuanamn bnarogaps COYETaHUI0 MEXaHUYECKUX U XUMWUYECKUX
CBOWCTB.

Monnamng 6 (kanponoH, MNMA-6) — nonumep, NPUMEHSIIOLLNNCA B aHTUPUKLMOHHBIX AeTansx un
KOHCTPYKUMOHHBIX anieMeHTax. [letanv n3 nonnammaa 6 oTNnyHO BbIAEPXKMBAIOT YAapHbIEe Harpysku,
OOMroBeyYHbl, MOryT pabotatb B y3nax TpeHus ©0e3 cmasku. lMonvamug 6 sBNSETCA XOpOLUMM
OV3NEKTPUKOM, MO MEXAHUYECKOW U TEMMOBOW CTOMKOCTM NPEBOCXOOUT U30NATOPbLI U3 MONMCTMPONa,
nonvBuHunxnopuga u 1.4. Bot yxe 30 netr nonuammg 6 ycnewHoO HaxOAWT MNPUMEHEHVE B
MaLLVNHOCTPOEHNMW, CYyOOCTPOEHNMU, SHEPreTHKE, B XMMUYECKON, HETSHON 1 LIeNnsono3Ho-6ymaXHoMn
NMPOMBbILLIIEHHOCTM.

Monunkap6oHaTt e OblBaeT ABYX BUOOB — COTOBbIA MU MOHOMUTHLIA. B gaHHOM cTaTtbe peyb
naeT 0 MOHONUTHOM nonukapboHaTe. 3a cYeT CBOMX CBOWCTB — KECTKOCTU M MPOYHOCTU - AaHHbIN
B/ MCMOMb3YHT B CTPOUTENLCTBE 34aHUA U COOPY>XEHWUW. [uweBas npoMbILWNEHHOCTb TakkKe He
MoOXeT obontucb 6e3 nonukapboHata. M3 Hero penawT nuweBble MMAEHKW, OOHOPA30BYHO
HebbloLyloca nocyay M CTonoBble MpuOOpPbl pasnMyHbIX LBETOB. Takke CTOUT OTMETUTb, YTO
OaHHBIN NNAaCTUK UCNONb3YIOT AN NPOU3BOACTBA COCYAOB M YNAKOBOK AN XPaAHEHUS MeOULMHCKUX
npenapaToB, 3yOHbIX NPOTE30B U AeTanen AN MeavuMHCKOro o6opyaoBaHus.

YuntbiBasd, 4TO B OOMbLUMHCTBE Cry4YaeB MONMMEpPbl COEAMHSAIOTCA C OPYTMMW KOHCTPYKTUBHBIMMU
3MfieMeHTaMn C NMOMOLLbIO CMeLMann3npoBaHHbIX KMNeeB, aAre3vmoHHble CBOWCTBA Takke MMeT Oonblioe
3HayeHue. AQreanm crnocobCTBYIOT Takme aKTopbl, KaK BbICOKAs MOBEPXHOCTHAs 3Heprus, xopolas
cMaumBaemocTb U Gonblias Mrowaab KOHTaKTUPYLWMX noBepxHocTen. OgHako nonumepbl OObIYHO
obnagalT NIoXMMM NOBEPXHOCTHBIMW CBOMCTBAMM, BKMOYAA HU3KYHD MOBEPXHOCTHYIO 3HEPIUIO U HUSKYIO
CMa4MBaeMOCTb U3-3a HegocTaTka NONAPHbIX rPynn Ha NOBEPXHOCTU. 10 3ToM NpuynHe GbINu NpPeanpUHATLI
MHOIOYMCIEHHBbIE NMOMBLITKN YIyYLWWTb NOBEPXHOCTHbIE CBOMCTBA NiiacTMacc.

OgHuM 13 MeTodoB yNydlleHWUs MOBEPXHOCTHbIX CBOWCTB SBNSeTcs nna3meHHas obpaboTtka.
lMnasmeHHas obpaboTka MOXeT NPOBOAUTLCH B BakKyyme unu npu atmocdepHom dasnexHumn. Pabota npu
aTMocepHOM AaBneHuM OaeT HEeCKONbKO MpenMyLLecTB: npoctoe obopyaoBaHue, Tak Kak He Tpebyetcs
BaKyyMHbIX Kamep, 3arpy3oyHbix Kamep Ans obpasuoB M BakyyMHbIX HacocoB; 06paboTKy MOXHO
00beaVHUTL C APYrMMM 3Tanamu npouecca, TakuMU Kak HaHeceHWe Kres Wiy pacnbifieHne MopoLLKa; npu
o6paboTke B aTMOCcepHOM AaBeHMM NOBEPXHOCTb Marepuana He NofaBepraeTcs BO34ENCTBUIO BTOPUYHBIX
ABMEHUN, BKIMoYasi MOHHY0 BoMGapaNpPOBKY, SNIEKTPOHHOE Bo:lsp,eﬁcmvne nT.Aa.

Tasosas 1py6Ka 1

CII0BBC Kaberit B

OM KOKYXE

W60
S TaGoparopiui
ccrews J wrames

Teneparop
XQI0HOI

UMb

PucyHok 1 — BHeLHWIN BMA 9KCNepMMEHTanbHOro Komnnekca

Komnnekc, ncnonb3yembiin ons nrnasMeHHon obpaboTkM NonvMMepoB, BKMAKYAET paspsgHyHo
CUCTEMY  KOaKCManbHOro Tuna, K KOTOpoW 4epe3 rmbkui kabenb-kaHan MOABOAMTCS
nnasmoobpasylollee BeELECTBO M MUTaloWee HanpskeHue Ans reHepauun AManekTpUYecKoro
GapbepHoro paspsifa, nabopaTopHbli WTaTMB ¢ obpabdaTbiBaeMon MOAMOXKOW ANsi pa3MeLLeHns
noBepxHOCTN obpabaTeiBaeMoro marepuana.

[na nccnegoBaHWs U3MEHEHUS TMaPOMUIbHBLIX CBOCTBA NonMamuaa 6 oT BpeMeHu ob6paboTku B
nrnasme aTMocdepHOro paspsaa Ucronb3oBanunch AeTanu KoprycoB CernbCKOX03ANCTBEHHbLIX NPUBOpPOB.
O6pas3Lbl 0OTMbIBaANM B M30NPONUIOBOM CNMPTE U cyLunnu nepes o6paboTkoin. Ha pucyHke 2 1 3 nokasaH
npowecc o6paboTkM NOBEPXHOCTHN NonMammnaa 6
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Yron cmaymsaHus, °
=N WS N
o O O O O O O

0 20 40 60 80

Bpems obpabotku, ¢

PucyHok 2 — O6paboTka noBepxHoCTH nonnamuaa 6 (1) B nnasme atmocdepHoro pa3psaga u 3aBucUMOCTb yrna
CMay4nBaHNs NMOBEPXHOCTU OT BpeMeHn o6paboTkm
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PucyHok 3 — O6paboTka noBepxHOCTU nonvamuaa 6 (2) B nnasme atMocdepHoro paspsga u 3aBUCUMOCTb yrna
CMayvBaHUs NOBEPXHOCTM OT BpemMeHn obpaboTkm

Ha nony4yeHHbix rpadumkax BugHo, 4To 3a 60 cekyHa obpaboTkm yron cmadmsaHusa y 06pasLoB
YMEHbLUUIICS B ABa pa3a. Takoe naMeHeHne 00bACHAETCA NpoLeccaMm OYUCTKU U akTUBaLMy MOBEPXHOCTH.
lMoHmwkeHWe yrna cmaudvMBaHusl nocrne obpaboTkum MOBEPXHOCTU NONMMaMMAOB B Mnasme aTtMocepHoro
paspsiia rotoBUT O TOM, YTO AaHHbIN MeTod MOXeT 3(h(PeKTMBHO UCNONMb30BaTLCA ANA MoaudUKaLmun
NMOBEPXHOCTM U AAHHOIO poda NofMMEPOB.

lMpoBogunocb wuccrefoBaHUe BNWUSHUS MMa3MEHHOro dakera Ha CMayvuBaeMOCTb MOBEPXHOCTU
nonvkapboHaTta oT BpemeHu obpaboTku (pucyHok 4). B kauecTBe uccnegyemMbix o6pasLoB MCNOMNb30BaUCh
NnacTvHbl KOPMycoB AeTanen MeavuuHckoro obopyaoBaHus. [MnacTvHy OTMbIBanu B M30MPONMUIIOBOM
cnupTe 1 cywnnu nepeg obpadoTkon. O6paboTka npoBogunack Ha rnagkon y4acTkax NoOBEPXHOCTY AeTanw.
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PucyHok 4 — O6paboTka noBepxHOCTU nonvkapboHaTa B nnasmMe aTMocepHoOro paspsaa v 3aBUCUMOCTb yria
CMayMBaHUA NMOBEPXHOCTU NONMMepa OT BpeMeHn o6paboTkm

[aHHble, nornyyeHHble Ha OCHOBE MNPOBEAEHHbIX SKCMEepUMEHTanbHbIX WUCCreAoBaHWA, MO3BONSAOT
caenaTtb BbIBOA, YTO nnasma aTtMocepHoro paspsaa noaxoAauT AfS OYUCTKU U akTUBauMU NOBEPXHOCTU
pasnMyHOro poda nnacrmacc. 3710 yHUBepcanbHbIn U 3PEKTUBHBIN UHCTPYMEHT AN YBENUYEeHUs agresvm
nosepxHocTn nonumepoB. Hanbonee addektneHoe Bpems 0bpaboTku cocTasnseT: y nonvamuga 6 3a 40
CeKyHA, Yron cmauvBaHus yMmeHbLWnca B 2 pasa, y nonvkapboHata 3a 30 ceKkyHg yron cmayvBaHus
yMmeHblumnca B 3 pa3. Takum obpasom, obpaboTka B nnasme AuaneKkTpuyeckoro GapbepHoro paspsga
cnocobeTtByeT ahheKTUBHOMY ynpaBneHuto rmapodunbHbIMU U rnapodobHbIMYM CBOMCTBaMU MOBEPXHOCTH
nonMMepoB.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:
1. Thomas M., Mittal K. L. (ed.). Atmospheric pressure plasma treatment of polymers: Relevance to adhesion. — John Wiley &
Sons, 2013.
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TENNOBbLIE AETEKTOPbI BOJIOMETPUYECKOIO TUMA

CadueHko B.B., YaH B. Y.

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa/1eKmpoHUKU
2. Munck, Pecnybnuka benapyck

JlosweHko U.FO. — cm. npenodasamernb kagh. MHO,
3ae. HNJ1 4.4 HWY BI'YUP

BornomeTpbl — 3TO MUHMATIOPHbIE PE3NCTMBHBIE AETEKTOPbl TeMnepaTypbl U TEPMUCTOPSI,
a TaKke gpyrve Tvnbl TemnepaTypodyBCTBMTENbHbIX PE3NCTOPOB, UCMOMb3yeMbIX B OCHOBHOM AN
N3MepeHns cpegHeKkBagpaTUYHbIX 3HAYEeHWN WHTEHCMBHOCTU OMEeKTPOMarHWTHbIX W3MyYeHui B
LUIMPOKOM CMeKTpanbHOM aunanasoHe oT cpegHero VK go mukposonHoBoro AnanasoHa [1]. O6nactu
NPUMEHEHWs Taknx OeTEeKTOPOoB BKMYaloT onpedeneHne UK-temnepatypbl, NOCTPOEHUE TEMNNOBbIX
06pa3oB, namepeHne nokarnbHbIX NOMEN NPU BbICOKOW MOLLHOCTU U3nyyYeHun, TectuposaHune CBY-
yctponcTs [2]. MpuHumn gencteusa Bcex 60nomMeTpoB OCHOBaH Ha PyHAAMeEHTanbHOM (Pr3nYeCcKoM
3aKOHe, CBA3bIBAKOLWEM BENUYMHY MOrMOWEHHOrO 3MEeKTPOMarHUTHOrO CurHana € paccevmBaemMon
MOLLHOCTbIO [3].

MogenvpoBaHne u co3fgaHWe TakMx YCTPOMCTB MOXET MNPeACTaBnsATb 3HauuTerbHble
TPYOHOCTW, Tak Kak HeobxoOMMO pelleHWe Lerioro KoMmsekca 3ajady maremaTtudeckon usnku
(nedbopmauun TBEpAOro TENa, TENIONPOBOAHOCTH, AN dY3NM, INEKTPOCTaTUKN, TMAPOSNHAMUKA 1
apyrux). Kpome TOro, mogenupoBaHue MUKPOYCTPOMCTB TpebyeT y4yeTa cakTtopoB, OObIYHO He
NPUHMMaeMbIX BO BHVMMaHWe Mpu aHanu3e YCTPOWCTB Ha MaKpOypOBHE: COMPOTUBIIEHMS BO34yxa
(unn cpedbl, B KOTOpoW ByaeT MCMOMb30BaHO YCTPOMNCTBO) U CUMbl TXECTU B 3NIEKTPOCTaTUYECKNX
YCTPOMCTBaX, NOBEPXHOCTHOIO HaTAXEHUS XXMAKOCTU B XKUAKOCTHbBIX YCTPONCTBAX.

0Ona onucaHns noBedeHUs MWKPOMEXAHMYECKMX YCTPONCTB MPUMEHSIIOTCA pasfnyHble
NMOAXOAbl: aHanuMTU4eckue, C MOMOLLLID noBedeHdYecknx mogenen (ROM), ¢ wncnomnb3oBaHuem
OVCKPETHON MOOENN HA OCHOBE KOHEYHbIX 311IEMEHTOB, COMEeTaHNe HECKOSTbKMX cnocoboB onncaHus.

YHuBepcanbHble NakeTbl KOHEYHOro 3MeMeHTHOro aHanusa, Takue, kak ANSYS, Algor,
Comsol Multiphysics (Femlab) n gpyrue, obecneuvBaloT pelleHMe OMUCaHHbIX Bbiwe 3agad.[4]
OfHVM 13 TakUX MHCTPYMEHTOB ABMSIETCA NporpaMMHbIA npodykt CoventorWare n ero pasnuyHble
moaynu. Mcnonb3ysa nporpammHbii mogynb CoventorWare MOXHO cosfgaTb onucaHue npubopHoU
CTPYKTYypbl, 3agaTb napaMeTpbl WCXOAHbIX MarepuanoB W  BbIMOMHUTb  MOAENMPOBaHue
3KCMIyaTauMoHHbIX XapakTepucTuk 6onometpa. OgHMM U3 BaxHbIX MapameTpoB Ans 6onometpa,
ABMAETCA YCTOMYMBOCTb K MEXaHUYECKUM HanpsHKEHUAM (BHYTPEHHUM U BHELHUM. [N oueHKu
MeXaHW4YeCKON MPOYHOCTU KOHCTPYKTUBHOTO pelueHns bonomeTtpa npoBeAeHO TepMoOMeXaHnyeckoe
MoAenupoBaHme KOHCOMbHbIX 6anok (pUCyHOK 1), BLIMOMHSAOLWMNX PONb NOABECA aKTUBHOW obnacTu.
Banka coctount n3 Tpéx cnoés: HWkHWMIA SisNa (cnon 1), NiCr (cnow 2), BepxHun SisNa (crion 3).
LLvpuHa 6ankn paBHa 1 MkM. banka onupaeTcs Ha antoMMHUEBYIO ONOpPY KBaapaTHoro cevenns (1x1
MKM) BblcoTon 3 MKM. [nvHa cdparmeHTa 6e3 onopbl — 15 MkM. [lna uccnegosaHus BblbpaHbl ABe
KOHCTPYKLMM, OTNnyaloLmecs gpyr ot gpyra TOMAWUHOW Cnoes: Ans cTpykTypbl Ne1 TonwuHbl cnoes
1-3 paBHbl 1 MkM, Ans cTpykTypbl Ne2 — 0,15 MKMm.

Si

a) 6)
PucyHok 1 — CtpykTtypbl Ne1 (a) n Ne2 (6) koHconbHOM Ganku
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TexHonornyeckun maplipyT OpMUPOBaHUS KOHCTPYKLMK Banok ycrnoBHO pasaenéH Ha 7
onepauuin: 3agaHve MNOAMNOXKMA (KPEMHWUA, TonwmMHa 4 MKM); oCaxaeHwe anioMUHUEBOW MMEHKU
(TonwmHa 3 MKM); ocaxaeHvne M TpaBfeHue B COOTBETCTBUM C TOMOSMOrMen TOHKMX MMAeHOK SisN4
(cnon 1 n 3) n NiCr (cnon 1); nogTpas antoMUHNEBON NINEHKW.

Hecdopmaums BO3HMKAET, Korga MexaHuyeckasi XKeCTKOCTb YCTPOMCTBa ypaBHOBELLMBAETCH
paspelleHNEM OCTaTOYHbIX HaMpsPKEHWA NPW  U3FOTOBMEHUW, a TakkKe MOBbILEHHbIMU
TemnepaTypamn, Wu3-3a KOTOpPbIX MNPOWCXOAWUT HEepaBHOMEPHOE W3MEHEHWE TeoMEeTPUYECKMX
pasMepoB CrOeB U3-3a pasHbiX KOI(MUUMEHTOB TEMMOBOrO paclIMpeHus matepuarnos.
Hedopmaumm KoHcomnbHbIX Ganok BAonb ocu 0Z (NNOCKOCTHOCTb) OLEHeHa C  MOMOLLbIO
TEPMOMEXAHWYECKOTO aHanuM3a B YCTaHOBMBLUEMCS pexume, Mpu  KOTOPOM  KOHCTPYKLMK
HarpeBatoTca go Temnepatypbl T = 300 K. NoBbiweHe TemnepaTypbl n3-3a nanyyeHus, [hxoynesa
HarpeBa, MpPOBOAMMOCTM W T. A. He yuuTbiBaeTcsa. B kayectBe TepmouHTepdenca (Touyka c
dukcuposaHHon TemnepaTtypon T =300 K) onpegeneHa anioMuHueBasa onopa. BHyTpeHHue
MexaHu4eckne HanpshkeHuss matepuanoB coctasnsaT ana SisNg 200 MMa, gna NiCr 1 [Ma.
PesynbTatbl MOgenvpoBaHua Ans yaobctea ceeneHbl B Tabnuuy 1.

Tabnuua 1 — Pe3ynbTathl TEpMOMEXaHMYECKOrO aHanusa

KoHcTpykumsa Net KoHcTpyKkumsa Ne2
Tennos
bes3 c be3 c on
yyeTa y4yeTom yyeTa y4yeToM noTok
MapameTp BHYTPEH BHYTPEH BHYTPEH BHYTPEH noToka
HUX HUX HUX HUX 2 HBT1/
HanpsK Hanpsx HanpsK HanpsK MKM?2 1
eHnn eHun eHnmn eHun T=37
3K
Oedopma
LU11 BOOMNb
ocu 0z
(nporn6) B
obnactu -8,75 5,0 5,3 11,6 33
cBoboaHor
O  KOHua
KOHCOIbHO
n 6anku,
HM
Oedopma
LU1n BOONb
ocu 0z
(nporn6) B
obnactu
3akpenneH 4,3 -3,1 0,5 -0,4 1,6
HOro
KOHLa
KOHCOIBHO
n 6anku,
HM

Mo pesynbTatam MOAENMPOBaHWS YCTAHOBIIEHO, YTO Hambonbluee OTKNOHeHWe no ocu Z
(noytn 12 HM) cooTBeTCTBYET KOHCTpykumm Ne2. T[loka3aHo, 4YTO MPOUCXOOUT WU3MEHEHUE
HanpaBneHus n3rnba c y4eToM BHYTPEHHUX MEXaHUYECKMUX HanpseHuin n 6e3 Hero.

[ns Gonee getanbHOrO pacCMOTPEHUS U BbISBIIEHUS 3aBUCMMOCTU BEMWUYMHBI OTKIIOHEHUS

4 Mo ocu Z OT BHYTPEHHUX MEXaHUYECKNX HanPsXXeHUn

# B MaTepuanax Obino nNpoBeAeHO MoAenvpoBaHue

o KoHcTpykuum Ne2 c  u3MeHeHMeM BHYTPEHHero

' MEeXaHM4YecKoro HanpsbkeHus B crosx SisN4 oT -200

g go 200 Mna c¢ warom B 10 Mna (ans NiCr

¢ MexaHuyeckoe HanpshkeHme coctasnset 1 [Tla).

/ PesynbTatbl MogenupoBaHus npeAcTaBneHbl Ha
f ra PUCYHKe 2.

g Habntopaetcsa nnHelnHas 3aBUCUMOCTb

~ BENUYUHBI OTKIIOHEHMSA KOHCOMbHOW 6ankn no ocu Z

o OT BHYTPEHHMX MEXaHW4YECKUX HarnpskeHWn B Crnosix

- SisN4a 1 NiCr. coBnagalwT ¢ TeOpeTU4ecKumu
. OaHHbIMU

PucyHok 2 - 3aBUCUMOCTE BEAWYWHEI OTKNOHEHWA NO
0CH Z 0T MEXaHWYECKUX HanpAxeHuid B Sizlg u NiCr




57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

Pacyetbl ¢ wucnonb3oBaHMeM nporpammHoro npoaykta CoventorWare npegnaratoT
BO3MOXHOCTb BbINOMHEHNA MYNbTUPUINHHOTO (MEXAUCUUNINHAPHOr0) aHanuM3a KOMMOHEHTOB
MUKPOJNEKTPOHMKN C Y4eTOM (aKTOpPOB, OKa3blBalOLWMX CyLIECTBEHHO BnusiHWE Ha paboTty
MMWKPOYCTPONCTB, MO3BOSISIIOLLErO MOBLICUTE TOMHOCTb PE3YrbTaTOB BbIYUCNEHNN, COKPATUTL CPOKU
1 n3bexartb oWMBOK NPy NPOEKTUPOBAHNN YCTPONCTB.
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OKCINEPUMEHTAIJIbHBIE UCCIIEOOBAHUA NAPAMETPOB
OMNMEPALMNOHHOIO YCUITUTENA OAMP2

ankur A.4.%2, Yexosckutl B.A.?

1Benopycckuli 2ocyGapcmeeHHbIl yHuUgepcumem UHGopMamuKu U paduoasieKmpoHUKU
2. MuHck, Pecnybnuka benapycb
2NHemumym si0epHbix rpobnem” benopycckoeo 2ocydapcmeeHHO20 yHUgepcumema
2. MuHck, Pecnybnuka benapycb
30AO “MuHckull Hay4Ho-uccredosamenbcKuli npubopocmpoumenbHbIl uHemumym”
2. MuHck, Pecnybnuka benapycb

[sopHukosg O.B.2 — 3.m.H., doueHm

MccnepoBaHbl napameTpbl paanauyoHHO-CTOMKOrO onepaumoHHoro yeunutens OAmp2, co3aaHHoro Ha 6a3oBoM MaTpuyHOM KpucTanne
MH2XA030. PaccMOTpeHbl CXeMOTEXHUYECKME OCOBEHHOCTH, YMEHbLUALWME pagauaLMoHHy0 Aerpagaumio napameTpoB pa3paboTaHHoro
OnepaLyoHHOr0 yCUnuUTens, METOAMKA N pe3yrnbTaTbl M3MEPEHNI OCHOBHbBIX MapamMeTpoB B HOPMasibHbIX YCIOBUSX.

OnekTpunyeckas cxema onepaumoHHoro ycunutens (OY) OAmp2 npuBegeHa Ha pucyHke 1, Ha
KoTopow Tpebyemble CONPOTMBIEHNS PE3UCTOPOB MOMYyYeHbl 3a CHET NOCNeA0BaTENbLHOIO U NapannenbHoro
COefVHeHMs1 pe3ncTOpoB 0a30BOr0 MaTpUYHOIO KpucTanna, a y3nbl C OA4MHAKOBbIM HaUMEHOBaHMEM
coeguHeHbl mexay cobon. OcobeHHOCTU (PYHKLUMOHMPOBaHUS U Bblbopa pexnma pabotel OY nogpobHo
paccmoTpeHbl B [1].

Onsi yMeHbLUEHNSA pagnauMoHHOIO M3MEHEeHMsI napameTpoB B paspaboTtaHHom QY wncnonb3oBaHbl
cnegyroLine TeXHNYeckue peLLeHns:

- BxogHou Tok QY no BeiBogy NI siBnsietca pasHocTbio 6a30BbiX TOKOB N-p-n Q25 u p-n-p Q23
TpaH3ucTopos (cooTBeTcTBEHHO Q39 1 Q37 ans IN), paboTaowmx NpM OAMHAKOBOM 3MUTTEpPHOM Toke. pu
npuénNu3anTeneHO paBHOM paguauMoHHOM cnage KoddduumneHTa ycuneHmns 6a3oBoro Toka 3 TpaH3MCcTopoB
C pasHbIM TUMOM NPOBOAUMOCTU, BXOAHOMW TOK AOIMKEH U3MEHSTHCA HE3HAUYNUTENBHO;

- KO3(PDULUMEHT ycuneHns HanpskeHms Ky npu OTCyTCTBMM Lenen oTpuuaTtensHon obpaTHoW CBA3M
(OC) OY onpepenseTtca nepegaToyHOM NPOBOANMOCTBLIO BXOAHOrO Kackaga U CyMMapHbIM CONPOTUBMNEHNEM
BCEX Uenen, COeANHEHHbIX C BbICOKOOMHbIMU y3namu (konnektopbl Q33 n Q46) [1]. CnepoBaTtenbHo, Ha
paguaumoHHoe yMeHblleHve Ky OygeT npeobnapatowle BnvsATb BXOOHOE COMPOTMBIIEHWE BbIXOAHOMO
Kackapga, a TouyHee, nageHve B Q53 n Q51 anga Beixoga Outl (Q67 n Q69 ans Out2), KOTOpPOE MOXHO
YMEHbLUNTL BbIGOPOM GONbLUION NIOTHOCTU 3MUTTEPHOIO TOKA 3TUX TPaH3UCTOPOB;

- yeunutens OAmMp2 umeeT ABa NapadasHbiX BbIXOOHbIX Kackaja, YTo nosponset yBenuuutb Ky u
YMEHBLUUTD BIUSIHUE NPOHUKAIOLLEN pagnauumn Ha pabounin peXxxum aHarnoroBbiX YCTPOWCTB, COEOMHEHHbIX C
Bbixogom QY, 3a cyeT cbema curHana mexgy Bbixogamu Outl, Out2. Kpome Toro, B OAmp2 BBegeHa
otpuuatensHas OC no cuHcasHoMy curHany, ycTaHaBnMBaroLlas PaBEHCTBO HAMNPSHKEHWUIA MeXay BbIXOLOM
peauctusHoro genutena R31, R32 v yanom FB. Npu coeguHeHun y3na FB ¢ LWMHOW HYNeBOro noTeHumana,
Takagd OC no CcuHMA3HOMYy curHamy yMeHbLUaeT BINUSHWE pPaanalMOHHOINO W3MEHEHUs MapaMeTpoB
WHTErpanbHbIX 3IEMEHTOB Ha HanpsiXeHne cMeLleHnst Hyns Vore.
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PucyHok 1 — SnekTtpuyeckasa cxema OY OAmp2

[o Hayana pagvaumoHHbIX UCMbITaHWA ObinM  paspaboTaHbl  cxembl BkNoveHns OAmp2,
Mo3BONSAKLIME OMpedenuTb OCHOBHble napameTpbl (PUCYHKM 2-4), U MeToauKa W3MepeHwuW, KoTopble
anpobupoBaHbl Npy NposegeHnn namepeHni OAmMpP2 B HOpManbHbIX YCIIOBUSIX.

NamepeHns OAMpP2 NpoBOAMIUCL B KOHTAKTUpyloLem ycTponcTtee npu BknoveHun OY ¢ uensamu
oTpuuatensHon OC, obecneunBaowmmMmm ycuneHune no HanpsixkeHuto ot 10 go 400, 6e3 BHeLIHEN KoppeKLuun
amMnnNnTygHO-4acToTHOM xapaktepuctukmn (AYX), ¢ ncnonb3oBaHWeM ABYXKaHaNbHOrO reHeparopa CMrHanos
Npon3BONbHON popMbl 1 ocumnnorpada dpupmel Tektronix, wyna ¢ BxogHbiM conpoTtusneHnem 10 MOm u
emMKocTbio 6 n®, mynsTumMeTpa Agilent 34401A.

R6 i RL2
\H——{ F—f + Out2
‘\%FB Outl
R1 inv
| - RL1
Rx —
Uin R2 R4
Ux
PucyHok 2 — Cxema BKnoveHus PucyHok 3 — Cxema BKrtoveHus PucyHok 4 — Cxema BkntoveHuss OAmp2
OAMp2 npu nsmepeHun Toka OAmMp2 npuv onpegerneHumn npu onpegeneHnn koapgrumneHta
noTpebneHns 1 BXOAHbIX TOKOB. |- HanpsHKeHUs1 CMeLLLeHNs HynS. ycuneHuns HanpsbkeHums. Ky =
AKWIM-2101/2, R1 = 1,18 kOwm, Vorr = -Vout1/(R4/R1+1), R1 = (Rx/R1)(Vout1/Vx)], R1=R6= 475 Om,
R4=10 kOm, RL1 u RL2 He 83 Om, R4=128 kOm, RL1 n RL2 He R2=R4=10 kOm, Rx=118 kOm, RL1 1
NOAKIMOYEHbI NOAKIMOYEHbI RL2 He nogkntoyeHsl, Vin = 1 B (p-p),
fin =100 Iy

Bcero 6bino mamepeHo 10 obpasuos. KonmyectBo rogHbix QY no dgyHKuMoHWpoBaHui 9 u3 10.
MamepeHus nokasanu, 4To TOKM MoTpebneHuss B AuanasoHe 2,58..2,74 MA, BXoAHble TOKM Iny =
0,07..0,59 MKA, Ini =0,01..0,51, koadpduumeHT ycuneHua Ky = 5900..6900, HanpsikeHWe cMeLleHUs Hyns
Vorr = -0,35..0,47 MB, nonoca nponyckaHusi 6onee 200 'y npu Ky = 100 (pucyHok 5).
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PucyHok 5 — HopmmposaHHas AYX. Cxema BKIYeHUst — pucyHok 4. BxogHon curHan nogad B y3en Vini. R1 = R2 =
1,18 kOM, R4 = 118 kOm, RL1 1 RL2 He noakntoveHbl. YpoBHU nutaHust Vec=+4,5 B. Vee=-4,5 B. Vin = 12 MB (p-p)

CnucokK ucrnosnb308aHHbIX UCIMOYHUKOS:

1.

0.V. Dvornikov, V.A. Tchekhovski, V.L. Dziatlau, N.N. Prokopenko. Influence of lonizing Radiation on the Parameters
of an Operational Amplifier Based on Complementary Bipolar Transistors. Russian Microelectronics. — 2016. - Vol.
45, No. 1. - P. 54-62. DOI: 10.1134/S10 63739716010030

ycnosumna BO3HUKHOBEHUA MOBEPXHOCTHBLIX NITA3SMOH-
NONAPUTOHHBLIX BOJIH B TETEPOCTPYKTYPE «TPA®EH/SiO2»

eo3dosckuti [.4.

Bernopycckuli 2ocydapcmeeHHbIl yHuUgepcumem UHopMamuku u paduoaieKmpOoHUKU
2. MuHck, Pecnybnuka benapycb

Cmewmnuykuli B.P. — kaHd. mexH. HayK, doueHm

[MpoBeneHO KBAaHTOBO-MEXaHUYECKOE MOAENUPOBAHME CTPYKTYPHbIX M ONTUYECKUX CBOWCTB rpadoeHa, AManekTpudeckor nognoxkm SiO, n
reTepoCcTpyKTyp Ha Mx ocHoBe. PacyeTbl MpPOBOAMIMCE Ha OCHOBE Teopuu dyHKUMoHana nnoTHoct DFT ¢ ncnonb3oBaHWeM MeTOAOB,
BKMOYaoLWmx cunbl BaH-gep-Baanbca. MporpammHbin nakeT VASP ucnonb3oBarncs B kadyecTBe cpegbl MogenupoBaHusi. OTpuuaTtenbHble
Yy4acTKv AEACTBUTENBbHON YacTu AMSNEKTPUYECKON NPOHULIAEMOCTM AN YNCTOro rpadpeHa HabnogaTea Ha vyactoTax ot 4,05 o 5,28 aB.
KoHTakT rpacheHa ¢ AManeKTpuyeckor NOANOXKOA MOXET NPMBECTU K 0Opa3oBaHMi0 ABYMEPHOIO 3MNEKTPOHHOrO ra3a. BenuunHa 3apsiga,
KOTOPbI BO3HMKAET BCrEACTBME KOHTakKTa, coctaensiet 0,07 e/aTom.

OcHOBHOW Maeen HaHOMMa3MOHUKN ABMSAETCH UCMOSMb30BaHWE MOBEPXHOCTHBLIX Ma3MOHHbIX
BonH (MMB), koTopble WHAYLMPYITCA BO3DOYXOEHHbIMW 3apsgaMu MOCPEACTBOM  OMTUYECKOro
nanyyenve. TMNB cywecTBylOT Ha rpaHuue pasgena auanekTpyka W nposogHuka. [aHHoe
dusnyeckoe ABMNEHME MOXET MNPUMEHATLCH B KayecTBE PasfNYHbIX MPUMNOXEHUA: XMMUYECKUe
CEHCOpbl, paMaHOBCKasi CMEKTPOCKOMUS C NMOBEPXHOCTHbIM ycurneHnem (crnocobHon obHapyxumBaTb
OAMHOYHYIO MOJIEKYIy), ONTUMM3aLUSA SYEWNKN CONTHEYHOro anemeHTta ans nosbiweHuns Krh. OgHa
13 Hanbonee npuenekaTenbHbIXx 0cobeHHocTen MNINMB 3aknoyaeTcsi B TOM, YTO OHW KOHLIEHTPUPYHOT U
HanpaB.nsloT ANEKTPOMarHUTHOe N3nyyYyeHne Ha CybBOMHOBLIX MacLuTabax.

MoeepxHocTHble  nnasmoHbl  (MMM) npeactaeBnaT  cobon  cBA3aHHble  konebaHus
3MNEKTPOMAarHMTHOro Mosns 1 3NEKTPOHOB MPOBOAMMOCTU, PacnpoCcTpaHALWNeECs BOONb NOBEPXHOCTU
NpoBoAHMKA. WX MOXHO WHTEprnpeTupoBaTb KakK 3rieKTPOMarHUTHble BOMHbI, 3axBayveHHble
NMOBEPXHOCTbIO MeTanna BCrneacTBne B3anMoaencTens co cBoboaHbIMU anekTpoHamu. B xoae aToro
B3aUMOLEWNCTBUS  3NEKTPOHbI MPOBOAMMOCTU  KOSMMEKTUBHO pearvpyrloT Ha 3NeKTpOMarHnuTHoe
BO34eNCTBUe, OCUMMNNUPYS B pe30HaHCe CO CBETOBOW BOSTHOW.

Hanbonee pacnpocTpaHeHHbIMU MexaHu3MamMun BO30Y>KOEHUSI MIa3MOHHbIX BOSH SBMSATCA:
ocnabneHHoe MNoMHoe OTpaXeHue, paccesHWe Ha TOMoNorM4yeckom pgedpekre Ha MOBEPXHOCTU
NMpOBOAHMKA W OPIITOBCKOE paccesiHne C MCMoNb30BaHMEM ANMPAKLMOHHBLIX PEeLeToK Wnu
nepuogunyeckon ropupoBkn. B rpadeHe anuvHa BonHbel MNIMB moxeT 6biTe npumepHo B 40 pas
Kopo4e, YeM ONnHa BOSMHbI MagaoLwero nsnyyeHus B cBob6oOAHOM mnpocTpaHcTBe. Takke rpadeH
obragaeT CuMbHbIM NNAa3MOHHBIM OTKMMKOM B T Anana3oHe 4acToT Npy KOMHaTHOW TemnepaTtype.

B [1-3] akcnepvMeHTanbHO W TeopeTUYecKn WU3y4YeHO pacrnpoCTpaHeHue MNOBEPXHOCTHbLIX
nnasmoH-nonaputoHHbix BonH (MMIMB) Ha rpaHvue pasgena OByx cpepn: rpadeHa u
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ananektpudeckon nognoxku. MNMIMB nposBnsOT CUMbHYKO BOMHOBYIO MNOKanu3auuio, YMEpPEHHYIo
NoTEp0 3HEprum, a Mx 4actoTa MOXET U3MEHSATbCA NOCPEOCTBOM BHELLUHEro 3MeKTPOMarHUTHOro
nons WnM XMMUYECKOro nermpoBaHus. B otnuume oT mMeTannuyeckux cpen, Ha rpaHuLe KOTopbiX
pacnpoctpaHeHue BonH MMM npoucxoguTt B AManasoHe MHApPaKpacHOro 1M OonNTUYECKOro CnekTpa,
rpadpeH obecneumBaeT pacnpocTpaHeHMe BOSH B TeparepuoBoM guanasoHe. B [4] npeanoxeHa
KOHCTPYKUMS NNasMOHHON rpadeHOBOWN HaHOAHTEHHbI. [Moka3aHo, YTo rabapuTHble pasMmepbl Taknx
YCTPOWCTB MOTYT U3MEPATLCHA B HAHOMETPAaXx, HO MpPK 3TOM UMEeTb Ananas3oH Pe30HaHCHbIX 4YacToT B
TeparepuoBomM fuana3oHe. Takum obpa3om, reTepocTpykTypa, KoTopas COCToMT u3 rpadeHa u
OVANEKTPUYECKON MOANOXKA MOXET ObiTb (PYHKUMOHANbHOM 4YacTbld HaHOAHTEHHbI, KOTopas
6asupyetca Ha [MMNB, 4yTo MNoO3BONSET NPW HAHOMETPOBLIX FEOMETPUYECKMX pasMepax UMeTb
TepparepLoBbIii Auana3oH paboymx 4acToT.

Ycnoeuem cyuwectsoBaHusa [ Ha nnockon rpaHuue ABYyX cpen siIBRsieTcs oTpuuaTternbHoe
3HaJYeHWe [OMIMNEKTPUYECKOM UNU MarHUTHOM npoHuuaemoctn [5]. ccnepoBaHne BO3MOXHOCTU
peanusaumm B NnaHapHOW NEepUOLMYECKOW CTPYKTYype Ha OCHOBE rpadeHOBbIX MOHOCMOEB U
ON3NeKTPUYECKON MOASOXKKN MOBEPXHOCTHLIX BOMH CBOAUTCH K MOWUCKY YaCTOTHbIX obnacrtew, rge
aencteuTenbHaa 4acTb 3(PMEKTMBHON AUINEKTPUYECKON MPOHULAEMOCTU MPUHUMAET 3HayYeHust
MeHbLLE Hyns.

MogenupoBaHne CTPYKTYPHbIX W 3MEKTPOHHbIX CBOWCTB HaHOPa3MepHbIX OOBLEKTOB, B
YacTHoCTU cucTembl «rpadeH/SiO2(0001)», ABNSeTCS HEOTbEMIIEMbIM WMHCTPYMEHTapUeEM Mpu
ONTUMM3aUUN He TONMbKO COCTaBa COEAMHEHMS,, HO WU NPU MNONYyYEeHUU OMTUMarbHbIX CBOWCTB
MaTepunanoB HaHO3MNEKTPOHUKU. Icnonb3oBaHWe YMCNEHHOIO SKCNepuMeHTa No3BonseT yaelleBuTb,
YNpOCTUTb U YCKOPUTb MPOLIECC MOUCKA ONTUMANbHOrO peLleHusl, a B HEKOTOpbIX cry4vasXx, AaTb
00 BACHEHNE BO3HUKAOLWMM HU3KOpasMepHbIM adhdrekTam.

B kauyectBe cpenbl MOAENUPOBAHUA CTPYKTYPHbIX W 3MEKTPOHHbBIX CBOWCTB CUCTEMBI
«rpaden/SiO2(0001)» wmcnonb3oBancs nporpammubin naket VASP (Vienna Ab initio Simulation
Package) [6], koTopbIi npegHa3HayeH [f[nsi BbINOMHEHUs ab  initio pacyeToB KBaHTOBO-
MexaHuyeckumun Metogamu [7]. PacyeTbl BbIMOMHANWCH Ha OCHOBAHMKM Teopuu yHKUMoHana
nnotHoctn DFT (Density functional theory) [8].

OTknNuk MaTepuana Ha BO3OEWCTBUE IMEKTPUYECKOrO MOSsi CBETOBOW BOSHbI MOSHOCTBIO
onpefensieTca ero AM3NEeKTPUYECKOM NPOHWULIAEMOCTBLIO Mpu 3ToW 4actoTe. [uanekTpudeckas
NPOHNLLAEMOCTb MaTepuana ¢ Ntobo KOHEYHOW (HE PaBHOWM HYIIKO) SNEKTPUYECKON NPOBOANMOCTbIO
ABNAETCA KOMMMEKCHOW BEINIMYMHOW, TO €CTb €€ MOXHO 3anucaTb Kak CyMMy OeNCTBUTENbHOW W
MHUMOM YacTel. [Ona pacyeta obenx 3TUX KOMMOHEHT Ans rpadeHa B HacTosiulen paboTte
YUUTBIBAKOTCA pasHble MonspusaumMn 3MNeKTPUYEcKoro nons OTHOCMTENbHO OCu C  (KoTopas
nepneHanKynapHa nnockoCcTy nucta rpacdeHa). 310 cpegHee 3HAYeHMe paccyUTbiBAETCHA Kak Ansi
nnockow nonapusaumm ceeta (ELc), Tak n ang nonapusaLmm BHe NAOCKOCTU UNKU napannenbHO ocu
c (El[c).

Ha pucyHke 1 npeactaBneHbl pesynbTaTbl MOAENMPOBAHME ONTUYECKMX CBOWCTB, B YaCTHOCTU
ON3NeKTpU4eCcKom NPOHULAEMOCTU YMUCTOoro rpadeHa. Ynctoln rpacpeH B HaCTOTHOM guanasoHe OT
4,05 aB pgo 5,28 3B umeeT oTpuuaTenbHy0 AM3INEKTPUYECKYIO NPOHULIAEMOCTb B MIIOCKOCTM NUCTa
rpacdbeHa. [llpu uyactotax 6Gonee 6 8B MHMMas 4YacTb AUBNEKTPUYECKON MNPOHULLAEMOCTU
YCTPEMISeTCs K HYI0, YTO rOBOPUT O 3HAYUTENBHbLIX NOTEPSX B 3NEKTPONPOBOAHOCTMU.

. 7
L E”C _ EHC
6 E,c
5 —
QUJ 3 |
2 —
1 —
PR R I IV NN N (N U T B 0 Jo—— |\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Oueprus, 3B Oneprus, 3B
PucyHok 1 — [lenctBuTENbHAsA U1 MHUMas YacTU KOMMEKCHON AN3NEKTPUYECKON NPOHNLLIAEMOCTH
rpadeHa

PesynbTaTtbl pacyeToB  KBAHTOBO-MEXaHU4YECKOrO  MOLESIMPOBAHWUS  SMIEKTPOHHbIX U
OMTMYECKMX CBONCTB cucTeMbl «rpadeH/a-SiO2» no3sonun caenaTtb BbiBOAbl, YTO MEPCNEKTUBHOM
retepocTpyktypon ans usdyderus [MNB asnaetca rpadeH, KOTOpbI pacrnonoXeH Ha NOBEPXHOCTU
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KBapLeBOW Noanoxku ¢ obopBaHHbIMY CBA3SMK kucnopoga OUnsa, Mpn aTom MexaHnsm abcopbunm
ABnaeTca (pusmyecknm, 4YTo cnocobCcTByeT COXpaHeHuto rpacpeHOM ero 3NeKTPOHHbIX CBOMCTB. B
YaCTHOCTU 3HepreTU4eckui cnekTp rpadpeHa B6nmnsm yposHa depmu 1 B UHTEpBarne aHeprui ot -1,3
no 0,7 aB ocraetca nuHenHbIM. PacyéTbl ONTUYECKMX CBOWCTB BbIGPAHHOM reTepoCTPyKTYpbl
MO3BONUIM YCTAHOBUTb MO CMEKTparibHOW 3aBUCMMOCTU AEWCTBUTENBHOM YacTu AMINEKTPUYECKOM
NMPOHNLAEMOCTIN, YTO cuctemMa obnagaeT HECKONbKUMWM y4acTKaMyM B 4YacTOTHOM CriekTpe, rge
BO3MOXHO (hopMMpOBaHME MOBEPXHOCTHBLIX Mia3moHHbIX BonH: 0,4-0,5 3B (I), 1,25-1,5 3B (ll), 4,5-
5,5 aB (lll). MNpwu aTom, Hanbonee NepcnekTUBHLIM ABNSAETCS YacTOTHbINA y4acTok oT 4,5 go 5,5 3B,
MOCKONbKy B 3TOM cnydae rpadeH obnagjaet Haubonblwen npoBogumoctb. OueHka 3apsgoBow
MAOTHOCTM  MO3BONMWMMIA  YCTaHOBWUTb, YTO B  CTpykType  «rpadeH/SiO2»  npoucxoguT
nepepacnpegeneHve 3apsga M BO3MOXHO (QOPMMPOBaHME [ABYMEPHOrO 3MEKTPOHHOro rasa.
BenuunHa 3apsiga, KOTOpbIN BO3HMKAET BCNeAcTBME KOHTakTa, coctaenseT 0,07 e/atom. [Mpu atom
OCHOBHOW 3apsifi CO CTOPOHbI NOASOXKKN NOKanM3oBaH Ha aToMax kucnopoga.

Takum obpasom, nepepacnpeneneHne 3apsiAoBon NIIOTHOCTU BONM3KU rpaHuLbl pasgena AByX
MaTepuanoB (rpacdeHa U KBapua) MOXHO OTHECTM K OAHOMY W3 MEeXaHM3MOB BO3HUKHOBEHUS
NMOBEPXHOCTHbIX NSIA3MOH-MONSAPUTOHHBIX BOJTH.

Cnucok ucnosib308aHHbIX UCMOYHUKOS:
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YK 66.06

TEXHONOIMmA ®OPMUPOBAHUA TMOPO®OBHOIO NOKPbITUA HA
CTEKIIE.

Monytiko A.M.*, cmydenm 2p.743201, XKudkuHa H.B.?, mazucmpaHm

Benopycckuli 2ocydapcmeeHHbil yHuUsepcumem UHopMamuku U paduo3ieKmpoHUKUt
2. MuHck, Pecnybnuka benapycb

Komos [].A. — kaHO. ¢pu3.-mam. Hayk, doueHm

AHHOTauus. B ctaTbe u3naralotcsi pesynbTaTbl aHANUTUYECKUX W 3KCMEPUMEHTanbHbIX UCCReaoBaHWiA TexHONor copMupoBaHus
rMapooBHOro MOKPLITUA Ha MOBEPXHOCTW cTekna. BeibpaH Hambonee yaobHbI MeTod hopMMpoBaHUA rMApPOdOBHBIX MOKPbLITUA Ha
NMoBEpPXHOCTU cTekna. B pesynbTate npoBepkun rmMapodo6HbIX CBOWCTB 3KCMEPUMEHTArNbHOrO MOKPbITMS ObiNo MonyyYyeHo cpefHee
3Ha4YeHue KpaeBoro yrna cMaunsanus 121,72°.

KnioueBble cnoBa. [vapodoGHble CBOWCTBa, KpaeBOW Yron CMayvBaHWs, MeTod LEHTPUMYrMpoBaHusl, TEMMNMaHTHbIN MeTon,
3MEeKTPOXMMUNYECKOE OCaXaEeHME.

B HacTosilee BpeMs Npom3olsio ObICTpoe pa3BUTME pbiHKA MOOWMBbHBLIX TenedOoHOB, NMAHLLETOB U
APYrMX MOPTaTUBHbIX 3MEKTPOHHbIX YCTPOMCTB, aTpubyTOM KOTOpbIX SBMSETCS OToBpaaloLimm
WHOPMaLMI0 CEHCOPHBINA 3KPaH, UCNONb3yeMbl KaK YyHUBepcansHoe YCTPOMCTBO BBOAA-BbIBOAA, NpuaaeT
npobneme hopmMmMpoBaHMA 3aLLUTHBIX NOKPLITUIA C TMAPODOOHBIMM CBONCTBAMW CTaTYC KPUTUYECKOW.

OcHoBHbIMK TpeboBaHUSMM K MOKPbITUSIM CEHCOPHbIX 3KPaHOB BBOAA-BbiBOA4A WHMOpPMaLMM
ABMSAOTCA MakcMMarnbHas WM3HOCOCTOMKOCTb, rMapo- M oneodobHoCcTb, obecneunBaloline 3almTy OT

145



57-1 HayyHasi KoHgepeHuyusi AcnupaHmos, MazucmpaHmos u Cmydenmos BI'YUP, 2021 e.

3arpsA3HEHUIN U, B YaCTHOCTU, NPENATCTBYIOLLUME CKOMMEHUIO Ha 3KPAHE KOXKHOTO Xupa ¢ OTnevyaTKoB narnbLes
n ynpoLarowue ero yaaneHue (Tak HasbiBaemble anti-fingerprint cBocTaa), a Takke BblCOKasi Npo3pavyHOCTb
B BUOMMOM AmManasoHe 1 OTCYTCTBME UCKaXKEHUI curHana co CBETOANOAHOro aucnnes.

Llensto pabotbl siBnsinace paspaboTka TexHonormm opMUpoBaHMS rMApPOOOHbIX MOKPLITUA Ha
NMOBEPXHOCTM CTekna.

'MopooBHBIMM  CUMTAKOTCA  MOKPLITUSA, Yrofl CMayuBaHUS KOTOPbIX BOAOW npeBbiwaetr 90°.
BbicokormapodobHbIMU  CUMTAKOTCA MOKPbLITUSE C KpaeBbiMU yriaMyM CMaudnmBaHWs BOAoW cBbiwe 120°.
CBepxrmapodOoOHbIMW  CUMTAKOTCS  MOKPBITUS,  XapaKTepu3ylLlMecs BbICOKUMU  KPaeBbIMU  yriamu
cMauvmBaHus Bogon 6onee 150°.

B HacTosilee BpeMsi akTMBHO WUCMOMb3YIOT Creaylolne OCHOBHble METOoAbl CO3[aHus pasBUTOro
penbeda NoBepxHOCTM A1 MNOSTyYEHMs BbICOKOrMAPOMOOHbLIX MOKPBITUN:

— QNEeKTpPOXUMMYECKOEe OCaxAeHwe HaHoyacTuL, W NMNeHoK C nocneaywowen obpaboTkon
rmapoobHbIMN MaTepmanamu;

— NPUMEHEeHWe TeMNMNaTHbIX MEeTOAO0B AN CO3[4aHUs LIepoXOoBaToOCTU C NMocreaylowmMm yaaneHuem
Temnnarta n obpaboTkon ruapodobHbIMN MaTepruanamu;

— TpaBfeHue (XMMU4YecKoe, peakTUBHOE WMOHHOE, MNa3sMOXMMUYECKOE) NOBEPXHOCTU MaTepuaros C
nocrniegyrouern obpaboTkon rmapodobHbIMN areHTamu;

— wnndoBka NOBEPXHOCTU MaTepuanos C nocrneayouien oopaboTkon rmapodobHbIMK areHTamu;

— NpUMeHeHne oTonmMTorpadnyecKknx MeTogoB ¢ nocreaytowlen obpadbotkorn  rmapodobHbIMK

MaTepuanamu;

— XMMUYeCKoe OCaXXAeHWe U3 ra3oBov dasbl yNnopsaaoYeHHbIX CTPYKTYp C nocrneaytoLlernn oopaboTkon
rMapodobHLIMU MaTepuanamu;

— 0bpaboTka NMOBEPXHOCTU AMINEKTPUYECKMM BapbepHbIM pa3psaoM C MOCHeAylWnM HaHEeCEeHUeM
mMapodobHbIX MaTeprarnos.

Mpumepom co3gaHusa pas3BuTOro penbeda MnoBepxHOCTU Ana  dopMupoBaHus rMapodoBHoro
MOKPbITUA MEeTOAOM 3MEKTPOXMMMUYECKOTO OCaXKAEHUS SBMSETCA HUMKeNMpoBaHWE C HeCcTaHOapTHbIM
SMNeKTPONMTOM, CoAepXalluMm PaBHOMEPHO MepemellaHHble YacTuubl TednoHa (nonuteTpaddTopaTUNEH,
PTFE). Takon npouecc MOXHO Ha3BaTb ranbBaHWYeCcKon TedhNnoHM3aunen NoBepXHOCTH.

Onsi HaHeceHus rMOPOMOBHBIX MOKPLITUA Ha MOBEPXHOCTb CTekna Obin MCNonb3oBaH MeTon
ueHTpudpyrmpoBaHusi. B meTogax UeHTpudyrmpoBaHusa kannu rugpodobusytowero pacrtsopa (nmbo
Avcrnepcun) pactekaroTcsi Mo NOBEPXHOCTM Ha BbICTPO BpaLLaloLLEeNCs MOATOXKE.

[nsi nonyyYeHUs O4HOPOAHOrO MO TOMLWMHE MOKPLITUSA GONbLIOE 3HAYEHUE UMEIOT YacToTa BpalleHus
N BS3KOCTb pactBopa. Kpome Toro, HemanoBaXHy pofib UrpaeT neTyvyecTb pacTBoOpUTENS (AMCNEPCUOHHOM
cpenpl), onpeaensiollas kak paBHOBECHOCTb CTPYKTYpPbl MOKPbLITUS, Tak U €ro OAHOPOAHOCTb MO TOMLWMHE 1
cocTasy [1].

MeToabl LEeHTPMAYrMpoBaHUsa SIBASIKOTCA ONTUMAIbHBLIM NPU NOJTYYEHUN MOKPBITUA Ha HEBOMbLUNX
noanoxkax, Tak kak obecnedmBaloT MUMHUManbHbIA pacxof nneHkoobpasytoLlero pacTsopa u obecnevmsaroT
paBHOMEPHYO TOMLLMHY NOKPbITUA [12].

CnpeeBoe ocaxpaeHne. CrnpeeBoe ocaxgeHue BKyne C LeHTpudyrnposaHmem obpabaTbiBaeMon
NOAMNOXKN npeacTaBnseT cobor 4OCTAaTOMHO MPOCTOW M YAOOHbIA CMOco6 co3gaHus CBepXrapodOBHbIX
NOKPbITUN.

CnpeeBbIM OCaXXOeHWEM CYCMeH3nn nepgTopoKTaHoaTa Mean MOXHO NpuaaTtb rmapo- u onedobHble
CBOWCTBa npakTudeckn nobon nosepxHocTu. [lobGaBka TOPMPOBaHbLIX YINMEBOAOPOAOB MNPUBOOUT K
OpMUPOBaAHMIO YPE3BbIYAHO CTAabUITLHOrO K UCTUPAHMIO NOKPbLITUS [2].

Mpu cnpeeBoM ocaxaeHun TOPUPOBAHHBLIX KPEMHUAOPraHNYEeCKMX MONMMMEPOB MOBEPXHOCTb
AOMKHa ObITb NpeaBapuTenbHO akTMBMpOBaHa nna3mon Nubo xumudeckn (K NpUMepy, CTEKNO MOXHO
aKTMBMPOBAaTb PacTBOPOM CEPHOW KUCMOTbI M NEepPeKkucnM BOAOPOAa, YBENMYMB TEM CaMbiM MOBEPXHOCTHYIO
KOHUeHTpauuio Si-OH cBasen). locne HaHeceHUs MOKPbITUS HEOBXOOUM OTXKUI MOANOXEK BO BMAXHOMW
atmocdepe [13].

3onb-rens Mmetoa. LleHTpudyrmpoBaHme 30ms  nNpeKkypcopoB rMapodobu3yomnx areHToB Ha
noasioxke NO3BONSAET NpMaaTh e nocne reneobpasoBaHusa rMapodobHbIe CBONCTBA.

Monumepwnsauuss ankoronaToB MeTanfioB B BoAHOWM NGO opraHWYeckon cpede nNpuBOAUT K
OpMUPOBAHMIO MOHOMUTHOIO rend B pesynbTaTe caMoopraHmsaumv U paspacTaHusd ceTu OUCKPETHbIX
HaHo4acTuL, .

MOXHO nomny4yaTb CTOMKOE K WCTMPaHWUIO 3alUMTHOE MOKpbITUE C rMApopoBHbIMKM CBOMCTBAMM U3
avokcuaa KpeMHUs B pesynbTate LeHTpUdyrmpoBaHnst MreHkoobpasyoLwero pacteopa, NPUroToBNEHHOIO
no 30mnb-reflb  TEXHOMOrMM NyTeM  rMAponM3a  MeTannoopraHnyeckux  COeUHEHUA  KpeMHUs
(TeTpaaTunopToCcHMnMKaTa u METUMTPUSTOKCHCUIAaHa) B BOAHO-CMUPTOBOW CMECH.

MoKpbITbIN CO34aHHbIM 30/Mb-refb MeToAoM ONTMFOMEpPHbBIM HaHOKOMMO3NTOM n3
BVHUNTPMMETOKCUCHUMAHA C KOHLUEBbIMW (TOPanKWMbHbIMW rpynnamu un cermeHtamun 6udeHnneHa
NONMMETUNMETAKpPUNAT CTAHOBUTCH HE TONbKO rMApO- M oneodobHbiM, HO K npuobpeTaeT CBOWCTBO
dnyopecueHumn. CTeKo, NOKpbITOE TaKMM KOMMO3MTOM, CTaHOBUTCH CBEPXTMAPO- U 011Ie0OOHbBIM.
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M'opocobHble CBOMCTBA MOKPLITUS TECTUPOBANMWCL MO CTAaTUYECKOMY KpaeBOMY Yriy CMavvMBaHuWs
NOKPbITUS BOOOWN.

D,J'IH onpeneneHna Ctatu4eckoro Kpaesoro yrna cMadnMBaHUA MOKPbITUA BOLI,OI7I Ha NOBEpPXHOCTb
HaAHOCUNK Kanio QUCTUNNIMPOBaAHHOM BOAbl 06bEMOM Mopsiaka 2,5 MK C MOMOLLbIO CleunanbHOro wnpuua-
po3sartopa, u3obpaxeHHOro Ha pucyHke 1.

PucyHok 1 — Wnpuy-go3aTop, hopmupytowimin kannm obbemom 2,5 Mkn

Pl/lcyHOK 1 — iamepeHmne cTaTnyeckoro Kpaeesoro yrna cMmavnBaHua B aBTOMaTU4ECKOM pexnme

B xoge paboTbl OblNM aHanNUTUYECKN M3y4eH MeTod LEeHTPUdYrmpoBaHus Ans  OpMUPOBaHUS
rMapodobHbIX MOKPLITUIA Ha cTekne. W3 Bcero cnektpa MeTO4OB BblOpaH WMMEHHO 3TOT B Cumy
3KOHOMUYHOCTU U OMTUMArbHOCTU Ansi HaHeCeHUs1 rMapPOOBHLIX NOKPLITUIA Ha HeGonbluve noanoxku. B
pesynbTaTe HECKONbKUX M3MepeHWn Obino MoryyYeHo cpefHee 3HaYeHMe KpPaeBOro yrrna CMaduBaHust
121,72°

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. botiHosuy, /1. b. MudpoghobHbIe Mamepuarib! U MOKPbIMUSI: MPUHYUMBLI co30aHusi, ceolicmea u npumeHeHue / J1. b. bolHosuy,
A. M. EmenbsHenko // Yenexu xumuu. — 2008. — T. 77, Ne7. — C. 619-638.

2. Casuy, B. A. ®opmuposaHue 3auumHbix MOKpbIMul ¢ 2udpoghobHbimMu ceolicmeamu / B. A. Casuy, A. A. ScioHac, . K.
XasHepko // ®u3uka KOHOEHCUpPOB8aHHO20 CcOCMOsIHUSI : Mamepuarnbl XXII mexdyHap. Hayuy.-npakm. KOHGh. acrnupaHmos,
MmaaucmpaHmos u cmydeHmos, [podHo, 17—-18 anp. 2014 2. / TPI'Y um. A. Kynansi [u 0p.] ; pedkon.: B. I. bapcykos [u 0p.]. — [podHo :
rPry, 2014. - C. 178-181.

3. Quéré, D. Surface chemistry: Fakir droplets / David Quéré // Nature Materials. — 2002. — Vol. 1, Ne1. — P. 14-15.
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YOK 537.523

WCCINEOOBAHUE NAPAMETPOB PA3PSAOHOWU
CUCTEMbI FEHEPALIUN HETEPMUYECKOW
HEPABHOBECHOW NJNIA3MbI MPU ATMOC®EPHOM
AOABJIEHUA

Akcroquy A.B., acnupaHm, 3anopoxyeHko FO.B., acnupaHm, JloayHos K. T., cmydeHm

Benopycckuli 2ocydapcmeeHHbIl yHuUgepcumem UHGhopMamuku U paduoanekmpoHUKU®
2. Munck, Pecnybnuxa bBenapyce

Komoe [].A. — kaHO. mexH. HayK

AHHOTauusA. B cratbe wusnarawTcs pesynbTaTbl 3KCMEPUMEHTanbHbIX WCCMeAOBaHW NapamMeTpoB paspsigHOM CUCTEMbI
reHepauun HeTepMMYeCcKo HepaBHOBECHOW MNnasmbl Npu aTMocdepHOM AasrneHnn. B kavyectse paboyero rasa Mcnonb3oBascs aproH.
YcTaHoBMNeHbl 3aBUCMMOCTM ANWHbI dhakena n Temnepatypbl obpasia, MOMELLEHHOro B NNa3MeHHbIN NOTOK OT BXOAHOIO HanpsKeHUs 1
OT pacxofa rasa. YCTaHOBMEHO, Y4TO yBenunyeHne pacxopda pabodero rasa ¢ 85 go 375 n/4 NMpMBOAWUT K CHWXEHWIO Temneparypbl
HarpeBa obpabaTbiBaeMOI NOBEPXHOCTU M YBENUYEHWUIO ANWHBI NNa3MeHHoro dakena Ha 1,6 cm.

KnioueBble cnoBa. [Mnasma auanekTpuyeckoro GapbepHoro paspsiga, obpaboTka, aTMocdepHoe AaeneHue, TemnepaTypa
MOBEPXHOCTM 06pasLia, PeXMMbI reHepaLmu.

B nocnegHee Bpems nnasmeHHble METOAbI MOAMMMKALMM NOBEPXHOCTH (B TOM YMChe 1 €€ akTnBauus)
npuenekawT k cebe bonbLlion nHTepec. TexHonorusa nnasmeHHon obpaboTkmM npm atMOcEpPHOM AaBreHUn
Nno3BoNseT OOCTUYb BbICOKOrO YPOBHS Ae3uHMEKUMM U 0obpaboTKM MNULLEBbIX NPOAYKTOB, MEAMLMHCKUX
WHCTPYMEHTOB, XWUBOW OMOMOrMYEcKon TKaHW, MOXET NPUMEHATLCS MPU NIEYEHUN Pa3NUYHbIX BUOOB KOXHbIX
3abonesaHun u ppyroe. [lna3ma gBNAeTCA «XONOHOWM», Tak Kak npu mogudpumkaumm Temnepatypa
nnasmoobpasylowero rasa ocraetcsa Onv3konW K komHaTHow. CrnegoBaTenbHO, Mrasma He noBpexaaeT
MOBEPXHOCTU, C KOTOPbIMWU KOHTakTupyeT. lNnasmeHHas obpaboTka ABRASeTCA HOBOW MeXAMCUMNIMHAPHOW
obnacTtblo MccrnegoBaHus, BKM4Yawowen B ceba dusuky, xumuio, Guornormio n MeguumHy. bnarogaps
BO3MOXXHOCTW YNpaBfieHNss napameTpamMy Npu CO34aHWM aTtmMocdepHOW nnasMbl, OHA UMEET LUMPOKYHO
0o6nacTb NPMMEHeHNs Npu MarnbIx 3aTpaTax 3Heprum N HU3Kon cebecTtommocTbio obpaboTku. [1]

B paHHoOW pabGoTe Obinv MpoBefdeHbl WCCNedoBaHWA MO U3MepeHu TemnepaTtypbl 06pasuos,
NMOMELLEHHbIX B NMa3MeHHbI NOTOK M ANUHBI NnasMeHHoro chakena, a Takke paspaboTaHbl U onNpoboBaHbI
METOAUKN N3MEPEHNS AaHHbIX NapaMeTpOB.

Ons un3mepeHus TemnepaTypbl ucnonb3oBanca TepmogeTektop Bosch CIS C  Professional c¢
ananasoHom uamepeHua ot — 40 po + 1000 rpagycoB Llenbcusi. MamepeHne npou3BoanMnocb Ao
yCTaHOBMNEHNSA TeMMNepaTypbl HA MOCTOSIHHOM YPOBHE.

C nomMoLLbio M3MepUTENbHOW LWKanbl onpeaensinach ANUHA MAa3mMeHHOM CTPyM, Tak Kak oHa MOXeT
AaTb NOHMMaHWe CBOWCTB paspsga. Kpome Toro, AnvHa nna3MeHHOW CTpyuW MOMOraeT OonTMMU3MpoBaTh
pacxof rasa v aHepreTuyeckue 3aTpaTbl Npu TeXHorornyeckon obpaboTke o6pasLoB.

B xone akcnepumeHTa ObINo onpeAeneHo BNusSHUE N3MEHEHWs pacxofa rasa M BXOOHOrO HamnpsiKeHus
Ha AnuHy dakena nna3mMeHHON CTpyM 1 TemnepaTtypy obpabaTbiBaemol NoBEpXHOCTU 06pasLoB.
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PucyHok 1 — 3aBucumocTn anvHel dakena (a, 6) n tTemnepatypbl o6pabaTbiBaeMor NOBEPXHOCTM 06pasLoB (B, T)
OT BXOQHOIO HanpsiXeHusi (a, B) 1 oT pacxopaa rasa (6, r)

Mpu npoBeaeHNn aKkcnepuMeHTanbHoro uccnegoBaHus (pUcyHok 1(a)) pacxon aproHa Qar U3MEHANCs B
npegenax ot 85 go 380 n/y. Kak BMAHO, nocrne npeofoneHus 3HadveHusa pacxoga rasa B 160 n/4, poct
ANVHbI pakena nNnasMeHHoN CTPyM C AanbHeNWnm yBennyeHmem o6bema npokaynBaemoro ra3a HeCKosbKo
YMeHbLUaeTCs, OCTaBasiCb, MPU 3TO 3Ha4YUTenbHbIM. POCT AnvHbI dhakena npu MOBbILWEHUW pacxoda rasa
MOXHO OBBACHWUTL YBENWYEHUEM PacCTOSHWS, KOTOpPOe MPOXOAMT BO3DyXAeHHas yacTuua 3a Bpems eé
XKNU3HW.

Ha npuBeneHHoM Ha pucyHke 1(6) rpaduke pacxog rasza Qar Obin 3aduKcMpoBaH Ha oTMeTke 227 n/y, a
BXOAHOE HanpsbkeHne MeHsnocb B amanasoHe ot 11,3 go 21,7 B. YBenuueHne anuHbl dakena npu
yBENIMYEHNN BXOLHOIO HAMPSPKEHWS Ha NepBUYHOM OOMOTKE BbICOKOBOJSIBTHOrO TpaHcdopmaTopa MOXHO
0OBACHUTE NOBLILLEHNEM CTEMEHN MOHM3aUMK aproHa. Taknum obpa3om, Npy BXOAHbLIX HANPSPKEHUAX CBbILLE
14 B n noToke pabo4ero rasa (aproHa) BO3MOXHO MOMy4nTb baken nrasmeHHON CTpyw AnMHOW Bonee 2 cMm.

B cnyyae ¢ 3aBMCMMOCTbIO TeMMepaTypbl NIAa3MEHHON CTPYM OT BXOAHOIO HaMpsiKeHWUs Ha NEpPBUYHON
06MOTKE BbICOKOBONBTHOrO TpaHcdopmaTopa (pucyHOK 1(B)), MOXHO HabnogaTb NPaKTUYECKWM MOJSHYHO
NVHEeNHOCTb KPMBOW MO BCeMy AnanasoHy BXOAHbIX HanpsxeHun (oT 11,3 go 21,7 B). [JaHHy0 3aBUCUMOCTb
pocTta TemnepaTypbl MOXHO OOBSACHWTb MNPOMOPUMOHANBHBIM YBENIMYEHNEM CTEMEHW MOHM3auuWM rasa.
HanbHelillee yBenuyeHve BXOOHOIO HamnpsXXeHus npuBegéT K HEBO3MOXHOCTM WUCMOMb30BaHUS AAHHOM
TexHonormm Ans obpaboTkM OO6BLEKTOB OGUMOMEAMUMHCKOrO Has3HayYeHUs K3-3a HEenpurogHoO BbLICOKMX Ansi
AaHHOTO HanpaBneHus TemnepaTyp.

Mpu uccnegoBaHum BNUSHUS pacxoga paboyero rasa Ha TemnepaTypy NOBEPXHOCTM 06pabaTtbiBaemblx
obpasuoB (pucyHok 1(r)), 3HayeHue Qar MeHsiNoch B npegenax ot 85 go 370 n/u. MNMpn yBennyeHun pacxona
aproHa npoucxoaouT «OTTOK» W3 30Hbl pa3psifa BO30YXOEHHbIX M 3apPsPKEHHBbIX 4acTul, 4YTOo BedeT K
CHWXEHWIO UHTEHCUBHOCTU Mna3moobpas3oBaHus, 1, Kak CrneacTBMe, CHDKEHUIO TemnepaTypsl.

B pesynbraTe aKcnepuMeHTanbHbIX UCCIeJOBaHUA YCTAaHOBIEHO, YTO yBENMYeEHUe pacxoga paboyero
rasa (aproHa) ¢ 85 go 375 n/4 NpPUBOAUT K CHWKEHWUIO TemnepaTtypbl obpabaTbiBaemMon NOBEPXHOCTU A0
26 °C, 1 yBenu4yeHuio onuHel akena go 3.25 cm., Temnepartypa noBepxHOCTM obpasua NOMELLEHHOro B
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nnasmy npu atmocdepHoM AaBneHum moxeT 6biTb ycTaHoBneHa ot 41 °C po 26 °C, uto nossonsieT
obpabaTbiBaTb NOBEPXHOCTb MUHEpParbHbIX U Bronornyeckux obpasuos.

Cnucok ucnosib308aHHbIX UCIMOYHUKOS:
1. Heating Effect of Dielectric Barrier Discharges for Direct Medical Treatment / H. Ayan [et.al.].— IEEE Transactions
on Plasma Science, 2009. —Vol. 37: p. 113-120.

WCCNEAOBAHUE ®OPMUPOBAHUA HEYNOPAOQOYEHHON 5
NMOPUCTOU CTPYKTYPbl AHOAOHbIX NMIMEHOK HA HAYAJIbHOU
CTAOUN AHOOUPOBAHUA AITIOMUHUA

Jlywna H.B.

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHopMamuku U paduoa3/1eKmpoHUKU
2. MuHck, Pecnybnuka benapycb

Bpybnesckutli U.A. — kaHO. mexH. Hayk, doueHm

PaccmoTpeHbl 0cobeHHOCTU (POPMMPOBaHNS MOPUCTON MOPAONOrMK MNIIEHOK aHOOHOTO OKCuAa aroMWHUS Ha HadvarbHOW CTagun
aHOAMPOBaHWS anloMUHKS. YCTaHOBIEHO, YTO Ha HaYanbHOW CTagun aHOAMPOBaHWS antoMUHUS NopycTast MOpdororns aHo4HbIX MIEHOK
XapakTepuayeTcsl OQHOBPEMEHHBIM Pa3BUTUEM KakK rfaBHbIX, TaK M HEOCHOBHbIX NMOP onpeaenieHHoro anametpa. MonyyeHHble pesynbTaThbl
CBUOETENbCTBYIOT, YTO HEOCHOBHbIE MOPbl UMEIOT HE XaoTU4YHOEe pacnpedernieHne B aHOOHOW MIeHKe, a pacronoXeHbl BHYTpU
rekcaroHarnbHbIX S’4EEK, COCTaBMNEHHbIX U3 FMaBHbIX NOp.

MneHkn nopuctoro aHogHoro okcuaa amomuHua (AOA) nony4aroT nyTeM 3NEeKTPOXUMUYECKOro
OKWCMNEeHMs anioMUHUSA B BOAHbIX pacTBOpax KMCMOT. Mcnomb3yto cneumanbHble pexmnMbl aHOOUPOBaHMWS
dopmupytoT nneHkn AOA, ¢ ynopsaoyeHHOW MOPWUCTOM CTPYKTYPOM WM rekcaroHanbHOW (hopmon siyeek.
TonwuHa aHoAHbLIX MNMEHOK OnpeaensieTcsd BpeMEHeM W MIOTHOCTbI0 TOKa aHOAMPOBaHWSA, Torga Kak
HanpshkKeHne aHoAUPOBaHWA onpeaenseT AnameTp nop u paccTosHue mexay Humm [1, 2].

CornacHO MHOroYMCNEHHbIM MCCreaoBaHuaM, npouecc opMuMpoBaHus nneHok nopuctoro AOA
MOXHO pa3fenuTb Ha HecKonbko ctagui (puc. 1). Ha nepson ctagumn chopMmpyeTcs Cnomn NoTHOro okcuaa
anioMuHns. locne ero 4acTUYHOTO 3MEKTPOXMMUYECKOTO PacTBOPEHMSA MNPOUCXOAWUT 3apoXAeHue nop B
mMecTax aedeKkToB NoBepxHOCTU (ctagus 2). lanee nopbl C pasfnnMyHbIMU AMamMeTPaMmn KOHKYPUPYIOT Mexay
coboWi 3a npogormxkeHve passutua (ctagmsa 3). MNMocne 3aBepLleHNs 3TOro aTana HauYnHaeTCsl CTauMOHapPHbIN
POCT rnaBHbIX Nop (ctagus 4).

Il

i ~ B RAALALS
I ’ . l | .
! 2
" ool e

JV— IV
| I N
H. ~
3 4

| — amomunud, Il — nnomueii AOA 6apbepHozo muna, Ill — 3apodbiwu nop, IV — nopucmsiti AOA
PucyHok 1 — CxemaTtuueckoe n3obpaxeHne OCHOBHbIX CTaaui hopMupoBaHus nopucton cTpyktypsl AOA [3]
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3aBMCMMOCTb MNOTHOCTU aHOOHOrO TOKa OT BPEMEHM fnokadaHa Ha puc. 2. Kak u B crnyvae nneHok
©apbepHOro TuNa, NNOTHOCTb TOKA CHaYana ymeHbLuaeTcs (obnacte 1), 3aTeM NpoxoauT MMHUMYM (0BnacTb
2), Bo3pactaeTr 0o MakcumyMma (obnacte 3) W, HakoHeu, cTabunusmpyetca Ha 6Gonee HM3KOM YpOBHE
(obnactb nnaTto 4). Ot obnacTn COOTBETCTBYHT CTagusM pocTa u3HayanbHO nrnoTHoro okcuaa (Il Ha
puc. 1), obpasoanusi 3apoabiwert nop (lll), nx passuTtusa n pocta nop (IV) Brnybb antoMmHUS No Hopmanu K
nosepxHoctn [4 - 6]. Ha ctagum 4 aHOOHOrO OKUCMEHWA MPOUCXOAUT pas3BUTUE TNaBHbIX NOP C BbICOKOM
PerynsipHoCTbI0 CTPYKTYPbI.

J

PucyHok 2 — Mpaduk 3aBUCMMOCTW aHOAHOrO Toka J OT BpeMeHu t [3]

Llenbto paboTtbl 6bio usyveHne ocobeHHocTen (HOPMMPOBAHUSA MOPUCTOM MOPCONOrMM MNEHOK
aHOZHOro oKkcMaa antoMWHMS Ha HavarnbHOW CTaaMM aHOAMPOBaHUSA antOMUHUS.

Mopdonormn MNOBEPXHOCTU MAEHKM MOPUCTOrO OKCMAA arntoMWHUSA Ha anioMUHWEBOW NOAMOXKE,
Nnofy4YeHHON B NOTeHUMOCTaTn4eckoM pexume npu 40B B waBeneBow kucnoTe nayyanace ¢ nomoulbio COM
MuKpockonuu. [Ina onpedeneHuns gunameTpa nop npoBoAaurnachk KoMmnbloTepHas obpaboTka NOBEPXHOCTHOW
MOpPdONOrMM aHOAHOW NieHkM B nporpamMme Imaged. 3atem no pesynbratam obpaboTku cTpouncs rpaduk
pacnpegenexHns nop no AuvameTtpy. [lonyyeHHble pesynbTaTbl Nokasanu, 4TO pacnpegeneHue nop no
anameTpy MMeeT aBa OoT4eTnMBbIX nuka npu 22,5+0,2 un 26,4+0,2 HM. bonbwuii guameTp 26,4 HM UMetoT
rmaBHble Mopbl, a AvameTp 22,5 HM HEOCHOBHble MOpPbl B MfIEHKE aHOAHOro OKcuAa antoMuHusA. 3TO
yKasbiBaeT Ha TO, YTO Ha HayanbHOW CTaguu aHOAMPOBAaHWUS anlMUHWA HabnaaeTcs OAHOBPeMEHHOoe
pasBUTME, KakK rMnaBHbIX NOP, TaK M HEOCHOBHbIX Mop ¢ 6nu3kMm gmvameTpom. Cnegyetr OTMETWUTb, YTO
KONMMYEeCTBO HEOCHOBHbLIX MOP WMEET TakoW Xe MOpsdoK, Kak M rmaBHble nopbl. [Moatomy c 6onbLiown
BEPOSATHOCTBIO MOXHO YTBepXAaTb, YTO HEOCHOBHbIE MOP WMEKT HEe XaoTU4eckoe pacrnpeperneHve B
aHOOHON MIEHKe, a PacnonoXeHbl BHYTPU reKkcaroHanbHbIX i4eek, COCTaBMNEeHHbIX U3 rMaBHbIX nop. B Toxe
BpeMs Ha HavanbHOW CTaanu aHOAMPOBaHUSA POPMa TaKMX reKcaroHarnbHbIX SYEEK CUINbHO NCKaXKeHa.

YCTaHOBNEHoO, 4TO Ha HayanbHOW CTaguu aHoOMPOBaHWS anloMUHUS nopucTad Mopdonorus
aHOAHbIX MIIEHOK XapaKTepu3yeTcs OOHOBPEMEHHbIM Pa3BUTUEM KakK [MaBHbIX, Tak U HEOCHOBHbIX MOp
onpefeneHHoro Agnametpa. [onyyeHHble pesynbTaTbl CBUAETENBLCTBYIOT, YTO HEOCHOBHbIE MOPbI UMEIOT He
XaoTW4YHOEe pacnpefgenieHne B aHOAHOW MNIeHKe, a pacrnofoXeHbl BHYTPU reKcaroHasbHbIX SYeex,
COCTaBIEHHbIX U3 rMaBHbIX NOP.

CnucokK ucnosb308aHHbIX UCMOYHUKOS:

1. Self-ordering regimes of porous alumina: The 10% porosity rule / K. Nielsch [et al.] // Nano Letters, 2002 — Vol. 2. — Ne 7. — P.
677-680.

2. Fabrication of monodomain alumina pore arrays with an interpore distance smaller than the lattice constant of the imprint
stamp / J. Choi [et. al.] // Journal of Vacuum Science & Technology B, 2003. — Vol. 21. — P. 763-766.

3. CmpykmypupogeaHHble HaHOKOMIMO3Umbl heppoMazHemuUK/OKCUO antoMUHUS Ha M08ePXHOCMU 10/1yrnpPO8OOHUKO8bIX U
usonupyrouux noodnoxek. CuHme3, cmpoeHue U ceolicmea Memarns/nonynpo8odHUK codepxauux HaHOCMPYKmMypupO8aHHbIX
komnozumos / A.C. Byeaes [u Op.] // M.: « TexHocgbepa», Mockea, 2016. — C. 345-369.

4. Fast fabrication of long-range ordered porous alumina membranes by hard anodization / W. Lee [et. al.] // Nature Materials,
2006. — Vol. 5. — P. 741-747.

5. Sarkar J. Nanowires: properties, applications and synthesis via porous anodicaluminium oxide template / J. Sarkar,G.G.
Khan, A. Basumallick // Bull. Mater. Sci., 2007. — Vol. 30. — P. 271-290.
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6. HaHocmpykmypupogaHHble c/iou aHOOHO020 OKcuOa amoMUHUSI Ha u3onupyrowux nodnoxkax / M.I1. dyxHoseckul [u dp.] //
PaduomexHuka u OnekmpoHuka, 2012. — T. 57. — Ne 1. — C. 97-101.

ONTUMU3ALINA PEXXUMA 3APAOKU LI-ION AKKYMYNATOPHbIX
BATAPEU METOOAMWU MALLUHHOIO OBYYEHUA

XuHesuy A.C.

Benopycckutli 2ocydapcmeeHHbil yHU8epcumem UuHhopMamuku U paduoaneKmpOoHUKU
2. MuHck, Pecnybnuka benapycb

CmenaHog A.A. — kaHO. mexH. HayK, OoueHm

PaccmatpuBaeTcsi BO3MOXHOCTb MPUMEHEHWUST anrOpUTMOB yGOKOro MalUMHHOrO 0By4eHust Ansi onTUMU3auuy NpoLEeCcCOB ynpaBrieHust
TNINTUIA-MOHHBIMW  aKKyMyrsiTOpamy BO BpPEMSs SKCrfyatauuu U MnaHMpyeTcsl CPaBHUTL C OMMCaHHbIM B JaHHOW paboTe anroputmom,
OCHOBaHHbIM Ha JIMHEWHbIX PErpecCUMOHHBIX MOAENsX NMPOrHO3MPOBaHWUSA BeNMUUMHBL. B Mogensx ucnonb3yroTcs OueHLUMKM ¢ obpaTHOM
CBsI3W Ha ocHoBe GalecoBckoro onTummusaTopa. [nsi obyyeHuss mMogenen Mcronb3oBariMcb AaHHble M3 OTKPbITbIX WCCHegoBaHUNA.
OcHoBHble NakeT moaenen paspaboTaHbl B kayecTBe cTaHOapTHbIx 6ubnuotek TensorFlow un Scikit-learn. Vcnonb3oBanucb AaHHbIE MO
185 GaTtapesim, KoTopble paspsbkanucb U 3apsbkanuck B npouecce 100 umknoB. BbioeneHo 224 BO3MOXHbLIX TUMa 3apsigki. Bpems Ha
OLEHKY 1 onTMM3aumio coctasuna 16 gHen.

B paHHOM paboTe AeMOHCTpMpyeTcs MEeTOAONOrMA MNPYMEHEeHUs MallMHHOro obyyeHus ans
ONTUMM3aLMM MPOCTPAHCTBA NapameTpoOB TOKa W HampshkeHWs B npouecce ObICTPOM  3apsaaku
aKKyMynsaTopHbIX 6aTapen. Mogenb, cHukalowas 3aTpaTbl Ha ONTUMM3aLUMI0, COCTOUT 13: 1 Mogernb paHHero
MPOrHO3MPOBAaHMUA, YTO CHWXaeT BPeMs SKCNepumeHTa MyTemM MNpPOrHo3MpoOBaHWA Cpoka Cryxobl; 2
DariecoBCKui anropMtM ONTUMM3aLUK, KOTOPbIA YMEHbLUAeT KOMNMYECTBO IKCMEPMMEHTOB nyTem nogbopa
cbanaHcupoBaHHbIX akToB 3apsaku [1].

XapakTepuCTukn ToKa WM HampshkeHus 3apsgku 6atapen nomyyYeHbl B Mpouecce MHOroKpaTHOW
3apsgokn v paspagkm 6atapen. 3T OaHHble MCMONb3YHOTCA B KayeCTBE BXOAHbLIX OAHHbLIX anropuTMoMm
nuHenHom perpeccun. Mogens npegBaputenbHO 0byynnM Ha AaHHbIX MONHOro paspsga 6artapewn. Beero
NpoBOAMMOCL YeTblpe nocrefoBaTernbHbIX LMKNa ONTMMM3auMOHHOW oueHku. B pesynbTaTe Bpewms
TECTUpOBaHUs CHWXaeTcs. Ha pyucyHke 1 npeacTtasneHbl aTanbl NPOBEAEHUS SKCNEepUMEHTa.

dataset

BaiecoBcKkan ONTHMHU3aLMA

Barapenn

MpeAcKa3aHue paHHero HCXoaa

. Cycle life
3 g 4
Cycle life
data predictions Parameter 3
Capacity (from ML (CCy)
O model
Parameter 1 Parameter 2
(CC1) (CC2)
Mamenenme Pekomerayemble NpoTokonbl 3apaaku (CC1, CC2, CC3)

NPH3HAKOB.
M NpoLeccos

VWL

PucyHok 1 — Cxema cuctembl onTumMm3aumm ¢ obpaTHom cBa3bio [1]
Kak nokazaHO Ha pucyHKe 2, KaxAbll TuUN 3apsgku Onpefensietcs TPeMsi He3aBUCUMbIMU

napameTpamm (CC1l, CC2 u CC3); kaxgbll napameTp npeacTaBnseT cobow Tok 3apsiga. YerBepTbin
napameTp, CC4, 3aBucut ot CC1, CC2, CC3 1 BpeMeHn 3apsagku.
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PucyHok 2 — CTpykTypa 4eCATUMUHYTHOIO akTa BbicTpon 3apsaku [1]

Mocne aByx LMKNOB nosiBnsieTcs obLwasa kapTMHa NPOCTpaHCTBa NapameTpoB, TO eCTb 3aBMCMMOCTb
cpoka cnyxbbl OT napameTpoB npoTokona 3apsgkm CC1l, CC2 n CC3, u BbisiBfieHa 061acTb NPOTOKOJIOB C
NPOAOIMKUTENBHLIM BPEMEHEM >KU3HW.

Ons Toro 4Tto® OUEHWUTb KadyecTBO MoAenu HeobxoOMMO MPOBECTUM TECTOBbIA 3JKCMNEPUMEHT.
MpoBoguTca 3apsgka-paspsigka ©OaTaper OO MOMHOro oTkasa. [locnegHui UMK 3apsigku-paspsigku
CcUYMTaEeTCs Kak UCTUHHOE BPEMSI XU3HW. DTN TEeCTbl NPOBOAATCA Y4TOObI, MOATBEPAUTE, YTO OLEHLLMK MOXET
NpaBuibHO BbIOUPATb «TUMbI» 3apAOKM COOTBETCTBYHOLLME MaKCMManbHOMY BPEMEHU XWU3HW. PesynbTathl
TeCTUpOBaHUA NpeacTaBneHbl Ha PUCYHKe 3.b
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PucyHok 3 — Pe3ynbTaTthl npoBepo4HOro TecTos [1]

KpuBble 3aTyxaHus pas3psiiHOM €MKOCTU OEMOHCTPUPYIOT HENWHEWHbLIN cnaf, XapakTepHbln Ans
ObicTpon 3apsgku. PaccmaTpvBaemass Mogenb paHHero npeackasaHus OEeMOHCTPUPYeT HEKOTOPYH
MOrpeLHoCTb (PUCYHOK 3), U3-3a CTapeHus OT pa3nnyHoro cnocoba xpaHeHusi 6baTapen.

JdaHHbIi MeToA4 3HauuTenbHO cokpaliaeT HeobxoaMmMoe BpeMs OMTUMM3AUMU MO CPaBHEHUKO C
noaxogamv 6asoBon ONTUMU3aLUN.

Takum obpasomM, Obinl pacCMOTPEH anropuT™M ONTUMU3ALMN 3apAaKM NMUTUA-UOHHBIX aKKyMynsTOPOB
C UCMONb30BaHWEM CUCTEMbl OLEHKM W MpeaBapuTeNbHbIM MPOrHO30M ucxoda. OTOT MeTod MOXeT ObiTb
pacnpocTpaHeH Ha Apyrme obnactu MNpOeKTMPOBaHWS ObICTPbIX 3apsagoK, TakMX Kak WUMMAynbCHas w
NOCTOSIHHaA 3apska, a Takke Ans Apyrux Lenen, Takux kak bonee meaneHHas 3apsigka. Kpome toro, aTa
paboTa OTKpblBaeT HOBble BO3MOXHOCTM And ontumu3aumm 6artapen. bonee Ttoro, npu ycnosuu, 4TO
cyllecTByeT MoAxXoAdWwMn npenckasatens npeaBapuTeribHOrO WCxoda, 3TOT MEeToh TakKke MOoXeT
NPUMEHATCS ANS ONTMMMU3auuuM APYrMx acnekTtoB pa3paboTky akKyMynaTopoB, TaKMX KaK 3NEeKTpoAHble
mMaTepuanbl U XMMUYECKUM cocTas anekTponuToB [2]. NMomumo 6artapen, nogxod coyveTaloWwUin paHHWUA
NporHo3 pesynbrata MoxeT OblTb paclwmpeH And 3M@EKTUBHON ONTUMU3aUUN OPYrux (U3NYECKUX U
BbIYUCIUTENBHLIX ~ MHOTOMEPHbLIX  MPOCTPAHCTB  MapamMeTpoB, KOTOpble  BOBMEeKalT  TpyOoeMKue
3KCNEepUMEHTbI, UNNIOCTPUPYIOLLME METOAbl Ha OCHOBE AaHHbLIX ANsl YCKOPEHUSA TEMMOB Hay4HbIX OTKPbITUI
[3].

B panbHenwem npegnaraeTcs paccMOTpeTb BO3MOXHOCTb NPUMMEHEHUS anropuTMoB rry6okoro
0by4yeHns aAnsa pelueHns aHarnormyHom 3agaym 1 yBenmyeHus kayectsa Moaenen.

CrucokK ucnosib308aHHbIX UCMOYHUKOE:
1. Peter M. Attia, Closed-loop optimization of fast-charging protocols for batteries with machine learning / Peter M. Attia,
Aditya Grover // Nature 559, 547-555 (2020).
2. Butler, K. T, Machine learning for molecular and materials science / Butler, K. T., Davies, D. W., Cartwright, H., Isayev, O. &
Walsh, A. /I Nature 559, 547-555 (2018).
3. Khinevich A., Fabrication and characterization of solution processed CZCTSSe thin films for solar cell application/ A.
Khinevich , // Photonics Global Student Conference, 10 September 2020 e., Shenzhen / Electronic collection.
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MOBUJIbHAA CUCTEMA OETEKTUPOBAHUA U
PACMNMO3HABAHUA OB BEKTOB B PEXXUME PEAJIbHOIO
BPEMEHU

Cmenaroe H.B., cmydeHm 2p.744101

Benopycckuli 2ocydapcmeeHHbil yHUgepcumem UHGoOpMamuku U paduo3/ieKmpoHUKU
2. MuHck, Pecnybnuka benapyck

Cmowma C.C. — accucmeHm kaghedpbl ar1IeKMpPOHUKU

AHHOoTaumsa. B pabore paccMOTpeHO NpoeKkTUpoBaHMe MOOMMBHOW CUCTEMbl OETEKTMPOBAHMSA WU
pacno3HaBaHus 06 bEKTOB.
KnroueBble cnoBa. iOS, HelpoceTb, machine learning, AeTekTupoBaHue.

3agada OeTekTMpoBaHUSA U pacno3HaBaHus MHGopMauum B pearibHOM BPEMEHU U MO M300paKeHNsiM
npeacTaBnsieT MHTepec B obnacTy KOMMbIOTEPHOro aHanusa. Ha gaHHbI MOMEHT 3Ty 3ajady peliatoT
pa3HoobpasHble TEXHONOMMW U WHCTPYMEHTbl. PasnnyHble MeToAbl AaloT pasHyl TOYHOCTb UM CKOPOCTb
00paboTkn nHdopmaLmm.

Llenbto gaHHon paboTbl siBnseTcs paspaboTka NpUNoXeHns ang AeTEeKTMPOBaHWUS U pacno3HaBaHus
06bekToB B npunoxeHun and nnatgopmel iOS, nposBegeHve aHanmMsa WUMEKLWUXCS anropuTMoB U
paspaboTka COOCTBEHHOM HempoceTn [nOns YCKOPEHHOM 0OpaboTKM [OaHHbIX, MOMYyYEHHbIX C Kamepbl
cmapTdoHa.

Mpouecc paboTbl 4aHHOW MOBUIBHOW CUCTEMBI HAYMHAETCH C 3anycka NPUIIOXeHNs 1 Beibopa pexvmva
paboTbl. MNpn BbIGOPE pexvma OETEKTUPOBaHWS B peanbHOM BPEMEHM — OTKPbIBAETCA kamepa W npouecc
aHanu3a [OaHHbIX 3anyckaeTtcs. PesynbtaT oTobpaxkaeTcs cpasy e Ha akpaHe ycTtpovictea. [pu BbiGope
pexuma peTekTupoBaHust Mo (OTO — MpPOMCXOAMT BblGop dpoTorpadoum 1 JanbHEWWnn eé aHanus
anroputMammn 4eTeKTMPOBaHNSA OOBEKTOB.

O6nacTb NPMMEHEHNS MPUIMOXEHWUS OOCTAaTOYHO OOLIMPHAsA: OHO MOXET ObiTb MCMNONb30BaHO Kak
opraHusaumsamMun 1 npegnpuaTusiMyM Ansa BHeAPEHNS B CBOM CUCTEMbI OXpPaHbl UMW NPOM3BOACTBA, Tak 1 Ans
nomoLm cnabosuaaLnm nNiogaMm.

OkoHoMMYeckas 9PEKTMBHOCTL/3HAYMMOCTL paboTbl: paboTa SABNAETCA KOHKYPEHTOCMOCOGHOW,
coumanbHO 3Ha4YMMON U SKOHOMUYECKN BbIFO4HOWN.

Ee npumeHeHune no3sonserT:

— BbICOKOTOYHO AeTeKTMpOoBaTb U pacno3HaBaTth AeTanu Ha Npon3BoaCTBaXx;

— 1CNonb3oBaTh e€ Kak Hegoporou cnocob cuctembl oxpadbl Ha Kl Ha npeanpuATnax;

— nomMoraTtb craboBMasALLMM MOAAM pacno3HaBaTb Kako 0ObEKT HaXOOUTCH BO3ME HUX;

— 9KOHOMUTb OFPOMHbIE CPEACTBA Ha CrneLmanu3npoBaHHble Npubopbl.

MpeunmyLlecTBa AaHHOW CUCTEMBI CrieayoLnE:

— [OeLleBun3Ha;

— NErkocTb NPUMEHEHNS;

— aBTOMaTM3auus;

— 9KOHOMMUS BPEMEHM;

— Bornblias obnactb NPUMEHEHUS;

— aKTyanbHOCTb.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. Selfie infographic (2001): http://techinfographics.com/selfie-infographic- selfiegraphic-facts-and-statistics/

2. Canny J. F. A computational approach to edge detection // Pattern Analysis and Machine Intelligence, IEEE Transactions on.
1986. No6. P. 679-698.

3. Duda, R. O, P. E. Hart Use of the Hough Transformation to Detect Lines and Curves in Pictures // Comm. ACM, 1972, Vol.
15, P. 11-15;

4. Viola P., Jones M. Rapid object detection using a boosted cascade of simple features // Computer Vision and Pattern
Recognition 2001

5. Viola P., Jones M. Fast Multi-view Face Detection // Proc. of Computer Vision and Pattern Recognition 2003

6. Viola P., Jones M. Robust Real-time Object Detection // International Journal of Computer Vision 2001

7. Freund Y., Schapire R.E. A decision-theoretic generalization of on-line learning and an application to boosting. In
Computational Learning Theory: Eurocolt ‘95, pages 23—-37. Springer-Verlag, 1995.

8. Smartphone OS Market Share (2015): http://www.idc.com/prodserv/smartphone-os-market-share.jsp

9. Swift, C++ Performance: http://www.primatelabs.com/blog/2014/12/swift- performance/

10. OpenCV modules: http://docs.opencv.org/3.1.0

11. Using C++ in Swift: https://developer.apple.com/library/ios/documentation/Swift/Conceptual/Buildi

ngCocoaApps/index.html
12. CascadeClassifier Class Reference: http://docs.opencv.org/3.1.0/d1/de5/classcv_1_1CascadeClassifier.html
13. Viola-Jones Face Detection: https://sites.google.com/site/5kk73gpu2012/assignment/viola-jones-face- detection#TOC-Image-
Pyramid
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BNOK MUTAHUA PE3EPBHbIU

KyHOenbckuli P.B., cmydeHm ep.744101

Benopycckull 2ocydapcmeeHHbIl yHUsepcumem UHgopMamuku U paduo3r1eKmpoHUKUT
2. Munck, Pecnybnuka benapyck

euesuy I.0. — accucmeHm Kag. 31eKmMpPOHUKU

B pa6oTe paccmatpuBatoTcs NpoGrieMbl BHE3AMHOMO OTKIIOYEHUS YCTPOMCTB MPU MPOMaxe NMUTAIOLLEro HanpsiKeHUs!, a Takke Crnocobbl
peLLeHust Takux npobnem.

B HacTosiwee Bpems Habnwopgaetca yBenuueHne nOTPeOHOCTM B BbICOKOCKOPOCTHBIX LIEHTpax
06paboTkM AaHHbIX, cucTemax 6e3onacHOCTW, CUCTeMax TEernekOMMYHUKaLUWMOHHOW CBS3WM B peanbHOM
BPEMEHN N NPUMEHEHUMN CUCTEM C HenpepbiBHbIM aBTOMaTUYECKUM TexXHOMormyeckum npoueccom. Poct
notpebHocTn B Takom obopyaoBaHuuM BMecTe ¢ obecnevyeHnem GONbLUMM KONMYECTBOM pasHOOBpasHbIX
BO3MOXHOCTEN BblABUraeT NOBbILLEHHbIE TPEBOBaHUSA K UCTOYHMKAM 3EKTPONUTaHNS.

HeB3vpas Ha TO, 4YTO nNpu reHepaumMm 3NEKTPOIHEPrun, HanpskeHne UuMeeT OTMWYHbIE
XapaKkTepUCTUKKN, B TOT MOMEHT, KOrAa anekTponuTaHve gocturaet noTpebuTtens, ero kayecTso ganekoe ot
ngeanbHoro. 3HauuTenbHble MNpPOBanbl HaMpsKeHWs U konebaHus 4acToThl, MOrYT MpMBECTM K
HenonpasMMbIM MOTEPSAM, BbI3BaHHbIM MOBpexAeHVem o6opygoBaHMA WM ero  HenpeaBuAEHHbIM
OTKMoYeHneM 6e3 coxpaHeHus AaHHbIX.

OcobeHHoe BHMMaHWe, npu pa3paboTke WCTOYHMKOB MNWUTaHMA, CTanu yAaenaTb npu NOCTPOEHUU
CMOXHbIX LMAPOBbLIX YCTPOWCTB (NepcoHanbHbI KOMMbOTEP unu nbas Apyras MUKpONpoLeccopHas
TEXHWKW), rae BO3HWKNa noTpebHOCTb obecneyeHus aTUX YCTPOWCTB HeMNpepbiBHbIM M CaMoe [MnaBHoe -
KayeCTBeHHbIM MuTaHveM. [lponagaHne HanpskeHus Ans  YCTPOWMCTB 3TOro Kracca MoxeT 6biTb
datanbHbIM: MeOUUMHCKME CUCTEMbI XM3HeobecneyeHns HyXgalTcss B NOCTOsIHHOW paboTe komnnekca
YCTPONCTB, U TPeBOBaHUA K UX MUTAHWNIO O4YEHb CTPOTU; CUCTEMbI HAHKOBCKOW 3aLUUTLI U OXPaHHbLIE CUCTEMDI;
CUCTEMbI 3KCTPEHHON CBA3M 1 Nepeaayn nicopmMauuu.

Mpu co3gaHnyM SMNEKTPOHHOro YCTPOWCTBA OTAENbHOrO Krnacca W HadHayeHus (SreKTPOHHO-
BblUMCNUTENbHbIE MalUWMHbI, MeAMUMHCKas u OblToBas 3MeKTPOHHAs TexHuKa, cpedcTBa aBToMaTu3aumm)
WCTOYHUK obecrneyeHnss rapaHTPOBaAHHOMO MMTaHUS MOXeT ObiTb NoAobpaH M3 Tex, KOTopble BbiMyCKaTCH
CepuinHO. B HeKkoTopbiX CTpaHax CyLLEeCTBYIT (PMPMbl, KOTOpble CMeuMannsmpyroTcs Ha MPOMbILLSIEHHOM
BbIMyCke WCTOYHUKOB OecnepebonHOro nuTaHus, U noTpebutenb MMeeT BO3MOXHOCTb BblibpaTb TOT,
KOTOpbIi emy Gonblie Bcero noaxoauT. OgHako, Korga No 3KCMnyaTaumOHHbIM, KOHCTPYKTOPCKUM WMv
APYTMM  XapakTepucTukam WCTOvHMKa 6ecnepeborHOro nuMTaHus, KOTOpPble BbIMYCKAOTCA CEpPUNHO, He
yAOBNETBOPSAIOT NOTpebHOCTAM noTpebutens, Heobxoammo paspaboTaTb HOBbIA, C y4ETOM BCEX Npasun,
cneundmryeckux gnsa aToro B1aa.

Temon gaHHOro npoekTa aBnsieTcs paspaboTka yHMBepcansHOro pesepBHoro 6rnoka nutaHua (ganee
BINP), cTpykTypHas cxema KOTOpPOro npeacrasrneHa Ha puc. 1.

CraGuansarop-orpannynres
18-30B HAUPAKCHHA DICKTPHYCCKOIT ceTn. TMosbimalommii
3amuTa nepeHa GKCHIS M > mpcodpasosateas DC-DC —»
0BPATHOTO HATIPSKEHNS. 32B
Orpannsene Toxka

b0k TeneMeTpHu 3apsia- Cradmmmsatop
pasps;ia HaNPAKEHNS IHTaHNA

Msmepenne Toka, Hanpsokenms, KOITPO.LICpa 1
(COMPOTHBIICHILT AKKYMYIATOPA. TPHEMONCPCAATIHKA

Batok sanwre
AKKYMVLITOP

AKKYMY.ISTOPA RS-422

Kourpoiep Me—> TTpuémonepearuni
e BII0K KOHTPOIIA TeMieparyphi
CTCMA
HeTeMa akkymyssitopa. Piow namMats

6aTaHCHPOBKH .
AKKYMYIITOpa Brx
Lo YA BIXOX
15TOpa
BUI0K nepekiiosenits 18 - 298
nuraloneii cern

AKKYMY:

PucyHok 1 — CTpykTypHas cxema BIP

Ero yHuBepcanbHOCTb 3aknyaeTcs B TOM, 4Tobbl OH MOr Mcnonb3oBaTbcs B Ntobon annapatype
MowHocTbio o 500 BT, nutatowierica B gnanasoHe 3.6 — 32,4 B (anana3oH BbIXOOHOMO HarpshkeHusa m
MOLLHOCTU BbIOMpaeTCca npu HaCTPOMKe) HavMHas OT MNPOCTbIX CUCTEM aBapUAHOIO OCBELLEHUA U
3aKkaHumBasi cuctemMamm ©OesonacHoCTM W MeauuuHckmm  obopyaoBaHueM. [MpuynHa  nocTpoeHus
0ecnepebonNHOro NCTOYHMKA MUTAHUA — 3TO BO3MOXHOCTb €ro UCMoNb30BaHUA B fobow annaparype, 4ns
KOTOpOW CTabunbHOe 3fekTponuTaHue SBMsieTCs BaxHbIM (hakTopoM, a Takke co3gaHue OTe4YeCTBEHHOro
YyCTPOWCTBa KOTOPOEe ByaeT aellesne 3apybexHbIX aHanoros.

[ns noBblWeHNsa HaaeXXHoCTH Oroka, Npu ero NPOeKTMpoBaHUK, NpeanaraeTcs:

- obecneunTb nerkne anekTpuyeckue, TennoBble pabouve pexumbl getanen 1M maTepuanos
KOHCTPYKLMU, UX NPaBuibHbIN BbIGOP;

- obecneunTb HaAEeXHYH0 3aLUTy OT BHELUHUX U BHYTPEHHUX A4eCTabnnmnsmpyowmx akTopos;
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- LUMPOKO MCNONb30BaTh MHTErparnbHbIE MUKPOCXEMbI, @ TaKKe CTaHOAPTHbIE KOMMNOHEHTLI;

- obecneunTb PEeMOHTOMPUroAHOCTb U3Jenus, UCNoNb3ysd  (PYHKLUMOHANbHO-Y3NOBOM MeToA
KOHCTPYMPOBaHUS.

OcHoBHble (hakTopbl paccMmaTpmuBaemble Npu paspaboTke:

- CTOUMOCTb;

- Macca n pasmepbl;

- ONIMTEnNbHOCTb paboTbl OT akKyMynsiTopHon 6aTapew;

- 3alWMLWEHHOCTb OT BHELWHNX haKTOPOB;

- YHMBEpCcanbHOCTb

Ona obecnevyeHnss 3agaHHbIX KIMMaTUMYECKMX W MexaHudecknx TpeboBaHun npeanaraetcs
ncnonb3oBaTb 3fIEMEHTHY0 6a3y M Martepuarnbl, Yy4MTbiBas npepenbHble BHELUHWE BO3AEWNCTBUS, KOTOpble
HeraTMBHO BNUSKOT HA paboToCcnOCOBHOCTL N3aenus.

Mpegnonaraetca wucnomnb3oBaHMe B cuctemax ©e3onacHOCTM, cuUcTeMax BuaeoHabnaeHus,
MeOVLUMHCKOM 00O0pyaoOBaHUKM, CUCTEMAX aBapuUMHOINO OCBELLEHUs, a Takke Ang MCNonb3oBaHMs B
aBTOMOBUIIAX OIS pasfnYHbIX Lenen.

CnucoK ucnosb308aHHbIX UCIMOYHUKOS:

1. Analog [OnekmpoHHbIl pecypc]. — Pexxum docmyna: https://www.analog.com/ru/products/ltc4015.html

2. Analog [GnekmpoHHbil pecypc]. — Pexum docmyna: https://www.analog.com/ru/products/lt4356—1.html

3. Irbis [OnekmpoHHbIl pecypc] : Datasheet / Irbis. — Pexxum docmyna: 60w.pdf

4. Mouser [OnekmpoHHbIl pecypc]. — Pexxum docmyna:
https://ru.mouser.com/ProductDetail/Maxim-Integrated/MAX3462ESA%2B?qs=1THa7WoU59G5z0ZIP95kGA%3D%3D
5. Microchip [OnekmpoHHbIt pecypc]. — Pexum docmyna: hitps://www.microchip.com/wwwproducts/en/ATmega328

6. Electrosam [SnekmpoHHbIl pecypc]. — Pexum docmyna:
https://electrosam.ru/glavnaja/jelektrotehnika/jelektrobezopasnost/avariinoe—osveshchenie/

ABTOMATU3UPOBAHHAS CUCTEMA NMONUBA PACTEHUHA

JlesuHa M.O., cmydeHmka 2p.744101

Benopycckutli eocydapcmeeHHbIl yHU8epcumem UuHgopMamuku U paduoar1eKmpoHUKU
2. MuHck, Pecnybnuka benapycb

Cmowma C.C. — accucmeHm kaghedpbl a51eKmMpPOHUKU

AHHoTauums. Mpouecc paboTbl aBTOMATUYECKOW CUCTEMbI NOMNMBA KOMHATHBIX PACTEHWI HAUMHAETCS C AaTyMka BnaxHocTW. OH namepseT
BIa)KHOCTb MOYBbI W MepedaeT aHaroroBoe 3Ha4YeHWe MUKPOKOHTponnepy. [anee kaxable 5 MUHYT cpabaTbiBaloT NpepbiBaHus:
npoBepsieTca 3HaueHue, nepefaHHoe ALIM. 3aTem curHan uaet Ha cunoBol kintod. CpabaTbiBaeT NpoBepka OTKPbLITUS/3aKPbITUS CUIMOBOO
Krnoya. B 3aBUCHMOCTM OT BNaXkHOCTU MOYBbI CUCTEMA OMPEAENIUT, Kakoe AEe/CTBIE NPOU3BECTY C KITHOUOM: 3aKPbITb MU OTKPbIT.

KnioueBble cnoBa. [1onvBe, MUKPOKOHTPOMNEp, AaTymK BNaxkHOCTH, Bluetooth.

B gaHHoOM paboTe pacCMOTPEHO NPOEKTUPOBaHWE aBTOMAaTMYECKOW CUCTEMbl MofvBa pacTeHWW Ha
OCHOBE [JaTuMka BnaXHOCTM MO4YBbl. ABTOMaTM4yeckas cuctema nonmMBa — 3TO cucTema, Mo3BoMstoLias
OCYLLECTBMATb MNOCTOSHHOE OpOLUEHMEe MOYBbl HEeOBXOAMMbIM OOBEMOM KMAKOCTM Ha MNPOTSKEHUM
onpeeneHHoro nepuoaa.

OcHoBHoOM 3agaden nogo6HoW cuctembl ABnsaeTca obecneyeHne pacTeHWUn CTPOro HeOOXOANUMbBIM UM
KONMYeCcTBOM BOAbI C Y4ETOM peasibHO BbiNaBLLUMX aTMOCHEpPHbIX 0CAAKOB B Crlyyae HaxoXaeHus pacTeHun
Ha OTKPbITOW TeppUTOpUX, a Takke C y4eTOM BNaXHOCTM MOYBbl B HACTOsILLIee BPEMS B Cllydae HaxoXaeHus
npegmeTa nonvea B 34aHWK.

Llenbto paboTbl ABnsieTCs NpoBeAeHUe KOMMEKCHbIX WHXEHEPHbIX MCCneaoBaHWi, BKOYash MOUCK
HeobxoaMMon nHopMaummn, aHanua n MHTepnpeTauunio AaHHbIX C NpUMeHeHneM 6a3oBbIX 1 cneuunanbHbIX
3HaHMIN N COBPEMEHHbIX METOAOB ANst AOCTUXEHMS Tpebyembix pe3ynbTaTos.

O6nactb NpUMEHEHNs:: YCTPOMCTBO MpeAHa3HayeHo AN XWUMbIX MOMELLEHUA U aBTOMaTU4eCcKoro
nonvBa KOMHaTHbIX PacTEeHUN.

OkoHoMMYeckas 3(PEeKTMBHOCTL/3HAYMMOCTb paboThl: paboTa SBNAETCA KOHKYPEHTOCMOCOOHOW U
9KOHOMWYECKUN BbITOOHOMN.

Cuctema aBTOMaTMYeCKOro nonvea nO3BONSeT co3daTb OnaronpusiTHoble YCMOBUS  pasBUTUS
pacTeHusM, n3baBnseT OT NPOAOIKUTENBHON PYTUHHON eXXeAHEBHON paboThbl MO yXo4y 3a cagoM, ra3oHoM,
Ooropoaom, gaven.

Ee npumeHeHve nossonser:

— BblpalmMBaTh 340POBbIE, YXOXXEHHbIE pacTeHUs Ha Aaye;

— co3gaBaTb KpacuBbI ra3oH;

— obecneymBaTtb paBHOMEPHbIN NONMB 6e3 NPSMOro y4acTusi YernoBeka;

— 9KOHOMUTb nNoTpebneHve BoAbI.
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MpeumyLlecTBa JaHHON CUCTEMbBI CneayoLme:

— [eLleBun3Ha;

— NEerkocTb NPUMEHEHNS;

— aBTOMaTM3aLms;

— 9KOHOMUS BPEMEHM;

— Bonblwas 0bnacTb NPUMEHEHUS;

— aKkTyanbHOCTb.

ABTOMaTM3UpOBaHHaA cuctemMa nonuea pacTeHUW COCTOUT U3 2 YacTel: cucTeMa AeTeKTUMpOoBaHUA
BNaXHOCTW MNOYBbI M CUCTEMA MOMMBA PacTEHNN.

Cunctema OeTeKTMpOBaHWS BIIaXXHOCTW MOYBbI ONpPeaennT, CKONMbKO BoAdbl B AaHHbIA MOMEHT BpeMEHU
COOEpXUTCS B NoYBe, U nepegacT uHdopmauuto yepes Bluetooth. B 3aBucumocTn ot aToro ectb HekoTopble
nyTM passButng 3ToM cuctembl. K npumepy, coenatb aBTOMATUYECKYD CUCTEMY MOMMBA KOMHATHbIX
pacTeHunin goma nNnbo CNOXHYK CUCTEMY MOMMBA, Hanpumep, ra3oHa, 3aHMMaloLLEro KPYMHYIO TEPPUTOPUIO,
unu B eLle 6onee kpynHbIX MacluTabax, kKak Oblio pacCMOTPEHO BbILLE, AMsl CENbCKOro X03sIMCTBA CTPaHbI, a
KOHKPETHO — ANs NaxoTHbIX 3emMernb. B nepBom cnyyae aaHHas cuctema byaeT yumTbiBaTb ucnapeHne Boabl
B KOMHaTHbIX pacTeHusiX (T.K. 04EBUAHO, BMAXHOCTb MOYBbI 3aBUCUT HanpsaMyto OT UcnapeHusi BOAbl C Hee).
3710 ropaspo adhdekTmBHee, YeM MOMMB pacTEHU No pacnucaHuio. Bo BTOpom u TpeTbeM criyyasx Takas
cuctema OyaeT gaBaTb Xopowwi pesynbTaTt bnarogapsi TOMy, YTO OHa y4uTbiBaeT MorogHble ycrnosus. B
AOXOb BMaXHOCTb BbILLIE, COOTBETCTBEHHO, paboTa cucTeMbl NonvBa OCYLLECTBNATLCHA He byaeT. B AcHyto
norogy Bbllle WCNapeHue, 3Ha4YuMT OaTyMK OTMETUT HU3KWUKA nokasaTenb BNaXHOCTU MOoYBbl U nepefact
MHdOpMaLIMIO MUKPOKOHTPOINEPY (a Takke YyenoBeky Yyepe3 Bluetooth).

Cuctema nomnuvBa MNOAKMYaeTcs K BOOOMPOBOAY M PaBHOMEPHO pacnpefensieT Body MO HyXXHOM
Tepputopun. OgHako B AaHHOM paboTe Mbl PAaCCMOTPUM «MaKeT» TakOM CUCTEMbI, TO eCTb Bonee npocTom
BapuaHT, HO B KOTOPOM TOXe €CTb HeobOXOAMMOCTb, - CUCTEMY MOMMBa KOMHATHbIX pacTteHui. B Takon
cucteme Bofa GyaeTt noctynatb M3 yAOOHOW ANs Nonb3oBaTeNs €MKOCTM Yepes LUMaHr Hanpsamyr K MecTy
nonuea.

CyLiecTByeT HECKONbKO METOAOB NOMMBA PacTEHMI:

1 MeToa nonvnea 13 Nemnku;

2 MeTo[ 4aCTUYHOrO MOrpyXeHns eMKOCTU C pacTeHUEM B BoAY;

3 MeToa NosiHOro NorpyXeHus;

4 MeTop KanenbHOro opoLleHNs;

5 ®UTUNBLHBINA NONUB;

PaccmoTpum BCce MeToabl NonmBa NoOoYepeaHo, C TOUKN 3peHUs Nx sEKTUBHOCTN.

MeToa nonvea n3 nNemnkn ABNAETCH CaMmblM PacnpoCTPaHEHHbIM, HO HEAOCTATOYHO 3P EKTUBHBLIM.

Mpu nonuee mn3 nerkn, ecnu cybeTpaTt nepecox, bonblas YacTb BOAbLI cOpacbiBaeTcs B NOAAOH He
YBNAXHSAS NOYBbI, U pacTEHUE He norly4yaeT HeobXoaUMOro KonmyecTsa BOAbI.

MeToa 4acTMYHOrO W MOSIHOTO MOTPYXXEHUs sBNseTca Haubonee adPeKTUBHBIM U3  BCEX
NnepeyYnUCcreHHbIX, HO MPU HanMYMM 60MNbLIOTO KONMYECTBA PACTEHUIN AOCTAaTOYHO TPYAOEMOK.

MeToan kanenbHOro opoleHus 3pdeKTMBEH, HO CBsI3aH C HEOOXOOUMOCTbLIO TOYHOW HaCTPOMKU
0obopyaoBaHUA, pacnonoXeHWEM pPacTeHMn B OOHOM MeCTe U OOMOMHUTENIbHOM MECTe Ans pasMeLleHus
HacocoB, TaMepoB yrpaBneHns U1 eMKOCTU C BOOOWN.

PUTUMNBHBIA NONUB HE NpurogeH Ans OOMbLIMHCTBA pacTEeHWW, ero UCMOoMb3yT NpU BblpallyBaHUA
CEHMonun.

ABTOMaTM3npoOBaHHas cucTema NonmeBa pacTeHuin — NpucnocobneHne OBOMbHO pacnpocTpaHeHHoe,
Hanpumep, B AayHbiX ycnoBusax. OQHaKo y KaXaowm Takon CUCTEMbI ECTb CBOU HedocTaTkM. CaMbiM 60MbLUnM
HeJOCTaTKOM MpUW NOKYMKE TakoW CUCTEMbI SIBMISIETCS €€ 3aBbllLeHHas CTOMMOCTb.

Kpatkuii npyHumn paboTsbi:

1 Bca cuctema ynpasnseTca MUKPOKOHTponnepom STM32F407.

2 K Hemy nmopgkniovaeTcs gaTtyMK BAaxHOCTWM noyebl U MH-Sensor. OTta cuctema nogaet curHan Ha
MUKPOKOHTPONNEpP Npu onpeaeneHHoM YpOBHE BNaXXHOCTU MOYBbI.

3 Ecnu xe BRaxHOCTb OTHOCUTENbHO HM3Kasl, MWKPOKOHTpOMMep nogaet curHan Ha Bluetooth-
MOAYINb, KOTOPbIA B CBOK 0Yepeb ONOBECTUT MOSb30BaTENS O KAKOM-TO YPOBHE BIIaXXHOCTMU.

4 B TOM Xe criydyae 4yepes CUIIOBOW KIHoY NOMAET CUrHam Ha Hacoc, KOTOpbI HAa4YHET KayaTb BoAy U3
yao0HOM aAnst nonb3oBaTens EMKOCTU.

CTpyKTypHas cxema aBTOMaTM3MPOBaHHOW CUCTEMbI NONUBA pacTEHUN NpeacTaBneHa Ha pucyHke 1.
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o Snosnccs o Vngorompatres STHIZFH0T e o st

Lunobou Kmay

Merdparmeill Hacoc

PVIOyHOK 1- CprKTypHaﬂ cXemMa CUCTeMbl aBTOMaTU3NPOBAHHOMO MONMBa pacTeHUn
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