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XapkiBchbkuil HallioHanbHUH yHiBepcuTeT iMeHi B. H. Kapasina, Xapkis, Ykpaina

PILNEHHA 3AJAYI K.JIACI/I(I)I.KAI_IIi B E-LEARNING
HA OCHOBI METOAY IMAPAJIEJBHOI IOBYOBU AEPEB PIIIIEHb

AKTyanpHicTb. OCTaHHIM 4acOM B PO3BHUHYTHX KpaiHaX MUTAHHSAM MAIIMHHOI'O HAaBUaHHS INPUALIAETHC Bee Olblie yBa-
ru. 3 oHOro OOKY Lie TOB’3aHO 3i CTPIMKMM POCTOM BUMOT JI0 MaiOyTHIX (haxiBLiB, a 3 IHIIOrO - 3 Jy)Ke LIBUIKHM PO3-
BUTKOM iH(oOpMaliiHuX TexHoorii Ta InrepHeT komyHikauiid. OHi€r0 3 TOJOBHUX 3a1a4 e-learning € 3a1a4a kiacugika-
uii. MaremaTHuHuMil anapar JiepeB pillleHb rapHO IPUCTOCOBAHMIA Julsl pileHHs 3anaui kiacudikamii. OxHaK, 3 pocToM Ki-
JIBKOCTI BXIJJHUX J@HHX CTa€ aKTyaJIbHUM ITUTaHHSA 3MEHILCHHS 4acy I0oOYIOBH JiepeB pillleHb. BUkopucTaHHs napanels-
HHUX OOYMCIIOBAJIbHUX CHCTEM Ta HapajieibHUX TE€XHOJIOriH HporpaMyBaHHS JIO3BOJISE OTPUMATH MO3UTHBHI PE3YIbTATH,
ajie BUMarae po3poOKH HOBHX METOZIB MOOYIOBH AepeB pimeHb. Pe3ysabraTn. B crarTi po3KpUBaIOTBCS OCHOBHI €Tanu
METOAy TapallesIbHOI 00y10BY JepeB Juls BUpIIIeHH 3a/a4i kiacudikanii B e-learning. Ha BinMiHy Bin icHyrounx, MeTox
JIO3BOJISIE BPAXOBYBaTH OCOOJIMBOCTI apXiTEKTYpH i opraHizamil mapaiellbHUX MpOIECiB B 00OYHCIIOBAJIBHUX CUCTEMaXx i3
3arajbHOIO 1 PO3IOAITICHOI0 TaM'ITTI0. B MeTosi BpaxoBaHa MOXIIMBICTB OI[IHKY HOKa3HUKIB €()EKTHBHOCTI ITOOYJOBH Jie-
peB pillleHb Ta napanesbHuX anroputMi. OTpUMaHHS MOKAa3HUKIB e(pEeKTHBHOCTI Ha KOXHIiH iTepauii MeTozxy Jornomarae
o0paTH palioHaNbHy KUIBKICTh IapallebHUX HPOLECOpiB B 00UMCIIOBANIBHIM cucteMi. Lle no3BoIsie JOMOrTHCS MOAaIIb-
IIOr0 CKOPOUYEHHS 4acy 1MoOy/0BH JiepeB pileHb. [IpoBeieHe MOIENIOBaHHS 3 BUKOPUCTAHHAM TEXHOJIOrIl NapaieabHOro
nporpamyBanHs MPI, MoBu nporpamysanns Python mns apxitextypu obumcmroBanbHOI cucremu DM-MIMD ninrsep-
JUKYe JOCTOBIPHICTh OTPUMAaHMX pe3ynbraTiB. HaBoautbes mpukiazn oprasizawii Bxiguux nanux. IIpencraBineno Python
Iporpamy Juist ToOyIOBH JiepeBa pimeHs. BucHoBok. Po3pobiena Bizyasnizallist OTpIMaHUX OLIHOK IOKa3HUKIB e()eKTHB-
HOCTI JJ03BOJIIE KOPUCTYBady 00paTH HeOOXiqHY KOH(}Irypariro 004nCIOBaIbHOI CHCTEMH.

Karo4doBi caoBa: mapajenbHUH anropurM; OepeBO pIllIeHb; OLIHKA €(QEKTHBHOCTI NapasielIbHOrO alirOpUTMY;

e-learning.

BecTtyn

IMocranoBka mpodaemu. B nanumii yac BinOysa-
I0ThCSl BEJIMYE3HI 1 HEBIIBOPOTHI 3MIiHM B IOJCHHOMY
JIFO/ICBKOMY JKUTTi: BUMOTH JI0 OCBITH 3pOCTAlOTh 3 KO-
JKHUM POKOM, TEXHOJIOTIT MIUTFHO BXOMIATH B yCi chepu
JIIOACHKOI MisTbHOCTI. JlaHi 3MiHM 3yMOBWIH HEOOXi]I-
HICTh CTBOpPEHHs KOM(OPTHUX YMOB JUIsS ITOBHOLIHHOI,
MOCTIHHOI, CTPIMKOi, BUCOKOSIKICHOI 1 Cyd4acHOI IiJro-
TOBKM KOXKHOTO TIpalliBHUKA, aje Ha jKajb 3BHYalHi
CBITOBI CTaHAapTH B CUCTEMi HaBYaHHS B IOBHIH Mipi
HE BIANOBINAIOTH JaHUM NOTpedaM. Y 3B'A3Ky 3 UM
Oy 3pobiieHi crpodu pehopMyBaHHS CTApPOl CHCTEMHU
Ta CTBOPEHHS HOBOi. AJie 3 PO3BUTKOM IHTEpHETY IpH-
HILTO po3yMiHHS, 110 e-learning e He MPOCTO Bijae-
HE OTpMMAaHHS 3HaHb. J[aHWH BHJ OCBITH mependadae
BUKOPHCTaHHS OCBITHBOIO Marepiany 1 Oe3nepepBHE
CIJIKYBaHHS y4Hs 1 BUKJIaJayda yepes3 II00aabHy Mepe-
xy [1, 2]. E-learning - 1ie MOXJIUBICTH T'€TEpOreHHOI
OCBITH (sIKa 00'€IHY€E KiJIbKa CIIOCOOIB B3a€MOIIT), OUHOT
Ta BIPTYaJIbHOI, sIKa CTala OCHOBHOIO (hOPMOIO B3aEMO-
nii BUKJIaja4ya Ta y4yHs. B maHoMy BHNAJIKy y4YeHb iHTe-
TpPOBaHHUN B CHUCTEMY JIe OCHOBHY pOJIb OCBITHBOI CHC-
TeMHU Ha cebe Oepe eICKTPOHHA KOMITIOHEHTa CHCTEMU
ajie TaKOXX MPHUCYTHSI MpsiMa B3a€MOJIisl JIOJUHU 3 JIIO-
muHOW. E-learning — «cydacHW acrieKT y HaBYaHHI,
3aCTOCOBYBAHHMM IJI1 TOro, IMo0 3adesmeyntd I00pe
NpoJyMaHe JiaJlorOBe CEepelOBHIIEC HaBYaHHA OyIb
SIKOMY YYHIO, KOJH 1 Jie 3aBrOJIHO, BHKOPHCTOBYIOUH
pecypcH pisHUX MUGPOBUX TEXHOJIOTIH MOPSIT 3 IHITMMU

(¢bopMaMH HaBYAJILHUX MaTepialliB, AKi MiIXOIATH LIS
BIJIKPUTOrO CepeqoBUIlla HaBuaHHsA. E-learning 3miiic-
HIOE TIEPEXiJl Bil CHCTEMH YNPaBIiHHS JaHUMHU JIO CHUC-
TEMH YOpaBIiHHS 3HaHHsAMH». OCHOBHE 3aBIaHHS
e-learning — po3poOka Ta MiATPUMKA IHAWBIAYaIbHOI
OCBITHBOI TIPOrpaMHu JUIsi KOXKHOTO CTYAEHTa Ta TOJIiM-
LIEHHS IOTOYHOTO PiBHS 3HAaHb 1 OTPUMAaHHS HOBHUX
3HaHb. TakoX OJHA 3 OCHOBHHMX 3ajad e-learning — me
MOCTIHHUH MOHITOPHHI (DaKTOpiB, SIKI BIUIMBAIOTH Ha
YCHIIIHICT, HaBYaHHS. MDXHApOJHA aHAJIITUYHA KOM-
nanis IDC mpoBena mociimkeHHS B cdepi cydacHOro
€JIEKTPOHHOTO HaBYaHHA. Pe3ynpTataMu JaHOTO JTOCIHi-
IDKEHHSA CTaJId Takl TEHAEHII: HEOOXIJHICTL KOM-
TUIEKCHUX pillleHb Ta po3poOka €IUHWUX CTaHAApTIB Ha
CHCTEMY JIMCTAHIITHOTO HABYAHHS 1 €JIEKTPOHHHUH KOH-
TEHT; Yepe3 MOCTIHHUI pO3BUTOK IN100AEHOI TABYTHHH
MOTPIOHO TAaKOXX TOCTIHHO PO3BHMBATH iHTEpdercH 3a
JIOTIOMOT'OI0 SIKUX JIFOJMHA CIUIKYETBCS 3 MAIIHHOIO.
[MoTounuit cran T7I00anbHOI MEpEXi OMHCYETHCS SK
WEB 2.0. Ocuosui 3miau B WEB 2.0 — 11e Te, 1110 KOH-
TEHT CTBOPIOETHCS caMUMH KopucTtyBadamu [3]. yxe
0arato KOHTEHTY IepeilIuIo B MOOIJIbHE CepeIoBHIIIE.
VY 3B'SI3Ky 3 IIUM JOCUTH BEJIHMKUI BiJICOTOK OCBITHHOTO
KOHTEHTY IIEpPEHIIIO B MOOIJIbHUI BUMIP 3 3ar0JIOBKOM
m-learning. Po3Butok Rapid e-learning (mBuaka pos-
poOka pimeHs e-learning); 3pocTaHHS MOMYIAPHOCTI i
KIUJIBKOCTI CHCTEM e-learning NMpH3BeENO 10 3MEHIICHHS
BapTOCTi Ha JaHi cucremu [4]. Ha BinmiHy Bij moyatko-
Boi Bepcii e-learning, sika nependayvana BUKOPUCTAHHS B
SIKOCTI OCHOBHOT'O 1HCTPYMEHTY AMCTAHI[IMHUX KYPCIB,
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SIKI HaJlaBaJIMCS YYHSIM 3 METOIO MPOBE/ICHHS HABUAHHS,
e-learning 2.0 nependavyae BUKOpUCTaHHS 3aco0iB Web
2.0: 6roru, wiki, migkacTH, comiaabHi Mepeki. Ha ma-
HOMY €Talli 0J[Ha 3 OCHOBHHUX 3aJiay, sIka BUPILIYETHCS B
e-learning - e 3aaa4a kimacudikarrii.

3 [aHUM KIJIACOM 3aJlad HENOTaHO CIIPABIISIOTHCS
nepeBa pimieHb. J{is mpUCKOpeHHsT MOOYIOBU JiepeBa
pillleHh MO)XHa BHKOPHUCTOBYBATH TEXHOJOTII Mapase-
JIHOTO TIPOTpaMyBaHHSI.

VY crarTi npeacraBiieHi OCHOBHI €Tany METOAa Ia-
panenbpHOl MOOYIOBH JepeBa PIIICHb JJIS BHUPIIICHHS
3amadi kmacugikarii.

MeTo0 cTATTi € ONMKMC OCHOBHHX €ETaIliB METoJa
napajenbpHOl MOOYIOBH JiepeBa pillleHb Ui 3ajad e-
learning B iHTepecax 3MEHILICHHS Yacy BUpILIEHHs 3a1a4i
Kacudikalli Ta maBUILEHHS TOKa3HUKIB €)EeKTHBHOCTI.

HocnipxeHHsA i pe3ynbTaTtn

BBenemo siesiki BU3HaYEHHS 1 TIOHATTSI.

/lepesa pimens — 1ie cnocid NpencTaBIeHHS Ipa-
BIJI B i€papXivHil, MOCIITOBHIA CTPYKTYpi, € KO)KHOMY
00'€XTy BiJTIOBINAE €TUHKUI BY30J1, 1110 Ja€ PillleHHs [S].

Anzopumm CART — anroput™m, pU3HAYECHUHN 11
nobynoBu OiHapHOro JepeBa pilieHb. biHapHi nepeBa
TaKOX HAa3WBAIOTh BIHKOBUMHU, Iie O3HAYa€, M0 KOXKEH
BY30J1 JIepeBa MPH PO3OUTTI Ma€ TIJIBKHU JBOX HAIIAJKIB.
st anroputmy CART «moBeiHka» 00'€KTiB BUMIICHOT
TpyNH O3HAYA€ YaCTKY MOJAIBHOIO 3HAUEHHS BHUXI1IHOI
O3HAKHW. BumineHi rpymu - Ti, Ui SKUX I 9acTKa J0-
CUTh BHCOKa. Ha KO)XHOMY Kpolli MmOoOyIOBH JepeBa
MPaBWIO, ke (OPMYETbCS B BY3Ji, MOMUIIE 3alaHy
MHOKCHY TPHUKJIAJIB HA JBl YACTUHH - YACTHHA, B SKii
BHUKOHYETHCSl MPaBWIO (Hamanok - right) i acruna, B
SIKi¥l IPaBUIIO HE BUKOHYEThCS (Hamamok - left) [6].

Inoexc /Icuni — CTaTUCTUYHUAM TTOKA3HHUK, 32 JI0-
MOMOT'OI0 SIKOTO MOYKHA OIMCYBAaTH XapakTep 3MiHH
OJHi€T BEJIMYMHHM BIJHOCHO 3MiHHM iHIIOI. OCHOBHUM
3aCTOCYBaHHAM iHAEKCY J[KWHI € OIliHKa HepiBHOMIp-
HOCTI PO3MOALTY JOCTIHKYBaHOI O3HaKH [7].

B SKOCTI MOYaTKOBUX MaHWX METOAY BHKOPHCTO-
BYIOTBCS TaKi:

— 0a3a ganHux (0oocsr qanux ~ S00I'B) (puc. 1);

— xiacu napanensHux apxirexryp (VLIW - GPU
, AMD/ATI Radeon(HD5770), RISC - ARM ThunderX,
CISC - IBM System z10);

— XapaKTepUCTHKU apXiTeKTypH: KijgbkKicTb NM
MIPOIIECOpPIB

— 4ac BupimeHHs Ty 3a1a4i;

— TEXHOJOTISl  TapajeibHOro  MPOrpaMyBaHHS
(CUDA - apxiTekTypa MNapajJelbHUX OOYHCICHb Bif
NVIDIA, OpenMP API-intepdeiic, sxuii € ramy3zeBuM
CTaHJAPTOM Ul CTBOPEHHSI TMapalieflbHUX IMPOrpaM JUIst
KOMIT'TOTEpIB 3i CIUILHUM BUKOpUCTaHHIM 1am'ati; MPI -
inTep¢eiic nepenadi MOBIIOMIICHb IS CHCTEM 3 PO3IIO-
TIJICHOIO TTaM’ATTio) [4].

BuxinHi JaHi MOBUHHI OyTH PO3MOALUICHI O Kia-
caMm 1 pe3yJbTaTH MMOBWHHI OyTH BizyamizoBaHi. Takox
TIOBUHHI OYyTH OTpHMaHi OIIHKHM TOKa3HHUKIB e(EeKTUB-
HOCTi: TPUCKOPEHHS, Yac IOOYIOBH JiepeBa pillleHb,
CKJIJIHICTh MPOrPaMH.

OCHOBHI eTanu MeToJa MHapaliesibHOI MOOYAOBH
JiepeBa pillieHb MPeCTaBJICHI Ha puc. 2.

Standalonelnstitution =; {id, address_linel, address_line2,
city, state_code, district_code,
website, area, constructed area,

year of establishment, year of recognition,
nodalofficer_id, location,
awards_degree_through_university, university_id,
girl_exclusive,

staff quarter_available, staff quarter_id, stu-
dent_hostel_available,

no_of student hostel,management_id, name, survey_year,
financial_income_id,financial_expenditure_id, infrastruc-
ture_id, remarks}

StandalonelnstitutionAccredida-
tion={standalone_institution_id, survey_year,
accreditation_id}

StandalonelnstitutionDepartment = {stand-
alone_institution_id, department_id,
survey_year}

StandalonelnstitutionFaculty={standalone_institution_id
Jfaculty_id, survey year }

StandalonelnstitutionNonTeachingStaff = {stand-
alone_institution_id, survey_year,
non_teaching_staff count id}

StandalonelnstitutionStudentHotel = { stand-
alone_institution_id, student_hostel_id,
survey_year}

StandalonelnstitutionTeachingStaff = {stand-
alone_institution_id, survey_year,

teaching_staff id}

StandalonelnstitutionTeachingStaffSanctioned-
Strength={standalone_institution_id,

survey_year, teaching_staff sanctioned_strength id }

Puc. 1. [puxiazx opraHizanii BXiJHAX JaHUX
(omwmc resKuX TaOIHIb 1 KIFOUOBI MOJIS)

PosrnsineMo mpu3HaueHHs i
OITUC OCHOBHUX €TaIliB METO.Y.

Eman 1 (6mok 2 puc. 2). Ha npoMy erami 3ziicHIo-
€ThCS BUOIp apXITEKTYpH MapayiebHOT 00YHCITIOBATBHOL
CHCTEMH.

Eman 2 (6noku 3 — 6 puc. 2) 3abe3neuye BUOip pi3-
HOBHJIY JCKOMIIO3UIIii B 3aJIC)KHOCTI BiJI 00paHOi apxiTe-
KTypu: (hyHKITIOHAIEHA a00 JCKOMITO3HIIIS TI0 JAHUM.

Eman 3 (6nok 7 puc. 2) 3abe3neuye BUOIp TEXHO-
JIorii mporpamMyBaHHS sl MTapasieNnbHOl Mo0yIoBU Jie-
peBa pillieHb.

Eman 4 (6mok 8 puc. 2) — po3moain OTpUMaHHUX
JaHUX 1Mo mporecax W (TporecH MOXyTh OyTH BHKO-
HaHI HA OKPEMHUX Ipollecopax, abo JEKibKa IPOIIECiB
Ha OJHOMY IIPOIIECOPI).

Eman 5 (6nok 9 puc. 2) 3aiiicHIoe moOynoBy aepe-
Ba pillleHb Ha KOYKHOMY BY311i (puc. 3, 4).

Eman 6 (6noku 10, 11, 12 puc. 2). [lepecunanns
BCiX JepeB Ha oauH mpouec. OLiHIOBaHHS MOKa3HHKIB
eQeKTUBHOCTI: Yac MOOYIOBM JepeB pIllIeHb 1 SKIIO
Ty = Tpew TO IEPEXOAMMO HA HACTYHUM €TaIl.

Eman 7 (6noku 13, 14 puc. 2). [lopiBHSIHHSA Ki-
JIBKOCTI TIPOIIECIB sIke OYyJI0 3aaHo i sike 0YyI0 BHKO-
pucraHo, i, skmo NM < NM, To 30iJbIIEHHS KiJTb-
KICTh MPOIIECIB Ta Mepexia Ha YeTBepTUi eTal.

(dbopmaizoBaHUA
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— 1
Buxinni naHi:

- MHoxuHa D Heknacu(ikoBaHUX NaHHX;

- wmHoxuHa knaciB CLASS={CLASS;},

i=1..w, e W — KiJIbKICTb KJIaciB;

- o3Haka kiaca PC;

- yac BUpimeHHs 3314 Tpem;

- NM, — MakcUMaJIbHa KUJTbKICTh MPOIIE-

COpIB;

- KJIacH MapanenbHux apxitekTyp {vIiW-

GPU, AMD/ATI Radeon(HD5770), RISC-

ARMThunderX, CISC-IBM Systemz10}

- TEXHOJIOTiS MapalieIbHOTrO Mporpamy-

BanHs {CUDA OpenMP MPI}

Bubip apxiTekTypu 00YHCIIOBATBHOL
cuctremu NM=1

2

VLIW,MIMD,MISD SISD

6 |
JlekoMIO3HIIist TI0 JaHUM

—4

OyHKITIOHATBHA JEKOMITO3HUITiS

d |
—7
Bubip TexHOIOTIT MapanensHoi 00poOKU
JTAHUX

p

— 8

PosnionineHHs: oTpuMaHuX AaHUX
Ha KIJBKICT MPOIIECIB
9 |
[ToGynoBa nepeBa pillicHb Ha KOXKHOMY
mporieci

—10 |
IMepecunanHs ycix IepeB Ha OAUH MPOLEC

|
—11
Or11iHKa MOKa3HUKIB €()eKTUBHOCTI: Yac
nodynoBu Mozeni T, IpUCKOpeHHS S,
CKJIaHICTh porpamu Q, Koe(illieHT
Ginny

Hi

15

Tax

Hi 13 NM <= NM3

. BI/IXII.[HI. naHi: . Tak
- IIJMHOXHHA KBaJTi(hiKOBAHUX BHXiTHHUX 14
JIAHUX; ’7 NM =NM + 1 —
- OIliHKa MIOKa3HHKIB e()eKTUBHOCTI: Koe-
¢imient Ginny, yac BUpIIEHHS 3a1a4i
T pew TPUCKOPEHHS, TOXNOKA Pe3yNIbTaTiB

Puc. 2. OcHOBHI eTary MeTOY NapajebHOI II00YI0BU JIepeB PillleHb
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def split(node, max_depth, min_size, depth):
left, right = node['groups’]
del(node['groups'])
if not left or not right:
node['left'] = node['right'] = to_terminal(left + right)
return
if depth >= max_depth:
node['left], node[right'] = to_terminal(left),
to_terminal(right)
return
if len(left) <= min_size:
node['left’] = to_terminal(left)
else:
node['left'] = get split(left)
split(node['left’], max_depth, min_size, depth+1)
if len(right) <= min_size:
node['right’] = to_terminal(right)
else:
node['right'] = get split(right)
split(node['right'], max_depth, min_size, depth+1)

def build_tree(train, max_depth, min_size):
root = get split(train)
split(root, max_depth, min_size, 1)
return root

Puc. 3. Python nporpama 111 noOynosu iepesa

Buxins s
FMsRIHa D HeRnactdiKOBAIIN CIPYKTYPOBANIX AU,
MmoEm Kacts CLASS=CLASS 1. =1, w, 1 w — Kuskieth wiache;
* Osmaxa xacy PO,
* Uag supirtensn saasi T,,;
MM, - max dsbklers Hpoiecopin:
* Krrack rapancsRis apRitertyp {AHW-GRU, AMIVATE Radeon(HDS 770,
RISC - ARM ThanderX, CISC — IBM System 2 10
*Fexronoris napa o nper LCUDA OperMP MPY

| P036UTK AaHi Ha N PiIBHUX YaCTUH |

CART; CART; CART; CART,
y ) ¥ )
Ginny; Ginny; Ginny; Ginny,
— e —aa— 4
> > >
A4

GinNymax |4

Buxinni nani:
* Koedinient Ginny

« Yac BUpIiLICHHS 3a1a4i

Puc. 4. bnok cxema napanensHol oOyIoBH JepeBa

Ha puc. 4 npencraBnena ONOK cxeMa pO3IOILTY
PIBHHX YacTHH JaHUX B MaM'sATi IS OOYJOBH JEPCB
pimiens 3a gornomororo anroputMmy CART.

Pe3ysnbpraTi BUKOPUCTaHHS MapajeiabHOi 0OpOOKH
iH(dopMaIrii mpu moOymoBi JepeBa pillleHb MOXHA IIPO-
KOMEHTYBAaTH TaKUM YHHOM:

- HalKpaluii MpupicT B IPUCKOPEHHI JOCATAETHCS
IUIIXOM BUKOPHCTaHHS 8 mporieciB (puc. 5);

- pimeHHs 3aaavi kiacugikailii 3 BUKOPHUCTAHHSIM
MapaIeNBFHOrO MiJX0y MPUCKOPIOE OTPUMAHHS Pe3yiib-
TaTiB mpuOIM3HO B 20 pa3, MpOTe YCKIIATHIOE PO3POOKY
3 TOYKH 30pY CKJIaJHOCTI POrPaMHOI peaizarii;

- TIpH NapaenbHiil moOyaoBi AepeB pilleHb NOTpi-
OHO OpaTtu cymy BCix koedimienTie Ginny;

- piBEHB JIOCTOBIPHOCTI pe3ynbTaTiB KiacuQikamii
IIpH TapajeaI-HOMY BUKOHaHHI ckiamae 83.76%, a mpu
BUKOPHCTaHHI OJIHOTO IIOTOKY piBE€Hb JOCTOBIPHOCTI
pe3yabTatiB Kiacudikaii 10piBHIOE 76.5%.

45-
—<— 100 examples
=-%-- 1000 examples
41 --3--- 10000 examples
- 100000 examples
35F
3t o
o 25F - ’
2t x B
‘ B ‘.'/G' -
15r A
e
P B
L N
05
—0
0 ‘ s ' ‘ ' ‘
1 2 3 4 : s !

Number of Processors

Puc. 5. 3anexHicTh NIPUCKOPEHHS
BiJl KIJIBKOCTI TIpOIecopiB

BucHoBkuU

Po3risiHyTO OCHOBHI €Tarmy MeToAy MNapalelbHOT
noOyoBH JAepeBa pillleHb Ui 3aiay e-learning B iHTe-
pecax CTBOpeHHsI iHPOPMAIHOI TEXHOIOTIT Ul BUpI-
IICHHS 3a7a4 KIacu]ikarrii.

BukopucranHs napanenbHOCTI B TOOY/IOBI iepeBa
piwenp i 3amadi Kiacudikamii Jae€ MPUCKOPEHHS B
MOPIBHAHHI 3 OJHOIOTOYHOK peainizaliier. [Ipu mome-
JIIOBaHHI 3acTocoByBaiacsi TexHoioriss MPI, moBa mpo-
rpamyBanHs Python, DM-MIMD apxitekrypa.

Po3po0OiieHa Bi3yaiizallisi OTpUMaHHUX OIIIHOK ITO-
Ka3HHKIB €(DEKTUBHOCTI TO3BOJISE KOPUCTYBAUy OOpaTH
HEeoOXiTHY KOH]Irypamito 00YHCITIOBaIbHOI CHCTEMHU.
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Pemenne 3anaun knaccudpukanuu B e-learning Ha 0CHOBe MeTOa NMAapa/IJIeTLHOI0 IOCTPOCHHSI IePEBbEB PelIeHHit
E.T. Toncronyxckas, b. B. [lapmennes

AKTyabHOCTB. B nocieinee Bpems B pa3BUTBIX CTPaHaX BOINPOCAM MAIIMHHOIO 0OYUCHHUs OTBOAUTCS Bce OOJbIE BHU-
ManusA. C OIHOH CTOPOHBI 3TO CBS3aHO CO CTPEMHTEIBHBIM POCTOM TPeOOBaHMH K OyayluMM CIELMaIucTaM, a ¢ APYyro — ¢
O4eHb OBICTPBIM Pa3BUTHEM MH(OPMAIMOHHBIX TexHONOrui 1 VHTepHeT komMmyHuKanuid. OHOI U3 riaBHBIX 3a1a4 e-learning
€cTh 3aja4a Kiaccupukanuuy. MarteMaTHUecKUil anmapar JAepeBbeB PEIICHHH YacTO NPUMEHSACTCS U1 PEIICHUs 3a/1aul KI1acCH-
¢ukanuyu. OnHAKO, C POCTOM KOJIMYECTBA BXOJHBIX JAHHBIX CTAHOBUTCS AKTYaJbHBIM BOIPOC YMEHBIICHUS BPEMEHHU IOCTpOe-
HU JIepeBbEB pelleHuil. Vcnonp3oBanne napamuienbHbIX BEIYUCIMTENBHBIX CHCTEM M IapalleIbHBIX TEXHOIOTHH IPOrpaMMH-
POBaHMS MO3BOJACT IONYYUTH ITOJOKUTENBHBIE PE3yNIbTaThl, HO TpeOyeT pa3pabOTKH HOBBIX METOIOB MOCTPOCHHS JEPEBbEB
pemennii. PesyabTaTel. B cTaThe packphIBalOTCs OCHOBHBIE 3Tallbl METO/A MAapaJlIEbHOTO MOCTPOEHHS AEPEBLEB UL PEIIEHUS
3a1auy K1accuukanuy B e-learning. B oTiinune oT CymecTBYONMMX, METO O3BOJIAET YUUTHIBATE OCOOCHHOCTH apXUTEKTYPhI U
OpraHu3aliy NapajuleNbHBIX NPOLECCOB B BEIYUCIUTENBHBIX CUCTEMaX ¢ 00ILIeH U pacipe/ielIeHHOl namMaThio. B MeToze yurena
BO3MOJKHOCTB OLIEHKH TOKa3aTenel 3()(eKTHBHOCTH IIOCTPOSHHUS JIEPEBLEB PELICHUH U NapasuieNnbHbIX anroputMos. IomydeHne
riokazateneil 3 GpeKTUBHOCTH Ha Ka)kI0M MTEPAllMU METO/a IIOMOraeT N30paTh PalMOHAIBHOE KOJIMYECTBO NapauleNbHbIX IIPo-
LIECCOPOB B BBIYUCIMUTEIBHONW CHCTEME. DTO MO3BOJISAET NOOUTHCS JAJIbHEHIIEro COKpalleHHs BPEMEHHU IOCTPOCHUS JePEBbEB
pemennii. [IpoBesieHHOE MOZIETMPOBAHUE C UCIOIB30BAHUEM TEXHOJIOTUH MapauleIbHOro nporpammuposanus MPL, s3sika npo-
rpammupoBanus Python miis apxuTexTypbl BeraucauTenbHol cucreMbl DM-MIMD noaTsepxaeT 10CTOBEPHOCTD MOMY4YEHHBIX
pesynbrartoB. [IpuBoauTCs MpUMep opraHW3alUK BXOAHbBIX JaHHbIX. [Ipencrasnena Python nporpamma mis nocrpoenus aepesa
pewenuii. BeiBoa. PazpaboTaHHas Bu3yanu3alys MOJy4EeHHBIX OLCHOK HoKa3aTeneil 3(hpeKTUBHOCTH IIOMOraeT HOJIb30BaTENI0
n30paTh HEOOXOAUMYIO KOH(PUTYpaIMIO BEIYUCIUTEIILHON CHCTEMBI.

KaoueBble cj0oBa: mapauielIbHBIA alTOPUTM; JIEPEBO PEIICHHIT; OlleHKa 3P PEKTHBHOCTH MapajuIeIbHOTrO alrOpUTMa;
e-learning.

The solution of the classification problem in e-learning based on the method parallel construction of decision trees
O. Tolstoluzka, B. Parshencev

Topicality. Recently, more and more attention has been paid to the issues of machine learning in developed countries. On
the one hand, this is due to the rapid growth of requirements for future specialists, and on the other - with the very rapid devel-
opment of information technology and Internet communications. One of the main tasks of e-learning is the task of classification.
The mathematical modeling system of decision trees is well adapted for the solution of the classification problem. However, as
the number of input data increases, the issue of reducing the time of tree construction is becoming relevant. Using parallel com-
puting systems and parallel programming technologies can produce positive results, but requires the development of new meth-
ods for constructing tree solutions. Results. The article reveals the main stages of the parallel tree construction method for solv-
ing the classification problem in e-learning. Unlike existing ones, the method allows to take into account the features of architec-
ture and the organization of parallel processes in computing systems with shared and distributed memory. The method takes into
account the possibility of evaluating performance indicators for constructing decision trees and parallel algorithms. Obtaining
performance indicators for each iteration of the method helps to select the rational number of parallel processors in the computing
system. This allows you to further reduce the time of building tree solutions. The simulation with the use of MPI parallel pro-
gramming technology, the Python programming language for the architecture of the DM-MIMD system, confirms the reliability
of the results. Here is an example of the organization of input data. Presented by Python is a program for building a decision tree.
Conclusion. The developed visualization of the obtained estimates of performance indicators allows the user to select the neces-
sary configuration of the computing system.

Keywords: parallel algorithm; decision tree; evaluation of the parallel algorithm efficiency; e-learning.
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AHAJII3 HAYKOBO-METOJUYHOI'O AITAPATY, 1O 3ACTOCOBY€ETHCHA

JIJISI OIIHKH I BIOCKOHAJIEHHSA JISIJIBHOCTI ABIAIIMHAX JUCITETYEPIB

IIpeaMeToM BUBYEHHS B CTATTi € MPOLECH NISUILHOCTI aBiallifHUX JIUCIETYEPiB YeProBoi 3MiHH PaHOHHOTO JHCHETYEePCh-
koro uentpy (PZILL) cucremu oGciryroByBaHHs MOBITPSIHOTO pyXy. MeToI0 € NpOBE/ICHHS aHalli3y iCHYF0UOr0 METOIMYHO-
IO amapary, [0 3aCTOCOBYEThCS TSI OLIHKH JisUTBHICTH aBialiiHuX aucnerdepis yeprosoi 3minu P/IL] Ta 1x B3aemomniil Mixk
coboro Ta 3acobaMu aBToMaTH3alii. 3aBAAaHHA: NPOAHANII3YBaTH CYEPEUHOCTI B IPAKTHI BIOCKOHAJICHHS IisIbHOCTI
yeprosux 3MmiH PJILL; nmpoBecTy aHai3 HAyKOBO-METOIMYHOrO aIaparty, 110 3aCTOCOBYETHCS JUIS OLIHKH i BIIOCKOHAJIECHHS
JUSUTBHOCT] aBlallifHUX JHCIIETYEpiB. AHANI30BAHUMU MeTOJAMM €: rpaOaHaITHIHUA METON, METOX CTPYKTYpHO-
JITOPUTMIYHOIO aHANi3y, METOJ MEPEKEBUX MOJEJCH JisIBHOCTI, METOJ €TAJIOHHOI'O JucIeTdepa (MEeToJ KOMiloBaHH:).
OtpumaHi Taki pe3yabTaTu. OnucaHuil KOMIUIEKC iHpOpPMaLiiHUX Mojenell, HeoOXiIHUX I OIMHUCY pOOOTH YeproBoi
3minn P/II] Ta 3anpornoHoBaHi MOMXJIMBI BapiaHTH BIOCKOHAJICHHS €JIEMEHTIB Mojeiel IisubHOCTI yeproBux 3miH PJILL
BucHoBku. B pe3ynbrati po3risay cynepedHocTel B IPAKTHIL BIOCKOHAJICHHS MiSUIbHOCTI YeproBUX 3MiH paHOHHHX AUC-
METYEPChKUX LEHTPIB OyiaM BUsABIIEHI (aKTOpH, SKI BIVIMBAIOTh HAa HEOOXIJHICTh BJOCKOHAJICHHS IIPOLIECiB poOOTH uepro-
Boi 3mian P/IIl. Anani3 HayKOBO-METOJUYHOIO araparty, IO 3aCTOCOBYETHCS Ul OOYJOBH Mojeield poOOTH 4eproBoi
3minn P/ILI, 103BOSIMB BUSBUTH JIEAK] HEJIOJIIKH METOAMKH, SIKA 3aCTOCOBYETBCS JUISl BUPILLICHHS LIHX 3aBJIaHb.

Kaw4yoBi cioBa: aBiamiiiHuii mucnerdep; palioOHHMI TUCIETYEPCHKUI LEHTP; MOIEIIOBAHHS MisUIBHOCTI aBialliiHOTO

JHcnerdepa.

BecTtyn

HaykoBo-TexHiuHHMH mporpec i MoB’si3aHa 3 HUM
aBTOMAaTHU3allisi TPOIECIiB YIPaBIiHHSI iCTOTHO 3MiHIO-
I0Th XapakTep i YMOBH Ipalli aBiallifHUX AWUCIIETYEPiB i
10 HOBOMY CTaBJISITh IPOOJIEMY BpaxyBaHHS JIFOJCEKOTO
(dakTopy npu opraHizaiii B3aEMOIIi JFOJAUHY I TEXHIKH
B CHCTEMi 0OCITYyTOBYBaHHS MOBITPSHOTO PYXY.

BripoBakeHHsT HOBUX CHOCOOIB JiSUTBHOCTI 3 00-
CIIyTOBYBaHHS TOBITPSIHOI'O PYXY, MiJBUINEHHS BUMOT
JI0 ONEpaTHMBHOCTI Ta SKOCTI BHpIIICHHS 3aBAaHb
YIIPaBJIiHHSA OOYMOBJIIOIOTh HEOOXITHICTH KPUTHYHOTO
aHaJTi3y BIZIOMHX Mojeneil (€TajoHiB) IisUTBHOCTI i BH-
3HAYEHHs HANPSMKIB X BJIOCKOHAJICHHS Ha eTamax po3-
pOOKHM, AOCITIKEHHS 1 3aCTOCYBaHHs s iH(opMartiii-
HOT'0 3a0e3MeUYeHHs poOOTH 1 HABYAaHHS aBialliiHUX -
CHeTYepiB.

Amnagi3 jireparypum [1, 2, 5, 6] moka3zaB, 10 Ha
Cy4acHOMY eTami He B NOBHIM Mipi BpaxOBaHO BILTHB
JIIOZICBKOrO (hakTOpy Ha OpraHi3alfiro B3aeMOIi Mix
aBiallifHUMU JUCTIETYEpaMH B CKJIaJi 4eproBOi 3MiHH
paiionHoro amcnerdepcbkoro ueHrpy (PJL[) Ta wmix
JcneTdepaMu Ta 3acod0amMy aBTOMaTH3aLIil.

Jlanmii dakt TArHE 32 COO00K0 HEOOXITHICTH BIOC-
KOHAQJICHHS ICHYIOUMX METOJIB OI[IHKH AisJIbHOCTI aBia-
UWIHUX AWCHETYepiB, NUIIXOM OLIBII ITOBHOI'O Bpaxy-
BaHHA BCiX (hakToOpiB (BKJIFOYAIOYH JIIOACHKHIA), IO
BIUIMBAIOTH Ha (DYHKIIOHYBaHHS yeproBoi 3minu P/ILI.

MeTo10 CTATTi € IPOBEEHHS aHANI3Y iICHYIOUOrO
METOJMYHOTO amapary, 10 3aCTOCOBYEThCS /ISl OL[IHKH
JUSUTBHICTh  aBlallifHUX JUCHETYEpiB YeproBOi 3MiHU
P11 ta ix B3aemoii Mi>k COOOKO Ta 3ac00aMM aBTOMa-
THU3aii.

OcHoBHUM MmaTepian

AHaJi3 cynepe4yHocTeil B MpakTHLi BAOCKOHA-
JIeHHSl JAiAVIBHOCTI YeproBux 3MiH pailoHHMX QuUcIe-
TYEPCHKHUX IeHTPiB. PoOoTa aBialliiHUX TUCIIETYEPiB
YeproBux 3MiH palOHHHUX HCIETYEPCHKUX LEHTPIB
(PAL) cucremu 0OCIYroByBaHHSI HOBITPSHOTO PYyXY
CrpsIMOBaHa Ha 3a0e3IeyeHHs] Oe3MeYHOr0, PEeryJIsipHO-
r0, YIOPSAKOBAHOIO 1 €KOHOMIYHO MEHII BHUTPATHOTO
pyXy JTakiB, BEpTOJBOTIB Ta IHIIUX MOBITPSHUX
00’extiB (mani I10). Jlana pobota opraHi3oBYeThCs B
CyBOpiil BIAIIOBIHOCTI 710 BCTaHOBJICHUX IIPAaBHJI Ta
IHCTPYKIIi#, SIKI periaMeHTyIOTh JeTaIbHIUM YMHOM BCi
aCIIeKTH iX JIISUTBHOCTI.

B icHyrounMx KoMIUIeKCaxX 3aco0iB aBTOMAaTHU3AIlil
(K3A) mucrieTdyepchKuX IIEHTPIB 3MICT MOCIOHMKIB, 1H-
CTPYKIIi# Ta iHIIMX HOPMATHBHO-TOBIIKOBUX JOKYMCH-
TiB CTAHOBUTH OCHOBY JUIsl ITOOYI0BU MOJEINEH JisUTbHO-
CTi aBialllfHUX JUCIIETYEepiB Ha aBTOMATHU30BaHHX PO-
60unx micusx (APM). [Ipu upomy npuHIMMIi no0y10BH
i ocHoBH 3actocyBaHHs K3A Bu3HAuaroTh CKiax KOM-
IUleKCy iH(GOpPMAaLidHUX MojeNel, HEeOoOXIAHUX IS
OITUCY POOOTH YEPrOBUX 3MiH JUCIIETYEPCHKOTO IIEHTPY
(puc. 1).

AHaJi3 cTaHy 1 TEHIEHINH PO3BUTKY aBiaIliitHOT
TEXHIKH TOKa3ye, 1110 BIIOCKOHAJIEHHS 11 XapaKTePUCTHK
1 30UTBIICHHS IIITBHOCTI MOBITPAHOTO TpadiKy 3amuiia-
€THCSl BU3HAYAIBHUM (aKTOpPOM, IO BIUIUBAE HA 3pPOC-
TaHHS CKJIAJHOCTI MPOLECIB YNPABIiHHS IMOBITPSIHUM
pyxoM. Kpim TOro, posmmpeHHsi nepesniky BHpilIyBa-
HUX 3aBJaHb 1 YyCKJajHeHHs cTpykTypu K3A Takox
ICTOTHO BIUIMBAIOTh Ha BHUPIIIECHHS MTUTAaHb 3aCTOCYBaH-
HA 3aco0iB aBToMaTtu3alli. Jlis 3a3HAYCHUX YHHHUKIB

10 © TI'pummanos [l. €., anrok 1O. B., bapuntox @. A., Koponsos P. B., 2018
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MPU3BOJUTH JI0 3HAYHOI'O 3pPOCTaHHS OOCSTiB KepiB-
HULTB, SKAMH TIOBHHHI KEepyBaTUCS aBialliiHI JHUCHeT-
4yepH B X011 poOoTH. AHaji3 MOCIOHKKIB, 10 OMUCYIOTh
3actocyBaHHA K3A, 103BOisle TOBOPUTH MpO Maibxe
2-pa3oBe 301IbIIEHHS 00CATY MPOTSTOM JECATH POKIB.
Ile B cBOIO uepry yCKIaaHIOE IPOLECH HaBYaHHS JHC-
neT4epiB i 301IIbIIYE TEPMIHH OCBOEHHS CUCTEM.

m - NOBITPsHMI 06'eKT @ - Mozielt MoskBHX i TIO

- JuKepeJIa pajiionokaniitHoi indopmarii - MoJienb (pyHKIIOHyBaHHs Jukepes PJII
- K3A PJILL @ - Moz i weprosoi svinm PJILL

- KepiBHUK NONBOTIB @ - mozienk GyHkuionyBanHs K3A

- aBiauiiiHi gucneTdepu

- 00'€KTH yIpaBIiHHS - NOBITPsAHUI 00'eKT

Puc. 1. Kommiekc inpopmariinux Mozenei,
HEeoOXiJHUX U1t onucy podoru yeprosoi 3mian P/L]

CKIIaHICTh MisUTbHOCTI 4YeproBux 3miH PIIIl mae
CYTTEBUI BIUIMB Ha TaKi MMOKa3HUKH, SK ONIEPATUBHICTH i
SKICTh BHpILIEHHsS 3aBlaHb yHpaBiiHHA. Bigomo, 1o
OIEPaTHBHICTh aBTOMATHU30BAaHOI CHCTEMH YIPaBIIiHHSI
(ACY) nositpstaum pyxoM (ITP) ouiHIOETBCS YaCOBUMHU
BUTpaTaMu 4YeproBoi 3MiHM NpPU BUpPILIEHHI 33/a4 B
IpoIrieci yrpapimiHHA (POOITHUM 4acoM) 1 3aJIeKHUTh Bif
JIOCSITHYTOT'O CTYIIEHsI aBTOMATH3allii, piBHS MiATOTOBKH
JIUCTIETYEPIB 1 3J1aro/KEHOCTI 4eproBoi 3miHu. SIKicTh
piwenHs 3aaa4 ynpasiinasg B ACY xapaKkTrepusye MOx-
JIMBOCTI CUCTEMH 3 HEOOXiHOI0 MOBHOTOIO, JOCTOBIp-
HICTIO 1 TOYHICTIO BUPIIIEHHSI TOCTABJICHUX 3aBAaHb.

3MEHIIeHHS CKJIaJJOBUX POOITHOrO 4acy 0e3 3HH-
JKEHHSI IKOCTI BUPIIIEHHS 3aBJJaHb € OTHUM 3 BaXITUBHX
HANpsSIMKIB  BIOCKOHAJIEHHS POOOTH YeproBOi 3MiHH
P/II. B xoxi BupinieHHs1 AaHOI poOJIeMH 3 ypaxyBaH-
HsAM TeHAeHUi po3Butky ACY (puc. 2) BUHHKAIOTH
Taki nporupivus [4]:

— MDK 3pOCTaHHSIM IOTEHIIHHUX MOXIUBOCTEH
3aco0iB aBTOMaTH3allii MO BUPIIICHHIO 33aBJaHb YIpPaB-
JIHHS PI3HUMH CIIOCO0AMU 1 CTYIEHeM iX BUSIBICHHS Ta
BUKOPHCTAHHS JIJIsI TiIBUILICHHS ONEPaTUBHOCTI Ta SIKO-
CTi BupinieHHs 3aBaans B ACY;

— MiX 3pOCTaHHSIM MOJIMBOCTEH Cy4acHHX O0YH-
CITIOBAJIBHUX 3aCO0IB 1 CTyleHeM X BHKOPUCTaHHS ISt
30epiranHs, MOUIYKY 1 BiATBOpeHHsS iH(poOpMamii mpo
pi3Hi ciocobu podoTu yeproroi 3minu PIIT;

— MK YCKJIaJHEHHSIM MpOLECiB poOOTH Ha aBToO-
MAaTU30BaHUX POOOYMX MICIAX 1 HEOOXITHICTIO BHKO-
HaHHS HEOOXiJHUX [iif B YMOBax J>OpPCTKOTO JIMITy
qacy;

— MiX piBHEM PO3POOKH TEOPETHYHHX ITOJIOKEHb B
HAYKOBHX Taly3sX YNPaBITiHHS, HABYAHHS i €PrOHOMIKH

@ - MoJielTb (YHKIIOHyBaHHs 00'€KTY YHpaBITiHHSI

i CTyIeHeM iX 3aCTOCYBaHHS JUTS i ITOTOBKH JUCIICTYE-
PiB 1 BHOCKOHAJIEHHsI crioco0iB 3actocyBaHHs ACY.

v A
300 /
/| 4
100
0 5 10 15 20 25 n

Puc. 2. 3anexHicTh 00’ €My OIHCIB CIIOCOOIB AisUTBHOCTI
(KUTBKICTB KepiBHULTB — V) BiJl KUTBKOCTI
KaHaJIiB ynpaBiiHHA (1)

Ponp meroniB Ta 3aco0iB MOOYHOBH KEpPiBHHIITB
TIPY BUPILIEHHI 3a3HAYEHUX MIPOTUPIY MOXKE OYyTH Mpoi-
JIIOCTPOBaHA MOJEIUTIO 3MiHH OIlepalliiHOl Tpare3/ar-
HocTi yeproBoi 3minm PJII] Ha OCHOBI PO3MIYECHOrO
rpada craiB (puc. 3). IIpu 1poMy, Ha BiAMIHY Bif 3a-
3BUYail BHKOPHCTOBYBAHOI YMOBH CTaJOCTiI IHTEHCHUB-
HOCTI BiJHOBJIEHHs iH(opMallii, BBeaeHa ii 3aJexHiCTh
BiJI crI0c00IB MOOYIOBH MOJIeNel TisTbHOCTI.

A

v
hrg

Hom, |

|
A’l |-
S, & >
“um
* Hmy

S,

A

My
Puc. 3. Po3mivennii rpad craniB mozneni

ornepauiiHoi mpane3aarHocTi yeprooi 3minu PJIL]

Cucrema piBHfIHL KOJ'IMOFOpOBa JUIL 1aHOI'O BHU-
nagKy Ma€ BUTJIAM:

dpy
o = lympy + iz py —(11 +l3)Po;
dp
7; =M po+ amypy —(ymy + 2 ) s, (1)
dpy _ +A
L Zop1+ 3P —(#2’"2 + #3m3)P2~
Ie  pg.Pi, P, — BIANOBIZHO HMOBIpHOCTI MOBHOTO,

YaCTKOBOI'O 1 HYJLOBOI'O BIIHOBJCHHS iH(OpMAIIli IIpo
crocodu podoTH;
Hys Mo s 13
IS BiATIOBIAHMX CTaHIB;
M>Ay, A3 — IHTEHCHBHOCTI BTpaTH iHboOpMarii s

— IHTEHCHMBHICTh BiJHOBJIEHHS 3HAaHb

BIJNOBIIHUX CTaHIB;
my,my, m3 — KoedillieHTH, 110 BPaXOBYIOTh 3aCTO-
COBYBaHHI METOJ MOOYI0BH MOJIENIEH MisTIbHOCTI.
dinanbHI HMOBIPHOCTI CTaHIiB MOJIENI BU3HAYEHI 3
PIBHSHB:
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(/11 +/12)Po = Hymy py + H3msz p3;

(tamy +22) pr =24 po + Hymy py; 2
Po+pi+py=0.
Jns  mowatkoBuX ymMoB A =4, =1 mec !,

A3 =0,5 Mec_l, m=m =my =mz =4 Mec_l, 3 ypaxy-
BaHHSM cHiBBiJHOIIEHb (1, 2) moka3aHo, 1110 33 paxXyHOK
BIIOCKOHAJICHHS METO/IB MOOYIOBH MOJENIEH MisUTHHOCTI
yepropoi 3Miau PJ/II] MOXJIMBO MiJBUIIUTH HMOBIip-
HICTh MOBHOT'O BiHOBJICHHs iH(pOpMAIIi] PO CIIOCOOH
po6oru Bix 0,7 mo 0,9. (puc. 4).

Po>Py>P24
Lok ———— mm e —— — —————
| | |
| |
| ' Po }
|
| |
| |
} I |
| | |
| | |
| |
0.5 ‘ ! \
|
| | |
| | |
| | |
| | |
| | |
| |
| | |
| : P }
V\‘pz\‘
! |
10 20 ugm

Puc. 4. 3anexHicTh IMOBIPHOCTI IIOBHOTO (py), 4ACTKOBOTO
(1) Ta HyIBOBOTO (p;) BIAHOBIICHHS iHpOpMALIl PO crIocodu
po0OTH BiJ iIHTEHCUBHOCTI BiJTHOBJICHHS 3HAHb

TakuM 4MHOM, 1O OCHOBHHX (DaKTOpiB, IO BILIH-
Ba€ Ha HEOOXIIHICTb BJOCKOHAJICHHS MPOIECIB JisUTh-
HocTi ueproBux 3miH P/IL], MoxkHa BimHECTH:

— MiIBUIIICHHS XapaKTEPUCTUK TOBITPSIHUX 00’ €K-
TiB 1 ITBHOCTI TpadiKy MOBITPSHOTO PYXY;

— 3pocranHs MoxumBocted ACY 1o pileHHo 3a-
BJIaHb YIPaBIIiHHS;

— 3pOCTaHHs O0CATIB KEPIBHUIITB Ta HACTAHOB, SIKI
HEOOXiTHO BHKOPUCTOBYBATH B XOJi 3aCTOCYBaHHS
ACY;

— YCKJTaTHCHHSA MUTaHb IiJATOTOBKU aBialliiHUX
JICTIETYEPIB 1 37aromKkeHHs yeproux 3Min PILIL.

AHaJli3 HAyKOBO-METOAMYHOI0 anapary, 1o 3a-
CTOCOBYEThCH /ISl OLIHKM i BAOCKOHAJICHHA iflIb-
HOCTI aBianiiHUX AUcHeTYepiB.

MeTo0M0TI4HI aCIIeKTH OILIIHKU BIUIMBY CKJIAIHO-
CTi MisTIBHOCTI aBiallifHMX JAWCIIeTYepiB Ha e(eKTUB-
HicTh BupinieHHs 3apaanb B ACY 1P neransHO po3ris-
JIAIOTHCSI B paMKax KoHIenuii TpancgopmaniiiHoi Teopii
nmuHamiku cucrem (TTZC) [3].

VY naniii Teopii AOCTIKYIOTHCS HMHUTaHHS OpraHi-
3amii amanTUBHOI B3a€MOJIi KOMIUIEKCIB ampiopHHX i
peanbHUX CTparterii, NpencTaBiIeHUX iHQOpMaIliiHO-
00YHMCITIOBAILHOIO TEXHIKOIO 1 aKTMBHUMHU y4aCHUKAMH
BUpinieHHs 3aBaanb (puc. 5). Iix crparerismu po3ymi-
I0ThCSl y3arajbHEeHI NMPUAOMHU BHpILIEHHs 3aBIaHb pi3-
HUX THUMIB. 3acTOCYBaHHS METOIONOrIi KOHIIEIT
TTHAC no3Boisie AOTIOBHUTH 3BUYAaHE BUBUCHHS MOHO-

TOHHHX TIPOIECIB €BOJIOLIi OKPEMO B3ATHX CTpaTerii
JIOCITI/KEHHSIM TIePEeXiJHUX IPOIeciB — TpaHchopMarii
CTparerii, sIKi ONMCYIOTHCS 3aralbHOIPUHHATHMH acH-
MIOTOTUYHUMYU KPUBUMH JIUILIE B OKPEMHUX BUIAIKAX.

‘ VYacHHKH PillIeHHS 33134 YTIPABJLiHHI ‘

' '

‘ TIpuxoBaHi Besnocepe i ‘

TIPOEKTY BaJbHIKH CHCTEM
Ta CTI0CO0IB X
3aCTOCYBAHHS (MHOKHHA
aTIPiOpPHUX CTpaTeriii)

| |

3acobu gianory
(TOKYMEHTH, 1HCTPYKIIi1, IIPOTPaMHE
3a0€3MeUeHH!, CUCTEMH BiJOOPaKSHHSI
iH(popMari, Toro)

Orrepatopy, SIKi B3a€MOJHIOTH
3 CHCTEMaMU (MHOKHHA
peaNBHUX CTpaTeriii)

3agaui manory

!

- CITi BBiTHOIICHHS CTPATETil OrepaTopa 3i cTpaTeriIMHU ITOTepe THUKIB;

- YTOUHEHHS, JOTIOBHEHHS IOMEPEHBOTO OIHTY, HAKOIIMUCHHS OB TOYHHX
TIPUIIOMiB Ta METOiB YIIPaBIiHHS;

- I JTOTOBKA CTpATeriii 1o GopManizarii Ta mepemayi 3acob6aM aBTOMATH3AL{

Puc. 5. OcHoBHi enemenTy koruenii TTIC

Ilpn upoMy B SIKOCTI IICHXOJOTIYHUX (DaKTOpIB
cxianHocTi (F), BiI SKUX 3alIeKHUTh ¢EKTHBHICTh CHU-

cremu Q= f (F ) , BHIUISIOTHCS KUIBKICTh ITiJICHCTEM

00’€KTa, KUIBKICT 3B’SI3KiB €JIEMEHTIB B X0/1 (hYHKIIiO-
HYBaHHS CHUCTEMH, KUIBKICTh €JIEMEHTIB, HEOOXITHUX
IIPY BUPOOJICHH] pillleHHs 1 T.1I.

BHaciinok Toro, 110 HaBeJeHi (pakTopu HE MOXKYTh
3MIHIOBATHCSI MHUTTEBO, iX 3MIHM  HPOIOHYETHCS
NOB’s3aTH  (DYHKIIIOHAIBHOIO 3aJIOKHICTIO 3 KaJleHAap-
HUM YacoM F (t) B nanomy BHUMajaky cripoIIyeThcs iH-
Teprperaiisi eKCIIepUMEHTAILHO 3a(iKCOBaHUX XapaKTe-
pUCTHYHUX KpuBUX Q = f (F (t)) tumy "miaro” i "npo-

Ban" (puc. 6). Hanpuknaz, st po3rIISIHyTHX CHCTEM Xa-
pakTeprcTHYHA KpuBa THIy "tuiato" (kpuBa 1) Oyze Bia-
TIOBiIaTH BUSIBIICHHIO MOMKJIMBOCTEH CUCTEMH, HE 10 KiH-
1 rependadeHnx po3podHukamu. HasiBHicTh "mpoay”
(kpuBa 2) MOSICHIOETHCS THM, IO BIITYK Ha Herepenoda-
YeHY MPOEKTYBAIbHUKAMH 3MiHY XapaKTepy HOBITPSIHOTO
PyXy (po3poOka KOHTP3aXOIiB, IO TO3BOJITIOTH 30eperTH
€EeKTHBHICTh CHUCTEMH HAa TPUUHATHOMY PIiBHI) MOXe
3’SIBUTHCS TUTBKH 3 JIESKOO 3aTPUMKOIO.

Q4

Puc. 6. Bapiantu xapakrepucTU4HOI KpHBOI
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TakuM 4MHOM, PO3BUTOK TEXHIYHMX XapaKTepHc-
THK MOBITPSHUX 00 €KTIiB MPU3BOAUTH 0 TOTO, IO 3aB-
KIU anpiopHa cHUCTeMa 3HaHb IPO IPOLECH POOOTH
yepropoi 3minu P11 He BOJIO/Ii€ BUYEPITHO TOBHOTOO
i moTpedye NOCTIHHOTO BJOCKOHaJEeHHs. HasBHiCTH
TaKUX MoJeJIel 3HaHb, 10 NMepe0yJOBYIOThCS, XapaKTe-
pHa JJIs1 CEMIOTHYHHUX CHUCTEM CHTYalliifHOTO ynpaBIliH-
Hs. [Ipu aHami3zi mpoueciB NpUHHATTS PillieHb B CUTYya-
LIHHUX CUCTEMax PO3IIIAAA0ThCS y3arajabHEHi (THITOBI)
CHUTYaIlil, 10 MPEACTaBIAITh CO00K Oe3Jid CHUTYaIIiH,
JUISl SIKUX PINIEHHS 3 YIPaBIiHHSA 00 €KTOM OJHAKOBI.
Bingoma cxema ceMioTHYHOI CHCTEMH BKITIOYAE:

00’€KT ympaBitiHHA 3 cepenoBuiieM (W ),

BxiaHi (D) i BuximgHi ( R ) meperBoproBaui,

MeXxaHi3M NopopkeHHs pinteHs (C ),

MOJIEJIb 3HaHb PO 00 €KT 1 cepenonuie (M ),

iHTEpIIpeTaTop, o 3adesneuye IepedynoBy Mo-
neni 3HaHb (/).

3 ypaxyBaHHSIM OCOOJIMBOCTEH PO3IIISTHYTHX CHC-
TEM B JJaHy CXEMY IPONOHYETHCS BKIFOUUTH aBialliiHIX
mucnerdepis ( H ) 1 crienianicTiB-po3poOHUKIB MOJIENeH
nisuibHocTi (H'") (puc. 7).

TIOBITPSTHUX 00’€KTiB, HAKOITMYEHUM 1 TIOIIUPEHUM J0C-
BIJIOM iX eKCIUTyaTarlii.

B nanomy Bumanky B 3arajbHili CTPYKTYpl KOM-
TUIEKCY MOJIeIeld MOYKHA BUIIUTH MHOXHHY TIPOTHO30-
BaHUX CHUTYyalii (.S ), MHOXKHHY alITOPUTMIB JAisUTBHOCTI
(A) 1 mHOXMHY O4iKyBaHHMX pe3ynbTariB (R ). Ilpu
LBOMY Pi3HI CIIOCOOM MAisUIBHOCTI OYIyTh BU3HAYMTHUCS
eJIeMEHTaMH TPSIMOTo TIOOYTKY MHOXKHH Sx AX R . Tlo-
3HAYMBIIM (DaKT BBEIEHHS HOBHX €JIEMEHTIB s € S,
a€ A, reR iHnekcoM «l», a 3ajHIIEHHS €JIEMEHTIB
MHOXXUH 0Oe3 3MiH iHgeKkcoM «0», 1 po3risaaiodu pi3Hi
MOETHAHHS 1HJEKCIB, OTPUMAEMO MOXIIMBI BapiaHTH
BJIOCKOHAJIEHHSI CIIOco0y misutbHOCTI (Tabmums 1). Sk-
IO B SIKOCTI PE3yJIbTATIB JiSUIbHOCTI PO3TJISIIATH AOCST-
HYTY OIIEPATUBHICTH 1 SIKICTh BHPIIICHHS 3aBJaHb B
ACY, to Bapiant «000» Oyzne BiAmoBiIaTH 3aBAaHHIO
OCBOEHHSI BiJJOMHX QJITOPUTMIB JisUTBHOCTI Y BiJIOMHX
curyailisx, Bapiant «001» — iHTeHCcHpiKamii AisSITEHOCTI
0e3 3mMiHu S Ta A . Pemrra BapiaHTiB 1OB’si3aHi 3 HE00-
X1THICTIO PO3IIMPEHHS MHOXHHU CHUTYAIIT 1 pO3pOOKOI0
HOBUX QJTOPUTMIB JiSUTBHOCTI (y Mipy BJIOCKOHAJICHHS
TEXHIYHUX XapaKTEPUCTHK IOBITPSIHUX OO0 €KTIB, iX
eKCIUTyaTallii i HaKONWYEHHsS JOCBiTy 3aCTOCYBaHHS

Puc. 7. CtpykTypHa cXema epraruaHol ceMiOTHYHOI CHCTEMH
CHUTYALIIHOr0 YIpaBIiHHI

[TokazaHo, 10 B KEPOBAHMUX CKJIAJHUX CHCTEMaX,
HE3BAYKAIOYM HAa BEJUKY KUIBKICTh MOXJIHBHX CTaHIB
CHUCTEMH 1 Cepe/IOBUINA, YHCIIO THIIOBUX KEPYHOUHUX pi-
IIEHb, IKI BU3HAYAIOTHCS O€3/IiYYi0 BiAHOCHH '"crcTeMa
— cepenoBHIIE"”, B MPOrHO30BAHUX CEPEIOBHIIAX BiTHO-
cHO HeBenmuke. Tomy (parMeHTH poOOTH aBialliiHUX
JUCIIETYEPIB B MEBHUX yYMOBAaX MOXHA PO3MIIAIATH SIK
iJIeCIPsMOBaHI il 3TiHO i3 3aJaHUMHU HabOpaM aJiro-
putMiB gisutbHOCTI (A/]), TiJ IKUMH PO3YMIIOTBCS Kepi-
BHHIITBA, 1[0 BM3HAYAIOTh 3MICT 1 ITOCHIJOBHICTH miil
JIUCIIETYEPa B CUCTEMI «JTIOMHA — MatmuHay [7].

BHacnigok TOro, mo mporec podOTH YeproBoi
smian PJII] cyrTeBO 3ayieXuTh BiJg OOCTAaHOBKH, IO
CKJIayiacs i MOBUHEH MPHUBECTU 10 MEBHUX PE3YNIbTaTIB,
JUTSE MOJICITIOBAHHS isUTBHOCTI aBiallifHUX TUCIIETYEPiB
mopsin 3 AT HEOOXiZHO TOTATKOBO BPaxyBaTH IPOTHO-
30BaHi cHUTyalii 1 ouikyBaHi pe3ynbTaTu. HasiBHiCTB
TUIOBUX cuTyauidi Ha APM Bu3HauyaeThCs, B IEpULY
4epry, peai3oBaHUMU B JaHil CHUCTEMI Ta 3aXHIICHI Bif
penaryBaHHs aJropuTMaMHu OOpoOKH iH(opMalii, 1o
HAJXOJWTh, & TAKOXX TEXHIYHUMHU XapaKTEPUCTHKAMHU

ACY).
D Tabnuys 1. MoKJIMBi BapiaHTH BIOCKOHAJIEHHSI eJIEMEeHTiB
Mozeel aisapHocTi yepropux 3min PIIL
A,
CkJ1a70B1 .
C - H |« M Moxeri Bapiantu
\ S 0o 0 0 0 1 1 1 1
R  H > I A 0o 0 1 1 0 0 1 1
| R 0 1 0 1 0 1 0 1
W
‘ JlocmipKeHHsI TUTaHb CTBOPEHHSI MOJIeNeH Misiib-
HOCTI aBialliiHUX AUCIIETYEPIB, SIKi Mepe0ya0BYIOThCS,

nependavae aHalli3 MOXKJIMBOCTEH METOiB, BUKOPUCTO-
BYBaHMX Ha HACTYITHHX €Tamax po3poOKH i 3aCTOCYBaH-
HS MOZeJIeH:

— mo0yi0Ba MojieNnel TisUIbHOCTI B THUIIOBUX CHTY-
amisgx;

— OIIiHKA SIKOCTI MoJiesiel 1 BIIOCKOHaJIeHHs! (KOpH-
T'YBaHHS) MOZIENEH;

— opranizailist 30epiraHHsi, MMOUIYKY i BiJTBOPEHHS
iHpopMarii npo Mozeni;

— 3acrocyBaHHs Mojenei Ha PJILI.

IcHyrO4a MeTomUKa OMKCY Ta aHaJi3y poOOTH Yep-
roBoi 3Minu PJII] TrpyHTY€ThCS TOJOBHMM YHHOM Ha
3aCTOCYBaHHI I TIOOYIOBU MOJECH MisSIBHOCTI aBia-
LWIHUX JUCIIETYEPiB B TUIIOBUX CHUTYALsIX TEKCTYallb-
Hux (TabmuuHux) ¢opm mnpencraBneHHs iHdopmamii i
rpagoaHaTiTHYHOrO METONY OLIHKW O4YiKyBaHOi edek-
TUBHOCTI JIiHi.

I'padoaHaNiTHIHUI METOJ TIOB’I3aHUM 3 MPOTIK-
KOI0 Tpac TOBITPSHUX 00’€KTiB 4epe3 paioH, 1m0 00-
CIIYTOBYETBCS, 1 JO3BOJIIE MOJCIIOBATH CHTYaIlii, OdYi-
KyBaHi 3a pe3ynbTaTaMd NpPOTHO3Y [iil MOBITPSHUX
00’€ekTiB. MeTO/ 103BOJISIE OPIEHTOBHO OI[IHUTH ITOTEH-
LiiiHI MOXIIMBOCTI 3 OOCITyrOBYBaHHS MOBITPSHHX CY-
JIleH B 3ajaHiii o0cTaHoBMi. [Ipy MbOMY i ONTUMAaJIb-
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HUMH JIiSIMH 4epProBoi 3MiHM PO3YMIIOThCS Taki [ii, siKi
MIPOITOHYIOTHCSI HACTAHOBAMU Ta MPaBWJIAMH 110 OpTaHi-
3amil ynpaBiliHHS TOBITPSIHUM PYXOM, a 4acoBi Xapak-
TEPUCTHUKH TMPOIIECY BiJNOBIIAIOTH HOpMaTHBaM. JlaHuit
METOJ BIJPI3HAETHCS HAOYHICTIO 1 KOHTPOJIHOBAHICTIO
pe3ynbTaTiB.

Opnak rpadoaHaJITUYHUA METOA B OCHOBHOMY
CHpsIMOBAHUI Ha aHaJi3 MOXKIIMBOCTEH 00’€KTIB ympas-
JIHHS, 1 B CHITy crnpomieHoro posrisaay PJL He mo3Bo-
JISi€ JIOCUTh ITOBHO BiJOOpa3UTH Taki iCTOTHI CTOPOHH
MO/IETTbOBAHOTO TIPOLIECY, SIK KITbKICHI XapaKTepUCTHKH
CHoCcO0IB OI[IHKM OOCTaHOBKH, MPHUHSTTS pillleHb 1 ix
peaitizaiii, 0cOONMBOCTI po3moaAly (GYHKII MiXk aBia-
HiHHAMH JHCIIETYEpaMU 1 MiXK YEeproBOIO 3MIiHOKO 1
K3A.

[MuraHHsS BIOCKOHANEHHS MOjENeH JisUTbHOCTI B
JIaHii METONUII TPAaKTUYHO HE PO3TJIIIAIOTHCS, TOMY
BHMAararoTh CIICI[iaIbHOT'0 JOCIIHKEHHS Ta pO3POOKH.

Tak sk KepiBHULITBA 1 HOPMAaTHBH PEaJi3yIOTHCS B
JTAaHWH 9ac y BUIVISI TEKCTYaIbHUX TOKYMEHTIB, TIOIIYK
1 BIITBOpEHHS HE0OXiMHOI iH(popMaIll mpo Moaemi Jis-
JILHOCTI TPOBOAMTHCS 0€3 BUKOPHCTAaHHS 3aCc00IB aBTO-
MaTH3alii, a B XOJi HaBYaHHS IIi JTOKYMEHTH BUKOPHUC-
TOBYIOTBCS SIK 3BHYAMHI HABYAIbHI MOCIOHUKH.

TakuM 4MHOM, iCHYIOYa METO/AMKa MOOYI0BU MO-
Jienield MisUTbHOCTI 4eproBoi 3MiHM po3risiIac ix sk pas i
Ha3aBXIM JaHi 1 3aikcoBaHi B JIFOYUX IHCTPYKIISIX i
HopMaTuBax. [Ipu mpoMy He BpPaxoBYETBCS TOH (axT,
10 HOPMATHBHI JJOKYyMEHTH PO3POOIISIOTHCS, SIK IPABH-
JI0, Ha MTOYaTKOBOMY €Talli OCBOEHHSI CUCTEMH 1 B HHX
MPaKTHYHO HEMOJKJIMBO BpaxyBaTH 1 OMUCATH BCl CHIIb-
Hi 1 cmabki cropoun ACY B pi3HHUX CHTYyalisx,
OB’ sI3aHUX 31 3MIHOIO 30BHILIHIX 1 BHYTpILIHIX (haKTO-
piB  (mOBiTpsiHMX 00’€KTiB, JUKepen iHQopmarii,
00’€KTIB YIIpaBIIiHHSA, CIOCOOIB 3aCTOCYBAaHHS 1 T.JI.).

B sIKOCTI OCHOBHHX METOJIB MOOYIOBH MOJCICH
pobotu ueprosoi 3minu P/IL, sixi nonoBHIOIOTE rpado-
AHAITHYHUH, MOXXYTh PO3TIISIATHCS

— METOJI CTPYKTYPHO-aJITOPUTMIYHOT'O aHAI3Y;

— METOJI MEPEKEBUX MOJIeJIe! /TisTBHOCTI;

— METOIl CTAJIOHHOrO aucrerdepa (METOI KOIito-
BaHHA).

MeTtoa CTpYKTYpHO-aJITOPUTMIYHOTO aHAII3y BiJl-
HOCHUTBCSI IO aHAJIITHYHUX METOMIB 1 Iependavac:

— BU[IIJICHHS! OCHOBHHX PEXHUMIB POOOTH CHCTEMHU;
BU3HAYEHHS 3aBJIaHb, 1[0 BUPILIYIOTHCS OllEpaTopamMH B
KO)KHOMY 3 PEXUMIB pOOOTH;

— CKJIaJIaHHS aITOPUTMIB JiSUTEHOCTI OIEpaTopiB y
BIMOBITHUX pPEXHMMax poOOTH 3 BHUKJIAJAHHSIM IIOCTi-
JIOBHOCTI [Ii#l B 3aJI€)KHOCTI BiJl TUX YH IHIIUX YMOB;

— BU3HAYEHHS YMCIIOBHX XapaKTEPHCTHK MisUTbHO-
CTi 3 BUKOPUCTaHHSIM HOPMAaTHBHHUX Ta JOBIJKOBUX Ma-
Tepiaib.

[epeBaroro MeTOAy € MOXKJIMBICTh BU3HAUEHHS all-
TOPUTMY JisUTBHOCTI Ha PiBHI Jii, 110 03BOJISIE CKITACTH
aHAITHYHY MOJIEJIb 3aIPOIIOHOBAHOTO MPOIECy POOOTH
B 33/IaHMX CUTYalliIX 1 Ha HOro OCHOBI BU3HAYUTH HOP-
MaTHBHI pe3ynbTaTd. KpiM TOro, MOXIHBICTb A€Tallb-
HOI'0 aHaji3y peani30BaHOro Mpolecy podoTH 1 HOro
3iCTaBJICHHS 3 palliOHAIFHUM JI03BOJISIE BUSIBUTH 0CO0-
JIMBOCTI 3aCTOCOBAHOr'O CIOCOOY ISUIBHOCTI 1 OI[IHUTH
TBOPYi MOXJIMBOCTI yeproBoi 3minu P/LI.

CKJIaiHICTh  3aCTOCYBAaHHSI CTPYKTYPHO-aJITOPHT-
MiyHOro mMerony st cydacHux ACY mossirae B HE00-
X1THOCTI MOJIeTIOBaHHs (IpU BU3HAYECHHI palliOHAJIBLHO-
ro posnoaiy ¢pyHKIid Mix moanHoro i KCA) ¢yHkmi-
OHYBaHHS anapaTHO-IIPOrPaMHOr0 KOMIUIEKCY B Pi3HUX
CUTYaIIisIX.

Mero MepexeBUX Mojenel IisUIbHOCTI TaKoX
nependavae po3OUTTS iSUTEHOCTI Ha Psiji eIEMEHTapHUX
Ii, sSKI HA3MBAIOTHCS poOOTaMHU, a MOMEHTH iX 3aBep-
LIEHHS — MOMISIMHU.

KoxHa poboTa Moxxe OyTH OXapakTeph3oBaHa Ma-

TEMaTHYHUM CIIOZ[iBAHHIM t_p i 012 — JIMCTIEPCIEI0 Yacy

11 BUKOHAHHS.

Mertox Mae IPUAOMH, IO JO3BOJIAIOTH BU3HAYATH
MTOBHUH Yac BUPINICHHs 3aBJaHb aBialliiHUMH JUCIICT-
YyepaMmu, SIKAH BiJITOBINAE TOBKUHI KPUTHYHOTO IIISIXY
MepesxeBoi Mozeni. [Ipu npoMy i NUIIXOM pO3yMi€Th-
cs1 Oe3nepepBHa MOCHIIOBHICTh POOIT

p()=mx| ¥ 7)) |=1(5(), ©

b\ (i,jen)

xe t(i,j) — TpuBamicTs poGOTH, IO 3’€HYE i -Ty IIO-
Iito 3 j -0¥10;
L, — nuisax Big BUXiAHOI moaii 1o j -of;
* . v . v .
L; (i) — naiiGinbumii 32 TPUBACTIO IITSX 3 YHCIA

HUIAXiB g .

Jlo HemomikiB MEpEeXEBUX MOJICICH MisUTLHOCTI
CJIiJ| BITHECTH HU3bKY HAOYHICTH 1 TPYJHOIII BUKOPHUC-
TaHHS B POIIEC] HABYAHHS 3a[IPOIIOHOBAHHUM JIisIM.

Mertoj eTaloHHOTO omneparopa (MeToi KOIiIoBaH-
HS) € eKCHepHUMEHTAJIbHUM METOJIOM MOJIETIOBAHHS
pobOTH 1 BMMarae HasBHOCTI IOOpe MiArOTOBIEHOTO
aBiallifHOrO JTUcCIIeTYepa, JISUTBHICTh SKOTO B 3aJaHHUX
YMOBax MpHAMaeThCs 32 HOpMY. [Ipu oMy s 3a0e3-
MeYeHHs] MOXJIMBOCTI (ikCyBaHHA 1 OaraTopa3zoBOro
BIITBOPCHHS €TAJIOHHOTO MPOIECY pOOOTH MOXE OyTH
BUKOpHCTaHAa MYJIbTHMEiHA TexHika. B maHomy Bu-
MajIky BPaxOBYIOTHCS OCOOJNMBOCTI (DYHKIIIOHYyBaHHS
anapaTHO-TIPOrPaMHUX KOMIUIEKCIB 1 3a0e3nedyeThes
HaouHicTh HaBuaHHsA. OIHAaK 3aCTOCYBaHHS METONY
€TAJIOHHOTO JIUCIeTYepa BUMArae iCTOTHUX Marepialib-
HUX 1 YaCOBUX BUTpAT.

Jlis BCiX HaBEEHUX METOJIB XapaKTEepHO Te, L0
OCHOBHA yBara NpUALTSETHCS MOJIEIIOBAHHIO JTisUTBHOC-
Ti OKpEMHX JIMCIIETYEPiB, B TOH Yac sIK MUTAHHS PO3pO-
OKM METOMIB i 3ac00iB, IO 3aCTOCOBYIOTHCS JJIS BIOC-
KOHAJICHHS B3a€MOJIi aBiallifHUX JUCIETYEPIB B MPO-
neci 3acrocyBaHHs ACY, 3aIHINAIOTECA HEIOCTATHHO
JIOCITIJPKEHUMH.

HasiBHICTb MO3UTUBHUX CTOPIH 1 HEJOMIKIB y KOX-
HOT'O 3 PO3TJITHYTUX METOZIB I03BOJISIE 3pOOUTH BUCHO-
BOK IIPO Te, 110 IPH BAOCKOHAJIEHHI METOAMKU MOOYHO0-
BH MoJIeJIeH MisTbHOCTI ueproBoi 3minu P11, mortinbeHO
KOMIUIEKCHE BHMKOPHUCTaHHS DI3HUX METOJIB aHai3y
MpoIIeCiB poOOTH 3 ypaxXyBaHHSAM OCOOJUBOCTEH il
aBialiiHux aucrerdepis. [lpu BupilieHHI NMUTaHb 3a-
CTOCYBaHHS Mojenei misutbHocTi Ha PIIl HeoOXimHO
BpPaxoBYBaTH OCOOJMBOCTI MAiSUIBHOCTI Pi3HUX IMCIIET-
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4epiB i piBeHb iX MiAroToBKH. BinnoBigHO 10 AisIbHIC-
HOTro migxony st ueprosoi 3minu PJI1] moxna Buainu-
TH I’ SITh PIBHIB ITiJTOTOBKH.

[NouatkoBuii (6a3oBuil) piBeHb MOB’s3aHUH 13 3a-
CBOEHHSIM TOJIOBHUM YHHOM TEOPETUYHHX 3HaHb IPO
NPUHIOUIHA TOOYIOBHU, CKIaJ] i MOXKJIMBOCTI anaparypu
ACY, ocobnuBocTi 11 (yHKIIIOHYBaHHS B Pi3HUX PEXKHU-
MaX, OCHOBH eKcIuTyartanii ta 3actocyBanHs K3A. be3
HasIBHOCTI JIAHOT'O PIiBHA ITATOTOBKU IPAKTUYHO HEMO-
MKITUBHUI TIepeXiJ] 10 TONAIBIINX PiBHIB.

[lepumii piBeHb MiATOTOBKM aBialiiHOTO JHCHET-
4yepa, Tak 3BaHUi "yUHIBCHKUH'", BU3HAYAETHCSI BMIHHIM
IUSTA 32 IHCTPYKII€O (3 iHCTpYKIieo B pykax). Llei
PiBEHBb JOCTaTHIN AJIsI AisUIBHOCTI, HE 0OMEXEHOI XKopc-
TKUMH JIIMITAMH 4acy (HalpHKIIaJ, MPOBEICHHS OKpe-
MUX BUIIB POQIIAKTHYHUX POOIT 1 T.I1.).

Jpyruii, 611 BUCOKHI PiBEHB MiATOTOBKU Ha3H-
BaeTbes "anroputMivHUM". BiH BiIpi3HAETBCS THUM, IO
JcneTdep i€ 3a IHCTPYKIIEO, 32 IEBHUM aJITOPUTMOM,
3MICT SIKOTO 30€piraeThcsi y HbOro B mam’sti. B nanomy
BUIIAJIKy MiJIBUIYETHCSI ONEPATUBHICTD JiSUTBHOCTI, IO
€ CYTTEBUM ]IS AUCTIETYEPCHKOT pOOOTH.

Tperiii  piBeHp miaroroBku ("eBpHCTHYHHI")
TIOB’sI3aHUI 3 BUSIBIICHHSIM CUTYalii 1 3 BHOOpOM HE00-
X1JIHOTO B JNaHili cuTyallii aJropuTMy AisUTBHOCTI 3 0e3-
Jivi BizjoMux anroputmis. Llel piBeHb HEOOXiTHUHA ISt
KEpiBHHKIB MOJNBOTIB, IO JiFOTh B XOIi pOOOTH B yMO-
Bax MOTOKY Pi3HUX CHTYaIlil.

UerBepTuii, HAWBUINUIA PiBEHb MiATOTOBKH yMOB-
HO Ha3uBaeThes "TBOpumMM'. BiH M03BOJIsE BUpINIyBaTH
3aBJIaHHs JIOCIIAHUIBKOI Ta BUHAXIJIHUIBKOI POOOTH,
PO3pOOJIATH HOBI aIrOPUTMU il K JJIS BiTOMHUX, TaK 1
JUTSL HEBIZIOMHX CHTYAITiH.

3icTaBiieHHs! HABEJEHUX PiBHIB IATOTOBKH 1 MOX-
JIUBHX CHOCOOIB BiJITBOPEHHS aJTOPUTMIB MisIBHOCTI
(3a THCTPYKIIi€r0, IO TIaM’SATi, 3 MHOXXHHHU BiIOMHUX aJl-
TOPUTMIB, 3 MHO)KHUHU MOXKJIMBUX QJITOPUTMIB) ITOKa3ye,
IO 3pOCTaHHS PIBHS MiATOTOBKH IMOB’SI3aHO 3 POCTOM
HeBH3HAYEHOCTI Jiii. HaliMeHma cTyniHb HEBU3HAYEHO-
CTi IisUTbHOCTI Oyzie mpu poOOTi 3a IHCTPYKILi€rO, HalO1-
JIBIIA — TP PO3POOII HOBHX HEBIAOMHUX aJTOPUTMIB
ISAIIBHOCTI.

Takum ynHOM, [UIs peastizallii Mojesel AisIbHOCTI
13 3MIHHOIO CTPYKTYpPOIO HEOOXiJHA METOIUKA HaBYaH-

HS aBiallifHUX OUCIETYepiB 10 "TBOpUOro" piBHS M-
TOTOBKH.

BucHoBKMu

B xoni posrisiy cynepedyHOCTed B MpakTHII BJIO-
CKOHAJICHHS! JTiSUTBHOCTI YeproBUX 3MiH PaHOHHUX JAWC-
MeTYePCHKUX LEHTPIB 3’ SICOBAHO, 110 10 OCHOBHUX (hax-
TOpIB, SAKI BIUTMBAIOTh HA HEOOXIMHICTH BIOCKOHAJICHHS
npoteciB podoTtu dyeprosoi 3minu P/I1] mMoxxHa BigHec-
TH:

— BJIOCKOHAJICHHS TEXHIYHUX XapaKTEPUCTHK ITOBi-
TPSHUX 00’ €KTIB 1 NIUIBHOCTI TpadiKy HMOBITPSHOTO Py-
XY,

— 3pocranHs MoxumBoctedt ACY 1o pileHHo 3a-
BJIaHb YIPaBIIiHHS PI3HUMH CIIOCOOAMH;

— 3POCTaHHs OOCSTIB MOCIOHUKIB 1 KEPIBHUIITB, SIKI
HEeOoOX1THO BUKOPHCTOBYBATH B X0/ pOOOTH 3 00CITYyro-
BYBaHHsI [TOBITPSIHOTO PYXY aBialliifHOMY JUCIIETYEPY;

— YCKJTaIHCHHS MHUTaHb IIiATOTOBKU aBialliiHUX
JICTIETYEPIB 1 37aromKkeHHs yeproux 3Min PILIL.

AHani3 HayKOBO-METOIMYHOrO amapary, Lo 3a-
CTOCOBYETHCS s TOOYJOBU Mozenel poOOTH ueproBoi
smiad PJIIl, MO3BOJNMB BHSBHTH HACTYIHI HETONIKH
ICHYIOUOi METOJTMKH:

— MiAXiJ 10 BU3HAYCHHS PalliOHAJIBHUX il Yepro-
Boi 3minu P/II1 B 3amaHiii 00CTaHOBII TIILKA Ha OCHOBI
BapiaHTiB, 3a(piKCOBaHUX B. MOCIOHUKAX 1 HOPMATHUBAX,
He CTUMYNIOE (axiBI[B O BUSABJICHHS HOBHX, OLIBII
JIOCKOHAJIUX CITOCO0IB JisSIHHOCTI,

— BUKOPHUCTaHHS JIsl MOJICTIOBaHHS poOOTH Tpa-
(hoaHaTITUYHOTO METOAY B MOEAHAHHI 3 TEKCTyaIbHUMU
OITMCaMHU HE JI03BOJISIE BUSIBUTU KiJIBKICHI XapaKTepHC-
TUKH aJITOPUTMIB JISUIBHOCTI aBialliifHOrO AWCIeTdYepa,
IO YCKJIQJHIOE CIIBCTABJIEHHS Pi3HUX CHOCOOIB Miif i
MATOTOBKY MPOMO3HUIIH MIONO0 iX BJOCKOHAJIECHHS;

— 3AJTUIIAIOTHCS HEOCTaTHHO JOCIIKEHHUMH TH-
TaHHS OpraHi3aiii palioHATBHOI B3a€MOIIT aBialiiHUX
JUCIIETYEPiB MK COOOI0 1 MiXk ueproBoro 3miHow i K3A
B ITUHAMIIli pOOOTH;

— BIZIOMI METOIM 3aCTOCYBaHHS 3ac00IB peecTpa-
uii, 30epiranHs Ta BiATBOpeHHs iH(opmamii mpo airo-
PUTMHU B TIPOLECi HABYAHHS 1 3J1aro/KEHHS YEeProBHX
3MiH He 3a0e3MeuyloTh MOBHOI MIpOIO ITirOTOBKY aBi-
aIiifHUX JUCIIETYEPiB axK 10 TBOPUOTO PiBHS.
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AHAIN3 HAYYHO-METOIHUYECKOro anmnapara,
NPUMEHSIEMOT 0 IIs1 OLIEHKH M COBEPLIEHCTBOBAHMS AeSITeJIbHOCTH ABHAIMOHHBIX HCIIETYEPOB

. E. I'puiimanos, 0. B. lantok, @. A. bapuntok, P. B. Koponsos

IIpeamerom u3ydeHus B CTaTbe SIBJISIFOTCS IPOLECCHl NEATEIbHOCTH aBUALIMOHHBIX JUCIETYEPOB AEKYPHOU CMEHbI
pationHoro aucrerdepckoro nenrpa (PJIL) cucremsr o6cayxuBaHust BO3IyIIHOTO qBkeHH. LlesbIo sBisieTcs npoBeieHne
aHaJIM3a CYLIECTBYIOLIEr0 METOAMYECKOro ammapaTa, IPUMEHSEMOro Ui OLEHKU AEATEIbHOCTH aBUALMOHHBIX JUCIIETUEPOB
nexxypHoit cmeHsl PJIL] 1 ux B3auMoneicTBrsl Mex1y co0Oi M CpeACTBaAMHU aBTOMAaTH3alUK. 3agaqyM: IPOaHAIU3HPOBAThH IPO-
TUBOpEUUS B NIPAKTUKE COBEPILICHCTBOBAHUS AEATENBHOCTU AeXKYpHbIX cMeH PJILI; mpoBecTn aHanu3 HaydyHO-METOAMYECKOrO
anmapara, IPUMEHIEMOro Ul OLEHKU M COBEPIIEHCTBOBAHUSA NIESATEIBHOCTH ABUALMOHHBIX JUCIETYEPOB. AHAIM3UPYEMbIMU
MeTOJAMH SIBIISIOTCS: TPpaOaHAUTUIECKAI METOJ, METO/ CTPYKTYPHO-aJITOPUTMHUYECKOTO aHAJIN3a, METOJl CETEBBIX MOJENIeiH
JIeSITEIIFHOCTH, METOJI STaJIOHHOTO Jiicierdepa (MeTox konupoBanust). IlomydeHs! cienyromue pe3yabTaTsl. Onicad KOMILIEKC
HMH(OPMAIIOHHBIX MOJIeIIeH, HEOOXOANMBIX JUIsS ONHCAHUsI paboThI NexypHoi cMeHb! P/IL] n npe/ioxkeHbl BO3MOXKHEIE BapHaH-
ThI COBEPILUEHCTBOBAHMSI JIEMEHTOB MOJENEH esTenbHOCTH AexypHbIX cMeH PJIII. BeiBonbl. B pesynsrare paccMorpenus mpo-
THUBOPEYM B MPAKTUKE COBEPIIEHCTBOBAHMUS JESTEIBHOCTH JIEKYPHBIX CMEH PAHOHHBIX JHCIIETYEPCKUX IEHTPOB OBLIN BBISBIICHBI
(akTophl, BIMSIOIIME Ha HEOOXOIMMOCTH COBEpIICHCTBOBAHMS IPOLECCOB paboThl nexypHoi cmeHbl P/IL]. Anamm3 HaydaHO-
METOIMYECKOrO allapaTa, MPIMEHIEMOro JULsl TOCTPOSHMS MozieNelt paboThl iexkypHOi cmeHbl P/ILI, TI03BONMII BBISIBUTH HEKOTOPBIE
HEJIOCTATKU METOIMKH, IPUMEHAEMOM JUIA PEIeHHs JaHHBIX 3a/1a4.

Kamo4ueBble ciioBa: aBHaHHOHHBIﬁ JAUCIIETYEP; paﬁOHHBIﬁ I[HCHeT‘-IepCKI/Iﬁ LHEHTP; MOACIUPOBAHUC NACATCIIBHOCTU
ABUAITMOHHOI'O JUCIIETYCPA.

Analysis of scientific and methodical apparatus applicable
for evaluation and improvement of activity of aircraft controllers

D. Grishmanov, Yu. Danyuk, F. Baryliuk, R. Korolev

The subject matter of the article is the processes of the activity of air controllers on duty shift of the area control center
(ACC) of the air traffic services system. The goal is the analysis of the existing methodological apparatus used to evaluate the
activity of the air traffic controllers of the duty shift of the ACC and their interaction with each other and automation means.
The tasks are: to analyze the contradictions in the practice of improving the activity of the duty shifts of the ACC; to conduct
an analysis of the scientific and methodological apparatus used to evaluate and improve the activities of air traffic controllers.
Analyzed methods are: graphoanalytical method, method of structural algorithmic analysis, method of network activity mod-
els, reference dispatcher method (copy method). The following results were obtained: a complex of information models nec-
essary for describing the work of the ACC shift on duty is described and possible options for improving the elements of the
models of the activity of the duty shifts of the ACC. Conclusions. As a result of consideration of contradictions in the prac-
tice of improving the activity of the shifts of the district dispatch centers, factors influencing the need to improve the work
processes of the duty shift of ACCs were identified. An analysis of the scientific and methodological apparatus used to con-
struct models for the operation of the duty shift of the ACC allowed us to identify some shortcomings in the methodology
used to solve these problems.

Keywords: aviation dispatcher; district dispatch center; modeling of the aviation dispatcher activities.
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THE CONCEPTUAL MODEL OF THE CONSTRUCTION PROJECT
TAKING INTO ACCOUNT THE INTERESTS OF STAKEHOLDERS

The subject matter of the article components of the scope of investment and construction projects and the interests of its
stakeholders. The goal of the article is to develop the concept of application of the value approach while forming
construction projects. The article deals with the following tasks: the impact of the factors of the external and internal
situation of the construction project on the process of its management is analyzed, unsolved methodological problems in the
field of scope management reviewed, the conceptual model of the construction project is developed taking into account
socio-cultural factors. The following methods are used: the methodology of project management, the theory of
stakeholders, axiological and system approaches. The following results are obtained: the structure of elements of the scope
of the conceptual model of the construction project is developed, taking into account the interests of the stakeholders; the
influence of various factors on the scope of the construction project is considered; the environment of the construction
project is systematized, numerous factors are classified as external and internal, stable and variable one; the impact of
social and cultural factors on the construction project is analyzed; a set of stakeholders in investment and construction
projects was defined, this set is divided into groups of direct and indirect impact on the project scope. From the point of
view of the degree of the impact of stakeholders on the project and its objectives, indicators according to which
stakeholders have their own interests are determined. The scheme is constructed that shows the correspondence of
stakeholders to the areas of project interest. Stakeholder interests are suggested to be considered during the full life cycle of
the investment and construction project. The scheme of the spheres of the interests of participants in the investment and
construction project at separate stages of its life cycle is constructed. Conclusions: When forming the scope of investment
and construction projects, the axiological approach should be applied, that is, to take into account the interests of
stakeholders that affect the performance of the project during the whole period of the life cycle.

Keywords: social and cultural factors; construction project; project value; the interests of the project stakeholders; life

cycle.
Introduction The analysis of the problem
. . . . and available methods
Modern society increasingly requires that
professionals in the development of construction Construction in Ukraine is characterized by

projects be guided by their decisions, taking into
account the social and cultural factors and the
psychology of a consumer. This involves the fact that,
first, the designer should know the possibilities of
architectural and construction design in the context of
modern scientific and technological achievements and
the development of world culture and practice. Second,
the designer should know not only the object of their
activity but also the design process as a whole as well as
the issues of further construction and operation of the
created object. Also, the designer should understand that
a project is a social demand that bases on human
demands. The consumer of the project product is a
specific subject a residential, production or leisure
environment is created for. In addition, the change in
the social situation in our country affected the scope of
architectural and construction design

Social and cultural factors of the external
environment should be taken into account to ensure the
unique architectural integrity of new construction and
the existing one. Therefore, social and cultural problems
are the key factors of the external environment of
project implementation. However, at the moment there
are no means of assessing and analyzing the impact of
these factors on the scope of new construction projects
and there are no actual methods and mechanisms for
managing them to achieve the most acceptable result
from the implementation of the construction project.

significant risks of investment due to the fact that
legislation is imperfect, the participants of the process
are engaged in investing to a limited extent,
construction deadlines are failed to be met and so on.
The modern sphere of construction, in particular, the
industrial one, is regulated by a significant number of
legislative acts which are rather scattered and
contradictory. Most management theorists in the field of
construction projects focused on the goal-setting, the
improvement of production processes and the quality
control of their implementation [1, 2] but the key
problem of research has recently become the social and
humanitarian component in the project management.
Sociological achievements have shown an increased
interest in the human factor [3].

To assess potential conflicts of interest, the
assessment of stakeholder loyalty is conducted [4].
Stakeholder management is carried out on the basis of
an iterative procedure [5]. The issues of managing the
project implementation, its dynamics taking into
account the project stakeholders, are displayed in the 4R
& WS model [6].

Theoretical studies of stakeholders focus mainly
on identifying stakeholders in accordance with their
objectives and interests in the project or business and
discussing methods for achieving such goals [7].

When forming construction projects, the system
integration of existing standards and methods of project

© Dorokhina A., Starostina A., Artiukh R., 2018
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management is carried out. To regulate a set of
processes of the corresponding phase or sub-phase of
the construction object within its life cycle,
technological features of the project implementation, the
specificity of the working environment, the degree of
uncertainty, the level of criticality of changes and the
features of interactions among other phases are taken
into account [8].

Using project management tools, the theory of
stakeholder, evolutionary value theory, new methods of
managing investment and construction projects should
be developed. The satisfaction with the results of
construction projects by all its stakeholders should be
increased. The principle of balance of interests of all
stakeholders should be applied both within the
framework of a separate construction project and within
the framework of the whole city.

A significant problem is the limited number of
areas suitable for industrial development. There is a lack
of necessary energy, water and other resources and
infrastructure. For example, the construction of
infrastructure maintenance facilities requires vacant
areas, which are few. Industrial enterprises can hinder
the expansion of urban areas, in addition, require certain
sanitary protection zones. Placing them outside the
residential area is often a too expensive alternative.

Consequently, the management of investment and
construction projects in the field of industrial
construction in Ukraine faces today many difficulties.

The goal of the article is to develop the concept
of applying the axiological approach while forming
construction projects.

The article deals with the following tasks:

- a conceptual model of a construction project
taking into account the interests of stakeholders is
developed,

- the environment of a construction project,
stakeholders and their interests are systematized,

- the role of stakeholders at certain stages of the
project life cycle is determined.

Task solution

The project activity for creating real estate objects,
which is called the investment and construction
activities, includes the concept of capitalization of
investments and meeting the needs of consumers in real
estate objects implemented via capital construction as
well as meeting the needs and expectations of all project
participants. So, the article deals with investment and
construction projects, which are an investment company
limited by time and aimed at creating a new unique real
estate object, which should be available and used to
make a project valuable [9].

To build a conceptual model of a construction
project, a value-oriented approach should be used, this
approach involves identifying the interests of the project
stakeholders. The value of the project results should be
defined as the correspondence of these results to the
interests of those for whom these results are intended - for
project stakeholders. Therefore, the goal of the value-
oriented project management is to ensure the maximum
value of the project results for its stakeholders. The basic

components of the conceptual model of a construction
project are presented in Fig. 1.

Project internal
factors

Project external

factors

Project stakeholders

Areas of stakeholders’ interests

Stages of the project life cycle

WBS|project
structure
C /
Fig. 1. The components of the conceptual model
of a construction project

Let us consider the stated components. Numerous
project factors can be grouped into external and internal
ones. MPOEKTY MOJIISIETHCS HA 30BHIIIHI Ta BHYTPIIIHI.
The impact of various factors on the project scope is
presented in Fig. 2. Also, the stated factors should be
distinguished as stable and variable ones.

The stable factors include:

1. Natural and climatic factors:

- landscape geographical
conditions;

- sanitary and ecological factors.

2. Social and cultural factors:

- religion;

- the population homogeneity;

- the importance of cultural values, national

traditions and heritage;

- subculture.

3. Conditions of the construction site;

4. Town planning restrictions.

The variable factors comprise:

1. Technological:

- the degree of novelty of technologies and
materials;
- constructive systems and methods.
2. Architectural and artistic:
- experience of other projects;
- the level of urbanization;
- composition and artistic features of the
surrounding building area;
- homogeneity of development.

and geological
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Financial support

Conditions of the construction site

Town planning restrictions

Normative and legislative
requirements

Social and cultural

Political

Project scope

Competitive environment

Natural and climatic

Market requirements

Macroeconomic factors

Technological

Architectural and artistic

Fig. 2. The impact of external and internal factors on the project scope

3. Financial and economic:
- financial support;
- macroeconomic factors.

4. Political.

Market and competitive requirements.

It is especially important that some very significant
factors can be finally determined only much later, after
the goal-setting and business planning phase. These
factors are:

- town planning restrictions;
- normative and legislative requirements;
- special conditions of the construction site.

In addition to these factors, the impact of social
and cultural factors on the scope of a construction
project should be taken into account (Table 1).

In the project management, the process of goal-
setting is extremely important and represents the
formation of the project objectives - determining,
clarifying and agreeing to objectives of all project
participants [10].

The goal-setting process results in the unified
definition of goals that are understood by the project
participants. It is the interests of stakeholders that are
formed under the influence of the above factors.

Table 1. The impact of social and cultural factors on the scope of a construction project

Factors

Impact

Historical factor

Creates a favourable "zone" for reproducing and developing traditional culture.

Artistic factor

Inspires aesthetic perception. Restores local traditions in construction projects.

Spiritual and

moral factor elderly, unemployed).

Promotes the satisfaction of the spiritual and moral needs of various groups of the population (disabled,

Political factor

Creates a favourable or unfavourable situation with respect to investors. Aimed at enhancing the social and
political life and increasing the level of the competence of citizens in social and political issues. Involves
the general public in the process of local self-government to develop various ideas and concepts.

Natural and

climatic factor in the construction projects.

Helps to avoid bad errors in aesthetic, functional and economic errors

Ecological factor

Aimed at eliminating gaps between the man and nature.

Project stakeholders are understood as an
individual or a group of individuals, organizations that
are capable to affect the implementation of the project
within its life cycle or the project can affect them [11].
While building, the interests of certain stakeholders
should be taken into account and these interests cannot
be expressed economically. The interest of stakeholders
should be considered as economic, social,
psychological, resource and any other benefits they
expect from the project. The Standard for Project
Management PRINCE 2 (PRojects IN Controlled
Environments) focuses on satisfying a consumer and
involving them in managing the project.

Stakeholders as the subjects of construction
projects can be grouped as follows [12]:

1. Direct participation in the investment and
construction activities (they are the factors of the
internal environment):

- investors, developers, banking institutions;

- customers;

- builders;

- sellers, suppliers, contractors;

- designers;

- the project team.

2. Indirect participation in the investment and
construction activities (they are the factors of the
external environment):

- participants of the market infrastructure that
serve the main subjects of the investment construction
activities (insurance, realtor, consulting, intermediary
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companies), supervisory services and licensing
authorities (territorial authorities, local government, fire
administration, sanitary services, etc.)

- public organizations and public hearings
(including self-government organizations, environmental
organizations);

- mass media;

- consumers of construction products;
- owners of adjacent territories;
- competitors.

Considering the impact of stakeholders on the
project and its objectives, the indicators by which
stakeholders have their own interests should be
determined.

Among the interests there may be:

Stakeholders
Direct participation

- investors, developers,
banking institutions; <

- customers;

- builders;

- sellers, suppliers, <
contractors;

- designers; <

- the project team.

Indirect participation:

- participants of market
infrastructure; <
- government bodies and

licensing authorities;

- public organizations and
public hearings; a

- mass media;

- consumers of construction

products; L
- owners of adjacent
territories;

- competitors.

/Y

- financial indicators (cost per square meter, the
form of financing, the possibility of attracting loans,
state funds, etc.)

- space planning;

- engineering (energy saving, air conditioning,
protection against flooding, earthquakes, etc.)

- linked with the building location (transport,
insolation, climatic, etc.)

- legal (insurance, ownership of land, etc.);

- organizational (construction time, queueing and
start-up facilities, the choice of contractor, etc.) and so
on.

The relationship between the individual stakeholders
of the project and their interests is conditionally presented
in Fig. 3.

Interests

- financial;

- space planning ;

- engineering;

- linked with the building

ocation ;

- legal;

- organizational

Fig. 3. The example of the interests of project stakeholders

The interests of stakeholders are suggested to be
considered from the point of view of the business, social
and public environment that is interested in housing
construction and within the full life cycle of the
investment and construction project.

But such functions as state control, the supply of
resources, registration of property rights and so on will
remain external elements of the system with regard to
the project. All these elements are the project
stakeholders.

The interests of the community in the area where
the construction is planned are often left without

attention. After all, new construction will create an
additional burden on the transport, social and engineering
infrastructure of the district. All this can worsen the
living conditions for citizens. The reasons for the risks
and failures of construction fall mainly on the initial
pre-investment phase of the life cycle of projects. The
construction of the vast majority of such “problematic”
facilities is suspended or not conducted at all due to a
lack of funds from the company-builder. The source of
such funds could be a private investor - an individual
who would invest in construction. The causes of risk are
also the use of “shadow schemes” in the activities of
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construction organizations, unskilled workers who are
engaged in repair and construction, deceiving investors
with advertising promises. That is, any investment is a
risky activity.

One company is developing a construction project,
the second company is building it, the third one is

Spheres of stakeholders ’interests

financing the project, the fourth is maintaining
deliveries, the land plot belongs to the fifth party, other
companies are providing services and resources,
somebody else is using the constructed object and so on.
That is, stakeholders must realize their interests at
various stages of the project lifecycle. (Fig. 4).

Project team

Owners of adjacent territories

Organization of State Administration

Investor

Designing organizations

Construction
organizations

Construction
organizations

Operating
organizations

o @ ‘ 0

Stages of the construction project life cycle

Removal out of

operation

Fig. 4. Spheres of interests of the participants of the investment and construction project

The scheme shows that such project stakeholders
as designers, builders or operating organizations interact
with the project only in a certain period.

Thus, the interests of stakeholders at each phase of
the project should be taken into account already when
the project scope is formed. These interests should be
reflected both in the generalized parameters of the
project and when planning individual project activities.

Conclusions

The article describes the structure of the elements
of the conceptual model of the construction project
taking into account the stakeholders. The impact of
various factors on the scope of the construction project
was considered. The environment of the construction
project was systematized and numerous factors were
classified into external and internal, stable and variable
ones. The impact of social and cultural factors on the
scope of the construction project is analyzed.

A set of stakeholders of investment and
construction projects is determined, this set is divided
into the groups of direct and indirect impact on the
project scope. From the point of view of the degree of
impact of stakeholders on the project and its objectives,
indicators by which stakeholders have their own
interests are determined. The scheme that shown how
stakeholders correspond to the areas of project interests
was developed.

The interests of stakeholders are suggested to be
considered within the full life cycle of the investment
and construction project. The scheme of the spheres of
interests of the participants of the investment and
construction project at separate stages of its life cycle is
constructed.

In the future, the suggested elements of the
conceptual model will be formalized and the method for
assessing stakeholder interests and their impact at the
stages of the life cycle of the project will be developed.
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Konnenrtyansna mozesb npoeKkTy OyAiBHHITBA 3 ypaxXyBaHHsIM iHTepeciB cTeiikxoaepis
A. A. JlopoxiHna, A. 1O. Crapocrina, P. B. Apriox

IIpeqmerom nOCHUKEHHSA B CTaTTi € CKIAIOBI 3MICTY iHBECTHLIHO-OyIiBENbHUMX IIPOEKTIB Ta IHTEpeCH HOro
creiikxonnepis. Mera poGoTH - po3poOka KOHILEMLIi 3aCTOCYBaHHS LIHHICHOrO migxoxy npu (opMyBaHHI OyIiBenbHHX
IpoeKTiB. B crarTi BUPILIYyIOTBCA HACTYIHI 3aBJAaHHA: aHAli3 BIUIMBY (DAKTOPiB 30BHILIHBOIO Ta BHYTPILIHBOI'O OTOYEHHS
OyIiBeNBHOrO MPOEKTY Ha MNpOLEeC HOro YMNpaBiliHHA, OIS HEBMPILICHUX METOHONOriYHMX IpolieM y cdepi ymnpasiiHHA
3MiCTOM, pPO3pOOKAa KOHLENTYalbHOI Mozesi OyaiBeNIbHOrO IPOEKTYy 3 YpPaXxyBaHHSIM COLIOKYJIBTYPHUX (DaKTOpiB.
BuKOpUCTOBYIOTBCS Taki METOAM: METOAONOr] YNpaBiIiHHSA POSKTaMH, TEOpisl CTEHKXO0NepiB, Teopisd LiHHOCTeH, CUCTeMHHI
miaxig. OTpuMaHO HACTYNHI pe3yJIbTaTH: PO3POOJICHO CTPYKTYPY €JIEMEHTIB 3MICTY KOHLENTYalbHOI Mozeini OyIiBeiabHOro
MPOEKTY 3 YPaxyBaHH:IM iHTEpeciB CTeHKXom1epiB. PO3risiHyTO BIUIMB pi3HOMaHITHUX (aKTOpiB Ha 3MICT NPOEKTY OyaiBHUIITBA.
IIpoBeneHo cucreMaTH3alLilo OTOYECHHs OYIiBENbHOrO HMPOEKTY y BUMNIAA Kiacudikauii MHOXMHM ()aKTOpiB Ha 3OBHILIHI Ta
BHYTpIlllHI, Ha cTaOUIbHI 1 3MiHIOBaHI. [IpoaHani3oBaHO BIUIMB COLIOKYJIBTYPHUX YMHHMKIB Ha 3MicT OyHiBEIBHOTO HPOEKTY.
BusHaueHO MHOXUHY CTEHKXONJEpiB IHBECTULIHHO-OY/IiBENbHUX MPOEKTIB, SIKY MOAIIEHO Ha IPYNU NPSMOrO Ta HENPSIMOro
BIUIMBY Ha 3MICT NPOEKTY. 3 TOUKH 30pY CTYNEHIO BIUIMBY CTEHKXOJIAEPIB Ha MPOEKT Ta HOro Lijli, BU3HAYECHO NOKAa3HUKH, 3a
SKMMH CTEHKXOJIIEpH MaloTh BiacHi iHTepecu. I1o0ynoBaHO cxeMy BiZIOBIIHOCTI CTEHKXOJIEPIB 30HAM IHTEPECIB IPOEKTY.
3anporoHOBaHO PO3IIIAAATH IHTEPECH CTEHKXONJEepiB Ha NPOTA3i MOBHOrO JKUTTEBOrO LMKIY iHBECTHLIHHO-OYIiBEIBHOrO
npoekTy. [loOynoBaHO cxeMy cdep iHTepeciB yJacCHUKIB IHBECTHI[IHHO-OYIIBENBHOIO IPOEKTY HAa OKPEMHX erarax Horo
KUTTEBOro LUKITy. BucHoBkm: IIpu gopMyBaHHI 3MicTy iHBECTHIIHHO-OyIiBEIbBHUX NPOEKTIB CIiJ] 3aCTOCOBYBATU LiHHICHHI
mizxig, ToOTO BPaxOBYBAaTH IHTEPECH CTEHKXOJAEPIB, fKi BIUIMBAIOTh HAa BUKOHAHHA POOIT INPOEKTY HPOTArOM  yChOrO
KUTTEBOTO LIUKITY.

Karo4dosi cioBa: comianbHO-KyJIbTYpHI (akTopy; npoekT Oy[diBHULTBA; LIHHICTH MPOEKTY; IHTEPECH CTEHKXOJIAEPIB
MPOEKTY; XKUTTEBUI LIUKIL.

KonuenryajabHasi MoJe/Ib IPOEKTA CTPOUTEILCTBA C Y4eTOM HHTEPECOB CTEKX0/11epoB
A. A. lopoxuHa, A. FO. CrapoctuHa, P. B. ApTrox

IIpeaqmerom uccienoBaHUs B CTAaThe SBISIIOTCS COCTABIIAIONINE COJEPIKAHMS MHBECTHIMOHHO-CTPOUTEIBHBIX NPOSKTOB U
uHTepechl ero creiikxonnepos. Ileqp pabGorel - pa3zpaboTka KOHLENUMM IPUMEHEHUS ILIEHHOCTHOIO HOAXOIa IIpU
(OpMHpPOBaHUM CTPOUTENBHBIX MPOEKTOB. B crarbe pemrarorcs ciepyrolmue 3aJa4vd: aHAIU3 BIMAHUS (AKTOPOB BHEIIHEH M
BHYTPEHHEH Cpe/ibl CTPOMTENBHOI0 POEKTa Ha MPOLECC ero YIpaBiIeHus, 0030p HEPELUIEHHbIX METOIOIOIHYECKUX Mpo0iIeM B
cdepe ynpasieHus cofepxKaHueM, pa3paboTka KOHLENTYAIBHONH MOZIENH CTPOUTEIBHOIO MPOEKTa C YUETOM COLHOKYJIBTYPHBIX
¢baxropoB. Mcnone3yrorcs clefyronue MeTOAbl: METOAONOIMH YIPABICHUs IIPOSKTaMM, TEOpHs CTEHKXOIIEepOB, TEOpHUs
LIEHHOCTeH, cucreMHblil moxxon. [lomydeHsl cnepyromme pe3y/abTarbl: pa3paboTaHa CTPYKTYpa 3JIEMEHTOB COICPIKAHMS
KOHLICTITYaJIbHOW MOJIENN CTPOUTEIBHOrO MPOEKTa C y4eTOM CTEHKXOonaepoB. PaccMOTpeHO BiusiHME pa3iuyHbIX (akTopoB Ha
coJlepKaHKe IIPOeKTa cTpouTenbeTBa. [IpoBeneHa cucteMaTH3alys OKpPYKEHHS! CTPOMTEIIBHOrO IIPOEKTa B BUAE Kiaccudukamu
MHOXeCTBa ()aKTOpOB Ha BHEUIHME M BHYTPEHHHME, Ha CTa0wibHble W M3MeHseMble. [IpoaHanM3MpOBaHO BIMSHUE
COLIMOKYJIBTYPHBIX ()aKTOPOB Ha COZIEpP)KAaHUE CTPOUTENBHOro IpoekTa. OrmpeneneHbl CTEHKXONAEPbl HHBECTHIOHHO-
CTPOUTEINBHBIX NIPOEKTOB, KOTOPBIE pa3/ielieHbl Ha TPYMIIBI NIPSMOr0 U KOCBEHHOI'O BIMSHUA HA cojepkaHue npoekra. C TOUYKH
3pEHHs CTENEHU BO3/CHCTBUSA CTEHKXOJIEPOB Ha MPOEKT U €ro LIEJH, ONpPEe/ETIeHbl I0Ka3aTelt, 110 KOTOPbIM CTEHKXONIeph
HUMEIOT COOCTBEHHBIE MHTEpechl. I10CTPOEHO CXeMy COOTBETCTBUS CTEHKXONIEPOB 30HaM MHTepecoB mpoekra. [IpemioxkeHo
paccMaTpuBaTh MHTEPEChl CTEHKXONJEPOB B TEUEHME IOJHOIO XHM3HEHHOrO LIMKJIA MHBECTULMOHHO-CTPOUTEIBHOIO HMPOEKTA.
IMoctpoena cxema cdep MHTEPECOB YYaCTHUKOB WHBECTHIMOHHO-CTPOMTENIBHOIO IPOEKTa Ha OTACIBHBIX I3Talax ero
KU3HEHHOro Lukia. BeiBogbl: Ilpu ¢dopmMupoBaHMM cOzLEp)KaHUS WHBECTHILMOHHBIX CTPOMTEIBHBIX IIPOSKTOB CIIEIYeT
NPUMEHATh LIEHHOCTHBIH IOJXOZ, TO €CTh YYUTBHIBATH MHTEPECHl CTCHKXOJIAEPOB, KOTOPbHIE BIUSIOT HA BBINOJHEHHE PaboT
[POEKTa Ha NPOTSHKEHUH BCETO KU3HEHHOrO LIUKJIA.

KawoueBnle cJioBa: COLNAJIbHO-KYJIbTYPHBIC (baKTOpLI; IIPOCKT CTPOUTCIILCTBA; LCHHOCTH IIPOCKTA; HHTCPECHL
CTeﬁKXOJ'[L[epOB IIPOCKTa; JKU3HCHHBIN THUKII.
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SMIINAHA HECYIIEPEYHICTDH JAHUX
Y BATATOXMAPHUX CUCTEMAX

VY GaraToxMapHHUX CHCTEMaX 3aJIMIIAETHCSA MPOOJIEMOIO MiATPUMKA aJaANTUBHOIO PiBHS Y3TOJUKCHOCTI JIAHUX, SIKIIO BOHU
PO3TaILOBaHI B JaTa-LEHTPAX Pi3HUX BIACHUKIB, TOMY NMPeIMETOM BHBYEHHS B CTATTi € MOJICIIb 3MillIaHOI HECylepeyIn-
BOCTI JTaHUX JUISL TAKOTO POJY MPOEKTiB. Bimomi Mozesni HecynepeyHOCTi TaHMX, 3aCHOBaHI Ha MPUITYIIEHHI, 0 HE IS
BCIX JJAHUX HEOOXiJHUI OHAKOBHUH PiBEHb CTPOrOCTi HECYIIEPEUHOCTI, HE MAIOTh MAPaJAUTMU, 110 JI03BOJIIE BUKOPUCTOBY-
BaTH iX JuIs 6araToxmMapHux cucreM. MeTor podoTH € po3podKa aganTUBHOI MOJENI 3MilIaHOI HeCYIepeyHoCTi. 3aBaaH-
HSl, SIKe BUPILIYEThCA B CTATTI: hopMaizyBaTy npouenypy GpopMmyBaHHs 6araTomapoBoi BKJIaJICHOT KapTH HECYNepe4yHOCTI
JIAHHMX, PO3TALIOBAHMX B XMApHUX CUCTEMAaX Pi3HHX BJIaCHHUKiB. MeTogaMu BUpIILCHHS 3a/[a4i €: IPOTOMOJICKYIISIPHUM TTi-
Ixin, rpadoBuit METOMI, MaTeMaTH4He MoJeItoBaHHA. OTpUMaHi pe3yJbTaTH: IPOTOMOJIEKYISIPHUN MiIXi/ 103BOJIUB Co-
pMyBaTH MoJielb 0araTolapoBoi KapTH HECYNepeuHoCTi AaHuX. Po3pobieHo MeTpUKy Ul KOXHOI HEeNOALIBbHOI OMHMI
MOJiei, 0 NpeJCcTaBiIsie cOO0K KOPTEXK 3 PaHTy HECYIIEPEUHOCTI, IHTepBaIy 3MiHH PAHTY i CTYNCHS BIUIMBY OHOBJICHHS
JIAHUX OZHI€T ofMHULI faHuX Ha iHmi. [Tpu noOynoBi Moaesi BpaxoBaHa MOXIIMBICTh YIIPaBIIiHHS PO3POOHUKAMHU IIPOSKTY
HEOOXI1ITHUM CTYIIEHEM CTPOrOCTi HECYNEepPEeUHOCT] JAHUX 3aJISKHO BiJl ceMaHTHKH npoexty. I[lepenbauena MOXKIMBICTD aB-
TOMATHYHOI IMHAMI4HOI aJlanTalii CTyHeHIO CTPOrocTi HECYNepeyHOCTi JaHUX B Ipoleci (yHKIIOHYyBaHHS NpoeKTy. Bu-
CHOBKHM: HAYKOBa HOBM3HA OTPUMAHHX PE3y/IbTaTiB IOJIATAE B PO3POOIECHOMY IIPOTOMOJIEKYIAPHOMY MiAX0Ii 10 GpopMy-
BaHHs 0araTolapoBOl KapTH HECYNIEPEWINBOCTI JaHNUX, PO3TALLIOBAHUX B JlaTa-LIEHTpax Pi3HUX BIACHUKIB XMApPHUX CEPBi-
ciB. CTBOpEHHs 1 MiATPUMKA 3aIPOINIOHOBAHOI aJaTUBHOI MOJIENIl 3MillIaHOI HECYNEPEeUHOCTI JAaHUX BUMArae JI0faTKOBUX

i BiJl pO3pOOHUKIB POEKTY, aJle J103BOJISE 3HU3UTH BaPTICTh i ATPUMKH XMapHHUX CEpBICiB.

KawuyoBi ciroBa: 6araToxMapHicTh; 3MillIaHa HECYIIEPEUHICTh; KapTa HECYIIEPEYHOCT] IPOEKTY.

BecTtyn

Po3BuTOK 1 BIpOBaPKEHHS! XMapHUX TEXHOJIOTIH €
OCHOBHHUM TPOrHO30BaHUM TpeHaoM y cdepi IT ocran-
HiX pokiB [1, 2]. AnaniTuky kommasii International Data
Corporation, IO CHEIai3yeTbCsl Ha JIOCHIIPKEHHSX
PHHKY iHQOpMaUiHUX TEXHOJIOTIH, IOB'S3YIOTh IfO
TEHJISHIIII0 3 MOUIMPEHICTIO 0araToXMapHOCTI 1 Ti0pu-
HUX XMapHUX CUCTEM, SIKi JO03BOJATH OUIBII IOBHO i
e(EeKTUBHO 3aJIOBOJLHATH ITOCTII{HO 3pOCTalodi MOTpe-
Ou B OOCIYroBYBaHHI BEIUKUX JaHHUX 1 TIOOATBHUX
BeO-cepBiciB [3].

[lin OaraToXMapHOI CHUCTEMOIO B JaHiii poOOTi
MAa€ThCsI Ha yBa3i XMapHa CHCTeMa, 110 KOMOiHYe cepBi-
cH, sIKI HaJleXXaTh pi3HUM IIpoBaigepaM, B TOH 4Yac sK
ribpuaHa XMapHa cucreMa MoXke 00'eIHyBaTH IPHUBATHI
Ta IMyOJIivHI XMapH OIHOIO BJIAacHHKA CepBiciB. Y Ti0-
PUIHIA XMapi BUKOPUCTaHHS 3arajbHOi OpKecTparii
CepBICIB 1 JIOAATKIB [O3BOJISE IEpEMilllaTH HaBaHTa-
JKEHHsSI MDDK TIPUBATHHMH Ta MyOJIYHHUMHU XMapamH Ofi-
HOTO mpoBaiinepa [4].

[poBimHi XxMapHi npoBaiinepy, Brmoyaroun AWS,
Azure, Google, IBM, Oracle, Mirantis, Red Hat i
VMware, KOHKYpYIOTb 32 KIIIEHTIB, SKi TIEPECHOCATH CBOL
poboui HaBaHTa)KeHHS B TiOpWAHI XMapHi cepeoBHIIa
[5], mpore Bce wyacTiimie O3BYYYETHCA HEOOXIIHICTH
OITpaIfOBaHHs KOHILEMIii 0araToXMapHOCTI Ta 3araib-
HOi €KOCHCTEMHM KOMITaHiH, IS AKOi MOTPiOCH HE Tilb-
KM OUTBIN 3arajbHUM map abCcTpaxiii, o0 MOXe MOE-
HATH pi3Hi cepenopuia [6 — 8], a I creriayibHi cepBicH,
3/aTHI 3a0e3neyyBaTy eeKTHBHE YIpaBIIiHHA OaraTbMa
xmapamu [5]. Jleski koMmaHii ByKe 3asiBHJIHM IPO CTBO-
PEHHsI Pi3HHX IHCTPYMEHTIB, NMPHU3HAYEHHUX JJIS TOJIIl-
LIEHHS 1HTerpaiii XMapHHUX CEPBICIB Pi3HUX BIIACHHUKIB.
Tak, Hampukiaa, koMaHma po3podku Kubernetes, 1o
po3BiBae mathopMy Uil OPKECTPOBKH KOHTCHHEPIB 3

HaJIaHHSAM OLIBII BHCOKOTO piBHs aOCTpakiii, HiX Tpa-
IUHiAHI TaTGopMH YIpaBIiHHS XMapaMmu, Jojana B
HOBY BEpCIIO0 CBOTO MPOrpaMHOro 3a0e3neucHHs (QyHK-
i, sIKi JTO3BOJISIIOTH CTOPOHHIM IIpoBaiinepam 30epi-
TaHHI JIOJJaBaTH CBOI IUIATiHU B KJacTepH poO0Y0i KOH-
¢irypauii [9].

OpHak, OanaHCyBaHHS IPOAYKTHBHOCTI 1 JOCTYII-
HOCTI, SIK 1 MATPUMKA aIallTHBHOTO PiBHS Y3TOKEHOC-
Ti B I[MX MacHITa0OBaHUX O0'€KTHO-OPIEHTOBAaHUX, Oa-
raToBY3JIOBUX 200 KJIaCTepHMX OaraToXMapHHUX CHCTe-
Max 3aJIUIIAEThCs mpoodiiemoro [10].

Came ToMy po3poOKa MOJIEII 3MIllIaHOI Hecymepe-
YHOCTI JaHMX, IO e(pEeKTUBHA B CEPEIOBUILI Pi3HUX
BJIACHHMKIB XMapHHX CEpBICIB € Iy)K€ aKTyaJbHUM 3a-
BIAHHSM.

AHani3 Jitepatypu. Mojenb HeCynepedHOCTi
JIAHUX € OCHOBOIO MEXaHI3My OHOBJIEHb B CHCTEMax
XMapHUX 00YUCIIEHb, TOOTO SIK, IO 1 KOJIM OHOBJIIOBATH
(akTHYHO BU3HAuYa€ e(EeKTUBHICTH HaTa-IeHTpiB. [Ipu
Oynp-sikoMy THIi XaaS MOCIyr BIACHUK XMapu TapaH-
Tye KJIi€eHTaM oOpaHHid piBeHb HaAIHHOCTI, TOOTO ITOBH-
HEH BUKOHYBaTH pPE3EpPBHE KOIIIOBaHHS/PEIUTiKaIiO
JAaHUX KIIIEHTA, OTXKE, MIATPUMKA JIOCTATHHOTO JIJIS
KJIIEHTa PiBHS HECYNEPEYHOCTI TaHWX Ha BCIX peruTikax
€ TapaHTOM HaJIIHOCTI BCi€T XMapHOi CHCTEMH.

MynbTHXMapa J03BOJsI€E KOMIOHYBaTH XMapHi
CepBiCH pI3HUX BJIACHUKIB 0e3 1X 00'€THAHHSA, TOMY
eQeKTUBHICTh POOOTH Y I[OMY OTOYEHHI OaraTto B YOMY
3aJIOKHTH BiJI IPABUIILHOTO YIIPABIIHHS IaHUMHU.

BukopucraHHs 6araToXMapHUX CHCTEM MOPOIKYE
CKJIAJIHOCTI 3 Y3TO/KEHICTIO JaHWX Ta IOUIMPEHHIM
OHOBJICHb, 1HINIHOBAHUX KJIIEHTOM, TOOTO ITiBUIIYETh-
Csl PU3UK OTPUMAaHHS KOPUCTYBayaMH 3acTapiiux ado
HEBIPHHUX JaHUX, HANPHKIAJ, SKIIO YaCTHHA HECTPYK-
TYpOBAaHOTO KOHTEHTY 30€piracThcs Ha AEKIJIbKOX BY3-
nax.

© Kosina O. A., Crpatienko H. K., 2018
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3MaraHHs 3a HOBUX KIIIEHTIB XMapHUX CEpBICIB,
SIKUM IIPOIIOHY€ETHCS BHCOKHH CTYIIHb Y3TO/KEHOCTI
JIaHUX, TTPU3BENIO JO MiIBUILEHHS KUTBKOCTI orepauii 3
HaJIaHHS BUCOKOI JIOCTYITHOCTI 1, BiJITIOBITHO /1O BUCOKOI
co0iBapTOCTI XMapHHUX IOCHYT. [xes mpo te, mo He Bci
JlaHi BUMAararoTh OJHAKOBOT'O PIiBHS Y3TO/DKEHOCTI €
BiJIIIPaBHOIO TOYKOIO B 0araTthboX BiJIOMHX pOOOTax Mo
CTBOPEHHIO 3MIIIaHUX MOJENeH HeCYIIepeYHOCT] TaHuX
[11,12,13].

LIi poboTu mpuCBsiUEHI CTBOPEHHIO HOBHX METPHK
a0o0 MONIYKy KOMIPOMICY MiX JOOpe BiJOMHMU KJIacH-
YHUMH MOJIEJISIMH HECYIIEPEYHOCTI MPH BUKOPUCTAHHI
naHux [14].

VY poborti [12] npu nodymoBi Mozeni Oe3nepepBHOL
HECYINEePEeYHOCTI BUKOPHUCTOBYEThCS TPUBHMIPHUI BEK-
top ( «I[Tomunka umcnay», «[lommiaka nopsaky», «3a-
ctiit»). [Tapamerp «Ilomunka yucia» BKka3ye Ha 3arab-
HY Bary omnepariii 3anucy, siki MOXXyTh OyTH BUKOHaHi B
yCiX pernTikax O OHOBJIGHHS AaHOi perntiku. [lapamerp
«[Tomunka nopsiaKy» oOMeEXye KUTBKICTh omepamnii 3a-
MUCY, SIKIi MOXKYTh 3aJIMIIMTHCS HEBPETYJIbOBAaHUMH Ha
Oynb-sKUH PeInIil, a mapaMeTp «3acTii» oOMexye Jac
3aTPUMKH y MpOCyBaHHi peruiik. Taka Mozens Hecyre-
peyYHOCTi JaHUX MOXKe OyTH e(EeKTHBHOIO Ui OHOB-
JIeHb, 1HINIHOBAaHUX cepBepoM Y onHii xmapi. [Ipu npo-
My Ma€ThCS Ha yBasi, MO ONHA PEIIiKa MiCTUTh JIaHi,
JUIL Y3TOIDKEHHS SIKMX ITJXOJUTh OIHAKOBHU piBEHb
HECYINepe4HOCTI.

VY mmpoko Bimomiit mpani [15] mozaens Hecymepe-
YHOCTI MOB'A3YETHCS 31 BapTICTh €KCIUTyaTalliiHUX BU-
Tpat JaTa-lEeHTPY 3 HaJaHHSI 0OpaHOro PiBHI CYBOPOCTI
HECYIEPEWIMBOCTI MaHUX B XxMapi. J[JIs mporo maHi mo-
IUISIOThCs. Ha TpU Karteropii: A, B 1 C. Jlns manux 3
Kareropii A TOBHHHI 3a0e3nevyyBaTHCsl HaiicyBopimi
rapaHTii y3roJPKEHOCTi, a 3HaYUTh 1X OOCITyroBYBaHHS
Mae HaWBUIy BapTicTh. [ manux 3 kareropii C Mox-
Ha 3a0e31eyyBaTH MiHIMaJILHUHN PiBEHb HECYNIEPEYHOCTI
3 HU3BKOIO BapTicTiO omepartiii. st maHux 3 xateropii
B, piBeHb HecynepedHOCT] SKHX MOX€E OyTH 3MiHEHO B
MPOLIECi PO3BUTKY MPOEKTY, 3alpOIOHOBAHI MOJITHKH
HOPMYBaHHs HECYIEPEYHOCTI Ha OCHOBI IMOBIpHICHHX
rapanTiii (IpOLEHTHICH) 3 BUKOPUCTAHHSIM YacCOBOL
CTaTUCTHUKH.

B poGori [16] mis BUAiIEHHS OJHAKOBHX PIBHIB
HECYNEepevYHOCTI B MEpEXEBUX irpax Kiacy cTpaTerii
peanpHOro 4acy pospobieHa moxmenb VFC. Mopens
Hecynepeunocti VFC 0a3yerscs Ha BekTopi K = (0, o,
V), KUl BU3HAYa€ MaKCUMaJlbHEe 3HAUYEHHS OOMEXEHb:
3a vacoM (0), TOOTO iHTEpBal B CEKyHIAX, MPOTATOM
SIKOTO 00'€KT MO)KE KOPEKTHO BHUKOPHCTOBYBATHCS Oe3
3aCTOCYBaHHS IOHOBJICHHSI; 10 MOCIiOBHOCTI (G), TOO-
TO KIJIBKICTIO OHOBJIEHbB, IKi 00'€KT MOXKE HPOITYCTHTH;
0 3HAYEHHIO (V), TOOTO. MPOIICHTHA BIAMIHHICTH MIXK
MOTOYHUM 1 OHOBJIEHMM 3MicTOoM AaHux. [lpum mpomy
PEKOMEHAYEThCS BHKOPHUCTOBYBATH CEMAHTUYHHU TMO-
I ITpOBUX CBITIB Ha 00JIACTI MEHIIOr0 PO3Mipy, sIKi
3a3BHYall peai3oBaHO 3a JOIOMOrOl0 MOpTaliB abo
TYHEIiB, Uil YIPYIOBaHHS O0'€KTIB 3a PIBHSAMH HeECy-
MIePEYHOCTI.

Jis camux 00'€KTiB TUITY TOPTaJ/TyHEIb MPOIO-
HYETHCSI BUKOPUCTOBYBATH OJIHAKOBHIA, aye Oinpli ca-
OKHi piBeHb HECYIIEPEUHOCTI, a IS, HAIIPUKIIA, TI0TO-

YHOI'0 PO3TAIlyBaHHS reposi — OUIbII CyBOpUIl piBEHb.
Ile, Tax 3BaHUil, TOPU3OHTAIBHUHN MiJXIJ 10 BUAUICHHS
o0acTeil HeCynepeYHOCTi.

BoueBuap, 1o icHye 0arato iHIIUX THUIIB JaHHX,
[0 PO3TAIIOBAHO MYJbTiXMapax, Ui KOTPUX HE MOXK-
JIUBO BU3HAYMTH JOMYCTHMHUHN Yac iICHYBaHHS JaHHUX 0e€3
OHOBJIEHHST a00 BKa3aTH KiJIbKICTb OHOBJICHbB, SIKI MOXK-
Ha MPOIYCTHTH 0O€3 IIKOAU JUIa POOOTH BiTaJICHUX
KJIIEHTIB 11O BCHOMY CBITY.

B po6Gori [17] nporoHy€eThCs MOIENb Hecyeped-
HOCTI SK cepBic — consistency as a service (CaaS)
model.

Jus GararoxmapHux cucteM Monenb CaaS, mo
chopmynbpoBaHa B [17] 3 BUKOPUCTAHHIM BiJAMITOK TJI0-
0ampbHUX TOJUH, HE MOXKe OyTH peai3oBaHa, MPOTE ca-
Ma ijes BUIIJICHHS MapaMeTpy HECYINEpEeYHOCTI TaHUX
SIK OCHOBH apXiTEKTypH O0araTOXMapHUX CHCTEM BHIJIS-
JIa€ Iy’Ke TepCICKTUBHOO.

KapTta Hecynepe4HoCTi

Po3pobnena Mozpenb 3MilIaHOI HECYIEPEYHOCTI
JAaHUX JUIs OaraToXMapHHX CHCTeM 0a3yeThCsl Ha Marli
PIBHIB HECYNEPEYHOCTI, 10 aJaNTUBHO 3MIHIOETHCS B
mpo1eci po3BUTKY MpoekTy. OcoONIMBICTIO KapTH Hecy-
MepeYHOCTi JaHUX TMPOEKTY, IO MPOMOHYETHCA, € Bpa-
XYBaHHS HE JIUILE PAaHTiB HECYIIEPEYHOCTI 00'€KTIB, aje
i CTYIHb BIUIMBY OHOBJICHB, IIIO BiIOYJIHCS B OIHOMY
00'eKTi Ha 3aJeXHI JaHi.

BximHUMU JaHUMH IJ1s1 CTBOPEHHS KapTH Hecyrie-
PEYHOCTI MPOEKTY € TaOJUIs PaHriB THX MOJENeld He-
CyINepeyHO T, SIKi MOXXYTh OyTH peaii3oBaHi BiJIOBi-
HO 10 THITYy 0a3¥ JaHMX, 110 BUKOPHUCTOBYIOTHCS B KOXK-
Hill XMapHi# cucreMi. s KOXXHOI MOJEN Hecymeped-
HOCTi HEOOXIIHO BCTAHOBHTH JICSIKUI YMCIIOBHH EKBiBa-
JIEHT CTPOrocTi p, , 3 Aiamasony O ... 1, ne 1 — cyBopa
MoJIeb HecymnepewtnBictb, 0,1 — HalicmaOmia Mojeib
HECYINepe4HOCTI.

VY Tabnuiro MOXKyTh OyTH BKIIIOYEHI SIK KIaCHYHI
MOJIeJTi HeCYIIEPEYHOCTI Opi€EHTOBAHI Ha JaHi, TaK i Mo-
IlelTi, OpieHTOBaHI Ha KIII€HTA, HE3aJC)KHO BiJ TOrO Ha
SIKMH TIPOTOKOJI TOLIMPEHHS OHOBJIEHb BOHH pO3paxo-
BaHi (pocyBaHHs a0o BurydeHHs1). KinbkicTe Moneneit
HECYNEepevHOCTI JaHuX, sIKi MOXYTh OyTH peaii3oBaHi
Ha cepBepax JaTa-IEeHTPIB MOXKYTh BiJPI3HATHCS Y Pi3-
HUX BIIACHHUKIB JIaTa-IIEHTPIB.

Tabnuya 1. Tlpukiaan Ta6auni panriB Mogeei
HecyNnepeYHOCTi JaHuX

Innmexc Panr, HaiimenyBanHs (CyTHICTb)
paury, r on MOJIEJ HECYIIEPEYHOCTI
1 1 CyBopa HecylepeyHiCTh
[oreHuiifina  HecylepeuHIiCTh
2 0,8 | (Y3romkeHICTh y KIHIEBOMY
PaxyHKy)
3 0,6 | Hecynepeunicts FIFO
4 0,3 MOHOTOHHHMII 3aInC
5 0,2 YuTaHHs BJIACHHUX 3aIIMCIB
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Jlisl pawKUpyBaHHSI MOJieNield 3a PiBHSAMHU CyBOPO-
CTi HECYIepeYyHOCTI MOXXKHA CKOPHCTATUCS BIJIOMUMHU
poboramu [18, 19, 20], abo opieHTyBaTHCS Ha JYMKH
BJIACHOT KOMaH/IU PO3POOHHUKIB. Y OYIb-SIKOMY BUITATIKY
pe3ynbTaT paHXUpyBaHHS MOJIEJel HeCylepedyHOCTi y
Oarato oMy Oyze Cy0'€KTUBHUM JUISI KOXKHOTO IPOEKTY
1 3aJIeKaTH BiJ nepen0avyBaHUX CIO/IBaHb SKOCTI cep-
Bicy KiHIeBHX KopucTyBauiB. Ciij 3a3HauuTH, Mo cho-
pMoOBaHa TaOJMI anpiOpHUX PaHriB MOJEJIel Hecyre-
peyHocTi MOXKe OyTH B IMOJAJBIIOMY CKOPEKTOBAHOO
BiJITIOB1THO JTO PEKOMEH/IAIISIM MOJYJIS MOHITOPUHTY Ta
MPOTHO3iB  TIAT(OPMH  YIPaBIIHHS 0araToXMapHOO
CHCTEMOIO.

3MimaHa MoOJeNb HECYNEpPEeYHOCTi MJaHHX, IO
MIPOITOHYETHCS, BU3HAYAE Kapnty HECYIIEPEYHOCTI YChO-
rO TPOEKTY, SIKa TPEACTaBisie co0O OaraTomapoBy
BKJIAJIEHy CTPYKTYpY OO'€KTiB, 1[0 MalOTh Pi3HI paHTH
HecyriepedHocTi. OHOBJIEHHS, IO CTAJOCS 3 BEIyYHM
00'€eKTOM, PpO3IIISANAETHCS SIK IHIIIIATOP OHOBJICHHS B
MATIOPSIKOBAHOMY 3aJI©KHOMY 00'ekTi. Y KapTi Hecy-
MePEeYHOCTi JTAaHUX HPOEKTY KOXKEH O0'€KT BH3HAYEHO
KopTexxoM (p,., Ap, /lx’y ), A€ p, — paHI Hecymeped-
HOCTI 00’€KTy; Ap — YHCIOBHH iHTEpBaJ, BCEpeNUHI
SIKOTO 3MIHM 3HAYEHHS PaHTy HECYNEPEYHOCTI MOXYTh
OyTu IIpOBENEHI aBTOMAaTHYHO 3TiJHO PEKOMEHIALisIM

MOJYIIF0 MOHITOPHHTY Ta MPOTHO3iB; A, y — 4HCIIOoBE

3HAYEHHsI CTYIICHIO BIUTUBY OHOBJICHHS, IO CTaJIOCs 3
OIHHUM 00’€KTOM, Ha IHIIHH 00’ €KT.

Po3po0bienuit npomomonexkyrsapruil MAXiA 10 Bi-
JIOKpEeMJIEHHS 00’€KTiB, M0 (OPMYIOTH KapTy Hecyrie-
pEeYHOCTI, Ha MEPIIOMY KpOLli BUMarae BU3HA4Y€HHs 3Be-
JIEHUX HaWBa)TUBIIMX (QYHKLIH npoekTy F;. Po3ris-
HEMO SIK MPUKIA] MOPTal TYPUCTHYHOTO OIEpaTopy,
[0 PO3TAIllyBaB BJIACHI JaHi B OaratoxMapHiil CUCTEMI.
Jl71st Takoro mopTany 3BeACHUMH BaXIIHBI (YHKITT 11e —
3a0e3MeueHicTh Ta NPOoAaX MaKeTHUX TypiB (F;), iHau-
BigyanbHUX (F;) Ta rpynoBUX TypiB (F3).

Hani TpeGa BuAimMTA 06’ €kTH M, , sIKi BUKOpHC-

TOBYIOTHCS ISl IOCATHEHHST KOkHOI pyHKii F;. HasBe-
MO I 00’ekTH Monexyramu. Monexyramu 3MimaHOl
MOJIEJI HECYNEPEYHOCTI MOXKYTh OyTH MOy, (DyHKIII,
KiacH, 0i0J1ioTeKH, TOOTO Pi3HI CKJIAICHI 00'€KTH, IS
SIKMX HECYIIEPEUIMBICT, BU3HAUEHA B JAHOMY MPOEKTI.
YcepenuHi monexys MOXIUBO BUALTUTU 00'€KTH amomu

A/

/', HENOAINBHI ONWHMII JAHUX, HANpPUKIAL, PSIKH,
3aIicy, 3HaYeHHsI 3MIHHUX 1 T.11. Y 3arajabHOMY BHTJISI
3BEJCHI HaWBaXkJIUBINI (YHKIIi MIPOEKTY OMHUCYIOTHCS
CTPYKTYpOIO:

F =

m

= M"”...’M;.”’...’M%‘M]’” =(A1],---,A,1C,---,A}(),..., )
M;gz(Alzv,...,Ay,...,A;(v)},

Jle m — MOTOYHUI HoMep 3BeneHoi yHkmii, N — Kijib-
KIiCTh Moseky, Mo (HOopMyIOTh HOTOYHY (yHKIi0, K —
KUIBKICTh amomie, o (GOPMYIOTh KOXKHY MOAEKYILY.
JI1st KOXKHOTO amoma BCEPEIUHI MoeKyau Heob-
XiTHO BCTaHOBUTH YHCJIOBE 3HAUECHHS OOPAHOTO paHry

HECYIIEPEYHOCTI O, 3 BU3HAUCHOI paHille TaOauli paH-

riB (muB. Ta0i.1) 3 TOUkH 30py po3podHMKIB. [Ipu 11HO-
My CEMaHTHKa IPOEKTY MOBUHHA OYTH JKEPETIOM arpi-
OpPHOTO PO3IOJITY JaHUX. Y HAIIOMY NPHUKIAAL 3 MOp-
TAJIOM TYPUCTHYHOTO OIeparopa Jjsi TOro, mod ycri-
HO NPO/IaBaTH TYpPH MOpTaJl TOBUHEH 30epirat i o0po-
OJSITH BENMKWE 0OCST pi3HOMaHITHOI iH(poOpMaIii: mpo
TOTeNi 1 MepeBi3HUKIB, NMPO I[IHA Ta HASBHICTh BUTBHUX
MICIIb, peeCTpaliiiHi JaHi KIIEHTIB, X IepeBard Ta ic-
TOpii 3aMOBJIEHb, IPOTHO3H LIiH, MpaBmia 0(OPMIICHHS
Bi3, TypUCTHYHI HOBHHU DPi3HUX KpaiH i1 T.1. 3p03yMiJio,
IO JUIsl YCHIITHOTO BEAECHHS TYPUCTHYHOrO Oi3HECy He
BCl TUNK JaHUX MOTPEOYIOTh OHAKOBOT'O PiBHS HECY-
MEPEYHOCTI, TOOTO 3aTPUMKa B OHOBJICHHI a00 THMuYa-
COBe BiJJOOpakeHHs 3acTapiyoi iHdopMalii mpo moroay
Ha KypopTax CBITY HE TaK KPUTHYHA ISl TYPUCTHIHOTO
oreparopa, sIK JaHi MPO HASBHICTh BITBHUX MICIb B
TOTEJSIX Yy «BUCOKHI» CE30H Ha MOIMY/SIPHOMY IUISHKHO-
MYy HaIpsMKY.

Sk Bigomo 3 Teopii nepcnekruB Kanemana-Tsep-
CKi, JIFO/ISIM BJIACTHBO NEPEOLIHIOBATH BILIMB PE3yibTa-
Ty HEraTHBHUX aJbTEPHATUB i HETOOIIHIOBATH BHECOK
o3uTUBHUX [21].

PiBeHp ouikyBaHb siKOCTI (200 TepmuMicTh 10 3a-
TPUMOK Y BiryKax Ha 3aIlMTH) KIHLIEBUX KOPUCTYBaiB
OyIb-SKOTO BIpTYaJbHOI'O TPOEKTY € HEOJHOPIMHUM 3a
4acoM 1 3aJIeKUTh BiJl CEMaHTHKH 3armuty [22], Hanpu-
KJaJ, pe3ynbTaT IOUIYKY 3a KIIOYOBHM CIIOBOM 3a
KJIIOUOBUM CJIOBOM KOPHCTYBau TOTOBHU YeEKaTH He
Oinbllle CEKyHIOH, a pe3yibraT rpadiuHoi Bizyamizamii
MalHIHTY JaHHUX BiJl XBWINHHU 10 ronuHu. OTke, MOXKHA
anpiopHO BUIUINTH amOMU, OHOBJICHHSI 3HAa4eHb SKHX
KIiHIIEBUI KOPHUCTYBA4 OTOBHH OLIBII TEPIMMO OYiKY-
BaTH, TOOTO JUIsl IKUX PAHT HECYIEPEYHOCTI MOXe OyTH
HIDKYUM.

OHOBIIEHHSI 3HaY€Hb MO/IeK)/l TIPOXOJUTh 33 aHa-
JIOTI€I0 JI0 TIOBEMIHKU amoMié 1 BIANOBIAAae CEeMaHTHUII
OHOBJICHHSI JaHUX, IO IHIIIHOBaHI KJII€EHTOM, TOOTO
OHOBJICHHSI MO/IeKY/l MOXE BIUTUBATH HAa 3HAYEHHS iH-
KX amomig 1 monexyn. Takuii TN BIUIMBY B pO3p0o0-
JIeHIH 3MillaHid Monesi HecynepeyHocTi TpadidHo
MIPE/ICTABISIETBCS Y BUIIISI OPIEHTOBAHOTO 3Ba)KEHOTO
HEIUIOCKOro Trpad)y BIUIMBIB OHOBJICHb. BepimmHamwu
rpada € amomu, a Tyrd BimoOpakaroTh HASBHICTD 1 Ha-
NpPSMOK BIUIMBY OHOBJICHHS, IO CTajoCs B OIHOMY
amomi, Ha 3HaveHHs iHWMX. CTyNiHb BIUIMBY A, ¥
OHOBJICHHS, IO CTajoCs 3 JAaHUMH, HAIpUKIal, y
00’exti M )36,
000 Bary BIAIOBIJHOI AYTM Ta Ma€ YUCIOBUI €KBiBa-
JIeHT y miama3oni Big 0 o 1.

Amomu 3 OHAKOBUM PaHI'OM HECYNEPEUHOCTi p,.

Ha iHIMHA 00’ekT M i MIPEJICTaBJIsIE CO-

MO)KHA 3TPYIYBATH y IUIOCKOCTi, OTPUMYIOUH 0ararto-
LIaPOBY apXiTEKTypy MOJEJ HECYNEePEUHOCTI MOeK)
(puc. 1).

CJ1if 3a3HAYNTH, [0 MOXKJIUBO BUHUKHEHHS CHUTY-
aIfis, KOJM OJIMH 1 TOW Xe amom Oy/ie YaCTKOK Pi3HHX
MOJleKysl, HalpuKIad, Kypc OOMIHY BaJIOTH Yy SIKOCTI
amoma MOXe BXOIUTH JI0 MOJIeKy, N0 (POPMYIOTh KO-
JKHY 3 BUIUJICHHUX 3BeneHuX QpyHKuin F), F, u F3 B npu-
KJIaJ(i 3 TYPUCTUYHHUM OMEPATOPOM.
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Puc. 1. I'padiune npencraBieHHs
MOJIeJIi CYIIepEeYHOCT] OIMHOYHOI MOJeKyau M;

Ha puc. 2 HaBezneHO NpHKIag MOJETI Hecyleped-
HOCTi Monekyn M5 1 M7, y SKux amomu A137 i A57 €

CYTh OJIHE if caMe Ha IUIOIIMHI 3 PAHTOM Q5 , & AMOMU

A132 i Ag TAaKOX 3B’f3aHi Ha IUIOMIUHI 3 PAHTOM HeCy-
TEPEeYHOCTi P .
Yucnouit fiama3oH 3Ha4eHb MapaMmerpy Ap, Ta-

KO Tpeba BU3HAYaTH BiJIIOBITHO JI0 CEMAHTHKH TpOe-
KTy JJIsl KOKHOTO 00’ €KTY 3MiIIaHOT MOJEII.
Sxmo Ap =0, 1e o3Hauae, 10 3HAYCHHS PaHTy

HECYIEPEUHOCTI ISl JAHOTO 00'€eKTa MOXe OyTH 3MiHe-
HO TUTBKH IICNIS aHANi3y CTATHCTUYHUX TaHHUX PO3pO0-
HUKaMU TPOEKTY 1 He MOke OyTH 3MIHEHO aBTOMAaTHY-
HO.

KoHdiryparriss KOpTexiB 3BeNCHUX HAaWBaXKJIHUBI-
mux QyHKIIA GopMye 3aranbHy KapTy HeCyIepeyHOCTi
BCBOT'O MPOEKTY, MO SIKii KO)KHMM BIIACHUKOM [aTa-
LEHTPY, IO BXOJWTh B 0araroxmapHy cucremy, Oyie
(aKTHYHO BUKOHYBATHCSl OHOBJICHHS TAaHWX, 1HilliHOBa-
HUX KJIIEHTOM.

Puc. 2. I'paciune npezpcraBieHHs
MO HeCYIepeYHOCTi MosIeKyn Ms 1 M7 31 3B’ 13aHUMH aTOMaMu

ApanTauis paHriB
y KapTi Hecynepey4HocCTi

Jlis HamaHHS KITiEHTaM TPO30pPHX CEPBICIB IS Be-
JUKUX MacIITabOBaHHUX IIPOEKTIB JaTa-LEHTpaM, M0
HAJICKHUThH JCKUILKOM BJIACHHUKIB, MOTPIOHO y3TOIKYBa-
TH CBOIO pOOOTY.

V3aranpHeHa cxema iHTerpauii XMapHHUX CHUCTEM
PI3HUX BJIACHUKIB 32 JIOIIOMOr'O0 CIelialbHOI 1m1aTgo-
PMH yIpaBIIiHHS [PE/ICTaBJIeHA HA PUC. 3.

Monynb MOHITOPUHTY Ta NPOTHO3IB aHaji3ye BCi
3BEpPHEHHS JI0 JaHUX B KOXXHOMY JaTa-IEeHTpi Ha mijc-
TaBi CTATUCTHKH 110 cepBepaM. 3a pe3ylbTaTaMH aHali-
3y (hopMyYIOTBCSl TIPONO3HUIIT Il PO3POOHHKIB MPOEKTY
PO ajanTamnilo PiBHA HECYEPEYHOCTI JaHUX 3a o0pa-

HUM KPHUTEpIEM: KUIBKICTH OmNepaiid, HEOOXiMHUX s
MiATPUMKH BCTaHOBJIEHOTO PO3POOHUKOM DIBHS HECY-
MEPEYHOCTI, TOOTO 3a BapTICTIO peaizallii 00paHOi Mo-
JIeJTi HeCyIepeYHOCTi.

[Ipu aBTOMaTW4HIN 3MiHI paHr'y HECYIEPEYHOCTI
U amomie abo LMNUX MOJeKyl, TaKi 00’ €KTH MOXYTh
OyTH IeperpymnoBaHi, TOOTO IIEPESHECEHI Ha CEPBEPH, SKI
00CITyrOByIOTh J[aHi 3 BiANOBIAHUX PaHI'OM Hecyleped-
HOCTI.

VY GaratoxMapHUX cHCTeMax JaHi, 10 PO3TalloBa-
Hi Ha OJIHOMY HIapi KapTH HECYNEPEYHOCTI MOXKYTh OY-
TH 00'€mHAHI HA OJHOMY CEpBEpi, B OIHOMY KIacTepi
abo JmaTa-IIEHTpi, HANPWKIAA, Ha CepBepi, IO Mae
OLJIBII BUTIZHE PO3TAIIyBaHHS 3 TOYKU 30py MPOIYK-
THUBHOCTI/MEPEXEBOro Tpadiky.
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Puc. 3. Po3ranryBaHHs MOZYJII0 MOHITOPHHTY Ta IPOTHO31B
B y3araJbHEHii cxeMi iHTerpauii [uist 6araToxXMapHHX CHCTEM

Jns takoro cepeepa Oyje peanizoBaHa, HaIpH-
KJIaJ, TiJIbKK OJlHA OOpaHa MOJIENb HECYNepPeYHOCTI Ja-
HHX.

BucHoBKMu

Y poboTi 3ampornoHoBaHa 3MilllaHa MOAETh HECy-
MepeyHOCTi TaHUX y OaraToxMapHHUX cucTeMax. Brxia-
JileHa OararomiapoBa KapTa HECYNEepPEeYHOCTi JaHUX, IO
pO3TalloBaHi y Jara-IeHTpax pi3HUX BIACHHKIB, 0a3y-
€ThCS HAa BIJOKPEMJICHHI 00’ €KTIB — (QYHKILIH, MOJIEKYT 1
aTOMIB.

Jnst koxkHOrO 00°€KTYy (HhOPMYETHCS KOPTEXK 3 3
rapaMmeTpiB: paHr HECYIEPEYHOCTI, IHTEpBaJl MOKIHBUX
aBTOMATUYHUX 3MiH PaHTy HECYNEepeYyHOCTi Ta CTYIiHb
BIUIMBY OHOBJICHHS JJaHUX MOTOYHOTO O0’€KTy Ha iHII
00’exTH. 3HaYECHHS MapaMeTpiB KOPTEXKY 3ajJexarhb Bif

CEeMaHTHKU MPOEKTY, BiJl PIBHA SIKOCTi, IIO OYIKYIOTbH
OTpUMATH BiJl MPOEKTY KiHIEBI KOPUCTYBaviB, TOOTO Bij
TEPIUMICTh 70 3aTPUMOK Y BIATYKaX Ha 3allMTH, Ta BiJl
CTaTUCTHKHM 3BEPHEHb M0 JAaHUX y KOXXHOMY Jara-
LEHTPI.

Ile mO3BONMUTH aJanTyBaTH TEOJOKAII0 PECYpCiB
Ta MPOAYKTHBHICTh CEPBEPIB 3 OJHAKOBHM PAHTOM He-
CyMEepPEeYHOCTI.

3anporoHOBaHUH MPOTOMOJICKYISAPHUAN MiIXil 10
(¢hopMyBaHHS 3MIIIAHOI MOZETII HECYNEPEeYHOCTI TaHUX
301IBIIYE KUTBKICTh MPOIEAYP 3 IiATOTOBKH JaHUX IO
pO3TOpPTaHHSA B OaraToXMapHUX CHCTeMax, aje MHoro
BHUKOPUCTAHHS JIO3BOJIUTH ONTHUMI3YBaTH KIJIBKICTh
orepariii 1aTa-IeHTpy, 0 BUKOHYIOTHCS ISl 00CTyro-
BYBaHHS JAHWX KJII€HTA, 1 TAKAM YMHOM 3HU3UTH Bap-
TiCTh TAKHUX MOCIYT.
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CMemIaHHasi HEMPOTHBOPEYNBOCTH JAHHBIX B MHOT000/IaYHBIX CHCTEMAaxX
0O.A. Kosuna, H.K. Crpatuenko

B MHOroo0mauHeIX cHCTEMax OCTaeTcs poOIeMOl MoAepKaHNe alaliTHBHOTO YPOBHS COIJIACOBaHHOCTH JIaHHBIX, KOr/a
OHM PACIIOJIOXKEHBI B JaTa-LIEHTPAaX Pa3iIMYHbIX BJIAJICIIBLEB, II09TOMY MPEAMETOM M3YYCHHUsS B CTaTbe SBIIIETCS CMELIAaHHAs
HEIPOTHBOPEUMBOCTh JIAHHBIX TAKOrO poja IMPOEKTOB. M3BecTHbIe MOAENM HENPOTHBOPEUYMBOCTH JAHHBIX, OCHOBAaHHBIC HA
MPEJIION0KEHNH, YTO HE UIsl BCEX JaHHBIX HEOOXOIMM OJMHAKOBBIH YPOBEHb CTPOrOCTH HENPOTHBOPEUYUBOCTH, HE 00IanaroT
OOLIHOCTBIO MAapairMbl, O3BOJIAIONIEH UCHONb30BaTh UX Ul MHOroodaaunsix cucreM. Henanto paGotsl sBisieTcst paspaboTka
a/IalTUBHON MOJIEIM CMEIIaHHOI HeNPOTHBOPEUNBOCTH. 3aaya, pemaeMas B cTaThe: (OpMaIn30BaTh NpoLesypy popMupoBa-
HHSl MHOT'OCJIOMHO# BIIOXEHHOI KapThl HEIPOTHBOPEUUBOCTH JIaHHBIX, PACIOJIOXKEHHBIX B 00JaYHBIX CUCTEMAX Pa3JIMYHBIX Blla-
JenbleB. Vcnonb3yeMbIMH METOAMH SIBIIIIOTCS: IPOTOMOJICKYIISIPHBIN 1TOAX0, TPadOBbIH METO, MaTeMaTH4eCKOe MOJIEIINPO-
BaHue. [lonydeHsl cregyomue pe3yJabTaThbl: IPOTOMOIEKYIISIPHBINA MOAXO0]] MO3BOIMI CHOPMHUPOBATH MOJIEIb MHOIOCIOHHON
KapThl HEMPOTUBOPEUMBOCTH JaHHBIX. Pa3paborana MeTpuKa UL KaXJOH HEJeNMMON eIMHUIbI MOJEIH, IIPECTaBIIAIomas co-
60ii KOPTEX M3 paHra HENPOTUBOPEYMBOCTH, MHTEPBaAJla U3MEHEHHUS PaHTa M CTEIEHH BIMAHUS oOHOBieHus. [Ipu nmocrpoenun
MOJIEIIH y4TE€Ha BO3MOXKHOCTb YIPABJICHUsI Pa3pabOTUMKaMU IIPOEKTa HEOOXOAUMOI CTEHEHbIO CTPOrOCTH HEMIPOTHBOPEUHBOCTH
JIAHHBIX B 3aBHCHMOCTH OT CEMaHTHKU IpoekTa. [IperycMoTrpeHa BO3ZMOXKHOCTb aBTOMATHUYECKOH NMHAMMYECKOH ajanTaliu
CTEIEHH CTPOrOCTH HEIPOTUBOPEUMBOCTH JIAHHBIX B Ipolecce (yHKIMOHUPOBAaHUA NpoeKkTa. BeiBoabl: HayuHas HOBM3HA 1O-
JIy4EHHBIX PE3yJIbTaTOB COCTOMT B Pa3pabOTaHHOM IPOTOMOJIEKYJSIPHOM IOAXOAE K (OPMHUPOBAHMIO MHOI'OCIOWHOW KapThl
HETIPOTHBOPEUMBOCTH JIAHHBIX, PACIIONOXKEHHBIX B JaTa-LIEHTPAaX Pa3IMuYHbIX BiaJelbleB oOnauHblX cepBucoB. CosnaHue M
HOJUIep)KaHUE MPEJUI0KCHHON alaliTHBHON MOJIENI CMEIIaHHOW HEeNPOTHBOPEUMBOCTH JIAHHBIX TPEOYET JONOIHUTEIbHBIX JNei-
CTBUI OT pa3pabOTUMKOB IPU Pa3MELICHUH U IMOIEPIKKE TaHHBIX B MHOI0000JIAYHOH CHCTEME, HO II03BOJISET CHU3UTH CTOM-
MOCTb HOJUIEPKaHus 00JIaUHBIX CEPBUCOB.

Kaw4ueBblie cioBa: MHOFOO6JT3.‘-IHOCTL; CMCIIaHHas HETIPOTUBOPEUNBOCTDL; KapTa HEIIPOTUBOPEYUBOCTH IIPOCKTA.

Mixed consistency of the data in multicloud systems
O. Kozina, N. Stratiienko

In multi-cloud systems, supporting of an adaptive level of consistency of data when they are located in data centers of dif-
ferent owners remains a problem that is why the subject of study in the article is the mixed consistency of the data of such
projects. Known consistency models based on the assumption that not all data have to the same level of consistency haven't got a
common paradigm allowing to be used them for multicloud systems. The goal of the work is to develop an adaptive model of
mixed consistency. The task to be solved is to formalize the procedure for forming a multi-layered nested map of consistency of
the data located in different owner's cloud systems. The methods used are the protomolecular approach, graph theoretic meth-
ods, mathematical modeling. The following results were obtained: the protomolecular approach has allowed to forming a model
of an multi-layered map of consistency of the data. The metric for each undivided unit of the model, which is a cortege from the
consistency rank, from the interval of the rank change and from the degree of update influence is developed. Proposed model
gives ability of management of necessary strength of data consistency by developers according to semantic of a project. The abil-
ity of automatic dynamic adaptation of strength degree of data consistency during functioning of the project is considered. Con-
clusions. The scientific novelty of the results obtained is as follows: the model of mixed consistency of the data located in
cloud systems of different owners was proposed by defining the protomolecular approach. Creation and maintenance of the
proposed adaptive mixed model of the data consistency requires additional actions from developers during deploying and
maintaining data in a multi-cloud system, but it allows to reduce the cost of cloud services maintaining.

Keywords: multi-cloud; mixed consistency; map of consistency of the project.
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MATEMATUYHA MOJEJIb NIOTYKY OIITUMAJIBHOI'O OBCAT'Y PECYPCIB

BIPTYAJIBHOI'O BY3JIA OBCJIYT'OBYBAHHSA

B crarti pocmimkyeTbes poboTa cucTeMH OHJIakiH Tapudikariii, a came ¢yHkuioHyBaHHs Diameter-cepsepy. Posrisiayra
MOYJIUBICTh PO3IIMPECHHS CUCTEMHU 00CITYTOBYBAaHHS 332 PAXYHOK 3aJIyUYCHHS JTOJATKOBUX OOYMCITIOBAIEHUX PECYpCiB opra-
HI30BaHUX 32 XMapHOIO TEXHOJIOTiEr0. MeTOor0 TOCTiDKEHHS € PO3PaXyHOK ONTHMAaIbHUX MapaMeTpiB cepBepy 00CIyroBy-
BaHHs, a caMe O0OYHMCITIOBAJILHUX PECYPCIB (1TaM’sTi OIepaTUBHOI Ta JUCKOBOI, IIPOLIECOPHOrO Yacy, PeCypCcy CUCTEMH BBO-
Iy Ta BHBOAY) IS 3a0e3redeHHs 00CIyroByBaHHs MOTOKY 3alIMTIB Ha TapHuQikamilo Ha 3alaHOMY PiBHI SIKOCTI, a came KO-
HTPOJIb BTPaT Ta 3aTPUMOK y oOciIyroByBaHHI. BucHoBKH. 3anpornoHoBaHa MaTeMaTHYHa MOJETb 3a/1adi BUOOPY IMOTYXK-
HOCTI 00CITyrOBYIOUOTO IPHCTPOIO, Jie 00CIyroBYBaHHS 3/1IHCHIOETECS HA 3aaHOMY DiBHI sikocTi. Ha BigMiHy Bix icHyto-
YHX MiIXOAIB 00 OalaHCyBaHHS HaBAaHTaKEHHS, KOJIM JJIsI 3a0€3MeUeHHS 3pOCTal0uoro HaBaHTAXKEHHS TOAAETHCS J0/1a-
TKOBI 00CITYrOBYrO4i HPUCTPOT, MiXk IKMMH BUKOHY€EThCS OaaHCYBaHHS 3allUTiB, 3aIIPOIIOHOBAHA MOJIEJIb JO3BOJIIE BPAXy-
BaTH MacIITa0OBaHICTh PECYPCiB BY3/iB 0OCIYroByBaHHs IOOYZOBAaHMX 33 TEXHOJOTI€I0 XMapHHUX OOYHCIICHb. 3alporio-
HOBaHa MOJIENb JIO3BOJISIE PO3paxyBaTu napaMmerpyu Diameter-cepBepy Iuisi 00CIyroByBaHHS BXiJTHOTO ITOTOKY Ta 3a0e3rie-
YHUTH 3MEHIIEHHS CEPEAHBOI 3aTPUMKH B 0OCITyrOBYBaHHI 3alIUTy Ta MiHIMi3allil0 BUTPAT, 0B’ 3aHUX 3 IIEPESBAHTAXKEHHSIM
cepBepy 00CITyroByBaHHI.

KawuoBi cioBa: kepyBaHHS pecypcaMd Mepeiki; MPOrHO3YBaHHS HABAaHTAKCHHS; IMHAMIYHUI PO3IOAIT PEcypCiB;

BipTyasi3allis MEpeKeBHUX PeCypCiB; CUCTeMa OHJIAiH Tapudikaryi.

BCTyrI Ta NOCTaHOBKA 3aBAaHHA

3abe3neueHHss poOOTH TENEKOMYHIKAI[IfHUX CHC-
TEM HEBiJI’€MHO IOB’s3aHe 3 poOOTOI0 cucteM Tapudi-
kamii nociyr. [Tpo0ieMa Tapudikallii rocTpo mocTae sk
mepes| oriepaTopaMHu 3B’SI3Ky, TaK i mepes HpoBaiinepa-
MU PI3HOMaHITHHX TOCIYT. ['0OJIOBHOIO CKIJIQIHICTIO Ta-
KHX CUCTEMH € 3HauHa KUIbKICTh aOOHEHTIB, SIKi MAIOTh
OJTHOYACHO OTpUMAaTH po3paxyHok. Kpim Toro, mporec
YCKJIaTHIOEThCSL 4Yepe3 pi3Hi mpoueaypu Tapudikarii,
SIKi TiepeidoaveHi JUIsl pi3HUX THIIB ITOCIYT.

Criextp mociyr i o0csirkt Tpadiky, sIKHH epeaacTh-
¢, MocTynoBo po3mmproroThes [1, 10, 11], mo mpusBo-
JUTH JIO MOCTIHHOrO 30UIBIICHHS PECypCiB, HEOOXITHUX
JUTst OOPOOKH Pi3HMX THIIB 3asBOK, SIKi HAIXOIATh B CHC-
Temu oreparopa. OTKe, METOJl ONTUMAIBHOTO BHOOPY
O0OYHUCITIOBAILHUX PECYPCIB JIsi OOCITYrOBYBaHHS 3MiH-
HOI'O HABaHTa)KCHHsS OLTIHTOBHX CHCTEM OIepaTopa €
aKTyaJIbHUM 3aBJaHHSIM. PO3paxyHOK IUIaTH 3a TOCITYTH
BUMarae OaraToeTalHWX HpOUeNyp AJIs BH3HAYCHHS iX
BapTOCTI, IO, K HACIIIOK, MPU3BOIUTH 10 301IbIICHHS
HaBaHTa)KCHHS Ha cHCTeMy Tapu(dis, a came:

* HU3bKa €(DeKTUBHICTh ITOCTYTU I3BiHKIB;

* MOTIpIIEHHS SIK THYYKOCTI, TaKk 1 e(eKTUBHOCTI
Tapu(HUX MIIXOIIB;

* HEMOXXJIMBICTh TapaHTYBaTH SIKICTb OOCIYTOBY-
BaHHS.

3Ha4yHa KUIBKICTh POOIT Ta MiAXOXIB IPUCBSYEHA
KOHTPOJIIO SIKOCTi 00CITyroByBaHHsI aboHeHTIB. Po3po0-
JISIFOTBCSI METO/W 3a0e3MeyYeHHs MOKAa3HUKIB SKOCTI B
mpotieci nepeaayi iHpopMallii Ha pi3HHX eTanax o0ciy-
TOBYBaHHS (IOCTYI IO MEpEXi, OpraHizallisi TpaHCIop-
Ty iHpopMamiitHoro notoky) [2, 3, 13], wactuna pooOiT
MIPUCBSIYEHO 3a0e3MeueHHI0 e(eKTHBHOI TapHikarii,
MIPU IIbOMY PO3TIISIAI0THCS TUTAHHS PO3POOKH MPaBUIT
PCC, B sxux 3aJa€Tbcsi MONITHKA OOCITYrOBYBaHHS iH-
JIUBITyaIbHO JUIsSi KO)KHOTO THITY CEpBICY 3aJIeKHO Bij
tapudHoro mwiany [1, 4-6, 12, 13]. Podoru [7-9] npuc-

BSYEHI ONTHUMIi3alii OUTIHIOBUX CHUCTEM IOB’sA3aHl 3 JU-
CIIMILTIHOIO OOCIYrOBYBaHHS HalpaBJICHUX Ha mudepe-
HIJIaIli}0 BXi/IHOrO TIOTOKY Ta CTBOPEHHS HOBUX MPaBHUII
TIOCITIZIOBHOCTI Tapuikarii abOHEHTIB.

OpHax, U1 orepaTopiB 3B’ 3Ky IOCTaTHHO TOCTPO
rocTae mpodiieMa MepeBUILEHHS Yacy OO0CITyroByBaHHS
3asBKH caMe Ha cepBepi Tapudikarlii, OCKiJIbKH He Bpa-
XOBYETHCSl TPUHLMUI PO3IMOIUTY PECYPCIB TEXHIYHUX
3ac00iB, IO Yy MEpioay MIKOBUX HABAHTAXKEHb € KPUTH-
YHUMH JUIsI SIKOCTI OOCIyroByBaHHs. BupimieHHs miei
po0JieMH MOXKE TIOJISTAaTH Y 3aJIy4eHHi JI0 00CIyroBy-
BaHHS JIOJATKOBHX OPEHIIOBAaHMX TEXHIYHHX PECYPCIB.
SIKi y MOMEHTH IKOBHX HaBaHTa)X€Hb OYyIyTh NTUHAMI-
YHO JOJy4aTHCs N0 OOpOOKH 3asBOK Ha TapU]ikamito.
Ile m03BONUTH YHUKHYTH BTpaT, SIKi MOB’si3aHi 3 Tepe-
BHUIIIEHHSIM Yacy OYiKyBaHHS 3asBKM Ha Tapu(ikaIliro
4yepe3 Ae(ilUT TEeXHIYHUX pecypciB cucTemu. [lepeBu-
LIEHHS JOIYCTUMOI TPUBAJIOCTI OOCIYrOBYBaHHS MPH3-
BOJIUTH JIO BiJIXWJICHHS! BUKJIMKY, BiIMOBIHO 10 €KOHO-
MIYHHX BTpAT Ta 3HIKEHHI perryTallii KoMITaHii.

BHac1iIok 1pOro € akTyanbHOI HayKOBO-TEXHIY-
Ha 3aj]]aua IUIaHYBaHHS KIJIBKOCTI peCypciB JJOAATKOBOTO
cepBepy INpH IUHAMIYHOMY 3aJIydeHHI PecypciB s
3abe3neueHHs1 OesmnepebiiiHoro mporecy Tapudikaii
migcuctemamu cucremu OCS, sika O BpaxoByBasa IOT-
pedH y TexXHIYHHMX pecypcax cHUcTeMH Tapudikamii Ta
HABaHTa)KEHHS, SIKE CTBOPIOETHCS PI3HMUMHU TUIIAMU I10-
CIIYT Ta BKJIIOYAJa BIJMOBITHI MEXaHI3MH PO3PaxyHKY
HEOoOXiTHOI KIIBKOCTI pPecypciB sl CTAaTHCTUYHUX JIa-
HUX 32 TPUBAJIHMH MEPioj yacy, a TaKOX IMOTOYHY JHHA-
MiKy BXIJHOTO TOTOKY, WO JIO3BOJIWJIO O MOJONATH
OITMCaHi BHIIE HEJOJIKH.

AHani3 moaeni o6cnyroByBaHHS
3anuTiB Ha Tapudikauito
Onucani 3aBAaHHS € TEXHIYHO CKJIaAHUMHU B 3B's3-

KY 3 PI3HOMaHITHICTIO MEPEXEBHUX EIIEMEHTIB Y MOOLJIb-
HOT'O OTepaTopa i pi3HOMAITTAM TapU]iB i ITOCITYT.
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JI71s1 BUpIIIICHHS TaKUX 3aBIaHb, CyJacHi OUTIHTOBI
CHCTEMH IHTErPYIOThCS B MYJBTHUCEPBICHI TEIEKOMYHi-
KaniitHi Mepexi 313Ky HoBoro nokosiHasg NGN (New
Generation Network) 3a texnonoriero IMS (IP Multi-
media Subsystem). ToMy miaTpuMKa BiIKpUTHX CTaH-
nmaptiB 3GPP mis B3aemoii OUTIHFOBOI CUCTEMH 3 €JIe-
MEHTaMH MEpEeKi oreparopa 3B'A3Ky HaOyBae ocoOJu-
Boro 3HaueHHs. Binkputi crangaptu 3GPP ommcyroTs
By31u IMS mepexi, intepdeiicu B3aeMoii Mik HUMU i
JIAIOTh PEKOMEH/AIIIT, SIKi TPOTOKOJIM BUKOPHCTOBYBATH
B SIKOCTI WX iHTepdeiiciB. Taka jorika 103BOIISIE B Mipy
PO3BUTKY IPOTOKOJIB 3MIHIOBATH PEKOMEHMAIlil, aie
aApXITEKTYPY MEPEXKi 3aIuIiaTu 0e3 3MiHU.

I3 30BHINIHIMU eJIEMEHTAaMH MEPEKi oreparopa
3B'3Ky CydyacHa OUTIHTOBa CHCTEMa B3a€MOJII€E IO iHTe-
poeticy Ro (mns on-line) i Rf (anst off-line). InTepdetic
Ro 6a3yerscs Ha IETF Credit Control Application (RFC
4006) [14] i BukopucroBye komaHau Diameter mpoto-
kony Credit-Control Request / Answer (CCR / CCA).
Inrepgeiic Rf 6a3yersest Ha ¢ynkuionansHocTi IETF-
diameter base (RFC 3588) [15]. Rf BukopucroBye ko-
Manau Diameter mnporokony Accounting Request /
Answer ACR/ ACA.

3aBIsIKM BUKOPUCTAHHIO CTaHIAPTHUX MPOTOKOJIB
OUTIHTY, OrepaTop MOOUIBHOIO 3B'SI3KY MOXKE 3MIHUTH
JIOTiKY KOHTPOJIIO aKTUBHOCTI a0OHEHTa, 0OMEXYIOUUChH
0a30BMMHU 3MiHAMH Ha DPIBHI NPOTOKONY 1 aJarariero
tTapuHUX TUIaHiB B OuTiHroBil cucremi. Taki mapamer-
pH, BUpOOJIEHI HAa CTOPOHI OLTIHIOBOi CHCTEMH, Ha3H-
BalOThCsI OLJTIHIOBOIO MOJIEILIIO.

BiniHrora Momenb - Ii¢ MOZAEIh PO3PaXxyHKY, IO
SKifl BimOyBaeThCs OOYHMCICHHS TapuHOro IUIaHy
CIPpUYMHEHOI a0OHEHTOM aKTHBHOCTI, PO3PaxyHKY ii
BapTOCTi Ta IMONAIBIIOrO J03BOJY YW 3a00pOHH HA aK-
TUBHICTh a0OHEHTA.

VY naHiii poOoTi OyJie po3TIIsIHyTa OLTIHIOBA ITiICH-
cTeMa, sKka OOCIYroBye MOTOKM BHKIHKIB Tapugikamii
iHTepHeT-Tpadiky i 1i OLTIHrOBa MOJIENb, K& BUKOPHUC-
ToBye iHTepdetic Ro i mporokon Diameter amst migxito-
YEHHS JI0 30BHIIIHIX CHCTEM OIepaTopa.

[Ticns Bu3HAYEeHHS 0a30BHX OCOOJIMBOCTEH MPOTO-
koiry Diameter cimi omucatd BHYTPIIIHIO KOHpirypa-
1it0 OLIIHrOBOI MOJENI, SIKa 3MIMCHIOETHCS Ha CTOPOHI
OLJIIHTOBOI CHCTEMHU.

BiniHroa Mopenb CTBOPIOETHCSA 3a JOIOMOTOIO
cneuianbHoro jpomarky 3Banoro CATALOG GUI
(Catalog DB Graphical User Interface) i 30epiraetbcs B
okpemy 0a3y nanux PACT DB (Product Catalog
oininrosoi cucremu (DOCS), sxi 3miHCHIOIOTH KOHT-
POJIb ceciil i Tapudikalliro q3BiHKA.

[Tix yac BUKIMKY TepMiHAJILHUN MPHUCTPiil aboHe-
HTa 4epe3 0a30By Mepexy orepaTopa 3AiHCHIOE IijK-
JmoYeHHs 10 Diameter-kimieHTa (B SIKOCTI SKOTO MOXeE
Buctynatu Meniiinuii cepBep abo GGSN), KkiieHT, B
CBOIO 4epry, yepe3 mepexy Diameter 3'eqHyerbest 3
Diameter cepBepom, sikuii 3ailCHIOE TapHdikalio 13Bi-
HKa Ha ocHOBI 3aBaHTaxeHUX AaHux 3 CATALOG 6a3u
JIaHUX, 110 JIOJjaHl ONepaTopoM OUTIHrOBOI CHCTEMH 3a
nmoromororo nmporpamu CATALOG GUI (puc. 1).

baza nannx CATALOG DB moxxe MiCTHTH BeilH-
Ky KIJIBKICTh Bepciii pi3HUX OLTIHrOBHX MOJENeH, aie B

OIIUH MPOMIDKOK Yacy JOCTYITHA TUTBKH OJ[HA - aKTHBHA
OLJIIHrOBa MOJEIIb.

CATALOG :
CATALOG GUI DB Diameter
BunvHrosa Cepeep
Mogenb

Sgog):aa Diameter Mepexa
P KIieHT Diameter
onpearopa
—— | AGOHeHT

Puc. 1. B3aemouxist OL1iHroBoi Mozedni

Skmio ormeparop OULTIHIOBOI CHCTEMH POOUTH 3Mi-
HU B OUTIHTOBIN MoOJeENi, JOMAI0YHM HOBI Tapu(pHI TUIAHU
abo 3MiHIOIOYM Oyab-sKi MexaHi3MH Tapudikarii,
CATALOG GUI cTBOpIOE 3IMOK OTOYHOI O1JIIHTOBOT
MOJIENI, SIK TAMYAcOBY, HEAaKTHBHY OLTIHTOBY BEPCii0, B
SIKii gocTymHi Oyab-siki 3Minu. [licist 3akiH4YeHHST 3MiH
orepaTop OULTIHTOBOI CHCTEMH 3aCTOCOBYE HOBY OiNiH-
TOBY MOJENb, SIKa aBTOMaTH4YHO, ab0 3a JOMOMOTO0
TUIaHYBaJIbHUKA B CHELIaJIbHO 3aJlaHUil Yac 3aBaHTaXKy-
€Tbcsl Ha Bei Diameter cepBepH, siKi 3/1iHCHIOIOTh KOHT-
poib 1 Tapudikalliro BUKIHKIB aOoHeHTIB. [lomepenHs
OLTiHrOBa MOJIENIb BU3HAYAETHCS 3aCTapLIor0 1 BiAmpas-
JISIETBCA B CIIELiaJIbHY apXiBHY 0a3y qaHuXx (3 sIKOi orie-
paTop OLTIHrOBOI CHCTEMH MOXE BiJHOBHUTH ii B OyIb-
sikui yac 3a goromoroto yruwtith CATALOG GUI).

PosrisineMo peanbHy cecito abOHEHTa, BCTaHOB-
neHy Mk Diameter-xmienrom i Diameter-cepepoM B
OinminroBiii cucremi. Cecis Oyne BCTaHOBJIEHAa Ha JIBi
Ppi3HI IHTPEHET-aKTHBHOCTI:

¢ be3komToBHUN q0CTYN 0 MOpTajly oneparopa,
3IACHIOETRCS 3a pelituaropoto rpymoro 300 (RG 300)

e 3BHYAlHMN TUIATHUH MJOCTYN 1O IHTEpHETY,
3MIACHIOETRCS 3a pelituaropoto rpymor 100 (RG 100)

B nanomy Bunajaky Oyne BCTaHOBJIEHA OJIHA Cecis,
B paMKax sKOi OymyTh OpraHizoBaHi JBi caOceccii Bif
Diameter-ximienra no Diameter-cepepa. Koxna ca0-
ceccis Oyae BUKOPUCTOBYBATHU CBIll BIIACHHI OalaHC:

e RG 300 — moHeTapuwmii OanaHc 0e3 CIUCAHHS
peabHUX KOIITIB.

e RG 100 — MonerapHuii OanaHc 3i CIHUCAHHAM
KOIITIB 3 OCHOBHOTO OajlaHCy aDOHEHTCHKOTO paxyHKY.

OO0uzBi cabceccii MaTHMYTh OKpeMi pe3epBallii,
BiJIKpUTI 10 a0OHEHTCHKOI 0a3u IaHUX.

Ilin yac akTMBHOCTI cecii aDOHEHT 3aKpuBae 0e3-
komroBHuii URL, skuii 00CIyroByeThesi cabceciero 3a
pedttunr-rpynoro RG 300, ane npo1oBkye BUKOPUCTO-
BYBAaTH 3BUYAMHUI IHTEPHET, IO OOCIYrOBYEThCS 3a
pedttunr-rpynoto RG 1000.

VY mporieci BUKOPUCTaHHS 3BUMAHHOTO iHTEPHETY Y
a0oHEHTa 3aKiHYYIOTHCSl KOIITH HAa OCHOBHOMY paxyH-
Ky, 1 cecis 3akpuBaeThcs. OMUCAHY CECi0 CXEMAaTHYHO
300pa)KeHO Ha pHC. 2.
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Sk Gauumo, mporec Tapudikamii €
OararoeranHuM. Ha sikicTh 00CIyroBy-
BaHHS 3asBOK Ha TapuQikaiiro 3Hay-
HUM BIUIMB MAa€ MIBHIKICTH O0OpPOOKHU i
3a8BOK, SKa 3aJEKUTh BiJ TEXHIYHUX —
3aco0iB, 1O 3/IHCHIOIOTH OOCIIYrOBY-
BaHHA. ToMy HEOOXiIHO 3HATH, SKi
TIOTY)KHOCTI TEXHIYHHUX PECYPCIB MOT-
piOHI 11t OOCIYroBYBaHHSI BXiJHOTO
MOTOKY 3asBOK Ha TapU]ikaiilo B TOW
YH IHIIAHA TIepioJ] Yacy.

HeoOxinHO BpaxyBaTH SIK 3arajb-
HY KUIBKICTh PECypCiB, IO 0OCIYyroBYye
cepBep B IJIOMY, Tak i MOTpeOH y mo-
TY)KHOCTSIX KOXKHOI 3 IiJICHCTEM, OCKi-
JIBKH 3 METOI0 3a0e3Me4eHHsl yCIiIIHO-
ro (YHKIIOHYBaHHS CHUCTEMH MOXKeE
BUHHMKHYTH MOTpeda IMeperpynyBaHHs
TEXHIYHHUX PECYPCIB I 3a0€3TMEeUCHHS
€(EeKTUBHOr0 00CITyrOBYBaHHSI.

Diameter
Knient

O6cnyrosyBaHHA 3asiBOK

—CCR-i RG100———

4—CCA-i G100 SUCESS——
--------COA- RG300------- B

- - -CCA-| RG300 SUCESS- - - -

——CCR-U RG100———»
- - - CCR-U RGIO---- -
-4—CCA-U RG100 SUCESS
-4- - CCA-U RG300 SUCESS- - - -

-4- CCA-T RG300 Terminate OK- - -

——CCR-U RG100————

4——CCAU RG100 FINAL-
——CCR-T AG100 FINAL—»
4-CCA-T RG100 TERMINATE OK—

Diameter
Cepeep

Subscrber
D

———3anWT pesepeaui RGI00———
——————tagand pesesau RGT———

----------- -3anmT pesepaall RGI00----- -~ - -~
4 -------- --Hapana pesesalli RG300-- - -------

——CNIACYBEMHA pedepeauil | HoeHA 3anwr RG100—m
————————anana pesesayi AGT 00——
- - - CNUCYBAHHA peaepaaui | Hoewd Janur RG300 - - i
o GEELEELEEL HafanA pesesayi RGI00 === ====un-

- - CIMCYBAHHA pesapsali RE300 anpedr Ganaucy - =

[=——CWCYBAHHA PESEPBALT | HOBMW 3armT RE1 00—
4——— qacTkoea pesepeauin RG100———

—ecnucysanta pesepsauii RG100 anged Ganancy—

i

Ha opeHAOBaHOMY
XMapHoOMy cepBepi

Biptyanshuii cepeep (ado Cloud Server) - 11e mos-
HOI[IHHA 1H(QPACTPYKTypa, IMOOYAOBaHA 3a MOJEILIIO
XMapHux oouucieHs (cloud computing).

Ha Bigminy Bin mMoneni 30epiraHHs JaHHX Ha Bia-
CHHX BUJIUIGHHX CepBepax, y BHIAJIKy BUKOPUCTAHHS
BIpTyaJIbHUX CEpBEPIB, IX CTPYKTYypa 1 KUIbKICTh B 3ara-
JIFHOMY BUIAJIKy HE BHJHA KopucTyBaueBi. Best iH(op-
Mallist 30epiraerbcs i 00poONISETHCS y XMapi, sIKa SBIISIE
c00010, 3 TOYKH 30pY KIII€HTA, OJIMH BEJIUKUH BIpTyalb-
HUHA cepBep. Ha choronmHilHii 1eHb BeIMKa KiUTbKICTh
KOMITaHIH HaJlae Taky IMOCIYTy SIK OpeHIa cepBepy y
xMapi.

OCHOBHI TIepeBary BipTyallbHUX CEpPBEPIB:

I'nyuxicTs pecypciB. OpeHma cepBepa y xmapi
JIO3BOJISIE 3a0€3MEUUTH HOro BUCOKY MacIITabOBaHICTB.
Takuii cepBep JETKO HAJAIITOBYETHCS i 30UIBIICHHS
HaBaHTa)KEHHS, HAIIPUKJIAJI, MOXKHA JIETKO JONATH Olle-
paTHBHOI maM’sATi ab0 AMCKOBOro mpoctopy. Tak camo
JIETKO MOKHA 3MEHIIWTH JaHi MapamMeTpy BipTyalbHOL
cucremu. CepBep CTa€ «pE3UHOBHM» Y BiIHOIICHHI
CBOIX pecypciB.

HIBuakonis. BipryansHuil cepBep mpaitoe 3Hau-
HO IIBUJIIE HDXX 3BUYAHHUN, a TAKOXK 3HIKYIOTbCS Ya-
COBi 3aTpaTH Ha BIPOBAJPKEHHS 1 ONEpaTHBHUII Iepe-
po3monia pecypciB. Bucoka IMBHIKICTH PO3ropTaHHS
CHCTEMU.

Be3nmexa. Ha BipTyaabHOMY cepBepi KII€HT Mae
MOXIIUBICTh BJIACHOPYYHO KOHTPOJIOBATH KOPHCTYBa-
YiB, MPOLIECH, & TAKO)XK BUKOPHCTOBYBATH BIIACHY IIOJIi-
TuKy Oesmeku. IlimBumenHs piBHs Oe3neku Cloud
Server BinOyBaeTbCS TaKOXK 3a PaxyHOK 3BEIECHHS 0
MIHIMYMY <JTIOJICBKOTO (pakTopy».

MobinbHicTb. [JocTyn 10 cepBepy MOXHa OTpH-
MaTH 3 OyIb-IKOI TOUYKH 36MHOI KYJIi.

XmapHe 30epiraHHsi pO3BUBA€THCS B TPHOX HAMPSI-
Max, OJIUH 3 SKUX IOIyCKA€ 3JHUTTS JBOX 1HIIUX IS JI0-
CATHEHHS CKOHOMIUHOI e()eKTUBHOCTI 1 Oe3meku (puc. 3).

8. &

Puc. 2. Cecis tapudixanii inTeprer Tpadiky

HmapHuii
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MyGniyHa xmapa

HmapHuii

7
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p KmapHui
i HaKonyBe
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Hakonu4yBaM

'
LliBpuatata mapa !

Puc. 3. Mopeni 30epiranss JaHUX y XMapax

Tak camo BipTyaJbHi cepBepr MOKHA BUKOPHCTO-
BYBaTH I 0OCIIyroBYBaHHs 1 Tapu(ikalil BUKIUKIB.
Ile Moe 3HAYHO CIIPOCTUTHU IIPOLEC PO3MOALTY pecyp-
ciB Ha cepBepi, 3a0e3MeunTh HOro MacimTaOOBaHICTh,
MiBUIIUTE OC3MEKy 1 BiAMOBOCTIHKICTh. BipTyampHuii
cepBep MOke OyTH BUKOPHUCTaHUU TPhOMa CIIOCOOAMU.
[o-mepure, BiH Moke OyTH JOJATKOM JO OCHOBHOT'O
¢biznuHOrO CepBepa i BUKOPUCTOBYBATHCH KOJIH BUHH-
Kae noTpeda y 301IbIIEHH] KUIBKOCTI pecypciB npu 30i-
JIBIICHHI HABaHTa)KEHHs. B Takii koH}iryparii Bcs Jo-
rika cepBepy peajizoBaHa y xmapi. B apyromy BapiaHTi
BCce OONamHaHHS sl OOCIYroByBaHHS i Tapugikamii
BHUKJIIUKIB MOXXE PO3MIIyBaTUCh y xXMapi. B Takomy
BUNaAKy (i3WYHUIA cepBep B3araji He MOTpiOeH i mpo-
1ec 00CITyroBYBaHHS 3aluTiB Oy/e MOBHICTIO IPOXO/IH-
TH Ha BIpTyaJbHOMY cepBepi. B TpeThoMy BHIAIKY Y
XMapi MOXYTb 3HaXOJHUTHCS OKpPEMi pecypco3aTparHi
MiJICUCTEeMH a00 YaCTUHHM IiICUCTEM, OpraHi3alls B3ae-
MOJIIT SIKHX € OKPEMOIO MEPEXKEBOIO 331a4elO.

HaBeneni Bumie crocoOW 3HAYHO PO3MIUPIOIOTH
MOXIIUBOCTI TEXHIYHOTO 3a0e3Ie4YeHHs] CHCTEMHU OH-
JaiH Tapudikarii.

3anponoHoBaHUN MeTonq

3amaua BHOOpPY MOTYKHOCTI By3J1a 00CIYrOByBaH-
Hsl Ha0yBae OCOOJIMBOI Baru IpH IUIAaHYBaHHI IPOIECIB
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00CITyrOByBaHHS TiOPUIHHUX TEJIEKOMYHIKAaliiHUX cep-
BICiB, OCKUIBKH BHUIIIyE MPOOJIIEMY PO3PaXyHKY KiJib-
KOCTi OOYMCIIOBAILHUX PECYPCIB IS OOCITYyrOBYBaHHS
HECTalliOHAPHOT'O ITOTOKY.

Po3paxyHok pecypciB 00CIyroByBaHHS HEOOXiIHO
MIPOBOJIUTHU ISl KO)KHOT'O BIPTYaJbHOTO BY3Jia 00CIYyTo-
BYBaHHS, Ha OCHOBI JaHWX INPO IHTCHCUBHICTH HaIXO-
JOKEHHST 3asBOK. [Ipy po3paxyHKy iHTEHCHBHICTH HaJ-
XOJIKEHHSI TTOKJIAIAETHCS K BEIUYMHA 3 HE3MIHIOBAHUM
cepenHiM 3HavyeHHsIM. [TOTik 3amay CKIamaeThes 3 pis-
HUX 3aIlUTiB, BU3HAYEHUX MTPOTOKOJIAMH B33a€EMOJIT BY3-
712 00CITyrOBYBaHHSI.

Bxingni nani:

* A — cepesHE 3HAYEHHs MPOMIDXKKIB Yacy MiX Mo-
MEHTaMH HaJIXO/KEHHS 3aMOBJICHb,

* N — KUIBKICTh 3asBOK, SIKI MOXYTh OJHOYACHO
00CITyrOByBaTHCS Y BIpTYaJIbHOMY BY3JIi.

* V¥ — KUIBKICTH OOYHCIIOBAILHOTO PECYPCY g-T'O
TUITY, SIKHH BHKOPHCTOBYETHCS MJIsI OOCITyrOBYBaHHS
onuiel 3asBKU.

* g, b — BepXHs Ta HWKHS TPAHULIS 3aBaHTAKEHOC-
Ti CHCTEMH 00CITyrOBYBaHHSI,

* R —3ajJjaHe eKcrepTaMy 3HaYeHHS, SIKUH [TOKa3ye
JIOJTIO Yacy poOOTH CHCTEMH Oe3 Yepru.

* J# — 3arajibHa KUIBKICTh PECYPCY g -I'O THILY, KA
JIOCTYITHA Y BY3JIi 00CITyrOBYBaHHS

Buxiani nani:

* W — BEKTOp IHTEHCHBHOCTEH OOCIyrOBYBaHHS

3asIBOK, €JIEMEHT BEKTOPY Ll BiJIIOBiIa€ IHTEHCUBHOCTI

00CITyroByBaHHsI, SIKIIO Y CUCTEMI € k 3asBOK, k =1,7.

OcHOBHa 33/1a4a: MiHIMI3yBaTH PeCypcH, sKi BUKO-
PHUCTOBYIOTHCS sl 00CITYTOBYBaHHS 3a5IBOK Y CHCTEMI.

Byna 3anpornonoBana MaremMaTiyHa MOJIENb 3a1a4i
BHOOpY TOTY)KHOCTI By3jJa OOCIyrOBYBaHHs, Sika Bpa-
XOBYE E€proIUYHHI PO3MOJIiIT WMOBIpHOCTEH OIHOYAC-
Horo mepeOyBaHHsI y cucteMi k-3asBok. Takox Bpaxo-
BYETbCSl 3aJIEKHICTh IHTEHCHBHOCTI OOCITyrOBYBaHHS
BiJl KIJIBKOCTI 3asIBOK, SIKI OOCITYTOBYIOTHCSI OJHOYACHO.
3aaya Mmojsrae y moIryKy Takoro po3mnoainy iHTCHCHB-
HOCTeH 00CIyroByBaHHS, KUl OM MiHIMi3yBaB 3arab-
HY KIUIBKICTh PECcypcCiB, [0 BUKOPHCTOBYIOTHCS JJIsl 00-
CIIyTOBYBaHHS, YTPUMYBaB 3aBaHTa)XEHICTh CUCTEMH Yy
3aJJaHuX MeXax, a TaKoK 3abe3reduyBana poOOTy cuc-
TeMH 0e3 3aTPUMKH 13 33/IaHOI0 HMOBIPHICTIO.

Jlst BupitieHHst 3amavi OyayTh 3acTocoBaHi (o-

PMYJTH ISl pO3paxyHKy eproJIM4HOr0 pO3IMoIiy :

k —_—
P =pOHi=]ai 5 (k=l,l’l),

k J—
Pr = pOYnH?Z]ai P (k =1,m )s

-1

Po = 1+ZZ=1H?=10°1'+11/:[, H?:lai ’
n

ae oy =A/(kpy), v =M/ (nuy).
LinboBa (yHKIS Oy/e MaTH BUTIIS;

n m
Zivgpl- +mv8 Z p; — min,

i=1 i=n+l1

(G YHKIIIS HeepepBHi BITHOCHO 3MIHHUX {L;, W .., Huts

npu OOMEKEHHSAX :

n m
4% > ivEp+nve Y pi |<VE,Vg;

i=1 i=n+1

OTKe, B pe3yNbTaTi po3B’s3Ky ONTHMI3aIliiHOI 3a-
nadi Oyne oTpuMaHO Hallp 3HaYeHb IHTEHCHUBHOCTI 00-
CJIYTOBYBAaHHS BIJTIOBITHO MO SIKMX MOXYTh OyTH po3pa-
XOBaHI peCcypcH CHCTEMH 00CITyrOBYBaHHS B 3aJI€KHOCTI.

npOBeAeHHﬂ €eKCnepumMmeHTy

ExcriepumenT Oyno mpoBeneHo y 2 eranu. Y cHc-
Temi Matlab 6yino po3po0ieHo (GYHKINIO U PO3PaXyHKY
BekTopa pk. Jns po3B’s3Ky 3afadi HeNiHIHHOro Ipo-
rpaMyBaHHS B IIPOLIECI MOJEITIOBaHHS BHKOPUCTOBYBa-
nacst ¢pyukmis Matlab fmincon, sika 31iACHIOE iTepaiii-
HUH TIONIYK, MMOYMHAIOYM 3 MOYATKOBOTO 3HAUCHHS,
KA 3YMUHAETHCS MPU HAONMKEHHI 0 ONMTHMAaIbHOTO
3HAYEHHS 13 3aJaHOI0 MOXHOKOI0, IO HIJIKOM BiIIOBi-
JTa€ TIOCTABJICHOMY 3aBJaHHIO. B sSIKOCTI BXiTHHX TaHHUX
OyJI0 BUKOPUCTaHO CTaTHCTHYHI JAaHi HAaBaHTA)KEHHS Ha
Diameter-cepBep ykpaiHCBKOTO OIepaTopy 3B’s3KY.

[Ipotsirom 100M IHTCHCHUBHICTh HABaHTAKCHHS
3MIHIOETBCS, OyJO0 BHKOHAHO PO3PaxyHOK IS Cepel-
HBOTO 3HAYCHHS POMIXKKIB 4acy Mi’k MOMEHTAMH Ha[l-
XODKEHHSI 3aMOBJICHB JJIs PI3HUX MEPioIiB J00U.

Jlst omiHKK e(peKTUBHOCTI BUKOPHUCTaHHS pecyp-
CciB 0yJ10 pO3pO0JICHO MOJICNIb CUCTEMHU 00CITyrOBYBaHHS
B makeri GPSS. OOcnyroByBaHHSI IOTOKY 3amuTiB i3
3aJAHUMH CTATUCTHYHUMHU XapaKTEPUCTUKAMHU 31ific-
HIOBAJIOCh Y BY3JIi OOCIyrOBYBaHHs 3 OOMEXKEHHM pe-
cypcoM. 3aranbHa KiJbKICTh PECypcy Y NMOTOYHHHU yac
BU3HauaNacs K (QyHKIIs Bif L, IO 3aJISKUTh BiJ| KiJIb-
KOCTI 3amMTIB, sKi epedyBaroTh y cucteMi. J{ns mozme-
JIIOBaHHS BUKOPUCTOBYBAJIacs JIiHIHHA (YHKIIS 3aJex-
HOCTI pecypcy, sIKUi BUIUIIETHCS, BIJT L.

B pe3ynbrati MOJIENIOBaHHS CIIOCTEPIraiocs: 3MeH-
LIEHHS BTPAT 3allUTIB Yepe3 MePEeBUILICHHS JOIyCTUMOT0
Yacy ouikyBaHHS 0OCIyroByBaHHsI Ha 5%, a TaKOX 3Me-
HILIEHHSI CEPEAHBbOr0 Yacy 3aTPHUMKH B OOCIYyrOBYBaHHS
3anuTy Ha 8% 3a paxyHOK ONTHMAJILHOT'O BHOOPY pecyp-
CiB 00CITyrOBYBaHHS 3aJICXKHO BiJl KIJIBKOCTI 3aITHTIB, SIKI
nepe0yBaroTh Ha 00CITYTOBYBaHI B CHCTEMI.

BucHoBKMu

3anpornoHOBaHO MaTeMaTH4YHy MOJIEIb 3a/1a4i BUOO-
PY HOTY)KHOCTI 00CITyTOBYIOUOIr0 PHUCTPOIO, Jie 00CITyro-
BYBaHHS 3/1i1ICHIOETHCS HA 3a]aHOMY PiBHI skocTi. Ha Bin-
MiHy BiJI iCHyIOUMX MiJXO/iB 040 OajaHCyBaHHs HaBaH-
Ta)KEHHS, KOJIM JUIs 3a0e3MeYeHHs] 3pOCTAaIouoro HaBaHTa-
JKCHHsI JTOJAIOTHCS JIONATKOBI OOCITYrOBYIOUl MPHUCTPOI,
MDK SIKUMH BHKOHYEThCSl OallaHCYBaHHsI 3aIUTiB, 3arpo-
MOHOBaHA MOJIEb JO3BOJISIE BpaxyBaTH MacIITaboBa-
HICTh PecypCiB BY3JiB 0OCITyroByBaHHs MOOY/IOBaHHX 3a
TEXHOJIOTI€I0 XMapHUX OOYHUCIIEHb. 3alpOIIOHOBaHA MO-
JleNlb  TO3BOJIIE po3paxyBaTd mapamerpu Diameter-
cepBepy Ui OOCITYrOBYBaHHSI BXiJIHOrO IOTOKY Ta 3a-
0e3IeYnTH 3MEHIIIEHHS CepeHbOI 3aTPUMKH B 00CITyro-
ByBaHHI 3allMTy Ta MiHIMI3allilo BTpaT, MOB’S3aHHUX 3
TIepEeBaHTAXKEHHSIM CEpBEPY OOCITyrOBYBaHHSL.
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MaremaTn4eckast MOe/Ib MOUCKA ONTHMAJILHOI0 00bEMa pecypcoB BHPTYAJILHOI0 YCTPOICTBA 00CTy:KHBAHHS
M. A. Cxynmum

B crarbe ucciieyercst pabora CHCTEMBI OHJIAKH TapudUKaly, a IMEHHO (yHKIMoHupoBanue Diameter-cepeepa. Paccmor-
peHa BO3MOYKHOCTH PACHIMPEHHS CHCTEMbI OOCIY)KMBAHHUS 33 CUET IPHMBJICUYCHHUS JOIOIHUTEIBHBIX BBIYMCIUTEIBHBIX PECYPCOB,
OpraHU30BaHHBIX 110 00IauHOM TexHoMoruy. I{eJIbI0 UCCIeIOBaHMs SBISIETCS PAcUeT ONTHMAJIBHBIX [TapaMeETPOB cepBepa 00CITy-
JKMBaHMs, @ IMEHHO BEIYUCIUTEILHLIX PECYPCOB (IIAMATH ONEPATUBHOM M JAUCKOBOM, IPOIIECCOPHOTO BPEMEHH, PECYPCa CUCTEMBI
BBOJIa M BBIBOJIA) VISl 0OECIIeUeHUs] OOCIY)KMBAHKS TIOTOKA 3aMPOCOB Ha TapU(PHMKALIMIO HA 3a]AHHOM YPOBHE KauyecCTBa, a MIMEHHO
KOHTPOJIb TIOTEPh M 3aJIepikek B oOCmy:kuBaHuy. BeiBomwl. [Ipeiokena MareMaTiHyecKkas MOJIE/b 3a1a4i BbIOOpa MOIIHOCTH 00-
CIIY’KHBAIOILETO YCTPOUCTBA, Te OOCIY)KMBAHHE OCYIIECTBIISETCS Ha 3aJaHHOM YPOBHE KauyecTBa. B OTJIMUME OT CYLIECTBYIONIHMX
IOIXO/I0B K OAIaHCHPOBKE HArpy3KH, KOra JUisi 00eCIeueHNs] BO3PACTAONIEH HArPY3KH JOOaBIISIETCS IOMOJHUTEIBHBIE O0CITYKHU-
BaIOIIME YCTPOMCTBA, MEXIY KOTOPHIMHU BBIMOJIHSETCS OaJaHCUPOBKA 3aIPOCOB, IPEUIOKEHHAsE MOJIE/b [TO3BOJISET YUECTh Mac-
mTabupyeMOCTh PECYPCOB Y3JIOB OOCIY)KUBAHHS IOCTPOEHHBIX 110 TEXHOJIOIMH OOJIAYHBIX BBIYMCIICHUM. [IpeuioykeHHass MOJIEIb
MO3BOJISICT PaccUUTaTh MapameTpbl Diameter-cepBepa st 00CTY)KHBaHHUS BXOJISIIETO MOTOKA U 00ECIICYNTh YMEHBIICHHE CPeTHEH
3aJIepXKKU B 00CTY)KUBaHHUH 3apOca M MUHHMHU3ALUIO TI0TEPbh, CBA3aHHBIX C IEPEerpy3Koil cepBepa 00CTyKUBaHHSL

KuawueBbie ciioBa: ynpaBlIeHHE PECYpCAMU CETH; NPOTHO3UPOBAHHME HATPY3KH; TUHAMHYECKOE PACIPEAEIeHHE pe-
CYpCOB, BUPTYaJI3allisl CETEBBIX PECYPCOB, CHCTEMa OHJIAHH TapU(UKALIIH.

Mathematical model for searching the optimal resources size for the virtual service node
M. Skulysh

In the article the work of the on-line charging system namely the functioning of the Diameter-server is investigated. Con-
sidered the possibility of expanding the system of service by attracting additional computational resources organized according to
the cloud technology. The purpose of the study is to calculate the optimal parameters of the service server, namely computing
resources such as operational and disk memory, processor time, resource of the input and output system, to service the billing
request flows at a given level of quality, such QoS parameters as control of losses and delays in maintenance. Conclusions. The
mathematical model of the task of choosing the power of the servicing device, where maintenance is carried out at a given level
of quality, is proposed. Unlike the existing load balancing approaches, when additional maintenance devices are added between
the queue balancing, to provide increased load, the proposed model allows for the scalability of the resources of service nodes
built on cloud computing technology to be taken into account. The proposed model allows to calculate the parameters of the Di-
ameter-server for servicing the input stream and to provide a reduction of the average delay in service of the request and mini-
mize the losses associated with the overload server service.

Keywords: network resource management; load forecasting; resource dynamic allocation; virtualization of network re-
sources; on-line tariffing system.
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IMPOT'PAMHE MOJIEJTIOBAHHS IOIMUPEHHS TH®OPMAIIMHO-
INCUXOJIOI'TYHUX BIIJIUBIB ¥ BIPTYAJIBHUX COUIAJIBHUX MEPEXKAX

IIpeaqmeromM BUBUYEHHS Y CTATTI € MPOLEC NMOMKUPEHHS iHYOPMALiHO-ICUXOJOTYHHUX BIUIMBIB Y BIpTyaJbHHUX COLIaJIbBHUX
Mepexax. MeToro € po3poOka NporpaMHOI MoJielll OMUPEHHs 1H(POPMAaLiHHO-IICUXOJIOT YHUX BIUIMBIB y CEIMEHTAX Bip-
TyaJIbHOI colianbHOI Mepexi. 3aBJaHHsA: PO3POOUTH NPOrpaMHy MOJEIb Il BU3HAYEHHS TOrO, SIK BIUIMBAE CTPYKTYypa
coLiaJIbHOI MepeXi Ta BIACTHUBOCTI 1 poni ii KOpUCTYBadiB Ha IIBHIKICTh HOLIMPEHHs iH(OpMauilfHO-ICUXOIOTTYHUX
BIUIMBIB, a TAKOX BU3HAUUTH €(PEKTHBHICTh Pi3HUX CTpaTeriil nommpeHHs iHpOopMaliifHO-IICUXOJIOT1YHUX BIUIUBIB. Buko-
PHUCTOBYBAaHHMH METOAMHM €: Teopis rpadis, Teopis MHOXKHH, Teopis HMOBipHOCTEH, 00’ €KTHO-OPI€EHTOBAHE NpPOrpamy-
BaHHi. OTpuMaHi Taki pe3yJbTaTH: PO3pOOJICHO NPOrpaMHy MOJIEIb NOIIMPEHHS 1HPOPMALIHHO-TICUXOJIOriYHUX BIUIMBIB
Y CerMEHTax COLiaJIbHOI MEpexi, 3a JIOIIOMOrOr0 SIKOT 3/[IICHEHO MOJZICIIIOBAaHHS Pi3HUX CTpaTeriil mommpeHHs iHpopmaii
Ta 3/ificHeHO MOpiBHAHHA X edekTuBHOCTI. BucHOBKH. Po3pobieHy nporpaMHy Mozenb MOXHA BUKOPHUCTOBYBAaTH IS
MIPOrHO3YBAaHHS HACIiJKIB MOMUPEHHS iH()OPMAaLiIHO-IICMXOIOriYHUX BIUIMBIB y CErMEHTaX COLialIbHOI Mepexi Ipu 3a-
CTOCYBaHHI Pi3HUX cTpareriii nomupenHs iHpopmauii nij dac inpopmaniiiHux onepauiit abo indopmauiiinux BiiH. Byno
MPOBEJICHO MOJICIIFOBAaHHS Pi3HUX CTpATeriii nommpeHHs iHpopmarii, 30kpeMa, 3aIpoloOHOBAaHUX CTPATETii «KyL» Ta cTpa-
Terii «aepeBo». Sk mokasanu pe3ylbTaTH MOJEIIOBaHHs, €(EeKTUBHICTh cTpaTterii MOXKHA IiBUIIMTH BUKOPUCTOBYIOUU
OararokpuTepianbHi (QYHKIIT aHAN3y BY3JIB Ul BHOOPY HAWOUIBII Bajoro Bysna Juist ataku. HaykoBa HoBH3HA oTpH-
MAaHHX Pe3yJbTaTiB [OJIATA€ B HACTYIHOMY: pPO3pOOJIEHO MPOrpaMHy MOJENb MOMIKMPEHHS iHPOpMaLiiHO-IICUX OJIOTTYHUX
BIUIMBIB Y BIpTYaJIbHUX COLiaJIbHUX MEpexax, sKa Ha BiIMiHy BiJl iCHyIOUHX JI03BOJISIE BDAXOBYBATU CTPYKTYPY COLLaIbHOI
Mepexi, poili 1 XapaKTepUCTHKU KOPUCTYBAUiB Ta HAKONUYYBAJIbHUI BIUIUB OJHOTUIIHUX ITOBIZIOMIICHB, & TAKOXK J03BONISE
IeHEepyBaTH COLliaJIbHY MEPEXKy 3 Halepe]| 33laHUMH CTPYKTYPHUMH XapaKTePUCTUKAMH.

Kar4dosi ciaoBa: iHpopMmalifiHO-ICHXOIOriuHI BIUIMBH; COLiaJIbHI Mepexi; iHpopMauiiiHa Ge3neka; MOMUPEHHS iH-

(opMalrtii; MOJIEITIOBaHHSI COLIIAJIBHOT MEPEXi; MOJIEIIOBaHHSI 1H(OPMAIliHHO-IICUXOJIOTIYHUX BIUIMBIB.

BecTtyn

VY cydacHOMY CBITi OJIHI€IO 3 TOJOBHUX 3arpo3 iH-
¢dopmaniiiHiii  Oe3neni JepkaBu €  iH(OpMaliiHO-
TICHXOJIOTIYHI BIUIMBU 4epe3 3aco0M MacoBoi iH(popMa-
1ii, comianpHi Memia, Tomo [1]. Ha BimMminy Bix iHdop-
MaIiifHUX BIUTUBIB (200 iH(opMaLiiHO-KiOepHETHYHHUX,
iH(pOpMalifHO-TeXHIYHUX), SKi HaIpaBiieHI Ha iH]Op-
MalliifHi pecypcu, iHpOpMAaIifHO-TICUXOJIOTIYHI BIUTUBH
HaIpaBJIeHi Ha CBIJIOMICTb Ta ITiICBIOMIiCTb JIFOJIEH.

[HdopManitHO-ICUXONOTIYHIIA BIUIMB — BILIMB
iHpopMarieto, mo Mae Ha MeTi (OpMyBaHHsS TEBHUX
iIe, MOrJIsiIiB, YSIBJIEHb, IIEPEKOHAHb; OJHOYACHO BIiH
BHUKJIIUKA€E y JIFOJCH IMO3UTHUBHI a00 HEraTHUBHI €MOIll,
MOYYTTS 1 HABiTh OYPXJIMBI MacoBi peaxiii [2, 3].

OCKIJIBKH COIialibHI MEpeXi € OIHUM 3 KaHaliB
MOMIMPEHHS  iHQOPMAIIHHO-TICUXOJIOTIYHAX  BIUIUBIB,
aKTyaJIbHOIO € 3aj1a4a JOCIIDKEHHS CTpaTeriii MOIu-
PEHHSI TaKMX BIUIMBIB COILIaJbHUMH MEPEXaMu JUisl po-
3pO0OKH METO/IB MOHITOPHMHTY COIIaJbHUX MeEpex 1
npotuaii iHpOpMaIiHHO-TICHXOJIOTIYHUM 3arp0o3aMm.

OpHUM 3 THCTPYMEHTIB TaKHX AOCIIIKEHb € Ma-
TEMaTUYHI Ta MPOrpaMHi MOJAENI COLIaJbHUX MEPEeX Ta
MOJIENl BIUIMBY Y COLIaJbHUX Mepexax. Ha maHwmii wac
ICHYIOTh HACTYITHI METOAM MOJIETIOBAHHS COLaJBHUX
Mepex [4]: Mozeni BUNAAKOBHX IpadiB, KOONEpaTHUBHI
TEOPETHKO-IIPOB1 MOJEINi, HEKOONEPaTHBHI TEOPETHUKO-
irpoBi Mozei. JIo OCHOBHUX BiJIOMHX Ha ChOTOHIIITHIH
JIeHb MaTEMaTUYHUX MOJENEH BIUIMBY Yy COIIaJBHUX
Mepexax BiIHOCATBCS [S]: Mozeni 3 moporamu, Mojedi
HE3aJICKHUX KacKaJiB, MOJENI IPOCOYYBAHHA 1 ypa-
’KeHHs, Mozem I3uHra, mMozeni Ha OCHOBI KIITHHHUX
aBTOMATIiB, MOJICJIi HAa OCHOBI JIaHIIOTiB MapkoBa, Mo-
IeNi B3aeMHOI 1H(OPMOBAHOCTI, MOJAETI Y3TOMKCHHUX

KOJICKTUBHHX [if, MOJENII KOMYHIKaIlii, MOjaem cTaoi-
JIBHOCTI Mepexi, Mozeni iH(opMaliiHOro BIUIMBY Ta
yIpaBiiHHS, Mozeni iHgopmauiiiHoro npoTuOopcTBa.
IcHyr04i Mozeni BILTMBY Y COLAIbHUX Mepexax He J0-
3BOJISIIOTH OJJHOYACHO BPaxOBYBATH CTPYKTYPY Mepexi,
pOITi KOpUCTYBaYiB, pi3HI ICUXOJOTIYHI XapaKTEPHCTH-
KM KOPHCTYBadiB Ta HAKONMMYYBAJIbHUNA BIUIUB OJHOTH-
ITHHUX TTOBiJJOMJICHb.

MeTtorw naHoi po6oTH € po3podKka MpPOrpamMHOl
MOJIETl  TOIIMPEHHS  iH(QOpPMAIiHHO-TICUX OJOTTYHHX
BIUIMBIB Iij yac iH(opMaIiiiiHux omnepaiiiii Ta ingopma-
LiHUX BiiH y BipTyasIbHIH comianbHiil Mepexi, o J0-
3BOJISIE BPaxOBYBaTH CTPYKTYpPY COLIQIBHOI Mepexi,
poIi i XapaKTepUCTUKU KOPUCTYBAayiB Ta HaKOIUYyBa-
JIBHUAHM BIUIMB OJHOTHITHUX ITOBIJJOMJIEHb, & TaKOX JIO-
3BOJISIE TEHEPYBATH COLIIAJIbHY MEPEXKY 3 Harepes 3a/a-
HUMU CTPYKTYPHHMH XapaKTEPUCTUKAMHU.

OcHOBHa YacTuHa

B po3pobneniii mporpamHiii Mopeni comianbHa
Mepexa MpeCTaBlieHa Y BUIIIAAL rpady, By3IaMu SKOro
€ KOpUCTYBadi MEpekKi Ta areHTH BIUIMBY, a peOpaMu —
KaHaJIM 3B 3Ky MK HUMH, 110 POOJISITH MOKIIBHM Jii-
aJior MiX JIBOMa BY3JIaMH, a OTKe 1 Tepeaady MoBiJoM-
JIeHb 3 1H(QOPMAIHHO-ICUXOJOTTYHUM BIUTUBOM [6].
CorrianbHy MEpEeXY MPOIOHYETHCS PO3TIIAAATH SIK HaOIp
neBHUX miArpadis, 30Kkpema, TPy, KIiK, KJIaHiB, Jigep-
CBKUX Ipym, Touo [7- 9]. Mepexxy MOXXKHa TeHepyBaTH
aBTOMAaTHUYHO Ta CTBOPIOBATH Bpy4Hy. [Ipn aBTOMaTHY-
HOMY TE€HEepYBaHHI MepeXi MO)KHA 3a/aBaTH ii mapame-
TpH, HAIPHUKIIAJ TaKi, K KUIbKICTh KJIacTepiB, TUI Kia-
crepiB (Tpymna, KIika i T.1.), TOLIO.

B po3pobsieniii mporpamHiii Monerni Oysi10 BH3HA-
YEHO TaKi BJACTUBOCTI By3Jia MEPEKi — KOPUCTyBaya:
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Active — aKTUBHICTh KOPUCTyBaya, KiJbKICTh aK-
TUBHUX JIaJIOTiB (3BEPHEHB JI0 1HIMX KOPHCTYBaYiB) 3a
OJITHY ITepaIlito MOJICIII.

Reputation — pemyraiiisi KopucTyBaya, CUjia BIUIU-
BY iH(OpPMAIIfHOTO [TOCKITY, CHJIa IEPEKOHAHHS.

Opposite — HemoBipa KOpHCTyBada, iH(pOpMalliii-
HUH CIPOTHB, KPUTHYHICTb 10 BiTHOIIEHHIO JIO i71ef, 110
PO3IIOBCIO/IKYETBCSL.

Involvement — cryminp 3amydeHocTi 1o inei / pi-
BEHb JIOBipH.

VY ocHoBHOro kiacy mozeni «KopucryBau» mpo-
MIOHYETHCSl PO3IIISAJATH CITIIBBIJHOLICHHS ITOKa3HHKIB:
«perryTamish aTaKyluoro By3la 1 «iH(pOpMaIiiHuHA
CHPOTHBY» aTaKOBaHOT'O.

Mera BBe/IeHHS [IMX MapaMeTpiB — HAOINU3UTH MO-
JIeNb JI0 peajbHOCTI. AJDKE OTPHUMYIOYHM OIHY 1 Ty XK
iH(pOpMaIiio Bijl pi3HUX aJpecaTiB, I KiHIIEBOTO OJie-
pKyBaua BoHa Mae pi3Hy iHdopmauiiiHy Bary. Unuwm Oi-
JIBILIE OZIEPXKYBad IOBIps€ BiANPaBHUKY — TUM Baromi-
IIMM JIJI HBOIO € MOBigoMJICHHA. [H(popMamniliHy Bary
(IB) mpomnoHyeTbcst BU3HA4YaTH SIK KOE(IIiEHT, 110
OTPUMYETHCS 3 BiIHOIICHHS:

IB = Penymayis / nedosipa . (1)

Cepen MHOXKMHH BY3JIiB MEpEXi BapTO BHAUTUTH
reHepaTopiB iel — BY3IIM, IO aKTHBHO ITOIIMPIOIOTH
iH(pOpMaIifHO-TICUXOJIOTIYHUN BIUIMB o. [ eHepaTop
XapaKTepU3yeThCsl MAaKCUMAJIbHUM PiBHEM 3aJTy4€HOCTI
JI0 171€1 0., BACOKMM pPiBHEM BIUTUBY Ta aKTUBHOCTI.

Cryninp 3aixydeHocTi 10 ifei (piBeHb NOBipU) BH-
pillIEHO PO3TIAaaTH HAWMPOCTIIIUI — JIHIHHUNA BapiaHT
JaHol QyHKIII.

«3aydeHicTh A0 i1ei» — 1e nesKa HaKOMUIyBaJlb-
Ha XapaKTePUCTHKA, QYHKIIIS BiJl KUTBKOCTI OJHOPITHUX
iH(pOpMaIIfHUX TIOBIIOMJIEHbB, IO HAIHIIUIN 0 KOPHUC-
TyBaya BiJ iHIIUX BY3JiB Mepexi. Y mepiioMmy HaOmu-
JKEHHI MOJIENI PO3TJIAIa€EMO KYCKOBO-JIIHIHHY (DYHKITIIO.
Jlana (yHKIisS TOBUHHA 3aJICKATH BiJ ICUXOJOTIYHHX
XapaKTEPUCTUK OCOOMCTOCTI, Ha Ky 3iHCHIOIOTH
BIUIMB, B paMKax JaHOi IPOrpaMHOi MOJIElNi 3yMHHUMO-
csl Ha JIHIAHIA (YHKIIT 3 IU1aBalOYUM JUHAMIYHHM KO-
edinienrom (puc. 1).

piBEHb reHepaTopa ~

Rui=Opu

Rui<Opu

3any4eHicTb

Rui>Opu

MosigomneHHn Big Ui

Puc. 1. BruiuB xapakTepHCTHK aTaKylO4oro
1 aTAKOBAHOr'0 BY3J1a HA CTYIIiHb 3aJy4€HOCTI
o izef arakoBaHoro, je Ry; — cuna nepekoHaHHs
arakyro4oro, Oy, — iHpopMmalifHuii CIPOTHB KEPTBU

Tak sk B JaHOMY JOCIIDKEHHI HE PO3TIISIAETHCS
BIUIUB T€HEpaTopiB KOHTpiei, To (yHKIIs, 10 BU3HA-
Yyae piBeHb «3aJTy4eHOCTI» Oyae MOHOTOHHO HeE CIiajia-
I0Y0I0, & MaKCUMallbHEe 3HA4€HHs — 1€ piBEHb IeHepa-
TOpa i/1el, By30JI caM CTa€ TeHepaTopoM i IIOUYMHAE PO3-
TIOBCIO/IXKYBATH 1/I€10 110 MEPEexi.

I'enepatop ifei mepiioro piBHA — JKEpeno ifei.
Koputcysadi, 1110 cTaJv MOBHICTIO 3ay4eHUMH 10 i7el
(3HaveHHs ix mapamerpy Involvement crtamo mMakcuma-
JIBHUAM), CTAIOTh T€HEPaTOpPaMHU 1/1el HACTYITHHUX PiBHIB.

PosnoBcropkeHHst  iH(pOpMAaIiTHO-TICHXOJIOTTYHHUX
BIUIMBIB y COILIajJbHIA Mepexi Moxe BigOyBaTtucs 3a
pI3HUMHU CTpaTerisMu. ATreHTH BIUIMBY (TE€HEpaTopH
inei) MOXyTh BHKOPUCTOBYBATH pi3HI MOBEIIHKOBI
cTparerii, 3 METOIO BIUIMBY Ha KOPHUCTYBAUiB COLIaIbHOI
Mepexi. [loBeniHkoBa cTpareris reHeparopa inei Moxe
OyTu mpeacTaBieHa sIK:

(F(R.Py. B)IU) )

ne F(R.B,...P)— dyHkuid, mo BU3Ha4Yae MOBEiH-
KOBY CTparterito; Uy, — MHOXHMHA JOCTYIIHHX [C€HepaTo-

Py BY3I1iB, TOOTO — IiAIMHOKMHA BY3JIiB BCI€l Mepexi,
IO BXOAWTH JIO KOJa CIUIKYBaHHS TI'€HEeparopa;
R, P,,...., P.— Habip NOBEIiHKOBUX KPHUTEPIiB.

@yukuiss F(P,) Moxe 3alexaTd Bif OIHOTO,
JIBOX 1 OLJIbIIIE KPUTEPIIB.

Jlnst MonmenroBaHHs MOBEIIHKH arcHTIB BIUIUBY B
coliaIbHUX Mepekax y JaHii po0oTi Oyi10 3ampornoHo-
BaHO NPUKJIAMU ITOBEIIHKOBHX CTpATeriil, Mo Oynu
YMOBHO Ha3BaHi CTpATeris «KyII» Ta CTpaTeris «uaepe-
BO», Ta MPOBEJICHO EKCIIEPHUMEHT Ha MOJIETI Ha TIpeIMeT
€(QEeKTUBHOCTI TAKUX CTpaTerii.

[ToBeniHKa By3J1a 3aJIKUTh BiJ] 0araThb0X YHHHHKIB:

— MerTa, 110 IepeciyeThCs;

— TIOJIOXKEHHS By3Jla B MEPEXKi;

— JIOKaJbHA CTPYKTYpa MEPEXi B OKOJII By3JIa;

— HasBHICTh YM BiJCYTHICTh NOMIYHHKIB, CYIpO-
THBHUKIB, TOIIO.

PosrisiHeMO BapiaHTH IMTOBEIIHOK, IO 0a3yIOThCS
JIMIIEe HAa BUOOPI BY3IIiB Mepexi (KOpUCTyBadviB) - HijeH
aTak® i3 CBOro OKony. BapTo 3ayBaskuTH, 110 IPU MO-
JIEIIIOBaHHI He PO3IIIAJAa€Thcsl BapiaHT aBTOMAaTHYHOTO
pO3cHIIaHHs MEBHOI iH(popMallii, MOBa ¥iie Ipo aKTUBHI
YCBIIOMJICHHI JIaJIOTH 3 YpaxyBaHHIM OCOOJHBOCTEH
crniBpo3MoBHUKa. Came TOMY BBE/IEHO NOKa3HUK Active
— aKTHBHICTh KOPUCTYBaya, 1[0 BU3HAYA€ MAaKCUMAJIEHO
MOXIIUBY KUIBKICTh aKTHMBHHUX JiajoriB 3a 1 ireparito
MOJIeNTi, IIe, HampHuKiIan, 1 JIeHb. B pealbHOMY >KHTTI
KOpHCTYBa4 HE MOXKE Ha MPOTsI31 0OMEXKEHOrO yacy Be-
cTH 0e3/1iY aKTHBHUX iaJioTiB, KiNBKICTh TaKHUX ialio-
riB oOMekeHa BUILHHM YacoM, B MOJIEI, IO PO3TJisiaa-
€TBCS1 — 0OMEKeHa TIOKa3HUKOM Active.

B maiimpocrinmomMy BUMAmKy BY30J (TeHepaTop
imei) Beme Miajior 3 BHIIAAKOBO OOpPaHHMMHU BY3JIaMU 3
KOJIa CBOT'O CITUIKYBaHHS B Mepexi. [Ipu Takomy Bapia-
HTI Te€HEpaTOp HE BUTpayae 4acy Ha aHali3 CTPYKTypH
YW IHIUBIAyaJbHI OCOOJMBOCTI BY3JIIB — IIJICH aTakwu,
TOMY KiJIBKICTh JiajoriB (iHpopMmaniiHuX aTak) Onn3b-
ka a0o piBHa TMOKa3HHWKY HOro akTUBHOCTI. Toxi moBe-
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JIIHKOBa cTpaTeris (yMOBHO Ha3BEMO 11 «KYII») MOXKe
OyTH OmHcaHa SK:

Bosh = {ul- el, ‘i = random(|Ug|),|u| SAClg} , (3)

me wu; €U, — JOCTYIHI TeHepaTopy KOPHCTyBaui;
i = random( |U g | ) — BUITQJIKOBHI BHUOip HOMepa KOpHC-

TyBaya Ui aTakw; |u| < Actg — KinbKicTh 00paHHX KO-

pHCTYBadiB HE IEPEBHUIIYE ITOKA3HHWKA AKTUBHOCTI Te-
Heparopa.

MosxJimBi 1 iHII MTOBEMIHKH, KOJMH I iH(pOpMa-
LiHOI aTakW OOMPAIOTHCS HE BHIAIKOBO, a 3 ypaxy-
BaHHSAM IIEBHUX XapakTepucTuk. Haiimpocrimoro 3 Tou-
KU 30py aHaJi3y Ta JOCTYITHOCTI XapaKTepPUCTHKOIO BY-
3712 JUISl aTaKU € KUTBKICTh HOro 3B’SI3KiB (3 TOYKH 30py
comianbHOI Mepexi — KUIbKICTh Apy3iB). JloriuHo npwu-
ITYCTUTH, L0 BY3JIH 3 BEJIMKOIO KUIBKICTIO KOHTaKTIB €
OUIBII TIEPCHIEKTUBHUMHU JUIS aTaK{ 1 TIOJANBIIOTO PO3-
HOBCIOJDKECHHS i7el. Y BUNAJIKy BJAJIOl aTakH i IIepeKo-
HaHHS TaKOTo By3Ja KaHaJ Iepeaadi 3HaYHO PO3IIUPIO-
€TbCs. AJle B I[bOMY BHIAIKy I'€HEpaTopy HeoOXiTHO
3aTpaTHTH MEBHHUW Yac JUIsl aHajli3y, m00 BHOpaTH BY-
30J1 JJIS aTakd, BIAIOBIIHO KIJIBLKICTH aKTUBHMX ialio-
riB Mae OyTH 3MEHILIEHa 110 BiJHOIICHHIO JI0 ITOBEIIHKH
orucaHoi criBBifHOMmEHHM (2). OOpaBIIM MEepPCHeKTH-
BHHUIT BY30JI ISl aTaKH, TeHEPATOp HAMAraeThCs 3aJIydH-
TH HOro 1o ifgei mepuioyeproBo — TOMY 30CEPEIKYE
yBary came Ha LbOMY BY3Ii (By3nax). B peanpHOCTI Ta-
Ka CTpaTeris BU3HAYAETHCS MOBTOPIOBAHICTIO 3BEpPHEHb
JI0 OIHOT'O BY3J1a Ha MpoTsi3i onHiel itepanii. KijabpkicTh
BY3JiB OOpaHUX JUI1 aTaKu HACTYHHUMH T'€HepaTopamu
(3asryueHHMU 710 i7€i) MoXe 301IbLIyBaTUCh, BPaXoBY-
104 301JbIICHHS HOCIiB i€l B Mepexi 1 CyMapHHi
BIUIMB Ha aTaKOBAaHWH BY30J. Y BHIAJKY Li€i MOBeiH-
KOBOI crparerii (Ha3BeMO i YMOBHO «JIepeBO»), BOHa
MO>Ke OyTH ONHCaHa TAKUM YHHOM:

Uy, | — max,
Bree =4 g / @)
u|=2"-8 |Ju| <K * Acty,u; ¢ G
ne u; €U, — JOCTYNHI TCHEPATOPYy KOPHCTYBadi;
U, | = max — KiTbKiCTb BY3IIiB, JOCTYIIHUX aTaKOBAHO-

MY BY3I1y, 0OMpa€eThCS 32 03HAKOIO «MaKCUMANbHA 3 Hasl-
BHHUX); |u| =2/-2 _ kinpkicts BY3JIIB JJISI aTak 3aJie-
JKHUTH BiJ piBHS reHepaTopa (I g), mounHarouu Bix modva-
TKOBOTrO TeHepatopa | g = 0; |u| < K * Acty — KiIBKiCTB

00paHuX KOPUCTYBadiB HE MEPEBHUIIYE MOKA3HUKA AKTH-
BHOCTI TeHeparTopa 3 JesKiM Koe(illieHToM, TIeBHHI Yac
BUTPAYA€THCS TCHEPATOPOM Ha aHali3 i MOIIYK By3Jia s
aTaKy; B MOJAJIBIIOMY MOJICIIOBAHHI BUKOPHCTOBYETHCS
koegiient K=0,5, ToOTO MONIOBHHA aKTUBHOCTI I'eHepa-
Topa; u; ¢ G— aTaka Ha BY30Jl MPOJOBXKYETHCS A0 THX
Tip TIOKH BY30JI CaM HE CTAHE FEHePaTOPOM.

Jis mepeBipkn e(pEeKTHBHOCTI 3ampONOHOBAaHHUX
HOBE/IIHKOBUX CTpATeTiii MPOBEAECHO EKCIIEPUMEHTH Ha
po3po0biteHiit porpamuiid Moneni. byna 3monensoBaHa

Mepexa 3 KJacTepiB pi3HHX THIIB (TPYIH, JigepchKi
TpyNH, JOJAaTKOBI BY3JIHM 1 3B’S3KH), BUIISAL MEpEexi
HPEACTaBICHO Ha pHC. 2. By3on renepatop momimieHo B
po3pimkeHiit 30HI Mepexi (BuaiIeHO Ha puc. 2). 3ara-
JIbHA KIJBKICTh BY3JIiB Mepexi — 150.

Puc. 2. Ipuxiax Nel MozenroBaHHS coIlialIbHOI Mepexi
Y po3po0ieHiit mporpamHii Mozeni

MonentoBaHHsI 3 3aCTOCYBAHHAM DIi3HUX MOBEMiH-
KOBHX CTpAaTerii Jano pe3ysibTaTd, MPEACTABJICHI Ha
puc. 3 («1» — nepeBo, «2» — KyI).

0 S0 100 150 200 250 300
Puc. 3. IIIBuIKicTh pO3MOBCIOIKEHHS
iH(pOpMaIi {HO-TICHX OJIOT1YHHX BIUIMBIB y mpukiam Nel mist
cTpareriii mommpeHHs iHpopmarii «aepeBo» — 1 Ta « ym» — 2

Sk BuIHO 3 TpadikiB (puc. 3) MU PO3MOBCIOIKEH-
HS i7€] BCIEI0 MEPEXEI0 33 CTPATEri€l0 «IepeBo» 3Ha-
nobuiocst Onu3pko 170 itepamiid, Ha I ke 4acoBii
BIJIMITII «KYIID» 3aX0NHB 013bK0 60% BY3IiB.

Curyanisi Ieno 3MIiHIOETbCS TIPH 3POCTaHHI IIiTb-
HOCTi 3B’S3KIB B Mepexi, Ha puc. 4 mokazaHo rpadik
npy 301bIIeH] miTbHOCTI 3B’s13kiB Ha 40% Ta MOmOB-
HEHI Mepexi JeKiUIbKOMa BY3JaMH - MICTKaMH MiX
OKpEMHUMH KJiacTepaMi (KUTBKICTB By3:iB - 160).

1504

100

o
0 50 100 150 200
Puc. 4. [IIBuKiCTh pO3MOBCIOIKEHHS
iH(popManifHuX BIUIMBIB y npukiani Nel jyist crpareriit
«epeBo» — 1 Ta «kymy» — 2 TpH 301IbIIeH] MTBHOCTI
3B’s13KiB Ha 40% Ta JIOMOBHEHI Mepexki A0AaTKOBUMU
BY3JIaMH — MiCTKaMH MK OKPEMVMH KJIacTepaMu

Jlis mepeBipkM TiMOTE3W IMPO BIUIMB IIIJIBHOCTI
3B’S3KiB Ha €()eKTUBHICTh MMOBEIIHKOBHX CTpaTerii Oy-
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JIO CYTTE€BO 301IBIICHO MIUIBHICTh, 332 PaXyHOK JIOJa-
BaHHS BY3JIB 1 3B’5I3KiB, & TAKOX JO/IaBaHHS KJIACTEPIB
3 BHCOKOIO HIiIbHICTIO (Kiiku). ITicnst BHeceHHs 3MiH
Mepexa Majna HACTYIHHH BHIIISA (pHC. 5), KUIBKICTh
By3:1iB — 200, Mo3uIlisi reHepaTopa He 3MiHIOBAJIACh.

Puc. 5. Ipuxnan Ne2 MoziennroBaHHs COLIaIbHOI Mepexi
Y po3po0ieHiii mporpamHii Mozeni

Ha npomy BapiaHTi Mepexxi CTpaTerii «Kym 1 «Je-
PEBO» TIOKA3aJIM MaibKe OTHAKOBI pe3ynbTaTH (pHC. 6).

150

100

50

s - . :
0 50 100 150 200
Puc. 6. IlIBuakicTs po3noBcrokeHHs iHpopmManiiiHo-
IICUXOJIOTIYHUX BIUIMBIB y npukiazi Ne2 juist crparerii
nomupenHs iHpopmanii «repeBo» — 1 Ta «ympy — 2

[Micns 100-1 itepanii oOuaBi crTpaTterii 3axonuiIH
MPaKTHYHO BCi BY3IIM Mepexi. HeBennka KinbKicTh He-
3aXOIUICHUX BY3JIIB CTpaTeriero «kymp (Ha ski Oymo
3arpadeHo e 6mu3pko 100 iTepaliil) MOsSICHIOETHCS BU-
MaJKOBUM, a HE BUOIPKOBHM IIiAXOIOM JI0 BUOOPY BY3-
Jla sl aTakd B CTpaterii «Kylp».3arajoM CTpateris
«JIepeBoy» IMoKa3ajia Kpail pe3yJbTaTH, ajle B XOIi eKC-
MEpUMEHTY BHUSBJIEHO, IO IIOBEJIHKOBA CTpaTeris

«IIepeBo» Mae TeBHi koiisii. Tak, HanmpukiIam, Ha Tep-
LIOMY — JIPYroMY piBHsX (Ha 1HIIMX PiBHSX BXKE HE TaK
KPUTUYHO) BHOIp 3a KPHUTEpIEM MaKCHMaJIbHOCTI
3B’SI3KIB aTAKOBAHOTO By3Jla MOXKE OOpaTH BY3/HU 3 BU-
cokuM piBHeM iH]opmariiiHoro cripotuBy (Opposite). B
TAKOMY BHUINAJKY Yac 3aTpaueHuil Ha NepeKoHaHHsA Oy-
Jie CYTTEBO 3pOCTaTH. BuxomoM 3 maHoi curyalii € 3Mi-
Ha KpUTEpil0 BHOOPY BYy3Ia, TOMI MOBEIIHKOBA CTpate-
Tist MoXke OyTH OnucaHa SK:

Op,; — min,

P

tree = U €U

; .(5
s |u|=2l—g,|u|£K*Act Ju G ©

B nopiBHsHHI 3 (4) 3MiHEHO JHIIe KpUTEPil BUOOPY
By3Jla — OOMpAIOTHCS BY3IM 3 MiHIMAJIBbHAM pIBHEM
cnporuBy. Takuii KpuTepili HECKIagHO peasli3yBaTH B
MOJIEN, JOCTaTHBO MOPIBHATH JIMIIE TOKA3HUKH BY3JIa,
ajie Habarato CKJIaIHIIIe 3MIHCHUTH TaKui BigOip B pe-
aJIBHOMY JKUTTI.

BucHoBKMu

VY cTarTi po3mISIHYTO PO3pOOIIOBaHE MPOrpaMHe 3a-
Oe3reyeHHs1 Uil TPOrPaMHOTO MOJICNIOBAHHS ITOLIH-
peHHsl iH(pOpMaIiiTHO-TICUXOJIOTIYHUX BIUIMBIB y BipTYy-
aJBHUX COLIANBHUX Mepexax. JlaHe MoIemoBaHHs MO-
’KHa BHKOPHCTOBYBATH JUIS TPOTHO3YBAaHHS HACIIiJIKIB
nommpeHHs iHdopManii NpH 3aCTOCYBaHHI pi3HHX
cTpareriii B xoni iH(opmaniiiHux omnepauiid Ta iHdoOp-
MaliifHux BiiiH. Byno mpoBezeHoO MojenroBaHHS JEKi-
JIBKOX PI3HUX CTpaTeriii momupeHHs iH(opmarii, 30k-
peMa, CTpaTerii «KyI» Ta CTPATETii «IepeBoy.

Sk moKkazanu pe3ysibTaTH MOJIEIIOBAaHHS, €(EeKTHB-
HICTh CTpaTerii MO)KHA IMIBUINUTH BHKOPHUCTOBYIOUH
OaraTokpurepianbHi ¢yHkuil. baraTokpurepianbHa (yH-
KIIisl aHaJ3y BY3JiB Ja€ MOXIIUBICTh BUOOPY HaAHOLIbII
BIAJIOTO BY3J1a JJIA aTakdl — IIe OCOOJIMBO aKTyaJlbHO Ha
PaHHIX CTaisIX aTaKd 1 Ja€ MOXIIMBICTh CKOPOTHTH 4ac
3aydeHHs 0 iJei i OTpUMaHHS reHepaTopiB HACTYITHOTO
piBust. CKIAQAHICTD 3AIHCHEHHS BiIOOPY 1 aHANI3Y KpHTe-
piiB OyJe BIUIMBAaTH Ha 4Yac 3aTpadyeHHd B LUIOMY Ha
npotiec iHpopMaliifHoro BIKMBY. TOMY akTyaJbHHM €
BUOIp MPaBUIILHOTO OallaHCy MK YCKJIaTHEHHSIM KpuTe-
piiB BHOOpY (i, K HACITINOK — e()eKTUBHOCTI aTaKM) i 4a-
COM 3aTpayeHUM Ha aHaji3 3a OOpaHUMHU KPUTEPISIMU.
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IIporpamMmmHoe MoaeIMpPOBaHMe PACIIPOCTPAHEHUS] HH(OPMALIMOHHO-TICMX0JIOTHYECKUX BO3IeHCTBHIA
B BUPTYAJIbHBIX COMAIBHBIX CETAX

A.C. Yiunues, E.B. Menemko

IIpeaMeToM M3ydeHUsI B CTAaThe SIBIISIETCSI IPOLIECC PACIIPOCTPAHEHUSI HHPOPMALIMOHHO-TICHX OJIOTHIECKIX BO3ICHCTBUI B
BUPTYaJIbHBIX COIMAIBHBIX ceTsaX. Llesblo sBiseTcst pa3paboTka MporpaMMHON MOZAENTH pacHpoCTpaHEHUs: WH(OPMAIMOHHO-
TICHXOJIOTMYECKHUX BO3JICHCTBHI B CErMEHTaX BUPTYaJbHON CONMAIbHON ceTH. 3agava: pa3paboTaTh MPOrpaMMHYIO MOJIEINb st
OIPE/IENIEHNs TOrO, KaK BIIMSAET CTPYKTYpa COLHMANBHOM CETH, CBOMCTBA M POIH IOIb30BaTENEl Ha CKOPOCTh PACIPOCTPAHEHUS
HH(OPMAIIIOHHO-TICHX OJIOTHYECKHUX BO3IECHCTBUM, a TaKkkKe ONpelenuTh 3(p(GEKTUBHOCTD PA3IMYHBIX CTPATeruii pacipocTpaHe-
HUSI MTHPOPMALMOHHO-TICHX OJIOTHIECKIX BO3AEHCTBUI. VICIONb3yeMbIMI MeTOOaMM SIBIISIFOTCS: TEOpHsI rpad)oB, TEOPHS MHO-
JKECTB, TEOPHsI BEPOSITHOCTEH, 00BEKTHO-OPHEHTHPOBaHHOE NpOrpaMMHpoBaHue. [lomydeHs! crenyronye pe3yJbTaThl: pa3pa-
0oTaHa IporpaMMHasi MOAENb PACIPOCTPaHEHMsT MH(OPMAIIOHHO-TICUXOIOTMYECKUX BO3ICHCTBUH B CErMEHTaX CONUAILHOW
CeTH, C IOMOIIBIO HEE OCYIIECTBIEHO MOJEIMPOBAHHE Pa3JIMUHBIX CTPATerHid pacrpocTpaHeHHss MHPOPMALMH M HMPOBEICHO
cpaBHeHHE uX ddpexTuBHOCTH. BhIBOABI. Pa3zpaboranHyro MporpaMMHYIO MOJIENTh MOYKHO HCIIOIB30BaTh ISl IIPOrHO3MPOBAHUS
TIOCTIE/ICTBUII pacpOCTpaHEeHUsI HHPOPMALMOHHO-IICHXOJIOTMYECKUX BIMSHUAN B CErMEHTaX COIMAIBHOW CETH IPH MPUMEHEHUHN
Pas3IMUHBIX CTpaTeruil pacrpocTpaHeHys] HHPOPMAIMU BO BpeMs MH()OPMAIMOHHBIX ONepanuii Win WHPOPMAIMOHHBIX BOWH.
Bb110 poBeieHo MOJETMPOBaHUE PA3IMYHBIX CTPATETH pacpoCTpaHeHnsI HH(OPMAINH, B YACTHOCTH, PEUIOKEHHBIX CTpare-
THH «KYCT» M CTpaTeruu «jiepeBoy». Kak mokaszaiam pe3ynbTaTsl MOAEIHPOBAHHS, S(P(PEKTUBHOCTh CTPATErHN MOYKHO ITOBBICUTH
WCITIOJB3YsI MHOTOKpHTEpHalIbHbIE (QYHKIMH aHaINM3a Y3JI0B Ul BBIOOpa Hauboliee ynauyHoro ysina Juist atakd. HaydHast HOBU3Ha
OJTy4CHHBIX PE3YJIbTaTOB 3aKJII0UACTCS B CICIYIOIIEM: pa3paboTaHo IPOrpaMMHYIO MOZEINb PAacHpOCTPaHEHHs MH()OPMaLOH-
HO-IICUXOJIOTMUECKUX BO3JICICTBUII B BUPTYalIbHBIX COLMAIBHBIX CETSX, KOTOPas B OTIMYHUE OT CYIIECTBYIOIIMX [103BOJIET y4UH-
THIBaTh CTPYKTYPY COLMAIBHOIN CETH, POJIM M XapaKTEPUCTHUKH II0JIb30BATENeH U HAKOIHUTEIBHOE BIMSHHE OJXHOTHITHBIX CO00-
LIEHUH, a TaKXkKe [103BOJIIET TeHEPUPOBATh COLMANIBHYIO CETh C Halepe/ 3aJaHHbIMU CTPYKTYPHBIMH XapaKTepPUCTHUKAMU.

KawueBbie caoBa: MHOOPMALMOHHO-TICHXOJIOTMYECKHE BO3ICHCTBUS; COLMAIBHBIE CeTH; WH(pOopMaloHHas Oe3omac-
HOCTB, PaclpocTpaHeHne MH(OPMAINHN; MOJICIUPOBAHHUE COLHAIBHOIN CETH; MOJCIIMPOBaHKE WH()OPMALIOHHO-TICUXOJIOr MYECKHX
BO3JICHCTBUI.

Program modeling dissemination of information-psychological influences in virtual social networks
0. Ulichev, Ye. Meleshko

The subject matter of the article is the processes of dissemination of information-psychological influences in virtual social
networks. The goal is to develop the program model for the dissemination of information-psychological influences in a segments
of a virtual social network. The tasks to be solved are: to develop a program model for determining how a structure of a social
network, the properties and roles of users affect the speed of dissemination of information-psychological influences, and to de-
termine the effectiveness of various strategies for disseminating information-psychological influences. The methods used are:
graph theory, set theory, probability theory, object-oriented programming. The following results were obtained: a program model
for the dissemination of information-psychological influences in a segments of a social network was developed, with the help of
which various strategies for the dissemination of information were modeled and the comparison of their effectiveness was made.
Conclusions. The developed program model can be used to predict a consequences of the dissemination of information-
psychological influences in segments of a social network when applying various strategies for disseminating information during
information operations or information wars. Modeling of various information dissemination strategies was carried out, in particu-
lar, the proposed "bush" strategy and "tree" strategy. As shown by the simulation results, the effectiveness of a strategy can be
improved by using multi-criteria node analysis functions to select a most successful node for the attack. The scientific novelty of
the results obtained is as follows: the program model for modeling the dissemination of information-psychological influences in
virtual social networks has been developed that, unlike existing ones, allows to take into account a structure of a social network,
the roles and characteristics of users and the accumulative impact of a same messages, and also allow the generation of a social
network with specified structural characteristics.

Keywords: information-psychological influences; social networks; information security; information dissemination; so-
cial network modeling; modeling of information-psychological influences.
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LOGICAL - PROBABILISTIC REPRESENTATION OF CAUSAL DEPENDENCIES
BETWEEN EVENTS IN BUSINESS PROCESS MANAGEMENT

The subject matter of the article are the processes of identifying knowledge in the form of causal relationships based
on the analysis of the log of the business process. The goal is to develop a logical-probabilistic model of cause-effect
relationships between pairs of log events that describes the implementation of the business process's action to support
the solution of the task of automating the construction of the knowledge base of the process management system.
Tasks: Select context constraints and limitations on the execution of business process actions that can be obtained as a
result of log analysis; develop an approach to extract the probabilistic and logical components of cause-effect
dependencies; to develop a logical-probabilistic model of causal relationships. The methods used are: methods for
constructing predicate models; Bayesian methods of constructing probabilistic models. The following results are
obtained. Formalized class of causal dependencies for knowledge-intensive business processes. Such dependencies can
take into account informal knowledge of the business process. Within this class there are: a predicate description of the
state of the context based on information about values of attributes of log events; contextual constraints on doing
business process actions; probabilistic conditions for implementing the business process. Conclusions. The scientific
novelty of the results obtained is as follows: a logical-probabilistic model of cause-effect relationships between pairs of
log events describing the performance of the business process is proposed. The model binds a logical description of the
state of the context before and after the completion of each activity of the business process, as well as a logical
description of the constraints on the actions of the process and a probabilistic description of the conditions for the
execution of these actions. In practical terms, the model provides an opportunity to solve problems of extracting,

expanding and integrating knowledge based on the analysis of logs of business processes.

Keywords: causality; knowledge; knowledge base; dependencies; business process; workflow; event log.

Introduction

Business process management systems are
designed to manage the enterprise through the
management of business processes (BP). The process
control cycle includes the stages of building business
process models, configuring these models in the
management system, using BP models for managing
and improving process models [1].

Business process models specify the sequence of
actions that are required to obtain the product or service
needed by the consumer. Improvement of process
models allows to eliminate bottlenecks, and also to
adapt the model to new conditions of business process
execution. Such conditions arise as a result of changes
in the activities of the enterprise, new market contracts,
etc.

The problem of adaptation of process models is
especially important for knowledge-intensive business
processes. Such processes differ in that knowledge
workers can change their structure. They use their
personal knowledge and experience to change activities
when executing a business process. As a result, the a
priori model of the process becomes inadequate to the
current instance of the business process [2].

To continuously improve the BP, it is necessary to
supplement the process model with a knowledge base.
This knowledge base can be used to assess the
effectiveness of possible changes in the process model,
taking into account constraints on the performance of
business process actions.

When building a knowledge base, it is necessary to
take into account the limited, inaccurate personal
knowledge of the knowledge workers, who change the
sequence of actions of the business process [3].

Related Work

At present, approaches to building knowledge
bases to support process management are focused
primarily on knowledge engineering. The specialists in
knowledge engineering provide for human-machine
interaction in the allocation and formalization of
knowledge. The Semantic Web paradigm is used, as
well as micro-blogging ideas [4].

At the same time, the methods of automated
construction of knowledge bases [5-7] and approaches
to the probability representation of knowledge are
intensively developed [7-9]. These approaches use
probabilistic ~ causalities  [10, 11],  probabilistic
relations [12], probabilistic graphical models [13],
probabilistic logical reasoning [14, 15].

However, these methods and models are intended
primarily for wuse in information retrieval and
information referral systems. They are also used to
support speech and image recognition.

Further research is required to solve the problems
of supporting decisions on process management, taking
into account the inexact, probabilistic nature of
knowledge of people who perform knowledge-intensive
business processes.

As a result, information regarding the further
behavior of the business process becomes uncertain.
This indicates the importance of constructing a logical-
probabilistic representation of knowledge.

The purpose of this article is to develop a
probabilistic-logical representation of cause-effect
dependencies in a knowledge base of the process
management system in order to perform such tasks:

—using personal knowledge of employees to
improve the business process model;
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— supporting decisions on the assessment of the
actions of knowledge workers, who changes the
business process.

Knowledge-intensive business process:
causality

Knowledge-intensive business process has a
number of properties that affect the representation of
causal dependencies.

The process has three structural levels: a
workflow; contextual knowledge about the actions of
the process; context.

Workers can change the sequence of actions based
on their knowledge and the current state of the context.
This means that there are causal relationships between
the context and the process activities (Fig. 1).
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Fig. 1. Causal dependencies
of knowledge-intensive business process

Context affects the execution of actions in the
domain and includes a set of artifacts.

Artifacts are objects that the process uses when
executing. Artifacts are characterized by a set of
properties. Properties are represented as attribute - value
pairs.

The current state of the business process context
depends on such variables:

- a set of artifacts that this process uses;

- a set of properties of artifacts;

- the values of the properties of these artifacts.

Sets of artifacts and immutable attributes set the
static aspect of the context. In other words, artifacts
with predefined attribute sets are used by the process all
the time.

The absence of such artifacts does not allow
performing the corresponding actions of the process.
Therefore, the static aspect of the context sets limits on
the execution of business process actions. In this case,
for each constraint of the business process, the rule is
triggered: as long as the corresponding activity does not
satisfy the constraint, it cannot be included in the
workflow:

VeeCaD = D,D; #D: Dy Nwf =B|-c, (1)

where c is the current constraint; D; — a subset of
activities that must satisfy the constraint; wf — the
workflow of the current instance of the business
process..

The set of all possible sequences of actions forms
the general flow of work of the business process, Wf

ie Wf ={wf}.

Limitations for a particular action must be satisfied
in all instances of the process. A process instance is an
implementation of the BP model, similar to an instance
of a class in object-oriented programming.

The set of pairs "attribute-changing value"
characterizes the dynamic aspect of the context.
Attribute values changes as a result of process actions or
environmental influences.

In order to execute a process action, a subset of
attributes must have certain values.

Therefore, the dynamic aspect is characterized by
the conditions for performing BP actions at the time
when the desired attribute values are obtained:

wf,t|=d|l/\c,leL,ceC,deD, (2)

where [ is the condition to perform activity d ; ¢ — the
moment of time when the condition / and constraint ¢
are satisfied.

Unlike constraints, the conditions for starting
actions cannot be satisfied for all instances of the BP:

Elwfve:wf,tJ#dV/\c. 3)

This difference is due to the fact that employees
can change the process and perform the action under
other input conditions. In the general case, there is a
nonzero probability that the action will be performed
with the true expression /.

In order to identify the causal dependence of the
"condition-activity" kind and then to predict possible
sequences of knowledge-intensive business process
work, we set the threshold value & of the probability for
this condition. The business process is characterized by
the implementation of actions in time. Therefore, this
causal dependence is represented using the temporal
modal logic operators:
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X p()>e= Xd|c, 4)

where p(l) is the probability of the condition / being
met; X —the temporal modal logic operator neX:t, it
specifies the execution of the action 4 at the next

discrete point in time; X+ operator sets the condition
being met from the current moment to the next discrete
point in time.

Thus, causal dependencies for a knowledge-
intensive business process have logical limitations and
probabilistic conditions.

Approach to extracting
cause-effect dependencies
between business process events

The sequence of automated knowledge base
construction includes the tasks of extracting knowledge,
expanding the knowledge base and integrating
knowledge with existing models (for example, business
process models).

In order to solve the first task, the extraction of
knowledge in the process management system, it is
necessary to identify the context of the actions of the
process. Then, based on the context analysis, we can set
constraints and conditions for the execution of actions.

We can identify the context in two ways:

— By using a priori knowledge of the subject area;

— By analyzing the event logs that the process
management system forms when executing a business
process.

In the first case, the expert in the domain sets the
permissible sequences of actions for each artifact.
Usually such dependencies are determined by the life
cycle of these objects. Therefore, we can specify a
restriction on the sequence of the process actions in the
form of permissible links between the operations for
processing the artifact in accordance with its life cycle.

The conditions for the execution of actions are
determined by comparing the permissible variants of the
life cycle of artifacts. Therefore, it is necessary to
compare several alternative sets of conditions when
performing one action.

The disadvantages of this method are as follows.

First, the approach requires the involvement of a
qualified expert who knows the specific business
process well.

Secondly, in addition to the business process
model, it is necessary to construct life cycle models for
artifacts, and then establish constraints by comparing
the sequence of process actions and the sequence of life
cycle operations.

In the second case, a log is used to identify
conditions and limitations for the execution of business
process actions. It contains a description of the events
that occurred while the process was running.

The log is formed by the process management
system. Log events are characterized by a set of
attributes and their values. Attributes of events are also
attributes of artifacts. For example, they can contain: the
name and division of the performer; the name of the

product that the business process creates; name of
equipment, etc.

The disadvantage of the second method is that the
log contains incomplete information about the business
process. However, the log is constantly updated with
new events as the business process proceeds. This
allows you to perform both the task of extracting
knowledge, and the task of expanding the knowledge
base.

With the constant expansion of the knowledge
base, the task of integrating knowledge is also
performed in order to ensure the adequacy of existing
models.

In general, with the automated building of the
knowledge base of the business process management
system, it is advisable to combine both methods.
General dependencies are formed by an expert, and
more detailed ones are identified on the basis of an
analysis of the event log.

However, if the log contains detailed information
about the activities of the process, you can limit yourself
to identifying the context based on the analysis of the
log.

In Fig. 1 the cycle of knowledge extracting,
expanding and integrating is presented.

In this cycle, the log is viewed as the current
"photo" of the workflow of the process. This sequence
changes according to the current context using causal
dependencies.

Such dependencies can be changed by knowledge
workers. However, then, after analyzing the logs, the
found altered dependencies are included in the
knowledge base.

Then these cause-effect relationships can be
included in the business process model.

In order to implement this cycle, we propose a
logical-probabilistic approach to the extraction of cause-
effect relationships in the field of process management.
The proposed approach uses the properties of causal
dependencies for the knowledge-intensive business
process (4), as well as the properties of the BP log.

We can choose one of two possible categories of
uncertainty when we construct a logical-probabilistic
description of the causality of a knowledge-intensive
business process.

— uncertainty about empirical facts;

— uncertainty about logical facts.

Empirical facts are characterized primarily by
information and cognitive components. First, they
contain information about the state of objects and
phenomena of the domain. Secondly, the cognitive
component determines the way in which these facts are
interpreted.

Empirical facts in the logs are represented by a set
of attribute-property pairs for each event, and therefore
we will interpret these facts using the mathematical
apparatus of predicate logic.

The predicate R; interprets each event in this way:

R (ay,...a;,..a5)= Ala; =V ), (5)
J
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where a; — attribute of i -event; v;; —is the value of

the attribute a i

Logical facts determine the relationship between
empirical facts. Logical facts are represented in the log
in the form of sequences of events corresponding to the
sequence of actions of the business process. The
information system of management of business
processes records in a log a trace of events separately
for each copy of the business process. Therefore, the
logical facts for the process are of a probabilistic nature.

From expression (4) we can see that causal
dependencies for a knowledge-intensive business
process contain deterministic and probabilistic
components.

For each pair of events i,i+1, we will also
distinguish two components: the deterministic constraint
and the probabilistic condition. The constraint ¢; ;,; is

represented by a predicate that links the unchanged

attributes a; ;,a;,; ; of a pair of successive events. The

first event describes the state of the context in which the
action is started, and the second describes the state of
the context after the action is completed:

*

fitl (al-’l,....al-,J,al-H’],...al-+1’J) =

(6)

A =vy [Vi=L1-1a ; =a;, ;)..
j

Using the representation of constraints in the form
of a predicate (6), we can find subsets of attributes that
do not change for the selected action on all log paths.
This means that the selected action is performed with
unchanged values of the artifact attributes in all
instances of the business process:

al-’. j = Vi -

If we order such subsets of attributes by run-time,
we can obtain a set of sequences of unchanged attribute
pairs for all possible variants of executing a business
process. This sequence describes an invariant part of the
context that does not depend on possible actions of the
BP. Therefore, we can treat such sequences as static
context constraints.

Each action is represented in the log by a pair of
events: i,i+1.

Therefore, we calculate the probability of a
condition /;,; for performing an action using:

— the probability p(c;;,;) of restriction for these
events;

—the probability p(r ;) that an event is
represented by a set of attributes that ensure the truth of

the predicate R:,k:] (Fig. 2):

PUi15¢ 4157011 =

@)
= p(Ci i) P i) PUisr | € jgtsTiis1)-

‘\i‘,m

Fig. 2. Probabilistic dependencies

The predicate R:,k:] will be true only for pairs of

event attributes g¢;,a;,;, which change their value after

the execution of the action i +1 of the business process:

sk
it @iloeee i g Qi 151 ) =
(®)

/\(al-’j =Vik |Vl = 1,[—1 al-’j * al-+1’j) .
J

Conclusions

The article considers the problem of representation
of causal dependencies in modeling and management of
business processes.

Our contribution is as follows. A logical-
probabilistic model of cause-effect relationships is
proposed. Each such dependency links a pair of log
events that describe the execution of a single action of
the business process. The model connects the logical
description of the context state before and after the
completion of each action of the business process, as
well as a logical description of the constraints on the
process actions and a probabilistic description of the
conditions for performing these actions.

The proposed model can be used to solve problems
of extracting, expanding and integrating knowledge
based on the analysis of business process logs.
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Jloriko-iiMoBipHicHA MoIeJIb MPUYNHHO-CJITUNX 3B'A3KIB MiXK momisiMu HAJIy CUCTeMH NPOLECHOr0 yNPABJIiHHSA
0O.B. Yana

IIpeqmerom BHBYEHHS B CTATTi € NPOLECH BHUABJICHHSA 3HaHb Y (JOpPMi NPUUMHHO-HACHIJAKOBUX 3aJIEKHOCTEH Ha OCHOBI
aHaJi3y Jiory nosii 6i3Hec-nporuecy. MeTolo cTaTTi € po3poOKa JIOriKo - IMOBIpHICHOI MOJIEN IPHYMHHO-CIIITYNX 3B'SI3KIB MiXK
Iapamu TOJiH XXypHally, 10 ONUCYIOTh BHUKOHAHHA il Oi3Hec-mpouecy A HiJTPUMKH PIIIEHHS 3a/1ad4 aBTOMAaTH30BaHOI'O
1o0ynoBY 6a3u 3HaHb CUCTEMH IIPOLIECHOTO YIPABIiHHA. 3aBAaHHSA: BUIiIUTH KOHTEKCTHI YMOBHU Ta OOMEKEHHS HA BUKOHAHHS
niit Gi3Hec-mporecy IUIIXOM aHali3y Jiora IOJii IOro Mponecy; po3poOHTH MiAXix A0 BUALIEHHS HMOBiIpHICHOI Ta JIOTiYHOL
CKIIaJOBOi  NPUYMHHO-CIIUUX  3aJCKHOCTEH; PpO3POOMTH  JIOriKO-MMOBIpHICHY MOJENb  Kay3aJlbHUX — 3aJIeXKHOCTEH
BuxopucroByBaHUMH MeTOJAMH € METOIM IOOYJOBM IpEAMKATHUX Mogenel; OaifecoBcbki mizxomm a0 100ynoBu
HMoBipHiCHUX Mozenell. OTpuMani HacTynHi pe3yiabTaTH. PopMmainizoBaHO KiIac NPUYMHHO-HACHIIKOBUX 3aJ€KHOCTEH UL
3HaHHAEMHHUX Oi3Hec-nponeciB. Taki 3aI€XHOCTI MOXKYTh BpaXxoByBaTH HehopMalli3oBaHe 3HaHHS Npo Oi3Hec-nporec. B Mexax
JIAHOT'O KJIacy BHALNEHI: NPOrHO3HUI OIMC CTaHY KOHTEKCTY Ha OCHOBI iH(opMallii npo 3Ha4eHHS aTpuOyTiB MOiH XKypHay;
KOHTEKCTHI OOME)XEHHSI HAa BHKOHAHHS Jii Oi3Hec-Tponecy; WMOBIpHICHI yMOBH peanizanii xaii Gi3Hec-nporiecy. BucHoBkm.
HaykoBa HOBHM3HAa OTPUMAaHUX PE3YJIBTATIB MOJIATA€ B HACTYIHOMY: 3alPOIIOHOBAHA JIOTiKO-HMOBIpHICHA MOJENb MPUYMHHO-
CIIYMX 3aJIeKHOCTEH MiX Napamy HOJIH KypHaly, IO ONMCYIOTh BUKOHAHHSA Jill Gi3Hec-mpouecy. Mogenb 3B's13ye Jioriune
OITHC CTaHy KOHTEKCTY JI0 1 IMiCIIs 3aBEPILIEHHS KOXHOTO JIii Gi3HEC-TIpoIlecy, a TaKoX JIOTIYHUI OIic 00MeXXeHb Ha il mporecy
Ta MMOBIPHICHMH ONUC YMOB Ul BUKOHAHHA LMX IiH. Y HPaKTHYHOMY acHeKTi Mozenb 3a0e3neuye MOXIMBICTh BUPIIICHHS
3aB/IaHb BUIYYCHHs, IONOBHEHHs Ta iIHTErpallii 3HaHb Ha OCHOBI aHAJIi3y JIOTiB Oi3HEC-TpoLEciB.

Kaw4yoBi ciroBa: npuIrHHO-HACIIIKOBI 3aJIS)KHOCT1; 3HAHHS;, 6a3a 3HaHb; Oi3HEC-TIPOLEC; TTOTIK POOIT; KypHAIT TOIH.

ﬂOFHKO-BepOHTHOCTHaH MOJeJIb MPUIHUHHO-CJICACTBEHHBIX 3aBHCHMOCTE MEKAY COOBITHSIMU JKypHaJia
CHCTEMBI MPOLECCHOI'0 YITPaABJICHUS

O.B. Yanas

Hpe}IMeTOM H3YyUCHHSA B CTAaTbC SABIIOTCSA IIPOLECCHl BbISABICHUSA 3HAHUH B (bOpMe NPpUYUHHO-CIICACTBEHHBIX
3aBHCHMOCTEHI Ha OCHOBE aHaJM3a Jiora 6H3Hec—np0uecca. He.]'ll)l{) SABJIACTCS pa3pa60TI<a HOFHKO-BepOﬂTHOCTHOﬁ MOACIIN
NPUYUHHO-CICACTBEHHbBIX 3aBUCUMOCTEH MEXAy IMapaMu COOBITHIA Jiora, OIIMCBIBAXOIIUMMMH BBIIIOJIHCHUE HeﬁCTBHH OusHeC-
npounecca il IOAACPIKKHA PEHICHUST 3aJadd aBTOMAaTU3UPOBAHHOI'O ITOCTPOCHUSA 0a3bl 3HAHHH CHCTEMBI IIPpOLECCHOI O
yrpaBJi€HUs. 33113‘{]/[3 BBIZ[GJ'[I/ITB KOHTEKCTHBIC YCJIOBHS U OrpaHUYCHUS Ha BBITIOJITHCHUC HeﬁCTBHﬁ 6I/I3HCC-Hp0HeCCB., KOTOpbI€
MOoryr OBITh IIOJIy4CHBl B PpE3YyIbTaTE aHaiu3a Jiora, pa3pa60TaTL IoAX0d K BBIJICJICHHUIO BepOHTHOCTHOﬁ M JIOTHYCCKOMN
COCTaBJISIOIICH NPpUYUHHO-CICACTBEHHbBIX 3aBHCHMOCTeﬁ; pa3pa60TaTL BEPOATHOCTHO-JIOTUYECKYHO MOJCJIbL Kay3aJIbHbIX
3aBHCUMOCTEH I/IC]'IOJ'ILSyeMLIMI/I METOAAMHM SBJIAIOTCA: METOIBI IOCTPOCHUSA IPECANKATHBIX Moueneﬁ; OaifecoBCKHe MCTOABI
IIOCTPOCHMS BEPOATHOCTHBIX Moz[eneﬁ. HOJ'[y'-IeHBI CIICAyIOIMe pe3yjabTarThbl. (DOpMaJ'[I/I3OBaH KJ1acC IMPUYINHHO-CJICACTBEHHBIX
3aBHCUMOCTEH JJI1 3BHAHUCECMKHUX 6I/I3HCC-Hp0HeCCOB. Takue 3aBuCHMOCTH MOr'yT Y4YuUTBIBAThb He(i)OpMaJ'lI/ISOBaHHOC 3HaHUEC O
6I/I3HGC-HpOHeCC€. B paMKax JaHHOr'O KjiacCa BbIJACJICHBI: IIPEJUKATHOC OIIMCAHNUE COCTOSIHUS KOHTCKCTa Ha OCHOBE I/IHCI)OpMaL[I/H/I
O 3HA4YCHHUAX anI/I6yTOB COOBITHI Jiora; KOHTCKCTHBIC OIpaHUYCHHS Ha BbIIIOJIHCHUE HeﬁCTBHﬁ 6H3Hec—np0uecca;
BEPOATHOCTHBIC YCIIOBHS peaiu3aliin L[eﬁCTBHﬁ 6I/I3HCC-Hp0HeCCB.. BI)IBOJII)I. Haquaﬂ HOBU3HA IIOJTYYCHHBIX PE3YJILTATOB
COCTOUT B CJICAYIOLIEM: IIPCUIOKEHA JIOTUKO-BEPOATHOCTHASL MOACIIb NPUINHHO-CIIEACTBECHHBIX 3aBUCUMOCTEH MEXAy HnapaMu
COOBITHIA Jiora, OImMcCbIBarOIIMMH BBITIOJTHCHHUE HeﬁCTBHH 6H3Hec—np0uecca. MOZ[GJ'[B CBA3BIBACT JIOTHYCCKOC OIMMCAHUE COCTOAHHUA
KOHTEKCTa A0 U IIOCJIC 3aBEPIICHUSA KaXXKIA0I'0 Z[eﬁCTBHﬂ 6H3Hec—np0uecca, a TaKXKC JIOrMYCCKOC OITMCaHHEC OFpaHI/I‘-IeHI/Iﬁ Ha
Z[eﬁCTBHﬂ Tpouecca U BEPOATHOCTHOE OIMCAHUC yCJ'IOBI/Iﬁ JUISL BBITIOJIHCHUSA 3THUX HeﬁCTBHﬁ. B TIPaAKTUYCCKOM acCIIeKTEC MOICIb
o0ecrieurBaeT BO3MOKHOCTD peuieHus 3a1a4 U3BJICUCHUSI W IIOINIOJIHEHUA W HWHTEIrpalun 3HAHUW Ha OCHOBE aHaJlu3a JIOTOB
6I/I3HGC-Hp0HeCCOB.

KawueBpie ci10Ba: NPUYMHHO-CIIEJCTBEHHBIE 3aBUCHMOCTH; 3HAaHMs; 0aza 3HaHUH; OM3HEC-IPOLECC; MOTOK PaboT;
AKYpHaI COOBITHIL.
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ANALYSIS OF INFORMATIONAL COUNTERACTION INFLUENCE
ON ORGANIZATION OF OFFICERS MANAGEMENT ACTIVITY

Due to the increase in active use of modern information technologies as one of the means of armed struggle the strategy
and tactics of conducting modern wars and military conflicts has changed. To this end, the authors of this article
considered the concept of information countermeasures and its impact on the organization of managerial activities of
officials. In the course of the study it was established that the leadership of many countries of the world developed the
concepts of information wars, taking into account the information vulnerabilities of the conflicting parties, practical
implementation of these concepts is carried out through information (information-psychological) operations. The
analysis of the military-political leadership views of some developed states of the world on information warfare showed
that it has three components: information, technical (information operations), and information-psychological
(information-psychological operations). As a result of the study conducted by the authors of this article, it is proposed to
adjust the regulatory documents and to take into account additional destructive factors for the organization of
managerial activities of officials, namely, information countermeasures. Also, the authors of the article proposed to
change the system of management training, with the purpose of training the latter to make correct and deliberate
decisions in the context of information confrontation.

Keywords: information confrontation; management; decision-making; information technologies; information warfare.

Introduction

The ongoing revolution in information
technology marks a new stage in the development of
military systems [1-5].

There are terms "information weapons" and
"information warfare" increasingly began to meet in
the press, which, in effect, mean a revolution in the art
of war [3-9].

After all, these terms conceal fundamentally new
forms of warfare, in which the suppression of the
enemy is achieved through the massive use of
information weapons, considered by highly developed
countries experts as the decisive factor in owning the
modern world.

The use of information weapons and information
and psychological impact is already in many ways
capable to achieve the same results as the large-scale
conventional or even nuclear war [1-11].

The most important attribute of the management
process in military systems is information. At all
stages of the historical development of military affairs
it appears as an object of fierce fighting. Information
warfare waged in almost all wars, and even the ancient
generals believed that "the best war is to break the
enemy's plans [12]."

From the First World War to the operation in
Yugoslavia a huge historical experience of
information warfare was accumulated by the US. In
the early 90s the US government instructed the
Ministry of Defense to summarize the existing
experience of fighting against the enemy management
system within the concept, called information warfare
concept. It should be noted that similar concepts of

information warfare adopted in the UK, Germany,
France, other countries of NATO and Russia.

Information warfare is one of the main threats to
national security of Ukraine in the XXI century. This
is supported by an active practical implementation of
the concept of information warfare and isolating for
these purposes considerable financial resources of the
Russian Federation.

In this state, the arsenal of information war is
growing at an accelerated pace, including both special
software and hardware, computer viruses, "logical
bombs," and the means of psychological and
parapsychological impact [13].

The report of the Joint Security Commission,
established by order of the Secretary of Defense and
the Director of the CIA in the United States in June
1993 and completed in February 1994, said: "... It has
already been recognized that data networks are
becoming the battlefield of the future. Information
weapons, whose strategy and tactics of application
have yet to be carefully worked out, will be used with
"electronic speeds" in defense and attack. Information
technology will allow resolving geopolitical crises
without producing a single shot.

Our national security policy and procedures for
its implementation should be aimed at protecting our
capabilities to conduct information wars and to
create all the necessary conditions for prohibiting the
warring states of the United States to wage such
wars..."

Proceeding from the foregoing, the purpose of
this article is to conduct an analysis of the impact of
information counteraction on the organization of
managerial activities of officials.
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Presentation of the main material

At present, there are ideas that mankind has
overcome three "waves" in its evolution:

1) agricultural, which began 10,000 years ago;

2) commercial, which began 300 years ago;

3) technological (or information) extending at
present.

The first two waves of civilization brought a
revolutionary change. The information wave, as in the
first two cases, determines its economy, the media,
political institutions, and, of course, its own way and
nature of warfare. Awareness of these processes led to
the emergence of the term information war. According
to US military experts, information technologies
emerging as a result of the third wave are able to
"revolutionize" the process of conducting operations
(combat operations) in much the same way that tanks
did in the First World War and the atomic bomb in the
second [5-11, 13-17].

It should be specially noted that with the massive
introduction of information technology and the use of
information weapons, the goal of the war was not the
destruction of the enemy, but their management. In
other words, information technology in our time has
made it possible to "control the enemy" with minimal
violence and bloodshed.

The task of suppressing the enemy now consists
not in destroying the living force, but in undermining
the world outlook of the population, in destroying the
infrastructure of the state, including the armed forces,
in undermining the authority of its leaders. This is
proved by the results of the recent military operations
of the United States and NATO countries in Iraq,
Yugoslavia, the aggression of the Russian Federation
against Ukraine in the Donbass, as well as its
annexation of Crimea [18].

Final formulation of the concept of information
warfare has not yet taken shape. Martin Libiki from
the US National Defense University on this occasion
spoke thus: "attempts to fully understand all the facets
of the concept of information warfare reminiscent of
the efforts of the blind, trying to understand the nature
of an elephant: one who touches his leg, calls it a tree;
the one who feels the tail, calls him a rope and so on.
Is it possible so to get the right idea? Perhaps there is
no elephant and there, and there are only trees and
ropes.

Some are ready to be brought under this concept
too much, while others treat some aspect of
information warfare as a concept in general."

Information warfare is a comprehensive,
coherent strategy for the implementation of
information and psychological impact on the enemy,
due to the increasing importance and value of
information in matters of command, control and
policy. Information warfare involves coordinated
activity on the use of information on the one hand
information processes and systems as the object of
influence, and on the other - as a weapon for fighting
in the military, political, economic and social spheres
[5-13].

The goal of information warfare is to ensure
national  security  through  information  and
psychological impact on the opposing side and
protecting their own information resources.

By its nature, information warfare occupies a
position between the "cold" war (including, in
particular, economic) and actual combat with the
participation of armed forces.

Unlike economic war information warfare result
is a malfunction enemy infrastructure elements
(control points, and rocket launch sites, airports, ports,
communication systems, warchouses, etc.), and with
conventional weapons in contrast to the "hot" war and
(or) weapons of mass destruction of its objectives are
not material, and the "ideal" (informational) objects or
material carriers. At the same time the destruction of
such facilities and systems can be performed with
preservation of their material basis.

According to The US Army's Field Manual
information warfare is defined as actions aimed at
achieving information superiority in the interests of
national security, carried out by influencing the
information, information processes and information
systems of the enemy while protecting own
information, information processes and systems [14].

Since the information war is directly connected
with information processes, it can be said that
information warfare is a war for knowledge about
oneself and the enemy.

The information war is being waged on two main
levels: the state and the military.

For each of these levels can be distinguished
relevant organs, methods, tools, and objects of
exposure. The goal of information warfare is achieved
by conduction of offensive and defensive actions.

Offensive activities aimed at establishing control
over the enemy's control systems or their destruction
and may be held in secret or openly.

Defensive measures serve to protect their own
information resources from enemy action.

As an evidence that the information war is not a
slogan and not a myth but an objective reality, the US
Department of Defense adopted guidelines and handed
out the structure of organs of information warfare [14-
19].

Relevant documents for all kinds of armed forces
has been developed and adopted. These documents
secured certain responsibilities for officials of the
armed forces management system.

Information war in the US Armed Forces in
practice, primarily carried out by: Chairman of the
Joint Chiefs of Staff and the two departments,
specially created joint headquarters; commanders of
unified commands US forces in the region;
Commander of the Joint Special Operations
Command; Head of the National Security Agency;
Chief of Defense Intelligence Control; Head of the
Department of Defense information systems; chiefs of
armed services staffs.

The faculty on information counteraction has
been created in the National University of Defense of
Ukraine named after Ivan Chernyakhovsky to train
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specialists, its graduates are trained in the entire range
of issues related to the information warfare: from
protection against computer attacks to supporting the
planning of military operations.

Today, each armed service of the US Armed
Forces has its own specialized center. Tasks of the US
forces Center of Information fighting, for example,
are:

the creation of means of information warfare in
support of armed services operations;

planning a campaign,

acquisition and testing equipment,

protection from the armed services staffs an
information attack.

To this end, the Center educates, equips and
deploys response team, develops and maintains
database and application software, analyzes the
vulnerability of electronic systems. Due to efforts of
the Center's employees created a "Distributed
Intrusion Detection System" that identifies abusive
computer systems, monitors user activities, provides
centralized access to information about the security
status of a particular system, and distributes the
processing of verified data.

Preparing to conduct information warfare in the
United States is conducted in three areas: in the armed
forces, the security services and nationwide.

In the armed forces preparing for information
war involves theoretical, organizational and logistical
arrangements. In the army, the navy and armed
services created positions for officers dealing with
these issues. The military schools hosting games and
training on improvement of curricula. And finally, the
most important thing is that the US military heavily
equipped with means of information warfare, spending
on the purchase of information technology more than a
nuclear and space programs.

The security services conducted not less
intensive work. National Security Agency creates a
sudden "infected" computers and computer systems, as
well as various schemes of "bookmarks" for computer
viruses and logic bombs. The CIA training is
conducted in two programs. The first program
includes the introduction of a system of military-
industrial complex in peacetime easily triggered at the
right time, logic bombs, and viruses. The second
program is aimed at developing ways to influence the
programmers working on defense enterprises, in order
to attract them to infiltration of viruses and logic
bombs in the information systems of enterprises in
crisis situations.

Preparation for information warfare at the
national level is to improve the national information
infrastructure,  including information  systems,
banking, communications, transport, energy, industry
and services. The increasing importance of this
structure is the Internet.

Let's consider the basic ways of conducting
information wars.

US concept of information warfare is assumed
that in peacetime, information warfare is conducted
secretly, but if non-military actions can not achieve

the desired goals, the military force may be used.
Thus, the operations were held in Panama, Grenada,
Iraq, and Yugoslavia. In wartime, the information war
will be open and combined with traditional methods of
warfare.

There are a number of possible reasons why the
enemy can stop the fighting:

1) Inability to control the armed forces;

2) Demoralization of the armed forces or the
population as a whole;

3) Obtaining information (real or alleged) that
the army destroyed, or that is more advantageous to
stop the war, than to continue to fight.

Information warfare involves the use of complex
methods of state and military levels.

At the military level, one can distinguish five
ways of information warfare which are combined
under the operational-strategic US military concept of
"struggle with control systems":

1) Psychological struggle;

2) Mislead the enemy or deception;

3) Countering enemy reconnaissance;

4) Electronic Warfare;

5) Destruction  of
communications systems.

The main objects of the information war impact

command centers and

are:

1) General public (civilians and military
personnel), its state, economic, and social institutions;

2) Different levels of controls (from the highest
to the lowest governing body);

3) Information infrastructure of the state and the
armed forces;

4) The media.

Each of these facilities covers broad areas of the
state and its security. For example, there are strikes of
vital elements such as telecommunications and
transportation systems when exposed to a state and
military information infrastructure. Similar actions can
be taken by geopolitical or economic opponents or
terrorist groups.

Let's consider the basic spheres of a society vital
activity, the state which are subject to threats of
information security (fig. 1).

There are advantages against the enemy by
means of information warfare:

the ability to selectively influence a
predetermined time at a strictly definite element
management system;

relatively low cost of development, methods and
means of conducting;

lack of boundaries in relation to the development
and integration of the information infrastructure of
various countries;

inability to define clearly the beginning of
information warfare;

high vulnerability information systems.

The methods of information warfare can also be
divided into direct and indirect. The difference
between them can be illustrated by the example
R. Shafraniki. Let’s say the aim is to make your
opponent believe that the regiment is located where it
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is not present, and act on this information in a manner
that is beneficial to us.

An example of an indirect method of information
warfare that is using engineering tools to build models
of aircraft and false airfield facilities, as well as to
simulate the activity of working with them. In this
case, the impact will be successful if the opponent will
be watching the wrong airport and consider it real.

Direct way of information warfare that is the
direct creation of false records in the regiment of the
enemy information storage. In case of success of such
an impact, the result will be the same as in the first

case, but the funds involved to obtain this result, to be
materially different.

Another example of a direct way of information
warfare can be a change in the information in the
enemy database on existing communications during
operations (making false information that the bridges
are broken) to isolate individual enemy units. This can
be achieved by bombardment of bridges. And in fact,
and in another case the enemy, making a decision
based on the information available, to take the same
decision that is to produce a movement of troops
through other communications.

Foreign policy

State Military

security

Environmental
security

Scientific and
technical safety

security

security

Basic spheres of a
society vital
activity which are

Internal political

subject to securtty
information
security threats
Social and Economical
humanitarian security
security

Fig. 1. Basic spheres of a society vital activity which are subject to information security threats

The main directions of management systems
threat during information warfare.

Let’s outline the following main areas of threats
to control systems, in particular, military command
and control systems, in information warfare:

1) advance by the control cycle;

2) technological superiority in the management
and communication means;

3) expansion in the market of automated control
and communications;

4) information superiority;

5) superiority in offensive information warfare
means.

In the first direction, a significant advance over
the management cycle is carried out by creating a new
information infrastructure of the armed forces, which
should provide a fundamentally new level of the
functioning of the command and control organs,
allowing to significantly outstrip the enemy in
organizing and conducting military operations at any
level and anywhere in the world.

A key role in the new information infrastructure
will play a single for all armed forces complex of DoD
information systems. His work with the sources and
users of information should be carried out through the

Internet and a unified information network DoD, as
well as tactical and tactical communication systems,
data distribution, targeting and navigation.

The second direction is that to achieve a
significant technological superiority in the field of
command and control and communication tools. US
achieving technological superiority leads to gradual
displacement of domestic communications frequency
spatial and temporal domains. For example, the use of
complex structure in the radio signals project "Speak
easy" allows to secure exchange of information at high
speed even in the range in excess of HF interference
power over the useful signal of hundreds or more
times.

The high data transfer rate, high-quality and
reliable communication channels enable timing
advance of national control systems. Creating a global
communications and information systems and bring it
to the tactical level gives an advantage in the conduct
of the war on unprepared in terms of communication
area. The third area is that a large-scale expansion in
the area of management and communication tools,
caused by the fact that in Russia, unlike other
European countries, there is no strict measures to limit
the introduction of alien systems in the state's
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information infrastructure. Currently, for foreign
companies Russia is one of the cheapest and most
powerful polygon to simulate mobile technologies.
You can hold any approbation, including to introduce
"dead-end" system.

Weak control over the use of the radio spectrum
can deliver the Ukrainian Armed Forces in a
vulnerable position in terms of the organization of
communication and security. Having access of foreign
operators to the system switch allows them to detect,
report and transmit to the US Defense Intelligence
Agency and the FBI data on all the interests of cellular
communication network subscribers.

One of the ways to reduce the efficiency of
material and intellectual resources of the state and its
armed forces is delivering of low-cost automation and
communication equipment, the organization of
information targeted diversion and technological
materials.

The fourth area is related to the achievement of
information superiority. This direction intersects with
the first and second directions. Information superiority
is ensured by three components:

1) reconnaissance conduction on a global scale,
efficient reception, processing and transmission of
information;

2) protection of its information resources and
information technologies;

3) destructive action to suppress the enemy's
capabilities to develop its own technology and the
information acquisition.

According to the US Department of Defense
believe that in order to achieve victory in the armed
conflicts of the new century, it is first of all necessary
to promptly receive, process and transmit information.
The one who can quickly gather information about the
conduct of operations (combat operations) will win,
analyze them, draw the right conclusions, make the
right decision and quickly bring it to subordinates.

It is necessary to obtain information superiority
to ensure victory over the enemy. It allows you to get
ahead of the enemy in the understanding of the rapidly
changing situation in the conduct of operations
(combat operations), to make decisions proactively,
and to design the right course of the battle.

The concept of information superiority is based
on the concept of space conducting operations or
battle space, which allows you to evaluate the military
conflict in its entirety.

Operations space includes not only information
about specific areas where battles are conducted, but
also data on the system of logistics, the work of all
levels of command, on the political aspects, and many
other things that are directly or indirectly related to the
war.

One will have information superiority who better,
faster and more accurately able to get a description of
the conduct of operations of the space. This allows to
apply the necessary force at the right time in the right
place, which is known to decide the outcome of any
battle or even allows you to win without bloodshed.
One who has information superiority will be ahead of

the opponent in the accuracy of orders and, most
importantly, in the promptness of their delivery. Units
will operate synchronously and be able to react
quickly to changing circumstances.

The US military distinguishes the following areas
of using information superiority.

1. Commanders are able to carry out a
synchronous proactive maneuver with strikes against
key targets by receiving promptly processed
information about the location and condition of each
unit in the zone of operations and the most important
enemy facilities.

2. It becomes important to identify the most
important facilities for the destruction and capture in
carrying out the attack. These objects are
automatically ranked using a variety of algorithms and
rules implemented by using expert systems.

3. Information superiority makes it possible to
organize multi-faceted defense without fear of an
unexpected attack by the enemy. Defense issues are
particularly important during the deployment of forces
and maneuvers, when the troops are most vulnerable.
The success of synchronous maneuvers, including the
pre-planned joint actions of various types of troops,
largely depends on the combat readiness of all units at
the time of arrival to the battlefield. Therefore, it is
necessary to ensure their safety in order to maintain
maximum efficiency and the ability to operate freely
in the zone of operations.

4.1t is impossible to count on the success of
conducting operations (combat operations) without the
organization of targeted material and technical supply.
The targeted material and technical supply is based on
continuously incoming information from the
operations zone and allows, with the help of various
technologies for the delivery of appropriate resources,
to maintain the combat readiness of military
equipment in all conditions of the surrounding area at
the required level.

The use of a network of focal points of the
Federal Bureau of Investigation analyzing information
coming from virtually the entire territory of the globe
and issuing daily press releases to state and military
authorities in the military-political setting (indicating
the actions of troops of foreign states up to a separate
military unit or ship) is a clear example of conducting
reconnaissance on a global scale.

In addition, these focal points form press releases
of the appropriate focus for psychological impact.

The fifth area is to achieve excellence in the
information warfare offensive weapons field.

It is necessary to clearly identify the sources of
information warfare. Information warfare can be
started immediately, without special training, with a
massive use of various media information warfare. It
does not require preliminary transfer, concentration,
and act instantly by commands or from satellites, or
from remote control panels remote from targets, or by
signals from portable consoles of special agents.

Means of information warfare. Theorists often
refer to the means of information warfare to the so-
called information weapon, which means a wide class

49



Advanced Information Systems. 2018. Vol. 2, No. 1

ISSN 2522-9052

of means of information influence on the enemy:
means of disinformation and propaganda; means of
electronic warfare; means of destruction, distortion or
theft of information arrays; means of overcoming
protection systems; means of limiting the admission of
legitimate users; means of disorganization of the work
of technical means, computer systems and
communication systems, etc.

The purpose of the means of information warfare
is to influence the information, information processes
and information systems of the enemy to undermine
his economy, reduce the degree of combat readiness.
At the same time, it means that information warfare
can be fought as independently, ie. without the use of
traditional means and methods of armed struggle, but
in combination with other means and methods of
conducting operations (combat operations).

The main means of information warfare. The
arsenal of information warfare is large enough.
According to the content of the events they can be
defensive and offensive. Defensive means are
intended to protect information, information processes
and systems, preventing the enemy from conducting a
successful information attack. These means ensure the
implementation of actions to prevent and detect
information actions of the enemy, as well as the
organization of counteractions.

Defensive means include four large groups:

1) means of a new information infrastructure (a
complex of information systems of the Ministry of
Defense, the Internet, an integrated information
network of the Ministry of Defense, tactical and
operational-tactical communication systems, targeting,
guidance and navigation, a complex of information
storage and processing facilities, information
infrastructure management tools);

2) means of ensuring the security of the
information infrastructure (means of protecting
communication  channels, territories, premises,

devices, means of operating systems protection,
databases, software, encryption means, access control
facilities, etc.);

3) means of information support (radio electronic
reconnaissance,  space  reconnaissance,  aerial
reconnaissance, intelligence reconnaissance,
reconnaissance by technical means);

4) means of information-psychological influence
(television, radio, print, etc.).

Offensive means of information warfare on the
area of their impact can also be grouped into four
groups:

1) means of information-psychological impact,
which have a psychological effect on the psyche of
people and allow them to control their behavior. The
resources of this group can be used to solve both
offensive and defensive tasks;

2) means of information impact, allowing to
receive, transform and transmit critical information,
for example, misinform the enemy's personnel;

3) means of active influence that allow to disrupt
the functioning of information systems that ensure the
functioning of state, military, industry, transport,

communication, energy, banks and other agencies'
control bodies through information impact;

4) means of impact and fire damage.

Consider a few examples of means of
information influence.

First, the already widely used Pentagon satellites,
spy planes and unmanned aircraft to track the ground
enemy should be mentioned. In the future, thousands
of tiny sensors can be dropped from aircraft or hidden
on the surface of the Earth.

As a means of informational impact, “Raytheon”
developed a device for intercepting information and
introducing misinformation, which breaks the
intercepted message into segments and combines them
in the necessary way to create a new message. This
device makes it possible to accumulate data on
specific individuals for a long time, to form and
transmit false messages in their voice. This is
especially important for the tactical link, where every
soldier must constantly hear the voice of his
commander.

There are thrown unattended information sensors
in the arsenal of information warfare authorities. They
allow to enter false messages into those
communication channels to which there is no direct
electromagnetic access.

Means of processing and transferring images find
a widespread use to influence the psyche of computer
operators. They use the effect of the "25th frame" and
special images that paralyze human activity. During
the US military exercises in Somalia, the effect of a
holographic image of Jesus Christ against a
background of a cloud of sand and dust was used. This
allowed for a long time to paralyze the actions of
personnel. According to the conclusion of the US
military experts, the psychotropic losses of Iraqis
during Operation Desert Storm greatly surpassed the
physical.

A prototype of the "21st century infantry
ammunition" was created, and its helmet is equipped
with a microphone and headphones, night vision
goggles and video terminal sensors, as well as an eye
level display that will display the battlefield image
from a bird's eye view and constantly updated
intelligence data.

It is necessary to emphasize the enormous
importance of the Internet for solving both the
offensive and defensive tasks of the information war.

The Internet has two important and dangerous
properties: survivability and the ability to arbitrarily
connect to military control networks of military
objects of strategic importance (if they have an "exit"
to the Internet).

During the war in the Persian Gulf, the United
States, despite its powerful information impact, was
never able to completely isolate Iraq from the outside
world.

The government of Iraq bought the weapons
through the Internet, listing money suppliers stored in
foreign banks. So the Americans created, as they say,
on their own head, a network that is resistant to
"partial damage".
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The prevalence of electronic automation of
federal services and agencies in the United States
creates the conditions for "computer espionage" and
information diversions, yet the US continues to
develop the national information infrastructure,
subordinating it to the idea of American leadership in
the world. Information weapons, created in the United
States as a result of a major technological
breakthrough, fully contributes to its materialization in
the foreseeable future.

In view of inherited information isolation and
technological backwardness, Ukraine is, of course,
less vulnerable than advanced countries such as the
United States, Germany and Japan. However, a high
degree of centralization of the structures of state
management of the Ukrainian economy can lead to
disastrous consequences as a result of information
impact.

Of course, our special services have the
necessary means and know-how to prevent
interception, leakage, distortion, destruction of

information in information and telecommunications
networks and national systems, but the pace of
improving information weapons (as well as any type
of attacking weapons) exceeds the rate of development
of protection technologies. That is why the tasks of
timely detection of the impact of information weapons
and neutralization of its manifestation should be
considered as priority tasks in ensuring national
security of the country.

Conclusion from this explosion

In this article, the authors analyzed the impact of
information counteraction on the organization of
managerial activities of officials.

It is established that the use of modern
information technologies as one of the means of armed
struggle led to changes in the strategy and tactics of
conducting modern wars and military conflicts.

conducting information wars, taking into account the
factors of information vulnerability of the warring
parties. practical implementation of these concepts is
carried out by conducting information (information-
psychological) operations.

The analysis of the views of the military-political
leadership of some developed states of the world on

information warfare showed that it has two
components:

information and  technical (information
operations);

information-psychological (information-

psychological operations).

The effectiveness of information warfare in the
military sphere, in many respects, depends on the
efficiency, purposefulness, continuity and clarity in its
organization and management.

For this purpose, an information security system
should be established, which the main tasks are:

- forecasting of potential threats to information
security, their detection and on this basis forecasting
changes in information security;

- implementation of a set of appropriate measures
to prevent and eliminate them,;

- creation and maintenance of information
security resources and means in the readiness for their
application.

As a result of the research conducted by the
authors of this article, it is proposed to adjust the
normative documents in order to take into account
additional destructive factors for the organization of
managerial activities of officials, namely, information
counteraction, and also proposes to change the
management training system in order to train the latter
to make correct and deliberate decisions in conditions
information confrontation.

The direction of further research should be
considered the development of the officials activities
dynamic model in the context of information

The military-political leadership of many  resistance.
countries of the world developed the concepts of
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AmnaJji3z BIummBY ingopmaniiinoi nporuaii
HA OpraHi3auilo ynpasJiHCBKOI JisJIbHOCTI IOCaA0BHX 0Ci0
J1. O. Kucine, O. ®@. Cansnikosa, C. I. Auronenko, A. B. lllumranpkuii

VY 3B'13Ky 3i 30iJbILICHHSIM AKTMBHOCTI BMKOPUCTaHHS Cy4acHUX i1H(OpMalifHMX TEXHOJNOriIH sIK OAHOro i3 3acobiB
30poiiHoi 6OpOTHOM 3MIHMIIACS CTPATEris 1 TAKTUKA BEICHHS CY4aCHUX BiifH 1 BIHCbKOBHX KOH(IIKTIB. 3 Li€I0 METOI aBTOpaMU
JIaHOI cTaTTi Oy/no pO3IJIAHYTO MOHATTS iH(GOpPMaIiHHOI MPOTHAii Ta HOro BIUIMB HAa OPraHi3allil0 yHPaBIiHCHKOI AisUIBHOCTI
rocazioBuX oci0. B xozi mpoBeneHHs 1ociiPKeHHs] BCTAHOBIICHO, 1[0 KEPIBHUITBOM 0araTthoX KpaiH CBITY po3po0IieHi KOHIIEeNIii
Be/iIeHHA iHpopMauiiiHuX BilH, O BpaxoBylOTh (akTopu iH(opMmauiiiHOI Bpa3nMBOCTI HMPOTHOOPYMX CTOpIH, MpPaKTHYHA
peaizaniss UMX KOHLEMUIN 3AiHCHIOETBCS LUIAXOM IPOBEACHHs iHpopMauiiHux (iHpopMauiiiHO-IICUXONOriYHUX) ONepaliid.
IIpoBenenuit anami3 HOMIANIB BIHCHKOBO-NOMITUYHOIO KEPIBHULTBA JEAKMX PO3BHHEHHX JEp)KaB CBITy Ha BEICHHS
iHdopmaniiiHoi GoporsOM IOKa3aB, IO BOHA Mae€ IBi CKiIauoBi: iH(MopMmauiiiHO-TexHiuHy (iH(opmawiliHi onepawmii) i
iHpopMmaniitHo-Ticuxonoriuny (iHdopmariitHo-ricuxomnoriyni onepaii). B pe3ynbrari mpoBeAeHOro JOCITIKEHHS aBTOPaMH
JIAHOI CTATTi IPOIOHYETHCS IPOBECTH KOPUT'YBaHHA HOPMATHBHUX JIOKYMEHTIB 3 METOH ypaxyBaHHS JIOAATKOBUX
JIECTPYKTHBHHUX YMHHMKIB Ha OPraHi3alliio YIpaBIJiHChKOI AiSUIBHOCTI ITOCaJ0BUX 0ci0, a came iHpopMariiiiHoro nporuaii. Takox
aBTOPAMH CTATTi 3aIPONOHOBAHO 3MIHUTH CUCTEMY ITiITOTOBKM YIPABIIIHCHKOI JIAHKH, 3 METOI0 HaBUAHHS OCTAaHHIX NpUHMaTH
KOpPEKTHI i 001fyMaHi pillleHHs B yMOBaxX iH()OpMaLiiHOro NPOTHCTOSHHS.

Karw4dosi cuoBa: iHpopMauiiiHe NPOTUCTOSHHS; YyNpABIiHHA, NPUHHATTS pillleHHS; iHpOpPMAaLiiiHI TEXHOJOTII;
iHdopmauiiina BiliHa.

AHaJu3 BJIMsIHUS WHGOPMANMOHHOI0 POTHBOACHCTBHS
HA OPraHM3aNHNI0 YIPABJICHYECKOH NeATEIHLHOCTH J0JKHOCTHBIX JIHIY

. A. Kucenb, O. ®. CanbankoBa, C. 1. Aatorenko, A. B. IIumankwit

B cBs3u C yBenmMUEHHMEM AKTUBHOCTHM MCIOJIB30BAHUE COBPEMEHHBIX HMH()OPMAIMOHHBIX TEXHOJOTHH Kak OJHOro U3
CPEJICTB BOOPY>KEHHOH 00pbOBI M3MEHHMIIACH CTPATETUsI U TAKTUKH BEJCHUS COBPEMEHHBIX BOWH M BOCHHBIX KOH(IHMKTOB. C
9TOM 1eJIbI0 aBTOPAMU JAHHOW CTAaThU OBIIO PACCMOTPEHO MOHATHE MH()OPMALMOHHOIO IIPOTUBOACHCTBHS U €r0 BIMSHHUE Ha
OpraHM3aluI0 YIPABIECHUYECKON NEATENPHOCTH MOJKHOCTHBIX JHI. B Xoze MpoBeAeHHUs HCCIENOBaHMSA YCTAHOBIEHO, YTO
PYKOBOJCTBOM MHOI'MX CTpaH MHpa pa3pabOTaHbl KOHIENIHUU BeAEHHUS MH()OPMALMOHHBIX BOWH, YYUThIBArOIHE (HaKTOPbI
MH(POPMALIMOHHON YS3BUMOCTH HPOTHBOOOPCTBYIOIINX CTOPOH, NPAKTHYECKAs! Pealu3alist STUX KOHLECTIUHA OCYIEeCTBIIACTCS
IIyTeM IPOBEAEHHUS HMH(OPMAIMOHHBIX (MH(POPMALMOHHO-IICUXOIOrMYECKUX) omnepanuid. [IpoBeneHHBIH aHaNMU3 B3IIAIOB
BOCHHO-TIOJIMTUYECKOI'0 PYKOBOJICTBA HEKOTOPHIX PAa3BUTHIX T'OCYJapcTB MHUpa Ha BeJEeHUs HHGOPMALMOHHOH OOpBHOBI
[0Ka3aj, 4YTO OHAa HMEET JIBE COCTaBJIAIONIME: HMH(POPMALMOHHO-TEXHUYECKYI0 (MH(GOPMALMOHHbIE ONEpaluu) |
MH(POPMALIMOHHO-IICUXOJIOTHUECKY0  (MH(OPMALlMOHHO-IICUXOJIOTHYECKUEe  omnepanuu). B pesynbrate npoBeAEHHOTrO
HCCIIEJOBaHHs aBTOPAMU JaHHOM CTAaThH MPEJIaracTcs NpPOBECTH KOPPEKTHPOBKY HOPMATUBHBIX JOKYMEHTOB C LEIBIO y4éTa
JIOTIOJTHUTENBHBIX JECTPYKTUBHBIX (PAKTOPOB HA OPraHU3AIMIO YIIPABICHYECKOHN IESTEIbHOCTH JODKHOCTHBIX JINII, @ UMEHHO
MHPOPMALIMOHHOI'O  NPOTHBOJCHCTBUA. Takke aBTOpaMM CTaThM INPEAJIOXKCHO M3MEHUTH CHCTEMY IIOJATrOTOBKH
YIIPaBJICHYECKOr'0 3BE€HA C ILIeJIbI0 O0YYeHHMs IMOCIEIHHMX NPUHUMAaTh KOPPEKTHbIE M OOJyMaHHbIC PELICHHsS B YCIOBHAX
HUH(POPMALMOHHOIO IPOTUBOCTOSHHUS.

KawueBble cJjoBa: I/IHq)OpMaI_II/IOHHOG IIPOTUBOCTOSAHUC; YIPABJIICHUC, IPUHATUC PCIICHUS, I/IHq)OpMaLII/IOHHble
TCXHOJIOI'HMH, I/IHq)OpMaI_II/IOHHaH BOMHA.
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EDUCATIONAL PROGRAMS AND PROFESSIONAL STANDARDS
IN THE IT FIELD AS FACTORS OF DEVELOPMENT OF IT EDUCATION

The subject matter of the article is the processes of synthesis of the information and telecommunication network (ITN) for
solving applied problems of safety-critical systems (SCS). The goal is to develop a mathematical model for the optimal
distribution of applied tasks of safety-critical systems over the ITN nodes. The tasks to be solved are: to formalize the
procedure of distribution of applied tasks and SCS software over the ITN nodes; to develop a mathematical model of
optimal distribution in order to minimize the cost of network resources; to select an effective algorithm for solving it. The
methods used are: alternative-graph approach, mathematical optimization models, methods for solving nonlinear integer
programming problems with Boolean variables. The following results were obtained: the task of selecting the ITN optimal
structure was formulated according to the alternative-graph model of information processing; in addition to structural
characteristics, the requirements for the parameters necessary for performing applied tasks were taken into account while
constructing a mathematical model; when minimizing the cost of a computing resource, constraints related to the
capabilities for financing the development and operation of the network are taken into account; the costs for organizing
additional connections among the network nodes are considered as well. Conclusions. The scientific novelty of the results
obtained is as follows: 1) the optimization model of distributing applied tasks over the nodes of the computer network was
improved by defining the objective function in order to minimize the costs of both computational and data transmission and
the constraints caused by the requirements for the technical and information structure of the network; 2) methods for
solving the problems of optimizing the ITN structure on the basis of models of nonlinear Boolean programming by
transforming the initial task into a linear form and applying the recession vector method was further developed, which

makes obtaining a quasi-optimal solution of the problem in the context of large dimension possible.

Keywords: IT-industry; IT-education; professional standard; educational standard; competence.

Introduction

As of effective date of the new law of Ukraine “On
Higher Education” and after approval of the new list of
knowledge area and specialties, new stage of Ukrainian
Higher Education reforming has begun. Autonomy of
the Universities in terms of forming educational content
is a main sign of this stage. The Universities
independently define educational content in terms of
result of education as well as discipline list which would
ensure this result. The developing educational content is
based on competency approach, requirements of
National framework of qualifications and stakeholders
(employers). Formalization of  stakeholders’
requirements is reflected in professional standards.
Educational content is defined by educational standards.
IT industry requirements are very important for
Ukrainian Educational Standards in IT knowledge area
as IT is an engine of economic growth of Ukraine, so
training future IT professionals is a critical task.

Discussion
Problem Statement. Modern trends in
development of Information Technologies and
innovational approaches can be implemented in

Ukrainian companies which will support Ukrainian
economic growth as long as qualified professionals are
available. Ukrainian Higher Educational Institutions
provide IT market with 16 thousands graduates annually
[1]. More than 60 Ukrainian Universities train
specialists in IT area Higher Education scientists
develop educational standards in order to meet

this article is to contemplate ways to harmonize IT
education and IT Professional Standards in terms of
formation, development, accumulation, renewal,
assessment of IT professionals’ qualifications and
competencies in accordance with European e-
Competence Framework (e-CF) and Ukrainian
stakeholders’ requirements.

Actuality of research. IT industry requires
competent professionals who are ready to successfully
start IT career without additional cost from employer’s
side. Ukrainian Educational IT Standards were
developed without consideration of IT industry needs
and European e-CF . Necessary system of requirements
to training, experience and skills of the workforce was
not introduced as well. Thus, development of
professional standards based on competence approach,
European e-CF and trends in IT education is a critical
problem in Ukraine.

Normative documents on content of Higher
Education of Ukraine. In order to ensure that higher
education quality corresponds to labor market and
international institutions’ requirements, it is important
to define place and role of educational standards in
Ukrainian higher education system and their link to
professional standards.

Higher Educational Standard is a set of
requirements to content and results of educational
activities of higher education and scientific institutions
by each higher educational level within each discipline.
Higher Educational Standards are intended to define and
assess quality, content and results of educational
activities of higher educational institutions.

requirements of IT industry. Still analysis of IT Professional standard is a ratified set of
employers’ requirements is not considered. Purpose of requirements to employees’ qualification, their
53
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competencies which are defined by employers. Ukraine “On Higher Education” [2] the following
Professional standards are the base for formation of normative documents define educational content
professional qualifications. In accordance to the Law of  (Fig. 1) [3].
National Framework of Qualifications
Higher Educational Standard € Professional Standard
\ 4

Educational Program —jemp Curricula — g Working Curricula

Discipline Working Programs

courses > of Credit Modules

Fig. 1. Normative documents of content of higher education of Ukraine

National Framework of Qualifications (NFQ) is a
systematic and structured by competencies description
of qualification levels. NFQ is a generalized description
of educational results which include clearly-defined
criteria of relation to certain qualification. NFQ’s
qualification levels are described via descriptors which
are formulated in terms of results of education based on
requirements to knowledge, skills, communicative
competency, autonomy, responsibility and general
(integral) competency. It is intended to be used by
governmental authorities, institutions and organizations
which realize state policy in area of education,
employment and social labor relations as well as by
educational institutions, employers and other legal
entities and individuals with purpose of creation,
identification, correlation, definition, planning and
development of qualifications [4].

Educational program is a system of educational
components at respective higher education level within
certain discipline. Educational program defines
requirements to educational level of individuals who
study according to this program, list of educational
subjects and logical sequence of the subjects, number of
credits ECTS necessary to accomplish this program as
well as expected results of education (competencies)
which should be obtained by the graduates of respective
higher education degree [2].

Program results of education are the complex of
knowledge, skills, other competencies obtained by
individuals in the process of education as per certain
program [2]. It is important to be able to assess and
measure those knowledge, skills and competencies.

Educational plan is a document which defines list
and amount of normative and selective educational
subjects, sequence of their study, form and amount of
educational activities, schedule of educational process,
summary and control measures [2]. Educational
program is developed for each discipline in educational
plan. This program includes information about the
discipline content and results of education. The
normative documents above are the normative base for
educational system as per certain subject.

Harmonization of Educational and Professional
IT standards in the process of modernization of higher
IT education. Professional and Educational standards need
to be the elements of united national system of
qualifications which should be submitted as complex of
interrelated documents providing correlation between
professional education and labor market in order to
improve quality of training specialists and their
competitive ability at local and international labor markets.

Professional standards should not only be based on
international standards. International standards can be
just one of the resources to create national educational
standards in terms of definition of typical tasks,
specialized professional and instrumental competencies,
basic knowledge and skills. Together with
recommendations of Computing Curricula CC2001-
CC2005/CS2013/SE2014/1T2014/1S2010/CE2016/MSI
S2016/CSE2017 of international IT associations and
communities ACM, IEEE, AIS, AITP [6 — 14]
professional standards in IT industry contribute to
harmonization of graduates’ qualifications with
employers’ requirements.

Interrelation between Professional and Educational
standards is represented in Fig. 2 below.

Professional standards provide educational sphere
with necessary data regarding graduates’ professional
activity area, objects of this activity, its kinds and tasks,
necessary competencies of future professionals. There
are the following directions of application of
professional IT standards: development of educational
standards based on professional standards; development
of educational programs with consideration of IT
industry requirements; quality evaluation of education
in accordance with employers’ requirements; prompt
update of educational standards based on changes in
professional standards.

In accordance to structure and content of industry
standards of higher education, Professional standards
might be the base to define competencies required for
realization of typical tasks of activity and operational
functions of graduates with bachelors’ and masters’
degree.
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Fig. 2. Interrelation between Professional and Educational IT standards

For example, typical task of activity “Development of
functional requirements to projected system” of industry
standard of higher education bachelor’s degree “Computer
science” is inherited from activity task “Defining initial
customer’s requirements to IS and opportunities of their
realization” of Professional standard “Information System
Specialist” [15]. Similarly, ability of “Development of
requirements and specifications of components in
information systems and objects of professional activity”
which is defined in industry standard of higher education
bachelor’s degree “Computer Science” is based on ability
to analyze subject area of automation and prepare
respective documentation [16].

Requirements to basic knowledge specified in
professional standards give opportunity to define list of
disciplines in curricula which IT student will obtain.
Thus, Professional standard “Information System
Specialist”  defines such knowledge area as
mathematical training, programming, technology and
processes of software development, data processing,
technical training, and general operational culture. Each
of the knowledge area listed above defines detailed
study items which will help students to obtain necessary
competencies. Using Professional standard basic
knowledge list, education stakeholders can define list of
study discipline to be included to bachelor’s and
master’s curricula.

Perception of competencies as a result of education
in the context of educational standards improves
efficiency of the dialogue between employers (as
customers of education result) and higher education
institutions (as providers of education result). In this
regards educational technologies are considered as a way
to form competence (via active and interactive teaching
methods) and evaluation systems (via involvement
employers and professional experts to their development)
as a tool to complete the competencies formation.

International IT standards overview. Including
accepted in Europe IT courses of study to domestic
higher educational system ensures its succession and
harmonization with European IT educational programs
which is transparent to IT industry, open to qualification
and advanced training in terms of Double Degree and
Academic Mobility of students, postgraduates and
professors. According to international Computing
Curricula recommendation, IT education in Ukraine
includes the following specialties (table 1) [17].

Table 1. IT Education Specialties

Knowledge Specialty .
Area code Specialty name

121 Software Engineering
122 Computer Science
123 Computer Engineerin

12 Information P £ £

Technology 124 System analysis
125 Cybersecurity
126 Information Systems and

Technology

Structure of educational standard includes the
following sections [18]:

1. General characteristic

2. Amount of credits ECTS necessary to obtain
respective level of higher education

3. Graduate’s competency list

4. Normative content of higher education in terms
of results of education

5. Forms of attestation in higher educational
institutions

6. Requirements to internal system of higher
education quality assurance

7. Requirements of Professional standards (if
exist)

8. List of normative documents which are the
base for Higher Education Standard

General characteristic of specialty of Ukraine
provides description of subject area of activity with
definition of study and activity objects, study purpose,
theoretical content of subject area, types of professional
activity, methods, methodologies and technologies,
which should be obtained by graduates of higher
education institution, tools and equipment to obtain
those knowledge and skills.

Comparative  analysis of IT
characteristics is represented in table 2.

After detailed discussion regarding comparison
of the objects of study and activities and theoretical
content of the subject area of education in SE, CS,
CE, SA, Cybersecurity, IST, we can say that each IT
specialty may declare different opinions regarding
systems of teaching, variety of knowledge and
skills.

specialties
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Table 2. Comparative analysis of activity objects of IT Education Specialties

Specialty
code

Specialty
name

Objects of study and activities

Theoretical content
of the subject area

121

Software
Engineering
(SE)

Processes, instrumental tools and resources of
software development and support

Basic mathematical, physical,
economical statements regarding
software development and support;
theoretical basis for domain analysis,
modeling, projecting, design,
software support.

122

Computer
Science

and
Information
Technologies
(CS&IT)

Mathematical, informational, imitation models of
real phenomenon, objects, systems and processes;
models of knowledge and data submission; models,
methods and technologies of getting, storing,
processing, transmitting and using information;
theory, analysis, building, effectiveness assessment,
realization of algorithms; methods and algorithms
of operational multidimensional and intellectual
data analysis and decision making; high-productive
computing including parallel calculation and vast
data; mathematical, linguistic, informational
provision of automated systems of data processing
and management, pattern and signals recognition
systems, projecting automation systems, decision
support systems, intellectual systems.

Modern models, methods,
algorithms, technologies, processes
and ways of data obtaining,
providing, processing, analysis,
transmission, storage in information
systems; knowledge engineering
technologies;  programming and
projecting technologies and
platforms, development and quality
assurance of IT and IS components;
computer graphics methods and data
visualization technologies.

123

Computer
Engineering
(CE)

Programming technical tools of computers and
computer systems of universal and special purpose
including local, global computer networks, Internet,
Internet of Things; Informational processes,
technologies, methods and systems of automatic and
automated design; establishment, production and
operation of programming and technical tools;
methods of information processing including high-
productive, parallel, divided, mobile, web-based,
cloud, energy effective, safe, autonomic, adaptive,
intellectual data, etc.

Concept, principles, programming
and  technical methods and
technologies of  development,
operation and maintenance of
computer systems and networks,
inbuilt and divided computing.

124

System
Analysis
(SA)

Mathematical methods and information
technologies of analysis, modelling, forecasting,
design and decision making in complex systems of
different nature.

Theory of leading and decision
making, mathematical and computer
modeling, mathematical statistics
and data analysis, operations
research, systems and processes
optimization.
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Cyber security

Technologies of information  security of
information objects including computer, automated,
telecommunication, information, analytical
systems, information resources and information
technologies, processes of management of
information and cyber security of the objects to be
protected.

Legislative regulatory framework of
Ukraine and requirements of
international standards and practices
in regards of professional activity;
principles of information security
systems  design;  methods  of
information security vulnerabilities
and threats identification,
information security —assessment;
methods of analysis and planning
project cyber security solutions.
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Information
Systems
&Technologies
(IST)

Methods of design and operation of information
systems and technologies (IST) in different fields of
economics; methods of IST quality assurance,
reliability,  viability, optimization principles,
decisions models and methods in conditions of
uncertainty; development of  information
communications, theoretical and applied tools of
design and implementation of intellectual
information technologies.

Concept and principles of higher and
applied mathematics, programming,
computer and mathematical modelling,
intellectual data processing, system
analysis and projecting, information
management, system integration and
administration, IT projects
management, entities architecture and
IT infrastructure.
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There is some overlap within these six fields.
Essentially, they exist in subsections of the same area,
performing complementary different tasks that fit
together.

Opinions of international IT standards developers
and curators of scientific methodical council of the
Ministry of Education and Science of Ukraine differ
from the state and trends of IT Education in USA and in
the world and understanding difference between
specialties CS, CE, SE, IS, IT. Thus, in Computing
Curricula 2005 analysis of interrelation between
specialties was done (fig. 3) and place of each of them
in IT education system was defined [6].
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. NEEDS .~
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in accordance to Computing Curricula 2005

Analysis of objects of activity, theoretical content,
competencies which are defined in standards of IT
specialties of Ukraine identifies significant differences
with Computing Curricula recommendations. (fig. 4).

security E
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#

Fig. 4. Interrelation between IT specialties
according to Ukrainian standards

Discussions about disagreements, differences and
uniqueness of specialties in subject area “Information
technologies” in Ukraine are continued.

Professional IT standards overview. Nowadays
Ukrainian professional IT standards have been
developed for the following professions: [19]

Information systems specialist;

Software developer;

Project manager in information technology;

Product manager in information technology;

Information resources specialist.

These standards are based on international
information technology standards ISO / IEC 15288:
2008, ISO / IEC 12207: 2008, European Framework of
Competences (e-CF) [20], [21], [22].

IT professions for which professional standards are
developed in Ukraine correspond to nomenclature of
professional profiles of European e-CF, namely:
Information Systems Specialist, Software Developer, IT
Project Manager, IT Product Manager, and Information
Resources Specialist.

Professional standards operate with such concepts as:

area of professional activity (functional area) is a
group of similar professional activities which
correspond to one or more economic activities.

type of professional activity is a set of generalized
labor functions which are similar in nature, results and
conditions of work;

generalized labor function is a set of related work
functions, created by division of labor in a particular
industrial (business) process;

labor function is a system of labor actions in the
framework of generalized work function, which is
defined by technological process;

labor action is the simplest manufacturing
operation in the process of employees’ interaction with
the subject of labor, which results in achieving specific
preliminary set goal;

employees’ qualification is a measure of
employees’ professional training to perform specific
type of work, which includes theoretical knowledge and
practical skills that must comply with the Guide features
of professional qualification;

level of qualification is a measure of professional
skills within specific qualifications.

Professional standard "Information systems
specialist" is considered next. Labor functions and labor
actions are grouped in 15 functional areas. These
functional areas correspond to lifecycle processes of
information systems as per the standards ISO / IES
15288: 2008, ISO / IEC 12207: 2008 and e-CF
descriptors of ICT competencies relevant to business
processes in information systems (table 3):
A. PLANNING (PLAN), B. IMPLEMENTATION
(BUILD), C. START (RUN), D. ADAPTATION
(ENABLE), E. MANAGEMENT (MANAGE) [22].

"Software developer" professional standard defines
main purpose of professional activity namely
development, debugging, testing, modification of
software. Section "Requirements to education and
training" defines qualification levels in accordance with
the Sectoral Qualifications Framework (SQF) and
provides list of educational levels required for obtaining
certain qualification [23]. This professional standard
defines tasks and qualification levels according to the
functional areas of software developer as per the
framework of competencies (Table 4).

Tasks are classified according to qualification
levels, roles and job experience. The skill level
according to the IT Industrial Qualifications Framework
indicated for positions Junior Developer, Programming
Technician, Programming Engineer, Senior Developer
and Senior Programming Engineer.

Conclusion

The matter of harmonization of IT industry and IT
education based on realization of effective mechanisms
in social partnership is a main focus with a long term
perspective. Interaction between IT industries and IT
education is realized through the establishment of
Educational Engineering Centers in Universities and
Companies, to align scope and content of educational
programs on some professional disciplines with
employers, etc.
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Table 3. Correspondence between lifecycle processes, functional areas of information systems specialist professional
standard and e-CF descriptors

Ne Functional Area of Lifecycle Process ICT Competence ICT Competence According to
Professional According to the ISO15288 | Descriptor According the e-CF
Standard to the e-CF
1 The Pre-contractual Process of Life Cycle Model | A. Planning A3. Development of business
Work Management E. Management plans
E1. Development of forecasts
2 Management of The processes of definition of | A. Planning A2. Management of the service
Requirements holder’s requirements and ana- level
lysis of system requirements
3 Customer Support C. Start C1. Customer support
4 Human Resources Human resources D. Adaptation D3. Organization of studies
management process D9. Staff training
5 Modeling of the Process of Life Cycle Model | A. Planning Al. Reconciliation of IS and
Customers’ Business | Management business strategy
Processes
6 Communications Information management D. Adaptation D10. Information and
Management process E. Management knowledge management
E4. Relationship Management
7 Procurement Purchasing and supply D. Adaptation D4. Ensuring of the
Management processes procurement process
8 Management of Portfolio management D. Adaptation D8. Contract Management
contractual relations | processes
9 Development Process | The processes of designing A. Planning AS. Designing architecture
the system’s architecture, B. Implementation A6. Applications’ development
implementation, integration, B2. Systems’ integration
qualification testing. B3. Testing
10 Quality Assurance Process of Quality D. Adaptation D2. Development of IS Quality
Assurance E. Management Assurance Strategy
E6. IS Quality Management
11 Configuration Configuration management
Management process
12 Deployment/ The installation and support | A. Planning A7. Introduction of technologies
Implementation of IS | of software, support of B. Implementation B1. Design and Development
software acceptance and B4. Solutions’ Deployment
functioning
13 Management of Software revision process C. Start C2. Changes Support
Changes E. Management ES5. Improvement of processes
E7. Management of Changes
14 Document Document management B. Implementation BS5. Development of the
Management process documentation
15 Security Risk Management Process C. Start C4. Problem’s management
Management D. Adaptation D1. Development of
E. Management Information security strategy
E3. Risk Management
E8. Information security
management

Table 4. Functional areas, tasks and qualification levels in software developer professional standard

The skill level according to the IT

Functional e-CF Descriptors Tasks Industrial Qualifications Framework
areas
1 2 3 4 5
Management of Manage / Business Analysis of software + +
system development [Management requirements
Plan /Design Design of system architecture + +
Plan /Design Design of software architecture + + +
Build/Development Detailed software design + + +
Build/Development Software development + + +
Build/Development Software complexing + + +
Build/Development Software qualification testing + + +
Build/Development System complexing + + +
Build/Development System qualification testing + + +
Deployment / Run/Service&Operation Software installation + + +
Implementation Run/Service&Operation Support of final testing + + +
Support of [Enable/Support Software maintenance + + +
functioning
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Methodological basis of educational standards in IT ~ Software  Engineering, Information Systems &

areas are Computing Curricula recommendations of IT ~ Technologies. IT  Professional standards define
associations and communities ACM, IEEE, AIS, AITP stakeholders’ requirements to IT graduates’ competencies
for specialties Computer Science, Computer Engineering, ~ which helps to improve higher education quality.
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OcgitHi nporpamu Ta npogeciiini crangapru B IT ranysi sik paxkrop possurky IT ocBiTn
T. B. Kosantok, O. A. YaiikoBcbka

IIpeqmerom BHBYeHHs B cTarTi € nuraHHA B3aemonii IT-ocBiti Ta IT-iHxycTpii uepes 3B’430K OCBITHIX 1 npodeciiHnx
IT-crannapriB. MeTol0 € po3riisiz HeoOXiAHOCTI, pOJli Ta OCHOBHUX IOHATH OCBITHIX 1 npodeciiinux IT-crannapris y cucremi IT-
ingyctpist — IT-ocBiTa, BU3HAUCHHS CKJIa[ly HOPMATHBHOI 6a3u 3MicTy BMILOI OCBITH YKpaiHH Ta Micud B Hill npodeciiiHux ta
OCBITHIX CTaHAapTiB. 3aBJaHHS: [10KAa3aTH, L0 MOAEPHI3allisd BHUILOI KOMII' IOTEPHOI OCBITH Ma€ BiIOyBaTHUCS 3 ypaXyBaHHAM
BUMOT' po0OTOaBLIB, I (opMaiisalii SKUX 3acTocoBylOThCs mpodeciitni IT-cranmapru. Onucatu CTPyKTypy Ta 3MicCT
npodeciiinux IT-crangapriB B Ykpaini. [loBectu, mo mnpodeciiini cranpaptu 3a0e3neuytoTb cdepy OCBITH HEOOXiIHONO
iHpopmanieto mpo obsacti Ta 00'ekTH MpodeciiHOl MisUTLHOCTI BUITYCKHHKIB, 1X BHJAW, 3aBJaHHS Ta HEOOXiTHI KOMITCTEHIT
MaiOyTHiX (axiBuiB. BUKOpuCTOBYBaHMMM METOAAMM € aHAJII3 HOPMATHBHOI 0a3M 3MiCTy BUIIO] OCBITH YKpaiHU, MIXKHAPOIHUX
nokymentiB Computing Curricula Ta €Bponeiicbkoi pamku IKT-komnereHTHOCTEH, (DyHKIIOHANBHUX raly3ei, 3a/1a4 JisbHOCTI
Ta KBaI(IKALIHHUX pIBHIB; OMUTYBaHHS POOOTONABLIB 3 METOI0 BHU3HAYEHHS BUMOT, IO € IiJCTaBOIO Uil BH3HAYCHHS
KOMIETEHTHOCTEH BHITyCKHUKIB IT-criemianpHOCTEll BHIIMX HaBYAIBHHX 3akianiB. PesyabTrarm. B crarti nonaxwmii
HOPIBHUIBHUN aHaii3 ocobnuBocTeil ocBiTHIX IT-cranpapriB 3a micrteMa IT-crenianpHOCTSAMU ramy3i 3HaHb «IH(opmaniiini
TexHoorii». [IpoananizoBanuii B3aemMo3B’ 130k [T—criemianbpHOCTEl Yepe3 aHani3 00’ €KTIB IiSUIBHOCTI Ta TEOPETHYHOTO 3MICTy
MpeAMETHUX Tajly3el, IO OmNMcaHi B OCBITHIX craHmapriB. BusHauene wmicie koxHoi i3 IT-cmemiampHocti B cucremi IT
nigroroBku Oaxanaspis. OnmcaHa oco0aMBicTh BinTBOpeHHs pekomenaaniil Computing Curricula B ykpaincekux IT-crangaprax.
BucHoBkH. Y cTarTi IOKa3aHO, IO METOAOJIOIIYHOI OCHOBOIO cucreMu OcBiTHIX IT-crammaptiB YkpaiHu € MiXHapoIHi
nokyment Computing Curricula ta €Bponeiicbka pamka IKT-komnerentHoctedl. Ha mpuiian npodeciiiHoro cranmapry
GaxiBusg 3 iHQOpMaliHUX TEXHONOril pO3MJIAHYTO #Horo 3B’s130K 13 jgeckpunTopamu €Bponeiicbkoi pamku IKT-
KOMIIeTeHTHOCTeH. AHaii3 (QyHKI[IOHAIBHUX raiy3ei, 3a7ay AisUIbHOCTI Ta piBHIB KBamidikamii, mo noxgaxi y npodeciiinomy
cTaHAapTi po3poOHMKA MHPOrpaMHOro 3a0e3ledeHHs, BH3HAYa€ 3MICT IMiJrOTOBKM (haxiBHiB 3 PO3POOKH Ta TECTYBaHHS
IporpamMHOro 3abesnedeHHs. BusHaueHHs mnpodeciiiHMX KOMIETEHTHOCTeH B OCBITHIX CTaHAapTaXx Ha IiJCTaBl BUMOT
poboTonaBIiB Ta kBaniikaniiiHUX PiBHIB aKTyali3ye OCBITHI CTaHAAPTH BiAOBIIHO 0 BUMOI pUHKY Ipaui. Taka rapMoHi3ariist
iAroToBKK pobuth ykpaincbkux IT ¢axiBLiB KOHKYPEHTOCHPOMOKHUMH 13 X 3aKOPAOHHUMH KOJIETaMH.

Karw4dosi caosa: IT-ingycrpis; IT-ocBita; npodeciiini crannapTi; OCBIiTHI CTaHAAPTH; KOMIETEHTHOCTI.

Oo0pa3oBaTeJibHbIe IPOrPaMMBbI U IPodecCHOHAIbHBIE CTAHIAPTHI
B IT orpaciu kak ¢pakrop passutus IT o6pasopanus

T. B. Kosantok, E. A. YaiikoBckas

IIpeamerom wu3ydeHHsI B CTaThe SBISETCS Bompoc B3aumopelctBust [T-oOpasoBammst m IT-mHmyctpum 3a cBs3b
obpasoBarenbHbIX U npodeccuonanpublx IT-crannapros. Lledblo sBiIseTcst paccMOTpeHHE HEOOXOAMMOCTH, POJIM U OCHOBHBIX
MIOHATHH 00pa3zoBaTeNbHBIX U MpodeccuonanbHbIX [T-cranmaproB B cucreme IT-mHnycrpus — IT-o0pa3oBanue, onpeneneHue
cocTaBa HOPMAaTHUBHOM 0a3bl colep)kaHMsl BBICIIETO0 0Opa3oBaHMS YKpaWmHBI M MecTa B HeH Npo(pecCHOHANBHBIX U
o0pa3oBaTeNbHBIX CTaHAApTOB. 3agaHus. [loka3arh, 4TO MOJAEPHM3ALUSA BBICIIETO KOMIIBIOTEPHOrO 00pa3OBaHUs JOIDKHA
MIPOUCXOAUTH C y4eToM TpeOoBaHMI paboromarenei, Ui (opMaln3anuK KOTOPBIX IPHMEHSIOTCS npodeccroHanbHble 1T-
crapmaptel. Omucath CIPYKTypy U couepkaHue mpodeccmoHanbHbIX [T-cranmaptroB B VYkpaumne. Jlokaszarb, dYTO
npoheccHOHaNbHBIE CTaHAAPTHl 00ecIeunBaroT chepy oOpazoBaHMs HEOOXOAMMOH HH(poOpManueid 00 o0macTsx W o0BeKTax
po(heCCHOHANIBHOM JIESTETEHOCTH BBIITYCKHUKOB, UX BHBI, 337a4d U HEOOXOAMMBIE KOMIIETCHIMH OYIYIIUX CIEIHaIiCTOB.
Hcnoab3yeMbIMH METOAAMHU SIBISIIOTCS aHAIM3 HOPMATHBHOW 0a3bl colep)kaHMsl BBICIIEro 0OOpa3oBaHHS Y KpauHEI,
MexayHaporHbix jgokymeHntoB Computing Curricula u EBponeiickoii pamkxu HWKT-komnereHTHOCTEH, (YHKIMOHAIBHBIX
obnacreif, 3a1a4 JEATENPHOCTH U KBAIM(HUKAIMOHHBIX YPOBHEH; OIpoc paborojareliell ¢ LeNblo onpezereHus TpeOoBaHMUI,
KOTOpbIE SIBJISIETCSI OCHOBAaHMEM [UISl OIpE/eNICHHs] KOMIIETCHIMH BBHITyCKHUKOB IT-criermanpHOCTEH BBICHIMX Y4eOHBIX
3aBeneHud. Pe3ynbTaThl. B craThe mpencraBieH CpaBHUTENBHBIA aHAIN3 0coOeHHOCTEl oOpa3oBaTenbHbIX [T-cranmapToB mo
mectu [T-cnenuanbHOCTSIM oTpaciu 3HaHMH «HpOpManMOHHBIE TeXHONOrWM». I[IpoaHamusupoBaHa B3aUMOCBs3b [T-
CreNUATIbHOCTEH uepe3 aHain3 OObEKTOB AEATEIbHOCTH U TEOPETHYECKOE COZepIKaHHe NMpEeIMETHBIX obJiacTel, ONHMCaHHBIX B
oOpaszoBarenbHbIX craHmaprax. OmnpeneneHo Mecro kaxpod u3 IT-cmermansHocteit B cucteme IT moaroroBku GaxaiaBpoB.
Omnucana ocobeHHOCTh BocrpousseneHus pexomenpaumii Computing Curricula B ykpauHckux IT-cranmaprax. BeiBoabl. B
CTaTb€ II0Ka3aHO, 4YTO METOJOJIOTMYECKOH OCHOBOW cHCTeMbl oOpa3oBaTesbHbIX IT-cTaHIApTOB YKpauHbI SBILSIIOTCS
MexyHaponsbie JokymeHTsl Computing Curricula u EBponedickas pamkxa MKT-xomnerenimii. Ha npumepe npodeccronanbHOro
CTaH/apTa CIEHaIncTa 1Mo MH(OPMAIMOHHBIM TEXHOJIOTHAM PAacCMOTPEHBI €ro CBS3b C JecKpunropamu EBpomneiickoil pamKu
UKT-kommneTeHnumil. AHanu3 QyHKIMOHAIBHBIX 00NacTeil, 3a1ay AesTeIBHOCTH U YPOBHEH KBATU(UKAIMHN, IIpeICTaBICHHbIA B
po()eCCHOHAIIBHOM ~ CTaHAapTe pa3paboTduKa IPOrpaMMHOIO  OOECHEeYEHMs, ONpeNeNseT COJICp)KaHHE IOATOTOBKU
CNELUATHCTOB 110 Pa3pabOTKe U TECTUPOBAHUIO NPOrpaMMHOro odecreueHus. OnpeneneHue npodhecCHOHAIBHBIX KOMIIETEHIUH
B 00pa3oBaTeNBHBIX CTAaHIApTaX HAa OCHOBaHMM TpeOOBaHWII paboromaTenei M KBaNM(UKAIMOHHBIX YPOBHEH aKTyalU3UpyeT
oOpa3oBaTeNbHbIE CTaHAAPTHI B COOTBETCTBHUM C TPeOOBaHMSIMHU pBIHKA Tpyda. Takas TrapMOHM3AaIMs IOJITrOTOBKH JIENaeT
ykpanHckux [T cnenuanucToB KOHKYPEHTOCIOCOOHBIME C MX 3apyOeKHBIMH KOJIJIEI aMHL.

Kawuessie caosa: IT-unnycrpus; IT-o0pa3oBanue; npodeccoHalbHbIE CTaHAAPThI; 00pa30BaTeIbHbIE CTAaHIAPTHI;
KOMIICTEHTHOCTH.
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BUSBJIEHHA 3AKOHOMIPHOCTEIZI B YACOBUX PAJAX
METOJIOM ITPOI'PAMHOI IH’KEHEPII

IIpeqmerom BUBYEHHS B CTAarTi € MPOLIECH BUSABIICHHS IPUXOBAHMX 3aKOHOMIPHOCTEH IOBEMIHKM CKJIAJHHMX CHUCTEM JUIS
BUPIIICHHS NPUKIAJHUX 3aBJaHb aHATI3Y 1 ineHTHdiKallii aHOMaNbHUX MO}, 1110 BUHUKAIOTh B Ipoleci GyHKIIOHyBaHHS
JIOCIIIZKYBaHOI'0 00’ €KTY: BUSIB MOMEHTY Ta JIOKaJli3allisl Micll BAHHKHEHHS aHOMaJIbHOI MOJIi1, TPUBAIiCTh epeOyBaHHs B
JIeIKOMY 4MCIIOBOMY Jliana3oHi, BU3HAYCHHS NPUYMH il BUHUKHEHHA. MeTOI0 € JOCIiKEHHSI MOXIIMBOCTI 3aCTOCYBaHHS
METO/IIB HENIHIHHOI IUHAMIKH U1l BUSBIICHHS 1 OLIIHKM 3aKOHOMIPHOCTEH IMOBEIIHKHM CKIIHUX CHUCTEM, IO FeHEPYIOTh
HEBU3HAYCHI 4acoBi paau. 3aBJaHHs: PO3POOUTH METOJ BUSIBJICHHS NMPUXOBAHUX 3aKOHOMIPHOCTEH MOBEIIHKU CKIaIHHUX
CHCTEM, 3aCHOBaHMII Ha TEMIIOPAJIbHUX MAaTEePHAX MOBEAIHKH, PO3POOUTH IHTENEKTyalIbHUI MOJYIb CUCTEMH JiarHOCTHKU
Y BUIUIAAL IPOrPaMHO-ITOPUTMIYHOIO 3a0€3M1€UeHHS; pO3POOUTH IHKEHEpHY METOAUKY 100y 0B MaTeMaTH4HOI MOJei
CHUrHalty, cipoiJIbOBaHOro Iij 3a7aHy MacKy (a3oBOro MopTpeTa; Ha MPHUKIANax JOCHIPKEHHS eKCIePUMEHTaIbHUX Jla-
HHX JIOBECTHU JKUTTE3AATHICTh 3alPOIIOHOBAHOI0 METOJY 1 Ji€3/1aTHICTh iHKEHEPHOI METOJMKH BCTaHOBJICHHS 3B'I3KYy MIXK
BUJIOM TIpoLiecy B cucteMi i (ha3oBoi Tpaekropiero. BukoprcToByBaHUM MeTOI0M € KOMOIHOBAaHMI ITi/Xix, sIKUi 0a3yeThCst
Ha MeTojax HeliHiiHOI nuHaMiku ((pa3oBuii aHaII3), TEMIIOPAJIBHUX MAaTEPHAX IOBEIIHKH, 110 BioOpaxaroTh (parMeHTH
BiJJTHOCHH B JIaHUX, i MeTOfaxX Kiacudikamiitnoro anamizy. OTpuMani Taki pe3yabTaTu. Po3pobieHo nporpamHe 3abe3me-
YeHHS B IH)KEHEPHOMY cepenoBuli rpadiunoro nporpamysans LabVIEW ¢ipmu National Instruments, sixe 3abe3neuye
MAaKCHMaJIbHY Bi3yallizallilo IPOoLecy aHali3y i MOJEIOBaHHs YaCOBHUX PAAIB Ha OCHOBI no0yn0BH (ha30BUX MOPTPETIB KO-
pensuiiHuX (GyHKIiNA 9acoBUX psiaiB. B pe3ynbrati HOCTiKEHHS eKCIIEPUMEHTAIbHUX JaHUX Ha MpeaMeT ANHAMIYHOl Imo-
BEJIIHKHU 32 JIOIIOMOT'OI0 PO3POOJICHOrO NPOrPaMHOro MOZYJIs OyJIM OTPUMaHi OCHOBHI Pi3HOBHIM (ha30BHUX MOPTPETIB, sIKi
BIiZINIOB1IAI0Th PI3HUM CTaJisM CTaHy CUCTEMH, 110 FeHepye HeBH3HAUYEHI 4acoBi psiy. 3AIHCHEHO MONEePE/IHIO TPYIYBaHHS,
sIK€ 3aCHOBAHE Ha TOIOJIONYHOI iIeHTUYHOCT] (pa30BUX MOPTPETIB Ha Pi3HUX 4AacOBUX cerMeHrax. [IpoBeneHo aHami3 i iH-
TepHpeTalis pe3yJabTaTiB IpyIlyBaHHS, CKJIaJICHa JliarpamMa Mepexoay 3 OJHOr0 YIOPSAKOBaHOro cTaHy B iHmmuil. [ToGymno-
BaHa MaTeMaTH4Ha MOJIEJIb CUTHATY, CHIPO(LILOBAHOIO Iijl 331aHy MacKy (a30BOro HOpTPeETy, 32 paXyHOK KOMOIHYyBaHHS
OKpEeMHX KOMIIOHEHT, «BIAIOBIJAJIBHUX» 32 OKpeMi oco0nuBoCTi (azoBoro noprpery, i BusHaueHi i napamerpu. Ha npuxk-
Jajax JOCIIJUKeHHS eKCIIePMMEHTAIBHUX JIAHUX JO0BEICHO JKUTTE3/IATHICTh 3aIPOIIOHOBAHOIO METOAY 1 JI€3JaTHICTD iH-
MKEHEPHOI METOJMKH BCTAHOBJICHHS 3B'3KY MIJK BHJIOM IIpoleCy B cucTeMi i (a3oBoi Tpaexropieto. BucHoBku. Haykoa
HOBM3HA OTPUMAHUX PE3YJbTATiB MOJAra€ B HACTYITHOMY: 3aIIpOIIOHOBAHO METO]| BUSBJICHHS IIPUXOBAHUX 3aKOHOMipHOC-
Tel MOBEIHKM CKIaJHUX CHCTEM 3 BUKOPUCTaHHAM (pa30BHX MOPTPETIB KOpessLiiHol ¢yHKUii, 10 0a3yeThCcs HA TEMIO-
paybHUX TMaTepHax IOBEMIHKH, 1 MeToax Kiacu(ikaliifHOro aHaiizy; 3alpOIIOHOBAHO iH)XKEHEPHY METOIHKY HOOYIOBH
MaTeMaTHYHOI MOJIeJli CUTHAITY, ClIpodisIbOBaHOrO ITij 3a1aHy MacKy (a30Boro moprpera.

Kar4dosi cioBa: npuxoBaHi 3akoHOMipHOCTI; (ha30BUil aHaIi3; Kiacu(ikaiiHuil aHali3; BUABICHHS HEOPAMHAPHUX
TIO/1i{; BiTHOBJICHHSI 3QJI€)KHOCTEH; HEBU3HAUEHI YacOBI PsIIH; aHOMAaJIbHI IOiT.

LIOCTI BHITAJKIB BIJICYTHS MOMJIMBICTH 0araTopa3oBOro
MIOBTOPEHHSI EKCIIEPUMEHTY, a 3MiHH CTaHiB 00 €KTIB

BecTtyn

B nanwmii yac cucreMu iHTENEKTYaJbHOTO aHAMI3y i
00pOOKH BUMIPIOBAILHOI iH(OpMALIl IIMPOKO BUKOPHC-
TOBYIOTBCS JIJI BU3HAYCHHS CTAHIB 1 aHali3y (DYHKIIIO-
HYBaHHS CKJIQJIHUX TEXHIYHHMX OO'€KTIB, TaKUX SIK: CHC-
TEMH MOHITOPUHTY 1 JIarHOCTUKH CTaHy TEXHOJIOTTYHOTO
o0JlafHaHHs, CHCTEMH T€OIUHAMIYHOTO MOHITOPUHTY
MIPUPOJHO-TEXHOT€HHUX SIBHII, ABTOMAaTH30BAHUX CHC-
TeM KepyBaHHS TEXHOJIOTIYHIMHU Tporiecamu, i T. 1. [1].

AHai3 mpoosemMn. 3amada BUSABY 3aKOHOMIPHOC-
Tei 3MIHM JTAHUX Ta IX B3a€EMOBIUIUBY MPE/ICTABIIE CYT-
TEBHUH IHTEpPEC /IS IHTEIEKTYaJIbHOTO aHalli3y Ta 00po0-
K1 BuMiproBanbHOI iH(opmarii. Cepen Takux 3amad —
aHali3 aHOMAJbHUX IOJiH, 10 BUHUKAIOTH B TPOIIECI
(DYHKLIOHYBaHHS JTOCII/HKYBAaHOTO 00’ €KTY: BUSIB MOMeE-
HTY Ta JIOKali3alis Micusl BUHUKHEHHS aHOMAJIbHOI I10-
Iil, TpUBANICTb IepeOyBaHHS B JIEIKOMY YHCIOBOMY
Jiama3oHi, BU3HAUCHHS TPWYMH il BUHUKHEHHA Ta (Gop-
MYBaHHSI MOXJIMBUX BapiaHTIB il monepemkeHHs. OqHaK
JUTSE OLTIBIIIOCTI CKJIAJHUX TUHAMIYHHUX O0'€KTIB HE Mpe-
CTaBJIIETHCS MOXKIIMBUM BHKOHATH 1X TOBHUH aHAIIITHY-
HUI OMKC 1, BIJMOBIAHO, c(hOpMYBaTH aIeKBaTHY MOZEb,
sKa BiIoOpakaTMe 3aKOHOMIPHOCTI 3B'S3KIB 00'€KTa.
Curyallist YCKJIQIHIOETCS THM, IO B TEPEBAKHIN OiJb-

0e3mocepeIHRO He crocTepiraroTbes. [loaiOHa curyaris
€ THIOBOIO 1 aKTyaJIbHOIO ISl BHUMIpIOBAaJbHUX 3ajad
NPU  eKCIIEPUMEHTATBHUX (PI3UYHHUX JTOCIIHKEHHSX,
npoOJieMa BUSBIICHHSI BITHOCUTHLCS 10 KaTeropii 0e3mo-
JIENIbHUX JIOCNI/DKEeHb, a alTOPUTMH iX peaizaiii 10
poOJIeMH «CITiToi» HUQpoBoi 00poOKH curHaiiB [2].

IMocranoBka 3amaui. Meroto poGoTu € mocii-
JOKEHHST MOXKITUBOCTI 3aCTOCYBaHHSI METOJIB HENiHIHHOT
MUHAMIKH U1 BUSBJICHHS 1 OIIIHKM 3aKOHOMIipHOCTEH
MOBE/IIHKM CKJIQJIHUX CHUCTEM, L0 TeHEePYIOTh HEeBH3HA-
YeH] 4acoBi PSIH, a TAKOX PO3pOOKaA IHTENEKTYaJIbHOTO
MOl CUCTEMH [IarHOCTUKH y BHIJISII MPOTrpaMHO-
aJITOPUTMIYHOTO 3a0€3MeUeHHS.

MeTonu BupileHHs. 3aBIaHHSA BUIBICHHS 1 OIiH-
KU 3aKOHOMIPHOCTEH MMOBEIHKH CKIJHUX CHCTEM MOX-
Ha PO3IVISIATH SIK 3a/la4y OL[IHKH MOTOYHOrO CTaHy 00'e-
KTa JOCJI/DKEHHS 1 3aBJAHHA BCTAHOBJIEHHS BIIMIHHOC-
Te MDK BXIHUMH JaHMMH - 3aBIAHHS KJIacH(iKaIrii.
Omxe, UIsl BUIILIEHHS MTOCTAaBJICHOI 337124l POIIOHYETHCS
BUKOPHCTOBYBAaTH KOMOIHOBaHMIA MiXifl, KW 0a3yeThCs
Ha METOIax HEeNiHIHHOI AWHAMIKH, TEMITOpaJIbHHUX MaTep-
Hax TMOBEIIHKH, 10 BiI0OpaXkatoTh ()parMeHTH BiTHOCHUH
B JIaHUX, 1 MeTOAax KiacudikamiiHoro anamizy [3, 4].

© Cunan B. L, Iogpy6aitno M. B., 2018
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Buknap ocHoBHOro matepiany
i pesaynbTaT AoCniaXeHb

JIst moCTiKeHHS TMOBENIHKH CKIIAJHUX CHCTEM
MIPOITOHYETHCSI BUKOPHCTOBYBATH IIPEJCTABICHHS IPO-
1eciB B (pazoBOMy MpOCTOpi, SKE € MOTY>KHHM 3aCO000M
JUIsl BUBYEHHSI BUITAJKOBUX IPOIIECIB, 1 JO3BOJISIE TIPE/I-
CTaBUTH TOBEJIHKY CKJIaJHOI CHCTEMH B HAOYHIH Teo-
METpHYHIN Gopmi.

Po3po0Oneno mporpaMHe 3a0e3meueHHs B iHXeHep-
HOMY cepeioBHIL rpadiuHoro nporpamysanss LabVIEW
¢ipmu National Instruments, sike 1o cyti Bu3Hauae

derivative
derivative

BUMIpPIOBAIGHUI TIPHJIa] B CHCTEMi BIpTyaJlbHOTO iH-
CTpyMeHTapilo 1 3abe3neuye MakCHMaJlbHY Bizyaii3a-
1ito.

B pesynbrari mOCHIIDKEHHS EKCIIEPUMEHTATBHUX
JIAHUX Ha TpeIMeT AMHAMIYHOI TOBEIIHKH 3a JIOMOMO-
TOI0 PO3pPOOJIEHOT0 MPOrpPaMHOr0 MOJIYJNS OYIH OTpH-
MaHi HaCTYIHI OCHOBHI Pi3HOBHIM ()a30BHX MOPTPETIB,
sIKI BIJTIOBIAAIOTh PI3HUM CTafisiIM CTaHy CHCTEMH, 1
IpeacTaBiieHi Ha puc. 1 [5].

Jlis okpeMuX TpYI HaBeJeHi LIrocTpamii JeKisb-
KOX THUMIB (pa30BUX MOPTPETiB, SIKI BiNNOBIAAIOTH Pi3-
HUM CTaJ(isIM CTaHY CUCTEMH.

derivative

Puc. 1. Tunosi pizHOBUH (a30BUX MOPTPETIB

PosrisineMo  ocoOnmuBOCTI  OTpUMaHUX  (pa3oBHX
MOPTPETIB 1 1aMO KOPOTKY XapaKTEPUCTUKY IMpEICTaB-
JICHUX PI3HOBH/IIB.

Jlis aTpakTopiB BCiX PI3HOBHAIB TPaeKTOpii Mpo-
LleCy PO3BUBAIOTHCS TAaKUM YHHOM: TPAEKTOPisS BUXO-
JIUTh 3 TOYAaTKOBOI TOYKU 1 3aKiHYYETHhCS 3aMKHEHOIO
KPHBOIO - CTIMKAM T'paHUYHUM LIUKJIOM, IO BiIIOBiJa€E
piBHOBa)KHOMY TOpsAAKY B cucrtemi. Cucrema, sika reHe-
PY€E OOCIiKYBaHUH YaCOBHH psiji, CTiHKa.

Crijr 3a3Ha4YNTH 30BCIM Pi3HI TPAEKTOPIl 1 «rpaHu-
YHI [UKIH» IS PI3HUX BUIB HABESACHUX aTPAKTOPIB.

ATpaxTopH NO-pi3HOMY 3aroBHIOIOTH 00’ €M (ha3o-
BOTO TPOCTOPY: TEPIIMA Mae MaKCUMaJbHY ILIOILY,
JIPYTHHA - CepeHIo, a TpeTili - HalimeHiry. MoxHa cka-
3aTy, 110 BEJIHKA IUIOINIA € 03HAKOI0 aTpakTopa 3i ciad-
KUM 3TacaHHsIM, MaJleHbKa - CHJIbHE 3racaHHs. [HImmmu
CIIOBaMH, TIOBEJiHKAa OO'€KTIB, SKy MOXKHA OITHCATH
YaCOBUMH DSAJaMHU, XapaKTEPU3YEThCS IOBXHUHOIO Ia-
M'SITI, IPUUOMY KOPOTKa MaM'sTh BiJIIIOBi/a€ cTamioHa-
PHHUM psiiaX, HECKIHUEHHA - HEeCTalllOHApHUM psijax, a
MIPOMI’KHI 3HAYCHHS MaM'sATi MOJKHA BiJIHECTH IO TaKUX
TUITIB TIOBEJIIHKH YaCOBHX PSIB, KOJIH CIIOCTEPIra€ThCs
Jiesika ITCIIsiIis B CUCTEMI MiJl BIUIMBOM BHYTPIITHBOTO
(dakropa.

ATpaxkTopH BIJIPI3HSIOTHCS ILIOHICI0 OOMEKeHOT
00J1aCTi «IPaHUYHOTO IHKIY» (3aMKHYyTa KpUBA), sIKa
YacTO HAa3MBAETHCS «ILISIMOIO» TPAHUYHOTO IUKIY abo
30HOIO 3aBHXpEHb. Lle TOBOPHUTH MPO T€, IO B CHCTEMI
criocrepiraeTbesi ekt «OpsA3KOTYy KOHTAKTIB» pi3HOL
IHTCHCHUBHOCTI, IO BIAINOBITA€ PEKUMY TEPIOTUIHUX
aBTOKOJIMBAHb.

TakoX BiIMIHHICTH MPOSBISETHCS B MICIIE3HAXO-
JOKEHHI «000pOTiBY» (ha30BOi TPAEKTOpIi 1O KBaJpaHTaM
(azoBOro MpocTOpy, iX KIIBKOCTI, po3Mipy 1 BiacTaHi
Mix HUMH. Taka BiIMIHHICTb OOYMOBIIIOETBCSI TIapame-
TpaMu (hakTopa KOTpUil 3MIHHB CTaH CHCTEMH, IIO Te-

Hepye 4vacoBuil psa. Kpim Toro, 3amkHyTi KpuBi MO-
KYTb YTBOPIOBAaTH CHUMETPUYHHI a00 acHMeTpU4HHIM
LUKJT aTPaKTopa.

KpiM HaBemeHHMX BiMIHHOCTEH, CIIifl 3a3HAYUTH
OIIHY XapaKTEePHY OCOOJMBICTh, SKOK BiIPI3HIETHCS
npyrui rpagik ®II Bix iHmmx - Gidypkaumito BTpatu
cUMeTpil, sKa BiOINOBiZae MepeOyqoBi XapakTepy pyxy
ab0 CTPYKTYpH CHUCTEMH. Y HaBEICHOMY BHIIAIKy Oi-
¢dypkaiis BiAMOBITAE TOSABI JOJATKOBOIO 00OpOTY B
JIBIA TIBIUTONIMHI Ta BIAMOBINAE MOMUTY TPAHUIHOTO
mukiy. Taka koHgirypanis @I BU3HaYa€eThCs MOSBOIO
HOBOT'O BHYTPIIIHBOTO (hakTopa (AedopMaliifHol moii)
BIUIMBA€E HA TIOBEJIHKY CUCTEMH 1 BUXOIUTH SIK PE3YJIb-
TaT MEPEXOAY CUCTEMH 3 OJJHOTO CTaHy B 1HIIMH.

3aBlaHHs 3HAXO/PKEHHS! HEOUEBUIHUX 3aKOHOMIp-
HOCTEHl MO)KHA C(OPMYITIOBATH sK 3a1ady Kiacudika-
LIAHOTO aHaNi3y - BUIUICHHS Yy MPUXOSIIOMY ITOTOII
(ha30BUX MOPTPETIB MIEBHOTO BUAY, KU XapakTepusye
MMOTOYHHMH CTaH 00'€KTa, 1 BIZHECTH HOro A0 MEBHOIO
kimacy momiii. Ilpuckoputu mporec Kiacudikaii Tta
BUOpaTH BIATIOBIIHUI METOA JUIsl TIOAANBIIOTO aHAIi3y
JIO3BOJISIE TIONIEPETHS TPYITYBaHHS - BHSBJICHHS OJHOpI-
nHuX rpyn @I

I'pynyBanHs 31iiicHIOBasIOCS 32 3alPOIIOHOBAHOO
€BPUCTHKOIO OI[IHKH IONIOHOCTI 00'€KTIB, sIKa 3aCHOBa-
Ha Ha TONOJIOTIYHOI 1ICHTHYHOCTI (a30BOro MOPTpETa
Ha pI3HUX YacOBUX cermeHTax. [Ipu mpomy, nBa ¢aso-
BUX IOPTpETa BBAXKAIOTHCS TOIMOJOTIYHO EKBIBAJICHT-
HUMH, SIKIIO ICHYE B3a€EMHO-OJIHO3HAYHE Oe3lepepBHE
BiJJOOpaKeHHsI, 10 IEPEBOIUTH OAUH (ha30BHUIA TOPTPET
B IHIIMH 31 30€PEKCHHAM HAIPSAMKY PYXy IO TPAEKTO-
pisix. Bubip moniOHOT €BPUCTUKH IUJIKOM TMPHPOAHUIM
npu rpadiuHOMY MpeAcTaBieHHI 00'ekTiB, HabaraTto
MPOCTIIINIA, HiX (OpPMYyBaTH HPOCTIp O3HAK, 1 HE BUMa-
rae JOJAaTKOBHX oOuucieHb. EBpHcTHKa monsrae B
OIIHIII MOMIOHOCTI Yy BHUIVIAAI TMOBHOTH 3allOBHEHHS
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(azoBoro mnpocropy, xapakrepy (azoBHX TpPaEKTOpii,
obnacti posramysanus @II i He cynepeunThb (i3uUHO-
My 3MICTYy.

[opiBHSHHS TPOBOIUTH 32 IPUHIMUIIOM «HAKJIa-
JIEHHS 3 BUPIBHIOBAHHSAMY, SIKU BHKOPHCTOBYE TEpeT-
BOpEHHS 3CYBY 1 MacIuTaly [uist mpuBeaeHHs pizHux OI1
y BIAMOBIJHICTh OJWH 3 OJHUM, IO )KOJHUM YHHOM He
3MIHUTH BiTHOCHHX BiJCTaHEH Mix 00'ekramu. Sk opie-
HTHpHU O00paHi BENUKI CTPYKTYpHi ejneMeHTH (ToaiOHi
JIUISTHKY TUITY YT, KOHTYpiB 200 3aBUTKIB) - (yHKIIiO-
HaJIbHO BYKJIMBI 1 Hecydl HalOLIbIIy iH(GOPMALIO TPH
PO3pi3HEHHI 00'€KTIB.

PimrenHst mocraBiieHOl 3a7a4i - 3HAXOMKEHHS Mi-
HimManpHOro Habopy ¢parmentiB ®II, ski momiOHI Mix

FP ACF FPACF2

derivative
derivative

BEGE
-2000 -1500 -

FP ACF FPACF2

derivative
derivative

| ! " |
500 1000 1500 2000
ACF

FP ACF FPACF2

derivative
derivative

c000I0 - IPOBOAINIIOCS HA OCHOBI IPOrPaMHOI iHXeHepil
B cepenoBuili LabView 3 BUKOpHUCTaHHSIM MaKCHMaJlb-
HOI Bi3yaui3ailii mporecy o0pooku [6, 7].

PosrisiHeMo pobOoTy mporpamu 3 posminents OIT
Ha TOAIOHI TPYIH MiCsA BBEACHHS BaroBUX KoedillieH-
TiB (koe(illi€HTIB 3aTIOBHEHHS ()a30BOT0 MPOCTOPY).

[HaMKaTOPOM peakilii CHCTEMHU Ha HOBY JedopMa-
HidHY Tomir0 Moxke ciayxutd: nepexin PIT B iHmImiA
CTIMKH# CTaH, MOPYIIEHHS [UIABHOCTI KPUBOi (ha30BOro
MOpTpeTa i 3MiHa THITy KPHBOI, KA OMUCYE TPAEKTOPIO

Pyxy.
Byno Buaineno 3 tunosi rpynmu ®II, mo icToTHO

BiJIPI3HSIOTHCS OJIHA Bifl OAHOI, Tpadiky KOl MoAaHi Ha
puc. 2.

FP ACF Pulse Train and FP ACF

derivative

derivative

v 0 v | v 0 v |
500 1000 1500 2000 500 1000 1500 2000
ACF ACF

Puc. 2. I'padixu npencrasaukis rpyn OI1

HeBakko OMITUTH, IO BCEPEAMHI KOXHOI TPYITH
@II Biapi3HSIOTECS MK cOOOI0 OLNBII NPIOHUMH AeTa-
JISIMM, HANpHKJIaJ IUIOMICI0 «IUIIMH» aTpakTopy, IO
JIO3BOJISIE TIPUIYCTUTH SIBHI BIIMIHHOCTI JUHAMIKH B
«XBOCTOBIi» 4YacTHHU Tmpolecy (PeXuM «Ops3KOTY
KOHTAKTiB»).

[Ticns BUIIICHHS OCHOBHHX TPYIT OYJI0 MPOBEACHO
aHaJIi3 1 iHTeprperalis pe3yabTaTiB IPyIyBaHHsI, CKJa-
JeHa JiarpamMa Hepexoiy 3 OJHOrO YIOPSAKOBAHOTO
CTaHy B IHIINH, sKa HaBeJeHa Ha PHC. 3.

AmHani3 miarpamu CTaHiB 1MoKasas, 10 Ha Jiarpami
SIBHO TIPOIISJAIOTHCS KiJIbKa YaCOBHX CETMEHTIB ITOBe-
JIIHKOBOT'O CTaHy CUCTEMH.

[epmmii cerment TpuBaiictio 60 xBuauH (19 ya-
COBHUX CETMEHTIB) BiJIIIOBIJIa€ PIBHOBXKHOMY ITOPSJIKY B
CHCTEeMI 1 BU3HAYAETHCS TIOBEIHKOBIM CTAaHOM CHUCTEMHU

3 ®I1 nepoi rpynu. Jlaii nei piBHOBaKHUIT MOPSIIOK B
CHCTEMI MOPYIIYEThCS Mifl BILIMBOM JESIKOTO (hakTopa,
SIKMH 1CTOTHO 3MiHIOE OuHaMiKy cucremu. Cucrema
MepeXOIUTh B IHIIUKA PIBHOBXHHUW CTaH, SIKUH BH3HA-
gaetbess OI1 apyroi rpynu (TOOTO 3HOBY 30epiraeThes
PIBHOBa)KHHI TTOPSI/IOK, aJie MPH HIINX YMOBAX).

Y HOBOMY CTaHi CHCTEMH CIIOCTEPIraroThCsl OKpeMi
CerMEHTH, OOYMOBJIEHI KOPOTKOYAaCHMM BIUTUBOM Jie-
cTalimi3yrounx (hakTopiB, MIiCIAA 3aKiHUCHHS SKUX CHUC-
TeMa MOBEPTAEThCS B IIONEpPEIHII pIBHOBaKHHUHN CTaH.

TakuM YMHOM, MOXKHA CTBEPIDKYBATH, IO 3a 4Yac
CIIOCTEPE)KEHHS CTajlacsl OMHA MOis, AKa ICTOTHO 3Mi-
HHUJIa CTaH CHCTEMHU Ha JaHOMY NPOMiXKY dacy. Pemry
MoAI MOXXHa BBa)KaTH JPYTOPSIHUMH 1 TaKMMH, IO
MoTpeOyIOTh MOJANBIIOI Kiacudikaiii Ta iHTeprperanii
(haxiBLEeM B TepMiHaX KOHKPETHOI IIPEIMETHOI 00JIacTi.
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Puc. 3. [liarpama nepexozy 3 OJHOTO yHOPSIIKOBAHOI'O CTaHy B 1HIINH

Binburicte mpomeciB ab0 CyHNpOBOKYIOTHCS CHUT-
HaJlaMH, a0 TPOSBIIAIOTH ceOe y BUIIIS CHI'HAMIB, SIKi
BiJJ0OpakaroTh Mmpupoy i nepedir uux nporuecis. Tomy
3aBXKIU BHUHHMKA€E 3aBJaHHS IMOOYIOBH MaTeMaTU4HOI
MOJIEJl TIOAIH, SIKi IPU3BEH 10 3MiHH cTaHy abo HoBe-
JIHKH CHCTEMH, a TaKO)X BH3HAueHHs (OLIHIOBaHHS) il
rnapameTpiB TaKUM YHHOM, IIO0 MOJENb aJIeKBaTHO
ONHUCYyBaja peajbHUMA CTaH CUCTEMU - 3ajada ileHThdi-
kamii. [{ns inenTudikamii noaii HEOOXiTHO BCTAHOBUTH
3B'SI30K MK BUJIOM IIpOLIECY B CHCTEMI i (pazoBoro Tpae-
KTOPI€I0 IUISIXOM KOHCTPYIOBaHHS MOJIEJI CHTHANTY, IO
BUKJIMKaB 3MiHYy JAMHAMIKH CHCTEMH, MO (a3oBoMy
noptpery [8].

3anpornoHoOBaHO 1HXEHEPHY METOIHUKY IMOOYIOBH
MaTEeMaTU4HOI MOJENI CUTHally, cpodiIbOBaHOTO ITij
3amany Macky @I, 3a paxyHOK KOMOIHYBaHHSI OKpEMHUX
KOMITOHEHT, «BiJIIIOBIIAIEHUX» 33 OKPEeMi OCOOIUBOCTI
@TII, i Bu3HaueHHs 11 mapaMeTpiB, IO BiIMOBiga€e Mpo-
LeAypi CTPYKTYpHO-TIapaMeTpUYHii imeHTrdiKarii.

Takuii miaxin A03BOJSE IMCHTU(IKYBATH XapaKTep
noxii, Mo reHepye excnepuMmeHTtanbHi mani. Cmig 3a-
3HAQYWUTH, IO MEXaHI3MH IOPODKEHHS MOYaTKOBUX
JIAHUX Ha JaHOMY €Talli 3aJHIIAl0ThCs HEBITOMHMU -
MoOyIyBaTH MOZENb JDKEpelia TeHEpyIdoro crocrepe-
)KyBaHi JlaHi 0e3 jomatkoBoi iHdopmanii He mpeacras-
JSIETHCS MOXKIIMBUM. Ha Hamry ymMKy, 1ie MOXHa 3po0u-
TH Ha OCHOBI HasIBHUX CTEPEOTHIIIB ITOBEAIHKU O0'€KTIB
3 a”Hanoriyaumu OI1.

derivative
Dersvative

,,,,,‘L,,

-1200-) g I | ]
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a

s peanizanii jaHoro miaxonay po3poOiieHo mpo-
rpaMHe 3a0e3reueHHs B cepemoBuili LabView mis
reHeparlii, Sk OKpeMHUX KOMITOHEHTIB, TaK i BChOTO CHT-
Haly.

Jis nemoHcTpanii MOXKIMBOCTEH MPOLEAYPH Bif-
HOBJICHHS TTOJIii B SIKOCTI CIIOCTEPEKYBAHOI'O MPOIECY
BHUKOPHCTOBYBAJIMCS OTPHMaHi peanizarii.

PesynbraT poOOTH IpOrpaMu 3 KOHCTPYIOBAHHS
MOJIeN CHrHay (TOETarHo) AJIsl BUMAJKy BiJHOBJICHHS
@I nepmioi rpymy, mpeacTaBiieHi Ha puc. 4.

I'padixy KOMIIOHEHT CKOHCTPYHOBAHOI'O CHUTHAIY
HaBeJeHI Ha puUC. 5, a 3araJbHe MOJIEJIbHE DPiBHSHHS
MOXe OYTH IOJIaHO Y TAKOMY BUTJISII:

51'52b2fc2

SR in-dy)
v =Ae ¢n(10) -cos(2n-fc(iAt—d1))+
Snzbzfcz(_m d )2
SN VN
+45e ¢In(10) -cos(27t-fc (iAt—dz))+
+4; -sin 2nk(iAt—d3)+% +
+Ay -sin 2nk(iAt—d4)+% +
+ s -sin 2nk(iAt—d5)+%

Dersvative

Puc. 4. a — exciepumentansauii OI1; 6 — ocHOBa Mozieni; B — CKIIa[jeHa MOJIeb
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Puc. 5. I'padixu 3acTOCOBaHNX KOMIIOHEHT CUI'HAITY 1 MOJIE/Ib CUTHAITY

CKoHCTpyHOBaHa MOJENb J03BOJIAE BUABUTH "OC-
HOBHY", "CTiliKy" YacTMHY MaTreMaTW4HOi MOJeNi, i
nmotpe0ye HaJaIITyBaHHS JJIs 3a0€3MEUCHHS JOCTATHBOT
MOAIOGHOCTI 3 OPWIiHAIOM, LUISIXOM DPEryJIOBaHHS Ia-
paMeTpiB OKpeMHUX KOMIIOHEHT, HaIlpUKIa;

@y — mouartkoBa (aza B rpajycax.

BucHoBKMu

Ha mizncraBi oTpuMaHuX pe3ynbTaTiB MOAETIOBaH-
HS 1 TIONEPEIHIX AOCIi/KEeHb C(hOPMYIbOBaHI HACTYIHI

sa2p2s2 5 MTOJIOXKCHHS:
_7q~ln(l.0c) (int=d) ® BCTAHOBJICHO, IIIO 3aIPOIOHOBAHMU MiAXid 10
y; = Ae +Cos (277 : fc (lAf -d )), BUSBJICHHS 3aKOHOMIPHOCTEH JO3BOJISE BCTAaHOBUTH
xe A - ammiityma NPUYMHHO-HACIIAKOBY 3QJISKHICTh MDK IPUXOBaHUM
$ . . . . .
b — HOpMaJTi30BaHa IIMPUHA CMYTH JDKEPEIIOM 1 3MIHOIO MTOBEIIHKH TUHAMIYHOI CHCTEMH;
’ .
( — 3aTyXaHHA, ® 3arpoIioOHOBaHa 1HXXCHCpHAa METOAUWKAa KOH-
f, — nenTpanbHa yacrora (I'n), CTPYIOBAHHS MOl 1O Macli (da3oBoro moprpera aje-
d — 3aTpumMKa KBaTHO BiJtoOpaxkae 00paHuil MPOTOTHIT;
&
260 e po3pobiieHe TporpamMHe 3a0e3leucHHsS 3a0e3-
Iedye TOBHY Bi3yasi3allifo, sSK IPOIECY BHSIBICHHS
. . 7P, HEOPAWHAPHUX TOIiH, TaKk 1 MPOIECY KOHCTPYIOBAHHS
y; = A-sin| 27k (iAt—d )+ —2 |, PAMHAD A, porecy Yy
180 MOJIEJTi CHUTHAITY.
ne k— KimpKiCTh HUKJIIIB B IIa0JIO0HI,
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BoisiB1IeHHE 3aKOHOMEPHOCTEH BO BPEMEHHBIX psiax
METOA0M NPOrpaMMHOIl HHKEHepHH

B. U. Cunnna, M. B. Tlogpyoaiino

IIpenverom u3yueHHs B CTaThe SABIIOTCS MPOLECCH! BBIABICHUS CKPBITHIX 3aKOHOMEPHOCTEH MOBEACHUS CIOXKHBIX CHC-
TEM JUIS pPelIeHNs TIPUKJIaJHBIX 3aa4 aHalli3a U HICHTH(UKAINH aHOMAJIBHBIX COOBITHH, BO3HUKAIONIUX B Iponecce GpyHKIHO-
HUPOBAHUS UCCIIEAYeMOro o0beKTa: NPOSBICHHE MOMEHTA W JIOKIM3AaNUs MECTa BO3HUKHOBEHHS aHOMAJILHOW COOBITHS, JUIH-
TEJIBHOCTH NPEObIBAHMUSI B HEKOTOPOM YHCIIOBOM JIHAIIa30HE, ONpEe/eIeHHs IPUIKH ee Bo3HNKHOBeHMs. Lleblo sBisieTcs uccie-
JI0OBaHUE BO3MOYKHOCTH NPUMEHEHHS METOJ0B HEJIMHEHHONW TUHAMUKU /IS BBISBIICHHS M OLEHKHU 3aKOHOMEPHOCTEH IOBEAECHUS
CJIOXKHBIX CHCTEM, T€HEPUPYIONIUX HEONpeeJICHHbIE BPEeMEHHbIE Psi/ibl. 3agaum: pa3padoTaTh METO BEISIBIICHUS CKPBITHIX 3aKO0-
HOMEPHOCTEH IOBE/ICHNS CIIOKHBIX CHCTEM, OCHOBAHHBIH Ha TEMIIOPANBHBIX MAaTTepHAX HMOBEICHUs, pa3padoTaTh MHTEIUIEKTY-
aIBHBI MOJYJIb CHUCTEMBI IUArHOCTUKH B BHJE IPOrPaMMHO-aJITOPUTMHYECKOrO OOeCHeueHus; pa3paboTaTh HMHKEHEPHYIO
METOAUKY HOCTPOCHHS MaTeMaTHUECKOH MO CUTHAJA, cpo(UIMPOBAHHOIO O] 331aHHYI0 MacKy ()a30BOro MOPTpETa; Ha
IpUMepax HMCCIENOBaHU 3KCIICPUMEHTAIBHBIX JIAHHBIX J0Ka3aTh >KH3HECIIOCOOHOCTb IPEJIOKEHHOr0 METOoza U JIeecroco0-
HOCTh MH)KEHEPHON METOIUKH YCTaHOBJICHHS CBS3U MEX.y BHIOM Ipoliecca B cucTeMe U (a3oBoi Tpaekropuu. Mcnons3yeMbM
MeTOIOM SIBIISIFOTCSI KOMOMHUPOBAHHBIN ITOJXO/I, OCHOBAaHHBIN Ha METO/AX HEIWHEHHOW MMHAMHKH ((pa30BbIH aHAIN3), TEMIIO-
PaJBHBIX MATTEPHAX IOBEACHHS, OTPAKAIOIINe (parMeHThl OTHOLICHHH B JaHHBIX, U METOJAaX KIAcCH(UKAIMOHHOTO aHaIN3a.
IMonmyuens! cnenyromue pe3yabTaTsl. Paspaborano nporpaMMHoe oOecrieueHre B HHXEHEPHOH cpelie rpaguueckoro nporpam-
mupoBanusi LabVIEW ¢upmer National Instruments, koropoe obecrieunBaeT MaKCHMAJIBHYIO BU3yaJIM3alUIO TIPOIecca aHa3a
U MOJIEITMPOBAHUSI BPEMEHHBIX PSIIOB Ha OCHOBE IMOCTPOCHUS (Pa30BBIX HMOPTPETOB KOPPESIHMOHHBIX (DYHKIWI BPEMEHHBIX
psnoB. B pesynbraTe uccieqoBaHUs SKCIEPUMEHTAIBHBIX JaHHBIX HA NPEeIMET IMHAMUYECKOIrO ITOBEJCHHUS ¢ TOMOLIBIO pa3pa-
0OTaHHOI'0 IPOrPaMMHOTO MOZYJISI OBLIM IOTY4EHBI OCHOBHBIE PAa3HOBHIHOCTH (Da30BBIX IIOPTPETOB, COOTBETCTBYIOIINE pa3-
JIMYHBIM CTaJMsAM COCTOSIHMS CHCTEMBbI, I'€HEpHUpYeT HEOIpelelIeHHble BpeMEeHHble psAnpl. OcyllecTBieHa IpelBapUTEIbHAs
IPYIITUPOBKA, OCHOBAHAsI Ha TOIOJIOTMYECKON WASHTUIHOCTH (Pa30BBIX MOPTPETOB HA PAa3IMYHBIX BPEMEHHBIX cerMeHTax. I[Ipo-
BEJICH aHAJIU3 M MHTEPIpETalus Pe3yabTaTOB I'PYNIMPOBKH, COCTaBJIEHA AMarpamMMa Iepexofa ¢ OJHOM YHOpSI0YEHHOro CO-
crosiHus B ipyroe. [locrpoeHa MaTeMaTnueckast MoJielIb CUTHAA, CIIPOGUIMPOBAHHOIO 1101 33laHHYI0 MacKy (a30BOro rnoprpe-
Ta, 32 C4eT KOMOMHMPOBAHMS OTAEIBHBIX KOMITOHEHT, «OTBETCTBEHHBIX» 3a OT/ENbHBIE 0COOCHHOCTH (ha30BOro MOpTpeTa, U
oIpezieNieHsl ee mapamerpsl. Ha nmpumepax mccieoBaHus SKCIEPUMEHTAIBHBIX JaHHBIX JOKa3aHO KHU3HECHOCOOHOCTh MpeIo-
YKEHHOT'0 METO/a ¥ 1eeCIIOCOOHOCTh HH)KEHEPHOM METOIMKN YCTAHOBIICHUSI CBSI3H MEXK/Ty BHIIOM IIpOIiecca B cucteMe U (ha3oBoi
TpaekTopuu. BeiBoabl. HayuHas HOBH3HA NOIYUEHHBIX PE3yIbTaTOB 3aKIFOUAETCS B CIEAYIOLEM: IIPEASI0KEH METOJL BBISBICHUS
CKPBITBIX 3aKOHOMEPHOCTEH ITOBEIEHHS CIIOXKHBIX CHCTEM C HCIIOJIb30BaHUEM (Da30BBIX OPTPETOB KOPPEISIIMOHHON (YHKIINH,
OCHOBAHHBII Ha TEMIIOPATBHBIX MATTEPHAX ITOBEACHHS, 1 METOIaX KIaCCH(UKANOHHOIO aHAIN3a; MPEATIOKEHO HHKEHEPHYIO
METOAMKY HOCTPOCHHSI MATEMaTHYECKOH MOJIEIN CUI'HAJIa, CHPO(QMINPOBAHHOIO 1101 33/IlaHHYI0 MacKy ()a30BOro moprpera.

KawoueBble cjoBa: CKPBITBIE 3aKOHOMEPHOCTH] (1)3.30]31)1171 aHaJInu3; KJ'[aCCH(l)HKaLIHOHHLIfI AaHaJIU3; BBISIBJICHUE HEOpAU-
HapHbIX CO6BITHﬁ; BOCCTaHOBJICHUS 33.BHCHMOCT€I>1; HCOIIPCACIICHHBIC BPEMEHHBIC Psbl; aHOMAJIbHbIC COOBITHS.

Identification of regularities in time series
by the method of software engineering

V. Sinitsa, M. Podrubailo

The subject of the study in the article are the processes of revealing hidden models of behavior of complex systems for
solving applied problems of analysis and identification of anomalous events occurring in the process of functioning of the inves-
tigated object: the manifestation of the moment and localization the occurrence of an anomalous event, the length of stay in a
certain numerical range and the causes of its occurrence. The purpose is to investigate the possibility of using nonlinear dynam-
ics methods to identify and evaluate patterns of behavior of complex systems that generate indefinite time series. The tasks to be
solved are: to develop a method for identifying hidden patterns of behavior of complex systems, based on temporal patterns of
behavior, to develop an intelligent module of the diagnostic system in the form of software and algorithmic support; to develop
an engineering technique for constructing a mathematical model of a signal, profiled for a given mask of a phase portrait; on the
examples of the research of experimental data, to prove the viability of the proposed method and the ability of the engineering
technique to establish the relationship between the type of process in the system and the phase trajectory. The method used is a
combined approach based on methods of nonlinear dynamics (phase analysis), time patterns of behavior reflecting fragments of
relationships in data and methods of classification analysis. The following results are obtained. Software is developed in the
LabVIEW graphical programming environment of National Instruments, which provides maximum visualization of the process
of analyzing and modeling time series based on the construction of phase portraits of correlation functions of time series. As a
result of researching experimental data on dynamic behavior with the help of the developed software module, the main types of
phase portraits corresponding to different stages of the system state were generated, generating non-definite time series. A pre-
liminary grouping of phase portraits based on the topological identity of phase portraits at various time segments was carried out.
The analysis and interpretation of grouping results are carried out, the diagram of transition from one ordered state to another is
made. A mathematical model of a signal configured for a given mask of a phase portrait is constructed, by combining individual
components "responsible" for individual features of the phase portrait, and its parameters are determined. On the examples of the
research of experimental data, the viability of the proposed method and the ability of the engineering technique to establish the
connection between the type of process in the system and the phase trajectory are proved. Conclusions. The scientific novelty of
the results obtained is as follows: a method is proposed for revealing the hidden regularities in the behavior of complex systems
using phase portraits of the correlation function, based on temporal patterns of behavior, and methods of classification analysis;
an engineering technique for constructing a mathematical model of a signal, configured for a given mask of the phase portrait,
was proposed.

Keywords: hidden regularities; phase analysis; classification analysis; revealing of extraordinary events; restoration of
dependencies; indefinite time series; anomalous events.
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OPPORTUNITY AND PLANNING BIM-ANALYSIS FOR MONITORING BLOOD

Results of the study of the possibility of using the results of the bioimpedanceometry method for monitoring hidden and
spontaneous bleeding are presented. The current problem of accounting for blood loss during resuscitation, surgery and
rehabilitation activities is shown. The use, as informative parameters, of the spectral properties of the bioimpedance signal,
namely, the coefficient of inter-spectral correlation of the original measurement signal and its linear transformation is
proposed. In work, the existing models substantiating the prospects of using the bioimpedance method for such problems
are considered in detail, and the calculated empirical expressions for determining the volume of liquid segments of the
human body are given. The mathematical substantiation of the method of inter-spectral correlation based on the calculation
of the correlation coefficients of the wavelet-decomposition coefficients of the original signal and its linear transformation
is given. The results of experimental studies on the approbation of this method for fixed venous blood sampling are
presented in the work. Using criterial T-statistics, a quantitative evaluation of the effectiveness of the options for choosing
the spatial placement of measuring electrodes in bioimpedanceometry was carried out. The obtained results allow to draw a
conclusion about the possibility and prospects of the proposed method for real-time monitoring of the onset of latent and
spontaneous hemorrhages, and also make it possible to formulate recommendations for placement of measuring electrodes
on the patient's body.

Keywords: blood loss; active monitoring; bioimpedance analysis; wavelet transformation; inter-spectral correlation;

T-statistics.

Introduction

Statement of problem. The problem of taking
into account the volume of blood loss is of exceptional
importance not only for choosing a strategy for any
resuscitation in traumatic amputations, but also for
diagnosing  closed trauma and  postoperative
complications. The existing methods [1-2] of monitoring
such blood loss are imperfect and exclude the possibility
of monitoring in real time, which is critical, especially
for cases of acute blood loss.

The analysis of literature sources [3-4] showed
great promise of using the bioimpedancometry method
for studying the state of the vascular bed and liquid
media of the organism, which gives definite hopes for
the effective application of this method to control
hidden blood loss.

The aim of work is development of a method for
active monitoring of hidden and spontaneous blood loss
in the process of postoperative rehabilitation based on
bioimpedance analysis of the patient's body.

Analysis of literature sources and recent
research. According to the generally accepted
classification, three degrees of blood loss are

distinguished: mild, moderate and severe [2, 5]. Their
main characteristics are given in Table 1.

Usually, when calculating the estimated volume of
blood loss, a shock index is calculated that is equal to
the ratio of the heart rate value to the systolic blood
pressure value. Table 2 shows the correspondence of the
calculated indices to the estimated values of blood loss.

The method of assessing the volume of blood loss,
based on a comprehensive approach that takes into
account both the nomogram for determining
hemorrhagic hemorrhage, is more accurate (table 3).

With gastrointestinal bleeding, the deficit of
volume of circulating blood can be determined by the
parameters of hematocrit (table 4).

The bioimpedance method is based on measuring
the impedance Z of the whole body or individual body
segments using special instruments - bioimpedance
analyzers [6-10]. The electrical impedance of biological
tissues has two components: active R and reactive
resistance X.

The component of the active resistance R in the
biological object are liquids (cellular and extracellular),
which possess the ionic conduction mechanism [11-15].
The component of reactive resistance X are cell
membranes.

Table 1. Blood loss rates

The degree of hemorrhage

Rate of blood loss
mild moderate severe
1+ O
Volumfi 1jieeﬁmt, % Up 1020 21 t0 30 M0r3e Othan
Number of ell"%fth— 3.50r 2535 Less than
rocytes, x10°° /1 higher T 2.5
Hemoglobin level, g| More than 80-100 Less than

/1 100 80

Pulse rate, number More than
of beats per minute Up to 80 80-100 100
Systolic blood 100 or 80-100 Less than
pressure, mmHg higher 80
. More than Less than
0 -
Hematocrit,% 30 25-30 25

Table 2. Correspondence of shock indices
to estimated values of blood loss

Index Blood loss volume,%
0,4 0
0,78 10-20
0,99 20-30
1,11 30-40
1,38 40-50
More than 1,5 More than 50

© Tomashevskyi R., Sokol T., Dotsenko Z., 2018

67



Advanced Information Systems. 2018. Vol. 2, No. 2

ISSN 2522-9052

Table 3. Assessment of the volume of blood loss

The volume of blood | Volume of | Systolic blood Systolic blood | Volume of | The volume of blood

loss (in dm®) with body | circulating pressure, ?:3:}: pressure, circulating loss (in dm®) with

weight kg blood % mmHg mmHg blood % body weight kg
60 70 80 60 70 80
2,8 | 2,5 2,1 50 40 3,0 0 55 2,3 2,7 3,1
L5 | 22 1,9 45 50 3,5 40 50 2,1 2,5 2,8
2,1 1,9 1,6 38 70 2,0 50 45 1,9 2,2 2,5
1,7 1,5 1,3 30 80 1,5 70 38 1,6 1,4 2,1
1,0 | 09 0,8 18 90 1,0 90 0 0,8 1,0 1,1
injury surgery

Table 4. Volume of circulating blood shortage estimation

Hematocrit value,% | 12 | 16 | 20 | 24 | 28 | 32 | 36

Deficiency of volume
of circulating blood, | 50 [ 35 [ 25|21 | 17 | 14 | 12
ml/kg

Bioimpedance analysis of the body composition is
to estimate the amount of fluid in the bioobject, since it
is the liquid medium that creates the active constituent
of conductivity [3-4, 16-18].

Equivalent scheme of the bioobject, also called the
Fricke-Morse model, contains the resistance of the
extracellular fluid Rg, the resistance of the cell fluid R¢
and the capacity C), of the membranes. To determine
the volume of extracellular fluid, it is necessary to
measure the impedance at a constant current, since in
this case the cell membranes remain impermeable, and
the intracellular fluid does not affect the measurement
result. To determine the total body fluid, it is necessary
to measure the impedance at an infinitely large
frequency when the current passes through the cell [19-
25].

In the classical representation for bioimpedan-
cometry (BIM), there are several physical models of the
body composition (Fig. 1), the main ones of which are
the model of a homogeneous body (Fig. 1, a) and the
model of the mixture (Fig. 1, b) [14, 26-27].

3 e
T Oo 00 09
L ! L0000 9 o]
| I OOOOOOOO/
|
M i Ml —
a b

Fig. 1. Electrophysical models of the human body
for the bioimpedanceometry method:
a — a cylindrical model of a homogeneous body;
b — a cylindrical model of mixture (Hanai).

The basic element of the homogeneous model
(Fig. 1, a) of the human body for evaluating the liquid
content in the body is a cylinder with a cross-sectional
area S and a height L and a constant specific resistance -
p [28-30].

The cylinder is divided into two sectors, one of
which fills all cells of the body, the other - a conductive
electrolyte of extracellular fluid.

The resistance of a cylindrical body is given by

2
R-EC-2, ()

_pL’

Vv .
R

2

The homogeneous body model does not take into
account the fact that nonconducting components are
distributed inside the volume of the conducting medium
and therefore the current density is spatially
nonuniform. Hanai (1968) proposed a model for a
mixture in which biological tissue is represented as a
suspension of nonconducting particles in a liquid
conducting medium (Fig. 1, b) [31]. This model is valid
only if the organism is sensed by currents of low
frequency.

The average resistivity p in the mixture model is
described by the expression:

P
P=ﬁa 3)

where py — resistivity of liquid conducting medium, P —
percentages of nonconducting particles in the total body
volume.

Bioimpedance measurement is of three types:

local - the measurement of the impedance of an
individual part of the body;

segmental - measurement of bioimpedance of a
separate part of the body;

integral - the measurement of the bioimpedance of
the whole organism.

In addition, according to the number of frequencies
used in measuring the bioimpedance of the body, there
are: single-frequency BIM, two-frequency,
multifrequency and spectroscopy [32].

It is of interest to use the time-frequency properties
of BIM signals correlated with the dynamics of the
blood supply to the organism [33]. Such signals make it
possible to obtain control information in real time,
monitoring the time-dependent nonstationarity of the
blood flow with random factorial influence (change in
the volume of the vascular bed).

68



ISSN 2522-9052

CyudacHi iHpopMmariiiai cucremu. 2018. T. 2, Ne 2

Mathematical justification of the
method of inter-spectral correlation

Consider the result of measuring
bioimpedancometry at several frequencies as random
processes. It is known that when the harmonics of the
original processes are correlated, the latter become
spectrally nonstationary [34]. Such non-stationarity can
be identified by calculating the coherence function [35],
which is determined by the expression [36].

Yy (@) = @] )

(/@ fy@)]”

— mutual spectral density of stationary coupled

Sy (©)
signals x(t) u y(t); fi(®) ; fy () — spectral densities
of nonstationarity of any of the processes x(¢) and
y(t) . Hence, a condition is obtained

0<y (@<l )

Let us now consider some random measuring
signal existing on a finite interval T of its observation
time. To reveal the spectral properties of such a signal,
we use its two-dimensional time-frequency (on the scale
n_n

a" and the shift "b") wavelet transform, carrying out
the convolution of the signal x(¢) with a certain basis

wavelet function y(¢) [36].

V@b =— [x0-vDdt ©)

1
Jd =

For a discrete continuous wavelet transform, the
convolution results will be represented by a set of

wavelet coefficients W, (a;,b;)=m;, j=1, Lh, i=lm
[36], where /4 is the number of scales, m is the number
of shifts. It is known. that such a model of a continuous
wavelet transform increases the mutual correlation of

the wavelet coefficients obtained [35]. To reduce the
latter, we differentiate (for example, k times) the

analyzing wavelet W [x(¢)], which is equivalent, based

on the properties of the wavelet transform, to
differentiating the realization of the signal X(¢) .

d* d*

We denote the wavelet coefficients obtained with
this differentiation as Wy(a;, b;). We will consider the

basic and differentiated spectra, both realizations
Vii= Wy(aj,bl-) uUj =Wy(aj,bl-) of system (V,U)
for random variables ¥ and U.

For processes x(¢) and y(¢), condition (5) for the
coherence function (4) leads to the condition

0<|Ryy|<1, ®)

where Ryy = |KV |/[cs[2, . c%] T/z , )

Kpy — covariance (a joint second-order central

moment) between the spectra Vii and U i

012/, c%] — dispersion of spectra Vj; and U j; .
Taking into account that the coefficient of linear
pair correlation Ryy; normalized (—1<Ryy <1), It

makes sense to remove the modulus constraint for this
coefficient.

In this case, the restriction on the sign of
covariance Kpg; , which is defined by expression

h m
Kyy =(N-D'Y >0

j=li=l

—NU;=U),  (10)

where N=h-m, 7, U - average values of wavelet
= Wx(al’bl) u U/>l = Wy(al’bl)

Taking into account the two-dimensionality of the
wavelet spectrum with respect to the frequency o (given
by the scale) and in time ¢ (given by a shift), we
introduce factor models of the spectral nonstationarity
of the process x(f).

1. Frequency nonstationarity (in scale)

spectra V; ;

Ve =1 +8( 42, (11)

where 8(/.@)

scale axis, caused by the influence of the spectral
nonstationarity factor (for a fixed observation time);

S0

Jl

— functional spectrum change V; along the

— random (residual) changes in harmonics

(a j-bi ) spectrum over time (for a fixed scale).

2. Temporary non-stationarity (by shift):

t t
v =+ 2,

(12)

where ng)

the shift axis (due to the nonstationarity factor);
(@)
Ji

— functional change in the spectrum along

— random (residual) changes in the spectrum Vii
by frequency (shift - fixed).

In the models (11) and (12) for deviations
5(@) 50 ;0

’l’]l

DILTERS SIS 30 JE 20 30 )

i=1 i=1 j=li=1 Jj=li=1
the conditions for the constancy of residual dispersions
2 2 t 2 2 .

M[z(;)) }:o(@) u M Z_(ji) =0 (M][-] - sign of
mathematical expectation.

With respect to the spectra Wa, b) u (a, b) of signal
U(?) and its linear transformation Vi(f), the coherence
function can be transformed into a coefficient of normalized

inter-spectral correlation (as an analog of the auto-coherence
function [35]):

can impose conditions
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V(e Sla)

Rey = ) 7, o 13
M{v(a,b)z} -M{o(a,b)z}

Actually, R,, — this is the normalized joint second-
order moment of random variables Wa, b) and v(a, b).

In the case of active monitoring of blood loss, that
is, the receipt and processing of informative parameters
of the organism's state (in this case, the circulatory
system), the indicators of nonstationarity in time (in the
case of wavelet transforms by shift) will be of particular
interest.

Use of inter-spectral correlation
coefficients (ISCC) for active
monitoring of blood loss

The input signal when using ISCC for active
monitoring of blood loss will be a sampled BIM signal
x; at several frequencies, for example, x20;, x100, u
x500y, at frequencies 20,100 u 500 kHz. In this case, & is
the time reference number, i = 0..n. The linearly
transformed signal, in our case the first derivative, is
denoted by dx;.

We perform a wavelet transformation of a signal
with a window of width b. The choice of the parent
wavelet and the width of the window will be carried out
in subsequent work. In this paper we used a Morley
wavelet with a window width of 30. The results of the
wavelet transform of the signal and its linear
transformation will be two coefficient matrices X; ; and
dX,, ; The coefficient of spectral nonstationarity by the
shift will have the form:

a-1

> [ (K — M ) — M, ) |

RSM ; = —1=0

(14)

i=0 i=0
1 b-1
where Z X;, Mdx; = Z Z dx; -
j=0

mathematical expectatlons on the scale of the wavelet

coefficients of the signal X;; and its linear

transformation dXj ;.

The developed method makes it possible to obtain
additional information on the nonstationarity of higher-
order spectra.

For example, for a second-order spectrum (a power
spectrum), the spectral non-stationarity by shift will
have the form

a-1

Z[(XI-J- - Ddx; )-(dX;; - Dds; )|

(15)

1 b-1
where - Z (X; - Mx;)
=
Jj=0
1 b-1
Ddx; =—- > (dX; —Mdyx;) .
b i

As an integral indicator, we can use the average
value of the correlation coefficient on the observation
window for the spectrum of the first

S [(Mxl- - Mxl) . (del- - de2)}

RSM = (16)
1 2 aa 2
D (Mx; - Mx1) -, | > (Mdx; — Mdx2)
i=0 i=0
and of the second order
a—1
> [ (Dx; — Bx1)-( Bdx; - Bdx2) |
RSD = —=0 (17)

a- 2
Z de —de2

A significant change in the hemodynamics of the
vascular bed, which can be interpreted as an external
factorial effect of the blood-vessel system, can be
estimated from a significant change in the coefficient of
inter-spectral correlation (in the temporal region).
Checking the significance of the differences in the
coefficients is possible according to one of the standard
statistical tests (for example, T-statistics) taking into
account the given level of risk.

\/az_l: (Bxl- - Bxl

i=0

Approbation of the developed method.
The discussion of the results.

To achieve this goal, a series of test active (with
deterministic moments of the beginning and end of the
selection of a fixed volume of blood) experiments was
carried out. The experiment was conducted on the basis
of the Military Medical Clinical Center of the Northern
Region. A series of 9 measurements with different
patients was performed. Selection of blood was carried
out by medical personnel, volume fixed - 450 ml.
Measurements of the BIM signals were carried out at 2
frequencies — 20 and 500 kHz. To obtain the primary
signal, we used a four-electrode circuit for obtaining a
BIM signal with four different electrode deposition
options. Fig. 2 shows typical implementations of BIM
signals for frequencies of 20, 100 and 500 kHz. This
figure shows the boundaries separating the complete
period of the patient's observation into three phases:
phase 1 - absence of blood loss (initial phase); phase 2 -
the presence of blood loss (active phase); phase 3 - no
blood loss (end phase).

Fig. 3 shows the results of estimating ISCC (RSM,
RSD) for 20 kHz, calculated from Egs. (14, 15).

Table 5 presents the results of ISCC (RSM and
RSD) estimation for the four spatial arrangements of the
BIM transducers on the patient's body.
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Fig. 2. Typical implementations of BIM signals
for frequencies of 20 and 500 kHz
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Fig. 3. Results of ISCC (RSM, RSD) estimation for 20 kHz

Table 5. Values of ISCC (RSM u RSD)
for four electrode locations

Number of ISCC
Variant Phase | BIM signal
samples RSM RSD
A third of the left 1 6 -0,11017 | 0,661
forearm is the middle
of the shoulder of the 2 13 -020723 | 0352
left arm 3 8 -0,11288 | 0,626
Palm-the middle of 1 6 0,29983 0,931
the shoulder of the 2 7 0,14814 0,931
left hand 3 12 -0,17992 | 0,9296
1 10 0,4902 0,6089
Wrist of left hand - > 2
left ankle 2 12 0,0315 0,4976
3 7 0,121143 | 0,6704
Wrist of left hand - 1 6 0,424833 | -0,0988
. 2 8 0,1735 0,21
ankle of right foot
3 5 0,0548 0,3982

To test the differences in the correlation
coefficients RSM, RSD for the adjacent phases of the
experiment (phases 1-2 and 2-3), a standard significance
test was selected [37], whose criterion T-statistics can
be used to quantify the effectiveness of the options for
selecting certain components of the total plan of the
experiment. Table 6 gives the T-statistic values for four
patients with different variants of installation of BIM-
signal primary converters (pairs of electrodes installed
in different spatially separated parts of the patient's
body).

Table 6. Values of T-statistics for four options for spatial separation of electrodes on the patient's body

(frequency - 20 kHz, RSM)

Patient 1 2 3 4
A third of the left forearm Palm-the middle of Wrist of left Wrist of left
Electrode location is the middle of the the shoulder of the left hand - left hand - ankle
shoulder of the left arm hand ankle of right foot
Conditional distance dl d2 d3 d4
The value of T-statistics. Phase 1-2 0,5711 0,8139 3,3348 4,4575
The value of T-statistics. Phase 2-3 -0,6101 1,9693 -0,5372 -0,5974

Table 6 clearly shows the decrease in ISCC for
phase 2 with respect to phase 1 (T-statistics is positive).
This indicates an increase in the dynamics of the spectral
nonstationarity of the BIM signal over a time interval
corresponding to this phase. In fact, the onset of blood
loss is accompanied by a decrease in ISCC with respect
to the previous phase (phase 1), and the end of blood loss
leads to an increase in ISCC with respect to phase 2. In
Table 6, only one (smoothed) T-statistics can be
considered a miss, since its sign for phase 2-3 is positive.
For Table 6, the RSM coefficient was used, because it
was for him, in contrast to the RSD coefficient, of Table
5, that there was a qualitative dynamics of the change in
the ISCC during the transitions from phase 1 to phase 2
and from phase 2 to phase 3. Table 6 is compiled taking
into account the ranking (by increasing the value) of the

geometric distances between the electrodes, which
corresponds to the condition
dl<d2<..<dA4. (18)

It can be seen from Table 6 that the maximum value
of the T-statistic carrying information on the change in
the ISCC at the boundary of the two phases is maximal
for the distance d4 (T = 4.4575). This distance is

geometrically maximized and allows us to justify the
choice of the sensor placement option on the patient's
body. In fact, this is the task of planning the metrological
component, associated with the conditional optimization
of the variant with the maximum of the objective function
in the form of T-statistics. This optimization is
conditional, since the number of initial conditions is
limited in this variant by the number of patients, although
the total number of variants tends to infinity. However,
any restriction of the options makes it possible, for
example, on the basis of Table 6 to choose a variant that
is close to known biophysical models, supported by
maximizing T-statistics. Analysis of the results presented
in the second line of Table 6 indicates their ambiguity,
which allows us to conclude that the use of ISCC is
effective only in problems of detecting the beginning of
blood loss. Table 6 gives the possibility of not only a
qualitative (on the sign of T-statistics), but also a
quantitative (by its magnitude) analysis of the options
for choosing one of the two solutions:
v0: there is no difference between

the ISCC of the compared phases; (19)
v1: ISCC of neighboring phases
are statistically different. (20)
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In the case of a positive T-statistic, the validity of
the choice of the solution y1 (the onset of hemorrhage)
is based on the normative requirements of the theory of
statistical decisions [37, 38], When T-statistics exceed
the critical value for a given level of significance. For
the level of significance o =0,05 The value of the
critical statistics is 1,645.

Thus, the planning of an experiment for active
monitoring of the appearance of blood loss should
provide the maximum length of the path for the passage
of the scanning current of the BIM signal, by selecting
the locations for fixing the electrodes according to the
variant "left hand-right foot".

dynamic parameters of non-stationarity of BIM signals
in problems of detecting hidden bleeding. Particularly
important is the possibility of automating active
monitoring in the framework of already existing
computerized medical information systems. Such
automation is based on the construction of a plan for a
biomedical experiment in which a sliding observation of
the BIM signal using a dual observation window is used.
This window represents two consecutive time intervals
for each of which an independent value of the ISCC is
calculated (for example RSD), and a comparison of these
ISCC:s is performed using T-statistics. If in the course of
the comparison a solution y1 is obtained according to the

models (19, 20), then the beginning of the blood loss
corresponds to the positive sign of the T-statistic. In this
case, the statistical significance of a reliable solution will

Conclusions

The conducted studies indicate the prospects of an

information-measuring  procedure for monitoring not be less than 0.95.
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MoxnanBoCTi 3aCTOCYBaHHS i INIaHYBaHHsA 0iM-aHAaJIi3y VI MOHITOPHHTY KPOBOBTPAaTH
P. C. Tomamescekuii, T. B. Cokon, 3. O. JlonieHko

B poGoti HaBeneHi pe3yabTaTd AOCIIDKCHHS MOXIIMBOCTI 3aCTOCYBaHHs pe3yJbTaTiB MeTomy OioiMienaHcoMeTpii uist
MOHITOPHHTY IPUXOBaHUX 1 CIIOHTaHHUX KpoBOBTpaT. Iloka3aHa icHyroua mpoOiema oOiKy KpOBOBTpAT IPH peaHiMaliiHuX,
omnepamiiHux i peabimiTaniifHUX 3axo1ax. 3anporoOHOBAHO BUKOPUCTAaHHS, B SIKOCTI iH)OPMATUBHUX IapaMeTpiB, CIEKTPAIbHUX
BJIaCTHBOCTEHl O0iOiMIIEJAaHCHOrO CUTHaly, a came, Koe(ili€eHTa MiXKCIEKTPAIbHOI KOpesslii BHXiIHOrO BHUMipIOBAJIBHOIO
CHTHally 1 Horo JiHiiHOro nepeTBOpeHHs. Y po0OTi JeTalbHO PO3MIIAHYTI icHyroui Giodi3uuHi Mozneni, 10 OOIPYHTOBYIOTh
MEePCIEKTHBHICTh BUKOPUCTaHHA 010iMII€IaHCHOTO METO.Y JUlsl HOMIOHMX 3aB/laHb, 1 HABEAEHI PO3PAXYHKOBI EMIIIPUYHI BUPa3H
JUIL BU3HA4eHHS 00CATY pIJMHHUX CErMEHTIB JIIOICBKOro opradismy. HaBeneHo MaremaTuuHe OOIDYHTYBAaHHS METOLY
MIDKCIEKTPaJIBHOI KOPEJIALil, 3aCHOBaHE HA 00YMCICHHI KOPEALIHHIX MTOKa3HHUKIB Koe]ilieHTIB BEHBIET-PO3KIIALy BUXiJHOI'O
CHUTHaJly i HOro JIiHIHHOro nepeTBopeHHs. Y poOOTi HaBe/IeHI Pe3ylIbTaTH KCIIEPUMEHTAIBHUX J0CIILKEHb 110 anpodariii JaHoro
Merony pu (hikcoBaHMX 300pax BEHO3HOI KpOBi. 3 BUKOPUCTaHHAM KpHTepiabHOI T-cTaTHCTUKM Oyna IpoBeieHa KUIbKiCHA
oliHKa e(eKTHBHOCTI BapiaHTiB BHOOPY IPOCTOPOBOTO PO3MIIIEHHS BHUMIpIOBAIBHHUX EJEKTPOAIB IpH OioimIienaHcoMeTpii.
OtpuMaHi pe3ysbTaTH JO3BOJIAIOTH 3pOOMTH BHUCHOBOK IIPO MOXIIMBICTBH 1 HMEPCIEKTUBHICTH 3alPOIIOHOBAHOTO METOLY JUIS
MOHITOPHHTY B PEXHMI PEaJIbHOr0 4acy Mo4aTKy NPUXOBAaHUX 1 CHOHTAHHHMX KPOBOBTPAT, a TAKOX JO3BOJIIOTH c(OpMYBaTH
PpeKOMeHIaii M0/I0 PO3MILCHHSI BUMIPIOBAJIBHUX €JIEKTPO/IB Ha TLIl MalieHTa.

Knaro4doBi cioBa: KpoBOBTpara; akTHBHHI MOHITOPHHT; Oi0IMIIEZJaHCHUI aHaIi3; BEUBIIET-TIEPETBOPEHHS; MIKCIIEKTpaIbHa
KopeusLis,; T-craTucruka.

Bo3mo:kHOCTH TpUMeHeHNs U TJIAHUPOBAHNE OMM-aHAIN3a /151 MOHMTOPHHTA KPOBONOTEPH
P. C. Tomamesckuit, T. B. Coxkoun, 3. A. Jlonienko

B pabore npuBeeHs! pe3yabTaThl HCCIISI0BaHHS BO3MOXKHOCTH IIPUMEHEHHSI PE3YJIbTaTOB METO/la OMOMMITEIaHCOMETPHH ISl
MOHUTODHHIA CKPBITBIX M CIOHTaHHBIX KpoBoTeueHWi. Iloka3aHa cymiecTByromas mpoOieMa ydera KpOBOINOTEPh IPH
PCaHNMAIIMOHHBIX, ONEPALMOHHBIX ¥ peaOMIMTAlMOHHBIX ~MEpONpUATHsAX. IIpeIUIOKEHO HCIIONBb30BAaHUE, B  KauecTBE
MH(POPMATHBHBIX N1APAMETPOB, CIIEKTPAIBHBIX CBOMCTB OMOMMIIEIAHCHOTO CHI'HAJIA, 3 UMCHHO, KO3((ULHEHTa MEXKCIIEKTPaIbHON
KOPpEJLSILMM  UCXOAHOI'O HW3MEPUTEIBHOr0 CUTHAJla M €ro JIMHeHHoro mpeoOpasoBaHus. B pabore neTaqbHO paccMOTPEHbI
cyliecTByromye onodusnueckue Moaeny, 000CHOBBIBAIOLINE MEPCIIEKTUBHOCTh HCIONB30BaHUS OMOMMIIEZIAHCHOTO METOAA IIs
MOOOHBIX 3a]a4, U IPHUBEICHBbI PAacyeTHbIE SMIIMPUYECKUE BBIPAKCHUS I ONpeleNIeHHs 00beMa >KHIKOCTHBIX CErMEHTOB
4eJIOBEYeCKOro opranusma. [IpuBeieHO MareMaTHueckoe 0OOCHOBaHHME METOIAa MEXCIEKTPAIbHOH KOPPEISIUY, OCHOBaHHOE Ha
BBIYHCIICHUH KOPPEJIALMOHHBIX MOKa3aTened Kod(Q(UIMEHTOB BEHBIET-Pa3IOKEHUS MCXOIHOIO CHIHAIA U €ro JIMHEHHOro
npeobpazoBanust. B pabore mpuBeseHbl pe3ysbTaThl SKCIEPUMEHTAIbHBIX MCCIEOBAaHUI MO anpoOaliM JIAHHOTO METOoja Ipu
(buKcupoBaHHBIX 3200pax BeHO3HOH kpoBH. C HCIIONB30BaHUEM KpUTEpHaTIbHOW T-crarHcTuku Oblia IpOBEEHA KOJIUYECTBEHHAS
oneHKa 3()QEKTUBHOCTM BapHAHTOB BbIOOpA  NPOCTPAHCTBEHHOIO  pAa3MEINECHHUS HM3MEPHUTENbHBIX  JJIEKTPOIOB  IIPH
6uonmnenancoMeTpuu. I1omydeHHbIe pe3ynbTaThl O3BONISIOT C/ENATh BBIBOJ] O BO3MOMKHOCTH H NIEPCIEKTUBHOCTH HPEUI0KEHHOTO
METOJIa 111 MOHUTOPMHIA B PEXHME PEalbHOrO0 BPEMEHM Hayasla CKPBITBHIX M CIIOHTAHHBIX KPOBOTEUCHHH, a TaKKe MO3BOJISIOT
copMHpOBATH PEKOMEHAALIUN OTHOCUTEIIEHO Pa3MELEHHS M3MEPHUTENIbHBIX AEKTPOIOB Ha TeJIe MAIMEHTa.

Kamo4ueBnle ciaoBa: KPOBOIIOTEPSI; AKTUBHBIN MOHUTOPHHT; 6I/IOI/IMHGZ[3HCHLI171 aHaJlu3; BeﬁBneT—npe06pa3OBaHHe;
MEKCIICKTPpaJIbHasl KOPPEJIALUSL] T-cratucruka.
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OIIEHKA KOD®PUIUEHTA MOKPHITHUA BECITPOBOJHON CEHCOPHOM CETH

IIpeaMeToM HM3y4YeHHS B CTAaThe SIBISIOTCS IPOLECCHl CHHTE3a TOMOJIOTHMYECKOH CTPYKTYphI OECIpOBOIHON CEHCOPHOU
cetu (BCC). Leabio sBusiercst pa3paboTka HMHTALMOHHON MOJEIH JUISl OLIEHKH K03()(pUIMEeHTa TTOKPBITHS CIyJaiHO pac-
nionoxeHHbIMU y3namu BCC. 3amava: BBIOTHUTE OLEHKY KO3 (DUIMEHTa TOKPBITUS CITy9aifHO PaCIIOIOKEHHBIMH y3JIaMH
BCC. Hcnonp3yeMbIMH MeTOJAMH SIBISIIOTCS: MMHUTALMOHHOE MojenuposaHue, Meron Monte-Kapmo. Ilonydensl cie-
nyrorye pe3yiasTaThl. CoriacHo pa3paboTaHHOW MMUTAIIMOHHOW MOJENH BBHITIOMHEHA OleHKa Kod(duimenTa mokpeITus
ciryqaifHO pacrionokeHHbIME y3namu BCC B 3aBHCHMOCTH OT JUTMHBI CTOPOHBI KBaJpaTta IUIOCKOH TEPPUTOPHHU PACIIOIO-
xeHust BCC, uncia ceHCOpHBIX Y3II0B CETH, paJiiyca YyBCTBUTEIILHOCTH M Pajidyca CBS3M y3ila, C y4eTOM U 0e3 yuera rpa-
HUYHOTrO ddekra. PazpaboraHHasi WMHTALMOHHAS MOJIEb TaKXkKe MO3BOJISIET onpenensith cBsizHocTh bCC. BeiBonbl. Ha-
y4Hasi HOBH3HA MOMYYEHHBIX PE3YJIBTATOB COCTOHT B CIIEIYIOIIEM: YCOBEPIICHCTBOBAaHA IMHUTAIIOHHAST MOJIEIb JUISl OLICHKH
koadummenta nokpeitust BCC npu ciiygaifHOM pacIioNoXKeHUH CEHCOPHBIX Y3JIOB M KOHTPOJIE CB3HOCTHU CeTH. Pe3yinbra-
TBI TIPOBEACHHOTO BBIYUCIIHTENBHOTO SKCIEPHMEHTA TTO3BOJISIIOT BBINONHATH OLGHKY KOI(Q(UIMEHTa MOKPBITHS OECIPOBOIHOM
CEHCOPHOM CeTH NPH Pa3IMYHOM YHCIIE Y3JIOB CETH, Pallyce UyBCTBUTEILHOCTH U PaJyce CBS3M y3lla ¢ ydeToM M Oe3 ydera
rpaHugHOro peKTa.

Karoudesbie caoBa: OecripoBOHAS CEHCOPHAS CETh; KOA(P(UIUMEHT MOKPBITUS; CBA3HOCTD CETH; PaIIyC ICHCTBHS CEH-

copa; paanyc 4yBCTBUTCIIbHOCTHU CEHCOpaA.

BBepeHue

ITon 6ecriporomHoii ceHcopHoit cethio (BCC) mo-
HUMAaeTCsl paclpe/ieJIeHHasl, CAMOOPTaHU3YIOIIAsCSI CETh
MHO)KECTBA CEHCOPOB M HCIIOJHUTEIBHBIX YCTPOWCTB,
B3aMMOJICHCTBYIOIIMX MEXIY COOOH IMOCpeACTBOM pa-
nmuokaHana. Kak mpaBuino, BCC mpumensiercst mist ¢6o-
pa JaHHBIX C YCTPOWCTB, OCHAIIIEHHBIX CEHCOPaMH: Jat-
YUKOM PEHTI'€HOBCKOTO H3JIYYEHUs], BIAYXKHOCTH, TEM-
nepaTypsl, ocBeieHHocTd U T.10. Ilo opranuzamuu bCC
OTHOCSTCS K CaMOOPTaHU3YIOIIUMCS CETsM, T.€. K ce-
TSIM, COCTOSIIIMM M3 CIY4alHOro, MOCTOSHHO MEHSIO-
LIErocs YKMCiIa Y3JIOB U CBSI3€H MEXIY y3JIaMH, KOTOpbIE
JIOJDKHBI aIalITUBHO TIO/ICTPAUBATHCS JUIS BBITTIOTHEHHS
cBoux ¢yHKImi [1].

OOBIYHO CEHCOpPHBIE Y3JIbI UMEIOT OrpaHUYEHHbIE
pecypchl — eMKOCTh UCTOYHHMKA MHUTaHUs, 00bEeM HaMsi-
TH, PaJlyC YyBCTBUTEIBHOCTH, Paluyc ACHCTBUS U BBI-
YHUCIIUTEIbHBIE BOBMOXXHOCTH IPOLIECCOpA.

Hapsimy ¢ TakuMu XapaKTEpPUCTUKAMH KaK BpeMs
*ku3Hu BCC u CBSIBHOCTH CETH CEHCOPOB BAXKHYIO POJIb
urpaer KodpduimeHt nokpuTus Ry, ceTblo U3 n ceH-
COpHBIX Y3JI0B Teppuropuu pacnonoxkenus bCC [2-5].
OueBHIHO, YTO 3alAHHOE MOKPBITUE CETHIO TEPPUTOPHU
SIBJSIETCS. OIHMM W3 OCHOBHBIX TpeOOBaHWH, IPEIbsB-
nseMbIX K pasmenieHuto ceHcopoB BCC. B cratse ore-
HUBaETCsl KOOQQUIMEHT MOKPHITHS CETHIO0 TEPPUTOPUH B
3aBUCUMOCTH OT Pajnyca YyBCTBUTEILHOCTH CEHCOPOB U
KOJIMYECTBA MOKPHIBAIOIINX TEPPUTOPHIO CEHCOPOB.

OcHoBHas 4YacTb

PaccMoTpuM MHOXECTBO OIMHAKOBBIX IO CBOUM
XapaKTEepUCTUKAaM CEHCOPHBIX Y3JIOB Ha IUIOCKOM Tep-
putopuu B BHIe KBaaparta co ctopoHoi L. ITycts R —
pamuyc 30HBI OOCTY)KWBaHUS (MM paanyc YyBCTBH-
TENIBHOCTH) CEHCOpa, T.€. CEHCOP y371a B IIEHTPE OKPYX-
HOCTH pajguyca R oOHapyxuBaeT W3MEHEHHE u3Mepse-
MBIX XapaKTePUCTUK BHYTPH ITOH OKPY)KHOCTHU. I — pa-
JUyC CBSI3U y37a, T.€. CEHCOPHBIE Y3JIbl, PACCTOSHUE

MEXIy KOTOPBIMH MEHBIIIC I, SBJISIOTCS CBS3aHHBIMU U
MOT'YT HEIMOCPEACTBEHHO B3aUMOJIEHCTBOBATH JPYT C
JIPYTOM.

Ha puc. 1 mokas3aH oJH CEHCOPHBIH y3€1 1, Haxo-
JIAUTAICS B IIEHTpe KBajparta co ctopoHou L. Ecnu pa-
JINYC 4YBCTBUTEIBHOCTH 3TOTrO CeHcopa paBeH R=L/2,
TO B 3TOM cilydae Ko3(h(HUIMEHT MOKPHITUS KBaApaTa co
cropoHoii L takum cencopom R.,=n/4=0,7854.

-

Puc. 1. Cencopnslii y3ern i
B LIEHTpE KBajpara co CTOpoHoi L

B o6uiem ciaydae noa ko3¢ (GHUIMEHTOM TOKPBITHS
Reoy TEpPUTOPUHN N CEHCOPHBIMH Y3JIaMH OyJeM IMOHH-
MaTh OTHOIIEHHE IUIOMAAH, GOPMUPYEMOH Ha TeppH-
TOPHUU 30HAMH TIOKPBITHS I CEHCOPOB C PaJliyCcOM YyB-
CTBHUTENBHOCTH R, K 001I1el MIomaan TepPUTOPHH.

CylmecTByeT iBa OCHOBHBIX CIOC00a pa3MeNeHUsI
CEHCOPHBIX y3JIOB Ha TOKPHIBAEMOH TEPPUTOPHU — Jie-
TePMUHUPOBAHHBIN U cy4daitHbli [3, 6]. B mepBom ciy-
yae y3JIbl pa3MelUIaloTcs B 3apaHee ONpeeeHHBIX TOY-
Kax oOyiacTu MOKphITHsL. [Ipu 3TOM CTereHb NOKPHITHS 1
CBSI3HOCTH CETH 00ecIleyuBaeTcs 3a cYeT BIOOpa Koop-
JIUHAT 3TUX Todek. [Ipu ciyyaliHOM pa3MelieHnH y3JI0B
TOCJIEIHUE HAXOIATCS B CIy4allHBIX TOYKax OO0JacTH,
TIPU 3TOM CTEIEeHb MOKPBITHS 00JIACTH CETHIO OJIMHAKO-
BBIX CEHCOpPOB 3aBUCHUT OT YHCJIAa CEHCOPOB N, paauyca
YYBCTBUTEJIBHOCTH ceHcopa R u mmomanu obnactu.
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B Tabn. 1 B coorBerctBum ¢ [3] U Ha OCHOBaHUU
Pe3yNbTaToOB MMUTALMIOHHOT'O MOJIETUPOBAHUS IS pa3-
JIMYHBIX pa3MepoB KBaapaTHOH obnactu L u ans panuy-
ca 4yyBCTBUTENbHOCTH R =20 mpuBeneHa 3aBUCUMOCTH
MEXIy YUCIIOM Yy3JI0B N ¥ KOI()(OUIMEHTOM MOKPHITHS
cetd Reoy. IlepBwiii cromberr Tabm. 1 COOTBETCTBYET
pacyeTHbIM KO3 duuueHTamMm Nmokpbitus R, u3 [3] B
3aBHCHMOCTH OT YHCJIa CEHCOPOB ceTd n (crtonber 3)
Ut KBaapaTHoi obmactu ¢ L=100. 2-#, 4-#, 6-i cTono-
1Bl Ta0J1. 1 COOTBETCTBYIOT PACCUYMTAHHBIM C ITOMOIIBIO
WMHTAIIMOHHOTO MOJEIHPOBAHUS OIIEHKaM Kod(pQuIu-
€HTa TOKPHITUS R.,y B 3aBUCHMOCTH OT YHCIJIa CEHCOPOB
cerd n (cronOusl 3, 5, 7) mWis pa3iHYHBIX Pa3MEpOB
KBajpaTHOU obOxacth L.

T.e., Hanpumep, st L =100 u R=20 cetp u3 n=11
y3I10B obecrieunt koddduuueHT mokpeitus 0,695. Ipu
pa3smepe obmactu L =100 32 y3ma obOecrie4yuBaroT Ko-
a¢¢urment mokpeitus 0,957. Ina L=200 136 cenco-
poB obecrieyaT kod(dumueHT mokpeitus 0,974, a s
L =300 314 cencopoB obecreyar KOI(pQHUIUEHT IO-
kpeitust 0,980.

Tabauya 1. 3aBUCHMOCTD ME:KLY YHCJIOM Y3J10B N
u k03 punmentom nokpeiTus R.,, (R=20)

L =100 L =200 L =300

1 2 3 4 5 6 7
Reoy Reoy n Reov n Reoy n
0,1 (0,104 1 |0,110| 4 | 0,100 8
02 |0,198 | 2 | 0,184 | 7 0,189 | 16
03 [0281 | 3 |0274 | 11 | 0,280 | 25
04 |0358 | 4 | 0353 | 15 | 0,368 | 35
05 0424 | 5 | 0453 | 21 | 0,467 | 48
0,6 | 0534 | 7 | 0541 | 27 | 0,562 | 63
0,7 | 0,623 | 9 | 0,642 | 36 | 0,655 | 82
0,8 | 0,695 | 11 | 0,745 | 48 | 0,762 | 110
09 | 0817 | 16 | 0,852 | 68 | 0,867 | 157
0,99 | 0,957 | 32 | 0,974 | 136 | 0,980 | 314

Ha puc. 2 mpuBezeHa 3aBUCUMOCTh YHCJIa Y3JIOB N
(ock OY) ot koaddurrienTa MOKpeITHS CeTho R,y (OCh
OX) mis pasnuuHbIX L, mocTpoeHHass Ha OCHOBaHUH
IAHHBIX U3 Ta0I. 1.

Ornenka kod¢uumenTa nokpeITus R, B Tabnuie
1 BBIMONHSIACH HA OCHOBAHWH BBIYHCIIUTEIBHOTO JKC-
MepUMEHTA.

Jlisi oueHKHM Kaxxmoro 3HaudeHus KodduumeHra
nokpeiTus 1000 pa3 reHepupoBaach CETh U3 N Y3JIOB C
KOOpJIMHATaMH, PaBHOMEPHO pacIpe/eieHHBIMU B
KBazpare co cTopoHoit L. [l kaxaoro BapuaHTa pas-
MEIIEHUs N y3JI0B ¢ moMolrsio Merona MonTte-Kapio
cuntancs xoddduuuent nokpeitus. OneHka kodddu-
IHUCHTA TOKPBITHS R.,, B Taba. 1 coOOTBETCTByeT pe-
3yIAbTaTy yCpeAHEHHs KO3((HUINEHTOB MOKPHITHS IS
1000 BapuaHTOB pa3MELICHUS N Y3JIOB B KBajpaTe CO
cropoHoi L.

350
300 /
250 /
200 ——1-100
( —a—1-200

150

/ / —&—1-300
100

Puc. 2. 3aBucuMOCTh MEXy YHCIIOM Y3JIOB N
u ko3¢ dunnenrom nokpuITus Recov

B Ta0m1. 2 misa pasmepa obmactu L=200 u pazmud-
HBIX PaJUyCOB YYBCTBUTEIHHOCTH CeHcopa R mpuBese-
Ha 3aBUCUMOCTH K03(HIeHTa TOKPBITHS R,y OT Uric-
na y31a0B cetd n. Tak i obecrieueHus R, = 0,5 B
obmactu L=200 mpu R=10 morpebyercs 94 ceHcopa,
npu R=20 morpebyercs 24 cencopa, a npu R=30 mo-
Tpebyercst 11 ceHCopoB.

Tabauya 2. 3aBUCMMOCTb MEKIy YHCJIOM Y3JIOB N
" Ko3gpunneHToM NoKpeiTHsi Reov
1Js pasimusbix R (L=200)

R=10 R=20 R=30
Reov n n n
0,5 94 24 11
0,6 125 32 15
0,7 164 42 19
0,8 220 56 26
0,9 317 80 38
0,99 650 173 83

Ha puc. 3 npuBeneHa 3aBUCUMOCTb MEXIY YHACIOM
Y3JI0B N ¥ KOAQPUITUEHTOM MOKPBITHS R0, IS pazmepa
cetu L=200 mpu pa3auuHBIX pagudycax YyBCTBUTEIHHO-
CTH ceHcopa R, mocTpoeHHas B COOTBETCTBHM C JIaHHbI-
MU Tab. 2.

700
600 /
500 /
400 ——R=10
~—R=20

300

A
~ //
100 . o

0 . l

0,5 0,6 0,7 0,8 09 0,99

Puc. 3. 3aBucHMOCTh MEXY UACIOM y3710B N
u ko3 dunmenrom nokpsITus Recov
IIPH pa3JIMYHbIX paguycax R
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B Ta6n. 3 misa pasmepa obmactu L=200 u pamuyca
YyBCTBUTEIBHOCTH ceHcopa R=20 mpuBeneHa 3aBHCH-
MOCTh KO3(pHIIMEeHTa MOKPHITHS R, OT uucia y3ioB
CeTH N JUIA JIBYX CiIydaeB — Oe3 yueTa TpaHHuHOro 3-

Tabnuya 3. 3aBUCMMOCTD MEKIY YHCJIOM Y3JIOB N
" Ko3gPpunmueHToM NOKpeITHSE Reov
0e3 yJeTa M ¢ y4eTOM I'PAHHYHOIO0
a¢pdexra (L=200, R=20)

¢exTa (cTonber 2) u ¢ yueToM (cTomoer 3). Reov
[Tpu ydere rpanmunoro sdpdekra ceHcopsl peab- 1 b 3
HO pa3MeMIaloTCs B KBaJIpaTHOW O0JIACTH CO CTOPOHOM 03 24 s
(L-R), a 6e3 ydyera — B KBapaTHOW 0OJIACTH CO CTOPO- 2
Hot L [3]. 0,6 32 36
Ha puc. 4 npuBeneHa 3aBUCHMOCTb MEXAY YUCIOM 0,7 42 53
Y3JI0B N ¥ KOO PUITUEHTOM MOKPBITHS R0, 4715 pazmepa 0,8 56 91
cetu L=200 u paaunyca 4yBCTBUTEIBHOCTH CEHCOpA
_ 0,9 80 270
R=20 ¢ yyerom u 0e3 ydeTa rpaHHUHOrO 3PQeKTa, mo-
CTPOEHHAs B COOTBETCTBHH C JaHHBIMH TaOII. 3. 0,95 110 900
1000
900 f—
800 /
700 /
600
500 / ——Dbes3 yyera
200 // ——C yyetom
300 /‘
200
100 et
0
0,5 0,6 0,7 0,8 0,9 0,95

Puc. 4. 3aBucuMOCTh MEX/y YHCIIOM Y3JIOB N U IOKpBITUEM ceTu Rcov
¢ yueToM U 0e3 yueTa rpaHHIHOro ddekra

B npuBeneHHBIX BHINIE OIEHKaX KOd(pQHIMEHTa
MOKPBITHST R,y (TA0M. 1-3) CBS3HOCTH CETH HE KOHTPO-
JIUPOBANIACH, T.€. CETh CEHCOPOB MOTIJIa OBITh KaK CBS3-
HOM TaK U HE CBSI3HOM.

B Tabn. 4 nns croponsl kBagpata =200, pamuyca
YyBCTBUTENIBHOCTU Yy37a R=20, pamuyca cBs3u y3na
r=40 u 6e3 yuyera rpaHuuHOro 3¢ deKTa npuBeaeHa 3a-
BUCHMOCTh KOd(QHUIIMEeHTa TOKpPBITUS R, OT wymcna
y3710B n ¢ orjeHkoi yucna cBa3Hbpx bCC Ha 10000 cre-
HEPUPOBAHHBIX CIY4ailHBIM 00pa30M BapHaHTOB.

Tak mnsa obecieuenus Rq,y = 0,501 mpu R=20 u
r=40 norpebyercst 24 cencopa, npuiem u3 10000 cre-
HepupoBaHHbIX BapuaHToB BCC Tonbko 14 okasanuchk
CBSI3HBIMH.

BbiBOoAbI

Pe3ynmpTaThl MPOBENCHHOTO  BBIYHCIHUTENHHOTO
9KCIIEPUMEHTA MO3BOJISAIOT BBIMONHATh OLCHKY KO3(-
¢unmenra nokpeitiss bCC mpu pa3IMyHOM YHCIIE Y3JI0B
CeTH N, paJnyce YyBCTBUTEIBHOCTU R U paguyce cBs3u
y3J1a T C y4eToM u 0e3 yuera rpaHu4Horo 3ddekra.

Tabauya 4. 3aBucuMocTb KO3 pHuIHEHTa OKPBITHS
Rcov ot unciia y3/10B n ¢ OLEHKOMH Yucia
cBsa3HbIX BCC

R n Ceszubix BCC

cov u3 10000 BapuanToB
1 2 3

0,501 24 14

0,602 32 140

0,700 42 940

0,797 56 4062

0,894 80 8092

0,990 173 9978

[lepcnekTUBHBIM HaNpaBJI€HUEM JalbHEHIINX HC-
CIIE/IOBAHUI MOXET SIBJISITHCS pa3padoTKa alropUTMOB
noctpoeHus cBs3HBIX BCC ¢ neTepMHHUpPOBaHHBIM
pacIpesielieHeM KOOpAMHAT Y3JI0B CETH Ha IIpOU3-
BOJILHOM TEPPUTOPHM C 3aJaHHBIM Ko3(duImeHToM
TTOKPBITHUS.
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Ouninka koedinieHTa MOKPUTTSI 0€3POTOBOI CEHCOPHOI Mepe:Ki
A. B. Illocrak

IIpeaMeToM BUBUYEHHS B CTATTI € MIPOIECH CHHTE3Y TOMOJOTIYHOI CTPYKTYpH 0e311poToBoi ceHcopHoi Mepexi (BCM).
Mertoro € po3poOka iMiTaliiHOI MojeNi AJs OLIHKH KoeQilieHTa IMOKPHUTTS BHUIAJKOBO po3TalloBaHMMH By3namMu BCM.
3aBaHHA: BUKOHATH OLIHKY KoeQillieHTa IOKPUTTS BUIIAJKOBO po3TamoBaHUMH By3namu BCM. BukopucroByBaHumu
MeTOdaMHU €: iMiTaniliHe MozaemoBaHHs, MeTo] MonTte-Kapno. OTpumani HacTynHi pe3yabTaTH. 3TigHO 3 po3pOOJICHOI0
iMiTaniiHOT MOzeNi BUKOHAHO OIiHKY Koe(illieHTa IIOKPUTTS BUIIAJKOBO PO3TaIlIOBaHUMHU By3i1amMu BCM B 3anexHOCTI Bif
JIOBXHHHU CTOPOHM KBajpara INIOCKOI0 TepuTopii posramyBaHHs BCM, uncna ceHCOpHUX By3JiB Mepexi, paliycy 4yTiu-
BOCTI 1 pajiyca 3B'I3Ky By3sa, 3 ypaxyBaHHAM 1 0e3 ypaxyBaHHs rpaHuuHoro edexry. Po3poOiieHa imiraniiina moneins
TaKOX J03BoJsi€ BU3HAuaTH 3B'13HicTh bCM. BucHoBku. HaykoBa HOBH3HA OTPUMaHHX PE3yJbTATiB MONATA€ B HACTYITHO-
My: BIOCKOHaJICHa iMiTaliifHa MOJeNb s OLiHKH KoedinieHTa mokputtss BCM npu BUnaakoBoMy po3TallyBaHHI CEHCOP-
HUX BY3/iB i KOHTPOJIi 3B'I3HOCTI Mepexi. Pe3yinpraTi poBeJeHOro 00YHCIIIOBAIBHOIO EKCIIEPUMEHTY JI03BOJISIOTh BUKOHY-
BaTHU OLIHKY KoedillieHTa IOKPUTTS 0e31pOTOBOI CEHCOPHOI MEpEexki NMpHU Pi3HIN KUIBKOCTI By3JIiB Mepexi, paiyci 4yTIHMBOCTI i
paniyci 3B'I3Ky By3J1a 3 ypaxyBaHHsM i 0€3 ypaxyBaHHs I'PaHUIHOTO eekTy.

Kaw4uoBi caoBa: 6e31poTOBi CEHCOPHI Mepexki, Koe(ilieHT MOKPUTTS, 3B'SI3HICTh MEpExKi, pajiyc Iil ceHcopa, pajiyc
YYTIIMBOCTI CEHCOpA.

Estimation of coverage factor of a wireless sensor network
A. V. Shostak

The subject matter of the study in the article are the processes of synthesis of the topological structure of the wireless sen-
sor network (WSN). The goal is to develop a simulation model for estimating the coverage factor of randomly located WSN
nodes. The task: to carry out an estimation of the coverage factor by randomly located WSN nodes. The methods used are: simu-
lation modeling, Monte Carlo method. The following results are obtained. According to the developed simulation model, the
coverage factor of randomly located WSN nodes is evaluated depending on the side length of the flat area of the WSN location,
the number of sensor nodes of the network, the radius of sensitivity and the communication radius of the node, taking into ac-
count and without taking into account the boundary effect. The developed simulation model also allows to determine the connec-
tivity of the WSN. Conclusions. The scientific novelty of the results obtained is as follows: the simulation model for estimating
the coverage factor of the WSN with a random arrangement of sensory nodes and monitoring the connectivity of the network has
been improved. The results of the computational experiment make it possible to evaluate the coverage coefficient of a wireless
sensor network for a different number of network nodes, the radius of sensitivity and the radius of communication of a node with
and without the boundary effect.

Keywords: wireless sensor network; coverage factor; network connectivity; radius of the sensor; radius of sensitivity of
the sensor.
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FUNCTIONAL STRUCTURE OF COMPARATOR’S PREDICATE
IN THE COMPARTMENT IDENTIFICATION METHOD

Intelligence theory studies the connection between the subjective and objective worlds perceived and analyzed by human
intellect. Therefore, on the one hand, intelligence theory must correspond to the objective requirements adopted in physical
sciences as science; on the other hand, it is compelled to rely on introspective intelligence data. Like other exact sciences,
intelligence theory needs a special mathematical language corresponding to the intelligence theory object; special methods
suitable for objective study of human intelligence. The basic method of objective analysis and modeling of human
intelligence is comparative identification method. In the method the subject realizes a certain final predicate by his
behavior. In accordance with the method, an experimental study of this predicates’ properties is conducted, then, basing on
the results a mathematical the subject’s reactions model subjective states of its intelligence is constructed. Comparative
identification method accurate of isomorphism allows t find a function transforming physical situations into subjective
images generated by them. In this article a comparator predicate decomposition is performed and its functional structure is

analyzed, the process of the human intellect subjective states multiplicities factorization is studied.

Keywords: intelligence theory; algebra of finite predicates; comparative identification.

Introduction

This work is a continuation of articles [1-4] which
deals with comparative identification apparatus is
developed. The main predecessors of this article were
the following: monograph [5], which deals with algebra
of finite predicates was developed — intelligence theory
mathematical basis; articles [6, 7] where some special
comparative identification issues, created within
intelligence theory framework for person psychological
states modeling were considered.

Here comparator predicate decomposition is
performed and its functional structure is analyzed, the
process of person subjective states set factorization is
studied.

1. Analysis of the comparator predicate
functional structure

Let's consider f function definition method on a
concrete example according to existing P predicate.

Let A={ay,..,a;}, B=1{b,...,b;} . P predicate is set
up by the following formula:
P(X,Y)=X4YB v xayhsy x2yh v x2yh
vXBYP x By xayts  x4yPey (1)
vXBYD  xOyhay x%yh y x Ty

We find R partition layers of 4 set by calculating
corresponding to them predicates Vo (X)+ Vay (X) from

the formula (8) [4]. Find predicate
Vi (X) = (P(X.By) ~ P(ay,by))...(P(X, bg) ~
~P(a;,bg)) = (X2 v XD ~0)(X2vXD ~
~0)(XMTVvXSvX Ny XT ~1)( XD

VXD ~ XM ~0) (XM ~0)=XT2VvXDB A

ANXN VXS v X% v XTYXDN v XB)X% =
=X v X%,
Finally obtain:
Vi (X)=X% v X%, )

Analogical define the other predicates:

Ve (X) = X2 v X5, 3)
Vi (X) = X2 v X5, (4)

Y, (X)= X%, 5)
Vs (X) = XU v X5, (©)
Vg (X) = X6 v X7, ()
Yy (X) = X% v X, (®)

We see found division layers repeated. Selecting
all different classes’ pairs we form partition

R= {{al,as},{az,a3},{a4},{a6,a7}} .

Introduce notations for adjacent layers: oy ={ay,as},
o, ={ay,a3},, o3 =1{ay},, o4 =1{ag,a;} connection

between the entered layers and their names is written by
the following predicate:

F(X,x)=(XTv X5 v (X2 v

vXB)x02 v XX v (X6 v XT)x"4

)

x variable meanings serve as R partition layers
names. Relation corresponding to the predicate F' binds
variables X and x, it follows that it implies x = f(X)
implicit function. F predicate is bound with f

function as follows: if F(X,x)=1, then x= f(X), if
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F(X,x)=0, then x# F(X). Express f function in
an explicit form [4]:

XM= XNy X5, (10)
X2 =X2v XS, (11)

XM= X%, (12)
x4 = X% v X9, (13)

R set of all partition layers names serve as M
set, i.e. M ={0,...,04} . Formally describe M set with
a predicate:

M(x)=x* vx®2 vx®3 vx*,

(14)
Analogically find g function form. S partition

layers of B set are found by calculating
Wy, Y )+Wb6 (Y) predicates from the formula (9) [4].

As a result we obtain

Wy () =Y vy, (15)
Wy, () =Y vy, (16)
Wy (1) =17, (17)
Wy, (V) =Y, (18)
Wy () =Y"S v y%s, (19)
Wy, (V) =Y"5 v yPe, (20)

We form S={{b,by},{b3}, {bs}.{bs,b}}
partition. We introduce partition layers notation of the

S:Byr =1{b,by}, By = {b3}, B3 ={bs} .

Connection between names and S is written in the
form of the following predicate:

G(Y,y):(Yb' vaZ)yB‘ va3yB2v

(21)
va4yB3 v(Yb5 va")yB4.

Y variable values serves as S partition layers
names. The relation corresponding to G, predicate binds
variables Y and y, consequently it implies y = g(Y).
G predicate is bound with g function as follows: if
GY,y)=1, then y=g(), if G&,y)=0, To
y#g(Y). Equation (21) is replaced with a set of
equations, which expresses y = g(¥) in an explicit form:

Wi=yh vyt (22)
W=y, (23)
W=t (24)

yPa =y v yhe, (25)

The role of N set is represented by S set of all
partition layers, i.e. S ={B,...,B4}. Formally N set is
described by the predicate:

N(p)=yPrvyPry by e (26)

Consider L predicate definition method which
appears in the expression (1) [4]. Such predicate exists
for any P . It is possible to calculate L predicate by
existing P predicate and existing f and g functions

by the following formula:
L(x,y)=3X € AY € B(P(X,Y)F(X,x)G(Y,y)) . (27)

In our example, we get the formula for
L predicate, inserting (15) P, F and G predicates
according to expressions (1), (9) and (21):

L(x,y) = x4 P2 o x4, 83  x92 By, 08,84 x4 B2 (238)

Definition of L predicate due to existing P, f
and g can be also performed for the formula

L(x,y) =P 0,7 (),

shortened dependence

(29)
7).

Expression f -1 (x) one of X € 4 elements (no matter

which is formula

what definitely), meeting x = f(X) condition. g_l( »)
record analogically stands for. Congruence (29) directly
follows from (1) [4].

Also from (1) [4] congruence follows dependence

P(X,Y)=3xe M3y e N(L(x,y)F(X,x)G(,»)), (30)

with the help of which P predicate can be calculated
from existing L predicate and existing f and g
functions. Dependence (30) is a congruence complete
logical notation (1) [4]. In our example, substituting in
(30) L, F and G predicates according to (28), (15),
(21) expressions formula (1) is obtained. It is also
possible to define P predicate by L, f and g by the
formula (1) [4]. Pay attention to that important fact that
variable values x and y serve not R and S partition
layers, but their names. These names can be arbitrary
chosen in an way, if only the condition is fulfilled: each
partition class must correspond exactly to one name. Let
M and M' be two situations name perception systems,
x and x' are element of these systems. Name the first
name systems as old, the second — new. Bijection

1)

reflecting M set for M' set, by which you can replace
old notation x for new x'exists.

Similarly, if N and N' are two texts sence
meaning name systems, y and y' are elements of these

x'=o(x),

systems, then bijection y'=wy(y) (e), reflecting N set
for N' set, which can replace old names with new y'

names exists. Let old name systems P predicate is
written in (1) [4] form, and in new — in the form

PX,Y)=L'(f'(X),g'(Y))=L'(x",y)).

Then f, f' and g, g' functions isomorphism,

(32)

aswellas L, L' predicate isomorphisms :
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for VX € Af'(X) = ¢(f(X));

for VY e Bg'(Y) = y(g(Y));

for Vxe M,y e NL(x,y) = L'(¢(x),y(y)) exists.
It is important to note that in f and g practical

functions form determination it is necessary to distinguish
many partition layers from these layers names (i.e. to
distinguish R and M multiplicities, as well as S and
multiplicities N ), although, essentially, it seems to be the
same. Formerly, in the question theoretical analysis, we
did not distinguish these multiplicities. The same have to
be done also at meaningful interpretation of these
multiplicities and namely to distinguish situations
perception as subjective formations from situation layers
which  formally represent them, characterizing
perceptions as physical entities, as well as to distinguish
text meanings as subject’s subjective thoughts from the
corresponding texts classes as objective characteristics of
the same thoughts. Texts perceptions of situations and
meanings are subjective, texts and situations layers are
objective. We can say that situations and texts layers
names, which we had to introduce in the example
considered above are situations subjective layers
analogues and texts layers. This suggests that the
subjective states of a person play the role of class names
that are revealed to them in the surrounding physical
world. It can be assumed that human subjective states
are referred to ideal formations only for the reason that
they are used in the role of physical objects names.
Subjective states as physical objects names are
ideal. But they can be considered as physical objects if
taken separately. There is no doubt, that subjective
states in humans’ brain are realized in the form of some
material structures and processes that have not been
studied so far. Having been materialized (in accordance
with its mathematical description) in a computer,
Subjective states will also be embodied in quite definite
physical objects and processes (for example, into
magnetic dipoles fixed in a computer memory). And
yet, even in the "soulless" machine, these human
subjective states artificial copies will not cease to be
ideal formations, because even there they act as the
names of physical objects surrounding the world
machine. Thus, those philosophers who warn against
putting an insurmountable barrier between the material
and the ideal [5] are right. The "doubling" of the world
occurs only for the reason that any mechanism
analyzing physical reality, whether it be a person or a
"soulless" computing device, is forced to operate in the
process of this analysis not by the classes of material
objects themselves, but by their names. A physical
object used in the role another physical object name
must be considered in its quality as something ideal.
However, if you change the point of view and treat
the name simply as an object existing in itself, it will
immediately turn into a material entity. In this respect,
object’s assignment to the category of material or idea
entirely depends on the role that this object plays. If this
object acts as the name of another object, this quality it
is ideal; what is the root cause of the world "doubling",
it’s dividing into material and ideal? Apparently, the
fact is that when there is a predicates set, then if you do

not enter names for these predicates included into this
set, then there is no possibility formally to express it.

Disjunction operation is not appropriate for this.
For example, excluding from the right-hand side of
equation (1) predicates names (along with recognition
predicates, in which these names appear in the role of
indicators), obtain the formula:

XU XBvX2yXByvX™yvX% X,

It is impossible to isolate the original predicates
from it since they disappeared, having completely
dissolved into their disjunction. If predicate names are not
introduced, then initial predicates obtainment is entirely
possible. For example, assume x = o . Substituting this

value into the right-hand side of (9) equation, obtain

XU v X% predicate, corresponding to o; name.

Perhaps here we meet some fundamental nature
limitation: if some mechanism that produces effective
signal processing deals with systems (in other words,
with a set of systems), then introduction of the names of
for the predicates (multiplicities) of these systems
becomes inevitable. If you dismantle such a mechanism,
then it will necessarily reveal physical structures that
actually reproduce these names. It is very likely, that
without using predicates names effective operation of
any indicated assignment mechanism is impossible.
Namely in this respect ideal objects appear in fairly
complex systems (i.e. names) appear. Operating ideal
states is not exclusive human privilege. In any
"soulless" machine, which performs the same work so a
human does. Thus, there is no reason to believe that
only people can feel and think (i.e., operate ideal states),
but never machines.

2. Awareness predicate as membership

In the first part of the article we decomposed
comparator predicate ¢=P(X,Y) into three parts:

perception function x = f(X), understanding function
y=g(Y) and awareness predicate ¢ = L(x,y). Along

with this we also introduced intermediate signals x
andy, correspondently characterizing situation

perception X and text senseY . Formulating P
predicate decomposition problem, we were guided by
the conviction of each person, based on self-
observation, about the presence of perceptions and
thoughts in his mind arising from the action of
situations and texts. This problem is solved by a purely
physical method without subjective data involving. M
set of all x signals, N set of all y signals, /" and g
functions, as well as predicate are uniquely determined
by the well-known predicate P, set at 4x B, except for
the choice of notation.

The researcher has a right to choose sets 4 and B
of situations and texts arbitrarily, at our discretion with
a set task. Knowledge of the internal structure of
situations and texts is not required, they are considered
as simple elements (points) of sets 4 and B. It is
assumed only that the researcher is able to identify or
distinguish any two situations from the set and any two

80



ISSN 2522-9052

CyudacHi iHpopMmariiiai cucremu. 2018. T. 2, Ne 2

texts from the set. In other words, it is postulated that on
P and P sets equality predicates are defined. Any
predicate P, set on Ax B, without any exceptions can
be successfully decomposed; it is important only that it
is a predicate, and not something else. To perform the
last condition it is sufficient that the subject reacts to
any pair of signals xe 4 and y e B every time with ¢
double answer (0 or 1), and that this answer is uniquely
determined by the pair (X,Y).

The structure of signals described by the
decomposition method described above is not opened,
they are still introduced only as simple elements (points)
of sets M and N. On M and N multiplicities
equality predicates D; and D, ((2), (3) [4]), which are
uniquely introduced (up to the notation of M and
N sets elements) are determined by the predicate P .
Emphasize that predicates D; and D, are introduced
by considerations of an objective nature, based only on
physically observed facts. Predicates values Dj(x;,x,)

and Dy (y1,¥2)
X1,% € M and y,y, € N without reference to the

can be pre-computed for any

subjective experience of the subject.
At the same time, predicates D; and D, allow a

psychological commentary (interpretation), consistent
with the witness's consciousness of the subject. If as a
result of the calculations it turned out that D (x;,x,) =1,

then perceptions x; and x, should be identified by the
subject; if Dj(x,x,)=0, then the subject should

discover their difference from each other. Similarly,
when D, (y1,¥,) =1, then the subject should find out that

vy, and y, thoughts are identical; when D, (31,¥,)=0,

then they must be realized by the subjects as different. If
it turns out that there is no such consistency between
objective and subjective data, then such results of the
mathematical description of the intellectual activity of the
subject should be considered inadequate. This means that
something in the investigation of the intellect was done in
a wrong way, and performed work needs to be improved.
If you follow this technique also in the intelligence theory
(which seems natural and reasonable, and you cannot see
other ways), you will have to guess the formula predicate
representing and then formulate a system of its properties
from which such representation admissibility would
logically follow. Any formula divides the function
described by it into parts, represents it in the form of
some other functions superposition. This process is called
function decomposition. Decomposition of any function
can be performed in many different ways. But where
should one stop?

During the decision of the last question it is
extremely important not to be mistaken. It is natural to
expect that the predicate, which characterizes very
complex perception processes, understanding and
awareness will have an equally complex structure,
revealed in decomposition process. Almost certainly,
the functions obtained as a result of the first
decomposition act will have to be subjected to further
decomposition. And maybe it should be performed

many times. If we conduct P predicate decomposition
from the very beginning in a wrong way, then very soon
we will get into a deadlock. This problem that helps to
solve introspective information reported to the subject
about his subjective experiences. Having the
opportunity to learn something about the signals inside
the "black box" of his psyche, the subject can tell the
researcher the correct way of P predicate
decomposing. At the same time, physical response
experimental definition results ¢ = P(X,Y) subject to

signals X and Y, are surely not dependent on the
subject’s subjective experience. Witnessing the
emergence of x perception in his mind of X situation
and Y text meaning, the subject leads the researcher to a
thought to introduce intermediate signals x and y and

decompose the predicate ¢=P(X,Y) into three
functions: x= f(X), y=g() and t =L(x,y).

Let us return to the problem of P predicate
decomposition. Previously it was divided into three
parts — f, g and L predicate function. Now the object

of consideration will be L predicate. We defined the
form of this predicate for a case, when elements
numbers in P and P sets is small. The method
considered there is based on the "force reception” of all
possible variants sorting. However, as it was mentioned
above this technique does not allow us to obtain a
mathematical description of the tested object under the
conditions when P and P sets are immensely large,
and namely this case is applied in practice. Now during
decoding of L predicate type we go a different way,
namely — the way of such its properties formation, from
which it would be possible to extract additional
information about the structure of L predicate.

When solving this problem we will proceed from
the working hypothesis that predicate L(x,y)

corresponds to x € y ratio membership. Call this type of

predicate as membership. Consider those heuristic
considerations that incline us to this hypothesis. Each
y e N text sense corresponds to a completely definite set

S of situations perception x € M , such that L(x,y)=1.

This leads to a thought of considering the meanings of
texts as situations perceptions corresponding sets names.
However, it is possible to object that with the same result
for each xeM situation perception to introduce 7

sense meanings ye€ N, such that L(x,y)=1, and

consider the situations perceptions as meaning sets
corresponding names in the texts.

However there is one circumstance, which does not
allow doing this. If perceptions could act as sets, then
they could be applied to operation of union, intersecting
and adornment. But is it possible, for example, to
combine two any perceptions? It is not, since different
perceptions mutually exclude each other. A new
perception can only arise in the place of the old, giving
way to it. Two or more perceptions cannot exist
simultaneously. At every time point only one perception
can exist. Similar considerations make us reject the
possibility of intersection and complementary operations
perceptions conduct.
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It is completely different with the meaning of the
texts. Take, for example, thought x; and x, , expressing

by the phrases «It is raining» u «The sun is shiningy.
Each of them corresponds to a quite definite set of
situations. Let thoughts x; correspond 7 set, and x,

thoughts — 7, set. Is it possible to form x thought from
x and x, , which would correspond to the union of sets
T; and T, ? It is possible, it is enough to combine initial

phrases with the union “or”, being understood in the
unified sense “or also” (there is another meaning of the
union “or” — separating “or-or”). In the result we obtain
phrase «It is raining, or the sun is shining ». The
intersection of thoughts is expressed by the union
«andy», addition of thought with the particle «not», in
words « false that ...». It is clear, that unification
operations of intersections and additions, in principle,
can be applied to any thoughts.

Now let's try to formulate a system of conditions,
which would characterize predicate L(x,y), set on

M x N, as a membership predicate. In accordance with
the abovementioned we formulate a non-intersectability
postulate that reads: sets M and N do not intersect.
Formally, this postulate can be written as follows:

Vx e MYy e ND(x, ). (33)

In the theory of sets the axiom of bulk or
continuity is used: if the elemental composition of the
sets coincides, then the sets coincide themselves. In
psychological interpretations, the axiom of bulk means
that if the meaning of the text y; corresponds to many

perceptions of situations S;, but the sense of the text
¥, corresponds to many perceptions of situations S,,

and these sets coincide with each other, then sense of
texts as subjective states of the subject also coincide. In
accordance with the above stated we formulate the
postulate of bulk:

V1, ¥y € N(Vx e M(L(x,y1) ~ L(x,1,) 2 D(y1,¥5)). (34)

Further, we will need a postulate of the existence
of contradictions that assert the existence of such a
thought y € N which does not correspond to any of the

perceptions x € M . In other words, according to the
contradiction of the postulate, there must be an idea
which corresponds to the empty set of situation
perceptions. The text expressing such an idea is easy to
form, for example, «It is raining, and it is not rainingy.
Any statement, which does not go with any set
situations M , call it contradiction. Formally, the
postulate of the existence of contradictions is as follows

Jy e NVx e ML(x, y). (3%5)

The next condition is called the postulate of
exhaustiveness. According to this postulate for any
situation perception x € M should exist such sense of
the test ye N, which goes with this perception, but
does not go with any other. In other words, for each
predetermined perception there should be such a text
that exhaustively describes it. The word "exhaustive" is

used here in those sense, that according to the text,
describing this perception, it can be distinguished from
any perception, containing in M perception. According
to such text the subject should be able to choose from
all sorts of M set situations perceptions the only
perception, corresponding to this text. The postulate of
exhaustiveness is formally recorded in the form of the
following expression:

Vx e MYy € N(L(x,y) AVx; € M(L(x7, y) © D(x,x))). (36)
Finally, formulate the last condition, which we call
the unity of the postulate. Let y; and y, be senses of

texts, which correspond to the set of situations
perceptions 7; and7,. Unity postulate states: for

any y|, ¥, € N it is such sense of the text y € N, which
corresponds to many situations 7 =7} U7, . This means

that any pair of thoughts can be affected by the
operation of their disjuncture. The integrity postulate is
formally written as follows:

Vy1,y, e NVye NVxe M
(L(xay])VL(xsyZ)N L(xsy))

Conclusions

(d)

In mathematics it goes without saying that subsets
of any universe do not coincide with any of the elements
of this universe. Thoughts are abstract, disbeliever, their
source is not the external world, but human mind. Any
person easily distinguishes perceptions from thoughts.
Perceptions are characterized by objectivity, each of
them represents the image of external world fragment.

In the developing method of identification
subjective data is used to control the subject intelligence
study results quality, which has just been characterized
as purely physical. Is it possible for physical knowledge
to be substantiated by the subjective evidence of
introspection? Is not it more correct to approve the
opposite? Sure, it is correct. Scientific results of a
physical nature are therefore called objective, which do
not require recognition of the truth of reinforcement by
considerations of a subjective nature. Nevertheless, not
everything is as simple and straightforward as it may
seem at first sight.

Objectively observable behavior of the subject is
studied by physical methods in the theory of
intelligence. Exhaustive information about P predicate
should be eventually obtained as a result of this study.
Everything has been safe if it was possible to build up a
dependency table ¢ =P(X,Y) from all sorts of signal

values X and Y. Then the problem of human
intelligence study aspect observed here could be
considered completely solved. However, the set of all
situations and the set of all texts that can be presented in
the experiment to the subject are almost invisible. In
fact, it is impossible to take all the situations and the
texts in turn and for all possible pairs to experimentally
determine the binary reaction of the subject. To
complete all such experiments, not only the entire life of
the subject will suffice but also solar system existence
time is not enough.
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That is why it is necessary to act differently, to go
a compass. Exactly the same problem exists in physics.
There are no positive results if using «power take» of all
possible cases complete research. Physicists overcome
this difficulty in the following way: they try to guess a
formula, describing process of the study, and look for
conditions (i.e. postulates, laws), from which this
formula could be logically deduced. The formulated

conditions are subjected to a selective pilot test. If they
are performed in all experiments and namely
experiments are sufficiently diverse, then, even in spite
of their small number the theory is recognized as fair.
Exactly according to this method Newton built and
sustained celestial mechanics and since that time this
method is accepted as imitation model for all serious
physical researches.
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DyHKNiOHAJIbHA CTPYKTYPA NPOrHO3YBAHHS KOMIIAPaTOpa B MeTOAI inenTHiKamil komyTamii
AGen Epiiu AnHan

Teopist iHTENEKTY BUBYAE 3B'I30K CyO'€KTMBHOIO i OO'€KTHBHOrO CBITIB, SIKi CHPHUIMAIOTBCS 1 AHANI3YIOTHCS IHTENEKTOM
moaunan. ToMy, 3 oHOro 00Ky, TeOpis IHTEIEKTY SIK HayKa IIOBUHHA BiAIOBiaTH 00'€KTHBHUM BUMOraM, IIPUHHATUM B (Bi3MIHMX
HayKax, 3 iHIIOro OOKy - BUMYIIEHA CIIMPaTHCs HAa IHTPOCIICKTHBHI JaHi iHTenexry. Sk 1 iHII TOYHI HAyKH, TEOpis IHTEIEKTY
noTpedye CrerianbHOl MaTeMaTHYHOI MOBH, sIka O BigIIoBiana O0'€KTy Teopii iHTENEKTY; OCOOIMBHX METOJIB, NMPUIATHUX JUIS
00'eKTHBHOTO BUBUEHHSI 1HTENEKTY J0AUHH. OCHOBHUM METOZI0M 00'€KTUBHOIO aHAJI3Y I MOZIEIIIOBAHHS POOOTH IHTEJIEKTY JIIOAMHH
€ METOJl KOMIIApaTopHOi ineHTUdiKkalii. Y Merofi JIroauHa, 10 JOCIIDKYEThCS, CBOEIO MOBEAIHKOI pealli3ye NEesKui KiHLeBUH
npeaukar. BinnoBizmHO 10 MeTOMy HPOBOOMTBCS EKCIEPHMEHTAIbHE BHBYCHHS BJIACTUBOCTEH LbOro IpeAHKara, HOTIM 3a
pe3ynbrataMu OyfyeThCsl MaTeMaTH4Ha MOJENb PEaKiliil JIIJWHY, Cy0'eKTHMBHUX CTaHIB il iHTenekTy. Merox KoMIapaTopHOL
inenTU(iKaLii 03BONISE 3 TOUHICTIO [0 i30MOpdi3My 3HaliTH (QyHKIIFO, 1110 IepeTBOPIOE (i3U4HI CUTYalil B CYO'eKTHBHI 00pasy, sKi
MOPOJUKYIOTECSI HUMHU. Y PO3pOOIIIOBAHOMY MeTozl ineHTHdiKalii cy0'eKTHBHI JaHi BUKOPHCTOBYIOTBCS JUISL KOHTPOJIO SIKOCTI
NPEIMETHUX Ppe3ylbTaTiB JIOCHI/DKCHHS IHTENEeKTY, W0 TUIBKM IIO0 XapakTepusyBaiauca sK cyro ¢isuuni. Yu MOXIINBO
o0rpyHTyBaHHS (i3MYHMX 3HAaHb CY0'€KTHBHUMH CBiJUEHHAMH camMoaHaiizy? Uu npaBuibHillle HE CXBAJIUTH 3BOPOTHE? 3BHYAHO,
1e IpaBuIbHO. TOMY HayKOBi pe3ynbraTi (i3UyHOI NPHPOAN Ha3UBAIOTHCS 00'€KTUBHUMH, III0 HE BUMAraloTh BU3HAHHS ICTUHHOCTI
I IKPIIUIEHHS MipKyBaHHAMH Cy0'eKTUBHOrO Xapaxrepy. [Ipore, He Bce € HACTIIBKHM IPOCTUM 1 3pO3YMUIHNM, K L1 MOXKE 31aTHCS 3
HEpIIOro Morsxy. Y CTaTTi BUKOHAHO JAEKOMIIO3UIIIO IpeJuKaTa KOMIAparopa i IpOaHali30BaHO HOro (YHKIiOHAIBHY
CTPYKTYPY, BUBYECHO IpoLiec (hakTopu3aLlii MHOXKUH CY0'€KTUBHHX CTaHIB IHTENICKTY JIFOJUHU.

Kaw4yoBi ciroBa: Teopis iHTeNeKkTy; ajireOpa KiHIEBUX NPEIUKAaTiB; HOPiBHUIbHA 1IEHTU(IKALLiS.

DyHKINOHAIBHAS CTPYKTYPa NPOrHO3UPOBAHMSI KOMIIAPaTOpa B MeTo1e HIEHTH(PUKAIUU KOMMYTAIIMH
AbGen Dpund ArHaH

Teopust MHTEIUIEKTA U3Y4aeT CBA3b CyObEKTUBHOIO M 0OBbEKTHBHOIO MUPOB, BOCIPHHUMAEMBIX U aHATMU3UPYEMbIX HHTEILUIEKTOM
yenoBeka. [103ToMy, ¢ OJHOH CTOPOHBI, TEOpHsl MHTEIUIEKTa, KaK Hayka, JIOJDKHA COOTBETCTBOBaTb OOBEKTHBHBIM TPEOOBAHMSM,
HPUHSTHIM B (PU3UUECKHX HAyKaX, C JAPYrOH CTOPOHBI — BBIHY)KIIEHA ONMPATHCS HA MHTPOCICKTHBHBIE JaHHbIC MHTEIUIekTa. Kak u
JIpyrue TOYHbIC HAayKH, TEOPUs UHTEIUIEKTa HY)K/IAeTCsl B CHEHMAIBHOM MaTEMaTHIECKOM SI3bIKE, COOTBETCTBYIOIIEM O0BEKTY TEOPUH
MHTEIUIEKTa; 0COObIX METOAaX, HPUTOHBIX U1l OOBEKTHBHOIO M3yueHUs MHTEIUIEKTa 4yesoBeka. OCHOBHBIM METOIOM OOBbEKTHBHOI'O
aHAIN3a U MOJIEIMPOBaHMs paOOThl MHTEIUIEKTA YeJIOBEKa SBJIAETCA METOJ| KOMITapaTopHOH niueHTudukanuy. B metone ucnbityemslit
CBOMM IIOBEJICHHEM pean3yeT HEKOTOpbIH KOHEYHbIH IpeauKaT. B cOOTBETCTBHM C METOAOM INPOBOAUTCS 3KCIEPUMEHTAIBHOE
U3y4CHHE CBOWCTB 3TOrO IIPEAUKATA, 3aTeM I10 Pe3y/bTaTaM CTPOUTCS MaTeMaTHieckast MOZIEN b PeaKLil HCIIBITYEMOr0, CyObEKTUBHBIX
COCTOSIHMI €ro MHTesuIeKTa. MeTos KoMIapaTopHoi MIeHTH(HKAIMY MO3BOIAET C TOYHOCTHIO [0 M30MOp(hH3Ma HalTH (yHKLHIO,
peoOpasyroNyt0 (GU3MYECKHe CHTyallud B IIOPOXJAeMble MMH CyObeKTHBHble 00pasbl. B HacTosimieil crarbe BbINOJIHEHA
JIGKOMITO3MLISA TIPEJMKaTa KOMIIApaTopa M IPOaHAIM3MPOBaHa €ro (YHKIMOHAJIbHAs CTPYKTYpa, W3Y4eH Ipouece (hakTopH3aluu
MHOXECTB CYOBEKTHBHBIX COCTOSHUI MHTEJLIEKTA YeJIOBEKa.

KamoueBblie cioBa: TCOpUsS UHTCIIJICKTA, anre6pa KOHEYHBIX IIPEAUKATOB; CPAaBHUTCIIbHAA I/II[GHTI/I(i)I/IKaLII/IH.
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PA3PABOTKA DKCHEPTHOM CUCTEMBI JIJISI BBIFOPA PAITMOHAJIBHOI'O
MAPIIPYTA TPAHCIIOPTUPOBKHU CYXO®PYKTOB B YKPAUHY

Ieap cTaTbu COCTOMT B ONMCaHMU Ipolecca pa3paboTKU CHEUaIU3UPOBAHHON HKCIEPTHOM CHUCTEMBI, C peaau3aunuei
HEYeTKOr'o BbIBOJIA HA 3HAHUSIX, JUIS MOICP)KKU NPHHSATHUS PELIEHHH 110 BBIOOPY PAllMOHAIILHOIO MapIIpyTa B paMKax cO3-
JIaHMS TIOJIHOM JIOTMCTHYECKOH LN MOCTaBOK CyXO()pYKTOB B YKpauHy, B pexume ‘just-in-time’. IIpumenenue taxoit
cucremsl npu ¢popmupoBanuu LIIC nact BO3MOXXHOCTb MOBBICHTH 3((QEKTHBHOCTb OU3HEC NPOLECCOB B LEMH 3a CUET
CHIKEHHS (JMHAHCOBBIX M BPEMEHHBIX 3aTpar. Pe3yabTaThl. OnucaH npolecc pa3paboTKu SKCIIEPTHOW CUCTEMBI JUISl MOJI-
JIep>KKU TPUHATHS PEIICHNI YJaCTHUKAMH ITOJHOM JIOTHCTHYECKOH 1ery noctaBok cyxodpykros (LITIC) B Ykpauny. [lo-
Ka3aHo, YTO OJJHUM M3 Hauboliee BaXHbIX (hakTopoB, onpenensonmx s¢pdexrusnocts pynximonuposanus LITIC, sisercs
BbIOOP PalMOHAIIBHBIX MAPILIPYTOB JOCTABKH CBIPBS, COIMYTCTBYIOIMX MaTePUAIOB U FOTOBOH NPOLYKLMH B paMKaX pac-
cMaTpuBaeMoii 1ienu. IIpoaHan3upoBaHbl MOKA3aTeNM, KOTOPble HEOOXOIMMO YUMTHIBAThH IIPU MOAOOPE TPAHCIIOPTHOrO
CpeJICTBa — PACIIONOKEHNE KOHEUHbIX ITYHKTOB JIOCTAaBKH, rabapuUTOB U Beca Ipy3a, IPYTHX €ro XapaKTepUCTHK, a TAKKE
I0Ka3aTeNH, ONPEENSIONNe PalMOHAIBHOCTh MapIIpyTa — BO3MOXKHBIC OCTAHOBKH I IIMTAHUSA M HOYJIEra BOIUTENEH,
HaJIM4Ue MyHKTOB TAMOXKEHHOI'O KOHTPOJSI U JJOPOXKHBIE YCIIOBUS (COCTOSIHME IOKPBITHS, IIMPUHA JOPOXKHOTO MOJIOTHA,
IOT'O/IHbIE YCJIOBUSI, BIMSIOIINE HA COCTOSIHUE JJOPOTH, OTPaHUYECHHSI CKOPOCTHOI'O PEKMMa Ha OTJEJIBHBIX YyJacTKax Map-
mpyra). B pesynpraTe aHanu3a ycTaHOBJICH HEYETKHI XapaKTep yKa3aHHOW MH(OpPMaLUH, IPEI0XKeHO pa3paborars cre-
LUAJIM3UPOBAHHYIO SKCIIEPTHYIO CUCTEMY, PEaJIU3YIOLLYI0 HeUeTKHI BBIBOA Ha 3HaHUAX. Jl1st pa3paboTKu SKCHepTHOH cuc-
TeMbl ucnonb3oBana cpena MATLAB (nmaker Fuzzy Logic Toolbox). B Texanueckom acnekre, uist GOpMHUpPOBaHUS peliie-
HHI B 3KCIIEPTHOH cHCTeMe NPUMEHEHO IpaBuiio Mamuanuy, a juis neda3suduxanuy pesyabrata — METoJ| LeHTPa TSHKECTH.
IpuBenen npuMep 000CHOBaHHOrO BbIOOpa HanOoIee PalMOHAIBHOIO MapIIPyTa U3 ABYX BO3MOXKHBIX BApPHAHTOB.

Kamo4deBble ca0Ba: IMOCTaBKU CyXO(i)pyKTOB; JIOrUCTHYCCKasd CUCTEMA,; LICIIU ITOCTABOK; 3KCIIEPTHAsI CUCTEMA; HEYCT-
KUl BBIBOJ; IIPaBUIIO MaMZ[aHI/I; pa].[HOHaJ'[BHBIﬁ Mapuipyr.

BBepeHue

Msoroo0pasue perHoHOB MHpa, U3 KOTOPBIX OCY-
LIECTBJISIFOTCS TIOCTABKH B YKpauHy CyXo(pyKTOB, LIH-
poOKasi HOMEHKJIaTypa ITOCTaBISIEeMON MPOAYKIIMHU, YpO-
KaWHOCTh, KOJNEeOaHHe KYpCOB BAJIIOT, CE30HHOCTh SIB-
JISIFOTCSL TIPUYMHAMY BO3HHUKHOBEHHS BBHICOKOTO YPOBHS
HEONpEeeICHHOCTH B TIpoleccax (OPMHUPOBAHHS U
TIPUHATHUS PENICHUH YYaCTHHUKAMU IIENH ITOCTaBOK CY-
xo(pykroB B Ykpauny (LII1C).

OpHUM U3 TIaBHBIX (aKTOPOB, OIPEAEISIONINX
s dexTrBHOCTh (pyHKIMOHMpoBanusa 1IIIC, sBusercs
panvoHaibHas OpraHU3alysl MEePEeBO30K BHYTPU IEMH.
[Tpu sTOM BO3HMKaeT Ba)kHas 3ajada ONpeesIeHUs pa-
LMOHAJIBHOIO MapuUIpyTa JOCTaBKU TIPY30B B paMKax
HIIC, ¢ yuerom 00IBIIOrO YHCIIA Pa3HOPOAHBIX (HaKTO-
POB, BIMSIIOIIUX Ha ce0ECTOMMOCTH IEPEBO30K U YETKO-
T'O BBITIOJTHEHUS UX Tpaduka.

Jnst  ananmza 3p(PEKTUBHOCTH JIOTHCTHYCCKHUX
MapUIpyToOB B HACTOsIIEE BPeMsi MMeeTcsl OONbIIOe KO-
JIMYECTBO PA3IUYHBIX MOJIENIel U METOJ0B, BEIOOP KOH-
KPETHBIX CPEJICTB 3aBUCHT OT (DAaKTOPOB, OIMTUCHIBAIOIINX
JTUHAMHYHOCTh (DYHKIIMOHMPOBAHUSI KOHKPETHOTO Ba-
puaHTa peanuzauuu uend [1, 2].

Konnenmuss mnoctpoenus HIIC mpenmonaraer
KOMIUIEKCHOE TIPECTaBICHHE NPOLECCOB, HAYMHAS OT
MIPOU3BOJICTBA CHIPBS (CBEKUX (PPYKTOB) M OXBATHIBAET
BCEX IOCTABIIMKOB TOBAapOB, YCIYr M WH(OpMAaIHH,
JO00ABJISIFONIMX IEHHOCTD Ul TIOTpeOUTeNell 1 ApYyrux
3aMHTEPECOBaHHBIX JIHI. TakuM 00pa3om, 3 PeKkTHBHOE
¢ynxmonnposanue LIIC mpenmonaraer MHTErparuio
KJIFOUEBBIX OM3HEC-TIPOIECCOB: YIPABJICHHUS B3aWMOOT-
HOUICHUSIMHU C MOTPEOUTENSIMU; OOCITY)KUBaHUS TIOTpe-
OuTesell; aHajIM3a CIpOCa; YIPaBJICHHUS BBINOJIHEHHUEM

3aKa30B; O0ECHEUEeHHUs [TPOM3BOICTBEHHBIX IIPOIECCOB;
yIpaBieHus cHaOxeHneM. [Ipy 3TOM OCHOBHBIM MeXa-
HU3MOM TIOBBINICHUS 3(PPEKTUBHOCTH (HYHKIIHMOHUPO-
Banus LIIC sBisercs MUHMMM3AIUS TPOU3BOJCTBEH-
HBIX M3JIEP’KEK B TOM YHUCIIE, U 33 CUET CHU)KEHHS CTOU-
MOCTH NEPEBO30K, ITPU COOJIOICHUH TIPUHIIHIA ‘just-in-
time’ [3, 5].

Llean cTaThbl COCTOUT B OIMMCAHUHM IPOIIECCca pas-
pabOTKH CIieNHUaNTN3UPOBaHHOM 3KCIIEPTHON CUCTEMBI, C
peanu3anuell HEeYETKOro BBIBOAA HA 3HAHUSX, JUIS ITOJI-
JIEPXKKU TIPUHATHUSA PEIICHUH 10 BHIOOPY paliMoOHaIBHO-
ro MapuipyTa B paMKax CO3/IaHHs IOJHOH JIOTHCTHYe-
CKOM IIETIM ITOCTaBOK CyXO(pYyKTOB B YKpauHy, B pe-
xuMe ‘just-in-time’. [IpuMeHeHne Takoi CUCTEMBI TPH
¢opmupoBanuu I{I[IC macT BO3MOXHOCTH ITOBBICHTH
3¢ (GEeKTUBHOCTh OHM3HEC MPOIECCOB B IICMU 3a CYET
CHIDKEHMS (DMHAHCOBBIX M BPEMCHHBIX 3aTpaT, B 4acT-
HOCTH, oOecIieueHHsi CBOEBPEMEHHOH JIOCTAaBKH CYXO-
(pPYKTOB JUIs pean3aliy YKPaMHCKHM ITOTPEOUTEISIM.
VYkazanusiii 3¢ext Oyaer JOCTUTHYT 3a CUET CHIDKE-
HUS PUCKA MPHHATHSA OMIHOOYHBIX PEIICHUN JOTHCTaAMU
IIpU OpraHu3aIMy nepeBo3ok B pamkax LIIC.

OcHoBHas YacTb

Pemenne 3amaun BbIOOpa BHOa TpaHCIOpTa CamMo
mo cebe He obecreunBaeT 3(PPEKTUBHOCTH MPOIECCOB
TPaHCIOPTHPOBKH CYXO(PPYKTOB B paMKax JIOTHCTHIE-
ckoii en moctaBok cyxoppykroB (LIIC) B Ykpauny;
Ha Ka4ecTBO M CKOPOCTh IEPEBO3KH HAMPSIMYIO BIHSACT
pauroHanbHbIH BEIOOp Mapuipyra. COXpaHHOCTh rpy3a
U U3BIICYCHHE MAKCUMAJBbHOH MPHUOBLIM HA MPAKTHKE
JIOCTUTAIOT C ITOMOIIBI0 COCTaBJICHHSI PalyOHAIBLHOTO
mytu cienosanus [1, 2, 6]. Ilpu cocraBneHun paruo-
HAJILHOTO MapupyTa HEOOXOIUM YUYEeT pacIOIOKEHHS
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KOHEYHOI'0 MyHKTa JOCTaBKH, rabapuToOB U Beca Ipysa,
a TakXke ero xapakTepucTuk. C yueToM IepeuucieHHbIX
rapamMeTpoB TOIOHMpaeTCcs TPAHCIIOPTHOE CPENCTBO,
HE00X0ANMOE ISl IEPEBO3KH.

B xoxe mpoexrupoBanust LIIIC nomkeH ObITH co-
CTaBJIeH MapuUIpyT CJEIOBaHHsi, B KOTOPOM YUTEHBI
BO3MOXKHBIE MECTa OCTAHOBOK JUISl TIMTAHUSI U HOWIEra
BOJIUTEINS, TAK M PACCMaTPHUBAIOTCS ITYHKTHI TaMOXEH-
HOro KoHTpossi. Kpome Toro, Heo0XoauM yder cocTosi-
HUSI TOPOXKHOT'O TIOKPHITUS U TIEpeCcedeHHe TPaHuIl Ipy-
rux rocygapcts. Kpome Toro, npuHUMAaOTCS BO BHUMA-
HHE 0COOEHHOCTH Ka)K/I0TO0 PErHOHa Ha IyTH CJeqoBa-
HUS Tpy3a. HeoOXoquMO YYHTHIBaTH TaKXKe MIHUPHHY
JIOPOTH M KAYECTBO ITOKPBITHS IOPOXKHOTO MOJOTHA M
MIOT'OJTHBIE YCJIOBUS, BIMAIOLINE Ha COCTOSHHE TOPOTH.
Jns obecrieueHHst JOCTaBKM B peXHUMeE just-in-time
JIOJDKHBI OBITH yYTEHBI OrpaHHMYEHUs] CKOPOCTHOTO pe-
)KMMa Ha OTJIEJIBHBIX yJacTKax MapuipyTa.

[TpuHSTO BBIAEIATH TPU OCHOBHBIX CHOC00a Tepe-
BO3KHU Ipy3a [2]: MasITHUKOBBIH CIIOCO0 (OCYIIECTRIISCT-
cs MEXAYy ABYMsI NMYHKTaMH); KOJNbBLEBOH (3arpyska-
BBITPY3Ka OCYIIECTBIISIETCSI HA TPOTSDKEHUU BCETro MyTH
ClIe/IOBaHusl); pa3BO3HOU (pa3rpy3Ka OCYIIECTBISETCS B
HECKOJIBKUX MECTaXx).

Pa3Bo3HbBIE U KOJBLEBBIE CIIOCOOBI MEPEBO3KU SIB-
JISIFOTCSL CAMBIMU BBITOJTHBIMH, TIOCKOJIBKY Ha BCEM ITyTH
CIIEZIOBaHUS aBTOTPAHCIIOPTHOE CPEACTBO MPAKTUIECKU
He ocTaercsl MOpoXHUM. [Ipu 3TOM MapHIpyT OKymHaer-
csl, a 3HAYUT, CHMKAeTcsi ce0eCTOMMOCTH IEpPEBO3OK.
JIisl MasiTHUKOBBIX MaplIpyTOB HEOOXOJHMM CIIEIHaIIb-
HBIH pacuer, 4ToObI MallMHA HE OocTaBajlach Ha 00part-
HOM NYTH HOpokHed. B aToM cimydae MoxHO mpocuu-
TaTh BapUAaHTHl BO3BpaTa aBTOTPAHCIIOPTA JAPYTUM ITy-
TEM C TeM, YTOOBI JIOTPY3UTh TPAHCIIOPT U OKYIHUTH
pacxoibl Ha 00paTHYIO JOpOTYy.

B TpaHCIOpTHO!M JTIOTUCTUKE JIF000H MapIIpyT MO-
JKeT ObITh OTHECEH K OJHOM W3 YeThIpeX KaTeropuii [2]:
TOPOACKHE MapUIPYThl — OCYILECTBISAIOTCS B Ipeaenax
OJTHOT'O T'OpoJia WJIM HACEJIE€HHOTO IYHKTa U IPeIesbl
TOPOACKON YepThl He IepeceKaloTcsl; MPUTOPOAHBIE
MapuIpyThl, KOTOpbIE TPU3BAHBI OOECIIEUNUTH CBS3b Me-
KLy TOPOIOM U ITyHKTaMH, HaxOJSIIUMUCS B pajuyce
0 50 KM OT TOPOJCKOM YepThl; MEXIYTOPOIHUE Map-
HIPYTHI, OXBATHIBAIOUIME BCIO TEPPUTOPUIO CTPAHBI;
MEXIyHapOIHble MapIIpyTHI, Mperonararoimue mnepe-
CeueHHe TpaHMIl rocygapcTBa. l'opoickoit MapumipyT
TUIAHUPYETCS C YUETOM YTPEHHHX M BEYEPHUX MPOOOK B
OIpe/IeJIeHHBIX paliOHaX ropoja, HaIu4usi cBeTo(hopoB
Ha IIyTH, BEIYLIMXCS JOPOKHO-CTPOUTEIBHBIX PadoOT.
[TpuropoaHsie MapUIpyThl JOJDKHBI YYWUTHIBATH ILIOT-
HOCTHh aBTOMOOMJIBHOTO TIOTOKa Ha BBIE3JIE M3 T'Opoja.
[Ipy nmaHMpoBaHWKM MapuIpyTa MEXKIYHAPOIHBIX TPY-
30IePEBO30K HEOOXOMUMO TPOCYUTATH BPEMsi, KOTOPOE
MOXET OBITh MOTPAYeHO IPU MPOXOXKIACHHH TaMOXKEH-
HOT'0 110CTa, COCTOSIHUE JAOPOXKHOIO MOJIOTHA U IIPpaBUia
TMIOJIB30BAaHUS aBTOTPACCaMHt 3a pyOexoM (3a TpaHuLeit
MHOTHUE JIOPOTH SBJISIFOTCS IUTATHBIMH).

IIpu TtpancnoptupoBke rpy3oB B pamkax LIIIC,
Ba)XHBIM KPUTEPUEM BBICTYNAET BpPEMsSI JOCTaBKH ChI-
PBsl, COMYTCTBYIOIIUX MaTEPHalIOB U T'OTOBOM HPOIYK-
ui. CTOMMOCTh NEPEBO3KM IPY30B BKIIIOYAETCS B Ce-
0eCTOMMOCTh TOBapa, MCXOIs W3 ITOr0, UMEET MECTO

mpsiMasi 3aBUCHUMOCTb MEXAY IPOAOIKHUTEIHHOCTHIO
MapIpyra ¥ CTOUMOCTBIO TOBapa

Jis BeIOOpa palMOHAIBHOIO MapIpyTa TpaHc-
TIOPTUPOBKH 11€JIECO00pa3HO TIOCTPOUTH HEYETKYIO MO-
nens B cpene MATLAB u pa3paboraTh 3KCHEPTHYIO
cucreMy, (hyHKIIMOHUpOBaHHWE KOTOPOH Oyaer ocyiie-
CTBIISITHCSL HA OCHOBE HEYETKOTro BHIBOJA. MHTepaTus-
HBI pexuM OOecredyeH 3a CYeT NPUMEHEHHUs IaKeTa
Fuzzy Logic Toolbox, BXOASIIEro B COCTaB CpEIbI
MATLAB [4].

B kayecTBe BXOMHBIX IapaMETPOB CHCTEMBI He-
YEeTKOr0 BBIBOJA, I ONpEAENCHHUS PpalUdOHAIBHOTO
MapIipyra MeXIyHapOoAHOH TpaHCIIOPTHUPOBKH, pac-
CMOTPHUM 4YETHIPE HEUETKHE JIMHTBHCTUYECKUE Iepe-
MEHHBIC: MTOTOTHBIC YCIOBHS, KauyeCTBO MOKPHITHS IO-
POXHOr0O MOJIOTHA; KOJMYECTBO BCTPEUAIOIIUXCS Orpa-
HUYCHUN CKOPOCTHOTO PEKHUMA; BPEMs MPOXOKICHUS
TaMO)KEHHOT0 mocTta. IIpu 3TOM BBIXOTHBIMHU IEPEMEH-
HBIMA OyIyT: BpeMsl TPAHCIOPTHPOBKH, CTOMMOCTH
TPaHCIOPTUPOBKHU.

B kauecTBe CXeMBI HEUETKOTO BBIBOJIA TPUMEHIEM
MeTox MamaaHu, cle0BaTeIbHO, METOIOM aKTHUBAIUH
oyner MIN [5]. B kauectBe Meroma neda3z3udukaiium
MIOJYYEHHOr0 pe3yJbTaTa MCHOIb3YeM METOJ IEHTpa
TSKECTH.

Jlns mocTpoeHus HEYeTKOW Mojenu BbIOOpa pa-
LMOHAIBHOIO0 MapLIpyTa TPaHCIOPTHUPOBKH IPEAIONO-
’KHM, 4TO BCE pacCMaTpHBaeMble BXOJHBIC MIepEMEHHbIE
U3MEPSIOT B OaiIax B MHTEpBAJIE NEHCTBUTEIBHBIX YH-
cen or 0 mo 10, roe camas HU3Kas OIEHKA 3HAYCHUS
KaXka0# u3 nepemeHHsIx — 0, a camas Beicokas — 10.

TepM-MHOXECTBO ISl TIEPBOM BXOJHOW JMHTBUC-
TH4eckoit mepemennoit “Iloromuepie yeinosus™ (Pogoda):
T, ={*ynoBnerBopurenpHas’, ‘“xopouias”, “IipeBOCXO/I-
Has”’}. [lns BTOpoil BxomHOW mepemeHHOH ‘“KauectBo
nokpertus” (Pokrutie): 7, ={“muoxoe”, “cpennee”, “or-
nuyHoe”}. Jlns TpeTrheidl BXOJHOHM JIMHIBHCTHYECKOM
nepeMeHHo# “Orpanmdenus ckopoctu” (Ogran_sko-
rosti) 73 ={“o4eHp MHOro”, “mHOro”, ‘“mamo”}. s
YETBEPTOM BXOMHOW JIMHTBUCTUYECKOW TIepeMeHHON
“IlpoxokaeHne TaMOXeHHBIX MocToB” (Tamozhen
postu): 7, ={“mMemnenHo”, “ObicTpo”, “o4eHb OBICTPO™}.

B kauectBe TepM-MHOXKECTBa MEPBON BBIXOJHOM
JIUHTBUCTUYECKON mepeMeHHoH “Bpems TpaHcmopru-
poBku” (Vrema): 75 ={“ornmuHoe”, “xopouiee”, “cpen-
Hee”, “maoxoe”, “oYeHb II0X0e”}.

B kadecTBe TEpM-MHOXXECTBa BTOPOM BBIXOJHOM
JIMHTBUCTUYECKOM nepeMeHHON “CTOUMOCTh TpaHCIOp-
TUpoBKK” (Stoimost): T ={“oueHp HU3Kas”, “ HU3KAs ~,
“cpemHss”, “BBICOKas ”, “OucHb BBICOKas™ }.

3ajaya HEYETKOr0 MOAETUPOBAHUS pellieHa Ha OC-
HoBe mpaBwia Mawmzanu. [Ipu sToM ocraBieHbl 6e3
W3MEHEHHs] TapaMeTpbl pa3padaThiBaeMOW HEYEeTKOM
Mozenu, npemioxkeHHsle cucreMoi MATLAB 1o
YMOJIYAHHIO: JIOTUUECKHE orepanuu (min - it HeYeT-
Koro jorudeckoro «M», max - Ajs HEYETKOro JIoTHYe-
ckoro «MJIN»), MeToa MMIDIMKAIKHU (min), METOX arpe-
rupoBaHus (max) u Meton nedaszsudukanuu (centroid).
3arem, B XOJie PEUICHUs 3a/Jaud, OBbLIM OIpEeesICHBI
(GYHKIMU TPUHAIICKHOCTH TEPMOB I KaXIOW U3
YeThIPEX BXOIHBIX M OJHON BBIXOMHOW IMEPEeMEHHBIX
paccMaTpuBaeMol CHUCTEMbI HEUETKOro BeiBoza. Jlaiee,
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IUTsl  pa3pabaThIBAEMON 3KCIIEPTHOM CHCTEMBI, ObLIa
copmupoBaHa 0aza 3nanuii u3 30 npaBwi. Ha pucynke
1 mokazaH peaaKTop MpaBWil, BXOAALIMX B COCTaB He-
4yeTKkol 0a3bl 3HAHWI IKCIIEPTHOH CHUCTEMBI, BBI3bIBaE-
Mbiil pynknueit ruleedit (‘marschrut’). 3atem npoBenen
aHaJIM3 TIOCTPOCHHON CHCTEMBI HEUETKOTr'O BBIBOJA JIJIS
paccMaTtpuBaeMoil 3ajaud  BBIOOpAa  PAIMOHAIEHOTO
Mapuipyra TPaHCIIOPTUPOBKH IapTHH CYXO(PYKTOB MO

MEXIyHapoaHoMy Mapipyty. Ilyrem BBOAa 3HadeHUs
BXOJIHBIX ITEPEMEHHBIX UIS IEPBOr0 BapHaHTa MapIipy-
Ta, MOJy4EeHO 3HAUYEHHUE BXOJHOW MEPEMEHHON «IOroj-
HBIC YCIIOBHS» - 5 0aJlJIOB, 3HAYCHHWE BXOJHOH mepe-
MEHHOH «Ka4eCTBO MOKPBITUS» — 4 Oailia, 3HAYCHUEC
BXOJIHOM TEpEMEHHOM «OTpaHUuYEHUS CKOPOCTH» —
6,8 O6aToB, 3HAUEHHE BXOMHON nepeMeHHOo# «[Ipoxoxk-
JIEHHUE TAMOXKEHHBIX ITOCTOBY» — 7 OaJIIoB.

" -
B Rule Editor: Marschrut . ! < EIEIQ
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Puc. 1. Penakrop npaBui 6a3bl HEYETKUX 3HAHUH SKCIIEPTHON CHCTEMBI
T10 BEIOOPY PaIlOHAIBHBIX MapIIPYTOB IepeBo3oK B pamkax LITIC

B pesynbraTe npoueaypa HEUETKOTO BHIBOJA, BBI-
nosiHeHHas ¢ momorpio cucteMbl MATLAB nms paspa-
0OTaHHOW HEYETKOW MOJIEN, BhIJAE€T 3HAUEHHE BBIXO-
HBIX nepeMeHHbIX «Bpewms tpancnoptupoBkm» u «Cto-
HMOCTh TPaHCIIOPTUPOBKU», paBHOe 41,5 wacos u 12,7
ThICAY TPUBEH COOTBETCTBEHHO. [lJ11 BTOpOro mapuipy-
Ta 3HaYEHHWE BXOAHON NEpEeMEHHOM «IOroJHbIE YCIIO-
Bus» OBUIO OLEHEHO B 5 0ayioB, 3HAYEHUE BXOIHOM
MepeMEHHOM «Ka4eCTBO MOKPBITHS» — B 7 OAJJIOB, 3HA-
YeHUE BXOJHON NMEepeMEHHON «OTrpaHUYEHUSI CKOPOCTH»
— B 4,5 Oaya, 3HaUYCHHWE BXOJHOM mepeMeHHO# «IIpo-
XOXKJICHHE TaMOYKCHHBIX TOCTOB» — B 3,5 Oama. B pe-
3yJbTaTe MpoLeaypa HEYETKOro BBIBOJA J1ana BO3MOXK-
HOCTh TIOJIYYUTh 3HAUEHMsI BBIXOIHBIX IE€PEMEHHBIX
«Bpems TpancnopTupoBku» U «CTOMMOCTH TPaHCIOP-
TUPOBKU», paBHOe 49,2 yaca u 15,6 ThICSIY TpUBEH CO-
OTBETCTBEHHO.

[Ipoananu3upoBaB HONYy4YEHHBIE PE3YyJIbTaThl 3HA-
YeHUE BBIXOIHBIX MepeMeHHbIX «Bpems TpaHcHopTu-
poBkr» U «CTOMMOCTH TPAHCHOPTUPOBKW», MOXKHO
cAenaTh BBIBOJ, YTO OCYLIECTBISATH TPAHCIIOPTUPOBKY
rpy3oB B pamkax L{IIC BbIronHee npon3BOAUTE IO Mep-
BOMY BapHaHTy MapIIpyTa.

Ha puc. 2 noka3zas nporecc BU3yalIu3aluy noBepx-
HOCTH HEUETKOT'0 BBIBOJ]A PACCMATPUBAEMOM MOJIETH IS
BXOJHBIX IepeMeHHbIX «OTpaHHueHHs CKOPOCTH» H
«IIpoxokaeHne TaMOXKEHHBIX MOCTOBY». JlaHHOE cpercT-
BO BU3YyaJIM3aIlMM JaeT BO3MO)KHOCTh YCTAaHOBUTH 3aBH-
CUMOCTb 3HaYEHUM BBIXOJHOM MepeMeHHON OT 3HaUYeHUI

OTJCTBHBIX BXOJIHBIX TEPEMEHHBIX HEYCTKOH MOJICIH.
AHanmM3 3THX 3aBHCHMOCTEH CITy)KUT OCHOBaHUEM [UIS
M3MEHEHUS (DYHKIIUH TPUHAUICKHOCTH BXOMHBIX TEpe-
MEHHBIX WJIM HEYSTKHX TPAaBWI B LEMAX ITOBBIIICHUS
aJIeKBATHOCTH CUCTEMBI HEUETKOTO BBIBOJIA.

PaccmoTpeHHas HeueTkas MoJelb 00Jamaer Joc-
TATOYHOM ajieKBaTHOCTHIO. OnHaKo ayst ee Oojee TOH-
KO HACTPOWKH HEOOXOIUMO HCITOJIb30BaHHUE TOMOHU-
TENIFHBIX METOAMK OAJIbHOW OLEHKU OTIENbHBIX KOJH-
YECTBEHHBIX 3HAUCHHUI BXOIHBIX W BBIXOIHBIX JIMHTBUC-
TUYECKUX MEPEMEHHBIX.

CucremMbl HEUETKOTO BBIBOJA, CO3/IaHHBIE C TTOMO-
uipto nmakera Fuzzy Logic Toolbox, momyckaroT HHTe-
Ipalliio ¢ HHCTpyMeHTaMu nakera Simulink [4, 7], uro
MO3BOJISIET BBINOIHATH MOJCIUPOBAHUE CHUCTEM B paM-
Kax mocjenHero. B kadecTBe nmpuMepa, Ha puc. 3 Imoka-
3aHa MOJIENIb CHCTEMBI YIPaBJIEHUS BBIOOpA palHo-
HaJIBHOTO Mapupyra TpaHcropTupoBku BHyTpu LIIC
IUTs IapaMeTpoB {5, 4, 6.8, 7.2}, mogoOHas jxe MOACIh
ObUTa MOCTpOCHA I mapamerpoB {5, 7, 4.5, 3.5}. B
pe3ynbTare CpaBHEHHUSI PE3YJbTATOB MOJIEIUPOBAHUS
ObUIO YCTAQHOBJIEHO, YTO 3HAYEHUS! BBIXOAHBIX IIEepe-
MeHHBIX «Bpems TtpancnoptupoBkm» U «CTOMMOCTB
TPaHCIIOPTUPOBKU» COCTABIISIIOT: JUIsl IEPBOTO BapUaHTa
Mapipyta 41,54 gaca u 12,75 Teica4 rpuBeH, Ui BTO-
poro BapuanTa mapuipyta 49,33 yvaca u 15,62 ThICcSY
TpUBEH. YKa3zaHHbIE DPE3yIbTaThl IMOJTBEPXKAAIOT, YTO
JUTS. TPAHCIIOPTUPOBKH CYXO(PPYKTOB IIeJIeCO00pa3HO
UCIIOIb30BAaTh MEPBBIH BApPHAHT MapIpyTa.
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Puc. 3. Mozens ciucTeMsl yrpasieHus A7 IEpBOro BApHaHTa MaplIpyTa TPaHCIOPTUPOBKHU B pamkax LIIIC

BbiBoabl

Jus addexTuBHOrO (HYyHKIMOHUPOBAHHS TOIHON
JIOTUCTUYECKOM LIENH MOCTaBOK CyXO(ppYyKTOB B YKpau-
Hy HEoOXOIUMO peIleHHe 3aJayd BhIOOpa paluoHAIIb-
HBIX MapUIPYTOB TPAaHCIIOPTUPOBKH I'py30B. [Ipemaoxen
BapHaHT PEIICHUs yKa3aHHOH 3aJa4u IIyTeM pa3pador-
KU CHEUUaIbHON SKCIEPTHON CUCTEMBI C HEYETKUM BBI-
BOJIOM Ha 3HAHUSX, JUIS TIOJJIEPIKKY NPUHSATHUSI PELICHUH

JIOTHCTAaMU IIPU OpraHM3alliy IepeBO30K. B KkauecTBe
cpeactBa goctaBku rpy3oB B LIIIC BeIOpaH aBTOMO-
OWNbHBIN TpaHcnopt. HCTpyMeHTapueM s pa3pabot-
KU DKCIIEPTHOM cHcTeMbl ocmyxui naker Fuzzy Logic
Toolbox, Bxomsmuii B cocraB cpensi MATLAB.. Pac-
CMOTpEH IpuMep O00OCHOBaHHUSI C MOMOIIBIO pa3zpado-
TaHHOW HKCIIEPTHOH CHUCTEMBI, BBIOOpA PAIlMOHAIEHOTO
Mapupyra, 1o AJUTEIBHOCTH U CTOMMOCTU TPaHCIOp-
TUPOBKH, U3 IByX BO3MOXKHBIX BapUaHTOB.
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Po3pobka excnepTHOi cucTeMu s BUOOPY panioHATBLHOI0 MApIIPYTy TPAHCIIOPTYBAHHS CYXO()PYKTIB B YKpaiHy
S1. Paxiwmi, O. I. ®eokrrcroBa

Mera cratTi noysrae B onuci Ipornecy po3poOKH CHeLiali30BaHOl eKCIIEPTHOI CUCTEMH 3 pealli3alliclo HediTKOro BUBEICHHS
Ha 3HaHHSAX [UIA HiJTPUMKU IIPUHHATTS pillIeHb 0 BUOOPY ONTHMAJIBHOTO MaplLIpyTy B paMKaX CTBOPEHHS ITOBHOI'O JIOIiCTHYHOIO
JIAHITIOTa TIOCTaBOK CyXO(QPYyKTIB B YKpaiHy, B pexxuMi 'just-in-time ". 3acTocyBanHs takoi cucremu npu ¢popmysansi LIIIC nacts
MOJKJIMBICTb IiJBUIINTH e(EeKTUBHICTH Oi3HEC MPOLECIB B JIAHIIIO3] 3d PAXyHOK 3HIDKEHHs (DiHAHCOBHX 1 THMYAaCOBUX BUTpaT. Pe-
3yJbTaTi. OnicaHo npouec po3podKK eKCIIepTHOI CUCTEMH IS TiATPUMKH IPUHHATTS PillleHb YYaCHUKAMH [TOBHOTO JIOTiCTUYHO-
ro jaHmora rnocraBok cyxo¢ppykrtiB (JIIIC) B Vkpainy. [TokazaHo, o oJHAM 3 HAHOLIBII BaXWIMBHX (DaKTOPIB, IO BU3HAYAIOTH
edexruBHicTs (yHkuioHyBanHs JITIC, € BuOip pauioHaIbHUX MapLIPYyTiB JOCTABKH CUPOBHMHH, CYIYTHIX MaTepiaiB i roToBOI Ipo-
IyKuii B paMKax faHoro JiaHora. [IpoaHasti3oBaHO OKa3HUKH, sIKi HEOOXiJHO BPaXOBYBaTH HMPH i100pI TPaHCIOPTHOrO 3aco0y -
pO3TalllyBaHHs KiHIEBUX IMyHKTIB JJOCTaBKHM, rabapuTiB 1 Baru BaHTaXy, HIIMX HOro XapaKTEPUCTHK, a TAKOX ITOKa3HUKH, 1110 BU-
3HAYaIOTh PALliOHAIBHICTh MAPIIPYTY - MOXUIMBI 3YITHHKH JUIS XapuyBaHHs Ta HOYIBII BOJUiB, HASBHICTb ITyHKTIB MUTHOI'O KOHTPO-
JIIO Ta JIOPOXKHI YMOBH (CTaH IOKPUTTS, IIMPHHA JOPOKHBOTO MOJIOTHA, TIOTOJHI YMOBH, 110 BIUIMBAIOTh HA CTaH JIOPOTH, OOMEXKEH-
Hsl IIBUZIKICHOTO PEXMMY Ha OKPEMHUX JIISHKax MapIpyTy). B pesynbrari aHami3sy BCTAHOBIEHO HEUITKHI Xapakrep 3a3Ha4CHOL
iH}opMmartii, 3aIPOIIOHOBAHO PO3POOUTH CIELiaTi30BaHy eKCIIEPTHY CHCTEMY, 10 peali3oBye HEUiTKUI BUBEICHHS Ha 3HaHHX. [l
po3pobku ekcriepTHOI cucremu Bukopucrane cepeposumie MATLAB (maker Fuzzy Logic Toolbox). B TexHiuHOMy acnekTi, Juist
(bopMyBaHHS pillleHb B €KCIIEPTHI CUCTEMi 3aCTOCOBAHO NpaBmiio MamuaHi, a 1 aedasudikariii pe3yasTaTy - METOZ LIEHTPY TsI-
xiHHs. HaBeneHo npuiag o0rpyHTOBaHOrO BHOOPY HAHOUIBII palliOHAIBHOIO MapIIPYTY 3 IBOX MOXIJIMBUX BapiaHTIB.

Kaw4doBi caoBa: nmocraBku Cyxo(QpyKTiB; JOTICTHYHA CUCTEMA; JIAHIIOTY [TOCTABOK; EKCIIEPTHA CHCTEMa; HEUiTKE BH-
BEZICHHST; IPaBUIO0 MaM/aHi; pariioHabHIN MapIIpyT.

Development of expert systems for election of a rational transportation route of dried fruits to Ukraine
Ya. Rahimi, O. Feoktystova

The purpose of the article is to describe the process of developing a specialized expert system, implementing a fuzzy con-
clusion on knowledge, to support decision making on the selection of a rational route in the creation of a complete logistics chain
of supplies of dried fruits to Ukraine, in the 'just-in-time' mode. The use of such a system in the formation of the CPC will make
it possible to improve the efficiency of business processes in the chain by reducing the financial and time costs. Results. The
process of developing an expert system to support decision-making by participants in a complete logistics chain of deliveries of
dried fruits (DDF) to Ukraine is described. It is shown that one of the most important factors determining the efficiency of the
DDF, is a rational choice of delivery routes of raw materials, related materials and finished products in the framework of this
chain. Analyzed parameters that must be considered when selecting a vehicle - the location of the final destination, size and
weight, its other characteristics, as well as indicators that determine the route rationality - possible stops for food and accommo-
dation of drivers, the presence of customs checkpoints and road conditions (state cover, width of the roadway, weather conditions
affecting the state of the road, speed limits on certain sections of the route). As a result of the analysis, the fuzzy nature of this
information is established, it is proposed to develop a specialized expert system that implements an unclear conclusion on knowl-
edge. To develop an expert system used in MATLAB (Fuzzy Logic Toolbox package). In the technical aspect, to form solutions
in the expert system, rule applied Mamdani, and for defuzzification result - the center of gravity method. An example of an in-
formed choice of the most rational route from two possible variants is given.

Keywords: delivery of dried fruits; logistics system; supply chain; expert system; fuzzy inference rule Mamdani; a ra-
tional route.
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IHTEJEKTYAJIBHA CUCTEMA KOHTPOJIIO CTAHY
HEBE3INEYHUX AIJIAHOK 3AJI3HUYHOI'O LJIAXY

AKTyaabHiCTh. 3ai3HNYHAN TPAHCIIOPT € OJHUM 3 HAWBIIUBIMIMX 00'€KTiB KPUTHUYHOI iHPPACTpyKTypu YKpaiHu i uis
3a0e3reueHHs Horo Oesnexkn Morpedye BJIOCKOHAJICHHS CHCTEMa yNpaBIiHHA OE3NEeKOI pyXy IOi3JiB IUIIXOM BIIPOBa-
JUKCHHS CY4aCHUX KOMIT'TFOTEpHUX iH(OpMaIiHUX TeXHOMOTiH 1 3ac00iB. OHMM 3 TaKUX LULAXiB € BUKOPUCTAHHS 1HTEIe-
KTYaJIbHOI CHCTEMH KOHTPOJIO CTaHy HeOe3NeUHMX AUISHOK 3alli3HMYHOrO IIUIAXY, 30KpeMa Ha 3aJli3HUYHUX Iepei3nax.
Bupimenns nanoi npobnemu HaOyBae e OLIBIIOT aKTYalbHOCTI B pasi, AKIIO MOOIJIbHA Mepexa MepeHaBaHTaXKy€eThCs Ta
MAIIMHICT BTPayae 3B'I30K 13 KAMEPOIO B1JICOCIIOCTEPEKCHH Ha Nepeis i, B pe3yabTaTi 4oro He B 3M03i CIIOCTepiraT CTaH
nepeizay. ¥ CTaTTi 3aIpONOHOBAHO BUKOPUCTAHHS IHTENEKTYaJIbHOI CHCTEMH [UIsl KOHTPOIIIO CTaHy HEeOEe3MeUHUX AiIIHOK
3aJIi3HUYHOrO LUIAXY, 30KpeMa Ha 3ali3HMYHOMY Inepeisni. PesyabTaru. Po3risHyro 3aranbHy apXiTeKTypy 3ropTaibHOL
HEHpPOHHOI Mepexi. 3arpOIIOHOBAHO ONTUMI30BaHy apXiTEKTYPY 3rOpTaJlbHOI HEHPOHHOI Mepexi Ul po3i3HaBaHHA HeOe-
3MEYHUX CUTYallill Ha 3ayi3HM4HOMY luIAXy. HajgaHo pekomeHzanii 11010 HAJIAINTYBAHHS IapaMeTpiB, sIKi BapirOIOThCH,
py 1oOy/0Bi Ta HABYAHHI 3ropTanbHOi HeHpOHHOT Mepexki. HaBeneHi pe3ynbraTu TecTyBaHHS poOOTH Mepexi IpH po3Ii-
3HABaHHI BIJIBHOIO LIIJIAXY Ta IPH HAasBHOCTI KPUTUYHOI CUTYalii 3a pi3HUX yMOB. BucHoBKH. Ozieprxaina moaansoro po-
3BUTKY IHTEJICKTYaJIbHA CHCTEMa KOHTPOIIIO CTaHy HeOEe3MeUHHX NUITHOK 3aJIi3HUYHOrO IIUIAXY, SKa BiAPI3HAETHCA Bill Bi-
JIOMUX BUKOPUCTaHHAM ONTHMIi30BaHOI apXiTeKTYpPH I 3MEHILECHHS 4acy oOpoOKH 300paskeHb, 110 JO3BOIMIIO MiJIBUILH-
TH TOYHICTb Ta ONEPATHBHICTh PO3ITiI3HABAHHA CUTYallill HAa 300pa)KeHHAX Ta, K CHiACTBO, IiJBUIIUTH PiBEHb O€3IEKH 3a-
JII3HUYHOIO TPAHCIIOPTY Ha OKPEMUX HeOe3NEeUHHX AUISHKAX.

Kaw4doBi caoBa: iHTeJ'leKTyaJ'lea CHUCTEMA, Bil[eOCHOCTepe)KeHHH; 3ropTajibHa HeﬁpOHHa MEpexa.

BecTtyn

3aBnaHHsl 3a0e€3MEYEeHHs] 3aXUCTy KPUTHUYHOI iH-
¢dpacTpykTypu YKpaiHU Bif pi3HHUX BHIIB 3arpo3 € Ha
JaHWH 4yac HaWOueIn axkTyanbHuM. [1]. 3ami3HUYHUI
TPAHCIIOPT € OJHUM 3 HAHBAXKIUBIMINX 00'€KTIB KPUTH-
4yHOi iH(PACTPYKTYpH YKpaiHu 1 s 3a0e3nedyeHHs
Horo Oesmeku mOTpeOye BIOCKOHAJIEHHS CHCTEMa
yIIpaBiIiHHS OE€3MEeKOI PyXy IOi3/iB LUIIXOM BIpPOBa-
JOKEHHSI Cy9acCHHX KOMITIOTEPHUX 1H(QOpMaIiiHUX TeX-
HOJIOTIH 1 3ac00iB [2, 3]. OnMHUM 3 TaKUX NUIXIB € BH-
KOpPHCTaHHS 1HTEJIEKTYaJIbHOI CHCTEMH KOHTPOJIO CTa-
Hy HEOE3MEeUHUX AUISHOK 3aJII3HUYHOTO MUISXY, 30Kpe-
Ma Ha 3aJII3HUYHUX Tepeiznax.

AxTyaabnicTs. [IpoBenenmii ananis [4 — 7] moka-
3aB, 10 B JIAHWH Yac CUCTEMaMH BiJ€OCIOCTEPEKEHHS
o0JIaITOBaHa JIMIIE HEBEJIMKA OIS HeOe3NeUHUX IiJis-
HOK 3JII3HUYHOTO IIUIAXY, nepei3aiB B Tomy yucii. Ja-
HUH BiJlc0 KOHTPOJb 3MIACHIOETHC T (ikcamii mopy-
LIEHb NPaBWJI JOPOXKHBOTO PyXY IPHU MEpeciueHHi 3ai-
3HUYHUX IIEpEei3iB, a came NpH Iepei3fl 3ali3HUIHOI
KOJIIT ITiJ] Yac TOPIHHS YePBOHOTO KOJILOPY CBITIIOPOpa
abo 00’131 nutarbaymy. Bimeo 3 kamep Bimeo crocre-
pexxeHHs 30epiraeTbest Ha cepBepax. B Pocii mist min-
BUIIIEHHS O€3IIEKH Ha 3ai3HUYHHX IIIIXaX BUKOPHCTO-
BYIOTh PI3HOMaHIiTHI cucTeMHu (OTO- Ta Bimeo dikcarrii
[8], mesixi 3 HUX BUKOPUCTOBYIOTH HEHPOHHI MEpexi JUis
PpO3ITi3HABaHHS MPABONOPYIIEHHS Ta HOMEPIB aBTOMO-
OB mpaBonopyurHukiB. Hemomikom cucteM Bineo
CIIOCTEPEKEHHS, 10 BUKOPUCTOBYIOTHCS Ha JTAHWH yac
Ha 3aJi3HUYHHUX Tepei3fax, € BiICYyTHICTh 0OpOOKH na-
HHUX B PEKUMI PEasbHOTO Yacy JUIsl BUSBJICHHS KPUTHY-
HOI CHTYyallii, HalpuKiIa] BUi3[i aBTOMOOLIS Ha 3aii3-
HUYHY KOJIiIO TpH HaOJWKEHHI 1oi3/1a abo 3acTpsraHHi
aBTOMOOLIS Mik nuiarbaymamu. ToMmy akTyalbHHM €
BUKOPHCTAaHHS IHTEIEKTYaIbHOI CHCTEMH, SIKa IPOBO-
JUTh TIONIEPEIHIN aHai3 MOTOYHOI OOCTAHOBKU Ha Iie-

peizai. KoHTponb cTaHy HeOe3MeYHNX AUITHOK 3aTi3HH-
YHOT'0 LIUISIXY 320€3MeYyETHCSl B peabHOMY 4aci 3aBJisi-
KM pO3ITi3HABaHHIO KPUTUYHOI CUTYalii Ha 3aJIi3HUYHO-
My mnepei3ni HelipoHHOI Mepexer. [lpu BusBIEHHI
aBTOMOOIIS Ha 3aI3HMYHMX IUISXaX MaIIdHICT I0i3/a,
0 HaONMKYEThCS /10 Mepei3ay, CIOBILIYEThCS YEPBO-
HUM IHIMKAaTOPOM IPO BHHHUKHEHHS KPUTHYHOI CHUTYya-
uii. BupimenHas naHoi mpobieMu HaOyBae Ie OLIbIIol
aKTyaJIbHOCTI B Pa3i, sIKIIO MOOiJbHA Mepexa IepeHa-
BaHTAXYEThCS Ta MAIHMHICT BTpayae 3B'30K i3 Kame-
POIO BiZIeO CIIOCTEpEXEHHsI Ha mNepei3ni, B pe3ysbTaTi
YOro He B 3M031 CIIOCTEPITaTH CTaH Mepei3y.

Buknag ocHOBHOro maTepiany

CxeMa TiepeZiaBaHHs CHUTHAJIy NPO KPUTHYHY CH-
Tyaliio Ha 3aJIi3HUYHOMY Tepei3/i 10 KaOiHu MalluHic-
Ta 3alpOIIOHOBAHOI 1HTEJIEKTYaIbHOI CUCTEMH KOHTPO-
JII0 CTaHy HeOE3MEeYHUX JIISIHOK ITpUBeieHa Ha puc. 1.

Kawmepa Bineo cniocrepexxenns KBC Bene nHerepe-
PBHY 3HOMKY 3aJ1i3HUYHOTrO riepeizay. [lane Bigeo uepes
obumncmoBaneHuid npuctpiii OI1 Ta mpuitomo-nepena-
BaJbHY amapatypy IIITIA (Mozem) nepenaerscs Ha auc-
TUIeil MallMHICTa T0i3/a, 0 HAOIMKYETHCS, Ha CepBEp
Ta JWCIIETYEpy HA MYHKT KepyBaHHs. HelipoHHa mepe-
xa peamizoBana B OIl Ilpu cnpaioBaHHI CHTHaJIBHOI
CHCTEMHU Ha ONYyCKaHHs IIIar0aymMy HEHpOHHa MEpex,
sKa HaBYE€HAa Ha PO3II3HAHHS IYCTOro Iepeizay (mpu
PI3HUX YMOBaX), BKIIIOUAETHCS B PEXKHUM PO3ITi3HABAHHSI.
B pasi BUSBICHHS NEPENIKOAN HA 3aJII3HUYHOMY Iepei-
311 a00 MPHUCBOEHHI CUTYAIlll Ha MEepei3/ii CTaTyCcy «He-
BU3HAYEHO», TOOTO Nepei3/l He BBAKATHCS ITyCTHM, ajie
i1 He BU3Ha4YeHUl, sk 3 nepemkonaoro, OIl nocunae cur-
HaJl Ha PEHKOBI1 JIAHIFOTH aBTOMATUYHOI JIOKOMOTHUBHOI
curHamizanii HeriepepBuoi PJIAJICH. [lanumit TpuBOX-
HUHA CHUTHAJN TOCTYIA€ MO 3aJi3HUYHOMY MOJOTHY Ha
noxkomotuBHui npuctpiii JINAJICH B kabiny MamuHic-
Ta Ta BKIIOYae yepBoHuid Y iHAMKATOP.

© Cemenos C. I'., Jlimuanceka O. B., 2018
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Jln1s monepeHbOro aHasizy
CTaHy Ha 3aJI3HUYHOMY Tepei3i
IHTEJIEKTYaIbHOIO CHCTEMOIO
MIPOIIOHYEThCST ~ BUKOPHCTaHHS
3aropTajibHUX HEHPOHHHX Me-

KBC

Kabina marunicta

pex [9 — 11]. Ix BukopucTanns
OOTpyHTOBaHE THIIOM JIAHHX, SIKi

(Moaem)

TIITA

MOCTYTAIOTh Ha BXiJ HEWPOHHOI [ DU

Mepexi, Ta crenudikor MmocTas- 4
JIHOrO 3aBaaHHA. JlaHuil THII PJIAJICH
MepeX BOJIOZI€ KpaIlUM aJIr'OpH-
TMOM I1I0 PO3ITi3HABAHHIO Ta KJla-
cudikarii 300pakeHb B PEKUMI

JIITAJICH &

peanbHOr0 Yacy, Mae BiJHOCHY
CTIHKICTh J0 ITOBOPOTY 1 3CYBY
300pakeHHsI, SIKE PO3II3HAETHCS, 10 € BAYKIIUBUM acrie-
KTOM y BHIIQJIKY, KOJIM 300paKeHHsI MOJIAI0ThCS 3 KaMe-
PH BiZieocrocTepexeHHs. 3ropTajibHi HeHpOHHI Mepexi
MaloTh Ha0baraTo MeHIy KiJbKICTh BariB Jyisi HACTPOIO-
BaHHS, SKIIO NOPIBHIOBATH 3 HEHWPOHHUMH MEpekKaMH,
10 BUKOPUCTOBYIOTHCSI B BIZJOMHX CUCTEMAax BiI€O CIIO-
crepexeHHs [8].

3araibHa apXiTEeKTypa 3TOpPTalbHOI HEHPOHHOI
Mepexi IpUBeJieHa Ha PUCYHKY 2.

lap Brxipaimi
sropren IV map

Bxigae
sobpakenHa

3 ;
[\ D_ =

ap Iap lap
sropTkH 1 migeubipr 1 mmeubiprn IV

Puc. 2. 3aranpHa apXiTeKTypa 3ropTanbHOi HeHPOHHOI Mepexki

3anponoHoBaHa ONTUMi3oBaHAa apxiTeKkTypa.
Tak sik apxiTekTypa 3aropTajbHUX HEHPOHHHX MEpex
MOXE 3MIHIOBATHCS B 3aJI©KHOCTI BiJl ITOCTaBIEHOTO
3aBJIaHHS NIISIXOM 3MiHM KUTBKOCTI IIapiB, X po3Mipis,
KIUJIBKOCTI KapT 3 XapaKTepHUMHU PUCAMU JUISI KOXKHOTO
mapy i T.i., TO A PIIICHHS 3aBIaHHS PO3Ii3HABAHHS
CTOPOHHBOT'O 00 €KTY Ha 3aJII3HUYHOMY Iepei3 i B KpH-
THYHUN dYac, TOOTO B MeEpioa Yacy, KOJU Iuiardaym
OITylIeHui, Oyia 3alporoHOBaHa apXiTeKTypa 3aropra-
JILHOT MepeKi, 300pakeHa Ha PUCYHKY 3.

I3 maHoro pucyHka BHJHO, IO Ha BXifl ITOAAETHCS
300pa)KeHHsI 3 KAMEPH BiJIEO CITIOCTEPEIKEHHS, PO3ZMIPOM
640*480 mikceniB. BxigHi maHI mpeACTaBISIIOTE OO0
MATpHITIO, CIEMEHTH SAKOI MICTATh 3HAUCHHS BIiATIHKY
CIpOro KOJbOpY BiMOBITHOTO MIKCEISL.

Jlana HeiipoHHa Mepeka CKIaJaeThes i3 4 miapiB
sroptku 113, 4 mapi miaubipku HIIT. s koxHOrO
11apy BUKOPHUCTOBYIOTBCSA sIIpa MigiOpaHoro onTHMalb-
HOro po3mipy, puc. 3. Ha moyatky o0poOKu 300paxeH-
HI Ma€ BENUKY HaJMIPHICTh uepe3 CBid po3Mip
640*480, ToMy Ay 3MEHIIIEHHS PO3MIPHOCTI JOIUIBLHO
BHUKOPHCTOBYBAaTH BEJHKY PELENTOpPHY o0nacte. Y ja-
Hill Mepexi IS Tepuioi 3rOpTKH BUKOPHCTOBYIOTHCS
Tpu inbTpy 3 smpom 13*13, Tomy nepumii map 3ropr-

Puc. 1. Cxema nepejaBaHHs CUI'HAJLy TPUBOI'H TIPO CUTYALli0 Ha 3aJli3HUYHOMY Hepei3ai

KM CKJIAJJA€ThCs 3 TPhOX KapT XapakTtepHux puc KXP.
@inbTpH NEPUIOTO APy 3TOPTKU BUSBISIOTH BIACTUBO-
cTi 6a30BOTO PiBHS, TaKi SIK MEXIi Ta KPUBi, TOMY KapTH
XapaKTepHUX PHUC MEPIIOro Iapy 3TOPTKH IOKa3yIOTh
obunacri, e BearKa WMOBIPHICTh HMPUCYTHOCTI KPHBHX
ta Mex. 1100 He migBHIYBaTH OOYHMCITIOBAIIBHOI CKIIa-
JTHOCTI, Y JaHill apXiTeKkTypi BUKopuctoByeTbest 3 KXP
Ha TepuioMy mapi 3roptku. [loBHO3B s3Hmi map TTI1I
CKJIama€eThes i3 462 HelipoHiB. Buxignuii map Y Mic-
TUTh OAWH HelpoH. CUrHall 3 BUXIAHOTO HEHpPOHA Bij-
TIOBiZIa€ HACTYITHUM cuTyauism: 1) 0 — nmepeiz ) BiIbHUI;
2) 1 — nepeizn 3alHATHI 00’ €KTOM.

Po3mip KXP 00unCITIOeTHCS 32 TAKOKO (OPMYJIOH0:

(Wid, Hig) = (ImWid - KerWid +1, ImHig - KerHig +1),

ne Wid,Hig — BinnoBimHo mupuHa Ta JgoBxuHa KXP;
ImWid,ImHig — BiINOBIIHO IIMPHHA Ta JOBXWHA BXi-
nHoro 3o0paxenHs; KerWid,KerHig — mmpuna Ta

JIOBXKHHA SI7[pa 3TOPTKH.

CKaspHHUi pe3ynbTaT KOXHOI 3TOPTKU MOTpAILIse
Ha (YHKIIIO aKkTUBalii, sKa MpPEACTaBIsiE COOOK MaO-
BUJIbHY HEJTIHIHHY QYHKIIIO.

CKaJspHHi pe3ynbTaT KOXHOI 3rOPTKU MOTpAILIse
Ha (YHKIIO aKTUBAIii, sIKa MPEJCTaBIsIe COOOI JOBi-
JBHY HENiHIAHY (QyHKOito. Y naHiil poboti Oynu nociti-
JOKEHI Taki HeiHiiHI QyHKii, sIK TinepOoNiYHOro TaH-
reHca, cirmoimu, ReLU (rectified linear unit) Ta Leaky
ReLU [14]. V pesyabTati Oyino 3po0JieHO BUBIA, IO
BukopuctanHs ¢ynkuii akruBanii Leaky ReLU (1) mo-
3BOJIMJIO TIPHCKOPUTH MpOLEC HABYAHHSA 33 PaxyHOK
CIIPOIICHHS PO3PaXYHKIB:

0.01 x, npux<0;
f(x) = (1
x, npu x => 0.
[portonyeThcst HOpMai3yBaTH BXijHI JaHi B [Iia-
na3oHi Bix 0 1o 1. @yHkIIis HOpMaTi3arii

f(pic,min,max) = ( pic - min)/(max-min), (2)

Jie pic — 3HaUeHHS KOJIbOPY MIKCEeNsl, min — MiHIMaJIbHE
3Ha4eHHs1 Konbopy (0), max — MakCUMaJbHe 3HAYECHHS
KoIbopy (255).

Jlana HelipoHa Mepeka HaBYAETHCSI METOJIOM 3BO-
POTHBOT'O PO3IOBCIOJKEHHS TIOMUIIKH, SIK OJHUM 3 Haii-
OUIBII TPOCTUX 1 HOMYNSPHUX CHOCOOIB HAaBUAHHS 3
yuutenem [12, 13].
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SAnapo 13*13

by U3 g m3 omp w3 mm oo
L L 5%5  Slpo 5*5 2%2  Slgpo 5*5 2%2

BxiHe i \ >

300paKeHHs
640*480

6 KXP
3 KXP cxxp OKXP 6KXP 6 KXP 6 KXP

3 KXP
Puc. 3. 3anporioHoBaHa apxiTeKTypa HEHPOHHOI Mepexi

3aco00M BHMIPIOBaHHsS SKOCTI pO3Mi3HABaHHS
HPOIIOHY€ETHCS BUKOPUCTOBYBATH (DYHKILIIO CEpPEeAHbOK-
BaJpaTuy4HOi moMunku [15], Bupasu 3, 4.

EP = VS (DP -M(ZP, W), 3)
Etrgin = szpzlEp, 4)

ne EP — momuika posmiHaBaHHS [ P-Oi HABYAIBHOI

napu, D — GaskaHe 3HAYEHHs BUXiJHOrO CHTHAITY Mepe- i ;
. p . . k Puc. 5. 300pakeHHs TUISTHKA JIOPOTH BHOYI
xi, M(Z*,W) — Buxin Mepexi, 0 3aJeKUTh BiJl p-0ro )

S
BXOZla Ta BaroBUX KOe(ileHTIB W , Kyau BXOOATH sApa -
3TOPTKH, 3MIILIEHHS, BaroBi Koe(illieHTH IapiB HEHPOHIB.
HaBuaHHs Ta TecTyBaHHs HEHPOHHOI Mepeiki.
Jlns HaBYaHHS HEHPOHHOI MepeXi 3acTocoBaHi 300pa-
JKEHHS ULTHKH JOPOrH Ge3NocepeHb0 Mepes 3ai3Hu-
YHUM Tepei3ioM, sKi OTpHMaHi 3 BijeokamepH 3a pis-
HHUX 30BHIIIHIX YMOB. 3arajioM IpU HaBYaHHI 3aCTOCO-
ByBaJioch 10 300paskeHb BUTBHOT AIISIHKU IOPOTH.
Taxos Oyno BCTAHOBJICHO, IO TPH KOHBEpTALLii KO- Puc. 6. 300paskeHHs AUIHKH JOPOTH BIEHB I 9ac JOLLY
JIBOPOBOrO 300paKeHHs1 B YOpHO-OuIe (BIATIHKH CIPOro) : :
BTpavaroThCsi PO3ODKHOCTI 300pakeHb BJECHb Ta BHOUI
(puc. 4, 5). Iicnst erary HaBYaHHS BUKOHAHO TECTYBaHHS
HEHpPOHHOI MepeXKi 3a JIOMOMOTOK 300pakeHb, sIKI BiJIO-
OpakaloTh peaibHi CHTYallii, 110 BUHHKAIOTh Ha JIOPO3i.
Jlesixi 300parkeHHs HaBezeHi Ha puc. 6 — 10, B Tabin. 1 Ha-
BeJleHI pe3ysibTaTd PoOOTH HEWpPOHHOI Mepexi, MpH IIo-
JaHHI Ha BXiJl TECTOBHMX 300pakeHb. ETam HaBuaHHA 3a-
¥imae Big 1 mo 10 romnuH B 3ai€KHOCTI Bij KUIBKOCTI Ha-
BYAJIBHHX 300pakeHb Ta 33/1aHOi TOMIJIKH PO3Mi3HABAHHS.
Yac 00poOKHM BXiZIHOTO 300payKEHHS CTAHOBUTH < 1 CeK.

4 By o iy = i
Puc. 7. 300pakeHHs TUISTHKA TOPOTH BJIEHb
3 IUIIMaMH I1iJl Yac BUCUXaHHS acdaybry

e Y

Puc. 4. 300pakeHHs TUISTHKA TOPOTH BJICHb Puc. 8. 300paskeHHs MIISIHKY 10POTH 3 MILIOXOJIOM BJICHb
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Puc. 9. 300pakenHs AUIAHKYM TOPOTH 3 ABTOMOOIIIEM BJIEHD Puc. 10. 306paskeHHs! JiISHKH JOPOTH 3 aBTOMOG1IEM BHOI

Tabnuys 1. Pe3ynbTaTn podoTH HelipoHHOI Mepe:ki

Omnmuc 300pakeHHsT CuraaJji Ha BUXOi Hel{poHHOI Mepeki
BinbHa ninsHKa 10poru BHOUI, HaBYaIbHe 300paskeHHs (puc. 4) 0,935
BinbHa ninsHKa TOpOrH BAEHb, HABYAJIBLHE 300paxkeHHs (puc. 5) 0,982
BinbHa finsHKa TOpOrH BpaHIli, HABYAIbHE 300pasKeHHS 0,973
BinbHa ninsHKa 10poru BBeYepi, HaBYaIbHE 300paKeHHS 0,968
BinbHa ninsHKa TOporu BAEHH Hix gac jgouty (puc. 6) 0,951
BinbHa ninsHKa TOpOrd BAEHS 3 IUSIMAMHU I1iJ1 4ac BUCHXaHHS acdanbTy (puc. 7) 0,918
3aiiHsTa qUISTHKA TOPOTH 3 MIIIOXOA0M BJIeHb (pHC. 8) 0,659
3aiiHsTa JUISTHKA TOPOTH 3 aBTOMOO1IeM BIeHb (puc. 9) 0,214
3aiiHsTa QUISTHKA IOPOTrH 3 aBToMoOieM BHoui (puc. 10) 0,327

Hs 4acy oOpoOKH 300paKeHb, 110 JO03BOJIHIO ITiIBUIIH-
TH TOYHICTB Ta OIEPATUBHICTH PO3Mi3HABAHHS CHTYaIiH
Oneprxana HOJaNbIIOro PO3BUTKY IHTENEKTyanbHa  Ha 300paKeHHsX.
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HuTesutekTyanbHasi CHCTeMa KOHTPOJIS COCTOSTHHSI ONMACHBIX YYACTKOB 7KeJIe3HOIOPOKHOT0 MyTH
C.T. Cemenos, O.B. Jlunmuanckas

AKTYyalIbHOCTB. JKeJIe3HOI0pOKHBIH TPAHCHOPT SBJIACTCS OAHUM U3 BOXHEHIINX 00BEKTOB KPUTHYECKOH MH(PACTPYKTYpPBI
VKpauHbl U 17151 00ecrieueHus ero 6e301aCHOCTH HYK/IAETCsl B COBEPLIEHCTBOBAHMM CHCTEMbI YIPABJIEHHs 0€30MaCHOCTHIO JIBHIKE-
HHS T10€3[0B ITyTEM BHEIPEHHUs COBPEMEHHBIX KOMIIBIOTEPHBIX HHPOPMALMOHHBIX TEXHOJIOTHH U cpeacTB. OIHUM U3 TaKUX IMyTel
SABJISIETCA MCIIONB30BaHUE MHTEJUIEKTYaIbHOM CHCTEMBI KOHTPOJIS COCTOSIHMSA ONACHBIX Y4aCTKOB KEJIE3HOAOPOMKHOIO IyTH, B 4acT-
HOCTH Ha 7KeJIE3HOJIOPOXKHBIX Iepeessiax. Pemenue TaHHON npoGieMbl pHoOpeTaeT elle OOJbIIYI0 aKTyaJlbHOCTh B CIIydae, eClu
MOOMIIbHASI CETh NMEPErPYKAETCA U MALIMHHUCT TEPSIET CBA3b C KAMEPOH BUICOHAOMIONEHHS Ha Iepee3sie, B pe3y/bTaTe Yero He B
COCTOSIHMM HaOJI0IaTh COCTOsIHUE Nepeessia. B cTaThe MpPeUIoKEHO HCIONb30BAHUE MHTEIUIEKTYAJIbHON CHCTEMBI JUISl KOHTPOJLS
COCTOSIHMS OIIACHBIX Y4aCTKOB JKEJIE3HOIOPOKHOIO IyTH, B YACTHOCTH Ha KEJIE3HOAOPOXKHOM nepeese. Pesyabrarel. Paccmotpe-
Ha o0Iasi apXUTEKTypa CBEPTOYHOH HeHpoHHOH cerH. IIpennoxkeHHast ONTUMU3UPOBAHHASL apXUTEKTypa CBEPTOYHOH HEHPOHHOM
CEeTH VI PAcIO3HABaHMA ONACHBIX CUTyallMd Ha JKEJIE€3HOAOPOXKHOM IIyTH. JlaloTcs peKoMeHJalu 10 HacTPOMKe MapaMeTpoB,
KOTOpbIE BapbUPYIOTCS, IPU IIOCTPOCHUU U 00YYEHUH CBEPTOYHOK HEHpOHHOM cetu. IIpuBesieHb! pe3ynbTaTsl TeCTUpOBaHUs pabo-
TBI CETH IPH PACIIO3HABAHUM CBOOOHOI'O IyTH M IPH HAJIMYUM KPUTHYECKON CUTYAIIUH B Pa3HbIX yclIoBUsX. BbiBoabl. [Tomydnna
JlanbHENIIee pa3sBUTHE UHTEIUIEKTyallbHasl CUCTEMa KOHTPOMs COCTOSIHHUS OMACHBIX YJaCTKOB JKEJIE3HOMOPOKHOrO IyTH, KOTOpast
OTJIMYAETCSl OT M3BECTHBIX MCIIONB30BAHMEM OITHMHM3HPOBAHHOW apXMUTEKTYPbI IS YMEHBILIECHHUS BpeMEHU 00paboTky n3obpaxe-
HHH, 4TO [103BOJIMIIO HOBBICUTH TOYHOCTb U ONEPATUBHOCTDH PACIIO3HABAHUS CHTYAIMil HA N300paXKCHUSX U, KaK CIIE/ICTBUE, ITOBbI-
CUTb ypPOBEHb 0E30I1aCHOCTH JKEJIE3HOJJOPOKHOIO TPAHCIIOPTA HA OT/IEIbHBIX OIACHBIX yUaCTKaX.

Kamo4ueBblie cioBa: HHTCJUJICKTYaJIbHasA CUCTEMA, BI/IZLGOH3.6J'[IOI[€HI/IG; CBepTOYHasd HeﬁpOHHafI CCThb.

Intelligent system of the railway dangerous land control
S. Semenov, O. Lipchanska

Topicality. Railway transport is one of the most important objects of critical infrastructure of Ukraine and in order to ensure its
safety it is necessary to improve the system of safety management of trains by introducing modern computer information technolo-
gies and tools. One of these ways is the use of an intelligent system for monitoring the condition of dangerous sections of the rail-
road, in particular at railway crossings. The solution to this problem becomes even more urgent in the event that the mobile network
is overloaded and the driver loses contact with the video surveillance camera on the move, resulting in the inability to observe the
state of migration. The article proposes the use of an intelligent system for monitoring the condition of railway dangerous sections, in
particular on the railway crossing. We discuss the description of the work and architecture of convolutional neural networks that are
used in this system. Results. The optimized architecture of the neural network is proposed for solving the problem of identifying
dangerous situations on the railroad. The recommendations for setting up variable parameters during construction and training of the
convolutional neural network are given. The results of testing the work of the network are given when recognizing the free path and
in the presence of a critical situation in different conditions. Conclusions. The intelligent system for controlling the state of danger-
ous sections of the railway has been further developed, which differs from the known use of optimized architecture to reduce the
processing time of images, which allowed to improve the accuracy and efficiency of the recognition of situations in the images and,
consequently, increase the safety level of rail transport in different dangerous areas.

Keywords: intelligent system; video surveillance; convolutional neural network.
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MODEL OF DATA PREPARATION FOR ALLOCATION OF ALGORITHM
FROM BINARY CODE FOR THE SAFETY ANALYSIS OF THE SOFTWARE

The subject of the study in the article is the use of technology of recovery of the algorithm for the allocation of binary
attractors in the machine-independent form for the safety analysis of the software. The purpose is the first stage of the
method of allocation of the algorithm from the binary code with the use of additional attractors - preparatory, which
includes the task of allocating a set of attractors with simillar features and synthesis of information about the studied
system. The following results are obtained. During the cource of the research the analysis of specialized simulators was
performed. Such simulators allow to solve the problems of allocation (removal) of some algorithms from binary code. It
was determined that additional attractors of the binary code of the program are required in order to increase he accuracy of
software security testing. The general structure of the algorithm extraction from binary code is presented. A set of
algorithms were developed. Conclusions. When combined they create the model of the first stage of data allocation of the
algorithm from binary code for the analysis of software security. The key feature of development of this stage is the
possibility of constructing a graph for arbitrary attractors, without restriction of the static nature of the code. This will allow
a significant expansion of the spectrum of the program code under investigation, including codes with signs of a dynamic
change. The further development of this research is to study the whole scheme and develop an appropriate method for
allocating a binary code algorithm for software security analysis.

Keywords: software security testing; binary attractor; ethical hacking.

Introduction

Formulation of the problem. An analysis of
recent world-wide events related to information security
has shown that virtually every modern IT structure has
certain vulnerabilities to cyberattacks. At the same time,
there is a certain tendency to increase cyberattacks that
have succeeded in their malicious purpose. In the
opinion of the authors, this is largely due to the lack of
attention to the testing of software security (SOA), as
well as the discrepancy in opinions of software
developers of the very essence of the term and functions
of software security testing.

The analysis of popular information sources on the
Internet [1, 2, 4, 6] showed that most authors connect
the issue of software security testing to the purpose of
finding and neutralizing existing risks which present a
clear threat to the quality functioning of computer or
computerized systems of various purposes.

It is stated that the basic principles of software
security are confidentiality, integrity and accessibility
[51.

Without diminishing the importance of these
principles and without limiting the main strategic goal of
software security testing indicated in these sources, it
should be noted that some software development
organizations, when testing security, focus only on
known external factors and simulate various situations
that use, for example, the same methods of hacking [2,4]:

— attempts to find out the password using
external means;

— attacking the system using special tools that
analyze software protection;

— suppression, overloading of the system (with
the assumption that it will refuse to serve other clients);

— purposeful introduction of errors in the hope of
penetrating the system during the recovery;

— reviewing and analyzing unclassified data in
hopes of finding a key for logging into the system.

But at the same time, due to some objective and
subjective reasons, testers often ignore the wide
possibilities of reverse engineering technology,
unfortunately. At the same time, in opinion the authors,
some of these technologies can significantly improve
the quality of software security testing, reduce the risk
of successful cyberattacks, and generally improve the
information security.

One of such technologies is the technology of
recovery of the algorithm for the allocation of binary
attractors in the machine-independent form [3, 9]. This
technology helps to solve complex issues of search for
non-declared features of the software ( mostly malicious
ones), as well as errors in implementation and detects
the malicious code (computer virus), etc.

The analysis of literature [7, 8, 10] showed that
at present times there are a number of specialized
simulators which allow solving the issues of selection
(removal) of some algorithms from binary code. But
these programs mostly reaserch only that part of the
program that is used during the launche of the analysis
process and leave certain "traces" - attractors. An
increase in the volume of the researched code is
possible with the use of additional code execution
attractors, which combine more application execution
scenarios.

This determines the actuality of developing a
method for allocating an algorithm from a binary code
using additional attractors for software security analysis.
The overall structure of the allocation of the algorithm
from the binary code is schematically presented in fig. 1.
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Studies conducted [3, 6] have shown that when
analyzing simple programs it is often enough to apply
the procedure once. In complex cases, it should be
applied iteratively.

As can be seen on the picture, the restoration of the
algorithm begins with the preparation of the initial data
and the allocation of a set of attractors with simillar
features. Then follows a synthesis of information about
the researched system from source attractors using the
graph approach of representation in the system. After
that, the code is exported to a machine-independent
representation on the basis of the part of the code that
relates to the investigated algorithm. During this
operation, optimization solutions are used to simplify
the received presentation and, finally, the result is
presented in a form suitable for viewing by the analyst
and using in the decision support system which uses
artificial intelligence. During this moment, the analyst
takes a decision whenever the next iteration of the
analysis sould be performed.

Start of the analysis

-/

h J

Export to machine -
independent
representation

|

Optimization — Algarithm allocation

Allocation of multiple
tracesz with common —® Synthesis of races [
features

Results output  %—

Making a decision if the next itteration .
is needed using artificial intelligence End of analysis J

Fig. 1. Scheme of algorithm allocation

In the article we will review the first stage of the
method of allocation of the algorithm from the binary
code with the use of additional attractors - preparatory,
which includes the task of allocating a set of attractors
with simillar features and synthesis of information about
the studied system.

1. Selection of attractors set
with simillar features

A binary attractor of execution, obtained using an
attractor simulator (hereinafter - just attractor),
represents a sequence of steps. Each step contains the
code for the executed instruction and the value of some
of the main registers before it is executed.

Due to the full-system nature of the formation
attractors contain actions regarding all programs active
in the system during removal of attractors, including the
kernel and other components of the operating system. It
is assumed that the attractor steps according to their
belonging to different processes and execution threads.
In this case, the low-level components of the operating
system, such as interrupt handlers, must be matched
with separate processes and / or execution threads. The

symbols associated with attractors, steps, instructions,
and auxiliary data are summed-up in the table 1.

It should also be noted that sets read [(”] and
write [{7] are associated with attractor's step, not the
instruction, i.e. they may differ for different values of
operands. Size attributes and attributes of belonging to a
class of control instructions, on the contrary, are
constant for a given instruction.

In addition to the set of attractors, which describes
some of the scenarios of the behavior of the researched
program, for analysis, the information on how these
attractors correlate with each other is needed. In the
framework of the proposed method, the relations are
given using the following definitions:

Table 1: Key notation for the attractor

Notation Description
len[t] ; Number of steps in the attractor ¢ ; step to the
Ai) attractor ¢ with the number i € {l,len[t]}
addr [t(i)] ;| Address that was executed on the step A7) of

instruction; instruction which was executed

. (i) .
inst [I on the step t(’)

Process ID on step t(i) ;

|
process [t(i)]

thread t(i)] Run Flow Id on step t(i)

A set of memory addresses that are read on

read[t i)] ;

step t(i) ; a set of memory addresses written

write[t(i)] on step A

size[{ /'] : The size of the bytes of the instruction code
) j ; Idnetifier of whenever instruction j is

branch ['/ ] the control transmission.

Under the related attractors we mean the set of
attractors obtained from the same initial state of the
system (i.e., from the same image of the state of the
simulator).

Such attractors will differ by scenarios they have
been implemented in the analyzed system, which, in
turn, is determined by the input data. In the case of
interactive applications, the input data can be considered
a sequence of actions in the graphical interface.

The basic initial data for the proposed algorithm
restoration procedure, thus, will be a set of related
attractors.

2. Synthesis of related attractors

The first step in the procedure for restoring the
algorithm is to combine a set of related attractors into a

general G = (V,C ) representation-oriented graph with

loops, corresponding to the set of interprocedural graphs
of the flow of control of individual execution streams
with additional marks. In the general, when attractors
include multiple threads of execution, this graph will be
unconnected, and each flow of execution will match its
component of connectivity.

In the graph G, as in the usual control flow graph,
the vertices V correspond to the base blocks (the linear
sections of the code of this execution thread), and the
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edges C are possible control transmissions between
these parts. Since in the proposed approach the only
source of knowledge about the control flow of the
program is its attractors, the graph will include only
those edges whose transitions were actually observed.

In addition to the usual vertices of the base blocks,
for each flow of execution in the graph G are defined
those which are guaranteed not to contain any
instructions incoming and outgoing vertices, the first of
which is dominant, and the second post-dominate over
all other base blocks of this execution flow.

At each vertex are stored: initial address, sequence of
instructions and generation number. Generation number is
an integer that represents the state of the code of the
program and allows you to correctly represent the code that
is changed during execution. Within each separate flow of
execution, the generation number will increase by one
when rewriting the code of the given stream. The symbols
to be used further are given in table 2.

Table 2. Key notation

Notation Description
entry[G] ;| The input vertex of the flow of execution T in
T the graph G; output vertex of the flow of
exit[G]. | execution T in the graph G
start[ B] ;| Primary address of the base unit B ;
J1B]: the address of the end of the base unit B, not
en [ ] > enabled;
insn[B]; | sequence of instructions in the base unit B ;
gen|[B] generation number of the base unit B
succ[ B] : The set of base blocks in which the edges of
B ; the set of base blocks from which the edges
pred[B] B start
from[e] .| The basic block from which the edge e starts;
to]e] base unit, to which an edge e leads

he address of the end of the base unit end[B] is
calculated on the basis of start[B] and insn[B] :

end [B] = start[B] + Zjeinsn[B] size[j] .

In addition to the symbols from the table 2, in the
pseudocode of the following algorithms the following
functions will be considered available, the
implementation of which depends on the selected
method of storing the graph.

1. F1 function creates and returns a new empty
graph.

2. The function F2 (G, T, n, a) creates a new base
unit in the graph G belonging to a generation with the
number n of the runtime T, and assigns it the initial
address a. The list of instructions for the newly created
base unit is initially set to blank. The address a may
have a special meaning, that corresponds not to the
addresses of the start and end vertices.

3. Function F3 (G, B) removes the base unit B
from graph G along with all edges adjacent to it.

4. The function F4 (G, T, n) returns the ordered
list of base generators with the number n of the flow of
T in the graph G.

5. The function F5 (G, T, n, a) finds the base unit
B in the graph G, which belongs to a generation with the
number n of the runtime T, such that it belongs to the
address a: . If no such block is found, a special value is
returned.

6. The function F6 (G, B, a) produces the division
of the base unit B into two so that part of the
instructions B, whose addresses are smaller than the
address a, fall into the first block, and the rest - in the
second. The address a must belong to the base block B.
The function returns a pair of received blocks, where the
addresse b is less than a, and b - more or equal.

7. Function F7 (G, B, B ') connects the base
blocks B and B' in the graph G by the edge. If such an
edge already exists, then the new one is not added. The
function F8 (G, T, n) returns an unregulated set of edges
connecting base generating units with the number n of
the flow of T in graph GIf only one of the incident
edges of the base blocks belongs to a given generation,
and the second one is not, then such an edge is not
included in the set of returned.

If this set is empty, then a graph is empy as well.
The graph has the following properties.

1. Each component of the connectivity describes
the flow of control of one flow of execution.

2. Each edge connects either one-generation base
units or from a base unit with a lower generation
number to a base unit with a larger.

3. Within a single generation, one flow of
execution, the base units do not intersect at the
addresses. When a control is found in a given
generation, there is no overwrite of executable code. In
aggregate, this means that within a single generation of
one stream of execution, the method of static analysis is
applied without change

4. The transformation of graph G, squeezing
within each component of the connection all the vertices
with the same generation number into one vertex,
allows us to obtain an acyclic graph describing the code
modification episodes in each flow of execution. Such a
graph will be called an evolution graph. The type of
evolution graph allows you to get an idea of the nature
of the code transformations carried out in the system of
the language being studied. The number of vertices and
/ or edges in it can be considered one of the metrics of
complexity of the system.

Further, we describe the algorithms that implement
the initial construction of the representation G on the
first iteration of the procedure for the restoration of the
algorithm and its replenishment in subsequent iterations.

Firstly, let's review the simplified situation, when
in the processed attractor there is no modification of the
code in the process of execution. This situation is
possible in practice, when the attractor presents the
work of the main part, mostly unprotected by the
mechanisms of self-modification of the program:
loading the program image and dynamic libraries has
already been carried out and carried out the binding of
all the functions used.

The pseudo code for the "static graph restoration”
algorithm is shown on fig. 2. The algorithm receives at
the input of the attractor t and issues the graph G for it
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at the output. For each execution stream, the method
called "continue the static reproduction of the graph" is
called (fig. 3).

1: function Static graph construction (¢)
2: G« Fl

3: for Telirﬁt]{thread[t(i)]} do
i=1
entry[G|, < F2(G,T,1,0)
exif|Gl, « F2(G,T,1,0)
6: E « Static graph construction funiculus (¢)
7: G« Fl
8: (G.,enty[Gl,, ¢, 1, len[t] , T, 1)
9: F7(G,E,exit[G], )
10: end for
11:return G
12: end function

Fig. 2. Pseudo-code for the algorithm
of "static graph creation"

—

function Static graph construction funiculus ( G,
S,t,a,b, T,n)
E«S ;m<«<0
for i=a,a+1,.,b do
if thread|V]=T then
if m =0 then
B« F5 (G, T,n,addr[t([)])
if B =0 then
B« F2 (G, T,n, addr[t([)])
i«—i-1
. else if start[B] # addr[t(i) then
. (B'.B) < F6(G, B, addr[")))
:endif F7(G,T E,B)
D E< B, m« ‘insn[B]‘—l

R A A

e T
B WD = O

: else if m >0 then
cme—m—1

: elseif m <0 then

L B F5(G,T,n, addr")])
: if B=0 then

. insn|E] <« insn[E]U insn[t([)]
. if branch insn[t(i)]] then
tm«0

: end if

: else

: F7(G,E,B)

D E< B, m« ‘insn[B]‘—l

. end if

. end if

. end if

: end for

Cif(E# S)A(addr[t(b)]+ size[insn[t(b)]];t end[E]) then
: <E,E’> «F6(G,E, addr[t(b)]+ size[insn[t(b)]])
: end if

: return F

: end function

[
0 3 O W

—
Nel

W NN N DN NN
S OO JI L W — O

w2
—

W W W
A~ LN

Fig. 3. Pseudo-code for the algorithm
"Continuation of static graph restoration"

Its parameters are as follows: G is the graph to be
built, S is the start vertex, t is the attractor, [a, b] is the

range of attractor steps considered, T is the execution
flow identifier, n is the generation number assigned to
the created base blocks.

The value of most of these parameters during the
call on the "static graph" algorithm is fixed, but they
will start to change with the addition of dynamic code
support in the algorithm. The algorithm returns the base
unit in which check was performed last.

The algorithm implements a successive passage
through the steps of the attractor belonging to the flow
of execution T. At the same time it tracks, in which base
block the execution is performed. The variable m
describes the state of the algorithm: for m = 0, in the
previous step under consideration, a control transfer
took place, or this step was first revised; When m > 0
the control is located inside a known base unit, it
remains to see m sequential instructions before it is
finished; When m < 0 the control is located inside the
base unit, it has never been seen before.

When considering the transfer of control from the
current block E, the following three situations are
possible:

1. The control is transmitted to the address of the
beginning of a known base unit B. If it does not already
exists, the edge corresponds to this transition.

2. The control is transmitted to the address in a
known base unit B, but not at the beginning. A division
of the base unit B is carried out for this address, after
which an edge E is added in the second set of the base
units received.

3. The control is transmitted to an address that
does not belong to any known base unit. Then a new
base unit B with this address is created as the start
address, an edge is added from E to B, and the
algorithm switches to the new block view mode
(m < 0) .

When you look at the instructions of the newly
created base unit in situation 3, each subsequent
instruction is added to its insn list. This procedure
continues until one of the following conditions for the
completion of the base unit is completed.

1. The last instruction of the flow of T in the

range of steps is revised [a,b].

2. Revised management transfer instruction. By
definition of the base unit, this is its last instruction. The
algorithm returns to the control transfer control mode
(m = 0) .

The address of the next instruction corresponds to
the beginning of the known base unit B. An appropriate
edge is added, and the algorithm goes into the skip
mode of the known base unit .

Finally, when all the instructions for the flow of T

in the range of steps are revised [a,b], if necessary,

separation of the last considered base unit E is carried
out. This need arises if the instruction of the last of the
revised steps to the attractor is not the last instruction in
insn[E]. Separation is carried out at the end of this
instruction.

Then the first of the blocks obtained after the
separation of the base units can be marked as finite,
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since the flow of control at reaching its end may stop. In
addition, this property is used in the next section when
adding support for the dynamic code.

3. Dynamic code

The presence of dynamically changing code can be
caused by various reasons. Here are a few options, from
the most common and unrelated to the intentional
counteraction to the analysis, to the purposeful (creating
difficulties), especially for static analysis.

Usage of dynamic editor for linking uploads and
outloads in dynamic libraries. The address range of the
newly downloaded library can cross the address range
that was already uploaded. Thus at different periods of
time there will be a different code in the same memory
addresses.

Use of "springboards" and delayed bindings. When
you first go to the address of dynamically linked function
control can be transferred to a subroutine that performs
deferred binding. Once the binding is performed, the
routine will correct the "springboard" in such a way that
during the subsequent calls the function is called directly
and will give control to it for the first time.

The program contains mechanisms of decryption,
decompression, dynamic code generation, which
overwrite or do not require and reject fragments of the
program; or if such mechanisms work with the program
in parts, then use one rewritable buffer for the next
decrypted, unpacked or generated part of the program.

Polymorphic nature of the program or its parts.
This case differs from the previous one, because most
often the next version of the program code is based on
the previous, which further complicates the analysis.
Most often, such mechanism is embedded in malicious
code, especially in viruses, in order to prevent signature
analysis in antivirus software.

The method proposed in this article does not
distinguish the causes of the dynamic change of the
code. All possibilities are treated in the same way,
which on the one hand has the advantages of the
universality of the method, but on the other hand
ignores additional "hints" about the behavior of the
program contained in these reasons. However, a certain
idea of the nature of the dynamic code in this program
gives the evolutionary graph described above.

Regardless of the content that falls into an episode
of dynamic program code changes, it passes through
one of the following two scenarios.

The program executed on this system records the
values in memory. This memory may belong to this
program, as well as any other (for this operating system
should support the ability to connect the flow of one
process to the address space of another). Recorded
values either change the code which is already executed,
or generate code that will be executed in the future. One
way or another, the entry is made to addresses that also
appear in the attractor as being executed.

One or more pages of physical memory change as
a result of executing a DMA transaction by any
computer device (often a hard disk controller). In this
case, the attractor does not observe the fact of direct
recording, since such transactions are initiated by the

device itself, and they do not meet any instructions.
Recorded addresses, as in the first scenario, have either
been used previously or will be used later as executable.

Summarizing all of the foregoing, one can
formulate the criterion for the presence of a dynamic
code in the part of the attractor. For example, attractor t
has the range of step numbers and any process is
recorded P, and in the given segment there are steps,
belonging to P . Let's mark the set of these steps
through . We construct the following two sets:

ER(RP)= ‘Uread[t"]; (1)
W(R,)= | Jwritele” ; )
reRp

X(RP ) =U [addr[t" ], addr[t" ]+ size[insn[t" ]] - l] . (3
reRp

As we can see the set contains all the addresses by
which the instruction was recorded in the steps , while
set - All addresses from which you selected in steps
instructions for execution. Let's assume that a known set
of virtual memory addresses is overwritten in a process
as a result of DMA transactions in the range R. We note
this set through.

In the following notation, the set will not contain
the dynamic of the code if and only if completed

(R(R,)U(R,)UD,(R)NX(R,)=0.  (4)

In this case, the code relating to the process in the
range of steps is static and can be analyzed by methods of
static analysis. We also apply the algorithm of "static graph
creation" to the steps. The above reaserch allow us to
construct the graph "CTG" for for an arbitrary attractor,
without limitations of the static code. The full algorithm
"CTG-Full" will consist of the following two steps.

1. Split the attractor into segments of static code
in each process. At this stage, we will use a greedy
algorithm: we will build segments from smaller step
numbers in the attractor to larger ones, and each
increment will be expanded until 3 are executed.

2. Application of the algorithm "Continuation of
static graph restoration" in each received interval of
static. At the same time, with each regular segment, the
next generation number will be confirmed within this
flow of execution.

The pseudo-code for the "CTG-Full" algorithm is
shown on fig. 4, and the algorithm for splitting the
attractor into segments of the static code "CTG-Full-
Partition" on fig. 5. The CTG-Full algorithm receives
attractor ¢ on input and outputs a graph G built for it
The "CTG-Full-Partition" algorithm returns an ordered
sequence of static segments S long the attractor ¢ and
identifier of the process P. The segments in the
sequence do not intersect, and their association
corresponds to the entire range of steps in the attractor
t , which means S sets the breaker to the attractor ¢ .

In some doubtful situations, the algorithm built
may require additional refinements.

Such situations are possible in programs provided
with certain types of hinged protection, as well as in the
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operating system code. Therefore, in the future thereisa  information about the investigated system was developed,
need for the practical adaptation of the developed which is the first stage of the method of allocation of the
algorithms to possible casuist deviations in the algorithm from the binary code with the use of additional

programs. attractors.
A distinctive feature of development of this phase is
I: function CTG-Full () the possibility of constructing a graph for an arbitrary
2: G« F7 attractor, without limiting the static nature of the code.
len[t] ) This will allow a significant expansion of the spectrum of
3: for T e pl {‘hr ead[t‘]} do the program code under investigation, including codes

. enm[Gl, < F2(G,T,1.0) with signs of a dynamic change.

4
5. np <15 Ep < entry[G]T;
6

1: function «CTG-Full-Po3outts» (¢ P)
: eﬂdforlen[[] 2: W,X(—O;S(—{};a(—l
7: for Pe U {process[t[]} do 3: for ie 1,2,...,len[t] do
i=1 . -
8: for <a,b>e CTG-Full-Po36urrs (t, P) do 4: i process[t(.') =P then
) | 50w« read) JUn , (i)
9: for 7 fhread|i} ao 6 ol writdfw]UD , (i)
i=a
10: E; < Static graph construction funiculus (G, Ey ¢ T x < [addr[tiladdr[ti]+ size[insn[ti]]—l]
,a,b,T n) 8: if (WNx=0)A(XNw=0) then
11: np < nyp +1 9: W«wUow
12: end for 10: else
13:end for 11: W« ol;
14: end for 12: S < SU{a,i~1)a < i
: len[[]{[ [‘]} 13:end if
15:for T e 91 hread |t 4o i
16: exit[G, < F2 (G, T, n; ,0) 15: end for
17:F7(G, E ,exit[G]T ) 16: return SU(a,len[t])
18: end for 17: end function
19:return G

Fig. 5. Algorithm for splitting the attractor

20:end function into segments of the static code "CTG-Full-Partition"

Fig. 4. "CTG-Full" algorithm

The further development of this research is to
study the whole scheme and develop an appropriate
Thus, a set of algorithms for allocating a set of method for allocating a binary code algorithm for

Conclusion

attractors with related features and synthesizing software security analysis.

10.
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Mopnesb NiAroTOBKH JAHUX BUALICHHS aJITOPUTMY 3 ABIHKOBOro Koxy
U1 aHAJI3Y Oe3NeKH NPOrpPaMHOro 3ade3ne4eHHs

1. Mamysiy, /1. O. JTucuus, A. O. Jucuus

IIpeamer noc/ifKeHHs1 — BUKOPHCTAHHS TEXHOJIOTII BiJIHOBJIEHHS B MAllMHHO-HE3aJISKHOMY BMIJIAII lIrOPUTMY IO
Habopy /ABIIKOBUX aTpakTopiB Ul aHANi3y Oe3NeKu mporpaMHoro 3abesnedeHHs. MeTa eTaTTi — po3IIIsIaHHs NEepIIoro eTay
METO/ly BUAICHHS aJrOPUTMY 3 JIBIKOBOrO KOAY 3 BUKOPHCTAHHSM JIOZATKOBUX aTPaKTOPIB — MiArOTOBYOro, IO BKIIOYAE B
cebe 3aBJaHHs BUAIICHHS MHOKUHHU aTPAaKTOPIB C 3araJbHUMM O3HAKaMH Ta CHHTE3 iHpopMalil Npo JOCIi/LKYyBaHy CUCTEMY.
OtpumaHi Taki pe3yjabTaTH. IIpoBeneHO aHal3 CHELiali30BaHUX CHUMYNATOPIB, IO JO3BOJISAIOTH BUPIIIYBATH IHUTAHHA
BUJIIJICHHS (BIIy4€HHS) JIESIKUX aJITOPUTMIB 3 JBIHKOBOro Koxy. Bu3HaueHo HEOOX1THICTh TOCIIKEHHS T0AaTKOBUX aTPaKTOPiB
JIBINKOBOrO KOIy IporpaMu s MiABUIIEHHS TOYHOCTI TECTyBaHHA Oe3leku IporpaMHoro 3abesnedeHHs. CXeMaTHYHO
3aIPOIIOHOBAHO 3arajlbHy CTPYKTYPY BUIIUICHHS allrOPUTMY 3 ABIHKOBOro Koxy. BucHoBku. Po3po0ieHo KoMILIeKe airopurMis,
10 B LIJIOMY CKJIaJIal0Th MOJEJb NEPIIOro eTally IiJArOTOBKM JaHWX BUJAUICHHS ITOPUTMY 3 JBIHKOBOrO KOAY Ul aHAli3y
6e3mneku nporpaMHoro 3abesnedeHHs. OcoOIIMBICTIO PO3POOOK LILOTO €TAIly € MOXKIIMBICTD 00y yBaHHS rpady s H0BIIBHOTO
aTpakTopy, 6e3 OOMEKEHHs Ha CTAaTUYHICTh Koxy. lle HajacTb MOMIIMBICTH CYTTEBOIO PO3ILIMPEHHS CIEKTPY IOCHIIXKYBaHHUX
MPOrpaMHUX KOJIB, y TOMY YMCIi KOXIB, IO MAalOTh O3HAKU JUHaMiuHOi 3MiHHM. [Tojmanbimii po3BUTOK pOOOTH MOIATaE y
JIOCTIJKEHHI BCi€i cXeMM Ta po3poOKM BiAMOBIIHOrO METONY BHJIUICHHS ajJrOPUTMY 3 ABIMKOBOrO KOAY JUIS aHANI3y Oe3NeKH
HPOrpaMHOro 3a0e3NeyeHHs.

KawuoBi cioBa: tectyBaHHs Oe31eKH IPOrpaMHOro 3a0e3redeHHs; ABiKOBUI aTPaKkTop; eTHYHUI XaKiHT.

Mopeib NOATOTOBKH JaHHBIX BBIIEJIEHHUS AJITOPUTMA U3 IBOMYHOr0 KOJIa
U1 aHAJIH3a (e30MaCHOCTH MPOrpaMMHOro odecrevyeHust

W. Mamysuy, [I. A. JIucuna, A.A. Jlucuna

IIpeamer HccileA0BAHMS — HCIIONb30BAHKE TEXHOJIOTUH BOCCTAHOBIICHHS B MAIMHHO-HE3aBUCHMOM BHJIE aIrOpUTMa IO
Habopy IBOMYHBIX aTTPaKTOPOB [UIA aHaJIM3a Oe30IMacCHOCTH HporpaMMmHoro obecredernus. Iledb cTaThhm — paccMOTpeHHE
[IepPBOrO 3Tala MeTOa BBIACNCHHsS aJrOPHTMAa M3 JBOWYHOrO KOZAA C HCIOJIB30BAHHEM IONOJHUTEIBHBIX aTTPAaKTOPOB —
HOJTOTOBHTENBHOr0, KOTOPBIH BKIIIOYAET B ce0sl 3a1a4y BBIICICHNSI MHOKECTBA aTTPAKTOPOB € OOLIMMY NIPH3HAKAMH U CUHTE3
nHopMamuy 06 uccnemyemoii cucreme. IlomydeHsl ciemylomme pe3yabTaThl. IIpoBefieH aHAIM3 CIENHAIM3HPOBAHHBIX
CHMYJISITOPOB, [IO3BOJISIFOIIMX PELIATH BONPOCH! BBIIEICHUS (M3bITHS) HEKOTOPBIX aIrOPUTMOB M3 IBONYHOrO Koza. OmnpeneneHa
HEOOXOIMMOCTb H3BICKAaHUS JOIOJIHHTEIBHBIX AaTTPAaKTOPOB [BOMYHOIO KOJA IPOrpaMMbl IS IOBBILIEHUS TOYHOCTH
TECTUPOBaHUs OE30MACHOCTH MPOrpaMMHOro obOecredeHus. CXeMaTHYecKH IpeyIokKeHa oOlas CTPYKTYpa BBIICJICHHS
QITOpUTMA U3 ABOMYHOrO KoJa. BeIBoABI. Pa3paboTaH KOMIUIEKC alrOPUTMOB, KOTOPBIE B LIEJIOM COCTAaBIISIIOT MOZEIb [IEPBOrO
JTarna HOATOTOBKYU JIaHHBIX BBIAENICHHS AIrOPUTMa U3 IBONYHOTO KO JUIs aHaIHM3a O€30MaCHOCTH POrPaMMHOI0 00ECTIeYESHHSL.
OC00EHHOCTBIO Pa3pabOTOK 3TOrO 3Tala SABIACTCS BOSMOXKHOCTB IIOCTPOCHHS Tpada I MPOMU3BOIBHOrO aTTPaKTOpoB, 6e3
OrpaHMYEHMs] Ha CTaTHYHOCTh KOZa. DTO II03BOJIMT CYLIECTBEHHO PACIIMPHUTH CHEKTP M3y4aeMBIX MPOrPaMMHEIX KOIOB, B TOM
qyclie KOJOB, HMEIOIIMX IIPU3HAKH JTMHAMUYECKOro H3MeHeHus. JlanpHeiee pa3BuTHe paboThl 3aKII0YaeTCsl B UCCIIEIOBAHUH
BCEH CXeMBI U Pa3pabOoTKe COOTBETCTBYIOIIEIO METONA BBIACICHHUS alrOpUTMa M3 IBOMYHOTO KOIA Ui aHAH3a Oe30IacHOCTH
[POrpaMMHOTr0 00ECIICUCHHUS.

KaoueBbie cioBa: TecTHpoBaHHE 0E30MMaCHOCTH IPOrPaMMHOIO OOECIIeUeHHMs; ABOWYHBIN aTTPAKTOp; 3THUECKUI
XAKHHT.
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CHUCTEMA IIEHTU®IKAII IIKIAJUBOTIO ITIPOTPAMHOI'O 3ABE3IIEYEHHA

HA OCHOBI KOHTEKCTHO-BUIbHUX T'PAMATHUK

IIpeaqmerom crarTi € ROCIIDKEHHS METOMIB ineHTH(IKALIi IIKIJUIMBOrO NPOrpaMHOro 3a0e3He4eHHs B KOMII FOTCPHUX
cucreMax. MeTOI0 € JOCIIPKEHHS iCHYI0OUMX Mojiesiel BUSBIICHHS BipyciB Ha 0a3i ()opManbHUX MOB Ta rpaMaTHK Ta yJo-
CKOHAJICHHSI MOJIeJ 3a paxyHOK BuUkopucTtanHs LL(1)-rpamaruku. 3aBaaHHsA: po3poOUTH MaTeMaTUYHy MOZEINb 1IeHTUdi-
Kauii IIKi/UTMBOro NpOrpaMHOro 3a0e3rneueHHs Ha OCHOBI KOHTEKCTHO-BIJIBHUX I'PaMaTHK; BUOpaTH e()eKTUBHUI alrOpUTM
i1 po6oTH, PO3pOOHTH MPOrpaMHy MOJIEIIb Ta BUKOHATH TECTYBaHHS. BUKOPHCTOBYBaHNMH METOAMH €: anapar (popMalib-
HHMX MOB Ta rpaMaTHK, MaTeMaTH4YHI MOJEJi Ha OCHOBI JI€TEpPMiHOBAaHMX Mara3MHHHMX aBToMariB. OTpUMaHO Taki pe3y/ib-
TaTtu. OOrpyHTOBAaHO BHOIp THIy IpaMaTHK{ Ta MOJEJ MarasuHHOro aBTomaty. Po3pobieHo mporpamue 3a0e3redeHHs,
siKe TeHepye (YHKIIT mepexofiB Mara3uHHOrO aBTOMATy BiIIIOBIHO 1O 33JaHHUX IPABWJI I'PaMaTHKH, aHATi3ye BXiTHUMA
(aiil Ha HasBHICTb 33JlaHNUX O3HAK, XapPAKTEPHUX Ul LIKiUIMBOIO MPOrPaMHOro 3a0e3NeYeHHs Ta MOJIENIOE podoTy aeTe-
PMIHOBAHOI'O HU3XIJHOTO Mara3uHHOTO aBTOMATy. 3a pe3y/IbTaToM POOOTH Mara3uHHOTO aBTOMAaTy (POPMYETHCsSI BUCHOBOK
11010 MOXKJIMBOCTI 3apa)K€HHsI KOMII FOTEpHOI cucteMu. BucHoBkn. HaykoBa HOBM3HA OTpUMAaHMX pe3ysbTaTiB MOJISATAE B
HACTYITHOMY: JIOCIIIJDKEHO ICHYIOUl MOZIeJIi aHTUBIPYCHHX CKaHepiB Ha 06a3i ()OpMaJIbHUX MOB Ta IPaMaTHK; Y OCKOHAIECHO
MoJienb 3a paxyHok BukopucranHa LL(1)-rpamaruku, po3poOiieHO mporpamMHe 3a0e3IeUeHHs Ta BUKOHAHO TECTYBaHH:.
IpoBeneHi excriepuMeHTalbHI JOCHIIKEHHS MiATBEPKYIOTh MOXKIIMBICTh BUKOPHCTAHHS 3alIPOIIOHOBAHOTO ITiJIXOAY, SIK
JIOIATKOBOr'0 3ac00Y JUlsl BUSBJICHHS IIKIUTMBOTO IPOrPaMHOro 3a0e3I1eUeHHS.

Kiro4oBi cj10Ba: KOMIT IOTEpHI CHCTEMHU; aHTUBIPYCHE IIPOrpaMHe 3a0e3eYeHHs; KOHTeKCTHO-BiNbHI rpamaruky; LL(1) —

rpaMaTUKH; HH3XiZ[HHﬁ Mara3uHHHUI aBTOMAT.

BecTtyn

IMocranoBka mpodiaemu. OnHy 3 HaH3HAYHIIINX
3arpo3 Oe3meri KOMIT FOTepHUX CHCTeM Ta iHdopmarlii B
LJIOMY CKIJIQJIa€ UIKiUIMBE IporpaMHe 3a0e3nedyeHHs,
200 KOMIT FOTepHI BipycH.

B 2017 3adikcoBaHO 3pocTaHHsA aTak 3 OOKy ci-
MelicTBa BuMaradiB cimeidictea Trojan, ocoONMBO IS
MOOUTEHHX cucTeM. KiJbKiCTh aTakoBaHUX M KOPHUCTY-
BauiB 3pocia Outbm Hik B 13 pasiB [1]. Tak xakepchka
aTaka, NpoBeAeHa 3a JomoMmoroio Bipycy Petya.A, B
VYxpaini Biaitky 2017 poky 3a KijgbKa TOJUH Bpasuiia
OaHKM, 3alpaBKy, Mara3uHH, CaiiTH Jep)KaBHUX CTPYK-
Typ. IlapanizoBaHUMH BHSBHJIKCS HaBIThH caiitu KabiHe-
Ty MiHicTpiB 1 psaay HanOimpmmx 3MI. Llg mkimmuBa
Iporpama Bpasuia KOMITIOTepH 0araThoX OpraHiszamii i
npuBaTHUX 0oci0 B 60 kpaiHax cBiTy. 30MTKH BiJ| aTaku
Bipycy olliHeHO B 8§ Muipa gonapis [2].

Crij 3ayBaKuTH, 110 3a3HauyeHa IpoliiemMa MOCH-
JIIOETHCS AWHAMIYHAM 3pPOCTaHHSM KiJIBKOCTI MOOLIB-
HUX TIPHUCTPOIB, 3arajbHUM IIEPEXOAOM Ha XMapHi TexX-
HOJIOTIT 1 MOUIMPEHHSIM [HTepPHET-TEXHOOTIH, 110 MPH3-
BOJIUTH J0 3POCTaHHS KUIBKOCTI IIKIUTMBOTO IIPOrpam-
HOTO 3a0€31eYeHHsL.

Amnaui3 mitepatypu [3-7], mo cydacHi aHTHBIpY-
CHI TpOrpaMy HE MOXKYTH IOBHICTIO 3aXHUCTUTH KOM-
m'torepHi cucreM (KC) 1 moTpeOyIOTh EBHOTO Yacy st
BUSIBJIGHHS HOBHMX BepCii IIKIAJIMBOTO MPOrPaMHOTO
3abe3neueHHs. CydacHi €BpPHCTHYHI TEXHOJOTIi He
3a0e3MeuyloTh HaJIeKHOTO PIBHS PO3Mi3HABAHHS TaKOX
pu poOoTi 3 3ammdpoBaHumMu 00'ektamu. Jlo HemoIi-
KiB ICHYIOUMX METOJIB pPO3Ii3HaBaHHI Moupikariii
LIKiIMBOrO Nporpamuoro 3adesnedenss (ILI13) Takox
MOXKHa BIJJHECTH BHUCOKY HMOBIPHICTH TOMMIKOBHX
CHpalnbOBYBaHb.

OCHOBHUM IIUIIXOM YCYHEHHsI 3a3HA4Y€HHX HeJo-
JKiB € BIOCKOHaNleHHs Mozened BusiBnenHs I3 i
apryMeHTOBaHUI BHOIp BXiIHHX KpPHUTEpiiB OLIHIOBaH-
Hs1. OZHUM i3 IEPCIIEKTUBHUX HANPSMKIB €BPUCTHYHOTO
aHaJi3y € BUKOPUCTaHHs arnapary (popMajJbHUX MOB Ta
rpamatuk DopmanbHi MOBH 1 TpaMaTHKU 3aCTOCOBY-
I0ThCSL ISl ONTUCY 00'€KTIB PEaIbHOIO CBITY PEryJIsipHOI
CTPYKTypH. AHaji3 NOKa3as, [0 BUKOPUCTaHHS GopMa-
JIBHAX MOB 1 IpaMaTHK € HalOiIbIIl NOIIUPEHUMH TPH
3axHCTI KOMIT FOTepHUX Mepex [8] 1 mo3Bodisie anexBar-
HO (hopmastizyBaTH OMKC aTak HaWKpalluM YUHOM Ta
noOynyBaTH a/ieKBaTHUI (hOpPMalbHUI OMHC CIEHAPIiB
JIOCUTh CKJIaJHUX aTtak. KpiM Toro, rpaMaTHKu MOXYTh
OyTU BUKOpPHUCTaHi i B 1HIIIN pOJi: BOHU MOXYTh BUKO-
pHUCTOBYBAaTHCS TIPH PO3Mi3HABAHHI aTak, SKIIO ii po3r-
JSIATH SIK 3aBJaHHS CHHTAKCHYHOTO aHAIIi3y JIAHITHOXK-
KiB BiJIOMOI CTPYKTYpH

Bingomo, mo y MalmmHHOMY KOJIi, 3aBKAX IPUCYTHI
TIeBHI 3aKOHOMIPHOCTI, BUSIBJICHHS SIKHX MOX€E IPHHEC-
TH KOPHUCTh TIPH JIETEKTYyBaHHI BipyciB DakTUYHO, po3-
TaIIOBaHI B MEBHOMY IOPSAKY IMOAI1 € (pa3aMu meBHOT
MoBHU. Came 11i 3aKOHOMIpHOCTI MOXYTh OyTH BUKOPHUC-
TaHi JUIsl BUSBJICHHS BipyCiB Ta iX MoanQiKarii.

VY poborax [9-12].HaBeneHO TiibKH omuc (hopma-
JIBHAX MOJIENEH, 110 JISITIN B OCHOBY METO/Y BHSIBJICHHS
LIKIJUIMBOTO MPOTPaMHOro KOAY Ta BiACYTHI JaHi MIOI0
BHUOOpY THITYy TpPaMaTHKH Ta iX peasti3arfii.

MeTo10 CTATTI € JOCTIIKEHHS ICHYIOUMX MOJIEIeH
BipyciB Ha 0a3i (opMasbHUX MOB Ta rpaMaTHK Ta yHO-
CKOHAJICHHSI MOJIeJIi 32 paxyHOK BHKopucraHHs LL(n)-
rpaMaTUKH

Pe3ynbTaTti po3pobku Ta AgocnigaXeHb

Bingomo 1o € orupu tunu popmansHux MoB [15].
JloBeneHo, 110 ISl KOYKHOTO 3 IIUX THUITIB MOB iCHYE CBili

© Taspuienko C. lO., YUenak B. B., Bacunes B. A., 2018
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TUI paclii3HaBaya 3 IEBHUM CKIaJl0OM KOMIIOHCHTIB 1,
OTXKe, 13 3aJIaHOI0 CKJIAIHICTIO aJlTOPUTMY POOOTH. Aute
HAMOUTBIIMI iHTEpeC TPEJCTAaBIslE KOHTECTHO-BLJIbHA
rpamatuka (KB). Cepen Bcix KB-MOB MOXHa BHIUTUTH
Kinac nerepMmiHoBaHnX KB-MOB, po3smizHaBauamu ISt
SIKMX € JICTepPMIHOBaHI aBTOMAaTH 3 Mara3uHHOK (CTEKO-
BOIO) 30BHIIIHBOI Mam'aTTi0. 1[I MOBM MaloTh BIaCTH-
BiCTh OJHO3HAYHOCTI. JlOBEeACHO, MO I OYAb-SKOTO
nerepmiHoBaHOi KB-MOBU 3aBxIu MOXKHa MOOYIyBaTH
OIHO3HAYHY Tpamatrky [16, 17]. Kpim Toro, mis Takux
MOB iCHY€E alropuT™M poOOTH po3Mi3HaBaya 3 KBaJpaTHy-
HOIO cKnagHicTio. OCKUIBKA Il MOBH € OJHO3HAYHHMU,
caMe BOHM Hajaii OyayTh BUKOPWCTaHI ISl BUPIIICHHS
npobsieMn  ineHTH(IKamil IIKJIMBOrO IMPOTrPaMHOTO
3abe3neueHns. OxpemuM pumagkoM KB-MoBH € aBTOMa-
THI TpaMaTHKHU VIS SIKMX PO3IMi3HABA4YeM € OIHOCTOPOH-
Hill HeJICTepMIHOBaHUI aBTOMAT 0€3 30BHIIIHBOT aM'sTi,
SKUH Tiependavae JiHIHHY 3aJIeKHICTh 4acy Ha posOip
BXIJIHOTO JIAHIIO)KKA Bif ii moBxkuHH. [laHuWid TMO pO3-
mi3HaBaya MO)Ke OyTH BHKOPHCTAHMM JIMIIE 32 YMOBH
OITUCY CTPYKTYPH 3 BUKOPUCTaHHSM aBTOMATHOI Tpama-
THKH, IO YISl ONKCY IIKIJTUBOTO MPOrpaMHOro 3adesre-
YEeHHS MOJKITUBO TUTBKH B OKPEMHUX BUIIAIKAX.

B nauiii po0oTi [UIs MOAAIBIIOro aHajIi3y BUKOPH-
crano miakimac KB-rpamaruku, a came LL(1)-rpama-
TUKY, JUISl SIKOI JIeTepMiHOBaHWI Mara3uHHUH aBTOMAT
M mnpalifoe 1Mo oIHOMY BXiZIHOMY CUMBOITY, PO3TaIllOBa-
HOMY B INOTOYHIH mo3uuii. Bimomo, mo crnagnuii pos-
mizHaBay Ha ocHOBi LL(1)-rpamaTuku, € OiIbII HATMISA-
HUM 1 IPOCTUM B peamizamii [15-17],

MarazunHuii aBTOMaT M, BU3HAYAETHCS HACTYITHOIO
CYKyIHICTIO ceMu 00'ekTiB [15]:

M={P,S, s,.f,F.H, h} ()

ne P — BxingHuit andasit, S — andasit cTaHiB, s, — IO4a-
TKOBUH cTaH, s, € S, F — MHOXMHA KIHIIEBUX CTAHIB ,
H — andaBiT MarasuHHUX CHMBOIIB, /1, — MapKep THA
Marasuny, h, € H, f— QyHKIisS IepexoiB.

PoGora aBTOMara Moke OyTH ToOmaHa SK 3MiHA
KOH(QITyparii:

(s,aa,yh) |- (s, a, yB). 2

s xoxnoi LL(1) rpamaTHku MOXKHa 1OOYAyBaTH
JeTepMiHOBaHHUI MarasMHHUM aBTOMAaT M, 110 AOIyCKae
MOBY, IIOPO/IXKYBaHy JaHOIO IPaMaTHKOIO:

La@)=LM). ()

s BUOOpY BXIJHUX KPUTEpIiB CHCTEMH iIE€HTH-
¢ikarii MKiUIMBOrO MPOrpaMHOro 3abe3levyeHHs Mpo-
anaizoBano I1IT3 cimetictBa Trojan, Worm ta Adware
Ta BUJIICHO XapaKTEePHi O3HAKH.

Otpumano, 1o cimeiictBo  Trojan-Ransom.
AndroidOS.Egat miciist ycTaHOBKHM IepeBipsi€, 10 BOHO
3allyllleHO Ha IIbOMY TPHCTPOi, a HE Ha BipTyaJbHIH
MammHi. SIKIo mnepeBipka IpoilaeHa, 3 BiJJIAJIEHOTO
cepBepa 3aBaHTAXYETHCS OCHOBHUN MOIYJb, SIKUH,
EKCIUTYaTyIOUd Ypa3JIMBOCTI B CHCTEMi, HaMaraeThCs
OTpUMATH TIpaBa CyNepKOPHCTyBayda. SIKIIO Iie BIA€Th-
csl, TO BIpyC BCTaHOBIIIOE CBOi MOJYJI B CHCTEMHI Iam-
KM, a TaKoX MOAU(IKYE HaJNAMITyBaHHS IIPHCTPOIO
TaKUM YHUHOM, I00 3QJIUIIUTUCS B HHOMY HABITh MiCISA
CKUJIaHHSl /IO 3aBOJCHKUX HajamryBaHb. lllkimiuBe

nporpaMHe 3a0e3MeueHHs XapaKTepU3yeThCs CTAaHAAPT-
HOIO JIJIs BUMaraya (hyHKITiOHaJbHICTIO: OJIOKye poOoTy
MPUCTPOIO, TEPEKPUBAIOYN CBOIM BIKHOM JHCIUICH Ta
BHMarae TPoIili 3a PO30JIOKYBaHHS.

[Ticis 3amycKy Ha KOMIT'IOTEPi TPOSIHChKA MpOrpa-
Ma Trojan.Stoldt.Win32 kormitoe CBO€ TiIo B CHCTEMHY
nanky Windows a6o B manky Temp (BUKOPHCTOBYIOUH
API-pynkmii  CreateFile, CloseFile, CloseHandle):
C:\DOCUME~I\  User\LOCALS~1\Temp\haoxy.exe.
ITicast 9oro peecTpyeThCs B KIIIOYAX aBTO3AMYCKY CHC-
temHoro  peectpy  C:[HKCU\Software\Microsoft\
Windows\  Currentversion\RunJusbcommonide =
C:\DOCUME~1\User\LOCALS~1\Temp\haoxy.exe.
3apeecTpoBaHi cpoOM TPOSHIB JaHOTO CiMelcTBa 3a-
BaHTaXUTH 1iKijuBe 10 3 BimnaneHux cepBepiB:

— http://www.ananwg.com/

—  www.dagewozhishihunkoufanchininxingxingh
aobuyaodawo0555555.com

— http://www.haoxiaoyao.com/

— cnc.haoxiaoyao.com.

3a pe3yabTaTaMy aHaii3y MOXIIUBO BiIMITHTH, IO
ciMeicTBO MOTEHIIHHO HeOaxaHux mporpam (Adware)
g 64x OitoBux cucreM Adware.SearchSuite. Win64,
sIKi YIIOBLIBHIOIOTH pOoOOTY Web-0pay3epiB i MOKa3yioTh
CIUTMBAIOYy pEKJIaMy Ha KOKHIH CTOpIHII Ta HpH Ipo-
HUKHEHHI Ha KOMIT'IOTEp, IHCTAJIIOIOThCSI B HACTYIIHI
mpekropii (BukopucroBytoun API-¢ynkiii CreateFile,
CloseFile, CloseHandle):

— C:\Program Files
Datamngr.

- C:\Program Files\Movies App\Datamngr.

—  C:\Program Files\jZip\.

— C:\Documents and Settings\test user\Local
Settings\Temp.

JI71s aBTOMATUYHOTO 3aITyCKY TPH Tepe3aBaHTaKEeHHI
koMmm'totepa, Adware. SearchSuite peecTpyeThest B peecTpi
sK cepsic min iM'sm Datamngr (MoyTs OyTH 1 iHIII Ha-
3Bu):  HKLM\SYSTEM\CurrentControlSet\  services
\DatamngrCoordinator\ImagePath "C:\Program Files\
Movies App \Datamngr\ Datamngr Coordinator.exe.

Amnani3 MexaHi3My poOOTH KpIiNTOIOKEpiB ciMeiic-
TBa 4epB’ska-mudpyBanbHuka Trojan. Encoder.12544
(Bimomoro sik Bipyc Petya) mokaszaB, mo BiH mmgpye
Gbaiinu 3 MeBHUMHU PO3IIUPEHHIMH, a TAKOX Iepe3annu-
cye MBR (Master Boot Record), ouwmmiae sor-gaiimu
(>KypHaJIM TOJIiii), 3HAXOJUTh BEIUKY KUIBKICTH Pi3HO-
tunHUX (aitniB (puc. 1), mudpye iX BHKOHYe nepesa-
BaHTa)XCHHS KOMIT'FOTEpa Ta BUBOIHUTH MTOBITOMIICHHS 3
BHUMOTOIO BUKYITY.

3pa3ok oTpuMye ayTeHTH]IKaIliiHI JaHi 3a JOIMo-
Mmororo ¢ynkuii CredEnumerate i yrunitu mimikatz. 3a
JIOMIOMOTOF0 OTPUMAaHHX JAHUX BUKOHYETHCS MOIIMPEH-
HS MEPEXXEI 3a PpaxyHOK MiJKII0YeHb IO pecypcy
admin$, yrumitu PsExec.exe i wmic.exe (WMI). Takox
BUKOHYIOTHCS CHPOOHM  eKCIUTyaTallii Bpas3iHMBOCTEH
SMB EternalBlue (CVE-2017-0144) i EternalRomance
(CVE-2017-0145).

OTpuMaHHS ayTeHTU(IKAliiHUX JaHUX BUKOHY-
€THCS TAKMM YHHOM: BipYC BUKOHYE CIPOOH OTPUMAHHSI
ayTeHTHU(]IKaifHUX [aHWX 3a JOMOMOror (QyHkuii
CredEnumerate (BUKOHYETHCS MOLIYK JaHHX, iM'Sl SKHUX
nourHaeThes 3 KTERMSRV/»).

(x86) \Movies App\
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®aiin [Mpaska @opmar

I->AR|***R
A-

Bua Cnpaexa

e0d0d0a2400000000000000
R->AR|=**R|$

Qaiin [paska ®opmar Bug

IAR

>4d5a90000300000004000000f f f f0000bB0000E00000000040000000000000000000000000000000000200000000000000000000000000000000
000080000000elfbale@BbdB9cd21b8014ccd2154686973207072616772616d2063616e6e61742062652072756e20696e20444153206d6F64652

/| term.txt — BnokHot

Qaiin [lpaska ®cpmar Bug Cnpaeka

20696e20 44415320 6d6T6465 2e0d0dea 24000000 ©0L0OERE ***

|dd5a9999 03000000 04000000 ffffoO0e b3000ODE COOOLEOE 40000000 0CEODOVO DOLEEELD ©OPEOBED ©0BOCCED 00EELVEE bLOBEVBe
00000000 00000DOD 3000000 Gelfbabe 0Ob409cd 21b8014c cd215468 69732070 7266772 616d2063 616ebebf 74206265 2072756e

— a X

Puc. 1. HaGip npaBui rpamMaTHKH [UIs IEPEBiPKH 3aroyioBKy ¢aiimy

OTpuMaHi /aHI BHKOPHUCTOBYIOTHCS JUIS IOLIH-
peHHsl Mepexero. Bipyc BukopucTtoBye (QyHKIIi cucre-
mu (taki sk GetExtendedTcpTable, GetlpNetTable,
NetServerEnum, WNetEnumResource, DhcpEnum
Subnets, DhcpEnumSubnetClients) mis ¢opmyBanHs
aJlpecu pecypciB Mepexi.

Sk pe3ysabTaT, Uit HOAAIBIIOTO JOCIIKEHHS, BH-
JIJIEHO TIepeNiK HACTYNHHUX Jid, SKi Yy CYKYIMHOCTI €
IIKIJJTUBUMHY 1 TTOJAIOThCS HA BXiJ CUCTEMH iIeHTH(I-
Kalil IIKIITTMBOrO IPOrpaMHOro 3a0e3MeUeHHs a caMe:

— TlepeBipka MOCIiTIOBHOCTEH HA HASBHICTH XeIll-
cyM HasB aHTuBipycHoro [10.

— 3BepTaHHA J0 BENHUKOI KUTBKOCTI PI3HOTUITHUX
¢aiinis.

— BukopucranHs anroputMy muQpyBaHHI 3a
JIOITOMOT'OF0 BIAKPUTOrO KITFOUA.

— Bukopucranns yrunith mimikatz mis Buy-
YeHHs 00JIIKOBHX JaHUX.

— Cropobu oTpuMary npasa aaMiHiCTpaTopa, mij-
KJIFOUEHHS JI0 Pi3HUX PECYpCiB.

— Bukopucranns ¢yHkuiii orpumanHs inpopma-
1ii PO PeCypCH Mepexi.

— Cnpoba BUKOpUCTaHHS Bpa3nuBocTeii SMB-
MEXaHI3MY.

— Cnpoba oTpuMaTH IpaBa aJMiHICTpaTOpa

— Cnpoba nepezanucy MBR.

— Tlepe3aBaHTa)keHHS KOMIT'FOTEpa.

Pobota cucremu 0a3yeTbcs Ha MHOKHHI HH3XiJI-
HUX Mara3pHHHX aBTOMATIB, SKi aHANI3YIOTh BXiTHHIMA
¢aiin. Cucrema izeHTU}IKaLii MIKiIIUBOrO TPOrpaMHO-
ro 3a0e3nevyeHHsl MpaIoe HacTymHUM YuHOM. CriodaTKy
BUKOHYETbHCS TIepeBipKa, UM € BXiTHHUH (ailn BUKOHYBa-
HUM, TOOTO cHcTeMa Oyie aHai3yBaTH TiJIbKH (haiiiu,
110 BUKOHYIOThCS (oamH 13 11 BXigHux kputepii). Ha-
Jani, mporpama 34MTye i3 (aiiy mpaBuia rpaMaTHKU
(puc. 1, 2), 3uaxomute ¢ynkuii First() ta Follow(),
¢dbopmye MHOXHHY eremeHTiB Choice() Ta renepye yH-
KIIii Iepexo/1iB Mara3uHHoro apTomata [11-13].

OuikyBaHi (YHKIII MepexoJiB Mara3uHHOTO aBTO-
MaTy I TpaMaTUKH HaBEICHO B TaON. 1, a 3reHepoBaHi
porpaMoro — Ha puc. 3. JJst 331aHOT0 KI1acy IIKiIIHBO-
rO HpPOrpaMHOro 3a0e3reueHHs, Ha 0a3l 3reHepoBaHHX
(YHKLIH Mepexo/[iB Mara3uHHUX aBTOMATiB BUKOHYETHCS
nepeBipka BXiJHOTO (aiily Ha HasABHICTh BHOpaHHX
o3Hak. Cucrema inentudikarii 13 mo3Boisie 3anaBaTu

KUIBKICTh 3HAMJICHUX O3HAKaX, SIKi (DOPMYIOTH pIIICHHS
PO MOXJIMBICTb Bpa)KEHHS KOMIT FOTEPHOI CHCTEMH.
[IpoBeneHo TecTyBaHHS CHCTEMH HAa MHOXKHHI O€3MEUHUX
¢aiiniB Ta ¢ainiB AKi MICTATH IMIKI[UIMBE MpOTpaMHe
3abe3neyeHHs. Ha puc. 4 HaBeneHO pe3ysbTaT TeCTyBaH-
HS IIKIIMBOTO (aiily, y SKOMY 3HaliieHo Oublle HiX 6
o3Hak i3 11 3aganux. SIk BUIHO 13 pe3yJbTaTIB eKCIepH-
MEHTY cucTeMa ieHTH]IKallii IKiJTUBOrO MPOTrPaMHOT0
3abe3nedeHHs Ha ocHoBl LL(1) - rpamariku Moxe OyTH
3pYYHHM iHCTPYMEHTOM JUIsl aHanisy daiinis,. Ii mporpa-
MHa peai3allisi He € CKJIaJHOI, aje ToTpedye apryMeH-
TOBaHOT'O BHOOPY BXIJHUX KPUTEPIiB.

'3 LabZin.td — Bnoxmor

dafin  Mpaexa
I-»AR|*==*R

A->BbceaBlbfeffff33caB5ff75e55F5e5b5dc3558becB3acBe5356578b7408
R->AR|***R|3

Soprat  Bug  Cnpaeca

z ngnienm. it — E.’I‘:Kﬂﬂ'.
Dain Mpaexa Dopisar  Bug Cnpassa
IAR

E term bt — Enornat

Daitn Mpasxs  Dopsst Bua  Cnpaexs
BbceeBlb feffff33 cIB5FF75 e55f5e5b 5dc3558b ecBlecBc 5356578b

Puc. 2. HaGip npaBui rpamMaTiku
Jutst ikcauii cipobu nepesarmicy MBR

Tabnuys 1. @yHKOii mepexoAiB Mara3MHHOI0 aBTOMATY

9. f(s, 5356578b,
5356578b) = (s, $)
10. (s, 7d086201,
7d086a01) = (s, $)

11. f(s, 68b0143,
68b01f43) = (s, $)

12. f(s, 00578b4f,
00578b4f) = (s, $)
13. f*(s, 8bcee81b,
R)=(s, RA)

14. f{s, *** R) = (s, R)
15. P(s, $, R) = (s, §)
16. f¥(s, $, ho) =(s,9%)

1. f*(s, 8bcee81Db, I) = (s, RA)

2. 1(s,***I) = (s, R)

3. (s, 8bcee81b, A) = (s, 00578b4f
68b01f437d086a015356578bec83ecOc
5dc3558be55f5e5bc985f75feffff33)

4. f(s, feffff33, feffff33) = (s, $)

5. f(s, c985ff75, c985ff75) = (s, $)

6. f(is, €55f5e5b, €55f5e5b) = (s, $)
7. (s, 5dc3558b, 5dc3558b) = (s, $)
8. (s, ec83ecOc, ec83eclc) = (s, $)

BucHoBKMu

B po0oTi BHKOHAaHO AOCIIXKEHHS ICHYIOUUX MO-
Jienield BUSIBJIIEHHS LIKIJUIMBOTO IpOrpamMHoOro 3abesre-
4yeHHs Ha 0a3i popMaIbHUX MOB Ta IpaMaTuK.
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) Configl0tt — Bnosmor - [

w

@adin  Mosese Tupmar Bng Cupasea
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OOrpyHTOBaHO BHOIp THITy TpaMaTHKU Ta MOAENI
Mara3uHHOI'O aBTOMATYy.
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3a paxyHOK BukopucrtanHs LL(1)-rpamaTuku, sika me-
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Po3po0iieHo mporpaMHy MOJENb CUCTEMU 1ICHTH-
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BEP/DKYIOTh MOXKJIMBICTH BUKOPHCTaHHS 3alpOINOHOBA-
HOT'O MiJIXOMy, SIK JOJATKOBOI'O 3aCO0Y ISl BUSBJICHHS
LIKIJUTUBOTO TIPOrPaMHOro 3a0e3MeYeHHsI.

BOT'0O IIPOTrPaMHOr0 3a0e3IeueHHs] Ha OCHOBI KOHTEKCTHO-
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CucreMa naeHTH(GHKAINY BPEJOHOCHOI0 IPOrPAMMHOI0 00ece4eHHs1 HA 0CHOBE KOHTEKCTHO-CBOOOIHBIX TPAMMAaTHK
C. 0. I'aBpunenko, B. B. Uenak, B. A. Bacunes

IIpeamer craTbu - UCCIEJOBAaHUE METOIOB MICHTU(HUKALUK BPEJOHOCHOTO IPOrpaMMHOI0 OOECIICUeHHs B KOMIIBIOTEp-
HbIX cuctemax. LleJb cTaThy - MccleoBaHUE CYLIECTBYIOLIMX MOJENEil BISBICHHS BUPYCOB Ha 0a3ze (hOPMAIBHBIX SA3BIKOB U
rpaMMaTUK M YCOBEpIICHCTBOBAHME MOZENM 3a cyeT ucnosb3oBaHus LL(1) -rpammaruku. 3amaua: pa3paboraTb MaTeMaTHye-
CKYI0O MOJieNb MICHTH(UKALMK BPEIOHOCHOIO MPOrPAMMHOrO OO€CHedYeHHs Ha OCHOBE KOHTEKCTHO-CBOOOIHBIX I'DaMMATHK;
BbIOpaTh 3()(EKTHBHBIN aIropuT™ ee padoThl, pa3padoTaTh NPOrpPaMMHYIO MOJIEIb U BBIIIOJIHUTH TeCTUpoBaHUE. Vcronb3yemsbl-
MH METOAAMH SBISIOTCS: anmnapar (OpMaibHBIX SI3bIKOB U I'PAMMATHK, MATeMaTHYECKHE MOJIEIHN Ha OCHOBE JETCPMUHUPOBAH-
HBIX Mara3uHHbIX aBTOMaToB. [lomyudens! ciepyromue pe3yabTaThl. OG0CHOBaH BHIOOP THIA IPAMMATHKU U MOJZIENIM Mara3uH-
HOro aBToMara. PazpaboraHo nporpaMMHoOe oOecrieueHHe, KOTOpoe IreHepupyeT GyHKIMH NEPEXO00B Mara3uHHOro aBToMaTa B
COOTBETCTBUH C 33JaHHBIMHU IIPABWJIAMH I'PaMMAaTHKHU, aHAIM3UPYeT BXOXHOU (ailn Ha Hanuume 3aJlaHHBIX IPU3HAKOB, Xapak-
TEPHBIX JUIS BPEIIOHOCHOTO IPOrpaMMHOI0 00ECIICUEHHsI U MOZICIIUPYET paboTy A€TePMUHUPOBAHHOIO HUCXOAIIEr0 Mara3uH-
Horo aBromara. ITo pe3ynbraTaM paOOThl Mara3MHHOIO aBTOMAaTa (POPMHUPYETCS BHIBOJ O BO3MOXKHOCTH 3aPa)KCHHUsI KOMITBIOTEP-
HOM cucTembl. BoiBoabl. HayuHast HOBU3HA MONyYEHHBIX PE3YJIbTaTOB 3aK/IIOUAETCSA B CIEIYIOIEM: HCCIIEA0BaHbl CYIIECTBYIO-
IIMe MOJIEIM aHTHBHPYCHBIX CKaHEpOB Ha 0a3e (h)OPMAIbHBIX A3BIKOB M IPaMMAaTHK; YCOBEPIICHCTBOBaHA MOJEIb 33 CYET HC-
nonb3oBaHus LL(1) - rpammaruky, pa3paboTaHo IporpaMMHOE oOecledeHHe U BBIIOIHEHO TecTupoBaHue. IIpoBeneHHbIe 3KC-
HepUMEHTaJIbHBIE UCCIIE0BaHNUS OATBEPKIAIOT BO3MOXKHOCTb UCIIOJIL30BAHUS MIPEUI0KEHHOTO II0IX0/1a, B KAUECTBE JIONOJIHHU-
TEJBHOIO CPEJICTBA JUIs OOHAPYKEHHS BPEIOHOCHOIO MPOrPAMMHOIO 00ECIIEYEHHS.

Karo4deBble cJ0Ba: KOMIBIOTCPHBIC CHCTEMbl; aHTUBUPYCHOE HMPOrpaMMHOE OOECICUEeHHE; KOHTEKCTHO-CBOOOIHBIC
rpammaruky; LL(1) — rpaMMaTiKy; HUCXOAMIMI Mara3uHHbINH aBTOMAT.

Malicious software identification system provision on the basis of context-free grammars
S. Gavrilenko, V. Chelak, V. Vassilev

The subject of the article is the study of methods for identifying malicious software in computer systems. The goal is to
study existing models of virus detection on the basis of formal languages and grammars and to improve the model through the
use of LL(1)-grammar. Objective: to develop a mathematical model for identifying malicious software based on context-free
grammar; choose an effective algorithm for its job, develop a software model and perform testing. The methods used are: formal
languages and grammars, mathematical models based on deterministic pushdown automatons. The following results have been
obtained. The choice of grammar and the model of the pushdown automaton is substantiated. The software is developed, which
generates the transfer functions of pushdown automaton in accordance with the given grammar rules, analyzes the input file for
presence of the specified attributes, characteristic for malicious software, and simulates the work of the deterministic top-down
pushdown automaton. Based on the result of the work of pushdown automaton, a conclusion is drawn about the possibility of the
computer system being infected. Conclusions. Scientific novelty of the obtained results is as follows: the existing models of
antivirus scanners on the basis of formal languages and grammars are investigated; the model was improved due to the use of
LL(1)-grammar, the software was developed and the testing performed. The conducted experimental studies confirm the possibil-
ity of using the proposed approach as an additional means to detect the detection of malicious software.

Keywords: computer systems; antivirus software; context-free grammars; LL(1) — grammars; top-down pushdown au-
tomaton.
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METO/I OIIIHKH NMEPEINKOJO3AXUCTY IHOOPMAIIMHOI CUCTEMHU
IIPU BUKOPUCTAHHI CUT'HAJIIB 3 PO3IIUPEHHSAM CIIEKTPY

IIpeamer cTaTTi — OLiHKA NEpeIIKOA03aXKUCTy iHpopManitHuX cucteM. Mera cTarTi — po3poOka METOAy OLIHKH Iepel-
KOZI03axucTy iH(popManiiiHOI CHUCTEeMH YIIPaBIIiHHS 3 IICEBIOBUIIAIKOBOIO NEpe0y10BOI0 pOOOUOi YaCTOTH CUTHANIAMU IIPU
BIUIMBI CTPYKTYpHHX Heperkos. PesyabTaru. B poboti 3anpornoHoBaHuil MeTox OLiHKM iH(OpMaliiiHOI cucTeMu IIpH BU-
KOPHCTaHHI CHTHAIIB 3 IICEBJOBHIIAIKOBOIO Nepe0ynoBoo pododoi dacroru. JloBeneHo, mo 3abe3neunT moTpiOHI 3Ha-
YEHHS MEpeIKO/I03aXUCTy MOXIIMBO IPH BUKOPHCTAHHI BEJIUKMX aHCaMOliB ci1abOKOpEeIbOBaHHMX CHCTEM CHUTHAIIB.
OtpuMaHi BUpPa3u JUIsl OLIHKU IEPEIIKOI03aXUCTy iH(GOpMAaLiiiHOI CHCTeMHU IIPU BILIMBI CTPYKTYPHHX MEPELIKOA IS IIce-
BJIOBHIIAJIKOBOI ItepeOynoBu pobodoi yactorr (a3zoBoi maHimysimil. IIpoBeneHi mociipKeHHs TOKa3aid, 0 HeoOXiIHi
3HAYEHHS LUX XapaKTePUCTHK PaJiOCHCTEM JOCATAIOThCSA HE TUIBKM 33 PaXyHOK IOJNIIMIIEHUMH BIACTHBOCTSMH, aye i 3a
PaxyHOK 3aco0iB, SIKi peani3yloTh e()eKTUBHE 3aCTOCYBaHHSI CKJIa0BUX curHaiiB. [TokasaHo, o Juist Toro, mod 3MEHIINTH
BIUIMB CTPYKTYPHOI HEPEIIKOIM MOMXJIUBO MPH peati3aii iHhopMaliiiHol cucTeMu poBeCcTH AMHAMI4HY 3MiHYy (opM Iice-
BJIOBUIIA/IKOBOI 1epeOyoBu podouoi yacToTu Ta (hazoBoi MaHimymswii curHaiis. Peanizanis muHamivHoil 3MiHH (HOPM cHT-
HaiiB 3a0e3reduye He TIIbKHM NEPEeIKOJ03aXUCT 1H(POPMAaIIHHOI CHCTEMH, aje 1 aKTUBHUH iIMITO3aXUCT Ta CKPUTHICTh Ha
¢biznuHOMY piBHI. BucHoBkH. [IpoBeneHi JOCIiDKEHHS MOKa3aJly, 1110 HeOOXiAHI 3HAUSHHSI LIUX XapaKTePHCTUK PajliocHc-
TEM JOCATaIOThCA He TUIBKU 32 PAXYHOK BUKOPHUCTaHHS CUTHAJIIB 3 MOMIIILIEHHMMH BIACTHBOCTSIMY, aJle i 32 paXyHOK 3aco-
6iB, Ki pealli3ytoTb epeKTUBHE 3aCTOCYBAHHS CKJIA/IOBUX CHI'HAJIIB.

Karw4dosi caoBa: inpopmauiiiHa cucTema; IIceBJOBUIAAKOBA NepeOy10Ba poOOUOl 4aCTOTH; CUCTEMa YIIPaBIIiHHS; IIe-

PEIIKO03aXKCT; pafiocucTeMa; (pa3oBa MaHiIyIsILis.

BecTtyn

IlocTanoBKa Mpo0aeMH y 3arajJibHOMY BHIVISAI.
Jlo rtemepimmHboro 4acy B iH(GOpMAIiHUX CHCTEMax
YIIpaBJIiHHS, 5K (QYHKIIOHYIOTh B CKJIAQIHIA IEpenko-
JIOBii OOCTAaHOBII, LIMPOKE 3aCTOCYBAaHHS 3HAWMIILIH
CHTHAJH 3 TICEBJOBUIAAKOBOIO Mepe0y0BOI0 pobovoi
yactotu (ITTTPY). Bubip nporo kiacy cursaniB o0ymo-
BJICHHH TMPOCTOTOIO peaizallii MPUCTPOIB MOOYIOBU Ta
00poOKHM TakMX CHUTHaNIB. B HayKkoBiii mitTepaTypi moc-
TaTHHO PO3TJIIHYTO METO/IIB OL[IHKH HEPENIKOA03aXUCTY
iHpOpMAIIfHUX CHUCTEM YIpPaBJiHHA TpPU BIUIMBI Ha
CHCTEMY IIYMOBHX Iepemkoa. PazoM 3 muwm, sIK moka-
3aHO B [1 — 6], HalOLIbII HEeOE3MEYHUMHU € CTPYKTYPHI
TIEPEIIKOIH.

Merta cTaTTi — po3poOKa METOIY OIIIHKH IMEpell-
KOJI03axHCTy 1H(opMamiiHOI CHCTEMHU YIpaBIiHHS 3
[ITPY curnanxaMu mpu BIUTHBI CTPYKTYPHUX IIEPEIIKOI.

PesynbTath gocnigxeHb

Hexaii y iHdopMariiiiHiii CHCTeMi YIpaBITiHHA Ta
3B’S3KY MiJ 4ac Jii CTPYKTYpHHX 3aBajl BUKOPHUCTOBY-
I0ThCSl CHTHAJIHM 3 IICEBJOBHUIIAJKOBOIO Mepe0y0BOO
pobouoi wacroru (I1ITPY), pasomaHinyTs0BaHI CUTHAIH
(®M) abo HAUCKPETHO-4aCTOTHI (ha30MaHiITyIbOBaHi
curtaiu (JJCU-OM).

KinbKicHO 3aBa/I03axXHIIECHICT Ta IMITOCTIHKICT
OLIIHIOETHCS WMOBIPHICTIO NMPUHOMY XMOHOTO CUTHAITY
P,.. Toni npu BukopucranHi B pamioninii [ITTPY curnanis
IMOBIpHICTh MPUIOMY XMOHOTO CHTHAITY 3 ypaxXyBaHHSIM
Iii B pajJiioKaHall NIyMy i 3aBa)KAlOUMX CUTHANIIB 3aIly-
IIETHCS Yy BUTIISAII

P,=P,(P,+P)+(1-P,)Py, (1)

ne P, — anpiopHa WMOBIpHICTh NOTPAIUISIHHS 3aBa)Karo-
YOro CHrHajJy B PO3pPI3HEHHWH Yy AaHUH MOMEHT 4Yacy
YaCTOTHUH Aiana3oH; P,, — yMoBHa WMOBIpHICTh HpHiiO-

My XMOHOTO CHUTHAly NP Aii 3aBa)Karoyoro CUTHAIy B
KaHalli, e CUTHaJ BiJCyTHil; P, — yMoBHa HMOBIpHICTb
nepeliMeHyBaHHs CUTHAIIY TIPH il Ha HBOTO 3aBa)kalo-
YOro CUTHaJly Ta mymy; P, — IMOBIpHICTh MOMHJIKH
gyepes Air0 MIyMy.

st obuucnenns Py, 1 P, sk mokasaxo B [6, 7], He-
00XiZITHO 3HAaWTH IIIJIBHICTH PO3MOALTY HMOBIPHOCTI
BUIIAJIKOBOT BEJIMYHMHU, SKa XapaKTepHU3ye aMILIITYIy
HaNpYr Ha BXOJi PO3B’S3YBaJBHOTO MPUCTPOIO y MO-
MEHT HOBHOTO 3rOPTaHHS CHUTHAJTY. YMOBHa IIUIBHICTH
PO3IIoALTy HMOBIPHOCTEH HANPYT Ha BXOAl CHH(A3HOTO
1 KBaJpaTypHOTO KaHaliB HEKOTEPEHTHOro NpHiiMaya,
Jie JIie KOPUCHHUI CHUTHAJI, 3aBAYKAIOUMH CUTHAJ 1 IIyM, €
y3arajqbHEHOI PEICIBCHKOI MIUTBHICTIO, a IIiIbHICTh
Ha BUXOJI KaHAIy, J€ Ji€ IIyM, € MPOCTO PEICIBCHKOIO
HIUTBHICTIO. Y pe3yabTaTi 0e3yMOBHA LIUIBHICTH PO3IIO-
Ity IMOBIPHOCTI HAIlpyTH Ha BXOAI PO3B’S3yBAJILHOTO
MIPUCTPOIO MAE BHUTIIS

| Ej+E,R

Weepy (1) = j j w(a/R)x j w(y/o)dxdadR , (2)
0 E;—EpR a

e w(a/ R) — IIUIBHICTD PO3MOiTY HMOBIPHOCTI BHIIA-
JIKOBOI BEJIMYMHU L, IO € (PYHKIIIEIO BHIIAIKOBHUX Be-
JIUYUH (d)c —4),”) 1 CTymeHsI KOpeuslii CuUTHaIiB R;

o= y-(sign(y)—l)/2; w(y/a) — YMOBHA HIJIbHICTB
HWMOBIpPHOCTI, $IKa XapakTepu3ye Hampyry Ha BXOji
PO3B’SI3yBANIGHOIO  MPUCTPOIO, MU il 3aBaXKarouoro
curHany; E; i E,, — eHepris KOPUCHOIO i 3aBa)Kar04uoro
CUTHAJIIB,

VY [8] mokazaHo, IO PO3MOMALUT KOCHHYCA PIi3HHMII
(a3, He3AISKHUX 1 PIBHOMIPHO PO3IOALICHUX HA iHTEp-

BaJIi [—n, n] , EKBIBAJICHTHUH PO3IOALTY KOCHHYCa piB-

HOMIPHO PO3MO/IIJICHOI BUITAIKOBOI BETMIHUHH.
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Noznaunmo &= cos(¢, —¢,, ). PyHKLIs po3roi-

1y BUIIAJKOBOI BEIMIYUHHU E_, BU3HAYAETHCA SAK

=\/l—x2/7t. 3)

dy(»)

3BiAcH W = We [‘I’ (y)} . 4)

ne x =¥ (y)- obepuena dynkis s o= ().
3 ypaxysaunsm (3) w(o,/R) Mae BUrmsn
a
w(a/R) = > (5)
o’ —E} ~EAR?
2EE, R

E;E,,R 1—(

YMOBHa IIIBHICTh PO3MOTY HMOBIPHOCTI BUIIA-
JIKOBOI BEJIMYMHH, 1[0 XapaKTepU3ye HANPYry Ha BXOJI
PO3B’SI3yBANILHOTO MIPUCTPOIO KOT€PEHTHOr0 NpHiiMaya,
npy 11ii Ha poOOYMil CUTHAJT 3aBaYKAIOUOT0 CUTHANY:

w(y/a)= ;)[—% {— 202 }[OX ©
x(xoc/co)((x+y)/c%)exp{—(x+y)2/(2csg)}dx,

e cg — mucnepcia posnoxiny; I, — dynxuis beccens

HYJIBOBOTO MTOPSIIIKY.
IMigcraBuBmi (5), (6) y (1) Bu3Hauumo F.:

T x X2 +a?
Pczj j—zexp - [0 dxdy><
0 0(60 2(70 GO

E;+E, R
itEm o (7)
X j dao,
Ei—EnR o“—E"—E R
nEE, R 1—[ Y EE R J
1~ m

VY [8] moka3zaHo, 110 MOABIHHMIA IHTETpal 3a X, )

JIOPiBHIOE O,SeXp{—oc2 / 402} . Orxe, P. Mae BUITIA]

| Ej+E,R

R=] [ 0sexp|-a?/(40f)|x

0 E—E,R

¥
x o dodR.

2
nEl-EmR\/l—((ocz— E-EpR?) /(ZEl-EmR))

IeperBopumo Bupas (8) mo Burmsany [8]:

(hi+hm)®(hn +hl')_(hm _hi)®(hm _hi)+ ©)

L2 X{e—o,s(hm)z_e—o,s(hm—hi)z} :
27

ne ®(z) — dynknis Kpammna; #; = |E;j[No; No -
CHEKTpaJbHA MOTYXHICTh ITYMY.

Jna obumcnenHs P, HeoOXiTHO 3HAWTH IIiib-
HICTh PO3MOJITY HAa BUXOJl KaHaly, Jie /i€ KOPHUCHHIM
CHTHAJ 1 IIyM, Ta KaHay, Jie JIi€ 3aBaKAI0UNil CUTHA i
mymM. OOuIBa Il PO3MOIUIN — y3arajJbHEHI peseiBChKi
posmoainy. IMOBIpHICTE mpHiiOMy XHOHOTO CHUTHAILY
P,, BU3HAuYA€ThCA iHTETpasioM, aHanorigyuuM (7):

2 2
+E; E;
%exp{—x 2’ }[O(x dedxx
00 200 00

(10)

Iarerpan (10) micnsg TpoOMI3AKHX TEPETBOPEHb
MOXe OyTH MPHUBEACHHUH 10 BUTIISITY

2
05k

3
P,=1-| —x |-(h+h,) ®
M 3 271;hlhm (l m)

2
®(hm+hl-)—(hm—hl-)3®(hH—hl-)+2—nx (11)

0.5(y +1; ) 05 =)’

2
- (hm - hl ) X
IMOBIpHICTP TOMMIIKH 4epe3 Aifo mymy P,, nopi-
BHIOE P, =0, 5¢703h ,
y (1) onepxxumo

xe

a micis migcranoBku (9) — (11)

am o
= n{me“h x{(hl-+hm)®(hm+}5-)—
_(hm_hi)®(hm_]’5')4_2/\/E}><

2 2
« {e—o,s(hm ;)" _ 70 5(hy=h;) } +

e_O’ShiZ (hl + hm )3 ® (hm + hl ) - (12)
3\ 2y, _(hm_hi)3><(hn_hi)+
2
) (hm + hl' )2 e—O,S(hm +h1') _ .

+_
J2n

2
(I )2 e—o,s(hm —h;)

+0,5(1-P, )e "

[Ipu BukOpHCTaHHI B Mepexi 3B s13Ky il ynpasiiH-
Hs1 ®M curHamnis [2, 5-7] iMOBIpHICTh TPUHOMY XHOHO-
IO CHTHaJTy A0piBHIOE [3]:

P,=P,P,+(1-P,)P, (13)

ne P, — IMOBIPHICTh IIOCTAHOBKHU 3aBa)KalO4oro CHr-

n
Haily; P, — iMOBIpHICTb TOMMIKH IIPH il 3aBa’kar0do-

ro curHaimy; P, — iMOBipHICTh TOMHJIKH 3a BiICyTHOC-

Ti 3aBakKar04yoro cUrHamy. Bupas s obumcnenns P,

JUTSL BUMIAJIKY BUKOpUCTaHHSA DM curHaiiB 30iraeTbes 3
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(9). Ilpote Tpeba mam’siTaty, o £, B JL pa3 MeHIIIe,
HiK npu BukopucranHi [1TIPY curnanis, ne L — Kiib-
KicTh eneMeHTiB @M curnany. IMOBipHICTh ITOCTaHOB-
ku xuOHOoro ®M curHany i3 3aJaHUM CTYIIEHEM Kope-
JIAIIT BU3HAYAETHCSA BUPa3oM [8]

1
Py = 1R "R | 05L
125L[(1+R) (1-R) } :

(14)

3 YpaxXyBaHHAM BHCJIOBJICHUX 3ayBa)XK€Hb, BHpa3
JIIsL Pﬂ 3aIMMIICThCA Y BI/IFJ'IHI[i

P 1 Ne

. X
Tz 0.5L .
1251 [(1 +R) R (1- R)I_R} Al

o057 {(hl +hy, )@y + By ) = (hyy — By ) %

k)¢ ﬁ {e—o,s(hmwi)z_e—o,s(hm—hl-)2 ”+

+[e_0’5 ”f/(lzs-L [(1+R)]+R (1 —R)]_R} 03 Lﬂ

[pu Bukopucrausi [1TTPY-OM curnanzy imMoBip-
HICTh TIPUHAOMY XHOHOT'O CUTHAITY 3aIHIIETHCS SIK

(15)
><(h

m

Pn (DM(PA4+PC)+

+(1=Prgar ) P

+(1-P, Py ) Pu»

P, =P, nnpy

(16)

e P, pppy — IMOBIPHICTh TOTPAIUISHHS HA PO3JIilTb-
Hy 4actoTy; P, gps — IMOBipHicTh mocTaHOBKH OM

3aBajiv i3 3aJaHUM CTYIIEHEM KOPEJIsIIii.
[lincraBUBIIM 3HAYCHHS 3MIiHHUX, IO BXOISTH Y
Bupa3s (16), omepKUMo

P, =P, ,7,7,3,,{1/ [125L[(1+R)]+R (1-R)" R T'SLJX

X{(hz +hm)®(hm +hi)_(hm _hi)®(hm _hi)+
{e‘o’s(”m”’f)z B e—O,S(hm—hi)2 }} y

2
R

Va2
(17)

{1 —/[125 L[(l +R)*R(1-R)R T'SLH x

0, Se_O’Shi +0,5(1 —Pn TITIPY )6_0’5}5 .

3 BukopuctanHsiM BupasziB (13), (16) i (17) Oys
MIPOBEACHUH aHaji3 IMOBIPHOCTI HaB’sS3yBaHHs XHOHO-
TO CUTHAIY.

Veranosneno, mo aas [TTTPY 1 TITTPY-OM curna-
JIB IMOBIpHICTh HaB’s3yBaHHS 3aJISKUTh BiJ] METOAY
00poOku Ta criBBigHOmEeHHS P./P;, Ha enmementi ITTTPY i
KIUJIBKOCTI 3aBaj], L0 BUCTABISIOTHCA. [Ipy 1bomy Haii-
OibIl HEOE3MEeYHUMH € BUIAAKH, KOJIHM BiIHOIICHHS
MOTY)KHOCTI CUTHally 10 moTyxHocti 3aBamu [1ITPY
CHTHAJTY € MiHIMAJIIbHUMHU.

Jus ¢da3omMaHinyIbOBaHUX CUTHAJIB IMOBIPHICTBH
HaB’s3yBaHHs XMOHOTO CHTHAJY 3aJIeKUTh Bill €Hepre-
TUYHHX CITIBBIJJHOLIEHb CUT'HATY Ta 3aBajM 1 CTYIEeHs iX
KOpeJsIii.

OTKe, IMITOCTIHKICTD 1 3aBaJI03aXUIIEHICTh CyMi-
IIEHOI KOMaHJHO-TEJIEMETPUYHOI PadioNiHII MOXYTh
OyTH MiJBHIIEHI 32 PaXyHOK DPO3MIMPEHHS aHCaMOIIo
BUKOPHCTaHUX CHTHANIB Ta 30UIBIICHHS CTYIICHSI HEBU-
3HAYEHOCTI ISl 3JI0BMHCHUKA KOHKPETHOI ()OPMHU CHT-
Hally, a TaKOXX 3MEHIICHHsI CTYIIEHS KOPENALii MiXK CUT-
HaJIaMH.

BucHoBKMu

TakuM 4MHOM, pO3B’SI3aHHS 3a]adi MiJBUICHHS
IMITOCTIHKOCTI Ta CKPUTHOCTI iH(OPMAIIHHOI CUCTEMH
Ha (DI3MYHOMY PIiBHI JOCATAETHCS BUKOPUCTAHHAM CHI-
HAJIIB 3 MOJIMIICHAMH aHCAaMOJIEBUMHU, KOPEIIAI THUMU,
CTPYKTYPHUMH XapaKTEPUCTHKAMU 1 3aCTOCYBaHHSIM
aITOPUTMIB JMHAMIYHOI 3MiHM CHTHAJIBHUX KOHCTPYK-
.

[IpoBeneHi mOCTiIKCHHS TTOKa3aJIH, 10 HEOOXiaHi
3HAYEHHS [IUX XapaKTEPUCTUK PaJiOCUCTEM JOCATAIOTh-

2 ) .
-0.5k sl HE TINTbKH 38 paXyHOK BUKOPUCTAHHS CUTHAJIB 3 IMO-
- — hy ) ®(h hy—h) ® e >
X914 32, XA (By+ Ty, ) © (R + by )= (B ;) JINIIEHAMY BIIACTMBOCTAMH, alie i 3a paXyHOK 3ac00iB,
! SKi peali3yloTh e(EeKTHBHE 3aCTOCYBAaHHS CKJIAJIOBHX
2 curHaiiB. Po3pobieHi 1 mmpoko BKUBaHi 3aco0u Iepe-
2 2 —0,5(hy,+y) - .
®(hy, —hy ) +——|(h, +h;) e - naui inpopmanii B pamiocucremMax abo He 3abesmedy-
" /> m . . ..
n FOTh HEOOXIJIHUX 3HAYCHD 3aBaI03aXUIIECHOCTI Ta IMiTO-
2 —0,5(hy—h)? r 5?2 crilikocTi, abo 3a0be3neuyloTh NACHBHUM IMiTO3aXHCT,
_(hm _hz) e " 47t_hl i e X SIKMH 3a0e31euye BUMKHEHHS arapaTypd Ha TpHHMallb-
m Hill CTOPOHI NIPH MOSIBI IMITAI[IHUX 3aBa].
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MeTton OeHKH MOMeX03aIMTH HHGOPMAIMOHHOI CHCTeMBI MPH UCTOIB30BAHHH CUTHAJIOB € PACIIMPEeHHEM CIIeKTpa
C. C. Ceposn

[Ipenmer cTaThyl — OLEHKA MOMEX03aIMTHI HHOPMAIIMOHHEIX cucteM. Llests cTaThu — pa3paboTka MeTo/a OLEHKH I10-
MEX03aIIUThl THPOPMALMOHHON CHCTEMBI YIPaBJICHUS C IICEBIOCITyYallHBIM IIEPECTPOSHIEM pabodyell YacTOThl CHTHAJIAaMU [IPU
BO3JIEHCTBHUH CTPYKTYPHBIX IpensTcTBUi. Pe3yasTarel. B padore npemiokeH METO OLEHKH HH(POPMAIMOHHON CHCTEMBI IIPH
HCITOIb30BaHIK CHTHAJIOB C TICEBIOCITyYaiiHOH mepecTpoiikoil pabodeii yacToTsl. JlokazaHo, 4T0 00€CIIeUnTh HY)KHBIE 3HAYCHUS
TIOMEXO03aIUTHl BO3MOXKHO IIPH HUCIIONB30BaHUU OOJNBINHMX aHCaMOJel cllaboKOppeTMpOBaHHBIX CHCTEM CHTHAIOB. [loimydeHHbIe
BBIPXXECHUS JJIs OLIEHKU ITOMEXO03aIIUTHl HH(POPMAIIMOHHON CHCTEMBI ITPH BO3IEHCTBHU CTPYKTYPHBIX IPETSTCTBHUH VIS IICEBIO-
cIlyqaifHOH nepecTpoiiky pabodeit yacToTl azoBol MaHUITyISIIMK. [IpoBe/IeHHbIE NCClIeT0BAaHMS TIOKA3aIH, YTO HEOOXOUMEIE
3HAUEHMS ITUX XaPaKTEPUCTUK PAJUOCHCTEM JIOCTUTAIOTCS HE TOJBKO 3a CYET YNYUIICHHBIX CBOMCTB, HO M 33 CUET CPEJICTB,
peanmsyromux 3hQGEeKTUBHOE NPUMEHEHHE COCTABIIIONIMX CHUTHAIOB. [loka3aHo, 4TO UL TOrO, YTOOBI YMEHBIINUTH BIIMSHHE
CTPYKTYPHOTO TIPETISITCTBHS, MOXKHO IIPH peai3aliy HH)OPMAIOHHONW CHCTEMbI AUHAMUYECKH U3MEHATH (POPMBI IICEBIOCITY-
YallHOW TepecTpoiiku pabodell yacToThl U ()a30BOM MAHUITYJIALUHN CHTHAJIOB. Peanmm3amus TUHAMHYECKOTo M3MeHeHHs (opm
CHTHAJIOB OOECIIeyrBaeT HE TOJBKO MOMEXO03aIIUTy MH(GOPMALMK CHCTEMBI, HO ¥ aKTUBHYIO MMHTO3AIIUTY W CKPBITHOCTH Ha
¢usmyeckoM ypoBHe. BeiBoabl. [IpoBeneHHbIe nCCiieoBaHKS IOKA3aJIM, YTO HEOOXOIMMBbIEC 3HAUEHHS STUX XapaKTEePHCTHK pa-
JIMOCUCTEM JIOCTUTAIOTCSl HE TOJBKO 33 CUYET MCIOJIB30BAHMSI CHT'HAJIOB C YIYYIICHHBIMH CBOWCTBAaMH, HO M 3a CYET CPEJICTB,
KOTOpbIE peasu3yioT 3 (HEeKTUBHOE TPIMEHEHHE COCTABIISIONINX CUI'HAJIOB.

Karoudesbie ciioBa: MHPOpMAIMOHHAS CHUCTEMa; IICEBIOCIyYaiiHas IepecTpoiika pabouel 4acTOThl; CHCTEMa YIpaB-
JICHUS1; IOMEX03allUTa; paguocucTeMa; (ha3oBast MAHUITYISALHMS.

Method of evaluation of breaking diagnostic information system in using signals with extended spectrum
S. Serov

Subject of the article — assessment of the impedance of information systems. The purpose of the article is the develop-
ment of a method for assessing the immunity of the information management system with the pseudo-random tuning of operating
frequency signals under the influence of structural obstacles. Results. The method of estimating the information system with the
use signals with pseudorandom processing of the operating frequency was proposed. Proved that provide the required values
noise immunity possibly use large ensembles of weakly correlated signal systems. Obtained expressions for evaluation noise
immunity information systems under the influence of structural obstacles for noise immunity pseudorandom alteration of work-
ing frequency phase manipulation. The conducted studies have shown that the necessary values of these characteristics of radio
systems are achieved not only due to improved properties, but also at the expense of means that realize the effective use of con-
stituent signals. It is shown to reduce the impact of structural impediments possible, with the implementation of the information
system of the dynamic change in the forms of pseudorandom processing frequency, and phase signal manipulation. Realization of
dynamic change of forms of signals provides not only an impediment of information system but also active imitoprotection, and
secrecy at the physical level. Conclusions. The conducted studies have shown that the necessary values of these characteristics of
radio systems are achieved not only due to the use of signals with improved properties, but also at the expense of means that
implement the effective application of composite signals.

Keywords: information system; frequency-hopping spread spectrum; control system, noise immunity; radio system;
phase-shift keying.
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PO3POBKA METOAUKHU BUBHAYEHHSA TUITIIB XMAPHOCTI JIA
3AMOBJIEHHSA OIITUMAJIBHOI'O YACOBOT'O ITEPIOIY KOCMIYHOI 3MOMKH

IIpeaqmerom AoCIiTKEHHs € METOMKA BU3HAYEHHS TUIIB XMapHOCTI 3a JJaHUMM, OTPUMAaHUMU 3 CynyTHUKIB Harionans-
HOT'0 YNpPaBJIiHHA OKEaHIYHHUX Ta aTMoc(epHux JociimkeHb Minicrepersa Toprisii CIIA. O0'ekTom g0c/1iizKeHHs € MO-
HITOPUHTI' ONITHKO-METEOPOJIOTiYHUX XapaKTePUCTUK XMapHOI aTMocepu Ha OCHOBI KOCMiUHMX 3HIMKIB. MeToI0 po6oTu €
IiIBUILEHHS Pe3y/IbTaTUBHOCTI BUBUCHHS XMApPHOI'O IIOKPUBY Ta MiJIBUILEHHS iHPOPMATUBHOCTI METEOPOJIOr YHUX AaHUX
JUIS IIATPUMKY IIPUHHATTS pillieHb B 33/1a4aX METEOPOJIOTii, KepyBaHHS MOBITPSHUM PyXOM Ta BUKOPUCTaHHS JaHHUX JUC-
TaHLIMHOro 30HAYBaHHs 3eMil B pi3HUX chepax (QyHKIIOHYBaHHs couiyMmy. 3ajuls JOCATHEHHS IIOCTaBJICHOI METH BUpI-
IIEHO TaKi YaCTKOBI 3a/1a4i: CTBOPEHHs KapTorpaiuHuX MOZAENISH XMapHOCTI Ta MiJCTHIBHOI HOBEPXHI 3 ypaXyBaHHSAM Ya-
COBHX HEpio/liB BUKOHAHHs 3HOMKH; IIPOBE/ICHHS aHAJIi3y ICHYIOUMX O3HAK PO3Ii3HaBaHHA XMAPHOCTI HA KOCMIYHUX 3HIM-
Kax; po3poOka i NpaKTHUYHA peali3allis MEeTOAMKH BH3HAUYCHHS 110 KOCMO3HIMKax ()OpM XMap Ta ONTUMAJIBHOTO HEpiony
3HOMKHM XMapHOro nokpuy. Kaprorpadiuni Mozesni XMapHOCTi 3 ypaxyBaHHsSIM HepiofliB 3HOMKHU Jat0Th iH(GOpPMALIiI0 PO
ONTUMAJIBHUH Yac 3aMOBIICHHS LU(PPOBUX JAHUX, IO 3HAYHO CKOPOUYE 3aTPATH Ta ONTHMI3ye POOOTY 31 CYIlyTHUKOBOIO
iH}opmaniero. BHCHOBKH: BU3HAYEHHS ONTHUMAJILHOTO NEPioJly 3aMOBJIEHHS 3HIMKIB BHCOKOI SIKOCTi Ha OCHOBI 3aIporo-
HOBAaHMX KapTorpa(idHUX MOAEJICH 3HAYHO CKOPOUYeE 3aTPaTh Ha BUPIIICHHA TEMaTHYHUX 3a[ad reoiHopmaniiinux cuc-
TeM. BuBueHHS THIIB XMapHOCT] 3 BUKOPUCTAHHSIM 3aIIPOIIOHOBAHOI METOIMKH J1a€ MOMJIMBICTb BiJIC/IZIKOBYBaTU JUHAMI-
Ky Ta IPOLIEC YTBOPEHHsI Oy/b-AKHX BUJIIB XMap Ta 3 BUCOKOI MMOBIPHICTIO O€3MOMHIKOBOCTI IPOrHO3yBaTH HeOe3NeyHi
aTMoc(epHi sABUIIA. 32 PaXyHOK L[bOrO MiJBUIIYETHCS e()EKTUBHICTh KEPYBAHHS IOBITPSHUM PyXOM Ta BUKOPHUCTaHHS Ja-
HUX JUCTaHI[IHHOTO 30HIyBaHHS 3eMIIi y BCIX cepax )KUTTEIISUTLHOCTI JIIOACTBA.

KawuoBi cioBa: kaprorpadidsi Mozgei; XMapHUI NOKPUB; MiICTUIIbHA TIOBEPXHST; YaCOBI IEPio KOCMIYHOI 3HOMKH.

BecTtyn

CyInyTHUKOBI JlaHi ITUPOKO BUKOPHUCTOBYIOTHCS B
3ajadax JiarHO3y Ta MPOTrHO3Y MOTOJH 1 KIiMaTy, s
€KOJIOTIYHOI'0 MOHITOPHMHTY 1 aHaji3y CTaHy HaBKOJH-
LIHBOT'O CEPEAOBHIIA, /ISl BUSIBICHHS 1 KOHTPOJIIO CTH-
XIMHUX T1IPOMETEOPOIOTiYHNX SBHI Ta HaJI3BUYaHHUX
CUTYaIIIi.

3 MOSBOIO KOMITAKTHHX 1 BIIHOCHO HEIOpPOTHX CTa-
HIIIH npuiioMy IUQPOBOi CYITyTHUKOBOI iH(popMarii crio-
YaTKy 3a KOPZOHOM, a Terep i B Halliil KpaiHi, HUIMH CTa-
JIM OCHAIIyBaTHCS SIK OKpeMi perioHalbHI LEHTPH 3 Tifl-
pOMeTeopoIorii Ta KOHTPOJIIO HABKOJIMIIHBOTO CEPENo-
BHII[A, TAK 1 YCTAHOBH Ta OpTaHi3alli Ha MICIIIX, IO BH-
KOPHCTOBYIOTh B CBOTH /iSUTLHOCTI CYITyTHUKOBI JaHi.

Jlnst Ykpaiou HasBHICTH TaKMX CTaHILH 1 BiIIOBI-
IHa 00poOKa IaHMX Ha MiICUSMX 1 B pPErioHAIbHUX
LEHTpaxX — IIe €IMHUN NUIIX, IO T03BOJISIE 3a0e3neyu-
TH BCIO TEPUTOPI0 KpaiHU AaHUMU AUCTAHLIHHOTO 30H-
JlyBaHHS 3 HEOOXIJHOW Ui OIEPAaTHBHOI NMPAKTUKH i
HAyKOBO-AOCIIAHUX Mijel moBHOTOW0. [Ipu oMy Bu-
HUKa€ 3aJaya CTBOPEHHS TaKUX CUCTEM OOpOOKH JTaHHX
JMUCTAHIIIHOTO 30HAYBaHHA 3eMli, SKi 3a0e3rmeuyBayin
0 HeoOXiTHWIA PIBEHb SKOCTI CIICI[iali30BaHOI TeMAaTH-
yHOi 00poOKM 1 pimenHs oneparuBHuX [1C-3amau Ta
Oynu O MOCTYIHI TS NIMPOKOTO KOJIa KOPUCTYBaUiB Ha
MICIISIX.

IMocTanoBka 3amavi. B ganuii yac pi3ko 3pocia
HAyKOBa i MPaKTUYHA 3HAYMMICTh JOCHIPKEHHSI aTMOC-
(depu 1 OkeaHy NUCTAHIIHHUMH 3ac00aMH KOCMIYHOT'O
30H/yBaHHSI.

[MocTiiiHO PO3IMMPIOETHCS KOO MPUKIAAHUX 1 Ha-
YKOBO-JIOCJITHUX 3aBJaHb, 0 BUPIIIYIOTHCS HA OCHOBI
Cy4acHHX METOIB OOpOOKH JaHHUX TUCTaHIIHHOTO 30H-
JyBaHHS 3eMTi

BaxknmBe micue cepen 3aBAaHb, IO BUPILTYIOTHCS
3a JIONIOMOTOI0 JIJAHUX CYITYTHHKOBOT'O 30H/YBaHHS 3a-
HiMae aHaJIi3 XMapHOCTI.

MeTo10 po0OOTH € TiJBUIIEHHS Pe3yJIbTaTHBHOCTI
BUBYEHHS XMAapHOrO IMOKPHBY Ta MiJBHIIEHHS iH(pOp-
MaTHBHOCTI METEOpOJOTiYHUX JaHUX [UI MiATPUMKH
NPUAHATTA pillleHb B 331a4aX METEOpOIIOorii, KepyBaHHS
MOBITPSHUM PYXOM Ta BUKOPUCTAHHI JaHWUX JUCTAHIIIH-
Horo 3oHAyBaHHs 3emui (/I33) B pisHUX cdepax KUTTe-
ISIIBHOCTI JIFOJICTBA.

3a/uisl TOCSTHEHHS TOCTAaBIICHOI METH BHPIIIEHO
TaKi 4aCTKOBI 3aa4i:

1) crBopeHHs1 kaprorpadiyaux mozened [1, 2]
XMapHOCTI Ta MiACTHJIBHOI MOBEPXHI 3 ypaxyBaHHSIM
YacOBUX NEPiO/liB BUKOHAHHS 3HOMKH;

2) mpoBe/eHHs aHaJi3y ICHYIOYHMX O3HAaK pO3IIi-
3HABaHHS XMapHOCTI Ha KOCMIYHHX 3HIMKaX;

3) po3poOka i MpaKTHYHA peatizaiis METOIUKU
BH3HAYEHHSI 110 KOCMO3HIMKax ()OpM XMap Ta ONTH-
MAaJIBHOTO Tepioay 3HOMKH XMapHOTO TOKPUBY.

PesynbTath gocnigxeHb

3actocyBanns ganux /I33 nns nporHo3yBaHHS
MOroIHUX YMOB. BuKOHaHI B OCTaHHI pPOKH HOCII-
JOKEHHS CBIYaTh MPO BEJTUKI MOKIIMBOCTI BUKOPHCTaH-
HSl CYIIyTHUKOBOI METEOpOoJIoriuHOl iHpopMarllii B pam-
KaxX Cy4aCHHX YHMCEJIbHHUX MIPOTHO31B HOTOIH.
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[lepcnieKTHBH OTpPUMaHHS 3a JOIOMOIOK CYIIYT-
HUKIB METEOpOJIOriuyHOl iHpopMmaii B KUTbKicHIH (opmi
HE 3HWKYIOTh aKTyaJbHOCTI BUKOPUCTAHHS 1 BIOCKOHA-
JIEHHSI METOJIB SIKICHOTO aHaii3y 300pa)keHHs 3emili 3
KocMmocy. HaBmaku, MOCHIKEHHSI OCTaHHIX POKIB BiJK-
PWIK HOBI MOKJIMBOCTI, IO CKJIAJAIOTHCI B 3aCTOCY-
BaHHI 300paKCHb I BU3HAYCHHS PI3HOMAHITHHX BJIa-

JlonnoH (27.05.15)
Xuapnicms 20%

JlonnoH(04.10.16)
Xuapuicms 60%

CTHBOCTEH XapaKTEpUCTUK MiJCTWILHOI TOBEPXHI Ta
XMapHOCTI.

[Mpuknaam KOCMIYHUX 3HIMKIB 3 Pi3HUM BiJICOTKOM
XMapHOCTI NpeCcTaBiieHi Ha puc. 1.

IMopiBHAHHSA JaHWX AWUCTAHIIHHOTO 30HAYBAaHHS
3emui (JI33) 1 maHux 3 Ha3eMHUX METEOCTaHIIH 3a Mo-
MITUBOCTSIMH iX 3aCTOCYBaHHSI ITpEACTaBIIeH] B Ta0. 1.

Joumon (02.02.17)
Xwapuicmes 90%

Joumon (23.04.17)
Xwapuicme 90%

Puc. 1. IIpuxnaam KOCMIYHUX 3HIMKIB i3 Pi3HUM BiZICOTKOM XMapHOCTI

Tabnuys 1. IlopiBHSIHHS MOKJIMBOCTe# 3acTocyBanus nanux /133 i 1anux 3 Ha3eMHHUX MeTeOCTAHII

MosKITHBOCTI Jani Jani 3 HazeMHHX
33 MeTeoCTaHIii
I'moGabHUI MOHITOPHHT HOJIS XMAapHOCTI + —
CriocTepexeHHsI 32 XMapHUM HOKPUTTSM B PEXKHMI PEATLHOTO Yacy + —
OnepaTuBHa 31I0MKa CUCTEM XMapHOCTI + —
CkJ1aiaHHsI METEOPOJIOTIYHUX POTHO31B + +
MOHITOPHHT HEOC3MEYHUX CTUXIHHUX SBHUIII + _
Haounicte atMochepHHX SBUIL + _
Panio3oHmyBaHHs TeMIlepaTypu — +

Ha mincrasi Bimomocreit Tabn. 1 Mo)xHa 3poOHTH
BHCHOBOK IIPO Te€, IIO JaHi 3 Ha3eMHUX METEOCTaHIH
He 3a0e3NevYyroTh HEOOXiIHY 1 JOCTATHIO KUIBKICTh iH-
¢dopmanii s BupimenHs cnenudiuaux ['1C-3aay.

[puammnu nodyaoBu kaprorpadgiyHux Mmone-
Jieii XMapHOro TNOKPHBY 3 ypaxXyBaHHSAM YacOBHX
nepioniB BUKOHAHHA 3HomkM. Ileprie 3aBnaHHA, sKe
JIOBOJIUTHCSI BUPILIYBAaTH IpU JeMU(PpyBaHHI 3HIMKIB
— 1€ BiJJIIJIEHHS TiJICTUIILHOI TIOBEPXHI BiJi XMapHOTO
nokpuBy. OCHOBHOIO KiIacH(IKaIifHOIO O3HAKOIO €
Koxip. B manomy Bumajixy xomipHa raMmma Oino-cipa.

[pu nemmdpyBanHi XMap, BAXKIUBIM MOMEHTOM €
BiJUIIJIEHHS iX BiJ] CHI)KHO-JILO/IOBOI Ta iHIIOI TOBEPXHI
3 OluM KobopoM. Lle BimmisieHHs TPOBOANTHCS 32 Ta-
KAMH O3HaKamH, sk gopma i tekcrypa. Kpai xmapHux
CHCTEM 3a3BHYail PO3MHUTI, B TOM Yac sSIK paiiloHu, BKPHUTI
CHIrOM, 0COOJIMBO SIKIIO 1€ TipChKa MICLIEBICTh, MAIOTh
YITKYy MEXY, 4acTO 31 CKJIaJHAM TULISICTUM OPHAMEHTOM
JIOJIUH.

KpiM TOro, CHI’KHO-JIbOJOBHI IOKPHB BiJIHOCHO
cTaOlIbHUI 32 KOPOTKI MIPOMIKKH Yacy, 1 3a Ii€l0 O3Ha-
KOO HOT0 JIErKO MOYKHA BiJPi3HUTH BiJ Ay)Ke AMHAMIY-
HOT'O XMapHOT0 TMOKPUBY (LISIXOM TOPIBHSIHHS JIEKLIb-
KOX TIOCIIZIOBHUX 3HIMKiB). Benmuki TpyaHomy BUHMKaA-
I0Th NIpU AemudpyBaHHi XMap HaJ| TOBEPXHSAMH, BKPH-
TUMH CHIFOM, OCOOJIMBO y PIBHMHHHMX paiOHax MoMip-
HUX 1 MOJSIPHUX LIAPOT.

Jns BU3HAUeHHs Tmiepioly HaWKpamoi 3WOMKH
XMapHOTO TOKPHBY HEOOXIIHO MpOaHaNi3yBaTH OaHi
J133 i1 naHi, oTpUMaHi B pe3yNbTaTi HA3EMHHUX METEOPO-
JIOTIYHUX CIIOCTEPEKEHb 3a 4 Iepiofn poKy (3uMma, Bec-
Ha, JIITO, OCiHb) MO KOXKHOMY KBapTaiy micsus. [lpu
LIOMY HEOOXiHO BPaxOBYBaTH BiIHOCHY BOJOTICTbh
TIOBITPsl HA AaHUI MOMEHT 3OMKH XMapHOCTI.

3a gomomoror mporpamHoro makery Surfer 13
[3 — 5] cTBOpeHO iHTEpHONBOBaHI peryisipHi citku (10
KOXKHOMY MicsIio poky). s mporo B Tabnuiro BHO-
CATBCS Taki JaHi:

1) gmcIo 3iioMku (aTa);

2) BigHOCHA BOJIOTICTH (Y %);

3) xinbkicTh XMapHOcTi (y %).

BximHi gaHi: ¢pparMeHT Tabnuii gaHux y ¢popmari
* xIs Ta 3HIMKH cynyTHUKIB NOAA.

Ha mifcraBi cTBOpEHUX IHTEPIIONBOBAHUX PETYIISp-
HUX CITOK pO3po0ieHo KapTorpadidHi MoJeni XMapHOro
MOKPUBY 3a MepiojlaMd BHKOHAHHS KOCMIYHOI 3HOMKH.
OTpuMaHi pe3yNbTaTH MOKa3yIoTh HaWKpalluid yac mpo-
BEJICHHSI CIIOCTEPEKEHB [UIsl BU3HAYEHHS TUITY XMapHOCTI
Ta 3eMHOI NoBepxHi (puc. 2). [lani 1j1st CTBOpEHHS MOJie-
nieii Oynu BiniOpaHi mo XapKiBChKii 00nacTi.

Ipu xmapHocti B 100%, KoM mifCTHNBEHA MTOBEp-
XHs TIOBHICTIO 3aTSTHYTa XMapaMH, PO3PI3HUTU THII
Iy’e CKIaaHo [6], Tak caMmo, K 1 IpU Majiil KiUTbKOCTI
xMap abo Jierkomy cepnanky (5%), aJke B OCTAHHBOMY
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BUIIAJIKy BaYKKO PO3PI3HUTH SIK TEKCTYPY, Tak i (hopmy
OKPEMHX XMap.
3 1bOTO BUTIKAE, IO ISl BUBUCHHS TUITIB XMapHO-
T'O TIOKPUBY HAHOULIBII ONTHMANBHUM BapiaHTOM € 3Hi-
MKH 3 BIICOTKOM XMapHOCTi Bix 60% 1o 90%.
Pe3yabTaToM IPOBEICHHS aHaji3y MpeICTaBICHUX
KaprorpagiuHiux Mozenedl Mo KBapTajaM poKy Oyio

BU3HAYCHO ONTHMAJbHI Hepiofu 3HOMKH XMapHOTo I10-
KpHBY Ta 3eMHOI ITOBepxHi (puc. 3).

3a JaHUMU JOCIiUKEHb MOKHA 3pOOUTH BUCHOBOK
Ipo Te, 10 HAaHKpallUM IEepiogoM I HPOBEICHHS
3HOMKH XMapHOTO IOKpUBY € Oepe3eHb, ajke caMme B
LBOMY MiCsIl KUIBKICTH XMapHOCTi HAHOLIbII ONTH-
MaJjibHa JUlsl BUBYCHHS THITIB XMap.

Kaprorpaditna MoJ1e6 XMAPHOTO HOKPHBY
(sMMoBKIA KBapTan)

01.12.2015 - 29.02.2016

—
- 5 - -t % s,
N — ]
\/"‘ G :,.- -
; ‘J v.:‘ . :';‘\ L —1 Bn
f. o
o | .
b, ] “
< = i
- »
»
- - - - - " L
Cincitt 2016 ot 2016
1.00 11.00

Kaprorpadiuna Mo/ieis XMaphoro Hoxpiny
(2ecHAHWI KBapTan)
01.03.2016 - 31.05.2016

S

P oW om o

Tpancr 2016
1200

Knirer, 2016
1200

Fq\enuT 2016
11,00 (01 03.26.03)
1200 (27 03-31 03)

Kaprorpadiuna Mo1e1b XMAPHOTO HOKPHBY
(niTHiK kBapTan}

01.06.2016 - 31.08.2016

| -
|

“ 3 3 5 8 6 &8 3B B

= & a8 = f = " & B ®

Uepneini. 2016 it 2016 Cepadin. 2016
1200 1200 1200

Kaprorpadiuna Mo;eim, XMapHnoro HokpHny
(ociHHiRA kBapTan)

01.09.2016 - 30.11.2016 .

- :]l_'\:‘_:/

e —

- =

Hosréii 2016 Hiscroiat 2016
12.00(01.10-29.10) 11 00
1100 (30.10-31.10)

Bepecern. 2016
1200

Puc. 2. Kaprorpagiusi Mozeni XMapHOTro IOKPUBY

01032016 - 31.05

Kaprorpagivyna MoJiellb XMapHOT0 IIOKpHBY
(BeCHAHMIA KBapTan)
2016

== - ONTUMaLHI

[ T T

5 %
Kaftern 2016
12.00

Bepesetin 20
11.00 (01.03-26.03)
12.00 (27.03-31.03)

nepiogv 2MOMKN

MIN - nepiog,
g5 | 3MOMKM  3eMHOoI
nosepxHi

]

m max - nepiog,
3ﬁOMKH XMapHOoro
5 | MOKPOBY

Biaenoes sasnacrs rempa (%)

25

Tpaneis 2016
12.00

Puc. 3. Pesynbrar BU3HauU€HHS ONTUMAJIBHUX IIE€PiOAiB 3HOMKH
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KiHenp OCiHHBOTO Ta 3UMOBHH KBapTaja MOKHA He
BpPaxoBYBaTH, OCKIJIbKH HASBHICTh CHIKHOTO ITOKPUBY
MEPEIIKOKAE OTPUMATH JIOCTOBIpHUIM HaOip iHpopMa-
i npo knacuikamiitHi 03HaKK XMapHOTO MOKPHUBY.

Kinelp KBITHS € HaWOUIBII ONTUMAJILHUM IIEpPio-
JIOM JJIsl 3aMOBJICHHSI 3HIMKIB 3 METOIO BUBYEHHS 3EM-
HOI MTOBEPXHI.

Po3podka metonukn Bu3HaYeHHs ¢GopMu XMma-
PH Mo pe3yJbTaTax o0po0KH KOCMIYHOro 3HiMKy. Y
3BSI3KY 3 PI3HOMaHITTSIM KJIaciB 30pOBHX 00Opa3iB i wi-
JIel po3ITi3HABAHHS YHCIIO CIIOCOOIB BTOPHHHOT'O OMHUCY
300pakeHb MPAKTHYHO HEOOMEXKEHO. Y 3B'SI3KY 3 ITUM
Ha LUISXY CTBOPEHHs HaIIHUX 1 MIBHIKOAIIOYHMX aJro-
PUTMIB BUHHKA€E MpoOjeMa BHOOPY BTOPHHHOTO OITUCY
300pakeHh HAWMEHINOI PO3MIPHOCTI 3 SKOMOra Oiib-
00 iH(OPMATHBHICTIO B yMOBax [ii YMHHHKIB, IO
3aBa)KaloTh.

VY po3mi3HaBaHHI XMapHOCTi MEPIIMM KPOKOM €
BIIUTCHHS i1 BiJl IHIIMX THUIIB MiJACTHILHOI IOBEPXHI
(puc. 4).

| Buxinanit kocMiuHHH 3HIMOK |

| Cyua | Mope |

| — |

[ Cyma | Cuir | Jia | Boma |

[N R

[ Cyma | Cmir | Xmapu | Jlin | Boma |

Puc. 4. BuniyieHHS OCHOBHUX THIIIB
I ICTHIBHOI TIOBEPXHI HA NEPIIOMY
eTarni po3Mi3HaBaHHs

CrinbHUHA aHali3 BCi€l CymyTHHKOBOI iH(popMarii
JIO3BOJTUTH 3'SICYBaTH BEPTHKAJIBbHY IPOTSDKHICTH XMap 1
YTOYHUTH 33 UUMHU AaHUMHU iX ¢opmy. SIKIio B po3mo-
psKeHHI nemndpyBanbHUKA € TiTbKH 3HIMKHA XMapHO-
CTi, TO JUIsl BU3HAYECHHS TOTY)XHOCTI XMap BUKOPHCTO-
BYIOTh TiHi, 1[0 BIIKWJAIOTHCS BUCOKUMH XMapaMH, Ha
Oinbin HU3bKI. [lepeBuiieHHs onHIET XMapy Haj iHIIU-
MU B I[bOMY BHITaJIKy MOKE OyTH BH3HAYEHO 33 TAHUMHU
Bucotu CoHIs.

Tini MOXyTh OyTH BUAHI HE TUIBKK Ha TJIi OLIbII
HU3BKHX XMap, ajie¢ # Ha CBITJIOMY MICKy, CHKHOMY 1
KPIKaHOMY MOKPHBI.

VY Toi e yac, Ha BOJHIN ITOBEPXHI, sIKa 3a3BHYAN
Ma€ TEMHHH TOH, TiHb HE 3aBXKH MOXKJIMBO BUSIBUTH.

[Ipu anamizi 3HIMKIB HE 3aBXKIH BIAETHCS TOYHO
Bu3HauuTU popmMu MopdosoriyHoi kinacudikarii xmap
yepe3 (ororpadivuHy MOmiOHICTh OUIBIIOCTI 3 HUX MiXK
coboro.

Tomy mpu nemmppyBaHHI KOPUCTYIOTBCS YMOB-
HOMW Kiacu(iKali€ero, CKIaJICHOI0 3 ypaxyBaHHIM iH(O-
PMaTHBHHUX MOXKIMBOCTEH KOCMO3HIMKIB [7, 8].

KinbKicTh XMapHOCTI XapaKTepu3ye CTYIiHb MOK-
PUTTSI XMapaMH Ti€i 4M 1HIIOI AUISTHKHA 3eMHOI TIOBEPXHi
1 BHU3HAYA€ThCS BiTHOIICHHSIM (y BiICOTKAaX) ILIOIII,
3alHITOI XMapHUMH E€JIEMEHTaMHU BCEPEIHMHI KOHTYDY,
IO BCI€T TUTOITi, 0OMEXEHOI KOHTYPOM.

VY OUIBIIOCTI MPAKTUYHUX CUTYallii MaKCHMalb-
HOIO iH)OPMATHBHICTIO BiJpi3HSIOTHCS O3HAKU (OPMHU.
Skmio sickpaBicTh 00'€KTa JOCHTH OJHOpIZHA B MEXax

3aliMaHoi HUM IUIONIi, TO MPAKTUYHO BCs iHQoOpMarlis
po ¥oro opmMy 30ceperKeHa Ha Horo KkopaoHax (KOH-
Typax). TakuM YUHOM, O3HaKaMH (OPMHU € KOOPIUHATH
KOHTYPHHUX TOYOK 00'€KTIB.

KpiM OCHOBHUX THITIB XMapHOCTI, IIpU AEMIUpY-
BaHHI BU3HAYAIOTHCSI MEXKI OMHOPIHUX XMapHHX ITOMIB
1 KUTBKICTh XMapHOCTI.

Bun nogaHHs KOHTYpY iCTOTHO BIUIMBAE Ha MOX-
JIMBOCTI HOro aHaiizy i oToTOKHeHHs. HaiOinpi 3ara-
JBHAMH TIJIXOAaMHU € alpOKCHUMallisi KPUBUX, MpPOCTe-
JKYBaHHS KOHTYPIB 1 3B'I3yBaHHSI TOYOK MEpenaiiB KOH-
Tpacry.

OCKIJIBKY TP 3B'si3yBaHHI 0€3J1i4i KOHTYpHHX TO-
YOK alpoOKCUMYIOUa KpHBa MOXE ITOraHO BilOoOpakaTH
reoMeTpuuHy GopMy 00'€KTa, IONEpeHHO BU3HAYAIOTh
JIOMIHaHTHI TOYKH KOHTYpPY (TOYKM 3J71amy, JIOKaJIbHi
EKCTpeMyMHU QYHKIIi KPUBU3HH).

[Mapamerpu Momeni KOHTYPY € IECKPHIITOpaMHU
(dopMu 00'€KTIB 1 BUKOPUCTOBYIOTBCS JUIs iX Kiacui-
kamii [9, 10].

HopManbHuii 3aKOH pO3MOJTYy € TPaHUYHHM 3a-
KOHOM, JIO SIKOTO HaOJIMKAIOTHCS 1HIL 3aKOHH PO3IOIi-
Jy TIPU aHAJIOTIYHUX YMOBAax sIKi Hall4acTimie 3ycTpiva-
IOThCS.

s MozentoBaHHS pe3yNbTaTiB BUMIPIOBaHb Ia-
pamerpa X 3 HOPMaJbHUM 3aKOHOM DPO3MOJLTY BH3HA-
yuMmo ¢yHKIiI0 Norm(m,o):

12 v
Norm(m,c) = ,/—-G- d(l)——=|+m,
(m,o) , c (Zkrn Q) 2} m

nev=48 k=1,...,v.

Ha 3amaHoMy KOJEOPOBOMY 3HIMKY 3€MHOI ITOBEp-
XHI OyJO BHIUIEHO JBa KJIacH IMPOCTOPOBO-PO3IOIi-
JieHUX 00'ekTiB (puc. 5).

Puc. 5. 3ananuii 3HIMOK XMapu

Kunac 1 — «3emHa moBepxHs», KJlac 2 — «XxmMapay.

Koip KOXXHOTo MiKcess 300pakeHHs BU3HAYAETh-
cs 3HaUeHHSAMHU KOMIoHeHT R, G i B.

Jlnst mepeBipKy BiMOBIIHOCTI 3aJaHOTO PO3IOILTY
HOpMasTbHOMY JiIst 1 1 2 moOymoBaHi ricTorpamu po3mo-
JIUTIB 3Ha4eHb O3HaKK H 3 BiAMOBiITHUMH yMOBHHMH TyC-
ToTa posnoziny iimoBipHoctei (I'PI) (puc. 6) [11, 12].

Bu3HaYMMO BIIXWJICHHS €KCIEPUMEHTAIBHOIO Bif
TEOPETHIHOTO 3aKOHY PO3IIOJINY 3a KpHTEpieM X .

J71s1 HOpMaJILHOT'O 3aKOHY PO3MOITY 3HAYCHHS:

J1s kinacy 1 x2= 2,747,t=1,

s kiacy 2 = 17,695, t="1.
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Puc. 6. I'icrorpama posmnoainy 3Hauenb o3Haku H 1 ymoBHa I'PI s xnacis 1 Ta 2

3icTaBUBIIH T 1 Xz’ MaeMo, IO BiAIOBiaHE TaOIH-
4He 3HAYCHHS KBAHTHIIA ) -PO3MOiNy I Kinacy 1 jo-
piBaioe 0.907. Ile o3Hauae, 110 3reHEPOBAHO KOHTPOJIb-
HY BHOIpKY, sika 3 WMoBipHicTI0 90,7% BiamnoBinae HOp-
MaJIbHOMY 3aKOHY PO3IIOALITY.

Jlns kmacy 2 3HaueHHS KBAHTWIA X -PO3HOJLLY
cranoButh 0,626. Ile o3Hauae, 110 3reHEPOBAHO KOHT-
ponbHy BHOIpKY, sika 3 HMOBIpHIcTIO 62,6% BiamoBigae
HOPMaJIbHOMY 3aKOHY PO3IIOJILITY.

Emnipruni IMOBIpHOCTI HOMHJIOK pO3Mi3HABAHHS

Pielz = 0,006, P7621 = 0,016

3araypHa emIipu4Ha HMOBIPHICTh TOMHUIIKU PO3ITi-
3HABaHHS

P.=0,011.

VIMOBipHOCTI HPABHIIEHOTO PO3Mi3HABAHHS
Py, = 0,984, Py = 0,994.

Jlnst Toro, mo6 MpOBECTH PO3Mi3HABAHHS BUXIiI-
HOTrO 300pa)KeHHS 1 Pe3yNbTaTH OTPUMATH Y BHUTJISAIL
YOpHO-01J10r0 300pakeHHs], e YOPHUI KOJIip BiAIOBI-
nmae xiacy 1, a oimmii — kiacy 2, HEOOXiTHO CKIIACTH
BUpilIaJIbHE TMpaBWiIo. [lOmIyK KOHTYpIB HPOBOASTH
METO/IOM «KYKa», QJITOPUTM METONY pealli3oBaHHi 3
BUKOPHUCTaHHAM nporpamHoro mnpoaykry MATLAB
(puc. 7).

Omxe, mionia orpuMaHoi ¢irypu mictutb 1333 mi-
kcens. J[iast Toro mo6 po3paxyBaTH BiIXWJICHHS HEO0-
X1JTHO BUMIPSITH BiJICTaHb BiJl KOHTYpY (QirypH 10 Koja i
kBazpary (puc. 8).

10 20 30 40 50 60

Puc. 7. Po3nizHaBaHHS BHXiJHOTO 300pa)keHHs 3a 03HaKor0 H
Ta BUIUICHHS KOHTYPY XMapu METOJIOM OKYKa»

Puc. 8. [TopiBHAHHS KOHTYPY XMapH 3 KOJIOM Ta KBaJpaToOM
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B pe3ynbTati 004KCIIeHb BiXUICHHS CTAHOBHTS:

— Bix KBazapaTa A, = — 2,0660,

— BiJI KOJa — Agono = — 1,0305.

MoxHa 3pOOMTH BHCHOBOK TIPO Te€, IO IUIA OIUCY
JTAHOTO XMAapH Kpallle BUKOPUCTOBYBATH KOJIO, HIK KBaj-
par.

BucHoBKMu

BusHaueHHS ONTUMAIBHOTO MEPioAy 3aMOBJICHHS
KOCMIYHHX 3HIMKIB BUCOKOI SIKOCTI Ha OCHOBI 3aITpOIIO-
HOBaHHMX KapTorpa(iuHux MOJeJed 3HAYHO CKOpOUYyE
3aTpatu Ha BupimeHHs TeMatuanux ['1C-3amayq.

BuBueHHSsI THITIB XMapHOCTI 3 BUKOPHCTAHHSIM 3a-
MIPOITOHOBAHOI METOJIUKH JIA€ MOXIJIUBICTh BiJCIIIKOBY-
BaTH JMHAMIKy Ta MPOLEC YTBOPEHHS OYIb-IKHX BHIIIB
XMap Ta 3 BUCOKOIO HMOBIPHICTIO OE3OMHUIIKOBOCTI
nependavaTy HeOe3neyHi aTMoc(epHi SBHIIA.

3a paxyHOK IbOTrO MiJBUIIYETHCS €()EKTUBHICTH
KEpyBaHHsI TIOBITPSTHUM PYXOM Ta BUKOPUCTaHHS JTAaHUX
JIMCTAaHIITHOTO 30HAYBaHHS 3eMJli Y BCiX cdepax KHT-
TEISUTBHOCTI JFOJICTBA.

Bukopucranns 3HiMKiB cymyTHHKIB NOAA €
CIOPUUHATIMBUM JUIsI BHUPIIICHHSA 3a3HAYCHHUX 3ajad
3aBJISIKM HAJaHHIO 3alliKaBJIeHHM KOPHCTYBa4aM y BiJlK-
pUTOMY AOCTYI, IOCTAaTHIH iHQOPMATHBHOCTI MIONO
CTBOpPEHHSI 3aIIPOITOHOBAHUX KapTorpadiuHuX Mojesnei
1 pO3Mi3HABaHHS TUITY XMap 3a X (opMoro.

3anpornoHoBaHi TPUHIMITK TMOOYJIOBH KapTorpa-
(GiYHUX MoJenell XMapHOrO MOKPHBY 3 YpaxyBaHHSIM
YacoBUX MEPiO/iB BUKOHAHHS 3HOMKH PEKOMEHAYETHCS
momatu 1o kinacudikaropy tematwunux ['1C-3amad ta
JI0 aTiacy XMap y SIKOCTI Opi€HTHpY MO JaTax 3aMOB-
JICHHS KOCMIYHHUX 3HIMKIB BUCOKOI SIKOCTI.

IlepcnekTMBU NMOJANBIIMX JOCTIIKEHb — PO3-
poOka MeTOIUKH MOOYHOBH KapTorpadiuHUX Moeneit
JUT. BU3HAYCHHS ONTHUMAJIBHHUX IEPIOiB KOCMIYHOT
3WOMKHU MiJICTHIBHOI MOBEPXHI 3aJaHuX obnacreil (Te-
pUTOPIii IEBHOI Jiep)KaBU-3aMOBHHKA) HA OCHOBI CTaTH-
CTHYHHUX JaHUX METEOPOJIOTIYHUX CTaHIH Ta JaHHUX
JMUCTAHIIHOTO 30HTyBaHHS 3eMJIi.
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Pa3zpaGorka MeTOIMKH OnpeeeHUs THIIOB 00JJa4YHOCTH
IJ151 3aKa3a ONTHMAJIBHOT0 BPEMEHHOT0 MepHoAa KOCMHYeCKOH ChbeMKH

C. M. Aunpees, JI. A. Bonorosckas, B. A. JKunun

IIpeameroM HccsIeI0OBaAHNS SIBISICTCS METOMKA ONPEIEICHHS THIIOB O0JIAYHOCTH IO JTAHHBIM, MOJYY€HHBIM CO CITYT-
HUKOB HanmoHanbpHOTO yrpaBieHuUst OKeaHNIECKUX U aTMocepHBIX uccienoBanuii Munucrepersa Toproiu CIIA. O6bexToM
HCCIeOBAHMS SIBIISIETCS. MOHUTOPUHT ONITUKO-METEOPOJIOTHUECKUX XapaKTEePUCTHK 00J1auHON aTMOC(epsl Ha OCHOBE KOCMHUYE-
CKMX CHUMKOB. IleIbi0 paGoTsl SBISETCS MOBBIIICHHE PE3YIbTaTHBHOCTH H3YYEeHHUsI 00JIAYHOT0 IOKPOBA U ITOBHIIIEHUS HH(OP-
MaTHUBHOCTH METEOPOJIOrMUECKUX AaHHBIX JUISl MOJUIEP’KKU IIPUHSTUS PELIEHUH B 3a1a4aXx METEOpOJIOrHH, yIPaBICHUS BO3LYIlI-
HBIM JIBIKCHHEM M HCIIOJIb30BAHUS TaHHBIX JUCTAHIIOHHOTO 30HIMPOBAHUS 3€MIIM B Pa3IHYHBIX chepax (QyHKIHMOHHPOBAHHS
coruyMa. J{ist TOCTHKeHUS TIOCTaBJICHHOM LIENN PelIeHbI CIIeIYIOIIe YacTHBIE 3a/1auM: CO3J[aHie KapTorpapuIecKux Moelei
00JIaYHOCTH U TIOJICTUIIAIONIEH TTOBEPXHOCTH C YUETOM BPEMEHHBIX IIEPHUOIOB BBIIIOIHEHUS ChEMKH; IIPOBEACHHE aHAIN3a CYIIle-
CTBYIOIIMX TPHU3HAKOB PACIIO3HABaHMS 00JAYHOCTH Ha KOCMHYECKHX CHHMKaxX; pa3padOoTKa M IMpaKTHUYeCKas peayu3alis MeTo-
JIMKH ONpeeIeHUs] IO KOCMOCHIMKaM (hopM 00JIaKOB M ONTHMAaIBFHOIO IEepHoia CheMKU 00JIagHOro mokposa. Kaprorpadude-
CKHMe MOJIeJI OOJIAYHOCTH C Y4ETOM IIEPHOAOB ChEMKH JAafoT MH(OpMaIuio 00 ONTUMAIBHOM 3aKa3e IU(POBBIX JaHHBIX, YTO
3HAUMTENIFHO COKPAIIAeT 3aTPaThl U ONTUMH3UPYET PadoTy CO CITyTHHUKOBOH HH(popmareil. BeIBoABI: onpeneneHre onTuMab-
HOTO IepHoJia 3aKa3a CHUMKOB BBEICOKOTO KauecTBa Ha OCHOBE IPEUIOKECHHBIX KapTorpapryecKuX Mojeiel 3HaYUTEIbHO CO-
Kpallaer 3aTpaThl Ha pelIeHne TeMaTHUeCKUX 3a1a4 reOMH(pOPMAIMOHHBIX CUCTEM . V3ydueHne THIIOB 00JIaYHOCTH C MCIIONB30-
BaHHMEM IIPe/UIOKEHHOH METOJIMKH JIaeT BO3MOXKHOCTh OTCIIS)KUBATH JUHAMUKY H TIporiecc 00pa3oBaHMs BCEX BUJIOB OOJIAKOB U C
BBICOKOM BEPOSITHOCTHIO 0€30MMO0YHOCTH MPOrHO3UPOBATh ONACHBIE aTMOC(EpHbIE SBICHUS. 3a CYET 3TOTrO MOBBIMIACTCS d(¢-
(DEKTHBHOCTH YIPaBJICHUS BO3AYLIHBIM JIBHXEHHEM U HCIOJIB30BAHUS JaHHBIX AMCTAHIMOHHOTO 30HIMPOBAHMS 3€MIIM BO BCEX
cepax KHU3HEIESITELHOCTH YeJIOBEUECTBA.

KawoueBble cjoBa: KapTOFpa(l)I/IquKI/Ie MOICIIN, 00JIa4HbII TIOKPOB; ITOACTUJIAIOIAs TIOBEPXHOCTh; BPEMCEHHBIC I1€-
PHUOABL KOCMHUYECKON ChEMKH.

Development of the clouds types determination method
for ordering the optimal temporary period of space shooting

S. Andreev, D. Volotovskaya, V. Zhilin

The subject of the study is a method for determining the types of cloudiness based on data from satellites National Oce-
anic and Atmospheric Administration of the US Department of Commerce. The object of the study is to monitor the opto-
meteorological characteristics of cloudy atmosphere on the basis of space images. The purpose of the work is to increase the
effectiveness of the study of cloud cover and increase the informativity of meteorological data to support decision-making in
meteorology, air traffic control, and the use of Earth remote sensing data in various spheres of the functioning of society. In order
to achieve this goal, the following partial tasks were solved: the creation of cartographic models of clouds and the underlying
surface, taking into account the time periods of the photographing; conducting analysis of existing signs of cloud recognition on
space images; development and practical implementation of the method for determining cloud forms and the optimal time period
for photographing the cloud cover. Cloud templates that define shooting periods provide information about the optimal time of
digital data ordering, which greatly reduces costs and optimizes the work with satellite information. Conclusions: determining
the optimal time period for ordering high quality images based on proposed cartographic models significantly reduces the cost of
solving thematic tasks of geographic information systems. The study of the types of clouds using the proposed methodology
makes it possible to trace the dynamics and the process of formation of any types of clouds and with a high probability of non-
falsity to predict dangerous atmospheric phenomena. This increases the effectiveness of air traffic control and the use of remote
sensing data in all areas of human life.

Keywords: cartographic models; cloud cover; surface of the landscape; time periods of space survey.
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DEVELOPMENT OF SOFTWARE OF E-LEARNING INFORMATION SYSTEM
SYNTHESIS MODELING PROCESS

The article reflects the results of the study of the created model of the information structure of the system of support. The
model allowed to carry out the process of modeling the synthesis of the information system e-learning. A program with a
graphical user interface for the synthesis model of the e-learning information system was used for modeling. The program
uses the parameters of the hyperconvergent base network and the e-learning system as the input. The result of the synthesis
is the optimal placement of users, applications and data blocks by the nodes of the base network. This takes into account
the capacity of the system's transactions. This optimizes the capacity of nodes. As a result, the effiency support of the e-
learning system is increasing. The structure of the hyperconvergent base network e-learning support network is considered
as the main factor that affects the quality of the system's requests. Therefore, it is important to analyze the structure when
choosing options for building a hyperconvergent base network and its management. The main purpose of the structure
analysis is to determine the parameters of the data streams in the network communication channels. The obtained results
are necessary for an adequate estimation of network channels and nodes capacity. Data streams form e-learning tasks,

which use applications that launch on network nodes and generate network traffic.

Keywords: e-learning, modeling; hyperconverting network; genetic algorithm; software.

1. Setting objectives

In accordance with the developed model of the
information structure of the system e-learning [1],
deployed on a hyperconverting server the criterion for
evaluating this structure is the balance of the load on the
nodes. Indicator function is the sum of deviations of
nodes loading from the average load. The lower the
download variance index, the higher the quality
performance of the e-learning system. With the aim of
obtaining the most effective structure of the basic support
network e-learning and adding to this knowledge about
the genetic algorithm we can say about indicator of the
efficiency of the structure of the basic network is the
value of the fitness function in the genetic algorithm.

From here we have input data. This is information
about the number of applications (A), users (U),
transactions (E), nodes (N) and data stores (D)
functioning in the e-learning system. We also need
information about transactions. There are some

applications (E =(a,,...a,4)) and data stores
(d,=(d
application launch (We =(w;;)). But this is not enough.

ol»--dep))are used. Also the order of

We need to have an idea of the functioning of each
application in a particular transaction. This requires
knowledge of the volumes of data exchange

(A =(haoBae ) 26 Rae =Orgetrdaen) i
Bae =(Bael.. Baea))- In order to simulate the real

functioning of the system. With its user interaction, we
need the user-initiated transaction intensities.

After working the genetic algorithm with the
original data which will characterize the structure of the
basic support e-learning network will accommodate
users (H), applications (G), data stores (S) by the nodes
of the network. All this together will form a tuple model
of the information system e-learning:

S=(My, My, Mg Mp{E,} {4,},GHS) [1].

2. The algorithm of the synthesis
of the e-learning system

The genetic algorithm is based on the algorithm for
the synthesis of the model of the information structure
of the e-learning system. A stop for the algorithm will
be the condition of the number of generations. Or
approximation to the objective value of a fitness
function.

It remains to look at the algorithm for calculating
the value of the fitness function. Having all the
necessary data, we will do the following

1. By the intensity matrix of the start of
transactions by users

(@=(o,)i;20:i=1...Uj=1..E)

total intensity of requests to start the j-th transaction:

- U
o=(o, )0, =2 =10, (M
2. Find the total intensity of k-th application start-
up (k =1, ..., A) all system transactions, here aj; —

Boolean vector of required applications for j-th
transaction:

E
0=(0;).0; = ijl © ;0 k 2)
3. functioning of j-th transaction on information
nodesnandm (n, m=1, ..., N):

4 D
Z jum1 =Z§:I %je8en (anl a.l‘,ngn,mﬁé,n) 3)

4. Define for (j, n, m) the volumetric data that are
transmitted from the data store:

4 D
Z jnm2 = Zg:l %je8en (anl dj,nsn,mki,n) )

5. Then the volumetric data in the network can be
determined by the formula:

© Donets V., Kuchuk N., Shmatkov S., 2018

117



Advanced Information Systems. 2018. Vol. 2, No. 2

ISSN 2522-9052

Z= (Zn,m )’Zn,m = Zle (Zjnml + Zjan) G

6. We construct the intensity matrix of the

exchange between the information network nodes
runtime the j-th transaction:
C; =(Cinm ) Crnm =2 mm: 6)

7. The loading matrix for information nodes is
determined by the formula:
A
C= (Cn,m )’ Cn,m = Jj=l Cj,n,m (7

8. Determine the average load of one network
node:

Co = (0, 2N N ®)

9. Define the characteristic of the system. The
criterion is the load balancing of the nodes. The
indicator is the sum of the deviations of the load from
the mean:

N N
Y= Zn=l Zm:l (9)

10. So, we have a fitness function for the genetic

algorithm:

Cn,m - Ccp. :

(10)

11. Also, we calculate the load of nodes in the
network. The intensity of the request flow for running
the i application installed on the node n:

Y —> min .

B = (bi,n ) = e()iaz.G’bi,n = eigi,n : (11)

12. Loading nodes with data repository elements: j-
transaction, n- node, d- data stores:

¢j,n,d = e_/"S’n,ddj,n . (12)

13.Then, to the data block d on node n, the
intensity of requests to the data store is equal to:

®=(0nd ) Ona = Zle jnd -

3. Diagram of options
for using a computer program

(13)

Let's consider the usage diagrams. They describe
the relationships and dependencies between the groups
of use options and the participants. Which are involved
in the process. Usage diagrams are not intended to
display the project and can not describe the internal
device system. Usage diagrams are designed to simplify
interaction with users and clients. Especially useful for
determining the necessary characteristics of the system.
Usage diagrams indicate what the system should do
without specifying the methods themselves [2, 3].

The use case describes a group of actions in the
system. Which lead to a concrete result. Usage options
are descriptions of typical interactions between system
users and the system itself. They reflect the external
interface of the system.

Specify the form of what the system should do.

Rules at work:

- each use case refers to at least one user

- each use case has an initiator

- each use case leads to the corresponding
result (the result with a "business value").

Use cases can also interact with other uses. The
most common types of interaction include:

1. Enable - indicates that the use case is embedded
in another use case.

2. Adding - indicates that in certain situations or at
a specific point (called an extension point) the use case
will be extended by another.

3. Generalization - indicates that the use case
inherits the characteristics of the "parent" use case and
can override some of them or add new ones, similar to
inheritance in classes.

The person acting is an external source (not an
element of the system) that interacts with the system
through the use case. Actors can be either real people
(for example, users of the system), or other computer
systems or external events [4, 5].

Actors do not represent individuals or systems, but
their roles. When a person interacts with the system in
various ways. It is displayed by several characters. For
example, a person who works in the customer service
and receives orders from customers. It will be displayed
in the system as a "member of the support department"
and "member of the sales department" [6].

Considering the knowledge of the diagram of
usage options and information about the obtained model
of synthesis of the information system of e-learning. We
will get a diagram of the use cases (Fig. 1). This will
help in the future to develop a synthesis program.

4. A class diagram
that was used in design

Class diagram - displays system classes. Their
attributes, methods and interrelationships between them.
There are different points of view on the construction of
class diagrams. It depends on the purposes of their
application [5, 7]:

- Conceptual point of view. The class diagram
describes the model of the subject domain. Only
application application classes are present in it.

- View point of the specification. A class diagram
is used in the design of information systems.

- The point of view of implementation. The class
diagram contains classes. They are used directly in the
program code).

In the future, a viewpoint for implementation will
be used to construct a class diagram. Which will
describe the necessary classes and interrelationships
between them.

To specify the visibility of members of a class,
these notation must be placed before the participant's
name [4, 7]:

«+» —public;

«-» —private;

«#» —protected;

«/» —derived;

«~» —package.
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TTognenTics iHGOpMAaIiD TO
TEHETITIHOMY AITOPHTMY

3BepHyTHCH B
MEHIO JOIIOMOTH

TloanBHTHCA JOXATKOBY
irbopMalio oo Moxemi

TloguBITICS JOIATKOBY
indopMarito Mo pesyapTaTaM

CTBOPITI HOBY 0a30BY
iHOpMALIiIO

36epertn g0 6azM JaHIX
CTBOpeHy 0a30By
indopmanino

Kopnctysag

C]IHTES}’BaTII MOAeIbE

30epertu o 6a3u DaHHX
CIIHTe30BaHy MOIEIb

TlepernanyTn
CIIHTE30BaHI MOJIeNL

HanamryBatn mporpamy

ToguBNTIHCS pe3ynbTaTI
pPO3paxyHKIB

Tlo6ymyBari rpad) CIpyKTYpI
iHdopManiiHel Mojeni

BimaanTi CHHTE30BaH1
Mozeni

Fig. 1. The developed diagram of the use of the program synthesis of the information system e-learning

Interconnection is a special type of logical friendly operation. In this case, the MVC programming
relationship between entities, shown on the charts of pattern was used. This will allow you to make
classes and objects. Relationships in UML are depicted  convenient transfers and extensions of the program. The
in fig. 2. corresponding diagram of classes is presented in Fig. 5

association

@ & ParamOfApp l

—§> extending 1
.

««««« ..i> instance/implementation

—————— > | interactiot @® % Transaction |

—<> aggregate ﬁr—q
—’ composing @ Basiclnfo.

Fig. 2. Types of relations in UML

Having an idea of the class diagram and the
structure of the model. With a genetic algorithm, we
have a class diagram (Fig. 3). It depicts the classes *
necessary for the functioning of the genetic algorithm.

We also need to store the basic information and results 1 1

© & GenomeOfAgent

of the synthesis of the information structure of the e- i ﬁb .Po;;al.e;ti.on"

learning system in the database. To do this, we have a

diagram of the classes in Fig. 4. It is also necessary to Fig. 3. Diagram of the classes necessary
arrange the graphical interface of the program. For user- for the functioning of the genetic algorithm
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Fig. 4. The diagram of the classes required
to work with the database
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Fig. 5. The diagram of classes required
for graphical user interface work.

The database schema is its structure. The scheme
is described in a formal language that is supported by
the engineering data-base management system. In
relational databases, the schema defines tables. Fields in
each table and integrity constraints. Schemes are
generally stored in a data dictionary. Although the
schema is defined in the database language as text. The
term is often used to denote a graphical representation
of the structure of a database. The main objects of the
graphical representation of the schema are tables and
links. They are defined by foreign keys. Having about
the input and output information of the model is not
difficult to draw a conclusion. About the fact that in
order to save it to a database, you need a relational
database whose schema is shown in Fig. 6.

5. Explanation of the choice
of the software programming language

The program will have a large user interface. At the
same time, the scheme of the genetic algorithm will have
a high cost of resources. Only in the case of a large

dimension of the task. Therefore, it is advisable to use the
Java programming language. It will be able to ensure the
portability of the program with minor losers compared to
C / C ++. To create a graphical interface, we will use a
platform based on Java - JavaFX. Tables do not have
very complex interconnections. Small tables are small. So
to use the built-in database. Do not overload an excessive
functionality to preserve the benefits of relational
databases. Namely SQLite database. Which will also
allow you to use the SQL query language.

result_of_modeling
id_of_result

id_model

arraY B
array_s

array_h

comment_result

param_of_app

id_param_of_app

id_model

about
date of create
id_basic_information -

basic_information
id _basic_information

apps
users

-

nodes id_transaction
transactions num_of_param
dimentions exchange_app

intensity_of_start exchange_storage

transaction_b

« | id_transaction
"id_basic_information
used_apps

used_dim

used_users

orders

Fig. 6. Database connection that stores input and output data

Conclusions

The developed algorithm for synthesizing the
information structure model is presented. The basis of
which lies the genetic algorithm. The algorithm with
formulas for calculating fitness functions is presented
below. He characterizes the fitness of the agent. The
formulas for calculating the load on the nodes and
network equipment of the system are developed. Also
the information on the diagram of variants of use of
computer programs is given. According to this
information and knowledge of the tuple of the model, a
diagram of the program usage options is given. That in
the future will help in the development of the program.
The chosen point of view of implementation takes into
account the genetic algorithm. To create a visual
interface, a class diagram has been designed. They are
necessary for creating a program. The presented
diagram of the developed database with several tables.
It is able to store incoming and outgoing data.
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Po3podka nporpamMHoro 3aée3neyeHHs NpoLecy MOAe/IOBaHHS CUHTe3Y iH(opMauilinoi cucremu e-learning
B. B. lonens, H. I'. Kyayk, C. 1. llImaTkoB

B crarri BinoOpakeHO pe3yibTaTH CTBOPEHOI Mozeni 1H(GOPMALiHHOI CTPYKTYpH CHUCTEMH IIATPUMKH €IEKTPOHHUX
OCBITHIX pecypciB e-learning. BixnoinHo no wiei Mozeni, Oyiia cTBopeHa Mojenb cuHTe3y iH(dopMmaliiiHoi cucremu e-learning.
Pe3ynbraToM MoJeIIOBaHHs € mporpama i3 rpadidauM iHrepdeiicom KopucTyBauya Mozelni cuHTe3y iHdopMauiiiHoi cucremu e-
learning, mo mnpuiiMae Ha BXiJ NapaMeTpH TilEPKOHBEPreHTHOI 0a30BOi Mepexi Ta CHUCTEMM EIEKTPOHHOIO HaBYaHHS, a
PE3yNIbTaTOM CHHTE3y € ONTHUMaJIbHE PO3TAlLIyBaHHS KOPUCTYBadiB, JOJNATKIB Ta OJOKIB JaHMX IO By3naM 0a30BOi Mepexi 3
YpaxyBaHHAM 3aBaHTA)KEHOCTI TPaH3aKLili CHCTEMH, ILIO ONTHMI3ye 3aBaHTaXEHHA By3NiB. lluM caMuM mHoOKpamiyro4u
e(eKTUBHICTh (DYHKLIOHYBaHHS cucrteMu e-learning. CTpykTypa TrinepkoHBEepreHTHoi 0a30BOI Mepexi MiATpUMKH e-learning
PO3IIISIIAETBCA K OCHOBHMIT (hakTop, IO BIUIMBAE HA SIKICTh 3allUTIB CHCTEMU. TOMY Ba)XUIMBO NPOAHAII3yBaTH CTPYKTYPY HpH
BUOOpi BapiaHTIB MOOYOBM TiNEPKOHBEPreHTHOI 0a30BOI Mepexi Ta il ympasiiHHA. OCHOBHa MeTa aHali3y CTPYKTYpH —
BU3HAYEHHs MapaMeTpiB IOTOKIB JaHMX B KaHalaX 3B’s3Ky Mepexi. OTpuMaHi pe3yibTaTd HEOOXiiHI Ul aJleKBaTHOI OL[HKH
HABAHTa)KCHHS KaHAJIB Ta BY3JIiB Mepexi. AJle NOTOKH JaHUX (OpPMYyIOTbCA 3aBHaHHAMU e-learning, siki BHKOPHCTOBYIOTBH
3aCTOCYHKH, IO 3alTyCKalOThCSl Ha BYy3JaX MepeXi Ta I'eHepyloTh Iue Tpadik Mix coboro. Takok HaBeneHa iHpOpMALio Ipo
JiarpaMd BapiaHTIB BUKOPHUCTaHHS KOMII'IOTEPHHMX IporpaMm. BiamoBinHo no wiei indopmaiii Ta 3HaHB IPO KOPTEX MOAENI
HaBeJIeHa Jliarpama BapiaHTiB BUKOPHUCTAaHHs IIPOrpamy, 110 Hajaji JOIoMoXe B po3pooui nporpamu. BucHoBok. O6pana Touka
30py peajizamii Ta ypaxoBYIOUHM T'€HETHYHHH ajrOpUTM, HEOOXIIHICTh B 30€peKeHHI Pe3yNbTaTiB Ta CTBOPEHHS Bi3yaJbHOTO
iHTepdeiicy crpoekroBaHa Aiarpama Ki1aciB HEOOXiJHHX I CTBOpPeHHs nporpamu. IIpencrasieHa cxeMa po3poOieHol 6a3u TaHux
13 IeKUTbKOMa TaOJMISIMY, 3/1aTHA 30epiraTé BXi/iHi Ta BUXI/JHI J]aHi, Ta HE NIEPEeBAHTAKECHA 3B’ I3KaMIL

Kaw4doBi caoBa: e-learning; MojenroBaHHS, TillGPKOHBEPreHTHA MEpEkKa; TCHETHYHHH aJCOPUTM; IMpOrpaMHe
3a0€e31eueHHsl.

PaspaboTka nmporpaMmMHoro odecrneyeHns npouecca MoAeJHpPOBAHNS CHHTE3a HH()OPMAIMOHHOM cHCcTeMBbI e-learning
B. B. lonen, H. I'. Kyuyx, C. W. llImatkos

B cratbe oTpaxeHbl pe3ynabTaThl UCCIICIOBAHUS CO3aHHON MOz MHPOPMALMOHHON CTPYKTYpPBI CUCTEMBI MOAIEPKKU
JNIEKTPOHHBIX 00pa30BaTElbHBIX PecypcoB e-learning. JlaHHas Mozenb MO3BOIMIA OCYIIECTBHTH IPOLIECC MOACIUPOBAHUS
cuHTe3a MH(pOpMaIMOHHON cucTeMbl e-learning. [ MoAeNMpOBaHMS HCIIONB30BAJIACh HporpaMMa ¢ Trpaduueckum
unHTepdeiicoM nonbp3oBaTeNns MOJENIN CHHTe3a HH()OPMaLMOHHON cucTeMsl e-learning. [IporpaMma B KauecTBe BXOIHBIX JaHHBIX
HCHOJI3YeT IMapaMerpbl I'MIEPKOHBEPreHTHOH 0a30BOH CETH M CHCTEMBbl 3JIEKTPOHHOro oOydeHus. Pesynbrarom cuHTE3a
SBJISICTCS ONTHUMAJILHOE pa3MEIICHUE I0JIb30BaTeleH, NMPIWIOKEHN U OJOKOB NaHHBIX IO y3iaM 0a3oBoit ceru. IIpu 3tom
YUHUTBIBAETCS 3arpY’KEHHOCTh TPAH3aKIMH CHUCTEMBI. ODTO ONTUMH3UPYET 3arpy3Ky Yy3loB. B pesynbraTe yBeTMUMBAeTCs
sddexruBHOCTh PyHKUMOHMpOBaHMs cucTeMbl e-learning. CTpyKTypa T'MIIEDKOHBEPI€HTHOW 0a30BOH CETH MOAIEPKKU e-
learning paccMaTpuBaeTCs KaKk OCHOBHOW (DakToOp, KOTOPBIH BIMSET Ha KadyecTBO 3ampocoB cUcTeMbl. I103TOMy BakHO
[IPOAHAIIM3UPOBATh CTPYKTYPY IIPH BHIOOpE BapHAHTOB HOCTPOCHMS TMIIEPKOHBEPreHTHOM 0a30BOM CETH U €€ YIPaBJICHUS.
OCHOBHOI 1I€NBI0 aHalM3a CTPYKTYPBI SBIAETCS ONpENEICHHE MapaMeTpoB IIOTOKOB JAHHBIX B KaHalaX CBA3M CETH.
IMonyueHHble pe3yabTaThl HEOOXOIMMBI sl aJICKBaTHOM OLIEHKU HArpy3KU KaHaJIOB M y3J10B ceTH. [10TOKH 1aHHBIX pOPMUPYIOT
3anauy e-learning. 3aauu NCHONB3YIOT MPUIIOXKEHHS, KOTOPbIE 3aIlyCKAIOTCS Ha Y3/1aX CeTH U IeHEPUPYIOT CeTEeBOH TpaduK.

KawueBbie cioBa: e-learning; MoaenupoBaHKe; TUIICPKOHBEPIEHTHAS CETh; TEHETHYECKUIA aJITOPUTM; IPOrpaMMHOE
obecrieueHue.
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APPLICATION OF THE EMBEDDED MECHANICAL SYSTEMS FOR ENSURING

THE PRESERVATION OF MILITARY EQUIPMENT
PRODUCTS UNDER DYNAMIC IMPACTS

In the process of providing combat operations, the designs of military equipment products are subject to significant effects
of both regular and non-regular dynamic loads, which can lead to their mechanical destruction. Among the dynamic loads
acting on military hardware products, it is possible to identify short-term, caused by explosive and shock effects, and long-
term vibrational loads that arise during transportation. As a result, there is the problem of ensuring the conservation of
mechanical products of military equipment under dynamic impacts during the preparation and conduct of combat
operations. The impact of a shock wave on military hardware products has a complex dynamic nature, depending on the
wave parameters and the features of the object under consideration. Various results of this impact are possible, such as
product destruction, turnover, change in the nature of motion, and others. The conservability of products with respect to the
air shock wave is established experimentally. In addition to explosive loads, shock loads affect military equipment. In
accordance with this, consider the local and general action of the thrust. Local action is characterized by the occurrence of
local deformations and structural damage. The general action is accompanied by significant general deformations and
destruction of the entire construction. The effect of prolonged vibration loads on military hardware products is mainly
related to transportation processes. With prolonged cyclic loading, the destruction of the material of the structural elements
can occur also at a stress amplitude less than the elastic limit. The article gives a definition of embedded mechanical
systems and formulates their basic properties, which allow us to propose a hypothesis that in order to ensure the mechanical
storage of products subject to dynamic influences, it is necessary to use embedded mechanical systems. Based on the
nesting principle of mechanical systems, a method for increasing the retentivity of military equipment was proposed. The
use of nested mechanical systems makes it possible to ensure the mechanical retention of military equipment by reducing
the total energy supplied to the allowable value for the product to be stored.

Keywords: a mechanical system, an elasticity, a plasticity, a deformation, a dynamic loading, mechanical storage of
products, means of destruction, products of military equipment, a shock wave impact, embedded mechanical systems, an

aggregate state, a physical state, nesting principle of mechanical systems.

Formulation of the problem

Despite the intensive development of modern
methods of conducting armed struggle and developing
weapons on new physical principles, advanced
conventional weapons are in service with modern
armies. Therefore, the actual tasks remain to develop
modern means of ensuring the retention of military
equipment products damaged by dynamic loads.

Among the dynamic loads acting on military
hardware products, it is possible to single out short-
term, caused by explosive and shock effects, and long-
term vibration loads that arise during the transportation
of military equipment.

Explosive loads are caused by the action of a
shock wave. The study of the interaction of the shock
wave with military hardware products was started with
the advent of explosives and is aimed at determining the
distance from the center of the explosion to the product
on which the product is not damaged. As a result of the
studies, dependencies were obtained to determine the
stress-strain state of military equipment products (MEP)
[1, 2]. The impact of the shock wave on MEP is of a
complex dynamic nature, depending on the wave
parameters and the features of the object. Various
results of this impact are possible: product destruction,
turnover, change in the nature of motion, etc. The
retention of products with respect to the air shock wave
is established experimentally. According to the data of
work [2], the resistance of land vehicles is 0.025 - 0.035
mPa.

In addition to explosive loads, on the MEP is
operated shock loads. The main differences between
shock impacts and explosive:

- interaction of the
construction;

- limited load area of application;

- short exposure time;

- peculiar wave
construction [3].

In accordance with this, it is consider the local and

impact body with the

processes arising in the

general impact of the thrust. Local action is
characterized by the occurrence of local deformations
and structural damage. The general action is

accompanied by significant general deformations and
destruction of the entire construction. The main
difference between the destruction of structural
elements under static and dynamic influences is that
under static loading the destruction of structural
elements is characterized by some average voltage
across the section. Under dynamic loading, the
destruction of the structural element is determined by
the local value of the voltage, which can greatly exceed
the average value of the exertions [4]. As noted in [3],
in view of the great complexity of taking into account
the phenomena accompanying the action of impact
loads and associated mainly with the spreading of
waves, now, empirical dependencies are used mainly to
determine the possibility of conservation of objects
under shock effects.

The effect of long vibrational loads on MEP are
mainly related to the transportation processes. With a
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prolonged vibration loading of the elements of MEP,
formation and accumulation of structural deformations
is possible. If under this loading the amplitude of the
stresses exceeds the elastic limit of the material of the
structure, then this accumulation, according to the data
of work [4], becomes intensive. As a result, with a
relatively small number of cycles, material can be
destroyed at exertions less than the tensile strength.
With prolonged cyclic loading, such destruction of the
material of the structural elements can occur also at a
voltage amplitude less than the elastic limit. In the
interval between the limits of elasticity and strength, the
level of stress oscillations exerts a great influence on the
mechanism of structural destruction. At an exertion
level close to the ultimate strength of the material, the
destruction of the structure occurs practically either
during the first cycle or (due to hardening of the
material) after several cycles [4].

According to the data of works [3, 4], when
transporting MEP by motor vehicles, the peak values of
transverse overloads in such modes can reach relatively
large values. Therefore, in the presence of tearing off
the wheels from the roadway and the subsequent
impact, they can reach values of 3-4, with the maximum
allowable amount of overload for many products, for
example, missile technology - 2. The destruction of
structures encountered in practice is due to a number of
reasons. Among these reasons [5]:

- insufficient accuracy of design methods;

- not taking into account the actual regime and the
level of loads acting on the structural elements;

- imperfection of materials and technological
processes leading to the production of structural
elements to the deviation of material properties from
calculated and the appearance of defects;

- deviation from the standard operating conditions,
expressed in excess of the design loads;

- untimely and poor quality of maintenance and
repair;

- the ungroundedness of the criteria of destruction
and safety reserves.

Important information to eliminate the causes of
structural damage is their analysis. The analysis of
destructions allows revealing the causes of destruction
of specific products of machinery, to exclude them in
the future and to develop appropriate scientific research
to study the physical processes that take place, and on
this basis, to increase the level of structural stability.

In the literature, many cases are known where the
destruction that took place stimulated the development
of new scientific directions. For example, the
destruction of ship hulls stimulated the development of
fracture mechanics, the destruction of structures under
conditions of oscillations led to the development of the
theory of self-oscillations, fatigue destruction of aircraft
- to the development of studies of low cycle fatigue, etc.
Studies of the processes of particular relevance are
destruction of high-pressure vessels (including the case
of nuclear reactors) and pipelines operating at high
pressures. Analysis of the causes of possible destruction
of high-pressure vessels, which are the accumulator of
mechanical energy, was carried out in work [6].

In the general case, structural failure occurs when
excessive mechanical energy is applied to it. Therefore,
the solution of the problem of ensuring the mechanical
stability of structures is associated with solving the
problems of developing structures designed for
accumulating mechanical energy.

Analysis of the destruction of structures designed
to store mechanical energy has made it possible to
single out one of the common properties inherent in
various mechanical systems designed to store
mechanical energy (gas-water-fuel pipes, tanks, gas
cylinders, etc.). This property is called the embedding
properties of mechanical systems.

Thus, in the process of providing combat
operations, the design of MEP are exposed to
significant dynamic loads (both normal and not regular)
that can lead to their mechanical destruction. In
connection with this, the problem of ensuring the
mechanical retention of military equipment products
with dynamic influences in the process of preparation
and conduct of combat operations becomes a number of
top priorities. The theory of dynamic interaction of
structural elements requires its further development, and
the problem of ensuring the retentivity of MEP under
dynamic loading is its solution.

The scientific basis for research into the process
of ensuring the mechanical retention of military
equipment products under dynamic impacts is: the
theory of elasticity, plasticity and strength of materials,
the theoretical basis for maintaining the retention of
military equipment while conducting combat operations,
the theory of sample reliability, mathematical modeling,
mathematical planning of experiments [6].

The purpose of the article is to investigate the
possibility of using nested mechanical systems to ensure
the persistence of MEP under the action of dynamic
loads.

The main material

By embedded mechanical systems (EMS), we
mean mechanical systems, some of which are located
inside others. Although this criterion is absent in the
generally accepted classification of mechanical systems,
EMS are widely used in the national economy and
military equipment. The main feature of the EMS is the
possibility of forming a system of substances that are in
a different aggregate state (there are EMS type "Solid
body-Gas", "Solid-Liquid", and  “Solid-solid").
However, solid bodies play a special role in the
technique. As is known, they have the ability to
maintain (with constant temperature and load) its shape
and dimensions. In the vast majority of technical
products, the executive organs of machines and
mechanisms are solid bodies [5, 6]. Even in cases where
the actuating element is liquid or gas, they receive
directed motion only because of interaction with a
certain system of solids. The combination in a single
mechanical system of substances in a different
aggregate state, the external of which is in a solid state,
leads to the appearance of certain properties in the
system. The main properties of EMS can be formulated
as follows:
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1. Closures (nested mechanical systems can consist
of substances in different aggregate states, however, the
outer body must be in a solid state).

2. Accumulation (nested mechanical systems can
accumulate mechanical energy).

3. Dependence (the amount of stored
(accumulated) mechanical energy in embedded
mechanical systems is determined by the mechanical
properties of the external body).

4. Direction (embedded mechanical systems allow
the transfer of stored) mechanical energy in a given
direction.

The formulated properties of the EMS allow us to
propose a hypothesis that in order to ensure the
mechanical retention of products subject to dynamic
influences, it is necessary to use the EMS.

On the basis of this hypothesis, it is possible to
formulate the principle of nesting of mechanical
systems: the required distribution of the total energy
brought to the mechanical system to the allowable for
individual elements of the system can be achieved by
placing some elements of the mechanical system inside
others. In a mathematical formulation, the formulated
principle can be written in the form:

n
Es = Eyg + ) E; (1)

i=1

where Es — total energy, transferred to the object;
E

wda — energy, which can be perceived by the stored
object; E; — types of energy conversion in embedded
mechanical systems.

The total energy of the system is determined,
according to the law of conservation of energy for a

system of interacting particles [9]:
Es =T+U, + U, (2)

where T — kinetic energy of the system; U ,, — particle
interaction energy; U,, — potential energy of external
conservative forces.

Allowable energy E,.. characterizes the energy
that can be perceived by the object. In this case, the
object should not lose its ability to function normally
during the entire period of operation. The property of an
object to withstand a certain load can be quantified, in
general, by a vector function of the bearing capacity
adequate to the corresponding vector function of
external loading.

The principle of nesting of mechanical systems
makes it possible to increase the operability of
structures in those cases when the strength of the
material limits the further increase in the operability of
structures. This principle is more general in relation to
known principles [6, 10]:

— the principle of the use of composite rods;

— the principle of fastening of structures;

— the principle of auto-fretting;

— the principle of combining vessels.

At present, the theoretical development of each of
the listed principles can be considered complete. From
the point of view of the principle of nesting of

mechanical systems, all listed types of structures should
be considered as constructions subject to a uniform
calculation technique and to unified design principles.
In this case, the task is not limited to the methodical
method of combining individual theories into a single
whole. It is possible that when revising these theories
from the point of view of a single principle, changes in
design and design provisions are possible. In addition,
the application of the principle of nesting mechanical
systems when considering the structure as a whole will
make it possible to simplify the solution of the question
of the strength of the structure.

The following provisions can concretize the
content of the nesting principle of mechanical systems.

1. Geometric scheme. The principle of nesting of
mechanical systems can be depicted as a geometric
scheme in which the elements of the EMS can be
divided among themselves or in contact (partially or
completely).

2. The physical scheme. The materials of the EMS
elements, as well as the material of the substance filling
the elements, can be of different density and different
physical state: solid, liquid, gaseous, with the exception
of the outer element, which is in a solid state.

3. The physical scheme. The materials of the EMS
elements, as well as the material of the substance filling
the elements, can be of different density and different
physical state: solid, liquid, gaseous, with the exception
of the outer element, which is in a solid state.

4. Material state diagram. The material of the
elements of the EMS can combine any state that
preserves or changes the external form in accordance
with the specified conditions.

5. Loading scheme. Elements of the EMS can be
presented to those subject to various force impacts and
various deformations.

To improve the efficiency of structures under the
action of dynamic loads, it is possible, using the nesting
principle of mechanical systems and, based on it, the
method of constructive solution of the issues of ensuring
the mechanical retention of the MEP in cases where the
strength of the construction material limits the increase in
external loads. In this case, two important tasks are solved:

1) with a material of the highest strength, to take
even greater efforts than can be tolerated for the usual
type of structures;

2) when perceiving known (limited) efforts, use
less durable material.

These problems will be considered a single cycle
of problems, the solution of which is methodologically
subject to a single method.

The essence of this method, called the method of
directional compliance, and its target orientation can be
characterized as an increase in the mechanical retention
of MEP under the action of dynamic loads by applying
the design of the nesting principle of mechanical
systems. Let us consider a general method for solving
problems of ensuring the mechanical retention of
military equipment products under the action of special
dynamic loads. Figure 1 shows a diagram of the MEP
designed to perceive a concentrated or distributed
dynamic load.
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Fig. 1. Scheme of the embedded mechanical system

The total energy transferred to the embedded
mechanical system under dynamic action is recorded in
the form (1). The damping (transformation) of the
energy of dynamic impact can occur due to the
following components: E; — energy of elastic
deformation of elements of the EMS; E, — the energy of
destruction of some elements destined for destruction
(without taking into account the energy of elastic
deformation); F3; — energy of elastic deformation of
bonds included in the elements of the EMS; E4 — energy
of elastic bonds between elements of the EMS; Es — the
energy of breaking bonds between elements of the
EMS; E¢ — dissipation energy in the relationships
between the elements of the EMS; E; — the energy of
plastic deformations of elements of the EMS; Eg — the
energy of plastic deformation of bonds between
elements of the EMS.

If we take:

—number of elements of the EMS - d;;

—number of elements destined for destruction - d,;

—the number of elastic bonds included in each
element - ds;

—the number of -elastic bonds
elements - d;

—number of links between elements destined for
destruction - ds;

—the number of dissipative bonds between two
elements - dg;

—the number of plastic bonds included in each
element - d;;

between two

—the number of plastic bonds between two
elements - ds,
then the condition of ensuring the retention of the
product (Ecurent< Eadditional.), 1S determined from equation:

Z?:] El = d]E]+d2E2 + d]d3E3 + d4 (d] —1)E4 +
+dsEs +dg(dy —1)Eg + dyd, E7 + dg(d) —1)Eg.

(€)

Expression (3) has a constructive form, indicating
a variety of design options for structures operating
under the action of dynamic loads. In this way,

By =Eqqa. +
+d\ By +dyEy +d\d3Ey +dy (dy —1) Eg+  (4)
+dsEs +dg (d; —1) Eg + d7d  E7 +dg (d) —1) Eg.
Introducing the generalized safety factor m, the
energy, perceived by the protected object is determined
using expression:
Ey = Bl x
diE| +dyEy +did3Es +dsEs +
x| By — | +dy(dy—1)E4+dg (d) —1) Eg +
+dyd E7 +dg (dy 1) Eg

)

The generalized technique of ensuring the
mechanical retention of military equipment products
under dynamic influences is based on determining the
total energy supplied to the object, comparing it with the
allowable energy and developing ways to reduce the
energy supplied to the product.

Practical application of the proposed method of
directional compliance to ensure the mechanical
retention of the MEP under the action of small arms and
to ensure a non-parachute discharge of goods in the
works is considered [11, 12].

Conclusions

The use of nested mechanical systems makes it
possible to ensure the mechanical retention of military
equipment by reducing the total energy supplied to the
allowable value for the product to be stored.
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3acTocyBaHHs BKJIaJICHHX MEXaHIYHUX CHCTeM /IS 3a0e3nedeHHs 30epiranns BUPoOiB BiliCbKOBOI TeXHIKH
NpH JHHAMIYHHUX BILNIMBAX

A. B. Kosryn, B. O. Tadyrnenko, C. M. MenbHiKOB

B nporeci 3a0e3neueHHst 00H0BHX [1il, KOHCTPYKIii BUPOOIB BiliCEKOBOT TEXHIKH ITiUTAFOTHCS 3HAYHIM [IisIM SIK IITATHUX TaK 1
HE [ITaTHUX IMHAMIYHUX HaBaHTa)XEHb, SIKi MOKYTh PHBECTH JI0 X MeXaHIUYHOro pyiHyBaHHsA. Cepen AMHaMIiYHIX HABAHTA)KCHB,
IO JiIOTh Ha BUPOOM BiHCHKOBOI TEXHIKH, MOXXHA BHIUIMTH KOPOTKOYACHI, TaKi, 110 BUKJIMKAIOTbCS BHOYXOBUMH 1 YJapHUMHU
IisiMH, 1 TpHBaii BiOpamiifHI HaBaHTa)KeHHs, 10 BUHUKAIOTH B IPOILECI TPAHCIIOPTYBaHHs. Y 3BI3Ky 3 IMM iCHye ImpoOiiema
3a0e3neueHHss MeXaHiYHOI 30epeKeHOCTI BUPOOIB BIMCHKOBOI TEXHIKM IPU JMHAMIYHMX AisX. Y poOOTi JaHO BH3HAYCHHS
BKJIQJICHUM MEXaHIYHUM CHCTeMaM i copMyinboBaHi IX OCHOBHI BJIACTHBOCTI, SIKi JO3BOJISIIOTH BUCYHYTH TilOTE3Y IPO Te, IO JUIS
3a0e3IeueHHs] MEXaHIIHOI 30epeKeHOCTI BUPOOIB, CXIIBHUX JI0 JUHAMIYHMX Jiif, HEOOXiHO 3aCTOCOBYBATH BKJIAJCHI MEXaHIuHi
cucteMd. Ha mizicraBi npHHIMIY BKJIQJAEHOCTI MEXaHIYHUX CHCTEM 3alpOINIOHOBAHHN METOJ MiJBHIIEHHS 30epe)keHOCTi BUPOOiB
BiliCbKOBOI TexHikM. BKMBaHHA BKIAJCHUX MEXaHIYHMX CHCTEM [O3BOJIAE 3a0€3MCUUTH MeXaHiuHy 30epexeHicTb BUPOOIB
BIMICHKOBOI TEXHIKH, IIUISIXOM 3HW)KSHHSI ITiIBEICHOT TOBHOI €Heprii 10 JOIyCTUMOT JUTsl 30epiranHs BUpoOy.

KawuyoBi ciroBa: MexaHiyHa cucrema, IPYKHICTh, IUIACTHYHICTH, JNedopMallisi, IMHAMIYHE BaHTA)KEHHS, MEXaHidHA
30epeKeHICTh BHPOOIB, 3acO0M Ypa3KH, BHPOOHM BIMCBKOBOI TEXHIKH, il yJAapHOI XBHJII, BKJIQJCHI MEXaHiYHI CHCTEMH,
arperaTHHi craH, (Qi3MYHUI CTaH, IPUHIMI BKJIAJEHOCTI MEXaHIYHUX CHCTEM.

IIpumeHeHue BJI0KEHHBIX MEXAaHUYECKUX CHCTEM ISl o0ecreuyeHUsl COXPaHsieMOCTH M3/1eJIMil BOCHHON TeXHMKH
NPH JMHAMHYECKHX BO3/1eiiCTBUAX

A. B. KoBryHn, B. A. Tabyrenko, C. M. MensHHKOB

B nporecce obecrieuennst 00eBBIX IEHCTBUH, KOHCTPYKIMH W3AEIHN BOCHHOW TEXHUKH IOJABEPIralOTCS 3HAYUTEIIHHBIM
BO3JIEHCTBHSM KaK IITAaTHBIX TaK M HE IITAaTHBIX JTUHAMHYECKHX Harpy3oK, KOTOpbIE MOT'YT IPUBECTH K HX MEXaHHYECKOMY
paspymennto. Cpean JOUHAMUYECKUX HArpy3oK, NEHCTBYIOIIMX Ha W3JEIHS BOCHHOH TEXHUKH, MOXXHO BBIJCIHTH
KpPaTKOBPEMEHHEIE, BBI3BIBAEMBIC B3PHIBHBIMH M yHAApPHBIMH BO3JCHCTBUSIMH, W JUINTENbHbIE BUOpPAIMOHHBIE HAarpy3KH,
BO3HHUKAIOIIME B IIPOIECcEe TPAHCIOPTHPOBKH. B CBA3M C 3THM cymiecTByeT mpodieMa oOecledeHus] MeXaHH4eCKOH
COXPaHJIEMOCTH H3JIEIMH BOSHHOM TEXHUKH IIPH JMHAMHYECKHX BO3JEHCTBUAX. B pabore naHo ompexneneHue BIOKEHHBIM
MEXaHWYECKUM CHCTEMaM U c(OPMYIUPOBAHBI UX OCHOBHBIE CBOMCTBA, KOTOpPHIE ITO3BOJISIIOT BBIIBUHYTH 'HIIOTE3Y O TOM, YTO
JUIsT 00eCIieueHHs] MEXaHMYECKOH COXPaHSEeMOCTH W3JEeNINi, NOABEPIKECHHBIX JAWHAMHYECKHM BO3JEHCTBUSM, HEOOXOIMMO
MIPUMEHSTDH BIIOXKEHHbIE MEXaHMYECKHE CHCTeMBl. Ha OCHOBaHHMM NIPHHIMIIA BJIOKEHHOCTH MEXaHHYECKHX CHUCTEM IPEJIOKEeH
METOJ] HOBBIILICHNSI COXPAHSEMOCTH M3JIeJHii BOCHHON TEXHUKH. [IpUMEHEHHE BIO)KEHHBIX MEXaHHYECKHX CHUCTEM IT03BOJISIET
00€CIeYNTh MEXaHHIECKYI0 COXPAHAEMOCTh M3/EINI BOCHHOH TEXHHKH, ITyTeM CHIDKEHHS ITOJIBEJICHHOI ITOJHON PHEPTHH 10
JIOIYCTUMOH JUTSI COXPaHSEMOTO H3JIEeITHS.

Kamo4ueBble cJoOBa: MeXaHUYECKas CUCTEMA, YIIPYTroCTh, IIACTUYHOCTD, }Ie(i)OpMaLII/ISI, JAWMHAMHUYECKOEC HAIpPYXCHHEC,
MEXaHHUYECKass COXPaHsACMOCTb H3I[eJ'IHﬁ, CpEACTBA IOPAXCHUSA, WU3ACIHUA BOEHHOM TCXHHKH, BOBI[eI;‘ICTBPIe yz[apHoﬁ BOJIHBI,
BJIO)KCHHbBIC MEXaHUYCCKHUEC CUCTEMBI, arp€raTHoe COCTOsHUE, (1)I/I3I/IquKOC COCTOSIHME, IMPUHIUII BJIOXKCHHOCTU MEXaHUYCCKUX
CUCTEM.
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MOBILE USERS’ MULTIPLE DETECTION METHOD ON THE BASIS OF
THE PARTICLE SWARM OPTIMIZATION IN THE COGNITIVE RADIO NETWORK

In the article, the object is mobile users’ multiple detection processes based on the particle swarm optimization in the
cognitive radio network. The aim of the research lies in the field of the algorithms of the mobile users’ detection of the
cognitive radio system. In addition, it lies in the area of development of the generalized algorithm PSO-NN and improvement
the method of multiple detection by using the particle swarm method and convolutional neural network and its realization. The
tasks are to develop the multiple detection architecture, the generalized algorithm PSO-NN, to realize the multiple detection
algorithm and to model PSO-NN as the algorithm of the multiple detection effectiveness for 50 mobile devices. The methods
used are mathematical models based on the principles of the organization and operations of biological neural networks,
mathematical learn models, and NP-hard algorithm theory methods. The following results were received. The multiple
detection architecture was developed, which differs from the known ones since each location is divided into the subzones. In
the different subzones, a mobile user can receive different measuring results in the same channel. Such a division can be used
for more flexible data using. Developed generalized algorithm PSO-NN differs from the known ones as it is configured more
correctly for the real conditions that inherent in the architecture of the cognitive systems. This algorithm uses particle swarm
optimization controlled by the convolutional neural network. Therefore, strict access to spectrum analysis based on mobile
users’ energy component is provided. Due to the use of the micro particle architecture and convolutional neural networks,
detection effectiveness function and global particle location are detected in a more accurate way. Further implementation of the
multiple detection algorithm differs from the known ones since after uniting the detected channel users’ matrices, only one user
is assigned to a specific channel. Such an implementation assumes more realistic search area and speed of the users’ detection
with found channels. Modeling PSO-NN as the multiple detection effectiveness algorithm for 50 mobile users has several
convolutional layers that were generalised with each other. Such architecture can be a confirmation of the fact that the neural
network chosen in a practical way completely satisfies the tasks. The modeling result showed that at 20 locations the detection
effectiveness with using the algorithm PSO-NN increased by 10% in 20 locations, by 20% in 25 locations, by 20% in 30
locations, by 20% in 35 locations, while the results did not change in 40 locations.

Keywords: cognitive radio; particle swarm algorithm; convolutional neural network; radio frequency resource; NP-hard

class problem.

Introduction

A problem statement. In recent years, the
wireless traffic has increased significantly. The results
also stated about shortage of radio-frequency resource.
According to the current international legislation on the
fixed access to the radio-frequency spectrum, only
licensed users can use it. At the same time, when the
radio-frequency spectrum is not used, non-licensed
users cannot use the radio-frequency recourse. Such a
spectrum distribution policy leads to a low density of
the use of radio-frequency resources. To address this
problem, the technology of cognitive radio appeared [1].
When the radio-frequency channel is free, cognitive
radio allows non-licensed users to use the radio-
frequency spectrum. Thus, non-licensed users always
analyze the needed frequencies before they use radio-
frequency resources.

As the mobile devices appeared, the new
technologies emerged. One of them is analysis of big
quantity of mobile devices and computers (MCSC -
Mobile Crowd Sensing and Computing) [2]. The formal
definition is described in the following way. The new
technology of spectrum analysis allows the usual users
to enter the data that is obtained or created by mobile
devices in the datacenters with the help of cloud
technologies, about the state of its employment.

After the introduction of the MCSC technology,
mobile devices can be equipped by tracking sensor that
analyzes and measures the radio-frequency spectrum. At

the same time, the US Federal Communications
Commission decided the secondary television spectrum
users under FC (FC - fusion center) management could
use the geolocation database. FC determines the mobile
device and obtains the analysis data. For stimulating the
users for using the MCSC technology, the US Federal
Communications ~ Commission  provides  some
encouragements. Such functions and technologies are
crowdsourcing. In the research, it is provided for using
the crowdsourcing technology for the spectrum analysis
with using mobile devices, intended for the user. It is
assumed there is the datacenter for data accumulating
(FC). The factors described above and have influence
on the function of spectrum analysis take into account.
In the article, it is proved that the task of multiple
detection is the task of NP-hard class. Therefore, it is
developed the method based on using particle swarm
(PSO) for decision of these tasks. The simulation results
show algorithm realizing proposed method, supplies
higher productivity in comparison with the known
methods.

Analysis of literature. In the cognitive radio
systems, the licensed users’ activity is detected by
clearness or busyness of spectrum [3]. There are factors
such as shadow or multipath fading that can lead to the
distorted activity of the users’ mobile devices. To
resolve such problems, the spectrum analysis for the
correctness improvement of spectrum analysis is
developed [4]. In the wideband wireless system, the
users exchange compression results (CS - compressive

© Obikhod Ya., 2018
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sensing). In [6] the authors assume the two-level
protection scheme against interference in the cooperated
spectrum analysis. In [7] it is considered the mutual
spectrum analysis based on multiple detection with the
aim of increasing the protection ratio level. In [8] it is
considered the simultaneous spectrum analysis and data
communication, in the result of that is was proposed the
new model of the detection for the cooperative spectrum
analysis. It is envisaged the several recognition
strategies for planning the quantity of users based on the
network parameters [9]. In [10] it is proposed the
theoretic-game mechanism of the power distribution
based on the results of measuring the channel of users in
the cognitive radio network. To improve the analysis
quality, the authors consider the multichannel
recognition problem in the multichannel system [11-13].
These systems use the simplified objective function and
absent BC (BC - budget constraint). Using the BC it is
possible to choose only one set of the mobile users. In
[14] it is considered the BC at the decision detection and
channel division problems. All of these researches don’t
consider the energy component of mobile users.

In the above-mentioned literature, the centralized
algorithms are used. Some widespread spectrum
analysis methods exist. In [5], the distributed spectrum
analysis method is considered in order to use the
spectrum spatial capabilities. To detect the spectrum
analysis characteristics, the methods of the stochastic
geometry are used. In [10] on the users’ channels
analysis showings the management mechanism of the
power with the using of the game theory is considered.

The aim. The aim of the research lies in the field
of the algorithms of the mobile users’ detection of the
cognitive radio system, in the development of the
generalized algorithm PSO-NN, and improvement of
the method of multiple detection by using the particle
swarm method, and convolutional neural network.
Therefore, the tasks are:

- the development of the multiple detection
architecture;

- the development of the generalized algorithm
PSO-NN;

- the further realization of the multiple detection
algorithm;

- modelling PSO-NN, as the algorithm of the
multiple detection effectiveness for the 50 mobile
devices.

The main part

M will be the number of places, where the spectrum
analysis will take place, N — the number of channels that
can be detected in the j point. In the j point, the shadow
and multipath fading are represented in addition to other
distortions that can influence the results of mobile users’
detection in different places of this location. Mobile users
can get different results of measuring in the same place.
Therefore, it turns out that the mobile users location can
be divided into several subzones.

Spatial location can be fixed with the results of
mobile users’ detection in different locations. In the H

zone of the j location, zih ;=1 means there is at least one

channel of the data communication. At the value

zih =0, itis clear that no data channel was found. In the

Jj location, let ng be the number of subzones where the

channel was detected at least one mobile user. We can
oom(j)

assume that yJ'~ = Z z},/- , Where m (j) — the number of
h=1

subzones in the j location. It can be assumed, than

higher the value of yji', the more effective spectrum

analysis will be. In ng =m(j), maximum spectrum

analysis result will be reached. On this basis, it turns out
that spectrum analysis effectiveness will increase when

yJ" represents small values and vice versa. Let

E y’l /'m(j) - the effectiveness of i channel of

the j location analysis. As a result, the spectrum
effectiveness function for the multiple detection can be
described in the following way [1]:

M N())

DI TA) (1)

j=1 i=l

where o - value

; non-negative

weighting

M N(j) .

Z Z a).’l- =1, in which a)J' can discern different

j=1 i=l

channel analysis levels in every location.
According to (1), the spectrum

effectiveness function is increased when yJ" is in the

analysis

range from zero to m (j) and is decreased if ng is

increased. To receive realistic spectrum analysis, the
spectrum analysis effectiveness function must be
maximum, taking into account all local constraints of
the i channel, j location and threshold less than H. The
local constraints can be described [2]:

f@.HzH, i e[l,N()HLj € [l, M]. )

There are also factors that must be taken into
account. For mobile users, the residual signal energy has
to be considered. Only when the residual signal energy
of mobile user is higher than the set threshold, a user
can carry out the spectrum analysis. Let 7}, — normalized
threshold of the residual energy, K — all mobile users
and ¢, — the residual energy of mobile user. Then,
energy constraint can be expressed as [3]:

e 2Th, k eK. 3)

Let M be the number of locations that must be
analyzed. Only mobile users that are located in the j
location can carry out the spectrum analysis. It is
assumed mobile user can analyze only one channel. In
the j location, K(j) — the set of mobile users, n(j) — the
number of mobile users and N(j) — the number of
channels that can be analyzed. For mobile users
k € K(j), x;; =1 means i channel was detected by the &

user. Taking into account that mobile user can analyze

128



ISSN 2522-9052

CyudacHi iHpopMmariiiai cucremu. 2018. T. 2, Ne 2

only one channel it can be expressed all other
restrictions as [4]:

N()
DD x <n()). @)
keK(j) i=1

The incentive scheme assumes the FC will pay the
bills of mobile users that try to analyze the frequency
spectrum. Such cost of multiple detection must be
confirmed by the service providers and be located in the
appropriate range. Let C be the maximum cost that user
must pay for spectrum analysis and ¢, — the cost of
single mobile user at k € K(j). It can be described in

the following way [5]:
M N(J)
Z Z C Z Xfi <C. (5)
J=lkeK())  i=l

The most acceptable users’ division for the
multiple detection can be described by the formula [6]:

M NQG)
max Y ¥ @5 f (0. ), (6)

j=1 i=l
providing that
f(la]) ZH 1 [LN(])]a .] e[laM]aek = Tha k € K

NG

2 2 <n()),

keK(j) i=l

M NG

Z Z ckakl-SC, (7)

jelkeK(j) =l

M N()) ;
j=1 i=l

In the figure 1, the example of the users’ division
for the multiple detection is shown. In the network,
there are two locations and three channels. Each
location is divided into three subzones. In the different
subzones, the mobile users can receive different
measuring results in the same channel. Some users
cannot commit the spectrum analysis because they have
the local constraints, high cost of request, or insufficient
residual energy. The rest of the users will analyze the
channels according to the expression 7.

The multiple detection task is hard to implement
because it is NP-hard class task. The reason is that the
multiple detection problem is as difficult as the
maximum coverage area task [15]. Let d — the number

of [ array of order S§={5,5,,....5}, 8" - the
maximum of the d number:

max‘USiGSrSl-‘, (®)

where S’ c S, |S'| <d.

In general, such task is described in the following
way. Each mobile user having enough energy to

carrying out the spectrum analysis sets the local
threshold to 0 value. It means that the local constraint
was fulfilled, detection cost lies within the permissible
limits. It is supposed there are K mobile users and M
locations. In every location it is existed N detected
channels.

=

Jz - )

! — N

] - H = .4
i - '\“ B
i -— Subzone 2 _-- sy
: - r————— T “"\‘
] Subzone 3 e = .
1 ! \

\ i 4
“\.Subzone 1 4 Subzone 3
__Subzone 2;

Location 2 = e /

= Detected channel 1 \\Subzotle | il

i Detected channel 2 et
Location 1

\ e

o Detected channel 3

5 Not detected channel

Fig. 1. The example of the multiple detection architecture

Each mobile user is in range i €{l,2,...,K}. Let

non-negative weight a)J' will be constant. Then (7) can
be represented in the form:

M N(j)
max > > f(,j). 9)

j=1 i=l

The equation (9) provides the choice of d array for
the sum maximization f(i,j). In comparison with (8), the
task complexity level is at least the same as in the
maximum coverage area task.

Since the multiple detection problem belongs to
the task of HP-hard class, it was proposed the algorithm
based on the particle swarm optimization with using the
neural network. In the PSO algorithm, [15] each particle
has its own search speed. The particle can change its
value according to the neighbor particles parameters.
Let V;; is the particle speed X;;. Then the particle

movement will be described in the following way:

1

1
Vit =V e (P = Xia ) e (Poa = Xia ), 010)

(11)

t+1 t+1 t
Xig =Vig +Xiq-

where @ - the iteration weight,

P;q — the best one particle location,

P4 — the best one particle global,

r; and r, — the arbitrary numbers in range [0;1],

¢; and ¢, — the learning factor.

The iteration weight © allows the algorithm to
improve its productivity. The formulas (10) and (11)
allow calculating the speed and location of the particle.

According to the PSO algorithm, the location of
each particle is the separate element of the multiple
detection task. Let suppose that N(j) channels in the
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locations je€[l,M] and the number of the detected
channels will be Z}/\il N(j). Let K denotes all mobile

users. Then each particle is defined as K x Z}/\il N(j) X

matrix, where X[a][b] = 1 that defines the a user of the b
detected channel and X[a][b] = 0 that defines the a user
of the b not detected channel. It was proposed the
algorithm based on the PSO with using the convolutional
neural network (PSO-NN). The ¢ particles are initialized
randomly and it is installed the particle with the highest
objective function according to the formula (7) that is
using according to the algorithm PSO. The fig. 2 shows
the generalized algorithm PSO-NN.

i Start J

The objective function,
according to the formula(6)
+

| Local constant & |

| The locations number M |

The channels munber N(j) n
location §

The subzones number
#i(7) in location §

Maximum cost

The maximum value of
the detection
effectiveness function

‘ Setting the sensitivity ‘
threshold

Random generation of the
T particles
¥

0 rsum it
.

| Updating Pis |

| Updating Pea |

Fig. 2. The generalized algorithm PSO-NN

End o

After each cycle of users’ multiple detection, the
analyzing energy of the user is decreased. Mobile user
must detect that its remaining energy match the energy
threshold. If the energy of the user that analyzes spectrum
is higher than the threshold value, mobile user can
analyze the spectrum again. For each particle of the
swarm in case if the user’s energy is not enough for the
spectrum analysis, the recording of the vector of a given
particle into a zero value of the corresponding matrix is
carried out. Based on the current matrix the particle,
effectiveness function can be found according to (1).
After calculating the effectiveness function of all
particles, one can receive a better particle location P;, and
global location Pg,. The higher the effectiveness function
value is, the better is the position of corresponding
particle. Depending on the location P;; and Py, we will
unite the matrices for the multiple detection optimization.

Let 7; — the current matrix of the particle, 7, and T;
denote better and global matrices respectively. The united
matrix can be described by the combination 77, 7> and T3.

If several users in the united matrix detect the
channel, only one user with higher residual energy will
reserve the channel. After matrix uniting, only one
element is bound to the column vector of this matrix. If
the user’s T;, T, and T; are different, several column
vectors of this matrix can exist. Considering the global
properties of the PSO, we optimize the column vectors
of the matrix determined by the parameters (10). If a
user detects different channels in these three matrices,
he will choose the channel in 7; based on

o/(@+c +cy), in Ty, based on ¢ /(@w+¢;+¢;), and
in T3, based on ¢, /(@+c;+c;). It means that after

merger only one particle is tied to the column vector in
the united matrix. The search place and convergence
speed of these particles can be adjusted setting the value
w, ¢; and ¢,. The algorithm of detection improvement is
represented in the fig. 3.
{ Sttt
R
< =0 i<oum_i; i ;—u” " End
I T

< 70 oumj

l_cj:".’Rcsidual energy satisfies =

- the formunla3 -
+
[ Matixonput’s |
¥
Define the detection

effectiveness hunction for ¢

Receive the particle Piw of the matrix 77, based on
detection effectiveness function

Receive Py of the matrx T3
with the best Pia

| Add the matricesTr, T2, Ts |
+

Optimize the merger matrix vector using
the formula ()

Evaluate the multiple detection
according to the formula (6)

Fig. 3. The multiple detection improvement algorithm

Complexity of the proposed algorithm PSO-NN is
calculated in the following way.

Proposed algorithm PSO-NN is evaluated by the
way of modeling and compared to the algorithm in [14].
There are locations where the spectrum analysis with the
same radiuses can be done. Each location is divided into
three subzones. The number of channels is 5 (V= 5). The
local threshold H = 0.57. Non-negative weights are the
same for each channel and each location. Mobile users
are generated in the random locations.

In the figure 4, the multiple detection effectiveness
with a combined work of 50 mobile users from 15 to 40
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locations is shown. The cost coefficient ¢, was chosen in
. 50
the range {1,2,..., 50}. The maximum cost azk=1ck

where a lies in the range from 0,6 to 0,8. Normalized
energy threshold 0,2<7j, <0,5. The multiple detection

effectiveness is calculated with (1). This function reflects
the detection effect and its value lies in the range from 0 to
1. The value is closer to 1, the detection function will be
better. Compared to the developed method with
realizations [13] and [14], one can notice that the algorithm
that implements proposed method showed higher detection
effect. As the number of locations increases, the detection
effectiveness decreases. It happens because greater number
of locations leads to the emergence of more quantity of the
subzones and fixed number of the users cannot detect all
subzones. In 7, = 0,2 and a = 0,8, the detection
effectiveness function showed the highest values.

0.35

@ DRA
‘& BA
.@- PSO-CTA
- 0.30 -
=
g -
7
2 0.25 4
s
= ..
g ®
=
‘4; 0.20 A ‘
= 1 hy
£
3 P i :
2 1
u | | | e 2 q
& 015 Tt | |
....... 0
T . ]
0.10 . |
| | 35 w

25 3
The number of loeations, unit

Fig. 4. The multiple detection
effectiveness function for 50 mobile users

Conclusions

During the research, the multiple detection
architecture was developed. It differs from the known
architectures since each location is divided into the
subzones. As a result, a mobile user can receive
different measuring results in the same channel in
different subzones. Such a division can be used for more
flexible data use. Developed generalized algorithm
PSO-NN is different since it is correctly configured for
the real conditions inherent in the architecture of the
cognitive systems. This algorithm uses particle swarm
optimization controlled by the convolutional neural
network. Therefore, strict access to spectrum analysis
based on mobile users’ energy component is provided.
Due to the use of the micro particle architecture and
convolutional neural networks, detection effectiveness
function and global particle location are detected in a
more accurate way. Further implementation of the
multiple detection algorithm is different from the known
since only one user is assigned to a specific channel
after uniting the detected channel users’ matrices.
Additionally, such implementation assumes more
realistic search area and speed of the users’ detection
with found channels. Modeling PSO-NN as the multiple
detection effectiveness algorithm for 50 mobile users
has several convolutional layers generalized with each
other. Such architecture can be a confirmation that the
neural network chosen satisfies the tasks largely. The
modeling result showed that the detection effectiveness
using the algorithm PSO-NN increased by 10% in 20
locations, by 20% in 25 locations, by 20% in 30
locations, by 20% in 35 locations, while the results did
not change in 40 locations.
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MeTton MHOKMHHOI'O BUSIBJICHHSI MOOLJILHMX KOPUCTYBaviB
HA OCHOBI oNTHMIi3alii POl YaCTMHOK B KOTHiTUBHIl pagiomepe:xi

s1. 5. O6ixoxn

O0’€eKTOM BHBYEHHS B CTATTi € NPOLIECH MHOXXMHHOI'O BUSIBIICHHS MOOIJIbHUX KOPUCTYBadiB HA OCHOBI ONTHMi3aLlii poro
YaCTMHOK B KOTHITHMBHIH paxiocucremi. MeTa J0C/IiKeHb JIGKUTh B 00acTi alrOPUTMIB BUSIBIICHHS MOOUIBHMX KOPUCTYBadiB
KOTHITHBHOI paJiiocHCTeMH, B po3podui y3aranbHeHoro anroputMy PSO-NN i momimmmeHHI METORy MHOKHHHOIO BUSIBICHHS
LUIAXOM BUKOPHCTaHHS METOJly POX0 YaCTHHOK i 3rOpTKOBOI HEMPOHHOI Mepei, a TakoX Horo peanizauii. 3aBganHs: po3poOka
apXiTeKTYpHd MHOXXHHHOTO BHSBJICHHS; pPO3poOka y3araibHeHoro anropurmy PSO-NN; BHKOHaHHS NOJaibLIOl peati3aril
AJITOPUTMY MHOXXMHHOI'O BUSIBIICHHS; peanizauis mozenmoBaHHs PSO-NN, sk anroputmy e(peKTUBHOCTI MHOKMHHOIO BUSIBJICHHS
Jutst 50 MOOUTEHMX KOPHCTYyBauiB. BHKkopruCTOBYBaHMMH METOAAMM €: MaTeMaTHYIHI MOJIel, 00y JOBaHi 3a MPUHIMIIOM OpraHizaril
Ta (YHKIIOHYBaHHA OIOJNIOTYHMX HEHPOHHHUX MEpeX, MaTeMaTH4HI Mojeii HaB4yaHHs, Meroxu Teopii amropurmiB NP-hard.
OtpuMaHi HacTynHi pe3yabTaTu. B Xoni nocnimkeHs 6yno po3poOieHo apXiTeKTypy MHOKMHHOI'O BUSIBJICHHS, SIKa BiAPI3HAETHCS
BiJl BIZIOMUX THM, II0 KOXKHA JIOKAIlisl PO3iIeHa Ha IMiJ30HH. B pesynbrari, MOOUIGHI KOPUCTYBadli MOXKYTh B Pi3HHX ITiJ30HAX
OTPUMYBATH DPi3HI Pe3y/JbTaTH BUMIPIOBaHb B OJHOMY i TOMY K KaHay. Takuil po3Hoiia Mojke BUKOPUCTOBYBATHCS Ul OLIbLI
THYYKOrO BUKOPHUCTAHHS JaHuX. Po3pobnenuii yzaranpHeHuid aroput™ PSO-NN Biipi3HAETBCS Bif BITOMHX THM, IO BiH OLIBII
KOPEKTHO HAJIAIITOBYETHhCSI HA pEaJlbHI yYMOBH, BJIACTUBI apXiTEKTypi KOTHITMBHMX cucreM. Lleii amropurm BHKOpHCTOBYE
OITHMI3ALli}0 POI0 YACTHHOK IiJ KEPyBAaHHIM 3rOpTKOBOI HEHPOHHOI Mepexi. 3aBIsIKU IIbOMY 3a0€31eUyeThCS CyBOPHI IOCTYH JI0
aHaJli3y CHEKTPY Ha OCHOBI E€HEpreTM4HOl CKIaZoBOi MOOLIBHMX KOPHCTYBauiB. 3a PaXyHOK BHMKOPHCTaHHS MIKpPOYacTKOBOI
apXiTeKTYpH Ta 3rOPTKOBMX HEHPOHHMX IIapiB, (YHKLiS e(EeKTHBHOCTI BHSABIEHHS 1 IVIOOAJbHE PO3TAIIYBAHHS YaCTHHOK
BH3HAYAIOTHCS OUTBII TOYHO. [Tofaibiia pearizamnis alropuTMy MHOKHHHOT'O BUSIBJIEHHS BiJIPi3HSETHCS BiJl BIIOMHX THM, IO TiCIIst
00'eIHAHHS MaTPULIb KOPUCTYBAYiB BUSABIICHUX KaHAJIIB, TUIbKH OJMH KOPUCTYBAY 3aKPIILUIIOETHCS 3a IEBHUM KaHAJIOM. TakoxX, Taka
peanizanist nependayae OUIBLI PeaNiCTUYHUM NPOCTIP MOIIYKY 1 MBUJKICTh BUSIBICHHS KOPUCTYBAuiB 31 3HAMICHUMU KaHAJIAMH.
MopentoBanHs PSO-NN, sk anroputm egpeKTHBHOCTI MHOMKMHHOIO BHSBIEHHs Ui 50 MOOUIBHMX KOPHCTYBadiB, Ma€ KiJlbka
3rOpTKOBHUX IapiB, AKi y3araJbHEHO OfUH 3 oqHUM. Taka apxiTekTypa Moxe OyTH MiITBEpKCHHSM TOro, 1110 00paHa IPaKTHYHUM
LIIAXOM HeHpOHHa Mepexa OLIBIIOI MIPOI0 33/I0BOJIbHSE MOCTABJICHUM 3aBJAHHAM. Pe3ynbraTi MOJIe/IOBaHHS II0Ka3aJIH, 110 IPH
20 noKarisix, epeKTHBHICTh BUSBICHHS 3 BUKoprcranHsM anropurmy PSO-NN 3pocia Ha 10 %, npu 25 nokanisx - Ha 20%, ipu 30
nokanisx - Ha 20%, nipu 35 - Ha 20%, npu 40 He 3MiHWIACE.

Kaw4oBi ciaoBa: KOrHITHBHE Pajio; alrOPUTM POIO YaCTHHOK; 3rOPTKOBA HEHPOHHA MEPeKa; paliouacTOTHHI pecypc;
3ana4a kiacy NP-hard.

MeTon MHOKECTBEHHOI'0 Onpee1eHUsi MOOMJIBHBIX N0JIb30BaTe el
HA OCHOBE ONTHMMH3ALHHU POS YACTUI B KOTHUTUBHOM pagnoceTH

S1. 51 Obuxon

O0beKTOM H3y4YeHHMsl B CTaThe SBIIIOTCSA IPOLECCHl MHOXKECTBEHHOIO OOHapyXKeHMsI MOOWIBHBIX IOJIB30BaTeNel Ha
OCHOBE ONTHUMH3ALMM PO 4YacTHLl B KOrHUTUBHOH pajuocerd. Ileas mcciienoBanmii jiexur B 00JIaCTH  alropuTMOB
0oOHapyKeHHs MOOMJIBHBIX II0JIb30BaTENIC KOTHUTUBHOM PajMOCUCTEMBI, B pa3padorke obobmeHHoro ainropurmMa PSO-NN u
YIY4IIEHHH METO/Ia MHOXKECTBEHHOI0 O0OHApyKEHUsI ITyTeM HCIIOIb30BaHUs METO/Ia POsl YaCTHI] U CBEPTOYHONH HEHPOHHOH ceTH,
a TalKe ero peanmnsanuu. 3agada: pa3paboTKa apXUTEKTYPbl MHOXXECTBEHHOIO OOHApYXEHHs; pa3paboTka 00OOIIEHHOro
anroputMa PSO-NN, nanpHeimas peanusaiys ajropuTMa MHOXECTBEHHOIO OOHApYXEHHUs; peanu3auus Moaesnuposanus PSO-
NN, kak anropurma 3Q(EeKTHBHOCTH MHOKECTBEHHOro oOHapyxeHus 111 50 MOOWIBHBIX mojb3oBarelsiell. Mcrnone3yembiMu
METOlAMH  SBJIIOTCSA: MAaTEMAaTHYeCKUE MOJENH, IIOCTPOCHHbIE [0 NPHHLUUIY OpraHu3aluud W (QYHKIMOHMPOBAHUS
OGUOJIOTMUECKUX HEHPOHHBIX CeTel, MaTeMaTH4ecKhe MoJelau o0ydeHHs, Meronbl Teopuu anroputrmoB NP-hard. IMomyuenst
cleyolue pe3yabTaTel. B xone uccnenoBanuii Oblia pa3paboraHa apXUTEKTypa MHOXKECTBEHHOI'O OOHAPYKEHHs, KOTOpas
OTJIMYAETCsI OT U3BECTHBIX TEM, UTO KaXK/1ast JIOKALMsl pa3/ielieHa Ha MO30HbI. B pe3ynbprare, MOOMIBHBIE 110JIb30BATENIN MOT'YT B
Pa3IMYHBIX MOA30HAX IOIYy4aTh Pa3INYHBIE PE3YNILTAThl H3MEPEHUI B OJHOM M TOM K€ KaHale. Takoe pacrpesielieHHe MOXKET
HCIONIB30BaThCsl Ul Oonee THOKOro HCIONb30BaHMS JaHHbIX. PaspaGoran o6oOmieHHslil anropurm PSO-NN | koropsrii
OTJIMYAETCSI OT M3BECTHBIX TEM, YTO OH Ooliee KOPPEKTHO HACTPaMBAcTCA HA PEalIbHbIC YCIOBHS, HNPHUCYLIME apXUTEKType
KOTHUTHBHBIX CUCTEM. DTOT AJITOPHTM HCIOIb3YET ONTHMHU3ALHUIO POsl YACTHIL IO YIIPAaBIEHHEM CBEPTOYHON HEHPOHHOH CEeTH.
Brnaronaps aToMy, obecrieunBaeTcs CTPOruii 1OCTYI K aHAJIU3Y CIIEKTpa HA OCHOBE PHEPreTUUECKOH COCTABIAONIEH MOOMIBHBIX
nonb3oBaTeell. 3a CueT MCMONB30BAaHUA MHKPOYACTUYHOH apXMUTEKTYpbl M CBEPTOUYHBIX HEHPOHHBIX CIOEB, (GYHKLUSA
sddexTuBHOCTH OmpeseneHust U rI100aNbHOe PACIIONOKEHUI YaCTUL onpezensatorcs Oosnee TouHo. JlanpHeiiuas peann3aunus
aJITOPUTMa MHOXKECTBEHHOI'O OIPEJETICHHsI OTIMYAeTCs OT M3BECTHBIX TEM, UTO IOcie OOBEIUHEHHS MATpHILl HOJb30BaTeseh
BBISIBJICHHBIX KaHAJ0B, TOJNBKO OJWH IONB30BaTeNb 3aKPEIUIAETCS 3a ONpPEIEICHHBIM KaHaloM. Takke, Takas pealu3anus
npejronaraet 6ojiee peaqTuCTUYHOE POCTPAHCTBO MOMCKA U CKOPOCTh OOHAPYXKEHHUS 10JIb30BaTelIel C Hali/ICHHBIMH KaHAJIAMHL.
Mopemuposanre PSO-NN, kak anroputm 3¢ QeKTHBHOCTH MHOXXECTBEHHOT0 0OHapy)eHus 11t SO MOOWIBHBIX MOJIb30BaTENeH,
HMEET HECKOJIbKO CBEPTOYHBIX CJIOEB, OOOOIIEHHBIX OPYr ¢ ApyroM. Takas apXUTEKTypa MOXET ObITh HOITBEPXKIECHHUEM TOrO,
YTO BBIOpaHHAs NPAKTHYECKUM ITyTeM HEHpOHHAas ceTh B OONbIIEH CTENEHH YIOBIETBOPSET IIOCTABJICHHBIM 3aJ[adyaM.
PesynbraThl MOAEIMpOBaHUA MOKa3ayy, 4To npu 20 nokauusx, 3GGeKTHBHOCTh OOHAPYXKEHHS C UCIIONB30BAHHUEM aJIrOPHTMA
PSO-NN Bripocia Ha 10%, npu 25 nokanusix - Ha 20%, npu 30 sokanusx - Ha 20%, npu 35 - va 20%, npu 40 He U3MEHWIIACh.

Kao4yeBble cia0Ba: KOTHHTHBHOE PajHO; ITOPUTM POsl YACTHIl, CBEPTOYHAs HEWPOHHAsl CETh; PaJHOYaCTOTHBIN
pecypc; 3anada kinacca NP-hard.
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EXPERT-ANALYTICAL FORECASTING OF NUCLEAR DAMAGE FOCI ON THE
MONITORING ISSUES OF MILITARY CHARACTER EMERGENCY SITUATIONS

Relevance. The problem of complex assessment of possible boundaries of nuclear damage in military character emergency
situations is considered. The aim of the work is to determine the "necessary and sufficient" parameters of a nuclear explosion and
to assess their contribution to identification problems of nuclear foci, identify their features and boundaries, assess the doses of
gamma-neutron exposure of the population, and effectively distribute forces and facilities for actions in nuclear foci. Method. In
order to correctly assess the situation in the nuclear foci and plan the necessary measures, it was evaluated the contribution of the
output "necessary and sufficient" parameters for detecting a nuclear explosion of different power, shape and type of ammunition
according to the measurability criteria using the hierarchy analysis method of T. Saati adapted for the problems under
consideration. The advantage of using the hierarchy analysis method for complex assessment of possible nuclear foci in military
character emergency situations is the possibility of finding the weight coefficients of each element of a complex hierarchical
system, taking into account their interrelationships and mutual influence through pairwise expert comparisons. The received
weights (priorities) on levels of hierarchy allow to define the contribution of elements of the bottom level on achievement of the
purpose which is formulated on the top level. The process of assessing boundaries of nuclear damage is proposed in the form of
three tasks according to the criteria: type of nuclear explosion, TNT equivalent and type of ammunition, which represent a
complex expert-analytical assessment of the damaging factors of a nuclear explosion. Results. The paper presents the results of
expert-analytical assessment of possible boundaries of nuclear damage in emergency situations of a military nature in the context
of uncertainty of the initial information in the detection of nuclear explosions. Conclusions. The need to take into account the
spectrum of neutron radiation in the prediction of nuclear foci is confirmed as "sufficient" information with the aim of making
adequate and effective predictions of nuclear foci. It is determined that when assessing nuclear foci, both on the basis of the type
of nuclear explosion, its power, and the shape of nuclear munition, it is better to predict and manifest (identify) the source of
radiation-mechanical damage. When a combined radiation damage and radiation damage is detected in a "pure" form, the best
criterion is based on the type of nuclear munition.

Keywords: boundaries of nuclear damage; the damaging factors of a nuclear explosion; hierarchy analysis method; an
expert-analytical assessment.

ABBREVIATIONS in a «pure» form [9-13]. The last two boundaries are
BND boundaries of nuclear damage; typical for tactical nuclear ammunitions (NA) — small
NE  nuclear explosion; and ultra-small-capacity ammunition, as well as neutron
RMD radiation-mechanical damage; munitions, identification and assessment of the situation
RTD  radiation-thermal damage; after application of which causes significant difficulties.
CRD combined radiation damage;
RD radiation damage; 1. Problem statement

NA nuclear ammunition;

MHA method of hierarchical analysis;
DF  damaging factors;

CV  criterion for the variability;

Uncertainty in the identification and assessment of
the situation through forecasting is largely due to the
information lack on the NE parameters. Existing

TNE type of nuclear explosion; methods use the trotyl equivalent g, kt of the NA, which
TNA  type of nuclear ammunition; determines the power of the NE, as well as the
TE  trotyl equivalent. coordinates of the NE point, including the explosion
NOMENCLATURE height of the monition A, m. These parameters are

¢ nuclear explosion power in TNT equivalent; sufficient to classify the NE type, but not in all cases it
H  height of the explosion. is «necessary and sufficient» to characterize the nuclear
. damage parameters [14, 15]. The additional information

Introduction presence on the spectral composition of the neutron

In the conditions of increasing danger of the radiation of penetrating radiation NE is reasonable to
nuclear weapons use, in emergency situations of a  consider sufficient for the correct assessment of the
military nature [1-5], the questions of prompt and specifics of possible damage and further consequences
reliable current situation assessment, the identification ~ forecasting in the current situation.

of fegtures and boundaries qf nuclear damage (BND) 2. Review of literature
remain relevant [6-8]. In the literature, depending on the . . .
dominance of this or that detrimental factors of a It was shown earlier [6, 7] that the information

nuclear explosion (NE), foci can be defined: with lack on the spectral composition of the NE penetrating
predominantly radiation-mechanical damage (RMD); radiation determining the NA type at specified distances
radiation-thermal damage (RTD); with combined from the epicenter leads to unacceptable errors in
radiation damage (CRD); with radiation damage (RD) estimating the doses of gamma-neutron exposure of the
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population, and as a result leads to inefficient
distribution forces and means for actions in the BND.

Thus, there arises a hypothesis that the generalized
multicriterial BND estimation should be carried out in the
NE type, in the power of NE and in the NA type.
Therefore, as the necessary information, it is expedient to
consider the altitude or coordinates of the NE, the trotyl
equivalent of the NA, and to consider as sufficient
additional information of NE neutron radiation spectrum.
To what extent the neutron radiation spectrum could be
considered as «sufficient» information for qualitative
BND assessment is the currently open question. To test
this assumption, it is necessary to construct hierarchical
structures of expert-analytical forecasting of the situations
development in the presence of this necessary and
sufficient initial information.

The attempt to evaluate the contribution of the so-
called «necessary and sufficienty BND parameters by
applying the T.Saati hierarchical analysis method
(MHA) has been provided [16,17]. The method adapted
for the issues under consideration in terms of the
modified verbal interpretation of the scale values of pair
wise comparisons [18]. The aim is to specify the
"necessary and sufficient" parameters of nuclear
explosion and to assess their contribution to identification
tasks of nuclear damage foci, to identify their features and
boundaries, to assess the gamma-neutron exposure doses
of the population, and effectively distribute forces and
facilities for actions in nuclear foci.

Table 1. The unified scale of pairwise expert evaluation

3. Materials and methods

The essence of the MHA implementation is
follow. Firstly, for the decomposition of the tasks stages
of estimating the BND in the form of hierarchy
subcriteria consisting, criteria, factors and alternatives to
the consequences with the displayed links between the
individual elements. Secondly, for construction of
matrices of elements paired comparisons on the basis of
expert judgments. Thirdly, for calculating the priorities
and importance of the elements, with further expert
judgments processing, the results of which determine
the generalized weighted relative degree of interaction
or interdependence of hierarchy all elements, which is
expressed in a standardized numerical form in the form
of global priorities. With such treatment,, the analytical
approach of constructing the events tree and
consequences with expert procedures of pairwise
comparisons of the elements importance is combined,
using algebraic matrix theory, and allows to consider
the situation integrally «from top to bottom» and «from
bottom to top», while including all available elements
data, and to evaluate their weight contributions to the
decision, that is, to find solutions in conditions of
multicriterion.

Pairwise comparisons were carried out on the
unified scale (Table 1) of pairwise expert evaluation
(weighing) obtained on the basis of the «T. Saati scale»
formulation.

T. Saati's Verbal-argumentative Note
score evaluation(weight) (comments)
0 Cm.erlfd are incomparable in terms of The absence of mutual connection and influence
achieving the goal
1 Criteria are equivalent in terms of | Objects are comparable and / or interrelated. No preference data
achieving the goal
Weak preference of one in comparison | It is qualitatively known about the preference of one in comparison with
2 with another one another, but the number of reliable and reliable data on preferences is
not enough to make a guaranteed decision about the preference
3 At least one of the factors indicates the | At least one of the indicators (characteristics) of one is guaranteed
preference of one criterion over another | preferable to the other
4 The average preference of one criterion | More than one guaranteed indicator (criterion) confirms the preference
over another of one over the other, but less than half
The explicit preference of one over the | At least half of the indicators (criteria) are guaranteed to be preferable to one
5 other one in comparison with the other, with half of all data reliable and reliable from
the point of view of available statistics or at least probability
6 The average preference between «clear» | More than half of these indicators (criteria) confirm the preference of one
and «obvious» one over the other over the other (and half of the remaining can confirm the preference)
7 The obvious preference for one criterion | Domination of one over the other is obvious and practically confirmed
over another or does not cause doubts
] More than an obvious preference, but not | The preference of one over the other is not in doubt, but one can not
yet absolute speak of absolute preference
9 Absolute preference of one over the other | The preference of one over the other is undeniable and is confirmed by
all the data, including the measurement error

4. Experiments

hierarchies form: based on the NE type (Fig. 1) based
on the NE power classification (Fig. 2); based on the

In view of the apparent complexity of the
generalized expert-analytical assessment of the NE
damaging factors (DF), that is, from the NA type, from
the NE form and power, the paper presents three
separate decompositions of these problems in the

NA type (Fig. 3).

For the hierarchies description, we introduce the
notation: CV — criterion for the variability of the NE
parameters; TNE is the NE type; TNA is the NA type;
TE —trotyl equivalent (NE power).
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Fig. 1. Hierarchical task structure of the BND estimating with the criteria of the NE types
(TNE-1-TNE-5) with the obtained values of the weight coefficients for all elements
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Fig. 2. Hierarchical structure of the BNF estimating task with the criteria of NE trotyl equivalent

(TE-1-TE-5) with the obtained values of weight coefficients for all elements
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Fig. 3. Hierarchical structure of the BNF estimating task with the criteria of the ammunition NE type

(TNA-1-TNA-3) with the obtained values of weight coefficients for all elements
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There is the goal at the first level of such hierarchy
(Fig. 1-3): the comprehensive assessment BND. At the
second level, the radiation monitoring system sub-
criteria are placed — the criteria for the environment
state measuring (CV-1-CV-3), which, in fact,
characterize the NE parameters: the power, the
explosion height, and the spectral characteristics of
neutron radiation, respectively. At the third level there
are complex criteria in the form of NE classification:

— by the explosion type (Fig. 1) above-water burst
(TNE-1); surface burst (TNE-2); low-air burst (TNE-3);
high-air burst (TNE-4); high-altitude burst (TNE-5),
reflecting the specifics of the DF formation in space;

— for the NE trotyl equivalent (Fig. 2), an ultra-
small (TE-1); small (TE-2); average (TE-3); large (TE-
4); super-large (TE-5), reflecting the boundaries of the
destructive NE effect;

— by the NA type (Fig. 3) neutron (TNA-1);
thermonuclear (TNA-2); Atomic (TNA-3), reflecting
the priority of one or another of the DFaNE.

At the fourth level are the NE damaging factors:
thermal radiation (DF-1); shock wave (DF-2); seismic

wave in the ground (DF-3); nuclear radiation (DF-4);
induced activity (DF-5); radioactive contamination (DF-
6), forming complex factors of impacts. At the fifth
level, possible alternatives are presented — BND
forecast: radiation-thermal damage (BND-1); radiation-
mechanical damage (BND-2); combined radiation
damage (BND-3); radiation damage «in its pure formy»
(BND-4).

The important part of the the expert-analytical
solution procedure is the formation of a table of
questions assigned to experts for evaluating the
elements in each of these hierarchies. The adequacy of
the results often depends on the experts correct verbal
motivation when constructing the matrices of pairwise
comparisons, as an example, (Table 2), in which the
serial number of the matrix level corresponds to the link
presence with the top-level element.

In the paper, for the matrices judgments
calculation, we used our own MHA priorities calculation
program that takes into account the consistency and
compatibility of the estimates, which are necessary
conditions for the T. Saati MHA correct application.

Table 2. The formulation of the questions to be asked for the BND estimation based on the NE type

Hierarchy Verbal motivation of experts in the construction
level number of matrices of pairwise congruences

2 Which of the sub-criteria (measurability criteria) is preferable for determining the BND severity?

21 From t'he poir}t of view of the NE power (the luminescence duration), what NE type will be decisive from
' the point of view of the comprehensive BND assessment?

2.2 From the point of view of the NE height, what NE type will be more likely to be determined?

23 From t'he point of view 'of determining the neutron radiation spectrum, which of the NE types will be
' unambiguously characterized?

3.1 Which of DF for the above-water burst (TNE-1) will be decisive or dominant?

3.2 Which of DF for terrestrial surface burst (TNE-2) will be decisive or dominant?

33 Which of DF for low-air burst (TNE-3) will be decisive or dominant?

34 Which of DF for high-air burst (TNE-4) will be decisive or dominant?

3.5 Which of DF for high-altitude burst (TNE-5) will be decisive or dominant?

4.1 Which of BND will dominate the thermal radiation (DF-1)?

4.2 Which of BND will dominate the shock wave DF-2?

4.3 Which of BND will dominate the seismic wave in the ground (DF-3)?

4.4 Which of BND will dominate the nuclear radiation (DF-4)?

4.5 Which of BND will dominate the induced activity (DF-5)?

4.6 Which of BND will dominate the radioactive contamination (DF-6)?

5. Outcomes and discussion

As a result of expert evaluations, for the
hierarchies presented in Fig. 1-3 we obtained the
corresponding values of general consistency:

for the NE type — 0,048;

for TE — 0,044,

for the NA type — 0,047,
which indicates MHA correct application.

The analysis of the constructed hierarchies made it
possible to establish that, in the presence of necessary
and sufficient information, the BND forecasting during
radiation monitoring can occur:

— NE identification by the TNE criterion with the
following priority:

1 —TNE-3 (42,4%); 2 — TNE-5 (24,9%);
3 —TNE-4 (21,3%); 4 —TNE-2 (7,7%);
5 —-TNE-1 (3,7%);
— NE identification by the TNA criterion with the
following priority:
1 -TNA-2 (36,6%);
2 -TNA-3 (29,9%);
3 —TNA-1 -1 (33,5%);
— NE identification by the TE criterion with the
following priority:
1 —TE-5 (38,6%); 2 — TE-1 (24,6%);
3 —TE-2 (15,2%); 4 — TE-3 (12,4%);
5 —TE-1(9,2%).
— DF evaluation of the NE in the presence of
information on the TNE:
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1 — DF-4 (50,3%); 2 —-DF-1 (15,15%);
3 — PF-2 (14,85%); 4 — PF-5 (11,5%);
5 — PF-6 (4,85%); 6 — PF-3 (3.35%);
— DF evaluation of the NE in the presence of
information on the TNA:
1 — DF-2 (34,22%); 2 — DF-4 (22,45%);
3 — DF-1 (19,75%); 4 —-DF-5 (10,5%);
5 —DF-6 (9,3%); 6 —DF-3 (3.8%).
— DF evaluation of the NE in the presence of
information on the TE:
1 — DF-2 (28%); 2 — DF-6 (23,2%);
3 —DF-4 (22,79%); 4 — DF-3 (9,7%);
5 — DF-5 (8.3%); 6 —DF-1 (8%);
— BND evaluation in the information presence on the
TNE and on the DF of NE:
1 —-BND-2 (43,1%); 2 -BND-1 (37,3%);
3 —BND-3 (14,4%); 4 -BND-4 (5,2%);
— BND evaluation in the information presence on the
TNA and on the DF of NE:
1 — BND-2 (47,1%); 2 — BND-1 (29,8%);
3 —BND-3 (17,4%); 4 — BND-4 (5,7%);
— BND evaluation in the information presence on the
TE and on the DF of NE:
1 — BND-2 (55,2%); 2 — BND-1 (24,6%);
3 —BND-3 (15,8%); 4 -BND-4 (4,4%).
The evaluation outcomes of the contribution of the
NE initial «necessary and sufficient» parameters of
different power, TNE and TNA make it possible, under
the uncertainty of the initial information, to correctly
assess the emergent situations in BND in the radiation
monitoring framework of military emergencies.

Conclusions

1. The subcriteria variability importance for all
hierarchies considered (see Fig. 1-3) indicates the
priority of CV-3 (67,15%), CV-1 (26,55%), CV-2
(6,3% ). This fact points to the obvious need to take
into account the neutron radiation spectrum in
forecasting the nuclear damage boundaries. As
sufficient additional information for making adequate
and effective nuclear damage boundaries forecasting,
it is advisable to adopt the neutron radiation spectrum
of the nuclear explosion.

2. The analysis carried out by experts shows that
for assessing nuclear damage boundaries on both the
basis of the nuclear explosion type, the nuclear
explosion power, and the nuclear ammunition type, the
radiation-mechanical damage (BND-2) source with the
criteria weight contributions will be better predicted
and identified respectively: for the nuclear explosion
type (43,1%), for the trotyl equivalent (55,2%), for the
nuclear ammunition type (47,1%).

3. From the point of view of identifying
combined nuclear damage boundaries and radiation
damage in the «pure» form, the criterion based on the
nuclear ammunition type, respectively, for BND-3
(17,4%) and for BND-4 (5,7%) is the best. It is
important to note that in assessing this situation, the
power and height nuclear explosion specification could
be considered necessary parameters, and the
determination of the spectral characteristics of the
neutron nuclear radiation is sufficient.
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ExcnepTHo-aHaJliTHYHE POrHO3YBAHHS OCEPEKIB SIAEPHOr0 YPaKeHHS
Y 3aBJaHHAX MOHITOPHHTY HAA3BHYAITHNX CATYalliii BOCHHOr0 XapaKTepy

JI. A. Iicus, 1. YO. Yepnsascekuii, C. FO. Tlerpyxin, O. M. Cepikosa

AKTyanbHicTb. PO3MIIsSHYTO 3a/1auy KOMIUIEKCHOI'O OLHIOBAHHS MOXIIMBUX OCEPEJIKIB SIEPHOIO YPayKeHHS y HaJ3BHYAHHHUX
CHUTYaLlisIX BOEHHOT0 Xapakrepy. MeToro poOOTH € BU3HAYEHHs «HEOOXIIHUX 1 JIOCTaTHIX» IIapaMeTpiB sAIEPHOr0 BUOYXY Ta OLiHKa
X BHECKy B 3a/a4yax ifeHTHQIKaIli ocepenKiB SIEpHOro ypakKeHHs, BHSBICHHS X OCOOIMBOCTEH 1 MEX, OLIHKM JI03 TamMMa-
HEHTPOHHOI'0 OIPOMiHEHHS HACEJICHHS Ta e()EKTUBHOIO PO3HOIITY CHII i 3ac00iB A1 il B ocepeikax sAepHOro ypakeHHs. MeTon.
3 MeTOI KOPEKTHOI OLIHKM CHTYalil B OcepelKax sJIepHOro ypakeHHs 1 IUIaHYBaHHA HEOOXIJHMX 3aXOJIB IIPOBEICHO OLIHKY
BHECKY BHXIJIHMX <HEOOXIJHMX 1 JOCTAaTHIX» NapamMeTpiB BUSBICHHS SIEPHOrO BHOYXY pi3HOI IOTY)KHOCTI, BHAY Ta THILY
Ooemnpuriaca 3a KpUTEPisMH BUMIPIOBAHOCTI 13 3acTOCyBaHHSIM Mertona aHaiidy iepapxiii T.Caari, aganroBaHoro Iuis 3ajad, II0O
po3risigatoThest. IlepeBaroro 3acTocyBaHHs METOJa aHaJIi3y i€papxii Ui 3a/1a4 KOMIUIEKCHOIO OLIiHIOBaHHS MOMJIMBHX OCEPEIIKiB
SJICPHOTO YPa)KeHHS y HaJI3BUYAHHUX CUTYAIisIX BOEHHOI'O XapaKTepy, € MOKIIMBICTh 3HAXOJUKEHHS BaroBUX KOe(illi€HTIB KOXHOrO
€JIEMEHTY CKJIaJIHOI i€papXiYHOl CHCTEMH i3 ypaXyBaHHSIM HOro B3a€MO3B’SI3KIB Ta B3a€MOBIUTHBY HUISXOM ITOMAPHUX €KCIEPTHUX
niopiBHstHb. OTpUMaHi Barosi KoedilieHTH (PiOPUTETH) 3a PIBHAMU i€papXii JO3BONISAIOTH BU3HAUYUTH BHECOK €JIEMEHTIB HIKHBOIO
PiBHS Ha JIOCATHEHHS METH, 5Ky c(OpMYIIbOBaHO HA BEPXHbOMY PiBHi. 3alpOIIOHOBAHO IIPOLIEC OLIHIOBAHHS OCEPEIIKIB SIEPHOTO
Ypa)KeHHs Y BUIIISII TPHOX 3a]1a4 3a KPUTEPisMU O BUJAX SIEPHOr0 BUOYXY, TPOTHIOBOMY €KBIBAJICHTY 1 THIIOM Oo€mpumaca, ski
SBILIIOTH COOOI0 KOMILIEKCHE €KCIIEPTHO-aHAJIITHYHE OLIHIOBAHHS ypakarounx (hakropis siepHoro BuOyxy. PesyasTarn. Y poboti
HABOJATBCS PE3yNbTaTH EKCIEPTHO-AHANITUYHOTO OLHIOBAaHHSA MOXJIMBHMX OCEPEIKIB SJIEPHOIO YPaXEHHA y HaJ3BHYAHHMX
CHUTYalliIX BOEHHOTO XapakTepy B YMOBAaX HEBU3HAYEHOCTI BMXiiHOI iH(opMalii Ipu BHUABICHHI sepHUX BUOYXiB. BHCHOBKH.
ITigTBepmKkeHo HeOoOXiHICTb BpaXyBaHHS CHEKTpa HEHTPOHHOIO BUIIPOMIHIOBAHHS IIiJl YaC NPOTHO3YBaHHS OCEPEAKIB sEPHOrO
YpakeHHs B SIKOCTI «IOCTaTHBOI» iH(OpMAalii 3 METOK NPHUIHATTSA aJeKBATHUX 1 e(EKTUBHHUX NPOTHO3IB OCEPENKIB SIEPHOrO
ypakeHHs. BuzHaueHo, 110 1ij 4ac MPOBEICHHS OLIIHKH OCEPE/IKIB AIEPHOr0 ypaskeHHs, K Ha OCHOBI BULY SI€PHOTO BUOYXY, HOro
MOTY)KHOCTI, TaK 1 TUILy sifepHOro Ooenpuriaca Halkpaiie Oyzie HPOrHO3yBaTHCS Ta BHABIATHCA (1IEHTH(IKYBATHUCS) OCEPENOK
paniawiiiHo-MexaHiuHoro ypaxeHHs. Iling yac BusBICGHHS KOMOIHOBAaHOro pajialliffHOro ypaskeHHS i pajialiifHOro ypaxxeHHs B
«{UCTOMY» BUIIISIII HAMKPAILIMM € KPUTEPii Ha OCHOBI THITY sIepHOro Goenpuraca.

Karo4doBi cioBa: ocepesiok sIIEPHOrO ypakeHHs; ypakarodi (hakTopH SIEpHOro BHOYXY; METOJ aHaJ3y iepapxiid;
€KCIIepPTHO-aHAJITHYHA OL[IHKA.

IKCNEPTHO-AHATUTHYECKOE IIPOTHO3MPOBAHAE 04Ar0B sIICPHOI0 NMOPaKEHHs!
B 3a/1a4aX MOHHTOPHHIA YPe3BbIYAIHBIX CHTYallHii BOGHHOI'0 XapaKTepa

JI. A. Tlncas, W. 1O. Yepnsasckuid, C. 1O. Iletpyxun, E. H. Cepuxosa

AKTyaﬂbHOCTb. PaCCMOTpeHa 3ajadya KOMILJICKCHOM OLCHKH BO3MOXKHBIX O4aroB SACPHOro IOpaXXEHHU B ‘-Ipe?,BBI‘-IafIHBIX
CUTYyallMsIX BOCHHOI'O XapakTepa. ]_IGJ'[I)IO pa6OTI>I SIBJISICTCSL  OIPEACIICHUEC ((HGO6XOZ[I/IMBIX U JOCTAaTOYHBIX» IapaMETpOB
SIACPHOro B3phbIBa U OLICHKA X BKJIaJla B 3a/la4ax I/II[GHTI/I(i)I/IKaLII/II/I 04aroB gACPHOI'o MOPaXCHMs, BbIABJICHUC UX 0COOEHHOCTEH U
rpaHul], OLUCHKHU 103 FaMMa-HeﬁTpOHHOFO 06J'Iy'-IeHI/I$[ HACCJICHUA U 3(1)CI)CKTI/IBHOFO pacupeacieHus Cuil U CpeaCTB ULt Z[efICTBHﬁ
B oHarax sAC€pHOro IIOpaXeHUs. MeTOlI. C JA(SA103310) KOppeKTHOﬁ OLCHKH CUTyallUd B oO4arax sAC€pHOIro IIOpaXCHUS U
TUIAaHUPOBaHUA HGO6XOI[I/IMLIX MEp IMPOBCJCHA OLCHKa BKJIaJa HCXOAHBIX <(HCO6XOI[I/IMBIX U JOCTAaTOYHBIX)» IIapaMETpoOB
06Hapy)l(eHI/IH SIAEPHOrO B3phbIBa pa3quH0171 MOIITHOCTH, BHJIa U THIIa 60er[pHr[aca I10 KpUTEPUAM U3MEPSAECMOCTHU C IIPUMEHCHUEM
MCTOJa aHaJIu3a I/IepapXI/Iﬁ T.CaaTI/I, aalITUPOBAHHOI'O JIs1 pacCMaTpUBACMbIX 3a/ad. HpeI/IMyLIIGCTBOM IIpUMCEHEHUA METOAA
aHaJiu3a I/IepapXI/Iﬁ JUIA 3a1a4 KOMILTEKCHOM OLICHKU BO3MOJXHBIX O4YaroB SACPHOI'O IIOPa>XCHUS B '-{peSBBI‘-{afIHBIX CUTyalluAX
BOCHHOI'O XapakTepa, SABIACTCA BO3MOXHOCTL HAXO0XIACHUS BECOBBLIX K03(1)(1)I/II_II/IGHTOB KaXJ10ro 9SJICMCHTa CIIO’)KHOM
I/Iepapanecxoﬁ CUCTEMBI C Y4YE€TOM UX B3aMMOCBSI3¢d M B3aWMOBJIUSHUS IIYTEM IIOIAPHBIX 3KCIEPTHBIX CpaBHeHHﬁ.
HOJ'[y'-IeHHBIe BCCOBBIC K03(1)(1)I/ILII/IGHTBI (HpPIOpI/ITeTLI) II0 YpPOBHSM HEPApXUU IIO3BOJIAIOT OIPEACIUTbL BKIA[A SJIEMEHTOB
HWKHETO YPOBHS Ha JOCTHMIXKEHUE LICJIH, KOTOpas C(l)OpMyJ'alOBaHa Ha BCPXHCM YPOBHE. HpezmomeHo TIpoLECC OLCHHUBAHUA
04aroB sIACPHOI'o IOPaXXCHUA B BUAC TPEX 3aJay IO KPUTCPpUIM: BUAY SJACPHOIO B3pbIBa, TPOTUIOBOMY 3KBHUBAJICHTY U TUITY
6oeanHaca, KOTOpbIC ITPEACTABIIAIOT 000l KOMIIIEKCHOE OKCIIEPTHO-aHAJIUTUYICCKOEC OLCHUMBAHUC IIOpAXKAIOMINX (baKTopOB
SIACPHOro B3pbIBA. Pesy.m)TaTu. B pa60Te NPpUBOIATCA PE3YyJbTaTbl 3KCIEPTHO-AaHAIUTUYCCKOI'O OLCHUBAHWSA BO3MOXKHBIX
0o4aroB sIACPHOro IOpaXCHUSA B ‘-IpeSBBI‘-IaﬁHBIX CUTyallMsIX BOCHHOI'O XapaKTepa B YCIOBHAX HCONPEACIICHHOCTH HCXOZ[HOﬁ
I/IHq)OpMaLII/II/I IIpU BBISIBJICHUHN SJACPHBIX B3PLIBOB. BI)IBOJII)I. HOZ[TBep)KL[eHa HGO6X0£[I/IMOCTL ydu€Ta CIEKTpa HeﬁTpOHHOFO
H3JIy4CHUS IPU MIPOrHO3UPOBAHUUN O4YAr'OB SAICPHOI'O IMOPAXKEHUSI B Ka4€CTBE «I[OCTaTO‘IHOI‘;I» I/IH(i)OpMaL[I/II/I C LICJIbIO ITPUHATHA
aJICKBATHBIX U 3(1)(1)GKTI/IBHBIX IIPOrHO30B O4YaroB AACPHOI'0 IOPAKCHUSL. Onpez[eneHo, 4TO IIpU IMPOBEACHWU OLECHKHW O4YaroB
SIACPHOro IOpaXEHU, KaKk Ha OCHOBE BHUJla AICPHOI'O B3pbIBa, €0 MOIIHOCTH, TaK U TUIIA AACPHOIO 6oeannaca Jryqmie 6yz[eT
IIPOrHO3UPOBATHCA U IIPOSABIIATHCA (I/II[GHTI/I(l)I/ILII/IpOBaTLCH) odar paaualliOHHO-MEXaHUYECKOI'O IIOPAKCHUSI. HpI/I 06Hapy)KGHI/II/I
KOM6I/IHI/Ip0BaHHOFO paiualliOHHOI'0 MOPAXKEHUS U PAUALIMOHHOI'O ITOPAXKEHUS B «HYUCTOM» BUJC JIYUIIUM SABJIACTCSA KpI/ITepI/Iﬁ
Ha OCHOBC THUIIa AACPHOTO 6oeannaca.

Karo4deBbie ci0Ba: o4ar aaepHOro MOpaXeHUs; opakaroiye (pakTopbl sIEPHOTO B3PbIBA; METOJl aHAIIM3a HEePapXHi;
IKCIEPTHO-AHATUTUYECKAS OLIEHKA.
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METO/I IEPEPO3IOJLTY IMPOITYCKHOI 3JATHOCTI KPUTHUYHOI JIJISSTHKA

HA OCHOBI YAOCKOHAJIEHHS ON/OFF-MO/JEJII TPA®IKY

AKTyanbHicTb. OCHOBHUM HEJIOJIIKOM iCHYIOUMX Mozenel Tpadiky KpUTHYHOI JiISHKM MEpexi € HeBpaxyBaHH Tiel 00-
CTaBHHH, 1110 B NEPi0JM aKTUBHOCTI KOXHOI0 OKPEMOro pkeperna Tpadiky repeaada HakeTiB 3AiHCHIOETbCS rpynaMu. Ta-
KOX 3BHYAIHO HE BPaxOBYIOTHCS OCOOIMBOCTI 0e3qpoToBHX Mepexk. Mera €TaTTi — po3poOKka METOIy Iepepo3roniry
HPOITYCKHOI 31aTHOCTI KPUTHYHOI AUITHKK Mepei Ha ocHOBi ynockoHaneHHs ON/OFF-moneni tpadiky s BUKOpUCTaH-
Hi y 6e31poTOBHX Mepekax. MeToau, 1110 BUKOPUCTOBYBAIMCh Y JIOCIIDKCHHAX : METOM aHalli3y 4epr, (ppaKTaibHuii aHa-
13, craructudHa 00pobka naHux. PesynabTatu. ¥V crarri posrisinyra kinacuya ON/OFF monens Tpadiky, Oynu BusBICH]
HEJOJIKM Takoi MOJEINi Ipu 3acToCcyBaHHI 11 11t 6e31poToBOi Mepexi nepenadi JaHuX. byna 3anpornonoBana po3ummpeHa
ON/OFF Mmogzens Tpadiky, ska BUIpPaBIIAE€ HEAONIKU iCHYIOUOI, OyaM BHUSABJICHI YMOBH, IPH SKMX BJIOCKOHAJICHA MOJEIb
Oyne mparroBaTu HaHOUIBII panioHanbHO. Byno 3amporoHoBaHO METOA NMEpepo3NOIiTy MPOIYCKHOI 3aTHOCTI Ha OCHOBI
ynockoHaneHoi posummpenoi ON/OFF-mozeni Tpadiky Ha BXOA1 KpUTHYHOI AUISHKK O€31poTOBOI Mepexi nepejadi JaHuX
B sIKili, HA BiZIMiHY BiJl aHAJIOTIB, TOUKa PO3IMOULY MK CiIy>kO0BUM 1 iHpopMaLiiiHuM TpadikoM 3abe3rnedye Mpornoprii-
HUI PO3IOJLI MPOIYCKHOI 3]aTHOCTI, 10 JO3BOJISIE 3MEHIINTH KUIbKICTD iTepaliil NOLIyKy TOYKH PO3INOIIYy Ha OCHOBI
BTPaTH MAKeTiB 1 3a0e3neYnTy 30UTBIICHHS] YaCTKH HPOITYCKHOI 31aTHOCTI, L0 HAJIA€ThCs VIS Mepenadi iHpopMariifHoro
Tpadiky kopucryBaya. BucHoBku. [ 3MEHIIEHHS yacy nepeladi JaHUX B yMOBaX OOMEXKEHOI HPOIYCKHOI 3[aTHOCTI
KPUTHYHHX AUITHOK 0€31poToBOi Mepexi Iepejadi AaHMX HaWOUIbLI PaljioHaJbHO BUKOPHCTOBYBAaTH METOJIM, 3aCHOBaHI
Ha BUKOPHCTaHHI BIAacTUBOCTEH (hpakTayibHOrO Tpadiky, 110 J03BOJIAIOTH NPOBECTH KOPOTKOCTPOKOBE NPOrHO3YBaHHS Ho-
ro iHTeHCHBHOCTI. 3anpornoHoBanuii BapianT po3mupenoi ON/OFF-moneni Tpagiky J03BOJIUTE BUKOHATH KOPOTKOCTPOKO-
BUI MPOTrHO3 HOro iHTEHCUBHOCTI. 3alpOIIOHOBAaHMI METOJI NE€PEPO3OIITY HPOIYCKHOI 31aTHOCTI 103BOISE 3a0€3NeUnTH

30UIBIICHHS YaCTKH IPOITYCKHOI 3/1aTHOCTI, III0 HA/IA€Thes YT Iepenadi iHpopManiiiHoro Tpagika KOpucTyBauy.

KawuoBi ciroBa: Mepexka; maBaroue BikHO; Tpadik; MeTon; nepenada nakeris; anroputm; ON/OFF monens.

BecTtyn

IMocTtanoBka 3anaui Ta aHagi3 Jiteparypm.
[pouec arperyBanHs Tpadiky 0e3iidi OKpeMuX HKepern
B 00'eqHaHii Mepexi (II0 BKJIIOYAE TAKOXK MUISHKH,
moOy0BaHI Ha OE3IPOTOBUX Mepexax mepenadi na-
HUX), IPU3BOJUTH JI0 CTPHOKOIMOIIOHUX 3MiHA iHTEHCH-
BHOCTI TpadiKy, KU MOXXHA PO3IIILIATH SIK (hPpaKkTaib-
HUH MPOIIEC, CTATUCTUYHI XapaKTEPUCTUKH SKOT'O BUSIB-
JITIOTh BJIACTHBOCTI MaCIITaOHOT iHBapPiaHTHOCTI.

Bynu po3risiHyTi BIacTHMBOCTI W OCOOJIMBOCTI Ta-
KuX TpadiKoBHX MPOIECIB 3 ypaxyBaHHSIM OCOOIUBOC-
Tell KPUTUYHOI TUISHKU Oe3poTOBOI Mepexi mepenadi
JaHUX. Byno po3risHyTO MUCKpETHUH y 4aci BUMaJKO-
BUI TIpOLIEC, SIKMM MpencTaBIeHUH 4acOBUM psSAoM X
(t), t € Z, ne X (t) iHTepIpeTYEThCS SIK 00csAT Tpadiky B
Oaiitax 3a yac t; t — BimIik Tpadiky. 3a aHaJOrieo 3
mxeperioM [1], o0'enHanuii (arperoBanwuii) mporec X
(m) ans X mpu piBHI 00'€JHaHHS (arperyBaHHs) M Mae
BUTJISIL;

X(’”) (l) =

X(t).
ml:m

ii
(i-1)+1

Toni nponec X(t) € cTtporo ¢pakraibHUM, B IIH-
pokomy ceHci, 3 mokazHukoMm Xepcra H (0,5 <H<1). X
(t) € mpuOIM3HO (PpaKTaIBLHUM APYTOro MOPSIKY, SKIIO
BHUKOHY€ETHCS

2
lim R(") (k) = G—((k 1P -2k (k- 1)2H)
m—>o 2
@DpaxTanbHICTh JPYroro MOPSIKY € OCHOBHOIO
CTPYKTYPOIO JUIsl aHAJI3Y 1 MOJETIIOBaHHS TpadiKy Mepex

nepenadi manux [2]. Ha puc. 1, 2 mokasaHa BIaCTHBOCTHI
(pakTanbHOro Mpoliecy Ha NpUKIaAl SK Tpagiky B pea-
JBHOMY MacmTabl 4acy, Tak i IrepeMaciTaboBaHOro:
00u/IBI TpacH BUIVIAIAIOTH CTATUCTUYHO IO/ OHUMH.
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Puc. 1. Jluckperna Tpaca GppakTanbHOr0 BUXIIHOIO POLIECY
npu piBHi arperyBanss 3 H= 0,8
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Puc. 2. [luckpetHa Tpaca (hpakTaabHOTO MpoLecy
npy piBHI arperyBanHs (m = 10) y MaciuraboBaHOMY IIpoLeci
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Ouinka noka3zHuka XepcTa HA OCHOBi aHaJi3y
rpagika aprokopensiuiiiHoi ¢pynkuii [1]. Hanuit me-
TOJI BUKOPHCTOBYE aHali3 rpadika aBTOKOPENSLIHHOI
¢yHKUii B moaBifiHOMY JorapudmiuHOMYy MacmTadi.
KyroBuii KoedillieHT anpoKCHMYyI04oi NpsiMoi — Ha-
ommwxkene 3Hauenns H (puc. 3, 4).

1 - ¥ ¥
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06l | . . .
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£ o &
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D % LI, % -
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Puc. 3. I'padik xoedinienTa Kopesii 1st nporecy,
BIZINOBITHOTO JIOCITIKYBAHOT'O 3pi3y Tpadiky;

10

o F
10 4

10

107

10

10 b | - .
10" 10’

Puc. 4. I'padik 3HaueHb B OABIHHOMY
norapupMigHOMY MacITadi

Jlnst maHoro mponecy 3nadyenns oynae H = 0,8. Po3-
TVIAHYTI XapaKTePUCTHKH ¥ OCOOIMBOCTI TpadikoBUX
MIPOLIECIB KPUTHYHOI AIJISTHKUA O€3/pOTOBOI Mepexi Ie-
penadi JTaHWX CIYXaThb OCHOBOIO JUIsi MPOBEIECHHS MO-
JIeNIIOBaHHsT TpadiKy Ha BXOII KPUTHUYHOI JUISTHKH
(3 60Ky mKepena tpadiky) [3].

OpHi€ro 3 HAUMOMYJSPHIIIUX MOZAENEH, Ky MOX-
Ha 3YCTpiTH B JiTeparypi IS TEICKOMYHIKaIliiHOrO
Tpadiky 3 BUpQ)KEHUMH (QPaKTaIbHUMH BIACTHBOCTSIMH
€ ON/OFF-mopnens.

Tpamumiitna ON/OFF-momens ¢opMye mporec,
SIKMIA MOXke TpuiiMatu nBa ctand: 0 abo 1. OcHOBHUMU
HEOJIIKaMH TaKOi MOJIEII € T€, IO HE BPaXOBYETHCS 110
B MEPiOAM AKTUBHOCTI KOXKHOT'O OKPEMOIo JpKepena
Tpaiky mepepadya MaKeTiB 3IIHCHIOETbCS TpYNaMH,
TaKOX TIPH LIbOMY HE BPaXOBYIOTHCSI OCOOJIUBOCTI Oe31-
poToBux Mepex [4].

TakuM YMHOM, 3aBIaHHSl YJOCKOHAJICHHS JaHOI
MOJIENTi JTst O€3IPOTOBUX MEPEK, € AKTYAJTLHHM.

Metorw naHoi cTatTi € po3pobka METomy Imepe-
PO3IIOALTY MPOIYCKHOI 3AaTHOCTI Ha OCHOBI Y/IOCKOHA-
nenHst ON/OFF-mopneni Tpagiky 3 METO0 BUKOPHCTaH-
Hs y 0€3/IpOTOBHX MEpexKax.

PesynbTath gocnigxeHb

1. Ynockonanenns ON/OFF mopeni tpadiky
OKpeMoro axepesa. [lepmmii 3 nepepaxoBaHUX BUIIE
(bakTOpiB BpaXOBaHHUI 3a PaXyHOK PO3IIMPEHHS Tpaau-
uitinoi ON/OFF-moneni CTpyKTyporo OOMiKYy IepiojiB
aKTUBHOCTI JpKepena. s 1poro mis j-ro pkepena,
3a1aeTbcs po30uTTs iHTepBany dacy [0, T] Ha meskiit
KUIBKOCTI TIEPiOJiB aKTUBHOCTI JDKepena 1ie j - 1HAEKC
JDKEpena; 1 - HoMep iHTepBaly akTHBHOCTI j-T'O JpKepesa
(ON-niepion); tj;”’ - mouarok i-ro ON-inTepBany Tpu-
BaJIICTIO JOPIBHIOE CEPEAHBOMY Yacy JpKepelna Io iHTe-
pBaly aKTUBHOCTI (puc. 5, 6).

Aty At
fon)
RJ 2 .'_A_I_ILLI_._\I T T T i * T T T T T
1l 4 S N | — |
5 1JD 15 20 25 3) 3 40 45 50 B5 B0 65 70 75 B0 B5 90 05 100
£0 0 T,

Al i
Puc. 5. lepapxiuna crpykrypa ON/OFF-mopeni Tpadiky
KPUTHYHOI JiISTHKY 0e31pOoTOBOI Mepexi nepeadi JaHuX,
IHTEpBaJI aKTHBHOCTI j-TO JDKepea

A
RL')
1 | |

5 10 15 @ & %0 % 4 45 W% W B 0" N B WKW
Puc. 6. lepapxiuna crpykrypa ON/OFF-mopeni Tpadiky
KPUTHYHOTO JUISIHKH 0€31pOTOBOI Mepeski nepezaui
JIAHMX, IHTEPBAJIM [1epe/iayi Pyl NaKeTiB
B i-X IHTEpBaJIaX aKTUBHOCTI

Take po30OUTTS [03BONSIE BpaxyBaTH IOPSIOK
MIPOXOJIXKCHHS TPYII MaKeTiB Ha kokHoMy ON-iHTepBai
JTAHOTO JDKepelia, a TaKoXK BPaxoBYE CTPYKTYpy mepio-
IIiB aKTUBHOCTI JDKepera.

TakuM 4YHHOM, B MOJIEIi BPaXxOBYIOTHCS JBI 3 Iie-
pepaxoBaHMX BHIIE MPUYUH, SKI OOYMOBIIOIOTH IPOSB
BJIACTUBOCTEH (PpakTanbHOCTI TpadiKy: MOBEMiHKA KO-
puctyBaua i reHepariist Tpadiky [5, 6].

2. IIporHo3yBaHHsl 3MiHM iHTEHCHMBHOCTI Tpa-
¢iky. 3rimHoO 3 HOCTIKEHHSMH, NOTOKH JAaHHX B CY-
YaCHUX Mepexax, B TOMY YHCII i 0e3ApOTOBUX, Xapak-
TEPU3YIOTHCS BHUCOKHM KOC(II[IEHTOM BiIXWJICHHS IIi-
KOBUX 3HAYCHb IHTEHCHBHOCTI. TakMM YHHOM, IIpH
00'eTHAHHI BEJIMKOI KiJBKOCTI IMOTOKIB TaHHX, IPOIEC
HE 3TJIADKYETHCS, PO3MOIIICHUX HAa YacOBUX IHTEpBa-
nax [7, 8]. 3 ormsaay Ha Te, IO MPOIEC YIPABIiHHA I1e-
PEBaHTAXCHHAMH 3a3BHYail peai3yeTbCcs Ha IIiACTaBi
aHaJIi3y BTPAT IAKETiB I Yac MepeBaHTaXCHHS, 3HU-
JKCHHS IIBUAKOCTI TIepeIadi He 3aBXXIH € BUIPABIAHUM
3ax070M. B pe3ynbTaTi mpomycKHa 3aTHICTh 3'€THAHHS
BUKOPHCTOBYETBCSI HE B TOBHIH Mipi. 3 orisgy Ha Te,
mo Tpadik Ha BXOAI KPUTHYHOI AUISHKU O€31pOTOBOI
Mepexi mepefadi JaHUX MOYKE MaTH BJIACTHBICThH (ppak-
TaJbHOCTI Ta MOKE OYTH MPOTHO30BAHMM 33 PaxXyHOK
KOPENAIIHHOT 3aJIeKHOCTI, XapaKTepHO JIsd (pak-
TaJbHUX MpoIeciB. [[t0 BIACTHBICTH MOXHA BHKOpHC-
TOBYBATH JUIsI IIPOrHO3YBaHHS HEOOXITHOI I TIepeaadi
PO3MIpy CMYTH mpomyckaHHs [9].

Puc. 7 inmroctpye craTdHe 3aBAaHHS HEOOXiTHOL
MIPOMYCKHOI 3ATHOCTI Ta MOXKJIMBICTh TUHAMIYHOI 3Mi-
HU TMPOIYCKHOI 3aTHOCTI 3a PaXyHOK IPOTHO3YBaHHS
3MiHU IHTEHCHUBHOCTI TpadikKy.
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TakuM 4uHOM, JUIT PO3POOKH METOIY Tepepo3Iio-
JITy TIPOITYCKHOI 3JIaTHOCTI KPUTHYHOI JINISHKH Oe3J-
POTOBOI Mepexi Iepeaadi TaHUX HeOoOX1THO PO3POOUTH
METOJI IPOTHO3YBaHHSI 3MiHU IHTEHCHUBHOCTI Tpadiky Ta
METOJI Mepepo3NoAiTy HPOIyCKHOI 31aTHOCTI. OjHak,
HEeoOXiTHO BpaxoByBaTH, L0 MpH POOOTI Mepexi B HO-
pMaJIbHOMY pexuMi ciryx0oBuii Tpadik 3aiimae 5...10%
3araJlbHOi MPOIYCKHOI 3MaTHOCTI, a NPH JWHAMIUHIN
3MiHI TOIOJIOTIi MEpexi, IpH YTBOPEHHI B O€3/IpOTOBIi
Mepexi mepenadi JaHUX CETMEHTIB, SKi € KPUTUYHUMHU
JIUISTHKaMH, CIIy>)KOOBHH Tpadix moxe 3aiimaru 80 i 0i-
JIBILIE BIJICOTKIB 3arajbHOi IPOITYCKHOI 3/IaTHOCTI Ha
nmaHiit nusta (puc. 8) [10].

Alt)

4

_t,c

Puc. 7. Inroctpanis npuHLIMITY TMHAMIYHOI 3MiHH
IPOITYCKHOI 371aTHOCTI Ha OCHOBI IIPOrHO3YBAaHHS
IHTeHCHBHOCTI Tpadiky, cTaTu4He 3aBaaHHs [13

Alt)

Burpam I13

A L2
: j \

Puc. 8. Inrocrpanis npuHLIMITY TMHAMIYHOI 3MiHH
MPOITYCKHOI 371aTHOCTI Ha OCHOBI IIPOrHO3YBAaHHS
IHTeHCHBHOCTI TpadiKy, TMHamMiuHe 3aBnaHHs [13

Le mpu3BOAUTE 10 3HMXKEHHS IIBUAKOCTI TIepeaadi
nakeriB iHpopmariiHoro Tpadiky, ix BTpar, a, oTKe, i
1o 30iblIeHHs Yacy nepenadi gaHux. OTke, BUHUKAE
HEOOXIHICTh MEePEPO3NOALTY MPOIYCKHOI 3MaTHOCTI Ha
KPUTHYHIA AUISHIN MiX MOTOKaMH CIy)KOOBOro Ta iH-
¢dopmariiitHoro Tpadiky TaKMM YHHOM, 100 3a0e3meyu-
TH 1 nepenady naxetiB iHdopmauiiiHoro Tpadiky, i po-
00Ty Mepexi B yMOBax 3MiHH 1l CTPYKTYpH 1 CKJIay.

3. Ilepepo3nonin mnpomycKkHOI 3JaTHOCTI Ha
KputnuHiii ginsaaumi. Ilomyk poctymHoro posmipy
CMYTH TIPOIYCKaHHS U KOKHOTO 3'€THaHHS 3JIiHCHIO-
€TBCS 32 JOTMIOMOTOI0 METOJIB, 3aCHOBAaHHX HA 3BOPOT-
HOMY 3B'SI3Ky MiX JDKEpelloM 1 criokuBaueM. [Iporoko-
JIM 32 JOMIOMOT'OF0 JITOPUTMIB, 3aCHOBAaHUX HA LUX Me-
TOJ[aX, BU3HAYAIOTh TOYKY PO3MOALTY Ha OCHOBI BiJKH-
JIAaHHS TTAKETIB NP MEPEeBHUIIEHH] TOTOKOM JOCTYITHOL
MPOITYCKHOI 3[JaTHOCTI.

Jlis 3MeHIIeHHsT JYacy mepeadl JaHuX i yCTaHOB-
KA MaKCUMaJIbHOTO pPO3MIpy IUIaBAIOuOro BiKHA, IPH
nposiBi TpagikoM BIIACTHBOCTEW (PPaKTaIBLHOCTI, MOX-
JIMBE BUKOPUCTAHHS MPOTHO3YBaHHS Ha OCHOBI 3aIpo-
nmonoBanoi ON/OFF moneni [11].

3anporoHOBaHU MeToJ Tependavyac BU3HAYCHHS
TOYKH PO3MOJIJIy Ha OCHOBI NPOTHO3YBAaHHS 3HAYCHb

IHTCHCUBHOCTI Ha OCHOBI IPOTHO3YBaHHSA CyMapHOTO
iH(opMaIlifiHOro Tpadiky 3a JOMOMOrOX PO3POOIECHOI
ON/OFF -mognemni. Lle m0o3Bosie BU3HAUUTH MaKCHMAJIbHI
3HAYEHHS 1HTEHCHBHOCTI iH(opMmamiiiHoro Tpadiky Ha
iHTEepBaJIl MPOrHO3yBaHHs. [[JIs1 1IbOTO MPOBOIUTHCS aHa-
JIi3 CTATHCTUYHMX XapaKTEPHCTUK BXiHUX MOTOKIB Ta iX
nepeBipka Ha HasSBHICTH BJIACTHBOCTEH (PpaKTaIbHOCTI.
SIkmro 3HaueHHs MOKa3HWKa XepcTa BKa3zye Ha (pakra-
npHiCTH Tpadiky (0,75 = <H <1), To npoBoanTECS Mpo-
THO3YBaHHS 3a JOTIOMOTIOI0 PO3POOJIEHOT YIOCKOHAIEHOT
ON/OFF-mopneni Tpadiky Ha BXOJi KPUTUYHOI AUISTHKH.
B iHmoMy BHIIaIKy TOYKa PO3MOALTY BU3HAYAETHCS 3a
cepeqHIiM 3HAUYEHHSIM CITy>)KO00oBOro Tpadiky Ta iHdpopma-
uiitHoro Tpagiky abo BUKOPHUCTOBYIOTHCS ICHYFOU1 METO-
Y TIONIYKY TOYKH po3rnoniry [12].

Oco0JMBICTIO 3aIIPOIIOHOBAHOI0 METOIY € BiIMO-
Ba BiJI NPIOPUTETHOCTI HA KPUTHYHIN IUISHIN Y BU3HA-
YEeHHI TOYKU PO3MOALTY i MPOIOPILIHHUI pO3MOIiI Mpo-
ITyCKHOI 37]aTHOCTI MK NOTOKamH CIIy»00BOro Ta iH-
¢dopmariiitHoro Tpadiky. BrummBoM MOXIHBOro 301Jb-
LIEHHs 4Yacy 3aTPUMKHU IAaKeTiB CIyKO0Boro Tpadiky
MOXKHa 3HEXTYBATH, TaK SIK Yac peakxiii Mepexi Ha 3Mi-
HY TOIIOJIOTIT Ha MOPSIOK OUIBINE, HiXK Yac IMPOXOHKEH-
Hsl TIAKeTa Yepe3 KPUTHYHY JIISTHKY.

5. Anroput™m ynpapiiHHA iHTEHCHBHICTIO Tpa-
(¢iky Ha KpUTHYHIN TiJSHLII HA OCHOBI 3MiHU po3Mi-
py mwiaBaw4oro BikHa. Po3poOienuit Mmeron mporop-
LIHOrO PO3MONITY IMPOITYCKHOI 3[JaTHOCTI Ha OCHOBI
pozpodienoi ON/OFF-moneni tpadiky Ha BXoai Kpu-
TUYHOI JUISHKY B SKil, HA BiIMiHY BiJ] aHAJIOTIB, TOYKa
PO3IIOALTY MiX CIYKOOBUM Ta iHpopMamiiHuM Tpadi-
KoM 3a0e3redye IMPOMOPIIHHUA PO3MOJIIT MPOIMTYCKHOI
3IATHOCTI Ta MOXKe OYyTH peajli3oBaHO 3a PaxyHOK BH-
KOHAHHS HACTYITHOT'O aJTOPUTMY: aHaji3 CTATUCTHYHUX
XapaKTepPUCTUK IIOTOKIB JaHHMX; aHaji3 IOKa3HUKa
Xepcra ;BU3HAYEHHS TOYKH PO3IOILTY JUISi TIPOTHO30-
BaHUX 3HA4YEeHb; NPUHHATTS PIlIEHHS HAa OCHOBI CyMH
MaKCHMaJbHUX 3HA4YeHb IHTEHCHBHOCTI; BU3HAYCHHS
TIOTOKIB, SIKI CYMapHO NEpeBUIYIOTh 3HAYEHHS MTPOIIO-
pliiiHEe PO3IOJIIEHHSI MPOIMYCKHOT; 3aTHOCTI; MONAJIb-
LIMH MOHITOPUHT TIOTOKIB Ha BXOJI.

[IpomorXeHUI METOA 1 AJITOPUTM TEPEPO3MOALTY
MPOITYCKHOI 3JIaTHOCTI MIXK CIy)KOOBMM Ta iH(oOpMa-
midHuM TpadikaMu MOXKHa MOAM(DIKYBaTH Ui Iiepe-
PO3TONLTY CKITaIOBUX 1H(OpMAIITHOTO Tpadiky.

Jlyis IpoBeNieHHs IPOTHO3YBAaHHS, B KOXKHOMY TO-
Tomi iH(GOpPMAIHHOrO TpadiKy OI[HIOETHCSA 3HAYCHHS
MOKa3HUKa XepcTa. SIKIIo 11e 3HaYeHHs He 3a0BOJIBHSIE
yMoBi 0,75 = <H <<1, 3aCTOCOBYIOThCSI BiJIOMi METOIH
PO3IIOALTY MPOIMYCKHOI 34aTHOCTI, 1HAKIIe — 3/iHCHIO-
€THCS TIPOTHO3YBAHHS 3HAYEHb [TOPOTrOBOI IHTEHCUBHOC-
Ti JUI1 IMX TOTOKIB 3a JOMOMOIOK pPO3pO0JICHOT
ON/OFF-mopeni.

3Hal04M 3HAYEHHS IHTEHCHBHOCTI BXIJHUX IIOTO-
KiB, MOYKHA 3J[IHCHUTH HEPEPO3MOIiT MPOMYCKHOI 3/1aT-
HOCTI Ha KPUTHYHIH TUISHIN BiAMOBIAHO 10 TAHUX IIPO-
THO3Y.

6. Ilepepo3nonin mpomyckHOi 31aTHOCTi Ha OcC-
HOBi MPOrHo3yBaHHs. 3 OISy Ha MOXJIMBICTH Iiepe-
PO3TONITY MPOMYCKHOI 3aTHOCTI HA OCHOBI MPOTHO3Y-
BaHHS MMOPOTOBOI IHTEHCHBHOCTI MOTOKY Ha BXOJi, pPO3-
TJITHEMO TaKy XapaKTEepUCTHUKY, SIK — IOJaTKOBA IPOITY-
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CKHa 3J1aTHICTh. TakuM YMHOM, IHTEpBaJl 4acy Ha SIKOMY
MIPOTHO3YETHCSl 3HAYEHHS MOPOTrOBOI 1HTEHCHUBHOCTI, 1
BiJITIOBITHO JI0 SIKOTO MPOITyCKHA 3/IaTHICTH TEePepo3Io-
JIISETHCS HA HBOMY TaK, 10 BUKOHYETHCSI yMOBa

min (Rnpoz (r)) - max(/lnpoz (r)) .

Buxonsuu 3 yMOBM MOXXHa 3amucaTd yMOBY, He-
00X1IHY TIPU TEPEPO3MOILTI MPOIMYCKHOI 3MAaTHOCTI 3
ypaxyBaHHSIM TPOrHO3yBaHHS 3HAUSHHS! IHTEHCUBHOCTI
MOTOKY JaHuX (Tpadiky) Ha BXOJI KPUTUYHOI AIISTHKH:

My = 3 (R R )2 ) 0

i=1

e Rm,m(i) — BHUAUICHAa MPOMYCKHA 3IaTHICTH I i-TO
BIpTyaJIbHOT'O KaHally, IO MPOXOJHUTh Yepe3 KPUTUUHY
pinsaky (i = 1, NBK); Ry — T0maTkoBa mpomyckHa
3IATHICTD IS i-TO BipTYyaJbHOTO KaHANy 4epe3 KPHUTH-
YHY JJISTHKY.

JIJ1s1 pO3TIISTHYTOrO BUIAAKY, YMM Oijble 3HaYeH-
Hs k;;, THM MEHIIa IpOITyCKHA 37aTHICTh Oy/ie BHUIiIeHa
JUIsl TIOTOKY JaHUX 3 IHTEHCHBHICTIO Aj i THM Oimblire
iHdopmMarrii Oyae BTpadeHo Ta Oyme moTpedyBaTH IO-
BTOpHOI mepefayi abo yekaTMMe B 4ep3i 10 KaHaiy.
VY Oymp-IKOMY BUIIAJKY II€ MPU3BOIUTH J0 301IbIICHHS
yacy nepezadi TaHuX.

Ha puc. 9 mokazaHo mepepo3nonin MpoIrycKHOT
3IATHOCTI, CyTh SIKOTO IIOJISITA€ B TOMY, IO B KOXKEH
IHTEpBaJ Yacy ¢ Ui KOKHOTI'O MTOTOKY JaHUX A; BHILIS-
€TBCSl KUIBKICTh TPOMYCKHOI 37]aTHOCTI BiJIIOBITHO 110
MIPOrHO3yBaHHS 3HAYEHHS IHTCHCUBHOCTI IOTOKY JTaHUX
(Tpadixy) Ha BXOJII KPUTHYHOI AUISTHKH.

Puc. 9. ITepeposnozist IpOIyCcKHOI 31aTHOCTI
3 OTPUMAHHSM, 110 00YMOBIIIOE 3MEHILICHHS
00'eMy BTpaueHoi abo 3aTpUMaHoi iHpopMaLlii

3 oIy Ha WOro Bejwke K, OyJI0 OTpuMaHO MO-
JKJIMBICTh BUIICHHS JUIA TOTOKY JaHHWX 3 IHTEHCHBHIC-
TIO Aj JOJATKOBOI MPOITYCKHOI 3/IaTHOCTI:

Ryon = R; = Rnpoz

TakuM 4yMHOM, TIPU HE3MIHHIN 3arajbHIA MPOIMyC-
KHIM 3[aTHOCTI KPUTHYHOI AUTSIHKHA Ry, 3017bIIyeThCs
MPOMYCKHA 3AaTHICTh KpUTHYHOI. OTpUMaHy J0AaTKOBY
MPOMYCKHY 3IaTHICTh R;,; MOXHAa BHKOPHCTOBYBATH
a0o 151 301IBILIEHHS IBUIKOCTI Mepenadi JaHuX MOTO-
Ky JIaHHUX 3 iHTEHCUBHICTIO Aj, a00 /sl CTBOPEHHS HOBO-
T'0 BIPTyaJIbHOTO MapIIPyTy, IO MPOXOAHUTEH Yepe3 KpH-

TUYHY IUISHKY, a00 115 iepeadi ciryk00Boro Tpadiky,
00CsT SKOTrO 3pOCTa€ MpU 3MiHI CTPYKTYPU Ta CKIaay
Mepexi Ta Moxke OyTH B 3-4 pa3u Oijiblie, HXK cymMapHa
IHTEHCHBHICTb TIOTOKIB JIaHHX.

301IbIIEHHS BUIUIEHOTO PO3MIpPY IMPOMYCKHOI
3JIATHOCTI, 1[0 XapaKTePH3yEThCs 30LIBIICHHSM MPOITY-
CKHOI 3JIaTHOCTI ISl JAHOTO TOTOKY JaHHX, IPH3BO-
JIUTH JI0 3MEHILIEHHS 4Yacy Tepeladl IMakeTy AaHux 3a
paxyHOK [0JaTKOBOI MPOITYCKHOI 3IaTHOCTI NpH He-
3MiHHIH TPONYCKHIN 34aTHOCTI KPUTHYHOT JTUISTHKH.

TakuM 4rHOM, PO3pOOIIEHUH METOA Mepepo3Ioii-
JIy TPOITYCKHOI 3JIaTHOCTI Ha OCHOBI IpPOrHO3yBaHHS
BXIJIHUAX TOTOKIB JJAHMX B YMOBaX OOMEXKCHOI IPOITYCK-
HOI 3[IaTHOCTI, SIKMH JI03BOJISIE BPAXOBYBATH BJIACTUBOC-
Ti (pakTanbHOCTI iH(pOpMaIiitHoro Tpadiky.

Ha ocHOB1 MOHITOpPHHTY ITOTOKIB, Ha iHTEpBai Ya-
cy T, Ha BXOIi POBOJUTHCS aHAII3 CTATUCTUYHHUX Xa-
PAKTEpUCTUK IOTOKIB CIyKO0BOro Tpadiky Ta iHdop-
MaIlifHOro Tpadiky 3MiHCHIOEThCA KiIacudikaIlisa KOX-
HOT'O 3 HUX 32 KPUTEpieM 3HaYeHHs NIOKa3HUKa Xepcra.

SIkmio 3HaueHHs IOKa3HMKa Xepcra s Oyib-
SIKOTO 3 HUX Mae 3HaueHHs — H = <0.75, To posmonin
MIPOITYCKHOI 3/IaTHOCTI JIJIsl TAHOT'O MOTOKY 3/1HCHIOETh-
csl 3TIIHO BIJOMHX METOJIB ympaBiiHHI. Pa3om 3 mum
3IIHCHIOETBCS MTOJANBIINA MOHITOPHHT Ha YEproBOMY
4acOBOMY IHTEpBaJIi.

SIKmIo 3HaYeHHs OKa3HUKa XepcTa JIEKHUTh B Me-
xax 0.75 <H <1, To BiJMOBiTHO 10 aJrOPUTMY HPOIIOp-
LIHOrO PO3MOALTY HPOIYCKHOI 34aTHOCTI MIXK CITYX-
6oBoro Tpadiky Ta iHpopmauiiHoro Tpadiky BU3HaUYa-
€TBCS1 TOYKA PO3MOJLTY Ha iHTepBayi yacy T.

Ha ocHOBI MOHITOPHHI'Y IOTOKIB B)K€ TUIBKH iH-
¢dopmariiiitHoro tpadiky Ha iHTepBaii vacy T, Ha BXomi
MPOBOJIUTBCSL  aHANI3 CTATUCTHYHHUX XapaKTEPUCTHUK
MOTOKIB 1H(opManitHOro Tpadixy i 3aiHCHIOEThCS KIla-
cuikaliss KOXKHOTO 3 HUX 32 KPUTEPiEM 3HAUECHHS I10-
Ka3HUKa Xepcra.

VY Mmexax iHTepBasty T 3IIHCHIOETHCS TIPOTHO3Y-
BaHHS 3HaUCHb IHTCHCUBHOCTI IMTOTOKIB 1H(OpMAIiTHOTO
Tpadiky, IO BOJOMIIOTH BIACTHUBICTIO (HPaKTaILHOCTI
Ha iHTepBaJ yacy t.

Jly1s IoTOKYy, 1110 BOJIOJII€ BIACTUBOCTSMH (hpaKTa-
JIHOCTI, BUAUIAETHCS MPOMYCKHA 3AaTHICTD BIAIOBIIHO
JI0 pe3yJIbTaTiB MPOTHO3YBAHHSL.

SIKmo cyma MakcuMallbHUX 3Ha4€Hb 1HTEHCHBHOC-
Ti TOTOKIB iH(popMamiiHoro Tpadiky HE IMEePEBHIINYE
3HAYEHHsI CyMapHOI NPOITYCKHOI 3IaTHOCTI, TPOBOAHTH-
cs1 a00 JOMYCK B MEPEIKY HOBUX KOPHCTYBadiB, a0 30i-
JIBILICHHS IIBUKOCTI Iepenadi Ha BEIWYMHY, BiJIIOBi-
HY PI3HHII ICHYIOUOIO Ta MOMJIMBOI IPOITYCKHOI 37aT-
HOCTI.

SIKmo cyma MakCUMallbHUX INPOTHO30BaHHMX 3Ha-
YeHb IHTEHCHUBHOCTI MOTOKIB iH(opmaniiiHoro tpadiky
TIEpEBHIILYE 3HAYEHHSI CyMapHOi MPOMYCKHOI 37aTHOCTI
Ui iHpopMariiHoro Tpadixy, BiANOBIIHO 1O TpoIie-
Jlypy TIOBIIOMJIEHHS TIPO TEPEBAHTAXEHHs, JDKEpena 3
MiATBEPKEHHSIM OTPUMaHHS IMAKeTy OTPUMYIOTh 1 KO-
MaHJly Ha 3HIDKEHHS IIBUAKOCTI nepenadi. lIIBuakicTh
repenadi 3HIKYETHCS 0€3 BTpaTH MaKeTiB J0 BCTAHOB-
JIeHOTrO B mpoTtokoii piBHs. IloTiM mBuaKicTs nepeaadi
301IBLIYETHCST BIMOBIAHO 10 (ha3u aJAUTUBHOTO 301Ib-
LIEHHS IIBUIKOCTI TIepeayi.
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SIKIII0 B MOAAJIBINNI MOHITOPUHT TTOTOKIB Ha BXOII
BKa3ye Ha Te, IO Uil HUX MMOKa3HUK Xepcra HpHuiiMae
3navueHHs H = <0.75, To 3milicHIOETbCS TIepexin A0 Bi-
JIOMHUX PaHIIIe METOIIB PO3MOALIY MPOIMYCKHOI 31aTHO-
cti. PasoM 3 MM 3miHCHIOETHCS MOMANBIIHA MOHITO-
PHHT Ha YeproBOMY 4acOBOMY iHTEPBaJIi.

TakuM  4MHOM, BJOCKOHajJe€Ha  pO3LIMpEHa
ON/OFF-monens BXigHOro TpadiKy mis KPUTHYHOI
JIUISTHKY, KA BUKOPUCTOBYETHCS TIPH IEPEpO3MOALT
MIPOITYCKHOI 3/IaTHOCTI KPUTHYHOTO JISSHKY Ha OCHOBI
MPOrHO3YBaHHS B OE3/IPOTOBIH Mepexi nepenadi TaHUX
JIO3BOJISIE 3MEHILUTH Yac Tepeaayi JaHuX Ha KPUTHUYHIH
JIUTSHII.

BucHoBKMu

B cratti Oyn0 BU3HAaUEHO, IO JJIs 3MCHILICHHS Ya-
cy mepeladi TaHUX B yMOBax OOMEXKEHOi MpOITyCKHOI
3ATHOCTI KPUTHYHHMX MAUISTHOK O€3IpOTOBOI Mepexi
nepenadi JaHUX HaWOUTBII pallioOHAJLHO BUKOPUCTOBY-
BaTH METOJIM, 3aCHOBaHI Ha BHKOPHCTAaHHI BJIACTUBOC-

Tell QpakTanbHOro Tpadiky, MO JO3BOJIIOTH IPOBECTH
KOpPOTKOCTPOKOBE ITPOTHO3YBaHHS HOT'O IHTEHCHUBHOCTI.

Byna BmockonaneHa posmupena ON/OFF-monenb
Tpadiky, sKa BUKOPHCTOBYEThCS Ha BXOAI B KPUTHUHY
JIISIHKY, 1110 B CBOIO YEPTy JO3BOJISIE IPU MOJIEITIOBAaHHI
BpaxyBaTH OCOOJIMBOCTI XEHAOBEpa i, B pa3i (paKTayib-
HOTO Xapakrepy Tpagiky, BHKOHATH KOPOTKOCTPOKOBHI
MIPOrHO3 HOr0 iIHTEHCUBHOCTI.

Takok 3ampoIOHOBAHO METOZ IEPEPO3IONLTY
MIPOITYCKHOI 3JIaTHOCTI HAa OCHOBI Y/IOCKOHAJIEHOI PO3-
mmpeHoi ON/OFF-moneni tpadiky Ha BXOAi KpUTHYHOI
IIJSTHKA O3pOTOBOI Mepeki mepefadi JaHUX B SKii,
Ha BiIMIHY BiJl aHAJIOTIB, TOYKA PO3MOILTY MIX CITyXK-
6oBuM 1 iHQopMmauiiHuM Tpadikom 3abe3rnedye mHpo-
MOPIIHUIN PO3ITOIT MPOITYCKHOI 3IaTHOCTI, IO J03BO-
Jsi€ 3MEHIINTH KUIBKICTh 1Tepaliiifi IMOIIyKy TOYKH
pO3TONiy HAa OCHOBI BTPATH IAKETIB 1 3a0€3MeUnuTH
301MBIIEHHST YacTKM TPOIYCKHOI  3JaTHOCTi, IO
HaJAeThCsl I Tepeaadi iHdopmauiiHoro tpadika Ko-
pHcTyBauy.
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Merton nepepacnpeeieHis NPONYCKHOI CMOCOGHOCTH KPUTHYECKOI0 y4acTKa CeTH
Ha ocHOBe coBepmieHcTBOBaHNsE ON/OFF-monenn tpaguka

A. C. Cupnpos, A. A. Kosanenko, I'. A. Kyayk

AKTyanbHOCTh. OCHOBHBIM HEIOCTaTKOM CYIIECTBYIOIIMX MOZENCH Tpaduka KPUTHUECKOrO ydacTKa CETH €CTh HeydeT
TOr0 00CTOSITENIBCTBA, YTO B NIEPHOABI AKTUBHOCTH Ka)kKI0T0O OT/ASJIBHOIO HCTOYHUKA TpaduKa Iepeaya IakeToB OCYIIECTBILET-
cst TpynmaMu. Takxke oOBIYHO HE YUHMTHIBAIOTCS OCOOCHHOCTH OecnpoBoaHbIX cetell. Llesb eraThbm - pazpaboTka MeToza repe-
pacnpenesIeHus POIYCKHONH CIOCOOHOCTH KPUTHYECKOro y4acTKa CeTH Ha ocHoBe coBepiueHcTBoBanus ON/OFF-monenu tpa-
¢buKa 118 UCTIONIB30BaHKUSA B OSCIPOBONHBIX CeTAX. MeToabl, KOTOPbIE MCIOJIB30BAINCH B HCCIIEIOBAHUIX: METO/bl aHAIM3a
odepenell, (pakTaIbHBIA aHaIM3, CTaTHCTHYecKas oOpaboTka JaHHBIX. PedyabTarthl. B crathe paccMorpeHa KiiaccHdeckas
ON/OFF monens Tpaduka, Ob11n 00HAPYKEHbI HEJOCTATKU TaKOH MOJEINH IPU NPHUMEHEHUHU €€ JUls OECIIPOBOJHOM CeTH Iepe-
Jlaun naHHBIX. bputa npemnoxena pacumpenHas ON/OFF monens tpaduka, koTopast HCIIpaBisieT HEOCTaTKU CYIIECTBYOIICH,
ObLIM OOHAPYXKEHBI YCIIOBHS, IIPU KOTOPBIX YCOBEPILICHCTBOBAaHHAs MOZIeNb OyneT padorars Haubolee paunoHanbHO. beun npen-
JIOKEH METO]] TIepepacIpesielIeHHs! IPOITYCKHOH CIIOCOOHOCTH KPUTHUECKOrO y4acTka OeCrpoBOAHOM CETH Nepeadn JaHHbIX Ha
OCHOBE ycoBeplleHCTBOBaHHOHN paciuupeHHoit ON/OFF-monenu Tpaduka Ha BXOIE 3TOro y4acTka, B KOTOPOH, B OTIMYHE OT
aHaJIOroOB, TOYKA PACIIPE/ICNICHUsI MEX/LY CIIy)KeOHBIM M MH()OPMALMOHHBIM TPadhHKOM 00ECIeurBaeT MPOIOPLHOHAIBHOE pac-
peJieJIeHHe MPOITYCKHON CIIOCOOHOCTH. DTO MO3BOJISAET YMEHBIIUTH KOJIMYECTBO UTEPALMH MOMCKA TOUKM JICJICHHUS HA OCHOBE
MOTEPU MAKETOB U 00ECICUUTh YBEIMYEHUE JIONU MPOITYCKHOM CIIOCOOHOCTH, IPEAOCTaBIIsIeMON I epeiadn HHPOPMAIMOH-
Horo Tpaduka nomab3osaTens. BeiBoabl. [lisi yMeHbIIIEHHS BpEMEHH IIepeiaudl JAHHBIX B YCIOBMSX OrPaHUYCHHON IPOITYCKHON
CIIOCOOHOCTH KPUTHYECKUX YJacTKOB OECIIPOBOAHOI CETH Iepeliaun JaHHBIX Haubosee palloHaIbHO MCIONB30BATH METOMIBI,
OCHOBAHHBIC Ha HCIIONb30BAHUU CBOMCTB (hpakTaJbHOroO Tpadyka, NO3BOJSIOLIME IIPOBECTH KPATKOCPOUHOE NPOrHO3UPOBAHKE
ero uaTeHcuBHocTH. [IpenioxkeHnslii Bapuant pacumpernHodl ON/OFF-moznenu Tpaduka no3BoNUT BBIIOIHUTE KPATKOCPOUHBII
IPOTHO3 €r0 MHTEHCUBHOCTH. [Ipe/uoKeHHbI MeTOox nepepactpe/ieNeHusl IPOIyCKHOH CIIOCOOHOCTH IO3BOJIAET OOECIEUUTh
YBEJIMYEHHE JIOJIH IPOITYCKHOM CIIOCOOHOCTH, IPEeI0CTaBIIsIeMON JUIA Iepeiadn MHPOPMALIMOHHOTO TpaHKa I10JIb30BATEIO.

KaueBbie ca0Ba: ceTh; IUaBarolee OKHO; Tpapuk; MeTox; epeaaya nakeros; anropurM; ON/OFF moxens.

The pass-through capacity redevelopment method of net critical section
based on improvement ON/OFF models of traffic

A. Sviridov, A. Kovalenko, H. Kuchuk

Relevance. The main disadvantage of the existing traffic models of the critical network section is that it does not take into
account the fact that during the periods of activity of each separate traffic source, packets are transmitted by groups. Also, the
characteristics of wireless networks are not usually taken into account. The purpose of the article is to develop the method for
re-distributing the bandwidth of the critical network segment based on the improvement of the ON/OFF model of the traffic for
use in wireless networks. The methods used in the studies: queuing analysis methods, fractal analysis, statistical data processing.
Results. The classic ON/OFF model of traffic is considered in the article, the disadvantages of this model were discovered when
applying it for a wireless data transmission network. An extended ON/OFF traffic model was proposed, which corrects the short-
comings of the existing one, conditions were found in which the improved model would work most rationally. A method was
proposed for redistributing the bandwidth of the critical section of the wireless data network based on the improved extended ON
/ OFF model of traffic at the entrance of this section, in which, unlike analogues, the distribution point between the service and
information traffic ensures a proportional distribution of the bandwidth. This makes it possible to reduce the number of iterations
of the point of division search based on the loss of packets and to provide an increase in the proportion of bandwidth provided for
the transmission of user traffic information. Conclusions. To reduce the time of data transfer in conditions of limited bandwidth
of critical sections of the wireless data network, it is most rational to use methods based on the use of fractal traffic properties,
allowing short-term forecasting of its intensity. The proposed version of the extended ON / OFF model of traffic will allow per-
forming a short-term forecast of its intensity. The proposed method of bandwidth redistribution allows to increase the share of
bandwidth provided for the transmission of information traffic to the user.

Keywords: network; floating window; traffic; method; packet transfer; algorithm; ON/OFF model.
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METHOD OF CODING INFORMATION DISTRIBUTED BY WIRELESS
COMMUNICATION LINES UNDER CONDITIONS OF INTERFERENCE

The subject matter of the paper is the processes of analysis and evaluation of the effectiveness of information coding
methods in wireless systems. The aim is to improve noise immunity of information messages under conditions of powerful
electromagnetic interference, with the help of complex signal-code constructions. The objective is to develop a method for
noise-immune encoding in a wireless information transmission system, providing increase in information transmission rate.
The methods used: Simulation and digital signal coding. The following results have been obtained: A method for encoding
information transmitted via wireless communication lines in presence of interference. For signal coding, it is proposed to
use Gaussian monocycle with time-dependent position-pulse modulation (PPM). It is shown that for organization of
independent channels within a single frequency band, it is practical to use a system of orthogonal codes. Pulses of the
useful information signal accumulated in a receiver correlator provide significantly increase in signal-to-noise ratio,
allowing transmission of information over a wide frequency range well below the noise level. As a result of encoding
information in wireless information transmission systems with the help of ultra-short pulse signals, the effectiveness of the
proposed method is a quantitatively and qualitatively evaluated. Conclusion. Using Pulse Position Modulation coding in
wireless information transmission systems allows transmitting large volumes of information with high transmission rate
and high noise immunity of the communication channel as well as protecting the channel from message interception.
Ability to work with low radiating power and high signal capacity to penetrate various obstacles ensure fulfilment of
electromagnetic compatibility requirements as well as stable communication in conditions of multipath radio wave
propagation. A possibility that powerful electromagnetic disturbances accompanying a lightning discharge may have
catastrophic impact on the information transmission channel is also eliminated.

Keywords: wireless communication line; information coding method; time-dependent position-pulse modulation;

lightning discharge; electromagnetic compatibility; electromagnetic interference.

Introduction

Ongoing complication of the tasks to be solved in
critical systems, for example, in control systems of
nuclear power plants or in space rocket complexes,
necessitates increase in quantity and variety of computer
equipment involved.

The requirements to the reliability of such
equipment constantly grow as well. However, an
analysis of failures of such systems [1] shows that the
number of accidents and the risks associated with them
have been steadily increasing recently. This is mainly
due to computer software failures. In 10% of cases,
rocket and space equipment (RSE) failures occur
because of on-board computer software failures [2, 3].
Therefore, software is one of the main sources of errors
that lead to emergencies. Software failures caused by
distortions of information occurring in inter-unit
communication lines exposed to external interference
are among the most dangerous. In particular, a powerful
electromagnetic field accompanying a lightning is an
extremely dangerous source of interference [4]. Such
interference is characteristic for wide frequency range
(0.3-30 MHz) in combination with the large amplitude
of pulsed electromagnetic field (15-100 kV/m). These
are extremely dangerous factors, especially for wire
communication lines.

Problem analysis
and task formulation
Information  coding solves two tasks —

synchronization and noise immunity improvement. Here
noise immunity of an information transmission channel

means the maximum level of -electromagnetic
interference affecting the communication channel, such
that the channel retains the required quality of operation
[5]. Reed-Solomon codes, as a kind of error correction
block codes, have a huge advantage in comparison with
binary codes when external impulse noise is considered.
However, these codes require dual redundancy and
complex modem schemes.

Therefore, the encoding comes at a price of
reduction in the useful information transmission rate. At
the same time, there is a need for increasing transmission
rate between radio system (RS) units in wireless
communication channels and it requires using the widest
possible frequency range. Therefore, the use of Direct
Sequence Spread Spectrum (DSSS) method for widening
the spectrum while modulating and demodulating
information signals makes it possible to increase
interference immunity of a communication channel
substituting one bit of original information with N bits of
a spreading code combination.

Physical limitations of radio frequency resources
enforce stringent requirements as to ensuring
electromagnetic compatibility (EMC) of a system.
Especially important is to solve this problem for limited
and closed spaces, e.g. interior of RSE cases. Thus, to
transmit information between RSE blocks, it is
necessary to use ultrashort pulse signals with ultra-wide
spectrum.

Task solution

An ultrashort pulse is not capable of information
transmission. The transmission is possible only with a
series of such pulses. A method of information encoding
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and transmission being proposed here consists in
generating a sequence of ultrashort pulses, which
provides increasing information transmission rate. Some
reference or basic sequence of pulses is used instead of
a carrier signal. Pulses of the sequence are generated at
strictly defined intervals. Information is encoded with

the temporal shift of a pulse with respect to the
reference signal. So a 0 bit can correspond to a pulse
transmitted earlier than the reference one, while a pulse
coming later than the reference one corresponds to a 1
bit (Fig. 1). This is a kind of time-dependent Pulse
Position Modulation (PPM) [6, 7].

Time shifting +A . Reference sequence
1Y | |'"I". NN
| I| . I [I'. I ¥ \
|I .!.'. ! I'l ﬂ- I".
~ AN . AN
\ { \ 'y t
\] | ':I |
;Il.f' / I'.,-I L .'I
> >
Logical zero Logical one

Fig. 1. PPM Modulation

Such coding sequence is based on a pulse signal
whose shape is shown in Fig. 2 and is specified with
equation (1). With a pulse front duration of 0.5 ns, its
spectral range is 2 GHz:

A(r)=A0~JE~Ait.exp(t2/Af2), 1)

where At is pulse duration; ¢ is time and A4, is pulse
amplitude.

A B

Fig. 2. The shape of an ultrashort pulse

Thus, the implementation of ultra-wideband (UWB)
technology enables significant increase in data transfer
rate up to 400-500 Mbit/s.

Inter-unit conductor communication lines of the
system, e.g. cable lines or twisted pairs do not have
sufficiently broad bands. Wireless links should be used
for such broadband signals. Since the signal spectrum is
broadband, it is necessary to provide for the possibility
of frequency range sharing, i.e. multiple access.

At the same time, using many sources of
broadband electromagnetic radiation in a closed
confined space creates a complex electromagnetic
environment (CEE) inside the object, putting forward
higher requirements to noise immunity of circulating
information. Reducing the radiation level of the
broadband signal transmitters below the noise level
makes it possible to meet the requirements of EMC, and
this leads to improvement of noise immunity.

To separate several information communication
channels, each of them is assigned its own spreading
code combination. This is a pseudo-random sequence,
whose elements constitute an orthogonal basis; this
sequence specifies the channel code. And the
information message is decoded only if the receiver and
the transmitter share the same channel code, which
improves interference immunity of the information
circulating in the system.

Extraction of a useful signal in presence of noise is
performed through correlating received and reference
signals. A correlator performs convolution of the
received signal and the reference signal. The correlator
is an ideal detector for determining time shifts of the
received pulses relative to the reference ones. When a 1
bit is received, the value of correlation function is equal
to + 1, while its value is - 1 on reception of a 0 bit. In all
other cases, the value of the correlation function is 0.
Since a bit of information is represented e.g. with 200
ultrashort pulses and on codes coincidence the bits are
accumulated in the receiver’s integrator, a bit will be
detected correctly even if 99 pulses out of 200 are
corrupt.

A useful signal is extracted from the noise level
and it exceeds the noise significantly: Signal-to-noise
ratio here constitutes 23 dB. It should be noted that
encoding an information bit with a series of ultrashort
pulses eliminates the multipath signal propagation
problem.

This is because any reflected signal received with
an invalid time shift resulted from a different
propagation path is discarded as an interference signal.
At the same time, using a series of ultrashort pulses to
encode an information bit makes it possible to eliminate
inter-symbol interference because the energy of the
preceding pulse completely dissipates before the
following ultrashort pulse from the coding series is
received.

A comparative analysis of noise-proof codes
currently in use is shown in Figure 3. The analysis
revealed that the duration of one information bit is
within 1 to 4 seconds.
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Fig. 3. Dependence of a carrier frequency on the encoding method

One Hertz of a carrier transmits one bit with
Manchester code, two bits — with NRZ code and four
bits — with MLT-3 (Multi Level Transmission-3).

Calculation of external interference impact on
signal transmission and development of methods for
reducing this impact are the main issues solved within
the Theory of Noise Immunity. The most dangerous
external interference affecting noise immunity of
information  circulating in a system is an
electromagnetic field accompanying a lightning
discharge with duration of 0.2 ms [4]. Such field always
destroys an information bit encoded with any of the
currently used noise-immune encoding methods. But
with  PPM  encoding method, an external
electromagnetic field accompanying a lightning bolt
does not cause complete destruction of an information
bit due to its representation, e.g. by 200 ultrashort
pulses. The field can only reduce the signal-to-
interference ratio at the receiver by 20%. In such case,

the signal-to-noise ratio is decreased by 1 dB from 23
dB to 22 dB, and this would not cause an information
signal failure.

Conclusions

Thus, application of PPM coding to information
transfer in a confined space allows interference-free
wireless information exchange in such conditions. This
makes it possible to remove wired inter-block
information communication lines, significantly reducing
the weight of an RSE object. At the same time, due to
the  organization of ultra-wideband  wireless
communication, the information exchange rate between
units of the system increases significantly. The
catastrophic effect on information transfer channels
resulted from powerful electromagnetic fields
accompanying a lightning bolt can be eliminated as
well.
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Merton xoxyBaHHs indopMmauii,
110 PO3MOBCHKYETHCSI 10 0e3MPOBOXOBHM JIiHiAM 3B’ SI3Ky B YMOBaX 3aBajg

O. A. Cepxos, B. C. bpecnagens, M. 0. Tonkagos, B. O. Kpaseus

IIpeameToM BHBYEHHS € NPOLECH AaHANi3y Ta OLIHKH eQEeKTHBHOCTI

METOZIB KOJyBaHHs iHpopMalii B

6e31poBOIOBUX cucTeMax. MeTa — MiJBUILCHHS 3aBaJ0CTIHKOCTI iH(pOpMaLiHHUX MOBIZOMIIEHb B YMOBAxX Jii MOTYXHHX
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€JIEKTPOMArHiTHUX 3aBaJ] LUISIXOM 3aCTOCYBAaHHs CKJIAJJHUX CHI'HAJIbHO-KOJIOBHUX KOHCTPYKLiH. 3aBgaHHs: (HOpMyBaHHS
METO/ly 3aBaJIOCTIMKOro KomyBaHHS y 0e3IpoBOJOBIH cucremi nepenaui iHpopmanii, ska JO3BOJISE MIABUIIUTH 00CAT Ta
MIBUIKICTH Nepenadi iHpopmarii. BukopucToByBaHUMH METOJAMH €: METOAM IMITaIliiHOrO MOJENIOBAaHHA Ta LUPPOBOTO
KOJlyBaHHs curHainis. OTpuMaHi Taki pe3yJbTaTH. 3alIpOIOHOBAHO METOJ KOJyBaHHs iH(popMaLil AKa PO3HMOBCIOKYETHCS
1o Oe3NpoBOAOBUM JiHIAM 3B’S3Ky B yMmoBax 3aBal. OOrpyHTOBaHO BHUKOPHCTaHHA Y SIKOCTI KOJOBOIO CHTHAILY
rayciBCbKOro MOHOLMKIY 13 KOJyBaHHAM iHQopmanii 3a JOMOMOror 4YacoBOi NO3UIIHHO-IMIYJIbCHOT MOIYJISLII.
IMokazano, 1m0 JuIs opraHizalii HE3aJe)KHUX KaHaliB B OAHIH CMy3i 4acTOT [OLiJIbHO BUKOPUCTOBYBATH CHCTEMY
OpPTOroHaJbHUX KoAiB. HakomudeHi y Kopenaropi npuiiMauya iMITyJIbCH KOPHCHOTO iH(OpMAalifiHOro CHrHaly HAalTh
MOXUIUBICTB CYTTEBO I1iIBUILUTHU CIIiBBIHOIIEHHS CUTHAJI / IIyM, 3a0€3IeYyoud [IMM MOXJIHMBICTh nepeaadi inpopmauii y
MIMPOKOMY YacCTOTHOMY Jialla30Hi 3HAYHO HWXKYe DiBHA WIyMy. B pesynbraTi kopyBaHHS iHdopMailii HaJKOPOTKHMH
iMIynbcaMu y O€3NpOBONOBHX CHCTEMax Iepenaui iHdopMalii ImpoBeieHa KUIbKICHA Ta AKiCHAa OLiHKa e()eKTUBHOCTI
3alpONIOHOBAHOr0 Merony. BucHoBkm. Bukopucranas PPM — konyBaHHA y O6e3nmpoBOJOBHX CHUCTEMax Iepenadi
iHpopmamii 1no3Boise 3a0e3leuYnTH BENUKI OOCSITM Ta MIBHAKOCTI mHepenadi iHpopmamii 3 OJHOYACHOI BHCOKOIO
3aBaJI03aXMINEHICTIO KaHaly 3B’S3Ky Ta 3aXHCTOM HOro BiA IepexOIUIeHHS. MOJMJIMBICTh MPAIOBATH 13 MAaJoo
MOTYXXHICTIO BUIIPOMIHIOBAaHHSA T4 BHCOKA IPOHUKJIMBICTH CUTHAJIB Kpi3b OyIb-sfiKi NEPEIIKOAU JIO3BOJIAIOTH BUKOHATH
BHUMOT'H €JIEKTPOMAarHiTHOI CyMiCHOCTI Ta 3a0e3NeunTy CTifKuil 3B’4A30K B yMOBax 0araToONpOMiHEBOr0 PO3NOBCIOJKEHHS
panioxBuiab. Ilpu npoMy ycyBaeTbCs MOXIMBICTH KaracTpodiuHoi i Ha kaHanu mnepefadi iHpopMawii MOTYKHHX
€JIEKTPOMArHiTHHUX 3aBaJl, SKi CIMPOBOMXKYIOTH PO3pPsi OJIMCKAaBKH.

Kawo4dosi caoBa: mymononiOHumii curnam; Oe3npoBoioBa cucreMa nepenadi iHdopmanii; udacoBa MoO3HLiiHO-
IMITyJIbCHA MOJYJIALIS; OPTOrOHAIBHE KOJYBaHHSI; €JIEKTPOMArHiTHA CyMiCHICTb.

Merton koaqupoBaHus HHGOPMAaLMH,
pacnpocTpaHsionieiics o 6ecrnpoBOAHbIM JIMHHUSAM CBSI3H B YCJI0BHSAX NOMeX

A. A. Cepxos, B. C. bpecnagen;, M. }O. Tonkauos, B. A. Kpasent

IIpenqMeTom u3ydeHHs ABJISIOTCS MPOLECCHI aHATHM3a U OLEHKH 3((EKTHBHOCTH METOIOB KOAUPOBAHHUS HH(POPMALIHH B
GecripoBosiHbIX cucteMax. Lleib — MOBBILICHHE TOMEXOYCTOWYNBOCTH MH(OPMAIIMOHHBIX COOOIICHH B YCIOBUSX CHCTBUS
MOIIHBIX 3JIEKTPOMArHUTHBIX [IOMEX IyTeM MNPUMEHEHHs CJIOXHBIX CHIHAJIBHO-KOJOBBIX KOHCTPYKLHWH. 3agava:
bopMHpOBaHHE METOAa IOMEXOYCTOMYMBOIO KOAMPOBaHHS B OECIPOBOMHOH cHcTeMe mepenaun  WH(OpMAIUH,
[O3BOJISIFOIIETO MOBBICUTE 00BEM M CKOPOCTh Mepenadn HHpopMmanuu. MCrnonb3yeMbIMH METOAAMH SIBIISIFOTCS: METOMbI
UMHUTAIMOHHOTO MOJICIIUPOBAHUsS M H(POBOro KOIMPOBAHHUs CUTHANOB. [ToNydeHbI CIeAyolne pe3yabTaThl. [IpeanoxeH
METOJI KOAMPOBaHUS HH(OpPMAIMH, PACIPOCTPAHSIOIICHCS MO0 OECHPOBOAHBIM JIMHHSAMH CBSI3M B YCIIOBHSIX IIOMEX.
OOOCHOBAaHO HCIIOJB30BAaHUE B KayeCTBE KOJOBOTO CHTHAJa I'ayCCOBCKOIO MOHOLMKIA C KOIMPOBaHHEM HH(MOpMAaIUu
[OCPEICTBOM BPEMEHHOW MO3UIMOHHO-UMITYIbCHON MOMyisun. [loka3aHo, 4To JUis OpraHu3aliid He3aBUCHMBIX KaHAJIOB B
OJTHOM MOJIOCE YaCTOT 1IeIeCO00Pa3HO NPUMEHSTH CHCTEMY OPTOrOHAIBHBIX KO0B. HaKoMIeHHBIC B KOPPEIATOPE MPUEMHHKA
HMITYJIBCHI TOJIE3HOr0 HH(OPMAIIHOHHOTO CUTHAJIA IAF0T BO3MOXKHOCTh CYIIECTBEHHO MOBBICUTH COOTHOIICHHUE CHIHAI/IIYM,
obecrieyrBasi BO3MOXXHOCTh Iepeadn HH()OpPMAIMK B LIMPOKOM YaCTOTHOM J[HAIa30HE 3HAYMTEIBHO HHXXE YPOBHS IiymMa. B
pe3yibTare KOAMPOBAHUSI HHPOPMALUKM CBEPXKOPOTKUMH HMITYJIbCHBIMH CHTHAJIAMH B OECIPOBOAHBIX CHCTEMax IMepeiavn
uH(pOpPMAIMU MPOBEJCHAa KOJMYCCTBEHHAsh M KauyeCTBEHHAsl OLEHKAa 3(P(EKTUBHOCTH Mpe/iaraeMoro MeToia. BbIBOABI.
HcnonezoBanne PPM — koaupoBaHus B GECHPOBOJHBIX CHCTEMax Hepeaayr HHPOPMALMH TO3BOJSET 00ECIednTh OOoJIbIIne
00beMbl M CKOPOCTH Mepeqayd MHPOPMALUH TMPH BHICOKOW ITOMEXO3AIIMIICHHOCTH KaHalla CBS3M M 3alUTHl €ro OT
nepexsaTa. Bo3sMOXHOCTb pabOTEI ¢ MAJIOH U3JTy4aeMOi MOIIHOCTBIO M BBEICOKasl IIPOHUKAIONIAs CIIOCOOHOCT CUTHAJIOB Yepe3
pa3iuYHBIC OPEMSATCTBHS IO3BOJSIOT BBINOJHUTH TPEOOBAHMS MO BICKTPOMArHUTHOW COBMECTHMOCTH M OOECICYHTH
YCTOHYMBYIO CBSI3b B YCJIIOBHSIX MHOTOJYYEBOTO PACIPOCTPAHEHHS PaJHOBONH. IIpU 3TOM YCTpaHSETCS BO3MOXHOCTB
KaTacTpOpUUECKOro BO3ACHCTBUS HAa KaHAIBl Mmepefadyd  HHOOPMAMH  MOIIHBIX  OJIEKTPOMATHUTHBIX — [TOMEX,
CONPOBOXKIAIONIMX Pa3psiI MOIHUH.

Knaoudesbple caoBa: mymMonomoOHBI curHai; OecnpoBogHas cuCTeMa meperaud HHGOPMAIMH; BpeMEHHas
MO3UIMOHHO-UMITYJIbCHAsE MOLYJISLUS; OPTOrOHAJIBHOE KOJIMPOBAHUE; JIEKTPOMArHUTHAsE COBMECTHMOCTb.
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