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O MHOIOKPUTEPUAJIbHOM 3KCINMEPTHOM OLIEHUBAHUU PUCKOB
MHPOPMALIMOHHOU BE3OMNACHOCTU

Beictpoe pasButHe WH(MOPMAIMOHHBIX CHUCTEM U
CO3/IaHHE HOBEHWIIMX TEXHOJOTHH YIpOIIAET HapyIIeHUE
KOH(U/ICHIIMATIBHOCTH, EIOCTHOCTH M JOCTYITHOCTH
nH(pOpMAIMY, W TIPUBOIAT K OOMBIIMM  (DHHAHCOBBIM
MOTEPSAM.

HeoOxomumMocTh  CHWKAaTh PUCKU  MPEOIOJICHUS
CUCTEM 3alIUThI KOMIIBIOTEPHBIX CHUCTEMAX Ha
CCFOJIHHU_IHI/Iﬁ JCHb, SABJIACTCA AKTyaJlbHbBIM BOIIPOCOM.
11 BBINOJIHEHUS MEPOIPUATUN IO CHIDKEHUIO PHUCKa
HEOOXOJMMO BBITIOJIHUTE OLIEHKY DHCKA, €ro pacyer,
HOTy4eHHe KONMYECTBEHHOTO 3HAueHMs. JTO Halo I
CpaBHEHHUS U BBUIIBJICHUSI KPUTHMYECKHUX 3HAUCHWI pHUCKa.
Ha cerompsminmii IeHp HETOCTATOYHO OIMKMCAHBI MOJEIIU
CHUCTEM 3aIlUThl, B KOTOPBIX (hOPMATIM30BaH MPOLECC
OLICHKH PUCKOB MH(OPMAIMOHHOMN 0€30MaCHOCTH.

N3zyuas nureparypy 1o JaHHOW TEMATHKE BBISICHWIH,
YTO OCHOBHOE BHUMaHHUE B paboTax yJensercs o0paboTke
PHCKOB, TIPUHSTHIO PELIEHUH MO CHWKEHHIO PHUCKOB,
YKIOHEHHIO, Tiepeflaue WIM  TPUHATUIO  PUCKOB,
YIPABIECHUIO PUCKaMH, (POPMHUPOBAHHIO IUIaHA 110 MepaM
BO3/ICHCTBUS HAa PUCKU. MBI pPacCMOTpUM BOHPOCHI
BBIYMCIICHUSI PHCKOB HMH(OPMAIMOHHOK 0e30MacHOCTH,
TIOITy4EeHHUs UX KOIMUECTBEHHOTO 3HAUEHNUS, HA OCHOBAaHUH
KOTOPOT0 MOXKHO CTPOUTH CPaBHUTEIbHBIN aHAIM3.

Lensto HCCIIEJOBaHUS SIBIISIETCS
MHOTOKPUTEPHUAJIbHBIA 3KCIEPTHBIA METOX ONpENEIICHUS
pucka Oe3omacHocTr cucreM. s peanmzanuul JaHHOU
LEeMM  HEOOXOMMMO  PEIUTh  CIACAYIOIIME  3aaduu:
1. BemomHUTh aHaIM3 OCHOBHBIX CITOCOOOB pacyeTa prcKa
0e30MacHOCTH KOMIBIOTEpPHBIX cucteM; 2. Pazpaborats
Mozenb KputepueB pucka; 3. CdopmupoBath HOBBIH
TIOZIXOI K OIPE/IENECHUIO PUCKOB OE€30I1aCHOCTH CHCTEM.

AHamu3 pHUCKa COBPEMEHHBIX  KOMITBIOTEPHBIX
CHCTEM TPEJCTABISIET COOOH CIIOXKHYIO KOMIUIEKCHYIO
3a7ady CHCTEMHOTO aHaium3a. B olmem ciydae ayauT
0€30MMacHOCTH, HE 3aBUCHMO OT (POPMBI €ro IMpOBEICHHUS,
COCTOMT W3 TATH OCHOBHBIX JTalioB, Ha KKAOM U3
KOTOPBIX  BBINIONHSACTCS KOHKPETHBIA 00BeM padoT.
CymiecTByeT MHOKECTBO CXeM pacdera puckoB. OHa w3
CaMBIX TIPOCTBIX Ta, B KOTOPOH pPHCK SIBISCTCS
MIPOW3BEICHUEM "BOSMOKHOTO yiiepOa OT aTaku'' Ha
"BepOATHOCTh Takol artaku'. B pabore paccMoTpeHBI
HanOoIee TOIyIspHbIE B MUPOBOM MPAKTHKE METOANKH
OIEHKH pPHUCKOB  HMH()OPMALIOHHOW  0E30MacHOCTH:
CRAMM, OCTAVE, FRAP. OCHOBHBIMH KPUTEPHSIMHU B
JIAaHHBIX METOJWKax SBIIFIOTCS (DMHAHCOBBIA yIiepd u

CTOMMOCTh BOCCTAHOBIICHHS.. MHOTHE JIpyrue KpHTEpHH,
OKa3bIBAIOIIME BIHSHAC Ha OCHOBHBIC, CIIC/IOBATEIBHO, B
HE MaJIOl CTEeHHM OIPENCISIONIMEe 3HAUYCHHE PHUCKa,
WUTHOPHPYIOTCA. B pe3ynbraTe CpaBHUTENBHOTO aHAJM3a
METOJIOB OIICHKH PHCKOB UH(OPMAIMOHHOM
0€30MacHOCTH OOHAPYXKEHO, YTO ONTHUMAJIBHBIM SIBIISIETCSI
KOMOWHMPOBAHHBIN MOAXON, TIPU COYETaHHU AKCIIEPTHOTO

N AQHAJIUTUYCCKOIroO  aHaJiu3a. CHC}IOB&TCH BbHO, JIA
00BEKTUBHOCTH pacyeToB Hago0 YUUTHIBATH
JOIMNOJIHUTCIIbHBIC  KPUTCPUM W HAXOAUTH 3HAYCHHC

MHTErpajibHOro pucka. OLeHKa PUCKOB IMPOBOJMNIACH B
gBa sTarma. Ha mepBoM 3rTame, B KauecTBE KPHUTEPUEB,
NPEMIOKEHHBIX ~ JKCIIEpTaM Ul OLEHKH,  B3ATHI
CIeNTyIOINe: TPUYMHBI (MCTOYHWKH) BO3HUKHOBCHHS
yrpo3; OOBEKTbl BO3JICHCTBHSL YIPO3; MHCIIONB3yEMbIC
METOIBI U CpelCTBa pealu3allid  Yrpo3; TEKyILHUe
yA3BUMOCTEH CHCTEM; HAIPABICHHOCTb pEalIU3aLUU
yrpo3; XapakTep U MaciuTaObl HETATUBHBIX MOCIIEICTBU;
BPEMEHHbIC ~ XapaKTCPUCTUKM  BO3JACHCTBUS;  KaHAJIbI
MIPOHMKHOBEHUsI B KOMITBIOTEPHYIO cucreMy. Ha BTOpoM
JTane s BBIYUCICHUS MHTETPabHOrO 3HAUCHUs pHCKa
IpemiaracTcsl  HMCIOib30BaTh  KPUTEPUM  ONMCAHUS
ys3BUMOcTell.  Jlanee  BBIIONHSETCS  HOPMHPOBAHUE
k03 (pHIEHTOB. [Monyuennas uHpOpMaIHs
MO/IBEPTacTCsl KAaueCTBEHHOMY, KOIMYECTBEHHOMY H
KOMILIEKCHOMY OLICHUBAHHUIO, HPEIOoNararIeMy
IIKAJIMPOBAaHUE JlAHHBIX, MX aHaInW3 (arperupoBaHME,
“BECOBBIM~ OIICHKAM, B WEIX TPUHATHA PEIICHUS O
NPaBWIBHOCTH pacdera pHCcKa. B KadecTBe Becos
KpuTepueB ~ OyoeM — HCIONb30BaTh  KO(D(HIMEHT
kputraHoCcTH. [lo cBoe# 3HaumMocTH B OOIIeH OIeHKe
pUCKa  ONpENENCHHBIC  KPUTEPUH  BCera  MMEIOT
pa3IMYHBIA  YAENBHBIA BEC, KOTOPBIA IpeiaraeMm
YCTAHABIMBAaTh OKCIEPTHBIM IyTeM. lcronb3oBaHne
BECOB ITO3BOJISIET CO3/1aTh MOJIEb PacieTa prcKa OJM3KYFO
K peabHOCTH. Pe3ynmbTaToM MpEemIoXKeHHOTo Toaxoaa K
pacdeTy pHcKa OE30MacHOCTH SIBISICTCS KOMIUICKCHAsS
MOJICNTb pacdeTa, KOTopas IMO3BOJSIET OOeCIednTh Oolee
O00BEKTHBHOE ONpEJCIeHNEe pHCKAa. B  mccienoBaHuu

HCTIOJIB3YKOTCS MCTOIbI OKCIIEPTHBIX OIICHOK,
MaTeMaTHIeCKON CTaTUCTUKH, CHCTCMHOI'O aHaJik3a,
CTPYKTYPHOTI'O aHaJIM3a, CPAaBHUTECIIBHOT'O aHaJIM3a.

HOHy‘IeHI—[bIﬁ AITOpUT™M IS UHTCIPaJIbHOI'O  pUCKa
0E30IaCHOCTH  CHCTEM  II03BOJISICT OLCHUTL CUCTCMY
3allIUThI B LICJIOM. I[aﬂbHeﬁHIPIe HUCCICOOBAHUA ITO3BOJIAT
CHU3UTDb BEPOATHOCTD MMPOBCJCHMA aTAK U y6bITKI/I OT HHUX.
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AHANU3 YA3BUMOCTEN TEXHONOMU BNOKYENH NMPU PABOTE C
KPUMTOBAJIIOTAMU

Ha ceromust ucnons3oBanue OJOKYCHH TEXHOIOIHU
HAMEET JBOMCTBEHHBIA XapaKTep SBILLICH OIHOBPEMEHHO
MEPCIICKTUBHBIM MHOTOOOCIIAIOIIUM HANpPaBJICHUEM U
TasumM B ce0e OMAaCHOCTH KaK YK€ W3BECTHBIC, TaK
Hew3BecTHbIe. CaMbIM — MONYJISIPHBIM — MPHIOKCHUEM
JTAHHOW TEXHOJIOTHH SIBJISICTCS paboTa ¢ KPUITOBATFOTONM,
YTO0  MpPEANONaraeT  HEOOXOAMMOCTh  MOBBIIICHHOTO
BHUMaHUS K BONpOCaM OE30MaCHOCTH  MPOXOJISIIHX
Tpam3akiwii.  [lostomy B paboTre  paccMOTpEHBI
BO3MOXXHBIC YI'PO3bI U PUCKHU, KOTOPLIC MOFyT BJIMATH Ha
TPOBEICHUE TIPOIIECCOB MaiHUHTa OUTKOMHA.

Bo Bpemst MaiiHiHra OMTKOMHA PEIIaeTCs] OrPOMHOE
KOJIMYECTBO MaTEMATUYECKUX 3371a4, KOTOPhIC MPHUBOIAT K
3apabaThIBAHMIO KPUIITOBATIOTHL. [IpH 3TOM BCe MPONUIBIE
COBEPILICHHBIC OMEPAIUK COXPAHIIOTCS B OOIIEM JOCTYIIE.
JIOOBITUMKKM OWTKOMHA TOMOWPAIOT HYKHBIA Xell U3
pa3IMYHBIX KOMOWHAIIWM, KOTOPBIA [JaeT OOCTYIl K
CEKPETHBIM KIIFOYaM M K HOBBIM orepauusM. Becb 3Tor
CIIOKHBIN MaTeMaTHUYECKU TIpolece TpeOyeT Haamdus
MOII[HOTO CHEIMaJIbHOrO YCTPOHCTBA, KOTOPOE MOMOXKET B
MHUHHMMaJIbHbIE CPOKHM I0JI00paTh HYXKHBIH Xell. ITUM
000CHOBBIBAETCSl TIOJIOXKHUTENbHAS TEHJCHIMS XelIpeiiTa
[1] Gurkomna, xoropas Habmomamack ¢ 2018 roma u Ha
koHerr 2019 roma mokaszan poct Ha 140% [2],
CBUJICTENIBCTBYET TAKKE O JOCTATOYHO BBICOKOW CTEEHH
3aIUIEHHOCTH OokdeiiHa ot B3noma [3]. CymmectByer
MHEHHE, YTO TPaH3aKIMU KPHUIITOBAIIIOT 3alllMIIEHbI, a
CXeMbl MHM(PPOBAHKMS C OTKPHITHBIM KIIOYOM  TIOYTH
HEBO3BMO)KHO B3JIOMaTh, HO €CTh Ds/I  YA3BHUMOCTEH,
METOIbI PEIIeHNS 1151 KOTOPHIX PUBEICHHI B Ta0M. 1.

Tabmima 1
YA3BUMOCTH M METO/IbI UX PEILEHHS

Ne Vs3BUMOCTB Pemtenus

/i

1 XpaHEeHHs Hcnons30BaTh pelIeHUss Ha OCHOBE

KITFOYei Public Key Infrastructure (PKI):
JOBEpPEHHbI  IaTQOPMEHHBIH MO
nyie  (TPM); ¢Qusuueckn HEKIOHH
pyemsie dyukuun (PUF)

2 XULICHUS CoBepILIEHCTBOBATh MPOLEAYPbl KOHT
KIIOYeH P | pOoJisl, PasBUTHE KPUTHYHOCTU MBI
TIOMOIIM Me- | JIEHUs, TICUXOJOTMYECKOM YCTOMUHU
TOJIOB COIMA- | BOCTH, IIPOHUIIATEHHOCTH [4]

JIBHOM

HHXECHEPUH

3 cperpl Vcronp3oBaTh  CpeACTBa  CTaTH-

pa3pabOTKM | Y4ECKOro TECTUPOBAHMS —3allMICH-
HoctH npunoxenuit (SAST)
4 BIT- W30aBmsiThcst  OT  HEAKTYaIbHOTO
ApXUTEKType | MpOrpamMMHOro obecreueHus; Peryis
CHCTEMBI PHO YCTaHaBIMBaTh OOHOBICHHS Ha
T10; xontpommposars UT-uHbpactpy
KTYpY Ha IPEMET OTKPBITHIX TIOPTOB,

HaJimiyusg MEp 3alllMThl, PEryJIsspHO
MCHATL  I1apOJiu, KOHTPOJIMPOBATH
TTOJTHOMOYHS TIOJTb30BaTeNeh

Hcnone3oBanue MaTeMaTHIeCKOn
MOJIEJTH, OCHOBaHHOH Ha cxeme Mak-
Omica THOPHUIHBIX MOIW(UIIPOBAH-
HBIX AumhnTHUeckuX ko-max (MEC)
JUIST KOIMPOBAHUS W JEKOIVPOBAHHUS
MHQOPMAIMK C  HCIIOJIb30BaHHUEM
MOIM(UIPOBAHHOT O aNropHTMa
UMAC mnpu nepenade U HNOTY4EHHH
OTKpPBITOTO COOOIIEHHsI 10 KaHalaM
cBs3U [5]

5 TOSIBJIEHHS
KBaHTOBBIX
KOMITBIOTEPOB

IloBbIIeHNE
OMTKOMHA

6 OIaCHOI
“ataku-51”

X MOIITHOCTH

OT}ICHBHOFO BHUMAaHHA 3aCIyKUBACT YA3BHUMOCTD,
CBsI3aHHaA C MIPUMCHECHHUEM l'IOJ'lHOMaCI_HTaGHI)IX
KBaHTOBBIX KOMITBLIOTEPOB. B cBsi3u ¢ 3THM B Oyayiiem
Oyzer Bo3pacTaTh BO3MOKHOCTb B3JIOMa HCIOJIB3YEMBIX
HBIHE OTHOCHTEIBHO KPHUIITOCTOMKHX anroputMoB SHA-
kiacca (SHA-1, SHA-2, SHA-3) a takke anroputma
RIPEMD, koropblii ucHons3yercsi B OWUTKOMHAX |
JOPYTHX KPHUITOBAJIIOTaX Ha OCHOBE OHMTKOMHOB. B
mpolecce  peanuzalMu  [peaiaracMod  MOJEIH
IpenycMOTpeHa  JBOHMHAs  Bepu(UKaLMs, KoTopas
MO3BOMISIET OOECIEUUTh BBICOKUII ypOBEHb IEIIOCTHOCTH
U JIOCTOBEPHOCTH MEPEABAEMOro COOOIIEHHs, a TaKKe
BBICOKHI YpPOBEHb OBICTPOICHUCTBUS M KPUITOCTOMKOCTH
XeII-KOJa B YCTIOBHSAX MOCT-KBAHTOBOH KPHITOTpaduL.
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I'IOPIBHFIHbHI/_I_VI AHANI3 ENIEKTPOHHUX LUM®POBUX NMIAMUCIB HA OCHOBI
3A0AY TEOPII PEWWITOK TA BATATOBUMIPHUX KBAOAPATUYHUX CUCTEM

[NosiBa KBaHTOBOrO KOMI'IOTEpPa CHPHYMHUTH 32
co00l0  HeoOXifHiCTh ~ 0araropa3oBOro  30LIBIICHHS
JIOBKHHH KITFOUIB TSI CHMETPUYHOrO MM(pyBaHHs, a st
xenr-pyHKIi#H — 0aratopa3oBOro 30UTBIICHHS JOBXHHU
xerry. Taki JIOBKHHM CTAalOTh HENPUAHATHUMU TSI
MPAKTUIHOTO BUKOPUCTAHHS CUMETPUYHHX AIrOPUTMIB i
ICHYIOUHX Xel-(QYHKIIH.

Meroro poOOTH € aHaJIi3 i TOPiBHSUIBHI TOCIIIKEHHS
cxeM  ernektponHoro mudpooro migmacy  (ELIIT)
IIOCTKBAHTOBOI'O IIepiofy Il BUSABJICHHS HAMOLIbII
NIEPCIIEKTUBHOI CXEMH.

B pe3ynbTati aHasi3y NOCTKBaHTOBHX ITiIXOIB OyITH
o0paHi MepCreKTHBHI KaHIUIaTH: Ha OCHOBI 3a1a4 Teopil
permitok  (Lattices) Ta 0araTOBUMIPHHMX 3aBaJOCTIMKHX
xoziB (Multivariate), 110 HpPHUBEPTAIOTH YBary 3aBIAKH
CBO€T MIBUKOCTI Ta JIOBXKHHI KJIF04iB (Tadm. 1).

Tabmm 1
[NopiBHSHHS TOCTKBAHTOBHX ITiIXO/IIB

. BararoBumipHi
IToctkBanTOBMIA . . .
o Teopist periTox KBaJIpaTHU4HI
T Xin
CHCTEMH
Po3p'1zannst  3a- | Bupimenns cu-
nad Teopil pemi- | cteM  OaraToBH-
TOK B OCOOJNMBHUX | MIpHHMX KBajpa-
OOrpyHTYBaHHS . P ksaip
. periTKax. THUYHUX PiBHAHb
CKJIaJJHOCTI
3HaXOKEHHS
«rapHOro» 6aszucy
peniToxK
Hobpe  peanizy- | Hobpe peanisy-
€TbCS Ha Crellia- | eThcsd HA anapar-
BunKonis JIBHOMY TPOrpaM- | HHUX 3aco0ax
HOMY  3abe3rme-
YeHHI
Besnmiu chep 3a- | llBuakicrs. He-
CTOCYBaHHSI. BEJIUKA JIOB)KHHA
IepeBaru OOrpyHTyBaHHS KITIOUiB
CKJIaJJHOCTI B Haii-
ripIIOMY BHIIAIKY
BincyrHicth HecnpomoxHicTh
TOYHOT'O METOY O0IpyHTYBaHHS
. 6esnexu. Ilinsu-
Henoniku
LIeHa JIOBXKHHA
BIZIKPUTOTO
KJII04a

Posrnmsremo mapamerpu cxem EIII uerBeproro ta
m’sitoro piBHiB Oesnmekn NIST  (National Institute of
Standards and Technology), To6T0 "iMOBIpHO, HAIMIPHHX
TO CTiKOCTI anroput™iB" (puc. 1).

Temzermms Amopou Kospens  Zomoal  Dimpwenas | Joessss
mmEn peemzIis BIBOY, mney | mimomey
g3 g g3
Teopis pauira Faloon faloon 1004 ] 175 1330
T=E == 5 1% IIE | 50%
BamrEinipHE LN foow54-08-330 El 125873 31E4
P Toon=Bl-B5-399 Erl 40248 4830
OTTEMH Toon=E-117-404 Erl 100 285 51
Teps 00351 El 45 101 441
WDE g = ] TIm

Puc. 1. ITapamerpu cxem ELII

[Mepumii piBeHb Oe3nieku 3a0e3MEYyIOTh TUIBKU
CXEMH Ha pellliTKaX. baraToBUMIpHI KBaJIpaTH4HI CXeMH
MaroTh OUIBII BHCOKI piBHI Oe3neku. Slkiio Opatu 1o
yBark TAaKTOBI BWUTPaTH, TO HAMIIKABIIIOD € cXema
qTesla_128. I1lo crocyeThcst mapameTpiB, TO SIBHO BUIPAE
Falcon512.

Cepen cxeM Jpyroro Ta TpPETbOIO  PIBHIB
Haloutboro  mBuakomiero  Bomomie CRYSTALS-
Dilithium, a MQDSS - naiimenmoro. MQDSS-48 mae
KOPOTKI KIIIOYi, alie 3aHaJITO BEJIMKY JOBXKHHY MiJIHCY,
0 a0COMIOTHO HEMPUWHATHO JUIS TIOPHAHHX CHCTEM.
SIKI110 MOPIBHIOBATH MapaMeTpH, TO 3HOBY SIBHY IepeBary
MaroTh CXEMH Ha pellliTKax, 30kpema, cxema Falcon768.

Ha dyerBeproMy Ta Ha m'sToMy pIBHIX Oe3neku
OaratoBuMmipHi KkBampatmuai cxemu LUOV  wmaroTh
3aHAITO BENMKI JOBKHHHA BIAKPUTHX KIIIOYiB, a CXeMa
mMQdss-64 — BeMKY TOBKHHY ITiIITHCY.

B pe3ymbTati mpoBeneHOro MOpiBHAIBHOIO aHAMI3Y
ICHYIOUHX TIOCTKBAHTOBHMX MiAXOAiB Oyimi 3HaiimeHi
mepeBarn Ta HEOONIKA [UX TiIXOHiB, Oylo ITOKa3aHO
nepeBary  kpumrornepersopens EIIl  wang  iHmmmm
AITOPUTMAaMH 32 3aCTOCOBAHIMH KPUTEPIisIMH TTOPiBHSIHHS
Ta OyJI0 BU3HAYCHO HAMOLIBII MIEPCTIEKTUBHOTO KaHIUIaTa
— cxemy FALCON (y BciX TpbOX KOHKPETHHX
peamizarisix), sika Ha BCIX PIBHAX Oe3MeKH 3a0e3nedyBaia
HaMEHIITy JIOBXWHY KIIOYiB 1 Mmammcy 3  Ycix
TIPEICTABIICHUX AITOPUTMIB.
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Y3ArAJllbHEHUW NEPENIK MPYN KPUTEPIIB KPUTUYHOCTI OB’EKTIB
IHOPACTPYKTYPU OEPXABU

OcHoBHUMHK TIpoOieMamMu y cdepi  3axucry
00ekTiB kputuuHOi iH(pacTpykrypu (OKI) Hapasi e:
BincyTHicTh kiacudikarii OKI nepxasu (OKIJI), He
chopMoBaHO  TOBHMH  mepenik  iH(opMmamiliHO-
tenexkomyHikaniinux cucrem (ITC) OKIJ six 00’exTiB
KkputuuHOi iHdopmauiitnoi iHdpactpykrypu (OKII), a
TAKOX BIJICYTHI KpuTepil OIHIOBaHHS HETaTUBHUX
HACIIIAKIB JI0 SIKMX MOXKE TPU3BECTH KiOeparaka Ha
OKII. Tomy, npoBeneHHs aHamizy Ta (OpMYBaHHS
y3arajlbHEHOro MepeNiky KpUTEpiiB  KPUTHYHOCTI
00’exTiB iHppacTpykTypu aepxasu sik OKIJl 3 meroro
YiTKOro BHU3HA4eHHSA @OBHOTH Ta Mex ycix OKII
cyO’ektamu  3a0e3meueHHs 1 kiOep3axucry €
aKmyanbHUM HAYKOBUM 3aBJIaHHSIM.

Buxomsun 3 BHUKIAIEHOTO, Memow pobomu €
(dbopMyBaHHsS y3arajJbHEHHUX KpPUTEPIiB KPUTHYHOCTI
00€KTIB 1HPPACTPYKTYpH JepiKaBU i (GOpMYyBaHHS 1X
NepestiKy Ta NOIANbIIOro 3a0e3NeueHHs KiOep3axucTy.

BiamnoBinHo 0 3akoHONaBCTBa YKpaiHH KpuTepil
Ta TOPSIOK BigHeceHHs 00’ektiB no OKI, nepemik
TakuX 00’€KTIB, 3arajibHi BUMOT'H JI0 iX KiOep3axucry, y
TOMY  4YHCJi  IOAO  3aCTOCYBaHHS  1HIMKATOPIB
Kibep3arpo3, Ta BUMOTH JO MPOBEICHHS HE3aJIKHOTO
ayauty iHGOpMaliiHOT 0e3leKH 3aTBEpIKYIOThCS
Kab6inerom MinictpiB Ykpainn (KMY). Oxpemum
MIPOEKTOM ITocranoBu KMY nepe0ava€eThCs
BiTHECCHHsSI  MiJNPHEMCTB, YCTaHOB, OpraHi3arii
He3anekHO Bix ¢opmu  BiacHocti jgo OKI, ski:
NPOBaJATh IISUIBHICTh Ta HANAIOTh MOCIYTH B Taly3sxX
€HEPreTUKH, XIMIYHOI TPOMHCIOBOCTI, TPAHCIOPTY,
iH(pOpMAIHHO-KOM yHIKaIli HHUX TEXHOJIIOTiH,
CIEKTPOHHUX KOMYHIKamid, y OaHKiBCBKOMY Ta
(iHAHCOBOMY CeKTOpax, y chepax KHUTTe3a0e3neueHHs
HacelleHHs, 30KpeMa, y cdepax LeHTpaTi30BaHOTO
BOJIOITOCTaYaHH, BOJIOBiIBEICHHS, NOCTayaHHs
€IIEKTPUYIHOI eHeprii i rasy, BHPOOHHIITBA IPOIYKTiB
Xap4yyBaHHA, OXOPOHU 3/I0pOB’S; € aBapiliHUMHU Ta
PATYBATBHUMH  CIyx0aMu, cioyk0aMu  eKCTpeHOi
JONIOMOTH  HACEIIEHHIO, BKIIOYEHI 1O TEPemiKy
MIIPHEMCTB, IO MAOTh CTpaTeTiYHE 3HAYCHHS IS
eKOHOMIKH 1 Oe3meKkw aep)kaBu; € 00’€KTaMH, IIo
MUIATaloTh ~ OXOpPOHI Ta  O0OOpOHI B yMOBax
HAJ3BUYAHHOTO CTaHy 1 OCOONHMBOrO Tepiomy; €
00’€KTaMM TIOTEHIIHHO HEOE3IIEYHNX TEXHOJIONIN 1
BUPOOHHUIITB. Ale, BigHeceHHs Takux 00’ekrtiB g0 OKI
BiOYBA€ThCSl JIMIIE 3a CYKYITHICTIO KpWTEpiiB, MIO
BH3HAYAIOTh X BAXKIUBICTH JUIA peaizallii KHUTTEBO-
BOXJIMBUX (YHKUIH Ta HaJaHHA JKHTTEBO-BaXKIMBUX
TIOCIIYT, CBIYaTh PO iICHYBAHHS PHU3MKIB 1 3arpo3 Ui
HHUX, MOXIIUBICTh BHHHKHEHHS KpPH30BHX CHUTYaLiif

4yepe3 BTPYYaHHS B 1X (DYHKI[IOHYBAaHHS, TPHIMHCHHS
(yHKI[IOHYBaHHS, JIOJCHKMH YHHHUK YH TPHUPOAHI
JIMXa, TPUBAJICTh POOIT AJISl YCYHEHHS TaKUX HACII/IKIB
JI0 TOBHOTO BiJIHOBJICHHS MITATHOTO pexumy. Takuit
NPUHLUI  3aCTOCYBaHHs "CYKYITHOCTI KpuUTepiiB" y
UIOMYy € TpoOJeMHMM WIONO IX BH3HAUCHHS Ta
CYMHIBHIM Y NPaKTUYHI# peaizaiii.

Jus  BupimieHHs 1TMX TpoOJIeM Ta NpPOTHPIY,
NPOBIBIIM aHaNi3 1 HAYKOBHX Mpalb Td HOPMATHBHO-
IPaBOBHUX JOKYMEHTIB, IPONOHYEThCA Yy3araJbHEHUH
mepesik Tpyn  KpUTepiiB  KPUTUYHOCTI 00’ €KTIB
indpacTpykrypu nepxasu [1]:

1) 3a cheporo MisUIBHOCTI Ta HAJAHHS TOCTYT Y
CEKTOP1 KPUTHYHOI iHPPACTPYKTYPH;

2) 3a KaTeropiero 00’€KTiB SIKAM
pErlIaMeHTYIOThCSl OCOONMBI yMOBU 3a0e3MedeHHs 1X
3aXHUCTy Ta (PYHKLIOHYBaHHS;

3) 3a KpUTEpiAMH BKIIOYCHHS JIO TEPEIiKy
OKPEMHX OCOOJIMBO BOKJIMBHUX 00 €KTIB MpaBa AepKaBHOI
BJIACHOCTI, OXOpOHA SIKMX 3JIHCHIOETHCS BHKIIOYHO
JICP’)KaBHUMHU TIINIPUEMCTBAMHM Ta OpraHi3alisiMM Ha
MIJICTaBi JOrOBOPIB MPO HA/IAaHHS OXOPOHHHX IOCIIYT;

4) 3a CYKYIHICTIO KPHUTEpiiB, 1[0 BU3HAYAIOTH X
BRXKIMBICTh Uil peamizamii  JKHUTTEBO-BAXKITUBHX
(yHKIII# Ta HaIAHHS )KUTTEBO-BAXKIIUBHX TOCIYT;

5) 3a  HacmigkaM# ~ TOpYIIGHHS  CTajoro
¢yukionyBanns  OKI, ki  MOXyTh CHPUYHHUTH
kibeparakwy;

6) 3a MeTomMKOW imeHTHQIKamil MOTEHIIHHO
HeOe3MeYHnX 00 €KTIB (KPUTHYHUX EIIEMEHTIB);

7) 3a KaTeropiero KPUTHIHOCTI 00’ €KTa;

8) 3a massuictio OKII;

9) 3a KiIacaMu HacCHiAKiB (BiAHOBiZANBLHOCTI) Bif
KaTeropii CKIIaHOCTi 00’ €KTa;

10) 32 osHakamu  imeHTHGiKamii
M IBUILIEHOI HEOE3MEKH,

11) 3a Bugom iHdopmariii, o oOpoBIAETHCS.

3a  pe3ynpTaTamMu MIPOBEIEHOTO aHaIizy
chOpMOBaHO y3arallbHEHWH TMEPeTiK TPy KPHUTEpiiB
KPUTUYHOCTI OOEKTIB iHPPACTPYKTYpH ACP>KaBHU, KU
MOXe OyTH TIpeACTaBIeHWH Yy BHUIIAAI 0a30Boi
TEOPETHKO-MHOKHHHOT MOJIEII.

00’ €KTIB

Cnucok nitepatypm

[1] Korchenko, V. Hrebenuik, Y. Dreis, A. Hrebenuik, and O.
Gavrylenko, “Criteria for assigning objects to critical
infrastructure of Ukraine”, Przetwarzanie, transmisja i
bezpieczenstwo informacij: monografia, t. 2, Bielsku-
Bialej, Poland: Akademia Techniczno-Humanistyczna w
Bielsku-Bialej, c. 189 — 196, 2019.
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METOAONOrA AHANI3Y CYKYINMHOIO PU3UKY BE3MNEKU MOBIJNTIbHUX
AOONATKIB

3NMOBMHUCHUKA MOXXYTh 3aBAATH 30HMTKIB BalIOMY
Oi3Hecy abo opranizamii, BHKOPHCTOBYIOYM Bally
nporpamy. IcHye Oarato croco0iB peasizamii arak Ha
Ball JIONATOK, SKi Tpeba MaTh Ha yBa3i, Ta IPUUHATH Aii
IOJI0 TPOTHIIT IMM arakaM. Y pa3i HEBEJIHKOro
po3mipy opraHizamii Ta OOMEKEHOCTI  pPecypciB
HEeoOXiTHO OOMpaTH Ti MOrpo3H, SKI MOXKYTh HaHOLIbII
IMOBIpHO HaHECTH 30WMTKH Balliid oprasizamii. 3 METO
aHaN3y TMOrpo3 [UIs OpraHizamid Oyima po3pobicHa
METO/IONOTISl aHANI3Y CYKYITHOT'O PU3UKY.

CyTh METOJONOril TMOJNATaE y TOMY, MIO Ui
BU3HAUYCHHS PU3UKIB JJsl opraHizaiii Tpeda OLIHUTH
HMOBIpHOCTI, TMOB'sI3aHI 3  JDKEpelaMH  3arpos,
BEKTOPAaMHM aTaK 1 HEHONIKaMH O€3MeKH, a MOTiM
o0'emHaTH IX 3 OLIHKOIO TEXHIYHOI 1 pemyTrauiiHoi
Koy i opranizaiii. Cyma 1mux QakTopiB BU3Hauae
CYKyNHUI pusuk. Po3poOieHa MeTononorisi OIHKH
CYKYIIHOI'O PH3MKY 3aCHOBaHa HAa METOMMIN OLIHKH
3arpo3 OWASP. V uiii Mmetoauii [yisi KOXHOI KaTeropii
3arpo3 OI[HIOIOThCS XapaKTepHi ISl CTAaHIAPTHOTO
JONATKy  HENONIKM, BUXOAS4M 3  QakropiB  ix
HWMOBIpHOCTI 1 pu3uKy. [loTiM 3arpo3u rpymnyroThes 3a
CTyreHeM HeOe3IeKu JUIs J0JATKIB.

Po3pobnena Ha 6a3i OWASP merononoris anamizy
CYKYITHOI'O PU3UKY BU3HA4Ya€ TpH (HAKTOPH HMOBIpHOCTI
HasIBHOCTI  ypas3nuBOCTI  (MOIIUPEHICTh, CKIIAJHICTh
BUSIBJICHHS 1 CKJIQJIHICTh eKCIUTyaTallii) i oguH ¢akrop il
HeOe3neku (TeXHiYHI Hacmiiku). PiBeHb KPUTHUYHOCTI
KoXKHOro (akropy knacudikyerbes Big 1 (HU3bKUiL) 10
3 (BHCOKMIT) 1 BU3HAYAETHCS CIELIAIbHIMHU TEpPMIiHAMHU.
INommpenicTb, K MPaBUIO, HE BUMAarae po3paxyHKY.
[otriMm mi pmaHi 0O’€OHYIOTBCA 3 [BOMAa IHIIUMH
(dakTopamMu HWMOBIPHOCTI (CKJIa[HICTh BHSBJICHHS 1
CKJIAIHICTD €KCIUTyaTallii) A po3paxyHKy HMOBIpHOCTI
HAsSBHOCTI KOXHOI ypaszmuBocTi. OTprMaHe 3HaYCHHS
MHOXKHUTBCSI HAa CepeJHE 3HAUCHHS TSDKKOCTI TEXHIYHHX
HACNIAKIB IS BU3HAYEHHSA CYKYNHOI Hebe3mekn
KO)KHOTO TYHKTY pOOOTH (UMM BHIIE pe3yabTaT, TUM
Oimpma  HeOe3neka). CKIamHICTh  BUSABICHHS 1
eKCIUTyaTaIlii, a TaKoX HACTIJKA PO3PaxOBYBAIUCS Ha
ocaoBi CVE. Ilpu mpoMy maHWi MiIXiJx HE BPaxoBYE
JUKepela 3arpo3, a TaKOoX TEXHIYHI OCOOIHMBOCTI
OKpeMUX J0oMaTKiB. bynb-axwuii 3 X (pakTopiB MOXKE B
3HAaYHI Mipi BIDIMHYTH Ha 3arajlibHy WMOBIPHICTb
BUSBIICHHS 1 €KCIDTyaTalii 3JIOBMICHIUKOM yPa3JIHBOCTI.

s mpuknamy peamizarii aHamizy 3arpo3 Oe3meKu
MOOLTBPHOTO JOAATKY 3a PO3POOICHOI METOIIKO0
ckopucTaemocst Tabn. 1 mns Bi3yamizamii po3pobieHoi

METOJONOrii Ta Tabi. 2 JuIs BiOOpakeHHs! OTPUMAaHUX
y XOJIi aHaJi3y JaHuX Ta Pe3yJbTaTiB.

Tabmu 1
MeTo/HKa OLIHKH CYKYITHOTO PH3HKY

Jxepeno 3arpo3u 3aJexuTh B TOAATKY

CknaiHICTh IIpocro: 3
excruryaranii (F) Cepensbo: 2
CxnazHo: 1

Tommpenictsp
ypasnuBocTi (A)

Hyxe nommupena :3
ITommpena: 2

PinkicHa: 1
Cki1aHiCTh IIpocro: 3
BusBieHHs (C) Cepennbo: 2
CkrnazHo: 1
TexHiuHi Baxki: 3
Haciaku (X) Tomipsi: 2
Hesnauni: 1
CyKyIHHI pH3HK (F+A+C)-X
Ta6mums 2
Ipuknax peanizanii METOUKHN OLIHKK CYKYITHOTO PH3UKY
Jxepeno 3arposu Po3pobHrku
CKIIaJHICTb eKCILTyaTarii Tpocro: 3
(@)
Heb6e3neune Tommpenictsb )
. . [ommpena: 2
30epiraHHs ypaznusocTi (A)
JAaHUX CkJ1aHICTD
BusiBsieHH: (C) Cepemio: 2
Texuiuni Hacaiaku (X) Baxki: 3
CyKynHHI pH3HK 21
Jxeperno 3arpo3u Po3pobHuku
CKJ1aiHICTh eKCILTyaTawii Crotamo: 1
(F)_
Huzpka HOLHPIpCHlFJ ™ [Nommpena: 2
SIKICTb KOY YpasIHBOCTL (A)
CkiaiHiCTh Crotamo: 1
BusiBsieHH: (C)
Texniuni Hacmiaku (X) TMomipHi: 2
CyKynHHI pH3HK 8

OTxe, poaHaNi3yBaBIIH JIBi 3arpO3U 332 PO3POOIICHOIO
METO/OJIOTII0  OIIIHKK  CYKYIHOTO  PH3HUKY,MOXHA
3pOOUTH BUCHOBOK, LIO TIPH OJHOMY i TOMY X caMOMY
JDKepeTIi, 3arpo3a HeOe3MeYHOro 30epiraHHs TaHuX Mae
Maibke BTpHYi OUTBIINI CYKYITHHH pH3HK s Oe3mekn
MOOLTBHOTO TOJATKY. 3BakatouM Ha mei (akT Ta y pasi
BIJICYTHOCTI 3arpo3 3 OUTBIIMM piBHEM CYKYITHOTO
PHU3MKY, OpraHizalis, BKIABIIM PECYpCH y peasizarlito
3aXMIIEHUX CXOBHWI JaHUX, MaTHME€ HaiBUIIUHA
TIOKa3HHK OE3TeKH JUIs CBOrO MOOUTBHOTO TOATKY.
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A0 NMUTAHHA BE3MNEKU “PO3YMHUX MICT”

AXTyaspHICTh TIPOOJIEMH O€3MeKH  “pO3yMHHX
MicT” B VYkpaiHi. 3 MeToro iHTerpamii y CBITOBHIA
mpoctip 4.0 Ykpaina mpezcraBwia crpaterito [Hmayctpii
4.0, B sIKiii OIMHMM 3 HampsMIB € — MOBHOMacIITaOHe
onupyBaHHs (IUIKUTAI3AIA) KIOUYOBHX CEKTOPIB
MIPOMUCIIOBOCTI, €HEPreTUKH Ta  IHQPACTPYKTYpH,
30KpeMa y KOHTEKCTi PO3BHUTKY “pO3YMHOro Mmicra”, siK
CTPYKTYypH  ‘“CeHCOpHa  Mepexa —  IeHTpajbHa
mwiatopmMa JaHUX — MOOIBHI  JomaTku” — Ta
3abe3neueHHs 11 0e3neKy 3a MPOPIIMH.

Indopmaniitna Momenb  “po3yMHOro  Micra”.
Mopnens “pozymMHOro micra” € aBopiBHeBoro. [leprmii
piBeHb — (QYHKLIOHAJIBHHUH, IO 3abe3neuye poOOTO-
30aTHICTh  CKJIAQJOBUX PO3YMHOrO MicTa  3TiJHO
iH(pOpMaliifHOI CTPYKTYpHU “BiOMpaHHs — 0OpOOIeHHs
— TepeAaBaHHs/pUiiMaHHsa — ynpaeiiHHsa”. pyruii —
0E3MEeKOBUH, SIKUI MPEACTaBIIsE TEXHOJIOTIi 0e3MeUHOro
(YHKI[IOHYBaHHS 1[MX CKIQJOBUX 32 MPOPUIIMH
3axucTy iHdopmarii: KoHDIAeHIIHHICT — HUTICHICTD —
JOCTynHICTh. be3neynuii 30ip AaHMX B CEHCOPIB
“po3ymMHuX 00’€KTiB” Ta 0OMiH iH(opMalii B cucremi
“po3yMHE MicTO” BIAINOBIHO 3AIHCHIOIOTH IHTEPHET
peueit 1 xmapHi  TexHomorii. IHCTpymeHTapiii
wiathopMu  JaHuX 3a0e3nedye 30epiraHHs, aHai3,
Bi3yalri3allifo JaHHX, MPOTHO3YBaHH: i, Ha Iiii OCHOBI,
YIIPaBIIiHHS CUTYAIISIMU B PEXXHMI pPEalbHOTO Yacy.

Cucrema “Po3ymuuit OymuHOK” — OOMH 3
CerMEHTIB PO3BUTKY “‘pO3yMHOro Micra” 3acobamu
aBTOMATHU3alii  YIOpaBIiHHA  CTAHOM  OE3MEYHOro
(YHKI[IOHYBaHHSI CHCTEM: KIIIMAT-KOHTPONIO, Ta30- Ta
BOJIOIIOCTAYaHHs, OCBITJIECHHS, ITOXKEKHOI CHUrHaIi3aril
Ta CHOBIILIEHHS, KOHTPOJIIO JOCTYILY i
BiJIEOCTIOCTEPE)KEHHS, MPOBITHOTO 1 Oe3mMpoBiAHOTO
3B’SI3Ky T. 1. YaCTHHHMI POEKT MOKa3aHo Ha puc. 1.

Puc. 1. CtpykTypa “po3yMHOro OyAuHKY”

Ha puc. 1: 1 — aBTOMaTH3aIlisl CHCTEMH OMaleHHs; 2 —
YIPABIiHHS OCBITJACHHSIM; 3 — CHCTEMa YIPAaBIiHHS BiKHAM,
4 — cucreMa BiJICOCTIOCTEPEIKEHHS; 5 — IMITALlsI MPUCYTHOCTI
rocrojapiB; 6 — KOHIUIIOHYBAHHS Ta BEHTHILALIS; 7 — qaBadi

HpOTiKaHHH; 8 — aBromMaTM30BaHa cUcTEMa OYHIICHHSA BOJU B
GaceiiHi.

Besreunnii  0oOMiH iH(oOpMali€ero Ha OCHOBI
mmopysanus. OOMiH iHdopMmaliero B “po3yMHOMY
MICTi”, K 1 y HOro cerMeHTi — “po3yMHOMY OYIMHKY,
3/IIHCHIOETBCSI CEHCOPHHMH MEpeXaMH, HarpHKiaj
ZigBee, Wi-Fi, Bluetooth. 3 meroro 3axucty inhopmariii
BiJl TIEPEXOIUICHHS B OE3MPOBIIHMX KaHajdax 3B SI3KY
BUKOPHCTOBYIOTh HIM(PYBaHHs/IenppyBaHHs TaHUX.
Cepen kpunrorpadiuHux MeTOIB 3aXHCTy iH(opmarlii
Ha TPaKTHUI[ BUKOPUCTOBYIOTH aJTOPUTM INU(QPYBaHHS
AES — cumerpuunuii 6nokosuit mmdp (NIST, 2002 p.).

OCHOBHI NPUHIMIK alTOPUTMY: 3arajbHe YHCIIO
OiTiB KIIOYIB B payHAax [IOPIBHIOE IOBXKHHI OJOKa,
MOMHOXKEHIH Ha YHWCIO payHIIB, IUIIOC OJAWH; KIIOY
mMppyBaHHsS TMEPETBOPIOETHCS B PO3IIUPEHUI KITIOY;
PayHZIOBI KIIIOYi I€HEepYIOThCSA 3 PO3LIMPEHOro KIIoYa:
MEepIINi KIF0Y payHay MIiCTHTh niepii X ciiB, Ipyrui —
HactynHi X cmiB 1 T. A. Cxema ¢yHKUil mWKUppyBaHHS
AES HaBenena Ha puc. 2.

BxijHuil 010K

A JlonaBaHHs payHIOBOTO KJIH04a
AddRoundKey
3amina HaiiTin
SubBytes
3cyB paakis
ShifiRows
TepeminrypanHs CTOBILIB
MixColumn
JlonaBanHs payHI0BOTO KIH0Ya
AddRoundKey v
T

1-it payHn

Oynkuia £y
HQpPYBAHHS
AES

3amina OaiiTis
SubBytes
3cyB paakis
ShifiRows
IlepeminyBaHHs CTOBIILLB
MixColumn
JlomaBanus payHIoBOro Kiroya
AddRoundKey v
3amiHa OaiitiB A
SubBytes
3cyB paakis
ShifiRows
JlonaBaHHs payHIOBOTO KJIH04a
v AddRoundKey v

v

Buxiauuii 010k

9-if paynn

10-it payHn

Puc. 2. Cxema ¢yskuii muppysanus AES
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3ABE3NEYEHHA BE3MNEKU ABTOMOBIIA HA JOPO3I

BuBuaeThcs cucTeMa aBTOMUIOTY a00 cHCTeMa

KypcOBOi  CTIMKOCTI ~ aBTOMOOIIS,  aHANI3YeThCS
JiTepaTypa Ta CydacHi CHCTEMH, a TaKOXK BHIIQJIKH, JIe
BOHA € He3aMiHHOW. PosrumspatoTbess — icHyroUi

YCTAHOBKM Ta BapiaHTH KOHCTPYKTOPCHKHX pilllcHb
TAKUX CHCTEM, Y SIKMX OYJIM BHSBJICHI HENOMIKH, a
TAKOX SIK NM030aBUTH JIaHy CUCTEMY BiJl IIMX HEJOJIKIB..
[IporionyeThcst BapiaHT opraHizanii cucremu, sika Oyna
0 HaniiiHOIO, a TaKoX Majla MOXJIMBICTH CBOEYACHO
nonepeauty imosipHicTb I TII 3 60Ky naHOi cuctemu.

AXTYaJIbHICTh JTOCIII/PKEHHS TIOJISITAE B TOMY, 110 B
JaHUH dYac Ha Joporax 301IbLIyeTbCA KUIBKICTH
aBTOMOOLTIB, a II¢ MNPHU3BOAUTH QO TOrO, IO
Hi/IBUIIYETHCS. KUTBKICTh aBTOMOOUILHHX KaTacTpod.
Tomy, noTpiOHE cydacHe BUpIIIEHHS TakuX HpooieMm,
SK CTBOPEHHS CHCTEM aBTONUIOTY ab0 CHUCTEeMH
KYPCOBOI CTIHKOCTI aBTOMOOIJIL.

ABTONIJIOT — MPUCTPIit ab0 MporpamMHO-anapaTHUi
KOMIUIEKC, II0 Kepye TpPAaHCIOPTHUM 3aco00M 3a
MIEBHOIO, 331aHOI0 IOMY TPa€eKTOpi€lo.

Cucrema KypcoBOi CTIHKOCTI — Iie CHCTeMa, siKa
Npu3HaueHa sl 30epeKeHHs] CTIMKOCTI 1 KepOBaHOCTI
aBTOMOOUIS 332 PaxyHOK 3aBYaCHOTO BH3HAUCHHS Ta
YCYHEHHSI KPUTHYHOI CUTYallii Ha JOpO3i.

BesmiyoTHuii aBTOMOOILIE € T'OJOBHOK HOBHHOIO,
aJie BiH B)K€ 3HAWIIOB CBOE NPAKTHYHE 3aCTOCYBAHHS.
be3minotHi TpaHCHOPTHI 3aCO0M MOXYTh 3 4aCOM CTaTH
OubIn eheKTUBHUMU 1 OinbIn Oe3neuHrMu. BoHu Takox

MOXYTh 3MEHIIMTH YHUCIO 3aTOpiB 1 KUIBKICTh
IIKIJUIMBUX BUKHUIIB Y MOBITPSI.
Mera — mnpoaHami3yBaTH ICHYIOYH CHUCTEMH

KepyBaHHSI aBTOMOOIIEM 1 BHABHTH iXHI HENOMIKH i
3aIpONOHYBATH CIIOCOOH X BHPIIICHHS.

[licns KOMIUIEKCHOTO aHaji3y JiTepaTypd Ta
BHUBUYCHHS PUHKY ICHYIOUHX CHCTEM MHOIO Oyna oOpaHa
cucrema  apromiory  Tesla.  Jlama  cucrema
3apexkoMeHayBana cede 3 00Ky TpaHcopmaii cucTeMu
JIOTIOMOTH  BOJII€BI, BiOMy 5K “2-uii  piBeHb’, B
MOBHICTIO aBTOHOMHY CHCTEMY, sKa Morida O
MIpaIoBaTh 0€3 JIIOJICHKOro KOHTPOIO, “piBeHb 4-57, 1
ITOKA3aTH CBOE BMIHHS aHATI3yBaTH CUTYAIIiI0 Ha JI0pPO3i
TakuM YHMHOM, € JesKi BUHATKU JUI CHCTEM TaKOro
pomy. Hampukmax, cucteMu aBTONUIOTY, 4YacTo
CIICLITEXHIKOIO HE BHSBIISIOTHCS, 1I€ € TYKE BAXKIMBUM
(dakTopoM, y BCiX IHIIUX BHMAAKAaX PyX TPUBAE IIO
npaBwiaM. [TokpameHHs JaHOrO BHIY CHCTEM MOXKHA
3pOOWMTH HACTYITHHUM CHOCOOOM — TPAaHCIIOPTHUM
3acobaM Tpeba JaTH MOXKIMBICTD “‘CIIUIKYBaTHCS MIiX
co0oro: Tepepaya MIBUAKOCTI 1 MiCI NpU3HAYCHHS,

MPOTHO3YBaHHS IIUIAXY, OyAb-sKOIO0 iH(pOpMAI€ Mpo
Jopory abo mpoOieMu Oe3NeKd, TaKOK “Masuku’ s
CIIEUTEXHIKH.

Ha panuii MOMEHT pO3pOOISIOTBCS —CHCTEMH,
TEXHOJIOTIl SKHUX 3a paMKaMH HANIOTO YSBJICHHSL.
[ToBHOIIIHHE BOPOBA/DKEHHS TAKUX CHCTEM B CYyYacHi
aBTOMOOLTI crae Bce Oinmpln  peajdbHUM. Taxe
BIPOBA/DKEHHSI, JIO3BOJIUTH TPAHCIOPTHOMY 3aco0y
HaOMpaTH HEOOXiJHY IIBUIKICTh, YHHKATH aBapiiHUX
CUTyalliil 1 37iiCHIOBaTH MaHEBpH 0e3 KepyBaHHs
JIOMMHOK. B mimomy, Ha ChOroJgHI Taki CHCTEMH,
3BUYANHO, JOMOMAaraioTh NP BOJIHHI, ajie HE BapTO
3a0yBaTM TpO Te, IIO I[E EJNEKTPOHIKa, 1 CKIAcTH
Oporpamy Ha BCi BUIIAKH JKUTTSI HEMOXKIIUBO, aie 11¢ He
O3Hayae, 10 HEIO CTOITh HEXTYBATH, HABMAKH, BOHA
HIKOJIM HE PO3TYOUThCS, He MeperuTyTae meai i B3arai
3po0uTh T€, 1o MoTpioHo. Cobi MOYKHA JIMIIIE YSIBHTH,
IO 10 HUISIXY MPOXO/PKEHHS HE TPOMYCTHII MOTPiOHMIMA
MOBOPOT, He Oyne mrpadiB 3a HOPYLICHHS IPAaBUI
ITJI/1, a Takok HAMrOJIOBHIIIE TaKi CHCTEMU 3MOXYTb
BPSITYBaTH HE OJIHE, & HABITh KIJIbKA JIIOJICHKHUX JKUTTIB.

ITicna MPOBEACHUX JIOCITI IKEHb Oynu
3aMpoIOHOBAaHI 3aX0/U LIO/I0 MOJIMIIEHHS! TAKUX THUIIIB
CHCTEeM: Ul CHEUTEeXHIKM Tpeba nomatu “Masuku’”, 00
aBTOMAaTHKa CIIpUiMae ii, sIK 3BUYaliHUM TPAHCIIOPTHUI
3aci6. [lpumycTumo, Taki CUCTEMH JOCSTIIM “yCmixy”,
mo OauaTh crmenTexHiky 3a Bepcry. lle Bce myxe
BIJIMIHHO, CKJIaJa€ThCsl TUTAHHI — a 4u OyzAe Biaja
HAMoJsIraT Ha TOMY, IMOO Yy Takol TexHiku Oyna
MOJKJIUBICTh IUCTAHLINHO 3YMUHATHCS abo
CIOBLILHIOBATH CBOIO HIBUAKICTh. J[yMaro, 110 1ie € 1ie
OIHOI0 (PYHKIIIEIO, 3a SKOI0 CIiJ CTOSATH y 4dep3i. Tak,
MOXKHA YSIBHTH, IO € BUKIIUK, HIOXKEXa, IPOKIATAETHCS
MapmpyT i Bci aBTOMOOLTI Ha NUIIXY NPOXOMKEHHS
CHEUTEXHIKH PO3YMIIOTh, IO MOTPIOHO MOCTYMUTHUCS i
HIYTh B CTOPOHY, 1 MOXKEKHUKHU MOTPAIUIAIOTE HA MiCIIe
nmokexxi 3a 3 xBwiuHHU. [ 3BUYAMHOI TEXHIKH —
BHU3HAYATH IIBHMAKICTh 30JMDKEHHS, OOYHCIIIOBATH
Oe3meuHi TpaeKTopii, repeaaBaTu 71155 19%
iH(OpMAIIifO IHIIIOMY aBTOMOO1ITEO, TOIIIO.

[ligObuBatoun MmiICYMKH, MOXKHA CTBEP/KYBAaTH,
IO PO3MJIAHYTI CHCTEMH € Iy)K€ CKIAQJHHMH, BOHH
MOCTYIIOBO PO3BUBAIOTHCS 1 BXOAATH B HAIle KHTTS, IE
JO3BOJISIE €(DEKTUBHO BUPINIYBAaTH 3aBOAHHS OC3MEKH
aBTOTPAHCIIOPTHUX 3ac00iB, 3HIDKEHHS YHUCTA TPOOOK
Ha poporax, ATII, TpaBM Ta cMmepTeit, Ta ¥ ImiIBUIICHHS
KOM(OpPTaOETHHOCTI Macakxupis.
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IHOOPMALIMHA BE3NEKA KOMIMT'IOTEPHOI CUCTEMU TA MEPEXI Bifj
BHYTPILWLHIX TA 3OBHIWHIX ATAK

Mopneni HaIiHHOCTI (yHKIIIOHYBaHHS
KOMIT FOTEpHUX MEPEX Ta CHCTEM pO3pOOJIeHI NaBHO i
JETadbHO BHBYEHI, a Mojemi Oe3lmeKH TIILKU
po3poOIIstoThCA.  BaxuBicTh Ta  aKTYaJlbHICTh
npobiiemu  3a0e3rnedeHHss  iHQopMamiiHOT  Oe3neku
00yMOBJIEHI THUM, IO Cy4acHi PiBHI PO3BHUTKY 3ac00iB
iH(opMaIliiiHoi Oe3MeKr 3HAYHO BIJCTAIOTh Bij PiBHIB
PO3BUTKY iH()OPMAIIHHUX TEXHOJOTIH Ta PO3IIUPEHHS

BIIPOBA/DKEHHSI ~ KOMI'IOTEPHHX  Ta  MEPEXEBUX
TEXHONOTI y  pi3HOMaHITHI  cdepu  JHOJCHKOI
nisutbHOcTi.  KpiM  11OTO,  CTPIMKHMH  pO3BHTOK

iHpOpMaIIHUX TEXHOJOTIH BiJKPUB HOBI MOXKJIMBOCTI
Jutst Oi3Hecy, 1110 IPU3BEIIO 10 MOSBU HOBHX 3arpo3 [1].

Mopneni Oe3neku BiAIrparOTh BaXKJIMBY pOJb Yy
mporecax po3poOKd 1 JOCHIKEHHS — 3aXHIICHUX
KOMI'IOTEPHUX CHCTEM, BUPILIYIOTh Taki 3aiadi [2]:

- BUOIp 1 OOIpyHTYBaHHs 0a30BUX MPHUHIIUIIIB
apXiTEeKTYpH 3aXUIICHUX KOMITIOTEPHUX CHCTEM, IO
BH3HAYAIOTh MEXaHI3MHU peaiizalil 3aco0iB i METOiB
3axucTy iHhopmMalrii;

- TIATBEpMXKEHHSA BJIACTUBOCTEH  3aXHILIEHUX
CHCTEM HUIIXOM (DOPMaJbHOTO JOTPUMAHHS TONITHKH
Oe3IeKy;

- ckiaganHs (hopMaibHOI crieru(ikarii Mo THKH
Oe3leKkd, K HaHBaXKIMBIIIOI CKIAZ0BOI YaCTHHHU
OpraHi3aliiHOro Ta JOKyMEHTAIIHHOrO 3a0e3nedyeHHs
PO3POOIIOBAHHX 3aXHIIEHUX KOMII'TOTEPHUX CUCTEM.

OCHOBHI 3arpo3 JUisi KOMIT IOTEPHHUX MEpeX Ta
CHCTEM TPYHTYIOTbCS B 00JAacTi KOH(DIOEHIHHOCTI,
LTiCHOCTI Ta JocTyHocTi [3].

BiamoBimHo 10 1boro 3aBaaHHs iH(opmaiiiHol
0e3meKkr B KOMIT IOTEPHUX Mepekax IMONAraiTh y [4]:

- ayreHtu¢ikamii omHOro abo  JEKITBKOX
B3a€EMOJIIIOUYNX 00’ €KTIB;
- KOHTPONi  JOCTYmy Ta 3axUCTy BiA

HECaHKIIIOHOBAaHOT'O BUKOPUCTAHHS PECYPCiB MEPEexi;
- MacKyBaHHI 1H(OPMAIIITHOTO MOTOKY Y MEPEexi;
- 3aXHCTy BiJI MOXIHMBHX BIJIMOB BiAIPaBKH/
IPUHOMY 3MICTY BiAIIpaBIeHUX/ MPUAHATHX JTaHUX.
Bimpmmicts migxomiB g0 ¢GopMyBaHHA MOIENi
0e3IIeKH JINIIe YaCTKOBO BiTOOpaKaroTh KOMITOHEHTH Ta
mpormecu 3axucTy iHpopMmamii Ta iH(popMaIiitHIX
pecypciB i € OTHOCTOPOHHIMH.
Hanpukman, Yy  CIpYKTYypi
BimoOpakaroTh ~ WpoIec 3axucrty iHpopmarii Ta
iHpOpMAaIIfHUX  pecypciB;  OMUC  TOCIiJOBHOCTI
mpouecy  (GopMyBaHHS ~ MOJETi  HE  BPaxOBYE
0COOJIMBOCTI o0y10BH 6i3Hec-TIpoIIeCiB;
¢dopmaizanis Mozeni Oe3nekn He BpaxoBYe ii aquTHBHI
BJIACTHBOCTI. A TaKOXX BEJIMKa KOHIIEHTpaIis 3aXUCHUX

Mozeni HE

3aco0iB B iH(pOpMAaNINHIN cUCTeMI MOXKE IPUBECTH IO
TOTO, III0 CUCTEMa BUSIBUTBCS YK€ IOPOTOI0 Ta MOXKHA
orpumatd  1i MEPEBAHTAYKEHHS i 3HIDKEHHS
MPOIYKTHBHOCTI.

Tomy, ToNOBHE MpH (opMyBaHHI MOZETI Oe3meku
KOMIT'FOTEpHOI CHCTEMH — 1€ KBaJIi(hJikOBaHO BU3HAYHUTH
MeXi po3yMHOI Oe3Meku 1 BUTpaT Ha 3aCOOM 3aXUCTy 3
OJJHOTO OOKY 1 MATPUMKH CHUCTEMH B Mpale3JaTHOMY
CTaHi 1 NPUITHATHOTO PU3UKY 3 1HILOTO.

[Tepenbayvaerbes, 1Mo MoAeb Oe3NeKu B pamKax
KOMIUIEKCHOTO TIiIX0ny € (QYHKIIE 3 MHOXHHA
obnacTi 3HaYeHb CKJIQJOBHX CHUCTEMH iH(pOpMAaIiitHOl

Oe3nexu. To6To  3amexurs Bil  cy0’eKTiB
iH(pOpMaIHHIX MPOIIECIB, 3aBJlaHb 3aXUCTy
iHpopmariii, 3arpo3 0Oe3neku, piBHIB BPa3JIMBOCTI
KOMIT IOTEpPHUX MEpPEeX Ta CHUCTEM.

YmoBamu (YHKIIIOHYBaHHS MoJedi €
aBTOHOMHICTb,  pearyBaHHi  Ta  3aCTOCYBaHHS
MiHIMaIbHUX OOYHCITIOBAIBHIX PECYPCIB.

[MocriiiHe 3poctanHs noTpedM B  iHdopMarii

O00YMOBIIIOE HEOOXIJHICTh IiJBUIICHHS €()EeKTUBHOCTI
BUKOPUCTAHHsI IHPOPMALIIHUX pecypciB 3 iHTErpariero
pi3HMX migcucTeM 3abe3nedeHHs Oe3NeKH, MiJCHCTEM
3B'S3KY Y €QUMHY IHTErpajibHy CHCTEMY 3 3arajlbHUMHU
TEXHIYHUMH 3aC00aMH Ta IOJANIBIIOrO BIOCKOHATICHHSI
Mozieni iHpopMaliifHOT Oe3neKku 3a paxyHOK BaroBUX
KOoe(DIIIEHTIB pPI3HUX BUMAIB aTak, 1 3aXUIIEHOCTI
KOMITOHEHTIB KOMIT FOTEPHHX MEpPEeX Ta CHUCTEM Bij
BHYTPIIIHIX Ta 30BHIIIHIX aTaK.

Cnucok nitepatypm

[1] TI. B. Kyuepuiok, “Merogud 1 TeXHOJOrii 3axXHCTy
KOMIT' IoTepHHX Mepex ((hi3nuHuil Ta KaHaIbHUN PiBHI)”,
Mikpocucremu, Enextponika ta Akyctuka, 1. 22, Ne
6(101), c. 64 — 70, 2018.

[2] 4. B. Mexen, ‘“3Baxucr iHdopmarii B KOMI'IOTEPHHX
Mepexax, TexHiuHi Hayku Ta TexHomorii”’, Ne 2, c. 140 —
141, 2015.

[3] O. C. Kynpuuupkuii, Ta O. A. Jlagurina, “Anani3 podoru
3axucry iHpopMalii B KOMIT'IOTEPHHX CHCTEMax Ta
Mepexkax”’, Ha MDKHapoOgHii  HAyKOBO-PAKTHUYHIH
koHpepenwii “Indopmaniiina Oe3neka Ta iHbopMamiiiHi
texHomnorii” 24 — 25 xsiths 2019 p., Xapkis, 2019, c. 14.

[4] O. C. Kympunipkuii, tTa O. A. Jlagurina, “OcoGmuBocTi
HaaifiHOCTI Ta 3axucTy iHGOpMalii B KOMIT IOTEPHHX
cucremax 1 wmepexax”, [ndopmariiini  TexHodorii i
apromatm3anis — 2019, nHa XI| MikHap. Hayk.-mpaxT.
koHd; Opeca, 17-18 sxoBtHast 2019 p., Opeca, 2019, 4. 1,
c. 19-21.
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NMOPIBHANbHUN AHANI3 NEPCNEKTUBHUX ENEKTPOHUX NIAMUCIB HA
OCHOBI AJITTEPBPAIYHUX PELWWITOK ANA NOCTKBAHTOBOIO MNEPIOAY

Meroro i€l JOMOBIAI € pO3MIISI CYTHOCTI Ta
BJIACTHBOCTEH aJrOPUTMIB €JIEKTPOHHOTO TMiJIMICy Ha
OCHOBI  anreOpaiyHMX  pElNTOK Ta  MPOBEACHHS
TOPIBHSUIGHOTO ~ @aHali3y  aJTOPUTMIB  €JIEKTPOHHOTO
mamicy Ha aireOpaiyHuX pelNTKax, M0 BHHLIUIH 0
npyroro etamy koHkypcy NIST CHIA.

Busnaroun, 110 iCHYIOTH CyTTEBI HEBU3HAYEHOCTI B
OIiHII Oe3NeKn aJrOpUTMIB ITOCTKBAHTOBOTO KaHHZATA,
NIST Bu3HauuB I’sITh Kareropii Oe3neku, MO0 MOXKHA
OyJ10 Kpallle MOPIBHATH PiBEHb OE3MEKH, 110 HAlA€ThC B
nyOuikanisix. BinnpaBHukam 0ysio 3arponoHOBaHO HA/IATH
TOTIepeIHI0  KiTacH(iKalliio BIAMOBIIHO O BH3HAYCHD,
Hamanux y NISTIR 8240, 3 axiieHTOM Ha 3aJI0BOJICHHS
BUMOI' JI0 Kareropiii Oe3rekw, NpOIyKTUBHOCTI Ta/abo
aNTOpUTMY Ta peatizaii [1].

Byno BupilieHO NOPIBHATH ITIMCH 33 TpboOMa
mapamerpamu [1]:

1) Ge3reka/CTiHKiCTh,

2) TeXHIKO-EKCILTyaTalliiHI BUMOTH,

3) 3axMIIEHICTH Bif aTak.

besneunictr/Critikict: IctunHa BuGipka [ayca
BUKOPHCTOBYETHCS BCEPEIMHI, II0 TapaHTye HE3HAYHHI
BUTIK 1H(OpMAIil NP0 CEKPEeTHHN KIIOYi O MPAKTHIHO
HECKIHUCHHOro umcna mianucie (monany 264). Falcon
MPOTIOHYE  JyXKE XOpOIIl TTOKAa3HUKH TPOIYKTUBHOCTI.
OcHOBHa HOBW3HA — LIBHIKICTb: BUKOPHCTaHHS LIBHIKOI
BuOipku Dyp’e m03BONSIE Ayxe MBHAKI peanmizamii, B
THUCSYI MI/INKCIB HA CEKYH/1y Ha 3BUYAiHOMY KOMIT I0Tei;
TiepeBipKa y I’ SITh-IECATh Pa3iB LIBUILIIE.

Texniko-ekcrunyatauiitni  Bumoru: Ll cTpykrypa
BUMarae JBOX ckiagoBux: Kiac kpunrorpadivHux
permitTok — obpaHo kiac permitok NTRU. 3pazok ma3iBku —
MOKJIAAIOTBC HAa HOBY TEXHIKY, SKa HAa3HMBAIOTBCS
mBuakoo Budipkoro Dyp’e. Cxemy mimmuey Falcon
KOPOTKO MOXHA orucaTe TakuMm uumHoM: Falcon = GPV
pamka + perritka NTRU + IlIBunka subipka @yp’e.

3axuimieHicTs  Bim atak: 3pa3oK Ja3iBKkM  —
NOKJIAAIOTBC HAa HOBY TEXHIKY, sKa Ha3UBAIOTHCS
mBuakor BuOipkoro @Dyp’e. Cxemy mimmmcy Falcon
KOPOTKO MOXKHA orucaTe TakuMm umHoM: Falcon = GPV
pamka + pemiitku NTRU + IlIBumka BuOipka @yp’e.
[oTpibHO GinbIie PoOOTH, MO0 AMTOPUTM OYB 3aXHIICHUH
BiI aTak OIYHUMM KaHAJIAMH.

HatiBimomimi ataku nporu Falcon rpyHTyrOTECS Ha
CKOpOYeHHI 0a3u penrnTky, 0e3 iCTOTHOrO BHKOPHUCTaHHS
cremiansHOi cTpykTypH perritkd NTRU.

Besneunicts/CrifikicTs: Cxema MiAnmciB € JOKa30BO
EUF-CMA-6e31ieyHor0: HaIa€eThCsl 3MEHIIEHHS Oe3IeKHn

BiJI CKJIQIHOCTI TPOOJEMH KUIBLIEBOTO HaBYaHHS 3
nomuikamu 10 EUF-CMA-6e3nieunoi cxemu. 3MeHIIeHHS
(piBHsI) Oe3MeKH HaJaHO y KBAHTOBIM BHIAIKOBi Momei
opaxysia, TOOTO KBAaHTOBOMY 3JIOBMHCHHUKY JI03BOJIEHO
3BEPHYTHCSI JI0 BHIIAJJKOBOIO OpaKyja B CYIEpPHO3HMILi.
3MeHIIeHHsT Oe3MeKH TPYHTYEThCSI Ha BapiaHTI CXeMHU Haj
CTaH[APTHUMH penriTkamMu. [Iist mprBeeHHs

3MEHIIICHHSI, BUKOPHCTOBYETHCS BPUCTHYHHIIA apTyMEHT.
3MmeHIIIeHHsT Oe3MeKH € SBHUM, TOOTO MOXHA SIBHO
BU3HAUUTH 3B’A30K MDK  HMOBIPHOCTSAMH  YCHIXY
BUPILIEHHSI TIPOOJIEMH KUTbLIEBOr0 HAaBUAHHS 3 TOMUIIKAMH
(ring learning with errors) (R-LWE) ta miapo0ku mimucis
QTESLA. 3meHieHHs1 Oe3rneku € CyTTEBUM (IUIBHUM),
mo € OaXKaHOH BJIACTHBICTIO, TOMY IIO TMpPU BHOOPI
mapaMeTpiB CXEMH BIATMOBIZHO 10 3MEHIICHL OE3MeKH,
cyrTeBe (ILUJIbHE) CKOPOUECHHS TMPU3BOJUTH IO MEHIIHX
MapameTpiB i, 0TXKe, JI0 MMiABUILIEHHS POIYKTUBHOCTI.

Texuiko-ekcrutyaramiitni  Bumorn: Ll cxema
CYIIPOBOIKYETHCSI HECYTTEBUM CKOPOYCHHSAM BHIIAIKOBOI
MOJEN OpaKyla Ta >KOPCTKUM 3MCHIIEHHSM KBAHTOBOI
BHITaIKOBOI Mozieni opakyna 3 R-LWE (ring learning with
errors).

3axuIIeHICTh BiJl atak: Byso nmomideHo, 1110 nomMmika
B JIOKa3i Oe€3MeKH BUMAarae KOPUI'YBaHHS MapameTpiB (110
3HIKYE e)EKTUBHICTH CXEMH).

Omnieto 3 mepesar qTESLA € Te, mo IaycoBa
BHOIpKa BUMATa€ThCs JIMIILE TIiJ| 4ac TeHepallii KIoYiB 10
3pasKy S Ta €. TuM He MeHIL, U1 IeAKHX JONATKIB MOXe
3HaI00MTHCS e(DeKTHBHA 1 Oe3reyHa peasisallis reHeparii
KIIIOYIB 1, 30KpeMa, 3aXUIIEHICTh BiJl aTaK 4acy Ta Kely.

Falcon xopommii Tim, 1o cripaBxHs BuOipka ['ayca
TapaHTye MiHIMaJIbHHI BHTIK iH(pOpMaIli. AJle aaropuTM
BCEC I Bpa3NMBUA WIi aTak OIYHUMH KaHaJlaMmH, 3i
CKOpodeHHsAM 0azu pemriTkn. OCHOBHOIO IT€pEBaror0
merony qTesla € Te, mo TaycoBa BuOipka
BHUKOPHCTOBYETHCS TUTBKH TIJT 9ac TeHeparli KIFoUiB, 0
poOWTh anropMTM TpOCTINIE 1 JormoMarae yHUKHYTH
MOMIIOK. AJie OyJ0 MOMI4eHO, IO MOMIIIKA B IOKasi
Oe3nekn moTpedye KOpEeTyBaHHS MapaMerpiB (IO 3HIKYE
e(eKTHBHICTh CXEMH).

Cnucok niteparypu

[1] Lily Chen, Stephen Jordan, Yi-Kai-Liu, Dustin Moody, Rene
Peralta, Ray Perlner, and Daniel Smith-Tone, Report on Post-
Quatum Cryptography. NISTIR 8105 (DRAFT). [Online].
Auvailable: http://csrc.nist.gov /publications/drafts/nistir-8105/
nistir_8105_draft.pdf. Accessed on: Febr. 20, 2020.

11


mailto:Levina.mariya98@gmail.com
mailto:m.v.yesina@karazin.ua

VK 81
H. B. JIsicenko

i.lysenko@csn.khai.edu

Hayuonanvuwiii aspoxocuiveckuii ynusepcumem umenu H.E. JKykosckoco “XAU”, Xavpros

MHOOPMALUUOHHO-IIMHIBUCTUYECKAA BE3OINACHOCTb JINYHOCTHU

3a mocienHee BpeMs 3HAYHMTEIBHO YBEIHYUIOCH
KOJIUYECTBO HCCAEI0BaAHUI 1o npobieme
MH(POPMAIMOHHO-TICUXOJIOTHUECKOW ¥, KaK YaCTHOTO
ciyJas, UH(POPMAIMOHHO- TMHT BUCTHYECKOM
0€30IaCHOCTH JIMYHOCTH M BIMSHUSA HH()OPMAITMOHHBIX
TEXHOJIOTUMA Ha CO3HaHMeE Jiojei. TeM He MeHee, Kak
JUIS 3apYOCKHBIX YYEHBIX, TAK U OTCYCCTBECHHBIX 3TOT
BOMPOC OCTAETCST OTKPBITHIM JIJIST H3YUCHUS.

B mporecce KOMMYHHKAIMH SI3BIK HMCIONB3YETCS
HE TOJBKO M Tepenadyd WHPOpMAaIUK, HO W JUIs
BO3JCHCTBU Ha ajpecata. BosgeiicTByromas cuiia

A3blKa W PEUd  SABJIACTCS IPEAMETOM  U3y4EHMS
COBPEMEHHOM JIMHIBUCTUKM W €€ Pa3HOBUIHOCTEMH:
MparMajiuHIBUCTHKH, TICUXOJIMHT BUCTHKH,

COLIMOJIMHTBUCTUKH, MEIUATUH-TBUCTHUKH.

O BozneicTByIOLIE cuile S3bIKa, CIOBAa MHOTO
nucanu 1mo3tel U nucarenu. Hampumep, .M. Trorues
nucai:

Ham ne Oano npedyeaoamv, kak cnoeo Hauie
om308émcsi,

U nam couyecmeue oaémcs, Kaxk Ham 0aémcs
O1azo00amy.

A Bot mbicib B. lledHepa u3 ero cruxoTBopeHus
“CnoBa”:

Cnogom Mmo2tcHO yOUmb, C1080M MOICHO CRACTIU,

Cno6om MoHcHO nOKYU 30 cOOOU noGecmiu.

CnoBecHast nH(OpMaLHs B TEKCTOBOM BHAE, KaK U
uH(bOpMaNUs B IIEJIOM, — YHUBEPCAIBHBIH HHCTPYMEHT
Iporpecca YeJlOBEUECTBAa, IJIABHBIM pecypc pa3BUTHA
coBpeMeHHOro obmiectBa. Ho, craB  MOLIHBIM
CPeNCTBOM IIO3HAHMS M IpeoOpa3oBaHUS MHUpa H
CaMoro 4ejoBeKa, HH(POPMALOHHbIE TEXHOIOTHU B TO
e BPEMs IPEBPATHIINCh [UII HEr0 B CYIIECTBEHHYIO
yrposy. B KadyecTBe HCTOYHHUKOB yrpo3
WHPOPMAIMOHHO-THHI BUCTUIECKOH 0e30macHoOCTH
paccMaTpuBarOTCS IPEKAE BCErO MEYaTHBIC H3IaHMS.

CrouT OTMETUTH, 4YTO COBPEMEHHBIH UEIOBEK
YacTO BCEMY OTKPBHIT, OH BOCIHPHHHMAET BCE Kak
3HAKOBYIO ITIOBEPXHOCTb, HE MbITASACH AK€ MPOHUKHYTh
B ITyOMHY Belllel, B 3HAaUCHNE 3HAKOB.
Tak, Hampumep, B MeOWaTeKcTax Uil YCHJICHHA
BO3/ICHCTBUSI  WCIIONB3YIOTCSI  PA3JIMYHBIE  CPEICTBA
BBIPa3UTENIFHOCTH — 3IUTETHI, MeTadopbl, CPaBHEHNS,
pHUTOpPHYECKHE BOIPOCHI, MOBTOPHI, & TaKKe HPOHMS,
aHTWTE3a, WHBEpCUS, s3bIKOBas wrpa u np. OHH
OKa3bIBAIOT CHJIPHOE BO3JCHCTBME Ha  ajpecara,
MIPUBJIEKAIOT YNTATENBCKOE BHUMAHHE, AKTHBH3HPYIOT
acconMaTUBHOE W 00pa3HOe MBIIUIEHHE. BMmecTe ¢ Tem
OTH S3BIKOBBIE €JUHHIBI HMMEIOT BTOPOM IUIAaH —
IepeHocHoe 3HaudeHue. IlodaToMy ¢ MX MOMOINBIO B

TCKCT 3aKJIaJAbIBACTCA I/IMHJ'II/IHI/ITHHﬁ CMBICII. ODTUM
CBOMCTBOM MOJIB3YIOTCSA  MAaHUITYJIATOPLI. A JUJIsL
HNCKaXCHUA I/IH(I)OpMaIII/II/I MOT'yT UCIIOJIB30BATHCA TAKUEC
JICKCUYECKUE CPCACTB A3bIKA, KakK BB(l)eMI/BMI)I u

JC(HEMU3MBIL.
Kpome Toro, B Meauarekcte MOMHMO HH(pOpMAIMU O
COOBITHM  MOTYT  COJEPXKaThCs  JIONIOJHUTEIbHBIC

OLIEHOYHBIE CMBICIIBI, KOTOpbIE BHEPSAIOTCS B CO3HAHUE
aapecata. MHOroo0OpasHble OTTEHKH SMOLMOHAIBHO-
SKCIPECCHUBHOM OKpacKH NPUHATO JEeIUTh Ha JBa
OonmplIMX  paspsga: C  TOJNOXKHUTENBHOH W ¢
OTpULIATENIBHOW XapakTepucTUKoH. Tak, HeraTuBHas
XapaKTepUCTHKA BBIpa)kaeTcs CJIOBAMH c
HEOZ00OpPUTENBHBIM, IPE3PUTEIHHBIM, YKOPHU3HEHHBIM,
HUPOHUYECKHM, NpeHeOPEeKUTENbHBIM, OpaHHBIM
orreHkoM. Ocobasi pedeBas opraHu3anus TEKCTa
CMOCOOCTBYET ~ BO3HMKHOBEHHMIO  3a0JdyKJAeHHH B
CO3HaHUM ajapecata. MeauaTeKkCThl — YCIOXKHSIIOTCS
HaMEeKaMH, MpELeNeHTHBIMH (peHOMEHaMM, HpOHHUEH,
MOATEKCTOM. Pa3roBopHble ClIOBA U KOHCTPYKLHH,

JKaprOHU3MBI, MPOCTOPEYHBIE, rpyobie clloBa
MOBBIMIAIOT AMOLMOHAIBHOCTE U BBIPA3UTENIBHOCTD
TekcTa.  MckycHBIH ~ mombop  CIOB  TO3BOJSET

aKTyaJIU3UpOBaTh B COOOILICHUM T€ WJIM UHbIE OTTCHKU
UX 3HAYCHUH, B pe3yNIbTaTe YEro CJIOBa HECYT B TEKCTE
JIBOIHYIO  CMBICIOBYIO  HAarpy3Kky W  HE3aMETHO
HCKaXaroT peanbHyo JEHCTBUTETBHOCTh B
npencraBiueHmsAX azxpecata. OOnmamaromuil 3HAHUAMH
YEJIOBEK MOXET CaMOCTOSTENbHO CO34aTh CaMbIi
NEPBBIE M MPOCTOM  MEXaHHW3M  IICUXOJIOrO-
JIMHTBUCTUYECKON 3allUTHl B BHAE ICHXOJIOIMYECKOrO
Oapbepa HeIOBepHsS KO MHOTUM HH(OPMALMOHHBIM
MOTOKaM 00paboTKH CO3HAHUA HACEIICHHUS,
chopMHpOBaTH  YCTAaHOBKY Ha  HEOOXOOMMOCTB
WCIIONh30BaHMS aHAIN3a U BHUMATEILHOTO OTHOIICHUS
K TocTymarmomed HHbOpManuu B BHJAE IEYAaTHBIX
m3ganuid. OueBHOHO, HYTO YEJIOBEK HE JIOJDKCH
BOCIPHHMAMATH TIOy9YaeMyl0 HH(POPMAIHIO KaK UCTUHY
B KOHEYHOM WHCTaHLUM, HO HE JOIDKEH W
OTrOpaXMBaTbCsl  OT  Hee. BaXHO  Hay4nThCA
WHTEPIPETUPOBaTh MHGOPMAIHMIO, MTOHHNMAaTh €€ CYTb,
NPUHAMATH JINYHOCTHYIO TO3HIMIO IO OTHOLICHHUIO K

CKPBITOMY CMBICITY, HAXONIUTh TpedyeMyro
HHOPMAIIIO B Pa3THMIHBIX HACTOYHHUKAX,
CHCTEMATH3MpPOBAaTh €€, HaxXOAWTh  OIMHOKH B
TOTy9aeMOi nHbOpMAaIHH, BOCTIDHHUMATh

aNbTepHATHBHBIE TOYKH 3PEHMS, BBIWUICHATH TJTaBHOE B
MH()OPMAMOHHOM COOOIIEHNH, a TaKXKE HAyIHTHCS
pacro3HaBaTh MaHHITYJIATHBHBIC TIPUEMBI,
UCIIOIb3yeMbIE B TEKCTOBON MH(OPMALIHH.
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AHANI3 OUIHKX NOTOYHOIO CTAHY IHOOPMALIMHOI BE3NEKU HA OCHOBI
SIEM-CUCTEM

SIEM-cucremun JTO3BOJISIIOTH 3MIHCHIOBATH
MOHITOPUHT 1H(OPMAIITHUX CUCTEM i CUCTEM OE3IIEeKH,
aHaJIi3yBaTH MOJIl B HUX B PEKUMI peaJIbHOTO Yacy.

®ynkuii SIEM-cucteM 3BOJSTHCS 10 HACTYITHOTO:

Arperatiist JaHHX.

Kopensuis. SIEM-cucremu BUPOOJISIOTH TOIIYK
3arajJbHUX 3HA4YeHb 1 aTpuOYTiB 1 MOB'A3YIOTH MIiXK
c00010 HAAXOAATH MO,

Onogimenns. [licias Toro sk cucTeMa CHpaBHia
aHaji3 CXOXKHMX MK COOOI0 ITOMdii, BOHA CITOBIIAE
ajMiHicTpaTopa Oe3leku Mpo icHyroul mnpoOneMu B
iHppacTpyKTypi.

Cymichictb. SIEM-cuctemu BHpPOBaIKYIOTHCS B
icHytouy B KoMmHaHil iH(pacTpykTypy 1 HO3BOJIAIOTH
aBTOMAaTUYHO 30upatu iHdopmauito npo  moii,
(dbopMyBaTH 3BiTH IS 310paHUX JaHHUX 1 3aCTOCOBYBATH
iX 3 METOI0 YNpaBIiHHSA OE3MEKOI0 Ta MPOBEICHHS
aymury [1].
30epiranHst MOAIN.

Excnieprauii anamis. SIEM-cuctemu 103BOJSIIOTH
MPOBOJIMTH  TOLIYK MO  30epekeHHM  TOJIH
iH(popMaIiiHOT Oe3neKu.

Iepma nnardpopma — wiacudikamii 3arpo3 3a
ckmagoBuMu  Oesnekn BOP  OBC: indopmaniiina
Oesrieka, Oesmneka iH(opmaiii, kibepOe3neka. Beegemo
TaKi BU3HAYEHHSI.

Busnauenns 1. besnieka koHTypy 0i3Hec-mporieciB
— craH 3axuileHocti  Oi3Hec-mporeciB 1 IX
iHQOpMAIlIMHUX  PEcypCiB, IO  XapaKTepPU3YEThCS
MOXJIMBICTIO BHKOHABI[B, TEXHIYHHX 3aco0iB 1
iHpOpMaIIHHIX TEXHOJIOTI# 3a0e3neunTn
KOHQIACHIIHHICT,  IUIICHICTh  CIPaBXHICTH 1
JOCTYIHICTE pEcypCiB, HEOOXIOHMX Ui peawizarmii
6i3Hec-MpoIeciB B KOHTYpI BiamoBigHOro piBHA [2].

Busnauennss 2. PecypcHa Oesmeky KOHTYpY
Oi3Hec-TpomeciB  — CTaH 3aXWIIEHOCTI PecypcHOI
cepenosuiua KbII.

Busnauenns 3. KibGepOesneka koHTypy Oi3Hec-
mporeciB — Halip 3acobiB, cTpaTerid, PHUHIHIIIB
3a0e3meueHHs Oe3MeKn, TapaHTiil Oe3neKH, MiAXOIIB 10
YOpaBIiHHA pU3UKAaMU, Aii, MpodeciiHOoi MiATOTOBKH,
CTpaxyBaHHA 1 TEXHOJOTIH.

Hpyra mmatdopma — kiacudikamis 3arpo3  3a
XapaKTepoM CIIPIMOBAHOCTI: HOPMATHBHO IIPAaBOBHIA,
OpraHi3amiifHuH, IHKCHEPHO-TEXHIYHUH.

Tpers mmatdpopma — kimacudikamis 3arpo3

BIJIMOBiTHO IO OCHOBHUMH OCOOJIMBOCTAMHY iH(QOpMAIIi:

KOH(1ICHITIi{HICTB,
ABTEHTHYHICTS [3].

YerBepra miardopMa — kimacudikaiis 3arpo3 3a
piBHSIMHU iepapxil iH(QPaCTPyKTypu KOHTYpy Oi3Hec-
npoueciB: FL — ¢i3uunuii piBenb, NL — MepexeBuii
piBerb, OSL — piBenp onepauiiianx cucrem, DBL —
piBeHB cHcTeM ynpaBiiHHS 0a3amu JaHux, BL — piBeHb
TEXHOJIOTIYHKX JTOJATKIB 1 cepBiciB. [4]

EdexruBHicTh 3aIpONOHOBAHOL Mojedi
OL[IHIOBaHHS E€KOHOMIYHHMX BUTpAaT 3aJeXHTh Bij
TOYHOCTI (h)OPMYITIOBaHHSA HMOBIPHOCTI YCHiXy 3aXHCTY
1 Bu3HaYeHHs miggocti BIP.

3anpornoHoBaHa MOJIENb  JIO3BOJISIE  BU3HAYHMTH
HaiOIIpIl ~ WMOBIpPHI  3arpo3u,  CIOPSIMOBaHI  Ha
nopyumeHHs: Oe3neku iH(GOpMaLiiHUX pecypciB 1 K
pe3ysibTaT — EKOHOMIYHO OOIPYHTYBaTH PO3MOJILI
OOMEXKEHUX KOIUTIB MDK pi3HUMH iH(opMaLiiHUMK
pecypcamu, SiKi BUMAraroTh 3axXucty [5].

Po3po0ieHo npakTHYHY METOAMKY IS OL[iHFOBAHHS
piBHS  3aXMINEHOCTI  OAaHKIBCHKMX  1H(OpMAaIiHHUX
pecypciB Ha OCHOBI CHHEpPreTMYHOI MOJENi 3arpos,
YIOCKOHaJIeHHX KkiacudikaTopa 3arpo3 Ta Mojel
3JIOBMHMCHHMKA, MOJIENI OLIHKH 3aXHILEHOCTI OaHKIBCHKUX
iHpopMaliiHIX pecypciB Ta Mozen iHPpacTpyKTypH
ABTOMATH30BAHUX OaHKIBCBKMX CHCTEM, LIO JO3BOJIIE
ONTUMI3yBaTH BHTPATH KOWITIB Ha MOOYZOBY CHUCTEMH
Oe3nekn 0aHKIBCHKUX 1HQOpMAIIHUX PECYpCiB.

LUTICHICT, JIOCTYIIHICTb,

Chnucok Jgitepatypu
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c. 6474, 2016.

[2] P.B.Tpumyk, ta }O.T.danuk; 3a 3ar. pem. mpod.
10.T. lanuka, OcHoBu  kibepOesneku, JKuromup,
Vkpaina: XJKHAEY, 2016.

[3] L. Sun, R. P. Srivastava, and T. J. Mock, “An Information
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2006.

[4] A B.Hormii, wu MO 1O. Mumunenxo, “Konuemnuus
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6e3omacHOCTBIO”,  PamioenekTpoHHI 1 KOMIT TOTepHIi

cucremiu, Ne 6 (47), c. 53 — 58, 2010.
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ornsan TA AHANI3 BPA3NIMBOCTEN ONEPALIMHOT CUCTEMM LINUX 3
YPAXYBAHHAM 3ACOBIB 3AXUCTY

IMoHATT ‘“omeparmiiiHa cucTeMa” HEPO3PHBHO
MoB’s3aHe 3 CHLOTOJAEHHSAM. YCIM  BioMO, IO
orepariifHa cucreMa — 11e Tak 3BaHUI iHTepQeiic, SKuii
3a0e3medye MmpoIec CHiIKYBaHHSD) KOPUCTyBada 3 HOro
raJKETOM/TIPUCTPOEM.

Bubip  onmepauiiiHOi  cucTeMH  —  IUJIKOM
1HIMB1yaabHUN BHOIP KOYKHOTO, OCKIIBKH IPYHTYETHCS
Ha noTpebax Ta BUMOrax JI0 TOro Habopy mporpaMHoOro
3a0e3MeueHHs, sIKe oOrepalliiiHa chcTeMa Ja€ 3MOry
BHUKOPHCTOBYBATH.

Omepariiina cucrema Linux — me ciMmeiictBo Ha
0asi siapa Linux, sike MiCTUTh BiANOBIAHUI HAOIp YTUIIT
i mporpam npoektry GNU Ta, 3a BHMOrorw, iHIINX
nporpaMHuUX KOMIOHEHTiB. Takox Linux mikasa ime i
TAM, 10 A0 Hei YacTo BIAHOCATH 1 MPOTrpamH, IO
JOTIOBHIOIOTh III0 OMEpAaLiifHy CHCTeMY, 1 MpUKIaIHI
nporpamu, siki poOysiTe ii, BiANOBIZHO JI0 TOTPeO
KOpHCTyBaua, 0araTodyHKII OHaJIbHOIO.

Hdus  uporo  JgaHa  omepaiiiiHa — cucTeMa
3a0e3MeuyeThCsl BEJMKOK KUIBKICTIO HaJUIalITyBaHb,
TaK 3BaHUX IUCTPUOYTHUBIB, y sikux mporpamu GNU
3’€MHYIOTBCA 3 sApoM LinuX Ta iHImMMH mporpaMamMu.

Pospo6uukoMm siapa Linux e Jlimyc Topsaibn,
sikuil ouaB crBoproBatu ii Ha MINIX. Ane mi3nime,
koau LiNUX mocsrma meBHOI  3pimocTi, 3’SBHIACH
MOXIIUBICTh TPOJOBXHTH PO3pOOKY BXKe Ha 0asi
camoro sapa Linux. 3romomM po3poOHWKH BHPIIIHIH
3nifichuty 3aminy onepamniiiHoi cuctremu MINIX Ha
GNU. TlomroBxoM 10 1IOTO CTaB TOH (akT, MIO KOI
3HAXOJUBCS Y BUIBHOMY JIOCTYIII Ta OyB OLIBII 3pydHHI
JUTS BXKUBAHHS B ONEpAIliifHINA CHCTEMI.

Ha cporommimmuii mewp Linux — momi6ui
orepamiiHi CHCTEMU € HAHOLIBII MOMYISPHUMHE Cepes
CHCTEMHUX a/IMiHICTPATOPIB.

Xoua Linux cmoyatky Oymaa pospobieHa st
MIEPCOHATBHUX KOMII FOTEPIB, Mi3HIIIE, 3aBASKA TaKUM
kommasisM, sk Hp, IBM, Sun Microsystems, Novel ta
iHmMxX, Halyma BEMUKOI  MOMYISApPHOCTI  cepen
CHCTEMHHUX aIMIiHICTpaTOpiB SK cCepBEepHa oleparliiiaa
cucrema. Ta Haituactimie LINUX BHKOPHUCTOBYIOTH ISt
HaJaHHS BEO-XOCTHHTY.

Baxxko TepeormiHuTH BaXIIUBICTh CEPBEPIB Y
poOOTi CHCTEMHHX aIMiHICTPaTOpiB Ta KOPHCTYBAYiB
omepamiiHuX  cucTeM. ToMy OyK€  Ba)XJIHBOIO
poOJIEMOI0 € 3aTHICTh Ta MOXIIMBICTH 3a0e3eueHHS

30epeKeHHS IaHUX Bif Ppi3HUX BUIIB
HECaHKI[IOHOBAHUX BIUTUBIB.

VY nmaHux Te3ax iTMMe MoBa Mpo 3axucT Linux —
MOAIOHUX OMEpaIlifHAX CHCTEM BiJ] HECAHKI[IOHOBAHUX
BTPYYaHb.

IMepmt 3a Bce, ciig 3a3HAYUTH, MO IS
omepariiifHoi cucremu LIiNUX Ha maHHWI Yac € TpH
HaWMomupeHin npodiemu:

1) mepenoBHeHHs crekoBoro Oydepa (CVE-2018-
16864);

2) Buminenns mam’sti 6e3 mex (CVE-2018-
16865);

3) noMHWIKa 4YHWTaHHS TIOHAJ JIONYCTHMi Mexi
(CVE-2018-16866)

Crin 3a3HayuTH, 1O Teplia 3 BKa3aHHX 3arpo3
MOXKE BI/IKOpI/ICTOByBaTI/ICﬂ JIOKAJIBHO, ﬂpyra Hi}IXO}II/ITb
JUIL MEPEeXEeBMX arak, a TPeTs MOXe MPHU3BECTH IO
HECaHKI[IOHOBAHUX BUTOKIB iH(popMaIlii.

XapakTepHUM € Te, M0 BCl Il EKCIUIOWTH He
norpeOyoTh  Oyap-sIKMX  JOid Bl KOpHCTyBada
KOMIT I0Tepa.

Takox icHye OaraTo WIKIJIMBUX Iporpam, siKi
MOXYTh 3alIKOJUTH CHCTEMi Ta OTPUMATH JOCTYI 1O
JIAHUX KopucTyBada abo iHpopMallii, sika 30epiractecs
Ha cepBepi.

Benukoro HeOE3MMEKO0 Il ONEPalifHIX CUCTEM €
pyTKiTH. PYTKIT - 116 mporpaMa abo Habip mporpam st
MIPUXOBYBAHHS CJiJiB MPHCYTHOCTI 3J0BMHMCHHKA YH
HIKIAIMBOI mporpaMu B cucreMi. ToOTo, IS 371aMy
omepariinoi cucreMu Linux CTBOPIOETHCS CIIELialbHU
MOJYNb SIpa, SKUA 3JOBMHUCHHK 3aBaHTAXYE B
CHUCTeMy, SKYy IDIaHye 3JIaMaTH Bigpa3zy IiCiA
OTPUMaHHSI [IPaB CYIEePKOPUCTYBaYa.

Jns MeHm CKIagHUX 1 IOKiUIMBUX PYTKITIB
BUIANICHHSA MO OyTH 3HiCHEHO 3a JOIOMOIOI0
MpOTrpaMu-aHTUBIPYCY, a BKe OopoTHcs 3 OUIBII
CKJIAQJHUMH  PYTKITAMH MOXHA 32  JIOIIOMOTOI0
crieianpHUX Mmporpam, Hampukian, TDSSkiller, 1o
cTBOpeHa i 6opots6m 3 pyrkitom TDSS. V Bunanky,
KOJT CHCTEMHI (paiiiIi ByKe MOMIKOKEHI AyKe TITHO0KO,
JIOBOZIUTHCSI 3HOBY 1HCTAJIOBATH OIEPALlifHy CHCTEMY.

Y nomoBini OyayTh mpoaHami30BaHI 3arpo3, SIKi
BILUTMBAIOTh Ha POOOTY omeparriiiHoi cucremu Linux ta
MPOBENEHO OTJSA  3aXOHiB, SIKI MOXYTh OyTH
BUKOPUCTAaHI Ui {i 3aXWCTy Bif IIKiJUTHBOTO
MPOrPamMHOro 3a0e3MeUeHHSL.
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IHOOPMALIMHO-NCUXONOIYHA BE3NEKA NIOAUHU B IHOOPMALIINHOMY
cycnimbCTBI

OnHoro 13 prc iHpOPMAIIHOTO CYCHIIBCTBA € 3HAYHI
o0cstr  iH(opMartii, mo 30epiraeTbcs Ta 0OPOOIAETHCS
PI3HOM@HITHUMH TPHCTPOSMU 33 Y4acTIO JIFOJWHH. 32
OCTaHHI I'SITh POKIB JIFOJICTBOM OY:10 BupoOieHo indopmarii
OLJIBIIIE, HIX 32 BCIO MOTEPE/IHIO ICTOPIFO.

[ndopmariis He Moxe icHyBaTH 0e3 cy0'ekTa, SIKMH iX
cnpuiiMae Ta (ikcye. Ycs icHyro4a iH(pOpMAITls MPOUIIIIa
Yyepe3 CBIIOMICTh Jozie, siki ii 3agikcyBamm. Omxe, npH
3pocTaHHi KiTbKOCTi iH(opmauii piBeHp 1i BIUIMBY Ha
JIFOJIUHY 3POCTAE Y MEXKAaX Bill CYTTEBOrO O KPUTUYHOTO Ta
TpaBMyrodoro. CydacHa JIIOJIMHA, SIKa X0Ue peani3yBatu cede
B iH(pOpMaIiiiHOMYy CYCHIbCTBI, HE MOXKE BiIOKpEMHTHUCA
Bix iHdopmarii Ta iHpopMaliifHUX pecypciB.

TakuM UYHHOM, AaKTYAJIbHOIK 3371aYel0 € BUBYCHHS
MEXaHi3MiB BIUIMBY iH(OpMAILlii Pi3HUX THITIB HA JIFOJIMHY Ta
po3pobKka Mip, IO 3armo0irarTh IICHXIYHAM pO3JIajaMm,
3aXBOPIOBAHHAM, Ta HeOe3mell Ui JIFOOWHH. 3a IMX
00CTaBUH MOKHA aHOHCYBATH TIOSIBY HOBOTO PO3JILTY
0e311eKH KUTTETISUIBHOCTI — iH(hopMaIiiHOT Oe3neKu.

Pi3ni Bumu indopmanii Mo pi3HOMY BIUIMBAIOTh Ha
JIFOJIMHY, ajie BCl BOHU OOYMOBJIIOIOTH 1i 3/10pOB'SI Ta SIKICTh
KUTTHA, a TAaKOK MOXJIMBOCTI. MoxHa ckaszaT, IO
iH(opMallisi ChOTOHI € HAMOLIBII BIUIMBOBUM YMHHHKOM
KUTTEAISUTBHOCTI JIFOJIMHY, @ 1HQOPMALIiiHI pecypcH CTaloTh
HaWBXKJIMBILIOI 3allOPYKOI0 YCHIXy Ta KOHKYPEHTHOL
CIPOMOXKHOCTI KpaiH, CyCIUIbHUX T4 BUPOOHHYHX TPYIL.

IcHye Oararo BuaiB Ta kiacudikarlii iHpopMmariii, ane 3
TOYKH 30py O€3MeKH >KUTTEALUIGHOCTI HI OJHA 3 HHUX HE
BijIoOpaskae BIUTMBY iH(OpMALIiT Ha JIFO/IUHY.

Jlronuua cama € cKiIaIHO 1H(OOPMALIIIHOI CHCTEMOIO
i1 B TOH e 4ac HOCIEM Ta BHPOOHHMKOM  iHQopMariil.
Indopmariiiina cucreMa JrOAUMHE OaraTopiBHEBA: TiJIO POCTE
Ta OHOBJIOETHCS 32 1H(OpPMAIHMM I1A0JIOHOM Ha PiBHI
reais. ta JIHK, ximiuai Ta i3ionoriuai mporecu
BiIOYBalOThCSA 32 UYITKAMH IPOTPAMaMH, OpPraHH IIOYYTTiB
0e3nepepBHO CIPHUAMAIOT iH(hopMmalIiro Bi
HABKOJIMIIHBOTO ~ OTOYEHHs,  IHTEJEKT  3aiMaeThes
IHTepTIpeTaLi€lo Ta KIacH(iKaIi€eo CpuiHATOl iH(OopMaTii,
Y CBIZIOMOCTI JIFOJIMHA HA OCHOBI HasIBHOI 1H(OpMAIlii poOUTh
BUOIp, NpWiiMae Te UM IHIIE PIIEHHS, y TOMY YHCII IO
BIIJHOIIEHHIO O OTpuUMaHoi iHQopmarii. PiBHi mi He
i3ompoBani: Hampukian [1], iHdopmaris, cnpmiiHATa
OpraHaMy MOYYTTiB, BUKIIMKAE TICHXIYHI PEaKIii, eMOITi, sKi
BIUTMBAIOTH HA BUPOOJICHHS TIEBHUX TOPMOHIB, 3MIHH XiMil
KPOBI TOIIIO.

3a xapakTepoMm, MeXaHi3MaMH Ta PiBHEM BIUTBY Ha
JIONUHY, iH(POpMAII0 MOXHA IONUIATH HA TakKi TPYIH:
TeHeTH4Hy; OIONOriyHy Ta OakTepioNoriuHy,  XiMidHY;

THOCEOJIOTIYHY; COLlalbHy; BHPOOHMYY Ta mpodeciiiHy;
CIIOKMBAIBKY; TIOMTHYHY; KYJABTYpHY Ta MHCTCUBKY;
PpeiriiiHy; TyXOBHY.

HaiiGinpin HeOe3newHo il JI0AMHU € iH(opMaltis,
sIKa 3MIHIOE TCHETHUKY OpTaHi3My, CTaH 3[I0pPOB's, MCHXIYHU
CTaH, TpHUTrHIYYye abo CIOHyKae 1o arpecii. Bimomo [2], mo
iH(opMaIlss MOXe SK IIKOJUTH 370POB'I0 JIFOAWHH, TaK i
nomimuyBati Horo. IHdopmaris Moxe OyTH cremiaibHO
HiZATOTOBJIEGHOK) Ta CHPAMOBAaHOK HA OKpeMy ocoly, a
YacTille Ha MEeBHI COI{iaNbHi TPYNH Ta ETHIYHI CIUTLHOTH 3
METOIO JIOCSITHEHHSI TIepeBar Ta BUTO]l, 10 POIJISAAETHCS SIK
TICUXOJTOTUHMI BIMB 200 iHdopMariiiiHa BiiiHa [3].

Meroro MOJAJBIINX  JIOCIIHKEHD y  ramysi
iHdopMaIiiiHOT Oe3MeKn JKUTTENSUILHOCTI €  po3podKa
3aXOJiB Ta HOPM, sIKi 3a0e3MeuyroTh Oe3IeKy JIIOIMHH NpH
po0oTi 3 iH(OpMAITiEFO.

3agadyaMy JOCIIHKEHb €:

1) BU3HAYEHHS T'PaHUYHO JOMYCTUMMX HABAHTaKEHb
npu poOoTi 3 1HPOPMALIE Y PI3HUX TATY35X CYCIHUIBHOTO
BHUPOOHUILITBA;

2) po3poOka MpaBmI Ta HOPM iH(MOPMAIIIHHOI Tiri€eHH
Ta iH(pOpMAIIHHOI KYIBTYPH;

3) BHMBUEHHS CIIOCOOIB Ta MEXaHi3MIB CIIPSMOBAHOIO
iHdopMaIiiHOrO BILIMBY Ta 32CO0IB 3aXUCTY Bifl HUX [4, 5];

4) BUBYCHHS BIUIMBY HEOPraHIYHHX Ta OPraHIYHUX
PEYOBHH, TIPONYKTIB CIIOKHMBaHHA Ha i1H(OpMAIIAHY
CHCTEMY JIIOIMHH Ta po3poOKa pekoMeHmamii 13 ix
3aCTOCYBaHHSL;

5) po3poOka MeETOAIB aymuTy JIFOJMHOK BIIACHOI
iHdopMaIliiiHOT cucTeMH.
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CPABHEHWE METOOOIOMMA MOAENMPOBAHUA NOBEAEHUA ATEHTOB
CUCTEM BE3OINACHOCTH

Has 000CHOBaHUS BEIOOpa METOJIOJIOTUH
MOJIETUPOBAHUS MIOBEJICHUS areHToB CUCTEM
0e30macHOCTH OBUIO BBINOJIHEHO CpaBHEHHE HambOolee
pacnpoCTpaHEHHBIX METOAOJIOTHH, HCHOIB3YEMBIMU IS
aHasorMuHbIX  Leneil. CpaBHEHHE TPOBOAMIOCH IO
CIEYIOUIUM LIECTH KPUTEPHUSIM.

Bpemst u ycunus, HEOOXOOMMBIE sl MPUMEHEHUS
TOH METOJOJIOTMHM METOJOJOTHIO JJS HPOEKTUPOBAHUS
aKTyanbHOU MoJienu c y4acTHeM Oymymmx
mojp3oBareneid. TpeOoanms monb3oBateneil. OO0beM
TCXHHUYCCKUX 3HAHUM )41 YPOBE€Hb IOAT'OTOBKH,
HEOOXOMUMBIE  IIOJB30BATENI0  JUIsi  TIOHUMaHUS |
MpaKTUICCKOTro HCITIOJIb30BaHUA MOICIIN. BpeMﬂ
O6y‘ICHI/IH. BpCMH U yCWjius JJisl TUIIUYIHOI'O IT0JIb30BaTEIIsA
JUIA U3Y4EHHs CIIPOEKTUPOBAHHOM MOJAETH M NpaBWI ee
ucrnosib3oBanus. ['mokocts Monenu. Ipocrora, ¢ KoTOpOI
paBpa6OT'—II/IK MOXET HU3MCHUTH MOJC/Ib AJIs1 BKIIKOYCHHA
HOBOW IIEPEMEHHOM WIM H3MEHEHHUS UCIOIb3YEMbIX
nepeMeHHbIX. KonuuecTBO CyIIecTBYIOUIMX —MOZAEIEH-
aHAJIOroB ¢ (PyHKIMSAMH, KOTOpBIE MOXKHO aJalTHPOBAaTh
JUISL UCTIONb30BAHMS B KAUECTBE YAaCTU MOJIENIH MOBEICHUS
areHToB cucteM Oe3onacHocTd. [Ipo3paunocts. [Ipocrora,
C KOTOPOH IOJIB30BaTeNlb MOXET OOHAPYXKHUTh B MOJIEIH
BCE, YTO  MOXET TOBIMSATH Ha  PE3yJIbTaThl
MOJIECTTMPOBAHHUSI.

Pe3ynbTarel CcpaBHEHMs pas3IMYHBIX METOLOJOTUN
npencrasieHsl B Ta0a. 1. CiaexyeT OTMETUTH, YTO NEpPBBHIE
TPU KPUTEPHsl AODKHBI ObITh HU3KUMHU, a IOCICIHUE TPH
KPUTEpUsl JOJDKHBI OBITH BHICOKUMH.

IIo cOBOKYITHOCTU KpUTEPUEB CPAaBHEHUSI METOIOJIOTHIA
MOJICTIMPOBAHUsI TIOBEJCHUSI areHTOB BHIOOP MOXET ObITh
cenaH B IONb3y CUCTEMHOM IMHAMUKHU. B monbp3y Takoro
BBIOOpa  TOBOPSAT W NPEUMYIIECTBA  CHUCTEMHO-
JMHAMHAYECKOTO MOJEINPOBAHMA. MeToI0NIorus CUCTEMHO-
JMHAMHAYECKOT0 MOJICTIMPOBAHHS [TO3BOJISIET:

1. OGHapyXHuTh 3MEPILKCHTHBIC CBOWCTBA MOBEICHHS
uccrenyeMol cucreMbl. CHCTEMHO-AMHAMHYECKHE MOJIENH
o0ecrieynBaloT  cnocod  HccienoBaHus — (OpMUPYEMOTO
MOBEJICHUSI areHTOB, HCXONS W3 OTHOCHTEIBLHO MPOCTHIX
MpaBUI TOBEJICHUSI OTIEIBHOrO areHra. Takod Moaxon
MO3BONSIET TOJAYYMTh M B JAJbHEHIIEM HCCIEe0BaTh
CHHEPreTUYEeCKHAE CBOMCTBA AHTATOHUCTHUYECKHUX arcHTOB B
TPOIIeCCe KMOSPKOH(ITUKTA.

2. Onpenenuts HauOoNee BaXKHBIE IApaMETPbl B
JIMHAMHKE CHCTEMBI: HEOOXOIMMO OIMPEICTHTh MHOXKECTBO
BXOJOHBIX JAHHBIX, yTOOBI MOHATH UX BIIMSHHE HA BbIXOIHBIC
nanHbie.  CHCTEMHO-IMHAMHYECKAs MOJENb  MO3BONSET
OIICHUTh BIIISTHAE KAKIOrO0 BXONHOTO Tapamerpa Ha
pe3ynbTar (QyHKIIMOHUPOBAHHS CUCTEMBI Y PAHKHPOBATh UX
B 3aBHCHMOCTH OT CTCNCHHW BIMSHHS, a MOCIETyONHit
aHaJIn3 YyBCTBUTCIBHOCTU MOIACIW TMOAACPKUT TMPUHATHA
peIIeHHsT O BKJIIOUCHHH B MOJIENb JIHOO MCKITIOUCHHS TOTO
WM uHoro (axropa.

3. IloAroToBUTH KOJNMYECTBEHHbIE OLEHKH Kade-
CTBEHHBIX HIEH: CHUCTEMHBle IMHAMHYECKHE MOJIENH
HO3BOJIIIOT  [IONIB30BATENI0 [IPeoOpa3oBaTh KayeCTBEHHOE
HOHMMAaHHE B3aUMOJCHCTBUS areHTOB B KOJIMYECTBEHHBIC
oneHKd d3(QQEKTUBHOCTH pealiu3allikd TOro WM HHOTO
CLIeHapHsl MOBEJICHNs B Ipoliecce KHOepKOHIIHKTA.

4. TIporHo3upoBaThb  JOITOCPOYHBIE  MOCIEICTBUS
PELLEeHNI I ONpeNeNIeHHOTr0 KOHTYpa OM3HeC-TIpOLIeCCOB.

5. TlommepxaTe  WCIONB30BaHHME  MOIENH |
NPENOCTAaBIIsIeT  CHCTEMHBIM  aJMHHHCTpaTopam  Habop
MHCTPYMEHTOB [UI1 OpTaHM3alii O0y4eHUWs IlepcoHaja
HPUHATHIO pereHui B CIIOKHBIX YCIOBHSIX
KHOEpKOH(IMKTa. B yacTHOCTH, cUCTeMHast IMHAMUKA — 3TO
METOH YAydlIeHHs OOydeHHs B CIOKHBIX CHCTEMax
0e30MacHOCTH, OCOOEHHO KPYIHBIX HHPPACTPYKTYPHBIX
IPOEKTOB.

Tabmuna 1
CooTBeTCTBHE METOJOJIOTHH MOICIIMPOBAHUS KPUTEPHUSIM CPaBHEHHUS
Bpewmst coznanust | [onmb3oBaTensckue Bpewms Hamrane
Merozonoruu P A P Tubkocts | Oubmuorexku | Ilpo3padHocTs
MOJIENH TpeGoBaHHsA H3y4CHUs .
Mojienei
Teopust urp H H-B H-B C B H-B
AreHTHOEe MOJIENTMPOBAHUE C-B H-C H-C C-B H-C C-B
JliHaMHYeCKUe CHCTEMBI C B B C C C
CucreMHas JMHAMHKA H H H B H B
Mognenu, ynpasisieMble C C H C C B
[TAHHBIMH

[pumeuanne: H — anskuit, C — cpenruii, B- BICOKMIA.
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METO[ ONTUMISALIT LUBNAKOAII BIHAPHUX AIArPAM PILLEHBb MNPU
NPEACTABJIEHHI JAHUX PEKOMEHOALIIMHOI CUCTEMU

Ha cporopninmHiii JeHb peKoMeHIAIliHI CHCTEeMHU
(PC) wmaroTh WIMPOKE 3aCTOCYBAHHS Y COIAIBHHX
Mepekax, cucTeMax [HTepHeT-TopriBII, HOMIMPEHH] Mezia-
KOHTEHTYy, pewiamu Ta 1iH. EdexktuBHuii crocio
TIPEICTABIICHHsT JTAHUX, HEOOXiJHUX I pOOOTH Takoi
CHCTEMH, MOKE 3MEHIINTH KUIBKICTh MOTPIOHHUX PECYpCiB
Ta MOJIETTIIMTA PO3POOKY 1 BUKOPUCTAHHS OLTBII CKIaHUX
QIITOPUTMIB JUTsl ()OPMYBAHHS CIIMCKIB PEKOMEH Il

Bynno mpoBeseHO JOCIIPKEHHS ILOIO MOXKIHBOCTI
BUKODUCTaHHs  OiHapHMX  jJiarpaM  pillleHb IS
NPECTABICHHS JAaHUX pPEKOMEHAAINNAHOI CHCTEMH Ta
pO3pO0JICHO METOA ONTHUMI3AIll IIBUIKOII Omepariin
YUTaHHSI/3aIUCY TIPU POOOTI 3 HUMH.

binapni pmiarpamu pimens (BJIP) — ne ekonomHa
¢dopma TipeACTaBiICHHS OyJeBMX (QYHKUIH Yy BHIISI
OpIEHTOBAaHOrO alMKiIiuHoro rpady. Bepumnu rpady
TMPECTABIISIOTh aAPIrYMEHTH (YHKIIIT, JINCTKU — i1 JBIMKOBI
3HayeHHs. BJIP naiore MoximMBiCTH 30epiraTd aHi y
CTHCHEHOMY BHIJIAAI Ta HIBUAKO OTPUMYBATH 3HAYCHHS
¢byHkii 3a 1 mapamerpamu, ane pexparyBaHHs bBJIP
BUMArae CKJIaHUX 004HCIICHb.

B pamkax maHoi poGoTH Oyno BHECEHO 3MiHH JIO
paHiiie po3pobieHoi Gidmioreku st podoru 3 BJIP ms
3MEHIICHHS 4Yacy, HeOoOXiTHOro Ha BHKOHAHHS THITOBHX
1t podoru PC onepartiii. Po3podka Benerses Mmoot C,
OCKUIBKM BOHA JIa€ MOXJIMBICTb TOYHO Ta E€KOHOMHO
BUKOPHCTOBYBAaTH IIaM’siTh. J[JIs1 MpencTaBlieHHS BY3IIB
B/IP y mam’sti Oy/i0 BUKOPHCTAHO CTOPIHKOBY MOJIENb
1am’sITi, 11O JJ03BOJISUIO CTBOPIOBATH Ta BUIAILTH BY3IIHU 3
O(1). Jms moctymy 10 By3Ta HeoOXimHO Oyimo 3a
JIOTIOMOTOF0 OITOBOI MAacKH PO3KIACTH HOMEp BY3/Ia Ha
HOMEp CTOpiHKM Ta HOMEp BYy3JIa CTOpiHKH. B
MoAaNeIIoMy OyJ0 BHPIIIEHO BIAMOBWIHCS BiX i€l
MoZIeNni Ha KOPHUCTh MOHOIITHOrO OJIOKY IaM’sTi, SIKUH
JMHAMIYHO PO3IIUPIOETBCSA  BIMIOBITHO OO TOTPed
cucreMd. TakuM YMHOM BJAJIOCS 3HAYHO 3MEHIUUTH Yac
JOCTYITy 10 BYy3Ja, aje NP LBOMY 3pic 4ac CTBOPEHHS
HOBOTO BY3Jla, a TaKO)K TUMYACOBO 3POCTAE KUIBKICTH
HeoOXximHoi mam’sti. Jlorika CTOPIHKOBOrO BHIIUICHHS
mam’sti - Oyma  9acTkoBo  30epekeHa 3a  paxyHOK
po3mmpeHHs ONMOKy mmam’siti Ha (DiKCOBaHY KUIBKICTB
BY3JIB, 3aBISKH YOMY aMOPTH30BAHWHA Yac BHUIUICHHS
By3Na He 3MiHHBCA. [IpoTe, OCKUTBKM yCi BY3IH
30epiraloTbcsl y CYHUIBHIA 00JacTi mmam’siti, momiOHe
PO3IIMPEHHs iHOII BWUMAara€ BWAUICHHS HOBOI 0OIacTi
mam’siTi, 0  TAMYAacoBO  CIPHYMHAE  IO/IBOEHE
BUKOpHCTaHHA mam’saTi. Crowyatky, Yy TIONepenHix
pobotax, Oymo peali3oBaHO pemaryBaHHs 3HaueHb BJIP,
SIKE MAaKCHMaJIbHO e(eKTHBHO BHKOPHCTOBYE iCHYOUi

BY3JIH, HE CTBOPIOFOYH i30MopdHUX miarpadis. Llei miaxin
Jy)e epEeKTHBHO BHKOPHUCTOBYE IaM siTh, alle BHUMarae
MOBHOTO Oy Jesskux piBHiB  B/IP, mo 3Hauno
CIIOBUIGHIOE TIPOIIEC pelaryBaHHs. Y Iiiii poboTi Oyio
JIOZIAHO PEeXMM IIBUJIKOTO pelaryBaHHs, y skoMy y B/IP
HE MO)KHa BHKOPHCTOBYBATH BY3JHM IIOBTOPHO, @, IIPH
MoTpeOi, CTBOPIOETHCSI HOBA TiNKa. 1e mprckoproe mporiec
penaryBaHHsI, arne CIIPUYHHSIE BHHHUKHCHHS
NpofyONbOBaHMX — BY3JIB, 4Yepe3 M0  HEOOXiJHO
nepiognuHo pobutu ounctky bJIP. Yacrora oumineHHs
3aJIOKUTh Bill OA)KAHOTO CIIBBIIHOIICHHS BUTPAT MaMm’sITi
o yacy poboru. Lleit miaxin mae moGiunuii edexr —
OYMILICHHST POOUTH OJIOK BY3NIB PO3PIIHKEHUM, IO
CIPUYMHSIE PICT TPOMaxiB Kelly 1, SK HACIiJoK,
CIIOBUTBHEHHsT poOoTH TporpaMu. Tomy, miciis 3aKiHYeHHS!
CeKIlii IHTeHCHBHOro 3amucy nanux ao bJIP, HeoOximHO
BUKOHATH  YIIUIbHEHHS ~ BY3JIB  LUIAXOM  IXHBOTO
NepeMillieHHsT 10 HOBOi obmacti mam’siti. ns BHOIpKu
3HaueHb, 30epexxennx y bJIP, Oyrno peanizoBaHo moryk 3a
YaCTKOBUM KJIIOYeM. 3aBIIKd LbOMY MOXKHA, HaImp.,
3HAWTH ycl 00’€KTH, MOB’si3aHi 3 iHIIMM 00’ekToM. [Ipu
[[bOMY, Ha BIJIMIHY BIiJ| IHILIUX CTPYKTYp J@HHUX, [OIIYK HE
3aJISKUTh BiJ] TOTO, SIKy YaCTHHY KJIIO4a BUKOPHCTOBYBAaTH
JUIsL TIOIIYKY, IO JA€ MOXJIMBICTH 30epiraté 3B’s3KU
JIOBUTbHOT po3MipHocTi. [Ipote Takuii momiyk BuMmarae
MOBHOr0 00XO/y YCIX BY3MiB, IO POOUTH HOro Iyxe
noBibHUM. 11100 MpUIIBHAIIIMTH POOOTY TOMIYKY OyIH
3aCTOCOBAHI TaKki ONTUMI3aLlii:

1.Ilomyk Oyno po3aineno Ha nBi da3u. Y mnepriit
(a3i mepeBipseTbCs, SAKI BY3IHM 3 THX, IO OMHCYIOTHCS
YaCTKOBMM KITIOUEM, JIOCSHKHI 3 TEPMIHAJIB, SIKI MICTSTh
3HAUCHHS, M0 HAC INKABIATH. Y Ipyrid ¢asi mi gaHi
BUKOPHCTOBYIOTHCS, 100 BiJBiqyBaTH JIMIIE Ti TUTKH, SIKi
MOXYTh TpHBECTH [0 OaxaHoro 3HaueHHS. OOXig
3MICHEHIOETBCST  y  al(aBiTHOMY  TOPSOKY, 100
MIHIMI3YBaTH KUTBKiCTh HEOOXITHHUX IS IFOTO JaHHX.

2Ilepmia daza posmiiena Ha JBa eranud. Ha
MEpIIOMY  eTalli  TIePeBIPSIEThCS  JIMIIE  JTOCSKHICTD
TEpPMiHAJIB, OCKUTBKH 31eOLTBIIOro Tpeba MpaIfoBaTH 3
OJIHIEIO 1 TI€I0 K MHOXXHHOIO 3HAu€Hb, TOX JaHI MOXKHA
3acToCyBaTH  TIOBTOPHO. By3mm  BcepeauHi — piBHA
COPTYIOTBCS, MO0 3a0e3MeUnTH MPUCKOPEHUIA TIeperisi
Ha HACTymHOMY eTari. Ha npyromy erarmi 3IiiCHIOETECS
JIofaTKoBa (IMBTpAIlisi IMX BY3JIB 32 BIATIOBITHICTIO IO
YaCTKOBOTO KITFOYA, Bi/ICIKAIOUM HETIOTPiOHI TLITKH.

3aBOgKM MM ONTHUMI3aIlisiM, y poOOTi BmAIOCS
JIOCSTTH PiBHS TPOIYKTUBHOCTI, JOCTATHBOTO IS TOTO,
mo6 Martu 3Mory posrianatd b/IP sk anerepHaTHBY s
OLITBII Tpa UIIHHUX CTPYKTYp HaHux y PC.
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NOBEROIHKOBI ACNEKTU CACTEMW YNPABIIHHA IHOOPMALIMHOIO
BE3IMNEKOIO

Cucrema ynpasiiHHA iH(pOpMaIiiiHOIO Oe3MeKoro
po3polbiisieThest it 30epekeHHs KOH(IICHIIHHOCTI,
LIJTICHOCTI Ta JOCTYMHOCTI iH(opMaIlii B oprasizaimii.
Ile nocsiraeTbCst BIPOBADKEHHSIM HAaOOpY 3axOiB
3a0e3mneucHHs Oe3mneku [1]. BoHu oOMparoThes 3aBISKH
OLIIHIOBAHHIO PU3WKIB 1, SK HACJi/JIOK, TIapaHTYEThCS
JOCSITHEHHS 33/1aHOro piBHsI iH(opMaliitHoi Oe3nekn Ta
MeTH [isuTbHOCTI oprasizaiji. O3HaYECHOI AiSUTHHICTIO
BU3HAYAEThCSl  IOBEJiHKA  CHUCTEMH  YIpaBIJiHHS
iHpopmariiiHolo  Oe3nekoro [2]. Taka moBeninka
MOJZICIIOETBCSL  JliarpaMaMH  BapiaHTIiB  BUKOPHCTAHH,
HOCMIZIOBHOCT], IisUIBHOCTI Ta KIiHIIEBOTO aBTOMAaTy B
rpadiuniii Hotanii SysML [1, 3].

BapiantamMy BHKOPUCTAaHHS BiZIOOpa)KaeThesl Mexi
(YHKIIIOHATIBHOCTI, (DYHKI[IOHATbHA ITOBEIIHKA CHCTEMH
ynpasniHHs iHopMmariiiHo Oe3nexoro [3]. Hacammepern,
CYKYNHICTh Jid s 30epexeHHs: KOH(DIIEHIIHHOCTI,
LUTICHOCTI Ta JOCTYNHOCTI iH(opmarlii. Sk Hacmiiok,

HAJAI0ThCS  BIIEBHEHOCTI  3alliKABJIEHHMM  CTOPOHAM
HAJ©KHOIO  YOpaBIiHHSA ~ PU3UKOM  iH(opMariiHol
Oe3nekn. OkpeMa yBara NpHALIIETBCS eKTopaM (cucTema
yOpaBIIiHHS ~ OpraHizalieo,  KOpUCTyBauam  (BHILE

KEpIBHUILITBO, IIEPCOHAN), 3alliKaBJICHUM CTOpOHaM), a
TaKOXX BCTAHOBJICHHIO BITHOIIEHb MiXK HUMH 1 BapiaHTaMU
BUKOpHCTaHHA. [Ipukiiajamu BapiaHTIB BHKOPUCTAHHS €
[1, 2]: ympaBniHHs iHQOPMALIHHO OE3MEKOK, YIPABIIHHS
PHU3UKOM, OIUHIOBAHHS, aHANI3yBaHHS, aTeCTyBaHHS 1
00pOOIISIHHS PU3HUKY.

[MocnmimoBHICTIO  BiIOOPaXKAIOTHCSI  OCOOIUBOCTI
MOBEIIHKM CHCTEMU  YIPaBIiHHA  1H(OOPMALHHOO
Gesmekoro  y uaci [3]. ILlum  BimoOpaxkeHHSIM
BPaXOBYIOTHCS TepeIaBaHHs 1 MPUHMAaHHS ITOB1IOMIICHb
MK 1i ememeHTtamu. [loBimOMIIGHHS TepemaroThCS
(MpMiMarOTBCS) CTOCOBHO JIHIH JKUATTS 1 MIPEACTABISIOTH
OKpEMY B3a€MOJIi0 MiK JTiHIAMH KUTTS. 1X IpuKIagaMu
€ [1]: mepcoman, Buie KEepiBHUITBO, 3aIliKaBJICHI
CTOpPOHH, CHCTEMa YIIPABIiHHSA oOpraHizamieio. Tomy,
Mo-TiepIlie, BHINE KEPiBHHUITBO MOXE B3AEMOMIATH 31
3aliKaBJICHUMH CTOPOHAMH LUISIXOM IIepeJaBaHHS IM
MIOBIIOMJICHb TIPO HAJEKHICTh YIPABIIHHI PU3AKOM
iH(popMariiiHoi Oe3lekn Ta OTPUMAaHHS BiIIMOBIMI Bix
HuX. [lo-gpyre, BUIIMM  KEpiBHHLUTBOM  MOXeE
IHIIIIIOBATHCA ~ PO3POOJIEHHS CHCTEMH  YIPaBIiHHA
iH(pOpMAaIiifHOIO OE3MIEeKOIO.

JisnpHICTH BiZOOpaXka€ThCs TIOCTINOBHICTH it
CHCTEMOI0 YIIpaBIiHHSA iH(OpMaIiitHow Oe3mekoro [3],
0 HampaBiieHi Ha 30epexeHHs KOH(IAeHIIHHOCTI
JIOCTYITHOCTI Ta LisicHOCTI iHpopMaii. 3 ormsany Ha 1e
OCHOBOIO MiSTIBHOCTI € TMOCTIIOBHICTh AiH YIpaBIIiHHA
iHpopManiiHOIO Oe3meKoro i yMOB iX BUKOHAaHHS. Jlis

PO3TIISAAAEThCSA SIK €leMEHTapHa OAWHHMII MisTbHOCTI,
Hampukian [1, 2]: Bu3HAaYeHHS BHYTPIIIHBOTO Ta
30BHIIIHBOIO KOHTEKCTY, 1JeHTU(IKYBaHHS pPU3HUKY,
BU3HAUCHHS OLIHOK (SKICHMX Ta/ab0 KiJIbKiCHHX)
OIIIHOK pH3UKy. KpiM 1Oro MOXIHBE BHOKPEMJICHHS
BY3JiB AisuibHOCTI [3]. TIpuKiiazoM Takoro By3ia MoOXe
OyTH OILIHIOBaHHS PU3MKY. J{isUIBHICTE KOOPIUHYETHCS
BUKOPHUCTAaHHsS BY3JIB YIpaBiiHHSA. 30KpemMa By3Jia
pimenHs [l — 3], aas TPUAHATTS pilIeHHS TPO
HEOOXiIHICTh OOPOOJISIHHS Ta 3iCTaBJICHHS 3AJIMIIKOBOTO
PH3HKY 31 33]aHOF0 IPUHHSTHOIO OLIIHKOIO.

KiHIleBUM aBTOMAaTOM MOJEIIOETHCS IOBELIHKA
CHCTEeMH yIpaBiiHHSA iHQoOpMaliliHOIO  Oe3NeKoro
HIJISIXOM  [TOCITIZIOBHOTO MPOXO/KEHHs 11 craHamu [3].
[HBapiaHTOM CTaHy BU3HAYA€THCS ICTHHHICTH YMOB ISt
MOTOYHOrO craHy. HuM MoxiuBe BimoOpa)keHHs SIK
CTaTMYHMX, TaK 1 JUHAMIYHMX YMOB. 3MiHa OJHOI'O
CTaHy Ha IHIIMH MOZECIIOEThCS TEPEXOJOM, SKH
CIpalbOBYE MPU HACTaHHI BU3Ha4YeHUX noaid. Tomi sik
MO/iEI0  CHeUU]IKYIOTbCS ~ YMOBM  3MiH  CTaHiB.
Hampukman [1, 2], mnepexia BiA OLIHIOBAaHHSA [0
0OpOOJISTHHS PU3UKY 3/IHCHIOETHCS 32 YMOBH ICHYBaHHS
HETPUHHSATHUX OIIHOK HOro BEJIWYMHH TOPIBHSHO 3i
3alaHAM MPUIHATHUM 3HAYECHHSIM, NPUMHATTS
3aJIMIIIKOBOTO PU3KKY 32 Pe3ylIbTaTaMi Horo oOpoOIIsTHHS.

Omxe, MOBEIHKA CHCTEMH YIPaBITiHHS 1H(POpPMALIHHO
0e3MeKOl0  BH3HAYAETHCS  AISUIBHICTIO Ha  OCHOBI
OLIIHIOBAaHHsI pU3UKY. BukopucTanus rpagivyHoi HoTawil
SysML no3Boinsic BU3HAYUTH MEX1 (YHKI[IOHAIBHOCTI
O3HaueHoi cucrteMu. BinoOpasutu ocobiamuBocTi il
MOBEMIHKH 3Ba)Kal0O4d Ha IIOCHIAOBHICTE O 3
yIOpaBimiHHSA 1HPOpPMAamiHHOIO Oe3MeKor 1 YMOB iX
BUKOHAHHS. BH3HAUUTH CTaHM Ta YMOBHU IIEpEXONy MiX
CTaHAaMH  CHCTEMH  YIpaBIiHHA  1H(OPMAIIIHOO
6e3meKoro.

Cnucok nitepatypm
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CYYACHI METOAM CTEFAHOIPA®II

3aBaaHHA 3aXUCTy iHpopMmarii BiZ
HECAHKI[IOHOBAHOT'O TOCTYITYy BHPILIIYBANOCS B yCi YacH
MIPOTSTOM ICTOpIT JIIOACTBA. YIKE B CTAPOJIaBHHOMY CBITI
BUJIUTHIIOCS JIBa OCHOBHHX HATIPSIMKH BHPIIIIEHHS 115OTO
3aBJAHHs, ICHYIOYlI 1 1O CHOTOAHIIIHIA  JICHB:
kpunrorpadis i creranorpadis. Meroto kpunrorpadii e
MPUXOBYBAHHS BMICTY MOBIZIOMJIEHb 3a PaxyHOK iX
mmbpyBanHs. Ha  BigmiHy  Big  1poro, mnpu
creraHorpadii  xoBaeTbcsi cam  (aKT  iCHyBaHHS
TAEMHOTO MMOBIJIOMJICHHSI.

Komr'totepHa creranorpadist — HanpsiM KJIaCHYHOT
creradorpadii, 3acHOBaHMA  Ha  OCOOJIMBOCTSX
KOMIT'FOTEPHO1 wiatgopmu. [Tpuxnanu -
creranorpadiuna (aiinosa cucrema StegFS mns Linux,
MpUXOBYBAHHA JaHUX B HEBUKOPHUCTOBYBAHUX
obmactsax QopmariB (¢aiiaiB, mmiaMiHA CHMBONIB B
Ha3Bax (paiiiiB, TeKcTOBa cTeraHorpadis i T. 1.

[udpoBa creranorpadiss — HanpsM KIacHYHOI
creraHorpadii, 3acHOBaHMII Ha 3axoBaHHI abo
BIIPOBADKEHHI J10AaTKOBOI iH(opmanii B 1mppoBi
00'€KTH, BHUKJIMKAIOYH IPU I[OMY JESIKI CIIOTBOPEHHS
LUX 00'€KTIB.

OcraHHiM 4acoM HaOyJH IOMYJSPHOCTI METOMH,
KOJIM TpUXOBaHa iHQOpMaIlisi TepeaaeTbcsi dYepes
KOMIT'FOTEPHI MEpeXi 3 BUKOPHCTAHHSIM OCOOJIMBOCTEH
pobOTH TPOTOKOINIB Tepenayl JaHUX HA3UBAETHCS
MepexeBa creraHorpadis [1].

Ha chorosani BueHHMMHU po3po0iieHi i BUIPOOyBaHi
pi3HI anroputMH 1 MeToau creraHorpadii, BOHHU
MOAUISIFOTHCS. HA HACTYITHI BHJIH:

LSB-creranorpadis koHreitnepa. Uum meHie OiT
3aisiHO, THM  MEHIIe  apTeakTiB  OTPUMYE
OpUTiHANBHUI KOHTEHHEP ITiCII BIPOBAIKEHHS.

Meron, 3acHOBaHWI Ha TPUXOBYBaHHI TaHHUX B

koedimienTax JVICKPETHOT O KOCHHYCHOT'O
NIEPETBOPEHHS — Pi3HOBHJI ITONEPEIHBOI0 METOY, KU
aKTUBHO  BHUKOPHCTOBYETHCS,  HANPUKIAA,  IPH

BIIPOBAPKEHHI TOBiIOMIIEHHS B KOHTEitHep (dopmarty
JPEG. 3a iHmux 00CTaBUH, TaKUH KOHTEHHEP Ma€ JeII0
MEHIIIy €MHICTh HDXK B HONEPEIHBOMY METOMi, B TOMY
YHUCNI 32 PaxyHOK TOro, mo koedimientu “0” i “1”
3aJMIIAIOTBCS ~ HE3MIHHUMH ~ —  BIIPOBA/DKEHHS
TIOBIZIOMJICHHS] B HUX HEMOXKIIHBO.

Merox npuxoByBaHHS iH(pOpMAIIii 32 TOTOMOT OO
MONIOQINX OIT MamiTpu- Wed MeTom TOo CyTi €
BapiaHTOM 3araimbHOro Mmerony LSB, ane indopmaris
BOyIOByeThCS HE B HaWMEHII 3HA4ymi OiTH
KOHTeWHepa, a B HaWMEHII 3HAdyIli OITH NamiTpwy,
OYEBHIHMI HEJONIK TaKOrO METOAY — HHM3bKa €MHICTh
KOHTENHepa.

Meron npuxoByBaHHs iH(popMamii B CIyKOOBHX
nonsax (opMaTy — TOCHTh MTPOCTHI METOJ, 3aCHOBAHUH

Ha BHUKOPUCTaHHI CIY)KOOBHX TIONIB  3arojioBKa
KOHTeIHepa s 30epiraHHs moBimoMicHHA. O4ueBUIHI
MiHYCH — HU3bKa €MHICTh KOHTEHHEpa 1 MOMIJIUBICTH
BUSIBJICHHS BIPOBA/DKEHUX [aHUX 34 JIOTIOMOTOIO
3BHYAHHUX MPOrpaM JuIs Heperiisiay 300pakeHHsI.

Meroz BOyIOBYBaHHS ITOBIJJOMJICHHS — IIOJISITAE B
TOMY, IO MOBiJOMIICHHSI BOYIOBYEThCS B KOHTEHHED,
MOTIM 3a JIOTIOMOTOK0 CXEMH, BiJIOMOI 000M CTOpOHAaM,
BUTATYEThCS. MoHa BOYIyBaTH KijbKa IOBiIOMJIEHb
B OIMH KOHTEWHep, 3a YMOBH, IO CIOCOOM iX
BIPOBAKEHHSI OPTOr OHAJTBHI.

[InpokocMyroBi MeToaH, AKi MOAUISIOTECS Ha!

- METOJ IICEBIOBMIIAAKOBOI  IOCIIiJOBHOCTI:
BUKOPHUCTOBYETBCS CEKPETHUM CUTHAJI, SAKUH
MOJIEITIOETHCS TICEB/IOBHITAIKOBUM CUTHAJIOM;

- METOJl CTPUOAIOYMX YacCTOT: YacTOTa HECydoro
CUrHaiy 3MiHIO€TI)C$[ 3a IIEBHUM IICEBAOBUIIaIKOBUM
3aKOHOM.

MeTton HakIaaeHHS — IO CyTi HE € CIPaBKHBOIO
creraHorpadi€ro, 3aCHOBaHMI Ha TOMY, IO JesKi
(dopMaTH MICTATh B 3arojIOBKy PO3MIp JaHUX, abo kK
00pobHuk 1MXx ¢(opmariB Oyae uuratu ¢aitn oo
MapKepa KiHLS JaHUX. [IpuUKIIaZoM Takoro MeTomy €
nobpe BioMuii MeTox “rar-jpeq”, sikuit 3acHOBaHMI Ha
KOHKaTeHalii rpadiunoro daiiny B ¢opmari JREG i
RAR-apxiBy. [Iporpamu mis neperisiny JPEG Oyne
3UMTYyBaTH 1H(OpMALO0 J0 KOpPIOHY, 3a3HA4YECHOI B
3aronoBky ¢aitny, a RAR-apxiBaTop BiJgKuHE BCI, IO
3HAXOAWTBCS 1O curHatypu RAR, sxa mno3Hauae
MOYaTOK apXiBy. TakuM YWHOM, SKIIO Takuid aiin
BIJIKPUTH y BIiKHI meperysiny rpadiuaux ¢aiiie — mMu
nobaunMo KapTUHKY, a skumo B RAR-apxiBatop —
BMicT RAR-apxiBy. O4eBHIHI MiHYCH TaKOTO IiIXOXy
MOJISAITAlOTh B TOMY, IO OBEpJed, JOJaHUM [0
KOHTEfHepa, JIETKO BHIUIIEMO TIPH Bi3yalbHOMY
JOCIIKeHH] Takoro gaitmy [2].

Creranorpagis —  omuH 3 HaOLIBII
3aXOIDTIOIYMX 1 €(PeKTHBHUX METOIIB IMPUXOBYBAaHHS
AHUX, SIKI BHUKOPHUCTOBYBAJHCA 3a BCIO 1CTOpiIO
moacTBa. € qyxe 0arato MpUYHH TSI BUKOPUCTAHHS
creranorpadii, aje TOJIOBHA — IIe JIETKICTh B 00ITy i
CKJIAJTHICTP TIPY BUSBJICHHI.

Cnucok nitepatypm

[1] Creranorpadiss [EnexrpoHnuii pecypc].
https://uk.wikipedia.org/wiki/Creranorpadist/.
3BepueH-Hs: bep. 9, 2020.

[2] Creranorpadis B cysacnux kibeparakax [EnexkTpoHHuit
pecype]. Hocrymno: https://securelist.ru/ steganography-
in-contemporary-cyberattacks/79090/. [lata 3BepHEHHS:
Ciu. 9, 2020.
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NMPO MIHIMAJNbHI TPA®U-MOAENI HEOPIEHTOBHOIO POLY

3amaua BUBYEHHS CTPYKTYPH BCIX MiHIMaJbHHX
HE30BHIIIHBOIUIOMIMHHNX IPOSKTUBHHUX TpadiB BHPI
IIeHa IUIIXOM Tepedopy BCIX Pi3HMX BapiaHTIB BHAAN
€HHsI OJTHIET 3 BEPIIMH OIHOTO 3 35-TH MiHOPIB MPOCKT
TUBHOI IUIONIMHU Ta BinOopy HeizoMopdHuX Tpadis
HeopieHTtoBaHoro poxy 1. Ockinbku B D. Archdeacon,
N. Hartsfield,C.H.C. Little, B. Mohar. Obstructions sets
for outer-projective -planar graphs. lternet source ne
HaBeJeHi fiarpamMu 1MX TpadiB, TO BUHUKAE TOTpeda
iXHpOi TOOymOBH. 3amaya Mae aBi mim3amaui: 1.
JocniauTu CTpyKTypy NPOEKTHBHO IUIOUIMHHUX Ipadis,
MIiHIMQJBHUX BIHOCHO omeparii BHIAJICHHS YH
CTATHEHHS B TOYKY JOBLJIBHOrO pedpa, i3 3alaHoro
MHOKHHOIO TOYOK, II[0 Ma€ YUCIIO JOCSHKHOCTI T, t=2, Ta
€ caMa 4u Mae MiAMHOXUHY MiHIMaJbHY BIZHOCHO
BUAJICHHS OBLJIBHOI TOYKH, 1 HABECTH IXHI Jiarpamu
rpadiB i3 3a3HAYCHHSAM BKa3aHUX  ITIAMHOXHH.2.
Hocnigutn crnoci6 moOyqoBM HENPOEKTHBHO IUIONIMH
HUX Y HEKJICHHOBO MOBEPXHEBHX rpadiB K @-00pa3iB
(ctpykTypy rpada-ckiieiiku Jieskoro uucia rpadis sk
€JIEMEHTIB MHOXWHHA MIiHIMaJbHUX BiJHOCHO 4YHCIIA
JOCSDKHOCTI 2 st 3ajaHoi noBepxHi KieiiHa ym
MPOCGKTUBHOI ~ IUIONIMHHU)  KUIBKOX  MiHIMalIbHUX
NPOSKTUBHO IUIOLIMHHHUX YHM KICHHOBO IOBEPXHEBHX
rpadiB i3 MiAMHOXXMHAMH TOYOK, LIO0 MalOTh YHCIIO
NOCSHKHOCTI 2 Ta € MIHIM@IBHMMHM BiJHOCHO 4YHCIIA
JOCSDKHOCTI TIpH oreparlii BUTAICHHS JOBIJIBHOI TOYKH.
Po3p’s30k migzamaui 1 momsrae B mOOymOBiI  BCiX
MIHIMAJIbHUX HE30BHINIHBOIUIONMHHUX MPOCKTUBHO-
wionMHHUX rpadiB  po3B’s3aHa B (He HaBe/eHi
niarpamu 1MX rpadiB) HUIIXOM mepedopy BCiX Pi3HHX
BapiaHTiB BHIAJCHHsS OnHie1 3 BepiimH rpada MiHopa
MPOEKTUBHOI IUIOLIMHKU Ta BiIOOpY HEi30MOppHUX Tpa
¢iB HeopieHtoBaHoro poay 1. Imes moOymoBu aHajori
YHa TOMY, SIK MiHIMajgbHO IPOEKTHBHO HEIUTOIIMHHI
rpadu Ks un K33 yrBOpeHi i3 MiHIMaJIbHUX HE30BHIII
HbO IomMHHUX rpadiB Ky un Ko nuisxoMm npukiero
BaHHA TpocToi 3ipku St(V) 10 MiHIManbHHMX 3a TOTYX
HicTIO migMHOXKHUH To4oK rpadiB Ks un Koz 3 unciom
nocsbkaocti 2. Ilim3amada 2 momsrae y BHABICHHI MiHi
MaJbHOI TiIMHOXHHHU TOYOK Y MiHIMaJIbHUX HETIPOCKTH
BHO IUIOIIMHHHUX YM MiHIMAJbHUX HEKJICHHOBO IUIOMIMH
HUX rpadiB i3 3aJaHAM YHCIOM JOCSHKHOCTI 2 Ta xapa
KTepY IX CKJIICIOBaHHS 3 METOI0 1HIIOI MOOY0BH HETPOe
KTHBHO IUIONIMH HUX YH IOOYIOBH BCIX HEKJICHHOBO
moBepxHeBUX  rpadiB-minopiB. Ilomibma  3amada
pO3B’s3a Ha, J€ PO3IVITHYTO MOKPHUTTS HENPOSKTUBHO
IUIONIMH HUX YW HEKIeWHOBO moBepxHeBux rpadis G
0o0CTpyK Wil HeopieHTOBaHOTO poxy y(G) (3 uucioM

oinpme  10)  ¥(G)
romeomopdHuM Ks, un Ks3, siki momapHo yTBOPIOIOTbH

BEpPIIMH  HE miarpagaMu

niarpadgu romeoMopdHi 0OCTPYKITIIM HEOPIEHTOBAHOTO
pory »(G) po3B’s3aHa B UL HEOPIEHTOBAaHMX
MOBEPXOHb POAY He Oinmbllie 5, mMpu4oMy Ui TOpa
TaKOXX Mae€ Miclie 3a3HaueHe MOKPHUT Tsl, aje HaBeJEeHO
KOHTp MpHKJIaL Uil TOKPUTTS Oinbino ro rpada. €
PO3B’SI30K aHAJIOTIYHOI 3aj]a4yi MOOYJOBU HEKIEHHOBO
IUIOIIMHHKUX TpadiB METOAOM PESTHBHHX KOMITOHEHT.
Teopema 1. JIjis MOBUTLHOTO MIHIMAJILHOTO BKJIAJCHHS
f mpocroro rpada G 10 HeopieHTOBaHOI MoBepxHI N
MaloTh Miclie HacTynHi cmiBBimHomenHs: 1. Hemae
pedep e,e',e=(a,b),e'=(b,a) Ha rpaHuLi AOBiNBEHOI

knitkn S, SeSg(N, f), ame Moxyrs Mmatu Micue

MOBTOPEHHS JAesKkuX BepuiuH; 2. Hemae moBTOpeHHA
JIBOX Tap BEPUIMH YW JBOX Iap 4YacTHH pedep
e', e,e=(a,b), e'=(c,d), sKi Ha MIOMHKHI TOMAPHO
pPO3AUISAIOTE OfHA OJHY Ta JIeKaTh HA TPAHH I
JoBimbHOI KTk S, S€Sg(N, f); 3. Hemae nBox 2-
KIITOK S1,S,, H€S;,S, €Sg(N, f), Ha rpaHuIx sSKuX
po3TaloBaHi MOBTOPEHHS TPHOX BHIUICHUX pedpa i3
pi3HUM mopsi KOM ciifnyBaHHS. Teepoowcenns 1. Jns
noBimpHOrO rpada — obcrpykuii G 10 MPOSKTHBHOI
IUIOIIMHKM MAalOTh Miclie criBBigHomenHs: 1. J{ms KoskHOl
BepinHE V rpada—obetpykiii G IS TPOEKTHBHOI
wiomuHd i3 MHokuHolo M (V) Bcix  BepiumH
inmunentaux V ta miarpagom G\V HeopieHTOBaHOrO
pona 7(G\v) BUKOHYIOTbCS HACTYITHI

CHiBBiZHOIIEHHS: 1) y(G\v)=1, 10

tow(M(V),N;) =2 Tta xoxme pebpo miarpapa G\v e,

SIKIIIO

a6o cyrresum BigHocHo poay ¥ (G \V) npu onepaisx

BHIAJICHHS peOpa Yu CTUCKAHHS B TOUKY, 200 HAJICKUTh
IO TPaHHULb IBOX KIITOK HPOSKTUBHOI IUIOIIMHH, SKi
MIiCTATH ~ MHOKHHY M (V) (peanizyrotb  4mcIIo

nocsokHOCTi ty, (M (V), Ny) );2) sxkmo y(G\v) =0, To
tew(MWV)N))=3 1a 6 (M(V),N;) =1,

koxkHe pebpo mizrpada G\V e cyrresum BimHOCHO

IpUIOMYy

tg\w(M(v),N;) npu omeparnisx BumaneHHs pebpa uu
CTHCKaHHS #oro B Touky. 2. Koxna rpad—oOcTpykiis
G HEOPIEHTOBAHOTO  pOAy 2  IOKPUBAETHCS
moHaibinere  4-ma  (Hampukinan  rpadgu  Az,Gi)
miarpadgaMu 9u 9acTH HAMH TOMEOMOP(HHUM OTHOMY 3
Hactymaux Tpadis: Kzs, Ka, Ks\e, Kss\e, Ks, K3 Ta
matume BimHOcHO N> (moBepxui Kireitma) uymcio
JOCSDKHOCTI 2 Ui MHOXXHHH BEPIIHMH, TPHIOMY IS
KOHOro BuzaneHoro pebpa€ rpapG\e matume na
N1 "mcIIo MOCSHKHOCTI 2 TS MHOKHHU BEPIIIHH.
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AHANN3 YA3BUMOCTEN TEXHONOIMU 3D NEYATU

[IpobnemaTnka BOHMKHOBEHHS ITOTEHIMATBHBIX PHCKOB
KubOepOe30MacHOCTH TPH JUTITHBHOM MPOu3BoCcTBE (AM) - 310
TIpoLiecC, B KOTOPOM YIIPAaBIIsIEMOE KOMITBIOTEPOM YCTPOHCTBO
O0BEIMHSET pa3IMYHbIE THIBI MAaTepHalioB BMECTE, YTOOBI
co3/aBaTh TpexMepHbie 00beKThI 13 CAD i 3D Monenw.

Ecte wmHOro THIIOB 3D-mIpHHTEpOB;, OT OOBIYHOTO
MOJIENTMPOBAHUSI METONIOM TociiolHoro Harwasienust (FDM), 1o
crepeormtorpapmaeckux  (SLA), WCTONB3yronmx CBeT UL
OTBEIK/ICHHS CTICIIUATIBHBIX JKHIKOCTEHN B TBEPIBIE BEIIECTRA, JI0
TIPHHTEPOB CEJIEKTHBHOTO JIa3epHOro criekanws (SLS), B KOTOpsIX
UCTIONB3YyeTcsl  Jasep Il PaciUIaBUTh  ITOPOIIKOOOpPa3HBIH
MaTepral Ha 00bEKTHI MOCTONWHO [1]. 3D mpHHTEphI OTIMYAOTCS
0 WCIOIBE3YEMOMY MaTrepuairy, KHHEMaTHKe, CIoco0y IedaTH,
HO BCEe OHM MMEIO M OOIIMe XapaKTePUCTHKH, KOTOpHIC JENaloT
UX YS3BUMBIMH JUTSI KHOepaTak, He B MOCIISIHIO OYepeb 13-3a
TOro, 4YrO0 OHM YIPaBISIOTCA  KOMIbIoTepoM.  OnHako
CYIIECTBYIOT KHOEp PHCKH, KOTOpbIe B ONibKaiieM Oymymiem
Oy/yT Cepbe3HO BIUATH Ha HHAYCTpHIO 3D-TeyatH.

1. Bce BCTpOEHHBIE KOMIIBIOTEPHI MMEIOT IIPOrpaMMHEIE
ysa3BuMocTH. Bee 3D-npHHTEpEI, YNpaBIArOTCS KOMIBIOTEPOM.
Ha stnx xommbrorepax paboTaeT mporpaMMHOE ofecredeHue,
KOTOPOE MOKET OBITh TOIBEP)KEHO OIIMOKaM pa3paboTKH,
NPUBOAIIMM K ysI3BUMOCTsIM ~ Ge3onacHoctd.  Hampumep,
aBTOHOMHBII NPHUHTEP, KOTOPBI neuaraer ¢ SD-kapTel hopmara
RepRap, ucrnonb3yst MPOIIMBKY C OTKPBITHIM HCXOIHBIM KOIIOM
Marlin, uMeer 3HAUMTENBHYIO YA3BHUMOCTH IIEPEIIOTHEHHS
Oypepa [2]. Teopernuecky, 3MOYMBIIUICHHHKH  MOTYT
UCIIONB30BaTh 3TOT THIT YA3BUMOCTH JULS 3arPyY3KH BPEIOHOCHOTO
Tporiecca Wir, BO3MOXHO, YCTAHOBUTh KaKyKO-TO “‘TPOSHCKYIO”
TIPOLLIMBKY.

2. CereBble NPUHTEPHI WIM XOCTbI MPUHTEPOB YSA3BUMBI.
[onkmouast 3D-pUHTEp K CETH, OH CTAHOBHUTCS YCTPOHCTBOM
Unreprera Bemed (IoT) u  mnpuoOperaer MOTeHIMANIbHBIC
HEZIOCTaTKK HporpamMmHoro obecrieyenusi yerpoiicrsa IoT. Ilpu
MOJTyYEeHUH TOCTyTa K HacTpoiike Octoprint, OH MOXKET yAaJICHHO
3aIlyCTUTh TIeYaTh CO BPEIOHOCHBIM (HailioM, 4TO IpPUBEIET K
BO3HMKHOBEHHMIO 3TOH OMIMOKM M BBINOIHEHUIO KOZa Ha
npuHTepe 1o cetu. JIFo0oit ceTeBoi I0CTyn K IPUHTEPY, TPSIMON
WIM 4epe3 MPOMEKYTO4HOE IIPOrpaMMHOE — OOeCreueHHUeE,
CTaHOBUTCS OOJiee YsI3BUMbBIM. JTa ceTeBast (DYHKLIHS PacCKPbIBAeT
COOCTBEHHBIC YA3BUMOCTH IpHHTEpa. CTOMT Y4MTBIBATH, YTO
coBpeMeHHbIe TpUHTepbl cHaOkeHsl WEB  kamepamu st
KOHTPOJISL ~ @polecca  Ie4yaTd, YTO  MOXET  SIBJISTHCS
JIOTIOJTHUTENBHBIM CTUMYJIOM HECAHKIIMOHMPOBAHHOT'O JIOCTYIIA C
YCTPOUCTBY

3 aiinel meYaTH MOrYT TPUBECTH K (DU3HMUIECCKOMY
MOBpEeXIEHUI0  ycTpoiictBa. [Inst mewatm oObekroB  3D-
MIPUHTEPaM HYKHbI TOYHbIC HHCTPYKIIMH O TOM, KakK IlepeMerarh
CBOM IIeYaTalole TOJMOBKH B 3D-TpocTpaHcTBE WM Kak
BBINTISIIMT Kaxaplid crnoii 3D-meyatn. Muorue 3D-npunTepsl,
OCOOCHHO C OTKPBITBIM HCXOIHBIM KOZOM, MCHONB3YIOT (haidibl
G-xoma Juisl IPeOCTaBICHUs STHUX MHCTPYKIMH. G-Kom — 370,
CTaHJapTH3HPOBAHHBIIT SI3BIK MPOr paMMHPOBAHHS,
Ppa3paboTaHHbIH ISt TOrO, YTOOBI TreyaTaronas
TONOBKA(SKCTPYZEpP) TMPABWILHO ceOsl TMO3HIMOHUPOBANa, |
HAaHOCWIA CIIOM B COOTBETCTBHM C NPOrpaMMOil pa3paboTurka
[3]. IIpobnema 3aximrodaeTcss B TOM, YTO MHOTHE W3 THUX THUIIOB
¢aitnoB  3D-mieyatd  HE HMMEIOT  BCTPOCHHOW  (DYHKIMH
mr(ppOBaHAUS WIH TMPOBEPKH LeTOocTHOCTH. bompimacTBO 3D-

Mozienielf IMEIOT BHYTPEHHIOIO CTPYKTYpy OOBbeKTa, KoTopas He
BUIHA B KOHEYHOM H3IENH, HO BIMSIET HA €r0 (pH3HIECKHe
xapakrepuctuky. [Ipn Hamranm nocryna k. G-Komy wim Qaiinam
MOJENH, 3JIOyMBINUIEHHHK MOXKET W3MEHHTh IapameTpsl
W3/IeNs, TeM CaMbIM CO3/JaBasi cabble MecTa, KOTOpbIe, MOTYT
TIPOSIBUTHCST TOJIBKO TIPM WCIIONB30BaHMK JeTamy. Ha mprmepe
drOwned — AM Cyber Attack — monmnas nenouky arak c
ucronmp3oBanueM 3D-meyatn (AM), HaumHas ¢ KuOeparak,
YTOOBI  CKOMIIPOMETHPOBATh JIO0OPOKAYECTBEHHBI KOMIIOHEHT
AM, myreM 3JOHAMEpEHHOH  MOIM(HKAIMHM  depTeka
W3TOTOBJIGHHOTO OOBEKTa, YTO TPUBOMMT K HPOW3BOACTIBY
caboTnpoBaHHOW  (YyHKIMOHaTFHOH wactH. Mcrmone3oBana
HCIIpaBJICHHAS YA3BUMOCTh WinRAR, YTOOBI
TIPOZIEMOHCTPHPOBATh BEKTOP aTaKH, OTKPBIT OOPaTHBIIN TYHHENb
k IIK oxeprBbl W cKkauaH (aiibl JW3aliHa, —TIOCIE
MaHUIYIMpoBaHus ¢ (aiinamu 3arpyxeH ux oOpatHo. B
KayecTBe pemieHus mpobiaembl Daiinbl medath W MOJIEIH,
KOTOpbIe MBI Hcronbp3yeM uis 3D-mewaty, JOWKHBI MMETh
CTaHIAPTH3UPOBaHHOE IIH(PpPOBaHUE M, YTO Ooee BaXKHO,
MPOBEPKY  IIEJIOCTHOCTH. MOXXHO ~HCIIOJIB30BaTh  OOBIYHEIC
pereHus Uit KOHTPOIBHBIX cyMM MDS u SHA, 4T0o0bI 106aBUT
HPOBEPKU LENOCTHOCTH K (aiimam wmm 3ammdpoBarh HX C
HOMOILIBIO CTOPOHHHUX HHCTPYMEHTOB.

4  3D-mpuHTEpHl — HOBBIE TPEUMYIIECTBA UL
KHOEPHPECTYITHUKOB C OrPaHHYEHHBIMU PECYPCAMH CTAHOBUTCS
HaMHOT'0 IPOILLE CO3JaTh YCTPOMCTBO, KOTOPOE TIOMKIIIOUASTCS K
CUMTHIBAIOIIEMY  YCTPOMCTBY  OaHKOMAara M BBIIVIOUT
JIOCTOBEPHO KaK 4acTh MalliMHbL. JIOCTYN K 3TOH TEXHOIOIMM
JaKe ToMoraer MM Ja0padaThlBaTh M MHUHMMU3UPOBATH CBOM
KOHCTPYKIIMH, BCTPaUBasi CKUMMHHIOBYIO JIEKTPOHHKY B CaMy
JieTajlb, CO31aBasi CKIMMED, KOTOPbIil HE BBIAEIACTCA.

Heobxonumo — obecrieunth  COOMIOACHHE 3aKOHOB M
HPUBJIEYb K OTBETCTBEHHOCTH TEX, KTO [1€4aTaeT YTO-TO, YTO OHU
UCIIONB3YIOT 1Ts1 npecTyruieHust. OOIEeCTBEHHOCTh JIOJDKHA OBITh
OCBEJIOMJICHA O TOM, KaK KHOEpIPECTYIHUKU HCIONb3yloT 3D-
npuHTepel. Kpome Toro, 3D-mpuHTEpHl SBISAIOTCA  OYEHb
YyBCTBUTENIBHBIM PECYPCOM, OCOOEHHO B MPOU3BOICTBEHHON
cpeme. OHu co3gatoT (u3MuecKkue OOBEKTHI, HAa KOTOpbIC
NPUZIETCA TOJIOXKUTBCS WM SIBISIIOTCS  KOH(MICHIMATBHOM
HMHTEJUIEKTYaIbHOU pa3paborkoil. [lo Mepe coBepieHCTBOBaHMS
TeXHONMOruk 3D-TpUHTEpBl MOTYT TEpedTH OT YCTPOKCTB,
KOTOpBIE YCKOPSIOT CO3ZIaHME HPOTOTHUIIOB, K OCHOBHOH 4YacTH
KOHEYHOTO ~ HPOU3BOJACTBA,  IIOSTOMY  peaju3alusi — Mep
MMHUMHM3ALIN IPOHUKHOBEHHS SBJISCTCS HA CErOAHALLHMIA IeHb
naxe Oonee aKTyaJlbHOM, YeM HEMOCPEACTBEHHO TEXHHUYECKOe
yCOBEpIIEHCTBOBaHKE 3D-IpHHTEpOB.
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OCOBJIBOCTI TA 3ACOBU 3ABE3INEYEHHA BE3NEKU OAHUX MPU
BUKOPUCTAHHI XMAPHUX TEXHOJIOIIA

XwmapHi  (po3cisHi) TexHomorii — 1me Habip
TEXHOJIOTIH, M0 JO3BOJSIE BUKOPUCTOBYBATH PECYPCH
BiJUIAIEHUX CHCTEM, SIK HIOMTO BOHHM 3HAXOISTHCS
30BCiM TOpyd — Biaoma abo B odici. Hacnpasmi
KOMI'IOTEPH, SIKi OOCITYrOBYIOTh XMapH, 3HAXOASATHCS B
JIATalleHTpi, SIKUH MOXKEe 3HAXOAUTHUCS B COTHAX 1
THCSAYAX KiIOMeTpax BiJl KiHI[EBOro Kopuctysaua [1].

Cepen 3arpo3, COpsMOBaHHX Ha aBTOMATH30BaHI
poboui micus (APM) kiHIIEBUX KOpPHCTYBadiB, MOXXHA
BUAUIUTH KOMIPOMETAIil0 KJIIEHTCHKUX TPHCTPOIB
JIOCTYIy B XMapy i aTakd Ha KIE€HTChbKi Opaysepu. Lli
3arpo3M aKkTyallbHI BHACHiIOK ciadkoro 3axucty APM
KIHIIEBUX KOPHCTYBadiB 1 BIJICYTHOCTI KOHTPOITIO
nonitiku  iHnpopMmaniiinoi o6esnexku  (IB) Ha APM
KOPHCTYBauiB IpU AocTymi B xMapu. YUepes rinepizop
(mMoniTOop BipTyambHux MammH (BM)) peanizyerbes
Taka 3arpoza BipTyanbHOI iH]pacTpykTypH, sK
HecankuionoBanuit gocryn (HCJI) no cepenouina
BipTyamizauii. BiH MOXJIMBUII BHACHIIOK MOPYIIEHHS
3oy cepefoBUINA, HAagaHOI KIEHTY B paMKax
xMmapHoi mochmyru. DDoS-ataku  Ha  MepexeBy
IHQpacTPYKTypy MK XMapow 1 KIIEHTOM MOXJIHBI
BHACIIIOK pPO3TOpPTaHHs IOraHo 3axuineHnx BM i
BIJICYTHOCTI B CKJaji TrinepBizopa 3aco0iB 3aXUCTy
MepexeBoi iHppacTpyKTypu. BunaakoBe abo HaBMUCHE
crupanHs (crmoTBopeHHs)) oOpaszie BM  moximBo
BHACIII/IOK BiJICYTHOCTI 3aCO0IB PO3MEXYBaHHS JIOCTYITY
1 KOHTPOJIO IUIICHOCTI BIPTYaJbHOI'O CEpPEIOBHIIIA.
Jesiki TpaaMIiiiiHi 3arpo3u BipTyallbHii iHGPACTPYKTYpI
peami3yloThcsi  BHACTINOK  BpA3IMBOCTI  (I3UUHHX
cepBepiB, Ha SKHX BOHa pO3ropHyra. Y ix uucii
MEpEeXeBl aTaku MK BIPTyalbHHMH MAallMHAMHU B
paMKax OJHOrO XOCTa, MijMiHAa 1/ab0 mMepexoIuIeHHS
JaHWX 1 omepaTtuBHOI maM'sati BM B mporieci ix mirparmii
3acobaMu  BIPTYaJbHOTO  CEpElOBHINA,  BipyCHE
3apakeHHss BM 1 BHKOpHUCTaHHS iX Bpa3IHMBOCTEH.
3acTocyBaHHA TEXHONOTIA BipTyamizamii BHOCHTH B
MEpEXeBy apXiTeKTypy HOBi €JIEeMEHTH, HaIpUKIA],
rinepBizop 1 3aco0M  YOpaBIiHHA  BipTYaJIbHOIO
IH(QPaACTPYKTYPOIO, SIKI TAKOXK MOTPIOHO 3aXMIIATH, TAK
SIK 3MiHA 1HPPACTPYKTYpH BiAKPUBAE MOMIIUBOCTI IS
HOBHX MeTOZiB aTak. KommiekcHuil i GaratopiBHEBHIA
3aXHUCT MOXYTb 3a0€3MEUYUTH TUTBKK CIIeliali3oBaHi
3acoou [2].

Tpamumiiiai MDKMEpEKeBi eKpaHu HE
KOHTPOIIOIOTH Tpaik ycepenuHi cepBepa BipTyamizaiiii,
Je MOXYThb IIepeOyBaTH IECSATKH TOCTHOBUX MAIHH,
B3aEMOJIIOYNX MK cO0OF0 MO0 Mepexi. Bimxim Bifm
TpaauIiiHOTO nepuMerpa bi (o) BiJICYTHOCTI
KOHTPONbOBAaHOI ~ 30HM, mepemimenHs BM  Mix
(Gi3MYHIMH cepBepaMH TPHU3BOAWTH 10 HEOOXiTHOCTI

peamizauii mnomituk 1B He3zamexxHo Bin (Qi3MUHMX

KOPJIOHIB. CxknanHo 3HAUTH OamaHc MIX
ICHTPAJII30BaHUMHK ~ 3axojamMu  3a0esmedeHHs 1B,
peani3oBaHMMHU TIOCTaYaJIbHUKOM 1H(QPaCTPyKTypHUX

MOCIIYT, 1 JIOKAJbHUMH, IO 3a0€3MEUYIOThCS KIIIEHTOM.
Jl1st 3aXKCTy BiJi HECAHKIIIOHOBAHOTO JIOCTYITY POOOYHX
MICIIb KOPHCTYBauiB, XOCTOBOI CHCTEMH 1 CHUCTEMH
30epiraHHst JaHUX TPOMOHYEThCS BHKOPHCTOBYBATH
TpamulliiiHi  cepTHU(iIKOBaHI 3aco0M  3axXHCTy Bif
HECaHKIIIOHOBaHOTrO Jjoctymy, Taki sik Dallas Lock
komnanii "Konpunent" i Secret Net kommanii "Koa
Oesmeku". Jlnst  aHTHBipycHOro  3axucty BM
MIPONOHYETHCSA BUKOPHUCTOBYBATH HOBAaTOPCHKUHI
OezareHTHWI miaxix, 1o 3a0e3neyye KOMIUIEKCHY
Oe3rneky 0e3 YCTaHOBKH areHTChKOTO MOJLYJISl B CHCTEMI,
[0 3aXHWIA€ThCss. Hampuknaa, Oe3areHTHHE pexuM
BUKOpUCTOBYeE pitneHHs1 Deep Security kommanii Trend
Micro.  HeoOXiiHO  BUKOPHUCTOBYBaTH  CHCTEMHU
BUSIBJICHHSI BTOPTHEHb 1 MI)KMEPEKEBOr0 €KpaHyBaHHS.
3 MosIBOIO BIPTYaJIbHUX CEPEAOBHI 3'SBUJIACS HOBa
npobneMa — HEKOHTPOJIbOBaHA MeEpe)keBa B3aEMOLIS
Mixk BM. 3aranbHa pekoMeHzallisi Taka: KOHTPOJIOBATH
30BHILIHI TiJKIIOYEHHS 10 Cepe/ioBHIIA BipTyasi3arlii
CIIiZi 3a JOTIOMOTOI0 arapaTHUX pillieHb, a BHYTPILIHI —
3 JIONOMOTrOI0 MPOrPaMHUX PIllIeHb, PEali3yloud TaKUM
yruHOM KoMOiHoBaHuil miaxin. Kommanis CheckPoint
Mo)ke 3ampornonyBatu mpoxyktd VPN-1 VE (Virtual
Edition) — BipTyansHOro mpHCTpOO, MK 3abe3meuye
3aXUCT BIPTyaJIbHUX CEPEJOBHI BiJ| 3OBHINIHIX 1
BHYTpIIlIHIX 3arpo3 6e3mneku [3].

KpiM TpaauuiitHux 3aco0iB 3axucty iHpopmarrii
KIHIIEBUX KOPUCTYBAYiB, TAKHUX SIK 3aCOOU 3aXHCTY Bij
HECaHKI[IOHOBAaHOTO JOCTYIy i aHTHBIpYCHHX 3aco0iB,
0CO0JIMBY BaKITUBICTh HAOYBAIOTH KOHTPOJIh BUKOHAHHS
nomitukun b KiHIEBMMH TPHUCTPOSMH 1 HajdidHA
ayTeHTH(IKALA 3 3aCTOCYBAaHHIM amapaTHHX 3aco0iB i
0e3MEeYHOro BiANaNeHOT0 JOCTYILY, IS peai3amii SKux
BHUKOPHUCTOBYETHCS, Hanpukian, StoneGate Virtual SSL
VPN.
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IHTENEKTYAIbHI ATEHTU B HABYAJIbHIA CUCTEMI NMIATOTOBKMK
AUCTETYEPIB YNPABJIIHHA NMOBITPAHUM PYXOM

Sk mokasye aHali3 JITEPaTypH 3aKOPJOHHUX Ta

BITYM3HSHMX  HAyKOBIIB B  Taly3l  aJanTUBHHX
TpeHa)kepax JUCIETYEepiB YIPABIiHHSA TOBITPSIHUM
pyxom (VIIP) € HeoOXimHICTH Yy  CTBOpPEHHI
IHTENIEKTYaTbHOr0 HaBYaIbHOrO cepenosuiia (IHC), mo
0 M03BONWIO 3MEHIIMTH TEPMIHM  MiATOTOBKU
JMCTIETYEPIB  YNPaBIiHHSA TOBITPSIHUM PYXOM Ta
3a0m@aMUTH Ha (IHAHCOBUX BHUTpaTax, YHHKAIOYH

HEraTMBHOTO BIUIMBY Ha SKICTh iX MIATOTOBKM Ta
0e3ImeKy MONbOTIB.

HepCHCKTI/IBHI/IM € CTBOPCHHA iHTCHeKTyaHbHI/IX
00'ekTiB 'y Teopii MYNbTHareHTHUX CHUCTEM 3
BUKOPUCTAHHSM METOJIIB IUIAHYBAHHS CIIPSIMOBAHUX /il
a00 IIaHyBaHHA MOBOMKEHHSA 3 METOI0 3a0e3ledYeHHS
MOJICTIFOBaHHSI 1HTEJIEKTYaJIbHOI'0 TMOBEAIHKH O0'€KTIB,
110 BXOJIATH Y BipTyajbHE cepeoBHIle HaBuaHHs [ 1-4].

Y 3B'i3ky 3 MM Yy JIONOBIJl 3alpONOHOBAHO
BUKOPHCTOBYBAaTH AareHTHO—OPIEHTOBAHMHM MiJXiZ O
nooynosu IHC migroroBku pgucneruepie YIIP. B
OCHOBI peatizalii iHTeNeKTyalbHOI MOBEAIHKN 00’ €KTIB
y  paMKax  JaHOrO  MiAXOLY  TPONOHYETHCS
BUKOPHCTOBYBaTH METOIM IUIAHYBAaHHS IIOBEAIHKH
IHTEJEKTYaIbHUX areHTIB.

[MinBumenns edextuBHocTi [HC  miaroroBku
mucrierdepiB YIIP 3arajom MOXIHBO 3a paxyHOK
YIOCKOHAJIEHHST ~METOMIB  IUIAaHYBaHHS  IIOBEIIHKH
IHTENEKTYalbHUX ~ areHTiB  Ta  pO3MIMPEHHS  1X
(YHKLIOHATEHUX MOXKIIUBOCTEH.

B JIOIIOBI Il 3aIpOIIOHOBAHO M IX1T
VIOCKOHAJEHHS Ta pO3LMIMPEHHS (DYHKIOHATBHHX
MOJIMBOCTEH CHCTeMH MiATrOTOBKH aucrerdepiB YIIP
32 paxyHOK BHKOPUCTaHHS TeOpii MyNbTHAT€HTHHX

cucteM 3 Meroro crtBopeHHs I[HC, mo 3abesmedye

MPaBIOMOMIOHICT, Ta  HETIHIHHOCTI  MOBOKEHHS
00’exTiB, 1o imMiTyroThCs B ITHC.

Busnaueni BHUMOTH bi (o) o0yIOBI
MYJIBTHATEHTHOTO cepeoBuIa IHTEIEeKTYyallbHOT
HaBYAJbHOI  CHCTEMH MiATOTOBKH  AHMCIETYEPiB

VIOpaBIiHHSA TOBITPSHAM pPyXOM, PO3POOICHI MOAemi
TaKOi CUCTEMH.

[IpencrasieHa MOJIETTh MYJIBTHATCHTHOTO
CepeIOBUINA IHTENEKTYaIbHOI HABUYAIBHOI CHCTEMH,
0COOJIMBICTIO SIKOI € B3a€MOJis arcHTa 3 30BHIIIHIM
CepeIOBUINIEM, Y TOMY YHCI 3 IHIINMH areHTaMH, II0

3/IIHCHIOETHCS Yepe3 MOoAENb (Di3MYHOTrO TPEICTABICHHS
o0'ekta.  TakuM  YMHOM,  JIOCSTAE€TBCS  TMOJLI
MOJIEITIOBAaHHSI IHTEIEKTYaJIbHOTO ITOBOJDKEHHS 00'€KTIB
Yy CEepeIOBHII HABYAIBHOI CHCTEMH Bia iX (hi3UIHOrO
NPE/ICTABIICHHS], Y SIKE B TOMY YHCII MOXYTh BXOIUTH
3aco0M  KOMYHiKalii. 3amporoHOBaHa  CTPYKTypa
JIOITyCKAa€ MPsIMi KEPYyrOYi BIUIMBU HA TIOBEIIHKY arcHTiB
3 aBTOMAaTH30BaHUX pOOOYMX MiClb  HaBYaJIbHOI
CHCTEMH JMCIIETYEPIB YIIPABIIHHS MOBITPSHUM PYXOM 3
MOYKITBOCTI
HaBYAJIHOT

METOIO 3a0e3neueHHs
KOpEeryBaHb Yy PO3BHUTOK
(cepemoBuIla), a TAKOXK JOCTYI 10 0a3W 3HAHb arcHTa

BHECEHHS
00CTaHOBKHU

3a JIOMOMOTOI0 CIICIiaIbHOrO iHTepdericy.

Po3pobiena crpykrypa 3abesnedye ineHTudika-
[il0 cUTyalii B MiJICHCTeMI MiATOTOBKH 1 NPUHHSTTS
pillieHb, 10 BUKOHYE T[epelady YIPaBIiHHA Ha
BIJMOBIHUN piBEeHb iepapxii CUCTEMU MOBOPKEHHS
iHTeNekTyanpHoro arenra. Kpim Toro, miacucrema
MIAITOTOBKK 1 TNPUAHATTS ~ pillleHb  BiCHTIJKOBYE
iHpopMallifo, 10 HAAXOIATh 3 PIBHIB IOBO/DKEHHS
areHTiB, Ta y BHIAJKy BHHUKHEHHS CYNEPEWIMBUX
cuTyaliit 3a0e3mneuye iX po3B’s3aHHs. 3aMpPOINOHOBAHHUN
MIIX1]T peanizye B3a€MOJII0 PIBHIB Uepe3 MOCepeIHHUKA
SIK TICKCTEMH TTiJTOTOBKY 1 IPUHAHSTTS PillICHb.

Cnucok nitepatypm

[1] . I ®emopyk, AnanTuBHAa cHMCTeMa IMCTaHIIHHOIro
HaBYaHHS Ta KOHTPOJIIO 3HAHb Ha 0a3i IHTENEKTyalbHUX
iHpopMaLitHUX TeXHOIOriii: aBTopedepar AUC ... IOKT.
texH. Hayk:05.13.06 HAH VYkpainu, [HcTUTYT mpoGiiem
MaTreMaTHYHUX MalivH i cucreM, Kuis, 2009.

[2] B. K. ®un, “O0 uHTEWIEKTyadbHOM aHANW3€ NaHHBIX
Hosoctu UckycerBenHoro unremiekra, Ne 3, c. 98 — 103,
2004.

[3] H. K. IOpkoB, MamuHHBIII HHTEIEKT W OOydeHHE
yenoBeka: MoHorpadus, [ensa: AL [ens['Y, 2008.

[4] Railsback, and V. Grimm, “Agent-based and Individual-
based Modeling: A Practical Introduction”, Princeton
University Press, 2011.
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3NTAMYBAHHA AHOPOIO CUCTEMU OANA BUNYYEHHS IHOOPMALLIT 3
NMPUCTPOIO

CMmapTdoHn € HAWOUIBII BPa3IMBUMHU NPUCTPOSIMHU
1 3B’513aHO IIe HE Yepe3 MOMIUTKA BUPOOHUKIB ab0 depes
moacekuid  gakrop. Came uepe3 JIOACBKHNA (QakTop
BinOyBaeTbcst 73%  yCHINIHMX  XaKePChKUX — aTak.
3HalOuM JIMIIE caMy COIiajbHY IH)KEHEpiro MOXKHa
OTpUMATH JOCTYN JO HeoOXimHoi iHdopMalli, He
BHUKOPHCTOBYIOUH ITPU I[bOMY HaBUYKH TIPOrpaMyBaHHS.
O1xe, Cpo0yeEMO 3pOOUTH NIEBHUN aJIrOPUTM 3JIOMY Ha
BJIACHOMY TpHUKJIadi. Y XOIl eKCHepuMeHTy Oyxe
3aCTOCOBAHO BXKE ICHYIOUM BipycHHH Oinmep SpyMax.
HeoOXiqHO CKOMIIIIOBATH Bipyc. 3pOOHTH 16 MOXHa
BJIacHOpY4 a0o, sSIK B HAIIOMY BUIaJKy, 3aCTOCYBaTH
6inep SpyMax. KoncrpyroBatu mporpamy OyaeMo iz
BUIJIAIOM aHTUBipycy “Avast”.

BaxiuBa neranb, npu BUKOPUCTaHHI MPOrPaMHOro
3aco0y SpyMax, 3’sSBUTHCsSI BIKHO 3 BalllUMHU TOPTaMHU.
st KopeKTHOT poOOTH, HEOOX1/THO TX BIAKPHUTH.

HeoOxinHo Bkazatu cBiii IP Ta BimKpUTHI TOPT.
Heoo0xinHo matu Ha [1K nporpamue 3abe3neuenHs Java.
VY psoky ne HeoOXimHO obpaTd HuIsx 10 mamkd bin
Bkaszyemo: C:\Program Files (x86)\Java\jre1.8.0_231\
bin. Jlami HeoOXimHO oOpaTk mnaTy, SKUHA #noe y
KOMIUIGKTI 3 mporpaMHuM 3acoboMm. [loumHaeTbcst
OyIyBaHHS porpamMmHoro 3acody (puc. 1):

LllaHoBHMI a6oHeHT! KoMnaHina "Best-
Connect” gsakye, wo B 3 Hamu! Tomy
KO>XHOMY KOpUCTyBa4deBi M1 gapyemMo
BE3KOLLUTOBHO pik KOpuUcTyBaHHSA
nporpamm "Avast”. [1nsa Toro, uo6
3aBaHTa>knNTU Nporpamy, nepenaite rno
nocunaHHro - https:/bit ly/ -

MNMocniwanTte, ag>ke akuisa gie Bcboro 7
axis!!!

Puc. 1. ®aiin ready.apk , @inmur yepes CMC

Jlani 3’sBnsetses Qaiin “ready.apk”. Moro ciin
BCTAHOBHUTH y TenedoH >kepTBH. pyrum eramom Oyne
croci® BCTaHOBIEGHHS Ha cMapTGoH xkeprBu. €
JIeKiIbKa BapiaHTiB I[bOTO:

- (i3UYHMI KOHTAKT 3 MOOIIEHUM mpUcTpoeM. Lleit
croci6 mepenbavyae, MmO y Bac € MOXKIHUBICT
Oe3nocepeHbO KOHTAKTYBATH 3 MPHCTPOEM JKEPTBH.
HeoOxigHo mix’eqHaTH TPHUCTPiH JKEPTBH MO HOCIA
BipyCy Ta mepenaru Horo;

- ¢immar. Ileft BomHOWac cKIamgHUK 1 JieBHi
croci6. basyeTpcst BiH SKpa3 Taku Ha COIMialbHIM
imkenepii. CyTe y TOMy, 00 3MYCHTH XEpPTBY camy
BCTaHOBUTH Balll IpOrpamMHui 3acid (Bipyc). Skmo Bu
BXe 0araro KOpPHCTYETECh ITOCIYraMH OIepaTopa, TO
BaM  HAJICWIAIOTh  NPHONM3HO  Taki  peKIaMHi
moBitoMyeHHs: OCKUTBKA MHA OTPUMAITH TIOBIJOMIJICHHS,

AKOM, BiJ omeparopa, TO y JIOJUHHA TEBHUM UYHHOM
BUHMKA€E JIOBipa 1 BiH BIEBHeHHH y Tomy, mo I3
minensiiine. Taki TprOkM K “O€3KOIITOBHO”  Ta
“mocrimaiTe, ajKe akKifis mie BCboro 7 AHIB”, 1e 0a3za
comlianbHOl 1HXCHepil. AJDKE IIIOJMHA PO3YMi€, IO
aKIis 3 OOMEXEHHM CTPOKOM [Iii, a TaKkoXX 3a Hel He
Tpeba TIUIATHTH 1 TMIiACBIIOMO BOHA BXKE XO04Ye
BCTAHOBUTH JaHWi 3aci0. Takox 1ikaBuil (axr.
BOynoBanuit aHTHBIpYyC, HE 0auyuTh BIpYCY, OCKIJIBKH
I13 € mporpamoro ckieiikoro. Iliciast BCTaHOBJICHHS,
HEOOXi/THO 3TOIMTHCS Ha JOCTYM JIO BCIX MOXJIMBOCTEH
cmapTdoHy, a came kamepH, (HaiIOBOro MeHeKepa,
Mmikpodona, wicnesHaxomkennss, CMC, ramepei i

KOHTAKTIB (pHC. 2).

b o Deicehoe 05 Relewse  Flag ooty Attacker  Version

Attacker versior

es Manager

Manager

]

=
|\ Calls Manager
]

9

Puc. 2. InaukaTop akTUBHOCTI Bipycy

3 muM, SK TpaBUIo, MpodiieM He OyBae, OCKUTBKU
JIOAMHA OBipsie (moBUHHA) qanomy [13.

BucnoBok. Terep € moBHuUiT moctym 10 cMapTdoHa.
Tox sK MOXHA 3aXHCTHTH CMapT(OH BT TaKuX
HamaniB? [lo-mepmre, HiKOMM HE TMepexongpTe Ha
CKOpOYEHHI TocwIanus Taki, sk “bit.ly” a6o “goo.gl”,
abo mepexompTe 3 obepexHicTio. Hamaraiitece MaTn
3aBXIM HOBY BEpCII0 aHAPOILYy, OCKIIBKH 3 KOKHUM
OHOBJICHHSIM BHUTAJyIOTh HOBI aJITOPUTMH 3aXHUCTY.
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KNACTEPHWUIA AHATI3 MOBHUX IHOUKATOPIB BIKY BEG-KOPUCTYBAUIB

3 morsiLy MepeXeBoi Ta COLialbHO-AeMOrpagidHol
IJICHTHYHOCTI Be0-0COOHUCTICTh aHaTI3yeMO SIK
YCBIJIOMJICHHS HAJIGKHOCTI JIO COIIAIBHUX TPyl BeO-
ydacHUKiB.  CKIIaIOBUMH  COLiasIbHO-eMorpadiqHol
IICHTUYHOCTI € TeHHIepHa, BikoBa Ta mpodeciiiHa
IICHTUYHICTh. Be0-1IeHTHYHICTh BUKOPUCTOBYIOTH IS
CaMOBHpP@XEHHSI, OTPHMAaHHS HOBOTO JOCBiLy 1 SIK
IHCTpYMEHT Ui  MaHimymsiii  iHOmMMH  BeO-
KOpHCTyBaYaMH. BikoBWii MO BHOpaHO Ha OCHOBI
aHAJI3y YCiX MOXIHMBHX YKPAalHOMOBHUX MOMYJISIPHHX
BeO-CIUIBHOT, U1 AKMX BIK YYaCHHKA € KPUTHYHHM:
migritkoBi  (University, Ilimmitok, IIpocto war), mursdi
(OctpiB 3HaHb, [lyctyHumk); mopocnmi (Hamr anekron 3
nepuem, [lan+I1ani, Ykpaincekuii popym OnaroiiHuKiB).
3MiiCHEHO aHali3 aKTyaJIbHUX JIOCHIDKEHb BIKOBOI
OHJIAiH-KOMYHIKAI[ii 32 TAaKUMH HamnpsMKamH: BeO-
KoMmyHikauis mimntkiB (Arinze B., Ridings C., Gefen D.,
Turkle S.), comionexr mimmitkis (Boguap P., Herring S.),
3acobu iHTepHeT-KoMmyHikaii mimtitkiB (Calvert S., Wolf
A., Witmer D., Lee M., Crystal D.), cyuyachuii >xapron
(3robummna-MensHuk H.), mepexxeBoi etuku (Akcak B.,
CwmupHoB D.), mozeni komyHikawii mimtiTkiB (Schiano D.,
Isaacs E., Chen C.).

3a BUOpaHMMU YMHHHKaMU BUOIpKa “Age” moJiiieHa
Ha jBa kiacrepu — Knacrep1 (mopocii ocobu) i Knacrep 2
(mimriTky). Bik y4acHUKIB BiOMHI, TO MPOBECHO aHAI3
HEKOPEKTHOCTI KilacTepu3allii. Pe3ynprar Kimactepuzariii:
TUIBKA OJHOTO BeO-ydacHUK BimHeceHO no Kimacrepy 1
(rpyma nopocini), sKHii B Mepexi I[HTepHeT MO3UIlOHYE
cebe mimtiTkoM. [[poro BeO-yuacHMKa B aHai31 IO3HAYEHO
— C5, Bik —15 pokiB. 3 ommsiny Ha aaAMIHICTPYBaHHS
CIUIBHOTOKD € Taki CLeHapii PO3BUTKY aTOMapHOL
CHTYyaIlii: YYaCHHK HABMHCHO HENPaBHIHHO BKa3aB BIK y
aKayHTi, MO0 ILUIECTIPIMOBAHO TPOHUKHYTH Y BeO-
CHUTBHOTY MiITITKIB 3 MPUXOBAaHUMH HAMIPaMH; YIaCHUK
BUTIQJKOBO TIOMIDIMBCS Y BKa3aHHI BIiKy; CTWIb
CIIKYBaHHA BeO-yJaCHUKA HE BIATIOBiA€ BiKYy y9aCHHKA.
I'padiuro mpomenypy Kiactepusamii 300pakeHO Ha
neHaporpami (puc. 1).

I'pacdiure 300paskeHHS KIAcTepiB MATBEPIIKYE
eexTHBHICTF TIpOBenmeHOI  Kimachdikarii.  MaTpui
(aKTOpHOI CTPYKTYpH OTPHMAHOIO pe3yJIbTaTy TaKOX
JO3BOJSIE  OIIHUTH BKJIaH OKpeMuX (DakTopiB Yy
KJacugikariro.

3a pe3yapraTaMH MOXKHA 3pOOWTH BHCHOBOK, IO
CTPYKTypa BHXIJHHX IaHWX B OCHOBHOMY OOYMOBJICHA
TakuMd MOBHEX iHmukatopamu — AGE-B(1.3), AGE-
E(1.4), AGE-B(1.4), AGE-D(1.3).

INopiBHSHHS 1HAMKATOPIB JUI OTPHUMAHHUX KJIacTepiB
BKa3ye Ha iCTOTHY BiIMIHHICTh CEpEeIHIX 3HAYEHb TaKHX
inmukaropis — AGE-B(1.3), AGE-D(1.3), AGE-E(1.4),

Tree Diagram for 80 Cases
Single Linkage:
Euclidean distances
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Puc. 1. lennporpama kinacrepusanii y4acHUKIB BeO-(opymiB
3a BIKOM
AGE-C(1.3). Hns rpynu mimitkiB (Knacrep 2)
XapakTepHe OLIbIe CepelHE 3HAYCHHS B TOPIBHSIHHI 3
rpynoto nopociux (Kmactep 1), a came: AGE-B(1.3) —
cepente 3HawenHs 0,032172 nns  munTKIB - IPOTH
0,006376 mmsn  mopociux; AGE-D(1.3) — cepenne
3HauenHst 0,023031 must mimritkie nporu 0,004444 nost
nopocnx; AGE-E(1.4) — cepenne 3nauennst 0,019441
st mimtitkiB npotu 0,005059 st mopocnux; AGE—
C(1.3) — cepenne 3uauenns 0,017359 st miTiTKIB MPOTH
0,005524 nns nopocnux. BikoBy kareropito  BeO-
YYacCHHKIB BHOpaHO JUIsi TEPEBIPKM  JOCTOBIPHOCTI
BKa3aHHS BIKYy Y 3B’S3Ky 3 HAsBHICTIO PEalbHUX OH-JIalH
3arpo3 (BikoM 6-17 pokiB): posronoc KoHQIIEHIIHHIX
JIAHKUX, JIOCTYI IO BIKOBOTO KOHTEHTY, IO HETaTHBHO
BIUIMBAaE Ha (i3WUHE 1 TICHXOJIOTIYHE 3]I0POB’Sl IWUTHHH,
OHJIAH-HACWIBCTBO, IHTEPHET-MApPKETHHIOBI 3JIOYMHH);
HEOOXI/IHICTh BIJICIFOBaHHs BIKOBOI Tpymnu MiTel, sKi

NOJaI  3afBKYy 4YH BXKE CTAlH BeO-y4aCHHKAMH,
NPU3HAYCHOI TUIBKA [UI1  JOPOCIHX KOPHCTYBAdiB.
XapakTtepHIMH O3HaKaMH Be0-1ICHTUYIHOCTI €
CaMOBHPQXXCHHS, 1IN0 XapaKTepHO JUIA  IJUITKIB.

IIpobrmema BikoBoOi audepeHmianii BeO-yIaCHUKIB TIOCTa€e
TOCTPO Yepe3 30LTBIICHHS BUIAAKIB MPOHIKHEHb JiTeH y
CIUTBHOTH TSI OPOCNX. A HeodilliifHa yqacTb TOPOCIOl
0oco0r y BeO-CIIUTBHOTI MiTITKIB, MOXE TPHUBECTH IO
KpUMiHAITBHOI BIIIOBIJAJIBHOCTI aZMiHICTpaTOpAa.
IIporpamumii 3acid TeEpeBIpKA TOCTOBIPHOCTI BIKY €
3aTpeOyBaHMM [T 3aro0iraHHs BUMAAKaM Tenodimii Ta
MIPOBOKAIlii HEMOBHOMITHIMA 0co0aMH Y  CHUTBHOTH
JIOPOCITNX YYaCHHKIB.

Cnuncok niteparypm

[1] Yu. Syerov, S. Fedushko, and Z. Loboda. “Determination of
Development Scenarios of the Educational”, on Web Forum.
Xlth International Scientific and Technical Conference (CSIT
2016). Lviv, p. 73— 76, 2016.
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ATAKWN HA MEPEXY BNTOKYEWNH

OcTaHHIM YacoM B Hallle JKUTTS CTPIMKO
PO3BUBAIOTHCS  JICIICHTPATI30BaHI TEXHOJIOTIi, HOBI
NPOAYKTH BIPOBAPKYIOTBCS HACTIIBKU IIBHIKO, IO
(daxiBIpsiM 3 iH(pOpPMAIiiHOT OE3MeKH BaKKO pearyBaTH
Ha TpoOJieMH, SIKi BOHM HeCyTh B co0i, TOMY B LbOMY
JOKyMEHTI MH TIEpeBIpsIEMO OCTaHHI TeMH TMpO
TEXHOJIOTI. Ha OCHOBI OJIOKYEITHA.

Ineomnoris MIPOEKTIB, 110 3aCTOCOBYIOTh
TEXHOJIOTII0 OJIOKYEHH — IIe MOXJIHBICTH PO3MENKO-
BAHOTO BHUKOPHUCTAHHS JOCTymy 10 iHdopMmarii 3
YHEMOXIIMBJICHHSAM 3MiHH JaHHX B PEECTPi, IO
JOCTYITHHH yCiM KopHcTyBauaMm Mepexi. Lls TexHomoris
cTaja BiJoMa KOJM BOHa Oyjna 3acrocoBaHa JIIs
3a0e3MeyeHHsT MMOSBH  CJICKTPOHHUX  TpoIIeH, [e
3MiHCHIOIOTBCS  1U(pOBI  mepekazu  rpomeit  y
posmoniieHux cucremax. Uepes e OJOKYEHH YacTo
PO3TJSIIAETECA K TOB'S3aHUN 3  OITKOTHOM — abo
pilleHHsIMH B cepi eIeKTPOHHOI BAIIOTH B IJIOMY.
HesBaxkatoun Ha 16, TeXHOJOrsl MoOxe OyTH
BUKOpDHCTaHa OUIBII IMIMPOKO JUisi pi3HHX  cdep
3aCTOCYBaHHSL.

KoxeH KOMIIOHEHT MOXHa IIPOCTO ONHMCaTH Ta
BUKOPHCTOBYBaTH $K CTPYKTYPHHMI €IEeMEHT, IIo0
3pO3YMITH O1IBII CKIIA/IHY CUCTEMY.

B cucremi n0 crapux aHUX JONAIOTHCS HOBI OJIOKH,
nonepeiHi OJIoKK crae Bce Bakue MomudikyBaru. Hosi
OJIOKU JIOZAIOTHCS J0 BCIX KOIi YYaCHHUKIB peecTpy B
Mepexi Ta Oyap — sKI KOHQUIIKTH BUPIIIYIOTHCS
aBTOMaTHUYHO 32 IOIIOMOT'0I0 BCTAHOBJICHUX TIPaBUIL.

CTOCOBHO Mepexi OJOKYEHH, MOPYIITHUKA MOXYTh
Oyru 30BHIIIHIME a0o BHyTpilIHIMH. BHyTpimHINA
MOPYIIHUK — 1Ie, 3AeOLIbIIOro, po3poOHHK MEBHOTO
MpoekTy abo J0AaTKOBOTO KOMIIOHEHTY (MOJLyJIs)
MPOEKTY, IO X04e HOPYIIUTH Oe3MeKy CUCTEMH Ile Ha
erari po3poOku abo eKcIuTyarallii, peaiizye BHYTpIITHE
MPOHUKHEHHS a00 BinmalieHe, J¢ BUKOPHCTOBYETHCA
BXKE BiZloMa MOMmIKa y Oe3memni. 30BHIIIHINA — aTakye
MEpexy, SK 3BUYAWHUA KOpUCTYBa4 ab0 yYacHUK
Mepexi (By3onm abo HOO Mepexi), peamidye BimmayieHi
aTakH.

Mera nopyuHuka:

1) omepxaHHS MOXIIHMBOCTI BHOCHTH 3MIiHHA B
Mepexy OJIOKUYEHH 3TiIHO 31 CBOIMU HAMipaMu;

2) mepemKomKaTH HOPMAaIbHIH poOOTI Mepexi
(mepeBaHTa)XXyBaTH  BY3NH,  ONOKYBaTH  JIOCTYII,
OTPUMATH KOHTPOJIb HaJl MEPEKEIO TOIIO);

3) orpumaHHS MatepianbHOI abo0 IHIIOI BHUTOIM,
IUISTXOM KPaaiKKH JAHUX / TPOIIIOBUX PECypPCiB.

Jus Toro, mo0 3miMCHUTH araky, BHYTPIIIHIH
MOPYIIHUK TOBHHEH:

1) MaTH nocTyn [0 peaaryBaHHS MPOTrPaMHOI
YaCTHHU Mepexi abo CTBOpPEHHs Ta J0JaBaHHSA MO Hel
BJIACHUX 4dacTWH (OEKIopiB), IO JaayTh 3MOTY
BHKOPHCTATH MEPEXKY y CBOIX HINIAX;

2) BOJIOIITH IOCTaTHIMU 3HAHHSIMHU PO POOOTY
MepesKi Ta Ipo 11 BpasiuBi Micis.

30BHILIHIN MTOPYIIHUK TOBUHEH:

1) BOJIOAITH JIOCTAaTHBLOIO KIIBKICTIO
OOUYMCITIOBAIFHUX Ta MaTepiaJbHUX pecypciB  Jis
3I1HACHEHHS CBOET aTaku;

2) BOJNONITH JOCTaTHIMU 3HAHHSMH IIPO PoOOTY
MepeKi Ta po 11 BpasiuBi Micis.

Y curyanii ans  BHYTPIIIHBOTO TOPYIIHHKA,
TEXHIYHA OCHAICHICTh HE € BAXKIMUBOIO TOMY, IO
BHUKOPHUCTAaHHS OEKIopiB abo 3a3majieriib CTBOPCHUX
KaHaJliB Il HECAHKI[IOHOBAHOTO JIOCTYIY € MPOCTOI0
371a4ero T OHOr0 3BUYAHOro KOMIT'I0Tepa.

Y curyauwii s 30BHIIIHBOIO — HOPYIIHHKA,
pecypcH Iuisl aTak € BKpail BaXIMBHMH uepe3 Te, 110
Oesreka 0OaraThbOX CydacHHMX  OJIOKYEWH CHCTEM
OMUPAEThCS HA  CKIAQJHICTh  BUPIMICHHS IEBHUX
KkpunTorpadiyHux 3aiav. YCHINIHICTh aTakd 3aJIeKUTh
BiJ] KUTBKOCTI OOYMCITIOBAIIEHUX PECYPCiB/MOTYXKHOCTEH
3JI0BMHCHUKA,.

Kinpkicte 0ci0, 10 3IHCHIOIOTH aTaKy, MOXe
OyTH pI3HOIO 1 3aJIeKUTh JIMIIE BiJl IUIAHY CaMoOl aTaKH.
Jlyiss BHYTPIIIHBOTO 3JIOBMHUCHHUKA JOCTATHBO 1 OJHI€ET
JIOMUHU. ATaKy 13 HEOOXIIHICTIO BEIUKOI KIUIBKOCTI
pecypciB, OfHIN JrOMUHI OyJe BUKOHATH BXKE BaXKde.
3aranoMm, cydacHi aTaku Ha OJIoOKYelH abo Ha
KOPHCTYBadiB ~ MepeX  OJIOKUYeHH,  3/iHCHIOITHCS
MiATOTOBIICHOIO KOMAH/IOK i3 MPOAyMaHUM IUIAHOM i
Ha KOYKHOMY €Talli aTaKH.

Koxen Y4aCHHK Mepexi TIOBHHEH
BHKOPUCTOBYBATH mdpyBaHHS (3me6inbioro
acuMeTrpudHe). 3axonu Oe3rmekr BOYIOBaHI B MEPEXKY 1
3aKIafieHI y 3arajlbHOMY HPOTOKONI, IO 3abe3medye
KOH(1IeHIIIi-HICTh 1 aBTEHTUYHICTH I KOPUCTYBAUiB.

IIpn BUKOHAHHI BCiX peKOMeHamii 3 Oe3IeKw,
BUKOPUCTAHHS TIepeBipeHNX Ta HaJIHHUX
KpunrorpadigHIx 3aco0iB MOXHA JIETKO TOOyIyBaTH
TapHO 3axXWIIEHy CHCTEMY Ha OCHOBI TEXHOJOTIi
ONOKJEHH.
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CEPTU®IKALIA NPUCTPOIB B KOHTEKCTI 3ABE3NEYEHHA BE3NEKU
IHTEPHETY PEYEWN

Po3Burok konmemuii InTepHeTy pewedr Ta i
BIIPOBa/DKEHHSI B pi3HI cdepu mependayvae HasBHICTH
JIECSITKIB MUTBSIp/IB aBTOHOMHHUX MPUCTPOIB. 3a TaHUMH
nopranry Statista B 2017 poui iX BKe HalidyeTbCs
6inbie 20 mipa, a 10 2025 poky O4iKyeThCS HE MEHIIE
75 mupn. Bei BoHM minkimroyeHi 1o Mepexi [HTepHer Ta
repenaroTh uepe3 Hel BiNoBiaHI iX ¢yHKIiOHANy AaHi.
I maHi, i QyHKIIOHAT € MILIEHHIO JJIsl 3JI0BMUCHHUKIB, a
3HAYUTh, TOBUHHI OyTH 3aXMIIIEHI.

Hns IoT-mpuctpoiB Oe3mneka monsirae, mepm 3a
BCE, B IIUTICHOCTI KOJi, TepeBipli aBTEHTHYHOCTI
KOpPHCTYBauiB  (IPUCTPOiB),  BCTAQHOBJIEHHS  MpaB
BOJIOZIHHSI (BKJIIOYAIOYH JaHi, SIKi HUMH T€HEPYIOThCS),
a TaKOXX MOMJIMBICTIO BiJIOOpaKE€HHS BIPTYyaJbHUX 1
¢iznuHux arak. Azne mno ¢axry, OUIBIICTE 3
npaiorounx ceoroxHi  loT-mpuctpoiB  enemeHTamu
3axucTy He 3a0e3redeHi, MalTh JOCTYIHI 330BHI
intepdeiicn ynpasmiHas, nedonTHi mapoii, TOOTO,
MAaIOTh BCl 03HAKH BeO-ypa3InBOCTi.

CrorozHi nuTaHHsIMH cepTudikaiii 3aiMaroThCs 1
KiJIbKa TPHUBAaTHUX KOMIIaHid. 30Kpema, KOMIIaHis
Online Trust Alliance (OTA) Buiinnia 3 iHIIIATHBOO
BupilieHHs npobiemu Oesnexu loT Ha piBHI Jepxkas i
BupoOHukiB, Bunyctumu [oT Trust Framework —
mepesik  KpuTepiiB Uit  PO3pOOHUKIB, BUPOOHHUKIB

NPUCTPOIB 1 MOCTA4YaJbHUKIB  TOCIYT,  SIKU
CHPsIMOBAHUH Ha TOJMIITIIIEHHS Oe3rnexH,
KoHQIAeHIIHHOCTI Ta JKkuTTEBoro mumkmy ix loT-

npoAaykTiB. B mepury wepry, BiH Opi€HTOBaHWiA Ha
IAKITIOUeHHS JOMaIlHi, oicHI 1 MOOUTBHI MPHUCTPOI 1 €
TakuM €001 PEeKOMEHIALIHHUM KOAEKCOM MOBEIIHKH 1
OCHOBOIO ISl JIEKLIBKOX TMporpaMm ceptudikaiii Ta
OILIIHKY PU3UKIB.

Y NOTOYHOMY pOIl HE3aJeKHUM MiAPO3IIIOM
kommanii Verizon — ICSA Labs Oyma 3amymiena
mporpama TecTyBaHHs Oesmekn 1 ceprudikamii loT-
MPUCTPOIB. SIK CTBEPIKYIOTH Ii PO3POOHUKH, BOHA €
OIHIEI0 3 TMEepIMX B CBOEMY pOMdi, 1 TECTye Taki
CKJIaIOBi, SK TIOBIMOMJICHHS / TPOTOKONIOBAHHS,
kpunrorpadis, ayreHtudikamis, 3B's30K, (izuuHa
Oesmeka i Oesmneka miatdopmu. [TpucTpoi, ki mpoinm
ceprudikariro, OyayTs Bi3HaUCHI CIIEMiaIbHIM 3HAKOM
cxsaneHas ICSA Labs, mo Bka3ye Ha Te, 10 BOHH OyiH
TECTOBaHI, a BHWABJCHI BPA3JIMBOCTI OyIM yCYHEHi.
Takoxx mpucTpoi, mo mpornuIM ceprudikamio OymayTb
mepeOyBaTH Il HATJISIOM 1 TEpiOJHMYHO TECTYBaTHCS
Ha TIPOTA3i BCBOTO iX OKUTTEBOrO IMHKIY JUIS
30epexeHHs X Oe3IeKu.

Besneka [aTepHeTy pedeii cTana OMHIERO 3 TMEPITHX
chep BHKOPUCTAHHS OJOKYCHH-TEXHONOTII. 3aBIAKH
TEXHOJIOTIl  PO3MOMINICHOTO  pEeEcTpy  3'IBHIIACS
MOXIIMBICTh 3a0e3MeuyBaTH BHCOKWI piBeHb Oe3neku
loT-npuctpoiB B Mepexi 1 YCyHYTH iCHYIOUI
oomexxeHHss 1 pmuku g 10T, mnoB'szani 3
LCHTPAJTI3aIli €10,

Bona no3Bomsie mBuako i OesneyHo 30epiratu
MPOTOKOJIM OOMIHY 1 pe3yabTaT B3aeMoii pisHux loT-
NpUCTPOIB B JelieHTpami3oBaHii cucremi. Came
po3moaisieHa apxiTekTypa OJioK4YelHa rapaHrye JOCHUTb
BUCOKY Oe3meky Bciel loT-cucremu. Ane sKio yacTuHa
3 MPUCTPOIB Mepexi Bce K Oyae CXWIbHA 70 3JI0MY, B
UIOMYy, 1Ie HE TO3HAYUTHCS Ha 3arajbHid PoOOTI
CHCTEMH.  3rajiaHe  BHKOPHCTaHHS  OOTHETaMH
«pO3YMHMX» IIPUCTPOiB, 110 mpamoroTs B [oT-
CHCTEMAaX, CTaJI0 MOXIJIMBHM BHACIiZIOK IX ciabkoi
3axHIIeHOCTi. Po3mofineHnii TMN JOBIpYMX BiJHOCHH
JI03BOJISIE  TO30YTHCS  “371aMaHOro" MpUCTpor  0e3
BiJUyTHOro 30MTKY Ui BCi€l Moeni B3aeMomii Mix
"3m0poBUMHU" 00'€KTaMU.

HaiironoBHimow mpo0iaeMo0 Ha ChOrOAHIIIHIH
JICHb € BIJCYTHICTh CTaHIApPTIB B LIl ramysi, IO
YCKJIAJTHIOE MOJJIMBICTH IHTErpaiii MporoHOBaHUX Ha
PHMHKY pillleHb 1 6araTo B YOMy CTPHMYE IIOSIBY HOBHUX.
HeoOximHo BmpoBazuTh MexaHi3Mu  ceprudikarii
npuctpoiB 10T sk HeoOXimHy yMmMoBy ix Oe3medyHoro,
Oe3nepebiiiHOro  (QPyHKIIIOHYBaHHS, M0 BKJIHOYAIOTh

3MEHILEHHS] CKJIagHOCTi ceprudikamii, a mporec
ceprudikarii MPOrpamMHOTrO Ta arapaTHoro
3abe3neueHHs, cepTu(ikamis 3B'SI3Ky Ta 3aXUCTy
MEepCOHANBHUX JAaHUX Mae OyTh 3a0e3medeHui

BiJIIOBiTHIM OPTaHOM.

HasBHicTs Benm4e3HOi Mepexi, SKa KOHTPOIIOE
BECh HABKOJHWIIHIN CBIT, TI00ANbHA BiAKPUTICTH HaHUX
Ta 1HIOI OCOONMHMBOCTI MOXYTh MAaTH 1 HeEraTHUBHI
HACJIIIKH.

[oT € muHAMIYHO 3pOCTAIOUOI0 TaTy33I0 IHTEpHET
KOMYHiKaIliii, 0e3yMOBHO JTaHAa TEXHOJIOTisl IPHHOCHUTH B
JKMTTSL JIIOOed Oe3lmd  IUTIOCIB, TaKuX SK MHOTTEBI
MOKYyIKH ToBapiB (Amazon Button), KOHTPOIB SKOCTI
noBiTpst (Air Quality Egg), 6oporeba 3 HE3aKOHHOIO
BupyOkoro miciB (Invisible Tracck) i Takux mpukmagis
MOKHa 3HaiWTH coTHi THCSY. Koken loT mpuctpiii
MOJICpHI3Y€e 3aBIaHHA OyIb-SKOTO POAY MiSUTBHOCTI. Y
BCBOMY € CBOi IDIFOCH 1 MiHYCH, B JaHOMY BHIIAIKY
MIHYCOM € BiJCyTHICTh cTaHmaprtu3amii Bumycky loT
MPONYKTY 1 BiACYTHICTh HAAIMHUX CHUCTEM OC3IIeKH.
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METOAU OGPOEKU TA NOPIBHAHHA 30BPAXEHb AN1A BEPU®DIKALLI
BIABUTKIB MNAJIbUIB

Binourku MaJIBIIIB € HaNOIbII
BUKOPDHCTOBYBAaHOIO  OIOMETPHUYHOIO  TEXHOJOTIEI0
aBTeHTH(IKAII]. AKTyabHICTb BHUKOpPUCTaHHS

BIIOWTKIB TaNbIll OOYMOBJICHAa INHUPOKOI Cheporo
3aCTOCYBaHHs. BimOWTKM Manblisi BHKOPHCTOBYHOTHCS
JUIA OTPUMAHHS IOCTYIy 1O MOOIUTBHHX TeJe(OHIB,
MepCOHAJIBLHUX KOMII IOTEpIiB, OILIATH TOBApiB 1 MOCIYT
Ta iH. BigOurok mampng €  HEOOXiOTHMM  Ta
3aCTOCOBYETHCS Y CUCTEMaX MPOIYCKHOTO KOHTPOITIO Ha
MPUKOPJOHHHX MOCTAaX Ta aepONoOpTax.

Jlns anropurMa Bepudikaili 300paxeHb BiIOUTKIB
HaJbIiB iCHYE /[Ba OCHOBHHX eTamw [1,2].

[Mepmmii eran — 0OpoOKa BXIAHOTO 300payKCHHS
BiOMTKa manbipgl. Ha choronni icHye 0e3iiu MeToniB
JUIS TIOKpAIIEHHs! SIKOCTI 300pakeHHs. OCKUIBKH st
0araTthOX 3a/1a4 MPOrpaMHOi 00pOOKH 300paxeHb KOJip
HE Tpae BaKIUBOI POJ, TO MOXHA BHIUIUTH JBa
OCHOBHI METO/M JUIS TOCTaBJICHOI 3ajadi, sKi Oyno
po3rIsiHYTO Yy poboTi — e OiHapu3anis (moporoBa i
aJlalTUBHA) Ta CKEJICTU3allis (XBUIbOBHHA METOJ, METOJ
CTOHIIICHHS 00J1acTell Ta IIA0JIOHHUI METO/).

Hpyruii eran — ue BuUOIp METOAY IOPIBHSHHS
300pakeHb BIIOWTKIB manbliB. B xomi poboTu
PO3IIISTHYTO Ta IPOAHATI30BAHO OCHOBHI aJITOPUTMH
TIOPiBHSIHHS, SIKI 3aCTOCOBYIOTHCSI HA ChOTOJIHI, a came:
TIOPIiBHSIHHSL 32 BI3€PYHKOM, KOpEISIiifHEe MOPIBHSHHS,
QITOPUTM TOPIBHSHHS IIA0JOHIB Ta TMOPIBHSIHHS Ha
OCHOBI TIOIITYKY OCOOJIMBUX TOYOK.

B pesymbrari JOCHiDKEHHS Yy SIKOCTI METOAY
Bepudikaiii 300pakeHb BIIOMTKIB TAalbIiB OyIO
00paHO aJNrOpUTM MOPIBHSHHS BIJOWTKIB Ha OCHOBI
MOIIYKY OCOOJMBUX TOYOK. Y XOIi TOPIBHSHHS
aNTOPUTMIB Bepuikallii 300pakeHb BiIOUTKIB MAbIIs
Oyrio 3’siCOBaHO, IO TOJOBHOKIO IIEPEBAror0 IJaHOTO
QITOPUTMY € BIJHOCHA INBUAKICTH HOro poboTH.
AnroputM He TmOTpeOye CKIAIHAX MAaTeMaTHIHHUX
po3paxyHkiB. B cumy mpocrotu peamizarii i IBUAKOCTI
pobOTH anNropuTMH JAHOTO KJIACy € HaWOUIbII
MIOIMPEHNMHU Ha ChoronHi. HemoikoMm naHoro meromy
MOPIBHSHHA ~ 300pa’keHh  BiNOWTKIB  TANbIiB  3a
JIOTIOMOT'0F0  OCOOJIMBMX TOYOK € BIJHOCHO BHCOKI
BHMOTH JI0 SKOCTi 300pa)XCHHS, OTPUMYBAaHOTO IIPH
CKaHyBaHHI BiIOWTKA, TOMYy JaHUI MeTox moTpedye
MTOJAITBIIOI OOPOOKH OTPUMAHOTO 300paKEHHSI.

[pn nomanpmiii o0poOmi 300pakeHHS Ha
TIepIIoMy erari 3MIACHIOETHCS OiHapm3aris
300pakeHHs1. OCKUTEKY 300pakeHHs Ha BXOJI 3a3BHYail
€ pIBHOMIPHO OCBITJIEHHM Ta O[pa3y y Ipajamiix ciporo
KOIIbOpY, TO JuIg Horo OiHapm3alii Oymo oOpaHO

nmoporoBuii Meton. JlaHuii MeTtom moOpe TpaIoe 3
PIBHOMIPHO OCBITJIIEHMM 300pa)KEHHSIM Ta 3a YacoM
POOOTH € OUTBII NIBUIKUAM, HiXkK aJalTUBHUNA METOI.

Hacrymaum etanom poOOTH €  CKeneTu3allis
300paxkenns. [Ipu aHamizi MeTOMmIB CKeleTH3allii, 0yno
3p00JICHO BHCHOBOK, IO HAMOLIBII MPOCTUM 32 CBOEKO
peaizali€ro € madJIOHHUN METOM CKeleTu3allii. Y Toi
Ke Yac, TaHUHA METON € HaHOLIbII MBHIKAM 32 4acoM
POOOTH, OCKIJIBKH BiH MOTPeOye JIUIIE OJXHOIO 00XOmy
300pakeHHsl, aje JUIsi TOro, 100 3HU3UTH WMOBIPHICT
YTBOPEHHS [IIYMOBHX ITIKCEIiB PEKOMEHAYETHCS POOUTH
MOBTOPHUI  00XiZ  300pa)keHHs 3a  JOMOMOTOI0
JIOJATKOBUX 1IAa0JIOHIB.

SIk pe3ynbTat poboTH OyB po3pobiieHHi HAWOIIbII
ONTHMAJBHUKA  BapiaHT  anroput™my  BepHdikarii
BiIOWTKA MaJIbI IS IPOrpaMHoil peaizariii (puc.1).

Moporoea SiHapuzauia

A 4 i—l

LWadnoHHa Oogatkoea
cKeneTnaauia CcKeneTvzauia

I—E Wwymosi nw.t:e.mj

Hemae wymy

BuaineHHA ocodnuemnx
TOMOK

5333 gaHux
eTanoHis

v
MOpiBHAHHA

H

Puc. 1. Anroputm Bepudikarii BigOuTKa naibiist

Pesynstat |

B poboti po3rasHyTi adrOpUTMHU TMOPIBHSHHA Ta
MeTonn OOpoOKM 300pakeHb BiNOWTKIB MANbIIIB.
Hageneno nmepeBaru Ta HEAOMIKA IJIsT HAWITOIITHP EHIIINX
METO/IIB.

Cnucok nitepatypm

[1] B. 3agopokssiii, “UneHTH(UKAIMS [O OTIHEYATKAM
nasneres”, PC Magazine/Russian Edition, Ne 2, 2004.

[2] J. L. Pfalz, and A. Rosenfeld, “Computer Representation
of Planar Regions by their Skeletons”, Communications of
the Association for Computing Machinery, vol. 10, no. 2,
p.119 — 125, 1967.
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OOCNIMKEHHA MOOENEN PENYTALII KOPUCTYBAUYIB COLIANBHOI MEPEXI

[lpn MopenroBaHHI COIJAIBHUX MEPEX BUHUKAE
HEOOXIHICTh BPaxyBaHHS B3aEMHOTO BIUIMBY IX YJICHIB,
JIMHAMIKH X TyMOK. BrumB — mporec i pesynbrar 3MiHu
iHmMBiIOM  (CyO'€KTOM BIUIMBY) TIOBEIIHKM  IHILOTO
cyO'ekta (IHAMBIZYaJbHOrO abO KOJEKTHBHOTO OO'€KTa
BILUTUBY), HOTO YCTAHOBOK, HAMIpIB, YSBJICHb 1 OIIHOK B
X0/l B3aeMoIii 3 HUM. MOXKITMBOCTI BIUIMBY OJJHUX 4JICHIB
coljiabHOI MepeXKi Ha 1HIIMX 11 YWICHIB CYTTEBO 3aeKaTh
Bij peryranii nepimux. Pemyramist — ne 3arajibHa ymMKa
Ipo IMepeBard 4u HENONIKH KOro-HeOynb, 4Oro-HeOynpb,
a0o  TpoMajichKa olliHKa. Pemyraliito MoXkHa po3risiaaTy,
Ho — mepiie, K O4iKyBaHy (YIPaBIiHHS B COLIATBHHX 1
€KOHOMIYHMX CHCTEMaxX IHIIMMH areHTamH) HOpMY
JUSUTGHOCTI  areHTa, TOOTO $KOI IOBEMIHKM BiJ HBOI'O
o4ikytoTh iHmm. [lo — Apyre, sk BaroMicTh JyMKH areHra,
sKa BU3HAYAETHCS BHUIIPABJAHICTIO HOro CymKeHb 1/abo
eexTuBHICTIO roro JSUTBHOCTI. Penyraris
BUIIPaBJOBYETHCS 1, SIK IPABUIIO, 3POCTAE, SIKIIO BHOIP
areHra (HOro Cy/pKeHHs, Ail 1 T.I1.) 30iraeThbCst 3 TUM, YOT0
BiJI HBOTO OYIKYIOTH iHIII /200 3 THM, IO IHIII 3TrOOM
BBAXXAIOTh HOPMOIO.

Penyrariss Mo)xxe 1 3HIKYBATUCS, HAIPUKIAJ, IIPU
TMOpYILIEHHI CY0'€KTOM NPUHHATHX B CHIBTOBAPUCTBI HOPM
TOBE/IIHKY, TIPU MPUUAHATTI Hee(hEeKTUBHUX pIllleHb 1 T.a.
Tpeba 3a3HauuTH, WI0 pemyTaiis Moke OyTH SIK
IH/IMBIyaJIbHOIO, TAK 1 KOJIEKTHBHOIO.

OmiHka TOKAa3HWKY pernyTalii 1HAUBIAYyaAIbHOrO

KOpHCTYBada  3aCHOBaHA HA  HACTYyIHHX  TPbOX
KOMITOHEHTAX:
—oco0ucTi  atpuOyTH, BKIIOUYaOud  mpodecito,

PiBEHBb OCBITH, acOLiOBaHI Tpyny, BUOpaHe, iHTepecH abo
TIOJTITHYHY CXWIBHICTD, COIaIbHY 1e€HTUYHICTh;

—0co0HCTI 3aX0AM, WO TPEACTABILIOTH SIKICTh Ta
KUTBKICTB B3a€MOIIH 3 iHIMMHE APY3sIMHU depe3 MyOumikariii,
JIAWKH, TBITH, CTBOPEHHS 1HTEPECIB TPYIIH;

— XapaKTepUCTUKH, TIOB'S3aHI 3 ocobaMH APY3iB i3
3a3HAYCHHSAM KUTBKOCTI B3a€EMOJIN 3 APY3SIMH Ta piBHEM
perryTarii apys3iB.

[epmmii KOMITOHEHT HA3WBAETHCS 1HIVBIAYyaTbHIMHI
aTpuOyTaMu, a iHII JBa KOMIIOHEHTH — PeILIIIiHHIMEI
arpuOyramu. YnM BUINE pemyTamisi areHTa, THM OLTbIe
HOro MOXIIMBOCTI TIO BIUIMBY Ha IJICYMKOBY IYMKY
areHTiB B comianbHiil Mepexi. [IoHATTS perryTarii TiCHO
TIOB’s13aHe 3 TIOHATTSAM JOBipH. JloBipa — 1€ comiaibHO-
TICHXOJIOTIYHUN CTaH, IO XapaKTePU3YETHCS YIIEBHEHICTIO
OuteIoi a0 3HAYHOI YACTWHM AareHTiB B CYMJIIHHOCTI,
IIMPOCTI JTiAEPIB CHIJIBHOT, MPaBUIIBHOCTI iX M.

JAnst moBipy XapaKTepHi HACTYITHI BIACTHBOCTI:

- Cy0’eKTHBHA: OCKUTBKH KO)KHA JTFOJMHA Ma€ CBOIO

JYMKY, 3aCHOBaHy Ha BJIACHOMY CYO'€KTWBHOMY ITOTJISI,
Pi3HI OKpeMi 0cOOM MOXKYTh MaTH Pi3HI HOIVISIAN Ha OHY i
Ty % CHUTYaIIiI0;

— AcuMeTpuyHa: JUIsl JIBOX CYyO'€KTiB, MOB'S3aHHX

JPY)KHIMH  BIIHOCHHaMH, JoBipa He OOOB'SI3KOBO
PpiBHOHarpagJeHa.
—Henepexigna:  goBipa HEe €  TIOBHICTIO

TPAaH3UTHBHOIO a00 TOK, 10 MOXHA MepemaT. Xoda
JIOBipa y CITJIKYBaHHI B Mepexi paHilie Oyla rnepexisHoro
3a JIOMOMOrO0 [HTEepHETY, 1ie BKe He € aKTYaJIbHUM JUIs
COLIAJIBHUX Mepexax, Je Cy0'€KT € JIFOIMHOIO 1 MOYKE MaTH
pi3He Cy0'eKTHBHE CHPHIHATTS UM Mi3HaHHS NpH 00poOLI
iHdopmarii.

— JluHaMivyHa: JOBipa 3aHemaza€ 3 dYacoM 0e3
MOCTIMHMX B3aeMOIiii a00 3MiH 3a JOIOMOIOK 3MIiHU
KOHTEKCTY. Y COIJalbHUX Mepekax KOJIMBAaHHS SIKOCTI i
KUIBKICTh ~ B32€EMOJII  TEPEIIKOKAIOTh  Oe3IepepBHiii
EBOJTOLLIT IOBIpH.

— KoHrekcTHO-3a51e)KHa: J0Bipa 4acTo 3aJIeKUTh Bijl
KoHTeKcTy. Hampuiman, xoda BH MOKETe JIOBIPUTHCH
MeXaHiKy (B KOHTEKCTI KpIIUICHHS aBTOMOOUIs), BU O He
JIOBIpWJIM IOMY 3pOOMTH OIepallilo Ha BaiioMmy cepii (B
KOHTEKCTI MeIM4HOI 1pobiemu). OfUH 3arainbHUid mixija
JI0 PO3IIIALY KOHTEKCTY Tependayae CTBOPEHHS OKPEMOTo
PEHTHHTY IOBIpH TSl KOPKHOTO MOKIIBOTO KOHTEKCTY.

HocmipkenHs mMofeneid iHpopMaliiiHoro BIUIMBY 1
peryraimii  areHTiB,  30KpeMa, Ja€  MOXIIHMBICTh
JIOCIIDKYBATH 3aJISKHICTh TIOBEAIHKM CyO'€KTa BiJ #Oro
iHopMOBaHOCTI Ta, OTXKe, BiJ iHQOPMAIIWHNX BILIUBIB.
Matoun Mmozens pemyramii  Ta/abo  iH(popMmarliiiiHoro
BIUIMBY, MO)XHA CTaBUTH 1 BHUpINIYBaTH 3aBJaHHs
iHQOpPMAIIHHOr0 ~ yHpaBIiHHA: SKAMH MalOTh OyTH
iHpopMariiHi BIUIMBH (3 TOYKH 30py KEPYIOUOTo
cyO'ekta), mo0 moOuTHCA HEOOXimHOI TOBEMIHKH Bif
KepoBaHOro cyO'ekTy. I, HaperuTi, BMifoum BHpIIIyBaTH

3aBHaHHA  IH(QOpPMAIHHOTO  YIpaBIiHHSA,  MOXHA
MOJICITIOBATH iH(pOpMaITiifHe TPOTHOOPCTBO — B3AEMOIIIIO
JNEKUTbKOX  CyO'€KTiB, IO BOJOAIIOTH HE3O0LKHUMU

IHTEpecaMH 1 3iHCHIOIOTH iH(OpMAIIiliHI BIUIMBH HA OIWMH
1 TOH e KepoBaHHUH Cy0'€KT.

Cnuncok niteparypm

[1] J. Cho, A. Swami, and I. Chen, “A survey of trust
management in mobile ad hoc networks”, IEEE
Communications Surveys and Tutorials, vol. 13(4), 2016.

[2] T. Hossmann, F. Legendre, G. Nomikos, and T. Spyropoulos,
“Stumbl: Using facebook to collect rich datasets for
opportunistic networking research”, In Proceedings of IEEE
International Symposium on a World of Wireless, Mobile and
Multimedia Networks(WOWMOM), p. 1 -6, 2011.
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KBAHTOBI ATAKU HA LUIM®POBI NIANMUCU BITCOIN

[udposi mignucu B Bitcoin BUKOHYIOTBCS Ha
ocHoBi anropurmy Elliptic Curve Digital Signature
Algorithm (ECDSA) 3 BUKOpUCTaHHSM  KpHBOi
secp256k1. 3axuIeHicTh 1i€l CUCTEMH IPYHTYETHCS Ha
CKJIaJIHOCTI MPOOJIEMH TUCKPETHOT'O JIorapu(MyBaHHS y
rpyni  Towok emintuyHoi kpuBoi (ECDLP). Ils
mpoOJieMa BBaKAEThCS KIACHYHO CKiajgHoro. Jlis
BupimeHHs uiei npobmemu Illopom OyB HanaHwmii
eQeKTUBHUI KBaHTOBMI aJIrOpUTM [1]. 3
BUKOPUCTaHHSAM  I[bOTO  aNrOPUTMY  KBaHTOBHii
KOMITIOTEP 3MOKE€ C(PEKTUBHO OOYMCIIUTH IPUBATHHIA
KJIF0Y KOpHCTYyBaya, 3HaI04M BinkpuTHid Kimtou (Bitcoin-
aJipecy KOpHCTyBaua), 110 poOUTh cxeMy Lu(ppoBoro
nianucy abCoNMOTHO HE3aXHIIEHOIO.

OCHOBHUMH Bpa3UBOCTSIMH, SIKI MOXYTb OyTH
BUKOPUCTaHI IpU peanizamii aTaku Ha MANNCH B
Mmepexi Bitcoin, €:

1. IloBTOopHE BUKOpHCTaHHS aapecu. [ms Toro,
o6 BuTparuTH Bitcoin 3 Oynb-sKoi agpecu, HEOOXiAHO
JI3HATUCS BIJKPUTHH KJIIOY, IO TOB’SI3aHUN 3 LI€IO
agpecoto. Ilpu 3HaHHI BIOKPUTOrO KIOYA 1 TpH
HasIBHOCTI KBAaHTOBOI'O KOMIT'IOTEPA, BUKOPUCTAHHS Ti€i
K aJpecu BXKe He € OE3NeYHUM 1 TOMY Lisl aJjpeca HIKOIH
Oinbllle HE TOBMHHA BUKOPHCTOBYBaTHCS. Xoua
BUKOPUCTaHHSI HOBOI aJpecH — BX€ € KJIACHYHOIO
MPaKTHKOI0 B Mepexi Bitcoin, ane Ha npakTuii wiel
BUMOTH HE 3aBXIW IOTPUMYIOThCs. Bynb-ska anmpeca,
sIka Ma€ MeBHY KUIbKicTh Bitcoin, i o0 sikoi BijoMuit
BIJIKPUTHH KITI04, € 20COIIOTHO HEOE3IIEYHOIO.

2. OOpobneni Tpan3akmii. SIKmo TpaH3aKmis
poOUTBCS 3a aJIpecoro, 3 SIKOT paHillie He BUTPAYyBaJIUCS
Bitcoin, i 15 TpaH3aKiis pO3MIIIyEThCS y OJIOKYEHHI 3
KiIbKOMa OJIOKaMH, IO CHiIYOTh 33 HEW, TO 1A
TPaH3aKIisl € JOCTaTHHO 3aXWIICHOI0 BiJ] KBAHTOBUX
aTax.

3. HeompanpoBani tpanzakmii. Ilicms Tparcmsmii
TpaH3aKIii B MEpexy, ajie A0 TOoro, K BOHa Oyne
po3mimeHa y OJOK4eiHi, iCHye 3arpo3a KBaHTOBOL
aTaky. SIKII0 CeKpeTHUH KIIF04 MOXKe OyTH OTpUMaHHH 3
BIIKPUTOrO KIIOYa 3a TPAH3aKII€I0, PO3MIIICHOIO B
ONOKYEiHI, TO 3JOBMHUCHHK MOXE€ BHKOPHCTOBYBATH
el CeKpPeTHWH KoY ISl TPAHCISMIi HOBOI TpaH3aKIii
3 Ti€l X aIpecHm Ha CBOK BIACHY ajpecy. Ko
3JI0BMHUCHHUKY BIACThCSl POSMICTHTH BIIACHY HaB’si3aHy
TpaH3aKIil0 y ONOKYEHHI IepIIo 3a TPIOPUTETOM,
TOIi BiH 3MOXe e(eKTHBHO BHKpAacTH Bech Bitcoin 3a
BHXI1/THOIO aJ[peCcOIo.

B pesymerari aHamizy MOXHa 3pOOUTH BHCHOBOK,
o0  araka, sKa BHKOPHCTOBYE  HeEOMNpalbOBaHi
TpaH3akiii € HailimoBipHimow. [lis BU3HAYECHHA
WMOBIpHOCTI Ii€i aTaku HEOOXiTHO TOYHO OILIHUTH Yac
BupimenHas 3aga4i ECDLP kBaHTOBUM KOMIT'IOTEpOM, i

gy Oyme Iei 9ac OJIM3BKMM JI0 9acOBOTO 1HTEPBATY
reHepariii OJIOKiB.

Jlist . GITHOrO MPOCTOTO MOJIS, BUKOPHUCTOBYIOUH
ONTUMI30BaHUN AJITOPUTM, KBAHTOBHU KOMITIOTEP
Moxke BupimmtH 3amady ECDLP 3a pomomororo

9n+2 [Iogz (n)} e+10 JOriyHMX  KyOITIB  Ta
(448log, (n)+4090)n? sopir Todoni [2]. Bitcoin

BHUKOPUCTOBYe N=256 OiTOBI MigMKCH, MO0 B KiTBKOCTI

sopitr  Todomi  nmopiBmroe  1,28x10™, a mpwm
posnapanemoBanti gopisHioe 1,16x10M,
[lpn  MaiiHiHry  OJOKIB  JOMIHYIOUMH  4ac

CIIOKMBACTHLCA UCTHIALICIO MAaridHuX CTaHiB IS
goriuaux T Bopit. Yac Bupimenns ECDLP na
KBaHTOBOMY IPOIIECOpi:

r=1,28x10"x¢, (pg)/s,

J€ 4YaC HaKJIaJHUX BUTpAT CT 3aJICXKHUTh JIMIIC Bi}l

MIBUAKOCTI TIOMMJIKH BOPIT, @ S — TaKTOBA IIBHUJKICTb.
Kinbkicte  HeoOXimHux  (i3MYHUX  KyOITiB
JIOPiBHIOE:
= X
ng =2334xcy (Pg ),

Jie Tepinii Koe(illieHT — KiIbKICTh JIOTIYHUX KYOITIB,
BKJIFOUat04H 4 Joriudi KyOiTH aciiana, a €, — HpOCTip
i

HOJISL.

I3 BEKOpHCTaHHAM Tak 3BaHoro ‘‘surface code” si
HIBU/IKICTIO TIOMIJTKH ¢izuuHOrO 3aTBOpa
Pg = 5x10°% , KoedilieHTaMu c, =219,7 Ta

Cnij =735,3, wac ans BupimenHs 3amaui ECDLP Ha

TakToBii "yactori 66 MI'm Oyme cranoBut: 6,5 mib, i3
BukopucTaHHsaM 1,7x10° ¢isuunmx  ky6iris. s
takToBoi uwacrord 10 I'Tu ta uwactord momuiok 1072
migmuc  Oyme  3mamanuM  3a 30 XBWimH i3
BuKopucTaHHsIM 485550 kybOitiB [3]. BpaxoByroun mi
JaHi MO)XKHAa 3pOOWTH BHCHOBOK, IO araka 3
BHUKOPHUCTAHHSIM HEOIIPAIbOBAHUX TPAH3AKINH € I[IIKOM
MOXKJIMBOIO, IIIO0 pOOUTH cucTeMy Bitcoin Hebe3meqHoro.

Cnucok nitepatypm

[1] P.W. Shor, “Polynomial-Time Algorithms for Prime
Factorization and Discrete Logarithms on a Quantum
Computer”, SIAM Review, vol. 41, no. 2, p. 303-332,
1999.

[2] M. Roetteler, “Quantum resource estimates for computing
elliptic curve discrete logarithms”. [Online]. Available:
arXiv:1706.06752. Accessed on: May 19, 2017.

[3] D. Aggarwal, “Quantum attacks on Bitcoin, and how to
protect  against  them”. [Online]. Available:
arXiv:1710.10377. Accessed on: May 19, 2017.
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OLIHKA 3ABAJOCTIMKOCTI PIBHOBAXHUX KOAIB

3aco0u O0YMCITIOBAILHOI TEXHIKM 3HAXOISTh BCE
OLITbIIIE 32CTOCYBAaHHS B Pi3HMX rajTy3sX IPOMHCIIOBOCTI Ta
rocrioziapcrBa. PiBeHb CKIIAJHOCTI 1 3HAYYIIOCTI 3aBaHb,
TIOKJIaJICHNX Ha eJIEKTPOHHI Ta OOYMCITIOBAJIBHI MPUCTPOL
Ta CUCTEMH, B s/l BUIAJKIB BKpail BUCOKHMH. Hacrminku B
pe3yabTaTi BiAMOB TEXHIUYHMX 3acoOIB uepe3 BILUIUB
HIepelIKo/l MOXYTh CTaHOBHTH CYTTEBI MaTepiaibHi
BTpaTH, HECTH 3arpo3y Oesmell Ta UTTI KOPUCTYyBaya.
JlocmimKeHHsT TUTaHb CTIMKOCTI 3aC00IB 00U CITIOBAIBHOL
TEXHIKH JI0 3aBa]] € HEOOXIITHUM Ta aKTyaJbHHM acCleKTOM
PO3BHUTKY CY4aCHOI TEXHIKH.

PoGora cmpsiMoBaHa Ha TIPOBENECHHS  OIHKH
e(heKTUBHOCTI pIBHOBaXXHHMX KOJIB JUIsl 3aXUCTY JIBIHKOBO-
JIecATKOBOI 4mcioBoi iHdopmamii Bix 3aBan. Bowa
JIO3BOJIUTH TEpeBIpUTH e(EeKTHUBHICTH POOOTH CHUCTEMH
Triepesiayi YUCIIOBUX, JIAHUX MPEICTaBIeHoi y crarTi [1].

PiBHOBaxkHMII KO — 1I€ JBIMKOBHH KON B SKOMY
KoMOiHarlii MictaTh K omumme i N-K HyiB, g€ n T0BXKHHA
kojy. OCOONHBICTIO PIBHOBR)XHUX KOJIB € MOXIIMBICTD
HIBUAKO Ta ©(EKTHBHO 3HAXOMWTH IOMMIIKM IIijI dYac
00poOKku  iHpopmarii. OCKUIbKM PIBHOBOKHHHA KO
CKJIAIA€THCA 3 IBIAKOBHMX YHUCEN, SIKI MICTATh K OMMHHLE 1
N-k HymB MOXKHA JIETKO 3HaliTH TIOMWJKY B THpolieci
neperadl gaHuxX. O3HAKOW IIOMWIKH € TIEPEBHILCHHS
gucna N-K Hymie abo K omummie. Tak, Hanpukiag B poooTi
[1] BUKOpHCTOBYETHCS 3aBaJOCTIHKHI KOJI B OCHOBY SIKOTO
TOKJIaJICHI PIBHOB&XKHI KOJAHW, SKi CKIANAIOTECS 3 2
ofuHMIb Ta 3 HymiB. BoHu nomomararors 3aimupyBartH
IBitiKoBO-mecsTkoBi mrdpu Bix 0 10 9. Tyt Mu Maemo K =
2,n =5 nns koXHOI KOZI0BOi koMmOiHaril. Hanpuknan, s
mippu 0 Oyma B3sita piBHOBakHa KombOiHarts 00011.
Omke AKIIO KiTBKICTH OAMHWI B KOMOIHAIii Oyze
TIepEBHUIYBaTH 2 — 11 Oyze 03HAKOIO 1 TOMIUITKH.

Jns OomiHKM 3aBaJIOCTIMKOCTI PIBHOBRKHHUX KOJIB
Oynu BUKopucTani (OpPMYIH IMOBIPHOCTEH IEPEXOIiB
KOJIOBMX KOMOiHarti [2].

1 IpaBUIIBHOTO IEPEXOY:

H=iﬂpf ,

ne P, — imMOBipHiCTh reHepyBaHHs pkepesioM iHpopmarti i
KOZOBOI KOMOIHAIIIT;

pii — IMOBIPHICTb PABHIIBHOTO MEPEXOY | KOMOBOI
KOMOiHaIii B i-y.

IMOBIpHICT  TTOMHJIKOBHX
KOMOIHAIIIH, SKi HE BUSABIISIOTHCS:

MEPEXOMiB  KOJIOBUX

U:ipipiH ,

M
ne Z = z P; pi0 — iIMOBIpPHICTh TIOMHITKOBOTO MEPEXOy i-
i=1
1 koMOiHaIil B Kigac KOMOIHALH, SIKI HE BHABJISIOTHCS,
BU3HAYAETHCH 32 (POPMYIIOFO:

M
H H
P = 2 Pij.
j=1j=
Je pn — IMOBIpHICTP TIOMWJIKOBOrO Iiepexony i-i

KOMOIHAIII1, 110 MePeNaeThesl, B j-y T03BOJICHY.
IMOBIpHICTh TTOMHJIKOBUX TIEPEXOB SIKI MOXHA
BUSIBUTH:

M
_ 0
Z= zpl pi ’
i=1
ne pi0 — IMOBIpHICTHP MOMHJIKOBOTO Mepexomy i-1

KOMOIHaIIil, 10 NepenaeTbCs, B Kiac KOMOIHAI{H, sKi
MO)KHA BUSIBUTH. [T MOYKHA BU3HAUHTH 32 (POPMYIIOH0:
N
o _ 0
pe= 2 Py

j=M+1

0 . .. P
e pi’ j — IMOBIHICTH TOMHMIKOBOrO TIepexofty Juis 1-1

KOZOBOI KOMOIHAII.

OCHOBHHMH 3a4a49aMH JOCIIDKEHH €

1) Anani3 meromy 3axucty iHdopMarii Bix 3aBaj 3a
JIOTIOMOTOFO PIBHOBAYKHHX KOJIiB.

2) IloOymoBa mporpaMHOI MOZIENi JOCIiHKYBaHOTO
METOLy.

3) OmiHka epeKTHBHOCTI METOY.

OtpumaHi pe3ylnbTaTH 1 peKOMEHHAIi HOCATH
VHIBepcallbHAN XapakTep i MOXYyTh OyTH 3acTOCOBaHI 1
BUKOPHUCTAaHI U1 PI3HUX CHCTEM 3BS3KY 1 TEXHIUYHHX
TIPUCTPOIB MiIPUEMCTB 1 YCTAHOB.

Cnuncok niteparypm

[1] O. A. Bopucenxo, O. B. bepexna, A. 1. Hosropomues, B. B.
Cepmox, Ta M. M. SkosneB, “Cucrema mnepemadi Ta
BioOpakeHHs1 iH(pOpMAIIii i3 3aXHUCTOM YUCIOBHX JAaHHX
Cucremu 06po0Oku iHdopMarii, Bum. 2, ¢. 103 — 108, 2019.

[2] A. A. Bopucenxo, O. B. bepexxnast, u 1. A. Kynuk, “Onenka
MOMEXOYCTOHYMBOCTH ~CHCTEMBI Iepefiadd JaHHBIX Ha
OCHOBE  DPAaBHOBECHBIX KkomoB”, Bicamk  Cymcpkoro
JeprkaBHOro yHiBepeurety, Nel(12), ¢. 79 — 82, 1999.
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YPAXYBAHHA OCOBNIMBOCTEW 3AINCHEHHA NOMUITOK KOPUCTYBAYEM
NMPU KOHTPOJI KIABIATYPHOI'O NMOYEPKY B CUCTEMAX AUCTAHLUIMHOIO
HABYAHHA

Slxk  Oyno  BCTaHOBIEHO y  MONEpeqHiX
JOCIIDKeHHsIX (quB. Harp. [1]), KOHTPOIb 0COOHCTOCTI
KOPUCTYBa4a CUCTEMH JUCTaHIliliHOro HaBuaHHs ([IH) €
BaXXJIUBOIO CKJIQJIOBOI0O BCHOTO KOMIUIEKCY 3acoliB
3axucty iHdopmauii y Hiil. JlocTymHMM pillIEHHAM Yy
rany3i 3BefeHHs cucteM KoHTpoiro gocrymy (CKJI) e
BHUKOPHCTaHHS OlOMETPUYHUX MOBEIIHKOBUX METOJIB,
TaKuX SK KOHTPOJIb KJaBiaTypHOro nouepky. Po3poOii
BIJIMOBITHUX 3aCO0IB MPHCBSYCHO YUMAJIO JTOCIIKCHB,
y SKMX HaW4acTillle MpPOIOHYEThCS OIHIOBATH dYac
HaOOpy OlNBII-MEHII TOIIMPEeHHX OirpaM, a TpPOXH
piamie — yac yTpUMaHHS 4acTo BXKMBaHHX (200 ycix)
mitep andasity. B Tol ke yac iCHYIOTH 1 iHII, OUTBII

BUTOHYEHI  IOKa3HMKW, IO  TaKOX  MOXYTb
BUKOPHCTOBYBATHCS VIS KJIaBiaTypHOI aBTeHTH(iKkamii.
[IpononyeThes y SIKOCTI J0JAaTKOBOL

XapaKTePUCTUKH, 110, SK CBIAYaTh PE3YJbTaTH AAHOTO
JIOCITIJDKEHHSI, TMOKpalllye IOKa3HUKU SKOCTI KiHIIEBOI
CK/I, BukopucTatd OCOOJMBOCTI 31HCHEHHS TOMHIOK
KOpHCTyBaueM NpHu Habopi TekcTy Ha kiapiatypi [IK. A
caMe, 3a OCHOBHMH IIOKa3HMK TYT MOXKHA B3STH
IHTEHCUBHICTh 3IIHCHEHHsS JAPYKApChbKHX TMOMHIJIOK,
T00TO HeBipHOro Habopy. Tak, 3arajgbHOBIOMO, MIO
OyIb-SKHi OIepaTop TEXHIYHOrO MPUCTPO (B T.4. i
3BUYalHMN Tepeciunuii kopuctyBau I1K) B mpoueci
poboTH MoOXe pOOMTH TOMHJIKH, M0, 30KpeMa,
3aJIeKUTh BiJ Horo crymens BononiHusa [IK B minomy.
Brim, iHOmI oM, IO Jy)X€ MOBUIBHO HAOUparoTh
TEKCT, pOOJISAThH 1€ 3aHAJTO PETENbHO, 1 MPAKTUYHO HE
BHOCATh IMOMWIOK, IpaBaa, HaOMpalO4d IPH LBOMY
BCBOT'O JIMIIIE KiJIbKa OYKB 3a XBHIJIMHY. Alle 1 B LIbOMY
BUIIAIKy 1HTCHCHBHICTh BHHHKHEHHS IOMMIOK MOXKHA
BUKOPHUCTOBYBATH SIK €JIEMEHT aBTeHTU(IKalii, aie
BOXJIMBO, IIOOM IIeH IOKa3HHUK KOHTPOJIIOBABCS B
KOMIUIEKC] 3 paHille 3raJaHuMU, i TOAI BIH MOXE JaTH
JOCUTH KOPHCHI pe3yIbTaTh y BCiii METOIHIII OIiHKH.

[Ipu xomMm'toTepHOMY HAOOpPi KUTBKICTH ITOMHIOK
MO)KHa OLIIHIOBATH 3a JIBOMa HalPsIMKaMH:

— TIOMIJIKH, SKi BUHUKIN B TIporieci Habopy, ane
OyIv IOMiYeHi 1 BUTIPaBIICHi;

— TIOMIJIKH, SIKi BUHUKJIW B TIporieci Habopy i He
Oymn momideHi abo Oymm TOMideHi, aie 3 SKOich
TIPUYNHN He OYyJIM BUIIPABIICHI.

IMomunkn  Apyroro  TUIy  KOHTpPOJIOBATH
aBTOMAaTHUYHO JOCHThH CKJIIaJHO 3 AJTOPHTMIYHOI TOYKH
30py, TOMYy y MOJAJBLIOMY OyIeMO TOBOPHUTH TUIBKH
PO MOMMJIKH MEPIIOro TUITY: TaKi, IO BUIPABISIOTHCS
Bipa3dy JK MmiJg dYac HabOpy TEKCTy KOPHCTYyBadeM.
BumpaBiaTH MOMWIKH MOXHA IO-pI3HOMY, OJHAaK
HAUOMIMPEHIINM TIPU TTOCIIIOBHOMY Ha0Opi TEKCTY €

HaTHCKaHHs KiaBinn BackSpace kinmbka pasiB, mio0
CTepPTH OCTaHHI, HA0paHi HEBIPHO, CUMBOJIH 1 ICTATUCS
g0 nommwikk (kHomka Delete 3a3Buuaii posraroBaHa
TPOXM MEHII 3pPYy4HO, 1 caM MNpuHUMO 1i Aii MeHiIe
OiAXOMUTh i1 HAOOpy  TEKCTY: il kpame
BUKOPUCTOBYBATH TPU PEIaryBaHHI paHillle BBEICHUX
BiJIOMOCTEH).

OTXe, KUIBKICTh BHITPABIICHUX ITOMUJIOK MOXE
OyTH OIliHCHA MO HATHCHEHHSAM Ha KHOMKY Backspace.
B npomy BUNaaky moTpiOHO BpaxoBYBAaTH TiJIbKU OJIHE 3
JICKIIBKOX IMOCTIiJIb HATUCKAHb KHOIIKY TTOBEPHEHHS, 1110
BUIUIMBA€E 3 TakuX MipKyBaHb. CepenHiii KOpPHCTyBau
HaOMpae TEKCT HE MO OJHOMY CHMBOIY, a TPYIaMH.
SIkmo B rpymi CUMBONIB € Xoua O OfHA TOMUIIKA,

KOpHCTyBau 3Haiae ii He Bigpa3y, a TUIBKH Micis
HaOopy BCi€i rpymu, KOJIW MOAWBUTHCS Ha ekpaH. Sk
BXKE 3a3Hayaiocs  paHille, 3a3BHYail  MOMMIIKA

BUIIPABIISIETHCS BiJIpa3y, LUISIXOM HATHCKAHHS KijbKa
pasiB kiasimn Backspace anst Toro, mo0 mnoBepHyTHCS
JI0 CUMBOITY, SIKUi1 MICTUTh MOMUIIKY. TakuMm 4uHOM, BCi
i YMCIEHH] HATUCKAHHS BUKIMKAHI OJHICI0 IIOMHIIKOIO,
i ToMy yci HaTuckaHHs Backspace, 1o inyTh mocmiib,
MMOBHHHI aCOIIIOBATHCS 3 OfHie0 momunkoro. 1le omuu
BapiaHT BUIIPABIICHHS TIOMUJIKH — CTPIJIKaMu "BIIiBO" —
"BmpaBo"  Ha  KIaBiaTypi  BCTAHOBUTH  KypCOp
Oe3mocepeIHbO CIpaBa BiJl HEMPABUIHHOIO CUMBOINY 1
HatucHytd Backspace omuu pa3. Ilpu upomy omHiii
BUIIPABJICHIH MOMIJIII BIJTOBIIAE OJHE HATHCKAHHS
KHOITKH ITOBEPHEHHSI.

Omxe, 0Oe3 CyTTEBOI BTpPATH TOYHOCTI MOXKHA
BBaKaTH, 10 OJHIA IMOMMWII, JONYIIEHIH TpH
KOMITFOTEpHOMY Ha0Opi TeKCTy, BignoBigae Big | mo M
MOCIiJIb HATHCKaHb Ha KHONKY Backspace. AGcomoTHe
YHUCIIO TOMIIOK £ JITMMO Ha 3arabHe YUCII0 HaOpaHUX
cumBoniB All, mo6 mepeiith 10 BiZHOCHOrO YHCIA
TTOMUIIOK, SIKE 1 MOYKHA TTOPiBHIOBATH 3 €TAJIOHOM:

R=—L.
All

JonaBaHHd LBOro MOKa3HMKA OO0 TPUBAJIOCTEU
Habopy OKpeMHX OirpaM Ta YTPUMaHHI OKPEMHUX
KJIABIII TTOKA3alI0 TOKpamieHHs Tpaguminanx s CKJ]
noka3HukiB FAR ta FRR Ha Bemmuuny no 7%.

Cnucok nitepatypum

[1] O. O. Mouano, O. O. Taiima, €. C. JlenkoB, Ta
JI. O. Psa6a, "KommiekcHe 3a0e3neueHHs] O€3MeKH CUCTEM
JUCTaHMiWHOI  ocBith", 30ipHHK HAYKOBHX IIpallb
BiiicekoBoro incturyry KHY im. Tapaca IlleBuenka, Ne 7,
c. 128 — 131, 2007.
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MOZAEJIb BSAEMO3AJIEXXHOCTI MDX HYTNUBICTHO TA TOYHICTHO KOHTPOIJIHO
NMAPAMETPIB PAOIOEJIEKTPOHHOIO OBJIAOHAHHA NITAJIbHUX ATMNAPATIB

IIpouec KOHTPOJIIO TEXHIYHOTO CTaHy
panioenexkTponHoro obmaananns (PEO)  mitanbHHX
amapatiB (JIA) momsrae y nii Ha BXiJ IX CKJIaJOBHX
OJIOKIB BiJOMHM BHMipIOBaJIbHUM (TECTOBUM) CHT'HAJIOM
u(t), SKUH  (OpMYETBCSI TEHEPaTopoM TECTOBHX

cUrHamiB 1 Mae neBHi xapakrtepuctuku [1]. Ilig
BIUIMBOM BXIiJTHOTO BHMMipIOBaJIbHOTO CHTHAITY u(t) Ha

BUXOJl 3pa3ka, M0 KOHTPOJIOETHCS, YTBOPIOETHCS
BUXIJIHUM CHTHajJ (CHIHAI-BIATYK) y(t), abo peaxiris
neBHOI ()OPMHU 3aJEKHO Bij GOpMH BXiJHOTO CHI'HATY
Ta TapaMmeTpiB KOHTPONIIO. BXimHuii u(t) 1 BUXIIHUH
CHTHAJIH y(t) NO/IAIOTHCSL B aHAJII3aTOp, 32 JIONOMOTOF0

SAKOTO BH3HAYaloThcs mapameTpu koHTpoimro PEO ( i

j=1n, ne n— KUIbKICTh MapaMmeTpiB KOHTpPOJ, abo
i=lm, m -
arocTepiopHa  KUIBKICTh ~ MapamerTpiB  KOHTPOIIIO,
3HAUYCHHS SKUX JO3BOJIAIOTH BUSHAUYNTH TEXHIYHUH CTaH
CHUCTEMH, 110 KOHTPOMIO€eThC [ 1].

Posrsinyro (izuyHy NpUYMHY NPOTHPIYYS MiX
3a0e3MeUYeHHsIM MaKCHMaJIbHOI YYTIMBOCTI KOHTPOIIO
Ta HEOOXIJIHOK TOYHICTIO BH3HAYEHHS MapaMeTpiB Ha

npukiani, ko napamerpu PEO @ oproHopmoBaHi,

alloCTepiopHi  MapaMeTpu  Zj,

n

napameTpu Zj = » o] CHiBMajaioTh 3 HUMH, TOOTO
=

MaTPHILL 3 €IEMEHTAMH Y3TOJDKEHHS OLjj — OJMHHHHA.

VYV 1pOMYy BHUNAAKy YYTIHBICTE KOHTpOMIO S
JOPIBHIOE CyMi iaTOHAJBHUX EJIIEMEHTIB KOpPEeIALiHHO

- n . ~
MaTpHIl Ry S = z (RY)ij’ €IIEMEHTH MAaTpPHII Ry
ij=1

-
JOPiBHIOIOTB: (Ry)”. :jai(t)aj(t)dtJrG.gzéij, ze ai(t)’
0

_OAy .
- il
MIEePEIIKOAa, sIKa MPUCYTHS PU BUMIpIOBaHHI i-TO 1 j-TO
mapaMmeTpiB, i ii cepeIHbOKBAJpaTHYHE BiIXUICHHS
BiamoBiaHO [2].

[Ipu 3HauHOMY Haci KOHTpomio T mepmuii dieH

Koe(ili€HTH NepETBOPEHHS, a j(t, {u }) Sijs Gaz -

- T
Oimpmie apyroro i (Ry)ij ~ Jai(t)a j(t)dt. IMTosnaunmo
0

BIIACHI 3HAYEHHS MaTpPHIl Ry yepes A i J=1,_n Toni

n
BEJIMYMHA YYTJIIMBOCTI OyJle JOpiBHIOBATH: S’:Zk i

=1
TouHicTh BH3HAYEHHs MapaMeTpiB € IPONOpIiiHA B
JAHOMY BHUIAQJKY CyMi JiarOHaJIGHUX CJIEMCHTIB

n

MaTpHITi I?Qy_l, TOOTO €= cgzz% .

R

Hexaii MakcMMaJlbHa YyTJIUBICTh AOCSTAETHCS MPH

TaKOMY CHIBBIJIHOIIEHHI MK BJIACHUMHU 3HA4YCHHSIMU

?‘j , KOJIM YacTWHA X JyXe Maja, B TOW Yac SK IHIII
n

3HAYHI, TAK IO CymMa Y A j MaxcumambHa. Toni
=1

noxuOKa € CTaHe Jay)Ke 3HAYHOI, a YyTIMBICTh S —

HEe3Ha4YHO. SIKINO, HANpUKIaT, A j —0, 10 8>, a

S—> —o. Taka curyauis Oylne BUHHMKATH TOIi, KOJH

T
JACTEpPMiHaHT MaTpuLli Ajj = Iai(t)a j(t)dt nopiBHIOE 260
0

nparte 10 HyJs, Tak SK IPH LbOMY JOOYTOK BIACHUX
n

3HAYEHDb Hk j Oynme ONM3BKUM /0 HyNs, a Jeski 3
=L

BJIACHUX 3Ha4eHb OyAyTh NIPArHyTH HYIIO.

BucnoBok.  OntumanbHuii 32 YYTJIMBICTIO
BUMIPIOBAILHUN ~CHTHAN TPHU3BOAUTH 10  PI3KOrO
3HKEHHST TOYHOCTI BUMIPIOBAHHS MapaMeTpiB IpH
korTpomi PEO JIA. Takuii BUmagok Mae Micie, KOJH
Yac KOHTPONIO 3HAYHO IIepeBaka€ Yac IepexiJHOro
npomecy. Jis OTpUMAaHHSA JOCTAaTHBOI TOYHOCTI IIPH
OTHOYACHOMY 3a0e3ledeHHI BHUCOKOi  UyTJIMBOCTI
HEOOXiTHO B MJAaHOMY BHIIAJKy BHKOPHCTOBYBATH
CHUTHAJI, SIKUM CKIIAJIA€THCS 3 TAPMOHINHMX CKJIaIOBHX,

KUTBKICTh  SIKMX JOPIBHIOE TIONOBHHI TapaMmeTpiB
koHTpOo Ooky PEO JIA.

Cnucok nitepatypm
[1] B. H. YunkoB, u C.B.T'epacumoB, “KoMruiekcHast

METO/IMKa ONTHMM3ALMU KOHTPOJIMPYEMBIX IapamMeTpoB
CIIOKHBIX  TEXHHYECKHX  OOBEKTOB”,  YKpamHCKHA
MeTponoruieckuit xxypHai, Ne 1, c. 11 — 15, 2003.

[2] B. M. Yunkos, ta C. B. I'epacumos, “Bapiauiiiauii MeTos
i METOAMKH CHHTE3y ONTHMAIBFHOTO BHUMIPIOBAIBHOTO
CHTHAIy ISl KOHTPOMIO TexHiuHoro crany CAY,
VkpaiHcbkuit MeTponoriynuid xypHai, Ne 1, c¢. 59 — 64,
2014.
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PE3YJIbTATU YACEJNIbHOIO MOAENIOBAHHA HECTALUIOHAPHUX PEXXUMIB 3
BUKOPUCTAHHAM CMPOLUEHOIO METOAY HBIOTOHA

OI[HiEIO 3 BAXJIMBUX 3aJa4, 10 BUHUKAIOTH IIpU

eKCIUTyaTalii JiHIHHUX [JUISHOK TIa30TpaHCHOpTHOL
CHUCTeMH, € e(EeKTUBHE YIPaBIiHHA PpPEKUMaMH
TPaHCIIOPTY Ta3y B HEWITATHUX Ta aBapilHHUX

cutyanisix. Pexum Tewii rasy B IUX CHUTyallix €
HeCTalliOHAPHUM Ta HEI30TePMIUHHM.

Haiimony IapHIiuM cepesl YMCeNbHUX METOIIB ISt
pPO3paxyHKy TaKMX pPEKHMIiB € METON CKiHYCHHHX
pi3HHIF 3 BHKOPDUCTAHHSIM HEIBHHX CKIHYCHHO-
pi3HUICBUX cXeM. [liIBUINUTH CSPEKTHBHICTh aHOTO
METOly MOYKHA, HANPUKIAM, 32 PAXYHOK 3aCTOCYBAHHS
e(eKTUBHUX YHMCELHUX METOJIB Ha eTalli BUPIIICHHS
HEJIHIHHOT CUCTEMH CKIHYEHHO-PI3HUIIEBUX PiBHSHb.

Merta pobotu nependayae 3’siCyBaHHS MOXIJIMBOCTI
BUKOPHUCTaHHS crnpouieHoro Merony Herorony mpu
po3B’si3aHHI cucTeMH HenmiHiiHuX piBHsAHb (CHP), sika
BUHHMKAa€ Ha eTani pO3B’s3aHHS CHUCTEMHU DiBHSHb
MaTEeMaTU4HOI MOJIENI HECTAalliOHAPHUX HEi30TepMIuHHX
pexumiB  Ttewii  razy (HHPTI) mno  mimsxui
TpyOOIIPOBOAY, 3 3aCTOCYBaHHSM METOJY CKiHUEHHHX
PI3HUIIL Ta BUKOPHCTAHHSIM HEPIBHOMIPHOI CKiIHYEHHO-
pizuuneBoi citku (HKPC). Ins upimennss CHP moxna
BUKOPHCTOBYBAaTH MeETOJ 3eijens, pi3Hi moaudikarii
merony Herorona, merox Bpoiinena Ta inmn. 3a3Buyaii
TaKy CHCTEMY BHUPIIIYIOTH 3a JOIOMOTOI0 METORY
Hobiorona, sxkuii Mae  KBaIpaTHYHy  30DKHICTb,
crpouieHuii Meroq HploToHa X04a 1 Ma€ TiNbKYU JiHIHHY
301XKHICTB, aje nependavyae po3paxyHoK MaTpuii Skobi
TIJIBKH Ha MOYATKOBIH iTeparlii.

YV 3aranpHoMy Bunaaky HHPTI onmcyrorses
KBa3UIIHIHHOIO CHUCTEMOIO JU(EpeHIliaJbHUX pIBHSIHb
rinepOoiYHOr0 TUMy 3 BIJOMHUM ITOYAaTKOBUMH i
rpanmganvu ymoBamu  (IITY). Ils  cucrema vy
3aralbHOMY BHTIISAAL Mae BHL [1]:

d d
E¢+ B(x,t,gp)&“’: F(x,t ), (1)

ne B, F — wmarpumi, eneMentn sAxux 3amaHi
HeTiepepBHi Ta 6e3nepepBHO-ArdepeHIiioBaH QyHKIII.

{06 oTprMaTh YncenbHUI po3B’ 130k cucTeMu (1)
3 III'Y Buxopucraemo HKPC [1]. [ns uporo po3minumo
Bijpizok [0, L] Ha N BijgpiskiB, J0BkuHOW [IX, a
TIOTIM TIePINHH 1 OCTaHHiH BiApi3ku HaBmiia. OTpuUMaemMo
N+ 2 Bigpiska. Ilepmmii, apyrmil, ocTaHHIH i

. X ..
NepeOCTaHHIA JJOBKUHOIO ? , i 1oBxkuHOIO [IX , a

takok N+ 3 Touku posburrs X, 1=0,n+ 2.

[Mincrasisiemo B naHy cucreMy (1) anmpokcumariito
MOXITHUX 1  OTPUMYEMO  CHUCTEMY  HeINiHIHHMX
anreOpaiyHux  piBHSAHb. [lJI1  TPOMDKHHX — TOYOK
PIBHSIHHSI MAIOTh BUIJISAL

1 okx 1w, b kw1 xa
“ox B o1 o +ﬁBi pu=hK e
i=3,n-1.

i piBHSHHS JOMOBHIOIOTHCS PIBHAHHIMH A1 0-1,

1-i, 2-i TOUOK, a TakoXk piBHAHHAME A1 N -i, (N +1) -i,

(N + 2) -i Touok po3ouTTSL.

Heninilini  cucremu  OymemMo — po3B’si3yBaTh
coporieHnM MetogoM HproToHa. Ha S - iTepartii
OTPUMYEMO JIHIMHY CHCTEMY pIBHSHb, SIKa B
3arajlbHOMY BUIJIS/I Ma€ BUIL:

k
0 —
—V/k SpfS kst s=12.,
op o0
Ie (ok’s — BEKTOp PO3B'SI3Ky CUCTEMH Ha S-H iTepartii;
k
0 . —
Lk — Matpuis Skobi; l//k's o BEKTOP
0
(1 ¢k,0
mep'sm3ok mHa (S-1)-i irepauii; o@%° — Bextop

MOMPaBOK IO HEBIIOMHX Ha S -if iTepamii, OTXKe,
(pk,s =g0k’s_l _&ok,s'

B pesympraTi gncensroro monemroBanas HHPTT
y wMarematnuHoMy Tmakeri Mathematica 11.3 3
BUKOPHCTAHHSM CIIPOIIEHOr0 Metoxy HproTona Ha
erami pO3B’SA3Ky CHCTEMH HENTIHIMHUX piBHSHb OyB
MOKa3aHUH 3aJJ0BITFHAN pe3yabTaT.

PesynbraTn maHoro mociimKeHHs OyIyTh KOPUCHI,
30KpeMa, Ui TOBHOI ~ aBTOMATH3alii  MpoIecy
MOCTavaHHs Ta3y, i, K HACTIIOK, 3MEHIIICHHS KiJIbKOCTI
aBapiii.

Cnucok nitepatypm

[1] . T. Tycapora, u JI. B. MemuneBckuii, “Uncnentoe
MOJIETMPOBAHNE PEIKUMOB TEUCHHSI I'a3a METOIOM KOHEUHBIX
pastocreii”, Cucremu QOOpobku I[upopmarii: 36ipHHK
HayKOBHUX Tpailb, Ne4(141), c. 23 — 27, 2016.
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AOCNIAXKEHHA TEHEPATOPA CAMONOAIBHOIO TPA®IKY HA OCHOBI
NAHUIOIA MAPKOBA TA MO0 MYJIbTU®PAKTAJIbHUX BIIACTUBOCTEN

B mamiii  po0OOTI TPOBEICHO  JOCIIPKCHHS
¢pakTasbHOI  PO3MIPHOCTI  YacoBOTO  psmy, SIKHA
OTpPHUMAaHO 32 JOMOMOTrOI0 T'eHepaTopa CcaMoIOAiOHOro
Tpadiky Ha OCHOBI JIAHIFOTIB MapkoBa 3 KEpOBaHOMO
(pakTasbHOIO po3MipHicTIO. [IpenmMeTroM BUBUYEHHS Y
crarti €  ¢QpakrapHMH ~ aHaNi3 ~ TeHeparopa
camonoaiOHoro Tpaiky Ha OCHOBI JlaHIFOra MapkoBa.

Jyis MaTeMaTHYHOTO ONKCY TeJIeKOMYHiKalliiHuX
MPOLIECIB  BUKOPHUCTOBYIOTH ~ MaTeMaTWdHi  Mojeni
camorofiiOHoro 4acosoro psny. Ha rpadikax, ne
300pa’keHa 3aBaHTAKEHICTh KaHATy KOMII IOTEpPHOI
MepeKi caMOIoiOHICTh BUpa)KeHa HasBHICTIO BUKHUIIB,
KIJIBKICTh SIKMX TIEPEBUIIYE 3a Mepe0aueHHs! KIaCHYHOT
CTaTHCTMYHOI Teopii, Je Ha TOPU3OHTAJbHIA BiCi
NOKa3aHWH 4ac B YMOBHMX OJIMHHIIX, & 1O BEPTUKAII

3aBAHTXCHICTh MEPEXI  BIJHOCHO MaKCHMaJIbHOT
MIPOITYCKHOI CIIPOMOYKHOCTI
Meroto pobOTH € AOCTiDKEHHS  (DpakTaibHOI

PO3MIPHOCTI 4YacoBOrO psify, SKHH OTpUMaHO 3a
JIOIIOMOr'0I0  TeHepaTopa caMornofiOHoro tpadiky Ha
OCHOBI JIaHIIFOTiB MapKoBa 3 KepoBaHOI (paKkTaIbHOIO
PO3MIPHICTIO.

Just uporo y po0Ooti OyiauM BUpIilIeHI HACTYIHI
3ajadi:

— Ha OCHOBI YHMCJIOBUX €KCIEPUMEHTIB BU3HAUCHHS
¢pakTanbHOI PO3MIPHOCTI T€HEPOBAHMUX YHUCIOBUX
MOC/IIJOBHOCTEMN, ITOKA3aHO CTATUCTUYHO 3HAYMMI 3MiHU
(pakTalbHUX BJIACTUBOCTEH YHCIOBOI MOCIITOBHOCTI
Ha pI3HUX MacITadax;

— BKa3aHO Ha HEJOCTaTHIH PO3BUTOK
BUCOKOIIPOyKTHBHHX AITOPUTMIB OTPUMAaHHS
caMOIOMIOHNX  YHCIIOBMX  IIOCIIZOBHOCTEH IS
iMiTamiiHOTO TeHepyBaHHS Tpadixy B
TEIEeKOMYHIKaLiHIX CHCTEMax Ta MEpeKax;

— 3aIPOIIOHOBAaHO HaInpsMH MOJATBIIHX
JOCTIDKEHb 1010 KepyBaHHS SBUILIEM

MYJIbTH(PAKTATBHOCTI B TeHEpaTopax, sKi OCHOBaHI Ha
JaHiorax Mapkosa.

B Oimpmrocti  BHIAAKIB  JUII  camMoIIOniOHOTo
Tpadiky, rmepenbavyeHHsS IapaMeTpiB 3a  AKICTIO
obciyropyBauHs Qo0S, aHANITHYHI BHpa3d MOOYIyBaTH
HE BIA€ThCS, ab0 Taki TEPETBOPEHHSI MOXKIMNBO
o0y IyBaTH IS 3aHAATO CIEeNN(IYHNX CHTYALIl, TOMY
MIEPEeBAKHO AHAJITUYHI BHUKIAAKH € HENOUUTbHUMH. 3
i€l TPUYMHN 1711 BU3HAYEHHS OCHOBHHX ITOKa3HHKIB
SIKOCT1 OOCITYTOBYBaHHSI, TAKHX SIK JDKUTED, 3aIi3HCHHS,
cepenHs KiJbKiCTh BiIMOB, Ta 1HIIHNX, BUKOPHUCTOBYIOThH
iMiTariifHe MOJETIOBAHHS 32 JOMOMOIOI0 TeHEePaTopiB
camornoioHoro Tpadiky.

e mpu3BoauTh 10 MOTPEO B MPOCTHX, 3 TOUKH
30py KiJIBKOCTI O0YUCIIEHB, reHepaTopiB
camornoiOHoro Tpadiky 3 KepoBaHHUMHU (paKTaTLHUMH
BIIACTHUBOCTSAMHU, SIKi O JaBaJld YHCJIOBI MOCIIJOBHOCTI 3
BJIACTUBOCTSIMH SIK MOYKHA OJIFDKYMMHU JIO BIACTUBOCTEH
peanpHOro Tpadiky TEICKOMYHIKAIMIMHOI MEpexi, 0
JIOCITI JIKYETHCSL.

3 omsimy aKTyalbHOCTI BUKOHAHHS — 3ajadi
KepyBaHHS (dhpakTaTbHIMHU BJIACTUBOCTSIMH
TeHEPOBAHOTO tpadiky, pobora MPUCBSYEHA

BU3HAUCHHIO 3aJIOKHOCTI (PpaKTaibHUX BIACTHBOCTEU
Mozeni Tpadiky BiJi BAKOPUCTAHOTO MaCIITa0yBaHHS.

Pe3ynbTatom pobotu € OOTpYHTYBaHHS
IT1 IBUILIEHHS MPOJTyKTHBHOCTI iMiTaLiiiHOro
MOJICITIOBaHHS pyXy iHQOpMAaIii B TeJIeKOMyHIKaIliHUX
CHCTEMax Ta KOMII'IOTEPHHX Mepekax 3a PaxyHOK
reHeparopa camonoziOHoro Tpadiky Ha JaHIOrax
Mapxosa.

BucHoBku:

—I'enepatopu  camomnoniOHoro  tpadiky Ha
JaHIorax MapkoBa BiJpI3HSIOTBCS BiJl aHAJIOTIB
MEHIIMMH BUMOI'aMH 10 OOYHCITIOBAIBHOI HOTY)KHOCTI
CHCTEM MOJCNIOBAHHS], IO JIO3BOJNSAE IIiABUIIUTH
MPOJAYKTHBHICTh IMITAIIHHOrO MOJENIOBAHHS PYyXY
iHpopMmallii B TEIEKOMYHIKAI[IfHUX CcHCTEeMax Ta
KOMII'IOTepHHX  MepeXaX, TOMY aKTyaJbHUM €
HOJANbIIHI PO3BUTOK T4 BUBYEHHS TaKUX CHCTEM.

—Ha ocHoBi copomenoi  merpuku  N(ke)
no0yZOBaHO  AHAIITHYHMHA  BHpa3  PO3paxyBaHHA
(pakTaybHOT PO3MIPHOCTI PE3yAbTATy TE€HEPYBAHHS
OiHApHOTO YHCIOBOTO PSSOy HAa OCHOBI JIAHITIOTA
Mapkosa.

— Bigmigeno 3aJIeKHICTh (dpaxTampHOT
pO3MIpHOCTI Bi JOBXHHHA TMPOMIKKY, Ha SKOMY

MIPOBOJUTHCS PO3PAXyHOK (PPaKTaIBHOI PO3MIpPHOCTI, Ta
3po0JIEHO TPUIYIIEHHS PO TOBTOPEHHS BIIACTHBOCTI
MYJIBTH(PAKTATBHOCTI HA KJIACHYHUX METPUKaX, TAKHUX
K paxyBaHHS PO3MIpHOCTI Ha ocHOBiI R/S amaimizy abo
po3MipHOCTI MiHKOBCBKOTO.

—3 MeTOo TepeBipKH  TPHIYHICHH  Oylo
MPOBEAEHO  YMCEIbHUH  EKCHEPUMEHT, SKU 3
HaAIWHICTIO BUIIy 3a 99% MiATBEpAWB NPHUITYIICHHS
PO MYJABTH(PPAKTAIBHITH YUCIOBOI MOCHTITOBHOCTI, IO
OTpUMaHa TeHepaTopaMH Ha JIaHIforax MapKoaa.

—PobGora Moke OyTH TpOmOBXKEHa 3 METOMO
pO3pOOKHM METOAiB /Il KEpyBaHHS IapaMeTpaMmu
MYIBTH(PAKTANEHOCTI, a00 MOXIHMBOCTI YCyHEHHS
MYJIBTH(PAKTAIBHOCTI B pa3i HOTpedH.

35



YK 004.4°233

O.C. dpoodko, [1.A. T'axoB
ms.alenas@gmail.com, danil@gahov.com

LJenmpanvnoyxpaincokuti HayionanvHuil mexHiynuu ynigepcumem, Kponuenuywvxuii

OOCNIMKEHHA NNTAT®OPMU ANA PO3POBKU OOOATKIB "FIREBASE", UOIO
NMPAKTUYHE 3ACTOCYBAHHA

Firebase — ne inTerposana miargopma Google s
PO3POOHUKIB, SKa JOMOMOYKE INBHIKO CTBOPIOBATH
BHCOKOSKICHI JIO/IaTKH, pO3ILINPIOBATH 0a3y
3aIliKaBJICHUX KOPUCTYBAYiB 1 301MBIIYBATH MPUOYTKH.
Jo mmathopMu BKIIOYEHO KOMIUIEKC IHTETPOBAHHMX
(G YHKIIN, SKi MOKHA MTOEIHYBATH W CYMIIIATH, 30KpeMa
MOOIJTBHUN cepBep, 3aco0M aHANITHKHA, a TaKOX
IHCTPYMEHTH BJOCKOHAJE€HHS H MOHEeTH3aIli Juis
MaKCUMAaJIBHOI YCIIIHOCTI JOATKIB.

[Migrpumye i0S, Android, Unity, C++ ta Web.

Ilo6 momatu Firebase y nomatku, HeoOXiTHO
BUKOHATH HACTYITHE:

1) 3B’spKiTh momaTku i3 miatgopmoro Firebase;

2) interpyiite SDK Firebase y cBoi momatku.

OcHoBHi cnyx6u Firebase:
— Firebase Analytics — pimieHHs s OLiHKH

3aCTOCYHKIB, SIKE€ Jla€ 3MOrY O3HAaHOMHTHCH 13
BUKODUCTaHHAM  3aCTOCYHKIB ~ Ta  3aJIydeHHsIM
KOpHCTYBauiB.

— Firebase Cloud Messaging — me Kpoc-
wiatpopMoBe  pIllIeHHS  JUIs  TOBIJOMJICHb 1

HoTH(iKalili, sKi Hapa3l MOXHa BUKOPHUCTOBYBATH
0E€3KOIITOBHO.

— Firebase Auth — me cmyx06a, ska MoKe
ayTeHTH(]IKYBaTH  KOPUCTYBadiB, BUKOPHUCTOBYIOUU
JUIIe KOJX Ha CTOPOHI KiieHTa. BiH migrpumye
comianeHi  JoriH-npoBaiigepu  Facebook, GitHub,
Twitter, Google Ta Google Play Games. Kpim Toro,
BOHA BKIIOYa€ B cede CHCTeMYy  YIpaBIiHHA
KOPHUCTYBa4aMH, 3a JOIIOMOIOI0 SIKOI PO3POOHUKH
MOXYTh YBIMKHYTH aBTEHTH(QIKAI[iF0 KOpHUCTyBa4ya 3a
JIOTIOMOT'OF0 BXOZly 3 €JICKTPOHHOI ITOLITH Ta Mapos,
o 36epiratotbest B Firebase.

— Firebase Database — 1us cmyxba Hamgae
po3pobHuKaM 3actocyHkiB APl skuii  mo3Bomsie
CHHXPOHI3YBAaTH JaHi 3aCTOCYHKiB MDK KIII€HTaMH Ta
36epirati ix y xmapi Firebase. basa mammx Takox
nocrynHa uepe3 REST APL.  Po3poOHuku, —ski
BUKOPHUCTOBYIOTh  Realtime  Database, = MoOXyTb
3aXWIIATH CBOI JIaHI 3a OMOMOTOI0 TIPaBWII OE3IIeKH,
II0 3aCTOCOBYIOTECS Ha CepBepi.

— Firebase Storage - 3aGesmeuye HamiliHe
3aBaHTQXCHHS Ta  BUBaHTaXeHHA  (aimiB s
3acrocyHKiB Firebase He3amexKHO BiJI IKOCTI MEpexi.

Po3poOHMK MOXKE BUKOPUCTOBYBaTH HOTO ISt
30epiraHHs 300pakeHb, aymaio-, BIiZ€O- YH IHIIOTO
BMICTy, CTBOPEHOrO0 KOpHCTyBauaMu. 30epiraHus
Firebase nintpumyetbest Google Cloud Storage.

— Firebase Hosting&Functions — 1ie craTuunuii ta
JUHAMIYHUA BEO-XOCTHHT, sSKHH Oyio 3amymieHo 13
TpaBHs 2014 poky. BiH miaTpuMye XOCTHHT CTaTHYHHX
(aiinis.

[IpakTuHe BUKOPUCTAaHHS

Cnin 3a3HauuTH Te, WO IUIAThopma  JyKe
MOMYJISIPHA cepell PO3POOHMKIB HAa PUHKY ayTcopcy.
Jiicno, sk MoxHa mnobaumtd, Firebase wanae
nepesiiueHi BHIIE MOCIYTH, IO € YK€ 3pYYHUM ISt
IIBUIKOI Ta EKOHOMHOI PO3POOKH IPOrpaMHOI0O
TPOIYKTY.

B mporeci podotn Haa monoBijm0 OyB oOpaHMi
IUISIX MPAaKTHYHOTO JOCIHIDKEHHS, a came peasrizaiii
“demo”-mpoeKTy — HEBETMKOro MOOITBHOTO JOJATKY
JUIsi OOMiHY TEKCTOBUMHU TIOBIJIOMJICHHSMH B PEXHUMI
peasnbHOrO 4acy. byno crBopeHo onpa3sy nBi Bepcii, s
IBOX omepaiiiiaux cuctem: mist Android i mmst i0S.
Koxna 3 HuX OyayeTbcs BHUKIIOYHO Ha BOYIOBaHHX
MOXIIMBOCTSIX CHCTEM Ta 3aco0ax, M0 HaJaloTh
GeskornToBHI ciyx0 Firebase.

import UIKit
import Firebase
import GoogleSignIn
func a ication(_ application: UIApplication,
didFinishLaunchingWithOptions launchOptions:
[UIApplication.LaunchOptionsKey: Anyl?) -> Bool {
FirebaseApp.configure()
GIDSignIn.sharedInstance().clientID =
FirebaseApp.app()?.options.clientID
return true
}

func

ion(_ app: UIApplication, open url: URL,

options: [UIApplication.OpenURLOptionsKey :

Bool {

return GIDSignIn.sharedInstance().handle(url,
sourceApplication:options
[UIApplication.OpenURLOptionsKey.s
as? String, annotation: [:])

Anyl) ->

Puc. 1. ITnrerparis Firebase B mompatox
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YAHHUKU E®QEKTUBHOCTI AOMIHICTPYBAHHA MEPEX

OmHi€ero i3 OCHOBHUX NEpeIyMOB iHHOBAIifHOTO
PO3BUTKY CKOHOMIKH YKpaiHH € pO3BUTOK PHHKY
IEKUHIPUHTY. [mxuHIpUHTOBI TIOCITYTH 110710
3abe3nevyeHHs] e(peKTUBHOCTI [iI0Y0ro BHPOOHMIITBA Ta
peastizariii BATOTOBJICHOI MPOAYKIIil BKITFOYAOTh HE TITHKU

poOOTH, CHOpsAMOBAaHI HA  ONTHMI3AIIO  TPOLECIB
eKcIuTyaTallii, TIOJTITIICHHST (YHKILIIOHYBaHHS
TEXHOJIOTIYHUX  JIiHIM,  TOJIMIEHHS  MaTepialbHO-

TEXHIYHOTO TIOCTAYaHHs, MEHEDKMEHTY Ta MapKeTHHIY,
miaoopy 1 MiATOTOBKU KaJpiB, peKOMEH Al 3 (hiHAaHCOBOI
NOJITHKK. 3HAa4HA JONS YCHIXY MiJIIPUEMCTBA 3aJICKHTh
BiJ1 3aiTydeHHs 10 iHpopMalliiiHuX cucTeM

OcHoOBOIO 1711 IOOY/IOBU Cy4acHHX iH(opMariifHuX
CHCTEM CTajlM KOMITIOTEPHI Mepexi Ta MepexeBi
TexHoNorii  00poOKkK  iHGpopmamii. JlokampHi Mepexi
OCTaHHIM 4acoM € OOOB'I3KOBOIO MPHHAIEKHICTIO Oymb-
skol kommaHii. B Takmx ciepax sk OaHKIBChbKa CIipasa,
CKIIaJICBKI  omepallii BelTMKMX KOMIIaHiH, eJeKTPOHHI
apxiBu OIOJIOTEK TPOCTO HEMOXIIMBO OOINTHCST 0e3
JIOKaJIbHUX Mepex. B mux cdepax KoxHa OKpeMo B3fTa
poboua craHiisi B NPHUHLMII HE MOXe 30epiratu Beiel
iHopmari yepe3 3ananro Benukui ii o0csar. dDiHaHcoBa,
cKiajicbka abo Oibmioreyna iH(poOpMalls 3HAXOMUTHCS B
cTaHl TOCTIHHOI 3MiHM. B Takux ymoBax HiATpHUMYBATH
LIUTICHICTB 1 TOYHICTb JIEKIJIbKOX KOIiH 023 J]aHUX MPOCTO
HEMOXJIUBO.

CTBOpEHHSI Ta BIPOBA/HKEHHSI KOMITTOTEPHOI MEpeKi
€ CKIagHUM KOMIUIEKCHMM 3aBIAaHHSM, SIKE BHMArae
Y3rODKEHOTr0 pillleHHs] Ta 3a0e3NeveHHs] MOXKJIMBOCTI
JIOCTYITy KOPHCTYBadiB JI0 PECYpPCIB 3arajibHOI MEpexi.
3abe3neunTy Tpale3aTHICTh Ta Oe3NeKy KOMITIOTEpHOL
Mepexi  3martHe  ii  aaminictpyBanHs.  Cucrema
aJIMIHICTpYBaHHS € CYKYITHICTIO CIIOC00iB, 3acoliB i
TEXHOJIOTIH, 10 peani3yloTh (GyHKIIT aaMiHICTpYBaHHS
Mepexi. [OIOBHOIO METOI0  CTBOPEHHS  CHCTEMH
anMiHICTpyBaHHS € 3a0e3ledeHHs BHKOHAHHA BCIX
GyHKINH, TepedaueHUX MepellikoM —MepiouYHHuX 1
eMi30JUIHIX 3aBOaHb AIMIHICTPYBaHHA. AIMIHICTPaTOp
Mepexi, SIKHi OYOITIOE CITY>KOY aMiHICTPYBaHHSI, [IOBUHEH
OyTH eKCIIEpTOM 3 IHTaHb (DYHKI[IOHYBAHHSI CHCTEM 1
MepeX, BMITH 3HAXONUTH KOMIIPOMIC MDK BHMOTamu
KOPHCTYBaYiB Ta MOXKIIMBOCTSMH iX peai3amii y CHCTEMi.
[paBmwia, mo po3poOMsie CHCTEMHHH aaMiHICTPaTop,
TIOBUHHI 0a3yBaTHCsl Ha TPHOX OCHOBHHUX ITOJIOMKEHHSX:
MaKCUMallbHU ~ JIOCTyIl KOPHCTYBauiB JI0 BIJACHHX
pecypciB; MakcuMallbHe OOMEXEHHS JOCTYITY 0 PECypciB
IHIMX KOPWCTYBadiB; BiIIOBITAJBHICT KOPHCTYBAYiB 3a
30epeXeHHs  BJacHMX pecypciB. [lms  ycminmHoro
aMiHICTpyBaHHS, OCOOJIMBO CKIIAQJHUMH KOMITIOTEPHUMH
MepekaMH, HeoOXiJHe 3acTocyBaHHS HOBITHIX 3acoOiB i
CHCTEM  aBTOMATH3aIlii I[MX  mpomeciB.  3acobu
aIMiHICTpyBaHHSI MepeX € e(pEeKTUBHUM IHCTPYMEHTOM

YIOCKOHAJICHHSI YIIPABIIiHHS pOOOTH MEpPEXi, B TOMY YHCIT
B TaKHX O0JACTSX KOMITIOTEPHOI MEPEXKi, SIK CHCTEMHE Ta
MepeKeBe aAMIHICTpYBaHHS. MOHITOPHHT Mepex i
CEpBICIB € HAHOUIBIII BXKIIMBUM iHCTPYMEHTOM ITiATPUMKH
Oe3nepeOiiHoi  POOOTH TIANPUEMCTB. 3i  30UIBIICHHSIM
HaBAHTAXKEHHS HAa MEPEKY TMOCHITIOIOTECS BHMOTH JI0
MIBUIKOCTI OOpOOKHM JaHMX, poOOTH Mepexi, cepBepiB,
JIONATKIB 1 CXOBWII JaHMX. [lpane3natHictb Mepex
MOXXJIMBO 3a0€3MeYnTH B pasi MOCTIHHOTO KOHTPOIIO i
aHamizy poOOTH KOMITOHEHTIB iH(ppacTpykrypu. Came
TOMY pIILICHHS MOHITOPHHTY Mepexi, poOOTH JONaTKiB i
CepBEpiB KUTTEBO HEOOXiJHI Ui Cy4acHOro Oi3Hecy.
[apaHTito MakcHMaJbHO TNPONYKTHBHOI POOOTH Mepexi
3a0e3MeYnTh HASBHICTH TOYHOI CXEMHM 1 JIOKyMEHTallil
MEpeXi, TOTOYHOI TOMONOTIYHOI CXEMH JIAHIfora i
JOKITaaHOI iH(popMarlii po MepexeBe 00JIaHAHHS, HOrO
koH(irypauii, nporokonu, I[P-ampecw, kaHamu 3B'S3KY
WAN, cepBepu i CerMeHTH JUIsl KOPHCTYBaUiB JIOKAJIBHHIX
mepex. CtBopeHHs1 0a30BOi JIiHIT JJO3BONSE OLIHIOBATH
pobOTy Mepexi B IMOTOYHHMHA MOMEHT. Baximpo, 11100
3MiHM B HaNaIITyBaHHI Mepexi Oynu OOrpyHTOBaHi Ta
3agokymenroBani.  [lpocrima  Tomonoris  cripuse
3MEHIICHHIO Yacy Ha IOIIYK MpoOiieM, I10 BUHUKAIOTH,
CIIpHSi€ IIJBUIICHHIO OE3MeKH 3aBIJKH KOHTPOIIO 3a
Mapipyruzaropamu.  3acobamu  onTuMizauii  pobortH
MepeKi € cydacHe oOnaiHaHHs 1 KOH(iryparii mporpam.
JDxepenaMy TIOKpalleHHs pPOOOTH MeEpeXi € JOCTaTHS
olepaTMBHA TaM'ATh CEPBEPIB, MOTYKHICTH MPOLIECOPIB.
CerMeHTallisi MEpexi TAKOX € BOXKIIMBIM YHHHIUKOM, BOHA
po3ouBae ii Ha oOkpemi (YHKIIOHAJbHI  JIAHKH,
MJBUIYIOUH THAM CaMHM 3arajibHy MpPOAYKTHBHICTB,
Oe3rieKy 1 HalIHICTb.

EdexriBHiCTh  (QYHKIIOHYBaHHS  KOMITTOTEPHHX
MEpEeK CYTTEBO 3AJICKHUTh BiJ OOCTyroByrO4oro i
YOPaBIIHCBKOTO — NEPCOHANY,  IPOrpaMHO-arapaTHUX

3aco0iB 1 TEXHONOTi CHCTeMH aJMIHICTpYBaHHSI 1 yMOB
BUKOPUCTaHHS CHCTEMH aJIMIHICTpYBaHHS [1].
O6cmyroByrounii iepcoHalt, (haxiBii MATPUMYIOTh TIOBHY
1 TIOCTIHHY TIpame3faTHICTh KOMITIOTEPHOI Mepexi, il
BHCOKY TPONYKTHBHICTh, O€3MeKy, MIarHOCTHKY i
BIJIHOBIICHHS, YNPABIiHHA KOPWCTYBAYaMH 1 BHPIIICHHS
BUpOOHMUHX mipodieM. Ciry)x0a aaMiHICTpyBaHHS MEPEKi,
mo (QYHKIIOHYE B CKJIami CIYKOM TEXHIYHOI IMiATPHUMKHY,
Ma€ BHUPIMIATEHY POJIb.

Cnuncok niteparypm

[1] Amwte  Omep HOcup Moxammen, 'MaremaTHuecKkoe
MOJENHPOBaHHE M AITOPUTM OUEHKH 3(P(EeKTHBHOCTH
CHCTEMBl aJMUHUCTPUPOBAHUS JIOKAILHON KOMIIBIOTEPHOU
cetd', IMC. KaHI. TEXH. HayK, Ka(. OTKPBITBIX HH(POPM.
cucreM MOCK. TOC. YH-Ta 9KOHOM, cTat. u urpopm., Mocksa,
2007.
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CNoOCOBMU CIMPOLLEHHA 3A0AMI HEHIH_I_I7IHOFO NMPOrPAMYBAHHA HA OCHOBI
KINACU®IKALII OBMEXEHb

BaxmBoro  mpoOneMor0  3amad  HENiHIHHOTOo
nporpamyBanHs (3HII) € Te, 1110 BOHH MOXXYTh MiCTUTH
BEJMKY KUIBKICTH OOMEXeHb. B mporeci po3B’s3aHHA
3HIT mMoke BHSBUTHCS, II0 YACTHHY 3 LIMX OOMEXKEHb
MOXKHa Oyno O BIJKMHYTH, IO 3HAYHO CHOCTWIIO O
noyatkoBy nocraHoBky 3HII, TuM camuM, 3MEHIIMBIIN
ii oOumcnroBasbHy ckiagHicTb. Kpim Toro, 3HII
MOXXYTh MaTH MPOOJIeMy 0araToeKCTPEMAaNbHOCTI, SKY
HE  3aBXAM  MOXKHA  BUDIIIATH  3BHYAWHHUMH
MPOrpaMHAMH  3aC00aMH, IO peali3yloTh YHCEIBHO
MIOLIYK ONTUMYMY.

BararokputepianbHi METOJ! onrumizartii
JIO3BOJISIFOTh  €(DEKTHBHO BUPIIIyBaTH 3aj7adi JOCUTh
mupokoro kmacy. OcobOnuBe Micne B IMX MeETOAAax
3aliMae HeliHifiHA cXeMa KOMIIPOMICiB abo 3roprka A.
H. Boponina, yBenena B [1]. Bigomo, 1o, Ha BiaMiHy
BiJl IHIIMX CKaJISIPHUX KpUTEpiiB, HENiHIHA cXema
KOMIIPOMICIB ~ JIO3BOJISIE  3HAWTH ONTHUMAaJbHUIA IO
ITapero po3B’s30K, a y BHIAIKY OMYKIMX YaCTHHHHX
KpHTEpiiB — yHIMOIAIbHUHN (€q1HUIT) po3B’si30K. Takoxk
HCK mae BnacTuBicTh O€3yNmUHHOI ajanTanii 10 pi3HuX
CHUTYaLii, y SIKHX MOTPiOHO NPUIHATH
OaratokpuTepiaibHUN PO3B’SI30K.

Mera naHOl poOOTH — PO3pPOOUTH Pi3HI CIOCOOH
CHpOLICHHS 3a]a4l HENiHIMHOrO IporpaMyBaHHS Ha
ocHOBI  HemiHiliHOi cxemu kommpomiciB  (HCK)
BopoHina.

B poOori HaBeneHi pi3HI CIOCOOM CHPOIICHHS
3a1a4l HeNMiHIHHOTO mporpamyBaHHsA. B 1mx 3amadax
cepell MHOXKMHM OOMEXEeHb Ha JIONMYCTHMY O0O0IacTbh
pPO3B’SI3KIB  MOXYTh OyTH CYTTEBI 1 HECYTTEBI
0OMEXEeHHSI, SIKi MOXKHA BiJKUHYTH, IO IMpPU3BEAE 10
CIIPOLLEHHS [I0YaTKOBOL [IOCTaHOBKH 3HIL
Komnonentu mnouatkoBoi 3HII, T0OTO 1i 1iIHOBA
GyHKIST 1 cucTeMa OOMEXKEHb PO3IIISIAIOTBCS  SIK
YaCTHHHI KpPHUTEpii B OaraTOKpHTEpiaidbHIi MOCTaHOBII
3HII. PosrmsanyTi pi3HI CKaNApHI 3TOPTKH YaCTHHHUX
KpUTEpiiB 1 mpoaHami3oBaHi iX MOXIHBOCTI B
cnpomenni 3HIL. Ilpumineno yBary MexaHi3My
B3a€MHIH  KommeHcamii KOH(QIIKTHAX  YaCTHHHUX
KpHUTEpiiB, sKa BigOyBaeThcs MK HHMH B TIpOIIECi
ONTUMi3alii CKasIpHOL 3TOPTKH [2].

byna nonmatkoBo  crpomieHa  BXe  iCHyrOYa
Oaratokpurepianpaa Momens 3HIIL. IIpencraBmeHss
3HII Bemmkoi  pO3MIpPHOCTI  OUTBII  CKIIAJHOKO
0araToKpUTEepiaTHLHOIO 3a/1a4€et0 BHIIpaBIaHE

3HIKEHHSAM OOYHCIIIOBAJIbHOI cKiamHocTi 3amad 3HIT.
3niticHioeTsest penykiist 3HIT Benmkoi po3MipHOCTI B
3HIT meHmIoi po3MipHOCTI, SIKy MOXKHa pPO3B’S3yBaTH

3BUYAHIMH ONTUMI3aIlifHUMU MeTtomamMu. Ha BimMmiHy
BiJl IHIIMX CKaJSIPHUX KpUTEpiiB, HeNiHIHHAa cxema
KOMITPOMICIB JI03BOJISIE 3HAWTH HEMOJINIIyBaHui abo
ontumaneHuil mo IlapeTo po3B’s30K, a y BHIAAKY
ONMYKJIMX YaCTMHHHX KpHUTEpiiB — yHIMOAAJIbHUM
(enunuit) po3’s3ok. CkiagHa 3a7a4a NpeACTaBIIsSETHCS
MPOCTIIIOK MOJEIUIIO, BUPaKEHOI CHCTEMOIO PiBHSIHB
HEBEJIHMKOI PO3MipHOCTI.

B poGori HaBemeHuit cmocid  copTyBaHHS
oomexxenp 3HII 3a 3HauymIicTIO 3a  JOINOMOTOIO
OaraTokpurepiaigbHoi moctanoBkd 3HIT Ha OCHOBI BXke
pO3po0IIeHOro  croco0y  COPTYBaHHS  YaCTHHHHUX
KpuTepiiB B OaraToKpuTepiajbHId MOCTAHOBII 3aaadi
[3].

B poGoTi Takok  pO3pOOJCHUH  aNropuUTM
copryBanHa oOmexeHp 3HII 3a 3HauymicTio 3a
jgonomoroto HCK. B naHoMy BHIajgky CHpOLICHHS —
3HI)KEHHST PO3MIPHOCTI 3a JOMOMOrOI BiAKHUIAHHS
00MEXKEeHb, BiJl SKUX PO3B’S30K 3HAXOAUTHCS JAJIEKO.

HaBememo mepeBars aJroputMy COPTYBaHHS
oomexxenp 3HII, mo 34iliCHIOETBCS Ha  OCHOBI
kiacudikaropa HCK:

1. Obmexenns 3HII copryioTbes 3a CTyneHeM
KOH(QUIIKTHOCTI 3 iX MOZLJIOM Ha HANPY)KEHi 1 CIOKIHHI.

2. TlouwatrkoBa 3HII cnpoiyerbcs, 60 MICTUTB
TIIBKA OOMEXKEHHS, M0 KOH(IIKTYIOTh 3 IJIbOBOIO
(yHKIII€O, 110 1 TOKAa3aHO B HABE/ICHUX MPUKIIAIAX.

TakuM 4MHOM, BUKOPHCTaHHS CKaJISIPHOI 3TOPTKU
y BUMNISAAI HENiHIHHOI CXeMH KOMIIPOMICIB Yy SIKOCTI
Kiacudikaropa 00MeXeHb JI03BOJISIE 3BECTH
pO3B’si3yBaHHS ~ CKJIQAHOI  3a4adi  HEJTiHIHHOro
IPOrpaMyBaHHs [0 MPOCTILIO], THM CaAMHM 3MEHIINBILH
o0UHCITIOBAIBHY — CKJIamHICTh. B mpoMy  cmoco0i
CIIPOLICHHS BUKOPHCTAHHA CKAJSAPHOI 3TOPTKH Yy
BUTJISIAI HETHIIHOI CXeMH KOMIIPOMICIB — IIe He CHocio
po3w’s3anns 3HII, a cnoci6 cnpomenns 3HIT Bemmkoi
po3mipaocti B 3HII Mamoi po3mipHOCTi, sKa
BHPIIIYETHCS BiIOMUMHU METOJAMH.

Cnucok nitepatypm

[1] A. H. Bopouun, 0. K. 3uarguaos, O. U .Kosno, u
B. C. Habanro, BexTopHas onTUMH3aLUs JUHAMHYECKUX
cucrem, KuiB, Ykpaina: Texnika, 1999.

[2] A. A. Bacanpko, "3HIKEHHST 00YHCITIOBAIBHOT CKIIAHOCTI
B 3agadi  HeNHIMHOrO  MPOrpaMyBaHHS  BEIHKOL
po3mipHoct”, Bicauk YBC, Ne2(23), c. 158 — 162, 2016.

[3] A. A. Bacsampko, “JIBa 3Tana METOIMKH THOKOM alanTalum
B 3aJ]a4aX MHOTOKPUTEPHAIBHOU onTUMU3auu’, BicHUK
YATY, Ne.2, c. 14 — 17, 2002.
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CUCTEMA BIOOAJIEHOIO KEPYBAHHA KPYFO?O'I' OOLLYBAIbHOI MALLIUHU
HA BA3I TEXHONOTI Il lIoT

IIpornozoBane 301TBIIICHHS YHCEITBHOCTI
HaceleHHs Ta NOTpeOM B TPOAYKTAX XapuayBaHHS
OCTaHHIM 4acOM MOTHBYE NPUHHSATTS pPillleHb y ramysi
iHpOpPMAIIfHUX TEXHOJIOTIH y pamMKax MiAXOMAiB 0
TOYHOTO CLIBCHKOTO TocrmopapcTBa. Tomy, CLIbCbKe
rOCIOJApPCTBO  TOCTYNOBO  ITIEPETBOPIOETBCS  Ha
BHCOKOTEXHOJIOTIYHY Tally3b, a 3acCTOCYBaHHs BCIX
TEXHOJIOTIE B CYKymHOCTI  3a0e3ledye  iCTOTHE
MiABUIICHHSA €(PEKTUBHOCTI TOCMONAPCTBA  IUIIXOM
peadizaiii Tak 3BaHUX CUCTEM TOYHOT'O 3eMJIEpOOCTBA.

OnHak,  BITYM3HSHI ~ BUPOOHUKH  CIJIBCHKO
rOCIIOJIApCHKOT MPOAYKIIi Ta MPOJOBOJIBCTBA, B CHIY
PI3HUX TPUYMH, B TOMY YHCJl 4Yepe3 HU3bKHH DiBEHb
3a0e3Me4YeHOCTi Cy4aCHUMHU LU(PPOBUMH TEXHOJIOTISIMH
1 TEXHIYHUM OCHAIICHHIM, BiJICTalOTh BiJ] BUPOOHHUKIB
NPOBIAHUX KpaiH B TAaKWMX 3HAUYIIMX IOKa3HUKAX sK
MPOAYKTUBHICTh Mpalli, CcoOIBapTICTh NPOAYKLIi Ha
OJTHOT'O TPALliBHUKA, BPOXKAMHICTb 3 OJJHOT'O TeKTapa iH.,
HE 3aBXIM MOXYTh COOI JIO3BOJIMTH 3aCTOCYBaHHS

pO3yMHHMX  pimieHb.  BOpoOBamKeHHs — Cy4acCHHX
iH(pOpMAaIIHO-TEXHONOTIYHUX ~ pIllIEeHb  JTO3BOJIUTH
3HAYHO CKOpPOTHUTH BUTpATH, i JBUIIHTH

MPOAYKTUBHICTh Tpali 1 sIKiCTh NPOAYKIii. [HTEepHer
peueii (IoT) Bimirpae BupimiagbHy pOib Y PO3YMHOMY
CLIBCHKOMY TociofapcTBi. Po3ymMHe 3emiepoOCcTBO — 1ie
HOBa KOHIIEIIs, OCKIApKkM gaTuvkud loT 3;arHi
HajaBaTH 1H(OPMAILIIO MPO CBOI Traly3i CUIBCHKOTO
rOCIIOAApPCTBA.

Cepen  po3poOHukiB  cremjamizoBanux  [oT-
WIaThopM Ui CIJIBCHKOTO TOCIONAPCTBA MOIIUPEHI
Taki cBitoBi rpaBmi: Farmmobile, OnFarm i Farmers
Business Network, Monsanto Company, Libelium,
CLAAS, John Deere, Horsch. [lesiki 3 HuX, HampuKia,
OnFarm  Oasyiothcss Ha  yHiBepcaibhux  loT-
iaTopmax.

CrporomHi iHHOBAIiiHI TEXHONOTII B CUIBCBKOMY
TOCIIOAAPCTBI  BIOPOBADKYIOTBECS  TOYKOBO, a  HE
KOMIUIEKCHO B OCHOBHOMY BEJIMKHMH arpOXOJIIWHIaMH,
aye it cTabLTBHOTO MTOBCIOJHOTO PO3BHUTKY CUTBCHKOTO
TOCTIOIAPCTBA JIaHI TEXHOJOTil TMOBUHHI OYTH ITOCHTH
JOCTYIIHUMH Ta 3pO3YMUIUMH I BUKOPUCTAHHS

MIPUBATHUMH T ATPHEMIIIMH, bepmepamu Ta
KOJITOCTIaMH.

Y POCTMHHHIITBI HOBI TEXHOJOTIYHI pIIICHHS
MOB’s3aHI 13  CENEKUIHHOI  POOOTOI, TEHHOIO
IH)KEHepi€lo, OpraHiYHUM 3eMIIEpOOCTBOM,
MIKPO3pOWIEHHsIM Ta iH. Y 3B’S3Ky 3 THM, IO
KIIMaTHYHI YMOBH OCTaHHIX pPOKiB 3YMOBIIOIOTBH

3HWKEHHS 3/1aTHOCTI TPYHTY 3a0e3medyBaTH
CUILCHKOTOCIIOAAPCHKI pocIuHU CIIPHUATIINBUM
TEeMIlepaTypHUM  PEKHMOM  Ta  BOJIOTICTIO B

ONTHMAJBHIN KiJIBKOCTI. JUI CTBOPEHHS YMOB POCTY i
PO3BUTKY POCIMH BUHHKAae mMoTpeda B 3a0e3ledeHHI
POCIIMH BOJIOTOKO 3TiZHO 1X O10JIOTIYHUX TOTpeO, st
OTPHMaHHS MaKCHUMaJIbHOI KITBKOCTI TIPOYKIIIi.

ToMy, BaxIMBUM HAmOpAMKOM €  HayKOBE
OOTpyHTYBaHHS Ta po3poOKa HOBOI TEXHIKU IJIS TIOJIUBY
3 BpaxyBaHHSAM CBITOBUX TEHACHII pPO3BHUTKY
Memioparrii.

Jns monuBy CiNBbCHKOTOCIIONAPCHKUX KYIBTYP
CTBOpEHI pi3HI [ONIyBajdbHI YCTAaHOBKM, MAIlMHH,

arperaTtd Ta 00JaJHAHHS. Y CTAHOBKUA OTPUMYIOTH BOIY
MiJI HamopoM 3pOIIYBANBHOI MEpeXi Ta HE MaloTh
NPUCTPOIB Ui TIEPEeCyBaHHS [0 TMOJMBHI IUIOLII.
MaimuHy, sIKi TOJNMBAIOTH BiJl HAIOPY B MEPEXi, aje
MaloTh CBii MNpHBiA sl TEpecyBaHHS. 3HaHHS
KOHCTPYKIIT Ta MOXJIHMBOCTEH JaHHX JIOLIYBaJbHUX
MaIlMH JI03BOJISE BU3HAYUTH NOJAIBIIOTO HAIIPABICHHS
X yIOCKOHAJICHHS, SIKHI BiANOBiJa€ Cy4aCHOMY PiBHIO
PO3BUTKY CLIBCHKOTO TOCIIONAPCTBRA.

Cucrema BiJIIaJIeHOr0 KepyBaHHs 1 BipTyaizauii
JIOIYBaJIbHOI MAIllMHU, sKa BijoOpaka€ Ha maHei
orepaTopa iHpOpMallilo PO PEKUM POOOTH, HATIPSM Ta
HMIBUAKICTH PYXY, PEKUM pPyXy, CTaH KIHIIEBOr'O
BOZOMETY, IOJIOKEHHS MAIMHH BiTHOCHO OYaTKOBOTO
TIOJIOKEHHS, BiZJOOpa)KeHHs THCKY Ha BXOJl MAIIHMHH,
aBTOpPEBEpPC, MOKA3HUKHM BiJNpalbOBaHUX TOIMH, a
TakoXk iH(pOpMAIlIO MPO aBapiiHy CUTYallilo: THCK Ha
BXoAi Oimpime abo MeHIIE HOPMH, aBapis Hacocy,
MOPYIICHHS JTaHIIOTa Oe3MeKH, MOPYIIEHHS TapaMeTpiB
CIIEKTPUYHOI MepeXi € CYJ4acHOI  IIPOBiIHOIO
cucremoro Ha 0a3i loT. JlaHa cmcrema 03BOJISIE
ONTUMI3yBAaTH INTYYHE 3BOJOKCHHS — MAaKCHMi3yBaTH
e(peKTUBHICT, 3pOMICHHS 3a JOIOMOIOI0  ITOofadi
HeOoOXimHOI KIJBKOCTI BOOM HA JIOKAIBHI JUISTHKH
TOCTIOZIAPCTB, KA TOAONAE Ne(ilUT BOAOCTIOKUBAHHS 1
JIO3BOJINTH POCITMHAM TIOBHOIO MipOIO peajizyBaTh CBii
TeHETUYHWH ITOTEHII .

OTxe, TEePCIICKTUBHAM HalpsIMKOM € CTBOPEHHS
YHIBEpCAIbHUX JOLIYBaIbHHX MAIIHH 3 PEryIbOBaHHMH
napaMeTpaMH BUTPATH BOIM Ta MAapaMeTpiB LITYYHOTO
JIOITY 3 BUKOPHCTaHHAM HOBITHIX TexHONOrid. Tomy,
10 AOLIYBaHHA I TPUBAJIM Yac 3aUIIATHMETHCS
HE3aMiHHUM CTIOCOOOM 3POIIICHHS.
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CXXATUE U3OBPAXXEHMUA HA OCHOBE METOJOB BbIAENEHUA U
KOOUPOBAHUA OBJIACTEN

XapakTepHOil OCOOCHHOCTBIO HM300paKCHUS Kak
cUrHasia ¢ 0oJbpII0i HHPOPMAMOHHOH N30BITOYHOCTHIO
SIBIISIETCST HallMyle B HEM TeOMETPHYECKMX 00pa3oB,
COJIepKallMX  CBSI3HBIE MHOXKECTBA  OJM3KHX 10
3HA4eHHI0 (CHJIPHO KOpPPEJIHPOBAHHBIX) OTCYETOB.
[MosToMy B CBsI3M € ycnexamMu B OOJNacTH W3y4eHHs
MeXaHM3Ma 3pEHUs], PAaclo3HaBaHHsI 00OPa30B U aHAIM3a
CIIEH OTKpBIBAETCS €Ille OJJHA BO3MOXKHOCTh B OITUCAHUH
U KOJMPOBAaHMM HM300pPaKEHW Ha OCHOBE KOHTYPHO-
TCKCTy’pHOﬁ MOJICJIN, KOTOpas CBOAUTCA K CErMCHTAIIUN
U300paKeHNs] Ha OTHENbHbIE 001acTH (TEKCTYpHI),
OKPYXCHHBIC KOHTYpaMH Tak, ‘{TO6BI 9TU KOHTYPBI IO
BO3MO)KHOCTH COOTBETCTBOBAJIM KOHTYpaM OOBEKTOB Ha
m3o0paxxeHnn. KoHTypHas U TekcTypHas MH(pOpMaIys
3aTeM KOAMPYETCs IO OTHeNbHOCTH. Vmeomorust aToro
HarpaBieHus Obuia 3anoxeHa M. Kynrom B 1985 rony
[1] n Ha3BaHa UM “MeTo/BI KOMUPOBaHKS U300PAKEHUIH
BTOPOT'O TIOKOJICHUS .

ba3oBoii cocTaBisOIIEH NPENTIOKEHHOIO METOAA
CKaTUsl BTOPOTO ITOKOJICHUS SIBIISIETCS CErMEHTALMS
n300pakeHus, TO €CTh pa30HeHHe ero Ha OJHOPOHBIC
(B cMBbICIIe HEKOTOpOro Kputepus) obnacru. [Iporeaypa
CErMEHTALMM HAaXOIUTCSl Ha CThIKE 3a/1a4 00pabOTKU U
pacrio3HaBaHusi u300pakeHuii. B nuteparype meronam
CErMEHTALUH ITIOCBAIICHO OYeHb OOJIBIIOE KOIMYECTBO
nyOnuKanui, TepedeHb KOTOPBIX  3aKaHYUBACTCS
¢dbyHmaMeHTanbHBIMU  Tpyaamu [ oHcaneca [2] w
®opcaiira [3].

Ha mepBoM orame NpeNiOKEHHOTO MeEToJa
KOJMPOBaHMs M300paXK€HUII HAa OCHOBE BBHIPAIIMBAHUS
obnacteil 3MeMEHThl HM300paXKEHUsI pa3/IeNIoTCs Ha
KOHTYpHBIE U TEKCTypHBIE. DTa TIpolexypa pa3OuBaer
n300pakeHre Ha MHOXKECTBO CMEXHBIX oOiacTeil ¢ Tem
YCIIOBHEM, YTO M3MEHEHHUs YPOBHS APKOCTH (Pedb HUACT
0 MOHOXPOMHBIX H300paXKeHUSIX) BHYTPH OOJIACTH HE
JaBaId  PE3KHX pa3pblBOB, TO €CThb KOHTYpPOB.
CermenTanusi U300pa)KeHUsI TMPOBOAMUTCS B TPU JTama:
mpenoOpaboTKa, BEIpALIMBAHIE 00JIACTEN U yCTpaHEHHE
apredakToB.

[IpenobpaboTka mpegHa3HaUeHA AJIST COKPAIICHHS
JIOKaJIbHON 3€PHHUCTOCTH UCXOIHOTO M300pakeHUs U He
JOJDKHA HapylaTh ero KOHTypbl. OHa Hy)XHa JUIS TOTO,
9TOOBI TOCIIE BHIPALIMBAHUS HE OKA3aJlOCh CITHIIKOM
MHOI'0 MaJIbIX 00JIacTel, TaK KaK 3T Mallble 00JIacTH He
COOTBETCTBYIOT, KaK IIPaBUIJIO, PEAIBHBIM OOBEKTaM

HCXOMHOTO H300paKCHHS W AT, TaKUM 00pa3oM,
JIO’KHBIE KOHTYPBHI. Kirouesast npobiiema
npeo0pabOTKH COCTOMT B TOM, 4YTOOBI PEINUTH IBE
OpOTHBOpEUAIle APYT JAPYry 3ajaud: yoaJeHHe
MENTKOW 3EPHHCTOCTH B HM300paXEHHUH W COXpaHEHHE
KOHTYpOB. JlaHHas 3ajava pelraercs MpH MOMOIIH
(GUIBTPOB, YACTOTHBIC XapaKTEPUCTHKA  KOTOPBIX
aJIeKBaTHBI (UIBTPaM HIDKHUX YacTOT B 00JacTsX
CBOOOJIHBIX OT KOHTYpOB M (ha30BBIM (HIBTPaM B
00J1acTsIX BBICOKOr0 KOHTpacra. J{s mocTrkeHus 6osee

KayeCTBEHHOM npeao0padboTKH Tpedyercs
HUTCPAallMOHHOC MPUMEHCHUEC JlaHHOﬁ npoucaypsbl.
OnHako ¢ [embi0 SKOHOMHHM BPEMEHH Ha IPOBEICHHE
CerMeHTaI[uH N300paXkeHus, TpOIERyPY
npenoOpaboTK  MOXKHO ~ 3aMEHHWTh  MPOILEAYpPOi

oObenvHEeHUs (BbIpallMBaHKs) o0JacTed, Ha BTOPOM
stane cermeHrauuu. Mmeercs B Buay cinenymouee. Eciu
00J1acTh MaJia, TO €CTh KOIMYECTBO NMPHHAISKAINX i

QJIEMEHTOB MCEHBIIC 3aJaHHOI'O0 MapameTpa L TO

min >
O0BEIUHHUTE JTY OONAacTh MOXHO C TOM COCEeIHEH
obnactelo, Koropas HauOosiee OyiM3ka K HeH IO
CpelHEMY 3HA4YEHHIO YPOBHsS SIPKOCTH, U IOBTOPSTH
9TOT LAl [I0Ka He OyAyT yJajeHbl Bce Majible 00IacTu.

OCHOBHOH 3Tan CerMEHTallMHM — BBIPALIMBaHHUE
obnmacreif, cocrour B  cneayooueMm. O6macr,
MO/ITIeKAIIME BBIICIICHUIO, TOKHBI XapaKTepu30BaThCs
HEKOTOPBIM CBOMCTBOM. DTUM CBOWCTBOM MOT'YT OBITb,
HalmpuMep,  ypPOBEHb  SIPKOCTH ATl DJIEMEHTa
M300pakeHns], BapUaluy ypOBHS SIPKOCTH WIIM SHEPTHU
BHYTPU 3aJaHHOW Ionockl yacToT. OT BBIOOpa 3TOrO
CBOIICTBA BO MHOTOM 3aBHCHUT CJIOKHOCTb METOAA
00pabOTKN M TOYHOCTH KOHTYPOB, HOIY4E€HHBIX MOCIIE
CErMEHTAIUH.

Cnucok nutepartypbl

[1] M. Kyut, A. Hkonomomynoc, u M. Komep, Meroms

KOIMPOBaHMUSA  HW300paKEHHH  BTOPOrO  MOKOJICHUS,
TUUDP. 1. 73, Ne 4, ¢. 59 — 86, 1985.

[2] P. Toucanec, u P. Bymc, Lludpposas ob6paboTka
n3obpaxkenuit.  M3manme  3-e,  ucCOpaBIeHHOE |

nononHenHoe, MockBa, Poccust: Texnocdepa, 2012.

[3] A. ®opcaiitr, u JI. TloHc, KoMmploTepHOe 3peHHE.
CoBpeMeHHBIN MOAXOM: Mep. ¢ aHryl., MockBa, Poccus:
Bunbsamc, 2004.
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ABTOMATU3OBAHA CUCTEMA KEPYBAHHA TEMTMYHUAM TrOCMNMOOAPCTBOM

TermudHe TOCIONAPCTBO — BUPOOHWIHH TTiAPO3 LT
CITBCHKOTOCTIONAPCHKOrO MiAMPHEMCTBA, SIKE BHPOIIYE
B TCIUTHIAX MEPEeBAXKHO OBOYI 1 poO3caay OBOUYCBHX
KYJBTYp JJIS BiIKPUTOTO TPYHTA.

ABTOMaTH30BaHa CHUCTEMa YIIPABJIIHHS JIO3BOJISE
ONTHUMI3yBaTH BHUTpPATH Ha YIPABIIHHS Ta YTPUMAaHHS
TEIUTMYHOr0 TOCIIOapCTBA.

B manmomy  mpoekTi  Oyna  po3pobiicHa
ABTOMATH30BaHA CHUCTEMa YIPABIIHHS TEIIHYHUM
TOCIIOAAPCTBOM, IO CKJIATAETHCS 3 IBOX PiBHIB.

HwkHi#t piBeHb sBIsSE COOOK MIKPOKOHTPOJIEP 3
OiAKIIOYCHUMH 10  HBOTO  JaTYMKaMU  PIiBHA
OCBITJICHOCTI, TeMIlepaTypd MOBITPs, TEeMIepaTypu
rpyHTa, Bojorocti moBitTpsa, koHueHtpauii COp.
MiKpOKOHTpoJiep — 3IIHMCHIOE  YNpaBIiHHA —MOAAYEI0
Jno0pHBa, MOJIMBOM, HArpiBaHHSIM TPYHTA 1 OCBITJICHHS
JUIs1 CTBOPEHHS HEOOX1JHOI'O MIKPOKIIIMATy B TEILUIMII.

OCHOBHHUM JUKEpENIoM €HEpril A1 pOCTy POCIUH €
CBITJIO, TOMY BCTaHOBJICHHS LITYYHHX JDKEpeN CBITIA B
TEIUINYHOMY IIPUMILIECHHI [JO3BOJIAE INPUIIBHILINTH
3pOCTaHHS BUPOLIYBAaHHUX KyIbTyp. [Ipu mpomy mrydHe
OCBITJIEHHsI 02)KAHO BHKOPHCTOBYBATH JIMIIE B TEMHUI
nepios 100H, OCKIJIbKM IPUPOIHE OCBITICHHS € OiIbI
CIPUATIMBUM JUII POCIMH Ta JO3BONSE EKOHOMMTH
NMOTpiIOHY Ui 3a0e3Me4eHHs] IITYYHOrO OCBITJICHHS
enekTpoeHeprito. Jlns Toro, 1mo0 BH3HAYWTH, KOJIU

MOTPIOHO BMHKAaTH 1 BHMHKATH  OCBITJIIOBAIIBHI
TpHIaan, BUKOPUCTOBYETHCSI JATYHK piBHSI
ocBiTiieHOCTI. J[aT4uK  OCBITJIEHOCTI Iepeiae Ha

MIKpPOKOHTPOJIEp OTOYHE 3HAYECHHs PiBHs cBiTia. Komu
PiBEHb OCBITJICHOCTI B TEIUTUIIl JIOCATA€ BiIIOBITHOTO
MiHIMyMYy, MIKpPOKOHTPOJEp 3a [IOIIOMOTOI0 peJe
BMHKA€ JIAMIH B TeIUIHLI. [Ipy bOMYy POCIMHH TaKOX
moTpeOyoTh  HIYHOIO  CHOKOK, TOMY  JIAMITH
BUMUKAIOTBCSI B HIYHMH dYac, 1 BMHKAIOTHCS 3HOBY
yepe3 mIicTe roguH. s Toro, mo0 BH3HAYUTH, KOJIH
MOXKHa BUMHUKATH IITY4HE OCBITJICHHS,
BUKOPHUCTOBYIOTh JAPYIWH NATYUK PIBHA OCBITICHHA
330BHI TEIUIHLI.

Takoxx s 3a0e3nedeHHsT mporecy (OTOCHHTE3Y
pociuram notpiden Byrnens (COy). s perynroBaHHs
PIBHS BYITICKHUCIIOrO Ta3y BHKOPUCTOBYETHCS MATUHK
kouuentpaiii CO;.

KokHa pocnrHa MiCTHTP TIEBHUH PiBEHb BOIH, IO
MOCTYIIOBO ~ BHUIIAPOBYETHCS ~ BOPOAOBXK  JHA  JUIA
oxonomkeHHs. [Ipu BUCOKOMY piBHI BOJIOTH B TMOBITpi
LIel MPOIEC CHOBUIBHIOETHCS, 10 MOXE NPHU3BECTH 10
nedopmanii  pOCIMHM  Ta  3HIDKEHHS — 3arajbHOi
BpoXKaiHOCTI. JIJI1 KOHTPOJIO piBHS BOJIOTM B TIOBITPi
TEIUTULI BUKOPUCTOBYETHCS TATYHK PiBHS BOJIOTH.

[Ipr HU3BKHX TeMIlepaTypax MpoOLEC 3POCTAHHS
YpOXKat0o MOXE CIHOBUIBHHTHCH, a Y 3UMOBHH NeEpiox
NpU3BECTH 1O 3aMep3aHHs. A  HaiATo BHCOKa
TeMIiepaTypa MOBITPSl 1 IPYHTY MOXE INPH3BECTH [0
3acuxaHHs  Bpoxaro. Jlmg  crmoctepexeHHs — 3a
TEeMIIEpaTypOro BUKOPHCTOBYIOThCS JIATYUKH
TeMIIepaTypH MOBITPS 1 TEMIEpaTypu IPYHTY.

JloOpuBa a1t pOCIMH pa3oM 3 BOJOIO MOJIAIOTHCS B
OKpeMuil 0ak aJsi 3MilIyBaHHS, 3BIAKH 3a JOIOMOIOI0
KparenpHOro IMOJIMBY IMOTPAIUIIOTh y IpyHT. Ilonus
BiOyBaeThC aBTOMATUYHO JABiYI Ha A00y 3riIHO
HaJIaIITOBAHOMY PO3KIIay.

BepxHiii piBeHb sIBJIsIE COOOI0 MIKPOKOMITIOTEp 3

BCTaHOBJIGHOI ~cepBepHOi cuctemoro. Ha  cepsepi
po3TamoBaHa 0a3za JaHUX, 3a JOIOMOIOI  SKOI
BiOyBa€ThCSA HANAINTYBaHHS MapameTpiB  TEIUTHIIL.

3MmiHn B 6a3y JaHUX BHOCATHCS depe3 Web-momatok, me
MO)XKHa BCTaHOBHTH PEXHM PpOOOTH I  KOXHOI
TEIUIMI, HANAIITYBATH PEXKUMH pPOOOTH, KepyBaTH
(YHKIISIMM ~ TETUIMYHOTO TOCIOJApCTBA B PYYHOMY
PEeXKKMI 1 EperIIsAaTH 3a1ucy PO MPOBEJIeH] oneparii.
B3aemopnisi BEpXHBOrO 1 HWKHBOTO PIBHSI TEIUTHII
3/IIHCHIOETHCS 32 JIOMIOMOT0I0 MoayJIiB ZigBee.

ZigBee — cranmapT a1t HabOpy BHCOKOPIBHEBHX
MPOTOKOIIB 3B'SA3Ky, 3acHoBaHMi Ha craHnapTi I[EEE
802.15.4-2006 st 6e31pOTOBUX MEPCOHATBHUX MEPEK.
Jo3Bomnsie CTBOPIOBATH Mepexi, 1o
CaMOOPraHi3yIOThCs, 3 KOMIpPUYacTOIO TOIOJOTIEN JIs
IIMPOKOT0 KOJIa 3aBJIaHb, MAIOYH IPH LOMY MaJHi dac
BIJTYKY 1 HU3bKE €HEPIrOCIIOKUBAHHSL.

I[lpu yBIMKHEHHI CHCTEMH, MiKPOKOHTpOJIEp
BUKOHYE OIEpaIlil0 CaMOTECTYBaHHS Uil BHSBIICHHS
HEeCTIpaBHUX a00 He MiJKIIOYeHHX OaT4yukiB. B pasi
BUSBJICHHS HECIIPABHOCTI ITOCHJIAETHCS  BiAIOBiTHE
MOBIIOMJICHHST Ha BEpXHIH piBEHb CHCTEMH, a
MIKPOKOHTpOJIEp IEPEeXOAUTh y ABTOHOMHHH PEXUM
pobotu, mo 3abe3neuye MiHIMAIbHI YMOBH IS POCTY
pocimH. SIKIIO cHcTeMa CIpaBHA, MiKPOKOHTpOJEp
NOCWIAE 3alUT Ha OTPUMAaHHA (PYHKIIOHAIBHUX
nmapameTpiB poOOTH TerutnIi 3 0a3u JaHUX.

IIpu peamnizamii JaHoro mpoekty Oyia po3podieHa
CHCTEMa YNPaBIiHHA TEIUIMYHHM TOCIIOAapPCTBOM.
Po3pobiena cucTema H03BONSE peani3yBaTH KOHTPOIb 1
perymoBaHHS TEMIlEpaTypu TPYHTa 1 TIOBITPs, BUMIp
BOJIOTOCTi,  YOpaBIiHHA  IIOJMBOM,  YIPAaBIiHHA
OCBITJICHHSIM, aBTOMATHU3YBAaTH TPOIEC MOaavi IT00puB
pocirHaM. KepyBaHHS CHCTEMOKO MOXeE 3/11HCHIOBATHCS
AaBTOMAaTHUYHO a00 BPY4HY 3a JOIOMOIOI0 Web-moaaTka.
[lpy BUHMKHEHHI HECIPABHOCTI CHCTEMa MOXe
TPALOBATH aBTOHOMHO.
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NEPCNEKTUBU BUKOPUCTAHHSA KBAHTOBOI KPUMTOIPA®II ANs

MOBIIbHUX NMPUCTPOIB
lIupoke  po3moBcio/pkeHHsT  pi3HOro  poxy  CHHCOK HampsMKiB  Moke OyTH — OImyOJiKOBaHHN
TEJIEKOMYHIKAI[IfHUX MEpEX TIpPHUBEIO 10 aKTUBHOTO  BIIKPUTO, alne  Tpud  PO3IUPPOBII OyayTh

PO3BHTKY 3ac00iB 3J1aMy Ta MiJICIyXOBYBaHHS Iepeaadi
iH(popMalii, 110 B CBOI Yepry BHUKIHMKAJIO IHTEHCHBHI
pO3pOOKHM Ta JIOCHIMKEHHS PI3HOTO pOIY CHCTEM
3axucty iHpopmanii. KsaHtoBa kpunrorpadis —
CTIMKMI Ta HAIIMHUI METON 3aXUCTy KaHAJIB 3B'S3KY
BiJl TiJICTyXOBYBaHHS, SKHi BHKOPUCTOBYETHCS TPH
nepenayi iHpopMailii 00’€KTaMU KBaHTOBOI MeEXaHIKU
(oToHM B ONTOBOIOKOHHOMY Kabesi abo eJIeKTPOHU B
CIIEKTPUIHOMY KabeJi). 3axucT iHpopMallii 3aCHOBaAHHIA
Ha 3MiHI (I3UYHUX BIACTHBOCTEH 00’€KTIB MpH CIpoOi
MIEPEXOIUICHHA CUTHAITY .

Januii Meroj 3axuCTy KOMYHIKAIliii cTae Bce
OLIIbII AKTYaJbHUM Yepe3 MOSBY TaK 3BAaHUX KBAaHTOBUX
QITOPUTMIB, SIKI 3HAYHO 3MEHIIYIOTh HaJIiHICTh
KIaCUYHHUX MeTO/iB Kpunrorpadii. PimeHHsM Moxe
crath  came crocid  KBaHTOBOiI  Kpunrorpadii.
CrBepKyeThCsl, 10 JaHuil crocid kpunrorpadii
3mamatd  HeMmoxumBo.  IlpomonoBana  cucTema
BHUKOPHCTOBYE KIIIOYi, CTBOPEHI ONTHUYHHM YiIOM, IO
He 30epiraloThCs 1 HE NEPENalOThCI Pa3oM 3
MOBiZIOMJIEHHSIM. B pe3ynmpTari  iX  HEMOXIHBO
BiJITBOPUTH 200 MEPEXOMUTH.

Omun 3 ¢akropiB, SIKI CTPUMYIOTh TPAKTUYHE
BUKOPUCTaHHSI  JAHOTO  METOAY €  CKJIAIHICTh
amapatHoro 3a0esmedeHHs. Ha 000X KiHISIX KaHay
NOBMHHO OyTH BCTaHOBJECHA CKJIAJHA AamapaTtypa —
JDKepenia TMOOJMHOKHX (DOTOHIB, 3acOo0M YIpaBIiHHS
nonspusaiiero  GoroHiB 1 uymmuBi nerexktopu. [lpu
LBOMY JJIsl BHMIPIOBaHHsS KyTa HOJisipu3aiii (OTOHIB
HEOOXIZHO TOYHO 3HATH, sSK€ OOJaJHAHHA Ha 000X
KiHIFIX ~ KaHamy. Yepe3 1€ MeTon  KBaHTOBOI
kpunTorpadii He MiAXOAUTD IJIs1 MOOLIEHHUX TIPUCTPOIB.

Arne B pe3ynpTaTi JOCHIMHKEHb IPOBEACHUX
BUCHUMU BpicTonbcekoro YHIBEPCHUTETY Ta
nocmigaunbkoro 1eHTpy Nokia B KemOpimki Oymo
3aIpONIOHOBAHO CUCTEMY KBaHTOBOI Kpurtorpadii, mpu
SIKif cKimagHe oONMagHAaHHS HEOOXiTHO TUTBKH OJHOMY
Y9acHHKOBI TieperoBopiB. pyruii nmme moaudikye
ctaH (QOTOHIB, Komyroun 1uM iHGopMaliro, i
BimmpaBisie X Ha3an. Bce HeoOXimHe oOMagHAHHS UISA
OFOT0 MOXHA PO3MICTUTH HAa ONUHOYHOMY YHIN B
KHIIEHFKOBOMY TPHUCTPOi. J{OCTHiTHUKN TIPOMIOHYIOTH
TaKOXX BUPIMICHHS MpoOIeMu opieHTarlii oOxaTHaHHS.
BuMiproBaHHS MPOBOJATHCS B BUIIAJKOBUX HAMPIMKAX.

BpPAaxOBYBaTUCS TUIBKWA HAIpPSMKH, 010 30iraroThCs.
ABTOpPH Ha3MBAIOTh METOA “HE3aJEKHHM BiJl CHCTEMH
BIJUTIKy KBaHTOBUM  pO3IOJIJIOM KIIOYIiB”  (aHIJI.
“reference frame independent quantum key distribution”
abo rfiQKD).

Bci ckiamHi o0uuciieHHsT O OOMiHY KIIIOYaMu
mmrpyBaHHS BUKOHYIOThCS Ha OJHIA CTOPOHI OOMiHY
nanuMu. [Ipocrilie Kaxydw: cepBep € JOKEpeIoM
¢doroHiB, a MOOLNBHMI mpuUCTpii Oyae  Jwuie
MoaudikyBaTH IX IO 3aJaHOMY AaJIropuTMy. Takuii
METO[ 3HAYHO CIHpOIIyE MPOIEAYPY KBAHTOBOTO
mmpyBaHHs i BUMOTH JI0 anapaTHOro 3a0e3revueHHsl,
ajie HaaIAHICTh 1 CTIHMKICTh O 3/1aMy 3aJIUINAETHCSA Ha
BUCOKOMY PiBHI.

Anroputm rfiQKD mnpaitoe gocuth CTaOIIBHO i
HaniiHo. JlociJHUKY 3pOOHIM MOPIBHSHHS aJlTOPUTMY
rfiQKD 3 amropurmom  BB84,  cranpmaptHuM
QITOPUTMOM,  BHUKOPUCTOBYBAHUM B  KBaHTOBIH
kpunrorpadii. Konn yueni nopanu g0 mnepenaBaHoro
CHTHAJIy IIYMOBHH curHai, aiaroput™M BB84 wneraitno
npunuHsB npaigoBatd. Hosuit  anropurm rfiQKD
BUSIBUBCS OlJIbIIIE 3aBAJI03aXHIICHUM, BiH NPOJIOBXKYBaB
MPAIOBATH HABITH TOJli, KOJM PIBEHb LIYMY ITiJHIMAaBCS
Maibke [0 TOJNOBHHM 3HA4YEHHS pPIiBHA KOPHCHOTO
CHTHanmy. Y TOMY BHUIIQAKY, KOJU KBAaHTOBHH 3B'S30K
MOpPYIIYBaBCsl 13 — 3a LIYMY, MICIs 3HMXKCHHS PIiBHS
IIYMY 3HOBY JIO JIOMCTUMOT'O 3HAUEHHSI CHHXPOHI3allis
poboTu mprcTpoiB BiOyBanacs 3HOBY i Mpale31aTHICTh
yCI€l CUCTEMH TIOBHICTIO BiTHOBIIIOBANIACS.

B pesynabraTi CcBOiX mpambs y4eHI OTpUMAalU
CHCTEMY, fKa 3MOXE CTaTH OCHOBOIO TEXHOJIOTIH
KBaHTOBOI KpumnTorpadii, BOyIOBaHOIO B IIUPOKUHN Psij
SNEKTPOHHHUX  NPHCTPOIB, HAaBIIM  MOXJIUBICTH
KOPUCTYBATHCS O€3MEYHHMH KOMYHIKALIIMU KOXHIH
JIFOJTAHI.

Xoda mMpakTU4YHE BHUKOPHUCTaHHS  KBaHTOBOL
kpunrorpadii moKu mo oOMeKeHo, aje el HampsSIMOK
BBAXXA€ETHCS Jy)Ke MEPCIIEKTUBHUM, TOMY IO KBaHTOBI
3aKOHH  JIO3BOJSIIOTH  BUBECTH METOAM  3aXHCTY
iH(opMarlii Ha SKiCHO HOBUH piBeHb. Ha croromHimHii
JICHb BXE ICHYE [IOCBil TI0 CTBOpPEHHIO 1 ampooarrii
KOMIT'IOTEPHUX MEPEXK, 3aXUIICHNX METOJOM KBaHTOBOI
kpunrorpadii — emuHEM Ha [JaHWA Yac, SKUH
HEMOXKJIMBO 3JIaMaTH.
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NOCTPOEHUE MOAENN AOANTUBHOIO CXKATUA HA OCHOBE [1IBONYHbIX
BUHOMUAIJIbHbBIX YACES

C Uenplo yBENIMYCHUS OBICTPONCHCTBHSA METOIOB
CKaThsd W BOCCTAHOBJICHHWS Ha OCHOBE JIBOMUHBIX
OMHOMMAJIbHBIX ~ YKCEN, MpeACTaBlIeHHBIX B [1],
Tpe/jIaraeTcsi BBECTH B MOJIENHU TPOIECCOB CXKATUS U
BOCCTAHOBJICHHS MIPOLIEAYPY BbIOOpa Croco0oB
KOJIMPOBaHUS Uil HMCXOAHOW JBOUYHOM N -paspsimHOM
TOCTIEIOBATEIbHOCTH.

Hpu oxkatmn  Aje A= {0,1}n HeoOXoIUMo

ucronb30Bath GyHkuuio fyy,, CTaBAIIyI0 B COOTBETCTBHE
HWCXOJHOU MOCJIE0BATEIbHOCTH Aj BBIOOPKY (k,Y j) ,
rae Y j — paBHOBeCHast KOMOMHAITHS, UMEIOIIast Yucio K
JBOMYHEBIX  €IUHMII, Yj eY[n,k] (Aj :Yj ). Ecmu

MOJTYYEHHOEC 3HA4YCHUEC k CHUCTEMEC

HCPaBCHCTB BU/A.

(O<k<ap)v(B <k<n),

TO U1 KOAMPOBaHUS KoMOuHarmy Y j Hcronb3yercs

YAOBJIETBOpSIET

KojupoBaHue fpy Ha OCHOBE NBOMYHBIX OMHOMHAIBHBIX
ancen X j eX[nk], t.e n u k - napamerper
COOTBETCTBYIOLICH JIBOMYHON OMHOMMAIIBHOH CHCTEMBI

cuncrnenus. Ecmi i 3HadeHmss K BBIOMHSIETCS
HEPaBeHCTBO )y <K< ffy, TO peanusyercsi MeTOX
BEKTOPHOTO Koawmposanusi fy , nepesomsiutyio Y B camy
ceOs. Ilpu sToM B 00OMX ChOydasx K KOAHPYSMBIM

KOMOMHAIIMAM I OJHO3HAYHOIO  BOCCTAHOBJICHUS
nobaBigeTcsl IBOMYHOE 4HMCiIo Bink, T.e. BbImomHsercs

JIOTIOJIHUTENBHOE KOAMpOBaHHe fj . 3HayeHWs IpaHHMLl
Oy U [ CKaTUA BBIBOIITCS W3 YCIOBUS, YTO JUTHHA

okatoro odpasa JOoIbKHa OBITH MEHBIIE JTUHBI UCXOTHON
Aj [2]. Eciu ke

(k=0)v (k=n),
TO KOWpYeMasi Ppe3yIbTUPYIOIIasi KOMOWHALWS
Oyaer cocrosth Tonmbko w3 Bink, T.e. ucnoms3yercs
Tonbko Merox koauposanust  fy . Takum  oGpasom,

paccmatpuBaercst  orobpaxenne Buma Ty tA—>Z,

KoTopoe 3amaetes  Qymkmmedt  Zj = fbv( Aj), rae

Aj=&ay.8j..an, AjeA, a Zjel moxer

TIPUHAMATE  BHJT Zj:(Bink,Xj), Zj:(Bink,Aj)

wm Z; =Bink, j=12".

MO,Z[GJ'IB nponecca aaanTuBHOIO  CKaTHA

fov

JIBOMYHBIX  ITOCIIEIOBATEILHOCTEH Aj Ha OCHOBE

JBOWMYHBIX OMHOMHAIILHBIX — YKCEIT X] COCTOUT U3

CIICITYFOIIUX JTATIOB.
Oman 1. Onpenensiercst KONMYECTBO S Pa3psIoB IS
JIBOMYHOrO mpexactaBicauss Bink umcma Kk emuam,

0<k <n, ucxomHoW N -pa3psiTHOHN MMOCIIEIOBATENEHOCTH
A =24a,..8;..8,: s=[ log, (n+1) .
ynciaa K

Oman 2. [IpoU3BOAUTCS  BBIYKCIICHHE

JIBOMYHBIX €IUHUIL] B UCXOOHOM A j » TEM CaMbIM peannsys
Qynkimo  fy (A i ) u ompememsisi  kmace Y [nK]

PaBHOBECHBIX KOMOHWHAIHH,

Yj eY[n,k],Yj =Aj.

K KOTOPOMY OTHOCHUTCA

Oman 3. Bemonssiercss npeoOpa3zoBanue uucna K
eIMHHMII K ero ABouuHomy Buay Bink , cocrosimemy u3 S
paspsiIoB.

Oman 4. Ecnin uucno K ynomierBopsier cucreme
paBeHCTB (2), TO pe3yabpTHpyIomeil Oyner KOMOHHAIMSA
Buga Zj =Bink. B nporuBrOM ciydac BbInOMHsCTCA

HepeXol K CIIEIYIOLIEeMY JTally.
Oman 5. Ecin uncno Kk ymomnerBopsier cucreme
HepaBeHCTB (1), To 3HaueHmss N u K mpencraBstOT

coGoii  mapamerpsl  aBomuHOi (N, K) -GuHOMHATBHOM

CUCTEMBI CYHUCIICHHSA W OCYLICCTBIICTCA peain3anusa

CXKMMAIOIIETO KOAMpOBaHMA Buma fi ( f (Y j )) =7 i B

IIPOTUBHOM ciry4dae BBIITOJIHACTCSA peamm3anun

KOJMpOBaHusA Buma fi ( fy (Y j )) =7 i

Takoll amanTHMBHBIA TMOIXOX K BBIOOPY CIIOCOOOB
kogupoBanusi f wim f, mo3Bomser yBennMuMTH CTEleHb

CKaTWs,  TIOBBICUTb  CKOPOCTb  MH(OPMAIMOHHBIX
npeoOpa3oBaHMil W pacHMpUTh 00JacTh APPEKTHBHOIO
HCIIONB30BaHUS MIPEAIAraéMoro MeToIa CKaTHs Ha OCHOBE
JIBONYHBIX OMHOMHAIBHBIX YUCEI.

Cnuncok nutepartypbl

[1] I. Kulyk, O. Berezhna, and M. Shevchenko, "Development of
data compressing coding methods on basis of binary binomial
numbers", Technology audit and production reserves, Ne
2/2(46), p. 12-18, 2019. doi: 10.15587/2312-8372-
2019.169897.

. A. Kymuk, A. W. Hoeropomues, 1 M. C. IlleBueHko,
"MeTon OLEHKH TpaHWl MPUMEHEHHS CKaThsi Ha OCHOBE
JIBOMYHBIX OWMHOMHUATBHBIX umcen”', Cucremu 0OOpOOKH
inpopmanii, Ne 2(157), c. 57 62, 2019. doi:
10.30748/50i.2019.157.07.
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METOAUN BUSHAYEHHA BOTIB CEPE[] KOPUCTYBAUIB COUIAJIbHUX MEPEX

BipryanbHi  comianpHi  Mepexi  MOYHMHAIOTh
BiJirpaBaTl Bce OUIBIIY POJIb y CYCHUIBHOMY JKHTTI
3BHUYAWHHUX JIIOJIel, TOMY BOHHM BCE 4YacTillle CTaloTh
cepenoBHUINeM iH(pOpMAIiHOrO BIUIMBY. SIK MpaBmIIo,
TaKWi BIUIMB peaji3yeThCs uepe3 Mepexi OOoTiB, 1o
HaMaralmThCs 3MIHIOBATH CYCHUIBHY JyMKYy 4epe3
MOIIMPEHHS BENHUKOI KiJBKOCTI CXOXHX ITOBiJJOMJICHb,
SKi  MicTATh  1H(OPMAaLiHHO-TICUXOJIOTIUHI  MOCHIIH
motpiOHOro 3micty. I 3HEMIKO/PKEHHS MEpeX OOTiB
ICHYIOTb  pi3HI migxoau: OJOKyBaHHS  aKayHTIB,
CIPOCTYBaHHSI HEIOCTOBIPHOI 1H(OpMAaIlii, MOMMUPEHHS
iHpopMmalii 3  NPOTUJIEKHUM  TOCHIOM,  TOIIO.
[lepeBaxkHO akayHTH OOTIB OJIOKYIOTH, a00 OOMEXKYIOTh
y MOXKJIUBOCTSX. AJie Haiirepiie, mo Tpeba 3aiHCHUTH
JUISL  YCHIITHOTO 3aCTOCYBaHHsI JaHUX METOMIB —
inenTudikarris 6otiB. Meroau imenTudikamii O0TIB CITig
mrykat cepen Data Mining MeToAiB, 1110 BKJIIOYAIOTh B
cebe KiacTepusallilo JaHUX, HEHPOHHI Mepexi,
€BOJIIOIIfHI Ta T'€HETUYHI aNrOPUTMH, CTATHCTUYHI
METO/IH, KOPPEISILIHO-PErpeCUBHUIN aHai3, TOLIO.

SIki camMe MeETOAM 4YM CYKYNHICTh METOMIB
3aCTOCOBYBAaTH, A TaKOX SKi CTATUCTUYHI IOKa3HUKH
BpaxoByBaTH, IpH BUsIBIEHI OOTIB Yy cCOLiaJbHUX
Mepexax — 3HAYHO 3aJeKHUTh BiJl OCOONMBOCTEH Ta
TEMaTHYHOTO CHPSIMYBaHHS BeO-pecypcy. Aje MOXHa
TOBOPHTH MPO MEBHI 3arajbHi MPUHIINIIH.

Hns  inentudikamii axkayHTIB OOTiB  MOXHA
aHaJI3yBaTH HACTYITHI XapaKTePHCTHKHU 1X TPOQiTiB:

— MIBUJAKICTH 3JIHCHEHHS Aid — mporpaMu-00Ty,
SKIIO PO3POOHHMKH HE BHKOPHCTAIOTH MOJETIOBAHHS
YaCOBUX 3aTPUMOK, OyIyTh MpAIfOBATH IIBUJIIE, HiXK
JIFOIMHA,;

—3MicT myOmikamiii — HaWMpOCTIMM € aHaji3
TEKCTOBHX IIOBiIOMJICHb IHTENEKTYaJIbHUMHU 3ac00aMu
(HefipoHHUMU MepexamH, 0aiieCOBCHKUMHU
KnacugikaTopamMu, TOIIO) HA HASBHICT HAJAMIPHOTO
eMOIiifHoro  3a0apBieHHS, BXOMKEHHS  HabopiB
MiJO3P1IIKX CIiB Ta CIIOBOCIIONYYEHb 1 T.J.;

—3mificHeni aii — OOTH MOXYTh MaTH II€BHI
mabIoHM TOBEIIHKH, HaIlp., pearyBatd (CTaBUTH
TMAUKW/ IM3NaiiKy, TMUCaTH KOMEHTapi, pPEMOCTHTH)
TITBKM Ha TIEBHI IyOumikamii Ta KOMEHTapi, 0 MaloTh
LiTHOBI KIFOYOBI CJIOBA UM I[IIEOBY TEMY;

— CIIACOK JIPY3iB — TEPEBaKHO Oyne MICTUTH TUTBKH
iHOmMX OOTiB Ta/ab0 KOPHCTYBadiB, IO TMiATBEPIHKYIOTH
MaihKe BCi 3asBKH Y JIPY3i, HATIP., Yepe3 CBOFO MyOIiYHICTh;

—TMOAiOHICTP 3 IHIIMMH KOPHCTYBadyaMH —
aKayHTH, IO BXOJATH IO ONMHi€I Mepexi OOTiB, OyIyTh
MaTH 3HAYHy CXOXICTh MK c0000, 3HaYHO OuTBMIY,
HDK MOXXYTh MaTH MK COOOIO 3BHYaiHi KOpHCTyBadi,

00 OyayTh 3miliCHIOBaTH 0araTo OJHAKOBHX il (110

MOXXHA OIIHIOBaTH 32 JIOIIOMOTOI0  KOe(ili€eHTiB
KOpeJIsLii).
3ajauy BusBIeHHS TpodiniB  OOTIB  MOXHa

PO3IUIMTH HA HACTYIIHI CTAITH:

1. BusHaueHHs MOXJIMBHUX I1A0JIOHIB ITOBEIIHKA
0OTIB Ha OCHOBI MOKJIMBUX LIJILOBUX 00’ €KTIB.

2.30ip CTaTUCTHYHMX JAHHX PO KOPUCTYBadiB
comiagbHOI  Mepexi Ta  OOYHCICHHS  TIEBHHUX
CTATUCTUYHHUX TOKA3HMKIB.

3. [lopiBHsHHS 3i0paHMX HaHUX 3 IIYKaHUMH

mabioHaMK  TIOBEIIHKM Ta (OpMyBaHHS  CITMCKIB
MiI03pLIMX KOPUCTYBAYiB.
5. BusHaueHHst  Koe(illieHTIB  KOpemsii  Mix

MiI03pUIMMHE KOpHCTYBauaMH Ta (DOPMYBaHHs CIHCKIB
MOXITHBHX Mepex OOTiB.

OCHOBHI ~ METOAM  BHUSBJIEHHA TIpyn  OOTiB
nepen0avaoTh PO3AUICHHs MPOQiIiB KOPUCTYBayiB Ha
JIBa KJacTepy Ha OCHOBI 1X KOE(Ili€HTIB MOHO00H.
AHami3yloud CTaTHCTHKY KIAcTepiB, HPUAMAETHCS
pillIEHHS] PO HASBHICTh Hamajny, 1 SKIIO TaK, TO SKU
KJIacTtep MICTUTh mpodini araku. Bpaxaerbcs, 110
Hamaja BinOyBCs, SKIIO PI3HULS B CTaTHCTHYHUX
0COONMMBOCTAX TPOGUIIB I ABOX KJIACTEPIB JOCUTH
Benuka. Kimactep 3 MEHIIMM CTaHIApTHUM BiIXHICHHAM
BU3HAYAEThCS SIK Kiactep 00TiB. OnHAK, 0COOIMBO ISt
HEBEJIMKHUX PO3MIpIB aTak, 3HaYHA 4YaCTHUHA KiacTepa
ineHTU(IKOBAHOTO SIK KiacTep OOTIB MOXeE MICTUTH
CIpaBKHIX KOPUCTYBAYiB.

Kpim aBTOMaTH30BaHUX METOJIIB BUSIBIICHHS OOTIB,
BeO-caliTH 4acToO HamaloTh KOPUCTYBayaM MOMJIUBICTBH
BIJIMITUTH MEBHUI aKayHT SIK IMiIO3PUIHIA, 1 TICIs TOTO,
AK KUIBKICTh CKapr NEepeBHIIYBATHME ASSKES KPUTHYHE
YUCO0, akayHT Oyne imeHTH(IKOBAaHO y CHCTEMI fK
(heiikoBuii, a00 BiAMpPaBICHO HAa TEPEBIPKY.

Takox iCHye IIIe OWH I AX11 A1 3aXUCTY BiJ OOTIB
Ha BeO-pecypcax, SKHM IIE€PEBaXKHO KOPHCTYIOTHCS
JIOIIKH 00’ B Ta MapKeTIUICHCH — peITyTalliifHi CHCTEMIL

Pemryramiitna cucrema — e cucrema, Mo J03BOJISE
KOPUCTYBadaM OIIHIOBATH OJIWH OJHOIO B OHJIAWH-
CIUTBHOTaX, TUM CAMHUM ITiIBUIIYIOYN a00 3HIKYIOUH
PiBEHB IOBipH /IO OIiHIOBAHOTO.

Xoua  pemyramiiiHi CICTEMH  TIEPEBAKHO
BUKOPHCTOBYIOTBCS JUIS 3aXHCTy BiJl LIaxpaiB cepen
MponaBIliB abo MOKYMIIIB HA BeO-pecypcax eIeKTPOHHOI
KOMEpIlii, BOHM TakKO)X MOXYTh OyTH OJHHM 3
IHCTPYMEHTIB 3aXHCTy BiJ OOTiB, Tak SK iX MOXKHa
noOyyBaTH TakMM YHHOM, 10O OOTH omepKyBamn
HU3BKY PEITyTallilo 1, IK HACMiJOK, MaJIX HU3bKHI BIUIHB
Ha YJaCHHKIB COLIiaJIbHOT MEPEeXi.
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OMNTUMISALIA AITTOPUTMY 3AJIMBKU ONA BUKOPUCTAHHA Y CUCTEMI
IFrPOBOIO PYWIA ANA NIAT®OPMU ANDROID

BuzHaueHns oOmacti, Komip SIKOI Clifi 3MiHUTH,
TIOIIMPEHA 3a/ia4a y IporpaMyBaHHi rpadiuyHuX JT0aTKiB,
TaKuUX SIK irpoBi pyIIii.

OCKiNIbKM Ha TIEPEAHBOMY IUIAHI 3aBXKIM BPaKCHHSI
KOpUCTYBa4a, TMiATPUMKA SKOCTI 300pakeHHS CTae
HaJBaXJIMBUM 3aBmaHHsM. OpHielo 3 mnpobneM mpH
PpO3po0Ili TAKKX TOAATKIB € pOOOTa AITOPUTMY 3aJTUBKH 13
300pa)KEHHSMH, [0 MICTATh 3171 KYBaHHSL.

Meroro naHoi poOOTM € ONTUMI3Allsd aITOPUTMY
3aJIMBKH 151 irpOBOr0 (hpeHMBOPKY (py1Lis).

IrpoBuii ppeiiMBOpK — OCHOBa [yIsl CTBOPEHHSI TPH,
MICTUTB y €001 MOy rpadiku, 3ByKY, KOPHCTYBAIILKOTO
BBOIY Ta iH. MictuTh oauH abo AeKibka iHTepgeiciB,
KOYKEH 3 SIKMX MICTHTh X04a O OJTHY peasti3alliro.

3anuBKa — Ile AITOPUTM, 10 BH3HA4a€  00JACTh,
“roenHaHy” 3 TIEBHMM €IEMEHTOM Yy 0araroMipHOMY
MacuBi. IlepeBakHO 3aCTOCOBYETbCS y Tporpamax misi
BU3HAUCHHS  o0nacti, 5Ky  Tpeba  3alOBHHUTH
IIEBHUM KOJILOPOM.  3IVIaJDKyBAaHHS — TEXHOJOTIsA, 11O
BUKOPHCTOBYEThCSI B 00pOOII 300pakeHb 3 METOO
3po0UTH MKl KPHUBHX JIHIH  OUIBII  IVIaJKAMHU,
nprOUparoyyn “3y01”, 1110 BUHUKAIOTh Ha KpasiX 00'€KTiB.

3anuBKa 300paXKeHb 31 3TI1a/PKYBaHHSIM.

AJITOpUTM 3aJIMBKU HEe MapKye “3riiajpkeHi" mikceli,
SIK Taki 10 MOTPeOYIOTh 3MiHM KOJBOPY, B PE3YJbTATI
TTCIIs 3aBEpIICHHS POOOTH aITOPUTMY KOJIP LIUX MiKCeneit
HE 3MIHEHO, IO YTBOPIOE e(eKT He CYLUIHHOI 3aJMBKH.
Jnst BupitieHHs 1iel npoOieMu Oyno BUIPOOYBaHO JiBa
migxomu [1]:

1. TloBTOpHMIT TPOXiA MO HEMEPEBIPEeHNM MIKCESIM 1
JI0JIATKOBA IIepeBipka Ha Te, YM He 3HAXOIATHCA BOHH
o613y "KopAoHY" 3adapOoByBaHHS:
private fun antiAliasFloodFill () {

for (y in 1 until height - 1) {

var 1 = y * width + 1

for (x in 1 until width - 1) {
// if pixel is not filled by neighbour is then
it's on the border

if (!pixelsChecked[i] &&
(pixelsChecked[i - 1] || pixelsChecked[i + 1] ||
pixelsChecked[i - width - 1] || pixelsChecked[i -
width] || pixelsChecked[i - width + 1] ||
pixelsChecked[i + width - 1] || pixelsChecked[i +
width] || pixelsChecked[i + width + 1])) {
// £ill pixel near border
pixels!![width * y + x] =

antiAliasPixel (x, V)

}
it+

2. BcraHnoBneHHs YiTKOI YMOBHU BU3HAYECHHS
3athapOOBYBaTH MIKCENb UM Hi:
private fun checkPixel (px: Int): Boolean ({

return px != Color.BLACK
}

[Mepmmii migxix no3Bossie 30€pert 3riapKyBaHH,
aJie TIOraHo OMpaIbOBYE TOCTPi Kpai podoyoi obnacti, a
TaKoX TMOTpedye JonmaTkoBoro wyacy. Jpyruil minxin
BU3HAYa€ CTO BIJICOTKIB oOnacTi, siKy Tpeba 3aroBHHUTH
HIEBHUM KOJILOPOM, ajie MOBHICTIO PYIHYeE 3I71aJUKyBaHHS
300pakeHHss. OOHIBa MIIXOAW HE € iIeabHUM 3 TOYKH
30py KIHIIEBOrO BUIVISIYy 300pa)KeHHs, TOX peari3aiiis
aroput™My notpedye iHmMX pimens [2]. OmauM 3
MOXKJIMBUX PIllIeHb € MOIIYK OCHOBHOTO KOJILOPY 00JIacTi
1, BpPaxOBYHOUH roro, BU3HAYCHHS 3HAYEHHS
3MV1a/PKYBaHHS (BiATIHKY KOJIbOPY) KOXKHOT'O
00pOOITIIOBAHOrO MIKCENs, OHAK PIlICHHS HE MiJXOIHTh
JUIsL yCIX BapiaHTIB BUIIQJKIB 4epe3 Te, IO ICHYIOTh Taki
obnacri 300paxeHp, Jie OCHOBHHMI KOJNIp IMpEICTaBiIeHMUt
OIHAM TIKCceNeM, IO POOUTh HEMOXJIMBHM MpOrpamHe
BU3HAYEHHS OO0 $IK OCHOBHOrO. IHIIMM MOXIIMBUM
IUBSIXOM ONTUMI3alil 0yJ0 PO3MISIHYTO TaKy peai3aliito
anropuT™My, B SKiH BemeTbcs poboTa 3 ABOMa
300paXKEHHSIMK, YOPHO-OLTMM, IO BHUCTYIIA€ KapTOO
3MIAHKYBaHHA Ta poOodYrM 300pakeHHSM, Ha SIKOMY
BJIacHE BIOOYBA€ThCA NpOLEC 3aJMBKU. lmest momsrana B
TOMY, III0 MH IIYKQ€EMO KOOpPJMHATH 00JIacTi Ha 6a30BOMY
300paxkeHi, a 3aJMBKY MPOBOJAMMO Ha HOro KOMii, TAaKUM
YUHOM MH TOYHO MOMKEMO BH3HAUWTH, SKi IKCeNl
noTpeOyroTh 3mMamKkyBaHHA. OIHAK TaKWAM aJTOPUTM
OyKe BHMOIIMBHI 1O TMaM’sTi, Mo poOuTh HOro
BUKOPUCTaHHS Y MOOUIBHHX TPUCTPOSX, OOMEKEHHX 3
TOYKH 30py PECYPCiB, HEOMTUMAIBHIM PIilICHHSM.

OckiTbKH pO3poOKa irpoBOTO pymiis Ui MOOUIBHOI
CHCTEMH BUMAarae 0aiaHCy MiX IMIBHAKOIIEI0, PECYpCaMH i
pe3ynbTaToM, 3a[UI1 MONONaHHS PO3IIHYTOI NpobIeMH
Oyno BuUpiIeHO, B 3aJEKHOCTI BiJ HAsBHAX Ha
MOOLTEHOMY TIPUCTPOI pecypciB, aBTOMATHIHO OOMpaTH
BHKOPHCTOBYBaTH abo HE BUKOPUCTOBYBATH
3MIADKYBaHHA y  300paxkeHHsX. s mepeBakHOL
OUTBIIIOCTI  Cy94aCHMX  MOOUTPHMX  TIPHCTPOIB  Bif
3MIIADKYBAHHS 300payKeHb CIIIJT BiIMOBIISITUCS HA KOPUCTh
MIBUZIKOIT TOAATKY.

Cnuncok niteparypm

[1] DTx. du Mapuwo, PaspaGorka wrp mom Android, CII6.,
Poccust: [Turep, 2014.

[2] M. Lexuep, Iporpammuposarme urp mon Android, CII6.,
Poccust: TTurep, 2013.
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OOCHNIMKEHHA MOOENENA PEKOMEHOALIMHUX CACTEM HA OCHOBI
NMPUXOBAHUX PAKTOPIB

Ha cporomsimmiii JeHb, MpH MOOYIOBI peKOMEHIa-
uiiiHnx cucreM (PC) Ha ocHOBI KonmaOopaTvBHOI (DisbT-
parii, 9acTto 3acTOCOBYIOTb MaTpH4HI (haKTOpH3aliiHi
Mozeni (M®M) Briogobanb koprcTyBadis [1].

dakropuzallisi — e mpoIec JSKOMITO3UIliT 00’ €KTy B
HaOip iHHMX 00’ekTiB ((hakTOpiB), HOOYTOK SIKUX Ja€
novaTkoBuii 00’ €KT [2]. DakTopu3arlis J03BOJSAE BUIUTUTH
KIIIOYOBI KOMIIOHEHTH 00’ekTy ¢akropmzaiii. Y PC
(bakropu3allisi 3aCTOCOBYEThCS [0 MATpHIll PEHTHHIIB
(®M) 3 Meror BUSBISIHHS IIPUXOBaHHX (paKTo-piB
00’€KTiB, 110 BILTUBAIOTH Ha OLIIHKK KOPUCTYBAUiB.

Hait6inemr Bimomumu M®M € FunkSVD, SVD++,
Asymmetric SVD, timeSVD [1, 3]. Yci BoHu MicTsTh Y
Ha3Bi abpeBiaTypy Merony Singular value decomposition,
00 3acHOBaHI Ha CHUIBHINA 3 HUM inei — (akTopHu3yBaTH
MaTpHI0 Ha JIBI MaTpuili, JOOYTOK SIKMX JIa€ MaTPHIIIO
HaOMIDKEHY JI0 TI0YaTKOBOI, J€ TMOYaTKOBO IOPOXKHI
komipku 3arnoBHeHi (st PC 1ie 103BOIIsiE MPOrHO3yBaTH
PEUTHHTH ISl TOPOXKHIX KOMIPOK MATPHIIl PEUTHHTIB).

Saranbhuii anroputv ®M peldTHHT B!

1. InimjamizyeMoO MAaTpUIIO TNPUXOBaHUX (AKTOPIB
kopucryBa4iB F, Ta marpuiro npuxoBaHux (HakTopiB
00’exTiB Fj BUIIagKOBUMH 3HAYEHHAMH.

2. Tlepemuoxxyemo Fy 1 Fj Ta mopiBHIOEMO pe3ynbTaT 3i
CIIPaBXHIMH PEUTUTAMH, OOUHCIFOEMO TOMIJIKH.

3. MiHIMI3yeMO TOMHIKH 32 JOMOMOIOK JIESIKOro
aJITOPUTMY MAalIMHHOIO HAaBYaHHS (HAIp., IPagi€EHTHOTO
CITyCKY, METORy HaMEHILIMX KBaJPaTiB, TOLLO).

FunkSVD. Haiinepima Mmojenb pexkoMeHIaIliiHuxX
CHCTeM, 110 3aCTOCOBYE MaTpu4Hy (hakropu3arito [3].

HNana wMomenp monsrae y HactymHoMy. CrodaTky
Tpeba BU3HAYNTH 0a30Bi IPEAUKTOPH (3MILICHHS):

b, =p+b, +b;.
IIporHo3yBaHHsI OLIIHOK 3/IHCHIOETHCS 32 (POPMYIIOIO:
f;u,i :lu+bu +bi +qi : pu'
Jie G — BEKTOp (pakTopiB 00’€KTy i; a Py — BEKTOp (paKTOpiB
KopuctyBada U; by — 0a3oBi 3MilleHHA OKpeMHX
KOpHCTYBadiB; b — Ga3oBi 3MillleHHsT OKpeMUX 00 €KTIB; i
— IMOOANTBHUH CepeIHii peHTHHT 00’ €KTIB.

Cnouatky obOuncmroetbest 4. [loTiM  3HAXOmATHCS
HaWKpaIi TpeAuKTOpH Ta (DAKTOPH, IO TO3BOJISIOTH
MIPOTHO3YBATH PEUTHHIY 3 HAUMEHILIOI TIOMUJIKOIO.

JU1s BU3HAYCHHS TIOMMJIKM BHUKOPHCTOBYETBCS CyMa
KBaJIpaTiB BIJIXWICHb, IO ONTHMI3YETHCS TPATi€HTHAM
CITyCKOM, TAKOXX BHUKOHYETBCS peryispusaiis, 0ioo
TOJIONIATH TIPOOJIeMY ITepeHaBYaHHS CHCTEMH:

Q.p —argmin S —u—b —b, —q - p, )?
b..G..p argrggg%;(ru,. u=b, —b —q;-p, )’ +

o oSl +Io.f

JIe . — HapaMerp peryisipu3arti.
Ilin yac rpaieHTHOrO CIYCKY BHKOPHUCTOBYIOTHCS

HACTYITHI TIPaBWJIA [Tl ONTHMI3arlii 3MiHHUX
bu :bu +7/(eu,i - Ab )

b, = b +7(eu,i — Ab, )v
Qix = Qi +7(eu,i * Puk _ﬂqu)’
Pux = Puk +7(eu,i ik _ﬂ’pu,k)’
ne €,; =r,;—f,; — moMwika Ha HaOopi JaHUX JId

HaBYaHHA; Y - I.UBPI}IKiCT]) HaB4YaHH:A.

SVD++. Bigpizusierbes Big FunkSVD TimM, mo kpim
peiTHHTIB (SIBHOTO 3BOPOTHOT'O 3B’SI3KY BiJI KOPUCTYBa-4a)
BUKODHUCTOBYE ~ TakO)X HEsABHY 1H(pOpMAI[O IO
BIOJIO0AHHS KOPUCTYBadiB, Hamp., MEPerjsau 00 €KTiB,
HarnucaHHs KoMeHTapiB, Tomo [4]. TimeSVD++. lle
(akTopuzaliiiHa  MoOZENb 3  Bpaxy-BaHHsAM  4acy.
BrionobaHHs KOpUCTYBadiB MOXKYTh 3aJIeXaTH BiJ 4acy,
caMme II¢ BPaxOBYE [laHa MOZENb, TPAKTYIOYH 3MIILCHHS
00’exty bj sx pyHKItif0 acy. Asymmetric SVD. Jlo3Bosisie
JIONIaBaTh JI0 MOJeli HOBUX KOPHCTYBadYiB 3 JEKLIbKOMa
peiftiHramMu, 6e3 HeoOXiHOCTI TIepeHaBYaTH BCIO MOJIENb
[1]. Orxe, icuye Garato pisaux momeneii PC, 3acHOBaHHX
Ha OM. Yci BOHHM YCHIIIHO 3aCTOCOBY-FOTHCSI Ha Pi3HHX
icHyrounx BeO-pecypcax. [lepesaramu M®OM e Bucoka
pOOACTHICTH IO aTak Ta BHCOKA TOYHICTh MPOTHO3YBaHHSI
BIO00aHb, HEMONIKAMH — TIIOraHa MacIITa0OBaHICTh,
JOBTMA Yac HABYaHHS, IepeBakHa Oumblricte MOM
noTpedye MpH T0JaBaHHI HOBHX KOPHCTYBA4iB IOBHOTO
TiepeHaBYaHHS yCiel MOZIENTi.

Cnucok niteparypm

[1] F. Ricci, L. Rokach, B. Shapira, and P. B. Kantor,
“Recommender Systems Handbook”, Editors, 1st edition,
New York, NY, USA: Springer-Verlag New York, Inc.,
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[4] Ya Jia, “Users' brands preference based on SVD++ in
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PO3POBKA TELEGRAM-BOTA AJ1A KOMIFOBAJIbHOIO LEHTPY

Bce wacrime Ui CHijKyBaHHS OAWH 3 OIHUM
JIOW OOWMparoTh MNPOTPaMH HA BIACHUX MOOUTBHHX
npucTposix — meceHpkepax — Viber, Telegram, Skype,
Facebook Messenger. TloemHaHHS CHCTEM MHTTEBUX
TOB1IOMJICHb 3a0€3MEeUIIIO MOSBY OOTIB — Mporpam Jyist
ABTOMATH30BAHOT'O BUKOHAHHS MPOCTHX Ta
MOBTOPIOBAHHX 3aBJIaHb.

Jnist oxoruteHHsT OiNbIIOI ayauTopii MOTEHIIHHNX
KIIIEHTIB Ta aBToMaTH3alii mpouecy QopMyBaHHS
3aMOBJICHHS JUI1  KOIIOBAJBHOTO  IICHTPY  OYJI0
BUPIIIEHO CTBOPUTH OOTa BUKOPHCTOBYIOUH TIATHOpMY
3 MOKJITUBOCTSIMU CTBOpEHHS IHAMBIAYyaTbHOT
Kiasiatypu Telegram.

[Tpu po3podiui Oora Oyiio BpaxoBaHO MMOBIPHICTb
TOro, M0 HAa KOXHOMY eTali KOPHCTYBad MOXKe
npurajgatu 4u SaXOTiTI/I e SIKUUCh TOBap, SAKOIo
nornepenHbo He Oyno y KOIIMKY, TOMY CTBOPEHO
MOXJIMBICTh MOBEPHEHHS IO TIEPENISAY KaTauory
NpoAayKUii & TOTIM  BiHOBJCHHS  O(QOpPMIICHHS
3aMOBJICHHSL. 3HaiTH 6ota niomirpadii
Printing&Publishing moxxna uepe3 nomryk B Telegram,
3a/ulsl  TOJNeruieHHs igeHTudikanii  Oyno  1oAaHo
KOpOTKHii oruc QyHKIii podoTa Ta aBaTapky.

Karamor mpoaykuii  ckiagaeTbes 13 TaKUX
HaliMeHyBaHb — OIpKH, OJOKHOTH, OYyKJETH, BI3UTKH,
JIpyK Ha IIaKeTax, MEHI0, KaJeHIapi, KOHBEpPTH Ta
¢bmaepu, mo BimoOpaxkaroThest B Tepenucti sk inline-
KHOIIKK. KinmpKicTh HaliMEHyBaHb NPOIYKIIT MOXKHA
3MiHIOBAaTH.

[Ipu HaTHCHEHHI Ha OyIb-KY 13 HUX 3 SBISIOTHCS
TOBapH JAHOTO THITy TMPOAYKIII — IOBIJOMIICHHS 13
300pa’keHHSIM, Ha3BOIO Ta KOPOTKOIO XapaKTEPUCTHKOO
(mina, wmarepian, KUIBKICTh, HASBHICTh JIAKyBaHHS,
po3Mmip), SKi TPOMOHYE BHUTOTOBUTH KOIIIOBaJIbHUN
neHtp. Takox Telegram — 60T mpormonye o0paTé ToBap
I 3aHECEHHS B KOIIMK LIIAXOM HAaTHCHEHHs Ha inline
— KHONKH 13 HA3BOIO MPOMYKIIi, OMICIsA 3’ SABISETHCS
BIKHO i3 HammcoMm, IO Oyao AOAaHO IO 3aMOBIICHHS
(puc. 1).

Ilpu Bu3HaueHni matopmu A PO3POOKU
pobota Oymo BHSBICHO, IO X0Ua YKpaiHI MpH BHOOPi
MECEH/DKEepiB  HamaroTh mepeBary Viber — 87%,
Facebook Messenger — 48%, Telegram - 40%,
HAWOIIBII TEPCIIEKTUBHUM I PO3POOKH 3pO3YMiNHX
Ta 3pyYHMX Yy BHKOPHUCTaHHI OOTiB € OCTaHHIM.
BusnadueHo, mo s TiABWINEHHS PIiBHA MPOAaX Ta
3aIydeHHSI KJI€HTIB 32 JOIIOMOIOK0 MOOUIBHHMX
TeneoHiB IS KOMMIOBAIBHOTO  IICHTPY  MOXKHA
3aCTOCOBYBATH OOTiB-MECEHKEPIB, SKi BIAIOBIAIOTH

HACTYITHAM KPHTEpisiM — po3poOIieHnH 3aci0 He 3aiimae
JIOIATKOBOi MaM’sITi Ha MPUCTPOI, HE MAa€ YHIKAILHOIO
JM3aiiHy, sKuii OW 3aBakaB crpuiiMaTté iH(opMariro
KOpUCTYBady, JIETKICTb Y BHKOPHCTaHHI, Iil10000Ba
MiTpUMKa, POCTHH CIOciO KOMyHiKarlii.

E3Tanor EDpIHEY
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Puc. 1. Cxema poboTu 60ta

Ha Python 6ymo pospo6aeno Telegram 6ora, mio

jporiomarae  oOPMIIIOBATH  3aMOBJICHHSI  OHJIAMH:
0o0HMpaTH TMPOIYKINIO Yepe3 KaTayior, J0AaBaTH B KOIINUK
ToBapu,  OoQopMIIIOBATH  3aMOBJICHHS,  HaJaBaTH

KOHTaKTHI JJaHi KJII€HTa Ta OOMPATH JaTy BUTOTOBIICHHS
Ta BIAIUICHHS KOMIOBAJIFHOTO IIEHTPY, 00paTH CHociod
JIOCTABKH Ta OIIATH, HAJCHJIATH JETajli 3aMOBJICHHS Ha
eIeKTpOHHY momTy. s 3a0e3redeHHs KOPUCTYBadiB
CIIy’KOOI0 TiOTpUMKHA Oya0 CTBOpPEHO dar-00Ta Ha
OCHOBI 3aC00iB PO3ITi3HABaHHS JIOACHKOI MMCEMHOCTI —
Dialogflow. Yar-Gora 6ymo mpoTecToBaHo, a Ha
BUSIBJICHUX MOXMOKAX 37iHICHCHO TPCHYBaHHS arcHTa. .
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E®EKTUBHICTb CUCTEMM NMNIATPUMKU MPUAHATTA PILLEHDb

IHTepec 10 cHUCTEeMM MIATPUMKH TIPUHHATTS
pimens (CIIIP) six 10 iHCTpyMEHTapilo IiJBHIICHHS
eeKkTUBHOCTI mpami y cdepi ynpaBiiHHSI €KOHOMIKOO
MOCTIHHO 3pOCTaE.

3a ponomororo CIIIP, B sKkuX CKOHIIEHTPOBaHi
MOTYXKHI METOJI MATEMAaTHYHOT'O MOJICTFOBAHHS, TEOPii
yIpaBiiHHS, iHpOpMALIHHUX  TEXHOJOTIH, MOXe
3IiIHCHIOBATHUCS BUOIp pileHs JIESIKIX
HECTPYKTYPOBAHUX 1 CIabOCTPYKTYPOBAHUX 3ajad, y
ToMy 4ucii # Oaratokputepianbrux. Tomy CIIIIP, sx
NpaBWIoO, €  PE3yNbTATOM  MiKIUCIHMIUTIHAPHOTO
JMOCHIDKCHHS, 10 BKJIIOYaE Teopii 0a3 maHuX,
IITYYHOTO I1HTENEKTY, IHTEPAKTUBHHUX KOMIT FOTEPHHX
CHCTEM, METOIB IMITAI[IHHOIO MOJIEIFOBAHHS TOIIO.

Hocnimxenns epexruBHocti Bukopucranus CIIITP
BU3HAYAETHCS HEOOXIJHICTIO BpPaxyBaHHs BEJIUKOIO
00’eMy JJaHUX, 00pOOKa SIKUX 0e3 JOMOMOTH CY4acHOTO
KOMIT FOTHHTY TIPAKTUYHO HeMOKiuBa [1].

CIIIIP po3p’s3ytoTh 1Bi OcHOBHI 3amayi. [lo-
nepiie, BUOIp HaWKpamoro pimeHHs i3 0aratbox
MoxuuBux (onrumisaiis). [lo-apyre, BHOpsIKyBaHHs
MOXIIMBHX PIIIEHb MO MpiopuTery (pamxyBaHHs). B
000X 3a7ayax MepuMM 1 HaHOLIbII MPUHIKMIOBUM
MOMEHTOM SIBIISIETBCSI BHOIP CYKYITHOCTI KpUTEpiiB, Ha
OCHOBI  SIKMX Hajajal OyIyThb  OIIHIOBATHCh 1
31CTaBJIATHCH MOMJIUBI pillieHHS (QJIbTEPHATHBH).

CIITIP sBnsie cOOOK KOMIDIEKC TPOTPaMHHX
IHCTpYMEHTaJIBHUX 3ac00iB JUIs aHami3y JaHuX,
MOJIEIIOBAaHH, MPOTHO3yBaHHS i OPUHHATTS
YIIPaBIIHCHKUX DIillleHb, SIKi CKIAJAIOThCSl 3 OCOOMCTHX
po3po0OK  Kopropaiii Ta NpPUAOAHUX MPOrpaMHHUX
nponykriB (Oracle, IBM, Cognos).

B mmpokiii npakTHIl JaBHO BHKOPHCTOBYIOTHCS
Taki cucremy, sk EIS, GDSS, ODSS. Komnaniecro Texas
Instruments Oyno crBopeno Gate Assignment Display
System mms United Airlines. Lle mo3Bommio 3HaYHO
3HM3UTH 30WTKA BiJ TONBOTIB 1 BiAperyiIroBaTH
yopaBiiHHA pi3HAME aepormopTamu. [lizHime cdepa
MoxsmBocteit CIIIIP posmmproBanack 3a JOIOMOTOIO

BIIPOBA/DKEHHST B POOOTY  CXOBHIN  JaHUX  Ta
inctpymentis OLAP [2].
Bupinstors  1Ba  OCHOBHHX  (akTOpH, IO

BIUIMBAIOTh HAa €(EKTHUBHICTH pillleHb: ()aKTOp SKOCTI
pimmenHs Q Ta (akTOp MPUHAHSITTS PIlICHHS JIOIHHOIO
A. E¢exruBricts pimeHHs E moxe Oyth BHpakeHa
dopmynoro: E = x A

3a yMOB, mO OAWH i3 3a3Ha4eHUX (HAKTOPIB
MpSMYE 10 MIHIMYMY, €(QEKTHUBHICTh PIIICHHS Maja€.
dakrop sKkocTi pimeHHs Q mOB’sBaHWI i3 BHOOpOM
Kpamol alnbTepHATHBH 3 THX, L0 3yMOBIIOE MIPOOJIEMHA

CHUTYyallisl 3 ypaXyBaHHAM yMOB INPUHHATTS pIlIEHb Ta
MOXKITBOCTEH BUKOHABIIIB PillICHHSL.

[TigBuieHHs €QEKTHBHOCTI PIllICHHS TOJOBHUM
YMHOM CIiJ] CHPSIMOBYBaTH Ha IIOKpAIEHHS (aKTopy
SKOCTi, a camMe Ha BipHHUI N00ip 0OMeXeHb 1 KpuTepiiB
pilieHHs,  mpaBwibHe ~ (OPMYBaHHS  MHOXHUHH
JIOIYCTUMHX aJIbTEPHATHB Ta HAa KOPEKTHHH BHUOIp
HANKPAaIIoro Jyis yMOB 3a/1a4i BapiaHTy.

Tak, edexkTHBHICTH pO3B’sA3aHHS 3a7a4i PO3MOILITY
pecypciB XapakTepu3ye CTYMiHb CIiBBUMIPHOCTI IiJIeH
i3 BUTpataMH pecypciB Ha iX JOCATHEHHS Ta
BU3HAUYAE€ThCI (PaKTOPOM SKOCTI pimieHHss Q, skuit
00YMOBITIOETBCS JIOOP OSIKICHICTIO i [ITUOMHOKO
BUKOHAHHS €Taly [OCTaHOBKM 3ajadl Ta BHOOPOM
METO/IB 1 MOJIeNeH T Po3B’A3aHHs 3aaadi [3].

Mnanysanus
npouecy
npuiinaTrs
pimens

!

36ip gaEux

Opramisauin
Ta obpobxa
ind oprranii’

IpuAHATTS
pimenss

Peaaisauis
pimenns

!

Puc. 1. IIpouec npuitnstrs piniens 3 CITTIP

CIIIIP no3Bosie MOJErMIMTH POOOTY KEpiBHHKIB
MIANPUEMCTB  Ta  MIABUINATH i1 eEKTHBHICTD,
MOKPAIIUTH KOHTPOJb HaJA JISUTBHICTIO Oprasizaiil.
Bona 3Ha4HO TPHCKOpIOE pO3B’si3aHHA MpoOIeM Ta
3aBISAKH il BIAKPUBAIOTHCS HOBI ITiAXOIH IO BUPIIICHHS
MOBCSIK/ICHHUX T4 HECTAHAAPTHHUX 3a/1a4.
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DRAWBACKS OF WIRELESS TELECOMMUNICATION SYSTEMS

An analysis of the current state of information
applications regarding the demand for video information
resources is carried out. It is shown that, as a result of the
development of telecommunication technologies, there are
also dangerous risks regarding interaction with an open and
uncontrolled external information environment. It is
substantiated that wireless telecommunication technologies
have become widely used as information delivery systems.
The shortcomings of wireless telecommunication systems
are revealed. It is justified that for the image processing
variant the probability of reliable interpretation is directly
proportional to the value of the peak signal-to-noise ratio in
case of unauthorized access. The shortcomings of existing
cryptosystems are identified.

Recently, the usage of wireless telecommunication
technologies has sharply increased as information delivery
systems. Wireless telecommunications systems are divided
into aerospace and ground-based technologies.

Geostationary spacecraft are the basic component for
the organization of satellite communications. Advantages
of satellite communication systems are the possibility of
data transmission over considerable distances; relatively
large bandwidth channels, unlimited space overlap,
channels' high quality and reliability. Based on the low-
orbit satellites and UAVs using, an aerospace monitoring
system is being built. As practice shows in the course of
remote strategic objects monitoring and in the emergency
situations liquidation, more than 90% of all information
has video images based on the aerospace means.

For wireless telecommunication systems, there are a
number of characteristic drawbacks, namely:

1. Limited computing, power capabilities and
significantly lower transmission speeds compared to wired
technologies.

The main parameter affecting the execution time of
any conversion is the computer system's performance (the
processor clock speed). One of the approaches to
computing the modern computing systems' performance is
the peak computers' performance.

Peak performance is measured in teraflops (TFLOPS)
and shows how many operations per second the given
computing system performs (usually refers to operations
on 64-bit floating numbers in the IEEE 754 format):

1 teraflops = 1 tril. oper. in seconds = 1000 billion
oper. in seconds;

1 TFLOPS = 1012 FLOPS = 103 GFLOPS.

The actual modern computers' performance (based on
the LINPACK test) is about 80 — 95% of the peak
performance.

Despite the apparent unambiguity, in reality peak
performance, calculated in flops, is not ideal, since its very
definition is ambiguous. Very many factors not directly
related to the performance of the computational module,
such as: the communication channels' bandwidth with the
processor environment, the main memory's performance,
and the synchronization of cache operation at different
levels. Therefore, the performance of the computer system
for research purposes is proposed to be determined through
the clock frequency. The transmission rates from the low-
orbit spacecraft are from 15,3 M to 61 Mbps for the
frequency range of the 8,2 GHz radio link and 665,4 Kbps
for the 1,7 GHz band. The transmission speed for modern
UAVs is within 500 Kbit / s.

2. Limited communication session. For UAV
vehicles, this is due to the antennas' limited size.
Communication is carried out within the line of sight. For
low-orbit satellites, the limited communication session is
caused by the limited territory of Ukraine, which allows
one to create one control point.

3. Increased wvulnerability of information security
systems.

There are two main technical ways of accessing user
data transmitted in cellular communication systems
without decrypting information:

- unlimited access to the equipment of cellular
operators and terrestrial data transmission channels;

- creation of a transit base station.

In cellular communication, data is encrypted only in
the radio-frequency segment - from the subscriber's phone
to the base station. And then they are transmitted in the
terrestrial channel by wires in an unencrypted form, which
enables the attacker to obtain data with unhindered access
to the equipment of the mobile operator. This is the method
used by law enforcement agencies.

Hypothetical creation of the transit base station will
enable the attacker to encrypt and decrypt the data passing
in the radio channel (in the zone of operation of this
station) practically on the fly. As a result the transmission
time of video data using wireless telecommunication
technologies can reach several minutes. This reduces the
ability to organize encryption of video data on-board
aerospace monitoring.
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MICLE | POJb E-HABITAUII B TMOBANI3ALIMHUX NMPOLIECAX OPIAHI3ALIT
BE3MNEKN MOPCbKUX NEPEBE3EHb

AKTyanpHICTh TEMH JOCII/)KEHHS B TOMY, IO
KOHIICTIIIisl “‘e-HaBiramis’” JTICKypOCMHCITIBAET IHTErPALIio
“inopMartist Ha 6OpTy cyaHa — iH(pOpMaITist Ha Oepesi” 1 €
LEHTPAJILHOIO I 3a0e3MeueHHs] HaBiramiiHoi Oe3neKu.
Jlana koHreris iHGOpPMAIAHOI B3aEMOMii  CHCTEM
CBIYUTH HE TUIBKH MPO 3arajibHO TEOPETHYHOMY CEHCI
TIOCTAHOBH MPOOJIEMH, a ¥ 11 MpaKkceoIoriyHi 3HaueHHs Ha
KOPHUCTh O€3MEYHOr0 CY/JHOILIABCTBA.

CraHOBIIEHHSI 1 PO3BUTOK IHTErpalliiHUX CHUCTEM SIK
BHCOKOPO3YMHHX, BUCOKOTEXHOJIOITYHHUX, BUCOKOIHTEIEK-
TyaJIbHUX €-CHUCTeM, sKi NpH JOCIIIKEHHI mnpoliieMu
0€3MeYHOr0 Cy/THOILUIABCTBA HAMAralOThCsl BIOCKOHATUTH
CerMEHT PHHKY, SK CY/JHOBOIIHHS 1HHOBAIlliHUMU
TEXHOJIOTISIMU. Y 3B'SI3KY 3 I[MM €-CHUCTEMH PO3IJISAAI0Th
TPUPiIBHEBY MOJIENTb iHQopMaTH3allii:

1) MeniaTu3aliito — MpoLec BIOCKOHAJICHHS 3ac00iB 1
TIOIIMPEHHS iH(popMallii;

2) KOMITIOTEpH3allil0 — MPOIEC BIOCKOHAJICHHS
3ac00iB MOIIYKY Ta 00pOOKH 1H(POpMALIiT;

3) iHTenekTyamizailis — MPOLEeC PO3BUTKY 37aTHOCTI
CIIPUMHSTTS 1 KOHCTPYIOBaHHSI TPUHIMIIOBO HOBOL
COLaIbHO 3HAYUMOT 1H(pOpMAIIii.

3 BWIlEe 3a3HAYECHUX OOCTABHMH IHTErpALil0 CHUCTEM
MOXXHa TPEJCTABUTH Yy BUIVLIII IIPOLECY OBOJOMIHHS
iH(opMaIli€r0, TEpPeTBOPIOIOYM 11 B TOJNOBHHH pecypc
YOpaBIiHHA, 32  TOCEPETHUITBOM  iH(OpMaIliifHO-
TEXHIYHUX 3ac00iB, M0 MiJBHIIYIOTh €(EKTUBHICTh
MO3MIIIOHYBAaHHS B paMKax pi3HAX (OpM 1 TOpSIKIB
MIPAKTUKU.

3a TakuM creHapieM B mporeci iH(opMmaruzarii
BiZIOYBA€THCS MPOrPECHBHO HAPOCTAIOUE BUKOPHUCTAHHS B
CYIHOIUIABCTBI  IHGOPMAIHHMX  TeXHOJOrid 1  1x
iHpopmari. [HdopMals po3rIIANAETECS HE TUIBKU SIK
MerTa i 3aco0H IisUTBHOCTI, a 1 SIK pe3ybTaT AisuTbHOCTI. Ha
TaKiii OCHOBI ()OPMYIOTHCS MPUHIIMIIOBO HOBI TEXHOJOTIT
JUTSL T IBUIIIEHHS O€3TIEKH CYTHOBOIIHHS.

U1 TpUCKOpEHHS  3pOCTaHHS  CyIOHOIUIABHOL
IHOyCTpii, HAa [JaHWA MOMEHT TpPHHHATO HACTYITHE
BU3HA4YeHHA KoHIemmii e-Navigation: Konmemmist e-
Navigation, BmpoBamkyBaHa MiKXHAPOIHOI MOPCHKOIO
OpTaHi3aIi€ro, Mae Ha YBa3i «y3ro/pKeHi 30ip, iHTerparlito,
Triepeavy, BiTBOPEHHS 1 aHai3 iH(popMarii mpo CUTYaIIIo
Ha Mopi, Ha OopTy cymHa i Ha OeperoBmx oO'ekTax 3
BUKOPHCTaHHSIM  €IEKTPOHHMX 3aco0iB 3  METOI0
BIOCKOHAJICHHSI TIpOLleCy IUIABaHHSA ‘‘Bii TpHYANLy IO
npryary” 1 (QyHKIiOHYBaHHS BINIMOBITHHMX CITyXO IS
3abe3nedyeHHs] HaAlliHOCTI Ta Oe3neKd MOpeIUIaBaHHS, a

TaKOX 3aXHCTY MOPCHKOTO HaBKOJMIIHBOTO CEpeOBHINA
[1].

[IIo6 BTIMUTH B KUTTI KOHIEMIi0 e-Hasirarris
Ba)KJIMBA TPHUCYTHICTh iH(pOpMaNiiHoi iH(pacTpyKTypH,
sIka 3MOXKE TIepeIaBaTH ILUTiCHY 1H(OpMaIifo.

IMepwiiii  Oyna  KOHIMIs, 3acHOBaHa  Ha
BIAMPAIbOBAHUX ~ XMApPHUX  TEXHOJOTISIX  IHTEPHETY,
“Xmapa wmops”. [ami “EfficienSea”, EfficienSea B

po3podili sikoro Opaiy ydacth Bxke 12 kpaiH, B CHITy 4Oro
BiH NEPETBOPUBCS 3 PETiOHAIBHOIO B €BPOINEHCHKHH [2].
Takoxx ACCSEAS. ¥V 2018 poui Hopgerist, Hinepnanau,
benbrist mouamu pospobistu npoekt Hull-to-Hull, sikuit
(inancye €C, 3aBepiualibHa cTa st HOro npoekty B 2020
poti.

OyHKIIOHANEHUM  iIpOM  TIaT(GOPMH  MOPCHKOTO
3B'I3Ky BCIX MPOEKTIB, SIKi CTBOPIOIOTbCS HA OCHOBI
XMapHUX TEXHOJOTH, € OfHi 1 Ti X eJIeMEHTH, SKi
BU3HAYMWIM TOJIOBHE “XMapa Mope”, Tak 1o rmarpopma
MOpCBKOTrO 3BSI3KY MOXE CTaTh He TUIBKH 0a3ucoM
“IaTepHeTy pedeil” Ha Mope, a i epPeayMOBOIO TIEPEXOAY
e-Hagiraiii 3 craail TECTOBUX TMEpEBIPOK B acleKT
BIIPOBAKCHHS.

OyHKLIT CIpsiMOBaHi HA BUPILICHHS IPO0JIeM:

CTaHAApPTU3Al[s Ta  aBTOMATH3allisl  MPOLEAYp
CKJIaJIaHHSI JIOTOBI/Ieit OeperoBrUM 1 MOPTOBUM BIIACTSIM;

KOMILIEKCYBaHHsI 1 BUCHOBOK Ha JuCIUIE] 1HpopMaril
MICTKa, OJIep)KYBaHOI 3 BUKOPHCTAHHSIM 3aC00iB 3B'S3KY.

Li mpobnemu € K CyAHOBHMH, TaK 1 OeperoBUMHU
KOMITOHeHTaMu e-Hagirarnii, siki peanizoBytOTh (i3UUHUI
3B'I30K MK aOOHeHTaMH 1 ()YHKIIOHAbHY 3BSI30K 3
CHCTEMOIO JIFOJJMHO-MAIIIMHHOT O iHTEpQEFiCy.

Hamnpsmmok xormenii e-Hagirariss, Ha npakTari Oyze
MOTypaTH: 3HWKEHHS HaBIralliiHUX aBapiii, 0COOIHMBO B
30HI OXOIUIEHHS CHCTEMH YIPABIiHHA PYXOM CYIIHA,
TIIBHUIIEHHS PiBHSA 1H()OPMOBAHOCTI CYITHOBOZIS, B CHILY
TpaHcopMmamii  IOCTymy A0  CTaHZapTU30BAHUX,
HAWrOJIOBHIIIE — HAIWHUM JaHUMU.

Cnuncok niteparypm

[1] e-Navigation ceromus: OrnpesienieHre, CTpaTerys, e,
3a/1a4d, TECTOBBIC MPOSKTHI W pa3pabOTaHHbIE TEXHOIOTHH,
Ha  ©KCrOAHOW  HAYYHO-TIPAKTHYECKOW  KoH(epeHImn
"I[TepCrieKTUBBI Pa3BUTHS M TPUMEHEHHS KOMIUIEKCOB C
OECIIMIOTHBIMA  JIETATENbHBIMK ~ anmapartaMu ,  KonomHa,
2016, c. 15.

[2] b. C. PuBkun, e-Haurammst na wmapme, nHa XIII
Bceepoccuiickom coBemaHuy 10 MpoOIeMaM  yIpaBIIeHHs!
BCITY-2019 17-20 wroms, Mocksa, UITY PAH, 2019, c.
1323 — 1329.
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3ABALNOCTIUKE NEPETBOPEHHA JAHUX

MeToro IHX Te3 € JTOCIIiHKEHHS Ta YIOCKOHAICHHS
QITOPUTMY  CHHTE3y  3aBaJOCTIMKAX  KOJOBHX
MOCTTIIOBHOCTEH. 3ampOoIOHOBaHI 3aBaJOCTIHKI KOJIOBI
MOCNTIJIOBHOCTI MalOTh NPAKTHYHY I[HHICTh, TaK SK
OJicp)KyBaHa ~ KOJAOBA  MOCITIMOBHICTH  JIO3BOIISIE
3Haxomutu 10  50% Ta BumpaBustH 10 25%
CIIOTBOPEHHUX CHUMBOJIB BiJl JOBXHHH 3aBaJIOCTIHKOI
KOJIOBO{ ITOCITiIOBHOCTI.

Jdnst  BupimeHHs 1€l npoOieMu  PO3TIISTHEMO
HEEKBIJIMCTAHTHI KOJOBI IMOCTIJOBHOCTI, I SKUMH
OyneMo BBa)KaTH MOCIIZIOBHOCTI, JI¢ JO3BOJICHI KOZOBI
KOMOIHAIlT YTBOPIOIOTH TOCHIOBHOCTI 3 PI3HUMH
BiZICTAHSIMHM MK OJMHHIISIMH Ta HYJISIMHU.

L{i HeekBiAUCTaHTHI KOJOBi MOCIiIOBHOCTI MalOTh
JesKi TepeBard IMepel  IHIIAMH  3aBaJ0CTIHKAMH
MOCITIZIOBHOCTSIMM ~ IIOI0 TPOCTOTH 3HAXOPKEHHS 1
BUIIPABJICHHS IOMWJIOK Ha CTOPOHI MPHHAOMY JaHHX, 00
nosia cuMBoiy “1” Ta/abo cumBony “0 7, y BUIIIsi
3aBaJii TOBOPHUTh MO TOMUIIKY, TaK SK 3MiHWJIACH
KIIBKICTh  JO3BOJEHMX  Bixcraneil. IloMmwika He
3HAXOIUTELCS TUIBKU TOMI, KOJIM KIJIBKICTH XUOHUX KOJIiB
piBHa abo Oumblie  KOIOBOi  BiacTaHi. 3amady
TIOKPALICHHS 3aBaIOCTIHKHX XapaKTEePUCTHK
HEEKBIIMCTAHTHUX KOJOBUX IIOCJIIOBHOCTEH BapTo
BUpILIIYBaTH Ha OCHOBI 3aCTOCYBaHHS 1JI€ajibHUX
KinbieBux B’ s3aHOK (IKB).

IneanprHoro uncnoBoto B's3ankoo (IKB) Oymemo
Ha3uWBAaTH BSI3aHKY, B SKIii MHOXHHA BCIX YHCEN
BUYEpPITyE 3HAYCHHS, SIKI € MPOIOPLINHHI eleMeHTaM
HATYPaJIBHOTO PSy 3 33/IaHOI0 KUTBKICTIO MTOBTOPIB JUIS
KOXKHOTO EJIEMEHTY [boro psay. KoxkHiN 4HCioBii
KOMOiHamii 3aBafoCTIfKii HEEKBIAMCTAHTHIN KOMOBINU
MIOCTIIOBHOCTI BiAMOBigae Ha0ip OAWHWIG Ta HYIMIB,
skuii  OyayeThes 3a Baramu IKB 3a  HacTymHEM
npasuiioM: 1 1ie 1, 2 — 10, 3 — 100, 4 — 1000 i Tak fpasi.

TakuMm yMHOM MiHiMaJIbHA KOZOBA BiJICTaHB OyIb-
SKOI ~ 3aBaJOCTIMKOI  HEEKBIAUCTAHTHOI  KOIOBOI
MOCTIIOBHOCTI, 10 ToOymoBaHa 3a pomomoroio [KB
Oyne BU3HA4YCHA y BUTJISI CITiBBiAHOIICHHS HOPSIIKY Ta
kpatHOcTi IKB:

dmin = Z(N'R)
st 30UIBIIEHHSA KUIBKOCTI JI03BOJIEHUX
KOMOIHAII’ HEEKBIJUCTAHTHUX KOIOBHX
mociigoBHOCcTelr 3a momomoror IKB  moOymyemo

J3EpKabHY 3aBaJOCTIHKY HEEKBIIMCTAaHTHY KOIOBY
mocaigoBHICT, 3 Baramu IKB, ne momiHseMO MicLSIMHU
OIIMHMIII i HYJI TP KOIyBaHHI.

KiIpkicTh 103BONEHMX KOMOIHAIIM OCHOBHOI Ta
J3EPKAIFHOI 3aBaJIOCTINKAX KOJTOBUX IOCIIIOBHOCTEH:

P=2S{

Kinekicte HOMHIOK 1, sKi BHABIAIOTBCA 3a
JIOTIOMOr'OF0  3aBaJIOCTIMKOI  KOJOBOi  ITOCITiIOBHOCTI,
BU3HAYAETHCS 3a JOMOMOIOK MiHIMaabHOI KOJOBOI
Biacrani d;,:

tl Sdmin -1.

KinpkicTe moMunok t,, ski BHIPaBIAIOTBCA 3a
JIOTIOMOr'OI0  3aBaJIOCTIMKOI  KOJOBOi  ITOCITiIOBHOCTI,
BHU3HAYAETHCS KUTBKICTIO TIOMIJIOK, 110 BUSIBIITIOTHCS t1:

L, <t -D/2

Bu3HauYMMO 3alIeXKHICTh, 10 BH3HAYAE KIIbKICTh

INOMWJIOK, 10  MOXYThb OyTM  BHSBJCHI t,
3aBaIOCTIHKOI0 KOJIOBOIO IOCIJOBHICTIO:
t,<2(N-R)-1.

Bu3HAYUMO 3alI€XKHICTh, 10 BH3HAYAE€ KITBKICThH
HNOMWJIOK, 10 MOXYTh OyTH  BHIpaBieHi t2
3aBaJOCTIHKOK KOJIOBOK MOCIIIIOBHICTIO:

t,<N-R-1.

MiHiMaJIbHY KOJOBa BIJICTaHb JUIsl 3aBaJIOCTIHKOI
KOJIOBOI ITOCJIIJOBHOCTI BUSHAYUMO SIK

d, <Sy -2(N-R)

3HaleMO ONTUMAJIBHUIA B3a€MO3B’SI30K MK
3HayeHHsiMH mapametpie N i R 3 Toukm 30py
HaWKpamol KOPUTYIOUOi 3[aTHICTh  3aBajJOCTIHKOI

KOJIOBOI TOCIIIOBHOCTI. 3aBaIOCTIMKICTh i€l KOIXOBOL
MOCIIZIOBHOCTI  3pocTae 31 30UIBIICHHSAM 3HAYEHHS
pizanui L =N —R . Haii0inbuie 3Hauennss L Oyne 3a

YMOBH:

Sy =2N.
HaBememo B3aemMo3B’s130k Mix mapamerpamMu N i
R, «xomm 3aBajocriiika KoJoBa  IIOCJIIJOBHICTH

MaKCHMaJIbHO BUSBJSIE Ta BHIIPABIsA€ HAHOLIBIIY
KiJIbKICTh IIOMMJIOK:
N /2, N—napue
- (N=1)/2, N —nenapue

OTpuMmaHi Ha OCHOBI i€aIbHUX KIJIBIIEBUX
B’S3aHOK 3aBaJIOCTIHKiI KOJOBi1 TOCIIJOBHOCTI MOXYTb
sHaxomutd g0 N-1 Tta Bumpasmstn mo N/2-1
MOMUJIOK 3a MapHUMHU 3HadeHHIMHU N , 1 3HAXOAUTHU 110
N ra Bunpasiste 10 (N-1)/2 moMumok 3a HemapHUMHA

3HaueHHSMH N 3a YMOBH, IO KUTBKICTH JO3BOJICHHX
KoMOiHamiil  30UIBIIyeEThCA  BABIYI 32  PaxyHOK
BIIPOBA/DKCHHS JI3€PKAIbHAX 3aBaJOCTIMKUX KOIOBUX
ITOCITi JIOBHOCTEH.

3acTocyBaHHS AITOPUTMY KOIYBAaHHSA 1 JEKOMyBaHHS
aHUX HAa OCHOBI HEEKBIJIMCTAHTHHMX 3aBaJOCTIHKHX KOIOBUX
MOCIIZIOBHOCTEH  Ja€  3MOTY  CYTTEBOTO  TOKpAIICHHS
3aBaIOCTIMKOCTI.
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3ACTOCYBAHHA CEPBICY CAEaaS AK CUCTEMU IHHKEHEPHUX PO3PAXYHKIB
3 BUKOPUCTAHHAM XMAPHUX TEXHONOTN

3 wmeroro Bu3HayeHHs Micusg cepBicy CAEaaS
(amrn. Computer Aided Engineering as a Service —
KOMIT'FOTEpHI CUCTEMH 1HXKEHEpHOTO aHali3y sK
cepmic), i 0a30BHX YMOB, MIOAO MOAAIBIINX
JIOCITIKeHB, ¥ pOOOTI MPOBEACHUI PO3IIMPCHUN aHaIi3
XMapHUX oOuHcieHb sk cepBiciB. Cepen HaBeleHHX
cepBiciB BUIIJICHO 0a30Bi cepBicu laaS, SaaS, PaaS, ski
€ OCHOBOIO /ISl ICHYBaHHs OinbIl yHipiKOBaHMX
ceppiciB (CaaS, MCaaS, DaaS, FaaS, [PaaS, MBaaS,
NaaS, SeCaaS, DBaaS, MaaS, GaaS, STaaS, TaaS,
DRaaS), mo 300L1bLIyIOTH 00JIaCTh BHKOPHCTaHHSI.
BxazaHi MOXJIMBI IOCTa4yajbHUKH CEPBICIB, B TOMY
yucni 1 yKpaiHCbki. Bu3HaueHo, mo s TOro, moo
nepeHecTd podOTy CUCTEM TH)KEHEPHHX PO3PaxyHKIB Ta
cucreM aBToMaTH3oBaHOro mnpoektyBaHHs (CAIIP) Ha

XMapHy IuaTQopMmy, 3°SIBUBCS  JIOCHUTh  HOBHIA
nepcriektuBHuii cepBic CAEaaS.
Awnaniz Mojenedl — o0OCIyroByBaHHS XMapHHX

CepBICIB TI0Ka3aB, IO OCHOBHHMHU CepBicamu, sKi
NPU3HAYEHH] JJIsl BHPILICHHS PI3HUX 1HXEHEPHUX
3a/a4, pPO3paxyHKiB, aHalli3y 1 CTBOPEHHS MojeJei
¢iznunmx mnporecis € PaaS i1 SaaS cepgicu.

PaaS ipmeanmpHO migxoauTh IS €(EKTUBHOrO
HaJIaHHS POrPAMHKX CEPENIOBUII Ta IHCTPYMEHTIB LIS
PO3pOOHUKIB ~ TPOMHUCIOBMM  OpraHizaiisM,  sKi
PO3pOOJISIIOTH 1 TECTYIOTh MpOrpamMHe 3a0e3MeueHHs Ta
3acTocyHkH Juisi 0a3 nmanux. lle 3abe3neuye moBHe Ta
LEHTPAJTI30BaHEe CEPENOBHILNE PO3BUTKY, SKE NOCTYIHE
Ha BUMOTY.

[pu npaBunbHIN peamnizaiii SaaS Moxke o3HaYaTH
3HA4YHY €KOHOMII0 KOIITIB BiJl TPaJWIIMHOTO MiaXO01y
JI0 BOJIOZIIHHS ITPOrpaMHUM 3abe3nedeHHsM. Lst monernb
XMapHOi TOCIYTH TPOIOHYE MiHIMi30BaHI BHUTpaTH Ha
HaJallTyBaHHA  YCTaTKYBaHHSA Ta  IPOTPaMHOIO
3a0e3leueHHs, HaBiTh KOO BOHa  3abe3medye
HaJMIpPHICTb 1 BHCOKY JOCTYIHICTB, IO O3BOJIIE
oOcmyropyBaTl  3amymieHi — mporpamu.  KiHrmesi
KOpUCTYBadi  3BUIBHSIOTBCA  BiJl  yOpaBIiHHA Ta
KoHTpOIo 6a3oBoi IT — iHdpacTpykrypu. Jlinensii Ha
Oe3meky, Mepexy, OOYHMCIEeHHS Ta BCi IIeH3il Ha
mporpaMHe 3a0e3MeUYeHHS] BKIAMAIOThCS B IIOMICSYHY
ab0 IOpiYHy TUIATy, BHKIIOYalOYd abo 3HAYHO
CKOpOUYYIOUM KamiTajubHI BHUTpaTH. HaToMicTh icHye
pazoBa BapTICTh IOCTYIy MO0 Oymp-sSKMX OakaHUX
mocayr. Opranizamii IaTiTh 3a Te, IO BOHH
BHKOPHUCTOBYIOTB, 1 YaCTO MAfOTh MOMKJIMBICTE I0/IaBATH
a00 BHIAJIATH IOCIYTH 32 MOTPEOOIO.

Heski cepenoBumia, mio 0a3yroThCs Ha XMapi,
BKJIFOYAIOTh CKJIAJHI CepelOBUILA MOJICTIOBAHHS IS
MOBHOTO TECTYBaHHS HPOSKTHHX 3aCTOCYHKIB Hepen
NepeMIileHHsM iX Y BUpOOHUUY cucTemy. [Iporpamu ta

3aCTOCYHKH 15 0a3 JaHUX MOXYTh OyTH CIieIialbHUMH
nporpamMamMy, sIKi IIPOMHCIIOBI OpraHizamii paHimie
BHUKOPHCTOBYBAIIM, ajie 3apa3 pO3TOPTAIOThCS Ha
BIpPTYaJbHUX MaIlMHAX y XMapi. BoHH TakoX MOXYTb
Oyrn nmonmatkamu, NOOyIOBaHMMH 3 HyNs B XMapi 3a
JIOTIOMOT 010 TU1aTGOPMU Ta IHCTPYMEHTIB, HaJaHUX
MOCTaYaTbHUKOM MOCTYT aBTOMATH3AIII1.

VY  nmeskux BHUINAgKax Te caMe IpOrpaMHe
3a0e3MeyeHHsT MOKe BHKOPHCTOBYBATHCS JJIsl IPOTpam
SaaS 1 PaaS. ImwkeHepu 3 ympaBiiHHS Ta TIPOLECIB
MOXXYTh BUKOPHCTOBYBAaTH MOJIeNb PaaS mis po3poOku
nporpamu Ta SaaS i X BUPOOHHYOrO CepepoBHIIA.
Hanpukinaza, aBToMaTH3allis, KEpyBaHHs MPOIECAMH Ta
nporpamue 3abe3nedenHs SCADA, mio TpaaMiiiiHo
IPOTIOHYETHCS JMIIE Ha 0a3i 3aMOBHMKA, AOCTYIIHI SIK
H03aIpoLIECOPHE CepeIoBHIIEe Ppo3po0Kku Ta
mozemoBanHs (Open VEP) abo sk mnporpamue
3a0e3IeueHHs SCADA, ONTHMIi30BaHE TS
3a0e3MeueHHsT HaliiHOCTI Ta Oe3MeKH /ISl MOHITOPUHTY
Ha piBHI HiANpUEMCTBA Ta KOHTPOJIIO
IIMPOKOPO3IOBCIOKEHUX aKTUBIB.

Po3milenns Takoro nporpaMHoro 3a0e3rneueHHs B
LHEHTpi 0OpOOKM MaHWX 3 MPSIMUM BHCOKOLIBHIIKICHUM
MIIKJIFOYEHHSIM JI0 TeJIeKOMYHiKalii Ta [HrepHeTy nae
MOJKJIUBICTh MIBUAKOLIFOYOT O Ta HaAIHOTO
MIIKIFOYEHHS 110 BCIX BiJJIaieHUX MPUCTPOIB Ta
Bi3yaJi3ailii 3aranpHoro Gi3Hecy.

B pamkax nmaHMX CcepBiCIB 3’SIBISIETBCS JIOCHUTh
HoBMii nepcriekTuBHU# cepBic CAEaaS — koM’ rorepHi
CHCTEMH IHXXCHEPHOTrO aHali3y sK CepBic, SKHUii
NOKJIMKAHUK TepeHeCTH PoOOTy CHCTEM iHKEHEpHHX
PO3paxyHKiB Ta CHCTEM aBTOMaTHU30BAHOTO
npoektyBanHs (CAIIP) Ha xmMapHy miathopmy.

CAE a6o Computer-Aided Engineering — TepMiH,
0 BUKOPUCTOBYETHCS VISl OIKCY MPOLENYPU BCHOTO
mporecy imKeHepii MPOXYKTY, Bil MHPOEKTYyBaHHS Ta
BIPTYaJBHOTO TECTYyBaHHS 3a JIOIIOMOIOK0 CKJIaJHUX

AHATI THIHUX ANTOPUTMIB bi(s) IUTAHYBaHHS
BHUTOTOBJICHHSI. Komn'rorepaa 1IKeHepis €
CTaHIApTHOIO B Maibke Oymp — sKif ramysi, sKa

BUKOPHCTOBYE SIKECh IpOrpaMHe 3a0e3NedyeHHs i
po3podku mpoxykTiB. CAE —11e HacTymHUA KpOK He
TITBKH  PO3POOKM TPOMYKTY, aje W MiATPAMKH
IHKEHEPHOTO  TPOLECY, OCKIIBKA BiH  JIO3BOJIIE
BUKOHYBAaTH BUIIPOOYBAaHHS Ta MOACTIOBAHHSA (Pi3UIHUX
BJIACTUBOCTEH BHPOOY Oe3 HEOOXiTHOCTI (i3UIHOrO
npororury. Y koHtekcti CAE, Haibinpm wacrto
BUKOPHCTOBYIOTbCS THIIM MOJICTIOBAHHS aHANi3y, IO
BKITIOYAI0Th aHayi3 KiHIIEBHX €JIEMEHTIB,
OOUHCITIOBANIbHY NUHAMIKY PiAMH, TEpMIYHHNA aHai3,
0araTomiarHOCTHKY Ta ONTHMIi3aIlito.
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MOAENIOBAHHA TEHEPATOPA NCEBAOBUNAAKOBUX YACEN XAOTUYHUM
BINbAPOOM CIHAA

Ipouec renepauii BunankoBux umcen (I'BY) e
HEBI'€MHOI0 YaCTHHOI 0aratboX KpHITorpadiyamx
orepariii.

B naHuii yac icCHye BeNIHMKa KUIBKICTh METOIB
reHepamii  TMOCHIJOBHOCTEH 3  PI3HUM  CTYIICHEM
BHUIMAAKOBOCTI. OJHAK Ha TNPAKTUI[l OUIBINICTh IHX
TCHEPaTOpiB BUPOOJISIOTH MOCIIOBHOCTI, BIaCTUBOCTI
SKMX HE BIJIOBIJAIOTh BHMOraM BHIMAAKOBOCTI 1 €
reHeparopamu ncesaoBunankoBux yucen (I'TIBY).

YacTo B ymcnax, siki 3reHepoBaHi 3a JJOMOMOTOI0
TaKUX I'TIBY IIPOCTEXYIOTHCSA OYEeBUIHI
3akoHOMipHOCTI. TakoXk, IyXe 4YacTo TeHepaTopu
ITIBY € wHaiibinpn caabkuM MiCleM y CHCTEMax
mmppysanns. CropaBa B TOMYy, M0 TeHEpaTopu
NpOrpaMHOro 3a0e3IeueHHsI MOBHICTIO JCTEPMiHOBAHI.
BoHM BUKOPHUCTOBYIOTH pi3Hi CKIaaHI (yHKIHT 1uist
00YHCIIEHHS MICEBAOBUMAAKOBUX urcel. [1ocmioBHOCTI,
OTpUMaHi B pe3y/lbTaTi poOOTH TaKUX TI'€HEpaTopiB, €
nependavyyBaHi Ta BiJTBOPIOBaHI 1 HE MpUAATHI s
BHUKOPHCTAHHS B KpUIITOrpaidYHUX IpOrpamax.

CucreMH NTUHAMIYHOTO OUIBSIPAY BUSIBHIH J00pe
PO3BHHEHY XaOTHM4YHA MOBeHiHKy. He3Baxarounm Ha
XOpolll  XapakTepUCTHKH, 1[I CHCTEMH IIe He
3aCTOCOBYIOThCS Yy Kpunrorpadii. I"onoBHOMO
MPUYUHOI0 € CKIIQJHICTh BHUPAXKCHHsI PIBHSHHS PyXy
YaCTHHOK B sIBHIH (hopMi.

Y 1976 poui Bigommii maremaruk O.I. Cinaii
JIOBIB, IIO TOBEIHKA OUTBSPAHOI Kyl y TUHAMIYHOMY
OUTBSIp L, sIKa BU3HAYAETHCS BU3HAYCHUM
JICTEpPMIHOBAHUM PIBHSIHHSM, Ta TOBEIIHKA OLIBSPIHOL
KyJdi, $IKE KepyeTbcs IpomecoM MapkoBa IepIIoro
MOpSIAKY, Hepo3pi3HUMi. OCKINBKH  MapKOBCHKHIA
MIPOIIeC MEPIIOro IMOPSAIKY € IMOBIPHOCHHM IIPOIECOM,
SIKHMHA 3aJISKUTH TUIBKU BiJ MOIEPEIHBOrO 3iTKHEHHS 3
MIEPENOHOI0, TO BIH € K HENeTePMiHOBaHHM, Tak 1
HermepenoadYyBaHNM.

[Iporpama MopmemtoBaHHS PyXy Kymi y Oimbspni
Cinass 0a3yeTbcsi Ha TBEPIKEHHAX, IO pPyX Kyii
3MIACHIOETRCS 0€3 BTpATH IIBUAKOCTI(TEPTS BIIACYTHE)
Ta KyT MAJiHHA JOPiBHIOE KYTY BiIOUTTS. Takum dnHOM
mpuiiMaeMo, MO pyX Kyldi Mae MIBHIKOCTI IO
koopauHatax Vx=C0s(&); Vy=sin(a). 3siacu V2 +V,?=1.

[Ipuiimaemo s TOOYZOBH alTOPUTMY PpyXy Ky
HACTYIHI BXi/HI TapameTpu:

— HampsiMok pyxy Kymi — V={Vx,Wy},

— TI0YaTKOBE MONOKEHHS Ky y Ginbsipai — P={Px,

Py}.

Anroputm  mopenmtoBaHHs — Outbspny — CiHas
HACTYIHUIL:

Begin

Px := Value Px; Py:=Value Py,//Kouxpemmi

NOYaAmMK08i KOOPOUHAMU NOYAMKY PYXY KYJli
Vy = Value Vx; Vy := Valye Vy,//Konxpemnuii
HANPsIMOK pyXy 6i0N0GIOHO NO KOOPOUHAMAX X Ma y
N := Value N,//Konkpemmna xinokicmo imepayii
YUKTI6 OOUUCTEHHST MOYOK NEPemUHy
for i:=1to N do//Kinokicmo 3imxnens xyai
Xo [0.3]:=[1, -1, -1, 1];//Koepiyiecnmu ons
BEKMOPIB, SIKI BPAX0BYIOMb KEAOPAHIN SHAXOONCCHHSL
yo[0..3]:=[1, 1, -1, -1];// kyni y naowumi
oinbspdy Cinast
for i:=0 to 3 do//[{uxn 3naxoodxcenns koopounam
MOYOK nepemuny mpackmopii pyxy Kyai
Cx :=Px - xo[i]; Cy :=Py - yo[i];
D =(Vx * Cx + Vy * Cy)z_ (Cx2 + Cy2 - 1),
if (D >0) then
Begin
tO =- (Vx * Cx+ Vy* Cy) - Sqrt(D),
ty:=- (Wx * Cx+ Vy * Cy) + sgrt(D);
if (to > 0) and (t2 > 0) then

Begin
t:=min(to, t1);
Xo := Vx* t+ Py;
Yo:=Vy*t+ Py;
I 2= Xo - Xo[il;
ry:= Yo - yolll;

Vi =V * (02 - 12) - 2%V * 1™ ry;
Vy =V (né-12) — 2% Ve * 1> ry;
Px* :=x0; Py :=y0;
VX = VX* Vy:=Vy*,
End;
End;
End;
End.
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®OPMYBAHHA TA ®INbTPALIA CUTHANIB BEMBNET - NEPETBOPEHHSA B
3A0AHI LUOPOBOU OBPOBLI CUTHAIIB

VY TenepilHiii 4ac BUKOPUCTOBYIOTHCS TOBCIOIHO
BeliBjeTH  QinbTpamii, gId TaKUX 3aBAaHb, SK
CTUCKYBaHHSI 300pakeHb, 3aBllaHb Npu 00poOIi i
CHHTE31 PI3HUX CUTHAJIIB, IIPH aHaJi3i 300paKeHb caMoi
pi3HOI TPUPOJM, TPU 3rOPTKY (CTHCKAaHHI) BEIHKUX
o0csriB iH(opMaii, Ta 1uis 3axUcTy iHpopMaii.

Jst popMyBaHHST CKOPOUYEHHS MH(POBOTO MOTOKY
npoGJyieMa TOJNINIIEHHS SKOCTI (inbTparii nnuppoBux
nepenikog Ha ocHoBi omHoBumipHoi JIBIT Oyma
NpoaHai30BaHa 3 BHUKOPHCTAHHSAM PI3HHX MOPOrOBHX
(GyHKIIH Ta BUOOPY OCHOBHM BEHBIETIB. 3BaXKalouu Ha
3HAYHWWA 1HTepec 10 Ii€i mnpoOieMd Ta YHCIICHHI
JIOCIT1 JDKEHHSI, THOIIYK croco0iB onTHMizarii
NpUAyHMIEHHA TIEPEHIKOo[, HajJIBHUX Yy CHUTHaJIaxX Ta
306pa)KeHHHX, 3aJIMIIAETHCA aKTyaJIbHUM Ta BaXKJIMBUM.
[lpu peamizamii anropuTMiB IIBUAKOIO PO3KIAAAHHS
cUrHajJy B  BeiiBier-0aszuci  JOBXKHHA  BUOIPKH
BUOUpAcThCs piBHOKO Miporo aBiiku N =27, tak sx
nepexij BiJl OAHOrO PIBHS JAEKOMMO3HMIII A0 IHIIOTO
(OinpLI IeTabHOMY) €KBIBAJIGHTHO 3MEHIICHHIO BIIBIdi
JOBKMHM  BHOIpKH.  3aTyxawodl  XapaKTepHUCTHKH
JMCKPETHOTO BEWBJIET MEPETBOPEHHS NMpPU 301NbILICHHI
M  (me mocriina M Bu3Ha4Yae JOBKUHY O00JacTi
3aBJIaHHS BEWBJIET-0a3KCy)BIMUYyBa€ JIeSKi HEIONIKH
MIPY BUPIIICHHI JIEIKOTO PsIy 3aBllaHb. Y 3B'SI3KY 3 UM
BUOIp BEUBIIET-TIEPETBOPEHHS MOBHHEH 3aJJOBOJIBHATH
3aJIe)KHO BiJ TpIOpUTETIB 1 BUOOPY CHTHANIB B
uudposiii  00poOui curHamiB.  Pazom 3 1wmM, 3i
36impieHHEssM M CynpOBOMKYEThCS TPU3BOAUTH 10
ICTOTHOTO 3pOCTaHHS Koe]illieHTiB  (inbTpa, IO
MIPU3BOANTE A0 CYTTEBUX HEHONIKIB (IMiIBHIIECHHS Yacy
00YHCIIEeHB ) .

Y  zapmamnsx LIOC, cuHTE3y  (inbTpis,
po3mi3HaBaHHS OO'€KTIB 1 CTHUCHEHHS 300pa)KeHb B
SIKOCTI OCHOBHMX (yHKHiH st peamizamii  JIBIT
3aCTOCOBYIOTH BelBieTH Xaapa, J{obemr.

Hns macmrabyBannst GyHkiii BeiiBiera J{oOemm
npu Manux M koediuieHTH h, MOXYTh OyTH 3anucaHi

y BMINISAI TOYHUX BHpasiB, Hampuknaz, Beitsmer D*
3aa€eThes KoedimieHTaMu:
hy == (@+3); by == (3+3)
442 42
Jna, mpukiama, HaBegeMo HaOip KoedillieHTiB
BUY-¢inpTpa, 3a IOMNOMOrOI0 SKOTO BH3HAYAETHCS
IIHPOKO 3aCTOCOBYBaHMIi Ha MpakTuIl Belipier DE:

1

h, =-0,0757657,
h, =0,4976187,
h, =0,2978578,
h, =-0,0126040, h, =0,0322231.

y MPaKTUYHUX O0OYMCIIEHHSIX 3a3BUYai
BUKOPHCTOBYIOTHCSI KO(ILIIEHTH 3 TOUHICTIO 70 32-X abo
64-x necsaTkoBuX po3psniB. KoediieHTH po3KiagaHHs 1Mo
BeiiBneT d i Bi100paKatoTh aMILTITY/IHI XapaKTepUCTHKU

h, =-0,0296355,
h, = 0,8037388,
h, =-0,0992195,

k
AHAITNI30BaHMX MPOIECIB Ha PI3HMX pIBHAX A03Boiy. [list
(inbTparii nepemnkos HeBeNUKI 10 a0CONIOTHIH BETMYNHI
BEHBJICT-KOCDIIIIEHTH HA MaJIMX MAaCIITabaX BiIKHIAIOTH
niepes; MPOBEACHHSIM MeTofl noporoBoi (inbrpamii. [pu
IbOMY SIKICTh (DIBTpalii iICTOTHO 3alIeXHTh BiJ BUOOPY
BapiaHTa 3aBJaHHS TMOpOroBoi  (QyHKWil, Ha sKy
30UIBIIYIOTHCS BIANOBIHI KOS]IIIEHTH Tepei 3BOPOTHUM
MIePETBOPEHHSIM 1 Bij1 BeliBier-0a3ucy. Binmnosinuuii BUOIp
CIIPUsiE OTPUMAHHIO OUIBII BHCOKOI SIKOCTI OYMIIICHHS
curHainy abo 300pakeHHs Bin mepemkopa. IcHyIOTh
3aBJIaHHS, JIe BXKJIMBILIE 30eperTy peryisipHiCTh CUTHAITY,
HDK TOYHO BIATBOpHTH Horo ammityny. I[lpuximagom
CIY>KHUTh (pUIBTpALIisi 300paXkKeHb BiJl PI3HUX MEPEIIKOI, 1S
MeToq “"M'SIKOro" 3aBJIaHHs MOPOroBoi (DYHKIIT € IIHPOKO
BUKOPHUCTOBYBaHMM TifaxonoMm. [lpu aHami3i CUrHasiB
30epeKeHHs] HE3MIHHOK aMIUTITY/IM TaKOXK HE 3aBKIU €
000B'SI3KOBOIO BUMOTOFO0.

Ilo crocyeTbcs aHamizy 300pakeHb IpoLexypa
pO3KIaJaHHS 10 BeiBleT Tepexdadae mepexix 1o
JIBOBUMIPHOT pearizarii JICKPETHOTO BEUBIIET-
neperBopenHst aBoBumipHoro JIBII. Takmit  minxin,
30KpeMa, BHUKOPHCTOBYETHCS B KOMITIOTEpHiA rpadirmi B
pamkax dopmary JPEG2000. [Ipn mpakTrdaHOi peamizarii
JIaHOTO dopMary  pO3IIATAETBCA  POSLIMPEHHS
omroBuMiproro JIBII, mpu sxoMy OKpeMoO aHaJi3yOTHCS
PSAIKA 1 CTOBMII JBOBHMIPHOTO 300paKEHHA. Y IHOMY
BUMAJKy  TPOBONUTBCA  aHami3  300pakeHHS IO
TOPM3OHTAJIAX, BEPTUKAAX 1 IIarOHAaIIX 3 OXHAKOBUM
JIO3BOJIOM, 1 BiAMOBimHI QinbTpu (HOPMYIOTHCS HAa OCHOBI

TBOpiB  xapaktepuctuk HY i1 BU-dpimptpiB  misn
OIHOBHMIPHOT'O BUIIA/IKY.

Cnucok nitepatypm
[1] O. Gofaizen, O. Osharovska, M. Patlaenko, and

V. Pyliavskyi, Complex Algorithm of Image Wavelet
Compression: Distortion Evaluation in the Light of Trade
of Contour Separation and Compression Ratio 2018, on 9-
th International Conference on Ultrawideband and
Ultrashort Impulse Signals. Conference Program. Book of
Abstracts September 4-7, 2018, Odessa IEEE Kharkiv,
2018, p. 131 - 135.
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MODEL ANALYSIS AND METHODS DESCRIPTION OF INFORMATION -
ANALYTICAL SYSTEM ARCHITECTURE

The term “architecture” secured a number of
international standards. At the same time, there is a
fairly large variety of definitions related term concepts,
in addition, the simultaneous use of the terms
“structure” and “architecture” indicate the need to
harmonize the general concept of “system architecture”
and the definition of classes for which this concept is
basic.

A characteristic feature of modern projects of
information of organizational management processes is
their focus not on creating new systems from scratch,
but on transformation — reengineering — of existing
systems. This context defines the importance of the task
of ensuring the effective transformation of the
information system architecture. It is well known that
architectural design of information systems is an
important phase of the life cycle of the process of its
development. It is the adequate architectural model and
its consistent implementation in the process of
information system development that ensures the logical
integrity of the project, which ensures its success. The
tendency of increasing complexity of information
systems, especially distributed ones, has led to
increasing requirements for the validity and quality of
architectural solutions. This leads to increased
requirements for architectural design in general.

Among the issues that are studied in the works
devoted to the study of processes of architectural design
of information systems, first of all, the following should
be noted: definition of the concept of architecture of the
information system, objectification of architectural
elements and their classification, creation of a formal
language for describing the architecture, finding out the
relation between the terms “architectural style” and
“architectural template”.

Based on the results of the analysis for
organizational management information systems, it is
established that systems of this type should be designed
with the need for their multiple transformations,
including at the architectural level. The purpose of
transformation is to ensure that changes are adequately
reflected in the information system, both in the
environment in which the organization operates and in
the organization itself as a management entity.

The standard model of information systems
reengineering is the horseshoe model, which considers
reengineering as a process of interaction of three
subprocesses:

— rebuilding an architecture that is to analyze an

existing system based on one or more of its logical
descriptions;

— transformation of architecture — transformation
of these logical descriptions into a new, improved
logical description of the system;

— development based on a new architecture —
development of a new system that meets the new logical
descriptions of the system.

Comparative analysis of system architecture
definitions showed that the difference between the
architecture of a complex object from its structure may
be only clearly established specificity facility
components and / or specificity of their interaction. The
international standards proposed a conceptual model
describing the architecture description specifying
components and software architecture rich systems and
their relationships rather than components of the system
with their attitude, that represent meta description for
any architecture. One of the most famous is the
Zachman architecture.

The main idea of this metamodel is a selection list
of participants (stakeholders, with specific interests
(concerns) in relation to the projected system (system of
interest), which are issued in the form of viewpoints),
which in turn, establish agreements necessary to further
the creation, interpretation and use of architectural
solutions (view) system.

In terms of systems theory, this means the basic
idea being considered complex information — analytical
system, where there are several subjects with a common
object of activity. Different views of participants on the
system sets correspond to certain types of models
(model kind); the totality of these models reflects the
integral representation (view) system (set its properties
and relationships).

It should be noted the possibility of hierarchical
(fractal) expansion of the conceptual model (meta) by
considering a description of a system architecture
components (embedded architecture).

However, in the standard the terms of various
“partial” architectures, such as “technical architecture”.
That is, in terms of the standard system architecture is a
holistic concept, so instead of the terms proposed to use
the term “technical representation”. Thus, locked
proposed to use a standard metamodel for domains
(subsystems domains) of the system. That is Present in
the standard ISO / IEC / IEEE 42010: 2011 metamodel
architecture requires a description of relevant concepts
as additional elements describe the architecture.
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NEPCNEKTUBU BUKOPUCTAHHA MEPEXEBUX TEXHOJTOIMN4YHUX PIWLEHDb B 5G

Konmeris 5G

5G 1ie HOBE TOKOJIHHS PaJiOCHCTEM 1 MEPEKEBOL
apxiTeKkTypu, ske Oyme TpeacTaBiasITH 3  cebe
MaKCUMaJIbHUHA  IIMUPOKOCMYTOBUH  JIOCTYM,  YJbTpa-
HaOifHICTh, MWK dYac 3aTPUMKH INIKITIOYEHHS 1
MacCHBHI MEpeXi Ui KOPUCTYBaviB Ta [HTepHET peuci .
5G Oyne HabaraTo Oinblie, HiX MTPOCTO HOBA TEXHOJOTIS
pamio3s's3ky. Bona Oyme moemHyBatd B OO0l icHYrOYi
TEXHOJIOTIi PamioA0CTyny 3 HOBHUMHM, ONTHMI30BaHUMH
JUISl KOHKPETHHUX CMYI YacTOT 1 PO3TOPTAHHS MEPEKi,
CIICHapiiB 1 BapiaHTiB BUKOpHCTaHHA. 5G Takox Oyre
BUKOPDUCTOBYBATH  TNPHHIMIIOBO  HOBY  MEPEXKEBY
apxiTeKTypy, 3aCHOBaHy Ha TexHojorisx Network
Function Virtualization (NFV) 1 Software Defined
Networking (SDN). IIporpaMoBaHiCTs MaTuMe KITFOUOBE
3HAYEeHHS JUIsl JOCATHEHHS TiNep-THYYKOCTI, TaK sK

CTUTbHUKOBUM orepaTopam OTPiIOHO oyme
i ATPUMYBATH HOBI BUMOT'H 3B’ SI3KY, 1110
BHCYBATUMYThCS [0 HHMX 3  IIAPOKOrO0  KOJIa

KOPHMCTYBauiB, MPHCTPOIB, KOMIIAHIM 3 DI3HMX raimy3ei
MIPOMHUCIIOBOCTI Ta IHmMX opramizamii. Mepexi 5G
ITOBHHHI OoyTH MIPOrpaMOBaHUMH, [IPOrpamMHO
3a0e3MeueHUMH 1 yIOPaBIATHCS  IIJICHO, 100
3a0€3MeUnTH PI3HOMAHITHHUH 1 BUTIAHUI CIIEKTP ITOCIYT.

BusHayarote I'STh  KIIOYOBHX  aCIEKTIB, sKi
OIMUCYIOTh TpaHC(OPMAIII0 CYJYaCHUX KOMYHIKAI[ii B
ernoxy 5G.

— MOoXIMBOCTI BU3HAYAIOTH HOBI BHMOIH, SIKi
MOBUHHA MATPUMYBaTH TexHodjorist 5G 1 HOBI pecypcw,
SIKi BOHA CTBOPHUTb.

— VYuiBepcaabHa pPagioCHCTEMA TOCTIMKYE pi3Hi

TEXHOJIOTii  PajiofoCTymmy, sIKi B CYKYITHOCTI
3a0€3MeUyI0Th YIbTPa-THYIKE i JKITI0YeHHS.

— CucreMa CHCTEM BH3HA4Ya€  apXiTEKTypy
Mepexi, sfka Oyae HeoOXimHa, SK BoHA Oyne

MATPUMYBATH HOBI BUMOTM 1 3a0e3I€YyBaTH BEIUKHMI
JOCBIJT 1 HaTIHUI 3aXUCT, SIKi OUIKYIOTh KOPUCTYBadi Ta
I IPUEMCTBA 3 PI3HUX TaITy3eH.

— IlpakTH4HICTHP MPOIOHYE OCHOBHI  €TaIlu
posBuTtky 5G 1 sK omepaTopu 3B’S3KY 3MOXYTh
PO3TOPHYTH MEpeXi B HAHOLIBII e(heKTHBHUM CIIOCiO.

— TloteHmian onucye, Ik HOBa KOMYHIKaIliiiHa epa
5G 3MIHHTb TIOBCSAKICHHE XUTTS JIFOJCH, pi3HI Tamysi
MIPOMUCIIOBOCTI 1 BeCh Oi3HEC CTaHe TMpoBaiimepoM
3B’SI3KY.

Konnemnmiss SDN

Konmenmis SDN  6a3yeTscsi Ha  HACTYIHHX
NPUHIHTAX:

— posaizennst control plane ta data plane. B SDN
BiZIOyBa€eThCSA pO3iTEeHHS TpoleciB nepezayi

iH(popMariiiHoro Tpadiky Ta TpadiKy ynpasIiHHS;

— €¢IWHUK,  yHipIKOBAaHHWN,  HE3ANCKHUA  Bif
nocTavyajbHUKa 1HTepdeiic MK piBHEM YIIPaBIIiHHS Ta
piBHEM TIepeayi JaHuX;

— JIOTIYHO UEHTPaTi30BaHE YIPABIiHHI MEpeXKero,
3/1ifiCHIOBaHE 3a JOIIOMOT'OI0 KOHTPOJIEpa;

— TPOrpaMOBaHiCTh Mepexi. Meroro
MPOrpaMOBAaHOCTI €  MOXJIMBICTb  3aCTOCOBYBATH
NporpaMHi J0JaTky, 10 OyayTh BIUIMBATH Ha BCHO
Mepexxy. [li TomaTkd MOXKYTh IJIBUIMUTH HAAIHHICTH
MEpeXi IUISIXOM HAJaHHS HOBHX 3ac00iB  OC3MeKH,
MOKPAIlMTA  MapuipyTu3amito Tpadiky Ta Mmpolec
HaJIAHHS MTPIOPUTETIB, 10 MPU3BOIUTH 0 KPAIIOl SKOCTI
00CITyroByBaHHS;

— BipTyanizamis (Gi3UYHAX pecypciB Mepexi.

Konnenuis NFV

Network Functions Virtualization (NFV) — 1e
apXiTeKTypHa KOHLEMIis, sSiKa BUKOPUCTOBYE TEXHOJOTIT
BipTyanizamii Ha piBHI Mepexi 1 MepexeBux (QyHKINMN.
[Teproto wmipoto NFV MoxknHa BBaXKaTH DPO3BHTKOM
kouneniii SDN (Software-Defined Networking), ane
OLIbII IPaBWILHUM Oy/ie 3BOPOTHE TBEPDKEHHS IPO T,
mo NFV BuxopucroBye SDN. SDN Bcepenuni NFV
MOXE 3aCTOCOBYBATHCS Ha MEpPEXKEBOMY pIBHI SIK B
iH(pacTpyKTYypi, Tak i B crioxkuBaya cepsicy. Konrpoep
SDN moxe OyTn BOYZOBaHHUI B CHCTEMY MEHEKMEHTY
NFV, Moxe Oyru peaii3oBaHHWii K BipTyajlbHa a0o0
HaBIiTh amapatHa CyTHicTh. KoHIenTyajbHE TO€IHAHHS
apxitektyp NFV i SDN Ha sikicHOMY piBHI ONHCaHO B
nokymenTi Network Functions Virtualisation (NFV);
Ecosystem; Report on SDN Usage in NFV Architectural
Framework €Bporieiicbkoro IHCTUTYTY
TenekoMyHikauiiHux cranaaptis (ETSI).

IIpoBeneni B maHiii poOOTI AOCTIHKEHHS Hamald
3MOTy  OTpUMAaTH  HACTYNHI  pe3ynpTaTd.  byno
MPOAHANII30BaHO KIIOYOBI HAMPSAMKH Ta PYIIIHHI CHIH
PO3BHUTKY CTUIBHHKOBHX MEpPEXK 3B’S3KY I SITOTO
nokoMiHHsA. B naniit po6oTi Oyio mpoBeaeHo 3MiCTOBHHMN
aHaJi3 TMEpPCHEeKTUBHUX CTUTPHHUKOBHX Mepex SG,
BHU3HAYEHO OCHOBHI PYIIiiHI CHJIH PO3BUTKY MOOLIEHOTO
IIMPOKOCMYTOBOT'O JOCTYITY. Taxox Oyro
MIPOAHANII30BaHO Y3TODKEHY apXiTEKTYPy CTUTHHUKOBHX
Mepex S5G. B maHiii  apxiTeKkTypi  IUIaHYETHCS
BUKOPHUCTaHHS CYYAaCHHX TEXHOJOTIYHHX pillleHb, IO
HA/AAYyTh 3MOTY 3a0€3MeYUTH KPUTHUYHI BUMOTH IO
CyJacHHX CTUIPHUKOBHX Mepex. Jlo ImX TeXHOJOrii
BITHOCHTBCS ~BIpTyaji3amisi MEpexeBOl apXiTeKTypH
(NFV), mporpamuo-koudirypoBani mepexi (SDN) Tta
MEC. B pobori Oyaum po3DISHYTI HEpCHEKTHBU
BUKOPHCTaHHS KOKHOT'O i3 3aIPOIMOHOBAHKX
TEXHOJOTIYHAX pIllleHh, a TaKOX OOMEXKEHHS Ta
HEIOJIKHU iX BHKOPUCTAHHSI.
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BUKOPUCTAHHA CUCTEMU 3ANTULLKOBUX KINACIB Y CYHACHUX
OBPOBHUKAX CUTHAINIB

Cama cyTh CydacHUX HEpPCOHAJIBHUX KOMII'TOTEPIB
poOHTH iX 3aJCKHUMH BiJ CHCTEM YHCJICHHS 1 BiJ
MPaBuUJI, IKi BU3HAYAIOTh 3B'A30K MK unciaamu. OfHaK,
3aJIMIIKOBa CHCTEMa, ad0 cHcTeMa 3aJIMIIKOBUX KIIACIB,
sJKa € TEMOI0 ILMX Te3, € JOCUTh BIAMIHHOIO BiJ
JIBIAKOBOI Ta JECATKOBOI CHCTEM YHMCIICHHS. BHacmigok
MEBHUX BiIMIHHOCTEH 3aJIMIIKOBA apU(PMETHKA, SKa €
MaHIMYJIAIIEID  YUCEJ, BHPAXKECHUX B  CHCTEMI
3aJIMIIKOBUX KJIACiB, MPOIOHYE HEe3BUYAiiHMI Halip
xapakrepucTuk. Hanpukianm, 3amuinkoBa apudmerHka
3a0e3rneuye MOXIIMBICTh JIO/IaBaTH, BigHIMAatu abo
MHOXXHUTH B OAWH €Tall, HC3BAXXAaKO4YH Ha l'IpOTfDKHiCT])
Yucell, He BAAIOYHCH JI0 MPOMIXHUX U] NepeHeceHHs
abo BHyTpimHIX 3aTpuMok. Ha ikanp, 3anuikoBa
apu(MeTHKa TaKoX Mae aTpuOyTH, sIKi € HEMPUEMHUMH
Ta 30UTKOBHUMH HACTIJIBKH, 1[0 HA MPAKTHII TEXHOJIOT1s
BUKOPHCTAHHSI HE 32BN MOXKIIMBA.

PosrisiHeMo  fesiki  BIIACTMBOCTI  3aJIMIIKOBOT
apu(pMETHKH B MOPIBHSHHI 3 TPAIULIHHUMHU CUCTEMaMH
yucieHHs. J{Jsi mpoBeNeHHsI MOPIBHSHHS PO3TIITHEMO
BJIACTUBOCTI JIECATKOBOI CHCTEMHM. BBeaemo Ieski
BIIMiHHI ~ BJIACTUBOCTI ~CHCTEM 4HCIIeHHs. Mexa
YHCIIOBOT CUCTEMH BU3HAYAETHCS SIK IHTEPBAII, HAJI IKUM
KOXKHE II1JIe YHCII0 MOXe OYTH MPECTABICHO CHCTEM OO
Yyepe3 KOMOIHAIIO JIBOX YHCEN 3 OJHHM 1 THM CaMUM
nopanHsM. OYEBUAHO, IIO JECSITKOBA CHUCTEMa Ma€
HEBH3HAYEHI MEXI, MPOTe B MPAKTHUII 3aCTOCOBYIOTHCS
yciueHl cHCTeMH uucell. Tak B KOMIT'IOTEpax YKCIOBa
MeXa BH3HAYAETHCS TOYHO CTAHOBHIIEM JOBXKUHH
CJIOBA 1 TUIIOM BUKOPHUCTOBYBAHOI CHCTEMH YHCIICHHS.
[NomaHHs YuCIa HA3MBAETHCS YHIKAIBHUM, SIKIIO KOXKHE
YHCII0 B CHCTEMI Ma€ TUIBKM oOmHe momaHHsa. OngHak
0araTo sKi 3a3BHYail BUKOPHUCTOBYBAHI CHCTEMH YHCEI
HE € 4YMMOCh YHIKaibHMM. Hampuknan, aecsTkoBa
CHCTEeMa YHCICHHS, PO3IMIUPEHa sl  BXOKCHHS
BiJl’€MHHX YHCEN, 3a3BHYail Ma€ JiBa MOJAHHS JUTS HYJIS:
+ 0 i - 0. OueBupno, mo Oymp — sKa cucTeMa 3
MOJAHHIM 3HAKY 1 BEIMYMHH MOIYJS TaKOX He
VHiKambHa. [CHYIOTH JedKi CHCTEMH YHCICHHS, SIKi
BUKOPHUCTOBYIOTh 3MiHHI VSBIICHHS IS BCIX YHCEI.
Cucrema uucieHHs Oyae HAUIMIIKOBOIO, SIKIIO iCHYE
MEHIIIE YHCeN, HiXK KOMOiHAIii 1wdp. AIbTepHATHBHO
pi3HI KOMOiHAIlIi MOXXYTh CTOCYBATHCS OJHOTO 1 TOTO XK
gpciaa. OdYeBHOHO, MIO HE VHIKAIBHICTH CTBOPIOE
HaaMipHICTh. Hampukian, ABifiKoBa cucTeMa 3 MapHUMHI
nudpaMu, JONAHUMH B OCTaHHIO TMO3HIII0 HUQp, Mae
YHIKaJIbHE TPECTABICHHS ISl KOYKHOTO YUCIIA, 1 TaK SIK

TIOJIOBMHA KOMOiHalliii 3a00pOHEHi, 1€ IPEACTaBICHHS €
HaJIMipHHM.

3 BHINECKA3aHOr0 BWIUIMBAE, IO TIiIBKUA JIBi
CHCTEMH YHCIICHHSI 3HAWIIUTH CIiJIbHE BHKOPHCTAHHS B
KOMITIOTEPHHX 3aCTOCYBaHHSX: [BifikoBa cucreMa i
IBIMKOBO — jecsaTkoBa cucrema. OOOM cHCTEMaM
BJIACTUBI Taki BaXJIWBI TO3UTHUBHI PHUCU: TPOCTA
amapaTypHa peai3allisi MOPIBHIHHS YKCEN, MHOXCHHS
a0o gineHHs Ha cremieb 2 1 10 MOXHA BHUKOHATH
UUSIXOM  3MilleHHs 1udp B perictpu 30epiraHHs;
PO3MIMPEHHA MEXK CHUCTEMU YUCJICHHA JIETKO
peani3yeTbCcs IUIIXOM JI0AaBaHHsA OLIbLIOT KUTBKOCTI
U(PPOBHX TO3MUIIIH; JIOTIKA, HEOOXiAHA IJIsT BUKOHAHHSI
CKJTaJIaHHS, € IICHTHYHOIO I BCIX IHU(POBUX TMO3MIIIH;
MPOCTOTAa BUABJICHHA HAJJIUIIKY,; IPOCTE NEPETBOPCHHSA
3 1poBoi popMu B aHAIOTOBY.

OsHaky, fKi BemyTb A0 IHUX MO3UTUBHUX DpHC,
HAKJIaJal0Th OOMEXEHHS Ha IBHIKICTb, 3 KOO MOXKYTh
OyTH BUKOHaHI apudMeTH4HI onepailii, OCKUIbKH Yepe3
HOMMPEHHSA INEPeHECEHHs HEMOXJIMBA IapajielbHICTh
omnepariid. s Bcix apuMeTH4yHUX omnepauid B IHX
000X cucTeMax YMCIEHHS, KOKHA Iu(pa pe3ysbTaTy —
e QpyHkuis Beix 1u¢p piBHOT 200 MEHIOI 3HAYYIIOCTI.
In puca poOUTH HEMPAKTHYHUM BIPOBADKCHHSI
MapaJielIbHOrO JIOJIaBaHHs, BiJHIMAHHS, MHOXEHHs a0o
JUISHHS JIJIsI YKCell, 110 CKIIAAAI0ThCs 3 ASKIIBKOX 1P
i, ODKe, HAKIAJA€ Tak 3BaHe (yHJAaMEHTAbHE
OOMEXKEHHsI Ha IBHU/KICTh apUPMETHIHUX ONeparliii.

B cucremi 3anumkoBHX KiaciB apudMeTHuHi
orepariii € BUIBHUMH Bijl NEpeHECeHHs, TOOTO KOXKHa
mudpa pe3ynbTaTy — e QyHKISA TUTbKH oxHiel mmdpu
KO)KHOTO ONepaH/a, BOHA He3aJeKHA BiJl BCIX 1HIINX
mapp OCHOB. 3a paxyHOK BIIACTHBOCTI BIJIBHOTO
TepeHeceHHsT MiABUIYEThCS IIBHAKICTH ONEparlii,
TaKAX $AK JONABAHHA, BIJHIMAHHSA 1 MHOXEHHS Y
KoMOiHaTOpHINA  Jyorimi. 3okpema, Ui  BHIIAOKY
MHOXXCHHS, HEOOXiTHICTP B YaCTKOBHX pe3yibTaTax
BHUKITIOYEHA.

Buxoxsun 3  BHIIECKa3aHOTO MH  MOXKEMO
3pO3yMITH OCOONHMBOCTi, SKi Hece 3 COOOK CHCTeMa
3QJIMIIKOBUX KJIAciB, Ta TepeBard ii BUKOPUCTAHHS Y
npuiIagax Ta Mporecax, Jie HOTpeOyeThCs MPHCKOpEHe
O0YHCIIEHHS OTPUMAaHMX pe3ynbTariB. [Ipukiamom
BUKOPHCTaHHS  CHCTEM  3aJMIIKOBHUX  KJaciB €
pamionokariss Ha KopaOisix, IMU(QPOBHX CHHTE3aTOPaAX
YacToT, Ta B OKPEMUX BHIIAJIKaX JAeU(pyBaHHS.
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BUPILLEHHA 3ABOAHDb YMNPABJIIHHA CUITAMU TA SACOBAMU MNMYHKTY
YNPABIIHHA NOBITPAHUX CUJT B PEAJIbHOMY MACLLUTABI HACY

Ha croromnimmiii nens (opmanizyBaTu Iporiec
YOpaBIiHHSA CHIAMH Ta 3ac00aMM ITyHKTY YIIPaBIIiHHS
(1Y) Tositpsaux Cun (IIC) y moBHOMYy o00cs3i He
MPE/ICTABIAETBCA MOXJIMBUM. TOMY Wil YIpPaBITiHHIM
OyZIeMO pO3YMITH TUIBKH TIPOIEC, SKMUA ITOB’S3aHHN 3
BUPOOJICHHSIM PIIICHHS Ta PEai3alli€l0 PO3MOILTY CHI Ta
3aco0iB I1Y y xoxmi Oe3nocepenHboi IiATOTOBKH Ta
BeJICHHs] OOHOBHX JIiHA.

BcraHoBneHi 0COONMMBOCTI YNpaBIiHHS CHIAMU Ta
3acobamu ITY IIC, a came:

— OodoBi nii OymyTh BHKOHYBaTHCS B YyMOBax
TOCTPOro Ae(iluTy Yacy;

— 3HaYHA KUIbKICTh iH(popMalii, sKa HaxaeThCs
KOMAaHAMPY W HAa OCHOBI sIKOi BiH TOBHMHEH IPHAMATH
PpILIEHHST;

— TPUIHATTS SKICHOTO PIlLICHHsI, TOOTO PIILICHHS SIKE
HaWOUTbIIIE BIMOBIAAE CHTYyaIlli, MO CKIajacs, BaKKe
4yepe3 HeBU3HAUEHY 1H(POpMAILiO.

Cunix Mati Ha yBasi, 110 JUIsl BUPOOJICHHS PillleHHSI
Ha YIpaBiiHHA NOBITpsiHUMU 00’exktamu [1C xomaHaup
MOBMHEH MarH, NpHHAiiMHI, Xoua O OIMH BapiaHT i
IYIerIUX CHII Ta 3aco0iB, MI0 BU3HAYAE PO3MOILT IX IO
MOBITPSIHUM IJIsM. [IpoTe B CydacHUX yMOBax KiJIbKICTh
MOXUIMBUX BapiaHTIB Jii 3HAYHO 30LIBIIAIOCS 32 PaXyHOK
MOXJIMBOCTEH, 10 3’sBumcs. Lle mpusBoauTh 10 TOTO,
o Uil BUPOOJIEHHsS OUIBII OOIPYHTOBAHOIO DIIlICHHS
HEOOXi/JTHO CHUHTE3yBaTH MHOXXUHY BapiaHTIB PO3MOILTY
pecypciB ITY TIC B koHKpeTHi# cuTyallii 3 ypaXyBaHHSIM
3aJaHUX OOMEeXEHb Ha KUIBKICTh  pecypceiB, IO
BUKOPHCTOBYIOTHCS, TA HA Yac BUKOHAHHS OOMOBOI 3a/1a4i.
VYci kepyrodi BIUTUBM HA MOBITPsiHI 00'€KTH (MIOBITPSIHOTO
MPOTUBHUKA) 3IHCHIOIOTHCS cuiiaMu Ta 3acobamu [1C 3a
JIOTIOMOTOK0  BUKODHCTaHHS MHOXHHH —pecypciB. Y
3araJlbHOMY BWIIAJKy CHCTEMa MO)KE BOJOMITH Pi3HAMH
THIIaMH pecypciB. ToMy B paMKaX BHUKOPHUCTOBYBAHOT'O
(hOpMaNBHO-TIOTIYHOTO ~ amapaTy CTPYKTYPH — IJIHOBHX
ycranoBok  (CLIY) mHeoOximHa  po3poOka  Momeni
BUKOPHCTAaHHS PECYpPCIB Y BIIKPHTIA EKCIIEPTHIN cHCTeMi
Iy TIIC. Buxopuctramus CLY B sKocti amapaTy
(opmarizamnii 3a1a4 ynpasJiHHS, 0 BUPIITYIOTECS Ha [TY
[IC, mepenbadae, Mo OCOOIMBOCTI MPEAMETHOI OOMACTI,
30KpeMa, 3HaHHA IIpO PECYpCH, OIHCYIOTBCA 32
JIOTIOMOTOF0  IesIKOi  JToriuHoi Momeni. OmHakK >KOpCTKi
OOMEXKEHHS, IO TPEISBILIOTECS O Yacy BUPOOJICHHS
pimeras wa IIY TIIC He [aoTh MOXIMBOCTI
0e3nocepeHb0 BUKOPHICTOBYBATH CHCTEMY HEIOTIYHHUX
aKcioM Ui OINWCY 3HaHb IPO pecypcd. Tomy icHye
HeoOXiHICTh B po3podni mMerony Qopmarnizartii, skuid Ou
JI03BONTMB C(HOPMYBATH CTPYKTYPY 3HaHb, IO 3a0e3nedye
iX TpUIATHICT U BUPIMIEHHS 3aBAaHb YHPABIIHHS

pecypcamu ITY TIIC B peanpHOMYy Macmitabi dgacy.
[poananizoBani TOPSIOK 1 TpaBWia BHUKOPHCTAHHS
pecypciB, 3yMOBIICHI CIECITU(IKOI YIIPaBIIHHS 3aco0aMu
BOTHEBOro Ta  iHQOpMALfHOrO  TMpPUAYIIEHHS i
indopmariianmu  3acodbamu ITY TIC, mns toro, 1100
cOpMyYTIOBATH  OCHOBHI ~ TINMOTe3HW, OOMEKEHHSA i
NPHIYLIEHHsST Mojeni pecypciB. HaBemeHi mopsmok Ta
OCHOBHI TMpaBIJia BHUKOPUCTAHHS MHOXHHH pECypciB
cucreMd. Buxomsum 3 aHamizy ocoOnmBOCTEH JaHOi
OpenMeTHOI  00nacTi, MOPSIOK BHKOPUCTAHHS pECYpCy
KOHKPETHOro THITy OyB NpeJCTaBIeHHH Y BUIJIAAL Tpada
craHiB. BuKOpHCTaHHS pecypciB KepOBaHOI CHCTEMH
3MIHCHIOETBCA HAa OCHOBI CYKYNHOCTI TIpaBWi, SKi
copMyiibOBaHI B HOpPMATHBHHX JOKyMEHTax (OOHOBHX
cTaryTax, IMPEeKTHUBaX 1 PO3MOPSPKEHHSIX KOMaHIUPIB i
T.1L.). JlaHi npaBIIa MOXHA PO3JIUIATH HA HACTYIIHI TPYIH:
HOpPMATHUBHI NpaBuia BUKOPUCTAHHS PECYpPCy, HOPMaTHBHI
NpaBUJIa BUTPATH 1 OMIOBHEHHS 3ar1acy BILIMBIB PECYpCy i
npaBuia CITUTLHOTO BUKOPHCTaHHSI pecypciB.
OGrpyHTOBaHi Ta cOpMyIbOBaHI Ha 3MICTOBHOMY DiBHI
TakKi OCHOBHI TIIOTE3H MOJIENI PECYPCiB, SIKi MOXKYTh OyTH
BUKOpHCTaHI mpu Qopmanizaiii 3amay ynpasiiHHS, IO
Bupinrytoteess Ha [1Y TIC. Bcranosneno, 1mo npu
(hopmanizariii 3a/1a4 yrpapiiHHS, 110 BUPIIIYIOThCS Ha [TY
I1C 3 Bukopucranusm anapaty dopmanizauii CLIY Oe3mig
HEJIOTIYHUX aKCiOM, SIKi XapaKTepH3YIOTh OCOOJIMBOCTI
MpeAMETHOI 00JIacTi, HEOOXIHO JIOTIOBHHUTH CYKYITHICTEO
aKcioM, SKi OIMKCYIOThb PO3IJIIHYTY MOJENb PECcypCiB.
HaBenenuii BUIIAL TAaKUX IJAHUX HEJIONYHHAX AKCIOM.
Bcranosneno, mo Bukopucrants CLIY mis dopmanizarii
3a7a4 yOpaBliHHS Tependavyae, MO BCl CHHTE30BaHi
BapiaHTH JOCSTHEHHS] MHOXKHHH 1IUTHOBHX CTAHIB TIOBUHHI
3a/I0BOJIGHATH  JIEAKOi CYKYITHOCTI pPecypCHO-4aCOBUX
obMexenb. Tomy mipu (opMmaiizariii 3HaHb PO TpaBHIIA

BUKOPHCTaHHS pecypciB  HEOOXiTHO BpaxyBaTH IIi
00MEKEHHSL. Ccdopmynboani pecypcHO-4acoBi
OOMEXEHHS, SKUM TIOBHHEH 3a/IOBOJFHATH BapiaHT

PIIIEHHS, 10 CHHTE3YETHCSL.

Bukopucranns amapary ¢opmanizanii CHY mist
(hopmarizamii 3329 yrpaBIiHHS, 10 BUPINIYIOTEC Ha [TY
IIC, mepenbauae HEOOXiTHICTH 3MIIICHEHHS KOHTPOIIO
KOPEKTHOCTI BCIX i CTPYKTYpHHX €JIEMEHTIB Ha eTamax
pO3pOOKM Ta TIOMOBHEHHS ©0a3d 3HAHb BIIKPHUTOI
eKCITepPTHOI CUCTEeMH. 3HAHHS PO NPaBHJIa BAKOPUCTAHHS
pecypciB 1 3amacy iX BIUIMBIB € ONHMM 3 OCHOBHHX
CTPYKTYPHHX €JIEMEHTIB BHKOPHCTOBYBAHOIO arapaTy
(opmarizamii, i ToMy HeoOXigHa PO3pOOKa BiAIOBITHOL
MPOIEypH KOHTPONIO 1X KOPEKTHOCTI, mo ¥ Oymy
HaNPSIMKOM TIOJATBIINX JTOCIIKECHb.
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HEMPOHHA MEPEXA ALPHASTAR

3a3Bu4aii HEHpPOHHI Mepexi JOBOJII  BY3BKO
HAIpaBJIeHi, TOMY CTBOPEHHSI MOI'YTHBOTO HABYAJIbHOTO
QJITOPUTMY 3arajbHOTO MPU3HAYCHHS Iy)Xe aKTyalbHa
Mera. OUH 3 UUIAXiB TAKOrO MOKPAIICHHS HEWPOHHHX
Mepex Iie HeWpoHHI Mepexi Bij kommaHii DeepMind,
SKI TaKOX Iy)K€ KOPUCHI Uil PO3YMIHHSI MPUHIIUITIB
po0OTH HEHPOHHHUX MEPEX Ta JIFOJIICHKOTO MO3KY.

CrnouaTky 1sl KOMIaHisi po3poOuia TOTYXHY
HeWpoHHY Mepexy Juis rpu B ['o min Hazsoro AlphaGo,
IO BBa)kKaJlacs OMHIE] 3 HAMCKIAQHINIMX HACTUTBHUX
irop, Ha JaHWUl MOMEHT Il MepeKa HaBUMIIACS TPaTH B
r0 HACTUIBKH J00pe, M0 MAWCTpH, IO MPUCBSTHIN
JKHUTTS LI Ipi NMPU3HAIOTH CBOIO Mopaszky. DeepMind
BUDINIMIN  Opa3sy 3pOOUTH BENUYE3HHH KpPOK 1
BUPINIMIN PO3POOMTH HEUPOHHY MEpEexy Ul TpU B
StarCraft 11, crparerito y peanbHoMy yaci. CKJaHOCTI
NOJISITAIOTh 'y TOMY, IO TPaBlli BUKOHYIOTH CBOi Jii
OIHOYACHO, BOHM BOJIOMIIOTH HEMOBHOK iH(OpMAIIIETO,
cTparerii MpauoTh Y CTHII KaMiHb — HOXUII — Mamip,
a Juisi mepeMoru Tpeba IUIaHyBaTW CBOI Jil 3a/I0BTO
Harepesa, OKpiM Toro y i rpi icHye Oims 10726
MOXIIUBHX JIi Y OJIMHUIIIO Yacy. 3 KOMIIAHI€I0 aKTHBHO
CHIBIIPALIOBAIN PO3pPOOHUKH TpH, Blizzard
Entertainment, mo gonomornu po3podutn API mis
B3aemonii Il 3 rporo, Ta Hamanmu 3amucu irop s
MIOYaTKOBOTO HaBYaHHSI. DeepMind BIIEpILIE
BUKOPUCTa MYJAbTHAI€HTHY CHCTEMY HABYAHHS,
KOXKEH areHT MepeXi NPUMITHUB IIOCh OCOOJNMBE JUIs
cebe TMpH HaBYaHHI Ta MOKPAIyBaB CTPATETIIO, 10 BiH
0a4yMB, TAKMUM YMHOM HEHpOHHA CHCTEeMa Malla JeKiIbKa
areHTIiB 3 PI3HUMH CTPATETISIMH Ta PI3HUM PiBHEM I'DH.

[Micnst uporo moyaBcs MYJIBTH-ar€HTHUHA MPOILEC
HABYaHHA, KOJM areHTH I0YalH TPAaTH OOWH 3 OIHHM,
N0 THOYy SK TpaBli TpaloTh OAMH 3 OHHM Ta
HaOupamucst mocBimy. Merox B3sB  meski  imel
eBOJIONifHOTO MeTonau. BiH mo3BONsEe peanizyBaTh
HEllepepBHUI TPOLIEC BHBYEHHS BCHOIO BEIMYE3HOTO
CTpaTeriyHoro mpocropy Tpu. | mpm mpomy Oyrm
BIEBHEHUMH, IO AareHTH MOXYThb IPOTUCTOSATH
HANCKIAIHIIINM CTpATETisM, NpU IHOMY I1aM’ SITal0ul
Ta He nporpatouu crapuM. [Toku npoxoaus Lei mpouec
HaBYaHHSA OYIIO TIOMITHO SIK TIOCTYIIOBO 3MIiHIOIOTHCS
HAUMOMyJApHINI CTpaTerii Ta METOOW areHTIiB, Bif
IIBUIKAX CTpaTerii Ao OumbIn HAMIHWX, IOCTYIIOBO
BHUBYAIOYN OZH1 3 Haie()eKTHBHIIIIX, 1110
BUKOPHUCTOBYIOTBCS UEMIIIOHAMHU Tpu. 3a 2 TIDKHA
arentn Alphastar mpoinum NIsAX, Mo 3BUYaliHI TPaBIIi
MPOXOAMNIHA poKaMu. Pi3HI areHTH Mamm pi3HI BIACHI
LT, Big TEpeMOrd HaJg TEBHHM abo KiTbKOMa
OMOHEHTAaMH, JO IIEPEeMOI'H BHKOPHCTOBYIOUH JIMILE
TIeBHI PECYpPCH, i3-3a IBOTO Pi3HI areHTH HABYAJIHCS II0

pi3HOMY, a Iyl 3MiHIOBaJIMCS Mija yac HaB4YaHHS. [3-3a
peaitizallii i HermepepBHOro HABYaHHS, KOXKEH areHT 3a 2
HeNIi OTPMMAaB JIOCBiN, IO MOKHa mopiBHATH 3 200
pokiB rpu. diHanpHa Bepcis ckiagae posmomin Hemra
BCIX areHriB, ToOTO HaledeKTHBHIIIE MOETHAHHS BCIX
CTpaTerii, mo OyJu BUSBIICHHI Y X0l HABYaHHS.

OnuH 3 BaXIMBHX (PAaKTOPIB y I'Pi — KUIBKICTB JiH,
[0 MOXXKE€ BHUKOHATH TPaBellb 3a CEKYHAY, MAllMHHHUI
iHTepdeiic Mae KoJOCAJIbHI MepeBard y IMOPIBHAHHI 3
MHUIIICIO, TOMY LIl mapaMeTp Ta oMy momiOHI Oyiu
MaKCHMMaJIbHO MpPUOJMKEHI [0 pIiBHA 3BHUYAHHOIO
IpaBlid, Tak 00 areHT MaB Kamepy Ta OyB 3MyLICHHH
TaKOX KepyBaTH ‘‘ekoHOMikoro yBaru”’. OpHak y
nepiMx Bepcid 1e He Oyno Jo0pe peani3oBaHO i
HEelpOHHA Mepeka Maja BellMYe3Hi MepeBart, 1e CTallo
[IPUYMHOK YOMY HEHWpPOHHAa Mepeka IoKasajia
HEMOBIpPHUII pe3yibTaT MNPOTH pEANTbHUX TPaBIiB
JIMBYIOUYH yCIX HalleEKTHBHIIINM Ta HEMOXJIUBUM JIJIsI
peaybHOl JIIOAMHU MIKpO- Ta MaKpO-MEHEIPKMEHTOM.
[Mpu upomy iHIII HABUKA TEX OYJIU BpaKaloUMMHU,
Halikpamy rpaBii Oaumnu Juis cebe HOBI BapiaHTH
BUKOPHUCTAHHS 3HAHOMHX CTpaTeriid, He IUBISYUCH Ha
cBiil BenmuuesHud nocBifg y rpi. OKpiM HaWKpamx
CTparterii areHTH HEHPOHHOI Mepexi TAKOXK HABUMIIUCS
MOraHUM 3BHYKaM, MOTpiifHE BiANpaBieHHA apMii y
OIHY W Ty X caMy TOYKY, Ta 3HMILCHHS KaMiHHS, SKe
HIKOMY HE€ 3aBa)kaJlo, MOXJIMBO Iie¢ 30ir, mo mija 4ac
HaBUaHHI 3a 3amUcaMH 3BHYaWHHX TpaBILiB 0arato
rpaBIliB JisUTM TaK i3-3a emoliif, abo i3-3a TOro, IO
KIKHYTH He Tyau. [licis BHIpaBIEHHS IMX HIOAHCIB
AlphaStar mo4aB rpaTh 3 peaJbHUMH T'PaBIUIMH,
NPUOIM3HO 32 MiCsAIlb, HOTO PEUTHHT OYB OLIBIINI HiX
y 99,8% rpaBuiB. Y MaTyax 3 HaWKpalldM TIpaBLIEM
HEHpOHHA MepeXka IOKa3aja BiAMIHHUHA pe3ylbTar, 5
nepemor Ta 0 mopa3zok. Aje Tpeba BiI3HAYWTH, IO
YEMITIOH TpaB CTAaHAAPTHUMH CTPATETisiIMH y SKUX
AlphaStar nilicHO craB KpaumMm y 0araTbOX acIeKTiB
IpH, ale MIOAO0 MCHXOJIOTIYHOrO AacHeKTy I'PH, KOJH
Kpallli TpaBIll 3HAIOTH, IO YEKATH BiJ IHIIMX Kpaminx
rpaBLiB, TO HEUPOHHY MEPEXy OyKe JEerko MOA0IaTH
BUKOHYIOUH Mii, 3 SKAMH BOHA CKOpIIlle 3a BCe IIe He
3galioMa. Y JeSKMX BHUIIAJKaX BOHA HaBITh MOXKE Ha
MPOTsI31 yci€i TPM HaMaraTtucs BUKOHATH ONHY M Ty X
caMmy Jifo, TakK i He PO3YMIIOUH, YOMY I'pa HE I03BOJISIE
BHKOHATH MEPEXKi Ty JIit0, IO BOHA XOUeE.

He muensumce Ha Te, mo StarCraft nume rpa —
PO3pOOHUKH BIIEBHEHI, IO BUKOPUCTAHI MPH CTBOPEHHI
TEeXHIKH MOXYThb OyTH KOpHCHI y iHmHUX cdepax,
HANPUKIA MOJIEIIOBaHHS BENMKUX IOCIiIOBHOCTEH
MOXUIMBHX JiHl, SK NpU CKJIaJaHHI MPOrHO3Y MOTOMH,
MOJICITIOBaHHS KJIIMATy, YM PO3yMIiHHS MOBH.
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FEATURES OF ELECTRICAL CIRCULATIONS

This paper introduces power conversion principles
and defines the terminology. The concepts of sources and
switches are defined. From the basic laws of source
interconnections, a generic method of power converter
synthesis is presented. Finally, the notions of commutation
cell and soft commutation are introduced and discussed. A
switch is a device which is designed to interrupt the current
flow in a circuit, in other words, it can make or break an
electrical circuit. Every electrical and electronics
application uses at least one switch to perform ON and
OFF operation of the device.

So the switches are the part of a control system and
without it, control operation cannot be achieved. A switch
can perform two functions, namely fully ON (by closing its
contacts) or fully OFF (by opening its contacts).

When the contacts of a switch are closed, the switch
creates the closed path for current flow and hence load
consumes the power from source. There are numerous
switch applications found in wide variety fields such as
home, automobiles, industrial, military, aerospace and so
on. In some applications multi way switching is employed
(like building wiring), in such cases two or more switches
are interconnected to control an electrical load from more
than one location. Switches can be of mechanical or
electronic type, Mechanical switches must be activated
physically, by moving, pressing, releasing, or touching its
contacts.

Electronic switches do not require any physical
contact in order to control a circuit. These are activated by
semiconductor action.

The electronic switches are generally called as solid
state switches because there are no physical moving parts
and hence absence of physical contacts. Most of the
appliances are controlled by semiconductor switches such
as motor drives and HVAC equipments.

There are different types of solid state switches are
available in today market with different sizes and ratings.
Some of these solid state switches include transistors,
SCRs, MOSFETs, TRIACs and IGBTS.

Switching circuits are the circuits used in all electrical
units that produce, distribute, produce electricity, various
devices and apparatus, as well as cables, wires,
transformers, machines. As a rule, switching processes are
accompanied by transient processes that result from the
rapid redistribution of currents and currents in the electrical
circuits [1].

The transition from one cycle to another is called the
transition of dynamic processes. In this case, in the

stationary mode, the constant current remains unchanged
from the current and voltages in the circuit, while the
alternating current changes as a rule. In the set mode, all
parameters are completely dependent on the power source.
Therefore, each energy source produces a constant and
variable current that is relevant to it. Also, the frequency of
the alternating current coincides with the source frequency.
In any form, the switching processes occur when the
electrical circuits change. Opening the circuit and changing
the load can cause various accidents. All these links are
called switching. From the physical point of view, all the
processes in the energy state transition coincide with the
previous and subsequent switching modes [2].

The process is very short — up to one nanosecond. In
rare cases, these processes can take as few as ten seconds,
if necessary. Transition processes are constantly being
studied as they help to create switching circuits. The work
of many devices, particularly industrial electronics, is
based on these switching processes. In general, electrical
circuits are provided by the presence of inductive and
capacitive elements that can collect and transmit magnetic
and electric fields. At the start of the process, the process of
redistribution of electricity between all the elements in the
circuit and external sources begins. In part, energy is
unilaterally transformed into another type of energy [3].

We can use uninterrupted food sources — like the
“black box” we use to protect your computers or protect
your other equipment when the network is severed —
without having to go deep into electronics. In addition to
FQMs to combat power outages or to create uninterrupted
power supply systems, voltage stabilizers, filters, diesel
engines, etc. can also be used.
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GASIFICATION BY GASEOUS ABSORPTION TECHNOLOGICAL PROCESS
RESEARCH

Gasification has been around for more than 200
years. There are to be sure, many reasons, but the two
most significant reasons are the continuing high price of
natural gas and highway transportation fuels. Granted,
over the past year and a half, these prices have
moderated considerably. However over the past month,
the price of gasoline has inched upward about 30 cents
per gallon. The second significant reason is the need for
energy independence. In other words, the use of
domestic energy sources such as coal not only for
electricity production but also for synthetic natural gas
(SNG) and liquids for transportation is a must.

Gasification is a key fundamental baseline
technology for converting coal to anything other than

electrons and can potentially be competitive even
there [1]. For example, gasification it the key
conversion step for converting coal to Hz, SNG, liquid
fuels, and the capture of CO; for sequestration.
Gasification has excellent environmental performance
such that some states’ Public Utility Commissions have
identified Integrated Gasification Combined Cycle
(IGCC) plants for power generation as the best available
control technology (BACT). In addition, the uncertainty
of carbon management requirements and the potential
suitability of IGCC for CO; controls make it an ideal
choice for power.The absorption method is one of the
most common methods for gasification of gases. The
process is based on the absorption of various gas
mixture components in liquids. Absorbent is used for
distillation of gasoline, kerosene and saliva. The heavier
the hydrocarbons, the greater their solubility in the
absorbent [1].

The amount of soluble hydrocarbons increases
with increasing pressure and temperature reduction (the
amount of heat released during the absorption is equal
to the hydrocarbon solubility temperature). The gas
absorption facility by gas absorption is shown in (fig.1):

The most common absorbers are spread with
narrow plates or hats. In both cases, a liquid layer is
stored in the plate, the gas is released from the inside,
and the absorption is carried out at relatively low
temperatures (30 — 40°C) and high pressure (10 — 50
atm). The associated gas passes through the regulator
and enters the compressor receiver, where it is
compressed in one and two stages and sent to the lower
part of the absorbent, and the absorbent from above.

Fig.1. gas absorption facility by gas absorption is shown

The dried gas above the absorbent is sent to the
operator after being cleaned in compressor oil.

Absorbent mainly absorbs small amounts of
methane and ethane, starting with propane and higher
hydrocarbons. The saturated absorbent substance is
released from the bottom of the absorbent, and the air
enters the absorber, where methane and ethanol are
released due to lower pressure.

According to the written scheme, only 50% of
propane can be separated from the original solution. An
enhanced absorption column, which consists of two
different diameters, is used to increase the emission rate
of the compressed gases. The upper serves as a small-
diameter absorber. From the top it is given a fresh
absorbent, and from the bottom gas is injected.

Using an absorption method, 70 — 90% propane,
97 — 98% butane, all pentane and heavy components can
be separated from the starting product.
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NMAPAMETPUYHUN TA CTPYKTYPHVIVI ONTUMANbHUA CUHTE3
BArATOWKANIBHUX IHOOPMALIMHO-BUMIPIOBAJIbHUX CUCTEM

Ha pannii wac icHye knacudikamisi MeTOAIB

BUMIpPIOBaHHS PaioeeKTPOHHUX BUMIpIOBaYiB
(BUMIpIOBaJIbHUX KaHAIIB iH(OpMaI[iiHO-BUMIPIOBATLHIX
cucrem (IBC)) [2 - 5]  ;muckpuMmiHAaTOpHi
(pyHKHiOHAIBHI), naHopaMHi (TronrykoBi),
OaraTokaHalibHI, OararollkajbHi, OaratoeramHi Ta
koMmOiHOBaHi. KoxHMH BuMipioBau (KaHaJl CHUCTEMH)

peartizye CBili METO/ BHUMIPIOBAHHS, BIJIIOBIIA€ CBOEMY
npuHLMIY Aii 1 OyAayeTbcs Ha MHOXWHaX MapameTpis,
CHUTHAJIB 1 CTPYKTYD.

[TaHOopaMHMI METOA — Ma€ MPOCTOTY y peai3ali,
ale HWOMYy TIPUCYTHI 1 HENONIKWA: BEIMKHA dYac Ha
BUMIPIOBAHHS Ta MOMKJIMBICTB TPOIYCKY 00’ €KTY.

baratoxkaHadpHMH — Mae MiHIMaJbHUA dYac Ha
BUMIPIOBAHHS, ajleé — CKJIQJIHUK 33 KUIBKICTIO 1 BEJIMKOO
BapTICTIO KaHAJiB, a TaKoK Mae 0araTo3HA4HICTbh
BUMIpIOBAaHb MPH MOTYXHOMY curHaii. bararoeramuuit —
BMIIIlye SIK TOYHI €Tamu, TaK 1 Ti, L0 BHUPILIYIOTH
0araTo3HaYHICTh BUMIPIOBaHb. baraTokaHabHUI METOJI, a
TUM OLIIbLIE TUCKPUMIHATOPHHM, € YACTKOBUM BHIIAJIKOM
OararoerarmHoro (KOMOIHOBAaHOr0) METOy BUMIPIOBAHHSL.
VY TakoMy BHIAIKy, HpOLEAypa IOPIBHSHHS CTPYKTYP
BUMIpIOBAYiB CIIPOIIEHA TOMY, II0 YKCIIO THITNB CTPYKTYP
3MEHIIYEThCS 10 TPhoX ab0 dYoTuphox. [lpum mpOMYy,
PI3HOMaHITTSI CTPYKTYp BHMIpIOBauiB MOke OyTH OyIb-
SKUM. BOHO BH3HAYAa€THCS BIJHOIIEHHSM AMpiOpPHOL
HEBH3HAYEHOCTI 7} arocTepiopHoi, YHCIIOBUMHU
3HAYEHHSIMHU TIOKa3HWKIB SIKOCTI, Y TOMY 4YHCT —
MOKA3HUKIB PECcypciB, TOmO. 30KpeMa, ONTHMAILHUAM
MOXKE€ BHSBUTHCS N-€TallHMH BUMIpIOBadY, Yy SKOTO
CTPYKTYpa KOKHOTO eTarry Moxke OyTH mo0ymoBaHa Oyab-
SIKUM  criocodoM. JI7isi  TMKpUMIHATOPHUX BHMIPIOBaYiB
BioMa KpuBa OOMiHY, fKa 3B’s3ye MK CO0OOIO yci
TIOKA3HUKH iX SKOCTEH: MUCHepCiio MOXHWOKHW, ampiopHUI
JliaTia30H Ta BiHOIICHHS ITOTYKHOCTEH CHUTHAITY 10 IIIyMYy.
I3 amamizy oTpUMaHWX KpPUBHX OOMIHY MOYKIIFIBO
CTBEpIDKYBATH, II0 HAWMEHINA JUCIEPCis MOXUOKA MOXKe
OyTH TIpy MaJloMy alpiOpHOMY Jiarna3oHi BAMIPIOBaHE i
P MaJiol CMY3i NPOMyCKaHHSA, TOOTO TpH (Ha30BHX
MeTOaX BUMIPIOBAHHS, IIPH TAPMOHIMHUX CHTHAJAX, IO
MePeKPUBAIOTh  Jiarma3oH. A HalOUIbOIa  TOYHICTH
BUMIPIOBaHb — JIOCSTA€THCI HAa OUTBIIM dacToTi 3a
paxyHOK KpyTH3HH (a30BUX AeTekTopiB. Omxke, (a3oBi
GaraToIIKaJgbHI BUMIPIOBAadi MAalOTh CYTTEBY IEpeBary B

€KOHOMII TOTY)XKHOCTI CHUTHaTy. TakuM YHHOM, ICHYE
npobieMa, sKa BHKIMKAHA THM, IO TP BETHKOMY
amnpiopHOMY Jlialla30HI Ta TPH OJHO3HAYHUX (ha30BHX
BHMIPIOBAHHSIX HEMOXJIHBO JOCSTHYTH BUCOKOI TOYHOCTI.
Lle noB’s3aHO 3 MOTPIOHICTIO MaTH IOCTAaTHBO BEJIHMKY
YacTOTy INKaJl CHTHAYy, sKa 3a0e3reuye BiIIOBITHO
HaWOLIbIIy KPYTM3HY IIKan (a3oBOro JETeKTopy i
TOYHICTb. AJle TIPH 3aCTOCYBaHHI BEJIMKOI YacTOTH Camol
TOYHOL noTpeOyEThCS JIOJTATKOBE PO3KPHUTTS
HEOJ[HO3HAYHOCTI BUMiproBaHb. OTKe, aKTyasbHa HayKOBa
npobiiemMa TMOJSTaE y TOMY, IO HEOOXiMHO 3HAWTH
ONTUMAJIbHUI METOIl  BHMIPIOBaHH:, CTPYKTYPY
BUMIPIOBa4a, CUTHAI 1 MapaMeTpH 32 YMOBHHM KPHUTEPiEM
MakCUMyMy e(eKTHBHOCTI Mpu oOMexeHil Baprocti. B
JIOTIOBIJII TOKa3aHa MOYKIIMBICTh TIOCTAHOBKH 1 BUPILICHHSI
3agau onruMmizaiii IBC 3a  kputepieM MakcuMymy
TOYHOCTI BUMiproBaHb pizHuX THIiB IBC npu oOMexeHHsIX
Ha T[apamMeTpu 1 BapTiCTh, a TaKoX CHHTE3 iX
BUMIPIOBAJILHOI CTPYKTYPH 1 CUTHAJIIB HA TPHOX MHOXKEHI
(cTpyKTYp, CHTHAIB 1 TapaMeTpiB).

[pencraBneni METOAM OTPUMAaHHS KPUBHX OOMIHY,
AHANNTUYHI BHpa3W i BHOOPY METOAY BHMIPIOBAHHS,
CTpyKTYpH 1 mapamerpiB BumiproBauiB misi IBC 3
MaHOpaMHUM, OaraToKkaHaJbHMM, OaraToeTalmHuM i
OaraTonKaJbHIM MeTOoIaMHt BHMIPIOBaHHS 3
OIHOYACHMMH IIKaJlaM{, a00 3 IIOCHIJIOBHMMH B Yaci
IIKaJIaMH.
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THE USE OF DIGITAL TECHNOLOGY IN OIL REFINING

Smart manufacturing will transform the oil
refining and petrochemical sector into a connected,
informationdriven environment. Using real-time and
high-value support systems, smart manufacturing
enables a coordinated and performance-oriented
manufacturing enterprise that responds quickly to
customer demands and minimizes energy and material
usage, while radically improving sustainability,
productivity, innovation, and economic
competitiveness. In this paper, several examples of the
application of so-called “smart manufacturing” for the
petrochemical sector are demonstrated, such as the fault
detection of a catalytic cracking unit driven by big data,
advanced optimization for the planning and scheduling
of oil refinery sites, and more. Key scientific factors and
challenges for the further smart manufacturing of
chemical and petrochemical processes are identified.

Several different types of digital technology are
used in oil refineries. Before you go to oil wells or in
your office, you need to be able to use digital
technology.

Seismic description. First technology — 3D seismic
image technology. This method is used to create a three
— dimensional method of geologic stratification of the
voltage at the base of the longitudinal plane. The
simplest method is to approach the volcanic, solitary
and carbonate powders. MAZ, Multipurpose Azimuth
This paper outlined the main opportunities and
challenges regarding smart manufacturing for an oil
refinery or petrochemical plant by demonstrating the
progress in so-called “smart manufacturing”. Although
considerable progress has been made, there is still a
long way to go to achieve true smart process
manufacturing. PSE is expected to take a central role in
guiding, and perhaps shortening, the new journey
toward smart process manufacturing. From an academic
perspective, it is best for the industry to provide the test
beds; while from an industrial perspective, it is best for
academia to offer a reliable and scalable platform that
includes hardware and software to update the instrument
technology level.

In fact, these two aspects complement each other.
An industryuniversity research coalition is urgently
needed for the future. (WAZ), WATS is used in 2000
oil wells, and in 2009 — 2010 years, with 150 million
barrels of oil. The 4D seismic image is used in parallel
with 3D images. This taxis compels mobile mobility
and allows you to disconnect the edges in the field.

The Tube. “Intelligent or Intelligent Pipe” — a tube
with sensors and valves inside. Operators need to
disconnect the exhaust, heat and temperatures in the

freezing pipe without the use of pipes or other pipes in
the real time mode.

The system switches on and at the same type of
valves: valve control valve — ICV and control valve
(ICD). ICV sockets are the active valve, which
translates into a controlled/open function. ICD has fixed
overlays and a category of passive valves.

SCADA system. The SCADA Dispatch Control
System (SCADA) system is turned on for monitoring of
pipelines, process control, oil refining and
multifunction. Easy to add, get rid of, and wait for
processors. SCADA system is based on telephone lines.
The SCADA system is based on WAN. The simplest
meat system does not have a better control. The
SCADA remote control system is based on the local
network. The meat system SCADA uses several stations
to get rid of all that. If you want to use a user — friendly
protocol in a system, it is not possible to save it with an
advanced machine. Developing a SCADA system with
built — in architecture, web — based systems and
standards. SCADA switches on: RTU (remote terminal),
PLC, telemetry system, server integration data, HMI
(shut — down machine interface), stationary control and
control station. The SCADA system is a modern
technology based on advanced technology.

SRM. Intelligent technology is embedded in
software and hardware integration. The SRM model is
used in smart oil refineries. Using SRM Plug — In
Simulation Models Plugs New Roots, Moving
Forwarding And Investing In Plastic Analysis. The
SRM is used in a multi — layered simulation model
collector, which translates into a real — time mode in
real — time mode. The SRM simulates the visibility of
the polynomial model with a high frequency. Used in all
stages of development of oil deposits in the oil industry.

Manage peace and security:

— Implicit post-simulation model for
saturation in real-time mode;

— Predictive modeling;

—nonlinear analysis;

— optimization in real time;

— The SRM model incorporates a digital
simulation model in real-time mode.

all-oil
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DEVELOPMENT OF SPEED CONVERTER CONSTRUCTION AND PREPARATION
TECHNOLOGY

Design of a frequency converter from 50 Hz to 60
Hz — The power that this frequency converter can
produce depends mainly on the values of C1 and C2; the
larger they are, the greater the output. Transistors are
great for low power applications and can handle more
power, assuming they are installed in an adequate
heating device and the control unit will not be affected
at all. Since this circuit receives an output voltage of
110 V, it can be used as such a voltage converter if the
device does not require 60 Hz and operates at 50 Hz, but
in this case a transformer is really a better solution.

We can divide the frequency converter into three
different parts. One is a 110V rectangular switch
(inverter), the other is a switching control unit, and the
third is a low-voltage power supply for the control unit.
First, let's take a brief look at the different parts, starting
with the switch inverter section.

C1 and C2 are connected from the single-phase 230
V mains to a total of 320 V from the diode bridge and
are divided equally between the two. There is no power
factor correction, so this design is only suitable for
relatively small loads. Several resistors of equal value in
parallel with C1 and C2 ensure that the voltage is evenly
distributed between the two capacitors. | also added a
protector to the inverter part not shown in the diagram at
the entrance to the line. This is to prevent overload

(fig. 1).
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Figure 1. Design diagram of a frequency converter

The load is connected from one end to the midpoint
of C1 and C2, the other end is alternately replaced by a
half-bridge created by TR1 and TR2 between the high
and low rails. The reverse side 1N4007 diodes are
shown in parallel to each of TR1 and TR2. This is to
protect against crossings due to inductive loads. In fact,
I did not install them because the MOSFETSs IRF830 are
built into this diode. | installed two transistors on one

radiator, although they hardly heat up with a reduced
load, but by increasing the values of C1 and C2, the
inverter circuit can be upgraded to have greater power,
and the transistor temperature would not be a problem.
This is a good thing to work at low frequencies such as
50 Hz and 60 Hz.

For the output to be peak, the output must be:

1/4 cycle = 0 V (both transistors are connected),

1/4 circuit = +160 V (conducts TR2),

1/4 cycle = 0 V (both transistors are connected),

1/4 cycle == 160 V (TR1 conducts).

The design is quite simple and works well at 60 Hz,
but is not suitable for high switching frequencies
because there are delays in closing the TR2 and the
circuit must be changed to turn it off faster (which is not
difficult to do). This is because the door discharges from
the capacitor instead of having a signal that forces it.
Changing the value of the resistor speeds up the
shutdown time, but requires a higher current when the
transistor is turned on.

Now let's look at the control part of the frequency
converter. A classic 555 oscilloscope with a speed of
960 Hz, a four-stage CD4029 meter (divided into 16)
and three NOR elements are installed at the output.
These waveforms explain themselves. T1 and T2 can be
seen to be positive in 1/4 of the period. S2 is applied
with an optocouple that changes the TR2 level.

Tap 1 of the 4029 meter, preloads the value set to
Q1-0Q4 at points 4, 12, 13, 3 when connected to voltage,
and the meter is considered normal when connected to
ground. This means that we can stop the output by
pulling high. It will take a second to start working after
the power is applied to the resistor and capacitor as
shown. At first | used a frequency converter, but then |
removed the capacitor to speed up my test and never
replaced it. You can use it or not, or you can use a link
according to your needs. In addition, it can be used to
apply load protection with a high-carrying circuit when
it detects excessive current at the output.
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DEVELOPMENT OF SPEED CONVERTER CONSTRUCTION TECHNOLOGY

All frequency converters work on the following
basic principles: The alternating voltage, which is
converted to a constant current of 50 Hz, is transferred
directly from the internal circuit to the voltage medium
and the energy is stored in the capacitor. The current
converter inside the external circuit converter converts
the middle circuit directly to voltage. In converters
operating on this principle, the alternating current motor
is suitable for use at different speeds.

Several attributes dictate how devices are used.
Devices such as diodes conduct when a forward voltage
is applied and have no external control of the start of
conduction. Power devices such as silicon controlled
rectifiers and thyristors (as well as the mercury valve
and thyratron) allow control of the start of conduction,
but rely on periodic reversal of current flow to turn them
off. Devices such as gate turn-off thyristors, BJT and
MOSFET transistors provide full switching control and
can be turned on or off without regard to the current
flow through them. Transistor devices also allow
proportional amplification, but this is rarely used for
systems rated more than a few hundred watts. The
control input characteristics of a device also greatly
affect design; sometimes the control input is at a very
high voltage with respect to ground and must be driven
by an isolated source. As efficiency is at a premium in a
power electronic converter, the losses that a power
electronic device generates should be as low as possible.
Devices vary in switching speed. Some diodes and
thyristors are suited for relatively slow speed and are
useful for power frequency switching and control;
certain thyristors are useful at a few kilohertz. Devices
such as MOSFETS and BJTs can switch at tens of
kilohertz up to a few megahertz in power applications,
but with decreasing power levels. Vacuum tube devices
dominate high power (hundreds of kilowatts) at very
high frequency (hundreds or thousands of megahertz)
applications. Faster switching devices minimize energy
lost in the transitions from on to off and back, but may
create  problems with radiated electromagnetic
interference. Gate drive (or equivalent) circuits must be
designed to supply sufficient drive current to achieve
the full switching speed possible with a device. A
device without sufficient drive to switch rapidly may be
destroyed by excess heating.

Practical devices have non-zero voltage drop and
dissipate power when on, and take some time to pass

through an active region until they reach the “on” or
“off” state. These losses are a significant part of the
total lost power in a converter.

A frequency converter or inverter must be used for a
3-phase induction motor to rotate at different speeds or
at the same speed in all conditions. Controlling the
speed of an induction motor with a frequency converter
has several advantages. Large powerful engines will
consume high energy. To prevent such high energy
consumption and to ensure that the motors rotate at the
desired speed, a frequency inverter has been developed
that operates at any constant speed without exhausting
the engine by producing variable frequencies.

The basic principle of a frequency converter:

The basic idea in nature is simple, the process of
converting a stable power line into a frequency change
is basically done in two steps:

1. The alternating current power source is rectified
to a direct current source.

2. DC voltage is divided by the alternating voltage
of the desired frequency.

The DC voltage of the inverter is obtained from a
single phase. Three phases are derived from alternating
current, and three-phase asynchronous motors operate
on these three phases. With the feedback signal to be
received from the motor shaft, the motor can be rotated
at any constant period by changing the feed voltage and
frequency value of the motor in proportion to the load
changes connected to the motor shaft. It is desirable that
the induction motor rotate at different speeds or at the
same speed under all load conditions. A frequency
converter or inverter must be used for this purpose.
Various inverter applications have been developed to
produce the right torque, reduce harmonics and increase
engine efficiency.
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An information resource is individual documents
and individual document arrays, documents and
document arrays in information systems (libraries,
archives, funds, data banks, other types of information
systems. In the regulatory aspect, a document is defined
as information recorded on a physical medium with
details that allow it to be identified.

The documentation process turns information into
information resources.

The processes that ensure the operation of an
information system for any purpose can conditionally be
represented as consisting of the following blocks:

1. input information from external or internal
Sources;

2. processing of input information and its
presentation in a convenient form;

3. information output for presentation to
consumers or transfer to another system;

feedback is information processed by people of a
given organization to correct input information.

Information processes are implemented using
information procedures that implement a particular
mechanism for processing input information into a
specific result.

The following types of information procedures are
distinguished:

o Fully formalized, in the implementation of
which the information processing algorithm remains
unchanged and completely defined (search, accounting,
storage, transmission of information, printing of
documents, calculation on models).

e Unformalized information procedures, during
which new unique information is created, and the
algorithm for processing the initial information is
unknown (the formation of a multitude of alternatives,
the choice of one option from the resulting set).

e Poorly formalized information procedures
during which the information processing algorithm may
change and is not completely defined (planning task,
evaluating the effectiveness of economic policy
options).

Functions of information units creating and
supporting information systems (administrator service):
notification and processing of requests; maintaining the
integrity and safety of information; periodic revision of
information; automation of indexing information.

There are high requirements for the quality of the
data stored in a particular system and the service results.
These requirements are particularly difficult, for
example, when they affect the safety of citizens at the
end of the system. Therefore, control over system

delivery and access by system users is a natural and
appropriate way to ensure the quality of the systems and
services provided. The quality of the information
provided and the quality of the research here is
determined by their attention, integrity and goodness.
The certification and efficient investigation process is
laborious and time consuming. Because the required
documentation is always required, it is imperative to
ensure interaction between businesses and users when
completing and querying the database. Therefore, the
patchwork process can take quite a long time (even a
few days). When the data and the student are large
enough, it is also recommended to maintain an alliance
between the user and the user. To ensure that Alchemist
works effectively, it is necessary to define the
composition and leaders of the devices used [1].

As a data collection unit and a truly socialist
independent structure, it should ensure that the
following functional issues are addressed:

A Collection, processing and storage of various
large-scale transmitters from various sources (may not
have access to allied data);

High Compliance with high requirements for the
quality of both incoming and outgoing data; This is
achieved by applying additional measures to process
incoming information;

The existence of various types of queries
belonging to different users of the system; this requires
a suitable application software.

It is important to note that socialists should be
assigned to collect information about specific claims
and access to surveys.

The jokes of the most popular algorithms also
show that these algorithms require additional
information about external infotainment systems and
that these features can be distinguished from their
existing infrastructure.

A special feature of the socialist, as mentioned
above, is that it works in an integrated system to support
communication with infrastructure systems. This
modernist socialist has to do basic integration functions.

In the interpretation, it is necessary to collect
appropriate information and methods for the collection
of information and the follow-up of the most efficient
procedures and maintenance of corridors.

As a result of the aneurysm, the structure of the
alchemist and its compounds should be summarized.
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OPERATION OF THE TEMPERATURE MEASUREMENT SYSTEM WITH
COMPENSATION OF ENVIRONMENTAL

The international reference temperature used by
the calibration community is 20 °C and CMMs and
machine tools are normally calibrated with reference to
this temperature. In a normal factory environment
where precise temperature control is often not
available, the machine will not be at this temperature.
Because most machines expand or contract with
temperature, this can cause an error in the calibration.
To avoid this calibration error, the linear measurement
software incorporates a mathematical correction called
thermal expansion compensation or ‘normalisation’
which is applied to the linear laser readings.

The software normalises measurements using the
coefficient of expansion of the machine, which must
be entered manually, and a mean machine temperature
measured using the XC compensator and material
temperature sensor. The objective of this correction is
to estimate the laser calibration results that would have
been obtained if the machine calibration had been
performed at 20 °C.

The thermal expansion coefficient of a machine is
specified in parts per million per degree C (ppm/°C).

These coefficients specify the amount that the
material will expand or contract for every degree rise
or fall in material temperature. For example, suppose
the coefficient of thermal expansion is +11 ppm/°C.
This means that for every 1°C rise in material
temperature, there will be a material expansion of 11
ppm, which is equivalent to 11 um/m of material.

Incorrect compensation for material thermal
expansion is one of the primary sources of error in
laser linear distance measurements in non-temperature
controlled environments. This is because the expansion
coefficients of common engineering materials are
relatively large compared to the coefficients associated
with wavelength compensation errors and laser beam
alignment errors.The principle of using glass fluid
thermometers is based on the thermal expansion of
fluids. With the change of temperature, the
thermometric fluid changes and the state of the fluids
changes in the direction of temperature measurement.

Manometric Thermometer — The principle of
operation is based on changes in the volume of gas,
liguid or saturated vapor, depending on the
temperature and temperature.  Structurally, a
thermometer consists of a thermal lamp immersed in a
controlled environment, a pressure gauge, and a
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capillary to measure pressure. Gas gauge thermometers
are used to measure temperatures from -200 to 600°C.
Used as a filler for helium (low temperature), nitrogen
(medium temperature) or argon (high temperature).
Thermocouple is made up of two different metals that
form a voltage (expressed in millivolts) by changing
the temperature in one piece. The two metal joints,
called the junction, are connected to the extension
cords. Both different metal can be used for a
thermocouple. The working principle is as follows:

1) When two separate metals are joined together, a
small tension occurs at the junction at the thermo
junction. This is called the Peltier effect.

2) When the temperature of the coupling changes,
it also causes variability and the electronic controller is
measured by the input circuits. The output is
proportional to the temperature difference between the
joints and the open ends. This is called the Thompson
effect.

3) Both of these effects can be combined to
measure heat. By combining at a specific temperature
(reference point) and measuring the voltage, the
temperature at the sensing junction can be removed.
The generated voltage is proportional to the heat
difference. The combined effect is known as the
thermo junction effect or Seebeck effect.

Resistance Temperature Detector is basically a
long, small diameter metal wire, or a rod cipher on a
substrate, like a high degree of voltage. Operation
Principle — Resistance temperature detectors work on
the principle that a metal's electrical resistance can
change in a linear and repetitive way, with the change
in temperature. The RTD has a positive temperature
coefficient (resistance increases with temperature).
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ANALYSIiS OF HARDWARE AND SOFTWARE ON ECOLOGICAL MONITORING

The term ecological monitoring refers to the
system of monitoring, monitoring and evaluating,
forecasting and information support system. The
purpose of environmental monitoring is to provide
environmental management and information
management of environmental safety. The earth has
been facing ecological pollution, especially in recent
years. To solve the problem, it is necessary to measure
the pollution level and take the necessary precautions.
Sensors are installed at the area for monitor to degree of
pollution. The data we receive from the sensors
represent the degree of contamination.

An environmental monitoring system is the
process that monitors the quality of the environment.
The RMS software allows for a realtime monitoring of
any parameter required. Rotronic offer solutions for
relative humidity, temperature, dew and frost point,
differential pressure, pressure, flow, lux and CO,. For
all other parameters, Rotronic offer an analogue to
digital converter so that all analogue signals can be
monitored. The RMS-Converter will allow you to
integrate any digital product (with a LAN connection)
into the RMS software giving you the highest flexibility
possible.

The RMS hardware itself gives you the possibility
to log down to 10s intervals and the data can be viewed
via the RMS webpage if you choose the cloud solution,
but also via your own server should you choose the
server version.

The software offers charts and graphics, as well as
an alarming function (EMail, SMS, Telephone call).
The analysis tool will allow for you to establish daily,
weekly, monthly or personalised reports with all of the
statistical data required. The Rotronic hardware and
software comply to the FDA CFR 21 Part 11 regulations
and and designed based upon the GAMPS5 guidelines.

e Monitor any parameter (Rotronic products,
integration of 3rd party analogue and digital devices).

e Log between 10s and 15 minutes.

World wide data access.

Highest flexibility in terms of software setup.
Cloud or server based solutions.

FDA CFR 21 Part 11 compliant software.

A lot of researchers investigated this problem.
Previous researches have attempted to establish network
air quality monitoring and diagnostic systems.
SensorScope [1] and CitySense [2] are examples of
large — scale wireless environmental monitoring
systems. SensorScope is designed for spatial and
temporal observations in — situ throughout the

landscape. CitySense supports the development and
evaluation of city-wide wireless systems using more
than 100 Wi — Fi enabled Linux based computers
installed on buildings and on street lamps. SensorScope
uses solar energy with a comprehensive radio
circulation to prevent power outages, while CitySense
uses wired power supplies. Another power intensive
platform is N-SMARTS, a GPS — capable mabile phone
or city — level environmental data collection system.
The sensor module consists of carbon dioxide, carbon
monoxide, triaxial accelerometer and temperature
sensors. SensorMap is a network that monitors mobile
air quality of sensors that can detect O3, NO2, and
CO/VOC. The program focuses on data collection and
presentation, but does not take into account gas sensors
and energy management features. LaserSPECKs are
based on a laser spectroscopic trace gas sensor platform.
By integrating quantum cascade laser technology, a
wide range of detectable gases is provided, reducing

both system size and cost. However, energy
consumption is not taken into account.
The results of the environmental monitoring

constitute the database (data bank) of the PoE
(protection of environment), which enables the use of
computers to collect, store, process and analyze
information. The information provision of the PoE, in
turn, is the basis for the management of nature
protection activities and the implementation of resource
protection policies. We must to build the sensor network
for the monitoring and get the results from sensors.
After the getting results send them to the database.

We put the air sensors to the electric poles which
are located all the sides of city for the measure of air
pollution. The data from these sensors be collected in a
central database to check which areas of the city are
likely to be contaminated.
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NMOPIBHANbHUA AHATNI3 METOAIB NOBYAOBU PEKOMEHOALIMHUX CUCTEM

PexoMeHnaniiiHi cHCTEMH — L€ CHCTEMH IS
¢ingpTpalli KOHTEHTY, 0 HAMAralThCsA TMEpPeI0aunTH,
SIKI ITPOJTYKTH MOXYTh 3alliKaBUTH KOPUCTYBaya.

OcHOoBHUMH  TIpoOJieMaMu  TpH  MOOYHOBi
PEKOMEHIALIHHNX CUCTEM €. PO3PIDKEHICTh JaHUX
(baraTo KopuCTyBa4iB Ta TNPOAYKTIB, MajO OIHOK);
mpobyieMa XOJOAHOTO CTapTy (HOBI JUIS CHUCTEMH

MPOAYKTH  ab0  KOPUCTyBadi);  MacmTabOBaHICTh
(yckmagHeHHsT pOOOTH CHCTEMH 31 30UIBIICHHIM
KUJIBKOCTI  KOPUCTYBauiB 1 TPOAYKTIB); CHHOHIMIs

(omHakoBi MO CyTi mMpomykTu abo ix kareropii MaroTh
pi3HI Ha3BM); WIaxpaicTBO (IUTy4yHE 30UIBbILIECHHS
pelTHHTY); 3a0e3neueHHs Pi3HOMaHITHOCTI (TOMmyJIsIpHi
TOBapy MOXYTh BHUTICHSATU HOBAUKiB Ha PHHKY 1 TUM
caMHMM 3HWKYBaTH PI3HOMaHITHICTh pEKOMEHJAIlii);
01yl BOpOHU (KOpHUCTYBadi, IHTEPECH SIKUX MPOTHIICKHI
1o iHTepeciB Oinbinocti). 11[06 yHUKHYTH BHHMKHEHHS
nepeniueHnx npooJieM, npu po3pooii
PEKOMEHAALIIHUX CHCTEM  3aCTOCOBYIOTbCS — Pi3Hi
Meroau. OCHOBHUMHM € METOAUM KOJIa0OpaTUBHOI
¢inbTpanii, KOHTEeHTHOT QUIBTpaLlii i METO EKCIIEPTHUX
CUCTEM (METO/I, 3aCHOBaHHMI Ha 3HAHHSIX).

Cucremu K0J1a00paTHBHOT ¢inpTparii
PEKOMEHAYIOTh NPOJAYKTH B 3aJISKHOCTI BiJl OLIIHOK
KOpHCTYBauiB, po3pisustoth User-Based i Item-Based
cucremu. B User-Based cucremi st mporHo3yBaHHS
IHTEpeCciB KOHKPETHOTO KOpUCTyBaya Tpeda 3HAWUTH
IHIIIMX KOPHUCTYBAUiB 31 CXOKUMH cMakaMu. [Ipu npomy
€ psan mpoOiieM: CMakd KOPUCTYBadiB 3 4acoM
3MIHIOIOTBCSL 1 CHCTeMa MO)XKE TeHepyBaTH Oe3mid
HEaKTyaJbHUX PEKOMEHJAIliif; YiMM OUIbIIA KUIBbKICTh
KOpPHCTYBa4iB, THM OLJIbIe Yacy We Ha reHepyBaHHs
peKOMeHJalil; CcHucTeMa TOraHo IPAIoE,  KOIHU
MPOAYKTIB Oarato, a OLIHOK Majo; CHCTeMa ypasliBa
ISl HAKPYTKH ~ PEUTHHTIB, KOJM  3JIOBMHCHHK
HEO0'€eKTHBHO WiJBHINYE OLIHKY OJHUX MPOIYKTIB B
nopiBHsHHI 3 iHmmMu. B Item-Based cucremi cxoxicTth
JIBOX EJIEMEHTIB PO3PaxOBYETbCS IO PEHTHHIax,
BUCTABJICHHUX KOPHCTYBA4eM. Sxmo MIEBHIM
KOpUCTYBa4aM OJHOYACHO cCriomodanmcss —JeKiibKa
MPOAYKTIB, TO MOXHA 3pPOOWTH BHCHOBOK, IIIO
OLITBIIIOCTI KOPUCTYBAdiB, SKi BHCOKO OI[IHIIIN OAHH 3
HHMX, IOBMHHI cmomoOarucs 1 1mmi. YacTeHbKO
BimmaeTscsi mepeBara came Item-Based cucremawm,
OCKIIBKHM BOHH T030aBJIeHI yCiX HEMOMIKIB, BIACTHBHUX
User-Based cucremam. Ilo-miepiie, eneMeHTH B CHCTEMI
HE 3MIHIOIOThCS 3 YacOM, TOMY pEKOMEHAAIll BHHIYTh
OinpIn peneBaHTHUMH. KpiM TOro, IPOAYKTIB 3a3BUYai
3HAYHO MEHIIE, HIXK KOPHUCTYBadiB, TOMy OOpoOKa
MaHUX TPHU TakKid QUIBTpaIii BigOyBaeThCS IIBHIIIIE.
3pemroto, Taki cuctemum ~Habarato  CKJIAHIiIIE

oonypuru. s xonmabopatuBHoi QinmbTpamii B IiyoMy
BJIACTHBI MPOOJIEMH XOJOIHOTO CTAPTY, PO3PIHKEHICT
MaTpHlli PEHTHHTIB, PECYPCOEMHICTb  OOYHCIIEHB,
HEOOXIJIHICTh HASBHOCTI BEJIHKOr0 OOCATY NaHHX JUIs
BHCOKOI TOYHOCTI PEKOMEH/Iallii.

Y  KOHTGHTHHX PEKOMCHIAIIMHUX  CHCTEMax
pekoMeHaIii poOpMyIOThCS Ha OCHOBI aTpUOYTIB, IO
MPUBJIACHIOIOTLCS KOXHOMY eneMmeHty. CkiaaHimm
CUCTEMH B 3MO31 BHUSBJIATH CIIBBITHOIICHHS MIiX

MHOXKMHHUMH ~ aTpuOyramMu 1  JgaBaTd  sIKiCHim
pekomenpariii. Ileif Meronq He BHMarae HasBHOCTI
BEJIMKOI TPyNM KOPUCTYBayiB JUisi  3a0e3ledeHHs

TOYHOCTI PE3yNbTaTy, MPAKTHYHO BiZICYTHsS mNpoOiiema
XOJIOMHOTO CTapTy IO TMPOAYKTaX (IOCHTh MAaTH
3alOBHEHI  XapaKTePUCTUKH HoBOro o0'exry). /[lo
HENOJIKIB MO)KHA BIJHECTH HAsABHICTH MPOOIeMH
XOJIOMHOTO CTAPTy 10 HOBHX KOPHCTYBa4ax, TPYAHOIII
3 MoOYIOBOI  pEKOMEHIAliil mpu  OOMexeHii
iHpopmarii npo npoaykru. ExcriepTHi pekomeHaariiHi
CHCTEMH OCOOJIMBO KOPHUCHI JUIsi pOOOTH 3 MPOIYKTAMH,
SKi MPUAOAIOTHCS HEYaCTO, HANpPHKIAA OyquHKH abo
JIOpOri mpenMeTd  po3komn. Y o IMX  CcHUCTeMax
peKoMeHalil IPONOHYIOTCSI HE Ha OCHOBI PEHTHUHIIB,
a Ha OCHOBI CXOXKOCTI MiX BHMMOraMH KOpHCTYBaua i
onMcoM TpoxykTy. ToMy cucremMa Takoro THIY
BUXOJIMTh YHIKQIIbHOIO, aJPKe BOHA JIO3BOIISIE KIIIEHTOBI
SIBHO BKa3aTH, 4oro BiH xoue. [lepeBaroro € To4Hiie

BU3HAUCHHS BHMOI KOPUCTyBada 3aBISIKM  SIBHIH
B3a€MO/il 3 CUCTEMOIO.

lOpuaHi pexomeHmamiiiHi cucteMu. Y  BCIX
PO3IISIHYTUX ~ PEKOMEHAAIIHUX CHUCTEM €  CBOL

nepeBarn i Hemodiku. EKcrepTHi cucreMu HaHOiLbII
epeKTHBHI B KOHTEKCTaX, € KIJIBKICTh IOCTYITHHUX
maanx obmexeHa. KomabGopatuBHa ¢impTparmis kpaime
BCHOTO MPALIOE B CEPEAOBHIIAX, /1€ € BEIUKI MACHUBH
maHnx. Yacto MOXHAa CKOMOIHYBaTH peKOMEHZAIll,
OTpHMaHi  JEKiTbKOMa crmocobaMu, THM CaMUM
MiABHUIIMBINHN SIKICTh CHCTEMH B IJIOMY. ICHYIOTH Taki
npuiioMr KOMOIHYBaHHS PEKOMEHIAIliH: 3BakeHi, e
peKOMeHAamisM, OTPUMAHHM PI3HUMH  METOIaMH,
TIPUBJIACHIOETHCA Pi3HA Bara, TOOTO JEsSKi peKOMEeHaarlii
BBAKAIOTHCA MPUAHATHIMMMH, HDK 1HIN; 3MiMIaHi,
TOOTO 3aranbHU Ha0ip pekoMmeHmamiid, 0e3 sSBHOI
mepeBarn THM a0o IHIIMM KilacaM; JOIOBHEHI, e
pexoMeHpaanii BiJ OmHIET CHCTEMH BUKOPHCTOBYIOTHCS
SIK BXIiJTHI IaHi JJIs HACTYIHOI; TIepeMHUKaHHsA, a00 BUOip
BHTIAIKOBOro Meroxay. [lmroc Takoi cucreMu — BHCOKa
TOYHICTh, MIHYC — HaWBHIIA CKIaJHICTh PO3POOKH.
Takum 4YHHOM, MOXHA MdIWTH BHCHOBKY, WO 3a
HasSBHOCTI MOXKIIMBOCTEH 3aBXKIH Kpalle CIIUPATHCS Ha
CYKYITHOCTI allTOpUTMIB, a HE Ha €JMHUHN aJTOPUTM.
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PO3rnsag NUTAHb WOAO YNPABJIIHHA 3ANACAMU OBOCTYNIHYACTOI
ELLEJTOHOBAHOI CUCTEMU CKNAAIB

B po3BuHYTMX Yy BiliCbKOBOMY BiJHOIIEHHI
KpaiHax CBITY JIOTICTHKa CTa€ HEBiJ’€MHOIO YaCTHHOIO
omeparliif, OCKUIBKH BiJf CBOE€YaCHOr0, IOBHOTO Ta
Oe3mepepBHOrO 3a0E3MEUYCHHS BIMCHK 3aJCKUTh 1X
ycmix  (e(eKTUBHICTD), 30epeKeHHS JIOJCHKOro Ta
TEXHIYHOTO pEeCcypcy, a TaKoX INBHIKICTb HOro
BiIHOBJICHHSI.

YhupaBniHHA 3amacaMd € OJHIED 3 OCHOBHHUX
CKIIQJIOBUX JIOTICTUYHOIO 3a0e3MeYeHHs, OB’ si3aHa 3i
3HAYHOIO OOYHMCIIIOBAJILHOI CKIaaHicTIO. Iliaroroska
JO 3aCTOCYBaHHSIM 3a NpU3HAYCHHsIM TIOB’s3aHa 3

IPOTHO30M Ta HEOOX1JHICTIO BPaxyBaHH:
HEBHU3HAYEHOCTI, I IBUILICHHS OIepaTHBHOCTI
NPUHHATTS pitieHs [1].

JlorictuuHi cuCTeMH IUIaHYBaHHS 3amaciB Uit

[oiTpsii Cunu (I1C) 30poiinux Cun (3C) Ykpainu €
iEpapXiYHUMH,  TEPUTOPIAILHO  PO3PI3HEHUMH  Ta
eIIeTOHOBAaHUMH, THYYKHMH 3a MiCIsIMH
pO3TalIyBaHHS, 3 IiJBUIICHUMH PU3UKaMHU BTPYYaHHS
Ta BTpaT.

[MnanyBanns 3anaciB [IC 3C Vkpaiuu mae mnuie
HoMy mpuTaMaHHI OCOONMBOCTI, SIKI CTOCYIOThCS
3a0e3meueHus OoioBux aiit (BJ]) 3‘enmHaHp Ta 4acTHH
POIB BIMCBK, 1110 BeyTh 30pOiiHy 00poThOY y 00iioBHX
nopsjakax Maibke Ha BCiii  Tepuropii  YkpaiHu.
[Mpuknagom CKIAAHOCTI MOXe OyTM oprasizaiis
3a0e3MeueHHs] MiAPO3/iIB  PagiOTEeXHIYHUX Opuraj
(PTBP) IIC 3C VYkpainu, sKi po3TamioBaHi y 00ioBOMY
MOpSAKY Ha Teputopii 7—8 obnacreit Ykpainu. [Tutanus
3a0e3MeueHHs] IOTIPIIYEThCS THM, IO BIJCTaHb Bij
ckinaniB PTBP nmo okpemMux mimpo3miiiB ckiagae Bifm
100xM o 600xMm [2].

Icaytoua crTpykTypa migpo3ailiB 3a0e3leyeHHs,
o0csTy 3amaciB Ta iX eMeNOHYBaHHS Y TAKTHYHIN JIaHIII
B OCHOBHOMY BiJIOBiJIaIOTh 3aBIAHHSM, SIKi TIOKJIaJeHI
Ha BiticekoBi yactuam 11C 3C Ykpainu. B Toit ke gac, B
3B’S3Ky 3 OOMEXKEHOIO INTATHOIO HAsBHICTIO 3aco0iB
MIBO3Y Ta 3HAYHUX BIACTaHAX Bl  OprafiB
3a0e3IeueH s, 3amaciB MaTepialbHUX 3aCO0IB BHCTada€e
Ha oOMexeHW TepmiH BemeHHs bJl, mo morpedye
pO3poOKy Mofeneit 0araTo emeIoHOBaHOI CHCTEMH
YIpaBIiHHSA 3amacamu [2].

TakuM  YHMHOM,  3aCTOCYBaHHS  Cy4YacHHX
iH(OpPMAIIfHUX TEXHOJOTIH, PO3pOOKM Mojeneil Ta
METOIB aBTOMATH30BAaHOTO VIPABIIHHA MPOIECAMH
JIOTICTUYHOTO  3a0e3TedeHHs 3 ypaxyBaHHAM
cnen(ivHUX 3aBIaHb Ta OCOONHMBOCTEH BEICHHS
oreparii — € HeoOXiTHICTIO CyJacHOCTI.

B mepeBaxHiil OUTBIIOCTI BHUIMAAKIB 3yCTPIYarOThCS
OimpIl  CKNamHI  JUIA  YNOPaBIiHHA  TOTOKaMHu
MaTepialbHUX 3aco0iB BHIM €NICJIOHOBAaHHUX CHCTEM
MepeMillleHHsT MaifHa: po3raiykeHi, KoMOiHOBaHi i
nBocrpsiMoBaHi. OIHaK, HaXajlb eNIeJIOHOBaHI CUCTEMHU
MIAMOPSAKOBYIOTECSL PI3HUM OpraizamisiMm. B Taxomy
BUMAJKy 00’€lHaHI UEHTPH 3a0e3MedeHHs, CKIAAn
BIMCPKOBHX  YacTHH  MOXYTh  OyTH  pi3HOrO
MIANOPSAKYBaHHS. Y Takid CHCTEMI KOXKHA OpraHi3arfis

Ma€  MOXJIHBICTH  camMa  OOMpaTH  CTPATETiio
(YHKLIOHYBaHHS  CKIAACBKOrO  rocmojapcrBa i
yIOpaBIiHHA  3amacaMy, [0 3HAXOIiIThcd B 1I

mignopsiakyBasHi [3 — 4].

[Tix wac po3risly CHCTEM YIpaBiliHHS 3amacamu
Oinpin  JIOriYHO OyJe XapaKTepu3yBaTH CKIIAJICHKI
CHCTEeMH Ha MiJCTaBl OpraHi3aliifHOI MPUHAJIEKHOCTI
TOTO YHM 1HIIOTO ELIENOHY A0 OKPEMO B3ATOI CTPYKTYpH.
ToMy mim enelOHOBaHMMM CHUCTEMaMM PO3ITIIAEMO
CTPYKTYpH, SIKI BKIIOYalOTh B ce0e Olyiblie OIHOro
PIBHSI SILIENOHIB 3aaciB.

[IponoHy€eTbCS  PO3INIAA  CHCTEMH  YIPaBIIiHHSA
3amacamMu Juist JBOCTYIIIHYACTOI €IeIIOHOBAHOI CUCTEMHU
CKJIAZIB 1 MOXIMBOCTI TpaHchopMalli iCHYIOUHX
noricrnaaux koHueniit s norped [1C 3C Ykpainu.

Ha ceminapi 1ulaHyeTbcs pO3TISIHYTH — BUJAX
CKJIAJICBKUX CHCTEM Ta CUCTEM YIIPaBJIiHHA 3alacaM, 3
BU3HAUCHHSIM MOXIIMBUX CTpATEriil YNpaBIiHHSA, IO
MOXYTh ~ OyTM  3acTOCOBaHI B  IEPCHEKTUBHIN
ABTOMATU30BaHI CHCTEMI YNpPABJIiHHS JIOTICTUYHHM
3abe3neueHnsM [1C 3C Ykpainu, 3 METOIO i BUIICHHS
e(eKTUBHOCTI IUTaHYBaHHS JIOTiCTUYHOT O
3a0e3MeYeHHS.
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MAK KAK CUCTEMA MACCOBOI'O OBCITYXXUBAHUA

Teopusst MaccoBOro o0CTyXHBaHUS 00sA3aHA CBOUM
BO3HUKHOBEHUEM MPAKTHICCKUM 33]1auaM, CBSI3aHHBIM C
peabHBIMU CUTYAIMSIMU, B KOTOPBIX UMEETCS HAJIHIIO
BBITIOJTHECHHE ITOCTIECIOBATEIIBHOCTH OJTHOPOJTHBIX
orepanui, CIy4alHBIX MO JUIUTSIHLHOCTH M BPEMCHH
Havaja. [IepBbIM BaXHBIM MPEAMETOM HCCIICIOBAHHUS
TEOPUHM MAacCOBOTO OOCIY)KHBaHHs ObUIH Tene(OHHBIC
CHUCTEMBI, XapaKTCPU3YIOUIMECS CIyUYalHBIM TOTOKOM
BBI30BOB a0OHCHTOB, TPEOYIONIUX CIYYaliHOTO BPEMEHH
3aHATUS TeneOHHOW JiMHUM. B 3Toi  curyarmm
BO3HMKAeT 3ajaya pacuera oObeMa Tene(OHHOTOo
KOMMYTaTopa, MPH KOTOPOM BEPOSTHOCTh 3aHATOCTH
KOMMYTaTOpa He BBIIIE 33J]aHHOTO YPOBHSL.

AHaJ'IOFI/I‘-IHbIC 3aa4d OaBHO BO3HHUKaJIW IIpU
pacuete Harpy3ok 9HEPIeTUUCCKUX ceTel,
IJIAHUPOBAHUU IpEeANIPUITAN MaccoBOro
00CITy)KUBaHMS, UCCJICIOBAHNHU CKY4YEHHOCTH
TpaHCIIopTa W BO MHOT'MX ﬂpyFI/IX MPUKIaJHBIX
BOIIpOCax.

MynbTHCEpBUCHBI AOOHEHTCKUI KOHIIGHTPATOp
IoKa3aHo Ha puc. 1.

_
PR B

1
m MM

Puc. 1. MynbTucepBUCHBI a0OHEHTCKHI KOHLICHTPATOp Kak
cucrema M/IM/V

Brmogass B MyJIBTHCEPBHUCHBIM  a0OHEHTCKUHN
KOHLIEHTPATop 570  aHanmoroBbIX  TeleOHHBIX
annapaToB, MOXHO paccMaTpHBaTh, YTO KOIMIECTBO
ncrounnkoB N yBenmuuBaerca. lloromy, oHO
TIPUOIIMHKAETCS K 0.

[TomHOCTBIO TOCTYIHEIHA Ty4 ¢ JuHueH L (1<0<00),
MOCTyMaromeil B CHCTeMY  KOMMyTamumu  0e3
MTOBPEXKICHNH, OOCIY)KHBAaeT MPOCTECHIINN IOTOK C
mapamerpoM A. Ilpy  HCHONB30BAaHUHM  CHCTEMBI
KOMMYTAIIMU CPOK CIIY>KOBI BBI30Ba PACHPENENIETCs MO
SKCITOHeHManbHOMY 3akony (F (t) = 1-e-t, p = 1).

IIpocredimmii mapaMeTp TIOTOKa A SBJSETCS
MOCTOSTHHOM BEJIMYMHOM, HE3aBUCUMOM OT COCTOSIHMS
CUCTeMBbl KOMMYyTaluu. [loaTOMy, COIJIacCHO BpeMEHH

t » BBI3OBBI Pg 1 BCPOATHOCTb MOTEPHU OTHOCUTECIILHO

dopmyn P, -3arpysku cienyrompue:

AV

v .
Ay
j=0

B ¢opmynax (1) mpenmonaraercsi, 4TO CpemHsIs

MPOIODKUTENIBHOCT Kypca paBHa €IHHHIIC; MmapaMmerp
JUTUTETIBHOCTH KIIACCOB C 3KCIIOHEHIIUATIBHBIM 3aKOHOM
pacnpenenenuss f=1. OObYHO TPH HU3MEPECHUH

MPOIODKUTENTBHOCTA YPOKOB B OfHO# exunuie (P#1)
pacmpeneneHue DpiaHra UIMeeT CIeIyoIui BU;

s
R=F.(Ip)=5 2
;(A/ﬂ%

OrnpeziensieM BEPOATHOCTb TOTO, 4TO 3aBucuT P,

F)l:PV:P:

6

OT HHTCHCUBHOCTHU Harpy31<nz
y=u t=11p=ulB:
rae H — WHTEHCHBHOCTH IOTOKAa BBI30OBOB; t -

CpemHecpo4HBIH. pP=A I C€aMoro MNpOCTOr0 H
npoctoro noroka. Torma ects Gopma pacrpocTpaHeHHs
Opnanra:

it
P =Fu ()=

Dyl
j=0

B TOJHOAOCTYITHOM Iydke Bce U JjuHmi (i=v),
paBHa:

AL
P =F(y) = ——

Z(yj/j!)
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APPLICATION OF ADSL AND HDSL TECHNOLOGY IN TELECOMMUNICATION’S
NETWORKS

Term that encompasses the broad range of digital
subscriber line (DSL) services, offers a low-cost, high-
speed data transport option for both individuals and
businesses, particularly in areas without access to cable
internet.

XDSL provides data transmission over copper lines,
using the local loop, the existing outside-plant telephone
cable network that runs right to your home or office.
DSL technology is relatively cheap and reliable.

While the quality of the signals in all xDSL
technologies deteriorates as distance increases, some
types of DSL are more suitable than others to a specific
distance and bandwidth demands.

ADSL is not a new technology, but it has been in
the recent period of rejuvenation of youth, not only in
the international market has been more widely used, but
also by the attention of domestic operators, began to
scale the network and put into commercial. China
Telecom, China Unicom, Chinese railcom and so on
have invested funds to build ADSL networks in varying
degrees. At the same time, the relevant DSL technology,
including VDSL, HDSL and other technologies are
becoming increasingly active, and began to move to the
market. In China's metropolitan area network
construction Wave, Ethernet technology and DSL
technology have been applied, but experts believe that
for China's uneven development of the market, DSL
technology to break the bandwidth bottleneck of fixed
network will play a greater role. The Pragmatic
broadband technology

ADSL technology can become the current
mainstream broadband fixed access technology, there
are several reasons. First of all, in recent years, the
construction of telecom backbone network, especially
the construction of optical fiber network, so that the
transmission network has a very high bandwidth,
telecommunications access to the limit of data speed
bottlenecks, If the backbone network bandwidth is
insufficient, even if the access section has very high
bandwidth, it is difficult to meet people's demand for
high-speed. Second, the Internet application market
after several years of training has a large-scale user
base. But most users in the country only dial-up access
to the Internet, the access rate is limited to 100kbps,
users of high-speed Internet has become a real demand.

Asymmetric Digital Subscriber Line (ADSL):
provides high-speed communication to almost any home
or business with a telephone line. ADSL supplies three

line. Phone conversations are carried on one channel,
while data from the service provider to the user is
transferred on another line at speeds ranging from 16
kilobits-per-second (kbps) to 9 million — bits — per —
second (Mbps). The third channel runs data upstream
from the user to the service provider at speeds up to 64
kbps (fig. 1).

Server Existing
telephone line
Core
Network | ADSL ADSL
— 135t06Mhps g,
Internet
1010 640Khps o

Fig. 1. ADSL Architecture

High Bit Rate Digital Subscriber Line (HDSL):
Using the existing copper infrastructure, High bit rate
Digital Subscriber Line (HDSL) provides full duplex Tl
(1.544 Mbps) or El (2.048 Mbps) data transmission
across existing twisted pair copper without repeaters.
Not only is HDSL the fastest and least costly solution
for deploying TI/EI lines, it also provides transmission
quality comparable to fiber (fig. 2).

Server Existing

telephone line

Core
Network

HDSL

<1344 0r2.048 Mbps
1544 0r 2048 Mhps 5

Fig. 2. HDSL Architecture
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APPLICATION OF xDSL TECHNOLOGY IN TELECOMMUNICATIONS NETWORKS

Digital ~ Subscriber ~ Line (DSL) is a
telecommunications technology for providing high-
speed transmission to subscribers over the existing
copper wire twisted-pair local loop between the
customer premises and the telco’s central office (CO).

DSL is not a specific digital line technology but
rather a form of digital modem technology that defines
the signaling processes for high-speed, end-to-end
digital transmission over the existing copper twisted-
pair wiring of the local loop. DSL accomplishes this by
using advanced signal processing and digital modulation
techniques. However, with DSL, the digital signals are
not converted to analog or vice versa; instead, the
signals remain digital for the complete communication
path from the customer premises to the telco’s CO.

Usually, a DSL modem and a signal splitter are
installed at the customer premises to separate voice and
data signals. DSL modems can use a variety of
modulation methods, including carrierless amplitude
and phase modulation (CAP) or discrete multitone
(DMT) technology modulation, depending on the
vendor’s implementation. At the telco’s CO, a Digital
Subscriber Line Access Multiplexer (DSLAM) connects
subscribers to a high-speed Asynchronous Transfer
Mode (ATM) backbone.

Depending on the type of xDSL technology used,
signal modulation by the DSL modem might use CAP,
DMT, or some other modulation process. (CAP is
currently the most popular implementation.)

Currently digital broadcasting in the Republic's
telecommunications network is in its development
phase. The use and operation of classical equipment for
high — speed Internet access does not justify itself
economically. Most users use low-speed analog
modems connected to a public telephone network to
access the Internet. This connection is not only poor
quality but also overloads the telephone network
designed to transmit sound signals. Digital Subscriber
Line equipment — digital subscriber network equipment
that has recently started to play a major role in
addressing these problems. xDSL technology uses a
subscriber line that connects an end user's phone with
ATS as an information environment. Let us illustrate the
generalized scheme of data exchange using xDSL
technologies in the example of ADSL2 + modems in
(fig 1) below.

Generally,
technologies:

1. Symmetric technologies.

there are two variants of xDSL

2. Asymmetric technologies.

If the rate of transmission is the same in both
broadcasting and reception, such technologies are
symmetric, and if the speed of transmission and
reception differs, such technologies are called
asymmetric technologies.

ATS
comumutation

PSTN u ]

Telephone station

solitter |
. ADSL

Fig. 1. Generalized data exchange scheme in xDSL
technology.

Symmetric XDSL technologies include HDSL,
SDSL, and RADSL. Other technologies are asymmetric
technologies.

In modern times, copper subscriber telephone lines
are in the process of moving from analogue networks
designed to transmit voice signals to a broadband digital
network that enables high-speed exchange of voice,
video, and digital transmission. However, using modern
xDSL technology developed for use in this network, it is
possible to increase this speed by 100 times, as well as
to use a subscriber line for telephone communication.

It is gratifying that xDSL is one of the most popular
types of xDSL technology used in advanced
telecommunication networks in the world. Both the
quality and reasonable prices of this service are
acceptable to users.
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INFLUENCE OF QUALITY OF CABLE COMMUNICATION LINES ON THE
DIAGNOSTICS PROCESSES OF FERROMAGNETIC DEVICES IN THE OIL
INDUSTRY

Telecommunication is the exchange of signs,
signals, messages, words, writings, images and sounds
or information of any nature by wire, radio, optical or
other electromagnetic systems. Telecommunication
occurs when the exchange of information between
communication participants includes the use of
technology. It is transmitted through a transmission
medium, such as over physical media, for example, over
electrical cable, or via electromagnetic radiation through
space such as radio or light. Such transmission paths are
often divided into communication channels which
afford the advantages of multiplexing. “channel” has
two different meanings. In one meaning, a channel is
the physical medium that carries a signal between the
transmitter and the receiver. Examples of this include
the atmosphere for sound communications, glass optical
fibers for some kinds of optical communications,
coaxial cables for communications by way of the
voltages and electric currents in them, and free space for
communications using visible light, infrared waves,
ultraviolet light, and radio waves. Coaxial cable types
are classified by RG type or “radio guide”, terminology
derived from World War Il. The various RG
designations are used to classify the specific signal
transmission applications [79]. This last channel is
called the “free space channel”. The sending of radio
waves from one place to another has nothing to do with
the presence or absence of an atmosphere between the
two. Radio waves travel through a perfect vacuum just
as easily as they travel through air, fog, clouds, or any
other kind of gas.

The other meaning of the term ‘“channel” in
telecommunications is seen in the phrase
communications channel, which is a subdivision of a
transmission medium so that it can be used to send
multiple streams of information simultaneously. For
example, one radio station can broadcast radio waves
into free space at frequencies in the neighborhood of
94.5 MHz (megahertz) while another radio station can
simultaneously broadcast radio waves at frequencies in
the neighborhood of 96.1 MHz. Each radio station
would transmit radio waves over a frequency bandwidth
of about 180 kHz (kilohertz), centered at frequencies
such as the above, which are called the “carrier
frequencies”. Each station in this example is separated
from its adjacent stations by 200 kHz, and the difference
between 200 kHz and 180 kHz (20 kHz) is an
engineering allowance for the imperfections in the
communication system.

Early means of communicating over a distance
included visual signals, such as beacons, smoke signals,

semaphore telegraphs, signal flags and optical
heliographs. Other examples of pre-modern long-
distance communication included audio messages such
as coded drumbeats, lung-blown horns, and loud
whistles. 20th- and 21st-century technologies for long-
distance communication usually involve electrical and
electromagnetic  technologies, such as telegraph,
telephone, and teleprinter, networks, radio, microwave
transmission, optical fiber, and communications
satellites. The oil industry employs a large number of
different types of equipment.

Drilling rigs are made up of separate parts that
must also be inspected by the inspector when preparing
the unit. Because any problem that occurs in these parts
will cause a major technological process to stop or
crash. Non-destructive testing (NDT) methods are used
for diagnostics of technical devices. Magnetic particle
inspection is the most commonly used method of non-
destructive testing.

This method is used for ferromagnetic materials.

The device we use for magnetic particle inspection
consists of a connecting cable and windings inside. The
magnetic particle inspection method is used to detect
surface and subsurface defects in the material by
applying a magnetic flux into the ferromagnetic
material.

During the operation of the “Rigid Coil” magnetic
particles are applied to the product being tested. If there
are any defects in it, then magnetic particles accumulate
in them. In order to make a correct diagnosis, it is
important that the device be operated properly and in
good quality. The unit must be able to generate sufficient
magnetic field during operation.

In order to carry out the diagnostic process, the
ability of the equipment is evaluated first. If the device
is of good quality, it can be used for diagnostics.
Otherwise the diagnostic results will not be correct. The
quality of cable lines is essential for the diagnostic
process. Defects in cable lines affect the quality of
diagnostic results.
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CURRENT TRENDS IN THE AUTOMATION OF TECHNOLOGICAL PROCESSES

As a comprehensive technology, industrial
automation is a general term for information processing
and process control of measurement, manipulation, etc.,
without direct manual intervention, according to
expected aim in machine equipment or production
process. Through the application of computer, electronic
equipment, control theory, and related process
technologies, industrial automation produces the
management functions of optimization, detection,
control, and regulation of the whole industrial
production process to realize the established objectives,
achieving industrial production increase, energy saving,
consumption reduction, and safe production.

The foundation of intelligent manufacturing is
digitalization, networking, and integration.
Correspondingly, industrial automation in the era of
intelligence will transform centralized control into
decentralized enhanced control under the original
automation technology and architecture, so that the
communication between sensors and the Internet can be
seamlessly docked, establishing a highly flexible,
personalized, and digital production mode that
integrates products and services. In this mode,
production automation technology can make equipment
more intelligent through self-diagnosis, self-correction,
and various functional software to better assist workers
to complete production. Therefore, the communication
and integration capabilities of automation equipment are
required to be stronger, while the automation software
needs to have a stronger ability of analysis and
processing and data sharing with other software systems
of enterprises.

Modern oil and gas enterprises and chemical plants
combine complex objects (compressors, pumps,
converters, tanks, etc.) scattered over large areas. At the
same time, obtaining and processing information from
various objects is difficult. These problems are solved
by comprehensive automation of the production
process. Typically, new technologies are used to ensure
the intensification of production and improve the quality
of products [1].

The effectiveness of automation largely depends
on the goals of developing the system: either spend
money for a year, solving the current problem, or
identifying the most important problems of automation
in advance. Unfortunately, the frequent restructuring of
enterprises at oil and gas enterprises does not allow

strategic planning for the development of automation
systems. The result of this approach is the lack of a
tangible economic effect and a violation of information
technology. However, when creating any automation
system, it must work harder to "fit" into an existing and
effective system and open up opportunities for further
development. This requires an integrated approach to
industrial automation.

In most oil and gas companies, automation of
enterprises occurs spontaneously, projects are financed
from various sources, and work is carried out by
unrelated firms. This leads to incompatibilities between
operating  systems, communications, application
problems, storage and data management formats. As a
result, the situation typical for the oil and gas industry
today is:

— telemechanics and automation systems that
collect and register primary information, support the
specified process parameters and block at the level of
supervisory control;

— power supply and electricity metering system;

— separate local automated workstations (PCs) and
computer networks of stores;

— poorly connected with accounting systems of
enterprises (companies) or usually there are independent
automation subsystems. This in turn reduces the quality
of management. These problems remain relevant for
most production sites of oil and gas enterprises
operating in the republic.

The way out of this situation is the effective use of
modern information and communication technologies at
the production sites of oil and gas enterprises. At the
same time, modern automation systems should be based
on the following principles of effective process control:

— Application of programmable logic controllers:

— Use of industrial tires.

— Real-time interference with technological data
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VIBRATION SEPERATOR FOR FEEDING MATERIAL

The authors have developed a method for cleaning
liquids from particles of solid contaminants by acting on
the flow of the liquid being cleaned by centrifugal,
hydrodynamic and vibrational forces, which, in
combination with traditional filtering methods through a
porous partition, can significantly reduce the load on it,
thereby increasing its service life, which means a
service life filter [1]. The filter is named by the authors
as a hydrodynamic vibration filter.

Filters of this type can be widely used in systems
for cleaning large volumes of highly contaminated
liquids with a high viscosity, the cleaning of which
requires the use of filter baffles (Fb) of increased dirt
capacity and high mechanical strength, which can
withstand significant pressure drops on it, only through
which manages to maintain high throughput. Fields of
application: chemical and petrochemical industry,
systems for the regeneration and restoration of the
conditional properties of oil products, in particular
various types of oils, in particular motor, transformer,
turbine, etc. Advantages and disadvantages of the
proposed types of filters, in particular their
environmental advantages, as well as schemes and the
mechanisms of separation of solid particles, and
possible applications in purification systems are
discussed in detail in [2, 3].

The introduction of filtering a new device into
practice requires the development of a calculation
technique that allows you to choose their design and
operating parameters depending on the characteristics of
the liquid being cleaned, the contamination present in it,
as well as the required efficiency and fineness of
cleaning and the life of the designed device.

In order to create a methodology for calculating
and optimizing the operational and structural parameters
of hydraulic gas turbine engines, it is necessary to create
a theoretical model of the processes that take place in it,
which would make it possible to identify features of the
separation mechanisms and hydrodynamics of
processes, determine the most significant parameters
from the point of view of the effect on the final result,
and create a basis for the development of engineering
calculation methods.

Simultaneously, the process is triggered by the
process control. The system of basic systems of control
of material systems is not absorbed by toxicity and mass

transfer, no automatic control and technological process
control. Modern automated wires and separators get rid
of unnecessary complexity of automated breakdowns.

Unmanageable Separator Separators for Controlled
Feeding Granulated material is absorbed by ribbon
separators. Prepare for the predicted content of material
in the output. Buckwheat conveyor belt is determined
by the screws

Let's integrate the mass materials into the conveyor
belt, a simple integrated signal timer. The conveyor belt
has a continuous scroll, integrated output and integrated
screws. Use the vibration controller with the inertia and
the steering wheel.

Disconnect on:

Vibration Electromagnetic Pit (VH), ribbon
conveyor, tensor (m), controller SIEMENS S7-300;
Panel Operator, Sensor Load Sensor (V), Sensor Sensor
(SV) in Bunker;

Magnetic
Converter.

The characteristic separator is fitted with a
propellant (up to 300 t / h) and a dosage (: = 0.5%).

Processes of technologically inclined hotspots to
switch on objects (transmitters, engines, reservoirs,
etc.), in subdivisions. Before or after the information
and processing of information about the objects.

The essence of the theoretical approach to the
development of an analytical model proposed by the
authors of a new device for cleaning liquids from
suspended particles of a solid fraction — a hydrodynamic
vibration filter. The analytical model is the basis for
creating engineering methods for calculating and
optimizing the operational and design parameters of the
new filter. Key words: filtration, solid phase separation,
hydrodynamics, vibration filter, theoretical model.

Converter (M); Sinamics S120

References

[1] Fundamentals of Sustainable Drilling Engineering. M.
Enamul Hossain, Abdulaziz Abdullah Al-Majed. 2015, p.
785.

[2] Drilling Fluids Processing Handbook. Asme. 2005,
Elsevier Inc., Reference book 2017, Elsevier Inc., p. 729.

[3] Circulating system. Johannes Fink. 2015, Elsevier Inc., p.
817.

76



YIK 519.876.330.115

T.M. Hcaesa, E.C. Amaxsepaues

Asepbaiioncanckuii I'ocyoapemeennuiii Yuusepcumem Hegmu u [Ipomviunennocmu, Baky

UCTOYHUK BECNEPEBEOVHOIO NUTAHUSA C BbICOKUM BEbICTPOLENCTBUEM

[IpoGnembr  obecriedeHHs  AJIEKTPUYECKOTO |
JJIEKTPOHHOTO  00OpymOBaHUS  OccriepeOOWHON |
KaueCTBEHHOMN 3HEprHel sBISEeTCA BECbMa aKTyaJbHOM.
Oco0OeHHYI0 aKTyalbHOCTb IPEACTABIISIOT BONPOCHI
obecrieueHnsl HENPEepPHIBHOM DHEprHeil 3IeKTPOHHOTO
000py/IOBaHUsI, KOTOpas! SBJSIETCS YSI3BUMBIM B CMBICTIE
TIepepPHIBOB B DJIEKTPOIMTAHUH. JTa 3a]1a4a MOXKET ObITh
yCIEIIHO  pelleHa  NPUMEHEHHEM  HCTOYHHUKOB
oecniepeboitnoro  muranus (MBI wmm  UPS  —
Uninterruptable Power Supply) [1].

CymectByer MHOXecTBO pasHoBuaHocteit UBII,
OTJIMYAIOMIUXCS M TI0 TOMOJOTHUHM, M TO MPHUHIHITY
JNEUCTBUSA, U II0 KOHCTPYKTUBHOMY MCIIOIHEHHIO. B
COOTBETCTBHH C MEXIyHapoAaHbIM cTaHgaptom IEC
62040-3 [1] pasiauuaroT Tpu ocHOBHBIX Thma MBIT:

1. pesepHblii — Passive Standby, koropsii
panee naspiBancs Off-Line (IEC 62040-3.2.20);

2. nuHeWHO-WHTepakTHUBHBIN — Line-Interactive
(IEC 62040-3.2.18);

3. ¢ 1BoiiHBIM mpeobpasoBanmem — Double
Conversion, kotopsiit panee HaszbiBaics On-Line (IEC
62040-3.2.16).

UBII pesepHoro tuna (puc. 1) Handosee npocToit
U JieleBblil. B HOpMalibHOM pexuMe paboThl Harpy3ka
MoNTy4aeT MUTaHHE NpsMo U3 cetu. [lpu mpomananun
HalpsDKEeHUsT B MUTalomedl  ceTm  Harpyska
MEPEeKIIOYaeTCsl Ha MHBEPTOp U 0aTapero ¢ MOMOIIBIO
OBICTPONEHCTBYIONIETO Mepekittoyarens 3a Bpems 3—10
MC TIpH IIOTEpEe TIJIABHOTO IHUTaHWA. To ecThb IpH
HCTIONIb30BaHUH TaKoro UbII1 BO3MOKHBI
KpaTKOBPEMEHHBIE NEPEPhIBbI MUTaHUS OT HECKOJIBKUX
MWUIMCEKYHJ] 10 IIOJOBHHBI TI€pHOJa IHUTAIOIIEro
HaNpsDKeHUsl. OJTO SBIAETCS OAHUM M3 HEJIOCTATKOB
takoro VBII, xorst anst OONBIIMHCTBA BHIOB HArPY30K
Takde TPOBAIBI M HE SBIAIOTCA KpuUTHuecknmMu. Eime
omauM HemoctaTkoM MBIl Takoro Tuma SBISETCS TO,
YTO B HOPMAJIBHOM PEXHME paboThl B HATPY3KY U3 CETH
MOCTYMAOT BCE HEOJIATONPHUATHBIE BO3ACHCTBUS, TaKUe
KaK HCKaXeHUS (OpMBI HAIPSDKEHHs, HMITYJIbCHBIE
MIEpEHATIPSHKEHNS, OTKJIOHEHUS YacTOThl M HANPSDKEHUS
U T. A. J{1s 9acTUUHON KOMITIEHCAIIUM STUX HETO0CTATKOB
WBII pesepBHOro THIa CHAOXKAIOT JOIIOIHUTEIHHBIMH
MTACCUBHBIMU (DMIIBTPAMHU TapMOHHK, BApHUCTOPAMH H T.
7., BKJIIIOYEHHBIMHU TNapajieNIbHO BBIXOMHOHM mermu. Kak
MPaBWIO, IO TAaKOMY TPHHIMITY CTPOSITCS Camble
nenieBbie W camble Mamomorabie MBI (mo 1,5-2 kBT),
Hanpumep, ObrtoBeie  WBIl  1ams  KOMIIBIOTEpOB,

BCTPOEHHBIE UCTOYHHUKU MHUTaHMS KOTOPBIX NOMYCKArOT
KPaTKOBPEMEHHBIE TIPOBAJIBI HATIPSKEHUSL.

EcrectBenHo, HCTOYHHUKHU TTUTAHUS c
CHHYCOMIAJbHOW (POpMOI BBIXOZHOTO CHTrHana Oojee
HaJIe)KHBIE U KauyeCTBEHHbIE, 00€CIEeYNBAIOT HAIEKHYIO
paboTy BCeX THUIIOB AJIEKTPOHHOTO W AJIEKTPHUYECKOTO
000pyIOBaHUs, OCOOEHHO HArpy3oK C HEJIMHEHHBIM
pEaKkTHUBHBIM DJIEMEHTOM B BHJE HWHIYKTHBHOCTH.
Opnako, st OOJBINIMHCTBA  yKa3aHHBIX  BBIIIE
o0opynoBaHWil  Hawbojee  KPUTHYHBIM  SIBJISCTCS
XapaKTepUCTUKU W Tmapamerpbl Obictponericteust MBI,
KOTOPOE BBIp@XKAeTcsi B CIHOCOOHOCTH HCTOYHHKA
MATaHUA TEPEKIIYAThCd W3 OAHOIO peKuMa Ha
JPYroii, B YaCTHOCTH, U3 JEKYPHOTO PEKUMA B PEXKUM
obecrieueHnsi 00OpyIOBaHUS TpH  00ECTOYMBAHHU
ANIEKTpHYECKOi ceT. Hanpumep, cucremMa ynpasiieHHs
IMOJICTOM U PEryJaupoBaHUs ABHKEHUA CaMOJIETOB B
a’pornoprax, KPUTHYHBI K 00eCcTOUYNBaHHIO
000pyIOBaHUs, TaKk Kak NpPOMEIUIEHHsS B Ipolecce
KOHTPOISI W JUCIHETYEPU3ALMH MOTYT IPUBECTH K
3HAYUTEIbHBIM NTOTEPSIM BPEMEHH U CPEICTB, a TAKKE K
aBapusIM.

BeicTponeiicTBre, KOTOpo€ [UIsi COBPEMEHHBIX
UBIl m3mepsieTcds MUKPOCEKYHIaMH, 00eCIeurnBaeTCs
ONTHMAJIbHBIM  BBIOODOM  IPUHLMIA  MOCTPOEHHUS
UCTOYHMKA, C Y4YETOM, BCEX €ro KOMIIOHEHTOB U
[apaMeTpOB HArpy3Kd, B YAaCTHOCTH, IOTpeOmseMon
MOIITHOCTH, TpeOOBaHMH K  O00ECTOUYMBAHHUIO, K
BPEMEHHBIM XapaKTepUCTHKaM, T.€. K H3MEHEHHAM
MO/Ia41 3JIEKTPO3HEPT U BO BPEMEHH U T.1I.

Hcxonst w3 3TOro, pacCMOTPEHBl IPUHLIUIIBI
nocrpoenuss UBII, mnpoaHanu3upoBaHbl OCHOBHBIE
napaMeTpsl, BIWSIONME Ha  BbIOOp  INPUHLMIIA

(YHKIMOHMPOBAaHHUS HCTOYHMKA muTaHusA. [IpoBenen
CPAaBHUTEJbHBIA aHAIN3 XAPAaKTEPUCTUK U COBPEMEHHOMN
3JIEMEHTHOH 6a3bl HCTOYHHKOB, TIOKa3aHbI
MepCIeKTHBHBIE HampaBieHus paspaborku UBII ¢
TpeOyeMBbIMU XapaKTepUCTUKaMHU. [Ipy 3TOM BBISBIIEHO,
YTO B HACTOSIIEE BpEMS NPHHIMI  JBOHHOTO
npeoOpa3oBaHus B OHJIAHH PEXHMeE SIBIICTCS Hanboiee
MOAXOAAIIMM ISl TOCTPOCHUSI OBICTPOAECHCTBYIOLIETO
WBII.
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U3MEPUTEJIb FAPMOHUK B 3NIEKTPUYECKOWN CETHU

Hanmuune HeIMHEWHBIX 3JIEMEHTOB Harpyskm B

QJCKTPHUYCCKUX CETAX TIMPHUBOAUT K HCKaXXCHUIO
CHUTHAJIOB MEPpEMECHHOT'O TOKa, K IIOABJICHHUIO
TapMOHUYCCKUX COCTaBJIAIOIINX TOKa u KakK

CJIEICTBUE K TOTepe MOIIHOCTH. [loaTomy c menbio
MOBBILICHNS] KauecTBa JJIEKTPOIHEPTHU CTaHOBUTCS
HEOOXOAMMBIM H3MEPEHHUE KOMIIOHEHTOB MOIIHOCTH
B DJIEKTPUYECKON CeTH: aKTUBHOH, PEAKTHBHOM,
MOJIHOM  MOIIHOCTEH, a  TakXke  IapamMeTpoB
COOTBETCTBYIOIIUX CHUTHAJIOB IEPEMEHHOr0 TOKa.
Takum oOpazom, aisi ompeneieHHs KadyeCTBEHHBIX
roKazartesel AIEeKTPUYeCKOH HHEPrMH HEoO0XOAMMO

U3MEpPUTH napameTphl rapMOHUYECKUX
COCTaBJIAIOLUX TOKA.
[TocTosiHHO  yBenW4YMBalOIIMECs  TpeOOBaHHS

IMPOMBIINIJICHHOCTHU u HapoOJaHOro XO03IHUCTBA K
CTaOMIIBHOCTH, TPHUCIOCAOIUBAEMOCTH U TOYHOCTH
KOHTPOJIS B 3JIEKTPUUIECKOM OOOPYIOBAHUU MPUBEIO
K TIOABJICHHUK OTHOCHUTCIBHO [JACLICBBIX CHIIOBBIX
nuonos, TupuctopoB, SCR (Silicon Controlled
Rectifier) u aApyrux CHJIOBBIX TMOJYIPOBOJHUKOB.
Ceiiyac, LIMPOKO HCIONB3YeMbIE B BBINPSIMHUTEIbHBIX

Hensax UPS IIOJIYNIPOBOJHUKH, CTaTHYECKUE
npeoOpa3oBaTeny IEPEMEHHOrO  HAIpPSDKEHUS B
MOCTOSIHHOE, yCTpoOMCTBa IJIAaBHOT'O mycKa

MNpHUIIEAIINE HAa CMEHY YCTapeBUIMM YCTPOHCTBaM
U3MEHWIN KapTUHY (GOpPMBI TOKAa M HAIPSDKCHHS B
9MEKTpOCceTAX. ['apMOHHMKHM TOKa MOTLYT CHIIBHO
BIUATh Ha OJHEProcHaOXKalomMe CeTH, a TaKKe
MeperpykaTb KOCHHYCHbIE KOHAEHCATOPBI CIyXKalue
JUIs. KOMIIGHCAIlUM PEaKTUBHOW MOIIHOCTH (TIpHU
YBEIWYEHUH YaCTOTHI, CHU)KAETCS COIPOTHUBJICHUE
KOH/IEHCATOpa M pacTeT TOK 4epe3 Hero). Mbel
chokycupoBady  Hamle BHMMaHHE€ Ha  TaKuX
UCTOYHMKAX  TapMOHHK, KakK  TBEpAOTEIbHBIE
3JIEMEHTHI CHIJIOBOM 3JEKTPOHUKH, OJIHAKO
CYLIECTBYET MHOTO JIpYTUX HCTOYHHUKOB
rapMoOHHYecKnx TOKoB. CuioBoe 3IEKTPOHHOE
o0opy/nOBaHME: YacCTOTHBIE IPHUBOAA IIEPEMEHHOIO
TOKa, IIPUBO/AA IIOCTOSHHOTO TOKAa, HMCTOYHUKHU
O6eciepeboitHoro  mutanus UPS, Bempsmutenn
(mmectudasznrie, mo cxeme JlaproHOBa), KOHBEPTEPHI,
THPHUCTOPHEIE CHCTEMBI, JTVOTHBIE MOCTHI,
TUTaBWIIBHBIE TI€YH BBICOKOM 9acTOThl. Hachblmaemsie
ycTpoiicTBa: TpanchopmaTopsl, JIBUTATEINH,
TeHepaTopsl, W T.1. ['apMOHMYECKHE aMIUIUTYABI Ha

3THUX YCTpoﬁCTBaX SIBJISIOTCS. OOBIYHO HE3HAUMTEILHA
0 CpaBHCHUIO C 3JICMCHTAMU CHJIOBOM QJICKTPOHUKHN
U CBApOYHBIM 060pyZ[OBaHI/IeM, npu YyCIOBUH, YTO
HACBIIIICHUE HEC IMMPOUCXOJUT.

Kak  moxka3plBaloT  UcCCIENOBaHUS,  KpOMe
OCHOBHOW TapMOHUKH ¢ 0a30BOH 4aCTOTOW B CHUTHAJIC
MPUCYTCTBYIOT  JpYrH€ CUTHaJbl C  MEHbIIEH

aAMIUIMTYJOW, 4YacTOThl KOTOPBIX KpaTHBI 0a30BOH
gacrore. K TakuM curHamaMm, NpPUBOAALINM K
MCKa)XEHUIO OCHOBHOT'O CHT'HAja, MOXXHO OTHECTH 3 —
10, 5 —y10, 7—y10, 9 —yto u 11 — yio cocTaBasonyto
(rapMoHUKY) curHana. JlaHHBIA MepeYeHb TaPMOHUK
OGI)I‘{HO JO0CTATOYHO TOYHO IMOKPBIBACT JAUAIlla30H
BO3MOYKHBIX OTKJIOHEHUH dbopmbI CUrHaa
MEPEMEHHOI0 TOKa M MO3BOJISIET IOCTOBEPHO OLIEHHUTH
WCKaXXEHHS CUTHAJIA.

C y4€TOM MNPHUBCACHHBIX BBIIIE pacKIaJoOK H
MPEIINOJI0XKEeHU BhIOpaHa ONTHMAajbHAsl CTPYKTYpa
WU3MEpUTeNls TapMOHMK M pa3paboraHa OJOK —
MOJYJIbHAs cxema YCTpOMCTBA. IIpoBenensl
pacuyeTHO-UMUTAI[HOHHBIC KOMIIbIOTEPHBIE
SKCIIEPUMEHTBl ~C  MaTeMaTH4eCKOil  MOJEIBI0
U3MEpUTENS. IIpencraBienst pe3yabTaThl
MOJIETMPOBAaHU 1 UMUTALMOHHOI'O MOJIEIUPOBAHUS B
cpene MATJIAB CumynuHk.

Ananu3 pe3yabTaTOB KOMIIBIOTEPHBIX
3KCIIEPUMEHTOB C IPEABAPUTEIIBHO HCKa)KEHHBIM
CHUTHAJIOM TIOKa3ajJ, 4YTO BBHIOpaHHas C Y4ETOM
peanuzaliiM Ha MHKPOKOHTpOJUIEpax CTPYKTypa
U3MEPUTENBHOT0 yCTPOICTBA, TOCTATOYHO aJ€KBATHO
ONHUCBIBACT MpPOIECC HM3MEPEHHs TapMOHHMK H
MO3BOJISIET HAIJISIIHO U3y4aTh MOBEICHHUE YCTpOMcTBa
BO BpEMs M3MEpPEHHH, aBTOMAaTH3HPOBAaTh IMPOLECC
U3MEpEHus: | 00paboTKH  pEe3yNbTaTOB c
MOCJIEAYIOUIEH OLIEHKOW MapaMeTpOB rapMOHUYECKUX
COCTaBIIOUINX, HAMOONEe CHIBHO BIHAIOIMX Ha
(hopMy OCHOBHOT'O CHTHAIA.
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BAI'ATOKPVITEPIAHbI:II/II7I__CVIHTE3 OPIrAHI3ALIAHOI CTPYKTYPU EJHIHFOBO'I'
IHOOPMALIMHOI CACTEMU METOOM AHAIJISA IEPAPXIN

BiniHrora cucrema € aBTOMaTH30BaHOIO CHCTEMOIO
pospaxyskiB (ACP) dipmu-nocrayanbHruka ToBapiB abo
mocnyr 3  Kili€HTaMd. BoHa  mOpH3HaueHa st
0OYHMCIIEHHS! BApTOCTi TOBapiB ab0 MOCIYT, BUXOASYH 3
BHU3HAYEHUX Y HiH JAaHWX MpO IiHM, Tapudu Ta iHOI
BapTICHI XapaKTePUCTHKH, OpraHi3allii pi3HUX crnocoliB
o0yiky 1 O0OpOOKM JaHMX TpO KIIEHTIB, TOBapH,
MOCIIYTH, TUIATEKI Ta iHIN BH3HAYHI MicCls Ta momii, a
TaKO)X I BHUCTAaBIEGHHS paxyHKIB KIi€HTaM i
opraHizamii iHmMX ¢opm 3BiTHOCTI. [IpoTroTHnH
cydqacaux BC 3apogmnucs pa3oM 3 BHHHKHEHHIM
Heplx OOYHMCIIOBAJIBHUX NPHUCTPOIB, MNpOTE B iX
Cy4acHOMY poO3yMiHHI (1 caMm el TepMiH) 3'SBUIHUCS
BCBOT'O TPOXH OLJIBILIE IECATH POKIB TOMY.

[paBunpnuii  BubGip BC  kpurtuuHmit  1us
MPUOYTKOBOCTI MigIpHEMCTBA chepr 00CTyroBYBaHHS.
Ha neBHomy erami 3pocTaHHs KOMMaHii OUTIHT
MePETBOPIOETHCS 3 HAAIWHOTO 1 MIBUAKOrO MOMIYHHKA B
300pi Ta 00poOui iHdopmauii B IHCTpyMEHT s
pO3LIMPEHHsI 1 BIOCKOHAJICHHS CepBiCYy Ha ICHYOYiit
TexHIuHIM 0a3i, a 3HAYUTh, U1 3aJIy4eHHS HOBHUX
kiieHTiB. Bin HaxiliHocTi Ta mBuakocti poboru bC
3aJIeKUTh  SIKICTH ~ OOCIyrOBYBaHHS  KIIIEHTIB 1
MOXITUBOCTI, SIKi OTpUMYE (hipMa—TOCTa4yalbHUK, 110, B
KIHI[EBOMY paxyHKy, BIUIMBa€ Ha NPHOYTKOBICTh
mianpueMcTBa cdepu obOcimyroByBanHs. B momosimi
HaBeJIeHO OaraToOKpUTepialbHUI CHHTE3 OpraHi3alliitHol

CTpYKTypH  OUTIHrOBOi  iH(OpMAIHHOI  cHUCTEeMH
MeTOAOM aHami3y iepapxiit (MAI).
Meron MIpU3HAYECHUN JUISL IPUUHATTS

OaraTOKpuTepiaTbHUX IPOSKTHUX pIlIEHh B YMOBaX
cmabkoi CTPYKTYPOBAaHOCTI OpraHi3aIliifHO-TeXHIYHUX
CHCTEM 1 HEBU3HAYCHOCTI BUXiHOT iH(OpMAIIil, 3aJaHOT
HAOOpOM  KIMBKICHUX 1  SKICHHX  3aJIEKHOCTEH.
OOTpyHTOBAHICTD 1 AOCTOBIPHICTh MPUHHATUX PIIlleHb
0araTo B 4OMY 3aJI€XKAaTh BiJ Y3TOMKEHOCTI EKCIIEPTHUX
IYyMOK, siKi ()OpMalli30oBaHO BHUPAKAIOTHCA Uepes3

BJIACTHBOCTI  3B'I3HOCTI 1  TPaH3UTUBHOCTI  MiX
eKCIIEpTHUMH  OLIHKaMHU  BHXIJHOTO  (haKTOpPHOIO
MPOCTOpY.

3axnageHuii B ocHoBy ~ MAI  mpuHmun

JIEKOMITO3MIIT CKJIQJHOI MPOOJIEMHU CYKYIHICTIO OiNbII
MPOCTHX CKJIAJIOBUX, IO3BOJSE 3MIMCHUTH MOOYIOBY
HaWOUIBII  ONTHMAaJBHOTO BapiaHTy OpraHizaiiifHoi
CTpYKTypH  OinmiHroBoi  iHdopmauiiiHOI  cucremu
BIJIMOBITHOTO TpHU3HAYeHHs. Pe3ynbTatm BUKOHAHUX
PO3paxyHKIB MOKa3yIOTh, 110 KPAIOI0 aJTbTEPHATUBOIO,

peKoMeHloBaHOi 10  BUOOpY,  BBaXKAEThCSI  Ta
iHpopmariiiHa ~ OuliHroBa  cucTeMa, sIKa  Mae
MaKCHMallbHE 3HAu€HHs TJI00aJbHOrO TMPIOPUTETY,

He3Ba)KarouH Ha 11 HalBuily BapTicTh[1-4].

SIKIo y 3aMOBHUKA € HecTaya (piHAHCOBHX KOIITIB
JUIs TpUI0aHHS Takoi CHCTeMH, TO BHOIp OiIbII
JICLIEBOr0 BapiaHTy CHCTEMHU 3JIHCHIOETHCS IILISIXOM
nepepaxyHKy BCIX TaOJHIb 3 ypaXyBaHHSM 3aJlyueHHs
JI01aTKOBOI 1H(opMalii Mpo HOBI BUMOTH JIO IPOEKTY,
110 PO3POOJISETHCS 1 Y3TOJPKEHOCTI eKCIIEPTHUX JTYMOK
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AOCNIAXEHHA METOAIB MOAENIOBAHHA COUIAJIBHUX CUCTEM

CyuacHi KaHaJIH COIaTIbHOT KOMYHIKaIii
BHUKOPHCTOBYIOTBCS JUIS PI3HUX akuUiii iHpopmamiiHO-
MICUXOJIOTIYHOTO BIUTUBY Ha 0COOHCTiCTh. CTBOpPECHHS
KOMIUIEKCY THYYKHX MOJIENEH COIliadbHUX TPOIIECiB
JO3BOJMJIO O BHAUIMTH OCHOBHI  HAampsSMKU |
XapaKTePUCTUKK COIIANBHOI CHCTEMH Ta THM CaMUM
Jano O JeTanbHUI aHali3 PeasbHOCTI W JOMOMOrIIo O B
MIPUAHATTI YNPaBIIHCHKHUX pilleHb. TOMY JAOCIIIKEHHS
HasBHUX 3ac00iB MOJICITIOBAHHS TpoLecy
inpopmaniiinoi B3aemonii (I1IB) € BaknuBuM nuisixom
JI0 YOPaBIiHHA COLIATPHAMU TIPOIIECAMH Ta €
AKTyaJIbHUM 3aBJIaHHAM Ha llaHI/Iﬁ MOMCHT.

Bysu po3riisiHyTi pi3HI METOIU MOJIEITIOBAHHSI.

Komm'torepHe MopenioBaHHA 3 BHUKOPHUCTAHHSIM
areHtiB [1] Mae OyTH eQEeKTHBHUM JUIs MOJEITIOBaHHS
CKJIaJIHUX COLIaJIbHUX MPOIECIB.

B oOCHOBI Takoro miAXOny JIEKUTh TIOHATTS
IHTENIeKTyaJIbHOTO areHra. MyNbTHAreHTHI CHCTEMH
XapaKTepU3yIOThCsl THM, IO, NO-TIEpIle, KOXEH areHT
BoJioZlie iH(opMalli€ro, HEIOCTATHBOIO JJISl BHPILICHHS
BCHOTO 3aBJaHH], IIO-ApYre, HeMae IJI00AIBHOrO
KOHTpPOJIIO, TOOTO KOXXEH AareHT IpuiMae pillleHHs
CcaMOCTiliHO, TO-Tpere, JaHl JIeleHTpai3oBaHl U,
HapelTi, 00YUCICHHS MOXYTh OYTH aCHHXPOHHUMU.

[cHyIoTb  TMOHATTS  MIKPO- Ta  MakKpoOIHCY
comianbHbix cucteM (CC) [2], mig sSKUMH PO3yMIIOThH
JBa miaxoad a0 modymoBu Ta gociimxeHHs CC: B
paMKax MepIioro MmigxoJy MalTh HAa yBasi CTPYKTYpY
rpada B3aEMOBIUIMBIB YYaCHHUKIB 1 iX I1HJUBIiIyaJibHE
NPUAHATTS pillleHb, a 3TiJHO 3 JPYTHM  IiAXOJ0M
cTpykrypa 3B’s13kiB B CC ycepeHIOEThCS Ta MOBEIiHKA
i1 uyIeHiB pa3IysIAeThCs “B cepeiHboMY” .

B [3] posrnsgaeTsest 3aCTOCYBaHHS HEHPOMEPEKHIX
METOZIB MOJEINIOBAHHA UL OMUCY I NPOrHO3YBaHHA
(eHOMEHIB B COIaJbHUX 1 TyMaHITAPHUX HayKax.
Bomomiroun BciMa HO3WTHBHHMH  BJIACTHUBOCTSIMH
MaTEeMaTHYHOTO anapaTy MOJETIOBAHHS COMiaTbHHUX
MIpoIIeciB, HA BiAMiHY BiJl KJIACHYHUX ONTHUMI3alilHIX i
ITPOBUX METOMIB, HEHpPOMEpEeKi MAarOTh TaKi BayKJIHBI
ocobsmBocTi [3]:

1. ApanTuBHICTP — TOOTO 3JAaTHICTH THYYKO
BpaxoOBYBaTH BIUTMB 30BHIMIHIX (HaKTOPiB, a TaKOXK

BUSBISITH  HETPUBialbHI, OMOCEPEAKOBaHI  BHIU
B3a€MOBILTUBY (PaKTOPIB.
2. 3maTHICTb OO0 HaBYaHHSA CaMOCTIHHO — OOIIK

mepemicTopii MpW TPUHHATTI pIMIEHb B HACTYITHUX
iTeparisx poooTu anroputMy. Ll BIacTUBICTh BaKITMBa
MIPY 3aCTOCYBaHHI METOZIB MaTeMaTH4HOI Teopii irop,
Jie, HampuKiaj, piBHOBara Hemra Moxe OyTH KOPEKTHO
3HAHIEHO TUIBKM 3a JOIOMOIOI0  0araTopazoBOro
TIOBTOPEHHSI IrPOBOi CHTYAIT].

3. baraToMipHIiCTh — TEXHOJIOTisI HEHPOHHUX MepexK

J03BOJISIE  BpaxoByBaTH  ponb  (aktopiB, 1m0
JIOCIT KYIOThCS, TIOBHICTIO 3 ypaxyBaHHSIM
OaraToBUMIpHOCTI ¥ MOXIHMBOI  IPOTHIICKHOI
cnpsimoBaHocTi. lle nmyke BaKJIMBO, BpaxoOBYIOUU
CYIEPEWINBICTD JTFOCHKOT IICUXIKH.

ITpu MOJIETIOBaHHI 1B IIPOIIOHYETHCS

BUKOPHCTOBYBATH CIelialbHUA 1HCTpyMeHTapii [2] —
amapatr Teopil HEUITKMX MHOXHH 1 HEYITKOro
KOTHITUBHOTO MOJIEITIOBaHHS, IO JO3BOJUTH OUIBII
TOYHO OIIHIOBAaTH Ta BPaXxOBYBaTH Cy0'€KTHBHI
O0COOJIMBOCTI yYAaCHUKIB B3a€EMOJil, SKi HE MAaroTh

KOpPEKTHOT 0 KiJIbKICHOTO BUPa)KEHHS, i
(dopmanizoByBaTH iH(MOpMALIiIO, 110 Mae BepOaTbHUI
Xapakrep.

B [2] posrnsipatotbest Matematnyni mozeni [1IB, mo
pO3po0JieHI 3 BHKOPUCTAHHSAM METOMIB CHCTEMHOTrO
aHaJi3y, HEYiTKOI JIOTIKM i Teopil HEWiTKUX MHOXHH,
Teopii HMOBipHOCTEW, MaTeMaTH4HOI CTaTUCTUKH Ta
MYJIbTHAI€HTHOTO MiAXOY.

3acTocyBaHHS HEHPOMEPENKHUX METOIUK BHABJICHHS
3aKOHOMIPHOCTEI B COLIaJBHUX MpOIEcax J03BOJISE
BUPILIUTH Psiji IPo0IIeM, siKi paHilie OYyJId NPUHIIUIIOBO
HEepO3B'si3HI, W 3aBISKH [BOMY ICTOTHO IIiJIBUILUTH
a/IeKBaTHICTb TEOPETHYHUX MogieneH, 1110
CTBOPIOIOTBCS, 1 HAONM3UTH I1X JI0 O0'€KTHBHOI
peanbHOCTI. {751 MOJIENIOBAaHHS CKJIAJHUX COLIaTbHUX
IPOLIECiB KOMIT'IOTEepHE MOJIEITIOBaHHS 3
BUKOPUCTAHHSIM areHTiB Mae OyTH TapHUM PIllICHHSIM.

Posrsnyti B pobGoti momeni [1IB  no3Bossiiorh
JIOCII/DKYBATH ~ 3aKOHOMIPHOCTI  PO3MOBCIOJKEHHS
inpopmarii ta auHamiky ¢dopmyBanHs aymok B CC.
Crae wmoxauBuM nposogutd B CC  iHdopmariiini
YIIPABIIHCHKI aKIii 3 pi3HUM eeKTOM.

Cnucok nitepatypm

[1] H. C. KombuioBa, ®. A. Myp3un., u U. A. Kypkos,
“MopenupoBaHue COLMAJIbHBIX MPOLIECCOB u
MynbTHareHTHsid moaxon”, 2013. [EnexrponHslii pecypc].
Hocrymro: https: //cyberleninka.ru/article/n/modelirovanie
-sotsialnyh-protses-sov-i-multiagentnyy-podhod. Jata
obpamienus: Sus. 25, 2020.

[2] 1. M. Axmyxameno, u JI. A. MauyeBa, “MuUKpoO- u
MaKpOMOJIEIH nporiecca UH(POPMALMOHHOTO
B3aUMOJCUCTBUSI B  comManbHbIX cucremax” 2019
[Enextponnsiii pecypc]. Hocrymro: https://cyberleninka.
ru/article/n/mikro-i-makromodeli-protsessa-informatsion
nogo-vzaimodeystviya-v-sotsialnyh-sistemah. Jlara oGpa
mienust: Sus. 25, 2020.

[3] A. A.OGyxoB, “HeiipoceTeBoii aHANIN3 U MAaTEMATHYECKOE
MOJIETUPOBAHHE COIMANIBHBIX  TPOLECCOB”, 2019
[EnexTpOHHBIH pecypc]. JocrymnHo: https://
cyberleninka.ru/article/n/ neyrosetevoy-analiz-i-
matematicheskoe-modelirovanie-sotsia-Inyh-protsessov.
[Jara obpamenus: SuB. 25, 2020.

80


https://cyberleninka.ru/article/n/modelirovanie-sotsialnyh-protsessov-i-multiagentnyy-podhod
https://cyberleninka.ru/article/n/modelirovanie-sotsialnyh-protsessov-i-multiagentnyy-podhod

VK 004.7

JI.B.KoncrantunoBa, P.M Mumnaiinenko., B.B Cunopenko

liliyashel976@gmail.com, aron70@ukr.net, sidrenkovi@rambler.ru

LJenmpanvnoyxpaincokuti HayionansHuil mexHiynuu ynigepcumem, Kponuenuywvkutii

OOCNIOXEHHA 3ACTOCYBAHHA TEXHONOII AJAX

Jdnst po3poOKM IMIBUAKMX Ta 3pYyYHHX JUIS
KOPHCTYBa4iB Be0-101aTKIB ICHYIOTb pizHi
texnonorii (HTML, CSS, Javascript, XML Ta in.),
3aCTOCYBaHHA SIKMX Yy KOMIUIEKCI Mae TIeBHI
nepeBarn. AJAX — 1me TeXHOJIOrisl B3aeMonii 3
cepBepoM 0e3 Tepe3aBaHTa)keHHS cropiHku. [lepen
BukopuctanusM  AJAX, HeoOXigHO  JOCITiIUTH
TEXHOJIOTII0 Ha OOMEXKCHHS Ta mpoOIeMH, IO
MOXYTb BHHHKHYTH 3 BeO — J0AaTkoM npu i
3aCTOCYBaHHI.

3apa3 icHye 06arato MOmyJsIpHUX MPOIYKTIB, IO
BUKOPHCTOBYIOTh TexHonorito AJAX, Hamp., Koiu
KOPUCTYBad TUIbKM TIOYMHA€E BBOAUTH B PsIOK
nomyky cumBonn B Google abo  Youtube,
CHpalboOBYIOTh MHOXKHHHI 3anuTH AJAX.

Texunonoris AJAX cki1agaeTbCst 3 I SITH YaCTHH:

HTML; JavaScript; DHTML; DOM (06’ekTHa
MoeNb JoKymMeHTa); XML.
AJAX 3acTocoBye acHMHXpPOHHY Iepenady

JaHHUX, IO MO3BOJISAE KOPUCTYyBadaM 3AiHCHIOBATH
pi3Hi aii mix yac “¢goHoBOro” 0OMiHy iH(pOpMAaILi€EO 3
cepBepoOM.

B po6ori AJAX moxHa BUIUTH 4 eTamnu:

1. KopucryBau Bukinukae AJAX, Hampukiaf,
IIPY HATHCHEHHI AEAKOI KHONKH, U 3aBaHTAXKCHHS
JaHHX.

2. Cwucrema BiAmpaBisie 3amUTHA cepBep.
Hanpuknan, Tpeba 3aBanTaxkutu (aiin adbo 3aidcHUTH
3anuT 10 b/I.

3. CepBep OTpHMYE BIAMOBIAbL Bij 0a3u JaHUX i
Bianpasisie iHGopMaliro y Opaysep.

4. JavaScript oTpuMy€e BiANOBi/ib, po3IH(POBYE

J1s oOMiHy HaHUMHU Ha CTOPIHIII CTBOPIOETHCS
o0'ekt XMLHttpRequest, BiH BUKOHYE (YHKIIIIO
mocepeqHUKa MiX Opay3epoM i1 cepBepoM. 3amutu
MoxyTe Oyrm GET a6o POST. CepmepHa uactuHa
00p0o0IIsie 3aNTUTH 1 CTBOPIOE HOBI JaHi U KIIi€HTA.

[lix wac pmocmimkeHHa Oyn0 BHUSIBICHO Taki
mepeBaru 3acrocyBaHus AJAX:

— IlokpameHa iHTEpaKTHUBHICTh. 3aCTOCYBAaHHSA
ACHHXPOHHUX 3aIlMTiB JO3BONIAE Opay3epy Kili€HTa
OyTy OLNBII iHTEPaKTUBHHUM i IIBHU/IIE pearyBaTH Ha
BXiJHi naHi. binbmr 3pydHa HaBiramis.

— CxopoueHHS Tpadiky .

— 3HIDKEHHs HaBaHTa)KEHHsI Ha cepBep.

— 3017bIIEHHS NIBUAKOCTI pOOOTH cepBicy.

A Takox Oyi0 BHSBIIEHO HACTYITHI HEAONIKHU:

— AJAX BigkpuBae e OJUH BEKTOpP aTakH JJIs
HIKiJJIMBOTO KOy, Ha SIKUil BEO-PO3POOHUKN MOXKYTh
HE TIOBHICTIO MEPEBIPUTH.
Iatepdeiicu AJAX
PO3BMBAaTH  HAJECKHUM  YHUHOM,
CTOPIHKH.

— Bynp-axuii Opaysep, sikuii He miaTpUMye Java
Script a6o XML Http Request, He 3Moxke
BUKOPDHCTOBYBATH CTOPIHKHM, SIKi 3alle)XaTh BiJ
texHouorii AJAX.

— HemoxnuBa iHTerpamis 3 i1HCTpyMEHTaMHu
Opaysepa. [Ipu nquHamiuHOMy (QOpPMYBaHHI CTOPIHOK
Opaysep He Iokasye X B icTopii BiIBiJyBaHb.

CKJIaIHiIIe
CTAaTHUYHI

3HAYHO
HIX

- [Ipobnemu B IHaeKcaLil KOHTEHTY
nomykoBuMu Ootamu. Yacro ToW 3MicT, SKUH
3aBaHTaXYEThCS Ha CTOPIHKH JUHAMIYHUM

Croco0OM, BUSBISIETHCSI HEOCTYITHUM JUIsl pOOOTIB.
Tomy pekoMeHIyeTbCcS BUKOPUCTOBYBATH IHHAMIYHE
3aBaHTaXEHHS U1 CTPOr0 BHM3HAYCHUX YaCTHH
KoHTeHTy. [Ipu mpomy HeratuBHUil BruinB AJAX Ha
SEO moxHa MiHIMI3yBaTH.

Bukopucranus AJAX norpedye indopmauii npo
oOMexeHHsA. Hanpukian, Moxke BHHUKHYTH IIOMUJIKA,
SKIIO 3alUT TMOCWIAEThCSI Ha JoKanbHuid ¢aiin. e
BUHUKAa€ y BHIAJKy, KOJIU BiJ0yBaeThcs crpoba
OTpPHMAaTH IOCTYH A0 JaHHUX 3 JIOKaJbHOrO (aiiny,
KUt 30epiraeThest He Ha cepBepi. L1[o0 BupimmTy 10
npoGieMy MOXKHAa BCTAHOBHTH JIOKAJIBbHUH cepBep 1
30epiratu daiiinu Tam.

AJAX BigmoBimae MeTomaM KOHCTPYIOBaHHS
JonaTkiB Ha ocHoBi Web 1 ycyBae mpobiemy
MOBITBHOTO  3aBaHTAXKEHHS CepBepa. bimbmiicTs
riraHTcbkux [HTEpHET — KOMIaHil, Takux sk Google,
Yahoo, Microsoft, Amazon i iH., po3po0JIsOTh BeO-
IonaTku Ha ocHOBI Ajax. lle rapHe pimeHHS s
CTBOpPEHHS  BeO-ZONATKIB 3 BHCOKAM  piBHEM
B3aeMOJil 3 KopucTyBaueM. [ paMOTHE BUKOPUCTAHHS
AJAX 3a [iNpOBMM TpPHU3HAYEHHSAM JIOIIOMArae
YHUKHYTH npobnemMu CTOCOBHO TEXHOJIOT11
BHUKOPUCTaHHS.

81


mailto:liliyashel976@gmail.com
mailto:аron70@ukr.net

YK 004.94
A M. Kommn, JI.JI. OpnoBcekuit

kopp93@gmail.com, ordm@kpi.kharkov.ua

Hayionanvnui mexniunuil ynisepcumem "Xapxiscoxuii norimexuiunuil incmumym", Xapxie

NMPOBNEMW MOAENOBAHHA MDKMPOLLEECHOI B3AEMOJIT Y HOTALII BPMN

[IporsiroM oCTaHHIX POKIB KOHLEMIis TPOLIECHOTO
yrpasiiaas abo BPM (Business Process Management)
oTpuMalla 3HauHy yBary uepe3 CBill MOTEHIal M0N0
3HAYHOTO ITiABUIICHHS MPOAYKTUBHOCTI Ta 3MEHIICHHS
BUTpAT, CKOPOYECHHSI Yacy BUKOHaHHS Oi3HEC-TIPOLIECIB.

OcHoBuuM iHCTpyMeHTOM BPM € MonenmtoBaHHs
0i3HeC-TIPOLIECIB, SIKE BUKOPHCTOBYETHCS YIS KPAIIOro
PO3YMiHHSI Ta IOKyMEHTYBaHHsI IisUIbHOCTI OpraHizaiil,
aHaJIi3y Ta BJOCKOHaJeHHs OizHec-mpoueci [1]. 3rigHo
3 OCT@HHIMU JIOCIIDKEHHSAMH, TpoBeeHnME e y 2016
polLl, HAWMOMYJSIPHILIIO HOTAI[€I0  MOJCITIOBAHHS
6i3nec-npoueciB € BPMN (Business Process Model and
Notation) — ii BukopucToBye moHa 64% pPEeCIOHICHTIB.

OCHOBHUMH THIIAMH €IEMEHTIB CTPYKTYpH Oi3Hec-
npouecy BianosiaHo ao Hotawii BPMN (puc. 1) e nonii
(event), nutro3u (gateway), sapmanns (task) Ta morokm
ympasmiaas (control flow).

Moaii Wnwoan
O MouaTkoRa MNapanenkHo
(AND)
© Mpomixya @ BimiosHo
g (OR)
o Kivuesa BuknodHo
4 (XOR)

3aBaaHHs MoTik ynpaeniHHa

Puc. 1. OCHOBHI THIH €JIEMEHTIB CTPYKTYpPH Oi3Hec-mporecy

[oxaii 300paXkyfoTh IHIWIEHTH, IO TPAIUITIOTHCS
Ha TIOYATKY, IiJ 9ac Ta HANPHKiHII BUKOHAHHS Oi3HecC-
npouecy. 1Im03u BUKOPUCTOBYIOTCS JUIS YIPaBIIIHHA
posramyxennsmu (split) Ta 3’eqnanmsMu (join) mMOTOKIB
yrpaBiiHHA y Oi3Hec-Tiporieci. 3aBAaHHS — I PoOOoTH,
SIKI BUKOHYIOTBCSL B paMKaX Oi3Hec-TIpoIIecy.

OKpiM OCHOBHHX CTPYKTYPHHX ejleMeHTiB (puc. 1)
morarlis BPMN Busnauae mymu (pool), 3a momomororo
SIKMX 3aJJaF0TBhCS MEXi Tporiecy, Ta gopixkku (lane), ski
BH3HAYAIOTHh BIIOBIZaNBHICTh YYACHUKIB TPOIECY 3a
BHUKOHAHHS TIEBHUX 3aB/IaHb.

[I{omo pi3HOBHAIB AYT, OKPiM MOTOKIB YIPaBIiHHA
Horamiss BPMN Bu3zHauae Tako)X IOTOKH IOBIIOMIJIEHD
(message flow), sxi mpusHadeHi UIsI MOIENIOBAHHS
B3aeMomii nekinbkox OizHec-mporecis (choreography)
BCEepeMHI OJHi€T opraHizamnii abo MiX OpraHi3amisimMH.

Jo HaiOinpm WMOBIPHHX ITOMUJIOK 300payKEHHS
B3a€MOIii IeK1IBKOX Oi3HEC-TIPoIIeciB HalIeKaTh:

1) mpomyieHi moYaTKoOBI/KiHIEeBI omil (puc. 2, a);

2) mpormyIieHi BXiHI/BUXIHI MOTOKH YTPaBIiHHS
y 3aBJaHsb (puc. 2, 6);

3) OTOKM YMpPaBJIiHHSA 3aCTOCOBYIOTHCS 3aMiCTh
MOTOKIB TIOBIZIOMJIEHb JUIS NOAAHHS B3aeMojii Oi3Hec-
nporiecis (puc. 2, ).
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Puc. 2. OcHOBHI THIH €lEMEHTIB CTPYKTYpH Oi3Hec-mporecy

Heo0OximHO cTBOpIOBATH IiarpaMu BHCOKOI SIKOCTI,
SKI JEeMOHCTPYBAaTHMYTh 3PO3YMITTy CTPYKTYypy Oi3zHec-
nporeciB. CamMe TOMy BUHHKA€ HEOOXiTHICTh KOHTPOIIO
KOPEKTHOCTI CTBOPIOBAaHUX MOJETEeH, OCKUTBKH SKiCHI
Moieni Oi3Hec-TIpOIIeciB 3a3BHUail HE MAarOTh TIOMILIOK.

Cnucok nitepatypum

[1] W. van der Aalst, “W.M.P.. Business process
management: a comprehensive survey”’, ISRN Software
Engineering, vol. 4008 of Lecture Notes in Computer
Science, p. 167, 2013.
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TOYHICTb BUMIPIFOBAHHA PA}JIAJ:IbHO'I' LIBMAKOCTI LN B YMOBAX BMN/INBY
DPA30BUX DITYKTYAUIN PAOIONOKALIMHOIO CUTHAITY

Busnauenns pazianbHOT LIBUJIKOCTI i
peasti3oBaHO B KOT€PEHTHO-IMIYJIbCHUX PaJliONOKaIliHHIX
craauisx (PJIC), ski B SKOCTI 30HIYBaJIbHOIO CHTHAITY
BUKOPHCTOBYIOTh KOTEPEHTHY TauKy paiiOiMITyJIbCIiB.
PeanbHi yMOBUM TOLIMpEHHS Ta BiIOWTTS 3/1aTHI CYyTTEBO
00MeXyBaTH il KOrepeHTHICThb. [l0 BKa3aHMX yMOB MOXKHa
BIHECTH  BIUIUB  aTMOC(EPHUX  HCOTHOPITHOCTEH,
JIOTUIEPIBCHKUI IIYM 1T Ta BiIOWTTS paioXBWIb Bij
3eMHOI  (MOpCBKOI) TIOBEpXHi, SIKIi € MPHYUHOIO
BUHUKHEHHS (pa30BHX (UIyKTyalliid pa/lioiMITyJIbCIB MaYKy.
BBaxkaeTbcs, 1m0 JaHi QuIyKTyawii po3mojiieHi 3a
HOPMaJIbHUM 3aKOHOM 3 HYJILOBHM CEPEIHIM, a KOPEJIsILIist
(azoBux (uykTyaliii CyCiHIX PpaJiOIMITYJIbCIB TauKH
yOyBae 3a 3HAKO3MIHHUM 3aKOHOM.

Jlucriepcist  3arayibHOi  MOXMOKM  BUMIPIOBAHHS
YacTOTH TAYKH PaAioIMITYJIbCIB BH3HAYAETHCS CYMOIO

macriepcii 62

BHYTpIILIHIX IIyMiB mpuiiManbeHoro mnpucrpoto PJIC Ta

NOXUOKH, 110 OOYMOBJICHA BIUIMBOM

W 2
micniepcii  6¢yp; MOXMOKH, IO BHKIMKaHA (asoBUMHU

GIyKTYyauisiMu paioiMIyJbCIB MAUKH:

cs% = GE) + Géqm .
Ha puc. 1 mnpencraBneni rpadikd 3aJeKHOCTI
KBaJpata JIOOYTKY 3arajbHOl CepeHbOKBAIPATUIHOL
noxuOku (CKII) BUMiprOBaHHS YacTOTH TAYKH 3 JIECSITH

pamioiMITynbCiB 1 Tepiomy X CITiTyBaHHS (csET)2 BiI

BiIHOIIGHHS CHTHAW/IIYM 33 TOTYKHICTIO (° IpH
koedirienTi kopersimii  asoBux (QayKTyamii CyciaHiX
pamioimiTyneciB mauku a=0,99.

I'pacdikun oTpumaHi I Pi3HUX 3HAYEHb IUCHEpCii
(azoBux GuykTyariii G(Zp =0,01 0,1, L 10 panz.

OtpumaHi pe3ynpTaTH BKa3ylOTh Ha Te, IO
30UIBIIeHHS qucrepcii Ga3oBuX (QIIyKTyarliii Ha MOpPSIOK B
00acTi MajuX 3HaYCHb (cs(2p =0,01...0,1 pauz) Maibke
HE BIUIMBAE HA 3MiHY BEIMYMHHU MIWCIEPCii TOXHOKU

BUMIPIOBAaHHS YaCTOTH  TAYKH  PaiOiMIyIIBCIB.
30imbIIeHAs TaHOi AWCIIepCii Ha TOPSIOK B 00MacTi

CYTTEBUX 3HAYCHBb (G(Zp =1..10 pa;:[2 ), SIKi MOXKYTh MaTH

Miclile B IPaKTUYHUX BHIIAIKAX, IPU3BOAUTH 10 3POCTAHHS
JWCTIepCii  MOXWOKW BUMIPIOBAHHS YACTOTH  ITAYKH
PazIioiMITYITBCIB Ha TIOPSIOK 1 OiiIbIIe.

Cxmnanosi CKII BUMiproBaHHS pa/ialbHOI IIBUIKOCTI
Ll TpY  BIJHONIEHHI CHTHA/IIYM 32 TOTYXHICTIO

q2 =1000, s BUNAIKIB KOTEPEHTHOTO HAKOMUYCHHS

KOpoTKOoi N =8, cepenuboi N =16 Ta TpuBanoi n =32
nadok pagioimnynsciB B PJIC  cympoBomkeHHs
HaBeJieHi B Ta0. 1.

(c2T)?

0.4

Puc. 1. lucniepcist nOXUOKH BUMipIOBaHHS
YaCTOTH MAYKH PaJioiMIIyJIbCiB

Tabmuns 1.
Cxiragoi CKII BumiproBaHHs pajiialibHOI IIBUAKOCTI LT JUIst
PJIC cynpoBomxeHHs1, M/c.

O om GUCbJ‘I
8 0,66 1,85...6,9
16 0,33 1,3...4,82
32 0,16 0,91...34

TakuMm 9MHOM, OTpHMaHI Pe3ybTaTH CBIMYATh PO
te, mo 3HaueHHs ckiIagopux CKII BumiproBaHHSA
pamianpHOI IIBUIKOCTI Iy, OOyMOBIEHiI (a30BUMH
(iryKTyamissMu pamioiMIyITbCiB TIPUHHITOI TTAYKH 3/aTHI B
JIeKUTbKa pa3iB 1 OlIbIIe IepeBepIIyBaTH CKIIAIOBi, IO
00yMOBJICHI BIUIMBOM BHYTPIIIHIX HIYMiB NPHAMAIGHOTO
npuctporo PJIC.

OxpiM BIIIMBY HEOIOHOPITHOCTEH Tporochepw,

BIUTMB JIOMIDIEPIBCHKOTO IIYMY I Ta 0araroTpacoBOCTi
TIOMIMPEHHST  PaliOCHTHATYy  OOYMOBIIIOE  JTOIATKOBE
30LTBIIICHHS (rykTyariitHOl CKJTaJTOBOI CKII
BUMIPIOBAaHHS paJIialibHOI IMIBHIKOCTI Il 0 JEKUTBKOX
OIMHUIIL M/C.
Ilpn 1pOMy, HaHOLIBII CYTTEBO, (ha30BI BHUKPHBICHHS
pamionoKaIiifHOro CUTHaNY, BIDIMBAIOTH Ha podoTy PJIC
CYNIPOBOKEHHS, BHKIMKAIOYM HEOE3NeKy 3puBY L 3
ABTOMATHYHOTO CYMPOBODKEHHS 3a JAIBHICTIO Ta
paniaabHOIO MIBUAKICTIO.
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YNPABJIEHUE TEXHOJIOTMYECKWUM NMPOLIECCOM NMUPOJTU3A

B nacrosiee Bpemsi, B IPOMBIIUICHHOCTH IIMPOKO
HCTIOJNB3YIOTCS ABTOMAaTU3UPOBAHHEIE CHCTEMBI
YIIpaBJICHUs POU3BOICTBEHHBIMH IPOLIECCAMH.

Hedrexumudeckass TpPOMBIIIIEHHOCTh OJHA U3
BOKHEWIIMX oOTpaciei, NpOAyKTaMU KOTOPOHl MBI
MOJB3YEMCSl TIOUTH YTO €KEMHHYTHO, KaXKIBIH ISATHIHA
Mpe/IMET, OKPYXaloUIMH Hac, TPOM3BEJCH HMEHHO
Onaromapst 3TOW MHAYCTpHW. Takke, HePTEXUMHs
SIBIITCA ONHOW M3 BaKHEMINMX CTaTe IOMOJIHEHUs
Oro/pkera, Hapsimy ¢ A0OBIYEe M IKCIOPTOM HedTH
3arpaHuily, HpWU OSTOM, ueM TIiyOxke mepepaboTka
HE(DTEXUMHUYECKOTO CBhIPbS, TEM BBIIIE CTOUMOCTh
NOJIyYEHHOr0  NpoaykTa. lleneBbIMH  mpogyKTaMu
He(hTEXUMHUYECKUX KOMOHMHATOB SIBIISIFOTCSL — OJIe(DUHBI,
ApKUe TpeNCTaBUTENH KoTopbix — dTwieH (C2H4),
nponuicH (C3H6) u ux npou3BoaHbIC TOTHOICHUHBI.

Cuauana, He(Tera3o0BbIMH KOMIIaHUSIMU
JOOBIBAIOTCS TIPUPOAHBIC YIIIEBOIOPOABL, TaKHUE Kak:
HedTh, MPUPOIHBIA T'a3 W MONYTHHIA HEDTSIHOH ra3, a
3arem niepepabaThIBalOTCS HedrenepepadaTsI-
BAIOIMMH U Ta3olepepadaThIBAIONMMU KOMILIEKCA-MH,
IJle U3 HUX TOMYYaroT TPH OCHOBHBIX BHUJA CHIPBS JUIS
JanbHelIen mepepaboTKy Takue Kak:

1. TlpsiMoronHblii OeH3uH ¢  HedrTenepepa-
0aTHIBAIOIIMX 3aBOJIOB;

2. MDY (upokas bpakuus  JIerkux
YIJIEBOAOPOIOB) MOMydaemasi ra3omepepadaTbiBaro-

MMM 3aBOJIAMU;
3. DTaH — UeHHOe HeTEeXUMHUYECKOE ChIphE IS
He(hTEXMMHKOB, COJEPIKALIMICSA B IPUPOTHOM Iase.
Xox TEeXHOJOTMYECKOro Mpolecca IMPOUCXOAUT
CIIeNYIOIMM 00pa3oM: ChIpbe (CMeCh HEepPBUYHOTO
nepepabOTaHHOrO OEH3MHA C Ta30BbIM OCH3MHOM B
cooTHomeHNn 3:1 u 1p.) mon gaBieHueM 7+9 Kr/cm? ¢

celppeBOoro  ambapa J — 70, Tmpoiims depes
anekTpudecknid BeHTWIh N5, mamee momaercs B
cBOOOTHOE MEXTpyOHOE MIPOCTPAHCTBO
TersrooOMeHHuka 1 — 7/3, roe OH 3a  CYer

LIUPKYTUPYIONIEr0 KOTEIbHOr0 MAaclia, HAarpeBasich 0
120°C nonaercs B obumii koyutektop mededt F11+F14.
[ocne Temmmoodbmennnka T — 7/3 TemmnepaTypa OeH3uHA
JOJDKHA OBITH HAa TAKOM YPOBHE, YTOOBI OH, MPOXOIS
yepe3 anadparmy, He 3aKUTIeI.

HccnenoBaB  meyb  mHponm3a  KaK  OOBEKT
yIpaBieHus, pa3paboTaB ero MaTeMaTHIECKyI0 MOJIENb,
naercs MaTeMaTHIecKast MOCTaHOBKA 3a1a9u

ONTHUMU3AIMYA PACCMATPHUBAEMOr0 TEXHOIOTHYECKOTO
mporecca.

Jis pelieHus TOCTaBIIEHHOW 3a7jauul pa3paboTaHbl
JIMHEHHBbIE W HEJMHEHbIe MaTeMaTHYeCKue MOJIEIH.
Jis  Mcnonb30BaHUS MaTeMaTHYeCKOW MOJeNd Ha
PEeKHMHBIE rapameTpsbl HaKJIa/IbIBAIOTCS
COOTBETCTBYIOIINE OTPAHHYECHUSL.

Hcronb3oBaB CTaHAAPTHBIE MAaKEThl IPOrPaMM,
OTIpEAETSIOTCS perpeccuoHHbIe K03 UITUCHTBI
MOZIeNH, M MaTeMaTH4ecKas MOJeb IIPOBepseTCsl Ha
a/IeKBATHOCTb.

OmHUM W3 OCHOBHBIX CTaguii B MPOWU3BOJCTBE
STWJIEHA CUHWTaeTcs Mporecc nuponusa. Bo Bpewms
NpOTeKaHus  Tpolecca  NUpoiM3a B IIeYax,
HCHONB3YIOUIMX B  KAyeCTBE ChIPbS  NEPBUYHBIN
nepepabOTaHHbI OCH3WH M CMECh ra30BOr0 OCH3WHA,
OCYIIECTBIISIETCS HMX  pa3feleHHe IO/  BBICOKHM
JaBieHueM U Temmepatype [1].

B Hacrosiiee BpeMsi Ha 3aBoje DTUIIEH-IIPONUIICH
IIpomsBoacreennoro Oo0bemunenus “A3EPXMMUS”
npoBosATCA paboThl MO0 MOAEpHM3aLMU. B cBs3um co
BCE€OOBEMITIOLLIEH MOJZIepHU3aLuel, Hapsny [¢
TEXHOJIOTHEeH IepPBUYHOM mepepaboTKU, IpeaycMOTpeHa
TaKK€ MOJEPHHU3AlMA U COBEPIICHCTBOBAHHE CHCTEM
ylpaBieHUss MM. TexHomorusi pas30aBIeHHS CBIPbS
[apoM B CBOIO Ouepelb TaKKe OIpPEAEIsIeT COCTaB
NPOAYKTOB Ha BBIXOJE U3 Ie4M NHpoiu3a. OITO
00YCIIOBJICHO CHI)KEHHEM IapUUalbHOTO JaBJICHUS
YIJIEBOJOPOJIOB, 4YTO TIO3BOJIIET YBEIHYUTH BBIXOJ
HU3IIMX ~ OJe)MHOB W YMEHBIUIUTH  CKOPOCTb
00pa3oBaHMs apOMaTHUECKUX YIJIEBOAOPOIOB, a TaKXKe
CHU3UTh KOKCOOOpa30BaHHUE B 3MEEBHUKAX.

Jlyisi  BBITIONIHEHMS] BBINICYKAa3aHHBIX TPeOOBaHMIA
UCIIONB3yeTCs cucreMa aBTOMAaTH3HPOBaHHOTO
ympasienust  “ControlLogix 55807, paspaboranHas
¢dupmoii “Allen — Bradley”.

B coorBercTBHH ¢ TpeOOBaHMSAMH COBPEMEHHBIX
WHTCIUIEKTYyaJIbHBIX ~ MAallMH ¥ 0OOpYIOBaHUM,
KoHTpoiutepsl  ¢pupmer  “ControlLogix  5580” B
MPOM3BOACTBE  obOecmeumBaloT  Oomee  ObICTpoe
CHCTEMHOE TMPEICTABICHUE, MPOU3BOJUTEIBHOCTh H
0e30macHOCTb.

INutepaTtypa

[1] 1. A. U6parumos, u U. P. Dbennnes, “Merompt
ONTHUMAIIBHOTO  YIPaBICHHUS HEPTEXUMUUCCKHMHE
TEXHOJNIOTHYCCKMMH ~ TpoIleccamMu.  leopust |
npumeHeHne”’, baky, Azepbaiimkan, 1997.
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“TOP DRIVE” ABTOMATUYECKASl CUCTEMA YNPABJEHUA KPYTALLUM
MOMEHTOM U CKOPOCTbIO

Jdnst pa3Butust OypoBOH NPOMBIIUICHHOCTH |
MOBBIIEHUST  3(PQEKTUBHOCTH  OypeHHsS  CKBa)KUH
npumenenne cucremsl “Top Drive” ceromus sBisieTcs
OJTHOM M3 HambOonee akTyalnbHbIX 3aaa4. “Top Drive” —
9TO MEXaHHYeCKOe YCTPONCTBO, IIOJBEIICHHOE Ha
OypoBOWl BBINIKE, MpeAHA3HAUYEHHOE Uil OypeHus
CKBQ)XUH M MOAAa4YH KPYTALIEro MOMEHTa Ha OypHIBHYIO
TpyOy Kak 1o 4acoBOM CTpellke, TaK U MpoTuB. [laHHOE
000py/IOBaHHE COBMECTHIIO B ceOe pOTOp M BEPTIIIOT B
OypoBoii IIPOMBIIIEHHOCTH, co MHOTUMH
IIpEeUMyIIecTBaMHU MUHAMH3HUPYET BpeMs,
3aTpauMBaeMoe Ha OypeHHEe CKBa)XKUH M, MaKCUMAaJIbHO
HOBBIIIAET TeXHUUYECKylo Oe3omacHocTh. “Top Drive”
pacroyio)keH Ha MecCTe BEepTJIIora, KOTOPBIN JIBHIKETCS
BBEPX U BHU3 BJIOJIb OYpOBOW BBILIKH [2].

Kpome Toro, 3HaHME TeKyLIero 3HA4YCHHUS
KPYTSLIEro MOMEHTa IO3BOJISIET CYAUTh O CTEHEeHU
U3HOCa OYpOBOTO HMHCTPYMEHTa, O COINPOTHUBIISIEMOCTH
nopobl OYpeHHIo, a TaK e II03BOJSET ONpPEHeIUTh
NPOCKaNb3bIBAHUE WIM  3aKIMHUBaHUE  OypOBOTO
UHCTpyMeHTa. [Ipn onTuMuzanum mnporecca OypeHHs
KakK MpaBUJIO AJIsl YBEIMYEHHs JOCTOBEPHOCTHU IIPOTHO3a

HOCTIELYIOIIHX CHUTYyaLHit HEeoOX0auMo
uHpopmalnmoHHoe  obecreyeHue — IEIOro  psja
mapamerpoB. B mpomecce  OypeHus — Takoe
nH(popMaIMOHHOE obecrieueHne orpeenseTcs
TEXHONOTMYECKUMH  TlapaMeTpaMH  H3MEpEHHs, B

KOTOpBIE BXOAUT HE TOJNBKO 3HAYEHHE KPYTSILIEro
MOMEHTa, HO M HE3aBUCHMBIE TapaMETpPhbl: OceBas
Harpyska, TBEPIOCTb MOPOIbI, MAABIEHHE OYpPOBOTO
pacTBopa €ro pacxol, TPEHHE IO JUIMHE CKBa)KHHBI,
CHJIBI CONPOTHBIICHHUS, CKPYYMBAHUA KOJOHHBI TPYO,
aBTOKONE€OaHuss © T.0. MHeIMH cinoBamu, mid
peanu3anuy MPOTHO3a CHTYallMd HEOOXOAMM HENbIi
N3MEpPUTENBHBII KOMIIIEKC TEXHOJIOTHYECKUX
napameTpoB Oypenus. Ho Tak kak Bce MepednciIeHHbIE
NICPBUYHBIE TMAPaMETPhl  ONPENENAIOTCA  KPYTSIIIIM
MOMEHTOM Ha BaJly IPHBOAA, TO IIEIECO00Pa3HO
BBISIBUTH JAHHBIC 3aBHCHMOCTH M NPOBOAWTH KOHTPOIb
TOJIBKO TI0 BEIMYMHE KpPYTAIIETO MOMEHTa, 4YTO
MO3BOJISIET  CYIIECTBEHHO YNPOCTUTh KOHTPOIBHO-
M3MEPHUTENbHBIH KOMIUIeKe. C STOH TOYKH 3peHHS
aKTYaJIbHOCTh 3a/1a4i pa3pabOTKH METONOB M CPEICTB

W3MEpPEeHUsT  KPYTAMIEro  MOMEHTa  eme  Ooree
BO3pacTaer. IToxazarenem 00BEKTUBHOCTH
WHPOPMATUH ) IEHCTBUTENHLHOM COCTOSTHUH
HaOMIOAaeMO CHCTEMBI  SIBIISIETCS.  TOCTOBEPHOCTH
OomeHKH ee mapamerpoB. OHa  claraerca W3

METOAWYECKON M HMHCTPYMEHTAJIbHOH COCTABIISIOLIMX.
[epBas XapaKTepu3yeTcs COBOKYITHOCTBIO
HaOII0JaeMBIX MTApaMeTPOB, METOANKOW M KPUTEPUSIMH

OLEHKH COCTOSIHUSI CHUCTEMBI, BTOpas — TOYHOCTBHIO
MOJTyJyaeMbIX 3HaueHWd mnapameTpoB. ONTUMH3ALUS
CHCTEMBI KOHTpOJISl Tpolecca OypeHHs BO3MOXKHA
Onmaromapst TOMY, 4YTO pa3BHTHE KOMIIBIOTEPHOU
TEXHHUKH B TIOCIETHHE TOIbl CIOCOOCTBYyeT Oonee
panroHaIbHOMY MCIOJIB30BAHUIO TEXHUUECKHX CPENCTB
3a CYeT MepeHEeceHHs aKIeHTa MpU aHaju3e B 00JacTh
pa3pabOTKH KOMITBIOTEPHBIX IPOTPAMM.

“Top Drive” mo3Bonsier Oyputh ¢ Oosee JUIMHHOM
OypoBoii TpyOoii. IlpuHMMas BO BHHMAaHHE, 4YTO
OypeHHe pPOTOPOM BBINONHAETCS  TpyOaMu UTMHOM
okoio 9,1 metpa, a “Top Drive” obecnieunBaer OypeHue
Tpybamu jynHOM 18+27 MeTpoB, TO €CTh IIeJI0i CBedoil
OypoBBIX TpPyO, B 3aBHCHMOCTH OT BBICOTHI OAalllHH.
Hcnonb3oBanue 1pu  OypeHun Ooiee  JTMHHBIX
OypunbHbIX TpyO “Top Drive” mno3Bonsier Oosnblie
NPOBOJUTH  ©KETHEBHOTO  OypeHus, Tak  Kak
YMEHBIIAETCS KOIMYECTBO COSIUHEHHUM CO CIELYIOIIEH
JUIMHHOM ~ OypwibHOM — TpyOoit.  Eme  omxuMm
npeumymiectBoM “Top Drive” sBusiercs TO, 4TO OH
¢ peKTUBeH C TOYKM 3peHusi 3arpaT Bpemenu. [lpu
OypeHHH  BEpTJIIIOTOM  Bce  OypuibHble  TPYOBI
MOJHUMAIOTCS. HA JUIMHY KBaJIpaTHOH TpPYOBI, YTOOBI
J00aBUTh HOBYIO OYypWIIBHYIO TpYOY, HO Ipu OypeHHH
“Top  Drive” HapammBaemas OypoBas  TpyOa
coeauHsIeTCs K o0Imei 6ypoBoit KomonHe Tpyo [4].

Takum oOpazoM, Ooiiee KOPOTKHHA M OBICTPBI
IPOLIECC 3aKPBITHA CBOAUT K MHHUMYMY PHCK
nepexBaTa CKBaXKHMHBI, Jaxxe Korja OypoBoOil pacTBop He
BBOAUTCS B CKBaXHHY. CyIIECTBYIOT Pa3IUYHbIEC TUIIBI
“Top Drive”, KOTOpble B OCHOBHOM KJIacCH(PpUIMPYIOTCS
B 3aBUCHMOCTH OT Oe30macHOCTH paboueil Harpysku
000pyIOBaHMs, a TAKKe THIIOB M Pa3MEpOB JBUraTeNeH,
BpaIlaommx OypuibHyo Tpyoy [1].

Ilponiecc OypeHMss B Pa3IHYHBIX  YCIIOBHSX
OCYILECTBISIETCA ~ IyTEM  PETYJAHPOBKH  KPYTSAIIETo
MOMEHTa M CKOpOCTH OypeHHus Ha BbIxozme Bama “Top
Drive”. B Hacrosmee BpeMmsi KpyTAIMHAA MOMEHT H
CKOpOCTb Baja OJIOKa pETYIHPYIOTCS ITOTEHLHO-
METpaMH, PACIOJIOKEHHBIMH Ha IaHEeNW YIpaBJleHUS,
YTO NPUBOAWT K 3aJepKKaM B OYpeHHH M BBI3BIBACT
YBENTMYEHUE HATPYy3KH Ha OypoBOE IOJIOTO U HA TPYOHI,
YTO SBISETCS OOHUM U3 (aKTOPOB, CHIDKAIOIINX
s dextnBHOCTh. OTHUM W3 KIFOYEBBIX BOIPOCOB 3/1ECH
SBIIICTCS. ~ MOTPEOHOCTh  W3MEHEHHsS  MOIIHOCTH
JIBHTATEINs, BO3/ICHCTBYIOIIETO Ha BaJl.

Cnucok nutepartypbl

[1] T. A. Atakishiev . Oil and Gas Field Electric Power.
Moscow, Russia: Subsoil, 221 p.2008
[2] Varco TDS 11-SA Top Drive Operation Manual, 2011.
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BbIYMUCIIEHUA U ONPEAEJNIEHUA C Z-HOMEPAMU

B OOJIBIIMHCTBE ClIydaeB nHpopmanus,
OTHOCALIasicd K pEaJbHOMY pELICHUI0, M SBISIETCS
YaCTHYHO HAAEKHOH. OTO MOXHO OOBACHHTH C
HEHaIKHOCTHI0O UCTOYHMKA MHpopMarmu. Vim MoxHO
OOBSCHUT,  C  HENPaBWIBHOH  HMHTEpIIpeTanuei
nH(poOpMaNnH, HEOTILITHOCTHIO U T.JI.

dopmanuzanust nHQopManmu (Z — uHpOpMaIs)
Ha OCHOBE Z — 4YHCelNl MNpEACTaBIsieT COo00i 3Ha4YeHue
HHTEpecyIoIlel TepeMeHHON Ha OCHOBE €CTECTBEHHOIO
si3pika (Natural Language — NL), ¢ cooTBeTcTBYrOIIEH
HajiekHOCTBI0O Ha ocHoBe NL. HeoOxomumbiM
MOMEHTOM, KOTOPBI CTOWUT YYHTBIBATh, SIBISETCS TO,
yro Z — wuHpOpManus, Kak IpaBWIIO, IMPEICTABISET
HECOBEPUICHHYI0 WH(OpPMAIMIO, XapaKTEepHYI ISt
peasbHOrO0 MUpa, HO B TO ke BpeMsi Z — nHdopmanus
UMEEeT  MOIIHOE ONHCAaHHe C TOYKH  3pEeHHUsd
YeJI0OBEYECKOTI0 BOCTIPUATHS 110 CPABHEHHIO C HEUETKUM
YHCIIOM.

B o2ToM cratks maHbBl JBa  MeToJa  JUIA
npeoOpa3oBaHus Z — YUCIIa B HEYETKOE YHUCIIO, a TAKKe
111 IpeoOpa3oBaHUs HEYETKOT'O YHCIIa B YETKOE YHCIIO.

IIpencraBneH noaxon K NPUHATHIO PELIEHUH 10 Z
— MH(pOpPMAaLK, OCHOBaHHBIM Ha IPSIMBIX BEIYUCICHHUAX
1o Z — uhcnaM. DTOT MOAXOJ MCHOJIB3YET Mapagurmy
O0XKHJAEMOH TIOJE3HOCTH M TPUMEHSETCS K 3ajaye
pelIeHnss  KOHTPOJNBHBIX ~ BOIPOCOB B 00JIaCTH
9KOHOMHUKH.

Yrto Kacaercsi TEOpUM NPUHATUS PELIEHUH, TO
CYIIECTBYET HEKOTOpas MOomyisipu3anus HH)opmaimy,
CBA3aHHas ¢ pemieHUsAMHU. llepsas momynspu3aus
IIpefiHa3HAueHa Il YEeTKUX YHCed, a BTopasl Oojblie
3aMHTEpecOBaHa B  HCIOJIB30BAHUM  HHTEPBAJIOB.
DakTU4ECKU, TEOPUU NPHUHATHS PELIEHUIl B OCHOBHOM
OCHOBaHbI Ha 3TUX JABYX Nomynspuzanusx. OCHOBHbIC
JOCTYIIHBIE TEOPHM TPHUHATHS  PEIICHHH MOXKHO

paszlienuTh  Ha
OKHAIaeMO
WCTIONb3YeT

CIIeyIOIINe  KaTerOpUu:
MOJIC3HOCTH W  TICPCICKTHBHI,
YHUCJIOBYIO MH(OpMAIIHIO,
OCHOBaHHBIC HAa MHOXCCTBE IIPHOPOB,
oxumaemas TOJNE3HOCTh  Maxmin,
HH(POPMALIUIO C UHTEPBATAMHU.
TpeThs HOMyISIpU3aIKsl — HEYSTKUE MHOXKECTBA. B

Teopust
KOTOpast
U Teopwuw,
TaKhe Kak
UCTIOJB3YIOIIAst

paMKax 3THX HabOpOB, KaXKeTCs,  CYIIECTBYET
MHOXKECTBO paboT, TMOCBSILIEHHBIX JTOH 00JacTH
JIMHTBUCTUYECKUM NPEeANOYTeHHSIM, HEYETKON
¢dyHKIIMN TIOJIE3HOCTH, HEYETKOMY

MHOTOKPUTEPHUATBHOMY MPUHATHUIO PEIICHUN U JAPYTUM.
HeonpeneneHHOCTs BIIOJIHE OUYEBUIHA B pPeAIbHOU
KHU3HH, TAe OOoJbIIas 4acTh MH(POPMALUH, OCHOBAHHAS
Ha  TPUHATHM  peuleHWd,  Tpedyer  Oonbliei
OCTOPO’KHOCTH U3-3a OTCYTCTBUSL HEONPEIECICHHOCTH. B

pe3ynbTate TpyAHO (opManu30BaTh  CHOCOOHOCTH
MpUHUMAaTb palroOHAJIIbHBIC PCHICHUA, ‘-ITO6BI 6BITB
HEONpeIeIEHHOM, HETOYHOM /Wi HEMOJIHOMN

unpopmanmeii [1].

Teopus MpUHATHS pELICHUH, IpeaiokeHHas B [3],
MMEeT JIeJI0 ¢ HeCOBEPILICHHON MH(OpMaluei, KoTopas
omucaHa Ha ecTecTBeHHOM s3bike (NL).

Cnucok nutepartypbl

[1] L. A. Zadeh, “A note on Z-numbers. Information
Sciences”, vol. 181, Ne 14, p. 2923 — 2932, 2011.

[2] R. A. Aliev, and L. M. Zeinalova, “Decision making under
Z-information. In  Human-Centric  Decision-Making
Models for Social Sciences”, P. Guo and W. Pedrycz,
Eds., vol. 502, p. 233 — 252, 2014.

[3] B. Kang, D. Wei, Y. Li, and Y. Deng, “Decision making
using Z-numbers under uncertain environment”, Journal of
Computational Information Systems, Ne8(7), p. 2807 —
2814, 2012.
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OFDM PERFORMANCE ANALYSIS IN DVB-T

Orthogonal Frequency Division Multiplexing
(OFDM) is a powerful technique employed in
communications systems to combat with the frequency
selective channel. Combined with smart antennas
(multiple antenna system) at the transmitter and
receiver, OFDM proves to be robust against channel
delay spread. Moreover, it leads to significant data rates
with improved bit error performance over links having
only a single antenna at both the transmitter and
receiver. In this work, the performance of the 2nd
Generation Terrestrial Digital Video Broadcasting
(DVB-T2) is analyzed, where high data rate is a must.
To analyze this system, OFDM with Multiple-Input
Multiple- Output (MIMO) systems have been used by
applying an algorithm called Space-Time Block Code
(STBC). Here, bit error rate (BER) of the system is
analyzed in Additive White Gaussian Noise (AWGN)
channel using QPSK modulation scheme. It has also
been proved in this work that, the combination of
OFDM-MIMO system is much more bandwidth
efficient compared to normal OFDM system.

Digital technology has great advantages in terms
of baseband efficiency, flexibility and RF performance.
For this reason, the digital transmission of television
signals has become a very attractive option for
broadcasters. More than one program can be
broadcasted within the bandwidth over which the digital
broadcast is transmitted and may have better image
quality. The paths of the special multi — carrier
modulation method COFDM (Coded Orthogonal
Frequency Division Multiplexing) and DVB crossed in
the mid — 1990s, as a result, system becomes for
efficient transmission of digital television broadcasts in
terrestrial environments. In this study, the performance
of OFDM in DVB - T system was investigated by using
MATLAB. In order to improve performance, the
number of OFDM carriers and frequency comparisons
were made on the frequencies specified for DVB-T and
the design of the optimum system was aimed and
simulated.

Frequency Division Multiplexing (FDM) is a
widely used technique for signal transmission in
frequency selectable channels. Basically, in this
technique, the channel bandwidth is divided into a
number of subbands, thereby multiplying the carriers at

low speeds at the frequencies allocated for each
subcarrier. The carrier frequency gaps must not each
other to separate the signals on the receiving side.

This necessity prevents full efficiency from the
frequency spectrum. By the need to make more use of
bandwidth, the orthogonal frequency division
multiplexing technique (OFDM) has been proposed
against this problem.

As shown in (fig. 1), the inverse fast fourier
transform (IFFT) algorithm of OFDM is applied to real
sample vectors.

OFDM Transmitter
. Ll >
Datain Modulation e o0 , OFDM Signal
(QAM) i " (Baseband)
> >
Data out Nl < )
Demodulation OFDM Signal
= (QAM) “ BT AD (Baseband)
-

OFDM Receiver

Fig.1. Block Diagram of OFDM Transmitter and Receiver

The protection interval is entered by repeating the
vector end components at the beginning of the vector.
The sign windowing function is required to limit the
bandwidth. Most commonly used is increased cosine
function.
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NEPBUYHbIA NU3MEPUTENbHbIW MPEOEPA30BATEJb KOHLIEHTPALIUN
BOAOPOAA C HEMNPEPbIBHbIM PEXXUMOM T'A30OAHAJIU3A

UzBectHO, 41O MHOTHE TIepBUYHBIE
W3MEpUTENbHBIE  Mpeo0pa3oBaTeNl  KOHLEHTPALHH
BOJIOpOZA [JETal0T BO3MOXKHBIM IIPOBEIECHHE Ta30BOTO
aHanu3a. OHAKO, MCHONB3yEeMbId B HUX HWMITYIbCHBIH
METOJl BBOJIa Mpo0, HEMPHUMEHUM B CO3JaHUH CHCTEMBI
ABTOMAaTHYECKOT'O aHAJTMTUYECKOT0 KOHTpOJIS,
TpeOOBaHWEM KOTOPOTO SIBJISETCS HENPEPHIBHOCTH
IOTOKA, IIPOTEKAIOIIEro 4epe3  MpeoOpas3oBaTenb
aHanu3upyeMoi cmecu [1].

AHanu3aTop COCTOMT U3 CHCTEMBI Ipo000TOOpa,
napaMarHUTHOW U3MepuUTeNnbHOW sueiiku Ha O2 u
KOHTpOJLIEpa.

KonTposnep perymupyer TemiepaTypy B 4-X
30HaX (BXOA MPOObI, KOHACHCATOP CEpbI, Ie4b, COpOC
npoObl), H3MeEpsieT CHrHajd s4Yedkd u  QopMHpyeT
CHTHANBl JUIsd DPEryJupoBaHMs pacxoia Bo3ayXa Ha
TEXHOJIOTUYECKYIO YCTAHOBKY.

Temmepatrypa BO  BXOJAHOW JIMHMM  TPOOBI
MOAJICP>KUBACTCSI BBIIIE TOYKH POCHI TEXHOIOTHMUECKOTO
MoToka rasza. TemmepaTypa KoXyxa KOHAEHcCaTopa
Cepbl, U3MEPUTENIBHON STYEUKHU U NIeYH MOANEPKUBAETCS
nocrosHHol B auanasone 20...140°C (4yre BbILIE
TOYKH pOCBI), a KOHJICHCATOp CEPbl OXJIAXKIACTCS
Bo3qyxom KHUII.

[Ipoba ra3za, oroOpaHHas M3 TEXHOJIOTHYECKOTO
[IOTOKA, IMOAAeTCs B KOHJEHCATOp CEpbl, TJE KHUAKas
cepa Bo3Bpamaercst odpaTHO B mOTOK. KoHcTpykims
KOHJIEHCATOpa HCKJIIOYaeT TaKkKe MPONYCK B sUEHKY
IIapoB CEPBHI.

it co3gaHusi W3MEPUTENBHBIX YCTPOMCTB C
HETIPEPHIBHBIM ~ PEKUMOM  Ta30aHalu3a IPOBEIICHBI
HCCIIEeJOBaHUS B obnactn U3MEPHUTENBHBIX
IEKTPOXUMHUUYECKUX CHCTEM, B IIPOLECCE KOTOPBIX
BBISIBJICHA HEOOXOAMMOCTh IIOAAEPKAHUS 3JIEKTPOI-
MeMOpaHHOTO OJOKa BO BJIAXKHOM COCTOSHUH IIpH

ycaoBur  AudGy3MOHHON MMOJaYM  aHATH3HPYEMOi
ra3oBOii cMeCcH ¥ HEOOXOOUMOCTh  IPUMEHEHUSI
JOTIOTHUTEIBHBIX rasoB UL obecriedeHust

WHBAPHAHTHOCTH BBIXOJHOTO CHTHajJa K HOOOYHBIM
KOMITOHEHTaM cMecH [2].

[lepBuuHBII W3MEPHUTENBHBIA TPEOOpa3OBATETh
COCTOMT M3 KOpITyca, BHYTPH KOTOPOTO HaXOAWTCA
yBIaXHeHHass WoHHas cmoma (H® ¢dopma), a Takxke
noHoobmenHass mem6Opana B (OH) ¢dopme, mo kpasm
KOTOpOH pa3MemieHsl pabounii W BCHOMOTATENbHBIN
3JEeKTpoAbl.  BbIXOOHOW ~ CUTHaln  M3MEPUTEIbHOU

CHUCTEMBI (DUKCHUPYETCS PETUCTPATOPOM, BKIFOUCHHBIM
BO BHEUIHIOIO I€Nb, TOIKIIOYEHHYIO K AJIEKTPOJaM.
JlanHass  rajgpBaHMYECKas  CHCTEMa  COCTOUT W3
WOHOHOCHTEIIS, 3aKJIIOUEHHOTO MEXAY O3JIEKTPOIaMH,
BBIMIOTHCHHBIMKE W3 PAa3JIUYHBIX MAaTEpUAIOB. 3ajada
pabodero osyieKTpola 3aKIIOYaeTcs B HOHH3ALUH
BOJIOpOJIa, MPOTEKAIOLIETO M0 CXeMe, MPeICTaBICHHON
B hopmye:
H, > 2H,,. > 2H" +2e~

Matepuan, U3 KOTOPOro OH BBINOJHEH, OTHOCHTCS K
MeTajuiaMm TUTATHHOBOM TPYIIIEL 3anava
BCIIOMOTaTENbHOI0 3NIEKTpOoAa COCTOMT B
WHUIMMPOBAHUK TOKOOOpalleHHss B HWOHOOOMEHHOMU
MeMOpaHHOM cucTeMe.

MaTepHaHOM, COOTBETCTBYIOIIIUM OTHM YCJIOBUAM
aprsercs  okcun  cepebpa  AgrO.  IIpomeccsr,
IpOTEKaloNe Ha HeM M pabodueM 3JIeKTPoAe, UMEIOT
BU/JI, TIPEJICTABIICHHBIN (POPMYIIOid:

Ag, O+ H,O+2e” —2Ag +20H ™

CymMapHast peaxuust NIEKTPOXUMHUYECKOH
CHUCTEMBI UMECT BUA: 2H " +20H~ — 2H,0

B kauecTBe MOHOHOCHTENSI BBIOPAH KBAa3UTBEPAbIHA
3JIEKTPOJIMT, CIOCOOHBIH ObITh Kak B H*, Tak u B OH"
¢dopme. Cxema, coOriacHO KOTOPOW NAaHHBIN DIIEMEHT
(YHKIMOHMpPYET Tak: BCIIOMOTATENBHBIH  3JIEKTPOA
(Ag20) — wononocutens (H* (OHY)) — pabouwnii
amektpon (Pt) — aHamm3upyemasi ra3oBas CMeECh.
ONEKTPOXUMHUYECKUN 3JIEMEHT, PeaTn3yIOIUil JaHHYIO
CXeMY HMeEET BBIXOAHOM JJIEKTPUYECKUH CHUTHAI,
dopMupyeMBIii TP TOCTOSHHOW  Togade B
npeobpa3oBaTelb BOJIOPOZICOEPKAILETO rasa,
BEJINYMHA KOTOpOro SIBIISIETCSI ¢byHKIMEH
KOHLEHTPAINN BOZIOpOZA B 3TOH CMECH.
OTIUYUTENFHOW OCOOCHHOCTBIO 3TON CXEMBI OT APYTUX
ABISIETCA WCKJIIOYEHHE M3 [MKJIAa BCIOMOTaTEIbHOTO
rasa.
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METOAM ONTUMISALIT PILLEHb WOOO0 AHAII3Y MEPCOHANI3OBAHUX OAHUX

VY cydacHUX yMoOBaX po3poOKa i 3iACHEHHS €IUHOL
(biHAHCOBOI ITONITUKM 3aiiMae 3HaYHE MiCIe B 3aTaJIbBHOMY
MeXaHi3Mi yIpaBIliHHS MiIIpUEMCTBOM. Poib yrpaBitiHHS
(biHaHCaMK BU3HAYAETHCS TUM, II0 BOHA TOPKAETHCS BCiX
cropiH 1i eKOHOMIUHOI  MiSUTBHOCTI:  TPAaKTHUYHIH,
AHATITUYHIH, HAYKOBO-TEXHIYHIH, MapKETHHT OBiH,
MarepiaJibHO-TEXHIYHOro 3a0e3nedeHHs 1 T. 1., Ta
BijloOpakae BIUIMB YHCICHHUX BHYTPIMIHIX 1 30BHIIIHIX
(akropiB. OcoOnuBe Micue cepel I 1 3aBIaHb
mianpueMcTBa B oOnmacTi  ympaBiiHHS  (piHAHCAMU
3aiiMaroTh: MOCTiiHE 30UTBIIEHHS BAPTOCTI MiIIPUEMCTBA,
MaKCHMi3allisi BapTOCTI BKJIAJICHMX B HBOIO BJIACHHX
KOIITIB, MiHIMi3alisl 3aydeHHs 30BHIIIHBOTO KalliTamy.
Came TOMY BHUBYEHHS palliOHAJIFHOTO  OLHIOBaHHS
TPOIIECY YIPaBiHHS (DiHAHCAMH € aKTYaJbHOI TEMOKO B
CY4aCHUX YMOBAaxX HECTaOLILHOrO (JiIHAHCOBOTO PUHKY.

BuKOpHCTaHHS TOKa3HHKIB KOMIUICKCHOI ~OI[IHKA
CTaHy MIANPUEMCTBA IIJI Yac TPOBENCHHS aHali3y
(iHAHCOBOI  YCIIIIHOCTI ~ JIO3BOJNIMTH  MEpenOaulTH
JIMHAMIYHI 3MiHH, IO BiIOYBaTUMYThCS y (HiHAHCOBOMY
CTaHl KOMIIaHil TiJi BIUIMBOM BIIPOB/DKEHHX pillleHb, a
TaKOX ITii0paTh HalOLIbII aJeKBATHI PIILICHHS YIS 3MiHU
crparerii po3Butky. Jlis Bhanoi pearmizaimii moHIyKy
crparerii HeoOXiHO 3a0e3MEeUNTH 1HIMBIYaTbHAN TIXi]
LIOJI0 BU3HAYEHHs SIKOCTI YIpaBiiHHs (iHAHCAMH, 32
PaxyHOK ypaxXyBaHHS NEPCOHAIBHUX JAHUX JiSUTBHOCTI
T IIPUEMCTBA.

[poOmema  ympapminHsg ~ (iHAHCAMH  3aBXKIH
3HAXOAWINCSA B LIGHTPI yBAard CY4aCHOTO MEHEDKMEHTY,
00 Hecraya a0 HENpPaBWIBLHUN PO3NOALUT (DIHAHCOBHX
pecypciB  MOXYTh CIPUYMHHUTH YIIOBUIBHEHHS PIBHS
MPOJIyKTHBHOCTI ITNPUEMCTBA 32 PAXYHOK 3HIDKEHHS
BOXIIMBUX TMOKa3HMKIB #oro misuibHOCTI. EdekruBHe
yhopaBmiHHA ~ (IHAHCOBUMH  pecypcaMu  3a0e3mnedye
pauioHanbHEe BUKOPHCTAHHA (DIHAHCOBHX KOINTIB Ha BCIX
VIPaBIIHCBKUX JIAaHKaX PHHKOBOI CTPYKTypu. Tomy y
KpalHaX CBITY HIOCITIPKYIOThCS TPOOJieMH (iHAHCOBOrO
ympasminss, 30kpema: B. I'. I'eteman, JI. Bprommepxodd,
A. Ilpemuann, H. A. Kamopmkanosa, H. I1. Konnpakos,
H. HTpeneB, E. C. CrosHoBa, I. A. HomOpoBcbka i
0. A. MammmieBa.  Ile  0OyMOBITIOETBCS ~ TIPAKTUIHOIO
HEeOoOXiAHICTIO MI0/I0 €EKOHOMI1 TPYIOBHX, MaTepiaIbHIX Ta
(irancoBUX pecypcis. [1]

OnmHNM 3 TPUHIMTIB, IO peani3yeThes B qaHnx EC,
€ BHUKOPUCTAHHS BEPXHIX Ta HIDKHIX IOPOTiB I
iMOBIpHOCTEll Okpemux rinote3 [2]. SIKIO iMOBIPHICTH
P(H) micist BpaxyBaHHs BCIiX TOi#f TTEpPEBHIIYe BEPXHii
niopir Max(H):

P(H) > Max(H)l

TO TinoTe3a H NpUAMaeTbCS SK OCHOBA JUISI MOMKIIMBOTO
BHCHOBKY. SIKII0

P(H) < Min(H)_

Je Min(H) — mwkHii nopir, ol rimore3a H BIAKHIAETHCS
SIK HeTIpaBJI0Mo1i0Ha.

Slkimo B TEBHMIA MOMEHT POOOTH  CHUCTEMH
3’CYETHCSI, MO YIS OYIb-SKOi Tinore3u H, BUKOHYETHCS
yMOBa!

Pun(H) > Pmax(Hi)7MVi #K

1€ Prin(H) — morouna minimMaibHa iMOBipHICTh Tinore3u H
Ta  BIAMOBIAHO  Pma(H) —TOTOYHA  MaKCHMAJBHO
JIOITyCTUMA IMOBIPHICTB 15t TiroTe3u H.

Toni rimote3a Hy € Oi1bI11 IMOBIPHOFO 1 TIPOIOBKCHHS
EKCIICPTH3H HE € TOIIbHIM.

baza 3nans BignosigHol [ICY® micTuTh 3amicH, 1o
TOPKAIOTHCsl 3HAaHb MPO KOHKPETHI pillleHHs (rinoresn) i
3HaHHS 110 KPUTEPIsX, TPU SIKAX I[PU3HAYAIOTHCS
BimmoBimHi eramm. KokHa rimore3a Mae  BiAmoBigHWUI
(hopmanizoBanuii 3ammc:

N; P(H): D Es () PCE, / H )i P(E,, 1 H),

. n . . . o
e N — massa rinmoresn H; Z E — KiIbKicTb ycix nogiit
1

-
miei rinoresn, Nk — momep moii, P(Ex/H) — imoBipicTs

BUKOHAHHSA ITOmil I JaHol TiloTesy, P(E, /H)_
IMOBIPHICTh BHKOHAHHS TMOAIl TPH HEBIPHOCTI JaHOI
TifoTe3N.

Ha migcraBi mpoBeneHUX CHOCTEPEKEHb, MOXKEMO
CTBEP/DKYBATH, IO MEXaHI3M JIOrYHOrO BHUBEICHHS €
JIOCUTh TPOMI3IKAM, BUMAra€ IOCTIHMX NepepaxyHKiB
MapaMeTpiB MICIs KOKHOTO 3aIHTY, M0 CYIMPOBOIKYETHCS
MEPEBIPKOI0  KOPEKTHOCTI ~ BUBEICHHX  PE3yNbTaTiB
CHCTEMH, CTBOPIOE e(eKT OLIBII ‘yBaKHOTO™ BiTHOIICHHS
EKCIIEPTHOI CUCTEMM [JO npeaMery ekcreptusu. [Ipu
HEOTHO3HAYHOCTI pE3yNbTaTiB, HA TiJCTaBI BHKOHAHHSI
pi3HEX YMOB BHOIpOK, BUHUKA€ 0araTo aibTepPHATUBHHX
pilieHp, M0 YCKIAAHIOIOTH MPOIEC TMOIIYKY MLTHOBHX
CTpAaTEriYHUX PIMICHb.
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ACCUMULATION AND PROCESSING OF GEOPHYSICAL EXPLORATION SIGNAL
IN THE SEA CONDITION

The three principal geophysical methods used in
petroleum exploration are seismic, magnetic, and
gravity. The magnetic method is the oldest geophysical
method and is based on the measurement of variations
in the magnetic field due to changes of structure or
magnetic susceptibility of the rocks. Sedimentary rocks
generally have a smaller susceptibility than igneous or
metamorphic rocks, so an interpretation of the recorded
anomalies can yield the maximum depth values for a
sedimentary basin. Magnetic surveys for hydrocarbon
exploration are usually carried out from the air
(aeromagnetics) or from a ship. The gravity method is
based on the measurements of the variations in the pull
of gravity from rocks in the upper layers of the earth's
surface. Denser rocks have greater gravitational
attraction than less dense rocks. Gravity surveys for
hydrocarbons are carried out on land, in the air on
helicopters, and at sea on ships. The most widely used
geophysical method is the seismic method. Exploration
seismology is divided into the branches of reflection
seismology and refraction seismology. Most petroleum
exploration is done by the reflection seismic method.

Currently, our oil workers in our republic are
carried out drilling works in deep layers of the ground at
the present time and have begun to increase the reserves
of natural raw materials found. Recently, in addition to
drilling works, various geophysical methods began to be
used.

This will allow for the proper planning of the area
where the mineral raw material is located and for
selection the areas most suitable for drilling of
exploration methods, by minimizing the number of
wells drilled, increase the speed of research, which is of
great importance to the national economy. For example,
by carrying out the detection of any oil wells costs is
twice cheaper than drilling method. It brings income
about ten million manat to our economy.

It should be noted that large-scale geophysical
exploration works is currently carried out at the bottom
of water basins, seas and ocean, because the methods
used by geologists are not strictly applied there.
Geophysical methods of exploration have been used
successfully in the study of offshore shelves to identify
oil and gas and mineral deposits.

In addition to planning in the Earth’s surface,
exploration works are being carried out on mountain
mines, ships and aircraft. In marine surveys, the greatest

accuracy (0.1 — ImGal) is possible in measurements at
the bottom of the sea, and for this purpose, vessels or
helicopters can be used underwater. Depth is up to 200
meters [1].

These are the main provisions that differentiate the
geophysical area from the geological point of view. If it
is needed detailed information about the cost and from
of the area, it should definitely measure the value of this
area in each observation site. Different devices are used
to measure these physical areas. while diving along the
road, apart of these device continuously record the value
of the area measured. Such device are placed on planes,
satellites, helicopters, cars and vehicles.

The second group devices consist of non-
stationary receivers (sensors) on the space, and signals
coming from these are recorded on stationary receiver
devices. Registrants record incoming signals, values of
the physical area on the tape, or draw their schedule on
a regular basis. Such devices are also used for research
in wells and water basins. The third group devices
determine the value of the physical site when the
devices are fixed at the observation point. These form a
large group and are widely used. Measurements are
carried out with them at any scale on any section and
route on the surface. Observation stations are located at
distance from each other along the route.

During geophysical observation, the routers are
laid perpendicular to the stretches in the area, and in
most cases the routes are parallel to each other. The
distance between the routes (profiles) depends on the
scale of the study, but on the one hand, these distances
also depend on the size of the geological object to be
searched.
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PROCESSING OF GEOPHYSICAL SIGNAL IN THE SEA CONDITION

In geophysics, the seismic reflection method is
widely used in exploratory surveys to detect and map
subsurface structures and interfaces. It consists basically
in characterizing the depth of the reflecting surfaces and
their influence on the wave speed on subsurface layers.
A seismic source induces a signal at a certain known
location, and its reflections on the interfaces between
physically different layers are recorded for further
analysis.

High-resolution  seismic has very limited
applicability at shallower depths (ten to hundred meters,
in the case of lagoon, estuary and river surveys) and has
better resolution than the conventional seismic, since it
is able to image structures of centimeters. Methods and
concepts from solid Earth geophysics are used in high-
resolution seismic and its objective is generally
addressing economic, technological and environmental
issues. From the 70s and 80s, applied geophysics has
also been used in engineering, hydrogeology and the
environment, in order to investigate shallow targets.
Usually, the noise content in highresolution data makes
very difficult to interpret the seismic profile and justifies
the application of processing techniques to treat the
acquired data.

Based on these facts, this study presents a proposal
for processing high-resolution seismic data that differs
in several aspects from the conventional seismic
processing flow. Based on certain parameters, such as
the behavior of high frequency wave, acoustic
impedance, applicability of filters to suppress typical
background noise and gain recovery, it is possible to
obtain a much higher quality seismic profile compared
to the original data. Our oil workers in our republic are
carried out drilling works in deep layers of the ground at
the present time and have begun to increase the reserves
of natural raw materials found. Recently, in addition to
drilling works, various geophysical methods began to be
used. This will allow for the proper planning of the area
where the mineral raw material is located and for
selection the areas most suitable for drilling of
exploration methods, by minimizing the number of
wells drilled, increase the speed of research, which is of
great importance to the national economy. For example,
by carrying out the detection of any oil wells costs is
twice cheaper than drilling method. It brings income
about ten million manat to our economy.

It should be noted that large-scale geophysical
exploration works is currently carried out at the bottom
of water basins, seas and ocean, because the methods
used by geologists are not strictly applied there.

Geophysical methods of exploration have been used
successfully in the study of offshore shelves to identify
oil and gas and mineral deposits.

In addition to planning in the Earth’s surface,
exploration works are being carried out on mountain
mines, ships and aircraft. In marine surveys, the greatest
accuracy (0.1 — I mGal) is possible in measurements at
the bottom of the sea, and for this purpose, vessels or
helicopters can be used underwater. Depth is up to 200
meters [1].

These are the main provisions that differentiate the
geophysical area from the geological point of view. If it
is needed detailed information about the cost and from
of the area, it should definitely measure the value of this
area in each observation site. Different devices are used
to measure these physical areas, while diving along the
road, apart of these device continuously record the value
of the area measured. Such device are placed on planes,
satellites, helicopters, cars and vehicles. The second
group devices consist of non-stationary receivers
(sensors) on the space, and signals coming from these
are recorded on stationary receiver devices. Registrants
record incoming signals, values of the physical area on
the tape, or draw their schedule on a regular basis. Such
devices are also used for research in wells and water
basins. The third group devices determine the value of
the physical site when the devices are fixed at the
observation point. These form a large group and are
widely used. Measurements are carried out with them at
any scale on any section and route on the surface.
Observation stations are located at distance from each
other along the route. During geophysical observation,
the routers are laid perpendicular to the stretches in the
area, and in most cases the routes are parallel to each
other. The distance between the routes (profiles)
depends on the scale of the study, but on the one hand,
these distances also depend on the size of the geological
object to be searched. The application of different
geophysical techniques has shown to be a highly
feasible solution to study coastal environments, such as
assessing the impact of human activities on them.
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DETERMINATION OF THE VOLUME SENSORS AND FLUID LEVELS STUDY OF
CIRCUIT

Sensors are used to determine the level of various
types of liquid, gaseous and bulk products and materials
in tanks and pipelines.

To work with various substances, contact and non-
contact sensor options are used. Depending on the
structure of the housing and the method of
measurement, the sensors can be installed directly in the
housing of the tank or pipeline, and also mounted
directly above the measurement object itself.

Level sensors are used in all industrial sectors
working with liquid, bulk, gaseous, pasty, viscous,
sticky, etc. materials. The sensors are designed for
continuous measurement or for monitoring the limit
values of a level in a vessel or pipe.

Different types of sensors are designed to work in
different environmental conditions and are used
depending on the characteristics and characteristics of
the measured product.

Level sensors are used to work with:

1. oil, petroleum products, oils, lubricants, cutting
lubricants,

2. water and aqueous solutions, wastewater,

3. acids and alkalis, cleaning fluids,

4. food products, including drinks,

5. plastic granules

6. building materials, dry building mixtures,

various viscous media.

Initially, the level sensors used the simplest
physical principles: the hydrostatic buoyancy force that
moves the float, and the electrical conductivity of
materials that close the electrical circuit when the
material reaches the electrodes. This led to the fact that
this concept is associated primarily with measuring the
liquid level or measuring the level of bulk materials in
various tanks, tanks, silos, tanks, etc.Features: External
DC output function, voltage, power C, line, filter
function. Volume Indicator Series: Measures normal
volume, measures equivalent volume, and measures
static volume. photoelectric  tachometer, laser
tachometer, photoelectric contact velocity, wind speed
measured (anemometer), ultrasound thickness gauge,
volume calibrator, coating thickness indicator,
thermometer, lighting table (photometer), dew point and
thermal meter.

Sound Measurement Noise meter and challenge
meter are some of the most basic and most popular tools

for acoustic measurements, such as volume or volume
level, based on a specific frequency meter weight and
time measurement.

Sound leveling, electromechanical, measurement
sounds, machine noise, vehicle noise and other noise
measurements may be used; If the capacitor microphone
replaces the accelerator sensor with the substitute, you
can use the integrator. It measures the volume level for
vibration measurement.

Sound level meters are generally used to measure
noise. The classification of noise measurements is
basically the following: separation of harmonic welding
features in the measuring object in order to divide
environmental noise (sound space) characteristics.

Regardless of the timing feature of the sound
source or sound field, it can be divided into resolute
noise measurements and unbalanced Master, noise
measurements. The noise can be divided into noise,
periodic change noise, and irregular noise.

The frequency characteristics of the sound source
or sound can be separated by noise, broad band noise,
narrow band noise and extraordinary pure sound

components.
The accuracy of the measurement needs is divided
into sensitive measurements, engineering

measurements, and noise surveys.

Water Alarm (Electric Meter) is a portable, easy
and reliable tool for measuring water levels, total depth,
depth of wells, observation pipes, reservoir
measurements and also pump tests.

When the measuring probe's electrode is in contact
with the water surface, the warning lamp works with the
acoustic signal on the device. The water level is read in
meters and cm.

The range is 50 m, 100 m, 150 m, 200 m.
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CALCULATION OF THE VOLTAGE AMPLIFIER

An amplifier is a device designed to amplify
power of electrical signals.

Amplifiers are classified according to the
following criteria.

1. The range of amplified frequencies - low-
frequency amplifiers amplifiers of a direct current,
amplifiers of high frequencies, selective amplifiers.

2. According to the functional purpose - voltage,
current amplifiers, power.

3. By the nature of the amplified signal -
amplifiers continuous and pulse signals.

The voltage amplifier consists of an operational
amplifier, resistors R1, R2 and R3. An amplifier signal
of one volt is applied to the input of the amplifier.

Ugut =Y =2 PI-RI =,/2-01-1000 =14V

The input impedance of the cascade is very large
compared with the output impedance of the generator filter,
so we assume that all the power will be applied to the input
impedance of the voltage amplifier [1]. Given the task of
adjusting the gain by + 15%, to obtain the amplitude of the
required value, we need to amplify the input signal by 15
times at the maximum value of Ky and 13 times at the
minimum (minus 15%).

As a variable resistor R3, we choose a resistor SP2-2.
Its characteristics are given in table 1.

Table 1
The characteristics of the resistor SP2-2
Nominal Resistance 22 — 100x10°8
Range
Tolerance +20%

Given its maximum and minimum resistance
values, it is possible to choose the resistance value R2
connected in series with it:

R2 + R3;

Ky min :_%:_13,
R2+R3

Ky mex :_%:_15_

Having solved these equations, we find the
necessary  values of Ry =49,98kOhm  and

R9 = 679,83 kOhm. As the resistance R8, we choose

the resistor MLT-0.25-51kOhm + 5%. As the resistance

R2, we select the resistor MLT-0.25-680 kOhm + 5%.
As an operational amplifier, we will choose OU

1408UD1. Its main parameters are shown in table 2.

Table 2
The main parameters of OU 1408UD1
Ku 100000
f, Mhs 0,8
Rin, MOhm 0,3
Rout, Ohm 250
Vuout,V/mkc 2
Uout max,V 21
lout max,mA 4,2
Upower,V 27
IL,mA 4

The low frequency of the generated oscillations
allows us to conclude that this operational amplifier
satisfies us in terms of speed and frequency parameters.
The rated output voltage does not exceed the maximum
possible output voltage of this operational amplifier [2].

An amplifier is a device designed to amplify power
of electrical signals. Amplifiers are classified by the
range of amplified frequencies, functional purpose.
Feedback refers to the process of transmitting a signal
from an output circuit to the input. The circuit providing
this transmission is called a feedback loop. The
feedback loop consists of a direct path formed by active
element, and the return path formed by the feedback
circuit.

Negative feedback stabilizes the operation of the
circuit, reduces signal distortion caused by the non-
linearity of the amplifier characteristics.

The introduction of negative feedback allows us
not to take into account the output impedance of this
amplifier stage when it is connected to the current
amplifier stage.
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INTELLECTUAL SYSTEMS DEFINED IN MAGISTRAL OIL PIPES

In this paper we present the unique the system uses
optical fiber distributed sensors to provide simultaneous
distributed measurements of temperature, strain and
vibration for the detection, monitoring, and location of
events including: Third Party Interference (TPI),
including multiple simultaneous disturbances; geo-
hazards and landslides; gas and oil leaks; permafrost
protection. The Integriti technology also provides a
unique means for tracking the progress of cleaning and
instrumented pigs using existing optical telecom and
data communications cables buried close to pipelines.
The Integriti solution provides a unique and proactive
approach to pipeline integrity management. It performs
analysis of a combination of measurands to provide the
pipeline operator with an event recognition and location
capability, in effect providing a hazard warning system,
and offering the operator the potential to take early
action to prevent loss.

Through the use of remote, optically powered
amplification, an unprecedented detection range of 100
km is possible without the need for any electronics and
therefore remote power in the field.

A system can thus monitor 200 km of pipeline
when configured to monitor 100 km upstream and
downstream from a single location.

Protecting the environment while transporting
hydrocarbons — oil and oil products — is one of the
important issues. Due to the high pressure of oil
transported through pipelines, their sealing can cause
large leaks even in the presence of minor defects. This
can result in not only raw materials loss to companies,
but also the cost of detecting and eliminating these
accidents, as well as imposing fines for environmental
damage and a number of adverse environmental
impacts.

The problem of oil and oil products leakage from
oil pipelines is becoming more global, and thus the
problem is becoming more relevant [1].

Pipeline system is the best way to transport oil or
gas to another station. In this regard, the bulk of oil
transportation is carried out through pipeline transport.
Poor maintenance and low security can lead to massive
financial losses. The pipelines are designed for long-
term use and are prone to wear. This also creates
conditions for leaks. For maximum efficiency, it is
important to have a leak detection system that can be
trusted by pipeline operators. It should be able to
quickly and accurately detect leaks, minimize false
alarms, operate efficiently in all working conditions, use
sensors with high reliability and low maintenance.
There are three main categories to classify leak
detection methods:

— the first category, automatic leak detection
systems that can be identified by pipelines monitoring
system without installation of a human operator after
installation;

— the second category, automated leak detection
systems that work with specific operators;

— The third category includes methods of detection
by means of a variety of devices and equipment based
on local governance [2].

Detection of leaks in the main pipelines is one of
the most pressing issues. Thus, the presence of leaks
leads to many negative consequences. This does not
have a negative impact on companies only with product
losses. At the same time, imposing fines for
environmental pollution can also lead to serious
environmental disasters. From this point of view, the
aim of the thesis is to develop proposals to improve the
system parameters.

The problem of leakage of oil and oil products
from oil pipelines is becoming more globalized and the
solution to this problem has become more urgent.

Pipelines are an efficient and safe way to deliver
large amounts of liquid oil over long distances.
However, pipeline leakage cannot be completely
regulated, and pipeline companies take various
measures to maintain and track pipelines [3].
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INVESTIGATING WAVE ENERGY AS A RENEWABLE ENERGY SOURCE

Wave energy can generate large amounts of clean,
safe, reliable, and economical renewable energy, thus
making it an attractive source to meet the rapidly
growing demand for energy [1]. Although in its
infancy, the wave energy industry is expected, similar
to the offshore wind power industry, to become
established in several Nordic countries because of the
rapid growth in the past decade.

Among the various renewable energy sources
(such as solar, wind, and tidal power), wave energy has
the highest power density and provides relatively
continuous and reliable output, which is advantageous
for the operation of the power grids [2]. Some large
devices are designed, which indicate the diversity of
the practical applications in the ocean. The cost of
tapping the wave energy has increased from the 1980s
but gradually declined and is likely to further reduce
with advances in the technology industry. As energy
costs from fossil fuels are exorbitant, wave energy
could become economically feasible in the near future.
Thus, policy-makers, the private sector, and the general
public are interested in the conversion of wave energy
into electrical energy. The two important steps in this
process are assessment of the ability of a site to
produce electricity and identification of surrounding
ecosystems and the potential impacts and activities in
support of electricity production.The demand for
energy on Earth is increasing day by day. Research
shows that the need for injection will be more than
twice the current demand. At the same time, the use of
gas and fuels associated with energy production also
causes the formation of CO; gas. This, in turn, results
in environmental pollution and climate change.

Therefore, demand for renewable energy is
increasing day by day. As you know, there are enough
renewable energy sources in nature. As an example, we
can give examples of solar, wind, and wave energy
sources.

As in the whole world, there is a great interest in
the use of alternative and renewable energy sources in
the Republic. That is why on July 28, 2018 the
President of the Republic of Azerbaijan signed a decree
on the electricity generation from renewable energy
sources will be implemented [3].

One of the alternative sources of energy is wave
energy. Research shows that the minimum wave height
in the area of the Guba — Caspian is not less than 20cm,
which means that there are several hundred megawatts

of energy in the area. If that energy is used, the
Republic's electricity needs can be fully met.

Wave energy is a source of energy derived from
the wave action of water in the seas and oceans. The
wave has characteristics such as flow, swing, and
pressure. This allows us to generate electricity using
these features. Efficient use of wave energy requires
floats and turbines to be installed in a larger area.
Consolidation of energy in this area is an important
issue.

It is proposed to collect energy from sources using
small powerful generators. The accumulated electricity
is driven by an asynchronous engine by means of a
frequency  converter  (inverter). In  turn, an
asynchronous engine activates an electric generator. As
a result, stable electricity is obtained. Here the
frequency converter allows you to adjust the power and
frequency of the generated electricity.
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OMNTUMAJIbHOE YNPABJIEHUE MYCKOBbIX PEXXUMOB B TOMJIMBHbIX
OQHEPIETUYHECKUX NMPEANPUATUAX

Hedterazoas otpacip SBISETCS JHAUPYIOIICH
oTpacibio A3zepOaiikaHe M0 MOCTYIUICHUSAM JEHEKHBIX
cpeIcTB B OrOmKeT. BmecTte ¢ TeM JKCILTyaTanus
He(pTera3oBbIX 00BEKTOB CBSI3aHA C PUCKAMHU.

Crpykrypa ACY TII MIIXI" mpencraBiser coOoit
MHOTO() YHKIIHOHAJBHYIO CHCTEMY PAaCIPEACICHHOrO
VIIPABJICHUS U COJCPIKUT TPU YPOBHS:

Hwxuuit yporenb (“moneBbie” cpeacrtsa KUITuA)
COCTOUT W3  WCIOJHHUTEILHONO  00OpYIOBaHUS,
TEXHOJIOTHYECKOTr0 000pYIOBaHUS U HH(DOPMAITHOHHO-
HM3MEPUTENBHOTO KOMILTIEKCA JaTUUKOB.

Cpennuii YPOBEHB MIPEACTaBIISAET co0oif
pacmpenesieHHyl0 — CHCTeMy  cOopa  JaHHBIX |
yIpaBlIeHUs Ha 0a3e yIpaBISIOMNX IPOrPaMMUPYEMBIX
jJoruueckux — KoHTtpoiiepoB  SIMATIC — S7-300
(SIEMENS) u craHmuii pacrmpeneieHHOro BBOJA-
BeiBoga ET200M (SIEMENS), BEIIONHSIOMKX cOOp |
00paboTKy uH(MOpPMAaIK IS 0a3bl JAHHLIX CHCTEMBI U
peau3yolMe  BCE  TCXHOJOTMYCCKHE  (DYHKIIUH
cucrembl ynpapienus. Takxe B IITK cpegHero ypoBHs
BXOIAT  paclpeleNieHHble — amnmapaTHble  CPEICTBa
cucreMbl BOAO (bimok DOkcTpeHHOro ABapHITHOrO
OcraHoBa), pa3MelieHHble B IHKadax JOKaIbHBIX
KOHTPOJIJIEPOB.

Bepxnuii ypoBeHb — YPOBEHb IIEHTPAJbHOIO
OMepaTUBHOIO YIpaBJICHUS c peanu3aruen
JMUCTAHIIMOHHOT'O  YIPAaBIEHWS]  HUCIIOJHUTEIHHBIMHU
MEXaHH3MaMH, U3MCHEHHs 3aJaHHs PEKHUMOB PaOOTHI
MTOJICKCTEM YITPABIICHHMS, IPEACTABICHUS HH()OPMAIIHH
Ha MOHHUTOpPAX, 3BYKOBOM u BU3YaIbLHOMN
TEXHOJIOTUYECKOW CHUTHAW3aIMM, CPEICTB BEICHUS
JIOTITOCPOYHOT'0 ¥ KPATKOCPOYHOTO apXHUBOB JIAHHBIX HA
6a3e npomsbiuieHusix crannuii SIEMENS u SCADA-
cucrembl WinCC (SIEMENS), a Takke IeHTpallbHas
yacTh cucteMbl BOAQO cocrosiias W3 KOHTpoJiepa
BDAO SIMATIC S7-300 (SIEMENS) u mynsta BOAO.

Kpome OOBIYHBIX PHCKOB TIPOEKTOB,  3/I€Ch
CYIIECTBYET  PHUCK  aBapHi, MPUBOIAIINX K
MaTepHAIbHBIM TIOTEPSIM, HApYIIEHUIO SKOJIOTHYECKOH
00CTaHOBKH U, YTO OCOOCHHO CYILIECTBECHHO, K JKEPTBaM
u Oome3usMm monei. I[Ipou3BOJACTBEHHBIE OOBEKTHI
XpaHEeHUs, TepepabOTKH U TPAHCHIOPTUPOBKU TOPIOUNX

Y TOKCHUYHBIX BEUIECTB SIBJISIOTCS OJHUMH W3 HauOojee
OMACHBIX OOBEKTOB XO3SHCTBEHHOW JIESTEIHHOCTH.
Curyarust yeyryomsercs Tem, uro oomee 80 % Bcex
O0BEKTOB yXKe BbIpa0OTaTM HOPMATHBHBIA  CPOK
IKCILTyaTalHH.

OmHUM W3 OCHOBHBIX (DaKTOPOB, BJIMSIOMIMX Ha
BO3HMKHOBEHHME aBapuii W WHIUJIEHTOB, SBISETCS
yenoBedeckuil  ¢akTop. CrocoOHOCTh — TepcoHaia
NPUHAMATH TPAaBWIBHBIE DEIIEHUS B JKCTPEMalbHBIX
CUTyallsiX, YPOBEHb €ro KBaJlH(UKAIUK TPYAHO
ONPEACNUTh TPAAWUIMOHHBIMH METOJAMH, II09TOMY
1e7Iecoo0pa3Ho UCIMONb30BaTh Pa3IUuHbIE MOAXOMAbI, B
TOM YHUCJIEC U DKCIIEPTHBLIC.

HenocraTouHast pa3pabOTaHHOCTb TEOPETHUYECKHX
Y METOJIOJIOTMYECKUX aCleKTOB YIPaBJIECHHUS IIPOLECCOM
obecrieueHns] IPOMBIIIIEHHOH 0€30MacHOCTH OMACHOTO
npou3BoACTBeHHOr0o  o0bekra (OITO), a Takxke
HEOOXO/JMMOCTh CO3/IaHHsl CHUCTEMbl OLIEHKH PHCKOB
aBapuii M WHIWACHTOB B He(TEra3oBoil OTpaciu H
IIPUMEHEHHUS Ha STOM OCHOBE SKOHOMMYECKUX PELIECHUI
mo  00eCTIeYeHHUIO 6e3omacHoCcTH OIIPENEeINSIOT
aKTyaJlbHOCTb HacTOSMIEH paboThI.

Llenp uccnenoBaHusA 3aKiodaeTcss B pa3padoTke
ONTHMAJIbHOE YIPaBICHHE IyCKOBBIX PpEKUMOB B
TOIUTUBHBIX SHEPreTUYECKUX HpPEeANpPUATHSX,
IrOPUTMOB M KPHUTEPHEB,  OOECIEUYHBAIOIINX
OIEpaTUBHOCTh M JIOCTOBEPHOCTb IIPOrHO3MPOBAHMS
MOTEePb,  BO3MOXKHOCTb ~ YNPABJICHUS  IPOLECCOM
obecriedeHHs  MPOMBIIUICHHOM ~ 0e30macHOCTH B
YCIIOBHSIX HEOPEAEIEHHOCTH.
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HEOOCTATKW TDM CETEM U NEPEXOA NPEONOCHLINIKON K NGN

Buenpenue CUCTEM IP-curnanuzanuu
crocoOCTByeT Wenblii  cTpoid  (akTopoB. ITO H
ApPXUTEKTYpHBIE COKpAIEHUs CYIIECTBYIOUIUX CeTel
OKC7, u Hyxz#a oInepatopoB CBSI3M CHUXKATh
SKCIUTyaTal[MOHHBIE 3aTpaThl, U KOHBEPIeHIMs ceTel
Nepefayyl BHITOBOPA U JAHHBIX, U YCKOPEHHUE pelleHUH
pa3BepThIBaHUSA HOBBIX YCIYT CBSI3U.

IIpucymas IP-TexHonmorusim BBICOKas
3¢ PEKTUBHOCTH HMCIOJIL30BAHUSI MOJIOCHI MPOIMYCKAHHS
MO3BOJISIET ONEPaTOpaM CBSA3H CYLIECTBEHHO 3KOHOMUTD
cperncTBa. Kananst c BPEMEHHBIM
mynbraiiekcupoBanueM (TDM) B TpaAWIMOHHBIX
TeNle)OHHBIX CETSX MPOEKTUPYIOTCS C yI4ETOM Haubosee

HEOJIArONpPUSATHOW CHUTyalluh — TIMKOBOW HAarpy3KH.
[Tporokonst OKC7 T1peOytor, 4YToOBI B IITATHOW
CUTYyalluu 3arpy’>KEHHOCTh TDM-kaHasnoB HE

npeseimania 40%. DTo MmpUBOAMT K TOMY, YTO Ha
NpaKkTHKe WX cpeaHss 3arpy3ka cocrasiser 20-30%.
3nauut, 70-80% KaHAJNBHBIX PECYpCOB IOCTOSHHO
npocrauBatoT.  Texuomormu I[P oOecnieunBaror
JMHAMHYECKOE BBIACIEHNUE IIOJIOCHI HPOIYCKAHHS 10
TpeOOBaHMIO, NP ITOM €€ CTOMMOCTb OKAa3bIBAaeTCS
3auacTyto Ha 75% HHXKE CTOMMOCTH  IIOJIOCHI
nponyckanuss TDM-ceTu ¢ KoMMyTalMen KaHajoB.

OrpaHuueHus, HaKJIaJbIBAEMble  TEXHOJOTHEH
TDM Ha nonocy npoIycKaHus, HETaATUBHO BIIMSIIOT U Ha
paboTy  OpyrHX  OJJIEMEHTOB  CEeTH:  CEpBEPOB

NPUIOKEHUH, PETHCTPOB IOJIOKEHUS, OJIOKOB KOHTP OIS
yenyr. Jlake eclnm MOIIHOCTH YKa3aHHBIX 3JIEMEHTOB
BIIOJIHE JIOCTATOYHO JUIsi 00paboTKK Oolbliero oobema
Tpaduka, orpannueHus nporokonoB OKC7 nwa TDM-
KaHaJbl, KOTOPBIE COGAMHSIOT OSTH OJJEMEHTBI C
OCTaJbHOW CEThIO, HE MAlOT UM “‘pa3orHarbes .
ITosToMy A TOBBIICHUS NPOU3BOAUTEIBHOCTU CETH
oreparopaM HPUXOAUTCS JOKYNATh JOIMOJHUTEIbHbIE
YCTpOICTBa, IPHUTOM, YTO HMMEIOIINECS DPECypChl elle
Jajeko He ucuepnaHsl. Hajmo Takke MMeTh B BHAY
clenyromee OOCTOSTEIBCTBO: TOOABIIEHHE KaXIOTO
HOBOT'O 3JIEMEHTa TpeOyeT OpraHu3aliy KaHaja “‘TouKa-
TOYKa” ¥ OOHOBIICHHS MAapIIPYTHBIX TAaONHIl, a 3HAYWT,
JOTIOJTHUTENIBHBIX KAITUTAJIbHBIX U JKCILTYaTalHOHHBIX
3atpar.  Xopollee  MacliTaOUpOBaHHE  ITOJOCHI
nporyckanuss B [P-ceTsx  mo3BonseT  3ampocTo
COpaBIATECA C (PIyKTyanusMu Tpaduka, YIPOCTHUTH
apXUTEKTYpy CeTH, a pa3NuYHbIM 0a3aM JaHHBIX

paborats c MaKCHMAaJIbHO BO3MOKHOH
MIPON3BOIUTENHEHOCTHIO.
XapakrepHast [P-TexHONOTMSAM BBICOKAs

3(1)(1)GKTI/IBHOCTB MNPUMCHCHUSA IIOJIOCHI TPOITYyCKaHUsA
NO3BOJIAACT OIllCpaTopaM OTHOCUTCIBHO CYIIECTBEHHO
OKOHOMUTH CpCacTBa. Cas3u C BPEMCHHBIM

MYJIbTUIUIEKCUPOBAaHUEM (TDM) TpaJULIUOHHBIX
TeNneOHHBIX CETAX CHPOCKTHUPYIOT C y4eTOM Hamboiee
HEOJIarONPHUSATHOM YCIOBHM — TIMKOBOW HAarpy3KH.
[Iporokoner OKC7 mnpu3bBaloT, 4TOOBI B INTATHOH
CUTyallMu 3aHATOCTh TDM-KaHaioOB He NMpeBOCXOnuiIa
40%. 3OTO WPUBOAUT K TOMY, KaK Ha NPAKTUKE HX
cpenusisi Harpy3ka coctapiseT 20 — 30%. 3nauur, 70 —
80% KaHAIBHBIX PECYPCOB IMOCTOSHHO O€3CHCTBYIOT.
Texnomornn I[P obecneumBaloT  ITUHAMHYECKOE
NpeIbsIBICHUE TIOJIOCHI MPOITYCKaHUs MO TPeOOBaHHMIO,
U ee CTOMMOCTh OKa3bIBaeTCsl Hepeako Ha 75% Huxe

CTOMMOCTH  TIOJOCHI  Bbillyckanus TDM-cetu ¢
KOMMYyTalHeN JIMHNH.

OrpaHvdeHus, HakaJbplBaeMble  TEXHOJOTHEH
TDM B IOJIOCY MIPOIYCKaHUs, HEraTUBHO

BO3JICHCTBYIOT M Ha pabOTy OCTaJbHBIX 3JEMEHTOB
CEeTH: CEpPBEpPOB NPHIOKEHHH, PETHCTPOB ITOJOXKEHHUS,
o0beqUHEeHUH KOHTpons yciayr. Jlake eciam CHIbI
YKa3aHHBIX  JJEMEHTOB  BIIOJHE  JOBOJBHO IS
00paboTKH 6onbiiero 00BEMHOCTH Tpaduka,
orpanuueHust nporokogoB OKC7 B TDM-kanaisl,
KOTOpPBIC COEOUHSIOT HAaHHBIE JJIEMEHTHI C OCTANbHOM

CETEBOU UH(}pacTpyKTypoOH, HE JIA0T UM
“pasorHatecs’. bmaromaps sTOMy IS TOBBIIICHUS
NPOM3BOIUTEIBHOCTH ~ CETEBOH  MH(PACTPYKTYpHI

orepaTopaM IPUXOJUTCS JOKYNaTb JONOJIHUTEIbHBIC
CHCTEMBI, IIPUTOM, YTO PECYpPChl YK€ HMEIOLIUXCS
Janeko He ncuepnanel. Hamo umers B BULy clienyromiee
00CTOATENBCTBO:  NOOABIEHHE  KaXJOrO0  HOBOI'O
3JIEMEHTAa BBI3bIBACT OpPraHM3allUM KaHajua ‘“TOuKa-
TOYKa” ¥ OOHOBIIEHHMS MApUIPYTHBIX TaOJIH4eK, a
3HAYHUT, JIOTIOJIHUTEIIbHBIX 00CTOSATENBHBIX u
JKCIITyaTallMOHHBIX 3arpar. Hermnoxoe
MacmTabrupoBaHHue TOJIOCH Tporyckanus Ha [P-cersix
MO3BOJISIET 3alPOCTO CIPABIATHCA € (DIIYKTyalHsIMH

Tpaduka, YIOPOCTUTH TpeoOpazoBaHME CETH, a
pasnuuHBIM  0a3aM  NIPEJOCTaBUTh  BO3MOXKHOCTD
paboTath c MaKCHMaJEHO BO3MOXKHOM
HPOTYKTUBHOCTEIO.

B nomonHeHne K TOM yMEPEHHOCTH, KOTOpast
obecrieunBaeTcs 3a CYET JEHCTBEHHOTO MCIIOIb30BAHUS
MOJIOCHI TMPOIYCKaHUsI M OCTalbHBIX pecypcoB, IP-
TEXHOJIOTUH paszpermaioT orepaTropam 6omnee
9KOHOMHYHO ()OPMHUPOBATH CETH.

Cnucok nutepartypbl

[1] T.F Wu., H.S Nien., C.L Shen., and T.M. Chen, “A
Single-Phase Inverter System PV Power Injection and
Active Power Filtering with Nonlinear Inductor
Consideration”, IEEE  Transactions on  Industry
Applications, Vol.41, No.4, 2005.
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CTBOPEHHA BIPTYAJIbHUX CMIJIbHOT OCBITHBbOI'O XAPAKTEPY

BpaxoByroun cydacHi TeHIEHLIl Ta MOMYJSPHICTH
Mepexi I[HTepHer yce wacrimie momryk iHdopmarii,
KOMYHIKallisl BiIOYBa€ThCs Y BIpTYyaJbHUX CIIIBHOTAX.

BipryanbHi cHinmbHOTH Uit TNIEBHUX JIIOAEH €
3anexHicTio. Yacto y BipTyalbHHX CIIJIBHOTaX JIIOIM
TOMHAMHU CHUIKYIOTbCS, POONSATH MOKYIKH, 3HAXOISTh
KOPHUCHY Ta HEOOXiJHY iH(pOpMaIlifo TOIO. Y CydacHOMY
CBITI II€ € HOPMOIO, OCOOJIMBO JJIsl MOKOMIHHA Y Ta Z, sIKi
€ 3AJISKHUMHU BiJl Mepexi [HTepHerT.

OcHOBOIO /I 37IMCHEHHS OpraHi3aliiHuX Ta
KOMYHIKalliMHUX (QYHKUIA BIPTyaJbHOI CIIJIBHOTH €
y4YacHHUKH Ta iH(pOpMalliiiHe HallOBHEHHSI.

Y4acHHUKHU — 3apeecTpoBaHi y BipTyalbHil CHUIHOTI
KOpPHCTYBaui Mepexi I[HTepHeT, sIKi B3aEMOIIOTH Y
CHUTBHOTI Ta (hOpMYIOTh 1H(OpMaILliiiHE HATTOBHEHHS.

I opmarriiiHe HaTIOBHEHHS — JAOMKUCH, KOMEHTapi Ta
iHI iH(pOpMaIiiiHi MOBiNOMIIEHHS (TEKCTOBI, rpadivHi,
aylio Ta BiZe0), MO0 iX CTBOPWIM aJIMIHICTpaTop 4u
YYaCHHUKH BipTyaJIbHOI CIiJIBHOTH.

Ha choromni HalmomyssipHIIMMHU — COLAJILHUM
MepeXaMH JJIsl CTBOPEHHS BIPTYaJbHUX CIIJIBHOT €
Facebook rta Instagram. BipryanbHi  cHiibHOTH
OCBITHBOTO ~XapakTepy B COLIAIbHHX Mepexax €
aKTyaJIbHAMH JUIS:

e iHdopMmaliiHOrO  MpPEACTaBJICHHS  BHUILOTIO
HaBYAJIBHOI'0 3aKiany, kadeapu, meBHOT TUCIUILTIHY;

® KOMYyHIKaIil 3 CTYIICHTaMH, YUHSIMH,
abitypieHtamu (U1 MIBHAKOrO iH(OpMYBaHHS MpO
moii);

e OHNAiH HaBYaHHA (AOCTYHn JIO MarepianiB
HaBYAHHS T4 IIBUJIKA KOMYHIKAIlisl 3 BUKJIAIaueM);

e cend-Openaunry — Bukiamada  (TOMyISpHHUNA
HAaIpsIM CTBOPEHHS CIIJIBHOTH OCBITHBOT'O XapaKTepy IpH
MIOITYKY Y9HIB JUIS IPUBATHOTO HABYAHHS).

Ha puc. | mpencraBneHHi erand
CIIBHOTH OCBITHBOT'O XapakTepy.

CTBOpPEHHS

IITAHYBAHHS

v

AHAIIB

v

PO3POBJIEHHSA

v

VIIPABJIIHHSA

Puc. 1. Eranu cTBOpeHHs OCBITHBOI CITLTBHOTH.

[lnanyBaHHs — TpU IUTaHYBaHHI BIpTyanbHOL
CIIJIbHOTH HEOOXiTHO BpaxyBaTW OCBITHIM HampsMOK,
Ui Ta METy CTBOPEHHsS, Ha fKy BiKy rpymy Oyne
HalliJIeHa CIUIbHOTA.

Amnani3 — eran HeOOXiAHUIT IS SIKICHOTO NMPUIHATTS
pillIeHHs] 100 JOIUIBHOCTI CTBOPEHHS BipTyaJbHOL
CIUTBHOTH. 3IMCHIOETHCS aHAJII3 MPEIMETHOI 00JIacTi Ta
€TAIOHHUX CIINBHOT, TAKOXK €TaIl aHali3y BapTO POOHTH
OPOTATOM YChOTO Yacy iCHYBaHHS CIUTBHOTH.

Po3pobnenHss — Ha 1poMy eTami  oOMpaeThes
mwiathopMa Ui CTBOPCHHS CIIUIBHOTH, PO3POOJIAETHCS
JIM3aiiH, Y3roJDKyeThcs iH(opMaliiiHe HarNoOBHEHHS Ta
(hopMyeThCs KOHTEHT-TUIAH.

VYnpaBniHHg — eran pO3BUTKY, MIATPUMKH Ta
yIOpaBiliHHA. 3a  BHMKOHAHHA  eTaly  BiANOBiJae
aZMiHICTpaTOp CIIJILHOT Ta smm-crelianicr.
3nifiCHIOETbCSI  HANOBHEHHS  BIPTYaJbHOI  CIIJIBHOTH
iHpopMariieto (moctamu), KOMyHiKallisi 3 KOPUCTYBauaMH,
OHOBJICHHS KOHTEHT-IIaHy.

Ha erani ynpaBiiHHS 3Ha4Hy yBary MNpUALUISIOTH
iHpopMaIliifHOMY  Ta  KOPUCTYBalbKOMY  Hampsmi
JisuipHOCTI  BipTyanbHOi — cminbHOTH.  Oco0nuBO, B
OCBITHIW Tematull iH(poOpMalliiiHe HANIOBHEHHs IOBUHHE
OyTH TpaMoTHe, SIKICHE, JJOCTOBIpHE Ta aKTyaJbHE.

CTBOpEHHsI  BIpTyaJIbHUX CIUIBHOT — OCBITHBOTO
XapaKkTepy € aKTyaJlbHUM Ta HEeOoOXiTHUM 3aBJaHHsM. I,
BpPaxOBYIOUM, IO  KUIBKICTh ~ TaKMX  CIJIBHOT
30LIBLIYETHCS JI0 SIKICHOTO TXHBOT'O CTBOPEHHSI IMOTPIOHO
MIIXOIUTH 3 IEBHUM HAOOPOM ETaIliB Ta peCypCiB.

Cnucok nitepatypm

[1] R. Korzh, A. Peleshchyshyn, O. Trach, and M. Tsiutsiura,
“Analysis of the integrity and completeness of the higher
education institution informational image coverage”, In:
Proceedings of International Scientific  Conference
Computer Sciences and Information Technologies (CSIT-
2019), vol. 3, p. 48 — 50, 2019.

[2] R. Korzh, A. Peleshchyshyn, Yu. Syerov, and S. Fedushko,
“University’s Information Image as a Result of University
Web Communities’ Activities”, Advances in Intelligent
Systems and Computing, Shakhovska N. (Ed.), Springer
International Publishing, V. 512, p 115 — 127, 2017.

[3] S. Fedushko, Y. Syerov, and R. Korzh, “Validation of the
user accounts personal data of online academic community”,
Ha XIII Mixuap. xoH(., 23-26 mororo 2016 p., Cyuachi
npobaeMu paxioeneKTpOHIKH, TEJIEKOMYHIKaIlil,
KoMm'foTepHoi imkeHepii, JIbsiB, 2016, c. 863 — 866.
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APPLICATION OF THE METHODOLOGY OF NEURO-FUZZY PROCESSING OF
TEXTS IMAGES FOR ITS RECOGNITION

With the development of information technology,
it has become possible to facilitate, accelerate and
improve the quality of printed or handwritten texts
recognition. The first element of the letter recognition
system is a scanner or a digital camera that inserts text
images into the computer. To create a text document,
you need to recognize individual characters in this
image. There is a range of software that have virtually
automated process of texts recognizing. However, it is
not always possible to ensure a satisfactory result in the
case of distortions of printer or handwritted text images
of various types (geometric, noise, etc.).

The problem of effective text recognition plays an
important role in the informatization areas of various
human activity processes. The textual presentation of
information, in comparison with graphic, allows
significantly reduce the costs of storing and information
transmitting, and also allows us to implement all
methods of electronic documents using and analyzing.
Therefore, the greatest interest from a practical point of
view is precisely the transformation of information from
paper carriers into a text electronic document.

Thus, the purpose of this work is to develop
methods and algorithms for constructing a neuro-fuzzy
recognition system for text images that contain:

1. noise of text images reduction;

2. images binarization;

3. boundaries  allocation  and  characters
segmentation;
4. grammar realization for the structural

recognition of text images;

5. verification of proposed methods.

After binarization, the image enters the system of
fuzzy image processing (fig. 1).

Block of belonging

Black and white Getting a gradient image with
image in range [0 1] ] Sobel operator 117

Fuzzyfication

Image in shades of gray
Result of fuzzy ¢
image processing

Image in shades of gray

Defuzzyfication

Segmented
%

Fuzzy output system
image H |4 H

Fig. 1. Algorithm of fuzzy images processing to allocate
boundaries

Fuzzy image processing consists of three main
phases: F-image, fuzzy-output system (M) on the values
of affiliation, and defuzzifications of the (D) images.
After transferring the image from the gray-level image
to the phase-out, the fuzzy output system is determined
by the value of the accessory function.

An image of X-size MxN with L gray levels
g =0,...,L—1 can be defined as a fuzzy single-point set

that specifies the value of each pixel attribute relative to
the image property (for example, brightness,
smoothness, etc.):

M N m
mn
Xx=UU ’“mne[o'l]v
m=1n=1 Imn
where u,, and g,, —assignments of the mn pixel

in the fuzzy set. Determining the values of affiliation
depends on the specific application requirements and
knowledge base.

Also, the symmetric bonding of the membership
function is not always effective. That is why the
attempting in using fuzzy logic to improve the quality of
the half-tone images leads to the need to construct S-like
fuzzy functions. These functions have changed
symmetry center and are described as two glued
parabolic links with a continuous derivative in the place
of gluing, that is, functions of the second order.

To construct a non-structural character recognition
system, there is used a neural network of reverse error
distribution, which consists of several layers of neurons,
and each neuron of the previous layer is associated with
each neuron of the next layer. In such networks, after
determining the number of layers and the number of
elements of each layer, it is necessary to calculate the
values of the weights and thresholds of the network in
such a way to minimize the forecast error. For network
teaching it is used an algorithm for reverse error
spreading. It calculates a vector gradient surface error.
Then it moves to a certain value in the direction of the
vector (it will indicate the direction of the fastest
descent), where the error value will be less. This gradual
progression will gradually lead to a minimization of the
error.

Below is a review of the developed neuro-fuzzy
system work (with a 5x5-pixel window) with the
commercial product ABBYY FineReader 11 Corporate
Edition (the image of the page text is 702 characters; the
Gaussian noise is 0.03 from the black level).

Number of errors (in percent) of image recognition

Developed system FineReader 11
Work 0 Work 0

time % errors time % errors
40s 16% <2s 2

The methods and algorithms that are considered
allow us to approximate the methods of OCR systems to
those that are used by people.
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MOOENMPOBAHWE BOJTHOBOIO BO3OEUCTBUA HA NMPOLIECC BbITECHEHUA
HE®TU U3 NMIIACTA BOOOM

B nanHoit pabore paccMaTpuBarOTCS BOHPOCHI
MOJICTIMPOBAHMSI TIpOIlecca BBHITECHEHHs HE(PTH BOAOM
IIPY BO3JEWCTBHM HA IUIACT YNPYI'UMH BONHaMHu. J{is
OITMCAHUsI JJAHHOT'O MpOoIiecca MPeIoKeHbI OIHOMepHast
MaTeMaTthdeckas MoOJelb B BHAE  HEIHMHEHHOro
i depeHIMaTbHOr0  ypaBHEHHsT TUIEPOOIHYECKOro
tuna. [TocTpoeH alropuT™M pemeHust MeToia KOHEUHBIX
pasHocTe W MPOAHAIM3UPOBAHBI  IOJyYEHHBIC
pe3yabTaThl.

Bonpimast 4yactb  HETAHBIX  MECTOPOXKACHHIMA
OTpaciii BCTYNWIIM B TO3IHIOI CTaAMIO0 Pa3pabOTKH,
JIOJIsL TPYAHOU3BIEKAEMBIX 3a1acoB (TPU3)
MECTOP O’KACHHH HEYKJIOHHO pacrer.
[porpeccupytoriee 0OBOJHEHUE CKBKHUH M IUIACTOB,
BBIOBITHE CKBOXUH U3 JeiicTByromiero (oHAa 1o
NPUYUHE TIPEebHOH OOBOAHEHHOCTH U (PU3MYECKOr0
u3HOCa, CHIDKeHHE J(P(EeKTUBHOCTH MPOBOIUMBIX
reoJIoro-TCXHU4YCCKUX MepOHpHHTHﬁ, YMEHBIIICHUE
JN00bIYM He()TH — BOT BUAUMBIE CIIOKHOCTH pa3paboTKH
HE(TAHBIX MECTOPOXICHUH C TPYIHOM3BIEKAEMBIMH
3amacaMu. TpaauIMOHHbIE METOABI HE IIO3BOJSIOT
U3BJIEYb OCTATOYHbIE 3amachl HEYTH MECTOPOKICHUN U
aKTyaJbHBIMU  SIBIISIIOTCS ~ METOIbl  YBEIMYEHHMS
Hedreornaun mwiactroB (MYH) u uHTeHCHMpUKaLK
nooeran Heptn (MUJIH). Mcnons3zoBanne MYH mpu
pa3paboTke ¢ 3a-BOJHEHHEM IIPEANONAraeT peIICHUe
CIIEYIOIIHX 3a1a:

Bo-nepBbiX, NOBBILIEHWE TUAPOJUHAMUYECKOU
CO-CTAaBJIAIOICH MeToJa 3aBOJHCHUS B pe3yiabTaTe
IUKIMYHOCTH  TIpolecca  3aKaukd,  HM3MCHCHUA
HaIpaBJIeHUs (PUIBTPALOHHBIX IIOTOKOB, OpTaHU3aUH
HOBBIX OYaroB 3a-BOAHEHHs, ONTHMH3ALMU IUIOTHOCTH
CeTKH CKBXKHUH, (POPCHPOBAHHOrO OTOOpa W 1p. DTO
3a7aya rugpoanHaMuyeckux MYH.

Bo-BTOpBIX,  CHI)KEHHE  pa3iuuusi  (HU3HKO-
XMMHYE-CKUX  CBOMCTB  IUIaCTOBOM  HedTH  H
BBITECHS-FOLIEH BOJIBI 33 CUET JOOABOK B ITOCIIEIHIONO
[TAB, momumepoB-3aryCTHTENEH, IIENIoYe W IPYyTux
XMMHYECKHX  pPEareHTOB, IIO3BOJLIOLIMX  CHHU3HTh
Mexx(dazHoe HaATsHKeHHe Ha TpaHulle He(Th-BOJA,
TIOBBICHTH BS3KOCTH BOJBI, YIYYIIHTh €€ OTMBIBAIOIINC
CBOWCTBA; 3TO 3a/1a4a pu3nKo-xuMudeckux MYH.

Jnst yBenmM4IeHus1 BHIXOAA HE(PTH U WHTCHCHBHOCTH
no0bM  HeTH ® Taza METOOBl  BO3ICHCTBHSA
VIy4dIIAIOTCS M pa3padaThiBatoTcs HoBble. HecMoTps Ha
TO, YTO MHOTO pabOThl OBUIO IOCBSIICHO H3YUCHHIO
mpoOJIeMbl yBeMUYEHUS NOObBMHM He()TH B TIHMHE, OHA

BCE €Ille OCTAaeTCs aKTyaJbHOW mpobnemoi. [losTomy
MIOCTPOCHHE OCHOBBI MAaTEMaTHYECKOW MOJENIH 3TOrO
MpoIiecca COMYCTBYET MOBBIMICHUIO €€ 3 (EKTUBHOCTH
Y UMEET KaK HaydHOe TaK U MPAKTUUECKOe 3HAUCHHE
[TycTh MMeeTcsi TOPU3OHTAJIBHO PacCIOIOKEHHBIH
HenedopMupyemMblii HEQTEHOCHBIH IIACT MPOTSDKEH-
HOCTBIO L, mocTostHHOW TONMIMHBI M IMpWHBL. Ha
rpanuie X=0 pacrnonokeHa HarHeTaTeNbHas raiepes, a
Ha rpaHuie X=L skcruryaTalioHHas rajuepes.
YpaBHEHUs! IBHKECHUS B 9TOM CITy4ae UMEIOT BUJI:

dr, 2
u, =4 | S _p2A
w ﬂw[ o pwj
d
=-1 ° _@’A
0 0( d poj
k k
3nece, A, =—K,(S), 4, =—K,(S).
w (0]
MatemaTuueckas MOJEb TPOLECCA  BBINISUT

CIIEAYIOIIMM 00pa3oM::
f
@ = g(q)(s)%j7 a(/gt(S) Q(t) _ sz |:a( (S)¢1(S)) _ afl(s)i|

ot ox ox ox
ﬂ’oﬂw ﬂ
(/’(S)z—m dx
AW
@(s) = YN
F(S) = AP+ 40%
f.(s) = putu
HayanbHble ¥ rpaHUYHBIE YCIOBUSL:
8lo=£()
k-k, oP, &S
e IO
t, 0 x|,
LI
6)( x=L

Pa3paboran anroputM pemieHHs TaHHOW 3aJadd
METOJIOM KOHEYHBIX Pa3HOCTEH.
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CEKLIS1 1. IHOOPMALIMHA BE3INEKA JEPXABMW, CYCIINIbCTBA TA
OCOBUCTOCTI

O MHOT OKPUTEPUAIIbHOM 3KCMEPTHOM OLIEHVUBAHUM PUCKOB
NHOOPMALIMOHHOM BE3OMACHOCTV. ..o,
AHATTN3 YA3BUMOCTEM TEXHONOMM BIIOKYEVH MPU PABOTE C
KPUMTOBATTIOTAMM. ..o
MOPIBHANBHUA AHATI3 ENEKTPOHHUX LIMGPOBUX MIAMUCIB HA OCHOBI
3AIIAY TEOPIi PELLITOK TA BATATOBUMIPHWX KBALPATUYHMX

CUICTEM. ..o
Y3AFAJIbHEHUM NEPENIK MPYMN KPUTEPIIB KPUTUYHOCTI OB’EKTIB
IHOPACTPYKTYPU OEPXKABM . .....oooeeoee e,
METOLONONA AHAJIZY CYKYMHOIO PU3UKY BE3MEKU MOBINBHUX
LOLATKIB ..o,
[0 MUTAHHA BESMEKU “POSYMHUX MICT” ..o,
3ABE3MNEYEHHSA BE3MNEK/ ABTOMOBINA HA LOPO3 ...
IHOOPMAL|IMHA BE3MEKA KOMMIOTEPHOI CUCTEMU TA MEPEXI BIf
BHYTPILHIX TA S3OBHILHIX ATAK ..o oo
MOPIBHANBHUA AHANI3 MEPCMEKTUBHWX ENEKTPOHMX MNIAMNUCIB HA
OCHOBI ANTEPEPAIYHIX PELWITOK ANA MOCTKBAHTOBOIO MEPIOAY........
NHOOPMALIMOHHO-NNHMBUCTUYECKAA BE3OMNACHOCTbL NNYHOCTU. ...
AHANI3 OLHKM MOTOYHOIO CTAHY IHOGOPMALIMHOT BE3MEKM HA
OCHOBI SIEM-CUCTEM ...t
Ornsan TA AHANI3 BPASIMBOCTEW OMEPALIMHOI CUCTEMM LINUX 3
YPAXYBAHHAM 3ACOBIB SAXUCTY ..o
IHOOPMAL|IMHO-MCUXONOIMYHA BE3MEKA NIOOVHN B IHOOPMALIMHOMY
CYCTIIBCTBL. ..ot
CPABHEHWE METOLONOMMN MOOENMPOBAHWS MOBEAEHWSA ATEHTOB
CUCTEM BEBOTACHOCT M. ... oo
METO[ ONMTUMISALLT LWBMAKOAIT BIHAPHWUX AIATPAM PILEHbL MPY
MNPEOCTABMEHHI JAHUX PEKOMEHOALINHOI CUCTEMM........vveoieeieee)
MOBELIHKOBI ACTMEKTU CUCTEMU YMPABIIHHS IHOGOPMALIMHOKO
BEBTTEKOID ..o,
CYYACHI METOIM CTETAHOTPA® ..o,
MPO MIHIMAJIbHI TPA®U-MOIES HEOPIEHTOBHOIO POLY ...,
AHATIVNS YASBUMOCTEMN TEXHOMOTUM 3D MEYAT. ..o
OCOBNMBOCTI TA 3ACOBW 3ABE3MEYEHHSA BE3MEKM JAHUX MPU
BUKOPWUCTAHHI XMAPHUX TEXHOMOTIV. ...
IHTENEKTYAINBHI ATEHTU B HABYATbHIM CUCTEMI MIFOTOBKM
OVICMETYEPIB YNPABNIHHSA MOBITPAHUM PYXOM.....oot i,
31IAMYBAHHSA AHOPOIO CUCTEMMU AN BUNYYEHHS IHOGOPMALLIT 3
FIPUCTPORO .. oo
KNACTEPHUM AHATTI3 MOBHVX IHOVKATOPIB BIKY BEB-KOPUCTYBAUIB........
ATAKU HA MEPEXKY BIIOKUEMH. ... oo
CEPTU®IKALLA MPUCTPOIB B KOHTEKCTI 3ABE3MNEYEHHSA BE3MEKM
IHTEPHETY PEUEM . ... oo
METO[/ OBPOEKW TA MOPIBHAHHS 30BPAXEHbL 1A BEPUGIKALL
BIOBUTKIB TATIBLUB. ...
OOCHNIMKEHHSA MOLENEN PEMYTALLT KOPUCTYBAUIB COLLIATBHOI
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KBAHTOBI ATAKN HA LIMOPOBI TIAMUCU BITCOIN.......ooiiiee, 30

CEKLJIS1 2. TIPOIrPAMYBAHHS TA IHOOPMALIIMHO-KOMYHIKALIIMHI TEXHOJOrIT

OL|IHKA 3ABALOCTINKOCTI PIBHOBAXHUX KOLIB ........cooeevviieeeeeeein, 31
YPAXYBAHHA OCOBMMBOCTEW 30IMCHEHHA MOMUITOK KOPUCTYBAYEM

MNP KOHTPONI KNABIATYPHOI'O NMOYEPKY B CUCTEMAX JJ,I/ICTAHLUI/IHOFO
HABYAHHA.. .. . 32
MOJEJb BSAGMO3AJ'IE>KHOCTI MI)K LNTJ'II/IBICTI-O TA TOL{HICTI-O

KOHTPOMNO NMAPAMETPIB PAOIOENEKTPOHHOIO OBNAOHAHHA

NUTATIBHUX ATTAPATIB ..o 33
PE3YJIbTATN YACENIbHOIO MOAEJTFOBAHHA HECTAUIOHAPHNX PEXXMMIB

3 BUKOPUCTAHHAM CINPOLWEHOIO METOOY HBKOTOHA. ..., 34
AOCHNIAXEHHA TEHEPATOPA CAMOMNOAIBHOIO TPA®IKY HA OCHOBI
NAHUIOIA MAPKOBA TA OO MYNbTU®PAKTANBbHMX BIACTUBOCTEMW..... 35
AOCHIAXEHHA MMTATOOPMN ANA PO3POBKWN OOOATKIB "FIREBASE",
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