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AHHOTAIUA

JlanHasi craThsl NOCBSAIIEHA 3ajadaM HagexHocTd I1O M anmapaTHbIX
CPEJICTB CETELCHTPHUYECKNX CHCTeM, Pa3padOoTKe MaTeMaTHYecKOW Mo-
JIeId UIMUTALMOHHOU cucTeMbl TectupoBanust U puarHoctuku (MCT)
i TPCC, nosBonsomeil aBTOMaTH3UPOBATh MPOLECCHl 0OHAPYXKEHUS
ommOoK B mporpaMMmHoM obectieuennu (I10) n HencripaBHOCTEN ammapa-
Typbl TEPPUTOPHANBHO-PACHPEAEICHHBIX CETEHEHTPUYECKUX CUCTEM
(TPCC) peanpHOTO BpeMEHH.

KiioueBble ¢JI0Ba: CETELEHTPHUYECKUE CHCTEMBI — CETH, CETELEHTpUYe-
CKHE BOMHBI, MAaTEMAaTHYECKHE MOJIEIN UMHUTAIIMOHHBIX CHCTEM, HaJIeXK-
HocTb T10, sTamsb! paspabotku u ucneiranuii I[10.

OnbIT CO3MaHUS TEPPUTOPUATHHO-PACTIPEIEIIEHHBIX CETEIEHTPUIECKUX CH-
cteMm (TPCC) noka3pIBaeT, 4TO OAHUM U3 CAMBIX TPYJOEMKHX U OTBETCTBEHHBIX
3TAIOB UX MPOEKTUPOBAHUS SIBJISIETCS 3Tall TECTUPOBAHMS M MCIIBITAHUHA TPOTpam-
MHOTO obecrieueHust, 3anuMaronuii okono 50-60% (0T) Bcero BpeMeHH pa3pa-
0oTku. TecTHpoBaHUE M WCHBITAHUS SBISIFOTCA BaXKHBIMHM 3TAllaMH BBITIOJIHEHUS
MPOEKTa, T.K. HeOOHApYKEHHbIE OIUOKH B mporpaMmmHoM obecnieuernu (I10) mo-
T'YT IPUBECTH K TSHKEJBIM, 3a4aCTYI0 KaTaCTPOPHUECKUM HOCIEACTBUSIM.

B nporiecce axcruryaranun [10 pacipeneieHHbIX CEeTeIEHTPUISCKUX CHCTEM
(CC) 6BIBaIOT Cciy4an MCKaXEHUS TAHHBIX M HapyLIICHHE HOPMAIBHOTO X0/ BbI-
YUCIUTENHHOTO MPOIIECCca, YTO MOKET MPUBECTH K OMIMOKaM B pe3yibTaTre obpa-
OOTKM JaHHBIX, YBEJTMUCHUIO BPEMEHHU BBHIMOJIHEHMS 33aa4 U T.1I. Bee 3T0, B cBOIO
odepenb, MOKET CITPOBOIMPOBaTh aBapuitHeie cutyanuu B TPCC, a B HEKOTOPBIX
Clly4asiX ¥ IOJHBIA CPHIB pabOTHI BCel cucTeMbl. 113 MeXTyHapOAHBIX HCTOYHHUKOB
nH(popmarun n3BectHO, uTo B CIIIA 1 3anannoit EBpore hnHAHCOBBIC TOTEPH, BEHI-
3BaHHBIC MOTEpel MHPOPMALMK WIIM HEMoJaIKkaMHi B padOTe KOMIBIOTEPHBIX CH-
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cTeM, cocTaBisoT okoso 130 mupa. gomnmapos B rox [1]. [Hostomy s CC paspa-
0aThIBalOTCS CIielMaIbHbIE METOABI Uil OOHAPYKEHUS WU OOpaOOTKH OIIMOOK H
o0ecreyeHus] yCTOMYMBOCTH BBIYHUCIUTENIBHOIO Ipolecca K pPa3IM4YHbIM THIIAM
aBapUIHBIX CHTyalllii B cucTeMe. bonblias yacTh (YMHAHCOBBIX 3aTpaTr CBs3aHa C
MNarHOCTHKOW M TECTHPOBAHWUEM IPOTpaMMHOTO obecrieueHus cucteM [1], 9ro
o0ycIaBnMBaeTcsl HEAOCTaTOYHOM CTETEHBbI0 aBTOMATH3alKU MPOLecca OTIAIKH
[10O. ITosToMy 3amayu aBTOMATH3ALMU IIPOLECCOB OOHAPY)KEHUSI M MCIIPABICHUS
ook B 11O 1 60pb0BI ¢ aBapUHBIMU CUTYALMSIMHU, BO3HUKAIOIUMH TpU padoTe
CHCTEMBI B PEAbHBIX YCIIOBHSAX, SBIISIOTCS BaXXHBIMHU U aKTYaJIbHBIMHU 3aJa4aMU
npoekrupoBanus CC [3, 4].

TPCC mpenctaBisifoT cOO0W CIIOKHBIE CHCTEMBI, COCTOAIINE W3 MHOXECTBA
00BeKTOB, 1 ipoBepka [10 Ha Bcex 00beKTaxX, XOTA U SBISETCS TEOPETHUECKH BO3-
MOYKHOHM, HO MPaKTHYECKH HELEeIeCOO0Pa3HOM C TOUKH 3PEHUSI BpEMEHHBIX U (u-
HAHCOBBIX 3aTpart. [loaToMy HEOOX0AMMO pa3pabaThIBaTh U CO3aBaTh UMUTALIMOH-
HBIE cpebl QYHKITMOHUPOBAHUS OTAETHHBIX 00heKTOB miH (pparmenToB TPCC, ko-
TOpBIE TO3BOJISIT PEATH30BBIBATH MIPOLECCHl UCTIHITAHUN M TECTUPOBAHUS TIOCPE/-
CTBOM HCIOJIb30BAHMSI OTPAaHMYCHHOTO KOJIMYECTBA TEXHUIECKUX CPEACTB U MUHU-
MaJILHOTO KOJIM4YecTBa 0OBEKTOB. TO eCcTh clielyeT pa3padaThiBaTh TAKUE CUCTEMBI,
KOTOpBbIE MO3BOJISIT MMUTHPOBATh HEKOTOPBIE TUIIOBBIE O0OBEKTHI, OTCYTCTBYIOIIUE
BO BpEMSI TECTUPOBAHUS OTJIENILHBIX 00BEKTOB, YTO, B CBOIO OUEPE/lb, IACT BOSMOXK-
HOCTb M30€XaTh OOJIBIINX 3aTPaT U COKOHOMHTH JIPArOLEHHOE BPEeMSI.

U3 Bcero BhIlliecka3aHHOTO CIIEIYET, YTO CO3/1aHUE U pa3paboTKa METOJIOB 00-
HapyxeHus u ucnpasienus omnook [10 TPCC nmpencraBisaioT Kak HAy4HBIH, TaK
Y TIPaKTUYECKUI MHTEPEC, U SBISIOTCS aKTyalbHBIMHU [3]. OCHOBHBIM K€ METO0M
AaBTOMATH3aLUH TPOLIECCOB TECTUPOBAHHUS SIBIISICTCS UMUNAYUOHHOE MOOEAUPOBa-
Hue [5], pallioHAIBHO U MPOIYKTUBHO PEIIAIONIEe 3TH 3a1aUH.

Tecruposanue [10 TPCC npencrapnser coOoi TEbIi psiji NISHCTBHIA, BKITFOYAIO-
1M B ce0sl co3llaHve BXOJAHBIX COOOIIEHHH U 3alIPOCOB, CO3[aHNE COCTABICHHBIX
U3 HUX HEOOXOAMMBIX CLIEHAPHEB, MPOCKTUPOBAHHUE, TECTUPOBAHHE, PEATN3ALHIO
CLIEHapUEB U UCCIIEJIOBAHUE PE3YJIbTATOB TeCTUpOBaHus. Kaxablil clieHapuid 1071-
JKEH JIaTh KOHKPETHBIN pe3yJbTaT NpoBepseMOi (YyHKIMH. YUNTHIBas OrpaHHYCH-
HOCTh TIPEJIOCTABIISIEMBIX CPEICTB, MOXKHO YTBEPXKAaTh, UTo TecTrpoBanue [10 —
9TO BBIOOp CIICHapHeB, OOBEIUHAIOUINX B ce0e MAKCUMAIIbHYIO 3 PEKTUBHOCTE U
MHUHHUMAJIbHBIE pacXxo/bl. KakIplil crieHapuii JOHKEH BKITIOYATh B CE0s TAKOE TTO-
MHOXECTBO IIUPKYJIUPYIOLIMX COOOIMICHUH 1 3alPOCOB, HIMUTALIUSI KOTOPBIX obec-
NIEYUT IOJIHOTY IPOBEPKU JaHHOrO oTpeska. K GonplioMy 06beMy TeCTHPYeMOro
[1O gob6aBnsercs Takke GakT OOIBILION TEPPUTOPUATIBHON Pa30pPOCaHHOCTH 00 bEK-



10 I A. Apymionan, C.X. Haxamaxan, A.A. Meaxousan, M.A. Capecan

toB TPCC, u3-3a gero tectupoBanue u ucnbitanre 110 Ha peanbHBIX 00BbEKTaxX Oy-
JIET HEMPOAYKTUBHBIM, a IMOJIyY€HHBIE PE3YIbTAThI HE ONPaBAAIOT 3aTPauCHHBIX Ha
HUX cpeiacTB. Tak Kak MMHUTallMOHHOE MOZEIMPOBAHUE AAET BO3MOXHOCTb HCIIBI-
THIBaTh U TecTHpoBaTh 110 He Ha peanbHBIX 00BEKTax, HO, BMECTE C TEM, B YCIIO-
BUSIX, MAKCUMaJIbHO MPHUOIMKEHHBIX K PEAIBHBIM, TO €0 PE3YJIbTaThl SIBJISIOTCS
BIIOJIHE MPUEMIIEMBIMH [ 6].

[locne nposenenus Bcex 3tanoB Tectuposanus 110 HeoOxoauMo Mpou3BecTH
ero ucnbitanus. Lens ucneiranmii [1O cocTouT B mpoBepke KOPPEKTHOCTH U d-
¢extuBHOCTH paboTHI [1O 1 COOTBETCTBHS €0 TOCTABICHHBIM TPEOOBAHUSM 3aKa3-
ynka. Bo BpeMs ucnibITaHui, Kak MpaBUIIo, HallICHHbIE OLTMOKHU HE UCTIPaBIIAIOTCS,
TaK KakK LeJIb UCIBITAHUM COCTOMT MMEHHO B HaXOXKACHUH, a HE B MCIPABICHUI
omu6ok. Ho mpu 3ToM MOKHO IPOBOANUTE HCIIPABIIEHUE OMIMOOK B OTACIHHBIX MO-
IOyJISX U BBIIIOJHEHUE U3MEHEHUH B TOKYMEHTAlMU. VicTibITaHus SIBIISIOTCS 3aBEp-
HIAIOIIMM dTarnoM pazpadotku [10, KOTOpoMy MpeaIIecTBYIOT 3Talbl aBTOHOMHOTO,
KOMIUTIEKCHOTO W CHCTEMHOTO TECTHPOBAaHHUS W OTIAAKH. DTambl papadorku 110
TPCC npusenens! B Tabm. 1.

IIporpaMma ucHbITAaHUN TOJDKHA OBITH OPUEHTUPOBAaHA HA OOECIIEYEHUE pa3-
HOCTOPOHHEW KOMIUIEKCHOM MPOBEPKH (PYHKIIMOHHUPOBAHUS CHCTEMBI. B pe3yib-
TaTe KOMIUIEKCA UCIBITAHUH HEOOXOIUMO IMOyYHTh MAKCUMYM PE3yJIbTaTOB IpPU
MUHHMYME PECYpPCHBIX 3aTpat. Tak Kak MmojiHas mpoBepka paboThl CHCTEMBI SIBIISI-
eTcs CIIOXKHOM 3a7jaueid, TO Ha 3Tamne IUIAHUPOBAHUS UCITIBITAHUH ClleAyeT MpenBa-
PUTENBHO MPOAHAIU3UPOBATH CTPYKTYPY UCIIBITYEMBIX IPOTPAaMM U BXOJTHBIX JIaH-

HbIX [7].
Tabnuya 1. Smanwt pazpabomxu 110 TPCC.
Cpoxi npo- IInanoswviii | Hayunwie u (unu)
Ne P P 00vem Hay4YHO-mexHu-
Haumenoeanue 6e0eHUs
Om cpeocme, yecKkue pe3yip-
Imana (nokeap-
ana moic.0pa- | mamot (npooyK-
manvHO)
MO8. uus) ymana
1. |W3yueHue TEXHHUYECKOTO 3a/1a- ITocTanoBka 3a-
nust (T3). [IpoexktupoBanue, JTauH.
pa3paboTKa METOAOB U AITOPUT- Coopundopma-
MOB. 1017078
a) [IporpammHas kinaccuuka- 1. Hayunast mu-
LHs, METO/BI U aJITOPUTMBI pe- TepaTypa
IIeHHS 3a/1a4. 2. YueOHo-Mme-
6) O0ocHOBaHME 3a7a4 UCITHITA- TOIU-YECKHEC
HUH. MaTepHabl, Me-
TOJBI, AITOPUT-
MBI, (PYHKITHH.




Konyenyus paspabomxu mamemamuueckoti MOOenu UMUMAYUOHHOU CUCTNEMDL . . .

a)orpenereHne Hanbosee 3Ha-
YUMBIX MOACUCTEM U QYHKIIUH,
0) aHaIM3 IMOKa3aTeNel Kade-

Cpoxu npo- IInanoevii | Hayunwie u (unu)
Ne P P o0vem HayuHOo-mexHu-
Haumenoganue 6edenun
am cpeocme, | ueckue pe3yip-
amana (noxeap-
ana muic.0pa- | mamul (NPOOyK-
manvHo)
MO8. uus) ymana
2. |Pa3paboTka 3CKM3HOTO MPOEKTA. [IporpammMHBIit
Paszpabotka pabodero npoekra. MaKeT
[IporpammupoBaHue U OTJIaAKa IIporpammHuas
MporpaMm: peanuzauus

aHanm3a Kaye-
CTBa IPOTPAMM-
HOT'O MaKeTa

CTBa, BIOOP METOJIOB, UCTN, moxy-
B)pa3pabOTKa METOIMKH HCITHI- MEHT METOIUKH
TaHUH, WCTIBITAHU.

I') IporpaMma HMCIbITaHuH.

3. |Pa3paboTka u ucmsiTaHuE MPOO- Cuenapuu uc-
HOW (TIpeIBapUTEIBHOI) MO- MIBITAHUH.
JIEIN. Pesynbratsl uc-
a) UcnpITanus v aHaaus mnomy- MIBITAaHUH,
YEHHBIX PE3YJIbTATOB. JOKYMEHTAlHs
0) JlokymeHTHpOBaHHE HCITHITA- Ha MporpaMm-
HUM. HBI! TTaKeT
B) IloaroToBKa HEOOXOIUMBIX HUCT.

JUTSL UCTIBITAHUH TEXHUYECKHUX H
MPOTPaMMHBIX CPEJICTB.

r) Kitaccudukarus u peanusa-
LIUsI CLICHAPHEB.

1) Pa3paborka qokymMeHTauu
Ha NMPOTPaMMHBIH MPOJIYKT.

4. |HcnelTaTenbHas SKCILTyaTalusl. UcnsrTarenshas
a) Pemenue o cnaue UCT/ B JKCIUTyaTauus
JKCILTyaTaIHIo. nmakera UCT/I.
6) COOp DaHHBIX O BO3HHUKAIO- [Iporpammuas
MIMX OIIMOKax U MpodiemMax. peanu3zanus
r) Cnaua cucTeMbl B OKCILTyaTa- cOopa TaHHBIX
IIHTO. 00 sKcIuTyarta-

LUH.

5. | ABTOpCKOE COIPOBOXKICHHE.

11

B IC€JIOM, Ha JTaIl€ INITaHNPOBaHUA U peain3aliun HCTIBITAHUM CHCTEM CICOYyET
HalTH KOMITPOMHUCCHOC pCIICHUC, UCXOAA U3 TOTO, YTO HAL0 YAOBJICTBOPATH ABYM,
IMPAKTHUYCCKH, B3aNMOUCKITIOYaroIuM Tpe60BaHI/I}IM§ obecreyeHNI0O MaKCUMAaJTbHOM
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obmieii kauecTBeHHO# oreHku 10 m peanm3anuu WCIBITAHAN 32 OTpaHUYCHHOE
BpeMs IIPU OIPaHUICHHOM HCIIOJIB30BAHUH PECYPCOB.

Ha ocHoBanWMH BBIIIETIPUBEACHHBIX PACCYXICHUN aBTOPHI MPeIaraloT MaTe-
MaTHYECKYIO0 MOJETh UMUTAIIMOHHON CUCTEMBI TECTHUPOBAHUS U JUATHOCTHPOBA-
Hus (MCT/I), aBTOMaTH3UPYIONIYI0 MPOLECCHl TECTUPOBAHMUS, KOPPEKTHPOBKHU U
ucnbrtannit [10 TPCC Ha ucnpITaTeNbHBIX 00BeKTax [8].

ITockonmbky 0HON M3 OCHOBHBIX YacTel paspabotku UCT/] aensiercs popmu-
pOBaHUe 3ampocoB U coodIeHui st TecTupoBanus 110, To mocpeacTBoM AaHHON
NCT/], momKkHBI: TPOU3BOAUTHCS UMHUTAIINS PA3HOOOPA3HBIX 3allPOCOB U COOOIIIe-
HUH, IPOBOIUTHLCS MOYJIbHOE U KOMIUIEKCHOE TecTupoBanue [10, mpoBepsAThCs pa-
0oTa ¢ 6a3aM¥ JaHHBIX CHCTEMBI, 8 TAKXKe 00€CTIeYnBaThHCS YI0OCTBO MOIB30BATEINS
nipu ucnonszoBanuu MCT/I.

[Ipennaraemast HaMu MaTeMaTH4decKash MOJETh UMUTAIIMOHHONW CHCTEMBI Te-
CTHPOBaHUsI MIPEJCTABISIET COOO0 CIEAYIONIYIO MECTEPKY:

IMITATOR= (S8 S A Q M Z)
! l ! ! ! !
Situation Situation  Actions Queryto Messages Queries
database
rac:

S
S°_ MHOECTBO, AJIEMEHTaMH KOTOPOro ABJIA0TCS coctosiHust TPCC;

s'_ MHOXECTBO, AJIEMEHTaMU KOTOPOro ABIsitoTcst coctosiHust UCT/;

A — MHOXECTBO, 3JIEeMETaMU KOTOPOTO SIBJISIFOTCS JICHCTBUS;

Q — MHOECTBO, 3JIEMEHTaMH KOTOPOTO SBJISIFOTCS 3apOoChl 0a3 JaHHBIX;

M — mHO)ecTBO coobmennii TPCC;

Z — muoxecTBo 3ampocoB TPCC.

Pasyenum Muoxkectsa S°u S ' Ha noxmuoxecrea S, S%,S%, S?, rae

S%,8' =stUS?2US*US*u

S! (cocrosiame oxupanus) — cucrema (TPCC mu6o UCTJI) HaxoauTes B COCTOSHUM
O)KHMJIAHUS JAHHBIX;

$? (cocrosirue 06padoTkn) — cuctema (TPCC 6o UCTJI) HaXoauTcs B COCTOSHHUM
00pabOTKH MOTYICHHBIX TaHHBIX;

S® (cocrostaue ornpaskn) — cuctema (TPCC 6o UCT]I) HaxomuTcs B MpOLECcce
OTIIPaBKH JaHHBIX;
S* (cocrosrue mpuema) — cucrema (TPCC mu6o MCTJI) HaxoguTess B MPOLIECCE
npreMa JaHHBIX.

Jlnst KaxkJ0To dIeMeHTa MHOKeCTBa A onpenenum GpyHkiuo A’
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!’ !
A" (S5, M)——>S® wm A" :(S',M)——>S'
A" :(S%,2)—S® um A" :(S%,Z2)—>S°®
10 ecth TPCC 160 MUCT]] B kKakom-To coctosmu (S°,S') ormpasnsror coobue-
HHe n3 M, MO0 OTIPABISIOT 3aMpOC U3 Z, BCICACTBHIE 9ET0 COCTOSHIE MEHSETCS

na (S°,S' ). Onpenenum ocHoBHOE MHOXecTBO neiicterii TPCC n UCT/L.

Hwmxe npuBoguTcs nusiaue ogHo# n3 ocHOBHEIX (yHKIw UCT/ — dyHKIIIM

A= {IM, Q, S, RI, DI, Al, OA}
- 1 b . 1 I l
Imitation Imitation Sending Receiving Develop- Archive Other
message query informa- informa- mentin- infor- actions
tion tion formation  mation

Hwxe npuBoguTcs nusiHue oaHOM n3 ocHOBHEIX (yHKIwi UCT]] — dyHKIIH

nMuTaun coodmenuii — Ha coctossaus TPCC u UCT/I;
0A DI M RI DI Al
S S,1 S,2 AT S ,SSl ,SS2 353

lo

s , Al S , DI S <IM S

Io Is I, Iy

1 2 3 4
S'o’SSO'S|3'833ES’Sll’S|4’Ssl’SS4ES 7S|2'SSSES ’S|4’SSIES
Ecnu B ovH 1 TOT e MOMEHT BpeMeHH cocTosiHre 00bekTa (00bekToB) TPCC
nmn UCT/] sBisieTcst 371eMeHTOM MHOXKECTBa (HarpuMep, B MOMEHT BpeMenu t = (),

T.€. KOT'/Ia TIPOIECC TECTUPOBAHMS €Ille He Hadascs ), TO HEOOXOAUMO OCYIIIECTBUTh
BHEIITHIOK OTEpaInio, KoTopas u3MeHHuT cocrosiHue oobekra TPCC nudo MCT/]

CIIETyOIIIM 00pa3oM:
S,0 i)Sll,r;[eS,0 c St S,, < (S2USs*UsY

Paccmorpum  uerBepryto cocraBistomyto IMITATOR-a: Q=(qi, O0a,...,
Us,...0), re gi — 3anpoc Ha MySQL (“SELECT * FROM Tablel WHERE ...”).

IIgras COCTAaBJIAIOIIAs UMUTATOPA — 3TO MHOKECTBO M — MHO>ECTBO BCEX CO-
obmenuit TPCC.
Onpenenum MHOXecTBa M I'M 2, M 3, M* M° M 6, M’ CIICYIOMNUM 00-
pazoM:
M?! — MHOMECTBO THIIOB COOOIIECHMI;
M 2 — MHOXeECTBO UMEH COOOIIIEHUI];
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M 3 — MHOKeCTBO MMEH 0OBEKTOB TPCC, oTnpaBisitonux cooOIeHNs;

M 4 — MHOKeCTBO UMEH 0OBEKTOB TPCC, nmony4aromnux cooOmeHus;

M °— MHOXECTBO CIIOCOGOB Mepeaun COOOIICHHIT;

M © — MuOX€eCTBO KOIMIA OTIPABIIIEMOT'0 COOOIIICHNUS,

M’ — MHOKeCTBO XapaKTEPUCTHK OTIIPABIISIEMOTO COOOIICHUS,

e M=M'xMZxM3xM*xM?>xM®xM " uro osmauaer, uro
AJIEMEHT MHOXecTBa M mpescTaBisieT co0oil HaOOp W3 JIEMEHTOB MHO-
xectB MY, M2, M3 M* M® M® M",

Paccmorpum BBIIIICTIPUBEACHHBIC MHOKECTBa noapooOHee:
M* = (m', m%, m’, m*, m?),

rae mY — pacrnopsKeHus;

m?1 — NOATBEPIKACHUS;

m3 — OTYETHI, 3aBUCAIIUE OT PACTIOPSIKEHUIA;

m?1 — TEKCTOBBIE OTYETHI;

M°1 — CIIMCKOBBIE OTYETHI;

u M?=(m'2|m', e STRING);

STRING =(0,,0;.... Gy ).

rae STRING — MHOXeCTBO, COCTOSIIEE U3 CIIOB, COCTABICHHBIX U3 OYKB

(13 29 ¢ 29 ¢ 99 ¢

JIATUHCKOTO WM PYCCKOTO alipaBUTOB M CUMBOJIOB . 7, 7 7 )

Mauoxectsa M2 1 M* ipenicTaBnsiorcs cremyrommm o6paszom:

M3 =(<m's,m's >, m's e NAME,m's € NUMBER)

M* =(<m's,m's > m's € NAME, m's € NUMBER)

rae NAME — MHOKecTBO HauMeHOBaHUH Bcex 00bekToB TPCC, a
NUMBER — muoxectBo HOMepoB Beex 00bexToB TPCC.

M ° =(mi7 |mi7 eC),

C=(c,;,C,,C5,Cy),

rJ1e DJieMeHTaMu MHOXecTBa C SBJISIOTCS: C1 — oOpaTuMas riepeaayva, ¢ —

I/I36I/IpaTeJ'ILHO-O6paTI/IMa}I nepeaayda, €3 — I/I36I/IpaTCJIBHa}I nepeaayda, €4 —
CIIMCKOBas 1nepeaada.

M®=(m's|m's e N) ,
M’ =(m's,m',...,mn |m'; € STRING, j =9,10,...) .

PaccMoTpuM Temeph MOCIETHIO COCTABISIONIYIO HAIIET0 MUMUTaTopa — Z,
3JIEMEHTaMH KOTOPOTO SIBIISTIOTCS BCE DJIEMEHTHI, (POPMUPYEMBIE U OTHPABIISEMBIE
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TPCC. Henuiine 3aMeTHTB, 9TO HE CIIETyeT MyTaTh MHOXKecTBa Z 1 Q, Tak Kak dJie-
MEHTaMHU MHOXecTBa Q SBIISIOTCS 3allpOCkl ¢ JaHHOTO paboyero Mecra K Oase AaH-
HBIX, @ 3JIEMEHTaMU MHOXeCTBa Z — 3alpocChl, OTIPABIsieMble OJHUM OOBEKTOM
JPYroMy ¢ IeJIbIO MOyYeHHUs CBeICHHI 00 3TOM O0OBEKTe.

1,1 1
Z1,27°2,.,2n

Z=(z"72%..17%= ’ :

IJle CTPYKTYphl 3alPOCOB Z'1M Zi MOTYT JIOTHYECKH OTIHYAThCS APYT OT Jpyra,
o [ i
KpoMe Tojei u, Tak Kak Z'1 € M, , T.e. mone z'; 3eMeHTOB Z onpeensieT 00beKT

TPCC, x xotopomy UCT/] anpecyer 3ampoc, a — 4YHCII0, ONpeesoniee Kojauye-
CTBO KONMH 3ampoca.

z'2,2's,...,2'n1 € STRING

OnpenenuM GyHKIUIO (OPMHUPOBAHUS 3aIIPOCOB F :Q—>(g1, sy gk) ,
KOTOpasi KAKJIOMY SJIEMEHTY (i CTABHT B COOTBETCTBHE KaKOE-IN0O0 TTOIMHOKECTBO
STRING' muosxectBa STRING, rne STRING'=F(q;). Onpenenum Takxke QyHKIHIO,
SIBIISIOIIYIOCS B OIIPEIEIICHHOM CMEBICIIe 00paTHOM QyHKImeH k F, koTopas cTaBuT
noamuoxkectBy STRING' B cooTseTcTBHE Kakoii-nu60o >neMeHT ffi u3 Q:

g, = F(STRING ') =F(9,,0,.... ;) -

PaCCMOTpI/IM 9JICMCHT, BBIXO)Z[?IHII/Iﬁ H3 T0IYyCTUMBIX 3Ha‘IeHI/II71, TMMOJIyYCHHBIX B
PE3YIbTATC HECCKOJIBKUX 3allPOCOB K baze JaHHBIX. Haﬁz[eM CBs3b MCXKY 3JICMCH-

TAMH U, yUUTHIBas CIICAYIONIEe BEIpakeHue: F - = E(F (@) =q;

Taxum obpasom, Z'j = F(F*(KA F'(F")).) ,rme F~ ZE(F(Qij )):qua
-2 2

YTO B pACKPLITOM BUJC 6y;[eT HUMCETDb BU!

d,, =F(F(,)),
a,, =F(F( )
a, =F(F(a,)),

(9'1,9',-.,9'«) =STRING ' = F(q; );
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[ iy [
B pe3ysbTare 4ero noiyvaercs, 9to Z j =(g'1,9 2,..., § k ), [Jic KOHKPETHOE 3Ha-
[
yerne Z j BeiOMpaercs ¢ momombio MCT/] aBromatnueckn, nmubo BeIOMpaeTcs

oneparopoM MCT/] — B 3aBucumoctu ot padbouero pexkuma MCT/I. Takum obpa-
30M, B OKOHYATEIILHOM BHJIC:

Zil = (gia, gia+l,..., gia+k),
7' = (gib, gib+1,..., gib+k),
Z'h = (gi|,gi|+1,..., gi|+k),
rae
gla, g|a+1,..., g|a+k,glb,g'b+1,..., g|b+k,..., g'| , g'|+1,..., g||+k e STRING
gia mgia+1 f'\---mgia+k =0,
gib N gib+1 m...mgimk =0,
g Nngllan.nglk=0:
Hwmxe mpuBonuTcst cxeMa BeIOOpa TOJIEH i-TOTO 3ampoca ¢ TOMOIIBI0 MaTeMa-
THYECKON Mozenu, KoTopas peanusyercs B UCT/I:

21 =(9'a,9'ar1,0n, 9ok ), 2'2 = (g‘blg‘b+1,..., 9ok )y Z'n = (91, 914100y 911k,

giahJ_’ gibhzi gilhn’
a<a, <a+k b<b, <b+k I<Il, <l+k

Zi = (giahl !gibhz [ERES] gl|hn )!

Ecimu 0003HaunTth uepes giah1 = gi1, giah2 = giz,..., gi|hn = gin, TO C MOMO-
mpro Mogenu ans MICTJ] momydaeM creayromryro CTpyKTypy 3ampocoB A
(9'1,9'2,,9')

B 3axnrouenne otmeTrM ocHOBHBIE ipenmymiecTBa MCT/] — ato:!

1. OcymecTBneHre aBTOMaTU3UPOBAHHOTO TECTUPOBAHUSI, UCTIBITaHUI, O0OHA-
pyXeHHs 1 PUKCUPOBAHHS OIINOOK, BCIECTBHIE YETO PE3KO COKPAIIACTCS yIacTHE

YeJIOBEKa B MPOIIECCE TECTUPOBAHUA, UCTIBITAHUA U KOppeKTUpoBKU 110 u TexHu-
YECKUX YCTPOMCTB.
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2. DKOHOMHS OOJBIIOr0 KOJIMYECTBA CPEICTB B CHITY BO3MOXKHOCTH TECTHPOBA-
HUSL pabOTHI OTACNBHO B3ATHIX 00BEKTOB — 0€3 3a1eHCTBOBaHMSA APYTHX OOBEKTOB CH-
CTEMBI;

3. Coznanue OONBIIMX HArpy30K Ha TECTHPYEMble 00BEKTHI M MPOrPaMMHBIC
MOJYJIH, HEOOXOIUMBIE AJII TIOJIHOTHl M MaKCUMAaJIbHON NPUOIMKEHHOCTH UMUTA-
UM PeaJbHBIX OOBEKTOB.
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THE CONCEPT DEVELOPMENT OF MATHEMATICAL MODEL OF
IMITATING SYSTEM TESTING AND DIAGNOSING (ISTD) FOR
TERRITORIALLY - DISTRIBUTED NETWORK-CENTRIC SYSTEMS
(TDNCS) REAL TIME.

G. Arutyunyan, S. Nahatakyan, A. Melkonyan, M. Sarkisyan

Russian-Armenian (Slavonic) University

ABSTRACT

The article is devoted problems of reliability of the software and hardware
of Network-centricsystems (NCS), development the mathematical models
the imitating systems testing and diagnostic (ISTD)for TDNCS, allowing
to automate detection processes errors in the software and hardware errito-
rially — distributed Network-centricsystems real time.

Keywords: Network-centricsystems (NCS), net-centric warfare (NCW),
mathematical models imitating systemstesting and diagnosing, reliability
software.



MATHEMATICAL MODELING AND NUMERICAL ANALYSIS OF
A BOUNDARY PROBLEM FOR COAXIAL CYLINDRICAL
SHELLS

G. Baghdasaryan', H. Hambardzumyan?

YInstitute of Mechanics NAN RA
“Russian-Armenian (Slavonic)University
hasmik.hambardzumyan@rau.am

ABSTRACT

The paper describes a mathematical model of the problem with the stability
of finite length coaxial circular cylindrical shells and its numerical inves-
tigation. The case when the area between the shells (the gap) is partially
filled with an incompressible fluid is examined. The mathematical model
is created based on known assumptions of the theory of flexible shells.
Based on numerical methods, the relationship between the frequency of
oscillations in the hydro-elastic system on the depth of filling and the thick-
ness of the gap is studied. The results show the possibility of losing the
static stability of the hydro-elastic system due to the impact of hydrostatic
pressure.

Keywords: Coaxial cylindrical shells, hydro-elastic system, static stabil-

ity.
Introduction

Various technical designs widely use thin-walled shells, which are either im-
mersed in a fluid or contain fluid inside. The interaction with fluid has a significant
effect on the dynamic behavior of the elastic body. There are numerous publications
devoted to the study of shells containing fluid. At the same time, cylindrical tanks
have been studied in sufficient detail using various analytical and numerical meth-
ods, including the finite element method [1-4]. Experimental and theoretical analy-
sis of natural vibrations of such structures is performed in [1,2]. Practically in all
the listed studies devoted to partially filled cylindrical shells, due attention was not
paid to the natural vibration modes of these designs. These designs were mostly
used to determine the corresponding frequencies in the resulting spectrum. How-
ever, the asymmetry of the designs leads to singularities, some of which have been
experimentally established in [4]. This paper studies these singularities in more de-
tail by suggesting a mathematical formulation and numerical implementation to de-
termine the characteristics of shells with a chosen geometry that are partially filled
with fluid.

1. Mathematical modeling and basic equations. Let us consider the problem
of oscillations and stability of a coaxial system of two cylindrical shells of finite

19
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lengths |, when the area between the shells (gap) is partially filled with an incom-
pressible fluid of depth b (b <I). We will use cylindrical coordinates (a.,r,0),

aligning the polar axis o with the axis of the shells.

al The investigation is based on the
T W * Sy i - i .
= S following WPj” known assumptlons..
| e a) the Kirchhoff-Love hypothesis

of non-deformable normal;
; ! j b) well-known simplifications of

/ K === the theory of shells with a large varia-
‘ bility index;
e c) the fluid between the shells
4] » et S _i“_’}_‘,_ makes a potential movement;

S s e e S d) wave motion on the free sur-
face of the fluid has little effect on the
vibration of the shells [5-8].
Based on these assumptions, the system of equations for shell vibrations has
the form [9].

1 0D, o°w, .
DAW ———L4ph—-=7Z, i=(2),
i i Ri 6(12 PN atz i (11 )
2 3
_ Eh
L v ia"‘z’lz RS S (1.1)
E;h; R, da 12(1-v;)

the index i =1 refers to the inner shell and the index i =2 to the outer.
In system (1.1) w; — deflection, ®, — stress functions, R, — radius, h, — thick-

ness, E; —modulus of elasticity, v,— Poisson's ratio, p; — density of the material of
the i-th shell, Z,—normally applied external load.
In the case of the considered problem for Z, from [7] we have

: 1 &°w.
-1)'| -z b-a)——"|,for 0 b
z, - ( ){ 0 TPod( oc)R_ 892} or O<a<

1.2)
0,for b<ax<l.

where Zis the pressure perturbation of the fluid, J — acceleration of gravity, p,

is the density of the fluid.
From the Cauchy-Lagrange integral we have
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Z = —_— ) 1.3
0 pO 8t r ( )

where ¢ - potential function of perturbed fluid motion which satisfies the equation
2 2 2
1 1
L )
or° ror r°o0° oo
in the region filled with fluid and with the following boundary conditions on the
boundary of this region [9]:

(1.4)

op oW, .
\Y; =— =—1 (1=12), 1.5
= G (L5)
oQ
OL|0L:O aa 0 ( )
% _o L7
at a=b

To determine the function ¢, as follows from (1.5), it is necessary to determine

the radial velocities of the shell walls. First of all, let’s discuss the forms of displace-
ments of shell surfaces.

Let us assume that the shells are hinged at the ends. Then the solution of system
(1.1), which satisfies the known conditions of hinged support, can be written in the
form

W, = COS neiwg” (t)sinAa,
s=0

; (1.8)
@, =cosn®d dY (t)sin0,
s=0

where A, =(m+s)n/l, m-is the number of half-waves of the curved surface

along the generatrix, N — is the number of waves in the circumferential direction,
W (t) u @ (t) — unknown functions.
Based on (1.8), we represent the harmonic function ¢ in the form

(¢ =cosno {i[ﬁg(t)ln (Ar)+ B, (DK, (A,r)]sinAo+

+i[c ;(©)shea+ D; (chaya | W, (ayN}, (1.9)
j=L
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where |, K, — Bessel functions of a purely imaginary argument of the first and
second kind,

¥ ( .r)= Jln((xnjr) B Yn(anjr)

T3 (0gR) Y (ayR)

J,. Y, - are Bessel functions of a real argument of the first and second kind n; A

(1.10)

, B,, C;, D; - are some variables that are determined from the surface conditions

(1.5) - (1.7); o - are the roots of the following transcendental equation

3, (0R, )Y, (@R, )= 3, (0R, )Y, (R, ) =0 (1.11)

By substituting (1.8) and (1.9) into the boundary conditions (1.5) — (1.7) and
taking into account (1.11), by the way of orthogonalization we determine the un-
knowns A, B, C;, D;, which are expressed through the functions W, (t). Due

to this and the representation (1.9), from (1.3) we find the following expressions for
the fluid pressure on the shell walls:

] ) ap7 ()
20~y cos neZ{A“) (s)sinda+> (B (s, j)sha,a+C (s, J)Ch“nj“)} i ;Nz i
t

s=0 j=1

Y 2 (2)
+|:Az(i) (s)sinra+ > (BY (s, j)sha,a+C (s, j)chanja)} d ;N: } (1.12)
t

Here
K (AR, )1, (AR)-1 (AR, )K (LR)
1L (WR)K R -1, (1R,)K, (AR)]

BY (s, )= (-D)P"AR, ¥, (0;R, ) ¥, (4R ) A (5. })

p n-°p

A" (s)=(-1)*"

(P
(p=12r"=1+3,),

C”(s,j)=(-1)""(rshab—a, sinAb)R ¥, (R )¥, (R )(ACs, jcha b) ™,

RZ 2 RZ 2
A(s, j) =o, (%2 2 )2 [?2(1_ a?Rz j\yj (o, Rz)—?l(l - (x:]RZ J‘I’i (a, Rl)} .

nj 2 nj 1

Substituting (1.8) into the second equation of system (1.1), for the desired func-
tion®!" (t) we will have

2
= Eih A W(i)(t) (1.13)
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In this way, all above-used variables are being expressed with the functions
1 2
W (1) n W (1),
Based on the Bubnov-Galerkin variational method, to determine W, (t) u

Ws(z) (t) from the first equation of system (1.1) we get the following system of

ordinary differential equations:
25, (1)

+ (k, n)w‘“+z(b“’w‘“ 2[mf”(k,s)w“”+mf’(k,s)w\‘”]j=o

dtz
dz (2)

2

d
S (k)W e m® (k, s)w‘”]jzo, (1.14)
dt’

+0 (k,n)w® +Z(b(2)w(2)

dtz
(k=1,2,3,..).

Here

2
D, ) 121-v3) A°
0 (k,n) =L (xk%?] + o —
iPi i i U » N
(Xk +Rlzj

b = (<1 p,gn’ [ 1—cos(2, x)b_l—cos(ks+7;k)b'
Rio | Gon) ()

m(pi)(k,s):(_l)iﬂ{Ag)(s){sin(ks—kk)b_sin(ks+kk)b}+ (L15)
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where €, (k,n) and Q, (k,n) —are frequencies of natural transverse vibrations of
the inner and outer shells, respectively, bk(;) — are coefficients of hydrostatic pressure

of fluid, m (k s) - are coefficients of added masses.

Later we’ll consider the case of a one-term approximation (s =0). From the
equations (1.14) we have:
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) (2)
(1M (mn) ] S0 0 (m w2 M (m.m) e B —o.

dt?

(2 @
[+ M (m, ”)]di\jNT"“Qi (M. W2 + M (m’”)dZNTM BAW® =0,

(1.16)
where
MO (mn)=m{(0,0), BY =hY, WS =W", (q=12).
The solution of system (1.16) can be represented by this way
WO (t) =cPe, WP (t) =c?e (1.17)
Substituting (1.17) into (1.16)
c® [([gm (m.n) ] +B)~[1+M& (m.n)] @2}_c§n2n>mg> (m,n)e? =0

o] ([0 (mn)T +B2 ) -[1M2 (mm)]o | -c2ME (m.n)or =0

and equating the determinant to zero, we obtain the following frequency equation:
[(1+ M® (m, n))(1+ M (m, n))— MZ (mn)M? (m, n)]w‘ -
_[([Q“’ (m, n)]2 +B” )(1 +M7 (m, n)) + ([Q”’ (m, n)]2 +B” )(1 +M® (m, n))] o +(1.18)

+([Q“’ (m.n)] +8" )([Q‘“ (m.n)] +8? ) 0.

If one of the shells is absolutely rigid, then from (1.18) for the oscillation fre-
guency we respectively obtain
Q@ (m,n T +B®@
il (2))- = for D, =,
, 1+MS? (m,n)
o, = - (1.19)
[Q®(m.n)] +BY

™ for D, =oo.
1+ M2 (m,n) or B, =e

The equation (1.18) can be used to approximately research the stability and
natural oscillations of the considered hydro-elastic system.

2. Static stability. It is considered the case when the outer shell is absolutely
rigidand b=1.Then, by using (1.19) and the condition of static stability (w_, =0)
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to determine the critical length of the shell, at which the loss of stability happens,
we get the following equation

o= (T (] | s

A:&L[ET —12(1-v2 [&JZ
Po 6(1_Vi2) R, ,B ( I) h

The greatest interest have those values of the arguments m and n, near which
the right side of (2.1) takes its minimum value. It is easy to see that above mentioned
part is a monotonically increasing function of m and that’s why let’s take m=1.
Then, minimizing f (1,n) with n, to determine the critical number of waves n,

along the circumference, we get the following equation

Rim 0.5 1 2 3n2 + 2
h;x10 n’-a; —Baéz—?"fo (2.2)
2 6 |16 095 (n*+a)
5 10 22 )
3 4.3 26 1.56 Equations (2.1) and (2.2) make a system
' 3 ' 7 ' 15| to determine n, and critical length 1, .
5 81 49 1293 The results of the numerical solution

2 > 10 (2.1)—(2.2), in the case of the hydro-elastic

7 124 |74 |4.44

9 4 8 system  “duralumin  shell is  water”
10 193 115 16.09 (c, =51000m/sec, p,/p, =2.7, v, =0.3,
1 3 5/ a,=nR, /1) for different values of h and

R,, are given in the table.
Where in each lower part of the cell are the critical values of the wave number
n..
3. Natural oscillations. From (1.19) taking into account (1.15) the values of

the oscillation frequencies of the hydro-elastic system were calculated in the case
when D, =o.
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W 10? The calculations were made using

the same initial data as in the case of sta-
bility when calculating |, . The results of

calculating the value ® depending on
b/l are shown in the figure for m=1,
R =2m, | =R, =2R,, and various n.
From figure it can be seen that the pres-
ence of fluid can lead to a significant
change in the oscillation frequency.

7 -h"|
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ATEMATHYECKOE MOJIEJTHPOBAHUE U YN CJIEHHOE
HWCCJEJOBAHME OJHOM KPAEBO 3AJJAUH JIUISI
KOAKCHAJIBHBIX KPYTOBBIX [IMJIMHIPUYECKNX
OBOJIOYEK

I.E. Bazoacapan, A.I. Ambapuyman®

YUncmumym mexanuxu HAH PA, *Poccuiicko-Apmanckuii (Cnasanckuii) ynueepcumemn

AHHOTAIWUA

B nanHO# craThe M3naraeTcs METOJ] MaTEeMaTHUYECKOTO MOJESIUPOBAHUS
3a7a4d KoyieOaHMi M yCTOMYMBOCTH KOAKCHAIBHBIX KPYTOBBIX IMITHHAPH-
YeCKHX 000JI0YeK, YaCTHYHO 3aIlOJHEHHBIX JKUIKOCThIO. MaremaTuye-
CKasi MOZIENb 3aJlaHa IMOCPECTBOM KpaeBoi 3a1aull JJIsl CHCTEMBI ypaBHe-
HUI1 B YaCTHBIX POU3BOIHBIX, ¥ TIPOBEJICHO €€ YUCIICHHOE HCCIIeJOBaHHE.
[peanonaraercs, 4To 06IACTH MEXKITY 000TOUYKAMU YACTUIHO 3aII0JIHEHA
HEC)KUMaeMOM KUAKOCThI0. [Ipy MaTeMaTH4ecKoM MOJEIHPOBAaHUU pac-
CMOTPEHHOH 3aJlaull HCIIOJIb30BaHa Teopys THOKUX obosodek. [Ipumene-
HUEM MOAM(UIIMPOBAHHBIX YHCIEHHBIX METOJIOB PACCMOTPEHO IOBE/E-
HHE 9acTOTHI KoJieOaHNH KOaKCHATBHBIX 000JI0UEK OT BBICOTHI KHUAKOCTH
U TONIIMHBI 3a30pa. YCTaHOBJIEHA BO3MOXHOCTb IOTEPU CTATHUECKON
YCTOWYIHBOCTH PaCCMOTPEHHON TUAPOYIIPYTON CUCTEMEI.

KitroueBblie €10Ba: KOAaKCHAJIbHBIE IHJIMHIPUYECKUE O000IOUKH, THIPO-
yIpyras CHCTeMa, CTaTHUeCKasi yCTOWYHBOCTb.
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TELEPORTING VIRTUAL MACHINES ACROSS PUBLIC
NETWORKS

N. Galstyan
University of California, Berkele

ABSTRACT

In this work | survey prior work on live virtual machine migration, moti-
vate the need for a more performant approach and justify its possibility
with today’s hardware. I outline the design of the system | built which
enables live VM migration across public clouds. I dive deep into some
ofthe challenges with a particular focus on the challenge of network
connectivity. | explore waysto provide continuous connectivity to virtual
machines while migrating them across public clouds (and necessarily
changing their IP addresses). | conclude with potential future work direc-
tions andapplications the approach enables.

1. Introduction

Live Migration of Virtual Machines has been researched [8] in academia and
deployed in industry.Past research in the area has showed that changing the host of
a VM is viable in production in a wide range of settings. Nowadays such live mi-
grations are an important part of datacenters and help provide seamless physical
node maintenance. However, live migration has historically been an expensive op-
eration and so is usually used as a last resort. With new very lightweight virtual
machine managers live migration is no longer expensive and may be viable for load
balancing andfor improving data locality.

In this paper | explore the possibility of performing live migration for load bal-
ancing, resource availability and data locality. | concentrate on live migration for
the most general case in which source and destination machines are not in the same
local private network. I build a proof of concept and provide evaluation for it.

2. Related work

Wide area or long-haul live migration has been explored in the past [12, 14, 15]
but all of these pastapproaches emulate a virtual private network over the wide area
instead of designing a new solutionthat better meets WAN characteristics. Some of
these emulate a private network in ethernet or IP layer and others do transport layer
rerouting (hairpinning). vMotion solution, for example, creates alayer 2 virtual net-
work while other proposals keep the source host public IP address after migrationand
reroute all traffic through the old public egress. These approaches result in very
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inefficient traffic routes and it seems they are widely adopted in all these works solely
because they are simpleto implement.

Prior work concentrates on migrating VMs with large local RAM and storage
(contents of whichmust be copied over during migration). This is probably because
at the time of conducting these experiments (2010s) all VMs had these characteris-
tics. But with the rise of serverless computing and transparent remote memory [6],
VMs with small local memory and storage footprint become commonplace. This
trend significantly reduces the cost of live VM migration.

C et. al [13] show that the VMs with smaller local memory can stay performant
for a wide rangeof compute and memory intensive applications. The authors aug-
ment a small local memory of thevirtual machine with distributed remote memory.
During live migration they only need to copy overa small set of local memory pages
thereby enabling cheap migrations. At the same time, their small\VVMs can still host
workloads with large RSS due to app-transparent remote memory.

Firecracker VMM [5] leverages host machine POSIX api and enables cheap in-
process Linux virtualization and VM snapshoting. The VMM is the engine behind
Amazon Lambda and Fargate. Though originally developed for serverless functions,
it is a general purpose VMM and 1 will use itin this project to spin up, snapshot and
migrate virtual machines across public networks.

Motivation

Given the overheads of migrating large virtual machines, it is safe to assume
large cloud providerswill not adopt it as a load-balancing or resource utilization im-
provement strategy. For general purpose machines migration costs will almost always
surpass the benefits of improved utilization. However,for bursty native applications
VM-level load balancing may be the cleanest option. Kubernetes and other cluster
schedulers offer dynamic app scaling and load balancing. However, the cluster
schedulers operate at a much higher level in the stack and as a result are unable to host
certain classes of applications or offer pauseless user-experience during load balancing.
Live migration in VM level can address these shortcomings as unlike containerized
app scaling (which often requires container restart), VM migration is transparent to
the applications.

Repllt [3] is an example of an end-to-end application that may benefit greatly
from live VM migration support. The platform offers containerized development
environments to end users which support both compiled and interpreted languages.
As is the case in a typical development environment, replit containers are idle most
of the time and need resources only for compiling andrunning user applications. Cur-
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rently the platform offers 0.2-0.5vCPUs per end user regardless of the workload run-
ning in the container. Had the underlying engine of Repllit supported live migration,
the platform could offer 0.2vCPUs to users when containers are mostly idle and auto-
matically scale up available resources by migrating the VM to a more performant and
available hardware host. Thiswould not change overall resource demand from ReplIt
but would provide a better user experience.Even if not used directly, an engine sup-
porting live VM migration across public networks could be a useful tool for network
routing and connectivity experiments. For example, it could be used to discover
active middleboxes along a route as those would prevent a seamless continuation
of existing connection-based network flows after the migration.

& B

) o
& 2 FC s2wcPu
DO 4vCPU AWS 128vCPU

Fig. 1. System architecture for allowing live migration. Digital Ocean
droplests and Amazon AWS ec? instances are used as distinct
public cloud entities. Firecracker provides a unified hypervisor
on top andthe orchestrator developed as part of this project moni-
tors, snapshots, migrates virtual machines between DO and AWS
hosts.

3. Methods and system design

To evaluate viability of live migration of virtual machines across public clouds, I
built an orchestrator on top of Firecracker VMM that simultaneously operates on
compute instances in Amazon AWS and Digital Ocean. The main components of
the system are custom orchestrator, Firecracker and connection tracking utilities.
Firecracker provides kvm API for guests and VM snapshotting.

With these components the system allows to start a guest virtual machine in one
cloud provider (e.g. DO) and seamlessly migrate it to another cloud provider (e.g. AWS)
without breaking incoming (SSH, telnet) or outgoing (http, web server) VM connec-
tivity. A demo video of the system [11] provides on overview of all these in action.
The video starts a virtual machine in one cloud and runs several applications inside
the virtual machine which include ping, location service and cpu stress test. CPU
stress helps demonstrate which physical host the VM is on while location service
reveals the physical location and public IP of the machine. During migration the screen
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freezes for a moment because the VM is paused then. But after the pause all appli-
cations launched before the migration continue execution and the location service
reveals changed public IP address.

The most challenging aspect of live migration demoed in the linked video was main-
taining seamlesscontinuous operation of networked applications inside the VM. The
following section describes challenges and implemented solutions for continuous
network connectivity.

4. Network connectivity

The main challenge with WAN migration is that existing network connections
are tied to the publiclP of the virtual machine as well as NAT state inside the private
network gateway firewall. Since traditionally TCP ties connection identity to source
and destination IP pairs, it would be impossibleto maintain TCP connections during
VM migration.

Even maintaining UDP flows during live migration is not trivial. For connection-
less (UDP, ICMP, QUIC) flows in the case when the moving VM is a client, no addi-
tional work is needed to maintainflow migration. However, connection-less flows
destined to the VM must be handled as a special case since the VM is no longer
attached to its old public IP address that is known by out-of-networkclient. One of
the tasks of orchestrator in the above system is to take care of this through private
network firewall rules. The orchestrator uses iptables and NAT state tracking to re-
route existing open flows from old vm network to the newly migrated location in IP
layer. With this the system support application transparent UDP flow migration.

This is not very satisfactory since most internet traffic is connected oriented and
transported withTCP. There are 4 main ways to allow for connection oriented flows
that survive live migration.

* BGP: One could simply readvertise the old VM public IP from its new location
and have BGP converge to the new equilibrium. However, this is not a desirable way
to ensure continuous TCP flows and is impossible to do under my experimental setup.
This us not desirable for many reasons: BGP takes a long time to converge, VMs often
do not control their public IPs and areoften behind a NATS, active middleboxes on
the flow path may not recognize TCP flows andbreak them.

* Transport over UDP: Leveraging end to end principle, we can encapsulate TCP
traffic in UDP packets. This is the approach taken in many production systems that
face a similar challenge(Wireguard VPN [9] is a prominent example).

A related option is to re-implement exisiting TCP-based protocols over
UDP. Mosh [16]uses this approach and implements the SSH protocol over UDP to
support mobile clients andconnectivity interruptions. Mosh provides a continuous
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shell experience and avoids timeoutseven after long periods of inactivity or change
of public IP. The system demo above uses Moshto maintain a live shell.

* QUIC: QUIC is a proposed replacement of the transport layer TCP. It is built
on UDP but provides congestion control, ACKs and other features offered by TCP.
QUIC is implementedin Google Chrome and Youtube uses it for video traffic. QUIC
traffic survives live migrationin my experimental setup though most clients and serv-
ers still do not support it out of the box.

* MPTCP: Multipath TCP is an extension of TCP protocol that decouples flows
from IP addressesthereby allowing for changing IP and spreading a flow over multiple
src IP-dest IP pairs. Initial motivation of MPTCP was to enable multihoming and im-
prove client network utilization when multiple network interfaces are available (e.g.
wifi+cable). The biggest deployer of MPTCP is Apple which uses The TCP exten-
sion to speed up Siri on iPhones [? ]. There is nothing in the MPTCP protocol re-
stricting it to the client side network multiplexing so we can use the TCP extension
to migrate TCP flows from old public IP of a virtual machine to the new IP address
after the migration. This never worked in my setting and potential reasons for it will be
explored in the next section.

5. Evaluation and results

* Experimental Setup: The source and destination nodes for live migration
were AWS EC2 and Digital Ocean (DO) droplets. DO instance was a 4vCPU general
purpose droplet equipped with 4 GB DRAM and Intel(R) Xeon(R) Gold 6140 CPU @
2.30GH processor. AWS instancewas m5.metal bare metal instance with 128 vCPUs,
512 GB DRAM and Intel(R) Xeon(R) CPUE5-1680v2 @ 3.00GHz. DO instance was
located in a datacenter in New Jersey and the AWSinstance was in US West Region.

The guest VM being migrated across these machines used a custom file system
and init systembased on Linux Alpine distribution. For different experiments
Linux kernel 4.11.00 and

5.4.00 were used. As MPTCP is not supported in upstream Linux kernel, for
MPTCP-relatedexperiments newest version of MPTCP project’s custom kernel [2]
was compiled and used. Note that DO and AWS machines do not have identical CPUs.
Live migration worked properlydespite this since the system used KVVM-based virtu-
alization which produces snapshots that areindependent from specific CPU intrinsics.

« Applications: In order to make sure live migration is truly transparent to ap-
plications, | performed live migration while running different workloads inside the
migrated VM. CPU stress test and a memory heavy synthetic application made sure
CPU state and memory werereplicated correctly. a UDP based file download made
sure disc-state was replicated properlyduring the migration. Lastly, a range of network
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applications including ping, traceroute, geo-1P, Mosh, curl etc. made sure the VM main-
tained connectivity to external networks and apps werenot interrupted because of it.

 Performance: VM snapshotting in Firecracker had 10ms of overhead. This
is the time it takes to pause the guest VM, record its CPU and RAM state and spill
it to a file. Resuming the virtual machine from such snapshot took another 3ms. For
live migration the bulk of VMdowntime was spent in VM image transfer from one
host to another. In my experimental setupthis transfer took 1-2 seconds. While for
the experiments | already compressed files before transfer and minimized the number
of connections, there is ample room for improvements here. However, given that in my
experimental setup hosts are in opposite costs of the US, VM state transfer time will
always dominate overall downtime caused by live migration.

5.1 MPTCP for Live migration

As mentioned in previous section, multipath TCP was a one of the candidates
that would allow seamless TCP connection migration in the face of changing public
IP addresses. The mechanism here is not very different from traditional uses of mul-
tipath TCP: when opening a new connection,the VM (as a client or as a server) would
negotiate MPTCP flow through MP _CAPABLE TCP option. When MPTCP supported
operating system is used, this is transparently done by the OS for the application.
Then the VM uses TCP as usual to send and receive packets over its only network
interface. After the VM migration, the IP of its network internet changes which trig-
gers the OS to send an MP _JOIN MPTCP request to transfer TCP flow over the new
interface. This is the key to continuous TCP connections and should be all that is neces-
sary. However, in the experimental setup described above this never worked

Fig. 2. MPTCP extension support in IPv4 hosts over time: first two bars
are from previous similar scanning studies as reported by Multi-
path TCP blog authors [7]. Last 2 bars are from my own meas-
urements onports 80 and 443 of IPv4 addresses.
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5.2 Middleboxes and MPTCP

It is hard to know for sure why the approach described above did not work.
Though the most likely reason seems to be middlebox interference. When end-hosts
understand MPTCP, they can successfully switch the IP layer information TCP packets
are carried over. But middle hops involved in the flow do not always understand
MPTCP and often keep track of connection state of flows theyare propagating. So, if
after live migration the TCP flow has to go through a middlebox that was notpart of
the original flow, that middlebox is likely to terminate the connection as it is asked
to carrypackets about a flow it has no information about. This is particularly likely in
my experimental setup as host machines are in opposite costs of the US and live mi-
gration is almost guaranteed to take theflow through a different set of middleboxes.

Note that traditional uses of MPTCP (multihoming, wifi+mobile combination)
also face the threatof similar interference from middleboxes. As MPTCP gains larger
adoption, this will hopefully become less of an issue.

5.3 MPTCP adoption in the wild

To quantify the rate of MPTCP support adoption in the internet, | extended
ZMap [4] to scan for MPTCP compatible hosts in all of IPv4. ZMap is a single
packet network scanner that allows to discover active hosts through
SYN+SYNACK packet exchange.

| extended [10] ZMap SYN scanner to include MPTCP extension to TCP packet
which signals the server about client MPTCP support. As described in TCP extension
RFC8684 [1], server responseto such TCP packets should indicate whether or not
the server supports the protocol extension.

Findings from this measurement study of IPv4 address space are summarized
in Figure 2. The figure shows that number of hosts supporting MPTCP extension has
increased significantly in last 5 years. This is a better result than one would expect
since the protocol extension is not shipped withmainline Linux kernels and therefore
is not part of router OS distributions by default. However, itseems that some router
vendors have back-ported MPTCP protocol to their OS distributions and have ena-
bled it in their hosts.
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WPTCP 06agR10n over bime
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Fig. 3. MPTCP incompatible and mirroring middleboxes in IPv4 hosts
over time: first two bars are fromprevious similar scanning
studies as reported by Multipath TCP blog authors [7]. Last 2
bars are from my own measurements on ports 80 and 443 of
IPv4 addresses.

Unfortunately, over last 5 years number of middleboxes that simply mirror the
MPTCP extensionwithout understanding it have also increased. These middleboxes
are likely to negatively affect MPTCP support since instead of just passing the TCP
options forward, they mirror it back to the sender. Figure 3 shows in red the number
of MPTCP mirroring hosts over time. For comparison, bars for MPTCP compatible
hosts are also included.

In short, MPTCP support has improved over time and is likely to accelerate as
the extension becomes part of mainline Linux kernel. So, in the future live VM mi-
gration across networks that leverages MPTCP for continuous connectivity is more
likely to succeed. Overall, in this work | made the following contributions:

* Built a prototype which demonstrates viability of transparent live migration of
virtual machines across public networks even when applications inside the VM use
the external network and have state associated with it.

« Qutlined practical challenges for using MPTCP to migrate TCP connections
with the VM

* Built a module [10] for Zmap [4] that SYN-SCANSs a host and determines
whether it supportsmultipath TCP

« Scaned all of IPv4 for multipath TCP compatible hosts and middleboxes.

6. Future work

Below are some directions that might be worth exploring further:

* Different Environmental setup: In the experimental setup host machines
were in opposite coasts of the US. It would be interesting to consider a different setup
where host machines arecloser together and therefore are more likely to share next-
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hops for TCP flows. If in such setupMPTCP worked for live migration, I could con-
firm the hypothesis that current issues are resultof active middlebox interference.

* Plot geolocation of MPTCP hosts: My IPv4 scan gave me a list of IP address-
ees that supportMPTCP extension. Anecdotal exploration of these hosts revealed
many interesting features about them (e.g. many were in Europe and hosted openwrt
routers). it would be interesting toexplore the features of these hosts further and
maybe even plot a geographic map of MPTCPsupporting hosts.

» Continuous IPv4 scans: when looking for internet measurement datasets
over time, | found very little data. Many of the experiments were not repeated after the
original research was over. As a result, it was really hard to compare trends over time.
For example, as you can see in the figures above, two previous studies | mentioned
only scanned port 80 or port 443 and so are not directly comparable with each other. It
would be interesting to create a set of probes with zmap that scan all of internet period-
ically so later researchers have easier time identifying trends and exploring internet-
wide shifts. Scanning all of IPv4 took about 10 hours with 5gbps betwork so it is
totally feasible to such scanning in monthly or lower granularity.

7. CONCLUSION

In this work | explored the feasibility of VM live migration across public networks
in face of changingpublic IP addresses and open connection flow paths. | built a proto-
type which enabled live migration without disrupting user connection to the VM or UDP
based application flows. The prototype system did not support TCP flow migration and
broke all TCP connections during live migration. | explored MPTCP adoption to try to
explain why the system behaved this way.
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TEJEIIOPTUPOBKA BUPTYAJIbBHBIX MAIIHUH 11O
OBHIECTBEHHBIM CETAM

H. I'ancmsan
Kanugopnutickuii ynueepcumem, Beprkiu

AHHOTALIMUA

B a710i1 cTathe paccmarpuBaeTcs paboTa MO MUIPalMK BUPTYaIbHBIX Ma-
[ITUH, MOBHBHPYETCS TOTPEOHOCTH B 00Jiee MPOU3BOIUTEIILHOM IOIX0JIe
U OINpPABIBIBAIOTCS €r0 BO3MOXXHOCTH CCOBPEMEHHBIM O0OpPYIOBaHHEM.
OrnuchIBaeTCS AU3alH CO3TaHHON HAMU CHCTEMBI, KOTOPast TI03BOJIET MH-
IpalMio BUPTYAIbHBIX MAIIMH B PEXKUME PEALHOTO BPEMEHH MEXIy 00-
HIEOCTYMHBIME 00JlakaMH. [IpOUCXOIUT TIIyOOKOE MOTPYKEHUE B HEKO-
TOpbIe U3 MPOOJeM, yAeseTcs 0co00e BHUMaHKUE MPOOJIEeME TOIKITI0YE-
Hus K Cern. Uzyuatotes criocoObl 00ecriedeHus! HepephIBHOTO MTOJIKITIO-
YEeHHUS K BUPTYAJIbHBIM MalllMHAM BO BPEMSI MUTPAIIMH B OOIIEIOCTYITHBIC
obraka (1 o0s3aTeIbHOM M3MeHeHnHU ux [P-anpecoB), 3akaHuMBast OTEH-
LIUATBLHBIME Oy TyIIMMH HAMPaBJICHUSIMHU PaOOTHI U IPUIIOKEHUSIMHU, KOTO-
pbI€ BO3MOXKHBI IIPU 3TOM TOAXOJIE.
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O CUWJIbHbBIX PEBEPHBIX PACKPACKAX BJIOKOBBIX 'TPA®OB

A.K. lpaméan’, IT.A. ITempocan'?

YPoccuiicko-Apmanckuil yuusepcumem
2Epeeaﬁcmtﬁ 20CY0apCmeeH bl YHUBEPCUMEM
ardrambyan@student.rau.am, petros_petrosyan@ysu.am

AHHOTANIUA

Oynkuust f: E(G) — N naspiBaeTcst pebepHoii packpackoit rpada G. Pe-
6epHast packpacka f rpada G Has3pIBaeTCsl «CHIBHOWY, €CIM JIIOObIE JBa
pebpa, Haxoxsmuecs Ha paccTosHuM 0 win 1, OKpameHsl B pa3InvHbIe
uBera. HanMeHbIee 4nciio HBeToB, HEOOX0AUMOE [UIsl CHIILHOU pebepHon
packpacku rpada G, Ha3BIBaeTCS «CHIIBHBIM XPOMATHIECKHM HHIEKCOM
u obosunauaercs y.(G). B HacTosiueii paboTe MOKa3aHO TOYHOE 3HAUCHHUE
CHJIBHOTO XPOMAaTHYECKOTO MHAEKCA I OJOKOBBIX IpadoB B YACTHOM
ciyyae.

KaioueBble cjioBa: pedepHast packpacka, CHIIbHAs pedepHas packpacka,
CHJIBHBIN XpOMaTHUECKUN NH/IEKC.

BBeaenne

[Mycts G — HEOpHEHTHPOBAHHEIH Tpad 0e3 KpaTHBIX pedep u netenb, V(G) —
MHOXecTBO BepwnH rpada G, E(G) — mHoxkecTBO pedep rpada G. O6o3HaunM ye-
pe3 A(G) makcuManbHyt0 U3 cTeneHeil BepiuH rpada G. Heonpenensemblie moHs-
THSA 1 0003HAYEHUS MOKHO HaiTH B [1].

Pebepnas packpacka f rpada G Ha3bIBaeTCsl «CHUIILHOWY, €CITU JII0OBIE JBa pe-
Opa, Haxonsmuecs Ha paccTosHud 0 wim 1, OKpamieHsl B pas3iM4YHbBIC IBETA.
Haumenblliee 4uCIIO I[BETOB, HEOOXOIMMOE JJIsi CHIIBHOM peOepHOM pacKpacku
rpada G, Ha3pIBaeTCSd «CHJIBHBIM XPOMAaTHYECKUM HMHAEKCOM» M 00O3HadaeTcs
x<(G). Onpenenenne cuibHON pebepHOit packpacku rpada Obu1o BBeaeHO B [2]. B
gacTHOCTH, Dpaemem u Hemerpusiom Obliia IpeasioxkeHa clenyromas TUnoTesa.

I'mnore3a (paem u Hemerpui, 1985): /[ moboro rpada G cripaBeyinBo:

2
%,ecnn A(G) 4yeTHOE
s(G) <
x5(6) 5(4(6)°— 24(G) + 1)

7 ,ecan A(G) HeueTHOe

l'umotesa Oblna Aokazana mist A(G) < 3 [3, 6]. st rpados G ¢ A(G) =4, Kpen-
croH [4] nokasai, uto y¢(G) < 22.

OcHOBHOM pe3yJbTaTt

Bepivna vV rpada G HasbiBaeTCs «IapHUpOM», eciiu roarpad Gi, moirydeH-
HbIl U3 rpada G ynaneHueM BEPUIHMHBI V U BCEX WHIMACHTHBIX i pebep, COCTOUT



O cunvHbix pebeprbix packpackax 610Ko8wix epaghos

13 OOJIBIIETO KOJIMYECTBA KOMIIOHEHT CBSI3HOCTH, YeM UCXOaHbIH rpad G. CBsI3HbIH
rpad, He coAepKalui IapHUPOB, HA3bIBAETCS «ABYCBSA3HBIMY». MaKkcUMalbHbIE TI0
BKITFOUYCHUIO JIBYCBSI3HBIE MOATPadbl UCXOTHOTO Tpada HA3BIBAIOTCS «KOMITOHEH-
TaMH JBYCBS3HOCTH» WIIM «Onokamm». I'pad HazpiBaeTCst «OJIOKOBBIMY, €CIH €r0
Ka)J1asi KOMIIOHEHTA JIBYCBS3HOCTH SIBJISIETCS MTOHBIM TpadoM. MHOXecTBO 0J10-
KOBBIX Ipa)oB, sl KOTOPBIX KOJMYECTBO BEPIIMH B HAUOOIBIIEM OJIOKE paBHSIETCS
K, o603HaunM gepe3 By. KonndecTBo pasziuynbIx pebep MHIMIEHTHBIX BEPIIHHAM
0510Ka Ha30BeM CTeneHbI0 0J10Kka. MakcHMManbHYI0 U3 CTeTeHeH 0J10Ka s TaHHOTO
rpada G obo3naunm uepes 4(G)gcc-
Teopema. [Tycts G 6nokoBsIii Tpad u3 Bz unu Bs. Torga:

xs(G) = A(G)pcc-
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ON STRONG EDGE-COLORINGS OF BLOCK-GRAPHS

A.K. Drambyan?, P.A. Petrosyan'?
'Russian-Armenian University
2Yerevan State University

ABSTRACT

A function f: E(G) — N is called an edge-coloring of a graph G. An edge-
coloring f of G is strong, if for every pair of edges at distance at most 2
receives different colors. The smallest number of colors needed for a
strong edge-coloring of G is called a strong chromatic index and denoted
by x:(G). In this paper we show the exact value of strong chromatic index
for block graphs is special cases.

Keywords: edge-coloring, strong edge-coloring, strong chromatic index.
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MOPSIAOK MYJIbTUIIIUKATOPA IIIYPA CBOBOJHOM
T'PYIIIBI BEPHCAIJIA IEPHO/IA 3

M.P. Kapanemsan
Poccuiicko-Apmanckuu (Cnasanckutl) ynueepcumem
marina.karapetyan@rau.am

AHHOTANIUA

B nacTosimieit paboTe mokasaHo, YTo HOPSIOK MyabTHILIHKaTopa lypa
cBOOOHOI KOHeuHOW Tpymnmbl bepHcaiina mepuona 3 ¢ m mopoxaaro-
IMMU paBeH 32Ch+4CH+3Cm

KuaroueBble cioBa: cBoOoaHas rpynmna bepHcaiina, MyJIbTHILUTHKATOp
[ypa, 6a3uCHBII KOMMYTATOP.

BBenenune

Mynsrummukarop Hlypa M(G) — xoHe4HO#H rpynmbl G SIBISETCS KOHEYHON
«abeneBoit» rpymmoil. B nanHo# pabore m3ydaercs mynbpTrimukatop Ilypa cBo-
0oHOY KOHEUYHOM rpymibl bepHcaiina nepruona 3 ¢ m HOPOKAAIOIUMHU

M(Bam ) = Ol

OcHoBHBIE onpe/ieJieHus

PaccmoTpum crnosa Bunma byb; ...b,, TA€ Kaxablii CUMBOI b NpeAcCTaBIseT
OJIHY U3 OYKB X1, X3, ..., X;-. POPMALbHLIE KOMMYMAMOPbL U UX BECa OTNPEACIIAIOTCS
CJICAYIOIINM 00pa3oM:

1) ¢; = x;,i =1,...,r —kommyrtaTop Beca 1, T.e. w(x;) =1,

2) Eciu ¢; ¥ ¢j — KOMMYTaTophl, To ¢ = [c;, ¢j] — kommyTatop ¥ w(cy) =
w(c) + a)(cj).

Ckaxem, 4To CIOBO Ci, Cj, ... C;, , COCTABICHHOE U3 KOMMYTATOPOB, COOparo,
ecmu iy < iy < -+ < iy, T.€. €CIIM KOMMYTATOPBI PACTIONOKEHBI B ITOPSIIKE BO3pac-
TaHUsI HHICKCOB ClieBa HarpaBo. [Ipou3BOIBHOE CIIOBO U3 KOMMYTATOPOB:

Ci1 Ciz

Cimcim+1 G

n
COZIEPIKUT COOPAHHYIO YaCTh Cj Cpy .. Cjp > TAE Iy Sy S+ Sy M Iy S j =
m+1,...,n, ¥ HeCOOPAHHYIO YacTh C; . .. Cj , TI€ lypyq YXKE HE HANMEHBLIMHA U3
MHIEKCOB ij, j = m +1,...,n. CobpaHHas 4acTh CinoBa Ci Cj, ...C; TYyCTa, €CIH
TOJIBKO i — HE HAUMEHBIINH 13 nHaekcos ([1], rmasa 11).

CobupamenwvHuiii npoyecc COCTOUT B TOM, YTOOBI KOMMYTAaTOp ¢ HAUMEHBITHM
WH/IEKCOM HECOOpaHHOW YacTH CJIOBa CAENaTh NepBbIM B HECOOPAaHHOH yacTu. DTO

MOJKHO CIIENaTh 10 cleayonmm Gopmyiaam [1]:



Iopadok mynemunauxamopa LLlypa ceoboonoii epynnet Bepucaiioa nepuoda 3

1) vu = uv|v, u]

2) vut =u v vy, vs vy v N (mod Fiyq)
3) viu=zurlw,w, .. a)glwl"l(mod Fit1)
4) v ut = u v vavs vy vy o (mod Fipq),

rae Fryq — (k4 1)-it 4ieH HWKHEro LEHTPAIbHOTrO psiaa rpynmsl F, vy = v u
Ve = [V ul, w1 = [v,u], weyr = [wg, v].

v = [v,ul, v, = [vy,ul, v3 = [vy,u] ...

w1 = [U,U], Wy = [0)1,1]], w3 = [(,()2,17]

KommyTtatopsl, KOTOpble MOTYT BO3HHMKHYTH B COOMpAaTEILHOM IIpollecce,
Ha3bIBAIOTCS OA3UCHBIMU.

basucnvie kommymamopwr Tpynisl F ¢ 00pa3ylOmUMA X4, X5, ..., X, OTIPE/e-
JISIFOTCSI CJ'IG,I[y}OI_HI/IM o0pazoM:

1) ¢; = x;,i = 1, ..., r — 6a3ucHBIC KOMMYTATOpPBI Beca oauH, w(c;) = 1.

2) IlycTp Ga3uCHBIC KOMMYTATOPbI BECOB, MEHBILHX N, YK€ onpeesaeHsl. To-
raa 0a3uCHBIME KOMMYTAaTOpPaMHU Beca N SIBJISIOTCSI KOMMYTATOpPHI C, = [cl, c]] rue
a) ¢; u ¢j — 6asucHbie kommyTatopsl 1 w(c;) + w(c;) = n,

b) ¢; > ¢j, a ecmm ¢; = [cg, ¢, 1O ¢ = Cy..

3) KommyTatopsl Beca n CISIYIOT 32 KOMMYTaTOpaMH BECOB MEHbBIIHX N,
MEXIy co00i OHHM YHOPSIOYCHBI MPOHU3BOJIBHBIM 00pa3oM. bazucHble komMMmyTa-
TOPBI CYUTAEM MPOHYMEPOBAHHBIMU TaK, YTO OHU YIOPSIOUYCHBI [T0 HHIIEKCAM.

Urak, moBTOpHOE NPUMEHEHNE 3aMEH IPUBOJUT K 3aIIMCH TPOU3BOJILHOTO BJle-
MeHTa f rpynmnsl F B BUJIE clI0Ba 13 0a3UCHBIX KOMMYTaTOPOB:

f=citey? cft (mod Fiyq),

TA€ Cq, ..., C¢ — 0a3UCHBIE KOMMYTATOPHI BecoB 1,2, ..., k.

OcHoBHBIE pe3yabTaThl

[To ompenenenuro myneruruinkaropa Illypa rpynner bepHcaiina nepuona 3,
T000e ero CII0BO MOKET OBITH MPEJICTABICHO KaK B BUJIC IPOU3BEICHHS KYOOB, TaK
U B BUJIE IPOU3BEACHUS KOMMYTaTopoB. OTCIOAA CIEAYET, UTO IIUKIMYECKOE Bpa-
IieHne JI000ro ciosa n3 MyasTuIuinkaropa lllypa coBnamaer ¢ HuM.

Cnosa myneTuminkaropa lllypa rpynns! bepHcaiina nepuona 3 ¢ qByms mno-
poxnaronmme {a, b} MOXKHO Pas3IoKHUTh HA TPOU3BEACHHE KOMMYTaTOPOB BHIA:
[b,al,[b,a™1],[b7%,al,[b~1,a"1]. Takue kOMMyTAaTOPHI KOMMYTHPYIOT B TPYIITIE
bepHucaiina nepuoga 3. Takxke KyObl TaKWX KOMMYTAaTOpPOB PaBHBI €IUHUIC B
rpynre bepHcaiina neproaa 3. CnenoBarenbHo, KyO JIF000TO cI10Ba MyJIbTHILIHKA-
topa lllypa paBeH equHHUIIE.
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M.P. Kapanemsn

AHanornuHbBIe paccyKAEHHS BEpHBI Uil MyibTUIIMKaTopa Lllypa rpymmst
Bepucaiina nepuoaa 3 ¢ m nopoxnaronumu. CyMMa CTENCHEH KaxIoi o0pa3yro-
et 6ykBel B(m, 3) B cioBe u3 mynbruiuinkaTopa Illypa pasua mymo. [Toatomy
IpU MPUMEHEHWH COOHMPATENBbHOrO Mpolecca Haja CIOBAaMH MYJIBTHILIMKATOpa
[lypa ocrarorcs TompKO Oa3WCHBIE KOMMYTaTOpHI Beca = 2. B wactHOCTH, AMst
mynbTuiirkaropa Lypa rpynnst bepHcaiina nepuozaa 3 ¢ AByMS MOPOKAAIOUIMMHA
{a,b} , ocrarorcs TONBKO cCieayrompe OasMCHbBIE KOMMYTaTOphbl Beca 3:
[[b,al,a], [[b,al, b]. Ans mynsTunmkaropa Llypa rpynmnst Bepucaiina neproza 3
C TpeMmsi TIOPOXKIAoIIMMHE {a, b, ¢}, KpoMe Ga3uCHBIX KOMMYTATOPOB Beca 3, ocTa-
FOTCSL TOJIBKO CIICAYIONIHE Oa3MCHBIC KOMMYTATOPBI: [[ c,a ,b], c], [[[c, al, b], b],
[[ [b, a] c] ] [ (b, a] C] [ c,al b] Hns mynerumukaropa lypa rpynmer bepn-
caiifia meproia 3 ¢ 4eThIpbMs OpoKAarouMu {a, b, ¢, d}, Kpome Ga3HUCHBIX KOM-
MYTaTopoB Beca 3 U 4, ONMMCAaHHHBIX BBIIIE, OCTAIOTCS TOJIBKO CIEIyIoImue 0a3uc-
HbIE KOMMYTaTOphI Beca 4 [[[d, al, b, c], [[[b, al,cl, d], [[[c, al, b], d]. BasucHbie
KOMMYTaTOpBI OOJIBIIETO Beca OyAyT paBHBI equHUIE B MyibTUIuInKaTope Lllypa,
TaK Kak OHH OyIyT coJepkaTb Oa3WCHBI KOMMYTaTOp MEHBIIEro Beca, KOTOPBII
SIBJISIETCS CJIOBOM B MyJibTUILIMKaTOpe Llypa.

Uraxk, mopsimox mynprurmiukatopa Lllypa cBoOomHoi rpymmel bepHcaiina me-
proa 3 ¢ o6pasylomnMH {Xy, Xz, ..., X,y } paBen 326mH4Cnt3Ch 4 oGpasyromme
AIIEMEHTHI UMEIOT BUJL:

[[xj»xi]'xi]’ [[xj»xi]'xj]’
[[[xk,xi],xj],xk], [[[xk,x-],xj],xj], [ [xj,x-],xk],xk],
[[xj,xl-] xk] ' [ Xier X J]’
[[[xl, 1, x; xk] [[ xj,xl] xk] xl] [[ [ xl],
rmei <j<k<l.

JIUTEPATYPA
1. M. Xonn. Teopus I'pynn, M., UJI, 1962.
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THE SCHUR MULTIPLIER ORDER OF THE FREE BURNSIDE
GROUP OF PERIOD 3

M. Karapetyan
Russian-Armenian (Slavonic) University
marina.karapetyan@rau.am

ABSTRACT

In this paper shown that the Schur multiplier order of the free Burnside
Group period 3 with rank m equals
32c,2n+4c,3n+3c;‘;1

Keywords: free Burnside group, Schur multiplier, basic commutator.
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INPUMEHEHHWE METOJA0B UHTEJVIEKTYAJIBHOI'O
AHAJIN3A JAHHBIX 1JIs1 YIIPABJIEHUSA YYEBHBIM
ITPOOECCOM B BY3E

A.C. Osaxuman, H.I'. Ilanan

Poccuticko-Apmancruii (Crassanckuil) ynusepcumem
anna.hovakimyan@rau.am, npalyan@gmail.com

AHHOTANIUA

B nmannoi#i ctaThe peds HAET O TOM, YTO B HACTOSIIIIEE BpeMsI OOJBIIOE BHU-
MaHHe yJelsieTcsi O0YUCHHIO ¥ TECTHPOBAHUIO 3HAHWI CTYJCHTOB B HMH-
TEPaKTUBHBIX HHCTpYMEHTaNIbHBIX cpeaax (Moodle, WebCT, Blackboard,
Classroom, Coursera, Hot Potatoes, e-judge u ap.). DTH CHCTEMBI I03BO-
JSFOT coOpathk 60JbIION 00beM JaHHBIX MO yueOHOMY mporieccy. MHTe-
JIeKTyallbHasi 00paboTKa TaKMX JAHHBIX MO3BOJMT MOJYYUTh MH(OpMa-
1110 00 3¢ GeKTUBHOCTH OpraHu3aluy y4eOHOro Mpolecca U MPUHATHIO
peLIeHHH 1Mo ero AanbHeHIeil ONTHMHU3alUH B COOTBETCTBHHU ¢ 00pa3oBa-
TENLHBIMH LEIISIMH.

B crarbe mpemaraercss METOMKa aHaIM3a NAHHBIX, MPEIOCTaBICHHBIX
cucTeMoi e-judge Mo MpoBEepKe 3HAHUM CTYIEHTOB IO NMPOTrPaMMUPOBa-
HHUIO.

KiroueBble ciioBa: o0pa3oBarelibHas TPaeKTOpHs CTyAeHTa, Data
Mining, Process Mining, Kiactepu3anysi JaHHbBIX.

BBenenune

B Hacrosiiee BpeMss 00pa3oBaTelibHbIC YUPEKIACHUSA M yUSOHBIE LIEHTPHI CO-
OHMpAIOT M XPaHAT OTPOMHOE KOJIMYECTBO JIAHHBIX, OTHOCAIINXCS K y4eOHOMY Tpo-
meccy. JT0 — JaHHBIE O TIOCEIAEMOCTH CTYJEHTOB, O Pe3ybTaTaX pa3IuIHBIX TH-
OB KOHTPOJIsS 3HaHUH, nH(pOopMaIus 00 00pa3oBaTeIbHON TPACKTOPHH CTYCHTA,
KapTBI O CTCIICHU JOCTHXKCHUA CTYJICHTaMI/I OKOHYATCIIbHBIX yqe6HBIX ueneﬁ, 3as1B-
JICHHBIX B 00pa30BaTENbHBIX MPOrpaMMaXx, pe3yJbTaThl 3aIUThl HAYYHO-UCCIIE]O-
BAaTCJIIbCKUX U JUITJIOMHBIX HpOCKTOB nu T.1d.

st oneHKM M obOecriedeHrs KauecTBa 00pa3oBaHUs B YUEOHBIX 3aBEIICHUSX
HpOBOZIHTCS[ OHpOCBI CTYJICHTOB 10 CaMbIM paSHBIM KpI/ITepI/IﬂM, OTHOCAIIUMCS K
BOIIpOCaM OpraHu3aliu 00pa30BaTENHLHOIO MpOIecca, KadecTBa IMPEero aBaHus
M3y4aeMBIX JUCIHILIAH, METOA0B 00ydeHwms. Cobupaercs I/IH(i)opMauHﬂ 0 MHEHHUSIX
CTYJCHTOB U TpenojaBaTeneii 00 3pPeKTUBHOCTH METOJIOB OLICHKH 3HAHWM, yMe-
HAW ¥ KOMIETCHITNI CTYACHTOB, O CTEIEHN YIOBJICTBOPEHHOCTH YIaCTHUKOB 00-
pa30BaTENbHBIX MMPOIIECCOB: MPETOAABATENICH, CTY/ICHTOB, BBIITYCKHUKOB H pabOTO-
JlaTeei.



prvzenenue Memooos UHmMeN1eKmyailbHo20 anaiusa OaHHbIX 0151 ynpaejeHus y'—le6Hbl/l/l

Nzydenne n 006paboTka TaKuX NaHHBIX AaeT HEOOXOAMMYIO WH(MOPMAITHIO pa-
00THHMKaM 00pa30BaTENbHBIX YUPEKACHUN 1 3QPEeKTUBHON OpraHu3aluy Kade-
CTBEHHOT'0 y4eOHOTO mporecca, B TO BpeMsI Kak HEeIPephIBHBIN pocT o0beMa JaH-
HBIX TpeOyeT COOTBETCTBYIOLIET0 Habopa aaropuTMOB Ui 00pabOTKM 3THUX AaH-
HBIX ¥ U3BJICYCHHS U3 HUX MTOJIE3HON MH(OPMAIHH.

Orta npobiiemMa npuBesa K HCIOIb30BaHUIO METOJJOB HHTEIUIEKTYalbHOTO aHa-
nu3a ganHbeix (Data Mining) B o6pasoBarensHoi cpene [1-3]. DtoT momxon Oyaer
CIOCOOCTBOBATD JyYIIEMY TOHUMAHUIO HAKJIOHHOCTEH, IPUBBIYEK, OXKUIAHNHN CTY-
JICHTOB B cepe O0yUeHHS ¥ TIOMOXKET OpraHHU3alliy aallTHBHOTO Y4eOHOTO TIPO-
necca. OTo TpeOyeT aHAIW3a M BU3yalu3aluy MHQOpMaIMK O peann3alul BCero
y4eOHOT0 Tpoliecca, BBISIBICHUS 3aKOHOMEPHOCTEH MeX Ty 00pa30BaTeIbHBIMH J10-
CTHIKCHUAMU CTYACHTOB, IOCTABJICHHBIMU O6pa3OBaTeHLHI)IMI/I OeIsIMU, (I)OpMaMI/I
opraam3anuu y4eOHOro mporiecaa u ap. MiMes pe3ynbraTsl 00 yaeOHOM mporiecce
CHavaJa JOJKHBI OBITh MPUMEHEHBI allTOPUTMEI TIPEIBApUTEIbHON 00padOTKH AaH-
HBIX, ¥ TOJBKO 3aT€M MOTYT OBITh MPHUMEHEHBI HEKOTOpPBHIE KOHKPETHBIE METOIbI
Jata MaHuHTa [4].

B craree mpencraBieHa METOIMKA MHTEUIEKTYyaJIbHOTO aHAIN3a JAaHHBIX IO
yueOHOMY TpOIIecCy, pe3yIbTaThl KOTOPOTO MOTYT OBITh IPUMEHEHBI JUIS YITydIle-
HHS ¥ COBEPIICHCTBOBAHHS Y4E€OHOTO IpoIiecca.

Data Mining B o0pa3oBanuu

WuremnekryansHblii aHanu3 aanHbix (Data Mining — nata mMailHHHT) — MeX-
JUCUUIUIMHApHast 00J1acTh, KOTOpasi OObEAUHSAET CTaTHCTUKY, MAIIMHHOE 00ydYe-
HUE, paclio3HaBaHUe 00Pa30B, BU3yaJIN3alIMIO IAHHBIX, TCOPHIO HHpOpMaruu, Hop-
MHUpPOBaHWE 3HAHWI Ha OCHOBE OOJIBIIOTO 0O0BeMa JaHHBIX. «/laTa MailHWHTY» Hc-
TIOJIb3YETCSI B CAMBIX PAa3HBIX 00JIACTSAX YENIOBEUECKOH esTenbHOCTH. B cdepe 00-
cinyxuBaHusa «/latra MailHUHI» MOMOTaeT aHAIM3HUPOBATh MOBEJCHUE KIMEHTOB U
CIOCOOCTBYET YIY4IICHUIO paboThl KOMIIaHWH, B cepe 37paBoXpaHEHUs IMpel-
CTaBJsIeT COOON NTOTIONHUTENbHBI MHCTPYMEHT Ul Bpaua IO JAWArHOCTHKE 0Oo-
Je3uu u T.1. [1-4].

«Jlata maitnuar» B cepe oOyuenus (Educational Data Mining — EDM) — sto
ucclenoBarenbekas cepa, BKIF0YAIONIas METObI, HHCTPYMEHTHI U UCCIIeIOBaHUS,
KOTOpbIEe MpeAHa3HAUYEHBI AJISl U3BJICUCHUS TMOJIe3HOW MH(pOpMauu U3 OOJIBIIOTO
KOJIMYECTBA IAHHBIX, CBA3AHHBIX C y4EOHBIM ITPOIIECCOM, a TAKKe VIS LeJICHATPaB-
JICHHOTO YHpaBieHUs y4eOHBIM mporeccoM. JaHHbIi moaxo 0coOEHHO aKTyaleH
B YCJIOBHSX IOJIEP’KKHU MHCTPYMEHTAJIbHBIMU CpelaMH y4eOHOro Inporecca. Ti
JaHHbBIE MOTYT OBITh, HAIPUMED, O TOM, KOTIa CTYACHTHI 00palarTcs K yieOHOMY
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MaTepHaly B YCIOBUSX AMCTAHLIMOHHOTO OOy4YeHHs, B T€UCHHE KaKOro IpoMe-
KYTKa BPEMEHH CTYJEHTHI pa0OTAIOT C ANEKTPOHHBIM Y4eOHBIM MaTEPUAIIOM, K Ka-
KHUM IIpeIMETaM CTYACHTHI 00palaroTcs Yalle BCero, KOraa CTyeHThI OTIPaBIIAIOT
3aJlaHus], KAKOBBI PE3yJIbTaThl BBITOJIHEHUS 3a/laHul, KaK CTyJEHTHl OLIEHUBAIOT
npeiaraemMple 00pa3oBaTeIbHOM IPOrpaMMoii yueOHbIe AUCLUITIINHBL, KAKOBBI pe-
3yNbTaThl pa3HbIX OMPOCOB U T.1. [5, 6].

EDM nocraBiseT pe3ysbTaThl aBTOMAaTU3HPOBAHHOIO aHAIN3a JaHHBIX, B TO
BpeMs KaK 4eJIOBEKY TPYIHO IPOBOJIUTH TAKOH aHAIN3 BPyUHYI0. JTa TEXHHUKA U3Y-
YaeT AaHHbIC U IPOBOJUT AaHATUTHKY B 00Opa30BaHUH, IPENOJaBaHUU 1 00yUCHHH,
orpenensisi 00pa3oBaTeNbHbIe MPUOPUTETHL U TIPOBOAS KauyecTBEHHOE HCCIIeq0Ba-
HHE MOJEJEH, METOJ0B, TEXHOJOTUNA. V3ydeHNI0 NOJIEKHUT U TO, KAK aHAJIUTUKA
MOJKET MOBIHUATH Ha OPraHU3aINI0 00Pa30BaTEIbHBIX MPOIECCOB.

OnHuM U3 coBpeMeHHbIX MeTO0B EDM sBisieTCA MHTEIEKTYalbHbIA aHATU3
oOpasoBarenbHbiXx npoieccoB (Educational Process Mining — EPM). OcHoBHas
unes EPM 3akimodaercs B U3BJIeUYeHUH HHPOPMAIIH U3 KypPHAIOB cOObITHN. CH-
crema EPM moxker mokazath cBsi3b MeXAy 00pa30BaTeIbHON TpacKTOpHEH CTy-
JIeHTa U 0’KUIaeMBIMH 00Pa30BaTEIbHBIMU LESIMH.

PezynbraTel EPM MOHO UCIIOIB30BaTh AJI Jy4LIEro MIOHUMAaHUS JIKAIIUX B
OCHOBE 00pa30BaTeNbHBIX IPOLIECCOB 3aKOHOMEPHOCTEH, ISl BBIPAOOTKH PEKOMEH-
JAaIii 1 COBETOB CTYyJEHTaM, JUIsl MPEJOCTaBICHU OOpaTHOW CBSI3U CTYJEHTaM,
MpernojaBaTeisiM, OpraHu3aTopaM y4eOHOTO Ipolecca, A PAaHHEro BBISIBICHUS
TpyJQHOCTEH B 00Y4YEHHUH, IJIs1 IOMOUIH CTYACHTaM B KOHKPETHBIX CUTYaIUsX, I
YIIyqIlIeHUS YIpaBIeHus 00beKTaMu o0ydeHus [6].

Mertonst EPM HanpaBieHbI Ha H3BJIeUEHHE CBS3AHHOM C y4eOHBIM MPOLIECCOM HH-
(hopmarim 3 >KypHaJIOB COOBITHH, 3a()MKCHPOBaHHBIX KaKOH-TH00 MH)OPMALIMOHHOH
cucteMoil. OHM 00€CTIeUNBaIOT BU3yaIbHOE TPEICTABICHUE BCETO 00pa30oBaTeIIb-
HOTO Tpolecca, FOTOBOIO K aHAIIN3Y.

Tpamummonno EPM ucnons3oBancs mist n3BiIedeHUs 3HAHUN U3 ONPECIICH-
HOTO THIIa 00pa30BaTeNbHBIX HH(POPMAIIMOHHBIX CUCTEM M MOCTPOCHUS TpoLecc-
HOW MOJIENH TTOBeIeHUsI CTyieHTa. [IpH 3TOM CTaNKHBaIOTCS € IBYMsI IPOOIIEMaMu:
C OZIHOH CTOPOHBI, MOIyYEHHAs! MOJEIb IIJIOX0 COrlacyeTcsi C OOLIMM NOBEACHUEM
CTY/ICHTa, C JPYrol — MOJyYEeHHas MOJIEIb MOXET OBITh CIUIIKOM OOJbBIION H
CJIO’KHOM ISl aHaJIM3a U UCIIOIb30BaHMs IPENOAaBaTeIeM UM HHCTPYKTOpOM [6].

UroObl pemuTh 3T NpOOJIEMbl, Mbl IPEAaracM HCIOJIb30BaTh KilacTepusa-
LU0 JaHHBIX U3 )KYPHAIOB COOBITUH ISl YIIyUIIEHHs IPUTOJHOCTH U TOHSATHOCTH
MOJIEJICH, MMOTYIEHHBIX ¢ oMoIIbio EPM. DToT momxo cHavaia mpuMeHsIeT Kia-
CTEepH3aLHIo, YTOOBI CIPYNITUPOBATH CTYACHTOB CO CXOKUMH OLICHKaMH, XapaKTe-
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pucTHKamu, 00pa3oBaTeIbHON TPaeKTOpHEH. 3aTeM MPUMEHSIETCS WHTEIDICKTyalb-
HBII aHAJIU3 MPOIIECCOB, YTOOBI OOHAPYXKUTh 00JIEe KOHKPETHBIC MOJICIN ITOBEC-
HUS YIaIIAXCSL.

AHanu3 MoJeu o0y4yeHusl B cpene e-judge

VY4eOHsblii mpomecc, pe3yabTaThl KOTOPOTo UCCIEAYIOTCS B JaHHOU paboTe, pe-
aIM3yeTCs COTJIACHO CIIEAYIoe Moaenu o0ydeHus. Y4eOHbIN MOyl pa3ouT Ha
HECKOJIBKO Pa3/iesioB, B KAKJOM M3 KOTOPBIX MPECIEAYIOTCS ONpeaeiIeHHbIe 00pa-
30BaTeJIbHbIE 1IEIH, BEIPR)KEHHbBIE B TEPMHUHAX ITOJIyYCHHBIX 3HAHUH, TPUOOPETEeH-
HBIX YMEHHMH W KOMIETEeHIMH. B TeueHne mpoxoxaeHus: yueOHOTO MOAYIS CTy-
JEHTY IpeIUIaraloTcsl 3a/laHus, HAlpaBJICHHbIE HAa MPOBEPKY CTEHNEHHU YCBOCHUS
TEOPETUYECKOr0 MaTepHrala paszeiia, yMeHUs] IPUMEHSITh MPHOOpETEHHbBIC 3HAHUS
Ha IPAKTHKE, TEM CaMbIM BBIITOJHITH MOHUTOPHHT IPOJIBIKEHUS CTYACHTA B y4eO-
HOM mipouiecce. [1o 3aBepiieHuI0 MOy sl CTYJEHT MPOXOTUT Pe3yJIbTUpPYIOLIee Te-
CTHUPOBAHHE U C/Ia€T YCTHBIA/TMCHMEHHBIN SK3aMeH.

JlanHble, UCTIONb3yeMble B JaHHOM HCCIIEIOBaHUU, COOpaHbI U3 Cpeibl aBTOMa-
THYECKOT'0 TECTHPOBaHUs e-judge, koTopas ucronb3yercs Ha kKadeape CHCTEeMHOTO
nporpamMmmupoBanus Poccriicko-ApMSIHCKOTO YHUBEPCUTETA IS IPOBEPKU 3HAHUH
Y YMEHUH CTYJIEHTOB I10 IIporpaMMupoBanmio Ha s3bikax C, C++, Accembinepa.

B cucreme e-judge Ha MPOTSHKEHUH BCETO MOIYJIS CTYJICHTY TIPEJIararoTcs 3a-
JaHWs 110 IPOrPaMMHUPOBAHHIO, KJIACCH()UIIMPOBAHHBIE IO TEMaM, COOTBETCTBYIO-
MM JIEKIIMOHHOMY Matepuaiy. PenieHHbIM 33/1aHrsSIM U OTHPaBICHHBIM CTY/EH-
TaMH TpOrpaMMaM CHCTEMOM “e-judge” mpucBaMBaeTCsi CTaTyc, U3 KOTOPHIX HAc
WHTEPECYIOT CIEAYIOUINE: odxcudaem noomeepiicoerus (eCiiv mporpaMMa Mpornia
BCE TECTHI, YTO CBHJICTEIBCTBYET O TOM, YTO 3ajada 3allporpaMMUpOBaHa Mpa-
BUJIBHO), HenpaesuibHblii omeem (€ciivi IPOIEHBI HE BCE TECTHI, TO €CTh 00ecreueHa
He BCS (YHKUMOHAIBHOCTh MPOTPAaMMBI), MPEBBIILICHO MaKCUMalbHOE BpEMsl pa-
00ThI (4TO CBUAETENIBCTBYET O HEI(H(HEKTHUBHOCTH pa3pabOTaHHOIO ajropuTMa U
NPOrpaMMbl), OIIMOKa KOMITMIIALUH (TO €CTh HE YCBOEH CHHTAKCHC SI3bIKA).

B pabote paccmarpuBaeTcsi 6a3a JaHHBIX CHCTEMbI “e-judge’” OTHOCHTEIBHO
MOJYJIEH 110 KypcaM: «AJITOPUTMBI M alrOpuTMUYeckue s3biku (s13b1ku C, C++)»,
«Apxurexktypa 9BM» u «SI3pixk Accembrnepay». CTpykTypa 0a3bl JaHHBIX IpPHUBE-
neHa Ha Puc.1.
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Howmep petsenns Bpeun User name Problem Language Resalt
jzal 2021/12°23 05:25:17 Shushanik Tovinasyan 17 gee LSTRTITE
3240 2021

3220 202171
IS8 2021
187 2021
J1KS <2021 17:01:49 Manons Berbaryan i Bee engpann
3is82 2021 17:00:51 Manans Besberyan n Hee ORI O St SRR
3181 2021 16:59:50 Manana Berberyan 3 gee DU O RO AR
3160 2021 15:35:5] Areg Ayvazysn 40 g
3183 2021
1152 <021
315 2021
$1%0 2021
$149 2021
3147 2021
3146 2021
3348 2021
ji4a <021
143 202
s142 2021
fiql 2021
Jla0 2021

23 05:24:08 Slunhamuk Tovinaseyun 17 gee Csuatng S s

18:45:24 Manana Berberyan 21 gee rEIIE

weprE e
17:16:15 Manana Berberyan 12 gee Omarane nepacnme

17:10:29 Manans Derberyan 1 goC Qnnngr pepE e

15:01:25 Shushuuk Tovinasyan 25 gee
15:00:54 Shushumk Tovmasyan 24 gee
14:50:53 Slumhanik Tovmasysn 25 gee Qumitins
18:5%:45 Shishanik Tovmasyan 29 RO §
18:52:55 Areg Ayvoazyan '8 I (

1 14:36:43 Areg Ayvazyan 37 gce

14:28:51 Arsg Ayvaryan 16 pec

SRUMELTIL AN SR

14:28:15 Areg Ayvuryan 6 pee
2 14:26:43 Arvg Ayvazyan 33 gee W e
! 14:26:23 Areg Ayvazymn 33 gee ciagmn
14:22:00 Shoshanik Tovinasyan 26 ROC 1 ORI
14:19:42 Stowhanik Tovinasyan 20 B PIOKD NSO (15N

14:18:43 Slushusik Toviasysn 26 Ko Honpaustalsu i dropsar nnt

Puc. 1. ®pazmenm noz-¢patina cucmemvi e-judge.

Jns KaXZIoro CTyJeHTa CTPOUTCS BEKTOP CTYIEHTA, OTPaskKarolIHid Iporpecc

CTyJICHTA 110 pa3zeiny MoayJis. BeKTop cTyJeHTa COAepKUT HHPOPMAIIHMIO O HOMEpe
3aJ]aHUsl U CBOJIHYIO HH(POPMAIMIO O BBIMOJHEHUH JAHHOTO 337aHusl. MHOMXECTBO

OTHUX BEKTOPOB 6y11eT CIIYKUTb COBOKYITHOCTBIO JAaHHBIX, MOAJIC)KAIIUX KJIIaCTCPH-

3aIliU.

Bekrtop cTyneHTa uMeeT CIeayoUyo CTPYKTYpPY:

ID crynenra;

KOJIMYECTBO 33JaHUH 110 JAHHOMY MOJIYJIIO;

HOMED 3aJaHUS;

YHUCJIO MOCHIIOK, OKOHYHMBIIHXCS CTATYCOM «OIIMOKA KOMITHIISLIUNY,;

JlaTa MepBO MOCHUIKH, OKOHIIIMBIIEHCS CTATyCOM «OITUOKA KOMITHIISIIIHI,
JlaTa MoC/IeAHEeH MOCHUIKH, OKOHYMBIIICHCS CTATYCOM «OINNOKA KOMITHIISIIUI;
YHUCIO MOCHUIOK, 3aKOHYUBIIMXCS CTATyCOM «HETPABUIIBHBIN OTBETY;

JlaTa MepBOM MOCHIJIKA, OKOHYMBILIEUCS CTATyCOM «HENPABUIILHBINA OTBETY;
JlaTa MociIeqHEeN MOChUIKY, OKOHYUBIICIHCS CTATYCOM «HEMPABUIbHBIA OTBETY;
YHCJIIO MOCHUIOK, OKOHYMBIIMXCS CTATYCOM «IIPEBBIIIEHO MaKCUMaILHOE BpEMsI
pabotbi»;

JlaTa MepBoO MOCHUIKH, OKOHYMBIIENUCS CTaTyCOM «ITPEBBIIIEHO MAKCUMaJIbHOE
BpeMs paboThD»;

JlaTa ocJieIHeN TOCHUIKN, OKOHYMBIIIEHUCS CTATYCOM «IIPEBBIIIEHO MAKCUMAaJIb-
HOE BpeMs pa0OThD»;
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®  YHCJO IOCBUIOK, OKOHUMBILIHUXCSI CTATYCOM «OXKHIACT MOATBEPXKICHUS», PaB-

HOE CYyMMapHOMY YHCJIY MOMBITOK, 3aKOHYMBILIUXCS CTATYCaAMH «OIINOKa KOM-

MWIALUN», «HETPaBUIbHBIM OTBET», «IPEBBIIEHO MaKCHUMAaIbHOE BpeMsl pa-

OOTEI;

e  [aTa IOCBUIKH, OKOHYUBIIEHCS CTATyCOM «0KHIAET IOATBEPKACHUS;

e HOMeEp 3aJaHus,

®  YNCJIO HOCBUIOK, OKOHYHMBIIMXCS CTATYCOM «OIIMOKA KOMIMIISALIUNY;

e  JaTa NepBO MOCBHUIKH, OKOHYMBIICHCS CTATYCOM «OIINOKA KOMIMIISILIUNY,;

e fara mocljiefAHel NOChIIKH, OKOHYHMBILEICS CTaTyCOM «OIIMOKA KOMIMJISILIMN)

U T.J.

Knacrepusaiys naHHBIX HampaBiieHa Ha BBIABICHHE TOTO, KaK CTYICHTHI yCBau-
BAaIOT CHUHTAKCHUC SI3bIKa TIPOTPaMMHUPOBaHUsI, 00€CTIEYNBAIOT JIM OHH TIOJHOTY MPO-
TpaMMBbI C TOYKH 3peHHs (DYHKIIMOHATBHOCTH, MUIIYT JI1 3¢ (EKTUBHEBIE IPO-
rpamMMBbl.

Jsist Toro 4To0Bl CrpyNIUPOBAThH 3aa4d 10 YPOBHIO CIOXKHOCTU U MOJIyYUTh
MHQOPMAIUIO O TOM, KaKHe TeMbl HY)KHO PacCMOTPETh 3aHOBO, MPOBOJUTCS KJla-
CTEpHBIN aHanMu3 MeTo1oM k-cpenHux [7].

Problem difficulty

2.0.4 ® Hard: 13
L Medium: 21
27.54 é & Easy: 6
< o o
25.0 1 ¢
. <
5 © © ©
20.0
17.5
o ©
15.04 o o -]
12.5
©
USSH IS0 S 5 S U0 o O 2 B B VAN U S S S S A |
0123456783 ANANGUANADRR P2 ILSR LESHBBBEDEADBHN0

Review chapters 1 and 3

Puc. 2. Knacmepusayus 3a0au no cmenenu C10H#cHOCMU.

Kiactepusamys CTyA€HTOB IO pe3ysibTaTaM PeLIeHHs OIHOH 3aJaddl IPOBO-
aurcst metogom DBSCAN [3,7]. O6pabatsiBacMbie JaHHBIC IPUBS3aHBI K KAXKIOMY
CTYICHTY U K OJTHOM KOHKPETHOH 3a7ade M UMEIOT CICAYIOMUN (popMar: OmmoKa
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KOMIIMJISILIMY, TPEBBIIIEHO BpeMs pabOThl, HENPAaBUIbHBIH OTBET. MeTox BhINOII-

HSIET KJIACTEPU3alMI0 BEKTOPOB CTYACHTOB, a TAK)KE BH3YAIN3ALMIO MTOTYYSHHBIX
pesynbraToB (Puc.3).
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Puc. 3. Knacmepusayusa cmyodenmog no pe3yibsmamam peuieHus
00HOU 3a0ayu.

Pa3pabotan MHCTpYMEHT JJIsl TIPENoaBaTes, BHIIOIHSIIONMNA (QIIbTPAIIHIO
JaHHBIX TI0 UMEHU CTYIE€HTA U 110 HOMepy 3aaa4n. [locie ¢punbTpannu faHHBIX Ipe-
HoJiaBareib IOIy4aeT pe3yJIbTaThl KIACTEPHOIO aHalu3a 10 OTAEJIbHON 3aj1aue, a
TaKXe MPOTpecc M0 PEIICHNIO JaHHOU 3a/1a4i AaHHBIM cTyneHToM (Puc.4).
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Puc. 4. Knacmepuszayus pezyiemamam peutenus 3a0a4u CmyoeH-
mMoM U e20 yueOHas mpaeKmopus.
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Pa3zpaGoTaHHbII MHCTPYMEHT MO3BOJISIET MOJyYUTh MH(GOPMALMIO O KOJIHYe-
CTBE MIPOBEPEHHBIX U OKUAAEMBIX K MOATBEPKIACHUIO 33/1a4, a TAK)KE PE3yJIbTaThl
KJIACTEPHOTO aHAIIN3a 33/1a4 M HH()OPMALIHIO O TOM, KaKHe TEMBI CIIEAyeT paccMOT-

peTts eme pas (Puc. 5,6).

""" T TIT11111 T 1 Probiesn Gty

T et 12
. Medus 21

™4 & ® Ty &

130040 M0 HEIENCEUARSEIIDETU DNNICUBOBOIENN Ly i
- 3173408 18 IZEARCANAREEES D EVE SHMRIEIT—

Revtew chagters | and 3

Puc. 5. Pexomenoayuu 0ns npenooagamers.

Puc. 5. Pezynomam ananuza 3a0au Ha CIOACHOCHIb.

3akiaouenue

[Ipu oOpaboTke NaHHBIX, COOPAHHBIX WHCTPYMEHTAIBHOW cpelio oOydeHUs
(Moodle, WebCT, Blackboard, Classroom, Coursera, e-judge u ap.), 4acTo HCIOJb-
3ytoTcs Metoibl Data Mining ¢ 11e/1b10 HHTEIIEKTYaIbHOTO aHaIM3a y4eOHOTo TIpo-
1ecca ¥ ero BU3yaJbHOTO MPEACTABICHUS ISl PAa3IMYHBIX YYaCTHUKOB 00pa3oBa-
TeJbpHOTO mporecca. [1o pe3ynprataM TaKOro aHainu3a MOXHO CYIHTh O JOCTHKE-
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HUSX CTyJIEHTOB, UX 00pa3oBaTeIbHON TpaeKTopuH, 00 3((HEeKTHBHOCTH OpraHH3a-
UK y4eOHOTo mpolecca. B aganTuBHBIX rHIEpPMEIUIHBIX cpeaax 00y4YeHus mo pe-
3yJNbTaTaM aHajH3a B PeKUME PeaTbHOTO BPEMEHH TI0JI€3HO TEeHEPUPOBATH a1l TH-
pOBaHHbBIE K TEKYIM 3HAHUAM M CIOCOOHOCTSIM CTYACHTA CLIEHAPHU O0Y4YEHHUSI.

IIpennaraemsiii B paboTe METOM MICCIENOBaHUS B NalbHEHIIEM OyeT mpume-
HEH K pe3yJbTaTaM OIlpoca CTYICHTOB U MpenojaBaTeiei Mo pa3HbIM aclieKTaM op-
ram3anuu 00pa3oBaTeI-HOM Iporiecca. ITO MOMOXKET yIYUIIATh IIpoIiecc ooyde-
HUS 1 10OUThCsI OoJiee 1eIeHanpaBIeHHOr0 U Ka4YeCTBEHHOTO 00YUYCHHSI.
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APPLICATION OF DATA MINING METHODS FOR
EDUCATIONAL PROCESS MANAGEMENT IN HIGHER
EDUCATIONAL INSTITUTIONS

A. Hovakimyan, N. Palyan
Russian-Armenian (Slavonic) University

ABSTRACT

Currently, much attention is paid to students’ teaching and testing their
knowledge in interactive tool environments (Moodle, WebCT, Black-
board, Classroom, Coursera, Hot Potatoes, e-judge, etc.). These systems
allow to collect a large amount of data on the educational process. Intelli-
gent processing of such data will provide information on the effectiveness
of the organization of the educational process and decision-making on its
further optimization in accordance with educational goals.

The article proposes a method for analyzing the data provided by the e-
judge system used to test students' knowledge of programming.
Keywords: student's educational path, Data Mining, Process Mining, data
clustering.
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BEPIIMHHO-PA3/INYAIOIIUE PEBEPHBIE PACKPACKH
HEKOTOPBIX THUIIOB I'PA®OB

T.K. Hempocan', I1.A. Ilempocan™*
Poccuiicko-Apmanckuii (Cnassanckuii) ynusepcumem
Epesanckuii cocyoapcmeennbviii ynugepcumem
tigran.petrosyan@student.rau.am, petros_petrosyan@ysu.am

AHHOTAIIUA

Hunst rpada G dynkuus f: E(G) - N HaszpiBaeTcsi «pebepHOU packpac-
koit» rpada G. PebGepHast packpacka f rpada G Ha3bIBaeTCS «IIPABUIIb-
HOI», eciu s JOOBIX CMEKHBIX pebep e, e’ € E(G), f(e) # f(e).
Ecnu f — mpaBuibHast packpacka rpadga G u v € V(G), To 0603HAUUM Ue-
pe3 S(v, f) MHOXKECTBO LIBETOB pedep, WHIMICHTHBIX BepiuuH v. Ilpa-
BUIIbHAsI packpacka f rpada G Ha3bIBaeTCsl «BEPIIHHHO-PA3IHYAIONICHY,
eciu Uit IIOOBIX pasnugubix Bepiwn U, v € V(G), S(u, f) # S, f).
HaumeHsbImee ymcio BeToB, He00X0IMMOe TSl BEPIIHHHO-pa3Inyaronien
pebepHoii packpacku rpada G, Ha3bIBaCTCS «BEPIIMHHO-PA3ITAYAIOIIHM
XPOMATHYECKUM HHEKCOM» M 0003HauaeTcs ¥, (G). TlonubiM paciuern-
JSIEMBIM rpadoM Ha3bIBaeTCs Tpad), B KOTOPOM BEPIIHHBI MOKHO pa30UTh
Ha KJIMKY 1 HE3aBHCUMOE MHOXKECTBO BEPILIHUH, KaXKIasi U3 KOTOPBIX CO-
eINHEeHa co BceMU BepmmHamMu kinka. Kyoom dubonayun F, Ha3zeBaeTcs
noarpad n-mMepHoro Kyoa @,,, HOpPOXKASHHBIH BEpIINHAMH, KOTOPBIM CO-
OTBETCTBYIOT OUTOBBIE CTPOKHU O€3 MOJPS UIYIINX ABYX eAWHHL. B maH-
HOI1 paboTe HalIeHBI HEKOTOPBIC OLICHKH [UISl BEPIIHHHO-PA3INYAIOLIETO
XpOMAaTHUYECKOTO HMHJIEKCA IOJHBIX pacIleisieMblX TpadoB U KyOOB
®uboHauyH.

KuaroueBble ci10Ba: npaBmwibHas pebepHas pacKpacka, BEPIIHHHO-Pa3IIH-
4arollas packpacka, BEpIIMHHO-Pa3IMYalOUil XpOMaTHUECKUH HHIIEKC.

Beenenue

[Mycth G — HEOpUEHTHPOBaHHBIN Tpad Oe3 KpaTHBIX pedep u nerenb, V(G) —
MHOXeCTBO BepinH rpada G, E(G) — MHOXecTBO pEdep rpada G. O0o3HauMM ve-
pe3 €Sy — MOJHBIA paclIeNIseMbli rpad ¢ KIMKOW M3 N BEPIIMH M C HE3aBUCH-
MBIM MHOKECTBOM M BEpILIMH, a yepe3 Fy, — n-mepHbii ky0 ®ubonayun. Heomnpe-
JiessieMble TTOHSITHA U 0003HauYeHHUs] MOXKHO HaiTh B [6].

[IpaBunbHas pebepHas packpacka f rpada G Ha3bIBaeTCs «BEPLIIMHHO-PA3IIH-
Yaouieiy, eciu sl JI00bIX pasnuuHbix BepumH u,v € V(G), S(u,f) #
S(v, f). Haumenb1iee 4nciio [BETOB, HEOOXOAMMOE TSl BEPLIMHHO-Pa3IHNYaromen
pebepHoii packpacku rpada G, Ha3bIBACTCS «BEPIIMHHO-PA3INYAIOIINM XPOMATH-
4eCKUM MHIEKCOM» rpada G u 00o3HauYaeTcs yepes x,q(G). Onpenenenne Bep-
IIMHHO-Pa3IMyaioIiei packpacku rpada Obl10 BBecHO B [1,2] U, HE3aBUCHUMO, KaK
«HabmoxaeMocTh» rpada B [3—5]. B wacTHOCTH, aBTOpamu [2] ObLTH AOKa3aHEI Cie-
IYIOLIUE PE3yJIbTaThl.
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Teopema 1. J{i1s1 m000T0 HATYPaTBFHOTO N1 = 3 UMEET MECTO PaBEHCTBO:
n, ecJu n — HeYEeTHOE YUCJIO,

! —_
Xva(Kn) = {n + 1, ecsii n — 4eTHOE YUCJIO.
Teopema 2. [Ins moObIX HATYpaJbHBIX M U N (n = m = 2) UMeeT MecTo pa-

BEHCTBO:
’ _m+1, eciun>m=2,
Xva(Kmn) = {n +2, eciun =m > 2.
Ienbto HacTOsIIEH PAOOTHI ABISCTCS UCCICIOBAHUE BEPITUHHO-PA3TUIAIONINX
pEOEPHBIX PACKPACOK MOJHBIX MHOTOAOILHBIX TpadoB.

OcHoBHBIE Pe3yabTaThI

IIpexne Bcero, HaMH HaiiieHa BEPXHs OLCHKA Xp,q(CSy m) JUIS MPOU3BOIIL-
HBIX HATYpaJbHBIX M U n. IMeHHO, T0Ka3aHo
Teopema 3. [l moboro pacuemnsiemoro rpada G = CS,, ;,, UMEeT MecTo.
Xva(CSum) = m+n, npum+n — HedeTHOM,
{m +n < xpa(CSpym) Sm+n+1, npum+n —derHom.
Taxxe HailiieHa BEpXHSIS OI[EHKa XpOMAaTHIECKOT0 HHIeKca it Tpado Dudo-
Ha4y4H.

Teopema 4. 1515 npousBosibHOTO rpada @Pubonayuu ¢ n BepuvHamu (n = 2).
n< xa(F) < n+1
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VERTEX-DISTINGUISHING EDGE COLORINGS OF SOME
TYPES OF GRAPHS

T. Petrosyan, A. Petrosyan
Russian-Armenian (Slavonic) University
Yerevan State University

ABSTRACT

For a graph G, the function f: (G) — N is called the “edge coloring” of
graph G. An edge coloring f of a graph G is called “regular” if for any
adjacent edges e,” € E(G), f(e) # f(e’). If f is a regular coloring of the
graph G and v € (G), then let us denote the set of colors of edges incident
to vertices v by S(v, f). Regular coloring f of graph G is called “vertex-
distinguishing” if for any different vertices u, v € V(G), S(u, ) # S(v, f).
The smallest number of colors required for vertex-distinguishing edge col-
oring of the graph G is called the "vertex-distinguishing chromatic index"
and is denoted by yvd' (G). Full fissile graph is the one where the vertices
can be divided into a clique and an independent set of vertices, each of
which is connected to all vertices of the clique. Fibonacci cube Fn refers
to a subgraph of the n-dimensional cube Qn generated by the vertices that
match bit strings without consecutive two units. In the present paper, some
estimations for the vertex-distinguishing chromatic index of complete fis-
sile graphs and Fibonacci cubes are found.

Keywords: regular edge coloring, vertex-distinguishing coloring, vertex-
distinguishing chromatic index.
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AHHOTANIUA

B nanHoi paboTe n3ydeHa Gppenroab-MOBOCTS I Kilacca PerysipHBIX TH-
MOAJUTUIITUYECKUX OTIEPaTOPOB C IEPEeMEHHBIMU KO3 duiiuentamu. Ycra-
HOBJICHBI HEOOXOIMMBIE 1 JOCTaTOUHBIE YCIIOBHUS IS allPHOPHBIX OLIEHOK
Ui qUQQepeHInalbHBIX ONepaToOpoB, JCHCTBYIOIIUX B MYJIBTHAHU30-
TPOIHBIX COOOJIEBCKUX MpOCTpaHcTBaxX. [lomydeHsl HHBapHaHTHOCTH UH-
JIeKCa U KpUTepuil HpearoibMOBOCTH JJIsl HIMPOKOTO Kilacca PeryJisipHbIX
THIIOJUTHITHIECKHX OIIEPaToOpOB Ha CIIENUANBHBIX MIKAaJaX MYJIbTHAHH-
30TPOIHBIX BECOBBIX POCTPAHCTB.

KuroueBble cJioBa: peryisipHbIN THHOAUIMITHYSCKHIA omeparop, dpea-
TOJIBMOB OTIEPaTOp, MyJbTHAHHU30TPOIHBIC IPOCTPAHCTBA, UHIEKC OTepa-
TOpa.

Knacc perynspHbIX THIMO3UTMITHYECKHUX ONEPATOPOB SBISIETCS CHEIMATBHBIM
MTOJIKJIACCOM THUMOALIUITHYECKUX OnepaTopoB no Xépmanaepy (cm. [1]) u ecre-
CTBEHHBIM 00pa30oM 0000II[aeT KJIacC ALTUNTHYECKUX, Mapadoinyeckux, 2b-napa-
0OJIMYECKUX ¥ KBA3UAJUTUITHYECKUX/TIOYIUIHINITHYECKHX OorepaTopoB. Takue orre-
paTopsl ObUIM BBeZCHBI B KOHIIE 60—70-X I'T. U MCCiIeIOBaHBI MHOTUMHU aBTOPaMHM
(cm. [2-3]). CaoxHOCTB HccinenoBaHus (YPEAroIbMOBOCTH TaKHUX ONEPAaTOpPOB 3a-
KITIOYAeTCs B TOM, YTO XapaKTEPUCTHUECKUI MHOTOUIICH PETYJISPHBIX TUTIOAJIIHII-
TUYECKUX ONEPaTOPOB HE SIBISIETCS OJHOPOAHBIM MM 00OOIIEHHO-OAHOPOIHBIM,
KaK B CITy4yae dJUTMNTHYECKUX U KBa3UDJUIUIITHYECKUX OMEPaTOPOB.

CgoiicTBa (hpearoibMOBOCTH/HETEPOBOCTH U3YUEHBI JIJIsl HEKOTOPBIX KJIACCOB
THITOYJUTUIITHYECKUX ONEPaTOPOB B PA3IMYHBIX (DYHKIIMOHANBHBIX ITPOCTPAHCTBAX,
HO OOJBIIMHCTBO PE3YJbTATOB OTHOCSTCS K SIUIMITHYECKUM M KBa3UDJUIMITHYE-
CKHM OTIepaTopaMm.

YcnoBus GpeAroIbMOBOCTH KBa3HAUIMIITHUYECKUX ONEPaTOPOB IMOJyYEHBI B
paborax [4—5]. BonpocaM WHBapHaHTHOCTH WHIEKCA KBA3UAJUIUIITHYECKHAX OTepa-
TOPOB Ha IIKaJie aHU30TPOIHBIX IPOCTPAHCTB MOCBAIIEHBI paboThl [6—7]. B pabote
[8] monmyueHa GpeAroibMOBOCTh PErYJISIPHBIX THIIOUIMITHUYECKUX OIEPATOPOB C
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MOCTOSTHHBIMHU KO3 HUIIEHTaMU B OTPpaHUYEeHHOH 00nacTu, a B padote [9] moay-
YeH KpUTEpUi st GPearoibMOBOCTH PETYJISPHOTO TUMOAJLTUITHYECKOTO Orepa-
TOpa B BECOBOM MYJIbTHAHH30TPOITHOM TpocTpancTse B R™.

B nanHo¥ paboTe AJis 1OCTATOYHO MIMPOKOTO KJIACCa PETYJISPHBIX THIIOAJLIHUII-
THUYECKUX OTIEPaTOPOB YCTAHABIICH KPUTEPUI (PPEATOIBMOBOCTH M TIOJTy4YCHA HHBA-
PUAHTHOCTh MHJICKCA HA CIICIIUATLHON MIKAJIC MYJIbTHAHU30TPOITHBIX MPOCTPAHCTB
HK

q
Oonee 001IEHl, YeM B MPeIbIIyINX padoTax.

R,
p. PaCCManI/IBaCMaH IKaJla MYJIbTUAHU3OTPOIIHBIX MPOCTPAHCTB SABJIACTCA

Omnpenesenne 1. OrpannyeHHbBIN TUHEHHBIN oniepaTop A, oNpenereHHbI Ha
BCceM 0aHaxOBOM MPOCTpaHCTBe X U AeicTByIONIMi B baHaxoBoM mpocTpancTse Y,
Ha3bIBaeTCsA «(QPelroTbMOBBIMY, €CJIN BHITIOTHSAIOTCS CICTYIONINE YCIOBUS:

1) o6nacts 3HavyeHuii oneparopa A 3amkayta (Im(A) = Im(A));

2) siapo omeparopa A siBisietcst koneunomepHbsiM (dim Ker(A) < );

3) kosiapo omeparopa A koneunomepro (dim coker(A) = dimY/Im(A) < ).

«Hpexkcom (penronbMoBa oneparopa» A Ha3bIBaETCS Pa3sHOCTh MEXIY pas-
MEPHOCTBIO sI/ipa U Kosiapa:

ind(A) = dimKer(A) — dim coker(A).

[Tycts n € N, ZI} — MHOKECTBO N-MEPHBIX MYJILTUHHIEKCOB, N — MHOKECTBO
N-MEPHBIX MYJIETUMHICKCOB C HATYpaJIbHBIMU KOMIIOHEHTAMH.

[Tycte V' C Z} — HeKOTOpPbIit HAOOP MYJIBTUHHACKCOB. XapaKTePUCTUUSCKUM
MHOTOI'PDAHHUKOM MHOXXECTBA MYJIBTUHMHIACKCOB /N Ha30BEM HAWUMEHBIINH
BBIMYKJIbI MHOTOTpaHHUK R = R(N'), KOTOPBIi comepKuT Bce Touku N'. MHOTO-
rpaHHUK R Ha30BEM BIIOJIHE NIPABUIIbHBIM, €CJIM 1) OH MMEET BEepIIMHBI B Hayale
koopauHaT R™ u Ha Kax 1ol ocu koopaunar R", oTaudHbIe OT Hauaua KOOPAUHAT;
2) BHemHUe HOpManu Bcex (n — 1) -MepHbIX HEKOOPAMHATHBIX IpaHel R UMeroT
MOJIOKUTENbHBIE KOOPAMHATHI.

MynbTuuHIeKC o0 € R HA30BEM TJIaBHBIM, €CIH OH NPUHAJICKUT KaKOH-T100
(N —1) -MepHO#l HEKOOPAMHATHOW TPaHW MHOTOTrpaHHUKa R. MHOKECTBO BCex
TJIaBHBIX ToYeK u3 R 0003HAUMM uepes dR.

[Mycth R npon3BONBHBIN BIIOJHE NPaBUIILHBINA MHOTOTpaHHuK 1 k € R, . O60-
sHaunm kR = {ka = (kay, kay, ..., kay,), o € R} . OGosHauum yepes R}’_l(j =
1,...,1,_1) (n—1) -mepusie rpanu muororpanuuka R. Ilycte W,j =1, ..., I,_;
Takas BHEIIHSS HOpMallb TPaHU R]-“_lzmﬂ KOTOpOH mpu Bcex d € R}"l ((x: uj) =

o o
5+ +5=1
My Hp

J11s1 BIOJIHE MPaBHIILHOTO MHOTOTpaHHrKa R u K € Z, 0603HaunM
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1
q:q(x) >0, Vx € R",—— 3 0 ipu |x| - o0, 3Cz>0 Taxoe, uTO

q(x)
Q= DEq(0)|

Ik W_CB,VXERn VﬁEkR ]—1 1 -1 J

B kiacc BecoBBIX (hyHKITHI Qk'je BXOJISIT TOTMHOMHUATbHBIE (D)YHKIIHH, 8 TAKKE
CHCIMATIbHBIC IKCTIOHEHITHATbHBIC (PYHKIIMU — TaKHE, KaK:
(1 + [xlp)'1 > 0,exp{(1 + |x|R)f} 0 <r < 1/imax

riie [X|g = Xaea|X*| ¥ Hmax= . Max max lls
j=1,.0In—q 5=1,.

Jnak€Z,,q€Q¥®u1l<p< oo uepes Hq P 0603HAYNM MHOKECTBO H3-

MepHUMbIX QYHKIHH {U} ¢ KOHEYHON HOPMO:
k—m_ax((x:pj)
||u||k,92,q,p = Yaeckz|[D*u -q 7 |Lp(Rn)-

Paccmotpum muddepernmanpayto hopmy
P(x, D) = Z a, (x)D*

AER
1- max(au)
= (2269960t ) b, &
AER 5
rie  D%= D{*..Dy", Dy = i‘lg x=(Xq, .,X,) ER* | X €
]
C(R™) , DB@L(X) =o (q(x)1 max(a & M),J =1,...I1_.1,BEKR,a ER mpnm

|X| > 0.

Omnpenenenne 2. Cxaxem, uro auddepenuuansuas opma P(x, D) paBHo-
MepHO peryispHa B R", ecnu cymiectByer Takas noctosauas O >0, uro umeer
MECTO OLICHKa

|Za66’%aa(x)za| = SZaea'%|Ea| , VE € R%, Vv x € R".

Js M > 0 o6o3naunm Ky: = {x € R™: |x| < M}.

B pabote nonmydeHa ciemyromias OCHOBHAsI TEOpEMa.

Teopema 1. Ilycts k € Z,, q € Q“® u P(x, D) mudpdepenumansroii popma
Buza (1) ko3¢ dUIHEHTH KOTOPOH YAOBIETBOPSIOT yCJ‘IOBI/IIO 11m max [ad(x) —

|x|—o0|x—y|<1
ag(y)] = 0.

Torna oneparop P(x, D): Hk+1 AP Hl(;,%p

" sBsieTCst PpeAroabMOBBIM TOT 1A

U TOJIBKO TOrAa, Korjaa P(x, D) pasHoMepHO peryisipHa B R", W CyIiecTByroT Imo-
crogaHbie 0 > 0u M > 0 — Takue, 4yTO

_ .
Z 20 GON' W gal 6( Z 1€9] + A),v& ER"VAER,,|x| > M.

AER a€d' R




O ppedzonbmosocmu pe2yiapHbIX 2UNOINNUNMULECKUX ONEPAMOPOE HA WKANAX ... 59

B pabore momydeHn kputepuii (PppeAroI-MOBOCTH ISl PacCMaTPUBAEMOTO

KJIacCa OIICpaTOpPOB Ha MKAJIC MYJIbTUAHU3OTPOIIHBIX CO00JIEBCKHX MMPOCTPAaHCTB

kR,
H P

q . YcTaHOBJICHA HWHBApHUAHTHOCTb MHJICKCA Ha I[aHHOfI IKaje.

Teopema 2. ITycts k € Z,, q € Q“% u P(x, D) nuddepenuuansroii Gopma

Buza (1) ko3 dUIMeHThI KOTOPOH YIOBICTBOPSIIOT YCJ'IOBI/I}O lim | malx |ad(x) —
|x|—00|x—y|<

al(y)| = 0. Torza creyroniue ycaoBus S5KBUBAIEHTHBI:
1) Omeparop P(x, D): Hk+17€ P

2) P(x, D) paBHOMepHO perymsipHa B R", U cymiecTByIOT mocTosiHHbIE & > 0 U

kR,p
- Hy™" dpenronsmos.

M > 0 takue, 4TO

1—m_ax(a:uj)
zag(x)}\ el 5 g 2|§°‘|+7\ VEERY,VAER,, [x| >
AER A€ R
3) C nekoropbimMu mocTossHHBIME C > 0 u N > 0 BBINONHSCTCS anpuopHas
OLICHKA!

ullers,, 0 < € (1Pl g + il iy ) Yt € H

HpI/I 9TOM, €CJIK YCJIOBU TCOPCMBI BBIITOJIHAKOTCA, TO pa3MCPHOCTHU sAApa, KO-
|7
k+1,%p N Hl(;,,jf,p

k+17€p

siapa u uHaekc orneparopa P(x, D): Hy HE 3aBUCAT OT BbIOOpa k.
JUTEPATYPA

1. Hyormander L. Linear Partial Differential Operators. Springer-Verlag Berlin Heidelberg,
1969.

2. Friberg J. Multi-quasielliptic polynomials”, Ann. Scuola Norm. Sup. Pisa, vol. 21, no. 2
(1967). PP. 239-260.

3. Muxatinos B.I1. O noBeneHnU Ha OECKOHEYHOCTH OJJHOTO Kitacca MHorouwieHoB. Tp. MAH.
91 (1967). CC. 9-81.

4. Darbinyan A., Tumanyan A. On a priori estimates and the Fredholm property of differential
operators in anisotropic spaces. Journal of Contemporary Mathematical Analysis. vol. 53, n.
2 (2018). PP. 61-70.

5. Tumanyan A. Fredholm property of semielliptic operators in anisotropic weighted spaces in

R" Journal of Contemporary Mathematical Analysis, vol. 56, n. 3 (2021). PP. 168-181.

6. Darbinyan A., Tumanyan A. On index stability of Noetherian differential operators in aniso-
tropic Sobolev spaces. Eurasian Mathematical Journal, vol. 10, no. 1 (2019). PP. 9-15.

7. Tumanyan A. On the invariance of index of semielliptical operator on the scale of anisotropic
spaces. vol. 51, no. 4 (2016). PP. 187-198.

8. Kapanemsn I'A., [Japounsn A.A. HetepoBOCTh PETYISAPHOTO ONEPaTOpa ¢ MOCTOSHHBIMH
ko3¢ dunuenTamu B obnacty, Tpyasl uHCT. MaT. uM. Pazmanze, Toumucu, T. 146 (2008).
CC. 57-66.

9. Tumanyan A. Fredholm criteria for a class of regular hypoelliptic operators in multianiso-
tropic spaces in R". Italian Journal of Pure and Applied Mathematics. vol. 47 (2022). PP.
1009-1028.



60

AT Tymanan

ON THE FREDHOLM PROPERTY OF REGULAR HYPOELLIPTIC OPERATORS ON
THE SCALES OF MULTIANISOTROPIC SPACES
A. Tumanyan
Russian-Armenian (Slavonic) University
Siemens Digital Industries Software

ABSTRACT

In this work, the Fredholm properties are studied for a class of regular hy-
poelliptic operators with variable coefficients. Necessary and sufficient
conditions are established for a priori estimates for differential operators,
acting in multianisotropic Sobolev spaces. Index invariance and Fredholm
criteria are obtained for a wide class of regular hypoelliptic operators on
the special scales of multianisotropic weighted spaces.

Keywords: regular hypoelliptic operator, Fredholm property, multianiso-
tropic spaces, index of operator.
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ABTOMaTHYECKHE W3MEPEHUs aHTEHHBI B OJIMDKHEM I10JI€ MHJUTIMETPO-
BOTO JIMalla30Ha BOJH — 3TO METOJ AHTCHHBIX M3MEpeHHil, TpeOyromuii
KaK CJIOKHYIO alllapaTHYIO M, TaK W MPOrpaMMHYI0 dacTd. Cucrema aH-
TEHHBIX M3MEPEHHH METOJOM OJIIDKHErO MOJS COCTOUT U3 CIEAYIOUINX
HoJicucTeM. DTO — MOJICUCTEMa MEXaHNUECKOT0 CKaHUPOBAHUS 30HIOM B
OMKHEH 30HE TECTHPyeMOW aHTEHHBI, PaJHOM3MEpHUTENbHAas IIOJICH-
CTeMa, MOACHCTEMa aBTOMAaTHYECKOTO YIIPABJICHUS H3MEPCHHAMH M, Ha-
KOHEII, BRIYUCIIUTENbHAS MOJCUCTEMA C COOTBETCTBYIOLIEH MaTeMaTniec-
KOl 00paboTKO# AaHHBIX O OJVKHEH 30HE aHTeHHHI. [loacucTema aBTo-
MaTHYECKOTO YIPaBJICHHUs M3MEPEHUSIMH MPEACTaBIsIeT co00it Habop H3
(boTomaTUNKa epeMeLICHUs 30H/1a, AEKTPOHHOM YaCTH U IPOrPAMMHOTO
obecrieueHus. [yisi KOppEeKTHOH pabOTHI Beel MOICHCTEMBI JaTUUK Tepe-
MEIICHHUS 30HAa IOJDKEH COOTBETCTBOBATH OIPEICICHHBIM TPEOOBAHHSM,
YTO HANPSMYIO BIUSET HA KOHCTPYKTUBHBIE TAPAMETPHI JaTunka. B atom
ciy4yae BBIOOp AMaMeTpa IIaroBOil INeJU OTpaHUYUBAETCS CHU3Y SIBIIE-
HUeM nudpakuuy. PazpaboTka yHHBEpCambHOTO JaTYMKa Uil paboTHl B
nuanazone CBY tpeOyeT npeooneHus mpodiieM u MOKCKa HOBBIX pelie-
HUM.

KnioueBble cjioBa: GmpkHee IoJe, UCTIBITyeMas aHTeHHa, (POTONATUHK,
30H], U3MEPEHHSI.

BBenenne

MeTo/1 aHTEHHBIX U3MEPEHHIA 110 OJIMKHEMY II0JII0, XapaKTEePU3yeTCs KaKk Me-
TOJI, TIPH KOTOPOM MPOBOJSATCS W3MEPESHHS aMILTUTYABI U (Da3bl AIEKTPOMAarHUT-
HOTO TI0JIS1 B KOHKPETHBIX TOYKAX IUIOCKOCTH M3MepeHHs. BIIMKHSIS 30Ha aHTEHHBI
XapaKTePU3yeTCsl PACCTOSHUSMU MOPsIKa A OT MOBEPXHOCTH aHTEHHBI JI0 PACCTOSI-
anst (Dy/22)Y/3Dy/2 + A, e A — JUIHHA W31y 9acMOii WITH TIPHHAMAEMOH BOJIHBI,
D, — muameTp pacKpbiBa aHTCHHBI.

[Tone B manpHEi 30He A omnpenensercs eMMHCTBEHHBIM 00pa3oM TI0 €€ KOM-
TUICKCHOMY TIOJIIO B OJIMKHEW 30HE Ha oxBaThiBaoleii 1A MOBEpXHOCTH.

AHTEHHBIEC U3MEPEHHS MOTYT MPOBOJIUTCS B TPEX IUIOCKOCTAX: IJIOCKOM, cde-
pyYecKol ¥ IUINHIpHYECKOH [1].
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Janpaee moire A siBIsieTCSt HHTETpAIbHOMN XapaKTEPUCTUKON OJTMKHETO TTOJIS.
[TosTOMY npH OIIMOOYHBIX U3MEPEHUSX ONMKHETO MOJISI B OTJENIBHBIX TOUKAX, TOY-
HOCTH BOCCTAHOBJIEHHS JAJFHETO TOJISl HE IPETepPIeBaeT OONBITNX N3MEHEHHUH, YTO
SIBIISIETCSI CYIIECTBEHHBIM (PaKTOPOM IPHU ONPEJCTICHUN XapaKTePUCTHK aHTECHH.

ABTOMaTHYECKUN M3MEPUTEIBHBIA KOMILIEKC ISl ONpEe/IeNIeHUs] XapaKTepuc-
THUK aHTEHH METOAOM OJIKHETO TOJIS B IWana3oHe MITUMETPOBBIX BosiH (MMB)
COCTOUT M3 CIEAYIOLIUX CUCTEM: CHCTEMA MEXaHUYECKOIO CKAHUPOBAHMS 30H/a B
OmmkHEM 1oJie uenbiTyeMol anteHHBl (MA), paguon3MepuTenbHas cUCTeMa, CH-
cTemMa aBToMaTudeckoro ynpasieHus (CAY) U3MepeHusIMH U CHCTEMa MaTeMaTH-
4ecKoi 00paboTKH JaHHBIX OJIMKHETO MOJIsl aHTEHHBI /1715l BOCCTAHOBIICHHUS €€ 1alTb-
HETO MOJ.

CAY mnpennazHaueHa i aBTOMAaTHU3AIMH U3MEPEHUN PaTUuOU3MEPUTEIHHON
CUCTEMOH U IIJIs 00ecTieueHrsI HeOOXOIMMOW TOYHOCTH PETUCTPAIIH KOOPTUHATHI
MIOJIOKEHHUSI CKaHUpyeMoro 3oH1a. /s cokpamienust BpemeHu usMmepenuii CAY
Takke 00ecredrnBaeT JJIEKTPOHHYI0 YCTAaHOBKY HEOOXOAMMOI TPOTSHKEHHOCTH
30HBI CKAHUPOBAHMS 30H/1a JUTSI KAXKI0H KOHKpeTHOM UA.

Lenpro maHHOM PabOTHI SIBIISIETCS pa3paboTKa yCTPOUCTB PETYIUPOBAHUS X0/1a
30H7A.

2. CucreMa aBTOMaTH4eCKOro ynpapjeHusl ©3MepeHusIMH

CucremMa aBTOMAaTHYE€CKOI'0 yIIpaBJICHHUS OCHOBaHa Ha padoTe poToIaTUNKA, HA
KOTOPBII HAJIArar0TCs CIEIyIOIIne OCHOBHBIE TPEOOBaHUS !

1. lllar chema uHGpOpPMAIMHK O T0JIC J0JDKEH ObITh PABEH MOPSIKA HECKOIbKUX
JUTHH BOJIHBI JIO TIOJIOBMHBI JUTMHBI BOJIHBI yacToThl u3Mepenuit; [ 1],[2],[3],[4]-

2. MuHMMasbHbIE BHOCUMbBIC HCKAXXCHUS B U3MEPsieMOe OJIMDKHEE 10JIe;

3. CHHXPOHHOCTh pabOThI (POTOAATYNKOB C JBMUKEHUEM 30H]1a

4. ToYHOCTH TIO3UITMOHUPOBAHMS 30H/A TOPSIKA COTHIX JOJICH UTMHBI padodeid
BOJIHBI, YTO JUIS1 HAaUBBICIIEH YacToThl JuanazoHa MMB coctasut okoso 10...20 MKM.

Cxema MoudUIMPOBaHHOrO (HOTOIATIMKA MIPECTaBICHHOTO B [5] mpeacTas-
JieHa Ha pucyHke Hinke. CyThI0 MOJTU(DUKAINY SBISETCS UCKIFOYEHHE 30HHOTO (hO-
TOAATYMKA U 3BEHbEB CHHXPOHM3AIMH €r0 JBHKEHUS C MOCTYIATSIIbHBIM TIepeMe-
IIEHHEM CKaHHPYIOIIero 30H1a [4].

Tpebyemas pyukunonanbHas pabora CAY obecneunBaeTcs 00pabOTKOM Iia-
TOBBIX UMITYJIBCOB (POTOATYMKA U BBIaYeii HEOOXOIMMBIX KOMAaH]I MOCPEICTBOM
MIPOTPaMMHOTO OOECIIEYEeHHs, OCYIIECTBISIEMOTO B Cpele MpOrpaMMHUPOBAHUS
LabVIEW. Anroput™m o0pabotku ocHoBaH Ha pabote NI DAQ. CxemaTtuueckas
KOHCTPYKITUS MOTU(PHUITIPOBAHHOTO (GOTOAATIHNKA TIpeACTaBIcHa Ha Puc. 2.
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3. YcrpoiicTBa pery1upoBaHusi X01a 30HAA

Jnist perynupoBaHusl X0a 30HIa MPUMEHSIOTCS CIeIYyIOIe YCTPOHCTBA: MO-
TOp, OJIOK YITPaBJICHUS MOTOPOM, KOHIICBBIC BBIKJIFOYATEIHM HPSIMOTO U 00paTHOTO
X0J1a, Peie U KIIOYH.

CxeMa pabOTBl YCTPONCTB MPH HAYaJbHOM COCTOSHMM — MpsiMOUM xox mpe0-
JCTaBJIeHa Ha PUCYHKE HIKe. B aToM cityuae pene non Homepom 2 (P2) oGectoueHo,
COOTBETCTBeHHO K04 K2.2 nepekioyeH Ha npsiMoit xo1. Tak jxe 00ecToueHbBI pelie
P3 u taiimep, katou K3 3aMKkHYT.
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® nUTaHUa ¢ p L o
“22B
K2.1
° K
K3 E P2
Bnok ynpas-
neHuna .
MOTOP® Mpamon xon,
9 K2.2
O6paTHbIl Xo4

LBl e
T T

CocmosiHue nociie nepeoeo cpabamvleanus KOHYego2o0 gvikmouamensi KB2.
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[Tocne mepBoro cpabaTeIBaHHUS KOHIIEBOTO BBIKJIIOUYATENS peJie 2 BKIIIOYAETCs,
kimou K2.2 BrimoueH Ha oOpatHbiid xof, a K2.1 3amkuyT. Brirouens! pene P3 u
taiimep, ko4 K3 pazomknyt. Talimep cpabaTbiBaeT yepe3 ONpEneIeHHOE BpeMs
JUISL TIPOJIOJKEHHS ABYDKEHHUS 30H/1a B 00paTHOM HaIlpaBJICHUH.

Cocmosnue npu ob6pamuom xooe nocie 6mopo2o cpabamvléanus KOHYEE020
sviknouamens KB2.

B aTom cocrostHum aBurarens paboraer Ha 0OpaTHOM XOZ€, B MOMEHT cpada-
ThiBaHUs Kiroua KB2, P2 pene He BhIKIIOYAaeTCS MO MPUYMHE OJIOKUPOBKH IICTH
nuonoMm. [Ipu stom kimrou K2.1 3amkayT, K2.2 BrimtodyeH Ha oOpaTHslii xox, K3 3a-
MKHYT (peinie P3 BKIItoUeHO), TaltMep BBIKITIOUEH.
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CocmosiHue nocie nepgoeo cpabamuvléanus KOHYeo2o sviknovamens KBI.
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[Ipu cpabaTteiBanNK KOHIEBOTO BBIKIIOuaTenss KB1 mpoucxoauT octaHOBKa
00paTHOTO X0/1a 30H/1a (IBUTAaTENh OCTAHOBJIEH), BKIFOYAETCS TaliMep ISl pacdeTa
BpeMeHH npsmMoro xona. Perne P2 BrikimoueHo, kimtoun K2.1 pazomknyT, K2.2 BKiTIo-
4yeH Ha npsMoi xon. Pene P3 BkitoueHo, a kitou K3 B ¢BOIO ouepenb pa3oMKHYT.

Cocmosnue npu npamom xooe nocie cpabamuléanus marmepa.
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JIBUTaTens HauMHACT CBOIO paboTy, TaliMep BHIKIIFOUCH (KOHTAKT PA30MKHYT).
Pene P2 Beikmroden, kmroun K2.1 pasomknyT, K2.2 BrimroueH Ha npsimoit xon. Perne
P3 BriximoueHo, ko4 K3 3amMKHYT.

4, BeiBoabI

B nanHoii paboTe ObIT pacCCMOTPEH U M3YYeH METOJI aHTEHHBIX U3MEPEHHI TI0
ONMKHEMY TIOJTI0, IPEACTaBIIEHa CHCTEMa aBTOMAaTHYECKOTO YIPaBJICHUS n3Mepe-
HUSMH JaHHOTO METO/1a, MOAN(HKALNH, KOTOpbIe ObuH BBeAeHEI B CAY.
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bbia paspaboTaHa u TIpejCcTaBlieHa cXeMa yCTPOMCTB perylupoOBaHUs IMps-
MOTO U PEBEPCHOT0 X0/a 30H/a.

IToctpoennas takum obpazom CAY mo3Bomsier obecnieunTs Tpedyemble TOU-
HOCTH TIO3UIIMOHUPOBAHUS 30H]Ia BO BCEM JMANAa30HE MULTUMETPOBBIX BOJIH, YTO
JieNlacT ee YHUBEPCAIBHOM M HAJICXKHOHN B paboTe KOMIUIEK A JUIS OTIpe/IeIICHHS Xa-
PAKTEPHUCTUK aHTCHH MIJIJIUMETPOBOTO JIMAIa30Ha.

AKTYyaITbHOCTh OTIpeJIeICHUS X XapaKTePUCTUK 00YCIOBIICHA OCBOCHHUEM Pa3iIny-
HBIX PaJHOTEXHUYECKUAX CUCTEM 3TOTO JMaria3oHa B 00JIaCTIX CBS3U, TPACIIOPTA U T.J.
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DEVICES FOR CONTROLLING THE DIRECT AND REVERSE
STROKE OF THE MEASURING PROBE

V. Avetisyan®?, S. Avetisyan?, S. Tadevosyan®
! Russian-Armenian (Slavonic) University
2yerevan Scientific Research Institute of Communications

ABSTRACT

Automatic antenna measurements in the near field of the millimeter wave
are an antenna measurement method that requires both complex hardware
and software. The system of antenna measurements by the near-field
method consists of the following subsystems. These are the subsystem for
mechanical scanning with a probe in the near field of the antenna under
test, the radio measuring subsystem, the automatic measurement control
subsystem, and, finally, the computing subsystem with the corresponding
mathematical processing of data on the near field of the antenna. The au-
tomatic measurement control subsystem is a set of a probe movement
photo sensor, an electronic part, and software. For the correct operation of
the entire subsystem, the probe displacement sensor must meet certain re-
quirements, which directly affect the design parameters of the sensor. In
this case, the choice of the pitch slit diameter is limited from below by the
diffraction phenomenon. The development of a universal sensor for oper-
ation in the microwave range requires overcoming problems and finding
new solutions.

Keywords: near field, antenna under test, photosensor, probe, measure-
ments.
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AHHOTALIUA

B Hacrosmeit paboTe YUCIEHHO CMOJIETMPOBAH MHOTOHAHOCIIOHHBIN MHK-
POPE30HATOPHBIH 3nexkTpoontuyeckuil Moxynarop (30M) dadpu-Ilepo
IIPOIYCKAaTEIbHOTO THIIA ISl MEXKUHUIIOBBIX ONITHYECKUX MEKCOCAUHEHUN
¢ IIOMOUIBIO METO/A €AUHOrO BhIpaxkeHUs. [IpoaHanu3upoBaHbl MPOILyC-
KarenbpHBIE cBoiicTBa DOM-a, COCTOSIIETO U3 ITEKTPOONITUIECKOTO CIIOS
(30C) u3 LiNbO3, NOKpPBITOr0 TOHKUMHU MPOBOASAIIMMH HAHOCIOSMH U3
okcup nHAusg-onoBa (OMO) u 3aKIFOYeHHOT0 MEXAY CHMMETPUIHBIME
pacnpeneneHHbiMu OparroBckumu otpaxarensimu (PBO) u3 Si/SiO,. [IBa
nosynpo3padnbix HaHocsoss OMO cmyxkaT snekTpogamMu Ui I0Jauu
AJIEKTPUYECKOTO CUI'HAJIa Ha dJIeKTpoonTHueckuidi Mmatepuain. D0M obec-
NeyrBaeT HeoOXoarMoe OoJbIIoe 3HaYeHHE KOd(PPHIIMEHTa MPOX0XKIe-
HUS U BBICOKYIO PE3KOCTh IMMKOB. B KauecTBe BHEIIHETO HCTOYHHUKA CBETa
paccMmaTpuBaeTcs a3epHBId AUOA ¢ ATUHOW BOMHEI 1,55 MxMm. [lomyuen
CYLIECTBEHHBIH CIIBUT MHMKa MaKCHMAJILHOTO MPOXOXKICHUS Pe30HATOpa
IIPY U3MEHEHHUHN JANDIIEKTPUYECKOH MPOHUIIAEMOCTH 3JIEKTPOOIITHIECKOTO
MaTepuana B npeenax 10 (mpu Tommuse okono 1 mm). TlomydeHnHsrit
P 3TOM CJIBUT MaKCHMyMa MPOXOXKJIeHUs OyJeT JOCTATOYCH I aMIl-
JIUTYIHOW MaHUIYJISALUH U UCTOb30BaHUs DOM B KOPOTKUX MEXKUHIIO-
BBIX ONTHYECKHUX JIMHUSAX CBS3H.

KitroueBble ¢j10Ba: MHOTOHAHOCIIOWHBIH AJIEKTPOONTHYECKUN MOTYJIATOP
MPOIYCKATEIbHOTO THIA, MEXKYHIIOBBIC ONTHYECKUE MEKCOCAUHEHHMS,
3JIEKTPOMAarHUTHOE MOJICIMPOBAHKE, YACIEHHOE MOJETUPOBAHUE, METOT
€/IMHOTO BBIPAKCHUSI.

BBenenue

DOTOHHBIC TEXHOJIOTHH HAlCJICHBI Ha PCHICHUC 3a/1a4 COBPECMCHHBIX U 6y,£[y-
IIUX ONTUYECKHX MEKCOCAMHCHUN Ha KOPOTKHE paCCTOAHUA. Onrndeckre TUHUN
CBsI3H, pa60Tanume Ha KOPOTKHUX PACCTOAHUAX, UMCIOT 3HAUYUTCIIbHBIC IPCUMYIIIC-
CTBa NEpEa JICKTPUIYCCKUMU aHaJIoraMu [JIs1 MEKYUIIOBBIX COEIMHEHHUM C BBICO-
KMMH CKOPOCTSAMHU II€peaavv JaHHBIX U OTCYTCTBUCM IICPCKPCECTHBIX MOMEX [1]
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[IpeoOpazoBanue BHICOKOYACTOTHBIX JJIEKTPUYECKHX CHTHAIOB B CBETOBBIE BO3-
MO>KHO, YIIPABJIsisi CBETOBBIM JIyUOM C TMOMOIIBIO BHEIIHETO MOJYJISATOpA, pacipo-
CTpaHHEHBIM THIIOM KOTOPOTO SBISIOTCA 3JEKTPOONTHYIECKHE MOMYISTOPHI
(O0M).

CymiecTByIOT TpH OCHOBHBIX (DaKTOpa, OMPEENIONIX padoTy ONMTHIECKOTO
MOJYJISITOpa: MaTepHall, CTPYKTypa MOJYJIATOPA U UCTIONIb3YEeMBbIi JIEKTPOONTHYE-
ckuit 3pdekt [2]. DnmexTpoonTrdeckuii 3PGeKT mpeAcTaBIsIeT OO0 U3MECHECHHE
OINITHYECKUX CBOMCTB MaTepuasia B OTBET Ha AJIEKTPHIECKOE TMOJIE MPUI0KEHHOTO
curHaia. DOM-bI UMEIOT B OCHOBE HEJIMHEHHBIC KPUCTAIUIBI, TAKHUE Kak: HHOOAT
autust (LiINDO3), TanTanar nutus (LiTaOs), tutanundocdar kanus (KTP), Tutanar
Oapus (BaTiO3) u npyrue, mnb0 HETWHEWHbIE MTOTUMEPHI, TOKa3aTelb MPEIOMIIe-
HUS KOTOPBIX 3aBUCUT OT CHJIBI MOAYIUPYIOMIETO AICKTPUIECKOro mouis [2].

OpgnuM u3 OocHOBHBIX DOM-0B SBISETCST MUKPOPE30HATOPHBINM MOAYISTOP
tuna ®adpu-Ilepo [2], B KOTOpOM MOKa3aTeNb MPeIoMICHHS HETHHEHHOTO MaTe-
puaa, pacrolI0KEeHHOTO B €T0 CTPYKTYPe, MOIYIUPYETCS MPUI0KEHHBIM MUKPO-
BOJIHOBBIM 3JIEKTPUYECKUM TIOJIEM, YTO MPUBOIUT K M3MEHEHHIO TTOKa3aTels mpe-
JIOMJICHUS BCEH Pe30HATOPHOMN CTPYKTYPHI H CTIEKTPAITBHOMY CIBUTY PE30HAHCHOTO
MUKa |, CJIE0BATEILHO M3MEHEHUIO HHTEHCUBHOCTH MPOIIeaIero ceera [1, 2].

B nacTosieit pabote nmpoBeieHo AIEKTPOMAarHUTHOE MOJIEIIMPOBAHNE ONITHYE-
CKHMX XapaKTepUCTUK MHOTOHaHOCIOoHHOrOo DOM-a ®abpu-Ilepo npomyckaTennb-
HOT'O THIA B MacIitabe JTHHBI BOJHBI METOZIOM euHOTro BhipakeHus (MEB) [3-5].

MeTtona JJICKTPOMATHUTHOIO MOACTHPOBAHUA

MEB 1103BOJI5IET TOJIyYUTh CTALMOHAPHOE PEIIEHHE JIFOOBIX MHOTOTPAHUYHBIX
3aja4 B MacmTade JUTMHBI BOJHBI U SBJISETCS aJbTEPHATHBHBIM METOJIOM JJIsl aHa-
JIM3a B3aUMOJICHCTBHS JIEKTPOMAarHUTHOM BOJIHBI ¢ MHOTOCJIIOMHBIMU M MOTYJTUPO-
BaHHBIMH CTPYKTYypaMH, COCTOSIIIIMMH U3 JUDIEKTPHUECKUX, TOTYITPOBOHUKOBBIX
WM Metanueckux cioes [3-5]. B MEB o6uiee pemenne ypaBHeHus 1 enbMrons-
11a TIPEJICTABIISIETCS B BHJIE €IMHOTO BBIPAKEHHUS:

E,(2)=U(2)-exp(-iS(2)) 1)
B OTJIMYME OT OOIIEHPMHATOrO MPEJCTABICHHsS B BHIE CyMMbI JBYX BCTPEUYHBIX
BonH. Bemmunner U(Z) u S(2) sBnstorcs peanbHbIMU BENMMYMHAMHE, ONHMCHIBAIO-
UMK pachpeeIeHusl aMIUIUTYAbI U (as3bl Pe3ylbTHPYIOLUIErO 3IEKTPHUECKOro
nons B cpesie. JTa GopMma MpecTaBlIeHUs PEIIEHHs OMMCHIBAET BCE BO3MOKHBIE
HOBEICHUS aAMILTHTYIbI SJIEKTPUUECKOTO TI0JIs1 B CPEJIe TAKUE KaK: PACIPOCTPAHSIO-
IIHecs, CTOSYMe WM 3aTyXalolue BOJIHBI IIPH OTPULATENbHOM JTUAIeKTPHIECcKOil
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npoHunaemoctu. Ilorepu, ycunenue win HelMMHEHHOCTh Tuia Keppa jgerko yunThsl-
BAaIOTCS B BBEIYUCIUTEILHON Momenu. MEB 1mo3BojiseT HaOMIOJATh JIOKATU3AIUIO
MHTEHCUBHOCTH ONTUYECKOIO MOJISI U paclpeiesieHue NOTOKA SHEPT UK BHYTPH OIl-
TUYECKUX CTPYKTYP, YTO BAXKHO ISl ONTUMH3AIUY MPOMTYCKATEIbHBIX WIH OTpaXa-
TEJTBHBIX CBOMCTB JIFOOBIX MHKPOPE30HATOPHEBIX CTPYKTYp. IlogpoOHOe omucanme
pelIeHus: MHOTOTpPaHUYHBIX 3a/1a4 ¢ momorsio MEB mpusezaeno B [3, 5].

Pe3yJII>TaTbI JICKTPOMArHUTHOI'0O MOACJIHUPOBAHUA

PaccmatpuBaetcs monens D0M-a @abpu-Ilepo npomyckaTeIbHOTO THIIA, CO-
CTOSIIETO U3 CIIOSI HEIMHEHHOTO 3MeKTpoonTrdeckoro kpucramia (30K), sBiusto-
HIETOCS 3a30pOM MEXKIy ABYyMsI MHOrocloiHeME 3epkaiamu PBO. PBO npencras-
JISTFOT OO0 TIOBTOPSIIOIITHECS IBYXCIOUKH PA3TUIHBIX ONITUYECKH TIPO3PAYHBIX Ma-
TEPUAJIOB YETBEPTHBOJIHOBOH TOJIIMHBI, UMEIOIINE HANOOIBIIYIO OTPAKATEIBHYIO
CIOCOOHOCTh Ha IEHTPAIHHOH JIMHE BOJHBI B CEPEIUHE MOJIOCH OTpaXKeHws [5].
[ypuHa MoyIoCH OTPAKEHUS 3aBUCUT OT KOHTPACTa AUMIEKTPUUECKUX IPOHUIIAae-
MOCTEH ¥ KOJTMYECTBA IBYXCIIOCK.

OO0K MOKpHIT ¢ ABYX CTOPOH TOHKUMH MPOBOJSAIINMU HAHOCIOAMU (3JIEKTPO-
JTaMU) JIIS TI0/Ia4Y¥ AJIEKTPUYECKOTO CUTHAJIA B TUTareproBoM jAuanazoHe. Cxema-
TUYECKOE MpeACTaBICHNE MPEAIaraeMoil MUKPOPE30HATOPHON CTPYKTYPHI MpHBE-
ne”o Ha Puc. 1.

UucrieHHOE MOJICIIMPOBAaHKE MPOBEACHO JIs CTpYKTyphl dadpu-Ilepo ¢ 3epka-
namu PBO1 u PBO2, cocTosmmmu U3 4epeayonmxcs YeTBEPTEBOIHOBBIX ABYXCIIOEK
Si/Si02 ¢ AMAIeKTPUYECKUMH IPOHULIAEMOCTAMA &g =12.11 u &g =2.25.

dsox dror

-— TTommOXKK:

SiO2

A N
R — N ”
PEO1 \ / PEO2

Meratnyeckre HAHOCIOU

Puc. 1 Inexmpoonmuueckuii mooyasmop Pabpu-Ilepo nponycka-
MeNbHO20 MUNA NPU HOPMATILHOM RAOEHUU ONMUYECKOU
80IHbL CleBd.

KommgectBo yepenyrommxcs npyxcioek B PEO BeiOupaeTcs B mporecce Moie-
JUPOBAHUS JIJII UX JOCTATOYHO BBICOKOTO KOA((UIMEHTAa OTPaKCHUS C IICIBIO
obecreveHus y3KOoTo MUKa MOJTHOTO MPOXOXKACHU MUKpOpe3oHaTopa. JKerareapHo
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nMeTh cTpykTtypy PBO, obecrednmBaromniyro 10CTaTOYHO BBICOKHHA KO3 HUIMEHT
OTpayKeHHUs TIPH HEOONIBIIOM KOJIMYECTBE IBYXCIIOCK, U TO3TOMY JIsl MOAEIHPOBa-
HUs ObUTH BBIOpaHBI 3 aphl IBYXCIIOEK. 3epKaia CHMMETPUYHBI OTHOCHUTENBHO 3a-
30pa, CJIOM, IPUJIETalolINe K HEMY UMEIOT 00J1ee BRICOKYIO JUAIEKTPHUECKYIO IPO-
HUIIAEMOCTb, a CJIOU, IPUIIETAIOLIHE K [TOJUI0KKE U HA OCBELIEHHON CTOPOHE CTPYK-
TYpBI, UIMEIOT 00Jiee HU3KYIO JUIJIEKTPHUECKYIO IPOHUIIAEMOCTh. DTOT THUII CTPYK-
Typbl OOecredynBaeT HaWBHICIIEE 3HAYeHHWE KOX(PPUIMEHTAa MPOXOKIEHHUS, UTO
BYKHO I PabOThI MOAYJISITOPA MIPOIYCKATEIBHOTO THIIA.

B nacrosimem ananuse B kadectBe DOK paccmarpuaercst kpuctasmt LINDO3 ¢
JMIEKTPHIECKON MPOHHIIAEMOCTBIO &5y = 4,89. Ilomokka BeimonneHa n3 SiOz
C JMDIEKTPUYECKON NMPOHUIIAEMOCTEIO &, , = 2,35. B mpouecce MonenupoBaHus

OIMpPEACICHBI ONITUMAJIBHBIC TOJIIWHBI MPOBOAANIUMX HAHOCIIOCB, 3JICKTPOOIITHYC-
ckoro kpuctaiua d,,, 1 mognoxku d, ,, a Takke KOIMYECTBO JByXcioek B PO

100 »
U o0ecTiedeHs] HauOOoITBIero 3HaYeHU K03 PuimeHTa mpoxokIeHUs U BBICO-
koii peskoctu DOM. B kadectBe mpoBoasimx HaHociaoeB Marepuan u3z OO BbI-
OpaH JI0CTaTOYHO TOHKUM JJISI CHIDKEHHS IOTEPh B MUKPOPE30HATOPE MO CpaBHE-
HUIO C TIOTEPSIMH B HAHOCJIOAX M3 cepedpa miu 30510Ta. Beiopan cioit OUO ¢ koM-
IUICKCHOM JMAJIEKTPUUYECKOM MpoHHIiaeMocThio &' =—-1,66 u &"=0,82 [6] u ontu-
MaJIbHOM TomuuHoN L, =28,48 HM.

YucneHHOE MOJECIMPOBAHUE MPOBENEHO Ul LEHTPAIBHOW [UIMHBI BOJIHBI
Ay =1,55 mxm , KOTOpas ABIAETCA pabodel JUIMHON BOJIHBI BOJIOKOHHO-ONTHYECKHX
ceTell CBSA3M C MaJIBIMU MOTEpAMHU. MoaynsTop paboTaeT clieAyromuM o0pa3oM:
MPUIOKEHNE BHICOKOYACTOTHOTO 3JIEKTPHUECKOTO CHUTHANA Ha 3JIEKTPOJbI H3Me-
HSIET IUAJIEKTpUUecKyto nponunaemocts JOK, uro, B cBOIO o4yepenb, NPUBOIUT K
CMEIICHUI0 MaKCHMaJIbHBIX IHKOB TPOXOXJIEHHsS MUKpope3oHaropa. Kak cruen-
CTBHE, COOTBETCTBYIOIIAsl OUTOBAs MOCIEA0BATEIBHOCTD SJIEKTPUUECKOTO CUTHAIA
MPUBOJIUT K «BKJIFOUESHUIO/BBIKIIFOUCHUI0» HHTEHCHBHOCTH TPOXOJISIIETO CBETA.

3aBUCUMOCTh KO3()(UIIHEHTa TPOXOKACHUS CTPYKTYPbl MOIYJISTOPa OT TOJI-
skl cnod DOK npu pukcuposanHoi jannHe BoaHbl Ay =155 kM npencrapieHa
Ha Puc. 2a. TIpu gaHHBIX apaMeTpax MaKCUMalbHOE MPOXOXKACHHE | IMpeacTaB-
JsIeT co00# SKBUIUCTAHTHBIC Y3KUE MUKHU ¢ MakcuMymoM 1 ~ 0,88 . Benuuuns nu-
KOB HMKE €JIMHULIBI SIBJIAETCS IPSIMBIM CJIEACTBUEM HAINYMS HOTEPh B ABYX CJIOSIX
OUO.

CoracHo IPUHIMITY PaboThI aHATTU3UPYEMOT0 MOIYJIATOPa, HEOOXOIUMO J0-
OWUTBCS CMELICHUS KA POXOXKICHHS MPH U3MEHEHUN JUAIEKTPHYECKON MPOHU-
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raemoctu DOK. Kak cieqyer u3 4ncieHHOTO aHaj3a, CMeIleHne MTUKa MPOTIOPIIY-
OHAJIBHO yBenu4eHuIo Tommunsl ciaos JOK d . 1 M3MEHEHHIO ero AUIIeKTpuye-

CKOM IIPOHUIIAEMOCTH.

ir T irT
0.8 0.8 |
0.61 06 2 1
0.4r 0.4t
0.2r Sl
0 L Jk L J L L J.L dg.OK (MKM}OZ . d30K(MKM)

1000.14 1000.16 1000.18 1000.2 1000.22

a 6

Puc. 2 a) 3asucumocmov ko3¢ppuyuenm npoxoxircoeHuss Cmpyxkmypuol
mooynamopa om monwurnvt J0K (3a3opa) 6 omcymcmesue
RPUNOJHCEHHO20 HanpsdiceHus. 6) Cmewjenue nuKka npoxoic-
O€eHUs NPU USMEHEHUU OUBIEKMPUYECKOU NPOHUYAEeMOCIU

DOK: 1. &5k =489 , 2. &5, =4,8901

C uenbio MPaKTHYECKOW pean3alii MOAYJISATOpa TONIIUHA ¢,  BBIOpaHa

DOK
MpUMepHO paBHOW | MM. BiusiHMe W3MEeHEeHUs JUAIEKTPUYECKON MPOHUIIAeEMOCTH
OO0K Ha ciBuT pe30HAaHCHOTO MHKa MoKa3aHo Ha Puc. 26. CyliecTBeHHBINH CIBHT
nrKa HaOomaeTcs MpU M3MEHEHWH AMdJIeKTpudeckoi mporuraemoctd JOK B
nuanasone 10, Takoe nsMeHeHne kKod(pQUIMEHTa TPOXOKAEHHUS CTPYKTYPBI MO-
JnyJsTopa OyneT HOAXOAsuuM s 3G PEeKTUBHON aMIUTUTYIHOW MaHUIYJISIUNA U

HCIIOJB30BaHUA B MC)KUYUIIOBBIX OIITHYCCKUX JIMHUAX CBA3H.

3akiIoyenue

[Ipenyiosxkena 1 METOAOM €AMHOTO BBIPAYKEHMSI YUCIIEHHO HCCIIEA0BaHA Pe3o-
HaTopHas cTpykTypa DOM Tma ®adpu-llepo, cocrosias u3 3JeKTPOOTNITHIECKOTO
ciost u3 LiNbOs, MOKpHITOr0 TOHKMMH MPOBOJSIIMMHI HAHOCTIOSMH U3 MaTephaia
OUO (cmyxammMu Ul TIPUITOKEHUS IJIEKTPUISCKOTO CHTHAJA), 3aKIF0YCHHOTO
mexy 3epkanamu PO u3 Si/Si0». Heobxommumoe cMerienre mika MakCUMabHOTO
MPOXO0XKICHUS PE30HATOPA UMEET MECTO IIPU N3MEHEHUH JUAJIEKTPHIECKON POHH-
naemoctr JOK B uanasone 10 (tommusoit d., =1mm ). Dtor T SOM Gy zer
noje3eH I 3PQPEKTUBHOW aMIUIUTYAHON MaHMIYJSIIUA W MOXET OBITh HC-
MOJIF30BaH ISl ONTHYECKUX MEKYHUIIOBBIX COETMHEHUI HAa KOPOTKUX PACCTOSHUIX.
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YBenmuuBas KO3GGUIIUEHT OTpaxXeHHsI OJHOTO U3 3epkasl PbO, MOXHO moIydnTh
MOJYJISITOP OTPaXKaTeIbHOTO THIIA.

Bbaarogapuoctu. VccimenoBanue BBITIONHEHO NpH (MHAHCOBOM TOIACPIKKE
Komureta o Hayke PA B pamkax HayuHoro npoekrta Ne 21T-2J194.
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MULTI-NANOLAYER ELECTRO-OPTICAL MODULATOR FOR
CHIP-TO-CHIP OPTICAL INTERCONNECTS:
ELECTROMAGNETIC MODELLING

H. Baghdasaryan?, T. Knyazyan!, T. Hovhannisyan!, G. Mardoyan?, M. Marciniak®
!National Polytechnic University of Armenia, Yerevan
2Engineering City, Yerevan
SNational Institute of Telecommunications, Warsaw, Poland
hovik@seua.am, ktamara@seua.am

ABSTRACT

In the present work, a transmission-type multi-nanolayer microresonant
Fabry-Perot electro-optical modulator (EOM) for inter-chip optical inter-
connects is numerically simulated using the method of single expression.
The transmission properties of the EOM consisting of an electro-optical
layer (EOL) of LiNbO; coated with thin conducting nanolayers of Indium-
tin oxide (ITO) and enclosed between symmetrical distributed Bragg re-
flectors (DBRs) made of Si/SiO;, are analysed. Two semitransparent nano-
layers of ITO serve as electrodes for supplying an electrical signal to an
electro-optical material. The EOM provides the required high transmission
coefficient and a high finesse. A laser diode with a wavelength of 1.55 pm
is considered as an external light source. A significant shift of the maximal
transmission peak of the resonator is obtained at the change of the permit-
tivity of the electro-optical material in the range of 10 (at a thickness of
about 1 mm). The shift of the transmission maximum obtained in this case
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will be sufficient for on-off keying and the use of the EOM in chip-to-chip
optical short communication links.

Keywords: transmission-type multi-nanolayer electro-optical modulator,
chip-to-chip optical interconnects, electromagnetic modelling, numerical
simulation, method of single expression.
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BUOJIOT'USA U XUMUA

MNOJYYEHME HOBBIX 1,2,4-TPUA30JI-5-THOHA HA OCHOBE
THIPA3HAJIA N3OHUKOTHHOBOM KUCJIOTHI

I.I". /lanacynan, T.M. 3anan, B.K. I'apuoan, A.A. Kapuoan

Poccuiicko-Apmanckuil (Crasanckuil) yrusepcumem
gdanag@email.com, zalyan90@mail.ru, vache.gharibyan@mail.ru,
yan.gharibyan@gmail.com,

AHHOTANIUA

Jannas paboTa MOCBSIIEHA MOTYIEHHIO HOBBIX IIPOU3BOAHBIX a30THCTHIX
TeTEPOIMKIIOB, COYETAIONINX paszIuyHble (papMako(OpHbIE TIpPYIIbL, B
YaCTHOCTH, parMeHThl mupuauHa u 1,2,4-Tpuazona. CHHTE3bI OCYIICCTB-
JIEHBI UCXOJSI M3 THAPA3HUaa N30HUKOTHHOBOH KHCIIOTHI, peakliell KOTo-
pOro ¢ apuiI3aMelleHHBIME H30THOIIMOHATAMHY TI0JIyYeHbl OPUTHHAIBHBIC
THOCceMuKapOasuasl. [locinenHne B BOTHOM PacTBOpE INENOYH IUKIH30-
BaHbl B 1,2,4-Tpuasosa coaepikaiiye NupuInHOBOE KOJIbIIO.

KiioueBrble c1oBa: ruapasu, W30HHA3WA, H30THOIIMAHATEI, THOCEMHKAP-
6azup, 1,2,4-tprazon-5-THoH.

BBeaenune

N3BecTHO, 4TO MEPKANITONPOU3BOAHBIM a30TCOACPIKALINX [eTepOapOMaTHyEC-
KHX CHCTEM MpHCYIA BHICOKAsE OMOIOTHYecKas akTHBHOCTS [ 1]. He B mocnenHio
ouepelb 3TO OTHOCUTCS | K MTPOon3BOAHBIM 1,2.4-Tpraszona [1-5]. B moncke 6moak-
THUBHBIX COEIMHEHUI HEMAJIOBaYKHO TaKKe TO, YTO HAJTMIHE B MOJIEKYJIe MEPKAIITO-
IPYIIBI, CHOCOOHON HAaXOIUTHCS B Pa3IMYHBIX TAyTOMEPHBIX (popmax (THOH-THO-
JBHOM), paciiupseT BO3MOXHOCTH TOCIEAYIONIeH MOAU(MUKAIIMA HUCXOJHBIX CH-
CTEM.

Beenenue B ricciiefyeMyro MOJIEKYTy HECKOIBKUX OMOTeHHBIX 1 (hapMakodop-
HBIX ()parMEeHTOB SBJSUIOCH M MPOJOJKAET OCTaBAaThCS OAHUM W3 Hauboliee 4acTo
MPUMEHSIEMBIX CIIOCOOOB MOBBIIICHUSI BEPOSTHOCTH OOHAPYKECHUSI OMOAKTUBHOTO
BEIIECTBA M3-32 BO3MOKHOT'O CHHEPIU3Ma, BXOIAIIMX B MOJIEKy Ty rpymi. B To ke
BpeMs B MOCIIETHUE TOJIbI B IOMCKE HOBBIX JICKAPCTB, B IEPBYIO OUEpPE/ib, IIPOTHBO-
OITyXOJIEBBIX, PHOPUTETHBIM M O0JIee MPEANOUYTUTEIHHBIM CTAHOBHUTCS IIPHLIEIb-
Hasi, TaK Ha3blBaeMasl «TapreHTHas Tepalus», OCHOBaHHAs Ha HENOCPEICTBEHHOM
B3aMMOJICHCTBUM aKTUBHOTO BELIECTBA C MUILECHBIO.

I'uapasuzps! a3MHOB U a30J10B, B YACTHOCTH, MUPUAMHKAPOOHOBBIX KUCJIOT, U3-
BECTHBIEC CBOEH MPOTHBOTYOEPKYJIE3HOH aKTUBHOCTBIO (HAPUMED, MIperapaTsl Ty-
0as3ua, GTUBA3KI) B CHHTETHYECKOM IUIaHE OTHOCHTEIBHO AOCTYIHBL TyOepKye3
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0 HEJAaBHETrO BPEMEHM IMPUUMCILIIOIIMIICS K YUCIy MOJKOHTPOJIBHBIX, TO €CTh
MPaKTUYECKHU U3JIeUUBaeMbIX Oose3He, o cratuctuke BO3 mocineqHux et BHOBb
HoJTydaeT MHUPOKOe pacipoctpanenue [6]. Dta nHpeknnoHHas 00JIe3Hb cTana pas-
BHBAThCS U 3aXBaThIBATh HOBBIE ILIALIAPMbI HE TOJBKO B OTCTAJIBIX U Pa3BUBAIO-
IIMXCS CTPaHaX TPETHET0 MUPA, HO U B OJIarONOIYYHBIX B SIUAEMUYECKOM CMBbICIIE
pa3BUTHIX cTpaHax 3anagHoi EBpomnsl, Poccun n CeBepHolt AMEpHKH, UTO 3aCTaB-
JsIeT paccMaTpUBAaTh ee M O0phOY ¢ Hell B KaueCTBE OAHOI0 U3 BXKHEHIINX HAIIPaB-
JIECHU COBPEMEHHON MEUIIUHBI.

[TosToMy B manHO# paboTe Hamu ObLIA MPENNPUHSTA HOMBITKA COBMELICHUS
HIMPOKO UCTIONIB3YEMBIX B MEIUIIMHE OMOT€HHBIX ()parMeHTOB — nupuanHa u 1,2,4-
Tpuazoina (MOCIeTHUN U3BECTEH HE TOJBKO MIMPOKUM CHEKTPOM OHOJIOTHYECKOTr0
JIEHCTBHS OT MPOTHUBOOIYXOJIEBOrO 0 MPOTUBOBOCIIATUTEIBHOTO, HO U JJAHHBIMU
00 aKTHBHOCTU B OTHOLIEHHHU CIELH(DUIECKUX OMYXOJIEBBIX KJIETOK, MPEAIOIarao-
IIMX UX NPUMEHEHHUE B TApreHTHOM Tepanui [7, 8]), B Hanek1e Ha MOIy4eHUE HO-
BOI cepry OMOJIOTHYECKH aKTUBHBIX COSAMHEHUH.

OTMedeHHOE BBIIIE CBUICTENBCTBYET 00 aKTyaJlbHOCTH M MEPCIEKTUBHOCTH
BECHHUS UCCIIEIOBAHUI B JAaHHOM HAIPABJICHUH, TO3TOMY HaMHU ObUIM H3y4YCHBI
CIOCOOBI CMHTE3a HOBBIX TMOPWIHBIX COEAWHEHHH — MPOWU3BOIHBIX OTMEUEHHBIX
BBIIIIE T€TEPOLUKIMYECKHUX PAJOB — C LIEJIbI0 OCJIEAYIOIIEro CKPUHUHTA X O10JI0-
TUYECKOU aKTUBHOCTH.

MarepuaJbl M HCCIeJ0BAHNE

B3anMopeiicTBueM ruipasuia N30HUKOTHHOBOM KHCIOTHI (M30HUA3HT) C apHII-
n3zoTronmanaramMu 2—6 (coorBercTBeHHO, R = H, opmo-CH3z u napa-CHs, opmo-
OCH3 u mema-OCHs), a Taxke ¢ OyTHI- U HUKJIOTEKCHITM30THOLIMaHATaMHK (COOT-
BETCTBEHHO, 7 U 8), ObUTH CHHTE3UPOBAHbBI 3aMEIICHHBIE THOCEMHUKapOa3u bl 9—15,
KOTOpbIE JalIbHEHIIEe KOHJAEHCAlUel B BOJHOM PAacTBOPE €KOr0 KalM LUKJIIN30-
BaHbI B Mpou3BojHbIE 1,2,4-Tpra3on-5-Tnona 16—22, cogeprkamiye B MOJOKEHUH 3
MUPUIUHOBBIH (pparMeHT.
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Aryl = CgHs; CgH4-0-CHj3; CgHy4-n-CHg; CgH,-0-OCHg; CgHy-m-OCH3
Alkyl = C4Hg; CgH1q

4-(2-methoxyphenyl)-3-(pyridin-4-yl)-1H-1,2,4-triazole-5(4H)-thione

CrpyKTypa BCeX MOJyYEHHBIX BELIECTB IMOATBEPKICHA CIIEKTPATIbLHBIMH METO-
namu. B cniexrpax SIMP H koneunsix npoayktos 16-22 B o6nactu 7.2-7.6 u 8.4—
8.6 M.11. oTMeueHbI y0JIeThl CUTHAIOB ITPOTOHOB MUPUIMHOBOIO KOJIbLIA, B CIA00M
nosie — 13.6—14.2 M. 1., BRIpasKeHHBIH, HECKOIBKO YIIMPEHHBIN curHaN npotoHa NH
TPHA30JIHOTO KOJIbLIA, KOTOPBIH B ClIy4yae HUKIOr€KCaHOBOI'O IPOU3BOIHOTO 22 OT-
Me4aeTcs B BUJIE CHIBHO YITMPEHHOTO CUTHAIIA, YTO CBUICTENILCTBYET O OoJiee Bbl-
paXeHHOM, B mocyieiHeM ciaydae, Tayromepun NH- u SH-opm.

Oomas Metoguka nmojaydeHusi TnoceMukapoazuaos 9—15. K 0.0025 momnp
W30HMA3UAA 1, pacTBOPEHHOTO MpH HarpeBaHuu B 10 MII 3TaHOJIA PUIMBAIOT pac-
TBOP YKBUMOJIBPHOTO KOJIMUECTBA COOTBETCTBYIOIIETO N30oTHONManara 2—8. Uepes
HECKOJIbKO MUHYT HarpeBaHHA BbINagaeT ocajok. [IpogoinkaioT KUIATUTh B Tede-
Hue 6—8 4. Jlasee oxmakmaioT U OTUIHTPOBBIBAIOT OCAJIOK.

O0mas Meroauka cuHTe3a 3-(mUpUANI-4)-4-3aMemIeHHBIX-4,5-TUrnapo-
1H-1,2,4-tpua3on-5-tuonos (16-22).

Hagecky monyuennoro Beiie Tuocemukap6asuna 9-15 ¢ 50%-piM u30bITKOM
€IKOTO KaJIM CMEMINBAIOT B K0J0e u A00aBisA0oT Boxy. IlomydeHHblil pacTBop Ku-
nATAT 4—6 4acoB ¢ 0OpaTHEIM XOJOAMIBHUKOM. 110 OKOHUaHMK KHIITYEHUS KOJIOY
OXJIAKJIAIOT U PaCTBOP HEUTpANIU3YIOT YKCYCHOU kuciotoi g0 pH 7-7,5. Beinas-
UK 0calok OTQUIBTPOBBIBAIOT U CyLIAT Ha BO3AyXe. BrIXoa mpoayKTa peakiuun
60-74%.

HUccredosanue svinonneno ¢ pamxax cyocuouu MOH P® uccredosamenvbckoti
desmenvrocmu Poccuticko-Apmanckozo ynugepcumema.
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OBTAINING DERREVATIVES 1, 2 ,4-TRIAZOLE-5-THIONES
FROM ISONICOTINIC ACID HYDRAZIDE

G. Danagulyan, T. Zalyan, V. Gharibyan, Y .Gharibyan
Russian-Armenian (Slavonic) University

ABSTRACT

The presented synthetic work of the Phd students of Russian-Armenian
University is devoted to obtaining new derivatives of nitrogen heterocycles
combining various pharmacophore groups, in particular, fragments of pyr-
idine and 1,2,4-triazole. Syntheses were carried out based on hydrazide
pyridine-4-carboxylic acid (of isoniazide) the reaction of which with aryl-
substituted isothiocyanates afforded original thiosemicarbazides. The lat-
ter in the aqueous solution of alkali were cyclized to substituted pyridine
derivatives of 1, 2, 4-triazole.

Keywords: hydrazide, isoniazide, isothiocyanates, thiosemicarbazide, 1,
2, 4-triazol-5-thion.
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CHUHTE3 BUHAPHBIX CUCTEM COAEPKAIIUX ®PAI'MEHT
1,2,4-TPUA30JI-5-TUOHA U ITIUPA30JIA

I.I". lanazynan, T.M. 3anan, 1.A. Kapuosan, B.K. I'apuoan, O.C. Ammasnn

Poccuticko-Apmancruil (Cnaeanckutl) ynugepcumem
gdanag@email.com, zalyan90@mail.ru, yan.gharibyan@gmail.com, vache.gha-
ribyan@mail.ru, hovelenatt@mail.ru

AHHOTANIUA

Jannast paboTa MOCBSIIEHA MOTYIEHHIO HOBBIX IPOU3BOAHBIX a30THCTHIX
TeTEePOIMKIIOB, COYETAIOMIUX pa3iIuyHble (papMako(OpHbIE TPYIIBI, B
YaCTHOCTH, ()parMEHTHI MUPUMHUIUHA, upazona u 1,2,4-tpuaszona. CuH-
TE€3bl OCYLIECTBJICHBI, HCXO/AS U3 THIPA3HJIOB TeTEPUIILHBIX KapOOHOBBIX
KHUCJIOT, PeaKIre KOTOPBIX C apUiI3aMeIleHHBIMU H30THOIIMOHATAMH TI0-
Jy4eHBbl OpUTHMHAJIbHBIE THOCeMHKapOaszuapl. [locieqHue B BOJHOM pac-
TBOpE L0 [TMKIM30BaHBI B 3aMeICHHBIE THPa30io| 1,5-a] mupuMuIn-
HOBBIC U MUPA30JIbHBIC IPOoU3BOAHKIE 1,2,4-TpHazona.

KnioueBble cji0Ba: THAPA3n/1, H30THOLMAHATHI, THOCEMHKApOa3u, Miupa-
3011, mupasono| 1,5-a] mupumuus, 1,2,4-Tpruaszon-5-THoH.

BBeaenne

IIpon3BoaHbIE a30710a3MHOB IIUPOKO pacpocTpaHeHs! B npupoae. K ux unciy,
B YaCTHOCTH, OTHOCSITCS BXOJSIINE B COCTaB HYKJICMHOBBIX KUCIIOT IIyPHHBI, COYe-
TaroIMe KOHJEHCUPOBAHHbIE MMPUMUINHOBOE U NMHUIa30IHbHOE KOJIBIIA.

CoenuHeHus1, copepKallue aHHeIMPOBaHHbBIE U W30JIMPOBAHHBIE TUPUMUIM-
HOBOE U MHUPA30JIBHOE KOJIbIIA, TPOSIBISIOT BEICOKYIO OMOJIOTHYECKYIO aKTHBHOCTb.
Tak, 2-(3-meruin-5-meTokcunupaszon-1-mi)4d-MeTria-6-MeTOKCHTUPUMHUINH  (TIpe-
napat DA-398 u “Merpirizole” ucnonb3yroTest B Ka4eCTBE JKapOMOHIKAIOIIETO U
MPOTUBOBOCHAIUTENLHOTO cpeacTBa) [1, 2]. OHM NPOSIBASIOT TaKKe MPOTHBOOITY-
XO0JIeBOe JICHCTBHE W 00J1aJat0T YMEPEHHON aKTHBHOCTHIO B OTHOIICHUM BHpYCa
KJIacCHYecKOoil uyMbl nituly [3, 4]. Panee Obuto 1MoKazaHO TakkKe, 4TO 7-OCH3MII-5-
metmi-1, 2, 4-tpua3zono[2, 3-C] nupumuarH 00J1a1aeT BHIPAKCHHBIM aHTHTHCTA-
MUHHBIM JeMCTBHEM, TPOSBISIET MEMOPaHOCTAOMIIN3NPYIOIIEH W XONHHOIUTHYC-
CKOI1 aKkTUBHOCTBIO. B nuTeparype HeMao COOOIIEHH O MPOSBIEHUH 3TOM TPyYII-
MO BEIIECTB NPOTUBOOIYXO0JIEBOH, TPOTHBOTYOEPKYJIE3HOM, aHTHOAKTEpUAIIbHOH,
MIPOTHBOCYIOPOKHOM akTHBHOCTH [5—13].

Oco00 cieayeT OTMETHTh aKTyaJbHOCTh CHHTE3a U U3y4eHus nupasono [1,5-
a] NMUPUMHANHOB, OOYCIOBICHHYIO MX BBICOKOW OMOJIOTMYECKOH aKTHBHOCTBIO.
Tak, coemuHeHus, colepXKallie B MUPA30JbHOM KOJbIE apuiICyIb(OHMIBHBIN
(dbparMeHT, ABJISAIOTCS aHTaroHuctaMu 5-HTs perientopos, cBs3aHHbIX ¢ G OenkaMu


mailto:gdanag@email.com
mailto:gdanag@email.com
mailto:gdanag@email.com
javascript:;
mailto:yan.gharibyan@gmail.

Cunmes bunapuvlx cucmem cooepaicawux gpazmenm 1,2,4-mpuaszon-5-muona u nupasona 79

(GPCR) [14-17]. TTocpenctBom G Genka Gs 5-HTs penenTop cBs3an ¢ afgeHuar-
[UKIIa30H - hepMEeHTOM, KaTaTU3UPYIOIINM CHHTE3 [IUKIMYECKOT0 aIeHO3MHMOHO-
¢dochara (HAMD) u3z AT®. Kpome Toro ycranosneHo, uto 5-HTeP Bnmuser Ha psig
HeHpOMeINaTOPHBIX MyTeH, BKJIIOYas XOJIWMHEPTUYECKHE, HOPaIpEeHEprHYecKHE,
rIIyTamMaTepruideckie M JONaMIHEePTHYecKre cucTeMbl. [[oaToMy 3TOT THIT peren-
TOPOB PaccMaTpUBAIOT Kak 0COOEHHO MPUBJIEKATEIBHYIO MULICHD AJIS1 pa3padOTKU
HOBBIX JIGKAPCTBEHHBIX CPEICTB IPH JICUEHUH pasnudHbIX 3aboneBanuii [[HC, B
YaCTHOCTH, K30 peHun, 0osie3Hu Alblreiimepa. Eite ofHUM CBOHCTBOM aHTaro-
HuCTOB 5-HT6P siBisieTcst mX ciocOOHOCTP MTOAABIISATH AIMIETUT, YTO MOXKET IpHBe-
CTH K CO3AaHHIO HAa UX OCHOBC NPHUHIUIINAIBHO HOBBIX CPEACTB IAJId CHUIKCHUA U3~
OBITOYHOTO Beca W OKUpEHUs. VI3BECTHO TakKe, YTO OHU O0JAAr0T U CIIOCOOHO-
cTbio uHruoupoBats ' AMKa-penentops! u MpUTOAHBI AJIS JIE€YEHUST U TPOQUIIAK-
THUKH COCTOSIHHS TPEBOTH, a TaKXKe SIIICTICUU U PacCTpoicTB cHa [18], a mpemapar
«3anemnon» (Zaleplon), coznanuelii Ha 6a3ze nupa3zono[1,5-a] nupumuaMHA, TPH-
MEHSETCS B KAUeCTBE CEJaTHBHOTO CPEACTBa U CHOTBOPHOTO [19].

OTMeYeHHOE BEIIIE CBHUCTCILCTBYET 00 AKTYaJIbHOCTH CHMHTE3a HOBBLIX CHUC-
TEM, COUYETAIONINX a3MHOBBIE CHUCTEMBI, B 0COOCHHOCTH (pparMeHThI mupaszonol 1,5-
a|mupUMHUINHA, C A30JIaMH.

MarepuaJbl M HCCIeJ0BAHNE

Hamu ocymiecTBieHbl UccieloBaHus, HAalpaBiIeHHbIE Ha pa3paboTKy METOJIOB
CHHTE3a OMHAPHBIX COCAMHEHUH, COYETAOMMX (hparMeHThl OMLUKINYECKOTO Hpa-
3010 [1,5-a] mupumuarHa, MO0 3aMENIEHHBIX MPOW3BOIHBIX MOHOIUKINYECKOTO
nupasona, ¢ 1,2,4-tpuazonamu. C 3TOH LENb0 B3aUMOJICHCTBUEM THIpa3uaa COOT-
BETCTBYIOIIIEH KapOOHOBOW KUCIIOTHI, @ UMEHHO, TH/pa3ua 2-(GeHu-7-MeTuImIpa-
3010 [1,5-a] mupumunuH-5-nitkapOoHOBOM KUCIOTH (1) ¢ OpTO-METOKCU(EHIIH30-
THOIMAHATOM (2) OBUI CHHTE3UPOBAaH OPTO-METOKCH(peHIITHOCEMUKapOazuy 2-¢e-
HWI-/-MeTunnupaszono [1,5-a] mupumuus-5-mnkap6oHoBoit kucnotsl (3) (cxema 1).

Cxema 1.

CeHs
CeHs CeHs OCH, M
UN NWN SCNO N\N T O s
N NH,NH N / e
He S C
1

2 |
"NHNH, HN=NG N
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AHAJIOTHYHO MPUBEICHHOMY BBIIIIE, peakiinell ruapasuaa 3-(3,5-aumernmnm-
pasou-1-nmin)0yTaHOBOM KHCIOTHI (4) ¢ apuIM30THOLMAHATAMU, OBUIH CHHTE3UPO-
BaHbI apuiaTHOCEMUKapOas3uabl 3-(3,5-quMeTrnnupa3oi-1-mi)0yTaHOBOH KUCIOTHI
(51 6) (cxema 2). OTMETHM, YTO CAMH UCXOAHBIC THIAPA3UIBI OBLTH MOTYUCHBI HAMU
W3 3TWIOBBIX A3(MPOB COOTBETCTBYIOIUX KAPOOHOBBIX KHCIOT B3aHMOJICHCTBUEM C

TUIPATOM TUPA3HHA.
Cxema 2.

//\_< S=C=N-Aryl / \N / \N
_ Hoe Y H3C N/ —— H3C N/ N—NH

o H H
M J\/< NN M /K
HsC H3C Aryl H3C

OC,Hs ch NHNH
4 56 8,9 Aryl
Aryl = CgHs; CgH,-m-CHj
CuHTEe3MpOBaHHBIC APUITHOCEMUKAPOa3ubl 2-peHu- /-meTumupasono [1,5-
a] mupuMuIrH-5-n1KapO0HOBO# KKuCIOThI (3) U 3-(3,5-aumernnmupason-1-un) Oy-
TaHOBOU KUCJIOTHI (5 U 6), KUIITYCHHEM B BOJHOM PacTBOPE MICJIOUHN IIUKIIN30BaHbBI
B 3aMellleHHbIe pou3BoaHbIe 1,2,4-tpuaszona 7-9 (Cxemsr 2, 3).

Cxema 3.
C6H5 CGH5

'S n

N N O N \N

A S
HAC . C —_—
3 A\ H oy N S

HN—N_
3 o OCHj

O0was MeToAUKA NOJTyYeHusi THOceMuKapoa3uaos 3, 5u 6. K 0.0025 monb
runpasuia 1 wim 4, pacTBOPEHHOTO TIPU HArPEeBaHWUM B ATAHOJIE NPWIMBAIOT pac-
TBOp 0,0025 MOJIb COOTBETCTBYIOIIETO apHIN30THOLIMaHATa. Yepe3 HECKOJIBKO MH-
HYT HArpeBaHUsI MOKET BBINACTH OCAJIOK. PEaKIIMOHHYIO0 CMECh MTPOI0JIKAIOT KHIISI-
TUTH C OOPaTHBIM XOJIOAMIBHUKOM B TeueHue 6—8 4. Jlanee oxnaxxaaroT U oTQuib-
TPOBBIBAIOT OCAJIOK.

Moayuenne 4-(2-metoxcupennn)-3-(7-meruii-2-pennanupasodo [1,5-a] mu-
pumuaun-5-ua)-1H-1,2 4-tpuazoea-5(4H)-tuona (7). BsaumomeiicTBHEM BOTHBIX
pacTBOpoB 2-MeTOKcH(EHWITHOCEMUKapOasuaa 2-peHu-7/-MeTmimupaszoio [1,5-
a|nIMpUMHUINH-5-HIKapOOHOBOH KUCIOTHI (3) CO B3ATHIM B COOTHOMIEHUH 1:1,5 u3-
OBITKOM BOJHOTO pacTBOpa €IKOT0 Kajdh KHUILTYEHHEM C OOpaTHBIM XOJOAWIbHU-
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KOM, C TIOCJIEeAYIOIIel HelTpann3anrei pa30aBIeHHBIM PacTBOPOM YKCYCHON KHC-
JIOTHI MOJYYAIOT C BBIXOAOM 75% 4-(2-metokcudenmn)-3-(7-mMeTui-2-gpenunnupa-
3omo0[1,5-a]mupumunun-5-un)-1H-1,2,4-rpuazon-5(4H)-tuomn (7).

O6mas meroauka cunre3a 3-[2-(3°,5 -numeruanupa3zo-1"-ui) npomui]-
4-apunsamemenubix-1H-1,2 4-tpua3on-5(4H)-ruonos (8, 9).

AHaNOTUYHO TMPHUBEICHHOMY BBIIIE, peakuueid B 20 M BOIHOIO pacTBOpa
KOH (0,015 moss) ¢ 0,01 MOJIb COOTBETCTBYIOIIETO THOCEMUKApOa3uia, MmoCieIy-
IOIIUM OXJIAKICHUEM M HEWTpajau3alMed BOJHOIO PacTBOpa IMOIY4YaroT OCaJ0K
TpHrazona 8 wm 9.

Hccneoosanue vinonneno 6 pamxax cyocuouu MOH P® ucciedosamenbckoti
oesimenvrocmu Poccuticko-Apmsanckozo (Cnassancko2o) ynueepcumema.
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SYNTHESIS OF BINARY SYSTEMS CONTAINING
FRAGMENTS 1,2,4-TRIAZOLE-5-THION AND PYRAZOLE

G. Danagulyan, T. Zalyan, Y. Gharibyan, V. Gharibyan, H. Attaryan
Russian-Armenian (Slavonic) University

ABSTRACT

The presented synthetic work is devoted to obtaining new derivatives of
nitrogen heterocycles combining various pharmacophore groups, in par-
ticular, fragments of pyrimidine, pyrazole and 1,2,4-triazole. Syntheses
were carried out based on hydrazides of heteryl carboxylic acids, the reac-
tion of which with aryl-substituted isothiocyanates afforded original thio-
semicarbazides. The latter in the aqueous solution of alkali were cyclized
to substituted pyrazolo [1,5-a] pyrimidine and pyrazol derivatives of 1,2,4-
triazole.

Keywords: hydrazide, isothiocyanates, thiosemicarbazide, pyrazole, pyra-
zolo [1,5-a] pyrimidine, 1,2,4-triazol-5-thion.
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uuoenenhu

Niunudtwuppygby Ewbinuunwljuyghtt yipnishsh gnpsunwljut yh-
Suljp dwbwédnph yhnwlwh hwdwjuwpwh ntuwtnnukph opow-
unud: Unwwnnlnnpphiwwnnp b utnwnnlhitbnhly thopdwplnud-
utph Yhpundwdp juwnwpyus hbnwgqnunipjut wpgniipnid pu-
guwhuwynyty Eu Jhunppnijjup pwbqupnidubp nitkgnn niuwing-
ubp:

Zpfbwpwntp' hwjwuwpulponipnil, vnwnnynnpphtiwnnp b
utnwwunnihubknhly thnpdwpynidukp, Jhunppnijjup pwbqupnid-
ubp, nintinhhh whtnwhwpnid:

Lkpwbnipniu

Ulunuwunwluyhtt wmywpwwnp bpkp Jhuwpninp pnnnduljubnh, twpow-
nowb Epynt punutipuhtt’ §inp b dJwdb wupyhlukphg juquus hwdw-
Jupg k£ b hwdwpynud E dwpduh swipnipjut jEunpnth nhppp juynit
wwhnn hwdwlwpgbphg qiluwynpp: Uju donnuybu Jepuhulnud | huw-
ouipdhy b wjtwowpd hwdwljupgtiphyhdwlp b wmywhnynid E hwjuuw-
puprnipjut pupn pnilyghugh ppuljwbiugnudp, pish ptnphjy dwpyp
Jupnpuinid E hbpounnmpudp ywuhwywil) dwupduh nignuwhuwywug ghppp,
hul wknuowpdykihu spluty [1,6]: Ghnuunwlwiht hwdwlwpgh Jbpw-
pipu) wpweohtt mbnklnipniuutpp unugyty ku gintu U.p.w. 4-py pupnid
(Uppuwnnunty) [3]: Ukp dudwbwljubpnid Jkunppnijjup hwdwlupgh hkwn
JuwJws htnwgnuinmpiniiubpny qpunynud Eu 9.0 Snddwtp, L.'L. Lnqui-
unyp, <€.b. Niuwnyp, 8.49. Swunqul, 9.9. Gkpwupundut b dh owpp wy
ghunntwuuttp:

Ubtnwuwnwlughtt 4Epnishsh gnpsunwljutt yhdwljh jpwpuinnudp jw-
nnn Enipghtinbwiputp pont) dwppjutg pt' bhghjulub b ph' dnnwynp
wnwnniiwlnipju Ypu: Ujy yuwnmdwnny npujbu ntuntdtwuhpnipyjut
opjtjnn ptwpyt L nuwunnubpp, pwuh np pupdp dnnugnp wpjuwnne-
twlnipniup nuunidbwljub gnpépipugh wpynitwybn juquulbpuydwt
yupununhp gpujuljub k:
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Blutn] Yhpnigjuihg wounwbph tyunuly E nrumdiwupply Sw-
twdnph whnwljut hwdwjuwpwih (4N2-h) ntuwbnnubph winpuunw-
Yuyhtt yEpnishsh gnpéwnwljut Jhdwlyp:

Lywwnuljhtt hwubbnt hwdwp dbp wnel npt) Eup hknbywy unhp-
ubkpp.

e Mupql] 9NZ2 nruwbnnubph oppwinid hwjwuwpulpnnipjut wuwh-
wuwidwil g juwwywnnynh hbn juwyuws punhpubph weljwnipmniup:
e Mumdtwmuhpl] winuunuljuhtt wyupunh gnpswnwljuwt Yh&wlyp

unnwwnninnpphiwnnnp b uvnwwnnlhubnhly hopdwpynudubph Jhpwn-
dudp:

‘Unipn b dkpnnubpp

Nuunudbwuhpoipniutbpp wighugyt) e 9N2-h pYnyd 31 ntuwbnnuk-
nh opowtnid: Uhpwnyl) b wuljbnwynpdwl, vnwwnnlnnpphtiwnnp b
ununnnlhiknhly thnpdwpynudibph dbpagibp’ «Guymbmpymb Ondphp-
gh ghppnid», «Ruyp ninhn gény», «djmbiquyhtt puyp», «Uwwn-ppuyjhi»
thnpdwpynud, «Unhw-nnpunljhutq», «Unwe wqupqué dknptph jud dhobp-
Puipkh» thnpdwpynud:

Uuljbnuynpdwt wpyniuputpp gnyg bt wdk), np qluuyunnywn L
niubkunmd  hwpgwéutph 35,5%-p: Upmymitpubpp  tbpuyugus  tu
Unniuwly 1-nud:

Unyniuwly 1. Muwbnnubph wiyEnwynpdwt wpymitpubpn:

Nibkinud & p wpnynp qljuwynnijn

«uyn» n=11 | «ny» n=20
Zhnlyuy tjupugpnipntutphg n'pi b hwdwywnwuuwind qpuugnnnh
dudwbwly Qtp qqugnnnipnibkpht

w) wnwpuikph yunundwh qqugnid ) supnitujujub pupddwb qqugnid
Rbn onipoplud 2Ep ubkipunid, n=6 Ubptuwynid® wpgbjuljkihu, n=1
P) «gquunlnn» mbkunnnipinit puyikjhu, |E) mbunpnipjubt dpwuqunud,

n=0 qhtnulgnipjut Upwugund,

q) qqugnnnipnil, np hts-np dkp QbEp pwpwniywquguhtt yhduly,
Uwnpuhtuphpnud £ wnwyg, htn fud «wtnniunt puljukny qqugnid

ntuh Ynnu, n=2 (hwnjuybu wpwynnjut' wulnnunig

Jtp YEuwnt dudwbwl) n=2

b s hwwpmljuinipjudp tp niukunid qluwyynnywn

w) wipunhwwn, n=0 ‘p) dudwbwl wn dudwbwl, n=11
B uypwtt Enlind guwuginninp
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w) yuypljuuukp, n=9p) pnytutp, n=1

q) dudkp, n=1, ) opkp/owpwpltp, n=0
k) nuphutp, n=0

B’tsp Jwpnn £ hpuhply guwygnniggn

w) qifup nhpph thnthnfumpynit (ginijup
pLphl, onoyt] wulnnunid) n=3

p) uppbu, pug nwpwsdpubp (untybp-
dwplbwn, nuown) n=1 q) pupdpwduyiy
husjniuttipp, Swupnipmnit pupdpug-
ubkip,thnowningp n=1

n) yepkjulnid, huptwphonid n=2

k) pungus dudwiml] n=2

q) lmup gugninh dudwiwl, ong
tnwtwlht, wiynhn) judkjhu n=1

L) wunlws jud tunnws nhpphg Jtp
yEtuhu n=1

p) twuyh Uk, Ukphktwnid n=0

b’y wuinwbpwiikp ko ninklgnud g uwyunnijinht

w) mugh wpinwbpwhkp (qugng
wubenid,junnnipjut Ynpniun n=0

p) upnnpuwning, thufjunid n=1
q) g luwuguy, hwnljuybu ninklgynid £
bnunndnphuyny, pnindnphw’ Uhgpki

n=1

Mtk p wpmynp hpjwinmpnibibp juujws thoht wljwbigh, TU2-h htan,
plnniil) & p onnunpuhl] wplywpunibkp

«nz»

n=31

Lwulhtinid nitikghy b p Jud wydd nik p pnnnpibp’ uugus dwpdih
hwjuwuwpuljonnipjut wuhywidwt htwn

«ny» n=30

uyn» n=1/tupulyhnd, Juwugusp/

Spwiuynpuught thongulkpny kpplblihu mukinud & p wpmynp upnjuwniing

«ujn» n=13 | «ny» n=18

Ubunwuwnwluyht wmywpwnh hbnwgnuunid sh jupkh wigiugl) phunnd
ipwd npny phypkpnud: Upyn’p 2bq Unin wnljw Eykpngpyuy hwljugnignid-
utkphg npuk Ukyp

«Ilk» n=30

«wjn» n=1 |

Uuljtnwynpdwt wpynitpubpp gnyg i wmwjhu, np gluwywnnin
niiikgnn nuwbnnibph dbswdwubinmpyut’ 82% Unwn qpluwugnnignh wuin-
dwnp JEunmhpniyjjup wywpuwnh wpnwhwpnidt b G uwyunnynh tn-
wujh mbnnnipniup jununid Eupwtg 82%-h Unwnn Eupwnpuy pupnpuly
wuwpnpuhquw) nhppuwjhtt gjlumyniniynh dwuhl, 9%-h Unwn gjluwynninp
Jupny b ygujdwiwynpdus 1huk) wmignidwghtt hobdhl tnwuyny, 9%-unw,

hwqwtwpwp, Uklytph hhquunmipjudp:
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«Guyniimpinit (kndppgh nhppnid» thnpdwpluwt wpynitpubpnyg

hwjuwuwpulonnipniip wwhywinid kb thnpdwplusubph 37%-p, huy
63%-h Unwngpuugyb] ku sbnnudubp: Cuy npnud, 47%-h Unwn gnijup Ynnd
phpkinig htkwnn hpwupyphht tnyt Ynnup sh plpynid, hisp thwuwnnd E, np
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huunhpp Juydws t Jiunhpniyjjup wmywpunh htin: Gupwunpupwp, thop-
dwplynnukph 21%-h Unndwpwlnnujui, 26% nuwbnnibph dnin’ wew-
Ynnujwl jwphphtiphu k:

zhnwugnunjusutph 16%-h Unwn juunhpp upnn E juydws (huk) nink-
nhih Yhuwquntph whnwhwpdwt hbwn, pwih np qnijup Yand phpbihu
tjuunynud £ tnyulynnuh Jpu hpwth ppnd: Uwutwynpuwbu, 11%-h
Unwn qnijup phpkinig htbnn tjunygb] £ hwlmd puljutne ntuyh we, 5%-h
Unn' dwfu (nku' Y. 1):

w Mwhuphond

e orer taens pre g oo gt lipy

Chijmd b plagh

26% g/ spees beelpnedd line gl

g pllplilipn:

o Chlylimodd 5 nlwh
e/ wnly 5 hurlpned

bnuls hnnd plthlibpm
o Chiplmd L nlwh

21% durfpu/ sy
Ialnad gl oo

plilplilygnt

Ulup 1. «Quyniinipynil (ndpkpgh nhppnids thnpdwipuwi
wprynilipblp:

«2uyp ninhn gény» thnpdwpldwt wpyniupubpp ywupgqtght, np ht-
wnwqnuynnubph dhuyt 43%-u L hwjwuwpwlppnipniip jug wuwhwyw-
unwd, vhtisntin 30%-n pujunud Enluyh we, huly 27%-n" ntwh dwju: Lputighg
Jhunhpnijjupwjinwhwpnd £ ujuwnygnid 43%-h Unwn, hul] ntuwtnnubph

14%-h Unw fnunhpp, Eupunpupwun, qujdwbwynpgws k nintnhlh whwnw-
hwpnuiny (nku' uly. 2):

® CUlunud £ nbugh wy/fshw
huwynudUnyl Ynnd pulibiny/

@ CUYunuwf £ ntwh we/wmbju: £
hwynudLnyl bnnd pbLGny
W CUYUnL E ntwh dushu/sliw
hwynwd Unyl Ynnd pbybGiny
® CUYLNW E nGwh dwha/wnljw £
hwynuwUnyl Ynnd pbubiny/
& Mwhwwlnul £
hwywuwnpwiznnuendip

Ulup 2. «Puyyp ninhny gényy thnpdwpwiupnmniapabpp:



Muwbnnbbph whnuunwluyhl Jepnidpsh gqnpéwnwlul Jhdwlh ... 87

busytu «Guwynitnipinit (kndpipgh nhppnud» thnpdwpliw yupw-
quynid, wyty bu k| wyu thnpdwpynidp juwnwpbihu hnpdwplynnh sknnudp
wju jud wyt Ynnu Jupnn £ yguydwiwynpdws huk) nininhlh tnybwlwb
Ypuwqinh whnwhwpnuiny Yud juphphph $niblghwih Hjubiquih
pwyiph pwiqupnidp thwunnid Eninbnhlh tnytwlwut jhuwgqunh whownw-
hwpdwl dwuht [2, 7]: @Pnpdwuplusubph 70%-n jupnnugk] £ hunpwhw-
k] hwjulnnuuwghtt nidbnugnudny [7]: djwbiquyhti puyph pwbqupnudp
thwuwnnid E ninbnhljh tnytwlwt jhuwqunh wnwhwpdw dwuht (2, 7]:
Onpdwplyyusutiph 70%- p jupnnugt kE hunpuwhwpb] thnpdwplnidp, huy
30%-p dwunnnid E kpohtu (nku’ tljwp 3):

HNwhwwunw £
hwjwuwnpwyznniendup

HQwhunnnud k£
thnpawnpynudp

Uhwp 3. «djuliquighll puyip» thnpdwpdwiwpgniipbkpp:

«Unhwunnpunyhukg» thnpdwupynidp hbwnwgnunynnubph 100%-h uUnwnn
gnug t k) npuiljul wpynip’ pupkhwenn kplnt dknptpny dhwdwitw-
twl juwnwpt) Eu yEiphwlnid b Juphwlnid: «Unhwunnpunijhtikg» thnpdwp-
Jdwt dwpinnnud ajunynid £ dhuytt nintnhlh Yhuwqunbph wnwhwp-
dwt nhypnid [2]: P hwlungpnipnit wju thnpdwupldwt wpnniupubph,
Jtpp pyws niuntdbwuhpnipnititiph wpnyyniupubpp gnyg b tnwhu, np
wjuntudbwihy jut ntuwtinnubp ninbnhuyhtt wppnwhwpnidng: 9kpn-
gpwih yuwndwnp nintinhyh wwppkp Ynphqubph gnpéwnwlw nwppk-
npnipyniub k [8]:

«Unwy wupqué dtnpiph Jud dhotp Fupth» thnpdwpldwmt wp-
yniuptipp gniyyg ntght, np hnpdwplusutph 34%-p thnpdwplnudp juy
E juwnwpnud, huly 13%-h dnn tjuwnynid £ Jhunppnijjup wpnwhwpnid
(nku Y. 4):
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® Luwy £ Yuwnwpnud

W 2tnptph pEenwd nbwh
wy

dwfu

w H Uy 2Gnnudutbp

Uuip 4. «Unwp wpupquié dknplph und: «Bpokp Fupkp»
thnpdwpluwl wpgniiphkpp

! M 2bnpbph pEenud nbwh

‘Unpuuynid thnpdwplynnp whwp E jupnqubw tplup dudwbwly wyu-
ht dtnptipp wpJws ghppnid: Uunuwuwnwluwihtt JEpnishsh duwypudw-
uwhtt pwdth dhwynndwih whpwnwhwupdwt yupuqund tjunynd
dtnptph phpnud nhwh dugfwd qwphphlph Ynqup [2]: Plywbu gnyg ku
wnw]hu wpnniupubpp, tjunynd Bu oinnudukp, pt wowlnndjut b phk
Awpiulnnujut nippnipjudp, twubwynpuybu® 3%-h dnwn nhuh we, hul
10%-h dnwn nbhwyh dwhe: Ujp obnnudubp tjuwwnymd Eu 53% hEwnwgnun-
Unnubph dmn, Epghupu bupunpu) wundwep mntnhlh jhuwqntph
winwhwpnudt k:

H Lwy £ juwnwpnud
(4]

H Chnnul wg dtnpny nkugh
wg/Chnnud dwu dknpn nEyh
wp

i Chnnud wg dknpny ntwgh dwhe/
Chnnud dwju dknpny iy
dutju

Ujup 5. «Uwn-ppughly thnpdupldwl wpgntipbbpp:

«Uwwn-ppuyhtir thnpdwupuwt wpnniupubpny hbwnwgnunynnubph
17%-p htpunnipyudp Jjuwnwpnid E qupdnipiniip, Jkunppnijup whinw-
hwpnidubp tjunynd Eu thnpdwplynnutph 10%-h dnwn, huly 73%-h dnwn
uunynn sknnudutiph wwwdwn fupnn Ehwinhuwbw) nintnhlh whnw-
hwpnudp (nku' by 5):
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Onpdwnpynidp dwjunnbint nhypnid juwnwpynud E nhdtptughw) wju-
wnnpnonid nintnhh b winwunwluwht wyuwpunh Juuujusputph dhol
[7]:

Ujuyhuny, wbnwunwluwihtt Jbpnishsh  gnpéwnwlut  Jh&wlh
nruntdbwuhpnidp 4N2-h ntuwbinnubph opowtinid wwupghy £, np puguuw-
jut JEunmhpnijjup nbkwlghwikp £ wpdwbwgpyl) tpwtwljuih pwbuwlh
ntuwtinnutph Unw, dwubwynpuytu’ «Uwwn-ppughty, «Unwy wupqus
Atnptiph ud dhotip Fupthy», <Yuyniunipinit Ondpkpgh nhppnid», «Rwyp
ninhn gény» thnpdwplmdubph wpynibipubpny, hwdwywnwupwbw-
pap’ 10%, 13%, 47% U 43%: Gjukny unnugus wpnniupubpnhg, twpow-
nbuynid E Jhunhpnijjup pwtiqupnidubp mubkgnn niuwtinnubph wndjwg-
utpp (hpkug hwdwdwjunipjudp) wpudwnpl] «Updhunh b uynpunh»
wphnt’ dwpdtwlppnipjub nuuwdwdbphtt wyn ntuwinnbph Gwn-
dudp wnnnowljut jpunhputphtt hwdwywnwupwt dninkgnid gniguipk-
phnt tyuwwnwlny:
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HU3YYEHME ®YHKIMOHAJIBHOI'O COCTOAHUA
BECTUBYJ/IIPHOI'OAHAJIM3ATOPA Y CTYJIEHTOB

ML.II. Kupaxocan, T.A. Manykan
Banaosopckuii ecocyoapcmeennviii ynusepcumem um. O. Tymanana

AHHOTADUA

HccnenoBano yHKIMOHAIBHOE COCTOSHHE BECTHOYIISIPHOTO aHAIN3aTo-
pay crynentoB BaHan3opckoro rocynapcTseHHoro ynusepcurera. C mo-
MOIIbIO CTATOKOOPIUHATOPHBIX UCTaTOKMHETHYECKUX MPOO ObLIN BBISB-
JIEHBI CTYAEHTHI C BECTHOYIIAPHBIMHU PACCTPOHCTBAMM.

KuroueBble cj10Ba: paBHOBECHE, CTATOKOOPIUHATOPHBIE U CTAaTOKHHE-
THYECKHE NMPOOBI, BECTUOYISIPHBIE PACCTPOICTBA, MMOPAKEHUE MO3KEUKA.

STUDYING THE FUNCTIONAL STATE OF THE VESTIBULAR
ANALYZER OFSTUDENTS

M. Kirakosyan, T. Manukyan
Vanadzor State University after H. Tumanyan

ABSTRACT

The functional state of the vestibular system has been studied among the
students of Vanadzor State University. Students with vestibular disorders
were identified during statocoordinatory and statokinetic tests.
Keywords: equilibrium, statocoordinator and statokinetic tests, vestibular
disorders, cerebellar lesion.



IHOJYYEHHUE HOBBIX ITPOTUBOT'PUBKOBbBIX
COEJVUHEHUWI: IEPCIEKTUBBI IPUMEHEHUS B
CEJIbCKOM XO3S1CTBE 1 ®PAPMAIIEBTUKE

A.A. Muayaxauan’, A.M. I'pucopan’?, A.P. Mukaenan’

YHAYVA Hayunwui yenmp azpobuomexmnonozui,
2Poccuticko-Apmanckuil ynugepcumen,
carmenuhi2@gmail.com, anna.grigoryan@rau.am, aramrmik@yahoo.com

AHHOTALIUA

OyYHKIMOHATEHO 3aMelIeHHbIe HUKJIONPONaH KapOOHOBBIE KHCIIOTHI SIB-
JISIFOTCS IEPCIIEKTUBHBIMU CTPYKTYPHBIMHM OCHOBaMU JUIsl (pu3noIOruye-
CKHU aKTHUBHBIX COEJMHEHHUH Pa3IMYHbIX KiIaccoB. M3BecTeH psill coennHe-
HUH C aHAJIOTUYHBIM CTPOSHUEM U (PYHIMIIMTHBIMU CBOMcTBaMu. B uact-
HOCTH, OKTHUIMI-2-OKTHIIMKIONPONan 1-kapOoHoBas kuciora. M3Be-
CTEH TaKXKe PsJl COSAUHECHUH ¢ aHaNIOTMYHBIM CTPOSHHUEM U (YHTUIUA-
HBIMH CBOWCTBAaMH, B 4YaCTHOCTH, OKTHIMII-2-OKTHINUKIIONPOTaH 1-kap-
6onoBas kuciota. [IIupoko ucnoss3yercs B MEIULIUHE, B COCTABE pa3iny-
HBIX IPOTUBOTPHOKOBBIX MpENapaToB. B cBs3M ¢ 3TUM HaMu OBUT U3y4eH
1 pa3paboTaH HOBBIH, TEXHOJOTMYECKU JOCTYIMHBIN METOJl CHHTE3a, CUH-
TEeTHYECKHX aHanoroB OKrummia: l-xIop-2-reKCHIIUKIoONpornaH-1-kap-
OoHOBas kucnOTa U 1-xy0p-2- peHMIIUKIONponaH-1-kapOoHoBas KHcC-
nota. M3ydeHa mpoTHBOrpHOKOBasi aKTUBHOCTh CHHTE3HPOBAHHBIX COETHU-
HEHUI Ha P yCJIIOBHO-TIATOT€HHBIX ITAMMOB.

KaroueBble ciioBa: nukionpornankapOoHosas kuciora, Okrunwi, GyH-
THCTaTHbIE CBOMCTBA, (YHIMIIUIHbIE CBOHCTBA, CTEPEOCENEKTUBHOCTS.

Beenenue

PazpaboTtka HOBBIX () (EKTHBHBIX TPOTUBOTPUOKOBEIX MTPENapaToB BechMa aK-
TyaJbHa B 00JIaCTH CEJLCKOT0 X03AHCTBa U (papmareBTHKH. V3BeCTeH psin coequ-
HEHHH 3TOTO KJIacca Ha OCHOBE (PYHKIIMOHAILHO 3aMENICHHBIX [IUKIONPOTaHKap-
OOHOBBIX KHCIIOT [1]. DTH coeAMHEHUS SBIISIOTCS OCHOBOM psijia BEICOKOA((EKTHB-
HbeIX (Qynrummnos. [lupoko pacnpocTtpaneH npenapar OKTHIWI-2-OKTHIIUKIO-
npomnan-1-kapooHoBost kucnora [2] (Puc.l). ToctarouHo >(p¢eKTHBHO NpHMe-
HSIETCS B MEJIUIMHE JUISL JICYCHUS JIepMaTO(QHUTOB, 3PUTPA3MAHOB U CTPUTYIIETO
numast [3, 2].

COOH

Puc. 1. Okmuyun-2-okmunyuxionponan-1-kapbonoeos kuciomad.
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IIponsBoacTBeHHbIIH crHTe3 OKTHIIIIIA OCHOBAH Ha PEAKIINH MPHUCOCTUHEHHS
NIMa30yKCYCHOM KUCTOTHI ¢ 1-geneHoM. C y4eToM TeXHOJIOTHYECKIX 0cOOeHHOCTEH
3TOTO TPOIEcca U B3PHIBOOMACHOCTH HaMU pa3paboTaH TEXHOIOTUIECKH JOCTYII-
HBIH CHIOCO0 CTEPEOCeIeKTUBHOIO CHHTE3a ACHCTBYIOLIETO BEIISCTBA JICKAPCTBEH-
HOM ()OPMBI OKTHJIA U €T0 CTPYKTYPHBIX aHajioroB. llyTem peakumu mpucoemuHe-
HUSI TPOU3BOTHBIX TPUXIIOPYKCYCHON KUCIIOTHI C Pa3IMYHBIM OJIe()HHAMM.

Marepuajibl 1 MeTOAbI

O06o0meHHas cxeMa cHHTe3a aHAIOrOB OKTHIIMIIA COCTOUT M3 TPEX CTallui:
peaKkuuAa MpuCOCANHCHNA, HUKIIN3alluu U OMBUICHHA.

Peakuusi mpucoequMHEHUs] K IMPOU3BOJHBIM TPHUXJIOPYKCYCHOM KHCIIOTBI K
onedunoB (1 — okren, crupo:n) [4]. Tlo naHHOMY MeTOMy OBUTH MOJYYESHBI 0O,0,Y-
TpuxJopKapOoHOBEIe KUCIOTH (Puc.2). Peakius mpotekaeT npuMepHo 3—4 daca B
cpene IMCO mpu temmeparype 80°C. Karamuzatopom SBISIOTCS aMHUHHBIC
KOMILJICKCHI OZJHOBAJICHTHOW M€, BBIXOJ cocTaBisieT okomno 90%. Hamu BnepBbie
OBLIO MMOKa3aHo, YTO, HAPALY C aJAYKTOM 1,2-TpUcoeInHEeHNs, 00pa3yloTCs TaKKe
npoaykT 2,1-npucoenunenust. Otmerum, uto 2,1-nprucoenuHenus 3agUKCHpOBaHO
NPy HUTPWIE TPUXJIOPYKCYCHOH KHCIOTHI (Hambosee peakIMOHHO-CIIOCOOHBIN
TEJIOT€H) — COOTHOIIICHHE B 3TOM ciy4dae okosio 30/70.

Cl
Cl R,
1,2-Adduct
R Cl
Cu(I) Catalyst
R /\ + C13C'R2 y} Cl
1
2,1-Adduct R,
L
Cl Cl
R,

R1=a) C5H13, 6) C6H5
R,=COOH3 , COOC;Hs

Puc.2. Obwasn cxema cunmesa a, o, y-mpuxiopkapOoHo8bIX KUCIOM.

Bropoii atanm — 3T0 peaknus MUKIONPONAaHUPOBAHYS ITOJIYIaHHUX 0,0, -TPHU-
XJIOPKapOOHOBBIX KHCIOT myTeM 1,3-meranorenuposanus (Puc.3). Peaknus mpo-
TekaeT B mpucytcTBuM mapbl Zn/Cu B cpene 1,4-nuokcana. Ilporece mpotekaer
KOHTPOJHMPYEMO, TIPEOTBPAIACTCS BIUSIHUE BHICOKAX TEMIIEPATYpP U BO3MOXKHBIX
MOOOYHEIX peakimid. [[ukiam3anus sSBISETCS TaKKe CTEPEOCENeKTUBHONW. B cMmecn
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CTEPEON3OMEPOB IUKINYSCKUX 3(UPOB OBUIO OMpPEAETICHO, YTO MaKOpHBIH E
u3oMep cocrasiser ~75 %.

Cl

Cl R,
. R,

R; Cl Zn/Cu; 1,4-Dioxane R,
+ Cl 80-100 °C Cl
RZ
(E/Z = 75/25)
Cl Cl
R1

Ri=a) CeHu3, 6) CeHs
R.=COOH3;, COOC;Hs

Puc.3. Obwas cxema peakyuu yukiuzayuu.

Tpertuii atan — 370 peaxius oMbiieHust. OMbUIeHHE TPoBOAIT 15% pacTBOpOM
eakoro Harpa npu temneparype 40°C, otaenstor 0o0pa3oBaBIIUIiCS KapOOKCHIIb-
HBII aHWOH B BUJIE KUCIIOTHI IPUI00aBIeHUEM | H. COISTHON KHCIIOTHI.

CooTBeTcTBYIOLIAas KMCIOTAa ObLIA MOJYYeHA B BHJAE KPUCTAJUIOB. Y UYHUTHIBAS
BbIX0J1 3T0H craauu (~70 %) u npexanonaras, 4ro (Z)-uzomep 3dupa B yCIoBHsIX
OMBUICHHS MOT TOABEPraThCs ACTHAPOXIOPUPOBAHUIO (aHTHU-PACTIONOKEHUE DIIH-
MUHHUPYIOIIUX aTOMOB) U JalbHEUIIIEMY OCMOJIEHHIO, MAXXOPHOMY H30MEPY HaMHU
obuta npunucana (E)-kordurypanus [5].

o\\ o
C— N\
OCoHs  150,NaOH/H,0 C— 2| INHC
cl 40 °C o
(B/Z = 75/125)
A\
B — C
~—OH
cl

(E)
Puc.4. Obwas cxema peaxyuu omvlieHus.
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KonTtpons 3a xomom peakumii ocymiecTBistch metogamu TCX m KX
xpomatorpaduueckoro anamuza. [2KX peaknuoHHOW cMecH NPOBOIWINCH Ha
razoBoM xpomatorpade Agilent Technologies GC 7809B, xamwisapHast KOJIOHKa
DB-WAX-30m-320pumx0.25pum, nerextop [TM. Ananmuzsl TCX Obliu mpoBeAEHBI
Ha mactunkax Silufol UV-254.

OuncTka ¥ pa3fesieHls PeakIMOHHOW CMECH OCYLIECTBISIACh KOIOHOUHBIM U
MpenapaTHBHBIM XpPOMAaTOTrpadhUueCcKUM METOIOMH.

CrpoeHre CHHTE3UPOBAaHHBIX COCIMHEHUH OBLIO JOKAa3aHO METOJIOM SACPHO-
marautHOro pe3onanca (IMP) *H u *C cnexrpos. SInepHO-MarHuTHEIN pe30HAHC-
He1it (SIMP) ananu3 npoBoauiics Ha npudope Varian VXR-300 (300 MI'm).

Beimi mpoBeieHbl MUKPOOHMOJIOTMYECKHE HCIBITAHUS 3TUX COCIMHEHUH IS
ornpeneneHus (yHTUIUIHBIX CBOMCTB (MHUKPOOHOIOTHYECKUE HCIIBITAHHUS MPOBA-
muncek B Llenatpe [enonupoBanns Mukpoopraam3moB HIIL «ApmOuoTexHomO-
THS»).

Jns oueHKH (YHTHCTaTHBIX WM (YHTHIUIHBIX CBOMCTB 3THUX COCTHMHEHHI
OBUIM B3STHl LIECTh PA3JIMYHBIX OOLIETIPHUHATBHIX MATOTEHHBIX ITaMMOB. [ pHOBI
KyJbTUBUPOBAIN B 10MM-OBBIX MPOOMPKAX HA COOTBETCTBYIOLIMX CpPeaax J0 CIIo-
poobpazoBanust. [locne yero roToBMIIM BOJIHBIE CYCIIEH3WH C WX CIIOPAMHU M paB-
HOMEPHO pacIpeAessiIn 1o yamkam [leTpu ¢ mecThio pa3TuYHbIMU CTEPHIBHBIMU
MUTaTeNbHBIMU cpefamu. B mpuroroBnennsie 3apanee 10, 1 u 0,1 % crnupToBbIx
pactBopax coeauHeHui la (1-xy0p-2-TeKCHIIMKIONponan-1-kapooHOBasT KHCIIO-
ta) 1 16 (1-x510p-2-PeHnnuuKIonponan-1-kapooHOBast KUCIIOTa) 3aMaylBajIH CTe-
puibHy0 ¢(unbTpoBoro Oymary amamerpom 2 MM. [locie wcmapeHust crupra
Oymaru 1o OJHOW pacchillayii B yamkax [leTpu B cekTope Ha OJAMHAKOBOM pac-
CTOSTHUHM JIPYT OT JIpyra W moMemand B OOKC Ui KyJbTHBHpOoBaHuA. Haumnas co
BTOPBIX CYTOK, KOTJIa B yanike [IeTpu BUITHO pacpocTpaHeHUE KOJIOHUH yCIOBHO-
MaTOreHHBIX IITAMMOB, B OKpY>KaloIlled cpesie yKe HaOJI0JatoTCsl HeopakeHHbIE
YYaCTKH, COAEpIKAIIME pa3HOe KOJUIECTBO coenrnHeHmi la u 10.

[IpoBeneHHBIE HCCIEAOBAaHUA MO ONPEACICHUI0 MHKPOOHOIOTHYECKOM
AKTUBHOCTHU ITOKA3aJIM, YTO 1-XJIOp-2-TeKCHIILIMKIIONPOIaH-1-kapOOHOBask KMCII0Ta
nposBiIsIeT cTabuibHble (yHTUIMAHbIe cBoiicTBa (Puc. 5). O6 sToM cBuaeTENb-
CTByeT TOT ¢akT, uto 3a 70 AHEH MHUKPOOMOJIOTHYECKOTO WCIIBITAHUS PaINyChI
HETIOPaXCHHBIX YYaCTKOB HE YMEHBIIMINCE.
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CEQ’]VNOHM H VX KOHUSHTDALMM SNHPTODMX PaoTROREs (%)

1a 18 18 16 16
YENORMuIA NATOM KR WTEWM 10

Aspergilus fumsgatis

10 5 -

Perccilium chnsoganrum 9 9 3 2 Z ‘
Asperglius versicolor 15 3 — ~— . —
Roctadium botrytis 1 1 T 1 L -

Penicllum awanfdogrissum a 1 2 2 — —_
Paniciiium  medinti 7 2 1 2 !

Puc.5. Tabauya duonocuueckou axmusnocmu coeounenutl la u 16.

3akiIouyenue

Pazpaborannslii metos cunTe3a B 6azoBoit naboparopuu ACXH «[lomydenue
Y KOHTPOJIb Ka4eCTBA CEIbCKOXO35ICTBEHHBIX TECTULIM0B» SIBIIETCS IEPCIIEKTHB-
HBIM U JIOCTYIHBIM JJISi CHHTE3a LMKJIONPOMAaHCOACPIKAIINX HPOTHBOTPUOKOBBIX
coenuHeHN. 3 MOIydeHHBIX pPE3yJbTaTOB MOXHO MPEINOJI0KHUTh, YTO, XOTS
(GyHrULIUIHBIE CBOWCTBA IMKJIONIPOIAHKapOOHOBOM KHUCIIOTHI B OCHOBHOM 00YCJIOB-
JIeHbl TIPUCYTCTBYIOIIEH B COEJAWHEHWH KapOOHWJIBHOW TPYNIOH, YBEIUYCHHE
YIJIEBOJAOPOIHON IIETIH CIOCOOCTBYET MOBBILICHUIO JMIMO(YUIBHOCTH MOJEKYJIBL,
YTO CIIOCOOCTBYET JIETKOMY BKIIFOUCHHUIO IHUKJIONPOINaH KapOOHOBOWH KHCIOTHI B
MeMOpaHy TpHOKOBOW KJIETKH, B PE3yJbTaTe YEro MOBBIMIAETCS (YHTULMIHAS
AKTUBHOCTH COEIMHECHUH.

CHHTE3UpOBaHHBIE COEAMHEHUS TaKkKe MEPCIEKTUBHBI IS CEIbCKOXO3SICT-
BEHHOTO MpuMeHeHus. Ha nanHoM 3Tane npoxoasaT TOKCHKOJIOTHYECKHE 1 1adopa-
TOPHBIE HCTIBITAHUS B OTHOIIEHUN (PUTOMATOTCHHBIX IPUOKOBBIX BO30YAHTEINEH.

JUTEPATYPA

1. CM McCloskey, GH Coleman: Iuknonponankap6onoBast kuciora B: Opranudeckue cuH-
Tessl. 24, 1944, C. 36, doi: 10.15227 / orgsyn.024.0036; Coll. T. 3, 1955. C. 221.

2. Mawxkosckuii M. J]. Jlexapctoennsie cpeactsa. T. II, ct. 365, M.: «Hosas BoHay, 2000,

3. Jonson E., Richardson M., Warnock D. Antimicrob. Agents Chemother. Vol. 12, 1993, PP.
300-316.

4.  Mnuayaxanan A.A., Kouapsn J{.P., Topocan I'I"., Bapoausn A.C., Mukaensn A.P. Tlonyye-
HHUE 3aMEIEHHbIX IUKIIONPOIaH KapOOHOBBIX KHCJIOT U3 TaJOr€HOPraHMYeCKUX KHUCIOT //
«Bectauk HITYA», 2008. T. 76. CC. 825-830.

5. Kapanemsan A.A., Tamasan P.A., Muxaensan A.P., Pacansan H.I1. PEHTTEHOCTPYKTYpHOE HC-
cnenoBanue (E)-2-¢ennn-1-xmop-uuxionpomnan-1-kapooHOBOH KHCIOTHI-yI00HOTO CHHTO-
Ha cuHTe3a TpaHcamuHa // XKypH. cTpykryp. xumun. 2004. T. 45. CC. 369-373.

95


http://www.orgsyn.org/demo.aspx?prep=CV3P0221
https://ru.wikipedia.org/wiki/Doi
http://orgsyn.org/demo.aspx?prep=CV3P0221

96

A.A. Mnayaxanan, A.M. I'pucopan, A.P. Muxaenan ...

OBTAINING NEW ANTIFUNGAL COMPOUNDS:
PROSPECTS FOR APPLICATIONS IN AGRICULTURE
AND PHARMACEUTICALS

A. Mnatsakanyan?, A. Grigoryan'?, A. Mikaelyan!
TANAU Agrobiotechnology Scientific Center,
ZRussian-Armenian (Slavonic)University
carmenuhi2@gmail.com, anna.grigoryan@rau.am,
aramrmik@yahoo.com

ABSTRACT

Functionally substituted cyclopropane carboxylic acids are promising
structural bases for physiologically active compounds of various classes.
Are a known number of compounds with similar structures and fungicidal
properties. Specifically, Octicyl: 2-octyl cyclopropane-1-carboxylic acid.
Widely used in medicine, as part of various antifungal drugs. we have stud-
ied and developed a new, technologically available method for the synthe-
sis of synthetic analogues of Octicyl. 1-chloro-2-hexylcyclopropane-1-car-
boxylic acid and 1-chloro-2-phenylcyclopropane-1-carboxylic acid.

The antifungal activity of the synthesized compounds against a number of
conditionally pathogenic strains was studied.

Keywords: cyclopropane carboxylic acid, Octicyl, fungistat properties,
fungicidal properties, stereoselectivity.
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uuonoenkrU

Ukpjuyugynn wohiwwnwipnid htnwgnuinipniuutpt hpulw-
twugyt] ki Ynpnbwdhpniuughtt hudwdwpuyh wwydwbibpnod
nunigdwth wjwinulut dbwswthhg hEnwqup  dbwswhhb
Jupni wighbnt dudwbtwjuopowunid: 19-22 mwupbljut unyn-
pnnubkph Unnn quwhwwnydl] b npwuppmipjub Ynbghnpughwd,
hsybu bwl nipwunpnipyut Juyniunipniup punipwugpnn $niuly-
ghntwy, puwtwljuljui b dwdwbwluwyht gniguihotbnh thnthnjunt-
pintutkpp: P vmuppbpnipnit undnpujut yuydwibbpnid (2022
hniquphg dhty hnithu pujwsd dudwtujuhwngus) hinwdup
dwswihny Junwpjws hknwgnunm pjut wpnmibpltph hwplu-
guyus  dkinruwgdwt  wuydwbtbpnwd, 80p. wlnnmpjudp 2
nquuwdwd htpwjuwp niumgnidhg htwnn niuwbnnubtph  dnn
nhuyk) E nupunpnipjut juyniinipjut gusp wunhdwi, hyybu
twl nywunpmipjul Ynughinpughugh gniguthoh dhohtt wpdtph
Yupnly hl.]_manL[‘ 40,7%-ny: Upunuyht nhpuh thnthnppwuljuint-
pjut twpbdwnhjuljut Jipnwsnipyjudp (UNO UY) guwhwwngby
E Jkglinunhy yyuppught hwdwlwpgh jupquinphy hudwfup-
qtph (upjwdnipyut hunkpup, nph pupdp wpdbpubpp Yk tu
hwplunpdws htpwdup nrunigdwb wuwydwbtbpnd niuwbng-
utph dnwn wnluw uppluuyht jupdusntpjut dwuhi:
pltwpwnbp’ hbow]wp niunignid, EUS, jwp]usnipjub hungkpu,
niownpnipinii:

Lkpwbnipyniu

Pnihbph U qupngubph thwlfbp npubu pnyhnh wwpusdwi Yub-
huwungbihs Uhgngunnid, wqnb £ wphaowphh dnwn 188 Eplputiph wykjh put
1 dhjhwpn 575 dpjhnt unynpnnubtph ypw [4,5]: Zudwdwpulh wqnupup-
dwl wwhhg, nuuntdbwlppwlut b ghrnujut hwunwwnnipniaubpnid
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niunigdwt dhwly nuppbpulh’ BEpnpniughtt (hknwddup) niunigdwl,
&2qnhwn b gpughn hpujutiugnidp pupdwy wnwiugpuhtt b upbnp wuy-
dwl [2]: Upynibwybwn ntunigdwt wyuwhnydw jupbnpugnyb wuydwbp
unynpnnubtph hngidhqhninghwljut wnwdtwhwnlnipniautph ntuntd-
twuhpmpmiih b dwubwnpuygbu, nupwnpmpjui gnpdpupwugh b bpw
wnwbdhtt pununphsubph YEpnidnipniup: Gluknyd uydushg' wow-
wnwtph ghnnwljut tyuwwnwlp 80 pnyt nbnpnipjudp hkpwjwp nuwuw-
dudh wuwydwbubpnid unynpnnubph hngbbhqhninghwjutt wnwbudtiw-
hwwnlnipmniuubph b nputg yuppuybkgbnwnhy nknuowpdtph nrunud-
twuhpnudt £ unynpujutt b hwplunpdws hbnwdup ntunigdwt wuy-
dwbiubpnud:

ZEnugnuinipyut ympp b Ukpnnubkpp

Zhnmwgnunmipnibbpp juunwpydl) Bu 19-22 nupbjut ntuwtnnutph
Unu (n=30) kplynt padpbipnid’ Dundnpuljwi wwydwbbbpod 2022 hnb-
Juphg dhbs hmthu phyws dwdwbwluwhungusmd, 2)2020-2021pp.
(01.10.2020-10.12.2021) COVID-19 hwlwdwpwlyh poiljiwi wungwnny
nuunigdwtt wjwbnuliwb Adlwswthhg hipwdup dbwswthhtt  fupnily
wugubnt dudwbwluwopowinid: Zkpwdwp npuuudwdtpp whghugyl) tu
2MUZ-md ubpypjus Google For Education hwdwlupgh  ASPU Google
Classroom-h Uhongny, Yhpwndwt Uty nuking ASPU Google Meet huki-
Juén: Ejkyunpwupwnwgph (EUR) gpuiugnudp 20 pnwyk wnbnnnipjudp,
tunwé Jhdwljnid, wmnwghtt mpunnwsdwdp (Awhu dtnp - wg dtinp) b upinuwhte
nhpuh thnihnpwlwbnipjut gniguhoubph dwpbdwnhiuljut Jtpnt-
dnipniup (UN® UY) “ELEPHYS” wwwpwunw-spugpuyhtt hwdwihph
Uhongny, Juwnwupl £ huywbu phqhninghwfwl (hwpwpbpuljut) hwb-
quunp wuydwbibpnd, wjiygbu b $mblghniuy "Clocks Carousel” phuwnh
Juunwupdwt ptpwugpnid [1]: @hunnp Juwnwpbihu hbnnwgnunynnh wnolh
huunpp £ npdby, npytuqh typwbwghtt qunwdl Ynipunptt wipunhwn b
htwpwynphtiu wpwg yunnkny onuynid, thnpdh whuhiwy ok npnowlyh,
dwd gnyg wnyny (22:00; 14:00) dwdwgnygubpp: Zhunngpudbhy Jud Ju-
phwghnt wnyuwswithnipjut Ukpnnubpny uwnwgynn gnigubhoubphg
quwhwwnyk) £ ITRS (Index of Tension of Regulatory Systems) Yupquynphs
hwdwlwupgtph jwpuénipjwn hunkpup (42LP) Yuwu (SI-stress index):
Zngtdhqhninghwlju hinmwgnunnipinibitipt ppuwbwgyt) tu “VIGILAN-
CE RESEARCH” hngtbhqhninghwljutt spwgph dbky dwntnng «Lwunnjnh
onuljikp» Ynnklinnipuyhtt phuinh hwdwlupgswyht wuppbpulh "Clocks
Carousel"-h uUhongny: Zkwmwqnuinipjut wdjuubph Jhdwlugpuljut
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JbEpnidnipnip hpuwjuwbwgyt) E Microsoft Excel 2010 (Microsoft, UUL),
Microsoft Powepoint 2010 (Microsoft, UU'UL), “SPSSV 16,0” hulwljupgsuyhte
dpwigntipny: ®npdwowph nne pupwgpp hpwjwbwgyl) L hwdwdwyu 2k -
uhlljjul hoswlugph’ dupplubg dtwubwlgmpjudp pdoljuljul htwnwgn-
wnnipjull Ephjufwub tnpdtph (22 U. Zkpugnt widub GNLZ2-h tphiuyh
ynuhwunk):

Ukpljuyugdws E hipwdwp ntunigdwdp unynpnnubph nipwunpnipjut
Juyniunipiniip wywhnynn nruljghnw], pwbwluljui b dudwbwljuyht
gniguihpubpp unynpuwlwb b hwupyunpyué hkpwjwp ntunigdwn wuy-
dwtitbpnud:

Unniuwly 1. 80 p nbinnnipjudp 2 nuuwdwd hipwywp niunignidhg
htwnn nvpwnpnipyutt $niulghntiw, pwitwljuljui b dJudwbwluyht

gniguwthpubph thnthnjunipinititpp Epynt judpbpnid: (M+SD)

dnrjghniiuy gniguithoibp
Unynpuljub wuydwbbkpnid 80p mlnnnipjudp 2
80p nlnnnipjudp 2 puuwdwd hupljunpjus
nuuwdud hinwqup htpwwp ntunignidhg htinn
niunignidhg hkwnn
Accur% 86.5+9.3 76.7£12.6*
E_AC 250.7+64.7 * 177.7+58.0 ™
dudwtiwlughi gmguithyubp
AIF_pT 0.82+0.20 0.95+0.24 >
dmT 0.58+0.17 * 0.74+0.27
aeT 0.460.11 * 0.51+0.12
Luwbwljuwlui gmguithotbkp
RDCF_% 86.5+9.3 76.3x12.6 **
WR_% 13.5+9.3 23.3+12.6 **

Ouwilnpwgpnipinil. bpwhwlnidikp M - dhohl wpdlbp, +8d -unwinupn
olgnud % 7, ™ hwdwyunnwufuuwinud Fp<0,05; p<0,01; p<0,001: Sniguilhoblipnh uhol
nmuwpphpnipyul  wpdwinhuyunnnyenilip  npnoyws Fopuwn Uuvyniplklnh ¢
suthnpnpfish:

Ukpjuyugdws pwbwljuljut® RDCF % (Ynntiunnipughtt uwninighs
tuhotph &hown tpmidubph pwtwly), WR_% (upuwy tpnidubph b pugpnnnid-
utph pwtwl) b dudwbwluyhtt® AIF_pT (pninp wnhwh thotph dowldwu
Uhohtt ninnnipjut dudwbwly), dmT (J&hn juyugubint dhohti dwdwtwl),
aeT (hthwngnpénittinipjut dudwtiwl)) gniguihpubph thnithnjumipniuubpp
wuydwtwynpnid ' hbnwgnunynnubph nwngpnipjutt juynitnipjut
wuwnhdwbp: Unweoht fudph hwdbdwwn, Epypnpn judpnid wpdwtwgpyty k
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ufuw)ubiph n1 pugpnnnidutiph (WR_%) pyh jupni wg uqutyng 13.519.3
b 23.3+12.6 hwdwwywunwuppwbwpwp: Gphypnpny judpnid dmT b aeT
dudwbwluwjhtt gnigmuhoutpp, npntp ninknuyhtt hwdwlwpgtph $niul-
ghntiw) yhdwljh quwhwndwb gnighsutp ki b wywhnynid Eu Ynquhnhy
gnpépupwgubph hpuluwbwgnidp [3], wnwghtt jpdph hwdbdwwn npubinpyty
kb pupdp dwlupnuljitpny, juqitny 0.58+0.17 L 0.74+0.27, 0.46+0.11 L
0.51+0.12 hwdwwywunwupwiwpwup: Unwohtt judph hwdbdwwn, hwp-
Junpywé hinwjuwp ntunignidhg hknn nipwunpnipjut §nughinnpughw
(E_AC) uugqhy k 40,7%-ny, fuqukiny 86.5+9.3 1 76.7+12.6 hulwuunwu-
huwttwpwan:

Bplnt judpipnud upnptu hunkpuh dwdwbwluyhtt phtwdhluyh qduwyht
nhuwgpuddwb ubpiujugdws kuy. 1-nid: Gpypnpn pdpnd wpdwbugpgus
gnigulihoh pupdp wpdtipp Yquynud £ uptdywphy whnpynipudp pbpw-
gnn, ntuwbnnubnph dnn wnw uppbuwghtt jupyusnipyut dwuhb:
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iy A":l1!]:Il';.‘:ll..."l;"“."lx‘.' N th=ay
ul. 18I dudwlnuluyghl phinudplugh gduyhl phugpunlifa:
Ykunugdkpny gnijg Fwnpywé uppku pankpup inplunnpyughl JEppl vwhiwap:

Zupunpdus nunigdwt yuydwbbpnud wpdwbugpus ujuwutph
n1 pugpnnnidutph pyh Jupni wép, phunh junupdwt dogpuntpiut b
nywnpnipjut §nughtinpughwih bwjuwt tqugnidp, vhdyuwphl wlnh-
Ynipjut gipuljuynipiniup Jhuymud Bu yupnuyht gnpépupwgutph gusdn
owipdniiwjmpjul, npunpnipjut juntinipjut tjuq dwujuppuyh dw-
uhti: LEpjuyugquén dkq pny) Ewnwjhu Eupunnpting, np hupunpus hk-
pwywp nrunignidp Yjubph jhwpdbp wuwydwbubph puguuynipjudp
(hwpunpjws dEniumgnid, hhquinuwbwnt Juiju, vyguunid b winpn-
onipnil) niith gudp wpnnibwyEnnipini:
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MNCUXOPU3NOJOTNYECKHUE XAPAKTEPUCTHUKH
BBIHYKIEHHOI'O JUCTAHIIMOHHOI'O OBYYEHUSA B
YCIOBUAX MTAHIEMHAN KOPOHABUPYCA

H.A. Caaxan, JI.I. Asanecan, A.A. Caaxan, M.T. I'ancman, C.A. Illlozepan
Apmsanckuil 2ocyoapcmeennbiil nedazozuyeckutl ynugepcumem um. X. Abossna

AHHOTAIUA

B npexacraBnenHoil paboTe uccieqOBaHUS NPOBOAMIMCH B YCIOBHSX
nangemun KopoHaBupyca, B IepuoJ pe3Koro mepexofa OT TPaauLHOH-
Horo (hopmara 00y4eHUs K TUCTAaHIMOHHOMY. KOHIIeHTpalusi BHUMaHUs,
a TaKXX€ NU3MCHCHHA (byHKL[I/IOHaJ'IBHBIX, KOJIMYCCTBECHHBIX 1 BPEMCHHBIX
roKasarenei, XapakTepU3yIOIInX YCTOHYNBOCTh BHUMAHUS, OLICHUBAJIMChH
y cTyneHToB oT 19-22 ner. B oTnmume OoT pe3ynabTaToB HCCIEIOBAHMA,
MPOBEJACHHOTO B JWUCTAHIMOHHOM (opMaTe B OOBIYHBIX YCIOBHSX (C
stHBaps 10 MioHb 2022rT.) B YCIOBUSIX BBIHYKICHHON H3OJIALINH, MTOCIIE
OBYX 80-MHHYTHBIX TUCTAHIIMOHHBIX 3aHATUH Y CTYJIEHTOB Ha0J0AaIach
HU3Kas CTENEeHb YCTONYMBOCTH BHUMAHHSA, a TaKKe PE3KOE CHIDKCHHE
CpeJHero 3HAueHHs MHJIEKCa KOHLEHTpanuuu BHUMaHus: Ha 40,7%.
WHpaexc cTpecca peryiIsTOpHBIX CHCTEM BET€TaTHBHON HEPBHOI CHCTEMBI
OLICHUBAJIM C MOMOIIBI0 MAaTEMAaTHUYECKOrO aHaju3a BapHaOeIbHOCTU
cepaeunoro putma (MA BCP), BoicokHe 3HaU€HHS KOTOPOTO YKA3bIBAIH
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Ha HaJIMYWE CTPECCOBOTO HANPSIKEHUS y CTYIECHTOB B YCIOBHSX BBIHYX-
JICHHOT'O JIMCTAaHIIMOHHOTO O0Y4YEHHSI.

KawueBbie ciaoBa: aucraniponHoe oOydenue, DK, crpecc-mHIEKC,
BHHMaHHUE.

PSYCHOPHYSIOLOGICAL CHARACTERISTICS OF
DISTANCE LEARNING DURING THE CORONAVIRUS
EPIDEMIC

N. Sahakyan, L. Avanesyan, A. Sahakyan, M. Galstyan, S. Shogheryan
Armenian State Pedagogical University after Kh. Abovyan

ABSTRACT

In the presented work, the research was carried out in the context of the
coronavirus pandemic, during the period of a sharp transition from the
traditional format of education to distance learning. Concentration of
attention, as well as changes in functional, quantitative and temporal
indicators characterizing the stability of attention were evaluated among
19-22-year-old students. In contrast to the results of a distance study
conducted under normal conditions (from January to June 2022) in
conditions of forced isolation, after two 80-minute remote classes, students
showed a low degree of attention stability, as well as a sharp decrease in
the average value of the concentration index attention: 40.7%. The stress
index of the regulatory systems of the autonomic nervous system was
evaluated by the mathematical analysis of heart rate variability (MA
HRV), the high values of which indicated the stress tension present in
students under conditions of forced distance learning.

Keywords: distance learning, ECG, stress index, attention.
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UU. Coplkppuil, O.U. Zupmpniiywi, L. Ujwbbuywi, U.U. Uuhwljjudb,
U U. Uwhwlyumb

. Upnyjubh wbywi huyulwl whknwlud dublunjupdului
hwduyuupub
ssirine2002@yahoo.com, aniharut2000@mail.ru,
avanesyanlyudmilall@aspu.am, ashxen.sahakyan@inbox.ru,
narinesaak@mail.ru

uvonoenkrU

Lkpjuyugyny wohmnwipnid guwhwngby £ 80 pnytk wmlinnni-
pradp quuwdwdh wpynitwybnnippniop: FPuguwhwyndb] b np
spunuhedwd 80 pnytk wlnnmpudp puuwdwdp nuwbnnubph
Unin phpwinud b uhdywuphl hwdwlupgh gbpuljnhynipudp
nupwgnn YEghnnwnhy hwjuuwpulppnipjut pwbqupnidutpny
b npuybu hbnbwip wpjub qupypulught bodwb b hwdwiw-
upunipjut gpubnpoidubpny: Zknmwgnunmpniutbkpt hpuljubug-
b Bt upurnuyghtt nhpdh hnhnjujubnipiut dupbtdunhjuljut
Jtpnusnipjut (U@ UY) dkpnnny:

Zpltiupunkp’ upnwght nhpuh thnthnpuwubmpynih, uhduywphl
hwdwlwpg, hwwhiwupunnipini:

Lkpwbnipniu

Munudtwjut  gopéptipugnmd  dnwynp  Swbpwpkntwénipmniup
tywuwnnd £ dnwynp b $hqhjuljut woimnnitwlnipyut tjuqduinp,
uhpun-winpwjht, upnuiht b wy hwdwlwupgbph phwunt gnpéniubne-
pjul ppwtiqupdwin [1,2]: Unynpnnutph opquithqunid hngidhqhninghw-
Jub jupjwénipinit wnwowgunn gnpéntubnh swppnid wnwetiwghti nkn £
qpunbginid nuunidbwljub swipwpknuwsdnipjut pupdp dwuppuyh
Epjupuwnb wwhwywbnidp, hush wpmyniupnid hnqwdnipjut gnidwpdwt
$nuth Jpu tjunynid Eu hwpdwpnnqujut dkjuwthquutph jagnud, ppnth-
juuwt hhjwbnnipnitubph upugnmdubp [4]: Glukny {Ytpntgjuihg,
wnwidtwhwwnnil] wpphwlwinipinit niikgnn fpinhputphg Epljupund,
dwubun]npuybu 80 pnyk wlnnmpjudp  spinUdhoqws nuuwdwdbpnid
ntuwbnnubph dnwn nhuynn hngidhqhninghwjwt npny gnpépupwugutph b
dhqhninghwljut hwdwlwpgbph gnpswnwlju Jpdwljh ntunmdwuhpnt-
pinLun:
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Uppjuwwnwiph hhdtwlwt tyuwwnwli £ hwinhuwugl] ntumdbwuhpty

nruwtnntph Jupphnhbdnphttwdhly, hEdnphtwdhy b hnghkdhqhninghw-
Jwl npnp gnpépupugtph thnthnjumpiniutpp pindhgqws b spundhedwsd
nuuwdwdbpnu:

ZEnwgnuinipjut iympp b Ukpanubpp

Zknwgnunipiniiubpp juunwpdlp Bu 19-22n. nuwbnnubph dnn
(n=30) Lplnt Judpbpnud’ 1 junudp’ 3 plpudhotws (40 p quiu 5 pougk puuw-
Uhong 40 p quu ) b 2-pyy undp 3 splqihews (80 p wnwilig nuiuwdhong)
nuuwdwdbphtt dwubwlgws ntuwbnnubph dnwn:  EjEjupwupunwgph
(EUQ) gpuigniup 20 pnyyt nbinnnipjudp, tunnws Jhdwlnid, wnwghtt win-
nwddwdp (Awfu dbknp - we dknp), b upinwghtt nhpuh thnthnpuwjwinipyut
gnigutithpubph dwptdunhjujut JEpnisnipniup (UNO UY) «<KELEPHYS»
wywpwwnw-dpuqpuyhtt hwdwihph dhongny[3], jpipwpwbsmnip fudpnid
Juwnwpyl] b htyybu puuwdudiphg wnwy, wjtybu b nputhg htwnn:
Zhunngpudhl jud Juphwughnt wyniuwswihnipjut dbpnnubpny unwg-
ynn gniguwthpbphg quwhwwnyt) k£ ITRS (Index of Tension of Regulatory
Systems) Jupqunphs hwdwlwpgtph jupdusnipjut hugtpu (WZLP) Jud
(SI-stress index) L IVE (Index Vegetative eguilibration) {tkqtwnwwnhy hujuuw-
pwlopmpjuti hunkpu (42b): Zngklwl pulgyudnipjul phypkuhwgh
vwljupnulh npnodwl hudwip jhpumk; E PISHO phuwnp, npunkn jpugly F
hunfwyunnuwupnul hupgnulbupbpenp:

ZEnmwgqnuumipjut ndjujubph Jhdwljugpujut Jpnidnipjniup hpw-
Jutwugyty E Microsoft Excel 2010 (Microsoft, WUL), Microsoft Powepoint 2010
(Microsoft, UUU), “SPSSV 16,0” hwdwljupgsuwjht Spugptpny: ®npdwowph
nno plpwugpp hpuwbwgyk) £ hwudwdwi 2kjuhlyjul heswlugph’ dwpn-
Jwig dwutwlgnipjudp pdojujut hbnwgnuunipjut Lphjuljut tnpdtph
(22 U. zhkpugnt wmudu GNLZ-h Ephlugh Yndhunk):

Cunuhodus puuwdwdnid (I junwdp) (40p uu 5p puuwdhong 40p nuiu)
UNY (upuught phpdh Yéynnujutnipinit), UK (upjut qupltpuljuyght
upnid) b UL thnthnhunipniuutpp tkpuyugdus tu tjup 1-nud:
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nunihg wWawe g hbon nwuhg winwg  Rushg hbann

Ul. 1 U phnipwgnng gniguihobbph thnihnpunijeint Gbkpp
14 1T pdpp unn (pagupoyus puuwdund b sphnupoyués nuuumdwd):

Ouwbnpwugpnipinili. pwiwlmublbp’ CR (cardial rate) — upwp [SGnidiakph hw-
dwfumlubnipinil, SI (Stress index) — Jupguiynphs hwdwupglph jupywénipyul hinkpup,
SAP (Systolic arterial pressure) — uhunnjuyhli quplbpuluyhl &aonid DAP (Diastolic arterial
pressure) - phwuwnnjuyhll quplybpwluyhl saonid:

ZEnwgnuumipjut wnwehtt judpnid UUZ-wih (pnutinid 75-80 quiply) b
UK njuutipnid thnthnpunipnit sh nphunygt: Y2Lb-p pungdhedws nuuhg
htwnn wwhwywyt) k gpbpt tnyt dwwppulnid, htusp Jyuynd £ UN
Jupquynpdwt hwdwlupgbpnid yuwhywidws yupwuhdywphl winh-
Ynipjutt wpjumpjut dwuhl: Zknwgnumipyub 2-pn padpnd 2002
nruwtinnutiph dnwn tunyh gnigwhpubpp quwhwnyt) kb spundhoyws (80p
nuu) nuuwdwdhg wnwy b npuithg wadhpwuy bu htinn: (uly.1) Qpundhoyud
nuuwdwthg 80 pnwyk wug Yupniy wykjuglk] Eu wput vhunnjujhtt
nhwunnjuwihtt qupybpuuyht dupnidutpp b npujbu hbnbwp ntuwing-
ubph dnnn wnwewgnt] hwdwhiwupunnipmni: Y2Lh-h pwpdp wpdbpubpp
Yyuynud Et uhpwn-wnpwjhtt hwdwljupgh jupquynpdub junpntwlut
onuljutpnid ppulinpynn jupduwsnipjutt pupdp dujupnulh b gpuing
wuydwbtwynpjwé hndbnunwnhl] hwjuuwpulopmpjut jupwbqupnid-
utiph dwuht: 2punudhodusd puuudwdhg htwnn 92b unpnil) wdbjugnudp
Jyuynud £ UM Jupquynpdwt hwdwlupgbpnid vhdwyuwphl wliwnhynt-
pjul pugupdwl ghpujuynipyut dwupb: (ul. 2)
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Ul . 2 JEkglununpy hujwuwpuwlopnipyul hankpup
thmpnfuniprniiakpp Eplnt prdpkpnid

Zudwyuwnuwujuwut nuuwdwdtphg htnn quuwhwndby Entuwingubph
hngblub pul&]usnipjut’ nhypkuhwih dwwppulp: Cundhews nuuw-
duidhg htwnn ntuwtinnutiph hngbidhdwljt wpnwhwjnnn gniguthoubkpp sk
gipwquigh] stdpuyhtt vwhdwtp, huly 2-pny judpnd wyu juqunud k 36,2%
htst pun ubphuyugdus vwunnujh punpnoynid £ npytu pupénp dwljup-

nuly (uly. 3):
L SRR . I
zz) 36,2 '

Depression
hing Sk plilpdjusbm pywh
gl

sl jrepprydy grasdgs dfusmariing, 16< 25 < djiphls
atpui tlvaly gy, 43 < 50 sens paipdy

Ul 3 Znqlljul phldjuwénippul dwupnull wpunwhuyinng guupply

Uwnwynp ghpbwpwpbntwédnipjudp pupwgnn Gplupudwdlbn,
spunphwnwynn nuuwdwdbpp nuwbnnubphg wwhwbignid b pupdp
Jupjudnipjut upnpuykgbnnwnhy b hngkdhqhninghwlju jupquyn-
pnudutp, npnug fiwiqupnidutpp Jupnn Gu dbwynpt) mupptp hhgwbnne-
pintuttp: Upnwwnwtph wpmyniupnid unwugdws ghnwljut wndjujubpp
Juplnp tpwbwlmpnit jupnn Eu nitktw] ponthbpnid quuwdwdbph b
punuhenidubph £ogphwin mbinnnipnitubkph vwhdwbdwb gnpéplupwgni:

ZEinwgmnnipin bl hppululnugyly k22 ghinmpyul Indpunkh $pbwbumljub
wowlgmpyunlp '21T-1F013 swélwgpmy] ghunulmb phlugh spowinulabpnid:
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OU3NOJOI'NMYECKHUE MEXAHHN3MbI OIEHKH
IOPEKTUBHOCTH 80-MUHYTHOI'O 3AHATHUSA B
YYEBHOM INPOIECCE

C.A. Hlozepan, A. M. Apymionan, JI.I. Aéanecan, A.A. Caaxsan,
H.A. Caakan
Apmanckuii cocyoapcemeennbiil nedazozuieckuil yHusepcumem um. X. Abosana

AHHOTAIUA

B npencraBnenHoi pabote u3ydanach 3GHeKTUBHOCTH 80-MUHYTHOTO 3a-
HATHA B y4eOHOM IIporiecce. Y CTAaHOBJIEHO, YTO HETIpepsIBHOE 80-MUHYT-
HOC 3aHATUEC MPHUBOAUT K I'MICPAKTUBHOCTH CUMITIATUYECKON CUCTEMEI C
HapyIIeHUsMH BET€TaTHBHOTO PAaBHOBECHS M, KaK CIEACTBUE, K ITOBBIIIE-
HHIO apTEePUAIBFHOTO IaBICHHUS M cepauedueHuto. VceaeoBanus IpoBo-
JWITACH METOJOM MaTeMaTHYeCKOTo aHaln3a BapHaOelNbHOCTH cepred-
Horo purma (MA BCP).

KioueBble ciioBa: BapnaGenbHOCTh CEpACYHOTO pUTMA, CUMITATHYECKast
CHCTEMa, TAXHKap/IHsL.
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PHYSIOLOGICAL MECHANISMS OF EVALUATING THE
EFFECTIVENESS OF AN 80-MINUTE LESSON IN THE
EDUCATIONAL PROCESS

S. Shogheryan, A. Harutyunyan, L. Avanesyan, A. Sahakyan,
N. Sahakyan
Armenian State Pedagogical University after Kh. Abovyan

ABSTRACT

In the presented work, the effectiveness of the 80-minute class in the edu-
cational process was studied. It was discovered that an uninterrupted, 80-
minute class period in students leads to vegetative balance disorders with
overactivity of the sympathetic system and, as a result, to an increase in
blood pressure and heart palpitations. Researches were carried out by the
method of mathematical analysis of heart rate variability (MA HRV).
Keywords: Heart rate variability, sympathetic system, tachycardia.
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