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BUSHAYEHHA IHMOPMATMBHOCTI NAPAMETPIB MOJENI NPOrHO3YBAHHA
HMOBIPHOCTI BHBOPY NPOIYKTY B YMOBAX «BIG DATA»

Bnposaooicenns Hosux memodie ma nioxodig 00 00podIeHHs: OaHUX, AKI OmpuManu Hazey «Big
Datay, ocobrueo axmyanvho 015 cucmem 3 6UCOKOIO 3a8anmadicenicmio. B ymogax uieuokoeo
NOMOKY OAHUX MPAOUYILIHI NAKEeMHI MEMoOU MOOTIOBANHSL He 3a8HcOU 0aromb MOYHI ma CMitiKi
pesyrvmamu, Opakye epexmugHux memooie 6i0bopy eadciugux napamempis. Posensnymo om-
JaiiHo8Ull niOXi0 00 MOOENOBAHHA MA NPOSHO3Y6aHHA 6 ymoeax «Big Datay ma memoou
OYiHIOBAHHSL [ 8I0O0PY napamempie Mooesi NPOSHO3Y68aHHSL UMOBIPHOCIE 8UOOPY NPOOYKMY 3a iX
ingopmamuenoro eaxcnusicmio. [l GU3HAYEHHA THGOPMAMUBHOCII NAPAMEmPa pPO3eNAHYMO
nioxio 00 no6yooeu mooeii i3 suxopucmanmsm peeynapusayii L1 (LASSO), L2 (RIDGE) ma mo-
oemv Follow-The-Regularized-Leader. Teopemuuni ma mamemamuyti SUKIAOKU CYNPOBOOICY-
10MbCs NPOSPAMHOIO Peanizayicto Memooy Mogolo npospamyeants Python.

Memoou online-learning 0o3sonsiions ompumamu OYIHKU NAPAMEMPIE MOOEJE Y PeHcUMi
PeanvbHozo 4acy, wo 0ac 3mMo2y GUKOPUCIOBY8aAmU iX y BUCOKOHABAHMAICEHUX CUCeMAX 0OpoD-
JIeHHs1 OaHUX, Y NPOCHO3YB8AHHI MA NPULHAMMI pileHb.

Knrwwuogi crosa: ingopmayitini mexnonoeii 6 ekOHOMIYi, eKOHOMIKO-MamMeMamuire MoOeuo-
6AHHS, ANCOPUMMU OHNIAUH HABYAHHA, pecynapu3ayis, Big Data.

BCTYN

CyuacHe CyCHiJIbCTBO MEPEKHUBAE YEPrOBY XBHIIIO iH(OPMALIHHUX TEXHOJIOTIH,
sIKa I[bOT'0 pa3y IOB’s3aHa 31 MBUAKUM €KCIIOHEHI[IAIbHUM 3POCTaHHSIM OOCSTIB

© B.I. TPULIEHKO, .M. OHUIIIEHKO, 2017
ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190) 5



B.I. I'puyenxo, I.M. Onuwenxo

iHpopmarii. [Ipy nbOMy YacTHHA CTPYKTYpOBaHOI iHpOpMAaIlii 3pocTae HE Tak
cTpiMko. OCHOBHAa YaCTHHA HMPHPOCTY iH(oOpMaIi — HECTPYKTypoBaHi abo
cnabocTpykTypoBaHi nani. Kinacuuni sx metoan oO6poOnieHHs Ta 30epiranHs na-
HUX HE MOXYTh BIIOPATHCS 3 TAKMMHU 00CSTaMH Ta MIBHJKICTIO IPUPOCTY NTAHUX.

Jlns po3B’si3aHHS 3a3HAUCHUX BHIIE 3a7ad OJHOYACHO B KiJIbKOX HaWO1JIb-
IIMX CBITOBUX KOMIAHISIX 1HAYCTpii iH(OpMAamiHHUX TEXHOJIOTIH, TaKUX SK
Google, Facebook Ta Amazon, mo4anu po3po0saTy aOCOTOTHO HOBI MiIXOAH JI0
npobnemu 30epiraHast Ta oOpoONeHHs THPOpMAIIil 3 METOI0 OTPUMAaHHS KOpHC-
HUX 3HaHb. [li3HilIe 3ycHIUIL OKpEeMHX KOMIIaHii Oyno 00’e€aHaHO y e€AMHUI
MPOEKT, B PE3YNbTaTi SKOT0 OyJI0 OTPUMAHO CUCTEMY HOBUX iHCTPYMEHTIB, Me-
TOJIIB anapaTHOro Ta MPOTPaMHOTO 3a0e3MeYeHHs /sl aHANi3y JaHUX BEIHKHX
o0cCsATiB Ta MoraHoi CTPyKTypoBaHOCTi. CHUCTeMa TaKMX METOJIB Ta MiAXOIiB
oTpuMala Ha3By TexHouoril «Big Datay.

Tepmin «Big Datay 0yB BBenenuit y 2008 poui Knidbdopmom Jlinuem [1],
nokTopoM 3 iHpopmaruku YHiBepcuteTy bepkii. Takox ciif BigzHauuTH podo-
tn B. Maiiep-Lllenoeprepa ta K. Kyx’epa [2], XK.-II. [eiikca [3], sxi mpoBoauin
(dbyHAaMEeHTaIbHI AOCIIIKEHHS Y cepl BETUKUX AAHUX.

Xoua cam TepMiH OyJI0 BBEJICHO B aKaJICMIYHOMY CEpPEIOBHIII, IIIUPOKE 3a-
CTOCYBAHHsI Ta 3HaYHE MOIIMPEHHS BiH OTPUMAB 1 y MPaKTUYHHUX JOCIIIKECHHSIX
B PaMKax TEXHOJIOTIYHUX MPOEKTIB MEPEeJOBUX KOMIaHiH, 30KpeMa y Mpausx
Hoyr Xenmiena (Oracle), Kninta ®@inmi (Microsoft), Arama Illaxa (Hewlette-
Packard), ®penkca binna (Terradata) Ta inmmx [4-7].

OcraHHIM YacoM CIIOCTEpIracThCs MiJBUIICHHS HTEpecy 10 1€l Temu 3 OOKy
nocninaukiB Ykpainu ta kpain CH/I. Tak, H. laxosceka Ta FO. BomoGam y cBoix
NparsiX JOCITIDKYIOTh CY4acHl 0a3u JaHMX, B SKMX BHKOPUCTAHO TexXHoJorii «Big
Datay [8], JI. Ueprsik mocmimkye konrenmiro «Big Data» B mimomy [9], P. YckenOae-
Ba IOCIIKY€e UTaHHsI BIipoBapKeHHs «Big Data» B enektporHomy ypsizi [10].

VY cdepi BUBUCHHS METOIIB MOJICIIOBAHHS Ta OIIHIOBAHHS ITapaMeTPiB MO-
nen i3 3actocyBaHHsM «Big Data» cmim BimMmiTuTi mpami P. bekkepmana,
M. Binenko Ta . Jlaardopmaa [11], X. b. MakMaxan [12-13].

Tpeba BiA3HAYNTH, 1110 TUTAHHS BU3HAYCHHS BKJIMBOCTI TOrO YM 1HIIIOTO Ia-
pamMeTrpa MOJIEINi y BUMAJIKY, KOJU JIaHI HAJXOAATh Y BEIUKIH KUTBKOCTI Ta 3 BEJH-
KOO IIBUJKICTIO, € HEIOCTATHRO BUCBITJICHUM Y CY4acHiil HayKOBiH JTiTepaTypi.

NOCTAHOBKA 3ANAYI

Cam tepmin «Big Datay» Oyio BBeJileHO 3HAUHO MMi3Hille, HIXK MPAKTHKHU MMOYa-
JIA TIPaLOBAaTH Haja MPOOJIEMOIO BEJIMKHX JaHUX — PO3POOJICHHS METOIIB
ix 30epiranns, oOpoOieHHs Ta aHamnidy. Hapasi cmocTepiraerbcsi 3HauHe
MIABUIICHHS 1HTEepecy 10 M€l rany3i K 3 00Ky BUCHHX, TaK 1 3 OOKy Ipak-
THKIB TEXHOJIOTIYHMX KOMIaHiM Ta Oi3Hecy. Bci mi daktopu mpusenu no
TOrO, IO Pe3yIbTaTiB HAYKOBUX AOCHIIKEHb 3 TeMaTuku «Big Datay my0i-
KY€TbCSl IOCUTH OaraTo, BKJIOYAIOUM 1 HampsAM po3poOieHHS epeKTHBHUX
METOJ[iB MOJICITIOBAHHS Ta MPOTHO3YBaHHS.

VY TOii ’ke Yac HeAOCTAaTHHO BHCBITJICHHMH € MPAKTUYHI MUTaHHA LOJI0 BU3HA-
YeHHs iH(pOpMaTHBHOI BaXKJIMBOCTI MapaMeTpiB Ta iXx BinmOOpy A0 KiHLEBOi Bepcil
MOJIET, & TAKOXK MUTaHHS QUIBTPallii IIyMiB — HEBAXJIMBHX MapamMeTpiB. Takox 1ie
MUTaHHS HEZOCTATHHO BUBYEHO JJIs PO3BUTKY TeXHOOTIH «Big Datay.
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Busnauenns inghopmamuerocmi napamempie mMooeni npocHO3y8aHHs UMOSIPHOCII 6UOOPY

VY craTTi mocTaBiIeHO Ta PO3B’SA3aHO TaKi HAYKOBI 3aBJaHHS: aHAaJi3 3acTo-
CYBaHHsI aJITOPUTMIB OHJIAHH METOJIIB MOJICITIOBaHHS B yMoBax «Big Datay, po3-
POOJICHO KOMIT'IOTEpHY pealtizallifo METOIy OHJIAWH HAaBUAHHS 3 MOMJIUBICTIO
3aCTOCYBaHHS PO3PIPKEHUX BEKTOPIB MOYATKOBUX daHuX Ta L1- i L2- peryns-
pu3alliii, a TAKOX BHCBITICHO NMUTAHHS OHJIAHH METOJIIB HaBYaHHS 3 (DUTBTpAIli-
€10 TIapaMeTpiB MoieNi y Bumaaky «Big Datay cepenonuiia.

MeTa cTaTTi — JOCHIIUTH Ta MOIU(IKyBaTH METOJ OLIIHIOBaHHS 1 BiTOOpY
1HOPMATHBHO BXKJIMBHX MapaMETPiB 3a JOTOMOTOI0 MPOLEAYp Perysipu3aiii
JUIsl IpOTHO3YBaHHs Ha «Big Datay Ta 341iiCHUTH KOMIT'IOTEpHY peati3alliio 3a-
MTPOTITIOHOBAHOTO AITOPUTMY.

METOAM NPOTHO3YBAHHA HA «BIG DATA»

Busnauenns iHdopMaTHBHOCTI mapameTpiB MOJENi 3aBXAU OyJI0 BaXKJIUBOIO
YaCTHHOI EKOHOMIKO-MAaTeMaTHYHOI'O MOJCIIOBaHHs. 3a3BHuail BinOHMparouu
napaMeTpy IS KiHIIEBOI MOJIEN, 3aIUINAIOTh JHIIE HAHCHIBHIII MPEAUKTOPH
Ta BUKJIIOYAIOTh 200 iIrHOPYIOTh MEHII BaXIIUBI.

AJe y BUNIaAKy BUCOKOHABAHTAKEHUX CHUCTEM, KOJNU JaHI HAAXOISTH 3 BU-
COKOI0 MIBHJIKICTIO Ta BEIHKOi po3MipHOCTI — «Big Datay, Tpaaumiiini MmeToan
MAIIMHHOTO HaBYaHHS Ha OKPEeMHX BHOIpKax MiArOTOBICHUX NaHUX BUSBIIA-
IOTBCSl HENPOAYKTUBHUMH. [ BupimeHHs mpobieM edeKTHBHOTO MOJEIo-
BaHHS Ta TPOTHO3YyBaHHs y cucteMax «Big Data» Mo)kHa BHUKOPUCTOBYBATH
OHJIaH METOM HaBUaHHS [14].

Busnauennsi: «Big Datay B iHpopMaLiiiHUX TEXHOJIOTISX — 1€ Cepisl ITiIXO/IiB,
IHCTPYMEHTIB Ta METOIIB 0OPOOJICHHS CTPYKTYPOBAaHMX Ta HECTPYKTYPOBAHHX TAHHX
BEJIMKUX OOCSITIB 1 PI3HOMaHITHOCT] A1 OTPUMAHHSI pe3yJIbTaTiB, SIKi:

1) merko crpuiiMarOTHCS JIIOINHOIO;

2) edexTHBHI B yMOBax HEMEPEPBHOro NpUPOCTy iH(popManii;

3) MO3BOJNISIOTH 31MCHIOBATH MapalielibHi OOYHCIICHHS, PO3MOALICHI 110 Yu-
CIIEHHHX BY3J1aX O0UYHMCIIOBAIILHOT MEPEKi.

B sxocTi xapakTepucTHK, SIKi BU3HAYaIOTh MOHATTS «Big Datay, Big3Haua-
IOTh «TpH V»:

1) Volume — o0’em;

2) Velocity — mBUAKICTH, K y PO3yMiHHI IIBUAKOCTI NPUPOCTY, TaK 1 HE-
00XiTHOCTI IIBUAKOTO 0OPOOJIEHHS Ta OTPUMAHHS Pe3yJIbTaTy;

3) Variety — pi3HOMaHITHICTb, Y pO3yMiHHI MOXKIIMBOCTi OJTHOYACHOTO 00-
poOJIeHHS Pi3HUX TUMIB MaHuX [ 15].

TpamumiiHo Ui po3B’s3aHHA 3a1ayu Kiacu(ikallii BUKOPHCTOBYIOTh METOIU
MAIIMHHOTO HAaBYaHHS, OCHOBaHI Ha MEBHOMY (hikcoBaHOMY HabOpi AaHHMX — L€
Tak 3BaHWi maketHui (batch) mimxin. Ilpu mpoMy yci mani mocTymHi ofpasy i Mo-
XKyTb OyTH 00poOJIeHI Ha OHOMY OOYHCITIOBAIBHOMY BY3:i. Tako)k MakeTHUH M-
XiZl O3Ha4ae, 10 MOJENb CIOYaTKy Oyja HaBUYCHA HA MEBHOMY HAOOpi JaHUX —
training dataset, a IOTIM TeCTYEThCS Ha TeCTOBOMY Habopi nannx — test dataset, Ta
BUKOPUCTOBYETHCS IS IPOTHO3YBAaHHS Y TIPAKTUYHIH JIsUTbHOCTI. B ocHOBI Takoro
MIIXOMY JISKHUTH TIIOTe3a Mpo Te, IO CTPYKTYpa TAaHWUX Ta CTATUCTUYHI CHiBBiIHO-
LIEHHS! MK TapaMeTpamMy MOJIeTI He 3MiHIOIOThCS B Yaci.
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Puc. 1. TlopiBHSAHHS IAKETHOTO Ta OHJIAHHOBOTO METO/IiB HaBYaHHS Moedi [ 16].

CnoctepeneHHs 1

CripoOu po3B’si3aTH 33j1ady HPOTrHO3YBaHHS MAKETHUMH METOIaMH ITPU3BOIMIN
JI0 HECTIMKHX y 4aci pe3yJbTaTiB, OCKUIBKH PO3MIp BUOIPKH Il HABYAHHS Bifl OHJIAHH
AyKLIOHY CsIra€ KUIbKOX MUIBHOHIB 3aIHCIB 32 OJWH JIeHb. 3MiHa CTPYKTYpH BHOIPKH
JIOCUTh BITYYTHA, SIKIO BUBYAIOTHCS JOBFOTPUBAI HPOLIECH 3 PO3OMTTAM IO JHSX
TIDKHSL. Y TaKOMY BHIIAIKy OOMEKHTHCh HAOOpOM JAHMX OJHOTO JHS HEMPHUITYCTHMO.
3a3HaunMMO, IO HAsBHICTh CHJIBHMX BIUIMBIB, HAlpUKIIaN, MMyONiKallis pe30HaHCHOI
HOBHHM Ha CaiiTi, 3HAYHO 3MIHIOE TPEH]] IEPEXO/Ly 3a MOCHIAHHSAM Ta CaMy CTPYKTYpY
JaHux. 30UTBIICHHS TIEPIOTy aHAJI3y MPU3BOIUTH O 3HAYHOIO 3POCTaHHS KUTHKOCTI
JaHVX. AJie, HaBiTh SKIIO MCIS OOpPOONEHHS MaHWX OTPHMAHO HAMHWI TPOTHO3,
MOXHMOKa HA HACTYITHUX KPOKaX MPOTHO3YBAHHS MOXKE IIBHJIKO 3POCTATH Yepe3 JMHA-
MIYHICTh cucTeMu. Lle minTBepmKye HaraabpHy MOTPeOy MOCTIHHOrO OHOBJICHHS Tapa-
METPIB MOJEII 1S HiATPUMKH aKTyaJbHOCTI Ta TOYHOCTI IPOTHO3Y.

Bkasani Buie npobieMu MOXKHa BHUPILINTH 13 3aCTOCYBaHHAM JUISI MOJe-
JIIOBAHHS aJITOPUTMIB, SIKI TO3BOJISAIOTH TMOCTIHHO 3/11MCHIOBATH HABUYaHHS MOJIC-
J1i 1 OIHOYACHO OTPUMYBATH MPOTHO30BaHi 3HaueHHs (Puc. 1).

JliniiiHi MeToau Kiacudikauii MaroTh 6arato mepesar Uil BUKOPUCTAHHS Y
cucremax «Big Datay 3aBnsiku cBOil MPOCTOTI Ta MOXKIIMBOCTI MacITaOyBaHHS i
napaneinbHUX o04KcIeHb. X04a MmapaMeTpy MOJENi MOKYTh MaTH BEJIHKY pO3-
MIpHICTb, KUIBKICTh HEHYJIbOBUX KOE(iLi€HTIB IpU MapamMeTpax 3a3BHYail ckia-
nae He OinblIe KUTbKOX coTeHb. OCKIJIBKY Yy MPOLIEC HaBYaHHS Ta poOOTH Moaemi
3ay4arOThCs JIMIIE apaMeTpy 3 HEHYJbOBUMH Koe(illieHTaMH, Le J03BOJISIE
C€KOHOMHTH PECYpPCH Ta MOKPAILUTH 4ac 0OpOOJICHHS AaHUX Y MOPIBHSAHHI 3 1H-
LIMMHU METOJaMH.
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MOJIM@IKALIA FTRL MOJLENI,
OLIHIOBAHHA TA BIJIbIP NAPAMETPIB

Posrnsnemo Bukopucranns anroputmy Follow The Regularized Leader (FTRL)
[6] I IPOrHO3yBaHHS HMOBIPHOCTI BUOOPY MPOIYKTY 32 PEKIAMHHUM OT0JIO-
LICHHSM B iHTEepHeTI (mepexin 3a mocuianHsaM). Llel anroputMm Oa3yeTbcs Ha
TOMY, 110 Ha KO)KHOMY KpPOIli BUOMpA€EThCS Takuii HaOip mapaMeTpiB 00’exTa (B
IIbOMY BHITaJIKy — PEKJIAMHOTO OTOJIONICHHS ), KWW TPUBOIUTE 10 HAWMEHIIIOT
MOXUOKHU Ha ILOMY KPOITi:

t-1

W, = arg min Zlvi(w)+R(w),
i=

ne vi{w) — QyHKIis BTpaT, w — KoeilieHTH MOYaTKOBUX MapaMeTpiB MOJeli,
R(w) — byHKLis 3IMIIKIB,  — HOMEP iTepalii HaBYaHHS MOJEJII.
@OyHKLisA BTPAT MA€ BUTIIS:

2
s

vt(w):||w—xt|

ne x, — OlHApHUU BEKTOpP MOYATKOBUX MapaMeTpiB Mojei, TOOTO x; = 1, AKIIO
napameTp HasBHUH, x, = 0, SKIIO BiACYTHIH.
VY BuUmaaky JNiHiAHOT QyHKLIIT onTUMi3anii QyHKLis BTpaT Ma€ BUIIIAL;

vt(w)=<w,z,>,

1€ z; — BeNMYMHA iH)OPMAaTUBHOCTI MTapaMeTpiB Ha iTepartii 7.

OCKibKH y BUTQJIKY IPOTHO3YBAHHS TIEPEXO/Ty 33 PEKJIaMHUM TOCHIIAHHIM
JIOCITI/PKYyBaHa BEJIMYMHA € OIHAPHOIO 3aJIEKHOI0 3MIHHOIO, TO 3pYYHO BHKOPHC-
TOBYBATH JIoTapu(hMidHy (PyHKIiIO BTpAT:

Ve =(o(W-X; )=y )%,

Jie 0 — cirmoinanbHa QyHKIIS:

of(a)=—,

1+e“

Jie @ — KOHCTaHTa, apaMeTp MOJIEi, IO BiJOBiAa€ 3a MIBUAKICTH HABYAHHSL.

Bukopucranns anroputmy FTRL nepen6auae 000B’s13k0Be 3aIyueHHS [10B-
HOTO Ha0Opy MOYATKOBUX MapaMeTpiB JJIsi TPOTHO3YBaHH 3MIH JOCIIIKYBaHOT
BennunHU. Y Bunajaky «Big Data» oOpoOieHHs MOBHOr0 HabOpy MOYATKOBHX
napameTpiB MoXe MPU3BECTH O MEPEHABAHTAXKEHHS CUCTEMH Ta 3HaYHOTO 3pO-
CTaHHS BapTOCTI PO3PaXyHKIB.

Jns ontumizanii mporiecy po3paxyHKIiB Ta MiHiMi3allii iX BapTOCTi 3aIporio-
HoBaHO MoaudikyBatu anroput™ FTRL 3 BUKOpUCTaHHAM NpOLEypH PeryIisipu-
3amii. Takuil miaxXi MO3BONHUTH BiOMpaTH HAMOULIBIN iH(OPMATHUBHI MapaMeTpH
JUTsl IPOTHO3YBAHHS 3 JIOTPHMAHHSAM HAJIEKHOTO PiBHS SIKOCTi MPOTHO3Y. 3aralib-
HOTIPUIHSATHMHU € Taki Tumu perynspuzanii — L0, L1 Ta L2 [17].

3a pesynpTaTaMH HONEPEAHBOTO aHajdi3y BHOpaHO (GYHKUIl perynspuzauii
L1 ta L2 nns 3HWKEHHS PO3MIpHOCTI MMOYATKOBOTO Habopy mapametpiB. Tomi
(YHKIIIS 3QJIMIIKIB BU3HAYAETHCS 3 ypaxXyBaHHIM PeryJisspu3aliii 3a GopMyJsior
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L2
R(w)=—|v
n
st gesikoro 1 > 0. OTke, iTepallis aNropuTMy HaBUYaHHS MaTUME BUTIISIL:

t
Wil = —nZzi =Wy =Nz .
i=1

OcTaHHIO PIBHICTh MOXHA TAKOXK MUCATH Y BUTJISII:
Wil =W =nVv(w; ),

IO BI/ITIOBIJIA€ PIBHAHHIO aJITOPUTMY ITOKPOKOBOTO I'PaIiEHTHOTO CITYCKY.
Ocrarouno ¢opmyna oOpaxynky napamerpis mozaeni FTRL 3 perymspuza-
II€I0 Ma€ BUTIIS:
0, axwo |zl~| <M

9

wi={ (pefm )
= n;
—[—l+ 7»2} (z; —sign(z; )y ), axwo |zl~| >\
a

ne a, p — moyaTKoBi Koe(illieHTH, SKI BIAMOBIIAIOThH 3a IIBHIKICTh HABYAHHS,
A, A2 — xoediuieHTH, SIKi BiAMOBiAaIOTH 3a cuiny peryisipusanii L1 ta L2
BiANOBiAHO. BexTopu z, n po3paxoByoThCs Ha KOXXHOMY Kpoli (iTepatii) pazom
3 KoeQillieHTaMU MOJIENI W Ta 3aJie)KaTh BiJ] MOYATKOBUX AaHUX. Dopmysun s
PO3paxyHKY BEKTOPIB z, # MAIOTh BUTIISI:

Vi =(pr =Y )X
1( ]
Gi:;( "i+Vi2—\/”_i),

Zp=zj |tV —OW,

}’ll' = ”i—l +Vi2 .

TakyuM YWHOM, MOJENh BHOOPY 3HAYYIIMX MOYATKOBHX MapameTpiB, sKa
BpaxoBye 3a3HaueHy Buile Momudikauito anroputmy FTRL, no3sosse 3anuima-
TH JUTSI @aHAJTI3y TiNBKH Ti MapaMeTpH, sIKi 3aA0BOJBHSIIOTE YMOBY W > 0.

Slkio noknacTu 1 = const, A = 0, TO OTPEMYEMO AJITOPUTM I'PATIEHTHOIO CITYCKY.
Ha BinMiHy BiJl aropUT™My OKPOKOBOTO TPAiEHTHOTO CITYCKY, 32 SIKUM Ha KOXKHOMY
KpoLi 30epiratoTbcsi KoedillieHTH MoYaTtkoBuX mapamertpiB w, FTRL amropurM nae
3Mory 30epirati BEKTOp Z, a IOTiM Ha HOro OCHOBI PO3PaXOBYEThCS iHPOPMATHBHICTH
MOYaTKOBHUX MapamMeTpiB. TakuM YMHOM, OTHOYACHO BUKOHYIOTHCS MPOLIECH (UIBTparii
HeiH(pOpMaTHBHUX MapaMeTpPiB Ta HABYAHHS MOJIETI.

Mopens FTRL HanexuTh 10 Kiacy <«kamiOHMX» airoputmiB (greedy
algorithm). /lanuii knac anropurmiB 0a3yeThCsl HA MPUHHATTI JIOKAJbHO ONTHU-
MAJIHOTO PillleHHS Ha KOYKHOMY KPOIli 3 METOI TPUITH 10 TII00ATLHOTO ONTH-
MyMy Hanpukini [18, 19]. Meron HanamtyBaHHs Ta GiIbTpyBaHHS KoedilieH-
TiB 3a JONOMOIOI0 ONTHMi3auii 3 BUKOpucTaHH:IM L1-perynspuzanii orpuman
Ha3By LASSO (Least Absolute Shrinkage and Selection Operator) [20].
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Puc. 2. TlepenaBuanHs Ta HOpMajibHa pobora Mozedi [19].

HeoOxinHo Bi3HAYUTH, 1110 BUKOpPHCTaHHA peryisipusaniii L1 ta L2 no3Bo-
JIsi€ YHUKHYTHU TaKOTO MOHATTS K NepeHaBuaHHs moaeni (overfitting) (Puc. 2).

Orxe, peryssipuzallis BAKOPUCTOBYETHCS SIK «IUTpag» 3a BEJMKY Bary IeBHOTO
napameTpa MOJIET, 110 JI03BOJISIE YHUKHYTH TlepeHaBYaHHs. Buxoasauu 3 joBeaeHux
BJIACTUBOCTEW 3a7adi ONTHMi3alil Mg Yac MOIIYKY pIlIeHHS 3 BHKOPHCTAHHSIM
L1-perynspuszanii, OTpMaHO ONTUMAJIBHI PILLICHHS, & CaMe BEKTOP W Ma€ BIIACTH-
BICTh PO3PIHKEHOCTI, TOOTO YacTHHA KOS(IIIEHTIB TOPIBHIOE HYJIFO.

Takum unHOM, MoaudikoBano anroputM FTRL 3 BUKOpHCTaHHAM Iporie-
IOyp peryispusauii Aj1s BUNaIKy OHJIaiH HaBYaHHS, IO JA03BOJISE Horo Ge3mey-
He BUKoOpHcTaHHA y «Big Data» cucremax. 3ampornoHoBaHy MOJIENb MPOTHO3Y-
BaHHS MMOBIPHOCTI BUOOPY MPOAYKTY PO3TISIHYTO Ha TPUKIA POOOTH ayKIlio-
HY OHJIaliH pEKJIaMHu.

KOMI"HOTEPHA PEAMISALIA MOJLENT NPOTHO3YBAHHA
HMOBIPHOCTI BUBOPY NMPORYKTY

Komm’roTepHa peanizanist 3anporoHOBaHOT MOIENi 3 BUKOPUCTAHHSIM MOBH ITPO-
rpamyBaHHs Python mae Takuii BUTIIS:

#imvmmopryemo HeobOxinHl 616yioTeru
import numpy as np

#cTBOpPIEMO KJIAC MOIEJIbE 3 BIlANOBIOHMMM QYHKIIISMM Ta
rnapameTpaMm
class FTRLProximal:
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#QyHkIisgs iminianizanii o6’ exTy KJIACYy
def init (self, n inputs):
self.z = np.zeros(n inputs)
self.n = np.zeros(n inputs)

#curmMoinHa QYHKIIIS
def sigmoid(self, x):

return 1 / (1 + np.exp(-x))

# nmpouenypa TpeHyBaHHA Monmeil 1 iTepauis 3 pery-

napusalien
def fit iteration(self, idx, vy,
lambda 1, lambda 2):

alpha inv = 1 / alpha

w = self.weight update (idx,
beta, lambda 1, lambda 2)
p = self.sigmoid(w.sum())

g=(p -y #* x 1
dn = self.n[idx] + np.power (g,

sigma = alpha inv * (np
np.sqgrt(self.n[idx]))

self.z[1dx] = self.z[1dx]
np.multiply(sigma, w)

self.n[idx] = dn

return p, idx, g, w

# mnponemypa OHOBJEHHS KoeQpllieHTIiB
Tyssapu3alll emn

alpha, beta,

alpha inv,

2)
.sqgrt (dn) -

+ g -

Momesii 3 pe-

def weight update(self, 1dx, alpha inv, beta,

lambda 1, lambda 2):
dw = np.zeros (idx.size)

mask = np.abs(self.z[idx]) > lambda 1

z 1 = self.z[idx] [mask]
n i = self.n[idx] [mask]

tmp 1 = z i - np.sign(z i) * lambda 1

tmp:2 = (beta + np.sgrt(n i)) * alpha inv +
lambda 2

dw[mask] = -np.divide(tmp 1, tmp 2)

return dw

# mnpolenypa O CKOPUHIY (IPOIHO3YBAHHS) 3
perynspmus3arlecmn
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def predict (self, idx, alpha inv, beta,
lambda 1, lambda 2):
W = self.weight update (idx, alpha inv,
beta, lambda 1, lambda 2)
return self.sigmoid(w.sum())

Pe3ynpratn KOMITIOTEpHUX NOCHiKEHb L€l mporpamMHoi peamizamii Ha
3reHepOBaHMUX JaHUX, SIKi IMITYIOTh pOOOTY ayKIiOHY OHJIAHH peKJIaMH, MOKa-
3YIOTh, 10 KOe(IiiEHTH MapaMeTpiB OTPUMYIOTh HAHOUIbIII 3HAYEHHS 32 yMO-
Bu L1 = 0 Ta MOHOTOHHO 3MEHINYIOTHCA 31 30UIBLICHHAM peryJsipu3aiii
(Puc. 3). ToOto 3a BiICyTHOCTI peryyspu3sallii MPOrHO3YBaHHS 3/[IHCHIOEThCS
3a yciMa MOYaTKOBUMH TapaMeTpamu, 30UIbIIYIOUN MPU BOMY HMOBIpHICTb
NepeHaBYaHHs MOJIENI Ta YCKJIaIHIOIOUH pO3paxyHKU. Bukopucranus peryis-
pu3auii 103BoJIsi€ BiAiIbTPOBYBATH HapaMeTpu 3 HU3bKOIO iH)OPMATHBHICTIO
3a YMOBH HYJIBOBHX 3Ha4eHb Koe(imieHTiB. Takox ciisl BiJ3HAYUTH, IO KOeE-
¢inieHT perymnspuzauii moTpiOHO 00epeKHO MiAOMPaTH, KOHTPOIIOIYN BEJH-
YUHY MOXUOKH MPOTHO3Y. Y BUNAJKY CHIILHOI peTyJIsIpU3alii MOXHa OTpUMATH
pe3yNbTaT, KOJMH 3a PO3pOOJICHHM alIrOpUTMOM BCi HapaMeTpu BU3HAYATU-
MyTbcs HeIHQOPMATUBHUMH 1 MOJIEIb HE MPANIOBATHME, JIal0YH TIOCTIHHO Tpo-
THO3, PIBHUM HYIIIO.

[Tokazano, mo 3a anroputmMoM LASSO BigOupatoTscs Oinbi iHGopMaTHBHI
napameTpH. Y BUNAJIKY iICHyBaHHS 3HAYHOI KOpesilii MK KiJIbKOMa MOYaTKo-
BUMH IapaMeTpamH, B pe3yibTaTi pobotu anroputMy LASSO 3anumaerscs
JIUIIE O/IMH HaWBAKJIMBIIINIA TTapaMeTp, a yCi iHII — NPSIMYIOTh JI0 HYJIS.

OCKiIBKH 332 UM METOJIOM OYIIy€ThCSI KYCKOBO-JIiHI{HA TPAEKTOPIsS HA TPO-
CTOpi MOYATKOBUX MapameTpiB, TO kKpiM (yHkmii dinerpanii, LASSO no3somse
BHU3HAYNUTH MOPSIOK BXODKEHHs apaMeTpiB B iHpOpMaTHBHY MHOXXHHY Ta BHU-
SIBIISITH BiTHOCHY BaXKJIUBICTh KOXKHOTO 3 HUX.

0

3

-0.2r .

-0.4f -

3

-0.6 1
0 0.1 0.2 0.3 0.4 0.5 0.6

Puc 3. 3anexHiCTh 3Ha4eHHS KoeQillieHTiB mapaMeTpiB mozeni (Bick Y)
Bix koediuienTa perynapusanii (Bics X) [20]
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3anpornoHoBaHy nporpaMuy peaiizamiro mozeni FTRL 3 perynspusatiieto Ta
MEXaHI3MOM OHJIAiH HaBYaHHS MO>KHAa BUKOPHCTOBYBATH JJIsi HPOTHO3YBAaHHS
HMOBIPHOCTI BiATYKiB Ha pEKIaMHi OTOJIOLICHHS, aKTUBALlii MPOAYKTY UM 1HIIOL
AKTUBHOCTI B COILIIAJIbHUX MEPEKaxX, OHJIAMH ayKIIOHaX, PEKOMEHAAIMHNUX CHUC-
TeMax Ta IHIIUX BHJAX IHTEPHET isJIbHOCTI.

Vnockonaneno momensr FTRL Ha BHmamox OHIAWH HaBYaHHSA, IO JO3BOJISIE
e(eKTHBHO NPOTHO3YyBaTH OiHApHI CUTHAIU MPU BUKOPUCTaHHI BUCOKOHABAHTA-
xeHux «Big Data» cucrem. OCKUTbKH KUTBKICTh MapaMeTpiB MOJIENI MOXKe OyTH
3HAYHOIO, IO YCKIIAJHIOE BHUKOPHCTAHHS MOJICNI Ta 30UIBIIYE Yac i BUTPATH
pecypciB Ha 00CIyroByBaHHs MPOLIECIB MOJCIIOBAHHSI, PO3B’s3aTH 1€ 3aBAAaHHS
MOJKHA 32 JIONIOMOTOI0 BUKOpUCTaHHsI L 1-perynspusaitii, o 103BOJISE B PEIKUMI
peanbHOro 4acy e(eKTHBHO KOHTPOIIOBATH KUIBKICTh MapaMeTpiB MoJelN Ta
OLIIHIOBATH iX BiTHOCHY iH()OpMaLiiHy BaXKJIMBICTb.

Po3pobnena mporpamHa peanizaiis ONMcaHOl MaTeMaTUYHOI MOJENI MPOTHO-
3yBaHHsI HMOBIPHOCTI BUOOPY MPOMYKTY JI03BOJISIE €DEeKTUBHO TMPAIFOBATH 3 PO3i-
JPKEeHIMH BEKTOPaMH MOYaTKOBUX MApaMeTpPiB T4 OHOBJIIOBATU JIMIIE KOe(DilieHTH
THX [ApaMeTpiB, sIKi HAAHO y MOYATKOBOMY Habopi. PeamizoBanuii anropurm me-
penbayae Bukopuctanus L1- ta L2-perynspuzariiii, o 1onomorae Kpaiie KOHTPO-
JIFOBATH TIPOIIEC HABYAHHS MOJIEITi Ta YHUKHYTH i IIepeHaBYaHHSL.

3amponoHOBaHy NPOrpaMHy pealizawilo Moxe OyTH BHKOPHCTaHO U MO-
JICIIOBAHHS Ta TIPOTHO3YBAHHS MPOIIECIB 13 MIBUIKAMH MOTOKAMHU JAHUX, TAKHUX
SK COIlia]bHI MEPEeXi, OHJIAWH ayKI[IOHH, iIrpH, peKOMEH IAIliiHI CUCTEMH Ta 1HIII
BHJIU IHTEPHET JisTBHOCTI.
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OITPEJAEJIEHUE NHOOPMATUBHOCTU ITAPAMETPOB
MOJIEJIA ITPOIT'HO3NPOBAHIMA BEPOATHOCTHU BbIBOPA
[MPOAYKTA B YCIIOBUAX «BIG DATA»

BrenpeHne HOBBIX METOZIOB M IOIXOJOB K 00pa0OTKe TAaHHEIX, IONYYHBINNX HasBaHHe «Big
Datay», 0COOEHHO aKTyaJbHO JUISl CUCTEM C BBICOKOHM 3arpyXEHHOCTBIO. B ycloBHAX OBICTpOro
IIOTOKa JaHHBIX TPAAWIMOHHBIC IMAKETHBIC METOAbI MOACIIMPOBAHUA HE BCErJa Hal0OT TOYHBIC U
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Busnauenns inghopmamuerocmi napamempie mMooeni npocHO3y8aHHs UMOSIPHOCII 6UOOPY

YCTOMYHBBIC PE3yNBTAThl U HE UMEIOT (D ()EKTHBHBIX AJITOPUTMOB 0TOOpA BaXKHBIX [IEPEMEHHBIX.
PaccMOTpeH OHIIAMHOBEIN TOIXOA K MOJENHPOBAHUIO M IIPOTHOSHPOBAHHIO B YCIOBHAX «Big
Datay» cpenpl, a Takke METOABI OLIEHKU M 0TOOpa NMepeMEeHbIX MOJIENH 10 UX MHPOPMATUBHOCTH.
Ji1a onpenencHuss MHQOPMATHBHOCTH IapaMeTpa PacCMOTPEH METOH ITIOCTPOSHHUS MOJENH C
ucnons3oBanueM perymsipusaimmii L1I(LASSO) u L2 (RIDGE), a tawke moxens Follow-The-
Regularized-Leader. TeopeTrdaeckre U MaTeMaTHIECKHE PE3YIbTaThl COIPOBOXKICHBI POrPaMM-
HOH pean3alyel OlMCaHHOTO METO/Ia Ha s3bIKe porpamMmupoBanus Python.

Mertoasl online-learning mo3BOJISIOT MOJYYUTh OIEHKH HH()OPMATHBHOCTH TAPaMETPOB
MOJIETIM B PEKHME PEANBHOTO BPEMEHH, YTO JaeT BO3MOXKHOCTh MCIIOJIb30BaTh UX JUIS BBICO-
KOHArpy>KeHHBIX CHCTEM 00pabOTKH JaHHBIX, IPOTHOSUPOBAHMUS U IPUHATHS PEIICHUH.

Kniouegvie  cnoea:  ungopmayuonmnvie  mexmoaocuu 6  IKOHOMUKE,  IKOHOMUKO-
Mamemamuieckoe MOOeIUposanue, areopummbsl OHIAlH 00yueHus, pecyaapusayus, Big Data.
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DETERMINING THE INFORMATIVITY OF PARAMETERS
IN A PROGNOSTIC MODEL FOR EVALUATING
THE PROBABILITY OF PRODUCT SELECTION IN CASE OF BIG DATA

Introduction. Fast growth of collected and stored data due to IT bumming caused a problem called
“Big Data Problem”. Most of the new data are unstructured and this is the core reason why tradi-
tional relational data warehouse are so inefficient to deal with Big Data. Predicting and modeling
based on Big Data also can be problematic because of high volume and velocity. To avoid some
problems online learning algorithms can be successful for high-load systems.

The purpose of the article is to develop an approach to feature selection and modeling
in case of Big Data with using online learning algorithm.

Method. Online learning algorithm for FTRL (Follow-The-Regularized-Leader) model
with L1 and L2 regularization to select only important features was used.

Results. The approaches of modeling in cases of using batch and online learning algo-
rithms are described on the example of online auction system. The online learning algorithm
has very strong preferences in case of high load and high velocity. Mathematical background
for modification of linear discriminator of FTL (Follow-The-Leader) model with adding
regularization was described. L1 and L2 regularization allows us to select important features
in real time. If the feature becomes useless, the regularization will set the corresponding
coefficient equal to 0. But it does not remove the feature from training process and the coeffi-
cient can be restored with some value in case of its importance for model. The full process is
prepared as a program in Python and can be used in practice.

The results may be applied for modeling and forcasting in projects with high volume or
velocity of data, for example — social networks, online auctions, online gaming, recommen-
dation systems and others.
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Conclusions. FTRL model to work as online learning algorithm that allows to predict
binary outcomes in high load Big Data systems was modified.

Getting into account that number of predictors can be enormous it takes much computing
resources, time and make the process difficult. This feature selection problem was solved with
using L1 regularization. The selection procedure was added to modified online learning FTRL
model. L1 regularization to score the importance of predictors in real time was used.

A program that runs described mathematical algorithm was developed. Note that the
algorithm effectively works with sparse matrices by analyzing incoming data and updating
weights only for predictors that are presented. The algorithm has L1 and L2 regularization
features that may be used for feature selection and avoid overfitting.

Keywords: information technologies in economics, economical and mathematical modeling,
online learning algorithms, regularization, Big Data.
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E-LEARNING MODELS ANALYSIS FOR LIFELONG LEARNING

Introduction. E-learning models reflect various aspects of ICT application in education but
they are not intended for reflecting long periods of time, multiple sources of information and
knowledge involved or dynamic control from the learner’s side. These and other features are
important for lifelong learning modeling aimed at raising the efficiency of learning by the use
of individual learner’s data.

The purpose of the paper is to review e-learning models that describe frameworks, ab-
stract architectures or reference models for identification of potential prototype for lifelong
e-learning model and to outline the requirements to its construction.

Results. The study reveals typical features of the e-learning models grouped according
to the level of abstraction and connection to technology and pedagogy. The paper presents an
overview of lifelong learning specifics and models that could be considered during the life-
long e-learning modeling. Although none of the discussed models could serve as a unique
prototype, some of them could either be integrated in a lifelong e-learning model or guide the
modeling. A set of requirements to lifelong e-learning model is suggested.

Conclusion. Lifelong e-learning model should be presented as a set of views that are
relevant to actors in e-learning and reflect longevity, multiple sources, context of learning,
management and learner’s control, collection and sharing the data about learning. The main
purpose of it could be in identification of components, tools and processes that should be
implemented for intelligent and efficient lifelong learning support

Key words: e-learning, lifelong learning, e-learning framework, reference model, learner-
centric model, requirements to e-learning model.

INTRODUCTION

The most widely known interpretation of the term “e-learning” [1] is related to
the use of information and communication technologies (ICT) in learning, edu-
cation and training thus joining other “electronic” application scopes such as
e-health or e-government. The concept evolves in years enlarging the coverage
of processes and activities included [2]. Its maturity coincided with a wide
spread of the learning management systems (LMS) for distance learning support,
therefore, for many users e-learning has been associated with this particular class
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of technologies. Indeed, LMS gradually incorporated functions typical for for-
mal education and became indispensible for educational organizations enabling
learning content delivery, assessment, monitoring learning progress, manage-
ment of groups and reporting results. Although distance learning successfully
imitates some types of classroom learning activities (especially lecturing and
testing), other types of e-learning, such as simulations and serious games, vari-
ous learning environments and learning communities, cannot be easily incorpo-
rated within one platform but may be instrumental and effective to support pro-
fessional training, teach certain types of behavior, enable particular learning
activities, or answer learning demands.

Although traditional education remains a cornerstone for professional ca-
reer, other forms of learning and training become important for on-the-job train-
ing and professional development, and their share is growing. To emphasize the
variety of cognitive activities related to the acquisition of personal, social and
professional knowledge, skills and attitudes by an individual through the life a
concept of lifelong learning has been introduced [3]. Within lifelong learning,
informal and non-formal learning through professional communities, workshops
and online sources is a significant part of all learning activities. Therefore, to
adequately reflect lifelong learning features, the learning models focused on
traditional education have to be extended to embrace other types of learning
activities and forms of learning.

PROBLEM STATEMENT

Lifelong learning offers not only quantitative change in variety of technologies
and pedagogical approaches but a change of paradigm. E-learning as an integral
part of the daily activities needs to be considered in a context which determines
learning objectives and conditions of learning. Thus its efficiency primarily de-
pends not on the technologies or learning strategies applied but on its relevancy
to the individual. A model for lifelong e-learning is needed which would reflect
its specific features, such as:

- longevity of the learning process, i.e. possibility of taking into account
the results of previous learning and experience;

- incorporation of adult learning principles to enable self-regulation and
management of individual learning;

- multiple sources of e-learning services and unlimited pool of e-learning
resources;

- learning in context, i.e. taking into account parallel activities and envi-
ronment in which e-learning is taking place.

The purpose of this study is to outline the requirements to the lifelong
e-learning model and identify potential prototypes among available models of
e-learning. The paper presents a critical review of the models and analysis of
their capabilities to reflect certain features of lifelong e-learning. Due to signifi-
cant number of models related to e-learning, the decision was made to build
literature research using not only individual papers but also structured overviews
of the research publications. The focus was on conceptual models, frameworks
and abstract architectures as candidates for life-long e-learning modeling, the
most promising models of each group are shortly outlined.
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LIFELONG LEARNING FEATURES

Lifelong learning extends the learning timeframe beyond the dedicated period of
formal learning and expands the forms of learning experience. It changes the
scope of the learning modeling, as well as the level of consideration. Let’s out-
line the main features of the lifelong learning [4].

E-learning for particular category of users (schoolchildren, students, em-
ployees) is well researched. Lifelong learning emphasizes on an individual rather
than on a particular situation or objective of learning, therefore, one can suppose
that observing his or hers behavior over instructional sessions and individual
learning experiences, further learning process could be enhanced by filtering and
targeting of the learning content. So far provision for individual needs, learning
preferences and knowledge level has been done within organization-centric par-
adigm through adaptation, individualization or personalization models. These
studies are focused on a closed learning cycle, well-defined environment or are
linked to a particular delivery technology and thus are not applicable to open
environments with changing technologies.

Learner-centric view on the learning means that the learner is considered as
the only and primary customer, all processes are designed based on his/her re-
quirements and thus the learning content must be collected, tailored and se-
quenced in a way to meet his/her individual learning objectives taking into ac-
count when and how the learning will take place. This situation differs from a
system view on learning when the learner has to pass an entrance test to be eval-
uated and accepted for a particular course. In other words, “course-based”
e-learning model designed according to its face-to-face pattern needs to be re-
considered for the purpose of post-graduate and individual adult learning, as it is
aimed at construction of the knowledge or building skills from scratch whereas
in many cases individual renovation or reconstruction is needed. Although intel-
ligent tutoring systems are able to provide individually-oriented coaching and
learning support within a well-defined domain, a generic solution does not exist
and thus finding relevant learning content remains an issue.

Essential difference between classical learning and lifelong learning is in the
context within which the learning is taking place. Usually learning is considered
as a dedicated activity in an isolated environment, i.e. a learner is focused on the
learning process during the session time, is able to interact with the learning
content as it was envisaged, and does not need interaction with other applica-
tions. For lifelong learning it is not the case, as sessions may be interrupted, gaps
between the sessions may be substantial so access to previous information or
summary needed to proceed, and environment may be noisy or limit some in-
formation channels. Besides the real world environment, context is considered as
a situation that caused the need for learning. It is usually not stated in the learn-
ing objective but is important for efficient on-the-job training.

A concept of lifelong learning allows for consideration of all learning-
related processes as a whole, thus suggesting that all data related to the learning
which is relevant for analysis and modeling should be collected in a unified way.
This collection may be used as an input for learner modeling in a traditional
sense, i.e. to represent a status of his/her knowledge and skills, but also to iden-
tify efficient learning strategies and learning style, to determine parameters of
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forgetting and reminding etc. Besides processes directly related to information,
knowledge and skills acquisition, lifelong learning embraces related processes of
planning, determining the goal of learning, evaluation of results. With rapidly
changing user needs and learning technologies, extended learning programs that
are planned in advance become obsolete before their completion so dynamic
planning is necessary.

Taking into account specific features of the lifelong learning, there is a need
for a new e-learning model tolerant to ongoing technology updates, which would
support an individual in his/her e-learning through formal education, profes-
sional training, as well as various types of individual learning and informal
learning activities [5].

GROUPING THE E-LEARNING MODELS

Along with enhancement of the e-learning technologies and extension of their
application in various learning, education and training situations, a wide variety
of e-learning models have been introduced. These models reflect some abstract
view on organization of learning in technology augmented world, the change of
participants’ roles and learning environments, but also present some features,
functions and components of e-learning implementations. Many attempts have
been made to offer some general classification [6—8], however, a comprehensive
taxonomy has not been produced yet which may be attributed to the lack of
common parameters for the models.

By the time “e-learning” term was coined, computer-based learning and some
models of human-computer interaction were already in place although limited to a 1:1
interaction of a learner to a teacher represented by some computer-based course. Gradu-
ally, e-learning demonstrated capability to deal with multiple learners and leaming re-
sources, facilitate group activities, collaborative work, and peer-to-peer learning. In indi-
vidual e-leaming modeling, the model usually presents knowledge or skills acquisition
process, dealing with portions of information for remediation and explanation, selection
of tasks and correction of mistakes. Further on, other objects and processes were in-
cluded into consideration, such as learning resources, their creation, description and
management, administrative processes typical for learning organizations, data collection,
assessment and evaluation. On the one hand, e-learning has been recognized as a type of
learning appropriate for traditional educational body, on the other, learning technologies
provided various formats of e-learning: just-in-time, just-for-me, on demand — that are
not directly related to any specific organizational structure.

Significant share of the e-learning models are in fact focused on specific is-
sues, such as support of human-computer and human-human communication,
use of multimedia, or learner modeling [9]. Despite their narrow focus, some of
them may be reconsidered for incorporation within future e-learning frameworks
at some level of details, as big data and learning analytics are able to provide
sufficient justification for their validity.

The description of the e-learning models that follows will be arranged
around models presenting high level of abstraction and intended for soliciting
some useful features, identifying effective modeling approach or methodology,
determining common conceptual background, as well as a potential for their
extension and integration aimed at supporting lifelong e-learning modeling.
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Considering earlier attempts to identify some groups of the models [10], we
further focus on:

1) e-learning model as a description of learning/instruction process, focus-
ing on the ability to support particular pedagogical models and learning strate-
gies;

2) e-learning model as an abstract framework, a conceptual model that de-
scribes this phenomenon;

3) e-learning model as a reference architecture referring to some commonly
known components to outline the structure and functionality;

4) e-learning model as a representation of learner-centric environment.

PEDAGOGICALLY-ORIENTED MODELS

E-learning models that explicitly state underpinning instructional theory or
pedagogical approach belong to the group of models intended for those seeking
a theoretical soundness of learning technology use.

Most of the models fit into one of the main approaches featuring the way of
learning.

1. An instructional approach that covers strategies intended to teach a
learner through a planned sequence of instructional units. They provide varia-
tions of a learning cycle including presentation of the content, testing of
learner’s understanding, feedback on the results and progress to the next unit
when results are satisfactory. Variations of this approach are implemented in
many e-learning samples, such as distance courses.

2. A constructive approach that emphasizes on explorative or discovery
learning. Typically it is related to performing tasks in a learning environment
that facilitates learning by feedback, hints, reference material and summarizing.
This group is represented by educational games, simulations, micro-worlds.

3. A communicative approach which is based on social learning theories and is
transformed into networked learning or communities of practice. Technology role is
ranged from the transfer channel to an information source or a virtual partner.

Detailed description of the sample models from each group could be found in
[11-13], however, as many other specific models, they do not offer a way to integrate
them into a large-scale picture with other resources, approaches and technologies.

A general view on the role of pedagogy in e-learning is presented in the tri-
adic theoretical framework [14], which identifies certain assumptions about
learning leading to recent pedagogical models (open and distributed learning,
learning within communities), which, in turn, determine a spectrum of instruc-
tional strategies to be implemented by the learning technologies. It is implied
that emerging technologies being able to support unpredicted forms of learning
activities cause extension of pedagogical models. This theory-based design
framework for e-learning offers a simple cycle of building learning strategies
based on pedagogical models and further implementing them in technologies,
which inspire transformations in models by suggesting support for new learning
activities. Unlike pedagogically specific models, the framework does not explain
precise mapping between the learning strategies and technologies, but it is
unique in providing an opportunity for incorporating changes in time.
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CONCEPTUAL FRAMEWORKS

This group of models contains descriptive models identifying some “dimen-
sions” or “areas of interest” that could be further elaborated and introducing
some concepts that still require a detailed description. These models are not re-
lated to a particular technology paradigm and are not aimed at providing suffi-
cient information for creation of an abstract architecture of e-learning system.
However, the models from this group focus on principles and concepts important
to understand the desirable behavior and functions of e-learning systems.

Khan’s e-learning framework is a high-level information model inspired by
the success of e-learning programs. Eight dimensions are identified as the model
components within which tasks and activities for e-learning support may be de-
termined according to the organization’s needs. The dimensions include
(adapted from [15]): institutional, management, technological, pedagogical, ethi-
cal, interface, resources and evaluation. Although these dimensions are not inde-
pendent, they are useful for outlining groups of closely related tasks and identi-
fying effects of changes such as change of e-learning platform, start of a new
learning program or introduction of mobile delivery [16].

Khan’s model depicts the dimensions as equal parts of an octagon which is
not helpful for determining the priorities of the tasks, relations and potential
information flow. For the purpose of our study we suggest extending and adapt-
ing the interpretation of the dimensions. Conceptual e-learning framework based
on Khan’s model providing a “system” view on e-learning organization is shown
on Figure. Main components are related to technologies (T), pedagogy (P), re-
sources (R) and interaction (I), ordered in a way to stress the distance of the
views and needs of contacts. Interaction (former interface) covers all issues re-
lated to communication between the learners, with the teacher or with the learn-
ing content. The central part is hold by management (M) as a driving mechanism
that is informed by evaluation (E) taking part within the main components and at
the system level. Organization (O) component is situated above to demonstrate
the division between strategic tasks and tactical tasks, pertaining to the manage-
ment, information flow and connection to the outer world. Regulations (L) cover
legal issues, ethical norms, technical standards, and rules established within the
organization thus establishing the framework of operation.

A
N

Fig. Adapted Khan’s e-learning framework
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Another holistic model [17] considers e-learning as a specific information system
and thus e-learning framework is arranged around its core elements — people, tech-
nologies and services. People are represented by the stakeholders groups, i.e. those
who are involved in e-learning including the developers. Technologies are grouped
into those dealing with content, communication and collaboration, and services are
represented by e-learning activities implementing pedagogical models and learning
strategies. Although based on extensive research of the e-learning implementations,
technical standards and conceptual transformations within the field, the framework
does not look promising for further refinement.

To summarize, the value of descriptive models is in identification of the
purpose and role of e-learning, its relation to traditional learning processes and
potential of life-long learning, as well as in depicting conceptual structure for
e-learning framework elaboration.

REFERENGE MODELS AND ARCHITECTURES

This group of models is represented by general outlines of e-learning systems
identifying some important components and information flows.

LTSA is a five-layered model detailing the information flow between particu-
lar components at each level but it is its third layer that is usually referred to by
this acronym. It shows interaction among “processes” and between “processes”
and “stores”, identifying specific type of communicated information. Both
“learner” and “teacher” are included in the model, as well as generalized processes
of “delivery” and “assessment”. Two “stores” contain learning resources and
learner records respectively. This simple model summarizes a common vision of
the e-learning systems as a tool for delivery of the learning content and evaluation
of the learning results. A nature of its elements, such as metadata for learning re-
sources, multimedia content, interaction context, are further explored and modeled
both within and outside of its general framework. Due to its pedagogical and tech-
nological neutrality, the LTSA is widely used in various implementations and
extensions to reflect adaptability of the learning content, other actors and proc-
esses, such as collaboration, content production, and management [18].

In the field of technical standards, the role of a framework is often played
by an abstract architecture obtained as a generalization of a particular class of
technologies which describes main components, their interconnections, behavior
(functions) and other features according to the modeling purpose. An abstract
architecture may serve as a reference model for comparison of different systems
considered as its technical implementations. It also facilitates integration of dif-
ferent technologies within a system and resolution of compatibility issues based
on technical standards which ensure interoperability among particular technolo-
gies as implementations of the particular components [19].

Use of standards simplify updates and upgrades of the leaming delivery plat-
forms, and extend the choice of learning content provider thus facilitating the growth
of distance learning. The core model for distance learning platform is SCORM — a
reference model for a particular class of e-learning systems [20]. SCORM describes
interaction between a run-time environment which supports e-learning (e.g., LMS)
and pre-designed sharable learning content objects combined in a learning resource
(e.g., distance course). The model identifies particular processes that perform sequenc-
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ing of the content objects, i.e., selection of the next learning step, based on the
learner’s output, tracking the learner and processing his/her assessment information,
and managing learing content. SCORM model, being a part of a technical standard, is
considered to be over-prescriptive by some researchers who pointed out that it is de-
signed having a “system’ view in mind.

The growing potential of the internet technologies has changed a focus in
e-learning from a system-based to a service-based paradigm which is more appro-
priate for dynamic nature of e-learning solutions. Service-based organization of
e-learning enables smooth and efficient updates of particular functions and incorpo-
ration of new features without disruption of existing e-learning [21]. Service-based
architecture may be illustrated by three-tier Carnegie Mellon model featuring:

- Infrastructure Tier with internet and service layers, implementing basic
infrastructure through common services and protocols,

- Learning Services Tier, comprising basic services related to identifica-
tion, administration, rights management, common application layer with core
learning services typical to the LMS, and tool layer for support of learning con-
tent authoring and various learning activities,

- User Agents Tier offering agents for design, management and delivery
of e-learning.

Other service-based models follow the same idea of layering the tasks ac-
cording to their possible relation to other tasks from common to specific. SUN
model has a detailed account of functions and their distribution along the layers,
IMS model for the enterprises and SIF model put learning services in a context
of other business activities and tasks, such as financial, marketing or personnel
(human resources) (see https://www.imsglobal.org/specifications.html for re-
ferred above and current specifications).

A reference model for online learning communities [22], inspired by a me-
dia reference model focused on information transfer and supply-demand busi-
ness relations, is represented as a set of views that determine organizational,
interaction, channel (service) and technological design. The model is created for
campus and classroom community of organization, and is arranged around
courses rather than particular goals, topics or tasks.

The models of this group are often a generalization of some software sys-
tems and therefore are closely related to the implementations in contrast to the
descriptive conceptual models. However, reference models are not necessarily
linked to particular technologies and provide only core information for further
design and development.

LEARNER-CENTRIC MODELS

This group of models is relatively new and contains those considering a learner
as a key actor or customer of the e-learning or relying on a learner-centric para-
digm. Therefore, they tend to indentify the value of learning technologies for a
particular individual by design or adaptation.

The research [23] is focused on a learner-centered approach and results in a
model presented as a set of 14 learner-centered psychological principles describ-
ing the groups of cognitive and meta-cognitive, motivational and affective, de-
velopmental and societal, as well as individual differences factors important for
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implementation of e-learning effective for each individual. An important role
among educational processes belongs to the networking, collaboration and in-
quiry with the ultimate goal to support learning in context, anytime, anywhere.
Learner-centered approach is a core of online andragogical model that describes
expected features of e-learning for adult learners [24]. The model changes the
role of the educator from the “director of learner” to the knowledgeable sup-
porter, and outlines new tasks which a mature learner can perform, such as mu-
tual planning, goal setting and self-regulation.

Learner-centric models may be intended for adaptation of learning environment
to the individual needs but also to describe the learner’s vision of the instruments
facilitating his/her learning. A concept of personal learning environment [25]
reflects the idea of supporting the learner through a collection of tools.

To identify essential functions and components of a personal learning envi-
ronment (PLE), users’ draft models have been collected [26]. Common part of
all drafts is a set of tools for accessing information or knowledge sources, for
communication collaboration and sharing (publishing) which are either referred
to by their function or named by respective technologies. In some drafts content
creation tools are also mentioned. One can see that PLE is considered as a sup-
port for informal learning and lacks management or monitoring tools as well as
data collection for self-regulation.

Most drafts picture a “current situation”, i.e. present how existing technolo-
gies could be combined to support individual learning right now. They don’t
take into account longevity factor or set requirements to technologies based on
the learner’s needs. The tools or functions within the draft are independent and
don’t exchange information either directly or through the agents, as that was the
case at the time of study.

Learner’s view on the way information and knowledge may be acquired by
e-learning and other ICT is important for understanding lifelong learning re-
quirements and, despite of the above-mentioned limitations, should be incorpo-
rated in the lifelong e-learning model.

REQUIREMENTS TO LIFELONG LEARNING MODELING

A thorough analysis of e-learning models [13], including traditional instruc-
tional models, networked and collaboration learning, dialogue and conversa-
tional learning, as well as specific cases for adaptive instruction and learning
objects as units of instruction, demonstrated that they cannot be easily inte-
grated into a single framework. The detailed analysis of the most promising
models in this paper demonstrated that no single model could be expanded for
lifelong e-learning purposes. However, a study of the modeling approaches
allows concluding that lifelong e-learning being a complex phenomenon may
be adequately presented by a set of models rather than a single one. For this
purpose, a set of views could be considered to present conceptual models of all
stakeholders (learners, learning organizations, teachers, developers). Learner-
centric model (learner’s view) is a candidate for primary model which will
identify the tasks related to the learning process and types of resources in-
volved. System’s view could be a collection of abstract architectures imple-
menting particular tasks.
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A set of views should be able to reflect the following:

- longevity of the modeling, i.e. potential changes in objects, characteris-
tics, parameters that in other cases are considered as static;

- capability to collect data which may be useful to guide e-learning and
raise its efficiency;

- maintaining a kind of learner’s model or profile representing current
state of competencies and capabilities of an individual;

- context of the learning, such as performance support, learning platform
or environment;

- management of the e-learning processes and potential use of intelligent
agents for various forms of assistance.

CONCLUSION

E-learning modeling is a valuable mechanism for communicating essential fea-
tures of the systems and services in learning, education and training. Variety of
the models demonstrates the complexity of the task and absence of the unified
understanding of the e-learning processes, participants and components.

Lifelong learning extends the scope of subjects, objects, tools and processes that
are to be included in the model and raises the level of consideration. On the one hand,
it is concerned with meta-tasks, e.g. how different sources of learning experience may
be purposefully combined; what effect they have on a resulting learner’s competency
if not coordinated; what mechanisms could be employed to reflect a learner’s knowl-
edge state using learner’s data ageing due to natural forgetting and global knowledge
space changes caused by science, technology and communication progress; what kind
of “push” and “pull” technologies may be valuable for implementation in a personal
learning assistant helping to plan and select individual learning experience. On the
other, it brings attention to specific learning situations that should be accounted for,
such as microlearning or learning by doing, and their potential combination with
proven strategies for individual knowledge construction support.

It is expected that lifelong e-learning framework may reflect essential fea-
tures of the core models through a set of views. However, the main value of the
lifelong e-learning model could be not in a combination of the specific models
into a common schema but rather in identification of components, tools and
processes that should be implemented for intelligent and efficient lifelong learn-
ing support. Further research is needed to detail the list of requirements and co-
ordinate it with each particular model presenting a view. It is important to study
potential mechanism for coordinating views, as the learner’s view alone could be
considered as a task-based model, as a conceptual framework based on extended
Khan’s model and as an abstract architecture.
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AHAJII3 MOJIEJIEM EJIEKTPOHHOI'O HABUAHHSI
JJI HETIEPEPBHOI'O HABUYAHHA

HaBenieHO KOPOTKY XapaKTepHCTHKY MOJENCH eJIeKTPOHHOIO HaBYaHHS Ta BU3HAUYCHO OCHO-
BHI rpymy, Ha 06a3i SKHX € MOXIIMBHM CTBOPEHHS MOJENI HEIepepBHOTO €IeKTPOHHOTO Ha-
BYaHHA. Po3rymsiHyTO crerudiyHi XapakTepUCTUKN HENEpepBHOIO HaBUaHHS, SIKi BU3HAYAIOTh
BUMOTH 70 Takol Mojeni. [Toka3aHo, M0 Taka MOJEIb Ma€ MICTHTH KiJbKa MPOEKIIiH, sAKi
BiIOOpaXkaroTh TOYKY 30pY Y4HS, pO3POOHUKA, MOCTAYaIbHIKA HABYAJIBHUX MOCIYT, CHCTEMH
OCBITH B I[iJIOMY, OYTH TEXHOJIOTIYHO 1 MEAaroriyHo HEUTPAILHOK Ta BPaXxOBYBaTH IMpoOIie-
MU KepyBaHHS, [10B’5I3aHi 31 3MiHaMU YMOB Ta METU HAaBYaHHS.

3anponoHOBAHO PO3BUTOK Mojei XaHa Ul BiOOpayKeHHS INpOLECY HENepepBHOIO Ha-
BYaHHS, 110 TOJISIrae y PO3LIMPEHHI Ta aJanTyBaHHI iHTEepIpeTallil KOMIOHEHTIB IIi€i Mojei 3a
PaxyHOK BH3HA4YCHHS IX NpPH3HAYCHHS B yMOBAaX OCOOMCTICHO-OPIEHTOBAHOTO MOJCIIOBAHHS, a
TaKoX (POPMYBaHHS CTPYKTYPH iX B3aeMoii. 3a3Ha4eHo, 10 TOJIOBHA METa MOJIENT HEllepepBHOTO
HaBUYaHHS B €JIEKTPOHHIN OCBITI HOJAraTUME HE TUIbKU Y NO€JHAHHI YaCTKOBUX MOJEJNEH B 3ara-
JIBHIH cxeMi, a 1 B igeHTU]iKallii KOMIIOHEHTIB, IHCTPYMEHTIB 1 MPOIECIB, SKi CIifl 3apOBaJUTH
UL IHTEJIEKTYaIbHOI Ta e()eKTUBHOI [T ATPMMKH HaBIaHHS IPOTATOM YChOTO JKHUTTSI.

Knwouogi cnosa: enexkmpoune HaguanHsa, HenepepeHe HABUAHMSA, CHMPYKMYPHA MOOeTb
€-HABYAHHSA, eMAIOHHA MOOETb, BUMO2U 00 MO0 e-HAGYAHHSL.
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MexIyHapOAHBIH HAyIHO-y4IeOHBIN HEHTP HHPOPMALIOHHBIX
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AHAJIN3 MOJEJIEN 3JIEKTPOHHOI'O OBYUYEHM S
JJI1 HETTPEPBIBHOI'O OBYUEHU A

JlaHa kpaTkas XapaKTepUCTHKa MOJIENIEH 3JIEKTPOHHOTO OOY4EHHS U BBIACICHBI OCHOBHBIC
TPYIIEL, Ha 6a3e KOTOPHIX MOXKET OBITh CO3[jaHa MOJEINb 3IEKTPOHHOTO 00yJeHUS HA IPOTS-
KEHHH KU3HU. PaccMOTpeHbl crenu(uYecKre 4epThl HEIPEephIBHOTO OOyYeHHs, Ompeie-
nsromue TpedoBaHMs K Takoil mMoxmenmu. [lokasaHo, 9TO Takas MOJENb JOMDKHA COAEPKATh
HECKOJBbKO MPOEKLHUH, 0TOOpaxaloluX BUICHHE 00yd4aeMoro, pa3paboTdyMKa, MOCTABIINKA
Y4eOHBIX YCIYT, CHCTEMBI OOpPAa30BaHHUS B IIEJIOM, OBITh TEXHOJOTMYECKH W IIE€[arOrMIeCKH
HEUTpaJIbHOM U yYUTHIBATh 33[a4u YIPABJICHUS, CBSI3aHHbIE C I3MEHEHUEM YCIIOBUH U Lieael
0o0ydeHus.

IIpeanoxxena moaupukanus Monenu XaHa Uil 0ToOpaXkeHHs Hpoliecca HENPEepbIBHOTO
00ydeHns, KOTopas 3aKII0YaTcs B PACIIMPEHHH W aJaNTallid MHTEpIIpeTalliii KOMIIOHEHTOB
JTOM MOOCIM 3a CYET OIPCACICHUA X HpeaAHa3HA4YCHUA Ipu UHOUBUAYAJIBHO-
OPUEHTHPOBAHHOM MOJCIHPOBAHUHN U (POPMHUPOBAHHUH CTPYKTYPHI HX B3anmMopelcTBrsa. OTMme-
Y€HO, YTO OCHOBHasA LCJIb MOICIU HEIPEPLIBHOI'O O6y‘ICHI/I$I B DJICKTPOHHOM o6pa3013a1—11/11/1
3aKJIFOYAeTCs He TOJNBKO B MHTETPAINH YaCTUYHBIX MOJeNel B o0melt cxeme, a ¥ B HACHTHDH-
KallMd KOMIIOHCHTOB, HHCTPYMEHTOB M IPOLIECCOB, HEOOXOANMBIX ISl pean3allii HHTEIUICK-
TyalnbHOH 1 3 (HeKTHBHOM TOAEPKKU 00yICHHUS HA IPOTSHKEHUH BCEH JKHU3HH.

Knrouesvie cnosa: snexmponnoe obyuenue, menpepvigHoe oOyyeHue, CMpYKmypHas Mooerb
e-00yuenust, SMANOHHASL MOOe]b, MPeDOBAHUSL K MOOeTU e-00VUeHUs.
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USING INFORMATION FEATURES IN COMPUTER VISION
FOR 3D POSE ESTIMATION IN SPACE

Introduction. Autonomous rendezvous and docking is an important technological capability that
enables various spacecraft missions. It requires the real-time relative pose estimation i.e. determina-
tion of the position and attitude of a target object relative to a chaser. The usage of techniques based
on optical measurement has certain advantages at close range phases of docking.

The purpose of the paper is to create a computer vision system, that estimates position
and attitude of the target relative to the chaser. To develop the design of a computer vision
system and suited mathematical methods. To use a new learning-based method, which can be
implemented for the real-time execution with limited computing power.

Methods. A non-standard approach to solving the problem was used. A combination of
image processing techniques, machine learning, decision trees and piecewise linear
approximation of functions were used. The tool of informative features computed by images
was essentially used.

Results. A two-stage algorithm, which involves training the computer vision system to
recognize the attitude and position of the target in a changing lighting environment was
developed. The calculation of the camera parameters was carried out to ensure a given accu-
racy of the solution of the problem.

Conclusion. It was shown that the informative features can be used to create a high-
performance on-board system for estimating relative attitude and position. Implementation of
the proposed algorithm allows to create a competitive device for docking in space.
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INTRODUCTION

At present, the tasks of servicing space satellites during the whole life cycle,
including maintaining and changing the orbit parameters of working and dead
vehicles and objects, acquire particular urgency [1].

The most promising are the transportation tasks. These include the
transportation of incorrectly orbiting spacecraft to the calculated orbits, the
correction of orbits, the maneuvers to avoid collisions with space debris, and
others. Another current task is a removal of space debris, including on the
geostationary orbit.

A possible way to solve these problems is to create a service system using a
special transport service space vehicle, designed for docking and moving target
orbital objects. The creation of such a system leads to the need of solving a
number of problems, one of which is related to the automatic control of the
process of rendezvous and docking.

Potential target objects, with which it will be necessary to make docking,
generally belong to the class of non-cooperated space objects, i.e. such that were
not designed for docking and, accordingly, are not equipped with special elements
(docking nodes, corner reflectors, etc.) used in existing docking systems. This fact
significantly complicates the problem.

The most important stage in the work of the service system is the process of
approchement and docking. To perform maneuvering in the automatic mode, it is
necessary to solve the problem of high-precision determination of the parameters
of the relative position and attitude on the basis of on-board measurements.

In this paper, we consider the solution of the problem of pose determining
using the computer vision system (CVS). The solution is based on comparing the
images obtained by the on-board video camera with the known three-
dimensional graphic model of the target object preloaded into the on-board
memory. To ensure the necessary system performance in conditions of limited
power and memory capacity of the on-board computer complex, a standard
approach for this task was not used. The new method based on learning has been
applied. The transition from images to informative features, which represent a
set of functions defined on a two-dimensional array of pixels of the image is
used. The correlation between the requirements for the accuracy of determining
the pose parameters and the characteristics of the camera is also considered.

PROBLEM STATEMENT

Preliminaries. The problem of autonomous rendezvous and docking in space is
considered. Active spacecraft (chaser) maneuvers and approaches to the passive
spacecraft (target) in automatic mode. The operation of the control system requires
measuring of the pose (i.e. attitude and position) of the target relative to the chaser.

Over long distances to the target the measurement is made by radio wave
equipment, which isn’t covered in this paper. As the distance decreases, the
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required pose estimation accuracy increases. This forces to use more precise
measuring instruments that operate in the shorter wavelength range. At the final
stage of rendezvous the infrared or optical vision-based systems can be used.

Vision-based pose estimation problem was considered in different formula-
tions [2, 3]. This paper presents the design of an on-board computer vision sys-
tem that performs high precision pose estimating of target under the following
conditions:

- the target is an uncooperative spacecraft, i.e. it is not equipped with
known markers (uncooperative pose estimation);

- three-dimensional CAD model of the target is given (model-based pose
estimation);

- single optical sensor is used.

The CVS consists of a measuring device (digital video camera) and a
computing unit. The camcorder is rigidly fixed to the body of the chaser and
shoots at a rate of ten frames per second. In the memory of the computing unit a
3D CAD model of the target is stored.

The purpose of the CVS is to calculate the position and attitude of the target
relative to the video camera from a distance of about 30 meters and until the
docking. Assuming that the camera position on the body of the chaser is known
exactly, the relative pose of the target and chaser can be calculated.

Pose estimation problem. In the field of view (FOV) of the camera the
only target spacecraft is located. It’s a three-dimensional body whose shape is
given and stored in the CVS memory in a CAD file. The target is illuminated by
one or more light sources whose location and characteristics are unknown.

We introduce a camera-fixed and a target-based coordinate systems. The
reference frame Ojx;y;z; has an origin in a projection center. Vector x

coincides with the optical axis of the camera. Vectors y; and z; are parallel to
the image plane and correspond to the "up" and '"right" directions on the
resulting image. The reference frame O,x,y,z, is associated with the target, in

which its CAD model is defined (Fig. 1).

Fig. 1. Camera, target and associated reference frames
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The relative pose estimation consists in finding the vector

=0, -0 =(x, y,z)T and coordinates of the basis vectors of one reference
frame relative to another. Unit vectors eé,i :1,_3 in coordinates of frame
e{,z’:l,_3 forms columns of rotation matrix T21:(tgl ):((ezj,ef )), where
( eg,ef ) 1is the scalar product of vectors e{ and e/ .

The matrix T, e R s orthogonal and can be uniquely determined by a
smaller number of parameters. We will use the Euler angles: pitch 3, yaw y and
roll vy . For the sequence of "pitch-yaw-roll" elemental rotations it has the form

T =T (9)T (w)T (1), (1)
1 0 0 coso 0 —sing

where Ti(p)=|0 cosq sing |, D(e)=| 0 1 0 and
0 —sing coso sing 0 coso

cosp sinp 0

I(e)=|—sing cosg O0].
0 0 1

So, the problem solution consists of the vector | =(x,y,z )T and the Euler
angles 9,y,y. We reduce the required quantities to a pose vector

p=(x,2,9V,y )T , that consists of position and attitude parameters.
Initial data. Vector p must be calculated from three components of input

data: a captured picture with an image of target, a three-dimensional CAD model
of the target, and a mathematical model of a camera, that describes geometric
transformations performed by an optical system.

The digital picture is formed on a rectangular photosensitive matrix of size
W xH ,where W and H denote width and height in pixels. Picture is mapped
into RAM as two-dimensional array, each element of which stores the brightness
of one pixel.

The CAD model of target object describes the geometry of the surface as an
approximation by a set of polygons, usually triangles. It can be stored in a file of
any existing format. In the RAM this file is expanded into two data arrays:

- an array of vertices (vertex coordinates relative to reference frame
02x2y223 );

- an array of indices (specifying the order of vertices for constructing
polygons).

To combine the useful information contained in the captured picture and the
stored CAD model, it is necessary to know the transformation of 3D object into
2D image, i.e. know the characteristics of the optical system, the distortions, the
physical linear dimensions of the photosensitive matrix, etc. As a model of the
camera, we will consider the model of the perspective projection (or pin-hole
camera) shown in Fig. 2.

36 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Using Information Features in Computer Vision for 3d Pose Estimation in Space

Vi
e
eight,
0] > pix%ls
X
. h - sensor
height,
focal mefers
length
!
optical image W - sensor width, meters

center plane w - sensor width, pixels

Fig. 2. Pin-hole camera model

We will assume that the perpendicular dropped from the point O; to the

image plane passes through the center of the picture. Parameters of the pin-hole
model are the focal length ', width w and height % of the sensor matrix, and
its size in pixels W and H .

Requirements for solution. At each measure, the target is photographed. It is
assumed that the geometry of target doesn’t change over time and corresponds to a

CAD model.
Parameters of the pin-hole camera model are considered known constants. On

the basis of these data the vector p is estimated and passed to a control system.
The scheme of the CVS functioning is shown in Fig. 3.

Video camera Memory
capltured 3D CAD
image model

Computational unit |« ————

parameters

pose of camera
vector

Control system

Fig. 3. CVS scheme
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Table 1. Technical requirements

Name Value
Distance range, m 0-30
Bounds for yaw and pitch angles, deg +159/+30°
Bounds for roll angle, deg + 159
Position estimation maximum error, m +0,01
Attitude estimation maximum error, deg +(0,15+0,020)°

The search for vector p is carried out not in the entire six-dimensional

space, but in a bounded set P within which maneuvers of chaser will be
performed. The size of P and the requirements for the accuracy of the solution
are given in Table 1.

When the chaser is maneuvering at a small distance from the target, there is a
risk of collision. Therefore, additional requirements are imposed to performance:
CVS must provide a definition of the pose vector with a period of 0.1 sec.

DETERMINING CAMERA CHARACTERISTICS

Designing the CVS includes the selection of components, which can ensure the
principle solvability of the problem and satisfy the requirements for the solution.
The measuring instrument that limits the potentially achievable accuracy is a
video camera.

A single measurement is a picture. It is discreted due to the discrete
structure of the sensor matrix. On the plane of picture, a position of an object can
be measured with pixel precision. We will assume that the images are
distinguishable, if they differ in the position of the objects depicted on them at
least by 1 pixel.

In another case it is not possible to distinguish the corresponding vectors p .

Hence, the vector p can be determined with finite accuracy. Having a

mathematical model of the camera, it is possible to establish the potentially
achievable accuracy of the problem solution. We will define the pin-hole model
parameters ¢ = { fowhW,H } , which allow distinguishing the images for
different vectors p , which differ by a value of resolution required.

Consider a point on the surface of the CAD model and find out how much
its image is shifted during small rotations and translations of the target relative to
the camera. To do this, we write out in an explicit form the transformation of the
3D coordinates into the 2D coordinates in pixels.

The coordinate of the point is given by the vector (x, y,z)T in the reference
frame O,x;y,z,.From (1) we obtain the coordinates in the frame Oyx)yz

X x) (r
V=T |y |+ ry | ()
z z 7

z

38 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Using Information Features in Computer Vision for 3d Pose Estimation in Space

On the image plane another coordinate system is given. Its origin lies in the
lower left corner of the image. Axis ¢ is directed to "right" and s — to "up".

Vector x; is perpendicular to the image plane, y; is parallel to s and z; is par-
allel to ¢.
Perspective projection of a point (E,},E)T on the image plane gives its

image on a picture. Points (-,O,O)T are projected to the center of picture. The
coordinates (in pixels) of the point under consideration (2) take the form

Z LW
N R
=X 2 ky=Lw, k=Ln
(sJka’ Yol T 3)
=kt
X 2

The ratios f/w, f/h determine the camera's field of view along the
horizontal and vertical. They are the scaling factors when converting from meters
to pixels We fix f,w,h2 and calculate W and H, based on the accuracy
requirements (Table 1).

Consider the change of the image coordinates (3) caused by a slight change
of position (x, y, z) and attitude (9, v, v) in the vicinity of the pose vector

p:8=y=y=0,r>0,r,=r=0. 4)

The selected value of p corresponds to the location of O, exactly in front

of the camera at some fixed distance r,. For simplicity, we assume the vertical
and horizontal resolution of the camera is the same

h=w, H=W, ky=k,=k=Lw. (5)

w

Assume the camera can capture a square with a side of 1 m from a distance
of 1 m, so k=W and horizontal and vertical field of view are equal to

2arctg % ~539.

Let's consider a rotation only by the roll angle y. From (1-5) we obtain the
shift of image position of a point, measured in pixels

ysiny+zcosy.k+K z -k+K

[tj _(lj B X+, 2| | x+ry 2 ©)
s), \s)y ycosy—zsmy_k+£ y -k+£
X+ 2 X+ry 2

We substitute the value k=% and denote the shift by the vector (Az,As)"
Aty ysiny+z(cosy—1) w
As Ay_ y(cosy—l)—zsiny X+r, . (7)
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Similarly, we get the shift for small rotations 9 and vy

—Xxsiny+zcosy  z
(Al‘J _| xcosy +zsiny +re x4,
As Ay y __ Y
xcosy +zsiny +r, X+r,
®)
z oz
At} | xcosQ—ysinQ+r, x+r, W
As)o | xsin8+ycos§ ’
xcosS—ysinS+r, x+r,
and translations along axes xj,y;,z; on Ax, Ay, Az respectively
z _ z
(Atj | x+r+AY x4 W:(_Zj AW ’ ©
As ), Y __ Y -y (x+rx+Ax)(x+rx)
X+r+Ax  x+ry
Aty (0) W Aty (Az) W
As Ay_ Ay ) x+r, As Az_ 0 )x+r, (10)

The obtained expressions (7) — (10) characterize the sensitivity of the image
to changes of the attitude and position of the target. Minimally measurable
change of p corresponds to a shift by one pixel vertically or horizontally. We

will find the minimum value of J# that satisfies the condition (A7>1)v (As>1).
It follows from (7)—(10) that the sensitivity of the image depends on the

distance r, between the camera and the target. When x+r, increases, the

sensitivity to the change of r, (i.e. distance) decreases quadratically, and of 7,

and r, (i.e., the parallel lateral shift relative to the camera) decreases linearly.

For rotations the dependencies are more complex, so they should be investigated
numerically. The sensitivity to the change of attitude and the coordinate r, also
depends on the size of the target body.

As a target, consider a cube with a side of two meters. Let the point O,

coincide with the center of the cube. The relative pose of the target is determined
by the values (4). We choose a vertex with coordinates (—1,1,1) in the reference

frame O,x,y,z,, which lies on the face closest to the camera. Consider 3
variants of the distance to the surface of the object: . +x =2, 5 and 10 meters.
Table 2 shows the shift of the vertex image when the orientation angles are
changed by 0.15° and position (along axes of Ox1yz;) are changed by 0.01

meter. The minimum value of the photosensitive matrix resolution W is
determined from the condition that these shifts are equal to one pixel.

40 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Using Information Features in Computer Vision for 3d Pose Estimation in Space

Table 2. Camera sensitivity to pose vector changes

Distance 7 Distance to Imace shift Minimum
* | surface r, + x, | Variable nag > value of W,
m pixels ‘
m pixels
Y.y, 9 13-107w 770
3 2 Ax 2.5-103W 400
Ay, Az 50-10°W 200
i 52.1074w 1920
6 5 V.9 4110w 2410
Ax 4.0-1074w 2500
Ay, Az 2.0-10°3W 500
i 2.6-1074w 3850
v, 9 3.107% 4280
1 10 23107 4w
Ax 1.0-1074w 10000
Ay, Az 1.0-10°3w 1000

The shift of the image during the small rotation of the target will be
significantly influenced by the shape of its body and the position of O,. So, for
a very elongated object by the axis x;, the image will be more sensitive to a
change of pitch and yaw angles.

The estimates of the necessary sensor resolution shown in Table 2 were
computed for a special camera FOV and a special model target. For the target of
another size and shape the value W will differ. Nevertheless, we can draw the
following conclusions:

- the accuracy of determining y and z is the best (linear decrease with distance);

- the accuracy of determining x is the worst (quadratic decrease with distance);

- the accuracy of determining v,y ,9 strongly depends on the target shape

(linear decrease with distance).

METHOD OF SOLVING

Relations between variables. The CVS defies the pose vector
p=(x,2,9V,y )T based on the captured images, the CAD model of target, and
the mathematical model of the camera. It is necessary to establish how the initial
data and the unknown quantities are related.

The captured image a is an W x H array of pixel brightness. This image is
completely determined by the set of values and factors shown in Fig. 4.

Formation of image is influenced by the known and unknown quantities.
According to the problem statement the position of the Sun and other sources of
illumination are unknown.
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Given Need to find Unknown
CAD model Pin-hole Pose vector Mlumination Noise
of the target camera model (position + attitude)
le={W.H,f.w,h} p=xy.z8y.7"

~\ | .

Captured image

a

Measured

Fig. 4. Formation of image

In addition, the image is subject to the influence of many other factors,
which due to their random nature are considered as noise. These include, for
example, other objects in the FOV, noise of measurements caused by the action
of high-energy particles and radiation, round-off errors etc. Dependence of the
image on the listed factors can be written formally as a function

a=f(mcpln) (11

where m denotes a given CAD model, ¢ — parameters of the pin-hole camera,
! — characteristics of the main light sources, 1 — noise of various kinds. We

will take m and ¢ parameters out of consideration, since they do not change in
time. Then (11) takes the form

a=f(plmn). (12)

We introduce the notation for the sets to which the quantities in (12) belong.
According to Table. 1 the solution of the problem is in a limited set

pePcR6,
—= — - 13
P:{(x,y,z,S,\y,y).gSxS)_c,ySyS)_/,gSZSE,QSSSS,ES\VS\V,ySyﬁy}. (13)

The problem of finding p by the image a is not always solvable. So, in the

absence of illumination, an image a does not contain the necessary information.
Therefore, it is assumed that unknown illumination / and noise m belong to

certain bounded sets, which correspond to the CVS operating mode
lel, meN, (14)

where L is the set of admissible illuminations, and N is the set of permissible
noises. The image a is uniquely defined on the set P® L @ N. Denote the set of
admissible images

aeACRWH. (15)
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The presence of unknown illumination / and noise n in (12) does not allow
to obtain a direct functional dependence of the image only on the pose vector p .
To each p there corresponds a set of images [a]c A generated by all possible
realizations of / and 1.

Suppose that there exists a function g defined on a set of images and acting

in a vector space R that is insensitive to / and n

g:RWH—>RN

a = f(ph,n) (16)

VpeP,Vl,l, L, Vn,mpeN: 3 = g(a1)=g(02)’
ay=f(p.lrmy)

that performs a certain transformation, including filtering noise and illumination.
We apply the function g to both sides of (12) and denote

gla)=a, n(p)=(go f)p.Lm).
Then
a=h(p). (17)

A function /4 is a mapping P into aset 4 RV Suppose that h: P — 4 is
injective and continuously differentiable, and each p € P corresponds to a single
@ e A . It follows from the assumptions that different vectors p1 # py correspond
to different vectors a; # d, .

Suppose that @y =h(p;) and a, =h(p,). If @ =a, from the injectivity
follows p; =p,. This property gives a unique solvability of the problem of
determining p from a given a = g(a). It can be shown that this property is

satisfied if the target body does not have symmetry.
It is known [4] that under the condition that the Jacobian det [ﬁh( p)/ ap] #0 for

some point p = p, in the neighborhood of this point an inverse function exists

p=hl(a). (18)

However, in the general case it is not possible to obtain an analytic
expression for the function Al In Fig. 5 the mappings of the sets is shown.

It is impossible to find f in an analytical form, but it can be specified by defining
a computational algorithm. By the given CAD model of target, mathematical model of
the camera, pose vector p e P and illumination leL,itis possible to calculate a
synthetic image a € 4 that will be formed on the sensor of camera in the absence of
noise m . The assignment of f and g in the form of calculation algorithms allows to

do this for the function /4 , but doesn’t allow to find the calculation algorithm for n! ,

so we can not calculate p directly from image p = e g(a) ) .

Local solution. We consider the problem in a small local subdomain of P.
Using the assumption of continuous differentiability of the function #, equation

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190) 43



S.V. Melnychuk, V.F. Gubarev, N.N. Salnikov

(17) can be represented by an expansion in a Taylor series in a neighborhood of
some point p

a+Aa=h(p)+(Oh(p)/ap),_; - Ap+olldpll, (19)

where Ap=p-p, Ad=h(p)-h(p). The Jacobi matrix
Oh(p)/op = [ah,.( p)/ aij of the mapping (17) must have rank 6, i.e. the columns

of this matrix must be linearly independent. Otherwise, the problem will not have a
unique solution in the neighborhood of p, since there will be different Ap; and

Ap, which will correspond Aa; = Ad, . Since a=h( p) from (19) follows
Az =(0h(p)/dp),_;-Ap+ollApll, (20)

and the local dimension of the set of a is equal to 6. This means that for the
problem solvability in a small neighborhood of some p, the dimension of the

vectors @ must not be less then 6.

General approach. Most of the existing solutions are reduced to the model-
to-image registration problem, which consists in detection of special feature
points on the images and their matching [5—7]. In the developed CVS, a different
approach is used. This is a kind of learning-based methods and consists in identi-

fication of mapping 4~ . The solution of the problem consists of:

- constructing a function g that ensures existence of h~! onthe set 4,

- identifying the function 47!.

First we consider the identification problem, and then the choice of the
function g. To obtain the training sample for identification of pt, it s
necessary to construct synthetic images and compare them with real ones.

Let the pose vector p e P and the illumination leL be given. The calculated
image a, = f( ﬁ,i ,0) will differ from the real one «, = f(p,,,m,) due to the
illumination and noise. Applying the function g gives an equality
a, = glay)=gla,)=a,. Thus, by comparing @, and @, the coincidences of corre-
sponding vectors p can be verified. If we define a functional J : RY >R onaset 4,

that J(E -a )ﬁ—w , then for any pair of elements & =h(p; )@, =h(p,) it
a—a
becomes possible to estimate the difference between p; and p, .
We cover the set P with a grid of discrete values

Prstijk :(xr’ysyzt"gi’\l/jﬁk)y
r=Ln,s=Lny,t=Ln3,i=lny, j=lLng, k=1ng

21

with a sufficiently small step: Ad for the coordinates and Ao for the angles
corresponding to the required accuracy of solution (Table 1). For each grid node,
using the CAD model, we build a synthetic image a,g;; and calculate

ystijk = & (arstijk ) :
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Fig. 5. Mapping scheme

Captured by camera the real image a = f (p*,l*,n*) is used to calculate

T = g(a*). Then @ is compared by some selected criterion J with nodes

IERNY]

SN

rsiijk - As a result, we can define a grid node (with parameters x,y,Z and
Q\IJ? ), for which the synthetic image best coincides with the real. These values

will differ from the true parameters X, y*,z* and 8*,\|/*,y* not more than by the
step size between the nodes, i.e.

Fox |KAd| -y KAd|7—2 [<Ad,
y-y

. 22
18-9" < Aa, 22)

A * A *
Y-y [€Aoly—y [€Aa

Immediate implementation of this approach is impossible because of the
very large number of nodes. To meet the requirements (Table 1) it is necessary

to use 10'® nodes. The number of nodes can be reduced by increasing the length
of the grid step. Then, to obtain the required accuracy, it will not be sufficient to
find the nearest node. The solution algorithm is divided into two stages.

At the first stage, the first approximation is performed. It consists in finding
the optimal node on a large-scale grid. Due to the large number of nodes in the
grid, instead of a full search, more efficient methods should be used, for
example, decision trees. To reduce the amount of computing performed in real
time, the node values and auxiliary data must be calculated in advance.

At the second stage, the solution is refined and the required accuracy is
achieved. For this, optimization by criterion J can be used. An alternative is to

construct an analytical approximation for a function A" in a local domain
centered at the grid node. This method is preferable, since the calculation for
each grid node can be carried out in advance on the basis of synthesized images.

Consider an approximation of h~' in the local subdomain of node peP.

The function A~ : RY — R® is non-linear and is determined by the target shape,
the point p and the function g. For different p from a subdomain the corre-

sponding synthetic images a and vectors @ are calculated. The obtained set of

pairs ( p.a > is used to construct a linear approximation of the function 47! .
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This approach is equivalent to piecewise linear approximation of 4! on the
whole 4. The use of linear approximation is advisable for the following reasons.

Firstly, all the quantities @ are approximate. Accordingly, it is impossible to build a
complex high-precision model based on noisy data, since the problem of identifying
the parameters of such a model will become incorrect. Secondly, since the
dimension can not be less than 6, more complex models will have a much larger
number of parameters, taking up more space in the memory during storage.

The described algorithm puts forward a number of requirements for the

function g:
- all grid nodes p,;; must have distinct values a,.; . Moreover, they

must differ so much that it is possible to construct a fast search system;

- on set 4 must be defined a computationally simple criterion J for
comparing its elements;

- the dimension of space A should be as small as possible. This is necessary
to reduce the amount of memory required to store grid nodes;
- the calculation of @ by the image should be performed as quickly as possible.

INFORMATIVE FEATURES OF IMAGES

Informative features. In a variety of areas dealing with the signal processing,
procedures are used to extract from them certain values — the informative
features (IF) that quantify useful information. The measured input information is
often presented in a form not suitable for the immediate usage. For CVS, the
captured image contains a large amount of redundant data. The transition to
more compact structures that retain all the necessary information is performed
by the function g: 4 — 4.

For working with images, IF are used in such areas as artificial intelligence
and robotics in tasks of image processing, search by content, pattern recognition
and classification. The used IF are divided [8] into several categories: the
features of color, the features of texture and the features of form. We discover
them for applicability as a function g.

The IFs of color include different integral characteristics, calculated from
the brightness of all pixels. The brightness is considered as a random variable,
and the IF represented in the form of histograms or statistical characteristics of
the its distribution. The use of such IF is appropriate when comparing images of
equal illumination. In the problem under consideration, this does not hold. The
distribution of the brightness will depend substantially on the illumination /€L
and it will not be possible to fulfill condition (16).

Textural IF are used to isolate such image characteristics that describe the
general properties of local features and repetitive structures. The image is
splitted on local areas and each of them is characterized by a certain vector
value. These values, collected from all local areas, are used for calculating the
integral characteristics: histograms, distribution parameters, expansion
coefficients. Compared to the IF of color, texture IFs are more resistant to
changing of illumination. As integral characteristics, texture IFs are weakly
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sensitive to changes in the position and attitude of the target. High-precision
pose determination with them is not possible.

IF of the form are characteristics describing the shape of the boundaries or
homogeneous areas of the image. The IFs related to this group can be
constructed to be non-invariant to a shift, rotation and scale, so that they will be
weakly sensitive to variations of illumination and are highly sensitive to change
of target pose, which allows satisfying (16).

The procedure of constructing an outer contour as a function g is shown in

Fig. 6. Two images that correspond to a single p and different illumination have

the same outer contour.
The outer contour can be used as an IF. For nonsymmetric target, it carries
enough information to uniquely determine the vector p . However, the dimension of

the space of outer contours is too large and does not satisfy the requirements for the
function g given above.

Fig. 6. Constructing an outer contour of the object as function g
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To reduce the dimensionality of A , instead of the outer contour, we will use its
descriptor — the vector of geometric features

(@.a,,....ay ) =@ =g(a)=(gi(a) g2(a)....gn(a)), (23)

where g1,g,,...,gy are the functions that compute the various characteristics of

the outer contour. Examples of possible characteristics are shown in Fig. 7. It is
advisable to use distances to the bounding rectangle, the coordinates of its touch
points by the outer contour, and others. In addition, integral characteristics, for
example, area can be used. The main requirement for the IFs is their good
sensitivity to change of p .

Calculation of geometric features. To solve the problem, we will use only
the IFs computed from the outer contour. Consider the finding of the outer
contour on real and synthesized images.

There are many works devoted to contours in the image [9-12]. The
simplest solution is done in stages. First, the image is filtered from high-
frequency noise, for example, using a Gaussian filter. Then, pixels of the image
are defined, in which there is a sharp difference in brightness. It requires the
finding of partial difference derivatives. The result of the selection of boundaries
is shown in Fig. 8. The last step is finding an external closed loop.

The construction of the outer contour of the synthesized image can be done
without a full rendering of the target, reducing the amount of computation. To do this,
we need to obtain from the 3D model an array of all possible edges. The projection of
these edges gives a wireframe image that contains an outer contour. The closed outer
contour cab be found by traversing the edges. An example is shown in Fig. 9.

The accuracy of calculating the outer contour on the actual and synthesized
image differs. On the actual, it is determined by the pixel value, and for the
synthesized image, any accuracy can be obtained. Accordingly, the IF vector

a=(a,a,....ay )T on the real image will be calculated with less accuracy than
the synthesized one.

}

Fig. 7. Calculating the coordinates of the IF vector

48 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Using Information Features in Computer Vision for 3d Pose Estimation in Space

Fig. 8. Finding boundaries on a noisy image

Fig. 9. Finding an outer contour for a synthesized image

o>y
Pl e

Fig. 10. Binary tree for finding the optimal grid node
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Building a decision tree. Consider the implementation of a fast procedure for
finding the optimal node on the grid (21) covering the set P using the feature vectors.
For each node p,gx =(x.. 95,29, ¥, vx), a synthesized image is

constructed and a feature vector a

rstij)

., 1s determined. For a sufficiently large

dimension of @, and asymmetric target, each p,.g; will have a unique @, -

We will construct a binary tree, the passage along which will be determined
by the coordinates of the IF vector a . We divide all nodes into two equal groups
according to the first coordinate of the IF vector ;. In the first group, the value

of this attribute will be greater than the median value, and in the second — less.
In turn, these groups will be divided in a half, already with respect to the median
values of the second attribute. The process will continue until one node is left in
each group. The received hierarchical structure will allow to determine the node
nearest to the tested IF vector.

Figure 10 shows the binary decision tree. To reduce the length, it can be used a
non-binary tree, when the partitioning will be conducted for more than two branches.

The partitioning of a set of nodes into groups can be done in different ways,
for example, not into equal subgroups. Also can be applied different orders of
attributes. The problem of constructing an optimal tree is a nontrivial problem
[13, 14]. For the best separation of a large number of nodes, machine learning
methods are required.

Construction of linear approximation. According to the described
algorithm, to clarify the value p, it is necessary to identify the function

h~':4— P in the neighborhood of the node p = (P1,..-» Pg) - Since the function

h~! will be approximated linearly, the approximation of the function 4 : P — 4
will also be linear. Consider the system of equations

W(p)=h(p)+H-(p-p), (24)

where H =0h(p)/op = l@hi( p)/ 8ij is a 6-by-N matrix. We discard from (24)

N —6 equations, so that the remaining rows of the matrix H are linearly

independent. Denote the truncated feature vector @’ cR® and the
truncated function / as 4"°%®d We obtain the system
hreduced (p) ~ zreduced I Hreduced _(p _ ﬁ) (25)

~ reduced _ hreduced (

where a p) is the value at the node, H”" educed g a square

nonsingular matrix. The inverse function will have the form
p= (hreduced )’1 (5reduced ): ﬁ I (Hreduced )’1 . (5 _ Zreduced) (26)

From the entire set of characteristics only six are used. These IFs will
correspond to those rows of the system (24) that will not be discarded. The
choice of rows in the transition from (24) to (25) is determined in such a way

that the matrix H"%“°? has the least possible number of conditionality.

50 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Using Information Features in Computer Vision for 3d Pose Estimation in Space

We take a series of values p that differ from the nodal p by coordinate 7.
pl =pi+e-(j—k-1) j=12k+1, (27)

where £ is a natural number. We denote this series {p}i. For each p of it we
compute the IF vector. For each of its coordinates a;, /=1, N a sample is obtained,

consisting of pairs of values <parameter p; — feature a@;>. The linear
approximation is constructed for this dependence by the LS method, and a

coefficient ?:Gh,( p)/0p; is obtained. It determines the sensitivity of a

Pi
particular characteristic to the variation of a single parameter of the pose vector p .
The coefficients calculated by the described method form a matrix H . After
this, the procedure of sorting out all possible six-points of the IF is carried out,

and truncated systems of the form (25) with nonsingular H"**“°? are formed.

. . 1
For each of them, the linear function is inversed and evaluated (hr Educedy )

To select the best of the models obtained, each of them should be verified

on a test sample. That of the models (hr educedyl which will have the smallest
maximum discrepancy will be accepted as a local model.

As a result, for each grid node a function will be found that allows us to find
the solution of the problem on the basis of a certain subset of six IFs. The local
linear model will be characterized by:

- six flags, which determine which features are used in this model;

- the vector p specifying the value in the node;

. 1
- matrix of the system (H " educedy e R&C .

REALIZATION OF COMPUTING EXPERIMENT

We check the method on a simplified problem, when the x,y,z coordinates are
known. It is necessary to find only the angles of the turns. Since there are only

1
three unknowns, the dimension of the matrix (H : ed”"’edy is three by and the

number of features involved in each local model is. As IFs, 15 characteristics of
the outer contour were used:

- the coordinates of the tangency of the outer contour of the bounding
rectangle: left point, right point, top point, bottom point (total of eight numbers);

- coordinate of the center of gravity of the figure bounded by the outer
contour (two numbers);

- the area of the figure bounded by the outer contour (one number);

- the part of the area of the figure, bounded by the outer contour, located in
each of the quadrants of the bounding rectangle (four numbers).

Three points were chosen as nodal points, in the neighborhood of which a
local linear model was constructed. For different sizes of the local area,

(h reduced

. . . 1 . .
identification of T was performed. Optimal sets of characteristics and

maximum errors on the verification samples were found.
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Table 3. Errors of attitude estimation by local linear models

Node 1 Size gf local domain, degr;:es -
131 0.0085 0.0125 0.0610
132 0.0144 0.0118 0.0172 0.1137
[33 0.0028 0.0070 0.0597

The nodes were at points with coordinates

pl=(x=8 y=0z=0, 9=10, y=10, y=10)7,
ﬁzz(x:&yzo,zzo, 8=10,\u:5,y:10)T,
[*)3 :(x:& y:(), z=-0.6, 9=10, \VZS, 'YZIO)T,

where the linear quantities are given in meters, and the angular values in
degrees. Local areas were defined by three-dimensional cubes, with sides
parallel to axes equal in size to one, two, three, and five degrees. The
determination of linear models was carried out with the help of LS on the data
constructed at nine points along each of the coordinate axes. The models were
tested at 729 points, evenly spaced within the areas under consideration. Table 3
shows the maximum errors in the orientation angles.

When building the models, various IFs were used, including area ones. The
above results show, that depending on the position of the node, it is possible to
construct a satisfactory local linear model on a region of larger or smaller size.

CONCLUSIONS

The analysis of the pose estimation problem of a known three-dimensional
object from its image allowed to develop a possible method of solution.

It is shown that for the solution of the problem it is expedient to use
informative features, calculated from the original images. Analysis of the
algorithm for solving the problem made it possible to establish the requirements
for them.

When examining the existing classification of image attributes, it was found
that there is a group of features that can be effectively used to solve the problem
of determining the position and attitude of the body in space. The possibility of
implementing the proposed method using informative features is confirmed
experimentally with the help of modeling.

A technique for determining the minimum values of the characteristics of a
video camera is proposed, which allows at the design stage to estimate the
potentially achievable accuracy of solving a problem for a given target object.
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BUKOPHUCTAHHS THOOPMAIIIHIX O3HAK V CUCTEMI
KOMIT'IOTEPHOT'O 30PY KOCMIUHOI'O AITAPATA
JULSI OLIIHIOBAHHSI TTOJIOKEHHS TA OPICHTALLIT

Po3risiHyTO 33/1a4y CTBOPEHHS CHCTEMH KOMIT'FOTEPHOTO 30Dy, Ky IPHU3HAYCHO [UIs BU3HAYCH-
HS BiTHOCHOTO IOJIOKEHHSI 1 Opi€eHTAIl] IiIbOBOTO 00'€KTa BiJIoMOi ()OpMH Ha OCHOBI HOTO
300paxkeHb. Po3riisiHyBIIM HasBHI KiIacudikallii 03HaK 300paskeHp, Oyi0 3'1COBaHO, L0 € rpyma
03HaK, sIKi MO)ke OyTH e()eKTHBHO BUKOPHCTAHO AJISI PO3B'SI3aHHS 3aBIAHHS BU3HAYEHHS I10JIO-
JKEHHS 1 OpieHTali Tija B pocTopi. MOXIMBICTh peasizallil 3alIpOIIOHOBAHOTO METOY 3 BUKO-
pHCTaHHAM iHQOPMATUBHUX O3HAK ITiATBEp/DKEHA eKCIIEPUMEHTAIIBLHO 32 TOIIOMOTOI0 MOZIEIIO-
BaHHs. Byllo BUKOpUCTaHO METON, SIKHil Iepe10ayae MalllMHHE HaBYaHHS CHCTEMH JUISL KOXKHO-
TO OKpeMOro LiboBOro 00'ekTa. OTpHMaHi Pe3ylbTaTH IO3BOJIIOTH CTBOPUTH HA IX OCHOBI
CHUCTEMY KOMIT'FOTEPHOTO 30Dy JJIs BUPILICHHS 3a]a4i aBTOMaTHYHOTO 30JIMDKEHHS 1 CTUKYBaH-
HS1 KOCMIYHHUX aIapariB, B TOMY YHCI 3 00'€KTaMH KOCMIYHOTO CMiTTSL.

Kniouosi cnosa: asmomamuune cmuKy8anis, 6U3HAYEHHsI NOLOJICEHHS 1 OpICHmMayii, HeKoo-
neposanuil 06'ckm, Komn'lomepruil 3ip, depeso piuuensy, TIHIUHA anpoKkcumayis, iHpopmamu-
6HI O3HAKU, 0OPOONEHHS 300PaANCEHb, MAWUHHE HABUAHHS, I0eHmuUpiKayis.
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NCIIOJIb3AOBAHUE NHOOPMATHUBHBIX ITPU3HAKOB
B CUCTEME KOMIIBIOTEPHOI'O 3PEHUA
KOCMHNYECKOTI'O AITITIAPATA J1JIs1 OLLEHNBAHUMA
[TOJIOXXEHUA 1 OPUEHTAILIMU

PaccmoTpena 3amada co3iaHUs CHCTEMbl KOMIIBIOTEPHOTO 3pEHHMS, IMpEIHAa3HAYeHHOW Ui
OIpeeNeHNss OTHOCUTEIBHOIO IIOJIOXKEHHS M OPHEHTAIMM IIeJIeBOro OOBEKTa H3BECTHOM
(bopMBI Ha OCHOBE ero m300pa)keHul. BbIT NCTIONB30BaH METO, IPEAIOIarafouIii MaIluH-
HOe O0ydYeHHE CHCTEMBI Ul KaXKJOro OTAEJIBHOrO IeneBoro odbekra. IIpu paccMoTpeHHn
CyliecTBYIOIIeH KiaccHGUKAIMy IPH3HAKOB M300pakeHH ObUIO BBISICHEHO, YTO CYIIECTBY-
€T IpyNIa IPU3HAKOB, KOTOPbIE MOTYT OBITh 3()(MEKTHBHO HCIONB30BAaHBI U PEIICHHUS 3a-
Jlauyl ONpEeAEsIeHHs MOJNOKEHUsI U OPUCHTALMH Tella B MPOCTPaHCTBE. BO3MOXKHOCTD peanu-
3al[H TIPEUIOKEHHOTO METOJa C HMCIONB30BaHHEM HH(POPMATHUBHBIX NMPH3HAKOB IOATBEP-
KJICHA HKCIIEPUMEHTAIBHO C IIOMOULIBI0 MOJEIHpoBaHus. [lomydeHHbIe pe3yabTaThl MO3BO-
JISIOT CO371aTh HA MX OCHOBE CUCTEMY KOMIBIOTEPHOTO 3pEHUS /sl pellleHHs 3a/1a4i aBTOMa-
THUYECKOTO COMIDKEHUS U CTHIKOBKUM KOCMHYECKHUX aIIapaToB, B TOM YHCIIE C HEKOONEpUpye-
MBIMH 00BEKTaMH KOCMHYECKOTO Mycopa.

Kniouesvie cnosa: agmomamuueckas CmviKo8Ka, onpeoeieHue NOL0NCeHUs. U OPUCHMAYUL,
Hexoonepupyemblii 00beKm, KOMIbIOMEPHOE 3peHue, 0epeéo PeuleHull, TUHeUHAs annpoKCU-
Mayusi, UHpoOpMamueHvle NPUSHAKU, 00PAbOmMKA U300PadNCeHUll, MAWUHHOE 0DYyYeHUe, UOeH-
muguxayusi.
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ALGORITHMS OF MULTIFACTORIAL REGRESSION
MODELING IN ECOLOGICAL AND HYGIENIC STUDIES

Introduction. One of the most urgent problems of environmental health is soil contamination
by oil and petroleum products (PP) and its impact on crop productivity and population
health. The main task here is to determine the acceptable or safe concentrations of PP in the
soil. However, at present time there is no unified approach of PP regulating in different
countries. One possible solution of the problem is mathematical modeling of the results of
experimental studies. With the help of mathematical models, it becomes possible not only to
describe the investigated dependencies, but also to calculate safe levels of PP in the soil.

The purpose of the paper is to develop a methodology for constructing and using multi-
factor nonlinear regression models from data obtained in a real ecological and biological
experiment.

Results. The article presents the results of an experimental study of the influence of one
type of petroleum products — diesel fuel, when it enters the soil to germinate one of the most
important crops — wheat. It is shown that the mathematical model describing the suppres
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sion of wheat growth should be a multifactorial function ("time — concentration — effect”),
which has a nonlinear character. An algorithm for constructing multifactorial nonlinear
regression models is proposed. On the basis of experimental data, an adequate multifactor
nonlinear mathematical model was developed. This made it possible to calculate the thresh-
old concentration of diesel fuel, which does not affect the growth of wheat.

Conclusion. On the basis of the proposed algorithm from experimental data an ade-
quate multifactor nonlinear regression model was constructed. With the help of this model,
the concentration of diesel fuel that does not cause a negative effect on the growth of wheat
was calculated.

Keywords: petroleum products, environmental contamination, threshold concentration,
mathematical modeling, nonlinear multifactor regression models.

INTRODUCTION

One of the top problems of environmental hygiene is the soil pollution by petrochemi-
cal products and its negative impact on the productivity of agricultural crops.

World’s industrial growth and the increasing of transnational traffic leads to
an average 2% of world’s annual growth of petrol production. About half of the
world oil losses leaks into the soil. Sources of such pollution are usually — petrol
extracting and petroleum refining facilities, pipelines, oil terminals, petrol stations,
all types of transport, that either use or/and transport petrol and petroleum products
(PP). The loss of petrol and PP at oil production, its further processing, transporta-
tion and use, reaches 45 mIn m.t. per year, or almost 2—3% of the world produc-
tion [1, 2]. Only in carrying out dumping/filling operations with rail tank cars they
lost up to 0.36-0.44 mg/m3, automobile — up to -0.42-0.6 mg/m3 OP [3].
According to official data (2006) at Sumy region, where 50% of the national
petroleum production is placed, the area of soil, polluted by oil, consists of 14.2
hectares, 5.8 ha of which — are agricultural lands [4].

Petrol and PP affect all components of ecosystems: soil, microflora, flora
and fauna. However petrol and PP are subject to extremely slow and difficult
biodegradable oxidation in soil environment [5]. Once in the soil, such petrol
components as oil resins and asphaltenes (heavy fractions) clog all pores, stop-
ping the movement of water and oxygen that has negative impact onto the viabil-
ity of soil biota. Methane and aromatic hydrocarbons (light oil fractions: petrol,
diesel, etc.) have a direct toxic effect, leading to a number of negative impacts,
such as: oppression of self-purification or vegetation degradation, disruption the
ecological balance in the soil ecosystem, negatively affect organisms living in
soil, alter the soil structure, reduce the productivity of agricultural lands, etc. [6].
It is important to note that gasoline and diesel fuel, unlike crude oil, have global
scale of distribution and use, while diesel fuel comparable to gasoline remains in
soil for much longer [7].

The natural restoration of soil ecosystems contaminated by petrol and PP is
a long and complicated process. Under the influence of oil pollution, soil is re-
stored much worse than water and air environment, as it is capable to accumu-
late and consolidate toxic substances. It was demonstrated that the natural pene-
tration of mineral oils into the soil as a result of accidental leakage is quite dura-
ble and can last up to 45 years or more [8].

The task of high priority in assessing the level of soil contamination in PP is
to determine their permissible or safe concentration.
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One of the possible solutions to the problem of establishing the sanitary
rules of PP is the mathematical modeling of the results of experimental studies.
Mathematical models can help not only to describe the dependencies, but also to
study and calculate safe concentrations of PP in the soil.

PROBLEM STATEMENT

To date, the maximum allowable concentrations (MACs) of petroleum products
in soil on the territory of the former USSR are legally adopted only in Tatarstan
and Belarus. In Tatarstan, allowed MAC is 1.5 g/kg — according to the translo-
cation level of harmfulness. In Belarus MAC of mineral oil in soil depends on
the category of land: agricultural lands-50 mg/kg, localities lands, horticultures,
summerhouse cooperatives -100 mg/kg, industrial lands, for transportation,
communications, energy, defense and other purposes-500 mg/kg, lands of envi-
ronmental, health, recreational, historical and cultural purposes, along with the
lands of forest and water fund, and land reserve is 50 mg/kg [9].

Three levels of soil pollution assessment are applied in the Netherlands, i.e.
background pollution with PP concentration 50 mg/kg or less, increased pollution-
1000 mg/kg, high pollution-5000 mg/kg. In Germany, the permissible PP concentra-
tion in soil at water reserve zones and in nature reserves is 300 mg/kg, soils of an-
cient river valleys-3000 mg/kg, watersheds-5000 mg/kg. Some other West European
countries take 1000 mg/kg [10] as the upper safe levels of PP in soil. Soil pollution
by PP in Russia assessed by the levels of: acceptable — up to 1000 mg/kg, low —
10002000 mg/kg, average — 2000-3000 mg/kg, high-3000-5000 mg/kg, very
high- more than 5000 mg/kg [11]. In Ukraine MACs for petrol and petroleum prod-
ucts in the soil are not legally adopted, while all relevant studies commonly refer to
the AAC- approximately allowable concentration (0.2 mg/kg) [12].

Thus, different countries have not any common approach to environmental
and hygienic regulation of PP, because of the diversity and specifics of the ob-
ject of study, and traditional methodological difficulties in determining threshold
levels of chemicals in the soil in general [13].

The study of the effect of different PP is sometimes complicated, as it is al-
most impossible to create and to consider during the experiment all variables
present in real environment, particular in soil. That results in shown above diver-
sity of values regulations sometimes substantially differ from each other. This
creates significant problems in risk assessing of soil pollution by PP and, that is
the most important, of relative levels of such pollution to health indicators of
population living in contaminated territories.

Moreover, it is very difficult to consider during the experiment all time
processes of biological and physical-chemical transformations of PP that also
reduces the accuracy of obtained thresholds, despite considerable cost and dura-
tion of such studies.

Different techniques and methods of mathematical processing are currently
widely used to solve a variety of medical, ecological and hygiene tasks. Computer
data processing with the use of appropriate statistical packages is not only effective,
but also is mandatory for any scientific research. However, as a rule in mathematical
processing one uses traditional for this scientific field techniques and methods.
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For clinical studies, odds ratios and formal diagnostic methods can be
calculated or individual mechanisms of pathological processes such as treatment of
apoplexy [14], limb diseases [15], tumor growth [16, 17], including that in the brain
[18], changes in pulmonary pressure in hyperthyroidism [19], etc are described.

For full-scale data, various elements of epidemiological processes [20] are
usually studied for their dependence on risk factors [21], dynamic aspects are
spread epidemics [22], the spread of non-infectious diseases [23]. General
methodological questions concerning the use of applied mathematical methods
are mainly presented in authoritative reference publications [24-27].

Typically, the proposed mathematical method, describing the relationship, is a
different version of the regression analysis. To model the actions of one predictor,
we use linear or nonlinear one-factor models. In the case of nonlinear models, we
mainly use logistic functions, which are linearized using the simplest methods.

If the linearization of nonlinear models is difficult or initially assumed that it
will not be used at all, the most complex problem of regression analysis arises —
that is, the construction of multifactor models with nonlinear regression without
the linearization procedure.

The feasibility of solving such a problem is primarily due to the need of a
mathematical description of complex dynamic processes, including for
ecological and hygienic research.

Given the a priori sufficient complexity of the influence of PP on soil
quality and its biological productivity, it can be assumed that to describe these
processes it is advisable to use the apparatus of nonlinear regression analysis.
Since the final result obviously depends on the concentration of the PP and its
duration, the regression models, by definition, must be multifactorial.

However, the methodology for constructing models that describe real
natural processes is far from being finalized.

The purpose of the paper is to develop a methodology for constructing and
using multifactor nonlinear regression models from data obtained in a real eco-
logical and biological experiment.

MULTIFACTOR NONLINEAR REGRESSION
MODELS DESIGN ALGORITHM

In general terms, any mathematical model has the form:
v=sla; 1w ),

where: y — function (dependent variable); {a it G =0, .., m)—is the set of

m parameters of the model; {x;} — vector of arguments (factors, predictors,
independent variables); f— dependence operator.

The task of building a model is to select the type of function f'and to calcu-
late its parameters {a;} according the array of source data {y; }, k = I, K,

where K — is the number of the registration points of source data [28—30].

Consider a common algorithm of building such models, let designate impact
factors in large Latin letters 4, B, C,... (as in variance analysis), and the coeffi-
cients (parameters) of models — in small Latin letters: a, b, c...
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Table 1. Source data for two variables

The values of The values of factor B
the factor A
B1 B2 Bj Bm
Al yil yi2 ylj ylm
A2 y21 y22 y2j y2m
Ai yil yi2 yij yim
An ynl yn2 ynj ynm

To simplify, let’s consider firstly the procedure of model building for only
two factors 4 and B:

y=f(al{b} A B).

1. At the first stage all source data are collected into a single table. For two
variables — A4 (with gradations of 4i i = I, n) and B (with gradations Bj
j =1, m) the table usually has this form (Table 1)

2. At the second step, let’s choose one of the factors (e.g. A) and build the
original function dependency plots from this variable f(A) for each value of an-
other factor (B):

v = f5(4).

The number of graphs is equal to the number of parameters, i.e. m. We define
the type (class) of the regression model by the appearance of the graphs. The accu-
racy and adequacy of further modeling depends on the choosing the type of the
function. Therefore, at this stage it is advisable to make full use of software tools for
plotting diagrams. The most suitable way is to choose the leveling function from the
exponential class with constrained models (the so-called "biological" curves).

Ideally, this function should match equally well the alignment of the plots
for all values of m of the second factor. It is not excluded that the chosen type of
function will eventually lead to the creation of an adequate model. If this is the
case, all subsequent modeling steps must be removed and the construction
process resumes using a different type of model.

3. The chosen mathematical model (the first-level model) is written
analytically and its parameters are calculated in accordance with the initial data
by numerical methods. Modern software provides many such methods.
Therefore, if the model is chosen prudently, and the requirements for sufficient
points to calculate the selected number of settings are maintained to get the
desired result, this does not create any problems.

As a rule, the implementation of numerical methods involves setting initial
approximations for all unknown parameters of the model. The better (closer to
the final result) they are set initially, the greater the likelihood that the numerical
refinement procedure will be correctly implemented. Therefore, the settings of
the initial parameter values should be performed with the utmost care, using all
possible expert information and graphical analysis results.

Calculation of parameters of the model is made for all m values of B factor.
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Table 2. Presentation of results for the first level modeling

The values of factor B

Model parameters
P B B B; B
a aii (¥ aj; Aim
a azi az a; Aom

As a result we get a table of values for all model parameters of the first level
for each value of factor B (Table 2).

4. Then we construct a second-level model, that is, mathematically de-
scribes the dependence of the changes for each parameter of the first-level model
when the coefficient B is changed:

a=f({b}B)

To do this, we repeat the previous steps and put the parameter values in the new
tables. After that, we create new plots separately for each parameter. For these plots,
we also choose approximating functions. Naturally, these functions may be different
for different graphs, including non-linear functions. Then, for each parameter a, the
coefficients b of the corresponding dependencies are calculated.

5. Then we assemble an entire model. Two-tier model is written down ana-
lytically. Instead of coefficients in a symbolic form we fill in their numeric val-
ues. These values are considered to be initial approximations of the parameters
of the resulting model.

According to them we make corrections with the help of numerical methods
and model acquires the final form. At this stage we verify the accuracy of the
model, i.e. the accordance of calculated values to source data. For this purpose
we select the corresponding criterion and perform necessary calculations.

At this stage we perform graphical representation of the results. For two-
factor models with the help of software we build function graphs in 2D and sur-
faces in 3D. We select the position of the surface in three-dimensional space,
select colors and build cross sections of that surface in all directions, etc.

6. If a model satisfies formal and substantive criteria, one may start working
with it: to calculate the projection of function changes when modifying factors
(direct task simulation), to find the "critical" (threshold) value factors when val-
ues function are set (inverse problem), to identify areas of change of some val-
ues while other factors are fixed, etc.

For a larger number of factors the procedure of nonlinear simulation is
mostly the same. Stages of building models of a third (or more) orders are
added. That is, for three factors it is necessary to build plots of changes in pa-
rameters b of second order model depending on factor C. Then one should calcu-
late values of parameter ¢ and write down the model in general terms.
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PRACTICAL IMPLEMENTATION OF THE ALGORITHM
IN ECOLOGICAL AND HYGIENIC TASKS

In accordance with the task we investigated the impact of PP, namely, diesel fuel
(DF), on the development of wheat germs in the possible soil contamination.

It is known that physical-chemical characteristics in particular, their insolu-
bility in water, determine the impossibility of their assimilation by crops root
system. Therefore, priority and the most dangerous for vegetation is their phyto-
toxic effect that leads to suppression of plant growth and its further death.

In the experiment we used classic methodology of phyto-toxic measurement
according MR 2609-82 that involved seeds pre-sprouting in Petri dishes with
different quantities of DF and thin layer of soil (50 grams in each cup) [31]. In
assessing phyto-toxic effect of DF, we considered the dynamics of germination,
crop germination rate and the length of the plants roots.

With the help of eyedropper 25, 50, 75, 100, 200 and 300 mg of DF were
evenly put into each dish that makes 0.5, 1, 1.5, 2.0, 4.0 and 6.0 g/kg for 50 g of
dry soil. In every dish 30 winter wheat seeds were sown, covered with a 50 g
layer of ordinary black-earth soil, brought to 60% of total moisture content.
Then on the 3-rd, 4-th, 5-th, 6-th and 7-th day the percentage of germination of
plants sprouts was counted.

Thus, the initial function y represented itself the number of seeds germi-
nated (in %), the first obvious factor A — time of observation (day), the second
factor B — DF concentration (g/kg). Source data are given in Table 3, dynamics
graphs presented in Fig. 1.

The most suitable mathematical form of description of this kind of dynamics (first
level model) is the exponential function with the limitation of growth:

y=ftta}, A) = y(4) = a,(1-exp(-a>*(4 - as)),

where y — is the theoretical value of the percentage of sprouted seeds, a; — is its
limit (scale parameter), a, — is the speed parameter, 4 — is the observation time,

and a; — is the possible time shift before the germination begins (shift parameter).
100
%
80
70
60

50

Germination of wheat (%) (y)

40

30

20 S
2 3.0 4.0 5.0 6.0 7.0 ::

Time,days (A)

Fig. 1. An experimental graph showing the dynamics
of germination of wheat seeds
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Table 3 Germination of wheat (%) with application of DF

Time The concentration of DF (g/kg)

(days) O(control) 0.5 1 1,5 2 4 6
3 82.0 82.0 | 61.0 | 51.0 | 443 | 48.6 | 12.0
4 84.3 84.3 | 80.0 | 58.6 | 57.6 | 56.6 | 17.6
5 84.3 84.3 | 80.0 | 586 | 57.6 | 56.6 | 17.6
6 87.6 90.0 | 853 | 643 | 62.0 | 57.6 | 36.6
7 88.6 90.0 | 853 | 643 | 62.0 | 57.6 | 46.6

Table 4. The results of calculating the statistical characteristics of the first level
mathematical model

Concentration Statistical characteristics
DF (g/kg) parameter average Sa ta Da
%107 0.89 0.006 147.45 <0.001
0 as 0.97 0.079 12.32 0.001
as 0 - - _
a1*107 0.75 0.015 51.16 <0.001
0.5 ar 0.82 0.138 5.96 0.009
as 0 - - -
a,*107 0.70 0.021 33.06 <0.001
1 ar 0.68 0.128 5.36 0,013
as 0 - - _
%107 0.69 0.003 259.48 <0.001
1.5 as 0.78 0.023 34.13 0.001
as 1.85 0.032 57.65 <0.001
a,*107 0.74 0.080 9.35 0.068
2 ar 0.50 0.561 0.89 0.534
a3 0.66 2.931 0.22 0.857
a,*107 0.74 0.051 14.40 0.005
4 a 0.52 0.131 4.03 0.056
a3 2.22 0.188 11.82 0.007
a1*107 0.54 0.044 12.40 0.051
6 as 0.76 0.411 1.86 0.314
as 2.73 0.583 4.68 0.134

The values of the model parameters: average value, error S, Student’s coef-
ficient ¢, accuracy p, are calculated by numerical method of Levenberg-
Marquardt using the package STATISTICA 10.0 (Table 4).

Then we examined the dependencies of these parameters (a;, @, a3) accord-
ing to concentration of B. The original plot of changes of parameter a; appears
as follows (Fig. 2).

It can be seen that generally the dependence has a decreasing trend. Mathe-
matical model of the second level for parameter a; can be represented by de-
creasing hyperbolic function with a shift:

a;(B) =b;/ (B + by)"bs.
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Fig. 2. Plot of changes a; (B)

Table 5. Statistical characteristics of model parameters a,(B)

Statistical characteristics
Parameters
average Sy 13 P

by 0.84 0.019 43.55 0.001
b, 0.75 0.099 7.64 0.017
b 0.22 0.014 16.54 0.004

1.0

0.9

0.8
s 0.7

0.6

0.5

0.4

1 2 3 4 5 6 7
B

Fig. 3. Mathematical model of dependencies a(B)

The results of calculations by numerical methods made with the use of
STATISTICA 10.0 software are listed in Table 5. All parameters are valid at the
high significance level that demonstrates the adequacy of the chosen model. The
plot of this function is shown in Fig. 3.
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Fig. 4. The original graph of a,(B) changes

Table 6. Statistical characteristics of model parameters a ,(B)

Statistical characteristics
Parameters
average Sh Iy Py
by 3.64 1.059 3.44 0.026
bs 3.87 1.344 2.88 0.045

1.0

0.0 1.0 2.0 3.0 4.0
B

Fig. 5. Mathematical model of dependencies a,(B)
The original graph of speed parameter (a,) depending on concentration

(B) is shown in Fig. 4. It can be seen that generally, except for the last point, the
dependency can be described by decreasing hyperbolic function with a shift:

axB) = b,/ (B + bs).

The results of the calculation of the parameters are given in Table 6. The
values of the parameters are statistically reliable, hence the model is correctly
constructed. The plot of the theoretical curve corresponding to this model is
shown in Fig. 5.
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Fig. 6. The original graph of a;(B) changes

Table 7. Statistical characteristics of model parameters a ;(B)

Statistical characteristics
Parameters
average Sh Iy Pb
b 2.47 0.195 12.72 0.006
by 1.62 0.492 3.30 0.081
bs 0.99 0.067 14.80 0.005

Source graph of shift a; parameter depending on DF concentration (B) is
presented in Fig. 6.

The most appropriate function for describing this kind of dependency is the
exponential function with a shift and restriction of growth:

as(B) = bs(1 - exp(-bs(B + by))).

The results of calculating the model parameters are given in Table 7. The
function parameters are statistically reliable or tend to be reliable, therefore the
model can be considered adequate.

Thus, all parameters of the model "DF concentration — time — effect"”
to describe the germination of wheat were obtained, and the model has the
following general form:

y=bi/ (B +b)"b3)*{1 - exp[- (bs/ (B + b)) *
* (4 - (bs* (1 - exp(- bs(B +bs)))]}.

We determine the error of the model d(%) according to the formula of rela-
tive standard deviation:

X
Sy =3 )/ 3]

d% =\ *=! 100.
K -1

The error of the model is d = 14.3%, which indicates a rather accurate
description of the initial data with the help of the developed mathematical model.
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Fig. 7. Plot of dependencies “time (4) — concentration
(B) — effect ()" of germination of wheat under
influence of DF

The chart of a model function in 3D is shown in Fig. 7.

According to the guidelines (MP No. 2609-82) the minimum active concentra-
tion of PP should be considered such a concentration that causes growth inhibition
of test seedlings plants by at least 20% compared to control [31].

With the help of the model we have calculated a threshold concentration of DF,
which is equal to 1.2 g/kg. The theoretical value was higher than the experimental
concentration of 1.0 g/kg, where test germination did not differ from control for
20%, and less than 1.5 g/kg, where this effect has already been observed.

Thus, using the proposed algorithm for the initial data, we constructed a
multifactorial model of nonlinear regression, which quite accurately describes
the results of the experimental study. Using this model, we calculated the
threshold concentration of DF, which was an intermediate value between
experimentally active and inactive concentrations.

CONCLUSIONS

It was shown that the methodological difficulties in justifying threshold levels of
one of priority pollutants of soil — petrol and its derivatives can be overcome by
using mathematical simulation of results in the experimental study.

Offered algorithm that consists of a hierarchical procedure of graphical
analysis, the choice of the class of functions and numerical calculation of pa-
rameters enables the design of the most complex type of regression models —
multifactor nonlinear function.

According to the proposed algorithm, a mathematical model was
constructed to describe the results of an experimental study of the effect of DF
on the germination of wheat.

On the basis of the constructed model, the critical (threshold) concentration
of DF (1.2 g/ kg) was calculated, that does not negatively affect the germination
of plants as compared to the control.
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AJITOPUTMU BATATO®AKTOPHOI'O PETPECIFIHOT'O
MOJIEJITFOBAHHA B EKOJIOI'O-T'IT'TEHTYHUX JOCIIUDKEHHAX

3anponoHOBaHO AJITOPUTM MOOYA0BH OararoakTOpHUX HETIHIHHUX pPEerpeciiHuX MoJeleH,
SKUHP CKIIala€Thes 3 1€papXiyHO OpraHi3oBaHUX eTalliB: rpadiyHoro axamisy, BUOOpY BUILY
JaCTKOBHUX MaTEMaTHYHMX MOJENeH, YHCEeTbHOTO PO3paxyHKY X mapaMeTpiB i Momaibmrol
3TOPTKH B 3arajbHy MaTeMaTHUHy MOJelb. [IpeacTaBieHo pe3yabTaTH eKCIepUMEHTaIbHOTO
JOCTI/PKeHHs BIUTUBY Ha CXOXICTh HaWBaXIMBIIIO! CITBCHKOTOCIONAPCHKOI KYIBTYPH —
NIIEHHMIII, OJTHOTO 3 BUJIiB HA(QTOIIPOAYKTIB (IM3EIBHOTO MajKBa) 32 YMOBH HOTO MOIMAJaHHs
y rpyHT. [loka3aHo, 0 MaTeMaTHIHA MOJEIb, KA ONUCYE TPOLEC MIPUTHIYeHHS POCTY MIIe-
HUIL, MOBUHHA OyTH OaraTodaxkTopHOI0 (yHKIi€I («4ac — BIUIUB — e€¢EeKT»), 0 Mae
HeTiHIHNHA XapakTep. Po3poOneHO Ta HaBENEHO AaNTOPHTM PO3PAXYHKY IapaMeTpiB st
GararodaxTopHoi HemiHiliHO QyHKIII. 3a eKCIepUMEHTaIbHUMU AaHUMHU Ha OCHOBI 3aIpo-
MOHOBAHOTO aNTOPUTMY OyIo IMOOYIOBaHO aJeKBaTHY OaraTo)akTOpHy HeNiHIHHY MaTeMa-
TUYHY MOJeNb i po3paxoBaHO Bci ii mapamerpu. 3a i JOMOMOI'M BCTAHOBJIEHO IOPOTOBY
BEITMYHMHY KOHIIEHTpAIIii AU3eTbHOTO ATHBA, SKa He BIIMBA€E HA CXOXKICTh MIICHHUIII.

Kniouosi cnosa: HadhTONPONYKTH, 3a0pPYyIHEHHS HABKOJMIIHBOTO CEPEAOBHUINA, ITOPOTOBI
KOHIICHTpAIIil, MAaTeMaTHYHE MOJICITIOBAHHS, HEJiHiiHI OaraTodakTopHi perpeciiiHi Moaemi.
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AJITOPUTMbBI MHOI"O®AKTOPHOI'O PETPECCHMOHHOI'O
MOJEJIMPOBAHNA B SKOJIOI'O-T'MI'MEHMYECKNX NCCIIEJJOBAHMAX

[pemnoxxeH anropuT™M HOCTPOCHHUS MHOTO(AKTOPHBIX HEMHEHHBIX PErpecCHOHHBIX MOJe-
JIH, COCTOSIIMIA M3 NepapXHUUYECKH OPTaHM30BaHHBIX TAMOB: rpaduyeckoro aHamusa, BbIOO-
pa BU/Ia YaCTHBIX MaTeMaTH4eCKUX MOJEJeH, YUCIEHHOr0 pacueTa X MapaMeTpoB M Iociie-
JIyIOLIe CBEPTKH B OOIIYI0 MaTeMaTHYeCKylH Mojeib. [IpeacraBiieHbl pe3ysbTaThl KCIIe-
PUMEHTATBHOTO MCCIEAOBAHUS BIMSHHS OJHOTO M3 BHJIOB HE(DTEIPOIYKTOB — JU3EIHHOTO
TOIUIMBA, NPU €ro MOMAJaHUM B MOYBY Ha BCXOXECTh BakHeHIIeH ceabCKOXO03sSHCTBEHHON
KynbTypbl — niueHunsl. [TokasaHo, yTo MaTeMaTHyecKast MOJIENb, ONMUCHIBAIOIIAS MPOIECC
YTHETEGHHUSI poCTa IMIICHUIIBI, JIOJDKHA MPEACTaBIATH COO0OH MHOrO(aKTOPHYHO (YHKIIHIO
(«BpemMss — BoznelicTBHe — 3((HEKT»), HMEIOUIYI0 HEeNMHEeHHbIH xapakTep. Pazpabotan u
NpE/CTaBJICH AJITOPUTM pacueTa MapaMeTpoB MHOTro(pakTOpHOW HenuHelHoW QyHkuuu. 1o
€KCIIEpUMEHTAJIbHBIM JJAHHBIM Ha OCHOBE MPEIJIOKEHHOTO aJlropuTMa OblIa OCTPOEHA ajie-
KBaTHasi MHOTO()aKTOpHas HEJIMHEHHas MaTeMaTHuYecKas MOJEIb M paccUMTaHbl BCE ee ma-
pamerpbl. C ee MOMOLIPIO YCTAHOBJEHA IOPOTOBas BEIMYMHA KOHIEHTPAIMH JHU3EIBHOTO
TOIJINBA, HE BIIMSIONIAS HA BCXOXKECTh MIIEHUIIBL.

Knrwuesvie cnosa: nepmenpoldykmol, 3acpssHeHue OKpyscawwel cpeosl, HOpocosvle
KOHYEeHmpayuu, Mamemamuieckoe MoOeiuposanue, HeluHellHble MHO20paKmopHvle peepec-
CUOHHbBIE MOOEJIU.
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MOJIEND ONIHIOBAHHA AKOCTI EMONIMHOT PErYRANIT
NPOMECIAHOT MIANGHOCTI NPALIBHMKIB 3A YMOBH
POGOTH 3 NIIBHUIEHOI0 HEBE3NEKOID

Po3pobneno konyenyilo MoOenioganHs, 3AcHOBAHY HA 3ACMOCY8AHHI bacamo@axmopHoi
peepeciiinoi npobim modeni. Lle 0oszsonse oyinoeamu GipocioHicmb pu3uUKy HOIpUEeHHS
AKOCMI eMOYIliHOT pe2yayil 0N KOHKPEeMHO20 NPAayieHUKa Ha OCHOGI inghopmayii npo 1o2o
emoyitinuii cman. Cmamucmuyno 3Hauywull 6NIU8 Ha PU3UK NO2IPUIEHHST eMOYIlIHO20 CIMAKy
NPAYiBHUKA MAOMb XAPAKMEPUCIUKU 8IOYYIMMS CULU | eHepaii, IMNYIbCUBHOT peaKmueHOCI
ma piens ncuxiynoi denpecii. Iliosuwents iMnyabcugHoi peakmueHocmi NPayiGHUKA 3yM08-
JI0€ 301NbUEHHS PUSUKY KDUMUYHO2O NOCIPWEHHS AKOCmI eMoyiliHoi peaynayii. Bcmanosne-
HO, WO 6NIUE Yb020 YUHHUKA € CUTbHILUUM 8 NOPIGHAHHI 3 BNAUBOM DI6HS NCUXIUHOL denpeci.
Toxazano, wo npunanedicHicms 00 PI3HUX GIKOGUX 2DYN He € CYMMEGUM QAKmMopom, sAKull
BNIUBAE HA PUBUK NOZIPULEHHS AKOCMI eMOyilinol pe2ynayii crocapie onepamueHo-8uisHux
bpuead na NiIONPUEMCMBAX eneKmpoeHepeemudHol 2anysi.

Knrwuoei cnosa: pezpeciiina npobim mooensb, eMoyiliHuil CmMaH, caocapi OnepamuerHo-UuisHol
6pucadu, niosuujena Hebe3nexa.

BCTYR

Croroani B YkpaiHi € Hu3Kka npodeciii, 30kpeMa B eHepreTuuHiil cepi, ae Iroau
MPaLIOIOTh B YMOBaXx MiABUILEHOI HeOe3neku. L[i yMoBH HakIaaioTh Ha NMpawiBHU-
Ka 3Ha4YHY KUTbKICTh 0OMEXKEeHb 11010 QPYHKIH Horo opraHizmy i mpodeciiiHo Bax-
JIMBUX SIKOCTEH, 110 3yMOBIIIOE MOSIBY NEBHUX BUMOT A0 3AiliCHEHHS podeciitHoro

B.B. KAJIbHHII, P.O. CTACHUILINH, M.O. OJIICKEBIY, 2017
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B.B. Kanvnuw, P.O. Cmacuwun, M.O. Onickesuu

BiJIOOpY Ta MOHITOpPUHTY TIpO(eciitHO BAXIMBHX SKOCTed 1boro daxisis [1]. o
TOTO K, HA OPraHi3M BIUIMBAE HABKOJIHUIIIHE CEPETOBUIIIE, IO MPU3BOAUTH JIO0 TTOCH-
JIeHOT BTpaTé (yHKUIOHAJIBHUX PE3EPBIB OpraHi3My JIOAWHHM, NOPYLIYIOUH OanaHc
MK OpraHi3MOM i 30BHIIIIHIM CEpeIOBHIIIEM, HANPYKYIOUH HOT0 ajanTariiiHi Mox-
nmBocTi. [lepeHanpyxeHHsI CHCTeM peryIIsilii TPU3BOUTH JI0 BUCHAKEHHS (DYHKITi-
OHAJIBHUX MOKIMBOCTel opranismy [2]. Ilpo HasBHICTB Takoi mepeHamnpyru cBin-
4yaTh AaHi [3], B SKMX KOHCTAaTYeTbCs, IO Y IPALIBHHUKIB €JIEKTPOCHEPIEeTUKH B
29,8% BUTIaIKiB PO3BUBAETHCS BUCOKHI PIBEHB TOCTPOro crpecy i B 72,7% — Bu-
COKHH PiBEHb XPOHIYHOIO cTpecy (OnepaTHBHUI IEePCOHAT OCHOBHOTO MiIpO3iy)
1B 43,6% — BUCOKUI1 piBeHb rOCTPOro cTpecy i B 74,4% — BUCOKHI piBeHb XPOHi-
YHOTO CTpecy (OMepaTHBHUI MEPCOHAN AOMOMDKHOTO Iimpo3airy). OCHOBHUMHU
(akTopamMu PO3BUTKY CTPECY Y ONEPATUBHOTO MEPCOHATY OCHOBHOTO TiPO3LTY €
cyO'ekTrBHa OLiHKa MpodeciiiHoi cuTyalii, a y orepaTHBHOrO NEPCOHATY AOMOMi-
YKHOTO TIJIPO3/ILTy — HE TUTBKU Cy0'€KTHBHA OIiHKA rpodeciiiHoi cutyarii, a e i
TEPEKUBAHHS TOCTPOTO 1 XPOHIYHOTO CTPECY, IO TMPH3BOJUTH J0 BiIIYTHOTO 30i-
JIBLIEHHS 3arajbHOrO 1HAEKCY CTPECY y LHX MpPaliBHHUKIB. TaKkoX BCTAHOBJIEHO, 110
BUCOKHH piBeHb (YHKIIOHATBHUX PE3EPBIiB CIY>KUTh IEPEAYMOBOIO JJIsl 3HUXKEHHS
HAIpyrd MEXaHi3MiB PeTyIsIii, HeOOX1THUX JUIS MATPUMKH roMeocTasy [4].

[Ipobnema po3BUTKY mpodeciiHoi CTIHKOCTI 1 MIATPUMKH eMoLiiiHoro Oia-
ronoiayyuys y QaxiBLiB, sSKi MPaLOOTh B YMOBaX ITiJIBUILEHOI HEOE3MEKU, 3yMO-
BJeHa OaraTbMa KapIWHAJIbHUMHU 3MiHAMH, SIKi BiZOYBAlOTHCS B TEXHIYHOMY
PO3BHUTKY cydacHoro BUpoOHMITBa. Lle, "acrimie 3a Bce, MOB'SI3aHO 3 Hemepe/l-
0a4yyBaHICTIO TIOSBU 1 PO3BUTKY TEXHOTEHHUX KPUTHYHHX CUTYyaliid. A mpote
0araTopa3zoBo IMOCHIIOETHCS POJIb JIIOJAWHU B 1X YCYHEHHI Ta IONEPEKEHHI.
OnHa 3 OCHOBHHX BHMOT JI0 IEPCOHAITy MOTEHLIHHO HeOe3neuHnX 00'eKTiB mo-
JISITa€ y BUCOKOMY PiBHI HOro TOTOBHOCTI 10 poOOTH B CKIaJHUX cUTyaulisx. Lle
nependavae HasSBHICTh y MPAI[iBHUKIB LUX IiIMPHEMCTB BIAMOBITHUX Mpode-
CIiHO Ba)XJIMBHUX SIKOCTEH, OJIHE 3 KIIFOYOBUX MICIb CEpe/l SKUX 3aiiMae eMOIliki-
Ha CTIHKICTh, KA TICHO IOB'A3aHa 3 MIATPUMKOIO ITPAIIe3IaTHOCTI Ta yBaru 3a
YMOB BHUKOHAHHSI BiAOBiaibpHOI poboTH [5]. ToMy TakuM miAnpueMcTBaM He-
00XiHO 30cepenuTHcs Ha (OPMyBaHHI HAJIHHOTO MCHUXOCOLIAJBLHOTO KIiMaTy
Oesmeku, skuii Oyne 3abesneuyBaru Oydepusanito eeKTiB MCHXOCOUiaIbHOT
HebOe3nekn Ha poOoYOMY MICIli, CTBOPEHHS YMOB, CIPUSTIUBUX ISl ICUXOJIOT -
YHOTO 3JI0POB'S NPAI[iBHUKIB, a TaKOX (OpMyBaHHS y HHUX MMO3UTHBHOI OpraHi-
3amiifHO1 moBeAiHkH [6]. [lokazaHo, mo ocoOu, sKi Bipuiau B CBOi 3M1IOHOCTI Ke-
pyBaTH pOOOYMMH AiSIMH, Majldl HIDKYY CXUJIBHICTH AT KOHTPHPOIYKTHUBHO.
BoHu Manu HIKYY CXWIBHICTh PearyBaTH 3 HETAaTHBHUMH E€MOIIISIMH B CTPECO-
BHX yMOBax, IO MOM'SIKIIYyBajo 3ryOHI Hacmigku crpecy [7]. OOropoprowouu
npo0JeMy TOTOBHOCTI 10 PH3HMKY Y (paxiBIiB HeOe3meyHux npodeciid, MOKHA
TaKOXX MiATBEPAMTH AKTYyaJbHICTh JOCTIHKEHHS MUTAHHS PO POJIb IICUXOJIOTi-
YHOI MiArOTOBKH WX IPAIiBHUKIB [8].

3abe3neueHHs aJIeKBATHOI MISUIBHOCTI TIEPCOHANY B YMOBax ITiJBHIIEHOT
HeOe3MeKn € MPIOPUTETHUM 3aBJIaHHSIM, e(EeKTHBHE BUKOHAHHS SKOTO BHMAarae
HE TLIBKHU MPOBEJCHHS OpPTaHi3aliiHUX 3aXOMiB MO0 3HIKEHHS aBapiifHOCTI, a
W CTBOpEHH:I epeIyMOB [T peajizauii aiil, cCipIMOBaHUX Ha MiJIBUILEHHS IIPO-
¢eciitnoi HamiHOCTI (axiBiiB. Jlo Takux il B HepIIy 4epry HaJeKUTh PO3BU-
TOK TICHUXOJIOTIYHOTO MOTEHILiady MpaliBHUKIB, (JOPMYBaHHA aJEKBATHOI €MO-
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HilHOT perynsmii Ta GopMyBaHHS KyIbTypHu Oe3leku mepcoHany. BaximBicTb
TAKOTO MiJXOJy BH3HAYAETHCS THUM, IO JIOJIMHA € BUKOHABIEM 1 pe3epBHUM
KOMITOHEHTOM CHUCTeMH Oe3IeKH, 3000B'I3aHUM MMapuUpyBaTH KPUTHYHI 1 mMo3a-
IITAaTHI CUTYyAIlil, IKi BUHUKAIOTh [5].

UucrnenHi poOOTH OCTaHHIX POKiB, IPUCBSIYEH] PO3POOIICHHIO 3aX0/IiB 1010
MiBUIICHHS €MOIIHHOI CTIMKOCTI (haxXiBIlfd, CBITYAaTh PO aKTYAIbHICTH JaHOTO
nutaHHs1. O HAK 3a3Ha4YeH] 3aX0AN MOXHA e(DeKTUBHO BUKOPUCTOBYBATH TUTHKH
32 HAsSBHOCTI TOYHOI'O IHCTPYMEHTY JUIS OI[IHIOBAHHS BiIXHJIEHb EMOLIMHOL
cdepH IpaliBHUKA BiJl «<HOPMATUBHOTO» PIBHS 3 ypaxyBaHHSIM MOXKJIMBHX BiKO-
BUX TpaHchopmaniil wiei cepu Ta npanesnaTHocti GaxiBus [9], ockinbku came
Taka iHpopMallis Ja€ TOCIITHUKY KU J0 YCIIIIHOIO 3aCTOCYBaHHS BiIIOBII-
HUX BiJTHOBJIIOBAJILHUX IPOIEAYD, CIPIMOBAHMX HA BIOCKOHAJICHHS €MOLIMHOT
peryIAii MOBETiHKH.

EmoniiHa peryiisiis HOBEIIHKY Ta AisJIbHOCTI — II¢ y3arajibHIOYHHA T€O-
PETUYHHUN KOHCTPYKT, IO BKJIIOYAE MCUXIYHI mpolecu (omeparii, [ii, akTu ak-
TUBHOCTI), 32 JIOTIOMOTOI0 SKUX CyO'€KT IIJIECTIPSIMOBAHO, OMOCEPEIKOBAHO i1
YCBIZJOMJICHO TIEPEBONTH CBill aKTyallbHUI €MOIIIHUI CTaH 3 HEAJalTUBHOTO B
amantuaui [10]. Sk Haromomye M.M. Kysnenosa [10], emoriiftHa perynsiis
BKIFOUae: 1) MexaHi3M ajanranii iHAWBiA A0 30BHINIHIX (HacaMmepes CTpeco-
BHUX) BIUIMBIB, 2) MeXaHi3M JIWHAMIYHOI Oprasizaiii eMoOIliifHOro IocBiny,
3) mapameTp caMOCBIIOMOCTi Ta IOCATHYTOT'O PiBHSI OCOOMCTICHOTO PO3BUTKY Ta
4) ninecnpsMOBaHUH, YCBIOMIICHUH 1 ONIOCEPEIKOBAHUH TPOIIEC CAMOPETYJISIIIT
nmoBemiHKN. EMoriiiHa perysilisi BCEOCSHKHO OXOIUTIOE Taki ()eHOMEHHU eMOIiH-
HOi cepu MOINHH, SIK KOHTPOJIb 30BHILIHIX NposBiB cBOiX emouiil [11], ¢pop-
MYBaHHSI €MOIIIMHOTO CTaBJICHHS J0 PIi3HMX acleKTiB i sBHII JiicHocTi [12],
MOJIOJIAaHHST eMOIIHHOT 3anexxHocTi [13], emmarito [14], kepyBaHHS E€MOIISIMH
(ycBimomneHe i HeycBigomiene) [15], po3ymiHHS CBOiX eMolild Ta eMOLil iH-
mux Jroaei [11] romro. TomMy nociimkeHHs, CIPSIMOBaHI Ha OLIIHIOBaHHS BIIXU-
JICHb BiJI HEOOXiTHOTO PiBHSA €MOIIMHOI perysilii, MO)KHa BBaXKaTH aKTyalbHH-
MU 1 CBOEYaCHUMH.

Meta — po3po0JIeHHS CITOCO0Y KUIbKICHOTO OLIHIOBAHHS BiIXHJICHHS Bif
«HAJIC)KHOTO» PIBHS EMOILINHOT PEeryJsLii Ta BUSBICHHS HA I[iif OCHOBI CTPYKTY-
PH pO3MOALTY BiANOBIAHUX PeaKUiil y CiIrocapiB ONepaTuBHO-BUI3HUX OpHUraa Ha
MiIPUEMCTBAX €IEKTPOSHEPTETHKH.

METOIH ROCMI[KEHHA

O6cTexeHHs MPaliBHUKIB MiAIPHEMCTB €JIeKTPOSHEPTeTHYHOI Taly3i mpoBee-
HOo 3a nonomoror Meroauku COITAC-8, sky aganToBaHO AJi1 KOMIUIEKCHOTO
BUBYCHHS TICHXIYHOI CTIHKOCTI IHAMBIIYyMy A0 il (pakTOpiB eKCTpeManabHOL
IistmeHOCTI [16].

Marepianu ncuxogizionoriyHuX 0OCTEKEHb MPOaHATI30BaHO 3a JOMOMO-
IO METOJIIB BapialliiiHOl CTaTHCTUKHU, 0araTrohakTOPHOr0 JUCIIEPCIHHOrO aHa-
T3y, perpeciiiHux mojeneit 6iHapHoro BuOopy. KinbkicHI pe3ynbTaTé oTpuMa-
HO 3 BUKOPUCTaHHIM IporpaMHoro cepenosuia mnakera EViews 8.0.
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POBOYA TMOTE3A LOCTINEHHA

INepm HiX MAIATH 0O BHKIAAY Marepialdy JIOCTiKEeHb, HEOOXIiIHO 3pOOUTH
KiJIbKa BaXKJIMBUX 3ayBakeHb. [lo-miepiiie, piBeHb JOCKOHAJIOCTI €MOIIIHOI pe-
TyJALii IpeAcTaBHUKA JOCIiAKYBaHOI podecii € Jyxe BaXIUBUM NapaMeTpoM,
SKUHA BIUIMBA€ HA YCIIMIHICTH HOro poOOTH 1 HaBiTh Ha 3[0pPOB'A Ta KHUTTH.
CrpaBa B TOMY, [0 CJIIOCap ONEPATHBHO-BHI3HOI OpUrain Ma€ crpaBy 3 00'ek-
TaMH MiABUIICHOI HeOe3MeKH, sKi nepe0yBaloTh MijJi BUCOKOI Hampyrowo. Tomy
eMOIIilfHa CTIHKICTh i€l JIOJUHM Tpa€ OJHY 3 KIIOYOBHX POJiei B 3a0e3meueHHi
HAJIMHOCTI Horo MisbHOCTI. OIIHIOBaHHS CTaHy €MOLIMHOI perysilii Ta BHIi-
JICHHSI THX OCi0, SIKi YCHIITHO BIOPAIOTHCS 3 pOOOTOI0 B EKCTPEMATIbHUX YMOBAX,
€ BXXJIMBUM 3aBJaHHAM MOHITOPUHTY MpodeciiHUX SIKOCTeH MpaliBHUKA.

[o-gpyre, B mpoleci MOHITOPUHTY JOLTBHO BUIUIUTH HE THX 0Ci0, SIKi BU-
SIBIISIIOTH MIABUINEH] 3410HOCTI a00 32 CBOIMH €MOLIIMHUMH SIKOCTSIMHU 30BCIM HE
NpUAaTHI 70 POOOTH, a TUX XTO TPUBAJIMH Yac 1 SIKICHO MOKe BUKOHYBATH JaHy
poboTy. 3a HMX YMOB MOHITOPHHT HpOQeciiHO BaXKIMBHX SKOCTEH MOBHHHO
OyTH CIIpSIMOBAHO Ha Te, MO0 BiIOKpaTH 0ci0, SIKi 32 CBOIMU €MOIIIHHUMHU SIKOC-
TSAMU B HaWOUTBININA Mipi HAOIMKAIOTHCS J0 CEpellHIX XapaKTepPHCTHK, BIACTHU-
BUM ocobaM aaHoi mpodecii.

[No-Tpere, 3aKOHOMIpHI BIKOBI 3MiHM MApPaMEeTPiB JIFOJICBKOTO OpPraHi3My HE To-
BUHHI CTOCYBaTHCs HOro eMOLiiHOT chepH, IO MITPUMYE CTIHKICTh 10 BUKOHAHHS
BUPOOHNYMX 3aBiaHb. Ampke i B 20, 1 B 60 pOKiB MpaIiBHAK OBHHEH SKiCHO BUKOHY-
BaTH CBOIO pOOOTY, 1 Ti €MOLiHHI BJIACTHBOCTI, SIKi MiATPUMYIOTH IPoeCciiHy IisiTb-
HICTB, HE TIOBHHHI OYTH NEpeIkoIoro B 1i 3xiiicHenHi. ToMy Oy/b-sike 3Ha4HE BiIXH-
JICHHS BiJl CepeIHbOro 3HAUYCHHSI MOKHA BU3HATH HECTIPUSITIIMBUM.

3a BHUKJIaJEHUM JOLIIBHO copMyiIroBaTd podody rinore3y: MOHITOPHHT
npodeciiHO BOXKINBUX SIKOCTEH (axiBId 3a MapaMeTpOM aJeKBaTHOCTI eMOIIil-
HOI peryJsiimii MOBHHEH OyTH CHPSMOBAaHO HA BUSBJICHHS THUX 0Ci0, eMOIIHHUMA
CTaTyC SKHX BU3HAYCHO LIOHAMONHMIIE O CEpelHBOr0 PiBHA, PO3PAXOBAHOIO Y
TPyl YCHINIHAX TPAliBHUKIB. BigXuieHHs Bif IbOTO PiBHS CIIii BBOKATH He-
CHPUATIMBUM, HEOOXITHO OI[IHIOBATH MMOBIPHICTH MOAIOHOTO BiIXUICHHS 1 IO
OLIIHKY CJIiJi BUKOPUCTOBYBATHU Ul iHPOPMYyBaHHS KEPiBHHUKIB pOOIT mpo HasB-
HICTh MEBHOT'O PU3HKY 3pUBY SKICHOIO BUKOHaHHS poOiT. 3a3HadeHa iHdopma-
I[isl TOBUHHA BUKOPHCTOBYBATHCS JUISI OCTATOYHOTO Bi/IMOBINANEHOTO TPUIHHST-
TS pilIEeHHS PO JOITYyCK (axiBisg A0 poOOTH abo 3MIHCHEHHS BiIMOBITHUX BiJl-
HOBJIOBANBHUX 3ax0fiB. [Ipupoano, mo Takuil mpuHUMI BigOOpY OOYMOBIIOE
BHUKJIIOUCHHS MEXaHI3My CTHUXIMHOIO BiJICIIOBaHHS BUAATHUX Jrojaed. ToOTo
CTHXIMHUH BifOIp, KU € HEBIIBOPOTHO NMPUTAMAHHUM KOXHIiH mpodecii, Bxke
«BuOUB» 3 mpodecii THX ¢axiBUiB, AKI «TE€HIAIBHO» MPUCTOCOBAHI IS 3MiHC-
HEHHS BIAMOBIAHOT MisiibHOCTI. HasBHICTh B KOHKpETHI# mpodeciiiHiii crijibHO-
Ti, SIK 1 B KO)KHOMY CYCHUIBCTBI, TAKOrO MEXaHI3My BIJICIFOBaHHS BHJIATHUX JIFO-
Jeil 3yMOBJICHO THM, IO iX HMO3UTHBHI OCOOJMBOCTI, SIK MPaBHJIO, 3UCIUICHI 3
MEBHUMU JIFOJICEKUMH HEJOJIKaMH, SKi B 3HAYHIA Mipi BH3HAYAIOTh MPOIECH
(dhopMyBaHHs TPo(eCiHHOTO CIIBTOBAPUCTBA 1, B OLIBIIOCTI BUMIAKIB, BEIYTh 10
YCYHEHHS 3 HbOTO 0Ci0, IO BIAPI3HAIOTHCS BiJ CEPEIHLOIO PIBHA 32 CBOIMHU
npodecitHUMHU SKOCTAMHU.

3 iHmoro 00Ky, po0oYi CHTYaIii Ta IHIII aCMIEKTH KUTTENISIIBHOCTI (haXiBIIst
MOXYTh TPU3BECTH JI0 TUMYACOBOT'O IOTIPIICHHS HOTO eMOIIHHOT peryisiii.
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ToMy moTpiOHO MPOBOIUTH MOHITOPHHT eMOIIiHOT chepr MpalliBHUKIB Ta 3/ik-
CHIOBATH, y pa3i moTpedu, BiAHOBICHHS iX QYHKIIIOHAIHHOTO CTaHY.

AHAM3 PE3YNbTATIE MOHITOPHHIY
EMOLIMHOI COEPH NPALIBHUKIB

s BUKOHAHHS 3aBlaHb JOCHIIKEHHS OYyJ0 ONMUTAHO HA MiJNPUEMCTBAX
CJIEKTPOCHEPTeTUKN 93 eNeKTPOMOHTEPIB ONEPATUBHO-BHI3HUX OpHUTa]] Pi3HOTO
BiKy. A caMme, JOCIIDKCHO IT'SITh TAaKUX BIKOBHMX Kareropiii: 1 — ocoOu 0
29 pokiB, 2 — ocobu Big 30 mo 39 pokiB, 3 — ocobu Big 40 mo 49 pokis,
4 — ocobwu Big 50 1o 59 pokiB, 5 — ocobu crapiri 3a 60 pokiB. Bukopucranus
metoaukun COITAC-8 [16] mano 3Mory BHSIBHTH BIiCiM (akTOpiB ICUXIYHOTO
CTaHy: NMCUXIYHUNA CHOKIH, BIAUYTTs 3a10BOJNIEHOCTI (P); BIAYYTTS CUIM Ta EHEp-
rii (£); mparaeHHs 1o akuii i 6axkanHs 1ii (4); iMoyiascuBHA peakTuBHICTE (O);
MICUXIYHA JIETIpecis Ta BIMUYTTs BHCHaXKeHOCTI (D); mpurHiueHuid HacTpiit (S);
BIJUYTTSl TICHXIYHOT'O HECIIOKOI abo oOypeHHs, HanpyxxeHHs (N); BiIUyTTS
TPUBOXKHOT'O OUiKyBaHHS, CTpax, Hecnokii (V).

Cmamucmuunui aunaniz pe3yibmamie 0OCMeHCceHHs NCUXIYHO20 CMAHY
npayienukie. Ha mepiiomy Kpoii 00OpoOJICHHs OJepyKaHUX PE3yJIbTaTiB IpOBe-
JICHO aHajli3 OCHOBHMX CTaTHCTUYHHUX XapaKTEPUCTUK PO3MOALTIB 3HAYCHb KOXK-
HOI 3MiHHO{, 30KpeMa cepelHe, MiHIMalbHE Ta MaKCHUMalbHE 3HA4YEHHs, Meia-
Hy, CTaHJapTHE BIIXWJICHHS, acHMETpil0 Ta eKclec. 3HAYCHHS CTaTUCTHKH
Kapka—bepa, siki 00YMCICHO 3 METOIO TECTYBAaHHS HOPMAJBHOCTI PO3MOIALTY
3HAaYeHb NOKA3HUKIB, CBIYaTh, IO YCi 3MiHHI HE € HOPMAIFHO PO3MOIIICHUMH,
3a BUHATKOM ITOKa3HMKA MCUXIYHOTO Ccrokoio (P). OuiHeHi 3HaueHHS Koedilie-
HTIB acUMeTpiil BKa3ylOTh Ha aCHMETPUYHICTh PO3MOJUTY iX 3HAUYEHb CTOCOBHO
CepeIHbOr0 3HAUCHHS.

3a MHOXMHOIO €K30T€HHHX (aKTOpiB X1, X2, ..., X; I0OyJOBaHO MOJEIb
OLIHIOBAaHHS PHU3MKY KpPUTHYHOTO TMOTipuIeHHs (4u BTpaTH) mnpodeciiiHo-
BaXITUBHX SIKOCTEH (p;):

Di= f (X1, X2iy -y Xii), i=1,..,N, (1)

Ha OCHOBI CIIOCTEPEXKEHbB Xy;, Xp;, ..., Xi; (i = 1, ..., N) mns N ocib.

VY npakTHYHUX 3aCTOCYBaHHSX, 30KpeMa ITiJ] 4ac OOCTSIKEHHS ICHXIYHHX
aKTyaJIbHUX CTaHiB, (akTW4Hi HMOBIPHOCTI p; HE CHOCTEPIraroThes, TOMY MO-
nenb tuny (1) HeoOXiTHO OLIHWUTH Ha MIJCTaBl CIIOCTEPEKYBAHUX JAHHX ); Jie-
KO arperoBaHoi OiHapHOi 3MiHHOT. MHOKHHA MOSICHIOIOYMX 3MIHHUX y MOJETI
(1) Mo>ke MicTHTH KibKicHI abo OGiHapHI 3MiHHI, 200 00WIBA THITH 3MiHHHX.

Y HamoMmy JOCTiPKEHHI PiBHS TOTOBHOCTI TMPAIliBHUKIB 10 pOOOTH B CKJIa-
JTHUX BUPOOHHYMX CHTYaIlisIX MHOXHHA TOSCHIOIOYNX (DaKTOPIB CKIANAETHCS 3
BOCHMU TTOKa3HUKIB Cy0’€KTHBHOTO OIIHIOBaHHS MCHXIYHUX CTaHIB Ta 3MiHHOI,
0 BU3HAUa€ Bik 0COOH, a came: x| = P — MCUXivyHU# CTIOKiH (BiMIyTTS 3370BO-
JIEHOCTI); X, = E — BIMYYTTS CHJIM Ta €HEpTii; X3 = 4 — MparHeHHs 10 aKmii i
OaxxanHs Jii; X, = O — IMITyJIbCHBHA PEaKTUBHICTB; X5 = [ — TICHXiYHa Jenpe-
Cisl Ta BIAUYTTS BUCHAXKEHOCTI; X¢ = S — MPUTHIYEHUI HACTPiif; X7 = N — BiauyT-
TS ICUXIYHOT0 HECIIOKOI0 a00 00ypeHHs, HalpYyXeHHS; Xg = V — BiquyTTs TpU-
BOJKHOTO OYiKYBaHHS, CTpax, HECMOKil; Xg = AGE — Bik 0cO0H.
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binapHy 3anexHy 3MiHHY y BU3HAYa€MO Ha OCHOBI arperyBaHHS BiJXWJICHb
¢dakTopiB Bij iX cepenHix 3HaueHb. I MBOTO AJIST KOXKHOTO TICHXOJIOTIYHOTO
MOKa3HUKa BM3HAYAEMO DSl BiIXWIEHb BiJl cepemHboro (x; — x; ), ge x;
Mo3HAaYa€e CepeHE 3HA4YCHHsS k-ro (hakropa. OOUMCIICHI Cepe/IHI 3HAYCHHS IUX
PAIIB BiIXHUJICHD JOPIBHIOIOTH HYJIIO, @ JUCIIEPCIi € TOCUTh ONM3bKUMU. Pe3yiib-
TaTH AUCIEPCIHHOTO aHallizy, MPOBEICHOIO HAa OCHOBI MOPIBHSAHHS AHCIEpPCii
PAMIB BiIXWIIEHh 3a HU3KOI cTaTUCTHYHUX TecTiB (Bartlett Statistic, Levene
Statistic, Brown-ForsytheStatistic), 3acBiq4y0Th CTATHCTUYHY PiBHICTH JTUCIIEp-
ciit no6ynoBanux psais. OTOX, MU MOXKEMO 3pOOUTH BUCHOBOK PO MEBHY Of-
HOPIAHICTD PSZiB BIAXUICHD 31 CTATUCTUYHOI TOUKHU 30PY.

[IpoBenmeHi CTaTHCTUYHI JOCHIHKCHHS NAIOTh MiJACTaBH s (GopMyBaHHS
arperoBaHoro MOKa3HUKa, SIKMH XapakTepu3yBaTHME y3arallbHeHE BiIXWIJICHHS
BiJ cepenHboro. ToMy moOyayemMo psfl, SKHH XapaKTepHU3ye CEepeIHE 3HAUCHHS
BIJIIOBIAHHUX BIAXUJIEHD:

Deviation=[ (P - P™) +(E—-E™") + (A4 —-A4A™")+(0-0™") +
+ (N_]Vmean) + (V_ Vmean) + (D_Dmean) + (S_Smean)] / 8 . (2)

Po3paxoBane 3naueHHs craructuku XKapka-bepa (Jarque-Bera = 4,2) ta 00-
YHCICHUH BiAMOBiAHMI il piBeHb 3HauyIoCTi (probability = 0,12) 3acBimuyroTh
HOPMAaJIbHICT PO3MOALTY MOOYI0BAaHOTO arperoBaHOro MOKa3HUKA.

OTxe, BU3HAYUMO 3MiHHY — 1HIUKATOp PU3UKY BTPATH NMPOQECciiHIX Bax-
JUBHX SIKOCTEH Y, sika HaOyBae 3Ha4eHHS 1, SKII0 aOCOIOTHE 3HAYCHHS arpero-
BaHOrO BigxwieHHs (Deviation) nepeBUILye cepeIHbO-KBAAPATUYHE BiAXUICHHS
EMITIpUYHOT0 po3mnofiny, i 0 B mpoTWiIeKHOMY BHUMaiKy. Binrak 3HauenHs 1
BKa3y€ Ha MOXJIMBICTh HasIBHOCTI pU3UKY MpodeciiiHol HenmpuaaTHOCTI IS BiJl-
MOBITHOTO MpauiBHUKA, a 3Ha4eHHs 0 — Ha MEeBHY BiICYTHICTh TAaKOTO PU3HKY.
Jnst BUOIpKHM JaHuX, sIKa CKIIaaeThes 3 93 crocTepekyBaHUX ocib — cirocapis
OIlepaTHBHO-BUI3HUX Opurai, 3Ha4eHHs 1 orpumano it 74% oci0 Ta 3HaYCHHS
0 — g 26% ocibo.

s Toro, o6 OLIHUTH PiBEHb PU3HUKY ISl KOKHOI 0cOOH Ta copMyBaTu
KAy CTYICHS PU3MKOBAHOCTI, MOOYayeMO Oararo(pakTOpHy PerpeciiHy Mo-
nenb 6iHapHOTO BUOOPY, SIKa BPaXOBYE 1 OLIHIOE BIUTUB KOKHOTO 3 O0CTEXKECHUX
MICUXOJIOTTYHUX (PaKTOPiB Ha PU3HK HAOYTTs npodeciiiHol HeMPUAATHOCTI.

[pumyckaemo, 1o pusuk (HMOBIipHICTB) p; y Mozeni (1) € dyHkiieto, sika
3aJICKUTh BiJl MHOXKUHH TOSICHIOIOUMX 3MIHHHX X1;, Xpj, ..., Xj; TA BHIIAIKOBOTO
¢dakTopa u;, SKHH MOXKE IIO3HAYaTH TMOXMOKY BHMIPIOBaHHS 4YHM II€BHI
Cy0’€KTHBHI CTOXaCTUYHI YHHHHUKH, [0 BUIAJIKOBO BIUIMBAIOTh HA PE3YJIbTATH
00CTEeKEHHS:

pi=Prob{Y;=1} = F(X'; B+ w), (3)

ne F(-) — nesxa QyHKIis, 00nacTh 3HAYEHb SKOI HANEKUTh BiApi3ky [0;1];
X — MaTpHLs CIOCTEPEKYBaHUX €K30I'€HHUX 3MiHHUX — (DakTOpiB; S — BEKTOP
HEBIJIOMHX TMapaMeTpiB MoJelNi, SKi HeoOximHo omiHuTH. B sikocti QyHKI F(+)
MOYKHA BUKOPUCTATH (DYHKIIIIO PO3MOILTY IEsKOI BUMAAKOBOI BenmurHu. Haiivac-
Tillle BUKOPUCTOBYIOTh (DYHKLIO CTAHAAPTHOT'O HOPMAIBLHOTO PO3NOALTY:

F(z) = ®(z) = 1/27)"? [exp (-1/2 (z)*) dz; 4)
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a00 (PYHKIIIFO JIOTICTUYHOTO PO3MOILITY:

Fz)=exp(z)/(1+exp(z))=1/(1+exp(-z)). 35
BinnoBiHO IMOBIPHICTH HYJIBOBOTO PU3HKY OIIHIOETHCS SIK
Prob{Y=0} = 1 - F(X; ) . ©)

OO6unBi GyHKIIIT, IK QYHKIIS PO3MOALTY CTaHIApTHOT HOPMAaIBHO PO3MO/Ii-
JieHoi 3MiHHOI (4), Tak sK 1 JorictmuHa (yHKIiS (5), 3MIHCHIOIOTH BiATIOBIAHY
TpaHcopmaliro 3HaueHHs X', Ans Toro, mod oniHeHa MMOBIpHICTH HaOyBasa
3HAYCHHS MIXK HYJIEM 1 OJIMHUIICIO.

VY Hamomy JociipKeHHi cneuudikaniro 6iHapHoro Bubopy (3) M BUKOpH-
CTOBYEMO IJISi MOJEIIOBAHHA JESIKOi JaTeHTHOI (MPUXOBaHO1) 3MIHHOI, sSIKa BU-
3Ha4a€ CTYIiHb MOTIPIICHHS eMOIIWHOI perysiii opraHizMy npariBHHUKa, HOTo
TOTOBHOCTI JI0 €KCTPEHUX Miil, 10 pOOOTH B CKJIaJHUX BUPOOHHYUX CHUTYaIlisX.
HecnocrepexyBaHa jaTeHTHa 3MiHHA y* 3aJICKUTh BiJ TPynd (QakToOpiB Xi;, Xz,
<evy Xiiy @ CAME!

Vi =F Bo+ B+ Boxy + 0+ Bixp tuy), @)

Jie #; — BUTIAJIKOBI Cy0’€KTUBHI YMHHWKHK (BUNankoBa noxubka). ChopmoBaHa
BHACITIZIOK arperyBaHHs CIIOCTEPEKyBaHa 3aJIe)KHa 3MIHHA Y BU3HAYA€ThCSI SIK

1, axwo y; >0,

Y= (®)

0, sxwo y7 <0.

Binrak, Mu crioctepiraemo 3HaueHHs Y = 1, SIKIIO HECTIOCTEpeKyBaHa 3MiH-
Ha " nepesuiye noporose 3nauenns 0. Toi:

Prob {¥;=1|X, 8} =Prob { y;>0} = Prob{X;f+u;>0} =1-F(-X53), Q)

ne F — BiAMOBiIHA KyMYJIATUBHA (DYHKIIiS PO3IOILTY BUTIAJIKOBOI TOXHOKH U.

Emnipuuni  pesynomamu mooenioganus. Y eMIIPUYHOMY MOJICIIOBaHHI
HaH4acTillie BUKOPUCTOBYIOTh MPOOIT crienugikaimiio Mozaesi (3 GyHKIIEWw po3-
MOJIIJTy HOPMAJIBHOTO CTaHAAPTHOI'O PO3IMOLIY), JIOTIT crienudikairo (3 Joric-
TH4HOIO (yHKIi€w0) abo rommit cnenudikanito. Ha ocHOBI HasBHUX crocTepe-
KEHb OLIIHEHO MapaMeTpH JIOTIT Ta MpoOIiT MoAenel BUTIALY

pi=F (Bot+ prPt P EAPs At s O+ BsNit po Vit p7Dit

, (10)
+ﬂ8Si+ﬂ9AGEi+ U; ), = 1, s 93:

BHUKOPUCTOBYIOUH BiAmoBigHo GyHKIil F Buny (4) ta (5). 3minny AGE, sika no-
3Ha4a€ Bik 0coOu, BKIFOUEHO B Mozieib (10) 3 METOrO AOCTIINTH 3HAYYIIICTh Ta
BIUIMB BiKOBOT'0 (pakTOpy Ha e€(eKTHBHICTh EMOLIMHOrO PEeryIrOBaHHs B yMOBaX
npodeciiHoi AisTBHOCTI.

Mopens 6inapHoro Bu6opy (10) He € niHIHHOIO 1 5K0IHOIO TpaHchopMariieto
HE MOXKe OyTH NepeTBOPEHA Ha JiHIHHY, TOMY IapaMeTpu L€l Moaeli He MOKHa
OILIIHHUTH 32 JIOMOMOI'OI0 METOIy HalMEHIINX KBajpaTiB. OTKe, JJIs OLIHIOBaHHS
napameTtpiB MoJierneit 6inapHoro Bubopy (4), (10) ta (5), (10) Hamu BuKopucTa-
HO METOJI MAaKCUMAJIbHOI TPaBIOMOAIOHOCTI, IKUH TOMSITae y MaKCHMi3arlii J10-
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rapudMa BianoBiaHOI QyHKIIT MPaBIONOIIOHOCTI Ta Y 3HAXO/HKCHHI HAa OCHOBI
iTepamniiiHoro anroputmy HeioToHa-Padcona 3HaueHb mapameTpis, siKi MakcUMi-
3YIOTb IIe# morapum.

VY Tabu. 1, 2 HaBeJCHO OLIIHKHK NapaMeTpiB OaratohakTopHOi IpoOIT Ta J0-
TiT MOJEJICH, MOPS 3 IXHIMM CTaHAAPTHUMHU IMOXUOKaMU, cTaTUCTUKaMU CThiO-
JIEHTa Ta WMOBIPHOCTSAMH (p-3HAaueHHS), SKi BUKOPHCTAHO IJIi BCTAHOBIICHHS
CTaTHCTUYHOI 3HAYYIIIOCTI KOXKHOTO TICHXOJIOTIYHOTO (PaKTopa.

OO6unBi omineHi moxeni — 1 mpoOit (tabxa. 1), i morit (tabmn. 2), JeMoH-
CTpYIOTh NOAIOHI pe3ynpTatu. OQHAK, OCKUIBKY JiorapudM QyHKIII mpaBaomno-
nioroCTi mns mpooit moxeni (In L = —30.59), a Takox 3HaYeHHS KoedilieHTa
nerepminanii Mak ®anena (McFadden R* = 0.3503) € Ginbimmu 3a Biamosiami
spauenHs s gorit mozem (In L = —30.62, McFadden R* = 0.3496), o
MOIAJIBIINK aHaJ3 MPOBOAMMO Ha OCHOBI MPOOIT crienuikarii.

Bepudikamito Ta miarHOCTyBaHHSI PO3pOOJIEHOI MPOOIT MOJENi MPOBEICHO
Ha OCHOBI CTaTHCTHUKH BiJHOIIEHHS NpaBaomnoAiOHocti. OOUYUCIICHe 3HAYCHHS
craructuku LR = 32,93 ta BianosigHe 3HadeHHs imosipHOCTI (p = 0,0004) Bka-
3YIOTh Ha KOPEKTHICTh MPOBEICHOTO0 MOJICITIOBAHHS Ta aJeKBaTHICTh MO0y m0OBa-
HOT Mozedi (Tadi. 2).

Kpim Toro, pe3yapraTi aHanizy SIKOCTi OLIHIOBaHHs Ha OCHOB1 pO3p0o0IeHOT
MOJIeTTi, SIKa BPaXxOBY€E TOKa3HUKU €MOIIHHOTO cTaHy npartliBHuka P, E, O, S, N,
V, D, Ta Moziedi, sika iX He BPaXOBY€ 1 MICTHTB JIMIIIE KOHCTAHTY (Tal0J1. 3), TaKOX
BUSIBJISIFOT TIEpeBard BUKOPUCTAHHS MPOOIT crienugikariii.

Tabnuys 1. Pe3yJbTaTH OLiHIOBaHHSA OaraTodakTopHoi perpeciiinoi mpo6iT Moaei

@, (10)

Ennorenna 3minHa : ¥
Meroj oLiHIOBaHHS IapamMeTpiB: MeToa MaKCHMaJIbHOI IPaBIONOAIOHOCTI st OGiHApHOT
mpoOiT Momei
30DKHICTb HOCATHYTO Micns 5 iteparii
Mertoj OLIHIOBAaHHS CTaH/IApPTHHUX MOXMOOK Ta KoBapiamii : ['ydepra - Yaiita
Exsorenni suin- Koedimient | Crammaprha moxu6ka | f-cratnetuka [P ona CHHA (HimoBi-
Hi PHICTB)
Const -0,48 1,04 -0,46 0,64
P 0,06 0,08 0,79 0,43
E -0,22 0,10 -2,30 0,02
A 0,03 0,08 0,41 0,68
o 0,19 0,06 3,12 0,002
N 0,08 0,08 0,97 0,33
Vv -0,10 0,08 -1,31 0,19
D 0,13 0,07 1,87 0,06
S -0,10 0,07 -1,35 0,18
AGE 0,13 0,15 0,85 0,40
R-kBagpar Mak ®anena 0,35 Cepense 3ai1. 3MiHHOI 0,20
Crasj. BiAXuaeHHs 3aj1. 3MiHHOL 0,41 Crang. Binx. perpecii 0,34
Ind. kpuTepiit Akaiike 0,87 CyMa KBaJ[paTiB 3a/UIIKIB 9,70
Kpurepiii [lIBapua 1,15 Jlorapudm npasmomomiGHOCTI -30,59
Kpurepiii Xannana-Kyina 0,98 Cnocrepexenns 3 Y=0 74
LR crarucTuka 32,99 Cnocrepexenns 3 Y=1 19
p-3HaueHHs LR cratuctuku 0,0001 Bcworo criocrepexeHb 93
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Tabauys 2. Pe3yabTaTn OUiHIOBaHHA 0araTto)akTopHOi perpeciiinoi Jorit momesi

(), 10)

Enporedna 3minga : Y
Mero OLiHIOBaHHS MapameTpis: MeTo MaKCHMAIbHOI IPaBAONOAIOHOCTI st GiHAPHOT
JIOTIT Moziei
301KHICTh IOCSATHYTO TicIs 7 iTepaniit
Meron OLiHIOBaHHS CTaHAAPTHUX MOXMOOK Ta KoBapiauii : ['ybepra-VYaiita
EK3O.F6P¥H1 Koedinienr  |CranaaptHa noxubka| ¢-CTaTHCTUKA PrIHATCHHA (fimoBip-
3MiHHL HICTh)
Const -1,34 2,24 -0,60 0,55
P 0,14 0,14 0,96 0,34
E -0,42 0,20 -2,15 0,03
A 0,09 0,18 0,47 0,64
o 0,31 0,10 3,04 0,002
N 0,13 0,16 0,84 0,40
14 -0,16 0,14 -1,14 0,26
D 0,22 0,13 1,75 0,08
S -0,16 0,13 -1,30 0,19
AGE 0,02 0,03 0,71 0,48
R-kBagpar Mak ®anena 0,35 Cepenne 3aI1. 3MiHHOT 0,20
CraH. BigXWICHHS 3a1. 3MIHHOL 0,41 Cranp. Binx. perpecii 0,34
Ind. kputepiii Axaiike 0,87 CyMma KBa/JpaTiB 3aJIHILIKIB 9,54
Kpurepiit LlBapua 1,15 Jlorapu¢m npasonoioHocTi -30,62
Kputepiit Xannana-Kyina 0,98 CuocrepexeHnst 3 Y=0 74
LR crarucruka 32,93 Cruocrepexennst 3 Y=1 19
p-3nauenns LR cratmcrukn 0,0001 BChoro crnocrepexenn 93

Tabnuys 3. Pe3yabTaTu TiarHOCTyBaHHS Po3podJieHoi 6aratogakTopHoi mpodiT Mmogeri

OuikyBaHi IPOrHO30BaHi OLIHKHM Juls OiHapHOI crienudikarii

Kputnune 3nauenns: C = 0.5

Po3po6iiena mozens Mopenb cTanoi IMOBIPHOCTI
Y=0 Y=1 Bceworo Y=1 Y=0 Bceworo
Prob { ¥Y=1 } <C 71 12 83 74 19 93
Prob { Y=1}>C 3 7 10 0 0 0
Bceroro 74 19 93 74 19 93
Kopekrhi 71 7 78 74 0 74
% KOPEKTHHX 95,95 36,84 83,87 100,00 0,00 79,57
% HEKOPEKTHUX 4,05 63,16 16,13 0,00 100,00 20,43
BincoTok nepesarn 36,84 21,05
Pospo6iiena mozens Mopenb cTanoi IMOBIPHOCTI
Y=0 Y=1 Bcboro Y=0 Y=1 Bcboro
E[Y=0] 64,44 9,56 74,00 58,88 15,12 74,00
E[Y=1] 9,56 9,44 19,00 15,12 3,88 19,00
Bceroro 74,00 19,00 93,00 74,00 19,00 93,00
Kopekrhi 64,44 9,44 73,89 58,88 3,88 62,76
% KOPEKTHHX 87,09 49,71 79,45 79,57 20,43 67,49
% HEKOPEKTHUX 12,91 50,29 20,55 20,43 79,57 32,51
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Tabauys 4. Pe3yabTaTi H0CTITKEHHs aTeKBATHOCTI OLIHIOBAHHSI PU3HKY BTPaTH nmpode-
Ccil{HOI MPUAATHOCTI 3 ypaXyBaHHSAM Pi3HUX BiKOBHUX KaTeropiii Ha ocHoBi Tecty Enapro

O1iHIOBaHHS a/IeKBaTHOCTI OiHapHOI crienudikarii — rect Enapro
['pynyBanHst crocoBHO AGE
Bikosa kare- Y=0 Y=1 Beworo
ropis DakTuuHi ITporuozoBani ®akruuni | [Ipornososani |CrocrepexeHb

(Age - Value) (Actual) (Expect) (Actual) (Expect) (Total)

1 6 7,27 3 1,73 9

2 17 15,23 4 5,77 21

3 25 24,42 3 3,58 28

4 23 24,22 7 5,78 30

5 3 2,86 2 2,14 5

Craructuka Enapro 6,74 p-3HAUYEHHS ()(2[5]) 0,24

Tabnuya 5. Pe3yJbTaTH OLIHIOBAHHS IPYII PU3UKY BTPaTH NpodeciiiHo BazIMBUX SIKOCTe

Tect 'ocmepa — Jlememosa
I'pynyBaHHS CTOCOBHO POTHO30BAHOI'O PH3UK
I'pyna KBanruii pusuxy Y=0 Y=1 Bceroro H-L CTKE;THCTH-
Low High Actual  Expect | Actual Expect Obs Value

1 0,002 0,006 9 8,96 0 0,04 9 0,04
2 0,008 0,018 9 8,88 0 0,12 9 0,13
3 0,019 0,031 8 8,77 1 0,23 9 2,73
4 0,033 0,061 10 9,57 0 0,43 10 0,45
5 0,069 0,098 8 8,26 1 0,74 9 0,10
6 0,101 0,168 8 7,83 1 1,17 9 0,03
7 0,170 0,243 9 7,99 1 2,01 10 0,64
8 0,246 0,346 5 6,35 4 2,65 9 0,97
9 0,351 0,493 5 522 4 3,78 9 0,02
10 0,522 0,990 3 2,17 7 7,83 10 0,40
Bceboro 74 74,00 19 19,00 93 5,50

H-L cratucruka 5,50 p-3uadenss (°[8]) 0,70

[IpoBemeMo TakoX aHaji3 CIPOMOXKHOCTI MOJETIl KOPEKTHO OI[iHIOBATH
HMOBIpHICTh BTPaTH SIKOCTI €MOLIHHOI Peryisuii Ta BiAMOBIIHO MPOTHO3YBaTH
PHU3UK KPUTHUYHOIO MOTipIIeHHA 1€l AKocTi. BigmoBiaHi TecTyBaHHS BUKOHAHO
3a pornomororw tecty Enapro (Andrews goodness-of-fittests), imes sikoro moJs-
ra€ y mopiBHSHHI (paKTHYHHMX Ta MPOTHO30BAHHMX 3HAYEHBb, IPU LIBOMY BEJIHKI
BIIXMJICHHS BKa3YIOTh Ha HE3aJOBUILHICTh T4 HEaIEKBATHICTh MOJICIII.

AHani3 BIAaCTMBOCTEW MOJENi IIiJ] 4ac OI[iHIOBAHHS PU3HKY IPOBEIEHO 3
ypaxyBaHHSM BiKy oOcTexyBaHuX (Tabin. 4). OGuncineHe 3HaYeHHSI CTATUCTUKU
(Andrews Statistic = 6,7420) Ta BimnmoBigHe i 3HAYEHHS DIiBHS 3HAYYIIOCTI
(p-value = 0,2405) 3acBimuyrOTh aJICKBaTHICTH MPOBEACHOTO OI[IHIOBAHHS PHU3U-
KiB BTpaTH npogeciiftHoi MpUAaTHOCTI. 3a3HaYMMO, [0 MOJIENb JIa€ 3MOTY Kope-
KTHO OLIIHIOBAaTH PU3HUKH IJIS1 YCiX BIKOBHX KaTEropiu.

[ToOynoBana MoJenb TakOX JA€ 3MOTY MPOBECTU IPYIyBAaHHS Ta OLIHUTH
KBAaHTHIII 1HTEpBaliB PU3MKIB Ha OcHOBI TecTiB ['ocmepa-JlememoBa (Hosmer-
Lemeshow goodness-of-fittests) (tabmn. 5). [IpoBemenuii aHami3 cBigUUTH HPO
anekBatHicTh po36uTTs (H-L Statistic = 5,50; p-value{x’[8]} = 0.70) Ta KOpeKT-
HICTh OLIHIOBAaHHS PU3HUKY Ha KOKHOMY 3 iHTEpBaJIiB.
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3micmosnuii ananiz ompumanux pesyivbmamie. JIOCTIIHKEHHS CTaTUCTUUHOL
3HAYYIIOCTI BIUIMBY KOXKHOTO OKPEMOTO YMHHHMKA HA WMOBIPHICTh PU3MKY BTpaTH
HEOoOXiTHOI SKOCTi eMOIIIIHOI peTyIsIlii mpoBeaeMO Ha OCHOBI ctatucTuk CThioze-
HTa Ta Banpaa. Pe3ynbraTu oniHOBaHHS (Ta01. 5) T03BOJIMIN BUSBUTH, 10 CTATHC-
TUYHO 3HAYYIIMMH € Taki ICUXoJoriuni dakropu, sk E, O ta D, toni sixk A, P, N, V
Ta S HE MalOTh CYTTEBOTO BIUIMBY Ta 3arajioM HE MOTIPUIYyIOTh €PEKTUBHICTH €MO-
HifHOI perynsmii. 3a3HaunMo, 0 KoedilieHT Oinst 3MiHHOI £ € CTaTHUCTHYHO 3HA-
YYIIUM 1 HETATUBHUM, IO CBIIYMTHL NPO Te, IO 30UIbIICHHS 3HA4YCHHS (pakTopa,
SIKAM BUMIPIOE BITUYTTSI CHJIM Ta €HEprii, NPUBOAUTH OO 3MEHILIECHHS MMOBIpPHOCTI
PU3HKY 3HWKEHHS SIKOCTI eMoLidHOi perymsmii. Boaxouac koediuientn Oinst
3MiHHHUX O 1 D € CTaTUCTUYHO 3HAYYIIUMHM Ta JOJATHUMH, IO CBITYUTH PO TE, 1110
30UTBIICHHS IMITYJIbCHBHOI PEaKTHBHOCTI UM BiTUYTTSl BUCHAKEHOCTI Ta HASIBHICTh
BHCOKOTO PiBHA IICUXIYHOI Aempecii y MpaliBHUKIB 3yMOBIIOIOTh 3pOCTaHHS IMOBI-
PHOCTI PH3HKY, KPUTHYHO 3HWKYIOTh HAJIIMHICTh IEPCOHATY Ta HOTO TOTOBHICTD Y
BUIA/IKy eKCTpeHUX Jii. BomHouac Taki (akTopy sIK NCUXIYHUN CHOKIH, BIAIYTTS
3a70BOJIEHOCTI (P), mparHeHHst 10 akmii i GaxkaHHs il (A4), MPUTHIYEHUH HACTPIH
(S), BiAUYTTS MCHXIYHOTO HECIIOKOI a00 0OypeHHs, HanpyxeHHS (IN), BiT4yTTs
TPUBOXKHOTO OYiKyBaHHS, CTpax, HECTOKiH (V) CTaTUCTHYHO 3HAYYIIO HE 3MIiHIOKOTh
PH3MKH KPUTUYHOTO MOTIPIIEHHS SKOCTI eMOLIHHOI peryisuii Ta piBHS TOTOBHOCTI
MpauiBHUKIB 10 POOOTH, 30KpeMa y CKIAJIHUX BUPOOHUYNX CUTYaLisX. 3ayBaKUMO
TaKoX, IO 3MiHHA, siIKa XapaKTepH3ye BiK OCOOW, HE € CTATHCTUYHO 3HAUYIIOIO,
BIJITAK HAJISXKHICT JIO PI3HUX BIKOBHX IPYIl HE € CYTTEBMM YHHHUKOM, IIO BIIUBAE
Ha PU3MK TIOTIPIICHHS SKOCTI €MOLIHHOI perymsiii s MpaifoloduX CIIocapiB
OIepaTHBHO-BUI3HUX OpHraf.

Jnst Mopeneli 6iHapHOTO BHOOpPY CTaHIAAPTHI OXWUOKH 1 #-BiJTHOILICHHST 00YH-
cieHo 3a MeronoM ['yGepra—Yaiita. OnqHak, iHTEpHpeTalisi OUiHEHNX YHCIOBUX
3Ha4YeHb KOe(IIliEHTIB HE € TIOIOHOF0 IO MOETI JIiHIHHOT IMOBIPHOCTI.

3o0kpema I po3pOoOIICHOT JIOTIT MOIEI HEMPAaBUILHO 3a3HAYATH, 110 OJIH-
HUYHE 3pOCTaHHs GakTopa x crnpuunHse % 3pOCTaHHS WMOBIPHOCTI, OCKIJIBKH
HMOBIpHICTh HE € JiHIHHOI (YHKLIEIO CrocTepexyBaHux ¢akropis. [nsa Toro,
o6 ofepKaTH KOPEKTHUI B3a€MO3B’ 30K MK OKPEMHM YMHHHUKOM X; 1 HMOBI-
PHICTIO p, OTPiOHO 3aKbepeHLioBaTH QYHKII0 F 32 3MIHHOIO X; 1 TOMHOKHTH
Ha BI/INIOB1HE OLliIHEHE 3Ha4YeHHs KoedilieHTa f3;.

Binrak, rpannunuii eekT BIUIMBY (DaKTOpa X; Ha 3HAYECHHS PU3UKY 00YHC-
JIUMO 32 (HOPMYJIOF0

BiF'(X'B) = Bip(X'P), (1)

ne p(*) — TyCTHMHA HOPMAJIBHOI'O PO3MOMALTY. 3a3HAYUMO, 110 IS PO3pOo0IIeHOT
OaraToakTopHOI NPOOIT MOAENi, Ha BIAMIHY BiJ JIIHIHHOI MOJEINI, OTpUMaHi
rpaHnyHi eeKTH HE € CTATIMMHU 1 3aJIeKaTh BiXl 3HaUeHHs ycix (akropis. Binrak,
IpaHUYHI 3MiHU OOYHUCIICHO 32 CEPEAHIX 3HAYCHD MOSCHIOIOUNX 3MIHHUX.

Omxe, 3a ¢opmysoro (11) OIIHEHO BEJIMYMHU BIUIMBY 3MIiH Yy BHUSBICHHX
3Hauymux (¢akropax £, O ta D 3a yMOBH cepe/IHIX 3HaYCHb Ta HE3MIHHOCTI yCiX
iHmux ¢akrtopiB. KpiM Toro, Bu3HaueHO 3HAYCHHS TPAaHUYHUX BIUTUBIB LUX
(akTOpiB HA PU3UK OKPEMO IS 0Ci0 PI3HUX BIKOBUX KaTEropiil.

Pe3ysnbrat MozeIFOBaHHS 3aCBIUYIOTh, IO JJIS IPALiBHUKIB i3 cepeaHIiMU
3HAYEHHSAMH (DAaKTOPiB, MPOTE 3 HU3bKUM 3HAYCHHSIM £ (HU3bKHI PiBeHb BiIUyT-
TS CHJIM Ta €Heprii) He3aJeXKHO BiJ BiKOBOI IPYIH CIIOCTEPIraeThCsl 3HAYHHUN
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CTYHiHb PU3HKY BTPaTH NPOQeciiHMX BaXKJIMBUX SIKOCTEH, TOAI SIK Ui 3HAYCHb
E, mo nepeBUIyOThH 18, Takuii pU3NK MPaKTHYHO BiJICYTHIH.

[IpoBeneHe MoJEMOBaHHS TAKOX BHUSBIISIE, IO Y MPAIIBHUKIB 13 cepeHiM
3HAYEHHSIM 1HIIMX (aKTOPiB MPH MiJBUILECHHI MOKa3HUKA D (BiAYYTTs BUCHAXeE-
HOCTI Ta TICUXiYHa JIENpecisl) Ha [Ba MyHKTH WMOBIPHICTh PU3HUKY ITiBUIIYETHCS
npubnuzHo Ha 15-25%, mpu bOMY TOYHE 3HAYCHHS 3aJIC)KHUTH Bijl IOYATKOBOTO
piBHS D 1 3pocTae B Mipy HOro migBUINEHHS. 3a3HAYMMO, IIO 1€ BHCHOBOK €
MPaBUWIBHUM JUIA 0Ci0 Pi3HUX BIKOBHUX KaTEropi.

[ligBuieHHs IMIybCUBHOI PEAKTHUBHOCTI MpauiBHUKa () TaKOX 3yMOB-
JIO€ 30UIBIICHHST PU3UKY KPUTUYHOTO TMOTipiIieHHs edekTuBHOCTI npodeciitHol
JISUTBHOCTI, KpIM TOTO KpHBa TpaHUYHUX eekTiB ¢paktopa O € CTPIMKIIION0
MOPIBHIHO 3 KPUBOIO IPaHUYHUX e(eKTiB ¢akropa D, 1m0 CBITYHUTH PO TeE, 110
BIUTMB YMHHUKA, SIKUH XapaKTepU3ye iIMIYIbCUBHY PEaKTHBHICTD, € JICHIO CHIIb-
HIIIMM 32 BIUIMB YAHHHKA D, 110 XapaKTepu3ye ICUXIUHY ACTPECciio Ta BIAUYTTS
BHUCHAa)KEHOCTI, Ta IIBULIE 301JIbIIY€E IAHCH HETrATUBHOTO PE3yJIbTAaTy CTOCOBHO
BTpatd mnpodeciiinoi npugatHocti. [lomiOHI pe3ynbTaTH OTPUMAaHO IS YCiX
BIKOBHUX TPYII MPaIliBHUKIB.

Po3pobnena bararodakTopHa perpeciiina mpooit moaeins (5), (10) gae 3mo-
I'y OLIHIOBAaTH MMOBIPHICTh PU3UKY BTPATH MPOQECIHO BaXKIMBUX SIKOCTEH IS
KO>KHOTO KOHKPETHOTO MpaliBHUKa Ha OCHOBI iH(opMaLii Ipo crocTepexyBaHi
3HauYeHHS (pakToOpiB Horo ncuxiunoro crany P, E, A, O, N, V, D, S Ta BiKy.

BinnosigHo, iiMoBipHicTE pu3uKy BTpatu [1BS anst nmpariiBHEKa po3paxoBy-
€TbCs 3a hopMymamu:

Risk = ®(z)) = 1/2m)"* [exp (-1/2 (z;)*) dz: , (12)

Z=-1.34023 + 0.1369*P—- 0.4207*E + 0.0854*4 + 0.3072*0 + 13
+0.1339*N-0.1595*FV + 0.2206*D — 0.1646*S + 0.0211*4AGE . (13)

[IpoBeneHe HamMu JOCIIKEHHST OOTPYHTOBY€E METOJMKY OI[IHFOBaHHSI PU3U-
Ky KPUTHYHOTO MOTIPIIEHHS SKOCTiI eMOIiiHOT peryssmii daxiBui. s Bu3Ha-
YCHHS CTYTIEHS PU3UKY AJIS1 OKPEMOTO MPaLliBHUKA HEOOX1IHO:

1) 3a pesynpraTamMy NCHUX0(i3i0JOTTYHOIO OOCTEXKEHHS 3a JOMOMOIOI0
COITAC-8 Bu3HAaYUTH 3HAYCHHS BOCHMH (DAKTOPIB TICUXIYHOTO CTaHY: TCHXid-
HUI CTOKIH, BIMIYTTS 3310BOJICHOCTI (P); BiquyTTsi cuim Ta eHeprii (£); mpar-
HEHHS JI0 aKuii i OaxaHHs [ii (A4); IMIybCHBHA peakTUBHICTH (O); TCUXivyHA
Jenpecis Ta BiI4yTTa BHCHaXeHOCTi (D); mpurHiueHui HacTpiil (S); BiguyTTs
MICUXIYHOTO HECMOKOI0 a00 00ypeHHs, HanpyKeHHs (N); BIIIYTTS TPHUBOKHOTO
OUiKyBaHHS, CTpax, Hectokii (V);

2) BU3HAYMTH 3HAUYCHHs iHIUKaTOpa Z 3a popmynoro (13), BUKOPUCTOBYIO-
YH OJlepXKaHi 3Ha4eHHs (PaKTOPiB MCUXIYHOTO CTaHy Ta BiK MpalliBHUKA,;

3) 3a dopmynoro (12), BUKOPUCTOBYIOUM TAONMIN 3HAYCHb (PYHKINT IIiTb-
HOCTI CTaHJapTHOTO HOPMAaJbHOTO po3noainy ['ayca, oOYMCIUTH OYiKyBaHy
HAMOBIpHICTh Risk, sika XapakTepu3ye piBeHb PU3UKY Ta CTYIiHb IOTipILICHHS
edeKTHBHOCTI TIpodeciitHOT MisSITBHOCTI.

OTtpuMaBIu 3Ha4YeHHS Risk, MOXHa TaKOX OI[IHUTH PiBEHb TOTOBHOCTI JI0
pobotu (Ready = 1 — Risk) nis KOHKPETHOTO IpalliBHUKA, 30KpeMa Y CKIIaJIHUX
BUPOOHUYHX CUTYAIisX, i NPUHAMATH pillIeHHs IIOJ0 HOTO 3aly4eHHs JI0 BHKO-
HaHHA OpodeciiHuX 000B’A3KiB.
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Xl 0.2 <Risk <0.4

p ST
IR

SLRLRERS -
LRGN 304 <Risk<06

VAN

VAVAN

1 0.6 <Risk<0.8
[1] 0.8 <Risk<1.0
[]0.0<Risk<0.2

Puc. Po3monin KiTbKOCTI CIIOCTEPEKYBAHHMX TPAIiBHUKIB OIEPaTHBHO-BHIZHHX
Opuraz 3a piBHEM pHU3UKY 3HAYHOT'O MOTIPIICHHS SKOCTI eMOLIHHOT perynsii

OTtpumaHi pe3ynbTaTd MOKa3aju, MO MaiKe IS IOJIOBUHU JOCIIPKEHUX
MpaliBHUKIB piBeHb pu3uKy MeHIMH 3a 0,1, M0 cBiquuTh Npo iX HAIIMHICTH Ta
BHCOKY FOTOBHICTh Y BHUMAJKy eKcTpeHux nii (Puc.). Busnadyeno, mo 89% no-
CIII/DKEHHUX CITIOCapiB JEMOHCTPYIOTh piBeHb pu3uKy BTpatu [1BS menmmit 3a
0,5 Ta ouikyBaHy yCHIIIHICTh Y CBOil mpodeciiiHiii gisutbHOCTI. Bognouac mis
noHaza 5% mpauiBHUKIB piBeHb KPUTUYHOTO MOTIPIICHHS MPO(QECIHHUX SKOCTEH
nepepuiye 80%, a mis moHax 3% mpaiiBHukiB pu3uk Brpatu [1BS HaBiTh 0i-
apiuuii 3a 90%, mo 3yMOBIIOE IXHIO MpO(eciiiHy HEroTOBHICTH A0 poOOTH Y
CKJIaIHUX BUPOOHUYHX CHUTYAIlifAX.

BcranoBieHo, 1m0 CTaTUCTHYHO 3HAYYIIMHI BIUIMB HA PU3HMK MOTIPIICHHS €MO-
IIAHOTO CTaHy IMpalliBHUKA MalOTh XapaKTEPUCTHKH BIIUYTTS CHIIM Ta CHEPrii,
IMITYJIbCUBHOI PEAKTHBHOCTI YW BIAYYTTS BUCHAXKEHOCTI Ta PIBHA NCHXIYHOL
nemnpecii. [lokazaHo, 0 HaNEXHICTh O PI3HUX BIKOBUX I'PYI HE € CYTTEBUM
YHUHHHUKOM, 110 BJIMBA€ HA PU3MK IMOTIPIICHHS SKOCTI EMOIIMHOI PEryJIsIil Ciro-
capiB OINepaTHBHO-BUI3HUX OpHTal.

i npariBHUKIB i3 cepeaAHiMHI 3HAYECHHSIMU PiBHS (JAKTOPIB 1 3 HU3KUM PiBHEM
BIIUYTTS CHIIM Ta eHeprii (£) He3aIeXHO BiJl BIKOBOI IPYIIH CIIOCTEPIraeThes 3HAUHUI
CTYITIHb PH3UKY TOTIPIICHHS SKOCTI EMOI[MHOI PeryJsusiiii, Toal SK MpaliBHUKIB 31
3Ha4YEHHSIMH F, 110 MIEPEeBULIYIOTH 18, Takuil pU3HK MPAaKTUYHO BiacyTHil. BoxHouac
y MpaLiBHUKIB 13 cepelHiM 3HAYECHHM 1HIMX (PAaKTOPIB Y pa3i MiABUILICHHS BiTIyTTs
BUCH)KCHOCTI Ta NCUXIYHOI jernpecii (D) Ha JBa ITyHKTH WMOBIPHICTh PH3UKY ITijI-
BUIIYETHCS MPUOIIBHO Ha 15-25%, mpoTe TouHe 3HAYeHHSI 3aIC)KHUTh BiJl TOYATKO-
BOro piBH: D i 3pocTae B Mipy HOTO ITi/IBUILICHHSL.
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[TigBuieHHsT IMITYyILCUBHOT PEaKTUBHOCTI mpamniBHUKa (O) 3yMOBIIOE 30i-
JBIIEHHS. PU3UKY KPUTUYHOTO TOTIPIICHHS SKOCTI eMOIiifHo1 perymsmii. Bera-
HOBJICHO, LII0 KPHUBa IPaHU4HUX eeKTiB pakTopy O € «CTPIMKILIOK» HOPIBHIHO
3 KPUBOIO TPAaHUYHUX eeKTiB (hakTopy D, 10 CBIIUUTH PO JENI0 CHIBHIMINHA
BIUIMB 4YMHHMKa (O B TOPIBHAHHI 3 BIUIMBOM uMHHUKA D. [ligBuiieHHS
O MoOXe BHUKJIMKAaTH €(EeKT MNPHUIIBUALICHOTO MOTIPIIEHHS SIKOCTI eMOUiHHOi
peryIAiii He3aJeKHO BiJl BIKY TOCIHIPKEHUX OCi0.

Po3pobrieHa KoOHIIENIlisT MOJICITFOBaHHsI Ha OCHOBI 0araTohakTopHOI perpe-
ciiiHol npoOIT MozAeNi a€ 3MOTy OLHIOBaTH WMOBIPHICTH PHU3MKY MOTipILICHHS
SIKOCTI €MOIIWHOT Perysmii JUIsi KOXXHOTO KOHKPETHOTO TpaIlliBHUKAa HA OCHOBI
iHpOpMaIil po crocTepeKyBaHi 3HaYeHHsT (PaKTOpiB HOTO €MOIIHHOTO CTaHy
HE3aJICKHO BiJl BiKY.

Busisieno, mo Maixe y OJOBHHH JTOCIIDKEHUX MPAIiBHUKIB PiBEHb PU3H-
Ky MeHImM# 3a 0,1, 10 CBiJYUTH PO 3YMOBIIEHY iX €MOIIMHUM CTAaHOM HaJliii-
HICTh Ta BUCOKY I'OTOBHICTH /0 BUKOHAHHS €KCTpeHMX Aii. 89% mociimKeHux
CJIIOCapiB MAlOTh PU3MK MOTIPIICHHS SKOCTI €MOLIMHOI peryssumii MeHImui 3a
0,5. dns noHaxn 5% mpauiBHUKIB PiBeHb KPUTHYHOTO MOTIPIIEHHS SIKOCTI eMo-
niiHoi  perymsanii  mepesumye 80%, a gns  monax 3%  cirocapis
OIIEPaTHBHO-BUI3HUX OpUraz PU3HK MOTIPLICHHS SKOCTI €MOLIHHOI peryssuii
HaBiTh OuThIIHI 32 90%, 10 3yMOBITIOE TXHIO HETOTOBHICTH 10 BUKOHAHHS TIPO-
(eciiiHuX 000B’SI3KIB y CKIIaTHUX BUPOOHIYUX CHTYAITiSIX.

JIITEPATYPA

1. Kanpanm B.B. Ilytu coBepuieHCTBOBaHHs NpodeccHoHambHOTo ncuxodusnonornyuec-
KOro 0TOOpa ¥ MOHHTOPHHTA MPO(ECCHOHATBHO BaXKHBIX KAUeCTB CIIEHUAIUCTOB, pado-
TAIOIIMX B YCIOBHUSX C IOBBIMIEHHON ONAaCHOCTBIO. YKpaincbKuil scyphan 3 npobiem me-
Ouyunu npayi. 2015. Ne 4(45). C. 14-25.

2. ®omun H.B., KozbskoB P.B. IIpoGieMbl MCHXOIOTHYECKON JENPUBALIMN MHIKCHEPOB-
9HEPreTHKOB, pabdOTAIONIMX BAaXTOBBIM MeToJOM. JKusas ncuxonoeus. 2016. T. 3. No 1.
C. 75-82.

3. Kocruna 10.C., Muponosa E.P. ®yHKIHOHAIBHBIE COCTOSHHS H aaNTalysi paObOTHUKA.
Universum: Ilcuxonozus u obpasosanue: snekmpon. Hayun. dxcypu. 2016. Ne 6(24). URL:
http//7universum.com/ru/psy/archive/item/3275/

4. Umoxuna B.A. Ilcuxodusnonorus (yHKIMOHAIBHBIX COCTOSHMH M I03HAaBaTEIbHOH
JIeATEBHOCTH 3I0pOBOTO 1 OonpHOTO YenmoBeka. M.: H-JI, 2012. 368 c.

5. T'opronona JI.H., Kpyrnoa M.A., I'oponeukast E.H., byruna T.H., Bepemaruna JI.A.,
IMorpe6unikas B.E. IIpodeccnoHanbHblii cTpecc: pa3BUTHE MPO(HECCHOHATBHON yCTOM-
YUBOCTH II€PCOHATA MOTEHIMATIBHO ONACHBIX 00BEKTOB. [lemepbOypeckuil ncuxonozuye-
cxut ocypran. 2017. Ne 18. C. 89-111.

6. Hall G.B., Dollard M.F., Winefield A.H., Dormann C., Bakker A.B. Psychosocial safety
climate buffers effects of job demands on depression and positive organizational behav-
iors. Anxiety Stress Coping. 2013. V. 26(4). P. 355-377.

7. Fida R., Paciello M., Tramontano C., Barbaranelli C., Farnese M.L. "Yes, I Can": the
protective role of personal self-efficacy in hindering counterproductive work behavior
under stressful conditions. Anxiety Stress Coping. 2015. V. 28(5). P. 479-499.

8. T'anonosa I'.U. Tlcuxonormyeckass MOJArOTOBKA HHXKEHEpa IMOXKApHOH O€30MacHOCTH:
0 JMYHOCTHBIX (paKkTOpax peryJsiiuy MOBEAEHHS B CUTYalUUsIX pHCKa. Ypesgviuaiinbie
cumyayuu: NPOMbIUIEHHAs U dKoaocudeckas Oezonachocms. 2014, Ne 3-4(19-20).
C. 10-20.

9. Kansuum B.B., [Tamkosckuit C.H., Cracumun P.O. [1ytu coBepiieHCTBOBaHMS IICUXO-
(bU3HONIOTHIEeCKOro 0TOOpa M MOHUTOPHHTA MPO(GECCHOHATEHO BaXKHBIX KayecTB orepa-

86 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190)



Xapaxmepucmuxa sikocmi emoyitinoi pe2yisyii npogecitinol OisibHOCMI NPAYIGHUKIE

10.

11.
12.

13.
14.
15.

16.

TOPOB. Vkpaincexuii oicypuan: meduyunu, Oionocii ma cnopmy. 2017. Ne 2(4).
C. 149-160.
KysnenoBa M.M. Oco0eHHOCTH SMOIMOHATBLHO-BOJICBOH PETyJISIIUN YIeOHON NesITelb-
HOCTU y CTYJEHTOB C ONTUMUCTHYECKHM aTpUOYTUBHBIM cTHieM. Bicnux XHIIY imeni
I".C. Cxosopoou. Ilcuxonoeis. 2017. Bum. 55. C. 82-102.
Okmad [1. [Tcuxonorus smouuii. 5 3Hato, uro Th1 yyBcTBYelb. CII6.: [Tutep, 2010. 334 c.
Kozy6 S1.B., Ky3neroB M.A. OMOIHMOHAIEHOE OTHOIIICHHE K YUCHHIO Y CTY/ICHTOB C Pa3HbI-
MM BUJIaMU MOTHMBAllMOHHOW PETYISLMHU JEATEeNbHOCTH. Haykoeuti Bicnux Xepcowncwvrozo
oepoicagnozo yuieepcumemy. Cepis Ilcuxonoeiyni nayxu. 2015. Bum. 6. C. 86-93.
®opyapa C. Omonuonaneabii manrax. M.: ACT, ACT Mocksa, 2005. 320 c.
Honrosa B.U., Menpank E.B. OmmnaTus. M.: U3a-Bo «Ilepoy», 2014. 185 c.
Koamepon-bermep JI., Jlebo M. 3anoxxkauk sMornwmid. Kak criactu Banry SMOIMOHANTBHYIO
*u3Hb. Boponex: Uznarensctso HITO «MOJIOK», 1999. 256 c.
ComnoB B.®. [Icuxuueckue COCTOSHUS B HANPSHKEHHOHN MPOQECCHOHANBHOM AeSTeNIbHO-
ctu. M.: Axagemunueckuii [Ipoext; Tpukcra, 2005. 128 c.

OTtpumano 04.09.2017

REFERENCES

L.

10.

11.

12.

13.

Kalnysh V.V. Ways of professional psychophysiological selection improving and profes-
sionally important qualities monitoring for specialists, which work in increased danger
conditions. Ukrainian Journal of Occupational Health Problems. 2015. Ne 4(45).
P. 14-25. (in Russian).

. Fomin N.V., Kosyakov R.V. Problems of psychological deprivation of energy engineers work-

ing on a rotational basis. Living psychology.2016. Vol. 3. Issue 1. P. 75-82. (in Russian).

. Kostina Yu.S., Mironova E.P. Functional states and worker adaptation. Scientific Journal

"Universum: Psychology and Education”. 2016. N 6(24). URL: http//7universum.com/
ru/psy/archive/item/3275. (in Russian).

. Iluhina V.A. Psychophysiology of functional states and cognitive activity of a healthy

and sick person. Moscow: N-L. 2012. 368 p. (in Russian).

. Gorunova L.N., Kruglova M.A., Gorodetskaya E.N., Butina T.N., Veretshagina L.A., Pogre-

bitshkaya V.E. Professional stress: development of staff professional stability for potentially
dangerous objects. Petersburg Psychological Journal.2017. Ne 18. P. 89—111. (in Russian).

. Hall G.B., Dollard M.F., Winefield A.H., Dormann C., Bakker A.B. Psychosocial safety

climate buffers effects of job demands on depression and positive organizational behav-
iors. Anxiety Stress Coping. 2013. V. 26(4). P. 355-377.

. Fida R., Paciello M., Tramontano C., Barbaranelli C., Farnese M.L. "Yes, I Can": the

protective role of personal self-efficacy in hindering counterproductive work behavior
under stressful conditions. Anxiety Stress Coping. 2015. V. 28(5). P. 479-499.

. Gaponova G.I. Psychological training of a fire safety engineer: about personal factors of

behavioral regulation in risk situations. Emergencies: industrial and environmental
safety. 2014. Ne 3—4(19-20). P. 10-20. (in Russian).

. Kalnysh V.V., Pashkovsky S.M., Stasyshyn R.O. The ways of improving the psycho-

physiological selection and monitoring of professionally important qualities of operators.
Ukrainian journal of medicine, biology and sport. 2017. Ne 2(4). P. 149-160.
(in Russian).

Kusnezova M.M. Features of emotionally-volitional regulation of educational activity in
students with an optimistic attributive style. Visnik Harkivskogo nacionalnogo peda-
gogicnogo universitetu imeni G.S. Skovorodi. Psihologia. 2017. Vol. 55. P. 82-102.
(in Russian).

Ekman P. Psychology of emotions. I know what you feel. St. Petersburg: Peter. 2010.
334p. (in Russian).

Kosub Ya.V., Kusnezov M.A. Emotional attitude to the teaching of students with differ-
ent types of motivational regulation activity. Scientific Journal of Kherson State
University. Series: Psychological Sciences.2015. Vol. 6. P. 86-93. (in Russian)

Foruard S. Emotional blackmail. Moscow: AST, AST Moscow. 2005. 320 p. (in Russian).

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2017. Ne4 (190) 87



B.B. Kanvnuw, P.O. Cmacuwun, M.O. Onickesuu

14. Dolgova V.I., Melnyk E.V. Empathy. Moscow: Publishing house "Pen". 2014. 185 p.
(in Russian).
15. Kemeron-Bendler L., Lebo M. Hostage emotions. How to save your emotional life.
Voronezh: Publishing house of the NGO "MODEK". 1999. 256 p. (in Russian).
16. Sopov V.F. Mental conditions in strenuous professional activity. M.: Academic Project;
Triksta. 2005. 128 p. (in Russian).
Received 04.09.2017

B.B. Kanonuw', 1-p Guon. Hayk, pod.,

3aB. JabopaTopHell IICUX0(U3NOIIOTHH TPpyIa

e-mail: vkalnysh@ukr.net

P.A. Cmacuwun’, acIUpaHT

e-mail: rokstasyshyn@gmail.com

M.O. Onuckeguy”, I-p IKOHOM. HayK,

KaH/I. Qu3.-MaT. HayK, TOLICHT,

npod. kadeapsl MaTeMaTHYECKOH IKOHOMUKU X SKOHOMETPHKH,
MEXaHHKO-MaTeMaTHUeCKUil pakynpTeT

e-mail: olisk@ukr.net

'Ty «Mucturyr menuuuael Tpyaa HAMH Vkpauns»

yi. Cakcarauckoro, 75, r. Kues, 01033, Ykpanna

? JIbBOBCKHIA HAIIMOHANBHBIN yHUBepcUTeT UM. MBana dpanko
yi. YauBepcuterckas 1, r. JIeBoB, 79000, Ykpanuna

MOJIEJIb OLIEHKU KAUECTBA SMOLIMOHAJIBHOM PEIYJIALIUN
[IPO®ECCUOHAJILHOI AEATEILHOCTH PABOTHUKOB
TIPY PABOTE C IOBBILIEHHOIT OITACHOCTBIO

Pa3paboTana KOHIENIMA MOIENIMPOBAHUS, OCHOBaHHAs Ha IPUMEHEHHHM MHOTO(haKTOPHOM
PErpecCHOHHON MPOOUT MOAETH. DTO HO3BOJSIET OLICHUBATh BEPOATHOCTh PUCKA YXYALICHHS
KauecTBa SMONMOHANBHOM PETyISNUH JUI1 KaXIOTO0 KOHKPETHOTO PabOTHHMKa Ha OCHOBE
UHGOPMAIIMH O €ro SMOLMOHAIBHOM cOCTOSHMU. CTaTHCTHUECKM 3HAYMMOE BIHMSHHE Ha
PHUCK YXYIIICHUS SMOIMOHAIBHOTO COCTOSHUS PabOTHHKA OKAa3BIBAIOT XapaKTEePHCTHKU
OLLYIIEHUs CHJIbI U HEPTUHU, UMITYJIbCUBHON PEaKTUBHOCTU U YPOBHS IICUXUYECKOH Jiernpec-
cun. [ToBbIIIeHNE IMITYTLCHBHON PEaKTHBHOCTH PAOOTHMKA MIPUBOINUT K YBETHICHHIO PHCKA
KPUTHUYECKOTO YXYJIIEHHs KauecTBa MOLMOHAIBHON pEryisiluM, IPUYEM BIMSIHUE 3TOrO
(akTopa Goyee BBIPaKEHO 110 CPAaBHCHHIO C BIHSHHEM YPOBHS NCHXHYECKOH JEIPECcCHH.
IToxa3aHo, 4TO MPUHAAJIEKHOCTh K Pa3HbIM BO3PACTHBIM IPYIIaM HE SBJIETCS CYyLIECTBEH-
HBIM (DaKTOpOM, BIMSIOIIMM Ha PHCK YXYAIICHUS KauecTBa SMOIMOHANBHOH pEryISInu
ciecapeil olepaTUBHO-BBIE3IHBIX OpUraj.

Knrwouegvie cnoesa: pezpeccuoHras np06um MO@e]Zb, IMOYUOHAIIbHOE COCMOsHUe, clecapu
onepamueﬁo-ebles'()ﬁblx 6pu2a(), Nnoe6vblULeHHAas ONACHOCMb.
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MODEL OF ESTIMATING THE QUALITY CHARACTERISTICS
FOR EMOTIONAL REGULATION OF EMPLOYEES
PROFESSIONAL ACTIVITY AT WORK WITH HIGH DANGER

Introduction. There are a number of occupations in Ukraine, including electric power indus-
try occupations, where people work in high-risk conditions. These conditions impose on the
workers a significant amount of restrictions on their functions and professionally important
qualities, which leads to the emergence of certain requirements in the process of professional
selection and monitoring. One of the main requirements to the staff in potentially dangerous
objects is the high level of readiness to work in difficult situations. This implies the presence
of relevant professional qualities among the employees of these occupations, one of the most
important is emotional stability, which closely links with the maintenance of work ability and
attention in the conditions of responsible work accomplishing.

The purpose of the article is to develop an approach for quantifying the deviation from
the "proper" level of emotional regulation and to identify on this basis the structure of the
relevant reactions distribution for locksmiths of operational-outgoing brigades at electric
power industry.

Methods. The survey of workers was conducted by means of SOPAS-8 method, which
was adapted for a comprehensive study of the individual mental stability to the extreme activity
factors impact. According to this method, eight factors of the mental state were identified: men-
tal rest, feeling of satisfaction; strength and energy sensitivity; desire for action; impulsive reac-
tivity; mental depression and exhaustion feeling; depressed mood; mental anxiety or indigna-
tion, stress; anxiety and fear feeling. Materials of psycho-physiological observations were ana-
lyzed using methods of variation statistics, multivariate analysis, regression binary models.

Results. A modeling concept based on the multi-factor regression probit model was de-
veloped. Developed approach allows to estimate the risk of a deterioration in the quality of
emotional regulation for each individual employee based on information about the factors
observed values for his emotional state regardless of age.

Conclusions. The statistically significant influence on the risk of an employee's emotional
state deterioration create the characteristics of strength and energy sensitivity, impulsive reactivity,
mental depression and exhaustion feeling levels. Our investigation revealed that belonging to
different age groups is not a significant factor to affect the risk of deterioration in the emotional
regulation quality for electricians at operational-outgoing brigades.

Keywords: regression probit model, emotional state, electricians, high danger.
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THE 20th IFAC WORLD CONGRESS

The 20™ World Congress of the International Federation of Automatic Control
(IFAC) was held in Toulouse, France, from 9 July to 14 July 2017. More than
3200 attendees from 68 countries of Europe, Asia, America, Africa, Australia
and Oceania had registered.

Since the first IFAC World Congress in Moscow in 1960, these congresses
took place once per three years in different cities of the world. Each IFAC World
Congress is a large, high quality scientific event. It is the world’s foremost gath-
ering on automatic control. Congress is the forum of excellence for the explora-
tion of the frontiers in control science and technology, attended by a worldwide
audience of scientists and engineers from academy and industry. It offers the
most up-to-date and complete view of control techniques, with the widest cover-
age of application fields. The Congress gives effect to the IFAC mission to pro-
mote the science and technology of automatic control, and is unique in the
breadth and deeps of topics covered.

The International Program Committee (IPC) was responsible for the techni-
cal standards of the Congress. A record 4267 contributions were received by the
IPC. Reviewing of these papers was conducted under the supervision of the IPC
Chairs Prof. D. Dochain (Belgium) and Prof. Henrion (France), and the IPC
Vice-Chairs Prof. F. J. Doyle IIl (USA), Prof. C. Boverie (France), Prof. L.
Dugard (France), Prof. T. Samad (USA), Prof. J.-F. Zhang (China), with the help
of the nine IFAC Coordinating Committees Chairs, the 40 Technical Commit-
tees Chairs (accordingly to all areas represented in IFAC) nearly 200 Technical
Associate Editors and 5726 reviewers from world’s leading institutions (univer-
sities, labs, research centers ...). A total of 2800 rigorously peer reviewed high
quality original papers were accepted and included in final Congress program
which has been available on-line since 21 April 2017 at: https:/
ifac.papercept.net/conferences/conferences/IFAC17/program/. The acceptance
rate for papers was 66.4 %. For comparison, this index at the previous 19" IFAC
World Congress which was held in Cape Town (Republic of South Africa) in
2014 was around 76 %. The largest number of the contributions accepted for
presenting at the Congress was submitted from France (506). Ukraine was pre-
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sented by the one contribution whose authors are all from our country, and also
by the one contribution of three authors from Ireland, France and Ukraine.

The technical program of Congress covered the following science and tech-
nology areas:

Systems and Signals that include Modelling, Identification and Signal Proc-
essing (1.1), Adaptive and Learning Systems (1.2), Discrete Event and Hybrid
Systems (1.3), Stochastic Systems (1.4), Networked Systems (1.5);

Design Methods that include Control Design (2.1), Linear Control Systems
(2.2), Non-Linear Control Systems (2.3), Optimal Control (2.4), Robust Control
(2.5), and Distributed Parameter Systems (2.6);

Computers, Cognition and Communication that include Computers for Con-
trol (3.1), Computational Intelligence in Control (3.2), Telematics: Control via
Communication Networks (3.3);

Mechatronics, Robotics and Components that include Components and
Technologies for Control (4.1), Mechatronics Systems (4.2), Robotics (4.3), and
Human Machine Systems (4.4);

Manufacturing and Logistics Systems that include Manufacturing Plant Control
(5.1), Manufacturing Modelling for Management and Control (5,2), Enterprise Inte-
gration and Networking (5.3), Large Scale Complex Systems (5.4);

Process and Power Systems that include Chemical Process Control (6.1),
Mining, Mineral and Metal Processing (6.2), Power and Energy Systems (6.3),
Fault Detection, Supervision and Safety of Techn. Processes (6.4);

Transportation and Vehicle Systems that include Automotive Control (7.1),
Marine Systems (7.2), Aerospace (7.3), Transportation Systems (7.4) and Intel-
ligent Autonomous Vehicles (7.5);

Bio- and Ecological Systems that include Control in Agriculture (8.1), Bio-
logical and Medical Systems (8.2), Modelling and Control of Environmental
Systems (8.3), Biosystems and Bioprocesses (8.4);

Social Systems that include Economic, Business and Financial Systems
(9.1), Social Impact of Automation (9.2), Control for Smart Cities (9.3), Control
Education (9.4) and Technology, Culture and International Stability (9.5).

The daily technical program consisted of the plenary lecture and of 28 paral-
lel oral sessions, four of which were interactive over a five-day period. Each
plenary session whose duration was one hour started at 8.30 AM. Each separate
technical session included 6 twenty-minute papers. The day closed on Monday,
Tuesday and Wednesday at 7.00 PM with two parallel so-called semi-plenary
sessions (their duration was 45 minutes).

The following plenary lectures were delivered:

1. Prof. I. Mareels (Australia). Systems Engineering for Water Networks.

2. Prof. K. Y. Pettersen (Norway). Snake Robots: from Biology, through
University, toward Industry.

3. Prof. C. Cassandras (USA). Autonomous Mobility in Smart Cities.

4. Dr. C. Champion (France). Pioneering the Future Aerospace.

5. Prof. D. Tilbury (USA). Hybrid Processes for Controlling Cyber-
Physical Manufacturing Systems.

Overall this congress was successful making it possible to ensure not only
presentations of new research results and fruitful scientific exchanges but also
several cultural and social events and excursion to local aerospace venues.
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Next the 21% IFAC World Congress will be held in Berlin, Germany, in
2020.

L.S. ZHITECKII, PhD (Engineering),

the participant of the 12th (1993, Sydney, Australia),

13th (1996, San Francisco, USA), 14th (1999, Beijing, China),
15th (2002, Barcelona, Spain), 18th (2011, Milan, Italy),

19th (2014, Cape Town, South Africa)

and 20th (2017, Toulouse, France) IFAC World Congresses;
Acting Head of the Department of Intelligent Automatic Systems.
e-mail: leonid zhiteckii@i.ua

International Research and Training Center for Information Technologies
and Systems of the National Academy of Sciences of Ukraine

and Ministry of Education and Science of Ukraine,

Acad. Glushkova av., 40, Kiev, 03187, Ukraine

20-ii BCECBITHIA KOHI'PEC I®AK

3 9-ro mo 14-ro mumnus 2017 p. B Tynysi (®Ppanuis) BinOyBcs ueproBuit
20-ii BeecBiTHil koHrpec MixkHapoAHOT (enepalii 3 aBTOMaTHIHOTO KepyBaHHS
(I®AK). 3apeectpyBanocs nonan 3200 yuyacHukiB 3 68 kpain €Bporu, A3ii,
Awmepuku, Adpuxu, ABctpanii Ta Oxeanii.

3 gacy nepmoro BcecitHboro konrpecy I®AK y Mocksi 1960 poky i
KOHTPECH BiOYyBaJIMCS OJWH pa3 Ha TPU POKH B Pi3HHX MicTax cBity. KoxkHuii
Bceecnitniil korrpec IOAK — macmtabna HaykoBa mofisi BUcokoro piBai. Lle
HalroyoBHilIe cBiTOBe 310paHHS 3 aBTOMaTHYHOrOo KepyBaHHs. Konrpec € ¢o-
PYMOM TIEpEIOBOTO JIOCBiy JJISi BUBUCHHS MEX B Traiy3i HAyKH 1 TEXHOJOTIl
KEpYBaHHs, B SIKOMY Oepe y4acTh CBITOBa CIIBHOTA BUEHUX Ta 1HXKCHEPIB 3
aKaJIeMiYHUX YCTaHOB Ta MPOMHCIOBOCTi. BiH mpomoHye sikoMora MOBHHMH i
CYYacHUH OISl HA METOJM KepyBaHHS 3 IIUPOKUM OXOIUICHHSIM Taiy3el 3a-
crocyBanus. Konrpec 3niiicHioe micito IOAK 3 mpocyBaHHSM B KHTTS HAYKH Ta
TEXHOJIOTiM aBTOMaTHYHOTO KEPYBaHHA 1 € YHIKQJIBHUM 32 IIUPOTOIO Ta INIMOU-
HOIO MTUTaHb, SKi OXOILUTIOIOTHCS HOTO TEMAaTHKOIO.

Mixnapoanuit nporpamuauii komiter (MIIK) OyB BinnoBigansHUM 3a TEXHIY-
Hi crangaptu KoHrpecy. Kinbkicts mogans, orpuManux MIIK, cknana pexopmui
4267 poOit. Penien3yBanHs nmux poOiT Oyno mpoBeneHo mia HarasmgoM roiis MITK
npod. D. Dochain (Bensris), npod. D. Henrion (®pantiis) Ta iXHiX 3aCTyITHHUKIB
npod. F. J. Doyle III (CIOA), mpod. C. Boverie (®panmis), mnpod.
L. Dugard (®panuis), npod. T. Samad (CLIA), mpod. J.-F. Zhang (KuTait), ssxum
JI0TIOMarajid KepiBHUKH JIEB’ITH KOOPJIUHYIOUMX KOMITeTiB, 40 KepiBHUKIB TEXHi-
yaux KomiteTiB IDAK (BIiAMOBIAHO 70 BCIX HAayKOBO-TEXHIUHHX Tally3e, IO
npeactasieHi Ha IOAK), 6mu3pko 200 3amydyeHNx TEXHIYHUX pelakTopiB Ta 5726
PELICH3EHTIB 3 MPOBIIHMX HAYKOBHUX 3aKJIAJIiB CBITY (YHIBEpCHTETIB, 1a0OpaTOpiH,
JOCIITHULIBKUAX LEHTPIiB ToIo). 2800 peTebHO MPOPEIICH30BAHUX BHUCOKOSKIC-
HHUX OpUTiHAJIBHUX AOMOBiEH OyJi0 MPUHHATO 1 BKIIFOYEHO 0 KiHIEBOI POrpamMu
KOHrpecy, JHocTymHoi 3 21 KBiTHA 1BOro pOKy Ha caifti  https:/
ifac.papercept.net/conferences/conferences/IFAC17/program/.  CriBBiAHOIICHHS
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NPUIHATHX 1 HaIiCIaHUX poOIT cknanano 66,4 %. s nopiBHSAHHS, Ha Tonepe-
napoMy 19-my BceecBitHbomy koHrpeci IDOAK, skuii BimOyBcs y 2014 p. y M.
Keiinrayn (IliBnennoadpukanceka PecryOnika) 1ei MOKa3HUK CKJIAAaB OIM3BKO
76%. HaiiOunpima KinbKicTh npuidHATHX pobiT (506) Hamidinnia 3 @panmii. Ykpai-
Ha OyJia mpe/icTaBiIeHa OJTHIEI0 JAOTOBIII0, BC1 aBTOPH SIKOI € BITYN3HIHUMH HAy-
KOBISIMH, Ta OJHI€I0 JIOTIOBIII0 TPpHOX aBTopiB 3 Ipianmii, @panrii Ta Ykpainu.

TexHiuHa MporpaMa KOHIPeCy OXOILTIOBANIA HACTYIIHI Taly3i HAYKH i TEXHIKH:

1) Teopist cUCTEM Ta CHTHAJIB, IO BKIIIOYAE TaKi HAMPSIMH JOCIIIKCHb, SIK
MOJIeTIFOBaHHS, iieHTudikaiis Ta oopodneHHs curnamis (1.1), agantuBHI cucre-
MH Ta CHUCTEMH, 110 HaByaroThbcs (1.2), cUCTeMH 3 IUCKPETHHUMH HOIISIMH Ta
riopuani cuctemu (1.3), croxactuusi cucremu (1.4) Ta MepexxoBi cucremu (1.5);

2) METO/IM CHHTE3y CUCTEM KEepyBaHHS, IO BKIOYAIOTH TaKi HAIPSMH JI0-
CJiKEeHb, SIK CUHTE3 KepyBaHHs (2.1), miHiiHI cucTeMu KepyBaHHS (2.2), Heli-
HiliHI cucTeMu KepyBaHHs (2.3), onTumanbHe KepyBaHHS (2.4), pobacTHe Kepy-
BaHHs (2.5) Ta CUCTEMH 3 PO3NOAICHUMH mapamerpamu (2.6);

3) TexHoJorii Ta 3aco0u KepyBaHHs (KOMII'FOTEPH, Ii3HABAJIbHA 3IaTHICThH
Ta 3aco0u 3B’513Ky), L0 BKIIOYAIOTh TakKi HAIPSMHU JOCHIHKEHb 1 PO3poOIIeHHS,
SK KOMIT'toTepu Aisi kepyBaHHS (3.1), o0uncinioBaIbHUN IHTENEKT y KepyBaHHI
(3.2), Tenemaruka: KepyBaHHS 3a JJOIIOMOTOI0 KOMYHIKamiiHux Mepex (3.3);

4) MexarpoHika, poOOTOTEeXHIKa Ta iXHI KOMIOHEHTH, IO BKJIIOYAE TaKi Ha-
NpSIMHA PO3POOIICHHS, IK KOMIIOHEHTH Ta TEXHOJOT1i 1y1s1 KepyBaHHs (4.1), cuctemu
MexatpoHiku (4.2), poboTorexHika (4.3) Ta T MHO-MAIINHHI cuctemu (4.4);

5) BUpOOHUYI Ta JOTICTUYHI CUCTEMH, 1110 BKIIFOYAIOTh TaKi HAIPSIMHU JOCHi-
IDKEHb 1 PO3pOOJICHHS, K KepyBaHHS BUpOOHMUUMH 00’ ektamu (5.1), moaemnto-
BaHHS BUPOOHUIITBA JUIA IIiIed MEHEDKMEHTY Ta KepyBaHHs (5.2), iHTerpamis
MiANPUEMCTB Ta 00CIyroByBaHHS Mepex (5.3), a TakoK KepyBaHHS BEITUKUMHU
CKJIaHUMU cucteMami (5.4);

6) TEXHOJIOTIYHI Ta €HEPreTHYHI CHUCTEMH, IO BKIIOYAIOTh TaKi HANPSIMH
PO3pOOIIEHHS, SIK KEepyBaHHA XIMIYHUMH TEXHOJIOTIYHUMH mpouecamu (6.1),
BUJ00YBaHHsA, 0OpOOJICHHsT MiHepamiB 1 MeTaniB (6.2), eHepreTHYHI CHUCTEMH
(6.3), TexHiYHA JiarHOCTHKA (BHUSBICHHS HECIIPABHOCTEH), CIIOCTEPEIKEHHS Ta
Oe3neka TexH. mporecis (6.4);

7) TpaHCHIOPTHI CUCTEMH Ta 3acO0M MEpEeCyBaHHs, 110 BKIIIOYAIOTh TaKi Ha-
npsiMu po3poOieHHs, sk caMmoxigHe kepyBanHs (7.1), Mopcbki cuctemu (7.2),
aepokocMiunmii npoctip (7.3), TpancnoptHi cuctemu (7.4) Ta iHTENEKTyalbHI
aBTOHOMHI 3aco0u nepecyBanHs (7.5);

8) 6i0- Ta €KOJIOTIYHI CUCTEMH, 110 BKIIOYAIOTh TaKi HAPSMHU PO3pOOIECHHS
1 JIOCHiJPKEHb, SIK KEPYBaHHS y CUIbCBKOMY Tocmozaapctsi (8.1), GiomoriuHi i
MeAnYHi cucteMu (8.2), MOAeTIOBaHHS Ta KEPYBaHHS CUCTEMaMH, Opi€EHTOBaHU-
MU Ha 30BHIITHE cepenopuie (8.3), a Takoxk Oiocucremu i 6ionporiecu (8.4);

9) comianeHi CHCTEMH, IO BKIIOYAIOTh TaKi HANpPSMHU PO3POOOK 1 JOCIHi-
JDKEHb, SIK €KOHOMiKa, Oi3Hec Ta ¢iHaHCOBI cuctemu (9.1), corianbHuUil acmekT
aBToMaru3auii (9.2), kepyBaHHS AN «pO3yMHUX» MicT (9.3), ympaBiiHCbKa
ocBita (9.4), a TakOX TEXHOJIOT1s, KyJIbTypa Ta MiKHapoIHa cTabinbHICTh (9.5).

[IpoTsirom 1’ATH OHIB LIOAEHHA TEXHI4HA Mporpama CKiafaiachk 3 IUICHap-
HoOT Jiekii Ta 28 mapanenbHUX YCHHUX CEKIIIHHUX 3aci/laHb, YOTUPH 3 SIKUX OyJu
iHTepakTUBHUME. KOXXHE IIeHapHE 3acilaHHs TPUBAIICTIO O[HA TOJWHA MTOYU-
Hasocb 0 8.30 panky. Koxne okpeme cekuiiiHe 3acilaHHS BKJIIOYAJIO IIICTh
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20-XBUJIMHHMX JOMOBincH. PoOounii neHb y MOHEIUIOK, BIBTOPOK Ta CEpemLy
3akinuyBaBcsi o 19.00 nBOMa mapajelbHUMHU TaK 3BAHMMH HaIliB-TUICHAPHUMHU
3acilaHHAMHU (TPUBAJIICTh KOXKHOTO TAKOTO 3aCiJaHHs CKilaaana 45 XBUIHH).

Byo 3aciyxaHo HAaCTYITHI TUICHAPHI JOMOBII.

1. TIpod. I. Mareels (ABctpaiis). CuCTEeMHa IH)XEHEPisl BOJOIIOCTaYaIbHUX
MEpeK.

2. TIpog. K. Y. Pettersen (Hopgeris). 3mienoniOxi podotu: Bix OGiosorii
4yepe3 YHIBEPCUTET JI0 TPOMHCIOBOCTI.

3. Ipog. C. Cassandras (CLLIA). ABTOHOMHE NepecyBaHHS Y «PO3YMHHX
MicTax».

4. -p D. Champion (®panuist). HoBaropcTBo B aepokocMiuHii ramysi.

5. Mpod. D. Tilbury (CHIA). T'ibpugni mporecu y KepyBaHHI Kibep-
(13MYHIMHU BUPOOHUYMMH CUCTEMaMHU.

B ninomy koHrpec OyB YCHIIIHHM, IO JO3BOJHIIO 3a0€3IIEYUTH HE TLTBKU
Mpe3eHTallli Pe3y/IbTaTiB HOBMX JOCIHI/DKEHb Ta IUIiIHI HAyKOBI 0OMiHU, a ¥ Ki-
JIbKa KyJIBTYPHUX Ta COLIaJbHUX 3aXOJiB, a TAKOXK €KCKYpCIiI0 Ha MICLIEBi aepo-
KOCMIi4Hi 00'€KTH.

Hactynuuit 21-it BeecBithiii konrpec I®AK mae BimOyrtucs y bepmiwi,
Himeuunna, 2020 poxky.

JI.C. "KUTELbKHWM, kanz. Texu. Hayk,

yuacHuk 12-ro (1993, Cinneii, ABcTpaiis),

13-ro (1996, Can-®pannucko, CIIIA), 14-ro (1999, Iekin, Kuraii),
15-ro (2002, bapcenona, Icnianis), 18-ro (2011, Minas, Itanis),
19-ro (2014, Keitnrayn, IliBnennoadpuxancska Pecyoiika)

ta 20-ro (2017, Tyny3a, @panuis) BeecitHix koHrpecis IDAK;
B.O. 3aB. BiJI. IHTENIEKTYaJbHUX aBTOMAaTHIHHX CUCTEM,

e-mail: leonid zhiteckii@i.ua

MiKXHApOJHHUI HAyYHO-HABYATBHHUN IIEHTP iHPOPMAIIITHUX TEXHOJIOT1H
ta cucreM HAH Vkpainu i MOH Ykpainuy,

np. Akanemika ['nmymikosa, 40, m. Kuis, 03187, Ykpaina
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WudhopmaTuka u uniopmayuoHHbIe TEXHOROruu

Daiinzunvoepe JI.C. IHTepakTUBHBINA CHHTE3 MH(GOPMAILMOHHBIX TEX-
HOJIOTH 00paOOTKH CUTHAJIOB C JIOKAJIM30BaHHOW MHMOpMAIMEH ..............

Gritsenko V.1, Rachkovskij D.A., Frolov A.A., Gayler R., Kleyko D., Osi-
pov E. Neural Autoassociative Memories: A Survey (I puyenxo B.H., Pauxos-
ckuti /.A., @ponoe A.A., T'eiinep P., Kneiiko /[, Ocunoe E. HelipocereBas
ABTOACCOIMATHBHAS TAMATh: O030D) .........ooviiieiiieie e

Xopozos O.A. IlpumeHeHne METOOB HEUETKOM JIOTUKU YIS TEIeMETH-
IIHCKHX CHCTEM ...ttt et e e et e
Orikhovska K.B., Fainzilberg L.S. Comparative Analysis of Estimation
Methods of the Physiological Signals Variability (Opuxosckas K.b., ®@aiin-
sunvbepe JI.C. CpaBHUTENBHBIA aHAIN3 METOIOB OIEHKH HM3MECHUHUBOCTH
(PUBUOTOTHUECKIX CHTHAIIOB) ......o\notniieiiei et e e e
T'puyenxo B.l., Onuwenxo I.M. BuszHaueHHs iH()OPMATHBHOCTI
napamMeTpiB MOJEJi NMPOTHO3YBaHHA HMOBIPHOCTI BHOOPY MPOLYKTY B
yMOBaxX «Big Datay ...
Synytsya K.M. E-Learning Models Analysis for Lifelong Learning
(Cunuya E.M. AHanu3 Mopeneit 3MeKTPOHHOTO O0YYeHHUs Ui HEeNpPepbIBHO-
N ON010) e (5317 | TR

WuTennekTyanbHoe ynpasnexue u cucTembl

Llenemyxa FO.M., Menvnuxose C.B., Bonkos A.E. Vatennek-
TyaJlbHOE YTIPaBJIeHHeE: TIOJIXO/IbI, pe3yJIbTaThl U IEPCHIEKTUBHI PA3BUTHS ...........
Bosx M.JI. bUOTEXHUYECKUE CUCTEMBI YIPABICHUS JBUIATEIBHBIMU
QYHKIHAME YETIOBEKRA ... ..\o\eteeteeeet et e e e e e e e
Apanosa H.U. ViccnenoBaHue Ha MaTeMaTH4eCKOH MOJENIH PpOJIH
TUIOKCHH, TUTIEPKATHUU U TUIIOMETa00In3Ma B CaMOPETYJISIUU CHCTE-
MBI JIbIXaHUSI P BHYTPEHHUX U BHEITHUX BOSMYIICHUSAX ......oovveennenn...
Zhiteckiil..S., Solovchuk K. Yu. Discrete-Tie Steady-State Control of Inter-
connected Systems Based on Pseudoinversion Concept (Kumeykuii JI.C.,
Conosuyx K.IO. JIUCKpeTHOE yNpaBIEHUE YCTAaHOBHBIIMMUCS COCTOSHUSIMU
MHOTOCBSI3HBIX CUCTEM HA OCHOBE KOHLICTILIUH TICEBIOOOPAIICHHUS . ...............
banoscax C.B., Odaiicoka X.C. ABToMaTHUHEe BU3HAYEHHS PiBHS ray-
COBOTO IIyMY Ha IU(PPOBHUX 300pasKEHHIX METOJIOM BHJIUICHUX 00JacTel ..
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Melnichuk S.V., Gubarev V.F., Salnikov N.N. Using Information Fea-
tures in Computer Vision for 3D Estimation in Space (Menvuuuyx C.B.,
TI'yoapes B.®., Canvuuxos H.H. Ucnions3oBanue HHPOPMAIIMOHHBIX TIPU-
3HAKOB B CUCTEME KOMITBIOTEPHOT'O 3pEHHs KOCMHUYECKOTO armapara Jjis
OILICHUBAHUS TIOJIOXKECHUS U OPHCHTAIIUH) ....ooveieieniieieeieeeieeieeeeeene

Mepuiunckasa u buonoruyeckas KubepHeTuxa

Kosanenxo A.C., Kozax JIM., Pomaniox O.A. HpopMaIiuoHHbIC
TEXHOJIOTUU MUDPOBOM MEIMITIHBI ......oouieneintiteiieeiieeieiieeee e
Kighopenxo C.I. lepapxiuHe MOJIEIIOBaHHS — OCHOBA TEXHOJOTIT
JOKJIIHIYHHUX BUIPOOYBaHb AJITOPUTMIB KEPYBaHHS PiBHEM IIIIKeMii ......
I'pucopsn PJI., Axcenosa T.B., [eecooa A.I'. KoMmoTepHBIA CUMYIs-
TOp MEXaHM3MOB IOJIEPKaHKs OajaHca SHEPIUU B KJIETKaxX YeloBeKa ......

Pyoeuxo A.B., Hacmenko E.A., )Kypba O.A., Hocosey E.K., lllap-
oykoea FO.B., Jlazopuweney B.B. OueHka (pakTOpOB pUCKa MpHU OIepa-
[USX A0PTOKOPOHAPHOTO IIYHTUPOBAHUS Ha PabOTaIONIeM CepAIIE ........

Bosx M 1., Kyysix O.A., Jlayma A.J]., Osuapenxo M.A. Indopmaniiuuii
CYNPOBi AOCITIKEHb JUHAMIKY BiTHOBJICHHS PYXiB MiCHS iHCYTBTY ...........

Shvets A.V., Kich A.U. The Decision Support Model for Forecasting of
Wounded and Sick Restoration in Hospital Conditions Based on Psychophysi-
ological Data (Illeey A.B., Kux A.FO. Monenb OIIep>KK! TPUHSTHS PeIICHHS
JUTS IPOTHO3MPOBAHMS CTETIEHH BOCCTAHOBIICHHSI BOCHHOCIYKAIlIUX B TOCIIH-
TaJIbHBIX YCIOBHUSX HAa OCHOBE NICUXO(U3HOIOTUUCCKUX TAHHBIX) ................

Antomonov M. Yu., Shevchenko A.A., Kulagin A.A. Algorithms of
Multifactorial Regression Modeling in Ecological and Hygienic Studies
(Anmomonos M.IO., Illesuenxo A.A., Kynaeun A.A. AIropuT™MBl MHOTO-
(aKTOPHOTO PETPECCHOHHOTO MOJEIUPOBAHUS B KOJOTO-TUTHEHUYECKUX
12 (o1e8) (31 (0):T21 17 ') [P UURN

Kanonuw B.B., Cmacuwun P.A., Onuckesuy M.O. Mojenb OLIHIOBaH-
HSl SIKOCTI eMOIIHOI perynsmii npodeciiiHoi MisUIbHOCTI TpaliBHUKIB 3a
YMOBH POOOTH 3 MIABUIIEHOI HEOCMEKOO ... . ..'vvveeieeiiaieeaiainanenns

Wuthopmauyuonubie coobujenua

I'puyenxo B.I. 20 pokiB AisbHOCTI MDKHApOJHOTO  HAYKOBO-
HaBYAJILHOT'O LIEHTPY 1H(QOPMALIIHUX TEXHOIOTIN Ta CUCTEM ....................
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BHUMAHHIO ABTOPOB!

B kypHame mnpeacTaBieHBl pe3yIbTaThl HCCIEAOBAHUN B 00JACTH TEOPHH U
MPaKTUKU HHTEUIEKTYalbHOI'O YIPAaBIEHUS, HH(POPMAIMOHHBIX TEXHOJOTHH, a
TakKe OMOJIOTHYECKOW U METUIIMHCKON KHOEPHETHKY.

Jnst Hay9HBIX paOOTHHUKOB, HHKEHEPOB, ACIIUPAHTOB U CTYIEHTOB BYy30B CO-
OTBETCTBYIOIIUX CHELUAIBHOCTEN.

TpeOoBanus Kk pyKonucsiM crarei

1. Pykonmce npenocraBiseTcsa Ha 6e10i Oymare B IByX 3K3eMIUIIPax (S3bIK —
PYCCKHIA, YKPaUHCKHA, aHTTIMACKUM, 12—16 ¢.) 1 37IeKTpOHHAS BEPCUS.

K pykomnucu npunaratorcst:

® AaHHOTAIlMU — Ha PyCCKOM U yKpauHckoM s3bikax (YK, dbamummst, naunna-
JIBI aBTOPa/0B, Ha3BaHHUE CTAThH, 5—O CTPOK TEKCTa, KIIIOUEBBIE CJIOBA), HAa AaHTJIMH-
CKOM s3bIKe ((haMUIUsL, MHUIIHAIIBI aBTOPa/0OB, MECTO paboTHI, TOpOJ, CTpaHa, Ha3Ba-
HHUE CTaThH, TeKCT OT 250 clIoB, ¢ BBIICTICHHEM PyOpHK: BBEICHHE, 11€Jb, Pe3yJbTa-
ThI, BEIBOJIBI, KITFOUEBBIE CIIOBA);

® JIUIIEH3UOHHBII JOTOBOP;

e cBeZieHUS 00 aBTOpe/ax Ha PyCCKOM, YKPAMHCKOM M aHTJIMIICKOM SI3bIKax J0-
JoKHBI BKIO4aTh: OUO, yueHyro CTelneHb, HaydyHOE 3BaHUE, JOJLKHOCTb, OTHAEN,
MecTo paboTHI, MOYTOBBIH aapec OpraHu3aluH, TeaedoH (Ciyx., M00., IOM.),
E-mail, aBropckue nupentudukatopsr ORCID nnu ResearcherID.

2. Tekct craTby mosaeTcst ¢ 00s3aTENFHBIMI PyOPHKaMH: BBEICHHE, TOCTAHOB-
Ka 3aJa4M, [eJb, Pe3yIbTaThl, 4eTKO CPOPMYITHPOBAHHBIE BHIBOJIBI.

ITonanubie cTaThyl 0043aTEIBHO HAMPABISIIOTCA HA PELICH3UPOBAHUE BEILYIUM
CHEIHAINCTaMH B JAHHON 00JIaCTH.

CTpyKTYypa cTaThbH

YIAK. HABBAHUE. N.0. ®ammmus / u. Opranmzanus/m. AHHOTamus (pyc.,
5—10 ctpok). Kimrouesie cnosa: (5—38 cnos). BBEJIEHME. IEJIb. [IOCTAHOB-
KA 3AJAYU. PE3VJIbTATBI (1—3 PA3JIEJIA C HASBAHUSMMN). BBIBO/IbI.

Crucok nuTepaTypsl Ha I3bIKE OpUTHHANIA — B IOPSIKE YIIOMUHAHMS B TEKCTE,
no cragaapty JJCTY 8302: 2015.

CITHUCOK JTUTEepaTyphl — MEPEeBOJl HCTOYHUKOB Ha aHIMACKHN SI3BIK, (haMuum
Y MHUIIUAJIBI ABTOPOB — TPAHCIUTEPAIIHS:

Author A.A. Article. Journal, 2000, vol. 1, Ne 2 pp. 111-112 (in Russian).

Author A.A., Author B.B. Book. City : Publisher, 2000. 111 p. (in Russian).

Pesrome (ykp., 5—10 psanxis). Kirrouosi ciioa (5—38 ciiB).

Abstract (0,5—0,7 p.): DO, Ha3Banue cTaThu Ha aHTIHICKOM sI3bIKe. Hazea-
HUe OpeaHu3ayuu — Ha AHSTULICKOM A3bIKe.

C oOs3atensHbiMu pyOpukamu: Introduction. Purpose. Results. Conclusion.
Keywords.



TpeGoBanusi k TekcToBOMY (paiiny

®dopwmar daiina *.doc, *.rtf. daitn q0KEH OBITH MOATOTOBJICH C TIOMOIIBIO TEK-
cToBoro peaakropa Microsoft Word 2003.

Hcnons3yemble ctim: mpudT Times New Roman, BeicoTa 12 1T, MEXCTPOU-
HOE paccTosHue — nonyTopHoe. @opmar Oymaru A4, moist (ciieBa, crpaBa, BBEPXY,
BHHU3Y) 2 CM.

Dopmyner HabuparoTcs B pegakrope Gopmyn Microsoft Equation Editor 3.0.

Onuwmu pemakropa popmyn — (10,5; 8,5; 7,5; 14; 10). lllupuna popmya He
ooJjiee 12 cm.

Pucynku momxHbl OBITH JOCTATOYHO KAYECTBEHHBIMH, CO3/IaHbI BCTPOCHHBIM
penaktopom pucyHkoB Word Picture mmu6o wabiMH Windows-nipusioxeHusMu (B

3TOM CITy4ae PUCYHKH IOJDKHBI OBITH IPENCTaBIICHBI OTAEIBHBIMU (haiiIaMu cOOT-
BeTcTBYyIOIMX (opmaToB). LllupuHa pucynkos He 6osee 12 cMm.

Tabnuyw! BHITIOIHAIOTCS CTAHJAPTHBIM BCTPOSHHBIM B Word HHCTpyMEHTapreM
«Tabnumay. lllupuna Tadaunsl He 00see 12 cm.

B po3anuHyto npoaaxy >kKypHaj He IOCTYIAET.

Ogpopmaenue noonucku 014 sHeeaarnWux onyoaIuKoeamy cmamsu
6 Hawiem JcypHase 00a3amenbHo.

IMoanucka OCyIeCTBJISICTCH

o ['TI «IIpeccax»: «Kartanor Buganb YKpaiHuw», HOANUCHON nHaeke 86598;
o [loamucHoe arencTBo «YkpuHpopmHaykay HAH Ykpannsr,
nonnucHoi uHaekce 10029, ukrinformnauka@gmail.com,



