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O MHOIOKPUTEPUAJIbHOM 3KCIMEPTHOM OLIEHUBAHMU PUCKOB
MHPOPMALIMOHHOU BE3OIMNACHOCTH

Brictpoe pasButHEe WH(MOPMALMOHHBIX CHUCTEM H
CO3JaHHE HOBEHUIIMX TEXHOJIOTHMH YIIPOILLAET HAPYIIECHUE
KOH(H/ICHIIMATIBHOCTH, IEIOCTHOCTH M JOCTYITHOCTH
nH(QOPMAIMK, ¥ TPHBOIIT K OONBIINM (HHAHCOBBIM
HOTEPSIM.

HeoOXomMMOCTh  CHIKaTh PHCKH  HPEOJOJICHHS
CHCTEM  3alIUTBl  KOMIBIOTEPHBIX  CHCTEMax  Ha
CETONHAINHNN JIeHb, SIBISIETCSI AKTyalbHBIM BOIIPOCOM.
JUI1 BBINOJHEHUS MEPOIPUATUM IO CHWKCHUIO PHUCKA
HEOOXOJUMO BBINIONHUTH OIIGHKY PHCKA, €ro pacuer,
MOJTy4eHHe KONMYECTBEHHOTO 3HAYEHHA. JTO HAAO0 I
CPaBHEHHUS U BBISABICHHS KPUTHUECKUX 3HAUCHUI pPHCKA.
Ha ceronusmnmnii 1eHb HEAOCTATOUHO ONUCAHBI MOACIH
CHCTEM 3aIlUTHl, B KOTOPHIX (DOPMAIM30BaH IIPOLIECC
OLICHKH PHCKOB MH(OPMAIIMOHHOH O€30IIaCHOCTH.

W3y4gas murepatypy MO JaHHOH TeMAaTUKE BBIICHUIIH,
YTO OCHOBHOE BHMMaHHE B paboTax yuemnsercst 00padoTke
PHCKOB, MNPUHATHIO PELIEHUH 0 CHIKEHHIO PHCKOB,
YKIIOHEHUIO,  Mepefadye WAM  NPUHATHI0  PHUCKOB,
YIIPaBIEHUIO pUCKaMH, (POPMHUPOBAHMIO IUIaHA MO0 MEpaMm
BO3JICHCTBUSI HA PUCKUM. MBI PacCMOTPUM  BOIPOCHI
BBIUUCIICHUS] PHUCKOB HMH(OPMAIMOHHON Oe30MacHOCTH,
TMOTyYEHHS UX KOJMYECTBEHHOIO 3HAUCHHS, HA OCHOBAaHUHU
KOTOPOTO MOYKHO CTPOUTH CPABHUTEIIBHBIN aHAIN3.

Ilemsto HCCIIeIOBAHUS SIBJISIETCSI
MHOTOKPUTEPUANIBHBINA AKCHEPTHBI METOX ONpPEACIICHUS
pucka Ge3zomacHocTH cucTeM. [lIsi peanm3aluy JaHHON
[eMd  HEOoOXOMMMO  PElIUTh  CIENyIoIIWe  3a]adu:
1. BBIOTHUTG aHAJIM3 OCHOBHBIX CIIOCOOOB pacyeTa prcKa
6€301acHOCTH KOMITBIOTEPHBIX cucTeM; 2. Paspaborath
Mozxens KputepueB pucka; 3. CdopmmpoBaTh HOBBII
MOAXOJ K OTIPE/ICNICHHIO PUCKOB O€30MIaCHOCTH CHCTEM.

AHanM3 pUCKAa COBPEMEHHBIX  KOMIIBIOTEPHBIX
CHCTEM MPEICTaBIsIET COOOW CIOXKHYIO KOMILIEKCHYIO
3a7ady CHCTEMHOTO aHamm3a. B oOmem cioydae ayaur
6e3011acHOCTH, HE 3aBUCHMO OT (POPMBI €T0 TPOBEICHMUS,
COCTOUT U3 IIITU OCHOBHBIX JTaloB, HAa KaXIOM U3
KOTOPBIX  BBINOJNHACTCSI KOHKPETHBIH 00BEM  paldoT.
CyliecTByeT MHOXKECTBO CXeM pacuera puckoB. OjHa u3
CaMbIX TIPOCTBIX Ta, B KOTOPOM PHCK SBISAETCS
MPOM3BE/ICHNEM "BO3MOXKHOTO ymiepba oT araku" Ha
"BepOATHOCTh TakoW araku'. B pabore paccMoTpeHBI
Han0OoJiee TOIMyJsIpHbIE B MHPOBOM INPAaKTHKE METOAUKH
OIIEHKH PHCKOB  HMH(POPMAIMOHHOW  0E30MacHOCTH:
CRAMM, OCTAVE, FRAP. OCHOBHBIMH KPUTEPUSIMHU B
JAHHBIX METOJMKAX SBITIOTCS (DUHAHCOBBIM yIIepOd u

CTOMMOCTb BOCCTaHOBNIEHMS. MHOrHMe Ipyrue KpUTEpHH,
OKa3bIBAIOIE BJIMSHUE HAa OCHOBHBIE, CIIEJOBATEIHHO, B
HE MaJOH CTENEHM OIpeeISIOIIe 3HAUCHHE PHCKA,
WTHOPHPYIOTCS.. B pesynpTare CpaBHHTENBHOTO aHAIN3a
METO/IOB OLICHKH PHCKOB MH(POPMAITMOHHON
6e30macHOCTH OOHAPYKEHO, YTO ONTHUMAJBHBIM SIBISCTCS
KOMOMHHPOBAHHBII MOAXO, IPH COYETAHUH SKCIEPTHOTO

H  aHAJIUTUYCCKOI'O  aHaJIn3a. CJ'Ie,I[OBaTeJ'ILHO, JIIA
00BEKTUBHOCTH pacyeToB Hag0 Y4YUTBIBATH
JOINOJIHUTCIIBHBIC  KPUTCPHUHM W HAXOJAWUTb 3HAYCHHUC

MHTErpajibHOTO pricka. OlieHKa PHCKOB MPOBOJUIACH B
nBa stama. Ha mepBoM dTame, B KauecTBE KPUTEPHUEB,
MPEJIOKEHHBIX ~ OKCIepTaM  JJIi  OLEHKH,  B3ATHI
CIIeyIOINe: TIPUIUHBI (MCTOYHHUKH) BO3HHKHOBCHUS
yrpo3; OOBEKTBI BO3ACHCTBHS YIPO3; WCHONB3yeMBIC
METOABl U CpEeACTBA pealM3aliMd yrpo3; TEKyLIUe
YS3BUMOCTEH  CHCTEM; HAlpaBJIEHHOCTh peau3aluu
YIpo3; XapakTep ¥ MacIITaObl HETaTUBHBIX IMOCIIC/ICTBHIA;
BPEMEHHbIE  XAPAKTEPUCTUKU  BO3JCHCTBUS,  KaHAJIbI
MIPOHUKHOBEHHSI B KOMIIBIOTEpHYIO crcTeMy. Ha BTOpOM
9Tamne Uil BBIYMCICHUS MHTETPAILHOTO 3HAYEHHUS] PUCKA
MpeJiaraeTcsi  UCTOJIb30BaTh  KPUTEPUH  OMUCAHUS
ysa3BuMocTed.  Jlanee  BBINOJHSETCS  HOPMHUpPOBAHHE
k03¢ hULIEHTOB. Ilomy4ennas nHpopmarms
MOJIBEPraeTcsi KaueCTBEHHOMY, KOJHMYECTBEHHOMY H
KOMILJIEKCHOMY OIICHMBAHUIO, MIPENOJIaratoIemMy
IIKATMPOBAHWE JAaHHBIX, WX aHalM3 (arperupoBaHIe,
“BECOBBIM” OLIEHKaM, B LEJISIX HNPUHITUS PELICHUS O
MPAaBWIILHOCTH pacyeTa pucka. B KkadecTBe BecoB
KpuTepueB ~ OygeM  HCIONB30BaTh  Kod(duimeHt
KpuTHaHOCTH. [lo cBOeH 3HAaYMMOCTH B OOIIEH OICHKE
pUCKa  OMpeneNicHHbIE  KPUTEPUM  BCETA  UMEIOT
pa3IMuHBIA  yIENbHBIM  BEC, KOTOPBIM  MpejiaraeM
YCTAaHABNMBATH OKCIEPTHBIM IyTeM. lcnonb3oBaHue
BECOB TI03BOJISIET CO3/1aTh MOJIENTh pacyeTa prucka OIM3KYIO
K pealbHOCTH. Pe3ynbTaToM MpeioskeHHOTo MOAXOoJa K
pacdeTy pHcKa Oe30MacHOCTH SIBISETCS KOMIUICKCHAS
MOJIeNIb pacyera, KOTopas MO3BOJIIET OOecreunTsh Oolee
OOBEKTHBHOE ONpeelicHHe pHcka. B wucciemoBaHun

HCIIOJIb3YHOTCSA MCTOAbI OKCHCPTHBIX OILICHOK,
MaTeMaTHIEeCKOM CTaTUCTHUKH, CHUCTCMHOI'0O aHalik3a,
CTPYKTYPHOI'O aHaJiu3a, CPaBHUTEIILHOTO aHaJij3a.

[lomy4eHHBII anropur™M A MHTETPAIBLHOIO  PUCKA
0E30MacCHOCTH CHUCTEM TIO3BOJIIET OICHUTHh CHCTEMY
3aIMUTHl B mejioM. JlabHeHIie UCCiaea0BaHus TTO3BOJIST
CHIBHUTH BEPOSITHOCTH TIPOBEJICHHUS aTaK U YOBITKA OT HUIX.
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AHANU3 YA3BUMOCTEN TEXHONOIMM BNNOKYENH NPU PABOTE C
KPUNTOBAJTIOTAMU

Ha ceroanst ucnonb3oBaHue OJIOKYEHH TEXHOJIOTHH
MMEET JIBOMCTBEHHBI XapakTep SBJSSACH OJIHOBPEMEHHO
MEPCIICKTUBHBIM MHOTOOOCIIAIOIINM HANPABJICHHEM U
TasIUM B ce0e OINAacHOCTH KaK y)Ke H3BECTHBIC, TaK
Hem3BecTHbIe. CaMbIM  MOMYJISIPHBIM  MIPUJIOKCHUEM
JTAHHOM TEXHOJIOTHH SIBIIICTCSI PaboTa ¢ KPHUITOBAIOTOM,
YTO  MOPEAINONaraeT  HEOOXOMMMOCTh  MOBBIIICHHOTO
BHUMaHUSI K BOMPOCaM OE30MacHOCTH  MPOXOISIIUX
Tpamsakuuid. [lostomy B paboTe  paccMOTPEHBI
BO3MOJKHBIE YTPO3bl M PUCKH, KOTOPHIE MOTYT BIHUSTH Ha
MPOBE/ICHUE MIPOLIECCOB MaTHIUHTa OUTKOWHA.

Bo Bpemst MaiiHMHra OMTKOMHA PEIIaeTCs OrPOMHOE
KOJIMYECTBO MaTEMaTHUECKUX 33714, KOTOPbIE MPUBOJAT K
3apabaThIBaHNIO KPUIITOBATIOTHL. [Ipy 3TOM Bee mporibie
COBEpIIICHHBIE ONIEPAlUK COXPAHSIOTCS B O0ILEM JIOCTYIIE.
JoObITunKy OWTKOWMHA IMOAOMPAIOT HYXKHBIM Xell W3
pa3IMYUHBIX KOMOHWHAIIMMA, KOTOPBIA [JaeT MJOCTYIl K
CEeKPETHBIM KIIFOYaM U K HOBBIM OrepanusM. Becb 3TOT
CIIOXKHBIA MaTeMaTHYEeCKHH MpolecCe TpeOyeT HaIU4dust
MOII[HOTO CIEIMATBHOTO YCTPOHCTBA, KOTOPOE MOMOKET B
MHUHHMAJIbHBIE CPOKH MOA00paTh HYXHBIH Xelr. ITUM
000CHOBBIBAETCSl TIOJOXKHUTENbHAS TEHJICHIMS Xeupeiita
[1] 6utkouna, kotopas Habmoganacs ¢ 2018 roma u Ha
konery 2019 roma mokasan poct Ha 140% [2],
CBHJICTENIBCTBYET TAKKE O JOCTATOYHO BBICOKOW CTENICHH
3aruineHHocTH Onokueita ot Binoma [3]. CymectByer
MHEHHE, YTO TPaH3aKIMK KPHUITOBAIIOT 3allUIICHbI, a
cxeMbl [H(MPOBAHHUS C OTKPBITBIM KJIIOYOM IOYTH
HEBO3MOXKHO B3JIOMaTh, HO €CTb PS  YSI3BUMOCTEH,
METO/IbI PEILICHHS ISl KOTOPBIX MPHUBEICHBI B TA0M. 1.

Tabnuua 1
YSI3BUMOCTH ¥ METO/IBI X PEIICHHS

Ne
Vs3BuUMOCTb Pemenus

/i

1 XpaHeHHs Hcnonb3oBath perIeHnss Ha OCHOBE

KITFOYei Public Key Infrastructure (PKI):
JIOBEPEHHBIM  IaTQOPMEHHBIH MO
nyne (TPM); ¢usnueckn HEKIOHH
pyemsie Gpynkunu (PUF)

2 XUIIEHUS CoBepIIeHCTBOBATh MPONEAYPH! KOHT
KJTIOUed Ip | poiist, PasBUTHE KPUTHYHOCTH MBIII
TIOMOIIIM Me- | JICHWs, TICHXOJOTHYECKOH ycToHuH
TOJIOB COLMA- | BOCTH, IPOHULIATEBHOCTH [4]

JIBHOM

MHKCHEPHU

3 cpensl Vcnonp30BaTh  CpeACTBa  CTATH-

pa3pabOTKH | YEeCKOro TECTHPOBAHHS  3allUIIEH-
HocTu nputokeHnit (SAST)

4 BIT- W30aBnsaThcss  OT  HEAKTYaJbHOTO
apXHUTEKTYpe | MporpaMMHoOro obecredeHwus:; Peryns

CHCTEMBI PHO yCTaHABIMBAaTh OOHOBICHMS Ha
[10; xourponuposats UT-undpactpy
KTypy Ha IPEeIMeT OTKPBIThIX MOPTOB,

HAJMYUS MeEp 3alllUThL, PEryJIIpHO
MCHITh TapoiM, KOHTPOJIHPOBATh
TIOJTHOMOYHS! TIOJTh30BATENICH
Hcnonn3oBanue MaTeMaTH4ecKon
MOJIeJI, OCHOBaHHOM Ha cxeme Mak-
Omuca THOPUAHBIX MOIUPHIIPOBAH-
HBIX UMNTHYECKHX Ko-max (MEC)
UL KOAMPOBAHKS W JEKOAMPOBAHHS
uHGOpPMAIIMA € KCIIOJB30BaHUEM
MOU(HUIAPOBAHHOTO anropuT™Ma
UMAC mnpu nepefade M IMOJy4eHUH
OTKPBITOTO COOOIIEHHUS MO KaHaJlaM
cBsi3M [ 5]
[loBbieHue
OUTKOMHA

5 TTOSIBJICHUS
KBaHTOBBIX
KOMITHIOTEPOB

6 OIAcHOM
“araku-51”

Xel MOIITHOCTH

OTnenpHOTO BHUMAHUS 3aCIyKHBACT YSI3BHUMOCTH,
CBS3aHHAsT C  IPUMCHEHHEM  IIOJIHOMACIITAOHBIX
KBaHTOBBIX KOMIBIOTEPOB. B CBs3H ¢ 3TUM B Oyaymem
OyzmeT BO3pacTaTh BO3MOKHOCTh B3JIOMa HCIOJB3YEMBIX
HBIHE OTHOCUTEJILHO KPUNTOCTOMKUX anroputMoB SHA-
kmacca (SHA-1, SHA-2, SHA-3) a Taxxke anropurma
RIPEMD, koTophlif HCHONB3yeTCs B OWTKOMHAX U
JPYTHX KPHUIITOBAJIIOTAX HAa OCHOBE OWTKOMHOB. B
nporiecce peanuzanumn MpeJiaraeMoim MOJICTH
MpeaycMOTpeHa  JBOWHas  BepUPUKAIMSI, KOTOpas
MO3BOJISIET 00ECTIEYNTh BHICOKUN YPOBEHH IIEJIOCTHOCTH
U JTIOCTOBEPHOCTH TIEPEIaBacMOr0 COOOIICHHS, a TaKKe
BBICOKHU YPOBEHBb OBICTPOICHCTBUS M KPUITOCTOUKOCTH
XEII-KOJIa B YCIOBHUSX ITOCT-KBAHTOBOW KPUIITOTPa(IH.
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HOPIBHFIJ'II:HV_I_VI AHANI3 ENEKTPOHHUX UN®POBUX NIANKCIB HA OCHOBI
3A[0AY TEOPII PELLITOK TA BATATOBUMIPHUX KBAOPATUYHUX CUCTEM

ITosiBa KBaHTOBOTO KOMI'IOTEpA CHPHUYMHHTH 32
cobor0  HeoOXimHICTH  Oararopa3oBOro  30ULIBIICHHS
JOBXUHU KITIOUIB U CHMETPUYHOTO IMIH(PYBaHHS, a UL
Xen-QyHKIiii — 0aratopa3oBOro 30UIBIICHHS NOBXHHA
xemry. Taki JOBXHHM CTalOTh HENPUHHATHUMH JUIS
MPAaKTHYHOTO BHKOPUCTAHHS CUMETPHYHHX aJTOPUTMIB i
ICHYIOUHX XeI-(DYHKIIIH.

MeToro po0OTH € aHaii3 1 MOPIBHSUIBHI TOCTIPKEHHS
cxeM enekTpoHHoro 1m¢posoro minmucy  (ELIIT)
MOCTKBAHTOBOTO IIEPIOAy [UI BHSBICHHS HANOUIHII
HEPCIICKTUBHOT CXEMHL.

B pesynbpTati aHaNi3y MMOCTKBAHTOBHX IIXOIB OYITH
o0paHi TIepCIeKTHBHI KaHIMIATH: Ha OCHOBI 3a/1a4 Teopil
pemmitok (Lattices) Ta OaraTOBHMIpHHX 3aBaIOCTIHKHX
komiB (Multivariate), o TpUBEPTAOTh YBary 3aBISKH
CBO€T MIBUKOCTI Ta JOBKHHI KIFOUiB (a0 1).

Tabmuus 1
INopiBHSHHS NOCTKBAHTOBHX ITiTXO/IIB

o Bararosumipsi
ITocTkBaHTOBUI . . .
o Teopist periTok KBaJpaTHYHI
MiAXia
CHCTEMH
Po3p's3anHs  3a- | Bupimenns cu-
nad Teopii pemri- | cTeM  GaraToBu-
TOK B OCOOJHMBHX | MIpHHUX KBaJpa-
OOrpyHTYBaHHS . p . P
. peuriTkax. TUYHUX PIBHSIHb
CKJIQJTHOCTI
3HaXOMKEHHS
«rapHOT0» 0azucy
pemiToK
Hobpe  peamizy- | [loObpe peamisy-
€TBCSI Ha CIellia- | €ThCS Ha amapar-
IBuakomis JILHOMY Tporpam- | HHX 3aco0ax
HOMYy  3abesme-
YeHHi
Besnmiu chep 3a- | llBuakicte. He-
CTOCYBaHHS. BEUKa JOBKHHA
IlepeBaru OOrpyHTYBaHHS KJIIOYiB
CKJIQIHOCTi B Haii-
TipHIOMy BUIIAJKY
BigcyrHicTb HecnpomoskHicTh
TOYHOTO METOY 0OTpyHTYBaHHS
. Oesmexu. IligBu-
Henomiku
mieHa  JOBXKHHA
BIZIKPUTOTO
KJII0Ya

Posrinsmemo napamerpu cxem ELII uerBeproro ta
m’sitoro piBHiB Oesmeku NIST (National Institute of
Standards and Technology), To6T0 "HMOBIpHO, HAZMIPHHX
TIO cTiliKocTi anroput™MiB" (puc. 1).

Tbmzermms Amogesy Koespens  Zumoa  Dimpwmst | Joessss
mmEn peemznE BIBOY, mne, | mimoey
g3 == g3
Teopis parime Faloon fzlcon 1024 BE155 1755 1330
T=k  qe= 5 1% IIH | &%
BarercEnbpH LN how$4-08-330 El 125873 31E4
REEIpETIH Toon=B(-B5-399 Erl 40248 4830
OTTEMH Toon=E-117-404 Erl 100 229 51
Too-B90-351 il 45101 441
WDE o = ] TIm

Puc. 1. [Napamerpu cxem ELIT

[epmmii piBeHp O€3MEKH 3a0€3MEUYIOTH TLTBKA
CXEMH Ha pelliTKaX. baraToBmMIipHI KBaapaTHIHI CXEMHU
MafoTh OUTBII BHCOKI piBHI Oesmekw. Skmo Opatu a0
YBarW TaKTOBI BHTPATH, TO HAWIIKABIIIOI € CcXeMa
qTesla_128. I1lo cTocyeThCs MapaMeTpiB, TO SIBHO BHUIPAE
Falcon512.

Cepenm cxeM JApyroro Ta TpeTbOTO  PIiBHIB
HaiOlnboro  mBuakoxmiero  Bosogie  CRYSTALS-
Dilithium, a MQDSS - naiimenmon. MQDSS-48 wmae
KOPOTKI KJIFOYi, ajie 3aHaJTO BEJHMKY JIOBKHHY IiIIHKCY,
mo aOCOMIOTHO HETPUHHATHO MJIsI TIOPHIOHUX CHCTEM.
SIKIIO TOPIBHIOBATH MapaMeTpH, TO 3HOBY SIBHY IlepeBary
MAaroTh CXEMH Ha PeIIiTKaX, 30KkpeMa, cxema Falcon768.

Ha dyerBeproMy Ta Ha m'sitoMy piBHSX Oe3neku
OaraToBuMmipHi KBampatnuHi cxemn LUOV  wmaroTh
3aHAITO BENMKI JTOBXKWHH BIJIKPUTHX KIFOUIB, a CXeMa
mMQdss-64 — BenHKyY JOBKHUHY MiATHCY.

B pe3ysnbrati nmpoBeeHOTO HOPIBHSUIBHOTO aHANi3y
ICHYIOUMX TIOCTKBAHTOBHUX TiAXOMiB OyiaM 3HaineHi
mepeBard Ta HEIOMKH [UX IiAXOMdiB, OyJIO IOKa3aHO
nepeBary kpuntoneperBopeHb EIIl  Hamg iHmmM#
ITOPUTMAMH 32 3aCTOCOBAaHUMH KPHUTEPISIMU MOPIBHSIHHS
Ta OyJ10 BU3HAYEHO HAMOIIbII IEpCIIEKTHBHOTO KaHH1aTa
— cxemy FALCON (y Bcix TppOX KOHKPETHHX
peastizanisx), ska Ha BCiX piBHAX Oe3neku 3abe3nevyBana
HaliMEHIy JOBXHHY KIIOYIB 1 MANMCY 3  YCIX
NIPEJICTABIICHUX aJITOPUTMIB.
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Y3ArAlIbHEHUW NEPENIK F'PYN KPUTEPIIB KPUTUYHOCTI OB’EKTIB
IHOPACTPYKTYPU OEPXXABU

OcHoBHUMH TpoOieMaMu y cdepi  3aXHCTY
o0exTiB kputnuHoi iHPpacTpykrypu (OKI) Hapasi e:
BincyrHicts knmacudikamii OKI mepxaBu (OKILJ), ne
chopMoBaHO  TOBHMH  mepenik  iHdopMauiitHo-
tenexomyHikauiiHux cucreM (ITC) OKIJ] sk 00’exTiB
KpUTHYHOI iH(popMaliiiHoi iHppacTpyktypu (OKII), a
TaKOX BIJICYTHI KpUTepii OIIHIOBaHHS HEraTHBHUX
HACIIAKIB O SKHX MOXKE IPU3BECTH KibepaTaka Ha
OKII. Tomy, mpoBemeHHs aHaNmizy Ta (QOPMYBaHHS
y3arajlbHEHOTO TEpeNiKy KPHUTEepiiB  KPUTHIHOCTI
00’exTiB iHPpacTpykrypu nepxkasu sk OKIJ 3 meroro
YiTKOTO BHU3HAUCHHS MOBHOTH Ta Mex ycix OKII
cy0’ektamu  3abesmedeHHs i1 kibep3axucry €
axKmyanbHuM HAYKOBUM 3aBJaHHSM.

Buxonsun 3 BUKIANEHOTO, Memolo pobomu €
(dhopMyBaHHS y3arajbHEHUX KPHUTEPIiB KPUTUIHOCTI
00€KTiB iH]pacTpyKTypH neprkaBu it GopMyBaHHS iX
HeperiKy Ta HoAaNbIIOro 3a0e3neueHHs Kibep3axucry.

BinmoBigHO 10 3aKOHOMABCTBa YKpaiHH KpHUTEpil
Ta TOpsAmoK BimHeceHHs 00’ektiB g0 OKI, mnepenik
TaKuX 00 €KTIB, 3arajbHi BUMOTH 0 iX KiOep3aXucry, y
TOMY YHCII IIOAO 3aCTOCYBaHHSI  IHIUKATOPIB
Kibep3arpo3, Ta BUMOTH 10 TNPOBEICHHS HE3aJIEKHOTO
aymury iHpopMariiiHoi Oe3mekn 3aTBEPKYIOTHCS
Kabimerom Minictpie VYkpaian (KMYVY). Oxpemum
MIPOEKTOM IlocTanoBu KMY nepeadavaeTbes
BITHECEHHS  MIJAMPHEMCTB, YCTAHOB, OpTraHi3allii
He3aJe)xkHo Bin ¢opmu BiacHocti jgo  OKI, siki:
NPOBAJATh JISUTbHICTh Ta HAZAIOTh HMOCIYrH B raly3sx
EHEepreTUKH, XIMIYHOI MPOMHCIOBOCTI, TPAHCIOPTY,
iHpOpMaiHHO-KOMYHIKaIlIHHIX TEXHOJIOTH,
CIEKTPOHHUX KOMYHIiKamid, y OaHKIBCBKOMY Ta
(hiHAaHCOBOMY CEKTOpaxX, Y cdepax KUTTe3a0e3NCUSHHS
HaceJIeHHS, 30KpeMa, y cdepax LIeHTPalTi30BaHOTO
BOJIONIOCTAYaHHS, BOJIOBI/IBE/ICHHS, MOCTaYaHHs
€JICKTPUYHOI eHeprii 1 rasy, BUpPOOHHMITBA MPOIYKTIB
XapuyBaHHS, OXOPOHM 3JI0pOB’S; € aBapiiHUMHU Ta
PATYBaNbHUMH  CIOyX0amu, ciayx0aMH  eKCTpeHOi
JIOTIOMOTH ~ HACEJeHHI0; BKIIOYEHI 70  Meperiky
MiATIPHEMCTB, IO MAlOTh CTpATETidHE 3HAYCHHS U
€KOHOMIKM 1 Oe3mleKu JepkaBu; € 00 €KTaMH, IIo
MiJUIATal0Th  OXOpPOHI Ta  OOOpPOHI B  yMOBax
HAJ3BUYAMHOTO CTaHy 1 OCOOJMBOTO Tepioay; €
00’e€KTaMu TOTEHUIHHO HEeOe3NeyHUX TEeXHONOTi 1
BUPOOHUITB. AJe, BimHeceHHs Takux 00’ektiB 10 OKI
BiIOYBA€ThCS JIMIIE 3a CYKYITHICTIO KpHTEpiiB, IO
BU3HAYAIOTh iX BAXJIMBICTh I peaii3alii >KUTTEBO-
BOXJIMBUX (YHKLIH Ta HalaHHSA >XHMTTE€BO-BAXIMBUX
MOCIYT, CBiqYaTh MO iICHYBaHHS PU3UKIB 1 3arpo3 JUIA
HHUX, MOXIMBICTh BHUHHKHCHHS KpPH30BUX CHTYyaIlil

yepe3 BTPYYaHHS B iX ()YHKIIOHYBaHHS, NPHUIHHECHHS
(GYHKIIOHYBaHHS, JIOACHKHN YHHHUK YA TPUPOAHI
JMXa, TPUBANICTE POOIT U YCYHEHHS TaKUX HACHIJIKiB
JI0O TIOBHOTO BIJHOBJICHHS IITaTHOrO pexumy. Takuii
NPUHLUI 3aCTOCYBaHHS "CYKYNHOCTI KpUTepiiB" y
[UIOMY € TMpOOJIEeMHMM IIOMO iX BHU3HAUCHHS Ta
CYMHIBHIM Y NMPaKTUYHIH peanizarii.

Jdns  BupilleHHS IUX TNpodjieM Ta TNPOTHPIY,
MPOBIBIIM aHANi3 i HAYKOBHX Mpalb Ta HOPMATHBHO-
MPaBOBUX JIOKYMEHTIB, NPOIOHYETHCS Yy3araJbHEHHUH
MepeliK TPym KPHUTEpiiB  KPUTHYHOCTI  00’€KTiB
iHppacTpykTypH aepxas [1]:

1) 3a cdeporo AIUIBHOCTI Ta HAJaHHS MOCIYr Y
CEKTOpi KpUTHIHOI iHPPaCTPYKTYpH;

2) 3a KaTEropiero 00’€KTiB SIKMM
PETIaMEHTYIOThCSI OCOOJMBI YMOBH 3a0C3MCUCHHS iX
3aXUCTy Ta QyHKLIOHYBaHHS;

3) 3a KpUTEPiAMH BKIIOYEHHS [0 MEPETiKY
OKpEMHX OCOOJIMBO BOXKIIMBHX 00 €KTIB MpaBa JepKaBHOT
BJIACHOCTi, OXOpPOHA SKHX 3/IHCHIOETHCS BHUKIIOYHO
JIep>)KaBHUMH ITNPHEMCTBAMH Ta OpraHi3alisiMu Ha
Ii/ICTaBi IOTOBOPIB PO HAJAHHS OXOPOHHUX ITOCIYT;

4) 3a CyKYITHICTIO KPHUTEpIiB, [0 BH3HAYAIOTH 1X
BaXIUBICTh  JUIA  peaji3amii  JKUTTEBO-BAXKIUBUX
(bYHKIIH Ta HAJaHHS KUTTEBO-BAXKIMBUX TOCIYT;

5) 3a  HacmiKamMH ~ TOPYIIEHHS  CTaJoro
¢ynkuionyBanns  OKI, MOXYTb CIPUYHUHUTHU
Kibeparakw;

6) 3a MeromuKow igeHTHGiKamil MOTEHIIHO
HeOe3eYHnX 00 €KTIB (KPUTHYHUX EJIEMEHTIB);

7) 3a KaTeropiero KPUTHIHOCTI 00 €KTa;

8) 3a maseuictio OKII;

9) 3a kmacaMu HACHiAKIB (BIAIIOBIZAIBHOCTI) Bif
KaTeropii CKIIagHOCTi 00°€KTa;

10) 3a O3HaKaMu izeHTudiKkarmii
ITiIBMILEHOT HeOE3EKH,

11) 3a Bugom iHdopmariii, 1110 06pOOISETHCS.

3a pe3ynbpTrataMmu MIPOBEIEHOTO aHamizy
c(OpMOBaHO y3araJbHEHHUH TMEpeiK TPym KpHUTEpiiB
KPUTHYIHOCTI OO€KTIB iHPPACTPYKTYpH AEp>KaBH, SKHHA
MOXXe OyTH TpeICTaBieHWd Yy BHUTIAAI  0a3oBoi
TEOPETHUKO-MHOXHHHOT MOJIET.

K1

00’€eKTIB

Cnucok nitepatypu

[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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METOAONOrNA AHANI3Y CYKYINMHOIO PU3UKY BE3INEKUA MOBIJIbHUX
AOOATKIB

3II0BMHCHUKH MOJXYTh 3aBJaTH 30MTKIB BalioMy
Oi3Hecy abo opranizaumii, BHKOPHCTOBYIOYHM Bally
nporpamy. IcHye Oararo crocoOiB peainizanii aTtak Ha
Balll IOJATOK, SKi Tpeba MaTH Ha yBa3i, Ta MPUHHATH Iii
MO0 TPOTHAIl LUM arakam. Y pasi HEBEJIUKOIro
po3mipy opradizamii Ta OOMEXCHOCTI  pecypciB
HEOoOXiJTHO 0OUpaTH Ti MOrPO3H, SIKI MOXKYTh HAHOLIBII
IMOBIpHO HaHeCTH 30WUTKH Balliif opraHizaiii. 3 MeTo
aHali3y TMOTpo3 JUIA OpraHizamiii Oyma po3pobieHa
METOJIOJIOTisl aHAJTI3y CYKYITHOTO PU3UKY.

Cyte MeTonOJIOTIi mMOJNSrae y TOMY, IO IS
BU3HAUCHHS PH3WKIB I OpraHizamii Tpeba OLiHUTH
HMOBIpHOCTI, TOB'S3aHI 3  JDKEpelNaMH  3arpos,
BEKTOpaMHM aTaK 1 HEJONiKaMu OC3MeKH, a IOTIM
o0'eqHaTi X 3 OILIHKOI TEXHIYHOI 1 pemyTariiHoi
mkoau it opraizaunii. Cyma uux (akTopiB BU3Ha4yae
CYKyIHHI pu3UK. Po3po0jeHa METOMOJIOTIS OIHKH
CYKYITHOTO PH3UKY 3acCHOBaHA HAa MCTOMAMIN OIIHKH
3arpo3 OWASP. V¥ miit MeToaui is KOXKHOI KaTeropii
3arpo3 OLIHIOIOTBCS XapaKTepHI Al CTAaHIApTHOTO
MOJATKy  HENOJIKH, BHXOIMYHM 3  (akTopiB  ix
HMOBIpHOCTI 1 pu3uky. I1oTiM 3arpo3u rpymyroThCs 3a
CTyIeHeM HeOe3NeKn JUIs J0IaTKiB.

Po3pobnena Ha 6a3i OWASP meromornoris aHamizy
CYKYITHOT'O PU3UKY BHU3Haua€ Tpu (HakTopu iMOBIpHOCTI
HasBHOCTI ypa3iuBOCTI (MOIIMPEHICTh, CKJIAIHICTh
BUSIBJICHHS 1 CKIIaIHICTh eKcIutyaTarii) i onun dakrop ii
HeOe3nekn (TexHiuHi Hacmigku). PiBeHb KPUTHYHOCTI
KOKHOTO (hakTopy Kiacudikyerbest Bin 1 (HU3bKHIA) 10
3 (BHCOKHIi) 1 BU3HAYAETHCSI CICIIATbHIMHU TEPMiHAMH.
[MommpeHicTe, K NpPaBWJIO, HE BUMAara€ po3paxyHKY.
I[otiMm mwi pmaHi OO’€AHYIOTBCS 3 [BOMA IHIIUMH
(hakTopamu HWMOBIpHOCTI (CKJIAOHICTh BHSBICHHS 1
CKJIaHICTD eKCILTyaTallii) Ui po3paxyHKy HMOBIPHOCTI
HassBHOCTI KOXHOI ypasnuBocTi. OTpuMaHe 3HauCHHS
MHOXXUTBCSl Ha CepellHE 3HAUEHHS TSDKKOCTI TEXHIYHMX
HACHIAKIB JUII BH3HAYCHHS CYKYIHOI HeOe3MeKH
KOKHOTO ITYHKTY pOOOTH (YMM BHIE pe3yibTar, THM
Oimpma  HeOe3neka). CkIagHICTh  BHUSBICHHS i
eKCIUTyaTallii, a TaKoXX HACiJIKH pO3pPaxOBYBaIUCS Ha
ocHoBi CVE. ITlpn mpomMy naHWH MmiIXiJ HE BPaxoBYe
JUKepesia  3arpo3, a TaKOoX TEXHIYHI 0COOJIMBOCTI
OKpEeMHX JI0JIaTKiB. Bynb-sikuii 3 nux ¢axkTopiB Moxe B
3HAYHIM Mipl BIUIMHYTH Ha 3arajJbHy HMOBIPHICTB
BUSIBJICHHS 1 €KCIUTyaTallil 3JI0BMUCHUKOM YPa3iIHBOCTI.

Jnst nmpukiany peaiizanii aHanizy 3arpo3 Oe3nexu
MOOULIEHOTO JOAATKy 3a pPO3pOOJIICHOK METOIHKOI0
ckopucraemocs Tabi. 1 mms Bisyaumizarii po3poGieHoi

METOZOJIOTIi Ta Tabx. 2 g BimoOpaXeHHS OTPHMaHUX
y XO/Ii aHali3y JaHUX Ta Pe3yJbTaTiB.

Tabmuusg 1
MeroanKa OLIHKH CYKYITHOTO PH3HKY

Jxepeno 3arpo3u 3aeXuTh BiJ JOTATKY

CknamHicTh IIpocro: 3
ekcrutyaranii (F) Cepennbo: 2
CkrnamHo: 1

[MommpeHnicTb
ypaznuBocri (A)

Hyxe nommupena :3
ITommpena: 2

PigxicHa: 1
CknagHicTh IIpocro: 3
BusiBiieHHS (C) Cepennpo: 2
Ckragso: 1
Texuiuni Baxki: 3
Haciaku (X) Howmipsi: 2
Hesnauni: 1
CyKynHuii pusuK (F+A+C)-X
Tabmuug 2
[Ipuknan pearizamii METOIMKH OIIHKH CYKYITHOTO PU3UKY
Jxepeno 3arpo3u Po3pobHIKH
CKIIafHICTh eKCIUTyaTaii Tpocto: 3
(F)
HebGe3neune [MommpeHnicTb
. . [ommpena: 2
30epiranas ypazmuBocTi (A)
TaHUX CK1agHicTh
BusiieHHA (C) Cepenbo: 2
Texuiuni Hacmiaku (X) Baxki: 3
CyKyInHUHA pU3UK 21
Jlxeperno 3arposu Po3pobHKH
CkIaHICTh eKcIuTyaTanil Croango: 1
(F)
Hwusbka HOHIHPCHI.C ™ IMommpena: 2
SIKICTB KOZY YPIHBOCTL (A)
CKIIaJHICTh Crnaio: 1
BusiieHHs (C)
Texuiuni Hacmigku (X) owmipsi: 2
CyKynHHH pH3HK 8

OTKe, MpoaHalli3yBaBIIN Bl 3arpo3H 3a pO3pOoOJIEHOI0
METOJIOJIOTII0  OLIHKK  CYKYHNHOTO  PH3HMKY,MOXHa
3pOOUTH BHCHOBOK, 1[0 TIPH OJJHOMY i TOMY X CaMOMY
JOKeperti, 3arpo3a HeOe3MneyHoro 30epiranHs JaHUX Mae
Maibke BTpHUYi OUTBIIMI CYKYIHHMH PHU3HK Ul Oe3NeKH
MOOUTEHOTO AOJATKY. 3BaXKalouH Ha Iied (akT Ta y pasi
BIJICYTHOCTI 3arpo3 3 OiNbIIMM piBHEM CYKYITHOTO
pHU3HKY, OpraHi3allis, BKJIABIIA PECYPCH Yy peali3alliio
3aXUIIEHUX CXOBHUI JaHUX, MaTUM€ HaUBUIIUH
MTOKa3HUK O€3IeKH JIsi CBOT0 MOOITFHOTO JIOJIATKY.
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A0 NMUTAHHA BE3MNEKU “PO3YMHUX MICT”

AKTyaJbpHICTE TpoONIeMH Oe3MeKd “po3yMHUX
MicT” B VYkpaiHi. 3 MeTor iHTerpamii y CBiTOBHIA
npoctip 4.0 Ykpaina npencraBuia ctpaterito [HaycTpii
4.0, B sIKii OIHMM 3 HamNpsIMIB € — MOBHOMacIITaOHe
omuppyBaHHs (IUIKUTATI3AISA) KIIOYOBHX CEKTOPIB
MPOMUCIIOBOCTI, EHEPreTUKH Ta  I1HOPACTPYKTYpH,
30KpeMa y KOHTEKCTi PO3BHUTKY “pO3yMHOT0 Micta”, siK
CTPYKTYpH  ‘“CEHCOpHa Mepexa —  IEeHTpajbHa
miatpopMa JaHUX — MOOUIBHI  TOmaTku”  Ta
3abe3nedeHHs ii Oe3mexn 3a mpoQiIMu.

[adopmamiitna Momems  “po3yMHOTO  MicTa’.
Mopens “po3ymHOrO Micta” € mBOpiBHEBOIO. [leprmit
piBeHP — (YHKIIOHANBHUH, IO 3abe3medye pobOTO-
3MaTHICTP CKJIIAAOBHX PO3YMHOTO  MICTa  3TiHO
iHpopMaLiiHOT CTPYKTYpH “BinOUpaHHS — 0OpoOIeHHS
— TepelaBaHHsA/pUiiMaHHs — ynpaeiinesa”. dpyruii —
0e3MeKOBU, KU MPEJCTABISE TEXHOJIOT1l 0E3[IEYHOTO
(YHKIIOHYBaHHA LMX CKIQJOBHX 32 IpodiisimMu
3axXUCTy iH(poOpMaIii: KOHIACHIIIHICT — IUTICHICTD —
nocTymHICTh. besmeunmii 30ip JaHUX Bil CEHCOPIB
“po3ymMHHX 00’€KTiB” Ta 0OMiH iHQOpMAaIii B cHCTeMi
“po3yMHE MICTO” BINMOBITHO 3HIMCHIOIOTH IHTEPHET
peueit 1 xmapHi  TexHojorii. [HCTpyMeHTapiit
mwiathopMu JaHWX 3abe3medye 30epiraHHs, aHai3,
Bi3yalli3allilo JaHUX, MPOTHO3YBAaHHS i, Ha Il OCHOBI,
YIPABJIHHS CUTYALIsSIMH B PEXKUMI PEabHOTO Yyacy.

Cucrema ‘“Po3ymHmMit OynumHOK® — OIWH 3
CErMEHTIB PO3BHUTKY “pO3yMHOro MicTa” 3acobamu
aBTOMAaTH3alii  yNpaBIiHHA  CTaHOM  OE3MEYHOTrO
(yHKI[IOHYBaHHSI CUCTEM: KIJIIMAaT-KOHTPOJIO, Tra30- Ta
BOJIOTIOCTAYaHHS, OCBITJIEHHS, ITOKEKHOI CHUrHami3awmii
Ta CIOBIIIICHHS, KOHTPOITIO JIOCTYITY i
BiJICOCTIOCTEPEIKEHHS, MPOBITHOTO 1 OE3MPOBIAHOTO
3B’s3KY T. 1. YaCTHHHUH MPOEKT MOKa3aHO Ha puc. 1.

Puc. 1. Crpykrypa “po3ymMHOro OymuHKY”

Ha puc. 1: 1 — aBToMaTH3alliss CUCTEMH OMAJICHHA, 2 —
YIpPaBIiHHS OCBITJICHHAM; 3 — cHCTeMa YIpPaBIIiHHS BiKHAMH;
4 — cucTeMa BiICOCIIOCTEPEKEHHS; 5 — IMITaLlisl MPUCYTHOCTI
rocnojapis; 6 — KOHAUIIOHYBAHHS Ta BEHTHIIALIS, 7 — JaBadi

HpOTiKaHHS{; 8 — aBTOMAaTH30BaHa CHCTEMa OYHUIICHHA BOAU B
GaceitHi.

Besmeunnit oOMiH iH(OpMaIielo Ha OCHOBI
nmdpyBanHa. OOMiH iHpOpMamield B “pO3yMHOMY
MICTi”, 5IK 1 y HOTO CerMeHTi — “po3yMHOMY OyIWHKY,
3IIMCHIOETBCS CCHCOPHHMH MeEpe)KaMH, HaIpHKIaz
ZigBee, Wi-Fi, Bluetooth. 3 meroro 3axucry inhopmarrii
BiJl TEpeXOIUICHHs B OE3MpOBIAHUX KaHalax 3B 3Ky
BUKOPHCTOBYIOTh MIM(PYBaHHS/NEIUPPYBaHHS NaHHX.
Cepen xpunrorpadiuHix METOIIB 3axucTy iHdopmarii
Ha MPaKTUI[l BUKOPUCTOBYIOTh aJTOPUTM INU(PPYBaHHS
AES — cumerpuunuii 6nokosuit nmop (NIST, 2002 p.).

OCHOBHI NpPUHIMIKN aJTOPUTMY: 3arajbHE YHCIIO
0iTiB KIIIOWiB B payHOaX MOPIBHIOE IOBXKHWHI OJIOKa,
NOMHOXEHIH HA YHCIIO payHHiB, IUIOC OIMH; KIIOY
MU(PYBaHHS NEPETBOPIOETHCS B PO3MIMPSHUH KITIOY;
PayHIOBI KIIFOYi TEHEPYIOThCA 3 PO3LIMPEHOro KIkoYa:
MePIIUHA KITF0Y payHAY MICTHTB neprri X ciiB, IpYTui —
HactynHi X ciiB i T. 1. Cxema QyHKuii mudpyBaHHs
AES naBenena Ha puc. 2.

BxijgHuii 6ok

v

JlosiaBaHHs payH10BOTO KoY
AddRoundKey
3amiHa OaiiTie 4
SubBytes
3cyB pajakis
ShifiRows
INepeminryBanus CTOBMIIB
MixColumn
JonaBanus payHI0BOro KIo4a

AddRoundKey v
T

1-it payHz

Oyukuis £,
mHQppyBaHHA
AES

3amina OaiiTie
SubBytes
3cyB paaxis
ShifiRows
[lepemilryBaHHs CTOBILIB
MixColumn

JloaaBanus payHI0BOTO KITIOYa
AddRoundKey v
3amiHa OaiiTis 4
SubBytes
3cyB paakis
ShifiRows
JlonaBaHHs payHI0BOTO KITIO4a
v AddRoundKey v

v

BuxijHuii ook

9-it paynn

10-ii payHa

Puc. 2. Cxema dyskuii mmdppysanus AES
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3ABE3INEYEHHA BE3MNEKUA ABTOMOBIIA HA IOPO3I

BuBuaeTscsi cucTema aBTOMIIOTY abo cucTeMa

KypcoBOi  CTIHKOCTI ~ aBTOMOOUISA,  aHANI3YEThCA
JiTepaTypa Ta Cy4acHi CHCTEMH, a TaKOX BUIIQAKH, JE
BOHA € He3aMiHHOIO. PosrmsmaroTecs  icHyroui

YCTAaHOBKM Ta BapiaHTH KOHCTPYKTOPCHKHX pillleHb
TaKUX CUCTEM, y SIKMX OyJM BUSBICHI HEJONIKH, a
TaKOX SIK TI030aBUTH JJaHy CUCTEMY BiJl LIUX HEMOJIKIB..
[TporonyeThest BapiaHT opraHizauii cucreMy, sika Oysia
0 HanmiHOI, a TAaKOX Maja MOXIIUBICTH CBO€YACHO
norrepenuta iimoBipHicTs JJTTI 3 60Ky maHOi cucTeMu.

AKTyanbHICTbh JOCIIDKSHHS MOJIATAE B TOMY, IO B
JaHW{ dYac Ha Joporax 30UTBIOIYEThCA KUTBKICTD
aBTOMOOLTIB, a 1€ TMPU3BOOUTH TI0 TOTO, IO
MiABUITYETHCA KUIBKICTh aBTOMOOUTBHHX KaTacTpod.
Tomy, moTpiGHe cy4yacHe BHpILICHHS TaKUX HpoOJieM,
SK CTBOPEHHS CHCTEM aBTONUIOTY a00 CHUCTEMH
KypPCOBOi CTIHKOCTi aBTOMOOIJISL.

ABTONINOT — NPUCTPiii 00 POrpaMHO-anapaTHUR
KOMIUIEKC, IIO KEepye TPaHCIOPTHUM 3acoboM 3a
NIEBHOIO, 33JIaHOI0 HOMY TPa€EKTOPIELO.

Cuctema KypcoBOi CTIHKOCTI — L CHCTeMa, sKa
MpHU3HAYCHA IS 30epeKeHHS CTIHKOCTI 1 KepOBaHOCTI
aBTOMOOUIA 3a paxyHOK 3aBYaCHOTO BH3HAYCHHA Ta
YCYHEHHsI KpUTHYHOI CUTYaLil Ha T0po3i.

BesminoTHuii aBTOMOOLIL € TOJOBHOK HOBHMHOIO,
ayie BIH B)K€ 3HAWILIOB CBOE IMPAaKTHYHE 3aCTOCYBAHHS.
be3nijoTHI TpaHCIOPTHI 3aCO0H MOXYTh 3 YaCOM CTaTH
OisbI e(eKTUBHUMU 1 OibI Oe3meyHrMU. BOHU Takoxk

MOXYTb 3MEHIIMTH YHCJIO 3aTOpiB 1 KUIBKICThH
IIKIUIMBUX BUKUIB y TOBITPSI.
Mera — mnpoaHani3yBaTH ICHYIOYM CHCTEMH

KepyBaHHSI aBTOMOOLIEM 1 BHSBUTH iXHiI HEIONIKH i
3aIpOIIOHYBATH CIIOCOOM TX BUPILIEHHS.

[licns KOMIUIEKCHOTO aHaji3y JiTepaTypd Ta
BUBUCHHS PHHKY ICHYIOUMX CHCTEM MHOIO Oyna oOpaHa
cuctemMa  apromimory  Tesla.  [lama  cucrema
3apekoMeHyBana cebe 3 00Ky TpaHcopMallii cucTeMu
JIOTIOMOTH  BOJII€BI, BioMy sk “2-uit piBeHb”, B
MOBHICTIO aBTOHOMHY CHCTEMY, sKa Moria 0
MpaImoBaTH 0€3 JI0JACHKOT0 KOHTPOI0, “piBeHb 4-57, 1
MOKAa3aTH CBOE BMIHHS aHAJI3yBaTH CUTYaIlil0 Ha JOPO3i
TakuM YUHOM, € JEsKi BHHSATKH JUIi CHCTEM TaKOTro
poxny. Hampuknan, cucremMu — aBTONUJIOTY, 4acTo
CIELTEXHIKOI0 HE BUSBIIIOTHCS, 1€ € JYXKE BayKIIMBHM
(akTOpoM, y BCIX IHIIMX BHIAJKax PyX TPHBAE IO
npaBmiaM. TIokpalieHHs TaHOTO BUJYy CHCTEM MO>KHA
3pOOHMTH HACTYITHUM CIIOCOOOM — TpPaHCIIOPTHUM
3aco0aM Tpeba 1aTh MOJKIIMBICTH “CHIJIKYBaTHCS” MiX
cobor10: mepenada IMIBHIKOCTI 1 MICIl TpHU3HAYEHHS,

MIPOTHO3YBaHHS IUIIXY, OyAb-SKOI0 iH(POPMAIi€0 TpPo
nmopory abo mpobiemu Oe3leKkH, TaKoX “Masdku’ I
CHEUTEXHIKH.

Ha pmaHuii MOMEHT pO3pOOJSIOTECS CHCTEMH,
TEXHOJIOTIT SKMX 3a paMKaMH Halloro YsBIICHHS.
[ToBHOIIHHE BITPOBA)KEHHSI TaKUX CUCTEM B CydYacHi
aBTOMOOLTI crac Bce Oimpll  peanbHUM. Take
BIPOBAJKEHHS, JI03BOJIUTh TPAHCIIOPTHOMY 3aco0y
HaOWpaTt HEOOXiTHY IIBHAKICTh, YHUKATH aBapilHUX
CUTyallii 1 B3OIHCHIOBaTH MaHEBPH 0e3 KepyBaHHA
MOAWHOK. B 1mimomy, Ha CBOTOAHI Taki CHCTEMH,
3BHYaiiHO, JONOMAaralmTh NP BOJIHHI, aje HE BapTo
3a0yBaTH TPO Te, IO M€ eNEKTPOHIKa, 1 CKIACTH
Iporpamy Ha BCi BUMAAKH )KUTTS HEMOXIIUBO, aje Ie He
O3HaYae, L0 HEI CTOiTh HEXTYBaTH, HABIAKH, BOHA
HIKOJIM HE PO3ryOUTHCs, He MeperuTyTae neaaii i B3arai
3po0uTh Te, 110 MoTpiObHO. Co0iI MOKHA JIMIIE YSBUTH,
10 1O HULIXY MPOXO/PKEHHS He POITYCTHII TOTPiOHMIMA
MoBOpOT, He Oyne mrTpadiB 3a TOPYLIEHHS IMPaBUII
T[], a Tako)X HAWTONOBHIIIE TaKi CHCTEMH 3MOXYTh
BpSATYBaTH HE OJHE, a HABITh KIJIbKA JFOJICHKHUX XKHUTTIB.

Ticnsa MIPOBEICHUX OCITIKEHD Oynu
3aIPOIIOHOBAHI 3aXO0/H 1010 TIOJIINIICHHS TaKUX THIIIB
CHCTEM: JUIS CIICHTEXHIKH Tpeda momatu “‘Masaku’”’, 00
aBTOMaTHKa crpuilmMae ii, sIKk 3BUMalHUIA TpaHCIIOPTHUH
3aci0. Ilpunyctumo, Taki cUCTEMH AOCATIIM “yCIixy”,
mo OayaTh cHeuTexHiky 3a Bepcry. lle Bce nyxe
BIIMIHHO, CKJIQJa€ThCs MUTAHHS — a 4d Oynae Biajga
HAMoJIATaTH HAa TOMY, MO0 y Takol TexHiku Oyna
MOJKJIUBICTh JIUCTAHIITHO 3YNUHITUCS abo
CIOBLUILHIOBATH CBOIO HIBHIKICTH. Jlymaro, 110 1€ € IIe
OTHOKO (YHKIIIEIO, 32 KOO CIiJ CTOATH y dep3i. Tak,
MOXHA YSIBUTH, IIIO0 € BUKIIMK, ITOKEXKa, IPOKIIAJaeThCs
MapmpyT i BCi aBTOMOOUTI Ha MUIAXY MPOXOIKCHHS
CHENTEXHIKH PO3YyMIIOTh, IO MOTPiOHO ITOCTYHHUTHUCS i
HIyTh B CTOPOHY, 1 HOXEXHUKH IOTPAILIAIOTH HA Miclie
mokexi 3a 3 XBWiIWHU. [y 3BUYAHOI TEXHIKH —
BH3HAYATH INBUIAKICTH 30JMOKEHHS, OOYHCIIIOBATH
Oe3neyHi TpaekTopii, nepeaaBaTu OyIb-sIKy
iH(OpMaIifo IHIIOMY aBTOMOO1ITIO, TOIIIO.

[linOnBaroun MiACYMKH, MOXHA CTBEPIKYBaTH,
IO PO3IJISHYTI CHUCTEMH € JyXe CKIaJHHUMH, BOHH
MOCTYIIOBO PO3BHMBAIOTHCS 1 BXOAATH B HAILIE JKUTTS, 1€
J103BOJIsIE €(DEKTHBHO BHPILIYBaTH 3aBIaHHS Oe3nekH
ABTOTPAHCIOPTHHUX 3ac00iB, 3HMKEHHS YHWCla MPOOOK
Ha joporax, JTII, TpaBm Ta cMmepTeii, Ta i miABHIIECHHS
KOM(pOPTAOEIBHOCTI Macakupis.
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IHOOPMALIMHA BE3MNEKA KOMIMTIOTEPHOI CUCTEMU TA MEPEXI BIf}
BHYTPILWHIX TA 30BHILLUHIX ATAK

Mopeni HaJliitHOCTI (YHKIIOHYBaHHS
KOMIT FOTEpPHUX MEpEeX Ta CHCTEM pO3pOOJIeHI JaBHO i
IEeTAJIbHO BHBYEHI, a Mozem Oe3NeKku  TIIbKH
po3po0IArOTECS.  BakmuBICTP  Ta  aKTyalbHICTP
npobinemMn 3abe3nedeHHs iH(opMariiiHOT Oe3meku
00yMOBIJICHI THM, IO CyYacHi PiBHI PO3BHUTKY 3ac00iB
iH(popMamiiHOi Oe3MeKr 3HAYHO BiJICTAIOTh BiJ PIBHIB
PO3BHUTKY iH(QOPMAIIITHAX TEXHOJOTIH Ta PO3IINPEHHS

BIPOBA/DKEHHS ~ KOMI'IOTEPHHX  Ta  MEpEXeBUX
TEXHOJNOTi y  pi3HOMaHITHI  cdepu  JIIOACBKOT
misuibHOCTi.  KpiM  mporo,  CTpiMKuMEL  pO3BHUTOK

iHpOpMaliHHUX TEXHOJIOTIH BiIKPUB HOBI MOXJIMBOCTI
Jutst Oi3Hecy, 1110 MPU3BEIIO A0 MMOSBU HOBUX 3arpo3 [1].

Mopeni Oe3lekd BiAirpaloTh BAXIUBY pPONb Yy
mporecax po3poOKH 1 JOCHIIKEHHS 3aXHIICHUX
KOMIT'FOTEPHHX CHUCTEM, BUPIIIYIOTh Taki 3amadi [2]:

- BuOip 1 OOIpyHTYyBaHHSA 0a30BHX NPUHIIHIIIB
apXITeKTypH 3aXWIICHUX KOMMI'IOTEPHHX CHCTEM, IO
BH3HAYAIOTh MEXaHI3MH pealri3amii 3aco0iB i METOMIB
3axHCTy iH(OopMaLil;

- MIATBEpP/IKEHHS BJIACTHBOCTEH  3aXMIIEHHX
CHUCTEM MUIIXOM (POPMATBHOIO JAOTPUMAHHS MOJITHKH
Oe3MneKu;

- ckiananss GopmanbHOi cnenudikamii MOTITHKH
Oe3mekd, SK HaWBaXKJIUBIIIOI CKJIaJgOBOI YaCTUHH
OpraHi3allifHOTO Ta JOKYMEHTAIiHHOTO 3a0e3IeYeHHS
PO3pOOITIOBaHNX 3aXHICHUX KOMITIOTCPHUX CHCTEM.

OCHOBHI 3arpo3d ISl KOMIT IOTEPHUX MEpEekK Ta
CHUCTEM TPYHTYIOTBCA B 00NacTi KOHQIACHIIHHOCTI,
[UTICHOCTI Ta JOCTYIHOCTI [3].

BigmoBimHo 10 1pOrO 3aBAaHHS iH(pOPMAMiIHHOL
6e3mexu B KOMIT IOTEPHUX Mepekax MoJArawTs y [4]:

- ayrentudikamii omHOro abo  JACKUIBKOX
B3aEMOIIIOYNX 00’ EKTIB;
- KOHTPOJII  JOCTYIy Ta  3axHCTy  BiA

HECAaHKIII0HOBAaHOTO BUKOPHCTAHHS PECYpPCiB MEpexi;
- MacKyBaHHI iH()OPMAIII{HOTO TIOTOKY Y MEpEexi;
- 3aXMCTYy BiJl MOXIUBUX BiIMOB BiJIIPaBKH/
NPUHOMY 3MICTY BiIPaBICHUX/ NPUHHATHX JaHUX.
Bimpmricte  mimxomiB g0  (OpMyBaHHS MOJAENI
0e3IeKH JIMIIe YaCTKOBO BiT0OpaXatoTh KOMIIOHEHTH Ta
npouecu 3axucty iHdopmanii Ta iH(poOpMamiitHUX
PeCypCiB i € OTHOCTOPOHHIMHU.

Hamnpuxnan, y CTPYKTYpi Mojieni HE
BiloOpakatoTh ~ Mporec 3axUcTy iHpopmamii Ta
iHpopMamiHHUX  pecypciB;  OMHC  MOCIHIiJIOBHOCTI
mporiecy  ¢GOpMyBaHHS ~ MOJENi  HE  BPaxOBYE
0COOIIMBOCTI no0yI0BH 6i3Hec-TpoIIeciB;

(opmasizanis Mozxeni Oe3rnekn He BpaxoBye ii aAuTHBHI
BJIACTHBOCTI. A TaKOX BeJIMKa KOHIIEHTpaLisl 3aXHCHUX

3aco0iB B iH(pOpPMAaIiifHIi cUCTEM]I MOXKE NPHUBECTU IO
TOTO, II0 CHCTEMa BUSIBUTBCS JIyXKE IOPOTOI0 Ta MOXKHA
OTpUMaTH  ii  TEepeBaHTaXXEHHSI 1  3HIDKCHHA
MIPOAYKTUBHOCTI.

Tomy, ronoBHe Tpu (opMyBaHHI MOAeTi Oe3mekn
KOMIT FOTEPHOI CHCTEMH — II¢ KBaJli(hikOBaHO BH3HAYUTH
MeXi pPO3yMHOI Oe3IeKH i BUTPAT Ha 3ac00U 3aXHCTy 3
OHOTO OOKYy i MIATPUMKH CHCTEMH B TIpare3laTHOMY
CTaHi 1 NPUIHATHOTO PU3HKY 3 1HIIOTO.

[MepenbavaeTbes, MO MOJETb OE3NEKH B paMKax
KOMIUIEKCHOTO TifXony € (YHKIIE€ 3 MHOXHUHH
obnacTi 3Ha4YeHb CKJAJO0BHX CHUCTEMH iH(QOpMaIiiHO]
Oe3rnexu. Tob6To 3aJIeKHUTh BiZ cy0’eKTIB
iH(pOpMaiHHUX TIPOIIECiB, 3aBlIaHb 3aXUCTy
iHpopmMamii, 3arpo3 Oe3mekd, piBHIB BPa3IUBOCTI
KOMIT'IOTEPHHUX MEPEX Ta CUCTEM.

YMmoBamu (hyHKIIOHYBaHHS
ABTOHOMHICTB, pearyBaHHsi  Ta
MiHIMaTFHIX O0YNCITIOBAIHHUX PECYPCIB.

[MocriiiHe 3pocranHs nOTpedu B  iHpOpMAli
00yMOBJIIO€ HEOOXIJHICTh MiIBHUILIEHHS €()EeKTUBHOCTI
BUKOPHCTaHHS IHPOPMAIIHIX pecypciB 3 iHTErparieto
pi3HMX mijcucTeM 3a0e3ledyeHHst Oe3neKku, MiJCUCTEM
3B'SI3KY y €IMHY IHTErpajbHy CHUCTEMY 3 3arajJbHUMHU
TEXHIYHMMH 3ac00aMM Ta MOJAIBIIOTO BJIOCKOHAJICHHS
Mojeni iHpopManiifHOi Oe3lmekn 3a paxyHOK BaroBUX
KOe(IIi€HTIB pIi3HUX BHIIB aTak, 1 3aXHINCHOCTI
KOMIIOHEHTIB KOMIT IOTEPHHX MEpe Ta CHUCTEM Bij
BHYTPIIIHIX Ta 30BHIMIHIX aTaK.

Mozeni [3
3aCTOCYBaHHS

Cnucok nitepatypu

[1] TI. B. Kyuepurok, “Meromu i TeXHONOTIl 3axuCTy
KOMIT'IOTePHUX Mepex ((i3nyHuil Ta KaHAIBHUI piBHI)”,
Mikpocuctemu, Einextponika ta Axycrtuka, T. 22, Ne
6(101), c. 64 — 70, 2018.

[21 A. B. Mexen, “3axuct iHdopmarlii B KOMI'IOTEPHHX
Mepexax, TexHIHi Hayku Ta TexHomuorii”, Ne 2, c. 140 —
141, 2015.

[3] O. C. Kynpunupkuii, Ta O. A. Jlagurina, “AHaii3 po6oTH
3axXHCTy iH(pOpMalii B KOMII'IOTEPHHX CHCTEMax Ta
Mepexax”, Ha MDKHApOAHI  HAyKOBO-TIPaKTHYHIN
xkoH(pepentii “Iadopmariiina Gesneka Ta iHdopMariiHi
TexHouorii” 24 — 25 xBitHs 2019 p., Xapkis, 2019, c. 14.

[4] O. C. Kynpbunipkuit, Ta O. A. Jlagurina, “Oco6nuBocTi
HaJIIHHOCTI Ta 3axucTy iH(pOpMalii B KOMIT FOTEPHUX
cucremMax 1 wmepexax”’, [Hbopmaniitai TexHONOTIl i
aBTromarm3anis — 2019, na XIl Mixnap. HayK.-TIpaxT.
koH(]; Opeca, 17-18 xoBtHs 2019 p., Opeca, 2019, 4. 1,
c.19-21.
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NMOPIBHANbHUA AHANI3 NEPCNEKTUBHUX ENNEKTPOHUX NMIAMUCIB HA
OCHOBI AJTTEPBPAIYHUX PELWUITOK AJ1IA NOCTKBAHTOBOIO NEPIOAY

Meroro 11i€l [OTOBimI € pO3MIAA CYTHOCTI Ta
BJIACTUBOCTEH aITOPUTMIB €JEKTPOHHOTO IIAMKCY Ha
OCHOBI  anreOpaiyHMX  pElNTOK Ta  HPOBEACHHS
NOPIBHSJIBHOTO ~ @HaNi3y ~ aJrOPUTMIB  EJIEKTPOHHOTO
MmUcy Ha aireOpalyHuX pelliTKax, M0 BUHIUIM 0
Jpyroro eramy koHKypcy NIST CHIA.

BusHaroun, 110 iCHYIOTH CYTTE€BI HEBHU3HAUECHOCTI B
OLIHII OE3MEeKH AIrOPUTMIB MOCTKBAHTOBOIO KaHIWIATA,
NIST Bu3HAUMB IT’ATH KaTeropiii Oe3mekd, o0 MO>KHA
OyImo Kpaie MOpiBHATH piBeHb OE3IEKH, [0 HATAETHCS B
myOdmiKaIisx. BinqnpaBHukam OyIto 3amporroHOBaHO HAalATH
TONIePEIHIO KITACH(]IKAIlo BiAMOBITHO JO BU3HAUYCHB,
Hamanux y NISTIR 8240, 3 akieHTOM Ha 3al0BOJICHHS
BUMOT [I0 KaTeropiii Oe3mekw, MpOIyKTHBHOCTI Ta/abo
anroputMy Ta peasnizaii [1].

Byso BupimieHo MNOPIBHATH TMiANKCH 32 TphOMa
napamerpamu [1]:

1) Ge3neka/CTiiKiCTh,

2) TeXHIKO-eKCILTyaTalliiiHi BUMOT'H,

3) 3axXWIICHICTD BiJT aTak.

Besneunicts/Crilikicts: IctmrHa BHOiIpKa [ayca
BUKOPHCTOBYETHCSI BCEPE/MHI, IO TAPAHTYe HE3HAUHMI
BUTIK iH(popMaIli PO CeKpeTHHH KIOYi IO MPAKTHYHO
HECKIHYeHHOTro uunciia TmianuciB (moHan 264). Falcon
MPOTIOHYE JyX€ XOpOII ITOKA3HUKH HPOILYKTHBHOCTI.
OCHOBHA HOBM3HA — IBHKICTh: BUKOPHUCTAHHS MIBHIKOT
BUOIpkn Dyp’e n03BONSE MyXKe MIBUAKI peaizaiii, B
THCSYI MiINKCIB HAa CEKyHJly Ha 3BUYaiiHOMY KOMIT IOTepi;
nepeBipKa y 1 sITh-IeCATh Pa3iB IBUALLIE.

Texniko-ekcruTyaraiiiiai Bumorn: L[ cTpykTypa
BUMarae JIBOX ckiajgoBux: Kiac kpunrorpadiqHux
peritok — oopaHo kiac perritok NTRU. 3pa3ok sra3iBku —
MOKJIAJIAlOTBCS HAa HOBY TEXHIKY, SKa Ha3HMBalOTHCS
mBuakor BuOipkoro dyp’e. Cxemy mimmucy Falcon
KOPOTKO MOXKHA omucaTH TakuMm dumHoM: Falcon = GPV
pamka + perritkn NTRU + IBnzka BuGipka @yp’e.

3axuIeHicTh  Bim arak: 3pa3ok  JIa3iBKU  —
MOKJIAJIAI0TBCS. HA HOBY TEXHIKY, $Ka Ha3MBAIOTHCS
mBuakoo Bubipkoro dyp’e. Cxemy mimmmucy Falcon
KOPOTKO MOXHA ommcaTH TakuMm dumHoM: Falcon = GPV
pamka + pemitkn NTRU + IIBmaxa subipka Dyp’e.
TotpibHo Oinbmie podoTH, 100 anropuT™ OyB 3aXHIIEHIH
BiJ aTaK OIYHUMU KaHaJIaMH.

HaiiBigomimi araku nporu Falcon rpyHTYyroThCsl Ha
CKOpOYCHHI 0a3u penriTky, 0e3 iCTOTHOTO BUKOPUCTaHHS
crieniabHOI cTpykTypH periTku NTRU.

Besneunicts/CrilikicTs: CxeMa IMiIUCIB € JOKa30BO
EUF-CMA-Ge3neuHoro: Ha/aeThCs 3MEHIICHHS Oe3MeKku

BiI CKJIAmHOCTI TPOOIEMH KiNBIIEBOrO HABYaHHS 3
nommiikamu 10 EUF-CMA-Ge3neunoi cxeMu. 3MeHIIIEHHS
(piBHs) O€3MEKM HANAHO Yy KBAaHTOBIM BUIAIKOBIA MOJEII
opakyna, TOOTO KBAaHTOBOMY 3JIOBMHCHHKY JIO3BOJICHO
3BEPHYTHCSI JI0 BHIIAJAKOBOIO OpaKyja B CYIEpPHO3MILi.
3MeHILeHHsT Oe3MeKH IPYHTYEThCS Ha BapiaHTi CXeMHU Hajl
CTaHAAPTHUMHU pelriTkamu. J{is nprBeneHHs

3MEHILIEHHS], BAKOPUCTOBYETHCSI €BPUCTHYHHI apryMEHT.
3MeHIICHHA Oe3NeKH € SIBHUM, TOOTO MOXKHA SBHO
BU3HAYUTH 3B’S30K MDK  HWMOBIPHOCTSAMH  YCHIXy
BHUPILICHHS IPOOJIEMH KUTHLIEBOTO HABYAHHS 3 TOMIIKAMHU
(ring learning with errors) (R-LWE) Ta nizpoOku miammcis
QTESLA. 3MeHIIeHHs O€3MeKH € CyTTEBHM (IIUTBHUAM),
mo € OaKaHOK BJIACTUBICTIO, TOMY IO TpH BHOOPI
mapaMeTpiB CXEMH BIATMOBIAHO 1O 3MEHIICHH OE3MEKH,
cyTreBe (IUIbHE) CKOPOYCHHS MPU3BOIMTH JO MEHIIHX
MapameTpiB i, 0TKe, 0 MiJABUIIEHHS NPOTYKTHBHOCTI.

Texniko-ekcrutyarauiiini  Bumorn: Il cxema
CYIPOBOJIKYETHCSI HECYTTEBUM CKOPOYCHHSIM BHIAIKOBOT
MOJIeTi OpaKyZia Ta >KOPCTKHM 3MCHIICHHAM KBaHTOBOI
BUMNAIKOBOT Mojierni opakyina 3 R-LWE (ring learning with
errors).

3axHIIeHICTh BiJ aTak: byio momideHo, mo moMmika
B JIOKa3i Oe3MeKy BAUMarae KOpUTYBaHHS IapaMeTpiB (o
3HIDKYE €(pEKTHBHICTh CXEMH).

Opmniero 3 nepesar qTESLA € te, mo Taycora
BUOIpKa BUMaraeThCs JIMILIE ITiJl Yac reHepail KIo4iB 10
3pa3ky S Ta €. THUM He MEHII, A ISSIKUX JOJaTKIB MOXe
3HanoOuTHCs e)eKTHBHA 1 Oe3reyuHa peasizallisi reHepail
KJIFOUIB 1, 30KpeMa, 3aXHUIICHICTh Bijl aTaK 4acy Ta Kelry.

Falcon xopomuii TiM, 1o cripaBHsi BUOipka ["ayca
rapaHTye MiHIMAIBHAHN BHTIK iHQoOpMarii. Ale anroputM
BCC I Bpa3NMBHH M1 aTak OIYHIMH KaHAIaMH, 31
CKOpOueHHsM ©0a3n  pemitkd. OCHOBHOIO IEpEBAroro
Merony (qTesla € Te, mo TaycoBa BuOipka
BUKOPHCTOBYETHCS TUIBKM TMijl Yac reHepaii KIIoiB, 10
pOOWTL aJIrOpWTM TMPOCTIIIE 1 JOTOMara€ YHUKHYTH
MOMWIOK. AJyie Oyno TOMideHo, IO TOMIIKa B JOKa3i
Oe3mnexn TOTpebye KOpEryBaHHS MapaMeTpiB (IO 3HIKYE
e(EeKTHBHICTh CXEMN).

Cnucok nitepatypu

[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].
Awvailable: http://csrc.nist.gov /publications/drafts/nistir-8105/
nistir_8105_draft.pdf. Accessed on: Febr. 20, 2020.
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NHOOPMAUUOHHO-IIMHFBUCTUYHECKAA BE3OIMNACHOCTb JINYHOCTHU

3a mocnenHee BpeMs 3HAYUTENBHO YBEITUYMIIOCH
KOJIMYECTBO HCCIIeIOBaHUIM o mpobieme
WHPOPMAIMOHHO-TICUXOJIOTHYECKOX ¥, KaK YacTHOTO
ciyJas, WHPOPMAINOHHO-JTHHT BUCTHIECKOH
0€30MaCHOCTH JINYHOCTH ¥ BIHUSHASA HH()OPMAITOHHBIX
TEXHOJIOTUH Ha co3HaHue mroaci. Tem He MeHee, Kak
JUTL 3apyOeXKHBIX YUEHBIX, TaK M OTEYECTBEHHBIX ATOT
BOIIPOC OCTAETCS OTKPBITHIM JIJISl U3YICHUS.

B npouecce KOMMyHI/IKaLII/II/I SA3BIK I/ICHOJ’II)3yeTCH
HE TOJBKO JJIs Tepefaadyd WHPOpPMAIUH, HO H JUIs
BO3/EMCTBUS Ha ajpecata. BosgeiicTByromas cuia

SI3pIKa W pe4Yd  ABISIETCS NPEIMETOM  HU3yYEHHs
COBPEMEHHOM JIMHI'BUCTUKM W €€ pPa3HOBUAHOCTEM:
MparMajivuHIBUCTUKH, MICUXOJUHTBUCTHUKH,

COLIMOJIMHTBUCTHAKH, METUATHH-TBUCTUKH.

O Bo3zacicTBYIOLIEH CcHUJIE SI3bIKA, CJIOBA MHOIO
nucanu no3tel U nucarend. Hampumep, ®@.M. Trotues
TTUCa:

Ham we oOano npedyeadamwv, kax c1ogo Hauie
om306émcs,

U wam couyecmeue oaémces, kax Ham O0aémcsi
bnazodamo.

A Bot MbIcib B. [lledHepa U3 ero CTUXOTBOPEHUS
“CnoBa”:

Cnosom Mox#cHO Youms, CI080M MONCHO CNACMU,

Co80M MOMNCHO NOJKU 34 COOOU NoOGecmu.

CrnoBecHas nHQOpMAIHSI B TEKCTOBOM BHIIE, KaK H
HHPOpPMALUS B [EJIOM, — YHHBEPCATBHBIH HHCTPYMEHT
mporpecca YeNOBEUECTBa, TIABHBIM PECcypc pa3BUTHSA
coBpeMeHHOro  oOmectBa. Ho, craB  MOIIHEIM
CpPEeICTBOM IO3HAHMSA H TpeoOpa3oBaHUS MHUpA W
caMoro 4eJjoBeka, WH(GpOpMalMOHHbIE TEXHOJIOTHUH B TO
K€ BpeMs NPEBPATWINCh AN HETO B CYIIECTBEHHYIO
yIpo3y. B KadyecTBe HUCTOYHUKOB yrpo3
MHPOPMALMOHHO-THHI BUCTUYECKOI 6e30macHOCTH
paccMaTpUBAIOTCS MPEXkKAE BCETO MeYaTHBIE M3IaHuUs.

CToUT OTMETHUTb, 4YTO COBPEMEHHBIN YEIOBEK
4acTO BCEMY OTKPBIT, OH BOCIPUHUMAeT BCE Kak
3HAKOBYIO MIOBEPXHOCTb, HE MBITASICh AAXKE NPOHUKHYTb
B IUIyOWHY Bellel, B 3HaYCHUE 3HAKOB.
Tak, Hampumep, B MeIuaTeKcTax Al yCHUIEHHSA
BO3ACUCTBHSI MCHOJB3YIOTCS PA3JIMUHBIE CPEICTBA
BBIPA3UTEIBHOCTH — JIMHUTETHI, MeTadophl, CPaBHEHHS,
PUTOPHUYECKHE BOMPOCHI, MOBTOPHI, a TaKXe HPOHUS,
aHTHUTE3a, WHBEpPCHUs, s3bIKoBasg wrpa u ap. Ounu
OKa3bIBAlOT CHJIBHOE BO3ACHCTBHE Ha ajapecara,
MPUBJIEKAIOT YUTATEICKOE BHUMAaHHUE, aKTHBH3HPYIOT
accoIaTuBHOE W 00pa3HOe MBIIIIeHHEe. Bmecte ¢ Tem
STH S3bIKOBBIE €IUHHIBI HMEIT BTOPOM IUIaH —
HNepeHoCcHoe 3HadeHue. [lo3ToMy € UX MOMOINBIO B

TEKCT 3aKJIaJbIBACTCS WMIUIMIUTHBIA CMBICT. DTUM
CBOMCTBOM TONB3YIOTCS ~MaHMUNYJIATOPBL. A i
WCKa)KeHUs] HH(pOpMAIUy MOTYT HCIIOIb30BAThCS TaKHE
JIEKCHYECKHE CPEACTB SI3bIKa, KaK OJBPEMU3MBI H

UCHEeMU3MEL.
Kpome Toro, B Memuarekcte MOMHMO HH()OpMAIUU O
COOBITUM  MOTYT  COJEpIKAThCS  JIOTOJHHUTEIbHBIC

OLICHOYHBIE CMBICIIbI, KOTOPBIE BHEAPSIOTCS B CO3HAHUE
azpecata. MHOrooOpasHble OTTEHKH 3MOLMOHAJIBHO-
SKCHPECCUBHOM OKpacKu TMPUHATO JEIUTh Ha JIBa
OGonpmMX  pazpsma: € TONOXKHUTENIBHOH W C
OTpULIATENIBHOW XapakTepucTUKou. Tak, HeraTuBHas
XapaKTepUCTUKA BBIpa)KaeTcs CJI0BaMHU c
HEOJJOOPUTEIILHBIM, MPE3PUTEIbHBIM, YKOPU3HCHHBIM,
HUPOHUYECKUM, MIpeHeOPESIKUTEBHBIM, OpaHHBIM
orreHKkoM. Ocolas pedeBas OpraHH3almUsS TEKCTa
CcrocoOCTBYeT  BO3HHKHOBEHHIO  3a0NyKICHHH B
CO3HAaHUM ajpecaTa. MeauaTeKCTbl — YCIOXKHSIIOTCS
HaMEKaMH, TIPEIEICHTHBIMIA (EHOMEHAMH, HpOHHUEH,
MOATEKCTOM. Pa3roBopHble cJO0Ba M KOHCTPYKIIUH,

XKaproOHU3MBI, IIPOCTOPEUHEIE, rpyOble (W) (0)::]
MOBBIAIOT SMOLMOHANBHOCTE M BBIPA3UTEIHHOCTD
Tekcta.  MckycHelii  monbop — ClI0B  MO3BOJISET

aKTyaJlu3MpOBaTh B COOOLICHUH T€ WJIM MHBIE OTTEHKH
UX 3HA4EHUi, B pe3ysbTaTe 4ero CJIoBa HECYT B TEKCTE
JIBOMHYIO  CMBICIOBYIO  Harpy3Kky W  HE3aMETHO
HCKaXatoT peanbHyIo JeWCTBUTEIILHOCTh B
NpeACTaBIeHUAX anpecara. OOnajaromuii 3HAHUAMH
YEJIOBEK MOET CaMOCTOSITEIbHO CO37[aTh CaMbIH
NEepBBII W TPOCTOM  MEXaHHW3M  IICHXOJIOTO-
JMHTBUCTHYECKOW 3aIMTHl B BU/E NCHXOJIOTHYECKOTO
Gaprepa HemoBepus KO MHOTHM HH(GOPMAIMOHHBIM
MOTOKaM 00paboTKH CO3HaHUS HaceJIeHHUs,
chopMUpOBaTH  YCTAaHOBKY Ha  HEOOXOAMMOCTb
HCTIONB30BAaHUS aHAIN3a U BHUMATEIBHOTO OTHOILEHHS
K TocTynarmomeil wuHbopManmud B BHIE MEYaTHBIX
n3gaHuid. OueBUAHO, 4YTO UENOBEK HE JOJKEH
BOCIIPUHHMMATH TIOJIy4aeMyl0 MH(POPMAIHIO KaK UCTHHY
B KOHEYHOM MHCTaHIMH, HO HE JOIKEH W
OTrOopakuBaTbcs  OT  Hee. BaxHo  HayuuTbed
MHTEPIPETHPOBaTh MH(POPMAIHMIO, ITOHUMATh €€ CYTb,
NPUHUMATE JINYHOCTHYIO MO3HMLUIO 10 OTHOIIEHHIO K

CKPBITOMY CMBICITY, HAXOJUTh TpebyeMyro
nHPOPMALIHIO B Pa3IMIHBIX HUCTOYHUKAX,
CHUCTEMAaTH3HpPOBATh €€, HaXOAWTh OMMOKH B
10JIy4aeMoi nHpOpMannHy, BOCIIPMHHUMATh

aJbTEpHATUBHBIC TOYKU 3PEHUS, BHIWICHATH TJIaBHOE B
MHPOPMAIIMOHHOM COOOIIIEHNWH, a TaKKe Hay4UThCS
pacno3HaBaTh MaHUITYJIATHBHbIE MIPUEMBIL,
HCTIOJIb3YEMBIE B TEKCTOBOI HH(MOpMAIIHH.
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AHATI3 OLIHKX NOTOYHOIO CTAHY IH®OPMALINHOI BE3MEKU HA OCHOBI
SIEM-CUCTEM

SIEM-cucremn II03BOJISIFOTH 301MCHIOBATH
MOHITOPHHT iHQOPMAIITHAX CHUCTEM i CHCTEM Oe3IeKH,
aHaJTi3yBaTH MO/Ii B HUX B PEKHMI PEAJIbHOTO Yacy.

®yukuii SIEM-cucteM 3BOASTHCS IO HACTYITHOTO:

Arperarisi 1aHHX.

Kopensuis. SIEM-cucremu BUpPOOJISIOTH HOMIYK
3arajJbHUX 3Ha4e€Hb 1 aTpuOyTiB 1 NOB'SI3YIOTH MiX
c00010 HaAXOIATh MO

Omosimenns. Ilicas Toro sk cucrema crpaBuia
aHall3 CXO0XKMX MDK CcO00I0 IOM;iii, BOHAa CIIOBIILAE
aZMiHICTpaTOopa O€3MeKH Mpo ICHYIUYi NpoOIeMH B
1HPPACTPYKTYPI.

CymicHicts. SIEM-cucTeMH BOpPOBAIKYIOTHCS B
ICHYI0O4y B KOMIIaHii iHQPAacTPyKTypy 1 O3BOJSIOTH
aBTOMAaTH4YHO 30upatd iHdopMalilo Tpo  Moii,
(dhopMyBaTH 3BITH sl 310paHUX MAHKUX 1 3aCTOCOBYBATH
iX 3 MeToro YNpaBiiHHSA OE3MEeKOI Ta MPOBEACHHS
aynuty [1].
30epiraHHs MO/Iii.

Excnepramii anamiz. SIEM-cucteMu IO3BOJSIOTH

OPOBOJMTH  NOMYK 1O  30CpeKEHHM  IMOJiH
iH(pOpMaLiHHOT OE3IeKH.

[epma mnardpopma — ximacudikarmii 3arpo3 3a
ckiragoBumu  Oesmekn  BOP  OBC:  iHdopmarmiiina

Oesmeka, Oesmeka iHdopMmarii, kibepOe3neka. Brexemo
TaKi BU3HAYEHHSI.

Busnauenns 1. besneka koHTypy Gi3Hec-mpolieciB
— craH 3axulleHocti  Oi3Hec-mpoueciB 1 1x
iHpOpMalliiHUX  pecypciB, 10  XapaKTepU3yeThCs
MOJMKITUBICTIO BHKOHABI[IB, TEXHIYHMX 3aco0iB i
iHpopMaIiHHIX TEXHOJIOTIH 3a0e3neunT
KOH(]1IeHIIIHICTB, LTICHICTE CIPaBXKHICTh 1
JIOCTYITHICTh pecypciB, HEOOXiTHUX MU peaii3amii
6i3HeC-PoIIECiB B KOHTYPI BiJMOBiIHOTO piBHS [2].

Bmsnauenns 2. PecypcHa Oe3meky KOHTYpY

Oi3Hec-TIpoLIeCiB — CTaH 3aXHUIIEHOCTI pPecypcHOi
cepenosuiia KbII.

Busnauenns 3. KibepOesmeka KOHTypy Oi3Hec-
mporeciB — Habip 3aco0iB, cTparerid, HPUHIHIIB

3abe3neueHHs1 6e3MeKu, rapanTiidi 6e3MeKH, MiIX0iB 10
YOpaBIiHHSA PH3UKaMHM, Oiii, TpodeciifHOi MiATroTOBKH,
CTpaxyBaHHS 1 TEXHOJOT1H.
Hpyra mmardpopma — kiacudikamis 3arpo3  3a
XapaKTepoOM CHPSMOBAHOCTI: HOPMAaTHBHO ITPaBOBHH,
opraHizauiiHuH, 1HKeHePHO-TEXHIYHHH.

Tpers tarpopma — kiacudikamis — 3arpo3’
BiJITIOBIZTHO 10 OCHOBHIMH OCOOJMBOCTSIMH iH(pOpMAIIii:

KOH(}IICHIIIHICTS, LIUTICHICTB,
ABTEHTHYHICTSH [3].

YerBepra matdopma — Kinacudikamis 3arpos 3a
piBHAMH iepapxii iHQPACTPYKTypu KOHTYpy Oi3Hec-
npoueciB: FL — ¢isuunnii piBenb, NL — mepexeBuii
piBerb, OSL — piBenp omepauiiiHux cucrem, DBL —
piBEeHB cHCTeM ylpaBiiHHs Oa3zamu AaHux, BL — piBeHb
TEXHOJIOTIYHHUX JTOJATKIB i cepBiciB. [4]

EdexTuBHICTH 3arpoINOHOBAHOT Mozeti
OLIIHIOBAHHS EKOHOMIYHHMX BHUTpAT 3aleXHTh BIX
TOYHOCTI (POPMYIIOBaHHS HMOBIPHOCTI YCIIXY 3aXHCTy
1 Bu3HaueHHs nigaocti BIP.

3anponoHOBaHa MOZENb JO3BOJISE BHU3HAYHUTH
HaliOLIpII ~ WMOBIpHI  3arpo3W, CHOpSMOBaHI  Ha
nopymeHHs: Oe3neku iHGOPMAIIHUX pecypciB 1 sk
pe3yibTarT — EKOHOMIYHO OOIPYHTYBaTH pPO3HOALT
OOMEXEHUX KOIUTIB MDK pI3HUMH iH(GOpPMAaIIHHUMHU
pecypcamu, siKi BUMararots 3axucty [5].

Po3po0iieHo nmpakTHUHy METOUKY ISl OLlIHIOBAHHS
piBHS  3aXWINEHOCTI OaHKIBCHKUX  iH(QOpMamifHIX
pecypciB Ha OCHOBI CHHEPreTHYHOI MOJEN 3arpos,
VIOCKOHAIGHNX Kiacudikatopa 3arpo3 Ta MOJeNi
3JIOBMHUCHHKA, MOJEIII OLIIHKH 3aXHIIEHOCTI OaHKIBCHKUX
iHpOpMaLmiiHIX pecypciB Ta Mozedi iH(pacTpyKTypu
ABTOMATH30BAHMX OAHKIBCBKMX CHCTEM, LIO JO3BOJISE
OINTHUMI3yBaTH BUTPATH KOIUTIB Ha MOOYIOBY CHCTEMH
Oe3neku OaHKIBChKUX 1H(OpMaNiiHUX pecypciB.

JIOCTYTIHICTb,
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ornsan TA AHANI3 BPA3NIMBOCTEN ONEPALIMHOI CUCTEMM LINUX 3
YPAXYBAHHAM 3ACOBIB 3AXUCTY

[onarrs “omepamiiiHa cuctemMa” HEPO3PHBHO
MOB’si3aHE 3  CBOTOJEHHSAM. YCIM  BIZOMO, IO
orepaniifHa cucTeMa — Iie TaK 3BaHUH iHTepdeiic, IKuii
3a0e3medye MmpoIlec CHiNKYBaHHSI» KOPHUCTyBada 3 HOTo
raJKETOM/TIPUCTPOEM.

Bubip  omepamiiiHoi  cucTeMH ~ —  IJIKOM
IHAMBITyabHUN BUOIP KOXKHOTO, OCKITBKH IPYHTYETHCS
Ha noTpebax Ta BUMOrax 70 TOro Habopy HporpaMHOTO
3a0e3meueH s, sKe OIepalliiiHa cucTeMa Jae 3MOry
BUKOPHCTOBYBATH.

Onepariitna cucrema Linux — 1e cimeiictBo Ha
6asi sapa Linux, sike MiCTUTH BiJMOBiMHUN HAOIp YTHITIT
i mporpam mpoekry GNU Ta, 3a BuUMOroro, iHIIIX
NporpaMHUX KOMIOHEHTiB. Takox Linux imikasa mie i
THUM, IO JIO Hel 4YacTo BIAHOCATH 1 HPOTpamH, IO
JIOTIOBHIOIOTH II0 OIlepalliiiHy CHCTeMY, 1 MpUKJIaaHi
nporpamu, sKi poOisATe Ti, BIANOBIZHO IO MHOTPeO
KOpHCTyBaya, 6araroyHKIIIOHAIBHOIO.

Jlns  mporo  gaHa  omepaiifiHa  cucTeMma
3a0e3MeuyeThCsl BEJIMKOI KUIBbKICTIO Ha/JIallTyBaHb,
TaK 3BaHUX AMCTPUOYTHBIB, y skux mnporpamu GNU
3’€AHYIOTBCS 3 siIpoM LinuxX Ta iHIMMH nporpamMamH.

Po3pobuukom simpa Linux e Jlinyc TopBaibn,
skuii moyaB ctBoproBatd ii Ha MINIX. Ame mi3Hime,
komu Linux mocsrma meBHoi 3pinocti, 3’sBHIACH
MOJKJIMBICTh TPOJOBXHUTH pPO3POOKYy Bke Ha 0asi
camoro sypa Linux. 3rogom po3poOHHMKH BHPILIHIH
3nificHuTn 3aminy onepauiiHoi cuctemu MINIX Ha
GNU. TTomToBXOM 10 ILOTO CTaB TOW (HakT, MO0 KOJ
3HaXOJUBCS Y BUIbBHOMY JIOCTYIII Ta OyB OLIbII 3pY4HUIT
JUTSL BXXMBAHHS B ONCPAIliiHINA CHCTEMI.

Ha cporommimuiii menp Linux — monpiOHi
orepaniiiHi CHCTeMHU € HaHOUIBII MOMYJSIPHUMH Cepell
CHUCTEMHHX aIMiHICTPaTOPIB.

Xoua Linux cmovatky Oyna po3poOneHa mjis
MEPCOHATBHUX KOMII FOTEPIB, IMi3HIIIE, 3aBISKA TaKUM
koMmraHisM, sk Hp, IBM, Sun Microsystems, Novel Ta
iHmMX, HaOyna  BEIMKOI  IOIMYJSPHOCTI  cepen
CHUCTEMHHX aJMIHICTPaTOpiB SK CEpBEpHA OmeparliiiHa
cuctema. Ta Haifvacrime LiNUX BHKOPHCTOBYIOTH ISt
HaJaHHs BeO-XOCTHHTY.

Baxko TepeomiHUTH BaXIHUBICTH CEpBEPIB Yy
poOOTi CHCTEMHHX aIMiHICTPAaTOpiB Ta KOPHUCTYBadiB
omepaiiHux  cucteM. ToMy  JOyXe  BaKIUBOIO
npoOJIEMOIO € 3JaTHICTh Ta MOKIIMBICTH 3a0€3NeUeHHs

30epeKeHHS TaHUX BIJ BUIIB
HECAHKI[IOHOBAHUX BIUIMBIB.

V naHux Te3ax iTmMe MoBa Tmpo 3axucT Linux —
MOMIOHNX OMepaIliifHAX CHCTEM BiJ HECAaHKIIIOHOBAaHUX
BTPY4YaHb.

Ilepm 3a Bce, CMig 3a3HAYMTH, IO IS
omepariiitnoi cuctemu Linux Ha nanHuit wac € Tpu
HaWnomypeHii npoodaeMu:

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

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

3) moMmIKa YWTAaHHSA TOHAA JOMMyCTUMI MEXi
(CVE-2018-16866)

Crmix 3a3Ha4uTH, MO TepIia 3 BKa3aHWX 3arpo3
MOJKE BHKOPHCTOBYBATHCS JIOKAJIbHO, APYra MiIXOIUTh
JUIS MEPEKEBUX aTak, a TPETS MOXKE MPHU3BECTU [0
HECaHKIIIOHOBAHUX BUTOKIB iH(OpMAIlii.

XapakTepHUM € Te, M0 BCi Il CKCIUIOWTH HE
noTpeOyoTh  OyAb-iKMX Ii  BiI  KOpHCTyBaya
KOMIT IOTepa.

Takoxk icHye 0arato WIKiIJIMBHX WpOTpaM, sKi
MOXYTh 3alIKOJUTH CHUCTEMi Ta OTPHMATH IOCTYI IO
JTAaHUX KOpUCTyBada a0bo iHdopmarii, sska 30epiraeThcs
Ha cepBepi.

Benmkoro HeOE3MeKOI0 IS ONepaIliifHIX CHCTEM €
PYTKiTH. PYTKIT - 1I¢ Tporpama abo Halip mporpam Jyis
MPUXOBYBAHHS CIIIIB TPUCYTHOCTI 3JIOBMHCHHUKA YH
IIKIUIMBOi mporpamMu B cuctemi. ToOTo, ans 3namy
orepartliifHoi cucremu Linux cTBOPIOEThCS ClielianbHHMA
MOIyJdb siipa, SKHA 3JIOBMHCHUK 3aBaHTaXy€e€ B
cucTeMy, SKy IUIAHyE€ 3JlaMaTd  BiApasy  Mici
OTPUMAHHS MPaB CYIEPKOPUCTYBAYA.

Jns MeHI CKIagHUX 1 IOKiJUIMBUX PYTKITIB
BUJANICHHS MOXE OYTH 3IiHCHCHO 3a JOIOMOTO
NporpaMH-aHTHBIPYCY, a Bxke Ooporucs 3 OuLIbII
CKJIaJHUMH pPYTKITAMH MOXHa 33  JIOTIOMOTOIO
cnemiagbHUX mporpaMm, Hampukianx, TDSSkiller, o
cTBOpeHa U1t 60poTebu 3 pyTrkiTom TDSS. V Bunanky,
KOJIM CHCTEMHI (haiiiii BXke MOMIKOPKEH] JyXKe TINO0KO,
JIOBOJIUTHLCS 3HOBY 1HCTATIOBATH OMEPAIliiHY CHCTEMY.

YV nmomoBini OymyTh TpoaHaTi30BaHi 3arpo3u, SKi
BILUTMBAIOTH Ha poGOTY omeparriiinoi cucremu Linux Ta
MPOBEJIEHO  OTJISII  3aXOJiB, SKi MOXYTb OyTH
BUKOPUCTAaHI Juig il 3aXUCTy Big IIKiJUIMBOTO
MPOTPAMHOTO 3a0e3MCUCHHS.

pizHUX
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IHOOPMALIMHO-NCUXONOINYHA BE3NEKA NIOAWHU B IHOOPMALIIMHOMY
cycninbCTBI

OnHoro 13 puc 1HGOPMAIIHHOTO CYCIIUTHCTBA € 3HAYHI
obcsrn  iH(opMaltii, 1mo 30epiraeTbess Ta 00pOONSAETHCS
PI3HOM@HITHUMH TPHUCTPOSMHM 33 Y4YacTIO JIFOJWHH. 3a
OCTaHHI I'ATh POKIB JIFOJICTBOM Oyi10 BUpoOeHo indopmarii
OiyIbIIIe, HiXK 32 BCIO MOTIEPEIHIO iICTOPIFO.

Iadopmariiss He Moxe icHyBaTH 0e3 cy0'eKTa, SIKHH 1X
cpuiimae Ta Qikcye. Yes icHyrowa iH(opMaris mpoima
4yepe3 CBiIOMICTh Jmogel, ski ii 3adikcyBam. OTxke, mpu
3pOCTaHHI KUIBKOCTI iH(opMamii piBeHp 11 BIUINBY Ha
JFOIMHY 3POCTa€ y MEXKax BiJ CyTTEBOTO 10 KPHTHIHOTO Ta
TpaBMytouyoro. CydacHa JIFO[JHHa, sIKa X0ue peajizyBaTh cede
B iH(pOpMAaIIiHOMY CYCIIUIBCTBI, HE MOXE BiZOKPEMHTHCS
Bix iHdopmauii Ta iHpopMaiiiHuX pecypciB.

TakuM YHMHOM, aKTyaJlbHOI 33/1a4el0 € BHBYCHHS
MEXaHi3MiB BIUIMBY iH(pOpMaLlii pi3HUX THIIB Ha JIIOJUHY Ta
po3poOKa Mip, IO 3amo0IraloTh IICHXIYHAM PpO3JIaJaM,
3aXBOPIOBAHHAM, Ta HeOe3memi I JIOAMHH. 33 [UX
00CTaBMH MOXKHAa aHOHCYBAaTH IIOSBY HOBOTO PpO3ZLITY
0e3MeKN KXUTTEASUTFHOCTI — 1H(pOpMamiiiHOT Oe3IeKu.

PizHi Bumm iH(pOpMamii Mo pi3HOMY BIUTMBAIOTH HA
JIFOITMHY, aJie BCl BOHH OOYMOBIIOIOTH i1 3I0POB'S Ta SKICTh
JKHTTS, a TaKoOX MOXIMBOCTI. MOKHAa CKasaTH, WIO
iH(opMaIliss ChOTOAHI € HAWOUIBII BIUIMBOBAM YHHHUKOM
JKHUTTEISUIBHOCTI JIFO/IMHY, @ 1H(POPMAIliiiHI pecypcH CTaroTh
HalBa)KJIMBIIIO 3allOPYKOI0  YCIIXy Ta KOHKYPEHTHOI
CIIPOMOYKHOCTI KpaiH, CyCIIBHUX Ta BUPOOHHYHX IPYIL

IcHye Garato BB Ta Kiacudikaiiii iHhpopMmariii, are 3
TOYKH 30py OC3MeKH >KUTTETISUIBHOCTI Hi ONHA 3 HHUX HE
BiloOpaskae BILTMBY iH(OpPMAIIi] Ha JTFOTUHY.

JIromuea cama € CKIIaIHOIO iH(OPMAIIIHHO CHCTEMOIO
1 B TOH ’X€ dYac HOCIEM Ta BHPOOHHKOM iH(opmarii.
IadopmariiitHa cucteMa JTFOJMHE OaraTopiBHEBa: TiIO pOCTE
Ta OHOBJIOETHCS 32 iH(pOpMamiifHUM MA0JIOHOM Ha piBHI
reiB Ta JIHK, ximiudi Ta @i3ionoriuai mporecu
BiIOYBaIOTHCS 33 YITKMMH INPOrpamMamM, OpraHd MOYyTTiB
Ge3mepepBHO CIpUIMAIOTh iH(OpMAILiFO BiJ
HABKOJIMIIIHBOTO ~ OTOYEHHS,  IHTENeKT  3aiiMaeThCs
iHTepHpeTamnieto Ta Knacugikariero cupuiHaTol iHdopmartii,
y CBIZIOMOCTI JIIOJIMHA Ha OCHOBI HasiBHOI iH(opMallii poOHTh
BUOIp, NMpHHMae Te YW iHIIE pIMIEHHS, y TOMY 4YHMCIi IO
BIIHOLIEHHIO 70 oOTpuMaHoi iHdopmamii. PiBHi 1i He
i30mpoBaHi: Hampukian [1], iHpopMmamis, crpuiiHATa
OpraHamy MOYYTTIB, BUKJIMKAE TICUXIYHI peaKiii, eMoii, ski
BIUIMBAIOTH Ha BHUPOOJIEHHS IIEBHUX T'OPMOHIB, 3MIiHM XiMii
KPOBI TOIIIO.

3a xapakTepoM, MEXaHi3MaMH Ta piBHEM BIUIMBY Ha
JOWHY, iH(QOPMAIII0 MOXXHA TMOMUIMTH HAa Taki TPYIH:
TeHeTHYHy; OloNoriuHy Ta OaKTepioNoriyHy;  XIMIYHY;

THOCEOJIOTIYHY; COLaNbHy; BHpPOOHMYY Ta mpodeciiiHy;
CNIOXKMBAIPKY; TMOJITUYHY; KyJbTYpHY Ta MHCTELbKY;
peiriiiHy; TyXOBHY.

Haiibinpin HeGe3neyHoo s JI0AUHK € iHdopMallis,
sIKa 3MiHIO€ TEHETHKY OpTraHi3My, CTaH 3I0POB'S, ICHXITHIN
CTaH, IpHUTHITYe abo CIoHyKae 1o arpecii. Bigomo [2], mo
iHopmariis MoXke SK IIKOTUTH 3IOPOBTO JIIOIAWHH, TaK 1
noiinmryBati Horo. Iadopmaris Moxe OyTH cHeiabHO
IITOTOBIICHOIO Ta CIPSIMOBAaHOID Ha OKpeMy ocoly, a
YacTillle Ha TIEBHI COMLiabHI TPy Ta €THIYHI CILUIFHOTH 3
METOIO JJOCSTHEHHS IIepeBar Ta BUTOJ, 10 PO3IIISIAETHCS SIK
TICUXOJIOTTYHHH BILIMB a00 iHpopMariiiHa BifiHa [3].

MeTor0  MOAANBINUX  JOCHIDKSHb y  rajysi
iH(popMaLiiiHOT Oe3MeKH  KUTTENISUIHOCTI € po3poOKa
3aX0/IiB Ta HOpM, $Ki 3a0e3MeuyroTh Oe3NeKy JIFOJUHH MpH
poborTi 3 iHhopMariero.

3aagamMu TOCTIIKEHD €:

1) BU3HAYEHHS TPaHWUYHO NOIyCTUMUX HABAaHTAKCHb
mpu poOOTi 3 1HPOPMALIE€I0 V PI3HUX TaTy3sMX CYCILUIBHOTO
BHUPOOHHIITBA;

2) po3pobka mpaBui Ta HOPM iH(POPMAIIHHOI TiriEHH
Ta 1HpOPMALIHHOT KyJIBTYPH;

3) BHBUEHHsI CIIOCOOIB Ta MEXaHi3MIB CIIPSMOBaHOTO
iH(hOpMaIIfHOTO BIUIMBY Ta 3aCO0IB 3aXKCTY BiJ HUX [4, 5];

4) BUBYEHHS BIUIMBY HEOPraHIYHMX Ta OpraHiYHHUX
PCUYOBMH, TPOJAYKTIB CHOXHMBaHHA Ha iH(opMamiiHy
CHCTEMY JIOAMHM Ta pO3pOOKAa pEeKOMEHmaIiid i3 Ix
3aCTOCYBaHHS;

5) po3poOka METOAIB ayguTy JIOAWHOK BIACHOL
iH}opMaIiifHOT CHCTEMIL

Cnucok nitepatypm

[1] K. H. Mapuenko., B. M. Ilectynos, JI. II. Cpsukas, u T. K.
Mapuenko, "BriusHue nHGOpPMAIMK HA COCTOSTHHUE 37I0POBBS
yenoseka", HaykoBi 3amucku, Bum. 10, 4. 2, ¢. 224 — 229,
2010.

[2] II. II. TapsieB, JIMHTBHCTHUKO-BOJHOBOW TE€HOM: TEOPHS H
npakThka, Kues, Ykpauna: UHCTUTYT KBaHTOBOW I'€HETHKH,
20009.

[3] T. I'pageB, u N. Menpuuk, MaHUTYTHpOBaHUE JTMYHOCTHIO:
Opranuzanysi, CrocoObl W TEXHOJOTUH HH(GOPMALUOHHO-

MCUXOJIOTUYECKOT O BO3/ICHCTBUS, Mockasa, Poccus:
Aunropurm. 2002.

[4] K H Mapuenko, "Cocrasistonme HHOOPMAIMOHHO-
MICUXOJIOTHYecKoi  Oe3omacHocTH 4YenoBeka', Haykosi

3anucky, Bui. 23, c. 181 — 191, 2018.
[5] K. M. Mapuenko, "lHpopmariiitHa Ge3meka KUTTEISUTBHOCTI
moanan", HaykoBi 3ammckw, Bu. 26, c. 178 — 183, 2019.

15



VK 681.32:007.5
A. B. Munos, C. B. Munesckuii

oleksandr.milov@hneu.net, milevskiysv@gmail.com

Xapwvrosckutl HayuoHanbHulil S3KoHoMuyeckuil yHueepcumem umenu Cemena Kysneya, Xapvxos

CPABHEHUE METOOONIOMMIA MOAENUPOBAHUA NOBEAEHUA ATEHTOB
CUCTEM BE3OINACHOCTHU

Hnst 000CHOBaHHUS BEIOOpA METOIOJIOTHHA
MO/JICIUPOBaHUS MOBEICHUS areHTOB CHCTEM
Oe3omacHOCTH OBUIO BBINOJIHEHO CpaBHEHUE Hamboiee
PaclpoCTPaHEHHBIX METOAOJIOTUH, MCHOJIB3YyEMBIMU IS
aHaJorMuHBIX Lenel. CpaBHEHHE TNPOBOAMUIOCH IO
CIEIYIOUINM HIECTH KPUTEPUSIM.

Bpems u ycunust, He0OXOIUMBbIE IS NPUMEHEHUS
TOM METOJOJIOTMHM METOJOJOTHIO Uil TMPOEKTUPOBAHHSA
aKTyalnbHOMI MOJIENH c y4acTHEM Oymymmx
nonp3oBarenieli. TpeboBaHms monb3oBaTeneil. OObeM
TEXHUYECKHX  3HAHMH M  YpOBEHb  IOJATOTOBKH,
HEOOXOIMMBIE  IOJB30BATENIO U1  TOHUMAaHUS W
NPaKTU4YEeCKOTO  HCIONB30BaHMs  MoAend.  Bpewms
oOyueHus. BpeMs u ycunus i TUIIHYHOTO T10JIb30BaTENA
JUId U3Y4EHUS CIPOEKTHPOBAHHON MOJENM M IpaBUIl ee
ucnonb3oBanus. ['mokocts mozenu. IIpocToTa, ¢ KOTOPOit
pa3paboTYMK MOXKET M3MEHHTh MOJEIb JJIS BKIIOYCHUS
HOBOM IIEPEMEHHOM WJIM HW3MEHEHUS MCIOJIb3yEMbIX
nepeMeHHbIX. KoauyecTBo CylecTBYIONIMX MOAeIeH-
aHAJOTOB ¢ (PYHKUIMSIMH, KOTOPbIE MOXKHO aJalTHPOBAThH
JUIA UCHOJIb30BAHUS B KQUECTBE 4aCTH MOJEIH MOBEIACHNUS
areHToB cucreM Oe3onacHocTH. [Ipo3paunocts. [Ipocrora,
C KOTOPOH IOJb30BaTeNIb MOXKET OOHAPYXKHUTh B MOJCIH
BCE, UYTO  MOXET  MOBIUATb HA  PE3yJbTaThI
MOJICITUPOBAHHUS.

Pe3ynbrarhl cpaBHEHHS pa3IUYHBIX METOAOJOTUN
npezcTaBieHsl B Tabiu. 1. Cnenyer OTMETHTH, YTO NEpBBIE
TPHU KPUTEPHS JTOJDKHBI OBITh HU3KHUMH, a IOCIEIHHUE TPU
KPHUTEPHS JOJDKHBI OBITH BEICOKUMH.

ITo coBoKynHOCTH KpUTEpHEB CPAaBHEHUS METOI0IOTHH
MOJIETIMPOBAHUSI TIOBEACHUSI areHTOB BBIOOP MOXET ObITh
clieNlaH B MOJb3y CHCTEMHOW ITUHAMHKU. B momb3y Takoro
BBIOOPa ~ TOBOPAT W MPEUMYIIECTBA  CHUCTEMHO-
JUHAMUYECKOTO MOJEIMPOBaHUA. MeToHoNOrus CUCTEMHO-
JUHAMUYECKOTO MOJEINPOBAHMS TO3BOJISIET:

1. OOHapyXHUTh 3MepHKEHTHBIC CBOMCTBA MOBEICHUS
uccnenyeMoit cucreMbl. CHCTEMHO-IMHAMHYECKHE MOJIEITH
obecrieynBalOT  cHnocod  MccnenoBaHus — (OPMUPYEMOTO
MOBE/ICHHST arcHTOB, HCXOMAS W3 OTHOCHTENIBHO MPOCTHIX
NpaBWI TIOBEJCHUS OTACNBHOTO AareHTa. Takoi TMoaxo[
MO3BOJICT TMONYYHTh W B JaibHEHIIEM HCCIEe0BaTh
CHHEPTeTUYECKHEe CBOMCTBA AHTATOHUCTHYESCKHUX arcHTOB B
mporiecce KHOepKoH(IHKTA.

2. Onpenenuth HanOoOliee BaKHBIC IAPAMETPhI B
JIMHAMUKE CHCTEMBL: HEOOXOIMMO OIPEICIUTE MHOXKECTBO
BXOJIHBIX JIAHHBIX, YTOOBI TIOHSTh X BJIMSHHUE HA BBIXOJHBIC
nanHple. CHCTEMHO-IMHAMHYECKas MOJETb  IO3BOJISET
OLICHUTh BIIMSHUE KAKIOrO BXOJHOTO IlapamMeTpa Ha
pe3yabTaT (QYHKIIMOHUPOBAHUS CHCTEMBI U PAHKHPOBATH MX
B 3aBUCHUMOCTH OT CTCIICHH BJIMAHHA, a HOCJ'ICI[y}OHII/Iﬁ
aHaJIN3 YYBCTBUTCJILHOCTU MOJCIN TMOIACPKHUT TMPUHATUA
peIeHHsT O BKIIFOYCHHH B MOJIETH JIHOO HCKIFOYCHHUS TOTO
WK UHOTO (pakTopa.

3. TloaroToBUTh KOJMYECTBEHHBIC OIICHKH Kaye-
CTBEHHBIX WJCH: CHCTEMHbBIE IMHAMHYCCKHE MOJICIH
MO3BOJIIOT MOJIB30BATENIO INPEoOpa3oBaTh KaueCTBEHHOE
MOHUMaHHE B3aMMOJICHCTBHS arcHTOB B KOJIMYCCTBCHHBIC
OLCHKH 3((EKTUBHOCTH peaNd3alid TOrO WIH HHOTO
CLICHapHsl [IOBEICHHS B TIpoLiecce KNOSPKOH(IMKTA.

4. TIporHO3WpOBaTh  JOJNTOCPOYHBIE  MOCIEACTBHSI
PELLICHHIA UTst OTIPEISTICHHOTO KOHTYpa OH3HEC-[POLIECCOB.

5. Tloanepxath  HWCHONB30BaHHE  MOJCIH |
NPEIOCTABIISIET  CUCTEMHBIM  aIMHHUCTpaTopaM  Habop
WHCTPYMEHTOB [ISi OpTaHu3ald OOyYeHHs TepcoHaa
TIPUHATHUIO peleHui B CJI0KHBIX YCIIOBUSX
KkuOepkoH(pIIMKTa. B yacTHOCTH, cUCTeMHas IMHAMHUKa — 3TO
METOJ yNydlleHHs OOydeHHs B CJOXHBIX CHCTEMax
0€30I1acCHOCTH, OCOOCHHO KPYIHBIX HH(PPACTPYKTYPHBIX
TIPOEKTOB.

Tabmmma 1
CooTBeTCTBHE METOI0JOTHI MOAEIUPOBAHUS KPUTEPHUSIM CPAaBHEHUS
Hamune
Bpewmst co3nanust ITonb3oBarensckue Bpems
Merononoruu I'mbkocts | Oubmmorexku | Ipo3paunocth
MoJien TpeGoBaHUA U3Yy4YeHHS .

MoJienelt
Teopust urp H H-B H-B C B H-B
ATEHTHOE MOJIEITMPOBAHIE C-B H-C H-C C-B H-C C-B
JlMHaMUYeCKUEe CUCTEMBI C B B C C C
CuctemMHast AMHAMHUKA H H H B H B
Mopneny, ynpasisemble C C H c C B
TAHHBIMH

IIpumeuanne: H — ausknii, C — cpeannii, B- BeICOKMIA.
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METO[ ONTUMISALIT WBUAKOAIN BIHAPHUX AIArPAM PILLEHBb MNMPU
NPEACTABJIEHHI AAHUX PEKOMEHOAUIMHOI CUCTEMU

Ha cporopHimmiii AeHP peKOMEHIALiiHI CHCTEMHU
(PC) wmaroTp mmMpoke 3aCTOCYBaHHSI Y COLIaTbHUX
Mepexax, CucTeMax [HTepHeT-TOpriBIIi, OMIMPEHH] MeTia-
KOHTEHTY, pekinaMu Ta iH. EdextuBHuii croci6
NPEJICTABICHHS JaHUX, HEOOXIJHUX I8 poOOTH Takol
CHCTEMH, MOXKE 3MEHIINUTH KLUIBKICTh MOTPIOHUX PeCypCiB
Ta HOJIETLINTH PO3POOKY 1 BUKOPHCTAHHSI OUIBII CKIIaJHUX
AITOPHUTMIB U1 (OPMYBAHHS CITHCKIB PEKOMEHIALIIMH.

Byno mpoBeneHO ROCHIKEHHS IOAO MOIIHMBOCTI
BUKOPHCTaHHSI  OIHApHUX  fJiarpam  pillieHs  JUIA
NPEICTABICHHSA [aHUX PEKOMEHAANIHOI CHCTeMH Ta
PO3pOOJICHO METOA ONTHMI3aIlii IIBUIKOMII Omeparii
YHTAHHSI/3aIHCY MIPU POOOTI 3 HUMH.

bBinapui miarpamu pimens (B/IP) — me exoHomHa
¢dopma mpencraBieHHs OyneBUX (YHKIIH Yy BHIVISLIL
OpIEHTOBAaHOTO alMKiIiuHOro rpady. Bepumnu rpady
NPECTABISIOTh apIyMEHTH (YHKI, IMCTKU — T BIHKOBI
3HayeHHs. BJIP naroTe MoxmBicTh 30epiraTh jpaHi y
CTUCHEHOMY BUIJISJI Ta LIBUJIKO OTPHMYBATH 3HAUYCHHS
¢yukmii 3a ii mapamerpamm, ane pemaryBaHHs bBJ/IP
BUMarae CKJIaHHX 004NCIICHb.

B pamkax maHoi poboTm Oyino BHECEHO 3MIHH O
paHime po3poOieHoi 6i6miorexu w1 podotu 3 BAP misa
3MEHIIEHHS Yacy, HEOOXiJIHOr0 Ha BUKOHAHHS THIIOBHX
st pobotu PC omepariiii. Po3pobka BemeThest MoBoto C,
OCKIIBKA BOHA JIa€ MOMJIMBICTH TOYHO Ta EKOHOMHO
BUKOPHUCTOBYBAaTH NaM’siTh. JIJs TpeACTaBIECHHS BY3JIB
B/IP y mam’sTi OyJi0 BUKOPHCTAHO CTOPIHKOBY MOJENb
am’sITi, 10 JI03BOJISIO CTBOPIOBATH Ta BUAAIISITH BY3IIH 32
O(1). Odns moctymy g0 By3na HeoOXiaHo Oyno 3a
JIOTIOMOTOI0 0iTOBOI MAacku pPO3KJIAcTH HOMEp By3lla Ha
HOMEp CTOpDIHKM Ta HOMEp By3Ja CTOpiHKH. B
MOAANBIIOMY OyJ0 BHPIIICHO BIAMOBWIIHCS Bif INi€l
MOZIeNi Ha KOPHCTh MOHOIITHOTO OJIOKY TaM’siTi, SKWH
JUHAMIYHO  PO3IIMPIOETHCS  BUIIOBIAHO 10  TOTPEO
cucTeMu. TakuM YMHOM BJAJIOCS 3HAYHO 3MEHIINTH 4Yac
JIOCTYIly 10 By3Ja, ajie IPH 1bOMY 3pIiC 4ac CTBOPEHHS
HOBOTO BY37a, a TaKO)X THUMYACOBO 3POCTAE KUIBKICTh
HeoOximHOi mam’siTi. Jlorika CTOPiHKOBOTO BHIIUICHHS
mam’sTi  Oyma d9acTKoBO — 30epeskeHa 3a  PaxyHOK
po3mpeHHsT ONOKy mmam’siti Ha (HiKCOBaHY KiJIbKiCTh
BY3/iB, 3aBISKH 4YOMY aMOPTH30BaHHMIl 4Yac BHILICHHS
By3n1a He 3MiHMBcA. [IpoTe, OCKUIBKM YCi  BY3IH
30epiraloTbcst 'y CYHUIBHIM 00yacTi mam’sti, mozmiOHe
PO3IIMPEHHS 1HOJI BUMara€ BHAUICHHA HOBOI 00iacTi
mam’siTi, IO TUMYacoBO  CIPUYMHSE  TOJIBOEHE
BUKOpHUCTaHHA mam’siTi.  Crowatky, y  IomepenHix
poboTax, Oyio pearnizoBaHO peAaryBaHHsl 3HaueHb BJIP,
K€ MaKCHMaJbHO e(EeKTUBHO BHKOPHCTOBYE 1CHYIOUI

BY3JIH, HE CTBOPIOIOUH i30MophHUX miarpadis. Lei miaxi
Iyke e(pEeKTHBHO BHKOPHCTOBYE IIaM SITh, aji¢ BHMAarae
MOBHOTO Oy Jeskux piBHiB BJIP, mo 3HayHO
CIIOBUIBHIOE TPOIIEC peAaryBaHHs. Y wmiifi poboti Oyio
JIOJJAHO PEKUM ILBUAKOIO pelaryBaHHs, y sikomy y BJIP
HE MOXXHa BHKOPHCTOBYBaTH BY3IIM IOBTOPHO, @, MNPH
noTpeObi, CTBOPIOETHCS HOBA T'ijika. 1le mprckoproe mporiec
penaryBaHHs, aie CTIpHYHHSE BUHUKHCHHS
npoayONbOBAaHWX ~ BY3MiB, depe3 IO  HEOOXigHO
nepiomuaHo pobutn ounmctky BJIP. Yacrota oummeHHs
3aJICKUTH BiJ] 02)KaHOTO CIIIBBIIHOIICHHS BUTPAT MaM’sTi
nmo gacy poborum. Lledt mimxim mae moOiuHmil edext —
OUMIICHHA pOOHUTH OJIOK BY3JB pPO3pILMKEHHM, IO
CIIPUYMHSE PICT TPOMAaxiB Kemly 1, sIK HACHiJIOK,
CMOBUIBHEHHS po0OTH NporpaMu. Tomy, HicIIs 3aKiHUSHHS
CeKIil IHTEHCUBHOTO 3amucy nanux a0 BJIP, HeoOXximHO
BUKOHaTH  YIIUJIbHEHHS  BY3JIB  LUIAXOM  IXHBOTO
nepeMileHHst 10 HoBoi obmacti mam’sti. Jlns BUOIpKU
3Ha4YCHb, 30epekeHux y BJIP, Oymo peasi3oBaHO MOIIYK 3a
YaCTKOBHM KJFOUeM. 3aBIIKH [HOMY MOXKHA, Hatp.,
3HAWTH yci 00’€KTH, TOB’s3aHi 3 iHIMM 00 ektoM. [Ipm
IbOMY, Ha BiZIMIHY BiJl iHIIUX CTPYKTYp AaHUX, TOIIYK HE
3aJICKUTB BiJ] TOTO, SIKY YaCTHHY KITF0Ya BUKOPHCTOBYBATH
JUIL TIOIIYKY, IO Ja€ MOXIIMBICTH 30epiraT 3B’s3KU
JIOBUIbHOT posMipHocTi. [Ipore Takuii momryk BuUMarae
MOBHOTO O0XOJy YCiX BY3JiB, IIO POOWUTH HOro Jyxe
noBiuTbHUM. 11[00 MPUIIBUAIIUTH POOOTY MOILIYKY OYIIH
3aCTOCOBAHI TaKi ONTUMI3aLl:

1.Iowmyk Oyno posgineno Ha nBi ¢dazu. Y mnepuiit
Gbazi mepeBipsAeThCs, SKI BY3JM 3 THX, IO OMUCYIOTHCS
YAaCTKOBHM KITFOUEM, OCSDKHI 3 TEPMIHAIIB, SIKi MICTATH
3HA4YCHHS, II0 HAC INKABIATH. Y Jpyrid ¢asi mi gaHi
BHUKOPHCTOBYIOTHCS, IIO0 BiJBIyBATH JIHIIIC Ti TLTKH, SKi
MOXYTh TPHBECTH JO OaxaHOro 3HaueHHsI. OOXin
3MIHCHEHIOETBCS Yy andaBiTHOMY  IOpAAKY, 10O
MIHIMI3yBaTH KUTbKICTh HEOOXITHUX ISl ITBOTO TAHUX.

2Ilepma ¢aza posmiiena Ha JBa eranud. Ha
MEpIIOMY  eTami  TepeBIipsIeThbCs  JIMIIE  JTOCSKHICTD
TEpMiHAJIB, OCKUIBKK 37e0iboro Tpeba MpaigoBaTd 3
OJHICIO 1 TIEO K MHOYXMHOIO 3HAY€Hb, TOXK JaHI MOJKHA
3aCTOCYBaTH NOBTOPHO. By3mm  BcepenuHi — piBHA
COPTYIOTBCS, MO0 3a0e3MmeunTH MPHUCKOPEHUI Meperisig
Ha HacTymHomy etami. Ha npyromy erami 31iHCHIOETBCS
JIOAaTKOBa ()UIBTPAIlis X BY3IIB 32 BIAMOBIIHICTIO 10
YaCTKOBOTO KITFOYA, BiJICIKAFOUM HEMIOTPIiOHI TUITKH.

3aBIKM IIMM ONTUMI3aIlisiM, Yy poOOTI BHAIOCS
JIOCSTTH PiBHS HPOJIYKTUBHOCTI, JOCTATHBOTO JJIS TOTO,
mo6 Mat 3Mory po3rsiaatd bJIP sk amprepHaTHBY IS
OiIBII TPAUIIHHIX CTPYKTYp HaHux y PC.
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NOBEAIHKOBI ACMEKTU CACTEMU YNPABJIHHSA IHOOPMALIMHOIO
BE3MNEKOIO

Cuctema ympaBiiHHA iHQOpPMAIIfHOIO OE3MEeK0I0
po3pobiseTbest It 30epekeHHs KOH(DiaeHIiHHOCTI,
IUTICHOCTI Ta MOCTYMHOCTI iH(opMarii B opraHizamii.
Ile nocsiraeTbecsi BIPOBADKEHHSIM HA0OpY 3aXOiB
3abe3mneucHHs Oe3neku [1]. Bonu oOMparoThes 3aBASKH
OLIIHIOBAHHIO PH3MKIB 1, SK HACIiJOK, TapaHTYEThCS
JIOCSITHEHHS 3aJIaHOTO piBHA iH(pOpMaIiifHOi Oe3rnexu Ta
METH MisabHOCTI opranizauil. O3Ha4eHOK AiSUBHICTIO
BU3HAYAEThCS  TOBENIHKA  CHCTEMHM  YIPaBIiHHI
iHpopmamiiHoro Oe3nekoto [2]. Taka moBexmiHKa
MOJCIIOEThCSL  JliarpaMaMd  BapiaHTiB BHKOPUCTAaHH,
MOCHITOBHOCTI, TISUTBPHOCTI Ta KIHIIEBOTO aBTOMATy B
rpa¢ignii Hotamii SysML [1, 3].

BapiantaMu BHKOpHCTaHHS BiOOPa)KaeTbCI MEXKi
(yHKIIOHAIBHOCTI, (DYHKI[IOHAJIbHA TMOBEAIHKA CHUCTEMH
ympasiiHHs iHpopManiiiHoto 6e3nexoro [3]. Hacammnepen,
CYKYNHICTh [l st 30epexkeHHs1 KoH(iAeHIIHHOCTI,
IUTICHOCTI Ta JOCTYyMHOCTI iH(opmalii. Sk HaCiIOK,

HAZaloThCSl  BIIEBHEHOCTI  3aI[iKaBJICHHMM  CTOpOHaM
HAJIGKHOTO  yNpaBJIiHHA  pU3MKOM  iH(opMaiiiHol
Oesnexkn. Okpema yBara MPUAUIIETHCS eKTopaM (CHcTeMa
VIpaBIiHHSA  OpTaHi3ali€o, KOpPHCTyBayaM  (BHIIE

KEpIBHUIITBO, IIEPCOHAN), 3aIliKaBICHAM CTOpOHaM), a
TaK0>K BCTAaHOBJICHHIO BIIHOIICHb MK HAMH 1 BapiaHTaM{
BUKOpHCTaHHA. [IprKkiagamu BapiaHTIB BHKOPHCTAHHS €
[1, 2]: ympasminas iHpOPMAIIHHOW OS3MEKOr0, YIIPABITiHHSI
PM3UKOM, OI[IHIOBAaHHS, aHali3yBaHHS, areCcTyBaHHsS 1
00pOOIISIHHS PHBHKY.

TMocnioBHICTIO  BiOOpa)xarOThCsi  0COOIMBOCTI
MOBE/IIHKM  CHCTEMH YIpPaBiiHHA  iHGOPMAIiHHO
Oesmexoro  y waci [3]. Ium  BigoOpakeHHSIM
BPaxOBYIOThCS IIepEeJaBaHHsl 1 MPUHMaHHS MOBIIOMIICHB
Mik 11 enemeHtamu. [lOBITOMIEHHS TIepemarOThCs
(MpUITMAIOTECST) CTOCOBHO JIHIH JKUTTS 1 IPEACTABISIFOT
OKpeMy B3a€MOJIIF0 Mi JIiHisIMHU KUTTS. X NpuKIagamMu
€ [1]: nepconan, BHIEe KEPiBHUIITBO, 3alliKaBICHI
CTOpOHH, CHCTEMa YIpaBIiHHSA opraHizamiero. Tomy,
MO-TIepIlie, BUIE KEPIBHUITBO MOXE B3AEMOIISATH 3i
3alliKaBJICHUMH CTOPOHAMH MUISIXOM MepeIaBaHHs 1M
MOBITOMJICHb TIPO HAJEXKHICTh YHPABIIHHA PH3UKOM
iHpopmamniiHoi Oe3meku Ta OTPHMAaHHS BiINOBIAI Bix
HuX. [lo-gpyre, BHIIMM  KEpIBHUITBOM  MOXE
iHiI[ifoBaTHCA ~ PO3pOOJIEHHS  CHCTEMH  YIPaBIiHHS
iHpopManiiHOIO Oe3neKoro.

JiseHICTE  BiOOpaXKaeThCsl MOCTIMOBHICTh il
CHCTEMOIO ynpaBiiHHA iH(popManiiiHoo Oe3nekoro [3],
IO HampaBJiecHI Ha 30epeXeHHS KOHQIICHIIIHOCTI
JIOCTYITHOCTI Ta IiiylicHoCTi iH(popManii. 3 orsaay Ha 1e
OCHOBOIO JISTBHOCTI € TOCHIOBHICTH AiH YIPaBIiHHS
iHpopMaIiifHOIO0 0e3MeKor0 i yMOB iX BHUKOHAHHA. Jlist

PO3IIIANAETECS AK €JIEMEHTapHa OMMHUI IisUTBHOCTI,
Hampukian [l, 2]: BuU3HAUeHHS BHYTPIIIHBOTO Ta
30BHIIIHBOTO KOHTEKCTY, 1IeHTH(IKYBaHHSI pHU3UKY,
BU3HAYCHHS OLIHOK (SKICHUX Ta/abo KUIBbKICHHX)
OLIIHOK pH3MKy. KpiM LbOro MOXXJIHMBE BHOKPEMIICHHS
By3JiB nisutbHOCTI [3]. [IpuKianoM Takoro Bysia MoOXke
OyTH OILIHIOBaHHSI PU3HKY. J[iSUIbHICTE KOOPIMHYETHCS
BUKODHCTaHHS BY3JIB YIpaBiiHHSA. 30KpeMa By3ja
pimenHs [l — 3], and NOpUAHATTA pilleHHS NOpO
HEeoOXiTHICTh 0OpPOOISTHHS Ta 3ICTABIICHHS 3AJTUIITKOBOTO
PH3UKY 31 33/1aHOFO0 IPHHHATHOIO OLIHKOIO.

KiHneBnM aBTOMaToM MOJETIOEThCS MOBEAIHKA
CHUCTEMH VIpaBIiHHA iH(QOpMaIiiiHOI0  Oe3meKoro
HISIXOM MOCIIZIOBHOTO TPOXO/KEHHst 11 craHamu [3].
[HBapiaHTOM CTaHy BM3HA4a€ThCsl ICTUHHICTh YMOB JUIs
MOTOYHOrO cTaHy. HuM MoxuiBe BiZoOpa)KeHHs SIK
CTaTHYHHMX, TaK 1 JUHAMIYHUX YMOB. 3MiHa OJIHOTO
CTaHy Ha IHIOMH MOJEIIOETBCS IEPEXOJIOM, KU
CIpaIbOBY€E MPH HACTaHHI BU3HAYCHHMX MOii. Tomi sk
Mojier0  crenudikyroThCs  YMOBH  3MIH  CTaHiB.
Hanpuxman [1, 2], mepexix Big OLIHIOBaHHSA [0
0OpOOIISTHHS PU3HKY 3HIHCHIOETHCS 38 YMOBH iCHYBaHHS
HETIPUIHATHUX OIIHOK HOTO BEMMYWHH TIOPIBHAHO 31
3aJaHUM ~ TIPUMHATHAM ~ 3HAYCHHSIM,  HPUHHATTS
3QJIMIIKOBOTO PU3HKY 32 Pe3y/IbTaTaMH HOro 0OpoOIIsHHSI.

OmKe, TIOBEIHKA CUCTEMH YTIPABITIHHS IHPOPMAIIHHOIO
0e3reKol0  BM3HAYAETBCS  JSUIBHICTIO HAa  OCHOBI
OLIIHIOBAaHHS pU3nKy. Bukopucranus rpadiuHoi HoTauii
SysML no3Bosisie BU3HAUUTH MexXi (YHKIIOHaJIBHOCTI
O3Ha4YeHoi cucreMH. BinoOpasutu ocobauBocti i
MOBENIHKM 3Ba)Kal0O4YM HA IMOCIIAOBHICTH Oil 3
yrOpaBimiHHSA iHQOpMAIiifHOIO Oe3lmeKkol 1 yMOB iX
BUKOHAHHS. BU3HAYNTH CTaHU Ta YMOBH HEPEXOIY MiXK
CTaHaMH  CHCTEMH  YIPAaBIiHHA  iH(pOPMAaMiHHOO
6e3neKoro.
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CYYACHI METOAU CTEFAHOIPA®II

3aBraHHA 3aXUCTy iHpopMmaii BiZ
HECaHKIIIOHOBAHOTO JIOCTYIY BHUPILIyBaJIOCS B YCI 4acH
MPOTATOM iCTOpIT JIIO/ICTBA. YKE B CTapOJaBHBOMY CBITI
BUJIUTHIIOCS [1BA OCHOBHUX HaNpsSIMKU BUPIILEHHS IIOTO
3aBIAHHS, ICHYOYi 1 1O CHOTONHIIIHIA JEHB:
kpunrorpadis i creranorpadis. Meroro kpunrorpadii €
MPUXOBYBAaHHSA BMICTy MOBIJOMJICHb 3a pPaxyHOK iX
mmppyBanHd. Ha  BigmiHy Bim  mporo, 1pHu
creraHorpadii XoBaeTbcs caM  (akT  iCHYBaHHI
TAEMHOTO MOBiJOMJICHHSI.

Komrm'toTepHa creranorpadis — HanpsiM KJIacU4HOT
creraHorpadii,  3acHOBaHMA  Ha  OCOOJIMBOCTSAX
KOMIT'FOT€pPHOT w1aThOopMH. IIpuxnanu -
crera”Horpadivna Qaiinosa cucrema StegFS mis Linux,
NPUXOBYBaHHS  JIJaHUX B  HEBHKOPUCTOBYBaHHX
obmactax QopmariB (daiimiB, mgMiHA CHMBOIIB B
Ha3Bax (hailiiB, TeKCTOBa cTeraHorpadis i T. 1.

Hudposa creranorpadis — HampsM KIACHIHOT
creraHorpadii, 3acHOBaHM Ha 3axoBaHHI a0o
BIIPOBQ/DKCHHI JIOJAaTKOBOi iH(opmamii B IUQpOBI
00'€KTH, BUKIMKAIOYH TPH IIBOMY AESKI CIIOTBOPCHHS
LHUX 00'€KTIB.

OcraHHIM yacoM HaOyJM TOIMYJSIPHOCTI METO/H,
KOJIM TpUXoBaHa iHQoOpMalis NepeaacTbesi dYepes
KOMIT'TOTEPHI MepeXi 3 BUKOPHCTAHHSIM OCOOJIMBOCTEMH
poOOTH TMPOTOKOJIB Tepenadi MaHHUX HA3HBAETHCS
MmepexeBa creranorpadis [1].

Ha croromni BueHHMHU po3poOiieHi i BUIIPOOyBaHi
pi3HI anropuTMH 1 MeTomu cTeraHorpadii, BOHH
TOJUISIOTHCS. Ha HACTYITHI BUIH:

LSB-creranorpadis konTeiiHepa. Yum MeHIe OiT
3aqifHO, THM  MeHIme  apTreakTiB  OTPUMYE
OpHTIHAIBHUI KOHTEHHEp MICIIsl BIPOBA/IXKEHHS.

Metoa, 3acHOBaHMI Ha TPUXOBYBAaHHI ITaHHUX B

KoedimienTax JIUCKPETHOTO KOCHHYCHOTO
MEPETBOPCHHS — PI3HOBHU]I MTOTIEPEIHHOI0 METOMY, SIKUIt
AKTHBHO  BHKODHUCTOBYETHCS,  HANPHUKIAL,  MPHU

BIIPOBAKEHHI TIOBIJIOMJIEHHS B KOHTeitHep (opmary
JPEG. 3a iHmmx 00CTaBHH, TaKHil KOHTECHHEP Ma€ JICIIO
MEHIIYy €MHICTb HDX B MONEPEIHHOMY METOJi, B TOMY
YUCIi 3a PaxyHOK TOro, mo koedimientu “0” 1 “1”
3IMINAIOTECS  HE3MIHHMMH ~ —  BIIPOBaJUKEHHS
MOBIJIOMJICHHS B HUX HEMOJXKJIMBO.

Meroj npuxoByBaHHs iH(opManii 3a 10MOMOror0
MOJIOAIMUX OIT TaliTpU- [ed MEeToa 1o CyTI €
BapiaHTOM 3aranpHoro meroay LSB, ame indopmarris
BOyIOBYEThCS HE B HaWMeHII 3Hauymn  Oitu
KOHTelfHepa, a B HaWMEHII 3HAYymli OITH HaJiTpH,
OYEBHJIHUHN HEJOJIIK TAaKOTO METOJy — HH3bKa €EMHICTDH
KOHTElHepa.

Meron npuxoByBaHHs iH(opMmanii B ciayx00BUX
noysx (GopMaTty — JOCHTh NMPOCTUI METOJ|, 3aCHOBAHUH

Ha BHKOPUCTaHHI CIYy)XOOBMUX IIOJIB  3arojioBKa
KOHTeWHepa sl 30epiraHHs moBimomiacHHs. OueBUIHI
MIHYCH — HU3bKa €MHICTh KOHTEWHepa i MOJIIUBICTh
BUSIBJICHHSI BIIPOBQ/DKEHUX JIAHUX 32 JIONIOMOTOIO
3BUYANHHUX MPOTpaM IS IEPETIBILy 300pakeHHS.

Metox BOyIOBYBaHHS MOBiJOMIICHHS — IIOJIATAE B
TOMY, IIO TTOBIIOMIICHHS BOYZOBYETHCS B KOHTEHHED,
MOTIM 32 JOMIOMOTOI0 CXEMH, BiToMO1 000M CTOpOHaM,
BUTATYETHCS. MokHa BOYIyBaTH KiJIbKa IOBIIOMIICHB
B OJMH KOHTEiHep, 3a YMOBHM, WLIO crocobu ix
BIIPOBAJPKEHHS OPTOTOHAJIBHI.

InpokocMyroBi METOH, SKi HOAUISIOTHCS Ha:

- MeToJ IICeBJOBUIAJKOBOI  MOCIIiTOBHOCTI:
BUKOPUCTOBYETBCS CEKpeTHUI CUTHA, SIKUR
MO/ICTIFOETHCS TICEBIOBHUIAIKOBIM CUI'HAJIOM;

- METOJl CTpMOAI0YNX YacTOT: YacTOTa HECY4Oro
CHUTHATy 3MIHIOETHCS 3a MEBHHUM IICEBIOBHIIAIKOBUM
3aKOHOM.

Merto HaKIaJeHHS — IO CyTi HE € CIPaBKHBOIO
creraHorpadicro, 3aCHOBaHHA Ha TOMY, MO JesKi
(dopMaTH MICTATH B 3arOJIOBKY PO3Mip JaHUX, abo x
00poOHMK 1MX (¢opmatiB Oyae uuratu Gaiin a0
Mapkepa KiHus AaHux. [IpHKIagoM Takoro MeTony €
no6pe Bimomuii MeTox “rar-jpeg”, sikuii 3aCHOBaHHIA Ha
KoHKaTeHalil rpadiunoro Qaitny B ¢opmari JREG i
RAR-apxiBy. Ilporpamu mns neperisiny JPEG Oyne
34UTyBaTH iH(QOpPMAIiI0 J0 KOPIOHY, 3a3HaYeHOI B
3arojoBKy (aitny, a RAR-apxiBaTop BiAKHHE Bci, 10
3HaXoJuThCsl 10 curHatypu RAR, ska mo3Havae
MoYaToK apXiBy. TakuM 4YHHOM, SKIIO Takuil ¢aiin
BIJKPUTH Y BiKHI Heperisiny rpapiqaux QaiimiB — mMu
nobaunMo KapTHUHKY, a skmo B RAR-apxiBatop —
BMicT RAR-apxiBy. O4eBuIHI MiHYCH TaKOTO MiAXOIy
MOJISITaloTh B TOMY, IO OBepJied, JAOJaHUN 110

KOHTEWHepa, JIETKO BHUALIEMO MPU Bi3yaJlbHOMY
JIOCITIJKeHH] Takoro dainy [2].
Creranorpadis  — OJIVH 3 HaWO1IBII

3aXOIUTIOI0YNX 1 €(EeKTHBHUX METOJIB MPUXOBYBAHHS
JlaHWX, $IKI BHKOPHCTOBYBQJIUCS 3a BCIO ICTOPIIO
JmoJcTBa. € myke 06arato NMPUYHMH JUIi BUKOPUCTAHHS
creraHorpadii, aje rojoBHa — Iie JErKicTh B 00iry i
CKJIIHICTD TP BUSIBJICHHI.
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NMPO MIHIMAJIbHI TPA®U-MOAESNI HEOPIEHTOBHOIO POAY

3ajaya BUBYEHHS CTPYKTYPH BCIX MIHIMaJbHHX
HE30BHIIIHBOIIOIIMHHNX TPOEKTUBHUX TpadiB BuUpI
IeHa IUIIXOM Iepe0opy BCIX Pi3HUX BapiaHTIB BUIAI
CHHsI OJIHI€T 3 BEPIIHMH OIHOTO 3 35-TU MiHOPIB MPOCKT
TUBHOI IUIOIIMHU Ta BigOopy HeizoMopdHHX Trpadis
HeopieHToBaHOTO poxy 1. Ockimbku B D. Archdeacon,
N. Hartsfield,C.H.C. Little, B. Mohar. Obstructions sets
for outer-projective -planar graphs. Iternet source me
HaBeleHI miarpaMu mux rpadiB, ToO BHHHKAE mMOTpeda
ixHpoi moOymoBW. 3amada Mae [1Bi mimzamadi: 1.
Jocniantu CTpyKTypy NPOSKTHBHO TUIOLIMHHUX rpadis,
MiHIMaTBbHUX BIJHOCHO Olepalii BHIANCHHI YH
CTSATHCHHS B TOYKY JOBUIRHOTO pebpa, i3 3aJaHoro
MHOYXHHOIO TOYOK, II[0 Ma€ YKMCIIO JOCSKHOCTI t, =2, Ta
€ camMa Yd Ma€ MiAMHOXHHY MiHIMaJbHY BiJHOCHO
BUJIAJICHHS JOBUIBHOI TOYKH, i HABECTH IXHI Iiarpamu
rpadiB i3 3a3HaYEHHSM BKa3aHWUX ITiIMHOXHUH.2.
Hocnimutu cnoci® moOymIoBH HEMPOCKTHBHO ILIOIIIH
HUX YM HEKJICHHOBO MOBEPXHEBUX rpadiB sSK Q-00paziB
(cTpykTypy rpada-ckieldkn OesKoro yucia rpadiB sk
€JIEMEHTIB MHOXXHHU MIHIMAaJbHUX BIZHOCHO YHCIIA
IOCSHKHOCTI 2 Juia 3ajmaHoi moBepxHi KireitHa um
MPOCKTHBHOI  TUIOIIMHN) KITBKOX  MIHIMAJbHUX
MPOEKTHUBHO IUIOMIMHHAX YU KJIECHHOBO IMOBEPXHEBUX
rpadiB i3 MiIMHOKHHAMH TOYOK, HIO MAalOTh YHCIO
IOCSDKHOCTI 2 Ta € MiHIMQJIBbHUMM BiJHOCHO YHCIIa
JIOCSKHOCTI TIPY Omepariii BUJaJICHHsI JOBIIbHOT TOUKH.
Po3p’si30k mim3amaui 1 monsirae B mOOYMOBI  BCIiX
MiHIMQJIBHUX HE30BHIUIHBOIUIOIMHHUX HPOEKTHBHO-
IUIOIIMHHUX TpadiB po3B’s3aHa B (HE HaBEJCHI
niarpaMu IHX rpadiB) OUIIXOM mepedopy BCiX pi3HUX
BapiaHTIB BUIAJICHHA OJHI€l 3 BepIIMH Tpada MiHOpa
MPOCKTHBHOI IUIOIIKWHU Ta BigOopy Hei3oMopdHUX rpa
(i HeopieHTOBaHOTO poxay 1. lmes moOymoBu aHamori
YHa TOMY, SK MIiHIMAIBHO MPOCKTHBHO HEIUIONIUHHI
rpadu Ks un K33 yTBOpeHi i3 MiHIMAIbHUX HE30BHIMI
HpO TwIonHHUX Tpadis Ky um K3 mumsixom mpukmnero
BaHHs TipocToi 3ipku St(V) 10 MiHIMATBHUX 38 MOTYK
HiCTIO miaAMHOXUH TO4YOK TpadiB Ks am Koz 3 gncmom
nocspkHOCTi 2. Tlimzamava 2 monsrae y BUSBICHHI MiHi
MaJIbHOI MiJIMHOXXHHHU TOYOK Yy MiHIMaJIbHUX HETIPOCKTH
BHO IUTOIIMHHUX YM MiHIMAJIbHUX HEKJICHHOBO IUIOLIMH
HUX TpadiB i3 33aHUM YHCIIOM JOCSDKHOCTI 2 Ta Xapa
KTepy iX CKJIEIOBaHHS 3 METOIO iHIIOI 00y JOBH HEnpoe
KTUBHO IUIONIMH HUX YM MOOYJOBH BCiX HEKJICHHOBO
noBepxHeBux  rpagis-miHopiB.  IloxibHa  3amaua
pO3B’si3a Ha, A€ PO3MIISTHYTO HMOKPUTTS HEMPOEKTHBHO
IUIOLIMH HUX YM HEKIEHHOBO moBepxHeBux rpadis G
0o0CTpyK 1Li#f HeopieHTOBaHOTO pony y(G) (3 umciom

7(G)
romeomopduuM Ks, un K33, gKi monapHO yTBOPIOIOTH

BepmH He  Oimbme  10) miarpadaMu

niarpadu romeoMopdHi 0OCTPYKILIAM HEOPIEHTOBAHOTO
pony »(G) ©po3B’s3aHa B s HEOPIEHTOBaHUX
MOBEPXOHb POJY HE Oinblie S5, TMPUYOMY I TOpa
TAaKOXX Ma€ MICIe 3a3HAUCHE TOKPHT Tsi, ajie¢ HABEACHO
KOHTp TpPUKIAA Ul HOKPUTTA Oimbmio ro rpada. €
PO3B’A30K aHaJOTidYHO{ 3amadi MOOYIOBH HEKIICHHOBO
[UTOLIMHHUX TPadiB METOIOM PEIATUBHHX KOMIIOHEHT.
Teopema 1. 111 MOBITBHOTO MiHIMAIIFHOTO BKJIAZICHHS
f mpoctoro rpada G mo HeopieHTOBaHOI MoBepxHi N
MaroTh Miclle HacTymHi chiBBigHoweHHs: 1. Hewmae
pebep e,e',e=(a,b),e'=(b,a)Ha rpaHuli IOBiIIBHOI

knitkn S, SeSg(N, f), ame Moxyrs Matu Micie

MOBTOPEHHs JlesKuX BepiinH; 2. Hemae moBTOpeHHs
OBOX TMap BEpHIMH 4YM JBOX IAp YacTUH pedep
e', e,e=(a,b), e'=(c,d), sxi Ha MIOMKHI MOMAPHO
pPO3AULAIOTE OJHA OJHY Ta JIeKaTh Ha TpaHH Wi
JoBinbHOI KkmiTku S, Se€S(N, f); 3. Hemae nBox 2-
KITOK $;,S,, A€S;,S, €Sg(N, f), Ha rpaHmIsIX SKUX
pO3TaIloBaHi TOBTOPEHHS TPHOX BHUIIICHUX pebpa i3
pI3HUM TIOpSA KOM CIigyBaHHS. Teepdoicenns 1. Jlns
JoBimbHOTO Tpada — obcTpykuii G 10 MpOeKTHBHOT
IUIOIIMHHI MAaOTh Miclie criBBigHOmeHHS: 1. [Ijis KOXKHOT
BepimuHU V Tpada—oberpykuii G I TpOeKTHBHOT
wiomMHM i3 MHoxkuHOK M (V) Bcix  BepmmH
innuaentanx Vrta miarpagom G\V HeopienTOBaHOrO
poxa 7(G\v) BUKOHYIOTBCSI HaCTYIHI
chiBBimHOIIEHH: 1) y(G\v)=1, 10

tow(M(V),N;) =2 Ta xoxne pebpo miarpada G\V e,

SKIIO0

a6o cyrresum BigHocHo poay ¥(G \V) npu onepanisx
BUJIAJICHHS peOpa Y CTHCKaHHS B TOUKY, 00 HaJIE)KUTh
JI0 TPaHMIb JBOX KIITOK IPOEKTHBHOI IJIOIIMHU, SKi
MICTSTB MHOXUHY M (V) (peanizyrots YHUCIIO
nocsokHoCcTi tgy, (M (V), N;));2) sxmo y(G\v)=0, To
(M) N)=3 1@ 66, (M(V),N;) =1, npuiomy
xoxHe pebpo miarpapa G\V e cyrresum BiaHocHO
teww(M(v),N;) npu omepauisx BupaneHHs peOpa 4Yu
CTHCKaHHS Horo B Touky. 2. KoxkHa rpad—oOcTpykmis
G HEOPIEHTOBAHOTO  poAay 2  TOKPHBAETHCS
moHaibiIpme  4-mMa  (Hampukian rpadu  Az,Gi)
miarpadgamMy 41 4acTH HaMH TOMEOMOP(HUM OJHOMY 3
nacrymaux rpadis: Koz, Ka, Ks\e, Kzs\e, Ks, K3 Ta
marume BigHocHO Nz (moBepxni Kieiina) umcio
JIOCSDKHOCTI 2 Ui MHOXKMHH BEPIUUH, NPHYOMY IS
KOXHOTO BHaaneHoro peépa€ rpapG\e martume nHa
N1 9rCcII0 TOCSHKHOCTI 2 /1711 MHOYKUHH BEPIITHH.
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AHANU3 YA3BUMOCTEN TEXHONOIMU 3D NEYATU

[IpobnemaTnka BO3SHUKHOBEHWS ITOTEHIMAIBHBIX PHCKOB
KubepOe30MacHOCTH TPH A[VTUTUBHOM Ipou3BoCTBe (AM) - 310
TpoLEecc, B KOTOPOM YINPABISIEMOE KOMITBIOTEPOM YCTPOICTBO
Oo0BEeUHACT pa3IMuHble THUIIBl MAaTepuajoB BMECTE, YTOOBI
co371aBaTh TpexMepHble 00bekThl U3 CAD mimm 3D monenu.

Ecte wmHOro TumoB 3D-npuHTEpOB; OT OOBMHOTO
MOJICITMPOBAHHUSI METOJIOM TIOCIONHHOTO Haruasienus (FDM), no
crepeonutorpadpudeckux (SLA), WCHONB3YIOMUX CBET IS
OTBEPIKJICHNSI CIICIMATIEHBIX JKUAKOCTEH B TBEp/IbIe BEIIECTBA, 10
HPUHTEPOB CENEKTHBHOTO JIa3epHOro criekanus (SLS), B KOTopeIx
UCTIONB3YyeTcsl Jasep /Uil PacIUIaBUTh  IOPOIIKOOOpasHBIH
Marepuai Ha 00bEKTHI HOCIOHHO [1]. 3D mpHHTEpH! OTANYAOTCS
MO0 HCTIOIB3YEMOMY MaTepHaly, KHHEMAaTHKe, CIoco0y MedarH,
HO BCE OHM MMEIO U OOIINE XapaKTEePHUCTHKH, KOTOPHIE AETAIOT
UX YSI3BUMBIMH JUII KnOeparak, He B HOCJISIHIO OYepesb M3-3a
TOr0, 4YTO OHHM YIpPaBILIIOTCA  KommbioTepoM.  OpHako
CYILIECTBYIOT KHOCp PHCKH, KOTOpPBIC B OMmKaiiiiiem Oymyiiem
OyIyT Cephe3HO BIUATH Ha HHAYCTpHIo 3D-nevatn.

1. Bce BCTpOGHHBIE KOMIBIOTEPHI MMEIOT NPOTrpaMMHbIE
ys3BUMOCTH. Bee 3D-mpuHTEpBI, yHpaBISIOTCS KOMIIBIOTEPOM.
Ha »tux kxommerorepax pa0oTaeT mporpaMMHOE OOecCIeueHHe,
KOTOpO€ MOKET OBITh MOABEPIKEHO OMMOKaM pa3pabOTKH,
NPHUBOISIIMM K  YS3BUMOCTAM  Oe3omacHoctu.  Hampumep,
ABTOHOMHBIN IIPUHTEP, KOTOPBIH medyaraer ¢ SD-kapThl popmara
RepRap, ncrons3yst NPOIMBKY C OTKPBITHIM UCXOAHBIM KOJOM
Marlin, wnMeer 3HAYMTENBHYIO YS3BUMOCTH IIEPETIOIHEHHMSI
Oydepa [2]. Teopermueckw, 3JIOYMBIIUICHHUKA  MOTYT
HCIIOJIB30BaTh 3TOT THUIT YSI3BUMOCTH IS 3arPy3KH BPEJOHOCHOTO
Tmporiecca Wid, BO3MOXKHO, YCTAHOBHUTH KaKyIO-TO “TPOSHCKYIO”
MPOIIHNBKY.

2. CereBble NPHUHTEPHI WM XOCTHI NPUHTEPOB YSI3BUMBI.
Ionxmrouas 3D-nipuHTEp K CETH, OH CTAHOBHUTCS YCTPOHCTBOM
Unreprera Bemieit (IoT) u mnpuobperaeT NOTEHIMATBHbBIC
HEJIOCTaTKU IporpaMMHOro obecrieueHus ycrpoiicrea loT. Ilpu
TOJTy9eHUH JI0CTyMa K HacTpoiike Octoprint, OH MOXKET yIaJIeHHO
3aITyCTHTh TeYaTh CO BPEIOHOCHBIM (DAlioM, 9TO MpUBEIET K
BO3HHKHOBEHMIO 3TOH OMIMOKM ¥ BBIIOJHEHHWIO KOJa Ha
npHuHTepe 1o ceTu. JI100o# ceTeBoil TOCTYM K MPUHTEPY, MPSIMOM
WIM 4Yepe3 MPOMEKYTOUYHOE MpOorpaMMHOE obecredeHue,
CTaHOBHUTCA OoJiee ysI3BUMBIM. JTa ceTeBast pyHKIIHS PacCKphIBaeT
COOCTBEHHBIE YSI3BUMOCTH TpuHTepa. CTOUT yYMTBIBaTh, YTO
COBpeMeHHble TNpuHTepbl cHabxeHsl WEB kamepamu mis
KOHTpOJIL  Mpolecca  Me4yaTH, YTO  MOXET  SBIITBhCS
JIOTIOJTHUTEIIEHBIM CTUMYJIOM HECAHKIIMOHMPOBAHHOTO JOCTYTIA C
YCTPOUCTBY

3 aiel TeYaTH MOTYT TPHBECTH K (HBHUECKOMY
MOBpEeXICHUIO  ycTpoiictBa. g  medatn  oOwvektoB  3D-
NPUHTEPAM HYXXHBI TOYHBIE HHCTPYKIMU O TOM, KaK IEPEMEIIATH
CBOM TIeYaTalolue ToJoBKM B 3D-mpocTpaHcTBE WM Kak
BBINVIIUT Kaknwlii cioi 3D-newatn. Muorue 3D-mpunTepsl,
0COOCHHO C OTKPBITBIM HCXOIHBIM KOJIOM, UCTIONIE3YIOT (aiiser
G-Kxoma Ut TPefoCTaBNIeHHsT ITUX MHCTPYKIui. G-kom — 3To,
CTaH/[APTH3NPOBAHHBIHA SI3BIK TIPOTPaMMHpPOBaHMS,
pa3paboTaHHBIH JUTS TOTO, 9YTOOBI TIeqaTalonas
TONIOBKA(IKCTPy/iep) TMPaBIIGHO ceOs IO3MIMOHHpOBANA, H
HAaHOCHJIA CIIOM B COOTBETCTBHHM C TIPOrpaMMOi pa3paboTduka
[3]. TIpobriema 3aKIFOYaeTCs B TOM, YTO MHOTHE M3 3THX THUIIOB
¢aitnoB  3D-meyati He HMMEIOT  BCTPOCHHOH  (pyHKIHH
mMdpOBaHKsT WIK MPOBEPKH LENOCTHOCTH. BosbimnHeTBO 3D-

MoJIeTlel IMEIOT BHYTPEHHIOIO CTPYKTYpY OOBEKTa, KoTopas He
BUJHA B KOHEYHOM M3MENMH, HO BIMSIET Ha €ro (U3HIEcKHe
xapakrepucTiki. [Ipu Hammduu noctyna k G-kody win Qaiinam
MOJIENH, 3JOYMBIIUIEHHUK MOXKET HW3MEHHTb IapameTpsl
W3/ENNs, TEM CaMbIM CO37aBas clabble MecTa, KOTOPBIE, MOTYT
MPOSIBUTHCSA TOJNBKO TPH HCMONB30BaHMK JeTanmd. Ha mpumepe
drOwned — AM Cyber Attack — momHas nemo4ky arak c
ucnons3oBanneM 3D-newatm (AM), HaumHas c KuOeparak,
9TOOBI CKOMIIPOMETHPOBATh JIO0OPOKAYECTBEHHBIH KOMIIOHEHT
AM, myreM 3JIOHaMEpeHHOH  MomM(pHKAMM  YepTexa
U3TOTOBJIEHHOTO OOBEKTa, YTO MPHBOJUT K IIPOU3BOICTBY
caboTHpoBaHHOH  (DYHKIMOHAIBHOW dYacTH. Vcmoms3oBaHa
HCTIpaBJICHHAsS YSI3BUMOCTH WinRAR, YTOOBI
MPOJIEMOHCTPHUPOBATE BEKTOP aTaKH, OTKPHIT OOpaTHBIH TyHHEh
k IIK okeptBBl W ckauaH (ailibl JaW3aiiHa, TOCIE
MaHUITyTMpoBaHus ¢ (aiimamMu 3arpyxeH ux oOparHo. B
KadecTBe pemnreHuss mnpobnembl Paiinel medatm W MoJend,
KOTOpbIe MBI HCIONB3yeM [is 3D-mewatd, HODKHBI HMETh
CTAaHIAPTU3UPOBAHHOE MM(POBAHKE H, YTO OoJiee BaKHO,
MPOBEPKY IIENIOCTHOCTH. MOXKHO HCIOJNB30BaTh  OOBIYHBIE
pelIeHust 11 KOHTPONbHBIX cyMM MDS u SHA, ut0o051 106aBUTH
MPOBEPKU IIEJIOCTHOCTH K (aiiiaM Wi 3amm@poBaTh UX C
MIOMOIIBIO CTOPOHHUX HHCTPYMEHTOB.

4  3D-mpuHTEpHl — HOBBIE IPEUMYIIECTBA  JUISL
KHOEPIPECTYITHUKOB C OTPAaHUYEHHBIMI PECYpCaMH CTaHOBHUTCS
HAaMHOTO MPOIIE CO3JaTh YCTPOICTBO, KOTOPOE MOAKIIFOYAETCS K
CUMTHIBAIOMIEMY ~ YCTPOHCTBY  OaHKOMara ¥  BBITJDIAUT
JIOCTOBEPHO KaK 4YacTh MalMHbL JIOCTYH K 9TOM TEXHOJIOTHH
J@Ke TOMOTaeT MM J0pabaTelBaTh M MHHHUMH3HPOBATh CBOH
KOHCTPYKIIMH, BCTPaWBasi CKUMMHHTOBYIO 3JIEKTPOHUKY B CaMy
JieTallb, CO3/aBasi CKUMMeP, KOTOPBIH He BBIIEISETCS.

HeoOxommmo — oOecrieynTh  COOMIONEHHE 3aKOHOB U
NPHBIIEYb K OTBETCTBEHHOCTH TEX, KTO MEYaTaeT YTo-TO, 4TO OHH
HCTIONB3YFOT JUIs pecTymuieHnsl. OOIIeCTBEHHOCTh JIOJDKHA OBITh
OCBEZIOMJICHA O TOM, KaK KHOEPIPECTYITHUKH HCHONB3yT 3D-
npuHTepsl. Kpome Toro, 3D-mpuHTEpHI SBISIOTCA OYEHD
YyBCTBHUTENIBHBIM PECYPCOM, OCOOEHHO B IIPOM3BOACTBEHHOM
cpene. OHM co3MalOT  (M3HYECKHE OOBEKTHL, Ha KOTOPHIC
TPHUZIETCSL TIONIOKUTBCST WM SIBISIIOTCS  KOH(MIECHIMATEHOM
HHTEJUICKTyaJIbHOH pa3pabotkoil. [lo Mepe coBeplieHCTBOBaHUS
TeXHOJOrMU 3D-TIpuUHTEpPbl MOTYT MEepedTH OT YCTPOUCTB,
KOTOpPBIE YCKOPSIIOT CO3aHHE MPOTOTHIIOB, K OCHOBHOH 4YacTh
KOHEYHOTO0  MPOM3BOJCTBA,  MOJTOMY  peanu3aius  Mep
MUHUMI3AIIIH IPOHUKHOBEHMS SBJISICTCSL HA CETOHSAIIHIN eHb
naxe Oosee aKTyalbHOH, WeM HEMOCPEJCTBEHHO TEXHHYECKOE
ycoBepIeHcTBOBaHNe 3D-nprHTEpOB.
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OCOBJINBOCTI TA 3ACOBU 3ABE3NEYEHHA BE3MNEKU OAHUX MNMPU
BUKOPUCTAHHI XMAPHUX TEXHOJOTN

Xwmaphi  (po3cigHi) TexHomorii — 1e HaOip
TEXHOJIOTIH, 110 J03BOJIsIE BHKOPUCTOBYBATU PECYpPCH
BiTAJICHNX CUCTEM, sIK HIOMTO BOHHM 3HaXOAATHCS
30BCiM mOpyd — BiaoMa abo B odici. Hacmpasni
KOMIT'TOTEpH, SIKi 0OCITyrOBYIOTh XMapH, 3HAXOAATHCS B
JaTalleHTpi, SKAH MOKe 3HAXOOWTHUCS B COTHAX 1
THCSAYaX KUJIOMETpax Bijl KiHIeBoro Kkopucrysaua [1].

Cepen 3arpo3, CIpSAMOBaHMX Ha aBTOMaTH30BaHI
poboui micus (APM) kiHIEBHX KOpPHCTYBadiB, MOXKHA
BUAUTUTH KOMIIPOMETAII0 KIIEHTCHKUX IIPUCTPOIB
JIOCTYITy B XMapy 1 aTaku Ha KIi€HTCBbKi Opayzepm. Lli
3arpo3u akTyajbHI BHACIIIOK ciabkoro 3axucty APM
KIHIIEBUX KOPHCTYBadiB 1 BIJICYTHOCTI KOHTPOJIO
nomituky  ingopmaniinoi Oesnexu  (IB) Ha APM
KOpPHUCTYBadiB IIpU JOCTYIi B XMapH. Yepes rimepsizop
(moniTop BipTyanpHux MamumH (BM)) peanizyerbes
Taka 3arpo3a BIpTyanbHOI  iH(PACTPYKTypH, SIK
HecaHknioHoBanmit goctyn (HCJH) mo cepemoBuima
BipTyamizamii. BiH MOXIHMBHH BHACHIOK IMOPYIICHHS
130IALiT  cepeloBUINA, HAMaHOI KIIEHTY B paMKax
xMapHoi mociayru. DDoS-ataku Ha  MepexeBy
IHOPACTPYKTYPY MIK XMapor i KII€HTOM MOKIJIHBI
BHACIIJIOK PO3TOPTaHHS IIOraHo 3axumieHnx BM i
BIICYTHOCTI B CKJaJi Trimepsizopa 3aco0iB 3axHCTY
MepexeBoi iHppacTpykTypu. BunaikoBe abo HaBMHCHE
cTHpaHHs (CHOTBOpeHHs) o00pasiB BM  mMoxiuBo
BHACJIIJIOK BiJICYTHOCTI 3aC00IB PO3MEXKYBaHHS JOCTYITY
i KOHTPOJIFO IUIICHOCTI BIPTYaJIbHOI'O CEpEIOBHIIA.
Jeski TpaauiiitHi 3arpo3u BipTyanbHiH 1HPPaCTPYKTYpi
peami3yloTbCsT  BHACTINOK  BPAa3IMBOCTI  (pi3WIHUX
cepBepiB, Ha SKUX BOHAa pO3ropHyta. Y iXx wmcn
MEpeXeBi aTakd MK BIPTyalbHAMH MAallHHAMH B
paMKax OJHOTO XOCTa, IMigMiHa i/ab0 TepeXOTUICHHS
JTAaHWX 1 orepaTtuBHOI mam'sti BM B mporieci ix mirpamii
3acobaMu  BIPTYaJbHOTO  CepeOBHINA,  BIpyCHE
3apaxxeHH BM 1 BHKOpHCTaHHS iX Bpa3JIHBOCTEH.
3acTocyBaHHA TEXHOJIOTIH BipTyaii3amii BHOCHTH B
MEpEeXeBY apXiTEeKTypy HOBI €JIEeMEHTH, HalpHKIA,
rinepBizop 1 3aco0M  YHpaBIiHHA  BiPTYaJIbHOIO
iHGPACTPYKTYPOIO, SIKi TaKOX MOTPIOHO 3aXWINaTH, TaK
K 3MiHa 1HQPACTPYKTYPH BiAKPHBAE MOMKIMBOCTI IS
HOBHX METOJIB arak. KoMIuiekcHuii 1 OaraTopiBHEBHIA
3aXHCT MOXYTh 3a0€3IEYUTH TUIBKH CIEIlialli30BaHi
3acobu [2].

Tpanuuiiini MDKMepexXeBi €KpaHu HE
KOHTPOJTIOIOTH Tpadik ycepeanHi cepBepa BipTyami3aiiii,
Jle MOXYTh mepeOyBaTH NECSITKH TOCTHOBHX MAIlIWH,
B3aEMOJIIOYMX MK c000I0 TO Mepexi. Bimxim Bin
TpagUIifHOTO nepuMerpa 10 BiJICYTHOCTI
KOHTPOJBOBAHOI  30HM, mepemimeHHs BM  wmix
(i3MYHMMH cepBepaMH TIPH3BOIUTH 0 HEOOXiTHOCTI

peamizanii momitTuk Ib HesamexkHO Bim  (Bi3UIHUX
KOD/IOHIB. CkuiagHo 3HalTH OanmaHc MiXx
LHEHTPANi30BaHUMK  3axomamu  3abesneueHHs b,
peayi3oBaHMMH IIOCTaYaJIbHUKOM 1H(PAaCTPYKTYypHUX
MOCITYT, 1 JOKJIBHUMH, IO 3a0€3MeYyI0ThCsl KIIEHTOM.
JIist 3aXuUCTy Bi HECAHKI[IOHOBAHOTO JOCTYITY POOOYNX
MICIIb KOPHCTYBadiB, XOCTOBOi CHCTEMH 1 CHCTEMH
30epiraHHs JaHUX IPOIOHYETHCS BUKOPHCTOBYBATH
TpamulliifHi cepTHU]iKOoBaHI 3aco0W 3aXHCTy BifJ
HECaHKIIOHOBAaHOTO JocTymy, Taki sk Dallas Lock
kommaHii "Konpument" i1 Secret Net xommanii "Kox
Oesmexu".  Jlns  aHTHBipycHOro  3axucty BM
MPOTIOHYETHCS BUKOPHCTOBYBATH HOBaTOPCHKHIA
OezareHTHHI miaxin, o 3abe3nedye KOMIUIEKCHY
Oe3reky 0e3 YCTaHOBKH areHTChKOTO MOYJISA B CHCTEMI,
mo 3axumaeTrhes. Hampukman, Oe3areHTHHH pexuM
BUKOpHCTOBYE pimteHHs Deep Security xomnanii Trend
Micro.  HeoOXimHO  BHKOPHCTOBYBaTH  CHCTEMH
BUSIBJICHHSI BTOPTHEHb 1 MDKMEPEKEBOTO €KpaHyBaHHS.
3 mosiBOIO BIPTYaJIbHUX CEPEIOBHI 3'IBHJIACS HOBa
npobiieMa — HEKOHTPOJIbOBAaHA MEpEKeBa B3a€MOJIS
Mix BM. 3aranpHa pekoMeHIAIlis Taka: KOHTPOJIIOBATH
30BHIIIHI MIJKITIOYCHAS 0 CEpeAOBHUINA BipTyai3amii
CIIiZi 3a JOIIOMOTOIO arapaTHUX PillieHb, a BHYTPIMIHI —
3 ZIOTIOMOT'OI0 MPOTPaMHUX PillleHb, PEATi3yIOUl TaKHM
yuHOM KomOiHoBanuii minxin. Kommanis CheckPoint
Moke 3ampornoHyBatu npoayktd VPN-1 VE (Virtual
Edition) — BipTyamsHOrO TIpHCTpOIO, KM 3abe3meuye
3aXWCT BIPTYalbHUX CEpPENOBHUIN BiJl 30BHIIIHIX i
BHYTpIIIHIX 3arpo3 6e3nexu [3].

Kpim Ttpamumiiianx 3acobiB 3axucty iHQopmarii
KIiHIIEBUX KOPHCTYBAYiB, TAKUX SK 3aCOOM 3aXHCTy BiJ
HECAaHKI[IOHOBAHOTO JOCTYIYy 1 aHTUBIPYCHHX 3acO0iB,
0co0IMBY Ba)KJIMBICT HA0OYBAIOTh KOHTPOJIb BUKOHAHHS
nojiTukr 1B KIHIIEBUMH TNPHUCTPOSIMH 1 HajiiiHa
ayreHTH(DIKAIlisA 3 3aCTOCYBAaHHIM amnapaTHUX 3aco0iB i
0e3MeYHOro BiIIaICHOTO JOCTYITy, M peai3amii SKux
BHUKOPHUCTOBY€ETHCS, Hanmpukian, StoneGate Virtual SSL
VPN.
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IHTENEKTYAJIbHI ATEHTU B HABYAIBHIA CUCTEMI NIATOTOBKMU
AOUCNETYEPIB YMNPABJIHHA NOBITPAHUM PYXOM

Sk mokasye aHaii3 JTEpaTypH 3aKOPIOHHUX Ta
BITYM3HAHMX HAYKOBIIIB B Taly3l agalTHBHUX
TpeHakepax JAWUCHETYEepiB YIPaBIiHHSA IOBITPSHIM
pyxom (YIIP) € HeoOXigHicTb y  CTBOpPEHHI
IHTENEKTyaIbHOT0 HaB4YaiabHOTO cepenosumia (IHC), mo

0 [O3BONMMIIO  3MEHIIUTH TEPMIHHM  IiATOTOBKH
JCIIETYEpiB  yNPaBIiHHS IOBITPSHUM pPYyXOM Ta
3a0m@mUTH Ha (DIHAHCOBUX BHUTpaTax, YHHUKAIOYH

HEraTHMBHOTO BIUIMBY HA SKiCTh iX MIATOTOBKH Ta
0e3neKy MOJIbOTIB.

[lepcrieKTUBHUM € CTBOPEHHS I1HTENEKTyaJlbHUX
00'ekTiB y Teopil MyIbTHATCHTHUX
BHUKOPHCTaHHSM METOJIB IUIAHYBAaHHS CIIPSIMOBAHUX IiH
a00 IIaHyBaHHS IOBOKCHHS 3 METOI 3a0e3NedeHHS

CHCTEM 3

MO/JIC/TIOBAHHS 1HTEJICKTYaJIbHOTO TMOBEIIHKUA OO0'€KTIB,
110 BXO/SATh Y BipTyasbHe cepeaoBHile HaBuaHHs [ 1-4].
VY 3B'S3Ky 3 OUM Yy JOMOBiII 3ampOIOHOBAHO
BUKOPHCTOBYBaTH areHTHO—OPIEHTOBaHWI MigXix [0
nooynoen IHC migroroBku gucrnerdepie YIIP. B
OCHOBI peali3allii iHTeIeKTyalIbHOI TIOBEiHKH 00’ €KTIiB
y  paMKax  JaHOro OiAXOQy  TMPOIOHYETHCS
BUKOPUCTOBYBATH METOIM IUIAHYBAaHHS ITOBEHiHKH
IHTENEKTyaTbHUX areHTIB.

[Migpumenns edextuBrocti [HC  miaroroBku
qucnerdepiB YIIP 3arajom MOMXIMBO 3a paxyHOK
YIOCKOHAJICHHS METOIIB IUIAHYBaHHA  IOBEIIHKH
IHTEJIEKTyalbHUX  areHTiB Ta  pO3LIMPEHHS  1X
(hyHKIIOHAJIBHUX MOXKJIUBOCTEH.

B JIOMOBIal 3arporOHOBaHO aihivebit
YIOCKOHAJICHHS Ta pO3MHUPCHHS (QYHKIIOHAIBHUX
MOXXJTUBOCTEH CHUCTEMH MiATOTOBKH aucterdepi YIIP
3a paxyHOK BHUKOPUCTAaHHS Teopil MyJbTHATCHTHUX
cucreM 3 Meroro crtBopeHHs IHC, mo 3abesneuye

MPaBAONOMIOHICTh Ta  HETIHIHHOCTI  MOBOJKEHHS
00’exTiB, mo iMiTyroThCs B IHC.

Busnaueni BUMOTHU 110 o0y I0BH
MYJIbTHAar€HTHOTO Cepe/lOBHIIA  IHTENEKTYaIbHOI
HaBYAJIbHOI  CHCTEMH  IATOTOBKH  JHCIIETYEPiB

YIpPaBIiHHS TOBITPSHUM pYyXOM, pO3po0OJeHi Mozei
TaKOl CUCTEMH.
IIpeacrasncHa MO/IEITb MYJIbTHAr€HTHOTO
CepellOBUINAa IHTEJEKTyallbHOI HaBYaJbHOI CHCTEMH,
OCOONMBICTIO SKOT € B3a€MOJisl areHTa 3 30BHIIIHIM

CEepelOBUIIIEM, Y TOMY YHCIi 3 iHIIUMH areHTaMH, IO

3IIMCHIOETBCS Yepe3 Moieb (hiI3UYHOTO NPEICTABICHHS
o0'exra. Taxkum YHUHOM, IOCSTACThCSA O
MO/JICJTIOBAHHS 1HTEIEKTYaJIbHOTO TIOBODKECHHS 00'€KTIB
Yy CEepeIOBHII HABYAJIBHOI CHCTEMH Bil iX (pi3UUHOrO
MPEICTaBICHHS, y SIKE B TOMY YHCI MOXYTh BXOJUTH
3aco0M  KOMyHIKamii. 3ampomoHOBaHA CTPYKTypa
JIOIYCKa€e MpsIMi Kepylodi BIUIMBU Ha MOBE/AIHKY arcHTIB
3 aBTOMAaTH30BaHMX pPOOOYMX MiCIlb HABYAIBHOI
CHCTEMH JWCIICTYEPIB YIPABIIHHS MOBITPIHUM PYXOM 3
METOIO 3a0e3neueHAss ~ MOMJIMBOCTI BHECCHHSA
KOperyBaHb Yy pO3BUTOK HaBYallbHOI OOCTaHOBKH
(cepemoBmIa), a TaKOX JOCTYII IO 0a3wW 3HAHb arcHTa
3a JOIOMOTOIO CIENiaJbHOTO iHTepdeiCy.

Po3pobniena cTpykTypa 3abesmneuye imeHTHbIKA-
Lifo cuTyanii B MiJCHCTEMi MiIrOTOBKH 1 NPUHHATTS
pilleHb, IO BHWKOHYE Tepedady VIPaBIiHHI Ha
BIJIMOBITHUI pIiBCHb i€papXii CHUCTEMH ITOBOKCHHS
iHTeJeKTyanpHOro areHra. Kpim TOro, migcucrema
MiATOTOBKK 1 TPUAHATTS pilleHh  BiACIIAKOBYE
iHpoOpMaIllifo, MO HAOXOIATH 3 PIiBHIB IOBOIKCHHS
areHTiB, Ta y BHIAJIKy BHUHUKHEHHS CyNepedMBUX
CHUTYyaIlii 3a0e3medye iX po3B’si3aHHs. 3apOIIOHOBAHUIHA
MiAXIA peanizye B3a€EMOIII0 PiBHIB Yepe3 MOCepeIHUKa
SIK MIJICUCTEMH ITiATOTOBKH 1 IPUAHATTS PillicHb.
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3NTAMYBAHHSA AHOPOIA CUCTEMU OANA BUNYYEHHSA IHOOPMALIT 3
NMPUCTPOIO

CwmapTdoHHN € HAWOUIBII BPa3IMBUMH IPHCTPOSIMU
1 3B’513aHO IIc HE Yepe3 MOMIIKH BUPOOHHUKIB abo uepes
moackkuil  pakrtop. Came dYepe3 IOACEKHN (HaKTOp
BinOyBaeTecst 73%  yCHINIHMX XaKEpPChKUX  aTak.
3HalO4YN JUIIE CcaMy COLalbHy iHXCHEpII0 MOXHA
OTpUMAaTH JOCTYH 10 HeoOXimHOi iHdopMmarmii, He
BUKOPUCTOBYIOUH TIPH IIbOMY HABUYKH IIPOTPaMyBaHHS.
OTxe, cripo0yeMO 3pOOUTH IEBHHUN aNTOPUTM 3JIOMY Ha
BJIACHOMY TpUKIami. Y XOAi EKCIEePUMEHTY Oyie
3aCTOCOBAHO BXKE ICHYIOUMI BipycHUit Oinmep SpyMax.
HeoOxigHo cxommimoBatu Bipyc. 3poOMTH 16 MOXKHA
BJIacCHOpYY a0o0, SIK B HAIIOMY BHIIAJKy, 3aCTOCYBaTH
oingep SpyMax. KouctpyroBatu nporpamy Oymemo mija
BUTIISIOM aHTHBIpycy “Avast”.

BaxxnmBa nmerans, pu BUKOPUCTaHHI IPOTPaMHOTO
3aco0y SpyMax, 3’sBUTbCS BIKHO 3 BallUMHU HOPTaMHU.
J1s KopeKTHOI poOoTH, HEOOXITHO X BiIKPHUTH.

HeoOxigHo Bkazatu cBiif IP Ta BigkpuTwii moprt.
Heo0xigro matu Ha 1K nporpamue 3a0e3nedeHHs Java.
VY paaky ne HeoOximHO o0paTd HuIAX a0 mamkd bin
Bkazyemo: C:\Program Files (x86)\Java\jrel.8.0 231\
bin. Jlani HeoOximHo oOpaTu maTt4, sSKAA #Hae y
KOMIUICKTI 3 TporpaMHHM 3acobom. IlounHaeThcs
OyayBaHHsI IPOrpaMHOTO 3aco0y (puc. 1):

LlarHoBHMI a6oHeHT! KoMmnaHina "Best-
Connect” gsakye, wo B 3 HamMmu! Tomy
KO>XHOMY KOpUCTYBa4deBi My 4apyemMo
BE3KOLLUTOBHO pik KOpucTyBaHHSA
nporpammu "Avast”. lnsa Toro, uo6
3aBaHTa>knUTm Nporpamy, nepenaits no
nocwunaHHro - https:/bit.ly/ ~

MNMocniwanTte, ag>ke aklLiisa gie Bcboro 7
anis!t!!

Puc. 1. ®aiin ready.apk , @imruar gepe3 CMC

Jlani 3’sBnserbes Qaiin “ready.apk”. Moro crin
BCTaHOBUTH y TenedoH xkepTBu. [pyrum erarnom Oyxe
crocid BCTAHOBJIEHHA Ha CMapTGoH XKepTBH. €
JIeKiTbKa BapiaHTiB I[bOTO:

- (i3MYHHUN KOHTAKT 3 MOOLTBHUM mpucTpoem. Leit
croci6 rmepenbadae, IO Yy Bac € MOXIJIMBICTB
Oe3rnocepesIHbO0 KOHTAKTYBATH 3 HPUCTPOEM SKEPTBH.
HeoOxinHO mig’enHaTH NpHUCTPiN XKEPTBH 110 HOCIA
BipycCy Ta nepesiaTH Horo;

- ¢imunar. Ileid BomHOuYac CKIAgHUN 1 JieBUH
cnoci6. basyerpcst BiH fAKpa3 TakM Ha COIANBHIN
imkeHepii. CyTh y TOMy, 100 3MYCHTH XXEpPTBY camy
BCTAHOBUTH Balll IPOrpaMHMiA 3aci® (Bipyc). SIKmo BH
BXKe 0arato KOpHCTYETECh IMOCIyraMH olieparopa, TO
BaM  HAJCWJIAIOTh  NPHOJM3HO  Taki  peKiIaMHi
noBigomieHHs: OCKIJIbBKM MU OTpUMaJTH TIOBiIOMIJICHHS,

sSKOW, BiJ omepaTopa, TO Y JIOJWHH IICBHAM YHHOM
BUHMKA€E JIOBipa 1 BiH BIEBHEHWH y Tomy, mo I[I3
minensitee. Taki Tprokm sk “Oe3KOmTOBHO” Ta
“mocmimanre, ajpke akiis ai€ BChoro 7 aHIB”, me 0asa
comianbHOI 1HXKeHepil. AIDKe NIOOUHA pPO3yMie, IO
aKIis 3 OOMEKEHHM CTPOKOM [Iii, a TakoX 3a Hei He
Tpeba TIATHTH 1 TIiACBIIOMO BOHAa BXE XOdYe
BCTAHOBUTH JaHWi 3aci0. Takox 1mikaBuii QaxT.
BOynoBanuii aHtuBipyc, He 0a4uTh BipyCy, OCKIJIBbKH
I13 € mporpamoro ckieiikoro. Iliciast BCTaHOBJICHHS,
HEOOXiTHO 3rOAMTHCS Ha AOCTYII IO BCIX MOXKJIMBOCTEH
cmapThoHy, a caMme Kamepu, (aijioBOro MeHeIxepa,
MikpodoHa, wicnesnaxomkenusa, CMC, ranepei i

KOHTAKTiB (puc. 2).

b  Dovceame 6 Release Flag Comtry Attacker  Version

[ ] Spy MAX - Administrator
Nase Device-Name 05

Release Flag Country p Attacker versior

B SMS Manager

L ol

1s Manager

ts Manager
Location Manager »

& Account Manager

informations

Microphone

0
P Applications
¥
2

3 Server »

Puc. 2. [HanKaTop aKTUBHOCTI Bipycy

3 MM, SK TpaBuiio, mpoOieM He OyBae, OCKITbKH
JIO/IMHA JTOBipsie (MOBHHHA) qaHoMy [13.

Bucnosok. Tenep € noBHUIA ZOCTYyI 10 cMapTQOHa.
Tox sgK MOXHa 3aXHCTHTH cMapTGOH BiJ TakuX
HanaxniB? [lo-mepmie, HIKONIM HE TMepexojbTe Ha
CKOPOYCHHI MocuiaHHs Taki, sk “bit.ly” a6o “goo.gl”,
abo mepexoabTe 3 obepexHicTio. Hamarailitech Matu
3aBKIM HOBY BEpPCil0 aHAPOiNY, OCKIIBKH 3 KOXXHUM
OHOBJIICHHSIM BUTQIyIOTh HOBI aJITOPUTMHU 3aXHUCTY.
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KNACTEPHUIA AHATI3 MOBHUX IHOUKATOPIB BIKY BEG-KOPUCTYBAUYIB

3 moryAILy MepexeBoi Ta COIiaTbHO-aeMorpadiaHol
1IEHTUYHOCTI Be0-0COOUCTICTD aHai3yeMO K
YCBIJIOMJICHHS HAJIGKHOCTI 70 COINaIbHUX TPy BeO-
yyacHUKIB.  CKIaJOBUMH  COLaIbHO-IeMOrpadidHOl
IIGCHTUYHOCTI € TeHICpHa, BiKOBa Ta THpodeciiiHa
IICHTUYHICTh. Be0-1ICHTUYHICTh BUKOPUCTOBYIOTH IS
CaMOBHMpPAXECHHs, OTPUMaHHA HOBOTO JIOCBiLy 1 SIK
[HCTpYMEHT  JI1  MAHIMymii  iHmmM#A ~ BeO-
KOpHCTYBa4aMH. BikoBWif momim BHOpaHO Ha OCHOBI
aHAN3y YCIX MOJKJIMBHX YKPAalHOMOBHHUX HOITYJIIPHHX
BEO-CIIIBHOT, U AKAX BIK yJYacHUKA € KPUTHIHHIM:
mimriTkoBi (University, ITimmitox, [Ipocto [ar), mursdi
(OctpiB 3Hawb, IlycTyHumk); mopocm (Ham anekron 3
nepuem, [Tan+I1ani, Ykpaincekuii hopym OnaromiiHuKIB).
30iCHEHO aHAN3 aKTyaJbHUX JIOCHIDKEHb BIKOBOI
OHJIAWH-KOMYHIKAI[li 3a TaKkMMH HanpsMKaMH: BeO-
KOoMyHikauist miunTkiB (Arinze B., Ridings C., Gefen D.,
Turkle S.), comionekr mimmitkis (bognap P., Herring S.),
3aco0u iHTepHeT-KoMyHiKarii mipriTkiB (Calvert S., Wolf
A., Witmer D., Lee M., Crystal D.), cydacHuii >xaproxn
([I3robmmmaa-Mensauk H.), MepeskeBoi etukn (Akcak B.,
Cmupros @.), Mmogeni komyHikamii mimtiTkiB (Schiano D.,
Isaacs E., Chen C.).

3a BUOpaHMMI YHHHHKAMH BHOIpKa “Age” moiieHa
Ha nBa kinacrepu — Kiractepl (mopocii ocodu) 1 Kimactep 2
(mitiTkyn). Bik yyacHMKIB BiIOMHH, TO IPOBEJICHO aHAIII3
HEKOPEKTHOCTI KJlacTepusaryii. Pesynbrar kiacrepuzariii:
TUTBKH OJIHOTO BeO-yuacHHK BimHeceno mo Kiacrepy 1
(rpyna nopocii), sikuii B Mepexi [HTepHeT No3uIioHye
cebe mitiTkoM. L{poro BeO-yyacHMKa B aHaIi31 TO3HAYEHO
— C5, Bik —15 pokiB. 3 ommagy Ha aaMIHICTPYBaHHS
CIUTGHOTOIO € Taki CIleHapii pO3BUTKY aTOMapHOI
CHTYaIlii: yJaCHUK HaBMHCHO HETIPAaBHIIBHO BKAa3aB BiK y
aKayHTi, MO0 IJIECTIPIMOBAaHO TIPOHUKHYTH Yy BeO-
CIUTGHOTY MiUTTKIB 3 MPUXOBaHUMH HaMipaMH; YIACHUK
BUTIAIKOBO TIOMIJIMBCS y BKa3aHHI BIKy; CTWIJIb
CIJIKyBaHHS BeO-yJacHHKA HE Bi/IOBiAa€ BIKy YJaCHHKA.
I'padiuHo mpomenypy KiacTepuzaiii 300pakeHO Ha
Jeraporpami (puc. 1).

I'padiune 300pakeHHS KJIACTEPIB  MiATBEPIKYE
eeKTHBHICT,  TpoBepeHOi  Kinacubikamii.  MaTpuia
(hakTOpHOT CTPYKTYpH OTPHMAHOIO pE3YJIbTaTy TaKOXK
JIO3BOJSIE  OLIHWTH  BKJAJ OKpeMHX (akTopiB y
Kiacudikariro.

3a pesynbTaTaMd MOXKHa 3pOOWTH BHCHOBOK, IO
CTPYKTYpa BHUXIJHHUX JaHHX B OCHOBHOMY OOyMOBIIEHA
TakUMH MOBHHX iHauKaTopamu — AGE-B(1.3), AGE-
E(1.4), AGE-B(1.4), AGE-D(1.3).

[NopiBHSIHHS 1HAMKATOPIB IS OTPUMAaHHUX KJIacTepiB
BKa3ye Ha iCTOTHY BiJIMIHHICTh CEpeIHIX 3HaYEeHb TaKUX

inmkatopis — AGE-B(1.3), AGE-D(1.3), AGE-E(1.4),

Tree Diagram for 80 Cases.
Single Linkage:
Euclidean distances

Linkage Distance
o
=
a

0,03

0,02 ﬂ
0,01

c1-c80

Puc. 1. lennporpama kiactepu3anii yaacHUKIB BeO-popyMiB
3a BIKOM
AGE-C(1.3). Jns rpynu migmtkiB (Kmacrep 2)
XapakTepHe OLIbIIe CEepeIHE 3HAYCHHS B TMOPIBHSAHHI 3
rpynoto jopocnux (Knacrep 1), a came: AGE-B(1.3) —
cepenae 3HadeHHs 0,032172 mnmsd  WUITKIB - TIPOTH
0,006376 mns  gopocinux; AGE-D(1.3) — cepenne
sHaueHHs 0,023031 nms migmitkiB mpotu 0,004444 nms
nopociux; AGE-E(1.4) — cepenne 3nadenns 0,019441
st mprtkie npora 0,005059 mis mopocmmx; AGE-
C(1.3) — cepenne 3nauenns 0,017359 st miyniTKIB POTH
0,005524 nns mopocnux. BikoBy kateropiro  BeO-
YYaCHUKIB BHOpaHO JUIi MEPeBIPKM  JIOCTOBIPHOCTI
BKa3aHHs BIKYy Y 3B’sI3Ky 3 HasIBHICTIO peajJlbHUX OH-JIalH
3arpo3 (BikoM 6-17 PpOKiB): pO3rosioc KOHQIICHIIHHUX
JIAHUX, JOCTYIl 1O BIKOBOIO KOHTEHTY, IO HEraTHBHO
BIUTMBaE Ha ()i3UYHE 1 TMCHUXOJOTIYHE 3IOPOB’S AWUTHHH,
OHJIAWH-HACUIIBCTBO, 1HTEPHET-MAPKETHHTOBI 3JI0YHHK);
HEOOXiJHICTh BIJCiFOBAaHHS BIKOBOI TPYIH [iTCH, sKi

HOJAMM 3asBKY YU BXE CTalmd BeO-y4aCHHKaMH,
NPHU3HAYCHOI TUIBKM IS JIOPOCIHX  KOPUCTYBadiB.
XapakTtepHIMEI O3HaKaMH BeO-1ICHTHYIHOCTI €

CaMOBHMpP@XEHHs, IO  XapaKTepHO Ui ITTITKIB.
[Ipobiema BikoBOi mudepeHiiamii BeO-yIaCHUKIB MOCTaE
TOCTpO Yepe3 30UIbIIeHHS BUIIAIKIB IPOHUKHEHb AiTeH y
CHIJIBHOTH JJIs TopocinX. A HeoginiiiHa ydacTs 10pociol
0co0M y BEO-CIUTBHOTI TMIUTITKIB, MOYE MPUBECTH [0
KpPUMiHATBHOL BIJIIOBIZAIEHOCTI aJIMIHICTpaTOpa.
[MporpamHmii 3acid mepeBIpKM JOCTOBIPHOCTI BIKY €
3aTpeOyBaHUM JUIsl 3aMo0iraHHs BUMAAKaM menodimii ta
NPOBOKAIIi HEMOBHOJIITHIMM 0CO0aMH Yy  CHUIBHOTH
JIOPOCIIMX YYacHHKIB.

Cnucok nitepatypu

[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. 7376, 2016.
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ATAKWN HA MEPEXY BJIOKYEWNH

OcraHHIM 4YacoM B Hallle JKUTTS CTPIMKO
PO3BUBAIOTHCS  JICLCHTPANII30BaHI  TEXHOJIOTII, HOBI
NPOJIYKTH BIIPOBADKYIOTHCS HACTIJIBKM IIBHIKO, IO
(axiBIpsiM 3 iHpOpMaNiiHOT Oe3MMeKn BaXKKO pearyBaTH
Ha mpobJieMu, sIKi BOHM HECyTh B c00l, TOMYy B LIbOMY
JOKYMEHTI MH TIepPEeBIpSIEMO OCTaHHI TEMH TIpO
TEXHOJIOT11. Ha OCHOBI OJIOKYEHHA.

Ineomoris TIPOEKTIB, o 3aCTOCOBYIOTh
TEXHOJIOTII0 OJIOKYEeHH — I¢ MOMJIHMBICTH PO3MEKO-
BaHOTO BHUKOPHUCTAaHHSI [IOCTyImy [0 iHpopMamii 3
YHEMOXIIMBJICHHAM 3MiHH JaHUX B pEECTpi, MI0
JIOCTYITHUH yCiM KopucTyBauaM Mepexi. Ll TexHomoris
CTaja BiJoMa KOJIM BOHa Oyna 3acTrocoBaHa JUIs
3a0e3MeuyeHHs MOSBU  EIEKTPOHHUX TIpolied, Je
3MIMCHIOIOTECS — LUQPOBI  mepekasu  rpouiedi  y
posnoaiicHUX cucteMax. Yepes 1ie OioKueiiH YacTo
pPO3TIISIAEThCS K TOB'I3aHUil 3  OiTKOiHOM a0o
pimreHHsIMH B cdepi eIeKTPOHHOI BAIIOTH B IIIOMY.

Hespaxatroun Ha 11e, TEXHOJIOTiI Moxe OyTH
BUKOPUCTaHA OUIBII MIMPOKO Ui pi3HHX cdep
3aCTOCYBaHHSL.

KokeH KOMIIOHEHT MOXKHAa TIPOCTO ONHCaTH Ta
BUKOPDHCTOBYBAaTH SIK CTPYKTypHHH €JEeMEHT, 100
3pO3YMITH OUIBII CKIIAIHY CUCTEMY.

B cucremi g0 cTapux JaHHUX JOJAIOTHCSI HOBI OJIOKH,
nonepeHi 6J10ku crae Bce Baxkue MonudikyBaru. Hosi
OJIOKH J0/IAIOTHCS 10 BCIX KOIIi Y4acHHMKIB PEecTpy B
Mepexi Ta Oyap — siKi KOHQUIIKTH BHPIIIYIOTBHCS
ABTOMATHYHO 3a JOTIOMOTOI0 BCTAHOBJICHUX TIPABMUIL

CTOCOBHO Mepeski OJI0KYEHH, MOPYITHIUKH MOXYTh
OyTH 30BHIIIHIMEH a00 BHYTpIIHIMH. BHYTpimHiHi
MOPYIIHUK — I, 3IeOUTbIIOT0, PO3POOHHUK TIEBHOTO
MPOeKTy abo JJOJaTKOBOTO KOMIIOHCHTY (MOIyJIs)
MPOEKTY, 10 X04Ye MOPYIINTH Oe3MeKy CUCTEMH IIe Ha
eTami po3poOKH abo eKcIulyaTallii, peaizye BHYTpIlIHE
NPOHUKHEHHS abo BiJJaJieHe, 1€ BHUKOPHCTOBYETHCS
BXKE BiJloMa IoMMIKa y Oesreni. 30BHIIHII — aTakye
MEpexy, SK 3BHYAHHHA KOpPHCTyBau abo y4JacHHK
Mepexi (By30a abo HOJ Mepexi), peamidye BigmaleHi
aTakKu.

Mera nopymHuka:

1) onepkaHHS MOXMIIMBOCTI BHOCHUTH 3MiHH B
Mepexy OJOKYEHH 3TiTHO 31 CBOIMH HaMipaMu;

2) mepemKko/pKaTH HOpMalbHIH poOOTI Mepexi
(mepeBaHTaXxyBaTH  BY3/1M,  OJOKYBaTH  JOCTYII,
OTPUMATH KOHTPOJIb HaJl MEPEKEIO TOIIIO);

3) oTpumaHHs MaTepianbHOi ab0 iHIIOT BUTOAM,
IUITXOM KPaJiKKU TaHUX / TPOIIOBUX PECYpPCiB.

Hdns Toro, mo0 3miHCHUTH araky, BHYTPIIIHIN
MOPYIIHUK OBUHEH:

1) mMatu JoCTym 10 pefaryBaHHs MpPOrpamMHOI
YaCTMHU Mepeki abo CTBOPEHHs Ta JOAABaHHS N0 Hel
BJIacHUX 4vacTuH (OekaopiB), IIO JaaAyTh 3MOTY
BUKOPHCTATH MEPEXY y CBOIX IIUIAX;

2) BOJIOZITH NOCTaTHIMH 3HAHHAMHU TIPO POOOTY
Mepexi Ta 1mpo ii Bpa3IiBi MicCIIs.

30BHIIIHIH TOPYITHUK TTOBUHCH:

1) BOJIOIITH JIIOCTATHBOIO KIJIBKICTIO
OOYHCITIOBAIFHUX Ta MAaTepiaJbHUX pPECcypciB i
3MIHCHEHHS CBO€ET aTaKH;

2) BOJIOZITH MOCTAaTHIMU 3HAHHSIMHU IPO POOOTY
Mepexi Ta 1po 11 Bpa3iuBi MicLsl.

Y curyauii s BHYTPIIIHBOTO HOPYIIHHKA,
TEXHIYHA OCHAIICHICTh HE € BAKIUBOI TOMY, IO
BUKOPUCTAaHHS OEKIOpiB abo 3a3mayeriip CTBOPEHHUX
KaHaJIB /A1 HECAaHKLIOHOBAHOTO JOCTYIy € IPOCTOIO
3[a4€r0 JJIs1 OTHOTO 3BHYAHHOTO KOMITOTEpa.

Y cwuryamii U1 30BHIIIHBOTO HOPYIIHHKA,
pecypcH Uil aTakd € BKpail BaXIIMBUMH 4epe3 Te, 10
Oe3meka OaraTbOX CydacHHX OJOKYCHH cHCTEM
ONMPAETBCSI HA CKJIAJAHICTh BHUPIMICHHS MEBHUX
kpunTorpadidHux 3anad. YCIIMIHICTh aTaku 3aJIe)KUTh
BiJl KUJTBKOCTI OOYHCITIOBATIBHUX PECYPCIB/TIOTYKHOCTEH
3JI0BMHCHHKA,.

KimpkicTh 0ci0, 10 3IIHCHIOIOTH aTaKky, MOXKe
OyTH pI3HOIO 1 3aJIeXHUTh JIMILE BiJ| IUIAHY CaMOl aTaKH.
Jlis BHYTpIOTHBOTO 3JIOBMHCHHUKA JIOCTATHBO i OXHI€T
JMIOAWHU. ATaky i3 HEOOXiTHICTIO BEIHMKOi KUTBKOCTI
pecypciB, OmHINA JMOOUHI OyZe BHUKOHATH BXKE BaXKde.
3ara;oM, cy4acHi aTakd Ha ONok4yedH abo Ha
KOPHUCTYBa4iB ~ MEpeK  OJIOKYEHH, 3HIHCHIOIOTHCA
iATOTOBJICHOIO KOMAHJIOIO 13 TIPOAYMaHUM IIJIAHOM IiH
Ha KOX)KHOMY €Talli aTaKu.

Koxen Y4aCHUK Mepexi IIOBUHEH
BHUKOPUCTOBYBATH b pyBaHHs (3medinpuIoro
acuMeTrpudHe). 3axoan 6e3rmekn BOYIOBaHI B MEPEXKY i
3aKiIa/ieHi y 3araJlbHOMy MpPOTOKOJi, mo 3abe3mneuye
KOH(ieHITi-HICTh 1 aBTEHTUYHICTh JJI1 KOPUCTYBAiB.

[Ipu BUKOHAHHI BCiX pEKOMEHJAIIW 3 OC3MEKH,
BUKOPHUCTAHHS HepeBipeHnx Ta HaJliHNX
KpuntorpadiyHux 3aco0iB MOKHA JIETKO I00YyBaTH
rapHO 3axMIIEHYy CHCTEMY Ha OCHOBI TEXHOJOTIi
OyOKYEH.
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CEPTU®IKALIA NPUCTPOIB B KOHTEKCTI 3ABE3MNEYEHHA BE3MNEKN
IHTEPHETY PEYEM

Po3Burok koHnenuii IHTepHery pewedd Ta ii
BIIPOBQ/KCHHS B Pi3HI cdepu mepemdayae HaSBHICTH
JIECSITKIB MUTBSIPIiB aBTOHOMHUX IIPUCTPOIB. 3a JaHUMH
moptany Statista B 2017 pomi iX BXe HaTIYyeTHCS
Oimpmre 20 mipa, a 1o 2025 poKy O4iKyeThCS HE MEHIIIE
75 mapa. Bei BoHM migkirodeHi 1o Mepexi [HTepHeT Ta
MepeaaoTh Yepe3 Hel BiNMOoBiMHI iX QyHKIIOHATY HaHi.
I naHi, i ¢pyHKIIOHAN € MILICHHIO JUIsl 3JI0BMUCHUKIB, a
3HAYUTh, TIOBUHHI OYTH 3aXHUIIIEHI.

Hns loT-npuctpoiB Oe3meka mojsirae, meprr 3a
BCe, B IUIICHOCTI KOJi, TNepeBipli aBTEHTHYHOCTI
KOpUCTYBauiB  (IPUCTPOIB),  BCTAHOBJIIEHHS  IpaB
BOJIONIIHHS (BKIIFOYAIOYH JaHi, SKi HAMH T€HEPYIOTHCSA),
a TaKo)X MOJJIMBICTIO BiOOpakeHHS BIpTyalbHHX 1
¢i3mganx arak. Ane mo (¢akTy, OUIBIICTH 3
npamfoounx  ceorogHi  loT-mpucTtpoiB  eneMeHTamMu
3axUcTy He 3a0e3ledeHi, MAaiTh JOCTYIHI 330BHI
iHTepdeiicn ynpaBmiHHA, AeonTHI mapoini, TOOTO,
MAalOTh BCi O3HAKH BEO-ypa3IHBOCTI.

CrorosHi nuTaHHAMH cepTH(IKalil 3aiMaroThCs 1
KiJJbKa NpPUBATHUX KOMIMaHiH. 30KpeMa, KOMIIaHis
Online Trust Alliance (OTA) Buiina 3 iHII[IaTHBOIO
BuUpilleHHs1 npobiemu Oe3nexu loT Ha piBHI JepkaB i
BUpoOHMKiB, BunmyctuBmu [oT Trust Framework -
MepeTiKk KpPUTepiiB i1  po3pOoOHUKIB, BHPOOHUKIB

OPUCTPOIB 1 MOCTAYaJbHUKIB  MOCIYr,  SIKHIA
CTIPSIMOBAHU Ha [OMiNIIEHHS Oe3neKu,
KOH(]imeHIIHHOCTI Ta JKUTTEBoro Imwkiry ix loT-

npoaykTiB. B mepmry depry, BiH Opi€HTOBaHWU Ha
MAKITIOYCHHS TOMAaIIHi, 0(icHI 1 MOOLTBHI MPHUCTPOI 1 €
TaKAM CO01 PEKOMEHAANINHUM KOJCKCOM IOBEIIHKH i
OCHOBOIO ISl JIEKUIBKOX TMporpaMm ceptudikamii Ta
OLIIHKH PHU3HKIB.

Y [OTOYHOMY POIIl  HE3AICKHHUM IIiIPO3/IiIOM
kommanii Verizon — ICSA Labs Oyna 3amymiena
nporpama TecTyBaHHA Oe3mekn 1 ceprudikanii loT-
npucTpoiB. SIK CTBEPIUKYIOTH 1 PO3POOHMKH, BOHA €
OJIHIEI0 3 TEpIIMX B CBOEMY pOIi, 1 TeCTye Taki
CKJIQJIOBl, SIK TIOBIIOMJICHHS / TIPOTOKOJIOBAaHHS,
kpuntorpadis, ayreHTudikaiis, 3B'A30K, (i3UUHA
Oesreka 1 6e3neka miardopmu. [pucrpoi, ki npoHim
ceprudikarito, OyayTh Bi3HAUYEHI CTICIialIbHUM 3HAKOM
cxBasieHHst ICSA Labs, mo Bka3ye Ha Te, 10 BOHU OYJIH
TECTOBaHi, a BHSBIICHI Bpa3IMBOCTI OyIM YCyHEHi.
Takoxx mpucTpoi, MO HpoHnu ceprrdikamio OyayTh
nepeOyBaTH IiJ HATSIOM 1 HEepPiOJUYHO TECTYBaTHCS
Ha TMpOTA3i BCHOTO iX IKUTTEBOrO IMKIY JUIS
30epeKeHHs TX Oe3IeKH.

Besmneka [nTepHeTy peueii crana oaHi€0 3 MEPUIMX
chep BUKOPHUCTAHHS OJIOKYCHH-TEXHONOTIi. 3aBIAKH
TEXHOJIOTil  PO3IONIICHOTO  peecTpy  3'sABIIIacsS
MOJKJIMBICTh 3a0e3ledyBaTH BHCOKHH pPIiBEHb O€3IeKH
loT-mpucTtpoiB B Mepexi 1 YCyHYTH iCHyIOUi
obmMexxeHHs 1 pmuku ang [oT, moB's3ami 3
HEHTpai3aIli€ro.

Bona no3Bonsie mBuako 1 Oe3neyHo 30epiraté
MPOTOKONIM OOMiHY 1 pe3ynbTaTi B3aemoii pisnux loT-
NpUCTpPOIB B JAeUeHTpamizoBaHid cucremi. Came
PO3MOIiICHa apXiTeKTypa OJOKYEHHA TapaHTye TOCHUTh
BUCOKY Oe3neky Bciei loT-cucremu. Ane siKio yactuHa
3 NPUCTPOIB MEpexi Bce Xk Oyle CXWIbHA J0 3JI0MY, B
oToMy, IIe HE NO3HAYHWTHCS Ha 3arajbHii poOoTi
CHCTeMH.  3rajaHe  BHKOPUCTaHHI  OOTHETaMH
«pPO3YMHHX» HPHCTPOiB, M0 mpamorots B loT-
CHCTEMaX, CTajl0 MOXJIHMBHUM BHACHITOK iX ciabKkoi
3aXHIICHOCTi. Po3mofineHnii THN MOBIPYMX BiTHOCHH
JO3BOJIsIE  MO30yTUCS  "31aMaHOro" TMPHUCTPOI0  Oe3
BIJUYTHOTO 30WMTKY s BCi€l MOJEHi B3a€EMOJIl Mix
"310poBUMHU" 00'€KTaMHU.

HaiiromoBHimow mpo0IeMor0 Ha ChOTOIHINIHIH
JICHb € BIACYTHICTh CTaHAApPTIB B Il ramysi, II0
YCKJIQJTHIOE MOJIIMBICTH iHTErpauii NpOIOHOBaHUX Ha
PHHKY pillleHb i 6arato B 4OMy CTPUMYE TIOSBY HOBHX.
HeoOximgHo BHOpoBamuTH MeXaHI3MH  cepTudikamii
npuctpoiB 10T sk HeoOXigHY yMOBY ix Oe3medHoro,
Oe3nepeOiiHOTO  (PYHKIIOHYBaHHSA, M0 BKIIOYAIOThH

3MEHIIEHHS CKIQJAHOCTI cepTudikamii, a mporec
ceprudikarmii MIPOTPaMHOTO Ta amapaTHOTO
3abe3neueHHs, cepTudikalis 3B'SI3KYy Ta 3aXHUCTY
MEpCOHATBHUX  JaHUX Mae OyTH 3a0e3nedeHuit

Bi/IMIOBITHMM OPTaHOM.

HasiBHICTh BenMue3HOT Mepexi, sKa KOHTPOIIOE
BECh HABKOJIMIIHINA CBIT, JI00ANbHA BIAKPUTICTH JaHUX
Ta IHDI OCOOJNMBOCTI MOXYTh MaTH 1 HeraTHUBHI
HACJIIIKH.

[oT € nuHaMiUYHO 3pOCTAIOYOI0 TaTy33i0 IHTEPHET
KOMYHIKaIliif, 0e3yMOBHO JJaHA TEXHOJIOTisl IPHHOCUTH B
JKATTA JIIOAed Oe3llu IUIIOCIB, TaKUX SK MMTTEBI
MOKYIKK ToBapiB (Amazon Button), KOHTpOJb SKOCTI
moBiTpst (Air Quality Egg), 6opoTsba 3 HE3aKOHHOIO
BupyOkoto miciB (Invisible Tracck) i Takux mpukIamis
MokHa 3Haiitm coTHi THCS4. Koxken IoT mpuctpiit
MOJIEpHI3Y€E 3aBIaHHSA OYyIb-SKOTO POAY MiSUIBHOCTI. Y
BCBOMY € CBOi IUTIOCH 1 MIiHYCH, B JaHOMY BHIIAIKY
MIHYCOM € BIACYTHICTH cTaHmaprtu3amii Bumycky loT
MPOAYKTY 1 BIICYTHICTh HAAIHHUX CUCTEM OE3IIEKU.

27


mailto:%20Державний%20університет%20телекомунікацій,%202kmld.85@gmail.com

YK 004.932
J.T". Yypcinos, T.O. I'pinerko

danylo.chursinov@nure.ua, tetiana.grinenko@nure.ua

Xapriscokuil HayioHabHUL YHisepcumem padioeneKmpoHiku, XapKie

METOAU OGPOBKU TA NOPIBHAHHA 30BPAXEHb 515 BEPU®IKALIII
BIABUTKIB NAJIbLIB

Binburku [aJIBIIB € HaOLIB I
BUKOPDHCTOBYBAaHOIO  OIOMETPHUYHOIO  TEXHOJIOTIEI0
aBTEHTHU(IKAIII. AKTyanbHICTh BHKOPUCTAHHS

BiIOWTKIB majblsg OOYMOBICHAa IMTHPOKOIO cdeporo
3aCTOCYBaHHA. BimOWTKM Nanmbls BHKOPHCTOBYIOTBHCS
UL OTPUMAHHSA IOCTYITy 0 MOOUIBHHX Tele]oHiB,
MEPCOHATBHUX KOMII FOTEPiB, OIUIATH TOBAPIB 1 MOCIYT
Ta iH. Bigburok manmpus € HEOOXIAHUM  Ta
3aCTOCOBYETBCS Y CHCTEMax IPOIMYCKHOTO KOHTPOJIIO Ha
NPUKOPJIOHHHX [IOCTAX Ta aeporopTax.

Jnis anroputMa Bepudikailii 300paxeHb BiIOUTKIB
NaJbIliB iCHY€E Ba OCHOBHHUX etamd [1,2].

Iepmmii eram — 0O0poOKa BXIAHOTO 300paKCHHS
BinOuTka manbplsa. Ha ceoromHi icHye 0e3nid MeTOiB
JUIA TIOKpAIIeHHS SKOCTi 300paskeHHA. OCKUTBKH UIS
OaraTpoX 3a/a4 MPOTpaMHOI 00pPOOKH 300paXKeHb KOIIp
HE Tpa€ BAXIUBOI pOIi, TO MOXHA BHUIUINTH JBa
OCHOBHI METOIM U1 TOCTAaBICHOI 3ajadi, ski OyIo
pPO3TIIHYTO 'y poOoTi — me OiHapm3amis (Toporosa i
aJlanTUBHA) Ta CKEJCeTH3allis (XBIILOBHHA METOJI, METOJ
CTOHIIIEHHS o0yiacTel Ta MabJIOHHUIM METON).

Hpyruii eran — 1ie BUOIp METOAY IOPIBHSHHSI
300pakeHb BiZIOMTKIB manbuiB. B  xoxi poGoru
PO3MIISIHYTO Ta MPOAHATI30BAHO OCHOBHI aJTOPUTMH
MOPIBHSHHS, SIKI 3aCTOCOBYIOTBCSI HA ChOT'O/IHI, a came:
TOPIBHAHHA 32 Bi3ePYHKOM, KOpEJALidHEe MMOPIBHIHHS,
ANTOPUTM TOPIBHSAHHA MIa0JOHIB Ta TMOPIBHSHHS Ha
OCHOBI TOITYKY OCOOJIMBHX TOYOK.

B pesymbraTi OOCHIIKEHHS Yy SKOCTI METOIY
Bepudikamii 300pakeHp BiOWTKIB ManbliB  OyIo
00paHO aJrOpUTM TMOPIBHSHHS BIZOWTKIB HA OCHOBI
MOIIYKY OCOOJIMBUX TOYOK. Y XOZl MOPIBHSHHS
anropuT™MiB Bepudikalii 300paxkeHb BIIOUTKIB Halblis
Oyno 3’s1coBaHO, IO TOJIOBHOIO IIEPEBArol0 IaHOTO
QITOPUTMY € BIHOCHA UIBHAKICTh HOro pOOOTH.
AnropuT™M He TNOTpeOy€e CKIJIHUX MaTeMaTHYHUX
po3paxyHkiB. B cuity npoctoTr pearnizauii i IIBHIKOCTI
poOOTH  aNropuTMH JAHOTO KJIACY € HaWOuIbmI
MOIIMPEHNMH Ha chorojHi. Henomikom nanoro merony
MOpIBHSIHHA ~ 300pa)KCHb  BIAOWTKIB  TajbIliB 32
JIOTIOMOTOI0  OCOOJIMBHUX TOYOK € BIJHOCHO BHCOKI
BUMOTH JI0 SIKOCTI 300pa’KeHHS, OTPUMYBAHOTO IIpH
CKaHyBaHHI BiIOMTKa, TOMYy JaHWUH MeTOJ TOTpedye
MOIaJIBIII0T OOPOOKH OTPUMAHOTO 300payKEHHS.

[Ipu momanpmiii  06poOmi 300pakeHHS Ha
MepuIoMy eTarmi 3MIUCHIOETBCS OiHapu3zarrist
300paxkeHHs. OCKUIBKH 300pakeHHS Ha BXOJi 3a3BHYAM
€ PIBHOMIPHO OCBITJIIEHMM Ta 0Jpa3y y Ipajamisix ciporo
KOJIbOpY, TO M Horo OiHapm3amii Oyino oOpaHO

moporoBuii Meton. JlaHuit MeTom moOpe mpairoe 3
PIBHOMIPHO OCBITJIEHUM 300pa)KeHHSM Ta 32 4YacoM
pOOOTH € OLIBII MBUIKUM, HIK aTallTHBHUA METOI.

HactymauM etammoMm poOOTH €  CKeleTH3alis
300pakeHHs. [lpu aHamizi MeTOmiB CKenleTH3aii, Oyo
3po0JIEHO BHCHOBOK, IO HAMOLTBII MPOCTUM 3a CBOEIO
pearizaliero € mabIoOHHUNA METOH cKeneTh3amii. Y Toi
5K€ 4Yac, JaHWil METOJ € HaWOUILII MIBHIKHM 32 4acoM
poOOTH, OCKUTBKH BiH MOTPEOye JIUIIEC OAHOTO 00XOay
300pa)keHHsl, ajie I TOro, 00 3HU3UTH WMOBIPHICTH
YTBOPEHHS IIYMOBHX ITIKCENiB PEKOMEHAYETHCS POOUTH
MOBTOPHUI ~ 00XiZ 300paKeHHs 3a  JIOIOMOTOIO
JIOZIATKOBHX IIa0JIOHIB.

Sk pesynbraT poboTn OyB po3poOIeHHUN HAOLTBIT
ONTHUMANIGHUIA  BapiaHT  anroputMy  Bepuikamii
BiOWTKA MAJBIS UL IpOTrpaMHoi pearizamii (puc.1).

3o0paxeHHa
einduTka

Moporoga BiHapu3auir

vy v ]

LWadnoHHa Oonatkoea
CKeneTnaauia cKkeneTvzauin

l—E Wwymosi nmce.-'nj

Hemae wymy

BuaineHHA ocodnuemnx

5333 gaHnx
TOYOK

eTanoHie

\ 4
MOpIBHAHHA

H

Puc. 1. Anroput™ Bepudikamii BigONTKa Hambis

Pesynsrat |

B po6oTi po3rasHyTI anroOpUTMH TMOPIBHAHHS Ta
MeTOIM OOpoOKM 300pakeHb BiAOWTKIB MaJbIliB.
Hageneno nepeBaru Ta HEIOMIKH TS HAUTTOMTHPEHIINX
METOIIB.

Cnucok nitepatypu

[1] B. 3agopoxusiii, “UueHTHdUKANUS 0O OTHEYATKAM
nanbies”’, 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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OOCNIIKEHHA MOAENEN PENYTALJI KOPUCTYBAYIB COLIATIBHOI MEPEXI

[lpn MopenmioBaHHI COLUANPHUX MEPEK BHHHKAE
HEOOXiTHICTh BpaxyBaHHs B3a€MHOTO BIUIMBY IX WICHIB,
JIMHAMIKH 1X JyMOK. BIUHB — mporec i pe3yapTar 3MiHA
iHIUBiTOM (CyO'€eKTOM BIUTMBY) TOBEINiHKHA IHIIOTO
cyO'exta (iHIMBiOyaJdbHOTO a00 KOJEKTHMBHOTO O00'€KTa
BIUTHBY), IOTO YCTAHOBOK, HaMIpiB, yABJICHH 1 OIIHOK B
XOJIi B3a€MOJIii 3 HUIM. MOJIMBOCTI BIUTMBY OJIHHX YJICHIB
coliaJbHOT MEPeKi Ha IHIINX il WIEHIB CYTTEBO 3aleKaTh
Bl peryTaniii nepiux. Pemyramist — ne 3arajgbpHa gymka
Npo TepeBarn 4YM HEJOJIKA KOro-HeOy.b, 4oro-HeOynpb,
a0o X rpoMajichKa OIliHKa. PenyTaiito Mo>kHa po3riIsIaTH,
Mo — Meplie, K O4iKyBaHy (YHPaBIiHHS B COLIaJbHHX i
eKOHOMIYHMX CHCTEeMaX IHIIMMH areHTaMH) HOpMY
MISTIBHOCTI  areHTa, TOOTO SIKOI IOBEMIHKM BiJ HBOTO
ouiKyroTh iHmi. [To — mpyre, K BaroMicTh TyMKH arcHTa,
sKa BU3HAYAEThCS BHIPABAAHICTIO HOTO CyIKEHb 1/a00
e(peKTHBHICTIO #oro IISUTBHOCTI. Penyraris
BHUIPABIOBYETHCSA 1, SIK IPaBWJIO, 3pOCTA€, SKIIO BHOIp
areHTa (HOro Cy/LKeHHS, Aii 1 T.I1.) 30iracThbCs 3 TUM, YOTO
BiJl HHOTO OYIKYIOTh iHIII /200 3 THM, IO IHII 3TOJOM
BBXKaIOTh HOPMOIO.

Penyrarnisi Mo)ke 1 3HIKYBaTHCS, HAlPUKIAL, IMIPU
MOpYILIEHHI CY0'€KTOM NPUIHATUX B CHIBTOBAapUCTBI HOPM
MOBEAIHKH, TPU NPUHHATTI HeepeKTUBHHUX PIllIeHb 1 T.I.
Tpeba 3a3HauMTH, IO permyTamii Moxe OyTH sK
IHITMBITyaJIbHOIO, TAK 1 KOJEKTHBHOIO.

OmiHKa TOKa3HWKY pemyTallii iHIUBiTyaTbHOTO
KOPHCTyBa4a  3aCHOBaHAa Ha  HACTYIIHUX  TPbOX
KOMITOHEHTaX:

—o0co0HCTI  aTpuOyTH, BKIOYAOYM  MPOQECito,

piBEHB OCBITH, acoliHOBaHi Ipyny, BUOpaHe, iHTepecH abo
MOJITHYHY CXUJIbHICTb, COIIATbHY IICHTUYHICTb;

— 0COOMCTI 3aX0j, WO MPEJCTABIAIOTh SKICTh Ta
KUIBKICT B3a€EMO/IiH 3 IHIIUMU APY3sIMH Yepe3 yOtiKani,
Jaiiku, TBITH, CTBOPEHHSI IHTEPECIB IPYIIN;

— XapaKTEepUCTHKH, TOB's3aHI 3 ocobaMu JApy3iB i3
3a3HAYCHHSAM KUIBKOCTI B3a€EMOJIHM 3 APY3sIMH Ta PiBHEM
penyrauii Apy3iB.

[Nepmmii KOMITOHEHT HA3UBAETHCS IHANBIYAILHUMHA
arpuOyTamy, a iHIII JBa KOMIOHEHTH — pPEJISILIHHUMU
arpuOyramu. YuMm BuIe peryTanisi areHTa, THM OuIble
HOro MOJJIIMBOCTI MO BIUIMBY Ha IIiICYMKOBY IyMKY
areHTiB B cormianbsHi Mepexi. IToHsITTS pemyrari TicHO
MIOB’s13aHe 3 TOHATTAM J0BipH. J[oBipa — me comiajbHO-
TICHXOJIOTIYHHH CTaH, IO XapaKTePHU3YETHCS YIIEBHEHICTIO
Oinpiroi ab0 3HAYHOI YAaCTMHH AareHTIB B CYMJIIHHOCTI,
IIUPOCTI JIiIepiB CHUIBHOT, IPABUIIBHOCTI 1X M.

Jl1s oBipH XapaKTepHi HACTYITHI BIACTUBOCTI:

- Cy0’€eKTHBHA: OCKIUJIBKM KOKHA JIFOJIHA MAE CBOIO

JIyMKy, 3aCHOBaHy Ha BJIACHOMY CYO'€KTWBHOMY IOTJIS,
pi3HI OKpemi 0coOM MOKYTh MaTH Pi3Hi OIS Ha OHY 1

Ty 3K CUTYaIlIO;

— AcumeTpuyHa: UL TBOX CYO'€KTiB, IIOB'I3aHHX
JIPYXHIMH  BiJHOCHHAMH, JOBipa HE O0OOB'SI3KOBO
PpiBHOHAIpaBICHA.

—Henepexinna:  ngoBipa  He €  TIOBHICTIO

TPaH3UTHBHOIO a00 TOIO, IO MOXKHA Iepeaard. Xoda
JIOBipa y CIIIKYBaHHI B Mepexi paHirie Oyia nepexiHo
3a JIONIOMOroI0 [HTEpHeTY, 1ie BKe HE € aKTyaJlbHUM U
COIIIAILHUX Mepexkax, Jie CY0'€KT € JIFOJMHOO0 1 MOXKE MaTh
pi3HE Cy0'eKTUBHE CHIPHUIHATTS 4 IMi3HAHHS PH 00pOoOLI
iH(pOpMaITii.

— IunaMiuHa: foBipa 3aHemamae 3 dacoM 0e3
IIOCTIMHMX B3aeMOIiM a00 3MIH 3a JOIIOMOTOI0 3MIiHHU
KOHTEKCTY. Y COIIaIbHUX MepekaX KOJWBAHHS SKOCTI 1
KUTBKICTh  B3a€EMOJIA  TEPEIIKO/DKAIOTh  Oe3repepBHiit
€BOJIIOILIT TOBIpH.

— KoHTekcTHO-3aIeXkKHa: JIOBIpa 4acTo 3aeKUTh Bij
KOHTeKcTy. Hampukman, xoua BH MOXeETE JOBIPHTHCS
MeXaHiKy (B KOHTEKCTi KpiIUICHHs aBTOMOOLs), BU O He
JIOBIPHJIM oMY 3pOOHMTH OIEpallil0 Ha BallioMmy cepii (B
KOHTEKCTI MeIM4HOI npodiemu). OquH 3araibHUN MAXi
JIO PO3IJIsAAY KOHTEKCTY nependayae CTBOPEHHSI OKPEMOTO
PENTHHTY JTOBIpH JUISl KOXKHOTO MOXKIIMBOTO KOHTEKCTY.

Hocnimxernss Mozaeneit iH(opMarifHoro BIUIMBY i
peryTamii  areHTiB, 30KpeMa, Ja€  MOXIIMBICTh
JIOCITIHKYBaTH 3aJISKHICTh TIOBEIIHKH Cy0'eKTa Bim ioro
iHQOPMOBAHOCTI Ta, OTXKeE, BiA IHPOpPMAIHHUX BILIUBIB.
Matoun wmogens penyrauii Ta/ado iHpopmauiiHOTO
BIUIMBY, MOXXHa CTaBUTH 1 BHUPINIYBaTH 3aBIaHHSI
iHQopMaliifHOro  ynpaBiiHHS: SIKHMH MaioTb OyTH
iHpopMmalliiiHi BIUIMBE (3 TOYKH 30py KEPYHOUOIo
cy0O'ekta), moOO JOOMTHUCS HEOOXIAHOI TIOBETIHKH BiJ
KepoBaHOTo cyO'ekty. I, HapemiTi, BMilOYM BHpIIIyBaTH
3aBJaHHA  iHQOpPMAUIffHOro  yNpaBIiHHS,  MOXKHA
MOJIeNTIoBaTH iH(popMariiiHe MpoTHOOPCTBO — B3AEMOJIIO
JIEKUTBKOX ~ CYO'€KTiB, 1IN0 BOJIOHIFOTh  HE30DKHUMH
IHTepecaMH 1 3iHCHIOIOTh 1H(QOPMAITiiHI BIDIMBH HA OIWH
1 TOH ’ke KepoBaHHUit Cy0'eKT.

Cnucok nitepaTtypu

[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.

29



YK 004.056.5
J.B. lepbuna, T.O. I'pinerko

dexxxed.app@gmail.com, tetiana.grinenko@nure.ua

Xapxiscokuil HayioHanbHULl YHisepcumem padioeneKmpoHiku, Xapxie

KBAHTOBI ATAKU HA LIM®POBI NIiANXACK BITCOIN

Hudpori mimgnmcu B Bitcoin BUKOHYIOTECS Ha
ocHoBi amroputmy Elliptic Curve Digital Signature
Algorithm (ECDSA) 3 BHKOpUCTaHHSM  KpHUBOi
secp256k1. 3axuiLeHicTh Li€l CUCTEMH IPYHTYETHCS Ha
CKJIQTHOCTI MTPOOJIeMH TUCKPETHOTO JIOrapu()MyBaHHS y
rpymi  To4yok emintuuHoi kpuBoi (ECDLP). Ila
npobiieMa BBaXAa€TbCsS KIACHYHO CKiagHoro. Jlns
BupimeHHss wniei npobnemn Illopom OyB HamaHui
e(eKTHBHHN KBaHTOBUU aIrOPUTM [1]. 3
BUKODHCTaHHSIM  [BOTO  aJITOPUTMY  KBaHTOBHH
KOMITTOTEp 3MOX€e €()EeKTHBHO OOYHCIMTH HPUBATHHN
KIIFOY KOPUCTYBaua, 3HAIOUM Bigkputuii kim0 (Bitcoin-
aZpecy KOpPHCTyBaua), MO pOOUTH cXxeMy Hu(pOBOTO
Hianucy abCoII0THO HE3aXUIIEHOIO.

OCHOBHUMHM BpPa3JIHMBOCTSIMH, SIKI MOXYTb OYTH
BUKOPDHCTaHI IpW peamizalii aTakd Ha MiIOHCH B
Mmepexi Bitcoin, €:

1. IloBTOpHE BUKOpHCTaHHS aapecu. [lyis Toro,
o0 BuTpatuTH Bitcoin 3 Oyab-sK0i aapecu, HeOOXiAHO
Ii3HATHCS BIIKPUTHH KITIOY, IO IIOB’S3aHUU 3 II€IO
agpecoro. [lpm 3HaHHI BIAKPUTOTO KIIOYa 1 MIpH
HassBHOCTI KBAaHTOBOTO KOMIT'IOTEpa, BUKOPUCTAHHS Ti€i
XK aZipecy BXKe He € Oe3MeUHUM 1 TOMY ISl aJipeca HiKOJIH
Oinplle HE IOBMHHA BHKOPHCTOBYBAaTHCA. XoOda
BUKOPDHCTaHHS HOBOI aJpecH — BXe € KIACHYHOIO
MPaKTUKOK B Mepexi Bitcoin, aje Ha mpakTuii Iiei
BUMOTH HE 3aBXIHU JNOTPUMYIOThcs. Bynb-sika ajapeca,
sIKa Ma€e TIeBHY KiIbKICTh Bitcoin, 1 1m0/10 K01 BigoMuit
BIZIKPUTHII KJIFOU, € a0COIIOTHO HEOE3IEYHOIO.

2. OOpobseni TpaH3zakiii. KO TpaH3aKI[isA
pobuThCS 32 apecoro, 3 K0T paHille He BUTPaYyBaJIUCS
Bitcoin, i o TpaH3aKIis pPO3MIIIY€EThCS y ONOKYEHHI 3
KiTbKOMa OJIOKaMH, IO CIIAYIOTh 3a HEH, TO IIA
TPaH3aKIis € JOCTaTHbO 3aXHMIIEHOIO BiJ KBaHTOBUX
aTax.

3. HeonpamnpoBani Tpansakmii. Ilicms TpaHcmsmii
TpaH3aklii B Mepexy, ajie A0 TOoro, sk BOHa Oyne
po3mimieHa y OJOK4eiHi, iCHye 3arpo3a KBaHTOBOI
aTaky. SIKIIo CeKpeTHUH K04 Moke OyTH OTpUMaHHH 3
BIIKpUTOTO KJTIOYA 3a TPaH3aKII€l0, PO3MIIICHOI B
OJ0KYelHI, TO 3JOBMHCHHUK MOXXE BHKOPHUCTOBYBATH
e CEeKPEeTHUH KIII0Y JUI TPAHCIALI] HOBOI TpaH3aKmii
3 Ti€i X ajgpecH Ha CBOIO BiacHy anpecy. Skmio
3JI0BMHCHHKY BJIaCTHCSI PO3MICTHUTH BJIACHY HaB’si3aHY
TpaH3aKIil0 y OJIOKYEHHI Nepmol 3a IPIOPUTETOM,
TOJi BiH 3MOKe e(eKTHBHO BHKpacTH Bech Bitcoin 3a
BHUXIiJTHOIO aJIPECOIO.

B pesynbrari anHanizy Mo)kHa 3poOHTH BHCHOBOK,
M0 aTraka, sKa BUKOPHCTOBYE  HEONpallbOBaHI
TpaH3akuii € HaliMoOBipHimO0. J[Is BH3HAUYEHHS
HMOBIPHOCTI Ii€i aTaku HEOOXiTHO TOYHO OLIHUTH Yac
BupimenHs 3agadyi ECDLP kBaHTOBMM KOMIT'IOTEPOM, i

gu Oynme 1ei 9ac ONM3BKUM 1O YacOBOTO IHTEpBAILY
reHeparii 6JIOKiB.

Jnst 1 GITHOTO TPOCTOTO T0JIsl, BAKOPUCTOBYIOUH
ONTHUMI30BaHAN aJNTOPUTM, KBAHTOBHHA KOMITIOTEP
Moke Bupimmta 3amagy ECDLP 3a momomororo
9n +2[log, (n) e +10

JOTiYHUX  KyOITiB  Ta

(448log, (n)+4090)n? Bopir Todoxi [2]. Bitcoin

BHUKOPUCTOBYe N=256 OiTOBI MiANMMCH, MO B KiILKOCTI

Bopitr  Todoni  gopiemroe  1,28x10', a npm
posnapainenosanti gopisaoe 1,16x101,
[pu wmaiiHiHTY OJNIOKIB  JOMIHYIOUMHA  dYac

CHOXMBAEThCA IUCTHIIALIECI0 MariyHuxX CTaHiB Ul
noriyaux T Bopit. Yac Bupimenuss ECDLP Ha
KBaHTOBOMY TIPOIIECOPi:

7=1,28x10" x¢; (pg )/ s,

JC¢ 4YaC HaKJIaJHUX BHUTpaT CT 3aJIC)KUTh JIMIIC Bi[[

IIBUJIKOCTI TIOMUJIKH BOPIT, @ S — TaKTOBA MIBUAKICTb.
Kimpkicte  HeoOXimHMX  (i3muHEX  KyOiTiB
JIOPIBHIOE:
n, = 2334 x ( )
q 33 Cnij pg !

Jie Tepiuuii Koe(illieHT — KiTbKIiCTh JIOTIYHUX KYOITIB,
BKJIFOYatouH 4 JoTiuHi Ky0iTH acinmma, a C,. — HPOCTip
i

TOJIS.

I3 BUKOpHCTAHHSAM Tak 3BaHoro “surface code” s3i
HIBHIKICTIO MTOMMJIKH ¢disngHOrO 3aTBOpa
Pq = 5x107% R KoedirieHTaMu c; =219,7 Ta

Cnij =735,3, wac s BupimenHs 3amgadyi ECDLP Ha

TakToBii wactoti 66 MI'm Oyzne cranoButu 6,5 mib, i3
BukopucTanuaM  1,7x10°  ¢isuunmx  ky6itie. s
taktoBoi wactotr 10 I'Tm Ta wactotm mommiok 107
mianuc  Oyne  3i1amanuM  3a 30 XBwimMH 13
BuKOopucTaHHAM 485550 kyOitiB [3]. BpaxoByroun mi
JlaHi MO)XKHa 3pOoOMTH BHCHOBOK, IO aTaka 3
BHUKOPUCTAHHSAM HEOTIPAIbOBAHUX TPAH3AKIIN € IITKOM
MOJKJIMBOIO, III0 pobuTh cucteMy Bitcoin HebesmewHoro.

Cnucok nitepartypm

[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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OLIIHKA 3ABAJOCTIMKOCTI PIBHOBAXHUX KOAIB

3acobn OOYNCIIOBAIBHOI TEXHIKM 3HAaXOAATH BCE
OLyTbIIIe 3aCTOCYBAaHHS B PI3HUX Tajly3saX MPOMHUCIIOBOCTI Ta
rocriogapcTa. PiBeHb CKIIAIHOCTI 1 3HAYYIIOCT] 3aBHaHb,
MOKJIA/ICHAX Ha €JIEKTPOHHI Ta OOYHCITIOBAJIBHI TPHUCTPOT
Ta CHCTEMH, B PAIi BUIAJKIB BKpail BUCOKHMA. Hacminku B
pe3ynbTaTi BIIMOB TEXHIYHHX 3aco0iB depe3 BIUIMB
MEPelIKOl MOXYTh CTAHOBUTH CYTTEBI MarepialibHi
BTpaTH, HECTH 3arpo3y Oe3meli Ta JKUTTIO KOPHUCTyBadya.
JlocmipKeHHsT MMTaHb CTIHKOCTI 3aC00iB 00YHMCITIOBAIBHOT
TEXHIKH JIO 3aBaJl € HCOOXIHIM Ta aKTyaJIbHUM aclIeKTOM
PO3BUTKY Cy4acHOT TEXHIKH.

PoGora cmpsmMoBaHa Ha TPOBEICHHS  OLIHKH
e(pEeKTHBHOCTI PiBHOBOKHHUX KOIIB UL 3aXUCTY ABIHKOBO-
JecsTKOBO1  4ucinoBoi iHpopMamii Bixm 3aBam. Bona
JIO3BOJIUTH TEPEBIpUTH e(EKTUBHICTH POOOTH CHUCTEMHU
niepeavi YUCIOBHX, JAHUX MPEICTaBICHO! y cTaTTi [1].

PiBHOBaXHMIT KONl — 1€ JBIHKOBHI KOI B SIKOMY
KoMOiHarii MicTaTe K omuauis i N-K HymiB, e n 10BXHHA
koxy. OCOONHMBICTIO PIBHOBOKHHUX KOJIB € MOMJIMBICTH
MIBUKO Ta €(EeKTHBHO 3HAXOAWTH TOMMIIKM IIiji 4ac
00poOkn  iHpopmariii. OCKUTbKM PIBHOBXHUH  KOJ
CKJIAJIAETECA 3 JBIAKOBUX YHMCE, SIKI MICTATH K OMHHI 1
N-k HymiB MOXXHa JIETKO 3HAWTH TMOMMIIKY B MpOLECi
nepenadi JaHuX. O3HAKOIO TOMWIKH € TEPeBHILCHHS
yrcina N-K HyniB a6o K oaunuip. Tak, Hanpukian B poooTi
[1] BUKOPHUCTOBYETHCS 3aBaIOCTIHKIIA KO B OCHOBY SIKOTO
MOKJIA/ICHI PIBHOBaKHI KOIM, SIKi CKJIagaloThcs 3 2
oIMHMIB Ta 3 HyJdiB. BoHm nomomararoTs 3ammgpyBaTH
JBiiiKOBO-/1ecsaTKOBI 1udpu Big 0 10 9. Tyt mu maemo K =
2, N =5 nns koKHOT KOOBOI KoMOiHartil. Hanpuknam, mist
mppu 0 Oyna B3iTa piBHOBaxkHa komOinamist 00011.
Omxe SKIO KUTbKICTh OJWHHIL B KOMOiHamii Oyme
TIepPEBUIIyBaTH 2 — 11e Oy/1e 03HAKOIO i TOMUIIKH.

Jnst omiHKM 3aBafOCTIMKOCTI PIBHOBRXHHUX KOIIB
Oynu BuKopHCTaHi (DOpPMyJI IMOBIpHOCTEll IEpexojiiB
KOAOBHX KOMOiHaii [2].

J171s IpaBHITBHOTO TIEPEXOy:

M .
[I=2Pni.
i=1
ne P, — iMOBIpHICTb reHepyBaHHs JukeperioM iHdopmartii i
KOZI0BOT KOMOIHAIiT;
pii — IMOBIPHICTH MPABUJIBHOTO MEPEXOY | KOIOBOT
KOMOIHaIIi1 B i-y.

IMOBIpHICTD  ITOMMIIKOBHX
KOMOIHAIIIH, SKi HE BUSBIISIOTHCS:

MEPEXO/IiB  KOJOBHUX

U=%H¢,

M
e Z = z P, pi0 — IMOBIpHICTh TOMUJIKOBOT'O MIEPEXOy I-
i=1
1 xoMOiHamii B KJIac KOMOIHAIlH, sIKI HE BUSBIITIOTHCS,
BH3HAYAEThCS 32 GOPMYIIOL0:

H L
pi = z Bij
j=1j=i
Jie pi'j'j IMOBIPHICTh TIOMUIIKOBOTO Tiepexomy i-1

KOMOIHAIIIT, [0 IePeIaeThCs, B j-y T03BOJICHY.
IMOBIpHICTP TIOMIJIKOBHX TIEPEXOMiB SKi MOXKHA
BUSIBHTH:

M
o
Z=2Pp,
~
Jie pi0 — IMOBIPHICTh TIOMHIIKOBOTO Iepexoay i-1

KOMOIHAIl, 110 TepelaeThcsi, B Kiac KOMOIHAINH, sKi
MOYKHA BUSIBUTH. [i MOYKHA BU3HAYUTH 32 (POPMYJIIOIO:

N
o _ 0
P= 2 P
j=M+1
Jie pic" ]~ IMOBIPHICTh MOMHIJIKOBOTO TIEPEXOLy IJis i-1

KOJI0BOI KOMOIHAI1.

OCHOBHHUMH 3a/ja4aMH JIOCITIIPKEHHSI €:

1) Anaii3z Merozy 3axucTy iH(popMallii Bia 3aBaj 3a
JIOTIOMOT OO PIBHOB)KHHX KO/TiB.

2) IloOynoBa mporpamMHOi MO JOCIIPKYBaHOTO
METOy.

3) Ouinka epeKTUBHOCTI METOY.

Otpumani pe3ynbTaTH 1 peKOMeHAalii HOCSTh
YHIBEpCAJIBbHUI XapakTep i MOXYTb OyTH 3acTOcOBaHi i
BUKOPHCTaHi JUISl PI3HUX CHUCTEM 3B'S3KY 1 TEXHIYHHX
TIPUCTPOIB MiIPUEMCTB 1 yCTAHOB.

Cnucok nitepatypu

[1] O. A. Bopucenrxko, O. B. bepexxna, A. 1. Hosroponues, B. B.
Cepmiok, Ta M. M. SkosneB, “Cucrema mepenavi Ta
BimoOpakeHHs iH(OpMarii i3 3aXHCTOM YHCIOBHUX HaHUX,
Cucremu 06po6ku iHdopmarii, Bur. 2, c. 103 — 108, 2019.

[2] A. A. Bopucenko, O. B. bepexnast, u 1. A. Kynuk, “Ouenka
MOMEXOYCTOHYMBOCTH ~CHUCTEMBI Mepefjadll JaHHBIX Ha
OCHOBE  paBHOBECHBIX KkomoB”, Bicamk  Cymcpkoro
Jep>kaBHOTO yHiBepcuTery, Nel(12), c. 79 — 82, 1999.
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YPAXYBAHHA OCOBNIMBOCTEW 3AINCHEHHA NOMUITOK KOPUCTYBAYEM
NMPU KOHTPOIJI KNABIATYPHOI'O NMOYEPKY B CUCTEMAX OAUCTAHLUIUHOIO
HABYAHHA

Sk Oymo  BCTaHOBIEHO y  TONEpPEAHIX
JIociKkeHHAX (nuB. Hamp. [1]), KOHTPOIb 0COOHCTOCTI
KOpHCTyBaya CUCTEMH JUcTaHuiiHoro Hapuauus (JIH) €
BO)XJIMBOIO CKJIAJIOBOI0O BCHOTO KOMIUIEKCY 3aco0iB
3axucTy iH(popmauii y Hid. JOCTyNmHHM pilIEHHSIM Y
rany3i 3BeleHHs cuctem KoHTpoito pocrymy (CKJI) e
BUKOPUCTAHHS OiOMETPHUYHHMX TMOBEAIHKOBUX METOJIB,
TaK¥X sIK KOHTPOJb KJIaBiaTypHOTo Mo4epky. Po3pobir
BIJMIOBITHHUX 3aC0O0IB MPHUCBAYCHO YMMAJO JOCIiIKCHb,
y SKHX Hai4acTilie MPOMOHYEThCS OILIHIOBATH Yac
HaOopy OUTBII-MEHII MOUIMPEHNX OirpaM, a TPOXH
piame — yac yTpUMaHHSA 4acTO BXHBAaHUX (200 yCix)
mitep andasity. B ToM ke "wac iCHYIOTP 1 iHII, OLIBII

BUTOHYEHI  TOKa3HUKH, 110  TaKoX  MOXYThb
BUKOPHCTOBYBATHCS JUIs KJaBiaTypHOI aBTeHTU(iKaii.
IIpononyerses y SIKOCTI JI0J1aTKOBO1

XapaKTepUCTUKH, 1110, SIK CBIAYATh PE3yJbTaTH JaHOTO
JIOCTIJIKCHHS, TOKpAIy€e MOKa3HUKH SKOCTI KiHIIEBOT
CKJI, BukopucTaT 0COOIMBOCTI 3JIMCHEHHS HOMHJIOK
KOPHCTYyBa4eM IpH HaOopi TekcTy Ha kiasiatypi [IK. A
caMe, 3a OCHOBHMH TMOKa3HHK TYT MOXHa B3SITH
IHTCHCUBHICTh 3 CHEHHS JPYKAPCHKUX ITOMILIIOK,
T00TO HeBipHOTO Habopy. Tak, 3araabHOBIZOMO, IO
Oyap-sKUil OmepaTop TEXHIYHOTO MPHUCTPOIO (B T.4. i
3BHYAWHWN mnepeciunmii kopuctyBad [IK) B mpormeci
poboTH MOXe POOUTH TOMWIKH, 10, 30Kpema,
3aJeXHTh Bil fioro crymens BojoainHs [IK B mimomy.
BriM, iHOAI JrOIM, 10 IyX€ MOBUIBHO HAOHPAIOThH
TEKCT, POOJIATH e 3aHAJATO PETENbHO, 1 NPAKTHYHO HE
BHOCSTh IIOMWIIOK, MNpaBAa, HAOMPaO4YH IPHU LbOMY
BCBOTO JIMIIE KiJbka OYyKB 32 XBHJIMHY. AJle i B LIbOMY
BUIAJKY IHTEHCHBHICTh BHHUKHEHHS ITOMMJIOK MO>KHA
BUKOPUCTOBYBATH SIK €JEMEHT aBTeHTH(IKamii, aje
BOXJIMBO, IOOM I NOKa3HMK KOHTPOJIIOBABCS B
KOMIUIEKCI 3 paHille 3raJaHiMH, 1 TOAI BiH MOXE IaTH
JIOCUTBH KOPUCHI PE3yJIbTaTH y BCiil METOIHIII OI[IHKH.

IIpu xoMmm'toTepHOMY HaOOpi KiTBKICTh IMOMMIIOK
MOYKHA OI[IHIOBaTH 32 JJBOMA HaNpPSIMKaMH:

— TIOMWJIKH, SIKi BUHUKIIM B Tporieci Habopy, ane
Oynu mOMiYeHi i BUIPaBIIEHi;

— TIOMWJIKH, SIKi BUHWKJIM B TIpolleci Habopy i He
Oynu momideHi abo Oynu moMiueHi, ame 3 SKOICh
NPUYUHM He OyJIM BUTIPABIICHI.

[oMmikn  gpyroro  THIy — KOHTPOJIOBATH
ABTOMATHYHO JIOCUThH CKJIQJHO 3 aJITOPUTMIYHOI TOUKH
30py, TOMY y TOJAQIBIIOMY OylIeMO TOBOPUTH TiIbKH
PO TIOMMJIKH TIEPUIOTO TUILY: TaKi, 110 BUITPABISAIOTHCS
BiZipasy K MiJ dYac HaboOpy TEKCTYy KOPHCTYBaueM.
BunpaBnstTh TNOMHMJIKH MOXHAa [O-Pi3HOMY, OJHAaK
HaUTIOMUPEHIITUM TIPU TIOCTiIOBHOMY Ha0Opi TEKCTY €

HaTucKaHHS KiaBimi BackSpace kimpka pasiB, mob
CTepTH OCTaHHI, HaOpaHi HEBIpHO, CHMBOJIH 1 AiCTATHCA
no momuiku (kHomka Delete 3a3Buuaii posramoBaHa
TPOXH MEHII 3pYy4YHO, 1 caM NpUHUIMN 11 Aii MeHe
OiAXOMUTH Ui HAbopy  TeKCTy: 1 Kpamie
BUKOPHCTOBYBaTH IPH PeAaryBaHHI paHillle BBEJCHUX
BiJIOMOCTEHA).

OTxKe, KUIBKICTh BHIPABICHHX IIOMHJIOK MOXKE
OyTH OIliHeHa 10 HAaTHCHEHHAM Ha KHONKY Backspace.
B mpoMy BHUMaaKy HOTPiOHO BPaxOBYBATH TUTBKH OHE 3
JIEKUTBKOX TIOCITUIF HATUCKaHb KHOIIKH TTOBEPHEHHS, IO
BUIUTMBAE 3 TakMX MipKyBaHb. CepenHiii KOpHCTyBad
HaOMpae TEKCT HE 1O OJHOMY CHMBONY, a TPyNaMH.
SIkmo B rpymi CHMBOJNIB € Xo4a O OJHA IOMUIIKA,
KOpHUCTyBau 3Haiae ii He Bigpasy, a TUIbBKH Micis
HaOOpy BCi€l rpymu, KOJM MOAMBUTHCS Ha €KkpaH. Sk
BXKE 3a3Hayajocs paHime, 3a3BUYaidl  ITOMMIIKA
BUIIPABISIETBCS Bipa3y, LUISIXOM HATHUCKAHHS KijJbKa
pasiB knaBimi Backspace ans Toro, mo6 moBepHyTHCS
JI0 CUMBOILY, IKAI MICTHTh TOMIJIKY. TakuM 4MHOM, BCi
11l YMCJIEHH] HATUCKaHHS BUKJIMKAHI OHIEI0 TOMUIIKOIO,
i Tomy yci HatuckaHHs Backspace, mo ixyTh mocCIijib,
MTOBUHHI acoIlifoBaTUCS 3 OJHie0 momMmikoro. Ile omun
BapiaHT BUIPABJICHHS IIOMIIIKA — CTPUTKaMH "BIiBO" —
"BmpaBO" Ha  KJaBiaTypi  BCTaHOBHUTH  Kypcop
Oe3rnocepesIHbO CIIpaBa BiJi HEMPaBHJIBHOTO CHMBOIY i
HatucHyTH Backspace omun pa3. Ilpu 1npomy ofHii
BUIPABJICHIA MMOMMJIIN BIAMOBIAa€ OIHE HATUCKAHHS
KHOITKH TTOBEPHEHHSI.

Omxe, 0e3 CyTTEBOi BTpaTH TOYHOCTI MOXKHA
BBOXaTH, ULI0 OJHIH TMOMWILI, JONYIIEHIH IpH
KOMIT'FOTEPHOMY Ha0Opi TEKCTY, Bianosinae Bix 1 mo M
MOCITTh HATHCKAaHb Ha KHOMKY Backspace. AGcomoTHe
YHCIIO TOMWIIOK E JiMMO Ha 3arajbHe 4UcIIo HabpaHuX
cumBoiiB All, mo6 mnepeiiT 10 BiJHOCHOrO YHCIA
MIOMUJIOK, SIKE 1 MO’KHA MTOPIBHIOBATH 3 €TaJIOHOM:

E

All’

JlomaBaHHS UBOTO IOKa3HUKA JIO TPUBAIOCTEH
HabOpy OKpeMux Oirpam Ta yTpUMaHHS OKpPEMHX
KJIaBIII ITOKA3aJl0 MOKpameHHs Tpamuminanx st CKJI
noka3uukiB FAR ta FRR Ha Benmmuuny mo 7%.

Cnucok nitepatypu

[1] O. O. Mouano, O. O. Taiima, €. C. JleHkoB, Ta
JI. O. Psa6a, "KommiekcHe 3abe3neyeHdst Oe3MeKd CUCTEM
IUCTaHLidHOT  ocBitH", 30ipHMK HAYKOBHX  Ipalb
BilicekoBoro iHctuTyty KHY iM. Tapaca IlleBuenka, Ne 7,
c. 128 — 131, 2007.
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MOAEJIb BSAEMOS3AJIEXXHOCTI MDX YYTIUBICTIO TA TOYHICTIO KOHTPOIJIIO
NMAPAMETPIB PAAOIOEJNIEKTPOHHOI'O OBJIAOHAHHA NITAJIbHUX AMNAPATIB

IMpouec KOHTPOJTIO TEXHIYHOTO CTaHy
panmioenexTporHoro obmagHanHa (PEO) mitampHHIX
anapariB (JIA) monsirae y aii Ha BXing X CKiIagoBUX
0JI0KIB BiJOMHM BHMIpIOBJIbHUM (TECTOBUM) CHT'HAJIIOM
u(t), SKUH  (QOpMYEThCS T'€HEpaTOpOM  TECTOBUX
curHaimiB i Mae meBHi xapakrtepuctuku [1]. Ilix
BIUIMBOM BXIiJTHOTO BHUMIipIOBAJILHOTO CHI'HAIY u(t) Ha
BUXOJl 3pa3ka, II0 KOHTPOJIIOETHCS, YTBOPIOETHCS
BUXIZIHUI CUrHajJ (CHTHAN-BIATYK) y(t), abo peakiist
MEeBHOI (OpMH 3alle)KHO Bifl (JOPMHU BXIIHOTO CHTHATY
Ta HapaMeTpiB KOHTpPOIO. BXimHuit u(t) 1 BHUXITHHH
CUTHAJIH y(t) HOAAIOTECA B QHANI3aTOP, 3@ AOIOMOTOI0

SIKOTO BU3HAYAIOTECS mapamerpu KoHtpomo PEO (j,

j=1n, me n— KimbKicTh mapaMeTpiB KOHTPOIIO, abo
i=lm, m -
ariocTepiopHa  KUIBKICTh ~ [TapaMeTpiB  KOHTPOJIO,
3HAYEHHS SKUX JO3BOJIAIOTH BU3ZHAYUTH TCXHIYHUHA CTaH
CUCTEMH, 110 KOHTpOMo€eThes [1].

PosrnsHyTO (i3MYHY TPUYMHY TPOTHPITIS MiK
3a0€3MCUCHHSIM MAaKCHMAIbHOI YYTIMBOCTI KOHTPOIIO
Ta HEOOXiTHOI TOYHICTIO BH3HAYEHHS IapaMeTpiB Ha
npuknani, xomu napamerpu PEO q OpPTOHOPMOBaHI,

almocTepiopHi  mapaMeTpu  Zj,

n

napameTpu Zj :Z(Xijqj' CHiBHaHaIOTB 3 HHUMMH, TOOTO
i

MaTpuld 3 CJIEMEHTAMU Y3TOKECHHA (Xij — OJIMHUYHA.

VYV 1upOMy BHUNAAKy YYTIMBICTE KOHTpomo S
JIOPIBHIOE CyMi [IarOHaJbHHUX €JIEMEHTIB KOPEJSIiHHOT

~ n o/~ ~
. o .
MaTpHIILi Ry S = z (Ry)ij’ CIIEMEHTH MAaTpPHII Ry
i,j=1
TOPiBHIOIOT! (Ry)ij :J‘ai(t)aj(t)dt+cs§ &jj, ae a;(t)-
0

. OA
KOe(illieHTH TIepETBOPEHHS, aj(t, {u }): 8_y ; &ij, 0{22 —
9j
MepelKoa, IKa IPUCYTHS NIPU BUMIPIOBaHHI 1-TO 1 j-TO
napaMeTpiB, 1 11 cepeaHbOKBaApaTUYHE BIIXWUICHHA

BiIOBITHO [2].

[Ipu 3HauHOMY daci xoHTposto T mepmuii dieH

- T
Ginpiie apyroro i (Ry)ij ~ I ai(t)aj(t)dt. [Moznaunmo
0

BJIACHI 3HAYCHHS MATPHIIi Ry yepe3 A i j=1,_n Toni

n
BEJINYMHA YYTJIMBOCTI Oyne HOpiBHIOBATH: S’:ZX i

=
TouHiCcTh BH3HAYEHHS NapaMeTpiB € MNpOMNOpIiiHA B
JMAHOMY BHIAAKy CyMi JiarOHaJIbHUX EJICMCHTIB

n
MAaTpHIIi I-:\;yfl, TOOTO €= 0;32 i .
=t

Hexaii MakcuManbHa 4yTJIMBICTh OCATAETHCS PU
TaKOMY CITiBBIJHOIIICHHI MiXX BJIACHUMH 3HAYCHHIMH

A j» KONH 4YacTHHa iX myxke Mana, B TOW Yac SK iHIII

n
3HaYyHi, TaK IO CyMa ZK j MaKCHManbHa. Toni
=1
moxubka € craHe Oy)Ke 3HAYHOK, a UYYTIHMBICTE S —
HE3HAYHOK. SKIIo, HampukiIam, 7‘] —0, 10 £>0, a

S— —o. Taka curyauis Oyne BUHHMKATH TOJi, KOJH

T
AeTepMiHaHT Matpuui Ajj = jai(t)a j(t)dt JopiBHIOE 260
0

IparHe 10 HyJsl, TaK sIK IpH IbOMY A00YTOK BJIACHUX
n

3HaYeHb H?u j Oyne OmusbkuM 10 Hyns, a JesiKi 3
=1

BJIACHMX 3HAueHb OY/1yTh MPAarHyTH HYIIIO.

BucHoBok.  OnTumanpHHA 32  YyTJIHUBICTIO
BUMIPIOBAJIbHUH CHIHaN TNPHU3BOAUTH JIO  PI3KOro
3HW)KEHHSI TOYHOCTI BHUMIPIOBAHHS MapaMerpiB IpH
koHTponi PEO JIA. Takwii BHIIQJOK Ma€ MicCIe, KOJH
yac KOHTPOJIO 3HAYHO IEPeBaKa€ 4Yac IIEPEeXiJHOTO
npouecy. I8 OTpUMaHHS JOCTaTHBOI TOYHOCTI IIPH
OTHOYAaCHOMY  3a0e3leYeHHI BHCOKOI  YyTJIHMBOCTI
HEOOXiTHO B JaHOMY BHNAJKy BHKOPHCTOBYBaTH
CHUTHAJI, SIKMH CKJaJaeThcsl 3 TapMOHIHHMX CKIIAJIOBHX,

KUTBKICTh ~ SIKMX JIOPIBHIOE TIOJIOBHHI ITapaMeTpiB
koHTporo 6oky PEO JIA.

Cnucok nitepatypu
[1] B. H. YunkoB, wu C.B.Tepacumos, “KommekcHas

METO/IMKa ONTUMHU3ALMH KOHTPOJIHMPYEMBIX IapaMeTpoB
CIIOXKHBIX ~ TEXHHYECKHX  OOBEKTOB”,  YKpamHCKHUit
MeTpoJjoruueckuii xkypaan, Ne 1, c. 11 — 15, 2003.

[2] B. M. Yunkos, ta C. B. I'epacumos, “Bapiauiitnuii MeTox
i METOJMKH CHHTE3y ONTUMAIBHOTO BHMipIOBAILHOTO
CHTHaly JUisi KOHTposito TexHiuHoro crany CAY,
VYxpaiacekuit MeTposoriuauii xypHan, Ne 1, c. 59 — 64,
2014.
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PE3YJIbTATU YACEJIbHOIO MOAENOBAHHA HECTALUIOHAPHUX PEXUMIB 3
BUKOPUCTAHHAM CIMPOLUEHOIO METOlY HbIOTOHA

O)IHi€IO 3 BAXJIMBHUX 3aJia4, 10 BUHUKAKOTL MNpHU

eKCIUTyaTalil JIHIHHUX JUITHOK ra30TPaHCIOPTHOI
CHUCTEMH, € c(eKTHBHE VYNpaBIiHHA PEKAMAMH
TPAaHCIIOPTY Ta3y B HEWMTaTHUX Ta aBapiiHHX

cuTyamisix. Pexxum Tewil rasy B IMX CHTyalix €
HECTaIllOHAPHUM Ta HE130TePMIidHHM.

HaiinomynsipHimmM cepes; YMCeNnbHIX METOMIB IS
pPO3paxyHKy TakmX pEXHMIB € METOJ CKIHYEHHHX
pI3HHMLL 3 BHUKOPUCTAHHSM HESBHHX CKiHYEHHO-
pisHuueBux cxeM. [linBUIINTH €(EKTHBHICTH IaHOTO
METOJly MOJKHa, HAIlPUKJIAJ, 32 PaXyHOK 3aCTOCYBaHHs
e(peKTUBHHUX YHCENbHUX METOMIB Ha eTali BUPIICHHS
HEeJIHIHHOT CUCTEMH CKiHU€HHO-PI3HUIIEBUX PiBHSHb.

Merta poboTu niependavae 3’siICyBaHHS MOKIHBOCTI
BUKOPHCTAaHHS CIpPOIIEHOT0 Meroxy HeioToHy mpu
po3B’s3aHHI cucTeMu HemiHidHUX piBHAHB (CHP), sxa
BUHHMKAa€E Ha €Tali po3B’SA3aHHA CHUCTEMH piBHIHB
MaTeMaTHYHOI MOJIENi HECTAIlIOHAPHUX HEI30TePMITHUX
pexumiB  Teuii razy (HHPTI) mo  mimsHm
TpyOOIpOBOAY, 3 3aCTOCYBaHHSIM METOJY CKiHUCHHHX
PI3HMIL Ta BUKOPUCTAHHSM HEPIBHOMIPHOI CKiHUYEHHO-
pizauueBoi citku (HKPC). {ns Bupimenas CHP moxHa
BUKOPUCTOBYBAaTH MeTox 3eizens, pizHi momudikarii
merony Herorona, metox bpoiinena Ta iHmi. 3a3Buvaii
TaKy CHUCTEMY BHPILIIYIOTh 3a JIOIIOMOIOK METO/ay
HeroToHa, sKMiA Mae KBagpaTU4Hy  301XKHICTS,
cnpomeHnid MeToa HeroToHa X09a i Ma€e TUTBKH JTiHIHHY
301KHICTB, ale mepeadayae po3paxyHoK Matpuii Jkooi
TITBKH HA TIOYATKOBIH iTepartii.

VYV zaransnomy Bunaaky HHPTID onucyrootbes
KBa3UIIHIHOIO CHCTEMOK Iu(epeHIialbHAX PIBHIHD
rinepOoJIiYHOrO THUMY 3 BIIOMHM IOYaTKOBHMH 1
rpannyErMya - ymoBamu  (IIT'Y). Ig  cucrema y
3arajJbHOMY BUTJIsLI Mae Buj [1]:

%9 99 _
ot +B(xt,9) o F(x.t,9), (1)

ne B, F — wmarpuni, emementn sxux 3agani
HeTlepepBHi Ta 6e3mepepBHO-AupepeHiiiioBani GyHKIII.

1106 oTpuMaTH YrcenbHUiT po3B’ 30K cuctemu (1)
3 [II'Y Bukopucraemo HKPC [1]. st iporo po3aiauMo

BiZIPi30K [0, L] Ha N Bigpiskis, gomxkwuHOo [IX, a
MOTIM MEepIINH i OCTaHHIH Bixpi3ku HaBmisl. OTpUMaeMo
N+2 Bigpiska. Ilepumii, apyruif, ocraHmii i

X

MepeI0OCTaHHIN JOBKUHOIO ? , IHII1 JoBXUHOKIO X, a

takox N+ 3 Toukn posdurrsa X;, 1=0,n+2.
[MincraBnsiemo B naHy cucremy (1) anpokcumariiro
MNOXiTHMX 1 OTPUMYEMO CHCTEMY  HENiHIHHHX
anreOpaiyHux  piBHAHb. JlI1 NPOMDKHHX  TOYOK
PIBHSIHHSI MAtOTh BUIJISIA
1 1
Blol + = +——Bloly
[t 20x

i=3,n-1.

1
—-— L
20% BT

i piBHSHHS JOMOBHIOIOTECS piBHIHHAMH A 0-1,
1-i, 2-i To4oK, a Takox piBHAHHAMM i N -i, (N +1) -,

(N + 2) -i To90K po3OuTTSL.

Heniniiini  cucremu  OyneMo  po3B’si3yBaTH
ciupouienuM MetogoMm Herotona. Ha S -it itepamii

OTPUMYEMO JIiHIMHY CHCTEMy pIBHSHb, sKa B
3araJbHOMY BUIJISAI Ma€ BUI:
k
oy k,s k,s-1
e S =yt s=12.,
8(/)k k.0 o v
P
ne qok's — BEKTOp PO3B'I3Ky CUCTEMH Ha S-if iTepauii;
k
0 , _
Lk — Marpur Sxo6i; l//k’S o BEKTOD
0
] ¢k,o
HeB's30k Ha (S -1)-if itepamii; 5(/)k’s — BEKTOp

MOMPaBOK JIO HEBiOMUX Ha S -i irepamii, OTXe,
q)k,s =¢k,s—1 _5(pk,s.

B pesynbrati uncenpHoro moxaenoBanns HHPTT
y wMaremarnyHoMmy makeri Mathematica 11.3 3
BUKOPHCTaHHSIM CIIPOIIEHOTO MeTony HploToHa Ha
eTami pO3B’sA3Ky CHUCTEMH HETIHIHHUX pIiBHSIHb OyB
MOKa3aHWUH 3a/10BIJIbHUI pe3yJIbTar.

PesynbraT anoro pociiukeHHs OyAyTh KOPHCHI,
30KpeMa, Uil [OBHOI  aBTOMaTH3alii  Ipolecy
MocTayaHHs Ta3y, i, 1K HACIiJOK, 3MEHIICHHS KiJIbKOCTI
aBapii.

Cnucok nitepatypu

[1] . T. T'ycaposa, u JI. B. Memmnesckuii, ‘“Uucnennoe
MO/IC/IMPOBAHKE PEKUMOB TEUCHHS Ta3a METOIOM KOHEYHBIX
pasHocreri”, Cucremm OOpoOku IHpopmarmii: 30ipHUK
HayKoBHX Tpaiib, Ned(141), c. 23 — 27, 2016.
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AOCNIAXEHHA TEEHEPATOPA CAMOMNOAIBHOIO TPA®IKY HA OCHOBI
JIAHLUIOIA MAPKOBA TA NOI'O MYJIbTU®PAKTANIbHUX BITIACTUBOCTEN

B gpaniii  po0OOTI HPOBENCHO  JOCIIIKCHHS
(pakTambHOI PO3MIPHOCTI  YacOBOTO  psimy, SIKUH
OTPUMAHO 3a JOMOMOTOI T'€HEepaTopa CaMOIOIOHOTO
Tpadiky Ha OCHOBI JIaHLIIOIiB MapkoBa 3 KEpOBaHOIO
(pakranbHOIO po3MipHicTIO. [IpenMeroM BUBUEHHS Y
cTtarti €  (QpakTalpHUI ~ aHami3  TeHepaTopa
camornonioHoro Tpadiky Ha OCHOBI JaHItora MapKkoBa.

JUIs MaTeMaTUYHOrO OIHMCY TEJCKOMYHiKaIliiHUX
MpPOIIeCiB  BUKOPUCTOBYIOTH ~ MaTeMaTHYHI  MOJENi
camormofiOHoro wdacooro psmy. Ha rpadikax, ge
300pakeHa 3aBaHTAXCHICTh KaHATy KOMII FOTEPHOI
Mepexi cCaMOMOIiOHICTh BUPaKCHA HASBHICTIO BUKHUJIIB,
KIJIBKICTh SIKMX MEPEBHIIYE 3a Nepe0aueHHsl KIacCuuHOT
CTaTHCTHYHOI Teopii, e Ha TOPU3OHTAJbHIA Bici
MOKa3aHUH 4ac B YMOBHHX OJMHHISIX, & [0 BEPTUKAII

3aBaHTAXXCHICTh MEPEXi BIAHOCHO MaKCHMAaJbHOT
MPOITYCKHOI CIIPOMOYKHOCTI
Metoro po0OOTH € HAOCHiIKEeHHS  (paKTaIbHOL

PO3MIPHOCTI 4YacoBOTO psAmy, SKHH OTPUMAHO 3a
JIOTIOMOTOI0 TEeHepaTopa caMomomiOHoro Tpadiky Ha
OCHOBI JIaHIIOTIB MapKkoBa 3 KEpOBaHOIO (ppaKTaIBEHOIO
PO3MipHICTIO.

Hns mporo y po0oti Oynm BHpilIeHI HACTYIHI
3ajaui:

— Ha OCHOBI YHCIIOBHX €KCIIEPUMEHTIB BU3HAUYCHHS
(dbpakTagbHOI PO3MIPHOCTI T'€HEPOBAHUX  YHCIOBUX
ITOCJTiJOBHOCTEM, ITOKA3aHO CTATUCTUYHO 3HAYMMI 3MIiHH
(pakTanbHUX BIACTUBOCTEH YHCIOBOI MOCIiJOBHOCTI
Ha pi3HUX MacmTabax;

— BKa3aHO Ha HEOCTaTHIN PO3BHUTOK
BUCOKOIPOIYKTUBHHUX AITOPUTMIB OTpPUMAaHHS
CaMOIIOMIOHMX  YHCIOBHX  IIOCIIJOBHOCTEH  JUIA
IMITaiHHOTO TeHepyBaHHS Tpadixy B
TENIEKOMYHIKAIlIHHIX CUCTEMAax Ta MEPexKax;

— 3aIPOMOHOBAHO HANPSMU MO JANBIIHNX
JIOCJTi JIPKEHD 1010 KepyBaHHS ABUILIEM

MyJIBTH(PAKTAIHFHOCTI B TeHEpaTopax, sIki OCHOBaHi Ha
naHuorax Mapkosa.

B Oimbmiocti BHIAAKIB I CaMOITOXiOHOTO
Tpadiky, mepexbadeHHs mapaMeTpiB 3a  SKICTIO
obcmyroByBanHs QoS, aHaNITHYHI BUpas3u 100yIyBaTH
He BJAaeTbcs, ab0 Taki NEPETBOPEHHS MOSKIJIMBO
noOyyBaTH JUIs 3aHA/ATO CHenU(IYHIX CUTYaIlii, TOMY
MEPEeBAXHO AHANITHYHI BHUKIAJKH € HEJOUIIbHUMHU. 3
i€l MpUYMHYU /TSI BU3HAYEHHS OCHOBHUX ITOKa3HHUKIB
SIKOCTi 00CITyrOBYBaHHS, TAKUX SIK JDKUTED, 3amli3HEHHS,
cepenHs KUTbKICTh BiZ]MOB, Ta 1HIINX, BUKOPUCTOBYIOTh
iMiTamiiHe MOJENIOBAHHS 3a JOIOMOTOI0 TEHEpaTopiB
camornoaioHoro Tpadiky.

e npusBoauTh 10 MOTped B MPOCTHX, 3 TOYKH
30py KIJIBKOCTI 004YHCIIeHb, reHepaTopiB
camornoioHoro Tpadiky 3 KepoBaHMMHU (QpaKTaIbHUMHU
BJIACTHBOCTSIMH, 5IKi O JTaBaJli YMCIIOBI MTOCIIJOBHOCTI 3
BJIACTUBOCTSIMU SIK MO>KHA OJIFDKYMMHU JI0 BIaCTUBOCTEH
peampHOTO Tpadiky TEICKOMYHIKamiiHOI Mepexi, IIo

JTOCTIIKYETHCS.

3 ommAy aKTyaJbHOCTI BHUKOHAHHA — 3ajadi
KepyBaHHS (bpaxTansHIMH BJIACTUBOCTSIMH
TCHEPOBAHOTO Tpadiky, pobora TIPUCBSYCHA

BU3HAYCHHIO 3aJIE)KHOCTI (PpaKTalbHUX BIACTHBOCTEH
Mojieni Tpadiky BiJl BHKOPUCTAHOTO MacIITa0yBaHHS.

PesynbraTom pobotu € 0OIpyHTYBaHHS
1 IBULIEHHSA MPOAYKTHBHOCTI iMiTaniiiHoro
MO/JICJIFOBAHHS PyXy iH(popMaIlii B TEICKOMYHIKAIlIHHIX
chUcTeMax Ta KOMII'IOTEPHHX MeEpexax 3a paxyHOK
reHeparopa camomnomiOHOro Tpadiky Ha JaHIIOrax
Mapxosa.

BucnoBku:

—T'eneparopu  camomomiOHOrOo  Tpadiky Ha
JmaHmorax MapkoBa  BIIPi3HSIOTBCS BiIl aHAJOTIB
MEHIIMMH BUMOTaMH JI0 OOYHCITIOBATBHOI MOTY>KHOCTI
CHCTEM MOJCIIOBAaHHS, 110 JI03BOJISIE  IiJABUIINTH
NPOJYKTUBHICTh IMITAI[IHHOTO MOJIENIOBAHHS  PyXY
iHpopMalii B TENEKOMYHIKAaLIfHUX cUCTeMax Ta
KOMIT'FOTEPHUX  MepeXkax, TOMY aKTyalbHHM €
MOJAJBIIMN PO3BUTOK Ta BUBUEHHS TAKUX CHCTEM.

—Ha ocHoBi cmpomenoi  merpuku  N(ke)
noOyJOBaHO  AQHANITHYHHHA  BHpa3  pO3paxyBaHHS
(bpakTanbHOI PO3MIPHOCTI pPe3yJIbTaTy TIeHEepyBaHHS
OiHapHOTO YHCIIOBOTO pSITy Ha OCHOBI JIaHITIOTA
Mapxosa.

— Bigmiuero 3aJIeKHICTh (paxranpHOT
PO3MIpPHOCTI Bill JOBXKHHHM NPOMIKKY, Ha SKOMY

MIPOBOIUTHCSA PO3PAXyHOK (paKTaIbHOI PO3MiIpPHOCTI, Ta
3pOOJICHO TPUITYIIEHHS! PO MOBTOPEHHS BIIACTUBOCTI
MYJIbTUQPAKTAIBHOCTI Ha KIIACHYHUX METPUKaX, TAKHUX
SK paxyBaHHS PO3MIpHOCTI Ha ocHOBi R/S amamizy a6o
po3MipHOCTI MiHKOBCHKOTO.

—3 Meror TepeBipKM  IpHIyIIeHHS  Oyio
NPOBEJICHO  YHCEJIBHUHA  EKCIEPUMEHT, SIKHH 3
HaJilHicTIO BUOTY 332 99% miATBEpAMB NPUIYIICHHS
PO MYJIBTH(PAKTAIBHITE YUCIOBOI IOCIIIOBHOCTI, 110
OTpHMaHa reHepaTopaMH Ha JaHIforax Mapkosa.

—Pobota ™Moxke OyTH TpOJOBXKEHAa 3 METOIO
pO3pOOKKM METOJIB Uil KepyBaHHs Iapamerpamu
MYJIbTA(PAKTATHHOCTI, a00 MOXKIUBOCTI yCYHEHHS
MyJIbTH(PaAKTATBFHOCTI B pa3i moTpedw.
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OOCNIMKEHHA NNAT®OPMU ANSA PO3POBKU OOOATKIB "FIREBASE", MOIO
NMPAKTUYHE 3ACTOCYBAHHA

Firebase — 11e inrerpoana miarpopma Google mst
PO3pOOHUKIB, sSKa JOIMOMOXKE IIBHIKO CTBOPIOBATH
BUCOKOSKICHI JIOJIaTKH, PO3IIMPIOBATH 6azy
3alliKaBJICHUX KOPHUCTYBadiB 1 30UIbIIYBATH MPHOYTKH.
Jo miarhopMu BKIIOUYCHO KOMIUICKC IHTETPOBAHHX
(yHKIIIH, SKi MOXKHA ITOETHYBATH H CyMIIIaTH, 30KpeMa
MOOUTLHUIN cepBep, 3acO0M aHANITHKHA, a TaKOoX
IHCTPYMEHTH BJIOCKOHAJCHHS W MOHeTH3auii Juis
MaKCHMaJIbHOI YCIIIITHOCTI JTOATKiB.

Higrprmye i0S, Android, Unity, C++ ta Web.

o6 momatm Firebase y momaTku, HEOOXiTHO
BUKOHATH HACTYIIHE:

1) 3B’spxiTh momatkw i3 wiardopmorio Firebase;

2) interpyiire SDK Firebase y cBoi mogatk.

OcHoBHi ciyx0u Firebase:
— Firebase Analytics — pimenns a8 OMiHKA

3aCTOCYHKIB, sIK€ Ja€ 3MOTY O3HallOMHTHCH i3
BUKOPHCTaHHAM  3aCTOCYHKIB ~ Ta  3aJly4CHHSIM
KOPHCTYBaYiB.

— Firebase Cloud Messaging — me kpoc-
mwiatpopMoBe  pIlIEHHS U1 TOBIIOMJICHB 1

HOTU(}IKaIi}, sKi Hapa3i MOXXHa BHKOPHCTOBYBATH
6E3KOIITOBHO.

— Firebase Auth — une cunyxba, sika Moxe
ayTeHTH(]IKyBaTH  KOPUCTYBayiB, BUKOPHCTOBYIOUH
JMIIe KOJ Ha CTOPOHI KiieHTa. BiH minTpumye
comianbHi  JioriH-TipoBaiaepu  Facebook, GitHub,
Twitter, Google Ta Google Play Games. Kpim Toro,
BOHa BKJIWOYa€e B cebc CHCTEMY  YIpaBIiHHA
KOPHCTYyBa4aMH, 32 JOIOMOTOI0 SIKOI PO3POOHUKH
MOXYTh YBIMKHYTH aBTCHTH(}IKAIil0 KOPUCTyBada 3a
JOTIOMOT00 BXOAY 3 €JICKTPOHHOI IOLITH Ta Hapois,
110 36epiratotbes B Firebase.

— Firebase Database — us cuyxba Hajgae
po3poOHuKam  3acTocyHkiB  APl, skuit  mo3BoIISIE
CHHXPOHI3yBaTH JaHi 3aCTOCYHKIB MK KJII€HTaMH Ta
30epirat ix y xmapi Firebase. baza maHux Takox
moctymHa uepe3 REST  API.  Po3poOHukwH, sKi
BUKOPUCTOBYIOTH  Realtime  Database,  MoXxyTb
3aXUIIaTH CBOi JaHi 3a JIOTIOMOTOI0 TIpaBWiI OE3MEKH,
1110 3aCTOCOBYIOTBCSI Ha CEpBEP.

— Firebase Storage — 3abesmeuye HapiiiHe
3aBaHTQXKCHHS Ta  BUBaHTaXEHHsA  (aimiB  and
3actocyHKiB Firebase He3anexHO Bifl IKOCTI MEpexi.

Po3poOHMK MOXKE BHUKOPUCTOBYBATH WHOTO JIJIs
30epiraHHs 300paXKeHb, ayJio-, BilEO- YM IHIIOTO
BMICTy, CTBOPEHOTO KOpUCTyBauaMHu. 30epiraHus
Firebase nmigrpumyethest Google Cloud Storage.

— Firebase Hosting&Functions — ue cratuunuii ta
TUHAMIYHANA BeO-XOCTHHT, sSKHU Oymo 3amymeHo 13
TpaBusa 2014 poky. Bin miaTpuMye XOCTHHT CTaTHIHUX
(hatimiB.

[pakTHyHEe BUKOPUCTAHHS

Cnig 3a3HauutH Te, 1O IwiatrhopmMa JIyKe
MOMYJIIPHA Cepell PO3POOHMKIB HA PHHKY ayTcopcy.
JiticHo, sk MoxkHa mobOaumtu, Firebase Hamae
MEpPEeTiYCH] BUINE MOCAYTH, IO € IyXKEe 3PYIHUM IS
MIBUIKOT Ta €KOHOMHOI pO3pOOKM MPOTrPamMHOTO
MPOAYKTY.

B mpomeci pobotu Han nomoimmro OyB oOpanHuit
IUISX TPAKTHYHOTO MOCTIDKCHHS, a caMe peaizamii
“demo”-mpoeKTy — HEBEIUKOTr0 MOOITBHOTO JOAATKY
U1 0OMiHY TEKCTOBUMH TIOBIIOMIICHHSMH B PEXHMIi
peasnpHOrO Yacy. byno cTBopeHo oxpasy 1Bi Bepcii, amst
JBoX omepariinux cucrem: s Android i mmst i0S.
KokHa 3 HHX OymyeThCsl BUKJIIOYHO Ha BOYIOBaHUX
MOXJIMBOCTSX CHCTeM Ta 3acobaX, M0 HaJIaroTh
6eskomToBHi ciyx6 Firebase.

import UIKit
import Firebase

ation(_ application: UIApplication,
didFinishLaunchingWithOptions launchOptions:
[UIApplication.LaunchOptionsKey: Anyl?) -> Bool {
FirebaseApp.configure()
GIDSignIn.sharedInstance().clientID =
FirebaseApp.app()?.options.clientID
return true
}
func a ication(_ app: UIApplication, open url: URL,
options: [UIApplication.OpenURLOptionsKey : Anyl) ->
Bool {
return GIDSignIn.sharedInstance().handle(url,
sourceApplication:options
[UIApplication.OpenURLOptionsKey.source
as? String, annotation: [:])

lication]

Puc. 1. Inrerpanis Firebase B nogaTok
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YAHHUKU E®EKTUBHOCTI AOMIHICTPYBAHHA MEPEX

OpnHi€l0 13 OCHOBHMX NEpeIyMOB I1HHOBAIIHHOTO
PO3BUTKY €KOHOMIKM YKpaiHH € PO3BUTOK PHHKY
IHKUHIPUHTY. [mxuUHIpHHTOBI TIOCITYTH 1010
3a0e3nedyeHHs e(peKTHBHOCTI [F0YOr0 BUPOOHUIITBA Ta
peanizarlii BUTOTOBJIEHOI TIPOIYKIIi1 BKIFOYAIOTh HE TUTBKA

poboTH, cCHOpsAMOBAaHI Ha  ONTHMI3AIiI0  MPOILECIB
eKCIDTyaTallii, TIOJTITIIICHHS (hyHKITIOHYBaHHS
TEXHOJIOTIYHUX  JIiHIM, TIONMNIEHHS  MaTepialbHO-

TEXHIYHOTO TOCTa4YaHHs, MEHEIKMEHTY Ta MapKEeTHHIY,
miaoopy 1 MiIrOTOBKU KaapiB, peKoMmeH il 3 (hiHaHCOBOT
MOJITUKK. 3HA4YHA JIOJSl YCHIXY MiIIPUEMCTBA 3aJICKHUTh
BiJI 3aJTy4eHHsI 10 iHpOpMaliiiHIX cUCTEM

OcHOBOIO 111 TIOOYZIOBU Cy4acHUX 1H(OpMALiHHUX
CHCTEM CTajJd KOMITIOTEpPHI Mepexi Ta MepexkeBi
TexHOJNOTii 00poOKu iHpopmamii. JlokameHi Mepexi
OCTaHHIM YacoM € OOOB'S3KOBOIO TIPHHAJIEKHICTIO OYIb-
sakoi kommadil. B Takux cdepax sk OaHKIBChbKa CIIpaBa,
CKJIAJICBKI oOmepamii BENWKNX KOMIIaHiH, eJIeKTPOHHI
apxiBu 0i0NOTEK MPOCTO HEMOXIMBO oOiiTHCS 0e3
JIOKIBHUX Mepexk. B mux cdepax KokHa OKpeMo B3sita
poboya CTaHIliss B MPHUHIMIOI HE MOXe 30epiraTé BCiei
indopmarii yepes 3aHaaTo Beimkuid ii oOcsr. diHaHcoBa,
ckiazicbka abo 0ibmoTeyHa iH(pOpMAaLlis 3HAXOJUTHCS B
CTaHl TMOCTIHHOI 3MiHM. B Takux ymoBax HiATPHUMYBaTH
IUTICHICT 1 TOYHICTh JEKUIHKOX KOMil 0a3u JaHUX MPOCTO
HEMOJKIJIMBO.

CTBOpEHHS Ta BIPOBAHKEHHS KOMIT'IOTEPHOI Mepesxi
€ CKIQJHAM KOMIUIGKCHUM 3aBJaHHSIM, SIKE BHMarae
Y3TO/DKEHOTO pilIeHHs Ta 3a0e3MeYeHHs] MOXIIMBOCTI
JIOCTYITy KOPHCTYBaYiB 0 PECYPCIB 3arajibHOI MEpexi.
3a0e3neynTH Tpane3aTHICTh Ta Oe3NeKy KOMIT'IOTEpHOI
Mepexi  3matHe 11 agMiHicTpyBamHs.  Cucrema
aIMIHICTpYBaHHS € CYKYIHICTIO CHOCOOIB, 3aco0iB i
TEXHOJIOTIH, IO peati3yloTh (YHKUIT aaMiHICTpyBaHHS
Mepexi. [OJOBHOIO  METOIO  CTBOPEHHS  CHUCTEMH
anMIHICTpYBaHHS € 3a0e3MCYCHHsS BHKOHAHHS BCIX
¢y, nepenbayeHHX MEPENIKOM TEPIOJUIHUX 1
eMi30AMYHNX 3aB/aHb AAMIHICTPYBaHHS. AJIMIHICTpaTOp
MEpexi, SIKHi 04OoITIoE CITy>KO0y aaMiHICTpYBaHHS, IOBUHEH
OyTH eKCIIepTOM 3 IHTaHb (YHKI[IOHYBAaHHS CHCTEM i
MEpEeX, BMITH 3HAXOJUTH KOMIIPOMIC MK BHMOTaMH
KOPHCTYBaYiB Ta MOKJIMBOCTSIMH iX pealizariii y cHCTeMi.
IIpaBmma, mo po3pobisie CHCTEMHUIT amaMiHICTpaTop,
MOBUHHI 0a3yBaTHCSl HA TPHOX OCHOBHHUX ITOJIO)KEHHSX:
MakCHUMaJbHUI ~JIOCTYyIl KOPHUCTYBa4iB JO BJIACHHX
pecypciB; MakcUMaIbHe 0OMEXEHHS JOCTYILY 0 pecypciB
IHIIMX KOPWCTYBAadiB; BiANIOBITAIBHICTE KOPHUCTYBAJiB 3a
30epekeHHs  BIAacCHUX  pecypciB.  Jlims  ycmimmHOTro
aJIMIHICTPYBaHHS, OCOOJIMBO CKJIQJHUMH KOMITTOTEPHUMH
Mepe)xaMH, HeoOXiJHe 3aCTOCYBaHHsS HOBITHIX 3acCOOIB i
CHCTeM  aBTOMaTH3alii IMX  mpoueciB.  3aco0u
aIMIHICTPYBaHHSI MepeX € e(PEKTHBHUM IHCTPYMEHTOM

YIOCKOHAJICHHS! yIPaBJIiHHS POOOTH MEPEKi, B TOMY YHCII
B TAKMX 00JacTsIX KOMITTOTEPHOI MEpEiKi, SIK CHCTEMHE Ta
MepexeBe aaMiHICTpyBaHHSA. MOHITOpHHT Mepex 1
CepBICIiB € HAMOLIBII BaYKIMBUM IHCTPYMEHTOM ITiITPHMKH
OesmepebiitHoi poOOTH TimIpHEMCTB. 3i 30UTBIICHHAM
HAaBAHTAXKCHHS Ha MEPEXy IOCHIIOIOTECS BHUMOTH 10
IIBUAKOCTI OOpOOKHM MaHUX, poOOTH Mepexi, cepBepis,
OAATKiB 1 CXOBWIN JaHWX. lIpamne3maTHICTb Mepex
MOXJIMBO 3a0€3MeYUTH B pasi MOCTIHOTO KOHTPOMIO i
aHamizy poOOTH KOMIIOHEHTIB iH(pacTpykrypu. Came
TOMY PIILICHHSI MOHITOPHHIY Mepexi, poOOTH JOATKIB i
CepBEPIB JKUTTEBO HEOOXIAHI i1 Cy4acHOro Oi3Hecy.
lapaHTit0o MakCHUMallbHO IPOJYKTHUBHOI POOOTH Mepei
3a0e3MeUnTh HAsBHICTH TOYHOI CXEMH 1 JOKyMEHTAIlil
MepeXi, TOTOYHOI TOMOJOTIYHOI CXEeMH JIaHIora i
JOKITamHOI iH(opMarii mpo MepekeBe 00JIaTHAHHS, HOTO
KoH(QIrypamii, mpoTtokomu, I[P-axpecw, kaHamu 3BSI3KY
WAN, cepBepH i CErMeHTH 11 KOPUCTYBaYiB JIOKAJTEHUX
Mepex. CTBopeHHs1 0a30BOi JiHII MO3BOJSE OIHIOBATH
poOOTy Mepexi B MOTOYHMI MOMEHT. Bainpo, 100
3MIHA B HAJAlITyBaHHI Mepeki Oyiau OOIpyHTOBaHI Ta
3aJ0KyMeHTOBaHi.  [IpocTilia  TOMOJIOTISI  CHPHSE
3MEHILEHHIO Yacy Ha IMOUIYK MpoOJieM, 10 BUHUKAIOTB,
CIIpusie TJBUILEHHIO OE3MeKH 3aBISIKM KOHTPOJIO 3a
MapuIpyTi3aTopamu. 3acodamu  onTuMizamii  poOoTH
Mepexi € cydacHe oOiamHaHHS 1 KOHQIryparii mporpam.
JDxepenaMyl TOKpAIeHHs POOOTH MeEpexi € HOCTaTHs
OIlepaTUBHA IMAM'SITh CEPBEPIB, IMOTYXKHICTh IMPOLIECOPIB.
CerMeHTaLis Mepexi TAKOXK € BOXKJIMBUM YHHHUKOM, BOHA
po30uBae ii Ha OKpemi (YHKIIOHAJBbHI  JIAHKH,
MiZBULIYIOYM THUM CaMHM 3arajlbHy HpOJYKTHBHICTB,
0e3reKy 1 HaIiiHICTb.

EdextuBHiCTh  (QYHKIIOHYBaHHS  KOMI'IOTEPHHX
MEpeX CYTTEBO 3aJIGKHUTh BiJ O0OCIyroByHO4Oro i
VIIPaBIiHCHKOrO  MEpCOHajly,  NpOrpaMHO-arapaTHUX

3ac00iB 1 TEXHOJIOTIH CHUCTEMH aJMIHICTPyBaHHsS i YMOB
BHUKOPHUCTaHHS CUCTEMH aIMiHICTpyBaHHS [1].
OOcmnyroByrounii iepcona, (axisii MATPUMYIOTH ITOBHY
1 TOCTIfiHy TIIpane3JaTHICTh KOMITIOTEPHOI Mepexi, Il
BUCOKY TIPOJIYKTHBHICTb, O€3NeKy, IiarHOCTHKY 1
Bi/THOBJICHHS, YIPABJIHHS KOPHCTYyBayaMH 1 BHpIIICHHS
BUpOoOHMUIMX 1pobieM. Ciyx0a aaMiHICTpYBaHHS Mepexi,
mo (DYHKIIOHYE B CKIIJli CIIy>KOM TEXHIUHOI IMTiATPUMKH,
Ma€ BUPIIIAIbHY POJIb.

Cnucok nitepatypu

[1] Amame Omep IOcud Moxammen, 'Maremarnyeckoe
MOJICIMPOBAHNE UM ATOPUTM  OLCHKH S(GHEKTHBHOCTH
CHCTEMbI AJMHHUCTPHPOBAHHUS JIOKAJIBHOH KOMITBIOTEPHON
ceTn', JMC. KaHI. TEXH. HayK, Kad. OTKPBITBIX HH(OPM.
cucreM MOCK. TOC. YH-Ta 5KOHOM, cTaT. 1 uHpopM., Mocksa,
2007.
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CMNOCOBU CMPOLLUEHHA 3AOAYI HENIHINHOIO NPOrPAMYBAHHA HA OCHOBI
KNACU®IKALIT OBMEXEHb

BaxnuBoro mpoOiiemMoro  3ajauy  HEJiHIHHOTO
nporpamyBanns (3HII) e Te, 10 BOHU MOKYTh MiCTUTH
BEJIMKY KUIBKICTh OOMexeHb. B mpoueci po3B’si3aHHs
3HIT Moske BUSIBHTHCS, IO YaCTUHY 3 IUX OOMEKEHb
MOXHa Oyno 0 BIAKMHYTH, IO 3HAYHO CIIOCTHJIO O
moyaTtkoBy noctaHoBky 3HIIL, THM caMuM, 3MEHIINBIIH
ii oOumcmroBambHy ckiamHicTh. Kpim Ttoro, 3HII
MOXYTb MaTd HpoOiieMy 0araToeKCTpeMallbHOCTI, SIKY
HE  3aBXKIM  MOXHA  BHPIIUTH  3BUYAHHUMH
MPOTPAaMHUMH 3ac00aMH, IO PEealli3yloTh YHCEIbHO
MOIIYK ONTUMYMY.

BararokpurepianbHi MEeTOU onrtumiszariii
JIO3BOJISIFOTh  €(DEKTUBHO BUPIIIYBAaTH 33jadi JIOCUTH
mupokoro kiacy. OcobnuBe Micue B LIHMX MeTojax
3aliMae HelliHiliHa cxeMa KOMIIpOMiciB abo 3roprtka A.
H. Boponina, yBenena B [1]. Bimomo, 1o, Ha BimMiHy
BiJl IHIIMX CKaJSIpHUX KpUTEpiiB, HENiHiNiHAa cXema
KOMIIPOMICIB ~ /I03BOJII€ 3HAWTH ONTHUMANBHUHA MO
[TapeTo po3B’s30K, a y BHNAAKY OMYKIMX YaCTHHHUX
KpHUTEPiiB — YHIMOJAIEHUH (6JHHUH) po3B’sA30K. Takox
HCK wmae BnactuBicTh O€3yITUHHOI afanTamii 10 pi3sHUX
CUTYaIIii, y SIKIX moTpibHO MPUHHATH
OaraTokpuTepiaTbHUAN PO3B’SI30K.

Meta ngaHoi poOOTH — PO3POOUTH Pi3HI CHOCOOH
CIPOIICHHS 33/1a4i HEJIHIHHOrO mNporpaMyBaHHS Ha
ocHOBi  HeumiHiiiHOT cxemu kommpomiciB  (HCK)
Boponina.

B poOoti HaBeneHi pi3HI CIIOCOOM CIPOIICHHS
3ajadi HENiHIHHOTO MporpaMmyBaHHA. B mmx 3amavax
cepell MHOXKMHM OOMEXEHb Ha JOIYCTHMY 00JIacTh
PO3B’SI3KIB  MOXYTh OyTH CYTT€BI 1 HECYTTEBI
oOMe)keHHS, SKi MOXKHa BIIKHHYTH, IO TPH3BEIE IO
CIIPOLIEHHS I0YaTKOBOT IOCTAaHOBKH 3HII.
Komnonentn mouarkoBoi 3HII, ToOGro i 1iboBa
¢yHKIiE 1 cucTteMa OOMEXEHb PpO3IJISAAIOTECS SIK
YaCTHHHI KpuTepil B OaraTokpuTepiaibHiii MOCTaHOBII
3HII. PosrisHyTi pi3HI CKaJApHI 3TOPTKH YaCTUHHUX
KpUTEpiiB 1 TMpoaHami30BaHi iX MOMJIMBOCTI B
cnpomenni 3HIL. IlpuamineHo yBary MexaHi3my
B3a€MHIM  KoMmmeHcamii KOH(QIIKTHHX  YaCTHHHUX
KpUTepiiB, ska BiAOYBAa€ThCS MK HHMH B TIpoleci
onTHMizaii ckanspHoi 3ropTku [2].

Byna nmonmarkoBo cmpomieHa BXe  iCHyroua
OararokpurepianibHa Mozmens 3HIL.  IlpencraBneHus
3HIT Bemnmkoi  po3mipHOCTI  OLTBII  CKJIA/JHOIO
OaraToKpuTepiaIbHOIO 3a/1a9ero BHIIpaBIaHE

SHIDKEHHAM OOYHCIIIOBAIbHOI ckiaamHocTi 3amaa 3HIT.
3nificaroeTscs penykuist 3HIT Benmmkoi po3mipHOCTI B
3HIT menHmoi po3MipHOCTI, SIKy MOXHa PO3B’SA3yBaTH

3BHYAHUMU ONTHMi3aliiHuMu MeTonamu. Ha BiaMiny
BiJl IHIINX CKaJSPHUX KpUTEpIiiB, HEJNiHIHHA cXema
KOMITPOMICIB JI03BOJII€ 3HAWTH HENOJINIIyBaHUN abo
ontuManbHuid 10 Ilapero po3B’s30k, a y BHIAIKY
ONYKIUX YAaCTHHHUX KPHUTEpiiB — yHIMOJAIbHUI
(emuunit) po3B’sa30k. CkIamHa 3amada IPEACTaBIIETHCS
MPOCTIMIOI0 MOZEIUTIO, BHPAKEHOI0 CHCTEMOIO PiBHSIHD
HEBEJINKOT PO3MIPHOCTI.

B poOori HaBemeHmit cmoci®d copTyBaHHS
oomerxkxens 3HII 3a 3HauymicTIO 3a JOIOMOTOIO
OaratokputepianbHoi moctaHoBkd 3HII Ha OCHOBI Bxke
pO3po0IeHOr0  Ccrmoco0y  COPTYBaHHSA  YaCTHHHUX
KpHUTEpiiB B OaraToKpUTepiaibHill NOCTaHOBLI 3ajadi
[3].

B pobOoTi TakoX  PO3pPOOJICHHH  aNrOPUTM
coptyBanHs oOmexxenr 3HII 3a 3Hauymictio 3a
nornomoroto HCK. B naHoMy BHMaaky CHpOIIEHHS —
3HWKCHHS PO3MIPHOCTI 3a JIOTIOMOTOI0 BiIKHIaHHS
00MEXEHB, BiJl IKNX PO3B’ 30K 3HAXOANUTHCS JTAJICKO.

HaBenemo rmepeBard anropuTMy — COPTYBaHHS
oomexxenr 3HII, 1m0 3miMCHIOETBCA Ha  OCHOBI
knacudikaropa HCK:

1. Obmexernns 3HII copryroTbcs 3a CTyImeHEM
KOH(IIKTHOCTI 3 X HOAIJIOM Ha HaNpyXKeHi 1 CIOKIiiHi.

2. TlouarkoBa 3HII cmpouryerscs, 60 MICTUTD
TIIBKH OOMEKEHHS, M0 KOHQUIKTYIOTh 3 MiJIbOBOIO
¢byHKIIi€0, 10 1 TOKa3aHO B HABEJCHUX MPHUKIIAaX.

TakuM 4YMHOM, BUKOPHUCTaHHS CKAJIIPHOI 3rOPTKU
Yy BHUIVIAII HENiHIHHOI CXEMH KOMIPOMICIB y SIKOCTI
knacudikaropa 0oOMexeHb JTO3BOJISIE 3BECTH
PO3B’A3yBaHHS CKJIaTHOT 3amayi HEJIHIHHOTO
MPOTpaMyBaHHS /10 MPOCTIIIOl, THM CAMHUM 3MEHIIUBIIH
oOYHCITIOBANIBHY — CKJIamHICTB. B 1mpoMy  cmoco0i
CHpOIICHHS BHUKOPHCTaHHS CKAaJSIPHOI 3TOPTKH Y
BUTJISIII HEJIHIHHOT CXEMH KOMIIPOMICIB — 1€ HE CIOCI0
po3p’s3annst 3HII, a croci6 crpomenns 3HIT Bennkoi
po3miprocti B 3HII wMmamoi posmipHOCTi, sKa
BHPINIYETHCS BiJOMUMH METOJaMH.

Cnucok nitepaTtypu

[1] A. H. Boponun, FO. K. 3uarmunos, O. 1 .Kosnos, u
B. C. Yabanto, BekropHasi onTUMH3alMs IUHAMHUYECKHX
cucrem, Kuis, Ykpaina: Texnika, 1999.

[2] A. A. 3acsinpko, "3HIKEHHS 00YHCITIOBAIBHOT CKIIATHOCTI
B 33ha4i  HENIHIHHOTO  MpOrpaMyBaHHS  BEIUKOL
posmipaoct”, Bicauk YBC, Ne2(23), c. 158 — 162, 2016.

[3] A. A. Bacsapko, “JIBa Taria METOAUKH TMOKOM afantanum
B 3aJa4yaX MHOTOKPHTEpUAILHON omTumm3aiuu’”’, BicHuk
YATY, Ne.2, ¢. 14 - 17, 2002.
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CUCTEMA BIOOAJNIEHOINO KEPYBAHHA KPYFOBOI AOLLYBAJIbHOI MALLIMHA
HA BA3I TEXHONOT I IoT

[Iporno3zoBane 301IBIICHHS YUCETBHOCTI
HAaceJIeHHA Ta TMOTpeOM B MPOAYKTaX XapyyBaHHA
OCTaHHIM 9acOM MOTHBYE MPUHHATTA pilleHb y Taly3i
iHpOpMamiHHUX TEXHONOTIH y pamMKax MiAXOIIB [0
TOYHOTO CLIBCBKOTO TOCTOAapcTBa. ToMy, CLIBCBKE
TOCIOIAPCTBO ~ TIOCTYNIOBO  IIEPETBOPIOEThCA ~ Ha
BHUCOKOTEXHOJIOTIYHY Taly3b, a 3acTOCYBaHHA BCIX
TEXHOJIOTIH B  CyKYIHOCTI  3a0e3ledyye  iCTOTHE
MiBUIICHHS C©(QEKTHBHOCTI TOCIOAApPCTBA  ILISIXOM
peaizanii Tak 3BaHUX CHCTEM TOYHOT'O 3eMJIEpOOCTBa.

OnHak, BITYM3HAHL BUPOOHUKHU CUIBCBKO
roCroJIapchKoi MPOAYKII Ta IMPOJOBOJILCTBA, B CHITY
pI3HUX TPHUYWH, B TOMY YHCJII Yepe3 HU3BLKHH PiBCHb
3a20e3MeUeHOCT] CyJYacCHUMH ITU(PPOBIMH TEXHOIOTiIMHU
1 TEXHIYHUM OCHAIICHHSM, BiJCTAIOTh BiJ BUPOOHHWKIB
NPOBIJHUX KpaiH B TaKMX 3HAYYIIUX ITOKa3sHHKAX 5K
MPOAYKTUBHICTE TIpali, COOIBapTICTh MPOAYKIIi Ha
OJTHOTO TPAIiBHUKA, BPOXKAHHICTh 3 OHOTO IeKTapa iH.,
HE 3aBXIU MOXYTh COOI JO3BOJMTH 3aCTOCYBaHHS

pPO3YyMHHX  pilieHb.  BHOpoBa/pkeHHS  Cy4YacHUX
iH(hOPMAIIHHO-TEXHOJOTTYHIX  PillieHh  JI03BOJHUTH
3HA4YHO CKOPOTHUTH BUTPATH, I IBUIIUTH

NPOJYKTUBHICTh Tpaii i sKicTh Nmpoaykuii. [HTepHer
peueii (IoT) Bimirpae BupillanbHy pOjb y PO3YMHOMY
cimbchKOMY TocnofapcTsi. Po3ymMHe 3eMiepoOcTBO — e
HOBa KOHIENIsA, OckinpkM paruukd loT 3marHi
Ha/aBaTH iH(GOpPMAIIO MPO CBOi Taly3i CLIBCBKOTO
roCIoJapcTBa.

Cepen  po3poOHHKiB  cremiamizoBaHux  [oT-
mathopM sl CUTBCHKOTO TOCIIOAApCTBA IMOLIMPEHI
taki cBiToBi rpaBui: Farmmobile, OnFarm i Farmers
Business Network, Monsanto Company, Libelium,
CLAAS, John Deere, Horsch. Jlesiki 3 HUX, HAITPUKIIAJ,
OnFarm  Ga3ytotbcs Ha  yHiBepcambHux  loT-
aThopmax.

CporoziHi iHHOBALiHI TEXHOJIOTII B CLIBCBKOMY
TOCIO/IapCTBl  BIPOBA/DKYIOTBCS ~ TOYKOBO, a He
KOMIUIEKCHO B OCHOBHOMY BEJIMKUMH arpOXOJIAMHTaAMH,
aJie JuIst CTablIBHOTO MOBCIOHOTO PO3BUTKY CUIHCHKOTO
roCIo/IapcTBa JaHi TEXHOJIOTIi NMOBUHHI OYTH JOCHTH
JOCTYIIHUMH Ta 3pPO3YMIIMMH JJISI BUKOPHUCTAHHS

MIPUBATHUMU T IPUEMIISIMH, bepmepamu Ta
KOJITOCTIAMH.

Y pOCIMHHHMITBI HOBI TEXHOJIOTIYHI pilICHHS
MOB’si3aHI 13 CENIEKINIIfHOI0  pOOOTOI0, TEHHOIO
IH)KeHepielo, OpTaHIYHUM 3eMJIepOOCTBOM,
MIKPO3pOIIEHHAM Ta iH. Y 3B’A3Ky 3 THM, IO
KIIMaTH4YHI yYMOBHM OCTaHHIX pOKIB 3yMOBIIOIOTbH

3HW)KEHHS 3JIaTHOCTI IPYHTY 3abe3nevyBaTu
CLITBCBKOTOCTIONAPCHKI pociauHA CIPHATINBAM
TEeMIEpPaTypHHM  PEKHMMOM  Ta  BOJIOTICTIO B

ONITUMAITBHIN KIIBKOCTI. JJISI CTBOPEHHSI YMOB POCTY i
PO3BUTKY POCIIMH BHHHKAe ToTpeda B 3abe3ledyeHHI
POCTIHH BOJIOTOIO 3TiAHO iX OloNOTiYHMX TOTpeOd, Ayt
OTPUMaHHS MaKCHMAJIbHOI KiJTBKOCTI IPOTYKIIii.

ToMy, BaJIMBMM  HalpsSIMKOM €  HayKOBE
OOIPYHTYBaHHS Ta pO3pOOKa HOBOI TEXHIKH IS MTOJUBY
3  BpaxyBaHHAM CBITOBHX TEHACHIi  PO3BUTKY
Metiopartii.

Jns monmuBY ClTbCBKOTOCHOIAPCHKUX  KYIBTYP
CTBOPCHI pIi3HI [OI[yBaJbHI YCTAHOBKH, MAIIHUHH,

arperaTu Ta oONagHaHHA. Y CTAHOBKH OTPUMYIOTH BOIY
M7 HAmoOpOM 3pONIYBANBHOI Mepexi Ta He MAaroTh
MPUCTPOIB ISl TEpecyBaHHA MO TOJHMBHI IUIOIMIL.
MammHy, SKi MOMUBAIOTh BiJl HAIOPY B MEPEXi, ajie
MalOTh CBif TPUBIA U1 TepecyBaHHI. 3HAHHI
KOHCTPYKIIi Ta MOXJIMBOCTEH MaHUX JIOIIYBaJIbHUX
MAIIHH JI03BOJISIE BU3HAYHUTH [I0JaJIbIIOI0 HANPABJICHHS
1X YIOCKOHAJICHHS, SIKAH BIAIMOBIAE CydaCHOMY PiBHIO
PO3BUTKY CLIILCHKOTO TOCIIOAaPCTRA.

Cucrema BiJIaieHOTO KepyBaHHs 1 BipTyaumizaril
JIONIYBaJbHOI MAIMHHU, sKa BifoOpakae Ha maHelwi
oreparopa iHPOPMAIIi0 PO PEKUM pOoOOTH, HAMIPSIM Ta
OIBUIKICTE PYXy, PEXHUM pyXy, CTaH KiHIIEBOTO
BOJIOMETY, TIOJIOKEHHS MAIIMHU BiTHOCHO MOYaTKOBOTO
MTOJIOXKECHHA, BiNOOpPa)KCHHA THCKY HAa BXOJi MAaIIWHH,
aBTOpEBEpC, IIOKAa3HUKH BiANpaIlbOBAHUX TOJWH, a
TaKOX iHQOPMALi Mpo aBapiliHy CHUTYyamilo: TUCK Ha
BXOAl Oinbmie ab0 MeEHIIE HOPMH, aBapis Hacocy,
HOPYIIEHHS JaHIora 6e3MeKu, MOpyIIeHHs MapaMeTpiB
SNIEKTPUYHOT  Mepexi €  Cy4acHOK  IPOBIJHOIO
cuctemoro Ha 0a3i IoT. JlaHa cuctemMa O3BOJISE
ONTUMI3yBaTH IITYYHE 3BOJIOKCHHS — MAaKCHMI3yBaTH
e(CKTHBHICT, 3pONICHHSA 3a JIOIIOMOTOK  I0Jadi
HeOOXiZHOT KIJBKOCTI BOAM Ha JIOKAJAbHI JUISHKH
TOCIOJAPCTB, KA IMOA0NAE Ae(IIUT BOAOCTIOKHBAHHS i
JIO3BOJIMTH POCIHHAM ITOBHOKO MIipOIO pealli3yBaTh CBIii
TCHETUYHUH MTOTEHINA.

OTXe, MePCHCKTHBHUM HANPSIMKOM € CTBOPEHHS
YHIBEpCAIBHHUX JIOIYBaJbHUX MAIIHMH 3 PEryIbOBAaHUMHU
napaMeTpaMH BUTpPATH BOIH Ta MapaMeTPiB LITYYHOTO
JIONy 3 BUKOPUCTAHHSIM HOBITHIX TexHoJorii. Tomy,
IO JIOUIYBaHHS Il TPHBAJIM Yac 3aUIIATHMETHCS
HEe3aMiHHUM CIIOCOOOM 3pOIIEHHS.

39


mailto:j.zdorovets@csn.khai.edu
mailto:minzukrarnik@ukr.net

VK 621.391

B.I'. IBanoB

vladimir-ivanov50@ukr.net

Hayuonanvnoiil opuduueckuii ynusepcumem umenu Apocnasa Myodpozo, Xapvros

CXATUE U3OBPAXEHUU HA OCHOBE METOAOB BbIAENEHUA U
KOOUPOBAHUA OBJIACTEM

XapakTepHO O0COOCHHOCTBHIO HM300paKEHUsI Kak
CHTrHaja ¢ 00JIbIION MH(POPMAMOHHOM N30BITOYHOCTEIO
ABJSIETCS HaJWM4YMe B HEM TIeOMETPHYECKHUX 00pa3os,
COJICPIKAaIllMX CBS3HBIE MHOXKECTBA OJM3KHX IO
3HAYeHHI0 (CHJIBHO KOPPEIMPOBAaHHBIX) OTCUETOB.
[TosTOoMy B cBsI3M ¢ ycnmexamu B OOJIACTH H3Y4EHUS
MEXaHN3Ma 3pPEHUs, paclio3HaBaHKs 00pa30B M aHAIH3a
CIIEH OTKPBIBAETCS €IIe OJHA BO3MOKHOCTh B OITMCAHUH
¥ KOAMPOBaHMH HM300paXKEHHH Ha OCHOBE KOHTYPHO-
TEKCTYpHOI MOJENHN, KOTOpasi CBOJUTCS K CETMEHTALUH
n300paKeHUss Ha OTACIbHBIC OONacTH (TEKCTYpHI),
OKpYXEHHbBIC KOHTYPaMH TaK, YTOOBI 3TH KOHTYpPHI MO
BO3MOXKHOCTH COOTBETCTBOBAJIN KOHTYpaM OOBEKTOB Ha
n3o0paxxennu. KOHTYpHas U TeKcTypHas MHpOpMAIHs
3aTeM KOJHUpYeTCs MO OTAEIBHOCTH. Maeornorus 3toro
HanpasyieHus Obuia 3amoxkeHa M. Kyntom B 1985 romy
[1] 1 Ha3BaHa uM “MeTobl KOTUPOBAHHS H300paKEHNUI
BTOPOT'O TIOKOJIEHUS .

bazoBoii cocTaBisOIEl MPeANoKEHHOTO METOAA
CKaTHs BTOPOTO TIOKOJEHHS SBISACTCS CErMEHTaIHs
M300paKeHMsI, TO €CTh pa3dONUeHNe ero Ha OJHOPOIHBIC
(B cMBICITE HEKOTOpPOTO KpHTepusi) obnactu. [Iporenypa
CerMEHTAllMN HaXOJUTCSl Ha CThIKE 3aJad 00pabOTKH H
pacno3HaBaHus H300pakeHH. B nutepatype Meronam
CETMEHTALMH IOCBSIIECHO OYEHb OOJBIIOE KOIUYIECTBO
nyONMKaluii, TepedeHb KOTOPHIX  3aKaHYUBAETCS
(yHIaMeHTaAIBHBIMH ~ TpyAaMu loHcameca [2] w
®Dopcaiita [3].

Ha mnepBoM »3rame mpeIoKeHHOTO MeTofa
KOJIMPOBaHMS N300pa)XKEHUH Ha OCHOBE BBIPAILIMBAHMS
obyacTeil 3MEeMEHTHl HM300paXKEHUs pas3leNsioTcs Ha
KOHTYpHBIE M TEKCTypHBIE. DTa Tpolenypa pa3ouBaer
N300pakeHNe Ha MHOKECTBO CMEXKHBIX 00acTeit ¢ TeM
YCIOBHEM, YTO U3MEHEHHUSI YPOBHS SAPKOCTH (pedb HIET
0 MOHOXPOMHBIX HM300pa)KCHHUSIX) BHYTPH 00JacTH He
JaBalii  pPEe3KWX pPa3phlBOB, TO €CTh KOHTYpOB.
CermeHTanusi n300paKEeHUST MPOBOAMWTCS B TPH dTarma:
npenodpaboTKa, BEIpaniiBaHue obiacTel U ycTpaHeHUe
aptedaxToB.

IIpenoOpaboTka mpeaHa3HAYECHA I COKPAIICHUS
JIOKILHOHM 3€pHUCTOCTH UCXOJIHOTO M300pakeHns U He
JIOJDKHA HapyniaTh ero KOHTypbl. OHa Hy)KHa ISl TOTO,
4yTOOBI TOCJIC BBIPAIIMBAHUS HE OKa3aJOCh CIHIIKOM
MHOTO MaJIBIX 00acTel, Tak Kak 3T Majble 001acTu He
COOTBETCTBYIOT, KaK TIIPaBWIIO, PEAIbHBIM OOBEKTaM

HUCXOOHOI'0 1/1306pa)1<eH1/151 U JJarT, TaKuM 06pa30M,

JIO)KHBIE KOHTYPBI. KiroueBast npobiema
npesoOpaboTKH COCTOMT B TOM, YTOOBI PEIIUTH JBE
NpOTUBOpEYAIlME JAPYr Jpyry 3ajadu: yHAajleHHe

MEJIKOW 3EPHUCTOCTH B HM300pPa)XCHUM M COXpaHEHHE
KOHTYpoB. J[laHHas 3ajada peliaeTcs NpH MOMOLIH
(GWIBTPOB, YaCTOTHBIE XAapaKTEPUCTHKH KOTOPBIX
aeKBaTHBl (WIBTPAM HIDKHHUX 4YacTOT B 00JacTsX
CBOOOIMHBIX OT KOHTYpOB H (Da30BBIM (HIBTpaM B
005acTIX BEICOKOTO KOHTpacTa. s nocTmxeHus ooee

KauyeCTBEHHOU peaoopaboTKH Tpebyercs
UTCPallMOHHOE IPUMEHEHHE JaHHOH IPOLEIYpHI.
OIHaKO C LENbI0 SKOHOMUH BPEMEHH Ha IPOBEJICHUE
CerMEeHTaLUH n300pakeHwsl, Hpouesypy
npegoOpaboTKM  MOXHO ~ 3aMEHHTb  MPOLEAYpPOM

oObearHeHnsT (BbIpallMBaHKs) o0jlacTel, Ha BTOPOM
srane cermeHTanuu. Mmeercs B Buny cienymwouee. Eciu
o0yacTh Maja, TO €CTh KOJMYECTBO NPUHAIICKAIINX eH

3JICMCHTOB MCHBLIC 3daJaHHOT'0 IapaMeTpa I_ TO

min
00BeIMHUTE 3Ty OO0NacTh MOXHO C TOH cocexHei
obnacTpio, KoTOpas Haubojee Onm3ka K Hed 1o
CpeIHEeMYy 3HAYCHHMIO YPOBHS SAPKOCTH, U TIOBTOPSTH
9TOT LIar MoKa He OYAyT yAaJeHbl Bce Majible 00JIacTH.

OCHOBHOM 3Tal CErMEHTAllMH — BBIPAIlUBaHHE
obmacrei, cocront B  cueaytomeMm. ObOmacry,
MOJIJIEKAIE BBIJICJICHHIO, I0JDKHBI XapaKTepHU30BaThCs
HEKOTOPHIM CBOWCTBOM. JTHM CBOHCTBOM MOTYT OBITb,
HarpuMmep,  ypOBEHb  SIPKOCTH Uil DJIEMEHTa
N300paKeHNs], BapUallly yPOBHS SPKOCTH WM SHEPTUH
BHYTPH 3aJjaHHOH mojockl gactoT. OT BBIOOpa 3TOTO
CBOMCTBA BO MHOTOM 3aBHCHUT CJOXHOCTH METOJAA
00paboTKN M TOYHOCTh KOHTYPOB, MOJYYEHHBIX IMOCIe
CerMeHTalllH.

Cnucok nuTepaTtypbl

[1] M. Kynur, A. Hxonomomynoc, u M. Korrep, Metomsr

KOAMPOBaHUsS  M300pOKEHHI  BTOPOrO  TOKOJICHHS,
THUWDP. 1. 73, Ne 4, ¢. 59 — 86, 1985.

[2] P. Toucamec, u P. Bync, Ludposas o6paboTka
m3obpaxxeHud.  M3manme  3-e,  HCOpaBIeHHOE U

nononHeHHoe, Mocksa, Poccust: Texnocdepa, 2012.

[3] A. ®opcaiit, u M. Tlonc, KommbroTepHOe 3peHHE.
CoBpeMeHHBI TOaXoA: mep. ¢ aHri., MockBa, Poccus:
Bunesmc, 2004.
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ABTOMATU3OBAHA CUCTEMA KEPYBAHHA TEMJTIMYHUAM rOCNMOAAPCTBOM

TenmudaHe TOCTIONAPCTBO — BUPOOHUIHH T APO3 LT
CLTBCHKOTOCTIOIAPCHKOTO MiANPHEMCTBA, SKE BHPOIIYE
B TEIUIMILIX IIEPEeBaXHO OBOYi 1 po3cazy OBOUYEBUX
KYJBTYp JUIS BIIKPUTOTO TPYHTA.

ABTOMaTH30BaHA CHCTEMa YIPABIiHHA JO3BOJIIE
OINITHMI3YBAaTH BHTPAaTH Ha YIPABIiHHA Ta YTPUMAaHHA
TEIIMYHOTO TOCIIOAPCTBA.

B gasmomy  mpoekti  Oyma  po3poOiieHa
AaBTOMATH30BaHa CHUCTEMa YNPABIIHHS TEIUIMYHHM
rOCIIOJIApPCTBOM, IO CKJIAIAETHCS 3 ABOX PiBHIB.

HwxkHill piBeHb SBISE COO0I0 MIKPOKOHTPOJEP 3
OIAKIIOYCHUMH 0  HBOTO  JaTYMKaMHA  PIiBHS
OCBITJICHOCTI, TeMIlepaTypu HOBITps, TeMIEpaTypH
TpyHTa, BoOJIOTOCTI TOBiTps, KoHHeHTpamii COo.
MikpoKOHTpOJep 3IIMCHIOE YIPaBIiHHA IT0JAYCIO
IoOprBa, TOJIMBOM, HATPIBaHHAM TPYHTA 1 OCBITICHHS
JUTS CTBOPEHHS HEOOX1THOTO MIKPOKIIIMATY B TETUTHIII.

OCHOBHUM JUKEPEJIOM €HEprii Uil pOCTy POCIUH €
CBITJIO, TOMY BCT@HOBJICHHS IITYYHHUX JDKEpes CBIT/Ia B
TEINIMYHOMY NPUMILICHHI J03BOJSE MPUIIBUALINTH
3pOCTaHHs BUPOIIYBaHUX KyJIbTyp. [Ipy npoMy mryuHe
OCBITJICHHsI 0a2)KaHO BUKOPHCTOBYBATH JIMIIE B TEMHHI
nepiox J00H, OCKIJIBKH MPUPOJHE OCBITICHHS € OLIbII
CIPUATIMBUAM JUIsL POCIMH Ta MIO3BOJISIE SKOHOMHTH
noTpiOHy JUIs 3a0e3leveHHs] IITYYHOTO OCBITICHHS
enekrpoeHeprito. s Toro, mo® BHU3HAYMTH, KOJIH

moTpiOHO BMHKATH 1 BHUMHKATH  OCBITJIFOBAJIbHI
MpUITAJIH, BUKOPHCTOBYETHCS IATYUK piBHSI
ocBiTIHEeHOCTI. JlaTYMK OCBITJIICHOCTI Iepegae Ha

MIKpPOKOHTPOJIEp MOTOYHE 3Ha4YeHHs piBHs cBiTia. Konn
pIBEHb OCBITJICHOCTI B TEIUIUI JOCSTa€ BiAMNOBITHOTO
MIiHIMyMy, MIKPOKOHTpOJIEp 3a JIOIIOMOTOI0 pejie
BMHKA€ JIaMIK B Teruuii. [Ipu 1boMy POCIMHH TaKOX
NOTpeOyIOTh ~ HIYHOIO  CIOKOIO, TOMY  JIAMIH
BUMHKAIOThCS B HIYHUA 4Yac, 1 BMHUKAIOThCS 3HOBY
yepe3 micth roauH. s Toro, mo0 BU3HAYMTH, KOJIH
MOXHa BUMMKATH ITy4YHe OCBITJICHHS,
BUKOPHCTOBYIOTh JAPYTMH JaTYMK  PIBHS OCBITJICHHS
330BHI TEILINLI].

Takox s 3abe3nedyeHHs mpouecy (oTocuHTE3y
pociunam notpiden Byraeus (COz). s peryntoBaHHs
pIBHS BYIJICKHCJIOTO Ta3y BUKOPHCTOBYETHCS IATYMK
koHmentpaitii CO- .

KosxHa pocnrHa MiCTHT NIEBHHUH piBEHb BOJH, IO
MOCTYIOBO ~ BUIIAPOBYETHCS  BOPOJOBXK  JHA  JUIs
oxonopkeHHs. Ilpn BHCOKOMY piBHI BOJIOTH B TOBITpI
el MpoIec CIOBUILHIOETHCS, 10 MOXE NPHU3BECTH JI0
nedopmanii  pOCIMHM  Ta  3HIDKEHHS  3arajbHOi
BpokaiHoCTi. JIIs1 KOHTPOJIO PiBHS BOJOTH B MOBITPI
TETUIUII BUKOPUCTOBYETHCS AaTYHK PiBHS BOJIOTH.

IIpn HU3BKHX TeMmmepaTypax IpOLEC 3POCTaHHI
YpO’Kar0 MOXE CIOBUIBHUTHCH, a y 3MMOBHH Iepiof
NpU3BECTH 1O 3aMep3aHHA. A  HAATO BHCOKa
TeMIepaTypa IOBITPSA 1 IPYHTY MOXKE NPHU3BECTH [0
3acHXaHHSA  Bpoxaro. Jlms  cIocTepekeHHS — 3a
TEMITEPaTypOIO BUKOPHCTOBYIOTBCS JATIUKH
TEMIIEPaTypH MOBITPS 1 TEMIIEPATYPHU IPYHTY.

JoOpuBa Ut pOCIHH Pa3oM 3 BOJOIO MOJIAIOTHCS B
OKpeMHi 0ak ajsl 3MilllyBaHHS, 3BIJIKH 33 JOIOMOTOIO
KpaIielIbHOTO TOJIMBY MOTPAIUIIOTh y IpyHT. [lonus
BiIOYBA€ThCA aABTOMATHYHO [Bi4i Ha 100y 3TiJHO
HaJIAIITOBAHOMY PO3KJIaIy.

BepxHiit piBeHb ABISIE OO0 MIKpOKOMI'IOTED 3
BCTaHOBJEHOI cepBepHOi cucTemoro. Ha  cepsepi
posramoBaHa 0a3a JaHMX, 3a JIOTIOMOTOIO  SIKOI
BifOyBa€ThCSA HANAINTYBaHHS IapaMeTpPiB  TETUIHII.
3MiHu B 6a3y JaHUX BHOCATHCS depe3 Web-nonatok, ne
MOXKHA BCTaHOBUTH PE&XKHM pOOOTH JUIsi KOXXHOI
TEIUIMLI, HaJNAIITYBaTH PEXUMH DPOOOTH, KepyBaTH
(GYHKIISIMH ~ TCIUTMYHOTO TOCHOJApCTBA B PYYHOMY
PEXUMI 1 IEPEryIsIaTH 3aIKCH PO MPOBEICHI omnepariii.
B3aemomiss BEpXHBOTO 1 HIKHBOIO PIBHS TEILIHII
3IIACHIOETRCS 3a JJOMMOMOT 00 MOyTiB ZigBee.

ZigBee — cranpapt Juis HabOpy BHCOKOPIBHEBHX
MIPOTOKOJIIB 3B'sI3Ky, 3acHOBaHWi Ha cTaHmapti IEEE
802.15.4-2006 mns 6€3IpOTOBUX MEPCOHATBHIX MEPEXK.
Jlo3Bosie CTBOPIOBATH Mepexi, 110
CaMOOPTaHi3yIOThCSI, 3 KOMIpPYacTOIO TOIIOJIOTI€I0 JUIs
MIMPOKOTO KOJIa 3aBaHb, MAIOUH TP IbOMY MaJIUi Yac
BIATYKY 1 HU3bKE €HEPrOCIIOKUBAHHSL.

Ilpy  yBIMKHEHHI CHCTEMH, MIKPOKOHTPOJIEP
BUKOHYE OIEpallil0 CaMOTECTYBAaHHS JJIs BHSBJICHHS
HecnpaBHUX a00 HE MiAKIIOYEeHHMX JHaTyukiB. B pasi
BUSIBJICHHSI HECIIPABHOCTI IIOCHJIAETHCS  BIATIOBIJHE
MOBIZIOMJICHHSI Ha BEpXHi pIBEeHb CHCTEMH, a
MIKPOKOHTPOJIEp MEPEXOJUTh y ABTOHOMHHUI PEXHM
poboTH, 1mo 3abe3neuye MiHIMaJIbHI YMOBH JJISI POCTY
pocimH. SKmo cuctemMa copaBHa, MIKPOKOHTPOJIEp
MOCHJIa€  3allUT HA OTPUMaHHA (YHKIIOHAJIBHUX
napaMeTpiB poOOTH TEIUIUII 3 6a31 TaHHX.

IIpu peamizarii naHoro mpoekTy Oymna po3pobiaeHa
cUCTeMa YNpaBIIHHA TEIUIMYHUM  TOCIOJAPCTBOM.
Po3pobrnena cuctema 103BOJISIE peanizyBaTH KOHTPOJIb i
peryIioBaHHS TEeMIEepaTypH TpyHTa i HOBITPs, BHMIp
BOJIOTOCTi,  YOpaBIiHHA  IOJMBOM,  YHPAaBIiHHA
OCBITJICHHSIM, aBTOMATHU3yBaTH MPOIEC MOJadi J0OpHUB
pocimHam. KepyBaHHS cHCTEMOIO MOXe 3IHCHIOBATHCS
AaBTOMAaTHYHO a00 BPYYHY 32 JJOIIOMOTor0 web-JoaaTka.
[lpy BUHUKHEHHI HECIIPaBHOCTI CHUCTEMa MOXe
MPAIOBATH ABTOHOMHO.
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NEPCNEKTUBU BUKOPUCTAHHSA KBAHTOBOI KPUMTOIPA®II ANA
MOBIJIbHUX MPUCTPOIB

Illupoke  pO3MOBCIOJKEHHS  PI3HOTO  poAay
TENICKOMYHIKAIlIHHIX MEpeX IpPUBENIO0 10 aKTUBHOTO
PO3BHUTKY 3ac00iB 37aMy Ta MiICIyXOBYBaHHS Iepenadi
iHpopMarii, 0 B CBOIO YEePry BHUKIMKAIO IHTEHCHBHI
pO3poOKKM Ta MJOCHMKEHHS pI3HOTO pOOy CHCTEM
3axucty iH(Qopmarii. KsanroBa kpumrorpadis —
CTIMKHMIA Ta HaAIHHUN METOX 3aXHCTy KaHAJiB 3B'I3KY
BiZ TIiJICIyXOBYBaHHS, SKHH BHUKOPHCTOBYETHCSA IIPH
nepeaayi iHdopMarlii 00’eKTaMu KBaHTOBOI MEXaHiKH
(oToHM B ONTOBONIOKOHHOMY Kabeii ab0 eNeKTPOHH B
eNeKTprUYHOMY Kabeni). 3axucT iHdopmallii 3aCHOBaHH I
Ha 3MiHI (I3UYHUX BIACTHBOCTEH 00’€KTIB MpH CIIPoOi
MEPEXOIUICHHSI CUTHAITY .

Januii MeTox 3axuCTy KOMYHIKalliif crae Bce
OiIbII aKTyaJbHUM Yepe3 MOsIBY TaK 3BaHMX KBAaHTOBHX
ANTOPUTMIB, fAKI 3HAYHO 3MEHINYIOTh HaaiHHICT
KIACHYHUX METOMiB Kpumrorpadii. PimmeHHIM MOXe
CcTaTh caMe cmocid  KBaHTOBOI  KpumTorpadii.
CrTBepmKyeTbes, MO JAaHUE cmocid Kpumrorpadii
3]aMaTH  HEMOXJIHMBO.  [IpomoHoBaHa  cucteMma
BUKOPHCTOBYE KIIIOYi, CTBOPEHI ONTHUYHHUM YiIOM, IO
He 30epiraloTbcsi 1 HE TMEpelalTbcs pa3oM 3
NOBiIOMJICHHSIM. B pe3ynbprari  iX  HEMOMIJIMBO
BIITBOPHUTH 200 MEPEXOTHTH.

Omun 3 QakropiB, sIKi CTPUMYIOTh IPaKTHYHE
BUKOPDHCTaHHS  JAHOTO  METOJYy €  CKJIAJIHICTB
amapaTHoro 3a0esmedeHHs. Ha 000X KIHIIX KaHAITy
MOBMHHO OYyTH BCTaHOBJICHA CKJaJHAa amaparypa —
JUKepena IMOOAMHOKNX (OTOHIB, 3acO0M YIPaBIiHHS
noJsIpu3amiero  QOTOHIB 1 UyTuBi Jerekropu. [lpu
OPOMY JJIsI BHUMIPIOBAHHS KyTa MOJspu3amii (OTOHIB
HEOOXiZTHO TOYHO 3HATH, sKe OOJamHAaHHA Ha 000X
KIHIIX ~ KaHaiay. Yepes 1€  MeTol  KBaHTOBOI
kpunTorpadii He MmiIX0IUTh IS MOOIIBHUX PUCTPOTB.

Ane B pe3yabTaTi JOCTIKCHb MPOBEICHUX
BYEHHMH Bpicronbcbkoro YHIBEPCUTETY Ta
nociigaunbkoro nentpy Nokia B KemOpimxi Oyio
3aIpOIIOHOBAaHO CHUCTEMY KBaHTOBOI Kpumtorpadii, npu
SKif CKJIagHe 0O0NaTHAHHA HEOOXIIHO TITBKH OJHOMY
YYacHUKOBI meperoBopis. Jpyruii mnmime Momudikye
craH (OTOHIB, KoaylouM [uM iH(popmamito, i
BiJmpaBisie ix Hazaj. Bce HeoOXimHe 0oONagHAHHS IS
IIBOTO MOXKHA PO3MICTHTH Ha OJUHOYHOMY YHI B
KHIIEHPKOBOMY TPHCTPOi. [IOCTHIIHUKK TPOIOHYIOTH
TaKOX BHpINICHHS MpoOJeMu opieHTamii 00jIa HaHHS.
BuMiproBaHHSI IPOBOJSITHCS] B BUMAAKOBUX HAIPSIMKaXx.

Cnucok HampsMKiB  Moxke OyTH  OIyOJiKOBaHHMN
BIJIKPHTO, ane npu po3mudpoBIL OynyTh
BpaxOBYBaTHCA TiJIbKM HAMPSIMKH, IO 30iraroTscs.
ABTOpPHM HA3WBAIOTh METOX ‘‘HE3aJIC)KHUM BiIl CHCTEMH
BIUTIKY KBAaHTOBHM pO3IONUIOM KIIOYiB”  (aHIIL
“reference frame independent quantum key distribution”
aobo rfiQKD).

Bei ckmamHi oOuYmCieHHS MO OOMIHY KITFOYaMH
mu(pyBaHHs BUKOHYIOTbCS Ha OJHIM CTOPOHI OOMiHY
naHuMmu. [Ipoctimie Kaxydu: cepBep € JDKEpelIoM
¢doroHiB, a MoOOUIBHMH mpuUCTpii Oyxe wmiue
Moau(ikyBaTH iX MO 3aJaHOMy airopurMmy. Takui
METOJl 3HA4YHO CIPOIIYE MPOLEAYPY KBAHTOBOI'O
mupyBaHHS 1 BUMOTH /10 amapaTHOTO 3a0e3IedeHHS,
aye HaifHICTh 1 CTIHKICTh IO 37aMy 3aJHIIA€ThCS Ha
BHCOKOMY DiBHI.

Anroputm rfiQKD mpamroe mocuth cTabiigpHO i
HafiiHO. JIOCTIAHUKH 3pOOHIIHN MOPIBHAHHS AITOPUTMY
rfiQKD 3  amropurmom  BB84,  crammaptHIM
QITOPUTMOM,  BHKOPHCTOBYBAaHMM B  KBaHTOBIH
kpuntorpadii. Konu yueni nomanu 1o mnepenaBaHOTO
CHUTHAJIy IIYMOBHH curHaji, anroputM BBS84 neraiino
npunuHsiB npamtoBatd. Hosuit  anroputm rfiQKD
BUSIBUBCS OLIbIIE 3aBaJI03aXUIIEHUM, BiH IPOIOBXKYBaB
NpallOBaTH HABITh TOJI, KOJIU PiBEHb IIYMY ITiHIMaBCS
Maike 10 TIOJIOBMHM 3HA4YEHHS pIBHI KOPHCHOTO
CUTHajy. Y TOMY BHUIAAKYy, KOJM KBaHTOBHUH 3B'A30K
MOpYIIyBaBCs i3 — 3a IIyMy, IICIS 3HIDKCHHS PIiBHSI
LIyMYy 3HOBY 10 JOITYCTUMOI'O 3HAYCHHS CHHXPOHI3allis
poboTtu pUCTPOiB BimOyBaxacs 3HOBY i MpaLe3aTHICTh
yCi€i cCTEeMH MOBHICTIO BiJTHOBITIOBAJIACS.

B pesynprari CcBOIX mpanb Y4eHI OTpUMAIH
CHCTEMY, sIKa 3MOXE CTaTH OCHOBOIO TEXHOJIOIIH
KBaHTOBOI Kpunrorpadii, BOy/Z0BaHOI B IIHUPOKUH psil
CJIEKTPOHHUX  TNPUCTPOIB,  HAJABIIM  MOXIJIUBICTh
KOPUCTYBATHCS OE3MEYHUMHU KOMYHIKAIISIMUA KOXHIi
JIFOUHI.

Xo4ya TpaKkTHYHE BHUKOPHCTaHHS  KBaHTOBOI
kpunrorpadii moku mo oOMexeHo, ajie 1eil HapsMOK
BBa)KAETHCS YK€ NMEPCIIEKTUBHUM, TOMY II0 KBAaHTOBI
3aKOHM  JIO3BOJIIIOTH ~ BHBECTH  METOAU  3aXHCTY
iHpopmanii Ha sikicHO HOBUH piBeHb. Ha choromHimHii
JeHb BXE ICHY€ IOCBiI IO CTBOPEHHIO 1 ampobamii
KOMIT'FOTEPHUAX MEPEeX, 3aXHUIICHUX METOJIOM KBaHTOBOI
kpunrorpadii — e€IUHMM Ha JaHWA Yac, SIKUH
HEMOJKJIMBO 3J1aMaTu.
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NOCTPOEHUE MOOENN AOANTUBHOIO CXKATUA HA OCHOBE IBONYHbIX
BUHOMUAJIbHbBIX YNCE

C menpr0 yBenW4eHHS OBICTPOACHCTBHS METOIOB
CKaTHsi W BOCCTAHOBJICHMS HAa OCHOBE JIBOWYHBIX
OMHOMHMAJIBHBIX ~ YHCENl, TIpPEeACTaBIeHHBIX B  [1],
NpezyIaracTcsi BBECTH B MOJENH IIPOLECCOB CXKATUS U
BOCCTAaHOBJICHHS  TPOIEAypy  BBIOOpa  CIIoco0oB
KOIMPOBAHUS [UIl HCXOAHOW JBOMYHOM N -paspsaHoOi
MOCJIEI0BATEIEHOCTH.

[pu  cxarum A j € A= { 0,1}n HEOOXOIMMO
HCTIONB30BaTh (QYHKIMIO fyy, CTaBANIyI0 B COOTBETCTBHE
HACXOMHOM TMOCHENOBaTeEbHOCTH A j BEIOOpPKY (k,Y j ) ,
roe Y j — PaBHOBECHAst KOMOMHAIIHS, HMEIOIast Yucio K
JIBOMYHBIX €IUHHUII, YJ- eY[n,k] (Aj :Yj ). Ecm

MONIyUYeHHOe 3HavyeHue K
HEpaBEHCTB BUJIA:

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

TO JIJIs KOJMPOBaHMs KoMOuHaImu Y j mcronmb3yercs

YIIOBJIETBOPSIET ~ CHCTEMeE

KogupoBaHue fp Ha OCHOBE JBOMYHBIX OMHOMHAJIBHBIX
quce XjeX[n,k], rme N u Kk — mapamerps

COOTBETCTBYIOIICH TBOWYHON OWHOMHAJBHON CHCTEMBI
cumncrnenus. Ecmu i 3HadeHuss K BBINOJHSIETCSI
HepaBeHCTBO op <K< /f4), To peammyercs Meroxn
BEKTOPHOro KojupoBaHus Ty, mepeBomsmtyto Y j B camy
ceos. Ilpm stoM B 06oMX ciaydagx K KOAUPYEMBIM
KOMOWHAIIMSM I ONHO3HAYHOTO  BOCCTAHOBJICHUS
nobapisiercss aBonynoe umcio Bink, T.e. BbimosnHsieTcs
JONOIHATENbHOE KoxupoBaHue fy . 3HaueHMs TpaHMIl
0y U [ CKaTus BBIBOASATCS M3 YCIOBHS, YTO JUTHHA
cxaroro o0pas3a AOJDKHA OBITh MEHBIIE JTHHBI HCXOTHOMH
Aj [2]. Ecnm xe
(k=0)v (k=n),
TO KoAaWpyeMas pPe3ylbTHPYIOmas KOMOWHAIIHS

Oyzer cocroste ToNbko W3 Bink, T.e. ucnome3yercs
TonbKo Merton komupoBamms fi . Takum oGpasom,

paccMatpuBaercst  otobpaxeHue Buma fpy IA—>Z,

KOTOpOe  3ajaercs (QyHkumed Zj = fbV(Aj ) , THme
Aj eA, a Z j€ Z

Aj =&ap..8..an, MOKET

NPUHUMATH  BHJ] Zj :(Bink,Xj), ij(Bink,Aj)

WITH Zj =Bink, j=12".

Mozens mnpolecca amanTUBHOIO CXaTus  fpy

JIBOMYHBIX  IIOCJIEOBATEIEHOCTEH Aj Ha OCHOBE

JIBOMYHBIX OMHOMHMAJIBHBIX dHcel X j cocront u3

CISYIOIINX ITAIIOB.

Oman 1. Otipenensercst KOIMIECTBO S Pa3psIoB UL
nBoudHoro mnpencrtasnenus Bink umcna k- enunw,
0<k <n, ucxomuoil N -paspsAHON MOCIEI0BATEILHOCTH

A =aa,..3..8,: s=[log, (n+1)].

Oman 2. TIponsBoautcs
JIBOMYHBIX €IMHUL] B HCXOIHON A j » TEM CaMbIM peayusyst

BBIUMCICHHE uMcia K
dyHKIIIO fW(Aj) u ompememisn  kmace Y [n,k]

PABHOBECHBIX  KOMOWHAITHIA,

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

K KOTOPOMY OTHOCHTCS

Oman 3. Beinonusietcss npeoOpasoBanue uucna K
eIIMHUII K ero aBondHoMmy Bumy Bink , cocrosimiemy u3 S
PpaspsiIoB.

Oman 4. Ecn uucno K ymOBIETBOPSET CHCTEME
paBeHCTB (2), TO pe3yiabTUPYIONIEH OyaeT KoMOWHAIus
Buta Zj = Bink . B mpoTuBHOM Cilydae BBIOIHACTCS

Hepexo]I K CICAYIOIEMy 3TaIly.
Oman 5. Ecn uncno K ymoBIeTBOpSieT CHCTEMe
HepaBeHCTB (1), TO 3HaueHMss N W K TIPeaCTaBIsIOT

coGoii  mapamerpsl  BouuHoil (N, K ) -GuHOMHATBEHOI

CUCTEMBI CYUCIICHUA W OCYHICCTBIICTCA peain3alust

CKUMAIOILIEr0 KOJAUPOBAHUS BHUIA fk ( fb (Y j )) =7 j- B

TMPOTUBHOM cjrydae BBITTIOJIHACTCA peanmsann

KoupoBanus Buma fi ( fy (YJ— )) = Zj )

Takoif aganTUBHEIA TOIXOI K BEIOOPY CIIOCOOOB
komupoBanus fy, wmm f,, mo3BoNseT yBEMMMUTH CTENEHB

COKaTus,  TOBBICHTH  CKOPOCTh  HH(OPMAIMOHHBIX
peoOpa3oBaHUil M PACHIUPUTH 00JacTh 3P(HEKTUBHOTO
HCTOJIb30BAHUS MPEJIaraeMoro MeTo/ia CoKaTHsl Ha OCHOBE
JIBOMYHBIX OMHOMHAITBHBIX YHCE.

Cnucok nutepatypbl

[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.

N. A. Kymik, A. WU. Hoeropomues, u M. C. llleBuenko,
"MeTo OLIEHKM TpaHull MPUMEHEHUs] CXKaTHi Ha OCHOBE
JIBOMYHBIX OMHOMUANBbHBIX uymcen", Cucremun 00OpOOKU
inpopmarii, Ne 2(157), c. 57 62, 2019. doi:
10.30748/50i.2019.157.07.
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METOAN BUBHAYEHHA BOTIB CEPEl KOPUCTYBAYIB COUIAINIbBHUX MEPEX

BipryanpHi  comiambHi  Mepexi  IOYHMHAIOTh
BiZlirpaBaT Bce OUIBIIY POJIb y CYCHUIBHOMY JKUTTI
3BHYAallHUX JIIOZIEH, TOMY BOHHM BCE 4YacTillle CTaloTh
cepenoBuIIeM iH(GOPMAIfHOTO BILIMBY. SIK TpaBMIIO,
TaKWil BIUIMB pealli3yeThcsi depe3 Mepexki OOTiB, 1o
HAMararoTbCs 3MIHIOBATH CYCHUIBHY JYMKY depes
MOMIMPEHHS BEIHMKOI KIJTBKOCTI CXOXKHX ITOBiJOMJICHD,
AKi  MICTITh  iH(GOPMAMiHHO-TICUXOJOTIYHI  TTOCHITH
notpibHOrO 3MicTy. i 3HEMKOKEHHS Mepex OOTiB
ICHYIOTh ~ Di3HI migxoau: OJOKYBaHHS aKayHTIB,
CIPOCTYBaHHSI HEJOCTOBIpHOI iH(opMalii, nomupeHHs
iHpopManii 3  NOPOTWIEKHUM  MHOCHIOM,  TOIIO.
[TepeBaxxHo akayHTH OOTIB OJIOKYIOTH, 200 OOMEXKYIOTh
Yy MOXJIMBOCTSIX. AJie Haiimepiie, mo tpeda 3aiiHCHUTH
JUIL  YCIIIIHOTO 3aCTOCYBaHHS JaHUX METOIIB —
ineHTUdiKamis 6oTiB. Metoan imeHTH(}iKamii OOTIB ciix
mrykaTtu cepen Data Mining MeTOiB, IO BKITFOYAIOTH B
cebe KiacTepH3alilo JaHWX, HEHPOHHI Mepexi,
EBONIONIIfHI Ta TEHETHYHI aITOPUTMH, CTATUCTHYHI
METO., KOPPEIALIHHO-pPErpeCUBHIH aHai3, TOMIO.

Sxi came MeToAM UM CYKYIHICTH METOIIB
3aCTOCOBYBaTH, @ TAKOX SIKI CTaTHCTHYHI MOKa3HUKH
BpaxoBYBaTH, IIpU BHABJIEHI OOTIB y cCoOIialbHUX
Mepexax — 3HAYHO 3aJeXUTh BiJl OCOONHMBOCTEH Ta
TEMaTHYHOTO CIpSIMYyBaHHsS BeO-pecypcy. AJie MOXHa
TOBOPUTH IPO MEBHI 3arajibHi MPUHIUIIH.

Hns  imenTudikamii akayHTiB OOTiB  MOXKHa
aHa3yBaTH HACTYITHI XapaKTEPUCTHUKHU 1X TPOQ1iIiB:

— MIBHOKICTH 3IIHCHEHHSA il — MpOrpaMu-OO0TH,
SKII0O PO3POOHMKM HE BHMKOPHCTAIOTH MOJEIIOBaHHS
YacOBUX 3aTPUMOK, OyIyTh TpaIfoBaTH IIBHJIIE, HIX
JIFO/TVHA;

—3MicT NyOJdiKamii — HaWMpocTiMM € aHaui3
TEKCTOBUX IOBIJOMJICHb IHTEIICKTYaJbHUMH 3aCO0aMU
(HeipoHHNMH MepeKaMH, 0aileCOBCHKIMHU
Ki1acudikaropamMu, TOLIO) HAa HASBHICTH HAJIMipHOTO
eMOIlifHOTO  3a0apBieHHs, BXO/DKCHHA  HabOpiB
MiZ03PITNX CIIIB Ta CJIOBOCIIOJIYYEHb i T.JI.;

—3piiicHeHi Jii — OOTH MOXYTh MaTH NCBHI
mabJoHU TOBEJIIHKH, Hamp., pearyBaTh (CTaBUTH
JMaWKW/An3nalky, THCATH  KOMEHTapi, PEroCTHTH)
TIIBKM HA TEBHI MyOIiKaIlii Ta KOMEHTapi, MO MAaroTh
[UTHOB1 KJIFOYOBI CJIOBA YU LIJTBOBY TEMY;

— CIIMCOK JIPY3iB — NEPEeBaKHO OyJlie MICTUTH TUTHKU
iHIMMX OOTiB Ta/ab0 KOPHCTYBAdiB, IO IiITBEPIKYIOTH
Maibke Bci 3asIBKU y JIPy3i, HaIlp., Yepe3 CBOIO MyOIiYHICTB;

—TMomiOHICTP 3 IHIIMMH KOpPHCTyBauyaMH —
aKayHTH, 10 BXOJSTH JIO OJHI€T Mepexi 00TiB, OyayTh
MaTH 3HAYHY CXOXICTh MK c0000, 3HaYHO OifbIIy,
HIDK MOXXYTh MaTH MiX COOOIO 3BHYaliHi KOpHCTYyBadi,

00 OyayTh 3miliCHIOBaTH 0araTto OJHAKOBHX il (IO

MOXKHA OI[IHIOBaTH 32 JIOTIOMOTOI0  KOe(illieHTiB
KOpeJsii).
3amady BusBNEHHS mpodimiB  OOTIB  MOXHA

PO3ILINTH HA HACTYIIHI eTAIH:

1. BusHaueHHsT MOJKJIHMBHUX IIA0JIOHIB IOBEIIHKH
0O0TIB HAa OCHOBI MOXJIMBHUX IIJTEOBUX 00’ €KTIB.

2.30ip CTaTUCTUYHHX AAaHUX TPO KOPUCTYBAUiB
comiabHOI ~ Mepeki Ta  OOYHCICHHA  IIEBHUX
CTATUCTUYHUX IOKA3HMKIB.

3. lopiBHsIHHS 3i0paHuX JaHUX 3 HIYKAaHUMH

mabjJoHaMHU TOBEAIHKM Ta (OpMyBaHHS CIHCKIB
Mi103pINX KOPHCTYBAYiB.
5. BusHaueHHs Kkoe(ili€eHTIB  Kopeysii  Mix

MiI03pUIMMH KOPHCTYBadaMH Ta ()OPMYBaHHS CIHCKIB
MOJKJIMBHAX MEpex OOTiB.

OcHOBHI MeTomM  BUSBIEHHA Tpyn  OOTiB
nepeabdavaoTs PO3AUICHHA MPOQLTIB KOPUCTYBadiB Ha
IBA KJIACTEpPH Ha OCHOBI I1X Koe(imieHTIB Mmomoou.
AHamni3yloud CTaTUCTUKY KJAcTepiB, NPHUHMA€eThCA
pilICHHS TPO HAsSBHICTH HAMamy, 1 SKIIO TaK, TO KU
KjgacTep MicTuTh mnpodini ataku. BBaxkaerbcs, 110
Hanaja BigOyBCs, SKIIO PI3HULIS B CTATHCTHYHUX
0COOMHBOCTSX MPOGUTB A JABOX KJIACTEPIB JOCHUTH
Bennka. Kiactep 3 MEHIIMM CTaHIApTHUM BIIXHUICHHSIM
BU3HAYAETHCS K KiacTep 00TiB. OmHAK, 0COOIUBO ISt
HEBEJMKMX PO3MIpiB arak, 3HayHa YacTHHA KiacTepa
IICHTU(IKOBAHOTO SK KJIAcTep OOTIB MOXKE MICTUTH
CIpaBXHIX KOPUCTYBAUiB.

Kpim aBTOMaTH30BaHUX METO/IIB BUSBJICHHS OOTIB,
Be0-CaliTW 4acTO HAJAIOTh KOPUCTYBadaM MO>KJIMBICTB
BiIMITHTH TIEBHUI aKayHT SK MiJO3PUIHH, i MICISA TOTO,
SK KUIBKICTh CKapr NEpEeBHIILYBATUME JICSIKE KPUTHUHE
YHCIIO, aKayHT Oyzae ifeHTH(IKOBaHO y CHCTEMi SIK
(eiikoBuii, a00 BIAMPABICHO HA IEPEBIPKY.

Takox icHye 111e OIMH TiX1J1 JUIs 3aXUCTY Bij OOTIB
Ha BeO-pecypcax, SIKUM IIEPEBAKHO KOPHCTYHOTBCS
JIOITKK 00’ SIB Ta MapKeTIICHCH — pemyTaIliiiHi CHCTEMHU.

Penyraniiina cucrema — 11e cucrema, 1o J03BOJISIE
KOpHCTyBayaM OLIHIOBATH OJWH OJHOTO B OHJIAH-
CHUJIbHOTAX, THM CaMHM IIiJIBUIIYIOYH a00 3HIKYIOUH
PiBEHB JIOBIpH 10 OLIHIOBAHOTO.

Xoya  pemyTramiiHi  CHCTEMH  HEPEBAXKHO
BUKOPHCTOBYIOTBCS JUISL 3aXMCTy BiJ IIaxpaiB cepej
MpoJaBIliB a00 MOKYTIIiB Ha BeO-pecypcax eIeKTPOHHOT
KOMepIlii, BOHM TaKOX MOXYTb OyTH OJHHUM 3
IHCTPYMEHTIB 3aXHCTy Bix OOTIiB, Tak SK IX MOXHa
moOyayBaTH TakUM YHHOM, II00 OOTH oOJiepXKyBaiH
HU3BKY PEIyTaliio i, IK HACIi 0K, MaJ HU3bKHH BILIHB
Ha YY9aCHHKIB COIIaJIbHOT MEPEexi.
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ONTUMI3ALIA ANMTOPUTMY 3AJIMBKU ANA BUKOPUCTAHHA Y CUCTEMI
IFrPOBOIO PYLWIA ANA MNIIAT®OPMU ANDROID

Busnauenns oOmacti, Komip sKOi CIig 3MIHHTH,
TIOIIMPEHA 33/1a4a y TPorpaMyBaHHI rpadidHIX JONATKIB,
TaKWX SIK iTPOBI pyIIii.

OCKUIbKM Ha TEpeAHbOMY IUIaHI 3aBXKAU BPaKCHHS
KOpUCTYBaya, MIiITPUMKa SIKOCTI 300paXkeHHS CTae
HaJBOKJIMBUM 3aBiaHHsAM. OpHiero 3 mpoOieM mpH
PO3p00IIi TAKKUX JOAATKIB € pOOOTa AITOPUTMY 3aJIMBKH 13
300pa)KEHHSIMH, 110 MICTATb 3IJIaIKyBaHHSL.

Meroto naHoi po0OTH € ONTHMI3alis aIrOPHTMY
3aJIMBKH IS irpoBoro (ppedMBOPKY (pyIIIis).

IrpoBuii (peiiMBOpPK — OCHOBa I CTBOPEHHS TpH,
MICTHTB y c001 MOy Tpadiku, 3ByKY, KOPHUCTYBALIBKOTO
BBOAY Ta iH. MicTuTh OmMH ab0 MEKUTbKa iHTepQerciB,
KOJKCH 3 SIKMX MICTHTB X049a 0 Of[Hy peaizallito.

3anyBKa — [1e aITOPUTM, IO  BH3HAa4Yae  0OIacTs,
“moemgHaHy” 3 TIEBHHM CJIEMCHTOM Yy OaraToMipHOMY
macuBi. [lepeBaKHO 3aCTOCOBYETbCS y Tporpamax st
BU3HA4YEeHH  oOnacti, sKy  Tpeba  3alOBHHUTH
MEBHUM KOJILOPOM.  3TJIaJPKYBaHHS — TEXHOJIOTISL, IO
BUKOPHCTOBYEThCSI B 00poOIli 300paykeHb 3 METO0
3poOMTH MEXiI KPHBHUX JIHIA OUIBII  TJIAJKUMH,
TpUOUparodH “3yOI1i”, 0 BUHUKAIOTH Ha KPasX 00'€KTIB.

3anBKa 300paKeHb 31 3TTIaKyBaHHSM.

AJTOpUTM 3aJIMBKH HE MapKye ‘3riaJpkeHi” IiKce,
K Taki MO TOTPeOyIOTh 3MIHH KONBOPY, B PE3yJbTaTi
TTCIIS 3aBEPIICHHS POOOTH AITOPUTMY KOJIIp KX TiKCceIei
HE 3MiHEHO, 10 YTBOPIOE €(EeKT He CYLUIBHOI 3aJIMBKH.
Jlns upitieHsst 1€l nmpobyieMn OyJ10 BHIIPOOYBAaHO JBa
migxoaum [1]:

1. TloBTOpHMIT MPOXiA MO HENEPEBIPEHUM ITIKCENSIM 1
JIOJIATKOBA TEpeBipka Ha Te, YM HE 3HAXOMITHCS BOHHU
no0nm3y "KopyioHy" 3aapOoByBaHHS:
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. BcraHoBNeHHS YiTKO{ YMOBHU BU3HAYCHHS
3adapOOBYBaTH ITIKCETb 9H Hi:
private fun checkPixel (px: Int): Boolean ({

return px != Color.BLACK
}

[epmmii miaxin mo3Boiisie 30eperTd 3IiIaKyBaHHS,
ajie ToTaHo OIPAIbOBYE TOCTPi Kpai pobodoi obmacti, a
TakoX TOTpedye nomatkoBoro dacy. Jpyrmii migxinm
BH3HAYa€ CTO BiJCOTKIB OONacTi, sIKy TpeOa 3armoBHUTH
MIEBHHUM KOJILOPOM, aJie TOBHICTIO PyHHY€ 3I71aKyBaHHS
300pakenHHss. OOHMIBa MIXOAM HE € iICATbHUM 3 TOYKH
30py KIHIIEBOI'O BHUIVIAY 300paKEHHS, TOX peati3aris
anroputMy notpedye iHmmx pimens [2]. OgHuMm 3
MOXKJIMBUX PILIEHb € TOIIYK OCHOBHOTO KOJILOPY OOJacTi
i,  BpaxOByIOUM  HOTo,  BH3HAUCHHS  3HAYCHHS
3TJIa/KyBaHHS (BigTiHKY KOIIBOPY) KOYKHOTO
00pOOIFOBAaHOTO TIKCENs, OJHAK PIlICHHA HE MiIXOIUTh
U yCiX BapiaHTIB BUITAJKIB 4Yepe3 Te, IO ICHYIOTh Taki
obacTi 300pakeHb, JI¢ OCHOBHHI KOIp IPEACTaBICHUI
OJJHUM IIiKCeJIEM, 10 POOMTH HEMOXJIMBHM IIPOTrPaMHE
BU3HAYEHHS HOro sIK OCHOBHOTO. [HIIMM MOXIJIMBHM
NUBIXOM ONTHMI3aIll OyJI0 PO3IJITHYTO TaKy peati3ailito
ArOpUTMy, B sKii Bemethcs poboTa 3 JBOMA
300paKEHHSIMHM, YOPHO-OUTMM, IO BHCTYIA€E KapTOO
3rJIa/KyBaHHsT Ta POOOYMM 300paKEHHSIM, Ha SIKOMY
BJIacHe BiNOYBa€ThCs TpoOLieC 3aJMBKH. lnes mnossirana B
TOMY, 110 MM HIYKa€EMO KOOPAMHATH 00JAcTi Ha 6a30BOMY
300pa’keHi, a 3aJMBKYy MPOBOJAMMO Ha HOTO KOIIii, TAKAM
YHHOM MH TOYHO MOXEMO BH3HAUYHUTH, SKi TKceml
noTpeOyioTh 3riamkyBaHHI. OJHAK Takdil aaropuTM
Iy’)ke BUMOTIIMBHH JO Tam’sTi, [0 pOOHTh HOro
BUKOPHCTaHHSI Y MOOUTGHHX TIPHUCTPOSIX, OOMEKEHHX 3
TOYKH 30py PECYpPCiB, HEONTUMAIIBHUM PIIICHHSM.

OCKiJIbKHA pO3po0Ka IrpoBOTO pyIis i MOOLTHEHOT
CHCTEMH BUMarae 0aiaHcy MiXK IIBHIKO/IEI0, peCypcaMy i
pe3yibTaToM, 3aUlsl TOJOJIAHHS PO3IIITHYTOI MpoOieMu
Oylo BHUpINIEHO, B 3aJKHOCTI BiJi HAasSBHUX Ha
MOOITEHOMY TIPUCTPOi pecypciB, aBTOMaTHUYHO OOWpaTH
BUKOPHCTOBYBATH abo HE BUKOPHCTOBYBAaTH
3rIa/KyBaHHs. y  300pakeHHsX. [lns  mepeBakHOI
OuTbIIOCTI  CyyacHMX  MOOUIBHMX  TPHCTPOiB  Bif
3IJIa/PKYBAHHS 300pa)KeHb CIIiJ] BiMOBIISITUCS HAa KOPUCTh
MIBUKOJIT TOAATKY.

Cnucok nitepatypu

[1] Tx. du Mapuwpo, Pazpaborka urp mon Android, CII6.,
Poccust: [Turep, 2014.

[2] M. Uexuep, Iporpammuposanue urp mox Android, CII6.,
Poccust: ITutep, 2013.
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OOCNIOKEHHA MOAENEA PEKOMEHOALIMHNX CUCTEM HA OCHOBI
NMPUXOBAHUX PAKTOPIB

Ha cporommimuiit geHp, mpu mMoOYIOBI peKOMEH/A-
miiianx cucteM (PC) Ha OcHOBI K0aboOpaTHBHOI (iTBT-
pariii, 9acTo 3aCTOCOBYIOTh MAaTpH4Hi (paKTOpU3aLiiiHi
mozeni (M®M) Briopgobanp kopucTyBauis [1].

dakropu3arlis — e MPOIEC ICKOMITO3UIIii 00’ €KTy B
Halip IHIMX 00’ekTiB ((hakTOpiB), NOOYTOK SKUX Jac
noyatkoBui 00 ekT [2]. dakropusallis 103BOJISIE BUALTUTH
KIIIOYOBI KOMIIOHEHTH 00’ekty (akropuszanii. Y PC
(hakTOpH3aIlis 3aCTOCOBYETHCS IO MATPUIl PEUTHHTIB
(®M) 3 MeTor0 BUSBISHHA TIPUXOBAaHHX (PaKTO-piB
00’€KTIB, 110 BIDIMBAIOTH HA OI[IHKA KOPUCTYBAUiB.

Hai6imem Bimomumu M®OM € FunkSVD, SVD++,
Asymmetric SVD, timeSVD [1, 3]. Yci BoHH MiCTATE Y
Ha3Bi aOpeBiaTypy merony Singular value decomposition,
00 3acHOBaHI Ha CHUTBHIA 3 HUM ifei — QakTopu3yBaTH
MaTpHI0 Ha JABI Marpuii, ZOOYTOK SIKHX Ja€ MAaTpHIO
HaOJMKeHy JI0 TOYaTKOBOI, Ji¢ IOYaTKOBO MOPOXKHI
KoMmipku 3anoBHeHi (w11 PC ne no3Bounsie mMporHO3yBaTH
PEUTHHIH TS TOPOXKHIX KOMIPOK MaTpHIll pEUTHHTB).

3aranpHuil anroputM @M pelTHHTIB!

1. InimjamizyemMo MaTpHIf0 NpPUXOBaHWX (hakTopiB
KopucTyBauiB F, Ta MaTpuiro mpmxoBaHHX (baKTOpiB
00’ekTiB Fj BUIMaIKOBUMHY 3HAYEHHAMM.

2. Ilepemuoxxyemo Fy i Fi Ta mopiBHIOEMO pe3yIbTaT 3i
CIIPaBKHIMH PEHTUraMH, OOUHCITFOEMO TIOMHJIKH.

3. MiHiMi3yeMO TIOMIJIKA 3a JOTIOMOTOI0 [ESKOTO
ITOPUTMY MAIIMHHOTO HaBYaHHs (HAIp., TPaJiEHTHOTO
CITyCKY, METO/ly HaliMEHIIIUX KBaJIPaTiB, TOLIO).

FunkSVD. Haiinepma Mozgens peKoMeHAAIiHHUX
CHCTEM, 1110 3aCTOCOBYE MAaTPHUHY (pakTopu3ariito [3].

Jana mopmens momsirae 'y HacTynHoMy. Crowyatky
Tpeba BU3HAYMTU 0a30B1 MPEAUKTOPHU (3MIIICHHS):

b, =p+b, +b;.
[Iporro3yBaHHSI OIIHOK 3IHCHIOETHCS 32 POPMYIIOLO:
IQu,i ::u+bu +b +q; - Py,
Ie gi— BeKTop (BakTopiB 00’€KTy i; a Py — BEKTOp (BaKTopis
kopuctyBauya U; by — 0a3oBi 3milmieHHS OKpeMHX
KOpHCTyBadiB; bj — 06a30Bi 3MillleHHS OKpeMHX 00’ €KTiB; i
— rio0abHUH cepetHii peHTHHT 00 €KTiB.

Cnouarky oOuncmoersest u. IloTiM  3HaxXomsATHCA
HaKpaiml TpemIuKTopyu Ta (HaKTopH, MO JO03BOJISIOTH
[IPOTHO3YBATH PEUTUHIY 3 HAIIMEHILIOI IOMUJIKOIO.

Jnst BU3HAYeHHsI TIOMUJIKH BHUKOPHUCTOBYETHCS Cyma
KBA/IpaTiB BIIXWIICHb, IO ONTHMI3YEThCS TPATIEHTHUM
CIIyCKOM, TaKOXX BHKOHYETHCS pPETyispH3alis, 100
MO/I0J1aTH IPOOJIEMY TTepeHaBYAHHS CUCTEMH:

. p —agminS(r. —u—b —b —q - p. )?
b..q., p argg};yg%;(ru.. u—b, =b;—q;-p, )+

o il +lol

Jie A — mapaMeTp peryJsIpr3artii.
Ilin yac Trpaji€eHTHOTO CITYCKY BHKOPHUCTOBYIOTHCS

HACTYIIHI MPaBHJIA I ONTHMI3allil 3MIHHHX
b, =b, +7(e,; — b, )

by =b; + 7(eu,i — b, )'
Oix =ik +7’(eu,i “Pux — Ak )’
Pux = Puk +7(eu,i “Gix = APy )’
ne €,; =r,; —f,; — MoMwika Ha HaOOpi NaHWX JUIA

HABYAHHS; Y - HIBUJIKICT HABYAHHSI.

SVD++. Bigpizaserscst Big FunkSVD tum, 1o kpim
PEUTHHTIB (SIBHOTO 3BOPOTHOTO 3B’SI3KY BiJl KOPHCTYBa-ya)
BUKOPHCTOBYE  TaKOX HEsSBHY iH(pOpMAIilO  Mpo
BIOOOAHHS KOPHUCTYBAyiB, Hamp., HMEPErisian 00’ €KTIB,
HarmcaHHA KoMeHTapiB, Tomo [4]. TimeSVD++. Lle
¢dakTopmzamiiiHa MoZeNb 3 Bpaxy-BaHHAM  Hacy.
BriogobanHs KOpHCTYBa4diB MOXYThH 3alIeXKaTH Bill 4acy,
caMe 1€ BpPaxOBYe JaHa MOJENb, TPAKTYIOUM 3MiIICHHS
00’exty b sik dynkiiro yacy. Asymmetric SVD. Jlo3Bossie
JIOJIaBaTh JI0 MOJIeli HOBUX KOPHCTYBayiB 3 JEKUIbKOMa
peiiTuHramu, 6e3 HeoOXiJHOCTI TIepeHaBYaTH BCIO MOJIENb
[1]. Otxe, icuye Garato pisuux Momenei PC, 3acHOoBaHMX
Ha OM. Yci BOHHM YCIIIIHO 3aCTOCOBY-IOTBCSI HA PI3HHX
icHyrounx BeO-pecypcax. IlepeBaramu M®PM e Bucoka
pobacTHICTb /10 aTak Ta BUCOKa TOYHICTH MPOTHO3YBAHHS
BIONO0AHL, HENONMIKAMH — IIOraHa MAacCIITa0OBaHICTh,
JOBTHIl Yac HaBYaHHS, IepeBakHa Ourbiricth MOM
noTpedye NpH J0/aBaHHI HOBHX KOPHCTYBadiB IOBHOT'O
TIepeHABYAHHS YCi€T MOZETI.

Cnucok nitepatypu

[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.,
2010. doi: 10.1007/978-0-387-85820-3.

[2] 1. Krupnik, “Decomposition of a monic matrix polynomial
into a product of linear factors”, Linear Algebra Appl, p. 239
—242,1992.

[3] S. Funk, “Netflix Update: Try This at Home”, [Online].
Available:  https://sifter.org/~simon/journal/20061211.html.
Accessed on: May 19, 2014.

[4] Ya Jia, “Users' brands preference based on SVD++ in
recommender systems”, IEEE Workshop on Ad-vanced
Research and Technology in Industry Applications, p. 1175 —
1178, 2006. doi:10.1109/wartia.2014.6976489
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PO3POBKA TELEGRAM-BOTA AJ1A KOMIIOBAJIbHOIO LEHTPY

Bce wacrimme s CHiNKyBaHHS OAWH 3 OXHUM
JMOAW OOWPAarOTh TPOTpaMU Ha BIACHUX MOOUTBHHX
npucTposix — MeceHmkepax — Viber, Telegram, Skype,
Facebook Messenger. IloeaHaHHS CHCTEM MHTTEBHX
MTOBITOMJICHb 3a0€3MEUIIIO 0SBy OOTIB — IporpaM st
aBTOMATH30BaHOT'O BUKOHAHHS MPOCTHX Ta
MIOBTOPIOBAHKX 3aBJaHb.

Jnst oxoruteHHs OinbLIOT ayAUTOpii MOTEHIIHHUX
KIIE€HTIB Ta aBTroMaru3auii mnpouecy (GopMyBaHHS
3aMOBJIGHHS JUIS  KOMIIOBAaJBbHOTO LEHTPY  Oylo
BUPIIIEHO CTBOPUTH 0OTa BUKOPUCTOBYIOUH ILTaTHOpMY
i3 MOXIHMBOCTSMH  CTBOPEHHS  IHIUBIIyanbHOI
knasiatypu Telegram.

IIpu po3pobmi 6ota Oyir0 BpaxoBaHO HMOBIPHICTH
TOro, [I0 Ha KOXHOMY eTali KOPHCTYBad MOXKe
OpUrajaTH 4Yu 3aXOTITH IIe SKUHCh TOBap, SKOTO
NONEPEeAHb0 He OyJI0 y KOIIMKY, TOMY CTBOPEHO
MOXIIMBICTh IIOBEPHEHHS JO MEperyisiay Karajuory
Npoxykuii a MOTIM  BIJHOBJGHHS  OQOPMIICHHS
3aMOBJICHHS. 3HaWTH 6ota nosirpadii
Printing&Publishing moxxHa yepe3 momyk B Telegram,
3ajy1sl  TOJIeTHIeHHS  igeHTUdikanii Oyno  1oaaHo
KOpOTKHit onuc (yHKIii podoTa Ta aBaTtapky.

Katamor mponykuii ckiamaeTbess i3 Takux
HaliMeHyBaHb — Oipku, OJOKHOTH, OYKJIETH, Bi3HUTKH,
JIPYK Ha MaKeTax, MEHI, KajJeHIapi, KOHBEpPTH Ta
¢aepu, mo BimoOpaxarThes B mepenucii sk inline-
kHONKH. KimbKicTh HalilMEHyBaHb MPOIYKIIi MOXKHA
3MIiHIOBATH.

[Tpu HaTucHEHHI Ha OyJb-KYy i3 HUX 3’ SBISIOTHCS
TOBAapH JIAHOTO THITy TNPOAYKIil — MOBIZOMIICHHS i3
300pa)KeHHSIM, Ha3BOIO Ta KOPOTKOI XapaKTEPUCTUKOIO
(wiHa, wmarepiaji, KUIbKICTh, HASBHICTh JIaKyBaHHSI,
po3Mmip), SKi TMPOMOHYE BHUTOTOBUTH KOIIIOBAJIbHUN
ueHtp. Takox Telegram — 60T nponoHye 06paTu TOBAp
JUIsL 3aHECEHHS B KOLIMK LILIXOM HATHCHEHHS Ha inline
— KHONKH 13 Ha3BOIO TPOAYKIIi, OICIHs 3 SIBISETHCS
BIKHO 13 HAaIUCcOM, IO OyJI0 JOJaHO 10 3aMOBIICHHS
(puc. 1).

[Ipn BuszHaueHHi mmarpopMu A  PO3POOKH
poGota Oyo BHSABICHO, IO X04a yKpaiHI MpH BHOOPI
MeCeH/DKepiB  HamaroTh mepesary Viber —  87%,
Facebook Messenger — 48%, Telegram - 40%,
HAOLIBII TEPCTIEKTUBHUKN U PO3POOKH 3pO3yMiTNX
Ta 3pYYHHX VY BHKOPHUCTaHHI OOTIB € OCTaHHIMH.
BusnaueHo, mo s TiABUIIEHHS PIiBHSA MPOJax Ta
3aly9eHHSI KIIIE€HTIB 3a JIOOMOTOK MOOUTBHUX
TesieOHIB  JUIS  KOMIIOBAIBHOTO  LEHTPY  MOXKHA
3aCTOCOBYBaTH OOTIB-MECEHIKEPIB, sKi BiJIOBIJAOThH

HACTYIIHAM KpHUTEpisiM — po3poOieHuit 3acib He 3aiimae
JIOJJATKOBOI TTaM’sITi Ha TIPUCTPOi, HE Ma€ YHIKAIFHOTO
I3aiiHy, SKHA OW 3aBakaB chpuiiMaTté iH(OpMAIIiO
KOPHCTYBady, JIETKICTh y BHKOPHCTaHHI, miiogo0oBa
TITPIMKA, TIPOCTHH CIOCI0 KOMYHIKAIIi1.

xaTanor EOpIHEY
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Puc. 1. Cxema poboTu 60Ta

Ha Python 6yno pospo6rneno Telegram 6ora, mio

jporiomarae  o(OPMIIIOBATH  3aMOBJICHHsSI  OHJIAMH:
obupaTH NPOAYKIIIO Yepe3 KaTajior, 10JAaBaTH B KOIINK
TOBapH, O(GOPMIIIOBATH  3aMOBJICHHS,  HaJaBaTH

KOHTaKTHI JaHi KJIi€HTa Ta 00UpaTh AaTy BUTOTOBICHHS
Ta BIJUIUIEHHS KOMIIOBAJIBHOTO IEHTPY, oOpaTtu crocid
JIOCTaBK{ Ta OIUIATH, HA/ICHJIATH JIeTalli 3aMOBJICHHS Ha
eJIeKTpOoHHY nomty. Jlns 3abe3nedeHHs] KOPHCTYBadiB
ciry’k0010 MATPUMKN Oyino CTBOpeHO dar-OoTa Ha
OCHOBI 3ac00iB pO3Mi3HaBaHHS JIOJICHKOT MUCEMHOCTI —
Dialogflow. Yar-6ota Oymo npoTecToBaHo, a Ha
BUSIBJICHUX MOXNOKAaX 3/1IICHEHO TPEHYBaHHS arcHTa..
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E®EKTUBHICTb CUCTEMU NMNIATPUMKU MPUAHATTSA PILLEHb

IHTepec 10 cHCTEMH MIATPUMKH NPUHHATTS
pimens (CIIIIP) six 1o iHCTpYMEHTapilo MiJBHILIEHHS
e(eKTUBHOCTI mpaii y cdepi ynpaBiIiHHSI €KOHOMIKOO
MOCTIIHO 3pOCTaE.

3a nonomororo CIIIIP, B sSKMX CKOHIIEHTPOBaHI
MOTYKHI METOJIM MaTeMaTHYHOTO MOJEIIOBAaHHS, TEOPii
yOpaBmiHHSA, 1HQOPMAIIIfHUX  TEXHOJOTIH, MoOXe
3IMCHIOBATUCS BUOIp pimreHs IEAKAX
HECTPYKTYPOBaHHUX 1 CIa0OCTPYKTYPOBAaHUX 3ajad, y
ToMy 4Hucii i Oaratokpurepiambaux. Tomy CIIIIP, sx
NpaBWJIO, €  pe3yNbTaTOM  MDKIUCHIHUILIIHAPHOTO
NOCTIKCHHS, IO BKIIOYae Teopil 0a3 JaHUX,
IITYYHOTO I1HTENEKTY, IHTEPaKTHBHHX KOMII IOTEPHUX
CHCTEM, METO/IIB IMITALIHHOTO MOJIEITIOBAHHS TOIIIO.

Hocnimxenns epexruBHocTi Bukopucranus CIITIP
BU3HAYAETHCS HEOOXITHICTIO BpaxyBaHHS BEIHUKOTO
00’eMy maHuX, 00poOKa SKUX 0e3 JOMOMOTH Cy4acHOTO
KOMII'IOTHHTY IPaKTHYHO HEMOXXiuBa [1].

CIIIIP po3p’s3ytoTh ABI OcHOBHI 3amaui. [lo-
mepire, BHOIp HaKpammoro pimeHHs i3 0araTbox
MoxmBUX (omTuMizamis). [lo-gpyre, BHOpSIKYBaHHS
MOJIMBUX DIilICeHb IO TpiopuTeTy (paHXkyBaHH:). B
000X 3amadax NepImIUM 1 HAWOUTBII TPUHIIMIIOBHM
MOMEHTOM SIBJISIEThCS BUOIP CYKYITHOCTI KpHUTepiiB, Ha
OCHOBI  SKMX Hajami OyqyThb  OI[HIOBAaTHCh 1
31CTaBISITHCH MOMKIIUBI PillIEHHS (QJIbTEPHATHBH).

CIIITP sBnsie co00r0 KOMIUIEKC MPOTPaMHHUX
IHCTpYMEHTaJbHUX 3ac00iB I  aHallizy JaHHX,
MO/ICTFOBaHHSI, NPOTHO3yBaHHS i TNPUAHATTS
VIPaBITiHCBKUX PIIeHB, SKi CKIAJAIOThCS 3 OCOOUCTHX
po3po0OK Kopmopamii Ta NPUAOAHUX MPOTPaAMHUX
npoaykTiB (Oracle, IBM, Cognos).

B mmpokiii mpakTHIli JTaBHO BHKOPHCTOBYIOTHCS
Taki cucremy, sk EIS, GDSS, ODSS. Komnaniero Texas
Instruments Oyno crBopeno Gate Assignment Display
System mis United Airlines. Ile 103BONMIO 3HAYHO
3HM3UTH 30MTKH BiJl MOJBOTIB 1 BIAPETyIOBATH
VIOpaBIiHHSA pi3HUMH aeporopTamu. Ili3Hime cdepa
moxkmuBocteit CIIIP posmmproBanack 3a AOIOMOTOIO

BIOPOBA[DKCHHS B pO0OTYy  CXOBHIN  JaHUX  Ta
inctpymentiB OLAP [2].
Buninsaiore  aBa  OCHOBHUX — (akTopw, IO

BIUIMBAIOTh HA €(EKTHBHICTH pillleHb: (DaKTOp SKOCTI
pimenHs Q Ta (akTOp MPUHHATTS PILICHHS JIOJHMHOO
A. EdexruBHicts pimenns E moxe Oytn BupaxeHa
¢dopmynoto: E =@ = A,

3a ymOB, IO OJWH i3 3a3HayeHUX (akTopiB
npsMye 10 MiHIMyMYy, €(EKTUBHICTh PIIICHHS Ia/Ia€.
®axTop sKocTi pimeHHs Q TOB’sA3aHUA i3 BUOOpOM
Kpaloi aJbTePHATHBHU 3 THX, L0 3yMOBIIIOE IIPOOJIEeMHA

CHUTYyallisl 3 ypaXxyBaHHSIM YMOB NPUHHATTSA pILlIeHb Ta
MOJKJIUBOCTEH BUKOHABIIIB PilLICHHSI.

[MigpumeHas e(QEeKTUBHOCTI PIIICHHS TOJOBHUM
YMHOM CJiJi CHPSMOBYBAaTH Ha MHOKpAaIlEeHHS (akTopy
SIKOCTI, @ caMe Ha BipHHUI 100ip 0OMEXeHb 1 KpUTepiiB
pilieHHsi,  mpaBwibHe  (OPMYBaHHS  MHOXHHH
JIOITyCTUMHX aIbTEPHATHB Ta HA KOPEKTHHH BHOIp
HaWKpaIoro Juisi yMOB 3aJa4i BapiaHTy.

Tax, eheKTUBHICTD pO3B’sI3aHHS 3a7a4i PO3MOILTY
pecypciB XapaKTepHu3ye CTYIiHb CIIIBBUMIPHOCTI Ifieit
i3 BUTpaTaMH pecypciB Ha iX JOCATHEHHS Ta
BH3HAYA€ThCS (AKTOPOM SIKOCTI pimeHHs Q, sKuit
OOyMOBJIFOETBCSI ~ JOOPOSIKICHICTIO 1 TJIHOWHOIO
BUKOHAHHS €Taly I[OCTaHOBKHM 3ajadyl Ta BHOOpOM
METO/IB 1 MOJieNel s po3B’si3aHHst 3a1a4i [3].

Tnawysanus
npouecy
npmiinaTTR
pimress

l

26ip ganux

Oprauizania
Ta oEpobxa
isdoprranii

Hpuiinarrs
pimress

Peaaizauin
pimesms

!

Puc.1. IIpouec npuiinstrs pitrens 3 CIIITP

CIIIP no3Boysi€ MOJETHMIATH POOOTY KEepiBHUKIB
MATPUEMCTB  Ta  MIABUIMUTH ii  €(QEKTHBHICTS,
MMOKPAIIATH KOHTPOJbh Hal [isUTBHICTIO OpraHi3armii.
BoHa 3Ha4YHO MPHUCKOPIOE PO3B’si3aHHS MpoOJieM Ta
3aBISKU il BIAKPUBAIOTHCS HOBI IMIIXOAM IO BUPIMICHHS
MOBCSKICHHHUX Ta HECTAHIAPTHUX 3a/1a4.

Cnucok nitepatypu

[1] O. A. KrnemnixoBa, “ludopmariiiHO-aHATITHIHI CHCTEMH
TIPUIHATTS pillleHb B YIpaBIiHHI migmpueMcTtBom”, Ne 1
(62), c. 196 — 204, 2017. [EnextpoHHHi pecypc].
HocrymHo: http://oaji.net/ articles/2019/2849-
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[Enmexrponnuii  pecypc]. [octymuo: http://www.raai.
org/library/papers/Larichev/Larichev_Petrovsky 1987.pdf
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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 vulnerability 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 | POJIb E-HABITAUII B TNMOBANI3ALUIMHUX MPOLIECAX OPIAHI3ALLIT
BE3NEKU MOPCbKUX NEPEBE3EHb

AKXTyalbHICTh TEMH JOCTIDKEHHS B TOMY, IO
KOHIICTIIiSL “‘e-HaBiramis’” IiCKypOCMHCITIBA€T IHTETPALio
“inopmarist Ha 60pTy cynHa — iH(OopMAaIia Ha Oepesi” i €
HECHTPAJIBHOIO UI 3a0e3NedeHHsT HABIraliifHOi Oe3IeKL.
Jana koHmermis iH(opMamiiHOT B3aeMomii cHCTEM
CBIIUUTH HE TUTBKH NP0 3aTABHO TCOPETHIHOMY CEHCI
MOCTAaHOBH NpoOIeMH, a i 1i mpakceosoriyHi 3HaUYeHHS Ha
KOPHUCTH OE3MEYHOTO CY/THOTLIABCTBA.

CTaHOBJIEHHS 1 PO3BUTOK IHTEIPAILIiHUX CHUCTEM SIK
BHCOKOPO3YMHHX, BUCOKOTEXHOJIOTIYHHX, BUCOKOIHTEIICK-
TyaJIbHHX €-CHUCTEM, SIKI HpH JOCITiIKEHHI mnpolieMu
0e3MeYHOro CyIHOIUIABCTBA HAMAraroThCsl BIOCKOHATUTH
CeTMEHT pHHKY, $K CyJHOBOINIHHSA IHHOBAIlIHHIMH
TEXHOJIOTIIMU. Y 3B'S3KY 3 IIMM €-CHCTEMH DPO3TTIAIAI0Th
TPUPIBHEBY MOJIETIH iH(OpMAaTH3ail:

1) MexmiaTH3amiro — mporec BJOCKOHAIICHHS 3ac00iB i
TIOIIUPEeHHS iH(QOpMATTii;

2) KOMITIOTEpH3allil0 — MPOIEC BIOCKOHAJICHHS
3aco0iB MoNIyKy Ta 00poOKH iH(popMaii;

3) iHTenekTyasi3amis — OpoIEC PO3BUTKY 3aTHOCTI
CIIPUMHSTTS 1 KOHCTPYIOBAaHHSI IIPUHILMIIOBO  HOBOT
ColliaJIbHO 3HAYNMOT 1H(opMAIIil.

3 BuIlle 3a3HAYEHUX OOCTABHMH IHTErpallil0 CHCTEM
MOXXHa MPEJCTABUTH Y BUIVISAl IPOLECY OBOJIOMIHHS
iH}opMaIliero, TepeTBOPIOIOYN 11 B TOJOBHHI pecypc
VIpaBIiHHSA, 3a  IIOCEPETHHUITBOM  iH(OpMAIiifHO-
TEXHIYHMX 3acO0iB, IO MiJABUIIYIOTh ©(EKTUBHICTH
TO3UIIIOHYBAaHHSA B paMKaX pi3HUX (QOpM 1 TOPSIKIB
MPAaKTHKH.

3a TakuM cIeHapieM B mporeci iH(popMatu3amii
BiI0YBA€ETHCSI MPOTPECUBHO HAPOCTarOue BUKOPHUCTAHHS B
CYIHOIUIaBCTBI  IH(OpMaIiiHUX  TexHoJorid 1  iX
indopmanii. Iudopmariis po3rsigacTbesi HE TUIBKU SIK
MerTa i 3aco0u JisTbHOCTI, a i sSIK pe3yJibTaT AisutbHoCTi. Ha
TaKii OCHOBi ()OPMYIOTHCS TMPHHITUIIOBO HOBI TEXHOJOTIi
JUTSL T IBUIICHHS OC3IIEKH CYTHOBOMIHHS.

Jns  TpUCKOpPEHHS  3pPOCTaHHS  CyAHOIUIABHOI
iHOycTpii, Ha JaHWH MOMEHT NPHHHATO HACTYIIHE
BU3Ha4YeHHs KoHuenuii e-Navigation: Koxnenmist e-
Navigation, BrnpoBamKyBaHa MiKHApOJHOIO MOPCHKOIO
Oprasizali€lo, Mae Ha yBasi «y3roJpkeHi 30ip, iHTerpaiito,
nepezady, BiATBOPEHHS 1 aHai3 iHpOpMarlil Ipo CUTYALII0
Ha Mopi, Ha OopTy cyaHa i Ha OeperoBux oO0'eKTax 3
BUKOPHCTaHHSIM  €JIEKTPOHHMX 3aco0iB 3  METOro
BIOCKOHAJICHHS TPOIECy IUIaBaHHA ‘“‘Bi TpHYaly IO
npuyany”’ 1 (QYHKIIOHYBaHHS BiIIOBITHHX CIYXO IS
3a0e3meueHHs] HaJliHHOCTI Ta Oe3leKkn MOpeTUIaBaHHs, a

TaKOX 3aXHMCTYy MOPCBHKOTO HABKOJMIIIHBOTO CEPEeIOBHINA
[1].

[[lo6 BTIIMTH B JKUTTS KOHIEMII0 e-Hagirairis
BOXJIMBA TIPHUCYTHICTH iH(OpMaIiiHOI iH(PPACTPYKTYpH,
sIka 3MOYKE TIepe/IaBaTH IIUTiICHY iHpOpMAITiFO.

[epmiii  Oyma  KoOHIeMIIs, 3acHOBaHA  Ha
BIANIPaibOBaHUX  XMAapHUX  TEXHOJOTISAX  IHTEPHETY,
“Xmapa wmops”. [Ham “EfficienSea”, EfficienSea B

PO3po0IIi SIKOTO Opaiy yyacTh Bke 12 KpaiH, B CHITy 4OTr0O
BiH NEPETBOPUBCS 3 PEriOHAJIHLHOIO B €BPONEHUCHKUH [2].
Takoxx ACCSEAS. V 2018 poui Hopgerisi, Hinepiannu,
Benbrist mouamu po3podisatu npoekt Hull-to-Hull, sixwuit
¢inancye €C, 3aBepiIaigbHa cTafis poro mpoekTy B 2020
POTIi.

QOyHKIIOHATPHAM  SIAPOM  IIAT(GOPMH  MOPCHKOTO
3B'I3Ky BCIX TIPOCKTIB, $IKi CTBOPIOIOTHCS Ha OCHOBI
XMapHUX TEXHOJOTIH, € OmHi 1 Ti X eJIEeMEeHTH, SKi
BU3HAYMII TOJIOBHE “XMapa Mope”, Tak Imo Iuardopma
MOPCBKOTO 3B'SI3Ky MOXKE CTaTH HE TUIBKH 0a3hcoM
“IHTepHeTy peueit” Ha Mope, a i MepeyMOBOIO MIEPEXOTY
e-Hagiramii 3 cragil TeCTOBMX MEpeBIPOK B acHEKT
BIPOBAKECHHSL.

OyHKUIT CIpsSIMOBaHI Ha BUPILICHHS IIpoOJIeM:

CTaHJApPTU3ALlisl Ta aBTOMATH3alis  MPOLEIyp
CKJIQJIaHHS JOTIOBiIeH OEpPEeroBrUM i IMOPTOBUM BIIACTSIM;

KOMIUTCKCYBAaHHS 1 BUCHOBOK Ha JUCIDIE] iH(popMarii
MiCTKa, O/Iep’)KyBaHO1 3 BUKOPHCTAHHSIM 3aC00iB 3B'I3KY.

i mpobiemu € sIK CyTHOBHMH, TaK 1 OeperoBIMHU
KOMITOHeHTamMu e-Hagiramii, siki peanizoByrOTh (hi3uaHHI
3B'I30K MDK aOOHEHTaMH 1 (YHKIIOHAJIBHY 3B'S30K 3
CHCTEMOIO JIFOTUHO-MAIIIMHHOTO iHTEpGEHCy.

Hamnpsimok konterniii e-Hagirarrist, Ha npakTuii Oyme
MOTYpaTH: 3HWXKCHHsl HaBiraliiiHUX aBapiii, 0COOIMBO B
30HI OXOIUICHHS CHCTEMH VIIPABJIiHHA DPyXOM CY[IHA,
TiIBUIIIEHHS PiBHS 1H()OPMOBAHOCTI CYIHOBOIS, B CHITY
TpaHcopmanii  jocTymy 0 CTaHAAPTHU30BAHMX,
HaWTrOJIOBHIIIIE — HAIHUM JaHUMU.

Cnucok nitepaTtypu

[1] e-Navigation ceromust: Onpenernenue, crparerus, LEIH,
3a/1a4d, TECTOBBIC MPOEKTHI U Pa3pabOTaHHbIC TEXHOJIOTHH,
HAa  ©KEroJHOM  HAYYHO-TIPAKTHYECKOW  KOH(EpEeHIHH
"[lepCcrieKTUBBI Pa3BUTUA W TIPUMEHEHHsS KOMIUIEKCOB C
GECTIMIOTHBIMA  JIETaTeNbHBIMU  anmapatamu’, KonomHa,
2016, c. 15.

[21 5. C. Pupkun, e-HaBuraimst wa wmapmre, Ha XIII
BeepoccuiickoM COBEIIaHMM M0 Tpo0IeMaM  yIIPaBIICHHS
BCITY-2019 17-20 wrons, Mocksa, WITY PAH, 2019, c.
1323 - 1329.
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3ABANOCTIUKE NEPETBOPEHHA OAHUX

MeToro IIX Te3 € AOCHIHKEHHS Ta yI0CKOHAICHHS
ANTOPUTMY CUHTE3Y 3aBaJIOCTIHKUX KOJIOBUX
MOCJITOBHOCTEH. 3amporOHOBaHI 3aBaOCTIHKI KOJOBI
MOCJITOBHOCTI MAarOTh MPAKTUYHY IIHHICTh, TakK SK
Ollcp)KyBaHa  KOJOBa  MOCHTIMOBHICTH  JIO3BOJISIE
3Haxoautu Ao 50% Tta BumpaBmitTH g0 25%
CIIOTBOPCHHUX CHMBOJIB BiJ JOBXKHUHHU 3aBafOCTIHKOI
KOJOBOI ITOCITiJOBHOCTI.

Hnsa  BupimeHHS 1iel TpoOIEMH  PO3TITHEMO
HEEKBIAMCTAHTHI KOIOBI IIOCIIJOBHOCTI, I SKHMH
OyzaeMo BBaXKaTW TOCIHIJOBHOCTI, [I¢ JO3BOJEHI KOJOBI
KOMOIHAIll YTBOPIOIOTh IIOCIIJOBHOCTI 3 pi3HUMH
BiJICTaHAMH MiXK OAMHHUISIMH Ta HYISIMH.

Ili HeeKBIAMCTAHTHI KOJOBI MOCIIJOBHOCTI MalOTh
JesiKi  TiepeBard  Tepel  IHIIUMH  3aBaJOCTIHKUMH
MOCJITOBHOCTSIMA IIOJI0 TMPOCTOTH 3HAXOJKCHHS 1
BUIIPABIICHHS IOMHIJIOK HA CTOPOHI NPUHOMY JTaHHX, 00
nosia cuMBoOJy “1” Ta/abo cumBony “0 7, y Burisai
3aBagyd TOBOPUTH IMPO TMOMHUIIKY, TaK SK 3MIHIIACh
KITBKICTE  JO3BOJEHHX BincraHeidl. [lomMmwika He
3HAXOAUTHCS TUIBKH TOJI, KOJIH KUIBKICTh XMOHUX KOIIB
piBHa abo Oumpme KomoBoi  BiAcTaHi. 3amady
MOKpAIICHHS 3aBaJIOCTIHKHMX XapaKTePUCTHK
HECKBIAMCTAHTHUX KOJOBHX IIOCIIJIOBHOCTEH BapTo
BUpINTYBaTH Ha OCHOBI 3aCTOCYBaHHS 1/I€aIbHUX
KinbiieBux B’si3aHok (IKB).

IneansHOrO ymcnoBow B's3ankoro (IKB) Oymemo
Ha3WBaTH B'A3aHKY, B SIKIH MHOXXMHA BCIX 4YHCEl
BUUEPIYE 3HAYEHHs, SIKIi € MPONOPLIiHI eleMeHTaM
HATYPaJIbHOTO PSIY 3 3aJaHOK0 KUIBKICTIO MOBTOPIB JIJIsI
KOKHOTO €JIEMEeHTY 1boro psay. KoxkHiit umnciosiii
koMOiHarii 3aBajOCTIWKIN HEEKBIAUCTAHTHIA KOIOBIN
MOCITITOBHOCTI BiANOBigae Halip ONWHWIEL Ta HYIIB,
akuii  Oynyerbes 3a Baramm IKB 3a  HacTymHEM
npaswioM: 1 e 1,2 — 10, 3 - 100, 4 — 1000 i Tax mai.

TakuMm 4rHOM MiHIMalbHA KOJOBA BiJICTaHb OY/Ib-
SKOI  3aBafOCTIMKOI  HEEKBIAUCTAHTHOI  KOJOBOI
MOCIIZIOBHOCTI, MO ToOymoBaHa 3a pomomoror IKB
Oyzae BU3HA4Y€HA y BUTJISAL CITiBBITHOIIEHHS HOPSIKY Ta
kpatHocTi IKB:

dmin = Z(N_R)
Jost 301IbIIICHHS KIJIbKOCTI JI03BOJICHUX
KOMOIHAILi i HEEKBIAUCTAaHTHUX KOJIOBUX
nmociiioBHOcTed 3a  npomomoroto IKB  moOyayemo

J3EpKabHY 3aBaJOCTIMKy HEEeKBiANCTAHTHY KOZOBY
nociaigoBHicTe 3 Baramu IKB, ne momiHgemMo MicsMHA
OJIMHUIII 1 HyJIi TIPH KOIyBaHHI.

KinpkicTh [103BOJEHMX KOMOIHALli OCHOBHOI Ta
JI3EPKAIBHOI 3aBAIOCTIHKHX KOJJOBUX MOCIITOBHOCTEH:

P=2S]

KinpkicTe momumok t;, sKi BHABIAIOTECA 3a
JIOTIOMOTOI0  3aBaJOCTIHKOI KOJOBOI ITOCIIIZOBHOCTI,
BU3HAYAECTHLCSA 3a JOIIOMOTOK MIHIMAIbHOI KOIOBOI
Bigcrani d;,:

t<d,,—1.

KinpkicTe momunok t,, ski BUIPaBIAIOTbCA 32
JIOTIOMOTOI0  3aBaJOCTIMKOT KOJOBOI TOCIIiTOBHOCTI,
BHM3HAYAETHCS KIJBKICTIO TOMIJIOK, 1[0 BUSBJISIOTHCS t1:

t, <, -1/2

BusHaunMo 3aJI€KHICTh, IO BU3HAYA€ KiIBKICTh

HOMMIIOK, IO  MOXYTh  OyTH  BHSBIGHI

3aBaOCTIHKOI0 KOIOBOIO ITOCIIIJOBHICTIO!
t, <2(N-R)-1.

BusHaunMo 3ae)KHICTh, IO BH3HAYA€ KUIBKICTH
MOMHJIOK, IO MOXYThb OyTH  BuOpaBieHi t2
3aBaOCTIHKOI0 KOIOBOIO ITOCIIIJOBHICTIO!

t, <N-R-1.

MiHiManbHY KOIOBa BIICTaHb I 3aBaJOCTiKOL

KOJIOBOI IIOCJII IOBHOCTI BU3HAYUMO SIK
d, <Sy-2(N-R)

3HaliIeMO ONTUMAJIBLHUNA  B3aEMO3B 30K  MIXK
3HaueHHssmMu mapametpie N i R 3 Touku 30py
HaMKpamoi KOPUTYHOUOl 3HaTHICTh  3aBaJOCTIHKOL

KOJOBOI IOCIITOBHOCTI. 3aBaJOCTIMKICTh i€l KOZOBOI
MOCTITOBHOCTI 3pocTae 3i 30UIBIICHHSM 3HAYCHHS
pizaumi L =N —R. Haii6inpmre 3Hauenns L Oyxme 3a
YMOBHU:

Sy =2N.
Hagenemo B3aemo03B’s130K Mix mapamerpamu N i
R, «xomm 3aBajgocTriiika KOJOBa  IIOCJIIOBHICTB

MAaKCUMAJIbHO BHSBIIE
KIJIBKICTD TIOMUIIOK:

N /2, N—napue
a (N-1)/2, N —nenapne
OTpuMaHi Ha OCHOBI IJCalbHUX KUIBLIEBUX
B’S13aHOK 3aBaJIOCTiMKI KOJIOBI HOCIIJOBHOCTI MOXYTb
saxomutn g0 N-1 Ta BunpaBmsta go N/2-1
MOMUJIOK 3a MapHUMU 3HaueHHsMH N , i 3HAXOAUTH JI0
N ra Bunpasisita 10 (N-1)/2 momumiok 3a HemapHUMH

Ta BUIPABIAE HAWOLIBITY

3HadueHHssMH N 3a yMOBH, IO KiTBKICTh JO3BOJIEHUX
KOMOIHaIiifi  30UIBIIYETBCS  BIBIYI 32  pPaxyHOK
BIIPOBQ/DKCHHS JI3€PKANBHUX 3aBaJOCTIMKHX KOIOBUX
MOCITITOBHOCTEH.

3acTOCYBaHHS aIrOPUTMY KOIYBaHHS 1 JEKOJyBaHHS
JIaHMX Ha OCHOBI HEEKBIIMCTAHTHUX 3aBAJOCTIMKMX KOIOBHUX
MOCIIJOBHOCTE  J1Ta€  3MOTY  CYTTEBOIO  IOKpAIIEHHS
3aBafOCTIHKOCTI.
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3ACTOCYBAHHA CEPBICY CAEaaS AK CUCTEMU IHHKEHEPHUX PO3PAXYHKIB
3 BUKOPUCTAHHAM XMAPHUX TEXHONOIA

3 meroro Bu3HaueHHS Micus cepBicy CAEaaS
(aarm. Computer Aided Engineering as a Service —
KOMIT'FOTEPHI CHCTEMH IHXXCHEPHOTO aHalizy sK
cepBic), Uit 0a30BUX YMOB, MIOJO MOAATBIIUX
JIOCTIJIKCHB, y pOOOTI MPOBEJCHUIN PO3LIMPCHUN aHAII3
XMapHUX o0umcieHb 5K cepBiciB. Cepel HaBeIeHHX
cepBiciB BUIICHO 0a30Bi ceppicu laaS, SaaS, PaaS, ski
€ OCHOBOI /Il IiCHyBaHHs Oulbll YyHipikoBaHHX
ceppiciB (CaaS, MCaaS, DaaS, FaaS, [PaaS, MBaaS,
NaaS, SeCaaS, DBaaS, MaaS, GaaS, STaaS, TaaS,
DRaaS), mo 30iIbmIyroTh 00NacTh BHKOPUCTAHHS.
Bxazani MOXIIMBI IOCTA4aJbHUKH CEPBICIB, B TOMY
yuchi 1 ykpaiHceki. Bu3HaueHo, mo s Toro, mo0
HepeHecTn pobOTy CUCTEM IHKEHEPHUX PO3PaXxyHKIB Ta
cucteM aBTOoMaTH3oBaHoro npoektyBaHHs (CAIIP) na

XMapHy 1atrgopMmy, 3’SBUBCS  JOCHTh  HOBHM
nepcrextuBHuii cepBic CAEaaS.
Awnaniz Mojeneld — o0OCIyroByBaHHS XMapHHX

CepBICIB I0Ka3aB, IO OCHOBHHUMH CepBicCamH, sKi
NpU3HAYCHHI NI BUPIOICHHA PI3HUX IH)KEHEPHUX
3amad, po3paxyHKiB, aHaNi3y 1 CTBOPEHHS MOJelei
¢dismarmx mporecis € PaaS 1 SaaS cepsicn.

PaaS ingeampHO miAXOMUTH IS e€(QEeKTHBHOTO
HaJlaHHS NTPOTPAMHHUX CEPENIOBHUIN Ta IHCTPYMEHTIB JUIs
pPO3pOOHHKIB ~ MPOMHCIOBHM  OpraHi3amisM,  sKi
PO3pOOIIAIOTh 1 TECTYIOTh MPOrpaMHe 3a0e3MeUeHHs Ta
3acTOCYHKH JUIs 0a3 manux. Lle 3abesmeuye moBHE Ta
LEHTPAII30BaHE CEPEJOBHIIE PO3BUTKY, SIKE IOCTYITHE
Ha BUMOTY.

[Tpu npaBuibHIl peanizauii SaaS Moxe 03Ha4aTH
3HAa4YHY €KOHOMII0 KOIITIB BiJl TPaJMIIIHHOTO IiJIXOIy
JI0 BOJIOAIHHS MPOTrpaMHuUM 3abe3neueHHsM. L{s moaens
XMapHOi TOCIYTH TPOIIOHYE MiHIMi30BaHI BHUTpaTH Ha
HaJlaITYBaHHS ~ YCTaTKyBaHHS Ta  HPOTPaMHOTO
3a0e3MeUeHHs, HaBiTh SKIIO BOHa  3abesmedye
HaJIMIpHICTh 1 BHCOKY JOCTYIHICTb, IO JO3BOJISIE
obcmyroByBatu  3amymieHi TPOTPaMH. Kinmnesi
KOPHCTYBadi  3BUIBHSIOTBCA  BiJl YOpPaBIiHHA Ta
koHTpoo 6azoBoi IT — indpacTpykrypu. Jlinensii Ha
Oes3mneKy, Mepexy, OOUYMCIEeHHS Ta BCi JiNeH3ii Ha
nporpamMHe 3a0e3NedeHHs BKJIAJAIOThCS B IOMICSYHY
abo ImopiuyHy TUIaTy, BUKIIOYarO4W abo0 3HAYHO
CKOpOYYIOYM KalliTajbHi BHTpaTH. HartomicTe icHye
pa3oBa BapTICTb JOCTYIy A0 Oyab-sIKMX OakaHHX
nociyr. Oprasizanii nmiaartaTe 3a Te, IO BOHH
BUKOPHCTOBYIOTb, 1 YaCTO MAIOTh MOXJIMBICTb JIOAaBaTH
a00 BUAIATH MOCITYTH 32 TIOTPE0OIO.

Hesiki cepenoBuia, Mo 0a3yloTbes Ha XMapi,
BKJIIOYAIOTh CKJIaJHI CEPeJOBHIIA MOJEIIOBAHHS JUIs
MOBHOTO TECTYBaHHS MNPOEKTHHX 3aCTOCYHKIB Iepes
MepeMileHHsAM iX y BUpoOHUTy cuctemy. [Iporpamu ta

3aCTOCYHKH U1 0a3 JaHUX MOXKYTh OYTH CIIeI[ialbHUMHA
mporpaMaMi, sKi TIPOMHCIIOBI oOprasizamii pasimie
BUKOPDHCTOBYBaJIM, aje 3apa3 pO3ropTaloThCs Ha
BIpTyaJlbHUX MAalllMHaX y XMmapi. BoHH TakoX MOXYyTb
OyTH nojmatkamu, MoOynOBaHMMHU 3 HYJIS B XMapi 3a
JIOTIOMOT0I0  IIaTGOpMU Ta IHCTPYMEHTIB, HaJaHUX
MOCTa4aJbHUKOM TTOCTYT aBTOMATH3aLlil.

Y  feskux BUMN3AKax Te caMe IporpamHe
3a0e3MeueHHs] MOKE BHKOPUCTOBYBATHUCS AJS MPOTpamM
SaaS i PaaS. ImkeHepum 3 ympaBiiHHS Ta MPOIECIB
MOXYTb BUKOPHCTOBYBaTH MoJenb PaaS mmst po3poOku
nporpamu Ta SaaS ans iX BHPOOHHYOTO cepeloBHIIA.
Hanpuknan, aBromMaTu3anisi, KepyBaHHsS IpoLEcaMH Ta
nporpamae 3abesmedeHHs SCADA, mo TpagumiiHO
MPOIIOHYEThCS JIMIC Ha 0a3i 3aMOBHHKA, JOCTYIHI SK
M03aIpOLIECOpHE cepeloBuILe Ppo3po0KH Ta
monemoBanHst  (Open VEP) abo sk mporpamue
3a0e3neYeHHS SCADA, OIITUMI30BaHE IS
3abe3neueH sl HaliiHOCTI Ta Oe3MeKH It MOHITOPUHTY
Ha piBHI MiATIPHEMCTBA Ta KOHTPOITIO
MIMPOKOPO3NOBCIOKEHUX aKTHUBIB.

Po3mimieHHs Takoro NporpaMHOTo 3a0€3MeYeHHs B
HEHTpi 0OpPOOKM HaHWX 3 MPSMUM BHUCOKOIIBHIKICHUM
MAKITIOYCHHSIM 10 TeJICKOMYHiKamii Ta [HTepHeTy nae
MOYJIUBICTH MIBAIKOIIFOYOTO Ta HaIiHHOTO
MAKIIOYSHHS 10 BCIX BIIJAJICHHUX MPUCTPOIB Ta
BizyaJi3auii 3arajipHoOro 0i3Hecy.

B pamkax maHHX CEpBICIB 3’SIBIIIETBCS TOCHUTh
HoBuit nepcrektuBHuil cepBic CAEaaS — xomm’toTepHi
CHCTEMU IHXEHEpHOr0 aHaji3y sK CepBic, SKHi
MOKJIMKaHUH TepeHecTH pPOOOTY CHUCTEM IHXKEHEPHHX
PO3paxyHKiB Ta cucTeM ABTOMATH30BaHOTO
npoextyBauHs (CAIIP) Ha xMapHY TIaThopmy.

CAE abo Computer-Aided Engineering — TepmiH,
10 BUKOPHUCTOBYETHCS AJISI OIMCY MPOLENYypPH BCHOTO
nporecy iHXeHepil NMpOJXYKTy, BiJl NpPOEKTYBaHHS Ta
BIPTyaJlbHOTO TECTYBaHHs 3a JOMOMOIOI CKJIaJIHUX

AQHATI THYHIX ANTOPUTMIB bl IJIaHYBaHHs
BUI'OTOBJICHHS. Komn'rorepaa IHXKeHepis €
CTAaHJApTHOIO B Maibke Oyap — SKIH ramysi, sKa

BUKOPHCTOBYE SIKECh NpOrpamHe 3a0e3redeHHs [yis
po3pobku mpoxykTiB. CAE —1e HacTymHHH KpOK He
TUIBKA  PO3pOOKM TPOAYKTY, ane ¥ HiATPUMKH
IHKEHEPHOTO  TPOLIECY, OCKUIBKM BiH  JI03BOJISIE
BUKOHYBaTH BUIPOOYBAHHS Ta MOAETIOBAHHS (DI3NYHUX
BJIaCTHBOCTEH BHUpPOOYy 0e3 HeoOXimHoCTi (iznyHOTrO
npororuny. Y koHrekcti CAE, Halb6inpm wacrto
BUKOPHCTOBYIOTHCS THUIIM MOJICIIOBaHHS aHaNi3y, IO
BKJTIOYAIOTh aHaji3 KIHIIEBHX €JICMEHTIB,
0o0YHCITIOBAIBHY TUHAMIKY DPiIWH, TEPMIYHHHA aHai3,
0araTo1iarHOCTUKY Ta ONTHMI3aIlito.
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MOAENOBAHHA TEHEPATOPA NCEBAOBUNAAKOBUX YACEJT XAOTUYHHUM
BINIbAPOOM CIHAA

Iponec renepanii BunankoBux uwmcen (I'BY) e
HEBIJ'€EMHOI0 YacTHHOIO 0aratboX KpHITorpadidyHnx
oreparii.

B nannii wac icHye BenHMKa KITBKICTH METOIIB
reHepamii TOCIIJOBHOCTEH 3 pI3HEM  CTyIIEHEM
BUManKoBocTi. ONHAK HA TMPAKTHIl OUIBIIICTH ITUX
TeHepaTopiB BUPOOIIAIOTH MOCIITOBHOCTI, BIACTHBOCTI
SKUX HE BIAMOBINAIOTH BHUMOTAaM BHIIAIKOBOCTI 1 €
reseparopamu ncesnosunaakosux yucen (I'TIBY).

YacTo B ymciax, sKi 3reHepoOBaHi 3a JAOIOMOTO0
TaKUX I'TIBY MIPOCTEXKYIOThCA OYEBUIHI
3akoHOMipHOCTI. Takox, Oyke 4YacTo TeHepaTropH
ITIBU € HaiiOiipmn caabKkuM MiceM y CHCTEMax
mmdpysanHs. CopaBa B TOMy, IO TEHEPATOPH
MPOTpaMHOTO 3a0e3edeHHs MOBHICTIO JETePMiHOBAHI.
BoHu BHKOpPHCTOBYIOTH pi3HiI ckiaaHi (yHKUii s
O00YHCIIEHHS MICEBIOBUIAIKOBUX unce. I1ocmiqoBHOCTI,
OTpHMaHi B pe3ynbTari poOOTH TaKMX TeHEpaTopiB, €
nependavyyBaHi Ta BIATBOPIOBAaHI 1 HE NpPWAATHI JUIs
BUKOPHCTaHHS B KpUNITOTpaiYHUX MpOorpamax.

CucteMn TUHAMIYHOTO OUTBSIPAY BHUSBWIH J0OOpe
pPO3BHHEHY XaoTH4YHa NOBeAiHKY. HesBakarounm Ha
XOpOoLIl  XapakTepUCTHKH, IIi CHCTEMH IIe He
3aCTOCOBYIOThC. y  kpunrorpadii.  I'osloBHOIO
NPUYUHOI0 € CKJIAJHICTh BUPAXKEHHS PIBHSIHHI DPyXy
YaCTHHOK B SIBHIH Qopmi.

Y 1976 poui Bimomumii matemaruk FO.I'. Cinaii
JIOBIB, 1[0 TOBEAIHKA OUTBAPAHOI KyJi y JUHAMIYHOMY
OimpsIp i, sIKa BH3HAYAETHCS BHU3HAYCHUM
JIETePMIHOBaHUM PIBHSHHSAM, Ta TOBEHiHKA OLTBIPIHOL
Kylli, sIKe KepyeTbcs IporecoM MapkoBa IEpHIOTo
MOpsiAKY, Hepo3pisHuMi. OCKITBKA ~ MapKOBCHKHIA
MpOLIEC TEPUIOTO MOPAAKY € IMOBIPHOCHHM TPOIECOM,
SIKAH 3aJIe)KUTh TITBKHU BiJl TOMEPETHHOTO 3iTKHEHHS 3
MEPEroH0I0, TO BiH € fAK HeIeTepMiHOBAaHHM, TaK i
Herepen0adyBaHNM.

[Iporpama MopemoBaHHS PyXy Kyii y Oimbspi
Cinas 0a3yeTbcs Ha TBEP/KCHHAX, [0 pPyX Ky
3MIHCHIOETECS 0€3 BTpaTH MIBHIKOCTI(TEPTS BiACYTHE)
Ta KyT NMaJiHHS JOPIBHIOE KyTY BiIOUTTS. Takum unHOM
npuiiMaeMo, MO0 pyX Kyldi Mae€ MIBUAKOCTI MO
xoopaunarax Vx=cos(d); Vy=sin(d). 3sincu Vi? +Vy?=1.

[puitmaemo miss MOOYIOBH QITOPUTMY PYyXy Kyii
HaCTYITHI BXiJHI TapaMeTpu:

— HanpaMoK pyxy Kyii — V={Vx,Vy},

— TOYATKOBE MOJNOKEHHS Ky y 6imbsipai — P={Px,

Py}.

AnroputM  MopjemoBaHHS  Oimpspny — Cinas
HACTYTHUMN:

Begin

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

HOYAMKOBI KOOPOUHAMU NOYAMKY PYXY KV
Vy = Value_Vx; Vy := Valye Vy,//Konkpemmuii
HanpsmMox pyxy 8i0n08ioHo nNo KOOPpOUHAmMax x ma y
N := Value N,//Konkpemna xinokicme imepayiti
YUKII6 OOUUCTICHHSL MOYOK NePemuHy
for i:=1to N do//Kinexicme 3imxuens kyui
Xo [0..3]:=[1, -1, -1, 1];//Koepiyichmu ons
6EKMOPIB, SIKI 6PAXO0BYIONMb KEAOPAHN 3HAXOOICEHHSL
yo[0..3]:=[1, 1, -1, -1];/ kyni y naowumi
oinvapdy Cinas
for i:=0 to 3 do//Ljuxn 3naxooocenns xoopounam
MOYOK nepemuny mpackmopii pyxy Kyai
Cyx :=Py - Xo[i]; Cy :=Py - yo[i];
D :=(Vx * Cx+ V, * C))>— (Cx2+ C/2- 1);
if (D > 0) then
Begin
to:=- (Vx * Cx+ Vy* Cy) - sqrt(D);
ty:=- (Vx * Cx+ Vy* Cy) + sqrt(D);
if (to > 0) and (t2 > 0) then

Begin
t:=min(to, ta);
Xo := Vx*t+ Py;
Yo:=Vy*t+ Py;
Iy := Xo - Xo[i];
ry:= Yo - Yolil;

Vi =V * (02 - 1) - 2 * Vg * 1™ 1y
Vy = VY (rxz - ry2)72 Vi r* fy;
Px* :=x0; Py :=y0;
VX 1= Vx* Vy:=Vy*;
End;
End;
End;
End.
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®OPMYBAHHA TA ®INbTPALIA CUTHANIB BEWBNET - NEPETBOPEHHSA B
3A0AYI ULWOPOBOU OBPOBLII CUTHATIB

VY TenepilHii Yac BUKOPHCTOBYIOTHCS MOBCIOIHO
BeliBeTH  (QimpTpamii, A TaKMX 3aBOaHb, K
CTHCKYBaHHS 300pakeHb, 3aBHaHb Npu 00podmi i
CHHTE31 Pi3HUX CHTHAJIB, IIPU aHAaJi3i 300pakeHp caMoi
pi3HOi TpHWPOIHM, MpH 3TOPTKY (CTHCKAaHHI) BEIUKHX
o0csriB iH(pOpMaIii, Ta U 3aXUCTY iHPOpMALIii.

Janst hopMyBaHHS CKOPOUSHHS LU(PPOBOTO MOTOKY
npoOJieMa MOJIMIIEHHs SKOCTI (inbTpanii nudpoBux
MepeIikoZ, Ha OcHOBI oxHoBuMipHoi JIBII Oyna
NpoaHajli3oBaHa 3 BHKOPHCTAHHSM Di3HHX HOPOTOBHX
¢yHKII Ta BUOOpY OCHOBM BEWBIIETIB. 3Bakalouu Ha
3HAYHUI 1HTepec A0 wiel mHpoOleMH Ta YHCICHHI
JIOCIIIKEHHS, TIOIITYK Ccroco0iB orrruMizarii
NPUAYIICHHS TIEPEIIKO/, HAasBHUX Yy CHTHalax Ta
300paKEHHX, 3JINIIAETHCS AKTYaIbHUM Ta BaXKIIMBHM.
IIpu peamizamii anrOpUTMIB IIBUAKOTO PO3KIANAHHI
CHTHAly B  BeHBier-0asuci  JOBXHHA  BHOIPKH
BUOMpaeThCA piBHOIO Miporo msiiiku N =27, tak sk
mepexi Bil OJHOTO PIBHA IEKOMIIO3HUINI JO iHIIOTO
(6inpIm meTanmbHOMY) €KBIBaJICHTHO 3MCHIICHHIO BIBIYi
JMOBKUHH  BHOIpKH.  3aTyxarmdi  XapaKTePHCTHUKH
JIICKPETHOTO BEHBIIET NMEPETBOPEHHS NpH 301IbIIEHHI
M (me mocriina M Bu3HAYa€ MOBXKHHY 00acTi
3aBaHHS BeUBJIET-0a3WCy)BiMUyBae JesKi HEHONIKH
NIPY BUPIIICHH] AESKOTO Psy 3aBIaHb. Y 3B'A3KY 3 LIUM
BUOIp BEHBJICT-TIEPETBOPEHHS TTOBHHEH 33J0BOJBHATH
3aJI)KHO BiJl TPIOPHUTETIB 1 BHOOPY CHTHAIIB B
mudpoBiii  00pobmi curHamiB. Pazom 3 1mM, 3i
30inpmeHHsIM M CYNpOBOKYETHCS MPU3BOIUTEH 10
ICTOTHOTO 3pOCTaHHS KOeQIillieHTiB (iIbTpa, IIo
MIPU3BOAMTE JI0 CYTTEBUX HEMOIIKIB (ITiIBHUIICHHS Yacy
00YHCIIEeHB) .

Y zagmammax I[OC, cuHTe3y  QiibTpiB,
posmizHaBaHHSA OO'€KTIB 1 CTHCHEHHS 300paXeHb B
AKOCTI OCHOBHMX (QyHKumid Juin  peamizauii  [ABII
3aCTOCOBYIOTh BeiiBlieTH Xaapa, Jobemru.

Jnst macmraOyBanHst QyHKLiT BeliBiera JloOemn
npu Maiux M koediuieHTH h, MOXYTb OyTH 3anucaHi

y BMIIISAI TOYHUX BMpa3iB, Hanpukiaj, Beiisner D*
3a/1a€THCS KoedillieHTaMH:

_ 1 N :
h0_4ﬁ(1+\@), h, 4\/5(3+\/§),

Huns, mpuxianga, HaBeiaeMo Halip KoedillieHTiB
BU-¢inpTpa, 3a JAONOMOTOI SKOTO BH3HAYAETHCS
IIMPOKO 3aCTOCOBYBAHMUM Ha ITpakTHIl BeiiBner DB;

h, =-0,0757657,
h, =0,4976187,
h, =0,2978578,

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

hy =-0,0126040, h, =0,0322231.

N NPaKTUYHHUX 00YHCICHHAX 3a3BUYail
BUKOPHCTOBYIOTHCS KOe(ILiEHTH 3 TOUHICTIO JI0 32-X abo
64-x necsatkoBux po3psaiB. KoedimieHTn po3kiagaHHs mo
BeiiBeT d, BiIOOpa)XKar0Th aMILTITYIHI XapaKTEePUCTUKH

aHaTI30BaHUX TPOIECIB HA PI3HUX PIBHAX H03BOXy. [ms
(iTBTpAIIii mepenIKoa HeBeIHKi 110 aOCONOTHIN BeTHIHHI
BeHBIET-KOS(IliEHTH Ha MaluX MaciuTadaX BiIKHIAIOTh
mepel] TPOBEICHHSIM MeToJ MoporoBoi ¢umsTparii. [Tpu
IbOMY SIKICTB (INBTpAIli ICTOTHO 3aJIeXKUTH BiJ BHOOPY
BapiaHTa 3aBIaHHA TMOPOroBoi  (YHKII, Ha SKY
30LIBIIYIOTBCSL BIANOBIZAHI KOeillieHTH nepes 3B0pOTHUM
NIepPEeTBOPEHHSIM 1 Bix BeiiBieT-0a3ucy. Bignosinuuii BUOip
CTIpHSE OTPUMAHHIO OLTBII BHCOKOI SKOCTI OYHINCHHS
curHaity abo 300pakeHHS BiI mepelkoa. [cHyIOTh
3aBJIaHHS, JIC BXKJIHBIIIIEC 30eperTH PEerysIpHICTh CUTHAIY,
HDK TOYHO BinTBOpHTH Horo amrurityxny. [lpuxmamom
CITyHUTh (DUTHTpALlist 300pa’keHb Bl PI3HUX MEPEIIKOI, 1
MeToJ] "M'SIKOTO" 3aBIaHHs MOPOTOBOI (PYHKIII € MIMPOKO
BUKOPUCTOBYBaHMM TimxofoMm. [lpum anami3i curHamiB
30epeKeHHs] HE3MIHHOIO aMIUTITYIM TaKOXX HE 3aBXKIH €
000B'I3KOBOIO BUMOTOIO.

[Ilo crocyerhesi aHamizy 300pakeHb Hpolexypa
pO3KIIaZiaHHs 10 BeiBIeT mependavae mepexix o
JIBOBHUMIPHOT peaizarii JTUCKPETHOTO BEHMBIIET-
neperBopeHHs aBoBumipHoro JIBIT. Takuit minxin,
30KpeMa, BUKOPHCTOBYEThCS B KOMITIOTEpHil rpadimi B
pamkax ¢opmary JPEG2000. Ilpu mpakTudHOI peanizariii
JIaHOTO dopmaty PO3IIISIIAETHCS PO3IIMPEHHS
omrosuMipHoro JIBII, mpu skoMy OKpeMo aHAIi3yIOTHCS
PSUIKM 1 CTOBIII JIBOBUMIPHOTO 300paXeHHA. Y IbOMY
BUMAJKy  IPOBOAWTBCS  aHANi3  300paKeHHS 110
TOPHU3OHTAISIX, BEPTUKAIAX 1 JAlaroHAISAX 3 OJHAKOBUM
JIO3BOJIOM, 1 BiNOBiHI (ibTpH (HOPMYIOThCS Ha OCHOBI

TBOpiB  xapaktepuctnk HY 1 BU-¢pimsrpiB  ms
OJTHOBHMIPHOTO BHIIAJIKY.

Cnucok nitepatypu
[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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NEPCMNEKTUBU BUKOPUCTAHHA MEPEXEBUX TEXHONOINYHUX PILLEHb B 5G

Konnenmis 5G

5G 1e HOBE TIOKOJIIHHS PamioCHCTEM 1 MepeKeBOi
apxiTektypu, ske Oyme TpeAcTaBusaTH 3 cebe
MaKCHUMaJIbHUH  IIUPOKOCMYTOBHH  JOCTYM, YJbTpa-

HaMIHHICTh, MaJIMHd dYac 3aTPUMKH TIIKITIOYCHHS 1
MacHBHI MepeXi JJI1 KOPUCTYyBadiB Ta [HTEpHET pevew .
5G Oyne nabararo Oijblie, HiX MPOCTO HOBA TEXHOJIOTis
pamio3B'sisky. Bona Oyme moennyBaté B co0i iCHyroYi
TEXHOJIOTIT paliof0CTyIy 3 HOBHMH, ONTHMi30BaHHMH
JUIS. KOHKPETHUX CMYI' YacTOT i PO3rOPTaHHS MEpexi,
CleHapiiB 1 BapiaHTiB BHKOpHCTaHHA. 5G Takox Oyne
BUKOPUCTOBYBAaTH  IPUHIMIIOBO  HOBY  MEPEKEBY
apxiTeKTypy, 3acHOBaHy Ha TexHojJoriax Network
Function Virtualization (NFV) i Software Defined
Networking (SDN). ITporpamMoBaHicTh MaTHMe KIFOUOBE
3HAUCHHSI JUIS JIOCSTHEHHS Tillep-THYYKOCTi, TaK SIK

CTUTEHUKOBHM orieparopam OTpiOHO G
M ITPUMYBaTH HOBI BUMOTHU 3B’AI3KY, o
BUCYBaTUMYTbCSl 10 HUX 3  UIMPOKOrO  KoJja

KOPHCTYBa4iB, NPHUCTPOIB, KOMIIAHIH 3 PI3HUX Taiy3eil
MPOMHUCIIOBOCTI Ta IHIIKX oprauizamid. Mepexi 5G
MOBHMHHI Oytun MPOrpaMOBaHUMH, porpaMHo
3a0e3MeUeHUMA 1 YOPABJATHCSA — LUIICHO, 11100
3a0e3MeYNTH PI3HOMAHITHHIH 1 BUTiTHHAHN CIICKTP ITOCITYT.

BusnavatoTe 1'ATH KIIOYOBHX  acleKTiB, SIKi
OIMMCYIOTh TPAHC(POPMAINIO CYJaCHHX KOMYHIKaIliid B
enoxy 5G.

— MoxJIMBOCTI BH3HAYAIOTH HOBI BHMMOTH, SIKi
MOBWHHA MIATpUMYBaTH TexHouoris 5G 1 HOBI pecypcw,
SIKi BOHA CTBOPHUTb.

— VHiBepcaJibHa pajliocKcTeMa JIOCHIKY€E Pi3HI

TEXHOJIOTIT ~ pa;iofocTyly, sSKi B CYKYIHOCTI
3a0€3MeUyIOTh YIbTPA-THYYKE ITiJKITFOYCHHS.

— CucremMa CHCTEM BH3HAYa€  aAPXITEKTYpy
Mepexi, sAka Oyme HeoOXimHa, sK BoHa Oyne

MiATPUMYBATH HOBI BUMOTH 1 3a0e3MeUyBaTH BEIUKUI
JIOCBIJT 1 HAMIMHUHA 3aXUCT, SIKI OYIKYIOTh KOPHCTYBadi Ta
MIJIMPUEMCTBA 3 PI3HUX raTy3el.

— [IlpakTH4HICTH TPONOHYE OCHOBHI  eTamu
po3BuTky 5G 1 sAK omepartopu 3B’S3KY 3MOXKYTh
PO3TOPHYTH MepeXi B HAaHOUIbII epeKTUBHMI cI10CiO.

— TloTenmian onucye, K HOBAa KOMYHiKaIliiiHa epa
5G 3MIHUTP MOBCAKICHHE XWUTTS JIIOJCH, pi3HI ramysi
MPOMHUCIIOBOCTI 1 Bech Oi3HeC cTaHe NpOBalaAEepOM

3B’A3KY.

Konnenuist SDN

Konnenmiss SDN  0a3yerbcst Ha  HAacCTYIHHX
NPHHIMIAX:

— posainenns control plane ta data plane. B SDN
BiIOyBa€THCS PO3IiICHHS TIPOIIECiB nepenadi

iHdopmariiiHoro Tpadiky Ta Tpadiky yrnpaBIiHHS;

— enuHUK,  yHiQiKOBaHWE,  HE3aNCKHUH  BiX
mocTadajbHUKA iHTepdelic MK piBHEM YIpaBIiHHA Ta
piBHEM Ilepenadi JaHUX;

— JIOTIYHO IICHTpAIli30BaHE YIIPABIIHHSI MEpEKero,
3IIHCHIOBaHE 3a IOMIOMOTOI0 KOHTPOJIEPA;

— MPOTpaMOBaHICTh Mepexi. Mertoro
NPOrPaMOBAHOCTI €  MOXJIMBICTH ~ 3aCTOCOBYBATH
NporpaMHi JIOJAaTKH, 110 OyAyTh BIUIMBAaTH Ha BCIO
Mepexy. Lli 1oAaTKd MOXYTh IiJBUIIUTH HAXIAHICTH
MEpeXi IUIIXOM HaJaHHS HOBHUX 3aco0iB Oe3rmekw,
MOKpAIMTH ~ MapuipyTusanito Tpadiky Ta Imporec
HaJjaHHS MIPIOPUTETIB, IO MPU3BOANUTH O KPaIoi SKOCTI
00CITyTOByBaHHS,

— BipTyamizamis Qi3MIHIX pecypciB MEepexi.

Konnenmis NFV

Network Functions Virtualization (NFV) - me
apXiTeKTypHa KOHLEMIIis, sIKa BUKOPUCTOBYE TEXHOJOT{
BipTyast3auii Ha piBHI Mepexi 1 MepexeBUX (YHKIIIH.
[TeBnoto wmipoto NFV MoxHa BBaKaTH pPO3BHTKOM
konuenmii SDN (Software-Defined Networking), ane
Oi7bII TIPaBWIILHUM OyJle 3BOPOTHE TBEPDKEHHS PO Te,
mo NFV BukopuctoBye SDN. SDN Bcepenuni NFV
MOKE 3aCTOCOBYBAaTHCS Ha MEpPEeKEBOMY pIBHI SK B
iHppaCTPYKTYpi, TaK i B criokuBada cepricy. KonTponep
SDN moxe Oyt BOYIOBaHUH B CHCTEMY MEHEIKMCHTY
NFV, moxe OyTH peami3oBaHWi sIK BipTyaibHa a0o
HaBITh amaparHa CyTHicTh. KoHIeNTyanbHE MO€IHAHHS
apxitektyp NFV 1 SDN Ha sixkicHOMy piBHI ONHCaHO B
mokymenTi Network Functions Virtualisation (NFV);
Ecosystem; Report on SDN Usage in NFV Architectural
Framework €BponencrKoro THCTHTYTY
TenekoMyHikauiiaux cranaaptis (ETSI).

[poBeneni B naHiii poOOTI AOCHIIKEHHS Haaaiu
3MOTy  OTpUMAaTH  HACTYHHI  pe3yinpTatd.  bByio
MPOaHaJli30BaHO KITIOYOBI HATIPSMKH Ta PYIIIHHI CHIIH
PO3BUTKY CTUIBHUKOBHX MEpEX 3B’SI3Ky IISITOTO
nokoJTiHHA. B naniit poborti Oyiio mpoBeseHo 3MiCTOBHHUM
aHaili3 IepCreKTUBHUX CTIIBHUKOBHX Mepex 5SG,
BU3HAYEHO OCHOBHI PYIIiiHI CHJIM PO3BUTKY MOOIJIBHOTO
IINPOKOCMYTOBOTO JIOCTYTTy. Taxkox Oyio
MPOaHaJIi30BaHO Y3TOPKEHY apXiTEeKTypy CTUIBHHKOBHX
Mepex S5G. B maHiit  apxiTekTypi  IUTaHY€TBHCS
BUKOPHCTaHHS CYYaCHHX TEXHOJOTIYHMX pIilIeHb, IO
HaJaayTh 3MOTY 3a0€3MEeYUTH KPUTHYHI BHUMOTH JO
Cy4aCHHX CTIIbHHKOBHX Mepex. Jlo IMX TEeXHOJOTii
BITHOCHTBCSA BIpTyami3allii MepexkeBoi apXiTeKTypu
(NFV), mnporpamuo-koH(irypoBani mepexi (SDN) Ta
MEC. B pobGori Oymm po3mISHYTI HEpCHEKTUBH
BUKOPUCTAaHHS KO>KHOTO i3 3aIPONIOHOBAHUX
TEXHOJIOTIYHUX pillleHb, a TaKoX OOMEXEHHS Ta
HEJIOJIIKY TX BUKOPHCTAHHSI.
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BUKOPUCTAHHA CUCTEMU 3ATTULLKOBUX KINACIB Y CYHACHUX
OBPOBHUKAX CUTHANIB

Cama cyTh CyyaCHHUX NEPCOHAJIBHUX KOMII'TOTEPIB
pOOHUTH iX 3aJIeKHMMHU BiJ] CHCTEM YHCICHHS 1 Bif
TIpaBWJI, SIKi BU3HAYAIOTH 3B'S30K MiX grciaamu. OJHaK,
3aJMIIKOBA CHCTEMA, a00 CHCTEMA 3AIMIIKOBUX KJIAaCiB,
sJKa € TEMOIO IMX Te3, € JOCHTh BIIAMIHHOIO Bif
JBIKOBOI Ta JECSATKOBOI CHCTEM YHCICHHsS. BHacmigok
MEBHUX BIJMIHHOCTEH 3aJIMIIKOBAa apu(MeTHKa, sKa €
MaHIyJALIEI0  YUCEN, BHPAKEHHMX B  CHCTEMI
3aJIMIIKOBUX KJIACiB, MPOIIOHYE HE3BUYAHWIT HaOip
XapaktepucTuk. Hanpukiaz, 3amumikoBa apudmeTHka
3a0e3neuye MOXKJIHBICTB JIOJaBaTH, BigHIMaTH abo
MHOXKUTH B OJIMH €Tall, He3Ba)Kal04l Ha NPOTSHKHICTH
YHCell, He BAIOYUCh IO MPOMDKHUX (P nepeHeceHHs
abo BHYTpImHIX 3aTpuMoK. Ha >kamp, 3amuImKoBa
apu(dMeTHKa TaKOX Ma€ aTpuOyTH, SKi € HETPHUEMHUMH
Ta 30MTKOBHMH HACTUIBKH, IO HAa MPAKTHUII TEXHOJIOTis
BUKOPHCTAHHS HE 3aBXKIU MOJKIIUBA.

PosrsiHeMO  fesiki BTACTHBOCTI  3aJIMIIKOBOT
apu(METHKH B TIOPIBHAHHI 3 TPAAUIIITHIMHU CHCTEMaMH
yucieHHs. J[ns npoBeneHHs MOPIBHSHHS PO3TIISTHEMO
BJIACTHBOCTI JIECATKOBOI cUcCTeMH. BBenmemo nesiki
BIAMIHHI BJIACTUBOCTI CHCTEM YHUCIEHHA. Mexa
YHCJIOBOT CUCTEMH BU3HAYAETHCS SIK IHTEPBAJI, HAJI SIKUM
KOJKHE I[iJIe YUCII0 MOXKe OyTH MPENCTaBIEHO CUCTEMOIO
gepe3 KOMOiIHAII0 JBOX YHUCEN 3 OJHUM 1 TUM CaMUM
nogaHHsM. O4YeBHIHO, IO MAECSATKOBA CHCTEMa Mae
HEBHM3HAUEHI MEXi, IPOTE B MPAKTHI 3aCTOCOBYIOTHCS
ycideHi cuctemMu umcen. Tak B KOMIT'TOTEpax UHCIIOBA
MeKa BH3HAYAETHCS TOYHO CTAaHOBHIIEM IOBXHUHH
CJIOBA 1 THIIOM BHKOPHCTOBYBAHOI CHCTEMH YHCIICHHS.
[NonanHs yncna Ha3MBAE€THCS YHIKAJIBHNM, SKIO KOXKHE
YUCIIO B CHCTEMI Mae€ TINbKM OnHe mnojaHHs. OmHak
Oararo sKki 3a3BMYaii BUKOPHUCTOBYBaHI CUCTEMH YHCEI
HE € 4YNMOCh YHiKambHMM. Hampukian, necsaTtkosa
cHCTeMa YHCJICHHS, pO3IIUpeHa Uil BXOJ/DKEHHS
BiJl'€MHHX YHCEJ, 3a3BHUail Ma€ JIBa MOJAHHS JJIS HYJIS:
+ 0 i - 0. OueBunHO, mo Oyapb — sKa cHUCTeMa 3
MOJAHHSIM 3HaKy 1 BEJIMYMHM MOJYJS TakoX He
yHiKanbHa. [CHYIOTH JesKi CHCTEMH YHCIEHHS, SKi
BUKOPHCTOBYIOTh 3MIiHHI YSIBIEHHS IJISI BCIX YHCEL.
Cucrema uucieHHs Oyse Ha/UIMIIKOBOIO, SIKIIO iCHYE
MEHIIe YHcell, HiK KOMOIHAIiH nudp. AlbTepHaTHBHO
pi3HI KOMOiHAI] MOXKYTh CTOCYBATHCS OJTHOTO 1 TOTO X
gucia. OdYeBHIHO, [0 HE YHIKAJIBHICTh CTBOPIOE
HaaMipHicTh. Hanpukiaza, BiikoBa cucTeMa 3 MapHUMHU
nudpamMu, TOJaHUMU B OCTaHHIO MO3UIlito mudp, Mae
YHIKaJIbHE MPEJCTABICHHS JJIsl KOXKHOTO YMCIIa, 1 TaK sK

MOJIOBMHA KOMOiHalii 3a00pOHEHi, 1ie MTPEACTaBICHHS €
Ha/IMIPHHM.

3 BHILNECKA3aHOIO BHIUIMBAE, IO TIABKHA JBI1
CHCTEMHU YHCIICHHS 3HAHIUIN CHiIbHE BUKOPHCTaHHS B
KOMI'IOTEPHHUX 3aCTOCYBaHHSX: JBIMKOBa cHcTeMa i
IBifikoBO — pecstkoBa cucrema. OOoM cucTeMam
BJIACTHBI Taki BaXXIMBI MO3UTHBHI PHCH: MPOCTa
amaparypHa peaii3amis MOpPIBHSIHHSA YUCET; MHOXKCHHS
abo nineHHs Ha creminb 2 1 10 MOXXHAa BHKOHATH
HUIIXOM  3MilleHHsT IMdp B perictpu 30epiraHHs;
pPO3LIMPEHHS  MEX  CHCTEMH  YHUCICHHS  JIETKO
pealtizyeThCsl NUIAXOM JIOJaBaHHsS OUIBINOT KITBKOCTI
UPPOBHUX MO3MUIIIH; JIOTiKA, HEOOXiTHA JJISI BUKOHAHHS
CKJIaaHHs, € IICHTHYHOIO TS BCIX NU(POBUX MMO3UIIIH;
MPOCTOTA BUSIBJICHHS HAUIMILIKY; TPOCTE NEPETBOPEHHS
3 TUQPOBOi (OPMH B aHAJIOTOBY.

OsHaky, sIKi BEOyTh IO IIMX IIO3UTHBHUX PHC,
HaKJIaAal0Th OOMEXEHHsI Ha MIBUAKICTB, 3 SIKOIO MOXYTb
OyTH BHKOHaHI apu(METHUIHI omeparlii, OCKIIbKA depes
MOIIMPEHHS IIEPEHECEHHS HEMOXIIMBA IapajelibHICTh
omeparii. [ns Bcix apudmMeTHYHMX omepauii B 1IUX
000X cUcTeMax YHCIIEHHS, KOXHa 1uppa pe3yabraTy —
e QpyHKuis Beix uudp piBHOT 200 MEHIIOI 3HAYYIIOCTI.
Ills puca poOUTh HENPAKTHYHUM  BIIPOBAIKEHHS
mapaneiabHOTO JOAAaBaHHS, BiAHIMaHHSI, MHOXXEHHS a0o0
JUJICHHS UIs1 YHCelT, IO CKJIAIAI0ThCS 3 ASKUIBKOX IHpD
i, OTXKe, HaKIaJa€ Tak 3BaHe (yHIAMEHTAJIbHE
00Me)KeHHS Ha IIBUIKICTh apru()METHIHUX OIeparliii.

B cucremi 3anmmkoBmx KiaciB apuMeTHIHI
ormepanii € BUTBHUMH BiJI TepeHECEHHS, TOOTO KOXHa
mudpa pe3ynbrary — 1e QYHKIsA TUTbKH onHiel nudpu
KO’KHOTO OIepaHja, BOHA He3aJleKHa BiJ BCIX IHIINX
mudp ocHOB. 3a paxyHOK BIACTHUBOCTI BIUJIBHOTO
MePeHECeHHs] MiJBHLIYETHCS  INBUJKICTH  ONEparii,
TakuX SK JOJAaBaHHs, BiHIMAHHA 1 MHOXEHHS Y
KoMOiHaTOpHIA  Jorini. 30Kpema, IS  BHIAAKY
MHOXKEHHSI, HEOOXI/JHICTh B YaCTKOBHX pe3yJbTarax
BUKJIIOYEHA.

Buxonsunm 3 BHMINECKA3aHOTO MM MOKEMO
3pO3YMITH OCOOJHMBOCTI, SIKi Hece 3 COOOK cHCTeMa
3IMIIKOBUX KJIACiB, Ta TepeBaru ii BUKOPUCTAHHSA Y
npwiIajiax Ta mporecax, Jie MoTpedyeTbes MPUCKOpEHe
o0YmCIeHHS OTpUMaHMX pe3ynbraTiB. [Ipukiamom
BUKOPDHCTaHHS  CHCTEM  3aJMIIKOBHX  KJAciB €
panionokamis Ha KOpaOisix, NU(PPOBUX CHHTE3aTOpax
Y4acTOT, Ta B OKPEMHX BHIIAJIKaX ACHIN(pPYBaHHS.
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BUPIWLEHHA 3ABOAHb YNPABJIIHHA CUITAMU TA SACOBAMMU MNMYHKTY
YNPABJIIHHA NOBITPAHUX CUN B PEAJIbHOMY MACLLUTABI YACY

Ha crorognimHiii sneHs (opmanizyBaTH IpoLec
VIIPaBJiHHS CHJIaMH Ta 3aco0aMH ITyHKTY YHpaBJiHHS
(1Y) Tositpsanx Cumn (IIC) y moBHOMYy 00cs3i He
TIPENICTABISIETECS. MOXJIMBAM. TOMy TiJ YIIpaBIiHHAM
OymemMo pO3YMITH TUTBKH TMpOIEC, SKHHA TIOB’SI3aHUN 3
BUPOOJICHHAM PIlIEHHS Ta Peai3aliero PO3IOITy CHII Ta
3aco6iB [IY y xomi Oe3mocepenHpoi MiATOTOBKH Ta
BEJICHHSA OOMOBHX i,

BcTaHoBNICHI OCOOMMBOCTI YIPAaBIiHHSA CHJIaMH Ta
3acobamu ITY TIC, a came:

— OoMoBi nii OymyTh BHKOHYBaTuCsS B YMOBax
roctporo AeinuTy 4acy;

— 3HayHa KUIbKICTh iH(opMamii, sKa HamaeThCs
KOMaHIUpY ¥ Ha OCHOBI SIKOI BiH TOBHHEH INpUIMAaTH
pimIeHHS;

— IPUHAHSTTA AKICHOTO PIillIeHHs, TOOTO PIIICHHS SKEe
HaWOLTbIIe BIOIOBINA€ CHTYaIli, IO CKIAjacs, BayKKe
4yepe3 HeBM3HAueHY iH(OopMaIlito.

Crig MaTy Ha yBasi, IO JJI1 BUPOOJICHHS PIllICHHS
Ha yIpaBiiHHs MOBITpsiHUMU 00’ektamu [IC komanmup
MOBMHEH MarTH, IpUHAMMHI, X04a O OJWH BapiaHT i
IMIUIerIMX CHJI Ta 3ac00iB, [0 BHU3HAYAE PO3MOJLT iX IO
MOBITPSIHUM 1M, [IpoTe B cy4acHMX ymMoOBax KiIbKICTh
MOYKJIMBUX BapiaHTIB il 3HAYHO 30LIBIIUIIOCS 32 PAXYHOK
MOXKJIMBOCTEH, 110 3’sBHimcs. lle mpu3BoAuTh 1O TOTO,
0 U1l BUPOOJEHHsS OUThII OOIPYHTOBAHOTO PIIICHHS
HEOOXiTHO CHHTE3yBAaTH MHOXXKHHY BapiaHTIB pO3MOALTY
pecypciB ITY TIC B KOHKpeTHi# cUTyallii 3 ypaxyBaHHIM
3aJ]aHAX OOMEXeHb Ha KUIBKICTB  pecypciB, IO
BHKOPHCTOBYIOTECS, Ta Ha Yac BUKOHAHHS 00I0BOI 3a/1a4i.
VYci kepyrodi BIUTHBH Ha TOBITPsIHI 00'€KTH (TTOBITPSIHOTO
MPOTHUBHUKA) 3/iHCHIOIOTECS cunaMu Ta 3acobamu [1C 3a
JIOTIOMOTOI0  BUKOPHUCTaHHS MHOXHMHHM —pecypciB. Y
3araJlbHOMY BHIAJKy CHCTEMa MOXKE BOJIOMAITH PI3HUMU
THIIaMH pecypciB. ToMy B pamMKax BHKOPHCTOBYBAHOTO
(hOpMaBbHO-JIOTIYHOTO ~ arnapary CTPYKTYPH  IUJIbOBHX
ycranoBok  (CIY) HeoOximHa  po3poOka  Mopeni
BUKOPHCTaHHS PECYpPCIB y BIIKPHUTIH €KCIIepTHIN chcTeMi
My TIIC. Buxopucramns CLY B sxocti amapary
(opmanizanii 3aa4 ynpasiiHHS, 0 BUPIIIYIOThCs Ha [TY
IIC, mepenbauvae, mo 0COOIUBOCTI MPEIMETHOI 00JACTi,
30KpeMa, 3HaHHI TIIp0 PECYPCH, OIMCYIOTBCS  3a
JIOTIOMOTOI0  JIesIKOi  JIorigyHOoT Mojeni. OmHak KOpCTKi
OOMEXEHHS, IO TMPEASBISIOTECS OO Yacy BHPOOJICHHS
pimenas ©Ha IIY TIC =He [alOTh MOMXJIMBOCTI
Oe3mocepeiHb0 BUKOPHCTOBYBATH CHCTEMY HEJOTTYHHX
aKkcioM Iyl OMHMCYy 3HAaHb TMPO pecypcH. ToMmy iCHye
HEeoOXiIHICTh B po3po0mi MeTody (opMaizalii, sikuit Ou
JI03BOJIMB C(HOPMYBATH CTPYKTYPY 3HaHb, IO 3a0e3neuye
iX mpumaTtHiCTe Ui BHPINICHHS 3aBIaHb YIIPaBIiHHSA

pecypcamu IIY TIC B peambHOMYy Macmrabi dacy.
[MpoananizoBani TOPSIOK 1 TpaBHia BUKOPHCTAHHS
pecypciB, 3yMOBIIEHI CIIeNH(IKOI0 YIIPaBIiHHS 3aco0amu
BOTHEBOTO Ta  iHQOpPMAIIM{HOrO  MpPWAYNICHHT 1
iHdopmamiianvu  3acobamu IV TIC, mns toro, mob
cOpMyIIOBAaTH  OCHOBHI  TilOTe3W, OOMEXEHHT 1
TPUITYIIIeHHs Mozeni pecypciB. HaBemeni mopsmok Ta
OCHOBHI TpaBWJIa BUKOPUCTAHHS MHOXXHHH pecypciB
cucremu. Buxomsum 3 aHamizy ocoOnMBOCTEW JaHOT
npeaMeTHoi 00JIacTi, MOPSIOK BUKOPHCTAHHS Pecypcy
KOHKPETHOTO THUITy OyB IpENCTABICHUH y BUIILI rpada
cTaHiB. BuKopHCTaHHS pecypciB KepOBaHOI CHUCTEMH
3IIHCHIOETBCS HA OCHOBI CYKYIIHOCTI TpaBWJI, SIKi
chopMyIIEOBaHI B HOPMATHBHHX TOKYMEHTaxX (OOHOBHX
CTaTyTaX, TUPCKTHBAX 1 PO3MOPSIKCHHIX KOMAaHAUPIB 1
1.11.). JlaHi TipaBmiIa MOXKHA PO3IUTATH Ha HACTYITHI TPYIIN:
HOPMATHBHI [IPaBIJIa BUKOPUCTAHHS PeCypcy, HOpMaTHBHI
TpaBHJIa BUTPATH 1 TIOIOBHEHHSI 3aI1acy BIUIUBIB pecypcy i
NpaBHIIa CITITBHOTO BUKOPUCTaHHS pecypci.
OoOrpyHTOBaHi Ta chopMyIbOBaHI Ha 3MICTOBHOMY piBHI
TaKi OCHOBHI TiIOTE3U MOJIEI PECYPCIB, sIKi MOXYTh OyTH
BUKOpHCTaHi Tpu QopmMaiizaiii 3ama4d yrnpasiHHS, IO
Bupinrytoteest Ha [V TIC. BcranopieHo, 1o mnpu
(opmarizarii 3a1a4 ynpasiiHHS, 110 BUPIIIYOThCs Ha [TY
I1C 3 Bukopuctanusam amapary dopmamisanii CLIY 6esmiyu
HEJIOTIYHUX aKCioM, sIKi XapaKTeph3yIOTh OCOOIMBOCTI
IpenMeTHOI 00JacTi, HeoOXiTHO NOMOBHUTH CYKYITHICTIO
aKCioM, SIKi ONHCYIOTh PO3IIISTHYTY MOJIENh PECypCiB.
HaBeneHuid BUIIISII TAaKMX JAHHX HEJOTIYHHX aAKCIOM.
Bcranosneno, mo Bukopuctanns CLY s dhopmanizamii
3aJa4 YIpaBIiHHA TIependavae, MmO BCi CHHTE30BaHI
BapiaHTH JOCATHCHHSI MHOYKUHH I[IJTbOBUX CTaHIB MOBUHHI
3aJIOBOJILHATH  JISSIKOT  CYKYIHOCTI  PECYpCHO-YacOBHX
obmexenb. Tomy mpu (opmaizaiiii 3HaHL MMPO MPaBUIIA

BUKOPHCTaHHS PECYpCiB  HEOOXiqHO BpaxyBaTd IIi
0OMEKEeHHSI. CdopmynboBai pecypcHO-4acoBi
OOMEKEHHs, SKUM TIOBHHCH 3aJIOBOJBHITH BapiaHT

PILICHHS, III0 CHHTE3YEThCS.

Buxopucrannst amapary ¢opmamizanii CLIY s
(opmarizarii 3a1a4 ynpasiiHHS, 110 BUPIIIYyIOThCs Ha [1Y
I1C, nepenbavae HEOOXiIHICTh 3IHCHEHHS KOHTPOJIIO
KOPEKTHOCTI BCIX 1l CTPYKTYpHHX €JIEMEHTIB Ha erarax
pO3pOOKM Ta TOTMOBHEHHA ©0a3W 3HAHb  BiJAKPUTOL
eKCIIePTHOI CHCTeMH. 3HaHHS MPO MPaBUIIa BUKOPUCTAHHSI
pecypciB 1 3amacy iX BIUIMBIB € OJHMM 3 OCHOBHHX
CTPYKTYPHHX €JIEMEHTIB BHKOPHCTOBYBAHOTO arapary
dopmarizarii, i ToMy HeoOXiHA po3poOKa BiMOBIIHOI
MPOIIEAypd KOHTPOJIO iX KOPEKTHOCTi, mo U Oymy
HaIPsIMKOM THOJIAJIBIINX JOCIIDKCHB.
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HEMPOHHA MEPEXA ALPHASTAR

3a3Buuail  HEHpOHHI Mepexi [OBONI BY3BKO
HaIpaBJeHi, TOMYy CTBOPEHHS MOTYTHHOTO HAaBYAIHHOTO
ITOPUTMY 3arajJbHOr0 NPU3HAYCHHS JyXKe aKTyalbHa
mera. OJMH 3 IUIAXIB TaKOTO MOKPAIIEHHS HEHPOHHUX
Mepex e HeHpoHHI Mepexi Bix kommnanii DeepMind,
SKi TaKoX JyKe KOPUCHI AJISI PO3YyMIHHS HPUHIMUIIIB
pOOOTH HEHPOHHHUX MEPEX Ta JIFOACHKOTO MO3KY.

CnouaTKky ©s KOMIaHis po3poOuia MOTYXHY
HEHpOHHY Mepexy it Tpu B ['o mix HazBoto AlphaGo,
IO BBa)kKajlacs OXHIEI 3 HaWCKIAIHINNAX HACTUILHUX
irop, Ha JTaHWI MOMEHT I Mepeka HaBumIacs TpaTH B
ro HACTIIBKH 100pe, IO MAaWCTPH, IO NPHCBATHIH
JKUTTS Wi Tpi MPU3HAIOTH CBOKO mopasky. DeepMind
BUDPIIIWIN  ONpa3y 3pOOUTH BETHUYE3HUH KpOK i
BUPIIIMIN PO3POOUTH HEHPOHHY MEpexXy IJisi TPH B
StarCraft II, crparerito y peanpHoMy vaci. CKIagHOCTI
NOJATAlOTh Yy TOMY, IIO TPaBli BUKOHYIOTh CBOT ii
OJTHOYACHO, BOHH BOJIO/IIFOTh HEMOBHOK iH(opMaIri€ro,
cTparerii MpalioTh Y CTWII KaMiHb — HOXHIIl — MaIip,
a ans mepeMorn Tpeba IUTaHyBaTH CBOi il 3al0BTO
Hamepen, OKpiM Toro y mid rpi icHye Oima 10726
MOXIIMBHX Jil y OAWHHINO Yacy. 3 KOMIIaHIEI0 aKTHBHO
CIiBIpAIFOBAIIA PO3pOOHUKHI IpH, Blizzard
Entertainment, mo momomorim po3pobutun APl mus
B3aemonii Il 3 rpoto, Ta Hamanm 3amucH irop JuIs
I0YaTKOBOTO HaBYaHHs. DeepMind BIIEpILE
BUKOPDHUCTAJIM MYJIBTHATCHTHY CHUCTEMY HaBYaHHS,
KOKeH areHT Mepei NPHMITHB LIOCh OCOOJIMBE JUIs
ceOe MpM HaBYaHHI Ta MOKPAIIyBaB CTpaTeriio, IO BiH
0a4yMB, TAKMM YMHOM HEHpPOHHA CUCTEMa MaJa JeKijIbKa
areHTiB 3 PI3HUMHU CTPATETIsIMU Ta Pi3HUM PiBHEM T'DH.

[Ticns nporo mouaBcs MyJbTH-ar€HTHHH Tpolec
HaBYaHHS, KOJIW areHTH I0Yald I'paTH OAWH 3 OJHUM,
MO THUIy SK TpaBli TpalOTh OJWH 3 OJHUM Ta
HaOWpamwmes  mocBimy. Metox B3sB  geski  imei
eBONOIliitHOrO0 MeTomu. BiH m03BoNse peanmizyBaTH
HeMepepBHUI IPOLIEC BHBYEHHS BCHOTO BEIMYE3HOTO
CTpaTerivHoro mpocropy rpu. | mpum 1mpomMy OyTH
BIECBHEHHMH, 10 AareHTH MOXYTb IPOTHCTOSTH
HAMCKJIQJHIIIMM CTpaTerisiM, IPH [BOMY IaM’SITAlOUH
Ta He nporparouu crapuM. [loku npoxoaus 1el npouec
HaBYaHHS OYyJIO TIOMITHO SK ITOCTYIIOBO 3MiHIOIOTHCS
HaWMOMYJISIpHILI  CTparerii Ta METOIM areHTiB, BiA
MIBUJIKAX CTPATerii 10 OUIbII HAMIHHUX, MOCTYIIOBO
BUBYAIOYU OJIHI 3 Halie(peKTUBHIIIHX, 111 (0)
BUKOPHCTOBYIOTbCS UEMITIOHAMHM TpU. 3a 2 THXKHA
arentn Alphastar mpoinumy nuisix, mo 3BUYaiHI TpaBIi
NPOXOAWINA pOKaMH. Pi3HI areHTM Maiu pi3HI BJIacHi
T, BiJ TmMepeMord Haa TEeBHHUM abo KiTbKoMma
OMOHEHTaMH, JI0 MEepPEeMOTH BHUKOPHCTOBYIOYH JIMIIIE
MIeBHI pecypcH, 13-3a BOTO Pi3HI areHTH HABYAIHCS IO

pizHOMY, a IIiyi 3MIiHIOBAJIWCS MiJ Yac HaBYaHHS. [3-3a
peaumizariii i HemepepBHOTO HaBYaHHA, KOXKEH areHT 3a 2
HENIi OTPUMAaB JIOCBiN, MO0 MOkHa mopiBHiATH 3 200
pokiB rpu. diHanpHa Bepcis ckiagae posnonin Hemra
BCIX areHTiB, TOOTO Haiie()eKTUBHIIIE MMOETHAHHS BCIiX
CTparerii, 110 Oy/nu BUSABJICHHI y X0/i HABYAHHS.

OnuH 3 BaXIMBUX (DAKTOPIB y I'Pi — KUIBKICTH AiH,
10 MOXXE€ BHUKOHATU TpaBellb 3a CEKyHIYy, MaIlMHHUH
iHTepdeiic Mae KOJOCalbHI MEepeBarn y IOpiBHAHHI 3
MUIICIO, TOMY Lel mapameTrp Ta WoMmy MOnmiOHI Oymm
MaKCHMallbHO TPUONIDKEHI 10 PIBHA 3BHYANHOTO
rpaBIs, TaK 00 areHT MaB Kamepy Ta OyB 3MYIICHHH
TaKOXX KepyBaTH ‘“‘eKOHOMiKoro yBarm”. OpnHaK y
mepmmx Bepciii me He Oyno moOpe peamni3oBaHO i
HeWpoHHA Mepeka Maja BeJIMUYe3Hi IepeBary, e CTajio
IPUYUHOK YOMY HEHpOHHa Mepexa IoKasaia
HEWMOBIPHUI pe3yiabTaT NpPOTHU pEaITbHUX TIPaBLiB
JIMBYIOUH yCIX Halle()eKTUBHILIMM Ta HEMOXKJIMBUM JJIsI
peasbHOi JIIOAMHU MIKpO- Ta MaKpO-MEHEHKMEHTOM.
[lpu wpoMmy iHINI HABUKH TEeX OYyIH BpaKarounMH,
Halikpami rpaBmi Oaumimm Ui ceOe HOBI BapiaHTH
BUKOPHCTAaHHS 3HAHOMHX CTpaTteriid, He NUBILYUCH Ha
CBilf BenmuesHWH aocBim y rpi. OkpiM HaWKpamux
CTpaTeriif areHTH HEHPOHHOT MEpeXi TAaKOXK HaBUMIIHCS
MOTaHWM 3BHYKaM, TOTpidHE BIANpPaBICHHA apMil y
OIIHY M Ty K caMmy TOYKY, Ta 3HHUILEHHS KaMiHHS, sSKe
HIKOMY HE 3aBakajlo, MOXJIMBO 1e 30ir, mo mijx vac
HABYAHHI 3a 3amucaMd 3BHYAWHUX TpaBIiB 0ararto
IPaBI[iB MisIM TaK i3-3a €MOIliif, abo i3-3a TOrO, IO
KJIIKHYJIU He Tyau. [licis BUIpaBIICHHS LHUX HIOAHCIB
AlphaStar moyaB rpatm 3 peaJbHUMH TIpaBISIMHU,
MPUOJIM3HO 3a MiCSIIb, HOTO PEUTHHT OYB OLTBIIHIA HiX
y 99,8% rpaBuiB. ¥ mardax 3 HaWKpamuM TI'paBLEM
HEHpOHHA Mepeka IMOKa3ala BiJMIHHUHA pe3ynbraT, 5
nepemor ta 0 mopasok. Ane Tpeba BiI3HAYMTH, IO
YEMITIOH TpaB CTaHJAPTHUMH CTPATETisIMH Y SKHX
AlphaStar nificHO craB KpamuMm y 0aratb0oX acreKTiB
IpH, aje IIOJO0 ICHUXOJOTIYHOTO AacHeKTy TPH, KOJIH
Kpanii rpaBIli 3HAIOTh, IO YE€KATH BiJl IHIIMX KpaImx
rpaBliiB, TO HEHPOHHY MEPEeXY AYXKe JIETKO MOAOJATH
BUKOHYIOYH JIii, 3 SIKHMH BOHAa CKOpIIlIe 3a BCE I He
3HalioMa. Y JesSKMX BHIIQAKaX BOHA HAaBITH MOXE Ha
NpoTsA3i yciel I'pM HaMaraTHCs BUKOHATH OJHY W Ty XK
caMmy [ifo, TaKk i He PO3yMilOYH, YOMY I'pa HE JJO3BOJISE
BUKOHATH MEPEXI Ty /i, II0 BOHA XOYe.

He nuBnsumce Ha Te, mo StarCraft mume rpa —
PO3POOHUKH BIEBHEHI, 10 BUKOPHCTaHI IIPH CTBOPEHHI
TEXHIKM MOXYTh OyTH KOpHCHI Yy IHIIHMX Ccdepax,
HANpHKIa] MOJETIOBAHHS BEJIMKHX IIOCIIIOBHOCTEMH
MOJJIMBHX MiH, K IpPH CKJIaJaHHI MPOTHO3Y IIOTOJH,
MO/JICTIOBAHHS KITIMaTy, YU PO3yMiHHS 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 H,, 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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NAPAMETPUYHUA TA CTPYKTYPHI/IVI ONMTUMAIIbHUA CUHTE3
BArATOWKAJIbHUX IHOOPMALIMHO-BUMIPIOBAJIbHUX CUCTEM

Ha pasumit wac icHye wiacudikaiisi METOIIB
BUMIpIOBaHHS PazIioeNIeKTPOHHUX BUMIpIOBAYiB
(BUMIpIOBAJEHIX KaHATIB iHPOPMALiTHO-BEMIPIOBAIEHIX
cuctem (IBC)) [2 - 5]: 1uckpuMiHAaTOpHI
(pyHKIIIOHATEHI), TTaHOPaMHI (romTyKoBi),
OaraTokaHajbHI, OaraTolIKaJbHI, OaraTroeramHi Ta
koMOiHOBaHi. KoxHWII BuUMipIoBaY (KaHAal CHCTEMH)

peani3dye CBiif METOI BHUMIPIOBAHHS, BIATIOBIIAE CBOEMY
NPUHIMITY Jii 1 OyayeTbcs Ha MHOXKHMHAX IapameTpis,
CHTHAJIIB 1 CTPYKTYD.

[TanopamHuit MeTo — Mae MPOCTOTY y peaizarii,
ale WOMy TPUCYTHI 1 HENOMIKMA: BEIMKHAN dYac Ha
BUMIPIOBAHHS Ta MOXKJIUBICTh MIPOIYCKY 00’ €KTY.

barartokananpHMii — Mae MiHIMaJbHHH dYac Ha
BUMIPIOBaHHS, ajle — CKJIAJHHUN 32 KUIBKICTIO 1 BEIMKOO
BAapTICTIO KaHaliB, a TaKkoX Mae 0araTo3Ha4YHICTH
BUMIPIOBaHb NPH MOTYXXHOMY curHaii. bararoeramsmii —
BMIII[y€ K TOYHI €Tamd, TaK 1 Ti, IO BHPINIYIOTh
GaraTo3Ha4HICTh BUMipIOBaHb. baraTokaHaibHMI MeTON, a
TUM OiJIbIIe AUCKPUMIHATOPHMH, € YaCTKOBHM BHIIAIKOM
OararoerarHOro (KOMOIHOBaHOTO) METO/y BHUMIPIOBAHHSI.
VY TakoMy BHIMAJKy, NpOLEAypa IMOPIBHIHHA CTPYKTYp
BUMIPIOBayiB CIIPOIIEHA TOMY, 110 YKCIIO THIIB CTPYKTYP
3MEHIIYEThCSL 70 TphoX abo dYotupbox. I[lpu 1pomy,
PI3HOMAHITTSl CTPYKTYp BHMIpIOBauyiB Moxe OyTH Oy.b-
AKUM. BOHO BH3HAuYaeThCs BIJHOIIEHHAM AMpiOpHOT
HEBU3HAYEHOCTI i arocTepiopHof, YHCIIOBUMH
3HAYCHHSIMH TIIOKAa3HWKIB SKOCTi, y TOMY YHCT —
MOKAa3HUKIB pecypciB, TOmO. 30KpPeMa, ONTHMAIEHUM
MOXKE BHSBHTHCS N-CTAllHWA BUMIPIOBAY, Yy SKOTO
CTPYKTYpa KOKHOTO €TaIry Moke OyTH moOymoBaHa Oyib-
SKUM criocoboM. [yt JIMKpUMIHATOPHUX BHUMIpIOBadiB
BiloMa KpmBa OOMiHy, fiKa 3B’s3ye MiK c00OI0 Yci
MOKa3HUKH iX SIKOCTEH: IUCHepCilo MOXHMOKH, ampiopHHI
Jliara3oH Ta BiTHOIICHHSI MOTYXXHOCTEH CUTHAITY JIO IITyMY.
I3 amamizy oOTpMMaHMX KpHBHX OOMIHY MOXIIFBO
CTBEPJUKYBATH, 1110 HAHMEHIIIA JJUCTIEPCis TOXUOKH MOKe
OyTH TIpM MaJloMy anpiopHOMY Jiana3oHi BHMIpIOBaHb i
npy Manoi cMy3i HpoIycKaHHs, TOOTO mpH (a3zoBHX
METO/lax BHUMIPIOBaHHS, NPU TapMOHIHHNX CHTHAJAX, 110
MEepPeKPHUBAIOTh  Jiama3oH. A HaliOuTblla  TOYHICTH
BUMIPIOBaHb — JIOCSTAEThCSI HAa OUTBIIIA dYacToTi 3a
paxyHOK KpyTH3HH (a3oBuX AeTekTopiB. OTxke, (aszosi
GaraTomkajgbHI BHMIpPIOBadi MalOTh CYTTEBY IIepeBary B

eKOHOMI1 TIOTY)XHOCTI curHamy. TakuM 4YHHOM, iCHYye
npoOieMa, sKka BUKJIMKAaHA THM, L0 IIPU BEIUKOMY
ampiopHOMY [liama3oHi Ta TPU OIHO3HAYHMX (Ha30BHX
BUMIPIOBaHHIX HEMOJKIIMBO JIOCATHYTH BHCOKOI TOYHOCTI.
Ile moB’s3aHO 3 TOTPIOHICTIO MAaTH NIOCTATHBO BEIHKY
YacTOTy INKaJl CHTHANy, ska 3a0e3medye BiATIOBiTHO
HaWOUTBITy KPYTU3HY KT (Ha30BOTO JETEKTOpY 1
TOYHICTb. AJle TIPU 3aCTOCYBAaHHI BEIMKOI YaCTOTH CaMoi
TOYHOT noTpedyeThCs JIOJIATKOBE PO3KPUTTS
HEOJIHO3HAYHOCTI BUMiproBaHb. OTXe, akTyajlbHa HayKOBa
npobnemMa MoOArae y TOMY, IO HEOOXiHO 3HAWTH
ONTUMAIBHUKA ~ METOJ,  BHUMIPIOBaHHS,  CTPYKTYpy
BUMIpIOBaya, CUIHaJ 1 MapamMeTpy 32 YMOBHUM KpUTEpieM
MakcUMyMy e(eKTHBHOCTI Mpu oOMekeHill BapTocTi. B
JIOTIOBIi/Ii TIOKa3aHa MO>XKJIMBICTh TIOCTAHOBKH 1 BUPIIIICHHS
3amau omrmMizamii IBC 3a  kputepieM MakcuMymy
TOYHOCTI BEMipIOBaHb pi3HUX THITB IBC mpu oOMekeHHIX
Ha TlapaMeTpu 1 BapTicTh, a TaKoX CHHTE3 iX
BUMIPIOBAILHOI CTPYKTYPH 1 CHTHANIIB HA TPHOX MHOXEHI1
(cTpyKTYp, CHTHAJIIB 1 TapaMeTpiB).

[pencraBneni MeToan OTPUMAHHS KPUBUX OOMIiHY,
AQHANITUYHI BHpa3H I BHOOpPY METOJYy BHMMIpIOBAaHHSI,

CTpyKTYpH 1 mapamerpiB BumiptoBauiB st IBC 3
MaHOPaMHUM, OaraTokaHaJbHHM, OaraToeTamHuM 1
OaraTorkanbHIM MEeTO/IaMU BUMIpIOBaHHS 3

OJIHOYACHMMH IIKajgaM{, a00 3 IMOCIIOBHHMHM B Yaci
LIKAJTaMHU.
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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).

o 1N4007
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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 MOSFETs 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-Q4 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:

e 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 pm/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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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 GAMP5 guidelines.

e Monitor any parameter (Rotronic products,
integration of 3rd party analogue and digital devices).
Log between 10s and 15 minutes.

e World wide data access.
o Highest flexibility in terms of software setup.
o Cloud or server based solutions.

e FDACFR 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 mobile 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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MOPIBHANIbHUA AHATNI3 METO/IB NOBYAOBU PEKOMEHOALIMHUX CUCTEM

PexoMeHnnaniiiHi CHCTEMH — L€ CHCTEMH IS
¢inpTpanii KOHTEHTY, 10 HAMAaralThCs MeperOaunTH,
SKi IPOJYKTH MOXYTb 3aI[IKaBUTH KOPUCTyBaya.

OcHOBHUMH  mpoOiieMamMH  TIpH  TOOYHOBI
PEKOMEHAAIIMHUX CHUCTEM €: PO3PIMKEHICTh ITaHUX
(barato KopuCTyBa4iB Ta MPOAYKTIB, MajlO OIiHOK);
npobjeMa XONOTHOTO CTapTy (HOBI Ui CHCTEMH

OpoAykKTH  abo  KOpHCTyBadi);  MacmTabOBaHICThH
(yckiaamHeHHS pPOOOTH CHUCTEMH 31 30UIBIICHHIM
KIJTBKOCTI  KOPHUCTYBauiB 1 TPOAYKTIB); CHHOHIMIs

(onHaKOBI MO CyTi MPOAYKTH abo X KaTeropii MarTh
pi3Hi Ha3BW); ImaxpaicTBo (WITy4yHe 30LIbLICHHS
pEeUTHHTY); 3a0e3NeueHHs] Pi3HOMAHITHOCTI (MOMyJIApHi
TOBapM MOXYTb BHTICHSATH HOBA4KiB Ha PHHKY 1 TUM
caMHM 3HIDKYBaTH pPI3HOMAHITHICTE pPEKOMEHIAIIN);
Oini BOpoHHU (KOpHCTYBadi, iIHTEPECH SKUX TPOTHIICKHI
no iaTepeciB Oimpmocti). 100 YHUKHYTH BHHUKHEHHS
TepeTiueHIX mpobiem, npu po3podii
PEKOMEHAAIIMHNX CHCTEM  3aCTOCOBYIOTBCS  Pi3HI
merony. OCHOBHUMH € METOAM KOJIaOOpaTHBHOI
¢inpTpauii, KOHTEHTHOT QinbTpaNii i METO]] eKCIIEPTHUX
cucreM (METO/, 3aCHOBaHHI HA 3HAHHSIX).

Cuctemu K0JIabOpaTHUBHOI ¢inpTpanuii
PEKOMEHAYIOTh TMPOAYKTA B 3aJICKHOCTI BiJl OIIHOK
KOpHCTYyBauiB, po3pisustors User-Based i Item-Based
cucremu. B User-Based cuctemi 1y mporHo3yBaHHS
iHTEepeciB KOHKPETHOTO KOpHCTyBada Tpeba 3HaHTH
IHIIAX KOPUCTYBAYiB 31 CXOKUMH cMakaMu. [Ipu ibomy
€ pag npoOiieM: CMakd KOPUCTYBadiB 3 4acoM
3MIHIOIOTBCSL 1 CHCTeMa MO)KEe TeHepyBaTH Oe3lid
HEaKTyalbHUX PEKOMEHAAMid; 4iuM OLTbIIa KiJTBbKICTh
KOpHUCTYBayiB, TUM Olibllle yacy e Ha TeHepyBaHHs
peKoMeHpalil; cucTeMa IOTaHO  Mpalloe,  KOIH
NPOJYKTIB 0araTo, a OI[IHOK Majo; CUCTEMa ypa3JiBa
JUIL  HAaKpYTKM  PEWTHHIIB, KOJNM  3JIOBMUCHHK
HEOO0'EKTUBHO IMIJBHIIYE OIIHKY OJHUX MHPOAYKTIB B
nopiBHsAHHI 3 iHmmmu. B Item-Based cucremi cxoxicts
JIBOX €JIEMEHTIB pPO3PaxOBYEThCSI MO PpEHTHHrax,
BUCTaBJICHUX KOpHUCTYBaveM. Sxuo MIEBHUM
KOpHCTyBauaM OJHOYAaCHO cIriojodaiucs JeKijTbKa
NPOJYKTiB, TO MOXHa 3pPOOHTH BHCHOBOK, IO
OIIBIIOCTI KOPHCTYBAUiB, SIKI BUCOKO OLIHMJIM OJUH 3
HUX, IOBUHHI coogoOarucs 1 iHmn. YacTeHbKO
BilaeThes mepeBara came Item-Based cucremanm,
OCKITBKM BOHHM N030aBJIEHiI yCiX HEIOJIIKiB, BIACTHBUX
User-Based cucremam. Ilo-miepmie, enemMeHTH B cucTeMi
HE 3MIHIOIOTECS 3 4acOM, TOMY PEKOMEHIAIlil BUIAYTh
6impmn peneBaHTHUMH. KpiM TOTO, MPOAYKTIB 3a3BHYAi
3HAQYHO MEHIIe, HDK KOpPUCTyBadiB, TOMY 0OpoOKa
JAHUX TpW Takid (imbTparii BiZOyBaeThCS IIBHIIIC.
3pemTor0, Taki CHCTeMH HabaraTto  CKIAJHIIIC

oOnyputu. [l xonmaGoparuBHoi QinbTpamii B 1ijgoMy
BJIACTHBI MPOOJIEMH XOJIOJHOTO CTapTy, PO3PiIKEHICTh
MaTpulli PEHTHHIIB, PECYPCOEMHICTh OOYHCIICHb,
HEOOXiHICTF HASBHOCTI BEIHKOTO O0CATY NaHWX IS
BHCOKOI TOYHOCTI PEKOMEH/IAITIH.

Y KOHTEHTHHX pEKOMCHIAIIMHUX CHCTeMax
pexoMeHaarnii (GopMyrOTECS Ha OCHOBI aTpHUOYTIB, IIO
NPUBJIIACHIOIOTECS  KOXKHOMY —eneMeHTy. CruanHinm
CUCTEMH B 3MO31 BUAB/IATH CIIBBIJHOIIEHHS MIXK

MHOXKUHHAMH ~ arpubyTamu 1 JaBaTH  sIKIiCHimI
pexomenpaiiii. lleit MeTonq He BHMarae HasABHOCTI
BEJIMKOI TPYyNHM KOPUCTYBauiB Uil  3abe3nedeHHs

TOYHOCTI PE3yJIbTaTy, MPAaKTHYHO BiACYTHS Hpobiiema
XOJIOMHOTO CTapTy @O NpPOAYyKTax (IOCUTh MaTH
3allOBHEHI XapaKTePUCTHKH HOBOrO 00'ekty). /[o
HENONIIKIiB MOXKHa BIJHECTH HASBHICTb MpobOiemMu
XOJIOMHOTO CTapTy MO HOBUX KOPHCTYyBayaX, TPYAHOLI
3 moOyIOBOIO  pEKOMEHHAIiii mpu  OOMEeXeHii
iH(popMamii po npoxykTu. ExcriepTHi pekoMeHmaiiHi
CHCTEeMHU O0COOJIMBO KOPHUCHI [UIsi POOOTH 3 MPOAYKTAMH,
sKi TPUI0AIOThCS HEYACTO, HANMPHKIA] OyIUHKH abo
JIOPOri  OpEAMETH PO3KoIm. Y [UX CHCTeMax
peKOMEHaIli MPOIOHYIOTHCS HE Ha OCHOBI PEUTHHTIB,
a Ha OCHOBI CXOXOCTI MiX BHMOI'aMH KOpHCTyBaua i
omucoM mpoAykTy. Tomy cucrema Takoro TUIY
BUXOJIUTh YHIKAIIbHOIO, a/KE BOHA JI03BOJISE KIIIEHTOBI
SIBHO BKa3aTH, 40T0 BiH xoue. [lepeBaror € TouHilie

BU3HAYCHHS BHMOI KODHUCTYyBa4ya 3aBIsAKH SIBHIH
B3AEMOJIII 3 CHCTEMOIO.

lOpumHi pexkoMeHOamidHI CHUCTEMH. Y  BCIX
PO3MIISIHYTHX ~ PEKOMEHJALIfHUX CHUCTEM €  CBOL

nepeBaru i HenoJiku. ExcrepTHi cucteMu HaiOuUIbII
e(heKTHBHI B KOHTEKCTaX, M€ KIJIbKICTh OCTYIHHUX
nmanux obmexena. Komabopatusha imbTparliist kparie
BCBOTO TIPALIIOE B CEPEAOBHIIAX, JI€ € BEJIUKI MacHBH
naHux. Yacto MoxkHa CKOMOIHYBaTH peKOMEHAalil,
OTpYMMaHi  JIeKiIbKOMa  CcIoco0aMu, THM  CaMUM
MiBUIIUBINU SKICTh CHCTEMH B LIJIOMY. ICHYIOTH Taki
NpuifoMH KOMOIHYBaHHS pPEKOMEHJalid: 3Ba)KeHi, ne
pEeKOMEHAALsIM, OTPHUMAHMM  pPI3HUMH  METOJaMH,
NIPUBJIACHIOETHCS pi3HA Bara, TOOTO JIEsIKi peKOMeHanii
BBXAIOTHCA MPUAHATHIIIAMH, HDK 1HIN, 3MilIaHi,
TOOTO 3arajbHUil Halip pexkoMmeHnamii, 6e3 sBHOI
mepeBarn TUM a00 IHIIUM Kjlacam; JIONOBHEHi, e
pexoMeHAaIlii Bi OIHI€] CHCTEMH BHKOPHCTOBYIOTHCS
SK BXIJHI JaHi JUI1 HACTYIHO1; IepeMHUKaHHs, a00 BHOIp
BUIaJKOBOro merojy. Ilmoc Takoi cucteMu — BHCOKa
TOYHICTh, MIHYC — HaWBHIIA CKJIAJHICTH PO3POOKH.
TakuM 4YMHOM, MOXKHa MIWTH BHCHOBKY, IO 32
HassBHOCTI MO>KJIMBOCTEH 3aBXKIM Kpalle CIUpaTucs Ha
CYKYITHOCT] QITOPUTMIB, a HE Ha €IMHUN aJITOPHUTM.
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PO3rnaAAd NUTAHb LLOAO YIMPABJIIHHA 3ANTACAMU ABOCTYMNIHYACTOI
EWWENTOHOBAHOI CUCTEMMU CKIIAAIB

B po3BuHYyTHX Yy BifiCbKOBOMY BIJHOIICHHI
KpaiHax CBITY JIOTICTHKa CTa€ HEBiJ €MHOIO0 YaCTHHOIO
omepamniif, OCKINBKH BiJl CBOE€YaCHOTO, IIOBHOTO Ta
Oe3mepepBHOTO 3a0€3MEUYCHHS BIMCHK 3aICKHUTH IX
ycmix  (eeKTHBHICTB), 30€peKeHHS JIOACHKOTO Ta
TEXHIYHOTO pecypcy, a TaKoX UIBHAKICT HOro
BiTHOBJICHHS.

VYhpaBiiHHA 3amacaMd € OJHIEK 3 OCHOBHHX
CKJIQJIOBUX JIOTICTUYHOIO 3a0e3IeUYeHHs, OB’ s3aHa 3i
3HAYHOI OOYHUCIIOBAIBHOIO CKIamHICTIO. [lixroroBka
JI0 3aCTOCYBaHHSAM 3a MPHU3HAYCHHSAM TIIOB’s3aHa 3
MIPOTHO30M Ta HEOOXiTHICTIO BpaxyBaHHSA
HEBHU3HAYEHOCTI, T IBHATIICHHS OTIePAaTUBHOCTI
TPUAHATTA pimess [1].

JloricTn4Hi CHCTeMH IUTAHYBaHHS 3allaciB  JUis
Hogitpsai Crumu (IIC) 36poiinux Cun (3C) Vipainu €

IEpapXiYHUMH, TEPUTOPIiaTbHO  PO3PI3HEHHMH  Ta
eIIeJIOHOBAaHNMH, THYYKUMH 3a MICIISIMU
pO3TalIyBaHHs, 3 MiJBULIEHUMU PU3UKAMU BTPYYaHHS
Ta BTpaT.

[TnanyBanns 3anaciB [IC 3C Ykpainu mae nuine
HoMy mpuTaMaHHi OCOOJIMBOCTI, SKi CTOCYIOThCS
3abe3neueHHs OoioBux nii (BJ]) 3‘eaHaHp Ta yacTUH
POIIB BIHCBHK, 10 BeXyTh 30poitHy 60poTE0y y O60iioBUX
mopsAKax Maibke Ha BCili  TepuTopii  YKpaiHH.
[pukmagoM ckimamHocTi Moke OyTH — Oprasi3amis
3a0e3MeUeHHs TIIPO3MiTB  padiOTeXHIYHUX OpHran
(PTBP) I1C 3C VYkpainm, siki po3TamoBaHi y 60HoBOMY
MOpsAKY Ha TepuTopii 7—8 obmacteit Ykpainu. [lutanas
3a0e3MeueHHs] MOTIPIIYeThCS THUM, IO BIJCTaHb Bij
ckianis PTBP mo okpemMux migpo3ziiiB CKIamae Bij
100xM 10 600xM™ [2].

IcHyroua CTpyKTypa MiAPO3ALTIB 3a0e3MeUeHHs,
o0csiry 3amaciB Ta iX €lIeJIOHYBaHHS Y TAKTUYHIHN JIaHIli
B OCHOBHOMY BiJIIIOBiJJAIOTh 3aBJaHHSIM, sIKi ITOKJIAJCHI
Ha BilicbkoBi yactunu I1C 3C Ykpainu. B Toii xe vac, B
3B 13Ky 3 OOMEKEHOI0 IITATHOI HASBHICTIO 3ac00iB
MiBO3y Ta 3HAYHUX BIJCTaHAX BiJl OpraHiB
3a0e3MeUeHHS, 3aaciB MaTepiaibHUX 3ac00iB BACTAavYa€e
Ha oOMexeHWH TepMmiH BenmeHHsS bBJl, mo moTpedye
po3poOKy Mojeneil 0Oarato eIelTOHOBaHOI CHCTEMU
yIOpaBIiHHSA 3amacamiu [2].

TakuM  4MHOM, 3aCTOCYBaHHS  CYYacHHX
iHpOpMamiHHUX TEXHOJOTIH, po3poOKM Moaenei Tta
METOJIIB aBTOMAaTH30BAaHOTO YIPABIiHHS MPOIECAMHU
JIOTiCTHYHOTO 3abe3nedeHHs 3 ypaxyBaHHSIM
cnenu(iYHUX 3aBIaHb Ta OCOOJIMBOCTEH BEICHHS
orepariii — € He0OOXiTHICTIO Cy4acHOCTI.

B mepeBakHil OITBIIOCTI BUNAIKIB 3YCTPI9aIOTHCS
Oimpmr  ckMamHI  UIA YOPABIIHHA  MOTOKAMH
MaTepiallbHUX 3ac00iB BHIM EMICJIOHOBAHUX CHCTEM
MepeMilleHHs] MaifHa: po3ralyeHi, KOMOiIHOBaHi i
nBocrpsiMoBaHi. OHAK, HA)Kab CIICIIOHOBaHI CHCTEMH
MiATIOPSAKOBYIOTECS PI3HUM OprasizamisM. B Takomy
BUNAJKy O0’€lHAaHI UEHTPU 3a0e3MedYeHHs, CKIaau
BIICPKOBMX  YacTHUH  MOXYTh  OyTH  pIi3HOTO
MIAMOPSAKYBaHHSA. Y TaKii CHCTeMi KO)KHA OpraHi3arlis
Mae  MOXJMBICTH ~ camMa  o0OHMpaTH  CTpareriio
(GYHKIIIOHYBaHHS ~ CKJIaACBKOTO  TrocmoiapcTBa 1
VIOpaBIiHHS  3amacaMd, [0 3HaXOAAThCI B 11
mianopsaKyBadHi [3 — 4].

ITix wac po3risimy CHCTEM YHpaBIiHHA 3aracaMu
Oimpm  yorivHO Oyne XapakTepU3yBaTH CKIAJCBHKI
CHCTEMH Ha TIiJCTaBi OpraHi3aliifHOI MPHHAIEKHOCTI
TOTO YH iHIIOTO EUIETIOHY IO OKPEMO B35TOI CTPYKTYpH.
ToMmy mif eleNOHOBaHMMH CHUCTEMaMHU PO3TJIIAEMO
CTPYKTYpH, SKI BKIIIOYAIOTh B ceOe Oinblie OJHOro
PIBHS €IIEIOHIB 3aI1aciB.

[MporoHyeTbCsT  PO3MIIAL CHUCTEMH  YIPABIIHHS
3amacami JUist JBOCTYIIHYACTOI €IICIOHOBAHOT CHCTEMH
CKJIaAiB 1 MOXIMBOCTI TpaHchopmMalii iCHYIUHX
norictmaanx koHennii 1 motped I1C 3C Ykpainu.

Ha cemiHapi mnaHyeTbcs pO3IISHYTH — BUAX
CKJIQJICBKUX CHCTEM Ta CUCTEM YIIPaBJIiHHS 3aracamy, 3
BU3HAYCHHSIM MOJJIMBUX CTpaTeTiii yHpaBiiHHSA, IO
MOXYTh  OYyTH  3aCTOCOBaHI B  MEPCHEKTHBHIN
aBTOMATH30BaHI CHCTEMi YIIPABIIHHS JIOTICTHYHUM
3abesneuennsM [1C 3C Ykpainu, 3 METOIO IiIBUIICHHS
e(eKTUBHOCTI TUTaHyBaHHS JIOTiCTHYHOTO
3a0e3neueHHs.
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MAK KAK CUCTEMA MACCOBOI'O OBCJTYXXUBAHUA

Teopus MaccoBOro 0OCTyXMBaHUS 00sS3aHA CBOUM
BO3HHKHOBEHHEM MPAKTUYECKUM 3ajauaM, CBI3aHHBIM C
peanbHBIMH CUTYallUsIMU, B KOTOPBIX MMEETCS] HAJIUIO
BBINOJIHEHHE MOCIEe10BATEIbHOCTU OJTHOPOJHBIX
ornepauuii, cIydaHbIX MO JUIMTEIBHOCTH M BpPEMEHU
Hauana. IlepBbIM Ba)KHBIM NPEAMETOM HCCIIEAOBAHUS
TEOPUH MAacCOBOT'O OOCIY)XKMBaHMsI ObUTH Tese(OHHbBIE
CHCTEMBI, XapaKTepPH3YIOIIUECS CIyJailHbIM MOTOKOM
BBI30BOB a0OHEHTOB, TPEOYIOIINX CIIy4aifHOTO BPEMEHH
3aHATHA TeneOHHOM mwmHHH. B 3TOl  cuTyarum
BO3HMKAeT 3ajada pacdyera oObeMa Tene(oHHOTO
KOMMYTaTopa, TpH KOTOPOM BEpPOSTHOCTH 3aHATOCTH
KOMMYTaTopa He BBIIIE 33JaHHOTO YPOBHSL.

AHajloru4HbBle 33Ja4d  JAaBHO BO3HHUKAIM MpHU
pacudere Harpy3ok SHEPreTHYeCKUX ceTei,
IUTaHUPOBAHUU OpeAnpUsSTUN MaccoBOTO
00CITyKHBaHHUS, HCCIIeI0BaHUU CKy4eHHOCTH
TpaHCHOpPTa X BO MHOTHX JPYIMX HPUKIATHBIX
BOIIPOCAX.

MynbTHCEPBHUCHBI a0OHEHTCKHI KOHIICHTPATOP
MOKa3aHo Ha puc. 1.

_
PR B

1
‘I__g]‘ MMV

Puc. 1. MynbTHCcepBUCHBII aDOHEHTCKHIT KOHIIEHTPATOpP Kak
cucrema M/M/V

MAK

Britouass B MYJIBTHCEPBHUCHBIH  aOOHEHTCKUIA
KOHIIEHTPAaTOp 570 aHAJOTOBBIX  TeJe(OHHBIX
amnmapaTtoB, MOXKHO PacCMaTpHBaTh, YTO KOJIUYIECTBO
ucrounukoB N  yBemmumBaercs. [lotomy, oHO
TMpUOIIHKASTCS K 00,

ITonHOCTBIO AOCTYMHBIN JIyd ¢ auHUEH V (1<v<00),
MOCTyNaromeid B CHUCTEMy  KOMMyTanmuu  0e3
MOBPEX/JCHNH, OOCITy)KMBaeT MNPOCTEHIIMH MOTOK C
napameTrpoM A. Ilpm  HCHONB30BaHMM  CHCTEMBI
KOMMYTaIlMU CPOK CITy>KOBI BBI30Ba PacIlpeessieTcs o
JKCMOHeHIHanbHOMY 3akony (F (t) = 1-e-t, f = 1).

[pocrelimmii mapaMeTp TIOTOKAa A SBIAETCS
MOCTOSIHHOW BENMYMHOH, HE3aBUCHUMOI OT COCTOSTHHUS
cucteMsl kommytanuu. IlostoMy, cormacHo BpeMeHH

P,, Bbisosl P, 1 BeposTHOCTH MOTEpH OTHOCHTEIBHO

dopmyn P, -3arpysku cnenyrompue:

Y|
P-p —P - A

Y

B ¢opmynax (1) npennonaraercsi, 4To CpeaHss
MIPOJOIHKUTEIFHOCTh Kypca paBHA €AUHHUIIE; MapaMeTp
IIIATENIFHOCTU KJIACCOB C AKCHOHEHIMAIBHBIM 3aKOHOM
pactpenenenus  f=1. OOBYHO TP H3MEPEHUU
MPOJIODKUTENLHOCTH YPOKOB B oiHOU eauuuie (P#1)
pacrmpeneneHue DpiiaHra UMeeT CICAYIOMIAN BII;

@y
R=F.(Ip)=5 21
;(ﬂlﬂ%

Onpe;[enﬂeM BCPOATHOCTL TOTO, YTO 3aBUCHUT P

1
OT UHTCHCUBHOCTU HArpy3Ku:

y=u =21 p=ulf:
rac ,u — HMHTCHCHUBHOCTBH IIOTOKa BBI3ZOBOB, f -

CpeaHecpouHblif. U=\ I camMoro MpPOCTOTO U
npocroro notoka. Torzia ects popMa pacpocTpaHeHHs
Opranxra:

it
R=Fu()=—-"

>y
j=0

B TOJIHOJOCTYIIHOM TIydke Bce Vv JuHHH (I=V),
paBHa:

A
P =R ()=

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
— 15to6Mbps g
Internet
100640 khps 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 TI
(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 HDSL

1.544 or 2.04R8 Mbps

<1544 0r 2048 Mbps

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 XxDSL
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
commutation

PSTN U

Telephone station

solitter
e ADSL

I}

| === -]

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 1lI. 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 FElectromagnetic Pit (VH), ribbon
conveyor, tensor (m), controller SIEMENS S7-300;
Panel Operator, Sensor Load Sensor (V), Sensor Sensor
(SV) in Bunker;

Magnetic  Converter (M); Sinamics S120
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.
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WCTOYHUK BECNEPEBOUHOIO NMUTAHUSA C BbICOKUM EbICTPOOENCTBUEM

[MpoGnembl  obecrieyeHHss  AIEKTPHUYECKOTO U
JJEKTPOHHOTO  obopymoBaHmsi  OecrmepeOOWHOW |
KaueCTBEHHOW 3HEPTUeHl SBJISIETCS BECbMa AKTYaJbHOM.
OcCOOCHHYI0O aKTyalbHOCTh TIPEICTABISIOT BOIPOCHI
obecriedeHnsT HETMPEPBHIBHOW DJHEPTHEH 3JICKTPOHHOTO
000pyIOBaHUs, KOTOpAs SBISETCA YSI3BUMBIM B CMBICIIE
MepepPHIBOB B 3JIEKTPONIUTAHNH. DTa 33/1a4a MOXKET ObITh
YCIEIIHO  pellieHa  NPUMEHEHHEM  HCTOYHHKOB
6ecnepedoitnoro  nuranus (MBIl wim UPS -
Uninterruptable Power Supply) [1].

CymectByeT MHOXecTBO paszHoBuaHocteit UBII,
OTIMYAIOIIUXCA M 10 TOMOJIOTHH, M MO MNPHUHLUILY
JNEWCTBHSA, M IO KOHCTPYKTHBHOMY HCIIONHEHHI0. B
COOTBETCTBUU C MEXAyHapoaHbIM crangaprom [EC
62040-3 [1] pa3znmugarot Tpu ocHOBHBIX Trma UBII:

1. pesepBubii — Passive Standby, xoropsrit
panee HaszbiBaincs Off-Line (IEC 62040-3.2.20);

2. nuHeWHo-uHTepakTuBHBI — Line-Interactive
(IEC 62040-3.2.18);

3. ¢ nBoitHeIM mpeoOpazoBanmem — Double
Conversion, KoTopslii panee HasbiBaiicst On-Line (IEC
62040-3.2.16).

UBII peseprHOro tuna (puc. 1) Hanbosee npocToit
U JemieBblii. B HOpManbHOM pexume paboThl Harpyska
MoJydaeT MUTAaHWE NpsSMO U3 ceTu. [lpu mpomamaHun
HanpsDKeHWsT B IIMTAlOIIEl  ceTm  Harpyska
MepEeKIIIoYaeTCs Ha MHBEPTOpP M Oarapero ¢ MOMOIIBIO
OBICTPOICHCTBYIOMIETO TMepekirodaTes 3a Bpems 3—10
MC TpH TOTEepe TIJIABHOTO MNHUTaHHA. To ecThb IpH
HCIIOJIb30BaHUU TaKoTo HBII BO3MOHBI
KpPaTKOBpPEMEHHBIE MEePEepHIBBI MMUTAHUA OT HECKOJBKUX
MIWIIMCEKYHJI [0 TOJIOBHHBI TIEpHOJa MHUTAIOLIETO
HanpsDKeHUs. OTO SBIAETCS OJHMM M3 HEIOCTaTKOB
takoro MBII, xots ans OONBIIMHCTBA BUIIOB Harpy3ok
TaKkye TMPOBalbl U HE SBIAIOTCA KpUTHUECKUMH. Erre
onuuM HenoctatkoM UBII Takoro tuna sBisercs To,
YTO B HOPMAJILHOM peXHMe paboThl B HATPY3KY U3 CETH
MOCTYMAIOT BCE HEOIAroNnpHsTHBIE BO3/IEHCTBUS, TaKHe
KaK HCKaXeHHs (DOPMBI HAIPSHKEHUs, WMITYJIbCHBIE
HepeHaANPSDKEHNS, OTKJIOHEHUS YacTOThl M HAIPSHKEHUS
U T. A. I 9acTUYHON KOMIIEHCAIIMU 3TUX HEJOCTATKOB
WBII pesepBHOro THIIA CHA0XKAIOT JIOTIOIHUTEIHHBIMH
MAaCCHBHBIMU (MIIBTPaMU TapMOHHK, BapUCTOPAMH U T.
., BKIIFOUEHHBIMH TapaJuIeIbHO BBIXOAHON memu. Kak
MpaBUJIO, IO TAaKOMYy NPHUHIUIY CTPOSITCA CaMble
nemeBsle u camble Matomorrasie MBI (mo 1,5-2 kBr),
Harpumep, ObitoBele MBIl mis  xomnbroTepos,

BCTPOEHHBIE UCTOYHHUKU MUTAHUSA KOTOPBIX JOIMYCKAIOT
KPaTKOBPEMEHHBIE TIPOBAJIBI HATIPSKCHUSL.

EcrectBeHHoO, HCTOYHHUKH MTUTaHUA c
CHHYCOMIANBFHON (OpPMOIT BEIXOTHOTO CHTHajla Oojee
HaJIS)KHBIE U KaYEeCTBEHHBIC, 00ECIIEUNBAIOT HA/IEXKHYIO
paboTy BceX THUIOB JIEKTPOHHOTO M 3JIEKTPUYECKOTO
00opynoBaHUs, OCOOCHHO HArpy3oK C HEJIHHEHHBIM
PEaKTUBHBIM 3JIEMEHTOM B BHJIE HHJIYKTUBHOCTH.
Opnako, 1 OOJBUIMHCTBA  yKa3aHHBIX  BBIIIE
obopynoBanuii  Hauboyiee  KPUTHYHBIM  SIBIISIETCS
XapaKTepUCTUKU U HapaMeTpsl ObicTpoaeiictBust UBIL,
KOTOPOE BBIPAKAETCS B CIHOCOOHOCTH HCTOYHHKA
NUTAaHUS TEpPEeKIIIoYaThCcsl W3 OJHOTO pEeXHMa Ha
JIPYTOH, B YaCTHOCTH, U3 JECKYPHOTO PEXHUMA B PEKUM
obecrieueHnss 00OpyHOBaHHA TIPH  OOCCTOYHMBAHHUH
3NIEKTpUUIecKoi ceTn. Hanmpumep, cucrema ynpaBieHHs
MOJETOM M PErYJIMPOBAaHUS [BIDKCHHS CaMOJIETOB B
a’poroprax, KPUTHYHBI K 00eCTOYNBAHHIO
0o0opyIOBaHUS, TaK Kak MPOMEIJICHHA B IIpoliecce
KOHTPOJSI M JAWUCHETYEPU3AIMM MOTYT TPUBECTH K
3HAYUTENBHBIM NOTEPSIM BPEMEHH U CPEJICTB, a TAKXKe K
aBapusM.

BeicTponeiicTBue, KOTOpPOE Ml COBPEMEHHBIX
WBI1 u3mepsieTcsi MUKPOCEKYHIaMH, OOeCIleunBaeTCs
ONTHMAIBHBIM ~ BBHIOOPOM  NPUHIMNA  MTOCTPOCHHSA
HUCTOYHHMKA, C YYETOM, BCEX €ro KOMIIOHEHTOB H
rapaMeTpoB HArpy3kd, B YaCTHOCTH, INOTpeOsieMOn
MOIIHOCTH, TpeOOBaHMH K  00ECTOYMBAaHMIO, K
BPEMEHHBIM XapakTEpPUCTHKaM, T.e. K H3MEHEHUSIM
MOJIa4M JIEKTPOIHEPTHH BO BPEMEHHU U T.J.

Hcxons M3 3TOro, paccMOTPEHbl IPUHLUIIBL
nocrpoenus WBII, mnpoaHanu3upoBaHbl OCHOBHBIE
mapamMeTpsl, BIMAIONIME Ha  BHIOOp  IPHHIUIA

(YHKIMOHMPOBAaHMS HCTOYHMKAa MHUTaHUSA. IIpoBeneH
CPaBHUTEJIbHBIM aHAIN3 XapaKTEPUCTUK U COBPEMEHHOMN
JJIEMEHTHOU 6a3bl HCTOYHHKOB, MOKa3aHbI
MEPCIICKTHBHBIC HampaBieHus paspaborkun WBIT ¢
TpeOyeMbIMH XapakTepucTukami. [1pu 3TOM BBISBIICHO,
4TO B HACTOsAIIee BpeMs MPUHIMI  JBOWHOIrO
npeoOpa3oBaHMs B OHJIAMH peXHMe sIBiIsIeTCS Hauboee
MOAXOSIIIMM JUI HOCTPOCHHSI OBICTPOJECHCTBYIOLIETO
WBIL.
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U3MEPUTEJIb FTAPMOHUK B 3NIEKTPUYECKOWN CETHU

Hanuumne HeNMHEHHBIX 3JIEMEHTOB HarpysKkm B

OJIEKTPUYECCKUX CETAX TMPUBOAUT K HCKaAXCHUIO
CHUTHAJIOB TIEPEMEHHOTO TOKa, K IIOSBJICHHUIO
TapMOHHUYECKUX COCTaBJIAIOIIUX TOKa u KaxKk

CIEACTBUE K moTepe MoIMHOCTHU. [losTomMy ¢ 1enbko
MOBBILIEHNS] KauyecTBa JJEKTPOIHEPIUU CTAHOBUTCS
HEOOXOJAMMBIM U3MEPCHUE KOMIIOHCHTOB MOIIHOCTHU
B DJJIEKTPUYECKOM CEeTH: AaKTHUBHOH, pPEaKTHUBHOW,
MIOJJHOM  MOINHOCTEH, a TakXke  MapaMeTpoB
COOTBETCTBYIOUIMX CUTHAJIOB I[EPEMEHHOTIO TOKa.
Takum oOpa3oM, IS ONpPENCICHUS Ka4eCTBEHHBIX
MoKa3areseld JJIEKTPUYECKOH JHEPrHH HEeoO0XOAMMO

HU3MCPUTH napameTpsbl rapMOHHUYCCKUX
COCTaBJJIAOIIHUX TOKA.
IlocTossHHO YBCIINYUBAKOIIUCCA TpC6OBaHI/I$I

MPOMBILIUIGHHOCTH W HApOJHOTO  XO3scTBA K
CTaOMIBHOCTH, MPHUCIOCA0IMBAEMOCTH U TOYHOCTH
KOHTPOJISI B DJIEKTPUUIECKOM O0OPYIOBAHUU MPHUBEIO
K TIOSBICHUIO OTHOCUTEIFHO JELIEBBIX CHIIOBBIX
muonoB, TupuctopoB, SCR  (Silicon Controlled
Rectifier) u Apyrux CHIOBBIX MOJYNPOBOJIHHUKOB.
Celiyac, IIMPOKO HCIOJb3yeMble B BBIIPSIMHUTEIbHBIX

Lenax UPS MOJIyIIPOBOHUKH, CTaTUYECKHE
mpeoOpa3oBaTenn IMEPEMEHHOTO HANpPsDKEHHS B
MOCTOSIHHOE, yCTpOWCTBa IIJIaBHOTO mycka

NpUIIeANINEe HAa CMEHY YCTapeBIIMM YCTPOHCTBaM
W3MEHWIN KapTHHY (OpMBI TOKa M HaNpsOHKEHHUS B
3JEKTpOCeTsX. ['apMOHMKM TOKa MOTYT CHJIBHO
BIMATH Ha DSHEProcHaOXarolue CeTH, a TaKkKe
neperpyath KOCUHYCHbIE KOHJICHCATOPBI CIyXKalue
JUIS  KOMIIGHCAI[MM PEaKTUBHOW MoOIIHOCTH (IpH
YBEJIMYEHUH YacTOThl, CHUIKAETCS CONPOTUBJICHUE
KOHJIGHCATOpa M pacTeT TOK uepe3 Hero). Mal
chokycupoBanmu  Hamie BHHMaHHE Ha  TaKHX
UCTOYHUKAX  TapMOHHMK, KaKk  TBEpJOTEJbHbIE
3JI€MEHTBI CHJIOBOM JJEKTPOHUKH, OJTHAKO
CyIIECTBYET MHOTO JIPYTHUX HUCTOYHUKOB
rapMOHMYECKHX TOKOB. CuHioBoe 3JIEKTPOHHOE
o0opy/sioBaHHE: YAaCTOTHBIE IIPUBOJA IEPEMEHHOTO
TOKa, TMPHUBOJA IIOCTOSHHOTO TOKAa, WCTOYHUKHU
OecniepeboiiHoro  nutanus  UPS,  Bempsmurenn
(mmectudasznsle, mo cxeme JlapuoHoBa), KOHBEPTEPHI,
THPHUCTOPHBIE CUCTEMBI, JIUOJTHBIC MOCTHI,
IUTABUJIBHBIC TI€YHM BBICOKOM 4YacToThl. Hackimaemblie
YCTpOMCTBA: Tparchopmaropsl, JIBUTaTENH,
reHepaTopel, W T.J. ['apMOHUYECKHE aMILTUTYAbI Ha

3TUX YCTPONCTBAX SIBISIOTCS OOBIYHO HE3HAYMTEIbHA
[0 CPAaBHEHHIO C JIEMEHTAMHU CHIJIOBOHM 3JIEKTPOHHUKHU
U CBapOYHBIM OOOpYHOBAaHHEM, IpPH YCIOBHH, 4YTO
HaCBIIICHUE HE IPOMCXOINUT.

Kak  mnoxka3plBaloT  HMCCIEZOBAaHUS, KpPOME
OCHOBHOW TapMOHUKH ¢ 0a30BOH YacTOTOHW B CHTHAJE
OPUCYTCTBYIOT  JpYrHe CHUTHajdbl C  MEHbIIEH
aMIUIMTYJIOM, YacTOTHl KOTOPBIX KpaTHBI 0a30BOH
gactote. K TakuM curHazam, TNpUBOAALINM K
HCKa)KEHUIO OCHOBHOTO CHUTHala, MOKHO OTHECTH 3 —
10,5 —y10, 7—y10, 9 —yio u 11 — yI0 COCTaBISAIONIYIO
(rapMoHUKY) curHana. J[aHHBIA mepedyeHb TapMOHUK
0OBIYHO JOCTATOYHO TOYHO ITOKPHIBAET [HAIa30H
BO3MOJXKHBIX OTKJIOHCHHUH (dhopmBI CUTHaJa
MEPEMEHHOTO TOKA M MO3BOJIIET JOCTOBEPHO OLIEHUTH
HCKaXCHHSI CUTHAJIA.

C yderoM NpPHBEICHHBIX BBINIE PACKIAAOK H
MPEIIONIOKEHUI BbIOpaHa ONTHMAajibHAas CTPYKTypa
M3MEpUTEeNsl TapMOHMK M paspaboTaHa OJIOK —
MOJYyJbHas cxema YCTpOMCTBA. IIpoBenensl
pacu€THO-UMUTALIUOHHBIC KOMIIBIOTCPHLBIC
9KCIIEPUMEHTHl €  MaTeMaTHYeCKOM  MOJEJbI0
HU3MEPUTEIS. [IpencraBneHs pe3yIbTaThl
MOJCJIUPOBAHUA U UMUTAIIUOHHOTO MOJICTIUPOBAHUSA B
cpene MATJIAB CumynuHK.

Amnanns pe3yJbTaToB KOMIIBIOTEPHBIX
9KCIIEPUMEHTOB C NPEIBAPUTEIBHO HCKa)KEHHBIM
CUTHAJIOM TIOKa3ajJ, 4TO BHIOpaHHAas C Y4YETOM
peanuzanMM Ha MHKPOKOHTpOJUIEpAaX CTPYKTypa
HU3MEPUTENBHOTO YCTPOHCTBA, TOCTATOYHO aJ€KBATHO
ONHMCHIBACT TMPOIECC HM3MEPEHUS TapMOHUK H
TMO3BOJIACT HArJIAAHO U3Yy4YaThb MOBCACHUC yCTpOﬁCTBa
BO BpeMs H3MEpeHHil, aBTOMaTH3MPOBATH IPOIECC
U3MEPEeHUS u 00paboOTKH  pe3ynbTaToB c
HocJIeayoUell OLEHKON apaMeTpoB rapMOHUYECKUX
COCTaBIISIIONINX, HAuWOoJee CHUIBHO BIHUAIOMIMX Ha
(hopMy OCHOBHOTO CHTHAJA.
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EAFATOKPVITEPIA.HbI:II/II7I__CI/IHTE3 OPIrAHI3ALINHOI CTPYKTYPU E!J'IIHFOBOII'
IHPOPMALUINMHOI CUICTEMU METOOOM AHAJI3A IEPAPXIA

bininrosa cucreMa € aBTOMaTH30BAHOIO CUCTEMOIO
pospaxyHkiB (ACP) ¢ipmu-nocradaigpHuKa TOBapiB abo
nociyr 3  KiieHTamMu. BoHa mpu3HaueHa  Juis
00YHCIICHHS BapTOCTI TOBapiB a00 MOCIYT, BUXOIIIH 3
BU3HAUYCHUX Yy HIHl JaHWX Tpo IiHW, Tapudu Ta iHII
BapTICHI XapaKTepUCTHKH, OpraHi3alii pi3HIX cIoco0iB
00Ky 1 0OpoOKM MJaHWX TPO KIIEHTIB, TOBApH,
MOCITYTH, IUIATeXi Ta iHII BH3HAYHI MicUs Ta IMOmii, a
TaKOX JUIi BUCTABJICHHA paxyHKIB KII€HTaM i
oprauizauii iHmmx ¢opm 3BiTHOCTI. I[IporoTHnM
cyqacaux bBbC 3apoamnucst pa3oM 3 BHHUKHEHHSM
HepIIuX OOYHMCIIOBAJIBHUX IIPUCTPOiB, TPOTE B IX
Cy4acHOMY po3yMiHHI (i caM 1ell TepMiH) 3'SBHIIHCS
BCHOTO TPOXH OIJIBIIIE ICCATH POKIB TOMY.

[paBunbauit  BUOp BC  xpuruuynmit  ais
MpHUOYTKOBOCTI MiATIPHEMCTBA cepH 00CITyrOBYBaHHS.
Ha meBHOMy erami 3pocTaHHS KOMIIAHII OUTIHT
MIepETBOPIOETHCS 3 HAIIITHOTO 1 IIBUIKOTO TTOMIYHNKA B
300opi Ta 00poOmi iHdopMamii B IHCTpYMEHT Ui
PO3MIUpPEHHS 1 BIOCKOHAICHHS CEpBICY Ha ICHYIOIH
TeXHIYHIH 0a3i, a 3HAYUTH, UI1 3aTy4CHHS HOBUX
kiientiB. Bin HagifiHOCTI Ta mBHAKOCTI podotu BC
3aJeKHUTh  SKICTH  OOCIYyroBYBaHHS  KII€HTIB 1
MOXITMBOCTI, 5IKi OTPUMYE (ipMa—TIOCTa4aIbHUK, 1110, B
KIHIIEBOMY paxyHKy, BIUIMBa€ Ha MpUOYTKOBICTh
mianpueMcTBa cepu oOciayroByBaHHs. B nonosini
HaBeJIeHO OaraTOKpUTEpialbHUI CHHTE3 OpraHi3amiiHOi

CTpYyKTypu  OimiHroBoi  iH(oOpMAIiifHOI  cHCTEeMH
METOAOM aHamizy iepapxiit (MAI).
MeTton MIpU3HAYEHUI IS TPUIHATTS

OaraTokpuTepiaJbHUX MPOSKTHUX pillleHb B yMOBaX
CTa0Koi CTPYKTYPOBAaHOCTI OpraHi3amiiHO-TeXHITHIX
CHCTEM 1 HeBH3HAYCHOCTI BUXiAHOI iH(opMartii, 3axaHoi
HaOOpOM  KIIBKICHMX 1  SIKICHHX  3aJIe)KHOCTEH.
OOTPYHTOBAHICTh 1 JOCTOBIPHICTh MPUHHATHX DIllICHb
6araTto B 4OMy 3aJIe)KaTh BiJl y3TO/KEHOCTI EKCIIEPTHUX
IYMOK, $Ki (opMami3oBaHO BHPAXAIOTBCA UeEpes3

BJIaCTHBOCTI  3B'I3HOCTI 1  TPaH3UTHUBHOCTI  MiX
eKCIIepTHUMHU  OLIHKaMH  BUXIZHOro  (akTopHOTrO
pOCTOPY.

3akmageHuiiT B ocHoBy <~ MAI  mpunHumn

JIEKOMITO3HIII{ CKIIaJHOI MPOOJIeMH CYKYIHICTIO OLIBII
NPOCTUX CKIIAJOBHX, JO3BOJSE 3AICHUTH MOOYIOBY
HafOUTPII ONTHMAIILFHOTO BapiaHTY OpraHi3amiiHOL
CTpyKTypu  OimiHroBoi  iH(opMaIiifHOI  cHcTeMH
BIANIOBINHOTO TpHM3HAYeHHS. Pe3ynpTaTH BHKOHAHHX
PO3paxyHKIB MMOKa3yIOTh, L0 KPaIIOK aIbTEPHATHBOIO,

peKOMEHIOBaHOI 1O  BUOOpY, BB@XAETbCS  Ta
iHpopManiiHa  OuliHroBa  cHcTema, sIKa  Mae
MaKCHMaJlbHe 3HAuUeHHs TIJI00AIBHOTO MPIOPHTETY,

He3Ba)karouw Ha 1 HaliBuiLy BapTicTs[1-4].

SIkuio y 3aMOBHUKa € HecTaya (piHAHCOBHX KOILTIB
U TIPUOOAHHS TakKoi CHCTEMH, TO BHOIp OuIbII
JCLICBOTO BapiaHTy CHCTEMH 3HiHCHIOETHCSA LUIIXOM
nepepaxyHKy BCiX TaOJHIb 3 ypaxXyBaHHIM 3aTydeHHS
JOJJATKOBOI 1H(popMaii Mpo HOBI BUMOTH A0 IMPOEKTY,
II0 PO3POOIIAETHCS 1 Y3rOPKEHOCTI €KCIIEPTHHX AYMOK
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AOCNIAXEHHA METOAIB MOAENOBAHHA COLIANNBHUX CUCTEM

CyuacHi KaHaIu CoLiaJIbHOT KOMYHIKaIIii
BUKOPHCTOBYIOThCS JUIS PI3HUX akuiil iHdopmauiiiHo-
TMICHXOJIOTIYHOTO BIUIMBY Ha ocoOucrictb. CTBOpeHHs
KOMIUIEKCY THYYKHX MOJeNed COLiaJbHUX IIPOLECIB
JO3BOJIMJIO O  BHAUIMTH OCHOBHI  HampsMKd i
XapaKTEPUCTUKU COIIaJbHOI CHUCTEMH Ta TUM CaMHM
nano 6 AeTanbHUH aHalli3 peajdbHOCTI i JomoMorio O B
TMPUAHATTI YIPaBIiHCHKUX pIillIeHb. TOMY JOCIiIKEHHS
HasiBHUX 3aco0iB MO/JICTIFOBaHHS mporecy
iapopmamniitaoi B3aemonii (I1IB) € BaXIMBIM HIISIXOM
O YUpaBIiHHS CONIalbHUMM TpOLEcCaMH Ta €
aKTyaJIbHHUM 3aBJIaHHAM Ha JaHWI MOMEHT.

Bynu po3rasHyTi pi3Hi METOIU MOJICTIOBAHHS.

Komm'torepHe MoOJemoBaHHS 3 BHUKOPHUCTaHHAM
areHtiB [1] mae OyTH epEeKTUBHHMM JUIs MOJEIIIOBAHHS
CKJIQIHUX COLiabHUX MPOLIECIB.

B ocHOBI Takoro migXOQy JIEKHTH IOHATTS
IHTEJIEKTYalNbHOTO areHTa. MyJIbTHareHTHI CHUCTEMH
XapaKTepU3yIOThCSI THUM, IO, MO-TIEpIIe, KOKEH areHT
BoJIOJli€ iH(OpMAIli€t0, HEMOCTATHBOIO ISl BHPIIICHHS
BCHOTO 3aBJaHHA, MO-Ipyre, HEMAaE TJIOOAIHLHOTO
KOHTPOJIIO, TOOTO KOXXGH AareHT IpuiMae pilleHHs
CaMOCTIfHO, TIO-TpeTe, JaHi JeleHTpaii3oBaHi W,
HapelTi, 00YUCICHHS MOXYTh OyTH aCHHXPOHHUMHU.

IcHyIOTP ~ HOHSTTS ~ MIKpPO- Ta  MaKpOOIHUCY
couianbubix cuctem (CC) [2], min SKUMH pO3YMIIOTh
JaBa migxoau 10 moOymoBu Ta mpociimkenHs CC: B
paMKax TepIoro IiAXoay MaroTh Ha yBa3i CTPYKTYpY
rpada B3a€EMOBIUIMBIB YYaCHHUKIB 1 iX IHAMBIiZyalbHE
OPUAHATTA pilleHb, a 3TiTHO 3 JAPYTHM  MiIXO0JIOM
cTpykTypa 3B’3KiB B CC ycepenHIOEThCS Ta MOBEIHKA
ii YiIeHIB pa3riIsAacThes “B CEPEIHBOMY .

B [3] posrnsinaeTbest 3aCTOCYBaHHSI HEHPOMEPEKHUX
METOJIiB MOJENIOBAHHSA ISl ONKHCY W HPOTHO3YBaHHS
(heHOMEHIB B COIiaNbHUX 1 TyMaHITAPHUX HayKax.
Bonoziroun  BciMa  TO3UTHBHHMH  BJIACTHBOCTSIMH
MaTeMaTUYHOIr0 amnapary MOJEIIOBaHHS COIL[iaJbHUX
MPOIIECiB, HAa BIAMIHY BiJl KIACUYHUX ONTHUMI3AIIHHAX i
iIrpOBHX METOJIB, HEWpOMepexi MaloTh TaKi BasKJIMBi
ocobmmBocrTi [3]:

1. ApjanTwBHICTP — TOOTO 3JaTHICTH THYYKO
BpaxoOBYBaTH BIUIMB 30BHILIHIX ()AaKTOpiB, a TaKOX

BUSBJSITH ~ HETPUBIANbHI,  OIOCEPEAKOBaHI  BUAH
B32€EMOBILIMBY (haKTOPIB.
2. 3maTHiCTh [0 HaABYaHHA CaMOCTIMHO — OOJIK

nepenicropii HpH TPUHHATTI pilleHb B HACTYIHHUX
iteparisx podotu anroputmy. Llg B1acTHBICTE BaXkinBa
MY 3aCTOCYBaHHI METOJIB MaTeMaTH4YHOi Teopii irop,
Jie, HalpuKiaj, piBHoBara Hemra mMoxxe OyTH KOpPEKTHO
3HaWIEHO TUIBKH 3a JOINOMOTOI0 0araTopa3oBOTrO
MOBTOPEHHS irPOBOi CUTYaIIi.

3. BaraTomipHICTh — TEXHOJIOTiSI HEHPOHHUX MEPEK

JIO3BOJISIE  BpaxoBYBaTH  pojib  (akTopiB, IO
JIOCITLKYIOThCS, TIOBHICTIO 3 ypaxyBaHHAM
OararoBUMIpHOCTI ¥  MOXJIMBOI  HPOTHIIEKHOT
cnpsimoBaHocTi. lle nyXe BaXJIMBO, BPaxOBYIOUH
CYNEepEWINBICTD JIFOACHKOT MCUXIKH.

ITpn MO/IEITIFOBaHHI 111B MIPOIIOHYETHCS

BUKOPUCTOBYBATH CIICIlialbHUM iHCTpyMeHTapiit [2] —
amapaT Teopii HEUYITKUX MHOXHH 1 HEUYITKOTO
KOTHITHBHOTO MOJEIIOBAHHS, IO JI03BOJINTH OLIBII
TOYHO OIIHIOBaTH Ta BpaxOBYBaTH CyO'€KTHBHI
OCOONMBOCTI yYacCHUKIB B3a€MOJii, sKi HE MaroTh
KOPEKTHOTO KUTBKiCHOTO BHPa)KCHHS, i
¢dopmarizoByBaTd iH(pOpMAaIliIO, 10 Ma€e BepOalbHUI
Xapakrep.

B [2] po3rnsnatotbes MmaTematnyaHi Mozeni [11B, mo
po3po0JIeHI 3 BHKOPHUCTaHHSM METOMIB CHCTEMHOTO
aHayi3y, HEYiTKOI JIOTIKM M Teopil HEHITKUX MHOXXHUH,
Teopil HMOBIPHOCTEH, MaTeMaTHYHOI CTaTUCTHKH Ta
MYJIbTHAr€HTHOTO MiAXO.y.

3acTocyBaHHS HEHPOMEPEIKHUX METONUK BUSBICHHS
3aKOHOMIPHOCTEH B COLIaJBHUX IpoLecax HTO3BOJIE
BUPIMIUTH ps mpobieM, sKi paHinie OyTu MIPUHIUIIOBO
HEpO3B'sI3HI, W 3aBISIKH [HOMY ICTOTHO IiABHUIUTH
aJIeKBaTHICTb TEOPETHYHHX MoOJIeNiei, 110
CTBOPIOIOTBCS, 1 HAOMM3UTH I1X [0 O0'€KTUBHOL
peanbHOCTI. [{J1s1 MOJENIOBaHHS CKJIaJHUX COLIAIBHUX
NpoLIeCiB KOMIT'IOTEpHE MO/ICTIFOBAHHI 3
BUKOPHUCTAHHSIM areHTiB Ma€ OyTH FapHUM PILLICHHSM.

PosrmsayTi B poboti Mmomem IIIB  103BOSISIIOTH
JOCTIKYBATH  3aKOHOMIPHOCTI  pO3MOBCIOIKEHHS
iHpopmamii Ta awHAMiKy QopmyBaHHI nymMok B CC.
Crae wmoxmuBuM mnposoautd B CC  iHdopMmariiiHi
YIPaBITIHCHKI aKIii 3 pi3HAM €(PEKTOM.

Cnucok nitepatypu

[1] H. C. KombutoBa, ®. A. Myp3un., u 1. A. Kypkos,
“MopenupoBaHue COLMAJIbHBIX MPOLIECCOB u
MynbTHareHTHbIN noaxoxn”, 2013. [EnexrponHslit pecypc].
HocrynHo: https: //cyberleninka.ru/article/n/modelirovanie
-sotsialnyh-protses-sov-i-multiagentnyy-podhod. Iara
obpamenus: SuB. 25, 2020.

[2] U. M. Axwmyxamenos, u JI. A. MauyeBa, “Mukpo- u
MaKpOMOJIENH mporecca HUH(OPMAIIMOHHOTO
B3aMMOJIEHCTBUS B  COLMAIBHBIX cucreMax” 2019
[Enexrponnbiii pecype]. Hocrymuo: https://cyberleninka.
ru/article/n/mikro-i-makromodeli-protsessa-informatsion
nogo-vzaimodeystviya-v-sotsialnyh-sistemah. Jlara o6pa
menuns: Sus. 25, 2020.

[3] A. A.O6yxoB, “HeiipoceTeBoii aHAIN3 1 MaTeMaTHYECKOE
MO/JIETTPOBaHIE COLMAJIBHBIX MPOIIECCOB”, 2019
[EnexTpoHHbIit pecypc]. HocrymHo: https://
cyberleninka.ru/article/n/ neyrosetevoy-analiz-i-
matematicheskoe-modelirovanie-sotsia-Inyh-protsessov.
[Jara obpamenus: Sus. 25, 2020.
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OOCNIAXEHHA 3ACTOCYBAHHSA TEXHONOTI AJAX

JUis  po3poOKM IIBHAKHX Ta 3pYIHHX A
KOPHUCTYBadiB Be0-I01aTKIB ICHYIOTB pizHi
texnouyorii (HTML, CSS, Javascript, XML Ta iH.),
3aCTOCYBaHHA SKHX y KOMIUIEKCI Mae MeBHi
nepeBaru. AJAX — 1me TexHojoris B3aeMonii 3
cepBepoM 0e3 mepe3aBaHTakeHHs cTopiHku. Ilepen
BukopuctanusM  AJAX, HEoOXiZHO  JOCHiTUTH
TEXHOJIOTII0O Ha OOMEXKCHHS Ta NpPOOJIEMH, IO
MOXXYTh BHHHKHYTH 3 BeO — pgomarkoM mnpu ii
3aCTOCYBaHHI.

3apa3 icHye OaraTo MOMYyJISAPHUX MPOIYKTIB, IO
BUKOPHUCTOBYIOTh TexHoNoTi0o AJAX, Hamp., KOIH
KOpPHCTYyBa4 TITbKM TIOYMHAE€ BBOAWTH B PAJOK
momyky cumBomu B Google abo  Youtube,
CIIPaIbOBYIOTh MHOKHHHI 3auT AJAX.

Texnonorist AJAX ckinagaerscs 3 I’ SITH YaCTUH:

HTML; JavaScript; DHTML; DOM (06’exTHa
MoOJIenb JoKyMeHTa); XML.
AJAX 3acTocoBye acHMHXpPOHHY Iepeaady

JaHUX, [0 JO3BOJISE KOPHCTyBadaM 3AIHCHIOBATH
pi3HI nii mix yac “poHOBOr0” 00MIiHY iH(OpMAIi€O 3
CEpBEPOM.

B po6oti AJAX MoXHa BUAIIATH 4 €TaIu:

1. KopucryBau Bukimkae AJAX, Hampukian,
IIPY HATUCHEHHI NEAKOT KHONKH, JUIS 3aBaHTa)KEHHS
JaHUX.

2. Cucrema BiampaBis€ 3amuTHA CepBep.
Hanpuknan, tpeba 3aBaHTaxuTH (aitn abo 3aiiCHUTH
3anut 10 BJI.

3. CepBep oTpuUMye€ BIiAMOBiAb Bij 0a3u gaHUX i
BiAmpasiise iHGopMmallio y opaysep.

4. JavaScript oTpuMy€ BiIIOBiIb, pO3UIU(PPOBYE
il i BUBOIUTH KOPUCTYBAUY.

Jnst oOMiHY HaHWMH Ha CTOPIHIII CTBOPIOETHCS
o0'ekt XMLHttpRequest, BiH BUKOHYe (YHKIIIO
MoCepelHUKa MiX OpayszepoMm i cepBepoM. 3amuTH
MoxyTh Oytm GET abo POST. CepBepHa uacTuHa
00po0sie 3aMUTH 1 CTBOPIOE HOBI JIaH1 IS KITi€HTA.

Ilix 4wac mocnmijkeHHS OyJO BHSBIEHO Taki
nepesaru 3actocyBaHHa AJAX:

— IlokpameHa iHTEpaKTUBHICTh. 3aCTOCYBAaHHS
ACHHXPOHHHX 3allUTiB J03BOJIIE Opay3epy KIIi€HTa
OyTH OiNbII IHTEPaKTHUBHUM 1 MIBUALIE pearyBaTu Ha
BXiHI qaHi. Binbin 3pydHa HaBiraiis.

— CkopodeHHs Tpadiky .

— 3HMKCHHS HABAHTAXCHHS Ha CEpBep.

— 306inpIeHHS MBHUIKOCTI poOOTH cepBicy.

A Takox OyJ0 BHUSBICHO HACTYITHI HEJOIIKHU:

— AJAX BiakpuBae e OJUH BEKTOp aTakd JUIs
HIKIZJIMBOTO KONy, Ha SIKMH BeO-pO3pOOHUKN MOXKYTh
HE TIOBHICTIO NEPEBIPUTH.

— Inrepdeiicu  AJAX
pPO3BUBAaTH  HAJIEKHUM
CTOPIHKH.

— Byne-sxuit 6paysep, akuii He miaATpuUMye Java
Script ab6o XML Http Request, He 3Moxe
BUKOPHUCTOBYBAaTH CTOpPiHKH, SKi 3alexaTb BiX
texHomnorii AJAX.

— HewmoxmuBa iHTerpamiss 3 I1HCTpyMEHTaMH
Opaysepa. [Ipu nuHamiuHOMY (OpPMYBaHHI CTOPIHOK
Opay3ep He mmokasye X B icTopii BiiBiyBaHb.

CKJIafHIIIE

3HAYHO
i CTaTU4HI

YUHOM, HIXK

— Ilpobaemum B  iHzmekcamii  KOHTEHTY
MOIIyKOBUMH OoTamu. YacTto TOH 3MICT, SIKUH
3aBaHTaXy€eThCS Ha CTOPIHKHU JUHAMIYHUM

crmoco0oM, BHABISIETHCS HEIOCTYIMHUM IUISI pOOOTIB.
ToMy peKOMEHAYETHCSI BUKOPHCTOBYBATH JUHAMidHE
3aBaHTAKEHHS JUISI CTPOrO BHU3HAYCHWX YaCTHUH
KOoHTeHTY. [Ipu npomy HeraTuBHUHM BIuB AJAX Ha
SEO MoHa MiHIMI3yBaTH.

Buxopucranas AJAX motpebye inpopmarmii mpo
obmexenHs. Hanpukian, Moxe BHHUKHYTH TIOMUJIKA,
SIKIIO 3alMT I[MOCHUIAEThCS HA JoKajdbHUU ¢aiin. e
BUHUKAa€ y BHUIAAKYy, KOJHU BinOyBaeThcsi crpoba
OTpUMaTH JOCTYI JO JAaHUX 3 JIOKaJbHOro (aiiy,
SIKUi 30epiraeThcs He Ha cepBepi. 11100 BUPIMIUTH 110
npo0OiieMy MOKHa BCTaHOBUTH JIOKallbHHUII cepBep 1
30epiraTu panam Tam.

AJAX BignoBimae MeTomaM KOHCTPYIOBaHHS
momaTkiB Ha ocHOBI Web i ycyBae mpoOiemy
MOBUTFHOTO  3aBaHTAXKEHHS CepBepa. bimbmiicTs
riraHTChKHUX |HTEpHET — KOMITaHii, Takux sk Google,
Yahoo, Microsoft, Amazon i iH., po3po0stOTh BeO-
JoJaTKu Ha OCHOBI Ajax. lle rapHe pimeHHS ais
CTBOpPEHHS  Be0-JIOJAaTKIiB 3  BHUCOKHM  pPiBHEM
B32eMO/IT 3 KopucTyBadeM. | paMOTHE BUKOPUCTAHHS
AJAX 3a [iIbOBMM TNPU3HAYEHHSIM JIOTIOMAarae
YHUKHYTHU npobnemMu CTOCOBHO TEXHOJIOT11
BUKOPHCTAHHS.
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NPOBNEMW MOOENIOBAHHSA MDKMPOLIECHOI B3AEMOJIT Y HOTALLII BPMN

[IpoTsrom ocTaHHIX POKiB KOHIEIIIS MPOIIECHOTO
ynpasmiaHsa abo BPM (Business Process Management)
oTpuMala 3Ha4yHy yBary 4epe3 CBilf MOTEHI[a] I0J0
3HAYHOTO IiJIBUIEHHS IPOAYKTHUBHOCTI Ta 3MEHIICHHS
BUTpPAT, CKOPOUYCHHSI Yacy BUKOHAHHS Oi3HEC-TPOLIECIB.

OcHoBHUM iHCTpyMeHTOM BPM € monemroBaHHS
0i3HeC-TIPOLIECiB, SIKE BUKOPHCTOBYETHCS JUIS KPAIOTO
PO3yMiHHS Ta JOKyMEHTYBaHHs JAisUIbHOCTI OpraHizaii,
aHali3y Ta BIOCKOHAJCeHHs Oi3Hec-mporeciB [1]. 3rigHo
3 OCTaHHIMH JOCIHIKEHHAMH, IPOBeAeHUMHE e y 2016
pomi, HAWIOMyIAPHINIOW HOTAIIEI0 MOICTIOBAHHS
6i3Hec-niporeciB € BPMN (Business Process Model and
Notation) — i1 BuxopucroBye monan 64% pecrnoHICHTIB.

OCHOBHIMH THIIAMH €JIEMEHTIB CTPYKTYpH Oi3Hec-
npouecy BianoigHo ao Hotauii BPMN (puc. 1) € noaii
(event), numro3u (gateway), 3apmanns (task) Ta moroxu
ympasiinas (control flow).

Moaii Winwoan
O N MNapanensHo
(AND)
© MpomixHa @ Binioyro
g (OR)
o KiHLeRa BuknoyHo
4 (XOR)

3aBaaHHA MoTik ynpaeniHia

Puc. 1. OCHOBHI THITH €JIEMEHTIB CTPYKTYpH Oi3HEC-Tporecy

[Moxii 300paxytoTh IHIMAEGHTH, IO TPAIUIIIOTHCS
Ha MOYATKY, ITiJ{ YaC Ta HAIMPHKIHIII BUKOHAHHS Oi3HEc-
npouecy. 11m03u BUKOPUCTOBYIOThCS JUIS YIPaBIiHHS
posranyxennsamu (Split) ta 3’exHanHaME (jOIN) NOTOKIB
ynpaBliHHs y Oi3Hec-mporieci. 3aBaaHHs — 1e poOoTH,
SIKi BHKOHYIOTBCS B paMKaXx 0i3Hec-TIporecy.

OKpiM OCHOBHHX CTPYKTYPHHX eJeMeHTiB (puc. 1)
Hotanis BPMN Busnauae mysm (pool), 3a gomomMororo
SKHUX 3a/Ial0THCSI MEXI Tmporiecy, Ta gopixku (lane), axi
BH3HAYAIOTh BiJIMOBIAANBHICT, yYYAaCHHUKIB IMPOIECY 3a
BUKOHAHHS TIEBHUX 3aB/IaHb.

[{ono pi3HOBHIIB AYT, OKPIM IOTOKIB YIPABIiHHS
Horauiss BPMN Bu3zHayae Tako)K IIOTOKH IOBIIOMJIEHD
(message flow), siki mpu3HaveHi Ui MOIEIFOBaHHS
B3aeMoOfii JeKkinbkox Oi3Hec-mpoueciB (choreography)
BCEpEeMHI 0THI€T opraHizarii a00 MiX OpraHi3amisMu.

Jo HaifOLmbmr WMOBIPHUX MOMIJIOK 300paskeHHS
B3a€MOJIiT IEKIJIbKOX Oi3HEC-TIPOIIECiB HAJICKATh:

1) nponyuieHi moyaTKoBi/KiHIEeBi mofil (puc. 2, a);

2) mpoIyIeHi BXiAHI/BUXiJHI MOTOKH YIpPaBIiHHS
y 3aBJaHb (puc. 2, 0);

3) MOTOKKM yNpPaBiHHS 3aCTOCOBYIOTHCS 3aMiCTh
MOTOKIB TIOBIJOMJICHb Il TIOJIaHHS B3a€MOJIil Oi3Hec-
npotiecis (puc. 2, 6).

Process A

Process B
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n
g l'ask 2 Task 3
2
By
&

Puc. 2. OCHOBHI THITH €JIEMEHTIB CTPYKTYPH Oi3Hec-mpoliecy

Heo0xinHO cTBOpIOBaTH JiarpaMu BUCOKOI SKOCTI,
SKi JIEMOHCTPYBAaTHMYTh 3pO3yMIily CTPYKTYypy Oi3Hec-
npoueciB. CaMe TOMy BUHHKA€ HEOOXIHICTh KOHTPOIIIO
KOPEKTHOCTI CTBOPIOBAaHUX MOJIEINICH, OCKUIBKH SIKICHI
MoJieli Oi3Hec-TPoIIeciB 3a3BHYail HE MAIOTh IIOMIIOK.

Cnucok nitepatypu

[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. 1 - 67, 2013.
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TOYHICTb BUMIPIOBAHHA PAﬂIAJ:IbHO'I' LWBUAOKOCTI LN B YMOBAX BIJ/INBY
®A30BUX PITYKTYALIN PAOIONOKALUIMHOIO CUrHANY

Busnauenns pamiagbHOT MIBUIKOCTI il
peaJi3oBaHO B KOTEPEHTHO-IMIYJIbCHUX PaioioKaIlifHIX
craaisix (PJIC), sixi B SKOCTI 30HIYBAIHHOTO CHUTHATY
BUKOPHCTOBYIOTh KOTEPEHTHY Na4Ky pPaiOiMITYIIBCIB.
PeanpHi yMOBH TOMMpPEHHS Ta BiIOWTTS 3[aTHI CYTTEBO
oOMe)xyBaTH ii KOTepeHTHICTh. [l0 BKa3aHMX YMOB MOYKHA
BIIHECTH  BIUIMB  aTMOC(EpHHX  HEOJHOPITHOCTEH,
JOTUICPIBCBKUN TIyM IiTi Ta BIIOWTTS pPamiOXBHIb BilX
3eMHOi  (MOpPCBKOI) TOBEpXHi, SKI € TPHIUHOIO
BUHHMKHEHHs (ha30BUX (piIyKTyamii pagioiMITyJIbCiB MaYKH.
BBaxxaetbcs, 1m0 [maHi (iaykTyarii po3mopiieHi 3a
HOpPMAJIbHUM 3aKOHOM 3 HYJIBOBHM CEPEIHIM, a KOPEIsIList
(dazoBux (uyKTyariii CycCiIHIX paaioiMITyJbCIB MAYKU
yOyBae 3a 3HAKO3MIHHUM 3aKOHOM.

Hucmepcis  3arabHOI  TOXMOKH — BUMIpPIOBaHHS
YaCTOTH Na4KH PpaJioiMITylIbCiB BH3HAYAETHCS CYMOIO

Jcnepcii cé MOXUOKH, IO OOYMOBJEHA BILIMBOM

BHYTPIIIHIX LIyMiB mpuiiMaibHoro mnpuctporo PJIC Ta
2

aucnepeii  6gyg,;, NOXMOKH, IO BHKIMKAaHA (as0BUMH

(ITyKTyarissMu paiioiMITyJIBCIB TTAYKH:

2 _ 2 2
Oy =0 + OQgn -

Ha puc. 1 mpencraBnmeHi rpadiku 3ae:KHOCTI
KBazpata JOOYTKY 3aralbHOI CepeIHbOKBAAPATHYHOL
noxu0Oku (CKII) BUMiproBaHHS YacTOTH TAYKU 3 JECSITH
pazmioimMITyJibCiB 1 Tepiogy TX CiigyBaHHs (GZT)Z BiXt
BIIHOLIGHHS CHMTHAJ/IIYM 32 MOTYXHICTIO q2 pU
KoedimieHTi Kopersmii (a3oBuX QIIyKTyamiii CycimHix
pazioiMmyIsciB mauku a=0,99.

I'padiku oTpuMaHi U1 Pi3HUX 3HAYCHH IHICHepcil
(asoux drykryaniit 62 =0,01 0,1; 1 10 pax’.

OtpumaHi pe3yiabTaTH BKa3ylOTh Ha Te, IO
30ibIIeH s quctiepeii (ha3oBux (uryKTyallii Ha OPSJIOK B
o0macTi Manux 3HaYeHb (cs(zp =0,01..0,1 panz) Maibke

HEe BIUIMBAE Ha 3MiHy BEJIMYMHHM JUcCHEpCii MOXHOKH
BUMIPDIOBAaHHS ~ YacTOTH Maykd  PajioiMITyJIbCIB.
30inbIIeHHs JlaHOI aucriepcii Ha MOpsSIOK B 0o0jacTi

CYTTEBHX 3HAYCHD (cs(zp =1...10 paz[2 ), SIKI MOXXYTh MaTH

MicIie B IPAaKTUYHHUX BUIIAKaX, IIPU3BOIUTH 10 3pOCTaHHS
jgucriepcii  MOXWOKM  BUMIPIOBAaHHS 4YacTOTH — IAyK{
PazioiMITYJIBCIB Ha TTOPSIOK 1 OinbIie.

Cxiranosi CKII BuMiproBaHHS paialbHOI IIBUAKOCTI
Ui TpW BiAHOIICHHI CHTHA/IIYM 3a MOTYXHICTIO

q2 =1000, i BHMAAKIB KOTEPECHTHOTO HAKOIMUYCHHS

KopoTkoi N =38, cepennboi N =16 Ta TpuBasOi N =32
nayok pamioimnynscie B PJIC  cynpoBoiukeHHS
HaBeJleHi B Ta0um. 1.

(c3T)?

0.4

Puc. 1. [lucnepcis noXuOKH BUMipIOBAaHHS
YaCTOTH MAaYKH PATiOIMITYIIBCIB

Tabmmus 1.
Cknanosi CKII BuMiproBaHHS paliaibHOI IIBUAKOCTI IIiJTi JIJIsT
PJIC cynpoBomKeHHs, M/C.

O um chpn
8 0,66 1,85...6,9
16 0,33 1,3...4,82
32 0,16 0,91...34

Takum 4MHOM, OTpHMaHI pe3yJbTaTH CBIIYaTh HPO
Te, mo 3HayeHHs ckianoBux CKII BumiproBaHHs
pamianbHOT  IIBHAKOCTI  1iimi, OOyMOBJeHi (ha30BUMH
(bayKTyauisMu paioiMITyJIbCiB IPUHHATOT MTaYKK 3/1aTHI B
JIeKUIbKa pa3iB 1 Oimblle mepeBepllyBaTH CKIIAJIOBi, 110
00yMOBIICH]I BIUIMBOM BHYTPIMIHIX IIYMIiB NPHUHAMAIILHOTO
npuctporo PJIC.

OkpiM BIUIMBY HeOAHOpimHOCTEH Tpomochepw,

BIUIMB JIOTIUIEPIBCHKOTO IIYyMY IIiJli Ta GAararoTpacoBOCTi
MOIIMPEHHSI  PaJiOCHrHAaJly  OOYMOBJIIOE  JIOJIATKOBE
301IBIIICHHS mykTyarmiiHOi CKJIaJI0BOL CKII
BUMIPIOBAHHS PaialibHOI IMIBUAKOCTI ITI J0 ACKIIBKOX
OIMHHUL M/C.
Ilpn mpoMy, HaMOIMBII CYTTEBO, (ha30Bi BHKPHBICHHS
pazioNoKaIiifHOTO CHTHATY, BIUIMBalOTh Ha poboty PJIC
CYIPOBOJDKEHHSI, BUKJIMKAalOYM HeOe3INeKy 3puBY LI 3
ABTOMAaTHYHOTO  CYNPOBO/DKEHHS 32 JANBHICTIO Ta
pajiabHOO HIBUJIKICTIO.
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YNPABJIEHUE TEXHOJTIOMMYECKUAM NMPOLIECCOM MNMUPOJIU3A

B Hacrosmee BpeMsi, B IPOMBIIUIEHHOCTH HIMPOKO
HCTIOJNIB3YIOTCS AaBTOMAaTHU3UPOBAHHbIC CHCTEMBI
YIIPaBIECHUS IPOU3BOACTBEHHBIMH MPOLIECCAMH.

Hedrexnmudeckass NpPOMBIIIIEHHOCTh OJHA U3
BAOKHEHILIUX OTpacieil, NOpOOyKTaMH KOTOpPOM MBI
MOJTB3YEMCSI TIOUTH YTO €KEMHHYTHO, KaXKIBIH ISITBHINA
IpeAMET, OKPYXAIOUMKA Hac, IPOM3BEINCH HMEHHO
Onmaromapst 3Toi WMHAyCTpuH. Takxke, HePTEXUMUS
SIBJIACTCS OJHOM U3 BAXKHEHIIMX CTaTe IIONOJIHEHUS
Oro/pkeTa, Hapsiny ¢ I00bIYeH W JKCIOPTOM HepTH
3arpaHuily, NHpd JTOM, HYeM TIiIyOxke mnepepaboTka
He(pTEXMMHYECKOTO CBHIpbSi, TEM BBIIE CTOUMOCTB
MOJy4eHHOro mpoaykra. lleneBbIMM  IpOAYKTaMH
He(pTeXUMHIECKNX KOMOWHATOB SIBISIFOTCSI — OJE(UHBI,
SApKUe TIPEACTaBUTENN KOTOpeIX — ATmieH (C2HA4),
npormieH (C3H6) u ux npon3BOAHBIEC TOMHOIC(HUHBL

CHauarna, HedTerazoBbIMH KOMITaHUSMHU
JIOOBIBAIOTCSI TPUPOJHBIE YTIIEBOAOPOIBI, TAKHE KaK:
HeTh, IPUPOIHBIA Ta3 M NOMYTHHIH HEePTIHOH Ta3, a
3aTeM nepepabaThIBarOTCA Hedrenepepadarsl-
BAaIOIMMH M ra3ornepepadaThIBalOIIMMU KOMIUIEKCa-MHU,
IJle U3 HUX TOJIy4yalOT TPU OCHOBHBIX BHJA CHIPbS UL
JanbHeHe nepepaboTKy Takue Kak:

1. TIpsmoronHbli OeH3uH ¢  Hedremepepa-
0aTBIBAIOIIIX 3aBOJIOB;

2. o1y (mrupoxas dhpaxus JIETKAX
YIIIEBOIOPOJOB)  TOJydaeMasi —rasolepepadaThiBaio-

[IAMH 3aBOJIAMU;
3. DraH — UeHHOE HePTEXUMHYECKOE ChIPhE JUIS
He(pTEXUMHKOB, COACPIKALITUICS B IPUPOTHOM Tas3e.
X0l TEXHOJIOTHYECKOTO IIpolecca MPOUCXOUT
CIeNyIomMM 00pa3oM: ChIpbe (CMeCh MEPBUYHOTO
nepepaboTaHHOTO OCH3MHA C Ta30BbIM OCH3MHOM B
cootHomenuu 3:1 u ap.) nmox gasnenueM 7+9 xr/cm? ¢

celpbeBorOo ambapa J — 70, mpoiins depe3
anekTpudyeckuii BeHTWIb N5, gamee momaetcs B
cBoOOTHOE MEXTpyOHOE MIPOCTPAHCTBO
TerooOMennuka | — 7/3, rTme oOH 3a cyYer

UPKYJIMPYIOIEr0 KOTEJFHOIO Macila, HarpeBasch [0
120°C momaetcst B oOmuii koywiekTop nedeir F11+F14.
[Nocne renmoodmennuka T — 7/3 temnepaTypa OeH3nHA
JIOJDKHA OBITh HAa TaKOM YPOBHE, YTOOBI OH, MPOXOMS
yepe3 auadparmy, He 3aKHIed.

HccnenoBaB  meyb  mHpoM3a  KaKk  OOBEKT
yIpaBlieHus], pa3padoTaB ero MaTeMaTHIeCKYI0 MOJIEIb,
maercs MaTeMaTH4YecKast IMOCTaHOBKA 3aJa4K

ONTUMHU3AINN pacCMaTPUBAEMOI'0 TEXHOJOT'MYECKOTO
rnpo1ecca.

Jlnst pelieHns MOCTaBICHHOW 3a7a4u pa3paboTaHbl
JIVHEHHBIE W HEIMHEHHBIE MaTeMaTHYECKHE MOJIEIH.
Jnd  KCHonb30BaHUS MAaTeMaTHYECKOM MOJENN Ha
PEKIMHBIE apamMeTpEI HaKJIa{bIBAIOTCA
COOTBETCTBYIOIINE OTPAHNUCHHS.

Hcnonp30BaB  CTaHAAPTHBIE IIAKETHl MPOTPAMM,
OTIpEeIeIIAIOTCS perpeccnoHHBIE KO3 UITHEHTHI
MOJIeIM, ¥ MaTeMaThdeckas MOJeNb MpoBepseTcs Ha
aJIeKBaTHOCTb.

OmHMM U3 OCHOBHBIX CTaAMH B IIPOU3BOJCTBE
9TWJIEHAa CUUTAeTCs IIpoliecc mHpoiu3a. Bo Bpems
NpOTeKaHHWs  Tpoliecca  MUPOIM3a B TeYax,
UCTIONB3YIOMMX B  KAa4yecTBE CBHIPhS  IEPBUYHBIN
nepepaOOTaHHBI OCGH3WH M CMECh ra3oBOro OCH3WHAa,
OCYIIECTBIISICTCS MX  pa3feleHHe TMOJ  BBICOKHM
JlaBJeHUeM U Temneparype [1].

B Hacrosmiee BpeMs Ha 3aBojie DTHICH-TIPONHIICH
IIpoussoncteennoro OO60benunenus “A3EPXVUMUA”
MPOBOJATCA paboTHl MO MoJepHU3alMu. B cBsA3u co
BCCOOBEMITIONIEH MOJIEpHU3ALINEH, Hapszy c
TEXHOJIOTHEH MepBUYHON NepepaboTKU, IPeyCMOTPEHA
TaKkXKe MOJEpPHHM3allUsi U COBEPIICHCTBOBAHHE CHCTEM
ynpaBieHuss HuM. TexHosoruss pa30aBiICHHUS CBHIPBS
apoM B CBOIO OUYEpedh TAaKKe OIpeAessieT COCTaB
NPOJYKTOB Ha BBIXOJE W3 NEYH NHPOIM3a. ITO
00yCJIOBJICHO CHIKEHHEM IapLIUaJbHOTO JaBICHUS
YIJIEBOJOPO/IOB, HYTO TIO3BOJISACT YBEIHYUTH BBIXOJ
HMBIIMX  OJNCPUHOB M  YMEHBIINTH  CKOPOCTBb
00pa3zoBaHys apOMAaTHYECKHUX YTJIEBOJOPOJIOB, a TAKXKe
CHHM3HTH KOKCOOOpa30BaHHE B 3MEEBHKAX.

Jlng BBINOJTHEHUS BBINICYKA3aHHBIX TpPeOOBaHUH
HCTIONB3YeTCs cucreMa aBTOMAaTH3UPOBAHHOTO
ympasienust  “ControlLogix 5580, paspaGoranHast
dupmoii “Allen — Bradley”.

B cooTBercTBHHM ¢ TpeOOBaHMSAMH COBPEMEHHBIX
HHTEJUIEKTyaJbHBIX ~ MAllMH W 000pyIOBaHHUH,
koHtpoiutepsl  upmer  “ControlLogix 5580 B
NPOM3BOJICTBE  oOecreynBaroT  Oonee  ObIcTpoe
CUCTEMHOE€ MpPEJCTAaBICHHUE, MNPOU3BOJUTENBHOCTE H
0€301acHOCTb.

JlntepaTtypa

[1] U. A. Ubparumos, u U. P. Ddenaues, “Metoabt
ONITHMAJIGHOTO  YIPABICHUS HEDTEXUMUUECCKUMH
TEXHOJIOTHUECKAMH  mpoleccamMd.  Teopust H
npumenenune”’, baky, Azepbaiimkan, 1997.
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“TOP DRIVE” ABTOMATUYECKAA CUCTEMA YINPABJIEHUA KPYTALLUM
MOMEHTOM U CKOPOCTbIO

Jdnst pazButHs OypoBOH IPOMBIIUICHHOCTH |
noBbIlIeHNs  3(dekTHBHOCTH  OypeHHsT  CKBa)KHH
npumeHenne cuctemsl “Top Drive” ceronHs sBisercs
OJTHOW W3 HauboJjee akTyalbHbIX 3ama4. “Top Drive” —
9TO MEXaHUYeCKOE YCTPOWCTBO, MOJBEIIEHHOE Ha
OypoBOif BBINIKE, TpeIHa3HAuYCHHOE Ui OypeHHs
CKB&KUH U T0/1a41 KPYTAIIEr0 MOMEHTA Ha OypHUIBbHYIO
TpyOy Kak IT0 9acOBOH CTpenke, Tak U MpoTuB. JlaHHOE
000pyIOBaHNE COBMECTIIIO B ceOe POTOp M BEPTIIOT B
OypoBoii MIPOMBIIIJICHHOCTH, co MHOTHMH
MPEUMYIIECTBAMA MHHUMH3HPYET BpeMS,
3aTpayuBaeMoe Ha OypeHHe CKBaXXMH M, MaKCHMaJIbHO
MOBBIIIAET TEXHHYECKyr Oe3omacHocTb. “Top Drive”
PacIoyIoKeH Ha MecTe BEPTIIIOra, KOTOPBIH JBIKETCS
BBEPX M BHU3 BJO0JIb OypOBOM BBIIIKH [2].

Kpome TOro, 3HaHHMe TEKYIIEro 3HAYCHUS
KPYTSIIETO MOMEHTa IIO3BOJSIET CYOUTh O CTENCHH
n3HOCa OYpOBOTO MHCTPYMEHTA, O CONPOTHBIAEMOCTH
nopoabl OypeHHIO, a TaK € IO3BOJISICT ONpPENCIUTh
NPOCKaNb3bIBaHNE WM  3aKIMHUBaHWE  OypoBOTO
MHCTpyMeHTa. [Ipu onmTuMmm3amum mpouecca OypeHHs
Kak MPaBHIIO JUI yBEIWYEHHS JOCTOBEPHOCTH MPOTHO32

HOCIEAYIOIINX CUTyalui HEo0X0AUMO
uHGOpPMaMOHHOE  O0OecredeHue  LEeJoro  psaa
[IapaMeTpPOB. B nporecce  OypeHHs  Takoe
nHpopMamoHHOE obecreueHue omnpenensercs
TEXHOJIOTUYECKMMHU  TapaMeTpaMu  U3MEpEHUs, B

KOTOpBHI€ BXOJUT HE TOJBKO 3HAUYCHHE KPYTALIETO
MOMEHTa, HO ¥ HE3aBHCUMBIC TIapaMeTpPhl: OCeBas
Harpy3ka, TBEpIOCTh IIOPOJBI, IaBICHHE OYpOBOTO
pacTBopa €ro pacxoj, TPCHHE IO JJIMHE CKBa)KUHEI,
CHIIBI COTIPOTHUBIICHUS, CKPYYUBAHHS KOJOHHBI TPYO,
aBTOKOJeOanuss W T.0. MHBIMEH  clloBaMH, IS
peamu3alid IMPOTHO3a CUTYAIllMd HEOOXOJHM IIeNbIH
M3MEPUTENbHBII KOMILIEKC TEXHOJIOTHUECKUX
napameTpoB Oypenus. Ho Tak kak Bce MepeyrCIeHHbIE
MEPBUYHbIE MapaMeTphbl OMPEACNSIOTCA  KPYTAIUM
MOMEHTOM Ha Bajly IMPHUBOAA, TO IIEIECO00pa3HO
BBISIBUTH JAaHHBIE 3aBUCUMOCTH U MPOBOAWTH KOHTPOJH
TOJIbKO [0 BEJIMYMHE KPYTALIEr0O MOMEHTa, YTO
MO3BOJIIET  CYIIECTBEHHO YIPOCTUTh KOHTPOJIBHO-
u3MepuTeNbHbll  KoMiuiekc. C 9TOM TOUKM 3peHUs
aKTyaJbHOCTH 3aJa4él pa3pabOTKH METOJOB M CPEICTB

M3MEpEeHUs]  KpyTSAIEro  MOMEHTa  eme  Oojee
BO3pacTaer. IToxa3zaTtenem 00BEKTHBHOCTH
nHpOpPMALTIT 0 JIEHICTBUTEIEHOM COCTOSIHUH
HaOIrOmaeMol  CHCTeMBI  SIBISIETCS  JOCTOBEPHOCTH
omeHKH ee mapamerpoB. OnHa  claraerca W3

METOINYECKOM M HHCTPYMEHTAIBHOM COCTaBIISIOLIMX.
IlepBas XapaKTepU3yeTcs COBOKYITHOCTBIO
HaOJI0TaeMBIX ITapaMeTPOB, METOJUKONH M KPUTCPUSIMH

OLICHKH COCTOSIHUSI CHCTEMBI, BTOpas — TOYHOCTHIO
MOJTyYyaeMbIX 3HayeHWi napaMeTpoB. OnTuMu3anys
CHCTEMBI KOHTpOJISl TIIpoliecca OypeHHs BO3MOXKHA
Omaromapst TOMY, 4YTO pa3BUTHE KOMIIBIOTEPHOM
TEXHUKH B TIOCIEIHHE TOJBl CIIOCOOCTBYyeT Ooiee
panroHaIbHOMY HCHONB30BAHNIO TEXHUIECKUX CPE/ICTB
3a CYeT MEPEHECEHHs aKLEHTa MPH aHalIu3e B 00IacTh
pa3pabOTKN KOMITBIOTEPHBIX IPOTPaMM.

“Top Drive” mo3BomnsieT OypuTh ¢ O6oiee AITMHHOMN
OypoBoii TpyOoii. [lpmHMMas  BO BHHMaHHE, 4TO
OypeHne pOTOpPOM BBINOJHACTCS  TpyOaMu UIMHOM
okoio 9,1 metpa, a “Top Drive” obecnieurBaet OypeHue
Tpybamu uinHoit 18+27 mMeTpoB, TO ecTh 11eJ10i cBe4Oit
OypoBBIX TPyO, B 3aBHCHMOCTH OT BBICOTHI OAalllHU.
Hcnonb3oBanue mnpu OypeHun Oojee  JJIMHHBIX
oypunbHbIX Tpy0o “Top Drive” mo3Bossier OoJiblie
NPOBOANTH  €KEIHEBHOTO  OypeHms, Tak  Kak
YMEHBIIAETCSI KOJIMYECTBO COCIMHEHHH CO CIEYIOICH
JUIMHHOW ~ OypwinbHOM — TpyOoit.  Eme  omHuM
npeumymectsoM “Top Drive” sBmseTcs TO, 9TO OH
5QQEeKTUBEH ¢ TOYKM 3pEHUS 3aTpaT BpeMeHH. llpu
OypeHHH  BEpTIIIOTOM Bce  OypWIIBHBIE  TPYOBI
MOJHUMAIOTCSl Ha JUIMHY KBaJIpaTHOW TPYOBI, YTOOBI
JI00aBUTh HOBYIO OYypHIBHYIO TpyOy, HO IpH OypeHuu
“Top Drive” wHapammBaemass OypoBas  TpyOa
coemuHseTCs K 00111eit 6ypoBoit kononue Tpy6 [4].

Takum oOpazom, Oonee KOPOTKHM U OBICTPBIN
NpOoLIECC  3aKPbITUSl CBOJUT K MHHUMYMY PHCK
repexBaTa CKBa)KHHBI, JJaXke KorJa OypoBOi pacTBOp He
BBOJIUTCSI B CKBaKMHY. CyIIECTBYIOT Pa3IW4HbIEC THITBI
“Top Drive”, KoTOpBIe B OCHOBHOM KJIaCCH(OYUITUPYIOTCS
B 3aBHCHMOCTH OT 0€30MacHOCTH paboueil Harpysku
000pyIoBaHUsl, a TAKXKE THIIOB M Pa3MEPOB JIBUraTeleH,
Bpamammux oOypuibHyto TpyOy [1].

[Ipouecc OypeHHs B pa3iU4YHBIX  YCIOBHAX
OCYILIECTBIISIETCS.  IIyTEM  PEryJHPOBKHA  KPYTSIIETO
MOMEHTa M CKOpOCTH OypeHHus Ha Bbixone Baia “Top
Drive”. B HacTosmiee Bpems KPYyTAMHHA MOMEHT H
CKOpOCTh Bajla OJOKa PerynupyroTcs MOTEHIIHO-
METpaMH, PACIHOJIOKEHHBIMH Ha TAHEIHW YNpaBIeHUs,
YTO TPUBOAUT K 3a/e€pXKKaM B OYpEeHHH W BBI3BIBACT
yBEJIMYEHUE HAarpy3KH Ha OypoBO€ JI0JIOTO M Ha TPYOHI,
4TO SIBISETCS OAHUM U3 (PAKTOPOB, CHIKAIOIMINX
s dexruBHOCTS. OTHUM M3 KITIOYEBBIX BOIIPOCOB 3/1€Ch
ABISIETCS ~ NMOTPEOHOCTh  W3MEHEHHS  MOIIHOCTH
JIBUTaTes, BO3JIEUCTBYIONIETO 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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BbIYUCIIEHUA U ONPEAENEHUA C Z-HOMEPAMU

B OOJILLINHCTBE cly4yaeB uHpopManus,
OTHOCSIIIAsICSl K peajbHOMY pEIICHUI0, U SBISETCS
YACTUYHO HAJEKHOM. ITO MOXKHO OOBICHHTL C
HCHAJIS)KHOCTHIO HCTOYHHMKA MHPOpManuu. Vnu MOXHO
O0OBICHUTE c HENpPaBUIBHOM HHTEpIpeTaIue
WHPOPMALINH, HEOITBITHOCTHIO | T.JI.

Qopmanmzanus uHGopMarmu (Z — MHPOpPMAIU)
Ha OCHOBE Z — YHCEN MpPEICTaBIseT COOOH 3HaUeHHUE
HHTEpeCYIoIeH mepeMeHHONH Ha OCHOBE €CTECTBCHHOTO
s3prka (Natural Language — NL), ¢ cooTBeTcTByromIEi
HaZeKHOCTbIO Ha ocHoBe NL. HeobxomumbeiM
MOMEHTOM, KOTOPBI CTOUT YUUTHIBATh, SBISETCS TO,
yro Z — wuHboOpMalusi, KaK MNPaBWIIO, IMPEACTABISICT
HECOBEPIICHHYI0 HHGOPMAIIMIO, XapaKTCPHYIO UIs
pearbHOro MUpa, HO B TO XKE BpeMs Z — WHPOpMAIUs
MMEeT MOIIHO€  ONWCAaHHE C TOYKH  3pEHUs
YEIIOBEYECKOTO BOCTIPUATHS 110 CPAaBHEHHUIO C HEUSTKIM
YHCIIOM.

B oroii crares maHel  OBa  MeTOoHA IS
npeoOpa3oBaHus Z — YUCIIa B HEYSTKOE YHCIIO, 8 TAKXKE
UL ipeoOpa30BaHisI HEYETKOTO YHUCIIa B YETKOE YUCIIO.

[IpencraBneH noAXox K NPUHATHIO pEICHUN N0 Z
— uH(pOpMAIIMH, OCHOBAHHBIN Ha MPSIMBIX BBIYUCICHHUIX
Mo Z — 4ucnaM. DTOT MOAXOJ HUCHONb3YyeT MapagurMy
OKUJaeMOW TIOJIE3HOCTH W TIPUMEHSETCS K 3ajade
pelIeHrss  KOHTPOJIbHBIX ~ BOTMPOCOB B o0nactu
SKOHOMHUKH.

Uto kacaeTcsi TEOpUM NPHUHATUSA PEIIEHUH, TO
CYIIECTBYET HEKOTOpas MOIyJspHU3alus UHPOPMAIUH,
CBs3aHHAs C pemeHusMd. [lepBas MOMyISIpPU3AIMS
MpeJHa3HaYeHa IS YETKUX YWCell, a BTopas OoJbIie
3apHTEpecCOBaHA B  WCIIOJNB30BAaHHM  WHTEPBAJIOB.
®DaKTHYECKH, TEOPUHU MPUHATHS PEIICHUH B OCHOBHOM
OCHOBAHBI Ha 3THUX JBYX MOMyJsipu3aiusix. OCHOBHEIC
JIOCTYIIHBIE ~ TEOPHHM MPHUHITUA PEIIEHUH  MOXHO

pa3nenuTh  Ha
0XKUJIaeMOH
HCIIONb3YET

CleIyIole  KaTeropuu:
MOJIE3HOCTH U MEPCHEeKTHBHI, KOTOpPas
YHUCIIOBYI0 HMH(OpMaLuio, W TEOpHH,
OCHOBaHHBIE Ha MHOXECTBE NPUOPOB, TaKHe Kak
oXHMgaeMas IOJIe3HOCTh Maxmin, HCIOJB3YyIomast
HHPOPMALINIO C HHTEPBATIAMHU.

Tperbs nonynspusalus — HEYETKUE MHOKeCTBa. B

TeopHs

paMKax 3TUX HabOpOB, K@KETCsA, CYIIECTBYET
MHOXKECTBO pPaboT, TMOCBAIIEHHBIX JTOH 00JacTH
JIMHTBUCTHYECKUM MIPEATIOYTEHHSM, HEUYCTKOH
byHKIMN TIOJIE3HOCTH, HEYETKOMY

MHOTOKPUTEPUAIILHOMY NPUHSATHIO PEILICHUI U IPYTUM.
HeompeneneHHOCTs BIOJHE OYEBHIHA B peabHOI
KMU3HU, I/ie OoJbIIas 4acTh WH(POpPMAIMU, OCHOBaHHAs
Ha  TOPUHATUM  pelIeHWd,  TpeOyer  Ooublueii
OCTOPOXKHOCTHU H3-3a OTCYTCTBHA HeollpeaeneHHocTu. B

pe3ynbpTate TPYIHO (OPMAIM30BaTh CHOCOOHOCTB
MPUHUMATh PalHOHAJBHBIC pEIICHUS, YTOOBI OBITH
HEOIpEACICHHOM!, HETOYHOU n/nnmn HEIOIHOHI

nHpopmanmei [1].

Teopus npUHATHS peLIEHUH, NpeIoKeHHas B [3],
MMEET JIeJI0 C HECOBEPIICHHON MH(pOpManuei, Kotopas
OTIiCaHa Ha ecTeCTBEHHOM si3bike (NL).

Cnucok nuTepaTtypbl

[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
Datain Modulati ™ i OFDM Signal
joaulation Ignal
(QAM) g g 7 > (Baseband)
>
Data out Nl < )
Demodulation OFDM Signal
= (QAM) “ AT AID (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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Asepbavidxcanckuil I'ocyoapcmeennvil Yuusepcumem Hegpmu u Ipomvrunennocmu, baxy

NMEPBUYHBLIA U3MEPUTENbHbIA MPEOEPA3OBATEJb KOHLIEHTPALIUN
BOAOPOAA C HEMNPEPbIBHbIM PEXKUMOM T'A3OAHAJIU3A

WzBecTHO, 9TO0 MHOTHE TICpPBUYHEIC
WU3MEpHUTENFHBIE  NPeo0pa3oBaTeN  KOHLCHTPAIMH
BOJIOPOJia JI€NAlOT BO3MOXKHBIM IPOBEAEHHE I'a30BOr0
aHanu3a. OJHAKO, UCHOJIb3YyEeMbIH B HMX HMMITYJIbCHBIH
METOJl BBOAA IPOO, HEMPUMEHHUM B CO3/IaHHU CHCTEMBI
ABTOMAaTHUYECKOTO AQHAJTUTUYECKOT O KOHTPOJI,
TpeOOBaHMEM KOTOPOTO SIBISIETCS HENPEPHIBHOCTD
MOTOKA, TPOTEKAIOMIEro  4epe3  IpeoOpazoBaTelb
aHanuzupyemon cmec [1].

AHaIM3aTOpP COCTOHUT W3 CHUCTEMBI IpoOooTOOpa,
MapaMarHUTHOW HU3MepUTENbHON sueliku Ha O2 u
KOHTpOJLIEpA.

Kontpomep perymupyer Temmeparypy B 4-X
30HaX (BXOJA MpOOBI, KOHIACHCATOP CEphl, IeUb, cOpPOC
npoObl), H3MEpseT CHUTHAI SYeHKH u  (HOpMHUpYET
CUTHaJIBl JUI PEryJIUpOBaHMSA pacxola BO3AyXa Ha
TEXHOJIOTHYECKYIO YCTaHOBKY.

Temneparypa BO BXOJHOW JHMHHUH  HPOOBI
MOJICP’KUBACTCA BBIIIC TOYKHA POCHI TEXHOIOTHIECKOTO
MoToKa Ta3za. Temmeparypa KOXyxa KOHICHCATOpa
Cepbl, I3MEPHUTENBHON SUCHKN U TIeUn MOIACPIKABACTCS
nocrostuaoil B guanazone 20...140°C (4yTh BEIIIE
TOYKHA POCHI), a KOHACHCATOP CEpPhl OXJIAXKAACTCS
Bozyxom KUIIL.

IIpobGa raza, oTtoOpaHHas W3 TEXHOJOTUYECKOTO
MOTOKA, MOJAeTCs B KOHICHCATOP CEpbI, IZie JKUAKAS
cepa Bo3Bpamiaercs obpatHo B HOTOK. KoHCTpykims
KOHJIEHCATOpa HCKIIOYAeT TakkKe IPOMYCK B SUYEHKY
MapoB CEpEHI.

JUis  co3maHus H3MEPUTENBHBIX YCTPOMCTB C
HETIPEPHIBHBIM ~ PEXHUMOM Ta30aHalli3a IPOBEACHEI
HCCIICTOBaHHS B obxactu M3MEPHUTENbHBIX
JNEKTPOXMMUYECKHX CHCTEM, B IIpoIecce KOTOPBIX
BBISIBIICHA HEOOXOIUMOCTh IMONACPIKAHUS AICKTPO-
MeMOpaHHOTO OJIOKa BO BIIAXXHOM COCTOSIHUH IIPH

ycimoBun  audy3noHHOW MOmaYd  aHATHU3UPYEMOW
ra3oBOil CMeCH H HEOOXOIMMOCTh TPUMEHEHHS
JIOTIOJTHUTENBbHBIX ra3oB JUIst obecrieueHus

WHBAPUAHTHOCTH BBIXOJHOTO CHUrHajla K TMOOOYHBIM
KOMITOHEHTaM cMecH [2].

[lepBu4HBIII W3MEPUTENBHBIA IpeoOpa3oBaTeib
COCTOMT M3 KOpIyca, BHYTPH KOTOPOTO HaXOIUTCS
yBIaXHeHHas WoHHas cmona (H® dopma), a Ttarxke
noHooOmeHHass memOpana B (OH") ¢dopme, mo kpasm
KOTOpO# pa3MemieHbl pabodnii W BCIIOMOTATEIbHBIN
SNEKTpoAbl.  BBIXOOHOM  CUTHalI — U3MEPHUTENbHON

CHCTEMBI (DHKCHUPYETCSl PErucTpaTopoM, BKIFOUCHHBIM
BO BHEIIHIOI IENb, MOJKIIOUEHHYI0 K 3JIEKTPOAAM.
JlaHHas  ranbBaHMYecKas ~— CHCTEMa  COCTOMT U3
HMOHOHOCHUTENS, 3aKIIOYEHHOTO MEXIY O3IEKTPOJaMHu,
BBIMIOJTHCHHBIMH W3 Pa3lHYHBIX MaTepHanoB. 3amaya
pabouero 9NeKTpoja 3aKiIIOYaeTcs B HOHM3ALUU
BOJIOPOJIa, IPOTEKAIONIEro MO CXeMe, IpeACcTaBIeHHON
B (hopmyIe:
H, >2H,,., > 2H" +2e~

Matepuan, U3 KOTOPOrO OH BBINOJHEH, OTHOCHUTCS K
MeTajuiaMm ITATHHOBOM TPYTIIBL 3anaua
BCIIOMOTATEIILHOTO 3JEeKTpoaa COCTOUT B
WHHUIMMPOBAaHUU TOKOOOpalieHHss B HOHOOOMEHHOM
MeMOpaHHOW cHucTeMe.

MarepuanaoMm, COOTBETCTBYIOUIUM 3THUM YCIOBUSAM
sBisgercss  okeun — cepebpa  AgoO.  Ilpomeccsl,
MPOTEKAIONINEe Ha HEM M pabodueM 3JIEKTPOJE, MMEIOT
BUJ, TIPEICTABICHHBIA (POPMYIIOiL:

Ag, O+ H,O+2e —2Ag +20H"

CymmapHas peakuus IEKTPOXUMHUUYECKOH
CUCTEMBI UMEET BUA: 2H " +20H~ — 2H,0

B kadecTBe MOHOHOCHTENS BBHIOpaH KBAa3UTBEPBIN
ANIEKTPOJIHT, CrIOCOOHBIH ObTh Kak B HY, Tak u B OH
¢dopme. Cxema, COTJIacCHO KOTOPOH JaHHBIH JIIEMEHT
(GYHKIIMOHMpPYET Tak: BCIIOMOTATEIbHBIH 3JIEKTPOJ
(Ag20) — wononocutens (H* (OH)) — pabouwmii
anektpoy (Pt) — aHanmm3upyemas Tra3oBasi CMeCh.
DJIEeKTPOXUMUYECKUH 3JIEMEHT, pean3yIomui TaHHYIO
CXeMY HMEET BBIXOJAHOW JJIEKTPUYECKHUH CHUTHAII,
(hopMupyembIii IpH MIOCTOSTHHOM rnojave B
mpeobpa3oBaTeib BOJIOPOICOIEPIKAIIETO rasa,
BEJIMYNHA KOTOPOTO ABTISIETCS ¢byHKIIMEeH
KOHLEHTpaLuu BOJOpOJa B 9TOU CMecCH.
OT/INYNATENEHOW OCOOCHHOCTBIO 3TOW CXEMBI OT JPYTHX
SIBIIICTCA MCKIIOYEHUE U3 LUKJIA BCIOMOraTelIbHOTO
rasa.
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METOAM ONTUMI3ALII PILLEHb LLOJO AHATI3Y NEPCOHANI3OBAHUX OAHUX

VY cydacHHX yMOBax po3poOka i 3MiHCHEHHS €IWHOT
(hiHaHCOBOI MOJITHKY 3aliMae 3HAYHE MICIIe B 3aralbHOMY
MEXaHi3Mi YIpaBIiHHS MiIIPUEMCTBOM. Poiib ynpaBiiHHs
(hiHaHCaMM BM3HAYAETHCS THM, IO BOHA TOPKAETHCS BCIX
CTOpiH 1i eKOHOMIYHOI  IISUTEHOCTI:  NPaKTHYHIMH,
aHAITHYHIH, HAYKOBO-TCXHIYHIH, MapKETUHTOBIH,
MaTepiaJbHO-TEXHIYHOro 3a0e3ledeHHs 1 T. 1L, Ta
BiIOOpakae BIUIMB YKCJICHHUX BHYTPIIIHIX 1 30BHIIIHIX
(haktopiB. OcobnmBe Micue cepen miteil i 3aBOaHb
mignprmemMcTBa B oOmacti  ympapiiHHS — (piHAHCAMHU
3aliMaroTh: TOCTiifHEe 30LTBIICHHS BAPTOCTI MiATIPHEMCTBA,
MaKCHMi3allis BapTOCTI BKIANCHUX B HBOTO BIACHUX
KOIITIB, MIHIMI3aIlisi 3aydeHHS 30BHIIIHBOTO KaIliTaly.
CaMe TOMy BHBYEHHS pAI[iOHAJIGHOTO OLIHIOBAaHHST
MPOIIECY YIpaBIiHHSA (DiHAHCAME € aKTyaJbHOI TEMOIO B
CYYaCHUX yMOBaX HECTaOLTLHOTO (PiHAHCOBOTO PUHKY.

BukopuCTaHHS TMOKa3HHWKIB KOMIUICKCHOI OI[IHKU
CTaHy MWiJNPUEMCTBA Tl Yac TIPOBEICHHS aHaJizy
(iHaHCOBOT  YCIHIIIHOCTI ~ JIO3BOJNIUTH  MEPE0AUMTH
JMHAMIYHI 3MiHH, IO BinOyBaTUMYTHCS Yy (PiHAHCOBOMY
CTaHiI KOMIIAHii I BIUTMBOM BIIPOBAIDKCHUX DIIICHb, a
TaKOXX MiaiOpaTy HAHOUTBII afeKBaTHI PIMICHHS I 3MIHA
crpaterii po3BuTKy. s Bmamoi peamizamii TMONIyKY
cTpaTerii HeoOXiHO 3a0e3MeUNTH THIMBITYaTbHUHA TTiIXiT
MIONI0 BW3HAYEHHSA SKOCTI YIpaBIiHHA (iHAaHCAMH, 3a
paxyHOK ypaxyBaHHs MEPCOHAIBHUX JAHUX MAiSUTBHOCTI
i IPUEMCTBA.

IIpobmema  ympaBiinHs — (QiHAHCAMH  3aBXKIU
3HAXOJMJINCS B LIEHTPl yBar# Cy4acHOTO MEHEDKMEHTY,
060 Hecraya a0 HeNpaBWIBHWIA po3nonin (iHaHCOBHX
pecypciB MOXYTh CIPUYMHHTH YIIOBUIbHEHHS PIBHS
MPOIYKTUBHOCTI MIJNPUEMCTBA 32 PAXyHOK 3HIKCHHS
BOKIMBHX TOKa3HUKIB Horo misutbHOCTL. EdekTuBHe
yhpaBiiHHA ~ (IHAHCOBUMH  pecypcamu  3a0e3redye
pamioHabHEe BHKOPHCTAaHHS (DIHAHCOBHX KOINTIB Ha BCIX
YIIPaBIHCHKUX JIAHKaX PUHKOBOI CTPYKTypH. Tomy y
KpaiHax CBITY IOCTIDKYIOTBCS MpoOaeMu (PiHAHCOBOTO
ynpasiidas, 30kpema: B. T'. T'etbman, /1. Bprommepxodad,
A.Tlpemuann, H. A. Kamopmkanosa, H. I1. Kongpakos,
H.H.Tpene, E. C. CrosHoBa, 1. A. JlomOpoBchbKa i
0. A. MaimmeBa. Ile 0OyMOBIIOETBCS — MPAKTUYHOIO
HEOOXITHICTIO I0JI0 €KOHOMIT TPYIOBUX, MaTepialIbHUX Ta
(inancoBux pecypcis. [1]

OnHUM 3 IPUHLMIIB, 110 peai3yeTbest B ganux EC,
€ BHUKOPHCTaHHS BEPXHIX Ta HIDKHIX IIOPOTIB I
iMOBIpHOCTEH OKpemHX rinore3 [2]. SKmo iMOBIpHICTH
P(H) micns BpaxyBaHHS BCiX MOAI MEepeBHILYe BEpXHIiH
nopir Max(H):

P(H) > Max(H)

TO Tinore3a H TpUIMAeThCS K OCHOBA UIST MOXIIHBOTO
BHUCHOBKY. SIKI110

P(H) < Min(H)

ne Min(H) — HmkHii mopir, Tofi TinoTte3a H BiIKUAa€ThCSA
SIK HeNpaBoToTi0Ha.

Sxmo B TEBHMA MOMEHT pOOOTH CHCTEMH
3’SICYEThCS, MO Ui OyIb-AKOi rimote3u H, BUKOHYETHCS
yMOBa:

Pmin(Hk)>Pn'ax(Hi) Vi :'ék'

, A

1e Prin(H) — moTouna minimMansHa iMOBIpHICTb rinoTe3u H
Ta BIMNOBIAHO  Pmax(H) —TOTOYHA  MaKCHMAaJbHO
JIOIYCTUMA IMOBIPHICTB JUTA Tirmote3n H.

Tomi rimote3a Hy € G161 IMOBIPHOTO 1 TIPOJOBKEHHS
SKCIICPTH3H He € JOLITBHIM.

Baza 3naup BignosigHoi [ICY® micTuTh 3amucH, 1o
TOPKAIOThCSl 3HaHb TPO KOHKPETHI pillleHHs (rinote3u) i
3HAHHS M0 KPHUTEPisX, MPU SIKUX MPU3HAYAIOTHCS
BimmoBigHi eranu. KoxkHa rimore3a Mae BiAmoBigHU
(hopMalTi3oBaHHA 3aITHC:

N; P(H); 2% E,i ()i PCE / H )i P(E,, [ H),

. n . . . o
ne N — Haspa rinore3n H; 3E, — KUIBKICTs yoix oz
1
e
uiei rinoresu, N — vomep noxii, P(Ex/H) — imoipHicTs

BUKOHAHHS Tomii s mamoi rimotesw, ©(Enc/H)_

IMOBIPHICTh BUKOHAHHS TMOAIl TPH HEBIPHOCTI JaHOT
TiNOTe3N.

Ha mincraBi mpoBeieHUX CHOCTEPEXKEHb, MOXKEMO
CTBEP/UKYBATH, IO MEXaHIi3M JIOTTYHOTO BHBEICHHS €
JIOCHTh TPOMI3IKAM, BUMAara€ MOCTIHHHUX MepepaxyHKiB
MIapaMeTpiB MiCIsT KOXKHOTO 3aITUTY, IO CYITPOBOIKYETHCS
MEPEBIPKO0O  KOPEKTHOCTI ~ BHBENICHUX  PE3YJbTATIB
CHCTEMH, CTBOPIOE €(DeKT OLTBII “‘yBa)KHOTO™ BiHOIICHHS
eKCIIepTHOI CHUCTEMH [0 NpeaMery ekcrieptusu. [Ipum
HEOJHO3HAYHOCTI Ppe3ysbTaTiB, Ha IIiJICTaBi BUKOHAHHS
pi3HHX YMOB BHOIpOK, BUHHKAa€ 0arato anbTepHATUBHUX
pillleHb, IO YCKJIAJHIOIOTH TMPOLEC TMOUIYKY I[JIbOBUX
CTpAaTETiYHMX PIlICHb.
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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 — | 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.

References

[1] Lowrie W. 2006. Fundamentals of geophysics. 17a Ed.
United Kingdom. Cambridge University Press. 354 pp.

[21 GTM DIAS & B. KEJRFVE, 2008. Geology and
geomorphology of Holocene coastal barriers of Brazil.
Louisiana State University. SpringerVerlag Berlin and
Heidelberg & Co; 7: 225-252.

91



UDC 621.183.9
Aysel Mazhir Qojayeva

Azerbaijan State Oil and Industry University, Baku

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, 200 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 =U; =+/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 — 100x103
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,

KU min :_Tm'":_le,,
R2+R3

Ky :_%:_15

Having solved these equations, we find the
necessary  values of  Rg=4998kOhm  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/mke 2
Uout max,V 21
lout max,mA 42
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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ONTUMAJIbHOE YNPABJIEHUE MYCKOBbLIX PEXXUMOB B TOMJIMBHbIX
QHEPTETUYECKUX NMPEONPUATUAX

Hedrerazosas oTpaciab sBISETCS JTUAMPYIOIICH
oTpacipio A3epOaiipkaHe Mo MOCTYINICHUSAM JTCHEKHBIX
cpencte B Oromker. Bmecrte ¢ TeM AKCIUTyaTaIlws
He(Tera3oBbIX OOBEKTOB CBS3aHA C PUCKAMH.

Crpykrypa ACY TII MIIXT mpexacraBiseT coOoi
MHOTO(YHKIIMOHAJIBHYIO CHUCTEMY paclpeeleHHOTO
YIPaBIEHUS U COJAEPKUT TPU YPOBHSL:

Hwxnauit yposens (“mosieBsie” cpencrtsa KUIInA)
COCTOMT M3  HCHOJHUTEJIBHOTO  OOOPYIOBaHUS,
TEXHOJIOTHYECKOTO 000pyIOBaHMs ¥ UH()OPMALMOHHO-
HU3MEPUTENIEHOT0 KOMITJIEKCA JaTYHKOB.

Cpenuuii YPOBEHB MpeJCTaBIsET coboit
pacmpeneneHHyl0  CHCTeMy  cOopa  JaHHBIX W
yIpaBJIeHUS Ha 0a3e YIpaBIIOMINUX IPOrPaMMHUPYEMBIX
jJoruveckux  koHtpoiuiepoB  SIMATIC  S7-300
(SIEMENS) w® cTaHOMHA pachpelneiIeHHOTO BBOJA-
BeiBosia ET200M (SIEMENS), Bemonssromux cOop u
00paboTky uHpopMaIKy s 0a3bl JAHHBIX CHCTEMBI U
peanu3ymoome  BCe  TEXHOJOrmdeckue  (GyHKUuM
cuctemsl ynpasineHus. Taxke B [ITK cpennero ypoBHs
BXOAAT  paclpelesieHHble — amlmapaTHble  CPelCTBa
cucreMbl BOAO (biaok DOkcrpeHHOro ABapUWHOTO
OcraHOBa), pa3MeIleHHbIE B IMKadax JOKaJbHBIX
KOHTPOJICPOB.

BepxHuii ypoBeHP — YpPOBEHb LEHTPAILHOTO
OTIepPaTUBHOTO yIpaBJICHUS c peanmu3anuei
JMUCTAaHIIMOHHOTO  YIPABIICHUS  UCIIOJHUTEIHHBIMH
MeXaHU3MaMH, M3MEHCHUs 3aJaHus PEKUMOB PabOTHI
MOJCUCTEM YIpaBICHHUS, MPEJCTaBlIeHUsT HHGOPMAIUH
Ha MOHHTODAX, 3BYKOBOM U BU3YaJbHOU
TEXHOJIOTHUECKOW CHTHAIU3AIMH, CPEACTB BEACHUS
JIOJITOCPOYHOTO U KPAaTKOCPOYHOTO apXHUBOB JAAaHHBIX Ha
6a3e mpombinuieHHbIx ctannuid SIEMENS u SCADA-
cucrembl WinCC (SIEMENS), a Takxe neHTpaibHas
yacTh cucteMbl BDAO cocrosimias U3 KOHTpoOJUIEpa
B3AO0O SIMATIC S7-300 (SIEMENS) u myneta B3AO.

Kpome OOBIYHBIX pPHCKOB  TIPOEKTOB,  3J1€Ch
CyHmIeCTByeT  PUCK  aBapHil,  NPUBOJAIUX K
MaTepHaIbHBIM HOTEPSM, HAPYLUIEHUIO HKOJIOTUYECKOM
00CTaHOBKH U, YTO OCOOCHHO CYIIECTBEHHO, K KEePTBAM
n OonesHsm moneid. [Ipow3BOACTBEHHBIE OOBEKTHI
XpaHEeHHs, epepadOTKN U TPAHCHOPTUPOBKU TOPIOYUX

M TOKCHYHBIX BEILIECTB SBISIFOTCS OJHHUMHU U3 Haubolee
OIIACHBIX OOBEKTOB XO3SHCTBEHHOM EATEIHHOCTH.
Curyamus ycyryonsercs Tem, uro Ooinee 80 % Bcex
00BEKTOB yXe BBIpabOTanM HOPMATHBHBIA  CPOK
IKCILTyaTalu.

OfHUM H3 OCHOBHBIX (DAaKTOPOB, BIUSIOIIHAX Ha
BO3HHKHOBCHHC aBapuii W WHIUACHTOB, SIBIIACTCS
gyenmoBedeckuid  pakTop. CHocOOHOCTH  MEpCOHaNa
NMPpUHUMATh IMPaBUJIBHBIC PEIICHHUA B J3KCTPEMAJIbHBIX
CUTyallMsiX, YPOBEHb €ro KBaIU(UKALUK TPYAHO
ONpCACIUTL TpaJUIIMOHHBIMU METOAAMU, IO3ITOMY
[eJIeCO00Pa3HO HCIIOB30BATh PAa3IUUYHbIC MOJXObI, B
TOM YHCIIE U IKCIIEPTHBIE.

Henmocrarouynass pa3pabOTaHHOCTh TEOPETHUCCKUX
M METOOJIOTHYECKUX ACTIEKTOB YIPABJICHHS MPOLECCOM
obecrieueHns] POMBIIIICHHON 6e30MacCHOCTH OMACHOTO
npousBojacTBeHHOr0  00BekTa (OIIO), a  Takxke
HEOOXO/JUMOCTb CO3/IaHHsI CHCTEMBbl OIIGHKH DPHCKOB
aBapuii M HHIMACHTOB B He(TErazoBOd OTpaciu |
IIPUMEHEHHUS Ha 3TOI OCHOBE SKOHOMMUYECKUX PELIECHUN
no  obOecre4eHUr0o  0E30IIaCHOCTH  ONPEIEISIOT
aKTyaJbHOCTb HACTOSIIEH paboThI.

Llenp wuccnenoBaHMs 3aKIOYaeTCs B pa3paboTKe
ONTHMAIBHOE YMPaBJICHHE ITYCKOBBIX PEXKUMOB B
TOTUTUBHBIX IHEPreTHIECKUX MPEANPUATHSX,
AITOPUTMOB W KPHUTEpUEB,  00ECHEYHBAIOIINX
ONEPATHBHOCTh M JIOCTOBEPHOCTh MPOTHO3UPOBAHHUS
MOTePh,  BO3MOXHOCTH  YIPABICHUS  IPOLECCOM
obecrieueHHs:  IPOMBIIIICHHOH  0e30macHOCTH B
YCIIOBUSIX HEOTIPEEIeHHOCTH.
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HEOOCTATKWU TDM CETEN N NEPEXOA NPEAMNOCHLINIKOU K NGN

Buenpenue CHUCTEM IP-curnanusanuu
CHocOOCTBYeT Wenblii  cTpoi  ¢akropoB. OT0 H
ApXUTEKTypHBIE COKpAIEHUS CYIIECTBYIOIUX CeTei
OKC7, w® HyXIa omepaTopoB CBSI3U CHIDKATh
9KCIUTyaTal[OHHBIE 3aTpaThl, M KOHBEPIEeHIHMS CETCH
nepesiaddl BHITOBOpPA M JAAHHBIX, U YCKOPEHHUE PELICHUH
Pa3BEepPTHIBAHUS HOBBIX YCIYT CBSI3H.

[Ipucymas [P-TexHOMOTHSAM BBICOKAs
3¢ $EKTUBHOCTH MCHOIB30BAHUS IIOJOCH! IIPOITYCKAHUS
MO3BOJISIET OIEPaToOpaM CBSA3U CYIIECTBEHHO SKOHOMUTH
CpeacTBa. Kanasner c BPEMEHHBIM
MyJnbTHILIEKcHpoBaHueM (TDM) B TpaauIMOHHBIX
Tene()OHHBIX CETAX MPOCKTHPYIOTCS C YUeTOM Hauboiee
HeONaronpusTHOM CHUTyalliM — TIMKOBOM HarpysKH.
[Iporoxonsr OKC7 TpeOyroT, 4YTOOBI B IITaTHOMN
CUTYyaLUu 3arpy>K€HHOCTb TDM-kaHanoB HE
npesbimana 40%. OTo NpUBOAUT K TOMY, 4TO Ha
MpaKTUKe WX CpemHss 3arpy3ka coctaBiser 20-30%.
3nauynut, 70-80% KaHANBHBIX PECYPCOB MOCTOSHHO
mpocrauBaioT.  lTexnHomormm [P obecmeumBaroT
JUHAMUYECKOE BBIJICTIEHUE IIOJIOCHI IMPOIYCKAaHHUs IO
TpeOOBaHUIO, NMPHU ITOM €€ CTOUMOCTb OKa3bIBACTCS
3adacTyr0 Ha 75% HW)KE CTOMMOCTH  MOJIOCHI
nponyckanuss TDM-ceTu ¢ KOMMyTalnMen KaHajoB.

OrpaHndeHus, HaKIaJgblBaéMbleé TEXHOJOTHEH
TDM Ha nonocy npoIyckaHusi, HeTaTUBHO BJIUSIOT U Ha
paboTy  Opyrux  BJIEMEHTOB  CETH:  CEepBEpOB

MIPHIOKEHUH, PETUCTPOB MOJIOKEHUS, OJIOKOB KOHTPOJIS
yermyr. Jlake ecad MOITHOCTH YKa3aHHBIX 3JIEMEHTOB
BITOJTHE JTOCTATOYHO JJIsI 00pabOTKH OonbIIero oobrema
Tpaduka, orpanmdeHus nporokoisoB OKC7 wa TDM-
KaHaJNbl, KOTOpPBIE COCAWHSIOT OTH DJIEMEHTHl C
OCTaJIbHOM CeThI0, HE JAlT UM “‘pa3orHaThCs’.
[TosTOMY AJIs1 TOBBINICHUS MPOU3BOAUTEIBHOCTH CETH
oreparopam MPHUXOJUTCSA JOKYNaTh IOMOJHHTCIBHBIC
YCTpOICTBa, MPUTOM, YTO HMEIOLIUECS PEeCypChl ele
JaJIek0 He wucyepranbl. Hamo Takke HUMETh B BHIY
clenyromee OOCTOSTENBCTBO: OOABICHUE KaXIOTO
HOBOTO 3JIEMEHTa TPpeOYyeT OpraHu3allii KaHaa “ToYKa-
TOYKa” ¥ OOHOBIICHHS MapIIPYTHBIX TAOJUI], a 3HAYHUT,
JIOTIOTHUTEIBHBIX KalTUTabHBIX M SKCIUTYaTallHOHHBIX
3arpar.  Xopollee  MacIITa0MPOBaHUE  IOJIOCHI
npomyckaHus B [P-ceTsaX  mo3BONSeT  3ampocTo
COpaBIITECA ¢ (QUIyKTyausiMu Tpaduka, yIPOCTUTH
APXUTEKTYpy CETH, a pa3ju4yHbIM 0a3aM JaHHBIX

paboTaTh c MaKCHMaJIbHO BO3MOXHOM
MIPOU3BOIUTENHLHOCTHIO.
XapakTepHast IP-rexHoMOTHSIM BBICOKast

3¢ GEKTUBHOCTD TPHUMEHEHHS TIOJOCHI IPOITYCKaHHS
MO3BOJSIET ONEPaTopaM OTHOCUTENBHO CYIIECTBEHHO
SKOHOMHUTb  cpeactBa. CBsi3M ¢ BpEMEHHBIM

MYJIbTUIUIEKCUPOBAHUEM (TDM) TpaaUuLUOHHBIX
TeNe(OHHBIX CETSIX CIPOCKTUPYIOT C y4eTOM Hamboiee
HeONaronpuaTHOM yCIOBUM — TIMKOBOM HarpysKH.
IIpotokomer OKC7 mpussiBaloT, YTOOBl B INTaTHOM
CUTyalUu 3aHATOCTh TDM-KaHaIOB HE IPEBOCXOAMIIA
40%. DTO mMpHBOOWT K TOMY, KaK Ha IIPAKTUKE HX
cpenHss Harpyska cocraBnseT 20 — 30%. 3naunt, 70 —
80% KaHaAJIBHBIX PECYPCOB IOCTOSHHO O€3AEHCTBYIOT.
Texmonmormn [P oOecmeuymBarOT  JHHAMHYECKOE
IpeabaBIeHUE MOJIOCH NPOMYCKaHHUA MO TpeOOBaHUIO,
U ee CTOMMOCTh OKa3bIBaeTcsl Hepeako Ha 75% Huxke

CTOMMOCTH  IIOJIOCBI  Bbllyckanus TDM-cetu ¢
KOMMYTAallUEH JIMHUU.

OrpaHudeHus, HaKIaJgblBaéMbleé TEXHOJOTHEH
TDM B 110JI0CY MIPOIYCKaHUA, HETaTUBHO

BO3/ICHCTBYIOT W Ha pPabOTy OCTaJIbHBIX 3JEMEHTOB
CeTU: CEpPBEPOB TNPHIIOKEHHH, PETHCTPOB ITOJIOXKEHHS,
0o0beMHEHNH KOHTpONlsA ycuyr. Jlake eciam CHIIBI
YKa3aHHBIX ~ 3JIEMEHTOB  BIIOJHE  JIOBOJBHO  JUIA
00paboTkn OoJpIIero ob0semMHOCTH  Tpaduka,
orpanuuenusi npotokonoB OKC7 B TDM-kanansl,
KOTOpBIE COCAMHSIOT JaHHBIE JJIEMEHTHI C OCTAJIBHOM

ceTeBoi HHPPACTPYKTYPOIi, HE JTAI0T UM
“pazorHaTthcs”. bmaromaps A3TOMYy IS TOBBIIICHHS
MPOU3BOIUTEIBHOCTH  CETEBOW  HHQPPACTPYKTYPHI

oreparopaM IMPUXOJUTCA HAOKYINaTb AOIMOJHUTCIBHBIC
CHUCTEMBbI, IPUTOM, HYTO PECYPChl YiKE HMCHOINIUXCA
JAJICKO HE UCUCPIIAHBbI. Ha,I[O HUMCTb B BUAY CJICAYIOLICE
00CTOSTENLCTBO: ,Z[O6aBJ'IeHI/Ie Kaxaoro HOBOI'O
3JICMCHTA BbI3bIBACT OpraHU3allMM KaHaJia “Touka-

Touka” W OOHOBJIEHHMS MAapIIPYTHBIX TaOJHMYeK, a
3HAYUT, JIOTIOJTHUTEIBHBIX 00CTOSITENILHBIX "
9KCIUTyaTalMOHHBIX 3aTpar. Hennoxoe

MacimTabupoBaHHE IOJIOCHI TpormyckaHus Ha IP-ceTsax
MO3BOJISIET 3aMPOCTO CHPABISATHCS C  (QIIYKTyauusiMu

Tpaduka, yINpPOCTUTH IpeoOpa3oBaHHE CeTH, a
Ppa3IMYHbIM 63,38.M peaO0CTaBUTH BO3MOXXHOCTH
paboTaTh c MaKCHUMAaJIbHO BO3MOXHOM
MPOJyKTUBHOCTBIO.

B pononHeHume k TOM YMEPEHHOCTH, KOTOpas
obecrieunBaeTcst 3a CYET JEHCTBEHHOT'O HCIIOJIb30BAHUS
HOJIOCHl TPOIYCKAaHUS U OCTalbHBIX pecypcos, IP-
TEXHOJIOTHH paspematot oreparopam Goxnee
SKOHOMHYHO (POPMHPOBATH CETH.

Cnucok nuTepartypbl
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CTBOPEHHA BIPTYAJNIbHUX CMNIJIBHOT OCBITHBOIO XAPAKTEPY

BpaxoByroun cydacHi TEHACHII Ta MOMYJSIPHICTH
Mepexi [HTepHeT yce wactime momyk iH(pOpMAIIii,
KOMYHIKaIlisl BiIOyBa€eThCs y BipTyallbHUX CIITBHOTAX.

BipryanbHi CHITBHOTH A TEBHUX JIIOACH €
3anexHicTI0. YacTo y BIpTYalbHUX CIUIBHOTAX JIIOAH
TOIMHAMHU CIUIKYIOTbCS, POOJIATH IIOKYIKH, 3HAXOZISTh
KOPHCHY Ta HEOoOXimHy iH(pOopMaIifo TOmo. Y cydacHOMY
CBITI 1I¢ € HOPMOIO, 0COOJIMBO IS MOKOIHHSA Y Ta Z, siKi
€ 3aJIeKHUMH BiJl Mepexi [HTepHer.

OcHOBOIO ISl 3JIMICHEHHS OpraHi3auliiHMX Ta
KOMYHIKaI[ifHUX ~(QYHKIIA BIpTyaJibHOT CHUIBHOTH €
YYaCHUKH Ta iH(pOpMalliiiHe HalIOBHEHHSI.

Y4acHUKHM — 3apeeCTPOBaHi y BipTyalbHIi CHUTBHOTI
KOpHCTyBadi Mepexi [HTepHET, sKi B3a€EMOIIIOTH Yy
CIUTBHOTI Ta GOPMYIOTH iH(pOpMaMiiiHe HATOBHEHHS.

[Hdopmariiine HATOBHEHHS — TOMMCH, KOMEHTapi Ta
iHmi iH(OpMaIiiiHi NOBIMOMIEHHS (TCKCTOBI, TpadidHi,
aymio Ta Bifeo), MmO iX CTBOPWIM AAMIHICTPATOp YU
YYaCHUKH BipTyaJbHOI CIIJIBHOTH.

Ha cporomHi HalmomyJsipHIIIMMH — COLIAJILHUM
MepeXaMH Ul CTBOPEHHS BIPTYyallbHUX CILJIBHOT €
Facebook Tta Instagram. BiprTyanbHi  CcHiibHOTH
OCBITHBOTO XapakTepy B COIIaIbHUX Mepexax €
aKTyaJIbHUMH JJISL:

e iH(pOpMAIfHOTO MIpeCTaBICHHS BUILIOTO
HaBYAIBHOTO 3aKany, KadeapH, MeBHOI AUCIUILTIHH;

e KOMYyHiKauii 3 CTYICHTAMH, YUYHSAMH,
abitypieHtamMu (s MBHIKOTO iH(QOPMYBaHHS TIPO
oii);

e OHJAfH HaBYaHHA (JOCTYN JO MartepialiB
HaBYaHHS Ta IIBHJIKA KOMYHIKAIlisl 3 BUKJIajauyeM);

e cend-OpeHauHry — BHKIanada  (TOMyJsIpHUNA
HAarpsiM CTBOPEHHS CIUILHOTH OCBITHBOI'O XapakTepy Mpu
MIOITYKY YYHIB JUI IPUBAaTHOTO HABYAHHSA).

Ha puc. 1 mpeacraBieHHi ertanu
CIUTbHOTH OCBITHBOTO XapakTepy.

CTBOPEHHSA

IIIAHYBAHHS

v

AHAIIB

v

PO3POBJIEHH

v

VIIPABJITHHS

Puc. 1. Etanu cTBOpeHHS OCBITHBOT CITUTEHOTH.

[lmanyBaHHA — TIpH IDIAHYBaHHI  BipTyaJbHOL
CHUTFHOTH HEOOXiTHO BpaxyBaTH OCBITHIM HampsMOK,
Tl Ta METy CTBOPEHHA, Ha $Ky BiKy rpymy Oyxe
HalliJeHa CIIBHOTA.

AHaii3 — eTan HeoOXiTHHHN A AKICHOTO MPUHHATTS
pilIEeHHS IIOAO MAOIMJIBHOCTI CTBOPEHHS BipTYalbHOI
CHUTLHOTHU. 3MIHCHIOETBCS aHalli3 MPEAMETHOI 001acTi Ta
€TAJOHHUX CIIJIBHOT, TAKOX €Tall aHaji3y BapTo poOHTH
MPOTATOM yChOTO Yacy iCHYBaHHS CIUILHOTH.

Po3pobiienHss — Ha 1pOMYy eTami  OOMpaeThCs
mwiatopMa il CTBOPEHHS CHIIBHOTH, PO3POOJIAETHCS
JIM3aiiH, Y3roJKyeTbcst iH(OpMaliiiHe HaloOBHEHHS Ta
(bopMy€eThCSl KOHTCHT-IUIAH.

VYhpaBniHHA — eTal  pPO3BHUTKY, IIATPUMKH Ta
VOpaBIiHHA. 3a  BHUKOHaHHA  €Tally  BiANOBimae
aZMIiHICTpaTOP CHIJIBHOT Ta SMMm-CIeiaicT.
3niACHIOETBCS  HAMOBHEHHS  BIPTyalbHOI  CIUTBHOTH
iHpopMalliero (moctamMu), KOMyHiKallis 3 KOPUCTYBadaMHy,
OHOBJICHHS KOHTEHT-IIaHY.

Ha erani ympaBiiHHS 3HauHy yBary NpHIIISIOTH
iHpopMaliiHOMY Ta  KOPHUCTYBAallbKOMY  Hampsmi
JisbHOCTI  BipTyanbHOI  cmimbHOTH.  OcoOnuBO, B
OCBITHIM TeMmartull iHpOpMalliiiHe HAIIOBHEHHS NMOBUHHE
OyTH rpaMOTHE, SIKiCHE, JOCTOBIpHE Ta aKTyallbHE.

CTBOpeHHS BIpTyaJdbHHX CIIUIBHOT OCBITHBOTO
XapakTepy € aKkTyaJbHHM Ta HEOOXiJIHUM 3aBIaHHAM. I,
BpaxoOBYIOYH, IO  KUIBKICTP  TaKWX  CIUIBHOT
30LTBIIYETHCS IO SKICHOTO IXHBOTO CTBOPEHHS MOTPiOHO
MiAXOIUTH 3 ICBHUM HaOOpOM €TaIliB Ta pecypciB.

Cnucok nitepatypu
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Web Communities’ Activities”, Advances in Intelligent
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International Publishing, V. 512, p 115 — 127, 2017.

[3] S. Fedushko, Y. Syerov, and R. Korzh, “Validation of the
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Ha XIII Mixnap. xoud., 23-26 mororo 2016 p., CyuacHi
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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 .

Fuzzyfication

Image in shades of gray
Result of fuzzy ¢
image processing

Image in shades of gray

Defuzzyfication

Segmented
#

Fuzzy output system
image 1 |< 1

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 mn
X=JU™ mm €[01],
m=1n=1 gmn

where . and ¢, —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 % errors |,. Work % errors
time time
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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MOOENMPOBAHUE BONTHOBOIO BO3AEUCTBUA HA NMPOLIECC BbITECHEHUA
HE®TU U3 NMITACTA BOOOU

B nanHoii pabore paccMaTpuBarOTCs BOMPOCHI
MOJICTIMPOBaHUS TIpOliecca BHITECHEHHs He(TH BOIOW
IIpY BO3ACHCTBUM HA IUIACT YNPYTUMHU BOJHAMH. J[is
OIKCaHMA JAHHOTO Mpoliecca MPeaIoKEeHbl OTHOMEpHAs
MaTeMaTH4YecKass MOJEeNb B BHIE HEIMHEWHOIrO
I epeHInaTBHOTO  YpaBHEHHUS THIIEPOOITMIECKOT0o
Tuna. ITIocTpoeH anropuT™ penieHust MeToJa KOHEYHBIX
pasHOCTEM W NpPOAHAIU3HPOBAHBl  IOJyYEHHEIE
pe3ybTaThL.

Bonpiast  yacte  HE(TAHBIX  MECTOPOXKACHHIA
OoTpaciy BCTYNMJIM B MO3IHIOI0 CTaauI0 pa3paboOTKH,
JIOJIsL TPYJHOU3BJIECKAEMBIX 3a1acoB (TPU3)
MECTOPOXKICHU I HEYKJIOHHO pacrer.
[porpeccupyromiee 0OBOJHEHNE CKBXUH M IUIACTOB,
BBIOBITHE CKBaXXMH W3 JeHcTByromero (oHga 1o
NpUYUHE TpeNenbHOi 00BOIHEHHOCTH U (PU3MIECKOTO
W3HOCa, CHIDKeHHE J(P(EKTUBHOCTH IPOBOANMBIX
reoJ0ro-TeXHNYEeCKUX  MEPONPHATHH,  yMEHBIICHUE
JI00bI9M He()TH — BOT BUANMBIE CIIOXHOCTH Pa3pabOoTKH
He(TSHBIX MECTOPOXKIEHHH C TPYAHOU3BJIEKAEMBIMH
3amacaMi. TpaauIMOHHBIE METOABI HE MO3BOJIIOT
W3BJICYb OCTATOYHBIC 3aMachl HEPTU MECTOPOXKICHUN U
aKTyaJbHBIMM  SBISIOTCS ~ METOJBl  yBEJHUYCHUS
HedreoTnaun r1actoB (MYH) u wuHTeHCHUKaIu
qooerun Heptu (MUJIH). HcnonszoBanne MYH mpu
pa3paboTke ¢ 3a-BOJHEHHEM IIPEAIoJiaracT pelieHue
CIEIYIOUINX 3a/1a4:

Bo-nepBbIX, MNOBBINIEHHE THIPOAMHAMHUYECKON
CO-CTaBISIIOIIEH METOAAa 3aBOAHEHHUS B PpE3yJbTaTe
OUKIAYHOCTH  Hpolecca  3aKaukd,  HU3MEHEHHs
HarpaBJiIeHUs! GUIBTPAMOHHBIX IIOTOKOB, OPTaHU3AINH
HOBBIX OYaroB 3a-BOJHEHMS, ONTHUMM3ALUHU TIOTHOCTH
CETKH CKBaXXHH, ()OPCHPOBAHHOTO OTOOpPa W JAp. IDTO
3a71a4a rugpoauHaMudeckux MY H.

Bo-BTOpBIX,  CHW)EHHE  pasnuuus  (HU3HKO-
XUMHYEe-CKHX  CBOHCTB  IUIaCTOBOM  HepTH W
BBITECHS-IOLIEH BOJBI 3a CHET JI00ABOK B IOCIEIHIONO
ITAB, nomumepoB-3arycTUTeNeH, Wienouedl U Ipyrux
XUMHYECKMX  pPEareHTOB, MO3BOJSIOIIUX  CHU3UTH
Mek(pa3sHOe HaTsHKeHHEe Ha TpaHune He(Tbh-BOJA,
MOBBICUTH BA3KOCTb BOJbI, YIYYIIHTH €€ OTMBIBAIOLIHE
CBOMCTBA; 3TO 3a/1a4a pusnko-xumudecknx MYH.

s yBenw4yeHHs BBIXOJa HE(TH U MHTEHCHUBHOCTH
noOba  HeTH W rasa METOAbl  BO3JCHUCTBUS
yIIydIIaloTcs U pa3pabaTeiBaroTcsi HOBBIE. HecMoTps Ha
TO, YTO MHOTO pPabOTHI OBIJIO IMOCBAIICHO H3YYCHHIO
npoOJIeMbl yBeTHUeHUs H0ObMH He()TH B TIHHE, OHA

BCE €Ile OCTaeTcs aKTyalbHOH npobiemoit. [TosTomy
MOCTPOCHHE OCHOBBI MaTeMaTHYeCKOW MOJAEIH 3TOro
mpoIiecca COMTyCTBYET MOBBIMIECHHUIO €€ d(PPEKTHBHOCTH
W IMEET KaK Hay9HOE TaK U IPAKTHIECKOE 3HAUCHHE
Ilycts uMeeTcs TOpPU30HTAIBHO PACIOJIOKEHHBIN
Hene(hOpMUPYEMBIii HE(PTEHOCHBIH IUIACT MPOTSDKEH-
HOCTBIO L, mMOCTOSHHOW TOMIMHBL W MMHUpWHBL. Ha
rpanuie X=0 pacrosiokeHa HarHeTaTenbHas raiepes, a
Ha rpanuiie X=L skcruryaranuioHHas ranepes.
ypaBHeHI/Iﬂ JABWIKCHUS B OTOM CJIyda€ UMECIOT BU.

dP )
u, =-A4,| =2 -0’A
W }“W[dx @ pWJ
U, =-4, (di—szpo)
dx

Sneen, A, =~k (s), A =~k (s).
Hy Ho
MaremaTryeckas MOJENb TMpoIecca BBITIISAUT
CIIEIYIOMIIM 00pa3oM::

mé —£[¢(S)ij_ 6(01(5) Q(t)_ sz |:a( f (S)wl(s)) _ a1:1(5):|
X ot

ot ox ax ox
oAy AR,
A, + 4, dx
A
At
£(8) = AP+ 24ePs
fl (S) = pw/lw
Ha‘{aJ'ILHLIG 58 l'paHI/I‘IHHe yCJ'IOBI/ISII
S|, =¢(%
k-k, &P, 8S
M, OS OX .
e
OX |yt
Pa3zpabotan amroput™m pelieHHs TaHHOW 3aqadu
METOAOM KOHEYHBIX pa3HOCTCI7L

p(s)=-

(/’1(5) =

=q(t)

=0

=0
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CEKLIS1 1. IHOOPMALIMHA BE3IMEKA JEP)XXABMU, CYCII/IbCTBA TA
OCOBUCTOCTI

O MHOIOKPUTEPWAJIbBHOM 3KCINMEPTHOM OLIEHMBAHWIA PUCKOB
MHOOPMALIMIOHHOWM BE3OMACHOCTW. ...,
AHANN3 YA3BMMOCTEWN TEXHONOIMM BNOKYENH MPW PABOTE C
KPUMTOBAJTHOTAMU. . ...
MOPIBHANBHWI AHANI3 ENEKTPOHHMX LIM®POBUX NIAMNNCIB HA OCHOBI
3AJAY TEOPII PELLITOK TA BATATOBUMIPHUX KBAOPATUYHNX

U T EM.
Y3ATANTbHEHW MEPENIK FPYN KPUTEPIIB KPUTUYHOCTI OB’EKTIB
IHOPACTPYKTYPU OEPXABW. ... ..o
METOAONOIA AHANIZY CYKYTNHOIO PU3UKY BE3IMNEKK MOBIJIbHNX

FO AT KIB .o
A0 MNTAHHA BE3MNEKU “POIYMHUX MICT” ...
3ABES3INEYEHHA BE3MNEKN ABTOMOBITA HA AOPO3I......civiiiiieee
IHOOPMALIMHA BE3NEKA KOMM'OTEPHOI CUCTEMW TA MEPEXKI BIJ
BHYTPILWHIX TA SOBHILUHIX ATAK ..o,
MOPIBHANbHWIN AHANI3 NMEPCMNEKTUBHUX ENEKTPOHMX MNIAMNCIB HA
OCHOBI ANMEPBPAIMHX PELLITOK AN MOCTKBAHTOBOIO MEPIOAY .......
NHOOPMALINOHHO-NMHIMBUCTUYECKAA BE3OIMNACHOCTb JINYHOCTMW......
AHAJI3 OLIHK/ MOTOYHOrO CTAHY IHOGOPMALIMHOT BE3MEKN HA
OCHOBI SIEM-CUCTEM ... e
OrnAQ TA AHANI3 BPASJTIMBOCTEW OMEPALIMHOI CUCTEMM LINUX 3
YPAXYBAHHAM SACOBIB SAXUCTY ..o
IHOOPMALIMHO-MCUXONOINYHA BE3MEKA JTOANHN B IHGOPMALIMHOMY
CYCTTHIBCTBI. . e
CPABHEHWE METOLONOr MM MOOENMPOBAHUA MOBEAEHNSA ATEHTOB
CUNCTEM BE3OTIACHOCTW. ... e
METO[ ONTUMISALIT WBMOKOLAIT BIHAPHWX OIAFPAM PIWWEHb MPW
MPEOCTABNEHHI OAHUX PEKOMEHOALIVMHOI CUCTEMW. ...
MOBEAIHKOBI ACMEKTU CUCTEMM YTMPABIIHHA IHGOPMALLIVHOKO
BESITEKOHRD . . .. e
CYYACHI METOOM CTEFAHOTPADIT. ....ooiiiiieeii e
MPO MIHIMATJTbHI TPA®N-MOJESI HEOPIEHTOBHOIO POOY.....ccvviiiienn.
AHANNS YA3BUMOCTEN TEXHONMOTUM 3D MEYATU. ...,
OCOBJIMBOCTI TA 3ACOBU SABESINEYEHHA BEIIMNEKN JAHNX TP
BUKOPUCTAHHI XMAPHUX TEXHOMNOTIW. ...
IHTENEKTYANbHI ATEHTW B HABYATbHIA CUCTEMI MIATrOTOBKA
ANCMNETYEPIB YIMPABJIHHA MOBITPAHUM PYXOM......ccoiiiiiiiiiieieeae
3NAMYBAHHA AHOPOIO CUCTEMW ANA BUNYYEHHA IHOGOPMALIIT 3
TIPUCTPORO. ...t ettt
KNACTEPHU AHANI3 MOBHUX IHOMKATOPIB BIKY BEB-KOPUCTYBAUYIB........
ATAKN HA MEPEXY BITOKUEMH. ..ot
CEPTUDIKALIA MPUCTPOIB B KOHTEKCTI 3ABE3MEYEHHSA BE3MNEKA
IHTEPHETY PEUEM. ...t
METO[M OBPOBKM TA NMOPIBHAHHA 30BPAXEHb OJ1A BEPU®DIKALLIT
BIOABUTKIB TTAJTBLIB. ...
OOCNIIKEHHA MOAENEW PEMYTALIT KOPUCTYBAYIB COLIANBHOI
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