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ABTOMOOINbLHUN, PiYKOBUMN,
MOPCLKUU Ta aBialiMHUN TPaHCNOPT

doi: 10.26906/SUNZ.2021.4.004

B. I. Macsrin, B. O. IBantok, K. M. Konox , A. M. I'puropenko

XapkiBchkuii HarlioHanpHul yHiBepcuteT [loBiTpsaux Cun iM. I. Koxkemy6a, Xapki, Ykpaina

BIIJIUB BIABOPY INOBITPS HA TAT'Y IBUT'YHA

Anoranin. Tsra — HalBaKIMBINIMNA KPUTEPid U BU3HAUCHHS IIBHUJIKOIIIHOMHOCTI JIiTaka, BOHA 3aJeXKHUTh BiJ
KiJIBKOCTI TIOBITpA BifiOpaHoro 3 arMocepH, sKe HaaXOIWTh B ABUTYH. € ps CHCTEM i NMPUCTPOIB, AKi 3a0e3NneuyroTh
¢ynkuionyBanas ['T/l, mo mpairoroTh Ha MHOBITPi, sIKE BIAOHMPAETHCS 3 KOMIIpECOpa, €HEPris SIKOrO B MOJAJBIIOMY
MOBHICTIO 200 YaCTKOBO HE BUKOPHCTOBYETHCS ISl CTBOPEHHS TATH ab0 MOTYKHOCTI. B maHiil ctaTTi mpeacTaBieHo aHaIi3
BigOOpy MOBITPS 3 JABUTYHA 1 BIUIMB HOTO Ha TATy, a TaKOXX MOJEpHi3alii CHJIOBOI YCTaHOBKH, SKi JO3BOJATH B
Maii0yTHOMY MOBHICTIO a00 YAacCTKOBO MiHIMi3yBaTH BTpAaTH MOBITPS i 3MEHIIWTH BIUIMB BTpaT Ha TATY JOBHTYHA Ta

30UILIINTH 10T0 EKOHOMIYHICTE.

KawuoBi caoBa: Bigdip moBiTps, TAra IBUTyHA, OXOJOIKEHHS, HEIPOIYKTHBHI BTPAaTH, EKOHOMIYHICTb .

Beryn

ocranoBka npodJjemu. Tsra — ogHa 3 HalHBax-
TUBIMUX (HaKTOPIiB ISl BUSHAYCHHS IIBUAKOIIJIHOMHO-
CTi JIiTaka, a caMe, HACKUIBKH MIBMIKO JIITAaK MOJKE ITiJ-
HATHCA Ha NOTPiOHY BHcOTy [1]. 3aBmsku aHamizy ¢op-
mysu Creukina b.C.:

P:GFCC_GHV+(pc_pH)FC' 1)

3a3HayaeMo, M0 TSAra MPSMO MPOMOPIIHHO 3aie-
KHUTh Bl MacoBOi BUTpatH noBiTps. EdexkruBHa podoTa
jitaka Ge3MmocepeHbO 3aIeKUTh Bijl BiiOpaHOro MOBI-
Tps 3 atMoc(epu, sike HaAXOJUTh B JBHUI'YH, MPOIOP-
IAHO 3MEHIIEHHIO KUTBKOCTI MOBITPS MOTiPIIYIOTHCS
TATOBI XapaKTePUCTUKH JIiTaKa.

€ pAn cucteM 1 mpUCTPOIB, sKi 3a0e3meuyoTh (Y-
HKIIOHYBaHHA ra3oTypOinHnx naeuryHiB (I'TH), mo
MIPALIOIOTE Ha MOBITPI, IKE BiTOMPAETHCS 3 KOMIIPECopa,
€HEeprisl SKOTO B IOJIAJIBIIOMY ITOBHICTIO 200 YacTKOBO
HE BUKOPHCTOBYETHCS JUISl CTBOPEHHS TATH 200 IOTYX-
wocti I'TJl. Ha 3ailicHenns uux QyHKIii MoXxxe po3xo-
JUTUCH OLJIBIIE IM'STOT YACTUHH MOBITPSI, 10 HAJ[-XOIUTh
Ha Bxim B I'TJI, MmO CHIBHO BIIMBAE Ha TaKTH-KO-
TEXHIYHI 1 JHOTHO-TEXHIYHI XapaKTEePHCTHKH JIITaKiB,
aki € Ha 030poenHi [loBiTpsuux Cun 30poitanx Cui
VYkpainu [2].

AHaJti3 ocTaHHiX Aocaigxensb i myOaikaunii. [1u-
TaHHAM IIIBUIIEHHS €KOHOMIYHOCTI Ta 301IbIIEHHS
TSATH JIBUI'YHA 38 pPaXyHOK 3MEHIIEHHS BUTpAT MOBITPA
MOCBSYEHO 3HAYHA KUTbKIiCTh myOmikanii [2;7-10].

VY naHux myOmikamisix, B OCHOBHOMY, pO3rJsija-
IOTBCSl TIMTaHHA BIUIMBY BiOOPY MOBITPS 3 KOMIIpecopa
I'TA sa Tary nBUTYHA, OUIIXH 3MEHIICHHS KiTbKiCHHUX
BTPAT MOBITPS ajie HE PO3MIIANAIOTHCSA JETAaIbHO Ha SKi
caMe HY)XIU BHTPAYa€ThCS TOBITPS 1 K caMe BIUIUBAE
Ha TATYy JABHUTYHA.

MeTta cTaTTi — aHaNi3 BIUIMBY BiAOOpY MOBITPA 3
KOMIIpeCcOopa Ha TATY JBUI'YHA Ta IUIIXH 3MEHIICHHS
BTpPaT HOBITPSl KOHCTPYKTUBHO-TEXHOJOTTYHUMH 1 €Kc-
IUTyaTauifHUMHU 3aX0/laMH 3 METOIO MiJABMIIEHHS HOTo
TSATOBHUX XapaKTEPUCTUK.

BukJiajg 0CHOBHOTO MaTepiaay

Cepen cucreM, sKi 3a0e31Me4yIOTh (QyHKIIOHYBaH-
a1 ['TJ1 € mpucTpoi, sKi MPaIooTh Ha TOBITPI, SKE BiJl-
OUpPAETHCS 3 TA30MOBITPSHOTO TPAKTY, EHEPTis SIKOTO B
MOJaTIbIIIOMY TOBHICTIO 200 YaCTKOBO HE BUKOPHUCTOBY-
€ThCs 1Sl cTBOpeHHs Taru uu nortyxkHocti I'T/. Cyky-
ITHICTh LIUX MPUCTPOIB 1 MOTOKIB, SIKi MPOTIKAIOTh B HUX,
CTBOPIOIOTH TOBITpsiHY cuctemy I'T/l, siky yacto Ha3u-
BAIOTh CHCTEMOIO BTOPUHHHUX MOBITPSHHUX MTOTOKIB [2].

[ToBiTps, sike BiNOUpAETHCSI 3 KOMIIpecopa, BHKO-
HY€E PI3HOMaHITHI QYHKIIIT:

1. Oxonoodsrcennna oOemaneni zapauoi uyacmuHnu
osuzyna.

PiBeHb JOCKOHAJOCTI IBHUTYHA MPSMO MPOTOPIiii-
HUH TeMmreparypi rasy mepen TypOiHO. 3 TiIBUIICH-
aam T,", TemmepaTypa eJI€MEHTIB, K TypOiHH, Tak i
KOMITpecopa Tak camo 30UbInyoThest. Bucoki Temnepa-
TypH JeTalieil IBUTyHa 3HAYHO 3HIDKYIOTh 3JaTHICTh
CHPHUIHATTS MEXaHIYHOTO HABAHTAXXCHHS 1, OTXKE, pe-
cypc nmerami. J[ist 3abe3medeHHs HAMIHHOCTI JeTasei
TypOiHU mepenbadeHo TX OXOJOMKeHHS. 3aIHi MOI0CTi
JIOTIATOK COIUIOBOTO amapary, AMCK 1 po0Oodi JIOmaTKu
TypOiHH, KOMIIpecopa, KOpIycy TypOiHH, JIOTIATKH COTI-
JIOBOTO arapaTa TypOiHM BEHTHJIsITOpa 1 11 JUCK 3 JIiBOT
CTOPOHH OXOJIOJUKYIOTHCSI TIOBITpSIM 4Ye€pe3 OTBOPH B
KOpIYCi KaMepu 3ropaHHs MOCTYHAlOTh B TEIIOOOMiH-
HUK, TaM OXOJIO/KyeTbest Ha 150 — 220K i yepes xia-
TIAHHHUY amapaT H1e Ha OXOJO/PKEHHS JeTayied TypOiHu.
3rifIHO YMCENbHUM €KCIePHUMEHTAIbHIM JJAHUM BHTIK B
MPOTOYHY 4YacTUHY 1% OXOJNOKYIOYOro TMOBITPS 3HH-
xye KK/I na 1-1,5% B 3ay1e)HOCTI Bix Micls HaaTyBY,
HOro HAMpSAMKY Ta iIHTEHCHBHOCTI [3].

2. Haooys ywiinoHeHb MACAAHUX NOPONCHUH §
0X0J10091CEHHA ONOp.

[pane3naTHicTs ONMOPH 3aJIEKUTH Bifl ITapaMeTpiB
CEPEIOBUIIN, IO OTOYYIOTh 1 3HAXOAATHCS BCEPEIHHI
MacJIsIHOT OPOXKHUHHU.

Ha nBuryni AJI-31® BukOHaHA cucTeMa HaIIyBY
OIOp sIKa NPU3HAYCHA ISl 3aXHCTY TIa30MOBITPSIHOTO
TpaKTy IBUTYHA BiJl TIOTIQJaHHS Macyia 3 OIop POTOPIB.

4 © Macsrin B. L, Isanrok B. O., Konox K. M., I'puropenko A. M., 2021
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3. PoszsanmadiceHHA paodianbHO-YROPHUX RiO-
WIUNHUKIG.

Pi3HHIIT OCHOBUX CHII, IO AIFOTH HAa KOMIIPECOD i
TypOiny, cnpuitmMaetscs PYII. HaBanTakeHHS, IO Ii€e
Ha pamiaTbHO-YIOPHUHA MiAIINITHUK IIOBUHHO OYTH B
Mexax 5-30xH. ¥V pasi, gKmo 3ycHuis ImepeBHIIye Io-
IIyCTHME 3HA4YEeHHS, TO OJHHUM 13 IUIIXiB 1o ii 3MeH-
LIEHHIO € BBEJCHHS PO3BAHTAXyBaJbHUX IOPOXKHUH,
00MEKEHUX YUIUIHCHHIMU [2].

4. Ynpaeninnsa paodiansHumu 3azopamu mypoo-
Komnpecopa.

Ha xoeoinieHT xopucHoi aii kommnpecopa i TypOi-
HU TyXX€ ICTOTHHH BIUIMB POOJSATH 3HAYCHHS padiajib-
HHUX 3a30piB MK €JIeMEHTaMHU poTopa i craTopa. 3a30pu
MPU3HAYAIOTh TAKUM YHHOM, 1100 BUKIIOYUTH 3iTKHEH-
HS poTOpa i cTaTopa 3MEHIIUTH IO MiHIMyMY Bpi3aHHS
rpeOiHIIB YIIITEHEHP B MOKPHUTTS, AKi CIPAllbOBYIOTh.
BinmpmIicTe ABHUTYHIB, IO MalOTh CHUCTEMH YIIPaBIiHHS
panianTbHUMH 3a30paMH, 3aCTOCOBYIOTH CHCTEMH, IO
BIUIMBAIOTh Ha TEMIIEpaTypHHUW CTaH CTaTOPHHUX JeTa-
JIeW IUISIXOM YIPABIIHHAM KiIBKICTIO TIOBITPS, BUKOPH-
CTOBYBAHOTO JUIsl X 00/ TyBaHHSI.

5. Ilpomuoéniontosansna cucmema 06uzyna

[Ipm3Hauena i 3amoOiraHHS 3JIEICHIHHA KOKa,
BXIJTHOTO HAIIPaBJIAI0YOTO arnapary i IpuiMadiB TemIle-
paTyp i THCKY, BiIOMpAETbCS TOBITPS BiJg CHOMOI CTY-
meHi koMmpecopa Bucokoro tucky (KBT). JIBuryHm, ski
MaioTh BHA, BuMaraiote #oro o0irpiBy Ha BHCOTHHX
peXuMax poOOTH I 3aXUCTy Bix oOMep3aHHA. «[ aps-
4ye» MOBITpPS, W0 NPOXOAWUTH Yepe3 ITyCTOTUI BXiIHI
HanpsiMHi anapatu (BHA), nmani 3a3Bu4aii BUKOpPHUCTO-
BYETHCS ISl 00IrPiBY KOKa.

6. Ilompeou nimaxa.

[ToBiTps 11 noTped JTiTaka MiBOANTHCS 3a3BUYAi
JUIsl HaJJIyBYy Ta repmerusanii kaOiHW jiTaka, o0ayBYy
CKJIa JiXTapsi KaOiHH, OXOJIOKCHHS 00JaJHAHHSA, KOH-
JUIIFOBAHHS 1 pOOOTH MPOTHOOINITHIOBAIEHOI CHCTEMH
mitaka. J{nsg 30epekeHHs KOHKYPEHTOCIHPOMOXKHOCTI 1
TIONIUTY Ha JBUTYHH, PO3POOHUKH 3aCTOCOBYIOTh B ITPO-
eKTyBaHHI HOBITHI METOAMKH i IPOTPaMHi IMaKeTH, M-
BHIIYIOTH POOOYi TEMIIEpPaTypH .

OnHUM i3 METOMIB € CTBOPEHHS MaTeMaTHYHUX
MoJieJield pi3HOTo THITy, X BU3HAYAIOTh, K «300paxeH-
Hs ICTOTHHX CTOpPIH peabHOi cucteMu abo ii KOHCTPYK-
il B 3py4Hiit popmi, mo BinoOpaxae iHGpoOpMaIito Tpo
cuctemy» [10], mpUiHATO AOMYIIEHHS, IO BiAOip MOBi-
Tps BinOYBA€THCS 32 KOMIIPECOPOM, IO 301IbIIyE MOT-
piOHY MOTYKHICTH KOMIIpEcopa i BHOCUTBHCS MOXHOKa B
TEpMOTa30AMHaMiuHi po3paxyHKH. BoHa ciyxuTh U1
BU3HAYCHHS JAaHWX JBUT'YHAa Ha PI3HUX PEKUMax eKc-
IuTyaTanii, onucaHHs poOOYOro IMpouecy B eJIeMeHTax
JIBUT'YHa, 3B'SI30K MK THCKOM, TeMIIEpaTypolo, BUTpa-
TOIO TOBITPS i ra3y B Pi3HMX TOYKAaX TPAKTYy ABUTYHA.
HasiBHICTP TakWX AaHUX € HEOOXiTHOI YMOBOKO IS
MOJIAJIBLIOr0 NPOEKTYBaHHS BY3JIiB Ta CHCTEM JIBUTYHA,
B TOMY YHCII 1 71 PO3PaxyHKY CHCTEMH BHYTPIIIHBO-
T'O OBITPONIOCTaYaHHA | IPOESKTYBaHHA yIIiIIbHEHB. [8].

Tako, 3aCTOCOBYIOTH MPOrpaMa po3paxyHKy CHC-
TEM OXOJIOJKCHHs ra3oBux TypOiH. Po3pobnenuit me-
TOJl PO3paxyHKy 3aCHOBaHMI Ha IPEJICTAaBICHHI CUCTe-
MU OXOJIO/PKEHHSI Y BUTIISAL rpada, 3 sSIKoro BHIUISIOTh-
cs1 0a3ucHi Xxopau 1 OynyeTbest MiHiManbHE aepeBo. Pos-

pPaxyHOK BHKOHYETHCSI METOIOM IIOCIiOBHUX HaOIu-
JKEHb 3 ypaxXyBaHHSAM IIIrpiBy MOBITPS B KaHAJIaX CHC-
TeMH 0X0JI0KeHHS. Lle 3po0seHo 3 METOI0 BU3HAYCHHS
rmapaMeTpiB MMOTOKY I10 BCiii Mepexi 3a BiIOMOIO TeoMe-
Tpi€r0 KaHAJIB i 3HAUYEHHSIM Ta30IMHAMIYHHUX IapaMeT-
piB [4, 5]. JlikBigaItist HEIPOMYKTHBHUX BUTOKIB 0XOJIO-
JDKYIOYOTO IOBITPS SIBJISIE COOOI0 OJIHY 3 HalOLIbII Ba-
JKIIMBUX 1 HAWOLIBII 3HAYHHX 1O OACPKYBAHOMY c(ek-
Ty 3aBJaHb NpPU NPOEKTYBaHHI JBUTYHa, a 30KpeMa,
TypOiHu. BHTIK KOKHOTO BiJCOTKa MOBITPS BUTpAaTH B
panianbHHUN 3a30p MPHBOAUTH O PIBHOTO 32 BEJIWYH-
Hoto 3meHueHHs KKJ[ crymeni TypOiHM, a 3Ha4uThH
3MEHIIEHHS TATU JIBUTYHA.

JIBUI'YH BUKOPHCTOBYE MOBITPS 3 KOMIpecopa [uis
OXOJIOJUKEHHS, 1€ IPUBOIUTD IO BIJTHOCHOTO 3HM)KCHHS
TATH JBUTYHA Ta HOTO €KOHOMIYHOCTI, THM CaMHM 3HH-
Kye e()eKTUBHICTD ABHTYHa (Ha MaKCHUMAaJbHHX PEXKHU-
Max 3HIKY€EThCS NMUTOMA TATA, Ha KPEHCEPCHKUX PEKHU-
Max poOOTH 30UIBLIYETHCS MUTOMA BHUTpaTa IajHBa).
KokeH BiZICOTOK BUTpATH MOBITPS, SKE OXOJOKYE JIO-
narku THT i BimiOpanoro 3 ocrannwsoi ctymeni KHT,
MOJK€E TIPU3BECTH J0 BTPATH IOTYKHOCTI YW 3HUKEHHIO
e(eKTUBHOTO Koe(illieHTa KOPUCHOI Aii TypOinu [6].

VYcnimHe BHpImEHHS 3afad BTpAT MOBITPST HEMO-
XKIMBO 0€3 3acTOCYBaHHS HOBHX MarepialliB Ta TEXHO-
JIOTi BUTOTOBJICHHS, PETYIIOBAHHS IT0J1adi HOBITPS 10
€JIEMEHTIB, AKi OXOJOMKYIOThcA. BUKOpHCTaHHS HOBHX
MaTepiajiB € OJHUM 3 HaWOUThII Ji€eBHUX 3aco0iB 3011b-
mieHHs edekTHBHOCTI 1 HafmifHOCTI TypOiHM. BoHHM mo-
3BOJIIIOTH O€3MocepeIHbO 301IbIYBaTH 31aTHICT TypOi-
HM TIpalioBaTH INpU OUIBII BHCOKUX TeMIleparypax 3i
36epexennsM KT/l i BUTpaTn OXOJIOKYIOUOTO TOBITPSI.
Haii6inpi1 nporpecuBHUM € BUKOPHCTaHHS KepaMiuHHX
TEIJIO3aXUCHUX  NOKputTTiB.  Hampukian, — dipma
«Siemens» Ha CBOIX BEJIHMKUX IMIIHIPUYHUX KaMepax
3aCTOCOBYE KepaMiuHi IUTUTKH, HE MOB'S3aHI )KOPCTKO 3
OCHOBHOIO KOHCTPYKIII€IO, a B Ta3030ipHUKY — METaJeBi
TUTATKH, TIOKPUTI KepaMikoro [5].

OmHUM 13 METOJIB 3MCHIICHHS BTPATH MOBITPS 3
ra30MOBITPSIHOTO TPAaKTy JBUTYHA, A 3MEHIICHHS
BHYTPIIIHIX TepeTiKaHp MOBITPpA (ra3y) 3 00JacTi 3 mia-
BUILEHUM B 00JAaCTh 31 3HMKEHUM THCKOM Tra30BOTO
TPaKTy JIBUI'YHA, JUIsl 3SMEHIIEHHs 200 MOBHOTO YCYyHEH-
Hsl BUTOKIB PiZIMH B arperarax i onopax BaJiB, JUis BH-
KITIOUEHHST BUTOKIB B 3WICHYBaHHSIX KOPIYCiB, TPyOOTI-
POBOJIIB € BUKOPHUCTAHHS YIIUJIbHEHb. 3MEHIIICHHS BH-
TOKIB 1 NepeTikaHHs MOBITPs (Ta3y) B ra3onoBITPSIHOMY
TPaKTi JBWTYHA Bele IO IMiJIBHIICHHS CPEKTHUBHOCTI
I'TA six TeruioBoi MammHK. B TypOiHax s ymiasHeH-
HS CTHKIB MIX CTaTOPHUMH JETAISIMH 3aCTOCOBYIOTBCS
NIPY>KUHHI KiJbLEBi yniiisHeHHs, W-00pasHi B mepepisi
YIIUIBHEHHS, a JJIsI POTOPHUX AeTalled - yNIiIbHEHHS
JIPOTOM, SIKa 332 PaxyHOK BJIACHOT'O BiJIIEHTPOBOTO Ha-
BaHTaXXEHHS YIIUIBHIOE CTUK [7].

BnpoBakeHHsT OIITKOBUX YIIUIBHEHb, TaKOXK €
ONHUM 3 e(EeKTUBHUX CHOCOOIB 3MEHIIEHHS BUTOKIB
MOBITpsi. BoHM SIBISAIOTH COOOIO MYYKH IPOTY 3 JTyKE
TBEPJOrO CIUIaBy (HANpPWKIAA, HA OCHOBI KOOAmbTy).
I'Hy4KicTH OTPUMAHOTrO Iy4Ka € TOJOBHOIO IEPEBAroro
LIITKOBUX YIIUIBHEHB 1 JI03BOJIsIE HOMY 3a0e3reuyBaTH
MiHIMaNbHUH 33a30p 1 MiHIMaJIbHI BUTOKHM Ha BCIX PEKU-
Max pobotu. ITocTiiHMH KOHTAKT 1 cTabiIbHO MiHIMa-
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JbHI BUTOKHM fatoTh 1Y 3HauHy mepeBary npuoOJInu3HO B
20% (B mesxux mxepenax g0 40%) BeNWYWHU BUTOKY.
Xapakrepuctuku 1Y 3anexars Binm 3HOCY (OKPYKHOI
IIBUIKOCTI 1 SIKOCTI IOKPHUTTS HA IPOTHJICKHIH MOBEepX-
Hi poropa). OnTHMaibHE TTOKPHUTTS (HAaHECEHHH 3a J10-
MTOMOTOI0 TTa3MHu KapOiZ XpoMy) B IBa paszd 3MEHIIYeE
3Hoc. 1I1Y nocuth no0Ope nokasanu cebe B eKcIuryaTanii
B crarioHapaux Typ6inax «GE Power Systems» [5].

Ha nesikux IBUryHax Juisi 3MEHILEHHS TeMIIepaTy-
PHY OXOJIOJTHOTO TMOBITPS 1 3a0e3meueHHs HOro HaiiiHO-
ro BXOJDKEHHS B KaHalll oXoJio/pkeHHs PJI moBiTps min-
BOJIUTHCS 3 ONEPEIHIM 3aKpyUYESHHSIM y OiK 00epTaHHS
pobGoyoro koyeca cu=U. [y IpOro BCTAHOBIIOKIOTH
armapar CyIyTHBOTO 3aKpy4eHHS. Y DEIIiTKaX JIOHAaTOK
armapara CyHNyTHBOTO 3aKpYYeHHS, IOBITPS PO3IIUPIO-
€TBCSL, IO CYNPOBODKYETHCS 3HIKCHHSAM HOTO TeMIle-
patypu. Y pe3ynbTaTi 3aKpydeHHS IOCATAETBCS OChO-
BHH BXil W = ca y KaHalll AuCKa (MK HDKKaMH Joma-
TOK) 0e3 rajbMyBaHHS IOTOKY, a 3HIKEHHS TeMIlepaTy-
PH TIOBITPSl BU3HAYAETHCS 32 (POPMYJIOLO:

2
. . CZ u2

F R R | 2R mm

1 Moxe nmocsrath Beamunan AT* = 70...80 K. Sxmo
BpaxyBaTHu, IO Ha KpeHcepCchKuX pekuMax (Ha SKHX
nsuryHH npamioioTh 80...90 % gacy) Temmneparypa rasy
HIDKYE, HiXK Ha 31iTHOMY pexnmi Ha 150...200 K, To Ha
MOYaTKOBOMY CTaHI IOTIK MOBITPS, IO HAIXOIWTH B
OXOJIO/KYBaHI JIONATKM, MOKHA 3MEHIIYBaTH IS MiAT-
PUMKH €KOHOMIYHOCTI poO0TH IBHUTrYyHa [6].

[Tpu monboTax 3 HAI3BYKOBOIO HIBUJIKICTIO MaHEB-
PEeHUX JiTakiB 3 0araTope)KMMHUMH JIBUT'YHAMH HE00-
XiJJHA 3HaYHa TeMIleparypa rasy 3a KaMepow 3rOpsiHHs
JUIsl TOCSITHEHHST BUCOKHX 3HAuUeHb TATH. AJie Lie 3MYIIy€E
OpraHi3oBYBaTH i CYTTEBiI BiOOpH TOBITPS HA OXOJIO-
JDKSHHSI JIOTIATOK COIIOBMX arlapariB i JIOMaToK pobodo-
ro koneca TypOinn. OcobmiBo mepmmx ii crymeniB. Ha
KpeHCepChKHX, TO3BYKOBHX PEXHMMax MOJILOTY TeMIepa-
Typa Ta3y Imepen TypOiHOIO Ha KilbKa COTEHb TparyciB
MeHIIe 1 30epekeHHI BEJMKUX BiIOOPIB TOBITPS HA 0XO-
JIO/KEHHsI TYpOIHM HaJMip-HO, BOHO TUIBKH TIOTIpIIYE
ra3ofiMHaMiuHi mapametpu mukiIy asurysa [11, 12]. s
€KOHOMHOI BUTPATH MOBITPSI, SIKE BUKOPHCTOBYETHCS JIJIsI
OXOJIOJPKEHHsI TypOIHM Ha PI3HHUX pexuMax poOOTH JBHU-
T'yHa peajli3oBaHO PETYTIOBaHHS MOAadi MOBITPS A0 OXO-
JIOPKYBAIBHUX JIOMAaTOK TypOiHW, HE 3BaKalo4W Ha
YCKJIaJIHEHHsI KOHCTPYKIIT JBUT'YHA.

Ha nBuryni AJI-21® € cucrema ynpaBiiHHS OXO-
JIO/DKEHHAM TypOiHM (puc. 1), ska mNpu3HAYeHa IS
BKJIIOYEHHS 1 BHKIIIOUCHHS MOJAdi INOBITPS Ha OXOJIO-
JDKeHHsI TypOiHN Ha pexuMax, OJIM3bKHUX IO MaKCUMallb-
Horo. IIpu BKIIIOUEHOMY OXOJIOJDKEHHI KUIBKICTh IOBIT-
ps, sIKE TIOJIAETHCSI Ha OXOJIOMKEHHS TYpOiHM, 301IBIIy-
etbest y 2,5 — 3,0 pasu. [ momadi MOBITPS B KEPYIOUY
MOPOYKHUHY KJIAIIAHHOTO anapaTa BiJKIIFOUeHHs B CHCTe-
MY BXOJIWTb arperaT yIpaBIiHHSI OXOJIOKEHHSM (pHC. 2)
[5, 11]. Takox iCHYIOTh CriemiaibHi 3aCJIOHKH y BHIJISI
HEMUIFHO TPWIISTAIOY0l O BIAMOBITHOI NMeTami KiibI,
MOBEPTAIOYUCh HABKOJIO OCi JABUTYHA 3 JOIOMOTOI0 Me-
XaHI3My YNpaBJIiHHS, BiJJKpHBac ab0 3aKpHBaE€ OTBOPH
JUIsL TI0Z1ayl MOBITPS HA OXOJIO/PKCHHS 3aJHBOI YaCTHHH
repa JIOMaToOK MEpLIOro COIUIOBOTO amapary, pobouoi

AT =

JIOTIATKH 1 JPYyToro COIIIOBOTO amapary. Ilpm 3akpuTmx
OTBOPAX OXOJIOKYIOUHH TOBITPS MOTPAIUIIE B JIONATKH,
MIPOXOJTYN Yepe3 3a30p MiK ITOBOPOTHOIO 3aCIIHKOIO 1
po3moniuTEHEM KimbIieM. Taka cucTeMa JO3BOJSIE Ha
KpEeHWCepChKUX pEeXUMax poOOTH JBUTYHA BHUTpAadaTH
MEHIIIE TTOBITPS HA OXOJIO[DKEHHS 1 3MEHIITYBAaTH BUTPATY
nammsa [2]. Ha TPJI® AJI-21®-3 peanizoBaHO MpuUMH-
HCHHS TMOJadui OXOJIO/PKYIOYOT'O MOBITPS B TypOiHY Ha
KPEHUCEPChKHUX PeKUMAX JJIS MiJABUIIICHHS EKOHOMIYHOCTI
JMBUTYHA. 30UIBIICHHS JajdbHOCTI TOJILOTY JIITaKiB 3a
PaxyHOK PEeryJIIOBaHHS IOJavi HOBITPS IO OXOJIOJKYBa-
HUX JIOTIATOK COIUIOBUX amapariB i poOOYMM JIOMATOK
Typ6iau TPJ ckmano Big 4 mo 5% [5, 13].
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Puc. 2. Arperar ynpaBniHHs OXOJOIKESHHSIM,
po3pobiieHo aBropamu 3a nanumu [13, C 1520]

[Ipu cTBOpenHi BucokoTemneparypuux ' T]l Hai-
OLIBII CKITQHOIO MPOOIEMOIO € 3a0e3MeUeHHS HalIHOT
po0OTH eneMeHTIB, AKi MiANalOThCS BIUIMBY BEIUKHUM
MEXaHIYHAM 1 TeMIepaTypHUM HanpyxXeHHAM. Jlis
LILOTO TPOEKTYIOTh PSIJl CHCTEM, SIKi 3a0€31eUyI0Th 0X0-
JIOJDKEHHSI YacTHH JBUTYHA Ta PETyJIOBaHHS Mojaadi
TIOBITPS 1 THM CaMHM MiHIMi3YIOTh BTPaTH IOBITPSL.

3aBnsiku MojepHizanii asuryna AJI-31d itaka
CVY-27 MOXIIMBO OTPUMATH NPHPICT TATH B 7% 1 3MeH-
IICHHS BUTOKIB MOBITPst Ha 4% (puc. 3). Cymsuu 3a Ha-
SBHAUMH BiJJOMOCTSIMH Y BiAINOBiTHIN HayKoOBiH JiTepa-
TYpi, 3aCTOCYBaHHS CHCTEM PETYyJTIOBAHHS IMOAadi MOBi-
TpSL 10 OXOJIODKYBAHHUX JIOTIATOK COIIOBHX amnapariB i

6



Aemomobinvnuil, piukosuii, MOpcbKull ma agiayistHuii mpancnopm

pobounM JomaToK TypOiH Ha BITYM3HSHUX ra3oTypOiH-
HUX JBHATYHaX U1 OOMOBMX JITakKiB € OpPUTiHAIBEHIM

BucHoBkH

IIpu cTBOpenHi BucokoTemneparypuux [ T[] Haii-

TEeXHIYHUM PIMICHHSIM Ui €KOHOMIYHOTO BUKOPUCTAH-
HS KiJIBKOCTI OXOJIO/DKYIOUOTO TIOBITpS Ha PI3HHX pe-
KIMax poOOTH IBUTYHA i HE Ma€ aHAJOTIB B CBITI.

OLJIBII CKJIQHOIO MPOOJIeMOIo € 3a0e3neueHHs HaliiHOT
poOOTH €NEMEHTIB, sIKi MiIAAI0ThCS BIUTUBY BEIHKHM
MEXaHIYHUM 1 TeMIEePaTYpHUM HaIpy>KEHHSM. 3BEJICHHS
J0 MOXIIMBOIO MiHIMyMy, HENpPOXYKTHBHHX BHTOKIB
wrfe razy 1 OXOJIO/KYIOUOTO TOBITpS SBJISE COOOI0 ONHY 3
HAMOUTBII BaXXITMBHUX 1 HAHOLIBII 3HAYHUX 110 OJICPIKYBa-
HOMY e(eKTy 3aBJIaHb IIPH NMPOCSKTYBaHHI TypOiHu. BuTix

110 ”

A/ KOXKHOTO BiJICOTKAa BUTpAaTH Ta3zy B palialbHHUN 3a30p
// NPU3BOAUTE [O PIBHOTO 32 BEJIMYMHOKIO 3MCHIICHHS
105 7 = KK cryneni TypOiHu.

/

[pexcraBneni B cTaTi aHaJi3M BHUTOKIB TIOBITPS 3
»

JIBUT'YHA 1 BIUTMB iX Ha TATY, a TAaKOXX BapiaHTH MOJIEPHi-
3aliif CHJIOBOI YCTaHOBKHM JI03BOJISITH B MalOyTHHOMY
MOBHICTIO YW YacTKOBO MiHIMI3yBaTW BTpATH TMOBITPS i
3MEHIINTH HIKiJJIMBUI BIUIMB Ha TATY JBUI'YHA Ta 30111b-
LIATHA HOTO €KOHOMIYHICTB .

65 75 P,xH
=== — [IPOTOTHII 3 BUTPATAMH;
== — IIPOTOTHII MOJICPHI30BaHUI1

Puc. 3. 3mina TsrU BijJ KiJIBKOCTI MOBITPS HA BUXO/I
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Influence of air extraction on engine thrust
V. Masyagin, V. lvanyuk, K. Konokh, A. Hryhorenko

Abstract. Traction is one of the most important factors in determining the speed of an aircraft, namely how fast the air-
craft can rise to the desired height. The effective operation of the aircraft directly depends on the selected air from the atmosphere
that enters the engine, in proportion to the decrease in the amount of air deteriorating traction characteristics of the aircraft. There
are a number of systems and devices that ensure the operation of gas turbine engines (GTE) operating on air, which is extracted
from the compressor, the energy of which is then not fully or partially used to create traction or power GTE. This article presents
analyzes of air extraction from the engine and its impact on traction, as well as modernization of the power plant, which in the
future will fully or partially minimize air loss and reduce the impact of losses on engine traction and increase its efficiency. Hav-
ing considered the functions for which air is extracted, acquainted with the scientific literature and manuals for technical opera-
tion of the Su-27, it was possible to obtain an increase in thrust of 7% and a decrease in air leakage by 4%. When creating high-
temperature gas turbine engines, the most difficult problem is to ensure the reliable operation of elements that are exposed to high
mechanical and temperature stresses. Elimination, more precisely - minimization of unproductive leaks of gas and cooling air is
one of the most important and most significant in terms of the effect of the tasks in the design of the turbine. Leakage of each
percent of gas flow into the radial gap leads to an equal in magnitude reduction in the efficiency of the turbine stage. The analysis
of air leaks from the engine and their impact on traction, as well as options for power plant upgrades will allow in the future to
fully or partially minimize air loss and reduce the harmful impact on engine traction and increase its efficiency.

Keywords: air extraction, engine thrust, cooling, unproductive losses, efficiency.
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_ AUHAMIKA 3BVIBIIEHHA OITOPY MMOBITPSI
Y BOMOBOMY BIJAIVIEHHI TAHKY IIPH UOT'O 3ATOIIVIEHHI

Anoranis. [IpexMeTroM BUBYEHHS B CTAaTTi € JUHAMIiKa 301IBIICHHS OMOPY MOBITPsl y O0HOBOMY BiAIIICHHI TaHKY IIpH
Horo 3aroruieHHi. MeT0I0 CTaTTi € BU3HAYEHHS EKCIICPHMEHTAIbHUM HIIIXOM (YHKIIIOHANBEHOI 3aJIEXHOCTI ITOCTIHHOTO
yacy MepexiJHOro npouecy A AWHAMIKU 301IbIIEHHS ONopy NOBITpsA y 00HOBOMY BiIJIiIEHHI TaHKY IIPU HOTO 3aTOIJICH-
Hi. 3aBJaHHA AOCJIIZKeHHS: OCKUIBKI AWHAaMiKa 301IbLICHHS OMOpY MOBITPs Yy 00HOBOMY BiAIiNICHHI TaHKY IpU HOTO 3a-
TOIUICHH]I 3yMOBJICHA IEPEXiTHIUM MPOLECOM BHUTICHEHHS MOBITPS MiJ Yac MEPeXiTHOTro Mpolecy 3alOBHEHHS 00’ €My yd-
60Bo-mirouoro crenay (mami — Y/IC) 60ii0Boi MalMHU 3 ypaxyBaHHAM 0araTo()yHKIIOHANBHOI 3aJI€KHOCTI MOCTIHHOI Yacy
Ta 3 ypaxyBaHHIM CKJIaJHOI reoMeTpH4IHOi (hopMu BHYTpimHBEOro 06’ eMy Y /IC Ta Heneper0aqyBaHOTO PO3TAIIyBAaHHS 30H
MIPOTIKaHH, TO JUIS IIOTO TIPOTIOHYETHCS 3BOPOTHHI ITpoLieC BU3HAUEHHS (QYHKIIOHATIBHOT 3aJIeXHOCTI MOCTIHHOI Jacy de-
pe3 31MB Hamepex 3armoBHeHoro Bojxolo YJIC: BH3HauuTH 4ac 71 CHOPOXKHEHHS MOBHICTIO 3alIOBHEHOTO BHYTPILIHBOTO
00’emy Y/JIC vepes 3MUBHY CHCTEMY B MiJI031 60HOBOTO BiJIIICHHS; BU3HAYUTH Yac 72 CIOPOKHECHHS MOBHICTIO 3aIlIOBHE-
HOro BHYTpimHbOro 00’eMy YJIC depe3 HEHMIUIPHOCTI Ta HE TEPMETUYHICTh YCIX CTUKYBAJIbHUX EJIEMEHTIB Ta MPHUJIALiB.
MeTo07I0TI9HOI0 OCHOBOO AOCIIIKCHHS CTAIN 3arajbHOHAYKOBI Ta CIeLialbHI MeTOAU HAYKOBOTO Mi3HAHHS: Teopis di-
3HKH, Teopis OyaoBa OPOHETAHKOBOI TEXHIKH, BUKOPUCTAHHS MPAKTUYHUX HaBUYOK. OTpHMaHi Taki pe3yJbTaTH: BH3HA-
YEeHO Ta HaJaHO OMUC (YHKIIOHATBHOI 3aJIeKHOCTI MOCTIHHOTO Yacy MEPEeXiIHOTrO MpoIecy JUIS AWHAMIKK 301TbIICHHS
OIIOpY MOBITPsl Y 00HOBOMY BilIiJIEHHI TAHKY HPH HOTO 3aTOIUICHH] €KCIIEPUMEHTAIBHAM [IUISIXOM, 3BOPOTHHH NPOIIEC BU-
3HaueHHS (YHKLIOHAJIBHOI 3aIe)KHOCTI MOCTIHHOT Yacy yepes 31UB 3arnoBHeHOro Bojoio Y/IC: Bu3HaueHuit yac 71 criopo-
JKHEHHSI TIOBHICTIO 3aITOBHEHOT'0 BHYTpimHbOro 00’eMy YJIC yepes 31MMBHY CHCTEMY B ITi103i G0HOBOTO BiJIICHHS; BH-
3HaYeHWH yac 72 CHOPOKHEHHSI MOBHICTIO 3aIlIOBHEHOTO BHYTPIMHb0ro 06’eMy Y/IC uepe3 HEIIiIbHOCTI Ta HE TepMeTHY-
HICTP yCiX CTHKYBQJIFHHX €JIEMEHTIB Ta mpwiafiB. [loctaBneni 3aBoaHHs MOCTIHKEHHS NOCATHYTI. BucHoBku. Omuc am-
HaMiYHOTO 301/IBIIEHHS OTIOpPY MOBITPS y 00HOBOMY BiAiICHHI TAaHKY IPHU HOTO 3aTOIUIEHHI MOXKHA 3IIHCHUTH iHTErpalib-
HOK0 XapaKTEPHCTHKOIO MEPEXiJHOTO MPOLECy 3 OJHMM HAKOMUYyBadeM (DYHKIIOHATHHO 3AJICKHOIO0 MOCTIHHOrO 4acy T,
SIKy JIOL[JIEHO BUSHAUMTH €KCIIEPUMEHTAIIBHO 32 PO3PAXYHKOM.

KawuoBi cnoBa: nuHamika, omip moBitps, 60iioBe BigaineHHs TaHKy, Y J{C, 3BOpOTHii nporiec, nepexiaHuii mporec.

Beryn

IMocranoBka mnpo6GJjeMuH Ta 3aBIaHHA 0CJTi-
nxennsi. [Ipu 3atomsieHHI OpOHETaHKOBOI TEXHIKHM a0o
yuboBo-gitouoro creuay (mami VJIC) aunamika 301J1b-
LIEHHs ONOpY IOBITPS y OOWOBOMY BiIIIJICHHI TaHKY
IIpU [bOMY 3yMOBJIEHa IEPEXiJHUM IIPOIECOM BHTIC-
HEHHS MOBITPS I Yac INEPeXiJHOTO IPOIECy 3aloB-
HeHHs 00’ emy Y JIC 00i0BOi MaIinHuy.

3 ypaxyBaHHAM Oarato(yHKI[IOHATBEHOI 3aJIeKHO-
CTi MOCTIHHOI Yacy Ta CKIAAHOI T€OMETPUIHOI (hopMH
BHyTpimHBOrO0 00’eMy YJIC Ta HemepenbOadyBaHOTO
po3TallyBaHHsI 30H MPOTiKaHHsI, MPONOHYETHCS 3BOPOT-
HUIl Tporec BU3HAYEHHS (YHKIIOHATHHOI 3aJIEXKHOCTI
MIOCTIMHOI Yacy dYepe3 3JIMB Harepe] 3allOBHEHOTO BO-
noro Y]IC.

AHani3 ocraHHiX AocjaimKeHb i myOmikamiii.
CTOCOBHO 3a3HaYeHMX BUILIE INUTAHb 3acBiqUye, IIO
TEOPETHYHO JlaHE IHTAaHHS ITOBEPXHEBO HABEJCHO Y
TEXHIYHIH JOKyMEHTAlii 10 eKcIuTyaTanii Janoi OpoHe-
TAHKOBOT TEXHIKHA aje 1010 myOmiKamin
y BUJIaHHSX 3 aHOI TEMaTHKH TaKuX JaHUX He OyJIo.

MeTo10 cTaTTi € BU3HaUeHHS (DyHKIIOHAJIBHOI 3a-
JISKHOCTI TIOCTIMHOTO Yacy MEpexigHOTo IMpOoIecy Iyt
JUHAMIKH 301JIbIIEHHS OTIOpY MOBITPsS y O60ifoBOMY Bif-
JUIeHH]I TaHKY IpW HOTO 3aTOIUICHHI €KCIIePHMEHTAIIb-
HUM HUISXOM. 3aBJaHHS TOCTIIKeHHS: TaK SK JIWHA-
MiKa 301IbIIEHHST OTIOPY TOBITPSl y OOHOBOMY BiJlIiJICH-
Hi TaHKY MPU HOTO 3aTOIUICHHI 3yMOBJICHA MEPEXiTHUM
MIPOLIECOM BUTICHEHHS MOBITPS MiJl 4Yac MEepexiHOro
npolecy 3arnoBHEHHS 00’eMy y400BO-IiI0YOrO CTEHIY

(mam — Y]JIC) GoifoBOi MammHH 3 ypaxyBaHHSIM Oara-
TO(YHKI[IOHAIEHOT 3aJIe)KHOCTI TOCTIMHOI 4Yacy Ta 3a
CKJIaJTHOI TeOMETPUYHOI (POPMHU BHYTPIIIHBOTO 00’ €My
YJIC i HenepenOadyyBaHOTO PO3TallyBaHHS 30H IPOTi-
KaHHs, TOP ISl LOTO MPOMOHYEThCS 3BOPOTHHUII HpO-
1eC BU3HAYCHHS (PYHKIIOHAIBHOI 3aJICKHOCTI MOCTIM-
HOI 4Yacy uepe3 3JIMB Hallepej 3allOBHEHOTO BOJOIO
VJIC. Ile no3BoJse:

— BU3HAYUTH 4Yac 71 CIOPOXKHEHHSI TIOBHICTIO 3ar10-
BHEHOr0 BHYTpimHBOTO 00°’eMy YJIC uepe3 3muUBHY
CHCTEMY B Ti/11031 OOHOBOTO BiIIiIeHHS;

— BU3HAYUTH 4Yac T2 CIOPOXKHEHHS IOBHICTIO 3a-
MTOBHEHOTO BHYTpimHBOr0 00’eMmy YIC depes HemIib-
HOCTI Ta HE TePMETHYHICTh YCiX CTUKYBAIbHUX €JIEMEH-
TIiB Ta MPHUJIAIIB.

BuKkiiag 0CHOBHOTO MaTepiaJry.

1. OcHoBHi moHATTHA. BHyTpimmHil pobdounii
00’eM V 0OMOBOTO BiIUICHHS, BKIIFOYHO OAllITH TaHKY,
B SIKMX 3HaXOJHUTHCS €Kila)xk Ta MPOBOJUTH il 3 ynpas-
JIHHAM MeXaHi3MaMM Ta cucTeMaMu OOHOBOi MaIimHH
Mae CKJIaHy KOH(Irypario i ckiaiaeTscs 3 00’emiB Vi
KaIrcyJu eKinaxy Ta 00’emy Vg 6amru.

V=V, +V, (1)

3aToIICHHS TAaHKY NPU3BOAWTH JIO 3allOBHCHHS
BOJIOIO HIOTO BHYTPIIIHIX 00’ €MIB y JesKil TOCiIOBHO-
CTi 3 PI3HOIO MIBHJIKICTIO, TOMY BU3HAYCHHS TEXHOJOTi-
YHOT'O Yacy JOCTYITy BOJIU y OOWOBE BIAIUICHHS € aKTy-
QIBHUM 3aBJAHHSAM, SK IiJ 4ac HaOYTTs MPAKTUYHUX
HaBHYOK, TakK 1 y 00HOBii 00cTaHOBLI.

8 © ®eporos [1. O., Kinimos O. I1., Tumodees B. /1., IlImarkos B. A., l'opoxisceka H. B., Boopos O. T'., 2021
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OCKUTbKM aBapiiHUI peXuM BimOyBaeThCs, B OC-
HOBHOMY, IIPH MOZOJIAHHI BOJHHUX MEPEIIKO, TO 3yIH-
HKa JBUT'YHA TIiJ BOJIOIO MPHU3BEIE A0 HNEPIIOIEPTOBOTO
3armoBHEHHS 00’ eMy Vg IpH 301IBIIEHOMY THCKY 30BHi-
IIHBOTO BOAHOTO CEPEIOBHIIA.

Ie 3ymMOBIIOE OTpPAIUIAHHS y BOAY OiNbIIOI Yac-
TUHH €KiMaXXy Ta HEMOKJIMBOCTI €KCTPEHOT'O MOKHIAH-
Hs HUM 0o#oBOrO BigaineHus. [2].

VY 3aJIe)KHOCTI BiJ] TEPMETHYHUX [TapaMeTpiB BHYT-
PIIIHBOTO 00’€My TaHKY TOTPAIUISIHHS BOJH Y POOOUMiA
00’eM Tepioll 3aTOIUICHHS, a TOMY 4ac Ha NPUHHATTS
pIIICHHS 10 BUKOHAHHS LITATHUX 3aXOJIB EKilaXeM, €
pizHEUM Ta TMOTpeOye BiI BiICHKOBOCTYXOOBIIB BiImoO-
BiTHHX CBIZJOMHUX Ta OCMHCJICHHUX [IiH, IKi HA0YBaIOTHCS
peTeNbHUM HABUAHHSM Ta TpeHyBaHHsMmH. [1].

OCKUTBKH BOJ]a € HECTHCIMBOIO PiAMHOIO, TO CTHUC-
HEHHIO MiJIsATae MoBITPs BHYTPIIIHEOTO 00°eMy. Ilepe-
majJ TUCKY PiJUHM i3 30BHI 32 PaxyHOK OLIBIIOT IIiTb-
HOCTI BOAM CTBOPIOE YMOBHM BHUTHCHEHHS HOBITpS 13
BHYTPIIIHBOTO 00’eMy Karicyiu. IIpu moBHid repmeru-
YHOCTI O00’€KTy CTBOPIOETHCS BIIOMHUI ‘“TIOBITPSHUIA
my3up”, SIKMH KOMIICHCYE THCK 3allOBHEHOI PIAMHH.
Iporec 3aToruieHHs: po60Yoro 06’eMy OOWOBOIO BimTi-
JICHHS TaHKY CXEMaTH4HO 300pakeHo Ha puc. 1.

CTHCHEHe NOBITDA

30BHIHA

piana -

Vs Buyrpimsit ob'em

1 bamTi

SIS
VISP

PV A avA Py
////M

\

\

““\_\ 3anoBHeHA PiIHHA

Vg Kancyna -

Puc. 1. IIpornec 3aroruieHHst po604o1 30HN

I[Tpouec 3amoBHEHHs BOJIOI0 00’€My 00iOBOTO Bill-
ciky 0e3mocepe/IHbO MOB’S3aHUN 3 B3a€EMOJIIEI0 THUCKY
BOJIV 1 CTUCHEHHSM TIOBITPSI.

Tuck (p) — € Gi3UYHOI0 BEIUYUHOIO, KA YUCEITHHO
JOpiBHIOE cuuIi F, 110 [Ti€ Ha OAMHUII IO S TTOBEpXHi
TiJIa Ta CIPSIMOBAHA 33 HAIPSIMOM 30BHIIIHBOT HOpMAJT
n mo i€l noBepxHi (Fn).

pZFn/S;'Fan'S, (2)

Tuck — cKalsgpHa BEIMYHMHA, OTXKE HE 3aJICIKUTH
BiJl HampsMKy. 3arajbHIlINM HOHSTTSIM, HDK ITOHATTA
TUCKY € MOHATTS HANpYyKEHHs. Y aHI30TPOIHHX cepe-
JoBHIIax jaedopMariisi 3aJIC)KHUTh BiJl HANPSMKY TMPHK-
JIAJICHOI CHUTH, TOMY JUIS ONKCY Jii CHIIM B TaKUX cepe-
JIOBUIIIAX BUKOPUCTOBYETHCS IHINA BEIMYHMHA: TCH30D
MEXaHIYHUX HANpPyKEHb. Y I[bOMY BHIIQAKY OHATTS
THCKY HalKpaiie XapakTepu3ye NpYKHI BIACTHBOCTI
ra3iB i pimuH. Sk Bimomo, y cuctemi CI Tuck Bumipro-
etbes y Tackanmsx [3]
1H
n?
[HIIMMK TOMYJIAPHUMU OJMHUIIME BHMipIOBAHHS
THUCKY € TOpp ab0 MiTIMETp PTYTHOTrO_CTOBIA H aTMoc-
¢depa abo Oap. [lo3acucTeMHa ONMHUIS TUCKY — II'€3a.
lppomexaHIYHUI TUCK JJIs NAHOI AUISHKU piguHUA 200

17la = (3)

MOBEPXHi, HaMiueHOi BCEpeNWHI pPiIWHW (HAMPHUKIAI,
IUTS TIepepi3y MOTOKY), 3a0BOJIEHSIE YMOBY:

z+p/qg =idem 4

ne idem — o3Hauae BUKOHAHHS YMOBH Ul BCiX TOYOK
00'eMy YU MOBEPXHI, Z — TIO3HAYCHHS OYyIb-sKO1 TOYKH,
0 HaJNEXUTh 00MacTi, sIKy po3niiaioTs (a0 moBepx-
Hi); p/pg — II’€30METPUYHA BHCOTA /IS L€l TOYKH; p —
THCK; p —'YCTHHA PiAWHM; § — MPUCKOPEHHS BUIBHOTO
TMa i HHA.

VY3moBk Oyap-gKo1 mpsMoi (TTpoBeAeHOI BcepennHi
piaMHM), U1 TOYOK SIKOi CIpaBeIMBa Ha3BaHA 3aJICiK-
HICTb, TIAPOMEXaHIYHUNA THCK PO3MOAUIIETHCS 3a JiHIH-
HMMH 3aKOHaMH, TOOTO

p=12pg + P, ®)

Iie Po — TUCK HaJ piBHEM PiIWHHU.

[Mpu upoMy citij BpaxoByBaTH Iit0 3akoHy Ilacka-
JIA: THCK Ha PIIMHY B CTaHi TEIJIOBOi  piBHOBa-
' TIEPEIA€ThCS B YCIX HAMPSIMKAaX OJHAKOBO, IO CKJIa-
Jla€ OCHOBHE PIBHSHHS TiAPOCTATHKH.

3a npyruM 3akoHOM HpIOTOHA B iHEpI(ialbHUX CHU-
cTeMax BIJUIIKY MOXiJHA BiJ IMITyJIbCY Pn MarepiaibHOi
TOYKH MO Yacy JOPIBHIOE CHUJIi, IKa JIi€ HA HBOTO.

F =dp/dt;dp = Fdt; p = [ Fdt = F dt (6)

TakuMm 4MHOM, THCK B KOHKPETHIH TOYI MaTepia-
JIHOTO 00’€KTa MPONOPLIHHNI IO Ta HOPMaJIbHOMY
HaKOMMYYBAaHOMY IMITYJIbCY B 4Yaci.

3anoBHEeHHS 00’ €My BOJIOIO € (hi3UYHUM IPOIIECOM
BUTICHEHHSI MOBITPS, sIK CYOCTaHIIIi 3 MEHIIIOK IIUIbHI-
CTIO TIiJ] €10 TiZIPOCTATHYHOTO 30BHINIHBOTO THCKY [4].
Leii ¢iznunmii npoec Moxe OyTH ONHMCAHUM TMepexif-
HHUM IPOLECOM 3 OJHMM HAKONUYyBaueM Ui BHYTPIll-
HBOT0 00’€MY 3 HYJIbOBUMH ITIOYaTKOBUMH YMOBaMH:

V(t):V(l—e%) (7)

2. IlpuBeaeHHs TOYHUX eKcnepuMeHTIB. Boue-
BU/Ib, Y HAIIOMY BUINAJKY IOCTil{HA Yacy T HE € BelH-
YHHOIO TOCTiHHOI0. Oco0NHBICTS 11 TONATAE Y TOMY, IO
y TIpolieci 3aTOIUIeHHs 00’ €My 4epe3 BiIXMIICHHS I0TO-
gHOro 00’eMy depe3 3MiHy KoH(iryparii BHYTPIIIHbOT
30HM Bijl ICHYIOUHX '€OMETPUYHUX 00 €MHHUX XapaKTe-
pHUCTHK Tpenmery (LMIHAp, 1Iap, iHIIe), BiJ| CTYIEHIO
repMeTH3anii y400BO-IiI0YOTO CTEHAY, 4Yepe3 SKy B
Mporieci 3armoBHEHHsI 00MOBOT 30HM HAAXOAWJa BOJA 3
ypaxyBaHHAM 3aKkoHy [lackais 4acTHHA HEIIIJIBHOCTEH
3MiHIOBaJa CBOK e(eKTHBHICTL (y IpoLEci 3aTOIUIEH-
Hs). 3a OUX NPUYMH MOCTiHHA Yacy T Mae (QyHKLiOHa-
JIBHY 3aJIeKHICTh BiJ HeOTHOPiAHOCTI (Kos) 00’ €My, Tak
1 Bix koedimienty repmernynocti K= 0...1.

T:f(Kua'Kz) @)

Sxmo koedillieHT HEOTHOPIAHOCTI 00’eMy Is
eKIMaky MOYKHA BH3HAYUTH €KCIIEPHMMEHTAILHO 3a Ipa-
BWIOM 37T (TMepexXilHUi Tpollec B CUCTEMaX 3 OJHUM
HAKOMWYIYBAa4eM BBAKAETHCS 3aKIHYCHHUM depe3 3T — 3
moxuokoro 3% (4t 3 moxudkoro 1%), To BILIHMB Koedirri-
€HTY TEPMETUYHOCTI Y KO)KHOMY BUITAJKy Oy/Ie Pi3HHM.
AJe 3a yMOBH, KOJIH ILIONIA HENIUILHOCTEH Oyae cyTTe-
BO MCHIIIOKO IUIOIII OTBOPY 3aTOIUICHHSI, MOXKHA BBaXKa-
™ Kr=1.
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https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%BD%D1%8F_%D0%B2%D1%96%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D0%B0%D0%B4%D1%96%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B8%D1%81%D0%BA
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3a BHMOraMHM HAaCTaHOB 3 IIIBOJHOIO BOIIHHSI
OpOHETEXHIKM Yac 3aTOIUICHHA O0’€KTiB HEe Mae OyTH
MEHIIIMM 5 XBHJIMH, 3BiJIKH ITOCTilfHA Yacy qUQepeHITin-
HOTO TPOIIeCy 3aTOIUICHHS cKiamae =5/4=1,25 xB., abo
75 cexyna. Tomy, nuHaMika 30UTBIIEHHS ONIOPY HOBITPS
[2] y GoitoBOoMY BimmisieHHI TaHKY TIPH HOTO 3aTOTUICHHI
3a BHpa3oM (7) 3yMOBJICHA MEPEXiJHUM MPOLIECOM BHTi-
CHEHHsI MOBITPS MMijJ Yac MEepPEeXiJHOrO MPOIECy 3aroB-
HEHHS 00°’eMy y4OOBO-iFOUOTO CTCHIY 00¥OBOI Maru-
HHU 13 ypaxyBaHHsIM OaraTo(yHKIIOHaJIbHOI 3aJIe)KHOCTI
MOCTIiHOT Yacy, BU3HAYCHOI0 BHpa3oM (8).

3 ypaxyBaHHSIM CKJIagHOI reomeTpu4Hoi Qopmu
BHyTpimHBOTO 00’eMy YJIC Ta HemepenbOadyBaHOTO
po3TanryBaHHS 30H IMPOTIKAaHHA, BU3HAYUTH (HYHKIIiO-
HaJIbHY 3aJIeKHICTh TOCTIHHOI Yacy MepexigHoro mpo-
mecy Uil AWHAMIKK 301IbIIeHHS OIOpy MOBIiTPS y 00-
HOBOMY BiAIiNIEHHI TaHKY IPHU HOTO 3aTOIUICHHI MOXHA
eKCIICPHMEHTAJIEHUM [ULIXOM.

Jist 11bOT0 MPOMNOHYETHCSI 3BOPOTHUI TPOLIEC BHU-
3HaueHHs (YHKI[IOHAJILHOT 3aJIe)KHOCTI MOCTIHHOI Yacy
yepes 3NMB Hamepen 3armoBHeHoro Bojow Y/IC, a came:

— BH3HAYUTH 4Yac 710MOPOKHEHHS MOBHICTIO 3a110-
BHEHOTo BHYTpilHbOro 00’eMy YJIC uepe3 31HMBHY
CHCTEMY B Ti1031 OOHOBOTO BiAIiICHHS,

— BU3HAYUTH 4Yac T20MOPOKHEHHS MOBHICTIO 3aI10-
BHEHOTO BHYTpimHBOTO 00’eMy YJIC depe3 HemiIbHO-
CTi Ta HE TEPMETHUYHICTh YCiX CTUKYBaJbHHUX CIICMCHTIB

BoueBunp, 10 y bOMY BHIIAJKY, KOSQIIIIEHT Tep-
METHYHOCTI MOXKe OyTH BH3HAUYEHHM HACTYITHUM Bil-
HOILICHHSM:

K, =T,/T, ©)

VY 11p0My BHIIAAKY MOCTiHHY Yacy GyHKIioHAIEHOT
3anexHOCTI Ky, K MOXKHA BU3HAUMTH 3 (8) micns BH-
kmodeHHs KoedinieHTy Ko 00’eMy, sk T1—71> 3 ypaxy-
BaHHAM IHTETpaJIbHOI 3ajieskHoCTi (7) s TIepexiTHoro
IpOLIECy Ta 3aIEKHOCTI 4acy, SKUH XapaKTepHu3ye Iie-
PeXiTHMIA TIpoIIec:

©=(T.=T,)/4, (10)
BucHoBkn
Onuc  auHAMIYHOT  3MIHM  OMOpY  TOBITPS

y 0OoifoBOMY BiAJiIEHHI TaHKY NpH HOTO 3aTOIUICHHI
MOYKHA 3JIIHCHUTH IHTETPAIbHOI XapaKTepUCTHKOO (7)
HEPEXiHOTO MPOLIECY 3 OJHHM HaKOIMHMYyBayeM 3a J0-
MOMOTOI0 (PYHKITIOHAIEHO 3aJIE)KHOI MMOCTIHHOI Yacy T,
SKy JOLIJIBHO BH3HAYUTH EKCIICPUMEHTABHO PO3paxy-
HKOM 3a Bupazom (10).

Jns 1pOro JIOCTaTHHO MOMEPEAHBO BU3HAYHMTH
€KCIIEPUMEHTAJILHO BCTAHOBJICHI 1HTEPBAIIM Yacy 3JIUBY
BOJIY 3 BHYTPILIHBOTO 00’€MY TaHKa yepe3 aBapSiiHUiA
ckuzn Bumu (T1) Ta OKpeMO MPOTIKaHHS BOIH Yepe3 He-
repMeTHYHiCTh GoitoBoro BimmineHHs (T2).

Ta npuiais [5].
Received (Haniiina) 25.10.2021
Accepted for publication (ITpuiirsrta no apyky) 24.11.2021
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Dynamika increase resistance treated at the battle viddilenni tank at his flooded
Fedotov Dmytro, Alexej Klimov, Timofeev Vadym, Shmatkov Vitaliy, Gorokhivska Natalia, Bobrov Oleksandr

Abstract. The subject of research in the article is the dynamics of the growth of air resistance in the fighting
compartment of a tank when it is flooded. The purpose of the article is to experimentally determine the functional depend-
ence of the constant time of the transient process for the dynamics of increasing resistance in the fighting compartment of
a tank when it is flooded. Research objective: since the dynamics of an increase in air resistance in the fighting compart-
ment of a tank during its flooding is due to the transient process of air displacement during the transient process of filling
the volume of the training stand (hereinafter UDS) of the combat vehicle, taking into account the multifunctional depend-
ence of constant time and taking into account the complex geometric shape of the internal volume of the UDS and the
unpredictable location of the flow zones, then the reverse process of determining the functional dependence of the constant
time through the drain of the pre-filled UDS with water is proposed: to determine the time T1 of emptying the completely
filled internal volume of the UDS through the drain system in the floor of the fighting compartment; to determine the time
T2 of emptying the completely filled internal volume of the UDS due to leaks and the lack of tightness of all docking ele-
ments and devices. The methodological basis of the study was general scientific and special methods of scientific
knowledge: the theory of physics, the theory of the structure of armored vehicles, the use of practical skills. The follow-
ing results were obtained: the functional dependence of the constant time of the transient process for the dynamics of the
increase in air resistance in the fighting compartment of the tank during its flooding experimentally was determined and
given, the reverse process of determining the functional dependence of the constant time through the drain of the UDS
filled with water: a certain time T1 of emptying the completely filled internal volume of the UDS through the drain system
in the floor of the fighting compartment; a certain time T2 of emptying the completely filled internal volume of the UDS
due to leaks and the lack of tightness of all docking elements and devices. The set objectives of the study have been
achieved. Conclusions. The description of the dynamic growth of air resistance in the fighting compartment of the tank
during its flooding can be performed as an integral feature of the transient process with one storage device functionally
dependent on constant time, which is expedient to find experimentally by calculation.

Keywords: dynamics, air resistance, fighting compartment of a tank, UDS, reverse process, transient process.
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JOCIIIKEHHSA POBOTU CUCTEM ABTOMATHUYHOI'O KEPYBAHHSA
EJIEKTPOITPUBOJAMHU KOHTAKTHHUX EJIEKTPOBO3IB PYJHUX INAXT

AHoTanisi. Y cTaTTi pO3riISIaloThesl MIIXOAN 0 CTBOPSHHS CHCTEM KEePYBaHHS €JIEKTPOIPHBOAMH TATOBOTO TPAHCIO-
pTy pynHuX maxT. [IpoBenennit aHai3 poOOTH B Pi3HUX peXMMax Ta MOPIBHIHHS XapaKTEePUCTUK YOTHPHOX HAHOUIBII MO~
MYJISPHUX THUIIB €NEKTPONPHBOIIB, 10 3aCTOCOBYIOTBCS Y TATOBHX €IEKTPOMEXaHIYHUX CHCTEMaxX, BUABIEHI iX MepeBaru
Ta HeJOMiKU. J{s minBuIIeHHS e()eKTUBHOCTI TATOBUX YCTaHOBOK B SIKOCTI IPUBOJHUX JIBUTYHIB 3aIIPOIIOHOBAHO BUKOPHC-
TOBYBaTH CHHXPOHHI IBUTYHH 3 MOCTIHHMMH MarHiTaMi, IIO HiBENIOIOTh HEAONIKM JBUTYHIB MOCTIHOTO Ta 3MiHHOTO
CTPyMY, SIKi 37€01TBIIOT0 BUKOPHCTOBYIOTECS B €JEKTPONPUBOIAX IIHX EIEKTPOBO3iB. 3 METOIO BAOCKOHAIECHHS METO/IB Ta
CXEM aBTOMaTHYHOTI'O KepYBaHHS TATOBHMH IIPUBOAAMH PO3pOOIICHI MaTeMaTHIHI MOJEN TMHAMIKU PyXY TATOBOI yCTaHO-
BKU 3 CHHXPOHHHUMH JBUT'YHaMH 3 nocTiiiHnmu Marnitamu (CJIIIM), Ha 6a3i sKMX CTBOpPEHI KOMIT'IOTEPHI iMIiTaIiiHI MO-
neni cucteM aBromatndHoro kepysanus (CAK) asis pi3HHX BapiaHTiB KOHCTPYKTHBHOTO BUKOHAHHS €JIEKTPOJBUTYHIB. 3a
JIOTIOMOTOI0 IIMX MOJIeJIel NpoBeeHNH aHaii3 pexuMiB podoty 3anponoHoBanux CAK TsroBux ycraHoBok 3 CAIIM sk
0e3 IMMycKOBUX 0OMOTOK, Tak i 3 HuMu. [lopiBHioBanacst podota CAK ans Mozeni TAroBOi YCTaHOBKH 3 JIHIHHIMU peryiisi-
TOpaMH CTPYMY Ta IIBUAKOCTI, a Takox A Mozneni CAK 3 onTHManbHUMH peleiHUME CHTHAJIaMHU KEepyBaHHS, 3aCHOBA-
HUMH Ha BUKOPHCTAaHHI BIACTUBOCTEH (QYHKIIH MepeMUKaHHS ONTHMAIBHUX KePYIOUHX HisiHb. AHami3 epeKTy Bif 3acTo-
CyBaHHS 3alIPOIIOHOBAHHUX ONTHMAIBHUX PEICHHIX CUTHAJIB KEPYBAHHS TATOBOIO YCTAHOBKOIO ITOKA3aB, IO MPH 3aCTOCY-
BanHi CAK 3 onTHManbHUMH pelleHUME PeryIsITOpaMy TPHBAIICTE MEPEXiJHOTO MpOLecy y BHIAIKY IBHIYHIB 0e3 ITyc-
KOBHX 0OMOTOK BusiBHIach Ha 14% wmenmoro B mopiBHsAHHI 3 CAK i3 JiHIITHUMY perynsTopamy, a y BUNAAKY JIBUTYHIB i3
ITyCKOBHMH 0OMOTKaMH - Ha 13.5% MeHII010, 10 JOBOANTH MepeBary BUKOPUCTAHHS CHCTEM KEPYBaHHS 3 ONTHMAaIbHUMHU
peneliHnmu perynsitopamMd. KpiM Toro BHsBIEHO, IO TaKi CHCTEMH aBTOMAaTHYHOTO KEPYBaHHS €JIEKTPOIPUBOIAAMH TSTO-

BHUX YCTaAaHOBOK BOJ'IO,ZIiIOTL aCTaTU3MOM Bi,[[HOCHO MOMCHTY HaBaHTAXKCHHA.

Knwdogi ciaoBa: cucrema KEpyBaHHs, €JICKTPOBO3HU, CI/IHXpOHHi JBUT'YHHU, KOMH’}OTepHa MOJCIIb.

Beryn

IMocranoBka mnpoGaemu. B Ham yac ogHuMm 3
MPIOPUTETHUX 3aBAaHb MPOMHCIOBOCTI YKpaiHH € mil-
BUILEHHS il eHeproedekTuBHOCTI. OpHi€0 3 HaHOLIbII
€HEPrOEMHUX SIBJIAETBCS PYAOBHIOOYBHa ranysb. Jlo
30% 3aranpHUX BUTpAT B TEXHOJIOTIYHOMY HPOLECi BH-
J0OyBaHHS Py/W NPHIIAAE HA TPAHCIOPTYBAaHHS CHPO-
BrHU. KOHTakTHI 200 KOHTAKTHO - aKyMYJISTOPHI €JIeK-
TPOBO3U € OCHOBHHMM TSTOBHM TPaHCHOPTOM Ha PYIHHX
maxTax. MoJepHi3alis MIaXTHUX TPAHCIOPTHUX JIiHIN
JI03BOJISIE TOBOPUTH TIPO aKTYAIBHICTH 1 3aTpe0yBaHICTh
nporo Hampsmy [1]. BoHa nmpoxoauTh y Kiro4i MOKpa-
IICHHS TOKAa3HMKIB MPOAYKTHUBHOCTI IUIAXOM 3MIHH
KOHCTPYKIIi BaroHETOK, BIPOBA/DKECHHSM CY4YaCHHX
BHUJIIB KOHTAKTHO-aKYMYJIATOPHUX €JIEKTPOBO3iB, MOHO-
PEUKOBHX TPaHCIIOPTHUX CHCTeM. Bce e 00yMOBITIOE
MOITYK UIAXIB JUISI MiABUIIEHHS €eKOHOMIYHOCTI pOOOTH
TSATOBHX YCTaHOBOK.

AHaJni3 ocTaHHIX AocaiTxens i myOuikaniii. Y no-
CKOHaJIEHHS cHucTeM aBToMatndHoro kepysaHHs (CAK)
€ OIHUM 31 NUISIXIB IMOKPAIIECHHS CHEPreTHYHUX ITO0Ka3-
HUKIB KOHTAKTHHUX €JIEKTPOBO3iB. 3aCTOCYBaHHS JOCKO-
Haminomx CAK, crnpsMoBaHMX Ha MOKpPAaNICHHS JAHAMI-
YHUX XapaKTEepUCTHK €JIEKTPOIPHBOAY, NPU3BOIUTH JI0
3HMKCHHS PIBHSA CIOXXHMBAaHHS EJEKTPUYHOI €Hepril.
[[poro MOXKHa JOCSITHYTH LUISIXOM 3HW)KEHHS BEITMYUHH
MaKCHMaJIbHUX CTPYMIB B CTATOPHUX OOMOTKAax IBHIY-
HIB 3a paxyHOK CKOPOYEHHS TPHBAJIOCTI MEPEeXiTHHUX
MPOIIECiB Ta IHIMMMH BiJIOMUMH MeTofamH. [lutaHHs
aBToMarm3aiii poOOTH PI3HOMAaHITHUX EJIEKTPOIPHUBO-

JIiB 3MIHHOTO CTPYMY, Y TOMY YHCi i €IeKTPOIIPHBO/IIB
HAa OCHOBi CHHXPOHHHX [IBUTYHIB 3 HOCTIfHIMHU MarHi-
tamu (CAIIM), posrnsmamucs B podotax B.M. [Iem0i-
upkoro, [.B. CaBenenka, C.M. Ilepecanu, A.C. I1o3zae-
eBa, K.A. Ilynkosa, O.H. Cunuyka, O.I'. Ocaguyxka,
0.0.YnoBenka Ta in. [1-8].

B po6oTax nux aBTOpiB PO3TISAAETHCS CTBOPEHHS
CHCTEM KepyBaHH eJleKTponpuBogamu Ha 6a3i CAIIM
MaJioi, cepelHbOl Ta BEJIMKOI MOTYKHOCTI. Takox Bifo-
MHUM € TiJIXiJ{ 0 CTBOPSHHS CHCTEM KEPYBaHHS TSrO-
BUMHU €JIGKTPOIPHBOJAMHM, IO 3aCHOBAHMH Ha imesx
JI.C. IloHTpsTiHA, SIKi MOKJIAJCHI B OCHOBY Cy4YacHOI
Teopii ONTUMAILHOTO KEPyBaHHSI.

3 aHaizy poOiT BHIUIMBAE, IO NMUTAHHS BHOOPY
Ta yJIOCKOHAJIECHHS CHCTEM aBTOMAaTHYHOTO KEpyBaHHS
TSATOBHUX YCTaHOBOK €JIEKTPOBO3IB 3 METOIO Ii/IBUIICH-
HS X EHepreTMYHOi e(EeKTUBHOCTI IIe HEIOCTaTHHO
BHBYEHE 1 € JIOCUTh aKTYaJIbHHUM.

Merta podoTH — TOpiBHAHHS €(pEKTHBHOCTI CHC-
TeM aBTOMATHYHOTO KEPYBAaHHS €JIEKTPOIPUBO/IIB TATO-
BHX YCTAHOBOK INAaXTHUX EJIEKTPOBO3IB 3 PI3HUMH TH-
TaMU PETyNATOPIB JJIsl HAOIIBIIT MOMUPEHUX BapiaHTiB
KOHCTPYKTUBHOTO BUKOHaHHs CJITIM.

OcHOBHA YacTHHA

IIpu iHTEeHCHBHOMY BIPOBAKECHHI EJIEKTpOMeEXa-
HIYHUX TITOBHX CHCTEM BHHHMKAE 3a7adya HEOOXIITHOCTI
BiANIpAIIOBaHHS YITKUX KPUTEPiiB BUHOOPY ENEKTPUIHHUX
IBUryHIB [2]. AHamni3 po6OTH B pi3HUX peXHMax Ta Io-
PIBHSIHHSI XapaKTEPUCTHK YOTHUPHOX HAWOIIBII TOIYIIs-
PHHUX THITIB €JIEKTPONPUBOIIB, IO 3aCTOCOBYIOTHCS Yy

© €pwminosa H. B., Kucimuns C. T'., 3axapuenko P. B., 2021
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TATOBUX EJIEKTPOMEXaHIYHUX CHUCTEMax Ta TiOpUIHUX
TPAHCIOPTHHX 3aco0ax, BUSABUB HACTYIHI IX IepeBaru
Ta HEIOJIKH:

— aCHHXPOHHHU IIBUTYH Ma€ JOCTATHBO BEIHKiH
KK]I (6mm3pko 96%) Ha BHCOKIA KYTOBif IIBHAKOCTI,
IIPOTE OJHOYACHO BiH XapaKTEPH3YETHCS HANIIMPIINM
Jiara30HOM HU3bKOi e()eKTHBHOCTI Ha Malil KyTOBIH
IIBUJIKOCTI Yepe3 BTPATH B Miji;

— BEHTWJIbHUN pPEaKTHUBHUN JABUTYH Ma€ 30cepe-
JDKeHI OOMOTKHU 3 HH3BKHM OIIOPOM, aje, SK IPaBHIIo,
oMy HEOOXiZHO OiJbLI BUCOKE 3HAYEHHS CTPYyMY IS
CTBOPEHHS aHAJIOTIYHOTO 33 BEJIMYNHOIO MOMEHTY;

— IBHUTYH MOCTIHHOTO CTPyMY MOCIiJOBHOTO 30y-
JKCHHS, SIKHH y’K€ 9acTO 3aCTOCOBYETHCS B €JIEKTPOII-
pHBOZAX TSATOBOTO TPAHCIIOPTY, MA€ M'SIKy MEXaHITHY
XapaKTEPUCTHKY, L0 YCKIIAJHIOE 3aBJAHHS MiATPUMKH
CTaOIMBHOCTI MIBHIKOCTI EJEKTPOBO3a B CTATHYHUX
pexxumax podoTH,;

— CHHXPOHHHMH JIBUT'YH 3 IIOCTIHHMMH MarHiTamMu
mae KK/ Bummii 3a 97%. Bin mae 30cepemkeHy oOMo-
TKY 3 HU3BKHM OIIOPOM, IPOTE BHMarae OuUIbIIOl KiJib-
KOCTi MaTepiany MOCTIHHUX MArHiTiB JJis 3aJ0BOJICHHS
BUMOT' BiTHOCHO MOMeHTY. CHMHXpPOHHUH IBUTYH 3 12
nazamu Ta 8 momocamu Mae tpoxu Bummi KK npu
HU3BKIA KyTOBI¥ MIBUIKOCTI, aje Ha MIBHIKOCTI, BHIIIH
3a 5000 006/xB., ma mepeBara BTPAaYa€ThCS, OCKIIBKH
BHXpOBI CTpyMH OaraTokpaTHO 3pocTaroTh (1o 50 pa-
3iB);

— ACHHXPOHHHWI JBUT'YH Ta BEHTHJIBHUH PEaKTHB-
HUH JBUTYH MAalOTh HIKYY IIUIBHICT MOTYXKHOCTI,
T00TO0 S5 KBT/52 KT (NS acMHXpPOHHOTO)  Ta
55 kBT1/45 kr (Ui BEHTWIBHOTO) Y HOPIBHSHHI 3 MOKa3-
HukamM#u 55 kBT1/32 kr — i CHHXPOHHOTO JBUTYHA 3
MOCTIHHMMK MarHitamMu. Ha moka3Huku BiOparii Ta
LIyMy 3Ha4HO BIUIMBA€ T€OMETpisi cTaropa, KOMOiIHAIis
Horo mas3iB Ta TOJIOCIB, a TaKOX CHOCIO KepyBaHHS.
[IpuyomMy BiOpaliss BUSABIAETHCS THM HIDKYOIO, YUM
OUTBIIMM € Yac JAUCKPETHOCTI BXiJHUX BILUIHBIB, 32 O]
Hi€l # Ti€l % TOMOJNOTi] BEHTHJIHHUN PEaKTHBHUN IBU-
TyH Ma€ Ha0araTo CHJIBHINITY BiOpallifo, HiK CHHXPOH-
HUH JABUTYH 3 TOCTIHHMMH MAarHiTamy, IO TPaIloe B
PEKHMI TIEPEPUBYACTOTO CTPYMY.

BpaxoByroui BHIlCONUCAHe, IS ITiIBUIICHHS
€(EeKTUBHOCTI TATOBHX YCTAHOBOK HPOIIOHYETHCS BUKO-
PHUCTOBYBAaTH CHHXPOHHI JABHT'YHH 3 TIOCTIHHUMH MarHi-
TaMH, 110 HiBEIIOIOTh HEIONIKU JABUTYHIB MOCTIHHOTO
Ta IHIIMX TUIIB 3MIHHOTO CTPyMY, SIKi 3/1€0iJbIIOTO
BUKOPHCTOBYIOTBCSI B TIPUBO/AX €JIEKTPOBO3iB.

CUHXpOHHI ABHI'YHHM 3 NOCTIHHMMH MarHiTamu
(iHOni TX HA3MBAIOTH MArHITOCNEKTPUYHUMH MalllHa-
MH) HE MarOTb 0OMOTOK 30ymkeHHs Ha poropi. Obep-
TaHHS 3JIHCHIOETHCS 32 PaXyHOK B3a€MOJii MarHiTHHUX
MOJIiB OOMOTOK CTaTopa Ta MOCTIHHWX MarHiTiB, po3Mi-
[IEHUX Ha POTOpPi eNeKTPUYHO1 MammHu. Taki MamuHu
MOEHYIOTh MIPOCTOTY KOHCTPYKIII JBUTYHIB 3MIHHOTO
cTpyMy Ta MoxnmBocTi kepyBanHs JI1C. Bonn xapax-
Tepu3ytoThcsi BucoknM KKJ[ B mmpokomy miama3oHi
4acToT 00epTaHHSA POTOpa, Y TOMY YHWCIHI, i Ha 3HHXKe-
HUX HIBUAKOCTSIX; MIPOCTOTOI0 KOHCTPYKIIT Ta BiJCyTHi-
CTIO BTpaT Ha 30y/KEHHs; HEBUCOKOIO 1HEPLIEI0 INpH
JIOBOJII 3HAYHOMY MOMEHTI; BIJIHOCHO HEBEJIMKUMHU PO-
3MipaMu (HalpHKJaJ, aCHHXPOHHA MalliHa aHaJorid-

HOT TIOTY>KHOCTI Ta KJIacy eHeproe)eKTUBHOCTI B 2 pa3u
OisTpIIa 32 CHHXPOHHUH IBUTYH); HE3MIHHUM MOMEHTOM
Ha BaJTy HE3aJIC)KHO BiJI MBUIKOCTI O0EpTaHHA POTOPA.

CAIIM 3HaWIUM OIMPOKE PO3MOBCIOKEHHS B 00-
JIaJHAaHHI 3 BUCOKMMH BHMOTaMH 0 CTaOIIBHOCTI Yac-
ToTH oOepTaHHA. J[0 HENONIKIB CHHXPOHHHX MAIINH
HaJle)kaTh HEOOXIHICTh 3aCTOCYBAaHHS JJOAATKOBOTO
oOylafiHaHHS ISl MyCKY Ta BXOAY B CHHXPOHHHH pe-
YKMM, MOJKJIUBICTh PO3MarHiuyBaHHs POTOpa MpHU BUCO-
KHX TEMIIEpaTypax, a TaKo)K HEOOXiJHICTh BCTAHOBJICH-
HSl JIaTYMKIB 3BOPOTHOro 3Bs3KYy. [losiBa wacToTHHX
MIepeTBOPIOBAYIB Ta Cy4aCHUX MaTepiaiiB JJIsi MarHiTiB
JI03BOJISIE BUPINTYBATH IIi IPOOIEeMH.

Koncrpykruao CHIIM Bigpi3HA€THCS BCTaHOB-
JICHHAM MArHITiB Ha pOTOpi: BOHA MOXKYTh PO3MIITyBa-
THCS aK Ha moBepxHi (SPMSM), Tak 1 BcepemuHi
(IPMSM) By3ma, mo obepTaeThcs. PoTopu i3 BOymoBa-
HUMH MAarHiTaMH 3aCTOCOBYIOThCS B JBHTIYHax, IO
NPAIOIOTh NPU 3HAYHOMY HaBaHTA)KECHHI Ha Bally Ta
BUCOKHX IIBUJIKOCTSIX, aJjie BAPTICTh TAKUX POTOPIB CYT-
teBo Buma. Takox Bumyckatorses C/AIIM sk 6e3 myc-
KOBHX OOMOTOK, TaK 1 3 HUMH.

Jlnst TOKpallleHHsT €HePreTUYHUX XapaKTepHUCTHK
TATOBHX YCTAHOBOK Ha OCHOBI CHHXPOHHHX IBHTYHIB 3
MMOCTIHHIMH MarHiTaMH HEOOXiZHO MpPOBECTH BIOCKO-
HaJICHHS METOJIB Ta CXEM aBTOMAaTHYHOTO KEpyBaHHSI
OUMH TIpUBOIaMH. Bynm po3poOieHi MaTeMaTH4Hi MO-
Jeli QUHaMIKH pyxy TAroBoi ycranoBku 3 CHAIIM mis
HAfOUIPII TOIIMPEHUX BapiaHTIB KOHCTPYKTHBHOTO
BUKOHAHHS, SIKI JIO3BOJIMJIM CHHTE3YBaTH CHUTHAIU OII-
TUMaJIHOTO KEPYBaHHS TSATOBOIO YCTAHOBKOIO, IO MO-
KYTh B MOJAIBIIOMY OYTH BHKOPHCTaHI IpU MOOYIOBI
cxem CAK pyxom TsiroBux yctaHoBok [9]. Ha 6a3i ma-
TEMaTHYHUX MOJIENIeH TATOBHX YCTAaHOBOK Ha OCHOBI
CAIIM crBopeHi koM 1oTepHi imitariiiai mogem CAK,
3a JIOTIOMOTOI0 SIKMX MOXKHa ITPOBOJIUTH aHAJI3 PEKUMIB
pobotu 3ampomoHoBaHNX CAK TATOBHX YCTaHOBOK 3
CJIIIIM sik 6e3 myckoBUX 0OMOTOK, Tak i 3 Humu [10].

Ha puc. 1 npuBenena xomm ' rotepHa Mmoxens CAK
pyxoM TsaroBoi ycraHoBku 3 C/IIM 6e3 myckoBuX 00-
MOTOK, 5IKa CKJIQJAETHCS 3 TAKUX OCHOBHHUX OJIOKIB!

* «<SDPM»y — mozmens CIIIM 6e3 myckoBuX 00-
MOTOK;

+ «Reg id» — Mogens perysstopa CTpymMy B KO-
OpJIMHATAX id;

» «Reg iq» — MOJICJIb peryisaTopa CTpymy B KO-
OpJAMHATAX Igq;

* «Reg w» - Mopmesnp perynsTopa IIBHAKOCTI
oGepranus poropa C/IIM,;

* «W_zad» — 670K 3aBOaHHS HIBUIKOCTI 00ep-
TaHHs poropa CAIIM;

+ «Mechy — Mozenb THHAMIKH PYXY €IeKTPOBO3a;

+ «M_zad» — 00K 3aBIaHHS MEXaHIYHOTO MO-
MEHTY HaBaHTa)KECHHS.

Takox Oyna po3poOiieHa KOMITIOTEpHA MOJIENb
CAK pyxom TsaroBoi ycranoBku Ha 6a3i CIIM i3 myc-
KOBUMH 00MOTKaMu (puc. 2).

JlaHa MoJienb CKJIajaeThesl 3 HACTYIHUX OJIOKIB!

* «<SDPM»y — mogens CHIIM 3 myckoBumu 00-
MOTKaMH,;

« «Reg id» — Mozenb perynsTopa CTpyMy B KO-
OpAMHATAX ld;
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Puc. 1. Komn’rorepna mogens CAK pyxom Tsarosoi ycranoBku 3 CAIIM 6e3 myckoBHX 0OMOTOK
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Puc. 2. Komr’'rorepaa mozens CAK pyxom tsiroBoi ycranoBku 3 CAIIM i3 myckoBuMu 0OMOTKaMu

- «Reg ig» — Mozene perynsTopa CTpyMy B KO-
OpAMHATaX Igq;

* «Reg w» - Monenp perynsTopa IIBHAKOCTI
obeptanns poropa CJAI1IM,

* «W_zad» — OJIOK 3aBIaHHSA MIBHIAKOCTI 00€ep-
taHHsg potopa C/AIIM;

. «Mechy» — wmomens auHamike pyxy
€JIEKTPOBO3a,;

+ «M_zad» — 00K 3aBHaHHS MEXAHIYHOTO MO-
MEHTY HaBaHTa)KCHHS,

+ «Reg 1Q» — koM’ 10TEpHA MO/IENb CIIOCTEpira-
ya JlroenGeprepa Juist 3MiHHOT cTaHy ig;

+ «Red ID» — koMIT’ IOTepHa MOJIeITb CIIOCTEpira-
ya JlroenGeprepa Juist 3MiHHOT CTaHy ip.

Ha 0a3i komm’torepuux Mojenell NpoBeneHe TOpiB-
HsiHHs Xapaktepuctuk CAK IIBHAKICTIO PyXy TSATOBHX
YCTaHOBOK Jisi BOX BumajakiB: aist moaeni CAK tsro-
BOI YCTAaHOBKH 3 JIHIMHUMH pETYIATOpPAMU CTPyMy Ta
mBuakocti; s moneni CAK taroBoi ycTaHOBKH 3
ONITUMAJIIHUMHU  PEJICHHUMHU CHTHAJaMH KepyBaHHs,
3aCHOBaHUMH Ha BUKOPWCTAHHI BJIACTUBOCTEH (HYHKITIH
MEepEeMHUKaHHS ONTUMAIIBHAX KePYIOUHX isHb [4].

L1i koM’ roTepHi MOJENI J03BOJISIOTH PO3PAXOBY-
BaTH Ta 3allaM’sITOBYBAaTH 3HaYCHHs [TapaMeTPiB TSAroBOi
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YCTaHOBKH, 110 aJl0 MOXJIMBICTh MPOBECTH IX MOAANb-
mry oOpoOKy Ta MpPEINCTaBUTH PE3yNbTaTH y BHTIIAAI
rpagikiB.

PesynbraTel KOMIT'FOTEPHOTO MOJEIIOBAHHS PO0O-
1 CAK TsroBoi ycranoBkm 3 CHAIIM 6e3 myckoBHX
00MOTOK HaBeJeHi Ha puc. 3 — 5.
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g L te
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Puc. 3. [lopiBHsIbHA XapaKTEPUCTHKA 3MIHHU MIBUAKOCTI
obepranns poropa CAIIM y gaci: 1 — monens CAK
3 ONTUMAJIBHUMH PEJICHHUMHE PEryIIsITOPaMHy;
2 — momenb CAK 3 miHIHHHUME peryisitopamMu
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Puc. 4. IlopiBHsAIbHA XapaKTEPUCTHKA 3MiHH MOMEHTY y Yaci:
1 - mopemns CAK 3 niHIHHIME peryasTOpaMH;
2 - mozens CAK 3 onTHManbHUMHU pelieiHIME
perynsTopamMu

inA

'y

120
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Puc. 5. [TopiBHsIbHA XapaKTEPUCTHKA 3MIHHU CTPYMY (q:
1 — monens CAK 3 niHIHHUME perysiTopamy;
2 - mozens CAK 3 onTHManbHUMU peNIeHHUMH PETyIISTOPaMH

3 puc. 3 MoXxHa MOOAYHTH, IO TPUBAJICTh MEpexi-
JTHOTO MpOLECY 3MIHM HIBHAKOCTI Yy BHIIQJIKy MoOJel
CAK 3 onTHManbHUMH peledHNMH peTyisaTopaMHu BUSABUIIA-
cs1 Ha 14% MeHIIor, HiXK I MO 3 JiHIHHAMU pe-
ryastopamu. Jlo Toro >k ms cucteMa, Ha BiIMIiHY BijJ
6a30B01, BOJIOZi€ aCTaTH3MOM BiTHOCHO MOMEHTY HaBa-
HTaxeHHs. lle MiaTBepIKYIOTh 1 XapakTepUCTUKH Ha
puc. 4, 5. Takox Oynu TpoBEIEHI aHAIOTIYHI IOCITi-
mkeHHs pobotm CAK  enekTponmpmBogOM Ha OCHOBI
CAIIM 3 myckoBuMu obMoTkamu. ITopiBHSIBHI Xapak-
TEpUCTHKU HaBe/leHi Ha pucyHKax 6 — 8. 3 puc. 6 MoxHa
1o6aunTH, 10 TPHUBAIICTH NEPEXIAHOTO NPOIECY 3MiHH
IIBUZIKOCTI y BUNaAKy mozeni CAK 3 ontuManbHIME pedteii-
HUMH peryisTopamu BusiBriiacs Ha 13,5% MeHIoro, Hixk
JUIsL MOZIeNI 3 JIIHIHHUMH peryisitopamH. Sk 1y nepromy
sunaaky (CIAIIM 6Ge3 myckoBHX OOMOTOK) ISl CHCTEMA,
Ha BiMiHy Bix 0a30Boi, BOJIOJi€ acTATU3MOM BiTHOCHO
MOMEHTY HAaBaHTa)KCHHsS. AHAJOTiYHI BUCHOBKH MOXKHA
3pobuTH 110 puc. 7, 8.

e
O, pai
80

Puc. 6. [TopiBHsUTbHA XapaKTePUCTHKA
3MiHH OIBHIKOCTI 00€pTaHHSA POTOPA TATOBOi YCTAHOBKH:
1 — monems CAK 3 onTuMansHAME pelleHHIME PEryIsTOpaMH;
2- moniens CAK 3 niHiHHEMHE peryiasTopaMu
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Puc. 7. [lopiBHsIbHA XapaKTEPUCTHKA 3MIHH MOMEHTY JJIS
mozeni CAK: 1 — moznens CAK 3 niHiHHMH peryisTopamu,
2 - mozens CAK 3 onTHMabHUMH pENIeHHUMH PeryIsSTOpaMH.
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Puc. 8. [TopiBHsATIbHA XapaKTEPUCTHKA 3MiHH CTPYMY iq:
1 —mogaens CAK 3 onTHMaNbHUMHU PEICHHUME PETYIISATOpa-
mu; 2- mogenb CAK 3 niHiHHUME peryssTopaMu.
Jis mBOX IOCTIIKYBaHUX BHIIAIKIB IIPOBEICHO
CTaTUCTHYHY OOpOOKY pe3yNbTaTiB MOJICIIOBAHHS, SKa
moKasana, o CTaTHYHA MOXHOKa IMIBUAKOCTI oOepTaH-

“ st poTopy (w) BifHOCHO 3ananoro curnany 39 rad ', B

Mozen CAK 3 ninilinumu peryastopamu ckiagae 3.6%, a
CAK 3 ontumanbaumMu peneiinumu peryastopamu — 0.6%.

Kpim Toro, mynbcauii cTpymiB iq Ta MOMEHTY M B
npu BUKOpucTaHHi 06a30Boi Mozeni CAK Oinblie Hik B
CAK TtsroBoi ycranoBku CAK 3 onTUMaibHAME peedHu-
mu perynsropamu Ha 49.9%, ta 12.92%, BiamoBigHo.

Lle cBimunTh Mpo nepeary 3anponoHoBaHoi CAK 3
ONTHMAJBHUMU DPEJEHHUMH PETYISTOpamMu  IIBHIKICTIO
PYXY TATOBOi YCTAaHOBKH.

BucnoBku

1. Tlpomeaenwuii aHami3 JHKEpeN MOKA3ye, MO TH-
TaHHS YJOCKOHAJICHHS CHUCTEM aBTOMATHYHOTO Kepy-
BaHHS TATOBUX YCTAHOBOK €JIEKTPOBO3IB 3 METOIO IiJ-
BUILEHHS 1X eHEPreTHYHOi ePeKTUBHOCTI 1€ HEeJJ0CTAaT-
HBO BUBYCHE 1 € JOCUTH aKTyaJbHHM.

2. IlpoaHanizoBaHO poOOOTY B Pi3HHX PEeXKHMax Ta
MOPIBHAHHSA XapaKTEPUCTUK HAHOUIBII IOIYJISIPHUX
TUIIB EJICKTPONPUBOJIIB IS 3aCTOCYBAHHS Yy TATOBHX
CJICKTPOMEXAHIYHUX CHCTEMaX Ta TIOPUIHUX TPAHCIIO-
pTHHX 3acobax. B pe3ynbTaTi 3p00JeHO BHCHOBOK, IO
JUTSL TIIBHINEHHS €(QEKTUBHOCTI TATOBUX YCTaHOBOK
HaOLIBII TOMIIFHO BUKOPHCTOBYBATH CHHXPOHHI IBU-
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TYHU 3 TIOCTIHHUMH MarHiTaMH, 110 HiBEIIOIOTh HEIO0JTi-
KW JABHUTYHIB MOCTIHHOTO Ta 3MIiHHOTO CTPyMY, SIKi 31Ie-
017TBII0TO BUKOPHCTOBYIOTHCS B IIUX EJICKTPOIPUBOIAX.

3. Po3pobireni xoMm’roTepHi imiTamiitHi Moxemi
JaTi MOXKJIMBICTR TIPOAHANI3yBaTH BiAMIHHOCTI Yy pe-
xmMax pobdotu 3amponoHoBaHux CAK Tsarosux ycrano-
Bok 3 C/ITIM sik Oe3 mycKOBHUX OOMOTOK, TaK i 3 MyCKO-
BUMHU OOMOTKaMHU.

4. Amnani3 epexTy BiJ 3aCTOCYBaHHs 3alpONOHO-
BaHUX ONTUMAJBHUX pEIEHHHUX CUTHAJIB KepyBaHHS

TATOBOIO YCTAaHOBKOIO IIOKa3aB, IO IIPU 3aCTOCYBaHHI
CAK 3 onTHManbHUMH peleiiHUMH peryiasTopaMu TPUBa-
JCTh TEPeXiTHOTO NIPOIeCy y BHIAAKY ABHTYHIB 0e3
ITyCKOBHX OOMOTOK BHSBHIAch Ha 14% MeHIIOO B TO-
piBusgHHI 3 CAK i3 ninifinumu peryastopamu, a y BATAI-
Ky JABWTYHIB i3 IyCKOBHMH oOMoTkamu - Ha 13.5%
MeHiow. Kpim toro Busieieno, mo CAK 3 ontumans-
HUMH pEIeHHUMM peryiasaropaMu TATOBHUX YCTaHOBOK BO-
JIOAIIOTh aCTaTM3MOM BiJTHOCHO MOMEHTY HaBaHTaXKCH-
HSl.
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Research of automatic control systems
for electric drive of contact electric locomotive of ore mines

N. Yermilova, S. Kyslytsia, R. Zakharchenko

Abstract. The article considers approaches to the creation of control systems for electric drives of traction
transport of ore mines. The analysis of work in different modes and comparison of characteristics for most popular types
of electric drives applied in traction electromechanical systems is carried out, their advantages and lacks are revealed. To
increase the efficiency of traction units as drive motors, it is proposed to use synchronous motors with permanent magnets,
which eliminate the shortcomings of DC and AC motors, which are mostly used in these electric locomotives. In order to
improve the methods and schemes of automatic control of traction drives, mathematical models of dynamics of traction
unit with synchronous motors with permanent magnets (SMPM) were developed, on the basis of which computer simula-
tion models of automatic control systems (ACS). Using these models, the analysis of the modes of operation of the pro-
posed ACS traction units with SMPM both without starting windings and with them. The operation of ACS for the traction
unit model with linear current and speed regulators was compared, as well as for the ACS model with optimal relay con-
trol signals based on the use of the properties of switching functions of optimal control actions. Analysis of the effect of
the proposed optimal relay control signals of the traction unit showed that when using ACS with optimal relay regulators,
the duration of the transient process in the case of motors without starting windings was 14% shorter compared to ACS
with linear regulators, and in the case of motors with starting motors. - by 13.5% less, which proves the advantage of using
control systems with optimal relay regulators. In addition, it was found that such systems of automatic control of electric
drives of traction units have astatism in relation to the moment of loading.

Keywords: control system, electric locomotives, synchronous motor, computer model.
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B3AEMHA KOPEJIALIA Y3AT'AJIBHEHUX KOOPIUHAT
BATATOBUMIPHOI JITHIHHOI CHCTEMHU

AHoTauis. [IpeqMeToM AOCTIKEHB CTATTi € CBOEPIAHY NOBEAIHKY B3a€MHHX KOPEIALIHHUX QyHKIIN y3araabHEHHX KO-
OpIHMHAT — HASBHICTb PO3PHBY MEPILOTO POLY NPH IIEPEXOJi apryMEHTY BiJl HOro NO3UTHBHMX 3HA4YEHHS 10 HEraTHUBHHX.
Mertoro € omiHKa MOXKIMBOCTI (POPMYBaHHS PO3PHUBY MApHUX Ta HENAPHHUX CKIAJOBHUX KOPEJALINHHOT (QYHKIII Ta OOIpyHTY-
BaHHs JAHOTO SBHUINA. 3aCTOCOBYBaHI METOJAU: CIIIBCTAaBJICHHS ABOX (YHKIIH OifiCHMX 3MiHHHMX Ha OCHOBI IIEPETBOPECHHS
®dyp’e, CTATUCTHYHI METOM aHANI3Y JAHHX, TEOpis BHINAAKOBUX (QYHKINH, Kopermsuiiianii anamiz. OTpuMaHi pe3yibTaTi:
1o0y10Ba MPUHIMUIIIB OTPUMAHHS NMApHAX Ta HEMApHHUX CKJIAJOBUX KopessimiiHol ¢yHKmii 6araroBuMipHOI JMiHiiHOI cuc-
TEMH 3 aHaJTi30M iX Oe3MepepBHOCTI B y3aralbHEHOMY CEHCI; 3allpOITIOHOBAaHE TIIyMaueHHs MOIIOHMX BHpPa3iB SIK IPaHUII
TIOCJIITIOBHOCTI Oe3nepepBHUX (YHKIIH, Mo 3abe3medye ix Oe3nepepBHICTh B y3araJbHEHOMY CEHCI Ta yCyBa€ BHHHKILY CY-
MepewWINBICTh B JaHOMY BUMAKY. [IpakTHyHa 3HAYyIIICTh POOOTH MoOJsATaEe y NOoOYIOBI MOJENI B3a€EMHOT KOpeIALil y3ara-
JIFHEHUX KOOPIHMHAT JiHIHHOT CHCTEMH 3 ypaxyBaHHIM 0COOIMBOCTEH MOBEIIHKHA KOPEISAIIIHHUX (QYHKITIH.

KnwdoBi cioBa: xopemsiiiHuii aHaii3; 6araToBUMIpHa JIiHIHA CHCTEMa; TTapHi Ta HeNapHi CKJIaJ0Bi; Oe3MepepBHICTS,

BI/IHa[[KOBi BCJIIMYUHU.

Beryn

B Teopii anamizy 0araTOBUMIpHHX BHIAIKOBUX
BEJIMYHMH 3aBJaHHS KOPEIALIWHOIO aHa3y € BaXIH-
BUMH IIpH 10OY/I0BI 1 peanizauii 6araTb0X CUCTEM KOH-
TPOJII0, MOHITOPHUHTY Ta JIarHOCTHKH. B mporieci Bupi-
LICHHS WX 3aBJaHb BU3HAYCHHS HASBHOCTI Ta Xapak-
TEpy CTaTHCTUYHOTO B33a€MO3B’S3KY JOCIIIKYBaHUX
BUMA/IKOBUX BEJINYHH € MPIOPUTETHUM HAMIPSIMKOM.

Ha mincraBi pe3ynpTaTiB KOPEAMIHOTO aHATi3y
pOONATHCS BUCHOBKH PO HASBHICTH i XapakTep (yHK-
IOHAJNEHOI 3alIe)KHOCTI BHITATKOBUX BEIHYWH, TEpe-
Bary BUKOPHCTOBYBaHHX METOIB AOCTIKEHb 1 MIPOIIO-
HOBaHHX MOJIENICH ISl OMTUCY BUMAAKOBUX OaraTOBHMi-
PHHX MPOLECIB.

3acTocyBaHHsl KIACUYHOTO MAaTEMaTH4HOTO aria-
paTy KOpEJSLiiHOro aHallizy HIIMPOKO BUKOPHCTOBY-
€ThCS B IPUITYLICHHI PO MPUHAJIEKHICTh BUIIaJKOBOTO
poIiecy, 1O CHOCTePIraeThesi, 0araToBUMipHOMY HOP-
MajJbHOMY 3aKOHY PO3MOILTY.

Ha mnpaktumi Taki mepeayMOBH KOPEIALMiIHHOTO
aHaITi3y BUKOHYIOTHCS TAJIEKO HE 3aBXKIH 1, IBUAIIE 32
BCE, € 3PYYHOI0 MaTEeMaTHYHOIO i/leai3aIliero JOoCi-
JDKYBaHHX ITPOIIECIB.

3aBJaHHS OLIHIOBaHHS MMapaMETPiB CHTHAIIB, IO
MIpUAMArOThCs HA (DOHI MEPEmKoJl, € BAXIMBUMHU NPHU
peamizariii 6araTb0X TEXHIYHUX CUCTEM, 110 MAIOTh BiJI-
HOIIEHHS /0 CTaTHCTUYHOI 00poOkm maHmx. s ix
PO3B’S3Ky YCHIIIHO BHKOPHUCTOBYIOTHCS H00Ope BigoMi
CTATUCTUYHI METOAM, TaKli SK METOJ MaKCHUMaJIbHOI
MPaBIOIOAi0OHOCTI, METOX MOMEHTIB 1 iH. [1-3].

BukopucTaHHs JaHUX METO/IIB HE HAKIIA/Ia€ MPUH-
IUIOBUX OOMEKEHB Ha BUJI PO3IOIIIIB TOCIIPKYBAHUX
BHIA/IKOBUX IPOIIECIB, OJHAK Ha MPAKTHII ITUPOKOTO
MOIIMPEHHS HAOYJIHM TrayCcoBi MOJENI TOCIHIIKYBaHUX
BHITJIKOBUX BEITUYHH.

Taxke npunymeHHs He 3aBXAM aJIeKBaTHO BigoOpa-
JKa€e peasibHi BUITAJIKOBI MPOIECH, SIKi € BIIMIHHUMH Bij
raycoBuX [4-6], 1110 B UJIOMY IPU3BOJUTH 10 3HIDKCHHS
€(DEeKTUBHOCTI OIIHIOBAaHHS IMapaMeTpiB JOCIiTKyBa-
HUX BHUITAJKOBUX MPOIECIB.

OkpiM TOTO, aHAaJi3 PO3B’SI3aHHSA KOPEIALIHHUX
nudepeHIialbHAX PIBHAHB IS OaraTOBHUMIpHOI Ii-
HIHHOI CHCTEMHU BUSBHB CBOEPITHY MOBEIIHKY B3a€M-
HUX KOPEJAMiHHUX (YHKIIA y3araJlbHEHHX KOOPIH-
HaT — HasBHICTh PO3PHBY IIEPIIOTO POy NPH IEepeXoi
apryMeHTy BiX HOro MO3MTHUBHHUX 3HAYCHHs O Hera-
THUBHUX.

SIBHa CylepeyHICTh LOTO SBUIIA ICHYIOYIH qyMIli
po Oe3nepepBHU XapakTep 3MiHU KOpeNALidnHuX QY-
HKI[I/l CIIOHYKa€e TPOBECTH OLIbI peTeNbHE HOCIHi-
JOKEHHSL.

Meta po6oTH — OILiHKa MOXJIMBOCTI (hOPMYyBaHHS
PO3pHBY HapHHUX Ta HEMAPHUX CKIAJOBHX KOPEINSLiHHOT
(yHKIIIT Ta 00TPYHTYBAHHS JaHOTO SBHUIIA.

3aBmaHHS JOCHIHKCHHS TIOJIATAIOTE y MOOYIOBi
NPUHIUIIB OTPUMAaHHS MAPHUX Ta HEMAapHUX CKIAJI0BHX
KopessmiiHol QyHKIT 0araToOBUMIpHOI JiHIHHOI CHC-
TEMH 3 aHaJi3oM X Oe3NepepBHOCTI B y3araJbHCHOMY
CEHCI.

Po3B’s130k kopensiniiinnx qudepeHuiiinnx
PIBHAAHB /151 6araToBMMipHOI JiHiliHOI cMcTeMH

Buxogumo 3 TOTO, MO0 MATPHUI CIEKTPaTbHHUX
IIITBHOCTEN y3aralbHeHWX KOOPAWHAT JIiHIHHOT CHC-
TEMHU BU3HAYAETHCS 3AJICKHICTIO BUY:

8, (@) = D(i0)S,, ()" (i) , )

ae S, (w) — Marpuus CreKTpajJbHUX LIIIBHOCTEH Bek-
Topy 30yprorounx BIKBiB; D (iw) — Marpuis 4acTor-
HUX XapaKTEPHCTHK CHCTEMH, a «*» I03HaYae CHoiy-
YEHHS.

Okpemi eneMeHTH MaTpuli S (@) sK HacHigok
CTPYKTYpPH HaBEICHOTO MepeTBOpeHHs (1) BUABIAIOTHCS
IIBOX BHIB:

a) IiaroHaJbHUMH, Ki MOXKYTh OYTH IIPUBEICHI O
¢dbopmu BUY:

. 2
|Pw)| . —

S;(jx(a))_ PV(IQ)) 1 le,n; (2)

16 © Kaninin €. 1., Konomiiines O. B., Pubansuenko A. O., 2021



Ynpaeniuns 6 cknaonux cucmemax

0) iHIMAMHY:

Sﬁx(w):w, j,l=1n;

ne P, (iw) — nomiHoM cTymeHst v BiZHOCHO i@ .

OCKITbKH YHCEIEHUKOM HaBEIICHOTO BUpa3y (2) €
MOJIIHOM, IO MICTUTH JIMIIE MapHi CTYIEHi, TO 3BOPO-
THe nepeTBopeHHs1 Dyp’e, MO ae BiAMOBIIHY KOpEs-
iy QyHKIifo, Oyae CKIamaTuCs TIIBKA 3 TAPHUX y-
HKIIIH.

Taxk, sSKI[O IMMOJIOCH 3HAMEHHMKA — MIHCHI 4HcIa,
TO 3aCTOCYBaHHS Teopil JMMKIB 10 (2) IpHU3BOIUTH
(TIpu BiACYTHOCTI KpaTHHX IIOJIOCIB) JO 3aJEKHOCTI
BUJTY:

Kjj () = icse“f‘ , (4)

ne C, — niicHui KoedimieHT.
AHAJIOTIYHO Mapi KOMIUIEKCHO-CIPSHKSHUX MOJTIO-
ciB
ﬂr =—q, + Iﬂr (5)
BIIMTOBIAAFOTH CKIJIAJIOBI KOPEIAMiTHOT HyHKITiT

Ki(r)=e (A cospr+B,sing|z), (6)

ae A 1 B, —uucnosi koediieHTH.

BimzHaurnMo, 110, /U1 HAJAaHHS JPYTOMY JO0JaHKY
(6) BmacTUBOCTEH MapHOi (YHKIIII, B apTyMEHT OCTaH-
HBOT JOBOJUTHCSI BBOJAUTH 3HAK MOJIYJIS.

Iepexonasuu 10 aHani3y Bupasy (3), mpeacTaBuMo
JN00YTOK, IO BXOIUTHh B HOT'O YHMCENBHUK, Y BHUIJISAJII
CyMH JIBOX TMOJIIHOMIB

! (3 "
Pi(i®) 1 Pj(iw),
B KOXKEH 3 SIKHX BXOJISITD JIMIIE MapHi a00 HemapHi cTy-

I€Hs BIANOBIIHO:

P (io)P, (iw) = P (iw) + Pj(iw) . (7)

Lle no3BoOJIsIE, BUKOPUCTOBYIOYH JIIHIHHICTh Hepe-
TBOpeHHst Dyp’e, epe NPOBEICHHSIM 3BOPOTHOTO Tie-
peTBOpeHHs npenctaButy (3) y ¢popwmi:

Pii(iw)
P, ()"

|P(|a))| .

S (@) = (8)

- 2 -
ne |P (i) =P} (io).
B3aemna xopensmiiiHa ¢GyHKIS, IO OTpUMaHa B

pe3yabTaTi 3BOPOTHOTO TIEPETBOPEHHA, Oyae CcKiana-
THUCA 3 ABOX YAaCTHH:

Kii (7) = Kj () + K (2) (9)

MIPUYOMY HEpITy 3 HUX CKIaAyTh MapHi GYHKIII TOTO X
THmy, mo (4) abo (6) B 3aJ€KHOCTI BiJl BUILYy MOJIOCIB
3HAMEHHUKA.

Jpyra x vactuna — Kj(r) — onucyerbes Hemap-

HUMH (QYHKIISIMH, YSBICHHS MPO BUTIAL SIKUX MOXE

OyTH OTpHMAaHO Ha OCHOBI HACTYMHUX MipKyBaHb.
BukopucToByroun HEMapHICTh CTYMEHIB OKPEMHUX

uneniB nominomy Pj(iw), mininTerpansuuii BUpas B

K/ (r) npencraBumo y Burisiai n06yTKy Takoro BH-
TSIy

P ( ) |(lJTd
P, (|a))|

B sikoMy P,(i®) — momiHOM, IO MiCTHTH JNuIIe MapHi

K/ () = j i (10)

CTYTICHI.

Aune 1o0OyTKy 4acTOTHOTO Tapamerpa i@ Ha 30-
OpakeHHs QyHKIII B IPOCTOPi OpUTiHATIB BiANOBiNAE
MIOX1/IHA 32 apTyMEHTOM 7 BiJ OpHTiHay wiei QyHKIIl:

" r P(iw)
K" (2) = —
) dr _[O|P(| )|’

TyT BpaxoBaHo, 1110 3HAYEHHS KOPEIsLiiHOT QyH-
KIIi1 Ha HECKIHYCHHOCTI TOTOXKHO JAOPIBHIOIOThH HYIIIO.

Ockinpku migiHTeTpansHuit Bupas B (11) He Bigpi-
3HAETHCS Bif (2), TO, BUKOHYIOYH IIEPETBOPCHHS, 3HOBY
MIPUXOIAMO JI0 TOAAHKIB BUAY (4) abo (6). Aie moxinHa
BiX IUX (YHKIIH i, oTxe, caMi QYHKIIi MOBUHHI OyTH
HETapHUMH.

JudepenniroBanas He 3MiHIOE BUAY QYHKIH (4)
a60 (6). Tomy, ciigyl04YH IPaKTHUII ITYYHOTO MEPETBO-
peHHs HenapHoi (YHKIIT B TapHy, o Oyaa BiaMideHa
Ha MPUKJIAJl CHHYCA, 3alHIIEMO

e do|. (11)

K!(r) = ZSQH(I)C g™l (12)
Ki() =
abo > e (sgn(z) A cos A,z + B, sin A7), (13)
1 mpu 7>0,
ae sgn(z) =40 mpu =0, (14).
-1 npu 7<0.

3Bijicu MOBHUI BUPa3 JJIsl B3AEMHOT KOPEJISIiHHOT
¢yekmii (9) B HaWOIMBIN 3aralbHOMY BHIAAKY Oyne
MaTH BUIJIS

Z(C +sgn(z)Cl)e" +

(A +sgn(e)A)os e+ | _,
*Z{ (Br+sgn(r)B,)sm/AJe |

(15)

Jie BC1 KOe(illieHTH — JifCHI YHcha.
3 (15) HeBaxko Oa4MTH, IO OCHOBHA BIACTHBICTH
B3a€EMHUX KOpEJINHNX QyHKIIIH

K (0) = K (=7) (16)
BUKOHYEThCSI, npu4omy i1 BukoHanHs npu 7 =0 nocs-
ra€ThCsl JIMIIE MPU NPaBWILHOMY OOJIKY CHTHaTypu
(14).

JloBoni yacTo B3aeMHi KopensaLiitHi GpyHKmii npak-
TUYHO OTPUMYIOTH K PE3yJIbTaT 3BOPOTHOTO MEPETBO-
penHs @yp’e Bif BiIMOBIAHOI CIEKTPANTBHOT IITBHOCTI.

[Ipu pOMy, TIPUPOIHO, MOTIEPEAHIN PO3MOIIT HA
MIOJIIHOMHU ITapHMX 1 HEMapHUX CTYIEHIB HE MPOBOJISTH.
Bunrkae nuine 3aBIaHHs MOJUTY AOJAHKIB HA TapHI i

17
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HeMapHi CKJIaJ0Bi y BXXE OTPUMAHOMY BHpa3i s
XX
K (o).
3aBmaHHS 1e BHUpimryBaiocs B [8], 1 MU HaBOIUMO
TUTBKH HOTO OCTATOYHUH Pe3yIIbTaT:

Ki(@) = %(KJ.X,X (0)+ K (@),
1 (17)
K (e) =5 (K5 (0) K} (@),

IIpuxnan po3kiaagaHHs KopeasuiifHol
¢pynkuii Ha mapHi i HemapHi ckiIag0Bi
Ta iX aHAJTi3

[poinmtocTpyeMo oTpuMaHi pe3yJabTaTH HAHIIPOCTi-
LIMM MpUKIagoM (puc. 1).

CraifioHapHU# BHIAJKOBHI MPOIEC BILUIUBAE Ha
TPUBUMIPHY CHCTEMY IMEpIIOrO MOPSIKY, IO OIHUCY-
eThes quepeHIIHHNIM PIBHIHHAM BUIY

1-Wz=f, (18)
2 -1 1

ne W=|-1 -2 1|; (19)
1 -1 -2

z i f —BekTopu y3aranbHEHUX KOOPAMHAT i CHJI BiAIO-
BIJTHO.
[Mepiia, HEeHYIbOBA KOMIIOHEHTa BekTopy f wmae

HYJIbOBE MaTeMaTH4YHE OYiKyBaHHs 1 KOpessiuiiHy QyH-

KLIiIO, sIKa OIMUCYETHCA BUPA30OM BUAY:
K."(r) =10e . (20)

PiBusinHIO (18) BiNOBiAa€e MaTPHIS YACTOTHHUX Xa-
PaKTEpUCTHK BULLY:

(p)=|pE-W|" =
1(p+2)2+1 —(p+23) p+l | 1)
=08y (e et |

p+3  —(p+3) (p+2)°-

ge p=iw; A=(p+D)(p+2)(p+3); E — ogunuuna
MAaTpHIL; «—1» B CTYIIEHI TO3HAYa€e 3BOPOTHY MATPHIIFO.

BukopucToByI0UM HEHYJIBOBUI €JIEMEHT MaTpHIli
CIIeKTPAIIbHUX IIiTbHOCTEH BekTOpy f

40

Su (@)= 7(a® +16)

(22)
3a roroMororo 3ajnexHocTi (1) hopmyemo mMaTpuirio cre-
KTPaJIbHUX IIITBHOCTEH BEKTOPY y3araJbHEHUX KOOPIH-
HaT

Szz(w):

. 19p)  ~(-p+3)9(p) (~p+3(p) -
:3—(p+3),9(—p) |p+3|2 —|p+3|2 ,
(p+3)9¢-p)  —p+3  |p+3f
e 9(p)=(p+22+1; s=x|(p+HA[.  (24)

0,6 K.

-0,5 0 0,5

0,6 K}
0) \
-1.0 0.5 0 0.5 10|
0.6
1,2 K
B)
0.6 [ \

DT ¢

12

-1,0

\\
0,5 \ 0 0,5 1,01 T

-0,6

’

Puc. 1. [Tapna (a) Ta HemapHa (0) ckIagoBi
1 3aranpHUH BUIIA] (B) JOAAHKIB QYHKIIT K;,X (7)

3 (23) BuaHO, 10 HEiaroHAIbHI JIEMEHTH JIHCHO
MOXYTh OyTH mpezcTaBicHi y opmi (8), HanpukiIag y
TAKOMY BHITAJKY:

Slzzz(w):
:4_0[ p’-15  p’-7p
7| |(p+HA"  |(p+4)Af

] , (25)

X04Ya € i BUHATKY (HAIpUKIaJl, TaKi MaTPHUIIO CIEKTpa-
2z

JBHUX HiibHOCTER: Sy (w) 1 Sy (@)).
3BopotHe meperBopeHHs Dyp’e Biag elIEeMEHTIB
S5 (w) 1 S;; (w) mae taki B3aeMHi KOpeIsiiHi HYHKII:
Ky (1) =
=-0,444e" +0,333e > -0,381e™* +0,198¢*,
Ka(r) =
=-1,888e +2,476e > - 0,881 ™.

(26)
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Buxopucranns oneparii (17) ans BUIUICHHS Tap-
HHUX 1 HEMapHUX CKJIQJIOBHX MPU3BOJIUTH 10 BHPA3y Ta-
KOTO BUTJISIY:

KX (z) =-0,222¢ 1 —0,777¢ %1 +
+1,048¢ 74 — 0,346 +
-0,222¢71 +1,111e72 -
~1,429¢ 1 +0,540e

(@7)

+sgn(z)-

3aneKHOCTI, 10 MPEICTaBICH] Ha pUC. 1, 1at0Th Ha-
OYHE YSBIICHHS PO XapakTep 3MiHHU mapHOi (a), Hemap-
HoOi (0) cKIIaI0BUX 1 B IIiIOMY (B) OHOTO 3 TOJAHKIB (Y-
HKIIT KJ-X,X (r) . Yepes D) mosnauena BimmoBimHa yac-
THHA TUCTIepCii

D =K (0) = K5 (0). (28)

BucHoBxku

Po3puBHIcTh HeapHOT cKi1a0Bo1 (puc. 1, 6) 3Haxo0-

HUX KOPEISAIHHNX QYHKITIH, 0 BUTUIMBAE 3 iX (Pi3udHO1
CYTi.

Heo0OxigHO Bin3HAYNTH, IO IpUYHHA TOAI0OHOT CH-
Tyamii — TOpYyIIEHh Oe3MepepBHOCTI MOXITHUX TaKHX
AHATITUYHUX AIPOKCHMAIIH, K e i ecos pr —
MoJISIrae B OCOOIUBOCTAX MATEMaTHYHOTO arapary, 1o
3aCTOCOBYETHCS MPH BUPIIIEHHI Au(epeHialbHIX PiB-
HSHb.

HaykoBy HOBH3HY NpOBEAEHOTO JOCIIKEHHS
CKJIa/Ia€ 3aIPOIIOHOBAHE TIyMadeHHs MOAI0HUX BUpPa3iB
SIK TPAHUIN MOCIITOBHOCTI Oe3nepepBHUX (DYHKIIIH, 10
3abe3mneuye X OE3MEpPEPBHICTh B y3arajJbHEHOMY CCHCI
Ta yCyBa€ BUHUKITY CYNEPEWINBICTh B TAHOMY BUIA/IKY.

[IpakTryHa 3HAYYOICTH POOOTH TONATAaE y MOOY-
JIOBi MOJIeJTi B3a€EMHOI KOPEJIAIii y3aralTbHeHNX KOOPIU-
HAT JIHIKHHOT CHCTEMH 3 YpaxyBaHHIM 0COOTHUBOCTEH HO-
BEJIHKH KOPEJLIIHHNX (QYHKITIH.

[lepciekTBH ~ JNOCHIDKEHHS  MOXYTh  OYyTH
OB’ s13aHi 13 MOJANIBIIMM JOCTIIKSHHSAM MOBEIIHKU KO-
perAiiaX (QYHKIH 3 MPEACTaBICHHAM OCTaHHIX SK

JUTHCS B SIBHOMY TPOTHPiuYi 3 O€3MEPEPBHICTIO peanb-  I'PAaHUII IOCIiJOBHOCTI.
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Cross-correlation of a multidimensional system
Yevhen Kalinin, Oleksii Kolomiitsev, Alina Rybalchenko

Annotation. The subject of research in the article is the peculiar behavior of the mutual correlation functions of
generalized coordinates - the presence of a discontinuity of the first kind when the argument passes from its positive
values to negative ones. The goal is to assess the possibility of forming a gap between the even and odd components of
the correlation function and to substantiate this phenomenon. Applied methods: comparison of two functions of real
variables based on the Fourier transform, statistical methods of data analysis, theory of random functions, correlation
analysis. The obtained results: construction of principles for obtaining even and odd components of the correlation
function of a multidimensional linear system with an analysis of their continuity in the general sense; the interpretation
of such expressions is proposed as the limit of a sequence of continuous functions, which ensures their continuity in the
general sense and eliminates the inconsistency that has arisen in this case. The practical significance of the work lies
in the construction of a model of cross-correlation of generalized coordinates of a linear system, taking into account the
peculiarities of the behavior of the correlation functions.

Keywords: correlation analysis; multidimensional linear system; even and odd components; continuity, random
variables.
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THE THEORY OF SYNERGETICS AS A METHODOLOGICAL BASIS
FOR THE DEVELOPMENT OF NONLINEAR PROCESSES IT INDUSTRY

Abstract. The article analyzes the state and development of synergetics. Features of synergetics are considered. An
analysis of its applications is given. The issues of evolution and self-organization reflected in synergetics are considered.
The processes of the information field are shown. related to synergetics. The conclusion about possible construction of the
synergetic theory of the information is made. In particular, the applications of synergetics are considered: the theory of dy-
namic chaos, the theory of deterministic chaos, the theory of fractals, the theory of catastrophes, linguistic synergetics and
forecasting. It is shown that synergetics creates supporting positions for the development of modern, new, promising areas
of theoretical informatics: nanoinformatics, bioinformatics, quantum informatics, geoinformatics, definite informatics, Se-

mantic Web and others.

Keywords: information, philosophy of information, synergetics, information field, modeling.

Introduction

The theory of synergetics as a methodological ba-
sis information processes, is able to most fully reflect
the complex nonlinear processes in IT indutry, to in-
vestigate its systemic nature, sources of spontaneity,
disorder and, at the same time, development.In recent
years, there has been a rapid growth of interest in the
interdisciplinary field, which is called "synergetics".
Solid monographs, textbooks, articles, etc. are pub-
lished. Synergetics as a worldview category covers all
new areas of knowledge and ideas, sometimes, inci-
dentally, unjustifiably and even incorrectly.

The Internet is full of publications and discus-
sions on this topic.

The theory of the information field is developing
more modestly, but recently work in this area began to
serve as a generalization of many processes occurring
in computer science.

The information field and the infosphere serve as
a source of information and description of the sur-
rounding world. According to the authors, the mutual
consideration of synergetics and the information field
will enrich the information theory and methodology of
information processes research.

Analysis of recent research and publications.
The interpretation of the term "synergetics" can obvi-
ously come from the creator of this wonderful field, O.
Evzikova. According to his definition, synergetics
deals with the study of systems consisting of a very
large number of their constituent components (subsys-
tems), which are in a coordinated interaction, deter-
mine the behavior and properties of the system as a
whole [1].

This definition has become a classic and therefore
literally passes from one work to another by a variety
of authors: V.Tron, M. Boguslavsky, V. Budanov, E.
Knyazeva, S. Kurdyumov, V. Kremen, |. Kudryavtsev.
This word means the joint action of these components.
It was noted. that the term "synergetics" was preceded
by the religious origin "synergy", also means an act of
merger (with some higher force) [1, 2, 4-6].

It is the synergetic approach that shows the most
important role of resonant phenomena, scaling (in
computer science, most often, doubling) in the pro-
cesses of evolution and revolutionary states of infor-
mation systems.

Extremely interesting coverage of these aspects
can be found in the works of the famous scientist V.
Budanov and his colleagues, in particular, in the work
of V. Budanov. In general, the provisions discussed
here are disclosed in detail in the works of a well-
known expert in synergetics V. Kremen, Y. Danilov
(and a number of other authors). Defining the role and
place of synergetics in modern information theory, V.
Kremen and Y. Danilov points out that in this rather
new field of knowledge (as in many others) synerget-
ics leads a bridge through the gap that separates the
reductionist approach in the assessment of phenomena
from the holistic[5, p.77].

In contrast to ontologies and model descriptions
of various individual specific sciences, synergetics
describes the general patterns of evolution and behav-
ior of systems.

Synergetics establishes relationships and reflec-
tions of interconnected systemic phenomena. Syner-
getics provides tools, approaches and methodology for
a reasonable transfer of the results of the study of sub-
systems, parts, sections to their integral integrated and
higher in the hierarchy system levels. Here, however,
we can only talk about applied synergetics.

Main part

Consider the most studied areas of synergetics. A
short list of areas of applied synergetics in numerous
scientific sources for the query "synergetics" as of ear-
ly 2021 is as follows, namely: applications of syner-
getics are distributed between different areas:

the theory of dynamic chaos explores the ex-
tremely complex, hidden order of behavior of the ob-
served system; the phenomenon of turbulence;

the theory of fractals deals with the study of
complex self-similar structures, often arising as a re-
sult of self-organization.
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The process of self-organization itself can also be
fractal; catastrophe theory investigates the behavior of
self-organizing systems in terms of bifurcation, attrac-
tor, instability; linguistic synergetics and prognosis;
semantic synergetics; psychosynergetics (synergetic
processes in psychology), etc.

Thus, characterization of synergetics as a scien-
tific paradigm includes three main ideas: openness,
nonlinearity, dissipation (Fig. 1).

The following notions of synergy also play an
important role in the synergetic approach ghettos as
fluctuations and bifurcation points.

Fluctuations as small deviations from statistical
equilibria are massive about phenomena of changes
that occur in the system.

However, the impact on these changes is difficult
to determine you without statistical analysis of those
phenomena which cause such deviations.

Three main ideas

characterizing syvnergetics

az a zeientific paradigm

E=n

Fig. 1. Three main ideas characterizing synergetics as a scientific paradigm

For analysis of fluctuations requires information
system that can provide failures early, processing,
analysis, and distribution information on socio-
economic processes occurring in society. The funda-
mental principle of self-organization is the emergence
of a new order and the complication of systems due to
fluctuations (random deviations) of the states of their
elements and subsystems. Such fluctuations are usual-
ly suppressed in all dynamically stable and adaptive
systems due to negative feedback, ensuring the preser-
vation of the structure and close to equilibrium state of
the system.

An important concept of synergetics and syner-
getic approach is chaos. Chaos in synergetics has dual
essence. On the one hand, there is chaos destructive
and leads to disorganization of the system, and on the
other - it is constructive and contributes to the process-
es of organization.

Openness of information systems is shown, first
of all, due to the intensive exchange of information
with the external environment. Such information ex-
change provides an opportunity ensure coherence of
actions, in addition, openness allows the existence of
stable nonequilibrium states of the system, or its at-
tractors. Attractors, in turn, ensure existence such a
form of organization that is adequate self-structuring
of the system.

But in more complex open systems, due to the in-
flux of energy from the outside and increasing imbal-
ance, deviations increase over time, accumulate, cause
the effect of collective behavior of elements and sub-
systems and, ultimately, lead to "shaking" the former
order and due to relatively short chaotic state or to the
destruction of the old structure, or to the emergence of
a new order.

Well-known authors agree that synergetics plays
the role of metascience, and therefore it is especially
productive in interdisciplinary areas and in the latest
areas of scientific and technological progress, which,
of course, include the study of modern information
systems and information processes in them.

The same is true of synergetics and the general
theory of information processes and systems, the
mathematical apparatus serving them, because in both
visions mathematical descriptions support the general
theory of systems, especially dynamic ones. Synerget-
ics is multifaceted, as expected from an interdiscipli-
nary approach. At the same time, it has a kind of
"zest", the same one that helped to increase interest in
it. According to some authors, synergetics gives its
user interesting tools for the study of dynamic infor-
mation systems and processes and systemic impact on
them. This is all the more important because the signs
of dynamic processes in modern conditions are rapidly
accelerating the functioning of information systems are
becoming more pronounced.

In addition, in synergetics, a kind of link between
these two approaches, the consideration takes place at
an intermediate, mesoscopic level, and macroscopic
manifestations of processes occurring at the micro-
scopic level occur "by themselves" due to self-
organization, without a guiding and guiding "hand".
acting from the outside of the system. This fact is so
important that synergetics could be defined as a sci-
ence of self-organization and as a science that expands
the vision of the studied phenomena so that there are
previously unavailable opportunities for generaliza-
tions, giving rise to fundamentally new promising sci-
entific solutions (including in the field information
processes and systems).

Thus, it seems that synergetics creates a foothold
for the development of modern, new, promising areas
of theoretical informatics, such as nanoinformatics,
bioinformatics, quantum informatics, geoinformatics,
definite informatics entrostat, theoretical informatics,
SemanticWeb (Ontonet), macromedia, and infodynam-
ics. To a large extent, this is due to the fact that these
and other new disciplines arise and develop as inter-
disciplinary.

For example, if we resort to attempts to allocate
nanoinformatics in a separate special field of
knowledge, we can immediately assume that
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knowledge information in classical computer science
in some way connects and intertwines with knowledge
information in the field of nanotechnology, comple-
menting and developing each other and providing a
qualitatively new effective tool for information ser-
vices of nanotechnologies. At the same time there are
processes more perfect and bigger, than simple reduc-
tion of one in another, ie processes for the description
of which only the reduction approach can appear insuf-
ficient.

Some new mechanisms of functioning with new
parameters are self-organized, and in themselves the
former parameters of the state do not disappear - they
remain, but the system is much more productive to
represent not in them, but in others - the parameters of
order.

| repeat: the relationship between the parameters
of the order and the parameters of the state is not one-
way - there is a mutual two-way counter-directed rela-
tionship. As many authors note, the famous researcher
Hacken called such a bilateral dependence a circular
causality.

Conclusions

Thus, in synergetics there is a reassessment of the
role of chaos in the evolution of nonlinear complex
systems. It is proved that the development process is
associated with a large the number of coincidences
they have weak, small impact and not determined pro-
cess dynamics. Only a few attempts pass to the next
level of development, therefore, chaos was seen as a

destructive force, it has a hidden potential for small
fluctuations, coincidences. They are at the micro level
certain conditions may determine the general the
course of events, this requires an unstable state of an
open nonlinear medium. This means the sensitivity of
the nonlinear medium to small fluctuations that ampli-
fied by nonlinear positive feedback. In condition insta-
bility there is a connection of micro and macro scales.
And small disturbances can determine the macro pic-
ture of events.

Characterization of synergetics as a scientific
paradigm includes three main ideas: openness, nonlin-
earity, dissipation. The proposed direction of infor-
mation-theoretical research is often called synergetic
information theory. Apparently, this name of the theo-
ry is due primarily to the fact that synergetics is able to
describe the reflection of systemic formations, such as
order and chaos.

Therefore, given that the term synergetics trans-
lated from the Greek (synergetikos) literally means a
common, coherent, the phrase "synergetic information
theory" is justified.

The article substantiates the theoretical and
methodological principles of a synergetic approach to
information support of information systems based on
the study of its patterns, trends, features, consisting in
the presence of self-organization in the subject and in
the object in a given area; nonlinearity; chaos as
destructive and at the same time a constructive
phenomenon; fluctuations, bifurcation points, that lead
to changes in the system.
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Teopist cuHepreTuKy,
SIK METOH0JIOTIYHe MiATPYHTS PO3BUTKY HeqdiHiliHux mpouecis IT ramysi

A. KarmitoHn, P. bapanenko, JI. Tumenko, T.dpanayk

AHoTanis. CrarTsa aHamizye CTaH i pO3BUTOK CHHEPreTHUKH. PO3IIISIHYTO 0COOIMBOCTI CHHEPTeTUKH. ABTOpaMH BUKOHA-
HO TPYHTOBHHUH aHami3 ii ckiaagoBux. PO3risHyTO MUTaHHS €BOJIOLIT i caMoopraHisailii, o BigoOpakeHi B cuHepreTuli. [Toka-
3aHi Ta MPOaHAN30BaHI MPOLECH YKUTTEMISUTBHOCTI iHPOPMAIIIfHOTO MO, SKi Oe3nmocepeHbO TOB'sI3aHI 3 CHHEpreTHKow. Ha
OCHOBI TIPOBEJICHOTO aHaJIi3y 3p0OJICHO BUCHOBOK IIPO MOKJIMBY NTOOYZOBY CHHEpreTHIHOI Teopii inpopmamii. 30kpeMa, po3riis-
HYTO HACTYITHI CKIJIQJIOBI CHHEPTEeTHKH: TEOPisl TUHAMIYHOTO XaoCy, TeOpis JETCPMIHOBAHOTO XaocCy, Teopis (pakTaliB, Teopis
KatacTpod, JIHIBICTHYHA CHHEPTeTHKA I MPOrHOCTHKA. [I0Ka3aHo, 10 CHHEPreTHKa CTBOPIOE OMOPHI MO3HLIT ISl PO3BUTKY CY-
YaCHHX, HOBUX, EPCICKTUBHUX HAIMPSIMKIB TEOPETUYHOI iHpOpMaTuKH: HaHOIH()OPMATHKH, Oi0iHPOPMATHKH, KBaHTOBOT iH(}O-
pmaruku, reoindopmaruky, nedinitaoi iHpopmaruku, SemanticWeb Ta iHmmx.

Kawuosi caosa: indopmarnis, pinocodis indopmanii, cuaeprerrka, ingopmariiiine mosie, MOASIIOBaHHS.
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Harmionansauii TexHigHUHN yHIBepCcHUTEeT «XapKiBCHKUH MOMITEXHIYHUH IHCTUTYT», XapKiB, YKpaiHa

JOCJIIKEHHS BIVIMBY NEPEXPECHUX INTEPEIIKO/I
HA POBOTY EJEKTPOHHOI'O ITPUCTPOIO

AHoTauisi. B naniif ctarTi po3MIAHYTO BIUIMB MEPEXPECHUX 3aBal Ha POOOTY €JIEKTPOHHOTO MPHCTPOIO, MPOEKTYBAHHS
SIKOTO HeoOXinHO BuKOHATH. [IpoaHani3oBaHO NPUYMHH Ta MEXaHI3M BHUHUKHEHHS HEPEXPECHUX MEPELIKO[, SIKi MOXKYTb
MOPYIIUTH KOPEKTHY poOOTYy NMPHUCTPOIO Yepe3 3MiHY JIOTIYHOTO PiBHS CHTHATY Ha HMPOBITHHUKY-)KEPTBI BHACHIIOK BILJIMBY
Ha HbOTO HaBeJCHOI NepexpecHol neperKoay. MoaenoBaHHs Ta JOCIIDKeHHS BIUIUBY IIEPEeXPECHUX 3aBajl OyJI0 3p00iIeHO
B naketi Allegro Sigrity SI. ITpu anaiizi eneKTPOHHOTO MPUCTPOIO, MiACTABILSUINCS Pi3HI MTOKA3HUKH 4acTOTH. [IpOBigHHK-
JKepTBa JOCIIPKyBaJIach NPH Pi3HUX JIOTIYHUX PIBHSX JIOTIYHUX CUTHAIB.

Kaw4oBi cioBa: eneKTpoHHHUI IPUCTPIii, 3aBaja, ENCKTPOMArHiTHA CYMICHICTb.

Beryn 3HaueHHst B3aeMHOI emHocTi, Cy Ta B3aeMHOI iH-
JQYKTHBHOCTI M, M) IBOMa JOpI’KKaMHU OOUYHCITIOIOTHCS
«ANTOPUTMOM B33a€EMHOI IHIYKTUBHOCTI Ta €MHOCTI»
[3]. OcHoBHI mporeaypud OOYHUCICHHS MEPEXPECHUX
3aBaJl aHAJIOTI4HI MPOLEeypaM arOPUTMY 3B'SI3KY BBO-
ny / Busoay [4]. Ilpu upoMy B aqropuT™Mi po3pi3HSIOTH
JIBa BUJI BXOIB:

a) X CUTHAIBHI - 32 SKUMH TIOAA€ThCS iH(pOpMAITis,
sIKa Tirae oopooI;

0) T HacTporoBasbHI - BU3HAYAKOUI ITapaMeTpH Ha-
CTPOMKH aJITOPUTMIB.

AJne mepexpecHi 3aBagu O0UHCITIOIOTHCS Y YacOBiit
Ta 4aCTOTHIH 00JaCTSX, TOAI SIK alTOPUTM 3B'SI3KY BBO-
1y / BUBOZY BUKOHYE JIHIIIEe OOYUCICHHS 4acTOTHOI 00-
nacti. SIKIIO CUrHaj aHaJIOTOBUii, TO aJlTOPUTM Iiepel-
Oavae, 110 CHJIa 3B’53KYy MIX JIBOMa ITPOBIIHUKAaMU 30i-
JIBIIYETHCS JIHIHHO 3 YaCTOTOIO 1 JIOCSATAE CBOIO Mak-
CHMAJILHOTO 3HAY€HHsI, KOJIM 3arajibHa CyMiCHa JIOBXKH-
Ha CTaHOBIIATH YBEPTh JIOBXWHH XBWIII CHTHaITy. Bemu-
YHHA HAMPYTH IIyMY OOYUCIIOEThCS B YACTOTHINA 00Ja-
CTi 1 AIIPOKCUMYETHCS, K OKA3aHO HIDKYE.

SIkmo 3arangpHa TOBKHHA Mepeki S3 MeHIe 4Bep-
Ti TOBKWHU XBUJII CUTHAITY, TOOTO

3a3Buyail, B CKJIQMHOMY NPHCTPOi 3HAXOJUTHCS
3HaYHA KIJBKICTh PI3HUX elleMeHTiB. Bcei I emeMeHTH
3B’s13aHi MMPOBITHUKAMH HA IDIATI, IKi MOKYTh 3HaXO.HU-
THCS JOCHUTH OJM3BKO OAWH JI0 OJHOTO Ta BIUIMBATH Ha
3aranpHy poOoTy mpucTporo. JIoridHmi piBeHb CHUTHATY
B NPOBIAHUKAX IUIATH MOXKE 3MIHUTHCS HAa HPOTHIICK-
HUH BHACJIIOK BIUIMBY IIEPEXpECHUX nepemkos. Tomy,
aKTyaJIbHAM € IHTaHHS 3a0e3le4eHHs IMPaBUILHOCTI
BUXIZIHUX JAHUX MPUCTPOIO 3 ypaxyBaHHSIM MOKIHBOTO
BIUIMBY MEPEXPECHUX 3aBaj, 10 BUHHUKAIOTH Y JIiHIl
3B'A3KYy 4Yepe3 HasBHICTh CUTHANY y CYCIIHIX JiHIsX
nepenadi [1] Ta 3yMOBJIEHHX €JIEKTPOMArHiTHOIO CyMic-
HICTIO TIPOBIZHUKIB.

lymu BUKJIMKaHI CHTHAIAMHU, TIOB'SI3aHUMH 13 CH-
THAaJJAMH B CYCITHIX NPOBiTHUKAX, MOXXYTh BHKIUKATH
3aBajiu CUTHANly B Mepexi xkepTBu. ExcriepTHa cucrema
Allegro Sigrity SI po3paxoBye IyMm, BUKIMKAHHH B
MIPOBIIHUKY S3, 3yMOBJICHUH CYCiTHIMHU IPOBITHUKAMHI
R2 ta R3. Tun npoeiguuka S3 nepenbavae, 10 BiH MO-
e OyTH JIeTKO MOIIKOKEHUH 30BHIMHIM mryMoM. Tak
camo npoBiaHukr R2 ta R3 3xaTHI BUKIMKATH nepen-
kxoau. Ha puc. 1 mpoJeMOHCTPOBAHO THUIIOBY CXEMY JIJIs

npo0JIeMH epexpecHuX 3aBal. (L Ao 3+108 a60 f < 3+108 ) 5
53 4 /Eeff*f*4 4xLg3* /Eeff ’
2nf * Vj * Cpy #100 * lgy 17151 eMKICHOTO 3B’ 130Ky

2nf * Ipay * M * loq MILiHAYKTHBHOTO 3B’ A30KY

SIKmio 3arajiibHa JOBKHHA Mepexi S3 mepeBuinye

. yl
YBEPTh MJOBXKHHU XBIII CcUTHaIy, ToOTO (Lg3 = 2=

3%108 3x108
=————abo f = ———), To 3B'I30K 00YHCIIIO-
JEeffrf*4 4xLs3* [Eeff

€THCS Ha YaCTOTI JOBXKMHHU YBEPTi XBHII,

Puc. 1. TunoBa cxema JUIs po3paxyHKy IepeXpecHHX 3aBaj

4.71%101° *Cpy #100 % lgg * Vg

[Ilym BuHMKae uepe3 [Ba PI3HUX MEXaHI3MH Lo * \/%7 TS EMKICHOTO 3B'SI3KY @
3B’S3KY - €MHICHHH Ta iIHAYKTUBHUA. [ MpoBigHMKA 13 V, = g
cnabKUM 3B'I3KOM  BEIMYMHA iHAYKOBAHOTO IIyMy 471107 * M *lg * Imay U5t YK THBHOTO 38 3K
npuOIIH3HO MOXKe OYTH po3paxoBaHa sk [2], Lgg * \/a v Y

( 2112, )Cm EVQ (t) K110 EMKiCHHIT 3B' 530K ne Lsz - 3arajpHa qOBKHHA MPOBITHKUKA S3, a geff - ehe-
V. = dt ) KTHBHA BiJHOCHA MPOHUKHICTH 3oistii. Yucno 100 B
r YHCEIBHUKY EMHICHOT'O PIBHSIHHS 3B'SI3KY € IMIIEIaHCOM

d . .
M at IR (t) sixinio iHayKTHBHUI 38 130K MepEki KEPTBH 3a 3aMOBUYBAHHSIM.
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Sxmo curHan nudpoBHA, MaKCHMMalbHA HAIpyra
3aBaJy OOYHCIIOETHCS Y 9acoBii 00macTi Ik,

[Vinax = Vimin ] *Cn *100* leq / T A1t €MKiCHOTO
Vr = (4)

* N * . : ,
lhax *M quuw [ T IS iHAYKTHBHOTO 3B’ SI3KY

Jie T - TPUBANICTh CUTHANY. [HIII mapameTpu 009HCIIO-
IOTBCS TAKHUM JKE€ YMHOM, SK i Bue. [lepexpecHi 3aBaan
ITHOPYIOTBCS, SIKIIO JBA CETMEHTH PO3IUIEHI IMpOBif-
HUMH IUIOIIUHAMH.

Mera crarri. [IpoBecTn MomenroBaHHS Ta aHAIi3
POOOTH €NEKTPOHHOTO MPUCTPOIO i/l BIUTMBOM IEpexpec-
HHX 3aBaJ] Y 3B’SI3KY 3 MO>KJIMBICTIO 3MiHH JIOTIYHOTO CTa-
HY Ha MPOTHJIC)KHHUI B OKPEMHUX MPOBITHUKAX TPUNIAJLY.

HaykoBa HOBHM3Ha oJep:KaHUX pe3yJbTaTiB I10-
nmsrae B 3actocyBanHi cucteMu ORCAD mnst moci-
JDKEHHS Ta aHaJli3y poOOTH MIKpOCXEMH 3 ypaxXyBaHHIM
€JIEKTPOMArHITHOI CYMICHOCTI 3 MOJJIMBICTIO 3MiHH

JIOTIYHOTO CTaHy B MPOBIAHUKAX B Pe3yNibTaTi Mdii mepe-
XPECHUX 3aBajl.

OcHOBHA YacTHHA

Taki (hakTOpH SIK TOBIIMHA, IIUPUHA, BiICTaHb MiXK
MIPOBITHUKAMH Ta iX KUIBKICTh MOKYTh BUKIIMKATH CIO-
TBOPEHHSI CUTHAJTY Ha IIPOBIHUKY-)KEPTBI.

Cnovarky Oyia moOynoBaHa CTPYKTypHa cxema
MIPUCTPOIO B CUCTEMI aBTOMAaTH30BaHOTO MPOEKTYBaHHS
ORCAD. Ha BX0oau MpHCTPOIO MOAIOTHCS YOTHPH CHT-
HaIH, sIKi 1HBEPTYIOThCS Ta HayTh Ha Bxix JK-tpurepy.
Buxomu Tpurepy 00’emHYIOTBCS depe3 JIOTIUHUI ere-
MeHT «I» Ta MoJaloThCs Ha BUXIJ CXEMH.

Jami 6yno oTpuMaHO HOTO 4acoBi JiarpaMu, CTBO-
PEHO aHOTAIlIO Ta 3amlylleHo NepeBipKy npasui. [licis
LBOr0 OyJI0O BUKOHAHO TpacyBaHHs CTBOPEHOI IIaTH B
Allegro PCB. Cxemy Ta miaTy MOXHa MOOAuydTH Ha
puc. 2.

C

b
‘
[}

Puc. 2. Cxema Ta miata npucTporo

Yotupu iHBepTOpU cXeMH Oysu 00’eaHaHI B OMH
€JIEMEHT IUIaTH, TOMY 110 BOHH BUKOHYIOTh aHAJIOTIUHY
¢dynkmito. Jlana miara po3poOieHa IS JeMOHCTpaii
BIUIMBY MEPEXPECHUX 3aBajl B OKPEMHX IPOBIJHUKAX Ha
poboty enekTponHOro npuctpor. Enement U3, po3mi-
IIEHUH Ha IUIaTI TaKMM YMHOM, 100 MIXK HUM Ta eje-
MeHToM Ul MoxHa Oymno po3MiCTHTH J1Ba BiIHOCHO JO-
BrUX MPOBiJHUKA JOCUTH OJM3BKO OIWH A0 ofaHoro. Lle
BaXXJIMBO, aJKE JOBXHHA TEX BIUIMBAE€ Ha BCIUYHHY
MIEPEeXPECHOT MEePEIIKO IH.

JocnijpkyBaHAME TIPOBiAHUKaMu Oyno oOpaHo
npoBigHuka 3 imenamu topW ta downW. ix ToBIIMHA
CTaHOBHUTH | MM, JIOBKMHA AUISHKHU, HA SKiii BOHU mHa-
panenbHi - 80.01mMM. [IpoBinnuk topW sBisieTbest xKepT-
Boro, a downW — arpecopom. IToBeaiHKy IpPOBIIHHKIB
IiJ] BIUTMBOM TEPEXPECHUX TEPENIKoa OyJo MpoMoje-
msoBano B makeri Allegro Sigrity SI. Cnouarky mis
topW OyB BCTaHOBJICHWH JIOTIYHHHA pPiBEHb CHUTHATY

Quiet Lo, a s downW — 3amaHo MOCIIIOBHICTE CHI-
nani 1000 0110 3 wactotoro 100 MHz. PesynbraTn
poboTH MOXKHA TOOaYKTH Ha puc 3.

Sk BumHO 3 puc. 3, mpoBigHuK t0pW, ToOTO xepTBa,
Ma€ CIOTBOPEHHSI B CHUTHAJI, KOJIW MPOBIIHHUK-arpecop
3MIHIOE CBiH JIOTIYHHH CTaH Ha MPOTWIeXKHUH. B manomy
BUNAIKY I[I¢ HE3HAYHI CIIOTBOPEHHS, aje BapTo
mam’siTath, mo OyJo IPOMOJECTHOBAHO JIMIIE BIUIMB OJI-
HOTO TPOBIJHUKA Ha Npyruil. B 3BuuaiiHux oOcTaBHHAX
Ha TMPOBIIHUK MOXXYTh BIUIMBATH JECATKU Ta COTHI iH-
[IMX TPOBITHHKIB, IO MOXE 30UIBIINTH CIOTBOPECHHS
CUTHAJy HACTLJIBKH, IO JIOTIYHUHA CTaH MPOBIITHUKA 3Mi-
HUTHCS Ha NpOTWiIekHU. [le BIMHE HA TPABUIBHICTH
OTPUMYEMHX BUXIJTHUX JAHHUX CIICKTPOHHOTO MPUCTPOIO,
HaBiTh, 1HOJI, MOXe TIPUBECTH J0 30010 B POOOTI MpHIIa-
Iy Ta BUBECTH Horo 3i cTporo. Jlami, Oyino 3MiHEHO JIOTid-
Huii crad xeprteu Ha Quiet Hi ta mpomonensosano. Ha
pHc. 4 TOKa3aHO pe3yIbTaTH MOACTIOBAHHS.
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Puc. 3. Yacosa miarpaMa BILIUBY NEPEXPECHHX 3aBaJl HA MPOBIJHUK-KEPTBY

topW

downW

[

Puc. 4. BrutiB npoBiiHKKa arpecopa Ha IPOBiTHUK-KepTBY 3 JoriuanM craHom Quiet Hi

3 puc. 4 BUAHO, IO NPOBIAHUK-KEPTBA TAKONK
CIIOTBOPIOETHCS B CHUTHAJII, HABITH SAKIIO 11 MOYATKOBHIA
cran Quiet Hi.

[icnsa mporo, OyITo epeBipeHO BIUIUB YaCTOTH
3MiHH CHTHAJy Ha IPOBIIHUKY-arpecopi Ha MepexpecHi
nepenrkoau. Jis nporo Ha nposigauk downW mogaHo
yepry noriuHux cursams "1", "0", "0", "0", "0", "1",
"1", "0" 3 wactoToro 1000 MI'i, Ha mpoBigHUK tOpW —
curHaji Husbkoro pieas Quiet Lo. PesynsraTu HaBeneHi
Ha puc. 5.

3 puc. 5 BUIHO, HIO MOKa3HUKH MaKCHMallbHUX
MepeXpecHrX 3aBajl Maibke He 3MIHWIIKCS, ajie CHIHa

downW

topW

CTaB Ile Oinplie CIOTBOPEHHH, L0 JOBOAWUTH BIUIMB
YacTOTH Ha MEPEeXPecHi 3aBajy.

Sk 1 3 wactororo 100 MI', mporecToBaHO podoTy
npoBigHuKiB Tipu tOPW TIpu BHCOKOMY piBHI CUTHAITY
(puc. 6). 3 puc. 6. BUHO, 1[0 BiH [0 YUCIOBUM 3HAYCH-
HAIM HE BIIPI3HAETHCA BiJl PE3yNbTAaTiB POOOTH MpH
100MTI'y ta topW — Quiet Hi, ane, six i nonepeHiii
CXeMi, CHTHAJIH O1JIBII CIIOTBOPEHI.

BukopucToByI04YM OTpUMaHi pe3yiabTaTH, IS 3py-
YHOTO TOPIiBHAHHS IOKA3HUKIB MEPEXPECHUX 3aBaj Oy-
JIO CTBOPEHO TaOJHIII0 3 YUCIOBHUMHU TMOKAa3HUKAMH Iie-
pexpecHux nepeniko (tadi. 1).

Puc. 5. BrutiB 3MiHM 4acTOTH Ha IepexXpecHi 3aBaau
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Puc. 6. Brutus storivHoro crany mpoOBiHUKA )KePTBU Ha mepexpecHi 3aBaau mpu 1000 MI '

Tabruysa 1 — UncyioBi 3HAUEHHS MepeXpecHUX 3aBaj]

Quiet Lo Quiet Hi
100 MI'q 217.218 MB 247.12 MB
1000 MI'g 258.866 MB 254.21 MB

[TopiBHIOIOYM YKCIIOBI 3HAYCHHS MEPEXPECHUX 3a-
BaJl, BU3HAYCHO, 110 PiBEHb JIOT1YHOTO CTaHy IPOBIAHHU-
Ka-)KepTBH 30UIbIIY€E TEepeXpecHi Mepenkoan IpH BHU-
COKOMY pIBHI CHUTHaJIy Ta 4YacTOTi pOOOTH IIPHCTPOIO
100 MTI'1, ane 3MeHIye MpH BHCOKOMY PIiBHI CHTHAITY
Ta 1000 MI11.

BapTo 3a3HauMTH, 10 JOCIHiIKEHHS IPOBOIUIOCS
Ha eneMeHTax cepii CMOS, sxa HaiiMeHIT Bpa3iuBa 110
3001B, "epe3 ii JOCHTH BHCOKHI piBEHH JIOTIYHOI OIH-
HUII.

Sk BUAHO 3 MOMepenHiX PUCYHKIB Ta Tabm. 1, me-
pEXpecHi MEepeIlKoAM MOXYTh 3HAYHO BIUIMHYTH Ha
poboty cxemu. Tomy, nyke BaXIIMBO Ta aKTyaJbHO
JIOCITI/DKYBATH €JIEKTPOMArHiTHy B3a€MOJII0 B Pi3HHX
o0JacTsIX.

JocinipkeHHs] TPUYMH BUHUKHEHHS MEPEIIKo]
MIX TPOBIIHUKAMH Ha IUIATI CJIEKTPOHHOTO MPUCTPOIO

JIO3BOJISIE 3HAWTH TMOMIJIKU MPH 3a0C3MCUCHHI SICKTPO-
MAarHiTHOI CyMiCHOCTI NMPUCTPOIO Ha CTaiii HOro Mpoek-
TyBaHHsI i moOymoBH [5, 6].

OOroBopeHHs pe3yJbTATIB

B xoxi mocnimkeHHs OyII0 BHKOHAHO MOJICITIOBAH-
HS Ta aHANI3 BIUIMBY YaCTOTH Ta JIOTIYHOIO CTaHy Ha
YHCIIOBI 3HAUYEHHS NepexpecHuX nepeukos. [lpu Huzb-
KOMY pIBHI CUTHajJy Ha OJHOMY 3 IPOBIIHHKIB, Mepex-
pecHi meperkoan 301IbLUIYIOThCS TP 30UIbIIEHH] Yac-
TOTH 3MIHM CUTHaJly Ha MPOBIIHHUKY arpecopi, MpH
Quiet Hi, ui 3MiHy MeHII MOMITHI Ta MEHII 3HAYHI, aje
HEePEeXPECH] MEPEHIKOIN TEeX 30UIBIIYEThCS TP 301JTb-
[ICHHI 9aCTOTH.

BucHoBkun

TakuM 4YMHOM, B XOZi JAaHOTO JOCII/DKEHHS, 3a
JIOLIOMOT'0I0 CHCTEMH aBTOMAaTH30BAHOTO MPOEKTYBaHHS
ORCAD Tta makery Sigrity, 6yig0 BCTaHOBICHO BILIHB
3MIHM YacCTOTH CHTHAJIy Ha IPOBIIHUKY-arpecopi Ta
JIOTIYHOTO CTaHy Ha TPOBIIHUKY-)KEPTBI Ha BEIUYHHY
nepexpecHoi nepemkoau. OTprUMaHO YUCIOBI 3HAYCHHS
MEPEXPECHUX MEPEIIKO][ B MPOBIJHUKAX 3 PI3HOIO Yac-
TOTOIO T Pi3HUM JIOTIYHUM CTAHOM.
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Investigation of the effect of cross-barriers for the operation of the electronic device
S. Leonov, B. Klishchov
Abstract. This article discusses the effect of cross-noise on the operation of an electronic device. The causes and mecha-
nism of cross-interference, which can disrupt the correct operation of the device due to a change in the logic level of the signal on
the victim conductor, due to the impact of the above cross-interference, were analyzed. Modeling and study of the effect of cross-
noise was done in the Allegro Sigrity SI package. When analyzing the electronic device, various frequency indicators were sub-
stituted. The victim conductor was examined at different logic signal levels.

Keywords: electronic device, noise, electromagnetic compatibility.
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DYNAMIC MONITORING OF TECHNICAL CONDITION OF STARTER BATTERIES
IN THE PROCESS OF THEIR LIFE CYCLE ACCORDING TO BATTERY CARE
AND BATTERY MANAGEMENT PROCEDURES

Abstract. The subject matter of the article is the lead-acid batteries carrier and management. The goal of the
study is to develop a methodology for the technical condition monitoring of starter batteries in the process of their
life cycle based on the use of modern information technology. The tasks to be solved are: to carry out a comparative
analysis of Battery Care and Battery Management procedures and to determine the technical condition of starter batteries
used on native wheeled and tracked vehicles, and to determine the key characteristics of battery monitoring during their life
cycle; to determine the method of GB diagnostics for the implementation of dynamic monitoring of its technical condition
during the life cycle in accordance with the procedures for battery care and management; to determine the general view of
the functional diagram of the battery tracker — a software and hardware device capable of caring for the battery and
managing it; to provide suggestions for improving the efficiency of battery maintenance using battery trackers. General
scientific and special methods of scientific knowledge are used. The following results are obtained. The suggested
methodology makes it easy to determine, by comparing the data obtained at different times, in which batteries the
degradation has just begun, and in which they have reached the level at which they need to be replaced without a fatal
malfunction. Monitoring of the technical condition of the batteries using battery trackers implement the procedure for care
and management of batteries, makes it possible to optimize the 12ST-85P battery maintenance schedule and come from the
scheduled-interval maintenance system to the maintenance with parameter control. Conclusions. The development of
battery trackers, hardware and software applications capable of battery care and battery management, can be seen as a
promising area for the development of battery management. Proper care of the battery and charging equipment, proper
operation and timely monitoring of the battery’s lifetime are the most important factors in its operation. Only in this case, it
is possible to achieve the best economic efficiency of the GB use and prolong their lifetime. Battery Care and Battery
Management by the means of a GB-tracker allows to optimize the maintenance schedule of the 12ST-85P batteries and to
come from a planned preventive maintenance system to a parameter-controlled maintenance system. In this way it is
possible to increase the period and reduce the number of operations to be carried out during the maintenance of the GB.

Keywords: Battery Care and Battery Management, a GB-tracker, the lead-acid batteries, the 12ST-85P battery
maintenance

In this regard, there is a need to develop battery-
powered trackers - hardware and software devices
capable of caring for and managing starter batteries.

Introduction
Formulation of the problem and research tasks.

Battery Care and Battery Management procedures offer
experience in monitoring the technical condition of
starter batteries in the global automotive industry. The
introduction of similar procedures in the operation of
starter batteries used in domestic wheeled and tracked
vehicles will provide an opportunity to optimize the
schedule of their maintenance (MA) and move from the
planned warning system to maintenance on demand
with control parameters by obtaining operational and
reliable information about the current state of GB.
Battery Care can be understood as a set of measures that
allows you to take care of the battery with the help of
special devices, tools, software, etc. Battery
Management can be understood as a set of measures
that allows you to control the operation of the battery
with the help of special devices, tools, software, etc.
The relevance of the study is due to the fact that
the procedure for determining the technical condition of
starter batteries used in domestic wheeled and tracked
vehicles is similar to Battery Management and Battery
Status control, but the procedure itself is ineffective in
modern conditions and has a number of shortcomings
that lead to excessive cost of human and material
resources and significant underutilization of battery life.

Analysis of recent research and publications of
recent research and publications on the above issues
shows that the known methods of the GB operational
assessment are based on the characteristics obtained by
indirect measurements. The basis of such methods are
special devices — GB analyzers. The principle of their
operation is based on measuring the parameters of the
battery (usually internal resistance) on alternating
current for 10-20 seconds. The values of the measured
parameters allow to estimate the degree of degradation
of the battery and to predict the values of the reserve
and nominal capacity, the current of the starter
discharge GB. Existing methods of monitoring the
technical condition of batteries are characterized by
long duration, the negative impact of deep discharge, as
well as significant energy and human costs [1, 2].

Express-diagnosis  allows to reduce these
shortcomings to a minimum and is based on the
mathematical description of GB by means of
parameters, proceeding from their properties [3-6]. Of
course, the effectiveness of such measures will increase
significantly with the use of modern information
technology, electronic measuring devices, development
of dynamic interfaces, creation of databases, etc.
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The goal of the study is to develop a methodology
for the technical condition monitoring of starter
batteries in the process of their life cycle based on the
use of modern information technology.

This goal defined the following research tasks:

— to carry out a comparative analysis of Battery
Care and Battery Management procedures and to
determine the technical condition of starter batteries
used on native wheeled and tracked vehicles, and to
determine the key characteristics of battery monitoring
during their life cycle;

— to determine the method of GB diagnostics for
the implementation of dynamic monitoring of its
technical condition during the life cycle in accordance
with the procedures for battery care and management;

— to determine the general view of the functional
diagram of the battery tracker — a software and
hardware device capable of caring for the battery and
managing it; to provide suggestions for improving the
efficiency of battery maintenance using battery trackers.

General scientific and special methods of
scientific knowledge are used.

Main material

1. Characteristics for monitoring of batteries
during their life cycle. Service life of the batteries
under the current system of diagnosis and maintenance
is limited and achievable only with strict adherence to
the frequency and full implementation of the amount of
installed works. Extension of service life of batteries is
possible both through the introduction of new
equipment for their diagnostics and through selection of
a rational scope of work and their frequency of
maintenance. Currently  available technology
maintenance of batteries in their operation allows
monitoring the battery parameters for dynamic
calculation of their service life (Table 1).

Table 1 — The GB diagnostic parameters for dynamic
calculation of their service life

Ne Name Designation Units of
measurement

1 | self-discharge

2 Electromotive force € B

3 | Voltage U B

4 | Electrolyte density

5 | Charging current I A

As we can see, the current set of diagnostic
parameters is such, which provides indirect information
about the capacity, which is considered as the main
indicator of the service life of the battery. For dynamic
calculation of service life and optimum maintenance
terms the collection of such parameters requires great
hourly costs, in particular the discharge jet, the discharge
current lq; during the discharge period t, [7, 8].

Influence of temperature (T) and pressure is
automatically taken into account when calculating total
charge capacity (C) and surplus capacity (Cy).
According to the analogy described in the article, Qmax is
also calculated and determined when the battery is in
use. According to the world experience in the operation
of batteries the determination of their technical

condition is similar to the procedures of Battery
Management and Battery Status control, so the authors
are encouraged to introduce such generalized technical
condition of batteries used by the military.

SOH (State of Health) is defined as the state of
health of the battery, which reflects the current
condition of the battery in comparison with the ideal
one.

SOC (State of Charge) is defined as the state of
charge of the battery, which shows how much of the
total charge is still stored in the battery.

SOC and SOH monitoring of the lead-acid battery
using such a device will ensure the battery charge level
monitoring, as well as provide a warning about the need
to replace the battery.

The value of the battery charge level tends to
decrease when the battery is used longer [9]. However,
these data are not identical to the values for GB
“health”. This leads to the conclusion about the
relevance and feasibility of the conducted research.

It is interesting to note that instead of the term
“electromotive force” (EMF) it is accepted to use the
term “the voltage of an open circle”. The literal
translation of the phrase "Open-circuit voltage (OCV)”
corresponds to the physical essence of the electromotive
force. Monitoring of such important GB parameters as
impedance, depth of discharge, residual capacity, etc.
can also be considered promising. Newly available at .

Passed Charge — integrated charge of the pulse
indicator while the battery is being charged or

discharged
SOC - state of charge at any time, defined as
soc-—2, 1)
Q max
here Q — the transferred charge from the state of full
charge;
DOD - depth of discharge;
DOD = 1-SOC, )
DOD, - last DOD reading before charge or
discharge;

DODcharge— DOD for a fully charged battery;

Qstart — charge required for DOD = DODy;

Qmax — maximum chemical capacity of the battery;

RM — residual power;

FCC — full charge power, the amount of charge
transferred from a fully charged state.

2. Methods of GB diagnosing for dynamic
monitoring of its technical condition during the life
cycle according to the procedures for Battery care
and management

Let’s illustrate the algorithm for determining the
SOC and SOH of the 12ST-85P battery. Many
diagnostic parameters are determined based on the need
for analytical calculations. The authors analyzed the
world experience on this issue, so it is further proposed
to use the accepted international terms with the
indication of known analogues.

Thus, the charge state (SOC) of a lead-acid battery,
expressed in%, is the ratio of the remaining capacity C;
(RC) to the actual (useful) capacity Cs (FCC):
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RC _C 1,

SoC =
FCC C,

here RC (remaining capacity) — residual capacity C;,
FCC (full charge capacity) — actual (useful) capacity Ca
at the present charge or discharge rate and temperature;
SOH controls this chemical degradation and is
determined as a percentage (%) or fraction:
_FCCH CZ

SoH , 3
e C ©)

n n

here FCCH is the FCC at 25°C for design charge or
discharge rate.

Thus, if an GB with a design capacity of 85 A h
has a FCCH of only 68 A h after one year of operation,
its SOH is 80%.

Thus, the SOC determines how much charge is left
before the need for maintenance and charging, while the
SOH indicates when the battery will need to be
replaced.

Ct (FCC) comes from the total chemical capacity
of the battery Cmax (Qmax) and battery impedance (Rp).

For example, for a new GB with a nominal
capacity of Cn = 85 A h, when it is fully charged, the
SOC is 100%, because FCC (Cf) is 85 A h, and Cr (RC)
is also 85 A h.

If this battery is discharged so that the C; (RC) is
68 A h, its SOC will be 80%.

In the process of charge or discharge of the GB is
“transfer” of capacity. . Therefore, it is proposed to
introduce the concept of passed capacity Cp (Qpassed, ) i€

the capacity given or received by the C, =[e, —¢,|.

B during discharge / charge, respectively. It is
logical to assume that. As the battery ages, its total
chemical capacity Cmax (Qmax) is usually lower than the
design (nominal) capacity due to chemical degradation.
Cwmax is estimated when the battery is at rest (for
example, before commissioning) and is calculated by
calculating the results of two EMF measurements €1 and
&2 performed at rest.

Formally, the state of “rest” of the battery can be
expressed by the condition that the speed of its
discharge / charge (31_\: does not exceed the given one,
where V (t) is the value of the voltage GB in time. For
example, for AB 12ST-85P it is expedient to set a
condition %’gzoﬂ. In the laboratory, the state of

t sec
“rest” of the AB reaches in a few hours.

Then SoC, = - ; (4)
Cmax
€
SoC, = cz : ®)

From expressions, (4) and (5) follows the value of
Crax:
e —¢.|

Co =T50€, Z50C] )

The corresponding ratio in this case is:

C PASSED (7)

Cpp =——2F0

" s0cC, -SsocC,
here Cpassep — is the charge passed between SOC; and
SOC,; SOC; — is the SOC batteries at rest before
charging / discharging; SOC, — is the SOC of the
recovered battery after charging / discharging (Fig. 1).
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Fig. 1. SoC GB measurements

Then, the transferred capacity will be related to the
maximum capacity ratio

C

Copg =———, 8
SoC, —SoC

2

here Cp — transferred capacity will be understood as the
capacity measured between the “rest” of the battery
before the transfer of capacity.

Thus, using expression (8) it is possible to obtain
the state of the battery without conducting a full cycle of
its discharge / charge.

Before use, when the battery is at rest and the
current is below the threshold selected by the consumer,
the SOC is determined using the measured voltage and a
predefined table of EMF to SOC ratios, taking into
account the temperature compensation. These data are
unique to this type of battery and chemical composition.
During charging and discharging, SOC is constantly
calculated using C and C: according to recurrent
dependencies, and SOH is calculated using C?* and
design capacity.

SOC and SOH calculations depend on an accurate
estimate of C and internal resistance. Rin. We will add
that at carrying out diagnostics by alternating current
which is widely applied in modern automobile devices of
express diagnostics, analogy of Rin is considered
impedance of the Rear battery. When applying an external
load, the impedance can be calculated measured
according to Ohm's law for a full circuit by finding the
difference between the measured voltage under load and
the EMF, specific to the present current state of charge
SOC and taking into account the GB temperature.

After calculating Cwax, the same value is used to
calculate SOC and SOH during charging / discharging
until the next Cuax update is performed. Similarly, Rgat
is estimated by the equation:
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U-¢ , (9)
|

here U — is the battery voltage; ¢ — electromotive force;

| — charge / discharge current.

Battery voltage is measured constantly, even in the
absence of load. Continuous voltage measurement is
used to update information about the current state of
charge. Then, when the load is applied, the method of
calculation determines the resulting charge passing
through the system “GB — tracker”." in the forward or
reverse direction. After removing the load, the batteries
are given some time to recover, and the voltage is
measured again.

Using the data of two voltage measurements and
the results of calculating the total charge, you can
determine the maximum battery capacity. You can also
calculate the current impedance based on the measured
current, no-load voltage with corrections for
temperature and charge status. Note that the term

RBAT =

“available capacity” is defined as the capacity that the
GB has in the current conditions. The actual capacity is
determined on a fully charged battery at a constant
temperature T = 25+ 2°C. Under such conditions, the
ratio Sq = St. In other conditions, the actual capacity will
be the calculated value of k Sy (K is the coefficient that
takes into account the change in the capacity of the GB
depending on the temperature) [10, 11].

3. Functional diagram of the battery tracker - a
software and hardware device capable of caring for
and managing the battery. As a prototype of the chip
for the software implementation of monitoring
procedures Battery Care and Battery Management, it is
proposed to use a chip type bq29312A.

Full-fledged bg20z80 monitoring mechanisms
allow you to accurately measure the key characteristics
of the AB: Fig. 2 shows a general view of the functional
diagram of the battery tracker, the software part of
which is implemented on the chip bq29312A [9].
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Fig. 2. General view of the functional circuit bq29312A

4. Projected schedule of maintenance during the
GB life cycle of GB on their SOC and SOH according
to the procedures of Battery Care and Battery
Management. Monitoring the technical condition of
batteries according to the procedure Battery Care and
Battery Management provides an opportunity to optimize
the schedule of maintenance GB 12ST-85P and move
from the planned warning system maintenance to
maintenance on demand with control parameters.

It is known that in order to provide electricity to all
consumers of the tank, especially a reliable engine start,
the operation of the fire control system, GB must have
75% of the remaining capacity in winter and 50% in
summer, respectively. These values can be considered

thresholds for deciding whether to recharge the battery.
Thus, the use of the SOC battery tracker will allow us to
conclude that it is necessary to recharge the battery. The
time spent on measuring procedures for rechargeable
batteries at the site is not reasonable, as a result of
comparing data obtained at different times will
determine in which batteries the degradation has just
begun, and in which it has reached the level when they
need to be replaced without waiting for fatal failure.

It is possible to decide on the need to replace the
GB based on the results of SOH measurements. As
mentioned above, the proper operation and quality and
timely maintenance of batteries during their service life
are necessary conditions for their trouble-free operation

30



Ynpaeniuns 6 cknaonux cucmemax

between maintenance and reduce the need for repair. Of
course, a certain list of operations and three
maintenance will remain unchanged for this type of
GB - 12ST-85P are serviced lead-acid batteries. Such
operations include the following:

- checking of reliability of fastening of tips of
conductors with pole conclusions of batteries;

- checking of reliability of fastening of batteries
on racks and in nests;

- checking the electrolyte level in all batteries; -
cleaning the surface of the batteries from dust and dirt,

the contacts of the surface of the output terminals from
oxide;

- checking
plugs.

But the frequency of maintenance and control
training cycle (CTC) can be optimized by using a
battery tracker.

The following is a graph of the projected residual
service life of the battery when monitoring the technical
condition using the procedures Battery Care and Battery
Management during its service life (Fig. 3).

the cleanliness of the vents in the

zalushkovy
zalushkovy OPT

SOH=40%

0 1 2 3 4 5
termin_eksp luatacii

Fig. 3. Projected residual operational life of the battery during the monitoring
of technical condition using Battery Care and Battery Management procedures during its service life

This figure compares the projected residual life of
the battery during its service life without monitoring the
technical condition using Battery Care and Battery
Management procedures and with it. The graph also
shows the moments of SOH AB assessment during the
MA-1 and MA-2 of the machine, in which certain
operations were postponed, in particular the CTC.

In the absence of a real battery tracker, the
estimate of SOH and SOC AB was obtained according

to the proposed method based on the results of
measurements of battery parameters. The optimal
service life is proposed in the expression:

(10)

So, the application of Battery Care and Battery
Management procedures during the life of the AB will
allow. increase the period and reduce the volume of a
certain number of operations during maintenance.

zalyshkovy " = zalyskovy - SOH
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JunamMivyHU# MOHITOPHHI TEXHIYHOI0 CTAHY CTAPTEPHUX AKYMYJSTOPHHUX GaTapeii
B mpolieci iX )KUTTEBOro MUKy 3riqHo mpouexyp battery care and battery management

0. A. Makoros, I. O. CnaByupkuii, M. 1. Uyp6anos, O. I1. Jlorsinenko, B. B. Ikcapuiis, O. B. AHeHkoBa

Anortanisn. IlpenMeToM BHBYEHHSI CTAaTTi € OIHKA MapaMeTPiB CBHHIICBO-KHCIOTHHUX aKyMYyJSITOPHHX OaTapeid Ta
TEpMIHIB iX CIy)kOM 33151 TNIaHyBaHHS TEXHIYHOTO OOCIYroBYBaHHsS MPH €KCIUTyaTallil CBUHIIEBO-KUCIOTHUX aKyMYJISITOPHHX
Oarapeli MeToI0 TOCTiZKeHHS € PO3pOOKa METOANKH MOHITOPUHTY TEXHIYHOIO CTaHy CTapTepHUX aKyMYJIATOPHHUX OaTapeil B
mpoueci iX JKMTTEBOrO IIMKIy Ha OCHOBI BHKODHCTaHHS Cy4acHHMX iH(OpMaLifHMX TEXHOJIOTi. 3aBAaHHS NOCTiXKEeHHS:
IIpoBectn mopiBHsUIIbHUI aHami3 mporenyp Battery Care and Battery Management Ta BH3HAUEHHS TEXHIYHOTO CTaHY
CTapTEPHHUX aKyMYJSATOPHUX Oarapel, sKi BHKOPUCTOBYIOTHCS Ha BITUM3HSIHINA KOJiCHIHM Ta TYCEHWYHIH TEXHilli, Ta BU3HAYUTH
KITIOUOB1 XapaKTEPUCTHKH IS MOHITOpUHTY AB B mporeci iX >KUTTEBOTO IUKITY. Bu3HaunTi MeToauKy miarHoctyBanHs Ab s
3MIHCHEHHS JUHAMIYHOTO MOHITOPHHTY ii TEXHIYHOTO CTaHy B MpOIECi JKATTEBOTO LUKy 3TiAHO TPOLENyp OISOy 3a
aKyMyJIITOPOM Ta YIPABIiHHS HUM. BHU3HauWTH 3aranbHuil BUTIAA (YHKIIOHATBHOI CXEMH aKyMyJIATOPHOTO TpPEKKepa —
MIPOrpaMHO-anapaTHOro MPHIIajy, 34aTHOTO 3IIMCHIOBATH JOTII 32 aKyMYJISTOPOM Ta ympaBiiHHA HMM. Hanatu mpomo3uiii
IIOJI0 TiJBUIIEHHS ©(EeKTUBHOCTI TEXHIYHOTO OOCIYroBYBAaHHsS aKyMYJISTOPDHHX Oarapell 3a JDOMOMOTOK  aKyMyJSTOPHHX
TpekkepiB. MeTo0IOriYHOI0 OCHOBOIO JIOCIHIXKEHHsI CTallM 3arajbHOHAyKOBiI Ta CHeliajJbHI METOAM HAYKOBOIO Mi3HAHHSI.
OTpumani HacTynHi pe3yJbTaTH: . 32 METOUKOIO, L0 MPOMOHYETHCS, LIISIXOM 3iCTaBICHHS OTPHMaHUX B PI3HUH 4ac AaHHX
HECKJIaJHO BU3HAYUTH, B AKX OaTapesx Aerpajallis TUTbKH Modanacs, a B SIKHX JIOCSIJIa PiBHS, KOJIM 1X HEOOXiJHO 3aMIiHNTH, HE
4yekaroun (araabHOro 30010. MOHITOPHHT TEXHIYHOTO CTaHy aKyMyJIATOPHUX OaTapeil 3a JONOMOTOI0 aKyMyJISTOPHUX
TpeKkepiB, peanidyroumx mpouenypy Battery Care and Battery Management mamacte MOMKIHBICTH ONTHMI3yBaTH rpadik
nposeneHHss TO Ab 12CT- 85P Ta mepeiitu Bix muaHoBo-nonepemKyBainbHoi cuctemMu TO no mposenenas TO 3a Bumororo 3
KOHTpOJIEM TapaMmeTpiB. B 1poMy BHNajKy MOKHA 30UTBIIMTH MEpiof Ta 3MEHIIUTH OOCAT HPOBEICHHs IEBHOI KiTbKOCTI
onepaniii npu nposeaeHHi TO AB. BucHoBkH. B KOCTI IepCIeKTHBHOTO HampsiMy PO3BUTKY ekciutyarauii Ab  MoskHa
BBKATH PO3POOKY aKyMYJISATOPHHX TPEKKIpiB — MNpOrpaMHO-anapaTHUX NPHIaZiB, 3JaTHUX  3AIHCHIOBATH JOINSAA 32
aKyMyJsITOpOM Ta ympasiinHsa HuM (Battery care and battery management). [IpaBunsuii mindip Ab i 3apsaHuX npUCTpoOiB,
KBaipikOBaHa EKCIUTyaTallisl Ta CBOEYACHIH KOHTPOIb 3aJHIIKOBOTO PECYPCY, € HaWTOJOBHIIIMM BHMOTOKO iX €KCILTyaTallii.
TiTekH B IFOMY BHIIAJIKY, MOKIIFBO, JIOMOTTHCSI HAHOLTBIIOT eKOHOMIYHOT epeKTHBHOCTI 3acTocyBaHHS AB Ta mpomoBkeHHS iX
eKCILTyaTanifHoro pecypcy. MOHITOPUHT TEXHIYHOTO CTaHy aKyMyJIITOpHHX Oarapeii 3a mpouenyporo Battery Care and Battery
Management Hamae MoxmBicTE onTumizyBaTH Tpadik mposemenHs TO AB 12CT-85P ta mepedTm Bif IIaHOBO-
nonepemkyBaibpHoi cucteMu TO o nposeneHuss TO 3a BUMOTOIO 3 KOHTpOJIeM mapameTpiB. TakuM 4MHOM MOXKHA 301IBIINTH
nepiof Ta 3MEHIIUTH 00CAT MPOBEICHHsI IEBHOI KiTbKOCTI onepauii npu nposenenni TO Ab.

KawuoBi camoBa: mormsix 3a GaTapeero Ta ympaBiliHHS Oarapeeio, AB-Tpekkep, CBHHIIEBO-KHCIIOTHI aKyMYJSITODH,
obciyroByBaHHs akymyisitopa 12CT-85P.

32


http://batteryuniversity.com/learn/article/how_to_measure_state_of_charge/
http://batterycouncil.org/?page=lead-acid-batteries
http://science.snauka.ru/2013/05/4946
http://technology.snauka.ru/2015/12/8775
http://bookree.org/reader?file=676368&pg=1
http://www.ti.com/lit/an/slua375/slua375.pdf
https://www.electronicproducts.com/lead-acid-batteries-the-growing-need-for-monitoring-state-of-charge-and-health/
http://batteryuniversity.com/learn/article/how-to-measure-state-of-charge
http://batterycouncil.org/?page=lead-acid-batteries

Ynpaeniuns 6 cknaonux cucmemax

VJIK 004.942
O. B. Pubax

doi: 10.26906/SUNZ.2021.4.033

HepxaBuuii yaiBepcuTeT «Oneckka moiiTexHika», Oneca, Ykpaina

CUCTEMA ABTOMATHU30BAHOI'O NTIPOEKTYBAHHSA /151 BUSHAYEHHA
OIITUMAJIBHUX ITAPAMETPIB IIJII®YBAHHSA IIOKPUTTIB

AnoTtanis. [Ipu nomyky onTHMaJbHHX MapaMeTpiB oOpOOKH Iu1a3MOBUX MOKPHTTIB icHyroui CAIIP npusBomsats 1o
3HAYHUX BIIXWICHB Yepe3 Te, 10 He BPaXOBYIOTh 3MEHILCHHS BTpAT MaTepially y sIKOCTI KPUTEPil0 ONTUMAILHOCTI Ta HE
3abe3neuyroTh yMOBH Oe3nedexTHol 06pooku moBepxHi. Takum dnHOM, mpu po3podii CAITP TII uuridyBaHHs mIa3MoBux
MOKPUTTIB HEOOXiAHO mependaunTH MiACHCTEMH aHaji3y XapaKTEepUCTUK MPOEKTOBAHOTO 00’ €KTa, MOAETIOBAHHS IOJIB
TeMIIepaTyp Ta Halpy>KeHb B IIporeci 00poOKH, onTUMizallii mapamMeTpiB IuTiQyBaHHS Ta MEPEBIPKH KPUTEPIiB MIIHOCTI 1
pyIHYBaHHS IIpH JOCATHEHHI 3a/JaHOi IIOPCTKOCTI MOBepXHi. Y naHii cTaTTi mobynosana ctpykrypa takoi CAIIP ta HaBe-
JICHO KOPUCTYBAIbKUH iHTep(elC BiAMOBITHOTO NMPOrpaMHOTO KOMIUIEKCy. J[yisi BH3Ha4YeHHsS ONTHMAIbHHUX HapaMeTpiB
nuTiyBaHHS MOKPUTTIB 3aCTOCOBYETHCS €BOIIOIIIMHIHN MOIIYK HA MHOXKHHI JOITyCTHMHX PO3B’sI3KiB, chopMOBaHiii Ha oc-
HOBI TEXHIYHUX XapaKTEPUCTUK HITiPyBaIBLHOTO KPyTy 1 Bepcrata. OTpUMaHi pe3yabTaTH Y BUIVIAAI HAOOpy PO3B’SA3KiB 3a-
Jadi onTuMizalii, rpagikiB Ta MPOTOKOIY POOOTH alrOPUTMY BiZoOpaXkaroThcs depes iHTepdeiic kopuctyBaya. [IpoBeneni
EKCIEPHUMEHTH IMiATBEPIUIN 3POCTaHHS MPOAYKTHBHOCTI NITi(YBaHHS IIa3MOBHUX IIOKPUTTIB 1 3MEHIICHHS KITBKOCTI Opa-
KOBaHMX BUPOOIB IIPH 3aCTOCYBaHHI TapaMeTpiB 00poOKH, BU3HaUeHUX y npeacraieHiin CAIIP.

Kaw4oBi cioBa: cucrema aBTOMaTH30BAaHOTO MPOCKTYBAaHHS, IUIa3MOBI MOKPHUTTS, UUTI(GYBaHHS, IPOTPaMHHI 1HTEp-

(heiic, anropuUT™ MOIIYKY.

Beryn

CucTeMH aBTOMAaTH30BaHOTO MPOCKTYBAHHS € OJ-
HUM 3 HaWOUTBII TEPCHEKTHBHUX HAMPSMKIB ITiBHU-
IICHHS e(eKTUBHOCTI TEXHOJIOTIYHHX TporeciB. Brim,
cnpo6u Bukopuctanus cydacaux CAIIP mis ontumisza-
uii mporecy (iHinHOT 00pOOKH AeTanell 3 MIa3MOBUM
MOKPUTTSIM ~ HPHU3BOJATH 10 HHU3KH  TPY/HOLLIB,
OB’ SI3aHUX 3 OCOOJIMBOCTSAMH ILTIQYBaJbHUX ONepariif
JUISL TUIa3MOBUX MOKPHTTIB. AHaJIi3 NPUHLHUIIB pOOOTH
naiinommpenimux CAIIP [1, 2] BusiBuB, 1m0 MaTeMaru-
YHUI amapar, Ha SIKOMY TPYHTYETBCS iXHE IpOTpamMHe
3abe3nedeHHs, 0a3yeTbCs HA METOJi CKIHUYCHHUX elle-
MeHTiB. Takuii MiAXiJ CHPOIIye TEXHIKY PO3PaxyHKY,
aJle CIPUYMHIOE CYTTEBI MOXMOKH IIPU MPOEKTYBaHHI
TeTEePOreHHUX 00’ €KTIB, TAKMX SIK IIA3MOBI ITOKPHUTTS 3
KOMITO3HMLITHUX MaTepiajiB, 1[0 MAlOTh CIaJ{KOBI HEO-
HOPIJTHOCTI Ta Pi3HI BJIACTHBOCTI MOKPHUTTS 1 OCHOBH.
Icuyroui CAIIP mpouecy nutidpyBaHHS CTBOPIOBAIUCH
Ha OCHOBI MaTeMaTHYHHX MoJjelneil 00poOKku neranei,
LI0 MalOTh CYLIJIBHY CTPYKTYpY, BiATaK, IXHE BUKOPHUC-
TaHHs pH HUTihyBaHHI IeTaNeil 3 MIa3MOBUM MOKPHT-
TSIM MOJKE NPU3BOJUTH JI0 3HAUYHMX BigXWieHb. B mpo-
neci nwriyBaHHS BHCOKI 3HAUCHHS TEMIIEpaTyp Ta
Harnpy>XeHb, 110 BUHMKAIOTh B HAHECEHOMY WIapi, MO-
KYTb 3yMOBHUTH YTBOPEHHS IIOBEPXHEBHUX Ta CTPYKTYp-
HUX JedeKTiB, TakuX SK IUTi(YBaJIbHI NPHUITAIEHHS Ta
TpimMHy, (a30Bi IEPETBOPEHHS MaTepialy MOKPUTTS Ta
BiJIIAPOBYBaHHs HAHECEHOrO Imapy Bix ocHoBu [3].
TakuM 4MHOM, JJIs BU3HAYCHHS ONTUMAJbHUX Mapame-
TpiB nuTiQyBaHHA IUTa3MOBHX HOKPHTTIB HEOOXiTHO
CTBOPUTH CHCTEMY aBTOMAaTH30BAaHOI'O IPOEKTYBAaHHSI,
IO BPaxOBYBaTHMe OCOOJIMBOCTI CTPYKTYPH HaHECEHO-
ro Marepiaiy, HOro IOPUCTICTb Ta BKJIIOYEHHS IHIINX
(a3, a Tako)K BUXOJUTUME 3 KPUTEPIiB ONTHMAIBLHOCTI,
o Oynu chopMyboBaHi y onepenHix podorax [4, 5].

MeTo10 cTaTTi € pO3pOOKa CTPYKTYPH CHCTEMH
ABTOMAaTH30BaHOI'O0 MPOEKTYBaHHS [yl BHOOpY Napa-
MeTpiB 1uTihyBaHHS IJIa3MOBHUX HOKPHUTTIB, ii MpakTHY-

Ha peai3allisi Ta NPEACTABJICHHS BIAMOBIMHUX iHTEp-
(eiiciB pe3yabTaTiB IPOCKTYBAHHS.

OcHOBHA YaCcTHHA

Pobota cucremu aBTOMaTH30BaHOTO TPOCKTYBaH-
HS TIpoLiecy LUTi(pyBaHHS IUIa3MOBHX IIOKPUTTIB CIIUpa-
€TbCS Ha PE3yJNbTATH ONTHMI3allii TEXHOJOTIYHHUX TMa-
pameTpiB 00pOOKH HAHECEHOTO IIapy, a TAKOXK MOjie-
JIIOBaHHS TEMIEpPAaTypHOTO TIOJII Ta HampyXeHo-
Jne(OPMOBAHOIO CTaHy JCTajeH 3 MOKPUTTSIM, OCKIIbKH
BHCOKI 3HAU€HHS TEMIIEpaTyp Ta HaIpy>KeHb BIIJINBA-
I0Th Ha YTBOPEHHS IHOBEPXHEBHX Ta CTPYKTYPHHX Jie-
(exTiB 00poOIIOBaHOT MTOBEpXHI. DOPMYITFOBaHHS YMOB
MOCTABJICHOI 3a/1a4i BUMarae BH3HAYCHHS XapaKTepHC-
THK HAHECEHOTO INapy HOKPHUTTS, M0 3aJIeKaTb Bij
rapaMeTpiB IIa3MOBOTO HANMIIOBAHHS, BUOOPY PEXH-
MY BUKOPHCTaHHS 3MalllyBaJbHO-0X0JI0/KYIOUNX PiIHH
npu 1utipyBaHHI, PO3pPaxyHKY MIIHOCTI 34YEIUICHHS
HOKPUTTS 3 OCHOBHUM MaTepiajoM JieTaii Tomo. Takum
yuHOM, mporpamuuii kommiekc CAIIP mutidyBaHHs
IUIa3MOBUX TOKPUTTIB BKJIKOYATUME ITiJICUCTEMH aHalli-
3y XapaKTepUCTUK IPOEKTOBAHOTO 00’ €KTa, MOAENIO-
BaHHSA IMOJIB TEMIlepaTyp Ta HalpyKeHb B THpoleci
00poOKy, omnTHMizamii mnapameTpiB HUTiyBaHHS Ta
TIepeBipKU KPUTEPIiB MILHOCTI 1 pyHHYBaHHS NpH JOCS-
THEHHI 3aJaHoi mopcTKocTi nmoBepxHi. IlocmifoBHICTH
3aja4, SKi NMOBMHHA BUpimryBati po3pobieHa CAIIP,
HaBeJieHa Ha puc. 1.

Mo/iesoBaHHsl TEMIIEPATYpPHOrO TMOJsl JeTaimi 3
MOKPHUTTSIM € OKPEMOIO 3aJ1a4yeto, sika MOXKe BHpIllyBa-
THUCHh K 3 METOI0 ONTHMi3amii mpormecy mnIipyBaHHS,
TaKk i JUIA mepeBipku yMoB Oe3nedexTHoi 00poOku 1mo-
BepxHi. KpiMm Toro, ciing nepenbaduTtn okpeMuit OJ0K
JUIS BU3HAYCHHS! PEKOMEHJIOBAaHUX HapaMeTpiB mutidy-
BaIBHOTO KpYTY, a/Jp)ke KOMIIO3WIIIHHI IUIa3MOBI ITOK-
PHUTTSI MOXYTh BKJIIOYAaTH HajATBepAi (as3u, 10 HaKIa-
JatuMe ocoOJIMBI BUMOTH Ha abpa3uBHUM MaTepiai npu
ixHili 0Opobui. HeoOxigHa s po3paxyHKiB iH(popma-
i 100 BUOOPY NUTiI(YyBaILHOTO KPYTY, BIaCTHBOCTEH
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Marepialy TOKPUTTS Ta TEXHIYHUX MOMJIMBOCTEH IILITi-
(¢yBambHOTO BepcTaTa 30epiraTUMEThCs y BiAMIOBITHUX
6azax manmx CAIIP TII noripyBaHHS MIa3MOBHX IMOK-
PHUTTIB.

BreJeHHd BXiTHHX JaHHX.
$opmManizania TeXHIIHOTO 3aBAaHHA Ha IPOSKTyBaHHA

:

AHani3 xapaKTepHCTHK IPOeKTOBaHOT CHCTEMH
Ta HapaMeTpiB aITOPHIMY ONTHMi3amii

!

Mozeni0BaHHA TeMIepaTyPHOro NOMA Ta HANPYKeHO-
IedopMOBAHOTO CTAHY JeTali 3 HOKPHTTAM B poneci mnidyeamm:

‘

Bubdip onTHMATBEHEAX IIApaMeTpis midyeaHEs

:

KoHTpoms 3abe3nedeHHS SK0CTi 00poDKH NoBepXHI

y

BHBeIeHHT pe3yIbTaTiB

Puc. 1. [TocnioBHICTh 33124 10 BUKOHAHHS B MEXax po3po0-
nenoi CAITP

@dopMmyBaHHS MHOXMHH JONYCTUMHUX DPO3B’SA3KiB
3amadi ontuMizamii nuriQyBaHHS IIa3MOBHX MOKPUTTIB
BiIOyBa€ThCS Ha MiACTaBl aHANI3y TEXHIYHUX XapakKTe-

MicTKicTb BepcTaTa
7 Id_eepcraTa
Mo3A0BxHiIA_Xi4

Monepeutmii_xiz,

MonepeyHa nogaua
Id_sepctata

JAianazoH_nogaui

WBnaKicTs_nogadi Pozamip_cTony

) : Make_HasaHTaxeHHs
Lina_noainkn_wianm

<

BeptvkanbHa noga4a
Id_eepcTata

Uina_noginku_wkanm
JlianasaH_3HaueHs

ABTOMETHUHA_ZYNNUHKE

PUCTHK TLTiQYBAJIBHOTO BepcTara. MakKCUMallbHI Ta
MiHIMallbHI 3HAYEeHHS MIBHIKOCTI OOpOOKM i TIHOMHH
nutipyBaHHS 3aJal0Th Mialla30H 3HAYEHb UIT BEKTOPY
mapamMeTpiB 0OpoOKwH, a miHA MOIITKA KM BH3HAYAE
JIUICKPETHICTh IIHOTO Tiala30Hy AJIs KOXHOI i3 3a3Haue-
HUX BenmuyuH. Cxema 0a3u HaHUX, sSKa MICTHTBH iH(Op-
Mallilo PO MOKJIMBOCTI HUTi(yBaNIbHUX BEpPCTaTIiB LIO-
J0 BHOOpY mapameTpiB pexxuMy oOpoOKH, IpeacTasiie-
Ha Ha puc. 2.

[Ticnst 3ajaHHA BXIAHUX JAaHUX, YacTHHA 3 SKHX
BBOJUTHCS BpYydYHY, 4YacTHHa — NUBIXOM BHOOpY
BIJINIOBITHOTO BapiaHTY 3i CIUCKY 3HAYCHB, 1[0 MICTATh-
cs y 0a3i maHWX, BimOyBaeThbCs aHAII3 XapaKTEPHCTHK
MPOEKTOBAHOT CHCTEMH: BCTAHOBIIOIOTHCS TI'paHUYHI
YMOBH IS 3a/1a4i TEPMOHAIPY)KEHOCTi, TPOBOAATHCS
PO3paxyHKH BEIHYUH, HEOOXITHUX IPH MOJICITIOBAHHI,
ONTUMI3allii Ta KOHTPOIi SKOCTI OOpOOKH ITOBEpXHI.
MopnentoBaHHs TEMIIEpaTypHOro Ta aehopMauiiiHOro
MOJIB 3AJICKUTHh BN mMapamerpiB uutidpyBaHHS, SKi
3MIHIOIOTBCSL B MPOIECI EBOJIOIIHHOIO MOIIYKY, a CH-
creMa OOMexeHb JJisi 3a0e3nedyeHHs SIKOCTI 0OpoOKu
BUMarae IOCTIHHOI NMepeBipkH Ta KOpEeKUil OTpUMaHuX
pe3ynbTariB. Ha puc. 3 mpencraBieHuil B3a€MO3B'SI30K
MK OKpEeMHMH MOJYIISIMH, SIKi CIiI TepenOadnTd B
CAIIP TII muriyBaHHS MIa3MOBHX MOKPUTTIB.

W nidbysaneHmit Kpyr
Id_eepcTaTa
Hiamerp
WinpnHa
BhyTpilkin_giameTp

WenakicTs_obepTaHHA

Bubip Bepcrata
=E Id_eepcrata
Cepin

Mogent
Bug_whidysanua
MoTyxHicTe
Posmip

Maca

Puc. 2. Cxema 6a3u nanux «Bubip muti¢yBanbHOTO BepcraTay

Ipu po3podui crpykrypu CAIIP migcuctemy mo-
JICTFOBaHHs Tpoliecy IUTiQyBaHHS TIa3MOBHX HMOKPHT-
TiB, MiAcHMcTeMy BHOOpPY ONTHMAaJbHUX IapaMeTpiB
nuTigyBaHHS Ta MiICKCTEMY KOHTPOIIO Oyno 06’etHaHO
B TPOrpaMHOMY MaKeTi MOJYJIB, Y MeXax KOXKHOTO 3
AKHX TIepe0adeHnii aHaji3 HeoOXiTHNX [T BUPIICHHS
MeBHOI 3a7a4i xapakTepucTuk. OTpuMaHi pe3yibTaTH y
BHTIIAAI HaOOpy poO3B’S3KiB 3ajadi onTuMizarii, rpadi-
KiB Ta TIPOTOKOJY POOOTH alTrOPUTMY BiOOpaKaroThCs
yepe3 iHTepdeiic kopuctyBada. Ha puc. 4 HaBeneHa
3aranbHa CTpyKTypa pospobaenoi CAIIP nmridyBaHHS
IUIA3MOBUX TIOKPHUTTIB.

[Mizcucrema BHOOPY ONTHMAIBHHMX IIapaMeTpiB
npouecy nutipyBaHHS MOKPHUTTIB peaiizoBaHa B MEXax
po3pobienoi CAIIP Ha ocHOBI MOAM(IKOBAHOTO T'CHE-
TUYHOTO AJITOPUTMY, 3alPOIOHOBAHOTO Yy IONEPEAHIX
JOCITIDKEHHSIX,, IPUCBSIUCHUX JaHiil mpobiemaruiri [6].

3a 01OMOrolo po3poOIICHOTO0 MPOrpaMHOI0 KOM-
IUIEKCY MOKHa BU3HAUUTH PEKOMEHIO0BaHI XapaKTepuc-
THKH [UTI(YBAIEHOTO KPYTy, 3MIMCHUTH MOZIEITIOBAHHS
mporecy OOpoOKH, 3HAWTH ONTUMANBHI ITapaMeTpH
nuTiyBaHHS, O3HAHOMUTHCS 3 IHCTPYKIISIMH IIOJIO
¢yskuionyBanHs npeacrasieroi CAIIP y posaimi «/lo-
BiJIKa», CTBOPHUTHU Ta 30€pErTH MPOTOKOJ POOOTH MOIH-
(hiKOBaHOTO TEHETUIHOTO AITOPUTMY.

BikHo mincucremu BHOOPY ONTHUMATIBHHUX ITapaMe-
TpiB IUTiIQYyBaHHS MICTUTH BKJIQJKH IIOCTAHOBKH 3a7adi,
MpeICTaBIeHHS X0y PO3B’SI3Ky Ta TrpadivyHOro 300pa-
JKCHHSI Pe3yJbTaTiB oONTHUMIi3amii. BBeneHHS BXiTHHUX
JaHUX JUIS 33/1a4i ONTHMI3allil BKIIIOYAE 3aaHHs Iapa-
METpIB PEeKUMY HAIWIIOBAHHS Ta Marepially IIa3MOBO-
T'O MOKPUTTS, BUOOPY PO3MIpIB Ta XapaKTepUCTHK MNLIi-
(yBaNIBHOTO KpYry, SIKIi MOXYTh 3aBaHTaXKyBaTHCH 3
MOJYJIO DPEKOMEHIIOBAaHMX IapaMeTpiB, BH3HAUYCHHS
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Ynpaeniuns 6 cknaonux cucmemax

BHIy MNUTIQYBAJLHOTO BEpCTaTa Ta PEKUMY OXOJO-
mkeHHS. HeoOXimHO Tako)k BKa3aTH 3HAYCHHS IIOPCT-
KOCTi TOTOBOI jAeTaiyi micis ii oOpoOku i mapamerpu
MOM(IKOBAHOTO TEHETHYHOT'O aJTOPUTMY OIITHUMI3allii.
BikHO BBemeHHS BXiIHMX DaHUX 3ajadi BHOOpY OINTH-
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Puc. 3. Cxema B3aemMo3B’s13kiB Mixk Moayisimu B CATIP TIT nuridyBaHHS M1a3MOBUX MTOKPHUTTIB

IMapaverpn

T1AihYEAABHOTO EPYIT

—b[ ITporpaMHmuii

inTepdeiic Moy

]4—»[ IuTepderic kopucTyEaua ]

1

XapaKTepHCTHER
obpobasoraEOIO
moEpHTTE XapakTepHCTHER

mpomecy mAidbyEaHEL

I I

TTiscmetema EROORY

IIAYBAABHOTO EPYTY

TTiscHcTeMa BHOODY ONTHMANLHIE
IapAMETPIE OPONecy MIAihyEaHEE

|

ITiscmcrena MOAEARORAEHES TDODECY
TrAichYBAHHA MAA3MOBHE NOEPHTTIE

TTiacmcTenMa BReACHET

|

Ta KOPEKTYBAHHA
BEIAHEE AQHEE

-

TTiscncTena KOHTPOAIO
IIOpPCTROCT: 00p0obAeHOT TliscucTena ILacucrena
ToBepIH ENZHAUEHH ONTHMizami
i yEANEHOTO Ipomecy
EpITY LvipyBanHa
{ ITiscmctema pesyasTatie
MOAEATOBAHEA T2 KOHTPOAK AKOCTL

J..

ITiscmerena sA3HAUEHHA

TPAHNYHNE TEMIEPATYD-
HIIX MOE

TTiscHCTEMA BHZHATEHHA

EPHTHYHNE HANDTKEHD

——

I

MaJbHUX TapaMeTpiB TEXHOJIOTIYHOTO TPOIeCy TpHU
nutiyBaHHI IeTaneil 3 Ia3MOBUM MOKPUTTAM HaBeJe-
HO Ha puc. 5. Pe3ynmpTatn €BOMIOUIHHOTO IOMIYKY OII-
THMaJIbHUX TapaMmeTpiB oOpoOKM BHUKIAICHI y BiKHI
MIPECTaBICHHS X0y PO3B’A3Ky 3amadi (puc. 6).

ITiscacrena mpeacTasAcHES
TOAT PO3E'T3E]

Thiacmcrena

BEACHHA TIPOTOKOAT
ceaHcy podoTn

ITiscmcrena rpacpiuroro
IpeACTABACHHA DEIYABT:

Puc. 4. Crpykrypa CAIIP uuidyBanHs 11a3MOBHUX HOKPUTTIB
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Bi0Ip ONTHMATbHHX IApaMETPIE =l0/xl| coBaHOCTI I KOKHOI HACTYITHOI MOMYJIALii. 3HAYCHHS

ocrasosxa sazars [Xia poss naiy [ padisn 3MiHHUX apaMeTpiB BUKIAJeHi pa3oM 3 IXHIM FeHOTH-

— ObpobAoBaHe NOKpUTTA — | [ NapameTpu wAidpyBansHOro KPYry — | :

e ABpasvo [apbinbory =] TIOM, OTPHMAHHM IIISXOM §1HapH0ro KOAyBaHHA. 3
e T S [Foo OTJIAIy Ha Te, IO ONTUMI3allis NPOBOMTHCS /IS KOM-
LUBHAKiCrb_MESthBD:anDTDKy 000 TBepaicTh HCTRYMEHTY |C|v12 TUIEKCHOTO KPUTEPIIO, TOPAX 3 PE3YIBTYIOYON IIUIBO-
nNp4 BMX0Al 3 conng, M/C . . .

S1acrars ia conra go nosep Crpykypamcrpymenty |7 BOI0 (YHKII€I0 TAaKOX BKAa3aHI NPOAYKTHBHICTH Ta
HanweHHE, C [15 3In'RaKa [Gaeriross 7] 00’eM 3HATOTO Martepiaiy, IO 3aJCKUTh BiJ MPHUITYCKY

;gﬁﬂé;l:ﬁ:lpﬂamnon | 04 [ TeomeTpia wAidysansHoro kpyry — | Ha I‘H‘Hl(byBaHHH'

[F— AjameTp KpyrY, MM [500 [IpoananizyBatn rTpadik 3pOCTaHHS 3HAUCHHS
/OB 1 3ArOTOBKH, MM 230 LWnpura Kpyry, Mm [80 HANOLIBIIOT TMPUCTOCOBAHOCTI /LIS KOXKHOI MOMyIALii
I e Ty [oe I o e NP TIepeXO/i BiJl OJHIET iTepallii arOpuTMy 0 1HIIOT

|7 OXD/IDA?KYIO“’IE P\-AMHE . . 6 .

R _— Ingara wopCrHicrs, M fors | 7I03BOIISE BIKHO rpadiYHOTO 300pakKeHHS Pe3yJabTaTiB

PR Y = . onTumizanii (puc. 7).

BUPOBHUK/CepiA | Okamoto ACC-5A | pameTp pHTIY . .

S Po3mip nomyasuit |20 Ha rpa(ble HpeI[CTaBHCHa 3AJIC)KHICTH KOMIIJICKC-

Moerscramy [accs2sa ] Kpocwsrosep |oaroTounoEnit v HOT'O KPHUTEPiI0 ONTUMAIBHOCTI BiJl HOMEPY MOIYJIALIT B

mporeci eBomoniiHOro momyky. Ilopsx HaBemeHO
TOYHI 3HAYCHHS MAKCUMAaJbHOI (QYHKILIT MPUCTOCOBAHO-
CT1 JJIs1 KOXKHOI iTepamii Xoxy po3B’s3Ky 3amadi. 36epe-
I'TH pe3yJibTaTH POOOTH MOIU(IKOBAHOTO I'€HETHYHOTO
ITOPUTMY MOXKHA, CTBOPUBIIN BiINOBIAHUI MPOTOKOJ

Apply | Reset | Eat |

Puc. 5. BikHO BBeI€HHS MOYaTKOBUX JaHUX JUIS TOLIYKY
ONTUMAJBHUX HapaMeTpiB HUTiQyBaHHS

Bubip onTHMANBHHX NapaMeTpis 10| x| (pHC‘ 8)
[ Mocraoka sagasi | Xia poze'azxy | Tpadixu
N | vs | Komvs | vw ] Komvw =  Pesy ‘. ¥ Bubip onTHMATbHHX NapaMeTPIE -10] x|
1 [ 25 [ o000t | 28 [ 1011100 RinekicTs iTepauiin: 80 MocTaHoBKa 3agaTi Ixu: pPO2E AZKY | l"patbilml
2 [ 34 | 11000110 | 21 | 10101100 i
OnTUMankLHI napameTpu o -
3 | 42 | 11100100 | 32 | 11001001 ) 7 . Mo | 7 max
T | 31 | 10100010 | 27 | 10100111 . I 1 31
5 | 13 | 00101101 | 12 | 01011110 LUBnaKicTE aeTani: 1.8 M/xe 90 T T S S U N S S S 2 33
5 0010110 4 | 01011110 R S O RO SN S S S S
6 | 37 | 1011100 | 18 1IN Faubuna waidysanka 1: 0.05 mm e e N . 3 36
7 | 22 [ 10000111 | 06 o BOL - ot oolotl l——;—--lWi-..L—-J-—J 4] 3
3 73 01000110 73 HinbkicTb npoxogxets 3 ranbndonol : 2 : : : ! : | ..*o : : : : : : 5 38
] 46 | 11101110 | 16 | 01101011 Canbuna waigysanns 2: 0.02 mm e e R e e e e e & 40
10 | 27 [ 10010101 | 25 | 10 A S e e e 7 41
T 21 | ooitioed | 14 HinbKiCTh NPOXOAXEHD 3 TAWGHHOIO 2 1 50..--{.--{--.:._..*__1'.__ +__1'.___:__.:._.JI.__.:.__.:.__.:.__| ) 41
12 | 26 | o1100101 | 24 Ljinbosa GyHKwiA: 83 A ¢ |
13 | 32 | 10110000 | 28 L T B e i atek it Rt et el T 45
12 | 29 | 100nm0 | 38 Meogyxrnanicre : 12 mnclc I T
15 4 11101001 17 O6'em 3naTOrC MaTepiany - B4 nan il __._';"-_T—_i_“‘__i_--r__i___:__i___:__i_“i_“i__d 12 ‘:7
16 | 22 | 00111001 | 35 TN S R N TN SO NS SO R S SO OO AN 50
17 | 35 [ 11100010 | 13 —n TPH p ¥ ! | Lo ! | ! | ! ! ! ! ! 14 52
18 | 33 | 11000001 [ 10 Posip nonyasuii |20 1 T RV RV Gt T S SO Y SR 3 I - 52
1e | 35 | 11001100 [ 18 [ 01011100 | R T S S T H A B 15 | =4
K OAHOTOUKCEMIH |+ o
s i i A e B T e e e Y B o e | BT
| 1 | ' | 1 | 1 | 1 | | | 5
: B o B S B S B — — — 19 60
popy | Reset |  mit | 0 & 10 15 20 25 30 35 40 45 &0 56 60 65 1 o T o
( | ¥z e 1=
Puc. 6. BikHOo npeicTaBICHHS XOIy PO3B’A3KY Apply | Reset | Exit |
TToxpokoBuii npouec pobOTH ANrOPUTMY A03BOJISE Puc. 7. BikHo rpagigHOro 300paxeHHs
MpOaHaII3yBaTH JAUHAMIKY 3pOCTaHHs (DYHKIIT IPUCTO- pe3yabTaTiB ONTUMI3ALIT

oo L5

-

HEE MNpoTokon eeonpuiiHOro nowyky ONTHUManbHMX nNapameTpie wnidyeBaHHA T
ok 85.12.2018 17:32:54

Uinwoea dyHkuia: z=wl*zl-w2*%z2

Kputepii zl= 1000*a*b*vw*vitr*(t1*t1+t2*t2)/(L*h*k*(C+b+A))

Kputepii z2= t1*nl+t2*n2

MHoxuMHa gonycTumux po3s'Askie: ws: 15:1:56; wvw: ©.3:0.1:4.0; t1: ©.05:0.005:0.1; t2: 0.91:0.005:0.05
Pozmip nonynauii: 2@

Bug kpocuHroBepa: o0QHOTOYKOBMIA

Kinekicte enitHux ocofuu: 3

Jomivywoya obnacTe myTauii: 3

MOYATKOBA nonynauIA

| vomep mawagka | wvs | ww | t1 | nl | t2 | n2 | TpucrocoeanicTe 2a kputepiem z1 | Mpuctocoe

| 1 | 41 | 2.8 | 886 | 3 | @02 | 4 | 63 |

| 2 | 26 | 1.3 | @.e8 | 2 | 801 | 2 | 37 |

| 3 | 32 | 8.9 | e85 | 3 | @04 | 3 | 26 |

| 4 | 18 I 3.6 I B8.a@9 I 1 I g.01 | 2 I A48 I [
| | ¥

Puc. 8. IIpotokon poboTr MOAN(IKOBAHOTO TEHETHIHOTO AJITOPUTMY
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Ynpaeniuns 6 cknaonux cucmemax

TIpoTOKONT EBONOIIHOTO TOMIYKY ONTHMAILHUX
mapamMeTpiB nutipyBaHHS TIpU 0OPOOII TIA3MOBUX ITOK-
PHUTTIB MICTUTh 3HAYCHHA 3MIHHAX TEXHOJOTIYHHX
MIPUCTOCOBAHICTh 32 YAaCTKOBHMH KPHUTEPISIMU Ta KOM-
IUIGKCHAM KPHUTEPieEM ONTHUMAIBHOCTI. TakoK BKa3aHO
Jiara3oH JOIyCTUMHUX PO3B’SI3KIB U1l 3MIHHUX Hapame-
TpiB Ta OCHOBHI XapaKTEPUCTHUKH ONTHUMIi3aliiftHOTO
mporecy. 3 HaBEACHHX pPE3yJbTATiB MOXHA 3pOOUTH
BHUCHOBOK, II0 3arajlbHAH pO3B’S30K MpENCTaBICHOI
3a7a4l € KOMIPOMICHUM 3HA4Y€HHSIM JUII KOXKHOTO 3
YaCTKOBUX KPUTEPIIB ONTUMAIBHOCTI.

IIponykTuBHICTE mporecy OOpOOKH IIIa3MOBUX
MTOKPUTTIB TPH BHOOPI ONTHMAaJIbHHAX IapaMeTpiB IIIi-
(¢yBaHHS, BH3HAUYEHHWX 3a JOMOMOTOIO pPO3pOOIEeHOT
CAIIP, mopiBHIOBaNachk i3 po3paxyHKOBHMH pE3yIbTa-
TaMH NPOIAYKTUBHOCTI, OTPUMaHUMH ISl THIOBHX IIa-
pameTpiB pexxumy 0OpoOKH.

[TpoBeneHi ekcrepuMEHTH ITiITBEPIUIN 3POCTaH-
HS IPOJYKTHBHOCTI ILTI)yBaHHS MJIa3MOBHX TOKPUTTIB
IIPU 3aCTOCYBaHHI MapaMmeTpiB 0OpOOKH, BU3HAYCHUX Y
npeacrapnenii CAIIP y nopiBHsSHHI 3 THIIOBOIO TIPOIY-
KTUBHICTIO PO3IJSIHYTOTO TEXHOJIOTIYHOTO IpOLEecy.
BunpoOyBaHHS TaKoX JO3BOJHIN 3MEHIINTH KiJIbKiCTh
neraned 31 morigyBampbHUMH AedekramMu mpu oOpoOi

BucHoBku

Ha ocHoBi mMaTemMaTH4HOi Mozemi TepMOMEXaHid-
HOTO CTaHy, yMOB Oe3znedekTHOi 00poOku Ta MOIUdi-
KOBAaHOTO METOJy €BOJIOIIIHOTO MOIIYKY PO3pOOIeHO
CAIIP texHONOriYHOrO Mpouecy HutidyBaHHs I1J1a3MO-
BUX TOKPUTTIB, IO CKJIAIAETHCS 3.

010Ky 3a7aHHs BX1THUX JaHUX,

iH(OpMAIIHHOT i ICUCTEMH,

MiJICUCTEM aHali3y, MOJICIFOBAHHS, ONITUMI3allii Ta
KOHTPOJIIO MapaMeTpiB PeKUMY IUTi(hyBaHHS.

BumpoOyBannust ctBoperoi CAIIP mpoBoammocs
JUI BU3HAYCHHS ITapaMeTpiB peKUMy 0OpOOKH ILIa3Mo-
BHX MOKPHUTTIB HA OCHOBI KOMITO3HIIHHUX MaTepiaiiB 3
HaaTBepAo0 (a30i0, I SKUX BAANOCS 3MEHIINUTH
YHCIIO MOBEPXHEBUX Ta CTPYKTYPHHUX HE(EKTIB Ta BHU-
3HAYUTH ONTHMAaJIbHI NapaMeTpy NuTiQyBaHHS.

OTprMaHO po3B’s30K 3a/1aui onTUMi3amii s pis-
HUX 3HAa4YeHb BXIJHUX JaHUX, MPOILEC EBONIOLIHHOTO
MOIITYKY MPOAHATiI30BaHO 3aBASKH rpadidHOMY 300pa-
JKEHHIO pe3yJbTaTiB ONTHMI3allii Ta MOKPOKOBOMY
MIPEICTABICHHIO XOAY PO3B’S3KY.

Hocmimkerns po3podnenoi cucremu CAIIP mpu
nutiyBaHHI eTaneil J03BOJs€ 3HU3UTH KUTBKICTh Opa-
KOBaHMX BHPOOIB TpH 30INBIICHHI MPOAYKTHBHOCTI

IUTa3MOBUX MOKPHTTIB. TEXHOJIOTIYHOTO MPOIIeCy 0OpOOKH.
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Computer-aided design system
for determining optimal parameters of the coatings grinding

O. Rybak

Abstract. While searching for optimal parameters of plasma coatings grinding, available CAD systems produce
significant deviations due to the fact that they neither take into account reducing losses of the material as an optimality criterion
nor meet the conditions of zero-defect surface processing. Therefore the developed plasma coatings grinding CAD system should
include modules of the designed object characteristics analysis, temperature fields and stresses modelling, grinding parameters
optimization and checkup strength and fracture criteria when the required surface roughness is reached. In this paper the structure
of such a CAD system is built and the user interface of the according programming appliance is presented. In order to determine
optimal parameters for the coatings grinding process, an evolutionary search is carried out on a set of feasible solutions formed
on the basis of the features of plasma coatings materials and technical characteristics of the grinding wheel and the grinding
machine. Obtained results consisting sets of optimization problem solutions, plots and the algorithm performance protocol are
displayed through the user interface. Practical experiments that were carried out during this research confirm an increased
productivity of the plasma coatings grinding process and reduced number of defective parts when applying grinding parameters
determined in the designed CAD system.

Keywords: computer-aided design system, plasma coatings, grinding, programming interface, search algorithm.
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Harmionansauii TexHiuanii yHiBepcuteT YKpainu «KuiBcbkuit momiTexHigHuA iHCTUTYT iMeHi Irops Cikop-

cpKoro», Kuis, Ykpaina

IMPOT'PAMHO-ATIAPATHA PEAJIIBAIIISI ABTOMATHYHOI IIITPUMKH ITPUI-

HATTSA PIIHHEHDb B CUCTEMAX EJIEKTPOIIOCTAYAHHA

AnoTtanis. [Ipexmerom rociimKeHHS B CTAaTTi € 3ac00M peanizaliii aBTOMaTHIHOI CHCTEMH MiATPUMKI IPHHHSTTS PillICHb.
Mera po6OTH — NIpeACTaBIeHHs PIIeHHS 3 IPOTrPaMHO-aNapaTHOI peasi3alii aBTOMaTHIHOI MiATPUMKH NPUHHATTS PillleHb
B CHCTEMaXx eJICKTPOIIOCTadaHHs. B cTaTTi BUPINIYIOTHCS HACTYIIHI 3aBJaHHs: BU3HAUSHHS BUMOT JI0 peasti3amii aBToMaTH4-
HO{ MIATPUMKHU MPUKAHATTSA PIlIEHb CUCTEMH €JIEKTPOIIOCTaYaHHs; BU3HAUCHHS PIllIeHb, sIKI MAlOTh MpUHAMAaTHCA npu 3001
CJICKTPONIOCTAYaHH; BU3HAYCHHS allapaTHOI YaCTHHH CHCTEM €JIEKTPOXKHBIICHHS; BU3HAYEHHSI CIIELiali30BaHOTO IIPOrpaM-
HOro 3a0€e3neyeHHs MATPUMKU MPUUHATTSA pillleHb B IUX cucreMax. OTpUMaHO HACTYIHI pe3yabTaTH: HaJaHO PILICHHS 3
MIPOTpaMHO-anapaTHoOl peasizamii aBTOMAaTHYHOI M ATPUMKH IPUIHATTS PIlICHb 3 €JCKTPONOCTaYaHHS ISl LIEHTPY 0OpOOKH
JIaHUX, K TUIIOBOTO 00’€KTY, 0 NOTpeOye Oe3mepediiiHOro eneKTpoKUBICHH. BUCHOBKH: BU3HAYEHO OCHOBHI KpHTeEpii,
SIKUM MAroTh BIJIIOBIIATH CUCTEMH €JEKTPOXKMBICHHS, IO IMOTPeOyIOTh aBTOMATHYHOTO NPHUHAHATTS pillleHb A 3amo0i-
raHHs iX 300iB; IpencTaBieH] pillleHHs, sKi MalOTh IPUHMATHCS TIPH 3001 eNeKTPOIIoCTaYaHHs B IEHTPax 0OpOOKH JaHUX;
3aIpOIIOHOBAHO APXITEKTypHE PIIEHHS CUCTEMH JIEKTPOXKUBJIICHHS 3 BOYJOBAaHOIO aBTOMAaTH30BAaHOKO CUCTEMOIO MiATpH-
MKH NIPUAHATTA pillieHb; BU3HAYCHO NPOrpaMHe 3a0€3M1eUCHHs IPUHHATTS PillIeHb UL CUCTEM eeKTpokuBieHHs. [lepcre-

KTUBHHUM HaIllpSIMKOM MOJAJBIINX JOCTIKEHb € BIOCKOHAJICHHS 1HTENEKTYAIbHIX METOAIB MPUHHATTS PillICHb.

Knwdogi ciaoBa: cucrema Hi}:[”[‘pI/IMKI/I HpI/IﬁHHTTH piI_HeHI), CHUCTEMA CIICKTPONIOCTAYaHHA

Beryn

IMocTtanoBka mpodaemu. [IpuiAHATTS pilIeHb € O1-
Hi€ro 3 0a30BHX 3a/1a4 CYYACHUX MPOMHCIOBUX KOMILIE-
KciB. JIo TakuX KOMIUIEKCIiB, HANPUKIIA, MOXKHA BiIHe-
CTH BeJHKI BHPOOHMIITBA, MEAWYHI 3aKJIaJH, BOEHHI
00’exTH, IeHTpH 00poOKK nanux. [IpocTiit BUpOOHUIOTO
KOHBEEPY Yepe3 BiACYTHICTh PIlICHHS B HAJA3BUYANHIN
cutyarii Moxke 00IiiTHCH BUPOOHHUIITBY B THUCSYI JJOJIapiB
Ta BIICTPOYMTH BUITYCK ITPOYKIIii, BIACYTHICTh PillIEHHS
pu 3001 MeIUYHOTO O0JIAHAHHS MOXeE MPU3BECTH 10
JIFOJICBKUX BTPAT, @ 3aTPUMKA y TPUUHSATTI PillICHHS YU
NPUIHATTS HENPaBHJIBHOTO PIllIEHHS! BIHCHKOBOIO OJIU-
HUIIEIO MOKEe BIUTMHYTH Ha 0€3MeKy I1ij10i KpaiHu.

CyuacHi IpOMHCIIOBI KOMIUIEKCH € HACTLIEKH CKJIa-
JTHHMMHU, [0 HEOOXiHA peai3allisi aBTOMaTH30BAHUX CH-
crteM miaTpuMku npuiHATTA pimeds (ACIIIIP). Haii-
OLBII Ba)KJIMBMMH JIaHI CUCTEMH € Ha 00’€KTax, JIe He-
00XiTHO 00pOOHTH BENHKY KiJBKICTh JTaHUX 32 OOMExKe-
HUI Yac Ta 3 BUCOKUM piBHEM ToyHOCTI. OHAK BiACYT-
HICTh €JMHHUX CTAHAAPTIB, IPABUJI, METOJIIB Ta aJTOPUT-
MiB MOOYZ0OBH TaKUX CUCTEM TPU3BOJIUTH JI0 HEpaIlioHa-
JIBHOTO BUKOPHUCTAHHS PECypCiB i Yac iX CTBOpEHHS, a
OTpUMaHi MporpaMHo-anapaTHi PIilIeHHS 4acTo MaroTh
PSR HENOINIKIB BiJ HE3PYYHOCTI KOPHUCTYBAaHHS 10 Ha-
JTAHHS IIJIKOM XHOHUX BUCHOBKIB Ta PillICHb.

Came ToMmy, 3amada po3poOku mapagurm ACIIIIP
SIK JIUTSL IPOCTHX 00’ €KTIB, B SIKUX PIICHHS PUAMAIOTHCS
JIMIIIE B MEXaX OJTHOTO IMPOCTOTO MPOIIECY, TaK 1 111 KOM-
IUIGKCHUX, B SIKUX BEJIMKA KIJBKICTh CHCTEM IIOCTIHHO
B3a€MOJIIFOTh MiXK COOOFO Ta BIUIMBAKOTH OJJHA HA IHIITY, €
aKTyaJIbHOIO Ta MA€ MPAKTUYHE 3HAYCHHS.

AHaJi3 ocTaHHIX A0cTiIKeHb i myoaikanii. Po3-
BUTOK aBTOMATHU30BaHUX CHUCTEM MiITPHUMKHU MPUIHATTS
pillIeHb OB’ SI3aHUH 3 TEXHIYHUM TPOTPECOM B 00JIACTi
obuuncroBaNbHOI TexHiku. [lepiri podotn y aaniit chepi
(akTHIHO OYJIH TOB’s3aHi HE 31 CTBOPEHHSIM 0COOIUBUX
cUcTeM, a HacaMIepe]l 3 aBTOMaTH3aLliel0 pyqHoi npari

moaund. Lle 3medinpimoro 0yyi0 MOB’s13aHO 3 HEMOXKITH-
BICTIO peastizalii CKJIaIHUX aIrOpPUTMIB Ha 0OYHCIIIOBA-
JIBHUX MOTYKHOCTAX TOro 4acy. OJHaK Byke Ha TOH yac
MoYajy 3aKJIaJaTHCh OCHOBH HOOYIOBU CHUCTEM IpHM-
HSTTS pillieHb, 6araTo 3 SKUX MPOIO0BKYIOTh BUKOPHCTO-
ByBaTHCh 1 choronHi. Tak, Hanpukian, y podori [1] aB-
TOPH ONHCYIOTh PIBEHb PO3BHUTKY Trally3i po3poOKH CHC-
TEM MIATPUMKH IPUHHATTS pilieHb. Bke Ha Toit yac Taki
He OYyJIM OOJMHOKHMMHU Ta BIIOKPEMIICHUMH, a MaJlk CH-
cTeMHui xapakTep. bimsmr Toro, 3 1985 poky 0yio 3aro-
YaTKOBaHO TeMmaTtW4yHui kypHan “Decision Support
System”, me my0MiKyBaIlCh HAUOIBII PEBOJIOIIIHI 1€1
toro 4acy. ¥ po6ori [1] Buokpemieno B ACIIIIP Tpu
CKJIAJIOBI NPOLIECH: TPUHHSATTS pillieHb, MPEJCTaBICHHS
3HaHb Ta MOOYJOBa JIOAMHO-MAIIMHHUX cxeM. Okpim
HOTO OYJIO MPE/ICTABICHO KOHIENTYaJIbHI MOJIENI CUC-
tem ACIIIIP, Ta Bka3zaHO Ha mpoOJeMu ix peanizaiii Ha
SJICKTPOHHHUX 00YNCITIOBAILHUX MaIIMHAX TOTO Yacy.

3a 35 pokiB mporpec He JUIIe 301TBITUB 00UHCITIO-
BaNbHI TOTY)XKHOCTI HHHIIIHROTO amapaTHOTo 3abe3re-
YeHHs1, aJie i yCKJIa/IHUB 3aayi Ta 301IbIIMB BUMOTH JI0
ACIIIIP. Tax, y pobori [2] npencrasieHo 3agaqy NpHid-
HSTTSI pillleHb Ta BUOOPY aJbTepPHATHB JUIS CKJIATHAX TeX-
Higaux cucreM (CTC). Ha BigMiHy BifJ Teopii, BUKJIaIeHOT
B poboTi [1], B cTarTi [2] 3ampornoHOBaHO MiAXig po3po0Ku
ACITIITP ognouacHo 3 3aramsHot0 CTC. Ipu mpomy AC-
TP nmpoxoauts Bei etanu xutTeBoro nukay CTC. Ha Bi-
IMiHY Bifl TIOTIEpelHBOI POOOTH, aBTOPH PO3MIISAAIOTH
KOMIUIEKCHY CHCTEMY He K €AWHE LiJie, a SIK iepapxiro
Ty “Cucrema - migcucrema - enemenT”. [Ipn ibomy Ha
KOXKHOMY DiBHI PO3pOOIISIEThCS BIIACHA MOJIEINb, KA BilI-
TIOBi/1a€ 32 MPUHHATTS PIlICHHS Ha BJIACHOMY 1 HIDKYHX
PiBHSIX. ABTOpPH 3pOOMIIN BEJIMKUH BHECOK CaMe B ITPOEK-
THiH mocmigoBHOCTI po3podku ACIIIP y pospizi CTC,
OJIHaK 3aJ][a4a PO3pOOKH KOHKPETHHUX MPABHJI, METOMIB Ta
AITOPUTMIB 3aJTUIIIAIACK HE po3B’s3aHot0. Le, mBuie 3a
BCe, TIOB’S13aHO 31 CKJIAJIHICTIO YHIBEpCalIbHOI peaiizamii
ACTIIIP myist pisHux By3pkocmeniamizoBanux CTC.
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IIpuxmanom By3skocneniamizoBaHoi CTC e mignpu-
eMcTBa 000pOHHO-TIpoMHuCiIOBOro Komruiekcy. ACIIIIP
UL JaHUX 00’€kTiB Oyino mpexacTtaBieHo y poborti [3].
Iepmr 3a Bce, aBTOpHM HaBeIW TEOPETHUHI KpHUTEpii, 3a
SIKUMU, (paKTHIHO, 3aMaf0ThCs 0a30Bi MPUHIMIH MO0Y-
nosu ACIIIIP. JTo HUX BiTHOCHTHCS, HATIPUKIIAI, Mipa Xa-
pKeBHYa, 1110 ONKCYE IIHHICTH iH(opMaii, uu Mipa iHpo-
PMaTHBHOCTI 110 T€3aypyCy, 1110 OKa3ye BiJHOLICHHS I[iH-
HOCTI T2 ONTUMAaJIBHOT iH(popMaTuBHOCTI iHpopMarii. [Tpu
po3pobui ACIIIIP HeoOxinHO, 00 MaTeMaTHYHA MOJICITb
CTC 0ysa MakcuMainbHO npocToro. OHAK BUKOPUCTaHHS
HEBEJIMKOT KUTBKOCTI KPUTEPIiB JO3BOJISIE JIMIIE OTPUMATH
MOYaTKOBE YABICHHS MPO po3Mip Ta cTpykrypy ACIIIIP.
roro venocratapo mig mooynosu ACIHIIP mns CTC. YV
po6oTi [3] Takox Gys10 TOBEICHO HEMOXKIIUBICTD peaiza-
il €IMHOTO JIOAWHO-MAamuHHOTO iHTepdeiicy ACIIIIP
cydacHux CTC s Beix criemiamicTiB-KkopucTyBadi. Tak,
HaINpUKJIaJ, CUCTEMa YMOBHO ITOJUISE€THCS Ha KOMIIOHE-
utu ACIIIIP nns kepiBHUKa, OpraHy KepyBaHH:, omepa-
THUBHOT'O YEpProBOro, oneparopy. B 3a1exHOCTI Bix crieru-
(iKM KOHKPETHOTO 00’€KTY TMepeltiK pojiel MOoxe 3MiHIO-
Baruch. [Ipy iboMy HEOOXiZIHO HaJaBaTH 3a KOXKHOIO pO-
JUTIO Pi3HI CHCTEMHI MOXKJIMBOCTI. Pearizawis Takoro mia-
X0y no3Boirste BUKoHatH iepapxito ACIIIIP, HaBeneny y
crarti [2]. OxpimM 1poro aBTopu [3] HaBenu KOPOTKHUIA
ommc pimens moOynosu npukiagHoo ACIIIIP. OxHak He
BCi 3aIIPONIOHOBAHI METOIM MOYXKHA 3aCTOCOBYBATH B CHC-
TeMax peajbHOTo Jacy.

AKTyanmbpHICTB 3a7a4i IPUHHATTS PIilICHb JOBOISATH
Cy4acHi JOCHIKCHHS, sIKi CIIPAMOBaHI Ha ITiABHICHHS
YaCTKM KOPEKTHHX pillleHb B YMOBaX HEBH3HAYEHOCTI
[4], mocmimpkeHHsS! IHTENEKTyalbHUX AJITOPUTMIB 00pO-
Oku iHopmarii [S5, 6, 7] Ta mpaKTHYHY peai3alliio ux
MeTo/IiB B mpukiIaaanx cuctemax [8- 10]. Koxna npuk-
nanuaa ACIITIP notpedye monepenHix JOCTIHKEHb 3 BU-
3HAUEHHS ONTHMAIBHHUX 32 OOYMCIIIOBAIILHUMH pecyp-
caMH METOJIB Ta 3ac00iB MPUUHATTA pimeHs. Tomy mo-
LUIFHO PO3POOHTH PIllIEHHS 3 TPOTPaMHO-aniapaTHOl pe-
amizanii ACIIIIP THIOBHX MPOMHUCIIOBHX KOMIUIEKCIB.

IMocTanoBKa 3aBaaHHA. MeTOO CTATTI € TIpe/ICTa-
BIICHHS PIIICHHS 3 MPOTpaMHO-aNapaTHOi peai3allii aB-
TOMATHYHOI MIITPUMKH TPUHUHSTTS PillIeHb B CHCTEMaXx
eslekTponocTayadus. [locTaBieHi Taki 3aBIaHHS:

1. Buznauenss Bumor 1o peanizanii ACIIIIP.

2. BusHaueHHs pillieHb, SIKI MaloTh MNPHAMATHCS
pu 3001 eJIeKTPOTIOCTaYaHHS.

3. BusHaueHHs anmapaTHOI YaCTHHU CHUCTEM EeJIeKT-
POXMBIICHHS.

4. BuzHaueHHsI nporpamHoro 3abesmneueHHs AC-
IITP cuctem eneKTPOKHUBICHHS.

3agaya peanizanii ACIITIP

s mobynoBu epextuBHUX Ta KopektHux ACIITIP
HEOOXiJTHO pO3B’sI3yBaTH Taki 3amadi:

1. [ToGynoBa apxiTeKTypu NpOrpaMHO-anapaTHUX
KOMIUIEKCIB 3 KOHIIENTYaJIbHOI0 MOXKJIMBICTIO iHTErpamii
3 ACIIIIP.

2. Pozpo6ka ACIIIIP, sika MiCTHTb:

1) cuctemy NpUItHATTS Ta 30€peKEHHS TaHHX;

2) cucteMy 0OpOOKH JaHUX 3 BUKOPUCTAHHIM aj-
TOPUTMIB MAaTEMAaTHYHOI JIOTIKH Ta/a00 iHTEIeKTyalb-
HUX aJITOPUTMIB;

3) po3poOKy iHTEpdEliciB KOPUCTYBaYiB;

CrBopennst ACIIIIP - me cxmagauii mporec, sIKIi
motrpedye (hiHAHCOBUX, TPYAOBHX Ta YaCOBHX BUTpAT.
Moro NOIiNBEHO BHKOPHCTOBYBATH JIMINE HA CKJIAJHHX
00’€eKTax, AKi Haga OyayTh Ha3UBAaTHCh KOMIUICKCHIMH
¢yaKmioHansHIMA 00’ ekTamu - K®O. KommnexcHwmii
(dyHKIIOHATBHUIT 00°€KT - 11 00°€KT, e 0THO4acHO dy-
HKI[IOHYIOTb J€KiJIbKa CHUCTEM Pi3HOTO MPU3HAYECHHS JIIs
JOCSITHEHHSI €1uHOi MeTH. [Ipu nboMy (DyHKIIOHYBaHHS
KO’KHOT CHCTEMH TaK YH 1HaKIIe BIUIMBAE HA 1HII, TOMY
3011 y poOOTi 0/1Hi€T MOXKE BUKJIMKATH JIAaHIIOTOBY peak-
110, 1110 MTPU3BE/IE 10 3yNUHKH Y1 BUXOAY 3 JIaay 1HIINX
cucreM. IIpukiaamoM Takoro 00’€KTy MOXKHA BBaXKaTH
neHTpu o6pobkm manux (LIOJI), Tumoma apxiTexTypa
SIKMX TIpUBe/icHa Ha puc. 1.

Cucrema 0X0l0KeHHs I

ATC Buytpiwns indopmaniiina
cHcTeMa
Cepsepn 11O

Briok nentpansHoro
KepyBaHHs

Cuerema CHCTeMH Cuerema

TIOAKEKOTACIHHA swuTTe3abes- enexTponocTa-
nedenns HaHHA

Puc. 1. Tumosa apxitexrypa O

-

Cucremu Heznexu

Jst mobynoBu enunoi ACIITIP KOO nouinbHO BU-
KOPHCTOBYBATH 1€papXilo, 3a SIKOi KOXKHa MijcucreMa
KOMIUIEKCY OyJie BiJINIOBIIaTH TAKUM KPHUTEPIsM:

1. TToBHa BiANOBIAHICTH (YHKIIOHATHLHUM BHUMO-
ram cuctemu. Hampukiaz, cucremMa enekTponocTaqaHHs
MIOBUHHA MAaTH TMOTYXHICTbh, 5IKa OyJe NOCTaTHHOIO IS
JKUBIICHHSI BCIX €JIeKTponpuiiMadiB Bciel cucremu. Bin-
moBimHO A0 myHKTiB 1.2.17 - 1.2.20 IlpaBun Ymamry-
BaHHs EnektpoycranoBok [11], B 3anexHOCTI Bij KaTe-
ropii HaJiifHOCTI eNeKTponpHiiMadiB, cXxeMa eJIeKTPOIIo-
CTayaHHs MOXKE MaTH JICKUJIbKa HE3aIeKHUX JDKEPEIT JKH-
BIICHHS, IEPEMHUKAHHSI TKHX HEOOX1HO 3/1HCHIOBATH 32
MiHIMaJIbHO KOPOTKHUH Yac, 10 TI0 MOXIIMBOCTI He Oy/e
3MIHIOBAaTH PEXHM POOOTH OOJIAJHAHHS CIOXKHUBAYiB.
[HIIi mpoekTHI pimeHHs, Mo BiTHOCATHCS 10 1HITNX Yac-
THH CHCTEMH €JIEKTPOIIOCTAYaHHs Ta IHIIMX CHCTEM
K®O, noBrHHI aHAIOTIYHUM YHHOM 0a3yBaTHCh Ha HOP-
MaTHBHHX JJOKyMEHTaX.

2. Koxna mincucrema KOO moBuHHA 3a0e3meqy-
BaTH PEXUM aBTOHOMHOI poOOTH 00JIaJHAHHS Ha BHIIa-
JIOK HEMOXKJIMBOCTI KEpYBaHHS IIEHTPaJli30BaHOIO Ta/abo
JIOKJIbHUMHU CHCTEMaMHU.

3. 38’30k miacucreM KPO moBuMHEH BiANMOBIAATH
KPUTEPIsIM 3aXUIIEHOCTI, HAAIHOCTI, BiIMOBOCTIMKOCTI.
Hampukmnan, y BUnaaKy, Kojau NpoKJIaaHHs JIiHii 3B’ 13Ky
MO>KJTMBE JIMIIE TIOPYY 3 CHJIOBUMH JTIiHISIMH, 11 TOTPiOHO
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BUKOHYBAaTH B ()i3MYHO-3aXHUIICHUX KaHATIaX ONTHIHUMHU
a00 expaHOBaHNMH KaOeIISIMH.

CTBOpEeHHS HOBOI CHCTEMHU YU MOJEpPHI3allis iCHY-
1040i o3Boisie HanamryBatu ACIIIP, sika moBuHHA Bif-
MIOBIIATH TAaKUM KPUTEPisM:

1. Kpumepiii nosnoi ingpopmogarocmi: KOXEH IJI0-
TiYHUI By30JI MOBHHEH HAJABaTH CUCTEMI 1H(POPMAIIi0
PO CBIM CTaH B PEXUMI peasbHOro yacy abo 1o pos-
knany. Cucrema 30epirae gany iHGOpMAIliio Ta BUKOPH-
CTOBYE 332 HEOOXITHOCTI.

2. Kpumepiii Hadiunocmi ma KOpeKmHOCmi OaHUX:
OTpPUMAaHI JaHi OBUHHI BKJIFOYATH JaHI JJIs TEPEBIpKH
ix KopekTHOcTi. Tak, HarpuKIa, KOHTAaKTH IPOCTOTO Ki-
HIIEBOTO BMMHMKaua, KU Mae OAHY Mapy KOHTaKTHHX
TPYyI, MOXYTh IMPHKIMITH, a TOMY Iicisd HOTro crparo-
BaHHS CHUTHAJI HE 3MiHUTHCA. BimmoBimHo, maHi He Oy-
IOyTh KOPEKTHUMH, 1 IPUHHATTS PIlICHHS MIOJ0 BHKO-
HaHHS SKOICh 1l Oy/Je MOMIIIKOBHM Ta MPU3BEE 10 He-
nepen0avyBaHUX HACIIIKIB.

3. Kpumepiii kopexmuocmi no6yoosu io0uHo-ma-
wunHoi 63aemo0ii: ToOynoBa iHTep(eiiciB MOBHHHA Bifl-
OyBaTHUCh BIAMOBIIHO 10 3arajbHOIPUHHATUX MPABUII Ta
HOpPM CHIpHUHSTTS iH(popMalii KopuctyBadeM. Tak, 3a
3akOHOM Milepa KOpPOTKOYAacHa JIOJChKA I1aM SITh
MOJKE€ OJJHOYACHO TPUMATH B CEPEeIHbOMY 7 00°€KTiB. 3a
CTaTUCTUYHHMHU JaHUMH JOCITI/DKEHb JIFOACHKOI yBaru
BU3HAYCHO, 1110 JIFOANHA OJHOYACHO MOXKE 30CEPEIUTHUCH
He OuThIn sk Ha 5 00’ekrax. TakuM YMHOM, € TIPUPOIHI
0OMEKEeHHS Ha IpyNyBaHHsS Ta PO3ME)KYBaHHS JaHHX B
creHapisx intepdeiicy. B 6arathox cuctemMax IOIIIBHO
BHUKOPHCTOBYBATH HPOCTI €JIEMEHTH KEPYBaHHS Ta CIO-
BILIICHHS, TakKi SK MHEMOCXEMH. I[HIIUM MPUKIAIOM
NPUHLUIIB TOOYJI0BYU iHTepdeiciB MOXke OyTH MOAENb
KaHo, sika 03BOJISIE OIIHUTH EMOIIAHY PEaKIlit0 KOpHC-
TyBaya Ha IPEACTABJICHHS MMOTOKY iH(OpMaITii.

4. Kpumepiii npiopumemnocmi:. sKmo o0poOka
OTPUMAaHUX JJAHUX MO>KE MPU3BECTH JIUIIE 0 €IUHOI MO-
JKITMBOT [Tii - CHCTEMa aBTOMATHYHO 11 BUKOHYE, 10 PSIy
i - crucTeMa MOBMHHA CIIEPIY 3alPOIIOHYBAaTH KOPHUC-
TyBadeBi HAMOUIBII ONITUMAINBHY 3 Jii.

I puiiHATTA pilieHb Mg yac

aBapii. OHaK iCHYIOTh BUIAJIKH, KOJIA JaHA TIPUINHA €
JIUIIE HACIIIKOM iHIIOTo aBapiitHoro mpouecy. Tak, Ha-
MIPUKIIAJ, BiICYTHICTh ENEKTPOXXHMBICHHI MOXE OyTH
OB ’s13aHA HE JIUIIE 3 MpobiieMaMy HOTro mocTadaHHs Ha
o0’ektT, ajme ¥ 3 HECIHPaBHICTIO OOJaTHAHHA
caMmoro 00’€eKTy, sKe, B CBOIO Uepry, MOxe OyTH BHUKIIH-
KaHe SIK BHYTPIIIHIMH IpO0JieMaMHl Y KOMIIOHEHTaXx eJie-
KTPONIPHJIaisl, TaK 1 30BHILIHIMU aBapisiMH, TAKHUMH SIK
TIOXKeXa, 3aTOIICHHSI, ANBEPCIs, TOILO.

3. Ilicns 3’sicyBaHHsI IPUYUH BiICYTHOCTI €JIEKTPO-
JKMBJICHHS NIPUHAMAIOThCS MOAANBIII PilIeHHs, SIKi, Ha-
TIPUKIIa, MOXYTh OyTH ITOB’s13aHi 3:

1) BifICYTHICTIO 30BHIIIHBOTO TMOCTAYAHHS EJIEKT-
poereprii. IIpu npoMy B 3aJI€)KHOCTI Bil IPUYUH TIPH-
MAaIOThCSI PillIeHHS 010 BBOY PE3€PBiB UM OUiKYBaHHS
BIZTHOBJICHHS €JIEKTPOIIOCTauYaHHS;

2) IOBHUM PEMOHTOM BCiX IOIIKOMKEHHX CHCTEM,
SIKIIIO aBapis € JOKaJIbHOIO;

3) 4aCTKOBMM PEMOHTOM CHCTEM, SIKIIIO aBapis €
rJ100aJIbHO0 3 HEMOJKIIMBICTIO 11 yCyHEHHS 3a yac (yHK-
LIOHYBaHHS CHCTEM Ha PE3EPBHUX JKEpEIax KHUBJICHHS;

4) mepeHeceHHs Ta 30epeKEHHS JaHUX Ha Pe3epB-
HUX CEPBEPHUX MOTYKHOCTSX, SIKIO YCYHYTH aBapito He
BIAETHCS.

OYeBHIHO, IO YCYHEHHS IPHYXH 1 HACIIIKIB TOTOY-
HOI aBapii motpeOye 3HAYHOI KiTbKOCTI "acy. [Ipu mpomy
PpEe3epBHE XKUBIICHHS CHCTEMH MO>KE TPHUBATH He Oinbie 20
xpwH. ToMy HeoOximHe 3actocyBanas ACIIIIP 3 Buco-
KAM piBHEM HAAIHHOCTI Ta TOYHOCTI. JIvIme Takuid migxis
JIO3BOJIUTH MMOBEPHYTH MPAIIE3IaTHICTh CUCTEMH 32 MiHIMa-
JIBHUH Yac, 3 MiHIMaJIbHUMH BUPOOHUYUMH BTPATaMU.

AnapaTHa YacTuHA CUCTEMHU CJICKTPOKUBJICHH S

Jns mpuximany posriasaemo Bapiant ACIIIP mns
MIPOCTOI CHCTEMH €IIEKTPONIOCTavYaHHs, CXeMa K01 HaBe-
JIcHa Ha puc. 2.

Jnst ACTITIP HeoOXifgHe BCTAHOBJICHHS TaKUX
MOJIbOBUX IIPUCTPOIB:

1. Konraktu crany OF/SD/E/SDV NS80/630 [17]
JUI KOHTPOJIIO CTaHy BBIJHMX aBTOMAaTHYHHX BHMHKa-
4iB.

30010 €JIEKTPONMOCTAYAHHSA

PosrisHeMo aBapifiHy CHTYyaIlio
JUI  BUICHABEICHOTO TCOPETHYHOTO
O/, mig 9ac SKOi 3HUKAE EIEKTPOKHUB-
JICHHSI CHCTEMH OCHOBHOTO €JICKPOIIOCTa-
yaHHsA. OCKIUJIBKH OCHOBHOK 3a/1aucio
oynp-sxoro IO/ € minTpumaHHS mparie-
3IATHOCTI y pexxuMi 24/7, cTaHIApTHUM €
BHKOHAHHS TaKUX Jii:

1. IlepeBectn  OONMamHAHHSA  HaW-

Axanizamop
repexi AM1
Modbus

TpaxcgopMamopu
cmpymy TC1.TC3

B6id 1

B6id 2

BPIT

20F

10F
\ 400A L00A

T

/  a8P
400A

Awanizamop
repexi AM2
Modbus

Tparcpopmamopu
cmpymy TC4..TC6

OBl KPUTHYHOI  iH(QPACTPYKTYpH
00’€KTy Ha pe3epBHIi JKepesIa )KUBJICHHS.

Jo Takoro oOiagHaHHS BiTHOCSTHCS 00- T

YHUCITIOBAJIbHI CEPBEPH, CUCTEMH OE3IEKH,
aBapiifHi CHCTEeMH >XKHTTe3a0e3NeUeHHS.
Huvmu  gissMmu  3a0e3medyeTbess TPOJOB-
JKeHHS ()YHKITIOHYBaHHS CHCTEMH.

2. BUKoHaTH mepIIoYeproBy mepe-
BIpKY Bcix cucrteM. [Ipu nboMy BUKOHY-
€TbCSl BHSBJICHHS OCHOBHOI TIPHYMHU

Hacocka cmaryis

Cucmema
noxexo2aciHHa

Ocbimnenrs ma
po3zemku

Yum
abmomamu3ayii

Wum
0X0710GXeHKR

UWum po3nodinsrud
cepBeprud

Puc. 2. OnHomniniliHa cxeMa BBiAHO-PO3MOiIBHOTO IPUCTPOIO
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2. Kontaktu crany IOF A9A26924 [18] mnst Buxin-
HHUX aBTOMaTHYHUX BIMUKaUiB.

3. Kinnesi Bumukaui aeepeit BPII mst 6e3mexn 06-
CIyTOBYIOYOTO TIEPCOHAITY.

PiBeHp 6a30B0i aBTOMAaTH3AIil Y JAHOMY BHUITAJKy
ITOBHHEH BUKOHYBAaTH KOHTPOJIEP, KU Oyne o0poousaTu
BCl KOHTaKTH CTaHy aBTOMAaTHYHHX BUMHKadiB. OKpiM
usoro, ABP Ta AM peanizytoTh cTaHAapTU30BaHUMH MPO-
Tokoa Modbus [19], siki 103BOJIAIOTH BUKOHYBATHU 1X KO-
HTPOJIb Ta yrnpasiaiHHsA HUMH. CyTh HOTO HOJISATAE Y Hasl-
BHOCTI BEy4OTro NpHCTporo-KoHTposiepy (Master), sikuii
Ma€ MOXKJIMBICTh YATATH Ta 3aIKUCYBAaTH 1HPOPMAIIIO y
psni KaieHTchKuX npucTpois (Slave). s peamizamii na-
HOTO pillIeHHs He0OXi/THO, 00 KOHTpOIIep piBHSA 0a30B0Oi
aBTOMaTH3alii MaB MOXJIMBICTH NPAIIOBATH y PEXKHIMI
Modbus Master. J{ns peamnizarii mocTaBieHoi 3a1adi 10-
LUTBHO BUKOPHUCTATH Kepyrounmii KoHTpoiep Modicon
M241, 24 10 relay Ethernet [20]. Lleit koHTpOMIEp T03BO-
JISI€ TOKITI0YaTH 10 24 KOHTAKTiB BXOAY Ta BHXOIY, 8
modbus salve mpucTpoiB Ta Mae J10JATKOBUH (YHKIIIO-
HaJl, 110 y IIEPCIEKTHBI T03BOJIUTH 32 HEOOX1THOCTI Mac-
ITa0yBaTH CUCTEMY.

Cucrtema KUBUTHCS Bif JBOX HE3aJIEKHHUX BBIIHUX
miHiA. Jnsg po3mofily eIeKTpOeHeprii BHUKOPHCTOBY-
etbest BPII — BBimHO-po3noAineHMHA npuctpiit. Ha Bxomi
JIHIN BCTAHOBJIEHO ABAa aBTOMAaTH4HI BUMKKaui Ha 400A
- 1QF ta 2QF. HacTynmHUM eleMeHTOM B cXeMi € OJIOK
tpanchopmatopiB TC1-TC6, siki B cBOO uepry 3abesme-
9yIO0Th POOOTY cHcTeM aHamizy mepex (AM): AMI Ta
AM2. JI511 aBTOMAaTHYHOTO TIEPEKIIIOUSHHS M)XK BBOIAMH
BHKOPHUCTOBYETHCSI aBTOMAaTUYHUH BBiX pezepBy (ABP).
[Ticnst HBOTO €NEeKTPOCHEPTisl PO3MOIIISETHCS CIOKHUBA-
YaM uepe3 psiji aBTOMaTHYHUX BUMUKAYiB.

[

AN

APM opramy
KCPYBAHHA

AS-B

AlPM
OTIepaTHBRITOTO
HCPIrosoro

ACIIIIP € KOMIOHEHTOM OLTBII KOMITJIEKCHOI CHC-
TEMH - aBTOMAaTH3aIlil Ta qucrerdepusanii. Ha ceoroani-
[THIH AeHb ICHy€E CTaHTAPTHHUH MiAXiA OO peari3amii mux
CHCTeM, IKHH 0a3yeTbes Ha po30OUTTI iX Ha 3 piBHI:

1. PiBeHP MOJTHOBUX MPUCTPOIB, IO SKUX MOXHA Bi-
JTHECTH eJIEeKTpOMeXaHiuHI (BUMHKadi, MIPUBOAH, TOIIO),
eJISKTPOTiIpaBiIiyHi (HACOCH, TiAPOKJIANaHW, TOLIO),
eJICKTPOXIMIUHI (JaT4Mky 3a0pyAHEHHS) Ta IHIII TpH-
CTpOI.

2. Cepenniii piBeHp (piBeHb 0a30BOi aBTOMaTH3a-
1iT), IKUF BUKOHYEThCS Ha KEPYIOUMX KOHTpOJIepax, 10
00pOOIISIOTH PSAJ] ITOJBOBUX MPHUCTPOIB.

3. BepxHiii piBeHp, KUl BUKOHYETHCS Ha CEpBe-
pax, Ta MoB’s3y€ BCi KepyrOUdi KOHTPOJIEPH B €UHY CHC-
TeMy.

[MouarkoBum etamom ctBopeHHs ACIIIIP € xopek-
THUH miaOip MONBOBHX MpHCTPOiB. Ha choromHimHii
JICHb iICHY€ BEJIMKA KiNbKICTh BUPOOHHKIB €IEKTPOOOIIa-
JMHAHHS, OJHAK OJHMM 3 HAHOIIBII MOMYJSIPHUX €
Schneider Electric (SE) - dbpanity3pkuii BUpOOHHK 00I1a-
JHAHHS Ta PiLIeHb JUIs CHEPTeTUYHUX CUCTEM.

Juns peanizauii enekrpuunoi yactuau BPIT y SE
HasIBHI TaKi eJICKTPUYHI PillICHHS:

1. BBigni aBromatnuni Bumukaui: 3P3D MICROL
2.3 400A NSX400N [12].

2. Tpaucopmatopu ctpymy: TparHchopmarop
ctpymy 400/5 A [13].

3. Anamizatopu mepexi : PM5110 RS-485 [14].

4. Tpuctpiit aBTOMaTHYHOTO BBOAY pe3epBy: ASCO
SERIES 230 Automatic Transfer Switch 400A [15].

5. Buxingni aBromatiyHi BuMukauyi: Acti 9 : iC60 [16].

Apxitektypa anaparHoro 3abesmneueHus ACIIITP
JUISL CHCTEMH €JIEKTPOXKHMBJICHHS HaBeJIeHO Ha puc. 3.

AMI AMI ABP

M241CEZ4 Modbus TCP

Modbus RTU

1]

Isepi

1QF 20F AP QF1

QF2 Qr3 QF4 OFs QF6

Puc. 3. Apxitexrypa ACIIIIP aist cucTeMu enekpoXXUBICHHS

s Bepxuporo piBHst ACTIITP HeoOXinHO BUKOPH-
CTaHHs MPOMHUCIOBOTO cepBepy. SE npomnonye 10 BUKO-
pucTaHHs cepBepu Automation Server 6aszosoro (AS-B)
Ta pemianbHOTO (AS-P) piBHs [21].

Jlns maHoi 3a7a4i JOCTaTHHO OOYHCITIOBAIBHHX IO~
TYXXHOCTeH cepBepy AS-P, ogHak y BUmaakax pearizarii

pearbHUX KOMIUIEKCHUX CHUCTEM OibII JOLIIBHO BHKO-
pucroByBatu cepsepu AS-P. [nrepdeiicn kopucrysauis
peani3yloThCsl Ha aBTOMATH30BAHUX POOOYHMX MICIISIX
(APM). B nanomy Bumnaaxy APM moBuHHI OyTH Tiepe-
0a4unTH U1 OpraHy KepyBaHHS Ta ONEPaTUBHOTO YEPTo-
BOTO.
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IIporpamue 3a6e3neuennsa ACIIIIP
CHCTEM eJIEKTPOKUBJIEHHS

Iporpamue 3a6e3neuyenns ACIIIP ans qanoro Bu-
MaJIKy Ma€ TPH CKJIAIO0BI.

Iepmroro ckinanoBoto € [13 cepeHLOTO PiBHS aBTO-
MaTu3alii s Kepyro4oro KoHTposiepy. [IporpamyBaHHs
KOHTpOJIEpY, SKHH BHKOPHUCTOBYEThCA y JNaHii poOoTi,
BUKOHYETBCS Yy CEPENOBHIIN IHTETPOBAHOI PO3POOKH
Ecostruxure Machine Expert. Bono minTpumye mnporpa-
myBanHs Ha MoBax FBD, IL, ST. Ha croroguimrHiii neHs,
FBD € 4acTKOBO 3acTapilioro Ta BHUKOPHCTOBYETHCS
JWIIE TIPU HaJalITyBaHHI NMPOCTUX CHCTeM. Bukopmc-
taHHs IL Hamae OiIpII 3pyIHHUN Ta TOTYXHUN (HYHKITIO-
HaJl, OTHaK HU3bKUH PiBeHb JaHOT MOBH POOUTSH i BUKO-
pPHCTaHHS CKJIQJIHUM Ta HEJOLUILHUM y 0araTboX MpUK-
nanuux 3aaa4ax. ST € HAMOUIBII 3pYyYHOIO Ta HAA€E MPO-
rpamicty HaiOinplie (YHKIIOHAJIBHAX MOMIIMBOCTEH.
OCHOBHOI0 JIOTTYHOIO OJIMHUIIEIO iHpOpMallii B TaHil CH-
cTeMi mporpamyBaHHs € (YHKIIOHATbHUH OJIOK, SIKHUi
KOHIENTYaJbHO aHAJIOTIUHNH «KOMIOHEHTY» y KOMIIO-
HEHTHO-OpPIEHTOBaHOMY TNporpamyBaHHi. Came y BH-
gl pyHKIIOHANEHUX OJIOKIB HEOOXITHO MPOMICYBaTH
HE JIMIIE TIOJBOBI MPHUCTPOI, aje W iHII JIOTiYHI OIIOK!
inpopmanii. Ha cepenqapomy piBHI cucTeMa BUpIIIyeE 3a-
BJJaHHS OTPUMAaHHS JIJaHUX 3 TOJILOBUX IPHUCTPOIB, BUKO-
HY€ 1X [T0OYaTKOBHH aHai3, MIPUHHATTS pillleHb IPH Bif-
CYTHOCTI 3B 513Ky 3 BEPXHIM PiBHEM, JIOTYBaHHSI JaHHUX Ta
iX MiATOTOBKA JI0 Mepeaadi Ha BepXHiil piBeHb. MoayIb
OTPHMaHHS JIJaHMX TMOBHHEH 3a0e3NeyyBaTH HEPEBIPKY
JAHUX Ha KOPEKTHICTh Ta HaJaBaTH iX Ha MOJANIbIIY 00-
poOKy y crangapTuzoBanoMy Burisiai. Ilicas onmcy mo-
TiYHOT CTPYKTYpH Ta OTPUMAHHS 3a HEro (i3WYHHX Ja-
HHUX, BOHH NOTPAIUISIOTh HA OCHOBHUM MOJYJIb IIpOTpa-
MHoro 3abe3nedeHns (I13) kepyrouoro KOHTposIEepy: MO-
IyJdb MaTeMaTHYHO-JIOTiYHOT 00poOku maHux. BiH Bin-
MoBizIae 3a 00pOOKY MaHWX AJSA Tepenadvi X Ha BHIHA
piBEHb aBTOMATH3AIlil Ta BHKOHYE MPOCTiI omeparii 3
MOJBOBUMH MPUCTPOSIMH 3@ JIOTIOMOT'OI0 MaTeMaTHYHO-
JIOTIYHHUX anroputMmiB. [IpuKiIagoM Takoro airopurmy
MOe OyTH HIMPOKO MOMYJISIPHUNA Ha ChOTO/IHIIIHIH 1eHb
B AaHiii cdepi kiHLeBHid aBToMat. Bin peanizye MmaTema-
THYHY aOCTpaKIfiio, 3a KO Ma€ OJUH BXiJ Ta BUXIT i
KiHIIeBY KiJTBKICTH BHYTPIIIHIX cTaHiB. Hampukmam, mis
KIiHIIEBOTO BHMHKaya 3 OJHOIO IapO0 KOHTAKTIB MOX-
JBi 1Ba (Pi3UUHI CTaHM (3aMKHYTO Ta PO3IMKHYTO) Ta, 38
HEeoOXiTHOCTI IIporpamMHoi peaizallii, KiHIieBa KUIbKICTbh
JIOTIYHMX CTaHiB (IUKJ “3aMKHYTO-PO3IMKHYTO” HpOW-
0B OJAWH pa3, ABivi 3 iHTEepBajoM He OimbmI sk | cexy-
HJa, Tomo). Ha BUX0i 3 MO0 1aHi JIOTYIOTBCS Ta Io-
TYIOTBCS JUIsl HPUHOMY TIPUCTPOSIMU BULIMX PiBHIB. J{Jst
JTAHOTO PiBHS BiJICYTHS HEOOXITHICTh MOAAIBIIOTO 1HTE-
JIEKTYaIbHOTO aHaNi3y JAaHWX, OCKUIBKM BiH BHUKOHY-
€THCS HA BULIMX PIBHSX.

Iporpamue 3a6e3neuenns ACIIIIP Bumoro piBHS
peanisyerscst Ha cepBepi AS-B. Jlns ioro mporpamy-
BaHHS BUKOPHCTOBYETHCS IIpOrpaMHe 3a0e3ledeHHs
Schneider EcoStruxure Building Operation, B sikomy pe-
QJII30BaHO MiJXiJ] O aBTOMATH3allii Oy1iBeidb Ha OCHOBI
texHouorii “Intepuer peueit” (IoT).

ITporpamue cepenoBuine po3poOKH CKIANAETHCS 3
JIBOX OCHOBHHX YaCTHH:!

1. Workstation, sika Hagae inTepdeiicn KOpUCTyBa-
4iB pi3HHUX pOJIEii: Bix po3poOHHKa 10 omepaTopa Ta Jo-
3BOJISIE HAJAIITOBYBATH, IPOTPaMyBaTH Ta BUKOPHUCTO-
BYBaTH CepBEpU aBTOMATH3AIIii.

2. Enterprise server, sika € 00YNCIIOBATEHAM SIPOM
JIOKaJIbHOTO 00’€KTy Ta JO3BOJISIE MIiIKIIOYATH 0 cede
psin cepBepiB AS-P/AS-B, HanamroByBaTu ix Ta nporpa-
MYBaTH SIK €JJHE LIiJIe.

s nporpamyBanHst AS-B BUKOPHCTOBY€ETBCS CIIe-
LiaJbHa CKPUIITOBA MOBa clieHapiiB. BoHa no3Bossie pe-
QJII30BYBaTH IHPOKUII CIEKTP ITOPUTMIB Ta KOHQITY-
pyBatu o6nagHaHHs. [i HeTOMiKOM € (yHKITIOHANbHA 00-
MEKEHICTb, SIKa YaCTO YCKIIQJHIOE POOOTY Mporpamicra.
Jisi  cTBOpeHHsI CIICHapiiB BHKOPHUCTOBYETHCS iHIIA
ckpuriroBa MoBa TGML, OCHOBHI BUA Ta IPUHITAITA SKOT
Ha CHOTOJHIIITHIHN J€Hb € TMOMYJIIPHAMH i B iHIIUX 3aC0-
0ax po3poOku inTepdeticiB, Hanpukian .Net WPF. Bona
JI03BOJISIE POOHTH 3py4HI Ta HaIifiHI IMporpaMHi iHTep-
(eiicu, oqHak aHaNIOri4HO 10 cKpunTiB AS-B, € dpyHkui-
OHAJIbHO OOMEKEHOIO.

Kommnonent ACTIIIP Bumoro piBHs B MOJEJI, 110
MIPOTIOHYEThCS, BUKOHYE (PYHKIIIT, OB’ sI3aHi 3 MPUIHSAT-
TSIM JIaHHX BiJI KOHTPOJIEPY CEpeHbOro piBHsI, TX Mare-
MaTHYHO-JIOTIYHOIO Ta IHTENEKTYaITbHOI0 00pOOKOI0, JI0-
TYBaHHSAM Ta HaJlaHHSAM HEOOXiIHHX NaHWX KOPHCTYBa-
yaM depe3 BiAmoBiaHI iHTepdeiicn. OCHOBHE AP0 PiBHA
CKJIAIAIOTh MOJYJI MaTeMaTHYHO-JIOTIYHOI Ta iHTENeK-
TyaJbHOI 0OpOOKH TaHUX.

[epmmii 3 HUX 1yOnroe QYHKIIT BIATOBITHAX MO-
JyJIiB CEPEHBOTO PIBHS, OJHAK BXKE B MacmITabax KoM-
ieKcHoi cucrteMu. MaKkTUUHO, BiH peasi3ye eKCIepTHY
cucremy. Jlanuii Moaynb € 0a30BUM U MPUHHATTI pi-
meHs ACIIIP. Ognak amst po3B’s3aHHS JESIKUX 3a/1ad
HEJJOCTAaTHBO JIOTIYHOTO BUBEJCHHS Ha OCHOBI IPaBHUIL
Hanpukia, THIOBOO [TPOOJIEMOIO SICKTPUYHUX JTiHIN €
HETIOCTifHICTh HAnpyTH. Tak, B TOMWHY MIKOBOTO HABaH-
Ta)KCHHS Ha €JIEKTPOMEPEsKi Halpyra MoXe 3MiHIOBaTH
CBOIO BEJINYMHY, BUXOJSTYM 32 PAMKH JIOITyCTHMOTO ISt
pobotu obmaTHAHHS PiBHS.

[l BUABIICHHS 3aKOHOMIPHOCTEH LbOTO Tpolecy
BUKOPHCTOBYETHCS MOAYJIb 1HTENEKTYaJIbHOI 0OpOOKH
iHdopmarii, sKuil Mg yac HaBYaHHS 37aTeH HPOJYKY-
BaTH HOBI IpaBWJia JUIsl €KCIIEPTHOI CUCTEMH MOJIYIIO
MaTeMaTHYHO-JIOr YHOT 00poOkK naHux. B nawiit cuc-
TeMi U1t Horo pearizarii Oysi0 BUKOPHCTAaHO HEWPOHHI
Mepexi.

BucnoBku

1. Bu3HaueHO OCHOBHI KpHUTEpii, SIKUM MaroTh BiJ-
MTOBIIaTH CHCTEMH EJIEKTPOXKHUBJICHHS, 1[0 MOTPEOYyIOThH
ABTOMATHYHOTO NPHHHATTS PillleHb Ui 3am00iraHas ix
300iB.

2. IlpencraBiieHO pillIeHHs], IKI MAIOTh IIPUHMATHCS
mpu 3001 eNeKTPONOCTavaHHS B IICHTpax OOpoOKHM na-
HUX.

3. 3anporOHOBAaHO apXiTEKTypHE pIIIEHHS CHC-
TEMH eJIeKTpOoXKuBIIEHHS 3 BOynoBanoro ACIIIIP.

4. Busnadyeno nporpamHe 3a0esneueHus ACIIIIP
CHCTEM EJIEKTPOKUBJICHHS.

[TepcrieKTHBHUM HAIPSMKOM TOJAIBIINX JIOCIHi-
IDKCHb € BJIOCKOHQJICHHS IHTENEKTyaJbHHX METOJIB
TIPUAHSTTS PIillICHb.
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Hardware and software implementation
of automatic decision support in power supply systems

S. Shapovalova, O. Baranichenko

Abstract. The subject of research in the article is the means of implementing an automatic decision support system. The
purpose of the work is to present a solution for software and hardware implementation of automatic decision support in power
supply systems. The article solves the following tasks: determining the requirements for the implementation of automatic decision
support for the power supply system; determination of decisions to be made in the event of a power failure; determination of the
hardware part of power supply systems; definition of specialized software for decision support in these systems. The following
results are obtained: a solution is presented for the software and hardware implementation of automatic decision support for power
supply for a data processing center, as a typical object that requires constant power supply. Conclusions: the main criteria have
been identified to which the power supply systems must meet, requiring automatic decision-making to prevent its failures; presents
the decisions to be made in the event of a power failure in data centers; an architectural solution for a power supply system with a
built-in automated decision-making system is proposed; the software for making decisions in power supply systems is defined. A
promising direction for further research is the improvement of intelligent decision-making methods.

Keywords: decision support system, power supply system.
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METOJIA BUKOPUCTAHHS SIMD IHCTPYKIIIA
HA X86 CYMICHUX IMTPOIECOPAX CTAPIIOI'O ITOKOJIIHHA

AnoTtanis. PosrsHyTo BukopucTanHs BekTopHUX SIMD iHCTpyKkiiit Ha x86 cyMicHHMX mporecopax ISl MOKpAaIIeHHs
e(eKTUBHOCTI 004KCIIeHHA Ta 0OpOOKH JaHUX. 3aCTOCYBaHHA BEKTOPHOTO HA0OpPY 1HCTPYKIIH H03BOJISE 301IBIINTH Kijlb-
KICTb Omepaniii BAKOHYBaHHMX 3a TaKT, IPH [IbOMY 3MEHIICHHS PO3raly)KeHb y aJrOPHUTMAaX MO3UTHBHO BIIUIIAE HA IBHJ-
KICTh BUKOHAHHS IPOTpaMH 3a PaxyHOK MEHIIIOTO HaBaHTA)KCHHS HAa MOJYJb Iepei0aueHHs] YMOBHHX MEPEXO/IB y MpoIie-
copi. Jlo mporo yacy icHye mporpamHe 3a0e3IeueHHs], 0 BUKOHYEThCS Ha X860 apXiTeKTypi NPOIECOPHHX sJep, NaHUH
(haxT He 3aBXKIH A€ 3MOTY BUKOPHUCTOBYBAaTH HOBITHI BEKTOpHI iHCTpyKii nmounHatoun 3 SSE4.1. 'onoBHUM HenomikoM
HOMepeaHiX peaizamiii BEKTOPHUX HAOOPIB IHCTPYKIil — Iie BIACYTHICTH JIOTIYHHX 1 apu(METHYHNX OIepamiil 3 JessKuMU
TUTIAMH JIaHUX, OCOOJIMBO II€ CIIOCTEPIracThesl y ONMepaisix 3 UIIMMHU YuciaMu. BukopucranHsa ocodnuBocTi OiHapHOI pea-
Ji3amii immX 9ucen 3i 3HaKoM 1 0e3 3HaKy, J03BOJISiE€ KOMIIEHCYBATH BiICYTHICTD JIOTIYHUX OTEPAIlii IS IUX THIIB JaHUX.
ExcnmyaTaniss BHpO/DKEHHX Ta HENPSIMHUX BIACTHBOCTEH IEAKMX IHCTPYKLIM Aomomarae, sK KOMIICHCYBAaTH BiJCYTHICTh
apu(METHIHUX OIepaliif 3 HEOOXIAHUMHU THIIAMH JaHUX a00 omepariil A HiNX YUcel iHIIO1 pO3pSAHOCTI, TaK 1 ONTHMI-
3yBaTH BUKOHAHHS MaTeMaTUYHHX OIepalliil TAKNX, K 3HAXO/KEHHS CyMH, Pi3HUII, MHOXKEHHS Ta CKaJSIPHOTO TOOYTKY.

KawuoBi croBa: apudpmernuna omeparisi, BEKTOpHa 1HCTPYKLisA, HaOip 1HCTPYKWil mporecopa, onepaH] KOHCTaHTH,

onTUMi3alis npouecy oOpoOKH JaHUX, Mapaneti3M Ha PiBHI IHCTPYKIil, mapaieisHe 00UHNCIeHHS.

Beryn

CrOTomHI MPAKTUYHO BCi TPOIECOPH MAIOTH KUTbKa
OJIOKIB 151 OOYKCIICHHS. 3a3BHYall IICHTPAIBHUIN TPOIECOp
MICTHUTD SIK apupMeTuyHy Joriyny omuHuio (ALU), ska
BUKOHYE IIIIOYHCEINBHI OMepallii, TaK 1 OAWHUIIIO 3 IUIaBaro-
yoro koMot (FPU), sika BukoHye apu(METHKY 3 ILIaBaro-
4010 komor. Lli ouHwMIl, SK TPAaBUIIO, MPAIOIOThH Mapae-
npHO, ToMy ALU MojKe BUKOHYBAaTH LJIOYUCENbHI IHCTPYK-
uii B Toit xe yac FPU BuKOHye BKa3iBKH 3 TUIABAIOYOO KO-
Mot0. Jlesiki IIeHTpalibHI MPOLECOPH € CYNEePCKALIPHUME 3
N-HAMPSIMKOM, III0 03HAYAE, III0 BOHM MAIOTh N TapalleIbHAX
OIMHUIG BUKOHAHHS (3a3Bu4ail ALU) i MOXyTh po3modn-
HaTH 0OpOOKY IO N IHCTPYKIH IJIsi KOXKHOTO IHKITY. Kpim
TOro, 0arato Cy4acHHX apXiTEKTyp MiKpPOIPOIECODIB Mpo-
MOHYIOTh NMEeBHUM TN po3mupeHs Ty SIMD (omHa iH-
CTPYKIIisl, IEKiJIbKa JaHKMX) J0 CBOro 0a30BOro HabOpy Ko-
manz. i inctpykuii SIMD BH3Ha4eHi y HIMPOKUX PericTpa,
BOHH MICTATH 4, 8 a00 HaBiTh 16 CKAISIPHHUX MUIKAX YUCET 13
IUIABAIOYOI0 KOMOIO, BUKOHYIOUH OJIHY OIEpAllifo Ha/l MU
3HAYCHHAMHU. TakuM YHHOM, BHKOPWCTaHHS IHCTPYKIIii
SIMD o06imsie motentiiiae 4-kpatae (abo 8- abo 16-kpaTHe)
TTIBUILEHHS NPOIYKTHBHOCTI KOy, SIKMH MOXE CKOpPHCTa-
THCS MM HA0OPOM 1HCTPYKILIH. JloCTynHI Ha JaHWI MOMEHT
posmmperHst SIMD g x86 CyMiCHMX HPOIECOpiB BKIIIO-
yaroth SSE, SSE2, SSE3, SSSE3 Ta Ginbin HoBiTHI SSE4.1,
SSE4.2, AVX. OnruMisamiro IOCHIIOBHOCTI BHKOHAHHS
KOJLy MO>KHa PO3AUINTH HA!

— Tapajemi3M Ha piBHI iHCTpyKuiil. IcHyro9i anropu-
TMH MO’KHA ONITHUMIi3yBaTH MUITXOM BHU3HAYEHHS MOTIOHUX
omepariii Ta iX oO4YMCIeHHs mapanensHo. Hampukian,
MHOXKEHHSI B CKAJIAPHOTO BEKTOPHOTO J00YTKY MOJKHA
00YHUCINTH TapalelIbHO, BUKOPHCTOBYIOUH OJIHE MHOEH-
Hs1 SIMD. Ockinbku Ui OUTBIIOCTI OOYHCIICHD € MOCTII0-
BHI aCIeKTH, JIesIKi YaCTHHH ITPOLiecy HE MOKHA ONTHUMI3Y-
BaTH HampsiMy 3a JIOTIOMOTOIO IapajiesisMy Ha piBHI iH-
CTPYKLiH, HAPHUKJIAJ, IMiJICYMOBYBaHHS YaCTKOBUX J00YT-
KiB Y CKaJIIPHOMY BEKTOPHOMY JIOOYTKY.

— mapanenisM Ha piBHI gaHux. SIMD Takox MokHa
BUKOPHCTOBYBATH JIJISI TIapajelbHOi poOOTH 3 abCOIOTHO

pi3HUMHU TaHUMHU. Hampukian, THIOBHM BHKOPHCTAH-
HSM MOXE OyTH OOYHCIICHHS MapajeibHO YOTHPHOX
CKaJIPHOTO BEKTOPHOTO MOOYTKY. [lapaneniaM Ha piBHI
JaHUX € TIPUPOJHHUM OICPATUBHUM BHKOPHCTAHHAM
iHcTpykuii SIMD, sik e 3po3ymino 3 Ha3su SIMD.[1]

SSE Tta SSE2 pmocTymHi B KOXKHOMY OKpPEMOMY
npouecopi cimeiictBa x86 3 64-po3psAIHOIO MiATPUM-
koro. Ha anb, piBenr SSE2, 30kpema, Takox €, Ma-
OyTh, HAHOLIBIII HE OPTOrOHAIILHUM HA0OPOM 1HCTPYK-
uiit SIMD y cywacHoMy peanisix, e onepauii abo 1oc-
TYIHI, 200 HEOCTYIHI JUIsl IIEBHUX THIIB JJAHUX, 0CO0-
JIUBO TaM, Ji¢ 3aaisHi miai yucia. [Tisuimn Bepcii (ocoo-
JUBO TounHatouu 3 SSE4.1) 3amoBHIOIOTH JesKi Helo-
POOKH Ta IPOTAJIIHK, ajie YacTo MPH PO3poOIIi mporpa-
MHOTO 3a0e3NeUeHHs JOBOMUTHCS 3aTpUMyBaTHCs Ha
MIATPUMII CTApUX MPOIIECOPIB IPHHANMHI I Ha KiJb-
Ka pPOKIiB, HaBiTh Ha MpoOIECcOpax, MO MiITPHIMYIOTh
AVX2 Habop IHCTPYKIIiH, 3aJUIIAETHCS KiJIbKa KI1acH-
YHUX TPOTalMH. AJie He 3Ba)Kal0uW Ha Lie BCE OJHE
interpyBanHst SSE iHCTpykuiii pu po3poOiii Mae 1mo-
3UTHBHHH BIUIMB Ha MIBUJKICTH il BUKOHaHHs. Peariza-
s THX YM IHIIUX aJrOPUTMIB 3 BHKOpHCTaHHIM SSE
BUKOPUCTOBYETHCSI Ha OCTAaHHIX eTamnax po3poOKH,
OCKUIBKH nepenbadae 3a coboro crienudidae pinieHHs,
SIKE 3aJIC)KUTP BiJl TOTO sKi JIaHi 1 IK BOHH BHKOPUCTO-
BYIOTBCSI B TIPOTPaMi, alie HE PifKi BUIAJKH, KOJH TaKi
ITOPUTMU MAIOTh JIEIIO CIUIbHI IIAOIOHU pillIeHHH,
SKI 4YacTO BHUKOPUCTOBYIOTh NPH TIPOTpaMyBaHHI 3
BukopuctanHsiMm SSE iHcTpykmiid. CaMe mpo Taki Haii-
TIOITUPEHIIII BUMAJAKH HIEThCS B JaHil CTaTTs, B OCHO-
BHOMY yBara 30Cepe/DKeHa Ha Omepallisx 3 IMTIMH
YHCJIAMH, aJie BUIAJKH MPO 4YMCia 3 IUIABAIOYOI0 KO-
MOIO TaKOXX OyIyTh PO3TIISHYTI.

Amnauni3 pocaigxens i mybaikaniii. [Tutanas Bu-
kopuctanas SIMD iHCTpyKmiff [UIi NPUIIBHIMICHHS
BUKOHAHHSI OOYMCIICHHS iCHYE BXK€ OCHUTH JaBHO. Tak
HEPLIMM XTO IT0YaB iX BUKOPUCTOBYBATH i€ CYIEPKOM-
m'rorep ILLIAC IV y 1966 poui. 3 wacom 3poctaHHs
TEXHOJIOTIYHOT'0 NpOrpecy MosiBU [HTepHETY Ta movart-
Ky €pH JIOMalIHiX KOMII IOTEpiB aKTUBHO MOYAJIM BHKO-
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pucToByBaTHCs 3amadax sik 3D rpadika, oOpobka aymio Ta
Bigeo. [lomuT Ha me#t KOHKPETHHH THIT OOYHCIIOBAIHHOI
MOTYXXHOCTI 3pic, 1 BUPOOHUKHM MIKpOIIPOIIECOPIiB 3BEpPHY-
mucs go SIMD, mo6 3amoBonapHUTH TOTUT. llepmmii mm-
POKO pO3MOBCIOKeHUH Habop iHCTpyKmin SIMD s
JOMAITHIA KOMIT FoTepiB OyB 3 posmmpeHHsiMu MMX Bifg
Intel no apxitekrypu x86 y 1996 pomi, a 3rogom y 1999
SSE y npomecopi Pentium III. Onni 3 nmepumx myosikamii
Ha 10 TeMy Oyiu B 1999 poui y npani Aci Enp6aza — cris-
po3pobHuka mepuioro koaeky MPEG-2 mis Pentium 111,
HOTo JOCIHIPKCHHS Ha TOW 4Yac CTOCYBAIUCS OOpPOOKH 30-
OpaxeHb Ta curHaiis. 3rogom y 2000 poui y cBoiif nparti
asropu /1. Konre, @. 3anivemni Ta C. ToMMmecaHi qeTansHO
ommcainy 00poOKy 300paxeHs 3 BukopucTanHsiM SSE.

V¥ cydacHocTi Ha Takmx KoHQepeHmisix sk CppCon,
GDC mpakTrdHO KOKEH PIK JIFOIN TUIATBCS CBOIMH JIOCIHi-
JUKCHHSMHU Ta JOCBiIOM, miono BHKopucTaHHa SIMD in-
cTpykiid, Hampuknan, y 2018 pomi bo6 Criromr 3BiTyBaB
Npo HOro JOCIHIIDKEHHS y BEKTOpHU3alii Mpouecy AeKoIy-
BaHHS TEKCTY, 110 3HAXOUThCs Y opmarti komyBanus UTF-
8, a miznime y 2020 poky NpoJOBKEHHS AOTOBIJI PO J0C-
JOKeHHS 3 BUKOpUCTaHHSIM AVX-512. AKTyaJlbHICTh MpPO-
0JeMH 3 HEMOXKIIMBICTIO BUKOpUCTaHHSI HOBITHIX SIMD Ha
x86 mpornecopax MOKHA TTOOAYNTH y BUMAJKY 3 KOMITAHIEIO
CD PROJEKT RED, sika 6 BepecHs 2021 poky 3poOmma
OHOBJICHHS U1 CBO€T MIHYJIOPIYHOI KOMIT TOTEpHOI TPH, B
sikoMy OyIio BHIajeHO BHKOpHCTaHHS AVX iHCTpYyKIiil st
MATPIMKH OUTBII CTapHX KOMITIOTEPIB.

Mertor0 cTaTTi € po3poOKa I1abIOHIB BUKOPUCTAHHS
SIMD iHCTpyKIiii Ta iX BIaCTHBOCTCH MJIsI ONTHUMI3aIlil
0OUHCIICHHS 32 YMOB HEMOXKJIMBOCTI BUKOPHCTaHHS HOBO-
ro Habopy iHCTPYKWii mounHaroun 3 SSE4.1 Ta Buie.

BukJiax 0CHOBHOTO MaTepiajy

Bubipka 06e3 posramykeHHs. YHHKHEHHS pO3raiy-
JKCHb TIPH TOOYIIOBI aJITOPUTMY — II€ MPUPOTHHUNA CITOCIO
BukoHaHHA SIMD pospaxyHkiB. fkmo meska dYacTwHA
0OUHCIIEHHSs € YMOBHOIO, a HE BUKOHYE ekBiBayieHT "if"', To
OLIBII TUIIOBO BUKOHYBATH OOYKCIICHHS JJISI PO3TaTy)KEHb
“if” ta “else”, a mOTIM 00’€JHYBaTH PE3yJIHLTATH HA OCHOBI
ymoBu. Ilig cioBom "BuOip" MaeThcsi Ha yBasi omneparis,
sKa TpHiMae yMOBY Ta OOHMJBa pe3yJbTaTH Ta BUKOHYE
npuOIM3HAN EKBIBAJICHT YMOB IMOTPIHHOIO oreparopa
MoBH niporpamyBanHs C "cond ? a : b". CnodaTky 3Haxo-
JMTBCSl Pe3ysbTaT Mo OOMIBI CTOPOHM BHPaKEHHS a 1 b.
IoTiM 00YMCIIOETHCSI YMOBHE BHPA)KEHHS, BUKOPHCTOBY-
1oun ropiBHsiHHS SIMD, sike oBepTae BEKTOp, 110 MICTHTb
6iTOBY Macky, B sKiif BCi OiTM BCTAHOBJICHI JUIS JiHIH, 10
BIATIOBIIAIOTE YMOBI, Ta PiBHI HYNIO Ul JIiHIH, IO He
BiINOBiatOTh YMOBI. LI omepartis BUOOpY 3aBXKIU MOXKE
OyTH BHKOHaHA 32 JOIIOMOTO0 KiJTbKOX IMOOITOBHX Omepa-
i, mo Ao00pe Bimomo, ane mouwHaroud 3 SSE 4.1, mu
TAaKOXX OTPUMYEMO Jemo e(eKTUBHINI BapiaHTH, aye

MEHIII BiZIOMi:
Lline uucno:
_mm_or_si1l28(_mm_and_si128(a, cond);

_mm_andnot_si128(cond, b));
32-po3psaHUA YMCHOo 3 NaBakoyoo KOMOIO:

_mm_or_ps(_mm_and_ps(a, cond);

_mm_andnot_ps(cond, b));
64-po3psaHUIA YMCHO 3 NaBakoyo0 KOMOIO:
_mm_or_pd(_mm_and_pd(a, cond), _mm_andnot_pd(cond, b))
Lline uucno (SSE 4.1+):
_mm_blendv_epi8(a, b, cond).

32-6iTHe uncro 3 nnasaroyoo koMot (SSE 4.1+):
_mm_blendv_ps(a, b, cond).

64-6iTHe 4ncrno 3 NnaBaroyoo koMot (SSE 4.1+):
_mm_blendv_pd(a, b, cond).

Ornepauii andnot He xyxe 3py4Hi, ane BOHU €
HaWKpampM BHOOPOM Ui TOMEPEIHIX BepCis mepen
SSE4.1. TlopiBHsHHA 1inuX yucen Oe3 3HakiB. SSE, y
BCIX BTUICHHSX, MPOMOHYE TOYHO JIBA THITH IILJIOYHCE-
JHHUX TOpiBHAHB: TecT Ha piBHICTE (PCMPEQL,
~mm _cmpeq T, me t i T o3HawaroTh Cydikcu pi3HHX
TUMIB) Ta TecT Oumbime HiXK 31 3HakoM (PCMPGTH,
~mm_cmpgt T). Binpmricte iHMHUX THITIB TOPiBHIHHS
MOYKHAa CTBOPHUTH, BHKOPHCTOBYIOUH JIHIIE JIOTidHE
3arepeyueH s Ta CTaHAAPTHI 1IeHTUIHOCTI:

a == b nigTpumyeTbcsa BGesnocepeaHbO.

al=buel(@a==b).

a > b (3i 3Hakom) nigTpumyeTbCs GeanocepeaHso.

a <b (3i 3Hakom) Te came, Lo b > a (MomiHATY Micusamm a i b).

a >=b (3i 3Hakom) Le !(a < b) (o B cBOtO Yepry € !(b > a)).

a <=b (3i 3Hakom) ue !(a > b).

VY 1pOMY CIIHCKY SIBHO BiZICYTHIW OyIb-SIKMH THIT
YIOPSAKOBAHOTO MOPIBHAHHA 0e3 3Haka. OMHAK MpuUii-
OM, TIOJISITa€ B TOMY, 100 331aTH 3MIIIEHHS TS IIJIOTO
4rcia, 00 TOPiBHSHHSA 31 3HAKOM OYIIO TIPaBIUIHHAM:

a > b (6e3 3Haka, 8-6iT) Te came, o (a - 0x80) > (b -
0x80) (3i 3Hakom, 8-6iT).

a > b (6e3 3Haka, 16-6iT) Te came, Lo (a - 0x8000)> (b -
0x8000) (3i 3Hakom, 16-06iT).

a > b (6e3 3Haka, 32-6iT) Te came, wWo (a - 0x80000000) >
(b - 0x80000000) (3i 3Hakom, 32-6iT).

Meroau i3 3aMiHOIO apryMEHTIB, sIKi PO3IJISHYTI
paHilie, MOXXHA BUKOPUCTATH UISA BUKOHAHHS ¥ 1HIINX
TUIIB TOPiBHSHB. 3arajoM, IPUHOM MOJATaE B TOMY,
mo0 momatu (abo BimHsATH, a00 BukoHatTH XOR — y
JTAHOMY KOHKPETHOMY BHIIAJIKy IIi OIepamii IpH3BO-
IITh J0 OJHOTO pe3yibTary) MiHIMalbHE YHCIO 3i
3HAKOM U1 BIATIOBITHOTO THITy y 000X OIEpaHIiB
MOPIBHSHHS Nepe]] Horo BUKOHaHHSIM. Lle mepeTBoproe
HafiMEHIIlE MOXITUBE IIijie yucio Oe3 3Haka, 0, B Haii-
MEHILIE MOXJIMBE IIiJIe YHCIO 31 3HAKOM ISl JIAaHOTO
TUIy. 30KpeMa, NpH TOPIBHAHHI 3 KOHCTAHTOI IIe
JnonaBaHHs (abo BimHiManHs, abo XOR) moxke OyTn
BOY/IOBaHO B OMEPaH KOHCTAHTH, TaK MO MOPIBHSIHHS
0e3 3HaKy TUTBKH B KiHIIGBOMY IiJICYMKy BHKOHA€ Ha
OITHY oOmepamnito OiIbIIe, HiX MMOPIBHAHHS 31 3HAKOM
(3aMicTh ABOX). 30BCIM IHIIHUH MiIXif MOJATAE ¥ BUKO-
pucTaHHI 0e3 3HAKOBUX IUIOYUCENEHUX IHCTPYKILH
min/max a1 noOyZ0BH IOPIBHSHb MEHIIMX abo piB-
HUX 94 OUTHIINX 200 PIBHUX:

a <= b Tinbku TOAI, KON Max(a, b) ==

a >= b Tinbku TOAI, KON Min(a, b) == b

TTO3UTHBHOIO CTOPOHOIO JTAHOTO TMPOLECY € Te, HIO
I[e 3MCHIIYE TOPIBHAHHA 0e3 3HaKiB 10 0e3 3HAKOBOTO
min abo max, ITic/Is 4oro ¥i/e MOpiBHSIHHS PIBHOCTI, sIKE
CTAHOBUTH JIMIIIE JBi Oreparii 3aMicTh TppoX. HeratneHa
CTOpOHa IOJSITa€ B TOMY, LIO HEOoOXiJaHi omeparti
min/max 0e3 3Haka icHyroTh Jmme w11 8-0iT y SSE2.
BapianTn 16-6iT 1 32-6it Oysm Haperuri fonaHi 3 SSE4.1.

3Haxo/pkeHHsT min/max 1imx gmcen. SSE4.1 mae
MOBHHMIA HAOIp MiMMX 4mcen min/max it 8-, 16- ta 32-
PO3PSIHUX THIIB, K 3HAKOBUX, Tak i Oe3 3HAKOBHX. Y
SSE2 orpumyeThes amie min/max TOPIBHSHHS st 8-
OiTHMX MMX Yncen Oe3 3HaKy Ta 16-OiTHMX 0e3 3HaKy.
Are KOMOIHYIOUM METOIU PO3IJISTHYTI BHILNE MOKIIUBO
BHUBECTH pillleHHs1. 3arabHii 1adioH Oy/ie BUIISIATH SIK:

45



Cucmemu ynpaeninns, nasizauii ma 36'a3ky, 2021, eunyck 4(66)

ISSN 2073-7394

max(a, b)==(a>b)?a:b;

min(a, b)==(@>b)?b:q;

Tox 1e JWIIe TOoEIHAHHS OIepallii HMOpIBHAHHA Ta
orrepamnii BuOOpy. Komm mOpiBHSHHS 3HiHCHIOETBCS UISA
grcen 31 3HaKOM (Bumaaku §-0iT Ta 32-0ir), MOPiBHIHHS
BimoOpaxkaeTbes Ha emuny SSE iHCTpyKmii. [TopiBHsaHHS Oe3
3HaKy (16-0iT Ta 32-0iT) MOKHa BUpIILIUTH, BAKOPUCTOBYIO-
4y 1mabJgoH "3HAKOBE 3MIILCHHS 1 TOPIBHSHHA", SKUH, Y
CBOIO YEpry, Ja€ HaMm 0e3 3HaKOBE 3HAYCHHsI min/max.

MHoxeHHs. € 0arato pi3HHX CHOCOOIB 3a0e3MeUnTH
MHOYEHHS B Habopi iHcTpykuiit SIMD, i 1o TenepintHboro
yacy SSE BumpoOyBana OLIbLIICTE 3 HUX B Till 4W iHIIN
bopmi.

[Tounemo 3 icToprgHO CPOPMOBAHOTO MEPIIOTO Bapi-
aHTy: MHOXKEeHHA 16-0iTHUX umcen. BiamoBinHi iHCTpyKii
BuxoATh 3 Pentium MMX i 00YHCITIOIOTH HIDKHI 1 BEpXHI
16 6it 3HakoBoro 16-OiTHOrO X 16-OITHOTO MHOKEHHS.
MMX Mae TUIBKM 3HaKoBl MHOXeHHs, alle SSE Takox
JI0ZIaB IHCTPYKIIFO MHOXCHHS BEPXHBOI IMOJIOBUHH 0c3
3HAKOBOrO 16-0iTHOro MHOXEHHS Ha 16-0iT (HMKHI 1OJIO-
BUHM 3HAKOBUX 1 0€3 3HAKOBHX MHOXKEHb imeHTH4Hi). 11i
IHCTPYKIIT MiIXOMASATh, SKIIO BUHHUKAE MOTpeda OTPUMATH
HIDKHIO 200 BEPXHIO IOJIOBHHY MHOXEHHS. AJie TaKOX
BUHHKA€ TIMTaHHSA, SKIIO MOTPiOHE MmoBHE 32-0iToBE MHO-
JKCHHS BEKTOpiB 16-OiTHMX 3HaYeHb? 3araJibHUM IIabio-
HOM pillleHHS Yy i€l CUTYyalil € OOYMCICHHsS HIDKHBOI Ta
BEPXHBOI ITOJIOBHH, a MOTIM MOETHAHHS 1X, BHKOPHCTOBY-
104N iHCTpYKLii posmakyBatu. OTe, A MOBHOTO MHO-
xkeHHS 16 X 16 — 32-0it (3BepHIThH yBary, o e J1ae pe-
3yJbTaT B JiBa BEKTOPA), MU OTPUMYEMO:

I a6o: a*b (16-po3panHi cMyru), 3HaKoBi

__m128il016 = _mm_mullo_epil6(a, b);

—m128i hil6 = _mm_mulhi_epil6(a, b);

/I abo: a*b (16-po3psigHi cmyrn), 6e3 3Haky

__m128i 1016 = _mm_mullo_epil6(a, b);

_m128i hil6 = _mm_mulhi_epul6(a, b);

/I noTim 3nnTTA pe3ynbTarTis

__m128iresO = _mm_unpacklo_epil6(lo16, hil6);

/I cmyrv pesynbraris 0..3

__m128iresl =_mm_unpackhi_epil6(lol6, hil6);

/I cmyrv pesynbraris 4..7

VY Bunakax, Kojm notpedyerbest podota 3 32-0iTHUMHU
3Ha4YEHHSIMHU BHHHKAE MOTpeda y Aenio iHmomMy miaxomi. Tak
ichye 32 x 32 — 32-6itHe wmuoxenns (PMULLD/
~mm_mullo_epi32), ane us iHCTpyKIis Oyia go7aHa TibKH
3 SSE4.1, i B GaraTbox peaiizamisix BHKOHYETHCS 3HAYHO
MoBibHIIIe, HDK iHINT SSE2 MHOXeHHS. TakuMm YHHOM,
Tpeba pO3MIISTHYTH ITOTOYHY CHUTYALIO 1 MPUHHATH PillICHHS
abo He BCTaHOBIIIOBATH TAKWH BUCOKWH YHCIIOBHII 3amac,
abo 3acTocyBaTH OLITBII MIBU/KE PILLIEHHS.

Ichye noBHe 32 X 32 — 64-0iTHe MHOKEHHS, SIKE J0-
crymie 3 SSE2 sx PMULUDQ/ mm mul epu32 (6e3
3HAKY). SSE4.1 nomac 3HAKOBHI €KBIBAJICHT
PMULDQ/ mm mul _epi32. Ll iHCTpyKMis nwine oO4mc-
JIOIOTH /1B NOOYTKHM (MK MapHUMHM CMYyTaMd JBOX JDKe-
pen) i momimae ix y 128-GiTHiit pe3ymprar. Hemaphi 32-
OiTHI JiHII MOBHICTIO ITHOPYIOTBCS, TOMY, SKIIO BHHUKA€E
notpeda B YOTHPHOX HilouncensHux 32 X 32 — 32-0ir

MHOKEHHSIX, 3HAIOOUTHCSI IPUHAWMHI JBa 3 IIUX MHOKCHB:
/I res = _mm_mullo_epi32 (a, b) eksiBaneHT 3 BUKOpUCTaH-
Hsm SSE2, yepe3 PMULUDAQ.

/I napHi Ta HenapHi NiHii
__m128i evnp = _mm_mul_epu32(a, b);
__m128i odda = _mm_srli_epi64(a, 32);

__m128i oddb = _mm_srli_epi64(b, 32);

__m128i oddp = _mm_mul_epu32(odda, oddb);

[/l 3nuTTS pesynbTaTiB

__m128i evn_mask =_mm_setr_epi32(-1,0, -1, 0);

__m128i evn_result = _mm_and_si128(evnp,
evn_mask);

__m128i odd_result=_mm_slli_epi64 (evnp, 32);

__m128ires =_mm_or_sil28 (evn_result, odd_result);

He € BUHATKOM KOJHM BUKOPHCTOBYIOTHCS 32-0iTHI
BEKTOPHI JTiHil, aJie B TOW caMHii MOMEHT YHCIIa 3 YMOB
ANTOPUTMY HACIpaBdi 3HAXOAAThCA B Jiama3oHi 16-
OiTHOTO mijoro Yncia 3i 3HakoM [-32768, 32767]. On-
HHM 3 MOJKJIMBHX PillIeHb B IbOMY BHIIIKy MOXe OyTH
cnpoOyBatu 3By3uTH 32-0iTOBi cMyru mo 16 Oit, a
MOTIM BUKOPHCTOBYBATH TOCTIJOBHOCTI 16 X 16 — 32,
3a3HaveHi BHIIE, ajie iCHye APYTrui OUTBII ONTHMAib-
HUI CIOCi0 BUPINICHHS ITi€i 3a1adi 3 BUKOPUCTAHHAM
_mm_madd_epil6, winb sKoi mepeMHOKeHHs nitux 16-
OITHMX YHCeN 31 3HAKOM CTBOPECHHS IPOMIKHOTO 32-

OITHOTO PE3yNbTATY IIUTUX YUCET 31 3HAKOM.

/I a Ta b MatoTb 32-6iTHi cCMyr¥ 3i 3HaYeHHAMW, SiKi BignOBi-
AatoTb Uinum 16-6iTHUM Yyncnam 3i 3Hakom.

/ BMpae 32-6iTHnn pesynesTart

lresfi]=ali]*b i

/I oumiae BepxHi 16 BiTiB KOXHOI 32-6iTHOI CMyTn

__m128ibm =_mm_and_si128(b, _mm_setl_ epi32
(Oxffff)); _ _

__m128ires =_mm_madd_epil6(a, bm);

/I TakoXX MOXKHa MOMIHATM poni a i b BuLLE, KoMK Lie 3pyYHO.

Ile HabaraTo KOpOTIIE, HIX CIIOYATKY 3BY)KCHHS
no 16-6it. Ha >kanb, Takuii criociO Tparmroe TITBKH TS
16-0iTHHX YHCe 31 3HAKOM.

Bumnamok, skdil 3aMAIIAIOCS PO3TIIAHYTH IIe
MHO)KEHHS 3 BHKOpPUCTAaHHAM 32-OiTHIX JiHIH 31 3Ha-
YeHHSIMH, SKi BIHCYIOTHCS B [iana3oH 16-0iTHUX mimmx
gmcen 0e3 3HaKy [0, 65536].

/I a Ta b MatoTb 32-po3psiaHi CMyru 3i 3HAYEHHAMM, SKi
BiAgnNoBigaTb Uinum 16-6iTH1MM ymucnam 6e3 3Haky.

/I To6T0 a[i] == (uint16) a[i] i Te came ans b[i].

1

/l BOae 32-po3psaaHuii pesynotat

/I res [i] = a[i] * b[i]

/I 064MCNIIOEMO HM3bKI Ta BUCOKI 16-po3psigHi JOBYTKM

__m128ilop = _mm_mullo_epil6(a, b);

__m128i hip =_mm_mulhi_epul6(a, b);

[/l 3nuTTS pesynbTaTiB

__m128ires = _mm_or_si128(lop,
_mm_slli_epi32(hip16));

JlomgaBaHHs 1O TOPHU30HTAI Ta CKAJSPHUN H00Y-
tok. SSE3 nonae ropusoHTanbHi AogaBanHs HADDPS
(_mm_hadd ps) ta HADDPD (_mm hadd pd), a
SSE4.1 nmomae iHCcTpykmii 13 MHOXeHHs M DPPS
(_mm_dp_ps) Ta DPPD (_mm_dp_pd). Ix mins onepa-
i1 HaJ[ CYCiTHIMHU ITapaMH YKCeN 3 TUIABAFOUOI0 KOMOKO
esleMeHTiB a 1 b. Lli iHCTpyKIii MaloTh psix HENOJMIKIB, Y
GinprrocTi peainizaniii X86 mpouecopax BOHU NEPETBO-
PIOIOTBCSl Ha TMOCIHIZAOBHICTh OUIBII NMPOCTHX OMNeparii
(na piBHi SSE2), Takox BOHM cynepedaTh OCHOBHIH
it SIMD onepaniii, 3aMicTh BUKOHAHHS OJTHOTHITHUX
oTeparliii HaJ| JAHUMHU OJIHOYACHO BOHH OIEPYIOTh HaJl
JIAHVMH JIUIIE B MEXaX OJIHOTO PETICTPY Ta CyMpOBO-
JUKYETbCS PE3YJIbTAaTOM, SIKMH YCKJIAJIHIOE€ MOr0 BHUKO-
puctanHs st moBHUX SIMD ormepariii, o B Togaitb-
IOMY TUIBKH HETaTUBHO BIUIMBAE HA OCHOBHY METY
JIOCATHYTH MaKCHMaJbHOI TPOIYCKHOI CITPOMOYHOCTI
mporecopa mo 00poOIli IHCTPYKITiHL.
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[HIMi BUA TOPU3OHTANIBHUX /I0JaBaHb, Ta CKaJIsPHO-
ro 1o0yTKy Ayt minux uncesn. SSE iHCTpyKii Takoro Tuiy,
HAIIPHUKIIAL, Taki SIK PHADDW/PHADDD
(_mm_hadd_epil6/_mm_hadd _epi32), sxi mpucytHi y
peanizanissx SSSE3 i y Bepcis, mo 3 SBUINCA ITi3HIIIE
9acTO HE MIAXOAATH U PilleHHS 3agad 3 NPUYWH, SKi
OIMMCaHHI BUIIE a0 SKIIO HEMAa€e MOXJIMBOCTI BUKOPHCTO-
ByBath SSSE3 iHCTpyKWii. Y 1bOMYy BHIIAIKy MOXYTb
oytu KOPUCHUMH PSADBW (_mm_sad_epu8),
PMADDWD (_mm_madd_epil6), sxi Hajexats 10 peai-
3amii SSE3 Ta Juist AesIKMX OKpEMHUX BHIIAJKIB IHCTPYKIis
PMADDUBSW (_mm_maddubs_epil6), sika moctymHa 3
SSSE3. OcuosHa iness PMADDWD i PMADDUBSW — 11e
CKAILIpHUA J00YyTOK MDK TapaMu CYyCITHIX  JTiHiH.
PMADDWD o6uncmoe na moOyTkd 16-OiTHHX IIJIHX
YHCENT 31 3HAKOM U KOJKHOI apu 16-0iTHUX MiHil 1 Bumae
pe3yibrar 32-0iTHe mite 4mcio, mo 30epiraeTbes y 32-
GiTHill pe3ynmbTyrouiif mimil. X Mo)kHa BMKOpPHCTOBYBaTH
JUIsl OOYMCIICHHS CKAJSIPHUX JTOOYTKIB, ajie Y HUX TaKoX €
BUPOJDKEHI BJIaCTUBOCTI SIKi MOXKYTb OyTH KOPUCHUMH:

— mm madd epil6(x, mm setl epil6(1l)) mincy-
MoBye 16-po3psiiHi TapHi Ta HEHNapHi CMyrd HO Iapax,
o0 orpumaru 32-0iTHI pe3yabTaTy.

— mm_maddubs_epil6(_mm_unpacklo_epi8(a, b),
_mm_setr_epi8(1, -1, 1, -1, .., 1, -1)) € HaAmBUAIIAM
crocoOoM oOuuciieHHs 16-0iTHOT Pi3HMII JUIS LITHX YACEIT
31 3HAKOM MiX 8-0iTHHMHU 0e3 3HAKOBUMHU BEKTOpPaMH a i b
Ha IIporecopax, sKi marpumyoTs SSSE3.

— mm sad epu8 (x, mm_setzero sil28()) oGuwmc-
nroe 1Bl 16-0iTOBI TOPU3OHTAJIBHI CyMH TPyl 3 BOCBMH
JiHIA 8-0ITHUX LNMMX 4ucen 0e3 3HaKy 3a OAHY 1 JIOCHUTh
LIBUJIKY OTepallifo, pid e npo MpUOIM3HO I’ SITH LHUKIIB

Ha OJHY IiHCTpyKmito. Takok MOXHa 3acTOCYBaTH
MIPUHAOM TIOPIBHSHHS PO3TIITHYTHH paHille, ajie y 3BO-
poTHOMY TIOpsAAKY. TOOTO 3aAaTH 3MIIEHHS JJI1 BUKO-
HaHHS OTepallii HajJ YHCIaMH 31 3HAKOM, 00 o0YmC-
JUTH CyMy BOCBMH 8-OITHUX ITUIMX YHCEN 31 3HAKOM:
momat  (abo  BimHATH, ab6o BukoHatH XOR)
_mm_setl_epi8(-128) 3 moTpiOGHUM apryMeHTOM Tmeper
BukoHaHHsM mm_sad epu8() i moTimM BiguATH 128%8
3 OTPUMAHOTO pe3yabrary 16-0iTHOi cymu.

BuchnoBku

[pu mpoexryBanni SIMD iHcTpykmiit s x86
cymicaux mporecopiB, a cam SEE, Ta momamemioi ix
iHTerpamnii OyIo IOIyIIeHO P apXiTeKTYPHUX PIllleHb
SKI MOTEHLIAIbHO YCKJIIHIOIOTh ONTHUMI3aIliI0 MpoLe-
Ccy OOpOOKHM JaHWX, NesKi 3 IUX HpoOJieM, TaKi SK,
BIZICYTHICTh MO>IMBICTH BHKOHAHHS OJIHOI OIepartii
JUISL LIJIOYMCENBHUX YHCENl Pi3HOI PO3PSAHOCTI Ta iX
THITY, 31 3HaKOM a0o0 0e3, OyJM BHpIIIEHI Y HACTYITHUX
BepCisiX JaHoro Habopy iHcTpykiid. He 3Baxaroun Ha
BUCOKHI piBEHP MIATPUMKHA HOBHX IHCTPYKIIH B Cy-
YaCHUX pealisiX, AesKi IPOIYKTH MOTPEOYIOTh TIOBHOTO
MOKPUTTSl BHKOPHCTOBYBAHHX IIPOLIECOPIB, TOMY HE
3aBXKIU € MOXJINBICTH BUKOPHCTOBYBATH HOBI 1HCTPYK-
mil. [ Takux BUMAAKIB KOJHM MOTPIOHO, HATIPUKIIA,
3MIMCHATH eMYJISMII0 IHCTPYKIil, OyJI0 BUPOOIICHO P
NPaKTHUK, SKI TOKa3yrTh HaWKpaiuid pesynbrar. [Ipu
poboTi 3 TakuMH HaOOpOM IHCTPYKIIH MOMKJIMBI
NPUHHATH OLNIBII ONTUMAJBHI PillleHb, SKIIO BUKOPHUC-
TOBYBaTH IX HE TUIBKM IO NPSIMOMY INpH3HAueHi, a
3HAXOAMUTH 1 BUKOPHCTOBYBATH IX BHUPOJKEHI BJIACTH-
BOCTI.
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Methods of using simd instructions on x86 compatible older generation processors
A. Yanko, A. Martynenko, O. But

Abstract. The use of vector SIMD instructions on x86 compatible processors to improve the efficiency of computing and
data processing is considered. The use of a vector set of instructions allows you to increase the number of operations performed per
clock cycle through the use of parallelism at the instruction level or parallelism at the data level. At the same time, the reduction of
branches in the algorithms also adds a positive impact on the speed of program execution due to fewer loads on the module for pre-
dicting conditional transitions in the processor. Also it help to optimize the use of cache lines and data transportation between the L1
cache and the CPU register because in modern processors the bus through which data is transported between the L1 cache and the
register is at least 128 bits. In some cases this fact can play a significant role in achieving the goal of computational optimization.
Additionally, the previously listed factors improve the ability of modern processors to execute instructions out of order. An important
factor for the effective use of SIMD instructions is to accurately determine the type, nature of the data and the desired end result of
the algorithm because further modification of the algorithm based on the use of SIMD is not flexible and depends entirely on these
factors. So far, there is software running on the x86 architecture of processor cores, this fact does not always allow the use of the
latest vector instructions starting with SSE4.1. The main disadvantage of previous implementations of vector instruction sets is the
lack of logical and arithmetic operations with some types of data, especially in operations with integers. Using the features of binary
implementation of sign integers, allow to compensate for the lack of logical operations for these data types. Exploiting the degenerate
and indirect properties of some instructions helps both to compensate for the absence of arithmetic operations with the required data
types and operations for integers with a different bit depth, likewise to optimize the performance of mathematical operations such as
finding the sum, difference, multiplication and scalar product.

Keywords: arithmetic operation, vector instruction, set of processor instructions, operand constants, optimization of data
processing, parallelism at the instruction level, parallel calculation.
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ONE METHOD FOR ESTIMATION AUDIENCE OVERLAP IN SOCIAL MEDIA

Abstract. In this paper we provided the definition of the Audience overlap network, as well as proposed a simple
algorithm to compute overlap between two users on social media based on public data about their followers. There was
proposed an alternative approach for computing overlaps based only on public data about users. This approach allows to
include content overlap and activity patterns signals to be incorporated into more general statistical models featuring other
covariates such as influencers’ direct engagement in shared conversations; relative influencer sizes and histories and links
to similar third-party content to recover otherwise censored network structures and properties. For validate results there was
designed a calibration process which utilizes Evolution Strategies algorithm to find a set of conditions which will make
Audience overlap network built using similarity measures structurally equivalent to the Audience overlap network build on

full information about followers.
Keywords: content, overlap, social media, algorithm.

Introduction

With growing number of users in recent years,
social media platforms have become not only the prime
place for public discourse, but also a main source of
news for many people. This massive development
increased a need of their analysis on structural and
content levels. Every level has its own state of the art
tools and methods of research. But in many cases,
understating of influence on social media requires
performing analysis on both levels simultaneously and
mapping “influencers” and ordinary users serving as
their audiences. To map social media influencers to their
audiences we explore a general approach for building
Audience overlap networks (AONs). AONSs can be used
for multitude of applied problems e.g., detecting groups
of users spreading disinformation, coordinated
messaging campaigns, general community detection,
etc. AONs can be built for most of modern social media
platforms (e.g., Facebook, Twitter, or YouTube), the
only condition we require for these platforms is to have
a follower-followee connections structure. While
platforms like Twitter or Reddit grant unrestricted
access to lists of followers or members of influential
channels and profiles, others like YouTube or Facebook
do not grant similar access or otherwise restrict its
granularity. This puts additional pressure for general

Table I-Topics and influencers

approach of building AONs but at the same time opens
opportunity for exploration of deeper connections
between influencers and their audiences.

In this paper, our aim is to provide a general
definition of the AON, data processing steps needed for
creating AON and the challenges faced when building
AONs for social media platforms with minimal amount
of public data available.

To demonstrate challenges faced while working
with limited input data we first use Twitter to provide a
baseline AONs which can be used for any out-of-sample
testing.

Our first pick was Twitter because not only Twitter
holds the position of one of the most popular social
networks (most official government accounts are present
there e.g., President Biden, United Nations, World
Health Organization) but also Twitter was designed in
way that all interaction between users remain visible to
everyone else. Twitter also has a flexible public
application programming interface (API).

We will follow definitions in [1], where audience
overlaps were computed by link and cross-link
similarity.

Data processing

In this section we describe the topics and the
process of collecting data for building AONSs (Table 1).

ID Name

Influencers

T, Democratic primaries

Joe Biden, Mike Bloomberg, Pete Buttigieg, Kamala Harris, Amy
Klobuchar, Bernie Sanders, Elizabeth Warren

T, Airline geeks

Boarding Area, French Painter, One Mile at a Time, Runway Girl,
Secret Flying, Wander Me

Ts Global issues Inside Climate, Ro Khanna, Sierra Club, The Economist, World Bank,
Yale E360, Chris J. Zullo
T, Technology investors Adam Scrabble, Epsilon Theory, Eric R. Weinstein, Fast Company,

Naval, Nick Timiraos, WIRED
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Inghopmauiiini mexnonozit

Topics and influencers

We consider four topics and influencer groups:

T.: Democratic primaries. Conversations about the
2020 Democratic  Party presidential ~ primaries.
Influencers are selected from the top presidential
contenders.

To: Airline geeks. Conversation related to the
airline industry and business air travel. Influencers
include reviewers of frequent flyer programs, travel
experience bloggers and industry insiders.

Ts: Global issues. Conversations about reporting,
analysis and opinions on global environmental, climate
and energy issues. Influencers include magazines like
The Economist, and selected journalists and
organizations like The World Economic Forum.

T4 Technology investment. Conversations on
technology investment, emerging technologies and
entrepreneurship. Influencers include prominent venture
capitalists and industry publications.

Influencers were selected for both relevance and
focus on a topic and ability to generate engagements
with their content. Table 1 lists selected influencers for
every topic in alphabetical order for entities and last
name for individuals.

In most of the cases the analysis of social networks
is more effective when applied to specific subset of
conversation (posts) and authors (users).We define

~ ~ —_—

Follower 'P\ /FuHuwer 3
\ /
\ / ~
y S Ay o S
Follower 1 7 ~N

/ Influencer A \

[ |
Follower & Fmi:

social media topic as all authors and conversations
which mention specific keywords. In our case keyword
can represent a name or multiple spellings of author as
well as some general expressions related to the area of
interest.

For every topic, we used the Twitter API [2] to
query and download all tweets for the first half of 2020,
including tweets by identified influencers; then
download the list of followers for every influencer.

Audience overlaps network

We define AON as graph with influencers as
vertices, where the weight of the edge between vertices
(influencers) defined as the number of shared followers
between them (audience overlap).

Consider Fig. 1 as a visualization of the structure
of some topic X. Here we have identified influencers A
and B and eight followers. We calculate the audience
overlap between A and B as

F F
O(A,B):M,
| Fal

where F, and Fg denote sets of followers of A and B

respectively. In this particular case O(A, B) = 3/6 and
O(B, A) = 3/5. After downloading all followers for each
influencer, we built the AON for every topic see Fig. 2.
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Fig. 1. A sample follower-followee network for influencers A and B
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Fig. 2. Visual presentation of AON for every topic in a table form where every cell is an average percentage
of shared followers between two influencers.
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Fig. 3. Calibration progress for the topic Ti.

Lack of data

The process of building AONs based on Twitter
data raises no additional problems, at same time many
large social media platforms have restricted public
access to information about follower. This is the case
with Facebook, even though the follower-followee
structure is present on the platform we are unable to
build AONs. At the same time Facebook still leaves a lot
of information about influencers and their activity
including content of posts, reactions, comments, all
annotated with timestamps.

We defined a set of functions, each of them
comparing similarity of two influencers based on some
characteristic:

- S1(A, B) — compares similarity between content
of A and B using cosine distance based on the features
produced by Bag-of-Words method [3].

- Sy(A, B) — performs a search for links to same
resources ("http://*", "https://*"",  "www.*", etc.)

published by both A and B. This function also checks for
domains similarity.

- S3(A, B) — compares distributions of publishing
activities of A and B.

- S4(A, B) — compares distributions of comments
under publications of A and B.

We consider that every comparison function has
different weight within different topics, so the final
comparison function is defined as

S(A B) = 3w, *max(0, (S, (A, B)~b)),

where Si(A, B), i=1,2,3,4 - values defined above.

The solution for building AONs on partial data is
to compare influencers using function S(A, B) instead of
comparing actual followers. But having multiple
unknow parameters in comparison function doesn’t
instantly provide AON, but rather requires understating
of the communities’ structure from the platform with
known followers.
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Calibration

After we built AON for every topic of interest, we
tried to find the set of values for weight parameters so
that the AON built using S(A,B) function will
structurally match baseline Twitter AON.

For this purpose, we designed a rigorous
calibration process which utilizes Evolution Strategies
algorithm [4] and performs a search over values of
weight parameters to minimize structural difference
between output and baseline AON.

We selected the following measurements of
structural difference:

- Number of clusters (> 2, > 3, > 4, > 5).

- Diameter of the graph.

- Betweenness centrality.

To get more clear calibration results, we extended
the list of influencers in every topic to 30.

Results

Figure 3. presents calibration results for the topic
T, after 150 generations of the algorithm.

The optimization started optimistically by
improving average score by factor of 3 in just 50
generations, but after 100 generations the algorithm
couldn’t find a better set of parameters.

The same problem appeared in calibrations for the
rest of the topics.

This is a clear indication that the function for
measuring similarity can find only macro-level
differences leaving micro-level differences unexplored.

This problem can be solved by applying state of the
art Natural Language Processing techniques for
measuring content similarity [5] or by using methods for
analyzing information flows in social networks (Social
Network Mining) [6].

Summary

We identified the role of Audience overlap
networks as a powerful tool for analysis of social media.

We described a general approach for building
AONSs while having full understating of follower-
followee relations.

Using four topics, we showed that it is possible to
build an approximation of AON using only minimal
amount of input data.

We are also certain that by applying better content
similarity measures it is possible to improve process of
building AONs and remove the need in knowing full
structure of the followers.
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IIpo oauH MeTOA OLiHKM NEePeTHHY Ay AUTOPIi
y couiaJbHUX MepeKax

€. B. Isoxin, B. B. I'aspunenxo, I1. P. BaBpuk

AHoTanis. Y miif cTaTTi IPONOHYETHCS 3arajbHe GOPMYIIOBAHHI MEPEXKi MIEPETUHY ayIUTOPIH B COMIAIFHUX MEPEXK, a
TaKOK MPOCTHUH aJrOPUTM I BU3HAYCHHS MIEPETHHY ayAUTOPIi IBOX OKPEMHX KOPHUCTYBaYiB, KU 0a3yeThcsl HA BUKOPUCTAHHI
nyOlMiYHUX JaHUX M[pO IX MOCIHiJOBHHUKIB. 3alpONOHOBAHO AIBTEPHATHBHUM MiAXiH MOIIYKY MEPETHHY ayIuTOpPid, SKHUii
0a3yeThcsi Ha CXOXKOCTI KOPUCTYBadiB Ha OCHOBI JIMIIE 3arajJbHOJOCTYNHUX JaHUX. [liAXig JO3BOJISE PO3MISIATH CHUTHAIH
CXO0XKOCTI KOHTEHTY 1 OCOOJNHMBOCTEHl MOBENIHKM A 3aCTOCYBAHHS Y 3arajbHUX CTATUCTHYHUX MOJEIAX, 10 (OpMaIi3yrOTh
THUIIOBI U1 MEPEX XapaKTepHCTHKU (KOBapiaTh), Taki sSK MpsMa y4acTh BIUIMBOBUX OCi0 B 3arajlbHUX OOTOBOPEHHSX; BiHOCHI
PpO3MipH 1 icTOpii BILIMBOBHX OCi0, a TaKOX MOCWIAHHS Ha aHAIOTIYHUI CTOPOHHIM KOHTEHT VIS BiHOBICHHS IIEH3YPOBAaHUX
MepeKEeBUX CTPYKTYp 1 BractuBocTeid. J[ims Bamimarmii pe3ynbTaTiB 3aCTOCOBAHO IMpoIlec KaiOpaiii i BCTAHOBICHO HAasBHICTh
3aJIeKHOCTI IEPETHHY ayIUTOPill KOPHCTYBAiB BiJl CX0KOCTI CTBOPEHOTO HIMHU KOHTEHTY Ta OCOOIHMBOCTEH X MOBEIHKH.

Kiaw4oBi c10Ba: KOHTEHT, IEPEKPHUTTS, COLIAIbHI MEPEXi, AITOPUTM.
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SYSTEMATIC APPROACH APPLICATION TO THE DEVELOPMENT
FOR THE SITE OF UNIVERSITY SCIENTIFIC ACTIVITY

Abstract. The article analyzes a systematic approach to accounting for scientific activities of universities The object of
research of the work is chosen to take into account the research activities of teachers of higher education. The subject of the
study is the analysis and use of tools for site development on the subject of this problem. The purpose of the authors con-
sider the research, development and implementation of the site of accounting for research activities of teachers of higher
education. It is proved that system analysis is based on systemology, principles of cybernetics and modeling and plays the
role of a system approach tool based on mathematical analysis and probability theory, discrete mathematics and operations
research, which uses modern computer technologies to implement its basic methods and solution’s application of applied

problems.

Keywords: information system, system analysis, system approach, site, scientific activity, institution of higher education.

Introduction

It is clear that system analysis is a way to study
complex objects in order to identify the impact of the
relationship of elements and subsystems on the proper-
ties of the object as a whole. Researchers claim that the
subject of system analysis is a methodology (a set of
methodological tools, a system of actions), which is
designed to solve the problem (preparation and justifica-
tion of solutions to study the goal) on the basis of vari-
ous scientific tools.

System analysis is based on systemology, princi-
ples of cybernetics and modeling and plays the role of a
system approach tool. In addition, system analysis is
based on mathematical analysis and probability theory,
discrete mathematics and operations research, and uses
modern computer technology to implement its basic
methods and solve applied problems [1, 2].

An important component of the professional ac-
tivity of teachers is research, which directs their creative
search for the development of new theoretical concepts,
effective methods and educational technologies and
more. The introduction of the results of research activi-
ties of teachers in the practice of higher education al-
lows to raise the level of professional training of future
professionals to a qualitatively new level. As you know,
in the modern conditions of higher education, teachers
have significant opportunities for research with the help
of modern information and communication technolo-
gies. In each higher education institution there is a re-
search part that monitors the scientific activities of
teachers, organizes their tasks and monitors the dead-
lines.

According to the task, teachers prepare mono-
graphs, articles, regulatory and technical documents,
participate in inventive activities and more. It is also
possible for teachers of other universities of Ukraine
and foreign higher education institutions to work to-
gether.

To simplify the process of accounting for all types
of activities of teachers of higher education, it is neces-

sary to create an information system that will optimize,
speed up and improve the work of the research part.

Analysis of recent research
and publications

The topic of educational information technologies
through the prism of digitalization of scientific activity
of the subjects of the educational process by means of
information and communication technologies is of in-
terest to many domestic and foreign scientists.

The works of many scientists, including: I.
Bloshchynsky, R. Gorbatyuk, R. Gurevych, M. Zhaldak,
O.Evzikova, V.Kovalchuk, V.Ognevyuk, I. Os-
molovska, V.Parhomenko, I. Pidlasy, N Yu. Ramsky S.
Sysoieva, O.Starysh [1-5, 9].

Among foreign scholars are the following: Meg
Butler, Michael J. Hannafin, Janette R. Hill, Janet Mac-
donald and others.

Researchers believe that the modern approach to
scientific work should be systematic and cover all as-
pects of educational and research work in preparing
students of different specialties for professional activi-
ties, based on the constant development of information
technology [3, 4, 6-8].

The system of knowledge acquired while studying
at the university is based on previously acquired, pre-
served knowledge, due to the fact that:

scientific and technological progress is constantly
taking place,

the development of educational innovations is me-
diated by advances in IT,

development of various software products, provi-
sion of qualified services educational content for future
customers, which is possible only with the use of infor-
mation and communication technologies becomes im-
portant in the system of forming quality knowledge of
students.

The problem of development and implementation
of the information system of accounting of scientific
activity which take place in the institution of higher
education is rather actual.
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Main part

Systematics has always existed, no matter what
form of human general property it is — the idea or the
objective reality. The concept of systematics arose to-
gether with man. Systematics has always been and is
one of the methods of science - as for scientists of the
past who did not always fully realize that they enjoy it,
so for the modern scientists. At first it was conscious
systematization of the process of cognition, presentation
of knowledge, and therefore discussions on systemic
problems first arose in philosophy, logic, mathematics,
so one of the objective reasons the emergence of system
science is the systematic thinking of man [1].

Information system - a set of organizational and
technical means for storing and processing information
to meet the information needs of users. Information sys-
tem - a communication system that provides collection,
retrieval, processing and transmission of information. In
any information management system, three types of
problems are solved:

situation assessment tasks (sometimes called pat-
tern recognition tasks);

problems of situation description transformation
(calculation problems, modeling problems);

decision-making tasks (including optimization)[1].

Modern conditions are characterized by the use of
highly efficient information systems based on the use of
the latest information technologies. Information, espe-
cially its automated processing, still remains an im-
portant factor in improving the efficiency of any organi-
zation. An important role in the use of information is
played by the methods of its registration, processing,
accumulation and transmission; systematic storage of
information and its issuance in the required form; pro-
duction of new numerical, graphic and other infor-
mation [1,3]. The main purpose of scientific and me-
thodical work of the teacher has a dual nature, namely:
provides professional development and scientific and
methodological level of teachers, as well as provides the
educational process with scientifically sound teaching
aids (programs, plans, textbooks and manuals, visual
aids, computer programs). Both sides of the main goal
are closely interconnected and interdependent. It is pri-
marily about the development of the teacher as a crea-
tive person, about switching him from the consumer
type to an independent search for methodological solu-
tions, about transforming the teacher into a developer
and author of innovative methods and teaching aids that
allow them to implement. The difference between scien-
tific and methodical work of teachers from traditional
educational and methodical work is not in mastering
existing knowledge in science and not in appropriating
someone else's teaching experience, but in finding, ex-
tracting new knowledge. The pinnacle of professional
and personal growth is the teacher's ability to carry out
individual research activities, which can be represented
by work on a methodological topic and the implementa-
tion of dissertation research on the material and basis of
the educational institution. Thus, the scientific and
methodological work of the teacher is a scientific study,
the purpose of which is to obtain their own, i.e. the au-

thor's conclusions and results of theoretical and practical
nature in the field of teaching a particular discipline and
within the chosen topic [3].

This study considers the implementation of the fol-
lowing system of functionality for scientists:

edit your own profiles;

view last year's research reports;

add research and information on inventive activity
to the database of the information system;

enter in the database of graduate students;

edit information about works;

send and receive messages from the administrator.

The stages of project development are usually per-
formed sequentially, so it is extremely important to fol-
low the sequence of stages and understand that any un-
expected and uncoordinated changes might significantly
affect the efficiency of work. Work on each project
should be carried out in strict accordance with the fol-
lowing stages of work on site development.

1. Pre-project preparation. Idea.

Defining the topic of the future site, clarifying the
goals and objectives, defining and analyzing the target
audience. Competitors analysis. Site structure develop-
ment - a sketch of the site on paper. Creating a list of
future thematic sections.

2. Development of page design.

2.1. Website design concept (creative design).
Creative idea, development of the basic graphic concept
of site design on the example of the main and secondary
pages. Choice of colors, artistic style. Preparation of
design layout.

2.2. Technical design. Development of logical and
physical structure of the resource. Page layout, layout,
navigation elements.

3. Layout. Creating page templates. Checking the
correctness of the code. Layout of site pages on the ba-
sis of the approved design of standard pages. Collection
of pages.

4. Information content of the site. Preparation of
text materials. Preparation of graphic materials in raster
format, image optimization. Filling pages.

5. Program part of the project.

5.1. Integration of the site with the management
system. Nowadays, no modern site can do without a
management system, because it is important not only
the beautiful outer shell of this site, but also the ability
to conveniently work with it. This is especially true for
sites with a branched structure and a large amount of
data. Its includes: integration with the management sys-
tem, programming, server settings, project security.
Quality control.

5.2. Programming, project launch. At this stage,
the functionality that is not included in the standard
composition of the control system is being finalized.

6. Testing the site on the Internet. Testing the site
for errors and correct operation in browsers.

7. Placing the site on the Internet. Organization of
work on placing the project on the Internet. Domain
name selection and registration. Choosing a hosting
provider, site hosting. Final testing of the site. Training
of the client's staff how to work with the site manage-
ment system (Fig. 1).
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Fig. 1. Site structure for university departments

It is important to test and refine the development.
After creating a site, it is spread on the network (Inter-
net), it is necessary to register a domain address for the
site and determine the hosting - a place on the server of
the provider, where the page will be located. If the site
is hosted on the Internet, then before you promote and
advertise it, you should check the site for functionality.
It is possible that some scripts are executed with errors
or important and valuable information is missed some-
where. After the site has been tested and verified for
performance, you should ask people who did not partic-
ipate in the development to review and test the site
again. It is possible that certain shortcomings were not
noticed, which can be seen by a person who did not
participate in the development.

You can also manage a survey: what visitors like
or dislike about the site, whether navigation is conven-
ient, and so on.

Conclusions

The study is based on the concept of systems,
where the term "analysis" indicates the nature of the
procedure for justifying decisions, which involves: the
division of the problem into its components, which are
more accessible to solve; use of the necessary methods
for solving individual problems; combination of partial
solutions into a general one.

Thus, the leading concept of system analysis is a
systematic approach. In turn, system analysis is a tool of
a systematic approach based on system theory. As the
work is complex (the developed site is focused on
teachers and employees of the research part of the high-
er education institution), the implementation of the in-
formation system was divided into two parts. In this
paper, the implementation of functionalities for entering
information about research work of university teachers
was considered.

In this information system, the administrator and
staff of departments are able to add and edit information
about inventive activities, published scientific and tech-
nical activities, enter information about graduate stu-
dents, view last year's research reports, edit their pro-
files, exchange messages with the administrator. Thus,
the introduction of this closed information system al-
lows more efficient and fast accounting of research ac-
tivities of university teachers.
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3acTocyBaHHsI CHCTEMHOTO MiX01Y 0 PO3PO0KH caiiTa HAYKOBOI AisNIbHOCTI yHiBepcHTeTy
A. Kamiron, O. []saenko, P. 3axapos, T. SxHuyk

AHoTanis. Crarts aHanizye CHCTeMHHH MiAXia 10 PO3poOKH caliTa HAyKOBOI AisuIbHOCTI yHiBepcuteTy. O0’eKT Hocimi-
JDKEHHSI 0OpaHO 3 ypaxyBaHHSIM HayKOBO-JOCTIZHHIBKOI MisUIbHOCTI BHKJIaJadyiB BHIIMX HaBUYAJIbHHUX 3akiaiiB. IIpeamerom
JOCIIJPKEHHS € aHaNli3 Ta BUKOPHCTAHHS IHCTPYMEHTIB Il pO3pOOKH CaiTiB Ha TeMy JIaHol mpobieMu. MeTor aBTOpH BBaXKa-
FOTh JIOCIIIKEHHS, PO3POOKY Ta BIIPOBAKCHHS CalTy OOJIIKY HayKOBO-IOCIHIIHOI MiSUTGHOCTI BHKIIAJA4iB BHUIIMX HABYATBHUX
3aknaniB. JloBeneHo, M0 CHCTEMHUI aHami3 0a3yeThCs HA CUCTEMOJIOTI], MPUHIUITAX KIOEPHETHKH Ta MOJICITIOBAHHS Ta BiJirpae
POJIb IHCTPYMEHTY CHCTEMHOTO ITiIX0y, 3aCHOBAHOTO HAa MAaTEMAaTHYHOMY aHai3i Ta Teopil HMOBIpHOCTEH, TUCKPETHOT MaTeMa-
THUKH Ta JAOCIIDKCHHS OIepaLiif, SKui BUKOPHUCTOBYE Cy4acHi KOMIT FOTEPHI TEXHOJIOTI] U1 pO3B’SA3KY NPHKIAJAHUX 3a/a4.

KawuoBi caoBa: iHpopmamiiiHa cucTeMa, CHCTEMHHI aHAII3, CHCTEMHUI MIXiJ, CAiiT, HAYKOBa JisUIBHICTh, 3aKia]
BHIIOT OCBITH.
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E. E. Manoxgiii, B. C. Byraii, I'. I. Momuanos, O. I1. Yepaux

Hanionaneauii TexHiYHUN yHiBepcUTET «XapKiBChKUI MOMITEXHIYHUHA IHCTUTYT», XapKiB, YKpaiHa

AHAJITUYHUHA OTJIAJ TA IOPIBHSHHSA CYYACHHUX JAVASCRIPT PIIIEHB
JJ1s1 PO3POBKHU BEB-IOJATKIB

Anorauis. Ilpeamerom IociipKeHHs B CTATTI € cydacHi JavaScript pimrerns st po3pobku BeG-101aTKiB, a came JavaS-
cript 6ibmoreka React Ta ¢ppeiimBopk Vue. Mera podoTH — aHAIITHYHHUIA OIS Ta OPiBHSIHHS CydacHUX JavaScript pitieHs
JUISL pO3pOOKH BeO-I0MaTKiB BUXOMUH 3 TpeHaiB Ha 2021 pik. [yist JOCTOBIPHOCTI JOCTI/DKEHHS TOTOYHOTO CTaHy PUHKY
Oys0 BUKOpHCTaHO HacTymHi iHcTpymenTr: Google Trends, Stack Overflow Developer Survey, GitHub Stars, The State of
JavaScript, HalinonynspHirui miatgopMu MouyKy poboTu st po3poOHHKiB. B cTaTTi HaBeAECHO MOPiBHIHHS MOMYIISIPHUX
6i6miorexkn React Ta gppeiimBopky Vue, Bi3HaU€HO iX nepeBar i HEOJIKH.

Kawuosi caosa: JavaScript, React, Vue, Be6-nomarok, GppeiiMBopkK, Gibmioreka.

Beryn

Komu Timbku 3’siBEBCst [HTEpHET Ta CTaTUCTUYHI
CalTH, HIXTO HE 3aMHCITIOBABCS PO ONMTUMI3aIli0 HIBU/I-
KOCTI 3aBaHTa)XKEHHs Ta MacliTaOyBaHHs BeO-JO/ATKIB.
Ha Toi1 vac 1imi Ta 3aBJaHHsA, 110 CTOATH MEpea po3poo-
HHMKaMH, Ay)Ke€ BiAPI3HANNCA BiJ CbOTOJIEHHUX. AJle 3 po-
3BUTKOM BeO-TEXHOJOriH Ta TOUIMPEHHsS IHTEPHETY
3’siBuIIacst noTpeba B OibmioTekax Ta GpeliMBOpKax, siKi
3[JaTHI HaJaT PO3POOHHMKAM: BHCOKY IIBHIKICTb, THYY-
KICTh, IPOCTOTY Ta MaciiTaboBaHicTh. JJOCHTh MBHIKO
yucno 6i0ioTek Ta (periMBOPKIB, HALLIEHUX HA BUPI-
IICHHS oux 3aBJAaHb, noyajjo  3pocTaTu. OT)KC,
JavaScript-6i6mioTekd cranu HEBiJ €MHOK YaCTHHOO
KOXKHOTO CydacHOro BeO-momatky. IcHye 6esinid mosio-
HUX 0i0i0TeK Ta PpeliMBOPKIB, B pe3ylIbTaTi pO3POOHU-
KaM MOCTiiHO JOBOIUTHLCS CTaBUTH IMTAHHSA MPO Te, 10
BuOpartu. B nmawiii crarTi He Oyze po3MIIsIHYTH yci icHY-
104l 6i0sioTekn Ta (HpeiiMBOPKH, 3yIMMHUMOCS KOHKpe-
THO Ha JABOX, a came: React ra Vue.

OCHOBHOIO METOIO CTAaTTI € peKOMEHMAIll 1O BH-
6opy TexHomnorii ast BuBueHHs y 2021 pomi. Ie akrya-
JIbHE TIMTAHHS SIK JJIsl IPOrPaMiCTiB-IOYATKIBIIB, TakK i
JUIst OLITBII TOCBITYEHHX, SIKI TyMAalOTh PO Te, M0 Ie-
PEKIIIOYHUTHCS Ha IIOCh HOBE. ABTOPH CTATTi HAMaramcs
OyTH MaKCHUMaJbHO 00 ’€KTUBHHMH, CaM€ TOMY 5K 10-
Ka3W BUKOPUCTOBYBAJIM CTATHCTHYHI J]aHI PO HUHIIIHIO
CHUTYAI[II0 HA PUHKY.

VY crarTi HaBeIeHO MOPIBHIHHS MOMYJISIPHUX: 010-
miorexu React Ta ¢ppetimBopky Vue, BiI3Ha4€HO iX mepe-
Bard i HEMOJIKH, a TAKOXK HABEAEHO TPOXH OCOOUCTOI Iy~
MKH aBTODIB, 5IKi, 3BUMalfHO, Cy0’€KTHBHI, ajie HE ymepe-
JUKEHI Ta 6a3yIoThbCs Ha TOCBifi aBTOPiB Y BUKOPHCTaHHI
000X (perMBOPKIB.

Bukiax ocHOBHOTo Martepiaxy

[Tounemo 3 icTopii Ta mepeIyMOBY BHHUKHEHHS Re-
act Ta Vue. React — JavaScript-Gi6mioreka 3 BigkpuTHM
BuxigauMm kozoM [1], crBopena J[xopmanom Banke 3
Facebook. Ilepen xoMmaHi€ro CTOSIIO 3aBIaHHS MOKpa-
IIATH TPOIECH CTBOPEHHS Ta PEHACPUHTY iHTep(eHCiB,
amke Facebook He0oOXimHO OYII0 pO3pOOIATH Ta MiATPH-
MyBaTd. Bke Ha TOW MOMEHT Iie OyB BENHYE3HHH IPO-
eKT, a ICHYIOUMX TEXHOJOTid He BucTadano. Bmeprie
React BukopuctoByBaBcs B cTpiulli HOBUH Facebook B
2011 poui i mi3Hime B cTpivni Instagram B 2012-my. Ane

yume y 2013 pori cniyibHOTI pO3pOOHUKIB Ha KOH(pepe-
Huii JSConf US Oyno mpencraBieHO BUXIAHWHA KOZI.
[Mpotinwto Bxe 6araTo 4yacy, BUAIILIA COTHI alIeHTiB, ¢i-
KCIB Ta JIOTOBHEHb (PYHKIIIOHATY, ajie 3 THX mip React 3a-
JIMIIA€ThCS HAWMoNyspHimM cepen 3 rirantis. Ha cro-
ronui Bepcist 17.0.2 Big 27 sxoBtHst 2021 poky € Halak-
TyaNbHIIIOW. 32 paXyHOK CBO€ET MOMYJISPHOCTI Ta 3pyd-
HOCTI 0araTo BEJIMKMX KOMIIaHIi BHKOPHUCTOBYIOTH IO
0i0mioTeKy Ut po3poOKu cBOiX mpoxykriB. Cepen HUX
Facebook, Netflix, Yandex ta 6arato iHIIHX.

Vue.js — JavaScript-dpeiimBopk [2], cTBopenuii y
2014 poui Epanom IO, komumiHiM CITiBpOOITHUKOM
Google, xo4a po3poOKy BiH MMOYHMHAB II€ Y CTIHAX KOM-
nanii. dakT TOro, MO MOBHOLIHHUN (peliMBOpPK OYB
CTBOPEHHUI OJHUM TIPOrPaMiCTOM — OJIHA 3 TOJIOBHHUX BiJl-
MiHHOCTEW Vue, aJpke 3a PEellTOr CTOSTh TEXHIYHI rira-
HTu. Ha nmouatkoBomy erami EBaH moBHicTIO 3aiiMaBcs
HAaITCaHHSM KOAY, OHOBJICHHSM JNOKYMEHTAIli{, BUpaB-
JICHHsIM 0ariB Ta MPOCYBaHHSM CBOTO IiTHINA. 3 MOMe-
HTY MOSIBU VUue MHUHYJIO 7 POKIB i BXKe 3apa3 BiH 3piBHS-
BCsl 32 MOMYJSIPHICTIO 3 Angular Bij Takoro rirara, sik
Google. Haiiciximmii peniz Vue 2.6.14 0yB npezncras-
nenmii 7 uepBHs 2021 poky. A Takox 18 BepechHs 2020
Oyna mokasaHa Bepcis 3.0, sika Bke He3a0apoM cTaHe oc-
HOBHOIO [3]. 3MillleHHS MOKITMBOCTEH 1HIHMX YCITIITHAX
JavaScript-dpeiiMBOpKiB, OHa 3 HAHKPAIINMX JTOKYMEH-
Tallii (Halikpala KUTaiChKOI0) Ta JIETKICTh II0YaTKy PO-
60TH poOuTH ioro Takum momyisipHUM. Cepel BETHKUX
KOMIIaHil, SIKi BUKOPUCTOBYIOTH BCi TiepeBaru Vue, Bij-
3Haunmo Zoom, GitLab, Behance, Font Awesome.

V ceiTi JavaScript HOBi (peiiMBopkH Ta 6iOTioTeKH
3’ SIBISTIOTHCS UM He moAHsA. Hacnpasni, rie Maibke 6e3e-
pepBHUI TIpoIiec, M Yac SKOro JIAEPH 3MiHIOIOTHCS
MPAaKTUYIHO KOXKHI KiJTbKa MicAtliB. LI{opoky 3’ ABISIOTHCA
HOBI1 «BOMBIII», SIKi OOIIAIOTH OUTBII BUCOKY MPOTYKTHB-
HICTb, 3pYy4HIIIe BAKOPUCTAHHSA Ta MEHITY KiJIbKiCTh Oa-
riB. Leit mporec He MOXKHA 3YIIMHUTH, 32 HAM 3aJIHIIIA-
€TBCS CTEXUTH, 00 HE OIMMMHUTHUCS B CUTYalii, KOJIU TBOT
HaBUYKH OymyTh 3actapinmumu. s BiACTE)KEHHS TPEH-
IIiB iCHye OaraTo iHCTpYMEHTIB.

BaxxnmBo mam’ataTw, 110 3 TOBHOTH KAPTHHU HEO00-
XiZHO 3BepTaTHCs O KiTbKOX 13 HUX. [laBaiite po3ris-
HEMO IMOTOYHHUI CTaH PUHKY.

Google Trends — cTaTHCTHKA TONTYKOBUX 3alldTiB
JIOCUTHh TOYHO TOKAa3ye iHTepeCc PO3POOHUKIB IO Pi3HUX
TexHouorii [4].
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Po3risiHeMO cTaTMCTHKY MONIYKOBUX 3aITUTIB 3a
ocranHi 12 micsuiB y cBiTi (puc. 1). IIpoanamnizyBaBiu
iX, crae o4eBMIHNM, 110 React BIIeBHEHO yTpUMYBaB Ji-
JIepChKY TO3MINIO0, aje 3rofoM mouyaB BTpadar. Kimb-
KiCTb TTOITYKOBHX 3aIIUTIB Yy CBITi 10 VUE 3a OCTaHHIH pik
3piBHsUTacs 3 mokasHnkamu React. OcobnuBo Vue nonas
I KiHelb POKY, Ha JYMKY aBTOpIB 1Ie TI0B’s13aHO 3 TIOsI-
Boro anbda Bepcii Vue 3.0 B 3araapHOMY JOCTYIII Ta MPo-
JOBKEHHSM MIJATPUMKH KOMaHAOK po3poOHHKIB VUe
TionepeHbpOI Bepcii.

Interest over time Google Trends

® React @ Vue

Worldwide. Past 12 months. Web Search.

Puc. 1. Crarucruka nomykoBux
sanuTiB B Google (CeitoBa)

AJle Bce K CBITOBa CTaTUCTHKA HE JJa€ HaM IPaBO
OJIHO3HAYHO BiAcyHyTH React Ha 3ainiii miaH. a rpadiky
(puc. 2) HaBelEHO CTATUCTHKY IOLIYKOBHUX 3aIlUTIB 3a
ocranHi 12 micsuiB Ha Teputopii YKpainu (3 ypaxyBaH-
Hsim AP Kpum). Cratucruka HeBrimHa uis Vue. Tlpo-
aHaJi3yBaBIIM rpadik, poOMMO BHUCHOBOK, IIO YKpaiH-
CBhKI po3poOHUKH Oijblie poOIIsiTh CBiit BUOIp yoik React
Hix VUe.

Interest over time

® React @ Vue

Ukraine. Past 12 months. Web Search

Puc. 2. CraTucTHKa MOLIYKOBHX
sanuTiB B Google (Vkpaina)

Stack Overflow Developer Survey — 1opoky Haii-
TOMYJISIPHIIIHHA (HOPYM TPOrpaMicCTiB IPOBOAUTH BIIACHE
JOCIIKEHHS, B SIKOMY MOXYTh B3SITH Y9acTh yCi OXOdi
[5]. SIxuro 3BepHYTH yBary Ha pe3yibTaTH OMHUTYBAHHS
2020 poky Ha TeMy yarobieHoro BeO-(ppeiiMBOpKy abo

6i0miorexu (puc. 3), po3puB Mixk React i Vue.js crano-
BUTH Tpoxu MeHIIe 3%. Temep curyariis He BUTTISIA€ Ta-
KOO OJTHO3HAYHOIO, SIK MiCJIsI MepIINX ABOX IpadiKib.

GitHub Stars — 3a KiTbKICTIO 3ipOK y PEO3UTOPIIO
MOKHA 3 JIETKICTIO CKa3aTH IPO TOMYJSIPHICTH YOTrOCh
cepen po3poOHuKiB. Ha manmit MomeHT y React — 177 tu-
cs14 31poK, y ToM vac sk y Vue.js — 190 tucstu. Skmio nu-
BUTHCS TUTHKY Ha 11 aHi (puc. 4), To Vue sSBHO JiAUpYE,
a OT)Ke, HEMa€ CEHCY BUTpayvaTH 4yac Ha React.

Puc. 3. Bincorok po3poOHHKIB, SKi po3poOIISIOTH MOBOO
a00 TEXHOJIOTI€I0 1 BUSBUIIN 3alliKaBICHICTh
y TIPOJIOB)XEHHI PO3BUTKY 3 HEIO

Aute, sik Bxe OyJ0 3raJjaHo BHUIlle, HEOOXiTHO 3aB-
I 3BEPTATHCS 10 KUJIbKOX pecypciB, MI00 OTpUMaTH
HOBHY KapTHHY.

The State of JavaScript — orutyBaHHsI, IpUCBSICHE
BUKIIOYHO JavaScript.

React Experience Over Time @

Over Time @

Puc. 4. IopiBHsIHHS AOCBiAY PO3POOHHKIB i yac
BUKOPUCTAHHSI [IEBHOI TEXHOJIOTIT

e, sk He TYT, MOXXHa BHSIBUTH CIIPABXKHE CTaB-
JICHHS PO3POOHHUKIB /IO IHCTPYMEHTIB, IO BUKOPHCTOBY-
FOTBCSL.

3 mux rpadikis (puc. 4) MOKHA 3pOOUTH BUCHOBOK
mpo OULTBITYy KUMBKICTH JIFONIEH, SKi BHKOPHUCTOBYIOTH
React [6]. Asre BogHOYAC BiJICOTOK THX, XTO CIIPOOYBaB i
BHUPIIIHNB OLIBIIIE HE 3aCTOCOBYBATH Vue.js, — Hik4e [7].

Kinbkicts BakaHCiit — MaOyTh, HalBaXKITMBIIINIA TIO-
Ka3HUK. SIKImio Bci momepenHi rpadikd MpencTaBisIn
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Ingpopmayiini mexnonozii

Oe3rocepeHbO TYMKY pO3pOOHUKIB, 11i JIaHi BitoOpaska-
I0Th TIOTpeOu Oi3Hecy. UM OitbIme omy0IiKOBaHUX Oro-
JIOIICHB, THM O1JIbIIe IAHCIB OTPUMATH POOOTY 32 MCH-
Uit yac.

Byno npoananizoBaHo HalOIBII MOMYJISIPHI TIIAT-
(opmu monryky poOOTH Ui pO3pOOHHKIB.

CraHoM Ha ChOTOJHI, Oi3HEeC OLTBINEC HATA€E mepe-
Bary React mix Vue. Sk Buano i3 rpadika (puc. 5), React
He 3aJIMIIa€ )KOAHUX IIaHCciB Vue.

2000 B React

. Vue js

1500

1000

Linkedin

Indeed.com djinni.com jobs.dou.com

Puc. 5. KinbkicTb BakaHCii Ha HAHOUIBII TOMYISAPHUX
iatopMax MouryKy podoTH Juis po3poOHHUKIB

3MiHu B iHTepdelci Oynp-IKoro Bed-101aTKy BHU-
KOHYIOTHCS IIIAXOM MoAudikawii 06’ ekTHOI Moaeni J1o-
kymenrta (DOM). IcHytOTh Taki MOHSATTS, SIK BipTyalbHa
DOM Tta peanbna DOM. Bin toro, sik opraHizoBaHuii
npotiec podotu 3 DOM, cepito3HO 3aJIeKUTh TPOIYKTH-
BHiCTh JavaScript pimeHns st po3poOku BeO-I0IaTKIB.
VY React BukopuctroByeThes BipryansHa DOM — ne ner-
KOBa)KHA CHCTEeMa, sika He 3aJIeKUTh Big Opayszepa. On-
HI€I0 3 OCHOBHHUX MPHYMH NOMyIsipHocTi React € Te, 1o
6i6mioreka ayxe edextuBHO mpairroe 3 DOM [8]. V Vue
TaKOX BUKOPUCTOBYETHCS BipTyanbHa DOM, aie, B mo-
piBusiHHI 3 React, Vue Bipi3HSAETHCS OUIBII BHCOKOO
MPOAYKTHUBHICTIO Ta cTabimpHicTio [9].

CHiJIpHOTH, 10 CKJIAJAI0THCS HABKOJIO TEXHOJIOTIH,
CEpHO3HO BIUIMBAaIOTh HA IX PO3BUTOK Ta PO3IOBCIO-
JDKEHHS. 30KpeMa, YJICHHU CIUIBHOT 3JaTHi JAOTOMOTTH
OCHOBHHUM PO3POOHHKAM TEXHOJOTIi, BOHH CTBOPIOIOTH
PI3HI JOATKH, a TAKOX JIOTIOMArarTh HoBaukam. [1inT-
PUMKOIO Ta pO3BUTKOM camoi 6i0miorekn React 3aiima-
etbest Facebook. Ile nae Tomy, xT0 00Hpae 1o 6i6mi0-
TEKY K OCHOBY CBOT'O Be0-I0AaTKY, JOCUTh BUCOKHH pi-
BEHBb BIIEBHEHOCTI B TOMy, o React y HaWOmmkaoMy
MaliOyTHbOMY HE TIEPETBOPUTHCS HA SIKUHCH 3aHEI0aHUI
yciMa MpOEeKT.

CmiBroBapuctBo React-po3poOHUKIB CTBOPHIO Ta
miaTpuMye Oe3nid JomaTKOBHX iHCTpyMeHTiB. Ha Bin-
MiHy Bim React, Vue — me mpoekr, 0Tt BUTOKIB SKOTO
CTOITh 3BUYAlHA JIOIMHA, a HE BENMKa Koproparis. Sk
pe3yABTAT — CIIOYATKY ITiCIIS MTOSIBY 11l (pelMBOPK BU-
TIIAIaB B O49aX PO3pOOHMKIB HE 0co0MMBO HamiitanM. Of1-
HakK uyepe3 AesKuil yac Vue ctaB HaA3BUYANHHO MOMYJISIp-
HUM, B OT0 pO3BUTOK pOOUTH BHECOK Oe3.1id po3poOHH-
KiB. @aKTUIHO, MOXXHA TOBOPHTH IIPO TE, IO CAME CITi-
JTBEHOTa VUue-po3poOHUKIB I Ta CHJA, SIKa MiATPUMYE
TIPOEKT.

SIKImo po3mIAAaTH MUTaHHS PO3MIpY IyXe CHpo-
MIEHO, MOJKHA CKa3aTH, o React Tpoxu OimbIIui, Hik
Vue. Po3mip React — 6musbko 100 K6, posmip Vue — 0nn-
3pk0 80 K6. Po3mip JavaScript 6i6miotekn abo dpeiim-
BOPKY — II¢ Ty’K€ BOXJIUBHI IOKa3HUK, SIKHUI Ty)Ke BILTH-
Ba€ Ha MPOAYKTHBHICTH BeO-01aTKiB. UnM BiH MCHIIIHH,
THM Kpalle.

OmHak TYT CJIijl 3a3Ha4mTH, Mo React, ais peaiza-
i TIEBHUX MOXJIUBOCTEH, MOTpedye CTOPOHHIX 0i0i0-
Tek. OIHIEI0 3 TAaKUX MOXIIMBOCTEH € MapUIpyTH3alis.
Vue x — 1Ie MPOEKT, IO BOJOMAIE OUIBIINM IEPEeTiKoM
CTaHJAPTHUX MOXJIMBOCTEH, Xo4a i mpu podoti 3 Vue
0e3 momaTkiB Texk He obifiThcs. I React i Vue, Bee i Takw,
MaloTh JIOCHTh CKPOMHI PO3MipH, IO POOHTH X LIIKOM
OPUIATHAMH JJIsI PO3POOKH HEBENHKHX 32 PO3MipOM
Be0-10JaTKIB.

[Tepm HiX OOMpaTH TEXHOJIOTIIO IJISi YEPrOBOTO
MPOEKTY, MPOTPaMiCTH Ta YIPaBIiHII 3a3BUYAil I[iKaB-
JSTHCSA THM, Y SIKHX ICHYIOUMX MPOEKTaX I TEXHOJOTs
BXKE 3aCTOCOBYETHCH.

SIK11o roBopuTH Mpo Te, Ha YoMy 3acHoBaHi React i
Vue, po JavaScript ta iniii BeO-TeXHOIOrT, MOJKHA CKa-
3aTH, 10 BCE 1€ 3aCTOCOBYETHCS B HE3JIIYCHHIH KiJIBKOCTI
KOMITaHiH.

SIKIII0 K TIOAMBUTHUCS Ha KOHKPETHI MPUKIAAN 3a-
crocyBaHHs React Ta Vue, To MOKHA BHIUTHTH, HAMPH-
KJ1aJ|, Takl KoMIaHii Jyist 3actocyBanHs React:

e Facebook — six yxxe Oyi10 ckazaHo, 11 KOMIaHis
cTBOpHJIa Ta miaTpumye React, i, KpiM TOro, akTUBHO BU-
KOPHCTOBYE 110 0i0JT1i0TEKY;

e Twitter — matdopma, opieHToBaHA Ha myOITiKa-
1[i10 KOPOTKUX TIOB1IOMJICHB;

e Instagram — wa wii miatgopmi akUEHT po-
OuThCs Ha MyOITiKaILlit0 300pakeHb;

e WhatsApp — momyssipHUi MeCeHIKED.

IIpuknanu 3actocyBaHusa VUe:

e GitLab — mpoekT, sikuii nomomarae po3podHHU-
KaM CITUIBHO CTBOPIOBATH PI3HOMAHITHI JIO/IATKH;

e 9Gag — NpoeKT, BIIOMUII MEMaMHU Ta IHIIUMH
MOIOHMMU MaTepianamu,

¢ Nintendo — po3pobuuKk irop;

e Grammarly — cepBic 3 mepeBipKu TpaMaTHKH.

CTOCOBHO THYYKOCTI PillieHb HAaBEJCHHUX Y CTATTI,
Snpo React Hapae nuie 6a3oBuii ¢pynkiionan. [Tix yac
KOMEPIIITHOTO BUKOPUCTAaHHA 1€l 0101i0TeKH i MOXKITH-
BOCTI JIOBOIOUTHCS po3mmproBaTtd. lle mae po3poOHHUKY
BEIMYE3HUH piBEHb THYYKOCTI OO BHOOPY JOAATKO-
BHX 1HCTPYMEHTIB.

IcuyroTh 3ac00u It po3poOkm iHTEpdeiiciB, imei,
3aKJIaJICH] B SIKI MOYKHA BBAXXATU HPSMO TPOTHICHKHUMHU
THM, 5K 3aknazneHi B React. Hanpukiman — e Angular —
(hperMBOpK, A0 CKIIaAy SIKOTO BKIFOUEHO Oe3JIid cTaH/a-
pTHEX 3aco0iB. [Infoc mporo roroBui Hadip 1HCTPYMEH-
TiB, 5IKi JOOpE MOEIHYIOTHCS OWH 3 OMHUM. MiHYC — Bi-
JICYTHICTB PiBHSA THYYKOCTI Y BHOODI TOJATKIB, SIKUH Ja€
React.

Slx1mo roBopuTH TPO KOHKPETHI 3aBAaHHS, SKi BU-
PIIIYIOTHCS 32 JOTIOMOTOFO TOJATKOBHX 010JTi0TEK, 110 BU-
KOPHCTOBYIOThCS 3 React, TO TyT MOXKHA BII3HAYHTH, Ha-
TIPUKIIA]], MapIIPYyTH3aIi0, KEpyBaHHS CTAHOM JIOIATKIB,
CEePBEPHUI PEHIEPUHT, PO3POOKY JOJATKIB TSI MOOLITEHHX
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npucTpoiB. Vue, Ha BinMiHy Bix React, nae po3poOHUKY
OinpLImit HaOip cTanmapTHUX iHCTpyMeHTiB [10], ski mo-
3BOJISIIOTH BUPINIYBAaTH Ti cami 3aBAaHHSA, SIKi y €KOCHC-
Temi React 3a3Bnuaii BUpIIIYIOTH 3 1ONIOMOTOI0 CTOPOH-
HiX 6i0mioTeK.

I Ha ocTaHOK PO3TIITHEMO KKPHBY 3/IaTHOCTI HaBYa-
Tucs» s React ta Vue. Jlnsg movyatky mamo 3arajbHe
BH3HAa4YCHHS Iboro TepMiHy. Ile rpacdiune mpezacras-
JICHHSI 3MIHU IIBHAKOCTI ONaHyBaHHS IIEBHOTO 3HaHHS
a00 BUIY JisUTHHOCTI.

VY HamoMmy BUNaJKy HIETHCS PO MIBUAKICTH OCBO-
enHs React Ta Vue. [IpoananizyBaBmy pe3yiabTaTH OIH-
tyBanns The State of JavaScript [11] po6imMo BHCHOBKH,
mo Vue ocBoitu Jsiermre, Hixk React. SIk BugHO 3 pe3yib-
TaTiB ONHUTYBaHHs, 0arato XTo 3 pO3pOOHHMKIB SIKI KOPH-
cryBaiucsi React, nmmanyroTh 3HOBY KOPUCTYBATHUCS LI€I0
6i0iorexkoro. Ynmaino po3poOHUKIB 3alliKaBieHl y BH-
BueHHI React. fkmio »x roBoputu mpo Vue, T0 MOXHA
BiJI3HAYUTH, IO MOKA3HUK BUKOPHCTAHHSI LILOTO Pperim-
BOpPKY HE TakuM BelIMKHi, sk y React, a moka3Huk, 1o
BKa3ye Ha 3alliKaBJICHICTh y BUBYEHHI, epeBHIIye React.
e mo3BoIIsiE TOBOPUTH ITPO T€, 0 Vue — 11e HpeiiMBOpK,
KU Ty)ke 6arato XTo xo4e crpoOyBaTh. B pe3ysnbraTi,
BPaxOBYIOUH Te, 0 Vue JIeTIIe B OCBOEHHI, O4iKYEThCS,
1110 B MaOYTHHOMY 3pOCTE KUTBKICTh THX, XTO BUKOPHC-
TOBYBaB Vue i IJIaHye BUKOPHCTOBYBATH 3HOBY.

BucHoBok

VY cratti po3rnsiHyTH (peiiMBopkr React Ta Vue.
OOuzBa MarOTh CBOI MEpeBard Ta HEIONIKH, YUMOCH

BOHH CXOJXI, @ YIMOCh Pi3HATHCS. React Habararo mormy-
JISIPHINIAN, 8 OTXKE CIEIIaIiCT KUK BONOiE UM (peid-
MBOPKOM € OLUTBIII I[iIKaBUM 3 TOYKH 30py POOOTOHABIS Y
nopiBHsAHHI 3 VUE. Ase Hacamrepes, Vue Jierme B BH-
BYEHHI SIK HOBaYKaM, TakK 1 TUM, XTO B)KE€ Ma€ JIOCBiJI po-
601 3 OyIb-KUM 13 PPEHMBOPKIB.

Omxe, monyssipHicTh VUE 3pocTae, Hacammepes 3a-
BISIKM YY/IOBii JOKyMEHTallil, IPOCTOTI BUKOPUCTaHHS
Ta MOXKJIMBOCTSM TMOCTYIIOBOT'O BIIPOB/KEHHS. Vue po-
3po0NSETBCA Ta MIATPUMYETHCS KOMAHJIOK, Ma€e IIUp-
mmit HaOip BOyZOBaHMX iHCTpyMeHTIB Ta pimenb. 1o
CTOCYEThCS MIBUAKOCTI PO3POOKH, 3a JOMOMOrom Vue
CLI 4 notpiOHo su1Ie KijbKa TH)KHIB, 1100 HaIaIITyBaTH
Ta BUITYCTUTH NPOJYKT, TOTOBHH J0 MPOJAXKY.

Skio 3i0paTi BOEIUHO BCE Te, 110 MEPEPAXOBaHO B
CTaTTi, MO’KHA 3pOOUTH TaKi BUCHOBKH:

e React nonynspHimmii 3a Vue,

e React KOpHCTY€ETHCS MIATPUMKOIO BETUKOT KOM-
naHii, Tofi K Vue Takol miITPUMKU HeMae;

e \ue kpare migiiiae, Ko HeoOXiJHO HETaiHo
po3movaTi po3pooKy;

e \Ue gae 3MoOry OTpUMaTH JOCTYI 1O OLIBIION
KIJIBKOCTI 1HCTPYMEHTIB BiJi PO3POOHUKIB (pEHMBOPKY
Ta X HATPUMKY;

e B VUE IPOCTEXYETHCS 3MIIIAHHS MOMXIIUBOCTEH
JEAKUX IHIIUX YCIIIIHUX (peHMBOpPKIB y TOMY YMCII
React. [1lo nae 3Mory BUKOPUCTOBYBAaTH HalKpallli apa-
JIUTMU Ta MiIX0IU 10 pO3pOOKH BeO-I0AaTKIB Ha ChOIO-
JIHILIHIN IeHb B OIHOMY (peiMBOpPKY;

e po3mip Vue meHmmii 3a po3mip React.
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Analytical overview and comparison of modern JavaScript solutions
for web application development

E. Malokhvii, V. Buhai, H. Molchanov, O. Chernykh

Abstract. The subject of research in the article is modern JavaScript solutions for web application development. The
purpose of the work is to provide an analytical review of JavaScript solutions for web application development. Moreover, a
comparison in the article is based on trends for 2021. For the reliability of research of the current state of the market, authors used
the following tools: Google Trends, Stack Overflow Developer Survey, GitHub Stars, State of JavaScript, the most popular job
search platforms for developers. The article compares the well-known React library and the young Vue framework, highlighting
their advantages and disadvantages.
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LenTpanbHOYKpaiHCHKUH HalliOHANBHUM TEXHIYHUH yHiIBepcuTer, M. KponuBHHIIbKUH, Y KpaiHa

METO/IM 3EEPITAHHS JAHUX PEKOMEHJIALIITHOI CHCTEMH
HA OCHOBI 3B’SI3HUX CIIUCKIB

AHoTanisi. Meroto nanoi podOTH € TOCIIDKEHHS Ta TOPIBHSUIGHAI aHali3 METOMIB 1 CTPYKTYp JaHMX Uil 30epiraHHs iH-
(dopmartii pekoMeHaniiHOI CUCTEMH, 11100 MOPIBHATH e(eKTUBHICTH iX BUKOPHCTAHHS 3a 3aTpaTaMH dacy Ta mam’siti. Bubip
METOy INPEACTaBIECHHS JaHMX, SIKUMH OIlepye peKOMEHJaliifHa cucTeMa, Ma€ BaKIMBE 3HAUCHHS, OCKUIBKH e(PEeKTUBHUM
croci6 moOynoBH 0a3u JaHUX TSI POOOTH TaKOi CHCTEMH MOYKE 3MEHIINTH KUTBKICTh HOTPIOHMX pecypciB Ta 30UTBIIATH Kilb-
KiCTB JIOCTYITHUX aJTOPUTMIB JUTs JOPMYyBaHHS CITUCKIB pEKOMEHMAMIH, a TAKOXX € BaXKIIMBIM 3 TOYKH 30Dy SKOCTI 1i poborwn,
IIBU/IKOCTI, MOXKJIMBOCTEH MacITaOyBaHHS Ta 3pyJIHOCTI BUKOHAHHS OCHOBHHX OIepamii 3 JaHUMU Wi (OpMyBaHHS PEeKo-
MeHamnii. HassBHICTh BETMKOI KUTBKOCTI Pi3HUX METOJIB peaizallii 0a3 JaHuX Ta MpecTaBiIeHHs iHopMallii, 1o MoXHa BH-
KOPHCTaTH TPH MMOOYI0BI peKOMEHAAMIHIX CHCTEM, BHKIMKAE HEOOXIHICTh IMOPIBHJIGHOTO aHANII3y Ta BUOOPY ONTHMAab-
HOT'O METOJLY i CTPYKTYPH JTaHHX JUTs 30epiraHHs iHpopMarii B HUX. Y po0oTi OyJI0 MpoBeIeHO JOCTIIKEHHS Pi3HUX CTPYKTYP
JIAHUX, SIKi MOJKHA BUKOPHCTATH IS 30epiraHHs iHpopMarlii peKOMeHIAIIHHOI cucTeMu. 30KpeMa, TaKHX sIK 3B’SI3HUIA CIHCOK,
PO3rOPHYTHIA 3B’SI3HUH CITHCOK, Xem-Tadimis, B-nepeBo, B+-mepeBo Ta GinapHa miarpama pimens. JJist mpoBeneHHs eKcreprme-
HTIB 3 TIOPIiBHSHHS €(DEeKTHBHOCTI 3aCTOCYBaHHS Pi3HMX CTPYKTYp JaHUX 3a 3aTpaTaMH 4acy Ta ImaM’siTi Oyio po3poOnieHo npo-
TpaMHy MOJIENb CIPOIICHO! pEKOMEH/IAIIMHOI CHCTEMH, B SIKiii OYII0 BHIUIHO TPH OCHOBHI CYyTHOCTI — areHT, Cecisl Ta IpeMeT.
Hatikpamyi pe3ynbTaTi mokasann MeTomy 30epiraHHs JaHUX 3 BUKOPUCTaHHSM PO3TOPHYTOTO Ta iHBEPTOBAHOTO PO3TOPHYTOrO
3’SI3HUX CIHCKIB. ToMy OyJ10 BHpIIIEHO TaKOX MPOBECTH JIOJIATKOBY CEPi0 eKCHEPHUMEHTIB 3 MU CTPYKTYpaMH JaHHX UL
pi3HOTO pO3Mipy OJIOKY CIIUCKY. PO3ropHyTHI CIMCOK TIOKa3aB Kpallli pe3yiIbTaTH 32 BUKOPUCTOBYBAHOIO IaM SITTIO Ta 3a Ya-
coM reHepanii ceciii. [HBepTOBaHMI PO3TOPHYTHI CIIMCOK TI0KA3aB IIepeBary 3a 4acoM reHepaii peKoMeHIarlii.

Karw4dosi caoBa: pekomeHnauiiiHi cucremu, 6a3u JaHUX, MPOrpaMHa iMiTaliiiHa MOJieNb, 3B’ I3HUH CIIMCOK, PO3TOPHY-

THi 3B’ A3HUH CIIMCOK, Xem-Tabnuus, B-nepeso, B+-nepeBo, 6iHapHi fiarpaMu pilieHs.

Beryn

PexoMeHzaliliHi CHCTEMHU y Halll Yac € BasKJIUBOIO
CKJIQJIOBOI0  COLIQJIbHUX  MEPeX Ta  KOHTEHT-
OpIEHTOBaHUX BEO-CAMTIB 1 3HAYHUM YMHOM BILUIMBAIOThH
Ha Te, K KOPUCTyBadl CHpUIMAaIOTh iH(pOpMAIiitHuUi
npoctip y Mepexi Iurepuer [1, 2]. Bubip metomy npen-
CTaBJICHHS JaHUX, SIKUMH Ollepye peKOMeHIamiiiHa crc-
TeMa, Ma€ BaXXJIMBE 3HAYCHHS, OCKUIBbKU e(EeKTHBHHI
crnoci® moOy0Bu 0a3u JAaHuX 1yisi poOOTH TaKol CHCTe-
MH MOXK€ 3MEHIIUTH KUIBKICTh MOTPIOHUX pEecypciB Ta
30UTBLIMTH KIJIBKICTh JOCTYIHUX alTOPUTMIB st op-
MYBaHHs CIIUCKIB pekomenpaniit. Omke, BUOIp METONIB
peanizauii 6a3u naHux i 30epiranHs iHpopmarii pe-
KOMEHJAIIMHOI CHCTEeMH € BaXXJIHMBOK HAYKOBO-
MPaKTUYHOIO 337a4elO0.

Ha choroaHimmHiii 1eHp icHye 0arato pi3HHUX CHC-
TEM YIpaBIiHHSA 0a3aMu JAHUX, KPIM pessiiiiHux 0a3
JaHUX IIUPOKE 3aCTOCYBAHHS OTPUMYIOTH 0a3dl JaHHX
turry NoSQL [3, 4]. CYB]] Tty NoSQL MoxyTh OyTH
peaiizoBaHi HO-pi3HOMY, 30KpeMa, sk CXOBHINA THITY
«xiou-3HaueHHs» (Key-value stores), MacmraboBani
posmoxineni cxoBuina (Column Family (Bigtable)
stores), rpadoBi CYB]J] (Graph Stores), nokymeHTO-
opierroBani CYB]I (Document Stores) Tormo [3-5].

Crioci6 30epiraHHs TaHUX PEKOMEHAALIWHOI CHC-
TEMH € BaXXJIMBUM 3 TOYKH 30PY SIKOCTI 1i pOOOTH, IIBU-
JIKOCTi, MOXKIIMBOCTEH MacIuTaOyBaHHS, 3PYJIHOCTI BU-
KOHAHHSI OCHOBHUX OIEpaIii 3 JaHUMHU ISl OpPMYBaH-
HS peKOMEHJAIIii.

Bce wgacrime mus 30epiraHHs JaHUX pPEKOMEHIa-
LifHUX CHCTEM Ta IHIIHAX TOJATKIB MOYHMHAIOTH BUKOPH-
croByBatd rpadoBi Monemni [6-8], Takoxk rpadoBa dop-
Ma ITIPEACTABJICHHS JaHUX CTa€ IMOLIMPEHOI Y Iporpa-
MHOMY MOJICIIOBaHHI CKJIAJHUX CHCTEM Ta Mepex [9-

12], i ue BimOyBaeThcs 4epe3 psia mepeBar rpadoBUX
mozeneit [8, 13]. SIckpaBuM NPHUKIAIOM TAKOTO MiAXOAY
SIBJISIETHCS MOOY/I0Ba PEKOMEHIAIIIHIX CHCTEM 3 3a-
crocyBanHsiM rpadoBoi CYBJ] Neo4j [14]. I'pacosi
mozeni CYB/] Hanarots He e 3pyqnuii popmar 30e-
piraHHs 1aHuX, a U 3py4nuit Gopmar 3anuriB. B noky-
menTauii 10 Neodj € npukiaan peanisaiii ajiropuTMiB
(dopmyBaHHs pekomenpauiit 3amuramu 1o uiei CYB/,
IO UTIOCTpYeE 1 NPUAATHICTD Ul BUKOPHCTAHHS B pe-
KOMEHIALIMHUX CUCTEMAX.

HasBHicTh Benukoi KiIbKOCTI pi3HUX METOJIB pea-
mizamii 0a3 JaHMX Ta CHOCOOIB TpencTaBieHHs iHdop-
Mallii, 110 MOYKHa BHUKOPHUCTATH IPH MOOYIOBI peKome-
HJIAIIHUX CHCTEM, BUKJIMKA€E HEOOXIIHICTD MOPIBHSIb-
HOT'O aHaji3y Ta BUOOpPY ONTUMAIBLHOI'O0 METOAY 1 CTpY-
KTYpHU JaHHX JUisi 30epiranHs iHQopMarii y TaKhx CUC-
TeMax.

OcHOBHA YacTHHA

Bymo mpoBeneHO MOCHIIPKEHHS PI3HUX CTPYKTYP
JTAHWX, SIKI MOYKHA BUKOPHUCTATHU ISl CTBOPEHHS 0a3u Ja-
HHUX peKOMeHariiHoi cucremu [15, 16], a came Himkde-
HABCIICHHX.

3B’s3umii cnucok (linked list) — ctpykrypa nanmx,
y SIKiif KOJKEH €JIeMEeHT MICTHUTh TOJIsI JaHUX Ta BKA3iBHUK
Ha HACTyImHHI eneMeHT. OCHOBHA TIepeBara Ii€i CTpyKTy-
P TOJISITae y CTAJIOMY Yaci J0JaBaHHS HOBOT'O €IIEMEHTY.

IIpoTe st KOXKHOTO eEeMEHTY MOTPiIOHO BHAIIATH
HOBHI ONIOK TaM’ATi, TOMY MEHEIKEep IaM sITi CIIPHIH-
HS€ 3HAYHI 3aTPUMKH Ta HAKJIAQJHI BUTPATH MaM STI B
mporieci poooTH.

PosropuyTuii 38’ ss3umii cricok (unrolled list) —
3B’SI3HUH CITUCOK, KOJKEH €IEMEHT SKOr0 MiCTHTh MAacUB
norivanx eneMeHTiB. Lle mo3Bomsie 00’eqHATH TepeBaru
MAacHBIB Ta 3B si3HHUX crrckiB. O0’eaHaHHsa OJIOKIB JIOTI-
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YHHUX €JIEMEHTIB y CIHCOK JO03BOJISE OAABATH HOBI efe-
MeHTH Oe3 3MiHM pO3Mipy OJIOKYy Iam’sTi, €KOHOMHTH
rmam’sITh Ha BKa3iBHUKax Ta e€(eKTHBHIIIE BUKOPHUCTOBY-
BaTH Kell MpOLEcopa 3aBASKU MOCIiIOBHOMY PO3TAIIly-
BaHHIO eJeMeHTIB. [Ipy mociijoBHOMY 3aIlOBHEHHI CIH-
CKY TapaHTYEThCS, 10 HE3AMOBHEHUM JIMIIUThCS HE Oi-
JIBILIE OJTHOTO OJIOKY €JIEMEHTIB.

Xemr-ta6uns (hash map) — ctpykrypa ganux, y
SIKIH TIONIYK €JEMEHTY 3JIHCHIOETHCS Ha OCHOBI HOTO
kioda. Ha po3TanryBaHHS eJIeMEHTa y XEII-TaOJIHIl BKa-
3y€e XelI-3HaueHHs Horo Kitoda. Ko JeKijbKa eeMeH-
TiB MalOTh OJHAKOBUI XEII, TO BUHHKAE KOM3is. IcHye
JIBa METO/IM PO3B’S3aHHS KOJI3iH — 3aKpHTa Ta BiJKpHUTa
anpecarii. [Tpu 3akpuTiii agpecariii KOKeH eIeMEHT Tao-
JIUII — 11 3B’SI3HUH CIUCOK, 1 YCi €IIEMEHTH 3 OIHAKOBHM
XelIeM JIOIAI0ThCS JI0 OHOro crucky. lle e nHaiinpocTi-
LIMM CIIOCOOOM PO3B’sI3aHHS KOJMI3iH, aje BUMarae BUKO-
pHUCTaHHS JOAATKOBOI Mam’sTi JUIi BKa3iBHUKIB 1 HE JO-
3BOJISIE BUKOPHCTOBYBATH TIepEeBark KElIyBaHHS MpH 00-
XOJIi €lIEMEHTIB XelI-Ta0HIIL.

[Tpu BigkpuTiii anpecanii y BUnaaky komisii oOupa-
€ThCsl HOBA TIO3MIIIs eneMeHTy. HoBa mo3umis Mmoxxe oou-
paTHCs 5K 3a JOIOMOTOI0 A0JATKOBOI XelI-(yHKILIi, TaK i
IIISIXOM 3MIIIEHHs TO3MIIT Ha JeKiibka enemeHTiB. [1o-
IIyK €JIEMEHTY MMOBTOPIOETHCS, TOKU He Oyje OCSTHYTO
MOPOXHBOTO 3aNKCy y Tabimii. Binkpura anpecanis Bu-
KOPHUCTOBYE (hiKCOBaHMU 00’€M mam’siTi i He MOTpedye
JIOZIATKOBHUX BKa31BHHUKIB, ajie sl e()CKTUBHOCTI Omepa-
1[I} BCTaBKH 1 MOIIYKy TaOuuns Mae OyTH 3allOBHEHA He
Ou1bm, HiK Ha 50%, TOX 1€ COpPUYMHSE NONATKOBI BHU-
TpaTH Ham’SITi.

B-nepeBo (b-tree) — ctpykTypa maHuX mpencTaBie-
Ha 30aJIAHCOBAaHMM Ta CHJILHO PO3Taly[UKCHHUM JEPEBOM
nowryky. Koxxen By3on B-nmepeBa, KpiM JIMCTKIB, € ymHo-
PSIKOBAHUM CITUCKOM, Y SIKOMY YepryroThCs KUl 1
BKa3iBHUKM Ha MOTOMKIB. Kittoui By3na BKa3yloTh iHTEp-
BaJl, y AKOMY 3HAaXOAATHCS KIIOYi IOTOMKY. B+-mepeBo
(B+-tree) BimpisHAETHCS THM, 10 BOHO 30epirae yci 3Ha-
YeHHS Yy JIMCTKOBUX BY3JIaX, a JIMCTKOBI BY3JIM MarOTh
MOCHJIAHHS HA CYCiJia, 3aB[SIKM YOMY MOXKHa OOIWTH yci
3HAYeHHsS 0e3 00X0/y BChOTO JiepeBa. 3aBJISKU BEIHKIH
PO3TayXKEHOCTI JepeBa MiATPUMYEThCS Maja BHCOTA
JepeBa, [0 O3BOJISE IEperiisiaTH HEBEIHKUH 00’eM
JaHUX 3a OIVH IPOXiJ, a 3aBASKH NpaBuiiaM HOOYIOBH
3HAYEHHSI 30€piraloThCsl y MOPSIKY 3pOCTAHHS KITFOUa.

BinapHi giarpamu pimens (BDD) — exornomua o-
pMa TIpencTaBieHHs OyaeBUX (QYHKIH y BUITISII OPIEHTO-
BaHoOro amukiigHoro rpady. Bepumuu rpady npencras-
JISIFOTh apryMeHTH (DYHKIIT, JIUCTKU — 11 JBIMKOBI 3HAYEH-
Hi. [ nonaBaHHS 1 BUTy4eHHs pebep Ta 3MIHM Bard pe-
Oep HEeoOXiTHO MaTH MOMKITUBICTh pearyBatH JaHi rpady.
B/IP nmarote MOXIHBICTH 30epiraTv JaHi y CTHCHEHOMY
BUTJISII T IIBHUIKO OTPUMYBATH 3HAYCHHS (QYHKIII 3a il
napamerpamu, ane peaaryBanHs B/IP Bumarae ckiagHuX
obuuciens. [Ipu npencraBieHHi OyneBux QyHKIH y ¢o-
pmi BJIP crano MoxiBHM pO3B’sS3yBaTH HaraTo mpodiieMm,
SKi TIpH TPaAWIiHHUX TPEICTaBICHHAX CTPYKTYp He-
PO3B’s3HI Uepe3 3HaYHy PO3MIPHICTH TAKUX IPEICTABICH
1 cxmamHicTh orepamniii Hajy HUMH. bJIP MOoXyTh ycminiHO
3aCTOCOBYBATUCA (PaKTUIHO B KOXKHIN TaiTy3i, Ie OTPiOHO
00pOOIIATH AUCKPETHI CTPYKTYPH JAHHX.

Byno mpoBeneHo cepito eKCHEepUMEHTIB ISl TIOpiB-
HSIHHS €(DeKTUBHOCTI BUKOPHCTAHHS PO3TIITHYTHX CTPYK-
TYp IAHUX 3a 3aTpaTaMH 4Yacy Ta mam’sti. Pe3ympraTtn
eKCTICpUMEHTIB HaBeZeHI y Ta0amIpsix -2 Ta Ha pUCYHKax
1-2.

EKcriepuMeHTH TPOBOIIINCS Ha KOMITIOTEpi 3
nporecopoMm AMD Ryzen 5 3600 ta 32 I'6 onepaTtuBHOI
nam’siti. [ popMyBaHHS pekoMeHariit Oyno BUKOpH-
CTaHO KoiabopaTHBHY (GiJbTpallifo. 3 METOH MOJIEIIO-
BaHHS PEKOMEHJAIIfHOI CUCTEMH PO3POOIIEHO ITpOrpam-
Hy IMITalliifHy MOJIeITb, B SIKiii OyJI0 BHIJIEHO TPU OCHO-
BHI CyTHOCTI — areHT, cecis Ta mpeamet. Ha miid mporpa-
MHi} MOJIEII 1 MPOBO/IIIHCS EKCTIEPHMEHTH.

J71st poBEICHHsT eKCIIEPUMEHTY M0 BUBUYCHHIO T10-
TpeO B OMEpaTHBHIN MaM'sTi OyJI0 po3pOOJICHO MpOrpam-
HY MOJETb CIPOMICHOT PEKOMCHIAIINHOI CHCTEeMH, B
AKil OyJI0 BUALIEHO TPH OCHOBHI CYTHOCTI — areHr, cecist
ta npeamer [15, 16].

PekoMeHzalliiiHa cHcTeMa OTPUMYE HACTYMHI TMa-
paMeTpu: Ny — KUTBKICTh areHTIB, Ns — KUTBKICTB CECiH, N
— KUIBKICTh TIpEIMETIiB, Na — MaKCHMalbHa KiJbKICTh
BITOJI00AHb areHTa, Ns| — MAKCUMAaJIBHUH PO3MIp cecil.

PC y po3pobneHiit mporpamHiii MOzieNi Mpaiioe 3a
HAaCTYITHUM aJITOPUTMOM:

1. Jlnsa KOXKHOIO 3 Ny arcHTIB BUIIAKOBUM YHHOM
reHepyeThest Bif 1 110 Ny Bogodaus. [Ipu npoMy yHika-
JIBHICTH BIOAOOAHb HE MEPEBIPSAETHCS, TOMY peajibHa Ki-
J'II)KiCTI) BHO}IO6aHL MOKE€ BUABUTHUCA MCHIIIC.

2. CrBoproetses Ns ceciit. J1o KoxkHOI cecil 3akpin-
JIFOETHCSl BUIMA/IKOBUM YMHOM oOpaHuii areHrt. [lotim ce-
pexn BIOxoOaHb IbOIO areHTa BUIIAJKOBMM YMHOM OOH-
paetbest Bim 1 mo Min(na, Nsi) BIIom06aHs, sIKi KO FOFOTHCS
10 cecil.

3. BumagkoBuM UYMHOM OOHMPAEThCS KOHTPOJIbHA
cecis, s sikol Oyae copMOBaHO PEKOMEHIALIITO.

4. BuzHauawoThcs yci IpenMeTH, sKi HAJIeKaTh JI0
KOHTPOJIBHOI cecii.

5. 3miCHIOETBCS TOIIYK YCIX CecCiif, BIOJoOaHHsS
SAKUX MAlOTh IEPETHH i3 BIIOAOOAHHSAMH KOHTPOJBHOI
cecii. Ha mpoMy erami € MOXIUBICTH Bin(UIbTpyBaTH
cecii 32 po3MIpOM TMEePETHHY.

6. BusHawaroTbcs mpenmeTH, sKi Oyne pekoMeH-
JIOBaHO. 3JIIMICHIOETHCS TMOIIYK YCiX MPEAMETIB, SIKi Ha-
Jexarth xoda O OfHIH 3 BifiOpaHUX ceciii, aje He Haje-
JKaTh JI0 KOHTPOJBHOI cecil. Ha 1ibomy eramni € MoxJin-
BICTh BiA(UIBTPYBAaTH MPEIMETH 32 KUTBKICTIO 3aKpirLie-
HHX ceciil.

Pe3ynpTaTn ekcrieprMeHTiB HaBeeHi y Tabu. 1, me:

—agentCount — KiJIBKiCTh areHTIB;

— itemsCount — KiNbKiCTh TIpEAMETIB;

— sessionsCount — KinbKICTB CeCilf;

— sessionsSize — po3mip cecii;

—maxLikes — MakcuMaipHa KidbKiCTh JIAHKIB,

— BJIP — GiHapHi miarpaMu pilieHsb.

Sx BuaHO 3 Tabmumi 1, HaWKpaml pe3ynbTaTH ITOKa-
3a7u MeTonu 30epiraHHs 3 BUKOPHUCTAHHSIM PO3TOPHYTO-
TO0 Ta iHBEPTOBAHOTO PO3TOPHYTOTO 3’SI3HHUX CIHCKiB.
Tomy Oyno BUPIIIIEHO TAKOX TPOBECTH TOJATKOBY CEPIF0
eKCTIIEPIMEHTIB 3 IIMMHU CTPYKTYpaMH JaHHUX U Pi3HOTO
po3mipy OOKY (KiNBKICTh €TIeMEHTIB B OJIOII 3B’S3HOTO
CIIHCKY), pe3yAbTaTH SIKOi HaBe/IeH] B Ta0I. 2.
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Tabnuya 1 —Pe3yIbTaTH eKCIePUMEHTIB 151 TOPiBHAHHS epeKTHUBHOCTI Pi3HUX CTPYKTYP AAHUX
1711 30epiranns ingopmanii pekomMenaaniiHoi cucreMu

3B SI3HUI CIIUCOK

Crpykrypa Bmc?pncm.ﬂ A Bmfopncmna Yac renepamuii Yac renepamii Hac remepan
namMm'sitb, MIH. naMm'sitb, MaKcC. J]aﬁKiB ms ceciﬁ ms peKOMeH}IaHlI/I,
AaHuX 3nau., Gb 3nau., Gb > > ms
agentCount = 65536, itemsCount = 131072, sessionsCount = 262144, sessionSize = 192, maxLikes = 1536
bJP 0,786 1,3 210945 237214 45766
Xemr-radanust 2,2 2,2 2312 4034 316
B+-nepeBo 2,1 2,1 5407 5324 213
3B'SI3HUI CIIHCOK 45 45 2989 4323 23223
Posropuyruii 0,578 0,578 962 2259 141
3B 'SI3HUU CITUCOK
Iuseprosanuii 0,767 0,767 947 3842 93

agentCount = 131072, itemsCount = 262144, sessionsCount = 524288, sessionSize = 256, maxLikes = 2048

3B’SI3HUI CIIMCOK

BP 18 3,6 607610 682754 153045
Xemr-radauns 6,4 6,4 5359 10811 2312
B+1epeBo 5,6 5,6 14925 14554 720
3'st3nmii CCoK 121 121 8052 11195 74346
Posropuyruii 1,2 1,2 2623 5921 412
3B 'SI3HUU CITUCOK

TuBeproBannuii 1,9 1,9 2616 10457 277

agentCount = 262144, itemsCount = 524288, sessionsCount = 1048576, sessionSize = 256, maxLikes = 2048

BJIP 34 7.2 1366467 1551391 313122
Xemr-radauust 12,8 12,8 10661 21722 4248
B+1epeBo 11,2 11,2 29810 29111 1357
3B's13HMI crMCcoK 24 24 16051 22323 146845
Posropuyuii 24 24 5227 11846 808
3B SI3HUH CIIUCOK

Tuseproparmii 39 39 5248 20919 563
3B SI3HUH CIIUCOK

Tabnuys 2 —Pe3yIbTaTH eKCIIEPUMEHTIB ISl IOPiBHSIHHS e(peKTHBHOCTI 3BHYAITHOT0 T iHBEPTOBAHOTO PO3rOPHYTHX
3B’AI3HMX CIUCKIB UIs1 30epiranns ingopmauii pekomMeHaauiiiHol cucTeMu

Ne Crpyxrypa Kimﬂ.dcn) ereen- Bmf()p“cmﬂa Yac renepanii Yac renepamii Hac reHepaL'(iv'l'
TiB B Os10Mi nam'siTh, MaKc. Lo, . peKoMenaanuiii,
eree. AaHuX 3B’SI3HOTO CITUCKY 3na4., Gb JIAHKIB, mS cecld, ms ms
1 P3C - 4,7 10954 25355 1998
. IP3C 7,1 10845 37742 1563
) P3C 130 4,4 10577 24480 1754
. IP3C 6,9 10393 42919 1281
3 P3C 200 55 10433 24427 1821
' IP3C 8,2 10429 42846 1334
P3C 4,8 10404 23710 1602
4. 260
IP3C 7,8 10933 41616 855
V 1abn. 2 0ya0 BUKOPHCTAHO HACTYITHI CKOPOYCHHS:
> P b P BucHoBku

P3C — pozroprytuii 38°s3Huit cmmicok, IP3C — inBepToBa-
HHUI PO3TOPHYTHIA 3B SI3HHIA CITHCOK.

PosropHyTHii cCMCOK MOKa3aB Kpallli pe3ylIbTaTh 3a
BHKOPHCTOBYBAHOIO TTAM SITTIO B CepeaHbOMY B 1,54 pasu
Ta 32 YacOM TeHepallii ceciii B cepenHpoMy B 1,68 pasis.

B TOi1 ke uWac iHBEpPTOBaHWI POSTOPHYTHI CIHCOK
MOKa3aB TIepeBary 3a 4acoM TeHepallii peKOMeHAaIlil B
cepenHpoMy B 1,43 pasiB.

UYac renepariii maifkiB 0OUIBa METOAN TTOKA3AIH TIPH-
OJIM3HO OTHAKOBHIM.

Y poboti Oyn0 TPOBENCHO IOCHIMKECHHS Pi3HUX
CTPYKTYp HaHUX, SKi MOYKHa BUKOPUCTATH TSI 30epiran-
HS TaHUX PEeKOMEH/IAIIHHOI CHCTEMH. 30KpeMa, TaKHX SIK
3B’SI3HUI CIHCOK, PO3TOPHYTHH 3B S3HUI CIHCOK, XEIIl-
tabmust, B-nepeBo, B+-nmepeBo Ta GinapHi miarpamu pi-
IICHB.

Jis mpoBeieHHS eKCIIEPIMEHTIB 3 TIOPIBHSIHHS e(ek-
TUBHOCTI 3aCTOCYBaHHS PI3HMX CTPYKTYp OaHHX 3a 3a-
TpaTaMH 4acy Ta mam siTi Oyso po3poOeHO MpOrpaMHy
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MOJIENTh CHPOIICHOI PEKOMEHIAINHOT CHCTEMHU, B SKil
OyJI0 BHIUICHO TPU OCHOBHI CYTHOCTI — areHT, Cecis Ta
npeamet. Halikpami pe3ysipTaTu mokazand MeToau 30e-
piraHHs JaHWX 3 BHKOPHCTAHHSM PO3TOPHYTOTrO Ta iH-
BEPTOBAHOTO PO3TOPHYTOTO 3B’SI3HUX CIHUCKIB. Tomy Oy-
JIO BUPILIEHO TAKOX IIPOBECTH JIOAATKOBY CEpil0 eKcIie-
PUMEHTIB 3 IIUMH CTPYKTYpaMH JaHUX IS Pi3HOTO po3-
Mipy OJIOKy cricKy. Po3ropHyTHii CIIMCOK IOKa3aB Kpa-
Il pe3yabTaTH 32 BUKOPUCTOBYBAHOIO TaM SITTIO B Cepe-

nHBOMY B 1,54 pasu Ta 3a yacoMm reHeparlii ceciii B cepe-
nHboMY B 1,68 pasiB. IHBepTOBaHM PO3rOpHYTHH CIH-
COK TT0Ka3aB IepeBary 3a 4acoM r'eHeparlii peKoMeH Al
B cepenaboMy B 1,43 pasiB. Uac reHepariii naikis o0umsa
METO/IH TI0Ka3aJIi MPUOJIN3HO OJJTHAKOBHM.

[Momanpii mocmipkeHHsT OyIyTh CIpsIMOBaHI Ha J10C-
JIDKEHHS iICHYIOYHX CHCTEM YIpaBIIHHS 0a3aMu JaHMX,
MeTofiB 30epiranHs iHpopManii y HUX Ta X eeKTHBHO-
CT1 JUTs PCKOMCH/IAIIITHAX CHCTEM.
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The methods of data storing of a recommendation system based on linked lists
V. Mikhav, Ye. Meleshko, M. Yakymenko, D. Bashchenko

Abstract. The goal of this work is to research and comparative analysis of methods and data structures for storing infor-
mation of a recommendation system in order to compare the effectiveness of their use in terms of time and memory costs. The
choice of the method for presenting the data used by the recommendation system is important since an effective way of building
a database for the operation of such a system can reduce the amount of resources required and increase the number of available
algorithms for generating lists of recommendations, and is also important from the point of view of the quality of its work, speed,
scalability, and ease of performing basic operations with data to generate recommendations. The presence of a large number of
different methods for implementing databases and presenting information that can be used to build recommendation systems ne-
cessitates a comparative analysis and selection of the optimal method and data structure for storing information in them. In the
work, research was carried out of various data structures that can be used to store information of the recommender system. In
particular, such as linked list, unrolled linked list, hash table, B-tree, B+-tree and binary decision diagram. To carry out experi-
ments comparing the effectiveness of using various data structures in terms of time and memory costs, a computer model of a
simplified recommendation system was developed, in which three main entities were distinguished - an agent, a session, and an
object. The best results were obtained with data storing methods using unrolled and inverted unrolled linked lists. Therefore, it
was decided to also conduct an additional series of experiments with these data structures for different sizes of the list block. The
unrolled list showed the best results in terms of memory used and session generation time. The inverted unrolled list showed an
advantage in the generation of recommendations.

Keywords: recommendation system, databases, computer simulation model, linked list, unrolled linked list, hash table,
B-tree, B+-tree, binary decision diagram.
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KPUTEPIi BABOPY CTAHJIAPTY BE3MPOBIJIHOI HEPEJAUI JAHUX
Y BUCOKOMOBLTLbHUX KOMIT'IOTEPHUX MEPEJKAX

AHoTanis. B crarti po3risHyTO 0COOIMBOCTI (QYHKIIIOHYBaHHS BUCOKOMOOUIFHAX KOMII IOTEPHUX MEPEXK B YMOBaX MiH-
JIMBOCTI cepe/IoBHINa Niepeadi JaHUX, HOro BIDIMBY Ha IIBHKICTh epeaadi JaHUX MK By3JIaMHU Ta METOJUKY BU3HAUCHHS
KpHTepiiB BUOOPY pi3HUX cTaHAApPTIB Oe3MpoBiaHOI epenadi fannux. MeTolo CTaTTi € po3pobdKa KpHTepiaabHOI Oa3H cenek-
THBHOT'O BHOOPY CTaHAAPTIB OE3MPOBiIHOI NIepeadi JaHUX Y BHCOKOMOOITBHIX KOMIT' IOTEpPHHX MEpekax B 3aJISKHOCTI Bif|
CTaHy CepeIoBHINa Ilepeiadi JaHUX Ta BiJIAJICHOCTI BY3IiB MiXK c000r0. OTprMaHi pe3yabTATH J03BOJSIIOTH: BHOKPEMHUTH
HAYKOBO-TIPHKJIAIHY 33]1a4a PO3pOOKU KpUTEPiaabHOI 0a3u CEIICKTHBHOIO BUOOPY CTAaHIAPTIB OE3MPOBIIHOI ITepenadi JaHux
Yy OKpeMHH KJac 3a7a4 y o0acTi pyXOMHX KOMIT IOTEPHHUX MEpe; TPOIOBKUTH IMOJATBIINI PO3BUTOK METOIANKH i JIBH-
IIEHHS )KUBYYOCTI BHCOKOMOOUTEHUX KOMIT FOTEPHHX MEpPEX B YMOBAX MIHJIMBOCTI IPOITYCKHOI 3/[aTHOCTI KaHAIIB 3B’ S3KY
MIDX BY3JIaMH; BUPIIIHTH 33Ja4y po3paxyHKy HeCTaI[ilOHapHOTo KoedimieHTa FOTOBHOCTI BiJTHOCHO BCiX iHTepQeHciB mepe-
Jla4i KOPHCHHX JaHUX BY3JIaMH BUCOKOMOOIJIBHUX KOMIT IOTEPHUX MepeX. J(oCIimKeHHs 03BOJISIOTE 3pOOUTH BHCHOBKH,
110 3aIPOIIOHOBAHI KpUTepil, 38 pe3yJabTaTaMi MOJEIBHOTO eKCIIEpIMEHTYBaHHSI, TafoTh eekT 15% cKopodeHHs Jacy Ha
nepenady o0CATY TaHUX B YMOBaX HOPMaJBGHOrO (pyHKIIOHYBaHHS BHCOKOMOOUTEHOI KOMIT IOTEPHOI MEpeXi y reTeporeH-
HOMY TIPOCTOpi Ta ANHAMIYHOIO 3MiHOIO BiICTaHI M)XK By3JIaMH MepeKi 3a Halepe]| 3a1aHot0 TpaekTopiero pyxy. Chopmy-
JILOBAHO HAIPSIMH MTOAANBIIOI pOOOTH, 30KpeMa 3arporiOHOBaHO IPOBEACHHS PsTy IPHUKIIATHAX €KCIIEPUMEHTIB ISl BUSIB-
JICHHSI 3aKOHOMIPHOCTI (pYHKITIOHYBaHHS peabHUX BHCOKOMOOUTEHIX MEPEX B yMOBaX 0OMEKEHOT0 €HepTreTHIHOT 0 3a11acy
XOJy BY3JIiB Ta BIUTMBY 30BHIIIHBOI'O CEPEIOBUIIA Ha HHOTO.

Kar4doBi ciaoBa: BUCOKOMOOIIbHA KOMIT FOTEpHA Meperka, KpUTepil, craniapt nepenadi qanux, |IEEE 802.11.

Beryn

ITocranoBka mpodiaeMu. OCTaHHIM 4acoM BHCO-
KOMOO1JIbHI KOMIT' FOTepHI Mepexi Ha 1uatdopmi Oe3ri-
JIOTHUX JIITAJILHUX anapatiB HaOyJIH HIMPOKOTo 3aCTOCY-
BaHHS Yy PI3HUX TaTy3sIX JIIOJCHKOI ISUIbHOCTI: TPOMHC-
JIOBICTh, CUIBCbKE T'OCHOAAPCTBO, BIHCHKOBa CIpaBa
tomro [1-2].

OnHUMU 3 HANMOUIMPEHIUX TpobIieM (YHKIIOHY-
BaHHS BUCOKOMOOUIEHUX KOMIT'FOTEPHHUX MEPEX € 1X XKH-
BYUICTh, OOMEXEHICTh 3amacy Xo1y BY3JiB, MaciTabo-
BaHIiCTh. YacCTKOBIM pIilIEHHSM LUX IPOOJIEM IMPHUCBSI-
YeHO PsA HayKOBHX Ipalb TEOPETHYHOI'O Ta MPUKIIA-
HOTO Xapakrepy [3-5].

OnHak, BCi i pobsiemMu 00’ €JHYE, B MEPIY Yepry,
SHepreTHYHa CKIamoBa. AJDKe, HA BUKOHAHHSI OCHOBHOI
(GyHKIIT BHCOKOMOOLIFHOT KOMIT'IOTEPHOI Mepexi, Ha
erami 1i mianyBaHus [3], HeoOXiqHO BpaxyBaTH BCi eHe-
preTH4Hi 3aTpaTtH, sKi HOCATh HMOBIPHICHHI XapakTtep
Ta 3aIUIaHyBaTH pPE3E€PBHE 3HAUCHHS EHEPreTUYHOrO
xony By3na. ToMy, Sk IpaBuio, po3paxyHKH eHepreTHY-
HOT'O 3aIacy MPOBOIATHCS 3 OTJIALY HMOBIpHO-HAHTIp-
IIOTO CIICHAPII0 PO3BUTKY CHUTYAIIil MmijJ 9ac (PyHKIiOHY-
BaHHS TaKoi Mepexi. 3 1HIIOI CTOPOHM IIe Ma€ BigoOpa-
JKEHHsI Y TPOJIOHTAIIMHUX CTpaTerisix (pyHKIIOHYBaHHS
BHCOKOMOOLTBHOI Mepeki — UMM ONTHMICTHYHIIINH CIie-
Hapiif, THM OLTTBIIA HMOBIPHICTH BUKOHAHHS OCHOBHOI (a
TAKOX JIOMaTKOBUX) (yHKIH Mepexeto. Kiacuunum
NPUKIIA0M TaKUX CLEHapiiB € IMOJOBKEHHs eKCIUTyaTa-
ifHOTO Yacy (QyHKIIOHYBaHHS KOCMIYHHUX araparis, sKi
BHUKOHYIOTH BiJUIiJIEHI Micii Ta Ui SKUX HE mependada-
€TBCS TIOBEPHEHHS Ha 3emitro [6-7].

OcHoBHa (YHKIIST BUCOKOMOOIUTEHOI KOMII FOTEp-
HOI Mepexi, y OUTBIIOCTI BUMAIKIB, TIONIATAE Y PEeECTpa-
1ii, THMYacoBoMy 30epiranHi Ta mepexadi garux [3]. 3
METOI0 ONTHMAaJIbHOI'O BUKOPUCTAHHS EHEPreTUYHOrO
3armacy XOAy BY3JiB BHCOKOMOOULTBHOI KOMIT FOTEPHOI

Mepexi IIKaBUM € caMe IpOoIlec nepeaadi JaHuX, SIKHA
peani3yeTbcs B MeXKax OJHOI0-IBOX TEXHOJIOTIYHUX pi-
IIEHb: YaCcTOTa Mepeadi JaHuX (4ac aBTOHOMHOI PoOOTH
BYy3Jla) Ta CTaHAAPT Mepeiai JaHuX.

Li pimeHHs CHJIBHO IMOB’sI3aHi: B 3aJIXKHOCTI Bix
CTaH/apTy Iepejiavi JaHuX JaHi MOXHA IMepeaaBaTH
IPOTATOM 4acy, SIKHH BH3HAYa€ThCs MPOILYCKHOIO 31aT-
HICTIO KaHany 3B’s3Ky. [Ipu 11bOMYy, pyXOMicTh BY3JiB,
[OCTIMHO 3MiHIOBaHA BiJICTAaHb MI’)K HUIMHU — BHOCUTB CBOL
0COOJMBOCTI Y BUKOPHCTAHHS TOTO YM IHIIOIO CTaHJa-
pTy nepenaui nanux. Came ToMy OUIBIIICTH MOOUTBHUX
m1aThopM BHKOPUCTOBYIOTH, SIK NPABHJIO, OJWH CTaH-
JIapT nepenadi JaHux.

MMiaxin, moOymoBaHWIT HAa BUKOPHCTaHHI PI3HUX
cTaH/apTiB OE3NPOBIIHOI Mepeaadi JaHUX, B 3aJIEKHOCTI
BiJl CTaHy Cepe/lOBHINA, BIacHE, MepexXi abo KOHKpeT-
HOTO BY3J1a BUCOKOMOOUIFHOI KOMIT'IOTEPHOI Mepexi —
HOCHTb Ha3BY CENIEKTUBHOI'0. BHKOPHCTAaHHS CENEKTUB-
HOTO MiIXOMy, 1€ 3aisHI Pi3HI TEeXHIYHI pIllIeHHS VIS
po0bOTH pi3HHUX CTaHAAPTIB OE3MPOBIAHOI mepenadi ja-
HUX € TIEPCIIEKTHBHUM HAIpPsSMOM Y BHpIIIEHHI IIpo-
OmeMH paIioHaTFHOTO BHKOPHUCTAHHS EHEPreTHYHOIO
3amacy By3Jia BACOKOMOOUTHHOI KOMII FOTEPHOI MEpexi.
OpHak Ha TEMepilHii Yac JOBOJi c1abKo pO3BUTA KOH-
HEMLis JAHOTO PilllCHHS.

TakuM YMHOM, aKTYaIbHOIO € HayKOBO-IIPUKJIAIHA
npobieMa 3a0e3nedeH s HaliiHOl Ta MBUAKOI mepenadi
JAaHUX B BHCOKOMOOLTBHHX KOMIT IOTEPHUX Mepexax
IIJISTXOM BBEICHHS CEIIEKTUBHOCTI CTAHIAPTIB 3a BiJIO-
BiTHIMH iHTepdeiicaMu, 3a TKUMHU MOXKe 31 ICHIOBATHCS
nepezada JaHuX MIX BY3JIAMH.

AHaJji3 ocTaHHiX Jociaimxkenb i myoaikaniii. Ce-
pen myOmikamii, y SKAX TMOPYIIYETHCS 3a3HaueHa Ipo-
OremMa Ta MPONOHYIOTHCS PIIICHHS, HAOUTBII I[iKaBUMH
€ HACTYIIHI.

Y pobori [8] aBTOpOM, 32 pe3ynbpTaTaMH MPOBEJIe-
HHX JIOCJIiJDKEHb, BU3HAUYCHO OCHOBHI KPUTEPii, 32 IKUMH

© Tkauos B. M., Tanpuenko K. P., Koanenko A. A., €pomrenko O. A., 2021 63
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3IHCHIOETHCS BUOIp OE3MPOBIAHUX MEPEX, IS BUKOPH-
CTaHHS Y CHCTEMaX aBTOMATH3allii TEXHOJIOTIYHUX PO-
eciB y cdepi HahTOrazoBoro KOMIIeKcy. ABTOp Orepye
MOHSATTSAMH <OKOPCTKa JAETEPMIHOBaHICTh MOBEIIHKM» Ta
«3abe3nedyeHHss QYHKIIH peasbHOro yacy», Mpu IbOMY
BaXXJIUBMM KpHTEpieM NpH BHOOpI CTaHAAPTY Iepenadi
JIAHUX B KOHKPETHHUX MEPEkKax, sIKi Bi/IMOBiIa0Th BBEIC-
HUM BU3HAUYCHHSM, Ha TyMKY aBTOpa, € KPUTEPil «BiIK-
purocti Mepexi». OCHOBHHI JIOBi/I MoJIsTae y iHTerpamii
B €MHY CHCTEMY TEXHOJOTIYHUX MPHUCTPOIB mepenadi
JaHuX (MOJIHTOBI MEpeKi) B pi3HUX BUPOOHHUKIB 3a pa-
XYHOK BHKOPHCTAHHS TPHHIIMIIB BiIKPUTHX CHCTEM.
OnHak, X04a aBTOp aKIEHTYE YBary Ha CTBOPEHHI 3acaj
10 popMyBaHHS METOANYHOT Oa3H MIO10 IPOBEICHHS BU-
Oopy 0E3MpOBIAHUX CHENiaNi30BaHUX HUPPOBUX MEPEX
(Ta crangapTiB OE3NPOBiAHOI TIepeaadi) st 00’ €KTiB BY-
3bKOI CIIPSIMOBAHOCTI — HA()TOTra30BOr0 KOMIUIEKCY, — B
po0OTi He 3a3HaueHO, SIKMM YMHOM Mae OyTH OpraHi3o-
BaHE CcepeloBHIEe OOMIHY JaHMMHU y pa3i YHEMOXKITHB-
JICHHSI BUKOPUCTAHHSI BKA3aHHUX PIllleHb y pa3i 3MiHH, Ha-
MPUKIa], MPOHUKHOI 3JaTHOCTI CaMOro CEpelIOBHIIA.
Henosixom Bka3aHOTo MiIXONy € T€, 0 Y KPUTHYHIH iH-
¢dpacTpykTypi HagTOrazoBOro KOMIUIEKCY, MpPO SKY
NHIIEe aBTOp, BIJICYTHI 3aX0[M OO0 (YHKIIIOHYBaHHS
Mepexi y aBapiiiHUX CUTyaLisiX.

VY HaykoBii my0ikanii [9] nmpeacTaBieHo omnuc ap-
XITEKTypH JIITal0u0i KOMII IOTEPHOI MepexKi, 1110 IIBUAKO
pO3ropTaeThesi, U €KCTPEHHX CIYXO0, sSKa MPOMOHY-
€ThCSI BUKOPHCTOBYBATHUCS Y pa3i CTUXiiHOro nuxa. Po3-
TJISIHYTO pi3Hi crieHapii 3actocyBanus BITJIA mpu rpymo-
Bili B3a€MO/Ii1, a TAKOX OCOOJIMBOCTI BUKOPUCTAHHS Pi3-
HUX CTaHJAapTiB nepenadi nanux. HaBepeHo oOrpyHTY-
BaHHsS BUOOpY IIPOTOKOJNIB JJisi OpraHi3amii B3aemomii
MIX By3JIaMH B PO3IJISIHYTIH Mepexi. J{i1st 3anponoHoBa-
HOI apXiTEKTYpH JIITAI0UO0i MEPEXKi, 1110 HIBUAKO PO3TOp-
TAETHCSI, VISl EKCTPEHHUX CIYKO pO3MIISTHYTI Ta OIHUcaHi
OCHOBHI €JIEMEHTH, ClieHapii 3aCTOCyBaHHs: AJsl 300py
JIAHUX 3 CEHCOPHHUX TIOJIIB 1 HaJ[aHHsI TIOCIIYT 3B'SI3KY 3 TIe-
penadi AaHWX JUIs Lijed mepeaadi roiocoBoi iHpopMa-
11, IPEACTABICHUH Mi/IX1]T II0J0 BUKOPUCTAHHS IIPUB'sI-
3aHUX BHCOTHHX O€3MIIOTHHX IUIATPOPM Ui OpraHiza-
i1 BUCOKOUIBHKICHOIO OE3MPOBIIHOTO 3B'SI3Ky Ha Be-
JIUKI BIJICTaHI MPSMOI BUAUMOCTI. Y SIKOCTI TOJIOBHOTO
HEJIOJIIKY € Te, 1[0 ABTOPH HE aKLEHTYIOTh YBary IpH Ta-
KOMY pO3MAITTi TEXHOJOTYHUX 3aCTOCYHKIB Ha TpO-
O6reMy OOMEXEHOT0 XOIy BY3IIIB JITAIOUHX Mepex. Ta-
KOX BIICYTHI peKOMeH/AIli1 3 3a0e3reueHHs HaJiifHOCTi
KaHAJTIB Iepeadi JaHUX MDK BY3JIaMH, SIKi MMOKUIAIOTH
30HY BUAMMOCTI U1 OOMiHY JTaHUMHU B MeXaxX CTaHIap-
TiB Mepefadi JaHUX, SKi 3asBIIEH] y poOOTi.

VY pobori [10] aBTOpaMu MPOMOHYETHCS LTS BUKO-
puctanHs y chepax BUCOKOTOYHOTO 3eMIIepOOCTBa, YII-
PAaBJIiHHS YTiIIAMU i pOCITMHHAULITBA OE3MPOBIIHI TEXHO-
Jorii 3 BUKOpHUCTaHHAM KoHIenty 10T, y Tomy gucii Ha
MOOLTBHIN TIATHOPMI.

B craTTi Oynmu po3risHyTI pi3HI cOCOOM Tepenadi
JaHUX, IX IepeBard Ta HEIONIKH B CHEPIreTHYHOMY
TUTaHi, 3aJISKHICTH BiJI 30BHIMIHIX (PaKTOpIB, pamiyc mii Ta
crioco0y mepenadi iHpopmarrii.

OCHOBHHIA HEIOIIK 3aIPOITOHOBAHOTO TAX Oy T0-
JATa€e y HAsIBHOCTI HEBUPIMICHOI 3a/1a9i MacIITaboBaHO-
CTi BKa3aHOT'O TE€XHOJIOTIYHOI'O PIlIEHHS Ta BiACYTHOCTI

crparerii (hyHKIIIOHYBaHHS Takoi Mepexi y pasi ii peko-
H}iryparii, BHACIIIOK BUXOJY 3 JIaJy OIOPHUX BY3JIIB.

Mera cTaTTi € po3poOKa KpUTepianbHOI Oa3u cene-
KTUBHOTO BHOOpY CTaHIapTiB Oe3mpoBigHOI mepenadi
JTAHUX Y BHCOKOMOOITBHUX KOMIT FOTEPHHX MeEpekax B
3aJIeKHOCT] Bijl CTaHy CepeloBHINA Iepenadi JaHuX Ta
BiJIJTaJIEHOCTI BY3J1iB MK COOOIO.

OcHOBHA YacTHHA

Hexaif BUCOKOMOOITbHA KOMIT IOTEpHA Mepexa Y
CKJIaJIacThCA 3 €q-By3niB, e q=1L12,..,Q. Koxen i3

(, -By31iB MiCTUTh TaKi O0OB’53KOBI KOMIIOHEHTH SIK:

mijicucTeMy peectpanii iHpopmalii, CXOBHIIE MTPOMiXK-
HUX JJaHUX, MOAYJI MpuHOMYy-Tiepeaadi Ta MiJICUCTEMY
NPUIHATTS pimieHs (puc. 1).

OyHKIIOHAIbHA CYTHICTH 3BOAUTH 10 HACTYITHOI
TIOCITIZIOBHOCTI JIiH, SIKa OIUCY€E MOXJIMBI crieHapii (yH-
KI[IOHYBaHHSI BUCOKOMOOIUJIBHOT KOMIT FOTEpHOI Mepexi,
110 He MPOTUPiUnTh [3]:

- By30I uepe3 iHTepdeiic mepenadi cyx00BUX 1a-
HUX IHIIII0€ 200 OTPUMYE BKa3iBKY Ha mepeaavy KOpUc-
HUX JIJAaHWX 32 OJIHUM 13 IHTep(eiCiB;

- 32 33J]aHOI0 YMOBOIO HA €Tarli MPOSKTyBaHHS BY-
3na [3] BimOyBaeThcs mepeBipka MOXIIMBOCTI Mepeaadi
KOPHCHHX JIaHUX 4epe3 OUIbII MIBUIKICHUI iHTEepdeiic,
3TiZIHO CTaHIapTy OE3MpOBiAHOI Tepenayl JaHuX, 3a
SIKUM BiH 3aKpiIICHHH;

TMigcucrema peccrpanii

inopmarti
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ciyuBoBHX
OaHHX
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(D
(@
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(@

ac

Turepdeiicy nepegadi KOPHCHHX JAHHX

Puc. 1. ®parmeHT cTpyKTypH By3Jia
BHCOKOMOOIJIBHOI KOMIT FOTEPHOI Mepeki

- MiACUCTeMa TIPUHAHATTS PIIleHb, 3TiTHO 3aKiIaje-
HUX aJTOPUTMIB Ha €Tali NpOeKTyBaHHs By3na [3], B 3a-
JISKHOCTI BiJl TOTOYHOTO CTAaHY €HEPreTHYHOr0 3amacy
By3Ja, IPHAMaE PilIeHHs PO repeaayy KOPUCHUX Ja-
HUX Yepe3 OWH i3 iHTepdeiiciB.

B 3aranpHOMY BUTIAAI POPMYITIOBAaHHS KpUTepia-
TBHOI 0a3m| Jys peamizamii QyHKIIIHOI CYTHOCTI MOXKe
OyTH TOCSTHYTO ITOOYAOBOIO 3aTalIbHOI CXeMHU MapKiBCh-
KOT'0 Ipo1Liecy.

AHamiTHYHI BUpa3d Ta KOHCTPYKTHBHI CXEMH 00-
pauHs iHTepdelicy mepenadi KOPUCHUX AAHUX IUTS Pi3-
HHX TOKa3HUKIB €HEPTeTUYHOTO 3aI1acy BY3JiB MOXYTh
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OyTr OTpHMaHi JUIS THX BHIIQJIKIB, KOJW BCI PO3IOILIN
HaTIpaIIOBaHb JI0 BIIMOBH iHTep(eiicy uepe3 HYITbOBY
edexruBHicTh podotn (100% BTpaT makeTiB AaHUX) i
Yyacy Ha BH3HAYEHHS poO0OYOro iHTepQency Ui IIOHOB-
JICHHSI Tiepe/jadl TaHWX B yMOBaX AWHAMIKH PYKY By3Jia y
MIPOCTOPI — € EKCIOHEHIIHHIMH, TOOTO Tporiec (QyHKIII-
OHYBaHHS By3J1a MOJKHA OITHCATH OTHOP1THUM MapKiBCh-
KHM TIPOIIECOM.

Bapro 3a3HauuTH, 1110 TPHUITYIIEHHS PO €KCIIOHEH-
LIMHICTD PO3MOITY HE 3aBXAW MOXKe OyTH BUIIpaBJa-
HUM. OCOOJIMBO IIE CTOCYETHCS PO3IOJTY Yacy Ha BHU-
3Ha4YeHHs1 poboyoro iHTepdeicy s TOHOBJICHHS Mepe-
Jadi JaHWX, OCKUIBKM NPUITYIIEHHS NP0 HE3aJIeKHICTh
TOrO 4Yacy, SIKM BUTpayaeThCcs Ha BH3HAUCHHS iHTEp-
(elicy miJICHCTEMOIO NPUHHSATTS PillleHb BiTHOCHO Yacy,
SIKUH yxe Oyino BUTpauyeHO (32 yMOBHM Oarartoiteparii-
HOT'O TIOIIYKY BiAIOBIJHOTO iHTEp(ENcy) — He 3aBkKIH
MOXe OyTH IpaBIuBUM. AJle, SIKIIO B CEPEAHbOMY Ha-
MIPaIfOBaHH JI0 HYJIbOBOI €(pEeKTHBHOCTI 3HAYHO O1JIbINe
Yacy, SIKUi BUTPAYa€ThCsl HA BU3HAYCHHSI HOBOT'O 1HTEp-
(eiicy nepenadi JaHUX, TO OUTBIIICTD TOKA3HUKIB €HEP-
TETHYHOT 0 3a11acy BY3JIiB HE 3aJIeKaTh BiJl XapaKTepy po-
3MOJNIy Yacy Ha TOHOBJICHHs Tepenadi JaHuX dYepes
OJIMH 13 iHTep(eiiciB.

B 0CHOBI KpUTEpit0 TOTOBHOCTI [0 Tepeaayi TaHuX
3a OJHMM i3 BU3HAYCHUX IHTEp(EHCIB JEKUTh BH3HA-
YEeHHsI HECTalliOHAPHOTO KoedillieHTa TOTOBHOCTI BiJTHO-
CHO BCiX iHTepdelciB nepenavi KOpUCHUX naHux. HeoO-
XIIHO aJanTyBaTH BiJIOMY METOJIWKY BH3HAYEHHs Jia-
Horo koedirienta [11] mo mocraBieHol 3amadi BU3Ha-
YEHHSI KpUTEPIsl.

Hexaii ¥, —inTepdeiic nepenayi KOpUCHUX JaHUX,
ne z=a,b,g,n,ac,ad — crammapt mepemadi JaHUX,
SIKUM XapaKTEepU3YEThCSl CBOIMM €HEPreTUUHHUMM 3aTpa-

tamu. Tomi ~W, — cran iHTepdeiicy, B IKOMY HOro BHU-

z
KOpPHCTaHHS HEMOXKIIUBE Uepe3 HYJIbOBY €PEKTUBHICTb, &

"W, — craH iHTepdeiicy, konu iforo edeKTUBHICTb, Bil-
noBigHO 10 [12], no3Bomnse ioro Bukopucrtanus. [To3na-
qnmo 4epe3 V,(K) MHOXuHY craHiB iHTepdeiicy, 3a
SIKMX MOXITUBHMH TepexiJ 0 BUKOPUCTAHHs 1HIIOrO iH-
Tepdeiicy 3 OUTBIIUM TOKa3HUKOM e()eKTUBHOCTI, TOII
sk ,(K) — MHOXuHa craHiB iHTepdelicy, sKuil € Haii-
OB e(hEeKTUBHUM ISl HOTO BUKOPUCTaHHSI.

s xoxxHOTO cTany K HMOBipHICTH mepe0yBaHHS
BYy3Ja y CTaHi epe/ayl Janux uepe3 ouH 3 inTepdeiicis
BU3HAYAETHCA SIK:

’
Py = Z Ay ()= p () Z Ay, 1)
iew (k) iey (k)
Jie 3HaK CyMH T'OBOPHTBH IO CKJIAJAHHS 3a BCiMa CTa-
HaMH, SKi MOXKYTh OYTH y BiIIOBITHAX MHOKUHAX;

A, — IHTEHCHBHICTh mepexoxmy iHTepdeicy Mix
CTaHaMH{ 3 PI3HUMH ITOKa3HUKAMH e(EKTHBHOCTI HOTrO
pobory;

p, (t) — iimoBipHicTh mepeOyBaHHs By3ia y CTaHi
mepefadi JaHuX depe3 OAWH 3 iHTep(enciB y MOMEHT
gacy t.

s xoxHOT0 TIepexony (TlepeMHUKaHHs) MiX iHTe-
pdeiicaMu Ta BIAMIOBINHOIO KINBKICTIO CTaHIB MOXKHA

CKJIACTH BIATIOBIMHY O -KiJIbKICTh PiBHSHB. J{J1s1 BU3Ha-
YeHHsI HECTaI[lOHapHOTo Koe(illieHTy TOTOBHOCTI 1HTEp-
(eiicy mo mepenavi JaHUX HEOOXiTHO B3ITH 0—1 piB-

0
HHb (1) 1 oHE TOJaTKOBE PiBHSIHHS Z p,(t) =1, a Ta-
i=1
KO IouatkoBi ymoBH y Burisai p;(0) = p, , ae Hyib mo-
Kazye HMOBIPHICTb CTaHy y HYJIbOBUH (IIOYaTKOBHIA) MO-
MEHT 4Yacy (YHKIIOHYBaHHsS By3ma. ToOTo, sAKIIO Bi-
JOMO, 10 Y MOMEHT 4acy t=0 By301 Mepexi 3Haxo-
JTUThCA y (PIKCOBAHOMY CTaHi B3a€MOJii 3 1HIIMMU BY3-
gamu, 0o P,(0) =1, p,(0) =0 mns pewrn craHiB, konu
MoXxe OyTu 3aaisHul iHTepdeic s nepenavi JaHuxX (
i=k).

[l 3HaXO/pKEHHS MMOKa3HUKa €HEPreTUYHOro 3a-
racy Xojy 3a BKa3zaHUM KpHUTEpieM BHOOpY CTaHIApTy
0e3mpoBiTHOI epeaadi qaHux, Bupa3 (1) HeoOXimHO me-
peTBOPUTH y anredpaiuHy (OpMY IUIIXOM 3aCTOCYBaHHS
neperBopenHs Jlamnaca (s 0 —1-piBHSHB):

s@(S)— P, = Z A 0;(8) =9, (5) z Ay

ie? (k) iey(k)
0 (2)
ZS(Pi (s)=L,

e o;(s) :I p,(t)e*'dt — meperopenns Jlarmaca st
0

P (®)-
Juist 3py4HOCTI TIPOBEIEHHSI PO3PaXyHKiB, HEOOXi-
JTHO TIEPETBOPUTH (2) y TaKUH BUTIISA:

b, (S) + 0,0, (S) +... + b, 0, (S) = C;;
By, @, (S) + by, (S) +... + b0, (S) = C,; ?)
bul(Pl (S) + buz(Pz (S) +..+ buo(Po (S) = Cu '

ne b, — xoedimieHT mpu 0 -My WieHi B U -My PSAKY;

C, — U -if BUIbHHH 4IIeH.

Cucremy piBHSIHB (3) MOXKHA BUPIIINTH, 3aCTOCYBa-
Biuu npasiio Kpamepa [12]:

_b@

¢, (s)= D(s) )

(4)
ne D(S) — BH3HAYHHWK CHCTEMHM PiBHSHE;
D.(S) — BU3HAYHHUK CHCTEMH PiBHSIHb, B IKOMY | -

CTOBITYHK 3aMIHEHO Ha CTOBIYMK BUIBHUX YJICHIB.

Jamni 3HaxonmmMo niepeTBopenHs Jlamnaca Hecratio-
HapHOT'0 KoedillieHTa TOTOBHOCTI J0 Mepenadi JaHux 3a
OITHUM 13 BU3HAaYCHUX iHTep(eiiciB:

1
o(s) = ZW @ (s)+ %i;\uz D (s). (5)

Jisi  mepeTBOPEHHsST OTPHUMAHOr0 MEePEeTBOPCHHS

Jlanmaca HeoOXiaHO BUKOHATH Nfrey mocmiqoBHicTh i,
Kpoxk 1. Bizememo piBHSHHS:

2 v

Yo +Y;S+Y,8" +...+Y,S

Xo+ X5+ X,8% +...+ X

®(s) = e (6

S

v+l
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ne X,Y —BimoMi koe(illieHTH.
Kpok 2. 3naxonmmo KopeHi MoTiHOMY:
2 v+l
Xo+XS+X,8 +..+X,,8 =0. (7

v+l

Hexaifi 1 KOpeHi BiNMOBITAIOTh 3HAYCHHSIM
Xy X yeey X,yp - L€ O3HAUAE, MO:

v+l

Xo+X;S+.+ X8 =[[(s— %) - (8)
k=1

Kpok 3. TleperBoproemo ¢(S)y ¢dopMy mpocTux
Tpo0iB:

_X _X X+
(p(S)—%_xl 2i_xz+m+ %_xvu’ ®)

Je  — IIyKaHi KoedilieHTn.

Kpok 4. TTepetBoproemo ¢(S) y po3iupeny hopmy:

ZO:XJ H(S - Xi)
(P(S) — k=1 izk N
(8=2)x (8 =%,)x..x (8 =X,,,) (10)

0N +q)ls+(p252 +..+0,8"
(5—x)x (5= X)X (5= X, 1)

Jie ( BUpaKeHi yepes pi3Hi y Ta X.

= ¢(s) =

Kpok 5. IMoninomu (6) Ta (10) piBHI TOAl 1 TUTBKH
Toxi, Kok Y, =@y, Y, =@, ..., Y, =¢,. Toxi 3 nuux pis-
HSHb BU3HAYAIOTh IIyKaHi Koe(illieHTH 7 .

Kpok 6. ITicnst 3HAXOKEHHS @, 10 O(S) Y BUTIIAL

(9), MmoxHa 3acTocyBaTH 3BOpOTHE IepeTBopeHHs Jlamn-
Jaca: 3 BUpasy

m+1

o(s) = > L (12)

k=1 S—Xk

MOYKHA BH3HAYUTH KOSQIIliEHT

m+1

K@:Zméw (12)

Onnak, skimo (S) Mae KpaTHi KOpeHi 3HaMeH-
HMKa, HaTpuKiag K piBHUX 3HaueHb X, , To (9) MaTuMe
HACTYIHUH BUTIISI:

o(s) =

=T/ 4o K §+...+XV+1/ , (13)
=X (i—xk) =Xy

ne & — kpaTHicTh KopeHsa X, . Toml mo wieHiB Bumy
)% )i 3aCTOCOBYETHCS BiIOBIIHE 3BOPOTHE Tepe-
i—x
K

TBOpeHHs Jlamaca.

TakuM yrHOM, KpUTEpii BUOOPY CTaHAAPTY Oe3Mpo-
BIJTHOT Mepeaayi JaHHX BUCOKOMOOLIBHOI KOMIT IOTEPHOT
MEpEeKi Ta CTYIiHb aKTyaJIbHOCTI KPUTEPIsl B 3aJIEKHOCTI
BiJl BUKOHYBaHOI OCHOBHOI (DYHKIIT BY3JIOM Mepexi Bia-
MOBIIHO JI0 OTpUMaHHX KoediieHTiB (12) MOXKHA 3BeCTH
y BUDIISA Al Tabm. 1.

Tabnuys 1 — Kpurepii BuGopy cranmapry 0e3npoBinHoi mepenayi rannx

CTyniHb aKTyaJIbHOCTI KPUTEPis B 3aJ1e5KHOCTI
Kpurepiii BuGopy cTaniapTy mepeadi 1anux BiJl BUKOHYBAHOI OCHOBHOI (pyHKIII BY3JI0M Mepe:Ki

Jlxeperno naHux Petpancusarop
[IpoHKKHa 31aTHICT CepeIOBUILA Bucoka Cepenns
KinbKicTh HOMUIIOK TIPH Tiepeadi JaHUX Bucoxka Bucoka
MepesxHa 3aTpUMKa Bucoka Huspka
Enacruunicts Tpadiky Cepennst Bucoka
[HTEeHCHBHICTB TIOTOKY AaHHX Cepenus Huspka
3amac X0y By3ia Bucoka Cepenus
HamoBHeHiCTh CXOBHIIA JAaHUX Bucoxka Bincyrus

MonesibHMIT eKCIePUMEHT pealli3oBaHuil y cepe-
nosuiax MoxenroBands GNS3 Tta ns-3. V skocti BUXij-
HUX JTaHUX 33[]aHO TPAEKTOPIIO PyXy ABOX Iap BY3JIiB BH-
COKOMOOUTHHOI KOMIT IOTEPHOI Mepeki, MK SKHUMH Bij-
OyBaeTbcsi 0OOMiH HaHUMH. By3nm pyxaroTbes y ceperno-
BHIIi 3 Pi3HOIO MPOHUKHOK 3IATHICTIO JJIS CTaHAApTiB
0e3mpoBiqHOI mepenadi gannx. OparMeHT MporpaMHNX
HaJAMTyBaHb 3HAXOAUTHCS B [13].

3rigTHO YMOB €KCIIEPIMEHTY, Yac Ha BUKOHAHHS OC-
HOBHOI (hyHKIIi peectpamii iHpopmarii Ta mepenadi ii B
6a3oBuii crarioHapamii By301 — 600 cekynn. [aTeHcHB-
HICTh Tiepeavi JaHuX 3aBXKIA MaKCHMallbHa (3a7a9a To-
TOKOBOI Ilepeaadi BeMUKUX o0caTiB nanunx). CTaHoapTH,
JIOCTYTIHI 10 BUOOPY AJIst epeiadi JaHuX — 3riaHo puc. 1.

Ha puc. 2 BigoOpakeHO MOBEIIHKOBY TPAEKTOPIIO
BY3JIIB B 3QJISKHOCTI Biji yMOB iX (yHKIioHYBanHs. Han-
MICH HaJl TOYKAMH TMOKa3yIOTh CTaHAAPTH, SKI JTIIOTH y
00paHUil MOMEHT 4Yacy Jjs OOMiHY JaHUMHU.

Ha puc. 3 mokazaHo quHAMIKY 3amacy X0oay B 3aie-
JKHOCTI BiJI TPA€KTOPii pyXy BY3JiB y CEpEIOBHIILII Ta IIe-
penadi naHuX 3a JTOMOMOT 00 0OPaHOTO CTAHIAPTY.

AHaii3 OTpUMaHHX pe3yIbTaTiB MOKA3ye, IO B M-
’KaX BUKOHAHHS OCHOBHOI (DYHKIII BHCOKOMOOITBEHOIO
KOMIT FOTEPHOI0O MEpPEeXKEI0 MUITXOM 3MiHH CTaHAAPTY
0e3mpoBiTHOI Tepeaadi JaHuX 3TiAHO PO3POOIICHOI KPH-
TepianbHOI 0a3u, MOXHA 3a0€3IIeYNTH HAIHY Ta IBH-
JIKY TIepenavyy JaHuX B BHCOKOMOOUTHHHUX KOMIT IOTEp-
HHUX MEpexax.
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V. Mi/c &
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Puc. 2. IoexinkoBa Tpaexropis Bysnis (; ta [,
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XY, %]
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75
65
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35
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Puc. 3. lunamika 3anacy xoxy By3nis (; ta [,

Otpumanuii edpekt cknanae 10 15% cxopodeHHS
Yacy Ha Iepeady o0CSry JaHHX B yMOBaX HOPMAaJbHOTO
(YHKI[IOHYBaHHSI BUCOKOMOOLILHOI KOMIT IOTEPHOT Me-
peXi y TeTepOreHHOMY MPOCTOPi Ta AWHAMIYHOIO 3Mi-
HOIO BiJICTaHI MK BY3JIaMU MEPEXI.

TexHIYHO 1Ie peati3yeThes MUITXOM BBEICHHS celle-
KTUBHOCTI CTaHIApPTiB 3a BiATOBIAHUME iHTepdeiicamu,
3a SKUMH MOXKe 3I1HCHIOBATHCA Iepeada JaHuX MiXK By-
3JIaMHU MEPEexi.

Otxe, po3poOJCHUII TeopeTHYHHWH amapar, 3a
SIKIMH BU3HAYAIOTHCS KpHUTEpii BHOOPY cTaHmapTy 0e3-
MPOBiAHOI TIepefadi JaHWX y BHCOKOMOOLTBHMX
KOMIT FOTEpPHUX MEpeXax Ja€ MOXKJIMBICTh TPH CHHTE31
CTPYKTYPH TaKUX MEPEK OTPUMATH SKICHI XapaKTepHc-
THKA 3 METOI0 3a0e3ledYeHHS MiHIMaTbHHUX 3aTPUMOK
TIpH TIepeaadi JaHUX B yMOBaxX OOMEKEHOTO CHepreTHY-
HOT'0 3a1acy By3JiB Ha MOOITBHIH 1aThopmi.

e mo3Bonse MiHIMI3yBaTH HMOBIPHICTH BiJMOBH
(YHKIIOHYBaHHS By3JIa K B PSKUMI DKepelia JaHUX Tak
1y peXUMi peTpaHCIATOpA.

BucHoBku

B pesynbrati npoBegeHUX NOCHIIKEHb OTPUMaHO
HACTYIIHI Pe3yJIbTaTH:

e chopMynboBaHa HAyKOBO-TIPUKJIAJHA 3alada
po3po0Kku KpuTepiambHOI 0a3W CENEeKTUBHOIO BHOOPY
CTaHIApTIB OE3MPOBITHOI Mepeaadi JaHUX y BUCOKOMO-
OUTPHMX KOMIT IOTEpHIX MeEpekax B 3aJIeKHOCTI Bif
CTaHy CepeOBHUINA Mepeaadi JaHUX Ta BiIJaleHOCTI BY-
3J11B MIJK CO00I0;

e OTpHMaa NONAJIbIIHI PO3BHTOK METOAUKA ITiJ-
BHUIIICHHS XKUBYYOCTI BHCOKOMOOUTHHUX KOMIT FOTEPHUX
MepeX B YMOBAaX MIHJIUBOCTI MPOITYCKHOI 3/1aTHOCTI Ka-
HAJTiB 3B’SI3KYy M)XK By3JIaMU;

e BHpINIEHO 3aJady pPO3PaXyHKY HeECTaIliOHap-
HOTO Koe(illieHTa TOTOBHOCTI BiTHOCHO BCiX iHTep(eii-
CiB mepenmavi KOPUCHUX JaHUX BY3JaMH BHCOKOMOOLITB-
HUX KOMIT TOTEPHUX MEPEeXK.

VY sKocTi momanmbiol poOOTH 3a JAHUM HAMPSIMOM
MIPOTIOHYETHCST TIPOBECTH PSiI IPUKIIATHIX EKCIIEPUMEHTIB
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3 METOIO BUSIBIICHHSI IIPUXOBAHUX 3aKOHOMIpHOCTEH QYHKII-  Tacy xomy By3iB [14-16] Ta 3 METOIO PO3IIMPEHHSI 3apOIo-
OHYBaHHSI peaIbHNX BUCOKOMOOLTEHIX MEPEX BiJI OTOUYIO-  HOBAHOTO TEOPETHYHOTO arlapaTy BU3HAUECHHS KPHUTEPIiB BH-
YOro CepeIOBHINA B MeXax 0OMEKEHOT0 EHEPreTHYHOro 3a-  OOpy CTaHAapTiB OE3MPOBIIHOI Tepeiadi TaHNX.
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Criteria for selecting a standard for wireless data transfer in high-mobile computer networks
V. Tkachov, K. Halchenko, A. Kovalenko, O. Yeroshenko

Abstract. The article discusses the features of the functioning of high-mobile computer networks in the context of the
variability of the data transmission medium, its influence on the speed of data transmission between nodes and the methodology
for determining the criteria for choosing various standards for wireless data transmission. The purpose of the article is to develop
a criterion base for the selective selection of standards for wireless data transmission in high-mobile networks, depending on the
state of the data transmission medium and the distance between nodes. The results obtained allow: to single out the scientific and
applied problem of developing a criterion base for selective selection of wireless data transmission standards into a separate class
of problems in the field of moving computer networks; to continue further development of the methodology for increasing the
survivability of high-mobile computer networks in the context of the variability of the bandwidth of communication channels
between nodes; to solve the problem of calculating the non-stationary availability factor with respect to all interfaces for transmit-
ting useful data by nodes of high-mobile computer networks. The studies allow us to conclude that the proposed criteria, based on
the results of model experimentation, give the effect of 15% reduction in the time for transferring the volume of data under the
conditions of normal functioning of a high-mobile computer network in a heterogeneous space and a dynamic change in the distance
between network nodes with a predetermined trajectory of movement. The directions of further work are formulated, in particular,
it is proposed to conduct a number of applied experiments to reveal the regularities of the functioning of real high-mobile networks
in conditions of a limited energy reserve of the nodes and the impact of the external environment on it.

Keywords: high-mobile computer network, criterion, data transmission standard, IEEE 802.11.

68


https://doi.org/10.20535/2617-0965.2020.3.2.199984

Ingpopmauiiini mexuonozii

YK 004.41

T. B. ®inimonuyk, A. O. Ilmtora

doi: 10.26906/SUNZ.2021.4.069

XapkiBchbKUH HallIOHANBHUI YHIBEPCUTET paioeNeKTPOHIKH, XapKiB, YKpaiHa

CTPYKTYPA IHOOPMAIIMHOI CHCTEMU,
IO OPIEHTOBAHA HA OHJIAMH-HABUAHHS

Anotaunis. Ilpeamerom pociiukeHHs € iHQOpMaIliiiHa TEXHOJOTIs, 10 OPiEHTOBaHA HA OHJIAH-HABYaHHSA. METOI0 Ja-
HOI CTaTTi € BU3HAYCHHS CTPYKTYpH iH]opmariitHoi cucremn mkonu. Byno orpuMano HactymnHi pe3yiabTaTH. HaBenena
CTpYKTYpa iH(popMaLiiiHoi cucTeMy, 10 Opi€HTOBaHA Ha OHJIAWH-HABYAHHS, Ta OOIPYHTOBAHO ii pO3MOALT HAa OKpEeMi MO-
IyJli, SIKi 3MOXKYTh OXOITUTH BCl HEOOXimHI (yHKIii U BUMTENB Ta yYHIB, JOIIOMOXKYTh CTBOPHTH Ta HaJIATOAWTH Biia-
NeHni HaBvabHMH nponec. DyHkuil, siki Oyze peai3oBaHO B IMX MOIYISX, MICTATh METOIM, IO OPI€EHTOBaHI HA yIpaB-
JIHHS TIePCOHAJBHIMH JIaHUMH, HaBYaJIbHIMH MaTepialaMH, OIOBIlIEHHSM, OLiHIOBaHHIM Hpe3eHTallii pobiT, cTaTUCTHY-
HOTO aHaJlizy Ta 300py iHpopMaii, THydKoro HaB4aHHs. BucHoBKH. BukopucroByroun Bumie 3rajfati (GyHKIii, MOXKIHBO
CTBOPHTH TIOBHY 3aMiHy 3BUYHOI /IS KOXXHOTO KOPHCTYBada IIKOJIM Ta IIEPETBOPUTH ii Ha iHpopMamiitHy cucremMy 3 ycima
HEeOOXiTHUMH IHCTPYMEHTaMH TS TIOJAJIBIIOr0 (hYHKI[IOHYBaHHSL.

Kaw4yoBi ciroBa: oHlaiiH-HaBYaHHS, OHJIAHH-IIKONIA, 32aCTOCYHOK, TPOEKTYBAaHHs, iHTepdelc KOpHCTyBaya.

Beryn

IlocTanoBKa 3amavi y 3arajbHOMY BHIVISIIL
ChorosiHi, sIK HIKOJH, CTajla aKTyaJbHOIO TeMa OHJIANH-
OCBITH, a came po3poOka iH(GOPMALIHUX CHCTEM JJIs
OHJIaliH-OCBITH LIKOJISIPIB.

3a pOKHM CTaHOBJICHHS IIKUIBHOI CHCTEMH OCBITH
BCI 11 YUaCHUKH MOYaIM NOTpeOyBaTH OLIBIN pi3HOMaHI-
THHUX THCTPYMEHTIB Uil 4iTKOTO (DYHKIIIOHYBaHHS BCe-
penuHi i€l ckaagHOi cUCTeMH. TakuM YHHOM, CTBO-
peHHst iHGOpMalidHOT CHUCTEMH OHJIAWH-OCBITH IS
HIKUTPHUX 3aKJIagiB € CKIAJHOI0 3aJayer0, OCKIJIbLKH
MOTPIOHO SIK pealli3yBaTH 3HAYHY YACTHHY ICHYIOUHX
(GyHKIH, Tak 1 3aKIACTH HOBI, sIKi MOTPIOHI JuIs i 4iT-
Koro ()yHKI[IOHYBaHHSI B KOMIT IOTEPHUX CHCTEMax, IO
MPAIOI0Th B Mepexi [HTepHeT.

J1J1st 3aCTOCYHKY, SIKH pO3pOOIISETHCSI, HEOOXIAHO
CTBOPUTH MPOCTHUH, IHTYITUBHO-3p0O3yMiiuii iHTepdeiic
KOPHUCTYBaua Ui KOXKHOTO YYacHHKA, BPaXOBYIOUH
0araTo YMHHUKIB, TaKMX $K: HABHYKH KOPHUCTYBaHHS
KOMIT FOTEpHUMH CHUCTEMaMH, BIK, Pi3HI (i3M4HI Bajw,
LIBHJKICTh IHTEPHET-3’€IHAHHS, TOTYKHICTh KOMII 10-
Tepy Ta iH. Tako HEOOXIJHO pealli3yBaTH MEXaHi3MHU
pOOOTH HIKIJIBHOI CHCTEMH, TaKI SK: CTBOPEHHSI OHJIAalH-
KoH(epeHIIii 3aHATTS, KypHAIy BiAMITOK HPUCYTHOCTI,
BEJICHHS OHJIAMH-)KypHAIY 3 OI[IHKAMH, JOMAIIHIMH
3aBIAHHSIMH.

JopeunnM B naHiii cucteMi Oyne MPUCYTHICTH Tie-
PETIKy TeM 3aHATH (3 AeTaJbHUM BHKIAJCHHIM KOXKHOL
3 HHUX), PO3KJIAmy 3aHATh, OHJIAHH-OiOmioTemi 3 HeoO-
XITHUMH HiJPy9HHKAaMH Ta PEKOMEHIOBAaHHMH JUIS Ca-
MOCTIHHOTO IIeperisiy 3aBaHTaKEHHAMH, 3aIllUCaMH Ta
MOMJIMBICTH pEeJaryBaHHS YPOKIiB IUIs OCi0, AKi MaroTh
HA II¢ BiJIOBiHI MpaBa (3aBydi, BUKJIaAadi).

AHani3 ocTaHHIX AOCTiXKeHb Ta MyOJiKamiii.
[kinpHa cucTeMa YIpaBIIiHHS HaBYAHHIM a0o BipTya-
JIbHE MIKUThHE HaBuansHe cepenosuiie (VSLE — Virtual
School Learning Environment) [1] — me mporpama a6o
BEO-TEXHOJIOTisl Al CTBOPEHHS, 30epiraHHs Ta TOIIH-
PEeHHSI HAaBYAJIIFHUX MaTepialiiB, BiACTE)KEHHS YCIIITHO-
CTi, TIPOBEIEHHSI OI[IHIOBaHHS, a TAaKOXK aIMiHICTpyBaH-
Hi UIKUTBHOTO HaBYaHHS. HaWOimeIm momymsipHIMHA
VSLE Ha cporoaHi €:

— Moodle [1]: 6e3komTOBHA CHCTeMAa HABYAHHS. i
MOXKHA BITbHO CKa4YyBaTH, BCTAHOBIIFOBATH Ta 3MiHIOBATH.
BoHa BITHOCHTBCS IO CUCTEM 3 BIJKPUTHM BUXIJIHHM KO-
JIOM, IO JI03BOJISIE OaraThbOM MPOrpaMicTaM CTBOPHOBATH
JIOJIATKOBI, Ty»Ke KOPHCHI PO3IIMPEHHsT a00 MOJyIIi;

— Edmodo [2]: norika poboTi B maHOMY J00aTKy
IyKe TpocTa. BuwTens CTBOPIOE HABUYANBHHUHA KYpPC,
SKUI Ma€ CBO€ yHIKaJIbHE IOCUIAaHHA Ta KO, SIKi MOTpi-
OHO TMOBIJIOMUTH IHIIUM Y4aCHHKAaM OCBITHBOT'O IPOIe-
cy. Kypc Moxxe MaTu Taki HaBuYajbHI €IEMEHTH, SK 3a-
ncH (y BUTJISLAL TecTy abo aiiniB), TecT, 3aBlaHHS Ta
ONMTYBaHHA. TakoX MOXIIHMBO IMIOPTYBAaTH KOHTEHT 3
IHIIUX CepBICIB, HAMIPUKIIA] HOBUHHI CTPIYKH 31 LIKJIb-
HOTro caiity, Bijieo 3 YouTube, KOHTEHT 3 1HIIKX CEpBi-
ciB. Edmodo mae Tinbku 6Ga3oBuii (yHKIiOHANm s
VSLE, sikuii BKJIrOYae MmpocTi Ta MOTPIOHI eNeMEeHTH:
KajieHap st ikcaiii HaBYaNbHUX TOJIH, XXypHAN JUIs
BUCTaBJICHHSI OIIIHOK, MOXJIMBICTH INEPEBIPKH JIOMalll-
HBOI'O 3aBJIaHHA Ta 1H.;

— Google Classrom [3]: cepBic Hamae He 30BCiM
KITaCHYHy CHUCTEMY AMCTAHIIMHOrO HaBYAHHS, 1€ CKO-
pile crTpiuka crmiabHOI pobotu — Toi ke Google mis
OCBITH, TUIbKH 310panuii B oqHoMy micui. Tomy Google
Classroom He edekTHHN, HUM HE MOXHa OCOOJIMBO
3/IMBYBATH, & OpPraHi3allisi Mo-CIPaBKXHbOMY e()eKTHBHOT
CMIJIbHOI POOOTH BHMAarae BEJIMKOIO 3yCHIUIS Bif Iena-
rora Ta HalTOJNIOBHIIIE — 3HAYHOI epe0yI0BH HaBYAIb-
HOT'O TIPOIIECY;

— Slapexc. Yuebnuk [4]: cucrema HamijeHa came Ha
3aMiHy 3BHYHOI Mozeni ocBitu. Bona mae Habip HaB4a-
JBHUX TPOrpaM 1Mo 0a30BUM IIKITFHAM IIpEeMETaM, ajie
CHCTEMa Ma€ B)Ke TOTOBI KYpCH, Ta HE HAJA€ MOXIIHBO-
CT1 CTBOPHUTH CBOI.

MerTor0 cTatTi € po3pobKka CTpyKTypH iH(popma-
IIHOI CHCTEeMHU, IO Opi€HTOBaHA HA OHJIAifH-HABYAHHS,
Ta PO3MOALN ii Ha PsI MOAYIIB, SIKi OYAYTh OXOILTIOBATH
yci HeoOXimHI (GYHKIIT Ui BYUTENIB Ta Y4YHIB, HOIMO-
MOXXYTh CTBOPHTM Ta HAaJaroJWTH BiIJaJCHUH HaB-
YaJabHUM MPOLEC.

Hocainkenns tTunis VSLE

Ha croropsinmHiif JeHb iCHYIOTE Pi3HI MOAENI Iuc-
TaHIIITHOTO HAaBYAHHS, i OpraHi3allii HaBYaHHS B JHC-
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TaHUiHHIA GopMi OyayeThCS MO-pi3HOMY, B 3aJEKHOCTI
Bix Mojeni. KpiM Toro, OCKiJIbKH IIe CHCTEMa HaBYaHHS,
TO BaXXJIMBO MaTH Ha yBa3i OCOOJMBOCTI KOHIIENIi HaB-
YaHHSI, sIKa 00YMOBIIIOE BiJIOIp Ta CTPYKTypyBaHHS 3Mi-
CTy HaBuYaHHs, BinOip MeTOAiB, opraHizamiifHux (opm,
3aco0iB HaBYaHHI. Bix TpaaumiiHux ¢GopM Take HaB-
YaHHS BiIPI3HSIIOTh HACTYITHI XapakTepHi pucH [5]:

— THYYKICTB: MOXIIUBICTh 3aliMaTHCs B 3Py4HUH
JUIst ceOe vac, B 3py9HOMY MiCIli Ta TEMI, BHUKOPHUCTO-
BYBAaTH HEPETJIAMEHTOBAHUH BiPi30K Yacy Ui OCBO-
€HHS TUCLUTLUTIHHY;

— MOJYJIBHICTh: MOXIIUBICTh 3 iICHYIOYOro Habopy
HE3aJIS)KHUX HaBYAIBHHUX KypciB (MOIymiB) opMyBaTH
HABYAJIBHUH IIaH, 10 BiAMOBiIa€e iHAMBIIyaaIbHUM 200
IpyNOBUM IOTpedam;

— MapajenbHICTh: y I[bOMY BHUINAAKY HaBYaHHS
MIPOXONTh MAPANIENBHO 3 TI03aKJIACHOIO JisUTbHICTIO;

— OXOIUICHHS: MOXKJIMBICTh OJJHOYACHOI'O 3BEPHEH-
HA 10 OaraThboX JpKEpes HaBYAIbHOI iH(opmarii (enek-
TpoHHUM Oi0nioTekam, OaHkaM AaHuX, 0a3aM 3HaHb Ta
iH.) BEJMKOi KIUIBKOCTI Y4YHIB, a TaKOX CIIJIKYBaHHS
Yyepe3 Mepexi 3BSI3KY 3 1HIIMMHU YYHSAMHU YM BHKJIaa-
YaMmu;

— TEXHOJIOTIYHICTh: BUKOPHCTAHHS B OCBITHbOMY
npolieci HOBITHIX JIOCATHEHb 1HQOpMAIHUX Ta Tele-
KOMYHIKaI[I{HUX TEXHOJIOTiH, SIKi CIPHSIOTH NPOCYBaH-
HIO JIIOJMHY y CBITOBHII mOCTiHAYCTpianbHuil iHpOpMa-
LIHUIA TPOCTIp;

— coliaNbHa PIBHOMPABHICTh: PIBHI MOXJIMBOCTI
OTPUMAaHHS OCBITH HE3aJISKHO Bifl MiCISl IPOXKUBAHHS,
CTaHy 3/I0pPOB's, €IITAPHOCTI Ta MaTepialbHOI 3abe3re-
YEHOCTI Y4HS;

— IHTEepHALlIOHAJIBHICTh: EKCIIOPT Ta IMIOPT CBITO-
BHUX JIOCSTHEHb HA PUHKY OCBITHIX TOCIYT.

Hoga pons Buknamaga VSLE po3mmproe i oHOB-
JIIOE POJIb BUMTENS, SIKMH IOBHHEH KOOPAMHYBATHU IIi-
3HaBaJILHUH TPOIIEC, TOCTIHHO BJIOCKOHAIIOBATH KYPCH,
sIKI BIH BHKJIJa€, IiJIBUIIYBATH TBOPYY aKTHUBHICTh Ta
KBaJI(hiKaIliIO BiJIIOBIHO 0 HOBOBBEICHb Ta IHHOBA-
L.

[Mo3utuBHMit BB pobuts VSLE i Ha y4Hs, min-
BHUIIYIOYH HOTrO TBOPYMHU Ta 1HTENEKTYalbHUI TOTEHIIi-
aJl 32 PaxyHOK CaMoopraHizalii, IparHeHHs 10 3HaHb,
YMIHHSI B3a€MOMISTH 3 KOMITIOTEPHOI TEXHIKOI Ta
CaMOCTIHHO MTPUIMATH Bi/IIIOBIAJIbHI PIlLICHHS.

SkicTh NUCTAHIINHOI OCBITH HE IIOCTYHA€ETHCS
SIKOCTI O4HOI (POPMU OJiepIKAHHS 3HAHb, & TOMIMIIYETh-
cs 3a PaxyHOK 3alydeHHs KaIpoBOTO MPOQecOpChKO-
BHKJIQJAIBKOTO CKJIAZy BHIOi KBaNi(iKaIli Ta BUKOPH-
CTaHHS B HABYAIFHOMY IIpOLIECi HaHKpamux HaBYallb-
HO-METOJMYHUX BHAAHb Ta KOHTPOJIIOIOYUX TECTIB IO
THM YU 1HIIAM JACIHUATUIIHAM.

MoxHa BUIUIATH TPU MOZEJI AUCTAHLIHHOTO Ha-
BuaHHs [6], sKi GasyroThCs Ha:

— IHTepaKTHUBHOMY TeleOaueHHi;

— KOMIT IOTEPHAX TENEKOMYHIKAIIHIX Mepexax
(perioHanbHUX, TTIO0ANBHIX) 3 PI3SHUMHU JUIAKTHIHIMHA
MOXJIMBOCTSIMHU B 3aJISKHOCTI BiJ KOH]irypariit (Tekc-
TOBHUX (paiimiB, MyThTUMENIHHUX TEXHONOTIH, BiICOKO-
H(epeHTii);

— IMOEQHAHHI TEXHOJOTIM KOMITAKT-AUCKIB Ta Me-
pexi [aTepHer.

[lepeBara HaBUaHHS, MO 0a3yeThCS HAa IHTEPAKTHU-
BHOMY TeJie0aueHHi, NOJIsrae B HOro MOXKIMBOCTI 0e3-
MIOCEPETHHOT0 Bi3yaJIbHOIO KOHTAKTY 3 ayJUTOpi€ro,
gKka mepeOyBa€ Ha pI3HUX BIACTaHSAX BiJ BHKJajgada.
Moro HeraTHBHA CTOPOHA IOJISTAE B TOMY, IO MPH Ta-
KOMY HAaBYaHHI MPAKTUYHO TUPAXKYETHCS 3BHYAiiHE 3a-
HATTS, OyIb BOHO MOOYAOBAHO 32 TPAIULIHHOI METO-
JIMKOI0 200 3 BHKOPHCTaHHSIM CYYacHHX IearoriyHux
texHoyorii. [le Moxe OyTH JTOMYCTHMO TiJIbKU TIPH JIe-
MOHCTpalii yHIKaJbHUX METOIMK, J1abOpaTOpPHUX JOC-
J/1iB, KOJIM BUKJIaadi Ta y9HI MOXKYTh CTaTH CBiJIKaMH
Ta YYACHUKAMHU BHKOPHUCTAHHS HOBUX 3HAHb, METOIIB Y
CBOIl 0o0yacTi, HOBUX iH(OPMAIIfHUX TEXHOJIOTIH, B3s-
TH y4acThb B auckycii. /lana ¢opma aucraHmiiHOro Ha-
BYaHHS IHTEPAKTHBHA 1 MOXE BBaXKATHUCS JOCHTH MEPC-
MCKTHUBHOKD B CHUCTEMI MiJBHUINCHHSA KBawigikamii Ta
miAroroBku (axiBiiB. Alle 3apa3 e HaJ3BUYANHO J0-
pori TeXHOJIOTII.

Hacrynuuii 3aci6 opranizanii AucraHmiiHOro HaB-
YyaHHs niepegdavyae BUKOPUCTaHHS KOMITIOTEPHUX Teje-
KOMYHIKaIliil B peXHMi €IEeKTPOHHOI IOIITH, TEIeKOH-
(epeHiii, iHpOpMAIIHIX pecypciB perioHaIbHUX Me-
pex Ta Mepexi IntepHer. lle camwuii mommpeHui Ta
HEIOPOTHI 3aci0 AMCTaHIIWHOrO HaBYaHHA. [Ipu Horo
opraizaiii mepen0avaeTbCs 3aCTOCYBAHHS HOBITHIX
3ac00iB TeJIEKOMyHIKaIlIHHUX TEXHOJOTIH.

Tperiii 3aci6, mepeabavae BUKOPUCTAHHS KOM-
MaKT-IMCKIB B SIKOCTI 0a30BOr0 €JIEKTPOHHOrO MiApY4-
HHUKa. BiH MicTUTB B c001 BETMKI TUIAKTUYHI MOXKIIUBO-
CTi /715l BY3iBCHKOI, IIKUILHOT OCBITH Ta AJIS ITiIBUILICH-
Hs kBamidikanii ¢axisuis. [lepeBara koMnakT-aucka B
TOMY, IO BiH MOETHYE B COOI TaKi SIKOCTi: IHTEPAKTHB-
HICTb, MYJBTUMEIIMHICTh, MICTHTh BEJIMKUN OOCST 1H-
(opmarii Ta 3a paxyHOK L[bOI'O ONTHUMI3Y€E MPOLIEC JIHC-
TaHLIMHOrO HaBYaHHA.

Best cucrema HaB4aHHS B TUCTAHIIAHINA GopMmi, K 1
B OYHiH, OynyeTbcst Ha crinkyBaHHi. CIiJIKyBaHHS Jie-
JKUTh B OCHOBI (DOPMyBaHHSI KOMYHIKATHBHOI KOMIIETEH-
Iif, 1 Bi IIOrO BiJMOBJISITHUCS HE MOXKHA Hi TPH SIKIH
(dopmi HapyanHs. Tomy, mepi 3a Bce, CI1iJi BU3HAUYUTHUCS
3 mimstve HaBuauHs [7-10]. Skmio 3amadi po3BUTKY po3-
MOBHOI JIISUTLHOCT] HE CTOSITh TIePEe/l YIHSAMHE, TO MOXIIU-
BO BHKOPHCTOBYBAaTH MEpE&XHY MOAENb HaBuaHHA. Ma-
€THCS HAa yBa3l HABYAHHS TAKUM BUJIAM PO3MOBHOI Mislib-
HOCTI, SIK YMTAHHIO, TIUCbMY, HaBITH ayitoBaHHIO. Ha-
MIPUKIIA], OpraHi3allisi CUCTeMH IIiJBHIICHHS KBamigika-
1Ii1 BUKJIa1a4iB iHO3EMHOI MOBH MOYKE TIOBHICTIO OyyBa-
THUCSI 3 BUKOPHCTAHHSAM MEPEXHOI MOZAEMi. Y IUX Ke BH-
MaJIkax MOKe BUKOPHCTOBYBATHCSA 1 TPETS MOZIENb, TOOTO
Mepe)kKHE HaBUYaHHA 3 JOABAHHAM Keiic-TexHodorii. Le B
THX BUIAJKaX, KOJIM NpoLec HaBYaHHA OynyeTbcs Ha
TpagumiiHuX mapydaukax abo CD, iHIMMX HaBYAIBHUX
MOCiIOHMKAX, SIKi BUKOPHUCTOBYIOTH OpPTaHi3aTOpH KYpCiB.
i mociOHUKH, SK TPaBIIIO, PO3CHIAETHCA YIHAM 32 JI0-
nmomororo momTH. CaMm JKe HaBYaNBHHWHA Tporiec, Horo
iHpopMariifHe 3a0e3medeHHs (ZOTATKOBHHA Marepiall,
JTOBITHUKY Ta iH.) 30€piraroThCs Ha CalTi KypCy.

Heooxinni moayai st po6oru VSLE

PosrnssHEMO Momyni, SKi IO3BOINSIOTH CTBOPUTH
iH(pOpMaIiifHy CHCTeMY MIKIIEHOI NWUCTAHIIHHOI OCBi-
T [11] 3 ycimMa HeoOXimHuMU QYHKIIAMH LTS 3PYIHOTO
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Ta JIOCTYITHOTO KOPUCTYBAHHSI JJIsl KOXXHOTO THITY KOPH-
CTyBauiB (BUMTE, Y4HI, OATHKH).

Cyuacra VSLE moBWHHA BKITIOYATH B ceOe SIK Mi-
HIMyM m1icTh MOayIiB (puc. 1):

— MOJyJIb CTBOPEHHS Ta yNpaBIiHHS iH(OPMAIIi€l0;

— MOJYJIb KOHTPOJIIO Ta OLiHIOBAHHS;

— MOIYJb HAJIlaTO[DKEHHSI BiJ€O- Ta TEKCTOBOTO
3B’S3KY (JaT po3MOBH);

— MOJYJNb TUIaHYBaHHS;

— Monmynb 300py Ta BiZOOpa)KeHHsSI CTATHCTHYHOL
iH(popMarii;

— MOIYJIb CTBOPEHHS IHKJIIO3MBHOTO JOCTYILY IO
iHpopMarii.

Momyni Hanaron#eHnA Bigeo Ta
MHCBMOBOTO 3BA3KY

KokeH 3 MogymiB cCHCTEMHU Ma€e HEOOXiHI 1HCTPY-
MEHTH JUIsl HaJlaro/KeHHsI poOOTH B MeXax CBO€I cre-
Iiarizarii, TOMy pO3TJISTHEMO iX JeTalbHIIIe.

Mooynb cmeopenus ma ynpaeninna ingpopmaui-
€10 MOYKHA TIOJIJIUTH Ha AB1 CKJIaIO0BI.

[lepa BiAmoBinae 3a yrpaBIiHHS IEPCOHATILHUMHU
JMAHUMH KOPUCTYBAYiB. TOOTO, II€ IHCTPYMEHTH JUIs
peecTpanii Ta aBTOpH3alii KOPHCTYBadiB y CHCTEMI Ta
penaryBaHHsl iX NEpCOHANBHUX HaHUX. J[pyra Biamosi-
Jla€ 3a CTBOPEHHS Ta pelaryBaHHs HaBYaJIbHOI iHQOp-
Mmarii. Bona Bximrouae B cebe HeoOXimHI iHCTpyMeHTH
JUIsl poOOTH 3 TEKCTOBHMH, BiZIeO- Ta IHTEPaKTHBHUMH
MaTepiaiamu Jyisl HABYaHHSI.

Moayni cTBOpEHHS Ta YIPaBIiHHA

h 4

Moyni nianysanns

h 4

h 4

Komn'ioTepha cuctema
JHCTAHLIHHOT OHIAITH OCBiTH

inpopManicio
Moty KOHTPOITHO T2 OUIHKOBAHHA
YuHIB

Monyni cTBOpeHH: IHKTH3HBHOTO
AOCTYMy 1o inpopmanii

Moayni 360py Ta BinoGpakeHHs
CTATHCTHYHOT iHdopmantii

Puc. 1. Crpykrypa iHpopMaiiHOI CHCTEMH AUCTAHIIIHOI OCBITH

KorkeHn xopucTyBau 3 BiINOBIIHUM PiBHEM JIOCTY-
Iy MOXKe 3aBaHTaXuTH (aitnmu y cucremy abo mpukpi-
IIUTH TIOCWJIAaHHS Ha (aiiiM, SKi 3HAXOAAThCS y XMap-
HOMY cxoBHIIi. TakoX KOpuUCTyBauaM HaJaHa MOXIJIH-
BiCTh BUKOPHCTOBYBATH BOY/IOBAaHUI PEAAaKTOP TEKCTO-
BHX MaTepiaJiB, MPe3eHTallil, TeCTyBaHb, CAMOCTIHHHUX,
KOHTPOJIbHUX POOIT Ta iHTEpaKTHBHUX MaTtepiaiiB. Pe-
JAKTOp Ma€ JBi Bepcii: Ui BUUTENS Ta il y4uHs. Buu-
Tenb abo aJMIiHICTPATOp MOXE CTBOPIOBATH HEOOXiJHi
HaBYaJbHI MaTepialy, He BHXOISYM 3 OTOYEHHS OH-
JIAH-3aCTOCYHKY. Y CBOIO YEpry, Y4€Hb TaKOXK MOXKE
BUKOHYBATH JIOMAIllHE 3aBAAHHS, BUKOPHCTOBYIOUH
rpagiuxi MeToau nepenadi nucbkMoBoi iH(OpMaIii, Taki
sIK rpaiYHUI [UTAHIIET Y MPUCTPIH 3 CEHCOPHHM €K-
paHoM.

Modyns Konmponio yunie ma oUiHIOG6AHHA TaKOX
BKJIFOYAE OBl CKJIAJOBI, 110 BIAIIOBIZAOTH 3a OILIHIOBAH-
HS 3HaHb YYHIB, PiBEeHb BHKJIAJIaHHS BUKJIAJadiB Ta BiJl-
BiIyBaHHS SIK YYHIB TakK i BUMTENIB. SIKIIO B momepen-
HBOMY MOJYNi € IHCTPYMEHTH Ui CTBOPEHHS TECTIB,
KOHTPOJIBHHX Ta IHIIMX OLIHIOBAJBHUX 3aBHaHb, TO
JaHUH MOIYJb JIO03BOJISE TUTBKH OOWMpPATH JUIS SIKHMX 3a-
HATH CITiJ] BAKOPUCTOBYBATH TOH UM IHIITUHA IHCTPYMEHT
omiHIOBaHHA. JIJI OIIHIOBAHHS Y4YHIB, BUHTEIb MOXKE
CTBOpIOBaTH (POPMH 3 TeCTaMH, 3a JOMOMOTOI BOYIO-
BAaHOTO KOHCTPYKTOpa. 3aBJaHHS TECTYBaHHI MOXKe
BKIIFOYATH B ceOe BapiaHTH TECTIB 3 POTOPHYTOIO Bif-
MOBIII0O Ta 3 3aBaHTaXEHHAM (¢aitmiB. TakoX BOHH
MOXYTh TIOBHICTIO CKJIQJATHUCS TUTBKA i3 3aBIaHb, IO
SIKMX HEOOXiMHO 3aBaHTAXWTH (ainm, 10 HaMMCaHi
BJIACHOPYY.

[Tpu B3aeMoii Ha ypoLl BUUTENb MOXKE BUKOPHC-
TOBYBAaTH IHCTPYMEHTH JJisi IHTEPAKTUBHUX 3aBJaHb.
CrnouaTtky BYMTENb I[OBHHEH CTBOPUTH IHTEPAKTHBHE
3aBJIaHHS B CHEIAIbHOMY CEPEIOBHIII, 10 BOYIOBaHE
B CJIKTPOHHHUH 3aCTOCYHOK IJIsI BUMTENS, a IOTIM BH-
KJIACTH 1[el MaTepiai Ha ypOoi.

3a IONOMOrOI0 MPUCTPOIB Mepenadi PyKOIMUCHOTO
BBE/ICHHS iHPOpMAIIil, TaKuX sK rpadiyuHi MIAHIIETH YU
CCHCOpPHI €KpaHH, Y4HI MOXYTh B3aEMOJISTH 3 y4UTeE-
JeM Yy PeXHMi PealbHOr0 4Yacy B HHCHMOBIH (opmi.
VY4HI TaKOX MOXYTh 3aBaHTa)XyBaTH LU(PPOBI Mpe3eH-
Tallii, sk 3po0JieHi Ha CTOPOHHIX cepBicax, TaK i BUKO-
PHUCTOBYIOUYHM BOYIOBaHI IHCTPYMEHTH Ul CTBOPEHHS
Mpe3eHTaIlid.

JIIsT KOHTPONIO BiNBIAYBaHHA y CHCTEMi CTBOpE-
HUI THCTPYMEHT [2], SIKuif MOXKe aBTOMATU4HO BiaMiva-
TH y9HS Ha yPOIIi, KO0 Oyae moMideHa Oyab-siKa aKTH-
BHICTh 3 WOro OOJIIKOBOT'O 3aIlMCy: 3BYK, BiJI€O, HAIIH-
CaHHA TEKCTY y YaTi Y4 BUKOHAHHS TECTY, CAMOCTIHHOI
pobotu Tormo.

OcobmmBo Taka (PYHKIIIOHANBHICTE Oyae KOpHC-
HOIO JJIS1 y9IHIB ITOYaTKOBOI Ta CEPEIHBOI IITKOMH.

Modyne 360py ma eidobpasxcenns cmamucmuu-
HOI iHghopmayil norioMarae CTEXWTH 3a YCIIIIHICTIO,
BiJIBI{yBaHHAM Yy4YHIB Ta BumtelniB. Llelr Moxymp 30upae
yci HeoOXimHI aHI MPO KOPUCTYBAUiB CHCTEMH Ta JO-
TOMara€e CTBOPUTH TaKi HEOOXiIHI iHCTPYMEHTH SK OH-
TaH-TIOICHHNUK Ta KITACHUH XKypHAJ 3 BiIBiXyBaHHSIM.
Jns 6atekiB Oyzme HagaHO €MEKTPOHHUH JKypHAI 3 OIli-
HKaMM iXHbOI JUTHHH, €JICKTPOHHUN IIOACHHUK, SIKUN
MICTHTh OLIIHKH, JOMAIIIHI 3aBJaHHS Ta MOKJIHBI IOBi-

71



Cucmemu ynpaesiinns, nagizauii ma 36'a3xy, 2021, eunyck 4(66)

ISSN 2073-7394

JIOMJICHHS 200 3ayBa)KCHHS. Y KiHIII KOXKHOTO CEMECTPY
Oyne GpopMyBaTHCs €MEKTPOHHUI Tabelb, SKUH TOKa3y-
BaTHME YCITIIIHICTh TUTHHH.

Mooynb nanazodicennsa eideo ma mexKcmoeozo
36°A3Ky NO3BOJISIE CTBOPUTH BineokoH(pepeHwii abo Ha-
JIAINTYBAaTH JIMCTYBAaHHS 3a JOIMOMOTOI0 BOYZOBaHHX
¢yHkuii. s BizeokoH(pepeHmii MO)KHa KOPUCTYBATH-
csl HE TUIbKM BOYZIOBAHUM CEPBICOM LIS BiZIE03B’A3KY, a
W BUKOPHCTOBYBaTH CTOPOHHI CEpBicH, HaIpUKIa,
Google Meet.

Aue BOyJOBaHa cucTeMa TapaHTye Oiibll Hajaid-
HUI 3B5130K Ta HEOOMEKEHY KiJIbKICTh YUaCHHUKIB.

Mooyne nnanyeanns BINNOBiae 3a MpOLECH
CTBOPEHHSI HaBYAJIBHOI MPOTpamMy, IJIaHYBAHHS LIKIJIb-
HUX TIOMIH Ta BEIEHHS IIKUIBHOI OHJIAWH-JOIIKUA Oro-
JIOIIEHB.

Buwnreni pasom 3 ammiHicTparopamy, sIKi BiJIIOBI-
JIaf0Th 32 HAJIATOJDKEHHS IIKIIBHOI'O TPOLECY, 3aBISKH
LIOMY MOJYJIIO MOXKYTh Y3TOIMTH Ta CKJIACTH PO3KJIA]
3aHATh, SKUH y4HI Ta X 0aTbKM MOXYTh NEPETIIAaTH Y
Oynb-sikuii yac. Takoxk, JaHUH MOIYNb HalaroiuTb CH-
CTeMy CHOBIIIEHb SIK ITPO IIKUIBHI MO/ii, TaK i Mo Bax-
JIMB1 OTOJIOLIEHHS 1Sl OATHKIB.

Mooynbe cmeopenna iHKAI03UBHO20 O0Cmyny 00
inghopmauii 3abe3rieuye OTHAKOBHN JOCTYI 10 OTpH-
MaHHS 3HaHb JIOJSIM 3 0OMEXEHUMH 30POBHUMH MOXKIIH-
BOCTSIMH 32 JIOTIOMOTOIO ay/IOBiATBOPEHHSI TEKCTYy Ta
MOYKITMBICTIO 301IbIIICHHSI KOHTPACTY €JIEMEHTIB.

BucHoBxku

VY it crarti Oylio MPOBEACHO aHANi3 Tamy3i OH-
JIaifH-OCBITH, SIKMH BU3HAYUB, 110 BaXKIUBUM (HaKTOPOM
CTBOpCHHS 1HQOpPMAIIIHOI CHCTEMH OHJIAIH- HaBYaHHS
€ iH(pacTpyKTypa HaBYaJILHOTO 3aKiary. CTBOpeHHS Ta
po3ropTaHHs 1i€i iHpopMaliiiHoi iHQpacTpyKTYypu — 1e
OJlHA i3 O3HAK YCITIIIHOIO BIPOBAKEHHS iH(opMamiii-
HUX TEXHOJNOTiA B OCBITHIM mporec. Takok B CTaTTi
HaBeJieHa CTPYKTypa iH(popMariiiHoi cucreMu Ta 00-
TPYHTOBaHO BUKOPUCTAHHS 11 MOAYJIIB.

KoxxeH Momyns MoXe BHKOPHUCTOBYBATH IHCTPY-
MEHTH IHIIOr0, TAKAM YHHOM JIOIIOBHIOIOUH CHUCTEMY B
iioMy. SIKI0 MOy CTBOPEHHS Ta YIpaBJiHHS iH)O-
pMaIli€r0 CTBOPIOE THCTPYMEHTH IS IIbOTO, TO MOJIYJI,
SKi BIAMOBIAAIOTH 3 TUIAHYBAHHS YW KOHTPOJb MOXYTh
ix BUKOpUCTOBYBaTH. TakoX MOAYJb 3B’SI3KYy Ma€ iH-
CTPYMEHTH JJIsl CTBOPEHHsI BijeokoH(epeHlil, a Mo-
Iyllb TUIAaHYBaHHS Ma€ IHCTPYMEHTH JIsi CTBOPEHHS
NO/IiH, Ha SIKUX MOXKe OyTH BUKOpPHCTaHUH ()yHKIIIOHAI
BiJIcOKOH(DepeHIIii.

JaHuit HanpsIMOK € Jy)Ke NMEepPCIeKTHBHUM B Harli
YacH, 4epe3 KapaHTHHHY CHUTyalilo y cBiTi. Takox
CTBOPEHHSl 3aCTOCYHKIB JUIsd HIKUJIBHOIO — OHJIAalH-
HaBYaHHS JO3BOJIMTh OTPUMAaTH JOCTYH MO SIKiCHOI
IIKITBHOI OCBITH OlIBIIIN KIJIBKOCTI Y4YHIB Ta CTBOPHUTH
HOBI po00Yi MicIsl AJIsl BUUTENIB Ta aAMIHICTpAaLil KO-
.
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Structure of the information system, which is oriented on online learning
Tetiana Filimonchuk, Anton Pliuta

Abstract. The subject of the study is information technology focused on online learning. The purpose of this article is to
determine the structure of the school information system. The following results were obtained. The structure of the information
system, which is focused on online learning, and its division into separate modules, which cover all the necessary functions for
teachers and students, help to create and maintain the distance learning process. The functions that will be implemented in these
modules include methods focused on the management of personal data, training materials, notification, evaluation of the presen-
tation of works, statistical analysis and information collection, flexible learning. Conclusions. Using the above-mentioned func-
tions, it is possible to create a complete replacement of the usual school for each user and turn it into an information system with
all the necessary tools for further functioning.

Keywords: online learning, online school, application, education, interface, computer.
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COMPARISON OF MACHINE LEARNING METHODS
FOR A DIABETES PREDICTION INFORMATION SYSTEM

Abstract. Diabetes isa disease for which there is no permanent cure; therefore, methods and information systems are required
for its early detection. This paper proposes an information system for predicting diabetes based on the use of data mining methods
and machine learning algorithms. The paper discusses a number of machine learning methods such as random forest, AdaBoost
algorithm, multilayer perceptron, neuro-like structure of Consecutive Geometric Transformations Models (CGTM), linear re-
gression based on the stochastic gradient descent, generalized regression neural network and regression based on the support
vector machine. The Pima Indian Diabetes dataset collected from the UCI machine learning repository was used in the research.
The dataset contains information about 768 patients and their corresponding nine unique attributes: the number of times of
pregnancy; plasma glucose concentration for two hours in an oral glucose tolerance test; diastolic blood pressure; the thickness
of the folds of the skin of the triceps; the concentration of serum insulin for two hours; body mass index; a function of diabetes
heredity; the age of a person; the result of a variable class (0 — no diabetes, 1 — a sick person). The research has been carried out
to improve the prediction index based on the Recursive Feature Elimination method. It was found that the logistic regression
model performed well in predicting diabetes. It has been shown that in order to use the created model to predict the likelihood
of diabetes mellitus with an accuracy of 78%, it is necessary and sufficient to use such indicators of the patient's health status as
the number of times of pregnancy, the concentration of glucose in the blood plasma during the oral glucose tolerance test, the
BMI index and the result of the calculation of the heredity functions "Diabetes Pedigree Function".

Keywords: machine learning, data mining, neural network, diabetes prediction information system, logistic regression,

decision tree.

Introduction

Diabetes mellitus is an "epidemic of the XXI cen-
tury”, an incurable disease of the pancreas, which devel-
ops due to absolute or relative insufficiency of the hor-
mone insulin. It is characterized by a steady rise in blood
glucose levels, which in turn can lead to complications.

To achieve compensation for diabetes, constant
monitoring is required. In addition to taking oral medica-
tions and insulin, following a strict diet, exercise, daily
routine, checking your blood glucose regularly, and
keeping a special diary, your diabetic should see an en-
docrinologist regularly for advice and appropriate
measures to improve or maintain the condition.

Normally, the level of glucose in the blood varies
within fairly narrow limits; from 3.3 to 5.5 mmol / liter.
This is due to the fact that in a healthy person, the pan-
creas produces or stops the release of insulin depending
on the actual level of glucose in the blood. In case of in-
sufficiency or complete absence of insulin (type 1 diabe-
tes mellitus) or in case of impaired interaction of insulin
with cells (type 2 diabetes mellitus), glucose accumulates
in the blood in large quantities, and the body's cells are
unable to absorb it. As of 2019, in addition to the already
mentioned type 1 and type 2 diabetes, there are gesta-
tional diabetes (gestational diabetes), MODY-diabetes
and LADA—diabetes [1].

Depending on the specifics of the diagnosis, treat-
ment of patients with diabetes involves the use of oral
agents to improve insulin permeability to body tissues
and / or replacement therapy with subcutaneous insulin
injections of varying duration to mimic the normal func-
tioning of the pancreas. With mild diabetes, you can do
without medication, but a strict diet with a clear under-
standing of the amount of nutrients consumed, moderate

exercise, daily routine, blood glucose control and diary
of self-monitoring are mandatory for all patients with
this diagnosis.

Under conditions of poor or insufficient treatment
(decompensation or subcompensation of diabetes), blood
glucose levels in the human body are consistently high.
Against this background, complications of diabetes de-
velop, which not only worsen the patient's standard of
living, but can also be fatal. These complications include:
ketoacidosis (accumulation of a dangerously large hum-
ber of ketone bodies in the blood), hypoglycemia (de-
crease in blood glucose below 3.3 mmol / 1), hyperosmo-
lar and lactic acidotic coma, polyneuropathy (peripheral
nerve damage), nephropathy (kidney damage), retina ret-
inal vessels), angiopathy (impaired vascular permeabil-
ity), diabetic foot syndrome, etc.

To achieve compensation for diabetes a condition in
which the patient has achieved stable normal blood glu-
cose levels during treatment and the risk of complications
is reduced — constant monitoring is required. In addition
to the above measures, this control also includes regular
visits to the endocrinologist for advice and appropriate
measures to improve or maintain the patient's health.

Literature review. There are a number of studies
on predicting diabetes based on machine learning (ML)
methods for the Pima Indian Diabetes Dataset (PIDD).
Pima Indian Diabetes Dataset (PIDD) containing: 9 at-
tributes, 768 records describing female patients. [1-5].

In [1], artificial neural networks were used to pre-
dict diabetes based on the PIDD dataset, which showed a
prediction accuracy of 75.7%. The author of [3] showed
that among the applied methods of machine learning, like
support vector machine, naive Bayesian classifier, deci-
sion trees on PIDD and naive Bayesian classifier shows
the best accuracy — 76.30%. In [4], applied logistic
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regression to PIDD to predict diabetes. The model pro-
posed in this paper showed a fairly good forecast with an
accuracy of 75.32%. In the study [5], all patient data were
used to train and test a classifier based on Naive Bayes
and decision trees. The research results showed that the
best algorithm is the naive Bayesian algorithm with an
accuracy of 76.3021%.

The most important problem in a machine learning
method is the choice of training parameters and the corre-
sponding classifier. In this paper, the Recursive Feature
Elimination method was used to improve the prediction
rate. Our research work is to select the best classifier for
the diabetes prediction information system. In this work,
various machine learning classification algorithms are
used to predict diabetes in a patient, such as random forest,
AdaBoost algorithm, multilayer perceptron, neuro-like
structure of Consecutive Geometric Transformations
Models (CGTM), linear regression based on the stochastic
gradient descent, generalized regression neural network
and regression based on the support vector machine.

Main part

System design. The system architecture for the Di-
abetes Prediction System, shown in Fig. 1 below, is a
conceptual model that defines the structure, behavioral
interactions, and several systemic representations that
underlie the system. The figure shows a formal descrip-
tion of the system, submodules of the system, as well as
data flows between them. Fig. 1 shows the components
of the system architecture.

Methods. Based on the comparison and analysis of
the functional properties of leading software solutions in
the field of medicine, it was determined that the option
"Obtaining prediction of the probability of the patient's
disease" is not implemented in modern diabetes manage-
ment information systems. However, due to statistics on
the fate of patients with misdiagnosis, it becomes impos-
sible to deny the need to implement this useful function.

The problem of predicting the incidence of diabetes
can be solved using the methods of classification of ma-
chine learning.

Logical

Educational
module

Database

Intelligent
prediction
module

=

|
=9

Application server Application User

Fig. 1. System architecture

In the tasks of medical diagnostics, patients act as
objects. The characteristic description of the patient is, in
fact, a formalized medical history. Having accumulated a
sufficient number of precedents in electronic form, you
can use the methods of classification of machine learning
and predict the likelihood of the patient's disease.

An example of solving the problem of classifica-
tion using machine learning to predict the incidence
of diabetes. Description of the source data. To imple-
ment the considered methods of classification of machine
learning, we will use the popular service "UCI Machine
Learning Repository”, which provides a large number of
sets of real data, and consider the initial data presented in
the sample "Pima Indians Diabetes Database" (Fig. 2).

There are a total of 768 records in the sample, each
of which is characterized by the following nine parame-
ters:

Pregnancies Glucose BloodPressure SkinThickness Insulin BMI DiabetesPedigreeFunction Age Outcome

- 0 6 148 72 35 0 336 0.627 50 1 .
1 1 85 66 29 0 2686 0351 31 0
2 8 183 64 0 0 233 0672 32 1
3 1 89 66 23 54 281 0.167 21 0
4 0 137 40 35 168 431 2288 33 1

Fig. 2. Example data in the Pima Indians Diabetes Database sample

e "Pregnancies" — the number of times of preg-
nancy;

e "Glucose" — plasma glucose concentration (in
mg / dl) for two hours in an oral glucose tolerance test;

o "BlooodPressure" — diastolic blood pressure (in
mm Hg);

o "SkinThickness" — the thickness of the folds of
the skin of the triceps (in mm);

e "Insulin" — the concentration of serum insulin
for two hours (in pg / ml);

e "BMI" —body mass index, calculated by the for-
mula: weight in kg / (height in m);

o "DiabetesPedigreeFunction" — a function of di-
abetes heredity;

e "Outcome" — the result of a variable class (0 —
no diabetes, 1 —a sick person);
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e "Age" —the age of a woman.

The available data show the following distribution:
500 people are healthy (i.e. their "Outcome™ parameter is
zero) and 268 have diabetes (their "Outcome™ parameter
is equal to one).

In graphical form, the data "Pima Indians Diabetes
Database" can be represented as follows (Fig. 3).

As can be seen from Fig. 3, inaccurate data are
found in the sample. For example, these are:

e blood pressure equal to zero (35 cases);

e zero blood glucose concentration (5 cases);

o skin fold thickness less than 10 mm (227 cases);

e BMI approaching zero (11 cases);

e zero level of insulin concentration in the blood
(374 cases).

To eliminate the above problems, the following op-
tions are proposed.

e Delete or ignore records. An undesirable option,
because it means the loss of valuable information. The
sample contains too many records with zero skin thick-
ness and blood insulin concentration, but this tool can be
applied to the fields "BMI", "Glucose", "Blood pressure™.

e Using averages. This option may be the case for
some samples, but using a mean value, such as blood
pressure, will be the wrong signal for the model.

¢ Avoid the use of problematic characteristics.

Age BMI BloodPressure
300 250 250
200 200
200
150 150
100 1 100 100
50 50
0 H 0
20 40 60 80 0 20 40 60 0 50 100
DiabetesPedigreeFunction Glucose Insulin
500
300 200 1
400
150
200 300
100
200
100
50 100
0 0 0
0 1 2 0 100 200 0 250 500 750
Outcome Pregnancies SkinThickness
500 250
400 4 200 200
300 150 159
200 100 1 100
100 50 50
0 0 0
00 05 10 0 5 10 15 0 50 100

Fig. 3. Graphic representation of data distribution

This option could work for the thickness of the skin,
but at this stage it is difficult to predict the result.

After analyzing possible ways to solve the problem
of incomplete data, we decide to remove from the sample
rows in which the attributes "BMI", "Glucose" and
"Blood pressure” are zero. As a result, 724 records re-
main in the database.

Choice of classification method. The methods of
machine learning, which were studied in the article, are
presented in table. 1

The first group of methods is ensemble. The paper
covers the study of two different classes of these meth-
ods: bagging, which includes the Random forest algo-
rithm, and boosting, which is represented by the Ada-
Boost algorithm. The peculiarity of Random forest is that
it provides a stable and effective solution while minimiz-
ing problems with retraining [6]. In addition, it is re-
sistant to emissions and scaling and is able to process
large data sets with many features of each input vector

[7]. Among the disadvantages of this method should be
noted the lack of extrapolative properties and difficult in-
terpretation of the results [6].

The composition of the AdaBoost algorithm in-
volves an iterative process of building private models,
where each subsequent algorithm is learned using infor-
mation about the errors made in the previous stage [8].
Simplicity of implementation and high ability to general-
ize are the main advantages of the AdaBoost algorithm.
Among the limitations of the algorithm should be noted
the need for no noise in the data, which can lead to re-
training [9]. In addition, an important role in the effi-
ciency of this algorithm is played by the dimension of the
sample for training [8]. The next group of methods for
solving the regression problem under study is neural net-
work. The possibility of using a multilayer perceptron, a
generalized regression neural network and a neuro-like
structure of a model of successive geometric transfor-
mations to predict the amount of costs of retail store
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consumers is considered. Despite the possibility of a
fairly accurate approximation, the multilayer perceptron
is characterized by the durability of the training proce-
dure for its iterative process. The generalized regression
neural network is fast, but characteristics such as the size
and structure of the data sample, the quality of the algo-
rithm and software solution based on it, the use of paral-
lelism, etc., in some cases make the network very large

and slow. In addition, in the Random forest algorithm, it
is not capable of extrapolating data [10]. The application
of neuro-like structures of the model of successive geo-
metric transformations to the solution of regression prob-
lems is characterized by a high speed of implementation
of learning procedures and sufficient accuracy of the
forecast [11]. However, large amounts of data may limit
the use of this computing tool.

Table 1 — Parameters of the studied machine learning algorithms

Number of the . . Symbol of
method The name of the machine learning method the method Method parameters
1 Random Forest Method 1 maximum depth of the tree = 5
: basic algorithm — decision tree (maximum
2 AdaBoost algorithm Method 2 depth = 4), number of weak (base) trees = 300
3 Multilayer perceptron Method 3 iSO:EBﬂ:s, 23 neurons in the hidden layer,
4 Neuro-like structure of Consecutive Geo- Method 4 23 inputs, 23 neurons in the hidden layer,
metric Transformations Models (CGTM) 1 output
5 Lme?r regression based on the stochastic Method 5 waste function = ‘squared_loss’, a = 0.0001
gradient descent -
6 Generalized regression neural network Method 6 | 6=0.4 (c€[0.1,1.5]
Regressor based on the support vector kernel = rbf, epsilon = 0.001, maximum
7 . Method 7 S
machine number of iterations = 200

Linear regression based on stochastic gradient de-
scent, like the support vector machine, is characterized
by a high speed [12], but not always by satisfactory pre-
diction results.

Development of the problem solving concept
based on the machine learning algorithms. MN or an
artificial intelligence (Al), is a research discipline that
deals with the methods and algorithms of experiential
learning. For some researchers, the phrase MN is part of
Al, provided that the ability to learn is a crude attribute
of an intellectual individual.

The purpose of machine learning is to develop com-
puter systems that can learn and respond based on their

previous observations. The purpose of artificial intelli-
gence is to develop an intelligent agent or assistant that
uses a variety of machine—based learning methods based
on the solution.

Database knowledge research (DBKR) is a disci-
pline that includes hypotheses, approaches, and strategies

RMSE = \/Z?zl(yf”d —yire)’, @)

that seek to understand data and extract valuable facts
from it. It is known that this is a multistage method (se-
lection, pre—processing, transformation, MN / Al, under-
standing / evaluation), defined in Fig. 4.

4 5
i 1 iz l3 i—’III_’-

Selected Data
Subset

Data
Data

Pre-processed

Transformed Patterns

Data

Knowledge

Fig. 4. Multistage method of knowledge extraction

The most critical phase in the whole DBKR method
is MN / Al, which illustrates the use of MN and Al algo-
rithms in data processing. MN processes are usually di-
vided into three specific groups. These include:

e supervised learning (SL), where the scheme in-
dicates the functionality of the marked learning data;

e unsupervised learning (UL), where the system
tries to deduce the nature of unidentified data;

o reinforced learning (RL), where the machine in-
teracts with a dynamic context. Artificial intelligence is
used to develop intellectual assistants who will help in
self-management and personalization of disease therapy.

Evaluation of research results. The simulation of
the available ML methods (table 1) was performed on a
real data set "Pima Indians Diabetes Database".

The simulation was performed on a data set from
which all observations with spaces were removed. The
data sample was randomly divided into training and test.
The percentage of such division was 70% to 30%, respec-
tively.

All parameters of the studied methods are presented
in table 1. Evaluation of the effectiveness of the forecast-
ing task was based on two indicators:

e The root-mean-square error (RMSE):

e Duration of the training procedure.

In Fig. 5 presents a comparison of the values of the
root mean square error of all studied methods.

The values of the error are plotted on the x—axis, and
the studied methods — on the y-axis. The black (dark)
columns of the histogram indicate the error obtained in
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the training mode (rmse training), grey (light), respec-
tively, the error of the application mode (rmse test).

The worst result on accuracy of the decision of the
set task is shown by the method constructed on the basis
of the support vector machine (fig. 5). The best result is
obtained using the AdaBoost algorithm. The difference
in accuracy based on (fig. 5) between the two methods is
more than 28%. The Random forest algorithm in compar-
ison with AdaBoost shows slightly worse results in the
application mode, but much better in the training mode.
It should be noted that in Fig. 5 the error in the training
mode for method 6 does not show, because it does not
require training as such. However, as can be seen from
Fig. 5, the accuracy of its operation is unsatisfactory.

In addition to the accuracy of work, no less im-
portant feature of the information system is the ability to

work online. That is why the duration of the training pro-
cedures of the methods underlying such systems is criti-
cal. Given this, the study conducted an experimental
study to assess this indicator.

Figure 6 shows the duration of training procedures
for all studied methods (in seconds).

As can be seen from Fig. 6, the training procedure
of method 5 is very fast, and the duration of the learning
algorithms underlying methods 1 and 2, respectively, is 6
and 12 times slower. The usage of a multilayer percep-
tron to solve the problem leads to significant time delays.
In particular, it is slower than method 1 by more than 549
times. However, the worst results, given the operating
time, were obtained using a neural network of general-
ized regression. Its usage for the problem solution lasts
more than 130 seconds.

8000

7000

6000

5000

4000

3000

2000

1000

Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7

B RMSE test B RMSE training

Fig. 5. The root mean square error value of the RMSE modes of training and usage

Method 5 0,03
Method 1 0,21
Method 7 0,37
Method 2 0,41
Method 4 0,41

Method 3 1,06

Method 6

Training time, sec.

0 5

10 15 20

Fig. 6. Duration of training procedures of the studied methods

Based on the analysis of both the accuracy of ML
methods (Fig. 5) and the duration of their training pro-
cedures (Fig. 6), it can be argued that the most effec-
tive solution to the problem is provided by ensemble
methods according to the schemes of improved asso-
ciation (bagging), and improved cross—section (boost-
ing).

That is, methods 1 and 2, respectively. Artificial
neural networks (methods 3 and 4) do not provide suffi-
cient accuracy.

BucnoBku

Early detection of diabetes is one of the major
health problems. This paper proposes a system architec-
ture and classifier for an information system that can pre-
dict diabetes with high accuracy. We have pre-processed
the data. Using the method of reducing the number of
functions, we abandoned four parameters.

We used four input parameters ("Pregnancy", "Glu-
cose", "BMI", "Pedigree function of diabetes") and one
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output parameter ("Result™) in the PIMA data set. Seven
different machine learning algorithms were used, includ-
ing random forest, AdaBoost algorithm, multilayer per-
ceptron, neuro—like structure of Consecutive Geometric
Transformations Models (CGTM), linear regression
based on the stochastic gradient descent, generalized re-
gression neural network and regression based on the sup-
port vector machine for providing the diabetes prediction.
The performance of these models was evaluated by vari-
ous parameters.

Thus, the accuracy of the models was assessed both
in the training mode and in the test mode. The best per-
formance on these parameters was determined in models
developed by the methods of AdaBoost and Random For-
est. The worst result in terms of the accuracy of solving

the problem was showed by a method based on the ma-
chine of reference vectors. Another indicator that has
been studied was the assessment of the training duration.
The least time was spent on learning the method of linear
regression based on stochastic gradient descent, while the
training of models based on the building and training of
neural networks is the slowest. Taking into account the
analysis of methods for both indicators, it is established
that the most effective solution of the problem is pro-
vided by ensemble methods according to the schemes of
both improved bugging and improved boosting, i.e. Ran-
dom Forest and AdaBoost methods, respectively.

The use of improving the prediction index based on
the Recursive Feature Elimination method allowed us to
reduce the number of parameters from 8 to 4.
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IlopiBHAHHS MeTOAIB MALUMHHOIO HABYAHHS /IS iHpopMaLiiiHOl cucTeMH NPOrHO3yBaHHSA AialeTy
O. B. lllmartko, A. O. T'onockokosa, O. I'. Kopons, 1. P. ParimoBa

Annoranis. [liaber — ue xBopoOa, BifI sIKOT HEMA€E MOCTIHHOrO JIIKyBaHH:;, TOMY [UIsl HOr0 PaHHbOI'O BUSIBJICHHSI TIOTPiOHI
MeTou Ta inpopManiiiai cucremMu. Y Wil CTaTTi HPOMOHYETHCS iH(OpMAaIiiiHa crucTeMa /T IPOrHO3yBaHHsI AiabeTy, sika IPYHTY-
€ThCsI HA BUKOPUCTaHHI METO/IiB IHTENIEKTYaIbHOT O aHAITI3Yy JaHUX Ta AITOPUTMIB MAIIHHHOTO HABYaHHS. Y CTaTTi 00rOBOPIOETHCS
PSI METO/IiB MAaLlIMHHOIO HABYAHHSI, TAKKX SIK BUIAAKOBHUI jtic, anroput™ AdaBoost, 6araTomapoBuii mepcenTpoH, HelpomnoaioHa
CTPYKTYpa MOJIEJIeii MOCIiTIOBHIX T€OMETPUYHHX IEPETBOPEHb, JTiHiHA perpecis Ha OCHOBI IPaliEHTHOrO CTOXACTUYHOr'O CIIYCKY,
y3arajbHEHa perpeciiiHa HeHpOHHA Mepeska i perpecist Ha OCHOBI MaIlIMHU OMOPHUX BeKTOpiB. J{iis maHoro mociimkeHHs OyB BU-
kopucranuii Habip manux Pima Indian Diabetes, 3i06panwuii i3 penozutopito mamunHoro Hapuanus UCL Halip maHux micTuTh
iHpopMarito npo 768 naiieHTiB Ta X BiANOBIIHI AEB'ITh YHIKAILHUX aTPUOYTIB: KIIbKICTh BariTHOCTEH; KOHLICHTPALIiS TIIOKO3U
y TJIa3Mi POTSIrOM JIBOX TOJMH MPHU MEPOPATLHOMY TECTi Ha TONCPAHTHICT 0 TJIFOKO3M; 1iaCTONMIYHUIT apTepianbHHil THCK; TOB-
[IMHA CKJIAJIOK IIKiPU TPUIIETiCa; KOHICHTPAIlisl iHCYIiHY CHPOBATKH 3a [1Bi TOMMHU; iHIEKC MacH Tina; (QYHKIIis CIIaKOBOCTI PU
niaberi; BiK JIFOUHU; pe3ynbTaT 3MiHHOI kitacy (0 — Hemae miabery, 1 —xBopwuit). Bysu mpoBeaeHi T0CIiIKEeHHS 100 TTOKPAIeHHS
iH/IEKCY MPOrHO3YBAaHHS HA OCHOBI METO/ly BUKJIFOUCHHS PEKYPCHBHUX O3HAK. BHSBIIEHO, 1110 MOJIEJIb JIOTiCTHYHOI perpecii 1o0pe
MiAXOMUTH ISl IPOrHO3YBaHHs AiadeTy. [lokazaHo, 10 AJIsi BAKOPUCTAHHS CTBOPEHOI MOJENi JUisl IPOrHO3yBaHHS iIMOBIPHOCTI
IYKPOBOTo JiabeTy 3 TOUHICTIO 10 78% HEOOXiHO 1 JOCTaTHHO BUKOPHUCTOBYBATH TaKi MOKa3HUKU CTaHY 30POB'S Malli€HTKH, 5K
KiJIbKiCTh BariTHOCTEH, KOHIIEHTpAIIis TIIIOKO3HU B Ia3Mi TPH MEPOPaTbHOMY TECTi Ha TOJIEPAHTHICTD JI0 TTIOKO03H, iHaeke IMT ta
pe3yabTaT po3paxyHky GyHKIT criagkoBocti «PomoBinHa GyHKIs giabeTy».

KawuoBi caoBa: MalmmHAE HABYAHHS, 1HTEICKTyaIbHII aHANI3 TaHUX, HEHPOHHA Mepeska, iHpopMalliitHa cucreMa mpo-
THO3yBaHHSI JiabeTy, JOriCTHYHA perpecis, IEpeBo PillleHb.
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ITPO OCOBJINBOCTI ®OPMYBAHHSI JIECKPUIITOPIB
Y CIAMCBHKIA HEMPOHHIN MEPEXI

AnoTtaunis. [IpexMeT H0CTiIzKeHHS — TIPOIIECH PO3Mi3HABAHHS 300paXKEHb PYKOITUCHUX UMD 13 3aCTOCYBaHHIM HEWPOH-
HUX Mepex. [lomaTok Ui po3mi3zHaBaHHS IPYHTYETHCS Ha apXiTeKTypi CiaMChKOi Mepeski 3 HeHpOHHUMH 3rOPTKOBUMH ITi[Me-
pexxamu. Mera cTaTTi — 00IpyHTYBaHHS BHOOPY N-BUMipHHX BEKTOPHHX YSIBJICHb BXITHHMX 300paykKeHb VIS OMHCY 1X BIACTH-
BOCTEH, TIOPIBHSHHS Ta IXHHOTO PO3IMi3HABAHHA. 3aBAAHHSA: EKCIIEpPHMEHTANIbHE JOCIIKEHHS PO3Ii3HABaHHS 300pakeHb Py-
KOITMCHHX IM(]p i3 BUKOPUCTAHHSAM apXiTEKTYpH ClaMCbKOI HeHpOHHOI Mepexxi. MeToau J0CiizkeHb: METOJ IPSIMOTO IOy~
Ky 101t QyHKIiH 3 AeKiTbKoMa 3MIHHIMH I BU3HaYeHHsT N-BUMIPHHX BEKTOPHHX NPEJCTABICHUN BXiTHNX 300pakeHs. Me-
TOIM JOCJTiZKeHb: METO] TIPSMOTO TOIIYKY JUIsl QYHKINH 3 JeKiIbkoMa 3MIHHUMH JUTSl BU3Ha4eHHs! N-BHMipHUX BEKTOPHUX
YSBJIEHb BXI/THAX 300paxeHb. Pe3yabraTn gociaimxkens. Pesynsratn nociimkens. [IpoBeeno Bu3HaueHHsT N-BUMIpHUX BeK-
TOPHUX YSIBJIEHb BXIJHUX 300paXkeHb PYKOITMCHHUX IA(P Ta JOCHIIHKEHO X XapaKTepHCTUKH. BHUKOHAHO eKcrieprIMeHTalTbHe
JIOCITI/PKEHHS PO3ITi3HaBaHHSI 300paykeHb i3 BHKOPUCTAHHSIM BEKTOPHUX YSIBJIEHb 300paKeHb y paMKaX apXiTeKTypH ClaMCBKOL
HelipoHHoi Mepexi. [loka3aHo, 1110 3aNPONIOHOBaHI METOIM BU3HAYEHHS BEKTOPHIX N-BUMipHHX YSBIIEHb BXiTHUX 300paskeHb
€ po0acTHUMH 1 He3HAYHO BIUIMBAIOTH Ha KUJIBKICTH TIOMIUIOK TIPU TECTYBaHHI po3mi3HaBaHHS. [l yac TecTtyBaHHS BHKOpHC-
TOBYBAJIMCSI 300pakeHHs pyKonHcHUX mudp i3 TectoBoro Habopy MNIST. BuznaueHo, 1110 BUKOpHUCTaHHS Harepe,] BUOpaHUX
€TAJIOHHUX YSBICHb BXIiJHUX 300paXKCHb JO3BOJSIE CIPOCTHTH apXiTEKTypy ciaMchkoi Mepexi. BucHoBkm. Pesyrnbrarw,
oTpuMaHi B po0OTi, MOXKYTh OyTH BUKOPHCTaHI IIpY MOPIBHUIBHI N OLIHII Ta BU3HAYeHHI N-BHMIpHHX BEKTOPHHX YSBIIEHB Pi-
3HHX KJIACiB BXIJJHHX 300pa)Ke€Hb 3 METOIO PO3ITI3HABAHHA 1X 3 BUKOPHUCTAHHM apXiTEKTypH CiaMCbKOI HEHPOHHOI Mepexi.

KawuyoBi cioBa: ciamchka HeHpOHHA Mepesxa, IECKPHIITOP, TECTYBaHHSI HEHPOHHOI MEepexi.

Beryn

CiaMcpKka HEHpOHHA Mepexa II€ OJWH 13 BHIIB
HEHPOHHUX MEpeX, IO CKIATa€ThCs, SK TPAaBUIO, 3
TpboX miaMepex [1]. BxiaHi naHi mogaroThcst Ha BXOIH
MepIInX JBOX IMiJMEPEeX, 10 MalTh OJHAKOBI HAOOpH
Bar Ta iICHTHYHI 3a apxitektyporo. [lepmii nBi miame-
pexi (OpMYIOTh BEKTOpPHI YSBJICHHS (JECKPHUIITOPH)
BXimHUX naHuX. Tperst migMepexa Ha MifCTaBl pe3yiib-
TaTiB poOOTH MEPUIMX ABOX IiAMEpex GpopMye migcym-
KOBHH pe3y/bTaT y MOPIBHSHHI BXIIHUX JIAHUX.

CiaMCbki Mepexi IIUPOKO BUKOPHCTOBYIOThCS B
cHCTeMax pO3Mi3HaBaHHS O0JIMYb Ta IHIIUX TrpadiuyHuX
00pas3iB, [UIsl MOPIBHSHHS TEKCTIB, B CUCTEMaXx IHepeBip-
K mignucy romio [ 1, 2].

BuxomoM ciaMchbkoi Mepexki € OLiHKa CTYIEHIO
noxibHocti abo BIAMIHHOCTI BXIJHHX HAaHUX Ha IBOX
BXo/1ax Mepexi. Ha mijicraBi 1€l OliHKY i BUKOHYETHCS
po3Ti3HaBaHHS 00'€KTiB Ha BXogax mMepesxi [1-4].

VY BiloMuX JKepesax HeJ0CTaTHHO MOBHO OMHCaHi
0co0IMBOCTI TOOYIOBY Ta BUKOPUCTAHHS AECKPHUIITOPIB
BXIJHHAX TAHUX.

OcCHOBHA YaCTHHA

Ha puc. | mpencraBneHa KiIacH4Ha apXiTeKTypa
ciaMCBhKOi HEWpOHHOI Mepexi. il Ta 12 — Bxoam AaHOL
Mepexi, Ha SKi IONAIOTHCS 300pa’keHHS PYKOMHCHUX
uudp posmipy 28*28 mikceniB 3 Habopy manux MNIST
[5]. Mimmepexi 11 2 oaHAKOBI 3a apXiTEKTYPOIO, Kislb-
KICTIO 1 3HAYEHHSAM BaroBux mapamerpis. Lli mimgmepexi
3a3BUYail OyIyIOTHCS HA MIJACTABI CYKYIMHOCTI ITOCTiIO-
BHHUX ITOBHO3B'SI3HUX 200 3TOPTKOBHX IIApiB.

h(il) Ta h(i2) — Buxomm (abo HecKpUNTOPU BXiI-
HUX 300pakeHHs) 000x mimmepex 1 1 2. Jleckpumrop
h(il) npencrasisie co6oro N-MipHE BEKTOpPHE IPEICTAB-
JIeHHs 300pakeHHs i1, To6TO N-MipHUIA BEKTOp BIACTHU-
Bocter 300pakenHs il. EBkmimoBa Bimctans d(h(il),

h(i2)) nns neckpumropis h(il) i h(i2) makcumanbHa a5t
pi3HuX 300paxkeHp il Ta i2 # MiHIMagbHA TSI OMHAKO-
BHX.

h(i1)
=3 I[lizmepexa 1
i =N
i izmepexa 3 =
Ie ITigmepexa 2 j y
h(i2)

Puc. 1. V3arajpHeHa apXiTeKTypa ciaMChbKOI Mepesxi

[Minmeperxka 3  00YMCIIOE EBKIIJIOBY BiJICTaHb
d(h(il), h(i2)) mix aeckpunropamu i Ha ii mijacrasi ¢o-
pPMY€ OIIHKY CTYIEHS CXOXOCTi ab0 BIAMIHHOCTI 30-
OpaskeHb Ha BXonax Mepexi il Ta i2.

[Ipu HaBYaHHI CIaMCHKMX HEMPOHHUX MEPEX Haii-
YacTillle BUKOPHCTOBYIOTHCSI HACTYIHI (YHKIIi BTpaT
[2-4]: GimapHa Kpoc-eHTpOIis, KOHTpPAaCTHA (YHKILS
BTpAT, TPUIUIETHA (DYHKIIiS BTpaT.

KonrpactHa Ta TpumierHa (yHKIII BTpaT mpar-
HYTh 3MCHIIHUTH BiJICTAHb MK CXOXHUMH 00'€KTaMU i
30UTBIINTH BiICTaHb MiX pi3HUMH 00'ektamu. [Ipu Bu-
KOPUCTaHHI TPUILIETHOI (PYHKIIi BTPAT 3aCTOCOBYIOTHCS
HalOLIBII CKJIAJHI BUMOTH (OpMYBaHHA map 300pa-
JKEHb JUIS HaBYAIBHOTO Habopy nanux [4].

3 METOI0 aHali3y MECKPHUIITOPIB BXiTHUX JaHUX
BHKOPHCTOBYBAJIacs ciaMchbka HelipoHHa Mepexa 3 [3].
Bci obuncrnenHs mpoBommincs y OJOKHOTI XMapHOTO
cepBicy Google Colaboratory.

Crtpykrypa Mozmeni migMmepexi 1 (miamepexi 2)
HaBezmeHa Ha puc. 2. Ha Bxim mimMepexi 1 momaeTscs
OTHOKaHAJIbHE 300payKeHHS Y TpaallisiX Ciporo Koibo-
Py 3 pykommcHo udporo il po3mipy 28*28 mikcenis —
Input(28*28+*1).  Hami  #ime  3ropTKOBWi  mmap
(Conv2D_1(4, (5, 5), tanh)), sKuif 3a JOMTOMOTOIO SIIEP
3TOPTKH po3Mipy (5, 5) dopmye 4 KapTH 0O3HAK Ta BHKO-
pucToBYe (QYHKIIFO aKTHUBaMii rinepOoNiYHOrO TAHT€HCa

© Iocrak A. B., 2021
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tanh. ITicns nepuroro mapy 3ropTKH CIiJ CyOIUCKPETH-
3oBaHuii map AveragePooling2D(2, 2), skuii 3aMiHIOE
JaHi B BikHI po3Mmipy (2, 2) iX cepemHIM 3HaYCHHSM.
Ham — ppyruit map 3roptku (Conv2D 2(16, (5, 95),
tanh)), sikuii 3a JTOMOMOrom0 siiep 3ropTKHU po3Mmipy (5,
5) dopmye 16 xapT o3HaK 1 BUKOPHUCTOBYE (YHKIIIO
aKTHUBAIIi1 tanh. Hacrynuuit - map
AveragePooling2D(2, 2).

Hami map Flatten, Ha BuXoni sIKoro 3 BXiJHHUX Ja-
HUX (OpPMYETHCSI ONHOBUMIPDHHMH BEKTOp, 1 Iap
BatchNormalization, o BUKOHYE TakeTHY HOpMaIi3a-
LiI0 JUIsl TIPUCKOPEHHSI NPOLleCY HaB4YaHHSA Mepexi. Bu-
xix migMepexi 1 QopMyeThcsi TOBHO3B'S3HUM IIApOM
(FC(10, tanh)) 3 10 By3:7iB 3 BHKOpUCTaHHAM (PyHKIIT
aktuBaii tanh. ToMy JeckpHUIITOp BXiJJHOTO 300paskeH-
Hs h(il) € 10-MipHEM BEKTOpOM 3 €JeMEHTaMH PO3IO-
niieHuMu Bing -1 go +1.

Input(28*28*1) — Conv2D_1(4, (5, 5), tanh) —
— AveragePooling2D(2, 2) —
— Conv2D_2(16, (5, 5), tanh) — AveragePooling2D(2, 2) —

— Flatten — BatchNormalization — FC(10, tanh)

Puc. 2. Crpykrypa mozeni niamepexi 1

CrpykTypa Mozelni miiMepexi 3 HaBe/ieHa Ha pHC.
3. Ha apa Bxoau (Input(10)*2) migmepexi 3 mogaroThes
nBa 10-mipHux aeckpunropa h(il) ta h(i2). [dani iine
map Lambda, mio oGuuciioe eBKIIIOBY BiJCTaHb MiX
neckpunropamu, 1 map BatchNormalization. Buxin mi-
amepexi 3 gopmyersest moBHO3B'si3HUM 1apoM (FC(1,
sigmoid)) 3 1 By3na 3 BUKOpUCTaHHSAM (DYHKIIT aKTHUBaA-
uii sigmoid. Tomy Ha BHXO[i BCi€l JaHOi ciaMChKOI Me-

3. h3 — geckpunTop, BH3HAUCHHIA 3a JOMOMOTO0
OJTHOTO 3 METOIB MPSIMOTO MOIIYKY st QyHKIii 3 Ki-
JBbKOMa 3MIHHUMH [6], 1 SIKWiA MiHIMI3ye CyMy eBKIIiIO-
BHX BifICTaHEH BiJl HROTO JIO K BHITAJKOBO BHOpaHUX
JIECKPHIITOPIB 300pakeHb 3 BiIOBITHOIO LH(POIO.

Etanonni neckpunropu mis pecstd mupp odduc-
JroBaNKCA Ha TijactaBi Habopy 3 30000 10-mipHUX me-
CKPHUNTOpPIB, OTPHUMaHKUX 3 300pakeHb HU(P TpeHyBa-
JILHOT'0 HA0OPY AaHUX.

Heckpunrop h10 miHiMi3ye cymapHy BcepeanHik-
JacTepHY €BKIiZoBY Binctanb (SR) mist kmacrepa 3
2961 nmeckpurnropa 300paxkeHs mudpu 0 TpeHyBaIbHOTO
HaOopy nanux. Hanpukman, neckpuntop h10 mist mud-
pu 0 Mae Takuii BUTIISIA

h10 = [ 0.9993759, - 0.99132943, - 0.99756294,
- 0.94506454, - 0.9919112, 0.9991755, - 0.963361,
- 0.69670916, 0.99568534, 0.9948068 ].

VY T1abn. 1 HaBegeHO KUTBKICTH 300pakeHb Pi3HUX
QP B TPEHYBAILHOMY HAa0Opi, CyMapHi BCEpPEIUHIKIa-
CTEpHI BIJICTaHi Ta cepe/iHi BCepeMHIKIACTEPHI BiACTaHi
(SSR) (3 TOYHICTIO 10 YOTHPHOX 3HAKIB MICISI KOMH), 1110
3a0e3MeUyIOThCS  JecKpunTopamu hl mist BigmoBiIHOI
mdpu. HalikomMnakTHIIMI Kiactep yTBOPIOIOTH e-
ckpunropu mudpu 3 — cepemHs BCepeAMHIKIACTEpHA
BifCcTaHb i neckpunrtopiB 1mbpu 3 criamae 0.2802,
KUTBKICTh 1IH(p B 11boMy Kiactepi 3073. HaliHekommakt-
HIIIWKA KJlacTep yTBOPIOIOTH JeckpunTopu wppu 0 —
SSR = 0.595, kinbkicts nudp B upoMy Kiactepi 2961.

Tabnuys 1 — CymapHa BcepeIuHiKIacTepHa BiacTaHsb i
cepe/iHs BcepeIMHIiKJIacTepHa BiicTaHb 15 hl

pexi (pOopMyeThCs 3Ha4YEHHA y B inTepBani Bix 0 go 1, Ouppa | "ncao nupp SR SSR
IO TIOKa3ye CTYIMiHb MOJIOHOCTI JABOX BXIIHHMX 300pa- 0 2961 1761.74 0.5950
eHb pykonucHux mudp il Ta i2. 1 3423 1311.64 0.3832
2 2948 1654.30 0.5612

Input(10)*2 — Lambda — BatchNormalization — 3 3073 861.07 0.2802

— FC(1, sigmoid) 4 2926 1523.16 0.5206

5 2709 1352.85 0.4994

Puc. 3. Crpykrypa mMozeni niamepexi 3 6 2975 1181.38 0.3971

7 3107 1308.17 0.4210

[Ipu HaBUaHHI MepeXi BUKOPUCTOBYBAajacs KOHT- 8 2875 1281.36 0.4457
pactHa dyHKIis BTpat [2, 3], BENMUYUHA MaKeTy JOpiB- 9 3003 1235.98 0.4116

uroe 16 (batch_size = 16) i kinpkicts emox — 10 (epochs
= 10). Pemira 3HaueHp rineprnapameTpiB Npu HaBYaHHI
OyJM 3HAYEHHSAMH 32 3aMOBUYBAHHSM.

O1iHKa SKOCTI MOZENl Ha TECTOBUX JAaHMX ITOKa3a-
JIa 71 METPUKH accuracy 3HaueHHs 0,9824.

ETanonni mpeckpunropu ajst uudp OynyBamucs Ha
MiJCTaBi AECKPUIITOPiB, OTPUMAHNX Ha BUXOJI MTOBHO3-
B's3HOro mapy FC(10, tanh) (pucyHok 2) 3 TpeHyBajb-
HOro Habopy 300paXkeHb pykonucHuX udp. s mody-
JOBU ETaJIOHHUX AECKPHUITOPiB Iudp OyiIn mpoaHaii-
30BaHi HACTYIHI crrocoou:

1. hl — meckpunTop, SKHii BiAMOBiga€ KOHKPETHO-
My 300pakeHHI0 (P 1 MiHIMI3ye CyMy €BKIIIJOBUX
BiJICTaHEH BiJ HHOTO JO BCIX iHIINX ECKPHIITOPIB 30-
OpakeHb 3 BIIIOBIAHOIO IU(POTO,

2. h2 — meckpumrop, BU3HAUCHHIA 3a JTOMOMOTOIO
OITHOT'O 13 METOMIB MPSIMOTO TOMTYKY s QYHKIIT 3 Ki-
JBKOMA 3MIHHUMH [6], 1 KU MiHIMI3ye CyMy €BKIIiHO-
BHX BijicTaHe! BiJl HHOTO JO BCIX IHIINX JECKPUITOPIB
300pakeHb 3 BiAMOBITHOIO ITH(POFO,

Juis momyky onTHMallbHHX JieckpunTopiB h2 abo
h3 BukopucroByBaBcs Meron Hennepa-Mina [6] 3 nake-
Ty optimize 6i0mioreknu SciPy B Python. eckpumropu
h2 pospaxoByBanucs Ha MiJCTaBI JECKPUIITOPIB BCIX
dp BIINOBIAHOrO Kiactepa TPEHYBAIBLHOIO HAOOpY,
neckpuntopu h3 — Ha mincrasi k=10 BunaakoBo BuOpa-
HUX JECKPHUIITOPiB BiIIOBIAHOTO KIacTepa.

VY 1abn. 2 mis 300pakeHb 3 KOXKHOK HU(POIO Ha-
BEJICHI KUIbKICTh IM(p B TPEHYBaJbHOMY HaOOpi, Cy-
MapHi BCepeIWHIKIACTepHI BiAcTaHi i cepemHi Bcepe-
TUHIKIACTEPHI BifCTaHi, 3a0e3ledeHe AeCKpUITOpaMu
h2 ta h3 s BignosigHoi tmdpu. Hampuknam, neckpu-
nropu h20 i h30 mist mudpu 0 MatOTh TaKWHA BUTIISIA:

h20=[0.98109656, - 0.98173788, - 0.98839225,

- 0.96168772, - 0.99090116, 0.98956289, - 0.97216287,
- 0.69049328, 0.98800528, 0.99558528],
h30=[0.9428392, - 0.93947548, - 0.98871858,

- 0.98101832, - 0.99888479, 0.96929498, - 0.99031109,
- 0.77560263, 0.98796668, 0.99986114].
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Tabnuysa 2 — CymapHa BcepeIHHiKIacTepHA BiacTaHb i
cepeqHs BcepeauHiKIacTepHa Biacranb 1js h2 ta h3

Yuciao Jas h2 Jas h3
Hudpa | op [ SR SSR SR SSR
0 2961 | 1755.98 | 0.5930 | 1799.13 | 0.6076
1 3423 | 1304.64 | 0.3811 | 1344.94 | 0.3929
2 2948 | 1650.18 | 0.5598 | 1708.59 | 0.5796
3 3073 | 859.71 | 0.2798 | 861.86 | 0.2805
4 2026 | 1512.94 | 0.5171 | 1518.41 | 0.5189
5 2709 | 1349.86 | 0.4983 | 1363.79 | 0.5034
6 2975 | 1175.42 | 0.3951 | 1182.45 | 0.3975
7 3107 | 1303.00 | 0.4194 | 1308.62 | 0.4212
8 2875 | 1278.35 | 0.4446 | 1309.50 | 0.4555
9 3003 | 1229.58 | 0.4095 | 1240.28 | 0.4130

Ha puc. 2 mpexacraBieHa apXiTeKkTypa ciaMChKoOl
HEWpOHHOI Mepexi IJISl TECTyBaHHS 3aCTOCYBAaHHS Jie-
ckpunropiB hl, h2 ta h3. Ha nepumii Bxix Mepexi mo-
JIa€ThCsl €TAIOHHUN JteckpunTop j-i mudpu hj, Ha apy-
IMH BXiJl Mepexi MONAEThCsl 300pakeHHS] PYKOIMHMCHOT
uudppu i posmipy 28*28 mikcenmiB 3 HabOpy HaHUX
MNIST.

m
. IMixmepesxa 3 —>
i
STy n) [~ Y

ITimmenerxa 2

Puc. 2. ApxiTexTypa ciaMCbKOI Mepexi IpH TeCTyBaHHI

ITigmepexi 2 1 3 MOBHICTIO aHATOTIYHI BiIOBII-
HUM IIiJMepexaM apxiTeKTypu Mepexi Ha puc. 1. Je-
ckpunrop h(i) € N-MipHUM BEKTOPHHM MPEICTaBICHHIM
300pakeHHs i. OUYeBHIHO, MO TICTS BH3HAYCHHS Jie-
ckpunrTopiB g mudp h BUKOpHCTaHHS ciaMCbKOi Hei-
POHHOI Mepexi MO)K€ BHKOHYBATHCS BIiTIOBIIHO [0
apxiTEeKTypH Ha puc. 2.

VY Tabn. 3 mpencraBieHi pe3yNbTaTH TECTyBaHHS
980 300paxkens 3 nudpor 0 3 TECTOBOro HaOOPY 3 BH-
kopuctanHsaM neckpunropis hl, h2 i h3 s mudp Bix 0
110 9. Y croBmi 3 mudporo 0 mokasaHuil pe3yIbTaT Tec-
TyBaHHs, KOJIM Ha BXix h mepexi (puc. 2) momaerscs
3HavyeHHs aeckpunropa hl0 mis mmuppu 0 (psaku 2, 3)
(meckpunropy h20 BiAmoBimAXOThH PSIIKU 4, 5, a MECKpH-
nropy h30 — psaku 6, 7), a Ha BXin i — ogne 3 980 30-
OpaxeHns 3 mudpor 0 3 TectoBoro Hadopy. L{udpa 7 B
JIpYromMy psiiky cToBmus 3 nudporo 0 o3Havae, 1o Ajs
neckpuntopa h10 BennynHa BUXOIY HEWPOHHOI Mepexi
i 7 300pakens mudpu 0 3 980 Oyma menmre 0.5, npu-
YoMy MiHIMaJIbHE 3HAYECHHS BHXOAY MEpexi Oyio
0.0078 (3 TOYHICTIO 0 YOTHUPHOX 3HAKIB MICIS KOMH).
Ha puc. 3, a nokazaHo 1ie 300pakeHHsI pyKOMUCHOT 111~
¢pu 3 TecroBoro Habopy 3 MiTkoro 0, sike BiImmoBinae
3Ha4yeHH:o Buxony mepexi 0.007797569. V cropmui amst
midpu 0 B psiakax Juis BUXOAY MEpexi y BKa3yEThCS
MiHIManbHe 3HaYeHHs BUXO/AY MEPEeXi. Y CTOBMIIX VIS
mdp Bix 1 10 9 B psAKax AJsi BUXOLY MEpExi y BKa3y-
€THCSl MaKCHMaJlbHE 3HAUEHHSI BUXOY MEPExKi.

Tabnuys 3 — Pe3yIbTaTH TECTYBAHHSI HA TECTOBOMY HaGopi 300pa:keHs 3 uudgporo 0
3 BUKOPUCTaHHAM JeckpunTopis hl, h2 ta h3 nas uudp Bix 0 1o 9

Ludpa 0 1 2 3 4 5 6 7 8 9

ITomuok s hl 7 0 3 0 0 0 2 1 0 0
y 0.0078 | 0.0500 | 0.8800 | 0.1115 | 0.3770 | 0.4442 | 0.8717 | 0.9961 | 0.3857 | 0.1309

ITomuok s h2 7 0 3 0 0 0 2 1 0 0
y 0.0077 | 0.0522 | 0.8857 | 0.1119 | 0.3840 | 0.4534 | 0.8744 | 0.9961 | 0.3939 | 0.1360

ITomuok s h3 7 0 3 0 0 0 2 1 0 0
y 0.0063 | 0.0580 | 0.8793 | 0.1121 | 0.3951 | 0.4642 | 0.8664 | 0.9960 | 0.3944 | 0.1338

Puc. 3. 306pakenns uudpu 3 MiTkoro 0
(a— mma h10 y=0.007797569; 6 — mnst h17 y = 0.996109)

Ha puc. 3, 0 mokazano eauHe 300pa)XeHHsI pPyKO-
MUCHOI IUdpU 3 TecToBoro Habopy 3 Mitkorw 0, mis
sikoro must h17 3HadeHHs BUXomny Mepexi Oimprre 0.5
(croBmers Tabmuti 3 3 dporo 7, pAAOK 2 — 3HAYCHHS
Buxoay Mepexi y = 0.9961).

VY Tabnm. 4 mpencraBieHi pe3ylbTaTH TECTYBaHHS
1032 300paxkeHs 3 TUQPOO 2 3 TECTOBOro HabOpy 3 BH-
kopuctaHasM aeckpunTopiB hl, h2 ta h3 ams mudp Big 0
10 9.V croBmmi 3 TUQPOrO 2 MOKa3aHUI pPe3yabTaT Tec-
TyBaHHS, KOITK Ha BXix h Mepexi (puc. 2) mogaeTbcs 3Ha-
yeHHs aeckpunropa h12 mist mudpn 2 (psaku 2, 3) (ze-

ckpunropy h22 BifmoBifatoTe psiiku 4, 5, a 1eCKpUNTOPY
h32 — psimkw 6, 7), a Ha BXix i — omre 3 1032 300pakeHs 3
mdporo 2 3 tectoBoro Habopy. Lludpa 5 y apyromy
PSIOKY CTOBHLS 3 L(POI0 2 03HAYaE, 0 IJIs ASCKPHII-
Topa h12 BenmmumHa BHXOMY HEHpPOHHOI Mepexi st 5
300pakenpb 1uppu 2 3 1032 Oyna menme 0.5, npudomy
MiHIMallbHe 3Ha4YeHHs Buxomy Mmepexi Oymo 0.0625 (3
TOYHICTIO IO YOTHPHOX 3HAKIB MICISI KOMH). Y CTOBIII
U TAQPH 2 B PSIOKAX JJISI BUXOAY MEPEXi Y BKa3yeThCs
MiHIMaJbHE 3HAYCHHS BUXOMY MEpEeXi. Y CTOBIIIX IS
IHMMX TUQp B pAAKAX I BUXOAY MEPEXKi y BKa3yeThCI
MaKCHMaJIbHE 3HAYCHHS BUXOJLYy MEPEexi.

Ha puc. 4, a mokazaHo 300pakeHHS PYKOITHCHOL
IUQpH 3 TECTOBOTO HAOOPY 3 MITKOIO 2, BiMOBITHE IS
jgeckpuntopa hl2 i3 3HaYeHHAM BHUXOAY MEpPEexi
0.12663102. Ha puc. 4, 6 mokazaHO 300paKeHHSI PyKO-
mUCHOI IH(PH 3 TECTOBOrO HAOOPY 3 MITKOIO 2, BiJIO-
BimHE I Aeckpunropa h38 i3 3HaYeHHSAM BUXOIY Me-
pexi 0.63038. Ilpu tectyBanni 980 300paxeHs 3 mud-
poro 0 3 TecToBOro HabOPY KiIbKICTh TMTOMUJIOK JTOPiB-
Hioe 13 1 He3minHa mis geckpunropiB hl, h2 Ta h3
(tabmus 3). Ipu tectyBanni 1032 300pakeHs 3 mud-
pOrO 2 KiBKiCTh TIOMHUIIOK IOPiBHIOE 21 sl TEeCKpHII-
topis h2 ta 20 — ayst meckpumropis hl i h3 (Tabm. 4).
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Tabnuysa 4 — Pe3yabTaTi TeCTyBaHHS HA TeCTOBOMY Ha0opi 300pa:keHb 3 Hudporo 2
3 BUKOpUcTaHHAM JeckpunTopis hl, h2 Ta h3 nas nudp Bix 0 7o 9

udpa 0 1 2 3 4 5 6 7 8 9
ITomuok st hl 1 0 5 4 1 0 0 3 6 0
y 0.7878 | 0.4548 | 0.0625 | 0.9702 | 0.8674 | 0.0093 | 0.3104 | 0.9848 | 0.9970 | 0.0721
ITomutok it h2 1 0 5 4 1 0 0 4 6 0
y 0.7843 | 0.4621 | 0.0647 | 0.9703 | 0.8749 | 0.0098 | 0.3196 | 0.9852 | 0.9971 | 0.0745
ITommuiok st h3 1 0 5 4 1 0 0 3 6 0
y 0.7715 | 0.4560 | 0.0618 | 0.9702 | 0.8806 | 0.0100 | 0.3066 | 0.9846 | 0.9972 | 0.0711

Puc. 4. 300pakeHHsT TU(PH 3 MITKOIO 2
(a— st h12 y=10.12663102; 6 — s h38 y = 0.63038)

HaBeneni B T1abn. 3 i 4 pe3ynbratu TecTyBaHHS
MIOKa3yIoTh, 10 3aIPOIOHOBaHI CrocoOu BHOOpY eTa-
JIOHHOT'O JIECKpUIITOpPa h HE3HAYHO BILIMBAIOTH HA Kijib-
KiCTh IOMHJIOK TIPH TECTYBaHHI.

Hincymox

VY poboti mpoaHanizoBaHO 3 crmocoOu MoOymOBH
€TaJIOHHUX JIECKPHUIITOPIB JUIsl MOPIBHSHHS 1 po3Ii3Ha-
BaHHS PYKONMUCHHUX LM(p st ciaMCbKol HeHpOHHOT
Mepexi. ApXiTeKTypa ciaMCbKoi HEHPOHHOT Mepexi, 1110

BUKOPHCTAaHAa JUIA TECTYBaHHS, CKJIANa€ThCA i3 JBOX
migMepexx. Ha BXix mepinoi migMmepexki IMOJaeThest 30-
OpaskeHHs, IKe aHANI3YyeThCs, a 11 BUXOJOM € JAECKpHUII-
TOp 1bOro 300paxkeHHs. [pyra migMmepexa Mae 1Ba
BXOJIM: Ha TIEPLIMH BXIiJl MMOJIA€THCS €TAIIOHHUN JECKPH-
NTOp, @ Ha JPYTUH BXiA - JECKPHUITOp aHajIi30BaHOTO
300pa)KeHHsI 3 BUXOJy MEPIIOI MiIMepexi.

TecTyBaHHS TPOBOJMIOCS Ha 300payKEHHIX PYKO-
nucHUX 1M¢p 3 TecroBoro Ha6opy MNIST s Buxin-
HOI ciamcpKoi Mepexi [3]. PesynbraTi TecTyBaHHS IO-
KazaJy, 1110 3aIPOITOHOBAaHI CIIoco0M BHOOPY €TaIOHHO-
ro JeckpunTopa h He3Ha4yHO BIUIMBAIOTH HA KUIBKICTH
NMOMIJIOK npu TectyBanHi. [Ipu TectyBanni 980 300pa-
keHb 3 1udporo 0 KiIbKICTh MOMUIOK cKyana 13 s
BCIX TpPhOX CHOCOOIB MOOymoBM aeckpunropi. [lpu
tectyBaHHi 1032 300paxkeHb 3 1udpor 2 KUIbKICTh
MOMMUIIOK ckiana Big 21 mis geckpunropis h2 mo 20 -
Jutst neckpuntopiB hl ta h3.

[MomaneImm HOCTIIKEHHS CIIil CIPSIMYBATH Ha aHa-
73 BIUTUBY PO3MIPHOCTI JIECKPHUIITOPA HA TOYHICTH I10-
PIBHSIHHSI 300paXkeHb y CiaMChbKiil HeHpOHHI Mepexi, a
TaKOX Ha Croco0H MoOYI0BH JECKPUIITOPIB MPH MaJlo-
MY pO3Mipi TpeHyBaJIbHOTO HA0OPY JTAHUX.
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On the features of the formation of descriptors in the Siamese neural network
A. Shostak

Abstract. The subject of research — the processes of image recognition of handwritten numbers using neural networks.
The recognition application is based on the architecture of the Siamese network with neural convolutional subnets. The purpose of
the article is to substantiate the choice of N-dimensional vector representations of input images to describe their properties, compare
and recognize them. Objective: experimental study of handwritten number image recognition using the architecture of the Siamese
neural network. Research methods: direct search method for functions with several variables to determine N-dimensional vector
representations of input images. Research results. The definition of N-dimensional vector representations of input images of hand-
written numbers is carried out and their characteristics are investigated. An experimental study of image recognition using vector
representations of images within the architecture of the Siamese neural network. It is shown that the proposed methods for determin-
ing vector N-dimensional representations of input images are robust and have little effect on the number of errors in recognition
testing. Images of handwritten numbers from the MNIST test set were used during testing. It is determined that the use of pre-
selected reference representations of the input images can simplify the architecture of the Siamese network. Conclusions. The results
obtained in this work can be used in the comparative evaluation and determination of N-dimensional vector representations of differ-
ent classes of input images in order to recognize them using the architecture of the Siamese neural network.

Keywords: siamese neural network, descriptor, neural network testing.
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HOBYAOBA MATEMATPI‘:[HOi MOJEJI CHEONIIPOOECOPA OBPOBKH
KPUIITOI'PA®IYHOI IHOOPMALII HA OCHOBI BUKOPUCTAHHSA
OCHOBHUX BJIACTUBOCTEM HEMO3UIIMHUX KOJOBUX CTPYKTYP

AnoTtanis. JocnimKeHo IPUHIMNN pealtizamii apudMeTHIHHX onepariil y cucremi 3ammmikoBux kiaciB (C3K). Bukopu-
CTaHHS PO3MJITHYTHX NPUHIMIIB Ta OCHOBHHX BiacTHBocTedl C3K BigkpuBae MMpOKi MOMIIMBOCTI B MOOYIOBI HE TLTBKH
HOBOI MaIIMHHOI apudMeTHKH, ajie i MPUHINIIOBO HOBOI CXeMHOI peanizalii nponecopiB. Ha ocHOBI mociimkeHol iH(op-
Marrii Oyno moOy/I0BaHO MaTeMAaTHYHY MOJIEIb CIeIpoecopa o0pooku kpumnrorpadivnoi inbopmarii (COKI) Ha ocHOBI
BHUKOPUCTAHHS OCHOBHHX BJIACTHBOCTEH HETO3UIIIMHUX KOJOBHX CTPYKTYp. Ha ocHOBI taHnX mociimkeHs Oyio IpoBeaeMo
MOPIBHAUTRHUMN aHalli3 HajiiHoCcTI oTpoeHoro nosutiitaoro COKI 3 maxxopurapuaum enemenTomM COKI y C3K mo 6e3Bin-

MOBHOCTI, 3aCTOCOBYIOYH PO3TIISIHYTY HaAiiHICHY MOZEIb.

Kaw4oBi ci1oBa: KoM’ FOTepHA CHCTEMa, HETIO3HITIHA CHCTEMa YHCIICHHS, CHCTEMa 3aJTUIKOBHX KIIACiB, CHCTEMA YH-
CJICHHSI, CreIyponecop o0poOku kpunrorpadiuHoi iHpopmartii.

Beryn

VY naHuil MOMEHT HEMOXXJIUBO YSIBUTH cO0i aBTO-
MaTHyHy 4 Komi totepHy cucremy (KC) 0e3 Toro,
mo6 ii HeHTpaibHy YacTHHA HE CKJIaIaid HpOLECOpH,
I0 BUKOHYIOTh (YHKIIT 00poOKH iH(opMmarii Ta yn-
pasiiabsa. Y KC nii npoBoasaThes HaJ YHCIIaMU, TPE-
CTaBJICHHMMH y BUIIIAAI CHELiaIbHUX MAIIMHHUAX KOJIB Y
NPUHHATIA CHCTEMI YHUCIICHHS. 3ale)XKHO B CIIOco0y
300pa)KeHHsI YuCced, 3a JOMoMororo 1udp, icHyroul cuc-
temu uyncieHHs (CY) yMOBHO HiJisATh HA: TO3MILHHI Ta
HEMO3ULIIHOI CUCTEMH.

[IporsiromM OCTaHHIX POKIB pe3yJbTaTH, 1110 IPOBO-
JWIINCS IOAO MOIIYKY IUIAXIB ITiJBHIIEHHS MPOAYKTH-
BHocti KC, MeroniB opranizauii e)eKTUBHOI CUCTEMH
BUSBJICHHS Ta BUIIPABJICHHS MOMWIOK 1 MOOYIOBU BU-
COKOHAIIMHUX OOYHCIIIOBAJILHUX KOMIUIEKCIB JIOBENH,
o B Mexax nozuuiiHoi CY (IICY) He moxHa oviKyBa-
TH CKIJIbKH-HEOYIb 3aJJOBUILHOTO pe3ynbTary 0e3 icro-
THOT'O 301JIbIICHHS] pOOOYMX YaCTOT €JIEMEHTIB U yCcKIia-
nHeHHs anapatypHoro yactTuHu KC. Takoxk HeoOXximHO
nonatu, mo [ICY, B sIKMX MpeAcTaBIsSEThCS 1 00pOOIs-
etbest iHpopmaris B cydacaux KC o0poOku naHux, ma-
I0Th ICTOTHHI HENONIK — HAsSBHICTh MIKPO3PSITHUX
3B'SI3KIB, fAKI HaAKIagalOTh CBil BiOMTOK Ha CIIOCOOH
peamizauii apuMETHYHUX OINEpaIliif, YCKIAJHIOIOThH
amapaTtypy i oOMEeXYIOTh MIBHAKOMIIO. MiXpO3psiIHIiA
3B'SI30K CHpHUSE 3HAYHOMY 3HIDKEHHIO HAJiHHOCTI, OCKi-
JbKM ONMHOYHA MOMHJIKA B PE3YJbTaTi IIepeIIOBHEHHS
pO3pSAY IIEPEHOCUTHCS O HACTYINHOTO, CIIPUSIOYH
OJIOK ITOMMIIOK.

Ha nmanwii wac icHye minuit psg ramysell HayKH i
TeXHIKH, Ji¢ iHpOpMALlisi 0OCOOIMBO YyTIHNBA 10 BHYTpI-
IIHIX TOMHJIOK, IIIO BHOCSTBHCS TIPOIECOPOM I dHac
BUKOHAaHHS TNEBHHUX 3amad (peaizarii apuMeTHIHNX
orepartiii), 10 OIHUX 3 TaKUX BiTHOCHUTHCS KPUIITOTpa-
¢is.

3i cTpiMKEM pO3BHUTKOM KpumTorpadii BHHHUKIA
rocTpa HeOOXiMHICTh MBHUAKOI Ta HAIiHOI 0OpOKH Ma-
cuBiB KpunTorpagiunoi inpopmamii. CydacHa mpuKIa-
IHa KpurnTorpadis mposBisie yce OUThIT BUPAKEHY TEH-
JICHIIII0 10 00Ky BUMOT, TTOB'I3aHUX 3 OCOOIMBOCTSIMA
eJIEKTPOHHMX 1H(OPMAI[ITHIX TEXHOJIOTIH.

B nanwit yac BukopucTaHHs MUQpyBaHHS IS 3a-
XHUCTY iHpopMalii npuitmae yce OLIBII BUPaXKEHUH TeX-
HOJIOTIYHUH XapaKrep.

TexHonmoriyHUA XapakTep BXKUBaHHS NIM(PYBaHHS
BUSIBIISIETBCS: Y MacOBOCTI BYKUBAHHSA; y PI3HOMaHITHOC-
TI BHpIIIyBaHUX 3aBJaHb, y PI3HOMaHITHOCTI yMOB
BXKMBaHHS; y Creliani3amii Al BUPIIIeHHs. KOHKPETHUX
3aBAaHb. ToMy po3po0Ka MIBUAKOMIFOUOTO Ta HAAIHHOTO
crenmnporecopa 00podku kpunrorpadivxoi iHpopmarii
(COKI) siBnsieThCs OMIHIEKO 13 BAXKIIUBUX 3aBIaHb CHOTO-
JICHHS.

AHaJi3 ocTaHHIX AocaigxkeHb i myOmikanii. Ile-
puum B CPCP B kiHIi 50-X poKiB Ha HEMO3ULIHHY CHC-
temy uncinenns (HCY) 3sepuys yBary Penip Bikropo-
Bu4 JIykin. OguH 3 OPOBIAHUX TEOPETHKIB B 00J1acTi
HCY B cucremi 3anumkoBux kimaciB (C3K) i akTuBHHX
YYaCHUKIB 1i MPAKTUYHOIO 3aCTOCYBAHHS CTaB JOKTOP
TEXHIYHUX Hayk, mpodecop, akagemik HAH Kazaxcra-
Hy Binbxan MasrotuHoBrnd Amep6aes [1].

Jana obnacth 3amikaBuna Matematuka l. 5. Aky-
HICBKOrO 1 HOro HayalbHHKA, MPOBIIHOTO PO3POOHHKA
KC 06pobku nanux . I. FOauipkoro, siki ctaiy 3roJom
ocHopononoxarkamMu C3K B CPCP. HampairoBanus
JIAHUX HAyKOBLIB noBeno, mo B C3K 3'sBunacs Moxiu-
BICTh PO3MApalieIUTH MPOIEC BUKOHAHHS apu(mMeTHd-
HUX Orfepaliii: BCl onepauii HaJ 3aJIMIIKaMH B KOXKHIH
OCHOB1 BHKOHYIOTHCSI OKPEMO 1 He3aleKHO (Iapajeib-
HO), OTXe, B 3B'S3KY 3 1X MaJiOl0 PO3PSIIHICTIO, HECKIIa-
JTHO 1 IBUAKO. Mallopo3psaHIiCTh 3alUIIKIB 3a0e31medye
MOXITMBICTh peainizaiii TaOmuuHii apuMETUKH, Mnpu
AKIF pe3ynbTaT omeparii He BHpaxyBaB KOXEH pas, a,
OJIHOTO pa3y pO3paxOBaHUii, MOMIIIAETECI B 3a-
nmam’sitopytounii mpuctpiit (3II) 1 mpm HEoOXigHOCTI
3YUTYETBCS 3 HBOTO, TOOTO, omeparis B C3K mpu Tab-
TUYHIN apuQMeTHIll BUKOHYETbCS 332 OIWH TEPioJ CHH-
XpOHi3yro4oi uvactoTh (MamueHMA TakT) [2]. Hocmi-
JUKEHHSI BUCHHX TPHU3BEIH 10 CTBOPEHHS JIOCHUTH CBOE-
pimHOI MamWHHOI apu(pMETUKA HA3BAaHOK CHCTEMOIO
3QJIMIIKOBUX KJIACIB.

Merto0 cTaTTi € MoOy/I0Ba MaTeMaTHYHOI MO
COKI Ha 0CHOBiI BUKOPUCTAaHHS OCHOBHHX BIIACTHBOC-
Teil Heno3umiHNX KomoBux cTpykryp B C3K Ta mopis-
HsuTbHUH aHami3 HagiitHocTi COKI pisHUX BHIIB.

© Suxo A. C., edep O. B., denucenko f. E., 2021
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VY nmaHiii cUCTeMi YMCICHHS 4YWCIa MpPEICTaBIIs-
FOTHCS CBOIMU 3aJTUIIKAMU BiJl IUICHHS HA 0OpaHy CHC-
TEMY OCHOB, 1 BCI paIlioHaJbHI omnepanii MOXyTh BHKO-
HYBATHCS MapajienbHO HaA Iu(paMu KOKHOTO po3psiny
okpemo. OcHoBHi BiactuBocTi C3K (He3anexHicTh 3a-
JIMIIKIB, PIBHONPABHICTh 3aIHIIKIB, MaIOPO3PSIHICTH
3aJIMIIKIB) J03BOJISIIOTE ycyHyTH Henoiiku IICY. Crmi-
JIbHE BUKOPUCTAHHS NEpIIoi 1 JAPYroi BIacTHBOCTEH
(He3ane)XHOCTI i PIBHOIPABHOCTI 3aJMIIKIB) 00YMOB-
moe HasBHiCTb B COKI omHOYacHO TphOX OCHOBHHX
BUIB PE3EPBYBAaHHS: CTPYKTYpHOro, iHdopmauiitHoro
Ta QyHkuionansHoro. A Taka BrnactuBicte C3K, sik mMa-
JIOPO3PSAHICTh 3aJHIIKIB JIA€ MOMJIUBICTH IIMPOKOTO
BHOOpY peatizanii apu)METHYHHX oOIepalliid, 3acHOBa-
HUX Ha HACTYITHUX METO/aX:

— CyMaropHOMY MeToli (Ha 6a3i MaJOpO3PSIHUX
JBIKOBHX CyMaToOpiB);

— Tabnm4HOMY MeTozli (Ha OCHOBI BUKOPHCTAaHHS
Tabmuue noctiiinoro 311 (I13I1));

— METOJi KUIBIIEBOrO 3CYBY, IO 3aCHOBaHUI Ha
BUKOPUCTaHHI KiJILIIEBUX PETICTPIB 3CYyBY.

[IpoaHamizyemM0O BIIACTUBOCTI Ta OCOOIMBOCTI Me-
TOJIB TEXHIYHOI peatizaiii apupMETHYHNX OTeparii y
C3K.

AmHaii3 BiIOMHX METOIB IOKa3aB, 10 HAWOIILII
OINTHUMAJBHUM 3 TOYKH 30py MAKCHMAJBHOI MIBUAKOMIT
BUKOHAHHS apr(METHYHUX omepalii 1 3ade3neueHHs
3ajaHoro piBHA HafiiHOCTI (yHKIionyBaHHA COKI €
TaOMMYHUI MeTon peanizamii MOAYJIbHUX OIepalii.
IToka3zaHo, 1110 3a/a4i, [TOB'A3aHi 3 HEOOXIAHICTIO BUKO-
pHUCTaHHS TaOJIUYHOT apUPMETHKH JIOLILHO 1 eeKTHB-
Ho BupinryBatu Tisbku y C3K [3].

PesynbraTu ananizy ocnoBuux rnacruBocreir C3K
JI03BOJISIFOTH 3pOOUTH BHCHOBOK 1po Te, mo COKI, 1o
¢yukuionytoTs y C3K, BiJHOCATBCS O MIBUIKOIIFOUUX
Ta HaJiliHUX 00'€KTIB.

3a3Ha4yeHl 0COOIUBOCTI CTPYKTYPH Ta MPHUHIIUIIIB
¢yukionyBannss COKI B C3K copusitots  po3po0ii
e(pEeKTUBHUX W ONTHMAaJbHUX METOJIB pe3epBYBaHHS,
o He MaroTh aHainoris B [ICU.

C3K € 10cuTh CBOEPITHOIO CHCTEMOIO YHCICHHS 1,
SK ycl ICHYIOYl CHCTEMH 4YHCIIEHHs, HaKiagac oOMe-
JKEHHS HE Ha CTPYKTYDPY BCi€l MAIIMHU B LIJIOMY, a JIH-
i€ Ha CTPYKTYPY apH(PMETHYHOrO0 MPHCTPOIO B CBITII
CBOEPIOHOTO TPaKTYBAaHHS aJTOPUTMIB peajizallii psay
orepaniii apudmeruyHoro mpuctporo. ToMmy y naHii
cTarTs Oyme po3TISTHYTO W JOCIHIIKEHO CTPYKTYPY MO-
nem COKI, mo ¢pyakuionyrots y C3K.

Crpykrypaa cxema COKI y C3K sBinse co6oro Ha-
Olp ympaBIISIIOYUX IPUCTPOIB (MIKPOIIPOLECOPIB), IIO
(OYHKIIOHYIOTH y BIZIOBIZHOMY TpPaKTi HE3aJIEKHO
OIIMH BiJl OMHOTO 1 MapajeIbHO B Yaci, MPUIOMY KOXKHA
0 CBOEMY, TIEBHOMY MOZYITIO ;.

V 1upoMy BUNAAKY NPUCTPOI BBEJCHHSA Ta BUBE-
JICHHSI BUPINIYIOTh TAKOXK BiIOBITHO 3aBIaHHS TMEPET-
BopeHHs BXimHoi iHpopmarii COKI 3 mo3uiiiHoro xo-
ny B ko C3K i HaBmaku.

Tob6to crpykrypa COKI y C3K mpezncrasmisie co-
0010 MocTiAOBHE 3'€THAHHS KaHAJIIB 00poOKH iH(popMa-
it (KOI).

Jns mineumenss HapidHocTi COKI y BignmoBiqHIX
KOI BBomsiTBCS pe3epBHI TpakTH 0OpoOKH iHpoOpMarii
(TOI).

IIpn npoekrtyBanni Ta excruryartamii COKI myxe
4acTO BUHHKAE 3aBJAaHHS HE TUIBKU 3a0€e3MeUnTH HE0O-
XiIHy HaJifHICTh IIIIXOM pe3epBYBaHHA, a W peaizy-
BaTH IIe SIKOMora Oimbmr exkoHoMmHO. [lpu mpomy st
COKI noBomuThcs BpaxoByBaTH OOMEXKEHHS B radapu-
Tax, Basi, CIOKMBaHOI €JIeKTPOeHeprii, BAPTOCTI Ta iH-
MINX XapaKTePUCTHKAX.

[Haknre KaKydu, BUHUKAE 3a/1a4a ONTHMAJIBHOTO
pe3epByBaHHSI.

Cuntesyroun crpykrypy COKI y kmaci 3aiumikiB
imoBipHicTh 6e3BiaMoBHOI podoTr COKI y IICY mox-
Ha BHM3HAYUTH 5K HMOBIpHICTH 0e€3BiIMOBHOI pPOOOTH
COKI y IICY nnst BUMaaKy KOB3HOTO pe3€pPBYBAHHS 3
HaBaHTa)KEHUM PE3E€PBOM.

VY upomy BUnajaky Gopmysa A BU3HAUSHHS iIMO-
BipHOCTI Oe3BiaMoBHOiI podorn COKI y C3K mpuiime
BUTJISI] TAKOT'O BHPA3Yy:

K
PC('S’}( (t)=

S A Y ()i ciri)
i=0 j=0

Tyr Pi(t) = e “*' — liMoBipHicTh 6€3BiIMOBHOI po-
6oru tpakty COKI no HaiOinbmiii (HaiMeHII Haiii-
Hii) ocHOBI Mp+k C3K, me A1 — IHTEHCHBHICTH BiIMOB
obnamHanns tpakty COKI y C3K Haii0inbiiii ocHOBI
mn+k.

CnisignomieHss (1) Moxe 6yTH BUKOpHCTaHE JIIs
po3paxyHKy iMoBipHOCTI 6e3BimmMoBHOI podotn COKI B
C3K mpu TakuX TPUITYILICHHSIX:

— BizmoBH TpakTiB COKI 3a/10BONIBHSAIOTH YMOBaM
HAWMPOCTIIIOro MOTOKY. B nboMy BUNIaaKy uisi po3pa-
XYHKY IOKa3HHUKIB O€3BIJIMOBHOCTI BHKOPHCTOBYETHCS
eKCIIOHEHIIaJIbHUI PO3MOALL, TaK SK BIH JOCTATHBO
OOTPYHTOBAHMII TEOPETHYHO, MiATBEPKEHUIN eKCIIepH-
MEHTAIIFHO 1 3a0€3MeYeHnil BiIOMOCTSAMH PO IHTEHCH-
BHICTh BIJJMOB €JIEMEHTIB CIIeIpoliecopa 00poOKH
kpunrorpadivnoi iHpopmamii;

— KOMYTYIO4Yi MPUCTPOI iieanbHi (TOOTO HWMOBIp-
HICTh 0E3BIIMOBHOI POOOTH KOMYyTaTropa JOpIBHIOE
OJTMHHIII );

— indopmaniiiai 1 kontposbHi Tpaktn COKI pis-
HOHAMiHI, TOOTO HMOBIpHICTH 0€3BiIMOBHOI pPOOOTH
Bcix TpakTiB COKI mpuitMaeTbesi piBHOIO iMOBIpHOCTI
6e3BiamoBHOl pobotu Pi(t) Tpakry COKI mo Haiibins-
mii ocHoBI C3K My+k, 10 Mae HaliMeHITy HMOBIPHICTB
0e3BiIMOBHOI POOOTH;

— HE BPaXOBYETHCS MOKIIUBICTh BITHOBIECHHS Tpa-
ktiB COKI y C3K, siki Bimmosmitu [4].

Binmitimo, mo peansHa HagiitHicTs COKI y C3K
Oyze BUIIOO, HIXK Ta, IO BU3HAYAETHCS CITIBBiTHOIICH-
HsM (1), Tomy o maHa opMyna HE BpaXOBYE MOXKIIH-
BIiCTh 3aMiHHM OJHWUM KOHTPOJBHHUM TPAKTOM IO OCHOBI
M; ogHOro a0 OMHOYACHO AEKUTPKOX HENpare3gaTHIX
iH(pOpMAIITHIX TPaKTiB 32 YMOBH:

mJ quki , (2)
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Je I — MakCUMaJIbHE YHCIIO TPaKTiB, SIKi 3aMiHSIOTHCS
OHUM KOHTPOJIFHUM IIpane3faTHUM TPAKTOM II0 OCHO-
Bi m;.

[IpoBeneMo MOpIBHAIBHAN aHAII3 HAIIHHOCTI IO-
TpoeHoro nozuniiHoro COKI 3 maxkoputapHuMm eie-
merTroM COKI y C3K mo 6e3BiqMOBHOCTI, 3aCTOCOBYIO-
YH PO3TJISIHYTY HAIHHICHY MOJIETb.

[Toznaunmo yepe3 Ar IHTEHCHBHICTH BiIMOB o0Jia-
JTHAHHS, BiTHECEHY JI0 OJIHOI'O NBIHKOBOT'O PO3psLy (10
OJIMHUII PO3psAHOl ciTku) [5]. B npoMy BHMamky umo-
BipHiCTh 0€3BiZIMOBHOI po0OOTH O0JIaJHAHHS, BiIHECEHA
10 onHoro jBilikoBoro po3psay COKI nopiBHIoE:!

Pp(t) = 2, 3)

Jie Ag — IHTEHCHUBHICTH BIMOB OOJIaJJHAHHS, BITHECCHY
JIO OJTHOT'O JIBIHKOBOT'O PO3PSAY (10 OMMHUIL PO3PSIIHOI
citkn). J{ns mosumiiinoro |-6aiitoBoro COKI iiMoBip-
HiCTh 0€3BiIMOBHOI POOOTH JIOPiBHIOE!

R (t) =, (4)

ae Ao=81 Az
3 BpaxyBaHHSM Ao Bupa3s (4) HaOyBa€ HACTYITHOrO
BUITIALY:

Ry (t) =72, ()

Bigomo, mo WMOBIpHICTH O€3BIAMOBHOI POOOTH
JUIsl IOTPOEHOT MAaXKOPUTAPHOI CTPYKTYPH, sIKA MICTHTb
tpu COKI Ta ineansHuii Ma>KOpUTApHHUH EIIEMEHT, JIO-
piBHtoe [6-8]:

Pv (t) = 3R5 (1) - 2R3 (t) = ©)

—16Apt (3_ g8/t )

Juss EOM B C3K #imMOBipHICTh 0€3BiIMOBHOI poO-

0O0TH TPaKTy 110 AOBLNBHII OCHOBI M (i =1n+ k) :
Pi(t) = e (7
a6o R(t)= e AEGn it 8)

ne onsk = [10g 2(M+i—1)/+ 1.

WmogipHicts 6e3BiamoBHOI podotn COKI y C3K
BU3HAYAETHCSI BIAMOBITHO JI0 BUPa3y (5).

Hexaii | = 1 (omuo6atiroBuit COKI) i k = 1. Toxi 3
ypaxyBaHHSIM KPHUTEPil0 MiHIMaIbHOCTI amapaTypHOL
HammumkoBocTi COKI cucremy 3aimmIkoBHX KiIaciB
MOJKHA TIPEICTABUTH y BHII HA0OpY HACTYIIHUX OCHOB
m1:3,m2:4, m3:5, m4::7, ms = 11.

IIpu npomy:

4
[Tm =420 2° =256, 9)
i=1
i HaiGinpmuii crimpHmit gineauk (HCI) (mi, m)) = 1
st i # j. B npoMy Bumanky criBigHomeHHsT (1)
MpUIIME BUTIISI:

R (1) =5R* (1) 4RE (1) =

et (5 ge-tint (10

[Moznaunmo A* = 8Ag. IIpu pomy Bupasu (6) i (10)

MOJXHa 3almucaT HAaCTYITHUM YUHOM!

Pu (t)= e‘z’l*t (3- 2e"1*t) .

Pl (t)=e 2" (5_ 48—0.5/1*tj _

(11)
(12)

Hexaii k =2. ¥V nupomy Bunaaky C3K moxHa npes-
CTaBUTH y BHZI HAOOpy TaKUX OCHOB: My = 3, My =4,
mz3=5ms=7 ms=11 mg=13.

Jus nanoro Habopy ocHOB BupaxxeHHs (1) 3amm-
IEMO HACTYITHUM YHHOM:

PP (1) + 6P (t)x

«[1-R (t)]+15[1-R (O] |

BiamnoBigHO 70 BHIEHABEICHUX BHpPa3iB po3pa-
XOBYIOTBCSI 3Ha4eHHs IMOBIpHOCTI 0€3BiZIMOBHOI po0OO-
1 it notpoeHoro nosuiiiinoro COKI ta mis COKI y
C3K (puc. 1).

Ha puc. 1(a) npencrapiieHo rpadiku 3aae:KHOCTEH
P(1t) mis omuobaitroix COKI: HepesepBoBaHoro (1),
TpukaHaiabHOro pesepoaHoro COKI y TICY (II) i
COKI y C3K 3 mapamerpamu | =1, n=4,k=1(lll), a
Ha puc. 1(6) mpu k= 2.

3 puc. 1 BunHo, mo COKI y C3K 3 ozHi€ro KOHT-
ponbHOIO ocHOBOKO (III) Oinbin HamiHHIINIA TOTPOEHOTO
nozutiiiHoro mponecopa (II). Ilpu 1pomy kpuTHuHE
3Ha4YeHHs iMoBipHOCcTi Oe3BiqmoBHOi poboru COKI B
KJaci 3aaumkiB gopisHioe 0,425, a KpUTUYHE 3HAYCHHS
MOTPOEHOT OOUYMCITIOBANIbHOI cucTeMu JopiBHIOE 0,5,
TOOTO PO3LIMPIOETHCS 00JIACTh 3HA4YeHb A't, mpH SIKHX
3011bLIyeThCs (B MOPIBHSHHI 3 HEPE3ePBOBAHHUM I103HU-
uiitium COKI (1)) Ge3BiAMOBHICTh POOOTH HETO3MIIH-
Horo COKI.

P (1) = R (1)

BucHoBku

OcuoBHa BnactuBicte C3K, a came manopospsi-
HICTh 3aJIMIIKIB JIO3BOJISIE 3aCTOCOBYBATH TaOJIMYHI all-
TOPUTMH pealtizaiii apu)MeTHUHHUX OMepalliil, o pi3ko
MiIBUINYIOTh HafiiHIcTh 1 nponyktuBHicTh COKI. Ilo-
Ka3aHa MOXKJIMBICTh €()EKTUBHOTO BUKOPUCTAHHS HEIOo-
3HIIHOTO KOXYBaHHS IS ITOKPAILCHHS OCHOBHHUX Xa-
PaKTEepUCTUK CIeLpolecopa o0poOKH Kpunrorpadiy-
Hol indopmarrii [9].

Pesymeratn mocmimkens nokaszanu, mo C3K npu
MEHIIN JOAATKOBO BBEIEHIN KUIBKOCTI 0OJIagHaHHSI
3abe3redye He MEHIY HaaiiHICTh, YMM IOTPOEHA 200
IyonmpOBaHa MaxopuTapHa cTpykrypa B IICY, mo myxe
BaYKJIMBO TIPH MOOYIOBI crienmporecopa 00poOKH KpHII-
TorpadivHoi iHpopMarii.

CdopMynsoBaHO Ta JOCHIHKEHO NMPUHIUIU 00-
po6ku iHdpopmariii B C3K.

[IpoBeneHo mocimKEHHS BILIMBY OCHOBHUX Bilac-
tuBoctert C3K Ha apXiTekTypy 1 npUHIHIHN (YHKIIOHY-
BaHHSI COKIL.

Po3pobiero Ta AOCHIHKEHO CTPYKTYPY MaTeMaTH-
YHOI MOZETi HaIiHOCTI cIeImponecopa oOpoOK Kpu-
nrorpadivnoi indopmanii y C3K.

IIpoBeneHO TOPIBHAUIBHWN aHANi3 HAMIHHOCTI
COKI y C3K i momiOHOI TpoHOBaHHOI Ma)KOPHUTAPHOL
crpykrypu B IICY.
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Construction of mathematical model of special processor for processing of cryptographic information
on the basis of use of main properties of non-positional codes

A. Yanko, O. Shefer, Y. Denysenko

Abstract. The principles of realization of arithmetic operations in the system of residual classes (SRC) are investigated.
Studies have shown that in this number system, numbers are represented by their remainders from the division into the selected
system of bases, and all rational operations can be performed in parallel over the digits of each digit separately. The main proper-
ties of SRC (independence of residues, equality of residues, low-bit residues) allow to eliminate the shortcomings of the position-
al number system. The joint use of the first and second properties (independence and equality of residues) determines the pres-
ence of three main types of redundancy in special processor of processing of the cryptographic information (SPPCI) at the same
time: structural, informational and functional. And such a property of SRC as low-bit residues allows a wide choice of implemen-
tation of arithmetic operations. The use of the considered principles and basic properties of SRC opens wide possibilities in con-
struction not only of new machine arithmetic, but also fundamentally new circuit realization of processors. On the basis of the
researched information the mathematical model of the SPPCI on the basis of use of the basic properties of non-positional code
structures was constructed. Based on these researches, we conducted a comparative analysis of the reliability of the triple posi-
tional SPPCI with the majority element of SPPCI in SRC on reliability, applying the considered reliable model.

Keywords: computer system, non-positional number system, number system, residual class system, special processor of
cryptographic information processing.
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! HartionansHuii yHiBepcHTET XapyoBUX TexHOJIOTiH, KuiB, Ykpaina
? KuiBchKuil HallioHambHUI yHiBepCHTET OYAiBHUITBA i apXiTekTypu, Kuis, Ykpaina
® VnpaBniHHs iHHOBALHOT MOTITHKY Ta HAYKOBO-TEXHIYHOro po3BUTKY, KuiB, Ykpaina

THHOBALIHI MIIXOIA 10 HOPMAJII3ALII IKOCTI IOBITPS
BUPOBHUYOI'O CEPEJOBHUILIA

AHoTanif. Po3nIssHYTO MOXKITMBOCTI HOpMaUTi3allii a6pOiOHHOTO PEKUMY TOBITPS MPUMIIIEHbh 0€3 3aCTOCYBaHHS KOPOH-
HUX 10HI3aTOPIB MOBITPS 3 MOOIYHOIO TEHEPaIi€l0 030Hy H OKCHAiB a30Ty. HaBeneHo pe3ynbTaTH eKCIIepHMEHTIB 110 BH-
3HAUEHHIO TMHAMIKH KOHIIEHTpaliil aepoioHiB 000x nomspHoctel. [lokazaHo, 110 mij yac poOOTH CTaHAAPTHOTO YIBTpPas-
BYKOBOT'O 3BOJIOKYBayda TMOBITPS 32 3MiHH BiTHOCHOI BojiorocTi 3 38 1o 45 % KoHIeHTpanii i0HiB 3MiHIOIOTECSI HACTYITHIM
guHOM: N — 3 230 1m0 560, N — 3 260 mo 410, M0 MOXHA BBaXKaTH 3aI0BIIEHAM. AJle TMiJ 9ac pOOOTH KOHMIIOHEpa, Ta y
3aJIXKHOCTI BiJl 4acy Jo0W Mmpomopiii MoNsIpHOCTEH aepoioHiB pi3Hi. Lle MosiCHIOEThCS SIK IepeBaXKHOIO MO3UTHBHOO 10Hi-
3aIli€l0 MMPU3EMHOT0 Iapy MOBITPs Y HiYHMIT Ta paHKOBHUH Yac Ta 4aCTKOBO Helepen0adyBaHOIO eEeKTPU3ALIEI0 MMoTiMep-
HUX TI0BEPXOHb (KOBPOJiHIB, JIHOIEYMIB, mimanep Tomo). OcTaHHS 3aleXNTh BiJ] 3HAKy OBepXHEBOro 3apsay. OTpumani
JIaHl I0/10 BIUIMBY CILTIT-CHCTEMH HA aepOiOHHUI PeXHUM NMPUMIIeHb, BiIMIHHI BiJ BifoMuX. ToMmy 3po0JIeHO BICHOBOK
PO HEOOXIAHICTh PETENbHUX IOCTI/DKEHb BIUTUBY CHUCTEM BEHTWILIi, OXOJODKEHHS Ta KOHIHI[IOHYBaHHS MOBITPS, IO
JI03BOJIMTH BU3HAYUTH INEPEJTiK Ta BMICT 3aXO0/iB 3 HOpMaJli3alii Ta MiATPUMAHHSA HA HOPMATHUBHOMY PiBHI KOHIIEHTpaIiil
aepoioHiB 000X noyspHOCTEN. 3pO0JICHO BUCHOBOK IIPO JOLIIBHICTh PO3POOJICHHS 1 BUTIPOOYBaHHS yJIbTPa3BYKOBOTO 10Hi-
3aTopa IMOBITPs 3 PEryJIbOBaHOIO T'€HEepaliero SIK 3 KiJIBbKICTIO, Ta 132 KoedilieHTOM HOJsIpHOCTi aepoioHiB. Lle mo3BomuTh
HE TIJIbKM HOPMaJli3yBaTH KOHIIEHTpALlii aepOiOHiB, a i HEWTpani3yBaTH MOBEPXHEBI EIEKTPOCTATHYHI 3apsiu 000X 3HAKIB.

Kar4doBi cioBa: ioHi3alLis NOBITPS, a€pPOiOH, YIBTPa3BYK, €IEKTPHU3aLlis, TIOIAPHICTD.

Beryn

HopmartuBHi napaMeTpu MOBITPSIHOTO CepeOBHIIA
BUPOOHUYMX MPUMILICHb € BOXIMBUM YHHHUKOM 30epe-
JKEHHsI 3JI0pOB’sl 1 Impare3aTHocTi mpamorounx. Ocoo-
JIMBO 1I€ CTOCYETHCSI 00’ €KTIB KPUTHYHOI 1H(PpaCTpyKTy-
PH, TIEPCOHAI SIKMX BUKOHYE BiAIOBiNAIbHI QYHKIIT, 110
notpedye HaleXHUX yMOB mpami. Ha Ttakux o0’exrax —
LIMTAX KePYBaHHS EIEKTPOCTAHIIIH, aBiaIUCTIETYEPChHKUX
TOLIO y TMOBITPI BifIcyTHI crienudivni (akropu cepemo-
BHIIIA, TA SIK NIEBHI XIMIYHI PEYOBUHHY, ITiIBUIICHA 3aJICK-
HICTB 1 T. 1H., aJie MOXJIMBI JICIOHI3allis TTOBITPS, HU3bKA
BIJIHOCHAa BOJIOTICTh, HAasBHICTh JPIOHOAMCIIEPCHOTO
MIAJTY 1 eNeKTpH3allis MoTiMepHHUX MOBEepXoHb. Ha choro-
JHIIIHIA JIeHb HAaBITh Cy4acHI CHCTEMH KJIiMat-
KOHTPOJIIO He 3a0e3leuyroTh HOPMATHBHI 3HAa4eHHS I
MiATPUMAaHHSI HA HOPMATHBHOMY DIBHI HaBEICHHX YHH-
HUKIB BHPOOHHYOIO CEPEIOBHINA, IO TAKOXK Ba)KITUBO
JUISL TIEPEBAXKHOI OLIbIIOCTI O(GICHUX Ta HABYATBHHX
MIPUMIIIEHb 1 ToTpedye MPOBEICHHS TOCTIIKEHb 1 BiAIIO-
BiTHHUX PO3POOOK y IIHOMY HAIIPSIM.

Orasa octanHix myOmikanii i gocaimxenb. Hop-
Mautizalii mapaMerpiB IMOBITPSHOIO CEpPEeNOBHINA Ta iX
orrtuMizanii IpualsIeThest Oarato yBaru [1]. Ame Takuit
(akTop, sSK aepoioHI3allisl MOBITPs 3a3BUYAll PO3TIIsiia-
€TBCSA OKPEMO 1 BH3HA4Ya€ 3aKOHOMIpPHICTIO TOIIMPEHHS
AepOIOHIB Y MPUMIMIEHHSX 31 MITYYHOIO iOHI3aImeo [2].
He nuBnsuuce Ha BimoMuid (pakTop 3aIeKHOCTI aepOiOH-
HOTO CKJIaQy TOBITPS BiJl HAKONMYCHHS ITOBEPXHEBUX
CIIEKTPUYHUX 3apAJiB HA TIOBEPXHSX, ajieé TakKi JOCIi-
JDKEHHS MatoTh (pparMeHTapHuii xapakrep [3, 4].

Sk mepeKOoHIMBO MMOKa3aHo y [5], HU3bKa BiTHOCHA
BOJIOTICTh Ta JIC10HI30BAaHICTh IMOBITPS y MPHUMIMICHHIX
KepyBaHHS TOBITPSIHUM PYXOM aepoIopTiB IMOB’s3aHi 3i

3HAYHOIO EKCIUTyaTali€lo MOIIMEPHUX MOBEPXOHb. 3aMi-
Ha TONIMEPHHUX 03100JI0BAIbHIX MaTepiaiiB Ha HATypa-
JIbHI HepeasibHa, TOMY JOLIIBHUIA MOIIYK IUISXiB HOpMa-
Ji3awiil IMX B3aeMOIOB’si3aHUX (akTopiB. OJHUM 3 HUX €
II/IBUILICHA 10HI3aIlisI TIOBITPS, siKa HOPMAi3ye MOBEpX-
HEBi 3apsu. AJie MOTY)KHI 10HI3aTOpU T€HEPYIOTh 030H
Ta OKCHIM a30TY TIijl Yac KOPOHHKX po3psiais [6].

VYV [7,8] moBemeHO e(EKTHBHICTH 3aCTOCYBAHHSI
YABTPa3ByKOBOTO METO/Iy OTPUMAHHS aepOIOHIB, SIKUH HE
Jae MOOIYHUX eeKTiB reHepaiii IIKIUIMBUX PEYOBHH.
AJle BUHUKae mpoOiieMa HEKOHTPOJIBOBAHOCTI YIIBTpa3-
BYKOBOI reHepallil 10HiB sIK 32 KUTBKICTIO, TaK i 3a HOJsIp-
HICTIO, TOOTO KOHIIEHTpalliil aepoioHiB 000X 3HaKiB. Lle
noTpedye po3poOIIeHHS] METOIOJIOTYHMX 3acaj Ta IOCITi-
JUKEHHS e(heKTUBHOCTI METOIIB HOpMai3allii IapameTpiB
MOBITPSIHOTO CEPEIOBHIIA BUPOOHUYHX ITPUMIIICH.

MeTta crarTi € po3poOiieHHs1 3acaj HopMai3amil
MapaMeTpiB MOBITPS BUPOOHUIUX MPUMIIIEHb — aepoio-
Hi3a1lii, BITHOCHOI BOJIOTOCTI, JIPiOHOMUCIIEPCHOTO TIHITY
B YMOBaX iX B3a€EMHOI 3aJISKHOCTI.

Bukiag ocHoBHOro marepiainy

Sk nokazano y [9], Ha KOHIIEHTpaIlii aepoioHiB ITe-
BHUM YHHOM BIDIMBAIOTh CTAHJAPTHI 3BOJIOJKYBadi TIOBi-
Tps. ToMy Ha mepuioMy erami JUisi eKCIepUMEHTAIBHOTO
BHU3HAYCHHS IMHAMIKH KOHIICHTPAII aepOiOHIB Y SKOCT1
JoKepena OyB 3aCTOCOBAaHHNA yIBTPAa3BYKOBHH 3BOIIOXKY-
Bau mosiTpst Saturn ST-AH2107 moryxnictio 25 Br 3
Butparoro Bomu 0,28 kr/ron. KoHmeHTparii aepoioHiB
000X 3HaKIB KOHTPOIFOBAIUCS 32 JOMOMOTOK0 JTiYMIHHU-
ka aepoioHiB Camdip 3K. BigHocHa BONOTICTE TOBITPS
BHAMiproBanacs KaiiOpoBanuMm Tirpomerpom CX601D.
Temnepatypa mija yac BumiproBanb 23,5-24,0 °C. Bumi-
PIOBAaHHS BAKOHYBAIUCS y IPUMIIIIEHHI 06’ eMoM ~ 60 M°,
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TemnepaTypa moBiTpsi cTadiii3yBajacsi 3a IOIIOMOTOO
CIUTIT-CHCTEMH YIIPOJOBXK ABOX TOJIUH.

[Ticnst BumiproBaHHs ()OHOBHX 3HAUECHb BiITHOCHOI
BOJIOTOCTI 1 KOHIIEHTpALli/f aepoiOHIB 000X 3HAaKIB BMHKA-
BCSl 3BOJIOXKYBad MOBITPS 1 KOHTPOJBbHI BUMIpIOBaHHS
3niticHroBanucs koxHi 0,5 ron. BumiproBaneHi npumaan
pO3TAIIOBYBAJTUCS Ha BiACTaHI | M BiJ 3BOJIOKYyBaya
MoBiTps1 Ha BUcoTi 0,5 M BiJI IMi/ITOTH.

Jns monepenHhoro BU3HAYEHHS BIUIUBY YJbTPa3-
BYKOBOT'O 3BOJIOJKYBaua IOBITPsI 32 TEMIIEPATypH TIOBITPS
25 °C Ta BigHocHi Bojorocti 41 %, Oyno BUMipsiHE KOH-
LIeHTpalii aepoioHiB 000X NosipHOCTeH. BoHM ckitamanu
n" =280 cm3, n*=110 cm®. BumiproBanus 3iiicHIOBa-
JIUCSL Yy SICHY TOTONy OMiBJIHI, y TPOBITPIOBAHOMY IpH-
MirienHi. ITicns 1poro npuMinIeHHs 3a9HHSIIOCS, BMHUKA-
BCs 3BOJIOXKYBAY TOBITPS 1 TpaIfoBaB yrpoaoBxk 1 rom. Y
pe3yibTaTi BiHOCHA BOJIOTICTh mimuimiacsa a0 44 %,
n"=510 cm3, n* =550 cm®. To6TO OUEBMAHO, IO KPiM
3BOJIOKYIOUOTO €(eKTy, YAbTPa3BYKOBUI 3BOJIOKYBad
BIUIMBAaE Ha aepoiOHI3aIil0 MOBITpsA. TOMY HONUIHHO
JOCTIINTH AWHAMIKY BiJIHOCHOI BOJIOTOCTi, TEMIEPATYpH
Ta KOHIICHTpAIlill aePOiOHIB Y MPOIIECi POOOTH 3BOIOKY-
Baua. Pesynpraty HaBemeno y tabn. 1 (T=0 Bianosigae
MIOKA3HUKAM JI0 BMUKAHHS 3BOJIOKYBAYA).

Tabnuya 1 —3mina BoJiorocTi Ta aepoioHisauii moBirps mix
BILUIMBOM YJbTPa3ByKOBOI'0 3B0JIOKYBa4a™
3

o n, cm”
T, rox t, °C ¢, % - -
0 24,0 38 230 260
0,5 23,5 39 470 410
1,0 23,0 44 700 520
15 23,0 44 520 370
2,0 22,5 45 560 410

Anaizyroun Ta0n. 1 BUHUKae eKiibka nuTaHb. [1o-
niepiie, ()OHOBI 3HAYEHHsI KOHLIEHTpALH acpoioHIB 000X
TIOJISIPHOCTEH BIAPI3HSIOTHCS BijI HABECHUX BHIIE ITOTIC-
peAHIX BUMIpIOBaHb (BUMIPIOBAHHS BUKOHYBAIHCS B OJI-
HOMY mpuMminieHHi). HasBHICTH mepeBakHOI OLIBIIOCTI
HETaTUBHUX IOHIB y TaONHMII Ha MOYATKY EKCHEPUMEHTY
MOXKHa TOSICHUTH THM, 110 BUMIPIOBaHHSI 3/1i{CHIOBAIIHCS
0 JIeCSTIH TOIMHI PaHKy Y 3aKpUTOMY MpuMilieHHi. Bimo-
MO, 1[0 3eMJIsl Ma€ Bl €MHHUI 3apsill, TOMY 3a BIJICYTHOCTI
CIPSIMOBaHUX PYXIiB MOBITPsI Y MPU3EMHOMY IIapi crocTe-
piraeTscsi TiOBHMINEHA KOHIGHTpAIli MO3WUTHBHUX 10HIB
BHACTIOK 1X apeiidhy no moBepxHi 3emui. [lomepenne
JOCTI/PKEHHSI BUKOHYBAJIOCS OIMIBAHI 3 IEpEMINTyBaHHIM
TIOBITPSI, 1[0 OOYMOBWIIO iHIIY IEpPEBaXHY IOJSPHICTB.
Ale y IIbOMY BHIIAJKy KOHIIEHTpAIiS TIO3UTHBHIX 10HIB
nyxe mana (~ 110 cm®). Ile MoKHA OSCHUTH BILIMBOM Ha
10HI3AIII0 EIEKTPU30BAHUX IOBEPXOHb, YIIPOIOBXK SKHX
pyxaetbest ToBiTps. Lle meBHMM YHHOM IIOB’SI3aHE 3 NIPY-
TMM TIMTAHHSAM om0 Tabmumi 1. 3a romuHy micis BMH-
KaHHS 3BOJIOKYBada KOHIICHTpAIlii aepoioHIiB 000X 3HAKIB
JOCATAIA MaKCUMyMY, TICJIS YOrO BOHH CYTTEBO, 3a Me-
JKaMH TIOXUOKH BUMIpIOBAaHb, 3HIDKYBaiwcCs. Jlami 3HOBY
CIOCTEPIrajocs I ABUIIICHHS KOHIICHTPATIIH.

[IprunHOIO WamiHHSA KOHIIEHTpAIll, IPUIOMY IIe-
PEeBaKHO OJHI€T MOISIPHOCTI, MOXe OyTH HeWTpaizamis
10HAMU TIOBEPXHEBUX 3aps/IiB HA TIOJNIMEPHUX TOBEPX-
HaX (y AaHOMY BHIIQAKY — KOBpOJiH). Bimomo, mo 3a

paxyHOK TpHOOENEKTPUIHOrO e(peKTy HaIpyKeHOCTI
SJIEKTPUYHOTO TIOJISl TIOBEPXHEBUX 3apsi/liB HA KOBPOIi-
Hi, JTIHOJIEYMI, TOIO MOXKYTh fqocsiratu 10-15 xB/m.

Ha nactymHOMY erami JOCTiDKyBaBCs BIUIMB 3BO-
JIOKyBada Ha aepOIOHHMH CKJIAJ MOBITPS y NPHMIIIEHH]
13 MPAIFOIOY0I0 CHCTEMOIO (BUMIPIOBaHHS MOYMHAIIUCS O
CbOMiil TOZIMHI PaHKY, MPUMIILICHHS 3a4rHeHe (Tab. 2)).

Tabnuysa 2 — BIUIMB 3B0JIOKYyBa4a NMOBITPsA
Ha KOHIIEHTpanuii aepoioHiB

o n, cm®
T, ron t,°C o0, % = =
0 24,0 40 310 490
1 23,5 44 810 710
2 23,0 52 1700 960
3 22,5 52 1540 1150

SIx BUIHO 3 Ta01. 2, BUXiTHA KOHIICHTPAIlisS aepoi-
OHIB BIJIMOBIJIA€ CITiBBiTHOIICHHIO TMOJSAPHOCTCH IS
BIJICYTHOCTI BEPTHKAIBLHOTO PYXY IOBITpsI, ajie 3 4acoM
MiJBUIICHHSA BITHOCHOI BOJIOTOCTI TOBITPS CYNPOBO-
JUKYETBCSl 30LIBIICHHS KOHIICHTpAIll aepoioHiB 000X
TIOJIIPHOCTEH, ajie HeraTHBHI 10HU MPeBaNIOTh. [Ipu-
YHUHOI0 MOXKe OyTH abo HeHTpasi3awis YaCTUHU IO3UTH-
BHUX 1OHIB HETaTHMBHUMH ITOBEPXHCBHUMH 3apsiaMHu,
aepo30JsIMK TOIIIO, a00 TepeBaKHa JCI0OHI3AIlS MOBITPSI
CIUTIT-CHCTEMOIO, IO paHime croctepiragocs [10].
Byno mepeBipeHO BIUIMB IPAIfOIOU0i CHCTEMH OXOJIO-
JUKCHHS TIOBITps Ha #oro aepoionizarito (tabm. 3).

Tabnuys 3 — BILIMB NMPamionyoli cIIiT-cHcTeMI
Ha aepoioHi3auio NoBiTpst

T, ron t, °C o, % n, cM
n n*
0 26,0 53 180 430
1 23,0 45 150 830
2 22,5 45 280 550
3 22,5 46 140 450

OTpuMaHi AaHi He JalOTh OJHO3HAYHOI BIAIOBIII
IIOJI0 BIUIMBY CIUTIT-CHCTEMH Ha KOHIICHTpaIlii aepoio-
HiB. [IpuHaiiMHI JOCHTiPKEHUI PUCTPIN CTBOPIOE TEH-
JICHIIIO 3HIKCHHS KOHIIGHTpallili HeraTUBHUX aepoio-
HiB. [IeBHMI BIUIMB Ha Ipolec Mae i 3MiHA BiJHOCHOI
BOJIOTOCTI 31 3HIKEHHSAM TeMIeparypu. Y OyIb-siKoMY
BUMA/IKY TOTPEOYIOTh IMONANBIINX PETeIBHUX TOCITi-
JIKEHb JCKIJIbKa aCIeKTiB:

— BIUIMB CHUCTEMH MiATPUMAHHS TEMIEPATypHOTO
peXuMy Ha KOHIICHTpaIii aepoioHiB;

— BIUIMB €JIEKTPU30BAHUX MOJIIMEPHUX TOBEp-
XOHb Ha KOHIIEHTpAIlil aepOiOHiB;

— BH3HAuYEHHA 3ac00iB MepeBa)kHOI reHeparmii io-
HiB BHU3HAYEHOI MOJISIPHOCTI JUIS PEryIIOBaHHS HOpMa-
TUBHUX PiBHIB aepoioHi3aril.

OcraHHe 00yMOBIICHE THM, 10 3rigHO [11] MiHIMa-
JBHO JOIYCTHMI KOHIIGHTpAIIii aepoioHIB CKIIaJaloTh: N°
=600 cm3, n* =400 cm 3. Bignosigni nponopuii 36epira-
FOTBCSA 1 JUTs OUTBIIMX KOHIEHTpaIiid. BpaxoByroun HasB-
HICTb HE TUIBKHU JDKepern 10Hi3allii, a i YMHHNKIB JeioHi3a-
i — aepo3oni, ApiOHOMWCIICPCHUI TIFII, EIEKTPH3ALlis
TIOBEPXOHb 1 Po0OTa CHCTEM BEHTWIAMI] Ta KOHIHIIOHY-
BaHHS TIOBITPSA PI3HMX KOHCTPYKIIH, 3aCTOCYBaHHS TpH-
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CTPOIB IITYYHOI 1OHI3aIlii MOBITPSI 3 HE3MIHHOIO MPOIYK-
TUBHICTIO HEJOMUTBHE. 1]e cToCyeThes SK KUTBKICTIO aepo-
10HIB B3araii, Tak i CIiBBiJHOIICHHS I'eHepanii 10HIB KO-
HOl momspHocTi. TpamuiiHi GirmomsipHi po3psiaHi i0HI3a-
TOpY MalOTh HETIPHHUHATHI MOOIYHI e(eKTH — TeHepalio
IIKIJJTMBUX PEYOBUH, KUTBKICT SKUX 3a IMOTPEOU TeHepa-
i1 BEJIMKOI KUTHKOCTI i0HIB CTa€ HCHOPMATHUBHOM. ToMy
JIOLUTHHO PO3IJITHYTH MOXJIMBICT PO3pPOOIICHHS YIIbTpas-
BYKOBOT'O 10HI3aTOpa IMOBITPs 3 PEryILOBaHNM KoeillieH-
TOM TIOJISIPHOCTI TEHEPOBAHKX aepOiOHiB.

BucHoBku

1. Hnsa Hopmaizanii (mprHAHMHI KOPEKIIil) acpo-
10HHOTO PEXHUMY MPHUMIIIEHHS MOMJINBO 3aCTOCYBaTH
CTaHAApPTHUH YJIBTPAa3BYKOBUH 3BOJIOXKYBAad IOBITPSL.
Moro mepeBarow € BiACyTHiCTH TeHeparii CymyTHiX
IIKIJUTMBUX PEYOBHH.

2. Tloka3aHo, 1[0 3a 3MIHM BiJJHOCHOI BOJIOI'OCTI
noBiTpst 3 8 10 45 % KOHIEHTpAIlisi HeraTUBHUX 1OHIB
3pocrae Big 470 g0 560 cM?, mosutHBHEX — Big 260 10
410 cm3,

3. JoBeneHo, mio mporec ioHi3amii MOBITPS Yy
npoleci HOro yibTPa3BYKOBOI'O 3BOJIOKEHHS! HEOIHO-
3HaYHUI. MOXJIMBUM MEXaHi3MOM HEPiBHOMIpHOI 1
HerepenoayyBaHoi 10HI3aIlii IMOBITPS € IOTIMHAHHS
YaCTHHU aepOiOHIB OHI€] MOJSPHOCTI IOTIMEPHUMHU
HaeJeKTPU30BaHNMHU NoBepXHsAMH. HemepenbauyBaHum
€ BIUTMB KOHCTPYKIIH CUCTEM BEHTHJIALIT 1 OXOJIOKEeH-
HI TIOBITPSI Ha AePOIOHHUI PEKUM NPUMIIICHb.

4. 3po0bieHO BUCHOBOK, IO Ui 3a0e3MeUcHHS
HOPMATHBHUX KOHIICHTpPAIlii aepoioHIiB 000X 3HAKiB
JIOLIUTBHO PO3pOOUTH 1 BHUIIPOOYBAaTH YIBTPa3BYKOBHIM
10HI3aTOp TMOBITPS 3 PETyJIhOBAHOK TEHEPAIIIEI) 10HIB
000X 3HaKiB.
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Innovative approaches to normalizing the air quality of the production environment
N. Kasatkina, O. Panova, K. Nikolaiev

Abstract. There are considered possibilities for normalizing the air conditions in a room without using air corona ioniz-
ers with by-generation of ozone and nitrogen oxides. Experiment results for determining the aeroion concentration dynamics of
both polarities are given. It is shown that during the operation of a standard ultrasonic air humidifier with a change in relative
humidity from 38 to 45%, the ion concentrations change as follows: n- from 230 to 560, n* - from 260 to 410, which can be con-
sidered satisfactory. But during the operation of the air conditioner, depending on the time of day, the proportions of the aeroion
polarities are different. This is due to both the positive ionization of the air surface layer at night and in the morning and the
partially unpredictable electrification of polymer surfaces (carpets, linoleums, wallpapers, etc.). The latter depends on the surface
charge sign. The obtained data on the effect of the split system on the aeronic mode of the premises, different from the known
ones. Therefore, it was concluded that careful studies of the effects of ventilation, cooling, and air conditioning systems are nec-
essary, which will determine the list and content of measures to normalize and maintain the concentrations of aeroions of both
polarities at the normative level. It is concluded that it is advisable to develop and test an ultrasonic air ionizer with controlled
generation both with quantity and polarity coefficient of aeroions. This will not only normalize the concentrations of aeroions but
also neutralize the surface electrostatic charges of both signs.

Keywords: airionization, aeroion, ultrasound, electrification, polarity.
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BUPOBHUYMI PU3UK B IOCTIMHOI'O IIYMOBOT'O HABAHTAKEHHSI
JJIA POBITHUKIB BIIKPUTOI'O ITIOBITPA

AnoTtanis. [Ipencrasiene NOCTIPKEHHS CTOCYETHCSI BU3HAYECHHsI O€3MEKH NPAIIOI0YNX Ha BIAKPUTOMY HOBITpI IpH pe-
MOHTI Ta PEeKOHCTPYKIIi1 aBTOMOOUIFHHX IIUISIXOMPOBOIIB Ta OyAiBENbHUX POOIT OOy aBTOMAricTpaieil B yMoBax MOCTil-
HOTO IIyMOBOTO HaBaHTaXKeHHs. Ha mijcraBi aHanizy BITYM3HSIHUX Ta HOPMAaTHBHHX JIOCHI/DKEHb OYyJI0 BU3HAYEHO METOJ0-
JIOTi0 JTOCIiPKEHb BUPOOHNYOr0 PH3HKY B 3aJIEKHOCTI BiJl BIKOBOI KaTeropii Mparrorounx Ta ix npodeciitnoro craxy. Ipe-
JAMEeTOM JIOCITI/PKEHHSI € BIUTUB ITOCTIHHOTO IIyMOBOTO 3a0pyIHEHHS Ha O€3IIeKy MPAIfIOI0YHX BIIKPUTOTO TOBITPS IS YMOB
M. KueBa. Mera po6oTu - BH3HAUSHHS! KOMIDIEKCHOT'O BUPOOHUYOTO PH3HKY BiJI MOCTIHHOIO NTyMOBOTO 3a0pyIHEHHS JUIS
0e3IeKH MpaliBHUKIB BiAKPUTOro MoBiTps. [Ipy BH3HAUSHHI CyKYITHOTO 3HaY€HHSI BUPOOHMYOTO PH3NKY, PO3TIISIAINCS OK-
pEeMo 3HaYCHHSI PU3UKY 3aXBOPIOBAHHS CEPIIEBO-CYIMHHOI CUCTEMH, PH3HUKY 3aXBOPIOBAHHS HEPBOBOI CHCTEMH Ta PH3HK 3a-
XBOPIOBAHHS OPTaHiB CIIyXy. 3aBaHHs POGOTH - HA ITiICTaBI HATYPHUX BUMIpIB IT0 0OPaHUX aBTOMOOUTFHAX IIIIXOMPOBO-
JIaX Ta BEJIMKHX MEPEXPEeCTsX B 3aJI€XKHOCTI Bijl KUIBKOCTI mosoc pyxy B M. Kuesi, 3zilicHeHo aHai3 piBHIB MOCTiiHOrO IIy-
MOBOT'O HABaHTAXXEHHS HA TEPUTOPiT BUPOOHNUIMX MaliTaHUMKIB TPAIFOI0YHX. BCTaHOBIEHO MeXi ITyMOBOTO HaBaHTAKEHHS,
10 y Gi7BIIOCT] CepeTHHO3BaYKEHNX Ta Y MAKCHMATEHHUX 3HAYEHHSIX BMIpiB IIEPEBUIIYIOTH HOPMaTHBHUIT piIBEHB BiAKPHTOTO
BHpOoOHUUOro Maimanurka (80n1bA). MeToan H0C/iIzKeHb: HATYPHI BUMIPH 3IHCHIOBAITUCS PUOOPOM «ACHCTEHT», Me-
TOIM PO3PAXyHKY 3/1iHCHIOBAJIHMCS HAa OCHOBI METOAMK AIF0YHMX MDKHApOJHHMX CTAaHIApTiB Ta HOPMaTHBHUX JOKyMmeHTiB. Ha-
YKOBa HOBH3HA IIOJISITa€ B OLIHI[ BEJIMYUH BUPOOHHIOr0 PU3HKY U yMOB M. KneBa 11st mpaiiorounx Ha BiJJKpHTOMY TOBi-
Tpi BiJf TOCTIHHOTO IIYMOBOI'O HABAHTAXXCHHS Ha MPOTSI3i 8-TOJMHHOI0 poOOYOro JIHS B 3aJI€XKHOCTI BiJI BIKOBHX MOKa3HUKIB
Ta npodeciiiHoro craxxy. OTpuMaHi pe3yJbTaTH IIOJO OLIHKY PH3HKY CYKYITHOTO PiBHS 3aXBOPIOBaHb B 3aJIE)KHOCTI BiJ|
PiBHIB IIlyMy Ha aBTOMOOUIBHUX LIIAXOMPOBOax M. Kuesa, cBiquaTh npo cepenHii (HoMipHHMI piBeHB) Ul Pi3HUX BIKOBHX
rpyn npaiorounx. 1o crocyeThest 3HaYEHHS CYKYITHOTO arperoBaHOro pU3NKy Y BUIIAKy MaKCUMAaIBHHUX PiBHIB ITyMOBOTO
3a0pyAHEHHs, TO PO3PaXyHKH IOKa3aJy, 10 Y BUMAJKY MPALIOIYnX 3a BikoM Oinbiie 50 pokiB pH3uK KBali(iKyeTbCs, K
BHUCOKHMH. BHCHOBKH JOC/TiZKeHb CBIUaTh, 110 OTPHMaHi pe3yJIbTaTH CepeTHbO3BAKEHUX | MAKCUMAIBFHHUX PIBHIB IIyMO-
BOr0 3a0pyIHEHHS IS OE3MEKH MPAIFOI0YHX Ha BiAKPUTOMY HOBITPi MOTPeOYIOTH 3aX0/iB MO 3HWKEHHIO IIIyMOBOI'O HaBaH-
TaKEHHSI, sIKi CJIiJI po3pOOIISATH 3 BpaXyBaHHSAM CEpeTHHOCTPOKOBOI Ta KOPOTKOCTPOKOBOI MepcieKTHBH (1-3 poku), a TakoxK
LIOPIYHUHN Neperii 3Ha4eHb BUPOOHUYOTO PUBHKY.

Kaw4yoBi ciaoBa: pu3mk, olmiHKa PU3UKY, aBTOLUIIXOMPOBIiM, OyaiBeNbHI pOOOTH, Ail0Yi CTAaHIAPTH, PIBEHBb LIYMOBOTO

3a0pyIHEHHs, Ha OCHOBI OTPHUMaHHX JaHHUX B M. Kuesi.

Beryn

B pamkax iMIuIeMeHTalii MpUpoJOOXOpPOHHOIO 3a-
KOHOAABCTBAa YKpaiHH 3 3aKOHOJABCTBOM CBPOMEHCH-
koro Coro3y Hamia jep)kaBa 3poOwiia JIOCHTh 1CTOTHI
KPOKH B HaIPSAMKY 3aII03MYEHHS J0CBiNy NepXKaB-IapT-
HEpIB LIOJI0 YIOCKOHAJICHHS JIEP)KaBHOT'O €KOJIOTIYHOTO
yIIpaBJiHHS. AJie Ha ChOTOJHIIIHIN JIEHb MOPiBHSIBHUIMA
aHaJIi3 YMHHOI 3aKOHO/IaBYOl 0a3u YKpaiHH Ta MIKHAPO-
naux crangaptis i JupextuB €C cBiquuTh mpo Bincra-
BaHHA Y IbOMY IMTAHHI 10 JeIKUX HOPMax Ta CTaHzaap-
Tax, sKi AitoTh e Ha piBHi ['OCTIB 3 paasiHChKHX YaciB.
He BuKIIFOYEHHS B IHOMY UTAaHHI CKJIaJal0Th TAKOX HO-
pPMAaTHBHI JOKYMEHTH, SIKi CTOCYIOTHCSI BU3HAYECHHS BH-
POOHHYOTO PU3HKY MPALIOIOYHX SIK HA BHPOOHHMIITBI, TaK
i Ha BigkpuTomy moBiTpi. IlocTaBnena mera cTarTTi Ha
OCHOBI aHaJi3y BITYM3HAHUX Ta MDKHAPOAHUX HOPMATH-
BHHUX JIOKyMEHTIB 1 OTPUMaHHUX BUMIPSIHUX JaHUX ITyMO-
BOro 3a0pyJHEHHS Ha OCHOBHHX IepexpecTsax M. Kuesa
BU3HAYUTH BUPOOHWYMNA PU3UK BiJ MOCTIHHOTO IIyMO-
BOr0 3a0pymHEHHS [UIs O€3leKd MpaliBHUKIB BiIKpH-
TOTO TIOBITPSL.

AHauni3 icHyrounx pociaimkenb. Ha manmit gac Ga-
raTo JOCHTITHHKIB Bi3HAYAIN PO30OIKHOCTI TIPH MTOPiBHS-
JTFHOMY aHaJi3i HaIlllOHAJTHHOI Ta MIKHAPOAHOI HOpMATH-
BHOI 0a3u, 30KpeMa TaKOX TOKYMEHTIB, [0 CTOCYFOTHCS
0e3IeKr MpaIfoI0unX Ha BiIKPUTOMY TOBITpi. Sk 3a3Ha-
4aroTh aBTOpPH poOoTH [1], aHaNi3 HOPMATHUBHUX TaHUX
11010 LITyMOBOTO 3a0pyJHEHHSI HA TEPUTOPISX KHUTIOBUX

3a0y/10B, B TOMY YHCII BijI aBTOTPAHCIIOPTHHUX 3aC00IB yp-
0aHI30BaHUX TEPUTOPIil NOTpedye OLIBII KOPCTKHUX BHU-
MOT JI0 JIOJIEp>KaHHsI HOPMATHUBIB 1IOJI0 PiBHIB IIIyMOBOT'O
3a0pynHeHHs. Ha ocHOBI aHamizy AilOYMX HAlliOHAJBHUX
Ta MDKHApOJHUX HOPM Ta CTaHIAPTIB, aBTOPH POOOTH
BBAXKAIOTh, €Tall IMIUIEMEHTAIIIl €BPOIEHCHKOro 3aKOHO-
JaBCTBA B YMOBH YKPAiHCHKHMX BHUPOOHHKIB Ma€ BHU3Ha-
yuTd npouenypy nonoxenns lupextusu 2002/49/€C,
SKa CTOCYETBCS CTBOPEHHS OCHOB JUIsl PO3POOKH sy 3a-
XOJIiB, 1110 HAIIIJICH] HA CKOPOYEHHSI IITYMOBOT'O BILTUBY BiJl
OCHOBHHX JDKepel Ha ypOaHi30BaHUX TEPUTOPIH, B T.U. aB-
TOTPAHCHIOPTHUMHU 3ac00aMU. 3aralbHUM MiJIXij, SKUNA
MIPONMCAHUHI JaHOK [[MpEKTHBOIO, CIPSIMOBAaHUI Ha pe-
KOMEeH/Iamil 100 BU3HAYEHHS BIUIMBY LIyMY HABKOJIHIII-
HBOT'0 CEPEIOBHIIA 32 IOTIOMOT' 00 KapTorpadyBaHHS; 3a-
Oe3medeHHst Toro, mo0 iHGOpPMAIUA TPO EKOIOTIYHUH
IIyM Ta HOTO HACTIIKK Oylla JOCTYIHOKO IUIS TPOMAICh-
KOCTi; IPUAHSTTS AepxkaBamu-wieHaMn €C IUIaHIB i,
3aCHOBAHMX Ha pe3yiibTaTax KapTorpadyBanus mymy [2].

IIpariBHIKH BIAKPHATOrO OBITPSL, 30KpEMa aBTOIOPO-
JKHBOI TaITy31 3HAXOASATHCA T1i1 BIUTUBOM ITOCTIHOTO IITyMO-
BOrO HABAaHTAKCHHS BiJl aBTOTPAaHCIOPTHMX 3aco0iB Ha
MPOTs3i § - 9acOBOro podOYOro AHS, TOMY 3 JESTKIM 3aria-
COM OIHKY MOPYIIEHb YIS 3/I0POB'S TIPAIFOI0YHX MOYKHA
npuiiMaTH 3a MaTepianamu T0KyMeHTiB [3-6], a came: Hep-
BOBA cHCTeMa (ITOPOroBi piBHI mrymy Bin 3510 1mst HepBo-
Boi Hanpyru g0 60 JI6 mono mopyIieHb BereTo-CyquHHOL
JICTOHIT); CHCTeMa KPOBOOOITY (TTOPOTOBi PiBHI IITyMY BiJ
30UIBIIEHHS KPOB'STHOTO THCKY 0€3 J1iarHO3y TiNepToHil Bif
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65/16 no 70xb momo creHokapail Ta iHpapkTy MioKapmy);
XBOpoOM Byxa (Toporosi maHi Bix 451b mymy B yxax 1o
80x1b 110710 BTpaTH YyTIMBOCTI BHACHI/IOK BIUTUBY IIIYMY).

Bukaanx ocHoBHOr0 MaTtepiaxy

MeTomoI0Tisl OLIIHKY PU3HKY 3I0POB'I0 HACEICHHS
BiJl BIUIMBY TPAHCIIOPTHOI'O IIyMY MPOMOHYETHCS BUKO-
HYBaTH y BiANOBITHOCTI 32 MeTOIMYHIUMH pEeKOMEH Ia-
missma MP2.110.0059-12 «Orinka pr3HKy 3I0pOB’S Ha-
CeJICHHS BiJl BIUIUBY TPAHCIIOPTHOTO tiymy» [7]. B siko-
CTi OCHOBHOI OJIUHMIII IIOIO PIiBHS ITyMOBOTO 3a0py/-
HEHHSI TPU BUKOHAHHI OLIHKH PU3UKY MPOMOHYETHCS BU-
KOPHCTOBYBATH MOKa3HUK €KBiBaJCHTHOTO PiBHS cepel-
HBO3BaXkeHOTo no06oBoro mymy (Lden) 3 BpaxyBaHHIM
SIK ICHHUX, TaK 1 HIYHUX PiBHIB. PekoMeHarii msoro mo-
KYMEHTY CTOCYIOTbCSl HACeJIeHHS, SIKi IiJIa€ThCs TOC-
TIHHOMY BIUIMBY IIIyMOBOr'O 3a0pYy/IHEHHS Bijl aBTOTpaH-
CIIOPTHUX 3ac00iB, K, HAMPHKIIA, MCIIKAHHSI B Oy/IiB-
JISIX OONN3Y HANPYKEHOT aBTOTPACH.

Pexomenmamii  mixkHapomHoro cranmapty SO
1999:2013 moxyTh OyTH 3acTOCOBaHi Oe3MocepeHbO
JUTsl BU3HAYCHHS BIUIMBY IIYMOBOTO 3a0pYyMHEHHS s
npaiiBHuKiB Bijgkpuroro nositps [8]. Cranmapt ISO
1999:2013 Bu3Hauae MeTOH MUIS PO3PAaXyHKY OUiKyBa-
HOTO MTOCTIHHOTO 3CYBY TIOPOT'Y, BUKIIUKAHOTO IIIyMOM, Y
MIOPOrOBUX PIBHAX YYTHOCTI JAOPOCIIOTO HACENEHHS Ye-
pe3 pi3Hi piBHI Ta TPUBANICTh BIUIUBY LIYMY; BiH € OCHO-
BOIO JIJIsl PO3PaxyHKY MOPYIIEHHS CIIyXY, KOJU TIOPOTOBI
PIiBHI 4yTHOCTI Ha 3arajibHO BUMIpPIOBAHUX ay/iOMETpH-
YHHUX YacTOTaXx ab0 KOMOIHAIISX TAKHUX YaCTOT IMEPEBHU-
LIYIOTH IIeBHE 3HaueHHs. CTaHIapT MOXe 3aCTOCOBYBa-
THCSA JUIS PO3PAaXyHKY IMOBIPHOCTI BTpaTH YyTJIMBOCTI
BHACIIIJIOK PETYJISPHOTO BILUIMBY BUPOOHHYOIO IIYMY.

Kareropis npauiBHUKIB, 1110 PO3IIISAAETHCS B IaHii
CTATTi - MPAIfOI0Yl IO PEMOHTY aBTOJIOPOKHUX IIUISXIB
Ta OyAiBeNbHUX poOiT MoOnM3y aBromaricrpanei. [Toka-
3HUKOM BIUIMBY IIyMY Ha IPYILy PU3HKY € PiBEHb LIyMO-
BOTO BILUTUBY, HOPMOBaHHI Ha HOMIHAJIBHUH 8 -TOJMHHUIA
poboumii eHs I 3a]]aHOI KiJIBKOCTI pOKiB BILTUBY. Jlist
ISO 1999:2013 nommproeTsCst Ha IIYyM Ha YacTOTax
MeHIIe Hix mpubau3uo 10 k1, sKuii € mocTiiHuM, TIe-
PEepPHUBYACTUM, KOJMBAHHS, HEPET YIS PHUM.

B Ykpaini Ha CbOrOAHIIIHIN JIeHb AiFOTh HAIlIOHA-
neHi cranpapty JJbH B.1.1-31:2013 «3axuct Tepuropi,
OynunkiB 1 cropyn Big mymy» ta JICTY-H b B.1.1-
33:2013 «HacraHoBa 3 po3paxyHKy Ta IPOESKTyBaHHS 3a-
XHCTY BiJl ITyMY CEIBbOUIITHUX TepuTopii» [9-10], sKi Mi-
CTSTH PO3PaxyHKH IIYMY Ha CENBOMUIITHAX, TaHAMAPTHO-
peKpeariiiHiX TepUTOPisSX Ta IHIIUX TEPUTOPIAX 3 HOP-
MOBAHHUMH PIBHAMH ITyMY, B IPUMIIIEHHIX KHUTIOBHUX i
TPOMAJCHKIX OYOWHKIB BiJ TOTOKiB aBTOMOOITBHOTO i
3aJII3HUYHOTO TPAHCHOPTY, MOi3/IiB HA3€MHOIO METPO,

MOTOKIB TpaMBaiB, aBiallifHOrO 1 BOJHOT'O TPaHCIOPTY,
BiJl JIOKaJIbHUX BHYTPIIIHOKBAPTAIBHUX JUKEPEN IIyMY
B eKBIBaJICHTHUX LA 1 MakCHManbHUX LAyaxe PIBHAX
3BYKY B JBA.

AHaJi3 BITIM3HSIHUX Ta MDKHAPOIHIX HOPMaTHBHHX
JIOKYMEHTIB 1010 JAHHUX IIYMOBOT'O 3a0pyIHEHHS, CBil-
YHTH PO T€, 10 3HAYECHHST JOITyCTUMOI eKCIIO3HIIi T IIyMO-
BOT0O 3a0pyJAHEHHS TPOTSATOM 8-4acoBOTO pOOOYOro JIHS
3HAXOAMThCS B Mekax Bifg 751bA (Pekomennanii Arenrc-
TBa 3 OXOPOHM HaBKonumHboro cepegosuma CHIA Ta
BcecBiTHBOI oprasizaii 0XopOHH 37J0pOB’ s III0/I0 LIyMY B
rpomani) 1o 90 n1bA (momyctrMa MeXa BIUIUBY 32 PEKO-
MEHJalisiIMI YTIpaBJIiHHS 3 OXOpPOHH Ipali Ta TirieHu
CILIA) [11]. BpaxoByrouu BIiTYM3HSHY Ta MiXKHAPOIHY
HOpMaTUBHY 0a3y 3 IaHOTO IMUTaHHS, aBTOPY POOOTH BBa-
JKAIOTh TP PO3PaxXyHKY PU3UKY MPALIOIOYUX HA BiAKPH-
TOMY TIOBITPi BiJl OCTIHHOTO IIyMOBOTO HAaBaHTA)KCHHS
CITi/1 3aCTOCOBYBATH METOJIUKY 3T1AHO MeTOIMYHUX PEeKo-
mernaii MP 2.1.10.0059-12, ane npu npomy piBeHb Ji-
F0YOro PiBHS IIyMY NMPHAMATH 32 PEKOMEHIAIISIMH MDK-
HapoaHoro cranaapTy ISO 1999:2013 mns 8-roguHHOTO
poboyoro nHst a00 32 BUMIPSIHIMU JIJAaHUMH 10 OCHOBHHX
aBTOLLIAXOMpPOBOax M. Kuena.

Marepianu gociairkeHb

Ha 10 Haii0inbll HaBaHTa)KEHUX aBTOMOOUIBHHX
po3B'szkax M. Kuesa Oynu 37ilicHEHI 3aMipu [IIyMOBOT'O
HaBaHTKEHHS BUMIpPIOBaYeM piBHS 3BYKY «Accuc-
TeHT». BuOip TOYOK Ui AOCHIHKEHHS 3iHCHIOBABCS B
3aJIeKHOCT] BiJ| KIJIBKOCTI aBTOMOOIJIbHUX 3 BpaxyBaH-
HSIM aBTOMOOUIBHOI PO3B'SI3KHM Ta KIJIBKOCTI TPaHCIIOPT-
HHX 3aC00iB, sIKi OZIHOYACHO nepeOyBaOTh Ha JaHii Te-
puropii. BukoHaHi 3amipu mokasaiu, 110 B OUIBIIOCTI
BUIA/IKaX [IyM Ha BEIUKHX aBTOLLIAXONpoBoaax M. Ku-
€Ba 3HAXOIUTKLCS B Mexax Bij 68 n1bA 1o 90,72 nbA, 1o
nepeuiiye 3HaueHHs 80 1BA | sike € KpUTHYHUM PIBHEM
JUIs 3HAaYEHHS BUPOOHUYOT0 PH3HKY Hpamiorounx. B pe-
3yAbTaTi IPOBEJEHHUX JIOCTIKeHb HAMU BPaXOBYBaIOCS
TIOJTOKEHHSI, STKE TIPUBENIEHO aBTopamu B poboti [12]. Ha
OCHOBI KOpEISIIIIHUX 3alIe)KHOCTEI aBTOpU POOOTH J0-
BeIH, L0 32 MOTOYHHX IapaMeTpiB TPaHCIIOPTHOTO I10-
TOKY (BHCOKOI IHTEHCHBHOCTI pyXy 31 3HAYHOIO TiepeBa-
TOI0 y CTPYKTYpl TPAHCIOPTHOTO MOTOKY JIETKOBHX aB-
TOMOOLTIB) Ha €KBIBaJICHTHHI PiBEHb 3BYKY BILTHBAE 3a-
rajibHa KiIbKiCTh aBTOMOOLIIIB, TOJI SIK BIUTUB OKPEMHUX
TPYI iHIIUX BHUIIB TPAHCIOPTY (BaHTAXKHIX, aBTOOYCIB
Ta MIKpOaBTOOYCIB TOIIO) HE3HAYHE.

Mertopornorisi OWiHKA PU3UKY 3J0POB'I0 BH3HAYA-
Jlacsi HAMH Ha OCHOBI PillIEeHHS HACTYIHUX PiBHSHB, SKI
BPaXOBYIOTh OLHKY arperoBaHOI0 PH3HKY MOpPYILICHHS
CepIIeBO-CYAMHHOI, HEPBOBOI CUCTEMH Ta OPTaHiB CIIyXy
BigmosigHo [7]:

I{R{‘f{‘ = Rfen + [0 0118 - Réen + 0,001 - (ene(RET) _ 1)]
{ RACT = Rfen + [0,052 - RA 40,015 - <—Ld€“'f'5(;Rf ~ 1)] C; 6
IkR{‘f{‘ Réen 4 [0 0074 - RA™ + 0,0016 - <M - 1)] C.

B /1aHuX piBHAHHAX: R, ;1 PH3UK TOPYIIEHHS i-TOI CMCTEMH OpraHiB

A . . .
Rt — PU3HUK NOPYHICHHA 1-TO1 CHCTEMH OpraHiB Ha
IMOYATKOBIM (3aﬂaHlﬁ) B MOMEHT 4acy t;

JUISL HACTYITHOTO YacoBoro mepiomy (t+1) (3amexurn

Bix C);
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R ;4”‘ — arperoBaHuil pU3MK PO3BHUTKY IOPYIIEHb Pi-
3HOI BO)KKOCTI CITyXOBOT'O anapary (IIyM y ByXax KOHIY-
KTUBHa HEHpOCEHCOpHA BTpaTa CIIyXy, T BTpata CIyxy,
BHKJIMKaHa ITyMOM) Ha MOMEHT 4acy t;

R:‘“ — arperoBaHMil pU3HK PO3BUTKY MOPYIIEHB Pi-
3HOI B@KKOCTI CEpIEBO CYIAWHHOI CHCTEMH, IIiJBHIIIE-
HOT'O THCKY, TillepTeH3WBHA Ta iMIeMiyHa, XBOpoOa ce-
pIsL, CTEHOKapis, iH(QapKT MioKap/ia BUKJIMKAHI IIIyMOM
Ha MOMEHT t;

R:l ¢ — arperoBaHUi pU3HUK PO3BUTKY B MOMEHT t
MOpYILIEHb HEPBOBOI CHCTEMHU (HEPBOBE HANPYKEHHS,
MOPYILEHHS! CHY, KOTHITUBHI IOpPYIIEHHS, BEreTO-CYy-
JIMHHA JMCTOHIS);

Lgen ¢ — cepeHbO3BaKEHUI 1OOOBUIA PiBEHD IIYMY
y pociipKyBanuit nepion t, (nb);

C — yacoBuil emmipnyHuil KoedilieHT; () - AyKKH
Kenm npuiimaroue 3HauenHa(x) =0 mpu x <0 Ta
(x) = x, npu x = 0.

B Tabn. 1 npeacraBineHo po3paxyHOK IO arperaTu-
BHOMY PH3HKY, SIKHI OYB po3paxoBaHHii 32 CHCTEMOIO pi-
BHsHB (1) JUIs PI3HUX BIKOBUX TPYN MPAIOIOYHX LIS
JIBOX TMEPEXPECTIB 0 CEPETHHO3BAKEHOMY Ta MaKCHMa-
JIBHUX 3HAUYEHHSIX BUMIPSHOTO IIIyMOBOI'O 3a0pyIHEHHS.

Tab6muns 1 (piBeHb BU3HAYCHHs Kiacudikalii pu-
3WKY JUIS MPALOI0YNX Ha BIJKPUTOMY ITOBITPI Bif IIyMO-
BOTO HABAHTAXXCHHS) MPECTABICHa B pOOOYNX MMO3HAY-
kax Ha nepexpecti YokomiBcbkuii OynbBap — [oBiTpod-
JIOTCHKUH TPOCIIEKT 32 BEJMYMHOIO CEPETHbO3BAKEHOTO
piBHs mymy i nepexpecti mp. [lepemoru — Byn. Onekca-

Tabnuys 1 — PiBeHb BU3HAaUYeHHs KJIacugpikanii pusuky

Hzpa JloBxenka (paiion lllynsBcbkoro MocTy) 3a Benu-
YHHOI0 MaKCUMaJIbHOTO BHMIpsHOTO piBHs mrymy. Kira-
cuikaris piBHIB pU3UKy po3MinieHa B MeToInIHUX pe-
koMmeHpauisx MP2.110.0059-12 [7].

Jlani po3paxyHKiB BHpOOHHYIOTO PU3HKY JUIS IHIITHUX
HaWOUTBII BENMKUX IMEPEXPECTiB IOKa3alH, IO CYKYyII-
HHU{ PU3UK BiJl IIyMOBOT'O 3a0pyJHEHHS 3HAXOIUTHCS B
THX K€ MEeXKaX, IO 1 MPUBEACHUHA puKian y Tadi. 1. Po-
3paxyHKH 32 JJaHOK METOMKOIO TIOKa3aJIy cepeHin (Io-
MipHUi{) piBEeHb CYKYIIHOTO PU3UKY BiJl IIYMOBOIO 3a-
OpyIHEHHS TIPH CepeJHbO3BRKEHUX 3HAUYEHHS BHMIpiB
JUISL BCIX BIKOBUX T'PYI MPAIIOI0YHX; P MaKCUMaJIbHUX
BUMipax NIyMOBOTO HaBaHTa)XEHHS PHU3MK KiIacH(iKy-
€TBCS SIK BUCOKHH IS TPYII MPALOI0UnX mmicis 50 pokiB.
I[Tpw xii AOBroTpUBaIOro MyMOBOI0 HaBaHTaKEHHS TIPH
PO3paxyHKY 3arajJbHOr0 3HAUEHHS PU3HKY CJIiJ] BpPaXOBY-
BaTH BTPATy YYTHOCTI MPAIIOIOYMX B 3AJICKHOCTI Bij
cTaxy poboru. Tak pospaxyHku 3a Meroaukor |SO
1999:2013 3acBiguuny, o npu 30-1iTHEOMY Ipodeciii-
HOMY CTai Ta piBHI IIyMOBOTO BIUIMBY 32 8 TOIXUHHHIM
pobounit neHb Lgy gn= 90 1B iMOBipHICTH BTPaTH UyTHO-
cti st 50 piuHuX mpairorunx ckiaamae 11,5% npu 10%
3MILIEHHI MOPOry 4yTHOCTI; st 40 piYHUX MPALIOYHX
1l TUQPHU CKITAIar0Th BiANOBIAHO 7% 1 6,8%. Buxomsun
3 JIaHUX MipKyBaHb IIPH BU3HAUEHHI KOMIUIEKCHOI'O PH-
3HKY BiJl BCiX BIUIMBOBUX (pakTOpiB Ha Oe3reKy Ipalo-
I0YMX Ha BIKPUTOMY TOBITPI CJiJl BpaXOBYBAaTH TaKOX
JIOIATKOBO TaKHi NOKA3HHUK, SIK BTpaTa 4yTHOCTI Bif MO-
CTIHHOTO IIYMOBOT'O HABAHTAYKEHHSI.

Bik Pu3uk 3axBoproBaHHs
npauiBHUKA OprasiB ciIyxy

Pu3ux 3axBoproBaHHsA
cepleBo-CyAHHHOI
cHcTeMu

Pusux 3axpoproBaHHs
HepPBOBOI
CHCTeMH

CyKynHuUii pu3uK
3aXBOPIOBAHb

YoxkoniBcbkuit OynbBap — [ToBiTpoduorcekuii mpocnekt 50°25'33"” — 30°27'33"
CepenHbo3BaXKCHUI piBeHb IyMy — 631BA, MakcumanbHuil piBeHb ymy 8716A

20 0,0230 Hu3bKHIA 0,007 Hu3bKHIH 0,02855 Hu3bKuit 0,0585 nmomipHwuii
30 0,0258 Hu3bKHI 0,0121 HU3BKHI 0,0330 HuU3BKHI 0,070 momipHuii
40 0,0290 HU3bKHMI 0,0201 HU3BKHI 0,0353 Hu3bKHI 0,084 nmomipHuii
50 0,0323 HU3bKHIA 0,0515 nomipHwuii 0,0377 Hu3BKHI 0,125 nomipHuii
60 0,03622 Hu3bKUit 0,132 nomipHuit 0,0405 HU3BKHI 0,208 nmomipHuit
p. [Tepemoru — Byn. Onexcannpa Jloxenka (paiion LynsBceroro mocry) 50°27'14" — 30°26'44"
CepenHbo3BaXKeHUI piBeHb IyMy — 691BbA, Makcumanbhuii piBeHsb rymy 9316A
20 0,0230 Hu3BKMI 0,007 HuzbKHi 0,02855 HusbKuit 0,0585 momipHwuii
30 0,0348 Hu3bKMI 0,0221 HU3BKHI 0,0512 nomipHwuii 0,070 momipHuit
40 0,0566 momipHwuii 0,0501 momipHwuii 0,0798 nomipHwuii 0,1081 momipHwuii
50 0,0733 momipHwuii 0,0615 nomipHwuii 0,113 nomipHuit 0,2678 nomipHwuii
60 0,1056 nomipuuit 0,142 nomipHuit 0,140 nomipHwuit 0,3888 Brcokuii

Jis BU3HAYEHHS YMOB TIpalli 32 TOKa3HUKAMU IITKi-
JUTUBOCTI Ta HeOe3meuHOo T (pakTopiB BUPOOHUUOTO Ce-
peIoBHIA 3 JOCTATHHOI TOYHICTIO HA INONEPETHBOMY
eTar MOYKHa MPUWHATH 332 JOKyMeHToM [13].

BucHoBku

Ha migcraBi BUMipsSHEX PiBHIB ITyMOBOTO 3a0pya-
HEHHS Ha OCHOBHHMX aBToMarictpamsx M. Kuesa Oymo

BHU3HAYCHO CEPENHBbO3BAXKCHI 1 MAKCHMAbHI PiBHI TOC-
TIHHOTO IIIYMOBOTO BIUIMBY IS TIPAIFOIOYHX HA BiIKpHU-
TOMY TIOBITpi, SIKi 3a/1isTHI HA PEMOHTI Ta PEKOHCTPYKIIii
aBTOINISXOMPOBOIIB MicCTa.

BcraHoBneHO Mexi OIyMOBOrO HABaHTa)KeHHS, 110
y OULTBIIOCTI CepeTHhO3BAKEHUX Ta y MAKCHMAaJIbHHUX
3HAYCHHSX BUMIpiB IIEPEBUIIYIOTh HOPMATHBHUHN PiBEHB
BiZIKpUTOro BUpoOHNYOro Maraanunka (801bA).
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Hueinvna 6e3nexa

PiBeHbp BUPOOHMYOTO PU3HKY 32 OKPEMHMH Harpsi-
MKaMH BIUTUBY Ha 3/I0pPOB’sI IPAIIOI0YOro (PU3UK 3aXBO-
PIOBaHHS OpTaHiB CIyXY, PU3HK 3aXBOPIOBaHHS CEPIIEBO-
CYJIMHHOI CUCTEMH, PU3UK 3aXBOPIOBAHHS HEPBOBOI CHC-
TEMH) 3HAXOAATHCS B Mekax HU3bKkoro (R<0,05) ta mo-
mipHoro (0,35>R>0,05).

AJle 10 CTOCYEThCSl 3HAUSHHS! CYKYITHOTO arpero-
BaHOTO PH3HKY, TO HOr0 3HAYCHHS HE3AJISKHO BiJ BiKy
TIPAIIOI0YOr0 3HAXOJUTHCSI B MEXaX CEpeTHbHOro (Iomi-

PHOTO) PH3HKY, a Y BHITQJIKy MPAIIOI0YMX 32 BIKOM Oi-
nbie 50 poKiB pH3HK KB PiKyeThCs, IK BUCOKUHA. B a-
HOMY BUIIAJKy PEKOMEHJOBAHO 3aCTOCYBAaHHS 3axOjIiB
JUTS OpraHi3arii MoCTiHOr0 MOHITOPHHTY IITyMOBOTO 3a-
OpyAHEHHS; 3aXOIX 10 3HIPKEHHIO IITYMOBOTO HaBaHTa-
JKEHHsI CJIi/T pO3pOOIIATH 3 BpaXyBaHHSIM CepeTHbOCTPO-
KOBOI Ta KOPOTKOCTPOKOBOI repcrektusH (1-3 pokn), a
TaKOX INOPIYHHMN Meperiisi 3HaueHb BUPOOHHYOro pH-
3WKY.
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Production risk from constant noise load for open air workers
A. Kovalova

Abstract. The presented research concerns the determination of the safety of workers in the open air during the repair and
reconstruction of highways and construction works near highways under conditions of constant noise load. Based on the analysis
of domestic and regulatory research, the methodology of research on industrial risk within the age categories of employees and
their professional experience was determined. The subject of the study is the impact of constant noise pollution on the safety of
workers working outdoors for the conditions of Kyiv. The aim of the work is to determine the complex industrial risk of constant
noise pollution for the safety of workers working outdoors. In determining the total value of occupational risk, the values of cardi-
ovascular disease risk, nervous system disease risk and hearing risk were considered separately. The task of the article is on the
basis of field measurements on selected highways and large intersections depending on the number of lanes in Kyiv, the analysis
of levels of constant noise load on the production sites of workers. Noise load limits have been set, which in most weighted averages
and in the maximum values of measurements exceed the normative level of the open production site (80 dBA). Research methods:
field measurements were performed with the device "Assistant", calculation method - based on the methods of current international
standards and regulations. The scientific novelty is to assess the magnitude of industrial risk for the conditions of the city of Kyiv
for workers in the open air from the constant noise load during the 8-hour working day, depending on age and professional expe-
rience. The obtained results on the assessment of the risk of the total level of diseases depending on the noise levels on the highway
overpasses of Kyiv, indicate an average (moderate level) for different age groups of workers. Regarding the value of the aggregate
aggregate risk in the case of maximum levels of noise pollution, the calculations showed that in the case of workers over the age
of 50 the risk is classified as high. The results show that the results of the weighted average and maximum levels of noise pollution
for the safety of workers working outdoors require noise reduction measures, which should be developed taking into account the
medium and short-term (1-3 years) and an annual review of industrial risks.

Keywords: risk, risk assessment, highway overpass construction works, current standards, noise pollution level, based on
the data obtained in Kyiv.
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3B'A30K, TerieKOMyHiKauil Ta pagioTexHika
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[HCTHTYT cneniadbHOrO 3B 3Ky Ta 3aXucTy iH(opMmanii HaioHansHOro TeXHIYHOTO YHIBEPCUTETY
VYxpainu “KuiBcbkuii monitexniuHuii iHcTuTyT iMeHi [ropst Cikopebkoro”, Kuis, Ykpaina

AHAJII3 MOKJIMBOCTEMN MEPEXI IP/MPLS
JJIA BACTOCYBAHHA MEXAHI3MIB QoS

AHoTanisi. PO3MIsHYTO Ta MpOaHAIi30BAHO MOXKIIMBOCTI, siKi Hamae Mepexa IP/MPLS s immiemenTanii MexaHi3miB
sKocTi obciyroByBanHsT QOS. Po3ristHyTo mepcriekTuBH BHKOpHCTaHHS QoS 06a3i Mepex, MoOyZOBaHMX HA TEXHOJOTIT
IP/MPLS 3aJie)xHO BiJl MOXKIIMBOCTEH, sIKi Haae 6araTonpoTOKOIbHA KOMYTAIisl 32 MITKAMH, BAKOHAHO OTJIsi OCOOIMBOCTEN
OCHOBHOT'O TIPOTOKOITy PE3epBYBAaHHS PECYPCIB JUIS 3aCTOCYBAHHS MEXaHI3MIB SIKOCTI OOCIyrOBYBaHHS Ta IpOAHAJI30BaHO
TiepeBary 1aHoi Mepexxi. Meroau QoS moknmKaHi MiHIMI3yBaTH piBeHb 3aTPHMOK TSI IyTIHBOTO 10 HUM TpadiKy, HaIpUKIag
T'OJIOCOBOTO, 1 OTHOYACHO TapaHTYBAaTH CEPEIHIO MIBUIKICTE i ANHAMIUHY Hepenady Imylbcarlii s Tpadiky gaHux.

Kaw4doBi ciaoBa: 6araronporokoibHa komyTaiis o Mitkax (MPLS); sikicte o6ciyroByBanss (QoS); mpoTokon pese-
pByBaHHs pecypciB (RSVP); IP-mepeska; ynpasiniHHS TpadikoM, IPOITyCKHA CIIPOMOXKHICTb.

Beryn

B nanuii yac pa3oM 3 IIaHOMiIpHHM 3011bIICHHIM
HIBUJIKOCTEH Mepeiadi TaHWX B TEIEKOMYHIKaIlisx 30i-
JIBIYETHCSI YacTKa I1HTEpaKTHBHOrO Tpadiky, BKpail
YyDJIMBOTO O MapaMeTpiB CepeloBHINA TPaHCIOPTY-
BaHHA. ToMy 3aBOaHHs 3a0e3NedYeHHs SKOCTi 00CIyro-
ByBaHHs (QO0S) cTae Bce OBl aKTyaJbHUM. 30Kpema,
QoS Mae Ha yBa3i pillIeHHS] HACTYITHHUX 3aBJIaHb!

— BU3HAUYCHHS INPIOPUTETIB 1 AU epeHIitoBaHHs
Tpadiky;

— 3abe3nedeHHs1 iHGOPMALIHUX IOTOKIB HE0O-
X1JHUMH MEPEKEBUMH pecypcamu;

— Ti/BUILEHHS HAAIWHOCTI epenauyi;

— 3aro0iraHHs MEPeKEBUX IePEeBAHTAKEHD;

— (opMmyBaHHS MepexeBOoro Tpadiky sl 3ria-
JOKYBaHHS 1 CTBOPEHHS OLIbII PIBHOMIPHOTO MOTOKY.

Li 3aBoaHHs B CYKYIHOCTI BHPIIIYIOTH OCHOBHY
npobiieMy QoS — 3a0e3meveHHs] TapaHTOBAHOTO Ta/abo
JM(epeHIiHOBaHOr0 00CITyroByBaHHs Tpadika Mepexi, 3a
3anMTaMy THX YM 1HIIUX JOJATKIB HA OCHOBI PI3HMX Me-
XaHI3MIB PO3IOJILTY pecypciB. 3a JIOIOMOTOK TEXHOMOTIT
QoS Mo)kHa rapaHTyBaTH, IO y KOPUCTYBadiB HE BUHUKHE
npo0IieM Tpu cKkauyBaHHI (aiiiiB, BiICOA3BIHKAX, PO3MO-
Bax mo IP-tenedonii, mepersami Oyap-SKMX OHIIAIH-
JOKyMEHTIB B JIOKaJbHOI 200 TI100aTbHOI Mepexi.

OueBuaHO, MO Bee Oinpiry yacTury Tpadiky B IP-
Mepexax CTaHOBHTH IHTEpaKTHBHA iH(OpMAIlis, JyTIH-
Ba JIO 3aTPUMOK 1 TapaHTOBAHOI IOCTaBKH. MaKcHMallb-
Ha 3aTpUMKa HE IIOBHHHA MEPEBUILYBATH MAEKUIBKOX
JeCATUX YaCTOK CeKYHH, IIPUYIOMY CIOAH BXOAUTH 1 Yac
00pobku iH(opMarii Ha KiHIeBi# cranmii. OTxe, TIpu-
ctpoi IP-Mepexi MOBUHHI MaTH MOXKIUBICTH Tu(epeH-
ifioBaHOT'O OOCTYTOBYBaHHS Pi3HUX THITIB MEPEKEBOTO
Tpadiky B 3aJI€KHOCTI BiJl IPOITOHOBAaHUX HUMHU BUMOT.

B cBoro gepry texnomoris MPLS - me Mexanizm
TepeaBaHHs JaHUX, SIKHA €MYIIOE Pi3HI BIACTHBOCTI
MEpEexX 13 KOMYTAIli€l0 KaHATIB IMOBEPX MEPEK 13 KOMY-
tamieto maketiB [1]. Tomy MPLS no3Bomsie cipoctutu

aJIMiHICTpYBaHHsS caMoi Mepexi, JOJaBIIM HOBI (hYHK-
IIOHAJIbHI MOXKJIMBOCTI, OCOOJIMBO IIiKaBi ISl yIpaB-
ninHs QoS. MPLS mpononye mexaHisM eheKTHBHOI
iepapxiuHol Mapuipyrusaiii, To0TO TyHeli, o J03BO-
JSIFOTh KepyBaTH BipTyallbHUMH NPHBATHUMH Mepexa-
mu. [lepeBaru Bijg 00’€lHAHHS LIUX MeEXaHI3MIB Oyne
MPOaHaIIi30BaHO Y JIaHill CTaTTi.

ITocTanoBka 3agaui

OIHMM 13 TOJIOBHUX HAIPSIMKIB PO3BUTKY CY4acCHHX
TENEKOMYHIKallli € YJIOCKOHAJICHHS ICHYIOYHMX 1 CTBO-
PCHHSI CHCTEM 1 MEPEX 3B’sI3KY, sIKi O Ha/laBajIk KOPUCTY-
Bady BECh CIEKTDP TEJICKOMYHIKaLIHUX MOCIyr 3 HEeoO-
xinHoro sikicTio. Ile Moke OyTH JOCATHYTO 3a paxyHOK
BUKOPUCTaHHSI MYJIbTHUCEPBICHUX MEPEX 3B’S3KY, MOOY-
JOBaHHX 3a JOIOMOTOIO NEpPCIIEKTHBHHUX TEXHOJIOTIH (3
PO3IIUICHHSM TEJIEKOMYHIKaIIHHUX (QyHKIINA 1 (yHKIIH
HallaHHs TOCNyr). 3’sBWiacs HEOOXITHICTh y BIIPOBa-
JUKEHHI JTOZIATKOBHX CEPBICHHUX MOCIYT 3 BHCOKOIO SIKiC-
TIO ¥ OUIBII e()EKTUBHUMHU MEPEKEBUMH TEXHOJOTISIMH,
SKi 3a0e3MeUyI0Th KOHBEPTEHIII0 MEPeX, MATPUMYIOTh
SIK HOBI TIOCJIYTH TaK 1 Ti, 1110 ICHYIOTb.

Buxoznsun 3 Takux 3aBJaHb Ha NEPCIEKTHBY PO3-
BUTKY TPAHCIIOPTHOI MeEpeXi HeoOXimHO 3IifCHUTH
aHaJI3 HasBHUX MEXaHI3MIB IMIUIEMEHTAIlii SKOCTiI 00-
ciyropyBaHHA (QoS) mmst MiHIMI3aIil piBHSA 3aTPUMOK
IUIsL YYTIIMBOTO 0 HUX Tpadiky, HAIPHKIA TOJI0COBO-
ro, 1 OJHOYACHO TapaHTYBaTH CEPETHIO IIBUAKICTH i
JIMHAMIYHY Mepeavy mysibcarii ast Tpadiky JaHuX.

BukopucranHs 6araTonpoToKOIRHOI KOMYyTaii 3a
MITKaMH JJO3BOJIUTH YAOCKOHAIUTH CY4acHOI MEpexHY
iHQPACTPYKTYpH HAa OCHOBI BHUKOPUCTAHHS ONTHYHUX
TEXHOJIOT1# 7Sl opraHi3amii BUCOKOIIBUAKICHOI MaricT-
panpHOI Mepexi i €QMHOI CHCTeMH CHTHANi3allii, o
JACTh 3MOry 00’€IHYBaTH pi3HI THITM CEpPEeIOBUIN i
CHCTEMHU TiepenaBaHHs iHpopmarii [2].

Jist 30inMbIIeHHS TPOITYCKHOI CIPOMOXKHOCTI He-
00XiJTHO CIPOIIYBaTH BUMOTH IO OOpOOKH MaKeTiB i3
3a0e3MedeHHsAM BiIOBITHOTO piBHS sIKOCTi. ToMy mpu
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MIPOEKTYBaHHI MEPEX BaKIMBUMH € 3aBIAaHHS 3 BUOOPY
TEXHOJIOTIT 1 METONIB MapIIpyTH3allii, a TAKOXX MeXaHi-
3MiB 3a0e3IeUeHHs Ta BIPOBAPKEHHS SKOCTI 00CIyro-
BYBaHHSI JUIsl ITOOY/IOBH TPAHCIIOPTHOI MEPEKi.

[IpaBuiibHE 3acTOCYBaHHS, a Mepes UM BUOIp pe-
JeBaHTHOro, Merony QOS Ha OCHOBI TpaHCIOPTHOL
Mepexi J03BOJIMTH IEpeAaBaTH OJHOYacHO Tpadik
pizHOro THITy, Hampukiaza, BeO-Tpadik 1 romocoBwui,
OCKIJIBKH Pi3HI THIH Tpadika npea’siBISIOTH Pi3HI BH-
MOTH JI0 XapakTepuctuk QoS.

ToMy MeTOr CTaTTi € MPOBEACHHS aHAJi3y y 00-
JIacTi ICHYIOUHMX MEXaHi3MiB yHpaBiiHHS TpadikoM s
3a0e3MeueHHs IKOCTi 00CITyroByBaHHS 3 PE3YIBTaTOM y
BHUIUIAMI PEKOMEHIAIA MO0 BHOOPY HEOOXiIHOrO
MexaHisMy QoS BIAMOBIAHO JO HasBHUX PECYPCIiB Me-
PEeXeBOro 00J1aIHAHHS Ta 3aIMTIB KOPUCTYBAUiB.

AHaJi3 oCTaHHIX JOCHiTKeHb i my0aikanii

[IpaBwibHE pPO3YMIHHS aHAJi3y OCTAaHHIX IOCi-
JDKEHB 1 IyOJTiKaIiif 3aJIe)KUTh Bijl 3arajlbHOrO PO3yMiH-
HSl HasiBHUX METOJIB 3a0e3NeyeHHs] MEeXaHi3MiB SKOCTI
00CITyrOByBaHHSI.

Ha naHuii MOMEHT MOXXHA BUIIJIWTH JEKiIbKa Me-
TOJIB yNpaBiiHHA TpadikoM, SIKi 3aCTOCOBYIOTHCS Ha
pizHux piBHsAX Mepexi OS] Ta 3a1exHO BiJl TUIY MEPExX
1 HasIBHUX pecypciB aist 3abe3neueHHs mocayr QoS.

HaiinpocTimmii MeToj; — TMHaMi4Ha MapUIpyTH3a-
uist (RIP, OSPF, IGRP, BGP) i T.1.). Ockinbku 11e Haii-
NPUMITUBHIIIMN METOJ, BiH HE MPAIIOE caMme 3 THIIOM
Tpadiky, aje € MexaHi3M 3MiHM MapuipyTy NpH 3MiHi
3HAa4eHb METPUKH, TOOTO SIKICTH OOCIYrOBYBaHHS BH-
paxkaeTbcs 4epe3 BUOIpP HANKOPOTIIOro IUISIXY JOCTaB-
k1 nanux. Takox MOXJIMBUE BapianT peasizaiii yepes
BukopucTanHs nossi COS, npu3HaveHOro Juisi 3a3Ha4ueH-
Hs kiacy tpadiky. Jlo HMx MeTomiB MOXKHA JOJATH Ie
MOXIIUBICTh (DOPMYBaHHS BipTyaJbHHUX MEpPEX Ha piB-
nsix L2 i L3, a came nporokosin VLAN — BoHU 3a0e3rie-
YYIOTh IiJBHUIICHUI piBeHb O€3IeKH, alie He 3/aTHi
pe3epByBaTH CMYTY.

Haii3py4HiliuM € BHKOPUCTaHHS CIIEIiaIbHOTO
MPOTOKOITy pe3epByBaHHs pecypciB RSVP, mo no3Bo-
JIsiEe 3ape3epByBaTH U 3alaHol BIPTyaJbHOI Mepexi
NIeBHE 3HAYECHHS CMYT'U MPOITyCKaHHS.

Po3pob1ii By3bKOCTIEIialli30BaHUX METO/IIB YIPaB-
JIHHS TIOTOKAMH JIaHUX Ta 3a0e3MeUeHHs! IKOCTI 00Ciy-
rOBYBaHHS Tpadika MPUCBSYCHA BEIHMKA KiJbKICTh J10C-
mimkens. Tak, B pobori [3] mpomonyerscst Meron 0Oa-
naHCyBaHHs Tpadika, 3aCHOBaHMII Ha BHKOPUCTAHHI
JIETIEHTPATI30BaHOI HAKIAAEHOI MEpeXki, [0 caMoopra-
HI3Y€TBCS, 3 MMPOrHO3YBAHHSAM IHTCHCHBHOCTI BX1IHOTO
Tpadika, SKH JO3BOJSIE PO3MOAIISATH HAJUIMIIKOBE
HAaBaHTA)XEHHS 32 MapIIpyTaMy, He3alisTHHM Y BUIIAIKY
TpaauIiiiHOI MapmIpyTH3alii 32 HAKKOPOTIIINM IIIISIXOM.
VY crarri [5] mpoBemeHo aHai3 MeXaHi3MiB OanaHCy-
BaHHS MepexxeBoro Tpadika. [lokazaHo, mo pirneHHS,
SIKi 3aCTOCOBYIOTBCS € HEJOCTATHIMU UTS 3a0€31IeYeHHS
e(pEeKTHBHOTO BHKOPHCTAHHS iCHYFOUOI MEPEXeBOi iH-
(bpacTpykTypH.

VY crarri [2] 3amponoHOBaHO TOTOKOBY MOJIENb
0araTONUIIXOBOI MapIIPYTH3amii 3 TapaHTisAMHU SKOCTI
obcyropyBanHs. OTprIMaHO B aHAJTITHYHOMY BHTIISAI
YMOBH 3a0€3Me4YeHHs SIKOCTI 00CITyroByBaHHS OTHOYAC-

HO 32 MHOXXHMHOIO Pi3HOPIJHUX ITOKa3HUKIB — OIBHIKOC-
Ti Iepenadi, cepesHbOI 3aTPUMKH Ta IMOBIpPHOCTI BTpaT
MIaKeTiB, 3a0e31edyeThesl MiHIMalIbHA Ta PiBHA JUIST BCIX
pO3paxoBaHMX NUISAXIB CEpPEIHs] 3aTPUMKa, IO CIIPHSE
MiHIMIi3aIlil JDKUTEepa MaKeTiB, 00OYMOBICHOTO peaisa-
1i€ro 6araToNUIIXOBOI CTpaTerii MapIIpyTH3aii.

KokHa po3riissHyTa BUIE poOOTa BHPINIYE BY3b-
KOcCIleniaai3oBaHe 3aBJaHHs IOJ0 YNpaBiiHHSA Tpadi-
KOM Ta SKOCTi OOCIyroByBaHHS, TOMY HEOOXiJHO 3a-
0e3reunTy 3arajbHAI MeXaHi3M BHOOpY Ul yCiX BHIIa-
JIKiB.

BuKJ1a1 0CHOBHOTO MaTepianxy

YnpasniHas TpadikoM € TpodIEMOI0, IO € aKTya-
JBHOIO YK€ OCTaHHI KiJIbKa POKiB (SKIIO HE OpaTH 10
yBaru CKJIaJIOBY, MOB'SA3aHy 3 KEPYBaHHSIM IepeBaHTa-
JKEHHSIM).

3apa3 yci nmpoBaiiiepy HaMararThCsl HAJATH KTi€-
HTaM JI0AaTKOBI iHpopMmaiiHi mociyru: |P-renedomis,
BizlcokoH(pepeHiii, Bigeo-Tenedonis i T. A. KiieHTH x
HIYKAaIOTh HE MPOCTO JIOCTYN /0 Mepexi IHTepHer, a i
IIKABJIATHCS MPOMYCKHOO 37aTHICTIO, 0€3MeKor0, cTaoi-
JBHICTIO 3B'S3Ky. 3 W€l NMPUYMHHU YCi, XTO HAAAIOTh
HOCIYTH NPUIUIIOTH IiABUIIEHY yBary 3acobam yI-
pasitinns Tpadikom (TE) i QoS.

SIKio >k OpaTH 0 yBaru TEXHOIOrIT 6araTonpoTo-
KOJIbHOT KOMYTalii 1Mo MiTKaM, TO BOHH JIO3BOJISIFOThH
PO3B’sI3yBaTH TaKi 3aBJaHHS:

— TPUCKOpEHE IPOCYBaHHS IaKETIB ycepenuHi
Mepexi orepaTopa B3I0BK HAWKOPOTIIHMX TPATUIIHHIX
MapUIPYTiB;

— CTBOPEHHS BIipTyaJbHUX IIPUBATHUX MEPEX
(VPN);

— BHUOIp 1 BCTAHOBIICHHS NUIIXIB 31 30aiaHcoBa-
HUM posmoginoM 3aBaHtaxeHus pecypcis (Traffic
Engineering, TE) [1].

Matouw ity HU3KY TIepeBar, Ll TEXHOJIOTIs 10Mo-
BHIOE [P-mMepexi cBOIMH mepeBaramu, a TakoX CIpUSE
BIPOBaJDKEHHIO MpoTOKoiy [P, sk yHIBepcaabHOTO
TPaHCIOPTY JUIS BCIX BHIIB JONATKiB. Y pa3i 3acrocy-
BaHHsg MPLS sik 6a30Boro MexaHiamy KoMyrailii MOXKHa
CIPOCTUTH PO3BUTOK ONEpPATOPCbKUX Mepex [P,
00’€IHATH PI3HI TEXHONOTII JOCTYIY, MiABUIINTA Mac-
mraboBaHicTe Mapripyrusaiii [P i 3podutn mepexi IP
MOBHICTIO TMPHIATHUMHU JUIs TepeJaBaHHs Toyiocy i
BIJIEO.

IMopisHtotoun 3 IP, ocHoBHOIO mepeBaroto MPLS €
KOMYTalisg 3a MITKAMH 1 TOMIT KEepPYyYoi CKIaJoBOi
Tpadixy 3 TpancnopTtHor. Komyramist 3a MiTKamu nae
3MOT'Yy CTBOPIOBATH CEPBiCH, AKi BaXKKO a00 HEMOXKIIUBO
peamizyBat Ha 6a3i IP. OxpiM TOro, MOpiBHAHO 3 iH-
mmMu TanaMu Mepesxk MPLS Mepexa mae HIDK4Yy Hal-
JIUIIKOBICTh (CHiBBiAHOMIEHHS KOPHCHOI 1 CITy»KOOBOi
iH(pOopMarIii).

MPLS posrnsimaetbes Kk epeKTrBHA i eKOHOMIY-
Ha OCHOBA Ul MYJIbTHCEPBICHOI'O TPaHCIOPTY, a Cy-
YacHI KOMYTyroui Mapmpyruzaropu LSR 3maTri onHO-
gacHO (i 3 ONHAKOBOI MPOAYKTHUBHICTIO) 0OpOOISATH
tpadik [4].

Bynp-sika mepexa, y ToMy umcmi # Mepexa i3
MPLS, mictuth y co0i po3mofdisn pecypciB MPOMyCKHOL
CTIPOMOXKHOCTI MK HAOOpOM 3aJaHMX HUIAXIB 3 KOMY-
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tarieto o miTkax LSP (Label Switched Path) i meper-
BOpEHHS X y (i3NUHYy MEpeXy TPaKTiB 3 0OMEKEHHIM
MIPOTYKTUBHOCTI.

Croromui meromu 3abesrmedeHHS QoS 3aiiMaroTh
OJHE 3 HAaWBaXJIMBIMINX MiCIb B apceHalli TEeXHOJOTIH
MepeX 3 KOMYTAIi€lo IMTaKeTiB, Tak sk 0e3 ix 3acTocy-
BaHHS HEMOXXJIMBa pOOOTa Cy4acHUX MYJIbTUMEIIITHNX
nomatkiB. Lli Meromm omepyroTe mapaMmerpamu, SKi
XapaKTepu3yloTh MBHUIKICT Nepeadi JaHUX, 3aTPUMKY
riepenadi i BTpary IakeTiB.

Jlnsa npuknany, Ha puc. 1 300paxeHO BIUIMB METO-
niB QoS Ha MpoNyCKHY 3[1aTHICTh KaHATy Ta HOro MOX-
JIMBOCTI. 3BIJICH MM MOKEMO OauWTH, IO 3aJEKHO BiJ
moTpeb KopUCTyBaua Oys10 BUPIIICHO 3HAYHUH BiJICOTOK

MIPOITYCKHOI CMYI'M KaHAIy HaJaTH TaKUM CepBicaM SK
MOTOKOBE Bifeo (BimMOBiMHO i aymio) Ta OHJIAHH irpH,
OCKIJIBKM TaKi BUIU JAHUX TOTPEOYIOTH BiJHOCHO BH-
COKMX HIBHAKOCTEH, HIX, 10 IPHUKIJIATy, HEpersg Beo-
CTOPIHOK.

QoS mpencrarisge co00r 3i0paHHS TEXHOJOTIH,
SKi JIO3BOJISIIOTH JTOJaTKaM 3aluTyBaTH 1 OTPUMYBaTH
niepe0avdyBaHuil piBEHb MOCIYT 3 TOUYKH 30pYy MPOITyC-
KHOI 371aTHOCTi, KOHTPOJIIOBATH BTPATH MaKeTiB, 3aTpH-
MKH i1 9ac iX mepenadi, a TAKOXK 3arajbHOI 3aTPUMKH
JIOCTaBKHU JIaHHX.

30KkpemMa, MexXaHi3MH SIKOCTI 00CITyroByBaHHS Ma-
I0Th Ha yBa3i MONIMIICHHS MapaMeTpiB Uil JOCATHEHHS
nepe0avyBaHOCTI MOCIIYT, IO HAaAI0ThCS.

Mocnyru notokosoro Bigeo(Netflix i 1.4.)

OHnaiiH irpm (Xbox Live i 1.4.)

Mocnyru notokosoro Bigeo(Netflix i 1.4.)

OHnaiiH irpu (Xbox Live i 1.4.)

MponyckHa 3aaTHICTL KaHany 6e3 sacTocyBaHHA npaeua QoS

3aranbHe BUROPUCTAHHA (Be6-CTOPiHKKM, OHOBNEHHA Nporpam)

MponycKHa 34aTHICTb KaHany 3 3acTocyBaHHAM npasua QoS

3aranbHe BUKOPUCTaHHA (Be6-cTopiHKKM, OHOBAEHHA Nporpam)

Puc. 1. 3acrocyBanns npasui QoS 10 IPOITYCKHOI 3AaTHOCTI KaHAITY

Ha nanuii MOMEHT MOXHA BHUIIJIMTH JEKIJIbKa Me-
TOJIB yHpaBiiHHA TpadikoM, sKi 3aCTOCOBYIOTCS Ha
piznux piBHsX Mepexi OSI Ta 3aexHO BiJ] TUILY Mepex
1 HasBHUX pecypciB i 3abe3medeHHs nocayr QoS.
VYnpasniHas TpadikoM 3rofioM J030JI€ HaM BiTHOCHO
BOro Tpagiky 3acTOCOBYBAaTH BENHMKY KUIBKICTh MeXa-
HizmiB QOS. [lepmwmii, i Halnpocrimmii MeTo AJsl 3a-
OesrneueHHs1 MiHiMabHOrO QOS — MUHAMIYHA MapuIpy-
tusauist (RIP, OSPF, IGRP, BGP) i 1.1.). Sk 3po3ymino
3 Ha3BW, Il MPOTOKOJM MOKJIHMKaHI OyIyBaTH TaOIHII
MapIIpyTH3alii cami, aBTOMaTHYHO, BUXOISYH 3 TIOTOY-
HOI KOH]irypaiii Mepexi.

Kpim Toro, 1o Taki mpoToKONU 3pYYHO BHUKOPHC-
TOBYBAaTH Y BEJIHMKHX Mepekax, € 1 1HII acleKTH, Ha-
MIPUKIIA]], BiMOBOCTIHKICTh. Malo4n Mepexy 31 craTu-
YHOI0 MapIIpyTU3ali€lo, BaM BKpail ckiagHo Oyme op-
raHi3yBaTH PE3EPBHI KAaHAIM — HIKOMY BIiICTEXKYBaTH
JOCTYIHICTh TOTO YM iHIIOTO CErMEHTa, TOMY 3aBJISKH
JUHAMIYHIA MapIIpyTH3alii e MOKIMBO 3pOOHTH aB-
ToMaTtuyHO. bepydn N0 yBarm CTaHOapTHI YSABICHHS
mpo MexaHi3Mu QoS, TyT HeMae 3aco0iB pe3epBYBaHHA
CMYI'H ISl TIEBHOTO BUAY Tpadiky, ane € MexXaHi3M
3MiHA MapIIpyTy HpH 3MiHiI 3Ha4Y€Hb METPHUKH abo de-
pe3 BuXix 3 jamy By3na abo oOpuBy KaHary. Aje mpo-
Tokon BGP, sxuif BUKOPHCTOBYETBCA ISl TPOKIATKA
IUISXIB MK aBTOHOMHHMH CHCTEMaMH HE 3IaTHUHI
Oynp-IKMM YHHOM BpaxoByBatu piBeHb TOS / QoS

(aittu Tumy cepicy). HoBa Bepcist 6arato nmpoTokosb-
Horo poswupenHss MP-BGP crienianbHO cTBOpeHa Iuis
criybHOi podotu 3 MPLS npu ¢dopmyBaHHI BipTyaib-
HUX Mepex, ane i BiH Oaiayxuii 1o TOS / QoS.

Amnaniz moxnuocteil Mepexi IP/MPLS nnst 3a-
CTOCTOCYBaHHs MeXaHi3MiB QoS ciiji po3movaty 3 po3-
MY CTPYKTYypH 3aronoBky MPLS, ockinbku came Ha
HOro OCHOBI PO3MOYMHAIOTHCS METOAU 3a0e3MeueHHs
MeXaHi3MiB SKOCTI 00ciyroByBaHHs. 3aroioBok MPLS
CKJIAJIA€THCS 3 IEKILKOX TMOMIB (pHC. 2):

Mimka CoS S TTL
20 6im 3 6imu 1 6J'm- 8 6im
3azonoeok L2 3azonosok MPLS IP nakem

Puc. 2. Ctpykrypa 3aroinoBky MPLS

— wmitka (20 6iT) — BUKOPUCTOBYETHCS IJIsl BHOO-
Py BIIMOBiTHOTO NUIAXY KOMYTAIIii 110 MiTKaX;

— gac xwutrs (TTL) — e mone, 1o 3aiimae 8 OiT,
nmyomoe aHanmorigae none [P-makera. Le HeoOximHO st
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TOro, mo0 mpucTpoi LSR MOriu BigKumaTH MakeTH, sKi
«3aliykanm» TIIBKM Ha MifcTaBi iHpopMmarii, mo mic-
TUThCA B 3aronoBky MPLS, He 3BepTaroumce 10 3arono-
BKy IP;

— xiac nocayru (Class of Service, CoS) — mone
CoS, mo 3aiimae 3 OiTH, crioyaTKy Oyn0 3ape3epBOBaHO
JUISl PO3BUTKY TEXHOJIOTI], ajle OCTaHHIM 4acOM BHKOPH-
CTOBYETHCSI B OCHOBHOMY JUIS BKa3iBKU Kilacy Tpadiky,
10 BUMArae rmeBHoro pisHsa QoS;

— O3HAaKa JHa CTeKa MITOK — I o3Haka (S) 3aii-
mae 1 6ir. Came Taka yactuHa 3aronoBky MPLS, sk
mone CoS, MHiKaBUTh HAC HAMOIIbINE, OCKIIBKH came
BOHA JIO3BOJISIE BIPOBAKYBAaTH MEXaHI3MH SKOCTiI 00-
CIIyTOBYBaHHS.

Ha Bxo1i B By30J1 makeT KiIacu(iKyeThCSA HA OCHO-
Bi inTepdeiicy, MF (MultiField, omun i3 coco6iB mpo-
Be/IeHHS Kiacudikalii, aHalli3ylOThCs MOJs 3aroJOBKiB
nmakera — IP-anpeca, moptu, MAC-aapecu) abo ioro
MapKyBaHHs. B cBOIO uepry MapKyBaHHS — 1€ 3HaYEHHSI
noie DSCP (Differentiated Services Code Point, Touka
kony nudepenuiiioBanux nocayr) B IPv4, Traffic Class
B IPv6 1 B MPLS a6o 802.1p B 802.1q.

BuninsioTs 8 KiaciB cepBicy, sIKi arperyloTh B CO-
01 pi3Hi Kareropii Tpadiky. KoxxHoMmy Ki1acy npu3Hava-
etbes cBiii PHB, mio 3amoBonbHsie BUMoram kiacy. Per-
Hop Behavior — ne aii mapuipyrusaropa 3 makerom, a

Tabnuysa 1 —Pimenns QoS nis pisHHX Mepesx

caMe KOXEH BY30J Ha NUIIXY Tpadiky caMOCTIHHO
npuiiMae pilleHHsS MpO Te, SK BECTH ceOe BiJHOCHO
MaKeTa, [0 MPUIIIOB, HA OCHOBI HOT'O 3ar0JIOBKIB.

3rigno 3 pekomennanismu [ETF, Buninsrorses Ha-
cTymHi kmacu cepsiciB, me CS1, CSO, AF11, AFI12,
AF13, AF21, CS2, AF22, AF23, CS3, AF31, AF32,
AF33, CS4, AF41, AF42, AF43, CS5, EF, CS6, CS7 B
MOPSIAKY 3pocTaHHs BakimBocTi Tpadiky. KoxHOomMy
KJacy CTaBUTHCS y BignoBiaHicte PHB, sikux ichye 3 -
Default Forwarding, Assured Forwarding, Expedited
Forwarding B mopsinky 3pocTaHHsI CTPOTOCTi.

3 HUX MOXXHA BUOpaTH KoMOiHamio 3 8, sKi peaib-
HO MO)KHa 3akonayBatd B mons CoS. Haibinbir momru-
pena komoOinarisn: CSO, AF1, AF2, AF3, AF4, EF, CS6,
CS7 3 3 rpapauismu konbopy it AF (e Mozens nose-
JMIHKM 3 TapaHTOBAHOIO IIEPECHIIKOI0, TYT MPHUCYTHI
rapaHTii IIMPUHU CMYTH TPOIYCKaHHS, aje MOXJIHBI
MIaBa0Yi 3aTPUMKH Y HEBEITUKIH KiIBKOCTI).

CnisroBapuctBo I[ETF po3pobuiio HacTaHOBH 1110-
JI0 HajamTyBaHHs KiaciB oOcnyropyBanHs RFC 4594,
IO CHpollye poOOTY MEpEeXKEBOro aJMiHCTPaTopa,
OCKIUJIbKY BH3HAYWIIM OCHOBHI KaTeropii mporpam i kia-
CcH cepBicy, 1o ix arperyrots. Ilicig aHamizy QoKyMeH-
Ty, AL TOrO 100 BKJIACTHCH y 8 MOXIIMBUX BapiaHTIB,
Oyno 3anpornoHoBaHO pimieHHst QoS s pi3HUX Mepex
(tabm. 1).

Ha3sga kiacy 00c1yroByBaHHsl Hassa DSCP 3nauyennsa DSCP Ipukaagu nopatkis
VYrpapiiHHI Mepexero CS6, CS7 110000, 110000 Mappyru3zariist Mepexi
Tenedonis EF 101110 Hociii IP Tenedonii
MynbsTuMeniiHi KoHpepeHmii AF41, AF42, AF43 1000%86%?8 100, H.323/V2 Bineo kondepeHii
. 011010, 011100, CrpiMiHr Bizieo Ta aynio

[ToTokoBe MynbTHME/IA AF31, AF32, AF33 011110 N—
Mawi, 1o MoTpeOyIoTh AF21, AF22, AF23 010010, 010100, Tpanzakuii KitieHT/cepBep, BeO-
HU3bKOT 3aTPUMKHU 010110 3aMOBJICHHS

. . 001010, 001100, Jonatku as1st 30epiraHHs
BucokonpoayKkTuBHi AaHi AF11, AF12, AF13 001110 T4 rIepeCHIAHHA JAHKX
CranpapTHUi DF (CS0) 000000 HenudepenuiiioBani 1omaTku

dopMyBaHHS BipTyaJllbHUX Mepexx Ha piBHsAX L2 i
L3, a came nporokomun VLAN — 3abe3meqyroTs mmiIBuU-
ImIeHU piBeHb O€3MeKH, ajleé He 3[aTHI pe3epBYBaTH
cmyry. Ha kaHanpHOMY piBHI MapKyBaHHS IIaKeTiB
BimOyBaeThcs BiamoBigHO Mo craHmapty 802.1p. Ilome
CoS 3aiimae 3 Oitu B 4-6aritoBomy 3aromoBky 802.1Q,
SIKHA MICTHTD P-Ter, SKWH BH3HAYA€ MPIOPHUTET 1 iAeH-
tudikarop VLAN.

Bcroro Moxke OyTH BCTaHOBIICHO O 8 KiaciB 00-
CIIYTOBYBaHHs JaHUX, omucaHux y craHmapti 802.1D.
Buxonsau 3 ychoro mporo, HeOOXiJHOO YMOBOIO Map-
kyBaHHA CoS € TeryBaHHS Tpadiky 3a TEXHOJIOTIEO
VLAN. Take mapkyBaHHSI QOS MOXIHMBO TUIBKHA B Me-
KaX JIOKaJhHOI MEpPeXi, TaK SK MPH IMPOXOKCHHI MaKe-
TiB Kpi3b MapmipyTu3aTop VLAN Tern BUIATSIOTHCS.

OpmHUM 13 BiTHOCHO HOBUX IHCTPYMEHTIB TaKOX €
BHUKOPHCTAaHHS NIPIOPUTETIB B paMKax IpoTokory IPvo,

xo4a i He HaOyB MIMPOKOTO BHKOpHCTaHHA. [IpoToxon
Ha/la€ MOXKJIMBICTh TPHUCBOEHHA TIOTOKAM MITOK, a Ie
TOJIETTIIY€E, HATIPUKIIAJ, IO ayAio- 1 BiI€OJaHUX.

MPLS — e TexHOIOris, sIKa BH3HAYAE HAMPSIMOK
po3BuTKy MaiOyTHiX [P-mepex 3 ypaxyBanusM [HTEp-
Hery. TexHomoris KoMyTallii MiTOK — Iie¢ yHiBepcajbHe
pimenss mpobiem QoS, 3 SAKUMHU CTHKAIOTHCA CYJacHI
MaKeTHI Mepexi, pilieHHs, ske 3a0e3medye IMBUAKICT
nepenadi, MacmTabOBaHICTh, ONTUMI3AII0 PO3MOALTY
Tpadiky Ta e(peKTHBHY MapIIpPyTH3alil0 B MaKETHUX
Mepexax [6].

VYupasninas tpadikom MPLS mae Ham HEU3KY TTe-
peBar - BUKIIOYAETHCS HEOOXiMHICTh PYYHOI KOHQIry-
patii MepeXeBUX MPUCTPOIB, MO0 3a4aTH MTEBHI MapII-
pytH (3aMicTh I[HOT0, MOYKHA TIOKJIACTUCS HA MOXKIIHBO-
CTi ympaBiiHHS Tpadikom, 1o HamaroTeess MPLS);
MPOBOJIUTHCS OIIHKA CMYI'Y KaHAJy 1 3Ha4eHHS Tpadiky
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IIPY TIPOKJIAZIaHHI MapIIpyTy 4Yepe3 OINOpHY MEpexy;
Ma€ MEXaHI3MM JUHAMIYHOI afanTallii, siKi JO3BOJISIOTh
3pOOUTH OTIOPHY MEPEXKY CTIHKOIO IO BiMOB HaBiTh B
YMOBax, KOJM KiJIbKa HIIIXiB OymM po3paxoBaHi B pe-
xumi off-line.

BimmoBimHO 10 METOMIB yIpaBiHHS TpadikoMm Ba-
PTO BUAIIMTH OCHOBHHH cIIOCiO ynpaBimiHHS i KOH}Iry-
pyBaHHs Q0S, a caMme MPOTOKOIJI pe3epBYBaHHS PECYPCIB
RSVP. Skmo MepexeBi yMOBH JTO3BOJISIOTH, TO, BUKO-
pucroByroun 1porokodl RSVP (me QoS 3amaetbes B
criermdikanii moroky (flowspec), MmoxHa 3ape3epByBaTH
JUTSl 3aJ1aHOl BIPTyalbHOI MEpEeXi NIeBHE 3HAYEHHS CMY-
ru npomyckanHs. Ciijg MaTd Ha yBasi, IIO MPOTOKOIM
RSVP npucrocoBanuii B 0CHOBHOMY U1 pe3€pBYBaHHS
TIEBHOTO 3HAYEHHSI CMYTH TPOITYCKaHHs, a He JOBUIBHO-
ro QoS s iCHYHUOro BipTyajabHOro 3'€qHaHHs. SIKIIO
BipTyasbHe 3'€IHAHHS PO3ipBaHO, CIIJIOM TE€PEPUBAETH-
cs 1 Bce pesepByBaHHs. Bapro 3a3naunty, mo RSVP
Moxke mparroBatu sk 3 TCP- tak i 3 UDP-cecisimu mo-
Bepx IPv4 i IPv6. Cama x cecis pe3epByBaHHS IHIIiO-
€Thca ofiepKyBadeM aaHux. [Iporokon RSVP Buznauae
pexuM pe3epByBaHHsA (CHOCiO 00'€THAHHSA NEKITBKOX
3asBOK JUIsl OTHOTO 1 TOTO X iHTepdeiicy), hopMyBaHHS
pe3epByBaHHS 1 HOro MiATPUMKH B YMOBAaxX BiJICYTHOCTI
HiATPUMKH AaHOTO IIPOTOKOJIY B OAHOMY a00 JIEKLIbKOX
By3JlaX BIPTyaJIbHOrO IDIAXY, nepecunanHs QoS-
3alUTIB HIIUM MapIIPyTH3aTOPIB 1 T.J., aje pillleHHs
NPUIMAIOTHCSl MAPIIPYTH3aTOPOM JIOKAIBHO 0€3 3HaHHS
YMOB B PEUITI YaCTUHH UUISAXY. 3 Li€l IPUYMHU TYT HE
MOKE€ WTH MOBa IpO MiHIMi3alilo 3aTpuUMKH, 3a0e3re-
YeHHI HaJilHOCTI a00 Oe3leKn, Xoua B MEePCIeKTHBI 1e
MOXKE€ CTaTH MO>KJIUBHM.

Uepes Te, 1o iHimiaropom pesepByBanHs B RSVP
3aBXKIM € KIIEHT MOXYTh BUHUKHYTH INPOOJIEMH NpHU
crnpobi 1eHTpasizoBaHoro ynpasiinast QoS 3a poromo-

roto RSVP. Orxke, peanizamnis ynpasmiaas QoS mependa-
Yyae opraHizamito e(eKTHBHOI CHUCTEMH MOHITOPUHTY
0a30BHX MapaMeTpiB, M0 XapaKTePH3YIOTh HEOOXiTHUH
piBeb QoS. st bOro moTpiOHO KOHTPOIIOBATH PiBEHB
iH(pOpMaIiifHIX TOTOKIB B ycix ¢parmentax VPN, moc-
TifiHO BUMiptoBaty 3HaueHHs RTT (9ac 3aTpuMkn) i ioro
Jucnepcii, KOHTPOIIOBATH piBeHb WMOBIPHOCTI BTpaTh
MAKEeTIB y BCIX (pparMeHTax BipTyaJIbHOTO IUISXY.

OcHoBHoto BiaMiHHicTIO Mixk CR-LDP i RSVP €
MPOTOKOJI Tiepefadi, SIKMH BHUKOPUCTOBYETHCS LIUMH
JIBOMa, 1 HampsIMOK Pe3epBYBaHHS PECYPCIB y IPSMOMY
a00 3BOPOTHOMY HANPSIMKY BUKOHAHHS.

Takum 4duHOM, ynpoBamxkeHHd MPLS nae 3mory
Ti/IBUIIUTY PiBEHb CEPBiCy, HAJATH 3aTpeOyBaHi IOCITy-
ru Ha 6a3i [P (i3 rapaHToBaHMM piBHEM SIKOCTI) 1 IOCITY-
T'M KOHBEPTEHTHUX MEPEX IJIsi KOPIOPATUBHUX KIi€H-
TiB, HAMPHUKJIA] epeaaBaHus ronocy mosepx IP (VolP).

BucHoBxku

TakuM umHOM, y cepi MalOyTHIX TelleKOMYyHiKa-
it MPLS BinBemeHO posib TPOBIAHOI TEXHOJOTII. ii
PO3MISIAIOTE SIK (DYyHAAMEHT JUIsl IHPPACTPYKTYpU Me-
PeX HACTYNMHOrO TOKONIHHS 1 Ha/JlaHHS HOBHX ITOCIYT,
sKa YMOXJIMBUTH €(EKTHUBHIILE NEepelaBaHHs BEIUKUX
00csriB Tpadiky B MaricTpaibHUX Mepexax.

PesynbraToM aHamizy MOXIIMBOCTEH  Mepexi
IP/MPLS nmns 3acrocrocyBaHHS MexaHi3MmiB QoS crana
TaONMI 3 PEKOMEHALISIMHY, IIO/I0 3aCTOCYBaHHS Bapi-
aHTiB knacudikauii Tpadiky BiANOBIIHO A0 THIIB Tpa-
¢iky.

A izes, 10 JIEKUTh B OCHOBI BCIX METOMIB IIiJT-
pPUMKH XapakTepuctuk QoS, moisirae B HepiBHOMipHO-
My, TOHKOMY TI€pPEepO3NOALI HAsBHOI MPOMYCKHOI
CIPOMOXKHOCTI MiK TpaghikoM pi3HOrO TUITY BiJIIOBIIHO
10 BUMOT JIOJATKIB.
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Analysis of IP / MPLS network possibilities for application of QoS mechanisms
N. Yemets, V. Gol, O. Berdnykov

Abstract. This article discusses and analyzes the opportunities provided by the IP / MPLS network for the implementa-
tion of QoS quality of service mechanisms. Prospects for the use of QoS-based networks based on IP / MPLS technology depend-
ing on the capabilities provided by multi-protocol label switching, review the features of the basic protocol of resource reserva-
tion for the application of quality of service mechanisms and analyze the benefits of this network. QoS methods are designed to
minimize the level of delays for sensitive traffic, such as voice, and at the same time guarantee the average speed and dynamic

transmission of ripples for data traffic.

Keywords: multiprotocol label switching (MPLS); quality of service (QoS); resource reservation protocol (RSVP);

IP network; traffic engineering, bandwidth.
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METOAUKHN JIATHOCTYBAHHSA J’KEPEJI EJIEKTPOKUBJIEHHSA
IOPTATUBHUX PATIOCTAHIIIA MOTOROLA

AHoTanisi. Y 3B’A3Ky 3 IOCTa4aHHAM 10 YKpaiHU IMOPTATUBHUX paJiOCTaHIIN 3aKOPIAOHHOIO BUPOOHHITBA Ha HOBIH
€JIEMEHTHI 0a3i Ta BHACIIIIOK PO3BHUTKY BiTUM3HSHOTO i HEOPHUT'IHAIBHOTO BUPOOHUIITBA PKEPET KUBJICHHS 10 HUX BUHU-
Ka€ HEeOOX1THICTh B MPOBEJECHHI KOHTPOJIO 1X TEXHIYHUX XapaKTEepHCTHK Ha BiIIOBIJHICTD iX MOKA3HHKIB JUKEPENIaM JKHB-
JICHHSI OPUTiHAIFHOTO BUPOOHWLTBA. Y CTaTTi Ha OCHOBI PaHillle MPOBEIECHHUX IOCII/KEHb BIIEpINEe BHUCBITICHO MHUTAHHS
IIOJI0 JiarHOCTYBAaHHS JDKEpel XKHMBJIEHHS MOPTATHBHUX DPaJiOCTAaHMIH TPAHKIHTOBOTO 3B’SI3Ky BHPOOHMIITBA KOMMaHIii
Motorola Ta akymynsTopHHX Oarapeil HEOPHTIiHAILHOrO BHPOOHHMIITBA 3a TEXHOJOTi€ero kKommaHii Motorola Ha mpeamer
BiJIITIOBITHOCTI 3asIBJICHUM TEXHIYHMM XapaKTEePUCTHKaM, 3aIllPOIOHOBAaHI METOAWKH MEPEBIPKH XapaKTePHCTHK aKyMyJIsi-
TOPIB, JOCHI/PKEHI MOMIIMBOCTI TECTYBaHHS aKyMyJISTOPIB 32 JOIOMOIOKO CIIELiaJIbHOTO NPOrpaMHOro 3a0e3MeueHHs, 3a-
TIPOIIOHOBAHO TEPEBIPKU MOKIIMBOCTI BU3HAYEHHS IaTH BUTOTOBJICHHS CKJIAJIOBUX aKyMYJISITOPIB JI0 IIOPTaTUBHUX pajlioc-
TaHLii Motorola (BOy1oBaHHX JIITiHH-IOHHMX aKyMYJIITOPHHX €JIEMEHTIB).

Kaw4oBi cioBa: JiarHOCTyBaHHsI, JUKEpeIIo XKUBJICHHS, paxiocTaHilis, 38'130Kk, Motorola.

Beryn

ITocranoBka mnpo6iaemu. [lns BupimeHHs 3a-
BIAHHs IIOJI0 3aKyIiBJIi HOBUX, a CaMe TOJIOBHE, sIKic-
HHUX JDKEPEs KMBJICHHS O MOPTATUBHHUX PaliOCTaHINIH
TPAaHKIHTOBOIO  3B’S3Ky  BHPOOHMLTBA  KOMIIaHii
Motorola, HEOOXiTHO PO3IJISIHYTH TEXHIYHI XapakTepu-
CTUKM INTATHUX akymyssTopHux Oarapeit (AKB) Bupo-
onunrBa komnanii Motorola Ta AKB HeopuriHaabHOrO
BUPOOHMLTBA, iX MapaMeTpH, IO MiJISTaloTh JiarHoc-
TYBaHHIO, & TAKOX PO3IVIHYTH 3aCO0M 1arHOCTYBaHHS
Ta METOAUKH HOTO IPOBEIICHHS.

AHani3 ocTaHHIX AocaigKeHb i myOmikamiii mo-
3BOJISIE 3pOOMTH BUCHOBOK, 110 3akymiBis AKb BupoO-
HULTBA KommaHii Motorola BUMarae 3aTpaté He Majux
komrtiB. Ha puHky Hamol gepxxaBu 3’sBisitotbest AKB
J0 pagiocraHiiii Motorola HeopUriHAIEHOrO BHPOOHU-
LITBA 33 TEXHOJIOTi€I0 KoMIaHii Motorola, BapTicTh SIKHX
CYTTEBO BIJIPI3HSETHCS Y MEHIILY CTOPOHY BiJl OpUTIHAITY
[1]. 3 ypaxyBaHHSAM MOTPiIOHOCTI Y €KOHOMIl KOIITIB
BUHHMKA€ HEOOXIJHICTh y4acTi B TOprax Ha NPUIOaHHS
AKDB HeopuriHanbHOrO BUPOOHHMIITBA, aje TIJIbKH 3a
YMOBH BIANOBIAHOCTI 1X TexHIYHMX mnoka3HUKIB AKDB
OpHUTiHANBHOrO BUpPOOHWITBa abo, HaBiTH, iX MOKpa-
meHHs. ToMy, 3 METOIO MepeBipKH TEXHIYHUX XapaKTe-
puctuk AKb BuHHMKae HEOOXiTHICT AiarHOCTYBaHHS X
TexHigHoro crany [2-10]. V Bimomux myGiikamisx pos-
TJSIAIOThCS IHUTAHHA KOHTPONIO Ta JiarHOCTYBAaHHS
TEXHIYHOTO CTaHy PaJioTeXHIYHUX 3aC00iB, y TOMY YH-
cmi amapatypu 3B’s3Ky [11-17]. Ommak y nux poborax
BIICYTHI pe3ylbTaTH AOCHIHKSHHS TEXHIYHUX XapaKTe-
puctuk AKB pamiorexHiYHHMX 3aco0iB Ta amapaTypu
3B’SI3KY.

Mertoro cTaTTi € po3podKa METOAWKH MiarHOCTY-
BaHHS TexHIYHMX xapakrepuctuk AKDB BupoOHHIITBA
kommanii Motorola.

Buxkaa ocHOBHOTO MaTepiajry

s 3aificCHEHHS TEXHIYHOTO JiarHOCTYBaHHS TeX-
HigHOrO BHpOOY HeoOximno [18, 19]:

BCTaHOBUTH TOKA3HUKH 1 XapaKTEPUCTHKHU JliarHO-
CTYBaHHS,

3a0e3Me4YnTH IPUCTOCOBAHICTh BUPOOY 10 TEXHIY-
HOT'O JIIarHOCTYBaHHS;

PO3pOo0UTH iarHOCTHYHE 3a0e3MeYeHHs] BUPOOY.

Posrnsemo xapaxtepuctuku AKb no mopratus-
HUX PaiOCTaHIiil TPaHKIHIOBOr'O 3B’ 3Ky BUDOOHHUIITBA
kommanii Motorola [20].

OpurinansHuii akymyssitop Motorola PMNN4493
cymicHuit 3 pagioctanuismu MotoTRBO cepii DP2000 i
DP4000. bartapes Mae 30UIbLIEHY €MHICTH —
3000 MA/ros1, BUKOPUCTOBYE IHTEIEKTYalbHY CHUCTEMY
3apsny IMPRES i1 3a6esneuye poboty B 1mdpoBomy
pexumi o 28 ronquH. Hes3Bakatrouum Ha JHTil-10HHUIMA
TUN XIMIYHUX €JIEMEHTIB OPUTIHAIBHUN aKyMYJSTOD
3abe3neuye podory Ha Mopo3i no —10°C. Mae 3axucr
BiJ 30BHIIIHIX BIUIMBIB 3a Ki1acoM 1P68.

IMPRES (Intelligent Motorola Portable Radio
Energy System) — 3amareHTOBaHa TEXHOJOTIS iHTEIEK-
TYaJIbHOTO KEepYBaHHS JKHBJIEHHAM HNOPTaTHBHHUX palio-
craniiii Motorola. Ile winuii mporpamMHoO anapaTHHI
KOMIUIEKC pillleHb Mepeciilye OfHY MeTy — 30UIbLINTH
yac podotu 1 Tepmin ciyx6u AKB, a takox 3abe3neun-
TH OesmepepBHe (DYHKIIIOHYBaHHS CHCTEMH pa-
nio3B’s3Ky. CucreMa I03BOIISIE 3YMTYBATH 1 30epiratu
iH(opMaIIiro mpo KOXKHiH OaTapei, paxye KUTbKICTD ITH-
KJIIB 3aps/DKaHHS/PO3PSKAHHS, BUMIPIOE pealibHy €M-
HICTP 1 IPOTHO3YE 3aMiHy MapKy aKyMyJISATOPIB.

Barapei 3 npepixcom IMPRES B3aemonitots i3 3a-
PAOHAM TIPHUCTPOEM 1 OOMIHIOIOTBCA JAaHWMU IIPO IIPO-
1ec 3apsny, TeMIepaTypu, EMHOCTI Ta CTPyMY 3apsmy.
[Ipu BUKOpPHUCTaHHI CHEIiaFHOTO MPOrpamMHOro 3abes-
neueHns (CII3) mi mani cucremaru3yerscs Ta 30epira-
IOTBCSI B €IIeKTpOHHOMY BHTIIAAi. CriemianpHi anropur-
MH 3apsny JO3BOJSIFOTH HaM BUKOPHCTOBYBATH BECh
noteHnian akymynstopaoi 6atapei IMPRES 3 makcu-
MaJbHOK €(EeKTHBHICTIO MPOTATOM YCHOTO TEPMiHY
eKCIUTyaTalfii.

Axkymymarop Motorola PMNN4493 wmae miTiii-
IOHHUH THUII €IIEMEHTIB, II0 iCTOTHO 3HMXKYE Bary Oara-
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pel B TOpIBHSAHHI 3 HIKEITh-KaJMi€EBUMHU a00 HIKEIb-
MeTall-TiIPUIHAMH, TAKAM YHHOM BJIAE€ThCS 3MEHIIUTH
Bary pajiocraHuii i 30LIbIIMTH Yac poOOTH aOOHEHTCh-
Koi pamioctaHmii [1].

[Mapamerpu AKB Motorola PMNN4493 IMPRES:

emHuicts AKB — 3000 MmA/rox;

pobouya Hampyra — 7,4 B;

THII XiMiYHOTO enemeHTy — Lilon;

Bara (0e3 xiincn) — 152 1;

rabaputHi po3Mipu — 52x112x23 Mm;

KUIBKICTh IIUKITIB 3apsKaHHs / pO3pSIPKAHHSA — 10
300;

po3paxyHkoBuii yac poboru (5/5/90) B anamoro-
BOMY pexuMi — 110 21,5 rox;

po3paxyHkoBuii yac poootu (5/5/90) B8 DMR pe-
sKuMi — 110 28 Tof;

TemrepaTypa ekcruryaranii — Big —10 go +60°C;

BUHHMKHEHHS “‘e(peKTy mam’sti” — Hi;

BukopuctanHs texHonorii IMPRES™ — rak;

cTanaapt BUOyxo0e3neku — Hi;

CTaHAapT 3aXUCTy Bia BIumBy — IP68.

Tomo tepminy npunatHocti AKB Motorola, B cu-
1y ximiunoi npuponu BMmicty AKb Bci BoHn MaioTs 00-
MEKEHUI TepMiH 30epiranHs He3alIeXHO Bij TOro, Oynu
BOHM B eKCIUTyaTalii 4M Hi. | AKIIo akymynsTopu Hi-
KeJlb-METaJI-TIIPUIHOTO THITy MOXYTh 30epiratucst 10
I'SATH POKIB, TO Cy4acHi JITIi-IOHHI aKyMyJsITOpH
Motorola MaroTe TepMiH 30epiraHHs He OiNblIe ABOX
pokiB. Baxxnuso, mo kymiBing AKB i3 3akiHueHHSIM Te-
PMiHY NPUIATHOCTI 1Ie MapHa TpaTa KOIITIB.

Jns BusHaueHHs ngatu BurotoBieHHI AKDB kom-
nanis Motorola po3poOuia MapKyBaHHsI, sIK€ JO3BOJISIE
JIETKO BU3HAYMUTH PiK BUTOTOBICHHS. BOHO 3aBxnu po3-
TaIIOBaHe IMOPYY 31 IITPUX-KOJAOM Ha 3BOPOTHOMY OOIIi
AKD i npexcraBieHe y BUIUISAI TPbOX ab0 YOTHPHOX
uudp, nepuri a8i (oxHa wis 2000-x pokiB) — 11e OCTaHHI
nBi uudpu poky, B sikomy Oyna BurorosieHa AKDB, a
apyri aBi — Twxknens. Hampukian, kon 1224, o3Hadae
Te, o OaTapes BurorosieHa y 2012 porii, jata BUTOTO-
BJICHHSI B MEXax 24-ro THXKHS POKY, TAKUM YHHOM, PiK
BUTOTOBJICHHSI MOXXHa BH3HAYUTH B MEXax OJHOTO Jie-
CATHITTSL.

[Migpobneni (ueopurinanbui) AKB  Motorola
PMNN4493 MmaioTh HECYMICHICTh 3 OpHUTiIHAJILHUMHU
3apsimauMu ipuctposimu Motorola IMPRES. 3apsiaunii
MPUCTPiii ab0 He po3mi3Hae Oatapero, abo He Oyje KOH-
TPOJFOBATH MPOLIEC 3apsAAY MiAPOOICHOr0 aKyMyIsATOpa
1 6aTapes MBHUIKO BHUIIE 3 Ty B pe3yabTaTi OaraTtopa-
30BOTO ITePe3apsIHKEHHS.

€wmuicts AKDB He BiamoBinae 3asBneHNM mapamMeT-
pam. VY BCiX BUNagKax BUSBICHHS MiIPOOOK IX peayibHa
€MHICTh HIK4Ye 3asBieHol 10 50% Big 3a3HadueHOl Be-
JTMYHHH.

Bcepenuny koprrycy craBisaTh abo “BimOpakxoBy-
BaHHA, a00 HaMIEIEBII XIMIUYHI eJIEMEHTH.

BincyTHICTE  TepMOENEMEHTIB, KOHTPOIIOIUNX
CTpYM 3apsify, IO TaK camo 3a0e3MedyoTh Oe3IeKy mpu
KOPOTKOMY 3aMHWKaHHI a00 BHXOMAI 3 JIady 3apsIHOTO
mpuctporo. HaBite skmio 3apsa migpoOmeHoro AKDB
TOYABCs, 3apsAOHUN TPUCTPIH HEe 3MOXKe pPO3IMi3HATH
MOMEHT TIOBHOI'O 3apsiy, aKyMYJSTOp IEperpieThCs Ta
MOXKE ClaJlaXHyTH. PerynspHe BUKOPUCTaHHS B TAKOMY

pexumi mBuako BuBene 3 jaxy AKDB uepe3 mecstox
LIMKJIIB.

Husbka SIKiCTh BUKOPHCTOBYBAHHMX XIMIYHUX €je-
MeHTiB. Y minpooneni AKB craBisaTh HanmemmeBmi Xi-
MIYHI €JIEMEHTH 1 MPO peajibHy €MHICTb i MOPO30CTiHi-
KICTh MOYKHA TIIbKH 3]I0TaTyBaTUCh.

BincytHicTh repmerH3anii KopIycy Ta KOHTaKTHOI
TPy NPU3BOAATH A0 HEMHUHYYOTO MOTPAIUISIHHS BOJIO-
TH BCepelnHY 1, SIK HACHIJOK, Herepen0adyyBaHUX HAC-
JiAKIB. 3 OrJISy HA BiJCYTHICTH TEPMO3AXHCTY Yy Mif-
pobIIeHOT 6aTapei, MOIMIKOMKEHa CXeMa KHUBIICHHS MOXKE
CTaTH MPUYMHOIO MTOXKEXK1 BUPOOY NPH 3apsKaHHi.

Jemernit tractuk ABS 3amicTh monikapOoHATY
PC ML6339 — koprryc J1erko KOJEThCs MPH MagiHHIX Ha
TBEpAY MOBEPXHIO, & 3 4aCOM TPICKAETHCS IO IMIBAX i
PYHHY€ETBCS i BILTUBOM YAbTpadionery.

[TokpUTTS KOHTaKTHOI TpynHu He 3abe3neuye Ha-
JIIAHOTO KOHTAKTY, a 3rOJI0M OKHCIIOETHCS 1 PalioCTaH-
sl TepecTae MpamoBaTH B HaWHECHOIiBaHIIMN MO-
MeHT. KOHTaKTH KHBJIEHHS OPHUTIHAIBHUX aKyMYISTO-
piB Motorola 3aBXJu MOKPUTI CIUIAaBOM 30JIOTUCTOrO
KOIIbOpY, sKHU 3a0e3meuye Oe3mepelOiifiHe KHUBICHHS
MPUCTPOFO JIOBT1 POKH.

36ipka HytpouiiB AKb He BUTpHMYye HisKOi KpH-
TUKH. MoxkHa 3a0yTH NIpo BiOPOCTIHMKICTh MigpOOIEHO-
rO aKyMyJsTopa, IPpYU PO3THUHI B BUSIBHTE, IO XiMi4yHi
elleMeHTH abo He 3aKpiIieHi, abo mocapKeHi Ha TepMO-
KJIed 1 KapTOHHI MPOKIIAIKH.

Hocnipueum xapakrepuctiuku AKB opurinanbHo-
ro BHPOOHMIITBA 1 aHaNi3 BU3HAYEHHS MigpoOOK Oyio
PO3pOOIEHO Ta HEOAHOPA30BO Peasli3oBaHO Ha MPAKTHUII
Jiekibka Meroauk aiarnoctyBanis AKbB 3a nonomororo
obnasHaHHs BUpOOHUITBA KoMIaHii Motorola 3 xapak-
TEpHUMU HeBiAnoBigHocTsiMu HeopuriHanbHuX AKD.

Memoouka nepwia — nepegipka XapaKmepucmux
AKB.

Meror0 JOCHIDKEHHST € TepeBipKa MOMJIMBOCTI
3untyBaHHs Xxapakrepuctuk AKDB cremiagbHuM mpu-
crpoem IMPRES Battery Data Reader (puc. 1) Bupo6-
HuTBa Motorola Ta anmapatHumu 3acobamu [21].

Puc. 1. 3aransunii Burssin IMPRES Battery Data Reader
(¢poro mpucrporo)

Jns moyatky JOCHIIKEHHS, 332 JOIOMOTOI0 LIec-
tuMicHOro 3apsaHoro mpuctporo IMPRESS Adaptive
Multi-Unit Charger (puc. 2) IpOBOTUTECS PEKOHIHITI O-
HyBaHHA (KaniOpyBannsi) AKbB mo mopratuBHHX pafioc-
TaHI Motorola, MK po3psmKaHHS/3apsIKAHHS TBOX
Garapeit. [lns nochimkennas Opamucs a8l AKB, oxna 3
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SIKHX OpHUTiHAJLHOTO BUPOOHMITBa KoMmaHii Motorola,
sIKa BUKOPHUCTOBYETHCSI B SIKOCTI €TaJIOHHOI, a Ipyra
AKB neopurinansHoro Bupobnunrsa. AKb, mo npuii-
MaJI y4acTh y JOCJIJDKEHHI TIOBHHHI MPOWTH TPH ITUK-
JU pO3psIIHKaHHS/3apsypKkanHsa 10 90% Ta TIOBHUI 3apsiT
OCTaHHBOT'O LIUKITY.

Puc. 2. 3araneuwuii Burisig IMPRESS Adaptive Multi-Unit
Charger (¢boro npucrporo)

Ilin yac mpoBeneHHs omepaiii 3 PEKOHAUIIOHY-
BaHHs MIecTHMicHUM 3apsimaud npuctpii IMPRESS
Adaptive Multi-Unit Charger [22] 3a monomororo BOYy-
JIOBAHOr0 1H(OPMATHBHOTO €KpaHy BifoOpaxkae pe-
3yJbTaTH 3UUTYBAaHHA THUITy Oatapei, cepiiiHOro Homepy
i miticHol eMHocTi (puc. 3).

Puc. 3. [Ipuxnan Bigodpaxenns inpopmauii npo AKB mix yac
PEKOHIMI[IOHYBaHHS Ha Ta0JIO IIECTUMICHOTO 3apsIHOr0
npucrporo IMPRESS Adaptive Multi-Unit Charger
(poro mpucrporo)

Jisa mepeBipKu MOMIJIHBOCTI 3YHTYBAaHHS 1HQOP-
Marii mpo AKDB 3a mormoMororo amapaTHuX 3aco0iB, BU-
KOopuCTOBYeThCS pamioctaniis DP4800, B MeHIo siKoi B
HaJlaIITYBaHHAX BiOOPa)Ka€ThCs JaTa BBOAY B €KCILTY-
atamiro ta crad AKDB (Tepmin ciryxOm Ta ocraTodHa
eMHICTB) (puc. 4).

Orxe, skmoio BkasaHa iHpopmamnis npo AKB He-
OpPHUTIHANBHOTO BHPOOHWIITBA, SIKi J[IarHOCTYIOTHCH,
BIMOBila€ 3asBICHUM XapaKTEPHCTHKAM BHACIIIOK
BiTOOpaKeHHS Ta €KpaHax MiarHOCTUYHOTO 00JIaTHAHHS
JI0, T 4Yac, Ta Icis KaliOpyBaHHSA, BimoOpakaeTbes,
TO MOXIIMBO 3pOOWTH BHCHOBOK, IIO BKa3aHi Oartapei
CyMiCHI 31 INTaTHUMH 3apsSAHUMH  TPUCTPOSIMH

Motorola, Ta miarHOCTHYHUM oOJagHaHHAM. Lle o3Ha-
4ae, 110 32 Ii€I0 METOMKOI0 MOXKIIUBO 3pOOUTH BHUCHO-
BOK IMPO KOHKYPEHTO3HAaTHICTh HeopuriHambHux AKB
Tepe] OpUTIHATEHAMH.

VIH. of akkym
MNepe. wenone 3.:

® 11 anue 201

OCT.0eMKOGTH:

CTTTTTTTTT] RloegA

Mepe. ucnonks.:
® 11aHe 2019

Puc. 4. TIpuxnan BinoOpaskenns inpopmaii npo AKb
3a joroMororo pagiocraniiii DP4800 (¢oro npucrporo)

Memoouka opyza — 00CIOHCEHHA MONCTUBOCI
mecmyeanna AKb 3a oonomozoro CII3.

Meror JIOCHI/DKEHHS € MOXIIUBICTH J[IarHOCTY-
BanHs AKDB 3a momomoroio CII3 mpuctporo IMPRES
Battery Data Reader NNTN7392A [21], ta BimoOpa-
JKeHHs BinoBiiHoi iHpopmaii npo AKB.

3 Bukopuctanusim CI13 IMPRES Battery Reader
koMmagii Motorola, Bctanosienoro ga IIEOM Ta camo-
ro cneuianeHoro mnpuctporo IMPRES Battery Data
Reader NNTN7392A mnpoBOAWTBCS AiarHOCTYBaHHS
AKBD Bukonanux 3a texsounoriero IMPRES.

CII3 BinoOpakae B mianoroBomy BikHi [IEOM in-
¢dopmamito, sika wmictutbess B EPROM  BHyTpimiHii
mam’sTi (HesanekHa mam’ste) AKB IMPRES, a cawme:
cepiitnnii Homep AKB, Tun AKB, piBeHb 3apsy, Makcu-
MaJlbHy €MHICTh, JIaTy BUPOOHMIITBA, /ATy BBE/ICHHS B
eKCIUTyaTalliro, KiTbKiCTh IMKIIB KaniOpyBaHHs (puc. 5).

OTxe, cig 3a3HAYUTH, MO SKIIO TiaTHOCTYBaHHA
AKBD 3a mi€ro METOMKOIO BiOYBa€ETHC, 1 mepeadayueHi
CII3 mapameTpu BimoOpa>karoThCs, TO 32 Pe3ylIbTaTaMH
Bi/IOOpaKCHNX PE3YyNbTaTiB POONATHCS BHUCHOBKHU IIPO
BiamoBimHICTs yM He BimmoBigHicTe AKDB 3aganuMm tex-
HIYHAM XapakTepucTHkam, cepiitHomy Homepy AKD,
tunty AKB, piBHIO 3apsay, MakcUMaIbHIA €MHOCTI, JaTi
BUPOOHUIITBA, 1aTi BBEACHHS B €KCIUTyaTAaIlif0, KiTbKOC-
Ti IUKJTIB KaJiOpyBaHHS.

Memoouka mpemsa — nepesipka Moxicaugocmi
6U3HAUEHHA 0amu uzomoeneHHa cknaoosux AKB oo
nopmamuenux padiocmanyiii Motorola (e6yooeéanux
Nmii-ioOHHUX AKYMYIAMOPHUX elleMeHmig).

MeTror DoCHiKEHHST € MOXJIMBICTH BU3HAYEHHS
JaTH BUTOTOBJICHHS CKJIAJ0BUX INPEICTABICHUX HA TeC-
tyBanHs AKDB 1o mopratuBHEX pamioctaHmii Motorola
(BOynOBaHMX JITIH-I0HHUX aKyMYJISTOPHUX €JIEMEHTIB).
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Puc. 5. Tlpukinaz Bigobpakenns inpopmarii mpo AKB nprcrpoem IMPRES Battery Data Reader NNTN7392A
3 BcraHoBnenuM CII3 xommanii Motorola Battery Reader (po3po6ieHo aBropamn)

BinkpuBImm MexXaHIYHEM CIIOCOOOM KOPIIyC aKy-
MYJSITOpHOI OaTapei (puc. 6), BidyalbHO O0auuMO cepiii-
HUII HOMep JITiIH-IOHHUX aKyMYJSTOPHUX EJIEMEHTIB,
HAHECCHHUX Ha HUX.

3a momomoror  caiity  Www.batterybro.com
(puc. 7) [22], uuisxoM BBEOCHHsS Y BiAMOBiMHI OIS
JAHUX, HAHECEHHMX Ha JITIH-IOHHUX €JIEMEHTaX, SKi
BMOHTOBaHI B KOPIYC aKyMYJsTOpHOI OaTtapei, BH3Ha-
94a€eMO JaTy iX BUTOTOBJICHHS.

Puc. 6. Bigkpura AKB (¢oto npucrporo)

TakuM 4YHHOM, MOXIIMBO 3BIpUTH I1H(OpMAIIiIO,
NpO JaTy BUTOTOBJICHHS aKyMYISTOpHHX Oartapell 3a
nonoMororo CII3 Ta mumsixoM MEXaHIYHOTO BiAKPHUTTS
KOpITyCYy aKyMyJSTOpHOI OaTapei 1 mepeBipKu JaTH BU-
TOTOBJICHHS aKyMYJISITOPDHHX €JEMEHTIB Ta 3pOoOWTH
BIJITIOB1/THI BUCHOBKH.

+

ps/baterybio.com

18650 Date Code Lookup Tool

Production date is September 2018

Puc. 7. Caiir 1y1s1 nepeBipku AaTH BUTOTOBJICHHS
TITiIH-IOHHUX aKyMYJSITOpHUX Oatapeit (Goro mpucTporo)

BucHoBku

Pe3ynbratu ananmizy TEXHIYHHX XapaKTEPHCTHK
AKDB BupoOHuuTBa KommaHnii Motorola, Ta BUpOOHUKIB
HeopuriHabHux AKD, mnpakTH4HUX HOCHTIDKEHb 3 1X
JIIarHOCTYBaHHS TIOKA3aJIH, 1110 3aMPOITOHOBAHI METOAUKH
JTAIOTh MOXJIMBICTh BU3HAYNTH JOCTOBIPHICTH 3asBIEHUX
MpeICTaBHUKaMU BUPOOHMKA (TIOCTadalbHUKA) TEXHIU-
Hux xapakrepuctuk AKDB 1o mopraTHBHUX paaioCTaHIiH
BUpOOHUIITBA Motorola.

YV mopanplMX TOCHIKEHHIX HE TUIBKK TOIIIBHO,
a HeoOXiTHO TPOBOAWTH [iaTHOCTYBAHHS INTATHUX aKy-
MYJSTOPHUX Oatapell 0 TOPTATUBHHUX PaiOCTAHINN
BHpoOHMIITBa Motorola, sIKi TNIAaHYIOTHCS HA MTOCTaYaHHS
B YKpaiHy ITi/1 9ac MPOBEICHHS MPOIIEAYP 3aKyIIiBIIi.
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Diagnostic method for Motorola handheld radio power supplies
Vitalii Yarovyi, Grygoriy Radzivilov, Maksim Borysenko, Volodymyr Kutsenko

Abstract. The article considers ways to solve the problem of purchasing new, and most importantly, high-quality power
supplies for portable trunking radios manufactured by Motorola used of Ukraine. The analysis of technical characteristics of
standard batteries manufactured by Motorola and technical characteristics of non-original batteries has been carried out, parame-
ters to be diagnosed are identified, as well as the means of diagnosis and methods of its implementation are considered. An anal-
ysis of recent research and publications allows us to conclude that the purchase of batteries manufactured by Motorola requires a
considerable amount of money. Batteries for Motorola radios manufactured not by Motorola technology appear on the Ukrainian
market, the cost of which is significantly lower than the original. Given the insufficient funding of Ukraine, there is a need to
participate in the tender for the purchase of batteries of non-original production, but only if their technical characteristics match
the original production or better. Therefore, in order to check the technical characteristics of batteries, it is necessary to diagnose
their technical condition. The publications of well-known authors consider the issues of control and diagnosis of the technical
condition of radio equipment, including communication equipment. However, these studies do not include the results of the study
of the technical characteristics of the batteries of communication equipment. The purpose of the article is to reveal the technical
characteristics of Motorola batteries, their advantages and to offer methods for checking the characteristics of batteries, research-
ing the possibility of testing batteries with special software, checking determining the date of manufacture of components batter-
ies for Motorola portable radios (built-in lithium-ion battery cells).

Keywords: diagnosing, source of power, radio station, communication, Motorola.
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Bepauukos O. M. 94 Kacarkina H. B. 87 Pu6ax O. B.
Bobpos O. T. 8 Kucmuus C. T 11 Pubanpuenko A. O.
Bopucenko M. B. 99 Kiimos O. I1. 8 Cnasyuskwii 1. O.
Byraii B. C. 55 Kiimos b. P. 23 Tumodees B. J1.
Byr O. B. 44 Koganenko A. A. 63 Tumenko .
Bagpux I1. P. 48 KopanbsoBa A. B. 90 TkagoB B. M.
I'aBpunenko B. B. 48 Konowmiites O. B. 16 ®enotos 1. O.
l'anbuenko K. P. 63 Konox K. M. 4 ®dinimonuyk T. B.
lomockokoBa A. O. 73 Kopoins O. T 73 Opanuyk T.

T'ons B. J1. 94 Kynenxko B. B. 99 Uepnux O. I1.
lopoxiBckka H. B. 8 Jleonos C. 10. 23 Yypbanos M. 1.
['puropenko A. M. 4 Jlorsinenko O. L 27 [lanoanosa C. 1.
Henucenko 5. E. 83 Makoron O. A. 27 Hledep O. B.
Hsaenxo O. 52 Mautoxgiii E. E. 55 [Imatko O. B.
E€wmenn H. 1. 94 Mapruaenko A. M. 44 [IImaTkoB B. A.
€pwminosa H. B. 11 Macsriu B. 1. 4 [Mocrak A. B.
€pomenko O. A. 63 Menetko €. B. 59 Sxkumenko M. C.
3axapos P. 52 Mixag B. B. 59 Suko A. C.
3axapuenko P. B. 11 MomuanoB I'. 1. 55 Axayk T.

IBantok B. O. 4 Hikomaes K. /1. 87 Sposuii B. C.

AN®OABITHUA NOKAXYUK

HaykxoBe BupmaHHs

CUCTEMMW YNPABIIHHA, HABIFALII TA 3B'A3KY

30ipHUK HAYKOBHUX Ipallb
Bumnyck 4 (66)

Bingnosigansha 3a Bunyck K. C. Hecmepenko
Texuniunnii penaxrop 7. B. Veaposa
Kopexrop O. B. Mopozosa
Kowmm'torepna Beperka H. I Kyuyk, 1. IO. Ilemposcvka

Odopmnenns obknaauaku I. B. Invina
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BinnpykoBaHo 3 rOTOBUX OpuriHai-MakeTiB y apykapui ®@OII ITerpos B.B.
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