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AHoTauis. Po3rnsgHyTo 3akOHOMIpHOCTI (PyHKIIOHATBHO-TEPUTOPIANEHOTO PO3BUTKY pekpeauii B YkpaiHcekux Kapnarax: 36anman-
COBAaHICTh, KOHKYPEHTHA 3JIaTHICTh r'aly3i, CTUMYIIOBAaHHS TEPUTOPIaTbHUX TPOMaj A0 MPOLECy PO3BUTKY, 3a0€3MEUEHHS JOCTYII-
HOCTI peKpealiiHuX pecypciB TOIIO. 3ampONOHOBAaHI OCHOBHI MPUHIIMIIK POCTOPOBOTO (OPMYBaHHS pPEKpealliifiHiuX TepuTopiil B
YMOBaxX TIpChKUX paifoHaX, SIK TO «EKOJIOro-MiCcTOOYAiBHOrO OanmaHcy», «audepeHuiamii pekpeamiiHuX MOTOKIB» Ta JOKAIbHUX
NIPUHIMIIB: «CTBOPEHHS IHHOBAIIMHUX 00’ €KTiBY», «IIPOCTOPOBO-0ACEHHOBOrO OCBOEHHS», «()OPMYBaHHS SIEPHO-OCEOBOI CTPYKTY-

PH» Ta «KaCKaIHOCTI PO3MIIIeHHs 00’ €KTiB OYXIBHHUIITBAY.

Knwwuosi cnosa: «exonoco-micmobyoieHuii 6anauncy, «ougepenyiayis pekpeayitinux HOMOKI8Y, «CMEOPEHHs IHHOBAYIIHUX
00’ €Kmisy, «npocmoposo-bacetiHosuti nioxio 00 MepumopiaibHO20 0CE0EHHS», KPOPMYBAHHS A0EPHO-0CLOBOL CIMPYKMYPUY», «KAC-

KaOHICmb po3miujerus 00 €xkmis 6y0igHuymeay.

Beryn. Crimpatounch Ha HayKOBi JOCIIKEHHS, a TAKOX
Ha JUpeKTHBU «OCHOBOTOIATAIOIINX MPUHIUIIOB yCTOH-
YHBOIO MPOCTPAHCTBEHHOTO pa3BuTHA EBpomeiickoro
KOHTHMHEHTA U MEPHI 10 UX pean3anui», aBTopoM cop-
MYJIbOBAaHO OCHOBHI NMPUHIMIH MPOCTOPOBOIO PO3BUTKY
pekpeanii Ha perioHAIbHOMY, PaHOHHOMY 1 JIOKaJIbHOMY
piBHAX 3 ypaxyBaHHAM crienudiku Kapnarcekoro periony
[1].

BcranoBneHo, mo pekpeamiiHuil pO3BUTOK JOCIIIKY-
BaHOTO PETiIOHY NMOBHHEH 0a3yBaTHCh HA TAKMX OCHOBHHUX
MIOJIOKEHHAX:

- perioHaJbHIN «30a1aHCOBAaHOCTI» PO3BHUTKY;

- MiBUINEHHI PeTiOHAIBHOT KOHKYPEHTHOT 31aTHOCTI;

- CTUMYJTIOBaHHI B3a€MOBITHOCHH MiCHKHX 1 CUTBCHKUX
MIOCEJICHB;

- CIIPUSAHHIO TOCTYITHOCTI PeKpeaIlifHuX TepUTOPIi;

- 320X0YEHHIO PO3BUTKY BHCOKOSKICHOTO TYpHU3MY.

Orasa ny0Jikaniii no temi. BpaxoByroun pe3ynbratu
aHanmizy HaykoBuX mpochimkeHp FO.M. Bimokons, 1.O.
®owmina [2, 3], pyHKIIIOHANEHOI OpraHi3amii pekpeariii-
Hux Tepuropiit — T.®.ITanuenko, O.I'. Makcumona, O.0.
OnosioBHIKOBOT [4,5], BU3HaYEHHS peKpealiiHuxX IIaHy-
BabHUX elleMeHTiB — M.M. T'aGpens [6], a Takox HaTyp-
Hi 00CTeKEHHS Ta BJIACHHWH JTOCBiJ] MPOEKTYBAaHHsI, aBTO-
POM PO3pOOIICHO MPOMO3HUILi IOA0 MPUHIIMIIB MPOCTO-
POBOTO IIAHYBaHHS TIPCHKUX PEKPeaLiiiHUX TEPUTOPIM.

Meta. MeTo0 JaHOTO JOCII/KEHHS € BU3HAYECHHS 3a-
KOHOMIPHOCTEH Ta po3poOKa OCHOBHMX NPHHIIMIIIB MPOC-
TOPOBOTO IUIAHYBAaHHS pEKpEAlifHUX TEpUTOpid JuIs
ymoB KapriaTcbkoro periony YkpaiHu.

Marepian ta mMeroam. Pesynpraté HatypHHX oOcCTe-
XKeHb TOHaA 156 iCHYIOUMX peKpeauiiHHX YTBOpEeHb (B
TOMY 9HCIi 75 peKpearmifHuX MEeHTPiB 3UMOBOTO BiATIO-
YHHKY) Ha TepuTopii YkpaiHcekux Kapmat mo3Bommim
3MINCHUTH CHUCTEMATH3AIlI0 TPUHOMIB IUIAHYBaJIbHO-
IIPOCTOPOBOI OpraHizallii TePUTOPiaTbHUX CHUCTEM pEKpe-
arii, AKi MOXXHa 3TPYITyBaTH 3a HACTYITHUMH O3HAKAMH:
KOMIIaKTHI, p030CepeKeHi, JiHiHHI.

BcranoneHo, 110 nporec po3BUTKY peKpeamiiHux Te-
PHUTOPIi cItig po3riIsaaTy Ha 3 i€papXiyHHUX PIBHAX:

- perioHasbHOMY — (DOPMYBaHHS «MEpEXi» peKpeaiii-
HUX TEPUTOPIN y B3a€EMO3B’S3KYy 3 EKOJOTIYHOIO Mepe-
XKeElo;

- paiioHHOMY — ()OpPMYyBaHHS «paioHiB» Pi3HOI crewia-
mizamii (KypopTHHX, peKpeallifHuX, TYpUCTUYHUX) Y B3a-
€MO3B’SI3KY 3 JIOKaJbHHMH CHCTEMaMH PO3CEIICHHS;

- JIOKalNbHOMY — (DOPMYBaHHS PEKpeallifHIX «KOMILIe-
KCiB» pi3HOI cmemniamizamii (0aTbHEONOTIYHHUX, TipPCHKO-
CIIOPTUBHUX, TYPUCTUYHO-CTHOrpaivHUX TOIIO) Yy B3a€-
MO3B’S3Ky 3 00’€KTaMH NPUPOJHO-KYJIBTYPHOI CIIaIIu-
HH.

Tak, Ha perioHaJbHOMY PiBHI OCHOBHMMH 3aBJIaHHSMH

- BU3HAYEHHS apealiB Ta OKPEMUX aTPAKTHBHUX MiCIlb
Ta ICTOPUYHHX IIOCENIeHb, J€ 30CEPEPKEHO KYPOPTHI,
peKpeariitti, iCTOPUKO-KYIBTYPHi, TMPHPOTHO-3aMOBITHI
pecypeu;

- (QopMyBaHHA €KOJIOTO-MiCTOOYIIBHHX yTBOPEHBb
(paiioHiB, 30H, KOMIUICKCIB; HAIiOHAJFHUX 1 perioHab-
HUX TapKiB TOMIO);

- IHTerpallis Mepexi peKpealiiHIuX TePUTOpid 3 eKo-
MEpEKer, MEPEKEl ICTOPUYHMX IOCEJCeHb 1 MaM’sITOK
ApXITEKTYPHOI CHAJIIUHNA, CHCTEMOIO PO3CENEHHs perio-
HY;

- CTBOPEHHS €KOKOPHIOPiB, TPAHCIIOPTHUX KOPHUIOPIB,
TYPUCTHYHUX MapIIPYTiB TOILIO.

Ii Ta iHmi 3aBgaHHs OyJ0 MOKJIAJACHO aBTOPOM B OC-
HOBY PO3pOOJICHHS PEriOHAIBHUX Ta PAHOHHMX IPHHIM-
IIiB POCTOPOBOTO PO3BHUTKY TipCHKOI peKpearii: «eKoio-
ro-MicToOyIiBHOTO OanaHcy», «audepeHmianii pekpea-
LIIfHAX MOTOKIB» Ta JIOKAJbHUX NMPUHIMUIIB: «CTBOPEHHS
IHHOBAaLlIMHUX ~ 00’€KTIB»,  «IIPOCTOPOBO-OaceiHOBOTO
OCBO€EHHS», «(POPMYBaHHS SIJIEPHO-OCHOBOI CTPYKTYPH»
Ta «KaCKaJHOCTI pO3MIllleHHS 00’ €KTiB OyMiBHUIITBAY.

[Mpuauun «exonozo-micmodyodienozo oanamcy» ne-
penbadae BHIUIEHHS OCHOBHHX, Makpo-, Me30- (hyHKITiO-
HAJIBHUX 30H, TaKWX, SK: IPUPOJHO-pEKpeaIriifia, ypOaHi-
30BaHa, arpo-CijbChKa, Jicorocmoapchka Tomo. Jms ix
JenimiTanii HeoOXiTHO 3IICHIOBATH KOMIUIEKCHY OIIIHKY
TepUTOpiil (MpUpOIHKX JNaHIA(TIB, KIIMATHIHNX YMOB;
MICTOOY/IIBHOI CUTYaIlil; iCTOPUKO-KYJIBTYPHHX PECYpPCIB,

©)|H. M. Shulha 2017
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TPAHCIOPTHOI JIOCTYIHOCTI PEKpEeaIlifHuX TepUTOpii
TOIIO). Y pe3yNbTaTi Takoi OLIHKK BH3HAYAIOTHCS KITIO-
YOBI TEPUTOPii, EKOKOPUIOPH Ta TPAHCHOPTHI Mepexi,
SIKi (OPMYIOTH «IaHAMIAa(THO-PEKpeariiftHi KOPHIOPH» —
JHIMHI TPUPOAHO-3aXUCHI CMYTH, IO SBISIOTH COOOIO
OCHOBHHH Kapkac (OpMyBaHHS SAEPHO-OCHOBOI IIaHY-
BaJIBHOI CTPYKTypH pekpeauiiinoi mepexi [4]. Tak, na-
NIPUKIIaA, Ied NpUHIUNI OyB BUKOPUCTaHUH aBTOPOM IPHU
po3pobui  «Konnenmii  QyHKIiIOHAIBHO-TIIIAHYBaIBHOT
CTPYKTYpH TipChbKO-pekpeaniiHoro paiiony «Ilomonuna
Pynay (3akapnaTcbka o6aacts) (puc. 1).

IIpuHnun «ougpepenuiayii pexpeayininux nomokxie»
(puc. 1) Mae Ha MeTi OpraHi3aIlifo Ta JOCSITHEHHS KepoBa-
HOCTI TIPOIECY PO3MOMITY BIAIIOYWBAIOYHX 32 HAIPSIM-
KOM, JO0 MiCIi BiIIIOYHMHKY, 332 TpOQilieM, TPHUBATICTIO
BiIOYMHKOBOTO TEPioAy y peKpeamiiHOMYy 3aKiaji Ta 3a
COMIaTbHO-€KOHOMIYHAM CTaTyCOM pIi3HHX KaTeropii
KOHTHHTEHTY BignmoumBarouux. Ilpu mpoMy, opranizamis
LBOTO IIpolecy nepeabdayae BU3HAYCHHsS HOTO e(eKTHB-
HOCTI BiJIIOBIHO 0 ONTUMICTUYHOTO (MaKCHMaJIbHOTO) 1
MECUMICTUYHOTO (MIHIMAIBHOTO) MPOTHO3Y 32 KiJIBbKICTIO
Ta SIKICTIO KOHTHHTCHTY BiJMOYMBAIOYMX y JaHIAMAPTHO-
TeputopiasibHOMy cepenosumii. 11{o cTocyerbest kepoBa-
HOCTI TIPOIIECY PO3MOILTY PEKPEaHTIB, Ie 3aJICKUTh BiX
iHpOpMaLifHO-pEeKIIAMHAX 3aXO0[iB 3 MPOCYBAaHHS pEeKpe-
AlifHO-TYPUCTHYHOTO MNPOJYKTY Ha PHHKY IOCIYT
00’€KTiB BigmoynHKy. OnTHMaibHEe 3HAYCHHS BEIUYUHU
pEeKpeanifHoro MOTOKY BiIIOYMBAIOYUX ITOBHHHO BilIO-
BiJaTH YMOBiI MaKCHMAaJbHOTO 3aJ[0BOJICHHS HOTped BiA-
no4yuBarounx. Jsi MporHo3yBaHHsI TEPUTOPIAILHOTO PO-
3MOAUTY PEKpeaIifHoro IMOTOKY aBTOPOM pPO3POOJICHO
METO/I IMITAI[IIfHOTO MOJICITFOBAHHS, CYTh SKOTO TOJISATAE y
BU3HAYCHHI ONTHUMaJbHUX BEJIWYMH IPOTHO3Y peKpea-
IAHUX MMOTOKIB CIIOCO0AMU MaTEMAaTUIHOI0, rpadhiaHOro

1 KOMII'FOTEPHOTO MOZETIOBAHHS PO3BUTKY TEPHTOPialIb-
HO-TIPOCTOPOBOi CTPYKTYPH Mepei 00’€KTiB BiIITOYMH-
Ky. MareMaTH4Hi CIiBBITHOIIEHHS TO3BOJISIOTH BCTAHO-
BHUTH PO3IOALN JIFOACHKHUX, MPHUPOIHUX, (iHAHCOBUX Ta
IHBECTHIIITHIX MOKJIMBOCTEH TEPUTOPiil OCBOEHHS, palli-
OHAIILHOTO 1X BUKOPHCTAHHS 3 METOI0 30epeKeHHs IMpH-
POIHUX PECYPCIB 1 3370BOJICHHS MOTPEO BiAMOYUBAIOYHX.

IIpuniun «cmeopenns innosauyiitnux 06’ckmis» 1e-
penbavae MPOEKTHY peati3ailif0 HOBHX apXITCKTYPHHUX
(dopM sK pekpeaniifHOI, Tak i XKHUTIOBOI 3a0yn0BH, a Ta-
KOXX Cy4aCHHX 3aKJaJiB 00CIyroByBaHHs, 3 ypaxyBaHHsIM
ripcekux ymoB. llell mpuHIMD nependavae CTBOPEHHS
HOBHX 00’€KTiB Ta Pi3HOMAaHITHWUX BHUIIB AiSIIBHOCTI MiJ
Ha3BOKO «Apres-Ski», To6To CTPYKTYpHHX CKIGJOBHX Ta
JOJATKOBUX BHIIB BIATIOUMHKY Y MEXaX TipCHKOJIKHUX
KOMIUIEKCIB, SKi 3a0e3MedyioTh OpTraHi3amiio I03BIILIA
BI/JIMIOYMBAIOYHMX 11032 AKTUBHHMH CIHOPTUBHHMH 3aHSIT-
TaMu (JTIKi, KOB3aHHW, CaHW TOMIO). BimbmiicTe 3 IHX
00’€KTIB € IHHOBAlIHHUMU JJIs1 YKPAiHCHKOT MPAKTHKHA —
e «Snow-Park» (cuirosuit mapk), «Bicycle Park» (tpacu
JUist Tipcbkux Benocumenis), «Skate Parky (mapk 3 ¢iry-
pamMu Ui CKEHTOOpAY) TOIIO, a TAKOXK MependadaeThCs
CTBOPEHHSI BIATOBITHUX YMOB JUISl TAKHX BHJIIB Cy4acHHX
po3sar, sik «paragliding» (maparnaiiginr abo mapariaHe-
pi3m), «raftingy» (padinr), «Ski-tour» (cKUTYpHHT) TOIIO.
3a UM MPUHIMIIOM HIPOEKTYIOThCS Takoxk «apart-hotelsy,
camubu 3€JeHOr0 TYpHU3MY, MPUCTOCYBAHHS CKAHCEHIB
(mBen.-Skansen) — etHorpadiyHUX KOMIUIEKCIB ISl TPH-
oMY BIAOYHMBAIOYHX.

J1o NPUHIUIIB JIOKAJIBHOTO 3aCTOCYBAHHS BITHOCATHCS
TIPUHLIUTIH «Mpocmopogo-6aceiinosozo 0CB0EHHAN)
(puc.l), «gopmysanus 10epHo-0cb060i cmpyKmypuy Ta
«KackaoHocmi po3miujernsi 00 'exkmie 6yOisHUYMBay.
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Pe3yabTaTH Ta ob0roBopeHHs. IlimanyBaipHa CTpyK-
Typa SIK MEPEX TiPChKUX PEeKpeamiiHuX TePUTOPIH, TaK i
OKpeMUX X AUITHOK MOBHHHA (hOPMYBAaTHUCH 3 ypaxyBaH-

Puc. 1. [IpyuHIMIM TPOCTOPOBOTO PO3BUTKY TiPCHKO-PEKpeallifHuX YTBOPEHb KapnaTcmcoro periony.

HSIM IIPOTHO3IB PO3BUTKY Ta (YyHKIIOHAJIHHOTO 30HYBaH-
HS TEPHUTOPIi, MO IOCHIKYETbCs ab0 MPOEKTYETHCS, Ta
BapiaHTiB MICTOOYMIBHUX BHpIIIEHb 3 METOIO PE3EpPBY-
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BaHHS TEPUTOPIHM NI MEPCIIEKTHBHOI peatizamii 3aBIaHb
€KOJIoTo-peKpeaniinoi aismbHOCTI. OCHOBHI CTPYKTYpHi
€JIEMEHTH peKpearliiHux Mepex (CHUCTeM), IO CTBOPIO-
I0ThCS Y TPYHOBUX (hOPMAax pO3CENEHHS, — 11€ 30HH KOpPO-
TKOYaCHOTO BiITIOYWHKY, KOMIUIEKCH 3aKJIajiB CaHATOP-
HOTO JIIKYBaHHS Ta CTalliOHAPHOTO BiATIOYHHKY, TYPHUCTH-
YHI LEHTPHU, IPUPOIHI Ta JAaHMAPTHI MApKH, I1aM’ ITKU
MIPUPOJIM TOIIO, & TAKOXK HACEJICHI MyHKTH, SKi CIeIiaTi-

3yI0ThCS Ha 0OCITYroBYBaHHI peKpeariiiHoro rocrno1apct-
Ba [7].

BucHoBok. TakuM 9MHOM, B3a€MOBITHOCUHHN MIX Pi3-
HUMH TEPHUTOPIaTbHUMH YTBOPCHHSMH — MicTOOYIiBHH-
MH, EKOJIOTIYHHUMH, peKpealiiHuMH{ TOIIOo, BimoOpaka-
I0ThCA, SIK TMPABHIIO, y IUIAHYBAJIBHUX MOJIEIAX, Yy SIKHX
CKOHIIGHTPOBAHO 1IeHHy CYTHICTb CTBOPEHHS Ti€l 4M iH-
01 CKIIAAHOI CTPYKTYPHU.
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Principles of spatial planning of mountain recreational territoriesin the Ukrainian Car pathians

H. M. Shulha

Abstract. The regularities of the functional and territorial development of recreation in the Ukrainian Carpathians are considered:

balance, competitiveness of the industry, stimulation of territorial communities to the development process, ensuring accessi bility of

recreational resources, etc. The basic principles of spatial formation of recreational territories in mountainous regions, such as "eco-

logical and urban-planning balance", "differentiation of recreational flows" and local principles are proposed: "creation of innovative

objects’, "spatial-basin development", "formation of nuclear-axial structures"and" cascade of placing of construction objects".
Keywords. "ecological and urban planning balance", "differentiation of recreational flows', "creation of innovative objects’,

"spatial-basin approach to territorial development”, "formation of nuclear-axial structure', "cascade of accommodation of

construction objects” .

IIpuHUUNBI NPOCTPAHCTBEHHOIO IVIAHMPOBAHUS TOPHBIX PeKpPealluOHHbIX TeppuTopuii B KapnarckoM permone YKpauHbl
I'. M. llyasra
AHHoOTanmusi. PaccMOTpeHbI 3aKOHOMEPHOCTH (DYHKIIMOHAIEHO-TEPPUTOPHATIEHOTO PAa3BUTHS pekpealinu B YkpanHckux Kapmarax:
cOaJIaHCHPOBAaHHOCTh, KOHKYPEHTHAs! CIIOCOOHOCTH OTPAciv, CTUMYJIHPOBAHUE TEPPUTOPHAIBHBIX OOIIMH K MPOIECCY Pa3BUTHS,
obecriedeHre JOCTYIMHOCTH PEKPEAMOHHEIX PECYPCOB U TOMY mojo0Hoe. IIpeyioxkeHbl OCHOBHBIE TPHHIMIIBI IPOCTPAHCTBEHHOTO
(OpPMHUPOBaHUS PEKPEALMOHHBIX TEPPUTOPUI B YCIOBHUSX TOPHBIX PAHOHOB, KaK-TO «3IKOJIOTO-TPAJOCTPOUTEIILHOTO OanaHcay,
«audepeHIMany PeKpPeadoHHbIX TTOTOKOBY, a Ha JIOKAJbHOM YPOBHE — NPUHIUIIOB: «CO3JaHHE WHHOBAIIMOHHBIX OOBEKTOBY,
«IIPOCTPAHCTBEHHO-0ACCEHHOBOTO OCBOEHHSY, «(OPMHUPOBAHHUE SJIEPHO-OCEBOH CTPYKTYPBI», «KaCKaJHOCTH Pa3MEMIeHHsI 00bEKTOB
CTPOUTENBCTBAY.

Kniouesvle cnosa: «sxonoco-epadocmpoumensubvlii 6arancy, «ouggepenyuayus pekpeayuoHHulx NOMoK08», «co30anue UHHOBA-
YUOHHBIX 00BEKMOBY, «NPOCMPAHCIMBEHHO-0ACCENHOBYI NOOX00 K MeppUmopuaibHOMy OCE0EHUIo», «Popmuposanue sA0epHo-
0cegoll CmpYKmypbly, «KAcKaOHOCMb pasmeujeriss 06eKmos Cmpoumenscmeay.



Science and Education a New Dimension. Natural and Technical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

XapakTepucTHKA HASIBHUX I'OCNOAAPCHKUX TEPUTOPIii oxecw,
{0 BTPATHJIM CBOI OCHOBHI (PYyHKIIil

T. ®@. Ilanuenxo, C. C. CTopoxyk

Kadenpa «JlanamadtHoi apxiTekTypr» KHiBCHKOro HaIliOHAIBHOTO YHIBEpCHTETY OyIiBHUIITBA Ta apXiTeKTypH, M. KuiB, YkpaiHa
Kadenpa microGynyBanns Onecbkoi nepkaBHOI akageMii OyAiBHUIITBA Ta apXiTekTypH, M. Oneca, Ykpaina
Correponding author. E-mail: mesvet@ukr.net, panchenko.knuba@gmail.com

Paper received 29.10.17; Revised 06.11.17; Accepted for publication 10.11.17.

https://doi.org/10.31174/SEND-NT2017-148V16-02

AHoTanist. Y 10CTiKeHHI BU3HaueHa pobieMa iCHyBaHHS JeIPECHBHIX TOCIIOAPCHKUX TEPUTOPIH Y IPUMOPCHKHX MicTax. [IpoBeneHo
HAyKOBHI aHaJIi3 MPOMUCIIOBHX HPHOepEKHMX 30H Micta OfiecH, Ha OCHOBI SIKOTO OYITM BHSIBJIEHI IEPECHUBHI TOCTIOAAPCHKI TEPHUTOPI, 10
BTPATHJIM CBOI OCHOBHI (PyHKIIIi; 3po0JieHa TX XapaKTepUCTHKA, PO3IIITHYTI IPUYMHU Ta MIEPEIyMOBH iX MOSBICHHS.

Knrouosi cnosa: npumopcoxi micma, npubepedxcna 30Ha, 0enpecusHi 20Cno0apcuKi mepumopii, peopeanizayis, peHoeayisa, munonozis,

PeKpeayitini KOMNIEKCU.

Beryn. [l OUTBIIOCTI IPUMOPCHKUX MICT XapaKTepHi 3ara-
JBHI PUCH PO3MILICHHS TPOMAJICHKOI, KHUTIIOBOI 1 TPOMKC-
JI0Boi 30H B IUIAHYBJIbHIH CTPYKTYpi MicTa, 0OyMOBJIEHI
CILUIBHICTIO COIIaIbHO-CKOHOMIYHOTO PO3BHUTKY Ta MPHPOJI-
HOTro JaHqmadTy. 3HauHI JUISTHKH IIPOMHCIIOBOI 3a0yq0BH
3aiiMatoTh NpUOEpeXHI TepUTOpil 1 CBOIM HPOTSHKHUM (po-
HTOM 3aKPHBAIOTh BUXOM JI0 aKBATOPIi CEMBOMITHUX paio-
HiB. OJTHUM 3 SICKpaBUX MPHKJIAAIB Il BUBYCHHS JICTIPECH-
BHHX T'OCTIOIAPCHKHUX TEPUTOPii MpUMOpChKHUX MicT € Ore-
ca. [IpoMHCIIOBI 30HH MiCTa B 3araibHild MPOTSHKHOCTI 3aii-
MatoTb Omm3bko 33% OeperoBoro ¢porTy (10 kM). Uepes
0COOJIBOCTI JTHIHHO-CMYTOBOI IIAHYBAJIBHOI CTPYKTYPH Y
X YMOBaX HAMOLIBII TOCTPO CTOSTH ITUTAHHS, ITOB'S3aHI 3
PO3MILIICHHAM TPOMHCIOBOCTI Ha I[IHHUX THPHOEPEKHIX
TEPUTOPISIX COIliaIbHI, EKOJIOTIYHI, apXiTeKTYpHO-
KOMIIO3UIIiiHI, TPaHCIIOPTHI Ta iHIIN. BUHMKHEHHS nempe-
CHBHHX TOCIIO/IAPCHKUX TEPUTOPIH BUSBISETHCS HE TUIBKH
Ha IpHOepexkKHii cMy3i MiCTa, a il HOIMPIOETHCS Ha IIEHTpa-
JIbHY 1 3aXiJIHy YaCTHHH, a TAKOXK Ha MPUOEPEKHY 30HY Xa-
JokuOericbkoro Ta KysulbHUIBKOTO JiMMaHiB  (TiBHIYHO-
3axigHa yactuHa OnecH).

AHaJi3 JiTepaTypHUX JaHMX TAa MOCTAHOBKA MPO0Jie-
mu. HasHiCTE 0araTo(yHKIIOHAPHUX TOCHOAAPCHKUX
TEPUTOPIH Y Mekax MPUOSPEKHOI 30HH — € MPOOIEMOI0
OaraTbox mpUMOpchkux MicT. Lliif mpoOnmeMi mpucBsdeHa
Hu3ka HaykoBux poOit: C.X. baiimyparosa, T.I. 3aiBopsiHc-
xoi, K.B. Jlazapesa, .M. Jlo6osa, }O.B. JIybenuenko, H.H.
Cininmnoi, A.I. Cokomnosa, LI. Cokonosa, C.C. ®pososa,
M.K. Hlonyxa ta iHmmx. MicToOy[iIBHOMY PO3BUTKY 1 ILIa-
HYBaJIbHIH OpraHizallii NMPUMOPCHKHX MICT HA TEPUTOPIi
VYKpaiHu NPHUCBSYEHO HAayKOBI POOOTH Ha MpUKIanax Aszo-
BO-HYOpHOMOPCHKOTO y30epedoks TaKux BUeHHX, sk — O.€.
Boromonos, B.JI I'mazupin, A.M. [dasunos, LI. Ionos, 1.O.
JlaBmuaCceka, A.I'. Ommanceka, B.M. Omnwmmenko, O.1O.
[anTroxina, T.®. [Maruenko, B.B Cimoposa, C.B. Illemry-
xoBa, H.M. fIpemenko.

AKTyaJIbHICTh J@HOTO JIOCII/KEHHSI 0OyMOBIICHa HE00-
XiJTHICTIO BCEOIYHOTO BHBYEHHS JAHOI MPOOJIEMH Ta BIIPO-
Ba/DKEHHS HOBUX peKpeauiiiHuX (yHKIH Ha JETPEeCHBHHIX
TOCTIOZIAPCHKIX 3€MENbHUX JIISTHKAX, y 3BI3KY 3 ICHYIOUH-
MH HEIOJIKaMH MICTOOY/IIBHOTO OCBO€HHSI HPHMOPCHKHX
MICBKHX TepUTOpii. BuBYeHHS BITUM3HIHOTO Ta 3apyOiXKHO-
TO JIOCBily peHoBailii Ta MICTOOYAIBHOI ajganTailii TOCIo-
JIApPCHKUX TEPUTOPIH TSl peKpealiifHuX QyHKIIH JO3BOJIUTh
3HAWTH AITOPUTM YJIOCKOHAJIEHHS METOAIB BHKOPUCTAHHS
JIETIPECHBHHUX TOCIOJAPChKUX TepUTOpiil sk micra Opecw,
TaK i KpaiHy B LIJIOMY, @ TAKO)K BU3HAYNTH €IMHUHA METO/IH-
YHUH TiJIX1T 10 aeKBaTHOI OLIHKH 1 BUOOPY ONTHMAaIbHUX
3ac00iB 30epexeHHs 00'€KTIB IHIyCTpiaIbHOI CHIAIIIMHN.

10

Mera Ta 3aga4i gocaigkeHHsl. Mera OOCIIDKEHHS —
BUSIBHTH Ta OXapaKTepHU3yBaTH HasBHI TOCTIONAPCHKI TepH-
Topiit Ozxecy, o BTPaTHIIN CBOT OCHOBHI (DYHKIIII.

Jnst nocsirHeHHs mocTaBiieHoi MeTH OyJIM MOCTABJIEeHI Ta-
Ki 3a/1a4i:

- BUSIBUTH Ta HaJaTH NEpesiKk HasBHUX TOCIIOJAapCHKUX
TepuTopiil Micta OjecH, 1110 BTPATUIIM CBOi OCHOBHI (pyHK-
1, a TAKOX OXapaKTepU3yBaTH JEsKi 3 HUX;

- OOIpYHTYBaTH JOLUIBHICTE HOBOTO PEKPEAIiifHOTO BH-
KOPHCTAaHHSA TOCIIKYBaHUX 00'€KTIB.

Bukiax ocHOBHOro Mmartepiaiy

1. ®yuknionansHe 30HyBaHHf Micta Omecu. Micto
Opeca BiANOBIAHO 0 HOTO TEPUTOPIABHO-IUIAHYBAJIEHOTO
PO3BHTKY 1 TOCHOIAPCHKOI CTPYKTYPH HAJEKHUTh JIO0 THUITY
«TIOPTOBO-TIPOMHUCIIOBHX» MICT 3 PO3BHHEHOIO KypOPTHO-
pekpeartiiinoi ¢ynkiiero. Criouarky Omeca po3BHBaacs sK
MICTO-TIOPT 1 TOProBHIl LIEHTP Ha BEJIMYE3HIH TepHUTOpii, aje
BxKe 10 KiHig 19 cronitrs Onmeca nepeTBOPIOETHCS 3 MOPTO-
BO-TOPrOBOTO y TIPOMHUCIIOBE-TOProBe MicTo 3 moptoMm [1, 3].
[poTsrom pokiB po3BUTOK Ti MPOMHCIIOBHX 30H BiZOyBaBCs
Ha riepudepii MicTa, a TAKOXK Yy MiBHIUHINA 9acTuHI OechKo-
ro y30epexoks; KypopTHO-pEeKpearliiHi 30HH (OopMyBaJIHCsI
TIEPEBaXHO Ha TiBJHI 3 BUKOPUCTAHHAM IUBDKHHUX PECYPCIB
Bixg YopHOMOpKH 10 CamKeWKH, a TaKOkK OaTbHEONOTTIHIX
pecypciB Apkanii. [IpoMuCcIoBi 30HH MiCTa, PO3TaIIOBaHi
B3JIOBX Y30epexoKs, ChOro/iHi 3aiiMaroTh 0Jm3bko 10 kM abo
33% Bij 3aranbHOT MPOTSHKHOCTI GeperoBoi JiiHiT Oecbkoro
y30eperoKs, MEPEKPHUBAIOYM BUIBHUI [OCTYIl HACEJICHHS
JKUTJIOBUX PaiioHiB 10 6epera YopHOMOPCHKOI 3aTOKH (pHC.
1).

Jani HaBeneHi Ha «CxeMi (pyHKIIOHAIBHOTO 30HYBaHHS
Micta Opmecm» CBiTYaTh Mpo Te, [0 BUPOOHUYI, CKIIaJIChKi Ta
CIIIECBKOTOCIIONIAPChKI  TepuTopii ckiagaioTs moHan 40%
TEPHUTOPIi MiCTa, IO 3 OJHOTO OOKY MOpYIIye OallaHC CITiB-
BiIHOIIIEHHS 3 IHIIMMH BHJaMH 3€MJICKOPHCTYBaHHS, a 3
JIPYToro — MPMXOBaHO 3HAYHI TEPUTOPIi HEILOBOTO BUKO-
PHCTaHHsI, y TOMY YHCJIi 1 ACTIPECUBHI JUJISTHKH.

BiamnosinHO 0 CTAaTHCTHYHHUX MOKA3HUKIB OCHOBY MICTO-
OyniBaOi 6a3n Onecu CKIagaoTh Taki chepr MisTbHOCTI, K
TOPTIBIIS, METATO00POOKa, HadTONEpepoOKa, MaTMHOOYTy-
BaHHS, BUPOOHUIITBO JIKIB 1 IPOAYKTIB XapuyBaHH:I, HayKa i
OCBIiTa, CAHATOPHO-KyPOPTHE JIIKYBaHHS Ta IUISDKHHUHN BiO-
YHUHOK, Kpyi3Huil Typusm [2]. Posmomin TpymoBux pecypcis
Onecu CBIMYMTBH NPO ICHYBAaHHS «TPYJOBOTO ITOTEHIIAY»
JUISL PO3BUTKY peKpeariiiHoi cdep, o BaykJIMBO NPH Mepc-
TIEKTUBHOMY OCBOEHHI JIEPECHBHHUX TEPHUTOpIA. AHaimi3
MIPOEKTHOI JOKYMEHTallii, HaTypHI OOCTEXEHHS, pe3yIbTaTH
AHKETYBaHHS JI03BOJIMIIM aBTOpaM BCTAHOBHTH, 110 B MeXkax
teputopii Oznecy, T TPOMUCIOBUX Ta HIIMX (DYHKIIOHAIIb-
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HUX 30H (CKIIAJCHKUX, CLIBCHKOTOCIIOAAPCHKUX TOIIO) 3a
OCTaHHI} Yac CTBOpWIJIACh Mepexa ACNPECHBHUX rocroap-
CbKUX TEPHUTOPIH, SIKi BUHUKIIM HE TUIbKHM Ha NMpUOepexHin
TepuTopii Micta (paiioH «llepecurn»), aje i MOMMUPHINCH Ha
HOro LeHTpalbHy 1 3aXiJHy YaCTHHH, a TAKOX Ha IpHOepe-
JKHY 30HY XamkuOelicbkoro Ta KysuIbHUIIBKOTO JIMMaHIB

YMOBHI IHO3HAYEHHS:
KMTJIIOBI TEPHPOTIT
BHUPOBHHYI TEPUTOPIT

CKJIAJICBKI TEPUTOPIT

CLUIBCBKOTIOCHOJAAPCHKI
TEPUTOPIT
PEKPEALUITHO-KYPOPTHI
TEPUTOPI

3EJIEHT HACAJDKEHHSI

]
[
]
1
L]
1
(@]

IPOMAACHKI HEHTPH

(miBHiYHO-3axiqHa yacTrHa Onecu, CyBOpOBCHKHI PaloOH).

Jlnis BU3HAUYCHHS OOCSTIB 3eMEITbHUX PECYPCIB, SKi OXOTI-
JIFOIOTH JITIPECUBHI rocnonapchbki Tepuropii micta Opecw,
OyJI0 TPOBEICHO NETaNbHI HATYpHI OOCTEXKEHHs IMoHaz &
00’€KTIB, TEPUTOPIi SKUX 3HAXOIATHCS y 3aHeN0aHOMY CTa-
Hi.

OcHoBHI MicTOOYIIBHI XapaKTePHCTHKH
micra Onecn

MICTO OJIECA

1.5 mam.
HOMOBIK

HACEJIEHHS

TUIOLIA 16242 ra

IHJIBHICTD
HACEJIEHHS

9235,3

4OML/KM2

JIOBXHHA

BEPETOBOI JIHIT U

MIHIMAJIBHA
BUCOTA

MAKCHMAJIbHA
BHCOTA

BHUPOBHHYA CDEPA 30%

KYPOPTHO-
PEKPEALUIHA COEPA

Puc. 1. Cxema dyHKIioHapHOTO 30HYBaHHs Micta Onecu

2. T'ocnopapcewki Tepuropii micra Opecn, 110 BTpaTH-
JIM cBOi 0CHOBHi pyHKnii. O1IHIM i3 MiCIIb, Jie CKOHIIEHTPO-
BaHO MpoOJeMH HEOOXIIHOTO BHKOPHCTAaHHS JIEPECHBHUX
Teputopii, € Onecbka «llepecum» — BeinKa IMPOM30HA, IO
PO3TATHYJIACHh BY3bKOIO CMYTOI MK O€perom Mops i mossi-
MM 3pOLISHHS], SIKY BIJUIUISIE BiJl HIEHTPAILHOT YACTUHU MicTa
BEJIMKHH KUTJIOBU# MackB iM. KOTOBCBKOTO.

CroromHi B il MPOM30HI 3HAYHA YaCTHHA CTAPHX IPO-
MHUCJIOBHX ITINPHEMCTB HE MPALIOE; X TEPUTOPIi Ta LEXH
YaCTKOBO NEPENPOQIIIOIOTHCS i iHIIe BUPOOHHUIITBO 200 B
odicHo-TOproei npuminieHHs. [leska 4acTUHA 3 HUX TOCTY-
TIOBO TIEPETBOPIOETHCSI HAa PYIHM (HAIPHKIIAMd, aBTOCKIIAa-
JbHUH 3aB0J) a00 3HAXOAUTBCS Yy TpOLECi pyHHYBaHHS
(Omecpka TEL), ToMy peabisitaiiisi Ta peHOBALs AETPECH-
BHUX TOCHOAAPChKUX Teputopid Ofecu € meprioyeproBrM
3aBJI@HHSM 1 BUMAarae CIelialbHuX HayKOBHX METOANYHUX
PO3p00OK MmOA0 iX €()EKTHBHOTO BHKOPHCTAHHS 1 MOJII-
MIEHHS CaHITAPHO-EKOJIOTIYHOTO CTaHy MiChKOTO CEepPEIOBH-
ma[3,4,5].

Jns OLTBII OKJIAJHOTO BHBYEHHS OOIIMPHUX JIULTHOK
JIETIPECHBHUX T'OCIOJIAPCHKHUX TEPUTOPIH, aBTOpAMHU pO3IIIs-

HYTO JIesiKi 3 HUX, JJaHi 10 SKHM y3aralbHeHO 1 IpercTaBie-
HO Ha puc. 2 [6,7, 8, 9].

1. ZKesaxosa zopa, po3ranioBaHa y miBHiuHiil yactuni One-
CbKOI OyXTH, MK TUpJIaMH JBOX JIMMaHiB — Xa/KiOeicKoro
i KysulbHULIBKOTO, SIBJIIE COOOO apXEOoJIOTiYHY IaM’sITKY,
Bijiomy 3 ki XVIII cromitrs; y mMunynomy «KeBaxosa
ropa» — aHTHUYHE CeJIUIlEe, HUHI — apXeoJOriyHUH 00’€KT,
KUTJIOBUIH paiioH, MPOM30Ha;

2. ITona 3powenns i pinempayii — Mepexa 3aMyJeHUX i
3apOCIIUX OYEPETOM KaHAJIB MICBKOI OYMCHOI CHCTEMH, KY-
JIV HAIXO/ISITh CTIYHI BOJH 3 IICHTPY MICTa;

3. M'sacoxkombinam, o 3HaxXoaUThes y paiioHi «[lepecum»,
Ma€e BHXIJ IO IpHOepexHOi 30HH YOPHOTO MOps 4Yepe3 Te-
putopito 3aBoxay «30P — OneccinpMary;

4. 30P — Ooeccinomaw, OyBIIMIA TIPOMHUCIOBUI TiraHT y
pationi «Ilepecurn», sikuii Mae Ge3MocepeIHIi BUXIJT 10 MOPSL;
5. Mixpopaiion «byzaiexay, po3TalIOBaHUI B IIEHTPATbHIN
gactuHi OfiecH, y MeXKax TEepHUTOpil SKOTO 3HAXOAATHCS
00’€KTH, 1110 HE BUKOPHCTOBYIOTHCS 32 CBOIMH (PyHKIIisIMH, a
X DUITHKY BITHOCSATBCS IO KaTEropii AeNPECUBHUX;
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6. CasuybKuit napk, po3TalioBaHuii y npoM3oHi «byraiBkay
— € €IMHUM O3EJICHCHUM MacHBOM Ta 30HOIO BiJIIOYHMHKY
JUIsL HACEJICHHS IPOMUCIIOBOTO PaioHY;

5. Mikpopaiion
«byraiBka»

7. 3aBox «Kpasin»

Cxema rocnosapcbKux TepurTopiii micra Onecu

7. 3a600 Kpaan, po3raiioBanuii y LEHTpi MicTa, HEIOIAIK
BiJI 0JIECHKOTO 3aJII3HUYHOTIO BOK3aJIY;

8. /lesonaniecokuii y36i3, po3TalllOBaHUI B ICTOPUYHOMY
uentpi Onecu.

3. M’sicokombiHaT

8. JleBoaHiBChKHH Y3Bi3

Hopsiaxo- Tlioma,
Buii Homep) Hassa tepuropii S)ra IcHyI0Ye BHKOPHCTAHHSI TEPHTOPIT
Ne
1 JKeBaxosa ropa: 200 - 3aHe/10aHa TepPUTOPIsl, 3BAJIHLIE;
- ABTOpHHOK «KysilbHUK»; - aBTOPMHOK, PEMOHTHI MaiiCTepHi, MarasuHu, CKJIan;
- Llemisinmii 32801 «BiabLIOBHK; - 3aHen0aHa TEPUTOPIst;
- Ilynkryn Hacenenns «binbiioBuk», «KoroBka» - 3aHe6aHa TepUTOPist
9 ITosist 3poutennsi i pinbTpanii 950 - 3aHe16aHa TePUTOPisl, 3BasHIIE
3 M’sicokomGiHaT e - aBTOCTOsIHKA JU1st Qyp, CKJIajn
4 30P - Ozeccinbmari 62 - CKJIaJIH
5 BupoGHuUi nianpueMcTsa 280 - 3aBO/H, iHﬂiBiﬂyanLHi_uexu, CKJIaJH;
Mmikpopaiiony «ByraiBka» - rinepmMapKeTH, OBOueBi 6a3u;
- othicu
6 Caguubkuﬁ TapK (MapK KyJ1bTy pH 267 - MapKoBa 30Ha B 3aHeI0aHOMY CTaHi
i BinounHky im. Jlenincproro Komcomorny )| >
7t 3aBon «Kpasin» 225 - 3aHe/0aHa TEPUTOPIsl, 3BASIUIIE, CKIA/IH, iHAIBIyabHi LEeXH
8 JleBosaHiBChKHiA y3Bi3 (TPOMMCIIOBI 3 - 3aHe/10aHa TePUTOPIs, 3BAJIMILE;
CHOPYIH) - rapaxi
3arasipHa mioua 1561,2

Puc. 2. Cxema po3raliryBaHHs ISIPECUBHHUX FOCHOJaPCHKHIX TepuTopiit y Oneci

TakuM 4MHOM, aHaJi3 TEPUTOPIH TOCIOJAPCHKOrO MPHU3-
Ha4eHHs, sIKi BTpaTiM cBoi (yHKil B ymoBax micta Onecn,
I0KAa3aB, 10 HATYPHI OOCTEKEHHS Ta JIOCIIHKEHHSI TUTbKU 8
3 0araThOX IHIMX AUISTHOK ACMPEeCUBHUX TepuTopiii Oxecw,
JIO3BOJISITh TIEPEeN0AYNT HOBE PEKpealliiiHe BUKOPHUCTAHHSI
3arajpHOi Twromi moHan — 1560 ra, mo cxiagae (00’ exTH 3
ningakamu) Maibke 10% Bix 3araigpHOi TepHTOpii MicTa
OpiecHl 1 € BEIMKMM TEPUTOPIaIbHUM PE3EPBOM HOTO pekpe-
amiiiHoro posButky. IlomepenHi po3paxyHKH, 3AiMCHEHI
aBTOpaMH, CBiUaTh Mpo Te, IO MEepCreKTHBHI QyHKIiT 1mx
TEpUTOPIH 3a yMOB iX peaburiTanii, peKOHCTPYKIIi Ta caHa-
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i1 MOXKYTh OYTH: JIJIsI 33JI0BOJICHHS JKUTJIOBHX MMOTPeO OH-
3pK0 3% TepuTOpil; U opraHizauii pekpearii — 4%; s
HOBMX BHUPOOHHYMX MiJUPHEMCTB OMM3bKO 3% TepHTOpIii.
HaiiGinpin miHHMMU J1s1 BUKOPUCTAHHS € TOCIOJAPCHKi
TEPUTOPIi, IO 3HAXOAATHCS Y TIPHOEPEXKHIH cMy31 MOpsi, SKi
JOIIJIBHO TIependaunTh: [t pexpeartii — 0,5% tepuropii; Ha
JJISTHKAX, HAOMDKEHNX 10 KypopTiB — 1,5%; y neHTpanbHii
yacTuHi Micta — 10 1% 1 Ha nepudepiifHuX TEPUTOPILX — 10
1%, 1110 BUMararoTh IOJIMIIEHHS €KOJIOTTYHOTO CTaHY.

3. Ananiz Hosoro I'enepansnoro niaany Opecu. J{is
T ITBEPDKEHHS TaHNX BHCHOBKIB aBTOpaMH OyJIO IIpoaHati-
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30BaHO HOBHH [ eHepanbHuil ian Opecw, sikuii OyB 3aTBEp-
ToKeHuit y O6epesni 2015 poky (puc. 3).

3riTHO HOBOT MICTOOYNIBHOT KOHIICTIIIT B HAWOIMKYI Je-
csTh pokiB y Micti Ofeca iepebadeHo OyIiBHULITBO HOBOTO
xuTna (63pko 150 THC. KBapTHP) 1 OCBOEHHS BUIBHHX Te-
putopiii — «Ilonst 3pouteHHs», paiion "llkineHOTr0" aepon-
pomy, «llIkonoBy ropy»; 3alIaHOBaHa KOMIIIEKCHA PEKOHC-
TpyKuis paiioniB «MomngaBaakny, «byraiBkm», «CaxaniHdm-
Kay Tomo. l{eHTpanpHa icTopryHa yacTuHa Micta i @paHiry-
3bKUI OyJbBap 3aNMIINTHCSA HE IMOMIKOMKeHe. [ eHraHoM
nepenbadeHo creHapiii po3BuTok Onecy sIK GaraTogyHKIIi-

OHAJIHOTO JUIOBOTO Ta TYPUCTHYHOTO LIEHTPY; B CTPYKTYPi
BUPOOHHMYOTO KOMIUIEKCY B HaiOmwkui 15-20 pokiB mae
CKOPOTHUTHUCS YacTKa XiMIi4HOT Ta HahTOXIMIYHOT POMHMCIIO-
BOCTI, METATyprii Ta MeTaJo00pOOKH, MPHU IBOMY 3POCTE
YacTKa BHPOOHMIITBA OyaMaTepiasiiB — Bce I 3abe3reuye
TIEPCIEKTUBHUI PO3BUTOK peKpearii; iCHyroui 3eeHi Haca-
JUKeHHS, sIKi 3aiiMaroTe moHan 740 Ta, OyayTh 30epesxeHi,
KpiM TOTO, 3'SBITHECS HOBI 03eJeHeHi mromti moHan 900 ra —
Hanpukiaa, napk «FOBUICHHHID Ha TPUMOPCHKHAX CXMNAX,
mapku  «XamKHOeHCEKUI, «AeporopTOBCHKHI» 1 Timpo-
mapk «Kysumbanmskmin [10].

OOECA

FEHEPATbHUA NNAH

(OCHOBHE KPECNEHHA

-
\\

Puc. 3. Hosuii ['enepanbauii mnan Onecu
(1. XKesaxosa ropa; 2. IToss 3pomiens i pinbrparii; 3. M'sscokombinat; 4. 30P — Oneccinbmar; 5. Mikpopaiion «byraiBkay; 6. CaBUIbKHIT
napk; 7. 3aBox Kpasin; 8. JleBosiaHiBChKHit y3Bi3).

Taéauns 1. [lepcekTHBHAI PO3BUTOK HOCIIPKYBAaHHX JISNPECUBHUX TepuTopii Micta Onecn

Ne| HasBa teputopii 3a reHIuIaHoM 3a MpOTO3HITISIMI
L . . |lcropuko-apxeomnoriuauii mapk — My3ei; po3BaXKaIbHUI
1 Ik IcTopuKo-apxeonorivHmi mapk — My3ei, BUCTaBKOBUH - .
€BaxoBa ropa . KyJIbTYPHHH KOMIDTEKC IS IPOBEICHHS Mi>KHAPOTHIX
KOMIUIEKC, CYTIepMapKeT, TYPHUCTHIHE MICTEUKO . . .
(ecTHBaIiB, BACTABOK, TYPHCTHYHE MICTEUKO
3oo0mnapk, KyJbTYpHO-pPO3BaKaIbHUHN IIeH UTAINHI . L
I . P, KYIBTYPHOD P, X ~ My?3eii — mapk J1aHIIIadTHOTO 1 apXiTEKTYpHOTO MUCTEITBA
o |Honst 3poienns i mapk Tuity «JlicHelineny, pecTopaHH, BUCTABKOBO I 6 . .
i N % T BIAKPUTHM HEOOM, TYPHCTHIHE MiCTEUIKO; CIIOPTHBHO-
Tpartii TOPTOBENBHUH IIEHTP, TOTENBHUN KOMILIEKC, CIIOPTKO- N
MIUTeK, KiHHMH KTy6 TOMIO 037I0POBYHIA IIEHTP BOIHOTO TyPH3MY
A .
3 [M'sicokoMOiHaT | BHCTaBKOBO-TOProBENBHUN Ta PO3BKAIBHHUHN LIEHTP . . . .
- — BararodyHKIiOHAIBHII KYJIBTYPHHUI apK PO3BAr; TEXHO-
30P BararopyHnkuionansHi oicHI IEHTPH, pEeCTOpaHy, To- noriaHm mApK (TexHONApK)
4 . TENBHHI KOMITIEKC, YHIBEPCATBbHUI CIIOPTHBHO-
OpneccinpMari "
BHJIOBUIIHHIT KOMILIEKC
. Lo CyuacHe JIiJI0Be MiCTO: iHHOBaLIHHO-BUPOOHMYI ITi/IIPHEM-
. . Bararo¢pyHkuionansHi oicHI IIEHTpH, BUCTaBKOBO- : Lo
5 MikpopaiioH . . N cTBa, GaraToyHKIIOHATBHI 0hiCHI IEHTPH, CIIOPTUBHO-
- TOPTOBEINbHI Ta PO3BAKAIIBHI HEHTPH, AIHCHI TPOMHC- . :
«byraiBka» 11OBI MATTPHEMCTBA 037I0pOBYi KOMIUIEKCH, BUCTaBKOBO-TOPTOBENbHI Ta PO3Ba-
P JKaJIbHI LICHTPU
Capunpkuii mapk |I[TapkoBa 30Ha [MapkoBa 30Ha JTaHAIAQTHOrO i apXITEKTYPHOTO MHUCTEITBA
3oz «Kpasi» KynerypHO-po3BaskansHUI IEHTp, yHIBepcaTbHUH KOH- | KynbTypHO-po3BaKaTbHMI HEHTP CYyJacHOTO MHCTEITBA;
P LIEpTHHH 3aJ1, aBTOTPAHCHIOPTHE MMiAIPHEMCTBO MIapKOBa 30Ha JIAHAMIA(QTHOTO MICTEITBA
8 JleBonaHiBChKHiA ['oTenbHI KOMITIEKCH 3 peKpeariiiiHiMK 30HaMH BiIIOYHH-
y3BIi3 Ky Ha Jiaxax OyiBenb

OOTpyHTOBYBaHHA Pe3yJIbTATIB HOCTIIKeHHs. Bimmo-
Bi/IHO /10 pillleHb TeHepaibHOro MaHy OyiecH Ta HayKOBHX
TIPOTIO3HUIIiH IaHOTO JIOCII/KEHHS! TIPUIHATO, 10 BU3HAYCHI
JIETIPECHBHI TEPUTOPIi, SIKI BUBYAIOTHCSI MOXKYTh OyTH Iepe-
npoineOBaHi BIMOBIIHO O HOBOTO (YHKIIOHAJIEHOTO
BUKOpHUCTaHHS (TadI. 1).

Y3aranpHIOIOUI aHi HaBeAeHi y Tabm. 1, MoxkHa IifTH
TaKHX BUCHOBKIB:

- XapaxkTep HOBOTO (PyHKIIIOHATFHOTO BHKOPHCTAHHS Jie-
NIPECUBHUX UISTHOK TEPUTOPIi MiCTa 3aJI€KHUTh BiJ MicTOOY-

13

JiBHOT crTyani i
ICTOpUYHOMY LIEHTPI, Ha repudepii ToIo);

- THIOJIOTIYHA CTPYKTypa HOBHUX 00’€KTIB Ha JIETIPECHB-
HHX JAUISHKaX MMOBMHHA MaTH 3B’SI30K 1 BIJNIOBiIATH TOTpe-
06aM OTOYYIOUOTO MiCHKOTO CepeoBHINa (BiJICYTHICTH 03e-
JICHEHUX TePUTOPiH, CHOPTUBHO-03/I0POBYHX IIEHTPIB, MiCIIb
KOPOTKOYACHOTO BiIMOYMHKY TOIIIO);

- IUIaHyBaJbHI OCOOJMBOCTI HOBMX KOMIUIEKCIB Ha Jie-
MIPECUBHHUX TEPHUTOPIAX (KUTJIOBHX, PEKpeamiiiHuX, JaHA-
madTHUX) TTIOBUHHI OYTH y3rOJDKEHI 3 ICTOPHYHUMHM Xapak-
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TEPUCTUKAMH MICLIEBOCTI (apXEOJIOTiuHi 00’ €KTH, NaM’sITKH
MIPOMHCIIOBOT CHIa IIIMHK TOLIO) 32 IIPUHIUIIOM JOTPHUMAaHHS
apXITEKTYpHO-MIiCTOOYNIBHOI CI1aIKOEMHOCTI.

BucnoBkn. JlocimikeHO XapaKTepUCTHKU HAassBHUX TOC-
MO/IApChKUX TepuTopiii Micta OpnecH, sKi BTpaTHIM CBOi
OCHOBHI (DyHKIIii, Ha PHKJIaAax 8 NEMPECUBHUX JUISTHOK i3
3aCTOCYBaHHSM METOIB HATYpHHX OOCTC)KEeHb, aHAaJi3y
MIPOEKTHOI JOKYMEHTAIIil Ta y3aralbHEHHS Pe3ybTaTiB eKc-
NIEPTHOTO ONUTYBaHHS. BCTaHOBIIEHO, 110 BOHU 3aliMarOTh
moHay 1560 ra (10% Ttepuropii Omecn), neski 3 HUX 3HaXO-
IITBCSI HA TpHOepexHiit Teputopii micta («M'sicokomOi-
Haty, «30P — OpneccinbMmamn») Ta Ha IpHOEPeXHii TepUTOpil
Xamxuboeiicbkoro ta KysubHHUIIBKOTO JIMMaHIB, SKi € Haii-
OUTBII IIIHHUMU U1 HOBOTO PEKpealiifHOro BUKOPUCTaHHSL.

BcranoBneHo, mo HoBe (yHKIIOHAIBHE BHKOPUCTAHHS
MICBKHX JIEIPECHBHHX TEPUTOPIH 3aJI€KUTh BiJl: IPUPOIHO-
reorpaiqyHUX YMOB JIOCIIJUKYBaHHUX AUITHOK; MicTOOY/iB-
HOI cuTyauii iX pO3MIIICHHS; ICTOPHKO-KYJIbTYPHHUX OCO0-
JIMBOCTEH 1HAyCTpiaTbHUX 00 €KTIB; THIOJOTIYHOI CTPYKTY-
PY MOXJIMBHX HasIBHUX 00’ €KTiB 3a0y/10BH.

Ha ocHOBI y3araiabHEHHS HAyKOBO-TIPOEKTHOTO JIOCBiTy
MicTOOYIiBHOI peopraHi3amii IepecHBHIX TEPUTOPil BHSB-
JICHO 1 JIOBEZICHO, IO ApXiTEeKTYPHO-TUIAHYBAJIbHI PIlICHHST
HOBUX KOMIUIEKCIB Ha JICTIPECHBHUX TEPHUTOPISX (KHUTIOBO-
TPOMAJCHKUX, JIAHAMIA()THO-PEKpeallifHiX, 1HHOBALIITHO-
BHPOOHNYMX) TIOBHHHI OYTH Y3TODKEHi 3 TpaIUIiiHAM Xa-
paKkTepoM 1 BUMOTaMH CIIaJKOEMHOTO PO3BUTKY MiCHKOTO
CepeIoBUIIIA.
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Abstract. The paper analyzes the problems of low efficiency of students' educational work over the discipline "Chemistry" and
considers the principles of modernizing educational activities and the task of engineering education reforming. The relationship of
fundamentalism of graduates education with requirements of high-tech labor market is shown. The role of interdisciplinary
connectionsin the training of highly skilled specialists for new branches of science and technology, which is formed on the basis of a
combination of achievementsin natural sciences: chemistry, physics, mathematics, biology, is considered.

Keywords: chemistry, engineering skills, professional competencies

Introduction. Improving the quality of education,
achieving its level of conformity with the actual and
prospective needs of society, state and persondity is a
priority task of educational policy of Ukraine at the
present stage. Higher education in Ukraine over the past
10 years has been implementing significant steps for
integration into the European educational space. National
technical university of Ukraine "lgor Sikorsky Kyiv
Politechnic Ingtitute”, as one of the leading technical
universities in Ukraine, is working hard to implement an
effective system of quality management of future
specialists training for the country's economy. One of the
main tasks of the higher educational institution in
accordance with the new realities is the formation of such
joint educational and scientific environments in which the
educational component would fill the scientific sphere,
and a high-tech labor market would be enriched by
talented young people from whom future scientists,
production and business managers will grow.

Literature review. Modernization of the national edu-
cation system should be based on the continuous devel-
opment of the educationa system. In the same time, the
main task of educational policy is to provide modern
education quality based on its fundamental and compli-
ance with relevant provisions of the documents relating to
changes in education for sustainable development [1,2].

In this case, the modernization of educational activities
should be carried out in accordance with the following
principles:

- the unity of the educational space, the parity of edu-
cation and training, the integration of science and educa-
tion, academic freedom;

- a combination of connection between education, re-
search and business;

- improving the quality of education through its inter-
nationalization;

- prectical orientation of university courses to the re-
quirements of labor markets;

- unity and consistency of education levels - "education
through life".

Thus, the main task of reforming education is the crea-
tion of conditions and the graduation of specialists with
fundamental natural science training, original thinking,
ability to work in a multicultural environment, capability
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of providing innovative development of society and busi-
ness.

The transition of the higher education system of
Ukraine to the new educational standards has changed the
purpose of the training of graduates of higher educational
ingtitutions (HEISs). Currently, the goa of training is the
formation of a certain set of general cultura and
professional competencies of students. The result of the
university education is the competence of its graduates
(possession of a list of specified competencies).
Individual competence is a complex integral object, which
is a dynamic combination of knowledge, skills and
personality traits of the subject of educational activity.
Formation of the competence of a specialist and the
preservation of the disciplinary organization of the
educational process are the consequences of a holistic
assimilation of the personality of a particular educational
branch [3].

According to the results of analytical forecasts of the
leading scientific centers of the world (Oxford University,
International Council for Science), the most demanded in
the labor market will be expertsin the field of alternative
energy, heat engineering, energy conservation, chemistry,
biotechnology, = pharmacy, @ medical  engineering,
specialists in the field of new materials and
nanotechnologies, nanoel ectronics, environmental
protection, aerospace technology.

However, during the last decades, the issue of the
prestige of engineering professions is not sufficiently
discussed. Educational priorities have recently focused on
issues of general humanitarian problems (history,
philosophy, political science, journalism) and on issues of
economics, finance, banking, trade, and management and
marketing issues. And the issue of the chemica
component of engineering education was not considered
atall.

Goals. The aim of this study is to identify the causes
that lead to poor performance of students on educational
discipline "Chemistry" and to develop areas of
modernization of educational activities to improve the
quality of engineering education.

M ethods. The study analyzes the data of the studies of
students of Instrumentation Engineering, Heat and Power
Engineering, Biomedical Engineering faculties, faculty of
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Aerospace Systems of the National Technical University
of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" on
the discipline "Chemistry" on the 1% course of studies at
the university. The study covered about 1,200 students in
three years.

The official data of the Ministry of Education and Sci-
ence of Ukraine on the results of the testing of secondary
school graduates from the level of mastering the school
curriculum was analyzed.

We used the results of evaluation of the entrance level
of knowledge of students of the 1st course of engineering
specialties. Five teachers of the Department of General
and Inorganic Chemistry did the evaluation.

The data of employers' feedback on the quality of
NTUU "lgor Sikorsky KPI" graduates, which was taken
by the Ukrainian non-governmental social organization
"Socio+", was analyzed.

Results and discussion. In accordance with the "Law
on Higher Education”, implementation of the mechanism
of sustainable development of the Ukrainian system of
technical education becomes urgent. The main and deter-
mining factor in implementing such an approach is to
ensure the quality of education based on preserving its
fundamental and educational relevance to the actual and
future needs of the individual, society and the state.

Training of speciaistsin three cycles (Bachelor - Mas-
ter - PhD) leading Ukrainian higher educational estab-
lishments carry out by optimized curricula, the filling of
which by educational disciplines is due to the developed
conceptual, methodological foundations of a hew genera-
tion of industry standards of higher education. These
industry standards are based on a competent approach,
taking into account the trends in the nature of work and
the requirements for the competence of specialists and the
world practice of the formation of educational programs
(nomenclature, structure, content) while preserving the
best traditions of Ukrainian education (fundamental, prac-
tical orientation, etc.).

At the same time, work on modernization is carried out
taking into account the following basic principles of edu-
cational activity: unity of educational space; parity of
education; integration of education and science; academic
freedom; unity and consistency of education levels - "ed-
ucation during the life"; balance of interests of the main
participants in the educational process - students, teach-
ers, employers and founders; openness (transparency) of
education to society. Therefore, the main task of the re-
form of engineering education is the creation of condi-
tions and the graduation of speciaists who have inde-
pendent critical creative thinking capable of professional
growth and professional mobility in the conditions of
informatization and internationalization of society and the
development of science-intensive technologies capable of
solving complex problems of innovative development.

In modern redlities, learning is a process that forms a
personality. Getting the first higher education gives the
student the opportunity to combine the desire to become a
specialist with what he wants to learn and how this
knowledge is applied. Schematically, the requirements for
the content of training are presented in Figure 1 [5]. Re-
quirements to the educational process in terms of the
quality of training engineers provided by reformatting
curricula in accordance with educational and professional
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standards. Such training programs should take into ac-
count the requirements of employers in relation to the
sectoral engineering training of specialists demanded
today by the Ukrainian economy and, at the same time,
provide the fundamental and scientific training.

[ Biology J
Chemistry

/

Physics

Modernity

Fundamentality

Requirements
for training
content

Student demand Employers' demand

Figure 1. Schematic representation of the requirements for the
content of training

During its existence, chemistry always helped and con-
tinues to help people with its practical activities. Without
chemistry it is impossible to develop a fuel and energy
complex, metallurgy, transport, electronics, communica-
tion, construction, sphere of life etc. First of al, it means,
formation of a sufficient level of chemical culture of fu-
ture engineers. Each speciadist, be it a device engineer,
machine builder, heat engineer, as well as a specidlist in
the field of biomedical engineering, microelectronics,
should at least have some knowledge about the chemical
components of their activities that contribute to itsintensi-
fication or at least rationalize the results of work.

A characteristic feature of modern scientific research is
to eliminate the distinction between conventional re-
search. On the contrary, when solving problems in the
sphere of material production it is necessary, while de-
scribing the processes and assessing the properties of
structural materials, to apply physical views on the nature
of phenomena in combination with the fundamental prin-
ciples of chemical knowledge, and to be able to ensure
compliance with environmental requirements in their
implementation. It is also clear that the description of the
physical and chemical processes carried out during the
operation of technical devices or in the work of closed
production cycles requires an engineer of a sufficiently
developed level of chemical and mathematical knowledge
necessary for analyzing the stages of the investigated
processes, developing practical recommendations for
solving their optimization problems. The solution of the
tasks of disciplines of specialized training is possible only
with the wide application of methods and principles of
mathematical modeling, physica methods of research,
while involving the system of views of modern chemical
science, acquired by the student during the first year of
study [4].

Taking into account the above, it is clear that the indis-
putable fact is that the fruitful activity of future engineers
in various fields of industry and science is impossible
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without mastering the system of fundamental chemical
knowledge.

However, ensuring the qualitative training of engineers
within the framework of technical training programs is
greatly complicated by the growing gap between the level
of training of graduates of Ukrainian schools and the
requirements of higher educationa establishments. So,
after the introduction of the system of extramural educa-
tion, more than 60% of graduates of schools with different
abilities to study, often with unclear motivation and un-

formed views on their future, are enrolled for studying for
the first year of universities.

The level of knowledge of entrants from natural sci-
ences is far from the modern requirements due to the
decrease of the quality of school textbooks, the lack of
interest of young peoplein the study of exact sciences and
engineering professions. According to the results of en-
trance examinations in natural sciences, almost half of the
first-year students have knowledge at a level below the
mediocre [5].

Table 1. Comparison of average marks of students' school certificates and average marks of entrance control at the university from
the discipline "Chemistry"

Year 2015 2016 2017
Average score/ maximum score | score | index | score | index | score | index
According to a school certificate| 8.1/12 | 0.675 | 7.3/12 | 0.61 | 7.2/12 | 0.60
The results of entrance control 24/5 | 048 | 22/5 | 044 | 21/5 | 042

The analysis of the quality of the training success
(based on the results of two exam sessions) among the
freshmen of the NTUU "Igor Sikorsky Kyiv Polytechnic
Institute” during the last three academic years (2014-
2016) shows that the preparation for mathematics exam
with a mark of "excellent" (A) and "good" (B, C) had
only 13.6% of students, while 62% of students got low
educational results (marks D, E). The presence of such a
large proportion of students with alow level of mathemat-
ical preparation largely explains the deterioration of the
quality of training in credit modules of related disciplines,
especialy in physics and chemistry [6].

From the discipline "Chemistry" the number of stu-
dents with the highest score (A, B) is up to 10%. At the
same time, the number of students with a lower level of
knowledge (D, E) increased by 55%.

Unfortunately, approximately 25% of students were
unable to successfully master the necessary knowledge
for final semester control simultaneously with several
basic disciplines (higher mathematics, physics, computer
science, engineering graphics, etc.). The poor perfor-
mance of this group of students is due to the low level of
interest in gaining knowledge, uncertainty in their abilities
and inadequate development of skills of independent
work and low basic level laid down in secondary school.

The main problems that determine the low effective-
ness of the students work at the first year of studies are as
follows. Most students not placed in good faith to imple-
ment the planned scope of tasks of independent work
(according to modern syllabus credit modules to 50% of
loans provided training courses for extracurricular self-
study). It is quite clear that in the first months of study,
students have not yet adapted to fruitful independent
work, which ensures the achievement of a high own learn-
ing result. Also, for most students, the typical drawbacks
are: poorly formed skills of the use of educational -
methodical literature, electronic sources of information;
insufficient ability to plan free time; rooted, from the time
of studying at the secondary school, the habit of cheating;
inability to motivate to answer questions that require
logical thinking; lack of skills in creative assimilation of
theoretical material and inability to find a solution to
practical individual problems using a complex of
knowledge of natural sciences, inadequate interest in
learning, including due to the uncertainty about future job

placement in the industry in accordance with the received
professional qualification.

At the same time, in the technical universities of
Ukraine there is an ungrounded tendency towards the
process of reducing academic hours for studying the dis-
ciplines of the natural sciences cycle, including chemistry,
in the curriculum of bachelor's training in technical areas.

In order to preserve the appropriate level of knowledge
requirements and establish a solid basic training necessary
for successful training in next semesters, lecturers of
university make additional efforts to carry out numerical
consultations that are necessary to enhance the thinking of
freshmen students, to form an understanding of the im-
portance and need for a conscious study of the discipline,
control of students' performance of independent tasks. As
a result, first-year students on the basis of the ranking
system of assessment achieve good results in the second
part of the semester, and the index of their implementa-
tion of the curriculum is amost 74%.

Thus, the experience of introducing corrective princi-
ples of organization of the educational processin Ukraini-
an technical universities in the context of the Bologna
agreements in recent years enables to obtain achievements
in the system of organization of qualitative training of
engineers, but, at the same time, it is necessary to focus
the activities of teachers on the management of such pro-
Cesses as:

- acquisition of new knowledge through the develop-
ment of students' logical thinking;

- formation of the students' ability to independently
solve specific practical problems, the ability to find opti-
mal methods for solving problems;

- development of the ability to analyze in detail the re-
sults of research and the ability to obtain an acceptable
engineering solution based on the application of known
algorithms of the solution, the principles of analogy.

Conclusions. It is established that the level of
knowledge on the discipline "Chemistry" of high school
graduates in Ukraine is too low and cannot serve as a
basis for studying the university course. It is necessary to
change the content and quality of the school curriculum or
to create classes with intensive training in natural scienc-
€s.

The main problems, which determine the low efficien-
cy of educational work of students of the first year, are as
follows: insufficient motivation of students in performing
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of independent work outside the classroom, organization-
al and motivational inappropriateness to fruitful inde-
pendent work, poorly formed skills of the use of educa-
tional-methodical literature, electronic sources of infor-
mation; the habit of cheating; inability to motivate to
answer questions that require logical thinking; lack of
skills in creative assimilation of theoretical material and
inability to find a solution to practical individual problems
using a complex of knowledge of natural sciences; inade-
quate interest in learning, including due to the uncertainty
about future job placement in the industry in accordance
with the received professional qualification.

The tendency towards the process of reducing academ-
ic hours for the study of natural sciences, as well as the

abolition of semester examinations in chemistry at most
faculties of technical universities, and at some of them -
in general, the exclusion of the discipline "Chemistry"
from the curriculum, does not contribute to the achieve-
ment of the modern scientific level of the fundamental
component of the general engineering and specia profile
training.

The implementation of the modern paradigm of acquir-
ing and realizing knowledge through the hierarchical
helix "education - science - innovations - new knowledge
in education” can only be provided on the basis of perfect
training in fundamental natural sciences, especialy in
physics and chemistry.
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AHanu3 IIpOﬁ.]'IeM M CHCTEMHBIH MOAX0] B npenogaBaHuy JUCHHUIIIMHBI «XuMHD» AJIsE JOCTHIKEHUSA HEJOCTHOIO HAYYHO-

npodeccuoHaILHOro 00y4eHusl HH:KEHEPOB
A. B. Hoaropusrii, T. U. yna, O. K. Haropuas

AnHoTtamusi. B pabote anammupyrorcs npobiaeMsl HU3kod 3¢ (GeKTHBHOCTH y4eOHOH paboTHI CTYAEHTOB Hal IMCUUILTHHON «XH-
MHS» M PacCMaTPHUBAIOTCS MPHHIMIBI U 33Ja9d MOAEPHHU3aLH 00pa3oBaTebHON NesTeabHOCTH. [loka3aHa B3aMMOCBs3b (yHIa-
MEHTAJIBHOCTH WHXXEHEPHOT0 00pa3oBaHMs ¢ TpeOOBaHUSIMHU BHICOKOTEXHOJIOTHYHOTO PHIHKA TPYZAa. PaccMOTpEHBI posib MEXIHCIIN-
IUTMHAPHBIX CBsI3el, Ka4yeCTBO y4EOHBIX IUIAHOB M NPOTPaMM, a TAKKe M OCOOCHHOCTH NEJarornieckrx IMOJXOIOB B ITOJrOTOBKE
BBICOKOKBaIM(HUITUPOBAHHBIX MH)KCHEPOB JUI HOBBIX OTpAclied HayKu M TEXHHWKH, KOTOpbIe ChOpMUPOBaHBI HA OCHOBE COYCTAHMS

I[OCTI/I)KGHI/Iﬁ €CTCCTBCHHBIX HAYK: XUMHUHU, (bI/ISI/IKI/I, MaT€MaTHuKH, OHOJIOTHH.
Knroueewie cnosa: xumus, UHIICEHEPHble HABLIKU, npod)eccuoyaﬂbnble KomMnemeHyuu.
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Abstract. On the basis of analysis of modern literature and own data taxonomy, ecological and morphological characteristics of
famyli Sdidae of Ukrainian Roztocze are presented. 314 tests in 2008-2017 in Ukrainian Roztocze natural region were conducted.
The research was conducted on living and fixed materials. In general 283 individuals of genus Sda and 157 individuals of genus
Diaphanosoma had been examined. In reservoirs of the Ukrainian Roztozce Sda crystallina crystallina was identified. In the area of
Ukrainian Roztocze were indicated three varieties of Diaphanosoma brachyurum: D. b. leuchtenbergianum Fisher, 1854; D. b.

megalops Lilljeborg, 1900; D. b. frontosa Lilljeborg, 1900.

Keywords: zooplankton, Cladocera, Sdidae, Ukrainian Roztocze.

Introducnion. Roztocze is a transboundary region, it
plays an important role in identifying regularities of
standard hydroecosystems in the central and Eastern
Europe, because on its territory passes a part of the main
European watershed.

Here a biosphere reserve UNESCO «Roztocze» is
founded which hydrological regime is occurred by the
river Vereschycia

For indicating structural and functional characteristics
of hydrobiocenoses, according to recommendations of
Directive 2000/60/EC the data of hydroecological
monitoring are necessary, which are based on populative-
faunistics investigations. At the same time, the regional
characteristics of zooplankton groups are insufficiently
studied.

The article aim is to investigate the faunal and
ecological-morphological characteristics of the Sdidae
family, whose representatives play an important role in
conducting hydroecological monitoring.

Material and methods. Zooplankton coenosis of the
impoundments that make up the instream system of
impoundment ponds of the river Vereshchitsa in the
Ukrainian Roztocze have been studied.

In the upper reaches and in the coastal zone the ponds
bed is overgrown with aquatic vegetation, shrubs and
scattered trees. Capacity of bottom sediments is 0.3-0.5
m. Significant cause of siltation of these water bodies are
the products of ruination of the coast, wave and wind
erosion. The water temperature reaches the highest daily
values (24-26°C) in July and the first half of August.

Taxonomic analysis of zooplankton groups were
carried out using severa identification keys[5, 6, 7, 8, 9].

The data were based on 314 gathered samples,
collected in the instream ponds during 2008-2017 usualy
in three seasons: in spring, summer and autumn.
Sampling and processing of samples were carried out by
common methods in Hydrobiology [16]. For the sampling
the Apstein mesh (length of the cone is 55 cm, the
diameter of the inlet 25 cm, Cup diameter of 4 cm) had
been used. As well for studying the horizons in deep
waters the opened-water-sampler of Dr. Franz Ruttner
was used. In such cases samples were taken at three
horizons of the water column: the surface of the reservoir,
middle level, and near bottom level. The collected
material was fixed with 4% formaldehyde. For
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quantitative processing of the samples the Bohorov’s
camera had been used.

The Research was conducted on living and fixed
meaterials. In general 283 individuals of genus Sida and
157 individuas of genus Diaphanosoma had been
examined.

The main attention was paid to such signs as sex
structure of population, size of individuals, armament of
postabdomen and antennas, biotopic delivering and
features of the life cycle.

Results and their discussion. Zooplankton plays a
very important role in the food base for fish, provides
processes of water quality formation and bioproduction
[2, 4, 8,9, 10, 11]. We describe, with the use of our own
researches and literary sources, faunal and morpho-
ecological parameters of the Sdidae family of Ukrainian
Roztocze[1, 2, 5, 11, 12, 13, 14, 15].

The genus Sda (Fig.1) belongs to an order Ctenopoda
and characterized by monotypy. In this genus there are
three subgenus. S. crystallina crystallina (common in
western Palearctic ecozone), S. c¢. ortiva (common in
eastern Palearctic ecozone) i S. ¢. americana (common in
Nearctic ecozone).

In reservoirs of the Ukrainian Roztozce lives Sda
crystallina crystallina (O. F. Miiller, 1776) . Species are
well adapted to life among the seaweed. On the dorsal
side of Sda a specia body develops by which organisms
are attached to the surface of plants. This provides more
effective filtering. The filter apparatus is represented by
spikes that develop on the same type is built by six pairs
of thoracic limbs. The diet is mainly represented by
single-celled organisms and detritus particles. The length
of females varies from 1.9 to 4.3 mm.

Postabdomen is more than twice as long from
abdominal claws, which are proximal to the upper edges
are four spikes and small bristles. Postabdomen upper
edge of each side bears spikes, the number of which
varies from 18 to 22 in each row. The sizes of the mae
one ranges from 1.6 to 1.7 mm.

The eye of the male is bigger than the femae eye.
Front antennulas have a long thin flagelus with small
hooks on the front edge of the end.

In conditions of the Ukrainian Roztocze species occur
primarily in litoral zone of ponds, in floodplains of rivers
with slow stream. Sda prefers thickets of Potamogeton,
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young individuals sometimes occur in pelagic zone of
reservoirs. The number of eggs in brood pouch varies
from 53 to 72. Males and females with ephippium appear
in populationsin late October and November.

In waters of the Ukrainian Roztocze is registered
speice D. brachyurum Lievin, 1848 (Fig. 2).

Fig. 1. Sida crystallina (O.F. Miiller, 1776) [8]: 1 - female; 2 —
carapace of female, ventral; 3 — antennule of female; 4 — second
antenna of female; 5 — postabdomen of female; 6 -
postabdominal claw of female; 7 - mae; 8 — antennule of male

Female length changes in bounds of 0,71-1,21 mm.
They have transparent, colorless shell leaves with high
and straight rear edge, convex dorsal and ventral sides.
Ventral edge of the leaves is armed with bristles (5-6 in
media part and 6-7 in the dorsal part of leaves,
respectively). Between bristles and on the carapace of the
rear edge there are numerous spines. Front antennules
have arod base with estetasks and one long bristle. Bristle
and spike lie on the basis of rear antennules too, two-
parted (top) and three-parted (bottom) branches of which
carriys 12 and 5 bristles, respectively.

Male length changes in scopes between 0,71 and 0,79
mm. Their front antennules have cylindrical basis, which
proceeds into long flagellum, half-immersed into shell
leaves. Estetasks are located in the medial part of this
basis.

In the area of the Ukrainian Roztocze were indicated
three varieties of D. brachyurum, judging from studying
of features of brain department and organs of vision,
namely: D. b. leuchtenbergianum Fisher, 1854; D. h.
megalops Lilljeborg, 1900; D. b. frontosa Lilljeborg,
1900. D. b. leuchtenbergianum has elongated, narrowed
in front part head and long swimming antennules, coming
out from rear edge of shell leaves. This variety isthe most
common. D. b. megalops distinguishes with a big eye,

which covers approximately three forth of front head part.
D. b. frontosa is characterized by a short, nearly square
head with convex bottom edge and comparatively small

eye.

H

N\

Fig. 2. Diaphanosoma brachyurum (Lievin, 1848) [8]: 1-female;
2 — carapace of female, rear edge; 3 - second antenna of female,
first segment of ekzopodyt; 4 — postabdomen of female; 5 —
antennule of male; 6 - phyllopods | of female; 7 - postabdomen
of male

D. brachyurum in the conditions of Ukrainian
Roztocze is found in a pelagic and littora zone among
water vegetative. Mostly, it prefers surfaces of oxbows
and ponds. Life cycle is characterized by monocycling.
The species are thermophilic, male and ephippium female
are developed in populations, starting from the point,
when water is cooled to 17-16 degrees. The fecundity
varies from 5 to 8 eggs.

Materials on the characteristic of Cladocera of
Ukrainian Roztocze were taken into account in the
preparation of a Key to species identification of
freshwater plankton in Europe with an indication of the
ecology and distribution of organisms [7].

Conclusion. The research of population S. cristallina,
in view of their important role in phytophilous
biocenoses, further requires the use of modern genetic and
population methods to identify the polymorphism
features, patterns subspecies structure, character of
closely related links between different subgenus.

The internal population variability of Diaphanosoma is
caused, first of all, by diversity of the shape and size of
head, eye, dimensional characteristics of antennules and
correlation between their length and carapace are
important as well. Investigations in morphological and
ecological features of genus Diaphanosoma take place in
solving priorities of ecological safety, local monitoring,
aquatorium compartmentalization of the Ukrainian
Roztocze and require an integrated approach with the use
of current methods of multidimensional statistic, factorial
and dispersal analysis.
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®ayna u mopdo-Ikonoruueckas xapakrtepucruka cemeiicrBa Sididae, Baird, 1850 (Crustacea: Cladocera: Ctenopoda)

Yxpaunckoro Paccroubs
O. P. UBanen

AnHoTauus. Ha ocHOBaHMH aHaJIM3a COBPEMEHHO# JIMTEPaTyphl U COOCTBEHHBIX UCCIIEIOBAHUI MoaHa hayHucTHYeCKas 1 MOpdo-
JKOJIOTHYecKas xapakrepuctuka cemeiictea Sdidae, Baird, 1850 (Crustacea: Cladocera: Ctenopoda) Vkpaurckoro Pacctodbs.
OcHoBoii paboter ocyxmma 314 npo0, codpannbix B 2008-2017 r.r. Ha Ykpauackom Pacrouse. VccnemoBanus npoBOAMINACH HA
KHUBOM 1 (PMKCHPOBAHHOM Matepuaine. B memom uccnenoano 283 ocobu poxa Sda u 157 ocobeit poxa Diaphanosoma. B Bogoemax
Vxpaurckoro Pacrouss BeisiBieHa Sda crystallina crystallina u 3aperucrpupoans Tpu Bapuerera Diaphanosoma brachyurum: D.
b. leuchtenbergianum Fisher, 1854; D. b. megalops Lilljeborg, 1900; D. b. frontosa Lilljeborg, 1900.

Kniouessie cnosa: 3ooniankmon, Cladocera, Sididae, Yxpaunckoe Pacmouve.
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OuniHka IKOCTi BOJ rocnoIapChbKO-MUTHOTO i pudOrocnoaapcbKoro
NMPU3HAYEHHS TA il BIOCKOHAJICHHS HA NMPUKJIAAi HUKHBOT0 /lyHaro
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AHoTauis. B cTaTTi BUKOHaHO aHaNi3 OLIHKH SKOCTI BOJ 32 AiF0YMMH METOAWKAMH Ha MpUKJIaai HwkHboro JlyHaro. /loBeneHo, mo
HEIONIKM ICHYIOUMX METOIMK HE JO3BOJIAIOTH aJEKBATHO XapaKTEpU3yBaTH CTaH BOJHHUX OO0 €KTIB K JKepesl TOCHoJapChKo-
IIUTHOTO 1 pUOOTOCIIONAPCHKOTO MpH3HaUeHHs. [IpuBejeHo BUKOHAHHS PO3paxyHKIB, TaHi peKOMEeHamil 1o iX mepeBipii, HaBeICHO
TIPUKJIAN PO3PAXyHKIB. 3aIIPOIIOHOBAHO IUISIXHM YCYHEHHS ITUX HEJIOMIKIB.

Knrwwuosi cnosa: oyinka sixocmi, 20cno0apcvKo-numue RPU3HaA4eHHs, NOKA3HUK AKOCMI, 610K NOKA3HUKIE.

Hwxkaa vactmHa JlyHaio € BomHUM 00’€KTOM Juis  moTpeO.

3aJJ0BOJICHHS pi3HUX moTpe6. OCHOBHUMH 3 HHX € 3a caHiTapHUMH HOpPMaMd y TpyOd CyMarlil
TOCHOJapCHKO-TTUTHE BOJIOTIOCTaYaHHS Ta 00’€mHYIOTBCA pedoBUHH 3 ogHakoBoro JIOII meprmoro,
puborocnoapchke BOJOKOPUCTYBAHHS. YH APYTrOro KJiacy HeOe3MmeKu.

a) SlkicTe BOJHUX O0’€KTIB TOCIONAPCHKO-IIUTHOTO Ominka skocti Box Kimidicbkoro rupia (tabm.l)

MPU3HAYCHHS OIHIOETHCS 3a caHiTapHumMu Hopmu [1]  BukoHaHa 3a manumu crnoctepexkedb CEC B 2005-2009
METOJZIOM JleTalbHOTo aHamizy [2]. Bin momsarae y tomy, p.p. Oiumst mict Peni, I3main, Kimis ta Bunkoe. AnHami3
mo BUMIpsHe abo po3paxOBaHE 3HAYCHHS KOXKHOTO  JaHUX CIOCTCPSIKCHb [MOKAa3aB, M0 PI3HHUI MiX
MOKa3HUKa TOPIBHIOETHCS 3 HOTO HOPMAaTUBOM: 3HAUEHHSI ~ MAaKCHMAJIBHMM Ta MiHIMAJIBHUM CEpPEIHIMU 3HAYCHHSIMHU
nmokasHukiB  0e3 edekry cymanii He moBuHHI  (Ccp) KOXKHOTO MOKa3HUKA SKOCTI MO MOBXKHHI piukd (110
nepesuiyBatn HopmatuB (Ci < [/[Ki), nnas Tpyn IOyHKTaM CIOCTepexeHb) He mnepeBuinyots +30%, 3a
MOKa3HUKIB 3 e()eKTOM CyMallii HeoOXiTHO, 00 y KO’KHOT ~ BHKJIIOYCHHSIM 3aBHCJIMX PEUOBHH, 3alliza, IIMHKY, Miji Ta
rpymi cyMa KOHIEHTpaliii MOKa3HUKIB y 4YacTKaxX BiJl  Ha(TONPOAYKTIB.

HOpPMaTHBIB He mnepeBuilyBana ogunumto (XCi [T/JKi<1). V T1abn.l HaBemeHa oOIiHKa sAKOCTI BOX B PeHi Ta
Ha ocHOBI mporo anamizy poOWThCS BHCHOBOK O  Bmkose, B [3Mainmi i Kinii pe3ynpTaTti aHanoTiyHi.
NPUIATHOCTI, YW HE NPHUIATHOCTI BOAM Ul TIEBHHUX

Ta6auus 1. Ouinka sikocri Box p. dyHaii 3a Ccp (caHiTapHi HOpMH)

Ne Kiac Hopmarus |Peni Buikose

n/n |TOKASHUK e e ) Cor Ca/H [Cor Cor/l

1 |3aBucni peuos., mr/am® |- - ¢don+0,25 39,8 - 58,1 -

2 |pH - - 6,5-8,5 8,01 - 7,98 -

3  |Po3umn. kuceHs, Mr/aM° |- - 4,0 9,42 - 9,34 -

4 |XCK, mr/mv3 - - 15 18,9 - 18,9 -

5 |BCKz2o, mr/mm3 - - 3,0 54 - 4,55 -

6 |Minepanizawuis, mr/am® - - 1000 335 - 332 -

7 |Azot amoHidHmMI, Mr/mM° |c.-T. 3 2 0,208 - 0,194 -

8 |Asor mitpatHuii, Mr/am®  |c.-T. 3 10,2 1,28 - 1,36 -

9 |Xpom (VI), mr/am3 C.-T. 3 0,05 0,0014 - 0,0012 -

10 |(3anizo, mr/am3 opr. 3 0,3 0,088 - 0,073 -

11 |Xnopuau, Mr/am° opr. 4 350 29,1 - 29,1 -

12 |Cynbdaru, mr/am3 opr. 4 500 39,0 - 38,2 -

13 |Migp, mr/ome opr. 3 1,0 0,0020 - 0,0022 -

14 |Maprauenp, Mr/aqm° opr. 3 0,1 0,0406 |- 0,0331 -

15 |HadronpoaykTu, mr/am° |opr. 4 0,3 0,0181 |- 0,0197 -

16 |®enonwu, mr/mm3 opr. 4 0,001 0,00094 |- 0,00074 |-

17 |CIAP, mr/om3® opr. 4 0,5 0,097 - 0,107 -

18 |Llunk, Mr/om3 3ar. 3 1,0 0,0104 - 0,0070 -

19 |AsoT HiTpUTHHIL, MI/AM® 2 1,0 0,0202 0,020 0,0241 0,024

20 |Kpewmniit, Mr/mm3 C.-T. 2 10 3,2 0,320 2,92 0,292

21 |Harpiit, mr/am® 2 200 19,5 0,098 19,6 0,098
T 0,438 0,414

Sxicte Boxm p. Jymait (1abm.l) sk JoKepena  OIHII SKOCTI BOJ BUKOPHCTOBYIOTHCS CEpellHI 3HAUCHHS
rOCIOAAPCHKO-ITUTHOTO BOAOMOCTaYaHHs He BigmoBizae  mokasHHKiB (Ccp) 3a TpuBaii (AEKiNbKa POKIB) Mepioau
BUMOTaM CaHITapHUX HOPM JIMIIE 10 BMICTy OpraHiuHMX  4acy. SIKIIo cepelHi 3HaYeHHS MOKA3HHKIB JOPIBHIOIOTH
peuoBnn: mokasHukd BCK 1 XCK mnepeBumyrorb  HOpMaTtuBaM, TO CyMapHa  TpPHUBAIICTh  HepioAiB
HopmatuBu B 1,8 1 1,3 pasu Bigmosimuo. Taki Bomu  3a0pyAHEHHsS CTaHOBUTH mpubam3Ho 50% mepiopy
MOKHa XapaKTepU3yBaTH SIK «€J1a00 3a0pyaHeHi». ocepenHenHs. Lle He MOXKHa BBa)KaTH MPHUITYCTHMHUM.

Henornik BITYM3HSIHUX HOPM MOJSTAE y TOMY, IO TPH B xpainmax €C minxix 1o OmiHKH SIKOCTi BOJA CYTTEBO
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BiIpi3HAETBCS. Boda 0ns numms BiANOBiTae BUMOTaM
HopM [3], stkio 95% mpob He MepeBUIYIOTh HOPMATHBH,
3a3HaveHi K 000B's13K0BI (THMUacoBi HopMatuBu — OBPB
i THK); sxmmo 90% mpo0® BigNOBIiZarOTh BUMOTAM y PEITi
BHIA/IKiB (MAlOThCSI HA yBa3l ONTHMAalbHI HOPMATHBU —
I'’IK), a Takox, skmo y 5 i 10% mnpoO, ski He
BiJINIOBIJJAIOTh BCTAHOBJICHUM HOpPMAaTHBaM, BiJICYTHI
BiJIXMJICHHS BiJ] BCTAHOBJICHUX HOPMATHBIB OiJIbII HIK Ha

50%, OKpIM pH, PO3YMHEHOTO KHCHIO Ta
MIKpOOIOJIOTIYHMX ~ TOKa3HMKIB,  BIZCYTHS  3arposa
3MOPOB''0  HACCJICHHS,  BIJCYTHI  BIAXWJICHHS  Bij
HOPMATHUBIB Yy MOCIIJOBHO BigiOpaHMX OAHA 33 OJHOK
mpobax.

Ominka skocti BoA B KpaiHax €C BHUKOHYETBCSA 3a
3HAYCHHSAMH ITOKa3HUKIB y pa3oBHX mMpobax Boau. BumgHo,
mo B kpaiHax €C mependayaeTbcss HOPMYBaHHS 9acTOTH
nepesumueHHst ['JIK: me 6inpm 5 a6o 10% ot ycix mpo0.
HopmyeTbes Takox MepeBHIIEHHS HOPMATHUBY: HE OUIBII
50%. KpiMm TOro, HOpPMYETbCS TPHUBAIICTh NEPIOAIB
MOJXJIMBOTO 3a0pymHEeHHs: Tpeba mo0 Oynu BiACYTHI

BIIXWJICHHS BiJi HOPMATHBIB Yy IOCIIJOBHO BiliOpaHUX
onHa 3a oxHoo Tpobax. Ile o3Hauae, mo mpu BigdOpi
npo0 YOTHUPHU pa3d Ha MiCSAIb OCTaHHS BHMOTa Oyne
BHKOHAHO TIPM  TPUBAIOCTI  IEpiogy  pa3oBOTO
3a0pynHeHHs He Oimpm 7 ni6. Tomi mpoTsSroM poxy
KUTBKICTP TakhX TMepiofiB Moke OyTH He OuThI
12%x4x0,10~5 (mpu 10% ximekocti nepesuiieHs [JIK),
TOOTO CcyMapHa TPHBAJICTh MEPiONIB 3a0pyAHEHHS
NIPOTATOM pPOKy IOBMHHa OyTtn He Oimbm 35 mi6. Y
BITYM3HIHUX HOpPMaXx IIe HE PO3IIISAAEThCS.

Bwmict ¢enoniB y Boxi Jlynaro (puc.l) Biamosimae
BuMoram BiTYM3HAHUX HOPM (Ccp < I/IK). Onnak mpu
aHaJTi31 3MIHIOBAHOCTI I[LOT0 IIOKAa3HHKA BCTAHOBJIEHO, 110
kimpkicTh nepeBumens ['JIK nopisaioe 14. Ile cTaHOBUTH
24% Bin 3araabHOI KUTBKOCTI CHOCTEpEXEHb piBHOI 56. 3a
HOopMamu kpain €C gomyctumo He Oinbm 6. Leit Hemomik
JIETKO YCYHYTH BHKOPHCTOBYIOUH HE CEPEAHI 3HAUCHHSA
MOKa3HUKIB, 3a0e3meueHicTh Skux 50%, a 3HaYeHHS 3
10% 3a6esmeuenictio (Ci), mo Oydae BigmosimaTu
BuMoram Hopm €C.
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Puc. 1 — EmMnipuunnii po3nonin BMicTy ¢peHomiB y Boai JyHaro 6ins M. PeHi: Mapkep Kpyr — paH)KoBaHi y HOPSIKY CIaIaHHs
pe3ysbTaTH CIIOCTEPEKEHB; CYIIJIbHA TOPU3OHTAIbHA JIiHIs — caHiTapHO-TirieHiuHa ['JIK; myHKTHpHA JiHIsS — CepeHE 3HAYCHHS

0) 3a puborocrmogapcbKHMH HOPMAaMH OIlIHKA SIKOCTI
BOJI BUKOHYETBCS TEK METOJOM ACTAIBHOrO aHamizy. Y

Tpynu cymanii 00’€THYIOTbCS PEYOBHHH 3 OJHAKOBOIO
JIOLI [4].

Ta6muus 2. Ouinka sikocti Box p. Jynaii 3a Ccp (puborocmnoapcbki HOpMu)

Ne Peni Bunkose
n/n TTOKA3HHK JIOII | Hopwarus Ccp CcrlH |Ccp CcrlH
1 3aBI/ICJ3"11 pEUOBUHY, ) bon0,75 (39,8 ) 58,1 )
M/ M
2 |pH - 6,5-8,5 8,01 - 7,98 -
3  |Po3umn. kuceHb, MT/AM® |- 4 9,42 - 9,34 -
4 |BCK2o, Mr/am3 - 3 5,40 - 455 -
5 |®ocharn, mr/am® 3ar. 0,15 0,160 - 0,160 -
6 |Aszor amoniiiHuii, Mr/om3 0,39 0,208 0,53 0,194 0,50
7  |Asor mitpuTHuii, Mr/am° 0,02 0,0202 (1,01 0,0241 (1,21
8 |3amizo, Mr/mm® 0,1 0,088 0,88 0,073 0,73
9  |[unk, Mr/mM3 TOKC. 0,01 0,0104 (1,04 0,0070 (0,70
10 |(Migp, mr/mome 0,001 0,0020 (1,96 0,0022 (2,18
11 |Maprauens, Mr/ame 0,01 0,0406 |4,06 0,0331 (3,31
12 |CIIAP, mr/mm® 0,5 0,097 0,19 0,107 0,21
> 9,69 8,83
13 |Asor HiTpaTHuii, Mr/am° 9,1 1,28 0,14 1,36 0,15
14 |Kanswiit, Mr/am® 180 53,3 0,30 52,7 0,29
15 |Marniii, mr/am3 40 14,0 0,35 13,6 0,34
16 |Hatpiii + kaniif, mr/am°®  |c.-T. 120 19,5 0,16 19,6 0,16
17 |Xnopuau, Mr/am® 300 29,1 0,10 29,1 0,10
18 |Cynbdatu, mr/am® 100 39,0 0,39 38,2 0,38
19 |Xpowm, mr/am® 0,001 0,0014 (1,43 0,0012 (1,22
) 2,86 2,65
20 |Hadronpoaykry, mr/am3 0,05 0,0181 (0,36 0,0197 10,39
21 |®enom, mr/m p/r 0001 _ |0,00094 (0,94 _ |0,00074 0,74
> 1,30 1,13
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V Tabim.2 HaBemeHO OLHKA SKOCTI BOJ HIKHBOTO
JyHato 3a ppOOrocrnoapCcbKUMU HOPMaMH.

3 Ttabimumi BUAHO, IO SKICTH BOJ HE BiAIOBimac
BAMOTaM BITYM3HSHHX HOpPM TI0 ycCi€l JOBXKHHI
PO3TILITYyBaHOI IINSHKKA PIiYKH 32 BMICTOM: OPTaHIYHUX
cnonyk (BCK mepeBumye nHOopMaTHB B 2,8 pasiB);
¢docdariB; pPEeHOBHH TOKCUKOJOTIYHOI rpynu (amoHiro,
HITPUTIB, 3ayiza, IMHKY, Mimi, mapraHmto ta CIIAP)
nepeBuirye HopMaTus B 9-10 paziB; peyoBHH caHITapHO-
TOKCHUKOJIOTIYHOI Tpynu (HITpaTiB, Kalbllil0, MarHifo,
HaTpifo, Kajilo, XJIOpUAIB, Cyiab]aTiB Ta Xpomy)
NEepeBHILyE  HOPMATHB  INPHOMM3HO B 3 pasy;
puborocronapcekoi rpynu (Hagta i peHomiB).

Boom 3 TakuMm TepeBUIIECHHSIM HOPMATHBIB CIiTye
XapaKTepU3yBATH SIK «3a0pyIHEHI».

Haii6inpmmit Bkianm B 3a0pymHeHHs Bon JyHaro sk

00’€KT pHOOrOCTIONAPCHKOTO TMPU3HAYCHHS BHOCATH: B
TOKCHKOJIOTIYHOT TPYI — HITPUTH, 3al1i30, IUHK, Miab i
MapraHellb; B CaHITapHO-TOKCHKOJIOTIYHOI TPy — XpOM;
B pHOOTOCHIONApCHKOTL TpyTIi — (hEeHOIH.

B kpaimax €C puborocnomapceki HOpMH Ime OiibIn
KOpCTKi [3]: BomHMH OO0'€KT CiJ BBaKaTH TaKuM, MIO

BIMIOBiJa€  pUOOTOCIOAAPCHKHM  HOpPMaM,  SIKIIO
pesyaeratd  95% mnpobG  BoaM  HE  IEPEBUIIYIOTH
000B'SI3KOBI Ta ONTHMAJIEHI HOPMATHBH.

B) Po3risiHeMo Tenep 4acoBy 3MiHIOBaHICTb
IOKa3HUKIB SIKOCTI BOJ,.

Haii0inpr  mommMpeHUMH — 3aKOHaMHU  PO3IOALTY
MMO3UTUBHUX BHUIIAKOBUX BEJIMYHH, K1

BUKOPUCTOBYIOTBCSI NPH NPAKTHYHHUX PO3PAXyHKaX, €
3aKOHH JIOTHOpMaNbHUH 1 BelOyma.

KOHITEHTPAI(IA

uﬁ._._.r..'_h

0.30 0.40

SABE3IIEUEHICTE

0.50 0.60 0.70 0.80 0.90 1.00

Puc. 2 — Po3moain y 4aci KOHIICHTpAIIi1 3aJTi3a: MapKep KpYyr — pe3yJIbTaTh CIIOCTEPEKEHb; CYIJIbHA JIiHIS — JIOTHOPMAILHHI 3aKOH;
TOYKOBA JiHisl — 3aK0H BeiiOyia; ropuszonTanpHa miHis — C10 (JIOTHOpMAaTbHHUT).

[NapameTpamMH JIOTHOPMAaJBHOTO 3aKOHY PO3IOIINY €
MaTeMaTHYHe OYIKYBaHHA Ta CepeIHBOKBAJIPAaTHYHE
BIIXWJICHHS JIOTapU()MOBAHOTO PSAAY CIIOCTCPCIKEHb.
Orinka mapameTpiB po3noziny BeiiOymna Oinbln ckiagHa.
IMocnioBHICTH I[HOTO PO3PAXYHKY HaBeaeHa B [5].

B pesynbrari  cratuctuuHoi  0OpOOKHM
pO3paxoBaHi: CepelHi 3HAuYeHHs IOKAa3HUKIB

Oynu
(Ccp),

Ta6auns 3. O1iHKa SIKOCTi BOJ P.

mapaMeTpyd 3aKOHIB  PO3IOAUTY JIOTHOPMAIBHOTO 1
BeiiOyma, 3HAYECHHS TTOKA3HUKIB 3 10%-10
3a0e3MeUCHICTIO (Co), CepeHbOKBAPATHYHE

BIIXWJICHHSI EMIIPHUYHMX MJaHUX BiJl PO3PaxXyHKOBUX,
eMIipuyHa oIfiHka 3abesneuenocti Cio.

Just 6inbmocti nokasHukiB Cig 3a JIOTHOPMabHUM
3akoHOM niepeBuiye Cio 3a 3akoHOM Beiibyia.

Hynaii 3a C1o (caHiTapHi HOpMH)

Ne Knac Peni Bunkose

W TTOKA3HHUK JIOII - Hopwmatus Cro ColH 1Cmw ol

1 |3aBucmi pedos., mr/am® |- - ¢dhont+0,25 |97,3 - 77,3 -

2 |pH - - 6,5-8,5 8,24 - 8,18 -

3 |Po3umn. kucens, Mr/omm3 |- - 4,0 7 - 6,94 -

4 |XCK, mr/am® - - 15 26,6 - 27,9 -

5 |BCK2o, mr/am3® - - 3,0 8,48 - 7,09 -

6 |Minepauizais, mr/mm3 - - 1000 394 - 385 -

7 |Aszor amoniitauit, Mr/oM® |c.-T. 3 2 0,367 |- 0,361 |-

8 |Asor mitpaTHuii, Mr/am®  |c.-T. 3 10,2 1,83 - 1,99 -

9 |Xpom (VI), mr/am® C.-T. 3 0,05 0,0029 |- 0,0022 |-

10 |3amizo, Mr/mm3 Opr. 3 0,3 0,122 |- 0,159 |-

11 |Xnopuan, Mmr/om3 opr. 4 350 36,6 - 36,7 -

12 |Cynsdatu, mr/am> Opr. 4 500 47,4 - 46,1 -

13 |Minp, mr/mv3 opr. 3 1,0 0,0044 |- 0,0038 |-

14 |Maprasenp, Mr/am® opr 3 0,1 0,0871 |- 0,075 |-

15 |Hagronpoaykru, Mr/am® |opr. 4 0,3 0,0309 |- 0,0331 |-

16 |®enoan, mr/om3 opr. 4 0,001 0,0020 |- 0,0017 |-

17 |CIIAP, mr/mM3 opr. 4 0,5 0,185 |- 0,205 |-

18 |lunk, Mr/om® 3ar. 3 1,0 0,0314 |- 0,0205 |-

19 |A30T HiTpUTHUIA, MI/AM° 2 1,0 0,0287 0,029 |0,0489 (0,049

20 |Kpemniif, mr/nam® C.-T. 2 10 5,45 0,545 |5,49 0,549

21 |Harpiii, mr/am® 2 200 28,9 0,145 |285 0,143
) 0,718 0,740

3 112 o00pobneHHX psAiB CIOCTEpeXEeHh y 76  3aKOHOM pO3MOAUTY Aa€ Oidb NIJIBHUH 3B’SI30K HiX
ampOKCHMAIlil EMIIPUYHUX JAaHUX JIOTHOPMAJBHMM  3aKOHOM BeitOyma, i mmme y 36 Hamaku. Ilporte, B
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CepeHbOMY  eMIipudHa  3a0e3ledyeHiCTh  3Ha4ueHb
nokasHukiB Cio (3 3amaHoro 3abesmeuenictio 0,10) 3a
3akoHOM  Beiibyma ckmamae  0,097=0,10, a 3a

smorHopmanbHEM — 0,091=0,09. To6TO, JOrHOPMAITEHUIA
3aKOH TOYHIIIE BimoOpa)kae pO3MOALT MaKCHMalIbHUX
YIICHIB pAAY.

B uinomy 3akonm jorHopMansHui i BeitOyna noGpe
aNpOKCUMYIOTh YacOBY MIHJIMBICTh MNOKa3HHKIB SIKOCTI
Boa (puc. 2). Ane 3 TMNpakTHUYHOI TOYKU 30Dy
JIOTHOPMAJIBHUH 3aKOH PO3IOALTY 3pYYHIIINH.

r) Bukonaemo Temep owiHKy sikocti Bon p. JyHait

nical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

3abe3neueHicTio [6].

V naHoMy BUMAJKY sKicTh BOJ p. JlyHail He BimmoBigae
BHMOTaM CaHITapHUX HOPM IO YCid  JOBXHHI
PO3TIILyBaHOI TUISHKA PIYKH BXKE HE TUTBKH 32 BMICTOM
OpTaHIYHUX CIIONYK, ajie i 3a BMicToM (heHOmIB (TadMI. 3).
3pobieHa OmiHKA CIiBIAAae 3 OIIHKOI 3a HOpMaMH
xpain €C.

Sk BogHUI 00’ €KT pUOOrOCIOAaPCHKOrO MPU3HAYCHHS
HKkHBOTo JlyHaro 3a Cio (Tabi. 4) ciij XapakTepusyBaTu
SK «OpyaHe» (BMICT PEYOBHH TOKCHKOJIOTIYHOI Ipynu
MIepEBHILYE HOPMATHB y ABaALSATH Pa3iB).

BUKOPHCTOBYIOYM 3HA4€HHS IOKa3HUKIB 13 10%-t0
Ta6uuus 4. Ouinka sxocti Box p. ynaii 3a Cio (puborocnoiapcbki HOpMH)

Ne Hopwmarus |Peni Bukose

1/ TTOKASHHK Jom (H) C1o Cw/H |Ciwo Ci/H

1 |3aBucini peyosunu, mr/am° |- ¢ou+0,75 (97,3 - 77,3 -

2 |pH - 6,585 824 - 8,18 -

3 |Po3umn. kucenb, Mr/mam3 - 4 7,00 - 6,94 -

4 |BCK2o, mr/nm3 - 3 8,48 - 7,09 -

5 |®ocdarnu, Mr/mm3 3ar. 0,15 0,312 |- 0,246 |-

6 |Aszor amoHiiHHMi1, Mr/oM3 0,39 0,367 (0,94 0,361 |0,925

7 |Asor nitputHuii, Mr/am> 0,02 0,0287 (1,43 0,0489 (2,443

8 [3amizo, mr/mm® 0,1 0122 |1,22 0,1585 |1,585

9 |llunk, Mr/mM3 Toke. [0,01 0,0314 (3,14 0,0205 (2,053

10 [Migp, mr/nm® 0,001 0,0044 [4,40 0,0038 |3,797

11 |Maprauenp, mr/am® 0,01 0,0871 |8,71 0,0750 (7,503

12 |CIIAP, mr/am® 0,5 0,185 0,37 0,205 |0,411
)3 20,21 18,72

13 |AsoT HiTpaTHUiA, MI/aM° 9,1 1,83 0,20 1,99 0,219

14 |Kanmpwiit, mr/mm3 180 63,6 0,35 62,7 0,348

15 |Marwuiii, mr/ome 40 16,9 0,42 16,7 0,417

16 |Hatpiii + kaniii, mr/am® c.-T. [120 28,9 0,24 28,6 0,238

17 |Xnopuau, mr/am3 300 36,6 0,12 36,6 0,122

18 |Cynboatu, mr/am° 100 474 0,47 46,1 0,461

19 |Xpowm, mr/am> 0,001 0,0029 (2,86 0,0022 (2,219
) 4,68 4,02

20 |Hapronpomykru, Mr/am3 0,05 0,0309 (0,62 0,0331 (0,662

21 |®denonu, mr/om3 p/x 0,001 0,0020 (2,03 0,0017 (1,740
)3 2,65 2,40

ITo yxkpaincekiit wactmHi Hmknporo JlyHaio MOXKHA ~ BHKOPHCTOBYBAaTH 3HAa4eHHS IOKa3HUKIB 3  10%-10
3pOOUTH TAKH BUCHOBKH. 3a0e3MeUeHICTIO.

1. 3a rizpoximMiyHMMH MTOKa3HUKamMu Boau Kimiiickkoro 4. lns po3paxyHKy 3Ha4eHb IOKa3HUKIB 3 10%-t0
rupia  JlyHato SK  00’€KTY TOCIOAAPCHKO-IIUTHOTO  3a0E3MEUCHICTIO 3pyuHiie BUKOPHUCTOBYBATH
BOJIOTIOCTaYaHHs €  «cj1abo  3a0pyJHEHUMK» 32  JIOTHOPMA&IbHHH  3aKOH:  TPOCTIIE  pO3paxyBaTh
nokazaukamu BCK, XCK i deHomnm. napamMeTpd 1 IMIUIBHICTh 3B’SA3KY IHOTO 3aKOHY 3

2.5k 00’ekT pUOOroCHOAapCHKOTO TPH3HAYEHHS  EeMIIPUYHUMHU JaHWUMHM Olnblia HiX 3a 3aKkoHOM BeliOyna.
Kimificeke tupmo JlyHaro € «OpyaHuM» 3a mokasHukamu  OpHak 3akoH BeliOyna mae Touninry omiaky Cio.

BCK, d¢octhatn, pedoBUHH 3  TOKCHKOJOTIYHOIO, 5. Iopamemri AOCHiIKEHHS HEOOXiTHO HANPaBUTH Ha
CaHITapHO-TOKCUKOJIOTIYHOK 1  pHUOOTOCIIOAAapCHKOI0  PO3POOKY METOIUKH TEXHIKO-€KOHOMITHOTO

JIOM.
3. OuiHKa SIKOCTI BOJI 32 BITYN3HSIHUMH HOpMaMu Oy1ie
CHIBIAJaTH 3 OLIHKOI 3a HopMamMHu Kpain €C skmio

oOTpyHTYBaHHs 3a0€3MEYEHOCTI 3HAYCHD TIOKA3HUKIB TIPU
OI[IHIII SIKOCTI BOJI.
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Assessment of water quality for the household and drinking and fishing industries and itsimprovement on the example of the

lower Danube

S. A. Kuryanova, S. N. Urasov

Abstract. The article presents a critical analysis of water quality assessment by different methods on the example of the r.Danube. It

is shown that the drawbacks of the existing methods do not allow to adequately characterized the state of the water objects as sources

of domestic and drinking purposes. An example of the calculation was given. Suggested ways of overcoming these drawbacks.
Keywords: evaluation of the quality, domestic, drinking purpose, the quality indicator unit indicators.

OuneHka ka4ecTBa BOJ X035iiCTBEHHO-IUTHEBOI0 U PbI00X035iiCTBEHHOr0 HA3HAYECHHS U ¢ COBepIICHCTBOBAHNE HA IPUMepe
HIzKHero Jlynas
C. A. Kypssanosa, C. H. Opacos
AHHOTanus. B cTaThe BBHINONHEH aHAIM3 OLEHKM KadecTBa BOA IO JAEHCTBYIOIIMM METOJMKAaM Ha IpuMepe HikHero [lyHas.
Jloka3aHo, 9TO HEAOCTAaTKU CYIIECTBYIOLINX METOIHK HE IO3BOJIIOT aIeKBAaTHO XapaKTEePHU30BaTh COCTOSHIE BOIHBIX 00BEKTOB Kak
HCTOYHUKOB XO3SIHCTBEHHO-TINTHEBOTO Ha3Ha4YeHHA. [IprBeieHbI OCIe10BAaTENbHOCTh BBITOMHEHHS PACUETOB, JaHbI PEKOMEH AN
0 MIX POBEpPKe, IPUBEAEHBI IPUMEPHI pacdeToB. [IpeutoxKeHs! ITyTH YCTPAHSHHUSI STUX HEAOCTATKOB.

Kniouesnle cnosa: oyenxa kavecmsa, X03A1CmMeeHHO-NUMbeg0e HAZHAYEHIEe, NOKA3AMelb Kayecmad, 610K nokasameine.
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Abgtract. The research is devoted to the main problems concerning current Situation in tax regulation of TNCs. Current conditions of the
operation of TNCs are disclosed in the paper, taking into account the tax burden that exists in each host country. It shows the main tax rates
in some countries that are related to sustainable development in the context of each component. The main andysis of tax regulaion and the
consequences for the investment of TNCsiis provided. The article provides alist of conditions relating to tax regulation in host countries and
their impact on the investment behavior of TNCs. The paper provides advice that should be used to build an investment strategy for TNCs.
The conclusions regarding further tax regulation of investment activity of TNCs with determination of tax rates and reduction of tax evasion

aredetermined.

Keywords. investments, investment behaviour, international investment, tax, tax evasion, TNCs

Introduction. Under current conditions, TNCs are increas-
ingly developing strategies for their future operations and
investment activities, not only in the context of the law envi-
ronment, but also in financia regulators, one of which is
taxation indifferent host countriesand in theparent company.

Recently, the issue of taxation of transnationa corpora-
tions has caused sharp controversy and significant criticism
of society. Taxation of corporate profits is the main regulator
of their activities and ensuring the revenue of the state budget
of the host countries. Also, tax regulations are set by each
country in the framework of itsfisca policy and international
activities. In the globa turbulent environment, changes are
congtantly taking place regarding the international taxation of
TNCs and other legal entities. These tendencies make TNC
management personnel adjust their own corporate and in-
vestment strategies. But with the soread of the concept of
sustainable development, tax regulation began to affect the
environment. Such conditions form the need for a broader
study of the problem of tax regulation of investment activi-
tiesof TNCs.

The analysis of the latest researches and publications.
Many foreign and domestic scientists such as Henn M. [2],
James S. [3], Modigliani F. [4], Pdan R. [8], Rudenko-
Sudarieva L.V. [9] and others involve in research and devel-
opment of the problems of current tendencies of tax regula
tion in TNCs’ investment activity and its impact on invest-
ment behaviour in modern global economic environment.
The theoretical and practica skills and knowledge are used
during these research and deep study of tax regulaion that
help to reved some various situations and economic condi-
tions at exact period of time. These results and recommenda-
tions creste a new need for further research of current
tendencies of tax regulations in TNCs’ investment activity.
So we have a necessity to study this problem more thorough-
ly and widely for further economic and investment activity.

These researches are based on the theoretical and practical
knowledge which isimportant for the future study and scien-
tific congtruction. But in result of different changes in the
world’s economic space, the need of further research of
modern investment trends is still remain actud and it is pos-
sble to investigate wider investment problems in our eco-
nomic space and community.

Setting objectives. The purpose of the paper is a thor-
ough research of the current tendencies of tax regulations of
TNCs’ investment activity and tax environment, which exists
in the host countries of TNCs that manage and change
TNCs’ investment plan and strategy.

Materials and methods. As a result of work, many sci-
entific publications, periodic materials, reports of interna
tional organizations, especially OECD, The UNITED NA-

27

TIONS, Internet resources are used during research. For
more thorough study, it were used abstract, comparison and
generalization, grouping, logic methodsin this research.

Results and discussions. Recently, the issue of taxation
of transnational corporations has caused discussionsin socie-
ty. For example, in the UK, protesters seized Starbucks in
early 2013, accusing the company of tax evason. A large
number of information and IT companies based in the United
States were suspected of not paying virtualy any taxes on
their profits abroad. In 2011, Argentina accused Glencore,
the world's largest tax evasion trader. Also, in 2013, the
disclosure of databases on the activities of offshore centers
was increasingly causing discontent among the international
community.

Then the G20 began studying the problem of tax havens,
declaring in 2009 that the era of banking secrecy was over.
The result was that, together with the Organization for Eco-
nomic Cooperation and Development (OECD), they created
ablack list of tax havens that were soon empty. In 2011, the
ligs were reindated again. At the same time, the finance
ministers of the G20 countries are once again trying to solve
the problem with offshore centers, and in the course of 2013,
some preliminary decisions were made to intensify effortsin
the field of taxation of TNCs. In turn, the OECD issued its
Addressing Base Erosion and Profit Shifting report illustrat-
ing aggressive tax evason methods (OECD 2013). And in
order to eliminate these methods, the OECD has presented
an action plan "Action Plan on Erosion and Profit Shifting",
which will be approved by Heads of State [2].

This plan provided for the provision of domestic and in-
ternational instruments aimed at better harmonization of the
tax law on the basis of an in-depth analysis of the most vul-
nerable sectors of the economy in order to provide concrete
solutions for the transition of international standards to the
current global business environment (avoidance of double
taxation, dispute settlement through arbitration)

In our opinion, tax regulators of investment activity of
TNCs can both restrain investment and stimulate by differen-
tiating tax rates, objects of taxation in host countries.

But today, and in our opinion, tax havens will exist in the
future, where TNCs will be able to reduce tax rates by smp-
ly choosing a country or idand that are offshore centers.

Offshore is a consequence of globaization and turbulent
financia environment, as TNCs are trying to invest their
own resources with the lowest risks and profits.

In general, according to the OECD, tax havens are juris-
dictions that alow companies and individuals to avoid taxes.
Such a deviation may be illegal, but there are also lega
methods that are usualy used by international firms[7].

In his book, "Tax Shelter: How Globalization Works,"
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Ronen Palan, Richard Murphy and Christian Chavagne point
out: "There is no generdly accepted definition of tax shelter.
It is important to note that there is often a common practice
that forms a tax haven, and they can to some degree exist in
any country in the world. In this casg, it is often more appro-
priate to talk about the harmful practices of the tax harbor.
And the quegtion arises why there are tax havens in some
countries, and in othersthereisno "[7].

Taxation plays a key role in regulating the activities of
TNCs and is a source of revenue for the budgets of host
developing countries. But investors, countries and interna
tional organizations are forced to develop an extensive tax
system. First and foremost, the investment behavior of TNCs
will be affected by the corporate tax, or as the profit tax is
cdled.

In the field of taxation of corporations, scientists such as.
Merton Miller and Franco Modigliani were involved. Their
development was the knowledge of capita in their work
"Capital Expenditure, Corporate Finance and Investment
Theory". The tax in this crop acted as codts that increase the
value of the corporation. That is why the ideal corporation is
based on the absence of taxes as such. In turn, the scientists
concluded that the taxes and capital structure of the corpora-
tion does not affect the value of the company, if thereis a
perfect organization of the stock market [5].

Further, economists improved their own theory, which in-
dicated that the cost of equity capita of a corporation that
takes financia resources from external sourcesis equa to the
sum of equity vaue of asimilar, ie income and leve of risk,
corporation that uses only its own funds and premiums for a
risk that is defined as the product of the difference in the
values of the value of own and borrowed capital to finance
the independent financial corporation by the vaue of the
coefficient of financial leverage. That is, when the taxes are
absent, the value of the corporation will not depend on the
capital structure of the corporation itself [6].

It isin the taxation of corporations that they are a kind of
expense that is deducted from the corporation's profit. There-
fore, in our opinion, this situation confirms that taxation isa
regulator of corporations, as well asinvestment, reducing the
share of investments themselves.

Also, according to F.Modigliani and M.Miller in later re-
visions, the use of resources from externa sources leads to
an increase in the cogt of the organization due to the deduc-
tion of interest on loans from the corporate profit tax, which
will result in an increase in operating profit [6].

Therefore, the choice of corporation tax ratesis significant
for TNC management personnel, since larger taxes reduce
the share of investment in the hogt country. Through its
worldwide activities, TNCs can choose and andyze the
investment climate of the host country, which includes local
taxes levied on affiliates and subsidiaries. But within the
framework of the concept of sustainable development, there
was a concept such as "environmental tax", which involves
deductions for environmental protection.

In the future, regulation through environmental taxes will
gain increasing importance not only in highly developed
countries, but aso in developing countries. Thistrend will be
due to the placement of TNCs own subsidiaries and affiliates
in these countries as full partnersin investment projects.

For the host country, today the percentage of income in
the host country's budget is not high at an average of 1-3% of
GDP. The main areas of environmental tax are taxation in
the areas of energy, transport, air pollution and the use of
natural resources, as shownin Table 1.
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Table 1. Tax ratesreated to the environmenta sector in some
countriesin 2015,% of GDP

henameof tax| Energy | Taxon Air |Taxonthe
tax trangport | pollution |  useof
tax natural
Country resources
1 2 3 4 5
Audria 153 0,86 0,01
Belgium 1,25 0,7 - -
Bulgaria 2,55 0,29 - -
The UK 182 0,58 0,06 0,02
Greece 2,95 0,78 0 0
Denmark 2,22 154 0,14 0,09
Estonia 243 0,06 0,22 0,05
Irdland 117 0,73 0,02 -
Icdland 119 04 0,15 0
Spain 158 0,24 0,07 0
Itay 2,76 0,59 0,04 0
Cyprus 2,29 0,68 0 0,01
Lavia 2,08 0,53 - -
Lithuania 167 0,05 0,04 0,06
Luxembourg 1,69 0,14 - -
Mdta 1,49 1,17 0,24 0
The Netherlands 1,89 1,03 - -
Germany 1,59 0,32 0 0
Norway 131 0,96 0,07 0,03
Poland 2,27 0,21 - -
Portuga 1,78 0,63 0 0,02
Romania 2,19 0,23 0 0
Serbia 3,58 0,29 - -
Sovekia 15 0,18 0,09 0
Sovenia 3 0,46 0,37 0,08
Hungary 1,94 0,45 - -
Finland 1,99 0,88 0,04 0,01
France 1,78 0,27 0,12 0,01
Crodia 257 0,84 0 0,69
The Czech Repub- 0,14 0,02 0
lic 1,94
Sweden 174 0,45 0,03 0
EU 1,87 0,48 - -
Eurozone 1,85 0,46 - -

Source: compiled by the author based on [1]

Such taxes correct the use of natural resources and reduce
the amount of CO2 emissions into the atmosphere. For
TNCs, they are certainly costs, but for the host country, there
arerevenuesthat go for environmental protection.

But not only environmenta taxes transform the invest-
ment behavior of TNCs, but also international instruments
that oblige the parties to reduce their emissions to the amos-
phere. For example, in accordance with the Kyoto Protocol
to the United Nations Framework Convention on Climate
Change 1997, the countries that have acceded to this treaty
should implement policies and measures in accordance with
their national circumstances such as: improving energy effi-
ciency in relevant sectors national economy; protection and
improvement of the quality of greenhouse gas sinks and
stores not regulated by the Montreal Protocol, taking into
account their obligations under relevant international envi-
ronmental agreements, promote the spread of rational meth-
ods of forestry, afforestation and reforestation on a stable
basis; encouraging sustainable and sustainable agriculture in
the context of taking into account the peculiarities of climate
change; conducting research, developing, promoting the
widespread use and introduction of new and renewable
forms of energy, carbon dioxide absorption technologies and
advanced state of the art environmentally sound technolo-
gies, the gradual reduction or elimination of market imbal-
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ances, fiscal incentives, exemptions from taxes and duties
and subsidies that are contrary to the objectives of the Con-
vention in al sectors that are sources of greenhouse gas
emissions and the agpplication of market mechanisms and
other measures to protect the environment [4].

But tax regulation of environmental protection affects on-
ly one aspect of the concept of sustainable development. Ina
turbulent financial market of TNCs, there are certain prob-
lems with avoiding double taxation, since, in our opinion,
investment resources, which decrease in proportion to the
increasein corporation tax rates, are lost.

But in different countries, the avoidance of double taxa-
tion occurs differently. For example, reduction of the tax
burden on TNCs s possble through tax privileges and loans.
Tax privileges in most countries relate to dividends, that is,
for owners of TNC shares, profits remain stable, but re-
sources are reduced to accommodate investment. It follows
from the conclusion that host countries receive less invest-
ment [3].

In our opinion, the use of tax credits for the investment of
TNCs in the host country will be more acceptable. This is
due to the fact that the parent company will receive compen-
sation from the corporation from a subsidiary or subsidiary
located in the receiving country. The effectiveness of the tax
credit is reflected in the consolidated financiad statements
based on the results of &l divisions.

In turn, for Ukraine as a host country, future TNC invest-
ments need to improve tax legidation in terms of TNCs
regulation and transfer pricing problems.

For example, according to S. James and K. Nobes, the
impact of taxation as a financia regulator focuses on the
expected return on investment with varying degrees of risk,
capital supply and asset prices. Interesting and relevant today
isthat some of the investments of the corporation are used to
return for the return of tax liabilities available for other in-
vestments|[8].

Taxing stimulates investment at the same time and reduc-
es the amount of investment in host countries. Incentives for
investors of any level, whether TNCs or individuals, show

what exactly attract investments to the country.

The investment behavior of TNCs depends on the current
conditions of the development of the international taxation
system. Globalization and financial crises have caused seri-
ous imbalances in the structure of the financial system of
TNCs[9]. The problem of taxation of affiliate and subsidiar-
ies income is precisdly the difference in tax rates, the differ-
ence between the tax systems of the host countries. Thereisa
discrepancy in establishing a single tax on all transactions
conducted by TNCs. The main trendsin investment behavior
will also be[10]:

- an increase in the number of information products due to
the proliferation of the digital economy and the problem of
the definition of the object and the tax rate;

- the possibility of concluding global trade and investment
agreements between countries and regional entities;

- competition between protectionist policies and freetrade
policiesthat differentiate tax rates;

- implementation of the OECD Plan "Addressing Base
Erosion and Profit Shifting” (BEPS);

- tax harmonization;

- increase of environmentaly safe means of production
and complication of their depreciation due to high invest-
ment resources,

- tax competition in establishing corporate tax ratesin host
countries.

Conclusions. Analyzing the current tendencies of tax
regulation of TNCs’ investment activity and different tax
theories, it ispossible to draw the following conclusions,

- ecological tax is anew thing in the globa economic en-
vironment that create opportunities for the host countriesin
providing safe and good politics of protecting environment
but it hasalot of discussions;

- many scientists studied problems of tax regulation and
itsinfluence on corporate and countries’ strategies;

- existence of constant discussions which are concerned
implementing tax plans and providing the limit of double tax
systems.
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COBpeMeHHble TEHICHIIHHU HAJIOIOBOI'0 PEryJIipoBaHUusA HMHBECTHIIHOHHOM J1eATeIbHOCTH THK

10. A. llleBueHko

AHHoTanus. VccienoBanue NOCBSIIEHO OCHOBHBIM IIpobiieMaM Tekylieil cutyanu B HasoroBoM perynupoBanny THK. Cymectyrorye
ycnoBust pyHkuronupoBanusi THK packpbITel B paboTe ¢ y4eToM HaoroBoro OpeMeHH, KOTOPOE CYIIECTBYET B MPHHUMAIOLICH CTpaHe.
[Noka3aHbI OCHOBHBIC HAJIOTOBBIE CTABKH B HEKOTOPBIX CTpaHaX, KOTOPBIC CBS3aHBI C YCTOWYMBBIM Pa3BHTHEM B KOHTEKCTE KaXKIOTO KOM-
noHeHTa. [IpenocraBneH OCHOBHOW aHalM3 HAJOrOBOTO PEryIMpOBAaHUSI U TOCIEACTBUS JUIl MHBECTMLMOHHOW aesrensHoctH THK. B
CTaThe MpeJICTaBlIeH NepeUeHb YCIOBHH, KaCAIOIIMXCsl HAIOTOBOTO PETYJIMPOBAaHUS B IPUHUMAIOIIUX CTPaHAX U UX BIIMSHHE HA MHBECTU-
mmonHoe noBeneHne THK. B pabote comepikarcsi peKOMEHIAIMH, KOTOpPBIE CIEAyeT HCIOIB30BATh I MOCTPOSHHUS MHBECTHIMOHHOM
crparerun THK. OnpezeneHp! BEIBOIBI OTHOCHTEIBHO JaTbHEHIIIEro HaJIOTOBOTO PETYIIMPOBAHMS MHBECTUIIMOHHOI nestensroctn THK ¢
oIpeieTIeHUeM HaJIOTOBBIX CTABOK M YMEHBIIEHHEM YKIIOHEHHUS OT YIUIaThl HAJIOTOB.

Knroueswie cnosa: uneecmuyuu, UH8eCMUYUOHHOE NOGEOCHUE, MEHCOVHAPOOHBIE UHBECUYUY, HAIO2U, YKIOHEHUE OM YIAAmbl HAI0208,
THK.
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Abstract. The mass-spectra of six different compositions of As-S glasses under thermal evaporation from Knudsen cell within the
temperature range of 400 - 520 K have been studied. The complicated complex nature of vapour flows of these glasses which con-
tain about three tens of different AsmSn atomic complexes(m=0-4,n =0 - 8) has been revealed. By increasing the flow density of
an ionizing electron beam of the mass-spectrometer the coincidence of the total mass-spectrometric composition of the vapour phase
with the chemical composition of glasses before evaporation has been ensured. The presence of three types of concentration depend-
ences for different AsnSn clusters versus the chemical composition of initial glasses: growing, decreasing, dome-shaped ones has
been established. The influence of technologica conditions of synthesis for As-S glasses on their mass-spectra has been revealed.
Keywords: mass-spectrometry, arsenic-sulfur clusters, evaporation of chalcogenides.

Introduction. The vacuum condensation processes of As-
S amorphous films include some closely interrelated stag-
es. evaporation of the initial material with its transfer into
the vapour-gas phase; "delivery” of the vapour to the
place of its deposition; condensation of vapour flow parti-
cles on the substrate surface with their chemical or physi-
cal adsorption on it; nucleation processes, growth of a
new phase on the substrate. At each of these stages the
determining factor for the formation of the structure and
properties of the amorphous film is the atomic structure of
vapour flow particles. Therefore, the main structure-
forming factor under condensation of As-S amorphous
films is the peculiarities of mass-spectra of the vapour
phase during evaporation of initial materials.

For mass-spectra of As-S glasses a considerable con-
tent of AsnS, polyatomic complexes is typical, where m
changes from zero to four, and n - from zero to eight [1,
2]. These various vapour components are adsorbed on the
surface of the growing film under condensation and in-
volved into the processes of chemical self-collecting of
its atomic grid. The formation of different structural and
phase states of As-S amorphous films is conditioned by
the chemical composition and structure of these particles,
their quantitative ratios, kinetic, energy and chemical
characteristics, combined with a certain set of other pa-
rameters of the condensation process. Therefore, this
paper analyzes the nature of changes in mass-spectra of
evaporation of As-S glasses with the change in the chemi-
cal composition of initial materials.

The analysis of mass-spectra of As-S materials, studied
by different authors [3 - 9] shows that in most cases the
total mass- spectrometric composition of the vapour phase
does not correspond to the chemical composition of initial
materials. In this case, the chemica composition of the
vapour flow is generally substantially enriched with arse-
nic compared with the composition of initial materials
(differences reach 20 at.%). Such large deviations can be
caused by severa reasons: deviations from the preset
chemical compositions of initial materials; differencesin
their structure; prolonged exposure of the substance at
elevated temperatures of an effusion cell prior to the reg-
istration of the mass-spectrum, as a result of which vola-
tile atomic particles have time to sublimate from the
batch; improper conducting of mass-spectrometric meas-
urements and processing of their results and so on. In
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particular, the ratio of concentrations of different vapour
particles greatly differs at the initial, basic and final stages
of evaporation. Therefore, our work analyzes the given
problem, too.

Methodology of research. Mass- spectrometric stud-
ies were conducted by Knudsen method on MMN-1201
devices. The effusion cell was made from tantalum foil
and had a small diameter of a hole equal to 0.5 - 0.7 mm.
Around the cell a radiation screen from tantalum foil was
aso placed. The ratio of the area of Knudsen cell hole to
the area of its section made up 1. 200. The evaporation
temperature of the cell batch was measured by the differ-
ential W-Re thermocouple. The experiments were con-
ducted in vacuo of ~ 10-5 Pa, which was created by a
lamellar-rotary pump Pfeiffer Vacuum DUO 2.5 and
turbo-molecular pump TMH-150. The devices were cali-
brated according to atomic particles of aluminum vapours.

The maximum ionization efficiency of As»S, clusters
is typical for exciting electrons with energies of 30 - 60
eV. That is why the flow of ionizing electrons was
formed just in this energy range. The effective cross sec-
tion of ionization process of various atoms and molecules
by the electrons of low energies is on the average directly
proportional to their sizes. The sizes of arsenic atoms are
by 30% greater than those of sulfur atoms. Thus enriched
with As the AsnS, clusters will have much larger geomet-
ric sizes and therefore significantly greater cross sections
of electron scattering. Thus, these clusters will be much
more effectively ionized by the flow of exciting electrons
of the mass-spectrometer and their ionic currents will
prevail in experimental mass-spectra. In our opinion, just
by this a significant enrichment with arsenic of the total
chemical composition of the ionized flow in the mass-
spectrometer is determined (see papers[3 - 9]). Therefore,
these effects should be taken into account while obtaining
reliable experimental mass-spectrometric data for evapo-
ration of As-S materials. One way of making this effect
dacken is to increase the efficiency of vapour flow ioni-
zation by an electronic gun.

To register high-quality mass-spectra the density of the
vapour flow from the evaporator has to be fixed in a cer-
tain, sufficiently narrow range. Therefore, a significant
increase in this parameter for growth of ionization effi-
ciency of vapour particles is not desirable. With this aim,
we significantly increased the density of the flow of ioniz-
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ing electrons in our experiments. This was achieved by
two ways.

1. Tungsten cathodes of an electron gun served as the
source of electrons. We replaced the cathodes of conven-
tional V-shaped form by sharply bladed ones which ther-
moemitted electrons more effectively. In addition, the
flow of electrons from such cathodes is focused into more
subtle beams.

2. The traditional temperature of cathodes of an elec-
tron gun was increased by about 100 K and it reached
2100 - 2150 K. As aresult, the measurements showed the
increase in thermoelectronic emission current from ~ 1 to
~ 5 mA. According to theoretical estimates, this corre-
sponds to the increase in the density of the thermoelec-
tronic emission current by 4 - 5 times more than com-
pared to traditional conditions of mass-spectrometric
studies on MU-1201 devices. Of course, the period of
functioning of the cathodes was much reduced and we
replaced them for each new experiment.

For evaporation small pieces of glasses of As-S sys
tem with the chemica composition of Asi10Se, AS0Sso,
ASxSrs, ASsSs7, ASioSso Ta AsuSss were taken. The
glasses were synthesized by cooling of the ampoules
with melt in cold water. The evaporation temperatures Te
of glasses of all chemical compositions were chosen to be

such ones, as to ensure optimal densities of vapour flows
in the mass-spectrometer. It was found that values Te,
which were 30 - 80 K greater than the glass transition
temperature of glasses and the same 30 - 80 K lower than
the corresponding liquidus temperatures of As-S state
diagram, correspond to such conditions. During studies
the mass-spectra were recorded only during the base aver-
age period of the experiment and unstable initial and final
stages of the evaporation process of glasses were not
considered.

Results and their analysis. The summarized results of
various mass-spectrometric studies of the vapour flow
during evaporation of As-S chalcogenide glasses are
given in Table 1. In the first columns of this table the
average arithmetic magnitudes of the intensities of mass-
spectra lines obtained in [3 - 9] are presented. While do-
ing this, the averaged intensities were also normalized
relative to the highest spectrum line. In the final columns
of the table the mass-spectra obtained in our study are
given. In addition, for comparison, in the centre of Table
1 the intensities of mass-spectra lines during evaporation
of elemental sulfur are aso shown. The data of Table 1
for individual atomic particles of the vapour flow have
been analyzed.

Average arithmetic results of [3 -9] | Our results
Chemical composition of evaporated glasses
As20Se0 | Asp5S7s | AsasSer | Asa0Seo | AsasSss As10S00 | As20Se0 | AS25S75 | ASasSer | Asa0Seo | AsaaSes
Te, K 460 500 450 400 440 440 470 470 510
The total mass- spectrometric composition of the vapour phase
As8S72 | AsssSer | AsaaSes | AsuSss | AssiSis| S | AsuiSes | AseoSeo | AszaSie | Ass2Ses | Asi2Sss | AsisSss
Particles The Normalized intensities of the mass-spectrum lines for different vapour components, a.u.

S 16 33 - - - - 12 10 7 4 4 -
S 43 37 - 15 10 1 41 39 25 23 17 6
As 90 86 80 44 17 - 15 10 11 12 4 3
Ss 27 20 33 - - - 39 27 17 8 5 -

AsS 17 22 58 66 100 - 53 52 26 48 100 100
S 28 14 1 9 - - 100 34 23 14 3 -
AsS 5 37 12 3 - - 87 12 8 9 0 -
A 13 15 29 28 34 - - 3 4 13 15 14
Ss 25 5 21 - - 5 53 27 13 5 - -
AsSs - - - - - - 32 - - - - -
AsS 20 60 24 37 37 - 0 - 2 10 7 3
Ss 12 11 25 7 - 13 47 19 5 5 - -
AS 47 21 19 35 55 - - - - - 15 14
S 16 18 22 9 21 12 34 8 5 2 2 2
Ass - 2 9 - 1 - - - - - 3 -
AsSs - 3 28 1 - - 12 4 6 8 5 2
AsSs 9 33 25 22 3 - - - 5 25 28 6
Ss 4 12 13 17 18 100 26 5 5 - - -
AsSs - 4 17 5 - - 7 6 7 9 7 -
ASy 33 35 18 34 19 - 5 100 100 100 77 18
AssS 1 13 12 24 16 - - - - - 8 7
Ay - - - - 66 - - - - - 2 4
ASs 1 2 14 - - - - 3 3 35 25 -
AssSs 1 7 9 45 21 - - - - - 4 7
AssSy - - - 34 52 - - - - 11 31 47
AsS, 1 6 3 4 - - - - - 4 5 -
AssSs - - - - - - - - - 5 - -
AxSg 1 3 20 33 20 - - - - - 27 13
Ay 1 4 16 30 20 - - - - - 21 21
AsSs - - - 11 6 - - - - - 15 7

Table 1. Mass-spectrometric data of the vapour flow during evaporation of As-S chalcogenide glasses

Clusterswith high content of sulfur atoms. Themain  cles: S, and AsS,, where n = 1 — 8, are the most common

group of mass-spectra lines of As-S glasses corresponds
to atomic complexes rich in sulfur. Two types of parti-
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among these complexes. These clusters are mainly present
in vapour flows during evaporation of AsSicox glasses
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rich in sulfur. We have not investigated mass-spectra of
pure sulfur because it is not stable in the glassy state at
room temperature. But during evaporation of various
other forms of elemental sulfur within the range of tem-
peratures 7e = 300 K - 900 K the set of all atomic com-
plexes from Sto Sg is observed. The main of them are
clusters S, S, Ss Ta Ss. When the boiling temperature is
equal to 720 K, their ratio corresponds to 3%, 4%, 34%,
59%. With increasing the evaporation temperature a gen-
era pattern of growth in the vapour of a part of individu-
al atoms and simple atomic complexes at the expense of
more compound complexes is observed.

Mass-spectra of sulfur-rich glasses of As-S system ob-
tained by us also contain all atomic complexes of S, from
S to Ss. But, unlike the elementary sulfur, the mass-
spectralines of all S, particles are quite intense and lie
in the range from 10 to 100 a. u. At this, for the composi-
tion of Asi0Seo glasses the most intense mass-spectrum
line corresponds to the particle Ss. With the growth of
arsenic part in the composition of glasses the intensities of
these lines naturally reduce gradualy and for As-rich
samples in the vapour phase a small quantity of only S,
Ssta Sy particles appears.

The averaged data of other researchers correlate quite
well with our results. But there are a few features in them
that are difficult to explain. 1. The concentration of al S,
complexes changes nonmonotonously with changing the
chemical composition of glasses. 2. The intensity of lines
of S clustersis practicaly identical for all investigated
glasses from As,Sso to AsusSss, the concentration of sul-
fur atoms of which is reduced more than twice. 3. The
intensity of Sgcluster lines even increases by four times at
the indicated changes in the chemical composition of
glasses.

Quite a different behavior with changing the chemical
composition of evaporated glasses is typical for AsS,
particles of the second type. In particular, AsS; and AsSs
complexes have not been reported in most previous stud-
ies on evaporation processes of AsSioox glasses. In our
own experiments only AsS; particles were fixed in the
vapour phase during evaporation of Asi0Sq glasses exclu-
sively.

Our experiments also revedled As;Ss clusters in va-
pour flows of glasses with 20 < x < 40 at.%. Especially
intense lines of these particles are seen in mass-spectra of
As33Ss7 and AsupSeo glasses. In contrast to our data, previ-
ous studies by other authors found such complexes main-
ly in vapours of glasses only in the vicinity of As;Ser
compositions.

It should be noted that in mass-spectra of vapour flows
of AszsSsrglasses we also constantly recorded a weak line
(~5a u)of AssSsatomic particles. In all other studies
this particle was not detected.

Clusters with commensurable content of arsenic
and sulfur atoms. Quite a large number of mass-spectra
lines of AsSioox glasses corresponds to the complexes in
which quantities of sulfur and arsenic atoms are egual or
differ by one. One of such AsS clustersis the second main
part of vapour flows of the investigated glasses. The in-
tensity of lines of this cluster is high for all glasses and it
is maximum for mass-spectra of glasses with a high con-
tent of arsenic both for our experiments and other articles.

According to our data the concentration of AsS, com-
plexes is high enough only for vapours of As0Sy glasses
(the line intensity is 87 a. u.). With the growth of As con-
tent in glasses the number of clusters is rapidly declining
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and they are aready absent for samples with x > 40 at.%.
According to other researchers AsS, atomic particles
significantly contribute only into mass-spectra of AszsSer
glasses.

In previous papers in mass - spectra of amost all
glasses of As-S systems there were recorded quite no-
ticeable lines of AsS, A$S, and AsS; clusters (the in-
tensity of lines was within the limits from 10 to 60 a. u.).
But our research revealed such clusters only in vapour
flows of glassesrich in arsenic (mainly for compositions
with x > 33 at.%.). The intensities of lines of the given
particles in our mass- spectra are much smaller (2 - 25 a.
u).

Quite unexpected are the averaged results of previous
research as to the content of AsSioo-x Clusters with alarge
number of arsenic atoms: AssS,. ASsSs. AsiSz and AsuSy
in the vapours. These atomic particles were found in the
samples of al chemical compositions, beginning with
As0Se0. The intensities of their lines in mass-spectra
naturally grow with the increase of x, beginning from 1 a.
u. and reaching 20 - 40 a. u. In our experiments such
clusters are found in vapours of glasses only for x > 40
at.%. At this the concentrations of AssSs and AsiSs clus-
ters are commensurable with the data from previous
studies, and the concentrations of As$S, and AsSs clus-
ters are almost by an order of magnitude less in compari-
son with them.

Clusters with high content of arsenic atoms. Atomic
particles with a large number of As atoms in vapours of
As-S system are mainly presented near As,, where n var-
ies from 1 to 4. But only As and As; lines have signifi-
cant intensities in mass-spectra. In previous studies a
great decrease in the intensity of As lines (from 90 to 17
a. u.) with increasing the arsenic concentration in glasses
(from 20 to 45 at.%) is unclear. However, in our experi-
ments, the intensities of Aslinesin mass-spectra of glass-
es with the same range of compositions are much lower
and change very little within 3 - 10 a. u. Researchers
usualy indicate [1 - 3], that lines of single arsenic atoms
in mass-spectra of As-S glasses appear largely due to
dissociation of AsS particles under the influence of an
ionizing electron beam. But in this case, mass- spectra
must have the appropriate intensity of lines of single sul-
fur atoms. Moreover, the intensities of f S, As and AsS
lines should correlate with each other, which is not ob-
served in the mass-spectra presented by previous re-
searchers.

At the same time, these distinct patterns of lines are
typical for the lines of these particles in our mass-spectra
of al As-S glasses. In particular, the intensities of sulfur
and arsenic lines in them are very close, and the intensi-
ties of AsSS lines by 5-10 times higher than S and As
lines. In addition, a strong increase in the intensity of AsS
lines (to 100 a. u.) for the glasses with x > 40 at.% is
accompanied by the decrease in the intensity of Asand S
linesto ~ 3 a. u. Thisindicates to the fact that if dissocia-
tion of AsS dimers does occur when the ionization of
ionic flow takes place, it does not play a significant role
in our experiments.

Close are the results of all studies as to availability of
Assand AsS, clustersin vapour flows of As- S materi-
als. At thisthe lines of Asy particles are clearly revealed
only in mass-spectra of glasses with the compositions in
the vicinity of AsuSss. However, in our studies, the inten-
sity of these lines was at the level of 2 - 4 a. u., whereas
in previous studiesit exceeded 60 a. u.
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AsS, clusters are present in vapours of al investigat-
ed AsSioox glasses of compositions with 33 < x <40 at.%
(with intensity of lines from 3 to 5 a. u.). But in previous
studies a significant concentration of such atomic parti-
cles was also revealed in the glasses rich in sulfur (the
range of x isfrom 20 to 25 at.%).

Table. 1 aso shows a comparison of the initia
chemical composition of glasses before evaporation and
the total chemical composition of the vapour flow. As
follows from these data, for many previous experiments
[3 - 9] the tota mass-spectrometric composition of the
vapour phase of glasses does not correspond to the
chemical composition of initial materials. This averaged
vapour flow contains 4 - 8 at.% of arsenic atoms more
than compared with the initial glasses. Exceptions are
only AsssSer glasses, for which such deviation does not
exceed 1 at.% (see Table 1). Unfortunately, the authors of
papers indicated above do not give a detailed description
of mass-spectrometric experiments by which one could
anayze the detected deviations. In our mass
spectrometric studies within the experimental error the
total mass-spectrometric composition of the vapour phase
coincides with the chemical composition of glasses before
evaporation.

It should also be noted that mass-spectra of As-S
glasses under evaporation rather strongly vary depending
on the preparation conditions of the initial material. This
is evidenced by the experimental data obtained both by us
and other researchers[1, 2]. However, in al these spectra
relatively "stable" vapour particles appear whose parts in
mass-spectra are little dependent on the conditions of
synthesis of the initial material. These include S, S, Ss,
A5Ss, ASSs, AsSs, AsSs, AssSy, AsiSy clusters. At the
same time, the parts of many atomic complexes vary
greatly during the transition from one sample of glassesto
another. Among them are AsS, A, AS:S, S7, Ss, ASS,,
AsS,, AxSs.

The analyzed mass-spectra of As-S glasses are pre-
pared at evaporation temperatures of initial materias
from 400 to 600 K, which are by ~ 80 K lower than the
melting temperature of appropriate substances. In actual
manufacturing condensation processes of amorphous

films the evaporation of initial materials is carried out at
higher temperatures of the evaporator (500 - 900 K). It is
clear that in such circumstances of evaporation mass-
spectra of glasses can sufficiently differ from the consid-
ered above. But methodically to investigate them by
traditional mass-spectrometry methods is much more
difficult.

Conclusions. The results of mass-spectrometric studies
of evaporation processes of As-S glasses within the range
of chemical compositions from Asi0Sgw t0 AsuSss have
been analyzed. It has been revealed that mass- spectra of
vapour flows of these glasses have a complicated complex
character and contain about three tens of different atomic
complexes. But the total mass-spectrometric composition
of the vapour phase in the majority of mass-spectroscopic
studies does not correspond to the chemical composition
of initial materials and is significantly rich in arsenic
atoms. This fact is explained by the dependence of the
ionization probability of vapour particles by an electron
beam of the mass-spectrometer on the size of these parti-
cles. With significant increase in the flow density of ion-
izing electrons the ionization probabilities of different
vapour clusters are aligned. Under such circumstances
within the experimental error the total mass-spectrometric
composition of the vapour phase of As-S glasses coin-
cides with the chemica composition of glasses before
evaporation.

The dependences of concentrations of different AsnSy
clusters in the vapour flow on the chemical composition
of initiadl AsSioox glasses have been studied. The pres-
ence of clear correlations in the behavior of these two
parameters has been established. Three types of depend-
encies have been revealed: @) the concentration of some
vapour particles decreases with the growth of x; b) the
concentration of other particles increases in this case; c)
the dependence of concentration of some vapour particles
on the parameter x has a dome-like shape.

It has been found that the change in the structural state
of initidl As-S glasses by changing the technological
conditions of their synthesis can cause significant changes
in the concentrations of various complexes in  mass-
Spectra.
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AHHoTanms. VccnenoBaHbl Macc-CIEKTPHI LIECTH Pa3jIMYHBIX COCTAaBOB CTEKOJ CHUCTEMBI As-S MPU TEPMHUYECKOM HCIAPEHHH C
sraeiikn Kayncena B nuamasone temmeparyp 400-520 K. OGHapy»xeH CIIOXKHBII KOMITIEKCHBIH XapaKTep MapoBBIX MOTOKOB JAHHBIX
CTEKOJI, KOTOPBIE COZIEPIKAT OKOJIO TPEX JECATKOB PA3IMYHBIX ATOMHBIX KOMIUIEKCOB ASmSnh (M =0 — 4, n = 0 — 8). TloBblmeHHeM
TUJIOTHOCTH TOTOKA MOHHM3MPYIOMIEr0 3JIEKTPOHHOTO IydKa Macc-CIIEKTPOMETpa 00ECIedyeHO COBMaJeHHE CYyMMapHOro Macc-
CIEKTPOMETPHUIECKOTO COCTaBa MapoBoil ()a3bl C XUMHUUECKUM COCTABOM CTEKOJI IO UCTIApCHUs. Y CTAaHOBICHO HAIIMYHE TPEX THIIOB
3aBHCHMOCTEH KOHIIEHTPALUH Pa3IMIHBIX KJIACTEPOB ASmSn OT XMMHUYECKOTO COCTAaBAa MCXOIHBIX CTEKOJI: PACTYIIHX, CIIANAIONINX 1
Kynos000pa3HbIX. BeISBICHO BIUsSHNUE TEXHOIOTNYECKUX YCIOBUI CHHTE3a CTEKON As-S Ha MX MacC-CHEKTPBL

Kniouesvie cnoea: macc-cnekmpomempus, MblUbAK-cepa KAacmepbl, UCnAPeHUe XAAbKO2eHUOO8.
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AuHoTauusi. B sToif crathe paccmatpuBaeM kosapuanThbie dynxroper F M — M umeromne xoneunsie crenenu coxpauso-

mme A(N)R(M) - npocrpancrsa.

Keywords:. functor, finite degree, absolute retracts, absolute neighforhoods retracts, metrizable spaces dimension, stratifiable spac-
es, action, G -spaces. MSC: 54B15, 54B30, 54B35, 54C05, 54C15, 54C60, 54D30 .

Brenenne. B nocneanee BpeMst HHTEHCUBHO UCCIIEAYIOT-
Csl KOBapUaHTHBIE (DYHKTOPHI B KaTeropuu Comp- KOM-

naktoB, M - MeTpu3yeMBIX MPOCTPAHCTB U HEMPEPHIB-
HBIX OTOOpPa)KCHUH B 3Ty Ke KaTETOPHUIO.

A Tak e pacCMOTpPEHBI MOCIOWHBIE BEPCHU ITHX pPe-
3y/nbTaToOB. JlOCTaTOYHO MOJHOE M MOAPOOHOE U3II0KEHHE
HMEIOIIUXCSA Pe3yJIbTaTOB M HEPEUICHHBIX Ipo0JieM B
9TOM HampaBlIeHUU MoOXHO Haiitu B [1,4]. Teopus xare-
ropuii MO3BOJISIET B3TJIHYTh HA pa3IM4YHbIC YaCTHBIE OIle-
panmy HajJ MPOCTPAHCTBOM C OOIIEH TOYKU 3pEHHS Teo-
pun pynkropos. [locmoiiHoit Bepcuelr OyaeM Ha3bIBAThH
TEOPEMBI O COXPAHEHHWH CBOWCTB CIIOEB OTOOpaKEHHH
6eite - A(N)R(M ) - mpoctpanctamu. Crexyer oTme-
TUTh TaK)Xe, YTO NPU MHHUMAJBHBIX OTPAaHUYCHHSIX Ha
(YHKTOp OH IEPEBOJUT CTSTMBAEMbIC B CTATHMBacMble. B
caMoM Jienie, eclii HenpepbiBHas romoronust N crsrusa-
€T MIPOCTPAHCTBA B TOUKY X, TO HETMPEPHIBHAS TOMOTOIIHNS

F(h) crarusaer npoctpancteo F(X) B MHOMKecTBO

F{x).

B janbHeiiieM Mbl IIpeanosaraeM, 4To BCE paccMart-
puBaeMble (yHKTOPHI MOHOMOP(HLI M COXPAHSAIOT Hepe-
ceuenus [4]. Mbl npeanonaraeM Takxke, 4To Bce (QYHKTO-
Pbl COXPAHAIOT HEMYCThle IPOCTPAHCTBA. DTO OrpaHHye-
HUE HECYIIECTBEHHO, OCKOJIbKY STUM MbI UCKIIIOUAEM M3
paccMOTpEHHsI TOJILKO IycTOW (YHKTOpP, T.e. (QYHKTOP
F , xoropslit epeBoauT BCAKOE IPOCTPAHCTBO B IMyCTOE
MHOXkeCTBO. B camom nene, mycte F(X) = mna kaxo-

ro Hubyb Hemycroro oukommakra X .
Torma F ( X ) =F (l) = B cuIry MOHOMOP(QHOCTH

F . Iycts tenepp Y - OpOM3BOJIBHBIA HEMYCTOH OH-
KOMITaKT.  PaccMOTpHM — MOCTOSHHOE — OTOOpaXKeHHe

f:Y—>1 torma F(f)(F(f))cF(l):Q. CrnenoBa-

TEJIbHO, HPOCTPAHCTBO F(Y) IIyCTO, IIOCKOJIbBKY OHO

oTobpaxaercs B IycToe MHOXecTBO. VITak, MbI JOKa3aIH,
YTO CYLIECTBYET €IAMHCTBEHHBIA MOHOMOPGHBIA (GyHK-
TOP, COXPAHSOLIHIT HEIYCThIe MHOXKECTBA.

ITycts F :Comp — Comp- dynkrop. Yepes C(X,Y)
0003HauaeTcsi MPOCTPAHCTBO HEMpPEPHIBHBIX OTOOpaKe-
Huii u3 X u Y B OMKOMIIAKTHO-OTKPBITON TOMOJOTHHU. B

JACTHOCTH, C({k},Y) ecrecTBeHHO romeomoppro K -

o k
oii cremern Y mpocrpancTBa Y .

Orobpaxenuto & : {k} — Y craBuTCS B COOTBETCTBHE

TouKa (£(0),..£(k-1))eY".
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Hus ¢pyuxropa F, Ouxommakra X HaTypambHOTO
qucia k, OIIpeIeNNM oTobpaxeHue

ek - C({k}, X)x F({k}) > F(X)
7e xu (€,2) = F(&)(a) tae £ eC({k}, X),a e F({k}).

Korna sicHo, 0 kakoM (pyHKTOpE M 0 KaKOM OMKOMIIaK-

PaBEHCTBOM

Te Y HuIeT pedb, Mbl OyneM OTOOpakeHHe 7p y | 000-

3HA4YaTh 4Y€pPe3 Ty  WIH TT) .

I[lo Teopeme E.B.Illlenmna [4], oroOpaxeHne
F:C(Z,Y)> F(F(Z), F(Y)) HENPEPHIBHO IS BCIKOTO
HenpepsiBHOro dyHkropa F u 6ukommakro Z u Y

IToaToMy nMeeT mecTo.

Ipennoxenue 1[4]. Jlns HempepbIBHOTO (GYHKTOpa
F , 6uxomnakra X wu HarypaneHoro umucia K oroGpa-
KEHHE F”F,x,k HEMPEPHIBHO.

Onpenenum noadyukrop F, ¢dyuxropa F cuemyro-
X

FK(X) €cTb 00pas oTOOpaKeHus 7Tg y \, @ I 0TOO-

muM  o0OpazoM: Juis OWKOMIIaKTa MIPOCTPAHCTBO

paxernust f :A— X orobGpaxenne F ( f) €CThb CyKe-
nue orobpaerms F(f) ma F (f). Us nerxo npose-
pAEMOii KOMMYTaTUBHOCTH IHArPAMMBI
C{Kk) x F({k)—>C({K,Y)x F{Kk})
Ty ¥

F(X) s F(Y)

7

rae BBITCKACT BJIOXKXCHUEC

f(&)="fo¢
F(f)(Fk(X))c F.(Y) H, crenoBatenbHo, (yHKTOpHAIb-
HOCTH KoHCTpyKumn F .

®yukrop F wHasbiBaetcs hyHkTopom cremenu N, ec-

m F, ( X) =F ( X) IUIsL BCAKOTO OMKOMIAkTa X, HO
anl( X) =F ( X ) st Hekotoporo X .

ITycte X -HekoTOpblii OukoMmmakT; F -HekoTOpHIit
HopmanbHelii Gynkrop u @€ F(X). Crenensio Touku
8 Ha3bIBAETCS TAKOE HAUMEHBILEE HATYPAIBHOE YHUCIIO
N, uro & npunamiexamuit oopasy F(f) mns mexoro-
f:K>X

CTpaHCTBa K . Eciu Takoe KoHeYHOE 4ncio N He cyuie-
CTBYCT, TO CTCIICHb TOYKH a cunrTaercs OECKOHEYHOI.

poro OTOOpakeHwHsI N-ToueyHOro Tpo-

|7. F. Zhuraev 2017
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Cremnenpio GyHkTopa F HaswpiBaeTcs MakcUMyM crere-
Hell BceBO3MOXKHBIX Touek X & F(X) msa BceBo3moxk-

HbIX OukommakToB K [4]. JlanHas pabota siBIsieTcs mpo-
JIOJDKEHUEM padoThl [8], B KOTOPOM HCHpaBIISETCS HEKO-
TOpBIE MTPOOEIIBI.

OcHoBHas 4yacTh. CTpatuduimpyemsie (Kpy>KeBHBIE)
npoctpanctsa [10] kpatko Oyaem 0603Ha4aTh S-
MPOCTPAHCTBOM.

Teopema 1. Ilycte F Takoif HempepbIBHBINA, MOHO-
MOp(GHBIN, COXpaHSIOMNN MepecedeHue, IIyCToe MHOXKe-
CTBO M TOYKY , QYHKTOp CTEemeHH N, 9TO OTOOpa’keHHe

T w o 3aMkHyTO, Tprdem F(N) xommakr. Torma F
COXpaHseT S-MpoCTpaHCTBA.

Hoxazamenscmeo. Tlycte X ecTh S-IpOCTpaHCTBO.
U3 npuBeseHHoro umeem, 4rto mpoctpanctBo F (X)
MPEACTaBIsIeTC KaK HEMpepBIBHBIA 3aMKHYTHIM 00pa3

npoctpanctea X" x F(N) npu otobpakenue ey n- VI3

pesyabtaToB padotel [10] cneayer, uto X" x F(N) ects

S-NpoCTpaHCTBO, KAaK TPOM3BENEHHE S -MPOCTPAHCTB
n

X" u F(Nn). B cuty 3aMKHYTOCTH OTOOPaXEHHS T x

U KoHeuHOM crenenu Pyukropa F 1o teopemsr [10] mo-

ayuum, uto F(X) ects S-npocrpanctso. Teopema 1

JTOKa3aHo.
BepHo u caenyromee.
Caencrsue 1. ITycte F Takoil HenpepsiBHBIN, MOHO-
MOpPQHBIN COXpaHSIONINN NepeueHune, MyCToe MHOKECTBO

U TOYKY (YHKTOp cTeneHu N, uTo OTOOpaKeHUe 7Ty y ,, -
cosepiienHo, mpudem F(N) MeTpusyemblii KOMIAKT.

Torna F coxpansier MeTpu3yeMbie IPOCTPAHCTBA.
Teopema 2. ITycts Gyukrop F ymosnersopser ycio-
Busim Teopembl 1 u F(N) xoneunomepro. Torga QyHk-

Top F coxpamser KOHEUHOMEpHBIE S-NPOCTPAHCTEO.
Bbosee TOTO BEPHO HEpPaBEHCTBO
dmF(X)<ndimX +dimF(n).

Hoxazamenscmeo. [lycts X ecth S-mpocTpaHCTBO U
dimX <o u3 reopems 1 umeem, uro F,(X) toxe S-
npocrpancto. 3uaunt, F, (X) cosepuienHo Hopmaib-
HBIH MapakoMnakTt. 1IycTe 77 | OMMCAHHOC BBILIC He-
MIPEPLIBHOE  OTOOpaKEHHE.
byHKTOpa F. MIOJIOXKEM,
dmF(X)<ndimX +dimF(n).

Ilpu N=1 510 HEpPaBEHCTBO CIPABEMLIMBO, TAK KAK
F.(X)U X, xF@L X.
dmF _,(X)<(h—-1)dimX +dimF,_,(n—1) noka3saHo.
Cuauana MTOKaXeM,
rde ) (F,(X)\F (X)) <ndimX +dimF(n),
rd, A— oTHoCHTENBHAS Pa3MEPHOCTH TOANPOCTPAHCTBA

A X [5].
F.(X)\F,_,(X) toxke S- mupocrpancrso, cnemosa-

Nupykuuet mno creneHu
qTo

IIycts HEPaBEHCTBO

qTo
rae

B IPOCTPAHCTBE IMoampoctpancTBa

TebHO, mapakomnakTHo. Ilpocrpancteo F (X) B Tou-

F.(X)\F,,(X) nokamsHo romeo-

KaX MHOXECTBO
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MOP(HO  OTKPHITOMY IOAMHOXKECTBY IIPOU3BEICHUS
X"xF(n).

Jlnst npomssenerns X" x F(n) Bepuo:

dim(X" x F(n)) =ndimX +dimF(n) [9]. U3 Teope-
Mol 21 Jlaykepa-Haramu [5] nomydum, uto

rde x, (F,(X)\F, (X)) <ndim X +dimF(n) .
IIpUMeHsis Ipyryto TeopeMy 15[5] laykepa nomydum, 4To
dimF, (X)=ndimX +dimF(n). Teopema 2 noxasa-
Ha.

Teopema 2'. Eciii BBITIOTHEHBI yCIOBUS TEOPEMBI 2 U
¢byHKTOp COoXpaHseT mpoobpassl, To F mocnoiiHo coxpa-
HSIET KOHEYHOMEPHBIE S — MPOCTPAHCTEO.

Joxazamenvcmeo. Tycts T : X —Y wuenpeprinoe

Torna

OTOOpaKEHHE MEXAY PEryJIpHBIMU IpocTpaHcTBaMu. U3
TOTO, 9TO (PYHKTOP COXpaHSIeT MpooOpa3sl 0TOOpaKEeHNUH,
nMeeM

(F(£))"(b) & (F()) " (F (suppe (b)) = F(f (suppc: (0))) .
rne beF(Y). W3 Tteopembl 2 BbITeKaer, YTO
dimF (f ™ (supp; (b))) < . Teopema 2' nokazaHo.

Bepnsl cnenyromue.

Teopema 3. Eciy BBINOJIHEHBI YCIOBHS CJelCTBUE 1.
Torna ¢yuxkrop F coxpansier KOHEYHOMEpHbIE METPH-
YEeCKUE MPOCTPAHCTBA.

Teopema 4. Eciu BBINOJHEHBI YCIOBHS TEOPEMBI 3 U

¢byukTop F coxpansier mpooOpassl 0TOOpaKEHHIA, TO F
MOCJIOMHO COXpaHseT KOHEYHOMEPHbIE METPHUUYECKHE
HPOCTPAHCTBA.

Teopema 5. Ilycrs F - nHenpepsiBHbIi, MOHOMOpP®-
HbBI, COXpaHSIONIMH KOHEYHbIE IIEPECEUCHHUs], IIyCTOe
MHOKECTBO M METPHUYECKHE NPOCTPaHCTBAa (HYHKTOP CTe-

nenu N. Ecim F(N) ects xoHeunoMepHbiil MeTpusye-
meii kommakr 1 F(K)e ANR mis k=12,...,n To0
dyukrop F coxpanser ANR(M) npocrpanctsa u xo-
neunomepusie ANR(M) npocrpanctsa.
Jokazamenscmeo. Tlycts X — ANR(M) npocrpan-

cTBO. B cuiy TeopeMbl 3 10CTaTOYHO J0Ka3aTh, 4o F
coxpansier ANR(M) npocrpanctsa. ITo ycnoBuio Teo-

pembl 5, eciu X metpusyemo, To F(X) merpusyemo. C
X  xF(K)

Ty i - X" x F(K) = F (X) Bbime omncannoe Hempe-

Ipyrou CTOPOHBI METPU3YEMO,

PBIBHOE OTOOpakeHHe 1 (7zF‘X‘k)’1(Fk (X)) = X*xF(K) .
Wupykuuei no crenenu ¢pynkropa F  mokaxem, uro
F(X)e ANR(M) . Ilpu k=1 sto yrBepknenue crpa-
BEUIMBO, Tak Kak mpoctpanctBo F(X) romeomopduo
npocrpanctey X xF(1) = X . Ilycrs mokasaHo, 4TO
F..(X)e ANRM) .
paccMoTpuM

Teneps NIPOU3BEICHUE

Z= C(k, X)x F (k) , Ha mpoctpaHcTBe Z ONpeneinM
JefCcTBHE TPYIIbl MOACTAHOBOK S C C(k,k) (romeo-
mopdusmos mpoctpanctsa K) [11] cnenyrommm obpa-

30M: Il O € S MONOKHM
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v(0)(n.0)=(n)v (o) (1.0)=(n0""F(o(p)))> rae
neC(kk), peF(k). Teneps nokakem, uto mpo-

crpanctBo Z ¢ geiictBuem rpymnel G =S sBusercs

G—-ANR(M) -  mpocrpanctBoM.  PaccmoTpum
C ( k, X ) NEPBBI  COMHOXHTENL  NPOM3BEIEHUS
Z= C(k, X ) x F (k) . U3 cmenyromero pesymbrara pa-
60THI [6].

Teopema 3.3.20[6]. Ilycts X -merpuszyemoe G -—
npoctpanctBo u xotst 661 X mmu C oOnagaer cyeTHOM
Gaszon.  Ecmm X =G—-ANR (cooTBeTcTBEHHO

X =G - AR) Ttorma C(G, X) eG- ANR(M ) (cooT-
BETCTBEHHO C(G, X) eG- AR(M )) .

C(k,X)
G=S ectv G—ANR(M) npocrpanctso [6].

Tenepp paccMOTPHUM BTOPOH COMHOXHTENb F(k)

ITpoctpancTBO C JeHCTBHEM TpPYIIIBI

MPOU3BENCHUS C(k,X)x F(k), Ha KOTOPOM OMpee-
neHo nedcreue rpynmel G = S( . OTo JeicTBHE, IIO
OTpe/IeNICHNI0, HenmpephiBHO. [1o ycinoBuIO TeOpeMbl, A
moboro K MIPOCTPAHCTBO F(k) €CTh KOHCYHOMEPHBIH

KOMIIAKT.

W3 pesympraToB ®noiiga [12] uMeeM, 4TO MpocTpaH-
CTBa F(k) u F(k)/ G ecrmp G—ANR(M)- npo-
crpancTBa qua mob6oro Ke N . B urore Mul momydaem,
uTo st moboro koneuHoro uucna K € N npoussenenue

Z=C(k,X)><F(k) ecTh G—ANR(M)-
NPOCTPAHCTBO, TAK KAK COMHOKHTEIM  SBISIOTCS
G — ANR(M ) -npoctpancreamu. [onoxkum
Z'= ”E,lx,k (Fk—l(x)) -

Ecniu  Qyukrop  umeer  cremens N,  TO
F, ( X) =F (X) . Hyere T=Z/S, mupocrpancTso

OpOHT mpocTpancTBa Z MO JAAHHOMY JCHCTBHIO IPYIIIBI
Sc, a ¥:Z—>T -coorBercTByromee (hakTopHOE 0TO6-

paxenne. O4eBHAHO, 4TO JUIL JTOGOro O € S nmeer
MECTO PABEHCTBO TTg y | © l//(O‘) =7Tg x k- Bcuuy aro-
IO PaBEeHCTBA CYLIECTBYET TaKOe HEIpPEephIBHOE OTOOpa-
xeune P T —> Fk(X) , UTO POy =T y . Umeem

CJICAYIOIIYI0 KOMMYTAaTUBHYIO AUarpaMmy:

w(0): S x(C(k, X) x F (k) > C(k, X) x F (k) > T =C(k, X)x F(K) / S,

(*) ¢

7T X ky (o)

Honoxum T'= p’l(kal(X)),p’ =p;. Torma mnpo-

A \A
Fe(X) e
PaKEHHIO piT > F4(X), T.€.

crparctBo  F ( X ) TOMeOMOpP(HO TPUCOCTUHECHHOMY Fy (X) = TU Fea ( X) :
p

[POCTPAHCTBY U3 MPOCTPAHCTB | U Fk_l( X) 10 0T00-

3Ha‘II/IT, ciaeayrouiasa igarpaMmma ToKE€ KOMMYTaTUBHA.

w(0): S x (C(k, X)x F(K) = C(k, X)x F(K) =T = C(k, X)x F(K) / S, T

(**) !

TTE X ky (o)

— X

Ecnu Mbl mokaxkem, uro 1',T, kal( X) IS ANR(M ),

TO U3 CIIEMYIOIIETO PE3YIbTaTa XUMaHa:
Teopema 1.1.1 [13]. ITycts @: A—Y HenpepbiBHOE

orobpakenne u A 3amkayroe X. Ecmm A, X wu

Ye ANRM), rorza X{J,Y € ANR(M ).

U3 storo GymeT BBITEKATh, YTO Fk(X)e ANR. TIo

NPEITIONOKEHHID  UHAYKIIUH kal( X ) IS ANR(M ) ,
npoctpancteo  opour T ectb  G—ANR(M)-
IPOCTPAHCTBO.

B cuny cnenyromero pesyibrara:

Teopema [7]. Ilycte X -merpusyemoe G -

npocTpancTBo U x0T 661 X mmn G obnamaer cuer-
Holi Oasoi. Ilycts, manee H -3amkHyTas HOpMasbHas

H=C(k,X)xF_,(k),H, , ={n:neC(k,X),n(c)

\

36

{

e

e X k.p i’”F,x,k,p

F.(X) > F(X)

nogrpynna rpymmsl G, X =G — ANR (cooTtseTcTBeH-
o X=G—-AR). Tormza X/H =G- ANR (coorser-
CTBCHHO X/IH=G-AR). B YaCTHOCTH,
X /G e ANR (cootserctenno X / G e AR).

Crenyer, uro ans simodenns T € ANR(M) nocra-
Touno nposeputs Bimouenne Z'€ § — ANR(M). Uz
MOHOMOp(HOCTH (PyHKTOpA F umeem

Z'=HUU{H,,:a,Bekax=p},

rae

n(B)}xF (k)
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Yro0s! nokazath, uto Z' € G— ANR, cornacho Teo-
peme 7.3 [14] mocTaTouHO YOCAUTHCS B TOM, YTO Mepece-

YeHHE JF000ro moaceMeicTBa {Xai =1, n} ceMelicTBa

{H}u { Ha,ﬂ} sensercs  G— ANR(M)  npocrpan-
ctBoM. OHYEBMIHO, YTO BCSKOE TAKOE IEPECEYEHUE TO-

MEOMOP(HO NIPOU3BEAECHUIO C(no, X )mm
Hekoroporo Ny <K Ha omuo u3 mpocrpancts F(K)

win F ;(K). HosTomMy cornacHo Bbluie TPHBEIECHHBIM

pacCyKJIACHUAM, 9TH IMPOCTPaHCTBA SIBIIAKOTCA

G- ANR(M ) npoctpanctBamu. Teopema 5 nokasana.

BepHel 1 crnenymomue.

Teopema 4'. ITycTb (GyHKTOp YIOBJIETBOPSIET YCIOBH-
sM Teopemsl 5 1 coxpansieT npooOpassl, st 1000 TOY-
ku peF(K) u muoxectea Q< C(K,K) nepeceuennii

N F(0) ™ (p):we} ssasercs ANR kommakTom, TO
F mocmnoitro coxpanser A(N)R(M) mpoctpancTsa.

Caencreue 2. Ilycts G — HenpeprIBHBINH, MOHOMOP()-
HbIM, COXpPAHSIOIMA  METpPU3yeMble IPOCTPAHCTBA,

KOHEYHbIE IIEPECEYEHHs, TOYKY M IyCTOE MHOXECTBO
¢yuxrop crenenn N, npuaem G(N) ects monmsmp mo-
MyCKAIOIMi TaKyl0 TPHUAHTYIAIMIO, YTO IS BCAKOTO
weC(n,n) orobpaxkenne F(w) cummmmansao B

9TO# TpHaHryasuuu. Toraa mist moadynkropa F dyHk-
topa G 3akmouenus TeopeMsl 3-5 CpaBeIMBbI TOrA U
TonbKo Toraa, korna F (N) noxansHo crarusaemo.

Cuaencrsue 3. Ilycts F — nenpepriBubIit, MOHOMODP®-
HBIM, COXpaHAIOWUN KOHEUHbIE, METPU3YEMBIE TPOCTPAH-
CTBa, TOUKY M IIyCTOE€ MHOXXECTBO (DYHKTOp cTereH:u N,
npuueM F(N) xoneuno. Torma mns gynxkropa F crpa-
BEJUTUBBI 3aKITIOYCHUS TEOPEMBI 3-5.

Caencreue 2'. Ilycte dynkrop G ymosierBopser
YCIIOBHSIM CIIEACTBUS 2 W COXpaHseT mpooOpasel. Torma
s pyskropa F 3aximrouenus teopemsl 5 cnpaBemuBel
B TOM U TOJILKO B ToM ciydae, F(N) snokanbHO cTarusa-
eMo.

Cuaencreue 3'. Ecmu ¢ynkrop F  ymosierBopsier
YCIIOBUSL CJEACTBUSA 3 W COXpaHseT MmpooOpasbl, TO s
¢byukropa F crnpasemmnpo 3akmoueHne TeopeMsi 4",
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Amnotanist. [ToOynoBaHO ceMaHTHYHY Mepexy (HaKTOpiB TEMATUYHOTO TUIAHYBAHHS Ta OMICAHO (DYHKIIOHAIBHI 3B’SI3KM MK HEMU 3ac00a-
MH MOBH npezukariB. HaBeneHo iepapxidHy cxemy GaratopiBHEBHX BILTHBIB A1 (pakTopa «BH BHAAHHs». BCTaHOBIIEHO piBHI MPiOpUTET-
HocTi Aii (akTopiB Ha TeMaTHYHE IIAHYBaHHA 32 METOJIOM paH)XyBaHHA. HaBezeHo MaTeMaTH4Hi 3aJIeKHOCTI, Ha MiZICTaBi SKHX PO3paxo-
BAaHO PaHTH BUOKPEMJICHHUX (hakTopiB. Pe3ynbraTn MociikeH S BiIOOpaXKeHO y BUTILL OaraTopiBHEBOI MOZIEN BaroBUX 3HAUCHb NPiOpH-
TETHOTO BIUIMBY (haKTOPIB Ha SIKICTh TEMaTHYHOTO TUTAHYBAHHS KHIDKKOBHX BH/IaHb.

Kniouogi cnosa:. memamuyne nianysants, paxmopu, Mooeb, CEMAHMUYHA Mepexcd, MO8 NPEOUKAmis, icpapxis, Memoo pamicy8aHHs,

Mampuys, pieeHb NPIOPUMemHOCHi.

Beryn. [t ehpeKTHBHOTO BHKOHAHHS JOAPYKAPCHKOI M-
TOTOBKH KHIDKKOBHX BHIAaHb TOTPIOHO 3a0€3MEUHTH SKICTh
CKJIaZIOBHX TMporieciB. [lepmioueproBum € IaHyBaHHS, a
caMe — TeMaTW4HE IUIaHyBaHHS MalOyTHBOI APYKOBaHOI
npoaykii [1].

[MonsATTS IaHYBaHHs repeadadac BU3HAYCHHS TOJIOBHUX
HanpsIMiB 1 TPOMOPLIK BUITYCKY BHIABHWUYOI HPOIYKIIi 3
ypaxyBaHHSM MOJJIMBOCTEH 3aJIOBOJICHHS MOMUTY KHIKKO-
Boro puHKYy. Ilin gac rumanyBaHHS (POPMYIOTH KPHTEPIi II0-
JI0 TIEPCTIEKTHUB 1 CTpaTerii pO3BUTKY BHIABHHUIITBA, BHU3HA-
YalOTh OCHOBHI 3aBIaHHS, ITOCHTIIOBHICTH 1 TEpPMIiHH JOCST-
HEHHS IIJIel, BPaxOBYIOTh MOMKJIMBOCTI MaTepiasbHUX,
TPYHOBUX Ta (hiHAHCOBHX pecypciB. TeMaTnuHe MmiaHyBaHHS
Ma€ TPOJOBKEHHS Y BUPOOHHUIITBI 1 TEXHOJOTIi CTBOPCHHS
Ta peajizallil BUIABHUYOTO MPOAYKTY, CTAHOBJISYM HEBi'e-
MHY YaCTHHY 3araJbHOTO IUIAHYBaHHS y BHIABHHUIITBI.

KopoTtkuii orasin myoJikaiiii 3a Temoro. [IpoGiemaru-
Ka, MOB’s3aHa 3 JIOAPYKApCHKUMHU IIPOLIECAMH, a came 3
IUIAHYBaHHSIM, BiZIoOpaXkeHa y Npaisx, MPUCBIUCHHUX: KPH-
TepisiM MONMTY Ha KHUTY [2]; akTopam BIUIMBY Ha SIKICTH
BUJaHb [3]; MPOEKTYBaHHIO AOJAPYKAPChKUX TporeciB [4];
TEOPETHYHUM OCHOBaM 3a0e3NeUeHHs SIKOCTI BHIABHUYO-
nostirpadivHux mporecis [5].

Meta. Ha ocHOBI kiacudikariifHoi Mozerni GpakTopiB g0-
JIPYKapCchKOI MATOTOBKY BUAAHb [6] HOCHIANTH OLTBII IPYH-
TOBHO MpPOIEC TEMaTUYHOTO IUIAHYBAHHS KHMXKKOBOI MpO-
nykuii. Pearizaliisi MocTaBieHOro 3aB/iaHHs II0B’sS3aHa 3
HEOOXiAHICTIO: MOOymMOoBA BHXiAHOT TpadiuHOi Moe
3B’A3KIB MK (hakTOpaMu, JOTHYHUMH JI0 BKa3aHOTO TIpolie-
Cy, y BHUIVISII CEMAaHTHYHO! MepexXi; BCTAHOBICHHS PaHTIiB
(hakTOpiB 32 PO3pPaXOBAaHUMH BarOBHMH 3HAYECHHSAMM; MO0Y-
JIOBH OaraTopiBHEBOi MOJIENi NpPIOPUTETHOTO BIUIMBY (aK-
TOpIB Ha SKICTh TEMaTHYHOTO IUIAHYBAaHHS KHMKKOBHX
BU/IaHb.

MeTtonu i pe3yabTaTi HOCHIIKEeHHA. Y TpoLeci TOCTi-
JUKEHHSI BUOKPEMJIEHO HaWiCTOTHIII (pakTopH, IO BIUINBA-
10T Ha SIKICTh JIOJPYKapChKOI MiZITOTOBKH BUJIaHb, 30KpeMa
TpY TEeMAaTHYHOMY TUTaHyBaHHi [6]. Hexait BoHH yTBOPIOIOTH
MeBHY MHOXUHY T= {1, t2 ... ta}. Tomi mpolec miaHyBaHHs
MO)KHAa OIIMCATH AEAKOI0 (DYHKINEI0 3 apryMeHTaMy, IO
CITy’KUTHMYTb T IMHOKUHOIO MHOXHHH T, T00TO0 TP = F (11,
ty, t3, ty, t5, ts). Aprymentu ¢yukiii 7P, sKi BBAXaTUMEMO
(haxTOpaMu MpoIeCy TEMaTHIHOTO TJIaHyBaHHS, BioOpa3u-
Mo y Tabmumi 1.

J171st ToJasbIoro ONKucy BUKOPHCTAEMO EJIEMEHTH JIOTIKH
npenukatie [7/], Ha MiACTaBI 4Oro 3IiHCHUMO MOOYIOBY

38

CeMaHTHYHOI Mepexi [8] 3B s3kiB Mixk ¢akropamu. CemaH-
THYHA Mepeka CIY)KUTAME BHXITHOIO IH(OpMAIiHHOIO
0a3010 — OCHOBOIO JIOCJIJPKEHHSI OKPEMHX IIPOLIECIB €TaIty
JIOJIPYKapChKOI MiZATOTOBKM KHW)KKOBHX BHJIaHb. 3aCTOCY-
BaHHsA BHOpaHUX 3ac00iB 3a0C3MEUUTh KOMIIAKTHICTH Ta
Bi3yaJlbHy HAaOYHICTh IOJaHHS 3B’s3KIB MK (akropamu
BIUIMBY Ha TEMAaTHYHE [UIAHYBaHHS, YIIOPSIKYE BiAHOILCHHS
MDK HUMH, YMOXJIMBUTB 3aCTOCYBaHHsI JIIHTBICTHYHHX CIIO-
co0IB ommCy 3HaHP IIONO JOCHTIIKYBAHOTO IIPOLIECY Ta
BUKOPUCTAHHS MAaTEeMaTHYHOIO amapary ULl PO3paxyHKY
BaroBUX 3HAYeHb (AKTOPIB i, SIK Pe3yJbTAT, BU3HAUCHHS iX
paHriB. SIK HACWIOK, Hagali MO)KHA BHKOPHUCTOBYBAaTH
OTPHMaHI pe3yNbTaTH Ui MPOTHOCTHYHOIO OLIHIOBAHHS Ta
3abe3MeueHHs] SKOCTI OIPYKAPCHKOI MiATOTOBKH KHHKKO-
BUX BUJAaHb Ha OCHOBI METO/IIB 1 3aC00IB HEYITKOI JIOTIKH.

Ta6muust 1. akTopu SKOCTI TEMATUYHOTO TLIAHYBAHHS KHIKKO-
BHX BHUIAaHb

Maremarudne
MTO3HAYECHHS
t1
|

Hazsa

Bun Buganss
Kareropist untaga
Busnauenss nonury
Bubip tupaxy
Crpyxrypa
TepmiH BHITYCKY

t3
ta
ts

t6

CemaHTH4Ha Mepexa (DaKTOpiB SIKOCTI TEMAaTHYHOTO
IUTAaHYBaHHS [I0IaHa Ha pHC. 1.

BukopuctoByrourn MOBY TpenuKaTiB, (YHKIIOHAIBHI
3B’SI3KM MiK (haKTOpPaMH MOJIaMO TAaKMM YMHOM: (v't,) [
(i, Bun BumaHHS) <— CcTa€ OCHOBOMO (¢, ,) A popmye
(t,,t;) A\ BPaxoBYETbCS (t,,t,) /A BU3HAYA€ (¢ ¢ ) A Ile-
penbauae (t,,t)]; (vt) [3 (t, kareropis uuraua) « crae
(t,.t,) A dopmye
(t,,t,) ABwsHauae . ]; (vy) [3 (t; BusHAuenns mo-
muty) < dopmye (t,,t,) A dopMmye (ty,t,) A BIIIMBAE
(t,,t;) AOepe 3a ocHOBY (t,,t,)]s (vt) [3 (t, Bubip
THPAXY) (t,.t,) /\BPaxOBYETHCA
(t,.t,) AOepe 3a OCHOBY (t,,t,) /ABIUMBAE (t,,t.) ]

OCHOBOIO (t,,t,) /\ BPAXOBYETHCSA

<  BPaxOBYEThCS

(vt) [3 (t, cTpykTypa) < Bu3HAuae (¢ t,) A BU3HAYae
(t.,t,) ABIIBaE (¢ t,) ABmsHauae (tg,t;)]; (V)
[3 (tg Tepmin Bumycky) ¢ mnepembadae (t,,t,) /A BIUIM-
BaE (t,t,) /\BU3HAYAE (t ,t,)].
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Ha mincraBi ceMaHTHIHOT MEpeXi U KOXKHOTO 3 (pakTto-  mpsiMi Ta omocepeakoBaHi. Ilpukmam Takoro rpada s
piB OymyroThCs i€papxidHi JAepeBa 3B’S3KiB 3 iHIIIMHU (ak-  (axTopa «BUI BUAAHHSI» HABEICHO HA PHC. 2.
TOpaMH, BPAaXOBYIOUM BIUTMBH 1 3aJIeKHOCTI 000X THIIB —
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Pucynok 1. CemantiyHa Mepeska (HakTopiB sIKOCTI TEMATUYHOTO TUTAHYBAHHS KHIDKKOBUX BUJIaHb

HactynHum kpokoM OyJie BCTAaHOBJICHHSI BarOBUX PaHTiB Po3paxoByeMo cymapHi BaroBi 3HAU€HHs MPSIMOTO Ta
(bakTOpiB Ta PIBHIB MPIOPUTETHOCTI iX BIUIMBY Ha IPOLEC  ONOCEPEIKOBAHOTO BIUIMBIB (DaKTOpiB Ta IX IHTErpaibHi
TEMaTUYHOTO IUIAHYBAHHS KHIJKKOBUX BHJIAHb 3 BHKOPHC-  3aJICKHOCTI Bif iHImMX ¢akropis [10].

TaHHAM METONy parxyBaHH [9)].

Pucynok 2. I'pad iepapxiunux OaraTopiBHEBUX BIUIMBIB Ha IPUKIIai (hakropa t1— BrI BUIAHHS.

Ta0auus 2. Po3paxyHKOBi aHi pamKyBaHHS (JaKTOPiB TEMAaTHIHOTO IUTAHYBAHHS

Hom Pisenb
pacnopa | | | 10| 1o | o | S| 80| 80| sy | s [ o piopu-
TCTHOCT1

1 5/4[10]0|5|2)] 0] 0 120 5 1

2 3/2(1]0/|30)10[-10] 0 |80 4 2

3 0/]0]4]2]0)|0]-40]/-10] 0 1 5

4 210[2]1]20|0|-20]-5|45 3 3

5 21012120 0]-20/-5]|45 3 3

6 0/]0]3]2]0)|0]|-30[-10] 10 2 4

BeeneMo Taki no3HaueHHs: Hexai Kj — KUTbKICTh BILIMBIB 4 6
j = 1 — npsmux, i = 2 — onocepeIKOBaHMX) 1 3aJIeKHOCTEH (i SF] = ZZ Kj W+ max|% j | + maX|S4 j | 3
3 — mpsimux; [ = 4 — OMOCepEIKOBaHKX) IS j-r0 (pakTopa ==t

~
~

J

( =1,..., n); W — Bara i-ro Tuiy, a came: Wp = 10, Wo = 5, Ws -
= -10, ws = -5 ymOBHHX OZMHHIIb. TakoX cyMapHi Barosi 1-u1 pisens = B;"MHH“
BEJIMYMHM M03HauUMO uepe3 Sj. Toxi otpruMaemo Taki po3-
PpaxyHKOBi (opMyIH: : 2
. . ; Kareropis untaua
— — = 2-i pieenn
Sj _kijvvi(l _112141 J —1,...,n),(1) R

Jie N— Homep dakropa. i
JI1s1 KOHKPETHOI CeMaHTHYHOT Mepeski puc.l 3 orsaay Ha —

4 6
§ =22 kW )
i=1 j=1
SKio 11t meBHOTO (hakTOpa OUH 3 THIIIB 3B'S3KY BiJICY- 4-i1 pigens
THi#, TO #oro 3HadeHHst Kjy Bupasi (2) Gyme piBHAM HYITIO.
Hageznena ¢opmyina ae 3Mory OTpUMAaTH BaroBi 3HAYEH-

Hs1 paH>KyBaHHI 3 BPaXyBaHHAM PI3HHX THIIIB 3B’ s3KiB. Epploens Busnavenns nomuTy

Ockinbku k3 < 0 Ta Kg < 0, TO 1711 OTPUMAHHS IONATHHX L
CyMapHHX BAarOBHX 3HaueHb TpaHc(opmyemo (popmyiy (2) PucyHok 3. BararopiBHeBa MOJIE/b BATOBUX 3HAYCHb (HaKTOPiB
J10 TaKOTO BUITIAAY: SIKOCTI TEMATHYHOTO IJIAHYBAHHSI KHIDKKOBHX BHIaHb

Tepmin BUMyCcKy
’Il
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VY pe3ynbrari OTpUMYEMO TaONUINO 2 JUIs BCTAHOBJICHHS
paHriB (akTopis.
OCKiIbKU max|%j | = 40, max|S4J | —10 (tabm. 2), To

i BenmMuuMHU cymyemo. OTpHMaHe MiJCYMKOBE 3HAYCHHs
JIOJIAETBCS IO BMICTY KOJIOHOK Sy, &, S5, § . [icTaemo Sy
— OCHOBY JUIsl BCTAHOBJICHHSI PaHTiB (haKTOPIB Ta, 3pEILTOIO,
1 piBHIB NPIOPUTETHOCTI BIUIMBY Ha TEMAaTHYHE TJIAHYBaHHSL.

VY migcymMKy OyayeMo OaraTopiBHEBY MOJIEIb BarOBHX
3HaueHb (PAKTOPIB SIKOCTI TEMAaTUYHOTO TUIAHYBAHHS KHWK-
KOBHUX BHIAHb PUC. 3, BUKOPUCTOBYIOUH JaHi KOMOHKH «Pi-
BEHB MPIOPUTETHOCTI» TaOMI. 2.

BucHoBkm. Y pe3ynbTari JOCIHIKEHHS TOOYIOBaHO ce-
MaHTUYHY MEPEXy 3B’SI3KIB MK (paKTOpaMy TEMaTHIHOTO
IUIAHYBaHHs. 32 METOJIOM PaH)XKyBaHHS PO3PaXOBaHO PaHIU
BHOKPEMJICHHX (DaKTOPIB Ta BH3HAYEHO PiBHI MPIOPUTETHOTO
BIUIMBY BKa3aHHWX YMHHHKIB HA TPOLEC TUIaAHYBaHHS JPYKO-
BaHOi mpoxykuii. CHHTE30BaHO OaraTopiBHEBY MOJIEIb Baro-
BUX 3HAUCHh (DAKTOPIB, KA MOXKE CTATH IiJCTABOKO IS
NPOEKTYBAaHHS 1 PO3pPAaxyHKy aJbTEpPHATUBHUX BapiaHTIB
peaizaliii mpoIecy TeMaTWYHOIO IUIaHYBaHHS BHIAHb Ta
MPOTHOCTHYHOTO OIlIHFOBAaHHS 3aC00aMM HEYITKOI JIOTIKU
SIKOCTI IOAPYKAPCHKOTO I ITOTYBaHHA KHIYKKOBOT MPOTYKIIIL.
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M odé of quality assurance thematic planning of book publications
O.1. Odnchuk, I. V. Pikh, V. M. Senkivskyy
Abstract. A semantic network of thematic planning factors was constructed and functional communication between them was described by
means of predicate language. The hierarchica scheme of multilevel influences for the "type of publication™ factor is given. Priority leves of
the action of factors on thematic planning by the ranking method are established. The mathematical dependences are presented, on the basis
of which the ranks of the separated factors are cdculated. The results of the research are reflected in the form of a multi-level mode of the
weight values of the priority influence of factors on the qudity of thematic planning of book editions.

Keywords: thematic planning, Factors, model, semantic network, the language of predicates, hierarchy, ranking method , matrix, priority
levd.

Mogenn ofecrieyeHHs1 Ka4eCTBA TEMATHYECKOr0 IVIAHUPOBAHUS KHIKHBIX H3aHMIi
0. U. Ocunuyk, U. B. IInx, B. H. CenbkuBckuii
Annortanusi. [ToCTpOCHO CEMAaHTHYECKYIO CeTh (haKTOPOB TEMAaTHUYECKOTO IIAHMPOBAHHS U OMHCaHbl (DYHKIMOHAIBHBIC CBS3H MEXIY
HUMH CpEJICTBaMU SI3bIKa TPEINKaToB. [IpruBeeHa repapXmdaeckas cXxeMa MHOTOYPOBHEBBIX BO3ICHCTBUIA s (paKkTOpa <«BHI H3TAHHUS.
YCTaHOBNEHBI YPOBHH MPHOPHTETHOCTU ACHCTBUS (PaKTOPOB HA TEMaTHYECKOE TUIAHHPOBAHUE 10 METOAY pamKupoBaHus. [IpuBeneHsI
MAaTEMAaTHYECCKUEC 3aBUCUMOCTH, HA OCHOBAHHUH KOTOprX paCC‘{I/ITaHbl paHm BBIJICJICHHBIX (baKTOpOB. PeSyHbTaTbI HCCIICI0OBaHUS OTpa)KeHbI
B BHJC MHOFprOBHeBOf/i MOJCJIN BECOBBIX 3Ha'-leHI/1ﬁ l'lpPIOpPITeTHOFO BIIMAHUA (balcropos Ha KQ4eCTBO TEMATHUYCCKOI'O HHaHI/lpOBaHHﬂ
KHWKHBIX U3JIaHUMN.

Knrouesvie cnosa: memamuueckoe niaHuposauue, Gakmopbvl, MOOeib, CeMAHMUYECKAs CeMb, A3bIK NPEeOUKamos, uepapxus, Memoo
PAMICUPOBAHUSL, MAMPUYA, YPOBEHL NPUOPUMENHOCTIU.
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AHHOTauuUsA. YPOBEHb ABHAMOHHOM 0E30MaCHOCTH a3poIopTa CYILECTBCHHO 3aBUCUT OT COCTOSIHHA cHCTeMbl «Ciyk0a aBHAIMOHHON
6e3onacHoctu (CAB) — cyObeKThI, cOBEpIIAOIINE AKThl HE3aKOHHOTO BMEIIATENBCTBA B JICATEIBHOCTD a3pOIOPTOBY» U (PYHKIIMOHATIEHOTO
cocrostHust corpynHuKoB CAB. TlosToMy HoBBIIIEHHE G€30ITaCHOCTH a3POIIOPTOB MOXKET OBITH JOCTUTHYTO JIUIIb P CUCTEMHOM IIpUMe-
HEHHH OPTaHM3aI[MOHHBIX Mep M Mep, HAlPaBIeHHBIX HA CHIDKEHHUE BIILTHUS YeToBe4ecKoro (akropa Ha dp(HEeKTHBHOCTD JIESTEIEHOCTH
CAB. B crarbe npuBeieHbl MOZEIH IPOLIECCOB MPOAKTUBHOTO M AJIANITUBHOTO YIPABICHHS YPOBHAMH COCTOSHUS yKa3aHHOW CHCTEMBI U
cotpyuukoB CAB, sBisroruecs: OCHOBOH MOZIEIMPOBAHHMS MPOLiEcca YIPABICHHS YPOBHEM aBUALIOHHOM G€30MacCHOCTH a3pONOPTOB.
Kniouesvie cnosa:. asuayuontas 6e30nacHocmp, asponopm, ciyicoa asuayuorHol Oe3onacHocmu, GyHKYUOHAIbHOEe COCMOAHIUe, NCl-

Xogusuonoauueckuii pecypc.

Beeagenne. AHanmu3 aHaNIUTHYECKHX MAaTEpUANlOB CBHIE-
TETIbCTBYET O HEYIOBIETBOPUTEIFHOM COCTOSHUM ABHAIIH-
OHHOW 0E30IIaCHOCTH B IIEJIOM pSZIC a3pOIOPTOB MHUPA, UTO
MPOSBIISACTCS. B HECIOCOOHOCTH TPEAOTBPATUTH TEPPOPU-
CTHUYECKHE aKThl. DTO 0OYCIIOBIMBAET aKTyaIbHOCTh pellie-
HUS 33]1a4¥ TIOBBIILICHHSI YPOBHS aBUALMOHHOW Oe30macHo-
CTH a3pOIIOPTOB.

ABnarioHHas 0e30MacHOCTh a3poINopTa CYIECTBEHHO
3aBHUCHUT OT 3(PPEKTUBHOCTU PAOOTHI CITyKObI aBUALIOHHON
6esomacHocT (CAB), KOoTOpass B 3HAYUTEIFHOW CTEIICHH
3aBHCHT OT NPaBHIBHOCTH ICHCTBUI €€ COTPYJHHKOB U
000CHOBAaHHOCTH PEIICHUH JIHL, TPHHUMAIOIINX PEIICHHS
no opranm3anuu gesitensHoct CAB [1,2]. TlosToMy MoBbI-
IIeHHe 0E30IaCHOCTH a’pPOIIOPTOB MOKET OBITH JOCTUTHYTO
JIMIIB TIPA CHCTEMHOM NPHMEHEHHH OPTaHU3A[MOHHBIX MEp
U Mep, HalPaBJICHHbBIX HA CHU)KEHHE BIIMSHUS YEIOBEYECKO-
ro (akTopa Ha 6E30IaCHOCTb.

B kauecTBe OCHOBHBIX HAaIpAaBICHUH MOBBINICHHUST 0€3-
OTIACHOCTH a3POIOPTOB BBIAEINM CIIETYIOIIHE:

1. IToBbimenue 3¢heKTHBHOCTH (KadecTBa OpraHU3aIuiN)
pabotet CAB 1O MPOTUBONEHCTBHIO aKTaM HE3aKOHHOTO
BMEIIATENbCTBA B JESTENHHOCTD a9POTIOpTa.

2. TloBbimenue 3 PEeKTHBHOCTH TPOTHBOJCHCTBHS YTPO-
3aM, OOYCJIOBJICHHBIM 4eJIOBEUeCKHM (hakTopoM (HeHasyie-
KalrM (YHKIMOHATIEHBIM COCTOSIHHEM COTPYIHHKOB a3p0-
TIOPTOB, OT JICWCTBHI KOTOPBIX 3aBUCHUT OE30I1aCHOCTB);
3aMETUM TIPH 3TOM, YTO 3TO )K€ OTHOCHUTCS U K JIUCTIeTYepaM
yIpaBJeHUs] BO3JAYIIHBIM JIBIKEHUEM, YbW HElpeJHaMe-
pEHHBIE OIIMOKM MOTYT CTaTh NPUYMHON aBHAIpOUCIIe-
CTBHH, T.€. OTPUIATEIIHHO CKa3aThCs Ha 6€30MIaCHOCTH MoJIe-
TOB BO3/IYIIHBIX CYJIOB.

[Nobimenue ¢ dextnBHOCTH paboTel CAB MOXET OBITH
JIOCTUTHYTO Ha OCHOBE MOJICIIMPOBAHMS CIIOKHOM CHCTEMBI
«CAB — cyOBeKThl, COBEpINAIOIIME AaKThl HE3aKOHHOTO
BMEIIATENbCTBA B JesTeNbHOCTE adponiopta (CAHB)».

OCHOBHBIMH IYTSIMH TOBBIIIEHHS 3()PEKTHBHOCTH HPO-
THUBOJEHCTBUSL yrpo3aM, OOYCIIOBICHHBIM YEJIOBEYECKUM
(hakTOpOM, SIBIISIOTCS:

- TToBbIIIeHNE d(P(YEKTUBHOCTH pabOTHI CITyk0, OLIEHUBA-
IOMIMX CHOCOOHOCTH W TOTOBHOCTH COTPYIHHKOB a3pOIOp-
TOB BBINOJHATH TPO(ecCHOHANbHBIE (IOHKHOCTHBIE) O0s-
3aHHOCTH, a TaKXe OCYIIECTBILIIOMNX KOHTPOJb JIOCTYyIIa
COTPYAHHUKOB Ha MX pabodme MecTa M MPEIOTBPAIIAFOIIINX
JIOCTYII Ha paboure MecTa HEeCAHKIMOHMPOBAHHBIX JIMI] U
JMIL, HAXOMSIIMXCS B HEHaIeKaleM (YHKIHOHAJIEHOM
(bmznueckoM, NCUXO(PHU3HUOIOTHYECKOM WM Jp.) COCTOSI-
HUU,
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- TIOBBIIICHNE YPPEKTHBHOCTH KOHTPOJIA (HYHKIINOHATH-
HOTO COCTOSIHHS COTPYIHHKOB a3poIopTa B TEUCHHE pabo-
Yeil CMEHBI ¥ €T0 KOPPEKIHA B CIIydac HaXOXKICHHS YeIOBe-
Ka B HEHaJIe)KaIlleM COCTOSIHUM.

B crathe npuBeneHs! pa3paboTaHHBIE B IIpOIiecce MPOBe-
JICHUS HCCIIEA0BaHUI MOJIEINH, JIeXKalllle B OCHOBE pa3pabdo-
TaHHBIX aBTOPOM METOJIOB NOBBILICHUS 3()(PEKTUBHOCTH U
KayecTBa INPOAKTUBHOTO YIPABICHUS JEATEIbHOCTBIO (CO-
crosaueM) CADB, criOCOOHOCTBIO M TOTOBHOCTBIO UEJIOBEKa
BBITIONIHATE NPO(ECCHOHANBHBIE OOS3aHHOCTH, a TaKkkKe
METO/IOB TIOBBIIICHNUS 3(()EKTUBHOCTH 1 KadecTBa alalTHB-
HOTO yIpaBJIeHNs (PyHKIMOHAIBHBIM COCTOSIHIEM YEIOBEKa
B TeUeHHE paboyveil CMEHBI.

[TprmeHeHne pa3pabOTaHHBIX MOJETEH W METO/OB MO3-
BOJIICT OCYILIECTBIISITH KOPPEKIMIO (PYHKIMOHATBHBIX CO-
crosuuii cucreM «CAB-CAHB» u cotpynuukoB CAb u
TakuM 00pa3oM YNpPaBJIATh TEKYIIUM COCTOSHHUEM aBHAIlH-
OHHOM 6€30I1aCHOCTH a’poIIopTa.

MogaesimpoBaHue Npouecca MPOAKTUBHOIO YIpaBJe-
Husi coctosinueM cucrembl «CAB-CAHB». [IpoakTBHOE
ympasnerne coctostHueM cucteMel «CAB-CAHB» ocy-
IIECTBISIETCSl HA OCHOBE pacuera BEpOSTHOCTEH Iepexoja
CHCTEMBI M3 COCTOSHHMS 3allJUIIEHHOCTH B APYI'HE COCTOS-
HUS, B KOTOPBIX MOXET OKa3aThCs CHCTEMa BCIIEACTBHE
COBEpIICHUS 3JIOYMBIIUICHHNKAMHA aKTOB HE3aKOHHOTO
BMEIIATENbCTBA B JIEATENIHLHOCTh asponopra. KommuecTso
cocrostnuit cucteMbl «CAB-CAHB» omnpenensiercss cTpyk-
typoii CAB. [lnist oueHku 3G QeKTHBHOCTH pabOThl pa3iny-
HBIX monpaszneneHnii CAb mMoryT OBITH BBIOpaHBI, HaNpH-
Mep, TaKHe COCTOSIHUS. COCTOSHHE HapyIIEeHHs MPOITyCKHO-
ro pexxuma (IpHU HECaHKIIHOHWPOBAHHOM IPOHHUKHOBEHHH
37I0YMBIIUICHHUKA B KOHTPOJIMPYEMYIO 30HY), COCTOSHHE
HapyIIEeHHs] BHYTPHOOBEKTOBOTO pexkuMa (TIpH MPOBEACHUN
37I0YMBIIUIEHHUKOM HECAHKI[MOHUPOBAHHBIX JEWUCTBUM B
KOHTPOJIMPYEMOH 30HE), COCTOSIHHE 3aXBaTa a3poIopTa WiH
BO3JIYIIIHOI'O Cy[HA.

Js noctpoenust moaemu cucteMbl «CAb-CAHB»Y Obuti
MPOAHATU3UPOBAHBI MPOLECCH B KaXIOM €€ MOJACHCTEME U
pazpaboTaHa cxema CONPSDKEHHs IOJICUCTEM, HCXONS M3
croco0a MX B3aNMOJICHCTBHS MPH PEIICHUN 3a/1a4, CTOSIINX
nepen CAB.

HVcxonHble IPEATonoKeH s, XapaKTepru3yIoIre B3anMo-
neticteue anemeHToB cucteMsl «KCAB-CAHBY:

1. Manmmatopom B3aumozerictBust CAb u CAHB sBms-
10TCS 37I0YMBIIUIEHHUKN — OT HUX MCXOJUT yrpo3a 6e3orac-
HocTtu. CoBokynHocte CAHB paccMmaTpuBaeTcs kak MHO-
TO3JIEeMEeHTHAsl CHCTeMa, OOBEMHEHHAas €IMHCTBOM LIETIH —
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YCIEIIHBIM 3aBEpIICHUEM aKTa HE3aKOHHOTO BMeIIaTellb-
CTBa B JIESITENIBHOCTD a9pPOIIOPTa.

2. TToncuctembr CAB, BeTymasi BO B3aMMOCHCTBHE CO
37I0yMBIIUICHHAKAMH, JEHCTBYIOT aBTOHOMHO, TIPH 3TOM
pe3ynbTaT B3aMMOJCHUCTBUSA OJHOW MOJACHCTEMBI HE BCETIa
JosokeH (MoKeT) OBITh OJOKHTEIBHBIM, TIPH 9TOM CAHHH-
YHBI OTPHUIATEIbHBIN pe3ynbTaT B3amMoneicTeust CAb u
37I0yMBIIIICHHUKOB HE SIBICTCSI €T0 3aBEPIIAIOIIUM aKTOM.

3. Ilepexospl CHCTEMBI M3 OJHOTO COCTOSIHUS B JIpyroe
00YCJIOBJIEHBI TIPOSIBICHUEM psiia (HaKTOpOB (COBOKYITHO-
CTBIO YIPO3), KOTOpBIE PACCMAaTpPUBAIOTCSl KaK MOTOK CO-
OBITHH, CIIEIYIONMX B CiIy4aiiHble MOMEHTHI BpeMeHu. Tak
KaK BEpOSITHOCTh OJHOBPEMEHHOI'O HACTYIUICHUS ABYX WM
Oosnee COOBITHI 3HAYUTENHFHO MEHBIE, YEM OJJHOTO, TO
MOTOK COOBITHH OyaeM cYWTaTte OpAMHApPHBIM. [loTOK co-
OBITHIA HE SABJISETCS JTaBUHOOOPA3HEIM.

IIpy npUHATUM yKa3aHHBIX MPEATNOJIOKECHUN BEpOST-
HOCTb TIOSIBICHUSI KAKOTO-THO0 COOBITHS Ha ONPEACIICHHOM
MHTEpBaJIc BPEMEHH MOKHO CIMTATh HE3aBUCHMOI OT YHCIIa
coOBITHII Ha OPYTMX MHTEPBaJaX BPEMEHH, T.€. MOTOK CO-
OBITHI MOXKHO CUMTaTh ITyaCCOHOBCKHUM IMOTOKOM 0e3 Ioc-
ﬂeﬂeﬁCTBHH 1 OIMUCBIBATH U3BCCTHBIM B TCOPUHN BEPOSATHOC-
Teit pacpenenenuem [yaccona [3].

By,ueM npeanojararb, YT0 BCC BEPOATHOCTHBIC XapaKTC-
PHMCTUKH COOBITHH IS JTII0OOTO MOMEHTA BPEMEHH OIpee-
JITIOTCS] TOJIBKO 9TUM MOMEHTOM BPEMEHH M HE 3aBHUCST OT
TIPEIBICTOPHU. ITO CBOMCTBO BMECTE ¢ KOHEYHOCTHIO UHCIIA
COCTOSIHMH CHCTEMBI TTO3BOJIIET YTBEPIKAATh, YTO HCCIEIY-
MBI Tpolecc sBisieTcss MapKOBCKUM CITydalHbIM IIPO-
LIECCOM.

3aaga COCTOUT B TOM, YTOOBI OINPENEIUTH BEPOSITHOCTH
Po(t), P(Y),..., Pa(t) Haxoxmenus cucremsl (WM €€ MOJICHC-
TCMI)I) B TOM WJIM UHOM COCTOSIHUHU KaK q)yHKHI/II/I BpPEMCHU.

B kagectBe monenu cuctemsl «CAB-CAHB» mpenyiara-
ercst rpadoBasi MOJIelb, ONMCHIBAOIIAS CHCTEMY 4epe3 ee
BO3MOKHBI€ COCTOAHUA U TIEPEXOJIbI U3 OJTHOT'O COCTOAHUSA B
npyroe. MaremaTtudeckoi (opmanusanueit MoJeu sBJisie-
TCs cucremMa anddepeHnnanbHbIX ypaBHeHni Konmoroposa
[3] orHocuTenbHO BepositHOcTek Po(t), Pi(t),..., Pn(t). Perurs
YKa3aHHYIO CHCTEMY MOXKHO ITyT€M Ilepexoja K 3ajade
Komm n mpumeneHust npeodpa3oBanmii Jlammaca i duc-
JICHHBIX METO/IOB.

KommaectBenHoe pemrenne cuctemsl auddepeHnnans-
HBIX ypaBHeHuil KoimoropoBa BO3MOXKHO TIpH YCJIIOBUH
JIOCTATOYHOT'O KOJIMYECTBA CTATHCTUYECKUX JAHHBIX O BEPO-
SITHOCTH TIEpeX0/ia CHCTEMBI U3 OHOTO COCTOSIHHS B JIPYTOE.
OpHako, B HacTosee BpeMsi Takas HH(pOpMAalus OTCYyT-
CTBYET, 4YTO JeNlaeT pelIeHHe 3aJadd C MPUMEHEHHEM
TNPAMBIX CTATUCTUYCCKUX METOI0B HEBO3MOYKHBIM.

[t noydeHns CTaTHCTUYECKUX JJAHHBIX, HEOOXOIUMBIX
Juist penreHnst ypaBHeHud Kosomoropoa (ompezeneHust
BeposTHOcTeN nepexonos cuctemsl «CAB-CAHB» u3 ox-
HOTO COCTOSIHHSL B JPYTHE), pa3pa0oTaHbl KBaJUMETpHYC-
CKHE MOJIEIH AKCIUTYaTalMOHHBIX TPOLIEYP, BHIIOIHAEMBIX
corpyauukamu CADB, mnpnMeHeHne KOTOpBIX IT03BOJISET
pacCUUThIBATG BEPOATHOCTH, HCO6XO}II/IMBIG Ul pEHICHUA
ypaBHeHui KosiMoroposa, Ha OCHOBE 3KCIIEPTHBIX OLICHOK.

Ha ocHoBe mpemioskeHHON Mopenu pa3paboTaH METOx
KOJITYECTBEHHO! OIICHKH YPOBHS aBHAIIMOHHOW 0€30macHO-
CTH a3pOTIOPTOB, PUMEHEHHE KOTOPOTO JAaeT BO3MOKHOCTh
YIPaBIATh ABHAIIMOHHOW OE30MaCHOCTBIO, HYTO, B CBOIO
oyepenb, IO3BOJISIET MOBBICUTH A(PPEKTHBHOCTH PadOTHI
CAB.

MonenupoBaHue mponecca aJanTHBHOTO YIPABJIeHHSI
(yHKIMOHAIBLHBIM cocTOsiHHeM coTpyaHukoB CAB B
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TeyeHHe padoveld cMeHbI. [[OBBICUTH aBHALMOHHYIO 0e3-
OIACHOCTh a3PONOPTOB HA OCHOBE CHIDKEHUS BIMSHUA 4Ye-
JIOBe4ECKOro (hakTopa IpeIaracTcst MyTeM YHPABICHUS
(YHKIOHAJIEHBIM COCTOSTHAEM COTPYJHHUKOB a3pOIIOpPTOB, B
mepByto ouepenp — corpynHukoB CAB, B Teuenne paboueit
CMCHBI.

Paboty cucrems! yrpaBieHus1 (yHKIHOHAIBHBIM COCTO-
SIHIEM COTPYIHHKOB a3pONOPTOB MpEAjaraetcsl MpecTaB-
JISTh B BHJIE MOJENU CHUCTEMBI aJaNTUBHOTO YIpaBIECHUS,
BKJTFOYAIOIIEH JB€ MOJCUCTEMBI: YIIPABIISIOIIYI0 CUCTEMY U
00bekT ympasnenus [4]. OObeKTOM yHpaBieHHUs! SBISCTCS
YeloBeK, a YMpaBJAoIIel CHCTeMONl — OpraHU3alMOHHO-
TEXHHYECKasi cucteMa (hOpMHUpPOBAHUS YPOBHS €r0 paboToC-
HOCOOHOCTU.

Pemenne npobneMs! 3¢eKTHBHOTO yrpaBieHUs pado-
TOCHOCOOHOCTBIO YeoBeKa HAXOAUTCS B 00JIaCTH yIIpaBIIe-
HHS €TO COCTOSHUSIMU M 3aKJIFOYAcTCs B TIOBBIIICHUH Kadec-
TBa YIPABIIAIOIINX BO3AEHCTBUM.

Ha Bxox o0BbekTa ynpasieHHUs MOAAI0TCS HHPOPMAINOH-
Hasg W (U3MYECKass Harpy3Kd, KOTOPBIC BO3JICHCTBYIOT Ha
YyeloBeKa B TEYEHHE CMEHBI. lIpu 3TOM pacCUMTHIBArOTCS
3HAa4YeHHUs TIapaMeTpa, XapaKTepU3yIOIEro (GyHKIMOHAb-
HOE COCTOSIHHE YeJloBeKa (IOTOBHOCTh YeJIOBEKa IPOJIOJ-
JKaTh BBINOJIHATH NMPO(QECCHOHANBHBIE O0S3aHHOCTH). JTH
3HAUEHUs CPAaBHUBAIOTCA C MPUEMIIEMBIMHU (IOIyCTUMBIMH)
3HA4YEHMSIMH, KOTOPbIE PETJIAMEHTUPYIOTCSI HOPMAaTHBHBIMH
TpeOOBaHMSIMU K PabOTOCIIOCOOHOCTH YEJIOBEKA B Pa3IIvd-
HBIX CHTYaLlMSIX U YCIIOBUSIX TPY/Ia.

OTKIIOHEHNE 3HAYEHNH YKa3aHHOTO MapameTpa OT JIOMy-
CTUMBIX 3HaYEHUH paccMaTpuBacTCsl Kak KpUTEpU paboTo-
CIIOCOOHOCTH, KOTODBIH IIO3BOJSAET OIEHHTH T'OTOBHOCTH
corpyauuka CADB BBINONHATE MpogecCHOHANIBHBIE 00sI3aH-
HOCTH. B KadecTBe Takoro KpUTepHs MpeaiaracTcsi BBECTH
HOBBI MOKa3aTenb — MNCUXO(H3UOJIIOTHYECKHH pecype
(I1DP), onpenenseMslii Ha OCHOBE OIEHHUBAHHS COCTOSHUS
CEepIICYHO-COCYICTON CHUCTEeMbI dYesioBeKa. V3BecTHO, 4TO
COCTOSIHHE CepACYHO-COCYANCTON CHCTEMBI SBJISCTCS MHTe-
TPAILHOM XapaKTEpUCTUKOM, MO3BOJISIOIMIEH OLEHHUTh COC-
TOSIHUE PETyJISITOPHBIX CHCTEM OpraHu3Ma 4eJjoBeKa M ero
aJIaNTallMOHHBIE BO3MOXKHOCTH.

B Hacrosiiee Bpems HanOoiee MH(POPMATUBHBIM HEHH-
Ba3WBHBIM METOJOM KOJMYECTBEHHOH OLEHKH (DyHKIMOHA-
JIBHOTO COCTOSIHMSI OpTaHM3Ma 4eJloBeKa IPHU3HAHO Olpene-
JICHHE BapHaOeNbHOCTH CEpICUHOTO PUTMA — H3MEHYMBOCTH
HPOJIOJDKUTEIFHOCTH MHTEPBAJIOB IOCIIEIOBATENIBHBIX IIHK-
JIOB CEp/ICUHBIX COKPAIIECHHH 32 ONpPEIe/ICHHBIE IPOMEXKYT-
KU BpeMenH [5,6].

Ipennaraercs B kauecTBe MOKa3aTeNsi TOTOBHOCTH YeJO-
BEKa BBINOJHATH NPO(EeCCHOHAIBHBIE 00S3aHHOCTH MPUMe-
HSTh «MHJIEKC HANpsDKEHMS», NpeyIokeHHbI npod. baes-
ckuM P.M. [5]. DToT mokazaresp mpemiaracTcsi HCIob30-
BaTh Ui Xapaktepuctuku I1OP mepen Hauamom cMeHBI U
NpY  aHajM3e W3MEHeHWH (PyHKIMOHAIBHOTO COCTOSIHHS
YeJIOBEKa B TeYEHHE CMEHBI.

Wupnekc HanpsbkeHUs peryiasTopHsix cucreM (MH) geno-
BeKa OMpeJeIsIeTcs 10 IEKTPOKapIHOrpaMMe IyTeM H3Me-
peHust BapuabesHOCTH cepaedHoro putMma. B Hopme MH
kosrebnercs B ipenenax 80-150 ycIoBHBIX €IMHHII.

B Tedenune cMeHBI Ha PabOTOCIIOCOOHOCTH COTPYAHHUKA
CAD 0Ka3bIBalOT OTpHIIATEIBHOE BIUSHUE CITyYaiiHbIe HEy-
TpaBIIsieMble BO3AEHCTBHSA (CTPECCOBBIE HArpy3KH, KIMMa-
THYECKUE U JPYTHe YCIIOBHS, B KOTOPBIX PabOTAIOT COTPYI-
HUKHU asporiopta). [Ipy Bo3eHCTBUM CTPECCOBBIX HArpy30K
9TOT MOKazaTelb y coTpyaHukoB CADB — mozeit co 310poBoit
CEepIEYHO-COCYIUCTOM CUCTEMON — MOXET MOBBIIIATHECS /10
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200-300, mpuyeM, YeM BBIIIE ITOT TOKa3aTesb, TEM CHIIBHEES
YpOBEHb CTpecca.

B peanbHBIX yCIIoBHAX pa00Ta YeloBeKa B TEUCHUE CMe-
HBl COINPOBOKIACTCS HW3MEHEHWEM €ro COCTOSHHUSA. OTO
MOXeT OBITh CBS32aHO C YTOMIICHHEM YeJlOBEKa, CIOHTaH-
HBIMH W3MECHEHMSMH €T0 (DU3HYECKOTO M SMOIMOHAIBHOTO
COCTOSIHMSA, APYTUMU NpUYUHaMU. VI3MeHeHue BHYTPEHHETO
COCTOSIHUSI OOBEKTa YIpaBICHUS (ITAPaMETPOB, XapaKTepH-
3ytomnx mmMeHeHue [IDP dvenoBeka B TeueHHE CMEHBI)
00YCIIOBJIMBACT aKTYyaJIbHOCTh Pa3padOTKU MOJICIIH CHCTEMBI
YIIPaBIICHUS, YIUTHIBAIOIIEH STH U3MEHEHMUSI.

Mogenb, yYUThIBAIOIIAs U3MEHEHHSI BHYTPEHHETO COCTO-
SIHUS YeJloBeKa — 00bEKTa YIIPABICHUS, UMEET BUJI:

M={X,AY,By,ST,o,pB} Q)

rne X — MHOXKECTBO 3HAUCHHUI BXOAHBIX MapaMeTpoB; Ax
— TIPOCTPAHCTBO (PYHKIWH, OMFCHIBAIOIINX BXOIHBIE BO3-
JercTBUs; Y — MHOXKECTBO 3HAYEHHMH BBIXOJHBIX ITapaMeT-
poB; By — mpocTpaHcTBO (hyHKIWI, OIIMCHIBAIONINX H3MCHE-
HHE BO BpPEMEHM 3HA4YCHHI BBIXOAHBIX IapamMeTpoB, S —
MHOXECTBO 3HAYEHUH MEPEMEHHBIX MapaMETPOB, XapaKTe-
prByoIMX  (YHKIMOHAJIBHOE COCTOSHHE 4YeoBeKa, T1—
YIOPSIIOYCHHOE MHOXKECTBO MOMECHTOB BPEMEHH, 0. — (DyHK-
1USl, XapaKTepHU3YIoIasi 3aBUCHMOCTh DJIEMEHTOB MHOKECT-
Ba COCTOSIHHI YeJIOBEKa OT BXOJHBIX IMapamMeTpoB (MHGOP-
MAIMOHHOW 1 (PU3UIECKOI HATPY30K) U UCXOJHBIX JaHHBIX,
MOJYYEHHBIX BO BpEMs HPEICMEHHOIO MEIULIMHCKOIO H
TICUXO(PU3HOIOTHIECKOTO KOHTpOIA coTpyauikoB CAB;  —
BBIXOJHAST (PYHKIHSA, XapaKTepU3ykomias 3aBICHMOCTD 3JIe-
MCHTOB MHOXECTBa Y OT 3HAYCHHUI BXOJHBIX ITapaMeTPOB U
BHYTPEHHETO COCTOSIHUSI YEIOBEKA.

PazpaboTtaHHast MOJETb SIBISIETCS OCHOBOH IS TIOCTpOE-
HUS METO/1a TIOBBIIICHHUS KaueCTBa KOHTPOJIS 33 AeHCTBUSAMHU
cotpyauukoB CADB B TeueHne paboueil cMEHBI CO CTOPOHBI
JIUILI, TPUHUMAIOIINX YIIPABICHYECKUE PEIICHUSL.

CyTh aJaliTUBHOTO YIPaBJCHUs] YPOBHEM aBHAITHOHHOM
0€30MacHOCTH a’poTopTa ¢ MPUMEHEHHEM pa3pabOTaHHON
MOJIENT! COCTOUT B OJHOBPEMEHHOM MPOBEJICHUN MOHHUTO-
PHHTa, IPOTHO3UPOBAHUS U YIIPaBICHUS (HYHKIIHOHAHHBIM

COCTOSIHHEM YeJIOBEKa.

[TporHo3upoBanue U3MeHeHUs! (PYHKIIMOHAJIBHOTO COCTO-
saust cotpyannka CAB B TedeHHWe CMEHBI TpesiaraeTcs
MIPOBO/IUTH HAa OCHOBE MOJEIHMPOBAHUS €ro (PyHKIMOHAIIb-
HOM1 AESITEEHOCTH B Pa3IMYHBIX CUTYalUsIX HA TPEHaXKepax.
TectoBble Bo3meiicTBUs mpu padote corpymauka CAB Ha
TpeHa)kepaX BBHIOMPAIOTCS TAKAMH, YTOOBI MOYKHO OBLIO
OIIHO3HAYHO OIIPEJEINTh PEAKIHI0 YeJOBEKa (CTCTICHb W3-
MEHEHHs1 ero (PyHKIMOHAIIBHOTO COCTOSIHHSI) B PEaJIbHBIX
MPaKTHYECKUX CUTYyalusX (IPH pealtbHBIX HH(OPMAIMOH-
HBIX, U3MIECKHX U CTPECCOBBIX BO3JICHCTBUSIX).

Pa3paboranHast MOZIeNb aalITHBHOTO yHpaBieHUs (yHK-
LIMOHAJIGHBIM COCTOSTHUEM YEJIOBEKA SIBIISIETCS] OCHOBOM JUIs
CO3JIaHMs YIPaBJsieMOro Iporecca (GOpMUPOBaHMS TICHXO-
¢muonorngeckoro pecypca corpynaukoB CAB, moBsmire-
HUS CTENEHH MX TOTOBHOCTH BBITIONHATH NMPO(ECCHOHATB-
HbIE 0053aHHOCTH, a CJIEI0BATENFHO U YPOBHS aBUALIOHHON
0€30ITaCHOCTH a3pOTIopTa.

BeiBoabl. B craThe npuBeaeHsl MOJEIH MPOLIECCOB MIPO-
aKTHUBHOTO M aJalITUBHOTO YIPAaBICHUS (PyHKIHOHAIBHBIMA
cocrosHusamHu cucteMbl «CAB-CAHB» u corpynHHKOB
CAB, pa3paboTaHHbIC B MPOIECCE UCCIICIOBAHNUS 3aBUCHMO-
CTH YpPOBHEH aBHAllMIOHHOW OE€30MacHOCTH a’pONOPTOB OT
Pas3sIMYHbIX BHCHIHUX U BHYTPEHHUX (baKTOpOB U ABJIAOIIN-
€csi OCHOBOW IIOCTPOSHWsSI METOJa YIIPABJICHHS YPOBHEM
ABHAILIOHHOW 0E3011aCHOCTH a3pOIIOPTOB.

[TpumeneHue pa3pabOTaHHBIX MOJIETEH MO3BOJISET MOBBI-
CHTb aBHAIIMOHHYIO O€30M1aCHOCTh a3POIIOPTOB HA OCHOBE:

- moBbIIeHUA 3SP(EKTHBHOCTH (KadecTBa) KOHTPOIISL
YpOBHEW CIIOCOOHOCTH M TOTOBHOCTH coTpynHHkKoB CAB
BBITIOJTHATB NMPO(ECCHOHAIBHBIC 00S3aHHOCTH;

- TOBBIIICHUA KAa4YCCTBA KOHTPOJIA 3a L[eﬁCTBPIHMH CO-
TpynHukoB CAB B TeyeHne paboueii CMEHBI;

- TIOBBINICHUSI MH(POPMUPOBAHHOCTH PYKOBOJAUTENEH W
JIPYTUX JHL, NPUHAMAKOIUX PEUIEHUS O COOTBETCTBUU
(YHKIIMOHATIBHOTO COCTOSIHHSI COTPYIHHKOB TpPeOyeMOMY
(mpreMiIeMOMY) YPOBHIO.
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M odeling of the aviation security management process at theair port

V. A. Temnikov

Abgtract. Aviation security level of the airport depends subgtantialy on the state of "Aviation Security Service - subjects who commit acts
of unlawful interference with the airports sysems’ and the functiona state of security officers. Therefore the improvement of airport security
can be achieved only with the systemic gpplication of organizationa measures and measures aimed at reducing the human factor impact on
the effectiveness of the aviation security service. The article presents modds of processes of proactive and adaptive management of the
levels of the state of the system and security officers, which are the basis for modeling of the aviation security management process at the
arport.

Keywords: aviation security, airport, aviation security service, functional sate, psychophysiological resource.
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MATHEMATICS

MaremaTu4yHa MOJ€JIb TEXHOJIOTTYHOTr 0 npouecy miacTuiIHoro
ONnpecyBaHHS CUJIOBOT0 BY3J/1a MOJIIMEPHOrO i30/15iITOpa
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AnoTauisi. CTaTTIo NPUCBIICHO PO3POOL MATEMAaTHYHOI MOZIEIi TEXHOJIOTTYHOTO MPOLECY MPYKHOIIIACTHYHOTO OIPECYBAHHS METAJIEBOTO
3aKIHI[FOBYBaya TOJIMEPHOTO 130JIATOpa Ha CKIOINIACTHKOBOMY CTPIDKHI. 3alpONOHOBAHO AHAITHYHI CITIBBITHONICHHS JUTS BU3HAYCHHS
PIBHSI THCKY OTPECYBaHHS 3 ypaxyBaHHSM Pi3HHX KPHTEpilB BHHHKHCHHS TUIACTUYHOIO CTaHy Ta MoJejeil MEXaHIUYHOI IMOBEIHKH Ma-

TepiajiB 3aKiHI[FOBYBaYa.

Knrouosi cnosa: nonimepruti i3onamop, onpecy8ants 3aKinyb08yeaud, Cunogull 8y30, MuUcK onpecyBanis.

Beryn. MinHIiCTh  CTPHKHEBOTO TOJIIMEPHOTO  i3011ATOpa
BU3HAYAIOTh TEOMETPUYHI TapaMeTpy CHJIOBOTO BYy3Ja, a
TaKOXK TEXHOJIOTiSl Oro BUTOTOBJIEHHS. TEXHOJOTIS BILIH-
Ba€ Ha HaJiHHICTH BUPOOY, HPOLYKTUBHICTH BUPOOHHUILITBA,
c001BapTICTh TOIIIO.

HaykoBo 0OrpyHTOBaHa METOAMKA PO3PaxyHKY TEXHO-
JIOTIYHOTO nporiecy OIpecyBaHHs METaJIeBOTO
3aKIHIbOBYBada Ha CKJIOIUIACTHKOBOMY CTPIDKHI MOTpeOye
JIOOTIPAIIOBAaHHA 3 BPaxyBaHHAM IPY)KHOIUIACTHIHOTO
nehopMyBaHHS METAIy.

Crucnmii aHami3 my0Jikaniid 3a Temoro crarti. [leBHi
3ac00M TPOTHO3YBAaHHS 3YCHJIIS ONPECyBaHHs Oy 3ampo-
noHoBaHi B MoHOrpadii [1] Ta crarrsx [2-4]. Ane 1 3acobu
0a3yroThCsl Ha MPYXKHIH Mozell TOBEAIHKHM Matepiaiy
3aKiHIbOBYBaYa i HE BPaXOBYIOTh 3HaYHI IUIACTUYHI Aedop-
Mailii, ki MatOTh MICIIC Y PEaIbHOMY TEXHOJIOTTYHOMY IPO-
neci ompecyBaHHs. Ha pasi BCi BUPOOHMKH TOJIIMEPHHX
13071ATOPIB B YKpaiHi BU3HAYAIOTh THCK ONPECYBaHHS €KC-
NEPUMEHTAJIEHO, BUTPAYalOud BEJIUKY KUIBKICTh 3yCHIIb Ta
Marepialis.

MeToro 1IbOTO JOCHIDKEHHS € PO3poOKa aJeKBATHOI Ma-
TEMaTHYHOI MOJIEN TEXHOJIOTTYHOTO MPOIIECy NPYXKHBOILIA-
CTUYHOTO J1e)OPMYBaHHS METAIEBOTO 3aKiHIFOBYBada, a
TaKO> 3pYYHHUX ISl BAKOPHUCTaHHS Y KOHCTPYIOBaHHI aHAi-
THUYHUX CIIIBBIHOIICHb BU3HAYEHHS THCKY OIIPECYBaHHSI.

3
AN

5021

169:2°

12917

L

Puc. 1. Cunosi By3u osriMepHoro JiHiifHoro i30sTopa (1 — ckito-

IUTACTUKOBUI CTPYIKEHb, 2 — BEPXHil MeTaleBUid 3aKiHIIbOBYBaY, 3

— HIDKHIA METaJIeBUiA 3aKiHIIbOBYBaY, A — I HIPUYHA TIOBEPXHS

OIpecyBaHHs 3aKiHI[bOBYBaya Ha CKJIOILUIACTHKOBOMY CTPYIKHI, L —
BHCOTA 130J1TOpa)

CKIIOTUIACTUKOBHI CTPHIKEHb 3 3aKiHIIbOBYBauaMH 30-
6paxeHo Ha puc.]l. JIiHIHHIHA TONTIMEPHHUH 130JI9TOp MICTHUTD
CKJIOIJIACTUKOBUIl CTPHKEHb 3 PO3BHHYTOO 130JIIOIOUOI0
CHITIKOHOBOIO 000510HKOIO [4]. Ha oOuaBa KiHII CTpHXKHS
HalpecoBaHl MeTaJIeBi 3aKIHIFOBYBadi 3a JIOIIOMOTOIO
rigpasiigyHoro npecca. CTprkeHb 1 HalpecoBaHUH Ha HHOTO
3aKIHI[bOBYBaY CTBOPIOIOTh TaK 3BaHMH CHIIOBHH BY30J,
SKUH Hece MeXaHIYHe HAaBAaHTAXXCHHs, WO Jli€ Ha KOH-
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CTPYKIIIO i305sTOpa y mporeci ekciuryatarii. Ha pmc.l
BIZICYTHSI CHJIIKOHOBA 130JIs11iiiHA 00OJIOHKA, OCKLIBKH BOHA
HE BIUTHBA€E Ha MIIHICTh KOHCTPYKIIIi.

CuiioBHil By30J1 BUTPUMYE OCBBI PO3TATOBI HaBaHTaXKEH-
HS 332 PaxyHOK CHJIM TEPTS MDK 30BHILIHBOIO MOBEPXHEIO
CKJIOIUIACTHKOBOTO CTPIDKHS 1 HANpPECOBAaHOI0 HA HBOTO
BHYTPIIIHBOIO ITOBEPXHEIO TiJIb3U 3aKiHIbOBYBaYa.

HeBenmke cripoIneHHs KOHCTPYKIii 3aKiHI[bOBYBaya J0-
3BOJISE TIPEJICTABUTH HOTO SIK TOBCTOCTIHHHMHN IMITIHAP CKiH-
YEHOI JOBKHHH, IO MiIA€ThCS 30BHIMTHEOMY THCKY [2, 4].
BBajkaeMoO CKIIOIUIACTHKOBHMH CTPYIKEHb Ha0araTto MEHIN
JKOPCTKIIIMM, HDK Marepian 3akKiHIbOBYBada. BrmBom
CKJIOIUTACTHKOBOTO CTPIDKHS Ha PEXHM OINPECYBaHHS HEX-
tyeMmo. Ha puc.2 npencraBieHo po3paxyHKOBY CXeMy OIIpe-
CyBaHH 3aKiHIIbOBYBaya.

P

Tiom

w

f

Puc. 2. Po3paxyHkoBa cxeMa OIpecyBaHHs 3aKiHIboBYBaYa (I oni,
I'ss — 30BHIIIHIN Ta BHYTPILIHIN pajilycH MHTiHAPa 3aKiHI[OBYBAYa,
Pon — THCK OTIpeCyBaHHS)

[MuraHHsAM MacTHYHOTO Neh)OPMYBaHHSI TOBCTOCTIHHUX
LMJTIHJPIB i AI€I0 BHYTPINIHOTO TUCKY MPHCBSIMEHO BijIO-
BijiHI po3aian MoHOrpadiii Ta nocioHukis [5-7]. IlepeBaxHa
OUTBIIICTh BKa3aHUX aBTOPIB Y SKOCTI MPHUKIIAIA PO3TILIIAE
TOBCTOCTIHHMH IWIIHAP TUIBKA I Ji€f0 BHYTPIOIHBOTO
THCKY. AJle JJI1 pO3paxyHKy IapaMeTpiB peaibHOro TEXHO-
JIOTIYHOTO TIPOLIECy ONPEeCyBaHHs 3aKiHIbOBYBaya IoJiMep-
HOTO 130J15ITOpa aKTyaJIbHHM € CHPOILIECHHS HOro KOHCTPYK-
il 710 TOBCTOCTIHHOTO IWJIIHIpA A €0 30BHIITHHOTO
THCKY.

Posrisinemo  HampykeHo-nedopmoBanuii  cran  (HIC)
OWIIHAPA 3aKiHILOBYBAaYa i JIEI0 3pOCTA0YOrO 30BHIII-
HBOTO THCKY [5, 6]. [Ipy 1BOMY CKOPHCTAEMOCS MOJIEILITIO
IIpanans MexaHI9HOI TIOBEAIHKK Matepiaiy, ToOTo OymeMo
BB@WKATH MaTepiaj 3aKiHIbOBYBaya il€aJbHO MPYKHO-
IUIACTUYHNM O€3 3MIl[HEeHHsI, BUXOJSYM 3 YMOBU HOro He-
CTHCIIUBOCTI.

3 yMOBHU cHMeTpii IWIIIHAPA po3msaeMo 1eopMyBaHHS
SK OCECHMETPUYHE, TIIONEepeyHi Mepepi3u 3aIMIIaloThCs
IJIOCKMMH Ta TIepIeHANKyIsIpHUMH 10 oci. OckoBa aedop-
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Marisi HE 3MIHIOETBCS 3a PaJiycoM Ta 3a JIOBXKHHOIO.
O0’eMHAMH CHJIAMH HEXTYEMO. 3ajadya € IUIOCKOK, Mae
MicIe IUIOCKHH 1e()OPMOBAHMIA CTaH.

BHachijok 0ch0BOi CUMETpii HABAHTAXKEHHS B MPY>KHO-
IUIACTUYHOMY CTaHI HampyXeHHs, nedopmaiii Ta me-
pemilieHHs € GYHKIISIMH TUIBKU pajiycy muninapa. Jotny-
Hi Hampy)XeHHS B OKPYXHOMY Ta paJialbHOMY IIepepi3ax
BizcyTHI. PajianbHi, KOJIOBI Ta OCHOBI HATIPYXEHHS € TOJIOB-
HUMM! 0y =0g,07 :0,0'3 =0y -

B muniagpi, o HaBaHTa)XEHUH 30BHIINTHIM THCKOM, Hali-
Outbllle HampyXeHHs 3a Oyab SIKUM KPHUTEpIEM IOYaTKy
IUTACTHYHOI Tedii, Jli€ Ha 30BHIIIHIA TOBepxHi. [Ipu 1bomy
30BHILIHIA THCK JOCSATa€ TAKOTO 3HAYEHHSI, NP SIKOMY BiJ-
OyBa€ThCS TLTBKE IUIACTHYHE Ie(OpPMyBaHHS.

IovyaTox mmmacTHYHOI Teuil BH3HAYAEMO 3a KPUTEPIEM
Tpecka-Cen-Benana

01-03 =09 —0p =0T @

A€ o, - TPAHHUL TEKYYOCT.

HJC, npu sikoMy OWITHAP MOBHICTIO OXOIUICHUH IUTac-
TUYHOIO TEYi€l0, BBAXKAEMO TPAHUYHIM CTAHOM, a BiIIIOBiI-
HUM HOMY THCK 1 € IIyKaHNM TEXHOJIOTIYHAM IapaMeTpoM
ONTHMAJIFHOTO THUCKY ONPECYBAaHHS METAIECBOTO 3aKiHIIBO-
ByBaua Ha CKIIOIUIACTHKOBOMY CTPWDKHI CHJIOBOTO BY3Ja
i30J1TOpA.

Tuck ompecyBaHHsS BH3Ha4UMO 3 PpO3’si3Ky IuepeH-
LIMHOTO PiBHSHHS PIBHOBArk y MOJIIPHUX KOOPHHATAX

do; (O'r — %9 )
-t ; =0 )]

[MincraBuMo B piBHSAHHS (2) criBBigHOMIEHH (1)

do, o7
dr

Posninumo 3MiHHI do, = op - dr/r Ta poiHTErpyemMo

o, =o7Inr+C; 3
ne C; — crana iHTerpyBaHHs.

1 BUMAIKy 30BHIIIHBOIO HABAHTAKCHHSI MAaeMO rpa-
HUYHI YMOBH

ol
Mr=r

T

=—P, O-"lr:rBH =0 )
Ie TI,,, - 30BHIIIHIA paaiyc IMIiHApa 3aKiHIBOBYBaya,

I, - BHyTpilIHif paJiyC HMITIHApPa 3aKIHILOBYBaYA.
ITOBHICTIO IUTACTUYHHUI CTaH MOXMIIMBHM JIMIIE 3a SKO-

roch BHM3HAYEHOro piBHA TUCKy. IlosHaummo iforo P, .

[MincraBuBim rpanuyaHi ymoBu (4) B (3), oTpuMaeMo iHxe-
HEpHE CITiBBiTHOIICHHS ISl BU3HAYCHHS THCKY OIPECyBaHHS

P, =or In[ Lo J ®)

306H

SIKIIO  CKOpUCTAaTHCST YMOBOIK IuIacTHUHOCTI Mizeca
o, — o, =2/~/3c,, T0 cuiBBiIHOUICHHs (5) npuiive
BUIIISI

Pon :iO-T In[ Lan j (6)
\/5 r308H

TakiM YMHOM, OIiHKA TEXHOJIOTIYHOTO MapaMeTpy THCKY
olpecyBaHHs IIPH BUKOPHCTaHHI CIiBBiHOIIEHb (5) Ta (6)
Bifpi3HAeTHCA Ha 15,4%.

3anexHiCTh paialbHOTO IepeMillleHHs BiJ pajiyca
OWIIHAPA B TUIACTHYHIA 30HI MOXKe OyTHM BCTAHOBJIEHO Ha
OCHOBI CITiBBiJIHOIIEHb &, =du/dr, &g =U/r, U= gt , 3aK0-

Ha ['yKa Ta BeJIM4MH Hanpy»XeHb B PYXHiH oOacTi

2

o1 r

u= £ T T @
2 Er

ne E — Momynp mpy>KHOCTI Matepiany 3aKiHIIbOBYBaua,

r; - Pajiyc pO3MOBCIOIKEHHS IIACTUYHOT 30HH.

Ilpy nii 30BHIIHBOrO THCKY IUIACTUYHA  30HA
PO3MOBCIO/KYETHCSL Y HAIPSIMKY BiJ 30BHIIIHBOI HOBEPXHI
J0 BHyTpimHbo1. Ko mMarepian noBHicTIO nepeiine B ma-
CTUYHUI CTaH CIiBBiHOIICHHS (7) Ha BHYTPILIHIH MOBEPXHI
HaOyBa€e BUIIISILY

2

J3or r

u,, =3 o1 Ten ®
2 E r306H

Ha npaktuii B KOHCTPYKIISX  3aKiHIbOBYBadYiB

TMOJIIMEPHUX 130JIATOPIB  BUKOPHCTOBYIOTH PI3HI MeTaseBi
CIUTaBH, B TOMY YHCII MaTepialii, BIACTUBOCTI SKIX MOYKHA
3 TICBHUM HAONIDKCHHSM XapaKTepH3yBaTH [iarpaMoio 3
JHIAHAM 3MIilTHCHHSM 0€3 TUIOMIAIKH TEKyJOoCTi [ 7].

Bynemo BBakaty, 110 11i MaTepialiil TAKO>K HECTUCIIMBI Ta
0CBhOBa JedopMalrlisi JOPIBHIOE HYIIIO.

INeperBopuMO piBHSIHHS piBHOBard (2) 3 BpaXyBaHHS iH-
TEHCUBHOCTI HAINpyXeHb I IUIOCKOro J1e(hOpMOBAHOTO
CTaHy y TOJAPHUX KOOPAMHATAX o :ﬁé (69 —c,) B0

BUJTY

2% ©

ar J3r

3a BiJICYTHOCTI IUIOLIAAKU TEKYy4OCTI JUIsl HECTUCIUBOTO
Martepiary MaeMo
Oj :MT + ET‘(:i (10)
Je A=1-E;/E - mapaMerp 3MilHEHHd, Er - Moxyib

3MIIHEHHS.
[incrasmsroun (10) B (9), orpumaemo
doy 2 (o1  Erg
a /3 ( r (1D
Buxopsun 3 audepeHiiHoro piBHAHHA I padialbHOTO
niepeMimeHHs [ 7]

du u
i
dr r
3aCTOCOBYEMO 3aKOH 3MIHHM IHTEHCUBHOCTI Jie(hopMaliiit
2 C,
g =—F—=— 12
I \/§ r 2 ( )
[MigcraBumo (12) y (11). Toxi
do, 2 A 2 EfC, |,
=——o7|=+—F—
dr V3 T( r 3 oqrd ]
VY pe3ysbTati iHTETpyBaHHSA OTPUMYEMO
2 r E+C,
o =—4=o7| AIN—+Cy ———= 13
r ‘/5 T [ rr 1 \/EO'T r 2 J ( )

I'paHMuHI YMOBH MalOTh TaKOX BUIIIAL (4) SK y BUNAIKY
3 iZleaJIbHO TMPYXXHOIUIACTUYHUM MarepiasioM. [lpu npomy
BPaxoBYEMO DIBHICTh HAIpYy)XK€Hb Ha TPAHMIN IPYKHOI Ta
IUTACTUYHOI o0JIacTeil.

PanianpHe Hampy)XeHHS B MPYXKHIHA 00NacTi BU3HAYAETh-

cst 3a popmyuioro [7]
Oy :%O—T[A_%j (14

[TincraBnsroun rpanngHi yMoBH B piBHSHHA (13) Ta (14),
OTPHMAEMO

r.
_p_za{m o,
rr

NE

2 B
O=—=o7| A-—|
V3 re
3 yMOBHM PIBHOCTI paJialbHUX HanpyKeHb Ha TPaHMII
MPYXHOI Ta ITACTUYHOI 00JIacTel MaeMo

ET C 2
‘6 3208H ,
oI (15)

ErC, B
- G = A 16
\/§O‘Tr-|—2 I’-|—2 ( )

Bupimryemo cuctemy piBasias (15)-(16) BigsocHo A, B ta C.
Ipu oMy BpaxoByeMO, IO TIPH I = fy 3TigHO3 Gopmynoro(12)
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2 Cy _or

J3rg E
OTpuMy€eMO PIiBHSHHSI, 1110 NOB’SI3y€ Pajiyc TPaHUL 30B-
HILTHIA THCK 3 PajilycoM PO3MOALLY IPY>KHOI Ta IJIACTUYHOT
obnacreit

2 2
P=G—T{22In T +(1—/1)L_i+zj 17

\/5 306H r 32()6H I’(i
Tuck onpecyBaHHS, TOOTO 30BHIIIHIH THCK IIPU SKOMY
BeCh Marepiall 3aKiHIbOBYBaya repei/ie B INIaCTUYHHUIT CTaH,
BH3Ha4IMMO 3a hopmynoro (17) mpu I =1

2
POHJ—T{ZMnr‘;”Jr(l/l) Lo 1+/1]

TakuM YUHOM, 3aIIPOTIOHOBAHO CIIiBBiqHOMEHHS (5), (6),
(18) myist BU3HAYCHHS PiBHS THCKY OIPECYBAHHS METAJICBOIO
3aKiHIIFOBYBada Ha CKJIOTIACTHKOBOMY CTPFDKHI 3 BUKOPHC-
TaHHSAM PI3HUX KPHUTEPi€B INTACTUYHOCTI Ta MoJeJeH Mexa-
HIYHOT IOBE/IIHKK MaTepiajiB.

[TopiBHSIEMO OLIHKY THCKY OIPECYBAaHHS 3a DI3HUMHU
CHiBBiHOIICHHAMH. J[JI1 BUTOTOBJICHHS 3aKiHILOBYBAYiB
PEKOMEYEThCS 3aCTOCOBYBAaTH BYIJICLIEBY CTalb 3 I'PaHHU-
neto tekydocri 245-400 MlIla, momynem npyxxuocti 210
I'Tla, mapamerp 3mitHerHs A = 0.977 .

VY rtabmuii 1 HaBenEHO PO3PaxyHKOBI BETMYMHU THCKY
OIIpECYBaHHs 32 PI3HUMHU aHATITHYHUMH (opmymnamu (5),
(6) Ta (18).

3061

Taomums 1
Knac mexaniuHOro r., Tuck onpecysanns, MIla
HABAHTAKSHHS
i3omsTOpa lonn ®) ©® (18
70 kH 0,53 155 179 173
120 kH 048 179 207 205

JopxuHa moBepxHi A (puc.l) monimepHOro izonsTopa

kiaccy 70 kH, no sikiii BinOyBaeThcsi OnpecyBaHHsl, JIOPiB-
Hioe S0MM, HapyXHUI iameTp — 26MM. BifmosinHO mwioma
noeepxHi onpecyBanns F cxmamae 8,1-10° M2 3ycuusa
npecca (y TOHHaX) IPH ONPECYBaHHI 3aKIHIILOBYBa4a i30J1s1-
Topa kiacy 70 kH Bu3HauMMO sik JOOYTOK pO3paxoBaHOTO 3a
(opmynoro (6) THCKY Ta IUIOLI TTOBEPXHi, A0 SIKOT MPHKIIa-
JICHO LIeH THCK:

P=P,, -F =179-10° ITa x4,05-10°3m? = 725 xH ~ 74 toHH

Amnarnoriqno s i3omstopis knacy 120 kH (1a=70 mm, 30-
BHIIIHIN JliaMeTp 3aKiHIbOBYBa4a — 35MM, THCK — 207 MI1a)
3YCHIUTA MPECy CKIaie MPUOIU3HO 162 TOHHU.

TakyM YMHOM, MM BU3HAUUJIM PIBEHB THCKY OIPECYBaHHS
3aKIHI[bOBYBaYiB JIIHIHHUX TOJIMEPHHUX i30/ITOpiB. 3a
criBBimHomeHHsMA (6) Ta (18) Mu oTpuMyeMo OIM3BKi
pesynbraTH, ane ¢opmyna (6) mpocTima y BHKOPHUCTAHHI.
ToMy pekOMeHlyeMO BUKOPUCTOBYBATU caMe 1i B IIPUKIIA/-
HHX IH)KEHEPHUX PO3PAXyHKaX.

BucHoBKH, mepcneKTHBH AOJATBIIMX AOCTiTKeHb. B
IFOMY JOCTIDKEHHI 3alpONOHOBAHO MAaTeMaTHYHy MOZCIb
TEXHOJIOTIYHOTO  TIPOIeCy  IMPYKHOIUIACTHYHOro  Jieop-
MYBaHHS METAJICBOTO 3aKiHILOBYBaYa MOJIMEPHOTO 130J1TO-
pa. 3amporoHOBAHO AHANITUYHI CITIBBITHOIICHHS IS BU3HA-
YeHHS PIBHS THUCKY OIPECYBaHHS 3 ypaxXyBaHHSM pi3HHX
KpUTepilB BUHUKHEHHS IUIaCTUYHOTO CTaHy Ta MOJEJIeH Me-
XaHIYHOI MOBEIHKM MatepianiB 3akiHipoByBaya. Lli 3amex-
HOCTI IOTPeOYIOTH EKCIICPUMEHTAIEHOTO ITiITBEPHKCHHS TIPH
BUTOTOBJICHHI KOHCTPYKIIH MOJTIMEPHHX 130JIATOPIB.

YV TeXHONOTIYHUX KapTaX 3 BUTOTOBJICHHS i30JATOPIB Y
SIKOCTI XapaKTePHUCTHKH OIPECYBaHHSA 3aKiHIIbOBYBaya 3a-
3BHYAI BKAa3YIOTh 3yCHIUIA Tipecy y ToHHaX abo kH. 3acodu
TiepepaxyHKy 3HAYEHHS THCKY, [0 OTPHMAHO 3a aHAJIITHY-
HUMH (OpPMYJIaMH, JI0 TOKa3HUKIB KOHKPETHOI'O MPECOBOTO
00J1aTHaHHS TOTPEOYIOTH TOOMPAIFOBAHHS.
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M athematical modd of thetechnological process of the plastic pressing of the polymer insulator fitting

V. |. Abramov

Abstract. The article deals with development of a mathematica mode of the technologica process of dastoplastic crimping of a metd
fitting of apolymer insulator onto afiberglass rod. Andytic formulas are proposed for determining the level of crimping pressure, taking into
account various plagtic sate criteriafor the appearance and models of the mechanica behavior of thefitting materids.
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MaremaTu4yeckasi MoJieJIb TEXHOJIOTHYECKOT0 nmpouecca TJIACTHYECKOit OIPECCOBKHU CUJIOBOI'0 y3J1a MOJIMMEPHOI'0 H30JIITOPA

B. U. A6pamos

Annortanusi. CtaTbs TIOCBsIILIEHa paOpabOTKe MaTeMaTHIECKOH MO TEXHOJIOTHYECKOro MpoLecca YIpYyroluiaCTHIECKOi OPEcCOBKU
METaJTMYECKOTO OKOHIIEBATENs TIOJIMMEPHOTO M30JIITOpa Ha CTEKIIOIIIACTUKOBBIH CTepKeHb. [Ipe/uioKeHbl aHAUTHIeCKHe GOpMYJIBI IS
OIpe/ieTIeHNs] BETMYHMHBI JIaBJICHUS OTPECCOBKH C YY9ETOM Pa3iIHMYHBIX KPHUTEPHUEB BOSHHKHOBECHHS IUIATHYECKOTO COCTOSHHS M MOJCINCH
MEXaHHYECKOTO TIOBEICHHUS MaTePHAIOB OKOHIICBATENCH.

Knrouesvie cnosa: nonumepnuiii u301smop, onpeccosra OKOHyesamelis, CUNOB0U V3el, 0agieHiue ONpeccosKuU.
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1
Abstract. We construct a s—1 parametric family of continuous purely singular functions (if ¢ #0954, G >0, Eqi =1) with
i=0

self-similar properties using Q -representation of real number that is generalization of classic S -adic representation. We generalize

well-known results and study structural, fractal, self-affine and integral properties.
Keywords: Q -representation of real numbers, inversor of Qg -representation digits of real number, self-affine set, monotone

function, singular function.

Introduction. Many continuous on segment [0;1] func-
tions have fractal properties. For some, it is fractality of
the graph (the graph is a fractal curve of space P ,) [5,

10], for others it is fractality of the level sets [5, 6], and
property of functions to keep dimension of al Borel sets
[3, 11], etc. Among functions with complex local struc-
ture and fractal properties, at present time continuous
monotonic functions [6, 11, 12] and non-monotonic func-
tions [2, 7, 8] are of particular interest. Its theoretical
research is carried out in different directions (topological -
metric and fractal analysis of levels, studying of sets of
different features, structural analysis of graphs, having of
properties of self-similarity, etc.). Along with this, the
functions appear more often in various models of real
objects, processes and phenomena[1].

Rapid development of mathematics led to the necessity
of using different number systems and different represen-
tations of real numbers, in particular, non-traditional ones.
This systems allow us to describe classes of fractal sets,
functions, probability distributions, and investigate ob-
jects with a complex local structure. In this paper we use
one of the following encodings: Q, -representation of redl

numbers 6, 10].

Object of study. In the paper we study function that
depends on the parameter qg,¢,...,qs o, and use for its
assignment is so-called Q-representation x [0,1] [6].
This representation is encoding of number with finite

1) = 1 (A

iscalled aninversor | of digitsthe Q. -representation
of areal number (or simply inversor).

Function denoted by equality (2) is a generalization of
the function | that was investigated in [11, 9]
where s=3, and, as it turned out, is one of the brilliant
representatives of the functions retaining the digit 1
in Qg -representation of the argument [12].

Qs Q

1) = 1A e g ©) T NS taglis-t-ay). [s-1-ay_jlls-L-ay J(s-D) ~

(xp) = 1(AS Qs

Evidently 1(x) =1(x,), thefunction is correctly de-
fined in each Q,-rational points, and hence at each point

alphabet A={0,1,..,s-1} and is generaization of the
classica S -adic representation of real numbers.
Let Qs ={qy,t,-..,qs 1} beordered set of positive real
—1 k-1
numbers such that SZqi =1 fp=0, f=20q;.
i=0 i=0

Theorem 1. [6] For an arbitrary xe[0;1] there exists
asequence (), a, € A such that

= 0 k-1 _ AQS 1
_ﬂ“1+k§ Pey, jl;llq“j T Ragay. o @
The series (1) is called Qg-image of the number X,
and the abbreviated (symbolic) record x = Agiaz o IS
e

called its Qg -representation.
The period in Qg -representation of the number (if it

exists) is denoted by the parentheses. There are numbers
that have two Qq -representation. These are numbers with

period (0) or (s—1), moreover
Q _.Q
Acf. -Cm1m©@ - Acf. - Cpglem=(s-)
These numbers are called Qg -rational, set of Q-

rational numbers is countable. The rest of the numbers are
called Qg -irrational.

Definition 1. Function defined [0;1] by equality

_ 3
al(x)az(x)...ak(x)...) - A[s—l—al(x)][s—l—az(x)]...[s—l—ak(x)]... ! (2)

Research results. Since Q. -rational numbers have
two digtinctly different representation, there is a need to
justify the correctness of definition of inversor. Let for
different Qg -rational meanings

= QS = QS
X = Aalaz...ak_lak(o) - A0510:2...ozk_]_[ozkfl](sfl)

function, respectively, acquires the meanings:

= X2

ﬁs—l ﬁq - IEICt
1- Us 1 j=1 S—l—zxj] =) S—l—aj IE

k

1a2...ak_l[akfl](sfl)) = A[s—l—al][s—l—azl..[S—l—ak_l][s—l—ak](o) = EquS—l—a il

of the segment [0;1] .
From these considerations, the following statement is

©l1. v. zamrii 2017
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evident.
Lemma 1. For the growth of the
Q Q Q
H (Aclscz...cn )=1 (Acfcz...cn(s—l))_ ! (A(‘lscz...cn(O)) of the
function lin the cylinder
A% = [AQS A% ] equality
€G- Cpy clcz...cn(o) ! clcz...cn(s—l)

Q n
ATS =- .
w ( °1C2“'Cn) jl_:IlQ[s—l—cj]

Theorem 2. Inversor | of digits of Qg -representation
of real number [0,1] isa function that:

1) have continuous line at each point of segment
[0;1] and acquires all values fromthis range;
2) is gtrictly monotonic decreasing on a segment [0;1] .

Proving. 1) To prove continuity it is enough to show

that for an arbitrary
holds |im | f(X)- f(xp)EO.
X—)XO
The proof will be carried out separately for cases
where x, isa Q,-rational and Q -irrational number.

Let xg be some Qq-irrational number. Then, for an ar-
bitrary number xe[0,1] such that x— x, it is possible to
specify cylinder of rank n=n(x):

aj(X) =aj(xg) where j<n,

{ an(X) # an(Xo),
and the condition x— X, is equivalent to the condition
n—o . Then

point %o €[0;1]

(%) = A
X0 [s—l—al(xo)][s—l—az(xo)]. . .[&l—oxn_l(xo)][s—l—ozn(xo)][s—l—ozm_l(xo)]...[s—l—o:n+k (xo)]... !

1(x) = A% .
[s—l—al(x)][s—l—az(x)]...[s—l—anfl(x)][s—l—an I s—l—an +1( x)]..[ s—l—an Tk x)]...

© i-1 0 i-1
1(X)—1(X = z S H —a: - Z —a: H —Q; =
(¥)=1(xXo) i:n(,b'[s,l I(x)]j:lQ[&l J(x)]) i:n(ﬂ[&l I(xo)]j:1q[&1 ](xo)])

n-1 n-1
< jl_:[1Q[s—l—aj o (Bs1 + Psalsa+..) = jI;[lq[s—l—aj Ol < MaX{0o, G-+, Gs 1} >0 where n— oo,

which proves the continuity of the function 1 in the
Q -irrational points.
The case when xq is Qg -rational number is reduced to

the previous one. To prove continuity of function 1 on
the left, it is necessary to use Q,-representation of the
point x, with period (s—1), and to theright isto use Q-
representation of the point with period (0) .

2) We prove that the function is monotonic decreasing
on [0;1] .

1)~ 1 (%) = A‘fs

s1-as1-aP] s 1-aP1..

Let us consider two numbers x =a%

aWa o®.

2 .“an
_Q . e
%A% o g AR Then exists a positive integer
Fax?) e
k such that:
a{l) = al(z) =aq, agl) = aéz) =ay,..., al((l_)l = al((z_)l = a4, but

algl) <a|((2) .Then s-1-a® >s-1-o and

A% 2 2 2,
[s-1-aP s 1-aP]. [s1-a2)..
k-1

= + +..— - - 1.1 >0.
{ﬂ[sla@] Alera®Ysaa® " Plera® Plera@)Yeaa@ j}}ﬁls e

Conseguently, if x <x,, then 1()>1(xy), that is,
the inversor of digits of Q. -representation of area num-
ber is a monotonic decreasing function on the segment
[0;1] .o

Definition 2. Different from a constant continuous
function of bounded variation, the derivative of which is
almost everywhere (in the sense of Lebesgue measure) is
zero, iscalled singular.

For any continuous function of bounded variation

The Lebesgue structure of the function | is solved in
the following theorem.
Theorem 3. If ¢, #qs4 i, Where ie A, then the in-

versor | isapurely singular function.

Proving. Since function | is continuous and decreas-
ing, according to the well-known Lebesgue theorem, it
has almost everywhere (in the sense of Lebesgue measure
2) finite derivative. Let A be the set of points x<[0,1]

with exist 1'(x), B be a set of norma numbers [6] in

f(x), Lebesgue's theorem [4, p. 248] states the existence ~ Qs Tepresentation.  Since  Lebesgue  measure
and uniqueness of representation A(A=4B)=1, then A(AB)=1. Let's show that
FO9 = o(x) +1(X), _ G 1'(x)=0 for any x:A?fa . _€ANB. Because xeB,
where ¢(x) is a absolutely continuous function and 172 %
o@) = f(a), and r(x) isasingular function. then vo(¥) =dg, v1(X) =y Vsq(X) =0sq-
Equality (3) is called the Lebesgue structure of the con- Because
tinuous function f(x) of a bounded variation.
Q n
oy i H (Aai(x)az(x)...an(X)j | il;IlQ[s—l—ai] . q(;\'s_l(X,n) .m.qsf'\l_%(x,n)
X) = lim = lim = lim =
o - n oo ~No(xn) N 1(x%,n)
n—> |Aai(x)a2(x)4..an(x) | n—> an. n— qOO .._..q&l&l
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Ng 1 (x,n)— N; (x,n) n

. i Ng_1_j (xn=N; (x,n) g .
=|imi’[‘( q'} —Iimsl'[(q' ) =
n—oi=0\ Us-1- n—oi=0 \ Os-1-j
_ A CEACRY _ Vs G )"
= lim i‘[‘[[q—'] J = lim i‘[:[( 4 ] ] :
n—0i=0 \ Us-1-i n—oi=0 \ ds-1-i
Obviously, for every ieA, it is true Theorem 4. Inversor | keeps Hausdorff-Besicovitch
dg 1.~ dimension, that is, the set and its image have the same
[ Gi ] <1, therefore dimensionif and only if g; =qg 4 ; for all ieA,.
Gs-1-i Theorem 5. The graph T, ={(x,1(x)):xe[01]} of a
Q saf (g % " function | isa self-affine set, namely
I'(Aasa4a )_Ilmn( I ] =0 s-1
172 n—oi=0 \ Us-1-i I :.UO¢' ) =¢@)),
1=

and the function I is a singular function. o e .
We also investigated the fractal and integral properties where ¢ isaffine transformation.

of the inverter 1 which are solved in the following theo- Theorem 6. If s=7 for for Riemann integral for in-
rems. versor |, holds equation:

jl (X)dx=1— 6 + A + 05 + 4qoGy + Godz + Ghd) + 2(%(13 + 00z + Q2Q3)
1-298 - 20 - 293 - o5

Conclusion. In this paper we investigate the Lebesgue  [0;1] —[0;1] , and that function graph is a self-affine set.
structure of the digital inversor, the Q,-representation of  \We aso find conditions when Hausdorff-Besicovitch
numbers, we prove that it is a bijective reflection dimension keepsand calculate theintegral.
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JleberoBcka cTpyKTYpa H CBOCTBAa HHBepcopa nudp Qg -u300paxkeHus AeliCTBUTENbLHBIX YHCE

U. B. 3ampuii
Annorauusi. C nomompto Qg -M300pakeHus JeHCTBUTENBHBIX YMCENl, KOTOPOE SABISETCA OOOOIIEHHEM KJIACCHYECKOTO S -TO

M300pakeHHs, KOHCTpyupyercs S—1-mapamerpudeckasi ceMbsl HEMPEpPBIBHBIX YHCTO CHHTYJISAPHBIX (yHKumid (mpu ycio-
s1
BUH G #0s 1, G >0, Xq =1) c aBromMozmensHBIMH cBoWcTBaMu. OOOOMIAIOTCS W3BECTHBIE PE3yNbTATEl M H3ydaloTCs
i=0
CTPYKTYpHbIC, ppakTaiabHble, caMoaMHHbIE U HHTErpaJbHbIC CBOWCTBA.
Kniouesvie cnosa: Qg -uzobpadicenue Oeticmeumenvro2o yucia, unsepcop yvigpp Qg -usobpasicenus OelicmeumenvHvix uucern,

camoaghunnoe mMHodICECMBO, CUHZYAPHAS PYHKYUS, MOHOMOHHASL (DYHKYUSL.
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Anorauig. CTaTTs IpUCBIYCHA BUBUYEHHIO BIUIMBY MacaXy Ha MCHXOEMOILIHUI CTaH y XBOPUX HA OCTCOXOHIPO3 IUIHOTO BigALTY
xpebra (OIIBX). BcraHoBieHO, 110 Macak y MO€AHAHHI 3 MCHXOEMOLIIHOI KOPEKLIEI0 MAaI[iEHTiB 3HAYHO IOKPAIIy€e IICHXOEMO-

LiHI TOKAa3HUKH Ta SKIicTh KUTTA (1K) XBopux.

Knrwowuoei cnosa: ocmeoxonopo3 wiuiinozo 8iooiny xpebma, ncuxoemoyitiii nopyuleHHs, Macaic.

Beryn. JlocnimkeHHST OCTaHHIX IECATHPIY CBiMYATH PO
TEHJCHII] 70 TOTIpHICHHS CTaHy ICHXIYHOTO 3I0pOB'S
HaceneHHS Ykpaind. IIpu mpomy BinOyBaeThcsi BHIEpe-
JUKaloue KiJIbKICHE 3pOCTaHHS HENCUXOTHYHHX (HOpM
NCUXIYHUX PO3JaJiB IPU 3aXBOPIOBAHHIX BHYTPILIHIX
OprasiB, 00yMOBJICHUX HEOJArONMPHEMHUMH CKOJIOTTYHH-
MU YMOBaMH, iCTOTHUMH 3MiHaAMH BUPOOHUYMX BiTHOCHH,
COLANIbHO-TICUXOJIOTIYHUX CTEPEOTHIIB 1 I[IHHOCTEH B
yMOBax KpHU3W 1 pHHKOBHX TiepeTBopeHb. Ha Qoni mpo-
TpeCyBaHHs 3aXBOPIOBAHb BHYTPIIIHIX OpraHiB NPHUCKO-
peHHIl TEMIT CY4acHOTO JKUTTS, €KOHOMIUHI MpoOIeMHu,
oOyTOBI Herapasay CTBOPIOIOTH YMOBH JUIs (POPMYBaHHS
XPOHIYHOTO CTpECY, Ha Tl SIKOTO PO3BUBAIOTHCS ACTEHIU-
Hi Ta IICMXOEMOIIiiHI MOPYIICHHS, TPHBOXHI Ta IEHPECH-
BHIi poznanu [1,2].

CrpykTypa 3aXBOPIOBAHOCTI Ha MCHXIYHI PO3Jaaud B
VYkpaiHi XapakTepH3y€eThCs HEYXHJIBHHUM 3POCTaHHSIM
MOPYIICHHSI 3aXBOPIOBAaHb, CEPEl SKUX MEepeBaXKaloTh
HEBPOTHYHI, coMaToopMHi Ta cTpecosi posnau [1,3].

KBaniikoBana rornomora XBOpPUM IPH HAsBHOCTI Y
HUX HEBPOJIOTIYHUX MPOSIBIB OCTEOXOHAPO3Yy IIMHHOTO
Bigminy xpebra (OLBX) € ommiero 3 HalOimpImI CKiTaj-
HHX, 0araToIIAHOBUX Ta OCTATOYHO HE BHPILIEHUX IPO-
O7eM Cy4acHOi HayKH, a OTXKe, BaKIMBUM 3aBJaHHSIM
¢izngHO1 peabimiTalii, sIK CKIaJOBOI MEIUYHOI peadiri-
Tauii [2,4,5].

B o3noposienni xBopux Ha OLIBX daxiBui wiei ramy-
31 MEAMYHOI HAayKH NOCSINIM 3HAYHUX YCHIXiB B OOIPYH-
TyBaHHI JIii (PiI3MYHUX YMHHHUKIB HA CTaH ONOPHO-PYXOBOT
CHUCTEMH, CTBOPEHHI HOBHX peaOUIITAIlIHHUX METOIUK
(Kenn B.B., JlutBunenko A.I'., 1998; ba6os K.JI., 1999;
Borganos H.H., 1999; Makomnineus B.1., 1999; 3omnora-
proBa T.A., 2000; ITmerakoBChKUiA ﬁ.ﬂ., 2000; CoxpyT
B.H., 2000; boraruproBa T.B., 2001; IlImakosa LII.,
2001; Tonmii JI.J., 2002; Bacuibepa JI.®., 2002; Camo-
ciok 1.3., 2004). [Ipore B cydacHiii MEIMIMHI € cepe]] HE
BUPIMIEHUX TPOOJIEM BiJIHOBIIOBAJILHOTO JIKYBaHHS Ta-
LI€HTIB i3 HEBPOJIOTIYHUMH MPOSBAMHU 3aXBOPIOBaHb, IMO-
Tpeba yIOCKOHAJICHHS CHUCTEMH peabimiTamii XBOpHX Ha
OCTEOXOHAPO3: MOIIYK HOBUX (DOPM i METOIMYHUX MiA-
XOJIiB 10 peabiiTalifHOro MpoIecy Ha Pi3HUX HOTO eTa-
max. B ocHOBY mpoBeneHOTo JOCTiPKEeHHS Oy BKITIOYE-
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Hi MTUTaHHS 3aCTOCYBaHHS JIIKyBaJbHOTO Macaxy, MaHya-
JBHOI Tepamii Ta Imcuxokopekii y xsopux Ha OIIIBX.

Merta gocaixKkeHHs1: BUBYCHHSA e(DeKTUBHOCTI BiTHOB-
JIFOBAJILHOTO JIiKyBaHHs xBopux Ha OIIIBX.

MeToau qocainKeHHsI. Y CTaTTi MPEICTABICHO OKpe-
MU eTan KOMIUIEKCHUX IociipkeHb. [1ix HarmsgoM 3Ha-
xoauuch 35 xBopux Ha OIIBX 3 cumntomamu I1EP, mio
MPOXOAWIM KypC BIIHOBJICHHS B peaOimiTaiiiitHoMy Bij-
nireHHi Ykropoackoi micekoi momikminika (JIK-1). Omi-
HKY pPE3yJbTaTiB O3IOPOBICHHS INPOBOIAWMIM 32 JIBOMA
HaTpsSMKaMHU: Ha OCHOBI OTPHMAaHUX PaHIIIe i OMyOIiKo-
BaHMX  MarTepialiB  [OJ0  TO3UTHUBHOTO  BIUTUBY
JI®K,macaxy Ta ¢izionpoueayp Ha KIiHIKO — (QyHKIIiO-
HAIbHI TIOKAa3HWKH, MPOBOAWIN 1 aHali3 pe3yibTaTiB
03JI0POBJICHHS 32 3MiHAMH IICUXOEMOLIHOTO CTaHy Haili-
€HTIB Ta CTYNEHEM JOCSITHEHHsI 3arajibHOT METH 03]I0POB-
JIeHHs. BUKOpUCTaHHS 3arajbHUX Ta CIIelialbHUX OIUTY-
BAJILHHKIB, TECTIB (10 BHUSBJICHHIO IHTEHCUBHOCTI T'OJIOB-
HOTO OOJIFO Ta TOJIOBOKPYKIHHS) & TAKOXK INKaau [ amMisib-
ToHa Ta mkanu Croinbeprepa — I03BOJIIN ACTaTi3yBaTH
OKpeMi TpOSBH MCHUXOEMOUIHHUX posianiB mpu OIIBX
Ta BIICIIIKYBATH IXHIO JHHAMIKY.

PesyasTaTn gocaimkenHs. SIkicHa Kopekiis QyHKII-
OHAJIBHHUX TOpYIIEHb XpeOTa, SK OCHOBAa penapaTHBHHUX
mporeciB, MPO(QiTakTHKa JeTeHEPaTUBHO-IUCTPODITHUX
3MiH MO>XKJIMBA JIMILIE 32 YMOBH ypaxyBaHHS yCiX acHeKTiB
natoreHe3sy (IICUX0EMOIIfHOT0, MEXaHIYHOTO).

Y Jochi/KeHHsX MpUAMaiu ydacTb 35 XBOpHX Ha
OIIBX Ha 6a3i YXropoJcbkoi MiChbKOI MOJIKIIHIKH. 3a
pe3yJbTaTaMu JIOCITIDKEHHAMBb 0yJio copMOBaHO KOM-
IUIEKC TCHMXOKOPEKIIHHUX Ta MaHIMyJSTHBHUX CKIaI0-
BHX YaCTHH KOMIUICKCY (i3muHOi peabinmiTamii. bymo Bu-
BYCHO paliOHAIBHICTh MOETANHOI KOpeKuii (crodaTky
TICUXOJIOTIYHOI, a TOTIM MaHyaJbHOI). IIpy mepBHHHOMY
oOcTexeHHi KiiHiYHUN cTaH xBopux OLIBX Bimmosinar
JaHuUM Jliteparypd. JliarHOCTMYHA Naiblamis OKPEeMHUX
M’S30BHX TpyIN MiJITBEPAWIA HASABHICTH XBOPOOIMBUX
3MiH: y BCiX XBOPHUX — HAaIIPYXEHICTh 3aJHBOI TPYIH
M’S31B  IUIeYeH, HampyXXeHiCTh MapaBepTeOpanbHUX
M’s13iB, OCNa0JIeHWH TOHYC 3aJHBOI TPYMU M S3iB IIHi,
OTIp TP HATUCKYBaHHi.
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Ta6auns 1. [JunaMika QyHKIIOHATBHAX OKa3HUKIB y XxBopux OIIIBX 3 cuMnTOMaMu CUX0eMOLIHHAX PO3TAIB ITi]] BILTABOM
Macaxy Ha 6a3i MicbKOl NOMIKITIHIKH M. YKropox

XapakTepucTuKa Xapakrepucrrka mokasaukis OIIIBX Ho M_acamy chnﬂ_Macamy % 3HHK-
Nen/n TMOKA3HUKIB HOPMH IpH 06CTEeXEHH] n=35 n=35 HEHHS
abc. | % | abc. %

1 Faxis rofoBu Briepes 10 KyTa 70-75° TlomipHe oOMesxeHHs 10 65° 8 23 3 37 63
3HayHe 0OMeXEHHs — MeHIe 65° 27 | 17 9 33 67

> Posrunanss ronosu (Ha3am) 10 Kyta 45- [TomipHe obMexxeHH - 10 35° 16 | 46 3 31 69
50° 3HayHe 0OMexeHHs — MeHIe 35° 19 | 54 9 47 53

3 TloBopot TOJIOBH B obuBa 6001<1/1 MOX- |B Mexax HOpMH, anle CyIpOBOIKYIOTECS 35 | 100 8 23 77

JuBHH 10 KyTa 60-65 «XPYCTOM»
Haxwun ronoBu y ppoHTaNbHIN IUTONHHI | 3MEHIIEHHS aMIUTITYAU PyXiB (Tyropy-
4 MOXJIHBHIA 10 KyTa 10-15° B 0GB XOMICTB) B YCiX HampsMKax, 35 | 100 9 25 75
Goku CYNPOBOJUKYIOTHCSL «XPYCTOM»

IIpu 00’ €eKTUBHOMY OTJISAI Bif3HAYEHO HASBHICTH ITO-
PYLICHB: Y BCIX XBOPHX — IIOBOPOTH TOJIOBH B 00OHWIBa
OOKHM CYIPOBOIKYBAJIMCA «XPYCTOM», aMILIITYAa PyXiB B
ycix HampsiMKax 3MeHImIeHa, Tabmums 1.11pu noctyruenHi

Ha 03/I0pOBIJICHHS OYIIN MPOBEIEH] TAKOX TICHXOHEBPOJIO-
TiYHI JOCHIHKEHHS, SIKi MATBEPININ HAsIBHICTh Y XBOPUX
OIIBX xoMIUIEKCY IICHXOEMOIITHAX MOPYIICHB, Ta0I. 2.

Ta6auns 2. JluHaMika NCUX0EMOIIIHHUX MOKa3HUKIB y XBopux OIIIBX 3 cuMnTOMaMu MCUXO0EMOLIHHUX PO3JIA B IMiJ] BILTHBOM
Macaxy Ha 0a3i MiCbKOI MOJIIKITiHIKH M. Y KTOpOI

Jo xypcy [Ticas Kypcy Macaxy
Ne |Memxoemoniiini mopymrers Macaxy 3HayHe nok- | He3naune TOKPAIICH-
n=235 patieHHs Hs, 6€3 3MiH
abc % abc % abc %

1. |IIIBuka BTOMIIIOBaHICTh 35 100 18 51 17 49
2. |3araybHa c1aOKiCTh 35 100 19 54 16 46
3. |Emoriiiina 1abinbHicTh, 3HEPBOBaHICTh 21 60 12 57 9 43
4. |Po3apaToBaHiCTh, MECUMi3M, HEBUTPUMAHICTh,HETATHBI3M 18 51 10 56 8 44
5. |IToHWXeHHsI eHeprii, yImagoK CHiI, 3MEHIIECHHsI 3aTJIbHOT aKTHBHOCTI 21 60 17 81 4 19

Ilopymienns cHy:

a) BOXKKICTh 3aCHHAHHSI 35 100 25 71 10 29
6. |6) mopyIeHHsI HIYHOTO CHY,0€3IIiICTaBHI NPOOYLKEHHS, HECTIOKI 35 100 25 71 10 29

B) BIACYTHICTBH TOUyTTA OampopocTi Ta BI/INOYHHKY, npoOyIHKEeHHS 35 100 o5 71 10 29

pPaHKOM HEBUCIIAHHMM, BiT4yTTs pO36HTOCTI 3paHKy

B kiHui kypcy macaxy Oys0 3a(iKCOBaHO MO3UTHUBHY
nuHamiky nepebiry OLLBX, 1o Gyio miaTBepKEeHO Mmpu
OTHTYBAHHI TMAIIEHTIB, JOCTIHKCHHAX KIiHIYHUX, (QYHK-
LIOHAJIBHUX Ta IICHXOHEBPOJIOTIYHHUX MTOKA3HHUKIB.

Henpuemni BimayTTs (muckomdopTt) B mmHi y CIIOKOi
me3nu. bomrodicte B mmi, o6NacTi HAAIUIY MPH pyxax
3MEHIIWJIach 3a IHTEHCHBHICTIO. [IpOIIEHT 3HHMKHEHHS
MOMIpPHUX MOpPYIIEHb NPH HAaXWIaX TOJOBH BIIEpea Ta
PO3THHAHHAX TOJIOBH HA3a]] BiMiueHO BiAmoBiAHO y 63%
Ta 69% NarieHTiB.

BnacHi gocnijpkeHHsl MiATBEpAWIN JaHi JITeparypu
PO MO3UTHBHUH BIIMB Maca)x<y Ha IICHXOEMOLIiiHI MOKa-
3HUKH y XBOPUX 13 JlereHepaTUBHO- AUCTPODIYHUMHU
ypaxeHHsMH XpeOTa, B Tomy umcihi mpu OLLIBX. Tak, 17
(81%) xBopuX criocTepiraiy IiABUIIEHHS CHEPTrifHOCTI,
MOCHJICHHS 3arajbHoi akTuBHOCTI, 12 (57%) — 3HMKEHHS
€MOLHHOI JIab1bHOCTI, 3HEPBOBAHOCTI.

3HauHe 3MEHIICHHsI PO3/PAaTOBAHOCTI Ta O3HAK IECH-
Mi3My, HEBUTPHUMAHOCTI Ta HEraTuBi3My Bigmiueno y 10
(56%) xBopux. Okpemi NOKAa3HHUKH MOPYIICHb HIYHOTO
BIIIOYMHKY TEX 3MIHWINCh B HANPSIMKY HOpMAaIi3amii: y
25 (71%) xBOpMX BaXXKICTh 3aCHHAHHS Ta BIIUYTTS paH-
KOBOI pO30HTOCTI 3HAYHO 3MEHINWIIKCE; MAIIEHTH BiIMi-
THIK 30UThIIEHHS 0ambOpPOCTI Ta BIAMMOYMHKY B PAaHKOBI
TOMHM, TIOKPAIICHHS 3araJibHOI Mpae3aaTHOCTI.

BucHoBkn. BracHi JOCTIKEHHS MiITBEPIMIN JaH]
JTEpaTypy Npo MO3UTUBHHMK BIUIMB Macaxky Ha INCHXOe-
MOIi}{HI TTOKa3HUKU y XBOPHUX 13 JIET€HEPaTHBHO- JIUC-
TpOQIYHUMH YypaKeHHSIMH XpeOTa, B TOMY YHUCII HpHU
OILIBX. IlpencraBieHi AaHi € OKpEMHMH €TarloM JIOCIi-
JUKEHB TI0 pO3po0IIi KOMIUTIEKCIB pealimiTamii Iist XBOpUX
Ha OLIBX, moTpe0OyroTh MOAANBIIOTO aHaNi3y Ta BH-
BYCHHS.
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The effect of the massage on the psycho-emotional state of patients with osteochondrosis of the cervical spine
0. U. Huzak, O. B. Maltseva, L. P. Rusin, Y. V. Dutkevich-lvanskaya
Abstract. The article is devoted to the study of the effect of the massage on the psycho-emotional state of patients with osteochon-
drosis of the cervical spine. It has been established that massage combined with psycho-emotional correction of patients significantly
improves the psycho-emotional parameters and quality of life of patients.

Keywords: osteochondrosis of the cervical spine, psycho-emotional disorders, massage.

Bunsinue Maccaka Ha MOKa3aTeJIM ICHX0IMOLMOHAILHOIO COCTOSIHUS Y O0JILHBIX OCTE€OXOH/IPO30M ILE{HOI0 0T/esIa M03BO-
HOYHHMKA
A. 10. I'y3zak, O. b. Maabuesa, JI. I1. Pycoin, 1O. B. lyrkeBnu-Banckas
Annoramusi. CTaThs NOCBAIIEHA U3YYCHUIO BIMSHHUS Macca)ka Ha MCHXOIMOIMOHAIBHOE COCTOSHHUE Y OOJBHBIX OCTEOXOHIPO30M
mreitHoro otaena no3sonoynuka (OLIOIT). YcraHoBIeHO, YTO Maccaxk B COYETAHUH C IICHXOIMOLIMOHAIBEHOI KOppEeKIUel manueH-
TOB 3HAYMTEIHHO YITy4IIaeT ICHX03MOIMOHANIBHBIE ITOKa3aTeny U kadecTBo xH3HHU (KOK) GosbHEIX.

Knrouesnie cnosa: ocmeoxonopos welino2o omoena no360HOYHUKA, NCUXOIMOYUOHANbHBLE HAPYULEHUS, MACCAMAC.
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Abstract. The article is dedicated to theoretical justification for methodology of research and assessment of reproductive potential of
youth. It is proposed to use the characteristics of socio-economic conditions of vital activity, indices of physical and sexua
development, persona qualities with the assessment of gender identification, reproductive attitudes, features of reproductive
behavior, knowledge regarding reproductive heath, the presence of chronic extragenital pathology and the degree of its
compensation, the presence of gynecological pathology in the anamnesis and at the time of the examination.

Keywords: reproductive health, reproductive potential, reproductive attitudes, extragenital pathology, reproductive behavior.

Introduction. The sustainable development of society in
any country substantially depends on the state of the
nation's public health, its demographic prospect [22]. In
the Concept of the State Program “Heath - 2020:
Ukrainian dimension” is specified that an unfavorable
medical and demographic situation has developed in
Ukraine recently, it indicates an unsatisfactory state of
health of the population, which manifests itself in low
birthrate, in comparison with high death rate,a negative
natural increase of the population, and aso high level of

prevalence of chronic noninfectious diseases [9].
The priority factors of the unfavorable demographic

Situation are deterioration of social and economic
conditions of vital activity, quality of the environment
and, first of al, state of the reproductive health (RH) of
the population. However, in modern social and economic
conditions of development of society it can be stated that
the problem requires a comprehensive medical, social and
psychological study [17, c. 12 - 23].

In the Constitution of WHO is proclaimed that “the
enjoyment of the highest attainable standard of hedlth is
one of the fundamenta rights of every human being
without distinction of race, religion, political belief,
economic or social condition”. However, five decades
after the adoption of this Constitution, it is increasingly
admided that there are differences of the factors
determining the level of health and a burden of diseasesin
women and men. In this regard, study of the dynamics of
gender aspects of reproductive health to which the
attention wasn't paid for a long time is of particular
importance [2, 18].

A brief review of publications on this topic. The
problem of RH of youth is the subject of scientific
researches in various fields and a frequent topic of public
hearings. The comprehensive medica and socid
evaluation of girls RH was conducted in scientific
researches by Yuriev V. K. (1998), was described in the
scientific works of such scholars as Zhukova N.P., 2002;
Ailamazian E. K., BidliaievaT. V., 2003; Borysova Z. K.,
2007; Surmach M. Yu., 2007; Koshel E. M., 2010;
BuralkynaN. A., UvarovaE. V., 2010 - 2013; Znamenska
M. A., Slabkyi H. O., 2012 — 2013; Shtohryn O. 2014,
Kokh L. 1., Burtseva H.A., 2016; Kurylo I. O., Aksonova
S. Yu., Krimer B.O., 2016.

Numerous researches focus on clinica aspects of RH
disorders (Hurkin, Yu. A., 2001; Zhuk S. I., 2006 — 2015;
BieliaievaN. V., 2009; Shabanova L. Yu., 2009; Levenets
S. 0., 2010; Pyrohova V. I., Tsolko O. R., Chaikivska E.
F., 2011; Bariaieva O. Ye., 2012; Andriiets O. A., 2012;
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Khardikov A. V., 2010; PodolskyiV.V., 2013;
Zaporozhan V. M., 2014; Nachotova T. A., 2016). The
works of specidists in preventive medicine represent
significant informative interest (Medvedovska N. V.,
2010; Berdnyk O. V., Dobrianska O. V., Skochko T. P.,
2013; Biletska E. M., 1999 — 2016; Stus V. P., 2015;
Kurylo I. O., Aksonova S. Yu., Krimer B. O., 2016;
Tsiborovskyi O. M., 2015).

Scientists have studied the influence of environmental
factors on RH (Pliaskina I. V., 2008; Alieksieiev V. B.,
2009; P.M. Veropotvelian, 2009; Bater R.B., 2010;
AndrieievaM. V., 2013; Onul N. M., 2015).

The issues of gender identity in various fields of
science of other countries were investigated by scientists -
researchers such as Money J. (1955), Stoller R. (1964),
Money J., Ehrhardt A., (1972), Bem S. L. (1974); Spens
J. (1974 — 1993), Maccoby E., Jacklin K. (1974), Wil-
liams J. E., Best D. L., 1990. In native science, this issue
was studied by: Kon 1. S, llinYe. P., Isaiev D. Ye,, 2012;
Kahan V. Ye.,, Dvorianchikov N. V., Nosov S. S,
Salamova D. K., 2011; lliasov F. N., 2013; Ivanova A.
N., Samsonova T. V., 2015. In addition, gender norms,
roles and relations in the context of reproductive health
are constant issues in the action plan of the UN and WHO
[20, 21, 23].

A new scientific direction has been formed today, it is
called reproductology, which main subject of studying is
the reproductive potentia (RP), reproductive health,
reproductive behavior (RB) and reproductive process
(Kulakov V.l. et a., 1993; Hurkin Yu.A., 1994, 1998;
Frolova O.H. et a., 1995; Ahadzhanian N.A. et a., 1998).
Yuriev V.K., 1998).

Despite numerous works on studying of reproductive
health, such problems as scientific justification of the
organization of the specialized medico-socia help of
student's youth, creation of system of monitoring of
reproductive potential with taking into account features of
the personality and quality of life of female contingent of
early reproductive age can't be considered to be solved
until recently.

The aim of the work was to theoretically justify a
methodology of research and assessment of reproductive
potential on the basis of the analysis of modern scientific
literature on the issues of preservation of reproductive
health of young people and to generalize approaches to
interpretation of the concept “reproductive potential” with
determination of structure and the system of indicators of
his quantitative assessment.

Materials and methods. General scientific methods
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(generalization and systematization) of theoretica
research of the problem of formation of reproductive
potential among young people on the basis of system
analysis were used during the course of the study. This
article is a fragment of research work of Department of
Medicobiological Fundamentals of Physical Culture of
Educational and Scientific Institute of Physical Culture of
Sumy State Pedagogical University named after A. S.
Makarenko “Assessment of the reproductive potential of
teenagers and youth with different types of gender
identity” (state registration number 046U007542 (09.2016
- 12.2020)).

Review of the publicationson thetopic.

During the hearings in the Verkhovna Rada of Ukraine
Committee on questions of health care on the subject:
“About execution of the state program “Reproductive
Health of the Nation” for the period up to 2015 and
measures taken by the Ministry of Health of Ukraine in
order to ensure the protection of reproductive health of
the population ”, Ella Libanova has noted that now
women of the 90th year of birth when the birth rate was
promptly reduced entered in the reproductive age.
Therefore, the next 15 years can not be expected that the
potential number of mothers will grow, that is, there is no
reason to expect that the birth rate will increase. So the
situation seems complicated. Rapid and irreversible
processes of "ageing" of motherhood are added to it. The
average age of a mother increases at the child's birth in
European countries. In Ukraine, the average woman's age
at the birth of the first child is 27.6 years. It is one of the
lowest indicators in Europe so far [4].

Thus, girls of 18 - 24 years can be considered as the
closest reserve of restoration of the population and a
cohort of youth of active reproductive age [5, 16].
However, the state of their reproductive, physica health,
deformation of social values adversely affect the
realization of the opportunities of this reserve.

Evidence of the foregoing is the results of the analysis
of statistical indicators of the state of heath of teenage
girls and girls of student age in recent years. In particular,
extragenital pathology is registered in 72.4% of teenage
girls, with a predominance of chronic forms (47.0%), the
frequency and severity of which increases with age ( from
71,4% at teenage age up to 73,4% in a cohort of student
youth) and 44,3% and 49.4% of cases of encumbrance of
somatic pathology respectively. More than a half of girls
(65,5%) have two or more nosologies. Among chronic
forms of diseases the leading positions are taken by
pathology of the musculoskeletal system (31,6%),
digestive system (29,0%), organs of sight (23,9%) and
endocrine system (18,8%) [1, 7].

According to the results of scientific studies of national
scientists, it is known that in the structure of chronic
diseases of students prevailed diseases of the nervous
system (33,0%), digestive system (31,9%) and blood
circulation systems (13,6%). Then followed the diseases
of respiratory system (9,8%), genitourinary system
(7,1%), endocrine system, disorders of metabolism
(2,9%), musculoskeletal system and connective tissue
(1,6%) and diseases of blood and hematopoietic organs
and individual disorders involving the immune
mechanism (0,1%) [1].

According to literature, the share of absolutely healthy

girls has decreased from 28.6% to 6.3% in recent years,
and the general disease incidence of teenagers at the age
of 15-17 years for the last 5 years has increased by 32,2%.
In modern conditions, the state of RH of youth is caused
by faster puberty, early sexua activity and problems of
early pregnancy, childbirth, abortion, and sexualy
transmitted infections connected with it.

The prevalence of gynecological diseasesis increasing
among girls. Thus, menstrual disorders have increased by
3.5 times at an early reproductive age in recent years,
diseases of inflammatory character have increased by 5,4
times [11]. According to V.I. Pyrohova with co-authors
the menstrual disorders occupy the first place in the
structure of gynecological diseases of early reproductive
age (34—61%), the maority of which has functional
origin [14].

O. P. Hnatko with co-authors define that the share of
the girls suffering from gynecological diseases varies
from 4.3% to 26.4%. Anayzing the nature of the
gynecological pathology of the female cohort of early
reproductive age, it was found that abnormal uterine
bleedings occur in 12.5% - 14.3% of the examined girls;
inflammatory diseases of the reproductive organs appear
in 15.6 - 17.1%; neuroendocrine syndromes occur in 6.3 -
5.7%; benign tumors appear in 63 - 57% and
endometriosis is in 3,1 - 29%; delayed sexua
development occur in 3,1 - 2,9%; polycystic ovary disease
occur in 15.6%-17.1% of the examined [3].

As consequences of pathology of the reproductive
sphere, and especially the disorders of the menstrual
function in early fertile age, leads to infertility, obstetric
pathology, perinatal losses, the frequency of which has
increased by 1.7 times among young women over the past
twenty years and according different authorsis from 1.2%
to 3.0% of the corresponding age group [10].

Studying the morbidity which is connected with
pregnancy and childbirth of students, it was found that
44.2% of cases of complications are linked with the
previous abortion, 31.2% are connected with the primary
endocrine pathology, 28.7% are linked with chronic
inflammatory processes of the genital organs, urogenital
and viral infection [8].

Today, it is recognized that the risk factors for diseases
and disorders of RH are: adverse lifestyle (chronic stress,
low physical activity, uncontrolled sexua behavior,
inadequate and ineffective use of contraceptives,
inappropriate nutrition, non-compliance with a work-rest
schedule, etc.); the use of harmful substances (tobacco,
acohol, drugs); influence of factors of the environment
(environmental pollution); negative factors of the socia
environment (low living standards, unemployment,
uncertainty in the future, etc.); negative hereditary factors;
low level of access to medical care; imperfect system of
consultation and information on RH and family planning
[14].

It is well-known that birthrate is the result of
reproductive behavior of people who differently estimate
the degree of significance of socio-economic conditions
of life and take the appropriate decision on the birth of
children. The study of reproductive behavior and
reproductive attitudes (needs) is an essential element for
understanding and forecasting of tendencies of birthrates
in the region, for developing concrete measures for
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effective demographic and family policy.

However, in the conditions of an adverse demographic
situation, not only information about the state of health of
the younger generation, which is characterized by
statistical indicators, but also the future "reproductive
potential”, becomes of particular importance.

Today V. K. Yurev's opinion is fair and relevant. He
stated that at existing extremely adverse indicators of
morbidity, prevalence of diseases among the
corresponding groups of the population, the use of the
term "reproductive health" is not always correct, more
appropriate concerning teenagers and young people is the
use of the term “reproductive potential”. The term
“reproductive potential” should be interpreted as “the
level of physical and mental state (the complex individual
indicator reflecting the unity of the biological and social
status of the individual), a condition that allows with the
achievement of mental, sexual, biologica and socia
maturity, under the corresponding biological, social
conditions and actions of health care, to give birth and
bring up healthy descendants and to provide balance of
reproductive health” [18].

There are two fundamentaly different authors
positions regarding the concept of reproductive potential
of the population: the first position is conventionally
called the “biological model” (reproductive potential is
interpreted as the population’s ability to reproduction and
is reflected by the level of net reproduction rate (the
number of the born girls and probability of their life
before reproductive age) [15].

In this interpretation, the reproductive potentia is
considered to be completely realized if any pregnancy
ends with childbirth (abortion is the most significant
factor that reduces the reproductive potential of the
population). However, “the biological model” limits the
characteristic of reproductive potential and the effect of
the main health-saving factors that have been allocated
and grouped by the academician Yu. P. Lisitsyn (2010),
namely: lifestyle, heredity, influence of the external
environment, functioning of the health care.

The second position, substantiated by V. D. Yuriev and
grounded by scientists of preventive medicing, more
broadly characterizes the reproductive health and
reproductive potential of the population as considers not
only biological, but aso its sociad component,
combination of potential level of health and opportunities
for its practical implementation with the use of the
following criteria: socio-economic portrait of the family,
psychological characteristics, reproductive attitudes (RA),
reproductive behavior and awareness about reproductive
health, the course of perinatal and postnatal periods,
physical development, sexual development and degree of
puberty, infectious index, the presence of chronic and
extragenital pathology and the degree of its compensation,
the presence of gynecologica pathology in the anamnesis
and at the time of the examination [12, 18].

From a position of studying of reproductive health as
the basis of demographic safety of the country it is more
justified the assessment of the level of the summarized
reproductive potential of youth in the region.

First of al, RA are conventionally divided into two
groups. firstly, there are the attitudes for the average
number of children in the family, directed to achievement
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of the main result of reproductive behavior; and secondly,
there are the attitudes for practices of contraception. In
addition, the RA consist of three components: cognitive
(informative), affective (emotional) and behavioural
(stimulating). The entity of RA consists in interaction of
all three components. The cognitive component reflects
orrientation to this or that number of children, to intervals
between their births, attitudes to a desirable sex of the
child, to pregnancy and its happy completion. The
emotional component of the reproductive attitude is made
by the positive and negative feelings connected with the
birth of this or that number of children. The behavioral
component of the reproductive attitude characterizes the
intensity of motivation to birth, the power or weakness of
the reproductive attitude.

RA are implemented, first of all, under the influence of
individual reproductive motives, the formation of whichis
influenced by economic, psychological, biologica and
social factors (reproductive motivations).

Economic  reproductive  motivations  provide
strengthening of welfare of family, receiving various
privileges provided by the child's birth. Social
reproductive motivations increase the social status of
parents, heredity of the family. Psychological
reproductive motivations are shown by requirements of
meaning of life for children, love, respect, requirement of
care of children, transfer of life experience, avoiding of
loneliness and strengthening of the marriage relations [6;
13, ¢c. 45 - 57].

Besides, the organism of each person has certain
reproductive resources, that is an ability to change the
balance to the positive side and thus to increase the
reproductive potential [15, 18]. An optimal case occurs
when the negative impact of medica and social risk
factors is minimized and the biologica reserves of the
organism are high. However, it is necessary to emphasize
that characterisation of reproductive heath from a
position of assessment of reproductive potential is
appropriate only by analyzing the characteristics of the
population of child and fertile age [15].

Summary. Over the past years, scientific researchesin
the field of public hedth, clinicd medicine and
psychology have shown an increase in extragenital
pathology and gynecological morbidity among women of
early reproductive age, early sexua activity and risky
forms of sexual behavior, consistently high rates of
abortion and the incidence of sexually transmitted
infections among young people.

The need for urgent measures to improve the
reproductive health of girls requires intersectora
researches of reproductive potential in the field of health
care, demography, sociology, psychology, pedagogy with
the participation of interested ministries and departments,
public structures, that will alow to develop effective
proposals as to optimal socio-economic conditions,
improvement of the system of rendering of speciaized
educational, preventive and medical care for youth.

For assessment of reproductive potential of persons of
early reproductive age it is expedient to use a complex of
the following criteriaz the characteristics of socio-
economic conditions of vital activity, indices of physical
and sexual development, persona qualities with the
assessment  of gender identification, reproductive
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attitudes, features of reproductive behavior, knowledge
regarding reproductive health, the presence of chronic
extragenital pathology and the degree of its compensation,

the presence of gynecologica pathology in the anamnesis
and at the time of the examination.
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Meanko - connaabHbIe ACMEKThI PENPOAYKTHBHOI0 MOTEHIINAIA MOJIOTEKH

A. O. KaauHu4yeHko

AHHOTanusA. B craThe BBIIOIHEHO TEOPETUIECKOE OOOCHOBAHUE METOIOJIOTHH HCCIIEOBAHUS U OICHKU PENPOIYKTHBHOTO TOTEH-
nraia Mojoaéxu. Ilpennaraercs HCIOIB30BaTh XapaKTEPUCTHKH COLUAIBHO - SKOHOMUYECKUX YCIOBUH KU3HEAEATENbHOCTH, IIOKa-
3aTenn (PU3MIECKOTO U MOJOBOTO Pa3BUTHS, IMYHOCTHBIE KaueCcTBa C OLICHKOM IeH/IepHOil HACHTU(HKALIMH, PEIPOIYKTHBHbBIC yCTa-
HOBKH, OCOOCHHOCTH PENpOTyKTHBHOTO MOBEICHHUs, HHHOPMUPOBAHHOCTh B BONIPOCAX PEHPOAYKTUBHOTO 340POBBsI, HATUYUE XPO-
HUYECKOHM DKCTPAreHUTAIILHOW MATOJIOTUU U CTENEeHb €€ KOMIIEHCAIIMU, HAJIMYUE THMHEKOJOTHYECKOW MAaTOJOTMM B aHAMHE3e M Ha

MOMCHT 06CJIeIIOBaHI/ISI .

Knioueswie cnoga: penpodyxmusnoe 300pogve, penpoOyKmugHbslil NOMEHYUual, penpooyKmusHele YCMAHO8KU, SIKCMPA2eHUmanb-

HAs namoJjiocuA, penpoaykmusnoe noseoenie.
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AHoTamisi. B crarTi qocnipkeHi mapamMeTpy (i3sMYHOTO PO3BUTKY Y CTYAEHTIB NMPOTATOM HAaBYAJIBHOTO POKY B 3aJIXKHOCTI BiJ pi3-
HUX TporpaMm ¢i3BUXoBaHHs;. Pe3ynbTaTé AOCHTIIKeHb MOKa3allH, [0 ICHyIoYa JepikaBHA mporpaMa 3 (i3vHOro BHXOBAHHS IS
BHUILMX HAaBYAIBHUX 3aK/Ia/iB HE € e(EKTHBHOIO IIOJ0 MOKpaleHHs (i3UYHOr0 PO3BUTKY CTyAeHTIB. KOMIUIeKCHE BUKOPHCTAHHS
HEeTpaIuLiiHUX 3ac00iB, 30KpeMa aepoOiky, pesakcalii TOIo HOpMali3ye Bary, 3MEHIIY€ )KUPOBi BIIKIAACHH, 301IbLIYE CUITY MYy-

CKyJaTypH, TOOTO NPU3BOJUTH O MOKPAIIEHHS KOHCTHTYII].

Knrwwuoei cnosa: cmyoenmu, gizuunuti po3gumox, Qizuune 6UX08anHs, KOHCMUMYYis, 6NPaGu.

Beryn. BaxnuBoro NpUYMHOIO MOPYLIEHHS HOPMaJIbHOI
(YHKIIOHYBAIBHOI NisTIBHOCTI OpraHi3My € HeJOCTaTHS
pyxoBa aKTHUBHICTb. MalopyxXJIHBHH CHOCIO KHUTTS, B
Iepiry 4epry NpH3BOAWTH IO 3MIHH CTaHy CEpLeBO-
CYIMHHOI CHCTEMH, KA € OJHIEI0 3 HaHOUIbII CIabKuX
CKJIaJIOBMX oOpraHizmy. HenoctaTHs pyxoBa aKTHBHICTh
(rinokiHe3is) HacaMmepen 0OyMOBIIEHa CY4aCHUM CIIOCO-
6oM xutTs TomIo [1, 2].

Merol0 Hammx AOCIKeHb OyJO0 BH3HAUEHHS Haii-
Oipl edekTUBHUX 3ac00iB (Di3WYHOI KYNBTYpH Ui J0-
CATHEHHS MPOMOPLIHHOI TiMOOYOOBH B CTYACHTIB. 3
OTJISITy Ha Te, MO (i3WIHUN CTaH CydacHOI MOJIOAI HEey-
XIJIBHO TOTIPIIYETHCS, caMe TOMY el (akT oOymMOBUB
aKTyaJbHICTh HALTUX JOCIiIKEHb.

Orasig jgitepatypu. OgHiero 3 HaliCephO3HININX HEra-
TUBHUX O3HAK CY4acHOTO CBITY € TiMOKiHe3is, 00yMOBIIe-
Ha MaJIOPYXJIMBUM CIIOCOOOM JKHTTS, 1€ CTaH, SIKMH Cy-
MIPOBOJKYETHCS BEIMUYE3HOIO KUIBKICTIO CHUMOTOMIB, Oi-
JIBIICTL 13 SKMX BUHMKAIOTH BHACIIJOK HEIOCTATHBLOI
¢izuuHoi  akTMBHOCTI. Hu3pkuii  piBeHb  pyXxoBol
aKTHBHOCTI HETaTWBHO BIUIMBa€E Ha (hi3MUHHMN PO3BUTOK,
(bi3UuHy MirOTOBIEHICTh Ta (QYHKI[IOHYBAaHHS OCHOBHHX
CHCTEM OpTaHi3My 1 € TOJIOBHMM YMHHUKOM BHHUKHEHHS
Ta PO3BHUTKY BEJIMKOI KIIBKOCTI 3aXBOPIOBAHb Cy4acHOT'O
cycminberBa. s JessKuX KaTeropii JroAel TinoKiHe3isd €
poQeciifHOrO, IS IHIIUX, IPOCTO MOXKe OyTH criocoOoM
XWUTTA. BrumB nporo ¢akTopy Ha OpraHism JIIOAMHU B
LUIOMY 1, 30KpeMa, Ha KICTKOBHH CKEJIEeT, € MPeIMETOM
MOCHJICHOT yBaru Cy4acHux BueHnx[3,5].

Martepiaum i MeToaHM QOCHITKEHHS. Y TOCITIIHKSHHIX
Opaiii y4acTh CTYJIEHTH JIBOX BHIIMX HaBUAJIBLHHUX 3aKJIa-
ZIiB ICHHOT ()OPMU HaBUYaHHS, SKUX PO3MOAUIMIA Ha JBi
rpymnu. [IpoTsrom HaB4anbHOTO POKY mepiia (KOHTPOJIb-
Ha) Tpyna 3aiimMainack (i3UYHOIO KyJIbTypolo 3a Jlepxkas-
HOK0 TPOTPaMoOI0 Ul BUIIUX HAaBYAIGHUX 3aKiamiB |V
piBHA akpemuralii, a napyra (eKcnepuMeHTalbHa) - 3a
3aIPOIIOHOBAHOI0 KOMIUIEKCHOIO MPOTPamolo, JI0 CKIamy
SIKOT BXOJMJIM Pi3HOMaHITHI (hi3W4HI BIpaBH Ha BCi M's130-
Bi TpyIIH.

AHTpPOTIOMETPHYHI BUMIPIOBaHHS BUKOHYBAJIX 3a 3ara-
JIbHOTIPUHHSTO METOJIMKOIO 3 BUKOPUCTAHHSM CTaHAAp-
THOTO IHCTpyMEHTapito. Bu3Hawamm 3picT crosiuu, macy
Tija, 0OBOZOBI po3MipH Tina (rpyxHOi KIITKH, Tamii, mie-
4a, CTeTHa, TOMIJIKH), TOBIIMHY >KAPOBHUX CKJIAJIOK, & Ta-
KO TOXI1/JIHI IOKa3HUKHM; ONTUMAJIbHY Macy TiJa 3a Baro-
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POCTOBHM iHIEKCOM BH3HAYANX 32 MOIU(iKOBaHOIO (op-
myioio bpoka: A=P-(L-100); ne: L - moBxwuHa Tina, cm, P
- Maca Tina, KT; A - Maca Tina 3a gopmynoro bpoka; ryc-
THHY Tija BU3Haudaid 3a ¢opmynoro: d=1, 0764-0,00081
x1-0,00088 X2: me d - ryctuHa Tina; X - )KHpOBa CKJIaaKa
HaJl KIyOOBUM TpeOHeM, 110 BUMIPIOBAJaCh JaTepalbHO
Ha piBHI cepeHbO] JIiHiT MmiAnaxBoBoi 3amaauHu (MM), Xo -
BEepTUKaJbHA CKJIaJKa HAa CEpeIMHI 3aJHbOI IOBEPXHI
IuIe4a MK aKkpoMiaJIbHUM 1 JIIKThOBUM BIJIPOCTKAMM; JKH-
poBuit (FM) Tta Oe3xMpoBHH KOMIOHEHT MacH Tiia
(LBM) BuzHauamu y BiICOTKax BiJ 3arajibHOi MacH 3a
dbopmynamu [4, 5].

O6podka nanux. CtaTHCTHYHY OOpOOKY OTpHMaHIX
pe3ynbTaTiB 37ilicHIOBanIack mporpamoro "Statistica 6". B
TIpoIieci JOCTiKeHbh BUKOPUCTOBYBAJIH CTaHIAPTHI (op-
MyJH A BU3Ha4eHHs xupoBoro (FM) ta GexupoBoro
koMmronenty Macu tina (LBM), momudikosany dopmyiy
Bpoka i BU3HAYEHHS ONTHMAaIbHOI MacH Tija 3a Baro-
POCTOBUM iHIEKCOM, (HOPMYITy AJIsl BUSHAUYEHHS T'YCTUHU
Tina.

Pe3yabTaTH focaixkeHb Ta ix odorosopenHs. Ha mo-
YaTKy HaBYAJIbHOTO POKY Baro-pocTOBi MMOKa3HUKH, MOKa-
3HUKH TYCTHHH TiJIa Ta )KUPOBOTO 1 0€3)KUPOBOTO KOMIIO-
HEHTIB y cTymeHTiB miarpyn 1 i3 Ta 2 i 4 maiike He BiIpi-
3HSJINCH, pO301KHOCTI Mi’K HIMHU HE JIOCTOBIpHI.

[Ticnst 3aHATH MPOTATOM HABYAIBHOTO POKY Y CTYIEH-
TiB TIEpIIOI TPYNH HaMH OYJI0 BUSBJICHO HE3HAYHI 3MiHU
10 BiJJHOILIEHHIO JIO JIOCHI/PKYyBaHUX MOKa3HUKIB. Hampu-
Kiam, y marpymi 1 maca Tina 3pocia Bcsoro Ha 0,87 %, a
B miarpymi 2 Maibke He 3MmiHmnach. [Ipudomy nuHamika
NOKa3HHUKIB I'YCTHHH Tijlia Ta 0E3)KMPOBOIO KOMIOHEHTa
Majqu TEHJACHINIO N0 3HIKEHHS, a JUHaMiKa >KHPOBOTO
KOMITOHEHTY - JI0 3pOCTaHHSs, 110 CBIIYMIIO PO IETPEHO-
BaHICTh 00CTE)XYBaHMX OCIO KOHTPOJILHOI IPYIIH Ta HE/10-
JIKY IPOTpaMH, 3a KO0 BOHH 3aiiMaiick (Tadi.1).

B excriepumeHTanbHIlM Tpymi BigOyIMCh 3HA4HI 3MiHU:
B CTYZIEHTIB 3 miarpynu maca Tija 30uismmiack Ha 3,5 %,
OJIHAaK 11 MOKa3HUKU HE JIOCATAIN MOKa3HHUKIB ONTHMAaJIb-
HOI MacW TiNa, TYCTHHA Tija Ta BIIHOCHUH NOKa3HUK
6e3KupoBOro KOMITOHEHTY 3MeHmmncs (P<0,01), m's30-
BHI KOMIOHEHT Tifa goctoBipHO (P<0,01) 36inbmuBcs; y
miArpyni 4 3a HaBYAIBHUH PiK MOKA3HUKHM MACH Tijla TEX
HEe JOCSINIM ONTHMAalbHUX Pe3yJbTaTiB, Xoua y cepej-
HBbOMY 3MEHIIMINCH Ha 2,9+0,3 kr. 3Ha4YHO 301TBIIMINUCH
ryctuHa (3 57,05+0,002 mo 1,074+0,003) Ta Oe3xupoBuit
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KOMITOHEHT Tina (3 57,05+0,2 mo 55,39+0,1 kr). XKuposwuit
KOMIIOHEHT 3MeHImuBces Ha 1,83 %, mo cTtaHOBHB y cepe-

aabomy 1,5+0,15 kr (Tad. 2).

Ta6aunsa 1. /lunaMika MOKa3sHUKIB MacH Ta CKJIaAy Tija Ha HOYAaTKy HABYAIbHOTO POKY B CTYICHTIB KOHTPOJBHOI (IepIIoi) Ta eKc-
nepuMeHTanbHol (apyroi) rpyn, (M+m)

I'pynu
IToxa3Huku Ilepmia Jpyra

1 (n=9) 2 (n=13) 3 (n=10) 4 (n=11)
Maca Tina, Kr 57,4+1.4 66,4+1,4 56,3+1,2 64,3+1,4
JloBkuHa Tija, CM 168,2+0,8 165,6+0,9 167,9+0,8 163,3+0,9
OrnTumaibHa Maca Tija, KT 61,6+1,0 60,1 £0,8 61,5+0,8 58,8+0,9
I'yctuHa Tina 1,074+0,001 1,070+0,002 1,074+0,003 1,069+0,002
XKupoBuii KOMIIOHEHT MacH Tina, % 9,85+0,2 11,3+0,2 9,85+0,1 11,68+0,2
YKvpoBuii KOMIOHEHT MAacCH TiJia, KT 5,65+0,15 7,50+0,22 5,54+0,1 7,55+0,2
Besxupouii koMoHeHT MacH Tia, % |90,1540,2 88,70+0,2 90,15+0,3 88,32+0,2
Be3xupoBuit koMnoHeHT Macu Tina, kr |51,73+0,3 58,9+0,1 50,75+0,1 57,05+0,2

Tadanns 2. /lunaMika MOKa3HUKIB MAacH Ta CKJIaay TiIa Ha HANPHUKIHII HABYAJIBHOTO POKY B CTYAEHTIB KOHTPOJIBHOT (Trepioi) Ta

eKCIIepUMEeHTAIBHOI (Ipyroi) rpym (M+m)

I'pynu
[TokazHuku [lepmia Hpyra

1 (n=9) 2 (n=13) 3 (n=10) 4 (n=11)
Maca Tina, Kr 57,9+1,9 66,5+1,7 58,3+1,0 61,4+1,0
JloBxkHHa Tia, CM 168,2+0,8 165,6+0,9 167,9+0,8 163,3+0,9
OnrumainbHa Maca Tija, KT 168,2+0,8 165,6+0,9 167,9+0,8 163,3+0,9
I'yctuna Tina 1,073+0,001 1,069+0,002 1,076+0,002 1,07+0,003
YKupoBuii KOMIOHEHT MacH Tina, % 10,22+0,1 11,68+0,1 9,134+0,1 9,85+0,1
XKupoBuii KOMIIOHEHT MacH Tisia, KT 5,92+0,12 7,76+0,25 5,32+0,1 6,05+0,1
BezxupoBuii koMnoHeHT Macu Tina, % |89,78+0,1 88,32+0,2 90,87+0,2 90,15+0,1
Be3xupoBuii KOMIOHEHT MacH Tina, kr |51,98+0,1 58,7+0,1 52,95+0,1 55,39+0,1

OTxe, pe3ynbTaTH, OJCpXKaHI B EKCIEPUMCHTAIbHIN
IpyIi, CBiAYaTh NpO Te, 11O 3aHATTS 3 EIEMEHTaMHU TiMHa-
CTHKH, aepoOiKU CHPUSIOTH HOpMallizallii Macu Tija BHa-
CNIZIOK TO3UTHMBHUX 3MiH 11010 Ti1a. B mpomeci mocumi-
JUKeHb BH3HAYAII 00BOIOBI PO3MIpH Tijla: 00Bia IpymXHOL
kiitku (OI'K) , ii ekckypciro, o6Bin Tamii (OT), nmeda
(OIN) B po3cnabiieHOMY Ta HalPyXEHOMY CTaHaX, CTErHa
(OC), rominku (OI) Toro.

Ha nouarky HaByanbHOTO poKy Mik minrpynamu 1 i 3,
a TakoXkK 2 1 4 CYTTEBUX CTaTHCTHYHHMX PO30iKHOCTEH 3a
yciMma 0OBOJOBMMH pO3MipaMu Tija He BUsBIeHO. Ha-
MIPUKIHIII HaBYaJBHOTO POKY B KOHTPOJIBHII Ipymi y BCix
00CTEe)KyBaHUX BiIMIYa€ThCS TCHACHIIA IO 301IBIICHHS
BCiX 00BOJOBUX po3MmipiB (Tabm. 3, 4), M0 MOXXHa TOsC-
HHUTH 3arajbHUM 301JBIICHHSIM MAacH, TOJOBHO 3aBJSKH
KUPOBOMY KOMITOHEHTY TiJa.

Ta6auns 3. JluHaMika Moka3HUKIB 00BOIOBUX PO3MIPIB TiJia HA MOYATKYy HABYAIBHOTO POKY B KOHTPOJbHIH (1, 2) Ta excriepuMeH-
tainpHii (3, 4) rpynax, (M+m)

Hiarpyna

Toxaswic 1(n=9) 2 (n=13) 3 (n=10) 4 (n=11)
OO0BiI rpyIHOI KIITKH Yy CIIOKOi, CM 84,9+1,93 91,9+1,19 84,8+0,85 92,2+0,86
Exckypcis rpyaHOT KIITKH, CM 7,6+0,14 8,6+0,13 7,8+0,08 8,4+0,09
OO0Bix Tamii, cM 63,8+1,63 73,1+1.02 64,0+£0.47 73,5+£0.79
O06Bix cTerHa mpas., CM 52,9+1,0 59,8+0.66 53,3+0.81 60,0+0,60
OOGBij cTerHa JiB., CM 53,0+0,96 59,6+0,77 53,3+0.68 59,3+0,79
OOBi1 TOMIJIKH TIPaB., CM 35,1+0,66 38,6+0,72 35,3+0,40 38,5+0,85
OOBi TOMIJIKH JIiB., CM 35,3+0,70 38,8+0,75 35,4+0,46 38,7+0,62
O0Bin meya mpas., cM (po3cnabienuii cran)|25,9+0,63 27,8+0,44 26,2+0,43 28,0+0,39
O6Bix wieya JiB., cM (po3cnabiennii cran) |25,1+0,70 27,3+0.38 25,2+0.43 27,5+0.36
OO0Bix mieva npas., cM (Hanpyxenuii ctan) |27,3+0,16 28,4+0,52 27,5+0,46 29,1+0,42
OO0Bij mIeya JiB., cM (HAPYXKSHUH CTaH) 26,3+0,63 28,0+0,44 26,8+0,40 28,6+0,39

SIckpaBUM IPHUKIIAZOM LILOTO MOXKYTh OyTH MOKa3HUKH
00BOJIOBMX pO3MipiB Iuleda. HampukiHii HaBYanbHOTO
poky B 06ox miarpynax (1 i 2) nokaszauxu OII B po3cnad-
JICHOMY CTaHi 30UIBIIMIINCH, PI3HUNS MDK HanpyXeHHM
Ta po3cialJIeHUM CTaHaMH Yy OIJIBIIOCTI BUIIAJKIB, X0Y € 1
HE JIOCTOBIPHOIO, OJTHAK 332 OTPUMaHHMHU pe3yJbTaTaMu
3MEHIIMIIAcA, IO 1 MiATBEPAKYETHCS 3MEHIIEHHS M'S30-
BOTO 1 30UTBIICHHS )KMPOBOTO KOMIIOHEHTA MAacH Tija IO
BiTHOMIEHHIO /10 CTYJCHTIB KOHTPOJIHHOI TPYIIH.

B excrnepuMmenTanbHiA rpymi 0OBOAOBI PO3MIpH TT0C-
TOBIPHO 3MEHIIWINCH, 32 BUHATKOM OIl y HampykeHOMY
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crani. OIIC y 3 migrpymi 3MeHIIMBCS B CEpeHHOMY Ha
1,9+0,6 cM, a B miarpymi 4 - Ha 2,24+0,5 cM, a eKcKypcis
TPYIHOI KIITKK 301UMbImAiIack BiamosinHo Ha 2,2+0,08 cMm,
10 MO’KE XapaKTepH3yBaTH IOJIMIIEHHS (i3UIHOTO PO3-
Butky. OT y 3 migrpymi 3menmuBcs Ha 2,3+0,4 cm, y
MOpiBHAHHI 3 4 miarpymoro cryneHris Ha 4,3+0,5 cm, 006'-
€MHU cTeroH BiamosiaHo Ha 1,2+0,3 Ta 2,1+0,5 cMm, romi-
Jok - 0,7+0,2 ta 2,3+0,4 cm.

OIl y poscnabieHOMY CTaHi B MiATpymi 3 3MEHIITUBCS
Ha 0,8+0,02 cMm, a B HanpykeHOMY 30iibImmBest Ha 0,6-1,1
40,03 cM. Pi3HUI MK HampyXeHHM 1 pPO3CIabiIeHnM
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CTaHaMH HAMPHUKIHII HAaBYAILHOTO POKY 301JIbIIMIIACH HA
1,2 - 1,9 ¢M NOPIBHSHO 3 BUXIAHUMH TaHUMH. AHAJIOTIdHI
3MiHM Y TUHaAMIIi 00BOJOBHX PO3MIpIB TUIeda OyIIH BUSIB-

JIeHI TakoX 1 B MiATpymi 4, M0 CBiAYUTH MPO 3HAYHE 30i-
JIBIIICHHST M'I30BOT MacH Tijla 3aBISKH 3HUKXCHHIO KHPO-
BOT0 KOMITOHEHTA.

Ta6muus 4. /luHaMika NOKa3HUKIB 0OBOJOBHX PO3MIpIB Tijla HAPHUKIHII HABYaJIBHOTO POKY B KOHTPOJBHIH (1, 2) Ta ekciepumeH-
tasbHil (3, 4) rpymax, (M+m)

IToxazHuku Hinrpyna

1 (n=9) 2 (n=13) 3 (n=10) 4 (n=11)
OO0BiJ] TPYTHOT KIITKH Y CIIOKOI, CM 85,3+£2,00 92,3+1,22 82,94+0,76 90,0+0,74
Exckypcist rpyiHOT KIIITKH, CM 8,0+0,16 8,9+0,09 10,0£0,07 11,2+0,12
OO6Bi Taii, cM 64,6+1,50 73,4+1,11 61,7+0,52 69,3+0,82
OO0Bix cTerHa npas., cM 53,1+0,96 60,1+0,58 52,0+0,75 57,8+0,66
OO0Bij cTETHA JIiB., CM 53,4+1,06 60,0+0,58 52,0+0,75 57,3+0,61

35,4+0,70 38,8+0,66 34,6+0,43 36,2+0,54
OO0Bi ] TOMIJIKH TIPaB., CM 35,4+0,70 38,8+0,75 34,6+0,43 36,2+0,54
OO0Bi TOMIJIKH JIiB., CM 35,4+0,70 38,9+0,72 34,7+0,40 36,4+0,55
OO0Bix mieya npas., cM (poscnabienuii cran)  [26,2+0,66 28,0+0,38 25,4+0,44 25,4+0,45
OO0BiJ IeYa JiB., cM (PO3CIabICHUN CTaH) 25,8+0,63 27,6+0,33 24,6+0,40 25,0+0,39
OOBix mIeya npas., cM (HapYKeHUH CTaH) 27,2+0,60 28,5+0,42 28,1 £0,40 28,6+0,48
OOBix myeya JiiB., cM (HaIpy>XeHUH CTaH) 26,2+0,70 28,3+0,38 27,9+0,43 27,4+0,45

OTxe, aHai3 0OBOIOBHX PO3MIpIB Tijla MiATBEPAKYE
3HAYHE MOJIMIIEHHS (i3MYHOTO PO3BUTKY MPOTIIOM POKY
B CTYICHTIB €KCHEPHMEHTAIBHOI I'PYNH B MOPIBHSAHHI 3
KOHTPOJBbHOIO Tpymoro. Crix 3a3HauuTH, MO (Qi3udHi
BIPABH BIUIMBAIOTH HA MONIMIICHHS (i3HYHOTO PO3BUTKY
’KIHOK MOJIOJIOTO BiKYy, OIHAaK CYTTEBO 3AJIC)KATh Bill KOM-
IUIEKCY METOAUK LIOJ0 iX MPOBEICHHS.

Ha >xanp, 3anpornoHoBaHa JepxaBHa mporpama 3 ¢isu-
YHOTO BUXOBaHHS HE Ja€ OaKaHUX pe3yJbTaTiB, TOMY
BU3HAYCHHS Ta HAyKOBE OOTPYHTYBaHHS TPAAULIHHUX 1
HETpaauLiHHUX 3aco0iB (i3W4HOI KyJIbTYpH HEOOXiaHe
JUIl JIOCSTHEHHS BIANOBITHOTO (Di3UYHOTO PO3BHUTKY 1
3araJibHOrO CTaHy 3/I0POB'S.

BucHoBku

1. PesynbTaTi BAKOHAHUX JIOCTIIKCHb HAOUHO BHUSIBH-
JIF, 10 3alpONOHOBaHA HAMH CHUCTEMa O0370POBYO-
TPEHYBAJIbHUX 3aHATh, 10 SKOi HAJE)KANId TiMHACTHKA,
aepoOika, IJIaBaHHSA, peNlaKcallis Ta iHII, 3HAYHO e(ek-
THUBHIIIIA, HDK 3aralpbHONPHIHATA JepXKaBHA mporpama 3
(i3MIHOTO BUXOBaHHS.

2. BusBieHo, 10 y CTYICHTIB, SKi 3aliMaliCh 3a 3a-
MPOTIOHOBAHOK KOMILIEKCHOIO CHCTEMOIO, MOKa3HHKH,
[0 XapaKTePU3yITh (PI3UUHUI PO3BUTOK 3HAYHO MOJIII-
[IHITHCH.

3. BaroMyM BHCHOBKOM JOCIIIKEHb € T€, 1[0 CUM0i03
3alpONOHOBAaHUX 3ac00IB BIUIMBAE€ Ha HOpMali3alilo Ma-
CH Tijia, 3MIIHIOE M'SI3U, CIANIOE JKHUPH, MOJIMIIYE HE
TUTBKHM 30BHIIIHINA BWIIIAN JIOAWHHU, 3MIIHIOE 3I0pPOB'S,
Mpae3JaTHICTb, 1 Ha/la€ il BIEBHEHOCTI y co0i.
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Influence of physical exercises of a different directednessto a constitution of the students
0. V. Timchik, O. V. Polkovenko
Abstract. The parameters of physical development on stretch of academic year at the students were investigated which attended
under the different programs of physical education. The outcomes of researches have shown that the existing state program on physi-
cal education for higher educationa establishments is not effective in improving physical development of students. Complex use of
untraditional means: an aerobic, relaxation etc. influences normalization of weight of a skew field, reduces fatty adjourment,
strengthens muscles, i.e. promotes improving of a constitution.

Keywords: students, physical development, physical education, constitution, exercises.

Bausinue ¢pusnyeckux ynpakHeHHi Ha OPraHu3M CTYeHTOB
O. B. Tumunk, O. B. ITo1koBeHKO
AHHoOTanus. B cTaThe nccienoBaHsl mapaMeTps! GH3UIECKOTO Pa3BUTHA y CTYACHTOB HA NPOTSDKEHUH YIeOHOTO To/la B 3aBHCHMO-
CTH OT Pa3NHMYHBIX (HU3KYIBTYpPHEIX HMporpaMM. Pe3ynbTaThl MCCIeTOBaHMI ITOKA3aJIM, YTO CYIIECTBYIOIIAs TOCYAapCTBEHHAS MPO-
rpaMma 1o (pu3KyIbType A BEICIINX y4eOHBIX 3aBeAeHMI He 3 (eKTHBHA B OTHONICHUHN YITydIIeHUS (U3NIECKOTO Pa3BUTHS CTYy-
JeHToB. KoMIutekcHOe MConp30BaHne HETPaJUIIHOHHBIX CPEICTB: adpoOrKa, penakcarys, 1 T.I.. HOPMaJIH3yeT BEC, COKPAIIAET XKHU-
POBBIE OTIIOKEHUSI, YBEININBAET CHITy MyCKYyJIaTypbl, T.€. IIPUBOJNT K yTyJIICHUIO KOHCTUTYIIUH.

Kniouesvie cnosa: cmyoenmol, husuneckoe pazgumue, Gpusuieckoe 6ocnumanue, KOHCMUMyyus, yRpaxiCHeHus..
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Abstract. We consder dynamic models of decision support systems for controlling unmanned aircraft set of equations with small nonline-
arity and the K - positive determined K - symmetric operators. To these modds, gradient method is applied. Methodology is developed
for practica convenience of gradient methods. Application of gradient methods to dynamic modelsin decison support systems for control-
ling unmanned aircraft conssts of dgorithms and corresponding unit circuits. Present method makes it possible to optimally implement of

gradient methods in the automation control drones.

Keywords: dynamic models, decision support system, flight mission, unmanned aerial vehicles, gradient method.

Introduction. Mathematical courses of universties, focus on
the substantiation of the mathematical apparatus and the
formal methods of solving a narrow class of problems. As a
result, the course of mathematics is unjugtifiably complicat-
ed, overloaded with non-working materia and at the same
time poor in content. It does not take into account modern
trends in applied mathematics, in particular, related to the
development of methods that have a broad and relevant
application area of gpplication, with consderable attention to
algorithms and computers. Teachers of mathematics at uni-
versities while refining the course often do not care about
how the student will "work" in the future. Therefore moving
from the course of mathematics to other disciplines in order
to study specid literature, and later - to practicd activities, he
forced to radicaly retrain.

The course of mathematics for military speciaists now
has to take into account the current intensive devel opment of
the concepts and methods underlying the application of
mathematics. It should be a course of applied mathematics,
which includes the necessary theoretical concepts.

In practice, a university graduates are often faced with
complex computational problems arising from the physical
and technical problems. Such tasks can be broken down into
a number of elementary ones - such as cdculating an inte-
gral, solving a differential equation, etc. Many of the basic
tasks are smple and well studied. For such tasks, methods of
numerical solution have aready been developed. There are
aso quite complex elementary tasks

These methods include methods of variationa-gradient
type which arose from a combination of ideas of direct and
iterative methods. Such synthesisis due to the need to €imi-
nate the inherent weaknesses.

The theory of variationa-gradient methodsiswell designed
for linear equations in Hilbert space with postive definite
symmetric operators[1,2]. For equations that do not have such
properties, the theory of variationa-gradient method is under
development. Variationa-gradient methods are stable, have a
reesonable rate of convergence and does not require
knowledge of the functional operator spectrum boundaries.

As aresult the spread of these methods to awider class of
equations and the application of the theory of variation-
gradient methods to dynamic models in the DMSS for re-
mote control of the UAV will increase the accuracy and
speed of the calculations during the flight in accordance with
the given program. This will alow to develop or adjust the
optimal UAV flight program for solving the problems of
observation and search of specified objectsin real time,
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Main part

1. The problem setting. In order to minimize the cost of
performing the flight tasks, it is necessary to implement an
appropriate decison support system (DSS), which allows regl
time development of the optimal UAYV flight program [3].

The decision support system includes a number of math-
ematical models. The main part consists of models based on
theintegra-differentia equations, often nonlinear.

To date, research on nonlinear UAV moddls has been de-
veloped very poorly. Therefore, the propagation of the gradi-
ent method to a class of equations with small nonlinearity
and K-postively defined K-symmetric operator is an actua
and important task.

2. Theanalysisof the last gudiesand publications. The
task of planning the trgjectory in the context of managing
complex technica objects is studied from the 50s of the XX
century. One of the firgt projects in this area was the well-
known project by Stanford University of the United States
for the creation of the SHAKEY robot in 1966-1972. It was
the project which initiated a long-term study of methods and
approaches for solving trgjectory planning and the manage-
ment of unmanned agria vehicles, which are paid a lot of
atention [4, 5].

Recently, considerable attention has been paid to the ap-
plication of decison support systems for control tasks and
the safety level of UAV flight [1, 6-8]. Unfortunately, amost
al existing trgectory planning methods used in modern
aircraft unmanned aeriad vehicle control systems are re-
source-intensive.

3. Thealgorithm of modified gradient method. The ba
sis of the systems for monitoring the surface by the UAV isa
decison support system that is described by mathematical
models. The agorithms that coordinate the dynamic charac-
terigtics of the observation object with the flight parameters
of the UAV s are explored and developed in such systems.

An acceleration of the decison of mathematical models
with weak nonlinearity with the help of modified gradient
method will alow to improve the accuracy of UAV control
and increase the reliability of the adopted decisions.

We shdl consider a dynamic model, which is described
by the following equation:

Au+ AF = f,feH, 1)
here . — is a parameter, H — Hilbert space, operator
A:D(A)—H is defined on a dense in H set is a linear K-
positive definite and K-symmetric [9]. That is, there is a
closng operator K: D(K)—H, D(K)c D(A), such as
Ap,v>0: (Au,Ku) = pl|u||2,VueD(4),
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[|Kul|2 < v(Au, Ku),YueD(A), )
(Au, Kv) = (Av, Ku),Vu,veD (4), 4

Assume that there exists a linear K-podtive definite and
K-symmetric operator, B: D(B)—H i D(B)=D(A), for which
it is easy to condtruct an inverse one.

L et the condition be fulfilled:

F6>0: 0<y< o< oo,
vueD(A) y(Bu, Ku) < (Au, Ku) < 6(Bu, Ku) (5)

Operator F: D(F)—H defined on a set that is dense in H
and D(A)cD(F) is nonlinear K- monotonous K-Lipschitz
continuousthat is:

Ja,B > 0: Yu,v,heD(F)
[1(Fu = Fv,K(u—v))|| 2 a(B(u — v),K(u - v)) ©)
[I(Fu — Fv,K(u —v))|| < B(B(u — v),K(u — 1)) o

Under (2) — (7) equation (1) has asingle generalized solu-
tion.

We consider the equation (1) and assumethat (2) - (7) are
fulfilled.

Let upeD(A) - arbitrary initial approximation. Suppose
that (k — 1)-th approximation is found. Then for the follow-
ing ones we use the scheme;

Buy, = Buy_q + T 1%, (8)
here t« the coefficient, a rx — mismatch
Ty = f=Aug_y- AFUy_4 )

Unknown coefficient tx we can find from the functional

minimum condition
D(wy) = (Awg, Kuy)-2(f, Kuy) + 2A(Fuy_q, Kuy) (20

Asthere are exists an reversed operator for B, then (8) can

be rewritteninaform
U = Up_q + T B7ry (11)

From the condition of the minimum of the functiond (10),
taking into account (11) we obtain the formula for T« deter-
mination:(

_ (B~ 1y, K1) (12)
(AB~r,KB~'ry,)

4. Validation of modified gradient method. Let’s set a
new scalar product on D(B):

[w,v] = (Bu,Kv),u,v € D(B). (13)

Then, for (13), al axioms of the scdar product hold, and
the linear set D(B) can be considered as a real Hilbert space.
We will call the closure of a set D(B) in the sense of the
metric (13) an energy space Hg. The norm of an element uin
space Hg. will be denoted | uls, so that

lullz = [w,ul,u € D(B). (19

Theorem. If in (1) the operators A and F satisfy the con-

2

Tk

2y5

ditions (2) — (7), parameter || < 015y then the modi-

fied gradient method (8) — (12) is convergent and the rate of
convergenceis characterized by:

' = wells < ng“llu” —uoll. k2 1, (15
5+ B Vs 5—y
- = T p=—t 16
n= i d TP =5 (1)

Proof: Let Ko — be the expanson of the operator K over
space Hg.. Then operators A and B can be expanded to closed
Ko-positive-definite operators Aq and By, such that Ag> A,
Boo B,. Ay i Bp has continuous inverse ones and Hg contains
al the elements that implement a minimum of functional
HW).

Let:

G =B;'A,,C = By'F, g = By'f. 17

The operator G can be extended dl over Hg.. Let’s denote
this expansion by Go.

Let’sconsider an equation

Gou+ ACu = g, g €Hp. (18)
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Initial datayo, &
I

e =f—Ayr1 —AFyp4
R, = B™'ry; ARy; KRy.

v

Ly = (e, KRy)
h, = (ARk,KRk)

v

hy
v
Vi. = V.. .+ R
iz
Yes
Determine yk
v
[ End ]

Fig. 1. Block diagram of the modified gradient agorithm amethod
for equations with small nonlinearity and K-positive definite K-
symmetric operator

The operators Go i C act in space Hg. Operator Gpisalin-
ear postive definite bounded and symmetric in Hg..So, ac-
cording to (4) and (17), we get

Vu,v € Hg : [Gou,v] = [By14ou,v] = (Agu, Kv)  (19)
= (Agv, Ku) = [Gyv, u]
And condition (5) isasfollows:
Aullz < [Gou,u] < 8llullf, vu € Hp. (20)

For anonlinear operator C, conditions (6), (7) will be:
[Cu—Cv,u—v]=allu—vl|3,Vu,v € Hy, (21)
[Cu— Cv,u—v] < Bllu—"v|3,Vu,v € Hg. (22
According to the inequalities (21), (22), the nonlinear op-
erator C is Lipschitz - continuous and monotonic. That is,
equation (18) has a unique solution.
After the replacement (17) method (8) - (12) will look
like:
U = Up_q + Tk & (23)
where a=9 — GoUk-1—AC uk_1, and unknown coefficient z
isfound from the condition of functional minimum:
P(uy) = [Gowge, wy] — 2[g, we] + 22[Cruye_y, 1] (24
After transformations we get an expression to define «
[gk, &l
- [Go Er &l (25)
Thus, the solution of equation (1) by the method (8) —
(12) is equivalent to solving the equation (18) by the method
(23) — (25). According to the convergence theorem of the
gradient method applied to equations with small nonlinearity
[10], the method (23) — (25) converges, that is, the method
(23) — (25) converges too and the rate of convergence is
characterized by an estimate (15).
5. Method of application of modified gradient method
for dss models with small nonlinearity and k-positively
defined, k-symmetric operator. Consider the computational

Tk
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scheme which should be used in practical implementation of
the modified gradient method for dynamic models with low
nonlinearity and K- positively defined K-symmetric operator
(Fg. 1).

Let yoeD(A) — be arbitrary initia approximation, £ > 0 the
required accuracy of the desired solution, k is the iteration
number.

1. Initialization of initid datayo, €, k=1.

2. Cdculation of expressions

T =f — AYr-1 — AFYp_1;

Rk = B_lrk; ARk,' KRk

3. Cdculation of scalar products I, = (rx, KRy), hy =
(AR, KRy)

4. Calculation of parameter: ¢ 7, = ;—’;

5. Calculation of approximation: y, = yy_; + i Rx.

6. Test of the condition: if ||y, — yx_1ll = & thenk = k +
1 and repeat 2 - 6.

The block diagram for this algorithm is shown in Fig. 1

Conclusion. The application of the modified gradi-
ent method to dynamic models described by equations with
small nonlinearity and K-podtively defined K-symmetric
operators will increase the efficiency of the use of unmanned
intelligence and surveillance systems by automating the
preparation of the flight task, optimizing the flight path with
anchoring to the dectronic maps of the area and the defini-
tion of optimal flight parameters with the possibility of cor-
rection of flight task parametersinred time.
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JIeTaTeJIbHBIX aNNapaToB
O. B. bapa6am, H. b. [laxuo, I'. B. IlleBuenko

AnnoTaiusi: PaccMOTpeHbI TUHAMUYECKHE MOJIEIN CUCTEM IO UIEPIKKH PUHATHS PEIICHHH VTS YIIPaBIeH!s: GECIIMIOTHBIMHE JIETATEBHBIMU
anmaparaMd 3aJ@HHBIMA  YPABHCHUSIMHA C MAIbIM  HEJMHEHHOCThI0 M K-TIONOXKHUTEILHHBIME  ONPENECHHBIME  K-CHMMETpHYHBIMI
oreparopamu. [IprBeieHasi METOIMKa TPUMEHEHHST MOIU(UIIMPOBAHHOTO IPAMEHTHOTO METO/Ia, KOTOpast JaeT BO3MOXHOCTB OITHMAJIHEHO
PeaTI30BbIBATH METOI B IPOIIECCE ABTOMATH3AIINH YIIPABICHHS OSCIIIOTHBIMH JIETATEIbHBIMH allliapaTaMHu.

Knrouesvie cnosa: ounamuueckue mooenu, cucmema NOOOEPIICKU NPUHAMUS peulenutl, OeCnUulIOmHbIL JemamelbHblil annapam,
Mpaexmopust nosiemd, 8apuayUOHHO-2PAOUEHMHbIL MEMOO, 2PAOUCHMHBIL MEMOO.
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AHHOTanus. PaccMoTpeHa cTparernst MaHEBPUPOBAHHUS Cy/IHA IS NPEIYNPEKICHUS CTOIKHOBEHHS C LENbI0 B CUTYalluH YPE3MEPHOTO
compkenys. I1okazaHo, 4TO CTPYKTYpa CTPATErHH PACXOXKACHHS 3aBUCUT OT TEKYIEH OTHOCUTENBHON MO3ULIMHU CYJHA U LIEJH, a TakKe HX
IIapaMeTpoB JBIDKEHUST. MaHeBp pacXoKICHHSI MOXKET COZEprKaTh OT JIBYX 1O IIITH STaroB. [1oJydeHs! yCIOBHUS peali3aliy KaKIoro u3
9TAIoB ¥ NPHBE/ICHBI aHATMTHYECKHE BEIPOXKEHNS pacdeTa ero IapamMeTpoB.

Knroueewie cnosa: 6ezonacnocmov cyoo80dcoeHs, npedynpexcoeHie CmoiKHOSeHUs Y008, CIpame2ust IKCMPEHHO20 PACXOHCOeHUS,

upesmepHoe conudicerue cyoos.

Beenenue. [Ipu niiaBaHuM B CTECHEHHBIX BOJIaX BO3PACTacT
PHCK CTOJIKHOBEHHS CYHOB H3-32 ITOBBIICHHOW HHTEHCHB-
HOCTH WX JBIDKECHHS M OTPAaHMYCHHOTO NMPOCTPAHCTBA I
MaHEBpa, YTO HEPEIKO BEAET K BO3HUKHOBEHUIO CHUTYalllH
YPE3MEPHOTO COJIMKCHUS C YTPO30i CTOJKHOBEHMs. Pa3Bu-
THE TaKUX CHTYallMi 3a4acTyl0 3aKaHYMBAIOTCSI CTOJIKHOBE-
HHEM Cy/lOB. B cuTyauusix upe3MepHOro CONMKSHHs
MIIIICC-72 06s3biBatoT 00a Cy[qHA MNPEANPUHUMATH BCE
BO3MOYKHBIE MepbI, 0OecreunBaronye 0e30MacHoe PacxoxK-
nenue. B Takux cutyanusax o0a cyaHa NPUHAMAIOT PELICHUSI
1o 0e30MmacHOMY PACXO’KICHHIO B YCIOBHSX HEOINPEIEIICH-
HOCTH OTHOCHTENIBHO MPECTOSIINX ACHCTBHH MapTHepa.
IMoaTomy Oe30macHbIH HCXO/ B TAKHX CUTYalUAX B OOJbIICH
Mepe OIpeNeNsIeTcsl He PaliOHAJIGHBIM NPUHATHEM pele-
HUS, @ MHTyWUIUEH KalluTaHa U BE3EHUEM.

Kpatkuii 0030p ny0amkammii mo teme. CoBeplleH-
CTBOBAHHUIO CIOCOOOB BBISBICHUS CHTYallUd OIACHOTO
COMWKEHHsT M NPENYNPEKJACHUI0 BO3MOKHOTO CTOJIKHOBE-
HUs TIOCBsiIeHbl pabotel [1-4]. B paGorte [1] paspaGoran
METO/I CHHTE3a TMOKHUX CTpaTerHii pacxXoKACHUsl, COrJIaCHO
KOTOPOMY CTPYKTypa CTpaTern pacXOiKIEHHS 3aBUCHUT OT
3HAYCHHs CHTYALMOHHOTO BO3MyLIeHus1. B pabore [2] noka-
3aHa 3aBHUCHMOCTb THIIOB B3aUMOEHCTBHUS CYJIIOB IIPU BO3-
HUKHOBEHMS CHTYallMOHHBIX BO3MYIIEHHWH OT CTENEHH
OIIACHOCTH CTOJIKHOBeHUs. B paGote [3] paccmoTtpeHa mpo-
OnemMa pa3pabOTKH ONTHMAIIBHON CTPYKTYPHI CHCTEMBI OU-
HApHOI KOOPWHAIIMY B3aHMOJICHCTBHS Maphl CY/IOB B CHTY-
alluM OIACHOTO COJIMXKEHUs, IPUYEM COTJIACOBAHHOCTh Ma-
HEBPOB CYJ/IOB IPEJUIOKEHO OLIEHUBATH CKOPOCTHIO U3MEHE-
HUSL IUCTAHIMHU KpaT4YaIiero COMMKEeHHsI.

Omnucanue mpouecca pacxOXkKIEHUS CYIOB MeETOJaMU
i pepeHIMaTbHEIX WP MPEVIOKEHO B pabortax [4-6], a
TaK)Ke OTMEYAETCS CIIOKHOCTh 33/1a4M BEIOOpA ONTUMAJIBHO-
TO MaHEBpa PACXOXKACHWs, Kak MHOTOMEPHOTO Ipolecca
YIIpaBJIEHHs JBIKEHHEM CYJIHA, OTIMYAIOLIErocs! HelMHeH-
HBIMHU U HECTAIIMOHAPHBIMH XapaKTEPHCTUKAMH.

B pabote [7] usinaraercs TeopeTHYecKoe 0OOCHOBAaHHE
ABTOHOMHOM CyZOBOW CHCTEMBI MPELyIPEKICHNS CTOIKHO-
Benusi cynoB (Collison avoidance). Takxke paccma-
TPUBAIOTCS TPEOOBAHUS K AaBTOHOMHOW HABHTAIlMH. YKa3bl-
BAETCs, YTO MCCIIEOBAHMS 110 aBTOMATH3ALNN YIIPABICHHS
CY/IHOM, KOTOpbIE MPOBOJSITCS B HACTOSIIIEE BPEMsl, MOT'YT
OBITH IIPE/ICTABIICHBI B KJIACCHYECKON MIIM KOMITBIOTEPHOM
Kareropusx. Kinaccuueckue rmoaxo/ipl OCHOBaHbI HA MaTeMa-
THUYECKHUX MOJIEIISIX U AJITOPUTMAX, & KOMITBIOTEPHBIE TEXHO-
JIOTHH HCIIONIB3YIOT HCKYCCTBeHHBIH MHTemekt (Artificial
Intelligence). Pabota HOCUT TeopeTHYECKHil XapakTep U He
COJZICP’KUT PEKOMEHALNI MPAKTUYECKOMY CYIOBOXICHHUIO.
B paGote [8] mpencraBneHsl HWccienoBaHUA O Mpobieme
obecrieyeHus1 GE30I1aCHOTO PACXOXKACHHUS CYIOB METOIaMHU
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BHEIIHETO YMNPABIECHHA C HMCIOJIB30BAHUEM HEIOITYCTUMBIX
obacTelt KypcoB HIIH CKOPOCTEHt CyIOB.

Heunb. Llenpto HacTosAIEN CTaThbU SIBISETCS paccMOTpe-
HHUE CTPYKTYPhl MaHEBpA SKCTPEHHOT'O PACXOXKICHHUSA U BBI-
sIBJIeHUE (DAKTOPOB BIMSIOLIMX Ha HEe.

Marepuasnt u  Meroabl. CorjacHo mnpaBwiy 17
MIMICC-72 B cutryanusix 4pe3MepHOro cONMKeHus o6a
CyIHa 00s3aHbI IIPEANPHHATH MEPhI I OE30MacHOTO pac-
XOXKIeHus. B Takux curyanusx oba cyqHa NPHHUMAIOT pe-
LIEHUs B YCJOBHSX HEOIPEICICHHOCTH OTHOCUTENIBHO
MIPEACTOSIIINX JICHCTBHI MAapTHEpa, YTO 00yCIIaBIMBACT Iie-
71eC000Pa3HOCTh HCIIONB30BAHKUS MHHHMAKCHBIX CTpaTEerHit
pacxokzieHus. B TaHHOH cTaThe MpU pacCMOTPEHHH MAaHEB-
pa pacxoXIEHHs B CUTYallid YPE3MEPHOTO COMMKEHUS HC-
CIIEAYEeTCsl HE TOJIBKO YKIOHEHHE CyIHA OT OMNACHOM LENH
TIIpU ee HeNpeAcKa3yeMoM MOBEICHUH, a M U3MEHEHHUE Kypca
CyZAHa O MOMEHTa BBIXO/Ia Ha MPOTPAMMHYIO TPACKTOPHIO
IBUKCHUS.

Kaxk nokasano B pabore [8], B HyJIeBOil MOMEHT BpeMeHU
(MOMEHT OOHapy)KEHHsl CHTyallud YpEe3MEpPHOTrO COJIMKe-
HUA) CyIHO, CIeQysh MHUHMMAaKCHOM CTpaTerud, KOoTopas
Tnipe/rosaraeT Hanbosiee HEONaronpusITHEI MaHEBP YKIIO-
HEHM LIeNH, IOJDKHO Jiedb Ha Kypc K, paBHBII 0OpaTHOMY
IIEJIEHTY Ha e, T.€. K, = +180, rAe o - IEISHT Ha LEIb.
IIpu 3TOM IOBOPOT Ha yKa3aHHBIA KypC IPOU3BOAUTCS B
CTOPOHY OT HalpaBJIeHUs Ha 1IeJIb C MAKCUMAJIbHON YTJIOBOM
CKOpPOCTHIO. JIaHHBIN 3Tal CTpaTerndl PacxokAeHHs, KOTO-
PBIil MOXKHO Ha3BaTh yOEraHHEM OT LIeJIH, TPeAHa3HaueH JUIs
obecrieueHns] MaKCUMaJIbHOTO 3HA4Y€HHSI CKOPOCTH H3MEHe-
HUsI TUCTAHIMU MEXIy CyJHOM M Lenblo. B 1aHHOI cTaTthe
OyZeM nojarath, 4YTo CKOPOCTb LEMU V MPEBOCXOIUT CKO-
pocth cymHa V,, T. €. V. >V,. Ha nanHoM stame HeoOxo-
JIMMO U30eXaTh CUTYallMl YPE3MEPHOTO CONMKEHUs, N3Me-
HSA TO3UIUIO CyJITHA OTHOCUTEIIBHO IICJIN TaK, YTOOBI CyAHO
OKa3aJloCh B CHUTyaIuW, oOecreunBaromiell Oe3omacHoe
cOmmKeHre 1 IBIDKEHIE CyJHA K TPOTPaMMHOM TPaeKTOpHH
JIBHKEHHMSL.

Takum o6pasom, mocne moBopoTa Ha Kypc K., Koraa
MaKCHMaJbHO BO3MOXKHAsl JIICTAHIMS KpaTdauiero comu-
xeHusT mexl ;,, HE MPEBOCXOIUT MPEAETbHO-IOITyCTUMYIO

MUCTaHIMIO Ly, T. €. mexl ;, <Ly, CyIHO ClienyeT KypcoM
Ko = +180, IpHYeM 3TOT KypC M3MEHSETCS C U3MEHEHHEM

MeJIeHra ¢ , TaK KaK MPOHUCXOIUT NEPEMEIIECHUE [IENU OTHO-
CHUTENBHO CyZHA. Tak Kak CKOPOCTh CyAHAa MEHBIIE CKOPO-
cty nem V>V, To IpU U3MEHEHUH Kypca cyaHa Ha 360°
OTHOCUTENBHBIA KypC U3MEHSAETCS JHIIb B HEKOTOPOM CeK-
TOpe, AOCTHras MaKCUMAaJIbHOTO M MHHHMMAJbHOTO 3Haye-
HHI1, BeJIMYMHA KOTOPBIX ONpe/ensieTcs BhlpaKeHusIMu [1]:
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Kotmin =t+ K¢e —arcsinp U K gyma = t+ K¢ +arcsinp » (1)

TIC Kgimin B Kgma« - COOTBETICTBEHHO MUHUMAIBHOC U
MaKCHUMaJIbHOE 3HAaYCHUSI OTHOCHUTENILHOIO Kypca,

K, - KypcC e,

p =V, / V> IPHYEM B pacCMaTpUBacMoM ciydae p < 1.

CnenoBatenpHo, pu P < 1 I BCEX MCTUHHBIX KypCOB

cyaHa n3 muamnaszoHa ot 0 10 277 OTHOCHTENBHEIH Kype Oyaer
NpPYHUAMATDH 3Ha4eHus 13 quana3ona [ K gminy Koma J- Ecm

xKe p= 1, TO OTHOCHTENBHBIN Kypc mMersercs ot 0 no 27
IpY M3MEHEHUH MCTHHHOTO Kypca CyIHa B TeX JKe Ipeie-
JIax.

OueBHIHO, €CITH CKOPOCTh CyIHA MEHBIIIE CKOPOCTH Iie-
JIH, TO MaKCIMAJILHO BO3MOJXKHAS JUICTAHINS KpaTdaiInero
cOmmKeHns Mmex Ly, [JOCTHraercss NpU OTHOCUTEIbHBIX

Kypcax Kgmin WM K gie - Eci gepes Koy, 0003HAYUTEH

OKCTpEMaNbHBI OTHOCUTENBHBIH Kypc (g W

otmin

), Ha KOTOPOM JMCTaHIMS KPaT4alIlero CONMKeHHs

KOtTT‘ﬂX
L min MaKCUMasIbHA, TO IPU YCIOBUH, YTO LIEJIb HE H3MEHAET
HapaMeTphl JBIDKCHHS, BBIPAKEHHE UL MmaxL ., HMeeT
cnenyronmit Bua [1]:

mMeX L in = DSin(Kegr — ) » (2)

rae «, D - COOTBETCTBEHHO MEJNIEHT Ha Lejb M JAUCTaH-
LIHsI MEXKITY CYTHOM H LIEJIBIO.

Tak kak ¢ MOMEHTa BpEMEHH Hauajla OTBOPOTA CylIHa OT
HaYyaJbHOrO NPOrPaMMHOIO Kypca MeNeHT o W JUCTaHLUs
D U3MCHSIOTCS, TO B MOMEHT BPEMCHHU t, JOCTIDKCHHS
Kypca Cy[Ha 3HauYeHH Kypca «yoeraHmsD» K, HeoOX0oquMo
OLICHUThH TEKYIIYI OTHOCHTENIBHYIO MO3HIMI0. s 3TOro
crenyer ¢ momomnipio gopmynsl (1) paccunTaTh IKCTpe-
MaJIbHBIC OTHOCHTEINBHBIC KYPCHI U BHIYHCIUTH MaKCHMaIIb-
HO BO3MOXHYIO JIMCTaHIMIO KpaTdaifliero COMmKeHus
mexXL i, Mo ¢opmyne (2). 3aTeM HaJIeKUT NPOBEPUTH
CTIPaBEUTHBOCTh HEPaBeHCTBA MBXL i, < L. [Ipu mcTuH-

HOCTH HEpaBEHCTBA HAJJICKHUT CJIEIOBATh KypcoM «yoOera-
HUD K, yAepxKuBas Kypc CyIHAa IPOTUBOIOJIOMKHBIM IIe-
JIGHTY Ha IIeJb, CTapasich YBEIWYHUTh JUCTAHIMIO /IO LIEJH.
Ilpn 3TOM HEOOXOOMMO KOHTPOJIMPOBATh COOTHOIICHHUE
mexl i < Lq - [Ipu cripaBeiiuBocTH JaHHOTO HEPAaBEHCTBA

CYAHO IPOAOJLKACT CJICAOBATHL KYpCOM KO J0 TeX 1op, Mo-

Ka MaKCHMaJbHO BO3MOXHAsl [UCTaHILMs KpaTdaiiiiero
cOmmKkeHust Mex Ly, He CTaHeT PaBHOM JMCTAHIUU KparT-

yaifiero commxeHust Ly, T. €. mexl i, =Lq. MomeHT

BPEMEHH 3TOr0 COOBITHS 0003HAYMM tok~ B nanssblii Mo-

MEHT BPpEMECHU HCO6XO)II/IMO HN3MCHUTH KypC Cy/ITHa Ha BEJIN-
YUHY, TIPU KOTOPOW JIOCTUraeTcsl IKCTpeMabHOE 3HAuUeHUEe
OTHOCHUTEJIBHOI'O KypCa U MaKCUMAJIbHOC 3HAYCHUE NUCTAaH-
MK Kpar4aiiriero commkenns. Kak nokaszano B pabore [8],
9KCTpeMasbHble OTHOCUTENbHBIE KYPCHl Kgymin B K ogma
JIOCTUTAFOTCSI COOTBETCTBEHHO IIPU Kypcax Cy/IHa:
Komin =Kc +arccogp ) n Komg = K¢ —arccogp ).

Crnemyst OTHUM 13 YKa3aHHBIX KYPCOB, CYJHO TIepeMelna-
€TCsl B CTOPOHY LENM, IpU4eM aucTaHuus D Mexny cyn-
HOM M LEJIBI0 COKPAIAeTCs, JOCTHrasi B MOMEHT BpPEMEHU
t, 3HAUECHMS MPEJEIbHO-IOIMYCTUMOM IUCTAaHLUU L.
HauwmHast ¢ 3TOro MOMeHTa BpeMeHH, TUCTaHms D yBemm-
YHBACTCSA M CYJHO JIOXKHTCS Ha KypC BBIXO/Ia HA MPOTPAMM-

HYIO TPaeKTOpuro K, IpUYeM y4acTOK BBIXOJAa Ha IIPO-

IPaMMHYIO TPaeKTOPHUIO JBIDKESHHUS Cy/IHA PACIIOIONKEH O]
yrmom y =30°-40° x mporpaMMHOW TpaeKTOpPHH, T. €.
K, =K, +vy» TI€ K, - HadanpHbIA Kypc cyaHa. CynaHo
clIeflyeT KypcoM BbIXoza K, 10 TeX Iop, oKa He JI0CTHTa-

€T IPOrPaMMHOM TPAaEKTOPUU, IOCJIE YEro JIOKUICS Ha
HavyajubHBIA Kypc K, IE€peMeIasich 1o nporpaMMHOM Tpa-

EKTOPUHL.
Ecnu B MOMEHT BpeMeHH t ,, JOCTIKEHHS Kypca CyaHa

3Ha4YEHMs Kypca «yOeraHus» K , MMEET MECTO HEPaBEHCTBO
mexl i, = Ly » TO HEOOXOOMMO HPOBEPHTH BO3MOXKHOCTH
BBIXOJIa CyIHA Ha IPOTrPAMMHYIO TPAaeKTOpUIo KypcoM Ky,

JJIs 4eTo HAIEXKHUT MPOU3BECTU KOHTPOJIb M3MEHEHHS JH-
CTaHLMM TPU CIEAOBAHUM 3TUM KypcoM. Ecnu nucranuus
YBEIMYUBAETCA, TO Cy[HO MOKET BBIXOIHWTh Ha 3aJaHHYIO
TPaeKTOpHIO. B NPOTUBHOM Cllyyae IpU yMEHBIIEHUM JHU-
CTaHLMM HEOOXOJMMO PAacCUMTaTh JUCTAHLMIO KpaTdaiiie-
rO COMMAKEHHS L i TPH CIENOBAHUM KypcoM K ¢ Mo3u-

LMK B MOMEHT BPEMEHH t, . Ecim crpaBeanmBo HepaseH-
CTBO Lpnp =Ly, TO CYOHO peamu3yeT y4acTOK BEIXOJa

CyllHa Ha MPOTrpaMMHYI0 TpaekTopuro. Ecim xe HepaBeH-
CTBO HE BBINOJIHSIETCS, TO CIEAYeT PacCuMTaTh Kypc YKIO-

HeHust Ky, IpM KOTOPOM JIMCTAaHLMs Kpardaiiiiero coiu-

keHusi Ly, paBHA NpEeNeIbHO-IOMYCTHMOM IUCTAHLIMH
Lg, T. € Lyin=Lg. B oToM ciydae [1], 3HaueHne Kypc
ykionenus K paccuutsiBaetcs mo popmyre:

Ky =Koy +arcsin[p'lsin(Kc - Koty)] ,
rne Ky - OTHOCHTEIBHBIN Kype YKIOHCHHS, KOTOPBIMA
OIIPEAETIACTCS U3 BBIPAXKCHHA:
— . Ld
Koty = oy + arcsm(D—y) )
31ech oy U Dy - COOTBETCTBEHHO NENCHT W AUCTAHLMS B

MOMEHT BPEMEHH 1, .

Pesyabrarel u ux obcy:xkaenue. Ilogsoas urory, omnpe-
JIETIMM CTPYKTYPY CTPaTETHH 3KCTPEHHOTO PACXOXKICHUS C
YYETOM TOBEICHHS LIENH B MPOIECCE PACXOKACHHS B CITy-
Yae, KOT/Ia CKOPOCTh CyJHa MEHBIIE CKOpOCTH Teid. [lep-
BBIM 3TATlOM CTPATETHH SKCTPEHHOTO PACXOXKICHHS SBIISCT-
CsI BBIXO] B TIO3UIIMIO MIUHUMH3AIUHA CKOPOCTH CONMKCHUSL.
OTOT 3Tanm AJWUTCA C HAYaJbHOTO MOMEHTa OOHApyXEHUS
CUTYyallUM 4Ype3MEPHOTO CONMIKEHHs JI0 BBIXOJA CyIHA Ha
KypC MHHUMHU3AIMH CKOPOCTH COJIFDKCHHS, PaBHBINA 00part-
HOMY TIETIEHTY Ha 1ienb. [lapamerpamu mepBOro sTama siB-
JISIFOTCSL CTOPOHA TIOBOPOTa CyNIHA, KOHEYHBIM Kypc mepe-
XOHOTO TpOIIecca, JIMHEWHass CKOPOCTh CyIHA M YIJIOBAas
CKOPOCTb MOBOPOTA. BTOphIM 3Tamom sIBISieTCsl IBHKEHUE
Cy/Ha KypcOM MHUHHUMH3AIMU CKOPOCTH COJIMDKCHUSI IO BBI-
XO/la B TO3WIMMIO Hayaja [eNecOOOpa3HOro IBIKEHHS TI0
BBITIOJTHCHUIO (DYHKIIMOHAIBHOTO HA3HAYEHHS B CTOPOHY
nporpaMMHoi TpaekTopuu. C 3TOM MO3UIUK B 3aBUCUMOCTH
OT MaHEBPHUPOBAHMS LU JIBIDKEHHUE CYJJHA BO3ZMOXHO Pa3-
JIUMYHBIMH ~ KypcamMH: JHOO OKCTpEMalbHBIM  KypcOM
Kextr =(Komac » Komin)» 00 Kypcom ykronennst Ky,

760 Kypcom Beixoa Ky, . [TosToMy Oynem pasnngarts ciie-

JYIOLIME 3Tallbl IBUXKEHUS CyHA K POIPAMMHOM TPAeKTO-
pUM JBWKEHUS: TPETUH 3Tall JBWKEHUS IKCTPEMAIbHBIM
KypCOM, YETBEPTBII 3Tall ABMKECHUS KypCOM YKIOHEHMS U
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IIITBIH 3Tall BBIXOZA HA MPOTPAMMHYIO TPACKTOPHIO JBIDKE-
HUSL.

CTpyKTypa CcTpaTeruy 3KCTPEHHOTO PACcXOXKICHHS IpeNi-
CTaBISIET COOOM TIOCIIEIOBATENBFHOCTD 3TANOB ABIKCHHS C
MOMEHTa HACHTH(HKAINH CUTYalN YPE3MEPHOTO COMIDKE-
HUSA O MOMEHTa BO3BpAIICHHS Cy[HA HA IHPOTrPAMMHYIO
TPaEeKTOPHIO JIBIDKEHHS. AHaIM3 BBIILECHU3JIOKEHHOTO TIOKa-
3bIBA€T, YTO MEPBBIA W ILITBIA 3Talbl 00s3aTeILHO CONEp-
JKaTCsl BO BCEX THIIAX CTPYKTYPBI CTPATErMH 3KCTPEHHOIO
pacxoxaeHus. B oOmiem citydae BO3MOKHBI YETBIPE THIIA
CTPYKTYpHI Sj CTPAaTETHH SKCTPEHHOTO PACXOXKICHHSA C pas-

JMYHBIM HAOOPOM 3TaroB G, KOTOPbIC NPUBEICHBI B Ta0IL.

1. TTepBeiii 5Tan G1 COOTBETCTBYET MEPEXOTHOMY MPOLIECCY

C HAuyaJbHOTO Kypca /IO BbIXOJA Cy/HA HA KypC paBHbIi
K g =a+180 . Bropoii stan skcTpeHHOro ykinoHeHus Go

HpeIycMaTpHBaeT CleoBaHUE CynHa KypcoM K, 10

OKOHYaHMS dTara. OuepetHoi TPETHii STall SKCTPEMATEHOTO
YKIOHEHUs: Gg 00ECTEeYMBACT CIENOBAHHE CyIHA JKCTpE-

MaJIbHBIMU KypcaMy HpH COJVDKEHHH C LIeJIbI0 Ha BCTpeY-
HBIX KypcaX. JTal CTaHIapTHOTO YKIOHeHH G, (deTBep-

TBI) TpeaycMaTpyUBaeT COMMKEHUE C IIENIbI0 Ha KpaTdaii-
YO JIUCTAHIHIO, PABHYIO TPEIENBHO-I0MyCTUMOM L . U,

HaKOHEII, IAThIA 5Tan Gg, 3Tal BRIXOJA HA 3aIaHHYIO Tpa-

SKTOPHIO 3aBEPIIACT CTPATETHIO PACXOXKACHHS.

Tabsmna 1. CocTaB CTPYKTYpbI CTpaTeruk 3KCTPEHHOTO PACXOXKACHUS

Turis! CTPYKTYpHI 3KCTPEHHOM cTparerun S

S
S

S3
S4

BeiBoabl. 1. PaccMoTpeHa cTpaterust SKCTpEHHOIO Ma-
HEBPUPOBAHUS CyHA Ul NMPELYNPEKICHUS CTOJIKHOBEHUS
C LIENbIO B CUTYAIUH YPE3MEPHOTO COIKEHHS.

2. [TokazaHo, YTO CTPYKTypa CTPaTerHy PACXOXKICHUS 3a-
BUCHUT OT TEKYILEH OTHOCUTEIILHOM NO3ULMU CyHA U LEIH,

IocnenoBarenpHOCTE 3TanoB G
{G1,62.G3,G4.G5}
{ G1,G3,Gy4,G51
{G1.G4.G5}
{G1,Gg}

a TaKKe WX IMapaMeTpoB JIBWKEHUs.. MaHeBp pacxXoXKIeHHsI
MOJKET COJIEPKaTh OT JBYX JI0 IISATH 3TAIIOB.

3. TlomydeHbl YCIOBHS Peali3allii KaXXIoro U3 3TAIioB
CTpaTerui U MNpUBEACHLI aHATTUTUYCCKUC BBIPAKCHUA pac-
Yera ero napameTpoB.
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AnnoTanusi. PaccMoTpeHa cTpaterusi MaHEBPUPOBAHKMSI CyJJHA TS IPEAYNPEKACHHST CTOJIKHOBEHHS C LIEBI0 B CUTYAIL[MH YPE3MEPHOTO
commxennst. [Toka3aHo, YTO CTPYKTypa CTPaTErHu PacXoXKICHHUS 3aBUCHT OT TEKyIlelH OTHOCHTENIBHOM TTO3UILIMHU CYy/IHA M IIEJH, a TAKKE UX
[apaMeTpoB ABIKCHUS. MaHeBp pacXOXACHUS MOXKET COZIepKarh OT JBYX IO IISATH STaroB. [10JydeHsl YCIOBHS pealn3aliii KaKIoro 13
9TAIIOB U NMPHBE/ICHBI AHAJMTHYECKUE BHIPAKEHHS pacyera ero rmapamMeTpoB.

Knroueswie cnosa: 6ezonachocmuv cy0o80dicoens, npedynpedicoerue CmoaKHOBeHUs CY008, CIMpamezusi SKCMpPEHH020 PACXOHCOEHUS,
upezmepHoe conudicenue cy0os.

Deter mination of the structur e of the emer gency discr epancy manoeuvre
E. P. Chapchay, A. |. Burmaka
Abstract. The strategy of ship manoeuvring is considered to prevent a collison with the Situation in the Situation of excessive convergence.
It is shown that the article of the strategy of passing depends on the current rel ative position and purpose, aswell as their movement parame-
ters. The passing manoeuvre can contain from two to five stages. Terms of redlization of each stage and fina andytica parameters of its
parameters are received.

Keywords. safety of navigation, prevention of collision of ships, strategy of emergency discrepancy, excessive convergence of ships.
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AnHotanus. [IokazaHo, 9TO OCHOBHBIM METOZOM BHEIIHETO YHPABIIEHHS! MPOLECCOM PACXOKICHUS CYJOB SIBISIFOTCS 00JACTH ONAcHBIX
KypCOB COMMKAOIIMXCSI CYI0B, C MOMOIIBIO KOTOPBIX TIPOU3BOAUTCS BHIOOP MaHEBpa pacXoXkAeHHs maphl cynoB. Ilokasan meTos BeiOOpa
6e30MacHBIX KYPCOB PacXOXKJIEHHS B CUTYyaLllH ONACHOTO COMDKEHHs YeThIpex cynoB. [IpyuBeneH YHCIEeHHBIH IpUMep U pe3yNbTaThl HMH-

TallUOHHOI'O MOZICIIMPOBAHUS.

Knrouesvie cnosa: Hezonacnocmv cy0080HCOEHUs,, PACXOHCOCHUE CYOO8 NPU ONACHOM CONUNCEHUU, BHEUIHee YNPABIeHUe NPoyeccom
PACX0AHCOeHUsL, 0ONIACIIU ONACHBIX KYPCO8, ODe30NACHOE PACXOHCOEHUE 2PYNNbL CYO08.

BBenenne. CrecHeHHBIE BOJABI XapaKTEpH3YIOTCS WHTEH-
CHBHBIM CYJIOXOJICTBOM M HaJIMYMEM HABHTAIIMOHHBIX OIAac-
HOCTEH, 4TO CIOCOOCTBYET ITOBBIIICHHOH aBapUHHOCTH CY-
JIOB IIpH TUIABaHUM B 3TUX paioHax. [103ToMy cTecHEeHHbIE
pafoHBI IUIABaHMS C OCOOCHHO WHTEHCHUBHBIM IBMKCHHEM
000pYZIYIOTCSl CTAHIMSIMH YIIPABJICHHS JBIDKCHHEM CYIIOB
(CYC), HazHaueHHEM KOTOPBIX SBIICTCS KOHTPOJb IIPO-
ecca Cy[OBOXICHHS W YNpaBICHHS IBIKCHHEM OIACHO
COMKAIOIIMXCS CYNOB. AKTyaJbHbIM [UIsl 3()(EeKTHBHON
paboter CYJIC sBrsieTcst OCHaIlEHHE COBPEMEHHBIMU CPEJI-
CTBaMH TPEIYNPEKACHHUS CTOJIKHOBEHHUs CYJIOB, KOTOpPbIE
obecrieurBaloT 0e30MacHOe PacXOXkIEHHS! TPYIITBI OIacHO
cOMMKAIOMUXCA CyIOB. DTHM OOCTOSTENBCTBOM O0YCIIaB-
JIMBAETCS aKTyaJIbHOCTh M MEPCIIEKTHBHOCTD MCCIIECA0BAHUS
YIIPaBJICHHS CyJaMH B CHTYalll OIIACHOTO COJMKEHUS MPH
1aBaHuu B paiioHax koHTpoist CYJIC.

Kparknii 0030p nmydaukauuii no reme. Pasnuunbie Mo-
Jemn (popMaNi3alii B3aMMOJICHCTBHS CYIIOB B CHUTYalluH
OITACHOTO CONMKEHHMS TIPH JIOKAIbHO-HE3aBHCHMOM YIIPaB-
JIEHWH MX TPOLIECCOM PACXOKJIEHHH PaccMOTPEHbI B pabo-
tax [1-8]. Meron HenmMHEHHOH MHTErpalbHOM MHBapHAHT-
HOCTH IS OIMCaHMs Ipoliecca PacXoKIeHUs W BbIOOpa
OJIHOIIArOBOTO0 MAaHEBpa MPEIYNPEKACHHS CTOIKHOBEHHS
npeyiaraetcst B padore [1], a B pabotax [2, 3] ¢ momoripo
METOJIOB TEOpUH AnGPEepEeHINATBHBIX UIP TPOM3BOIUTCS
(opmanuzarysi B3aUMOJAESHCTBUS CYJIOB IIPU PaCX0XKICHUH.
MeTo/p! TEOPHH ONTUMAIIBHBIX JUCKPETHBIX MPOLIECCOB TS
OITHCAaHMs TIPOIIECCa PACXOKIEHHS HCTIONB3YIOTCS B paboTe
[4]. YaudunmposanHsiii moaxo K GOpMaTU3aMU B3aUMO-
JIEHCTBHS CYZIOB IPH BO3HUKHOBEHNH YTPO3bI CTOJIKHOBEHUS
M3JI0KeH B pabdote [S], ¢ TIOMOIIBIO KOTOPOTO MpEeIokKeHa
amropurmmsarmst MITIICC-72. B monorpaduu [6] mpuse-
JIEH METOJl MPEIyNPEeKICHUsS CTOJIKHOBEHHSI CYIOB IyTeM
CMEIIeHUs] Ha MapaJlIebHYI0 JIMHUIO TyTH, a B pabdote [7]
M3JIOKEHBl  PEe3yNbTaThl HCCieNoBaHus () (PEKTHBHOCTH
MApHBIX MAHEBPOB pacxokmeHus. B monorpaduu [8] Bce-
CTOPOHHE HCCIICJIOBaH TMPUHIMIT JIOKATHHO-HE3aBUCHUMOTO
YIIpaBJICHHS IPOLIECCOM PACXOXKACHMSI M pa3paboTaH METOJ
IHOKUX CTpPAaTerMi MX PacXOXIEHHs, KOTOPBIH COIJIacHO
TpeboBanmsiM MITTICC-72 no3Bonser chopMHupoBaTh CTpa-
TETHIO PACXOXKACHUSI Cy/IHA C HECKOJBKHUMH OIaCHBIMH I1e-
JSIMH C Y4ETOM HaBHUTAlMOHHBIX OIACHOCTEH M JIMHAMUKH
cyzHa.

[pu ynpaBieHUH MPOLIECCOM PACXOXKACHUS CYOB C TO-
mompto CYJIC wucye3aer HEOOXOAMMOCTh BO B3aWMHOM
COIJIaCOBAaHUKM MAHEBPOB CYJIOB MEXaHH3MOM B3aWMOJICH-
CTBUS, T. €. peaJn3yercs IPUHLMI BHELIHEro IOJHOTO
YIIpaBJICHHSI TPOLIECCOM PACXOXKICHHUS, METO/IbI KOTOPOTo
u3j0keHs! B padorax [9, 10, 11], a uccnenoBanue ero oc-

HOBHBIX BO3MOXKHOCTEW B CHTYaLlHSIX ONACHOTO CONMIKSHHS
HECKOJIBKUX CYZ0B COCTABIIET COAEPKAHUE JAHHOM CTAThU.

Hens. Llens HacTosIIIEeH CTaThH - pa3paboTKa MPOLELypPhI
BBIOOpA CTPATETNH PACXOXICHHS I'PYIIIBI CY0B METOIAMHU
BHEIIHETO YIPaBICHMUS.

Marepuayibl 1 MeToabl. PaccMoTpuM cutyanuro cOmm-
MKEHHMS YETBIPEX CY/IOB U MOKaKEM BO3MOXHOCTH (hopMHpO-
BaHMS CTPATETHMU WX PACXOXKACHHUS W3MEHEHHEM KypCOB
METOJOM BHEIIHETO YIPaBICHUS C IOMOIIBIO oOnacTei
onacHeIX KypcoB. Kak ciemyer u3 padors! [10], rpynmna ue-
TBIpEX COJIDKAIOMIMXCS CYAOB XapaKTepU3yeTcsl MaTpurieit

CHTYALIMOHHOTO BO3MYIIEHHs W :

0 op o oy
021 0wy oy ,
w31 w3z 0 wzy

W=
g g g3 0

e Ojj - CHTYaUHOHHOE BO3MYLICHHE, XapaKTCPH3YrO-
1iee COMMKEHHUE i-T0 U j-TO CY/IOB.

Ecim cuTyanmoHHOE BO3MYIIEHHE O j OTJIMYHO OT HyJIs,
TO JMCTaHUMs KpaTyaiiuero cOmmKeHus min Dy MeHblue

HPEIeNIbHO-I0IyCTUMON AUCTaHIMKY Dy M KOMIIEHCALus

CUTYAIIMOHHOTO BO3MYLIEHHS BO3MOXKHA C [IOMOIIBIO 001a-
CTH OITACHBIX KYpPCOB SDij [10]. Ha puc. 1 nokasana 06-

JACTh OITACHBIX KypCOB UL ciydast Vi <V i
360
300
240
180
120
50
I

300

240

180
100 240 300 0 B0 1200 180 240 300 360 GO 1200 160

Puc. 1. O6nacts Spij OIACHBIX KYPCOB K ; W K pH v, < Vi

Ha puc. 2. npuBeneHa oGmactb SDij OIACHBIX KypCOB
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J J J
JIBYX CYJOB NpeaHa3Ha4deHa Ui BbIOOpa MX O€30IacHBIX
KypCOB YKJIOHEHUsI, 00ECIICUUBAIONINE UX PACXOMKICHHS Ha
paccTosiHMM, KOTOpoe OOJjbIlle BEJIMYMHBI  IIPEeNbHO-
JIOIyCTUMOM aucTaHimu. Eciau Touka ¢ KOoOpAMHATaMHu
(Ki K i ) mpHHAaJJIeXKaT 00NACTH OMNACHBIX KypcoB S

Kj u K; mpu V;>V;. Obnacte Sy;; OMaCHBIX KypcoB

DIJ , T.

€. (Ki K j) € SDij , TO CHUTyal[HOHHOE BO3MYILCHHE (Dij
OTJIMYHO OT HyJist. JIist ero KoMIeHeauuy, 1. €. j; = 0, cie-
IIyeT BBIOpaTh KypChl YKJIOHEHHH cyI0B K yi 4 K Vi TaKUM

00pazomM, 4ToOkl Touka (K Kyj) He MpHUHayIexana o0-

yi’
JlacTu SDij . B aTOM cirydyae auctaHIms KpaTdamero comm-
JKeHnst min Djj GorbLue NpeaebHO-A0MYCTUMON IMCTaHIMH

Dy U COMMKCHHE i-TO H j-TO CY/OB SBIIICTCS OC30IACHBIM..

360
300
240
180
120
1]
1]
300

240

180

160 240 300 0 D 120 180 240 300 360 60

mpu Vi >V

1en 1ao

J J
Pe3yabrarsl U ux obcy:kaenue. B kadectBe mpumepa
pacCMOTPUM CHUTYAIIUIO OIACHOTO COMVDKEHHUS YETHIpEX Cy-
JIOB, TIOKa3aHHYIO Ha pHC. 3, B KOTOPOH BCE CHTYallMOHHBIC
BO3MYIICHUS OTJINYHBI or HYJIS, T. e.

Puc. 2. O6nacTb OnacHbIX SDij xypco Kj u K

012 = 0137 01 =03~ Wy =0z =1.

Puc. 3. HauanbHast curyanyst cOMMKEHHUS CyI0B

YcnoBue BIOOpa 6€30MacHBIX KYpCOB YKJIOHEHUS COMH-
*xaroruxcst cynos nmeet Buz [10]:

(K +AK 3, Kip +AK) € Sppo s
(Kng +AKy, Kz +AK3) € Spis,
(Knp+AKy, Ky +AK ) € Spya s
Kz +AK 2, Kz +AK 3) & Spps,s
(K +AK 2, Ky +AK4) & Spog »
Kz +AK3, Ky +AK,) € Spaa
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rme K; u AK; (i=1+4) - COOTBETCTBEHHO HAYaAILHBIC

KypPCBI CyZIOB 1 IPHUPAIICHUS NX KYPCOB YKIOHEHHSL.

Jns Be1Oopa 6e30macHBIX KypcoB YKIOHEHHs OblIa pas-
paboTaHa KOMIIBIOTEpHAs IpOrpaMMa, KOTOpas TakKe B
JIEBOM HIDKHEM YIJTy MHIULUPYET MaTpPHILy CUTYal[MOHHOTO
BO3MYILICHHS B BUJIE MHANKATOPA OMACHOCTH , KaK IIOKa3aHO
Ha puc. 3, IpUYeM KPacHBIM LBETOM MHAWLMPYETCS HaH-
YHe CHTYALMOHHOTO BO3MYLICHHS ©jj =1, a 3e/CHBIM LiBe-

TOM - €10 OTCYTCTBUE ojj = 0. V3 pucyHKa creayer, uto Bee

CHUTYal[MOHHBIE BO3MYIIEHHS OTJINYHBI OT HYJISL.
AHanu3 HavYanpHOM CHTyanuu COMIDKEHHS CYIOB ITOKa-
3BIBACT, YTO JUIS OOPAIIEHHS] MATPHUIIBI CUTYAIL[IOHHOTO BO3-
MYIIEHUS B HYJEBYIO MAaTpPHIly HEOOXOOUMO H3MEHCHHE
KypcoB HE MeHee Tpex cyaoB. IlosToMy BHauane paccMoT-
pyM BEIOOp O€30TacHBIX KypCOB IIEPBOTO M BTOPOTO CYIIOB,
JUISL Y€T0 B BEPXHEM JIEBOM YITIy PHC. 4 HUCIIONB3YEM KIIaBH-
mry "12", mocie 4ero MpoOUCXOJMT OTOOpaskeHHe obmacTu
OTIACHBIX KYPCOB IIEPBOTO U BTOPOTO CYJIOB (pHC. 5).

2

2__3'

o
&

34
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Puc. 4. KitaBuiim MaTpuiibl CUTYalliOHHOTO BO3MYILIEHHUS

C momomrpio kmaBumu "KI1" BeiOMpaeM Kypc HepBOTO
cynHa K1 u HaumHaeM yMeHBIIIATh €ro 3HaueHHeE (3eeHas
JIMHUS) 10 0OpaIleHus B HOJIb CUTYAI[IOHHBIX BO3MYIIIEHHH

®12, 013 U V14, KaK [IOKA3aHO HA PHUC. 5, mpuyeM cooT-

BETCTBYIOIIHE CEKTOPA UHIUKATOPA OMACHOCTH MPHUHUMAIOT
3eJIEHBIN I1BET.

3ateM ¢ momomisio KiaBumy «K2» BeIOMpaeM Kypc BTO-
pOro Cy[oHa W yBEIMYMBaeM €ro (KpacHas JIMHHS) C TIOMO-
IIBI0 JIMHEWKHU MPOKPYTKH, KaK MOKA3aHO Ha PHCYHKE O, 10

oOpallieHns. B HyJb CHUTYallMOHHBIX BO3MYLIEHMH (W93 M

(,024, YTO BUJHO U3 MHAMKATOpPa OMAaCHOCTH, COOTBCTCTBY-

IOIIME CEKTOpa KOTOPOTo OKpallleHbl B 3eJeHblil 1BeT. Ta-
KUM 00pa3oM, ISITh CHTYaIllMOHHBIX BO3MYIIEHHWH KOMIICH-
CHpPOBaHBI H3MEHEHHEM Kypca IepBOro CyaHa Ha 64° BIeBo
1 Kypca BTOPOTO Cy/Ha BIIpaBo Ha 88°.

OJ1HaKo OCTaJIOCh HEKOMIIEHCHPOBAHHBIM CHTYallIOHHOE
BO3MYILEHUE ®34, A1 4ero HEOOXOAUMO HM3MEHHUTH Kypc

TPETHEro WM YeTBEPTOro cyHa. B mobom cirydae, HeoOxo-
JIMM BBIBOJ OOJIACTH OMACHBIX KYPCOB TPETHETO U YETBEPTO-
rO CyJIOB, KOTOpasi OKa3aHa Ha puc./. AHaIM3UpPYs puc. 7,
oOpaiaeM BHUMaHHE Ha TO OOCTOSTENBCTBO, YTO TOYKA
TepeceyeHns] HaqalbHBIX KypCOB CYAOB HPHHAUICKUT 00-
JIJaCTU OITaCHBIX KYPCOB. 21.]'[5[ BBIBOJIa TOYKH TICPECCUCHUA
KypCoB u3 00J1aCTH OITaCHBIX KypCoB ¢ MUHHUMAJIbHBIM W3-
MEHEHHEM Kypca CIICAyeT IPOU3BECTH OTBOPOT TPETHETO
CyZHa BIIPABO 0 TPAHHLIBI 00IACTH.
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Puc. 5. Bridop 6e3omacHoro kypca K 1 TEPBOro Cy/HA
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Puc. 6. Beibop 6e3onacHoro kypca K, Broporo cynna

Kak cnemyer U3 pucyHka 7, 3TO IPOUCXOINT MPH TOBO-  BO3MYILIECHHS 0OpallaeTcs B HYJEBYIO MATpHILy, a JHUCTaH-
poTe TPeThero cynHa Ha Kypc 24°, WHAMKATOp ONMACHOCTH  IIMs KpaTdaifiiero CONMKEHHs TPETEro  YETBEPTOro CY/I0B
MOKa3bIBAET, YTO B 3TOM CIIydae MaTpHUIlda CHUTYaIl[MOHHOTO  cocTtaBuT 1,03 mmm.
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Puic. 7. BriGop 6esonacuoro kypca K 3 TPETHEro Cy/IHa

68



Science and Education a New Dimension. Natural and Technical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

s mpoBepkr KOPPEKTHOCTH TPEIJIOKEHHOTO MeTojia
BBIOOpA CTPATETHH PACXOXKIICHUS W3MEHEHHEM KYpCOB CY-
JIOB C UCTIOJIL30BaHMEM O0JIACTEH WX OMACHBIX KYpCcOB ObLIa
pa3paboTaHa WMMHTAIMOHHAS TIPOTpaMMa MPOWTPHIBAHHS
3a/IaHHOTO TIPOIECCa PACXOKICHUS C TONyYCHHBIMHU Tapa-
Merpam. C TIOMOIIBIO 3TOHM MPOTrpaMMBI TPOUTPHIBAIICS
MIPOLIECC PACXOXKACHUSI, PACCMOTPEHHBIM B JAHHOW CTaThe.
Hauaio mponiecca pacxox/aeHusi Ha 3¢ BpEMEHH NPEICTaB-
JICHO Ha PHUC. 8, ¥ Cy/a C BRIOPAHHBIMH KypCaMU YKJIOHCHHS

Kyr= 26°, Kyo = 268° , Kys= 24° Kya= 270° ¢ Hayvaab-
HBIX MO3UIMH MEPEMEIAIOTCS IO CBOMM TpackTopusim. O0-

pamiaeM BHHMaHUe,
HavyaJIbHBIN KypC.

3aBepIieHre mporiecca pacXokaeHus Ha 534 ¢ BpeMeHH
otobpaxeHo Ha puc. 9. [Ipudem B mporiecce pacxoKIeHHS
JMCTAHIMS MEXIy CyJaMH He COKpallanach MEHbBIIC Ipe-
JeNBHO-IOIYCTUMOTO 3HaueHus1, paBHoOro 1 mmie. [lostomy
pe3ysbTaThl MMHUTAlMOHHOTO MOJIEJIHPOBaHKS Mpoliecca
PacxoKAEHUsI TOJITBEP)KIAIOT KOPPEKTHOCTh PAaCcCCMOTpPEH-
HOTO MeTo/ia BbIOOpa 0E30MaCHBIX KypCOB YKJIIOHEHHS IIPH
OIACHOM CONVKEHHUH TPYIIIIBI CY/I0B.

YTO UETBEPTOE CYAHO COXpaHsIeT

=18] x|

D12=3.96
D13=398
Dz3=h62
D14=4,97
D24=356

D34=353

=3

K1=26

K2=268

K3=24

K4=270

Puc. 8. Hauano npouecca pacxox/aeHust Ha 3¢ BpeMEeHU

=&

Diz=1.32
D13=364
D23=4.96
D14=2.14
D24=3,30

D34=2 B5

4|

Puc. 9. 3aBepienue nporiecca pacxoxaeHus Ha 534 ¢ BpeMeHu

BriBoabI

1. TTokazaHO, YTO OCHOBHBIM METOJIOM BHEIITHETO YIIPaB-
JICHUSI TIPOIIECCOM PACXOXKICHUS CYIOB SIBIISTIOTCS 00JIacTH
OIACHBIX KyPCOB COMIKAIOIINXCS CY/IOB, C IIOMOIIIBIO KOTO-
PBIX TIPOM3BOAMTCA BHIOOP MaHEBpa PACXOXKIACHHS Iaphl
Cy10B UBMEHECHUEM X KYpPCOB.

2. TIpeanoskeH MeTo 1 BBIOOPa OE30MacHbIX KypPCOB YKIIO-
HCHHUA B CHUTyallUd OIIACHOT'O C6.TII/DK€HI/IH YETBIPEX CYOB,
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KOIJIa BCE INECTh CHUTYAI[MOHHBIX BO3MYILCHHI MAaTpPHIIBI
OTIMYHEI OT HyJs. [IpuBeneHsBI ycioBus BeIOOpa Oe3ormac-
HBIX KYPCOB B TepPMHUHAX OOJIacTell OIMACHBIX MAPHBIX Kyp-
COB, YTO COCTABIIICT HAYYHYIO HOBU3HY CTATHH.

3. TlpuBeneHbl YHCIICHHBIN MpUMEpP OE30acHOro pac-
XOXKACHUA YETBIPEX CYJ0B U PE3YJIbTATBl UMHUTAIITMOHHOTO
MOJICTIUPOBAHHMS, MOATBEPIKAAIOIINEG KOPPEKTHOCTL IPE-
JIOXKEHHOTO METO/1a.
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Bb100p cTpaTernn pacxoAieHus rpynibl Cy/10B METOAMH BHELIIHEr0 yIpaBJieHust

. A. Bypmaka

AHnHoTanus. ITokazaHo, 4YTO OCHOBHBIM METOJIOM BHEIIHErO YIPAaBJICHHs IPOLIECCOM PACXOXKACHUS CYIIOB SBIIOTCS OOJIACTH OIACHBIX
KYPCOB COJIMIKAIOLIMXCA CY/IOB, C TIOMOILBIO KOTOPBIX TPOM3BOJMTCS BBIOOP MaHEBpa PacXoJIeHHs nmapsl cyzoB. [Tokasan meros BeIOOpa
6€30MaCHBIX KypCOB PaCXOXICHHS B CUTYallMH OIIACHOTO COMIKEHMS YeThIpeX cyoB. [IpUBe/IeH YMCIICHHBIH IPHUMEp U Pe3yJIbTaThl HMHU-
TallMOHHOTO MOASINPOBAHHSL.

Kniouesvie cnosa: Heonachocmo cyo0080X#COeHUs, PACXONCOEHUe CYO08 NPU ONACHOM CONUICEHUU, GHEUIHee YNPAsIeHue NpoyYeccom
pacxodicoenust, 06IACHIU ONACHBIX KYPCO8, De30NACHOE PACXOHCOEHUE SPYNNbL CYOO8.

The choice of strategy for the passng of agroup of vessels by methods of external management
I. A. Burmaka
Abdract. It is shown that the main method of externa control of the process of ship's passing are the areas of dangerous courses of gp-
proaching ships, with the help of which the manoeuvre of passing of a pair of vessdsis selected. The method of choosing safe courses of
discrepancy in the situation of the dangerous approach of four shipsis shown. A numerica example and results of smulation modelling are
given.

Keywords: safety of navigation, passing of shipsin dangerous proximity, external management of the passing process, areas of danger-
ous courses, safe passing of a group of vessels.
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AnHoTamus. [IpousBeneH aHann3 BIMSHUS WHEPIIMOHHBIX XapaKTEPUCTHK HOBOPOTIMBOCTH Cy[JHA HA BEIWYUHY AUCTAHIUH KpaT-
Yajiero cOMMKEHHsI CYHOB IPH BEHITOJHEHWH MaHEBPa PAcXOXKICHHS CYHOB M3MEHEHHeM Kypca. PaccMoTpeHa cuTyanus, Koraa
OTIEpUPYIOIEE CYAHO BBIMONHIET MOBOPOT HAa KypC YKJIOHEHUS, a IeTb COXpaHAEeT HEM3MEHHbIE apaMeTps! ABmkeHus. [IpumeHena
MOJIENb BPAIaTeIbHOTO IBUKEHUS CyIHA C OCTOSHHOM yriOBON CKOPOCTBIO MOBOpOTa. [lokazaHO BIMsSHNE HHEPIIMOHHOCTH CyIHA
Ha pa3Mepbl 001aCTH OMAaCHBIX KypCOB M MPEATI0KEHbl PEKOMEHIALUH 110 00eCTIeueHUI0 0€30IaCHOT0 PAaCXOXKAEHHS CYA0B B TAKUX
curyanusx. [IpuBeneH dyncneHHsIi mpuMep, MOATBEPKJAIOMIUN KOPPEKTHOCTh NMOTyUSHHBIX PE3YIbTAaTOB.

Kniouesvle cnoga: besonacrnocms cy0080cOeHUs, NPOYECC PACXONCOEHUs, 0O1ACMb ONACHBIX KYPCO8, MOOelb 8pauiamenbHo20

0BUIICEHUSL CYOHA, COKPALYeHUe OUCMAHYUU COTUNCEHUSL.

Beenenmne. [Ipu mnaBaHuu CyJJ0OB B CTECHEHHBIX pallOHax
C MHTCHCUBHBIM ABHMKEHHEM O€30MacHOCTh CYIOBOXKIE-
HUSI 00€CTIEYNBACTCSl CHCTEMAMH YIPABJICHHUS JBIDKCHUS
cynoB (CYJIC), koTopble BHIOUPAIOT CTPATETUIO PACXOXK-
JIeHUs omacHO cOmmxaromuxcs cynos. [Ipu pacuere mo-
MEHTa BPEMEHHM Hayaja YKIOHEHHs CYIOB HEO0X0JUMO
YUYUTBIBaTh UX WHEPIMOHHOCTH, WHAYE JUCTAHIMS Kpat-
yaiiero CcOMMKEHUsT OyaeT MeHbIne TpeOyemoil mpe-
JIENTbHO-JIOMYCTUMOMN JTUCTAHIINH, YTO CO3JAET CHTYAIHIO
HX BO3MOXKHOTO cToJIKHOBeHUs. [loaromy CYIC nOmKHBL
OBITh OCHAIIEHBI COBPEMEHHBIMH CPEACTBAMU IIPENyTIpe-
XKIICHNS CTOJKHOBEHUS CyJI0B, HCIIOJIB3YIOLIMH CIIOCOOBI
0€30MacHOr0 pacxXoXICHUS IByX M Oojee CynoB, UTO
00yC/IaBNIMBaeT aKTyaJbHOCTh W IIEPCHEKTUBHOCTH HC-
CJIeJIOBaHUs 10 JaHHOM TeMaTHKe.

Kparkuii 0630p my6aukanuii mo reme. Pa6ots [1-6]
MOCBSILEHBI PA3IMYHBIM MOZEJSIM aHAJUTHYECKOTO OITH-
CaHUsl B3aUMOJICHCTBUSL CYIAOB B CUTyallUd OIACHOTO
cOMKEHUsT U TpoueaypaM BeIOopa Oe3omacHOM crpare-
ruu pacxoxzaeHus. [IpobGiema npemynpexaeHus: CTOJK-
HOBEHHUI CyIOB MOJpoOHO McciemoBana B padore [1], B
HeW TpeyIokeH METO/ THOKHUX CTpaTeruii MX pacxodkie-
HUSI, KOTOPBIH TO3BOJSIET ()OPMUPOBATH ONTHMAIBHYIO
CTpPaTeruio pPacXOoXJEHUS CyAHa C HECKOJbKHUMH Omac-
HBIMH HEJSIMA C y4eTOM AWHAMUKH Cy[qHA, TpeOOBaHMI
MIIIICC-72, u uMeroImUMUCS B palioHe MaHEBPHUPOBAHHS
HABUT'AllMOHHBIMU ONACHOCTSIMHU. [IOHATHIO B3auMojeii-
CTBHS CY/IOB IIPY BO3ZHUKHOBEHUHU YIPO3bl CTOJIKHOBEHHUS
nocesieHa pabora [2], B KkOoTOpod (opMann3zoBaHbl
MIIIICC-72.B pabote [3] mis ommcaHus mporecca pac-
XOXKICHUSI UCTIONB3YIOTCS METOJbI TEOPHH ONTUMAIIbHBIX
JIMCKPETHBIX IPOLIECCOB, a NMPUMEHEHHE METOZa Helu-
HEWHOH MHTETrpaJbHOW WHBAPHAHTHOCTH TIPEJIAraeTcsi B
pabote [4]. ®opmanuzaius B3aUMOJICHCTBHS CYAOB IPH
PacXoXXIEHUH B paMKax Teopuu An(pPepeHIHaIbHBIX UIP
npou3BoOAUTCS B padorax [5, 6].

B monorpaduu [7] ocBemieH psi ocoOSHHOCTEH 3aa-
YH PACXOK/AEHHS CYJOB B MOPE U IPHUBEJCH METO]| Ipe-
JNPEXKJICHUS] CTOJIKHOBEHHS CY/IOB IIyTeM CMEICHUs Ha
MapaieNbHyI0 JTHHAIO ITyTH. Pe3ynbTaTel UccieToBaHUS
3¢ $EeKTHBHOCTH TAPHBIX MAHEBPOB PACXOKICHUS HpPUBE-
neHbl B pabore [8].

OpHaKo, TIPHU YIPaBJIEHUH IIPOIECCOM PACXOKICHUS
cymoB ¢ nomotnpo CYJIC ucdezaeT HE0OXOAUMOCTh BO
B3aUMHOM COTJIACOBAHHUHM MaHEBPOB CYJIOB MEXaHH3MOM
B3aUMOJICHCTBUS, T. €. PEATU3yeTCs NMPHUHIMI BHEIIHETO
YIIpaBJICHHUS POLIECCOM pacxoxkaeHus [9].
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Heas. Llens myOnukanmm — pa3paboTka HPOLETYpPHI
(dbopmMupoBaHUs 00ACTH OMACHBIX KYPCOB CYIIOB C yde-
TOM MX MHEPIIMOHHBIX XapaKTEPUCTHK MTOBOPOTIHBOCTH.

Marepuansl u Meroabl. B padore [10] nokazaHo, uTo
cONMKEeHNe JBYX CYAOB XapaKTepu3yeTcss oO0nacThio
OIIACHBIX KypcoB ), KOTOpast 0TOOpa)kaeTcst Ha ILIOCKO-
CTH KypCOB CyJOB. BepxHeil u HWxHel rpanuiamMu obna-

cT  SBISAIOTCA TOYKH ( Kl’ Kz), KOTOpBIE COOTBET-
CTBEHHO Y/IOBJIETBOPSIIOT YPaBHEHHSIM:

KP =@ 4 arcsin[\%sin(Kl —y®)
2

Kéz) = y(z) + arc:sin[\%sin(K1 — y(z) ),
2

)

riue 7(1,2) =aztarcsinDy/D; o u D - COOTBETCTBEHHO
MENeHr U AMCTaHIMSA MEeXIy cygamu; Dy - mpeneiabHo-

JOITyCTUMOH TUCTAHIIUH COMKECHUS.
Ecnu Touka (K, K,) HaxonuTCs Ha TPaHUIIE UM BHE

00J1acTH OMACHBIX KypoB {2 yrpo3a CTOJIKHOBEHHS OTCYT-
cTBYeT ( Dppjn = Dy ), B NPOTHBHOM CJy4ae JHMCTAHIHS

KpaTyaniero cOMMmKeRus Dy MEHBIIE NPENETbHO-
JOIyCTUMOH qucTaHIuH Dy, U cOMMKEHHEe CyIO0B SBIA-

eTca omacHeIM. {7151 6€30IacHOro pacxoXkAeHUsT He0OXo-
mumo  BeIOpaTh TOUKy (Kjy, K;), COOTBETCTBYIOLIYIO

KypCy YKIOHEHHs Omepupyromero cyana Kiy, Kotopas

HAXOJWTCS Ha TPaHUIIE 00JIACTH OMACHBIX KypcoB ().
Ecmu paccunTtaTh TpaHHIBI 00JIACTH OMACHBIX KYPCOB
) Cc TOMOIIBI0 TOCIEAHWUX BBIPAKEHHH, TO HE OyIer
yYTeHa MHEPIIMOHHOCTh CYJHA IPHU MMOBOPOTE, U PACXOXK-
JIEHHEe MPOU30UJIET HE B MPEIETbHO-A0IYCTUMOMN JTUCTaH-
muu Dy, a Ha BenuuuHy ADy Omke. ClenoBaTenbHO,

JUTSL y4eTa WHEePIMOHHOCTH TIOBOPOTa HEOOXOAMMO Tpe-
JEJIbHO-IOYCTUMYIO AUCTAHIUIO YBEIUYMBATL 10 3HAa-
yeHus Dy +ADy u cyna pazoiayTcs Ha AMCTAHLUUU Dy -

Bemnunna nonpaBKH ADd OJHO3HAYHO OHNpEeACIACTCA

JUHAMMYECKON MOJIENbI0 BPALLATEILHOTO JIBHIKEHUS
CyIHA U TPUOJIDKEHNE ee 3HAUYeHUS K NCTHHHOMY OIpe-
JIeNAeTCsl CTENEHbI0 e KBAaTHOCTH TUHAMUYECKON MoJie-
JIM BpallaTeJbHOrO ABWXKEHMS PEaJbHOMY IIPOLIECCY IIO-
Boporta cyaHa. Takum 006pa3om, B paCCMOTPEHHBIX CITyda-
SIX MCIOJIB30BAHMS MOJENHM IIOBOPOTIMBOCTU CyJHA
OIIPEAEIAIONINM  OOCTOSITENECTBOM — SIBISIE€TCS  CTEIEHb
COOTBETCTBHSI JUHAMUYECKOH MOJAEIM BpalaTeIbHOro
JBUKCHMS CYIHA PEAIbHOMY IIPOLIECCY €ro II0BOPOTA.
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PesyabTaTel 1 ux odcy:xxnenue. Halinem BbIpaxkeHue
JUI1 pacueTa NpHUpAICHUs AUCTaHIMU ADy, AN 4ero

oOpaTuMmcst K puc. 1, U3 KOTOPOTO CIIeIyeT:
ADy = MNsin(K gy - W) »
TIe K, - OTHOCHTeIBHEIH KypC YKIOHCHHS, KOTO-
PpHIi ompenenseTcs BeIpaxkeHueMm (puc. 1),
Koty = a—arcsinDy /D -
Ecnm 00603Ha9MTh MpUpAIIECHUs OTHOCHTEIBHBIX KOOP-
IHHAT AXy U AYqy 3@ BpeMs IIOBOPOTa, TO

Aot =X =X, AVt =Y1— Y2 2
IJle COCTABIAIONIME X U Y; - KDUBOJHMHEHHOE IBUAKE-
HHE OIEPUPYIOIIET0 CYJIHA TP IOBOPOTE, a BTOPAs CO-

CTaBJIIOIIAs X, U Yo - HpﬂMOﬂHHeﬁHOC JBHXKCHUC LICIIU
0€3 U3MEHEHNS TAPAMETPOB JBHIKEHUS.
X;@ AD;

Koto

)

= )

Puc. 1. Onpenenenue npupamenus qucraniun ADy

MN =,/Ax% +AyZ , a Yrol

CJIGI[OBEITGHLHO, OKOHYAaTCJIbHO

QOueBuIHO,
v = arctg B /AY) -
BBIpa)kKeHHUE 1J11 pacyeta ADy HMeeT BUA!

ADy =/ AXG + Ay Sin[K;ty - arctg(Axqt / AYor)] (3
B pabote [10] moxydeHBl BBIpaKeHHS IJIS TIpUpaIIe-

OTpE30K

HUS KOOpAMHAT X; M Y] ONEpHpYIOLIEro CyjaHa B pe-

3yJIbTaTe MOBOPOTA NPH pacueTe MX MO MOJENM Bpamia-
TEJIFHOTO JIBI)KEHHS CyJIHA C TOCTOSHHOM YIJIOBOH CKO-
pOCTBIO ©

V. * Vo, .
X =—2 (cos Ky —cosKy) » yp =—2(sinKy —sinkKy) ,
[OFY Op

*
rge Ky - Kype YKIOHEHHs CY[HA, TPHYEM €r0o BEIU-
YMHA A1 BCTPEUHBIX KypCOB CyZIHA M IETH 3aBHCUT OT

*
OTHOCHTENIbHOTO Kypea Koy [1],
. « Vs .
Ky =Koy + arcsm[\Tsm(Kz =Koyl -
1
Cocrapsiomue NpAMOIUHEHHOTO IBMKEHHUS eI Xp

u Yo BBIpakKaroTCsA OYEBUIHEIM 00pa3OM:

Xo =V2’CS.nK2; Yo :V2TCOSK2,

*
I7ie TIPOZOJDKUTEIBHOCTE oBOpoTa T =(Ky —Kj)/m,.
CrnenoBarenabHO, NPUPALICHHE OTHOCUTEIBHBIX KOOP-
IUHAT AXy ¥ AYy (2) B paccMaTpuBacMoM ciiydae:

K, —K

V- * .
AXor = (Dl (cosK; —cosKy) —V,—Y—LsinK 5’

p
Dp

*

Vi K .
AYor :(D—l(sme —sinKy) —Vo—Y L cosk,

P
)

C y4eToM MOJy4eHHBIX MPUPAMIEHUA AXy H AYy IO
BBIpaKEHUIO (3) pacCUUTHIBACTCS BENWYMHA TPHPALICHUS
ADél) NpeeNIbHO-IOMyCTUMON JAUCTAHIMU CONMKEHHS

IUIsL AaHHOW MOJICIIH BPAIATEIFHOTO IBMKCHUS CyIHA.
Hdns  dopmupoBanms MoanUIPOBaHHOW 00JacTH
OIIACHBIX KypCOB ), C y4eTOM HHEPIHOHHOCTH CYHOB
IIPY TOBOPOTE B ypaBHEHMSX TI'PaHUI] HEOOXOAUMO Ipe-
JENbHO-J0IyCTUMYIO AUCTaHIMI0 Dy yBEIMYHUTH Ha Be-

JMYUHY NPHPALEHUs. AUCTaHIMU ADy, T. €. ypaBHEHHMs
rpaann (1) ¢ ydeToM BBIpaXKECHUS U1 BEIHIMHBI
v32 npunnmaer B

Dd + ADd
D

Dy +AD
K2 = o+ arcsin —d""d = dyp

oV I
+arcsin{ —1[S|n(K1—a+acsn
Va
B stom Cjly4dace rpaHuIbl 00J1aCTH OITaCHBIX KypCOB Qm

H3MEHSIOT CBOH HCpBOHa‘IaJ’IBHHﬁ BUJ, a 3HAYCHUA 0e3-
OIIaCHBIX KYPCOB YKJIIOHCHUSA OTJIMYAKOTCA OT IIE€PBOHA-
YaJIbHBIX.

IR

120
&0
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240

140

7 ,

ZI k1=284
K2 =321

Deltk1=33

Deltk2= 263

120

&0
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B kauecTBe mpuMepa pacCMOTPUM CHUTYaLUIO OMACHOTO
COMMKEHUS! Cy/IOB C TIapaMeTpaMu: OTHOCHTEIIbHAS TTO3H-
LUsT COJIVDKEHMS 019 =158 ° D15 =20 Munu u napamer-

pbl aBwkenns obenx cymoB Kq=117°, V;=23 y3na,

Ko=58°, V,=14 y310B, BenuYMHA NPEACIBHO-

HOHYCTHMOﬁ JUCTAaHIIUH COMMKEHUS CyaoB Dd BBIGpaHa

paBHO#l 1 Mmune. [IporHo3upyemoe 3HaueHHUS AUCTAHLUU
KpaTdaiiero cOMMmKEeHNs B pacCMAaTPUBAEMON CUTYallHu
pasto 0,16 muim, 4T0 MeHblIe BenuuuHbl D . I'parnip!

00JaCTH OMACHBIX KYpCOB C YUETOM HMHEPIHMOHHOCTH CY-
IIOB 1 0€3 Hero MpeNCTaBlIeHB! Ha puc. 2. B maHHOM cHTY-
aIil TPaHUIBI OOJACTH OMACHBIX KYpCOB TIPH ydeTe
MHEPIIMOHHOCTH CYIOB (CHHETO IIBETa) 3HAYMUTEIFHO OT-
JUYAIOTCST OT TpaHWI] 0e3 ydera WX HWHEPIHOHHOCTH
(kKpacHOTO W 3eJICHOro I1[BeTa). be3 yueTa HHEPIIMOHHOCTH
Ui 0e30IacHOT0 PACXOXKICHHS JOCTATOYHO OBLIO OBl
U3MCHHUTh KypC BTOPOTO CyIHAa BIICBO Ha 3HAYCHHE
K 2y=321°, HE MeHAs Kypca IepBoro cyaHa. B stom

cllydae COOTBETCTBYIOIIAs BEPTHKAJIbHAS TEMHAs JTHHUS
MPOXOAUT 4Yepe3 KPAaCHYI HIDKHIOK TpaHUIly 00JacTu
OMACHBIX KYPCOB, MEPECEKAsICh C TOPU30HTAIBHOMN JINHU-
elf HayaIbHOTO Kypca MepBOro CyaHa Kq =117 °. OgHako

HIDKHSS TpaHHUIa 00JACTH OMACHBIX KYpPCOB C YYETOM
AHEPLIUOHHOCTH CYAOB CHHEr0 LBETA IMPOXOJHUT TOpa3zo
HIDKE U 17151 0€30T1aCHOTO PACX0KICHHUS HEOOX0IUMO eIlie

U YKIOHCHHE IEPBOrO CyAHA BIEBO Ha Kypc Ki, =84°

(HWOKHSISL TOPU3OHTAJIbHAS TeMHas JuHuA). Takum oOpa-
30M, AJIs1 OE30I1aCHOTO PACXOKAEHHSI CYJIOB C YYETOM HX
MHEPIMOHHOCTH Ha JOIYCTHMOM JUCTAHIMH b =1 Muyis

CylaM CIefyeT Je4b Ha KypChl YKIOHCHUS K, =84° u
K2y:321

BriBoabI

1. [TonyyeHo BBIpaXEHHE Ul pacdeTa BEIHMYHHBI CO-
KpalleHus] IUCTAaHIWKM KpaTdyaiiiero cONMKeHHs Ipu
MIOBOPOTE CyJHA M3-3a €ro uMHepIuoHHOCTH. IlokazaHo,
YTO OIIGHKA €ro BEJUYUHBl 3aBHCUT OT NPHUMEHsAEeMOH
MOJIENM BPAIaTEIFHOTO ABM)KEHHA CyIHA JUIS MPOTHO3a
€T0 OBOPOTA.

2. IlokazaHo BIMSHHWE WHEPIUOHHOCTH CYAHA Ha pas-
MepbI 001aCTH ONACHBIX KYypPCOB H NMPEIOKEHA IPOIETy-
pa pacdera TpaHWI] MOAW(HUIMPOBAHHONH 0ONACTH LI
BEIOOpa OE30MacHBIX KYpCOB PACXOXKICHHS CONIKATO-
uxcs Cya0B € Y4ETOM UX MHEPIIUOHHOCTHU.

3. TIpuBeseH 4MCIICHHBIA MPUMEp, MOATBEPIKIAIOLINI
KOPPEKTHOCTD IMOJTYYCHHBIX TCOPECTUYCCKUX PE3YJILTATOB

4. TlokazaHa 11e71eCO00Pa3HOCTh UCIIOJIB30BAHUS TOJTY-
YEHHOH MMpOoLeAYpHI pacueTa rpaHul MOAU(GUINPOBAHHON
00J1acTH OIacHBIX KYpPCOB B KOMITBIOTEPHON MH(OpPMAaIH-
OHHOHl CHCTeME BHEIIHETO YIIPaBJICHHs IPOIECCOM pac-
XOXKICHUS CyJIOB.
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YuyeT HHEPUMOHHOCTH CyIHA NMPH (hopMHUPOBAHNH 00/IACTH ONMACHBIX KYPCOB
I'. E. KanuHu4eHkKo
AnHoTtamusi. [Ipou3BesieH aHAIN3 BAMSHHUS HHEPLMOHHBIX XapaKTEPHCTHUK ITOBOPOTIMBOCTH CYAHA HA BEIHMYMHY MUCTAHIMU Kpart-
Yaiiero cOMMKEHHsT CYJI0B IPH BBIMOJHEHUH MaHEBPa PACXOXKICHUS CYIOB M3MEHEHHEM Kypca. PaccMOTpeHa CUTyalus, KOrjaa
OIEpUPYIOIee CYAHO BBIMOIHICT MOBOPOT HA KYPC YKJIOHEHHS, a LieJib COXPaHseT Hen3MEHHbIC MTapaMeTphl ABIKeHuUs. [IpuMeneHa
MOJIENb BPAIATEILHOTO IBHKEHHS CYIHA C TIOCTOSIHHOM yriIOBOW CKOPOCTBIO MOBOPOTA. [10Ka3aHO BIMSHHE WHEPIHOHHOCTH CY/IHA
Ha pa3Mepbl 00JIaCTH ONACHBIX KypPCOB M MPEAJI0KEHbI PEKOMEHIAINH 110 00eCIeYeHHI0 6e30MacHOr0 PACX0XKICHHS CY/JI0B B TAKHX
curyanusx. [IpuBeieH YMCIIEHHBIN TPUMED, TTOITBEPXK IAI0IINI KOPPEKTHOCTH MMOJIYYCHHBIX PE3YIIbTAaTOB.

Kniouesvle cnosa: 6ezonacnocms cyo00804COeHUs, NPOYECC PACXOACOeHUs, 0ONACHb ONACHBIX KYPCO8, MOOELb GPAUAMENIbHO20
O0BUIICEHUSL CYOHA, COKPALeHUe OUCMAHYUU COTUNCEHUSL.

Accounting for inertia of the vessel in the formation of the area of danger ous cour ses
G. E. Kalinichenko
Abstract. The analysis of the influence of the inertial characteristics of the ship's swing ability on the distance of the shortest ap-
proach of vessels during the manoeuvring of the difference of vessels by the course change is made. The situation is considered when
the operating vessal performs a turn on the course of evasion, and the target retains the unchanged parameters of the movement. A
model of rotational motion of a vessel with a constant angular velocity of rotation is used. The influence of inertia of the vessel on
the size of the area of dangerous courses is shown and recommendations are proposed for ensuring safe passing of vessels in such
situations. A numerical example confirming the correctness of the obtained resultsis given.

Keywords: safety of navigation, process of passing, area of dangerous courses, model of ship's rotational motion, reduction of
approach distance.
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AHHOTanus. BrriBneHs! GakTopbl, Beqyle K MOSBICHUIO BEKTOPUATIBHBIX MOTPENIHOCTEH MOBOPOTA CYIHA, KOTOPHIMH SBISIOTCS
MOTPENIHOCTh NMEPEeKIaJKH Tepa PyJst ¥ MOTrPEIHOCT, MOMEHTa BPEMEHH Hadala MaHeBpa moBopoTa. I[lomyueHsl GpopMyisl OLEHKH
3HAUCHUH BEKTOPUAIBbHON IOTPEIIHOCTH IIOBOPOTAa CyJHA IPH ITOSBICHUH MOTPENIHOCTH MEePEeKIaKH Mepa Pyl U IOTPEIIHOCTH
MOMEHTa BpEeMEHH Hadaja MaHeBpa MOoBOpoTa. PaccMoTpeHa mponenypa MmoaydeHns INIOTHOCTH MOTPENTHOCTH OOKOBOTO OTKIIOHE-
HUS Cy[lHa OT IIPOTrPaMMHOM TPaeKTOPUH B 3aBUCHMOCTH OT JIByMEPHOH INIOTHOCTH ITO3UIIOHHOMN BEKTOPHATBHON ITOTPEITHOCTH.
Knrouesvie cnoga: desonacocms cyoo8024#COeHUs, 6eKMOPUATbHASL NOSPEUHOCHb NOBOPOMA, NOZPEUIHOCHb NEePEKNIaoKU nepa
PYA, NO2PEUHOCHb MOMEHMA 8peMeHl HaYaNa MaHegpa nogopoma.

Bgenenne. Obecnieuenne 6€30MaCHOCTH CYAOBOXKICHUS B
CTECHCHHBIX palloHaxX IUIaBaHMs SBIIETCS OJHOM W3
Haubonee akKTyalbHBIX MpobOieM MoperuaBanus. C ee
pELICHUEM CBSI3aHO CHIDKCHHE 4YHCIa HaBHI'AIMOHHBIX
aBapui, BO3HHMKAIOIINX M3-332 IIOCAZOK CYJOB HA MEIb.
BeposiTHOCTP BO3HMKHOBEHHUS! HAaBUTAIIMOHHBIX aBaphit
MOXHO CHH3WTHh IOBBIIIEHHEM TOYHOCTH YIPaBICHHS
CYIHOM TPH BBIIIOJIHEHUH UM IIOBOPOTOB, T. €. MUHUMH-
3aIiel BEKTOPHAIBHBIX OTPEIIHOCTEH OBOPOTA.

[TosToMy crnemyeT BBIIBHTH CYLIECTBEHHBIE (DaKTOPHI,
BIMSIOIINE HAa (DOPMHUPOBAHMS TAKMX MOTPEHIHOCTEH, U
NpeAyNpeauTh X OTPUIATELHOE BIHMSHUE Ha IPOIECC
CYZOBOXJICHUSI.

Kparkuii 0630p ny6aukanmii no reme. B padore [1]
BIIEPBBIE TIPEUIOKEHA OICHKA HaJEeKHOCTH CYI0BOXKIC-
HUSL, T. €. BIMSHHS MO3ULIMOHHOM MOTPEIIHOCTH CyJHa Ha
HaBUT'ALlMOHHYIO O€30IIaCHOCTh, HPHUYEM YUYHUTHIBAIACh
TOJBKO TIO3MIMOHHAS BEKTOPHAJbHAS IOTPEIIHOCTH
OTIpeJIeTICHUs] MecTa CyJHa ITIPH €ro NPOXOKACHHH psijia
TIOCJIE/IOBATENILHBIX TOYEYHBIX HABHTAIMOHHBIX OMAacHO-
creil. JlanpHelee pa3BUTHE 3TOTO HAIPABIEHHS HCCIIe-
JIOBaHWH OTpakeHO B pabotax [2, 3], mpmuem B paboTe
[2] paccMoTpeHBI 1Ba SKBUBAJICHTHBIE MOIX0/a K OIEHKE
BEPOATHOCTH 0€3aBapHIHON MPOBOJAKM CyAHA IO 3a]aH-
HOMY MapIUIpyTy, a KpUTEpHil HaBUTallMOHHOW Oe3omac-
HOCTH obGocHOBaH B pabore [3]. Jauubsie paGoThl s
OLIEHKM HABUTallMOHHOI  OE€30MacHOCTH  yYUTHIBAIOT
TOJIBKO TO3UIMOHHYIO MOTPEIIHOCTh MHPHU CIIe0BaHUN
CyJHa MPSMOJMHEWHBIMH Y49aCTKaMH IPOrpaMMHOHN Tpa-
€KTOPHH, OJIHAKO CIICAYET TAKXKE YUUTHIBATH M BEKTOPH-
AJIBHYIO TIOTPELIHOCTh TIOBOPOTA CyIHA, YeMY ITOCBSIIICHA
pabota [4]. Pe3ynbTaThl IMUTAMOHHOTO MOJCIUPOBAHHMS
Ipolecca pacxoKAeHHUs CyJOB C y4eTOM HX JAWHAMUKHU
npejcTaBieHsl B padore [5], a B pabore [6] paccmoTpen
CPaBHHTEINIbHBIA aHaIM3 MaTeMaTH4eCKUX MOjenedl Bpa-
LIATENBHOTO JABUIKEHHS CY/IHA MIPH TIOBOPOTE.

Bompoc pa3pabotkn nHGOPMAITMOHHON CUCTEMBI UMU-
TAIlMOHHOTO MOJICIIMPOBAHUS JIBUKEHHS CYJIOB CO CIIOXK-
HBIMH JTHHAMHYECKUMH MOJIENIIMH OCBELIEH B padore [7],
KOTOpasi TO3BOJIUT OOECHEeYUTh HOBBIH THII IUTAHMPOBa-
HUSI MAaHEBPOB CyIHa M KOHTPOJIb ITPOBEJCHUS BBITTOJIHS-
€MOro MaHeBpa C MOTOYHBIM OTOOpaKEHHEM 3aJJaHHOTO
MaHEBpa OJHOBPEMEHHO C (PaKTHUECKHM JIBH)KEHHEM
CyJHa ¥ C MHAMKAIUEH MPOTrHO3UPYEMOH TPaeKTOPUH.
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Ieas. Lenp HacTOsIEH CTATBU - ONPEAEIUTH 3aBUCH-
MOCTh TOTPEUTHOCTH OOKOBOTO OTKJIOHEHHsI CyJHAa OT
TPAEKTOPHOM MOrPEIIHOCTH TOBOPOTA CyIHA.

MarepuaJjsl 1 MeTOAbI. BekTopuanbHas TpaekTopHas
MOTPEIIHOCTh MOBOPOTA CyJHA S®) orHOCHTENBHO npo-
THO3MPYEMOM TOYKM BBIXOJA CyIHAa Ha O4YepeAHOU ydya-
CTOK IPOTpaMMHOM TPaeKTOPUHU MOSABIAETCS 1O MPUUYHUHE
MOTPEUIHOCTH TIEPEKNAIKH MEPa Pyt AP, WK IOrpell-

HOCTH MOMEHTa BpeMeHM Hauana nosopota At. Brauane
paccmoTpuM BekTopranbhyio morpemsocts S | koto-
pas BO3HMKAeT WH3-3a IOTPEIIHOCTH MEpeKJIaJKu Iepa
pyns ABy . dus storo obparumcs k puc. 1. Ecnu yron
KJIaJKu pyist 3| He COAEPIKHT MOrPEIIHOCTH, TO K KOHIY

MaHeBpa IOBOPOTA CYJHO OKa)KETCSI Ha HOBOM YydYacTKe
MPOTPaMMHON TPaeKTOpUH B Touke M u BekTOpHaibHas

norpemsocts S me Bosmukaer. Ilpu Hammumu mo-
IPELIHOCTU AB | YTOJI KIaJKU Py

T

&

Puc. 1. Bo3HUKHOBEHHE BEKTOPHATIBHOM MOIPEIIHOCTH s

paBeH By + AP , ¥ K KOHIly MaHEBpa, KOTJa CyJHO JI0-

cturaer xKypca K, , oHo oka3pBaercs B Touke N. Ilo-

y B
TPENIHOCTD s ornpezensieTcst BeanuuHon otpeska MN,
a ee COCTaBIIAIoNI1e S&ﬂ) " Sg,/”) paBHBIL:

a

S =xy—xm 1 SY = yn—Yu )
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THE Xy U Yy - KOOpIuHATHI TOUKH M;

Xy M YN - KoopauHaTs! Toukd N.

Jns onpenenennst koopauHat Touek M u N paccmot-
PUM JAMHAMHUYECKYIO MOJIENb BPAIATEIbHOTO JIBHXKCHHMS
CyJHa C TIOCTOSIHHOHM YIJIOBOW CKOPOCTBIO, COIJIACHO KO-
TOpOH NpHpalieHne KoopArHaT Toukd M 3a BpeMs oBo-
pOTa oIpeesseTcst BBIPaKESHUSIMU:

XM :L(COSKO —cosKy),
km Bk

Vo . .

ym =———(sinK,, —sinK,) ,
k ® B k Y °

rae K o - K0obduLIHEHT 3P HEKTHBHOCTH PyIIs.

AHaJIOTUYHO HAaXOJUM BBIPAXKEHUS JUIsI KOOPIUHAT
XN M yn Toukd N, yduTbIBas, uTO yroja KJIajJkd Hepa

pYyJisl yBEIUUUIICS HAa BEJIMYUHY HOIPEIIHOCTH A :
V

:m(COSKO —-cosKy),

XN

Vo . .
yN =—F———— (sinK, —sinK,) .
Nk, (B +ABY) Y °

C yuertom BeIpaskeHus (1) u Toro, 4to B, >> AR, , co-
CTaBJISAIOIIHAE S)(('B ) u S§,ﬁ ) BEKTOPHAIILHOM MOTPEIHOCTH

s umeror BUJI:

s = _V—O(cosK0 —cosKy)ABy ,
KaBi

\Y . .
S§ﬁ) =—°2(S|nKy —sinK )AB .
k ka
PaccMoTpuM BEKTOpHAIbHYIO MOTPEIIHOCTD s® | Bos-
HUKAIOIIYIO W3-3a MOTPEIIHOCTH MOMEHTa BpEMEHH Hada-
71a TIoBopoTa At (pHc. 2).

Puc. 2. dopmupoBaHue BEKTOPHAIBHOM MTOTPEITHOCTH s®

Kax cnemyer u3 puc. 2, norpemsocts SO pasua or-
pe3ky MN, koTopbIii B CBOIO 0Yepe/ib COBIAJIAET IO Be-
nuuauHe ¢ orpeskoM OS, TTosromy:

SO =0s=V At .
CocraBmsromue Sf(t) 31 S§,t) JIaHHOW BEKTOPHAJIbHOU
MOrPEITHOCTH UMEFOT B!
SO =V sinK At ,
89) =V,CosK At .

BekropuaiibHasi TpaeKTOpHas IOTPELIHOCTh OBOPOTA

)
CyaHa S( ) ONpEeACIACTCA OYCBUIHBIM BBIPAXKCHUEM
s® _gA . st,
Pe3yJII)TaTI)I N UX 06cy7K)IeHI/[e. I[.HH OLICHKU BEPOAT-
HOCTH Oe3aBapHIHOrO IIaBaHUs CyaHa P, 1O BHIOpaH-

HOMY MapIuIpyTy, Kak oka3zaHo B pabore [2], nenecoo0-
Pa3HO HCHOJB30BAaTh MATEMAaTHYECKYIO MOJAEIb C OIHO-
MEpHOH IIOTHOCTBIO PAaCIpEleNeHUsI HOTPEIIHOCTH 00-
KOBOT'O OTKIIOHEHHs CyJHa OT MPOTPaMMHON TPAEKTOPHU
JBIKEHMSI IPU 33JaHHOM JBYMEPHOI IUVIOTHOCTHU pacmpe-
JIENIEHNs] BEKTOPUAJIBHOM IMO3MLUOHHONW MOTPELIHOCTH.
[TosToMy HEOOXOAWMO HAWTH BBIPAXKCHHE OTHOMEPHOU
WIOTHOCTH fj,(Z) OOKOBOTO OTKIOHEHHMS Z IIPU 3aJaHHOU

JBYMEPHOI IIIOTHOCTH pactpeaeneHus f;(x,y) BeposT-

HOCTEH MO3ULUOHHOHN TPACKTOPHOH NOIPELIHOCTH s®,
JByMepHas miuoTHOCTH fi(X,y) NIPH HOPMAIbHOM 3a-

KOHE pacHpeziefieHHs MOXKET OBITh IIPEJCTaBICHA CHUCTe-
MOW HE3aBHUCUMBIX COCTABJISIOIIUX X U Y, BTOPOH cMe-
IIaHHBIX MOMEHT KOTOPBIX PaBEH HYJIIO, a KOBapHaIlOH-

Hag MaTpuia COACPKUT JUCTIEPCUU 0'3 " O')Z, .

Ha puc. 3 nmoka3aHa 3aBHCHMOCTb OOKOBOTO OTKJIOHE-
HUSI Z OT COCTABILIFOIINX X M Y BEKTOPHAIBHON MO3HITH-
OHHOMW TOTPEIIHOCTH, a Takxke Kypca cynHa K. U3 puc. 3
ClIelyeT:

z=xsin(K —%) + ycosK —%) , WA

z=ysinK —xcosK .

o

K
Puc. 3. 3aBucuMocTb OOKOBOTO OTKJIOHEHHUS Z OT COCTABIISIO-
muX X 1 Y

B sToM ciryqae OOKOBOE OTKIIOHEHHWE Z Takke Oyaer
MOMYHUHSTHCS HOPMAITFHOMY 3aKOHY ¢ mapameTpamu [8]:

m, = m, sink —m, cosK ,

0'3 = O')%COSZK +0')2,Sin2K ,

rae M, W o2 - COOTBETCTBEHHO MATEMATHUECKOE
OXHJAHUE U TUCTIEPCHs OOKOBOTO OTKIOHEHHS;
My ¥ My - MAaTEeMaTHIECKUE OXKUIAHHUS COCTAaBIISIO-

X X 1 Y.

Takum 00pa3oM, BeIpaKEHHE JUIA IUIOTHOCTH pacIpe-
JieNieHrsT OOKOBOTO OTKJIOHEHUS MPUHUMAET CJIETyFOIHA
BUI:
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fo(2) =

1 (z-m )2
fp(2) = e[ - 2], nm
b NJ2ro, 20'§
1 _[z—(mysinK—mXcosK)] 2

2 2.2
\/Zn(ofcoszK+a§sin2 K) 2(cf cos’ K + 0§ sin®K)
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ABISIIOTCS TIOTPEIIHOCTH TEPEKIANKU Iiepa pydas U Mo-
MEHTa BPEMEHH Havaja MaHEBPa IOBOPOTA.

2. Ilosy4eHbl aHATUTHYECKUE BBIPAXKEHHS IJIs OLICHKH
BEITMYUHBI BEKTOPHAIBHON MOTPENIHOCTH MOBOPOTA CYA-
Ha B 3aBHCHMOCTH OT MOTPEIIHOCTH MEPEKIaAKH Iepa
pyJIsl ¥ IOTPEIIHOCTH MOMEHTa BPEMEHH Hadalla MaHeBpa
IIOBOPOTA.

3. Paccmotpena mpoueaypa HOIYyYSHHS IIOTHOCTH
II0- TPEIIHOCTH OOKOBOTO OTKIOHEHHA CyAHAa OT
IporpaMM- HOM TpPaeKTOPUHM B  3aBHCHUMOCTH  OT
JBYMEPHOH IIJIOTHO- CTU MO3ULIMOHHON BEKTOPUAIbHOU
MOTPEUTHOCTH.
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3aBHCHMMOCTD MOTPEUIHOCTH GOKOBOI0 OTKJIOHEHHS CYJAHA OT TPAEKTOPHOI MOrpelIHOCTH MOBOPOTA Cy/IHA

10. B. Kazak

AHHoOTamusi. BeIsBIeHbI (hakTOPBI, BEAYIHE K HOSBICHUIO BEKTOPHAIBHBIX MOTPELIHOCTEH MOBOPOTA Cy/AHA, KOTOPBIMH SIBIISIOTCS
MOTPELIHOCT MEPeKIIa KK TIepa PyJisi U HOTrPEIHOCTh MOMEHTA BPEMEH! Havaja MaHeBpa noBopota. [lomydeHsl GopMyIIbl OLIEHKH
3HAYEeHUH BEKTOPUAIbHOM MOTPELIHOCTU MOBOPOTA CYAHA IIPU MOSIBICHUU HNOTPEIIHOCTH MEPEeKIaKH Iepa pyis M MOIPelIHOCTU
MOMEHTa BPEMEHH Hauajla MaHeBpa I0BOPOTa. PaccMoTpeHa mponeaypa MoiaydeHHs IUIOTHOCTU MOTPEITHOCTH OOKOBOTO OTKIIOHE-
HUS Cy[Ha OT IIPOTPaMMHON TPaeKTOPUH B 3aBUCHMOCTH OT IByMEPHO! IJIOTHOCTH ITO3HUI[OHHOI BEKTOPHAIBHOM MOTPEIIHOCTH.

Knroueswvie cnoea: dezonacnocmo Cy0080COeHUs, 6eKMOPUATbHAS NOZPEUHOCb NOBOPOMA, NOSPEUHOCIb NEPeKIaok nepa
PYA, NO2PEUHOCHb MOMEHMA 6peMeHI HaYaNa Manegpa No6oOpoma.

Dependence of the error of the lateral deviation of the vessel from thetrajectory error of theturn of the vessel
Yu. V. Kazak
Abstract. Factors leading to the appearance of vectoria errors in the turning of the vessel are identified, which are the error in the
shifting of the rudder pen and the error in the time of the start of the turn maneuver. Formulas for estimating the values of the vector
error of the turning of the vessel are obtained with the appearance of an error in the shift of the rudder pen and the error in the time of
the start of the turn maneuver. The procedure for obtaining the error density of the ship'slateral deviation from the program trajectory
is considered depending on the two-dimensional density of the positional vector error.

Keywords: safety of navigation, vectorial error of turn, error of rudder shift, error of the moment of the beginning of the turn ma-
noeuvre.
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Abstract. The essence of experimental studiesis clarified, notions of "experimental research” and "engineering experimentation” are
identified, targets, content and technological components of the training of future mining engineers in the context of a tedi ous prob-
lem in accordance with the personality-oriented educational paradigm. Based on the analysis of the future specialist's activities, in
accordance with the competence complex, has been developed a technology for the training of mining engineers and electromechan-
icsfor conducting experimental studies, and it is possible to improve the professiona training of the future specialist.

Keywords: experimental research, engineering experimentation, competent oriented basis, technical disciplines, electromechani-

cal engineers.

Introduction. Experimental research is one of the pro-
duction functions of an engineer, which is caused by the
need to organize tests of prototypes or creating of origina
models, research of structural materials, etc.

Study of the practice of future mining engineers-
electromechanics training for experimental research in the
context of sociocultural conditions for the development of
society, links between experimental activities in the com-
petence development of specidists in the electromechani-
cal profile made it possible to realize the importance of
the problem being studied for vocationa training, which
should provide not only an adequate level of theoretical
knowledge, but also sufficient experience of experimental
activity in the engineering sphere - that area, in which a
professional is going to work [1].

If we talk about engineering experimentation in the
professional electromechanics activity, we should first of
all take into account the studies of meaningful interpreta-
tion of atheory of planning, organization and conducting
of an experiment in an electric drive, which were imple-
mented, in particular B. Ivobotenko, M. Ilyinsky, I. Kopy-
lov, V. Klyuchev, B. Firago, L. Pavlyavchik, and aso the
work of A. Goldberg, which proposed a technique for
electrical machines testing. Undoubted value of the last
work are the block diagrams developed by the author, on
which algorithmization of machines industrial tests can
be carried out and which can serve as a basis for design-
ing the experimental activity of students in the process of
mastering the content of technical disciplines.

Adjustment of electric drive control systems, which
can be a stage of engineering experiment, is developed
and described only in the reference literature, despite the
fact that the control system of electric drivesis the subject
of study in the training systems not only of electrome-
chanics, but also of other specialists.

Since the reference literature is a specia edition,
which, among other things, is characterized by a laconic
and declarative statement of the setup stages, its applica-
tion in the process of forming knowledge on tuning the
electric drive at the algorithmic stage of preparing future
specialists for an engineering experiment has certain fea-
tures that require a methodical compilation. In particular,
the directories don't contain a detailed exposition of the
theoretical information, which is necessary to understand
the semantic essence of the stages and individual actions.
Also, they often lag behind the constructive and elemental
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base of practical control systems for electric machines.

From what has been said, it follows that it is necessary
to master the technology of carrying out an engineering
experiment, requires justification and definition of the
relevant professional qualities, including professional
skills. Thus, we have established that the specific weight
and cognitive quality of experimental studies that can start
in the study of technical disciplines, make it necessary to
determine the proper organizational, managerial and me-
thodical measures and means of influencing the course
and results of training in order to master future mining
electromechanical engineers' professional abilities that are
necessary for experimental work. This would make it pos-
sible to provide them with the ability to engineer experi-
mentation and readiness to apply it in the further profes-
sional work in production.

Brief overview of related publications. With the ex-
perimental activities in the training programs of electro-
mechanical profile involves a significant number of works
from different research areas and levels, from program
articles to dissertation studies and tutorials [2; 3; 4; 5; 6]
etc. But despite their different aspects and depth of study,
the matter of the experimental research mastering by the
electromechanical engineers during the process of tech-
nical subjects studying, in our opinion, is not perfect and
comprehensive.

The purpose of this article was to determine the ade-
quacy of the formulated theoretical provisions and the
effectiveness of the justified on their basis technology of
professionally significant skills formation for the electro-
mechanical profile students to the experimental research.

Materials and methods. To achieve the goal, a set of
complementary scientific methods, reflecting the dialecti-
cal unity of the theoretical and empirical levels of cogni-
tion:

— theoreticad — analysis of educationa normative
sources, psychological, pedagogical, methodological and
special literature, dissertation materials, professional pub-
lications with the aim of generalization, systematization,
comparison and comparison of different views on re-
search;

— empirical — pedagogical observation to determine the
dynamics of change.

In engineering, as in many others activities, one of the
methods of cognition is engineering experience. It is used
in the design and development work, in the experimental
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and experimental stages of the development of new tech-
nology and etc. At the same time, engineering experience
is applied limitedly in the process of technological or op-
erational activities, and it is widely used in experimental
studies conducting.

Limited application of the experiment in operational
activities is due to the fact that the latter is oriented to
servicing, industrial systems repair, as well as transport-
ing, storing, preparing for the intended use (in particular
installation, testing and commissioning) of production
equipment. Operation involves monitoring the operation
of equipment in order to ensure the optimal mode of its
operation, control its operation.

In the professional activity of specidlists in the elec-
tromechanical profile, an important role is assigned to
several areas that determine the subject-activity complex,
which is formed by organizational and managerial and
engineering-technical activities that cover the social and
professional spheres of being a specialist [7].

Organizational and managerial activity of engineering
employees provides systematic and purposeful leadership
of the team in the production process.

Engineering and technical activity provides preparation
of production, direct production, as well as maintenance
of production facilities in the course of practica training.
Engineering and technical activities have following com-
ponents: design, technology, research, operational.

The design component of the specialists activity of the
electromechanical profile in practical terms is guided by
the development of new technology, refinement, modern-
ization of the existing one. Results of the design activities
are presented in the form of technical documentation de-
signed to organize the production and operation of new
equipment or the modernization of the existing one.

Technological component of the specialist's activity of
the electromechanical profile ensuring compliance with
the design parameters of those production processes in
which future speciaists participate in the acquisition of
practical experience and skills in performing technologi-
cal operations, notesV. V. Borisov [8, p. 20-21].

Research component of the speciaist's activity of the
electromechanical profile is directed to obtaining new
scientific knowledge, clarifying and generalizing the al-
ready available ones. In the process of such activities,
scientific assumptions are confirmed or disproved, new
ways of known problems solving are searched, etc.,
which, in our opinion, is an important element in the for-
mation of the competence basis for the future specialist,
his readiness for practical activities.

Depending on which methods (theoretical or empirical)
prevail in the study, individual steps that are listed above
can become irrelevant and not be included in the research
plan. But practically in any research a special place is
given to the experiment.

If we talk about the modern definition of this concept,
then we can use several approaches presented by L. M.
Cherchik:

«An experiment is the testing of knowledge of the phe-
nomena under study in controlled or artificially created
conditions. ...

An experiment is a system of operations, influence or
observations aimed at obtaining information about an
object during research trials that can be conducted under
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natural and artificial conditions when the nature of the
process is changed.

An experiment is a way of investigating phenomena
and processes through the organization of special experi-
ments that ensure the study of the influence of individual
factors under the constancy of other conditions or the
modeling of phenomena and processes in practice» [9, p.
8].
Triplicity of the author's interpretation is explained by
the factor of origin in the experimental activity, that is, the
need to clarify the question of the purpose of the experi-
ment: either we want to check something, or determine
the system of operations, it allows us to achieve certain
information results, or to study the influence of what fac-
tors on the phenomenon being studied.

Since the experiment is usually a stage in a study in
which, using certain empirical methods, some results are
obtained, that are included in the so-called empirical re-
search cycle, then in the future we can call this stage in
the projection for educational activity experimental re-
search and think of it as about a cyclic process in which
several mental acts (steps) are used, successively replac-
ing each other and interpolating the researcher closer to
the informative result, on the basis of which it will be
possible to formulate conclusions and propose recom-
mendations on the possible introduction of the obtained
results into production or intellectua activity.

If we talk about experimental studies from didactic po-
sitions in the projection of mastering the content of tech-
nical disciplines, then it is expedient to take as a basis the
following interpretation, which we accepted in the collec-
tive (S. F. Artyukh, I. Ya Lizan, I. V. Goloperov, N. A.
Nestoruk) in the training manual "Fundamentals of Scien-
tific Research" [2, p. 90].

Experimental studies are studies based on an experi-
ment, which is based on scientific experience or observ-
ing a phenomenon under given conditions and allows you
to monitor its progress, control it, obtain the necessary
data and restore it when theinitial conditions are repeated.

Since there is a significant list of technical disciplines
in the system of training specialists in the electromechani-
cal profile ("Theory of electric drive", "Electric ma-
chines', "Elements of automated electric drive", "Theory
of automatic control", etc.) and their training programs
envisaged to apply not only theoretical but also empirical
methods of acquiring knowledge, then experimental re-
search in the study of these disciplines should be an inte-
gra part of learning.

"The subject of the technical disciplines study are rea
objects of practice - mechanisms, devices, machines,
means of their construction, the effectiveness of their
functioning, etc. These disciplines examine large classes
of homogeneous objects (technical devices and machines
of a certain class) and look for a correlation and transfor-
mations that make it possible to reduce complex and
cumbersome tasks and calculations to simple ones. At the
same time, theoretical knowledge is not separated from
practice one (as in natural sciences), but combined with
it" [10, p. 52].

Experimental research in the professiona activity of
electrical engineers begins to form the professional com-
petencies (qualities) of the specialist, active management
of the cognitive process associated with the analysis of
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the qualitative and quantitative characteristics of those
objects, properties, qualities, characteristics, magnitudes,
etc., are investigated in the experiment. Specificity of
experimental studies in the activity of electromechanicsis
the fact they are carried out for:

—theoretical obtaining of analytic dependence, which
uniquely and exhaustively characterizes the investigation
process,

— establishment of the dependence by theoretical
means (which leads to an increase in the scope of the ex-
periment);

— implementation of search activities to establish de-
pendencies, which could not be obtained theoreticaly [2,
p. 49-50].

We have found that the skills requirements for the elec-
tromechanical profile students, determining the content of
their educational courses, lead to the forming of abilities
to the engineering experimentation, namely to:

— analyzing experimental studies of the electromechan-
ical devices;

— planning a pilot study;

— assembling of schemes of the electromechanical de-
vices;

— adjusting the electromechanical devices,

— carrying out tests or experiments;

— performing statistical processing of experimental da-
ta and mathematical modeling of the electromechanical
phenomena and processes;

— making conclusions and generalizations of the re-
search results.

According to our task we have designed a model of the
professionally significant skills formation of the future
electromechanical engineers in carrying out the experi-
mental research while mastering the content of the tech-
nica disciplines[11, c. 36-42].

The content of the technical disciplines providing ex-
perimental research is oriented in the channel of the de-
veloped technology for the formatting in the future elec-
tromechanical engineers the professionaly significant
skillsthat are the basis of the research competence.

In the process of preparing specialists for conducting
experimental research while mastering the content of
technical disciplines, in addition to practical exercises,
they take laboratory work, since they provide the oppor-
tunity to directly simulate situations in which the engi-
neering experiment is the main means of obtaining infor-
mation for decision-making, and also provide a source of
practical experience for experimental activities. Learning
objectives may include various ways of performing, de-
pending on the available tools, data processing facilities,
and etc.

Based on this, we can assume that the involvement of
mining engineers of electromechanical specidties in ex-
perimental activities must occur under certain conditions,
among which the most important are its proper material
and technical and methodological support; step-by-step
planning; creation of a single educational and methodical
environment; presence of a set of relevant academic dis-

ciplines; providing favorable motivational support. But
the main pedagogical condition that ensures the imple-
mentation of a competently oriented teaching technology
is use of such didactic principles as: determinism, system-
aticity, differentiation, variability, integrativity and inter-
active learning.

Results and discussion. The main provisions and re-
sults of the research were made public at scientific and
practical conferences, in particular:

— International: "Problems of modern energy and au-
tomatics in the system of natural resources use" (Kyiv,
2016), "Innovative development of the mining industry"
(Kryvy Rih, 2016), "Higher school in the context of Eu-
ropean integration processes' (Cherkasy, 2017), "Current
trends in the development of education, science and tech-
nology" (Bakhmut, 2017);

— All-Ukrainian: "Modern aspects of mechanization
and automation of energy-intensive industries' (Pokrovsk,
2017), "Computer technologies in power engineering,
electromechanics and control systems' (Bakhmut, 2017);

—Regiond: "Problems of Mining Technology"
(Pokrovsk, 2016).

The projected technology of training future engineers-
electromechanics to experimental studies has been ap-
proved and may be extended to other higher and voca
tional schools and technical colleges.

Conclusions. Based on the practice study of mining
engineers students of the electromechanical profile train-
ing, it has been established that experimental studies in
the process of studying professionally oriented (technical)
disciplines of electromechanica specialties have aleading
rolein forming a set of competenciesin the future special-
ists sufficient for professional activity in conditions of a
real production or training process and it is reasoned that
the competence requirements for future engineers-
electromechanics in the formation of them capable of
those to professional activities that determine the content
of student training.

It was found out that the preparation of future mining
engineers for experimental research activities must occur
under certain conditions, among which the most important
are its proper material and technical and methodological
support; step-by-step planning; creation of a single educa-
tional and methodical environment; presence of a set of
relevant academic disciplines; providing favorable moti-
vational support. But the main pedagogical condition that
ensures the implementation of a competently oriented
teaching methodology is use of such didactic principles
as. determinism, systematicity, differentiation, variability,
integrativity and interactive learning.

It is emphasized that the content of technical disci-
plines, which involves conducting experimental research,
is oriented on the formation of professionally significant
skills by future electromechanics, which are the basis of
research competence, which are in the category of de-
manded in the future professional activity and are tools
for solving practical tasks of electromechanical nature.
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JKCnepUMEHTANbHbIE HCCJIeI0BAHMS, KAK HHCTPYMEHTAPHIi pelIeHus] MPAKTHYECKHX 3224 3JeKTPOMEeXaHHYECKOro XapaK-

Tepa
H. A. Hectopyk, I1. A. YukyHoB

AHHOTanMsl. YTOUHEHA CYHIHOCTb 3KCICPUMEHTAIbHBIX MCCIEAOBAHUH, IJe MOHATHS <«OKCIEpPUMEHTaNbHbIE HCCICIOBAaHUA» U
«HHXXEHEPHOE HKCIEPUMEHTUPOBAHUL» OTOXKJIECTBIAIOTCS, YTOUHEHBI L[EJICBbIE OPUEHTHUPHI, COJAECP)KaHHE U TEXHOJIOIMYECKUE CO-
CTaBIISIOIIHE TTOJTOTOBKU OYAyIIMX TOPHBIX MHXXEHEPOB B KOHTEKCTE JIMYHOCTHO-OPHEHTUPOBAHHON MapagurMel oOpas3oBanus. Ha
OCHOBE aHaNW3a AEATEIbHOCTH OyIyIIEro CHEeNUaInCcTa B COOTBETCTBHMH C KOMILUIEKCOM KOMIIETEHIMH pa3paboTaHa TEXHOIOTHS
MOATOTOBKH TOPHBIX HHKEHEPOB-3JIEKTPOMEXAaHUKOB K MPOBEACHUIO YKCIICPIMEHTAIBHBIX HCCIICOBAHMH, KOTOpasi HO3BOJIAET yCO-
BEpIICHCTBOBATH MPO(ECCHOHANBHYIO MOATOTOBKY OYAYIIETo CIeNHaInCTa.

Kniouesvie cnoga: sxcnepumenmanvhble  UCCIEO08AHUS, — UHICEHEPHOE  IKCHEPUMEHMUPOBAHUe,
OPUEHMUPOBANHDIT NOOXO00, MEXHUYECKUE OUCYUNTUHBL, UHICEHEPbL-ITIEKIMPOMEXAHUKU.

KOMNemeHmHOCNnHO -

ExcrniepuMeHTaIbHI J0CTIZKeHHS, AK IHCTPYMeHTAapiil po3B’si3aHHSA NPAKTHYHUX 3aBIAHb €J1eKTPOMEXaHIYHOI0 XapaKTepy
H. A. Hectopyk, II. O. Unkynos
AHoTanisl. YTOYHEHO CYTHICTh €KCIIEPHMEHTAJbHUX JOCII/UKEHb, 1€ MOHITTS «eKCHEepHMEHTa bHI JOCIIDKESHHI» U «iHXKeHepHe
EKCIIepUMEHTYBaHHS OTOTOKHIOIOTHCS, IIJIbOBI OPi€HTUPH, 3MICTOBI i TEXHOJIOTIUHI CKJIQJHUKHU MIATOTOBKH MaiOyTHIX TipHUYMX
IIDKeHepiB B KOHTEKCTI CTyHiifoBaHOI MPOOIEeMH BiANOBIIHO 10 OCOOHMCTiICHO-OPIEHTOBAHOI MapaanrMu ocBiTH. Ha ocHOBI aHami3y
JUSUTBHOCTI MalOyTHROTO (haxiBLs BiIMOBIIHO IO KOMIUIEKCY KOMIIETEHTHOCTEH OYJI0 pO3pOOJICHO TEXHOJIOTII0 MiATOTOBKH TipHU-
YHX 1H)KEHepiB-eJIeKTPOMEXaHIKIB JI0 IPOBENICHHS eKCIIEPUMEHTAIBHUX JTOCITIPKEHB, 10 T03BOJIIE YIOCKOHAINTH MpodeciiHy mia-
TOTOBKY MaiOyTHBOTO (haxiBLis.

Kniouosi cnosa: excnepumenmanbii 00Cniodcenns, inxicenepre eKkCnepumenmy8anHs, KOMnemeHmicHo-opieHmosana ocHosa, me-
XHIUHT OUCYUNTIIHU, THICEHEPU-ETIeKMPOMEXAHIKU.
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AHHOTamus1. PaccMOTpeHB! OCHOBEI B3aUMOCBSI3H (JOPM HCTHHHON M OTHOCHTEIILHON TPaeKTOPUH PACXOXKICHUS, IPHYEM IT0Ka3aHo,
9TO BYM (hOpMaM MCTHHHOU TPAEKTOPHU PACXOXKICHUS B OOIIEM CITydae COOTBETCTBYET YeThIpe (pOPMBI OTHOCHTENEHOH TpaeKTo-
pux. YKa3bpIBaeTcs, YTO (popMa OTHOCHTEIBHON TPAEKTOPUU PACXOXKICHHS ONpEIeNseT BUI aHAIUTHYECKUX BBIpAXKEHHUH pacueTa
[apaMeTpoB CTPATETH pacXoxkaeHus. JJist oHOM U3 (OpM OTHOCHTEIBHOH TPACKTOPHH PACXOXKICHHS OIpeeIeHbl MOMEHTHI Bpe-
MEHH MOBOPOTa CyAHA AJs peaan3aluu 0e30MacHOro MaHeBpa MpeIylpexIeHUs CTOIKHOBeHHs. [IpuBeneH mpuMep ¢ HCIoIb30Ba-

HHUEM KOMHBIOTepHOﬁ porpaMMBl.

Knrwuesvie cnosa: 6ezonacnocms cy008024cOeHUs], PACXOHCOCHUE CYO08, (POPMbI UCHIUHHOU U OMHOCUTNENbHOU MPAEKMOPULL pac-

XONHCOCHUSL.

BBenenne. CHkeHHE aBapHUIHOCTH CYAOB MpH IIaBa-
HHUH B CTECHEHHBIX BOJIaX OCTACTCsl OJHOM M3 BaXKHEHIINX
npobiem obecrieueHnsi 0€30MacHOTO CynOBOXKAEHUS. [lo
CUX IIOp aBapUUHOCTb II0 NPUYMHE CTOJKHOBEHUH CYJI0B
HaXOJWTCSl HA HEJOIYCTHMOM YPOBHE, 4Ye€M JAUKTYeTCs
MOTPeOHOCTH pa3zpaboTku Oosnee 3(P(PEKTUBHBIX CIIOCOOOB
pacxoxxaeHust cyoB. [103ToMy cOBEpIIEHCTBOBAHHUE CIIO-
co60B obecrniedeHus 6€30MACHOCTH IMPOIIECCa PACXOXKIe-
HUSI CYAOB, B YaCTHOCTH pPacyeToOM MapaMeTpoB CTpare-
TUH paCXOXXACHUA CyaHa B 3aBUCUMOCTHU OT (bOpMI:I OTHO-
CHUTEJBHON TPAaCKTOPUH PACXOKACHHS, YEMY MOCBSIICHA
JlaHHasd CTaTbA, ABJACTCA aKTyaJlbHBIM U NEPCIICKTUBHBIM
HayYYHBIM HalpaBICHUEM.

KpaTkuii 0630p nmyoaukanmii mo teme. Pabora [1]
MOCBAILIICHA BCECTOPOHHEMY HCCIIEIOBAaHHIO METOJIOB
JIOKJIbHO-HE3aBUCHMOTO YIPABJICHHS, M TPEJIOKEH Me-
T0 (pOpMHUPOBAHKS THOKHX CTPATETUIH PACXOKICHHS JJIS
CUTYyallMid pacX0oXkKICHUS CyAHA C HECKOJIBKHMHU OIIACHBI-
MH LCIISIMU. HpI/IHI_[I/Il'[I)I JIOKAJIbHO-HC3aBUCUMOI'O H
BHEIITHETO YIPABJICHUS MPOLECCOM PACXOXKIICHUS ONACHO
CONMXAONINXCSI CYIOB H3IOXEHBI B pabote [2], B Heil
TaKKe TPUBEJICH aHAIN3 METOJIOB MX pealn3alyy.

B3aumoneiictBue CyJ0B IpU BO3HUKHOBEHUU YIPO3bl
CTOJIKHOBEHHS U BBIOOP CTpaTernu 0€301MacHOro pacxox-
JIEHUs1 paccMOTpensl B pabore [3]. B paborax [4, 5] pac-
CMOTPEH BBIOOD CTPaTErnyl pacXoXKICHUS Cy/THA C yIETOM
WHEPHIMUOHHOCTU CyJIHA U HABUT'AIIUOHHBIX omacHocTei. B
pabore [6] paccmoTpeHa cuTyanusi 4Ype3MEpHOTO COIH-
XKEHHH CYJOB M IPEJIOKEHa CTpaTerus SKCTPEHHOTO
PacXoXXIEHUsI, CTPYKTypa KOTOPOH OINpenersieTcsi TeKy-
oMM ToBeJeHueM Ienu. dopmanu3aiys mpouecca pac-
XOXKIEHUs CY/IOB, Kak An(depeHINanbHON aHTarOHUCTH-
4YeCKOW WIphl MpHBeleHa B pabote [7], a B pabore [8]
paccMOTpeH BBHIOOP ONTHUMAJIBHOTO MaHEBpa pPacXoxkIe-
HUSI IAPHI CYJIOB.

AHanuzupyeMble paboThl paccMaTpUBAIOT PA3IMYHBIC
ACIICKTHI HpO6HeMBI IpeaynpexICHUs CTOJIKHOBCHUA
CyJOB, HO B HUX YNYIIEH BaXXHBIH BONPOC CBS3U (PopM
HUCTUHHOW Y OTHOCUTEJIbHOM TPAaeKTOPUM pacXOoXACHUSI U
YUeT 3TOro 00CTOATEIbCTBA 1M BEIOOPE MaHEBPa PACXOXK-
JICHUS U3MEHEHHUEM Kypca Cy/Ha.

Heasn. Llenpio HacTOsIIEH CTaThU SIBIIIOTCS OOIIUE
CBEICHUS B3aUMOCBS3HM (HOPM OTHOCHUTEIHHONH M HMCTHH-
HOW TPaeKTOPHH PacXOXKICHUS CyJOB M BBIIBICHUE BIIH-
SIHUSL OJHOW W3 (OpM OTHOCHUTEIHHOW TPACKTOPHH pac-
XOXKIEHHUsI Ha BBIOOpP MapaMeTpoB CTPATErHMU pacXoie-
HUA.
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Marepuanbl 1 MeToabl. PopMy UCTHHHON TPAEKTO-
PUH PACXOXKIEHHs, KOTOpask XapaKTepu3yeTcs yKIOHEHU-

€M BIIpaBo, 0003HauuM Ty, a GOpMy HUCTUHHOU TPAEKTO-

PHH PaCXOXKICHHS YKIOHEHHEM BIEBO - Tp, . OGe popmbl

MOKa3aHbl Ha puc. 1.

B oOuiem cityyae oTHOCUTENBbHAs TPACKTOPHS PACX0XK-
JCHUST MOXKET MPUHUMATh OHY U3 (popM, KOTOpHIE MOKa-
3aHBl Ha pHC. 2. B ciydae, Korga cCKOpocTb cymgHa V,
IPEBOCXOMUT CKOPOCTh Helu V¢, T. €. Vg >V, GopMbl
HUCTUHHBIX U OTHOCHUTCIIbHBIX TpaeKTopHﬁ PacxXoxXaACHUA
coBHajzarT. [pyrumMu cioBaMH, HUMEIOT MECTO TOJBKO
aBa cootBercTBUs: Ty > Ty 1 Tg—>T,.

CI/ITyaLlI/IH HU3MCHACTCA, KOrJa CKOPOCTb MAHCBPUPY-
OHMICTO CyJHa MCHBIIC CKOPOCTH LCJIH, T. €. V0 < VC , UTO

MIPOUCXOTUT U3-3a TOTO, YTO NPU YBEIUICHUH UCTHUHHOIO
kypca cymna K, otHocuTenbHbIi

8%

Puc. 1. ®opMbl HICTHHHON TPACKTOPUH PACXOKIACHUS

KypcC KOt HUMEET KaK YYaCTOK pOCTa, TaK U YYaCTOK

yobBanus [1]. IloaToMy B 3aBHCHMOCTH OT pPa3HOCTH
KypCOB CYJIOB M OTHOIICHHS WX CKOPOCTEH KaXIOH M3

(OpM UCTUHHOW TPAEKTOPHH PACXOXKJICHHUS KaK Tg , TaK U
Tp » MOTYT COOTBETCTBOBATh BCE YETHIPE (HOPMBI OTHOCH-

TEJIEHOW TPaeKTOpUH pacxoxaeHus. CiieoBaTeNbHO, IPH
V, <V, MOTYT UMETh MECTO CIICIYIOLINE COOTBETCTBUS:

Tp =>{T0, T2, T3, Ta} o1 Tg ={T3,T5, T3, Ty} .
Ecmn kypcwl Tpaektopuu pacxoxaenns K., Ky u
K, mpuHamiexar TONbKO OJHOMY y4acTKy poCTa WIA

yOBIBaHHS OTHOCHTENIFHOTO Kypca K_., TO KaXIOW W3

ot’
Gopm Ty ® T, HCTUHHOH TPAEKTOPUU DPACXOKJIECHHSA
MOTI'yT COOTBETCTBOBATh (popMbl T u T, oTHOCHTENBLHON

tpaektopun, T. €. T, —>{T;,To}, u Ty —{T;, Ty} . Ecim
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KE KYpPChbI Kn' Ky u Kb HCTUHHOM TPACKTOPUU pac-

XOXKJIEHHUs] MPUHAAJIEKAT Pa3IMYHbIM ydacTKaM H3MeEHe-
HUSI OTHOCHTENBHOTO Kypca, TO BO3HUKAIOT MPEIIOCHUIKA
K BO3HUKHOBEHHMIO hopM T; u T,O0THOCUTENBHOU Tpaek-

TOPUH PACXOXKICHHS M MOTYT PEAM30BAThCS COOTBET-
creust: T, —>{T3, T4}, u Tg—>{T3,Ty}. OTmeTuM OueHB

Ba)KHOE OOCTOSTENCTBO, CBS3aHHOE C (POPMOM OTHOCHU-
TEIbHOW TpaeKTOpuH. [[eno B TOM, UTO pacdeT mapamer-
POB CTpaTETUU PacXOXKACHUS MPOU3BOIAUTCS C NMOMOILBIO
BBIPaKCHUH, aHATUTHYECKUN BUJI KOTOPBIX ONPENEISETCS
UMEHHO (OpMOH peasM30BaBILeiics OTHOCUTENLHOM Tpa-
EKTOPHH PACXOXKICHUS.

Iosromy kaxkmas u3 dopm T;+T, OTHOCHUTEIBHOM

TPACKTOPHUH PACXOXKICHUS XapaKTepH3yeTcs CBOCH CH-
cTeMoit ¢GopMyn sl pacueTa MapaMeTpOB CTpaTeruu
PacCXOKICHUSL.

Pe3ysabTaThl M MX 06cy:xkaeHne. PaccMoTpum cutya-
IMI0, KOTJIA MMEET MECTO COOTBETCTBHE T, —> T3, T.e.

WCTUHHOW TPAaeKTOPHU YKJIIOHEHHS BIIEBO COOTBETCTBYET
OTHOCHTENbHAs TPAEKTOPHS JIBOWHOTO M3MEHEHHS OTHO-
CUTEIIBHOTO Kypca

Koty Eom
Tl
Kom
Kom
Kom Kom
T
Ko
Koty
Eotn
Kom
Kom
Koty
Eom
Ty
Kntn

Puc. 2. ®opMbI OTHOCUTENHFHON TPAEKTOPUHU PACXOKICHHS

BieBo. Ha puc. 3 moxa3zaHo PAaCIIOJIOKEHNUE KYPCOB
Kn, Ky u Kb CyAHa OTHOCUTECIIbHO KpHBOﬁ 3aBUCHUMO-

CTH OTHOCHTENBHOTO Kypca.
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Puc. 3. Curyanus BOBHUKHOBCHHS (GOPMBI T3 OTHOCHTETBHOM

TPaCKTOPUU PACXOKIACHU

B xauecTBe mpumepa pacCMOTPUM CHUTYaLHIO OMAcHO-
To CONMMKEHHS CyJHA C [ENbI0, KOTOpask XapaKTepU3yeTcst
napameTpamu: mneneHrom o = 106°, gucranumeit D =5
muib, K, =180° V, =18 y3nos, K;=230° V. =25
y3JI0B U NOKa3aHa Ha puc. 4. VicTuHHas TpaeKToOpus pac-
XOXIIEHUsI CyIOHa BBHIOpaHa OTBOPOTOM BieBO Ha 30° u
BO3BpAllleHMsI Ha 3aJJaHHYIO TPAeKTOPHUIO MOJ yriom 45°,
a OTHOCHTENbHAS TPACKTOPHs pacXoXIeHUs mMeer Qop-
My T3 (puc. 4).

[ponecc pacxoxmeHust 0ToOpakeH Ha puc. 5 u 6. Ha
pHcC. 5 MOKa3aH NOBOPOT CyAHA Ha Y4aCTOK YKJIOHEHHs, a
TIOBOPOT Cy/IHA Ha yYAaCTOK BBIX0Ja OTOOpaXkeH Ha pHcC. 6.

Kn= 180
Ky= 150

Kb=225

e e

s

tyn= 716
lyk= 746
thn= 798
thk= 873
thn= 863

thk= 314

< o
Puc. 4. HavanpHas cuTyanus U TpaeKTOPUM UCTUHHOTO M OTHO-
CHUTEJIBHOT'O PACXOXKIECHUS

Kn=180
Ky= 150
Kb= 225 -
tyn= 716

alf=135.3
k=746

thn= 798
D=1.370
thk= 873

Lo ]
s |
o

k=175
thn= 869

tkk= 914

(ﬁ

[k

Puc. 5. [loBopoT Cy/iHa HA y4aCTOK YKJIOHEHHUS
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Kn=180
Ky=150
Kb= 225
=718
k= 748
thri= 798
thi= 873
thi= 863

tkk= 914

Puc. 6. IloBopoT cyHa Ha y4yacTOK BBIXOJa

BriBoabl

1. lpuBenena xapakTepucTuka ABYX (HOPM HCTHHHOMN
TPACKTOPUH PACXOXKJICHUS U YEThIpEX ()OPM OTHOCHUTEIb-
HOW TpaekTtopuu. M3mokeHsI 00IIne CBeIeHU B3anM03a-
BUCUMOCTH ()OPM HCTHHHOH M OTHOCHTENILHOH TpaeKTo-
puUi pacxoXAECHMUSL.

2. [lokazaHo BiMsHME OJHON M3 POPM OTHOCHTEIBHOM
TPACKTOPUU PACXOXKIEHHS Ha PacdeT MOMEHTOB BPEMEHH
MOBOPOTa HAa COOTBETCTBYIOIME YYacTKH O€30MacHOro
MaHEBPa PaCXOXKICHUS.

3. IpeanokeH pacueTHBId HMpUMeEp BBIOOpa MaHeBpa
PacXOXKACHUS ¢ paCCMOTPEHHOH (HOpMOH OTHOCHUTEIHHOI
TPAaeKTOPUH, PEATH30BaHHBIN KOMIBIOTEPHOH Iporpam-
MOM, KOPPEKTHOCTb KOTOPOTO IMOATBEPXkKAEHA UMHTALH-
OHHBIM MOJIETUPOBAHUEM.
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B3anMocBsi3b () OPM UCTHHHON U OTHOCUTEJILHOW TPAaeKTOPHIi pacxo:KaeHust
T. 10. Omeab4eHKO
AHHOTanms1. PaccMOTpEeHbI OCHOBBI B3aMMOCBSI3H (DOPM UCTHHHOM U OTHOCHUTEIBHOU TPACKTOPHN PACXOKACHHS, MPUIEM MOKA3aHO,
4TO0 OBYM (hopMaM MCTHHHOW TPACKTOPHH PACXOXICHHS B OOINEM CITydae COOTBETCTBYET YEThIPe ()OPMbI OTHOCHTEIHLHON TPACKTO-
pun. YKa3piBaeTcs, 4To (opMa OTHOCHTENBHON TPACKTOPHU PACXOXKICHUS OMPENeNsAeT B aHATUTUYCCKUX BBIPAKEHHI pacuera
nmapaMeTpoB CTpaTeruu pacxoxaeHus. [y onHOU U3 GOpM OTHOCHUTEIBHOW TPACKTOPHH PACXOXKICHHS OMPEACICHB MOMEHTHI Bpe-
MEHH TIOBOPOTA CYJHA JUIs peain3aliui 0e30MacHOT0 MaHeBpa MPEaYNPEkKICHUs CTOIKHOBeHUs. [IpuBeieH mpuMep ¢ HCIOIb30Ba-
HUEM KOMITBIOTEPHOH MPOrpaMMBI.

Knrwoueswie cnosa: bezonacnocms cy0080d4cOeHUs, pACXOAHCOeHUE CYO08, (hOPMbL UCIUHHOU U OTMHOCUMENbHOU MPAeKmMOopuil pac-
X0JHCOeHUsL.

Thereationship between the forms of the true and relative passing trajectories
T. Yu. Omelchenko
Abstract. The bases of the relationship between the forms of the true and relative discrepancy trajectories are considered, and it is
shown that in the general case there are four forms of the relative trajectory corresponding to the two forms of the true passing trajec-
tory. It isindicated that the form of the relative trajectory of discrepancy determines the type of anaytical expressions for calculating
the parameters of the discrepancy strategy. For one of the forms of the relative passing trajectory, the moments of the turn of the
vessel are determined to implement a safe collision avoidance manoeuvre. An exampleis given using a computer program.

Keywords: safety of navigation, passing of ships, forms of true and relative passing trajectories.
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Abstract. The approach, aimed at determination of the areas and modes of high energy efficiency of energy supply systems (ESS)
with cogeneration heat pump installations (CHPI) of small power and peak electric boilers (EB), on conditions of optimal operation
modes of CHPI, taking into consideration complex impact of variable operation modes, sources of drive energy for steam compressor
heat pump instalations (HPI) of small power, with the account of energy losses in the process of generation, supply and conversion

of electric energy, is suggested.

Keywords: area of high energy efficient operation, energy supply system, cogeneration heat pump installation of small power,
steam compressor heat pump installation of small power, peak electric boiler.

Introduction. In recent years a number of investigations,
dealing with the efficiency of usage combined cogenera-
tion heat pump installations in thermal schemes of energy
supply sources were carried out [1 — 12]. This technology
provides the application of combined cogeneration heat
pump installations, that enables to reduce the consump-
tion of natural or alternative gas by 30 — 45 %, as com-
pared with boiler installations of the equivalent capacity
[1], and obtain cheaper at cost electric energy, as com-
pared with the grid energy (by 30 — 40 %). Cogeneration
drive of HPI compressors can be provided on the base of
gas engines-generators, manufactured by Ukrainian enter-
prises.

Publications review on the subject. In research [2 —
3] energy advantages are evaluated and efficient real op-
eration modes of HPI with electric and cogeneration
drives are determined, with the account of the impact of
drive energy sources of steam compressor heat pumps and
energy losses in the process of generation, supply and
conversion of electric energy to HPI. In research [4 — 5]
methodical fundamentals of comprehensive assessment of
energy efficiency of steam compressor heat pump plants
(HPP) with electric and cogeneration drives, with the ac-
count of complex impact of HPP variable operation
modes, peak sources of heat of HPP, sources of HPP drive
energy and with the account of energy losses in the pro-
cess of generation, supply and conversion of electric en-
ergy are suggested. In [5 — 6] scientific fundamentals are
suggested and comprehensive assessment of energy effi-
ciency of steam compressor HPP with cogeneration drive
with the account of complex impact of HPP variable op-
eration modes, HPP peak sources of heat, sources of drive
energy of steam compressor HPP of various power levels,
with the account of energy lossesin the process of genera-
tion, supply and conversion of electric energy is per-
formed. In research [7] the assessment of ESS energy
efficiency on the base of combined CHPI are realized,
efficient operation modes of ESS with the account of
complex impact of variable operation modes, sources of
drive energy of steam compressor HPI of various power
levels, with the account of energy losses in the processes
of generation, supply and conversion of electric energy
are determined. In research [8] energy efficiency of ESS,
based on combined CHPI and peak sources of heat (PSH)
is evaluated, efficient operation modes of these ESS with
the account of complex impact of variable operation
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modes, sources of drive energy for steam compressor HPI
of various power levels, with the account of energy losses
in the process of generation, supply and conversion of
electric energy are determined. In research [9] methodical
fundamentals are developed, assessment of energy effi-
ciency of energy supply systems with combined CHPI
and PSH, on conditions of optimal operation modes of
CHPI for heat supply systems is performed, energy effi-
cient operation modes of ESS with CHPI and PSH with
the account of complex impact of variable operation
modes, sources of drive energy for steam compressor HPI
of various power levels, with the account of energy losses
in the process of generation, supply and conversion of
electric energy, is performed.

In accordance with [8 — 9], optimal distribution of
loading between CHPI and PSH (for instance, hot-water
fuel-fired boiler, electric boiler, solar collectors, etc.)
within the frame of ESS largely determines energy effi-
ciency of the above-mentioned ESS. Such distribution is
characterized by the share of CHPI loading within the
frame of ESS P, that is determined as the ratio of thermal
capacity of CHPI to thermal capacity of ESS
B = Qchr/Qess. In the paper [8] it is suggested to realize
comprehensive assessment of ESS with CHPI and PSH
energy efficiency by complex dimensionless criterion of
energy efficiency:

Kess =(1-B)-Kpgy + B Kchpi )

where Kpg; — dimensionless criterion of energy effi-
ciency of peak source of heat within ESS (hot-water fuel-
fired boiler (FB), electric boiler (EB), solar collectors,
etc.) from theresearches[8 -9, 11 - 12],

Kcppr — dimensionless criterion of CHPI within ESS

energy efficiency from the researches[2, 7 — 8].

In research [8] spheres of energy efficiency operation
of CHPI of various power levels, obtained on the base of
the research [7] and determined by CHPI energy efficien-
cy dimensionless criterion K , depending on real val-

ues of HPI coefficient of performance ¢, and efficient
factor of gas-piston engine-generator (GPE) 7ggpe - EN-

ergy efficient operation modes of CHPI correspond to the
condition Ky > 1.

Dimensionless criterion of energy efficiency of peak
source of heat — electric boiler — within ESS Kpg, , ac-

cording to [8], obtained on the base of energy baance
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equation for the systems «Source of electric energy —
electric boiler — heat consumer from ESS», with the ac-
count of the impact of the energy sources for peak electric
boiler and with the account of energy losses in the process
of generation and supply of electric energy to electric
boiler. In research [8], assessment of peak electric boiler
energy efficiency in ESS, in case of electric energy usage
from CHPI and for the cases of electric energy consump-
tion from energy system, based on conventional or alter-
native sources of electric energy on the base of steam-gas
installations, gas-turbine installations, solar power plants
of thermodynamic cycle, wind energy plants is carried
out.

High values of energy efficiency dimensionless criteri-
on for ESS with CHPI, obtained in [8], confirm high en-
ergy efficiency of such combined energy supply systems.
In[9] it is determined that energy efficiency of ESS with
CHPI and peak electric boilers almost two times exceeds
the energy efficiency of modern high efficient electric and
fuel-fired boilers, intended for operation in heat supply
systems.

In research [11] methodical fundamentals are devel-
oped, spheres of energy efficient operation of ESS with
CHPI and PSH, on conditions of CHPI optimal operation
modes are determined, energy efficient operation modes
of ESS with CHPI and PSH are determined, with the ac-
count of complex impact of variable operation modes,
sources of drive energy for steam compressor HPI of dif-
ferent power levels, with the account of energy losses in
the process of generation, supply and conversion of elec-
tric energy. In research [11] on conditions of Kqyp >1

and Kggs > 175 and modes of energy efficient operation

of CHPI, areas of energy efficient operation and energy
efficient operation modes of ESS with CHPI and peak
electric boilers with different variants of electric energy
sources for peak electric boiler, for different levels of ESS
elements energy efficiency are determined. It is deter-
mined, that ESS with CHPI and peak electric bailers,
suggested in the research [11], will be energy efficient, if
the share of CHPI loading in ESS will be § >0,7. Under
these conditions, the above-mentioned ESS can be rec-
ommended as energy efficient energy supply systems. In
research [12] methodical fundamentals are developed,
spheres of energy efficient operation of ESS with CHPI
and PSH in heat supply systems, on conditions of CHPI
optimal operation modes are determined, energy efficient
operation modes of ESS with CHPI and PSH in heat sup-
ply systems are determined, with the account of complex
impact of variable operation modes, sources of drive en-
ergy for steam compressor HPI of different power levels,
with the account of energy lossesin the process of genera-
tion, supply and conversion of electric energy.

In [1 - 12] the authors did not determine the areas of
high energy efficiency of energy supply systems with
combined CHPI of small power and peak EB, on condi-
tions of optimal operation modes of CHPI.

Objective. Aim of the research is the determination
of the areas of high energy efficiency of ESS with CHPI
of small power and peak EB on conditions of optimal
operation modes of CHPI, determination of high energy
efficient operation modes of ESS with CHPI of small
power and peak EB with the account of complex impact
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of variable operation modes, sources of drive energy for
steam compressor HPI of small power, with the account
of energy losses in the process of generation, supply and
conversion of electric energy.

Materials and methods. The research contains the
evaluation of high energy efficient operation modes of
ESS with CHPI of small power and peak EB. Energy effi-
ciency of ESS with steam compressor HPI of small power
(up to 1 MW) with cogeneration drive from GPE was
studied. Electric boiler houses were provided to be used
as peak sources of heat in ESS. The investigated ESS with
CHPI of small power and peak EB can completely or par-
tially provide auxiliary needs in electric energy and pro-
vide the consumers needs in heating and hot water supply.
Schemes of the ESS with CHPI and peak EB are present-
ed in works [1, 10]. Methodical fundamentals of energy
efficiency evaluation of ESS with CHPI and peak EB are
giveninresearch [8].

Areas of high energy efficiency of ESS with CHPI of
small power and peak EB can be determined from the
dependences, suggested in the research [11 — 12], on con-
ditions of Kgpyp >1 and Kggg > 1 [11]. If the above-

mentioned conditions are realized, the investigated ESS
with CHPI of small power and peak EB can be recom-
mended as high energy efficient ESS that can be competi-
tive with modern high-efficient electric and fuel-fired
boilersin heat supply and energy supply systems.

In our study the areas of high energy efficiency of ESS
with CHPI of small power and peak EB are defined on
conditions of optimal operation modes of CHPI on the
base of the research, carried out [7 — 8].

Results and discussion. Application of the suggested
approaches, aimed at determination of the areas of ESS
with CHPI of small power and peak EB high energy effi-
ciency will be demonstrated on the specific examples.
Figs. 1 — 3 shows the results of research, aimed at deter-
mination of the areas of high energy efficiency of ESS
with CHPI of small power and peak EB for energy effi-
cient operation modes of CHPI, based on the results of the
studies [7 — 8]. The values of dimensionless criterion of
ESS with CHPI of small power and EB energy efficiency
for the cases of variable loading of CHPI within ESS on
condition of CHPI share change within the range
B=0,1...1,0 are determined. As above mentioned, the
areas of high energy efficiency of ESS with CHPI of
small power and peak EB can be determined on condi-
tions of Kgyp >1 and Kggg > 1 [11]. The research is

carried out for energy efficient operation modes of small
power CHPI with Kgpyp =1,1...2,1 (on conditions of

maximum efficiency of GPE) and with Ko = 1,1...1,6

(on conditions of minimum efficiency of GPE), based on
the results of the studies [7 — 8]. The above-mentioned
values of CHPI K¢y energy efficiency criterion corre-

spond to the values of real coefficient of performance of
CHPI within the limits of ¢ = 3,0...5,4 for CHPI of small
power, according to [8].

Fig. 1 shows the area of high energy efficiency of ESS
with CHPI of small power and peak electric boiler, on
condition of electric energy consumption by electric boil-
er from energy system of Ukraine. In the given research,
according to [2, 7], the following values are taken into
account: averaged value of the efficiency factor of
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Ukrainian electric power plants (EPP) 7:p» = 0,383 and

efficiency factor value of distributive éectric grids in
Ukraine npg =0,875. For these conditions, electric boil-

er house with 7., = 0,95 is provided to be peak source of

heat in ESS.
In case of efficiency factor of electric boiler house
change in the range 7;; =0,9...0,95 the value of dimen-

sionless criterion of electric boiler energy efficiency for
the cases of electric energy consumption from energy

system will be K53, = 0,302...0,318. On conditions of
Kepp > 1 and Kesg > 1 dependences, suggested in the

given research, determine the areas of high energy effi-
cient operation of the studied ESS.
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Fig. 1 — Areaof high energy efficiency of ESS with CHPI of

small power and peak electric boiler, on condition of electric

energy consumption by electric boiler from energy system of
Ukraine

Asit is seen from Fig. 1, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kgss= 1,03...1,5 on condition of minimal value of ener-

gy efficiency criterion of CHPl Kgyp = 1,5; for opera-
tion modes of ESS with Kyp > 1,5 the values of dimen-

sionless criterion of ESS energy efficiency change within
the limits of Kggg= 1,09...2,1. High energy efficient

operation modes of these ESS are provided on conditions
of energy efficient operation modes of CHPI with the
values of energy efficiency index K¢pp = 1.5...2,1.

Asitisseen from Fig. 1, on conditions of Keyp > 1,5
and Kggs > 1 [11], dependence, shown in Fig. 1, deter-

mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
condition of electric energy consumption by electric boil-
er from energy system of Ukraine.

The investigated ESS with CHPI of small power and
peak EB, on condition of electric energy consumption by
electric boiler from energy system of Ukraine, can be
recommended as high energy efficient ESS, that can be
competitive with modern high efficient electric and fuel-
fired boilersin heat supply and energy supply systems, as
their efficiency more than two times exceeds energy effi-
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ciency of modern high efficient electric and fuel-fired
boilers.

1.0 f
17 18 19 20 21
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Fig. 3— Areaof high energy efficiency of ESS with CHPI of
small power and peak electric boiler, on conditions of maximal
efficiency of GPE and EB, with the consumption of electric
energy by peak electric boiler from CHPI

Fig. 2 shows the area of high energy efficiency of ESS

with CHPI of small power and peak electric boiler house,

on conditions of minimal efficiency of GPE and EB, with
the consumption of electric energy by peak source of heat
(electric boiler) from CHPI. In the given research, in ac-
cordance with [2, 7], the following values are taken into
account: value of GPE efficiency factor 7ggpe = 0,31 and
value of electric motor efficiency factor with the account
of energy losses in the control unit of electric motor
nep = 0,8. Electric boiler house with 7., =0,9 is pro-
vided to be peak source of heat in ESS for these condi-
tions.

Kcrer
Fig. 2 — Areaof high energy efficiency of ESS with CHPI of
small power and peak electric boiler house, on conditions of
minimal efficiency of GPE and EB, with the consumption of
electric energy by peak electric boiler from CHPI
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The value of dimensionless criterion of energy effi-
ciency of eectric boiler for the cases of electric energy

consumption from CHPI will be k5§, = 0,223,

Asitisseen from Fig. 2, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kgss= 1,05...1,4 on condition of minimal value of ener-

gy efficient criterion of CHPl Kgpp = 1,4; for operation
modes of ESS with K > 1,4 the values of dimension-

less criterion of ESS energy efficiency change in the lim-
its Kggg= 1,12...1,6. High energy efficient operation
modes of these ESS are provided on conditions of energy
efficient modes of CHPI operation with the values of en-
ergy efficiency index Kepyp = 1,4...1,6.

Asit is seen from Fig. 2, on conditions of Kqpp > 1.4
and Kggs > 1 [11], dependence, shown in Fig. 2, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
conditions of minimal efficiency of GPE and electric
boiler (boiler house), with the consumption of electric
energy by peak source of heat (electric boiler) from CHPI.
On these conditions, the above-mentioned ESS can be
recommended as high energy efficient systems of energy
supply, as their efficiency almost two times exceeds ener-
gy efficiency of high efficient electric and fuel-fired boil-
ers. Such ESS could be competitive with modern high
efficient electric and fuel-fired boilers in the systems of
heat and energy supply.

Fig. 3 shows the area of high energy efficiency of ESS
with CHPI of small power and peak electric boiler, on
conditions of maximal efficiency of GPE and EB, with
the consumption of electric energy by peak electric boiler
from CHPI. In the given research, according to [2, 7], the
following values are taken into account: value of GPE
efficiency factor 77ggpe = 0,42 and value of electric motor

efficiency with the account of energy losses in the control
unit of electric motor 7z = 0,8. Electric boiler house
with 75 = 0,95 is provided to be peak source of heat in
ESS for these conditions. The value of dimensionless cri-

terion of electric boiler energy efficiency for the cases of
electric energy consumption from CHPI will be

KES, = 0,319.

Asit is seen from Fig. 3, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kggs= 1,01...1,7 on condition on minimal efficient val-
ue of energy efficient criterion of CHPl Kgpp = 1,7; for
operation modes of ESS with Kgyp > 1,7 the values of
dimensionless criterion of ESS energy efficiency change
within the limits of Kggg= 1,06...2,1. High energy effi-
cient operation modes of these ESS are provided on con-
ditions of energy efficient modes of CHPI operation with
the values of energy efficiency index Kqpp = 1,7...2,1.

Asitisseen from Fig. 3, on conditions of Keyp > 1,7
and Kggg > 1 [11], dependence, shown in Fig. 3, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on

conditions of maximal efficiency of GPE and electric
boiler (boiler house), with the consumption of electric
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energy by peak source of heat (electric boiler) from CHPI.
On such conditions, the above-mentioned ESS can be
recommended as high energy efficient energy supply sys
tems, as their efficiency more than two times exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. The studied ESS can be competitive with modern
high efficient electric and fuel-fired boilers in heat and
energy supply systems.

It is determined, that ESS with CHPI of small power
and peak electric boilers, suggested in the research, will
be high energy efficient, if the share of CHPI loading in
ESS will be f>0,5...0,7 (depending on sources of drive
energy for steam compressor CHPI and various ESS ele-
ments energy efficiency) and the value of energy efficient
criterion of CHPI will be Kgyp > 1,4...1,7 (depending

on sources of drive energy for steam compressor CHPI
and various ESS elements energy efficiency); that corre-
sponds to the results of research, shown in Figs. 1-3. At
these conditions the areas of high energy efficiency of the
above-mentioned ESS are determined. Under realization
of these conditions, modern high efficient electric and
fuel-fired boilers will be inferior by energy efficiency to
the above-mentioned ESS.

Under such conditions, the above-mentioned ESS with
CHPI of small power and peak electric boilers can be
recommended as high efficient energy supply systems, as
even in case of minimal efficiency of GPE and electric
boiler, energy efficiency of ESS almost two times exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. This ESS can be competitive with modern high
efficient electric and fuel-fired boilers in the systems of
heat and energy supply.

Conclusions. Areas of high energy efficiency of ESS
with CHPI of small power and peak EB, on conditions of
optimal operation modes of CHPI are determined; high
energy efficient operation modes of ESS with small pow-
er CHPI and peak EB with the account of complex impact
of variable operation modes, sources of drive energy for
steam compressor HPI of small power, with the account
of energy losses in the process of generation, supply and
conversion of electric energy are determined.

The suggested approach, aimed at determination of the
areas of high energy efficiency of ESS with CHPI of
small power and peak electric boilers has a number of
advantages:

- it takes into account variable operation modes of ESS
with the change of load distribution between steam com-
pressor CHPI and peak EB in ESS;

- it enables to determine areas and modes of high ener-
gy efficient operation of ESS with small power CHPI and
peak EB, at which energy efficiency of the studied ESS
almost two times exceeds energy efficiency of modern
high energy efficient electric and fuel-fired boilers;

- methodical fundamentals, suggested in [8], and the
results of research, presented in the given paper, could be
used for the determination of the areas of high energy
efficient operation of ESS with peak electric boilers and
steam compressor CHPI of small power, with various
refrigerants, sources of low temperature heat and scheme
solutions;

- it allows to develop recommendations, aimed at high
energy efficient operation of ESS with small power CHPI
and peak EB with different scheme solutions.
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Under conditions of Kgpyp > 1,4...1,7 (depending on

sources of drive energy for steam compressor CHPI and
various ESS elements energy efficiency) and Kggg > 1

and modes of energy efficient operation of CHPI, areas of
high energy efficiency and high energy efficient operation
modes of ESS with CHPI of small power and peak elec-
tric boilers, for various ESS elements energy efficiency
are determined.

It is determined, that ESS with CHPI of small power
and peak electric boilers, suggested in the research, will
be high energy efficient, if the share of CHPI loading in
ESS will be > 0,5...0,7 (depending on sources of drive
energy for steam compressor CHPI and various ESS ele-
ments energy efficiency). If this condition is realized,

modern high efficient electric and fuel-fired boilers will
be inferior by their energy efficiency to the above-
mentioned ESS.

Under these conditions the above-mentioned ESS with
CHPI of small power and peak electric boilers can be
recommended as high energy efficient ESS, as even in
case of minimal efficiency of GPE and electric boiler,
energy efficiency of ESS almost two times exceeds ener-
gy efficiency of high efficient electric and fuel-fired boil-
ers. This ESS can be competitive with modern high effi-
cient electric and fuel-fired boilers in the systems of heat
and energy supply.
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AHHOTanus. PaccMOTpeHa HCTHHHAS TPACKTOPHUS PACXOXK/ICHUS CyJJHA C LIEJIbIO TIPU OIIACHOM COJIVDKEHHH U e¢ (OPMBI B 3aBUCHMO-
CTH OT CTOPOHBI YKJIOHEHUs. [Toka3aHo, yTo ABYM (hopMaM HCTHHHOI TPaeKTOPUH PACXOXKACHHUS B OOILIEM Clydae COOTBETCTBYIOT
4eThIpe (hOPMBI OTHOCHTEIBLHOM TPACKTOPUH PACXOXKACHHS, IIPUYEM TIPHUBEICHBI YUCICHHBIC IPHUMEPBI TApaMeTPOB CUTYaLUH COIIH-
JKEHUSI, TIPH KOTOPBIX peatn3yeTcsl Kaxaas U3 popM OTHOCHTENbHOH TpackTopHu. [10TydeHbl aHATUTHYCCKUE BBIPAKCHUS, C TIOMO-
IIbI0 KOTOPBIX BO3MOXKEH pacueT MOMEHTOB BPEMEHH [MOBOPOTA CYIHA ISl pealn3allii MaHEBpa PAaCcXOXKICHUH, 3aBHCSIIHE OT ITOKa-

3areneil GopMbl OTHOCUTEIBHOM TPaeKTOPHUH.

Knrouesvle cnosa: 6e3onacnocmos cyo080iICOeHUsl, NPOYECC PaAcXonicoeHus Cy0os, popmel UCMUHHOU U OMHOCUMENbHOU MPAeK-
MOPULL PACXOHCOCHUS, AHATUMUYECKUE 8bIPANHCEHUS PACHEMAd NAPAMEMPO8 CIMPATESUN PACXOHCOEHUL.

BBenenne. B cutyarim omacHOTO COMMKEHHS CYIOB MPH
JUCTAaHIIUN KpaTqaﬁmero C6J'II/I)KCHI/IH MCHBLIC MNPEACIIb-
HO-HOHyCTHMOﬁ JAUCTAaHIMU BO3HUKACT YIpo3a UX CTOJIK-
HOBCHHs, YTO BBI3bIBACT HCOGXOZLI/IMOCTI) BBIINTOJITHCHUA
MaHeBpa pacxokieHus. B Hacrosmiee BpeMs JOKaJIbHO-
HE3aBUCHUMOC YIIPABJICHUC SABJISACTCA OCHOBHBIM ITPUHIU-
IIOM YTIPaBJICHUS NPOLECCOM PACXOXKACHUS CYIOB, KOTO-
pHIil IpeycMaTpuBaeT KOHTPOIb KKIBIM M3 CYIOB Te-
Kymied cuTyanuu COMDKEHHs, a B CiIydae OINAaCHOTO
COMMKEHUs CyI0B BBIOOP MaHEBPA PACXOKACHUS MPOM3-
BOJUTCS KQXKIBIM M3 HUX HE3aBHCHUMO C Y4E€TOM KOOD.IH-
HallMM MaHEBpPOB, OOECTIEUMBAIONINX WX COIJIACOBaH-
HOCTh. [IpWdeM cucTeMa KOOpAWHALMHM B HAcTOAIIEE
Bpems peamuzoBaHa B MIIIICC-72. B npouecce pacxox-
JCHUS UBMCHCHUEM KYypCa NpUpall€eHUe HCTUHHOI'O KypcCa
BBI3BIBACT MPUPAICHUEC OTHOCUTECIBHOI'O KypcCa, KOTOPhIC
MOT'YT UME€Th pPas3HbIC 3HAKH, YTO BECACT K HCOAHO3HAYHO-
CTH pacueToB NapaMeTpPOB pacxoxkaeHus. Pemenuto 3Toit
Ipo0JIEMBI MTOCBSIIEHA JaHHAs CTAThS.

Kparkuii 0630p ny0aukaumii mo teme. i1 pacxox-
JICHUS! OIIEPHUPYIOIIETO CyJHA C HECKOJIBKUMH OIACHBIMU
nensiMu B pabote [1] mpeanoxeH meton GOpMHUPOBAHHS
TMOKMX CTpaTeTHil PacXOoKICHUS METOJaMH JIOKaJbHO-
HE3aBHCUMOIO YIpPaBICHUS, a B paboTe [2] ocBeleHbI
TIPUHIMUIILI JIOKAJIbHO-HE3aBUCUMOI'0 U BHCIIHETO YIIpaB-
JICHHUS TPOLIECCOM PACXOKACHUS OMACHO CONIDKAIOIINXCS
CyJZIOB, a Talke NMPHUBEJICH aHAJIN3 METOJOB MX peajin3a-
U U paCCMOTPEHBI MEPCIIEKTUBHBIC AKTYaJIbHBIE CIIOCO-
OBl TIOBBINICHUS O€30TACHOCTH MPEAYIPEKIEHHUS CTOJK-
HOBEHHUII CYy/I0B.

OcoOeHHOCTH B3aUMOJICHCTBUS CY/[OB B Pa3IMYHBIX
CUTYyallMsIX OIACHOTO CONMKEHWS W BBIOOp cCTpaTeruu
PacXoXKAEHUs! JUIsl IPeayNpexIeHNs] UX CTOJKHOBEHHS B
3aBUCUMOCTH OT YPOBHSI OIIACHOCTU CHTYallHOHHOI'O BO3-
MylleHus: paccMoTpeHsl B pabdorte [3]. Crmoco6 Beibopa
ONITHMAJIEHOTO MaHEeBpa PACXOXKICHHS Maphl CYJ0B IPea-
cTaBjieH B pabote [4], a cTpaTerust SKCTPEHHOTO PacXOikK-
JC€HUA CYJIOB B CUTyallUM HX YPE3MEPHOIO COJIMKEHU N
paccmotpena B pabore [5].

B pabotax [6, 7] mpencraBiieH criocod ydera WHEpIH-
OHHOCTH CYJHa U HAaBUIallMOHHBIX ONACHOCTEW B pailoHe
MaHEBPHPOBAHUS IPHU pacyeTe MapaMeTpoB CTPaTETHH
pacxoxIeHus cyaHa, a B pabote [8] mpouecc pacxoxie-
HUSI CYJ0B (JOpPMaJIN30BaH B TepMHUHAX An(PepeHIrab-
HOMW UTrpBIL.
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Heab. lensio cTaThyl SBISAETCS aHAIH3 0COOCHHOCTEH
pacyera mapaMeTpoB CTPATErnu PACXOXKICHHS CyJHA MPH
€ro JIOKaJIbHO-HE3aBUCUMOM YIIPABJICHHUH.

Marepuaasl u MeToanl. Kak mokasano B pa6ote [2],
MaHEBp PAaCXOXKACHHS Cy/Ha IpelyCMaTpUBaeT CHavyaja B

MOMEHT BPEMEHHU ty €ro moBopot Ha Kypc K, s yKio-
HEHHs C MPOTPaMMHOM TPaeKTOPUHU JBI)KEHUS, a 3aTEM B
MOMEHT BPEMEHH t,, IIOBOPOT Ha Kypc K s Bo3Bpa-

LIEHUS Ha Hee, KaK MoKa3aHo Ha puc. 1. DopMy HCTHHHOH
TPAaCKTOPUH PACXOXKICHUS yNOOHO XapaKTepH30BaTh IO-

KazaTeneM &, , KOTOPBIH IpUHHUMAaeT 3HaYeHHe | mpu

y 2
YKJIOHEHHH CyJHA BIIPaBO W -1 B MpoTHBHOM cirydae. OT-
HOCHUTENbHAs TPACKTOPHUS PACXOXKICHUS XapaKTepU3yeTcs

¢opmoii ¢ mokazarensmu Ay U A, puueM Ay =1 mpu

OTHOCHTEJIHOM YKJIIOHEHHH BOPaBo U Ay =-1 B ciydae

OTHOCHUTEJILHOTO yKJIOHeHUs BieBo. [lokasarens A =1

npu sin(Kqp —Kety) >0 1 Ay =—-1 B IPOTHBHOM ClIy4ae.

Ly

Puc. 1. Xapakrepructuka GopMbl HICTHHHOW TPaeKTOPUH pac-
XOXKJICHUS

O4eBUHO, YTO MCTUHHAS TPAECKTOPHSI PACXOXKICHUS
MOJKET MMETh TOJBKO JIBE ()OPMBI, KOTOPHIC ONPEICIISIIOT-
Csl mokasareneM 8y , B TO BpeMs Kak (popma OTHOCHTENb-
HOM TpAEeKTOPUU PACXOXKACHHUS 3aBUCHUT OT 3HAYECHHUU

JABYX IOKa3aTeJICn Ay u Ab , IOOTOMY MMCET YCTBIPC pa3-

HOBUJHOCTH AT, , KOTOpBIE IPEJCTaBJICHBI B Ta0M. 1.

Taoauna 1.
Dopmsl | AT, AT, AT, AT,
Ay -1 1 -1 1
Ay 1 -1 -1 1

©)|E. N. Pyatakov 2017


holis.diana@gmail.com
Typewritten text
E. N. Pyatakov 2017


Science and Education a New Dimension. Natural and Technical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

B kagectBe nmpuMepoB Ha puc. 2+5 mMoKa3aHbl OTHOCH- B 1abn.2 mpuBeneHbI mapaMeTphl CHTYalldd OMAcHOTO
TENbHBIE TPACKTOPHUU CO BCEMH INPEICTABICHHBIMH (Op-  COMMIKEHHS CYIOB.
MaMH.

Ta6uuna 2. [TapameTpsl CUTyalluu ONACHOTO CONMKEHHS CYIOB

Dopmbl a° |[Dmumn| Kg° |Vgysmer| K ° | V. y3msr|YKIOHEHHE
AT, 200 5 160 20 70 15 BIIEBO
AT, 200 5 160 20 70 15 BIIPaBO
AT, 34 5 140 17 190 15 BJICBO
AT, 286 5 180 18 130 25 BIIPABO

Puc. 2. OTHOCHTENbHAS TPAEKTOPHS pacxokaeHus Gopmer AT,

Puc. 5. OTHOCHTENbHAS TPAEKTOPHSA PACXOKIEHUS hopmbl AT,

PesyabraTrel M ux o0cy:xaenme. [l ompeneneHus

BPEMEHHU YKIJIOHCHUS ty , T. €. IOBOPOTa Ha KypC yKJIOHE-
HUSI IPUBENIeM pUC. 6, U3 KOTOPOTo ClienyeT:
oM

t
y
Votn

rae Vi - HaYanbHAs OTHOCHTENbHAS CKOPOCTb.

Puc. 3. OTHOCHTENbHAS TPAEKTOPHSA PacXOkaeHus hopmbr AT,

}J Puc. 6. Onpezenenne 3nauenus ty

Hckomoe 3nauenne OM ompenensercss U3 BbIpaxke-
HUSL:

. x
sin(Kotn — Koty)

rae Koy, - Ha4adbHbBI OTHOCHTENBHBIA KypC.

oM =

B cBoro ouepens,

X=y—-Dgu y= Astin( Koty —-a),
rae Ay =sign[sin( Eoty —Kotn)] ==£1.
IosTomy
_ AyDsin(Kgty —a)- Dy

AyVoinSin(Kotn — Koty)

Puc. 4. OTHOCHTENBHAS TPAEKTOPHSA pacxokaeHus Gopmber AT,

@

y
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PaccmoTpum mporieaypy pacuera MOMEHTa BpeMeHH tb*

MIOBOPOTA CyJHA B CTOPOHY €ro MPOrPaMMHOM TPaeKTO-
pHUH IBIKEHUS. Y CJIOBHEM 0€30IacHOTO PacXOKACHUS Ha
YYACTKE BBIXOJA SIBJIACTCS PaBEHCTBO IHWCTAHIIMU KpaT-

Jafero COMKEHUS Dpinp ¥ TPENETBLHO-AOMYCTUMOK

+ ApDg + DnSin(an - Kotb)+votnty5in(Kotb -Kotn)

nuctanmud Dy, T. €. D, =Dy, KaKk Moka3aHo Ha puC.

min
7. U3 puc. 7 ans dopm AT, 1 AT, OTHOCUTENBHOH Tpaek-
TOPUH PACXOXKIACHUA TTOJYUCHO BBIPAKCHHUE I MOMCHTA
BPEMEHH t . MOBOPOTA K 3a/1aHHOI TPaeKTOPUU JIBHKE-

nus [2]:

t, =t = 2
b =ty - 2
Votysm(Koty - Kotb)
rae Ap =signsin(Koip —Kory)l; Vory — OTHOCHTENbHAS
CKOPOCTB Ha YYaCTKE BBIXOJIA. ¢
Ko /.‘ Kon
- Koty
tY
D(tbm) ,u(tb*) [
Ko

Puc. 7. Onpenenenne momenTa Bpemenn tp, mst gopm AT, u

AT,

Ecnu peanmusyrorcs Gpopmbl AT, mmu AT, , TO pacdeTr

BEIIUYUHBI tb* u3-3a TOro, 4YTO AyAb =1, IpOU3BOAUTCS

Ipyrum crmocobom. s monydenus TpeOyemMoro aHaiu-
THYECKOT'0 BBIpaXKEHUs oOparaemMcs K puc. 8.
U3 pucyHka crieyer:

. Dy cos(K gty —ay)

Voty

©)

ty =1ty

rae U,y n Dy - COOTBETCTBCHHO ICJICHI U JHUCTAaHIHUA

J10 [ICJIM B MOMEHT BPEMCHHA ty .

Puc. 8. Onpenenenue BpeMenu Bbixosa ty, ans popm AT, u

AT,

Takum oOpazom, Ui pacueTa MapaMeTpoB CTpaTeruu
pacxoxaeHus, Kak cienyetr u3 BelpakeHu#t (1)+(3), cie-

AYCT YYUTBIBATH 3HAYCHUA ToKa3aTeseh Ay n Ab OTHO-

CUTEJIbHOM CTpaTEeTUN PacXOKACHUS.

BeiBoabl. 1. PaccMoTpeHa uCTHHHASI TPA€KTOpUS pac-
XOXKIICHHUsSI CyIHA C ICJIBI0 M €€ BO3MOXKHBIC (OPMBI B
3aBUCUMOCTH OT CTOPOHBI YKJIOHEHHUS.

2. IlokaszaHo, 4To ABYM (opMaM HCTHHHOH TPacKToO-
PHUH PacXOoXIECHUS COOTBETCTBYIOT YeThIpe (POPMBI OTHO-
CUTEJIbHOM TpaeKTOPUH PACXOXKIEHUS M NPHUBEIEHBI
TIPUMEPHI pealTu3aIiu Kaxaoi u3 hopm.

3. [Nomy4eHbI aHATUTHYECKHE BRIPAKEHHS IS pacueTa
MOMEHTOB BPEMEHU [IOBOPOTA CYyJIHA MPU PACXOXKICHUH,
KOTOpBIE 3aBUCAT OT TMOKazaTened (opMbl OTHOCHTEIb-
HOU TPaeKTOpHUH, YTO COCTABJISET HAYYHYIO HOBU3HY CTa-
TBHU.
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Oco0eHHOCTH pacyeTa MapaMeTPOB MaHEBPAa YKJIOHEHHS MPH JOKAJIHLHO-HE3aBHCHMOM YNPABJIEHHHU MPOIECCOM PACXOiK/Ie-
HHS CY/10B
9. H. IIaTrakoB
AHHOTanus. PaccMOTpeHa MCTHHHAS TPACKTOPUS PACXOXKICHHS CYHA C IENBI0 MIPU OMTACHOM COJIMKCHHU U €€ (POPMEI B 3aBHCHMO-
CTH OT CTOPOHHI yKIOHeHHUs. [loka3aHo, 4To MBYM (popMaM UCTHHHOI TPAacKTOPHU PACXOXKICHUS B OOIMIEM CITydae COOTBETCTBYIOT
4eThIpe POPMBI OTHOCUTEIBHON TPACKTOPHU PACXOXKIACHUS, IPHUYEM MIPUBEACHBI YHCICHHBIC IPUMEPHI TTAPAMETPOB CUTYAIUH COJH-
JKCHUS, TIPU KOTOPBIX pean3yercsl Kaxaas u3 GopM OTHOCUTEIBHOU TpaekToprH. [1oIydeHbl aHATNTHYECKUE BBIPAXKCHUS, C TTIOMO-
B0 KOTOPBIX BO3MOXEH PacueT MOMCHTOB BPEMEHH MTOBOPOTA CY/IHA JUTS PETU3aIlA MaHEBPA PACXOXKICHHUH, 3aBHCAIIHNE OT ITOKa-
3areneit GopMbl OTHOCHTEITBHOM TPaeKTOPHH.

Knrwuesvie cnosa: 6esonacnocmv cyo0080i#COEHUs, NPOYECC PACXOHCOEHUsL CYO08, YOPMbL UCIIUHHOU U OMHOCUMENbHOU MPAeK-
MOpuULl pacxoicOeHUst, AHATUMUYECKUEe GbIPANICEHUsL PACYema NAPAMEmpPO8 CIMPAMeE2UU PACXOHCOCHUSL.

Features of calculating the parameter s of evasion manoeuvre for locally independent control of the process of ship's passing
E. N. Pyatakov
Abstract. The true trgjectory of the ship's passing is considered with the aim of dangerously approaching and its shape depending on
the side of the evasion. It is shown that in the general case there are two forms of the true passing trajectory corresponding to four
forms of the relative passing trgjectory, with numerical examples of the parameters of the approach situation for each of the forms of
the relative tragjectory. Anaytic expressions are obtained, with the help of which it is possible to calculate the time of turn of the ves-
sdl for the implementation of the evasion manoeuvre, depending on the indicators of the form of the relative trajectory.

Keywords: safety of navigation, the process of ship's passing, forms of true and relative evasion trajectories, analytical expres-
sionsfor calculating the parameters of the evasion strategy.
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AHHoTanus. PaccMOTpeH MeTos KOIMYEeCTBEHHOH OIEHKH 0€30IacCHOCTH CYAOBOXICHHS NP IUIaBaHHU CyIHA B CTCCHEHHBIX BOJAX, B
KOTOPBIX TIOKa3aTesieM Oe30MacHOCTH CYIOBOKICHHS BEIOpaHa BEPOSITHOCTH OE30MaCHOM MPOBOJIKU CyTHA 33aHHBIM MapipyToM. MeTon
YUYHUTHIBAET TOYHOCTH KOHTPOJIS MECTa Cy/IHA TIPH MPOBOJIKE, KOTOPask XapaKTepU3yeTCsl CITYIAHON MOTPENTHOCTBIO GOKOBOTO OTKJIOHCHUS
OT TIPOrPAMMHOM TPACKTOPUH JBUKCHUS. [IpHUBEICHBI MPUMEPBI OIICHKH BEPOSITHOCTH OE30ITaCHOM TPOBOJIKA CY/THA PACCMOTPEHHBIM Me-

TOZIOM C ITOMOIIIBIO KOMITBIOTEPHON MPOTPAMMBL.

Knroueewie cnoea: 6e3onacHocms cy0080i#cOeHUsA, BePOAMHOCHb DE30NACHOU NPOBOOKU, MOOETb OYeHKU Oe30NacHOCHU CY0080XHCOe-

HUA.

Beenenne. OnHoil U3 HauboJee aKTyaIbHBIX MPOOIEM 0e3-
OIIACHOCTH MOpEIUIaBaHus sBIsieTcsl obecrieueHue Oe3aBa-
PUIHOTO IUIaBaHUS CYZIOB B CTECHEHHBIX palioHax. Pemenue
9TOH TPOOIEMBI CIIOCOOCTBYET CHIDKECHHIO YHCIIA aBapH,
BO3HHKAOIINX TI0 IIPHYHHE TIOCATOK CyJJOB Ha MEJb U HaBa-
70B Ha mpudan. CymiecTBEHHBIM acHeKTOM pPEIIeHHs yKa-
3aHHOU TPOOJIEMEI SBIIICTCS pa3paboTKa M aHAIU3 MaTeMa-
THUYeCcKO Mozienn ()OPMHUPOBAHUS BEPOSTHOCTH Oe3aBapuii-
HOTO IUIaBaHMs Cy/IHA 110 BHIOPAHHOMY MapIpyTy, KOTOPbIH
TMO3BOJISIET BBISIBUTH CYILECTBEHHBIE (haKTOPBI M MpEyIpe-
JIUTh UX OTPULIATENBHOE BIMSHUE Ha O€30MaCHOCTH IpoLiec-
ca CyJIOBOXKICHHSI.

Kpatkuii 0630p nmyouiuxaumii no teme. B paGore [1]
BIICPBBIC PACCMATPHUBAJIOCh BIFSHHUE MO3UIIMOHHONW TIO-
TPEIIHOCTH CyZHA Ha HAaBHTAIIMOHHYIO O€30TacHOCTb, TIPH-
9YeM YYHTHIBAJACh TOJBKO MO3WIMOHHAS BEKTOpHAIBHASL
TIOTPEIITHOCTD OTIPE/ICIICHUS MECTa CYAHA M HAMIHE TOYed-
HOW HaBUTallMOHHOM OMACHOCTH. Pa3BuTHE 3TON TEMaTHKU
OTpakeHO B paboTax [2, 3], mpuueM KpUTepHii HAaBUTAINOH-
HO# Ge30MacHOCTH TpesiokeH B pabote [2], a B pabote [3]
MOKa3aHbl JIBA JKBUBAIEHTHBIX TOJX0/a K OIPEACIICHHIO
BEPOSITHOCTH 0e3aBapUIfHOTO IJIaBaHMs Cy/HA IO 33/IaHHO-
MY CTECHEHHOMY MapuipyTy.

Pa3paboTka HHGOPMAITHOHHON CHCTEMBI HIMHTAIIHOHHOTO
MOJICITUPOBAHUSI IBIKEHHUS CYJIOB CO CJIOXKHBIMHU JIMHAMH-
YEeCKHUMH MOJICTISIMU paccMoTpeHa B padote [4]. [lo MHeHUIO
aBTOPOB, JJaHHAS CHCTEMA TTO3BOJIUT OOSCIICUUTh HOBBIA THII
IUTAHAPOBAaHMUS MAaHEBPOB CY[HA, a TAKXKE OCYIIECTBIATH
KOHTPOJIb BEITTOJIHEHMS 33JaHHOTO MaHeBpa. [IpemxycMoTpe-
HO TeKyllee OTOOpaKCHHE 3aJaHHOTO MaHeBpa OJHOBpE-
MEHHO ¢ (paKTHIECKIM JIBIDKCHUEM CYIHA W C WHIUKAIICH
MIPOrHO3UPYEMOM TPACKTOPHH.

Pabora [5] mocesieHa BorpocaM HACHTH(OUKAIIUH CYI0-
BBIX MOJIeJIeif MaHeBpUpoBaHUU. B nanHo# padote chopmu-
pOBaHa HeJMHEHHasi MOJIeJIb MaHEBPUPOBAHHMSI CY/IHA, KOTO-
past OCHOBaHa Ha aHAJIM3€ ero MMAPOJMHAMUKH. J{JIsl OLleHKH
MapamMeTpoB MOJIENIH HCIIOb3YEeTCsl TEOPHsl HACHTA(DHUKALIUIN
CHCTEM, NPUYEM pacyeT NapaMeTpOB MOJIEIHN TPOU3BOIUTCS
10 ANTrOPUTMY, KOTOpPBI OCHOBAaHHBIH Ha pPaCHIMPEHHON
teopun ¢uiabTpa Kanmana. [omydeHne BXOIHBIX M BBIXO/I-
HBIX JIaHHBIX CUCTEMBI, HEOOXOMUMBIX I WICHTH(HKAIN
IIapamMeTpoB, POM3BOAMIOCH C WCIOJB30BAHUEM LIMPKYIISi-
LI ¥ 3Ur3aroo0pa3HOro MaHeBpa.

B paGote [6] nponsBoanTcst 000CHOBaHHE HEOOXOMMO-
CTH TIPUMEHEHUs YCOBEPIICHCTBOBAHHBIX KOMITBFOTEPHBIX
CHCTEM, TaK Kak CpEACTBA MPOTrHO3a JIBMXKEHHs CYIIOB,
YCHEIIHO NMPUMEHSBILIMECS B TEUCHHUE JUIMTEIHHOIO BpeMe-
HH, OTJIMYAIOTCS YIPOIEHHBIMH MOJIEIISIMH TPOTHO3a JBH-
KEHHA Cy[THa. YKa3aHHOE 0OCTOSTENHCTBO OTPAHNIMBACT MX
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HCIIOJIB30BAHKE B YaCTH TEKYIIETO OTOOPaKCHHUS TBHIKCHUS
Cy/IHA IIPY U3MCHEHHMS TIOJIOKEHUS PYJIsl 1 000POTOB JBUTA-
Tens, a Takke TpeOyeT pa3paboTku Ooiee yCOBEPIICHCTBO-
BaHHBIX TIPOTHO3HBIX MOJIeTICH IBIKEHHUS CyIHA.

WurennekryansHas cuCTeMa TPOTHO3MPOBAHHS JIBIDKE-
HUS CY/IHa, KOTOpasi pacCMOTpeHa B pabote [7], uMuTUpyeT
mporiecc 00y4eHHsT aBTOHOMHOTO OJIOKa YIpaBIICHUS, CO-
3JAHHOTO C TMOMOIIbI0 MCKYCCTBEHHOW HEHpPOHHOH ceTH.
Bxonnple curHanmel HaOmoAaroTcs OJIOKOM  YIpaBIIEeHUS,
KOTOPBIA BBIUUCIISCT 3HAYCHHS TPeOyeMbIX MapaMeTpPOB
MaHEBPHPOBAaHUU CyJHa B CTECHEHHBIX Bojax. OCHOBHOM
3ajauell CUCTEMBI SIBJISICTCS HEMPEPHIBHBIN KOHTPOJIL HABU-
TallMOHHBIX TApaMeTPOB CYAHA W TPOTHO3 WX 3HAUYCHUI
TIOCIIE OTIPE/ICIICHHOTO MHTEPBaa BPEMCHH.

Heas. Llenp HacTosel CTaTbU — ONMUCAHUE U aHAJIM3
METOJIa OLICHKH BEPOSITHOCTH 0E30IIacHOM MPOBOIIKHU CyIHA
B CTCCHCHHOM paifOHe TUIaBaHWIS.

Marepuanbl 4 MeToabl. B pabote [7] mpemmoxeH cno-
co0 pacuera anpUOPHOM BepOATHOCTH P, Oe3aBapuiiHON

HPOBOJIKK Cy[IHA CTECHEHHBIM MapIIPYTOM C HCIIOJb30Ba-
HHMEM OJIHOMEPHOMW IUIOTHOCTH PACHPEENICHHUs TOIPEIIHO-
CTH OOKOBOTO OTKJIOHEHHsI Cy[qHa. KpaTko H3JI0XHM CYTh
crnioco6a. [Tonaraem, 4to momyctumas 001acTb 6€30MaCHOTO
wiaBaHus D 3a7aHa aHATUTHICCKIM ONFCAHUEM ee TIPaBor
Ggt(X,Y) wu nesor Gpt (X,Y) rpanuun. B ponycrumoit

6e3omacHoit obimacTi D Taroke 3aJaHa MpOTrpaMMHast Tpa-
eKTOpHs JBIDKCHMs cymHa Trpr(X,Y), mpudeMm Kaxias

TOYKAa IPOrPaMMHON TPAaEKTOPUHU XapaKTEpU3YyeTCs Napou
HOPMAJIBHBIX PACCTOSHUM OT IPOrpaMMHOM TPAaeKTOpUU
JIBIDKCHHS IO TIPABOM ¥ JICBOH IPaHUIl O€30IacHOM 00IacTH.
OTH paccTOsAHMUs 0003HAYEHBI COOTBETCTBEHHO Lot (X,Y) n

Lpt (X,Y) , yautsBas, 410 A, . JIBIXKEHHE Cy[HA IO IIPO-

TPaMMHOM TPaeKTOPUH COTIPOBOKIAETCS €r0 HEN30SKHBIMU
OOKOBBIMH OTKJIOHEHHSIMH, KOTOPbIE NP BO3JECHCTBUH BO3-
MyIIaeMbIX (aKTOpPOB, HOCAT CIydalHBIX Xapakrep. Bos-
HUKHOBEHHE CITyJallHBIX OOKOBBIX OTKJIIOHEHHH 00YyCIOBIIe-
HO CTOXacTHYECKOW MPHpOAOH TOrpemHocTel obcepBanuu
U CUHCIICHWSI Cy[HA W €ro PBICKaHWSIMH MOJ JICHCTBHEM
(akTOpOB, yueT KOTOPBIX MPUHIMITHAIIEHO HEBO3MOXKEH.
Jlns Toro, 9To0BI CyAHO GE30TacHO MPOILIO 3aJaHHBIM
CTECHEHHBIM PaliOHOM HEOOXOANMO, YTOOBI €T0 TPACKTOPHS
JIBIDKEHUST TIPUHAJIEKANIA JTOMyCTUMOM Oe3omacHoi obia-
CTH 1UiaBaHusi D , - 3T0 03Hauaer, 4To Bce OOKOBBIE OTKIIO-
HEHHs CyAHA OT MPOrPAMMHOW TPACKTOPHU JIBHXKCHHS
Trpr (X,Y) Ha BCeM ee NPOTSHKEHNH HE JIOJDKHBI IPEBOCXO-

JUTh HOPMANbHBIX paccTosHui Lot (X,Y) u L pt (X,Y) mo
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TpaHMI[ JOMyCTUMOKW OOJIaCTH. YCIOBUMCS B JabHEHIIEM
HOpManbHble paccTosHus L gt (X,Y) 10 mpaBoil rpaHMIb!

Oe3omacHOM o0JylacTd IUIaBaHusl D CUMTATH ITOJIOXKUTEIIb-
HBIMH, a JI0 JICBOH TPaHHUIIBI '-pt (X,Y) — otpuIaTebHbIMH.

OueBH/IHO, BEPOATHOCTL pj TOTO, YTO OT/ENBHO B3ATOE i-€
GOKOBOE OTKJIOHEHHE Ap; HE MPEBOCXOTUT HOPMAIbHBIE
paccrosHus L g (X,Y) u Lpti (X,Y) mo mpaBoit u neBoit

TPaHMI] IOIYCTUMOMH 00JIaCTH TUIaBaHUs OINPENENeTCs Clie-
JIYIOIIUM aHATUTUYECKUM BBIPAKCHUEM:
Lsti
Pi =P{Lpt <Apj <Lgi} = _[f(x)dx » HITH
-Lpti
Pj =P{Lptj <Apj = Lgijt =Flgi) —FCLpgi).
rae f(X) — MIOTHOCTBH pacnpeneNieHuss G0KOBOTO OTKIIO-
HEHUS Cy[Ha OT IPOrpaMMHON TPAacKTOpUU ABWXEHUs. [{ns
6e3aBapHitHON TIPOBOJIKHU CYAHA TIO TPOTPAMMHOM TPaeKTo-
puM HEOOXOIMMO, KaK YK€ OTMEYaJloch, YTOOBI BCE TOUKH
HUCTUHHOM TPaeKTOPHM JABW)KEHUS Cy[JHA HPUHAIIEKAIN
Oe3omacHoil obmactn maBanust D . Ecim paccmarpuBath
OOJIBIIIOE YHCIIO TPEANOJIaracMbIX POBOJIOK CYJOB, TO Be-
POSITHOCTH pj COCEIHHMX TOYCK MPOrPAMMHOi TPACKTOPHH

MOXKHO PaccMaTpHBaTh KaK BEpPOSTHOCTH HE3aBUCHUMBIX
COOBITHIA, a OOIIYI0 BEpOATHOCTH P Ge30macHOi MpOBOAKH
cyaHa o Oe3omacHOM obmacT D mModydyrM Kak HpOHU3Be-
JIHNE BEPOATHOCTEH pj MO BCEM TOYKAM NPOTPAMMHOM

TPaeKTOPUH, a BEPOSTHOCTh P B DKCIIOHEHIMANILHOM BHIE
BBIPKACTCS CIICTYIOIINUM 00pazoM:

P=ep{In] TIF(L g;) + F(L g 1} »

P=exp{ SIN[F(L i) + FL ) (D
e S In[F(Lgt) + FL i

rJe S— IJIMHA TIPOTPaMMHOM TPAaeKTOPHHL.
B umHTErpasibHOM BHJIE IONY4YEHHOE BBIPRKCHHE MMEET
BUI:

P= exP{Z'“[F('-st) +F(L pt)]ds} :

VYuuThIBas, 4TO IIMPUHA JOIyCTUMOW 00NacTH B cTec-
HEHHBIX paloHaX IUIABaHWsI HAMHOTO MEHbIIE, YeM JIMHA
MPOrpaMMHON TPAaGKTOPHU S MMEET CMBICI Mpeodpa3oBaTh
BBIPQKCHHE [UIsl BEPOSTHOCTU P, UCX0I M3 BO3MOMHBIX
3HaueHWH MIMPHHBI D nomyctumoii Ges3omacHo# obmacTu
maBaHus D ¥ 4acTOT MX MOBTOPEHHMIT HA IPOTSHKESHUHU BCEit
JUIMHBI TIPOrPaMMHOM TpaeKTOpUH. [T 3TOro BOCHOJB3Y-
emMcs BelpakeHweM (1), B KOTOpOM  BBIpa)KCHHE

S
Elln[F(LSti) +F(L pti )] MOYKHO NPEJCTAaBUTh B CIEAYIOIIEM
BUJIE:
SINF(L )+ F(L )] AZb IN[F(L gtj) + F(L g )]
n i)+ dl=>Xm;In D+ Ol
& sti pti M sti pti
rae Ab = bmax - P - Pa3HOCTb MeXI1y MaKcHMalb-

HOH b5 ¥ MEHIMAJIBHOM bmin LIUPUHON

JIOITyCTUMOM Oe30TacHON 00IacT;

M; - KOJNMYECTBO Tap HOPMAILHBIX PACCTOAHUN L gt 1

YMHOXUM H pasacinMm TpaByr0 4acCTb IOCJICAHETO BbI-
PpaxKCHU Ha 0611166 YHCJIO S COCTABJLIIOLIMX CYMMBI U IIOJIY-
YUM BBIPAXKCHUEC 1A BEPOATHOCTU P
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Ab m;
P = exp{ szl? IN[F(L o) + F(L pti )1

Ortromenue M; /S AByseTCs YacTOTOM MOBTOPEHHS 3HA-
YeHHs! IIUPHUHBI JOITYCTUMOM 00J1acTH paBHOM b; . Tak kak
3HaYCHUE LIMPUHBI D MOmMycTUMOl 00IaCTH U3MEHAETCS OT
MHUHUMAJIBHOTO 3HAYEHHS bmin JI0 MaKCHMAJIbHOTO Dmay
TO paclpeiesiecHie JacToT m; /S 1o 3HAYCHUSIM IIHPHUHEL D

obnacti D sBisieTCsl XapaKTePUCTUKOW TOIYCTUMOM 00na-
cru D, mo3Bossioned popMalii30BaTh €€ CTENeHb CTec-
HEHHOCTH. YKa3aHHYIO XapaKTEepUCTHKY LelIecoo0pa3Ho
Ha3BaTh PAaclpesieNieHHeM YacTOT MO 3HAYCHHSM LIMPUHBI
JIOITyCTUMON 007acTH 1 (pOpMabHO TPEICTABISTH B BHIE
IUIOTHOCTH paclipe/ieieHns (aHaJIOTMYHO IUIOTHOCTH pac-
TIpeNIeNICHUsI  BEpOSITHOCTEH), KOTOpyro o0o3HaumM  ¢(b) .
Ipu 3TOM BBIpaskeHHE A1 BEPOSITHOCTH P mpuHIMaeT cie-
JTYIOIIUH BUI:

P - o sfz?p(bi AL ) + AL p ) -

Ilepexons K MHTErpalbHOM XapaKTEPUCTUKE, IIOCIIEIHEE

BBIpaKCHHUC Hpeo6pa3yeTC$[ CJICTYIOIINM 06pa30M:
bmax

P=ep(S [o®In[F(Ly)+F(L,)ldb
bmin

IMonyueHHOE BRIPa)KEHHE MO3BOIISIET CENATh AlPHOPHYIO
OLICHKY BEPOSTHOCTH B 3aBUCHMOCTH OT OCHOBHBIX CYIIE-
CTBEHHBIX (DaKTOPOB: XapaKTePUCTHKU cTecHeHHOCTH O( b )
JIOTYCTUMOM 061acTH miaBanusi D ; XapaKTepUCTHK TOYHO-
CTH, O0CCIICUYNBACMOM CHUCTEMOW HABHUTAI[MOHHOTO 000pPY-
JIOBAHUSL, BEIPAXKAOLINXCS B ITapamMeTpax (HYHKIHU pacrpe-
nenenust  F(b); BbIOOpa mporpamMMHON — TpaeKTOpUH
Trpr (X,Y) B momycTumoil 061acT IIaBaHus, YTO BIHAET

)

Ha COOTHOIIEHHE HOPMAIBHBIX PACCTOSHUH Lot M b-Lgt 1

JUIAHBI IIPOrPaMMHOM TPAEKTOPUH S.
Pe3ysabTarhl U UX 00cy:xkaeHMe. Tak kKak pacdeT Bepo-
STHOCTH P 6e30macHOil MPOBOJIKKM Cy[HA MO 33JaHHOMY

MapuIpyTy ¢ TIOMOIIBIO BEIPAXKEHUSI (2) SBIISIETCS] HEPOCTOH
3ajauell, To 1y pacuera P ObuUIa pazpaboTaHa MMUTALU-

OHHasI KOMIIbIOTepHas nporpamma. C ee MOMOIIBIO BHAUase
(bopMHpOBaJICsl CTECHEHHBII MapIIPYT [UIABAHUS CYJIHA, JJIs
4ero BBOAWIMCH MAacCHUBBI I'DaHHI] 00JacTH Oe30I1aCHOTO
IUTaBaHUsA W OporpaMMHas TPACKTOPUA ABMIKCHUA Cy/IHA.
Js1 BBIOpaHHOTO MapIIpyTa BBIOMPATIOCh 3HAYCHHUE C.K.0. U
MIPUHUMAJIOCh, YTO TOTPEIIHOCTH MOAYMHSIOTCS HOpMallb-
HOMY 3aKOHY pacrpezeneHns. C MoMOIpI0 KOMIBIOTEPHON
MpOrpamMmbl  OBUTH OTIpEIEIEHbl OHOMEpPHBIE XapaKTepH-
CTUKM BBIODAaHHOTO CTECHEHHOTO MapIIpyTa, K KOTOPHIM
OTHOCSITCSI €70 CTECHEHHOCTb M CMEIIIEHHOCTh PO PAMMHON
TPaeKTOPUH, TO3BOJIAIOIIUE MPOU3BECTH OLEHKY BEPOSTHO-

cTH 0€30I1aCHOTO IIaBAHMS F?I. o OHHOMepHOﬁ MOJECIIN.

OreHKa BEpOSITHOCTH 0€30MacHOM MPOBOJIKK CYyJIHA TIPO-
W3BOJIMJIACH TIO TLITH MapuipyTam. B kadecTBe mpumepa
MPUBEJIEM MOJPOOHBIN aHaNW3 TpeX MaplIpyToB. BHauame
(hopMupoBasics MapmpyT 1, 17151 KOTOPOTO BBIOMPAIOCH 3HA-
YeHue C.K.0. paBHoe 5. C moMOUIbI0 KOMIIBIOTEPHOM IPO-
rpaMMBI OBUTH OIIPE/ICNICHBI OJHOMEPHBIC XapaKTEPHCTUKU
Mapmpyta 1, KOTOpbIE MO3BOJMIM TIPOM3BECTH TOYHYIO
OLIEHKY BEpOSITHOCTH 0€30I1acHOTO IiaBaHusi B 1o oxHo-
MEpHON MOJenu, 1,
P, =04871.

IpuYeM, Kak CleayeT W3 pHC.
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Puc. 1. Ouenka BepositHocTH Py npoBozku cyaHa MapuipyTom 1
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1,0000
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Puc. 2. Ouenka BeposTHocTH P} 6€301acHOM IIPOBOKYU CyIHA MapIIpyTOM 3
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0,8149 %?m SEELLETTLaLetes T
BepoaTHoCTe TouHaA = 05149 BepoatHocTe NnpuGnekeHHan = 0,9995

Puc. 3. BepostHocTs P 6e30macHOro miaBaHus CyJHa MapIpyToM 5

OCOOCHHOCTBIO OYEpEeIHOTO MapmipyTa 3  sBISIeTCS
MEHbIIAs CTENeHb CTECHEHHOCTH OTHOCHTEINIBHO IPEKHETO
Mmapuipyra. s pacuyera BeposTHOCTeH 0e30macHOM Npo-
BOJAKM CyJHa N0 JAQHHOMY MAapIIpyTy IpHHAMANach TOY-
HocTh 6=4,3. OneHka 0e30MacHOCTH IUIABaHUs MaplIpyToOM
3 ¢ MOMOIIBI0 MOJIENT OJJHOMEPHOH IIIOTHOCTH paclpee-
JIEHWs! TIOTPEIIHOCTH OOKOBOTO OTKJIOHEHHsI, KaK MOKa3aHO
Ha puc. 2, coctaBuna P, =0,9818.
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B 3aximoderne paccMOTPHM IPOBOAKY CyIOHA MapIpy-
ToM 5. Ilpy miaBaHMM CyaHA 3THM MapuIpyTOM BbIOpaHa
BBIIIIE TOYHOCTb KOHTPOJIA MecTa Cy[qHa, C.K.0. KOTOpOIl
0=4,6. C TIOMOIIBIO MOJIENTM OJHOMEPHOW IUIOTHOCTH pac-
TIpEJIEICHUsT  TIOTPEIIHOCTH OOKOBOTO OTKJIOHEHMs OblLiIa

onpeacii€cHa BEPOATHOCTb F>1 , BCJIMYHUHA KOTOpOﬁ COCTaBU-
na 0,8149 (puc. 3).
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B BepxHei yacTu mMoceTHETO PUCYHKa TMOKazaHa JIOMy-  BOTO OTKJIOHEHWS CyIHA OT TMPOTPAMMHOW TPacKTOPHH
cTrMasi o0JIacTh OE30TIaCHOTO TUIABAHUS CYJHA, B KOTOPOW  JBIDKCHHS, KOTOPHIN MO3BOJISIET CENATh alpHOPHYIO OIEH-
OCYILIECTBIISIETCS €T0 TIPOBOJTKA. KY BEPOSTHOCTH B 3aBHCHUMOCTH OT XapaKTEPUCTUKHU CTeC-
HEHHOCTH JIONYCTUMOW OOJACTH IUIaBaHWS, IOKa3aTesei
TOYHOCTH, BBIOOpa MPOTPaMMHON TPAaeKTOPHU B JIOIYCTH-
MOI 00/1aCTH IUTABaHMSI, YTO BIMSET HA €€ CMEIIEHHOCTD, U

Ta6auna 1. Pe3ynerars! OIIEHKH BEpOSITHOCTH Oe30IT1acHOM Ipo-
BOJIKU Cy/IHA

Mapipyt 1 2 3 4 5 .
P | 0487 | 0543 | 09818 | 09170 [ 08149 | D y
. C NOMOIIBI0 pa3pabOTaHHONW KOMITBIOTEPHOM MpO-
P 0484 | 0x46 | 0982 | 0916 | 0817 IPaMMbl PaCCUNTAHBI 3HAYEHHUSI BEPOSTHOCTH Oe3aBapuiHO-
3P (%) 0,6 05 0,02 0,2 0,3 TO MJIaBaHMs Cy[Ha B CTECHEHHOM pailoHE MOJEIBIO C OJ-

HOMEPHOMH IUIOTHOCTBIO pacrpe/ieieHusi 00KOBOTO OTKJIOHE-

Jois MpOBEPKH TONYYEHHBIX PE3YJIbTATOB KOMIBIOTEP-  Hyig jyIsl HATH CTECHEHHBIX MAPIIPYTOB, HPUUEM PE3yIIbTaThl
HOIl MPOrPaMMO#i PacCUNTBIBAINCH 3HAYCHHS BEPOSTHOCTH  pacueToB M0 TPEM MapIIPyTaM TPHBEICHBI B CTAThE.

P, 6esonacHoii poBoaky cyaHa 10 TeM ke MapIpyTam ¢ 3. KoMmbroTepHO# MPOTrpaMMOi TakKe pacCUUTHIBAIICH

3HAa4YEHMS] BEPOSTHOCTH OE30MacHON NpPOBOJKM Cy[HA IO

TEM )K€ ST MapuipyTaMm C ITOMOIIBIO MOJENH, UCTIONB3Y-

IOIIEH ABYMEPHYIO IUIOTHOCTH PAaCHPENENICHHS MO3HIMOH-

HOMOLIBEO MOJIENH, HCTIONB3YIOIIEH IBYMEPHYIO IIOTHOCTh
pacrpeneneHusl MO3ULIUOHHON BEKTOPUAILHOM IMOIPEIIHO-
CTH, a 3aTeM MOJydeHHbIE PE3yIbTaThl CPABHUBAJIMCH. . :
OlIeHKH BEPOATHOCTH 6E30MacHOl MPOBOJKH CyHA [I0 Becem 1O BEKTOPHATILHOM TIOTPEIIHOCTH.

ISITH MapIIPyTaM C MOMOIIBI0 000UX MOJIEIICH MPHBEICHBI 4. Cpennsisi OTHOCHTENBHAS PAa3HHLA oP MEXIY OLCH-
B TaoOm. 1. KaMH BEpOSITHOCTH TPOBOIKH CYOHA IO OOOMM MOZEISIM
BrIBoaBI cocrapmsier 0,3 %, YTO TOATBEpXKIAET TIPABOMEPHOCTH

1. PaccmoTpeH crioco0 OIIEHKU BEpOsITHOCTH Oe3aBapuii-  OLEHKU BEPOSTHOCTU IPOBOJKH CyAHA IO CTECHEHHOMY
HOTO IUJIABaHUS CYJHA B CTECHEHHOM paliOHE C MOMOLIbI0  MAapLIPYTy MOJCIbIO C IPUMEHEHUEM OZIHOMEPHOM ILIOTHO-
MOJIENIH C OJHOMEPHOM IUIOTHOCTBIO PACTIPEJIENEHNs. GOKO-  CTH PacIpesie/ieHtst HOrPENIHOCTH 60KOBOIO OTKIOHEHHS.
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Onenka BeposITHOCTH 0€30MacHoii MPOBOIKH CY/IHA CTeCHEHHBIM MapLIPyTOM
B. B. CeBepun
AHHOTanus. PaccMOTpeH METO/l KOJMYECTBEHHON OLIEHKH 0e30MacHOCTH CYJOBOKICHHS NMPH IUIABAHWM CY[HA B CTECHEHHBIX BOJAX, B
KOTODBIX MOKa3aTesneM 0e30I1acCHOCTH CyIOBOXIEHHS BIOpaHa BEPOSTHOCTb 0E30MacHOM NMPOBOIKH Cy/IHA 3a/laHHbIM MapuipyToM. MeTox
YUIUTBIBAET TOYHOCTH KOHTPOJISI MECTa Cy/IHA MPH HPOBOKE, KOTOpask XapaKTepU3yeTcsl CIIydaiftHOi MOTPEITHOCThI0 OOKOBOTO OTKJIOHEHHS
OT IPOrPaMMHO# TPACKTOPHH JBIDKEHHS. [IpHBEIeHBI IPUMEpPBI OLIEHKH BEPOSTHOCTH OE30MacHOH MPOBOJKHM CYIHA PACCMOTPEHHBIM Me-
TOJIOM C TIOMOIIBI0 KOMITBIOTEPHOI IPOTPaMMBL.

Knroueswie cnosa: 6e3onacHocms cy0080i#COeHUs, BePOSMHOCHb DE30NACHOU NPOBOOKU, MOOETb OYeHKU Oe30nacHOCmU Cy00804CcOe-
HUsL.

Egtimation of the probability of safe harnessing of a ship by a constrained route
V. V. Severin
Abstract. The method of quantitative assessment of the safety of navigation while navigating a vessel in cramped waters is considered, in
which the probability of safe navigation of avessd by a specified route is chosen as a safety index of navigation. The method takes into ac-
count the accuracy of control of the ship's position during wiring, which is characterized by arandom error of lateral deviation from the pro-
gram path of motion. Examples of an estimation of probability of safe wiring of avesse by the considered method by means of the computer
program are given.

Keywords. safety of navigation, probability of safe wiring, model of safety assessment of navigation.
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AHHOTanms: [ cuTyanuii onmacHOro cOMMKEHMS CY/IHA C IIEIIBI0 B CIIydae HEOOXOIUMOCTH PACXOXKICHHS MAaHEBPOM PACXOXKICHUS
CHIDKCHHEM CKOPOCTH CyIIHA MPEII0KEH CIOCO0 BRIOOPA MapaMeTpOB MaHEBpa aKTHBHBIM TOPMOXXEHUEM C IOMOIIBI0 00JacTH He-
JIOMYCTUMBIX IapaMeTpoB JBUKEHUs cynHa. [loimydeHbl aHamUTHYECKUE BBIPAXKEHUS ONPEeAeTIeHUs ONTUMAIBHON CKOPOCTH PACXOXK-
JICHHsI, TTOKa3aHa pealn3alys MpearaeMoro crmocoda ¢ MOMONIBI0 KOMITBIOTEPHOI mporpaMmbl. KOppeKTHOCTh MpeiaracMoro

crocoba TMOATBEPKACHA UMUTAIUOHHBIM MOJACIMPOBaHUEM.

Knrwoueswvle cnosa: 6esonacnocms cy008024COeHUsl, NPeOYNpetcOeHue CMOIKHOBEHUA CYO08, 001aACmb HeOONYCIMUMbIX Napamem-
P08 08UdNCEHUS CYOHA, PACXOHCOCHUE CHUNCEHUEM CKOPOCTNU AKIMUBHBIM MOPMOHNCEHUEM.

Beenenne. be3onacHOCTb PacXoXICHUS CylOB B 3HAYU-
TEJILHOM Mepe ONpEeNersieTCsl CBOEBPEMEHHBIM BBISBICHH-
€M CUTYaIliM OMAacHOTO COJIMDKEHUs, a TakXKe ONepaTHB-
HBIM BBIOOPOM KOPPEKTHOTO MAaHEBPAa PACXOXKICHUS B
3aBUCHMOCTH OT peaM30BaBIIeiics 00JacTH B3aMMHBIX
obs3anHOCcTe. [lpM HamM4MM HOCTaTOYHOTO BOIHOTO
IpoCTpaHcTBa OoJiee NMPEANOYTUTEIBHBIM SBISIETCS Ma-
HEBP PACXOKACHHS M3MEHEHHEM Kypca CyAHa, a ciydae
HEBO3MOXHOCTH €ro NPOBEJCHUS W3-3a HaBHI'ALIMOHHBIX
MPEMNSITCTBUN CJIEAyeT MPUMEHUTh MaHEBP PACXOXKICHUS
N3MEHEHHEM CKOPOCTH Cy/Ha.

Kparkuii 0630p ny6aukanuii no teme. Pagotsr [1-4]
MIOCBSIICHBI BOIPOCAM COBEPLICHCTBOBAHHUS BOIPOCOB
BBISBJICHUSI CHUTYallUd ONAaCHOTO CONW)KEHHsS W TIpeny-
NPEeKICHUST BO3MOXKHOTO CTOJKHOBeHHs. B pabore [1]
pPacCMOTpEHbI pa3jiMuHbIe THUIBI B3aUMOJCHCTBHS CYyJIOB
[P BO3HMKHOBEHHS CHUTYAIlHOHHBIX BO3MYIIEHHH C pa3-
HOW CTENEHBI0 ONACHOCTH CTOJNKHOBeHHus. KoHuemnuus
(opMupOBaHUS THOKHX CTPAaTETHMH PACXOXKACHHS Ipel-
noxeHa B pabote [2], B KOTOPO# MOKA3aHO, YTO CTPYKTY-
pa CTpaTerMy PacXOoXXICHUS 3aBUCHT OT pean30BaBIIe-
rocsi 3HAYEHUS CUTYallUOHHOTO BO3MYyILeHHs. B pabore
[3] dopmanmzoBaHa cHTyaumust Ype3MEPHOTO CONMKCHUH
CyJIOB M NpPEAT0oXKEeHa CTpaTerusi IKCTPEHHOTO PacXoxje-
uust. [IpobGnema cuHTE3a ONTHMATbHOM CTPYKTYpPHI CH-
CcTeMbl OWHAPHOW KOOPAMHALIMM B3aUMOJCHCTBUS Iapbl
OTIACHO COMIDKAIOLINXCSA CYAOB IPH PACXOXKACHUN HCCIe-
noBaHa B pabore [4]. B pabore mpeanokeHo COTIacoBaH-
HOCTh MaHEBPOB OITACHO CONMKAIOIINXCS CYHOB OLCHH-
BaTh CKOPOCTBHIO W3MEHEHHs IMCTAHIMH KpaTdaifiero
CONMMKEHUS.

Teoperndeckoe 0OOCHOBaHHE AaBTOHOMHOHN CyIOBOH
cuctembl ykinoHeHuss ot cronkHoBenust CA (Collision
avoidance) usnaraercs B pabote [5]. Hapsimy ¢ mporiec-
COM PACXOXKICHHSA pPacCMaTpPHBAIOTCA TpeOOBaHMSA K aB-
TOHOMHOW HaBuranuu. OTMeuaercsi, YTO COBPEMEHHBIE
HCCIICIOBaHMS [0 aBTOMATH3AI[MM YIPABICHUS CYIHOM
MOTYT OBITh NPE/ICTABICHBI B KIACCHYECKOW MM KOMIIb-
IOTEPHOIl KaTeropusix, MPHYEM KJIACCHYECKUE IOJXOJIbI
OCHOBaHBI Ha MaTEMAaTHYECKUX MOJENISIX M aIrOpUTMax.
KoMITbtoTepHbIE TEXHOJIOTHH OCHOBAaHBI Ha HCIIOJIb30Ba-
HUK ucKyccTBenHoro wHremutekta Al (Artificial Intelli-
gence), KOTOpbIH sl CHCTEM aBTOHOMHOTO PacXoiKjie-
HUS, pacCMaTPUBAEMbIX B CTaThe, PEATN30BaH IBOJIOIH-
OHHBIMHM AJITOPUTMAMH, JIOTHKOH (y33M, 3KCIIEPTHBIMU
METOJIaMH, HEHPOCEThI0 1 KOMOMHAIIMSAMH 3THX METOJIOB
— ruOpuIHBIME cuCTeMbl. PaboTa HOCUT TeOpeTHUECKH
XapakTep U He COAEPIKUT PEKOMEHAAIMN MTPaKTHIECKOMY

CYAOBOX/ICHUIO.
B paborax [6-8] paccMaTpuBaeTcs BO3MOXXHOCTb OITH-
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CaHHSA TpoIecca PACXOXKISHHS CyI0B MeTtogaMu audde-
PEHIMANBHBIX UTP U OTMEYAETCs CJIOXKHOCTb 3a7a4Yl BBI-
06opa ONTHMAaIbHOTO MAaHEBPA PACXOKACHHSA H3-3a MHO-
TOMEPHOCTH IIpollecca YIpPaBICHHS IBIDKEHHEM CYJHa,
KOTOPBII K TOMY € OTIMYacTCs HEIMHEHHBIMU U HECTa-
LIUOHAPHBIMU XapaKTePUCTUKAMHU.

PaccMoTpeHHBIE pabOTHI XOTS M COBEPIICHCTBYIOT
TEOpPEeTHYECKHe BOIPOCHl PEIICHUS MNPOOJIEMBI INpeny-
MIPEXkKACHUS] CTOJIIKHOBEHHUH CYAOB, OJHAKO HE COAEpIKAT
MPaKTHYECKUX MPEAJIOKEHUH MO YIYYIICHUIO CIIOCOOO0B
BBIOOpPa MaHEBPOB PACXOXKACHHS. YKa3zaHHBIA IpoOes
YaCTHYHO BOCIIOJHEH WCCIICJOBAaHMSAME 10 TpoOdiiemMe
obecrieueHnsT 0E301ACHOTO PACXOXKACHUS CyIOB METO/a-
MU BHEIIIHETO YNpPaBJIEHUS C HCIOJb30BaHHUEM HEIOITy-
CTUMbIX 00JIacTe#l KypcoB Wik cKopocTeil cynoB [9], ko-
TOpBIE MOTYT OBITh MOAN(DHULIMPOBAHBI LIS JIOKAJIBHO He-
3aBHCUMOrO YIIPABIEHHs IpoleccoM pacxoxiaeHus. He-
KOTOPBIM acleKTaM 3TOTr0 BOINpOca IMOCBAIIEHA HACTOS-
miast CTaThsl.

Heasn. Lenpto HacTOALEH CTAaThU SBISAETCS PacCMOT-
peHue mpoueaypsl BHIOOpA CyJHOM MaHEBPa PacXoxkje-
HUSI CHIDKEHEHHEM CKOPOCTH C MOMOIIBIO0 00JIaCTH HE0-
ITyCTUMBIX TApPaMETPOB JBUKEHUS CyIHA.

Marepuanbsl U Meroabl. B curyanuum onacHoro
COMMKEHNsI CyIHA C [ENbI0 B CTECHEHHBIX BOJaX HAIMYUE
HABUTAIIMOHHBIX MPEMATCTBUHA MOTYT IMPHUBECTH K HEBO3-
MOKHOCTH PacX0XJI€HHs MAaHEBPOM HM3MEHEHHs Kypca H
BBI3BIBACT HEOOXOANMOCTh HCIIOJIB30BAHUS MaHEBpa pac-
XOXKJI€HUsI CHIDKEHHEM CKOPOCTH Cy/IHA IIyTEM aKTUBHOIO
WIN TIACCUBHOTO TOpPMOXKeHHUs. PaccMoTpum ciydail ak-
THBHOTO TOPMOXKEHHMSI CyAHA AJsl obecrnedeHust Gesomnac-
HOTO pacxoxJeHusd. JlomycTuM, HaudalbHas CHTyalus
OMacHOTO COJIMKEHHUS CYIOB JUIi HA4aJlbHOTO MOMEHTA
BpEMEHH t,=0 XapakTepH3yeTcs NEICHIOM % u -
cranuuedl D,. IIpu dopmanusanuu 3agayu Ui CyznHa

NMPUHUMAEM HA4YaJbHBIC KOOPAWHATBI CyJdHAa pPaBHbBI 0.
O‘IGBI/IIIHO, Ha4vaJIbHbIC KOOPAUHATHI LCJIM UMCIOT 3HA4YC-
HUA Xy, =Dgsingg U Yy, = Dycose, . Topmoxenue cyn-
Ha HAYMHACTCA B MOMCHT BPEMCHU to U B TCYCHUE BPC-
MCHU AKTHBHOTO TOPMOKCHUA T CKOpOCTH CyJaHa
YMEHBIIAETCA N0 3HAYCHUS Vly , IIOCJIE Y€TO CYJAHO ClIe-

JyeT ¢ JAHHOM CKOPOCTBIO A0 MOMEHTAa BPEMEHH KpaT-
yalmero cOIMKEHHs, TOCJIE Yero CKOPOCTh yBEITHMYHBA-
ercsi 10 HavajbHOro 3HaueHus V. TpeOyercs ompene-

JIUTh MaKCHUMaJbHOE 3HAYEHHWE CKOPOCTH PACXOXKICHHUS
Vi, , KoTOpoe 06o3Ha4MM Vg, obecreumBaromiee pa-

BEHCTBO JTUCTaHIMM KpaTdaimiero commwkenus MN D ¢
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MpeaeabHO-JOMYCTUMONH  JTUCTaHIUEH dd, T. €.
mnD =dy. B 3TOM ciydae morepm XOJOBOTO BPEMEHH

U PAcXOXKIEHHSI OyIyT MUHUMAIIEHBIMHU.

AXl = $inKl . AYl = &OSK]_ . AXZ = V2TSinK2 . AYZ - V2TCOSK2

rae T u S - COOTBETCTBEHHO MPOIOIKHTEILHOCTD TIe-
PEXOIHOTrO Tpolecca U MPOWACHHOE CYJHOM PAacCTOSHHE
3a 370 Bpemsa. O4eBHIHO, HA MOMEHT BpeMEHH ' mapa-
METpBl JABW)KEHHS CyJHA, KaK M OTHOCHUTENbHBIH Kypc

K
otp , CTAHOBATCS HEU3MCHHBIMU, 4 KOOPAWUHATHI CyJHA U
eI opeACIAr0TCA CICAYIOIMIMMHU BhIPAKCHUSAMMU:

Xl(T) = XlO + AXl = %inKl .
Yl(T) = YlO + AYl = &:OSK]_ .

Dp = (X1(1) = X5 (1)) % + (Y1(2) - Y (1)) 2 ; o

3HaueHHA napaMeTpOB TOPMOIKCHHUA Tu S 3aBUCAT OT

. V.
IOHNKECHHOU CKOPOCTHU Iy CyaHa, MO3TOMY HNOUCK OIl-

. V.
TUMaNbHOH ckopoctH Y™ cieyeT MpOM3BOAUTE C IIO-

MOLIBIO CJICAYIOIICTO IUKIIMYCCKOrO ajaropurMma. Bnaua-
V.

JIC B Ka4€CTBEC Iy BBI6I/IpaeTC$[ MHUHHUMAaJIbHAsA CKOPOCTh

V1ym &

CynHa , Onm3Kass WIn paBHa HYJIO, IJIA KOTOPOHU

K
OP ¥ ¢ MOMOLIBIO
Dmin(Vlymin)

PACCUYUTBHIBAIOTCS BCIIMYHNHBI T, S,

dbopmysbl (2 5) BBIUKCIACTCS 3HAYCHUS

Dmin (Vlymin)

Ecnu 3Hauenue paBHO WJIM OOJIbILIE BEIU-

d
yuHBl d , TO CYHIECTBYECT MHOXKECTBO HOIMYCTUMBIX Ma-
HEBPOB PACXOXKACHUA C IMOMOIIBIO CHUXCHHA CKOPOCTHU

\%
Y. B mpoTuBHOM cilydae clieyeT BHIGpaTh MaHEBp

PacXoXKICHUsI U3MEHEHUEM Kypca U CKOpocTH. B ciydae

Dmin(Vlymin) >dyg

K€ CIIPaBCAJIMBOCTU HEPABCHCTBA CJIe-

B MoMeHT okOHYaHHS NepexXoaHOTO IMpouecca aKTHUB-

HOI'0 TOPMOKCHHUA NpUpAlICHUSA KOOPAUHAT CyAHaA Axl,

AX,

AYy 1 LEIH AYz COCTABIISIIOT:

)

Xz(‘C) = X20 +AXZ = DO Sinao +V2TSiIlK2 .
Y2 (T) = DO CO&ZO + V2TCOSK2

HpI/I’{eM JUCTaHIMA KpaTqaﬁmero COMMKEHUS CyHOB:

Dmin = Abs[Dpsm(Kotp —ap)l @)
B KOTOPO# “p Dp
POl 3HAUCHUS TEJICHTa U TUCTAHIMH Ha
MOMEHT BpEMEHH ' OKOHYAHHUS MEPEXOJHOr0 Mmporecca
HU3MEHEHHsI CKOPOCTH CYJHA OMPEIEISIFOTCS BBIPAXKEHHSI-
MH:

 aresin 1@ = Xo(@)
D

p

©)

ZyeT YBEIUYUTb CKOPOCTh Ha BEJIMYUHY U pac-

D min (Vlymi nt AVly)

CUMTATh 3HAYCHHE , KOTOpOE CpaBHU-

o dd Vj_y
BacTCia C BCIIMYHUHOHU . CKOpOCTL nomraroBo yBe-
JIMYUBAOT A0 TCEX TIIOp, IIOKa HACTyNHUT PaBCHCTBO

Dmin(Vlymin + nAVly) =dgy ) ITostomy

Viymin + NAVq, = V.
Lymin y = "yM  onTuManbHOE 3HAYEHHE CKOPOCTH

PacXOKACHUS CyIHA.
Pe3yabTaTrhl M uX 00cy:kaenue. [l moucka OMNTH-

V.
MaJbHOTO 3HAYEHMs CKOPOCTH yKIoHeHums M cynna

HCO6XOZ[I/IMO pacnoojiaratb aHAJIUTUYCCKUMH BbIPAKCHU-
AMU JId TTapaMeTpPOB T u S AKTUBHOI'O TOPMOKEHHA B
Viy

>

3aBHCUMOCTH OT CKOPOCTH YKJIOHEHHS KOTOpbIE
cornacHo [9] UMEIOT ClIeAYIOIIHI aHATUTHYECKUIN BU:

P
VE+—
1+ Kkm u
S= In 4
= —(1\7%“ [arctg(% V) - arctg(%Vly)] A ?

rme M - macca cyana, K - kosdduument npucoemn-
HEHHBIX Macc BOJBI, " - ruapoauHamudeckuil kosddu-
HueHT conpoTtusienus u P - cuma ynopa BunTa cyasa.

D min(Viymin) <d
B ciyuae min(Vaymin) < dg 0€30IacHOe PACX0KIAEHUE
CYIHAa C UENbI HEBO3MOXXHO B IPEAETHHO-I0IYCTHMOM
nuctaniud commkenus. [loaToMy HE0GX0aUMO BHIOPATH

o K
APYyrou KypcC CyaHa ly 1 B Cliydae CyHI€CTBOBAHUA JIA
Hero 0e30macHOro MaHCEBpa pPACXOXKJACHUA HN3MCHCHHCM
CKOpPOCTH €MY COOTBETCTBYECT ONTHMajJbHasA CKOPOCTb

V. . o
yknoHeHHs Y™ mpH KOTOpPO# AMCTAaHIHSA KpaTdaiIiero
COMDKEHUS paBHA [PE/IEIbHO-I0IYCTHMOM TUCTAHIHH, T.

i = Ky V.
e. MnD=dg CoBokymHOCTh Touek (¥, YM) gpns-
o o Q
IOTCS TPaHHIEN HeXOMycTHMON obmactu -~ 4V, Ha KoToO-
poil mocTHraercs paBeHcteo D=dq , @ BHYTPH — CO-

K V.
Yy 'Y yge obecneunsaror Oe3-

YeTaHHe MMapaMeTpoB
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OIMaCHOTO PACXOXKICHHUS MaHEBPOM HM3MEHEHHS CKOPOCTH
cyaHa TopmoxkeHueM. Haiinem mpoueaypy ¢opmupona-

Qqgv

>

HUA T'paHULbL obnactu Y4uuThbiBag yCJIOBHC

mnD=dg TMoxcrapnsem Beipaxkenue ais MND y mo-
JyYUM:
ADpsin(ap -Kop) =dg

I A =sigr{sin(o, - Kggp)] _

W3 moceHero BEIpakeHUs CIeIyeT:

- dy
op =Ko +Arcsin——
ADp ,
WIIH C Y9€TOM BBIpakeHHs (3) s *p:
ArcsinM = Kotp JrArcsind—d
Dp ADp

N3 KOTOPOro CICAYCT:
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d
X 2(1) = X1(1) = Dp[Sin(K o1 + Arcsin—2-)] aag(ﬂvly) = erctqﬂvl)- -
AD JP JP
p r
’ _ }J.P : : dd
umi nocie noacranokn <2( u3 pripaxenus (1) mo- (1+ KMV ,sinK Xa () ~[sn(K op + Aresin AD D}
JIy4UM ypaBHEHHE: P u
1 . .d V.
T = Voaink, Xa(@) = Dplsin(K g + Arcsin ADd N} IONyYHM BBIpAKEHHE IS pacdera ~ MeTOZOM Mpo-
e P CTBIX UTEpAIii:
IMoxcraBisieM B TOCIEIHEE YPAaBHEHUE BBIPAXKEHUE
st (4):
P — WPy () —[sin(K +Arcsind—d)]D 1
Vyy = \/:tg[ acy JEV) @+ KmVosinK, T otp AD s ®)
u P p
__J 2 2
e Dp =y (X1(1) = X2(1))* + (Y1(1) = Y2(7))
gm |V " Leigm |V "
X1(1) = Ssinky, = My Blsinky,  Ya(r) = M B lcosky,
2u 2 P 2 2 P
Viy +— Viy +—
i i
. _ (1+Km Ju Ju
X5(t) =Dy sing, + VosinK, ~———[arctgl= V;) - arctg(—= Vq )]
oSN G Rk
(1+K)m Ju n
Y, (1) =D, cosag + VocosK, —=——Jarctg(—= V,) - arctg—= Vy )]
0 CO%to N e
Quv 270
Jnst popmupoBanus obnactu U pacyera ee rpa-
Hull OblTa pa3paboTaHa KOMIIBIOTEpHas mporpamma. B e
KayecTBe MpuMepa Oblla PACCMOTPEHA CHTYAIMs ONAaCHO- T;E
ro COMMKCHHS CyIOB ¢ mapamerpamu: D=3 wumm, . =]
K, =120° K, =70° V; =15 120 [
=200 1= , 2= 17> y3no08, w0 B
V2= 20y3n013, dg =1 muns, MNP =01\ (puc.1). &0
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]
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I'pannna oGnactn Qav HEJIONYCTHMBIX I1apaMeTpPOB
neikenns cynna (< V1), kotopas 6bLIa paccumTana
KOMIBIOTEPHOI IPOTrpaMMOii ¢ IIOMOIIBIO0 YpaBHEHUS (5),
MOKa3aHa Ha puc. 2.

Kak BumHO M3 puc. 2, mporpaMMoil BEIBOAUTCS CO00-
IIEHHE O BO3MOXHOCTH 0€30IaCHOI0 PACXOXKIEHHS CHH-
JKEHHUEM CKOpPOCTH aKTUBHBIM TOpMOkeHUEM 10 10 y3110B.
OTO 3HAYUT, YTO CYAHO, Cliefys HayallbHBIM KypCOM
120°, HayMHAET aKTUBHOE TOPMOXXCHHE B HYJIEBOW MO-
MEHT BPEMEHH, U KOTJla CKOPOCTh Cy/Ha CHH3MUTCA 10 10
Y3JI0B, TOPMOXXECHHUE MPEKPAIACTCS.

B nanmpHeiimeM cynHo cnemyeT ckopocTeio 10 y31moB
JI0 MOMEHTa BPEMEHHM KpaTdaimiero COIMKEHUs, Mocie
Yero CyJHO YBEJIWYHMBAET CKOPOCTh 10 HAayaJbHOIO 3Ha-

uerms. Anamn3 obnactu 2V MOKAa3bIBAET, YTO €€ TPAHU-
I1a TepecekaeT HavaJdbHbEIH Kype 120° B TOUKe ¢ KOOpIH-
HaTo#t 10 y310B (puc. 2), 4TO NOATBEPKIAET CIpaBeIIH-
BOCTh BBIBEJJCHHOTO cooOmeHus. B 3ToM cimydae cymHO
pasolizercs ¢ LeNbI0 Ha AUCTAHIMU KpaTdaimero cOmu-
KEHUsI, pPABHOH TPENEeNbHO-IOMYCTUMON  AWUCTAHIMN
dg =1 mune.

s mpoBepKH KOPPEKTHOCTH BBIOPAaHHOIO MaHeBpa
pPacXoKACHUS TPOU3BEICHO €ro MMHTALMOHHOE IPOUT-

pBIBaHHUE, PE3YJILTATHl KOTOPOTO MPEACTAaBICHBI Ha PUC. 3.
Ha pucynke oroOpakeH MOMEHT KpaTyaWIiiero coimxe-
HUS CyIHA C IeNIbI0, KOTOPBIM HAcTynmwiI Ha 653 ¢ mpo-
Lecca pacxoKAeHHs, MPUYEM JUCTaHIUS MeIy CYIHOM U
uenbto paBHa 1,007 mwiy, T. €. NpeneabHO-AOMYCTUMON
JUCTaHIMKM COJNMIKEHHS, YTO MOATBEPKIAET KOPPEKT-
HOCTB CII0C00a OIPE/ICIICHNSI MAHEBPA PACXOXKIACHHSL.

BriBoabI

1. Homy4yensl GopMynsl pacdeTa TPaHHUIBI OOIACTH
HEJIOMYyCTUMBIX IapaMeTpOB JBHXXEHUS Cy/HA, C IOMO-
IIbI0 KOTOPOI BO3MOKEH BBIOOP MaHEBpa PacXOXKICHHUS
CHI)KEHHEM CKOPOCTH CyJHa aKTUBHBIM TOPMOXKEHHEM |,
YTO MPEACTABIIET HAYYHYIO HOBH3HY NCCIIEJOBaHMS.

2. [Toxa3zana peannzanys IpeIUIoKeHHOTO crocoba ¢

MOMOIIBI0 KOMIBIOTEPHON IPOTPaMMBl U TIPHUBEACH
MIPUMEpP OIPEAEICHHUsT ONTUMAIBLHOH CKOPOCTH PacX0ik-
JICHUSI, KOTOPBIN IOATBEP)KAAET ONEPaTUBHOCTH CIIOCO0a
BBIOOpa MaHEeBpa PacXoXKACHHUS.

3. IlpuBeneH pe3ynbTaT IPOUTPHIBAHUS MaHEBPA Pac-
XOXJACHUA UMUTAITUOHHBIM MOJCINPOBAHUEM, KOTOprﬁ
MIOJTBEPKIAET KOPPEKTHOCTH MPEATIOKEHHOTO CrIocoba

OIpeiesIeHUsl apaMeTpOB MaHEeBpa.
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The maneuver of the ship's passing by decreasing of the vessel’s speed by active braking

Ye. L. Volkov

Abstract. For situations of dangerous rapprochement of the vessel with the target, in case of necessity, with maneuver of passing by
a decreasing of the vessel’s speed, a method of selecting the maneuver parameters by active braking with the help of an area of
unacceptable parameters of the ship's motion is suggested in the paper. Anaytic expressions for determining the optimal rate of the
speed for the safety passing are obtained, and the implementation of the proposed method is given in a computer program. The cor-
rectness of the proposed method is confirmed by simulation modeling.

Keywords: safety of navigation, prevention of collision of vessels, area of unacceptable parameters of ship movement, vessel’s
passing maneuver by decreasing of the speed by active braking.

101



Science and Education a New Dimension. Natural and Technical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

Editor-in-chief: Dr. Xénia Vamos

Thejournd is published by the support of
Society for Cultural and Scientific Progressin Central and Eastern Europe

Késziilt a Rozsadomb Contact Kft nyomdajaban.
1022 Budapest, Balogvar u. 1.
www.rcontact.hu

102


http://www.rcontact.hu/

	NAT_V_148_cimlap.pdf (p.1)
	NatTech_V_148_belso.pdf (p.2)
	Impress.pdf (p.3-4)
	NatTech_V_140_Content.pdf (p.5-6)
	ALAP148.pdf (p.7-101)
	Arch_Shulha_H_article_2017.pdf (p.1-3)
	Arch_Storozhuk_S_article.pdf (p.4-8)
	Chem_Pidgornyy_A_article.pdf (p.9-12)
	Ecol_Ivanets_O_article.pdf (p.13-15)
	Ecol_Kurianova_I_article.pdf (p.16-20)
	Econ_Shevchenko_Yu_article.pdf (p.21-23)
	Fizika_Ivanitsky_J_article.pdf (p.24-27)
	Fizika_Zhuraev_Article.pdf (p.28-31)
	IT_Osinchuk_O_article.pdf (p.32-34)
	IT_Temnikov_V_article.pdf (p.35-37)
	Mat_Abramov_V_article.pdf (p.38-40)
	Mat_Zamrii_I_article.pdf (p.41-43)
	Med_Huzak_Article.pdf (p.44-46)
	Med_Kalinichenko_D_article.pdf (p.47-50)
	Sport_Phisiology_Timchik_O_article.pdf (p.51-53)
	Tech_Barabash_O_article.pdf (p.54-56)
	Tech_Burmaka_A_article.pdf (p.57-59)
	Tech_Burmaka_I_article.pdf (p.60-64)
	Tech_Kalinichenko_G_article.pdf (p.65-68)
	Tech_Kazak_Y_article.pdf (p.69-71)
	Tech_Nestoruk_N_article.pdf (p.72-75)
	Tech_Omelchenko_T_article.pdf (p.76-78)
	Tech_Ostapenko_O_article.pdf (p.79-83)
	Tech_Pyatakov_E_article.pdf (p.84-87)
	Tech_Severin_V_article.pdf (p.88-91)
	Tech_Volkov_Y_article.pdf (p.92-95)

	end.pdf (p.102)

