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Cucmema KOHmMPO.I10 RIWIOXIOHO20 hePeXOOy 3a
YMO8U HENOBHUX OAHUX

Bopucos Onekcanap
KIII im. Iropst Cikopcbkoro
Kuis, Ykpaina
olecsandr.borysov@gmail.com

Anomauyia. Y poOOTi onmucyeTbcsl cHCTeMa, sIKa 3a
J0TIOMOT0I0 HelipOHHOI Mepe:Ki po3nizHaBaHHSA 00'€KTiB Ta
CHCTEMH Bi/icTeKeHHsI 31aTHA ABTOMATHYHO BHSIBHTH He
craHgapTHi curtyauii Ha mimoxigHomy mepexoai Ta
CHOBICTUTH MPO 11e.

Knrouosi cnosa: Mawiunnuii 3ip, 6useieHns, 6i0CmeNceH s,
newoxionuii nepexio, YOLO9000, CSRT, TLD.

BcTvnn

3a pesyabpTaTaMu aBTOKatacTpod mpudiamsHo 13%
npunanaots Ha JITII 3 mimoxomamu [1]. 3 Hux 73%
BinOyBaroTbcss B  MicTax. OmHUM 3  HaHOUTBII
PO3IIOBCIOIKCHUX MiCIlb aBapill € MIMIOXiTHI IIepexou,
JIe TIEPETUHAIOTHCS TOPOTH IS MAIllMH Ta MIIIOXOIIB.

Hepinko Ttaki wMicns oOmagHaHHI — KaMmepamu
CIIOCTEpE)KEHHS, alic BOHH CTAalOTh KOPHCHUMH JIUIIIC
TPW BCTAHOBIICHI BHHYBATOTO, SKIIO 3BICHO O TOTO
MOMEHTY 30€pEeKEThCsI 3aMUC BiZic0. 3 BUKOPHUCTAHHIM
JIOJIATKOBOTO IIPOrPaAaMHOTO 3a0e3IeueHHs Taka Kamepa
MEPETBOPIOETHCS Y CUCTEMY HIBUIKOTO pearyBaHHs, sKa
37aTHa aBTOMATHYHO BIJACTECKUTH HE CTaHAAPTHY
CHUTYyallil0, BUKJIMKATU IWIBUJAKY MUl TOCTPAaXKAANOro i
3aTPUMATH iHIIUX YYACHHKIB.

TTPUHIUIT POBOTU CUCTEMHA

CucremMa  CKIQNa€TbCcs 3  YOTHPHOX  CTAIliB!
BHMSIBJICHHS 3aJaHUX O00’€KTiB, 1IX BIJICTEKEHHS,
CHUHXPOHI3aIlisl, TOMYK KOJNi3iii 00’€KTiB 3a 3aJaHIMU
TpaBUIaMH. Y SIKOCTI JAeTeKTopa Oyio o0paHO cUCTEMY
3aCHOBaHy Ha 3TOPTKOBIll  HEWpPOHHIN  Mepexi
YOLO9000 (You look only once). Jlana cuctema mae
OJIHY 3 HaWKpAIIUX MOKA3HUKIB IBUAKOIIT T TOYHOCTI
(muB. puc 1) [2]. Lle nmocaraerscsi 3a JOTOMOTOIO
0COOJIMBOTO TIAXOMy JO BHU3HAYEHHS OKOJIIB Ha
300pakeHHi, Jie € MOCh ITikaBe cuctemi. Ha BiaMiHy Bif
cucTeM, sKi OaraTropa3oBo aHaJi3yIOTh 300pa’keHHS —
YOLO mnpoauBiseTbest JUmie pa3 300paskeHHS i
BCTAHOBIIIOE OKOJIU MICLb, K 1i I[iKaBi.

* voLows
RetinaNet-50
56 + RetinaNet-101
Mothod mAP-50 time
[B] 85D321 454 61
54 [C) DSSD321 4681 85
E (D] R-FCN 519 8
o) [F] SSD513 504 125
52 [F] DSSD513 533 156
§ [G]) FPN FRCN 501 172
RetinaNet-50-500 509 73
50 RetinaNet-101-500 53.1 90
RetinaNet-101-800 57.5 198
YOLOvV3-320 515 22
48+ YOLOv3-416 553 29
YOLOv3-808 579 51
50 @ 100 150 200 250

inference time (ms)

Puc. 1. EdexruBHicTs cuctemu YOLO

Jlana cuctema HaTpeHOBaHA Ha Habopi narnx COCO
i 3matHa posmizHaBaté 9000 pi3HHUX KaTeropiil 00’ ekTiB
[3], cepen sxux € HEOOXimHI KaTeropii g JaHOT 3a7adi.

Jlnst moninmeHHs: poOOTH CUCTEMH OYJIO BUPIIIEHO
BUKOpHCTAaTH NpuHIMN pobotu cucremu TLD (Track,
Learn, Detect) [4]. YOLO Bucrtynae, sk iHimiaaizaTop
anroputMy BigctexxenHs CSRT, koxni 10 kampiB Ha
Bimeo motomi. Ilefi miaxig 3HAYHO  3MEHIIHUB
HABaHTAXXCHHS Ha CUCTEMY, MIJBUIIUB CTIHKICTH IO
KOJTi31#f 00’ €KTiB, TAKOX 1aB MOXIIUBICTh MIPHCBOIOBATH
VHIKaIbHI 1i1eHTH(}IKaTOpH 00’ €KTaM.

CHUHXPOHI3ATOP

Jns  B3aemomii  nerekropa 1 BigcTeXyBada
3HAZIOOWIOCS BHUPINIMTH JACKiTbKa mpooOieM, sKi
3aBaXKJIIM TIOCTaBUTH Yy BINNOBIAHICTb BHSBJICHHI
00’€KTH 3 THMHU, 1110 BXKE€ BIICTEKYIOTHCS.

[Mepmoro mpoOnemoro Oyna camMa MOCTaHOBKa
BIJIMIOBITHOCTI MK 00’€xTamu. J[jis BHPIIICHHS I[LOTO
MMUTAaHHSI Oymno BUKOPHUCTAHO X, SIKUH
BUKOpHUCTOBYEThCst B TLD, a came Ha Micii, e 00’eKT
BIZICTEIKYETHCS, Ma€ OyTH BUSIBIICHUH IPHOJIM3HO B TOMY
K MicHi el xe 00’eKT. Alle KO CHCTeMa IMPAIIoe B
CHUTYyalliil, KoM 00 €KTH 3HaXOAAThCS ONM3BKO OJHH JI0
OJTHOTO, TO IAHWH X1 JO3BOJIMTH JIMIIE BUOKPEMUTH
OoKin  migxomamux ~— 00’ekTiB.  ng  yTOYHEHHA
BHUKOPUCTOBYETHCS PO3OUTTA BUALICHHX O0O0’€KTiB Ha
NPSMOKYTHUKHM pi3HOro posmipy. lle poOutbest s
TOro, 100 TOPIBHATH KaHIUIATIB 3a TEKCTYpOK 3
MOTepeIHbOIO0 1HILIaTI3alIi€el0 BiJicTe)KyBaya (0IHAKOBI
00’ektn  OyAayTh MaTH  HaWOinbIIe  OJHAKOBHX
MpSAMOKYTHHUKIB). CHCTeMa, IKa BUKOPHCTOBYETHCS IS
BUSIBJICHHS HE € 1/1€aJIbHOI0, TOMY 00’ €KTH, SIKi ITPUCYTHI
Ha KaJ|pi MOXXYTb OyTH He BHsBJIEHI ab0 Kiacu]ikoBaHi
He BipHO. J{i1s1 boT0 OYI10 pO3pOOIICHHS KUTTEBUH LINKIT
BIZICTE)KYBaJILHOTO 00’€KTa. SIKIIO NpPOTATOM IEBHOI
KIJIBKOCTI iHiIasi3amii He Oy/ae BUSBIEHO JETEKTOPOM
00’eKTa, SKUH BIICTEXKYETHCS, TO IEH MpoIecC
CHOCTEPE)KEHHS BBAXKAETHCS XMOHUM 1 BiH BUIATISAETHCS.
Ile nmo3BoJsie HiBENIOBATH HE JOCKOHANICTH MOMIYIIA
BUSBIICHHS (IETEKTOPA).

CHUCTEMA ITPABUJI

Jns BusBneHHs Komiziii Oyno oOpaHO miaxin
3aCHOBaHMH Ha TpaBmiIax NepeOyBaHHA 00 €KTiB B
obmactsax. JlaHuii  anroputM  Mapkye  00’€KTH
MapKepamH, SIKi BIJICTEXYIOTBCSI Ha MEpPEBHUIIECHHS
nepeOyBaHHs B 00JacTi, SKIIO JaHA CHTYallis
BiIOyBa€TbCs, TO MO MapKepamM  BH3HAUYa€ThCA
iIeHTU(IKaTOp 00°€KTa 1 BIIOYBAETHCS aKTHBALIS TOIT,
sKa 3alporpaMoBaHa Juisl BiJNOBiAHOI cuTyaunii (auB.
puc. 2).

Buxopucranmit I AX1T

J03BOJIAE€ THYYKO
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Puc. 2. Buninensas

HaJlallITOBYBaTH HEOOXiJHY KUIBKICTh obOnacteil Ta
npaBui A epeKTHBHOrO (DyHKIIOHYBaHHS CHUCTEMH.
Ha puc. 3 moxHa cnocrepiratd poOOTy CHCTEMH i3
o0J1acTIo, sSIKy OyJI0 BCTAaHOBJIEHO Ha JIOPOXKHIHN Mepexif.
IpaBuna mis Hel Oynu 3amaHi HACTYIHI: MAIIMHU HE
MOXYTb 3HAXOAMUTHCS Ha Iepexo/i Olible 5 cekyH, Ha
Nepexoli He MOXKYTh OJJHOYACHO 3HAXOJUTHCS MAIIMHU
1 MIIITOXOOH.

Puc. 3. derekuis JITII 3a gqonoMoror cucreMu

Inmoro kareropi€lo € mTpaBuia, SKi OIHCYIOTH
B3a€EMOJIIF0 MK 00’€KTaMH Ta IX HampsaMoM pyxy. Lle
JIO3BOJISIE CTBOPUTH TPaBUIIA, SIKi BiICTEKYIOTh, MIO0
IeBHA KaTeropiss 00’€KTiB mepeMimanacs TiTBKH B
3aJaHOMy  HampsMKy (A7l BIACTeXEHHA  THX
ABTOMOOWIIB, 1110 PyXaJIKCh HE TI0 CBOTi M0JIOC).

TECTYBAHHSA

Jnst tecty Oyjo B3sTO JEKiIbKa TECTOBUX Bileo
3anuciB JITIl Ha mimoxigHOMy mepexoii 3 CHUCTEMH
Bizieo xocTHHTY Y outube. Bci TecToBi 3amycku nmokasainu
MHUTTEBE peEaryBaHHS CHCTEMH Ha CHTYyallilo, sKa
nopyirye npasuia. Ha puc. 2 MoxHa nodauutn poGory
CHCTEMH B OJJHOMY 3 TecTiB. Y IIbOMY TECTi cHcTeMa
3pearyBajla Ha IOpYIICHHS IpaBmia (TIepexoiai He
MOKYTb OZJHOYACHO 3HAXOANUTHCS MAILIMHY 1 MIIIOX0/H),
0 JOBOAMTH JIOUIJBHICTH BHKOPHCTaHHS JaHOi
CHCTEMH.

OBMEXXEHHS

OmunM 3 HaWOUIBIIMM OOMEXKEHb € HE 1AcabHUN
BifcTeXyBau (Tpekep). SIKmo BiH TOMHISETHCA 1
MOYMHAE  BIACTEXYBaTH IHMHUH 00’€KT 3aMicTh
HEOOXiTHOTO — 1€ MOX€E MPHU3BECTH 0 HEMPAaBHILHOI
CHHXpOHi3alii Tpekepa Ta JeTEeKTopa, M0 BeJe O
TIPUCBOEHHS OJTHOMY 00’exTy YHIKaJIbHOTO
ineHTH(ikaTopa iHmoOro o6’ekry. Takox, naHa
npobieMa BUKJINKAE HE IPAaBWIBHY POOOTY MOIYJIs
KOJII3iH, OCKUIBKM HE NpPaBWIBHHH ineHTH]ikaTop
MIPUCBOIOE 00’ €KTY HETPaBUIIbHUM KJIAc, 110 BIUIMBAE HA
poboTy cucteMu TmpaBwi. IHIIMM OOMEXEHHSIM €
CTaTHYHICTh KaMepH, sKa BUKOHYe 3amuc abo Bingeo
TpaHcAnito. Ile oOMexeHHS TOB’s3aHa 3 MOIYISIMH
JIeTeKkTopa Ta obsacti mpaBmin. bararo cumcrem
BIJICTe)KCHHS 3aCHOBAHI HA CTATHYHOMY 3aTJHbOMY (HOHI
IIPU HE CTaTWYHIA Kamepi Taki CHCTEMH HE MOXYTb

BUOKPEMUTH 3aJHIH (OH, OCKIIBKM 3 1X MEPCIEKTUBH
BCC 300pa)KCHHS PyXaeThCs (MaHe OOMEKCHHS MOXKHA
o0ifiTM mpH yMOBaxX BHKOPHUCTAaHHsS TpEKepiB, sIKi He
3aCHOBaHi Ha BUJIiJIEH] 3aJHHOTO (DOHY).

HactynmHuM 0OMEXEHHSAM € BUKOPUCTAHHS OJHOTO
JoKepena Bifeo moToky. OHa TOUKa HE 1a€ MOXKIIMBOCTL
BHSIBUTH Ha SKIH BIACTaHI 3HAXOOUTHCSI 00’ €KT, IO
MIPHU3BOANTE 0 HE e(peKTUBHOI poOOTH MPaBHI TPETHOI
KaTteropii (Ui yCYHEHHS JaHOTO HEIOJIKy HeoOXimHO
MaTd JAPYry TOYKY ONNIIAYy Miclsd JO€ BEAEThCA
CIOCTEPEXKEHHS 1 3HAHHS TOYHOI BiJICTAHI MiX TBOMA
IUMH TOYKAMH).

BUCHOBKU

Jlana cucteMa IpH BHKOPUCTaHI MPOCTHUX IPAaBUI
MEePIIOro Ta APYroro MopsAAKy 3a0e3medyuTh HaiiHuiA
KOHTPOJIb 32 MILIOXITHUMH NEPEeX0JlaMH Ta JIOPOTaMH.
IIpn o6magHaHi TakMX MicOb JBOMa TOYKAMHU
CIIOCTEPEKEHHS CTaHE MOXKJIMBE BUKOPHCTAHHS MPABUI
TPETHOI KaTeropii, o AaCTh MOXKJIMBICTE O1JIBII THYYKO
HaJlalITOBYBaTH cHcTeMy. JlaHa MoOJenp CHCTEMH
noOynoBaHa Ha JIOKAIBHOMY BHKODHCTaHI Kamep
CIOCTepEXKEHb, ajie Mpu O00’€qHaHI BCIX TOYOK
CIOCTEPEKEHHS MICTa B OJIHY CUCTEMY CTaHE MOJKJIUBO
rJ00aJIbHO BIJICTEXKYBAaTH Ta 1NeHTU(]IKYBAaTH 00’ €KTH.
CraHe JOLUIIBHO IHTErpyBaTH JaHy CHCTEMY 3
cucreMaMi igeHTH(IKanil Ta po3Mi3HaHHS OOIUYYS,
HOMEpHMX 3HakiB MamuH. Lle macTh MOXKIUBICTBH
OTPUMATH HE TPOCTO TPHUCBOEHHU ineHTHU(IKATOp, a
UMK TMaKeT JaHWX 1 TIIo0aNBbHUH iNeHTU(IKATOp IS
o0’ekra (mpukianm: MammHa Tmotpammwia B JTIL
Cucrema 3adikcyBana If0 TMoAil0 imeHTH(]iKyBana
MAallMHY 3a 1i HOMEpOM, BCTaHOBHWJIA 3a HOMEPOM
BJIaCHUKa Ta HOTO CTpaxoBY KOMIIaHilO, CIHOBICTHIA
BIAMOBITHI OpraHK Ta CTPaxOBY, HAIIPAaBMIIA IIBUKY JI0
Micusl TpUToLy 1 Hajana JiKapio MEIU4YHY KapTKy
BJIACHMKA MalIMHH (BIPOTiTHOTO MOTEPIILIIOrO).

Cucrema Moxe OyTH IEpEOpi€HTOBAHO il
BUSBIIEHHSI B3aeMOiii meBHuUX 00’ekTiB. Ile crano €
MOJKJINBUM 3aBISKH inenTudikaTopam, SAKi
BCTAHOBJIOIOTHCS ISt 00’ €KTiB. Lleit BapiaHT 103BOINTH
IIBUJIKO ITPOAHANI3YBaTH BiJe0 3amHC i BHUSABHTH YH
00’€KTH, SKI HAC I[IKABHJIM B3a€MOIISIM MK COOO0 1
BCTaHOBUTH 11i MPOMIXKKH Ha BiJI€0.

JITEPATYPA

1. Crosswalk accidents [Enextponnuii pecypc] —
peXHUM  JOCTYIY: http://thompsonwedeking.com/
practice-areas/pedestrian-accidents/crosswalk-accidents
(mata 3BepHenns 31.10.2018). — Hazpa 3 expany.

2. YOLO9000 [EnextponHuii pecypc] — pexum

noctymy:  https://pjreddie.com/darknet/yolo  (mara
3BepHeHHs 31.10.2018). — HazBa 3 ekpany.

3. YOLO9000: Better, Faster, Stronger
[EnextponHuii  pecypc] —  pexuM  AOCTYIY:

https://pjreddie.com/media/files/papers/Y OLO9000.pdf
(nara 3Bepuenns 31.10.2018). — Hazpa 3 expany.

4. Tracking-Learning-Detection [Enextponnuit
pecype] — pexxum nmocrtymy: http://epubs.surrey.ac.uk/
713800/1/Kalal-PAMI-2011%281%29.pdf (nara (data

3BepHeHHS 31.10.2018). — Ha3Ba 3 expamny.
Peyenzenm: x.m.u., ooy. kag. ACOLY, KIII im. leops Cikopcvkozo
0./]1. @inocenos
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Cucmema ynpagiuinna 102ICIMUKOI0 HA OCHOBL
mooeni loT

T'onoBatenko Iins

KIII im. Iropst Cikopcpkoro
Kuis, Ykpaina
illyaholovatenko@gmail.com

Anomayia. B poGoTi 3anponoHOBAHO pillleHHS 1JIs
3MeHIlIeHHS 3aTPHMOK J0CTABKH BAHTAXKIB JOTiCTHYHUMH
KOMIIaHisSIMH 32 PAXYHOK CTBOPEHHSI CHCTEMH YNPaBJIiHHSA
Ha ©0a3i intepHery peueii (IoT). Ile nmo3BoIUTH
AeleHTPATI3yBaTH YNPABJiHHS JOTiCTHKOIO Ta 3MEHIINTH
BHTPATH HA [0CTABKY. APpXiTeKTypa 3ampomoHOBaHOL
CHCTEeMH [J03BOJIMTH OTPUMYBATH JAaHi y pexumi
peajbHOr0 4acy Ha Oyab-fiKiii cragii JoricTu4HOro
npouecy Ta BUKOPHCTOBYBATH iX /JIst (popMyBaHHsl OiIbII
NMPOAYKTHBHOI JIOTiCTHKH.

Knwuosi cnosa: nozicmuka, ceoeuacna oocmaska, IoT,
00°cKmu no2icmuyunoi cucmemu, minimizayis 36umxis.

Bcryn

3a [JaHUMH CTATUCTHKH, JIOTICTHYHI KOMIIAHii
BTpAyaloTh 3HA4YHY YaCTHHY CBOIX KOIUTIB caMme Bij
HECBO€YACHOI JocTaBKu BaHTaxy [1]. Jlo HecBoeuacHO1
JIOCTABKH TaKOX BIJIHOCHTHCS BTpaTa BaHTaXy IMPH
nepese3eHHi. HaciigkoM 11bOTo € IOBTOpHA BiZNpaBKa
BaHTaXy, 10 MPHU3BOAUTH J0 HE3AIJIAHOBAHMX BUTPAT.
HecBoeuacHa JOCTaBKa TaKOK CIPUYMHSE Ie i
IMiKeBi 30UTKH JIOTICTHYHUM KOMITaHIsM, 13 OTJIATY Ha
Te, IO piBeHb JOBipH KIi€HTa 3HAYHO TIajae i

BipOTiIHICTP MTOBTOPHOL criBmpari 3HAYHO
3MEHIIYEThCS.
Puc. 1 imocTpye, sKi NpoOJIEMH BUKIHMKAIOThH

HEBJOBOJICHHS KJIICHTIB JIONICTUYHUX KOMITaHIiM.

31%
Heelpna winexicte

2%

TIOWKOAXEHHR TOBAPY
™

e

6%

Uactiono wmamani gerani

4%
HECs0EUaNa ADCTABXA

Puc. 1. [IpoGnemu, 10 BUKIMKAIOTH HEBJIOBOJICHHS KITIEHTIB
JIOTICTHYHHMX KOMITaHii

Hafnnmwua yive I
CeoeuacHa goctaska [
Cxsanesi elgrykn kopuctyeavie D
Bigcnigroeysanna santaxy [N
Hatimenwmil uac gocrany [

Exonomin kowriz NN

Wangwuit murinit kontpons I
lapanria goctasku D

tHwe B9

BIACOTON ONUTaHMUK

Puc. 2. CratucTruHi AaHi onuTyBaHHS Kommanii Capgemini
Consulting

[Tucapenko Auapiii

KIII im. Iropst Cikopcekoro
KuiB, Ykpaina
andrew.pisarenko@gmail.com

OnutyBaHHs, TpoBeleHi Kommaniero Capgemini
Consulting y 2017 pomi, Ha Temy «lllo HaiibimbII
BaXXJTUBE JIJIs1 IEPEBI3HUKIB?» [2], TOBOPSTH PO TE, IO
77% ONMUTYBaHUX KOHIIEHTPYIOTh yBary Ha 3MEHILECHHI
BUTpaT Ha JOCTaBKy. Takox, 75% choemiaiicTiB y
JOTICTHIIl KaXyTh, IO HAMBAXIMBIIIE A HUX — L€
CBO€YACHA JJOCTaBKa BaHTaxy. [I0BHI cTaTHCTUYHI JaHi
HaBeJIeHi Ha puc. 2.

Mertoro poOOTH € 3MCHIICHHS 30UTKIB JIOTICTHYHIX
KOMIIaHIl Ha JOCTaBKYy BaHTaXiB, 32 PaXyHOK CHCTEMH
YIpaBJIiHHS JIOTiCTHKOIO, Ha ocHOBI 10T.

OrJI4/1 ICHYIOUMX PIIIEHD

Linbis Logistic — mpoayKT aMeprKaHCHKOI KOMMaHii
Linbis, 1m0 Hamgae TOBHMHA  KOHTPOJIb  Haj
iHBeHTapH3aliclo 3 Oyab-IKOI TOYKH CBITYy 4epes
cucremy ympaniinHs Warehouse Management (WMS).
3a JOMOMOror maHeJded IHCTPYMEHTIB KepyBaHHS
MOXKHa TIpUIIMaTH OOTPYHTOBaHI pIIICHHS, MalYH
MOBHY 1H(OpMAIIito PO MIKOBUI CE30H, MiKOBI TOIWHH,
PO3IOALT TOBApiB y KOXKHIHN obmacrti [3].

Logistic Software — mpoaykT iHIIHCBKOi KOMITaHii
Xapp Digital Solutions Hamae THy4YKi (QYHKII 78
JOTICTUYHHUX Ta Kyp'epchbkux BeO-caiftiB. I3 iforo
JIOTIOMOTOI0 MOXKHa KEpyBaTH JIOTICTUYHUM Oi3HECOM
yepe3 Intepuer. Logistic Software mnocraBiserscs 3

GYHKIISIMA ~ MUTTEBOTO  BiJICTEXKEeHHS. [ HYYKIiCTh
MPOrpaMHOro 3a0e3MeUeHHs JO3BOJISIE THTErpyBaTUCs 3
ICHYIOYMM JIOTICTHYHUM BeO-caliToM, MOOUIbHUMHU
mporpaMamu, Touio [4].

SuperProcure — mponaykr iHmIHCEKOI KOMITAHIT
Superprocure 7103BOJIsIE  AaBTOMAaTH3yBaTH POOOUMMA
nporec JIOTiCTHYHOT KOMIIaHii. [Mporpamue

3a0e3NeueHHs] aBTOMaTu3ye KII04YOBi Oi3Hec-mpoliecHy,
Taki SK: TPAaHCIOPTYBaHHS MOpPEM, KOTHPYBaHHs Ta
3aBEPIIESHHS] PO3MOAINY BiAmpaBieHb. SuperProcure
JIO3BOJISIE  ABTOMATHYHO KEPYBAaTH BiANPABICHHSIMH,
OTpUMYBaTH OOTPYHTOBAHY IliHY Ha MOCIYTH JIOTiCTUKH
[5].
OCHOBHA KOHLIEIL[ISI CUCTEMU

3amada, oo Oyme BHPINIYBATHCS, Ma€ TUHAMIYHHN
xapakrtep. Buxigaumu ganumu Oyne indopmanis, Korpa
HA/IXOJIUTH BiJI OKPEMHX 00 €KTIB JOTiICTUYHOT CHCTEMHU.
Pimennsm Oyne, mo-meprie, ONTHMAaIbHANW MapuIpyT,
IO MiHIMI3y€e 4Yac JOCTaBKH Ta, MO-IPyre, CHCTEMa,
nobynoBana Ha ocHoBi loT. Ils cucrema mporHosye
BUHUKHEHHS HETAaTHBHHUX (PaKTOpiB, KOTpi 3aBajiTh
CBOEYACHIN JTOCTABIll Ta TeHEPyE KEPYIOUYMHA BIIUB IS
ix HiBemoBaHHA. JloricTHKa PO3AUIAETHCS Ha JEKiTbKa
CKIAJ0BUX: BaHTaXl, OO0 €KTH, 10 JOCTaBISIOTH
BaHTaxI1 (BaHTaXiBKH, MOPCHKI CyJHA, JIITAKH, TIOTATH),
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MiCIls, KyOd BaHTaXi JOCTAaBISAIOTHCS (KiHLEBUI
CIIOXKMBa4, MPOMDKHUI CKJIaJ, MyHKT 3aBaHTa)KCHHs/
PO3BaHTaXEHHSI, TIOPTH, 3aJII3HUYHI BY3IIH).

Tlo3naurimo koxkeH 13 eneMeHTiB. OO6’€KTH, MO
JocTaBIsioTh BaHTaxi (B), wmicma, xymum BaHTaxi
nmocraBistotecst (MJ). Hapasi, cucremm kepyBaHHS
JIOTICTUKOI0 OTPUMYIOTH iHQOPMALI0 TPO CTaTycC
BaHTaxy Bix M/I. I1lo BinOyBaeThcsa Mixk okpemumu MJ]
i CHCTeMH He BimoOpakaioTb. Y pa3i BHHHKHEHHS
eKCTpeHoi cuTyanii Ha MapmpyTi [IB cuctema He Oyxae
BioOpaxkati 1o iHpopmaliiro i He Oyzxe reHepyBaTH
BIJITIOBIZTHOTO KEPYIOYOTO BILUTUBY, 3 METOI ONTHMi3aIlii
JOCTaBKU BaHTaXy.

VYBegemMo cucTeMy 3B’S3KIB Yy paMKax JaHoi
cUCTeMH: 3B 130K «/IB» — «M Iy, 3B’s130K «/IB» — «/IB»,
3B’5130K «MI» — «M]Jl», 38’5130k «Cuctema» — «MJI» Ta
3B’s130Kk «CHcreMay — «J/IB». Omumemo 11i 3B’ SI3KH.
Hanpuknan (puc. 3): BaHTaXiBKa OoTpHMana HaHi TPO
CTaH Ha Jgoporax (3aropw, amapii Ta iH.).
[IpoanamizyBaBmy I1i JAaHi, BaHTaXIiBKa cama MPHUIMaE
pilIeHHS PO 3MiHy MapuIpyTy Ha HOBHH, HaNpHKIAL,
ONTHMAJILHUH 32 BUTPATOIO NajuBa. [nHaMiuHa peaxiis
Ha 3MiHY 30BHIIIHBOIO CEPENOBHUIIA JO3BOJUTH
MIHIMI3yBaTH IpoOJIEeMy HECBOEYACHOCTI JIOCTaBKH

BaHTaXYy.
D

vor— vv-o
Puc. 3. [Ipukian AMHAMIYHOTO pearyBaHHS BaHTaXIBKH Ha
30BHIIIHI 3MiHU

QMQ

9‘*'\.—-»9

3MiHa MapuipyTy (QikcyeTbcs y CHCTEMi, IO
JI03BOJISIE  BiIOOpa3WTH OHOBJIEHI JlaHi B PEXHUMI
peansHOro uacy. Jns MJ] Takox crTae pocTymHa
iHpopmauis npo yac npudyrrs [IB. M/I, orpumasmu
iHpopMmauio npo npubyTTs ueprosoro JIB, mouunae
MpOIleC  aBTOMATHYHOTO BHMKOHAHHSA  BiATIOBIIHUX
ITyHKTIB aNTOPUTMY 00poOIeHHS BaHTaXYy.
ABTOMaTH30BaHi MPUCTPOI MOXKYTh MOYATH MPOLEC
300py HOBOTO BaHTaxy, A 3aBaHTaxeHHs JIB, um,
HaBMAaK{, MIJIrOTyBaTHUCA JO po3BaHTaxeHHs [IB i3
MOAAJBUINM 3aBAHTAXKCHHSIM.

Tak camo MJ] Moxe pearyBaTH Ha BigIOBiTHY
indpopmamiro Big JIB. Jlana indopmaris BimoOpakae
cran /IB Ta opienTtoBHHH wac mpubyTrTs Ha MJI, Ta
poOWTh 3amUT HAa BHUKOHAaHHS TIEBHUX [l 1O
PO3BaHTXKEHHIO UM 3aBaHTKEHHIO (pHC. 4).

Puc. 4. TIpukiaz B3aeMo/Ii1 BAHTaXKIBKH 1 CKIIay

MJ] TakoX MarTh MOXKIHMBICTE OOMIHIOBATHCS
inpopmamiero Mix coboro. Lle mo3BommTs GopmyBaTH
3aMUTH Ha Tepefady BaHTaxiB Mix Humu. Oxpemo

B3THH M/l Mae MOXJIMBICTb CaM MPOKJIAAaTH MapIpyT
B (puc. 5).

JIB 0OMiHIOIOTECS iH(GOPMAIIIE€I0 PO CUTYAIiI0 Ha
MapuipyTi ~ JUli  ONEpPaTUBHOTO  pearyBaHHSA 1

Puc. 5. Ilpuknazn B3aemoii Mixx M/J]

TCHEPYBaHHSI HOBOTO ONTUMAJILHOTO BIUIMBY Yy pasi
BUHUKHCHHS MCPECUIKOM, ﬂKi MOXYTb CYTTE€BO BIIJIMHYTH
Ha CBOEYACHICTh JIOCTABKU BaHTaxy (puc. 6).

e

SN Y

Puc. 6. [lpunuun obminy indopmariii mix /B

Taka ropu3oHTaNbHA, EIIEHTpANIi30BaHa CTPYKTYpa
HaJla€e psiji epesar, y NopiBHAHHI i3 BepTuKaibHOI0. [1o-
nepiie, eJeMEHTH CUCTEMH HE BHKOPHCTOBYIOTH OJIHY
TOUKy poctymy no indopmamii. He moTpibHO
MPOEKTYBAaTH CHCTEMY Ha OJHOMY €JIEMEHTI, KOTpHH
MOBUHEH BHUTPUMYBATH BEJINYE3HE HABAHTAXKCHHS.
MoxHa  KOXXKHOMY  €JIeMEHTy HajaTH  (QyHKIIi
TOJIOBHOTO, CYTTE€BO 3MEHIIMBINM HABaHTa)KCHHS Ha
cucteMy 1 miHy unpuabaHHs pecypciB. [lo-gpyre,
KO’)KHOMY €JIEMEHTY MO)KHAa HaJaTh JHle Ti QYHKIT,
KOTpl MOTPiOHI oMy /it e(pEeKTHBHOTO BHKOHAaHHS
CBO€ET po6OTH.

BuUCHOBKU

3anpornoHoBaHa CHUCTEMa JO3BOJIUTH BHPILIYBaTH
npo0JieMy HECBOEYACHOCTI JIOCTaBKM BaHTaXIB, IO
CYTTEBO 3MEHIINTH 30UTKH JIOTICTHIHUX KommaHii. [oT,
K (YHZaMEHT CHCTEMH, AacTh 3MOTY pearyBaTH Ha
(hopc-MaxopHi 00CTaBHHH Y pEXXKUMI peaTbHOTO Yacy Ta
JICLEHTPAIi3yBaTH YIPaBIiHHS 00’ €KTaMH JIOTiCTHKH.

JITEPATYPA

1. Derick Gregory. Logistics Customer Service
Strategy [Enextponnuii pecypc]. — Pexum noctymy:
https://slideplayer.com/slide/4664540/.

2. John Langley, Jr. The State of Logistics
Outsourcing [Enextponnwmii pecypc]. — Pexxum goctymy:
https://jda.com/-/media/jda/knowledge-center/thought-
leadership.

3. Linbis Inc. [Enextponnuii pecypc]. — Pexum
noctymy: https://www.capterra.com/p/ 161111/Linbis/.

4. Xapp Digital Solutions. Logistic-Software
[Enextponnuit  pecypc]. — Pexum  pmocrymy:
www.capterra.com/p/ 150277/Logistic-Software.

5. SuperProcure Inc. [Emexrponmmii pecypc]. —
Pexum JOCTYITY: https://www.capterra.com/p/
164589/SuperProcure/.
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Cucmema agmomamuyHo2o napKyeaHns

KrnimoB Onexcannp

KIII im. Irops Cikopcbkoro
Kuis, Ykpaina

typeSgg01d@gmail.com
Anomauia. 3anpononoeano apximexkmypy cucmemu
asmoMamuyHozo NapKyeanHs agmomoobinie 3

6UKOPUCIAHHAM MEXHON02IT I0KAIbHOZ0 RO3UYIOHYGAHHS MA
3acmocyeanuam nioxodie inmepHemy peuein 01s  300py
IHpopmayii ma KepysanHus enemeHmamu Cucmemu.

Kniouosi cnosa: cucmema nosuyionysanns, inmepuem peueii,
IoT, nomyscnicmo npuitHAmMO20 cuzHaAny, YUPPosi 6i0dumMKU

Bceryn
3 KOXXHAM POKOM KiJIbKICTh aBTOMOOLIIIB Ha JOpOrax
HACEJICHUX IIYHKTIB CTPIMKO 30UIBIIYETBCSA, TOMY
MUTaHHS TapKOBKM CTa€ Bce OUIBII MPOOJIEMHHM B
TPaHCIIOPTHIM cHUCTeMi BeNUKUX MicT. HespyuHicTh
KOPHUCTYBaHHS ICHYIOUMMH NMapKOBKaMHu Ta Hee(heKTHBHE
BUKOPDHCTaHHS HUMH IUIOII POOUTH TPOEKTYBaHHS

«PO3YMHHX» TMAapKOBOK HArajibHOK Ta aKTyaJbHOIO
3a1a4ero.
Meta pobotTm — TiABHOICHHA €(EKTHBHOCTI

MapKyBaJIbHUX MalaHYMKIB 332 PaXyHOK BIPOBAKEHHS
«PO3yMHUX) TEXHOJIOT1H Ha OCHOBI IHTEpHETY peyeii.

OTJIS/1 [TOJIIBHUX PILLIEHD

Cucrema ynpaBniHHA mapkyBaHHsM Dahua — me
HaBiramiifHa cucTema, sika po3po0JieHa JyIsl 3aBaHTaXKEHUX
i OaraTtopiBHEBUX NAapKiHTIB, Jie BOAIl 4acTO 3MYIIEHI
T3IMTH KOJaMH B MOINyKaxX BiIbHOTO Michsa. Cucrema
iHpOpMyBaHHS PO BUIBHI MiClsl HA MAPKOBIIl 3a0e3neuye
CYIpPOBIJ BOIIIB y peaqbHOMY Yaci, HAIPAaBJISIFOUH 1X 110
BUIBHHUX MICI[b 32 PIBHSIMH, 30HaMHU Ta cmyramu [1].

Cucrema ympapninas mnapkiarom AFAPARK, ska
JIO3BOJISIE BM3HAYaTH Ta CHUTHANI3YBaTH TIPO BiJIbHI
NapKyBalbHI Miclsl y peaJIbHOMY 4aci. Y CBOEMY apceHali
I cucreMa Mae iHpopManiiHi Tabno 3 Bimeo i ayxdio
iH(pOpMaIli€l0, MO J03BOJIAIOTH aBTOMOOLUIICTaM BUTBHO
pyXaTucs 1O MapKoBIi y HANPSAMKY BITBHHX Micib. [Ipn
B'i3M1 Ha MapKOBKy JAWHAMIYHUA JWCIUIEH TIOKa3ye
3arayibHy KiJIbKiCTh BIIBHHX MICIIb IJIsI TapKyBaHH [2].

ABromartu3oBaHa cuctema napkyBanHsa FidPark-CAR
MpU3HAYEHA ISl aBTOMAaTH3allil MIaTHUX 1 CIyXOOBUX
aBTocTosiHoK. Cucrema criemiamizoBaHa Uil HaJaHHS
pi3HMX TIOCHYr 3 OIUIATH 32 CTOSHKY, TaKHX SIK
nepeJioIiaTa, JeTo3uT, KBUTKH 3aX0/iB, a00HEMEHTH Ta
in. [3].

HenonixamMn HaBeIEHMX BUILE CHCTEM € BiJICYyTHICTh
KOMIUIEKCHOTO IJXOJy [0 YNpPaBIiHHS HapKiHraMH Ta
CIPSIMOBAHICTh Ha YaCTKOBE BJIOCKOHAJEHHS MpOLECY
MapKyBaHHA, IO HE JO3BOJISE CYTTEBO IIiJBHIIUTH
MPOITYCKHY 3JaTHICTh Ta 3pYYHICTH KOPHUCTYBaHHSI
MapKyBaJIbHIMU MaillaHINKaMH.

Baxmusoro pooIIEMOTO TUTST peaizarii

aemomooLie Ha 0a3l MexHOo1021i IHnmepHemy peden

[Mucapenko AHapii
KIII im. Iropst Cikopcbkoro
KuiB, Ykpaina
andrew.pisarenko@gmail.com

Onuc CUCTEMHU
B ocHOBI KoHUemmii, 110 NPONOHYEThCS B JaHii
po0orTi, € 3acTOCyBaHHS IepeBar MOJeIi IHTEPHETY pedei
IUIsL CTBOPEHHSI aBTOMATHYHOI NMApKyBAJIBHOI CHCTEMH 3
OC3IIOTHUM KEPyBaHHSAM aBTOMOOUIAMH Bifl TOYKH
B’i3My Ha TEPUTOpil0 MapKIHTY 10  BUIBHOTO
mapKyBaJxbHOTO Miciid (puc. 1).

Puc. 1. «Po3ymHa» nmapkoBka

«Po3ymHe» aBTO, MOYMHAOYM 3 MiICIsd MPUAOMY Ha
NapKyBaHHs, BKJIIOUAETHCS 10 CUCTEMHM fK II CKJIaJoBa.
Cucrema OTpUMY€E HOBHHI JIOCTYH JI0 aBTOMOOLIS yepe3
0e3mpoToBi  iHTepdeiicu: oTpumye iHpopMalio 3
JaT4YMKIB, HAIPABJI€ Kepylodi BIUIMBM Ha BUKOHaBUI
MPUCTPOI aBTOMOOLIS, MO MTO3BOJSE IJIOTYBaTH HOTO
cBOiM XomoM 0e3 BOIiS IO BUTBHOTO ITapKyBalbHOTO
MICIIA.

OcHOBHI eTany (yHKIIOHYBaHHS CHCTEMH 300pakeHi
Ha puc. 2.
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3alpPOIIOHOBAHOI ~ KOHIEIIi €  TOYHICTH CHCTEM
MO3UIIOHYBaHHs. [ 700aNbHI CHCTEMH TO3UIIOHYBaHHS
HEe HaJarTh MOTPIOHOT TOYHOCTI HaBITh Ha 30BHIIIHIX
HapKiHrax, a y WiJ3eMHUX — IO0XHOKa Oyae 3Ha4yHO
O1TBIIIOI0, B KPAIIOMY BHUITAJKY, a B TipIIOMY — CHTHAJI HE
Oyne moxomutu. Came TOMy IUIi TOHIOHMX BHITAIKiB
BapTO  BUKOPHUCTOBYBATH TaK 3BaHE  JIOKaJbHE
MO3HIIOHYBaHHS.

Bimpmicte MeTOAiB JIOKamizallii, BHKOPHCTOBYIOTH
MepTBi (cram) po3paxyHkd (DR) sk ocHOBHY cxemy
MO3WIIOHYBaHHS. Metonu, 3acHoBaHi Ha DR, 3amexats
Bil nmaHuXx 3 iHepmianbHux OnokiB (IMU), Takmx sk
aKCeJIEPOMETP, TIPOCKOIT Ta MATHITOMETP I O0YHCIICHHS
MO3HIIii, OpieHTaii Ta IIBUAKOCTI 00’ekTa [4].

[lepcrieKTHBHOIO € MiOXia, IO IPYHTYEThCS Ha
BuKopucTaHHi Bluetooth MasukiB, BCTaHOBIEHHX B
MEeBHUX TOYKax mpuminieHHs [5]. Li Masguku i3 3amaHOI0
MEPIOUIHICTIO BHPOOIIIOTh IMTHPOKOMOBHY PO3CHIKY,
mo MictuTh iH(opMarito, mo ix imeHTHDIKYE. CHcTeMa,
BCTAHOBJIICHA HAa  PYXOMOMY  OO0’€KTI  OTpHMYE
IICHTU(IKATOP KOXXKHOTO Masdka Ta BHUMIPIOE CHITY
curHany Bim Hboro. Jlam 3a igeHTHdiKaTOpOM 3 0a3u
JIAHUX OTPUMYE KOOPJAMHATH MasyKa Ta Ha OCHOBI CHJIM
CHTHAJy BM3HA4Ya€ BiJJIAJICHICTh BiJ KOXKHOTO 3 HHUX, IO
JIO3BOJISIE  BH3HAYUTH CBOE MICIE pO3TallyBaHHS.
Hai0inpln Ba)kJIMBOI YaCTHHOK MPOIECY JIOKATBLHOTO
MO3HIIIOHYBAaHHS € OOpOOJICHHS OTPUMAaHHX [aHHX Ta
po3paxyBaHHS KOOpDAHMHAT aBTOMOOINA. 3abe3mcucHHS
HEOOXiTHOT U KepyBaHHS aBTOMOOIJIEM TOYHOCTI MOXKE
OyTH JOCATHYTO IDISIXOM 3aCTOCYBaHHS allTOPUTMIB

ycepeaHeHHs, GinpTpalii Ta MporHo3yBaHHs.

BUCHOBKU

3acToCyBaHHS ~ «PO3YMHHX»  TEXHOJOTiH, 110
BUKOPHCTOBYIOTh MOJEJIb B3a€MOJIl IHTEpHETY pedel
IIO3BOJISIIOTH 3HAYHO I IBUIIIATH e(eKTHBHICTH
BUKOPUCTAaHHS TapKyBaJIbHHX Mai{JaHYUKIB y BEIHUKUX
I'YCTOHACENCHNX  MicTaX.  BIpOBa/uKeHHA  TaKHX
AaBTOMAaTHYHHX IAPKOBOK HE IOTpeOyBaTHME CKJIAJHHX
IIKEHepHUX pillleHb, NOB’SA3aHUX 31 cHenuiYHIMHA
MeXaHIYHUMHU KOHCTPYKIIIMU - aBTOMOOLIb
pyXaTHUMETbCs CBOIM XOJOM TEPUTOPIEI0 MapKiHTy [0
BIJIBHOTO MICISI, BEJICHMH «PO3YMHOIO» CHUCTEMOIO
MapKyBaHHSL.
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Cucmema npocno3yeanusa (PiHaHCcOBUX PUHKIG I3
BUKOPUCMAHHAM PEKYPEHMHUX HEeUPOMEPeHC

Kpageun IleTpo
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Anomauia. IIponoHyeThcs cUCTeMHMIA minxin 10 00podku
(¢akrTopiB mo BmIMBaWOTL Ha 3MiHM LiH KypciB akumii.
IIpononyeThest 3acTocyBaTH TPH OKpPeMHX MOAYJI s
aHali3y KiIbKICHHX JaHHX, couMepe:xk Ta ¢iHaHCOBHX
HoBHH. [Iliciis mnonepeaHboi 00pOOKHM, TIPONOHYEThCS
3aCTOCOBYBATH TEH30p, IMOKpalleHUH 3a /10NOMOIOI0
AJIrOpUTMY 3MeHIIeHHS po3MipHocCTi. IIpuBeneno
pe3yJbTaTH NMPOrHO3YBaHHs /151 BOX THUNIB Heiipomepex —
RNN Tta LSTM.

Knrwuosi cnosa: neiiponni mepesici, 00pooKa oanux, meH3op,
RPOZHO3Y6AHHA, MAUIUHHE HAGUAHHA.

Bcervn

AHaii3 pe3yIbTaTUBHOCTI 3aCTOCYBAaHHS TPaIULi HHIX
METOJiB IPOTHO3YBaHH: (D iHAHCOBHMX aKTUBIB, HATIPUKJIIA]T
aKIlif, oOJiraiiii, Ta BaJIFOTH, sIKi BUIBHO MPOJAIOTHCS 1
KyINylOTbCsl Ha OipkaX, MOKadye iX HEJOCTATHIO
eexTuBHICTh Uil 1MOTped cyuyacHoro pusky [1]. Ile
MIOB’5I3aHO 3 TUM, IIO CyYacHi TEXHOJIOTI] MPOTHO3YBaHHS
HE BPaXOBYIOTh KOMIIJIEKCHO KiJIbKICHI Ta SIKICHI (hakTOopH,
110 BIUIMBAIOTh HA 3MiHY KYpPCIB aKiliii, a00 BpaxoBYIOTb
X y BEeKTOPHOMY IIPEACTABIICHI, IO 0OMEXY€E MOXKIMBOCTI
(hopMyBaHHS iHPOPMATHBHOIO MACHBY BXITHHUX JaHUX.
Taki TexHOJOrii TNPOTHO3YBaHHS 3a3BMYAil MalOTh
TouHicTh 53-58% BipHOrO MPOTHO3Y, ane i€l TOYHOCTI
3amMajo Uil TOrO, I00 BHKOPHUCTOBYBAaTH iX SIK TOB-
HOI[IHHUHM IHCTPYMEHT JUIsl €KOHOMIYHOrO aHailizy Ta
nporHo3yBaHHs puHKY [2]. Ha kypcu akuiit Han3Bu4aitHo
CHJIbHO BIUIMBaIOTh Oe3niy Jpkepen iHdopmanii. [ani
MOXYTh OYTH IMOJIICHI HA KibKiCHI Ta skicHi. KimbkicHi
naHi (00'eMu PpUOYTKY, MOAATKH, IIPOTHO3 HA HACTYITHUMA
KBapTajd TOIIO), sIKi € OCHOBOK CyYaCHHX 3aco0iB
MPOTHO3YBaHHA, OJHAK HE MOXYTh MOBHICTIO TepenaTH
BCE  PpI3HOMAaHITTS  (PIHAHCOBHX  IIOKa3HUKIB 1
Ge3nocepeIHbO BiAA3EpKANTIOBATH OTOYHUI CTaH pedei
JUII KOMIIaHIM Ta HacTpoi iHBectopiB. SKkicHI maHi
MICTATBCSl Y TEKCTOBUX OIMCAX, CTATSIX, MOBIIOMIICHHSIX,
oo po3MimieHi y (IiHAHCOBHX MeJia Ta COIlabHUX
Mmepexax. Lli gaHi JOMOBHIOIOTH KiJBbKiCHI 1 (HOPMYIOTH
ORI KOPEKTHE YSBICHHS PO MOTOYHHUHA CTaH pedeH.

B naniit poGoTi AOCHIIKYETHCA OJUH 13 MOKINBUX
BapiaHTIB MiABUIIEHHS TOYHOCTI IPOTHO3Y TPEHTY KypCiB
aKiiifi 3a paxyHOK KOMIUIEKCHOTO BHKOPHCTAaHHS
KUTBKICHHX Ta SIKICHUX BXiTHHUX iHQOpMAIITHUX TaHHX.

ITOCTAHOBKA TTPOBJIEMU
B psini mocnimxkens [3] po3risgaeThes ABa MiIXOIH 10
NPOTHO3YBaHHA  KypCiB  akKWilfi 3 BHMKOPHCTaHHSIM
PEKYPEHTHUX HEHpOMepeX: IPOrHO3YBAaHHS YacOBOTO
psany  Oe3 ypaxyBaHHS  30BHIIIHIX (hakTOpiB Ta
MIPOTHO3YBaHHS 3 YpaxyBaHHSAM BEKTOPY  3OBHIIIHIX

IIpoxopos JImutpo
KIII im. I. Cikopcrpkoro
KuiB, Ykpaina

¢axropis.

[Tporno3yBaHHs 0e3 ypaxyBaHHS 30BHIIIHIX (haKTOPiB
SBJIsIE COOOI0 3BUYaiTHE MPOTHO3yBaHHS YacOBOT'O PAAY 32
nmoromororo Heiipomepexi LSTM. [lo mepeBar Takoro
MiZXOy MOXHA BiTHECTH MPOCTY peaji3allito, MIBHIIC
HaBYaHHS Ta BIICYTHICTH MOTpeOW 30MpaTH BEIHUYEC3HY
KUTBKICTh JOMOMDKHHX JaHHX. Bce mo Tpeba s
MIPOTHO3YBaHHS — JdaHI 9acoBoro psay. Jlo HemomikiB
MOKHa BiJJHSCTH HHU3bKY TOYHICTH IIPOTHO3YBaHHSI
(3a3Buuail He Oinpmre 54-56%) 1 BiACYTHICTH THYYKOI
peakiii Ha (IHAHCOBI TOIl, IO HIBEIIOE KOPHCTH
3aCTOCYBaHHS TAKOTO MiJXO/y y CydacCHOMY (piHaHCOBOMY
PHHKY, SIKUI KEPY€EThCS TTOMISMH.

IIporuo3yBaHHs i3 ypaxyBaHHSAM BEKTOPY 30BHIIIHIX
(axtopiB noeHye Habip GakTOpiB y BEKTOP, SKUIl oA~
€THCS Ha BXiJ HelpoMepexki. J[o mepesar Takoro miaxomy
MOXHAa BIJHECTH Te, IO BPaXOBYIOTHCA 3OBHIIIHI
¢dakTopm i € THy4YKa peakiis Ha mmomii Ta QiHaHCOBI
HOBHHHM, a TaKOX OIJIbIIy TOYHICTH IPOTHO3YBAHHS
mopiBHAHO 3 momepenHiM MetomoMm (57-59%). o
HEJIOJIIKiB MOKHA BITHECTH Te, [0 BEKTOP BXOJIB 3HATHO
PO3POCTAETECS, BTPAYalOThCsl KOHTEKCTHI 3B’S3KH MK
JoKepenamMu iHpopmarrii.

I[i mpoOiieMH HaHOTO TMMIAXOAY B OCTAaHHI POKH
BUKJIHKAJIM 3HAYHY KUIBKICTh HAyKOBHUX JOCJIIKCHB,
3arajbHa ifies SIKMX MoJiraja B TOMY, II00 HOETHATH
HaOip BIacTHUBOCTEH Pi3HUX JpKepelt iHpopMallii y eTuHni
BeKkTOp oO3Hak. OJHaK 1e MPU3BOJWIO A0 3POCTAHHS
PO3MipiB BEKTOpPA, IIOCTYIIOBOTO OCia0IeHHs ab0 BTpaTH
KOHTEKCTHUX 3B’53KiB MiX JDKepelaMu iH(popMaIrii.

BUPIILIEHHS TPOBJIEMU
[Ipobnemu pPO3TITHYTOTO MIAXOLY MOXKE BHPIIIUTH
TEH30pHA CTPYKTYypa JAaHUX, SKa JO3BOJISIE HE BTpadaTH ix
iHpOPMATHUBHICTh, JIETKO MAaHINyJIOBaTH HUMH Ta
BHUSBIIATA HOBi 3B’S3kHM MK HHUMH. CXeMy CHCTEMH
MPOTHO3yBaHHs Ha OCHOBI JIaHOTO AJITOPHUTMY HABEICHO
Ha puc.1.

KinbKicHi Couianshi || ginancosi | BXIA
AaHi Mmepexi HOBWHA
I 1| I
¥ ¥ v
Cratuct. Awanizatop | [Akanizatop Bnok
aHanisartop HacTpolo nopii obpobku
T — l
bnok bnok bnok Kopenauiira
CTATUCT. HacTpoiB noaiit MaTpKUs
Lorem ipsum
Bnox nepermopena Tensopy
o I
Y
LTSM
HeAPOMEpeRa
Buxin

Puc. 1. Cxema cucTeMH IPOTHO3yBaHHS
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Tenzop iHTerpye B cebe naHi 3 IEKUIBKOX JOKEpE,
TaKUX SK HOBUHM (iHaAHCOBOTrO cekropy B IHTepHeri,
HACTPOi 1HBECTOPIB 13 COINANbHUX MEpek Ta JesKi
KiTbKiCHI AaHi mpo akuii. Buxonsuu 3 1poro MoxHa
(ikcyBaTH BHYTPIIIHI 3B’A3KM Ta KOPEJAIil MiX
JDKeperaMH  JaHUX, a TaKoXX JIONOBHIOBATH X
MoudiKyBaTn AaHi 3a morpedoro. s mporo Moxe OyTH
BUKOPUCTAHO AITOPHTM 3MEHIICHHS PO3MIPHOCTI JaHUX,
mo OyB 3ampornoHOBaHUil B [4]. CucTeMa CKIamaeTses i3
MOJYJIiB, IO BiIOBiAAIOTH 3a 30ip, momepenHio 00pooOKy,
BUSIBJICHHS] KOPEJISLIN Ta IEpETBOPEHHS IKICHUX JTaHUX Y
KiTbKicHI Ta  Hedipomepexi. Heliponna Mepexa
HaBYaeTbes 3a Jonomoroto anroputmy BPTT [5].

MOJIEJTIOBAHHS

Po3pobiiena cucrema Oyna HaBYeHa Ta MPOTECTOBaHA
Ha JIBoX Ha0Oopax paHux — 8 nomyssipHux akuiit NASDAQ
Ta 5 TmOWyNsApHUX AaKIili TOHKOHIChKOi Oipxi [6].
KimpkicHi mani (I1iHa BiIKPUTTS, 3aKPUTTS, MiHIMAaJIbHA Ta
MaKCUMalbHa IiHA BIOPOAOBXK [IHS, Koe(illieHTH
BOJIATIJILHOCTI Ta 0a30Bi iHAeKcH) Oymu B3SATI 3 pecypcy
Wind [7]. O6po0Oka HOBHH Ta JaHWX 3 COIIAIbHIX MEPEK
Oyna mpoBeleHa y JochikeHi [8], 3a J0MOMOro
pecypcy Wind ta arperatopa Guba [9]. O6po0ka momiii Ta
TEKCTY HOBHH OmMHUCaHo y pociimkeHHi [10]. Otpumani
JaHi Oyiu moxineHi Ha 3 BUOIpKHM — HaBYaJbHY, TECTOBY
ta nepesipouny [11]. IIpu 06poOui BXigHKUX AaHUX Oyna
BCTAHOBJICHA MEXXa YYTJIMBOCTI JI0 3MiHU TpeHAY y 2%, a
TAaKOX  BIAKWHYTI [aHi 3MIHH Kypcy aKmii, sKi He
Binpi3HANaca Big ocHoBHHX iHACKCiB (Dow Jones Tta
S&P500) na Ginbme Hix 0.1%.

PE3VJILTATU MOJEJIOBAHHS
Jis omiHKH pe3ybTaTiB MPOTHO3YBaHHS, OyIeMO KO-
PHCTYBaTHCSI IBOMa METPHKAMH: BiJICOTKOM IPaBHIBHOTO
nporHo3y ta koediuieHToM Kopeisiii Metbo. binbuie

3HaueHHs koedinmieHTa MeTbl0 O3Hauae  Kpauui
pe3yJibTar.
Y Tabn. 1 mnpuBeACHO pe3yabTaTH IPOTHO3IB 3a

nonomoroto LSTM - Helipomepexi Ta Ipy BUKOPUCTaHHI
Ki1acuuHol Heiipomepexi RNN.

Taomums 1
Pe3ynbTaTi eKcriepuMeHTy
Bubipka 1 Bubipka 2
(NASDAQ (I'oHKOHT)
Metox Tounicmo K Tounicm K
b
LSTM + Bektop | 59.63% 0.168 59.52% 0.171
03HaK
LSTM (tinbku 54.67% 0.013 55.03% 0.08
YacoBHH psx)
LSTM + tenzop | 57.70% 0.103 57.53% 0.091
LSTM + 61.03% 0.189 60.81% 0.203
CKOpOYEHHMI
TEH30D
RNN (Tinbku 53.27% 0.01 54.18% 0.05
YacOBHH PsiN)
RNN + tensop 56.53% 0.093 56.02% 0.094
RNN + 59.63% 0.167 60.08% 0.173
CKOpOUeHMH
TEH30p

I3 pesynbrariB mporHosy, HaBelIeHHMX Yy TaOmuii,
MOXHA 3pOOMTH BHCHOBOK, IO pO3pO0JieHa cHCTeMa
JTO3BOJISIE MiABUITUTH TOYHICTh MPOrHO3yBaHHs Ha 1.13%
y TOpIBHSHHI 3 TPOTHO3YBAaHHSAM 13 ypaxyBaHHAM
€IMHOTO  BEKTOPY  O3HakK. Y  TIOpPIBHAHHI i3
MIPOTHO3YBaHHAM 0€3 ypaxyBaHHS 30BHIIIHIX (haKTOpiB
TOYHICTP HifBHUIIeHa HA 3.31%. TO4YHICTh IPOTHO3YBaHHSA
Ha piBHI 59-60% € 3HAYHUM HOKpAIIECHHSM y ITOPIBHAHHI
31 3BHYAHUM TIPOTHO3YBaHHSAM  4YacoOBOTO  PsIIy.
3acTocyBaHHA aNTOPUTMYy 3MCEHIICHHS PO3MIpPHOCTI
TEH30py MOKpaIIye TOYHICTh MPOrHo3yBaHHs Ha 1-1.3%,
IO TaKOX J00pe.

BHCHOBKU

ExcriepuMeHTanbHe  AOCIIKEHHsT  3allpOIIOHOBaHOT
CHCTEMH NPOTHO3YBAaHHS Ha OCHOBI TEH30PHOT'O IMiAXOAY
MoKa3ajo, M0 3alpOMOHOBAHMNA MigXiJ] JO3BOJISE
MiABUIIUTH TOYHICTh NPOTHO3yBaHHA (%) y MOPIBHSAHHI 3
MPOTHO3YBAaHHAM 13 ypaxyBaHHSIM €IWHOTO BEKTOPY
o3Hak. Kpim Toro, mocmimkeHns nokasano mo LSTM -
HEpOMEpEXi 3arajoM Kpalle CIpPaBILSIOTECS 13 Mpo-
THO3YBaHHAM Hik 3Bu4aitHi RNN Hefipomepexi.
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Cucmema KepyBamHsa 00POIHCHIM PYXOM 6 MiCmi
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Anomauia. Po3po0/1eHO CTPYKTYPY CMCTeMH KepyBaHHS

aopoxHiM  pyxom |y micti. Posrasinyro migcucremu
peecTpanii  10pPOKHBLOIO pPyxy, MeTeOMOHITOPIHTY,
KEepyBaHHS [OPOKHiM PyXOM, KepyBaHHsl 30BHillIHiM

ocBiTiIeHHsIM. OKpecJieHO 3aja4i, sIKi BOHH BUKOHYHOTb. A
TAKOK ONIMCAHO METOAHU CBIT/IO()OPHOTO pery/II0BaHHS.

Knrouogi cnoea: inmenekmyanbna mpancnopmna cucmema,
ACY 00posucHim pyxom, ceimnoghopue pezynosanus.

Bctyn

Ha panmit gac B CBITI iCHye roctpa mpoOiema
opraHisarii JOPOXHBOTO PYXy TPAHCIIOPTHHX 3aco0iB.
3amaui 30LTBIICHHS IIBHUAKOCTI pyXy B Mictax 3
npobiieMamMu Tpadiky, 3MEHIICHHS 4acy IepecyBaHHS,
3a0e3medeHHs OE3MeKH pyXy BUPIIIYIOTh IHTEIEKTYyalbHi
TPaHCIIOPTHI CUCTEMH.

InrenexryansHa TpancnoptHa cucrtema (ITC) — me
KOMILIEKC MPOrpaMHO-anapaTHUX 3aco0iB Ta
OpraHizalifHUX 3aXo[iB, W0 3a0€3MeYyIOTh CHUCTEMHY
IHTerpauito cyJacHux iHGopMauiiHuX 1 KOMyHIKaiHHIX
TEXHOJIOTiM 1 3ac00iB aBTOMATH3allii 3 TPAHCIOPTHOO
IHQPACTPYKTYPOIO, OpIEHTOBAHWH HAa  IIiABHIICHHS
Oe3mekn Ta eQEKTUBHOCTI TPAHCIIOPTHOTO IIPOIECY,
KOM(OPTHOCTI U BOAIIB i KOPHUCTYBaYiB TPAHCIIOPTY.
InTenexTyanbHi TPaHCHOPTHI cHUCTEMH 3a0e3MeuyloTh
KOMOIHOBaHE yTIPABIIiHHS 3 OTIOPOIO HAa CTATHUCTHUYHI JaHi
Ta iH(pOpMaIIito, 0 OTPHUMYETHCS B peabHOMY 4aci [ 1, 2].

Po3ninsitoTh cucTeMu KepyBaHHS JIOPOXKHIM PyXOM B
MICTI Ta CUCTEMH KEpYBaHHs PyXOM Ha aBTOMAricTpassix,
OCKIJIbKHM 33/1a4i Ta METO/IM 1X BUPIILICHHS BiJIPi3HAIOTHCS.

CHUCTEMA KEPYBAHHS JJOPOXHIM PYXOM Y MICTI
Cucrema KepyBaHHA JOPOXKHIM pPyXOM Yy MICTi
BKITIOYA€ PSII MiJCUCTEM, SKi BUKOHYIOTH MEBHI (YHKIIi

(puc. 1) [3].

[Mizcucrema  peecrpamii  JAOPOXKHBOTO  PYyXy
CKJIQIA€THCS 3 BiJICOKAaMEpH, JIETEKTOpa TPAHCHOPTHOTO
MOTOKY, OJIOKy IMHaMiYHOTO 3BaXXyBaHHS, OJIOKY
KEepyBaHHS, a TakoX OJIOKIB, IO 3a0e3NeuyloTh
(hyHKIIOHYBaHHS CUCTEMH (nmepenauy JaHUX,

E€HEPrOKMBIIEHHST TOm0). BoHa Hamae B omepariitHuit
LHEHTP 10 KOHTPOJIO 3a JAaHOK JIISHKOK JOPOTH
iHQopMaIif0 TMpPO  IHTEHCHBHICTh PYXY, CEpPEIHIO
mBHAKICTE 1MOTOKY, JTII, mpoOkw, cTaH IOPOKHBOTO
MOKPUTTA. 3aBHaHHS, SKi BUPINIyE CHUCTEMa peecTparii
JIOPO’KHBOTO PYXY: PO3Ii3HABAHHS JIePKaBHIUX HOMEPHHUX
3HaKiB TPAHCHOPTHUX 3aco0iB; ¢dorodikcamis
TpaHCIIOPTHUX 3aco0iB; (¢ikcauis mnopymens I1IP;
(ikcauiss NOpyIIEHb MIBUAKICHOTO PEXHUMY; BU3HAYCHHS
3arajlbHOrO 1 IIOOCHOTO HAaBAaHTAXEHHsS TPAHCIIOPTHUX
3aco0iB.

Mereocrtannis 30upae iHQOpMAIiI0O TPO TOTOIHI
YMOBH Ta CTaH JIOPOXKHBOTO TOKPHUTTI. MeTeocTaHil

HonnHa BikTop
KIII im. Iropst Cikopcbkoro
KuiB, Ykpaina
v_79@gmail.com

MIepioMYHO MepeAatoTh iHPOPMAIIIIO PO MOTO/HI YMOBU
B BUIIIAI TekcToBoro abo XML daitry B onepauiliHuii
uentp ta ACY nopoxuim pyxom. ITorogna indopmanis
MOX€E BIUIMHYTM Ha BBEACHHS IEBHHUX MIBUAKICHUX
00MeXeHb, a TAKOXK Ha 3aIyCK CHenu(piuHUX KepyHUYHx
CIICHapiiB.

BUKOPHCTOBYIOYHN aHANITHKY B peajbHOMY Yaci JaHUX
3 IIMX JDKEepel 1 MOB'A3YI0YH iX 3 NeSKUMH TeHICHLIsAMH,
3'SBJISETHCS MOXKIIMBICTD YIPABIATH HOTOKOM Tpadiky.

[lincucrema ~ ympaBImiHHS —~ OOPOXKHIM — PyXOM
CKJIaJa€ThCs 3 CBITIIOPOPIB, 3HAKIB 3MIHHOI iHpOpMAIIii,
EJIEKTPOHHHX TabJI0, OJIOKY KepyBaHHS a TaKoX OJIOKIB,
110 3a0e3MmeuyoTh (QYHKI[IOHYBaHHS CHCTECMH.

Lon

Po3nopineHa MepwasHi,

mixkkapoaHi B

iHtbopmauinHa cuctema

PaionHuiz

UEeHTP

4
Nigeucrema
YOPERAIHHSI
P A0DOHHIM DYXOM

Migcrcrema
peecTpaLi >
L0 POKHLOMO PYXy

MNigcucrema
YNPABNIHHA
308HILLHIM

OCBITABHHAM

Puc. 1. CtpykTypHa cxema CUCTEMHU KepyBaHHS
JIOPO’KHIM PYyXOM B MiCTi

MereocTaHuiA

3Haku 3MiHHOI iH(pOpMamii Ta eJIeKTPOHHI Tabyio €
3acobamu iHGOPMYBAaHHS YYacCHUKIB JOPOKHBOTO PYXY
PO CHUTYAIIiI0 Ha Jopo3i. [Hpopmartis Ha HUX mepeaaeThes
3 OIEPAIITHOTO HEHTPY 1 € pe3yIbTaToOM 00pPOOKH TaHHX,
o0 HAagXOAATh 3 TIJCHUCTEM BiAEOCIIOCTEPEKEHHS 1
METEOCTAaHIIIH.

3Haku 3MiHHOI iH(OpMamii Npu3Ha4eHi Uil BUJadl
BOJIisIM 00OB'SI3KOBOi 200 pexoMeHJoBaHOl iHdopmarii
PO OpraHizamilo  pyxy: IOK&XYUK  MIBHAKOCTI,
MIPOBEJCHHS PEMOHTHUX pOOIT Ha NPODKIKIA YacTHHI,
3MiHM B opradizauii pyxy (B TOMy 4YHCIi IIPO 4acCTKOBE
TIEPEKPUTTS JIOPir, epexpecTb, 3'31iB).

Enextponni tabmo iHpopMyIOTH Tpo: 300i B pyci
(3atopax, JITII, 3ynmuHKax TpaHCIIOPTHUX 3acO0iB depes
MOJIOMKH);  OOMEXeHHs pyxy (mpu  TNpoBeIeHHI
CHEIIJIbHAX  3aXOJiB TPaBOOXOPOHHHUMH OpraHaMH,
CaHKI[IOHOBAHUX MAaCOBHX 3aX0Jax TOIIO); MPOBEIACHHS
poOIT Ha MPODKIKIA YaCTHHI; MapmIpyTH 00'i3ay MicIh
CKYITYEHHSI TPAHCIOPTY; OOMEKEHHS IIBUIKOCTI PYXY,
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CTaH  JIOPOXKHBOTO  IIOKPUTTS B
METEOPOJIOTIYHOIO CUTYAIII€IO0.

3Haku 3MiHHOI iH(poOpMamii Ta eneKTpoHHI TabIo
JIOLIJIBHO 3aCTOCOBYBATH Ha JJOPOTaX BUXOJSUH 3 NOTPeO
MEBHOI TUISTHKH.

[lincucremMa ympaBiIiHHA 30BHIIIHIM  OCBITICHHAM
CKIIaJaeThCsl 3 JAaTYUKIB OCBITICHOCTi, JIETEKTOpPiB
MIIIOXOMiB, JHIM OCBITICHHS IOPOTH Ta OCBITIICHHS
MIIIOX1IHOT 30HU.

3B’SI3Ky 3

KEPYBAHHS CBITJIO®OPAMU

CaiTiiopopHE peryinoBaHHS TPAHCIIOPTHUX MOTOKIB —
OJIHA 13 CKJIQJIOBHX YaCTHH 3aJiadyi KepyBaHHS JOPOKHIM
PYXOM Y MiCTi.

Konmenmis  aBromatu4Horo  cmiTiodopa  Oyma
3anpornonoBana B 1928 pori. Y mepiox 3 1928 no 1930-i
POKM BHHAXITHHUKH 3alpONOHYBAJIM Pi3HI KOHCTPYKIIT
JETEeKTOPiB  THUCKY, IO  BHU3HAYAIOTh  HASBHICTB
aBToMOOLTIB Ha mepexpecti. Y 1952 poui B JleHBepi
BCTAHOBWJIM THEPUIMI aHaJOrOBUM KOHTpoOJEp, SAKUM
JIO3BOJIMB 00'€THATH KUIbKA PO3PIZHEHMX MEPEXpPecTh B
€IMHY KEpoBaHy MEpEeXy 1 IepeMHKaTH 3a37ajerilb
pO3paxoBaHi IJIAHK KOOPIUHAII B 3aJICKHOCTI BiJ Yacy
nobu 1 guiB  TwkHA. [lomiOHI cucTeMH aKTHBHO
BUKOPHCTOBYBAJIU TTapaMeTp 3CYBY, BKIIIOYAIOUYH 3€ICHUN
HE BiJpa3y Ha BCIX MEpeXpecTsix, a 31 3MILIEHHSIM, IO
3aJeXarh BiJl BiICTaHI MDX IEPEXPECTSIMHU 1 MapameTpiB
TPaHCIIOPTY.

Y 70-Ti poku cTamy 3'ABIATHCS CUCTEMH YIPABIiHHSA,
AKi TOENHYBalM  TepeBarn  (iKCOBaHUX  IIJIAHIB
KOOpAWHAIII IJIT MEpeXi 1 aJanTUBHOTO YIIPaBIiHHS,
KOJIW «PO3YMHHI» CBITIO(QOp caM perymoe IMKI i
TPUBAJIICTh 3€JIEHUX CUTHaIIB. TakoX po3BHBAIUCA 1
MOBHICTIO aJanTHBHI aJITOPUTMHU YIIPaBIiHHA. 3apa3
PI3HMIL B €(DEKTUBHOCTI YIPABIiHHSI MIX «UyTIMBUMI 1
aJaNTUBHUMHU CHCTEMaMHM IPAaKTUYHO cTepiacs [4].

B nanumit yac BemyThCsl pO3POOKH IHTENEKTYaIbHUX
CBITIIOPOpiB, sKI 3MOrJIM O TOBHICTIO CaMOCTIHHO
NpuiiMaTH PIlIeHHS! PO BKIIOYEHHS (200 BHUKIIIOUCHHS)
TOTO YM IHIIOTO CBITIO(Opa HA MEPEXPECTi OMUPAIOYUCH
Ha iHQoOpMaIifo Mpo 3aBaHTAKEHICTH AOPIr, MPO dac
MPOCTOI0 MAllMH Ha TEPeXpecTi, a TaKoX CTaTUCTUYHI

JlaHl PO 3aBaHTAKEHICTh JOPOTH B NEBHUII Yac 100H, B
neBHud neHb TwkHA. 11[o0 cBoewacHo pearyBaT Ha
MOCTIHHO MIHJIUBY JIOPOXKHIO CHTYAIlil0, IHTEJIEKTyalbHi
CBITIIO(GOpPH TOBHHHI MaTH MOXJIMBICTh HaBuyaHHs. JlJis
OUX IiJIeil HaHOLTBIT MiAXOMAMIAM BapiaHTOM PIIICHHA €
3aCTOCYBaHHSA IITYYHOI HEHPOHHOI Mepexi, Mo Mae
MOXJIMBICTh CAMOHABUYaHHA [5, 6].

BUCHOBKU
B pobGoti po3pobieHo CTPYKTypHY CXeMy CHCTEMHU
KepyBaHHS JOPOKHIM pPYXOM B MICTi BHXOAIYH 3
PO3BUTKY Cy4aCHUX TEXHOJIOT1H. Po3risiHyTo mifcucremu
1 3aBIaHHS, SKIi BOHU BHPILIYIOTH. TakoX PO3IIISTHYTO
ICTOpil0  PO3BUTKY CBITNIODOPHOTO pEryJIIOBaHHS Ta
MIOCTABJICHO CyYacHi 3a1adi, siki Tpeba BUPIIIyBaTH.

JIITEPATYPA
1. UHremnekTyanbHble TPAHCIOPTHBIE CUCTEMBI
[Enextponnuii  pecypc] —  Pexum JOCTYIY:
http://www.gisexpert.org/node/37  (mata  3BepHEHHSA
01.10.2018).

2. Ywmubi Tpaduk [EnextponHuii pecypc] — Pexxum
JOCTYITY: https://iot.ru/wiki/umnyy-trafik (mata
3BepHeHHs 01.10.2018).

3. ACYJ: Yto BucuT Hag moporoii? [EnexTpoHHUI
pecype]. — 2011. — Pexxum moctymy: https://habr.com/
post/124249/ (nata 3Bepuenns 01.10.2018).

4. ACYIJ: Oomoouus «yMHBIX» CBETO(HOPOB
[Enextponnuii pecypc]. — 2011. — Pexum mocrymy:
https://habr.com/post/125282/ (mata 3BEpHEHHS
01.10.2018).

5. Traffic Signal Timing Manual [EnexrpoHHUi
pecypce] // United States Department of Transportation -
Federal Highway Administration. — 2017. — Pexum

JOCTYITY: https://ops.fhwa.dot.gov/publications/
thwahop08024/chapter6.htm (mata 3BEPHEHHS
01.10.2018).

6. Tumodeera O. II. IlpoexTHpoBaHHE HHTEIN-
JIEKTYaJIbHOM CHCTEMBI YIIpaBiIeHHA CBeTodopamMH Ha
ocHoBe HeiWponHod ceru / O. Il. Tumodeena, E. M.
Mansimesa, 0. B. Cokonoa. // CoBpemeHHbIE
mpoOIeMBl HayKu 1 o0pazoBaHus. — 2014, — Ne6.
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Pobomu3szoeanuii komniexc moukogozo
00poonenna zepoiyuoamu
CL1bCbKO20CN00apPCbKUX Y2i0b

BbiinnikoB borman
KIII im. Iropst Cikopcbkoro
KuiB, Ykpaina
bodyad4ka@gmail.com

Anomauia.  Poszenamymo  npobdnemy  pobdomusauii
CibCbKO20 20Cn00apcmea ma 3anponoHo6ano iv eupiuienus 3
GUKOPUCIAHHAM DPOOOMU306AH020 KOMNIEKCY 00pOONIEeHHs
oyp’anie zepoiyuoamu. Onucano GUKOPUCMAHHA CUCHEMU
PO3NIZHAGAHHA 00pPA3ie, 3a60AKU AKI POOOM BI0OKpEMIIOE
Oyp’aAHU 610 Kynbmyp.

Knwuoei  cnosa:  pobom,  posniznasanns  oopasie,
CiIbCbKO20CN00apCHKi y2ioosn, MAHINYIAMOoPp.
BcTtyn
CinbChKOTOCHIONApChKE BHPOOHUITBO — Ba)ITHBa

CKJIaJIoBa €KOHOMIKM KOKHOT KpaiHu. Ha cboronHimiHii
JIcHb B YKpaiHi BIPOBa/PKEHO HE TaK 0araTto Cy4acHUX
TEXHIYHHUX pillieHb, JUTS 3a0e3neueHHs
CLIBCHKOTOCTIONAPChKHX 3amau. depMepu, B OCHOBHOMY,
MPAIIOIOTh CAMOCTIHHO a00 HaWMarOTh POOITHHUKIB IS
JOTIIsAMY 3a pocirHaMu. EQeKTHBHICTh pydHOT 200 HaBITH
MeXaHi30BaHOI Tpali HEBHCOKa, OCKUIBKM IIe 3aiimMae
Oarato wacy Ta 3ycmwib. [lo TOro ok JOTIAA  3a
CLTBCHKOTOCIIOIAPCEKAMHU  YTIIAMU BKIIFOYAae poOOTy 3
JNeSKUMH ~ XIMIKaTaMH, [0 HETaTUBHO BIUTUBAE Ha
3[IOPOB’SI JIFOIMHU.

OrJIs1/] ITOAIBHUX PIIIEHD
Sk BizoMO, a30THI JOOpUBA BHIUISIOTH 3aKHC a30Ty
N,O, 1m0 HEeraTMBHO BIUIMBA€ Ha €KOJOTII0 1 MOXe
MOMIKOJNTH POCIIMHM: TIOKOBTIHHS JIMCTS, PyWHYBaHHS
MeMOpaHu ab0 yIoBUIBHEHHS 3pocTaHHA. B mepiry uepry,

IIncapenko AHIpii
KIII im. Irops Cikopcbkoro
KuiB, Ykpaina
andrew.pisarenko@gmail.com

o0 3ano0irTM HeraTHMBHOMY BIUIMBY 3aKHCY a30Ty Ha
pOCTHHM TOTPIOHO BW3HAYMTH HOrO0 KUIBKICTE. B
CepeIHbOMY TaKWi TecT 3aiiMae 27 TomuwH, ajle poOOT
kommanii Adigo, Moxe me 3poOuTH 32 OOHY TOIWHY.

AmapaT oOIlycKae amioMiHi€BI OJOKM Ha 3eMIi0 i
MIPOBOJIUTH aHAaMi3 IpyHTY [1].
Po6or Ladybird [2] OyB chopoekroBaHmii i

NoOYIOBaHUH CIIENialbHO JUIsi OBOYEBOT MPOMHUCIOBOCTI.
Joro BHKOPHCTOBYIOTh /ISl CIIOCTEPEKEHHS 32 (hepMOIO i
CKJIQJIaHHS TEXHOJIOTIYHUX KapT. Ha HbOMy BCTaHOBIICHO
U PSIT TATYUKIB 1 COHTYHUX TAHEJCH, SIKi J03BOJISIOTh
PpOOOTOBI WIOAOO0BO CTEXKHUTH 32 POCTOM POCIHH 1
MTOSIBOIO IIKIAHUKIB. Y MBOTO PoOOTa TaKOXK € MEXaHIIHA
pYyKa, fKa J03BOJISE BUAAISITH 3 TIOJISL OYp'SHH.

Y  MaapuiacbKkoMy — yHIBEPCHTETI  pO3poOiieHHN
chepuunuit podot [3] mia 300py iHGopMarii mpo craH
IpyHTY 1 mociBiB. [IpuHIMT IepecyBaHHS poOoTa HaraIye
MPOTYJISIHKOBY ~ KYJIIO —  BCEPEAMHI  3HAXOIUTHCS
MasTHAKOBHM MeEXaHi3M, 3JaTHUN pyXaTHUCS B JIBOX
HE3aJIeKHUX HANpsMKaXx [0 KOMaH/iI eJIeKTPOHHOT
cucTeMu KepyBaHHs. KOHCTpyKIisi 03BoJisie poOOTY He
TUIKM KOTHTHCS TO TpsMid, ane 1 3nilicHIoBaTH
noBopoTH. PoboT-kos060k ocHamennii GPS-tpexepom i
UIAM PsiIOM  JAaTYKMKIB, 3aBISKHA SIKHM BiH 30upae
iHpOpMaIlio PO 3I0POB'S MOCIBIB, CKJIAJ] IPYHTY, HOTO
TEMIIePaTypy i BOJIOTICTb.

CepBep

(" IHTepHeT )

A
APM onepaTopa

Puc. 1. CtpykTypHa cxema cUCTeMHI
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Onuc CUCTEMU

Konerpykuiss podoTta BimoOpaxkeHa Ha CTPYKTYpHid
cxemi (puc. 1). Ines nonsirae y Tomy, mo podoT MiCTUTB
TiTBKE Habip HEOOXIAHWX MJATYMKIB Ta BHUKOHABUMX
MpUCTPOiB, a mpomec  oOpoOieHHS  iHpOpMamii
BiIOyBa€THCS Ha cepBeEpi.

CoHstuHi maHesi, 0 pO3TaIIOBaHi Ha BEPXHii YacTHHI
poboTa, IepeTBOPIOIOTH COHSYHY €HEPTii0 Ha eJICKTPUIHY
Ta 3apAIKAIOTh AKYMYJIISITODP UL POOOTH POOOTY.

3aBasikun  Monymo GPS  poGor opieHTyeThes Ha
MICIICBOCTi, IO BHKOPHCTOBYETHCS JUIS OOMEKCHHS
obJacTi mepeMillleHHs] pO3MipaMH 3eMeJIbHOT JTUITHKH.

Po0OOT 4OTHPHOXKOIICHUI, a TOMYy Ma€ 10 OJHOMY
CJIEKTPOJIBUI'YHY JUIsi KOXKHOTO Kojeca. Y KepyBaHHI
JBUTYHAMH peaji3oBaHa MOXJIMBICT peBepCy Jyis
MOJKJIMBOCTI ITOBEPTAaHHSA poOOTa.

3apmsaku MoxynsM WiFi/3G/4G poGoT miakmodeHnit
JI0 CHCTEMH, OOMIHIOETBCSI 3 CEPBEPOM TAaHUMH.

CeHcopHa ITaHENb BCTAHOBIICHA /TS 0€3M10CEPETHHOTO
KepyBaHHS pPOOOTOM, HANpPUKIAA, IIPH BUHHWKHCHHI
npoOJIeM i3 mepeaycio JaHuX yepe3 Mepexy [HTepHeT.

PoGoT Mae paTuuky, IO BUMIPIOIOTH TEMIEparypy,
THUCK Ta piBeHb piauHu y Oaky. IHdopmauis 3 HuX
HOTpaIyIsie 10 MIKpOKOHTposepa. SIKmio temmeparypa y
0aky Jocsirae KpUTHYHOI BiZIMITKH, a00 PiBeHb PIIUHU Y
0aky Maiuii, ab0 THCK MEPEeBUILYIO 3aaHy BEIUYHHY, TO
poOoT npHunMHse pobOTY Ta ine y CreliadbHO NPU3HAYCHY
oyxmismo. [Ipu mpomy mo APM omepatopa HagxoauTh
CHOBIIICHHS PO MIEBHY Po0IeMy.

3aBIsSIKM BiZICOKaMepi CUCTEMa MOXKE aHalli3yBaTH Ta
pO3Mi3HaBaTH HEKYJIbTYpHI POCIMHHM, IO 3aBaXKaroTh
pocty KyneTyp. Po0OoT Biampasisie naHi 3 BiteokaMepu Ha
cepBep, A€ BiAOYBa€ThCsI PO3MI3HABAHHSI: YH € POCIHHA
KyIbTypoto 4u Hi. Ha cepBepi 30epiratoTbcs JaHi 1O
KyJIbTYpPHHM POCJIMHAM 1 TIepe]] THM, SIK pOOOT MOYHE
NpaloBaTH, BAOHPAETHCSI PEXKUM pOOOTH, TOOTO sIKi came
pociuHU BiH Oyae 00po0iaTu. SKII0 pocanHa BUSIBHIIACS
Oyp’stHOM, TOOTO He BIZNOBIAE OOpPAHOMY pEXUMY,

PpOoOOT 3aBASKH BCTAHOBJICHUM MaHIMYJIATOPaM 3 COIUIAMH
00po0bsie Oyp’siH repOiuIamMu.

VY 3anpornoHOBaHOMY pOOOTI POJIb MaHIIyJISATOPIB
OyayThb BUKOHYBATH JABa IPUCTPOI, IO PYyXalOThCSI y 3-
BHMIPHOMY TIPOCTOpi aBTOMATHYHO Ta [0 SKUX
i’ €THAHO TUIAHTH I TOJadi piAWHHU. 32 JOTIOMOTOIO
BCTAaHOBJICHWX Ha  MAaHIMYJIATOpaXx comex  poOoT
po30pI3Kye TepOiuan Ha BU3HAYCHI CHCTEMOIO POCITHHH

(puc. 2).

Puc. 2. Maninymsitop 3 i’ €JHAHUM HLTAHTOM

BUCHOBKU

Po3pobiieHnii  poOOTH30BaHHA KOMILICKC 3HAYHO
CIIPOLIY€e IMpoLec IOTTLAY 3a BPOXKAeM: 3MEHIIYe uac,
BUTpaueHui Ha oOpoOKy yriap Bin Oyp’sHIB, 3MEHIIYe
KUIBKICTh BHTPA4€HHX TepOiluIiB, HAHOCSYU MEHIILY
LIKOAY HABKOJHIIHBOMY CEPEJOBHILY Ta HE BHUMarae
MOCTIHHOT MPUCYTHOCTI JIFOAMHU Ha
CIIBCBKOTOCHIOAAPCHKHX TTOJISIX.

JIITEPATYPA

1. Field Flux Robot Adigo AS [EnekrponHwmii pecypc]
— Pexxum poctymy: https://www.adigo.no/portfolio/field-
flux-robot-2 (mata 3BepHeHHs 25.08.2018).

2. Ladybird | Robohub [Enexrponuuii pecypc]. —
Pexxum  moctymy:  https://robohub.org/robots-ladybird/
(mata 3BepHeHHs 25.08.2018).

3. Rosphere spherical robot could be rolling up for
work to monitor and tend crops [Enexkrpounuii pecypc] —
Pexum moctymy: https://newatlas.com/rosphere-spherical-
robot/28142/ (nara 3Bepuenns 25.08.2018).
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Cucmemu 10Ka1bHO20 ROZUUIOHYBAHHA 01
YRPAGIIHHA MPAHCNOPMHUMU 3ACO0AMU HA
2IPCbKOMY NIONPUEMCHIBI

Pementok JIMutpo

KIII im. Irops Cikopcpkoro
KuiB, Ykpaina
remenuk.dima@gmail.com

Anomayia. BuxiageHo 1npodjeMy  HeMOMKJIHUBOCTI
BUKOPHCTAHHA TIJIO0AJBHUX HaBiramiiiHux cucrem s
BUPilIeHHS 33124 BU3HAYEHHSI Miclle3HAXO/:KeHHS 00’ €KTIB
BCepeIMHi TyHeJiB, WIaXT, NpuUMilleHb TOomo. Po3risinyTo
TeXHOJIOrii JIOKAJIBHOT 0 NMO3UIIOHYBAHHS I
NMPOEKTYBAHHSI CHCTEMH YNPABJiHHA TPAHCHOPTHUMU
3ac00aMu HA TiPpHUYOMY MiINPHEMCTBI.

Knrouosi cnosa: nokanbHe NO3UUIOHYBAHHA, GU3HAYEHHS

Micus  pO3MAWIYBAHHA 6  PEHCUMI  PeanbHOoz0  Hacy,
paodionoxayiiini  mexnonozii,  zipHuwe  RIONPUEMCMIEO,
8I0CM €dCEHHA Ma MOHIMOPUHL.
BcTvin

Mnu IO THS CTHKAEMOCS 3 ri00aaLHUMH
HaBIramiiHUMHM cucreMaMu, Takumu, sk GPS a6o
GLONASS. PobOora mmx cucteM 3a0e3MedyeThes
CcIieniabHUMHU CYIYTHUKaMH, BHUBEICHUMH Ha

reocTaioHapHy opOiTy, 1 MPUB'SI3aHUMH IO TIEBHOT TOUKH
B TJI00aNbHIN cucTteMi koopauHaT. MoOOLIBHI NPUCTPOT,
HaIpUKJaJ, HaBiraTop, OTPUMYIOTb CUTHAJ CYIyTHHKA 1
BU3HAYAIOTh CBOE MICIIE PO3TAIlyBaHHS B MPUB'S3IL 10
reorpadiuHUX KOOPJMHAT HA OCHOBI 3aBAHTAKCHUX Y
HpUCTpiii KapT MicueBocTi. TouHicTh poOOTH TI00aTEHIX
HaBITalllfHUX CHCTEM JOCTAaTHS B MacliTabax micra abo
KpaiHu, Xxo4Ja Mmoxuoka Mosxxe pocsratu 10-15 MeTpis.

3 iHmoro OOKy, 3a JOMOMOTOI0 TJOOATBPHUX CHUCTEM

Honuaa BikTop

KIII im. Iropst CikopcpKoro
Kuis, Ykpaina
v_79@gmail.com

NPaKTHYHO HEMOXXJIMBO BHU3HAYUTH TOYHE Micle
pO3TallyBaHHS BCEPEIUHI MPHUMIIICHHS, 3ali300€TOHHOT
OyniBii, B migBayi abo y TyHeJi, HA TOYHICTh CHUTHAIY
MOXYTb BIUIMBAaTH MAacCHUBHa XMapHICTh, MarHiTHi Oypi i
iHIII TOiOHI (paKTOPH.

[Mux HemoikiB T030aBIIEHI CHUCTEMa JIOKAIBHOTO
MO3ULIOHYBaHHS, iX IepeBark CTal0Th OYEBUIHUMHU B pasi
HEOOXITHOCTI MOOYZOBM CHCTEM JIOKalii Ta 3B'S3KYy B
Me)Kax MEBHUX TePUTOPIiH 1 MPUMIIICHb.

Taki cucremMM 37aTHI  BUpIIIYBaTH  3aBIaHHS
BU3HAYCHHS MICIIS pO3TAIIYBaHHS JIFOJCH, TEXHIKHU, IHIITNX
¢bi3nuHuX 00'eKTiB HE B MacmTabax KpaiHu, a B MeXax
KOHKPETHOI TepuTopii abo BcepenuHi Oy/IiBIli 3 BUCOKOIO
TOYHICTIO.

TEXHOJIOI'Ti JIOKAJIBHOT'O TIO3UIIIOHYBAHHSA
Texnomorii JIOKAJIBHOTO MO3UI[IOHYBaAHHS
MOUIAIOTHCS Ha Taki rpyn [1-3]:
— pamiooKamiiHi TEXHOJIOTII;
— TEXHOJIOTI1 iHePIiaIbHOTO TTO3UI[IOHYBAHHS;
—  TeXHOJIOril, 3aCHOBaHI Ha 3MiHI MAarHiTHOI'O

—  OINTHYHI TEXHOJOTII;
—  yJIBTPa3BYKOBI TEXHOJIOTII.

Tabmmms 1
PanionokauiitHi TexHOMOTT
TexHoJiorist Hiana3zou 3oHa Tounicth IlepeBarn Hepouikn
pobouunx OXOIJICHHS
4acToT
UWB 3-10 T Jo 40 m Jo0 0,1 m Bucokuit  piBeHp  3aBajocriiikocti, | Manuit paniyc i, CKIIagHa
BHCOKa Oe3reka iH(ppacTpyKTypa
Wi-Fi 2,4 1T, Jlo 100 m Ho5wm [upoke po3noBCIOKEHHS Henocratus TOYHICTb,
(IEEE 5T 3aBaHTaXXEHICTh edipy
802.11a/g/n)
WiMax 2-66 I'Tu | o 5 kM Jlo 50 m HapniitnicTs, BHCOKa npomnyckHa | Jlopore obaHaHHS Ta
3JIaTHICTh 00CITyrOBYBaHHS
MiWi 2,4T1Tn J1o 300 m JHo3m TucdpyBanHs MOBiTOMIEHD, MATpUMKa | Hu3bka IMIBHAKICTH Nepenadi JaHUX,
mesh-Mepex, peer-to-peer TomoJjoriid, | gopore 00CITyrOBYBaHHS,
HU3bKa BapTiCTh 00J1aIHAHHS MIPOIpi€TaApHA TEXHOJIOT s
ZigBee 868 Mru, | Jlo 300 m Ho2wMm IMigrpumye pisni  Tomororii, BuGip | Hu3bka mBHAKiCTE mepenadi JaHUX
(IEEE 802.15.4) 915 MI'n, AITOPUTMY MapLIPYTU3aLil, MPOCTOTa
2,4 1T, PO3rOpTaHHs, HU3bKHI piBeHB
6T CIIO)KMBaHHs eHepril
NFER 30 MI'g o 70 m Jolwm Migxomute 1 3actocyBaHHs B | Hu3bka e(eKTHBHICTH aHTEHH, IO
MIPUMIIICHHSX 31 CKJIQTHOIO TEOMETPI€I0 | BUMarae€ 30LMbIICHHS MOTYXHOCTI
mepegaBada i BeAe O  BEIMKHX
rabapuTiB i Ba3i MiTOK
NanoLOC 241Th 10 900 m Jolwm PoGora B HenineH30BaHUX Jiama3oHax | OOMeXeHHs 3a KiJbKICTIO IIPUCTPOIB B
(IEEE 802.15.4a) pH noTyxHocTi 10 100 MBT, CTifiKicTh | CerMeHTi, IpomnpieTapHa TEeXHOJIOTis
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O 30BHIMIHUX MEPEIIKOA, BEITUKHI
BHOIp TOTOBOTO TIPOrpaMHOTO
3a0e3neyeHHs
DECT 1900 J10 200 m HdoSw™m He nmorpebye minensyBanus, He | Hu3bka mIBHIKiCTb mepenati JaHHHX
MI't norpedye crHeLiaJbHOro
00CITyroByBaHHS, POCTOTA
PO3ropTaHHs
GSM 800 MI', | o ximekox | JIo 50 m MOXIHBICTh BUKOPHUCTaHHs icHyro4ol | JlileH30BaHW  Jiama3oH  4acToT,
900 MI'y, | mecsATKiB KM iHdpacTpykTypH CTIIPHUKOBHX | HH3bKa TOYHICTh MO3HLIOHYBAaHHS
1850- oIepaTopiB.
3800
MI'n,
2,6 1T
Bluetooth 241T Jo 150 m HoS5wm Bucokuit  piBeHp  3aBajoctiiikocTi, | HeMOXIHMBICTh OCSTHEHHS BUCOKOI
(IEEE 802.15.1) BHCOKAa Oe3meKka, HU3bKUH pIBEHb | TOYHOCTI BHM3HAYCHHS Micus
CIIO’KMBAHHS €HEPTii, HU3bKa BAPTICTh | PO3TAIIYBAHHS
00J1aIHasIHHS, KOMIAKTHICTh MOJIYJIIB

Haii0inpmioro rpymoro, II0 BKIOYaEe B cebe Kibka
niarpym, € panionokariiina TEXHOJIOTII.
PanionokaiiiiHOI0 Ha3UBAETLCS Ta TEXHOJIOTIS, B AKIH 1JIs
BU3HAYEHHS Mmicus po3TanryBaHHS 00'exTiB
BUKOPUCTOBYIOTBbCs ~ pamiocurHamu  [1].  OcHoBHi
XapaKTepUCTHKH, TIepeBard Ta HEOOJIKH  Pi3HUX
panionoKamiiHUX TEXHOJIOTiH HaBeleHO B Ta0uI. 1.

YIPABJIIHHSA TPAHCITOPTHUMU 3ACOBAMU HA
T'TPCBKOMY ITIANPUEMCTBI

InrerpoBani MiTKM BOYIOBYIOTBCS B  ICHYyIOUE
obnasnanHs. [lepcoHanbHi Tery BUAAIOTHCS MPalliBHUKAM
Kap’epy, maxTu. TpaHCTIOPTHI MiTKH BCTAHOBITIOKOTHCS Ha
TPaHCIIOPTHUX 3ac00ax. ba3oBi cTaHIiT BCTAaHOBIIIOIOTHCS
B KJIFOYOBHUX MICIISIX JIJIs 3a0€311eYeHHsI [IOBHOTO MTOKPUTTS
Tepurtopii mianpuemcrsa (puc. 1).
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Puc. 1. CTyKTypHa CcXeMa CUCTEMH JIOKAJIBHOT'O HOSI/IHiOHyBaHHﬂ

IudpacTpykrypa cucremu 3maTHa HE TUIBKH B
peanbHOMY Macita0i qacy BU3HAUaTH
MICIIC3HAXO/DKCHHS ~ MOOITbHUX  00'€KTiB  (TEXHIKH,
MepcoHany), a W 3a0e3meynuTd OOMiH KOOPIUHATHOK 1
ciyx00Bor0 iHpoOpMaIiero MK 3aco0aMH CHCTEMH i

MOOUIEHUMH 00'€KTaMH.

BUCHOBKU

B poboTi poO3rIAHYTO TEXHONOTii JIOKAIBHOTO
Mo3uIioHyBaHHsA. [IpoBemeHO aHai3 paxioNoOKamiHHUX
TEXHOJIOTiH. 3amnponoHOBaHO CTPYKTYpY HOOYIOBH
CHCTEMHU JIOKAIBHOTO MO3WI[IOHYBaHHS Ha TipHUYOMY
MIANPUEMCTBI, SKYy MOXXHa BHKODHCTOBYBAaTH IS
MOJAJBUIOTO  TPOEKTYBaHHS  CHCTEMH  YIPaBIiHHS
TPaHCIIOPTHUMHM 3aC00aMH Ha TIPHUYOMY MiAPUEMCTBI.

JIITEPATYPA
1. TexHONOIMM JIOKAJBHOTO ITO3MIMOHHPOBAHMSI.
Yacte | [Enextponnuii pecypc]. — 2016. — Pexum

JIOCTYIIY: https://habr.com/company/rtl-service/
blog/281837/ (nata 3BepHenns 01.10.2018).

2. TexHOJIOrMH JIOKAJIBHOTO ITO3HMIMOHHPOBAHMSI.
Yacte II [Enexktponnmii pecypc]. — 2016. — Pexum
JIOCTYIIY: https://habr.com/company/rtl-service/
blog/282357/ (nara 3Bepuenns 01.10.2018).

3. OsumnHMKOB C. TexHOJIOTMH JIOKAJIBHOTO
nosunuonupoBanust /  Cepreit  OBYMHHHMKOB.  //
Texnonoruu u cpeactsa cBsa3u. —2014. — Ne3. — C. 26-30.
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Mexanizmu 00pomvoOU 3 KONIZIiAMU NPU
BUKOPUCMAHHI MEXHOJ102Ii padiouacmomuoi
i0oenmudpikauii

Kuputok Aprem
KIII im. Irops Cikopcekoro
KuiB, Ykpaina
artemkirilyuk96@gmail.com

Anomauia. Pagiouacrorna inentudikauisi — 6e31poToBa
TeXHOJIOrisl 3B’fI3Ky, sIKa J[03BoJisi€ 30uUpaTH JaHi Ta
inenTndgikyBatu Oyab-sikMii 00’€KT 3a  [10IIOMOIOI0
cneniagbHol MiTku. Kouisii, siki BHHHKaI0TB npoTAroM
JAHOT0 NpoLecy MOXKYTh INPH3BECTH 10 Pi3HOMaHITHUX
npodjeM, cepel SIKHX 3aBHMIIEHA KidbKicTh iTepauiii i
MOPOKHIX CJOTIB, a TAKOK CKJIAAHI o0uyucaeHHs. B nanii
poboTti aHami3yl0Thcsl OCHOBHI MexaHi3Mu OopoTe0OH 3
KOJIi3iIMH, PO3KPHUBAIOTHCS iX epeBaru Ta HeJAo0JIiKH.

Knwuoei  cnosa:  padiouacmnommua
paodiouacmomnui mezu, 6opomvoa 3 Koniziamu.

idenmudpixayis,

BcTtyn

PagiowactoTHe po3mi3HABaHHS 3MIHCHIOETBCSA 32
JIOTIOMOT'0I0 3aKPIIUICHUX 3a 00'€KTOM YilTOBAHHUX MITOK,
110 MICTATh ieHTUdiKaniiHy Ta iHy iHpopMmarito. s
YUTAHHS TETiB HEOOXIAHWH CHeIlaibHUM 3YUTYBad.
3untyBauy  BignpaBisic  Oe3MEpPepBHY  palioyacTOTHY
XBUJIIO, 1 SIK TUIBKM TEr BXOIUTh B 00JIACTh [ialmasoHy
XBHJI1, JaHI MOXKYTb 3UYMTYBATHCS 3 HHOT'O, HE BPAXOBYIOUH
MOJIMBUX TOMWJIOK IIijJ 4ac Koii3ii. PamiodacTrorHa
XBWIIL JIO3BOJISIE 3YUTYBaTH TET, HABITh SKIO MIiX
3YUTYBAYEM 1 MiTKOIO € TICPEIIKOIH.

Komizii BHHUKaIOTh, KOJM 3YATYyBad HAMAaraeTbCs
OJTHOYACHO TPOYUTATU imeHTH(DIKamiiHI OITH AEKITBKOX
teriB. lle BigOyBaeThCsi, KOMM B OO0JACTh Jiama3oHy
34UTyBa4Ya BXOAMTH Oijblie oJHOro Tera. biTu 3 pizHUX
TETiB TEPEeMINIyIOThCS, THM CaMHM pOOISYM  JaHi
HeunTaOeNbHUMU JIs 34nTyBava. TakuM YHHOM 34UNTYBaY
abo B3arajyi NpPUNUHSIE BHKOHAHHA, ab0 3MyIIeHHH
MEepPEeIHTEPIPETOBYBATH TETH, 10 MPU3BOAUTH O BTPATH
IIBHJIKOCTI 1 O17IBIIIOTO €HEPTOCIIOKUBAHHS.

3unTyBa4 po3yMie, IO CTaNach KOJIi3is, ajle He MOXKe
BUpIINTH ii caM 1o cobi. SIk mokaszano Ha puc. 1, 1Ba Tera,

TagB

Collision

Puc. 1. [lpukmnazg komisii

Honuna BixTop
KIII im. Iropst CikopcrpKoro
Kuis, Ykpaina
v_79@gmail.com

sKi OynM TPOYHTaHI ONHOYACHO, BUKIIMKAIOTH KOII3ifo,
Tak AK OiTH Ha JpyroMy 1 YeTBEPTOMY MICIIIX
BIAPI3HSIIOTBCSL OOMH Bix oxaHoro. lle He mo3Bose
3YUTYBAYEBi PO3PI3HATH TETH | BUKIIOYAE MOXIIUBICTH 1X
00pOoOKH OKpEMO.

ALOHA AJITrOPUTMU J1JI51 BOPOTBBH 3 KOMIBLIMU

Anroputmu, 3acHoBaHI Ha ALOHA, xepyroTh yacom
JOCTYITy MIXK TeraMu 1 3untyBadamu. Yac, BUIiIeHUH Tery
IUTSL TOCTYTTY A0 3YMTYyBaya, € BHIIQJKOBO 3TCHEPOBAHUM,
IO JI03BOJISIE 3MEHIIMTH KUIBKICTH  KOJI3il  mpu
OTHOYACHOMY 34YHTYBaHHI TETiB B OHIN YaCTOTI.

[lpu BusBNEeHHI KONi3li TErn IOBHHHI 3ayeKaTh
MIEBHUHA Yac, SKUH QOpPMYeEThCS BUIIAIKOBO, IICIS YOTO
3HOBY MOBTOPHO BiAmpaBUTH CBOI maHi. Takuii miaxin
MOJKE BUPIIIUTH JIesTKi KOH(QITIKTH, aje BUPIIICHHS BCIX HE
rapaHTyeTbesi. YuM OiIbIia KijbKiCTh KOH(DIIIKTHHX TET1B,
TUM MeHIa e()eKTUBHICTh JAaHOTO allTOPUTMY, TaK K 3
YacoOM HAaKONHMYYEThCS 3HA4YHA KUIBKICTh KOJI3iH, IO
MIPU3BOINTS JI0 TIEPEBAaHTAKCHHS MEPEXKi, 1 BiIIOBITHO 110
BTpaTH IaKeTIB 200 MOBHOTO OJIOKYBAHHS HOBHX BXIJIHHX
JAHUX.

Buninstors HacTynHi peamizanii ALOHA: ductuit
ALOHA, slotted ALOHA i DFSA [1].

Frame sots

Good throughput

Bad throughput

Frame slots
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Puc. 2. Slotted ALOHA

Slotted ALOHA Haifuacrilie BHKOPHUCTOBYETHCS B
CUTyallisIX, KOJHM OYIKyeEThCS HEBEJIMKA KUIBKICTb
koHutikTHHX TeriB(10-20 mrt.). KojkeH Ter 3Hae mpo Te,
o0 cTajach KoOJi3if, 1 HOMYy BHIIQAKOBHM YHHOM
TIPU3HAYAETHCS BKa3iBKa MTOBTOPUTH crpody
BCTAaHOBJICHHA ineHTUdikamii. Sk BumHO 3 pHC. 2,
AIITOPUTM JIEMOHCTPY€E XOPOLIi Pe3yIIbTaTH.

OcuoBHa BigMinHIicTs MK ynctiM ALOHA 1 DFSA
nojsirae B Tomy, mo DFSA edektuBHime ineHTndikye
Terd 3aBASKM CBOIM 34aTHOCTI JMHAMIYHO KOPHUIYBaTH
JNOBXHUHY  Kalupy, 3a0e3meuyroud  OUTBII  BHCOKY
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npornyckny 3aatHicts. IIpu mpomy, DFSA moxe Oytu
CKJIQJIHO  pealli3yBaTH, OCKUIbKM JIOBKHHA  KaJpy
3aJIeKHUTh BiJ] KUIBKOCTI KOH(IIKTHUX TEriB, sIKi Ba)KKO
OLIIHUTH 3a3]aJIerifb.

AJITOPUTMU HA OCHOBI JIEPEBA

AJNTOPUTMH Ha OCHOBI JiepeBa [yl BU3HAYCHHS
KOH(ITIKTIB BUKOPHCTOBYIOTh KoayBaHHs Mandectep [2].
KosxHe 3unTyBaHHs 0iTa MaHYECTEPCHKHM KO/IYBAaHHSIM,
PO3IUIAETRCS Ha IBa PIBHUX YacOBUX iHTEpBaiH. BiT 3i
3HAYCHHSAM | Ma€e BHCOKHII iMITyJIbC B IIEPIIOMY iHTEpBai
i HI3BKUH y apyromy. BiT 3i 3HaueHHsM 0 — HaBOAKW,
HU3bKHH B TIEPIIOMY iHTEpBali i BUCOKHHA B APYrOMY.
Kommn 3umryBad oTpuMye OiT-CHTHal 3 BHCOKHM
IMIIYJIbCOM K B MEPIIOMY, TaK i B IPyroMy iHTepBaiax,
BiH po3ymie, mo sk 1, tak i 0 Oynu BianpasieHi B
OJTHAKOBOMY TIOJIOXKEHHI. SIKmo OiTH BiJpi3HAIOTHCS
oaHUM abo0 JeKiTbKOMa 1HAEKCaMH, BOHH MMO3HAYAIOTHCS
SIK KOJTi31#HI 6iTi. Bei 0iTH, sIKi HE € KOMi31HHUMH, MaIOTh
OJTHAKOBE 3HA4YEHHsI U BCiX MpoYnTaHux TeriB. Ha puc.
3 mokaszaHi JBa Terw, sIKi 3YUTYIOTHCS MaHYECTEPCHKUM
KOAyBaHHsIM. YeTBepTHH 1 cbOMUIA OIT 31MiBa Pi3HATHCA
TIpH 3YUTYBaHHI 1, 0TKe, € KOHPIIKTHUMH OiTaMu.

T
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Puc. 3. KogyBauust Mandecrep

OcHOBHA ifes aJNrOpUTMIiB HA OCHOBI JepeBa —
mepedpaTi BCi MOXIIMBI iNeHTU(IKAIIHI HOMepH 3a
JIOTIOMOTOI0 JIepeBa. 3UNTyBad BIANIPABIILE 3alUT HA BCI
Terd. JSIKmo BUSABICHI KOHQUIKTH, BiH o0wmpae
Halicrapmuii OiT i KTk ixeHTH]IKaiifHI HOMEpH Ha JIBi
niaMHoxkuHM. OnHa nigMHOXKMHA MicTuth Tern 3 0
nosuiiieto Oira, a iHma - teru 3 1. [Ticns 1poro 3unTyBay
00po0Iisie KOXXKHY MiJMHOXHHY 1 BiJIpaBiisie 3alUT Ha
TErd JJIsl TIOUIYKY ileHTHU(IKalifHOro HoMepa TUIbKH B
TOMY BHIIQJIKY, SIKIIO BiH Ma€ Ti % OiTH, 110 1 MiAMHOXHIHA

B ycix Oirax Buile, 1 BKIoYyae B ce0Oe MO3MLII0
koH(uikTHOTO OiTa. Hanpukman, sikmo apyruit crapuiuid
0iT BUSBUBCS KOH(JIIKTHUM, a CTapIIMid OIT AOpiBHIOE 1,
3YUTyBa4 CIIOYATKy 3pOOWTH 3amuT O BCIX TEriB 3
imeHTHdiKkariiianM HoMepoM 3 | Ha cTapmomy 6iti i 0 Ha
apyromy OiTi, 1 SK TUIBKH TerW iICHTHUQIKYETHCS, BiH
BHKOHA€ TOW >Ke 3amuT, aje 3 1 3amicTh 0 Ha CBOeEMy
apyromy OitTi. Skmo koH(uikTHHX OiTiB  OimbIre,
3YHTYBad MOBTOPIOE aJITOPUTM PEKYPCHUBHO, IOKU HE
OynyThb imeHtu¢ixkoBani Bci Term. Ha puc. 4 Tterm 3
nomepamu 0111, 1011, 1110 i 0110 imenTHdiKyIOTHCS 3
BUKOPHCTAaHHSM JepeBa.
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Puc. 4. JlepeBo KOH(IIKTIB

BUCHOBKU

B po6oTi BUKOHAHO OINIA Ta NMPOBEICHO KOPOTKHH
aHali3 OCHOBHUX JITOPUTMIB 00pOTHEOH 3 KomiziaMu. Taki
AITOPUTMU  MalOTh BHCOKY IIHHICTH B CHCTEMax
JIOKQJILHOTO MOHITOPUHTY Ta BiAcTe:xeHHs 00'ekTiB. Ha
OCHOBI ITPOBEJICHOTO aHaJli3y MOXKHAa 3pOOUTH BHCHOBKH,
IO iJI€JILHOTO arOPUTMY HE ICHYE, a JJIs TOCATHEHHS
MaKCHMaJIbHOT €(EeKTUBHOCTI MNOTPIOHO Ui  KOXKHOT
KOHKPETHOI CHTyalil peTeNbHO MiIOUpaTH OKpeMHiH
aIroput™ abo po3pOoOIIATH CBild.

JITEPATYPA

1. TexHONOTMM pPagMOYACTOTHOH WIACHTH()HKALINH.
Yacte 1 [Enextponnuit pecypc]. — 2015. — Pexum
noctymy: https://habr.com/company/blog/311614/ (nmata
3BepHeHHs 01.11.2018).

2. TexHONOrMH paIUOYaCTOTHOW HICHTHU(PHUKAIIH.
Yacte II [Enextponnumit pecypc]. — 2015. — Pexum
noctymy: https://habr.com/company/blog/312614/ (nara
3BepHeHHs 01.11.2018).
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AHaniz 0sxcepen anomepHamueHo2o
CHEeP2OHCUBICHHA 011 MENAUUHUX
2ocnooapcme

3Bipsika Bitamiit
KIII im. Iropst Cikopcrkoro
Kuis, Ykpaina
vitazua@gmail.com

Anomayia. ONUCAHO NEPCHEKTUBU PO3BUTKY TeNJIMYHUX

rocnogapcTs. Po3risinyro TexHoJIOrii BHKOpPHCTAHHS
COHSIYHOI Ta BIiTpPsAHOI eHeprii Qs no0ya0BH cHCTEM
aJlbTePHATHBHOTO  eHepromocrauyanus. IIpeacrasieHo

ridOpuaHy cucTeMy eHepPronocTaYaHHs.

Knrouosi cnosa: mennuune 20cnooapcmeo, yYnpaeiiHHA
MIKpoKimamom, anvmepHamueHi Oxcepena
eNIeKMPOnoCmavanta, COHAUHI eneKmpocmanyii, eimpani
enexmpocmanuyii.

Bcryn
PociuHHMITBO — TIpOBiAHA Traly3b CUIBCHKOTO
rocrnojapcrsa YKpaiHHM, Ha YacTKy SKOTO JIOBOJIUTHCS
70,3% B CTPYKTypi BaJOBOi MPOIYKIi CUILCHKOTO
roCIoJapcTBa.

3a 2015 pik B Ykpaini Oyno BupoOIeHO Maibke 482
THC. TOHH OBOYIB 3aKpUTOTO IPYHTY, 3 HUX 114 THC. TOH
CLTBCHKOTOCIIOIAPCEKIMHU BUPOOHUKAMH i 368 THC. TOH
NPUBATHUMHU TOCHOAAPCTBAMHU. 3a JaHMUMHU Ha | ciuHA
2016 poky B YKpaiHi 3arajbpHa IDIOMIA il TEIUTHIYHAMUA
KOMIUTIeKcamMu ctaHoBmia — 4,5 tuc. ra [1].

KiimaTununi YMOBH VYkpainu JI03BOJISIIOTH
BUPOLIYBaTH OBOYI Ha BIJKPUTOMY IpPyHTI juiie 4-6
MICSILIB , X04a Taka MPOJYKIis KOPUCTYETHCS MOIHUTOM
cepell MOKYIILIB NPOTSATOM YChbOTO POKY. TakuM YUHOM,
MOXHA NPHUIYCTUTH MOJAjblle 30UIBLICHHS IUIOLI,
3alHATHX TEIUIMYHUMH FOCIIOAapPCTBAMHU.

Temmni  mpencTaBisioTh 0000
HAaWCKIAJHININX, KAIiTaIOMICTKHX 1

OIHYy 3
TPYJIOMICTKHX

¥

DomoenexmpuiHe
none

Jonuna Biktop
KIII im. Irops Cikopcekoro
KuiB, Ykpaina
v_79@gmail.com

rajgyseil CiUIbCHbKOrO TOCHOAAPCTBA, 110 (PYHKIIOHYIOTH
LUTHHA PiK.

Tak camM0 BapTO BiJ3HAYMTH, IO BHUPOLIYBAHHSI
KyJIbTYp TPaJMLIiHHO NOB'i3aHE 3 BUCOKUMH BHUTPaTaMu
Ha CHEPropecypcH, a YacTKa EHEPropecypciB y CTPYKTypi
cobiBaprocti Moxe fgocsratu 60-70%.

Bei mi  ¢aktopw, a TakoX BHCOKHH piBEHb
KOHKYpEHIii, poOJsTh rasy3b BKpail MpHUBAOIMBOIO IS
BIPOBA/DKEHHSI  €HEproe()eKTHBHUX  TEXHOJIOTIH  Ta
IHHOBAILIIH.

CHUCTEMA ABTOMATUYHOT'O YIIPABJITHHS
MIKPOKJIIMATOM B TEINIMYHUX 'OCIIOAAPCTBAX
CyuacHi TexHONOrii BHpOILIYBaHHS BHMAararmTh

MOCTIMHOT MIATPUMKH MEBHUX PEKUMIB MIKPOKIIMATy B
rerummnsax.  CucremMa  aBTOMaTHYHOTO  YIPaBIiHHS
MIKPOKJIIMATOM TIPU3HAYCHA MJIsl IIATPUMKA 331aHol
TeMIepaTypu 1 BOJOIrOCTI MOBITPS B  TEIUIMII,
TEeMIlepaTypu 1 BoJOrocti B cyOCTpari, KOHIEHTpaii
nBookucy Byriento (CO;), pexuMiB ONPOMIHEHHS Ta
PeKMMY XapyyBaHHS pOCIMH, a TaKOX YIpaBIiHHS
IHITUMHK napaMeTpamy. IlinTpuMKa 3aaHux mapaMmeTpiB
3a0e3neuyeTbcss NUITXOM AaBTOMATHYHOTO YIPABIIHHS
MOTY>KHICTIO CHCTEM 00irpiBy, TTOJIOXKCHHSIM
BEHTWIAIMIMHNX (QpaMyr, BUKOHABYMMH MeXaHi3MaMH
CHCTEeMH J>KHBJICHHS, CHCTEMH IUTYYHOTO OCBITJICHHS,
onpoMiHeHHs, KoHIeHTpamii CO; 1 iHIHMM iHXEHEPHIM
0o0JIaTHAHHAM.

Cnomxueay

smsmposHepall 7w l‘ ey

pesepey

‘ ‘ Bnox

TRYMYSRMOD
Hux Gamspa

Enexmposepena

Puc. 1. Cxema ribpuaHOi CHCTEMH eIEKTPONOCTaYaHHS
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Bapto Bim3HauMTH, IO OKPIM  3a0MIAJKCHHS CJIEKTPONIOCTaYaHHs  0co0NMMBO  e(eKTHBHI s
CHEPropecypciB, TaKOXK  aKTyalbHOK €  3ajada  I[UJI0J000OBOrO aBTOHOMHOTO eneKTpomocradanHs. Lli
3a0e3neueHHs 0e3nepediiHOro €HEProKUBIICHHS, CHUCTEMH  SBJISAIOTH  COOOK  craHmii Ha  0Oasi

OCKIJIBKM TIOpYLIEHHS KJIIMaTHYHHX YMOB B IEpiof
BUCOKHX a00 HH3BKHX TeMIepaTyp 330BHI MOXe
HPHU3BECTH JI0 BTPATH YPOIKAIO.

COHSYHI EJTEKTPOCTAHIIIT

st NIEPETBOPEHHS eHeprii COHSIYHOTO
BUIPOMIHIOBAaHHS B  E€JIEKTPHUKY  BHUKOPHUCTOBYIOTb
tdoroenementn.  HaifOinmpIm  HOMMpEHi  TEXHOJOTIH
BUPOOHMITBA ()OTOECIIEMEHTIB:

Kpucraniuni  ¢oToeneMeHTH:  MOHOKpHCTaJIuHI
KpEeMHi€Bi (doToeneMeHTH (KKJ 15-18%);
nonikpucraniudi gporoenementu (KK 13-16%);

ToukorutiBkoBi  poToeneMeHTH: (OTOEIEMEHTH 3
BUKOPHUCTAHHAM JiceneHiaa inmairo 1 miai, CIS Texnosoris
(KKO 9-11%); ¢doToemeMeHTH 3 BHKOPHUCTaHHAM
tenypuny kammito, CdTe texnomoris (KK 8,5%);
(oToeneMEeHTH 3 BHUKOPHCTAHHSIM aMOP(HOTO KPEMHiIO
(KK 5-7%) [2,3].

CoHsiyHE BUTIPOMIiHIOBaHHS HE TIOCTIHHO B 9aci, TOMY
BUpOOJIeHHsT (oTOMOAMYIB HE 3aBKAM  BIINOBIAAE
CIOXHMBAaHHIO eHepril. J[Js HaKOMWYEHHS HaJJIHIIKOBOI
CJIEKTPOCHeprii 1 BUKOPUCTAHHI ii B BHMAAKAX KOJHU
CIIO’KMBAHHS TIEPEBHUILYE BUPOOJICHHS BUKOPHCTOBYIOTh
aKyMYJIATOpHI OaTapei.

BITPSHI EJIEKTPOCTAHLIIT

BiTpoenekTpoycTaHOBKH TEpETBOPIOIOTh KIHETHUHY
€HEeprilo BITPY B EJNICKTPHUYHY 3a ONIOMOT0I0 TeHepaTropa B
nporieci o0epTaHHS POTOpA.

IcHyIOTP 1Ba OCHOBHHX THIIM BITPOTE€HEPATOPIB.
Bitporeneparop 3 TOpPH30HTAIBHOK BicCl0 0OepTaHHS,
Mae 11Bi a00 TpH JomaTi, BCTAHOBJICHI Ha BEPIIHHI BEXKi, —
HaWOUIbII MOMIMPEHUH THI BITPOEGIEKTPOYCTAHOBOK. Y
BITPOEGJIEKTPOYCTAHOBKaX 3  BEPTUKAIBHOIO  BiCCIO
obeprannst (H-oOpasni) mpoBimHMii Ban  poTopa
po3TanioBaHuii BepTUKadbHO. JlomaTi Takoi TypOiHH —
JIOBTi, 3a3BWYaii ayromoaiOHi. BoHM mnpuKpiruieHi [0
BEPXHbOI 1 HWKHBOI YacTWH OamTH. 3aBIAKU
BEPTHKAJIHHOMY PO3TAIlyBaHHIO BEIYy4Oro Baja poTopa
H-o0pasHi T1ypOiEM, Ha BimMiHY BiZ TypOiH 3
TOPHU3OHTAILHOIO BICCIO O0EpPTaHHS, «3aXOILITIOIOTHY
BiTEp, O IME B OY/Ib-KOMY HANPSIMKY, 1 IS IIBOTO iM HE
HOTPIOHO MIHSTH MOJIOKEHHS POTOPa PH 3MiHI HANIPSIMKY
BITPOBUX MOTOKIB [2,4].

T'TBPUIHI EJIEKTPOCTAHIIIT
Eneprii BiTpy i COHIII MOXYTb BiIMIHHO JONOBHIOBATH
a0o 3aMiHIOBaTH OJHMH onHOTO. [i0OpwaHi cucTeMH

BITPOTEHEPATOPIB 1 COHSIYHUX (POTOCIESKTPUUHUX MOIYIIIB
NPUETHAHUX [0 €AUHOT eHeprocucteMu. IIpogyKkTHBHICTH
¢doroenekTpuuHUX Oatapei MOCHTH BHCOKa BIITKY 1
BiTHOCHO HU3BKa B3UMKY. Y CBOIO Uepry, 3a0€3IeUCHHS
EIIEKTPOCHEPTi€I0, BUPOOJICHOIO 32 paXyHOK €HEpTii BITpY,
B JNTHIA mepiog € mpoOiieMaTHIHMM dYepe3 dYacTi
Oe3BiTpsiHi mHi. Tomy mepeBarm TiOpHOHOI cHUCTEMH
«BITEp-COHLIE» CTae OYeBHAHUM. CXEeMy Takoi CHCTEMH
HaBeJIEHO Ha puc. 1.

I'opunHa cucrema 3 HAKOIMYCHHSIM EJIEKTPOSHEPTii B
aKyMYJIATOpax MOXKE PAIIOBATH MapaeIbHO 3 MEPEXKEIO0.
[MapanensHa poOoTa 3AIMCHIOETBCS 32  JIOMOMOTOIO
npuctporo ABP (aBTomaTuuHe BBeneHHA pesepBy). ABP
JI03BOJISIE IEPEMKHYTH KUBJICHHS 00'€KTY 32 BiZICyTHOCTI
BiTpY (COHIII) 1 MOBHOMY pO3pANl aKyMyJATOpiB Ha
SNEKTPOMEPEKy a00 HABIIAKH, IEPEMHKAE HABAHTAKCHHS
Ha aKyMyiaTopHi Oarapei mpu BTpPAaTH IKHUBICHHS
enektpoMepexi. IIpiopureT Moxe BCTaHOBIIOBATHCS B
py4HY 200 MPOTrpaMHUM aJITOPHTMOM.

BUCHOBKU

B po06OTi pO3MIAHYTO CHCTEMY aBTOMATHYHOTO
YIPaBJIiHHS MIKPOKIIIMAaTOM B TEIUIMYHUX T'OCIIOaPCTBAX.
IIpoBeaeHo aHaii3 Ta 00paHO BapiaHT peasizallii CHCTEMH
AIBTEPHATHBHOTO eHepromocradanHs. Jlns 3aBaaHHs
eKOHOMIT eHepropecypcis BEIYThCS IO ANTBIITI
JOCIIJKEHHST TETUIOBOI €Heprii Ajs BUKOPUCTAHHS ii B
TETUTMIHUX TOCMOJAPCTBAX B SIKOCTI CHCTEM OOIrpiBy i
OXOJIOJDKEHHSI.
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Abstract. The paper presents the concept of the
information system for household goods accounting. The
main system purpose is to increase the efficiency and
convenience of purchasing in stores. There is an identifier on
the product package, which is read by the smartphone's
camera or a special reading device and allows to identify the
good. The functionality of the system is expandable and can
be adapted to the needs of persons with disabilities.

Keywords: goods accounting, goods purchase, information
system, accounting system, barcode scanner, Arduino.

INTRODUCTION

Over the past decade, mobile devices became much
more common in our life. According to the GFK survey in
April 2018, 85% of all users search for information on the
Internet using a mobile device [1]. Also, according to
forecasts of the research company eMarketer, by 2021 the
share of purchases using mobile devices will amount
72.9% of all world sales [2].

Everyone makes purchases. Whether it is a grocery, a
pharmacy or a hypermarket. Everyone has been faced with
the situations when coming home and finding out that
something needed was not bought. This is especially true
for large families.

To prevent such situations, people have started to make
shopping lists, writing it down on a piece of paper or
creating a note in a smartphone. In this way people make
purchases more efficiently: they do not spend too much
time and money on the purchase of unnecessary goods.
But even when making a shopping list, you need to check
whether there is any product in the right amount at home,
or whether it should be added to the list.

There is a large number of applications for
smartphones that allow you to manage or interact with a
shopping list. For example, applications such as Grocery
Pal, Out of Milk, AnyList provide basic functionality for
working with a shopping list: adding products to the list,
ranking by categories or removing already purchased
products from the list.

The problem with such applications is that each time it
is necessary to recreate the list since the smartphone
cannot track which goods have already been used and need
to be repurchased.

The purpose of the information system described in
this article is to create a product that would replace the
existing solutions for an efficient and convenient
accounting of goods in the household.

THE PRINCIPLE OF WORK OF THE SYSTEM
The approach based on reading the unique identifier of
the product (mostly it is a barcode) allows you to track the
used product and add it to the new shopping list
automatically. This functionality is implemented by

Pysarenko Andrii

Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine

introducing an additional barcode scanner to read the
identifier from the packaging of the goods before its
disposal.

Consider the UML use case diagram for this system
shown in Fig. 1.

For each user, there is own products database. The
database, in fact, is a virtual mapping of household goods
available to the user. Direct user interaction with the
system occurs during the addition or removal of goods. To
add goods, he or she needs to scan the unique identifier by
the smartphone’s camera. To remove the item from the
database he or she needs to scan the barcode with the
additional scanner. Also, in the smartphone, the user
always has an available information about the current state
of the goods in the house and the current shopping list.

Fig. 1. UML use case diagram

Consider the process of the system usage, which is
shown in Fig. 2:

1. The user comes home from the store.

2. Now user needs to add the purchased goods to the
database. To do this by the smartphone's camera user
needs to scan the identifier (barcode) on the package. As
soon as the barcode is recognized, the corresponding item
will be added to the user’s database.

3. After using the product, before disposing of the
package, it is necessary to consider the barcode with a
second — additional device that is placed in the immediate
vicinity of the waste bin.

4. After reading the identifier, the user can throw out
the packaging. At this point, the system updates the
database, analyzes user’s preferences for past purchases,
and determines whether the user needs to add the newly
released product to the new shopping list.

5. The corresponding changes are immediately visible
in the mobile application. Now the user does not need to
think about what is already present at home, and what user
needs to buy in addition — the smartphone always has an
up-to-date list of purchases.

The described system is only a concept and already has
several advantages over existing analogs for smartphones.
It is flexible and extendable with new features. For
example, it can be adapted for people with disabilities: the
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Fig. 2. The process of using the system

system can be equipped with an additional camera or
microphone with integrated artificial intelligence for
recognizing gestures or voice. Also, there is a possibility
to create predictive models based on the collected statistics
of'the goods consuming by the user. These models are able
to predict a wide range of situations. For example, they
could predict that the milk will spoil in 3 days as well as
warn the user that the consumption of sugar-containing
foods in such a large quantity increases the risk to get sick
with diabetes.

Previously in this article an additional device was
mentioned by which products are scanned and then
removed from the database. This device is a board with a
microcontroller and a scanner for barcodes reading. After
recognizing the identifier, a signal will be sent via the Wi-
Fi module to the remote server that identified item has
been disposed of. At first, authorization is performed on
the server to find a specific user. Then the service is
analyzing and searching for a product by given identifier
and delete it from the database. By the next action, the
system will automatically add this product to the new
shopping list, if the user has often bought it. Otherwise, it
will be ignored. The corresponding block diagram is
presented in Fig. 3

As a platform with a microcontroller any single-board
microcontroller can be used, for example, Arduino Uno or
Arduino Mega 2560. A simple Wi-Fi module that supports
the 802.11n standard can be used to connect the board with
the environment.

Special attention should be paid to the choice of a
scanner. Since the most common identifier is a barcode,
we will consider such a type of scanner.

A barcode scanner is a device that converts a code
printed on a package into a number, checks and corrects

Fig. 3. Block diagram of the system

errors in case of their detection. Such scanners have three
types of entire reading system: LED, laser and
photographic. They can also vary according to the type of
installation: built-in scanners, desktop scanners, manual
scanners etc. For described purposes, it is sufficient to use
a LED scanner [3].

A charge coupled device (CCD), also known as a LED
scanner, features hundreds of tiny LED lights arranged in
one long row. These lights are shot directly onto a barcode,
and then a sensor measures not the reflection, but the
voltage of the ambient light directly in front of each light
bulb. This voltage measurement provides a digital
snapshot of the barcode. This scanner can read a code even
with a minimum strip thickness (0.1 mm). It is comparable
in reading speed with a more expensive laser scanner and
does not contain moving parts that increases its reliability
and durability. The disadvantages include the low
sensitivity of the matrix, as a result of which the scanning
range should not exceed 10-15 cm.

CONCLUSIONS

The system described in the article allows to simplify
the process of goods accounting at home, helps to create a
shopping list automatically and keep track of goods in real
time. The system is perspective and expandable. New
features can be applied to this system. For example,
collecting statistics on consumed products and making a
decision by artificial intelligence. Also, the modular
architecture of the board allows to use various devices
(cameras and microphones) to adapt the system for people
with disabilities.
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Abstract. The paper describes a two nested finite fields
creating process for effective BCH-code, with relative shirt
length and increased base of code. Appropriate generating
polynomial is obtained.
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INTRODUCTION

We know that the initial information coding in general,
then error control coding of messages (by redundant codes)
and data presentation by different channel signals are
different aspects of a single information process - different
forms of information presenting. There are many data
transmission tasks where we should to correct errors in
real-time data flow [1, 2, 3]. We use different criteria for
assessing the quality of the information process in these
different aspects.

For example, we use the criteria of “limits for minimum
code distance d” to justify the use of error control encoding
for messages in the data transmission channels. It implied
here boundaries of Varshamov-Gilbert, Hamming, Plotkin,
Elias [1, 2]. A more detailed analysis of the effectiveness
of redundant codes by means of this boundaries shows, that
redundant code efficiency increasing more quickly
reduces, in transition from g=2 to g>2 and up to

g >> 2 values, and become undifferentiated between
cases of g > 32and g — «, where g is the code basis [3].

It makes no sense to increase the basis g up to infinity to
increase the efficiency of redundant codes, as maximum
values of efficiency, which are specific to the case g = o,
are achieved practically at g > 32 [3].

A limit found there for ¢ can serve as some “beacon” in
designing of data codec, as motion of ¢ — o0 means an
unlimited increase in complexity of hardware and software
implementation, and cannot be considered as desirable.
Conversely, a reasonable restriction of code basis q < 32

gives a maximum code efficiency values and may provide
less expensive and complex performance of codec
hardware and software for data transmission systems then
in case of ¢ unfounded growth. Detailed analysis of the ¢
impact on the characteristics of redundant codes reveals
another unobvious property. This is the code length » [3].
The famous “stamp” there is still more in thinking as
mathematicians and code engineers that the most effective
codes are “long” codes with large values of n (by the
criterion of minimum redundancy D = r / n, where r is
a number of redundant code components (code elements)
in the code block [1, 2]. However, our research shows that
this is true only if a fixed value g = const . That is why

the idea of “long” code, as the most effective, was formed
that way. For until this time the vast majority of codes used

in practice is a purely binary with g = 2. The study shows,
that high-performance redundant encoding can be
achieved with relatively small length n, by increasing the
code basis g > 2, but subject to the limitations that are
mentioned above [3, 4]. This opens up prospects for
exploration and use relatively “short” codes, for which n
values are compared to g ones. It’s well known that BCH
code is one of the powerful codes that allow a wide
variation of its parameters [1, 2]. Its absolute redundancy
risinthe range: 2t <r <2mt, where ¢ - is a number of errors
corrected, m - power of GF(g) extension up to GF(q")
where GF is Galois Field. It was found in this study that
there are conditions when 7 reaches its minimum r = 2¢
and p=2t/n. This may be provided by m=2, as was
found. Let we take g =16 (q <32), for example, then a
BCH-code elements x, < GF(q), for u = (0...15). But a
BCH-code locators | < GF(g"), for v={0...(n-1)}, where
g™ =16° =256 and {n|(16° —1)}=n|255, that is, n
must be a divider of number 255. If it’s so, n can formally
take the value from the next series of numbers: 3, 5, 15,
17, 51, 85 and 255. It provides a relatively short lengths n
of codes of this series and values of redundancy D
accepted. For example, the 16-ary BCH-code with ¢ = 2
and ¢ = 3 take values of redundancy D = (r / n) = (2t / n)
under this condition are presented in Table 1:

TABLE 1
BCH-code redundancy (D)
Number of Code lenghth n, under q =16
errorsfto | 45 | q7 | 51 | 85 | 255
correct
t=2 0.267 | 0.235 1 0.078 | 0.047 | 0.016
t=3 04 | 035 | 0.12 ]0.070 | 0.024

Values n = 3 and n = 5 are avoided in the Table 1,
because r = 2¢ is almost compared to n, or more than n.
And so no place for information data elements in the code
block. Case n = 15 is a partial case of BCH-code, a Reed-
Solomon code with ¢ =16 [1, 2]. Others four are actually
a BCH-codes at q = 16.

To form a BCH-code we need two embedded finite
fields, the field of code elements x, e GF(16) and the

field of code locators /, « GF(q™) . Let’s create the code
elements field GF(16)=GF(2*) by means of generating
polynomial p(x)=x*+x+1 of degree s = 4 [1, 2].
Various forms of presentation of finite field elements
allow us to perform basic arithmetic operations on them.

GENERATING POLYNOMIAL OF POWER 2
Polynomial Power 2 Designing
Let we seek a generating polynomial of degree m = 2
in the next form G(x) to establish the GF(16?)
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G(x)=x*+dx+a, (D
where d,a < GF(16). We need require that G(x)-0 at any
x e GF(16) . Let we set d = 1 for simplicity, then

G(x)=x*+x+a- 2)
We should found such g cGF(16) that G(x)has no roots
within GF(16), but it must have roots in GF(162). G(x)
obviously has two roots: p'and p’, where p < GF(16?)1s an
primitive element of Gr(16°). We know from Vieta's
formulas that

b'b =b" =a. 3)
Let’s suppose that a has an order (¢ - 1) within GF(16)

and select the a of this type

"™ =1. “4)
Then by exponentiation of (3) into (g-1) power and
comparing with (4) we can get the next expression

b("r/)(d*ﬂ — a(Q*U =1 s (5)
but as b is primitive element of GF(16%), where we get the
expression pl+e- = p2%5 -1 and can state

(i+))q-1)=255 , (6)
then from (6) given (j + j)=255/(q -1)=255/15=17 . SO we
can see that

(i+j)=17. @)
So it can be stated that
b7 = aeGF(16) c GF(16?). ()

We have got two nested fields GF(16)< GF(16%) and their

joining condition (8). As a result, we should seek an a
value of order (¢q-1)=15 (look at (4)) among all x, < GF(q)

but only those a which are no roots of G(x) from (2). Direct

calculations showed that there are 8 primitive elements in
GF(16). They are

XW X2 X4 X7 XB Xﬂ X13 X14- (9)
But only next set of elements meet requirements needed
x" =11, x""' =14, x® =13, x* =9. (10)

Let's select a = x"*=13, where 13 = b7 « GF(16) e GF(162) . SO

we have got a one generating polynomial G(X) of degree
m=2 to establish the BCH-code locator’s field Gr(16?) in

the form of (2), which absorbs the same BCH-code
element’s field GF(16)

G(x)=x*+x+13 - (11)
Getting the GF(16?) Numbers as Scalars

Because we have established (8) that »"7 =13, we can get
all of finite GF(162)numbers as scalars by bringing this

equality (8) to the power j-0..14, j=15closes the cycle
b7 =al . (12)
Now, we can get the first 16 powers of primitive
element pcGF(162), having generating polynomial (11),

which gives all elements of the field GF(162)at the residue
form of (fxp+g), where f,g ¢ GF(16)-

CONCLUSION
Now we have all of components needed for calculation
preparing in both finite fields. We have different forms of
GF(16)elements to process BCH-code elements. From the

other hand, we have a system of reference points - scalars
of GF(16%)and we have a system of consecutive primitive b

powers with their residues mod (x?+x+13), to process

BCH-code locators. We do not need to store in memory all
of 256 locators from GF(16%) in its different forms (need

more one thousand memory cells). But we may store in
memory only GrF(16) and GF(16%)scalars (need about one

hundred memory cells). And for calculation preparing in
both finite fields, we may combine this data from
memories.

REFERENCES

[1] Peterson, W.Wesley, Weldon, Edward J., Jr. Error-Correcting
Codes (MIT Press, Cambridge, 1972; Mir, Moscow, 1976).

[2] Kasami Tadao, Tokura N., Iwadare Y., and Inagaki Y., Coding
Theory (Iwanami, Tokyo, 1975).

[3] Blahut, Richard E., Theory and Practice of Error Control Codes,
Addison-Wesley, 1983.

[4] Tonropak B.IIL, Birimenko H., BrmimB ocHOBM koay Ha
eeKTHBHICTh HAJUINIIKOBOr0 KomyBaHHA. Y KH.: Bica. HTYY
«KTIII». Inpopmatuka: 36. Hayk. np. — Kuis: Bex+, —2011. — Ne 54.
—c¢. 95-100.

[5] XKypaxoscekmii 1O.I1., IMTonropak B.II., Teopis indopmanii Ta
komyBa HHs: [linpyunnk. — Knis: Buma mxomna, 2001.



Indopmaniiibi cucTeMu Ta TEXHOAOTIT

33

The Role and Challenges of E-government in
Jordan and USA

Alhawawsha Mohammad

Taras Shevchnko National University of Kyiv
Kyiv, Ukraine

Abstract. All over the world Governments are under
pressure from citizens and businesses to manage public
finances openly and transparently, based on the needs of
their citizens and businesses, using high-quality public
services as an internal structure and empowering citizens to
make policy decisions involve expectations of public interest.
This pressure has created the need for continued
governmental improvements and reforms, and it has become
highly desirable to use different information communication
technology packages and / or content in the public sector
advances in public administration and information
communication technology have given the government a
tremendous opportunity to change its operational and service
systems. Therefore, information on new types of wealth and
technology is a new means to create such wealth.

Keywords: E-government, service system, internal structure,
public service, service delivery, E-government services.

INTRODUCTION

The evolution of information and communication
technologies has dramatically changed the way citizens
interact with government: E- Government is the next
generation of public reform as a means and efficiency to
reduce costs, promote good governance, and improve
quality, speed and scheduling public services efficiency.
The weaknesses and limitations of traditional public
administration  (inefficiency, lack of flexibility,
inefficiency, bureaucracy, corruption, popular discontent
and lack of good governance) have had to take the recent
initiative to address time constraints, fast and poverty-
focused services in 2009; Karim, 2015; Alshehr and Drew,
2010).

In the mid-1990s, e-government was a paradigm shift
following the introduction of traditional public
administration and the new public administration (NPM)
to provide public services and information via electronic
channels to the public. This revolutionized the quality of
public service, facilitating transparency of state processes,
saving time, providing services, streamlining operations,
improving documentation and records, reducing
corruption and improving attitudes through a single
window (Grace and Mirandilla 2010); Nkwe, 2012).

STUDY PROBLEM
The implementation of the e-government project in our
daily lives is a major shift from what is common to the
traditional government services users. As part of the first
steps to establish e-government, there are some things that
are presented to the study. The extent of citizens'
acceptance of services through e-government?

HYPOTHESES OF THE STUDY

The first hypothesis: the high rate of income,
contributes positively to increasing the demand of citizens
for e-government services.

The second hypothesis: the high level of education,
contributes positively to increasing the demand of citizens
for e-government services.

The third hypothesis: the high level of knowledge of
the computer and the Internet, contributes positively to
increasing the demand of citizens for e-government
services.

The fourth hypothesis: the high level of knowledge of
the requirements of e-government, contributes positively
to increase the demand of citizens for e-government
services.

The fifth hypothesis: The traditionalization of citizens
reduces the demand for e-government services.

Study variables:

1) The main dependent variable. The success of the E-
Government project in terms of the public's interest in the
services provided by it.

2) Independent variables:

a) Level of citizen education.

b) Level of income of the citizen.

¢) Knowledge level using computer and internet.

d) Knowledge of e-government requirements

e) The traditionalization of citizens.

f) E-government awareness mechanisms.

g) Good understanding of the advantages of e-
government.

h) The infrastructure provides computers and
internet access for e-government services.

i) Provide confidence among the beneficiaries to
access services through e-government.

j) Citizens' intention to use e-government services.

k) Obstacles to access to electronic services.

Objectives of the study:

1) To understand citizens' understanding of the concept
of e-government.

2) Know the reactions of citizens to access services
through e — government.

3) Know the percentage of citizens' knowledge of the
benefits of e-government.

4) To know the size of citizens' trust in e-government
services.

5) Measuring the role of the means of awareness in
increasing citizens' demand for e-government services.

6) Know the intention of citizens about their intention
to use e-government services.
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7) Identify citizens' response to the means of
encouraging and encouraging the increased use of e-
government services.

8) Identify the availability of infrastructure for citizens
to use e-government services.

9) To identify the extent to which citizens can provide
the necessary infrastructure to use e-government services.

10) To identify the obstacles facing the application of
e-government from the point of view of citizens.

11) Identify the most important factors affecting the
acceptance of citizens to access services through the
Jordanian e-government.

12) To make recommendations to different parties
regarding the Jordanian e-government.

Importance of the study:

1) The study reflects the extent of citizens' acceptance
of services through e-government.

2) Enable ministries and institutions that will
participate in the e-government from the survey of the
percentage of turnout on the electronic services provided
through it.

3) Measuring the extent of citizens' demand for
services through e-government and the consequent
economic and information growth that is reflected in the
prosperity of the country.

4) Measuring the citizen's knowledge of the
importance and how to obtain services through e-
government and the consequent saving of time, effort and
money.

5) Novelty and scarcity of research on the subject,
where the study is looking at a modern subject, but it is of
great importance in our daily lives, which necessitates
enriching the subject with research and studies.

CONCLUSION

E-Government is likely to significantly improve the
way the government works internally and how it can serve
its clients. E-government is more than just a tool to
improve the relationship between quality and the cost of
public services. It is a tool of reform and an instrument of
government reform. E-government therefore does not
primarily aim to automate existing processes (which may
or may not be effective), but to change the way
governments do business and provide services.

Jordan differs from the rest of the world in terms of e-
government. However, this fact has not been given enough
attention. The development of e-government in Jordan is
characterized by a substantial investment in the early
stages of infrastructure construction. All of the privatized
countries, for a certain period of time, have focused on the
government rather than citizens, information websites and
some traditional e-government applications such as
administration Services (especially tax), and other services
with a wide variety of countries, and services provided in
large amounts between technology investments.

This discussion of e-government in front of Latin
Anmerica, especially in the area of e-government anomalies
and innovative applications, as well as e-government
points for the development of e-government in Jordan in
the development of four key messages:

It must be passed on to this method of making citizens
at the heart of the government. This is a fundamental shift
in any government unit that simply provides information
on the site and wants citizens to know how the government
is organized.

Continue to focus on improving services focused on
efficiency, effectiveness and accountability while also
using information innovatively in the areas of human
rights, the rule of law and justice, transparency, openness,
participatory / inclusive and coherent and independent
support And communication technology. Examples in this
article focus on areas such as discussion of transparency
and access to information, social inclusion (or bridging the
digital divide), e-democracy and participatory budgeting.

Private sector involvement in e-government initiatives.
This will help to reduce costs and government risks and, at
the same time, enable the private sector partners in e-
government. However, the conditions for greater public-
private partnerships should be covered by adequate
guarantees of clarity of arrangement and expansion of
legal safeguards and guarantees.

The global nature of today's society, including the
latest technological developments and their innovative
application of governance issues
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Busaenennsa gioxunenv npoOyKkmuenocmi
000amKi8 3 MIKPOCEPBICHOIO ApXIMEKmypoIo

baukama borman

KIII im. Iropst Cikopcpkoro
KuiB, Ykpaina

Anomauia. /locaigxeHo icHyo4i miaxoam 10 BUSIBJIEHHS
BiIXHJICHHS IPOAYKTHBHOCTI IPOrpaMHOro 3ade3ne4yeHHs Ta
Crnocod0u 3acTOCyBaHHSI TAKMX MeETOAIB [Jisl JAOAATKIB 3
MikpocepsicHol0 apxiTekTypor. IIlisixoM nopiBHAJIBLHOIO
aHanizy 0y/j0 BuBeJdeHO Halip MeroaiB sAKi € HalHOiNbII
NepcneKTUBHUMHU 10  3aCTOCYBAHHSI B KOHTEKCTIi
MikpocepBicHux mporpaM. Po3po0jeHo  apxirekTypy
CHCTEMH MOHITOPUHIY NPOAYKTHBHOCTI MiKpocepBiCHHX
J0JaTKIB.

Knrouosi cnosa: MiKpocepgicha apximexmypa,
NPOOYKMUBHICMb CUCIEMU, CUCHIEMHA MEMPUKA, 6I0XUTIEHHA
npodykmueHocmi.

Bceryn

MikpocepBicHa apxiTeKTypa SBIs€ COOO0 MiaXin 0
PO3pOOKU MPOrPaMHOro 3a0e3MCUCHHS, B OCHOBI SIKOTO €
CTBOPEHHSI HE3aJISKHHUX CEPBICIB, KOXKHUH 3 SIKUX BUKOHYE
€IMHE 3aBIaHHS 1 Mae€ 3MOTY B3a€EMOMIATH 3 IHIIMMHU
cepBicaMu cucTeMu. Takuii miaXix Aae 3MOry iH)XKeHepam
MpaIfOBAaTH HE3aJIKHO OJMH BiJl OTHOTO Ta PO3pOOIISITH
OKpeMi CepBiCH BUKOPHCTOBYIOYH aOCOJIOTHO pIi3HI
MiIX0AM Ta MOBH NporpamyBaHHs. Uepes posmoniieHy
MPUPOAY  MIKPOCEPBICHOI  apXIiTeKTypW, OIHHUM 3
HEJIOJIKIB TaKOro CTHJIIO NPOEKTYBAaHHS [OAATKIB €
CKJIIaMHICTh IHTETPANiHHOTO TECTyBaHHSI. BaXIHBOIO
YaCTHHOIO PO3POOKM IPOTPaMHOTO 3a0e3NeUeHHs €
HalMCaHHs HaBaHTaKyBaJlbHUX TeCTiB. Taki TECTH Nal0Th
3MOTY iH)KE€HEepaM BIIEBHHUTHChH Y BIJIICYTHOCTI 3HM)KEHHS
MOKa3HHUKIB MPOJIYKTUBHOCTI JIOJaTKiB IEpel] BUITYCKOM
HOBOI  Bepcii  IPOAYKTY. OnuHHLICIO  BHMIpY
NPOJYKTUBHOCTI JIOfaTKa € CHCTeMHa METpHUKa, LI0
OIMCYE CIOXHMBaHHS OKPEMOI0 pecypcy amnapaTrHOro
3a0e3neueHHs. B KOHTEKCTI MIKpPOCEPBICHOT apXiTeKTypu
Taki METPUKH 30MpaloThes Uil KOXHOI IMpOTrpamMHOl
ciy’kOu, pealbHI CHUCTEMHM MOXYTh MaTH COTHI
He3aJe)KHUX  ciyx0. TakuM YWHOM, JOJAaTOK 3
MIKPOCEPBICHOIO ~ apXiTEKTYpOI  MOXE  BHPOOISTH
YHCIICHHY KiJIbKIiCTh CTaTHCTHYHHUX JTaHUX
MPOJYKTUBHOCTI CHCTEMH.

OTxe, po3pOOHIKHN BUMYIIICH] aHAII3yBaTH BEIHIE3HI
0o0’emu iHpOpManii MO MOKa3HUKAM NPOTYKTHBHOCTI
JoJaTKa KOXKeH pa3 Ha eTami BHITyCKYy HOBOi Bepcii
CHCTEMH, TaKHUil poI1iec 3aiiMae 6arato 9acy Ta CXHIBHUNA
MOPOPKYBATH 3HAYHY KIiJIBKICTH MOMWIOK. B poOorti
PO3IIISIAIOTECS ICHYIOU1 ITiIXOXM BUSIBJICHHS BiIXWICHHS
MPOJYKTUBHOCTI CUCTEMH Ta CIIOCOOM 3aCTOCYBAaHHS ITHX
METOJIB JUIS JOAATKIB 3 MIKPOCEPBICHOKO apXiTEKTYPOIO.

KPUTEPII IIJIFOPY METO/IIB

Metor0o  JIOCHIJDKEHHST €  TOIIYyK  CrocoOiB
3aCTOCYBaHHS METOJIiB BUSIBJICHHS BIIXUJICHB
MPOAYKTUBHOCTI JUIA  JONATKIB 3  MIKpPOCEPBICHOIO

apxiTektyporo. ToMy BaXIHMBOIO 3a7adeio € BHSABICHHS

KOHKPETHUX KPHUTEPiiB TaKUX METONIB, SKi € HaHOUTBII
aKTyaJIbHUMH B KOHTEKCTI MIKPOCEPBICHOTO CEpeIOBHILA:

- Inrerparist meTpuk. Jlonatkn 3 MiKpocepBICHOO
apXiTEeKTypOI0O MalTh Ha0ip XapaKTEepUCTUK SKI He
BJIACTHUBI JTOJJaTKaM 3 MOHOJITHOK apxiTekTypor. OTxe,
oOpaHi METOIU MOBHHHI MaTH 3MOTY IHTErpyBaTH HOBI
CHCTEMHI IOKa3HWKM Ta aHalli3yBaTH MNPOJYKTUBHICTb
CHCTEMH, BpPaxOBYIOUH MacIITa0OBaHICTh CEpBICIB,
KOeQIIiEHTH perutikamii Ta OCOOJMBOCTI BHYTPIIIHBOT
KOMYHIKaIlii CepBiCiB.

- [IIBuaKicTe BUSABICHHA. MOXIMBICTH 4acTo Ta
’KBAaBO 3MIHIOBAaTH Ta ITOKPAIIyBaTH IOAATOK € OJHIEI0 3
OCHOBHHX I€peBar MiKpOCEpBICHOTO CTHIIIO apXiTEKTYpH.
Takum  4YMHOM, METOAM  BHUSBICHHS  BIIXWICHD
NPOJYKTHBHOCTI HE MatOTh MOPSIIKOM 3aJIe)KaTH BiJl yacy
TectyBaHHA. Llell kputepill onucye HEOOXiqHY KUIbKICTh
NPOTOHIB HABaHTKYBAIBHUX TECTIB JJs peecTpamil
BIJIXUJICHB.

- AnantuBHICTB. {151 JOAATKIB 3 MIKPOCEPBICHOIO
apXITEKTYpOI0 XapaKTepHUM € He TiJTbKH MOCTIiiHI 3MiHU
CHCTEMH Ta OKPEMHX CIIyXkO, ajie i 3MiHM B HaBaHTAKEH1
Ha CHCTEMY 31 CTOPOHM KOpHCTyBadiB. Buxomuts, mo
migiOpaHi METOA IOBUHHI MaTH 3IaTHICTh alaliTyBaTHCS
JI0 3MiH HaBaHTA)XKEHHS CHCTEMH.

- Icropuuni mami. Jleski wmeromu peecTpariil
HOTIPIIEHHS] MPOAYKTHBHOCTI  JOAATKIB BUMAararoTh
HasBHICTh CTaTUCTUYHUX JAaHUX HABAHTAKYBAIbHHX
TECTIB, 3HAYEHHS SKMX  BIJMOBIJAIOTL  Oa’KaHUM
NOKa3HMKaM MPOJYKTHBHOCTI cHCTeMH . Taka ymoBa
BBQKAETHCSI HEAOJIIKOM OKPEMOTro MeToja, ajpke Ie
HaKJIa/Ia€ J01aTKOBI BUMOTH Ha PO3POOHMKIB CHCTEMH.

- Cxnagnicts. CKIQIHICTIO OKPEMOTO METOay
BUSIBJICHHS BiJXWJICHb TPOAYKTHBHOCTI JOJAaTKiB €
KUTBKICTB JIOTIYHHX €TAITiB, SKi HEOOX1THO 3aBEPIIUTH JIS
TOro  ImO00  3apeecTpyBaTH  PErpecito  CUCTEMH.
MikpocepBicHa apXiTeKTypa JIMIIE YCKIAQIHIOE MPOIEC
aHaNi3y BiIXWIEHb MPOAYKTHBHOCTI, OT)K€ METOIU SKi
MaroTh TOTOBI pealizaiii abo € JOCTaTHHO MPOCTUMH JIJIS
BBEJICHHS B KOHTEKCTI MIKPOCEPBICHOTO CEpEeIOBHINA €
OUTBII IPIOPUTETHUMH 32 HIIUX.

AHAJII3 ICHYIOUMX METO/IIB

Hdns Toro mo6 oOpaTu HaHOLIBII TepCHeKTHBHI
METO/M BUSIBJICHHS BIAXMJICHB IIPOyKTUBHOCTI JJOAATKIB
3 MIKPOCEPBICHOIO apXiTEKTYpoOlo, HEOOXiHO IPOBECTH
TOPIBHSUIBHUM aHalli3 ICHYIOYHMX METO/IiB, Mal041 Ha yBa3i
npuBeeHHI KpuTepil BinOopy. Pesynpratn anamizy
HaBeJeHO y Tabu. 1.

B KOHTEKCTI MIKpOCEPBICHOI apXiTEKTypH METO
MOZYJIBHOTO TECTyBaHHS HE € 3al0BUIbHMM. Taki TecTn
BUKOHYIOTHCSI Ha PiBHI OKPEMHX CHCTEM Ta HE MOXYTh
OTIMCYBAaTH MOBEMIHKY J0JaTKa 3arajJioM. biibi Toro taki
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TECTH OMUHAIOTh aHaJli3 BHYTPIIIHBEOI KOMYHIKAIIIT CITyKO
Ta acIeKTH MaclITabOBaHOCTI MIKPOCEPBICHUX JOJATKIB.

Tabmums 1
ITopiBHSAHHS METOIIB
Kpurepiii
I Bua-
InTer- . IcTo-
Meton L KicTh Anan- . Cruan
panist . puuHi .
BHSIB- |THBHICTh . -HiCTh
METPHK JMaHi
JIeHHSI
- Tporin v - 1 eran
MoayibHe yeix
TeCTyBaH- MOJLYJTb-
HS HHUX
TECTIB
. Onun - 4
AcouiaTus- v AU 4
rp— MpOTriH eTaru
P TECTIB
t-kpurTepiii v Jexinb- - - 1 eran
Ka
CTbl0€eH- .
ra [pOroHiB
TECTIB
Konrpoas v Onun v v 3
1A KapTa MpOTiH eramnu
P TECTIiB
Xapak- - OnuH - - 1 eran
TepHCTHYHI MpOriH
rpadiku TECTiB
Amnaniz 4 40 Ta ) B 3
P [OnisiE eranu
P 3pasKiB

Meton xapakrepucTndHHX TpadikiB [1] peectparmii
BIAXWICHb TPOAYKTUBHOCTI TAaKOXX HE MIAXOAWTH IS
MikpocepBicHUX  nonatkiB. lleli wMeroxm BuMarae
Oe3mocepelHE BTPYYaHHS PO3POOHMKA HA €Talli aHaTi3y
JaHWX, Ta MOXe OyIu 3acTOCOBaHMM TUIBKH JUIS
obMexxeHOro HaboOpy CHCTEMHUX METpUK. Mertox
CTaTUCTHYHOTO aHaii3y, t-kputepiii Cteiozenrta [2], €
JIOCHUTB JIETKUM B peajizaiii Ta Moxxe OyTH BUKOPHUCTaHHMA
JUIL  BUSIBJICHHS  BIIXWJIEHb  IIPOXYKTUBHOCTI B
MIKpPOCEpBICHUX JojaTKaX. BaknuBo 3a3Ha4ymTH, IO Ha
MpaKTHLi t-KpUTepii mokasas cede HE 3 Kpalloi CTOPOHU
Ta Mae 0arato HEHOJNIKIB, ajie MOke OyTH KOPHUCHHM Yy
BUKOPDHCTaHHI pa3oM 3 IHIIMMH MeTojamu. Meron
KOHTPOJIBHUX KapT [3] Mae BENMKHA MOTEHIanl
3aCTOCOBYBaHHS I JONATKIB 3  MIKPOCEpPBICHOIO
apxitektyporo. Takuii meron 3abesreuye aganTHBHICTH
JI0 3MiH HaBaHTaXeHb Ha cHucTeMy [4], mo € 0cobIuBO
aKTyaJlbHUM JUI1 MIKpOCEpBiCHMX jgomaTtkiB. Etamm
METOAY  AacOIliaTMBHHUX MpaBWa [5]  BKIIOYAIOTh
HOPMYBaHHs Ta IMCKPETH3ALI0 CIOCTEPEKEHHX JaHHX
NPOJYKTUBHOCTI CHCTEMH, a TaKOX 3aCTOCYBaHHS
anroputMy  Apriori  [6] mma aHamily — mpaBMI
CIIBBITHOIICHHS METPHK. 3aBISIKH  OCOOJMBOCTSIM
pearizanii Takuii METOJX /A€ MOMJIMBICTh PEECTPYBATH
He3BUYaWHI BUIM BIAXWJIEHb NMPOAYKTUBHOCTI. B ocHOBY
pearnizanii MeTomy aHaiily CHrHaTyp [7] HOKIameHo
BUKOPUCTAHHS METOAY TOJIOBHHX KOMIIOHEHT [8] Ta
METOAY CIHEeKTPalTbHOTO pO3kiIany [9] mms MiHIMIzaril
aKyMYJIbOBaHMX JaHUX MPOJYKTUBHOCTI CHCTEMH MO
i IMHO)KUHY 3HAYEHb, SIKi OMUCYIOTh MOBEAIHKY METPHKH
B migoMmy. Takwii ajaroputM €  HaJI3BHYANWHO
MIEPCTIEKTHBHUM B KOHTEKCTi1 MiKPOCEPBICHOTO OTOUYEHHS,

a/jpke  JTOJAaTKHM 3  MIKPOCEPBICHOIO — apXiTEKTYpOIO
BUPOOJISIIOTh 3HAYHI 00’€MH CTATUCTUYHUX JIaHUX
MPOAYKTHUBHOCTI.

APXITEKTYPA CUCTEMU MOHITOPUHT'Y

TPOAYKTUBHOCTI
Jis aBromarm3zamii 3amadi BUSIBJICHHS BiJIXHJICHB
MIPOyKTUBHOCTI JIOAaTKIB 3 MIKpOCEPBICHOIO

apXiTEKTYpOIO HEOOXiTHO PO3pOOHUTH e(PEKTHBHY CUCTEMY
MOHITOPUHTY TIPOJYKTHBHOCTI.

Ha puc. 1 myHkTHpOoM 300pakeHi MOIYJ CHCTEMH
MOHITOPHHTY TPOAYKTHBHOCTI Ta ONHCAHI OUIIXH
B3a€MOJIii INX MOMYIIB 3 ITOJATKOM Ta Mix coboro. Taka
opraHizamiss MOIYJTIB Ja€ MOXIIMBICTh IHTETpyBaTH
CHCTEMY MOHITOPHHTY MPOXYKTHBHOCTI J0 OyIb-sIKOTO
MiKpocepBicHOro  cepepoBuina.  Moayni  ciryxou
MOHITOPUHTY CHCTEMH BKIIIOUAIOTh B cede:

- reHepaTop HaBaHTAXKCHHs, KoHTeiiHep Locust
[10], sxuit TOpPOIKY€E MTYYHE CHCTEMHE HaBaHTaKCHHS,
CHUMYJIIOIOYM  33/laHy  KIJIBKICTh ~ KOPHCTYBadiB  Ta
nocwnaroud GET T1a POST 3anutu g0 mporpaMHOro
iHTEepdeiicy monaTka;

- penosutopiit, xorTeitHep InfluxDB [11], saxwii
BHKOPHCTOBYETHCS T 300py Ta 30epexeHHs iHpopmartii
PO KOJKHY OKpeMY CIIykO0y J0/1aTKa;

- MOIynb 300py METpHK, KOHTeHHep Metrics-
server [12], skuif 34nTye aKTyalbHI BiJOMOCTI CTaHY
CEepBICIB JOAaTKa Ta 3alKiCye OTPUMAaHI METPUKU JIO
PEIO3UTOPIIO;

- MOJyJIb  BUSIBICHHS  BIIXWMJIEHb, OCHOBHOIO
3aJ1a4yelo SIKOTO € PeecTpallis BiIXWiIeHb IPOYKTHBHOCTI
Ha OCHOBI OTPUMaHHX METPHUK CTaHy CHCTEMHU.

\ . .
. . ' Moayns '
+ TeHepatop | aacrocymam ! '
' HABAHTANWEHHR 1 Hamsmtazerms Aoparok | BMsEneHHR !
! ' I eiaxuneHs

N3PSA3TH NOKATHAIH NOPERATH A3HI HA SHAM

PRNpRpI gepapa PR T T

\
1 [} o '
+ Mogynk 36opy DIy PenoamTopidt !

' '

: METPHK ] Az
1

Moaynb BHUSBICHHS BIiIXHICHb MPOXYKTHBHOCTI
CHCTEMH MOXKE BKJIIOUaTH B cele peasizalliio JeKUTbKOX
METOJIB peecTpallii perpecii MPOayKTUBHOCTI JOMATKIB,
HAMPHUKIA], METOIB AacCOIMIaTHBHUX TPAaBHJI, aHATI3y
CUTHATYP Ta KOHTPOJbHUX KapT. DyHKIIOHAIbHA CXeMa
MO/JIyJIsl BUSIBIICHHSI BIJIXUJIEHb TPOJYKTHBHOCTI J10JaTKa
300paxkeHa Ha puc.2.

HoBuM TecT

Y | Hopmanisayin
: MeTRIN AHANI3 AIHNX
PenosuTopii

Puc. 2. ®yHK1iOHAIBHA CXeMa MOJLYJISl BUSBIICHHS BiJIXNIICHb
HPOJTYKTHBHOCTI

reHepauls 3BITy

eeKTHBHOCTI

BXimHMMH paHMMH MOAYINSl BUSIBICHHS BiJXHUJICHB
MIPOJYKTUBHOCTI € Pe3yJbTaT 3allyCKy HOBOTO TECTy Ta
PEno3uTOpii ICTOPUYHKX JAHUX PE3yJbTaTiB MPOWAEHUX
TecTiB. 3a NEpLIOro 3amycKy CHCTEMH pO3pOOHHKH

MOBUHHI BU3HAYMTH €TAJIOHI MOKAa3HUKH CHCTEMHHX
METPUK BIONOBiMHO g0 BuUMOT OizHecy. Ilicms
HOpMaJi3amii CHCTEeMHHX TIOKa3HHUKIB BUKOHYETHCS

MOPIBHSUIEHUX ~aHaji3 pe3yJdbTaTiB HOBOTO TECTy Ta
ICTOpUYHHX JaHUX 3a JOIOMOTOI0 METOJIB peecTpartii



TexHoaorii nporpaMyBaHHS

39

BIIXWJIEHb TIPOAYKTUBHOCTI. SIKIIO Ha eTami aHami3y
JaHuX Oyll0 BHSIBICHO BiOXWICHHS NPOXYKTHBHOCTI
CUCTEMH, HOBUM TECT MO3HAYAETHCS SIK HE MPONUIEHUN Ta
3aIlyCKaeThCsl TeHepalis 3BiTy e(EeKTHBHOCTI  JuIs
MOAAJBLIOTO JOCIHIKEHHS MEpUIONpHYMH perpecii. Y
pasi BiACYTHOCTI perpecii NpOJyKTUBHOCTI JUISl 33aHOTO
TECTy,  BIQUOBIAHI ~ METPUKH  TOTPAIUIIOTH 10
PETO3UTOPIO AJIS [TOJATBIIOT0 TECTYBAaHHS.

BucHOBKU

PeecTpariist moripmeHHs TPOAYKTHBHOCTI JTONATKIB €
BOXJIMBUM Ta BOAHOYAC CKJIAJHUM €TalloM PO3pOOKH
TIPOTPaMHOTO 3a0e3neUeHHS. MixkpocepBicHuit
apXITeKTYpHUI CTIIb HAIUIEHUH Ha PO3pPOOKY JOMATKIB,
AKi OYIKYIOTb BHCOKHI piBEeHb HaBaHTaXXEHb 3 OOKY
KOPUCTYBaYiB. Buaciok 1IOTO, MIUTaHH
MPOJYKTUBHOCTI CHCTEMH € HA/I3BHYallHO aKTyaJIbHUM
JUIL MIKpOCEpBICHMX JOJAATKiB. Y poOOTI NpHBEAECHO
pO3MJIsL ICHYIOUMX METOJIB BHUSBJICHHS BiJXMIICHD
NPOIYKTUBHOCTI ~ NpPOrpaMHOro  3a0e3levyeHHs  Ta
O3HA4YEHO IIepeBaru BUKOPUCTAHHS OKPEMHX METO/IB JJIs
MiKpocepBicHOro oToyeHHs. OTke, METOIM aCOLIaTHBHUX
NpaBWI, aHaNi3y CHTHATYP Ta KOHTPOJNBHHX KapT €
HAOUTBHII ~TEPCTIIEKTUBHUMH MIAXOJAaMH  BUSABJICHHS
BiIXWJICHb MPOAYKTHBHOCTI JOJATKIB 3 MIKPOCEPBICHOIO
apXITEKTYpO0. MeTo CTaTUCTUYHOTO aHaNII3y t-KpUTepiit
CTpI0ICHTA, HE 3BAKAFOYH Ha PSA HEIOMIKIB, TAKOK MOXE
OyTM BHKOPHUCTAaHMH JJsl aHaji3y NPOJAYKTHBHOCTI
MIKpPOCEPBICHHX CHCTEM B CYKYIHOCTI 3 IHIIMMH
MeTofaMu. B pesynbraTi pobOTH OyJI0 CHPOESKTOBAHO
apXiTEeKTypy CHCTEMH MOHITOPUHTY HPOJYKTHBHOCTI
JIOZIATKIB 3 MIKpPOCEPBICHOW apXiTekTyporo. [IpuBeneHo
aHANI3 OKPEeMHUX MOJYJIB CHCTEMH Ta 3arajbHy CXeMy
B33a€MOJIIT MOIIYJIiB V¥ MIKPOCEpBICHOMY OTOUYEeHHI. Takoxk
3al[POIIOHOBAHO ~ AJITOPUTM  BUSBJICHHSA  BiJIXHJICHb
MPOAYKTUBHOCTI MIKPOCEPBICHUX MJOMATKIB Ha OCHOBI
e(eKTHBHHUX METOIIB peecrpanii perpecii
npoAyKTUBHOCTI. Ha MaiiOyTHE aKkTyaabHUM 3aJIUIIAETHCS
MUTaHHS NPAKTUYHOI pearnizalii Takol CHCTEMH.
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Ilpo imnaemenmauito cucmem KOHMEKCMHUX
mepmie
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KuiB, Ykpaina
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Anomayia. CTarTi ommucye TexHiky iMmieMeHTanii
cHCTeM MepenucyBaJbHUX MPABUJI 3 MIATPHMKOI0 YHCJICHHS
KOHTEKCTHHUX  TepmiB:  dopmanismy, mo 00’eqHye
TpaauuiiiHe NepenucyBaHHs TepMiB Ta pe3oJBiHr imen. Ile
poouTH cHCTeMM 3 WiATPUMKOI0 KOHTEKCTHHX TepMiB
XOPOIIMMH KaHAHAATAMH /151 JIaT(HOPMH NepeTBOPEHHSsI Ta
aHamizy dopmansnux MOB: cTae MOKJIUBHM
BHKOPHCTOBYBATH [leK/1apaTUBHI NepenucyBalbHi NpaBuiIa
pa3oM 3 HaBirauiero imeH.

Kniouosi cnoga: moeu npozpamyeanHs, nepenucy8aHHs
mepmie, termware, anzeopa anzopummis, CUHImE3 nPOZPam.

Bceryn

Cucremu NepenrcyBaHHs TepMiB JIABHO
BUKOPHCTOBYIOTbCS Y IHCTPYMEHTAJBbHUX 3aco0ax s
NepeTBOpeHHs Ta aHaii3zy mporpam. Cucrema Termware
[1,2] po3pobnena B Incruryrti Ilporpamuux Cucrem
HAHY ipo3BuBaethces 3 2004 poky. st Hei po3pobieHuit
IHCTpyMEHTapiil aHali3y Ta TeHepyBaHHS NporpaM Ha
MmoBi Java [3,4], C [5], Fortran [6]. Ilig wac BupimeHHS
NPaKTHYHAX 337124 HAKOIMMYEHO YHMMalWi JOCBij Ta
NaTTepHH BHUPIMIEHHS THIIOBHX IpoOieM. Tumosa 3amada
aHamizy abo TepeTBOpPEHHS MporpaM, y HaHOimbII
3arajlbHOMY OINCi, BHUIJSJIA€ HACTYITHUM  YHHOM:
mporpaMa mpejacTaBiieHa y BHUDIAAI TepM. [louaTkoBuit
CTaH — OJIMH TepM, KiHIeBHH — iHmMH TepM. Ha Tepmax
BU3HAYCHO SIKECH ITOHATTS €KBIBAJIEHTHOCTI, 110 3aJICKHUTh
BiJl 3ajay4i, 116 MOXKEe OYTH CEeMaHTHYHA CKBIBAJICHTHICTh
a0o0 siKuiich BUIINICHNH aCTIEKT, Ta SKach 1IJIboBa (QYHKIIis
(cKyIaaHICTh, TIOTCHIIATbHA e()eKTUBHICTD, BiOBIIHICTH
JesKif  apXiTeKTypi, HasBHICTh IATTEpPHIB, TOIIO).
3acTOCOBYIOUH ITPaBWJIA NIEPENMCYBaHH, 110 30€piraloTh
Hally eKBiBaJICHTHICTb, MU OTPUMYEMO IHIIMI BHpa3 3
IHIIOIO  IiMbOBOIO  (yHKIifO. TakoXX MH MOXEMO
OIepyBaTH JIOTIYHUMHU TIEPETBOPEHHSIMH HaJl TEpPMaMH,
JKIOIO Yy 3aj1adi iCHye MOJenb JIOTidHOi iHTepmperarii
CeMaHTHKH.

Y camoMy HpOCTOMY BHITQAKY BXiJHI TEPMH MOXKYTh
BIJIMOBIAATH CHHTAKCUYHUM KOHCTPYKILiSM, aje i
OimpImocTi 3amad  YHCTO CHHTAKCHYHOI iHQopmarii
HEIOCTaTHBO: IMOTPiOEH CEeMaHTMYHUN aHajmi3 Mo
BKJIIOYA€ 10 cebe aHaji3 TUITIB Ta CEMaHTHYHY HaBirarito
10 BHYTpimHIM 00’ektam. B morouniii Bepcii TermWare
PO3B’sI3aHHS i€l npobemu TIOJISITaJIo B
BUKOPHCTOBYBaHHI TaK-3BAaHMX MOJIEIBHUX TEPMIB, IO
BKJIIOYae 10 cebe okpiMm AST mie oquH enemMeHT, yepes
SIKUH MOIJIMBO BHKOPUCTOBYBatu imMneparusHe API, mio
Jla€ AOCTym 10 iHdopMallii mpo THIHA Ta MOXKIUBICTH
omepyBaHHSI ceMaHTHYHOI iHQopmMmarii. Takuit migxin
YCHINIHO BHUKOPUCTOBYETHCS, ajieé BiH TAaKOX Ma€ CBOI
Hegomiku. OCHOBHHMM HEHONIK — IO IS KOJKHOI MOBH
porpaMyBaHHs MOTPiOHO “Bpyuny”’ OTIHCaTH

CEeMaHTHUYHY MOJIeNb, IO MPUBOJUTH 10 JOCHUTH BEJIHKOI
TPYAOMICTKOCTI JIOIaBaHHSI HOBOI MOBH — TMOTPIOHO
HamnucaTy NpHONN3HO MOJOBUHY KOMIIITOpa. BuHNKae
MUTAaHHA — @ YU HE MOKHAa aBTOMATH3YBaTH HOOYIOBY
TUTIOBUX ACIIEKTiB CEMAaHTUYHHX Mojene. Y miid poboti
moOyIOBaHO MiAXiA A0 BHUpIMICHHS M€l 3a7adi Ha OCHOBI
KOHTEKCTHUX TEpMiB. AJbTEpPHATUBHUMH BapiaHTaMH €
BUKOpUCTOBYBaHHA APl komminiropiB, mo MoXxe
HajmaBaTH iH(popmalio 3a momomoroo API mnarixiB y
ctwii JSR-269 [7], abo nmporokoay LSP (Language Server
Protocol) [8]. Cepen aHATOTIYHUX CHCTEM CJIiJ] BUIITUTH
Spoofax language Workbench [9], mo noOymoBaHo Ha
OCHOBI CcHCTeMHU TmepernucyBaHHs Stratego. Tam s
BUpilIeHHs  wLiei-k mpoOiemu OyB moOyaoBaHMI
¢dopmamizm TpadiB obcsary (scope graph) [10], mo
JI03BOJISIE IEKIAPATUBHO ONMCYBATH KOHTEKCTH.
KOHTEKCTHI MYJIbTUTEPMU

Anrebpa MyJIBTHTEPMIB TIPYHTYEThCS HAa MHOXKHHI
KOHCTaHT Ta (DYHKIIOHAIPHMX CHMBOJIB Ta CHCTEMH
noriku L. OCHOBHUM eleMeHTOM vavilon € MymbTiTepm,
110 MOXe€ OyTH
— OpauHapHUM TEPMOM, a CaMe:

- Koncranroio ¢, abo aroMoM ¢,

—  CIpykTypHUM TEpMOM f:(¢,.. 1)

—  Crpinxoro t, >t

—  Armikaniero 4,

—  OOMexeHHSIM it

—  30BHIMIHI{l KOHTEKCTHUM TEPMOM t, @t,

— BHyrTpimHili KOHTEKCTHUM TEpMOM ¢ ¢, (IHKOIH

Oyaemo 1nosHavat ¢ ).
— MHOXXUHHUM TEPMOM:

- MHO.)KI/IHa {ts...1,}

— CyMicHa MHOXHHa 4.t

—  TlocmimoBHui mepersyg xl‘ X, ""xn

—  VYHiBepcanbHUii TEpM: *

— Ilyctuii Tepm: €

— Iporupivus: 1 .

[HTYiTHBHE pPO3YyMIHHS MYJBTITEPMIB — BHpa3H, fAKi
MOXXYTh IHTEPIPETYBAaTUCh SIK BibHA airedpa MHOXHH
OpAMHapHUX TepMiB. TakoX MOXJIMBa KareropiiHa
inrepriperanis. [IpaBuia BuBoxy HaBeneHi B [11].

Hasenemo ocHoBHi onepauii: unify(a,b) — ynidikaris.

— unify(a,b) = ¢ @ s — nme ¢ — miacTaHoBKa (10

TIPE/ICTaBIIeHA SIK MHOXKHMHA CTPUIOK,

- uniﬁ/(*,a) =a;unify(f,a) =€

- umﬁ/({tl,...tn},a) = {unify(1,,a)...unify(t,,a)

_ uniﬁ/(aA[a%b,cﬁd,.,.],x)=

= unify(b,x) n [a - un{[v(b,x):l
- umﬁ/((a : b),x) = (uniﬁ/(a,x):b)
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wnify (£ (t:1,), f (81, =
I (wnifi (1,,),..umifio (1,2, ))
= @A, @unify (,.1,)
(,Hi:uni;jz(ti,t',),
unify(a — b,c > d)) =

3 a—)b,c—)d,unify(a,c):(
- unify(a,c)—)uniﬁ/(b,d) la—>b,c—>d

- unifj/(a|b,x) = unifj/(a,x) | unify(b,x)

- unify (a, a) =a
= unify(a,b)=€, ANA OyAp-KMX 1HIINX HEPIBHUX
TEpMIB.

n . —

Tyr A’ x, =x,...x, — CHHTaKCHC JUIA HecynepetBe
00’eqHAaHHA, (WX — MOTOYHMHA KOHTEKCT X. YHiikamis
JBOX TEPMiB MoOBepTae yHidikarop Ta Habip MifCTaAHOBOK
3’€JIHaH1 B OTHOMY TepMi. 3a3Ha4MMO, 10 yHi(iKalis cTae
OiHapHOIO oOIlepali€lo, MO MOPOKYE PENITKy Ha
MHOXXHHI MYJIbTUTEPMIB.

[lincraHoBKa TaKoXX cTae OIHAPHOIO OIEpAIi€l0 Hal
TepMaMu:

- subst(a,a - b) =b

subst(a,b,rest ..= subst (subst (a, b) R rest)
- subst(a, {b, rest.. }) = { Subst(a, b),subst(a, rest)}
Subst(a,b) ,subsl(a,b)! =

subst (a,blrest ...) :{ subst (a,rest)

- subst(a,*) =a
—  subst(a,e)=¢
- subst(a,x) = ¢ otherwise
31  CTaHAapTHOIO
MepIIoMy apryMeHTY:
subst(f(l,,...tn),x) = f(subst(tl,x)...subst(tn,x)) :
Tenep HapemITi MOKHa BU3HAYHTH TPABIIA PEIYKIIT
aruriKamii: subst(c, @uniﬁ/(a,c));unifj/(a,c)!: €
(a—>b)e= )
€, unz]ﬁz(a,c) =€
(a|b)c _ {ac,(ac) #€
bc,(ac) =
MPUKJIAICHHSI 0OMEKEHb:
" a, Lt subst(b,this - a)
(a ' ) - {6,[4 F ﬁsubst(b,this - a)
- (a:b):c:(a:(b/\c))
- {(a:b),(a:c)}=(a:bvc)}-
Tenep Mo)kHa IEPEUTH 10 POOOTH 3 KOHTEKCTOM.
Sk 6a4nMo, B TEPMI € IBA TUITA KOHTEKCTY: 30BHIIIHIN
Ta  BHYTpImHIA.  30BHIIIHIA  KOHTEKCT  MOXHA
IHTepIpPETYBaTH SK OOMEXKCHHS, MPU SKHUX TEPM MOXKE
OyTH BHMKOpPHCTaHO, TOOTO 3B’s3yBaHHS IMEH Yy
30BHINIHBOMY CKOIIi, BHYTPIIIHIHM — 5K 3B’S13yBaHHs iMEH.
[Tpn moOynoBi TepMy MM MOXEMO I0/aBaTH CTPUIKH 110
30BHIIIHBOTO KOHTEKCTY, YTBOPIOIOYH HECYICPEWIUBY
MHOXHHY 3B’SI3KIB MK IMEHAMH Ta 3HAYCHHIMH
(bindings), Ta HEepEeTBOPIOIOYN KOHTEKCT Yy BHYTPILTHIN
(TIpOIITOBXYIOUM yTPHUMaHHS BHYTPIIIHEOTO KOHTEKCTY
Ha piBeHb OPJIMHAPHUX TEPMiB).
Hexait Ca (a, b) — JOJaBaHHS b [0 30BHILIHLOIO
KoHTeKCTy a. Toi:

T Cula@x,y)= a@(umﬁ/(x,y))

CTPYKTYPHOIO  PEIYKIIE  TI0

— C@(a,x)=c@ (a@»:x) — JSKIIO a HE Mae
30BHILIBOTO KOHTEKCTY
B C@({a,b},x):{C@(a,x),C@ (b,x)}
- C@ (a,b,x)= a,b@unifj}(@a,@b,x)
- C@(a\b,x):C@(a,x)|C@(b,x)~
A 1t oziepKaHHS BHYTPIIIHBOTO KOHTEKCTY, B HAC €
orepamiss TEepPeTBOPEHHS 30BHINTHHOTO KOHTEKCTY Y
BHYTPIIIHIH:
- Tx@sl,...sn:x/\{s,,...sn}-
BayTpimHI KOHTEKCTH 00’ €THYIOTHCS TTOCIIIOBHO:
- ( et ) -y — TOOTO OCTaHHE TNPHKIAJCHHS
Oyze mepeBipATHUCH TIEPIITNM.

Hapemri, ™MH MOXeMO BH3HAYUTH  (QYHKIIIO
PC30JBIHTY: ;. (name, x* @b) =(bname)|(aname)-
TakuM YMHOM, MH OTPUMAIM IHTEpPHpETaLilo

MyJBTITEpMiB 3 HaOOpOM KOHTEKCTHHX OIeparii,
JIOCTAaTHIM UL TOTO I00 BimoOpa3WTH BUBIL THIIIB Ta
CEMaHTHYHUHM aHaji3 TUHOBOI 00’€KTHO-OpPi€HTOBaHOI
MoOBH. Takox 3a3HayMMO, [IO caMi HepenHCyBajbHI
NpaBmwiIa Ta IIJCTAHOBKA TAaKOX MOXYTh OyTH
NPEACTAaBICHI y BHUIIAAI MYJBTITEPMIB, IO J03BOJISIE
MO/IEIIFOBATH CUCTEMH HIEPETTUCYBAHHS BUIIOTO TIOPSIKY.
BuUCHOBKU
CeMaHTHKa KOHTEKCTHHX TEPMIB € KOMIIAaKTHOIO
MaTEMaTUYHOI CTPYKTYpOIO, IO MOXKE MOJENIOBATH
OCHOBHI KOHCTPYKIIH{ Ta MPOLECH Cy4acHUX (OPMAaTbHUX
MOB. L1 Moaesnp Moxxe OyTH BUKOPUCTaHA SIK OCHOBA IS
HACTYITHOTO TOKONiHHA IUiaTgopmu  termware, IO
3HAXOAMTHCS Y TPOIIECi pO3POOKH.
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Hokpawenna anzopummy paxmopu3zauii
HamypaaibHo20 4ucia
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Anomayis. B po0oTi 10CHINKYIOTECS Ta NOPIBHIOIOTHCS
ajropuTMu paxTopusauii HaTypaJbHUX Yuces. Po3riasHyTo
KJIACHYHUI aaroput™M ¢axkropusanii, iioro moxpameHui
BapiaHT, BU3HAYEHO KiJIbKicTh onepauiii JijieHHS Ta pemITu
AJs OTPUMAHHS pe3yJbTaTy. 3ampomoHOBAHO peali3auiio
aNropuTMy JUISl MHOKHHH OJHOYACHHMX MAapasieJbHHX
004uc/II0BaYiB Ta HOro NOKpaleHHs, BU3BHAYEHO KUIbKIiCTh
omepauiii AiIeHHs Ta pemITH JUIsI OTPUMAHHS Pe3yJabTaTy.
Bka3zaHo o0Me:keHHs1 Ha 3aCTOCYBaHHS Takoi peajisanii Ta
3aNpPONOHOBAHO MOAATBII HANPSMKH JA0CTiIKEeHb.

Knrouosi cnosa: paxmopuzayia HamypaivHozo uucia.

Bcervin

[Tpu BupimieHHI 3amad 3a JOMOMOIOI KOMII'IOTepa
BeMKAa yBara TMPHUAUIETHCS MIABUINCHHIO BiICOTKA
BUKOPUCTAHHS KOMIT'toTepa. I[liBUINEHHS NIBUIKOCTI
3HaXO/DKCHHS pIlIeHHs OakaHe, MPOTe HE MOBHUHHO
MPU3BOINTH JI0 TIEPEBUTPAT BUKOPUCTAHHS KOMII FOTEPA.
Binbie Toro, BBa)KaeThCs, 110 3MEHIIEHHS KiJIbKOCTI Iiit
NpY BHUPILIEHH] 3a/1a4i NPU3BOJUTH 10 3MEHILEHHS 4acy
3HAXO/KCHHS BIINOBiZl MPH OJHOYACHOMY 3MCHIICHHI
BUKOPUCTAHHS KOMIT'F0Tepa. Ie TBEPHKCHHS
CIpaBeIUBE JUIS MOCTIOBHOI CHCTEMH 3HAXOIKCHHS
pimrenHs. CropaBeMIUBICTh I[HOTO TBEPIKCHHS LIS
OJIHOYACHOTO TMAapajIebHOIO 3HAXOKCHHS PIllICHHS €
MpeMETOM JOCITIDKeHHS mi€i momosimi. B  momosini
PO3IIISIHYTO pINICHHS 3a7a4i pPO3KJIaJaHHS 4YHCIa Ha
MPOCTI MHOXXHHKH Ta TOKa3aHO, IO IPH OJHOYACHOMY
napajiejabHOMY TOIIYKY PIllICHHS BKa3aHEe TBEPKCHHS HE
BUKOHYETHCH.

TIPOCTI AJITOPUTMU GAKTOPU3ALIIT

3amava, s SKOT 3HAXOAMTHCS PO3B’SI30K, € 3ajqada
pO3KIafaHHs 1ijoro yucia [1], mo Oinbine oAWHUIN, HA
MpOCTi MHOXHUKH. [10CTiTOBHUH alNTOpUTM PO3KIIATaHHS
Ha MPOCTI MHOXXHUKHU JIESAKOTO IIJIOTO YKCIIa, MO OiIbIne
ab0 OpIBHIOE IBOM, 3 BUKOPHUCTAHHSAM CIIHCKY IPOCTHX
yucesl, B HAaWNPOCTINIOMY BHMAJAKY, 3BOIUTHCS [0
MEPEeBIpKH, YW JUIMTHCS BKa3aHe YHCIO Ha BCi MPOCTi
Yucia, Mo MeHnle abo piBHI 3a HBOTO, Ta HiIPaXxyHKY
KUTBKOCTI pa3iB IIIOTO JIICHHS:

n=get();
for(i=0;p[i]<=n.n;i++)
for(k=n.n;k%p[1]==0;k/=p[i])
n.p[i]++;

ne p[] — MacuB MpPOCTHUX YHCEN, N.n — BKa3aHE YUCJIO, a
n.p[] —MacuB cTeneHiB MPOCTHX MHOKHUKIB IIHOTO YHCIIA.
ITouyaTkoBi 3HAYCHHS MACHBIB BBAXKAIOTHCSl BUZHAYCHUMH.
get() oTpuMye TOCWIAHHS Ha O00’€KT, IO BH3HAYAE

Kpax 10.B.

KuiBchkuii HalllOHAJIBHUI YHIBEPCUTET
imeni Tapaca [lleBueHka
KuiB, Ykpaina
krak@univ.kiev.ua

BKa3aHe YHUCIO n.n, a n.p[] — cTemeHi WOTO MPOCTUX
MHO>KHUKIB.

KisnpkicTh onepaltiil AiJICHHS Ta PELITH 00YHUCITIOETHCS

SIK

pi(n)+2*sumNumberOfPrime(allPrime(n),n),
ne pi(n) — KUIBKICTH MPOCTHX YHCEN, IO MeHIe abo
nopieaioe n [3], sumNumberOfPrime — cyma cremneHiB
MPOCTHX IiNMBHUKIB umucna, allPrime — MHOXWHa BCixX
NPOCTHX JUIBHUKIB YHCIIA.

[NoxparueHuit aaropuT™ TepeBipsie BCi IPOCTI YUCIA,
II0 HE TEPCBHINYIOTh KBaIPAaTHHI KOPiHb BKA3aHOTO
YHcia, Ta AUTHTh BKa3aHE YUCIO Ha 3HAWACHI MpPOCTi
OUTbHUKA. JlOZaTKOBI BHTpAaTH IMaM’siTi — CIHCOK
KBAJIPaTiB MPOCTHX YHCEIT:

n=get();
for(i=0,k=n.n;pPow2[i]<=k;i++)
for(;k%p[i]==0:k/=p[i])
n.plil++;
if(k>1)
n.p[k]++.

KisnpkicTh onepartiil JiieHHs! 3MEHIIYETHCS 10

pi(sqrt(maxPrime(n))) + 2 - sumNumberOfPrime(allPrime(n),n)
ne maxPrime — HalOIIBIIUIT TPOCTHIA TUTEHUK BKA3aHOTO
YHpCiIa.

OJTHOYACHO ITAPAJIEJIBHI AJITOPUTMU ®AKTOPU3ALIIT
st peamizaniii oJHOYaCHUX MapaiedbHUX O0YHCIEHb
MIPUITYCTUMO iICHYBaHHS MHOYXHHU OOYHCITIOIOYUX BY3IIiB
KOXXEH 3 SKUX Ma€ BIIACHUN HOMEp Ta HABEICHY HIDKYC
nporpamy sl BAKOHaHHS.

primeNodel(){
while(n=get()){
k=n.n;
i=nodeNumber;
if(plil<=k)
for(;k%pli1==0;k/=p[i])
n.p[i]++;

}

Tonil MakcuMaibHa KUIBKICTE ITOCIIZOBHO BUKOHAHUX
orepamniil JAUICHHS Ta PEIITH JJIs OTPUMAHHS BiIMOBIiJI
BCiMa OJHOYACHHMHM TapaJelbHUMHU OOYHCIIOBaYaMHU
O0YHUCIIOETCS SIK

2*maxNumberOfPrime(allPrime(n),n),

ne maxNumberOfPrime — MakcuMajbHa CTEIiHb
cepell yCiX MPOCTUX MHOXHHUKIB BKazaHOro yucna. [ls
KUTBKICTh BU3HAYAE€ Yac HA OTpUMaHHS BiamoBimi. [Ipu
IbOMY 3arajibHa KiJIBKICTh JIili Taka cama, K B TEePIIOMY
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BHIIAJKy. Burpam B yaci oTpyUMaHHS BiIMOBiAl BiIOyBCs
3a paxyHOK Wporpamry B 3arajbHid KUIBKOCTI Aid
TIOPIBHIHO 3 KPAIlM 3 ABOX MOCTITOBHHUX aJTOPUTMIB.

MopaundikoBaHa nporpaMa By3Jia Ja€ iHIIi pe3ybTaTH.

primeNode2(){
while(n=get()){
k=n.n;
i=nodeNumber;
if(p[i].p<=k&&k%p[i].p==0)
\ n.p[iJ=max(n.p[i],p[i].pN);

ne pN[i] — creninb AUTbHUKA, SKUH € CTEMIHHIO TIPOCTOrO
qycia.

Toal KiABKICTh MOCITIOBHO BHUKOHAHUX OIEpalliii
IUTEHHS Ta PelITH JJIs OTPUMAaHHS BiIIOBiAl JOPiBHIOE 1.
[{ina 3a TaKy IIBHKOIiF0 — BEJHUKA KUTBKICTh OJTHOYACHUX
mapaie’lbHUX OOYNCITIOBAYiB Ta HAJUTUIIIKOBI OOYMCIICHHS,
10 He BUKOPUCTOBYIOTHCS U ()OPMYBaHHI pe3yabTaTy.
KimpkicTh OIHOYACHHX TapaleldbHUX OOYHCIIOBaUiB
CKJIQJIa€ KUIBKICTh BCIX PI3HHUX CTENEHIB BCIX MPOCTHX
YKCe, [0 He MEPEeBUIIYI0Th BKA3aHOTO YUCia. 3araibHa
KIIBKICTE OOYHUCIIEHD 3aJIMINAETHCA TIED CAMOIO IO 1 B
norepeqHpoMy  BUOanky. Otpumarn ime  Outpmry
IIBHUIKOJTIFO MOYKITUBO, SIKII[O CTBOPUTH TaOJIHITIO MPOCTUX
MHOXHHKIB JUIsI BCiX Yncel. BriMm, BiIMiHHiICTH Oyzne B
OJIHY OTICPAIII0 PEIITH.

OBMEXEHHSI HA 3ACTOCYBAHHS OJTHOYACHUX
TTAPAJIEJIbBHUX AJITOPUTMIB

OnHoYacHI  mapajielibHi ~ &IrOpUTMH  MOXYTh
peani3oByBaTHCh  BIpTyalbHHUMH  mpouecamu  [4].
Bumororo 10 o0O0YHCTIOBa4iB Ta CIIOCOOIB  OOMiHY
3HAUYEHHAMH € HaJBUCOKa HajidHicTh. L1 BUMoOTra
TpaguIiiHa bi6) 1 00YHCITIOBAYiB pearizoBaHuX
KomIT'forepamiu. [Ipore 11t MepexeBnx 3aco0iB nepenada
3HAa4YeHb HE JIOCTaTHbO HafiiiHa. KomImeHcyBaTH 10
HEHAMIMHICTh MOXIIMBO 32 pPaxXyHOK JyOIIOF0OYUX

HAQ/UIMIIKOBUX oOumcnenb. lLle 30unbinye 3aranbHy
KiJIBKICTh MapHHUX OOYHUCIICHB, BTIM MiHIMaJIbHO BIUTHBAE
Ha 4Yac OTpUMaHHs pe3ynbTary. [IpakThyHa peanizawis
3alpOIIOHOBAHUX AJITOPUTMIB CYTTEBO OOMEKYETHCS
HassBHEMH NapalieJbHIMH 00UYHCIIIOBaYaMHy, IPOTE BKa3ye
HATIPSMKH PO3BUTKY OOYHCIIOBAIEHOI TEXHIKH.

BUCHOBKH

Hagenena 3amgaua nobpe Bizoma Ta Mae 6araro pilieHs.
KoxHe pimeHHS Mae cBOI mepeBard Ta HEOOTIKH. BTim,
HaKpamoro pimeHHs I BCiX BHIAAKIB HE HAJaHO.
BukopucTaHHsS CHHCKY MPOCTHX YHCEN Ta OJIHOYACHE
mapajenbHe BHKOHAHHSA  JO3BOJIIIOTH  TEOPETHYHO
OTPUMATH MUTTEBY BIJIMOBIb Ha IOCTABJICHY 3a1ad4y.
BriM, Benmka KUIBKICTH MPOCTHX YHCENI CYTTEBO
YCKJIQJHIOE TIPAKTHUHY peati3ailiio 3ampOrOHOBAHUX
QITOPUTMIB.

[omampmmi  pocmimkeHHss OyoyTe CHpsSMOBaHI Ha
peaitizariito Ta MOpiBHAHHS Pi3HUX BipTYaJIbHUX MPOIIECCIB
JUIsl BUPILICHHSI Ii€l 3amadi B OPaKTHIHUX MPOrPAMHUX
peaizarisx.
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Anzopumm KoHceHcycy 014 cucmem
30eperceHHsA Ha OCHOBL MEXHO1021LI 0J10KYeUH

Osepakin Mukura
KIII im. Irops Cikopcbkoro
Kuis, Vkpaina

Anomayia. 3aNpONIOHOBAHO AJTOPUTM /ISl JOCSATHEHHS
YMOB YKJIQIEHOI0 I0TOBOPY 100 30€PEesKEHHs NaHUX MiK
KOPHCTYBa4yeM Ta NPoBaiiiepoM cepBicy 30epeikeHHs JaHUX
i3 BHMKOPHUCTAHHAM TeXHOJOrii 0JioKYeiiH Ta cMapT-
KOHTPAKTIB.

Knwwuoei cnosa: onoxueiin, cmapm-KoHmpakm, 30epeiiceHHs
oanux, Proof-of-Agreement, ayoum.

Bcryn
Ha choromHimHiii JeHb XMapHi CUCTEMH 30€peKeHHs
MOBHICTIO IHTETPYBAIUCS 3 TOBCAKICHHUM XHUTTAM. 3
HAWOLTBII SICKPaBUX MPEICTABHUKIB MOXHA BiIMITHUTH
taki sk Dropbox, Google Drive, OneDrive Ta inmi [1].
Bounm HamaoTe y XMapi TOTCHIIHHO HECKIHUCHHHA

TPOCTip. Ane 31e01TBIIIOTO BapTICTh i€l
«HECKIHYCHHOCTi» 3aHAJTO BHCOKa. Takox i3-3a
XapakTepy UCHTPaIi30BAHOCTI JaHi MOXYTh OyTH

CKOMIIPOMETOBAHI, BTpayeHi Y TUMYACOBO HEJOCTYIIHI.
[I[o6 ycyHyTH I HEIOJIKH CJiJ 3aIymMaTdcs Hajn
BUKOPUCTAHHSAM PO3MOJIICHUX YH JCIEHTPATi30BaHUX
pimieHb. Y poOOTi MPOIOHYETHCS aJTOPUTM JIOCSTHEHHS
00paHMX HaJAIITyBaHb JOCTYITHOCTI JIAHUX Ta X 3aXUCT Y
pasi cripoOu BUKpaIeHHS.

PO3POBKA AJITOPUTMY KOHCEHCYCY JIJI1 CUCTEM
3BEPEXXEHHS JIAHUX HA OCHOBI TEXHOJIOT'Ii BJIOKYENH

BuzHaunMo yMOBH KOTpHUX HEOOXITHO TOCATHYTH IIPH
PO3po01 aropuTMY KOHCEHCYCY /ISt 30epekeHHS JaHUX:

- MiHIMI3alis MOXJIHBOCTI  CKOMIIPOMETYBaTH

JlaHi;

- BHUKOHAHHS 00OPAaHOTO Yacy JOCTYIHOCTI JaHUX;

- TIPO30PICTh MPOIIECY OIUIATH 3a 30epiraHHs;;

- aBTOHOMHa IIepeBipKa JTOCTYIHOCTI JaHUX;

- po3snojiieHe 30epeKeHHS TaHNX.

AnroputM orpumaB Ha3By Proof-of-Agreement.
Busnaunmo B3aemopilodi CTOpPOHM Ta iX poyli mpu
BUKOPHCTAHHI aITOPUTMY.

A) Kiienr. Sk KIi€HT s YKiIagal JIOTOBip 3
NpOBaiiiepOM cepBicy TMpo 30epekeHHS MJaHux. Y
JIOTOBOpPI BHU3HAYAETHCS CKUIBKH TOAWMH B J00y JaHi
MOBHUHHI OyTH TOCTYIIHI, PO3Mip JaHUX, IPOTATOM SKOTO
gacy  HeoOximgHo  30epiratm. Ilepem  modaTtkom
3aBaHTaXKEHHS JIaHMX, BHOCHTHCS JICTIO3UT HA CYyMY KOTPY
po3paxyBaB TIpPOBaWep CEpBICYy Ta BCTAHOBIIOETHCS
TAMYacoBe OJIOKYBaHHSI, IiCIIs TOTO SK JaHi 3aBaHTaXKEHI,
y JIif0 BCTYIA€E 3aKIIOYCHHIA JOTOBIp.

B) Ilposaiinep cepsicy. Sk mpoBaiinep cepsicy s
HaJal0 MOXJIMBICTh 3aBaHTa)XCHHS JAHUX Yy CUCTEMY.
Buctynato y poisi perynsitopa B NUTaHHSIX BHKOHAHHS
YMOB JOCTyHHOCTI aaHux. Hanmaro mposopicts 110110
NPOBEICHOIO AyAMTY NOCTYHHOCTI aaHux. OOUYMCIION

AmoHc Onekcanap
KIII im. Iropst Cikopcbskoro
KuiB, Ykpaina

PEUTHHT KOXHOTO TpoOBaliepa cepricy, KOTpuil Oyze
Ha/laJi BUKOPHUCTaHHUHN Y TCHIEPi 3a 30epekeHHS JaHUX.

B) Ilposaiinep cxoBuma. Sk mpoaiifep CXOBHIIA 5
HaJlal0 BUTBHUH TPOCTIP Yy CBOEMY CXOBHIII SIKHM MOXE
OyTM HampuKiIaJ JKOPCTKMI JHCK BOyZOBaHUH Yy
koMt rorep. 30epirato 3aBaHTaxeHi AaHi. [Ipoxomxy dac
Bil Yacy ayAMT LIOAO JOCTYMHOCTI JaHuX. Bapto
3a3HAYUTH, IO IIPOBalIep CXOBHMIIA — 1€ OJMHHILS
pobodoi cum amst mpoBaiinepa cepsicy. ToOTo npoBaiinep
CepBICY BHCTYIIA€ arperaTopoM IpoOBaiIepiB CXOBHII.

[TepeiineMo 10 omUCy aNroOpuUTMy 3 TEXHIYHOI
CTOpOHU. /1)1 HOCSATHEHHS MPO30POCTI MPOIIECY OIIIATH Ta
BUKOHaHHSA YMOB JOTOBOpPY 3aCTOCYEMO TEXHOJIOTIIO
OmoxdeiiH [2] Ta cMapT-KOHTPAKT [3] — IIe KOMITTOTepHUIHA
ITOPUTM, NPU3HAYCHUH IUIS YKJIQJAaHHA 1 MiATPUMKH
KOMEpLIHHUX KOHTPAKTIB B TEXHOJIOTI] OJIOKYEHH.
Haii6inbi nmomyssipHa Mepexka KoTpa BAKOPUCTOBYE 1/1€10
cmapT-koHTpakTiB € Ethereum [4]. Ane #oro
BUKODHCTaHHS Yy JIAHOMY aJlOPUTMI Ma€ TIeBHI
cknaanonti. OCKIIbKM yYMOBHM il alrOpUTM KOHTPAKTY
MOBHHHI OyTH TIOBHICTIO JETEPMIHOBaHUMH — II¢
HEOOXITHO 3a/UIsd TOTO, 100 MaifHep MIr 3aBaHTaKUTH
yBeCh OJOKYEHH 1 TpopaxyBaTh Xemi OJIOKIB 3a
anropuT™MoM jaepeBa Mepkia [5], mo0 BIEBHUTHCS, IO
OoKYeiiH He MICTUTh miApoOok. CaMe ToMy MaHHA
ITOPUTM MOTPeOye PO3pOOKY BIACHOT MEPEXKi, OCKIIBKH
mpoIiec ayauTy MoOyJOBaHWN Ha 30BHIIIHIX BHKIHKAX
NPOBai/IepiB CXOBHI 1 HE MOXe OyTH BiITBOpEHHM i3
100% BiporizgHicTio.

CMapT-KOHTPaKT IOBHHEH KOHTPOJIIOBATH IIPOLEC
BUILJIAT BUHATOPOJIKEHHS TIpoBakiiepy cxopuia (Storage
Reward) ta monmatky mposaiinepy cepsicy (Service Fee).
OnunieMo MOCIiIOBHICTD Ail MPH yKJIaJJaHHI I0OTOBOPY:

1) KopucTyBaud HajJCWIA€ 3alUT Ha 30epeKEHHS
JTaHUX;

2) TmpoBaWaep CEpBICY pO3paxoBye HEOOXiTHUI
3aJMIIOK Ha ajpeci KiieHTa (IMiJ «aIpecoroy
Ma€eTbCsA Ha yBa3i Horo (i3uuHUil ramaHenp y
GIroKUeiiHi);

3) CTBOPIOETHCS CMapT-KOHTPAKT;

4) 3nailficHIOETHCS OIOKYBAaHHS KOIITIB KIIIEHTA;

5) 3aBaHTaXyrOThCS JIaHi;

6) TOYMHAETBHCA TIpOIEC
JIaHUX.

Po3risiHeMo mpolecH 3aBaHTaXKEHHS Ta OTPUMAaHHS

JIaHUX, ayJTUT JOCTYITHOCTI JaHUX.

Jist MiHIMI3aI[i1 MOXKITUBOCTI CKOMITPOMETYBATH JIaHi,
mepes THM SIK HaJiciaTd JaHi 0 MpoBaiaepy cepaicy
BOHHU IMHA(PYIOTHCA OCOOMCTHM KIIIOYEM KITIE€HTA, IMiCIs
IIOTO cepBep po30mBac JaHi Ha OJOKK 3 (HiKCOBAHUM

ayJIUTy JOCTYIHOCTI
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po3MipoM # Hajacuiae IX A0 MpoBalIepiB CXOBHII,
o0uucIoe IX Xell Ta CTBOPIOE OJIOK y OJIOKYEHHI 1o
MICTHTh TIEPEJiK YCiX XemIiB OJOKIB Ta BIAMOBIIHHUX iM
MPOBaii/IepiB CXOBUII 1110 OYJIM 3aBaHTAXEHI.

st BuOopy HabOpy CXOBUIIl BUKOPHUCTOBYIOTHCS TaKi
mapamMeTpu K  JOCTYIHICTb Ta  3aBaHTAKCHICTh
MpoBaiffiepa CXOBHUII, HOTO PEUTHHT Ta BUMOTH KIIi€HTa
IIO0 TOCTYIHOCTI JaHUX. B mepmry wepry OepyTecs y
TEHJep Ti CXOBHIIA SIKi HA JAHUH MOMEHT Yacy NPHCYTHI
Yy Mepexi, aii MOpPiBHIOETHCA BiTHOCHA 3aBaHTa)KCHICTh
KO’KHOTO 3 HUX KOTpa PO3PaxXOBYETHCS SIK BiIHOLICHHS
BUKOPHCTAHOTO MICIsl 10 BHAlIeHoro Micus. Ilicist Toro
AK OTPUMaHO Takuidi HaOOp CXOBHII HEOOXiJHO
CHIBCTaBUTH iX pEHUTHHI, BHMOTM KII€HTa MIONO MO
JOCTYITHOCTI JaHMX Ta HEOOXiIHY KIJIbKICTh PperuIiK
6110KiB. SIKIIO KITIEHT Oaka€ BUCOKHI piBEHBb TOCTYIHOCTI
JAHWX, TO OLUTbIE IIAHCIB BUTPATH TEHIEp OyAe y THX
MpOBaiIepiB KOTPi MalOTh BHUCOKUN PEHTHHT i MEHIIY
3aBaHTaXEHICTh. KiNIbKICTh perutik OJOKIB 3aJIeKUTh Bix
TOro sKi TpoBaiimepu OymyTh oOpaHi y pe3ymbTari
MPOBEICHOTO TEHIEPY, SKIIO TEHJIEP BUTPAIOTh CXOBUINA
3 CepenHiM, TO KIJIBKICTh perurik Oyze OibIIO 3amis
JIOCSITHEHHS BUMOT KJIIEHTA.

[Micns Toro sk AaHi OyiM 3aBaHTaKCHHI MpoBaiaep
CEepBiCY 3riIHO 0 BHUMOI KJI€HTA MO0 IOCTYITHOCTI
JMAHUX PO3PAXOBYEThCS KOJU HEOOXITHO TMEPEeBIPUTH
MPOBAiICpiB CXOBHUIIl MO0 HASBHOCTI 3aBaHTaKCHUX
OJIOKIB JaHMX.

Po3paxoByeThcs Bipi30K yacy HpOTITOM SIKOTO Oynie
3MIHCHEHO psAx TmepeBipok. [IpumycTUMO, IO KIEHT
3a0a)kaB JOCTYMHICTh JaHuX mpotsiroMm 20 roanH y 1o0y.
OTtxe, o0epeMO THUX TPOBAUICPIB sKi MAarOTh PEHTHHT,
SKAH CBIUUTH TIPO TE, IO BOHU AOCTYITHI HE MEHIIIE HiXk
20 roaMH Ta CTBOPUMO PEIUIIKM Ha IHIIMX CXOBHINAX 3
JOCTYNHICTIO He MeHme HiK 10 romun. Ilposaiimep
cepBicy 3Hae xell OJIOKY, HOTro 3CyB y (aiiii Ta JOBXHUHY,
BiH OOHpaEe TMEBHUI BiICOTOK OJOKIB Bix 3arajabHOI
KIJTBKOCTI sIKI TNPUHAMAalOTh ydacTh y ayauti. J[lami
3HAXOSATHCS BIAMOBIMHI iM master Ta slave cxoBwuma [6].
Hpyri 30epirarore perutikun OnokiB maHuX. CroodaTky
NpOBaiiiep CepBiCy HaJCWIIAaE 3amuT 1O TOJIOBHOTO
CXOBHINA Ta BUMarae oOpaxyBaTu Xeml OJIOKY 3 NEeBHUM
3CYBOM Ta JIOBKMHOIO, SIKIIO NpOBaiiiep HE BiANOBigae
NPOTATOM  IIEBHOTO  KOPOTKOTO  IPOMIKKY  dacy,
3IHCHIOETBCS KiJIbKa pa3iB crmpoba TOBTOPHUTH 3aITuT,
JlaJti 3aMUTHy TIOIIUPIOIOTHCS Ha slave cxoBuia.

V pa3i ycmimHo1 mepeBipKu CTBOPIOETHCS TPAH3AKITIS
Ha OJIOKUElHi siKa IepepaxoBy€e YaCTUHY TPOIIEH 3 aipecu
KIIIEHTa Ha aJipecH MPOBalJIepiB CXOBWII Ta CepBicy. Y
pasi HeBJadi MepeBipKa BiIKIATAETbCs HA OUTBIT JOBTUN
Yac i 32 THM ITOBTOPIOETHCS 3HOBY TIPOIeC ayaAnuTy. Ko
TICIIS IEKUTBKOX TaKHMX JOBTUX CHPOO ayANT HEBAIMH, TO

KITI€EHTY  TIOBEPTAETBCS ~ HOr0  3QIMIIOK  KOTpPHH
PO3paxoBYIOThCS SIK JICMIO3UT 3 ypaxyBaHHSIM yCiX BUILIAT
1O ay/uTy.

ITicnst KOXHOTO ayAWTy NEPEPaxOBYEThCS PEUTHHT
mpoBaiiepa cxoBuma. l[lpu BHasoMy TPOXOKEHHI
MEPEeBIpKU  pEUTHHT 30UTBIIYEThCS, W HABMAKH, TPH
HEBIA4i pPEUTHHT 3MEHIIYEThCsA. PeWTHHT Bimirpae
HEBIIMIHHY pOJIb TIpH BUOOpI mMpoBaiinepa CXOBHIIA.
Axmo kmeHT Oaxae aye BHCOKOi JOCTYIHOCTI, TO

HEOOXiTHO MaTh CIIMCOK «JIOBIPEHUX» IpOBaiepiB
CXOBWIN, ¥ HAaBMNaKW, HEOOXiTHO CIIJAKYBaTH 32
«CTabKUMMY MpoBaiepaMu i MeHIe iM J0BipsATH OJIOKIB
3 OUIBLIOIO KUIBKICTIO PEIlTiK.

Jns mpomoBXKEHHS TepMiHy 30€peXeHHS HaHUX €
MOXKIIUBICTD BHECKY JOIaTKOBOTO JETIO3UTY
PO3paxoBaHOTO BIAMOBIIHO [0 BH3HAYCHOTO TEPMIHY.
Bapro 3a3HaumTH, IO Ha LBOMY €Tali BXXE HE MOXKHA
3MIHATH YMOBH IOCTYIHOCTI JaHUX, OCKITBKH I MOXE
MIPHU3BECTH 10 MPOIECY NepepO3NOIiICHHs ONOKIB 3ayis
3aJI0BOJICHHS YMOB.

KiieHT Hancuiae 3amuT 0 NpoBaiaep cepBicy i
orpumanHs JaHuX. CepBep 3HAXOIMThH BIIINOBIIHICTH
JaHuX 110 ix OnokiB. Ilicns yoro popmye Habop master Ta
slave cxoBui siki 30epiratoTb HeoOxiaHi O10Kku. CrioyaTky
cepBic pOOUTH 3aIUT O TOJIOBHHX CXOBHII SIKIIO Ti HE
BIMOBINAOTh MPOTIATOM HEBHOTO 4Yacy POOHTHCS 3aIHT
110 slave cxoBwuIL.

VY pa3i HeBmanoi cnpoOM OTPUMAHHS JaHUX 3aIUT
KITi€HTa CTaBUTh Yy 4Yepry i Temep KIIEHT BHUCTYyHA€e SK
ayzauTtop it 6epe yqacTh B OTHOMY LIUKIIi IEPEBIPKHU JAHHUX,
SIKIIO K MiCJIsl MPOXOAY OHOTO IMKITY MEPEBIPKHU MaHi He
BIAJOCST OTPUMaTH y TOBHOMY O00Cs3i, Takuid ayJuT
BBA)KAETHCS HEBJIAJIUM i KITI€HT OTpUMYE 3anumok. [Ticis
TOrO0 sK KIIEHT OTpMMaB JaHi, BiH iX aemudpye 3a
JIOTIOMOTOI0 ~ OCOOMCTOro  KiIo4a i Moxe jani
MPOJIOBXKYBAaTH KOPUCTYBATUCS HUMHU.

BUCHOBKU

Byso 3ampornoHOBaHO AIrOPUTM KOHCEHCYCY JUIs
CHCTEM 30epe)KeHHs JaHUX 3 BUKOPUCTAHHIM TEXHOJIOTIT
OnokueiiH. 3a/uii BUKOHAHHA yYMOB JIOTOBOpPY 0OpaHO
CMapT-KOHTPAKTH, OCKUJIBKH BOHHM MOXYTbh I'apaHTYBaTH
ix BukoHaHHA. PosrisHyTo mMepexy Ethereum, ane i3-3a
ocobnmBocTel ii MoOynoBU Kpaie po3poOUTH BIaCHY.
OCKINBbKH AaHI ITHUPPYIOTHCs, PO30OUBAIOTHCS HA OJIOKU i
30epiraloTbcsi Ha JIEKUIBKOX MpOBaiijiepax CXOBHII
OJTHOYACHO — II€ TapaHTye MiHIMaJIbHO MOXJIMBICTB IX
KOMIIpoMeTallii. 3amporoHOBAHO MPO30PHHA  MPOIIEC
OIUIaTH, OCKUIBKM KOXXHa BUIUIaTa 1Mo (akTy ayauTy
CTBOPIOE HOBY TpaH3aKIil0 y OJIOKYeHHI Ta i MOxke
NO0AYUTH KOKEH KOpUCTyBad. Y pa3i BTpaTH JaHUX
3aIMIIOK OyJie TapaHTOBAHO ITOBEPHEHO KIIIEHTY 3aBJISKU
MOTIepeTHBO YKIIQJAEHOMY CMapT-KOHTPAKTY.
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Anomauia. ITodynoBana TeopeTHYHA OCHOBa
Tpanchopmanii Koay mNOCTITIOBHHUX mNporpam 10 Mojaeli
akTopiB. IIo0y10BaHO OCHOBY MOJEJIIOBAHHS IOCJIiIOBHOL
nporpamMu i3 BHKOPHCTAHHSIM TNPOIECHOI ajredpm, Ta
oneparopiB mepexoay ajaredopu Mmojeieii. Busnaueni
nepenucyBajbHi NpaBuwia s TpaHcdopmauiii. JloBegeHo
TeopeMH npo eKBiBaJIeHTHICTh TpaHcdopmanuii.
OOrpyHToBaHAa aKTYaJbHICTh 3ajayi 4yepe3 HeoOXiHiCTH
aganTauii 10 XMapHHX 004K C/IeHb.

Knrwuosi cnosa: npozpamni Komniekcu 011 OUCMAHYIIIHOZ0
ynpaeninua, oucmanyiiine ynpaeninusa, UML.

BcTyn

[TpoekTyBaHHs CKJIaJHUX IMPOTPAMHHUX CUCTEM JIJIs
HAyKOBUX JIOCITI/DKEHb TOTpeOye 3HAHHSA HE TIUIBKU
npeAMeTHOi obOnacti, ame 1 3aco0iB  mapanesbHUX
posmojineHnx oouncieHb. B ocTanHi poku BinOyBaeThCs
TaKk 3BaHa JEMOKpaTu3alisi OOYMCIEeHb 3a paxyHOK
JCUICBM3HM Ta TPOCTOTH BHKOPHCTAHHS XMapHUX
matpopMm,  AKi  BXEe  3HAYHO  BHUIEPEIDKAIOTh
0araTomnpoLecopHi CYMEPKOMIT' IOTepaMH 32 CYKYITHOO
NPOAYKTUBHICTIO. Lle 3MyIIye nrykaT crocoou amanranii
ICHYIOUMX TIporpaM JI0 apXiTeKTyp, $Ki CyMicHI i3
XMapHUMHU IIaTGOpPMaMHi Ta BUKOPHUCTOBYIOTH SIKOMOTA
OibIIe TX MOXKIIMBOCTEIA.

B wiii po0oTi yBary 30CepeyKeHO Ha aBTOMAaTH3AIlil
MEePETBOPEHHS! YCMaIKOBAHUX IOCHTIJJIOBHUX IHTEHCHBHHUX
3a JaHUMHU Ta 32 OOYMCJIEHHSIMHU IPOrpaM A0 XMapHUX
0o0YHCICHp 13 BHUKOPHUCTAHHSAM MOJICNi aKTOpPiB Ta
xopeorpadii i JOBEIEHO TEOPEMH IPO EKBiBaJCHTHICTH
TaKOro MepeTBOpeHHs. YaCTKOBUM pPe3yNbTaToOM € IiIXi[
JI0 TIPOEKTYBAHHS IpOrpaM sIKi CYMICHHX i3 XMapHUMH
00YHCIICHHSIMH.

BUKOPUCTAHHS MOJIEJII AKTOPIB

Mopens akTopiB 1€ MOJENb MapaienizMmy, 1o
MIPECTaBIIsIE PO3MOAIICHI aCHHXPOHHI IIPOLIECH Y BUTIIS
MPUMITHBIB 13 BU3HAUEHIMH BJIACTHBOCTSIMU Ta 33JaHOIO
MOBEIHKOI0. AKTOD I1e 00’ €KT PO3ITOIIIEHO] CHCTEMH 10
IHKATICYJTIO€ MHOXKHHY CTaHIB, KOHTPOJIOIOYHH IIPOIIEC Ta
MHOXXHHY JIOKQJIbHUX 00YHCIIeHb. AKTOP BHUKOPHUCTOBYE
NnepcoHANbHUN Oydep TMOBIIOMIICHh 13 YHIKaJbHOIO
aJpECor0 Il OTPUMAaHHS BXIJHUX MOBIIOMIICHb. BuxinHi
MOBIZIOMJICHHSI TIEPEIaloThCs 10 CIIbHOTO Oydepa skuit
MOXeE TNepeciaTH iX ajapecaTaM 3TiJHO 1O IiJINHCKH.
AKTOp aKTHBYETbCS OaThKIBCBKMM aKTOpPOM, 1 Biapasy
ITICJIS aKTHBAIIIT MEPEXOANTD y CTaH OYiKyBaHHS BXiIHOTO
MOBiIOMJICHHs. bByab-aki nii, IO BUKOHYE aKTOp,
iHIIHOBAaHO BXIJTHUM TIOBIOMJICHHSIM, TOOTO akTop €
pEaKkTUBHUM OO0 ’€KTOM. AKTOp MOXe TepedyBath B
OJIHOMY 13 TIBOX CTaHiB:

—  00poOKa MoBiJOMIIEHHS Y TTPOLIECi;

Tynika €M

IncturyT nporpamuux cucrem HAHY
Kuis, Ykpaina
eugene.tulika@gmail.com

—  OYIKyBaHHS BXiJHOTO TIOBIJOMJICHHSI.

[licns oTpuMaHHS BXIJHOTO TOBIJIOMIICHHS aKTOP
BUKOHY€E TIOBEMIHKY, 3aJleKIapoBaHy Yy KoH}iryparmii
aKTOpa SIK PEaKilii0 Ha BXiJHE MOBIJOMIICHHS OTPHMAaHE
BiJI IHIIOTO aKTOpa. AKTOp MOK€ BUKOHYBATH TPU OCHOBHI
Iii, mpy OTpUMaHHI MTOB1TOMIICHHS:

— CTBOPUTH KIHIIEBY MHOXHHY
VHIKaJIbHIMHA iIMCHAMU;

—  HaJiCNaTH KiHIIEBY MHOKHHY TOBiJOMJICHB;

— BHKOHATH TOBEOIHKY SK BHUKIHK KiHIEBOT
(byHKUIT 0 BiIOBIIAE 32 00POOKY NaHHX.

Tun akropa BH3Ha4YaeThCcs iHTepdelicoM akTopa.
Inurepdetic akTOopa I THN BXIAHAX Ta BHXITHHX
TIOBIJIOMJICHB Ta TUII aKTOPIB SIKI BIH MOKE MOPOIXKYBaTH.

Xopeorpadis e OIuH i3 JBOX CIOCOOIB KOMITO3HIIIT
PO3MOJIIICHUX CUCTEM, B SIKOMY B3a€MOZis MiXK OKDEMUMHU
YaCTHHAMH TMOJIA€ThCSI HESABHO, a SIK OMNKC IOBEIiHKU
KOXKHOI ~OKpeMOi 4acTHHH cucreMu. Xopeorpadis
HalOUIbIIE  MiOXOAWTH [UIS ONUCY CHCTEM IO
CKJIQ/IAIOTHCS 13 PEAKTUBHUX KOMIIOHEHT SIKUMH € aKTOPH.

Posmominena cuctema 3amaeTbes  iHTEpdeiicaMu
aKTOPIB Ta MiJIMCKOI aKTOPIB Ha THIW IOBIJIOMJICHB.
CraH po3MOMiIeHOI CHCTEMH CKJIATAEThCS 13 MHOKHHH
aKTOPIB 1[0 BUKOHYIOTHCS MapajeibHO Ta MHOXHHHU
MIOBITOMJICHb 110 3HAXOSATHCS B IPOIIEC] JTOCTABKH.

aKTopiB i3

OTIIC 3AJIAUI

[ocraBnena 3ajava nosiArae B ajanTtaiil iCHyIOYMX
yCIIaJIKOBAaHUX TMOCHITOBHUX TIPOTpaM Uil HayKOBHX
JNOCTI[DKEHb 1O XMapHHX oO04YuciieHb. Y OUTBIIOCTI
BUNAJKIB [ poOOTa MOTpeOye BENMKHX 3aTpar dacy
HasIBHOCTI cCHElaJIbHUX 3HaHb. ABToMarm3amis abo
YacTKOBA aBTOMAaTH3allisl Takoi poOOTH J03BOJHTH
OTpUMAaTH pe3yJbTaTH MIBHAME Ta (OKyCyBaTHUCh Ha
BJIOCKOHAJICHHI PIIIeHb HiX Ha MPOEKTYBaHHI CKIIAJHUX
CHCTEM.

Anamntariii  IporpaMHOrO  KOAY BHKOHYE  TaKi
€KBIBaJICHTHI MIEPETBOPEHHS IOCIIJOBHOI MPOrpamMu, 10
Ha BUXO/[i OTPUMYE CUCTEMY PO3MOIIJICHUX KOMIIOHEHT Ta
iX KOOpOWHALII 3aJaHy TpaBHJIaMH B3aeMonii. Y
BUNAJKy  MOJENl  aKTOpiB  IpaBmia  33JaloThCs
xopeorpadieto.

Teopernuna ocHOBa ISl €KBIBAJICHTHHX N1E€PETBOPEHD
BXI1JTHMX BHMOT, 33J]JaHUX KOJIOM YCIIaJIKOBAaHOI IIpOrpamMu
abo IMPOEKTOM CHCTEMH, 0 €(PEKTUBHOI PO3MOIiICHOT
CHCTEMH, IIPUCTOCOBAHOI OO XMapHUX OOYHCIICHB,
JI03BOJINTH BIIEBHUTHCH B a/I€KBATHOCTI IIEPETBOPEHHS Ta
MPOBECTH BEPUPIKaIlit0O CUCTEMH.
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TEOPEMU TIPO EKBIBAJIEHTHI [TEPETBOPEHHS Y MOJIEJIb
AKTOPIB

Tpanchopmariiss Komy NOCHIZOBHOI MporpaMu y
MOJIETIb aKTOPIB BiIOYBa€ThCs y ACKiTbKa KPOKIB:

— BIJIOKpEMJICHHS HE3AJIC)KHUX 33 AaHUMH YaCTHH
MIOCITITOBHOI MIPOTPaMH Ta IEPETBOPEHHS iX y TOBEIIHKY
aKTopa;

— CTBOPEHHS KOHTPOJIOIOYOTO
BIAIIOBIIa€ 3a BUKJINK ITOB1JOMIIEHE;

— cTBOpeHHA Xopeorpadii, To6To KoH}iryparii mo
3aJja€ peaklilo aKkTopa Ha BXiJHE MOBITOMJCHHS Ta
HiMICKY aKTOPIB HA MHOXKHHY ITOB1IOMJICHb.

Jns  nmoBemeHHs TeOpeM  IOCTIJIOBHUHM  mpolec
3MOJICJIbOBAaHHUH 13 BHKOPUCTAaHHSM ajireOpH MpoOLECiB i
0a30BMMH TIpaBUJIAMH MEPEXONy MK CTaHAMU CHCTEMHU.
Juss poOoTH i3 MOJEIUTIO aKTOpiB, TpoIecHa anredpa
JIOTIOBHEHA OIlepaTopaMu 3anucy y 0ydep, 3unTyBaHHs i3
Oydepy, MONHCKH HA MOBIIOMIICHHS Ta OIEPaTOPOM
CTBOpEHHsI HOBOro aktopa. OrmepariiiHa ceMaHTHKa
OIIepaTopiB 3a/a€ThCS 13 BHUKOPUCTAHHA MAapKOBaHOI
CHCTEMi CTaHIB i Iepexo/liB HaOOPOM TIPAaBHI MEPEXOY.
Jlis TpanchopMaliii cucTeMu 3aaHoi aredporo MpoIieciB
BUKOPHCTOBYETBCSI CHUCTEMa MEPENUCYBAIBHUX MPaBHI
110 3a/1a€ aJIrOPUTM TpaHCHOpMaIIii.

Jnst noBeieHHsST KOPEKTHOCTI TaKMX HEPETBOPEHHS
c(hOpMyJIHOBAHO Ta JOBEICHO HACTYITHI TEOPEMH.

Teopema 1. Bynp-sika mocniioBHa TporpaMa MoOXKe
OyTH TIpeCTaBlieHa Y BHUIJIANI CHCTEMH aKTOPIB.
MaxkcumanbHa KiTBKICTh aKTOPiB OOMEXEHa KUTBKICTIO
HE3aJICKHUX JUISTHOK KOAYy.

[ moBeneHHS TEOpeMHM MOTIK AAHUX IOCIiZOBHOT
MPOTpaMH MK TUISTHKaMU KOy ITPEACTaBICHNH Y BUTIISIL
MepexoIiB MiXK CTaHaMH crcTeMu nporieci. [TokazaHo mo
aHAJIOTIYHUII mepexin iCHye y MoJesi akToOpiB I BCiX
3aJJaHuX ONeparopiB  MHepexoly. 3aJeXKHICTb MK
JUITHKAMHU KOJY XapaKTepU3yEThCsl KITBKICTIO CHIIBHUX
3MIHHHX i3 6e3nocepeHiM JOCTYTIOM, SKi
BUKOPHCTOBYIOThCS 000Ma JinisiHKkaMu. Hezanexuumu € i
IUITHKA MK SKAMHA OOMIH JaHUMH OpTaHi30BaHO i3
SBHOIO TIepeadeto napamerpis. Ilokazano, mo po3ouTTs
3aJIeXHUX IUITHOK KOJY HEMOXKJIMBE 0e3 CyTTeBOI 3MiHM
MOCJITOBHOT TPOTpaMH.

Teopema 2. TlepeTBOpeHHsSI MOYATKOBOI MOCIHiIOBHOT
NpOrpamMH JI0 CHUCTEMH aKTOpiB HpH TpaHcopmalii 3a
3aJJaHUMH TIEPEIUCYBaJbHUMH TPABUIAMH TIOPOJDKYE
PO3MOJINIEHy CHUCTEMY €KBIBAJCHTHY JO I0YaTKOBOT
nporpamu

JoBenenHs TeopeMn 0a3yeTbcst Ha OicHMYISpHIN
€KBIBAJICHTHOCTI MK OTlepaTopaMy TEepexony anredpu

aKTopa  SIKUH

MIPOLIECIB Ta aHAJIOTTYHUMH MEPEX0JlaMH MOJIEINI aKTOpiB
sIKI BUKOPHUCTaHI NpH TpaHc(hopMallil CUCTEMH.

Teopema 3. bynb-sikuit akTop MoXe OyTH 3aMiHEHHUI
aKTOpOM 13 TakuM caMuM iHTep(eiicom Oe3 BTpatu
JOCSDKHOCTI KiHIIEBOTO CTaHY.

JoBenenns 0a3yeThcs Ha MOHATTI iHTepdeiicy akTopa,
SKHA TapaHTye OTpPHUMaHHA Ta oOOpoOKy BXiJTHHX
MOBIIOMJICHh Ta THUM BUXIJZHUX MOBIIOMJICHb IIO aKTOP
MOXKe HafmicmaTh abo THI aKTOpiB SKi MOXYTh OyTH
cTBOpeHi. Lle enMinye MOKIMBICTE IEPEXOAY CUCTEMH IO
HEBH3HAYEHOT'O CTaHy.

Teopema 4. brno4yHo-napajesbHi aJrOPUTMH MOXYTh
OyTHu IpeacTaBiIeH] CUCTEMOIO aKTOPIB.

Jns noBeaeHHs TEOpeMH PO3IJITHYTO OCHOBHI KJach
OJIOYHO-TIApaJIeIbHUX ~ QITOPUTMIB  Ta  MOOYyAOBaHa
CHCTeMa aKTOpiB MI0 IX MOJEI0E Je KOXeH OJoK
MIPEACTABICHO OJHUM aKTOPOM a pO3MiLIeHHS OJOKiB
TOTIOJIOTI€I0 aKTOpiB. JloBeACHO IO OOMIH JaHUMH MiX
aKTOpaMH CKBIBAJICHTHHH 10 OOMIHY IaHUMH MK
0JI0KaMH aJITOPUTMY.

BUCHOBKU
B  pobori  HamaeThcs ~ TEOpETHYHA  OCHOBA
MIEPETBOPEHHS MOCIIJOBHUX MPOrpaM J0 MOENi akTopiB
i3 BHUKODHUCTAaHHSM TIEpPElUCYBAJIbHUX MpaBHI Ta
JIOBEJICHO TEOPEMH TMPO  CKBIBAJICHTHICTH  TaKOTO
MePETBOPEHHS.  AKTyallbHICTh POOOTH  mojsirac B
HEOOXITHOCTI ajamnTaimii yCmaJaKOBaHUX IOCIIJOBHUX

Mporpam 10 XMapHHUX 00YUCIICHb.
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Anomayia. BIponoBxk BeJIMKOro 4acy aBTOMATU30BaHIi
CHCTEMH BineocmocTepe:keHHsI 32 00'€KTaMH PO3BHBAIHCS
IISXOM  BIPOBaI’KeHHI  Bce  OlIbII  e()eKTHBHHUX
AJITOPUTMIB BUABJIEHHA PYyXy. 3 MOSIBOI0 HOBUX AJITOPUTMIB
BUSIBJIEHHSI PYyXy HA OCHOBi 3aCTOCYBaHHSI TeXHOJOTIH
MAIIMHHOTO HABYAHHA, 30ibIIEHHS NPOAYKTHBHOCTI
rpagiyHux npouecopiB B yMOBaX BHXOAYy TeXHOJIOriii 3
BiIKDMTHM BHUXiJHHM KOJOM Ha eTal 3piloCTi PO3BHTOK
aBTOMATH30BAaHUX CHCTEM BiTeocrmocTepe:keHHSI OTPHMYE
HoBuii iMmmyabce. HoBi Texnousorii, 3aco0u 004uc/II0BaIbHOT
TeXHiKH i BIOCKOHAJEHI aNIrOpUTMH 103BOJIAIOTH OyAyBaTH
ABTOMATH30BaHi CHCTEMH BileocnocTepe:KeHHs 3 BUCOKUMHU
napaMerpamu. B poGori ommcana HoBa mo0yaoBaHa Ha
CyYacHMX TeXHOJIOTisIX cHcTeMa BigeocmocTepe:KeHHs,
napaMeTpu sIKoi /103BOJISIIOTH BHKOPUCTOBYBATH i st
IIHPOKOro Kijaacy o00'ekriB. OcHOBHa yBara npujiileHa
acnekTam 6araToyHKIiOHAJILHOIO PO3Mi3HABAHHA 0cCi0 Ha
OCHOBi MAIIIMHHOTO HABYAHHSI 3 BHBYEHHSIM METPHK.

Knrouoei cnosa: 06pooka 300pasicens, Komn’romepuuil 3ip,
GUCOKORPOOYKMUGHI obuucnenns, cnocmepeicenns,
MawiuHHe HABYAHHS, PO3NI3HACAHHSA OCID.

BcTtyn

IcHye HU3Ka OO0’€KTIB, HAIpUKIAJ HaBYaIbHI Ta
0310pOBYi 3aKJIA/IH, PEKUMHI 00’ €KTH, B IKUX HEOOX1THO
BIJICNIIIKOBYBaTH IIEPEMIIICHHS MEPCOHATY, YYHIB Ta
IHIIMX 0Ci0, BiIPalbOBYIOYH MEBHI MOJITUKH CTOCOBHO
ix moBemiHKH. 3 iHIIOTO OOKY, Ha IIUX Ta IHIINX 00’ €KTaX
BUHMKaE 1MoTpeda BiICITIJKOBYBATH MOSIBY OCi0, sKi e
HEBIOMI CHCTEMI.

Jus miaTpuMkn (yHKIIOHYBaHHS TakKMX 00 €KTIiB
noTpiOHA MOOy/I0BaHa Ha HOBITHIX TEXHOJIOTISX CHCTEMA
BiJIEOCTIOCTEpEXKEHHS, sika Oyna O He HaITo IOpOTOIo,
MPOCTOI0 B CSKCIUTyaTallii Ta HaAiHHOK0. Y KUIBKICHOMY
BiJIHOIIIEHHI OCOOJIMBY IiKaBiCTh CTAHOBJISITH CHCTEMHU,
SIKi BUMAraroTh BiJICJTITKOBYBaHHS BiJleomnoTokiB mo 100
BiZleOKamep, 10 BUKOPUCTOBYIOThCs A (pikcaii. [Toctae
IiKaBa HAayKOBO-TIPAaKTHYHA IpoOJieMa, BUPIMICHHS SKOI
BHMara€c HOBOTO ITOC€IHAHHS BIIOMUX 11€H.

Y pob6oTi NPONOHYETHCS OpUTiHAIBHE PIlIEHHS, B
OCHOBY SIKOTO TIOKJIQJICHO HOBY CXEMY B3a€MOJIl TPbOX
TEXHOJIOT1H, SIKa JJ03BOJIMIIa 30€pEerTH IepeBaru Ko>KHoi 3
HMX 1 HIBEIIOBATH HENONIKA, THM CaMHM JOCSITH
cuHepreTuyHoro  egexry. CHIBHUMH  CTOpOHaMH
PO3pOOIICHOT CUCTEMH € 3aTHICTh MATPUMYBATH BEITUKE
HaBaHTAXXCHHS, BUALIATH 00aM4us 1 TyayO, po3Ii3HaBaTh
oci6, OymyBatn 0a3y JaHHX TPAEKTOPIl Ta BKE 3HAHOMHX
Jarofei.  3pemTor  Le  J03BOJSIE  CTBOPIOBATH 1
KOHTPOJIOBATH 30HH JIOCTYITy, TOJaBaTH CUTHAT TPHBOTH
y BUNAJKY 1X NOPYILCHHS, HAPUKJIA] IIPU MPOHUKHEHHI
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KIII im. Irops

Xwmenmok Bonogumup
KIII im. Irops

CikopcbKoro CikopcbKOro
KuiB, Ykpaina Kuis, Ykpaina
amons(@ex.ua hmelyuk@gmail.com

Ha TEPUTOPiI0 HE3HaoMol 0coOM YW mepeTuHy 0co0oro
MEJK ITEBHOI 30HM.
Jnst owiHKM sKOCTI poOOTH OynM BHKOpUCTaHI JBi

METPUKH — MaKCHMalbHa KillbKiCTh TapanelibHuX
BIZICONIOTOKIB, sIKi MOXyTh OyTH 00poOieHi 0e3
MOKpAIleHHsT ~Yacy  pearyBaHHS, Ta MHMOBIPHICTH

po3mi3HaBaHHS 0COOW 3a 2 CEKyHAHM, NMPOTITOM SIKHX il
300pakeHHs MPHUCYTHE Ha BiIeO.

I1OB’SI3AHI POBOTH

Bucokonpooykmueni  obuucnenns. Po3pobnena
cHCTEeMa BUKOPUCTOBYE JeKiJTbKa TEXHOJIOTIi
BHCOKOTpOoAyKTHBHUX ~ o0umncnenb (high-performance

computing). [1lo6 ompansoByBaTi ogHO4acHO Bix 50 mo
100 BimeomoToOKiB OHOYACHO, B CHCTEMI MiATPUMYIOTHCS
napajeiabHi OOYMCIICHHS, peaisallisi SKMX BHKOHaHA Ha
OCHOBI makeriB JiHiHHUX oOuucinenr LAPACK (sxuii
BUKOPHUCTOBYETBCSL uepe3 0i0mioTeky numpy y MOBI
python) ta CUDA, 6poxkepa nosinomiesb RabbitMQ, 6a3
nanux ((haitnoBux, pensiiiHuX, in-memory).

Posnisnasanna oci6. OgHOYacHE  OMpAIfOBAHHSA
TIOTOKIB BEJIMKOI KIJIBKOCTI BiJICOKaMep CTajl0 MOXIIMBUM
3aBISKHM  BUKOPHUCTAHHIO  PO3BHHEHHMX  TEXHOJIOTiH
pO3Mi3HaBaHHS Ta JiHIHHUX OOYUCICHh Ha BiJEOKapTax.
L1i TexHOJIOrIT MHUPOKO BUKOPUCTOBYIOTECS y CHCTEMI Ta
MarTh BU3HAYAIIbHE 3HAUCHHS JUISl JOCSTHEHHS BIAJIOr0
BiTHOIIICHHS SIKOCTI POOOTH CHCTEMH OO IIBUAKOCTI il
poGoTu. Y poboTi HiKue OynyTh HaBelEHI IMOPIBHSIbHI
XapaKTEePUCTUKU JESIKMX HEHpOMepex, Uil BU3HAUCHHS
MPOJYKTUBHOCTI SIKUX BHUKOPUCTOBYBAJHCS (HOPMYJIIH,
3arponoHOBaHi y mparii [2].

Mawunne 6usuenHa Mempuxu.
BHCOKHX BHUMOT bi (4] LIBHJKOCTI CHUCTEMH
BUKOPHCTOBYIOTBCSI CYYacHi TEXHOJOTii MAaIIMHHOTO
HaBuaHHs. Halikpamii pe3ynpTaTH NOKa3alo BUBYCHHS
METPUK — HalpsiM MAaIIMHHOTO HaBYaHHA, Y SKOMY
pobuthes cripoba He knacudikyBaTi abo KilacTepu3yBaTH
NpUKIaad, a 30yAyBaTH MOZENb, CIPOMOXHY IX
Bigpi3HKTH [3].

Jns  BUKOHAHHS

OBPOBJIEHHS BIZIEOTIOTOKY

BigeonoTik 3 kamep Moxke 0OpOOIATHCS B JBOX
pexuMax, BHOIp SKHX 3MIHCHIOETBCS MEPCOHAIOM.
HezanexHo Big BUOOPY pexkuMy 0OpOOIICHHS, BiZICOMOTIK
Oyne mpoiHmekcoBaHo i 30epeskeHo B (baiinoBiii 0asi
JaHuX. Ase BUOIp pexuMmMy OOpOOJICHHS BIUIMBAaE Ha
HanoBHeHHs bJl HOBOIO iHdopMmartiero. [Ipu Oyab-sxomy
peXuMi poOOTH, B IEpIly Yepry BiZeo MiJyiirae nepem-
00poOJIeHHIO Ha BigEOKapTi 3 METOI BHUSBICHHS
HasIBHOCTI JIFO/ICH Ha KaJpax.
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Ilepeo-o6pobnenns. BineonoTik po30HMBaeThCS Ha
OKpeMi KaJipH, i KOKeH N-i (3Ha4eHHS N BCTAHOBIIIOETHCS)
Kajp 00poOnseThess  Helipomepexero.  PesynbraTom
po0OOTH € BHIICHI TPAMOKYTHHKH, KOXEH 3 SKHX 3
BHU3HAYCHOIO WMOBIPHICTIO BKa3y€ Ha BHSBIICHY JIFOIUHY
BCEPEIVHI BHIUICHOTO MPOCTOPY. 3HAYCHHSA N 3aJIEXKHUTh
BiJl pecypciB CHCTEMH, BiJICOHABAHTAXXCHHS 1 BUMOT IO
mBuakonii. i )k YMHHWKY BIUIMBAIOTh TaKOX Ha BHOIp
Mozeni mepex-oOpobnenna. Hikue Oyne HaBeneHa
TaOIHNIA pe3yabTaTiB JOCTIHKEHHS JEKITBKOX MOJIEIeH 3
BIAKpUTUM KozioM, HajaHux Google B pamkax 0ibiioTekn
Tensorflow, 3a KinbKicTIO BHOOpY KaapiB B CEKyHAY 1
MaKCUMAaJbHOK KUTBKICTIO TapAJICIbHUX BilICOMOTOKIB B
CEeKYHIY.

Peoxcum  posnisnasanns mpaeckmopii.  TpaexTopii
Oynyl0ThCsI 3a IOIOMOrot0 MareMaTiuyHol Mozeni (1), ska
BPaxOBY€E ITapaMEeTPH KaMep, iX po3TallyBaHHS y IIPOCTOPI
1 IpUpoay TIepeMilIeHHS JIIOEH:

x=K[Ri]X (1)

e X — TOYKa Ha Kamepi, K — MaTpHIll BHYTPIIIHIX
mapameTpiB kamepu, R i t — MaTpumi TpaHcopmarii
MOBOPOTY 1 TepeMimieHHs BiAMOBimHO  (MaTpHi
pO3TanIyBaHHS KaMepH B IPOCTOPi), X — TOUKA IPOCTOPY,
NpUYOMy OOWABI TOYKM BKa3zaHi B TOMOTCHHHX
KOOpJMHATaX.

Ha ocHoBi wmogmenmi (1) Oyayerbes "3BOpOTHa
MaTeMaTHYHa Mojeidb kamepu" (2), sika 1 T03BOJISIE
NPOBECTH MPOMiHb 3 KaMepH, BUXOJSYM 3 KOOpPAUHAT
TOYKH Ha 300paKeHHi:

X =[Rt]'K'x ()

Just po3mizHaHUX 0Ci0 TpaekTopii OYyAYIOTHCS IO
KaapaM. LIeHTpu NpsIMOKYTHHKIB BUKOPHCTOBYIOTHCS SIK
HEHTPOIIH, SKi MepecyBarOTHCS 10 BiZIEO Pa3oM 3 PyXoM
nikcesiB. BiqmoBiHO LEHTPOINM JIIOAEH € He TUIbKH Ha
nepea-o0pobIeHUX Kajapax, a W Ha Beix iHmmX. Ilicns
bOrO 3a JONOMOIOK 3BOPOTHOI MoJeni KaMmepu
TpaekTopii TpaHCPOPMYIOTHCS 3 TPOCTOPY KaapiB Ha
NpOCTOPOBI  KoopAWHATH. JlIsi TMOBHOTO BHpIILIEHHS
PIBHSHHSA 3BOPOTHOI MPOEKIlii i OOYUCICHHS HE TiIBKH
KyTa IOJOKEHHS 0COOM Ha IUIONIMHI BiTHOCHO KaMepH,
ame 1 T KOOpAMHAT TIPUAMAEThCI OOTPYHTOBaHE
NPUITYIIEHHS, 110 Y KOXHIH 30HI JIFOIM 3HaXOAATHCS Ha
IUIONIMHI, SIKa Ma€ MEBHY OJHAKOBY JJISl BCIX BUCOTY.

Peoicum  posnisnasanns  oci6. BepxHi uYacTHHH
MPSAMOKYTHHKIB IIEPEBIPSAIOTHCS 3 BUKOPUCTAHHSAM 1HIINX
Mojiesieil Ha HasgBHICTH 00mmub. Lle moxe OyTu mpocti
Bimomi mozeni Ha 3pa3ok HOG, abo » iHmri GiibIn cKiaaHi
MOJIeNli Ha OCHOBI HEMpPOHHMX Mepex. Bci BusBIeHI
o0JINYYsT KOHBEPTYIOTBCSI Y BEKTOPH B METPHYHOMY
npoctopi. [yt 1OrO BHUKOPHCTOBYETHCS M€ OJHA
HEHpOHHA Mepeka, sKa HABYAEThCS HA JaraceTi ocil.
Buxonsun 3 copMyIp0BaHNX BUILE BHUMOT JIO CUCTEMHU
BiZIEOCIIOCTEPEXKEHHSI KO)XKHa o0coba TMoBHHHAa OyTH
Ipe/cTaBIeHa B jaartaceTi Kiibka pasiB. Tomy obOpana
MoJenb THIy metric learning, ska moOynoBaHa He Ha
KaTeropu3allii/cerMeHTailii, a OIiHKY eBHUX METPUK JIJIS
PI3HUX TIPUKIIAJIB OCOOH B JAaTaceTi. Y BUMAAKY CHCTEMHU
BiJICOCTIOCTEPEKEHHS OIIHIOETHCS METPHKA HaJICKHOCTI
IBOX 00JWYb OnmHIAH o0cobi. OOmmyus 3 Kaapi
30epiraroTbest B b/ BiAnoBiHO 10 TipaBHIIa, IKE BPaXOBYE
VHIKaJIBHICTh 1 KOPUCHICTH 300paskeHHsT 00IUI4sT OCOOM.
BignoginHo, 3 mpopoBxeHHsIM pobotu, B Bl 30upaeTbes

Bce Ouble 1o0pe po3mizHaHUX 300paXKeHb 0Ci0 1 MOJIEb
MOKpallye sKICTh pO3IMi3HaBaHHS BXE 3HaOMHUX 0ci0,
rapaJjielbHO HaBYalOYHCh PO3Mi3HABATH 1€ HE3HaAHOMHUX

[2].

APXITEKTYPA CUCTEMU

3aranbHuil BUTISAA pPOOOTH CHUCTEMH B INTATHOMY
peXnuMi HEOOXiTHO PO3MUIATH HA ABI CKIATOBUX (OHOBI
3aja4i Ta 0OpoOka Ta Aii 3a BUMOror KiieHty. doHoBa
00pobka BkmOYae B cebe OTpUMaHHA BifeO MOTOKY 3
KaMep Ta HOTo MOoJaJibIly epeiady Yepe3 IIHMHY JaHUX Ha
cepBic 1o Horo 30epekeHHI0 B icTopii Ta cepBic Mo Horo
OTIPAIIOBAHHIO, micus YCIIITHOTO 30epexKCHHS
BIAMOBIAHMI 3amuc 3’sBisieTbes B BJI, a came 3amuc 1110
MICTHTH iH(GOpMAII0 1O ONHIl JIIOAMHI Ta 3aluC IO
MICTHTb 1CTOPIIO MEPEMIIICHB JIFOJICH MOB3 OJHY KaMepy,
pe3yibTaT  OMpAIlOBaHHSA  BIEO  MOTOKY  TaKOX
30epiraethest B BJI, BiAMOBIAHO 3 BKa3aHHAM JIONCH IO
Oynu 3Hal/IeHi, He BiJOMUX CHCTEMIi JIOJACH, IicIs J0ro
BIJINIOBiHA 1H(OPMAIliS MEPEIAETHCA HA BHUXINHY TOYKY
CHUCTEMU.
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Puc. 1. Cxema 6a3u jaHnX

BJl, cxema sikoi HaBejeHa Ha puc. 1, MICTUTh
iH(pOpMaIio PO CHiBPOOITHUKIB (aHKETY CIiBpOOITHHKA,
HepesiiK MPUMILIEeHb, B sIKi HOMY JJ03BOJISHHH JOCTYII, Ta
gac, 300paKCHHS CIIIBPOOITHWKAa Ta pe3ylpTar ix
OTIPAITIOBAHHA HEUPOHHOIO MEPEXKEI — BiJIMOBIAHO
Talbnumi person, person_access, wild_photo,
formal photo). Takox BJ] Bkmodae rpynm Tabnuis, B
SIKMX OIMCaHi KIMHATH Ta KAMEPHU: XapaKTepHUCTUKH KaMep
(xyT ormamy i T.M.); KaMepH Ta iX THUMN 1 agpecH I
JOCTYyIly Ta OTpPHMaHHS BiJICONOTOKY; pPO3B’s3yloua
Tabmunsd, y SKii TMOZaHO TOYHE Miclle PO3TAIIyBaHHS
KOXKHOT KaMepH Y BIAMOBINHINA KIMHATI; TaOIUISI OMHUCY
KiMHAT (XxapaKkTepHuCTHKH KiMHaT, MicCIIs ix
posramryBanHs). s 30epexxeHHS ~ pe3ynbTariB
00poOJIeHHS BieO0 3 METOI MPHIIBHIMIEHHS DPOOOTH
CHCTEMH 3alpollOHOBAHO /B OpUTiHaJIbHI CYTHOCTI.
Iepma 3 HUX BHKOPHUCTOBYEThCS Ul 30epekeHHs
iHopMmanii Mo KOHKpeTHiH 0cobi 1 HaTaHHS MOXKIMBOCTI
BIJICITITKOBYBAHHS ii TpaekTopii, a apyra — I HaJaHHS
MOXIIUBOCTI BiZJOOpa)KEHHSI TPAEKTOPiH ycix ocid B 30HI
oIHI€T KaMepu.

EKCIEPUMEHTAJIBHE OBIPYHTYBAHHS
s ouiHroBaHHS pe3ynbTaTiB OiHapHOT Kinacudikarii
BHUKOPUCTOBYIOTBCSI 4acTO BXKMBaHI YOTHPU 3HAYCHHS:
Bipuuit mosutuBHUK (TP — true positive); BipHuUi
neraruHui (TN — true negative); XuOHUI TO3UTHBHUI
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(FP — false positive); xuOuuit neratuBuuii (FN — false Faster 58 28 2 8.6 731
negative). RCNN

Jns  ouiHIOBaHHS ~ MOJENI  BHKOPHUCTOBYIOTHCS Inception
MOKAa3HUKH BIYYHOCTI P, BiAKIMKaHHSA R Ta TOYHOCTI A,
Faster 58 28 8 2.1 99.5
3HAUYEHHA SKUX pPO3PaxOBYIOTBCA 32  JIOIIOMOTOIO RCNN
BiNOBIAHO dopmyi (3), (4) 1(5). Inception
P 3
P=— 3) Faster 89 30 2 11.2 76.0
TP+ FP
TP RCNN
R=—— 4) ResNet50
TP+ FN
TP+TN 5 Faster 89 30 8 2.8 99.7
= ( ) RCNN
TP+TN + FP+FN ResNet50
Jns ouiHIOBaHHS CerMeHTalii BHKOPHUCTOBYIOTHCS
Taki TOMMPEHI NOKAa3HWKH SK “mependadeHa 30HA Faster 106 32 1 9.4 53.7
00’exty” (PA —prediction area) i “BipHa 30Ha 06’€KTy” RCNN
(TA — true area). 1 OLIHIOBaHHS AKOCTI PO3Mi3HABAHHSA ResNet101
OKPEMOro 00’€KTy MO)KHA BMKOPMCTOBYBATH IOKAa3HUK Faster 106 30 4 235 95.4
nepetrHy Hax o0’emHaHHsM (Intersection over Union), RCNN
SKAH PO3paxoBYETHCS 3a JonoMororo Gopmynu (6). s ResNet101

OIIHIOBaHHS SKOCTI  PO3II3HABAaHHSI Ha  JaTaceri
BUKOPHCTOBYEThCS MOKA3HUK CEPEAHBOI BIYYHOCTI (mean
Average Precision) Ha maTaceTi, SKUid pO3paxOBYETHCS Ha
ocHOBI Bimomoi popmynu (7) [1].

oy < PANTA (6)
PA_JTA
mAP = lZl:mlgzx(P) @)

3nayenHss mAP = 30 o3Hawae 1o Mmomenb Oyne
po3Ii3HaBaTH O0’€KTH 3 CepeAHbo0 BIy4HICTIO 30%.
Inakmre kaxxyuu, 00’€KT Oyae KOPEKTHO PO3IMi3HaHHH 3
iMoBipHicTIO 30%, SIKIIO BiH MPHUCYTHIH HAa 300pa)kKeHHI.

Jns  npakTHYHOTO — OI[HIOBAaHHS — SIKOCTI  MOJEN
BIMOBITHO 1O c(OpMyIhOBaHUX BHIINE BHUMOT MOXKHA
BUKOPUCTOBYBATH OPUTiHATBHY GopMyity (8) po3paxyHKy
MOKa3HHUKA "IIaHC PO3Ii3HABAHHS 00 €KTY Y BiCOMOTOII
ynpomoBxk 1Box cekyHn' (2 seconds Recognition
Probability) Ha OCHOBI 3HaueHb MMOKA3HHUKIB CEPEIHBOL
BIYYHOCTI Ta (DIKCOBAHOTO 3HAYCHHS F  xanpis
posmi3HaBaHHA y CekyHay. Lled moka3HMK MOJKHa
IHTepIpPETYBaTH K IMOBIPHICTh pO3IMi3HaBaHHA 00’ €KTa Y
BIZIEOTIOTOIII YIPOJIOBXK JBOX CEKYH]I.

25RP =1-(1-mAP)*" 8)

Hwxue HaBenena tabin. 1 3 HOPIBHIIBHIMY OIIHKAMU
pI3HMX MoOJieJiel, BKIIOYHO 3 BH3HAUYEHOI METPHUKOIO
OLIIHIOBAaHHSI SIKOCTi pOOOTH.

Ta6mus 1
IMopiBHSHHS MOJIEIIEell MAIlIMHHOTO HABYAHHS Ta iX XapaKTepUCTHKA
XapakTepucTuka
. Ilapan- | Imosip-
ApxiTex- Hleuo- Tou- |Yacmom-  nenv- Hicmp
Typa Kicmb Hicmy Hicmp Hicmo | pos3niz-
(ms) (mAP%) |(frame/s)| (streams/ |nHasanusn
s) (2sRP%)
SSD 31 22 2 16.1 63.0
MobileNet
SSD 31 22 8 4 98.1
MobileNet
SSD 42 24 2 11.9 66.6
Inception
SSD 42 24 8 3 98.7
Inception

s Tabnuus m03BONSE BU3HAYUTH SKICTh PI3HHX
MozeNnel Uil MPAaKTUIHOTO BUKOPUCTAHHS, Ta 0oOpaTh
noTpibHY KOH(ITypaIlio y pa3i BUKOPUCTAHHS CHCTEMH.
BapTo Takox 3a3HauMTH, IO METPHKa Ha OCHOBI
OILIIHIOBaHHS IMOBIPHOCTI 3HaXOIDKCHHS OCOOHM Ma€ CEHC
TITBKM y BHIAJAKY, SKIIO Oco0a 3MIiHIOE€ TMOJIO0XKEHHS,
HATIPUKJIIA], IPOXOANUTH Yepe3 KIMHATY.

Peswcum posniznasanns moounu. Mopens f, axa Oyne
po3mi3HaBaTH 00IMYYsl Mae onTUMI3yBath GyHKUIT (9) Ta
(10). Bona npwuiiMae 1Ba MPUKIIAIH, IKI MOXKYTh HAJIEKATH
abo He Hamexatu a0 ojxHoro kiacy. Ilepma dopmyna
BKa3ye, 10 SKIIO 00HMBa MPUKJIAIH 3 OJHOTO KIIacy, TO
MoJieNlb Ma€e BUAaBaTh 1, Ta 0 y CynIpOTHBHOMY BHIIQAKY
[2,3].

f(xeX,ye¥Y)>1LX=Y ©
f(xeX,yeY)>0,X =Y (10)

Mopens sKa BHUKOPHUCTOBYETHCSA Yy CHCTEMi Mae
TOYHICTH Oinst 99% Ha KOPEKTHE PO3Ii3HABAHHS 00IUYYs
y BUNAJKY TecToBoro naracery Ha 100 monel, ajne BoHa
3HAYHO TMOTIPIIYETHCSI HA HEAKICHUX a00 3aTeMHEHHUX
¢dororpadisx.

Peoicum  nobyoosu  mpaexkmopiii. [TobymoBa
TPaeKTOpiii HE € CKIAJHOI0 CHpPaBOI, ake ix Tpeda
MIPOBOJIUTH TLTBKHU KOXHI ITiB CEKYHIIH, TIOMDK KaJpaMu C
pO3Mi3HaBaHHSAM. AJle MICJIS IBOTO Tpeba BH3HAYATH YU
JIBa BiJIPi3KH TPAEKTOPIN HaJIEXKATh J10 OAHI€ET JIToANHY ab0
IBOX pi3HUX. s i€l 3ama4i BUKOPHUCTOBYETHCS MOZECTH,
CXOXa JO0 MOJETi TMepIIoro pexuMy poOoTH, ane
KOHCTPYKTHBHO BOHA MOX€ MAaTH iHIIY apxiTekTypy [3].
Hanpukian, MokHa BUKOpHCTOBYBaTH (insTp Kanmmana.

BUCHOBKU
Po3pobiiena cucremMa  BiZ€OCIOCTEPEXKEHHS, IO
3aJI0BOJIGHSE ~ HaBEJEHMM y  BCTyHmi  BUMOTaM.

3arpornoHoBaHa apXiTeKTypa CUCTEMH, BHOIp aJITOpUTMIB
1 TexHousoriit peamnizauii 3a0e3meuytoTs ii edexTrBHE
BUKOPHCTAaHHS Ha IJIPHEMCTBAX CEPEIHBOTO PO3MIpY.
I[Ipuy 1poMy po3poOKYy  XapakTepu3ylOTb  BHCOKa
HaJiHHICTH pOOOTH, 30KpeMa CTIHKICTh O HECIIPaBHOCTI
OyIb SIKOTO 3 BHYTPIlTHIX cepBepiB. CucTeMa Moxe OyTH
MacmTaboBaHa 10 OTped 3 pi3HUM OaJlaHCOM SIKOCTI Ta
BapTOCTi, 32 eKCIEPUMEHTAIbHUMH JaHUMH, IO
HaBOMATHCS y poOOTI y TaOMMIIX MOPIBHSUIBHUX
XapaKTEePUCTHK PI3HUX MOJIEIEH.
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Anomayia. BukoHaHe NPOeKTYBAaHHS BHCOKOPiBHEBHX
alre0po-airopuTMiyaux  cnenudikaniii  napaJjenbHol
NnporpamMu, TNpH3HAYeHOi Ui PO3B’fA3aHHA  3ajaui
MeTeopoJIoriYHOro nporuo3yBanus. Ha ocHoBi modyaioBanux
cnenudikaniii 3ailicHeHa resepanisi NporpaMHoro koay is
BHKOPHCTAHHSIM  iHCTpPYMeHTapil0  aBTOMATH30BaHOIO
npoexkTyBaHHsi #  cuHTtesy mporpam. IIposeaeno
eKCIIepHMEeHT 3 BHKOHAHHS pPO3p00JieHOI mapajeabHOl
nporpamu Ha 6ararosiiepHiii niardopmi.

Knrouogi cnosa: agmomamuszoeane npoekmysanHs npozpam,
anzebpa ancopummie, 3a0aya KOHEEKMUBHOI Ouqys3ii,
Memeopoioziune NnpozHO3Y6AHHs, NAPANEAbHI 00UUCIenHs,
cunmes npozpam.

BcTyn

I'octpa HEOOXIAHICTh y MiABUILEHHI MPOAYKTHBHOCTI
MPOrPaMHOTO 3abe3neueHHs TSt BUPIIICHHS
TPYAOMICTKHX 3a/a4, 3 OJHOTO OOKY, i HOBI MOKJIMBOCTI
posmapaeneHHs 00YNCIICHB, o HaJIal0ThCS
OaraTosiIepHOI0 apXiTeKTyporo (multicore Ta manycore)
Cy4acHHX MIKpOIIPOIECOPIB 3 IHIIOTO, CIHOHYKa€e 0
CTBOPCHHSI  CIICIIalIi30BAHOTO  IHCTPYMEHTapir0  JUIs
PO3pOOKH TMapajienbHUX MPOTrpaM A TAKHX apXiTEKTyp.
Po3pobka e(peKTUBHHUX nporpam JUIs
MYJIBTHIIPOLIECOPHUX IIATPOPM € MaCIITAOHOIO HAYKOBO-
TEXHIYHOIO ITPOOJIEMOL0, YCIIIIIHE BUPIILIEHHS SKOT MOXe
OyTu 3a0e3redeHe JIMINE M[UIAXOM CIemiamizamii Ha
npeaMeTHi o0jacTti W rIMOOKEe OXOIUICHHS —€TalliB
JKMUTTEBOTO  LMKIY  PO3pOONIOBaHMX  mporpam i3
3aCTOCYBaHHSM 3ac00iB aBTOMAaTH3allil MPOEKTyBaHHS M
HporpaMyBaHHS, Bil HaIrnCcaHHs MOYaTKOBHUX
cnenudikanidi 10 TeHepamii BHKOHYBAHOTO  KOIY.
OcHOBOIO Il Takoi aBTOMarm3alii €, Hacammepern,
BHCOKOpiBHEBa dopmanizaris KOHCTPYIOBaHHS
6araTonoTOKOBHX IPOrpaM 1 aBTOMaTH3aLlis (POPMATBHUX
TpaHcopmMmaliii mporpam 3 METOK onTuMizamii ix
MIPOAYKTHUBHOCTI.

B pobGortax [1, 2] aBTOpamu 3ampONOHOBaHiI TeoOpis,
METOJIOJIOTISI Ta THCTpYMEHTAapiil JUIsi aBTOMAaTH30BaHOTO
MPOEKTYBaHHs, CHHTE3y Ta MEPETBOPEHHS MapayielbHIX
mporpaM, IO IPYHTYIOTbCS Ha 3acobax — anrelp
ITOPUTMIB Ta NEpenucyBaJIbHUX NpaBmil. [IpenqmerHoro
o0J1acTIO  3aCTOCYBaHHS IHCTPYMEHTAJIbHUX 3acoOiB,
30Kpema, € METEOpOJIOTivHe MIPOTHO3YBaHHS.
[IporHo3yBaHHS TIOTOOM € CKJIAJHOIO MPHKJIAIHOIO
00YNCITIOBAJILHOIO 33a4el0 3 BHCOKMMH BHMOTaMH 10
TOYHOCTI OTPUMAHUX pE3yIbTATIB Ta IKOPCTKUMHU
JaCOBUMH OOMEXEHHIMHA. Bennknii o0csar o0unciIeHs Hax
BEJINKUMH MacHBaMH JAaHUX TOTpedye BIPOBAIKECHHS
nmapajielbHuX peajizamid. Y maHiii poOoTi HaBeaeHO
pe3yNbTaTH  3aCTOCYBaHHS  anreOpo-aJropuTMIYHOTO

SAuenko Onena
InctutyT nporpamuux cuctem HAHY
KuiB, Ykpaina
oayat@ukr.net

IHCTpYMEHTapilo Ul IIPOCKTYBAaHHsS Ta I'eHepalii Komy
mapajeabHol IpoTpaMu PO3B’A3aHHSA 3amadi
KOHBEKTUBHOI i (y3ii, ika BHHUKAE TIPH MATEMaTHYHOMY
MOJICITIOBaHHI IUPKYIALIi atMochepr B METSOPOJIOTii.
[IpoBeneHO EKCHEPUMEHT 3 BHKOHAHHS 3r¢HEpPOBaHOI
mapajenbHOl MporpaMu Ha OaraTosiiepHii miatdopMi.

AJITEBPO-AJITOPUTMIYHI 3ACOBM TTIPOEKTYBAHHS

ITPOI'PAM
B oCHOBYy BHKOpPHCTOBYBaHOIO  IiIXOLY MO
IIPOEKTYBaHHSA IapajlelIbHUX IporpaM IOKJIAJeHUM

amapat MOIU(IKOBaHUX CHCTEM AJITOPUTMIYHUX anredp
(CAA-M) [1, 2], npusHauenudl s ¢opmamizamii
MPOIECiB  MYJIbTHOOPOOKH, IO BHHHUKAKOTH IPH
KOHCTPYIOBaHHI ~ IpOrpaMHOTO  3a0e3ledeHHS B
MynbTUnpouecopuux cuctemax. Ha CAA-M rpyHTyeThCS

amroputmiuaa MoBa  CAA/1, mnpusHavueHa  mus
6araTopiBHEBOrO  CTPYKTYPHOTO  TIPOEKTYBaHHA U
JOKyMEHTYBAaHHS ~ TOCHIIOBHHX Ta  TapalelbHUX

anroputMiB i nporpam y Burisini CAA-cxem. [lepeBaroro
il BUKOPHUCTAHHS € MOXJIMBICTh OIUCY AITOPUTMIB Y
NPUPOJHO-TIHIBICTUYHIH (opMi, 3pyuHiil Ui JFOUHY,
IO TIOJIETHIYE JIOCATHEHHS HEOOXINHOI SKOCTI Mporpam.
Po3pobneno IHCTpyMEHTapiit aBTOMATH30BaHOTO
NPOEKTYyBaHHS Ta cuHTe3y mporpam (cuctema II1IC) [2], B
OCHOBY $IKOro mokiageHo BukopuctaHHsi CAA-M Tta
METO/My [IiaJIOTOBOIO KOHCTPYIOBAaHHS CHHTAKCHYHO
NMPaBWIBHUX Tporpam. Imes Merony moissirae B
TIOPIBHEBOMY IIPOEKTYBAaHHI CXEM QJITOPUTMIB 3BEPXY
BHU3 [UIIXOM CYNEPIO3MIii MOBHMX KOHCTPYKIH
CAA-M, sxi kopuctyBad obupae 3i cmucky. B cucremi
CHIIFHO BHUKOPHCTOBYIOTBCS TpH (OPMH  TIOHAHHS
AITOPUTMIYHAX  3HaHb NP0  MpeAMeTHi  oOmacTi:
aHamiTrdHa (hopmyna B anredpi aNropuTMiB), IPUPOIHO-
niarBictmuHa (CAA-cxemn) Ta rpadoBa (rpad-cxemn).
Ha ocHOBi cxeM anropuTMiB iHCTpyMEHTapii BHUKOHYE
reHeparito nporpam mosamu C, C++, Java 1a iH.

TIPOEKTYBAHHS AJITOPUTMY J1J14 PO3B’ SI3AHHS 3AJIAUT

KOHBEKTHBHOI JIUD Y311
VY naniit po6oti cucrema ITIC 3acTocoByeThes mist
pO3poOKH mapajenbHOi ~ MporpamM  pO3B’sI3aHHS

TPUBUMIPHO] 33/1a4i KOHBEKTUBHOI Iu(y3ii, sIka BUHUKA€E
IpH  MaTeMaTHYHOMY  MOJIENIOBAaHHI  ITUPKYIIALIl
atMochepu B meteoposorii.  [locTanoBka  3amadi
KOHBEKTMBHOI nu(y3ii merampbHO BHKIameHa B [3].
ITapasenpbHa  4ucenbHA  peamizamis  Imi€i  Mojaemi
3MIHCHIOETHCS BIAMOBITHO JIO TPHUPIBHEBOTO aITOPHUTMY
[4], sxuit mepenbadae po3napaietOBaHHs 3a PIBHIHHSAMU,
IIPOCTOPOBUMH HampsiMKamu (A, @ , z ) Ta mgo0IacTIMU

JUIE  KOXKHOTO 31 3raJlaHux HanpsMmkiB. KiJbKicTh
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mijo0nacTell BCTAHOBIIOETHCSA Yy 3MiHHIA Subdomains .
AJNTOPUTM BHKOPHCTOBYE MOAHM(DIKOBAHUIA aIUTHBHO-
ycepenneHnid meron posmierienHs (MAYM) [5]. Hami
HaBemeHa  ckopoueHa CAA-cxemMa  mapajelbHOTO
ITOPUTMY JJIs PO3B’I3aHHs AaHOI 3a/1a4i, HOOyI0BaHa 3a
nponomororo cuctemu ITIC.
«TapanenbHuit aJITOPUTM Tt
TPUBUMIPHOI 3a]a4l KOHBEKTUBHOT TU]y3ii».
«lHiamizamis JTaHux»;
(NmbThreads) := (Subdomains * 9);
ITAPAJIEJIBHO (i =0, ..., NmbThreads—1)
(
«IHimiami3arnis 3MiIHHAX Ta MaCHBIBY;
(n) == (M_prm);
I[IOKU ‘(n * tau) <= (TmLimCalc)’
UKIT
«BctanoBuTH 3HAYCHHS JUTSE
METEOPOJIOTIYHMX BEIUYUH Ta TPAHUYHI
YMOBIY;
«O6uucnuTy 3amaui 11 HanpsMmkiB Lam, Fi,
Z»;
YEKATH ‘O6pobka B yciX HOTOKax
3aKiHueHa’
«O0UHCIUTH cepeHi 3HAUCHHS Ha OCHOBI
OTPUMAaHUX PE3yIbTaTiB;
YEKATH ‘O6pobka B yciX HOTOKax
3aKiHyeHa’;
«3aHecTH pe3yabTaTh B rI100aJbHI MACHBHY;
YEKATH ‘O6pobka B ycix MOTOKaxX
3aKiHyeHa’;
«30inbumtH (n) Ha (M_prm)»;
KIHEIb UUKJTY
)
VY HaBeneHiii cxewmi
napajieibHUX  IOTOKIB
nigobnacreit  Subdomains ),

PO3B’sI3aHHA

NmbThreads — KITBKICTh
(3amexuTh  Bil  KUIBKOCTI
M prm € [1, 10] -
napamerp MAYM; tau — vacosuit kpok; ImLimCalc —
KiHIIeBE 3HAueHHs 4Yacy B yMoBI 1ukiy. Ha ocHOBI
nobynoBanoi CAA-cxemu B cucremi IIIC BukoHaHa
reHepauis  nporpamHoro  komxy Moo C i3
Bukopuctanusm OpenMP [6].

PE3YJILTATU EKCIIEPUMEHTY

[IpoBeneHO EKCIEpUMEHT 3 BHKOHAHHS PO3POOJICHOT
napajie’bHOl MpOTrpaMH U PO3B’SI3aHHA TPUBUMIipPHOT
3a/a4i KOHBEKTUBHOI qu(y3ii Ha 64-s1epHOMY ITpoIecopi
Intel Xeon Phi CPU 7210, 1.30 ITu. B mnpomeci
CKCIICpUMCHTY OyJiHM BCTaHOBJICHI TaKi 3HAa4YCHHS
mapaMeTpiB MporpaMu: TEPMiH, HAa SKUH BHUKOHYETHCS
pO3paxyHOK nporuo3y norogu — ImLimCalc =12 ronun;
napamerp MAYM M prm =10 ; yacoBuii kpok fau =10
migobiacreit Subdomains
3MiHIOBajgachk Big 1 70 7, BIAOOBIAHO KIIBKICTH
napanenbHuX TOTOKIB  NmbThreads = Subdomains *9
BCTaHOBIMIOBaJach Bix 9 o 63. Ha puc. 1 moka3zano rpagik
3aJIeKHOCTI MYJIBTHIIPOIIECOPHOTO MIPUCKOPEHHS
Sp=T,/T,, ne 1T, Yac BHUKOHAHHS IOCHIJOBHOI

nporpamy; 7, — 4ac BUKOHAHHS MapayenbHOI Mporpamu
Ha N N = NmbThreads .

CEKYHJ; KUTBKICTh

sapax — Iporecopa,

~
o

(2}
o

=

w
o

&
o

N
o

et

-—

MyasTHnpouecopue
npucKopenns, Sp
[ w
o o

o

T
0 10 20 30 40 50 60 70
Kinekricrs motokis, NmbThreads
Puc. 1. 3aexHicTh MyJIbTUIIPOLIECOPHOTO IPUCKOPEHHS BiJ

KIJIBKOCTI MapajielibHUX MMOTOKIB ISl apajesibHOI IPOrpaMu
PO3B’si3aHHS TPUBUMIPHOI 3a/1a4i KOHBEKTHBHOI AU(Y3il

Sp =58,5
OTpHMaHEe TIPU KUTBKOCTI TOTOKIB 63, e(peKTHBHICTH
BHUKOpPHUCTaHHSA siaep E=Sp/ N =0,93.

MakcuManabHe  3HA4eHHS  MPUCKOPEHHS

BUCHOBKI
Bukonane ABTOMAaTH30BaHE KOHCTPYIOBaHHS
BHCOKOPIBHEBUX alreOpo-alropuTMIiuHUX crenndikarii
MPOrpaMHOro 3abe3ledyeHHs [yl PO3B’sI3aHHs 3ajadi
METEOpOJIOTIYHOTO IPOrHO3yBaHHs. BukoHaHa reHeparis
MPOrPaMHOTO KOIYy 3a MOOYAOBaHMMH CreIrdikarisiMu

Ha OCHOBI BUKOPHCTAHHS PO3pOOICHIX
IHCTpYMEHTAIBHUX 3ac00iB aBTOMAaTH30BaHOT'O
MPOCKTYBaHHS Ta CHHTe3y nporpam. IIpoBeneHo

eKCIICPIMEHT 3 BHKOHAHHS 3ICHEPOBAHOI HapayesbHOL
NporpaMH  METEOpPOJIOTiYHOrO  MPOTHO3YBaHHSA  HA
Oararosmepuit mwiatdopmi Intel Xeon Phi, pesympratn
SKOTO  TMPOAEMOHCTPYBaJM  BHCOKMH  ITOKa3HHUK
MYJIBTHIIPOLIECOPHOTO NPUCKOPEHHSI.
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Pedestrian Crossing Monitoring System Under
Incomplete Data

Oleksandr Borysov
Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine
olecsandr.borysov@gmail.com

Abstract. The paper describes a system that, with the aid of the neural recognition network and tracking system, can
automatically detect non-standard situations in a crosswalk and report it.

Keywords: Computer vision, detection, tracking, crosswalk, YOL0O9000, CSRT, TLD.
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Logistic Management System Based on the loT
Model

Holovatenko Illia Pysarenko Andrii
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
illyaholovatenko@gmail.com andrew.pisarenko@gmail.com

Abstract. The paper proposes a solution to reduce delays in the delivery of goods by logistics companies through the creation
of a system based on the Internet of Things (IoT). This will allow decentralized logistics management and reduce shipping

costs. The architecture of the proposed system will allow to receive data in real-time at any stage of the logistics process and
use them for the formation of more productive logistics.

Keywords: logistics, algorithm, timely delivery, loT, logistics system objects, minimization of losses.
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IoT Based Automatic Car Parking System
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Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
typeSgg01d@gmail.com andrew.pisarenko@gmail.com

Abstract. The architecture of the automatic car parking system with the use of local positioning technology and the Internet
of Things approaches for gathering information and control over elements of the system is proposed.

Keywords: positioning system, Internet of Things, 10T, received signal strength, digital imprints.
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Stock Prediction System Using Recurrent
Neural Networks

Kravets Peter Prokhorov Dmytro
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine

Kyiv, Ukraine
Abstract. The article proposes a systematic approach to the treatment of factors influencing changes in the prices of financial

assets. It is proposed to apply three separate modules for the analysis of quantitative data, social networks and financial

news. After pre-processing, it is proposed to apply a tensor, improved by a dimension reduction algorithm. The results of
forecasting for two types of neural networks - RN and LSTM are given.

Keywords: neural networks, data science, tensor, forecasting, machine learning.
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The System of Road Traffic Control in the City

Pavlovskyi Vladyslav Dolyna Viktor
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
vladyslav.pavlovskyi@gmail.com

v_79@gmail.com
Abstract. The system’s structure of road traffic control in the city is developed. Considered the subsystems of traffic

registration, meteorological monitoring, traffic control, control of external lighting. Outlined the tasks they perform.
Described methods of traffic light regulation.

Keywords: intelligent transport system, traffic control system, traffic light regulation.

Page 21

Robotic Complex of Point Cultivation with
Herbicides of Agricultural Lands

Blinnikov Bohdan Pysarenko Andrii
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
bodyad4ka@gmail.com

andrew.pisarenko@gmail.com
Abstract. The problem of agriculture robotics was considered. The solution using a robotic complex of point cultivation with

herbicides of weeds was proposed. The use of image recognition system is described, through which the robot separates
weeds from crops.

Keywords: robot, image recognition, agricultural lands, manipulator.
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Local Positioning System for Controlling the
Vehicles of a Mining

Remeniuk Dmytro Dolyna Viktor
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
remenuk.dima@gmail.com v_79@gmail.com

Abstract. Expounded the problem of inability to use global navigation systems for solving problems locating objects inside
tunnels, mines, buildings. Considered a local positioning technologies for designing control systems of vehicles in mines.

Keywords: local positioning system, real time location system, radar technology, mining company, tracking and monitoring.

Page 25

RFID Anti-Collision Mechanisms

Kirilyuk Artem Dolyna Viktor
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
artemkirilyuk96@gmail.com v_79@gmail.com

Abstract. Radio frequency identification is a wireless communication technology, which enables data gathering and
identifies recognition from any tagged object. The number of collisions produced during wireless communication would lead
to a variety of problems including unwanted number of iterations and reader-induced idle slots, computational complexity
in terms of estimation as well as recognition of the number of tags. This paper provides an analysis of the main anti-collision
mechanisms revealing its advantages and disadvantages.

Keywords: rfid, radio frequency identification, rfid tags, rfid anti-collision.
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Analysis of Alternative Sources of Energy for
Greenhouses

Zviriaka Vitalii Dolyna Viktor
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
vitazua@gmail.com v_79@gmail.com

Abstract. The prospects of development of greenhouses are described. The technologies of solar and wind energy use for
construction of alternative energy supply systems are considered. The hybrid energy supply system is presented.

Keywords: greenhouse, microclimate control, alternative sources of electricity, solar power plants, wind power plants.
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Page 29

Information System for Household Goods
Accounting

Kharabet Rodion Pysarenko Andrii
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine

Abstract. The article presents the concept of the information system for household goods accounting. The main system
purpose is to in-crease the efficiency and convenience of purchasing in stores. There is an identifier on the product package
which is read by the smartphone's camera or a special reading device and allows to identify the good. The functionality of
the system is expandable and can be adapted to the needs of persons with disabilities.

Keywords: goods accounting, goods purchase, information system, accounting system, barcode scanner, Arduino.

Page 31

Locators Field for Effective BCH code

Poltorak Vadym
Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine
v.poltorak@kpi.ua
Abstract. The paper describes a two nested finite fields creating process for effective BCH-code, with relative shirt length
and increased base of code. Appropriate generating polynomial is obtained.

Keywords: BCH-code; code elements; finite field; locators; generating polynomial; boundaries of coding.

Page 33

The Role and Challenges of E-government in
Jordan and USA

Alhawawsha Mohammad
Taras Shevchnko National University of Kyiv
Kyiv, Ukraine
Abstract. All over the world Governments are under pressure from citizens and businesses to manage public finances openly
and transparently, based on the needs of their citizens and businesses, using high-quality public services as an internal
structure and empowering citizens to make policy decisions involve expectations of public interest. This pressure has created
the need for continued governmental improvements and reforms, and it has become highly desirable to use different
information communication technology packages and / or content in the public sector advances in public administration and
information communication technology have given the government a tremendous opportunity to change its operational and
service systems. Therefore, information on new types of wealth and technology is a new means to create such wealth.

Keywords: E-government, service system, internal structure, public service, service delivery, E-government services.
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Performance Deviation Detection in
Microservices-based Applications

Bachkala Bohdan
Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine
Abstract. In this paper, a detailed analysis of existing methods for performance deviation detection and possible applications
of such techniques in the microservice environment is presented. The comparative report of most suitable deviation detection

approaches for microservice applications is fulfilled. Architecture for the performance regression detection tool is developed.
The ways for further research are proposed as well.

Keywords: microservice architecture, performance deviation.

Page 41

About Techniques for Context Term Calculus

Shevchenko Ruslan
Private Entrepreneur
Kyiv, Ukraine
ruslan@shevchenko.kiev.ua
Abstract. Described implementation techniques for system of content calculs, which unite in one formalism term rewriting
and name resolving. This make context-term based system be a good candidare for an implementation of language
processors and programming language analysys tool: we can use full power of term rewritng along with the rich names

navigation. We build an embedded programming language ‘vavilon’, which can be viewed as accesor of previous our system
‘termware’.

Keywords: programming language, term rewriting, termware, algorithm algebra, software synthesis.
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Improvement of the Factorization Algorithm of
a Natural Number

Koval lurii Krak Turii
Taras Shevchenko National University Taras Shevchenko National University
Kyiv, Ukraine Kyiv, Ukraine
smith@uis.kiev.ua krak@univ.kiev.ua

Abstract. In this paper, algorithms of factorization of natural numbers are investigated and compared. The classic
factorization algorithm, its improved version, the number of divisions and the remainder for the result is determined. The
implementation of the algorithm for the set of concurrent parallel computations and their improvement was proposed, the

number of divisions and the remainder for the result was determined. The restrictions on the use of such implementation
are indicated and further research directions are proposed.

Keywords: factorization of a natural number.
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Consensus Algorithm for Storage Systems
Based on Blockchain

Ozerakin Mykyta Amons Oleksandr
Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine

Abstract. An algorithm is proposed to achieve the terms of the concluded agreement on data storage between the user
and the provider of data storage service using the blockchain technology and smart contracts.

Keywords: blockchain, smart contract, data storage, Proof-of-Agreement, audit.
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Equivalent Tramnsformation of Sequential
Programs to the Actor Model

Doroshenko Anatoliy Tulika Eugene
Igor Sikorsky Kyiv Polytechnic Institute Institute of Software Systems of NASU
Kyiv, Ukraine Kyiv, Ukraine
doroshenkoanatoliy2 @gmail.com eugene.tulika@gmail.com

Abstract. Theoretical basis for transformation of sequential programs to actor model is defined. The basis for the
modelling of sequential program using the process algebra and the transition rules of the actor model are built. Rewriting
rules for the transformations were created. Proved theorems about equivalent transformations of the sequential
programs to the actor model. The need for this work is justified by the need of adaptation to cloud computing.

Keywords: automated software design, process algebrarewriting rules, actor model, actor choreography, cloud computing.
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Scalable Person Recognition System For
Facility Surveillance

Shatov Serhii Vovk Yevhenii

Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine

uristmcgollor@gmail.com vovkzenia@gmail.com
Amons Oleksandr Khmelyuk Volodymyr

Igor Sikorsky Kyiv Polytechnic Institute Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine Kyiv, Ukraine
amons@ex.ua hmelyuk@gmail.com

Abstract. For a long time, facility automated surveillance systems have evolved through the introduction of increasingly
effective algorithms for motion detection. With the advent of new algorithms for motion detection based on the technology
of machine learning, increase in GPUs performance in the conditions of output of open source technologies at the stage of
maturity, the development of facility automated surveillance systems receives a new impetus. New technologies, computer
facilities and advanced algorithms allow us to build facility automated surveillance systems with high parameters. The report
describes a new facility automated surveillance systems built on modern technologies, the parameters of which allow it to be

used for a wide class of objects. The main attention is paid to the aspects of multifunctional face recognition on the basis of
machine learning with the study of metrics.

Keywords: image processing, computer vision, high performance computing, distributed computing, surveillance, person
detection, person recognition.
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Meteorological Forecasting Program Design for
Manycore Platform

Doroshenko Anatoliy, Tomyshyn Yurii Yatsenko Olena
Igor Sikorsky Kyiv Polytechnic Institute Institute of Software Systems of NASU
Kyiv, Ukraine Kyiv, Ukraine
doroshenkoanatoliy2@gmail.com oayat@ukr.net

Abstract. High-level algebra-algorithmic specifications of a parallel program intended for solving meteorological forecasting
task are designed. Based on the developed specifications, program code is generated using the toolkit for automated design

and synthesis of programs. The experiment consisting in execution of the developed parallel program on manycore platform
is conducted.

Keywords: automated software design, algorithm algebra, convection-diffusion problem, meteorological forecasting, parallel
computation, software synthesis.
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