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TA IX TEXHIYHA EKCITAYATAILILISI

YIK 627.3 DOI: 10.33082/td.2019.2-5.04

PACIIUPEHHUE OBJACTU IPUMEHEHUSA
MPUYAJIBHBIX COOPYKEHUM 3CTAKAJTHOTO TUIIA
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ORCID ID: 0000-0003-1229-1717, m.doubrovsky@gmail.com
* TeHepalIbHBIN THPEKTOP,

000 «Jlaxocay, Odecca, Ykpauna,
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Annomauusn

Buvinoanen ananuz xoncmpyxmuenvlx peweHuti nopmosou npUtaiIbHol ICMaKaobl.
Onpedenenvt  npuuumsbl  02PAHUYEHHOCIU — O0IACTIU — NPUMEHEHUsI  NOPMOBbIX
HabepedcHvIX-3cmaxad, K KOMOpvIM caedyem omuecmu Oeuyum npouHoCmu u
Hecywel cnocoonocmu. Ha KOHKpemHbIX npuMepax CEaHbvlX 3cmaxao, 6036€0eHHbIX
U/ UnU PEeKOHCMPYUPOBAHHBIX 8 YKPAUHCKUX MOPCKUX NOPMAX NPOAHATUUPOBAHB UX
IKCIIYAMAYUOHHBIE NAPAMempyl, onpedeneHvl docmouncmea u nedocmamku. Kax
NepCneKmugHoe HanpasieHue CcOBePULeHCINEOBAHUS HADEPEICHBIX-ICMAKAO PACCMO-
MPEHO UHHOBAYUOHHO2O NPEONodiceHe N0 OCHAUWCHUIO CEAUHLIX ONOP COOPYIHCEHUS
NPOCMPAHCMBEHHBIM KAPKACOM, NO360AAIOWUM obecneuums 0O1a2onpusmHoe nepe-
pacnpedenenue HewHux Haepy3ok. lopuzonmanvhvie HASPY3KU BOCHPUHUMAIOCS
CEAUHBIMU ONOPAMU, CEA3AHHBIMU C POCMBEPKOM NPUYALA, d 6EPINUKATbHbIE HAZPY3KU
YACTNUYHO UTU NOTHOCMbIO NEPe0aromcs uepe3 OnopHvle Namvl KapKaca Ha 2pyHmo-
60e ocHosanue OHa. /[na pacuupenus obnacmu npumMeneHus pacCmompenHoco peuie-
HUSL YenecoobpasHo obecnedums e2o npuMeHeHue U Oisk COOPYICEHUN, GKITOUAIOUUX
NOONPUHATILHBLI KAMEHHBLU OMKOC.

Knwouesvie cnosa: scmaxada, nadepedcHas, pocmeepx, c6ds, NOONPUYAIbHbI
OMKOC, HeCYuWasi CnOCOOHOCHIb.

© Bbornesny A.P., 1yoposckuii ML.II., KocTiokoB A.A., 2019
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Anomauisn

Bukonanuii amaniz KoHCMpyKMueHUX piuieHb NOPMOGoL NpuydIbHOI ecmakaou.
Busnaueni npuuunu obmesicenocmi obnacmi 3acmocy8aHus NOPMOGUX HAOEPEeHCHUX-
ecmakao, 00 AKux ciio gi0Hecmu deiyum miynocmi i Hecyuoi 30amuocmi. Ha konkpem-
HUX NPUKIAOAX NATbOBUX eCTNAKaAOd, 36e0eHUX 1/aD0 PEKOHCMPYUOBAHUX 8 YKPAIHCLKUX
MOPCbKUX NOPMAX, NPOAHANI308AHI IX eKCnlyamayiiuni napamempu, UsHa4eti nepesa-
eu i Hedoniku. Ak nepcnekmueHull HanPsImM YOOCKOHANEHHS HAOEPeHCHUX-eCMAaKAo po3-
2NAHYMO IHHOBAYIUHY NPONO3UYIIO U000 OCHAUEHHS NAbOGUX ONOP CROPYOU NPOCMO-
POBUM KAPKACOM, WO 0036015€ 3a0e3neuumu CRpusmiuguil nepepo3nooisl 306HIUMHIX
HABAHMAdiCeHb. 1 OPU3OHMANbHI HABAHMANICEHHS CHPUUMATOMbCSL NATILOBUMU ONOPAMU,
AKI 106 SA3aMI 3 POCMEEPKOM NPUYATY, A BEPIMUKATLHI HAGAHMANCEHHS YACMKO8O AO0
NOGHICIMIO NEPeOalombCsl Uepe3 ONopHi N amu KapKaca Ha IPYHmMo8y 0CHO8y OHa. /s
po3wupentss 00nacmi 3aCMoCy8aHHs pO3LNAHYMO20 piuleHtsi OOYiNbHO 3abe3nedumu
11020 3ACMOCY8AHHA T 0I5t CNOPYO, WO BKIUAIOMb NIONPUYATbHUL KAM SIHULL YKIC.

Knwuogi cnosa: ecmaxaoa, nabepedicna, pocmeepk, najs, nionpudaibHull yKic,
Hecyua 30amuicmo.
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Abstract

Introduction. The analysis of typical design solutions of port piled quay walls
is presented. In Ukrainian seaports they were erected mainly 50-60 years ago and
earlier. Fast vessels development requires corresponding parameters of the quay
walls. That’s why it is essentially important to study reserves of piles bearing capacity.
Purpose. It is necessary to determine the field of application of the considered
structures at the modern conditions as well as to assess possibilities of their operation
without modernization or by mean of reconstruction. There are determined the main
reasons of the limitations of the field of application for the considered structures.
These reasons include a deficit of both strength and bearing capacity. Results.
Concrete samples of the piled quay walls constructed or reconstructed in some
Ukrainian seaports are considered. For such seaports as Chernomorsk (former
1llychevsk) on the Black Sea, Mariupol and Berdyansk on the Sea of Azov technical
and operational parameters of the piled quay walls are analyzed; their advantageous
and shortcomings are determined. To improve typical design and to increase its
bearing capacity the innovative suggestion on providing 3D framework for each
pile is considered. Such approach allows favorable redistribution of the external
loading. Horizontal loads are adopted by piles connected with the quay's cap. Vertical
loads partially or totally are transferred to the bottom's soil via bearing shoe of the
framework. Different connection solutions between pile’s head and the structure’s
cap are proposed depending on soil conditions in the bottom ground. Conclusions.
Considered innovative approach may be successfully applied to create piled berthing
structures of increased bearing capacity. The next task is to provide more universal
solution for piled quay walls which contain stone fill slope under the piled cap.

Key words: piled cap, quay wall, pile, fill slope, bearing capacity.

BBenenune

K HabepexHbIM CBalfHON KOHCTPYKIIMH OTHOCST NPUYaIbHbIC COOPYKECHUS C BBICO-
KHM CBaiHBIM POCTBEPKOM, COCTOSAIIIE U3 IByX OCHOBHBIX 3JIEMEHTOB: CBAlfHOTO OCHO-
BaHUS M3 BBHICOKO BO3BBIIIAIONINXCS HaJl YPOBHEM JHA OJUHOYHBIX CBA M CILIOLTHON
TOHKOM CTEHKH (B CKBO3HBIX COOPY)KEHHUSAX €€ HET), a TAK)KE POCTBEPKA, CBA3ZBIBAIOIIETO
MEXIy cOOOM TOJIOBEI CBail 1 00pa3yloero TeppuToputo mpuiana [1-4].

CpaiiHoe OCHOBaHHME MOXKET COCTOATH TOJBKO M3 BEPTUKAIBHBIX CBAll WM BEPTH-
KaJIbHBIX ¥ HAaKJIOHHBIX, MJIM TOJIBKO W3 HAKJIOHHBIX. HaKk/IOHHBIE CBaM MOTYT BOCIIPH-
HUMATb 3HAYUTEIbHEee TOPU3OHTAbHBIC HATPY3KU OT HaBaJla Cy[0B M HaTSHKEHUS IIBap-
TOBOB, U OT JaBJIEHUS TPYHTa B POCTBEPKAaX, MMEIOMIMX CIUIOIIHbIE TOHKHE CTEHKHU.
Caasm npunatorcest ykioHs! oT 20:1 mo 1:1. OcHOBaHME ¢ HAKIIOHHBIMH CBasIMU MOYKHO
CKOHCTPYHPOBATh TaK, 4TO CBau Oy/lyT BOCIIPUHIMATH B OCHOBHOM TOJILKO MPOOIbHbIE
CKMMAIOIINE WM PACTATHBAIOIINE YCHINA. biaronapst 3ToMmy MOXXHO IPUMEHSTh CBaH,
He oOnajarolye OONIBIIMM COPOTHBICHHEM M3ruly. OIHAKO CBaW MOTYT BOCIIPHUHU-
Marh TaKXke IONepevHble U KOMOWHUPOBAaHHBIE CHJIOBBIC BO3JICHCTBUS, T. €. MOABEP-
ratbCcsl mornepeyHoMy M3ruly. B menom BbICOKHE CBaifHbIE POCTBEPKH MPEACTABISAIOT
c000ii HeM3MeHsIeMble CUCTEMBI YacTO B BUE PaM, KOTOPbIe MOTYT BOCIIPUHUMATH BEp-
TUKaJIbHBIE ¥ TOPU30HTAIBHbIE HATPy3KH.
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Yamie Bcero B MOPCKOW THIPOTEXHUKE MTPUMEHSIFOTCSI IPU3MaTHYECKIE CBan ceve-
HueM 45x45 oM, nimnHoM 24 M 1 6oJ1ee ¢ HeCyIIel CroCcoOOHOCTRIO TPH padoTe HA CIKATHE
600— 900 xH u Gonee [1-4]. B cBsi3u ¢ Bo3pacTaHneM DITyOUH U yBEITMUECHHEM HATPY30K
KOJIMYECTBO TAKMX CBail B KOHCTPYKIIMHU ITPHYAIIA PE3KO BO3PACTACT, YCIOKHACTCS MOH-
TaXX BCPXHETO CTPOCHUSA U YBCIMYMUBACTCSA CTOMMOCTL COOPYIKCHUS. B T0 xe BpEMms,
10 CPAaBHEHMIO C TPABUTALIMOHHBIMU IPUYAJIbHBIE COOPYKEHUS CBAHON KOHCTPYKIUU
0os1ee YKOHOMUYHBI, 0COOEHHO TPX OONBIINX TITyOHUHAX.

1. OcHoBHBIE THIILI CBAHHBIX nmpu4aJjaoB

Pasznuuaror 1Ba OCHOBHBIX THIIA TPUYAIBHBIX COOPYKEHUIN CBATHOM KOHCTPYKIIUHU:

— pacnopmule, B COCTaB KOTOPHIX KPOME CBail BXOJAT CIUIOUIHBIC TOHKHE IIMTYHTO-
BbIC CTEHKH; IPH PACTIONIOKESHUHM CTEHKHU TI0 KOPJIOHHOW JTMHUU KOHCTPYKIIUS Ha3bIBa-
eTCSl HAOePeNCHOU CMeHKoU ¢ nepednum wnywmom (puc. 1, a), a B ThUJIOBOH YacTH —
¢ 3aonuu wnynmom (puc. 1, 6);

— CKBO3HblEe (Icmakaoubie), He TIOABEPKEHHbIE OOKOBOMY JIaBJIIEHUIO TPYHTA.

st obecriedeHusi TPyHTOHEPOHUIIAEMOCTH CIUIONIHBIX CTEHOK MPHMEHSIIOTCS Te
JKe crocoObl, 4TO U B O0JIbBEpKax. Pa3nuuaroT Hecyue 1 HEeHeCyIllne TOHKHE CTCHKH.
B mepBoM cnydyae Ha CTEHKY, BOCHPHHHMAIOIIYI0 OOKOBOE JaBJICHHWE I'PyHTa, Hepe-
JIAeTCsl TaKXe M 4YacThb HAarpy3KH, JIEHCTBYIOLIEH Ha poCcTBepK. Bo BTOpoM ciyuae
COIIPSDKEHNE POCTBEPKA CO CTEHKOM BBITIONHSCTCS TaKUM 00Pa3OM, YTO HArpy3KH OT
pOCTBEpKa CTEHKE HE MepeaatoTcsl.

@ 12

200 *95
¥ T

Puc. 1. Habepedicuvie ¢ nepedHum u 3a0HUM WNRYHMAMU!
a — ¢ NepeoHUM WNYHMOBLIM PIOOM, O — ¢ 3A0OHUM WNYHIMOBLIM PIOOM.
Hcemounux: catim [4]

B scrakagax OTAENBHBIE ONOPBI Pa3MELICHbl B OCHOBHOM PABHOMEPHO IO JJIMHE
coopyxeHusi. CKBO3HbIE IPUYATIbHBIE COOPYKEHHS MOTYT pacloiaraTbes BIOJIb Oepera

10
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Ha HEKOTOPOM PACCTOSHUU OT HETO U COCJHMHATHLCS C OEPEeroM OTIEIbHBIMU Che3/laMH
JCTAaKaJHOTO WJIM MOCTOBOTO THIA B BHUJIE KAMEHHBIX JaM0 W JIp., WJIH MPUMBIKATh
K Oepery mo Bcell JJIMHE COOpyxeHuUs. B mocnennem ciiyyae nmpudaiibHbIE COOPYIKe-
HUS TIEPEeKPBIBAIOT €CTECTBEHHBIM MJIM MCKYCCTBEHHO CO3/IaHHBIA OeperoBoil OTKoC.
Jia yMeHbIIeHHs MHMPUHBI HaOepeKHON-3CTaKabl 4acTO TOA MPHYAIbHBIN OTKOC
MIPUKPBIBAETCS MMEIOIEH OOJNBIIYI0 KPYTH3HY KaMEHHON OTCHINbIO, KOTOpas OTHO-
BPEMEHHO 3allIMIIaeT IPyHT OT pa3MbIBa, a B MECTE COTPSKEHUs ¢ OeperoM ycTpanBa-
eTcs moArnopHas creHka. lloanpudanbHble KaMeHHbIE OTKOCHI KpyTH3HOH oT 1:1,5 1o
1:1,8 moznBep>keHBI pa3MBIBAIONIEMY BO3JEHCTBHIO MPOHUKAIOIINX Ha 3aKPBITYIO aKBa-
TOPHIO TIOJIOTUX BOJH BBICOTOM CBBIIE 1 M. OTKOCHI KpensT kaMmHeM Maccoi oT 200 1o
1000 xr u 6onee.

19.32

1 \ 275 525 2.285 9.83 132}
3
n Nt n-
5 i) s s o
— =
.‘:M—n' \.ﬂ:L m IﬁKJ:L > * o
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® |
M | ’ | |
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Puc. 2. JKenezobemonnas scmaxada na nped8apumenbHo HANPIHCEHHbIX C8UASIX CO
COOPHBIM BEPXHUM CIPOCHUEM C ONOPHBIMU Kanumensmu, 1-ueapmosnas mymoa;
2-HA20N068HUKU,; 3-NOKpblmue, 4-noonpuuanbHulil omkoc, 5 — uromp, 6 — ceau.
Hcemounux: cxema uz yueonurxa [2]

CKBO3HBIE HAOEPEKHBIE Ha KEJIe300eTOHHBIX CBAsSX CTPOMIIMCH eIle B Hadajae XX B.
[IpenmyIiecTBEHHO MPUMEHSIOTCSI HA0EPEIKHBIE ICTAKATHOTO THTIA C BEPXHHUM CTpPO-
eHHEM TakKke W3 jkene3o0eToHa. Hambonee pacnpocTpaHeHbl BEpXHHE CTPOCHUS U3
IUTAT U Oanodnbie. [Ipu 3HAYUTENBHBIX KOJICOAHUSIX YPOBHS BOJBI MHOT/A MIPHUMEHSIOT
pemeTdaToe BepxHee cTpoeHHe. CBau JTOBOIAT IO YPOBHS OCTOHHPOBaHMS O€3 BOHO-
OTJINBA, & BBIIIEC HAPANIMBAIOT CTOMKAMH, COCTUHIEMBIMU MEXKTy COO0I rOpH30HTAIb-
HBIMH, & B OT/ICIBHBIX CIy4YasX U HAKIOHHBIMHU CBSI3SMH, pa3MeniaeMbIMU B OJIH HJIH
HECKOJILKO SIPYCOB.

11
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Bonpioe xomayecTBo cOOpHBIX HabepeXHbIX-ocTakan B noprax Omnecca, Hukonaes,
Mapuyrmons u Apyrux TOCTPOEHO IO THIIOBOMY IPOEKTY, pa3padoTaHHOMY /I ITyOuH 8,25;
9,75 u 11,5 M (puc. 2, a). llar cBaii B IpomoIpHOM HAIMPAaBICHUH 3 M, JTHHA CeKIUH S0 M.

JlocTaro4HO MIMPOKOE PaclpoCTpaHCHUE TMONYYMIM COOPYKEHHs Ha CBasx-000-
JIOYKaX C TUIMTHBIM MM OaIOYHBIM BEepXHHUM cTpoeHueM. [Ipu nmonepedHo-pureasHon
cUCcTEeMe OCHOBHBIC HecyIue OaKku (pUrenn) yKiIaaplBaloTcs Ha OMOPHI ONEepeK Mpu-
yana, Oarojaps 4eMy o0ecreunBaroTCst 0OJIbIIast ToNepeyHast ’KECTKOCTh COOPYKEHHN
¥ BO3MOXKHOCTH YCTPOMCTBA B Cilydae HEOOXOAMMOCTH OOJBIIOTO YHCIIa KAHAIOB JUIS
MHXEHEPHBIX CETEH.

2. He[lOCTaTKI/l MOPTOBLIX NPUYAJILHBIX 3CTaKa/l

Ha cerogasmmmii 1eHb SKCILTyaTUPYETCS PsiI MPUYAIOB B BUC HAOCPEKHBIX-ICTa-
KaJl, B 9acTHOCTH B UepHOMOpckoMm, OnecckoM, bepasackom u MapruymnoasCckoM mop-
Tax, mocTpoeHHbIX 50 u Ooyee JIeT Ha3aj, KOTOPhIE ObUIA 3alTPOCKTHUPOBAHBI IS TIIY-
6un Mops 9,75 mu 11,50 m.

Yka3zaHHbIC TITyOUHBI SIBJISTFOTCS HE OCTATOYHBIMH JIJISi COBPEMEHHOTO (DII0Ta, K IPH-
YajiaM MOJIXO/AT Cy/ia BCe OOJIBILEro JeIBEHTa U pa3MEPEHUN, B CBS3U C YeM BO3pac-
TAIOT HArPy3KU Kak OT HaBaja CyJdHa, TaK U OT HaTsKEHUSI IBAPTOBHBIX KaHATOB.

OHOBPEMEHHO BO3HUKACT MOTPEOHOCTh YCTAHOBKU Ha IpUYasiax 000pyd0BaHUS
BBICOKOH TPOU3BOAUTEILHOCTH, OOJIBIIETO Beca. BeaencTBue 3TOro CyIiecTBYIONINE
MIPUYAJIBI B BUJIC CBAHBIX dCTaKa (B IEPBYIO OYEPEIh, UX CBAWHBIC OCHOBAHHUS ) UCUEP-
Tajiu pe3epBBI HECYIIECH CITIOCOOHOCTH.

CrnenoBarenpHO, HAOEPEIKHBIC-2CTAKAIBI MTOJICKAT MOICPHUBAINH, PEKOHCTPYKITUN
Y YCUJICHHUIO, UCTIOIb3Ysl COBPEMEHHbBIE TEXHOJIOTHUH, B TOM YMCIIE 32 CUET YBEIUYEHUS
HeCyIIei croCOOHOCTH CBAHBIX OCHOBAHUH pacCMaTPUBACMBIX COOPYKECHHIA.

3. AHaJIM3 Ha0epeKHBIX-ICTaKaJ B MOPCKHUX MOPTAX YKPauHbI
3.1 Hpuyan Ne 3 B nopty Mapuynouab

IMpuuan Ne 3 sBIsSeTCS COCTaBHOM YacThiO Meperpy3odHoro ¢ponrta XiieOHOH
raBanu ¢ jauuHON 145.6 M [5]. Ilpuyan Ne 3 pacnonokeH Ha 3aKpPBITONW OT BOJHEHUS
akBatopuu. CTpOUTENbCTBO NpHyaia oTHocuTcs K 1967-1969 r. Ero nasznauenue —
neperpy3ka HaChIMHBIX TPY30B U METAJUINYECKUX Tpy30B. KoHCTpyKIMs npuyana rpe-
CTaBigeT co0oi HabepeKHyI0 B BHJE ACcTakajbl mupuHon 14.50 M co cOopHO-MOHO-
JUTHOUW BEpXHUM CTpoeHueM (puc. 3).

B momnepeuHoM HampaBiIeHMH POCTBEPK ICTAKaabl MMEET ISTh PSA0B Kenezo0e-
TOHHBIX HanpspKeHHBIX cBail ceuenneM 40x40 cm mmHo# 16 u 18 M ¢ marom 2,50 m
u 2,75 m — cexnuu 1-2; ceuenueM 45x45 cm pmunoi 20 M u 21 M ¢ mmarom 2,40 m
u 2,85 M — cexmust 3. KopaoHHEIN ps cBalf B POIOJIBHOM HAMPABICHUU MMEET Iar
2,5 M, cpeaaue psaasl — 5 M. Hlar cBait ThUIOBOTO psima MPUHAT 2.5 M C TOCIETYIO-
MM Yepe/IOBaHHEM HAaKJIOHHBIX M BEPTUKAJbHBIX cBail. HakioHHBIE cBan ¢ YKIIOHOM
4:1 pacmionararoTcst B MJIOCKOCTH TONEPEYHBIX PaM, a BEPTHUKAIbHbIE — B IPOMEKYT-
Kax MeXay HUMH. BepxHee cTpoeHHe BBIIIOJHEHA ITyTeM OMOHOJIMYUBAHUS COOPHBIX
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JKeJe300eTOHHBIX TUIMT. [loampuyanbHBIi OTKOC YKPEIUIEH OT pa3MbIBa OTCHITIKOM
kaMHs Maccoit 15 ... 100 kr.
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Puc. 3. Cxema npuyana Ne 3 6 euoe ceatinoil acmaxaost ¢ nopmy Mapuynono.
HUcemounux: [lacnopm eudpomexuuueckoeo coopyscenust [5]

Tei0BOE COMpsKEHME MpHUYalia ¢ OEperoM BBIIIOIHEHA ¢ OAHOTO Kypca OETOHHBIX
MaccuBOB ¢ moTepHamu pazmepoMm 0.5x1.0 M Ans MHXKEHEPHBIX CETel. 3a MacCHB-
HOW CTEHKOM OTChIaHa KaMeHHas Npu3Ma u3 kaMHA Maccoit 15 ... 100 xr ¢ ykioHOM
1: 1 ¢ nBYXCIOHHBIM IEOCHOYHBIM KOHTPQUIBTPOM.

[To pocTBepKy yIIOXKEHO IEMEHTHO-OETOHHOE TIOKPBITHE, Ha TEPPUTOPUH — C JKeJIe-
300€TOHHBIX IUIUT, ac(hanbro0eToHa, Iiaka. [Ipuyan o0OpyIOoBaH CyJOBBIMH U Kpa-
HOBBIMHU JJICKTPOKOJIOHKAMH, MIBAPTOBHBIM TyMOAaMH M OTOOMHBIMH YCTPOMCTBAMH.
Ha npuyane pacrnonoxeHs! KpaHoBble myTH mupunHoit 10.5 M, qnmunoit 145.6 M u nBa
KEJIE3HOIOPOKHBIX Iy TH.

['pyHTOBBIEC YCIOBHUS XapaKTEPU3YIOTCSl HATMUMEM IJIMHUCTHIX WIIOB OY€Hb TEKyueH
KOHCHCTEHIIMH, MOITHOCTh cJios uia ot 0,3 M 10 3,0 M. ITox uaom 3ajieraror MIMCTHIC
CYDJIMHKH Y TJIMHBI TeKy4eH U MATKOIUIACTUYHOTO KOHCHUCTEHIUH, MOIIHOCTh CJIOS OT
2,3 M 10 4,0 M. Huxe 3aneraer ciaoi TyroriacTUYHBIX M MOTYTBEP/IBIX INIMH MOIIHO-
cThio cnost oT 0,5 M 10 4,5 m.. bl 1 TekydennacTU4YHble CyTIIMHKN ObUTH 3aMEHEHBI
[IECYaHBIM I'PYHTOM U TPAHUTHBIM OTCEBOM.

3.2 IIpuyan Ne 14 B nmopty UepHomopck
[Ipuuan Ne 14 moctpoen B 1970 1. mo npoexty uncruryta «HepaomopHUnpoexr».
Jmuaa mpruana — 175,0 M, mpoeKkTHass OTMETKa JMHUHM KOpAoHa mpuyana — 2,44 M,

a MPOEKTHAs I1yOrHa BO3JIe JIMHUU KopiaoHa — 11,5 M (ot «0» mopra UepHOMOPCK).
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[Mpuuan npeacrapiseT coO0H MATUPSIIHYIO 3CTaKajay Ha KeJe300€TOHHBIX CBasX
€0 cOOPHO-MOHOJINTHOM KeNe300€TOHHBIM BepXHUM cTpoeHueM (puc. 4) [6]. CpaiiHoe

OCHOBaHHE — JKeJIe300eTOHHbIE cBan cedueHueM 45x45 cm. [loanpuyanbHelii 0TKOC — U3
kamHst Maccoit 15 ... 100 xr, yxion 1: 1,45.
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Puc. 4. Cxema npuuana Ne 14 6 nopmy Yeprnomopck 6 sude ceauinoll 3¢maxaoul.
Hcemounux: Ilacnopm eudpomexuuueckoeo coopysicenus [6]

[Tpuuan oGopyaOBaH ILIBAPTOBHBIMU U OTOOMHBIMU YCTPOHCTBAMH, KaHATaMHU WHIKE-
HEPHBIX KOMMYHHKALUH, KPAaHOBBIMHU M JKEJIE€3HOAOPOKHBIMHM IYTAMHU, MOKPBITUEM
u zap. [Ipuuan paccuntan Ha Harpy3Kky no I kareropuu.

I'eonornueckoe cTpoeHUE NPEACTABIEHO MOPOJAMH Y4YacTKa COOTBETCTBYEILEro
00IIEro TeoJOrn4eckoro cTpoeHust AonuHbl CyXoro JiMMaHa. MHTEpBajle OTMETOK
munyc 11,5 — munyc 15,9 M 3anerarot MsArkoracTHyHble MUHBI (c10i 1). MomHocTh
cinost — 110 4,4 M. B unrepBane ormetok munyc 14,7 M — munyc 23,3 M 3ajeraeT niMHa

noxyxectkas (cioit 2). MomHocTh ciosi — 10 7,4 M, HHXKE — IIMHBI MEOTHYECKUE OT
TYTOIUIACTUYHOM K TBEpAOH (cioi 3).

3.3 IHpuuaa Nel B mopry bepasnck

B 1817 r. Obula BO3BeAeHA JIBYXPsIHAS KOHCTPYKIIMS C KAMEHHBIM 3allOJHCHUEM.
[ocne pexoHcTpykuuu B 1912 1. KOHCTpYKIHMS peACTaBIIsIIA COOOM CBalHBIM POCTBEPK
¢ 3amHUM mmyHTOM. [lepeBsiHHble cBam auamerpoM 28-30 cM, jumHoW 10,5 M Obutn
MIOTPYXKEHBI YETHIPbMSI ITPOJIOJIBHBIMU PSIZIaMHU C YKJIIOHOM B CTOpOHY Oepera. [Ipomois-
HBIW 1mar ceait cocrasisut oT 1,0 mo 1,9 m (B cpennem 1,45 m), nonepeunsiii mar-0,9-
1,1 m. [Tozxe B THUTOBO# 4acTH 3CTaKa bl ObLIH ITOTPY>KEHBI KeJIe300€TOHHbBIE CBaU ceve-
HueM 45x45 M, 1mnoi 16,0 M. XKene300eToHHbIE CBau PaCTIONIOKEHBI B IPOJIETAX MEKIY
MOTIEPEYHBIMU PSAAMU IEPEBSIHHBIX CBald Ha paccTosiHuu 4,5-4,6 M OT JIMHUM TPAHUILIBL.
KopnonHnas nmogkpanoBast 6aika umeer cedenue 80x135 cM. 3aHuii NImyHT ObLT BBITION-
HEH U3 JICPEBSIHHBIX JOCOK MUPUHOH 7,5 cM, TonmuHou 4,0 cM, 1auHo# 6,5 M.
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KopmoHHast HUTh KpaHOBOTO TyTH ObLIa BBIMOJNIHEHA HA CBaWHOM, THUIOBas — Ha
HIMajgbHO-0aJTacTHOM OcHoBaHWM. CBallHOE€ OCHOBaHHME BKIIIOYACT B TPOFOJIBHBIX
psilia BEpTHKAIbHBIX cBail. CBau MOTPYKEHbI MEX]Y JCPEBSIHHBIMH CBasMHU CTapoi
KOHCTPYKIMU. HampoTWB MecT yCTaHOBKHM IHIBAPTOBBIX TyMO SIBIISETCS HAKJIOHHBIC
XKeJe300eTOHHBIE CBau (T10 JIBE Ha KXY MIBAPTOBBI TyMOY,) OTPYKEHBI C YKIOHOM
B cTopoHy Oepera [7]. BepxHee cTpoeHue dcTakaabl BHIIONHEHO B BUjae 0e30aiiou-
HOW MOHOJIUTHOM >KeNle300€TOHHOM KOHCTPYKIIMH, IPETyCMOTPEHO JIBE MATTEPHBI JUIS
WH)KEHEPHBIX KOMMYHHKAIIUH.

3a1Hs1s NITYHTOBASI CTCHKA BBITIOIHEHA M3 METAJUTHUECKOTO MITyHTa TUTA «JlapceH- V.
[InmyHTOBas CTeHKa 3aaHKEPOBaHA CTAIbHBIMU aHKEPHBIMH TATaMHU 32 KO3JIOBYIO aHKep-
HYIO OIIOpY M3 kKene300eTOHHBIX cBai. JIniieBas cTeHKa BBIIOJIHEHA U3 TTAKETOB HEKOH U~
LMOHHBIX TPYO muamerpom 152-168 MM, OCh CTEHKH UMEET JIOMaHBIH CHITYIT.

KoHcTpyKuust aHKepyeTcsi C MOMOIIBI0 THOKHUX TAT 32 aHKEPHYIO CTEHKY U3 TaKe-
TOB HEKOHJIMIIMOHHBIX TpyO. [1akeTsl UMEIOT Te ke pa3Mepbl U KOHPHUTYpaIluio, 4To
U TIaKeTHl JIMIIEBOW CTEHKH, HO HE OOBEIMHEHBI MEXKIYy c000i 0Ope3kamMHu perhCoB
Y TIOTPY>KEHBI B OJHY JINHUIO (pHC. 5).
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Puc. 5. Cxema npuuana Nel ¢ ude ceatinou scmaxadvt ¢ nopmy beposinck.
HUcmounux: Ilacnopm eudpomexnuyeckoeo coopyoicenus [7]

Hancrpoiika BbINOJIHEHA U3 JKEI€300€TOHA, THUIOBOM YaCThIO OMHUPAETCS Ha KOP-
JIOHHBIN PsiJT CBall U OMOHOJMYCHA C KOPIAOHHOW MOJKPAHOBOH Oalikoif; Ha mpuyalie
UMEIOTCS 1B TATTEPHBI IS MHKCHEPHBIX ceTel. KoHcTpykums mpudana paccayuTaHa
Ha SKCIUTyaTallMOHHbIe Harpy3ku | kareropuu. [Ipuuan oGopymoBan 9 mBapTOBHIMHU
tym6amu TCO-40 u 44-mMs51 OTOOWHBIMHU YCTPOHCTBAMHU.

W3 mpencTaBaeHHBIX MPOESKTHBIX PEIICHUH, XapaKTePHbIX IS Psla YKPAUHCKUX MOP-
CKHX [IOPTOB, OUYEBH/IHA MPOOIIeMa JIS(HUIINTA HECYILEH CIIOCOOHOCTH CBAHBIX OCHOBAHUI
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BCJIEJICTBME KaK MX HEIOCTaTOYHO KECTKOTO IMOMEPEYHOr0 CEUEHUs], TaK U HE3HAYUTEIb-
HOW TIyOWHBI TIOTPY)KEHUSI B TPYHT JHA. YBEIWYEHHE TTyOWHBI BOABI Yy HaOEpEKHBIX-
3CTaKa] Jijist 00€CIICUCeHHS MOIX0/1a ¥ 00CITY>KUBAHUS CY/IOB C OOJIBIIION OCAIKOM COITPSKEHO
C PUCKOM HapyIICHUsI OOIIeH YCTOMYMBOCTH TIPUYAia M BBIMOTHIETCS, KaK MPABUJIO, JIHUIITH
MOCJIE PEKOHCTPYKIIMU U YCUIIEHUS COOPYXEHHS. B To jke Bpemsl, Kak clieyeT U3 aHaau3a
MIPEJICTaBJIEHHBIX BBIIIE MPOEKTHBIX PEILIEHUH, BCIEJICTBUE BHICOKOM CTENEHHU HACBILIEHUS
CYIICCTBYIOIIMX KOHCTPYKIIMI HAOCPEIKHBIX-ICTAKA Pa3HOOOPa3HBIMH KOHCTPYKTHB-
HBIMH 3JIEMEHTAMU MTEPBOHAYAJILHBIX COOPYKEHUM U AIEMEHTAMU PAaHEE OCYIIECTBIEHHBIX
MOJIEPHU3ALIMN U YCUJICHUH, JAalibHEHIIee pa3MEelIeHUe B TeJ€ COOPYKEHUs HOBBIX KOH-
CTPYKTUBHBIX JIEMEHTOB MIPEJICTABISETCS TPYIHO PEATU3yEeMbIM. B CBA3M C U3II0KEHHBIM,
IeJIeco00pPa3HO PacCMOTPETh BO3MOKHOCTh YBEJHMUCHUS HECYIIEH CIIOCOOHOCTU Cylile-
CTBYIOILLIMX OMNOP MPUYAIbHBIX CBAHBIX POCTBEPKOB.

4. HNuHoOBanmoHHOE PCIICHUE MO MOBLIIICHUIO Hecymeﬁ CIIOCOOHOCTH CBAMHBIX
onop 3craxKkaja

[IpennmoxxeHHOE pelIeHUE MO U300peTeHHIO [8] mpegHa3HAueHO ISl BO3BEICHUS
COOpYKEHUI Ha CBalHbBIX omnopax. Llenbo mpeayioKeHus: SBIAETCS CHUKEHUE CTOM-
MOCTH CBaHBIX OIOp 3a CYeT YMEHBIIEHHUS MX MarepuaisoeMkocTH. CBaifHas omopa
MIPEUIOKEHHON KOHCTPYKUMHU (puc. 6) cOcTOUT M3 cBau 1, Ha KOTOPYIO Ha Ipejenax
ee CBOOOIHOM NITUHBI (T.€. O YPOBHSI JJHA) CBOOOTHO HAMNET KECTKHUM MPOCTPAaHCTBCH-
HBIA Kapkac 2, )KeCTKO CBSI3aHHBIM B YPOBHE JIHA C OMOpPHOM msaToi 3. [l onupaHus
pPOCTBEpKa Ha KapKac 2 MpeayCMOTPEHBI OMOpHBIE cTOMUKH 4. OnopHas msaTa 3 MOXKET
OBITh BBINIOJIHEHA W3 JKeJe30-
OeToHa WM MeTajula B BHJIE
Kpymiol MO0 TPsSMOYTOIBHOM
TUTATHI, a KapKac B BUJE TpyOua-
1 4 TOTO METaUIMYECKOr0 KOXKYyXa,
AUaMETP KOTOPOTOo MNPEBBINIACT
/ AUnaMeTp CBaud, WIX B BUIAC
/L peueTyaTol KOJOHHBI U3 METall-

JIMYECKUX CTCPKHEBBIX 3JICMCH-

ToB. ['ostoBa cBam 1 pacnonoxxeHa

BBIIIIE BEPXHETO0 KOHI[a Kapkaca 2,

4yT0 0OecreynBaeT BO3MOXKHOCTh

3 €€ pa3sMEIICHU B COOTBETCTBYIO-

IUX Ia3ax IIMTBI UJIU HAaroJoB-

% Z HUKa POCTBEpPKA 5 JJIs1 BOCIPUS-

THUSA TOPHU3OHTAJILHBIX Harpy3oK.

[Ipu pabote coopykeHHs CBau

BOCIIpUHUMAKOT TOJIBKO TOpHU-

30HTAJLHYIO HArpy3Ky, MpUKJa-

JBIBAEMYIO POCTBEPKOM K UX

TOJIOBaM, a KapKachl C ONIOPHBIMU

Puc. 6. Cxema csatinas onopwsi pocmeepka. nSTaMd — TOJBKO BEPTHUKAIIb-
Hcmounux: Asmopckoe ceudemenvbcmeo [8]
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HYI0, IIepejaBaeMyI0 POCTBEPKOM U BOCIIPHHUMAEMYIO TPYHTOBBIM OCHOBAaHHEM Yepe3
MATHI KaPKacoB.
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Puc. 7. Bapuanmul KOHCMPYKMuU8HO20 peuletust Ce:A3uU C8aU ¢ KaPKACOM,
a — NaaH c8auHol onopul, 6 — 2 — cxeMvl ONUPAHUS POCMBEPKA HA CBAIO.
Hcemounux: Aemopckoe ceudemenvcmeo [8]

CBsI3b CBaifHOI OMOPHI TMpeIaraeMoil KOHCTPYKIIMH C POCTBEPKOM MOXKET OBIThH
BBITIOJTHEHA B HECKOJIbKMX BapHaHTaX B 3aBHCHMOCTH OT CBOWCTB I'PyHTOBOTO OCHO-
BaHUS M XapakTepa Harpy3okK, IepeTaBaeMbIX pOCTBEPKOM Ha omopy. Tak, eciu Bepx-
HHUW CJIOH OCHOBaHWH TUIOTHBIN, a TIOACTHIIAIOIINN CJIa0BIH, TO KOHCTPYKTHBHO BO3-
MO>KHO OJHOBPEMEHHOE OIIUPAHKUE POCTBEPKA 5 Ha TOJNIOBY cBau 1 M Ha BepX Kapkaca 2
(ommopamu 6 Ha oropHBIE CTOIKH 4, (puc. 7, 0).

B mporuBononoxHOoM ciydae (BepXHHI CIIOH TpyHTa ClaOblid, a TONCTUIAIOIINN —
TUTOTHBIH) IS TOTO, YTOOBI TIepe/iaTh BEPTUKAIILHYTO HArpy3Ky He Ha cBaio 1, a Ha 1Ty 3,
BEPTHUKAJILHOE OMHUpaHWe POCTBEpKAa S5 ITOHKHO OBITH TONBKO Ha Kapkace 2 (puc. 7, B).
[Ipr HaMWIMU OTHOPOIHOTO OCHOBAHHMS, CIIOKEHHOTO CIOSMH C OJMM3KAMH TIO BEJIH-
yrHe (DU3UKH-MEXaHMIECKUMH XapaKTePUCTUKAMH, BO3MOKHO KOHCTPYKTHBHOE pellie-
HUE [0 TIPEIBIAYNIEMy BapuUaHTy WM paclpereieHie BepTHKaIbHOH Harpy3Kd OT
pocTBepka 5 Mexxay cBaeit 1 1 kapkacoM 2 ¢ misToi 3 (HapuMep, ¢ UCTIONh30BaHUEM YIIPY-
TOM MPOKIIA/IKK 7 MEXKTy TOJIOBOH CBau | 1 HIKHEW TTOBEPXHOCTHIO pocTBepKa S (pwc. 7, T).

Bo3BeaeHue coopykeHHs Ha CBalHBIX ONOpPAx paccMaTpUBAEMOW KOHCTPYKLHHU
MOXKET OBITH OCYIIIECTBICHO B CIEMyIOIIEH MOCIeI0BATENbHOCTH: MTOTPYXKAIOT cBal 1
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JI0 TpeOyeMoii 10 MPOEKTY MITYOMHBI: ¢ IOMONIBIO IIABYyYero WM OEeperoBoro KpaHa
HaJIeBalOT Ha cBan | Kapkac 2 C jK€CTKO CBSI3aHHBIMH C HUMH IATaMHU 3, MMEIOIINe
HEHTpaJIbHbIE CKBO3HBIE OTBEPCTHS; KapKachl 2 (HUKCHUPYIOT BPEMEHHBIMH CBS3SIMU
(TpocoM, OOATOM H T.II) CHMMETPUYHO OTHOCHUTEIBHO CBail 1; MOHTHPYIOT 3JIEMEHTHI
BEPXHETo CTpOeHHS (POCTBEPKa 5) 10 OTHON M3 MPUBEACHHBIX cXeM (puc. 7, 6-T).

[Monoxurensbublii 3gdext npu pabore cOOpyKEHUSI HA CBAMHBIX OMOpax paccMa-
TpUBaeMON KOHCTPYKLIMH BO3HUKAET 3a CYET TOTO, YTO CBAW BOCIIPHHHMMAIOT TOJBKO
TOPU30HTAIBHYIO Harpy3Ky, IPUKIIaJAbIBAEMYIO0 POCTBEPKOM K MX TOJIOBaM, a KapKachl
C OTIOPHBIMHM MATAMHU — TOJIBKO BEPTHKAJIbHYIO, IIEPEIaBaeMyI0 POCTBEPKOM U BOCTIPH-
HUMAaeMyIO TPYHTOBBIM OCHOBaHHMEM Yepe3 MAThI KapKacoB.

Takum oOpazom, obecrieunBaeMoe B JJaHHOM PEIICHUHU paszziesieHue QYHKIUA KOH-
CTPYKTHUBHBIX JIEMEHTOB CBaHOM OITOPHI O3BOJISIET, BO-MEPBHIX, YMEHBIINTH IITYOHHY
MOTPY>KEHUS cBau (ITOCKOJIBKY OHU HE JOJDKHBI 00JIaZiaTh BBICOKOM HecyIlel crocoo-
HOCTBIO 0 TPYHTY /ISl BOCIIPHUSITHSA BEPTUKAIBHOM HAarpy3KH) a, BO-BTOPHIX, YITYUIINTh
yCIIOBUS pabOTHI OMOPHBIX MAT (CHMMETPUYHOE BepTHKaIbHOE HarpyxeHnue). CHuxe-
HUE YCUJINH B KOHCTPYKTHBHBIX 2JIEMEHTAX CBaHOM OMOPHI MO3BOJISAET YMEHBIINTD Kak
ee MaTeprajoeMKOCTb, TaK U CTOUMOCTh. Kpome Toro, Grmaromaps ytydIieHHIO YCio-
BUH pabOTHI CBAHBIX OTIOP MOBBIIIACTCS IKCIUTyaTallMOHHAS HAaJIS)KHOCTh U CHIDKACTCS
CTOUMOCTbH BCETO COOPYKEHHMS.

B 10 XK€ Bpems, paccMaTprBaeMO€ HHHOBAIIMOHHOE pelIeHne pa3pabdoTaHo st
TOPU30HTAIBHOM MOBEPXHOCTH MOPCKOTO JIHA, YTO HE YYMUTHIBAET HAJIM4YUE B TpaJu-
IIMOHHBIX CBAaWHBIX HAOEPEKHBIX TMOAMPUYAIBHOTO KaMEHHOTO OTKOca. JTO CBHIE-
TEJILCTBYET O HEOOXOMMOCTH YCOBEPIICHCTBOBAHHSI IPUMEHEHHOTO MOAXO0/1a JUIs pac-
HIMPEHUST 00JIaCTH €ro NMPHMEHEHHs, B TOM YUCIIe M Ha IIHPOKO PaclpoCTpaHEHHBIC
COOPY>KEHUS C MOANPUYATBHBIM OTKOCOM.

BoiBoabI

TakuM 00pa3zoM, aHaNN3 W3BECTHBIX KOHCTPYKIIMM CBafHBIX NMPHYANbHBIX 3CTaKa]
MOKa3aj OrPaHMYEHHOCTh MX OOJACTH NMPUMEHEHHs, 0OCOOEHHO, B YCIOBHIX OBICTPOTO
OOHOBIICHHUS (JIOTA U UCTIONB30BAHUS KPYITHOTOHHAKHBIX CYJOB C OOJBIION OCaIKOM.
s pacmmpenust o6aacT MPUMEHEHNS CBAHBIX 3CTaKasl PaccCMOTpeHa BO3MOKHOCTh
WCIIOJIb30BAHUSI MHHOBAIIMOHHOTO perieHust «CpaifHasi omopa poCTBEpKa», KOTOpoe
TIO3BOJISIET CYIIECTBEHHO TOBBICUTH OCEBBIE HArPY3KH Ha CBalHBIE OIMOPHI 3CTaKaIbl.
JanbHeiliee pa3BUTHE 3TOrO MOAX0AA 11€1€C000Pa3HO B HAIIPABICHUU 00ECIICUCHUS €r0
MIPUMEHEHUS B CBAHBIX MPUYAJIbHBIX ICTaKaAaX ¢ KAMEHHBIM MOANPHYAIEHBIM OTKOCOM.
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3. http://gidro-bud.com.ua/news/morskie prichaly (nara 3BEPHEHHS
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http://www.arhplan.ru/industry/berth/berthing-facilities-trestle-type (mara
3BepHeHHs 18.11.2019).

[Macnopt mpuuany Ne 3 (rigporexHiuyHa yacTuHa), Mapiynojibcbka (iis
JIT «cAMITY», TOB «Jlakoca», Oneca, 2016.

Macmopt npugany Ne 14 (rimporexHiyna yactuHa), YopHOMOpCHKa Qisist
JIT «c AMITY», TOB «Jlakoca», Oneca, 2019.

Macropt npuvany Ne 1 (rigporexHiuna uvactwHa), bepmsHcbka Qimis
JIT «c AMITY», TOB «Jlakoca», Oneca, 2019.

MLII. Ay6posckuii, M.b. Tloitzuep, A.Jl. Kam, H.B. Typxanckuii. ABTop-
CKOC CBUICTENBCTBO Ha m300peTeHne Ne 1595997 «Cpaitnast omopa
poctBepkay. OnybnukoBaHo B OroiiereHe Ne 36, 30.09.1990.
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Anomauis

3emnempyc € naticepiozuiwuum i 06 ' eKMuGHUM icnumom 07ist OyOb-sKoi idei, cnpsamosa-
HOI' Ha nidguwenHs cellcmocmilikocmi 6ydigeb ma cnopyo. Y mamepianax npo nosedin-
Ky OYOUHKIG i CNopy0 npu 3eMIempycax € Yumano gidomocmeli, wo 0038015I0Mb POOUmMuU
BUCHOBKU U000 peakryii Oydieens ma cnopyo Ha celicmiyni enausu. 30epedicenns 6yoiseisb
ma cnopyo npu peaibHux 3emiempycax 3yMO8UI0 NONYIAPHICIb CEUCMOCMILKO20 NPOeK-
MYBAHHSL HA OCHOBL NPOSHO3YB8AHHSL KITbKICHUX XAPAKMEPUCHUK MAUOYMHIX CeUCMIUHUX
BNIUBIE 8 DA2AMbOX KPAiHAX, Wo 8e0ymsb celicmocmitike 0yoienuymeo. CellcMiuni pationu 3
NPOCHO308AHOI0 THMeEHCUsHicmIo semuempycie 7, 8 ma 9 banie 3aiimaroms 0o 20% mepumo-
pii Yrpainu. YV nux posmawiosarno 6azamo npomuciiosux i KyJivhypHUuX YeHmpie 3 8eaukumu
oobcseamu OyodisHuymaa. Payionanvhe npoexmysanisi celicMOCMIKUX KOHCMPYKYI, niosu-
WjeHHs IX HAOIIHOCMI MA€E 8ANCIUBE HAPOOHO20CNO0APChKe 3HAUEHH:. Y cmammi npoanali-
308aHO OCHOBHI NIOX00U 00 NPoGedeHHsl ceticmiutoeo mikpopationysanisi (CMP) ma 3anpo-
NOHOBAHO NPAKMUYHULL NIOXIO 00 YMOYHEHHS NPOSHO308AHOT CEUCMIYHOT THIMEHCUBHOCE
(banvrocmi) OyOisenbHUX MAIOAHYUKIB 3 YPAXYBAHHAM PE3YIbMamis 0emaibHO20 CeticMiy-
Hoeo pationysanns ([[CP) i ceticmiunoeo mikpopationysanus (CMP). Po3pobaena anapamy-
pa i Memoouxa noibo8Ux 00CIidiCeHb, PO3POOIEHO HANIBEMNIPUYHY MEMOOUKY NoOY00sU
PO3PAXYHKOBUX aKcenepocpam. Bemaroenero, wo HepieHoOMIpHOCHI NOA KOUBAHD TPYHMY,
Qinompayis celicMiyHUX X8UTb 2€0NI02IYHUM Ceped08ULeM [ BUHUKHEHHSL Pe3OHAHCHUX KOTU-
8aHb 8 CHOPYOAX NPU CUNbHUX NIOKOPKOBUX 3eMlempycax 30HU Bpanua mosxcyms npusecmu
00 30ibULen sl CEUCMIYHUX HABAHMAICEHD V OeKIbKA Pa3ie. 3anponoHo8ano peKkomeHod-
Y10, 32I0HO 3 KO0 YIMOUHEHHSL CelICMIYHOCIME MAUOAHYUKIE OYOI6HUYMBA NOBUHHO BUKOHY-
8AMUCSL HA OCHOBI CETICMIUH020 MIKpOpauoHysanHs. Hasooambca pe3yiibmamu po3paxyHKy
i NOPIBHAHHS 00EPHCAHUX PE3VIILINAMIE 3 Pe3YIbMAMamMU 3aCMOCYBAHHS MEMOOUK, BUKIA-
Odenux y cmammi. Bukonano nepegipouni po3paxyHku KOHCmMpYKyii npuiaiy cyoOHOpemoHm-
Hoeo nipcy Ne 2 TOB ’Iiniuiecokuil cyOHOpeMOHMHULL 3A800° 3 GUKOPUCTIAHHAM YYDOBUX
npoepammnux komniexcie SCAD (cnekmpanvnuii memoo) ma PLAXIS (pospaxynox na cun-
Me308aHi aKcenepocpamiL).

Knrwouosi cnosa: ceiicmivnuti  pusux, 6e3giomosna poboma, ‘ecmaxaoa’,
PO3DIONCEHHS TPYHIY, MOPCbKULL HOPM, NPUYAIL.

© €rynos K.B., €rynos B.K., Mypamko O.B., 2019
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Abstract

Introduction. An earthquake is the most serious and objective test for any idea
aimed at improving the seismic stability of buildings and structures. The materials on
the behavior of buildings and structures during earthquakes contain a great deal of
information that allows us to judge the response of buildings and structures to seismic
impacts. The conservation of buildings and structures in real earthquakes has led to the
popularity of seismic design based on the prediction of quantitative characteristics of
future seismic impacts in many earthquake-resistant countries. Seismic regions with an
estimated earthquake intensity of 7, 8 and 9 points occupy up to 20% of the territory
of Ukraine. They have many industrial and cultural centers with large volumes of
construction. Purpose. The rational design of earthquake-resistant structures, increasing
their reliability is of great economic importance. Results. The basic approaches to the
conduct of seismic microrayonation are analyzed. A practical approach to specifying
the predicted seismic intensity of the building sites, taking into account the results of
detailed seismic zoning (DSR) and seismic microrayonation is proposed. The equipment
and methods of field research, semiempirical method of constructing calculated
accelerograms was developed. It has been established that irregularities of the field of
oscillations of the soil, seismic wave filtration into the geological environment and the
occurrence of resonant oscillations in buildings under strong suburban earthquakes in
the Vranch zone can lead to an increase in seismic loads several times. A recommendation
is proposed that the seismicity of the construction sites should be performed on the basis
of seismic microroaring. Conclusions. The results of the calculation for the object and
the comparison of the results with the results of the application of the methods described
in the article are presented. Verification calculations of the construction of the berth of
the ship repair yard Ne 2 of the LLC ’Ilichevsk Ship Repair Plant’were carried out using
the SCAD educational program complexes (spectral method) and PLAHIS (calculation
on the synthesized accelerograms).

Key words: seismic risk, trouble-free operation, ‘overpass’, ground dilution,
seaport, pier.
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K.B. Erynos', B.K. Erynos?, A.B. Mypauiko®
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Annomauyusn

3emnempscenue A61aemcs cepbe3HbiM U 00bEKMUBHbIM SK3AMEHOM 071 000U udeu,
HanpaenenHoll Ha NoGblLeHUe CEeUCMOCIOUKOCIU 30aHULL U COOpYICceHUll. B mamepuanax
0 nosedeHuU 30aHUll U COOPYIICEHUL NPU 3eMAEMPSCEHUAX HEMATIO C8eOeHUll, NO3605I0~
WUX cyoums 0 peaxyuu 30aHUll U cOOpYx*ceHUull Ha ceticmudeckue gosoeticmsus. Coxpa-
HeHue 30aHULL U COOPYHCEHUL NPU PEAIbHBIX 3eMIEeMPACEHUAX 00YCL08UL0 NONYIAPHOCHIb
CelCMOCMOLIKO20 NPOEKMUPOBAHUSL HA OCHOBE NPOSHOZUPOBAHUS KOAUUECHBEHHbIX
Xapaxmepucmuk 6y0yWux celucCMuueckux 8030eUCmeull 80 MHO2UX CIMPAHAX, 8e0VUUX
ceticmocmotikoe cmpoumenscmeo. CelicmuuecKue patioHvl ¢ NPOSHO3UPYEMOU UHMEH-
cusHocmoto 3emaempsicenuid 7, 8 u 9 6annos 3anumarom oo 20% meppumopuu Ykpau-
Hbl. B HUX pacnonosceno MHO20 NPOMbBIUULEHHBIX U KYIbMYPHbIX YEHMPOS8 C OONbUUMU
obvemamu cmpoumenvbcmed. PayuonaivHoe NpOEKMupos8anus CetcMoCmOUKUX KOH-
CMPYKYUL, NosblueHue Ux HA0eHCHOCMU UMeen 8AHCHOe HAPOOHOXO3AUCMBEHHOe 3HA-
ueHue. B cmamve npoananuzupoeansbi OCHO8Hble NOOX0ObL K APOBEOEHUIO CELICMUUECKO20
muxpopationuposanusi (CMP) u npednooicen npakmuyeckuti n00Xo0 K YIMOUHEHUIO Npo-
CHO3UPYEeMOU CeliCMUYEeCKOl UHMEHCUBHOCTU (DaTbHOCMU) CIPOUMENbHBIX NAOUWAOOK
C yuemom pe3yibmanmos 0emanbHo2o celicmuyeckozo pavionuposanus ({CP) u ceticmu-
yeckoeo muxpopationuposanus (CMP). Paspabomana annapamypa u memoouxa noie-
8bIX UCCNIE008aAHUL, 0OOCHOBAHA NOLYIMNUPULECKAS MEMOOUKA NOCPOEHUSL PACYEMHBIX
axcenepozpamm. YcmanoeieHo, Uumo HepagHOMEPHOCHb NOAA KONeDAHUll Noussl, (ulb-
Mpayust CeUCMU4ecKUX 80JIH 2e0102UeCKOU cpedoll U 603HUKHOBEHUE PE3OHAHCHBIX KoJle-
OaHULl 8 COOPYIHCEHUAX NPU CUTLHBIX NOOKOPKOBLIX 3eMIempACeHUsAxX 30Hbl Bpanua mozym
npusecmu K Y8elu4eHuio CeliCMU4eckKUx Hazpy3oK 8 HecKonvKko pas. Ilpednoocena pexo-
MeHOayusl, CO2NACHO KOMOPOU YMOUYHEHUS CeCMUYHOCIU NI0WA00K CHPOUMeNIbCmed
OO0JIHCHBI BLINOTHAMBCA HA OCHOBE CEUCMUYECK020 MUKpopatioHuposanus. 1lpusooamcs
pe3yIbmamsl pacyema U CPAGHEeHUs NOMYUEHHbIX Pe3Vbamos ¢ pe3yibmamami npu-
MEHeHUs. MemOoOUK, UIOHCEHHbIX 8 cmambe. Bbinojinenbl npogepounbie pacuemsl KOH-
cmpykyuu npuyana cyoopemonumnozo nupca Ne 2 OO0 "Hnvuueckuii cyoopemoHmublil
3a600° ¢ UCNONL308AHUEM VHUEOHbIX NpocpammHbix Komniexcoe SCAD (cnexmpanvhbiil
memoo) u PLAXIS (pacuem na cunmesuposantule akceiepoepammot).

Knroueevie cnosa: ceilicmuueckuil puck, Oesomxazuas paboma, ‘scmaxaoa’,
pasoicudicenue 2pyHma, MOPCKo nopm, npuddJ.
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Beryn

[Toptu € cTpaTeriuHo BaXKJIMBUMH €JIEMEHTAMHU HAIIOHAJIBHOI 1 MIXKHAPOIHOT TOP-
riBmi. [lo TemepimHBOTO Yacy 3HaYHA YaCTHHA MPUYATIB MOPCHKHX TIOPTIB YKpaiHU
MPAaKTUYHO BUYEpPIANa HOPMATUBHHUH TepMiH ciyxOu. [Ipu 1mboMy pPO3BHTOK HOBHX
BUJIIB TICPEBE3CHb Ta TOSIBA HOBUX THUIIB CYy/IEH BUSBUIIM OJHY 3 TOJOBHUX MPHYUH
MOPAJILHOTO CTapiHHS MPUYATLHUX CIIOPYI — JJIsl IPUHOMY CY/IiB HOBHX THIIIB IMTOPTaM
HeoOX1aHO 3a0e3meunTH TIMONHY y TTpudaitiB Bix 11,5 mo 20 m.

IlepepaxoBani oOCTaBMHM 3yMOBWJIM HEOOXIMHICTH MOIEpHIi3aIlii eKCIlIya-
TOBAaHMUX CIOpPyA. binpie ToOro, MmomaibIlie HAPOITyBaHHS BaHTa)XXK000Iry TOPTIB
HUHI HEMOXXJIMBE 0€3 pPEeKOHCTPYKIii (MOCWJICHHS) TEBHOI YaCTHHU TPHIATHLHOTO
(hpouTy ab0 OYIIBHHUIITBA HOBOTO, IO y CBOIO YUEPTy HAKJIAJAE ITiABUIICHI BUMOTH
10 3a0e3TnedeHHsT HAIIHHOCTI KOHCTPYKIiH. BiamosigHo, 7 3 13 MOpCHKHUX TOPTIB
YKpaiHu 3HaXOMATHCS B CEMCMUYHO HEOE3NMEeUHWX paiioHax 3 OaNBHICTIO BHUIIE 7.
CeiicMiuHI BIUTHBH TIPU3BOIATH 0 PYWHYBAHHS MOPTOBUX TiAPOTEXHIYHUX CIIOPYI
Ta 0 MOPYIICHHS (YHKIIOHYBAHHS MisSTLHOCTI IMTOPTY, OIIHKA CEMCMIYHUX BILIUBIB
Ta BUIIB BiJIMOB TIOPSI 3 3a0€3TMCUCHHAM OC3BIIMOBHOI pOOOTH NIPUIATHFHUX CIIOPYI,
€ BaXKJIUBHM i aKTyaJIbHUM 3aBIaHHSIM.

BusnauenHst HABaAHTAKEHb | BILIMBIB HAa 00’ €KTH MiABHINEHOI BiAMOBigaJIbLHOCTI

3 10 gepsnas 2017 p. BcTynmuB B cuiny 3akoH Ykpaiam Bim 17 ciuas 2017 poky
Ne 1817 VIII "IIpo BHECEHHS 3MiH 10 ASIKUX 3aKOHOJABUYMX aKTiB YKPAiHH IIOIO0 BIO-
CKOHAJICHHS MiCTOOYIIBHOT MisITEHOCTI .

Ha piBHi 3akoHy BH3HAUCHO MOHATTS KJIaCy HACTIAKIB (BIAIOBINATLHOCTI) 1 KpUTEPii
I BigHeceHHs 00’ exriB 1o kiacis CC1, CC2 1 CC3.

Bci 00’ exTr MOmiISIOTHCS 32 TAKMMHU KJTacaM1 HACTIIKIB (consequence class) BimoBi-
nmanpHOCTI: HesHauHi Hacmiaku — CCl; cepenni machinku — CC2; 3nauni Hacmigku — CC3.

BuzHaueHnHs kacy HaciaKiB OymiBenb 0a3yeThess Ha pekKoMeHmanisx [ 1, 2], B akux
peaitizoBaHa IMpoIemypa OMIHKK HAIIHHOCTI CIIOpyA 1 iX KOHCTPYKTUBHUX CICMCHTIB
Ta MpU3HaYeHi KOe(Dili€eHTH, TKi BAKOPUCTOBYIOTHCS B PO3PAXYHKOBUX CHUTYAITIsIX.

Ha piBHi €Bp0C0I03y BCTAHOBIIOIOTHCS BUMOTH J0 TIPOEKTYBaHHS Oy/IiBeTbHUX KOH-
CTPYKIiii. BUMOTH 10 TTPOEKTYBaHHS KOHKPETHUX 00’ €KTIB BCTAHOBIIOIOTHCS KOYKHOIO
KpaiHOI0 OKPEMO 3 YpaxyBaHHAM CHEIU(IKN TEPUTOPii, HATIOHATEHUX TPATUITIN, €KO-
HOMIYHOTO CTaHy JIep>KaBH TOIIIO.

TexHiuyHUA permaMeHT OymiBeTbHUX BHPOOIB, OymiBeNb 1 criopyn (3aTBEepIKEHO
IToctanoBoro Kabinmety MinicTpiB Ykpaiaum Bix 20 rpymas 2006 p. Ne 1764), 3i
3MiHaMHU, BHeceHUMHU 3rimHo 10 IlocranoB Kabinety MinicTpiB Ykpaiau: Ne 1390
(1390-2011-m) Bim 28.12.2011, No 112 (112-2017-m) Big 01.03.2017. Ocranus
ITocTtanoBa po3pobOieHa 3 ypaxyBaHHsIM BuUMor Permamenty (€C) Ne 305/2011
€spomneticrkoro [lapmamenty ta Panm Bim 09 6epesns 2011 poky mpo 30TMKEHHS
3aKOHIB, MiJ3aKOHHUX aKTiB Ta aAMIHICTPAaTHBHHUX IOJIOKEHH i BU3HAYa€ OCHOBHI
BUMOTH 10 OyIiBeTbHHX BUPOOIB, OymiBENb 1 CIIOPYA MO 3a0e3MEUCHHIO OE3MeKH
JKATTS 1 3M0pOB’S JTIOAWHU, OC3MEeKH EKCIUTyaTallii, MEXaHidHOTO OIOopy Ta CTik-
KOCTI, TIO’KEKHOT 0€3TMeKH, EKOHOMIT eHepTii, 3aXUCTy HaBKOJMIITHLOTO CEPEIOBHIIA,
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a TaKoX MPOICAYPH OIIHKM BIJIMOBIIHOCTI BHPOOIB YCTAHOBJICHUM BHUMOTaM
Ta BH3HAYA€ MOPSIOK X 3aCTOCYBAHHS.

Bumoru Oe3rneku 1 0IHOYACHO ITparHeHHsI J0 3/ICIICBICHHS Oy/IiBEIb 1 CIIOPY/I IOPO-
JDKY€E TIpoOiieMy, sika BHCYBA€ThCsl Ha MEPIIMH TUIAH Y 3B’SI3Ky 3 BHCOKMMHU TEMIIAMH
3poCTaHHs Oy[iBHHMIITBA. B cydacHuUX MicTax, Jie¢ Pi3KO 30UIBIIYETHCS TEXHOT'CHHE
HaBaHTa)KEHHS Ha OyliBeNbHI 00’€KTH, JOCTOBIpHA iH(POPMAIIisl PO BEJINYHUHY Bpas-
JMBOCTI CIIOpPYXl Ta piBEHb CEWCMIUHOiI HeOe3NneKkn € HeOoOXiJHOI YMOBOKO CTajoro
PO3BHUTKY.

3a0e3neueHHs1 Oe3neKy Oy/iBEIbHUX MPOCKTIB € B JaHUW Yac OJHUM 3 HaWOUIbII
aKTyaJIbHUX 1 HAHBaXXIIMBININX 3aBJaHb JICPKABHOI MOJIITHKH B Taly3i HAI[lOHAJILHOI
Oe3mnexu.

CydacHa METOJI0JIOTIS 1 METO/IM OIIIHKHM CEHCMIYHOT HeOe3MEeKH JI03BOJISIOTh KOPEK-
THIIlIE OL[IHUTH TPOTHO30BaHI CEHCMIYHI BIUIMBU ISl PI3HUX MEPiOJiB ITOBTOPIOBA-
HOCTI TIOIIH 13 3a8JJaHOI0 MIPOIO BIIHOCHOTO CeHcMiYHOTO pH3HKY (pHc. 1). Pesynbrarn
JIOCITI/DKEHBb YKPATHCHKUX CEMCMOJIOTIB MEPEKOHIMBOIO CB1IYATh MPO TE, 110 CeHCMiuHa
HeOesneka B Oneckkomy perioni 10 2007 poky Oyia CyTTE€BO 3aHMKEHa Ha KapTax
3aranpHOro celicmiuHoro paiionyBanust CP-78. IMOBipHICTh BHHHUKHEHHS 3€MIICTPYCIiB
3 IHTEHCUBHICTIO 7 0aJiB B IbOMY PaliOHI € JOCUTH BUCOKOIO (Tadm. 1) [1].
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Puc. 1. Kapma 3azanvroeo celicmiunoeo pationysanms Yxpainu oas imogipnocmi 1%
nepesuuers cellcMiuHol inmencusHocmi 6 banax wikanu Yxpainu npomsieom 50 poxie [1].
Licepeno: énacna po3pobra

Tao6u. 1. Ceiicmiuni moaii 3 marnirynoio > 4 3a 2008-2017 poxu

Pix 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Marsityna | 4,0-5,0 | 4,0-5,3 4,5 4,0-4,8 | 4,0-4,6 | 4,0-53 | 4,047 | 4-45 4-5,8 4-4.8
Kinpkicts 8 8 2 8 14 15 18 19 6 9
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VY Tabn. 2 mpuBeNeHO CIHCOK PYHHIBHUX 3eMJICTPYCIB, 10 BiIOYyJIHCS B celcMoO-
aKTHBHIN 30HI BpaHd4a, Ta IHTEHCHBHICTH iX NpOSBIB y BEJMKUX MicTax MOJIOBH,
VYkpainu i Pocii [3].

Tao6a. 2. PyiiniBHi 3emuierpycu Pymyncsknx Kapnar (3onu Bpanua)

Hara . IHTeH,c“B"ich IHTeHCHBHICTB 3eMJIeTPYCYy B MicTax, 6aan

BHHHMKHEHHsI | MarHiTyaa | B enmineHrpi,

semuerpycy Gamn Kumunis JIbBiB Yepuisui Opneca Kuis
26.10.1802 7,5 9-10 7 4 7 7 5
26.11.1829 6,5 8 7 6 6 4-5
23.01.1838 7,0 9 7 4-5 6 6 4-5
6.10.1908 6,75 8 6 5 6 6 5
10.11.1940 7,3 9 7-8 5 6 7 5
4.03.1977 7,2 9 6-7 4 5-6 5-6 4-5
30.08.1986 7,0 8-9 6 4 5 5 4
30.05.1990 6,7 8-9 6 4 5 5 4

YTouHeHHs CeliCMiYHOT0 PU3UKY

PiBens BTpar (pU3MK) IpH MOKIIMBOMY 3eMIIETPYCi € pe3yasTaT KoMOIHAaIii ypa3im-
BOCTI criopyaH i ceficMiuHo1 HeOe3mekn. B manunii wac B YKpaiHi BeneThCs iIHTCHCHUBHE
OCBOEHHSI TEPHUTOPIH Tix 3a0ymOBy HE JUIIE KUTIOBUX OyHiBENb, aie 1 YHIKaIbHUX,
BIJIMTOBITaIbHUX CHIOPY/l, PyWHYBaHHS SIKUX MPH CEHCMIYHHAX BIUIMBAX MOXKE TIPUBECTH
IO ICTOTHUX €KOHOMIYHHUX BTPAT 1 €KOJIOTIYHO1 KaTaCcTpOdH.

B nmanmit gac pekoMeHamii o0 BU3HAUYEeHHS HaBaHTAKECHD ITPU CEHCMITHHUX BILTH-
Bax pEIrIaMEeHTYIOThCs BUMoramu [1]. Y HamioHaapHOMY CTaHAapTi [2] BHKIAIEHO
METOINKY BH3HAUCHHS KJIaCy HACTIAKIB (BIAMOBIMAIBHOCTI) 00’€KTIB OymiBHHUIITBA
1 permamenTyeTbest BuOip kapt 3CP-2004 mist omiHKM ceiicMiuHOi HeOe3mekn ix maii-
JMAHIWKIB. YTOYHEHHS CEHCMIUYHOCTI MalgaHYMKiB OymiBHHUIITBA, HOPMATHBHA Oallb-
HICTh SKHUX BH3HauaeThes 1mo kaprax OCP-2004-B i OCP-2004-C, a Takox MaiimaH-
YUKIB, PO3TAIIOBAHUX TOOIHM3Y TpaHUIls 30H 0aTHLHOCTI, BUKOHYETHCS O0OB’SI3KOBO Ha
OCHOBI CHETiaTbHUX JOCIIIKEHB 3 ceiicMigHOTO MikpopaiionyBauus (CMP).

YKpaiHCBKUMU 1 3apyO0iKHUMHU BUCHUMH BHKOHAHO MOPIBHUIPHUM aHaTi3 cercMid-
HUX BIUIMBIB Ha HAIIPY>KeHO JTe(OPMOBAHMM CTaH BiANOBITaIbHUX 00’ €KTiB [3]. 3emite-
Tpycu B Mictax Hiirata (SImonis), Mexiko (Mekcuka), a Takok PyMyHCBKHUI 3eMIIeTpyC
Ta IHIII TToKa3amu (puc. 2), o MaKCUMyM JHHAMITHOTO KOe(iIli€eHTa MOKE 3MIMATHCS
y OiK HU3BKHX YaCcTOT, BUKJIMKAIOYN Ha HUX PE30HAHCHI SBHINA B TPYHTI, IO 301IBITyE
HeOe3MeKy T OymiBelTb MiIBUIIECHOI ITOBEPXOBOCTI 1 711 THYYKUX CIIOPYII.

Icaye HeoOXimHICTh TMITBUINEHHS HAMIMHOCTI CHUCTEM JKHATTE3a0e3MeUeHHS Hace-
JIeHHSI KpaiHW 1 3HW)KEHHS PHU3WKY BHUHUKHEHHS HAA3BUYAMHWX CHUTYyalliid MpH Ceil-
CMIgHUX TofisfxX. s mporo MoTpiOHO YTOYHIOBATH PO3PAaXyHKOBI MapamMeTpH Ceil-
cMigHOi HeOE3MeKH 3 BpaxyBaHHSAM ITApaMETPIB CEUCMIUHOTO PEKUMY, PETiOHATEHUX
3aKOHIB 3aracaHHs CEHCMIYHMX KOJMBAaHb, BIUIUBY MICIIEBUX TPYHTOBHX 1 MOpdoo-
rigaux ymoB. Lli 3HaYeHHS HaifHAmiHIIIE BH3HAYAIOTHCS 32 TaHUMH IHCTPYMEHTAIb-
HHAX CEHCMOJIOTITHUX CIOCTEPEKEHB. 3 METOIO 1X OEpKaHHS, CIITPHUMH 3YCHIUISIMHI
Iactutyty reodizuku im. C.I. Cy66orina HAH Vkpaiau, JIII *HaykoBo-mocmigHumit
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IHCTUTYT Oy/iBEIbHUX KOHCTPYKIiH’, ONechKoro HalioOHAJIBHOTO MOPCHKOTO YHiBEp-
cutety 1 YkpaiHchKkoi acorriaiii ceicMOCTIMKOTO OyIiBHUIITBA OYyJIO CTBOPEHO MEPIILY
B M. OJieci CEHCMOJIOTIYHY CTaHIIIFO.
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Puc. 2. Jlunamiunuil koeghiyienm xonueanv epyumy ¢ byxapecmi (1977 pik)
npu 3emaempyci i3 30Hu Bpanua.
Hoicepeno: énacna pospodoxa

Psij YMHHMKIB yCKJIaJHIOE TPOCKTYBaHHS 1 OyHIBHHUIITBO Oy/iBEINb IiJBUIICHOT
noBepxoBocTi. J{o HUX BIAHOCATHCS: OMU3BKO PO3TAIIOBAaHI PO3JIOMH, ceiicMiuHa HeOe3-
neKa, HeCIpUATIUBI reosioriuni ymMoBu (B T.4. TpyHTH 111, IV Kateropii 3a celicMiuHIMHU
BJIACTUBOCTSIMU), Ti/13eMHI BUPOOKH (KaTakoMOM), 3CYBHI CXWJIH, HAsIBHICT BHCOKOTO
PiBHS TPYHTOBHX BOJ (IIIATOIUIEH] TEPUTOPIT).

I'pyntu 111, IV kareropii 3a ceficMiYHMMH BIACTUBOCTSMH MAIOTh 1CTOTHI HEJiHiHHI
BJIACTHBOCTI, SIKi MPOSIBISITUMYTHCS MO-Pi3HOMY, 3aJIe)KHO BiJ IHTEHCHBHOCTI 1 dac-
TOTHOTO CKJany ceficMidyHMX BIUIMBIB. HemniHiliHa moBeniHKa TpyHTY HPUBOAMTH 10
3MiHH, 1HKOJH JyXe iCTOTHOI, (OpM i1 CIIeKTpiB ceHCMIUHMX XBHJIb B IIapax IPYHTY.
Pe3oHaHCHI 4YacTOTH TPYHTIB BUSIBISIFOTHCS 3aJIC)KHUMH BiJl IHTEHCUBHOCTI BILIUBY 1,
NpU JIOCUTh IHTEHCUBHHUX 3eMJIETpyCax MOXKYThb CYTTEBO BIIPI3HATHCS BiJ 3HAYCHb,
BU3HAYCHUX METOJAMH peecTpalii BUOYXiB, CIIa0KUX 3eMIIETPYCIB 1 KOPOTKOIEPIOAHUX
MmikpoceiicM. [Ip iIHTEeHCUBHHUX CEHCMIYHMX BIUIMBAX 3MiHIOIOTHCS T'€0JIOT1UH1 BIacTH-
BOCTI IPYHTIB, 10 MO OyTH MOB’A3aHe, HAITPUKIIA], 3 IEPEMIlIEHHSIM TPYHTOBHX BO/I,
PO3PUBOM CTPYKTYPHHUX 3B’S3KiB MK YaCTHHKaMH TPyHTY Ta iHIIUMH sBUIIaMu. Ha
pHc. 3 mpencTaBIeHO aMIUTITYJHO-4aCTOTHI XapaKTepUCTHKH TPYHTOBOTO CEPEOBHIIA,
BU3HAYeHI AJ1s1 paay OyaiBenbHUX MaiiiaHuuKiB y M. Ofieci 3 BAKOPHUCTaHHSIM IPOrpaM-
Horo npoaykty Pr-shake [4]. ¥V po3paxyHkax BpaxoByBajHCs HEJiHilHI BIACTHBOCTI
TPYHTIB Ha AOCHIDKYBaHUX MaiJaHIMKAaX.

3 puc. 3 BUJIHO, 110 TPYHTOBI YMOBHU OLIBIIOCTI Oy/iBeIbHUX MaiinanuukiB Onecu
XapaKTepU3yIOThCsl IIUPOKHUM YaCTOTHUM J1ialla30HOM MOKJIMBOTO PE30HAHCHOTO
migcunenns. OTxe, IpU celCMOCTIIKOMY TpoeKTyBaHHI OyaiBenb 1 crnopyx B Oxeci
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HEOOXITHO MPOBOJUTH JCTAJbHI JIOCIIKCHHST PE30HAHCHHUX BJIACTUBOCTEH TPYHTIB,
HE3aJIS)KHO BIJI CKJIQJIHOCTI KOHCTPYKIIiT, OCKIJIbKHU BJIACHI YACTOTH KOJIUBAaHb, K OJTHO-
MMOBEPXOBHUX, TaK 1 BUCOTHUX OY/iBEIb, SIK IIPABHUIIO, JICXKATh B YaCTOTHOMY Jliaria3oHi,
B SIKOMY CIIOCTEPIral0ThCsl MAKCUMYMH ITOCHJICHHS KOJIMBaHb I'PYHTAMHU MalJaHUHKIB.

10
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Puc. 3. Amnaimyono-uacmomui xapaxmepucmuxu epyHmis matioanuuxis ¢ m. Qdeca.
Jorcepeno: eracna pospodra

3 Beemenusm B gito JIBH B.1.1-12:2014 [1] 3MiHMIMCS BHUMOTH JIO TPOCKTY-
BaHHsI 1 OyniBHUITBA OyIiBelNb IMiBUILEHOI IIOBEPXOBOCTI, Y NOPIBHAHHI 3 BUMOTaMH
JBH B.1.1-12:2006 [5]:

— 000B’A3K0OBOIO CTaja BUMOT'a PO BpaxyBaHHs MEPIIMX ABOX (OPM BIACHUX KOJIHU-
BaHb OY/IiBIIi;

— BBEJICHO MOHATTA ciiabkuii 3emierpyc (C3), npoektruii 3emiuerpyc (I13), makcu-
MaJIbHUH po3paxyHkoBuii 3eminerpyc (MP3) i po3mexoBaHi ceficMiuHi HaBaHTaKEHHS,
BUKOPHCTOBYBaHI JUIsl IPOCKTYBaHHS CIIOPY/ PI3HUX KJIACiB HACIIKIB;

— po3merkoBaHo BkuBaHHs KapT 3CP s OynoB pi3HHMX KiaciB HacHiAKiB. PimeHHs
po BUOIp KapTH MpH MPOEKTYBaHHI KOHKPETHOTO 00’€KTa 1 BiHECEHHS 00’€KTa 10
KJIacy HacHiJKiB (BiAMOBIAaIbHOCTI) MPUAMAETHCS TEHEPAILHUM MPOEKTYBAILHUKOM
BixnosigHo 10 JJCTY-H.B.1.2-16:2013 [2] 1 y3romKy€eThes 13 3aMOBHUKOM.

[Ipu mpoexryBanHi 00’ekTiB knacy HacmigkiB CCl i CC2, mis BH3HaueHHS
PO3paxyHKOBOi CEWCMIUHOi 1HTEHCHBHOCTi, HEOOXiIHO BHMKOPHCTOBYBAaTH KapTy
OCP-2004-A. ITpu npoekTyBaHHI KUTIOBUX 1 CyCHiIbHUX OyAMHKIB BUCOTOIO TIOHA]
73,5 M — komiB 1 00’€KTIB, sIKi BiHECEHI [0 MOTEHI[INHO HeOe3meuHux, ajae HeimeH-
TU(IKOBAHUX SK 00 €KT MiJBHIIEHOI HEOE3MEeKH, PEKOMEHYEThCS BUKOPHCTOBYBATH
kapty OCP-2004-B. Ilpu npoekrtyBanHi 00’ekTiB kiacy HacniakiB CC3 mist BU3Ha-
YEeHHS! pPO3PaxyHKOBOI CEHCMIYHOI iIHTEHCUBHOCTI MOTPIOHO BUKOPUCTOBYBATH KapTy
OCP-2004-C:
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— JIOJITaHO HOBHI PO3paxyHOK CIOPYH Ha ceiicMiuHi BrumBH “HenmiHIHHUN cTaThy-
HUI pO3paxyHOK’;

— 3HMKEHO KOe(illieHT TTOBEPXOBOCTI, BUKOPHCTOBYBAaHHMH IMPU PO3PAXyHKY Celi-
CMIYHOTO HABaHTAKCHHS;

— nofaHo rpadiku KoeQillieHTIB AMHAMIYHOCTI /Ui Oy/IiBeb 3 PI3HOI BEIIMYMHOIO
KOC(IIIEHTIB MOJATIIMBOCTI, BUKOPUCTAHHSI SKMX JI0O3BOJISIE MIOHU3UTH BEJIUYMUHY CEH-
CMIYHOTO HaBaHTAKEHHS;

— BrepIie BBeACHO po3ii “[IpoekTyBaHHS CUCTEM CEHCMOI30IIsIIIil Oy IiBeb ;

— BIIEpIIIe BBeICHO po3in "CXuin’, e IpUBeIeHO OCHOBHI BUMOTH JI0 PO3PAXyHKY
CXUJIIB.

VY BKazaHMX HOpMax BiJIMiY€HO SIK HEOOXIJHI JUIsl TPOSKTYBaHHS Oy/iBENb 1 CIIOPY/
Ha celiCMOHEOe3NeYHNX TEPUTOPISX HACTYIHI Teodi3NYHi JAaHi:

— inopMariisi Mpo BEJIUYMHY, TPUBAIICTh, CICKTPAJIbHUEN CKJIaJ 1 HepeBaXkarodi
NepioJIM KOJIMBAHHS TPYHTIB [Tl BUKITIOYCHHS MOYKJIMBUX PE30HAHCHHUX €(DEKTiB;

— HIBUJKICTh MPOXOKEHHS CEHCMIYHOT XBUJII ITiJ] MalJJaAHYUKOM IMPOCKTOBAHOIO
Oy/iBHUIITBA;

— PO3paxyHKOBI aKkCeJIeporpamMu, 10 BPaxOBYIOTh BILIMB MOTCHIIIHO HEOC3MEUHUX
CECMOAKTUBHUX 30H 1 TPYHTOBHUX YMOB Maii/laHUMKa MMPOEKTOBAHOTO Oy/IiBHUIITBA.

Jnist BU3HAYEHHSI KIJIbKICHUX XapaKTEPUCTHK CeHcMIYHOT HeOesneku Oy/IiBeIbHOTo
MaiilaHyrKa HeoOXi/THO BUKOHATH TaKi poOOoTH:

— ceiicMiuHe MikpopaiionyBanHsi (CMP) wMalinaHunka MeTOIOM iH)XKEHEpHO-
TeO0JIOTYHMX aHAJIOTIH;

— (hopmyBaHHS Mojeiel OyI0BH I'€0JI0OTYHOTO CEPEAOBHINA HA BUILICHUX JIISH-
Kax (TakCOHax) 3a pe3y/bTaTaMM MPOBEICHHS 1HKEHEPHO-TCOIOTTYHUX JIOCIIIKCHb
i OyaiBHUITBO [9], moOynoBa kaptu CMP 1o MeToy 1H)XXEHEPHO-T'€OJI0TYHIX aHa-
JIOTii;

— BUOIp €TaJOHHOTO NMYHKTY B PaiOHI po3TamryBaHHs 00’€KTa, BU3HAYCHHS JUIS
HBOTO TAaKUX TapaMETPIiB TE€OJIOTIYHOTO CEPE/IOBHINA, SK PO3IOALT JITOJOTIYHOTO
CKJIaJly TPYHTIB 3 DIMOMHOIO 1 X (hi3MKO-MEXaHIYHIX BJIaCTUBOCTEH: IBUIKOCTI 103710~
BKHIX 1 IIONEPEYHHUX XBHIIb, T'YCTHHH, IOPUCTOCTI, XapaKTEPUCTHK 3aracaHHs ceicMiu-
HUX KOJIUBAaHb 3 BiJICTAHHIO;

— yTo4uHeHHsI mapaMeTpiB mpoektHoro ([13) i MakcMManbHOTO PO3PaxyHKOBOTO
(MP3) 3emiieTpyciB 3 MICIIEBUX MOTEHI[IHHO CEHCMOAKTUBHUX 30H 1 CEHCMOAKTUBHOT
30HM BpaH4a Ha eTaJIOHHOMY ITYHKTI B paiflOH1 JJOCITIKYBaHOTO MaiJaHIUKa;

— CMP wmaliiaHunka METOJIOM CEHCMIYHHX KOPCTKOCTeH, moOymosa xaptu CMP
MaiJaHYMKa 32 pe3yJbTaTaMy BUBUCHHS MaiIaHYMKa METOJIAMH TEOJIOTIYHAX aHaJIOTil
1 CeMCMIYHUX YKOPCTKOCTEH;

— opraizarfisi i MPOBEJACHHs MOJbOBUX IHCTPYMEHTAIBHUX CEHCMOJIOTIYHUX CIIO-
CTEpPEIKEHb 3 METOI0 peecTparlii BUCOKOYACTOTHUX MIKpOCEWcM (3eMIIeTpyciB 1 BHOY-
XiB), SIK HaWOUIbII HaAIMHOI OCHOBHU JUIS PO3PAXyHKY MPUPOCTY CEUCMIYHOI Oab-
HOCTi, 00YMOBJIEHOT KOHKPETHHMH IPYHTOBUMH YMOBaMHU MaiJIaHUMKIB pO3TAITyBaHHS
00’€eKkTa, MoOYyJ0BH pO3paXyHKOBUX aKCEIEpOrpaM i CIIEKTPiB peakilii;

— BU3HAYCHHS IPUPOCTIB CEHCMIUHOT OaNBHOCTI JIJIsl KOYKHOT 3 BUJIIGHUX HA JTOCITi-
JUKYBaHOMY MalIaHYMKy TaKCOHOMETPUYHHX OJIMHHIL (TaKCOHIB) i MOOYJI0Ba KapTH
CMP maiianumka 3a pe3yJbraTaMi TPhOX METOJIIB: 1HKEHEPHO-TEOJIOTTYHIX aHAJIOTiH,
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CEHCMIYHMX JKOPCTKOCTEH 1 METOJy peecTpaiii 3eMieTpyciB, BUOYXIB, i KOPOTKO-
MEPIOTHUX MIKpOCEHCM;

— BU3HAYCHHS JIJIsI KOYKHOTO 3 TAKCOHIB PO3MOLTY JIITOJOTIYHOTO CKJIaay TPYHTIB
3 DIMOMHOIO Ta 1X (PI3UKO-MEXaHIUHUX BJIIACTUBOCTEH: MIBUAKOCTI MO3IOBKHIX 1 mOTIe-
PEYHHX XBHJIb, TYCTUHH, IOPUCTOCTI Ta XapaKTEPUCTUK 3aracaHHs CEHCMIYHUX KOJIHU-
BaHb 3 BIJICTAHHIO;

— 1o0y/I0Ba JIJIsl KOKHOTO 3 BUJIIJICHUX TaKCOHIB PO3PaXyHKOBUX MOJIENEH IPYHTO-
BUX KOMIUICKCIB 3 BpaxyBaHHsIM pe3ynbratiB CMP maiiaHuika MEeTOIoM CelCMiuHUX
JKOPCTKOCTEH Ta MarepialiiB iIHKEHEPHO-TEOOTTYHUX JIOCITI/HKEHb, TIPOBEICHUX 3T1IHO
3 Bumoramu JIbH A.2.1-1-2014 [1];

— PO3paxyHOK TEOPETUYHUX YACTOTHHX XapaKTEPUCTHK MOJIENIEH TPYHTIB JJIsl TaK-
COHOMETPUYHUX OJUHHUIIb, BHJIICHUX HA MalJaHYMKy 32 KOMIUIEKCOM pPEe3yJIbTarTiB
Tpbox MetoiB CMP;

— BU3HAYCHHS EMIIPUYHUX YACTOTHUX XaPAKTEPUCTUK TPYHTOBHX KOMIUIEKCIB T
PI3HUMH JIITSTHKaMU (TaKCOHAMH) JOCIHIPKYBaHOTO MailaHuMKa 3a MarepianaMu pee-
cTparii 3eMiIeTpyciB, BUOYXIB 1 KOPOTKOIEPIOAHUX MIKPOCEHCM;

— no0y/ioBa aHCaMOJIO PO3PAaXyHKOBHX aKCEJIeporpaM 1 CHEKTPIB peakiii s
[13 i MP3 i3 301 Bpanya i ToKaJIbHUX TOTEHIIITHO CEeiCMOAKTHBHUX 30H 3 BpaxyBaH-
HSIM EMITIpHYHUX 1 TEOPETUYHNX YACTOTHUX XaPaKTEPHCTHK TPYHTOBUX KOMIUICKCIB i1
BUJIIJICHUMH Ha MaliIaHYMKy TaKCOHAMH.

Ha puc. 4 HaBeeHO MpUKIa IBOX peaiizaimiid TPHKOMIIOHEHTHUX PO3PaxyHKOBUX
akceneporpam, mooyJa0BaHuX Jis OyAiBeIbHOTO Maiian4rka B M. Oneca.
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Puc. 4. I'paghiku mpuxomnoneHmHux po3paxyHKo8Ux aKceiepocpam.
a — i3 30U Bpanua,; 6 — 3 10KanbHOI 30HU.
IDicepeno: enacna po3pobka

Po6otr mo CMP nokinikani He JMIle BU3HAYUTH 3HAYE€HHS IPUPOCTY ceiicMiuHOl HeOe3-
nieku (O6abHOCTI) Ha Oy/IiBeIbHOMY MalilaHYMKy 3a PaXyHOK BIUIMBY il [PYHTOBHX YMOB.

OTtpumani 1aHi BiAKpUBAIOTh MOXJIUBICTb CYTTEBOTO 3[CIIEBICHHS CEHCMOCTIIKOTO
Oy/IiBHUITBA 3a PaXyHOK ONTHUMAaJIbLHOTO BHOOPY KOHCTPYKTHBHHUX PillleHb, SIKi JO3BO-
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JISIFOTh YHUKHYTH 30iry NepeBayKarounx 4acToT, BIAMOBIAAOTH MIKOBUM MPUCKOPEHHSIM
B CEMCMIYHUX XBUJISIX, PE30HAHCHUX YaCTOT Mi/ICTHIIAI0Y0i TPYHTOBOT TOBIII 1 BIACHUX
YaCTOT MPOEKTOBAHOT OY/IiBIIi (CIIOPY/IH).

[Ipu reHepyBaHHI PO3paxyHKOBHX aKCeJIepOrpaM BHKOPUCTOBYHOThCS Pi3HI KOMOI-
Halii TeOpEeTHYHNX OOBITHHX CIEKTPIB PO3PaXyHKOBUX akcejeporpam, HOPMOBaHUX
YACTOTHUX XapaKTEPUCTHUK cepelloBHINA 1 ()a30BHX CIEKTPIB, OTPUMAHHUX MO Pi3HUX
3ampcax peajbHUX MiJIKOPKOBUX 3eMJICTPYCIB i3 30HM BpaHua i 3emiieTpyciB 3 OIu3b-
KHX CEHCMOAKTHBHUX 30H, MOIU(IKOBAHUX 3 ypaxyBaHHSIM YMOB MaiJaHUMKA.

PexoMennauii 3 BUKOpHCTAHHS PO3PAXyHKOBHUX aKcesgeporpam

[Mpsmi muHaMiYHI pO3paxyHKH OyIIiBeNb 1 CHOPY/ CIIiJi BUKOHYBaTH 3 BUKOPHCTaH-
HAM PO3paxyHKOBHX aKceleporpam a(t) = A, y(t), ne i — 03HaKa CKIaJ0BOI BEKTOpa
KOJIMBaHb, A, — MaKCHUMaJlbHE 3HAYECHHS aMILTITYIM IPUCKOPEHb, Y(7) — HOPMOBAaHA Ha
OJIMHUITIO (PYHKIIiS, 1110 OTMCYE KOJMBAHHS IPYHTY B Yaci.

[Tpu npoekTyBaHHI 0COOIMBO BayKJIMBUX 00 €KTIB B MPSIMHUX JMHAMIYHUX PO3paxyH-
KaxX HaJIC)KUTh BUKOPUCTOBYBATH PO3PaXyHKOBI akceleporpaMu, moOyoBaHi Juist 3a/1a-
HOT HIMOBIPHOCTI HETIEPEBUIIEHHS MAKCUMAJIbHUX CEHCMIUHUX BIUIMBIB, 1110 BiJIIIOB11a€
kaptam 3CP. Po3paxyHKOBI akcesieporpamMu OyJIylOThCS Ha OCHOBI IHCTPYMEHTATIbHUX
3aIMCIB CWJIBHUX 1 MPOMIXHHX 33 BEJIMYUHOIO 3eMJICTPYCIB, 3apPEECTPOBAHUX Oe3moce-
penHbo Ha OyliBEeIbHOMY MaiJaHYKKY, a00 B yMOBaX, OJIM3bKUX JI0 YMOB MaiIaHUMKa.
Benvunnu 4, B 1bOMy BHUIIaJIKy BU3HAYAIOTBCS 3a JIOTIOMOTOK0 POOIT 3 YTOYHEHHS Cei-
CMIYHOT HEOE3IIEKU MallJTaHYMKa.

[Tpy mpoekTyBaHHI HETHWIIOBHX 1 BiINOBIJANBLHUX OymiBedb 1 CHOPYA Y MPSIMHX
JUHAMIYHUX PO3PaxyHKax JOMYCKAEThCS BAKOPUCTOBYBATH CHHTE30BaHI PO3PaxyHKOBI
akceneporpaMu, NoOyJI0BaHi 3 ypaxyBaHHSIM YMOB MaiJaHUHKa.

[pu BifcyTHOCTI IHCTPYMEHTAIBHHUX 3aITUCIB JUIs TeHepallii po3paxyHKOBHX aKce-
JeporpaM MOKYTh BUKOPUCTOBYBATHUCS PO3PAXyHKOBI METOJIHM 1 JIaHi I0JI0 TPUPOCTY
ceiicMigHOT 0albHOCTI 32 paXyHOK BIUIMBY MICHEBUX I'PDYHTOBHX YMOB MaiiJlaHUHKa,
OTPHMaHHMX MPH MPOBEJICHHI HOro CeHCMIYHOTO MIKpOpaliOHyBaHHSI.

[Tpu mpoekTyBaHHI OyAMHKIB 1 CIIOPY/l, HE MPHB’3aHUX JI0 KOHKPETHOTO MaiiiaH-
YHKa, B IPSIMUX IUHAMIYHHX PO3PaxXyHKaX PEKOMEHIYETHCS 3aCTOCOBYBATH MAKET TPU-
KOMIIOHEHTHHX CHHTE30BaHUX aKCcelleporpam, siki Oyinu moOyJoBaHi Ha OCHOBI 3aIHCiB
KOJIMBaHb TPYHTIB, 3apEECTPOBAHMX B PI3HUX perioHax YKpaiHH 3a JOMOMOTolo nudpo-
BUX CEHMCMOCTAaHIIIN.

[Tpy BHKOHAHHI MPSMUX JMHAMIYHUX PO3pPaxXyHKIiB Oy/iBeNb 1 CIIOPYI aMILTITYIH
CHUHTE30BaHUX aKceJeporpaM HeOOXiTHO MHOKHTH Ha MaciTaOHuiN koedirieHT K,
BEJIMUYMHA SIKOI'0 3aJIEKUTh BiJI CEMCMIYHOCTI MalilaHYnKa.

MakcumabHi 3Ha9eHHSI IPHUCKOPEHB BITHOCSTHCS 10 TOPU30HTATBHUX CKIIAI0BUX KOJIH-
BaHb. [Ipu BiICYTHOCTI IHCTPYMEHTAIBHUX 3alMCIiB 3HAYCHHS! BEPTUKAIBLHUX MTPUCKOPEHB
OCHOBH JIOITYCKA€ThCsI MpuiiMaTy piBHUMH 0,7 BiJ] 3HaUYCHb TOPU3OHTATEHUX TIPUCKOPEHb.

[Tpu npoBeeHHI NPSMUX TUHAMIYHAX PO3PAXyHKIB i3 BAKOPUCTAHHSIM HaOOpy CHH-
TE30BaHUX aKceneporpaM HeoOXiJJHO B SIKOCTI PO3PaXyHKOBUX TPUIMATH Ti, Yy SKHX
MEPioid 3 MEPEBAKAKYUMHE 10 AMILIITYI KOJIMBAaHHSIMH, € OJIM3BKUMHU JIO MEPIiofiB
BJIACHUX KOJIMBaHb Oy/liBEJIb 3a MEPILIO0 (POPMOIO.
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Pexomenparnii mono BUOOpy po3paxyHKOBHX akceJIeporpaM IMOBHHHI BPaxOBYBaTH
iX BIAMOBIAHICTD JJII KOHKPETHOTO MaijaH4YMKa 32 OCHOBHHUMH CEHCMOJIOTIYHHMHU
napamMeTpamu:

— MAarHiTyio1o;

— CHIICHTPAIBHOIO BiJICTAHHIO;

— NIMOMHOIO 1 MEXaHI3MOM BOTHHIIA;

— TPYHTOBMMHU YMOBaMH MaiilaHuMKa TOLIO.

3HaueHHs CEHCMIYHMX HABaHTAXKEHb, MIEPEMIIlleHb 1 JeopMarltiii KOHCTPYKIIH CITijT
BU3HAYaTH 3 YpaxyBaHHIM 0COOIMBOCTEH HETIHIHHOTO JIe(hOpMYBaHHS KOHCTPYKIIIH.

VY pasi po3AiTbHOTO BUKOPHCTAHHSI Y pO3paxyHKax OyiBelb 1 criopy/l Ha ceHcMiuHi
BIUIMBU TOPU3OHTAILHUX 1 BEPTUKAILHUX KOMIIOHEHT aKCeleporpaM Halle)KUTh TPH-
HimMaru HalOiIbII HeOe3MeuHi HalIPSIMKH CEMCMIYHUX BIUIMBIB.

[psiMi TuHAMIYHI po3paxyHKU Oy/iBelNb i3 CHCTEMaMH CeHCcMOi30IIllii, 3 a/lanTHB-
HUMH CUCTEMaMU CeMCMO03axHCTy (110 BKIFOYAIOTHCS 1 BUKITIOUAIOTHCS ), TMHAMIYHUMH
racUTEISIMH KOJIMBaHb, JIeMII(epyIOuMMH MPUCTPOSIMH Ta THITUMH CEHCMO3aXHCHUMH
€JIEMEHTaMHU CJIiJI BUKOHYBATH IIPH HAYKOBOMY CYNPOBOJI Ta 32 Y4acTIO OpraHizallii,
10 MaIOTh JIIIEH3110 HAa BUKOHAHHS TaKOTO BUJIY POOIT.

Amnaparypa i MeToIMKa N0JbOBHX J0CTiIKEHb

3amnuc MiKpoceiicM BUKOHYBABCS IBOMA TPUKAHAIBHUMHU U POBUMH CEHCMIYHUMH
craHmisimu Das-05, ocTaHHIMH 3 MOJICIIBHOTO PsY aBTOMATHUYHUX CEHCMOCTAHIIIH,
BurotoBieHuX B [HcTuTyTI reodiznkn HAH Vipainu. Sk celicMonpuiiMadi BUKOPUCTO-
ByBasncst CM-3KB (nuB. puc. 5-7).

Ceiicmiuna craniis 'DAS-05’ 3a0e3neuye:

— peecTpallil0 MOBHOTO BEKTOpA CEHCMIUHUX KOJWBAHb B JIMHAMIYHOMY Jiara3oHi
He meniie 140 nb;

— YacToTy peecTpalii BuMiproBanoi iHpopmarii B mexkax 0,012-100 I'iy;

— CHHXPOHI3AIIII0 3aPEECTPOBAHUX CUTHAIIB 3 €TAJIOHHUM YacoM 1o ['piHBidy 3 TOU-
HicTIO He MeHie Hixk 0,1 mc;

— BIJIHOCHY MOTPIITHICT, BMOHTOBAHOTO TOIMHHKKA He Bute 10-7 ¢;

— perynsipHy KOPEeKIlil0 BMOHTOBAHOTO TOJAMHHHKA PaJiOCUTHAIAMH TOYHOTO Yacy,
OTPHMaHHMMHU BiJl CYITyTHUKOBOTO gps-TpHiiMaya;

— MOXJIMBICTh POOOTH 3 aBTOMaTHYHHM IIEPEMHUKAHHIM SIK BiJI €IEKTPOMEPEKI
220 B, Tak i Big akymynaropHoi 6arapei (12-24 B);

— KOHTPOJIb CHEPrOEMHOCTI 1 aBTOMAaTHU4YHE 3aps/DKaHHS aKyMylsiTopHoi Oarapei
y PeKUMI POOOTH BiJI €IEKTPOMEPEKi;

— CIIO’KUBAHHS €JICKTPOCHEPTril B pe:KUMi YekaHHs He Oinbiie 10 BarT;

— TepMiH aBTOHOMHOT poOOTH amapaTypu BiJ aKyMyJSTOpHHX Oarapeil He MeHIIe
24 ronuH;

— KaniOpyBaHHs ceiCMIYHUX KaHAIB (Tiepe0aueHa MOMKIIMBICTh BU3HAYCHHSI aMIl-
miTyaHo1 1 Ga30BOi YaCTOTHHX XapaKTEPUCTUK CEHCMIYHMX KaHANiB 3 TOYHICTIO JIO
5 % y uvactotHomy niana3oni 0,01 g0 50 I't) mo3Bossie oTpumatH iHpoOpMaIito, sika
HeoOXi{Ha JIsi BU3HAUCHHS JIHCHUX 3HAYCHD PUCKOPESHHS, IIBUIKOCTI a00 3CyBY B 3a-
PEECTPOBAHUX KOJTMBAHHSIX.
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ey

Puc. 5. 3acanvnuil suo ceiicmocmanyii "Oodeca-micmo’ ¢ OHMY.
JDicepeno: eracua pospodka

Acceleration, velocity and displacement tims-histories: 201180425, 720n.gcf

17:26:40 17:28:20 17:30:00°
T B T T

Puc. 6. 3anuc zemnempycy i3 3onu Bpanua na cmayii ’"Odeca-micmo’.
Lborcepeno: enacna po3podxa
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Puc. 7. Ceticmiuna cmanyiss "DAS-05".
IDicepeno: enacna po3pobka

AMITTITYTHO-9aCTOTHA XapaKTePHUCTUKA MUPPOBOI CEHCMITHOT CTAHIIIT po3paxoBaHa
TEeHEPAaTOPHUM CITOCOOOM 3a CITeIIabHOI0 MMPOTPaMor0. 3apeecTpoBaHi cCeCMivHI Cir-
HaJIi MarOTh PO3MIPHICTh OAMHUITH aHaoTo-IH(poBoro mepeTBoproBaya (AILIT). [ud-
poBa ¢dopma 3amucy J03BOJISE 3a JIOTIOMOTOI0 METOJIB PErysipU30BAHOTO YHCIOBOTO
pIiIIeHHST 3BOPOTHOI 3a/1a4i ceiicMOMETpii mepelTH 10 *MiHCHOTO  BUIIISIAY KOJWBAHD.
JIJ1st TThOTO BUKOPHUCTOBYIOTh YaCTOTHI XapakTepucTuku (UX) peecTpyrodnx KaHaTIB.
AMITTITYTHO-9aCcTOTHI 1 ()a30BO-9aCTOTHI XapaKTEPUCTHUKH BUMIPIOBATHHUX KaHATIB
TIpUBEACHI Ha puC. 8.

CrpykTypHa cxema

. Memm.
Momms T O TN R
| U | SE NG LR CILIL
AR T K ¢l T
— G

Puc. 8. Cmpyxkmypua cxema ceticmiunoi cmanyii "DAS-05".
Jicepeno: eracna po3pobra
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Po3paxyHok npuyajJibHUX CIOPYI HA CHHTE30BaHi aKceleporpamMmu

Buxonano mepeBipodHi po3paxyHKH KOHCTPYKITii TPUIATy CYTHOPEMOHTHOTO TiPCy
Ne 2 TOB ’InnigiBcbKUit CyTHOPEMOHTHHH 3aBOJ’ 3 BpaXyBaHHSAM TIPOCKTHUX PIIlICHBb
IO PEKOHCTPYKIII TimpoTexHiunoil yacTuam mipcy Ne 2 ICP3 ms npuifomy cymeH Ty
’[Tanamakc’ g 0OpoOKy 3epHOBHUX BaHTaXiB. PO3paxyHOK BUKOHAHMH 13 3aCTOCYBaH-
HsIM TIporpamHoro komruiekcy SCAD, 110 peanizoBye METO CKiIHICHHUX JICMEHTIB.

HaBanTaxkeHHs 1 i, TPUHHATI 1711 po3paxyHKy KOHCTPYKIiH, BimmoBigatoTs JIbH
B.1.2-2:2006 *HaBanTtaxkenns i mii’ [1] i CHill 2.06.04-82 *HaBanTaxxeHH 1 1Tii Ha Ti1-
POTEXHIUHI cropyan (XBHIBOBI, JTHOA0BI 1 Bix cyneH)’ [10].
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Puc. 9. llonepeunuii pospiz 1-1.
IDcepeno: enacua pospobka

Puc. 10. Ilnan ceatinoi ocnogu munoeoi cekyii npuyany nicis peKoHCmpyKyii.
Horcepeno: enacna po3podxa

dopMyBaHHS po3paxyHKOBUX akceneporpam. Ha puc. 11 3manboBani rpadiku Tpu-
KOMIIOHEHTHOI PO3PaxyHKOBOI aKCEJIEpOTpaMu, LI0 MOJENIOE PO3PaxyHKOBI 3emiie-
TPYCH 3 JIOKAJIbHUX OCEPEIKOBUX 30H HA BUIbHIH MOBEPXHI IPYHTY HOCIIIKYBaHOIO
MalgaH4YHKa.

Jns nocnmimKyBaHOTO MaiiiaHumKka MmoOyJoBaHMK HAOIp 3 3-X TPUKOMIIOHEHTHHX
PO3paxyHKOBHX aKcejeporpam, IO MOJAEIIOIOTH BIUIMB MICLEBHUX PO3PaXyHKOBUX
3eMJIETPYCIB 3 IHTEHCUBHICTIO 7 0alliB HAa MalJaHYMKY MPOEKTOBAHOIO OYIiBHHULITBA
00’€KTa peKOHCTPYKUIT MAPOTEXHIYHOT YACTHHU MipCy.
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Puc. 11. Pospaxynkosa akcenepozpama, ujo MoOeoe U8 MiCYesuUx po3paxyHKOGUX
3eMIempycie 3 IHMeHCUsHICmio 7 6anie Ha MAuOAHYUKY NPOEKMOBAHO20 OYOIGHUYMEA
00’ exma pekoHcmpyKyii 2i0pomexHiyHol Yyacmunu nipcy.

Jicepeno: enacua pospobka

BucHoBku

Ha 6a3i nmpoBeseHUX JAOCIIPKEHb OTPUMAHO HACTYITHE:

— po3po0IieHo anapaTtypy i METOAMKY MOJBOBUX JOCHTIJKEHbB, KA JI03BOJISIE OTPH-
MaTyu peaybHi IaHi PO KOJUBAHHS IPYHTY Ha MaliJaHIMKax Oy/IiBHHUIITBA;

— pO3po0IICHO HAMIBEMITIPHYHY METOJIUKY MOOY/IOBH PO3PaxXyHKOBUX aKCEJIEPOTpaM,
sika 0a3yeThCsl Ha MaKCUMallbHOMY BHUKOPUCTaHHI iH(OpMaIlii, 10 MiCTHTBCS B aKce-
Jieporpamax 3eMJICTPYCIB 3 MICIIEBUX BOTHUIIEBUX 30H 1 3eMJIeTpyciB 30HU BpaHnua,
3apeecTpOBaHUX Ha TepuTopii Micta Oneca;

— MMPOaHaJi30BaHO CEHCMIYHUI BIUIMB JIOKAJIbHUX 1H)KEHEPHO-TEOIOTIYHUX YMOB Ha
Oy/iBEJIbHUX MaiJJaHYMKax. 3a JIOTIOMOTIOK TEOPETUUHOTO MOJICIIOBAHHS CEHCMITHUX
BIUIMBIB 1 YUCENbHUX EKCIIEPUMEHTIB BCTAHOBJICHO, 10 (DiJbTpallisi CeHCMIYHMX XBUIIb
TCOJIOTIYHUM CEPEeIOBHIIEM | BUHUKHEHHS PE30HAHCHHUX KOJHMBAaHb B CHOPYHax IpH
CHJIBHHX ITiJJKOPKOBHX 3eMJIETpycax 30HM BpaHua MOXYTh NPUBECTH A0 301UIbIICHHS
CEHCMIYHMX HAaBaHTaXEHb Y JIEKIIbKa pa3iB;

— JIOBEJIEHO, 110 MOOY/I0BaHi 3 BpaxyBaHHSIM PE3yJIbTaTiB CEHCMIYHOTO MiKpopaiio-
HYBaHHS PO3pPaxyHKOBI aKcelIeporpaMu i CIeKTpU peakilii, BiIKPUBAIOTh MOXIIUBICTD
3[ICIICBICHHS CEHCMOCTIMKOTO Oy/IiBHUIITBA 32 PAXyHOK ONTHUMAaIbHOTO BHOOPY KOH-
CTPYKTHUBHHX PILlICHb, K1 JI03BOJISIFOTH YHUKHYTH 301y MepeBakalOuuX 4yacToT, IO Bif-
MOB1JIAIOTh TIKOBUM NPUCKOPEHHSIM B CEHCMIUYHMX XBWJISX, PE30HAHCHHUX YacTOT Mif-
CTHJIAI0Y01 TPYHTOBOI TOBIII 1 BIACHUX YacTOT MPOEKTOBAHMX OyiBeNb Ta CIOPYIH i3
30epeKeHHSIM HEOOX1THOT HaIIHHOCTI.

Otpumani pe3yiabTaTH JOCTIKeHb OylIM BHKOPHCTaHI MPH HAYKOBO-TEXHIYHOMY
CYNpPOBOJII MPOEKTYBaHHS, PEKOHCTPYKIi 1 3BelEHHI pealbHUX OyHiBeNb 1 CHOPYA,
a 3arpoIioHOBaHI IMiIXOJM, MOJEJ Ta MPUKJIAJHI METOJIUKU arpoOOBaHi MPHU OIIHII
HECYYOTl 31aTHOCTI 1 1e(hopMaTHBHOCTI Oy/iBeNb 1 CIIOPYII.
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Abstract

Introduction. When a high-speed vessel is moving in the transitional mode loads
increase from the interaction of the bottom of the vessel and the waves. Accordingly
increase adverse effects health of the passengers and crew. Hull structures and
equipment may also be damaged. Modern requirements of classification societies
significantly raise the level for permissible accelerations on board high-speed vessels.
Various methods are used to reduce shock loads. One of them is an increase of
deadrise angle . A decrease in resistance is possible by increasing the relative length
of the vessel, which can lead to problems in ensuring general strength. To determine
the maximum possible value of the relative length requires knowledge of the relative
section modulus. The lack of information about the relative section modulus of an
equivalent girder of the vessel occurs during various studies. The choice of the relative
length of the vessel is associated with such quality as propulsion and many others.
And sometimes, the shipbuilders desire to reduce water resistance, by increasing this
parameter, is limited by the difficulties of ensuring general strength. In this study, a
try will be made to combine the requirements for general strength, propulsion and
energy efficiency in order to create new and improve existing ships. Purpose. The goals
of this work are to determine: the value of relative section modulus of an equivalent
girder for a small vessel, the method for determining the maximum value of the relative
length of a small high-speed vessel, the way for reducing the value of the factor EEDI.
Results. The value of the relative section modulus of an equivalent girder for a small
vessel of transitional mode is defined in this article. Graphic solution of two equations
proposed in the article: equation of general strength, taking into account wave
acceleration and the equation for the relative section modulus, taking into account the
geometry of the hull. The result of this decision is the value of relative section modulus of
an equivalent girder for a small vessel of transitional mode. This parameter is required
to determine the limiting value of the relative length and finding solutions to reduce
the coefficient EEDI. Comparative analysis of the obtained data with the data about

© Kanifolskyi 0.0., 2019
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strength and weight of the H-girder with length similar to the ship was conducted. The
formula for determining the limiting value of the relative length was obtained from
the equation of general strength. The way to reduce the energy efficiency factor EEDI,
by increasing the relative length, was proposed in this article and demonstrated on
the example for a real small high-speed vessel. Conclusions. Improvement of existing
technologies may lead to the appearance of new technologies. The software is based on
algorithms. The creation of such algorithms is necessary for new programs or for “one
digital” assessment of the project, at the beginning of making design decisions. The
algorithm proposed in this article can be used to achieve such goals.
Key worlds: section modulus, energy efficiency factor, small high-speed vessel.

VIK 629.5

JESIKI MIUTAHHS 3ATAJIBHOI MIITHOCTI, XOJIOBOCTI
TA EHEPTETUYHOI EOEKTUBHOCTI KIIIOBATUX KOPIIYCIB
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Anomauisn

B yiti pobomi susnauerno 3nauenms 6iOHOCHO20 MOMEHNY CYNPOMUBY nepepizy exai-
8ANIEHMHO20 OPYCY OJIs1 MANI020 CYOHA nepexionoco pexcumy. Ilepexionutl pexcum pyxy
00 menepiuHb020 4acy He dyace 000Ope sugueHull, momy ys cghepa excniyamayii cyoen
nompebye 0odamkosoi yeazu. Mani weuoKicHi cyona — ye epyna niaszacoois, 0is AKUx
npumamaniui cneyuiuni xapakmepui, minoku 0as Hux pucu. Ilpasunia pizHomMaHimuux
MIHCHAPOOHUX KOHBEHYIU OYXHCce 4acmo NOUUPIOIOMbC HA CYOHA, O0BAHCUHOIO MeHULe
HIJIC 08AOYANb YOMUPU MEMPU, UL0 CIMBOPIOE 000AMKO8Y nompeody 0Jis BUBHeHHs chepu
manux cyoen. B yiu pobomi pozensymi numanHs 3a2aibHoi MiYyHOCMI MAL020 UBUOKIC-
HO20 CYOHA, WO PYXAEMbCA HA CX8UNbOBAHIL N08epXHi mops. I pagiune piwennsa 06ox
PIBHAHb, 3aNPONOHOBAHO YV CIMAMMI. PIGHAHHA 3A2aAlbHOI MIYHOCMI KOPNYCY CYOHA, 3
VPAXy8aHHAM NePeBaHMANCeHb 8i0 8NIUBY XEULb MA PIBHAHHS O MOMEHNTY CYNPOMu-
8y nepepizy exeisaienmHozo opycy, 3 ypaxyeanuam ceomempii kopnycy. Pesynemamom
Yb020 pileHHSI € 3HAYEHHs BIOHOCHO20 MOMEHMY CYNPOMUBY eKB8IBALeHMHO20 OpyCy
0J1s1 Mano2o CcyoHa nepexionoco pexcumy. Lleti napamemp neobXxionuil s 8UHAUEHHS
2PAHUYHO20 3HAYEHHS GIOHOCHOI 00BXCUHU MA NOUWLYKY pilieHb O 3MEeHUleHHs 3HA-
yenns xoepiyienuma EEDI. [lpu pyci 6 nepexionomy pesicumi, cynpomus 600u ma noei-
Mpsi 3HAYHO 30LILUWYEMbCS, WO 8ede 00 000AMKOBUX SUMPAM NAIUBA MA 3AN00IH-
HS WKOOU HABKOIUWHBbOMY Cepedosuilyy, moomo 30i1bluerHIo 3HauYeHHs Koepiyichma
enepeoeghekmusrnocmi EEDI. 3menwumu enius yb02o A68UWA MONCIUBO 3A PAXYHOK
OinbUL020 3HAUEHHS BIOHOCHOI 008JICUHU CYOHA. Ane 30inbuLy8amu 8i0HOCHY 008ICUHY
CYOHA MOJHCHA He Oe3KIHeYHO, MOMY Ul BUHUKIA NOmpeda 6 OYiHYI MAKCUMATIbHO20 3HA-
YeHHA Yb02o NOKA3HUKA. [Iposedeno nopieHANbHUL AHAI3 OMPUMAHUX OAHUX 3 OAHUMU
npo miynicms i 8acy 080masposoi o6anku, 008IHCUHOIO NOOIOHOI0 00 008ICUHU CYOHA.
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Dopmyna Ons BUBHAYEHHA MAKCUMAILHO2O 3HAYEHHS BIOHOCHOI O08MCUHU CYOHA
ompumana 3 pieHsaHHs 3a2aibHol miynocmi. Cnocib 3meHuenHs Koegiyienma enepeo-
epexmugHoCmi UWLISAXOM 30L1bUUEH NS BIOHOCHOI 008CUHY 0)8 3aNPONOHOBAHUL MA NPO-
0eMOHCMPOBAHULL HA NPUKILADL OJIs1 MAN020 UWBUOKICHO20 CYOHA.

Kniwouosei cnosa: momenm cynpomugy nepepisy exeisanreHmnozo opycy, Koepiyicum
eHepeoehekmusHoOCmi, Mane WeUOKiCHe CYOHO.

VIIK 629.5
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U DHEPTETUYECKOMN Y®®EKTUBHOCTHU KHUJEBATHIX KOPIIYCOB
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K.T.H., TOEeHT Kadenpsl “Teopus n mpoektupoBanue kopadis mM. mpod. FO.JI. Bopobresa”,
Ooecckutl HayuoHaIbHBIU MopcKoll yHusepcumem, Odecca, Ykpauna,
oleksandrkanifolskyil@gmail.com

Annomauyusn

B smotil pabome onpedeneno 3nauenue omHoCumenbHO20 MOMEHMAa CONPOMUBIEeHUS
ceuenusl IKGUBANIEHMHO20 Opyca, 05l MA020 CYOHA NepexooHozo pedcuma. I paghuue-
CKoe peulenue 08yX ypasHeHUll, Npedo#CeHO 8 Cambe: YpagHeHUs odujell npoYHOCU
KOpnyca cyoHa, ¢ y4emom nepezpy3oK om 6030eUCmaus 0H U YPAGHEeHUsL O]l MOMEHMA
COnpomusieHUs NONEPEYHO20 CedenUs IKBUBAIEHMHO20 Opyca, ¢ Yuemom ceomempuu
Kopnyca. Pesynomamom amozo pewienus aeniaemcs 3HaueHue OmHOCUMeNbHO20 MOMEH-
ma COnpOMuUBIeHUs. IKBUBATEHMHO20 OPYCd O MAL020 CYOHA NEPEXOOHO20 PEXCUMA.
Omom napamemp 1eobxo0um 07 OnpedeneHusi MAKCUMAIbHO 0ONYCIUMO20 3HAYEHUs]
OMHOCUMENLHOU ONUHBL U NOUCKA peutenuil 015 ymenbutenus Kodgguyuenma EEDI.
Ilposeden cpasHumenvHwvill AHAIU3 NOMYUEHHBIX OAHHBIX C OAHHBLIMU O NPOYHOCHU U
sece 08ymasposoll OaiKu, OIUHOU pasHolL Oaune cyona. Popmyna 015 onpedeneHus MaK-
CUMAIbHO20 3HAYEHUSI OMHOCUMENbHOU OJIUHbL CYOHA NONYVYEeHd U3 YPasHeHUs obuyell
npounocmu. Cnocod ymeHvueHus sHavenuss Kodghguyuenma smnep2odgpexmusrnocmu,
nymem y8eiuteHuss OMHOCUMENbHOU ONUHbL, OblI NPEOLONCEH U NPOOEMOHCIMPUPOBAH
Ha npumepe 0Jisi Man020 CKOPOCMHO20 CYOHA.

Knwueevie cnosa: momenm conpomusieHus ceyeHus 3K8UBAIeHmHozo opyca,
KO2Ghhuyuenm suepeodhghexmusrHocmu, mManioe cKopocmuoe cyoHo.

NOMENCLATURE

A =vV —displacement of the ship
vy — density of water

B — deadrise angle, degrees

Fr, —volume Froude number

W —section modulus

w ) )
N relative section modulus
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L .
W relative length
EEDI — energy efficiency index
D — depth of the ship
B — width of the ship
d — draft of the ship
¢, — block coefficient
n —overload
o, —allowable compression stress for material
t — thickness of plating
Q — area of cross section of ship
c, -4 —load coefficient

vB’
R — total resistance

R . )

e relative total resistance

R, —residual resistance

R ) . .

X" — relative residual resistance
Introduction

When a high-speed vessel is moving in the transitional mode, with volume Froude
number 1< Fy = # <3, loads increase from the interaction of the bottom of the vessel
and the waves. Accelerations increase accordingly, which adversely affects health
of the passengers and crew. Hull structures and equipment may also be damaged. The
limit acceleration that is considered to be acceptable from a physiological point of view,
limited to the value 0,2g. In reality, the acceleration on board of the high-speed vessel
reaches high values. Modern requirements of classification societies significantly raise
the level for permissible accelerations on board high-speed vessels. Various methods are
used to reduce shock loads. One of them is an increase of deadrise angle 8 . Vessels with
deadrise angle > 20° are often called “monohull deep V.

In the transitional mode, the water resistance increases significantly. A decrease in
resistance is possible by increasing the relative length % of the vessel, which can lead
to problems in ensuring general strength. To determine the maximum possible value
of the relative length requires knowledge of the relative section modulus. The lack
of information about the relative section modulus of an equivalent girder of the vessel %
occurs during various studies. The choice of the relative length of the vessel is associated
with such quality as propulsion and many others. And sometimes, the shipbuilder’s desire
to reduce water resistance, by increasing this parameter, is limited by the difficulties
of ensuring general strength. There was a need to find the limiting values of the relative
length, ensuring the strength of the vessel, while maintaining acceptable propulsion. The
value BL is associated with propulsion, or rather with the relative resistance of water f.
And thlys indicator has an impact on the energy efficiency index EEDI . Thus, in this
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study, a try will be made to combine the requirements for general strength, propulsion
and energy efficiency in order to create new and improve existing ships.

Undoubtedly, a change in the relative length of the vessel will affect the other
qualities of the vessel: manoeuvring, seakeeping capacity and other. In this article it is
impossible to consider the change of all parameters; therefore, the main, from the point
of view of the author, questions are considered: general strength, propulsion and energy
efficiency.

Problem statement and analysis of recent research and publications

Values characterizing various types of girders are sometimes given in different
literature. For example, the book (Lesyukov, 1982) proposes a coefficient of the structural
quality of a girder %, as the ratio of the section modulus W to the area of its cross
section F . In the source (Barabanov, 1969), the dependence of the weight of one linear
meter of the girder on the section modulus is presented. From the graph it is clear
that for each type of beams is characterized by its own dependence. For research, it
is possible to apply knowledge about section modulus of the small vessel, given in
(Dormidontov & Kalmychkov, 1966). The minimum section modulus of a small vessel
(with deadrise angle B =0, depth D, width B, thickness of plating 7) is described by
the formula W = D(B + 3

As noted above, deadrise hulls are widely used in transitional motion. In this paper,
the forms with deadrise angle will be considered, in Figure 1.

Fig. 1. Sections of the hull.
Source: Own elaboration

Writing the elements in the table, Figure 2, it is possible to obtain a formula for
the section modulus of hull with deadrise angle = 25°.

3
W =(0,33D° +0,015B* +0,82DB - 0,028 %)t 1)

When applying in the calculations the value of the deadrise angle B = 0°, the formula
was obtained

W,., =(0.33D" + DB)1 )
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This formula is similar to the formula presented in (Dormidontov & Kalmychkov,
1966) and mentioned above in this article.

The distance
between the center
Area, F of gravity of the
element and the
central axis, z

Numbers of elements
correspond to figure 1b

1 2 3

1 1B =
2,3 (D—gtg/i)t gtgﬁ
L 25;2/5' gfgtgﬁ

Fig. 2. Elements of the cross section of the vessel, in Figure 1b.
Source: Own elaboration

Equations of a similar type for deadrise angles from 0° to 30° were obtained and are
presented in the paper. (Kanifolskyi, 2010). The results of the calculations were used
to determine of the coefficient of the profile u, in the formula W = gDQ, that includes
the depth D and the area of cross section of ship Q, after equating the right sides
of'the equations described above. Using this data, it is possible to find out how the section
modulus of the deadrise hulls differs from flat bottom. The graph from the article is
presented in the Figure 3.

Sometimes, in the early stages of a project, when there is no complete data on
the projected vessel, the need to assess the general strength of the vessel arises. In
such cases, some simplifications are applied in the calculation, and the cross-section
of the vessel appears as the cross-section of an equivalent H-girder. In these cases,
the formula w = g DQ is usually used.

For calculations, it is assumed that the position of the central axis passing through
the center of gravity of the cross section

of the vessel is in the middle of the depth. 0.80
This assumption is based on the fact that 075 AN
the bottom deadrise will shift the position N
of this axis towards the deck, and the stronger ~ » %7
and heavier construction of the bottom 0.65
will lower the axis towards the bottom. In
. o 0.60
(Germanischer Lloyd, 1996) it is noted 0 s 10 5 o ”s

that the minimum thickness of deck plating » B
should be not less than 2.5 mm. The Fig. 3. The dependency
thickness of the bottom plating should be of the coefficient of the profile u
at least #,, =1,35L"° >2,5. For example, on the deadrise angle.

the thickness of the plating of the bottom Source: Own elaboration
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for the vessel, L= 24 m, will be equal to 3.9 mm. This is 1.56 times greater than
the minimum thickness of the plating of the deck. This thickness is adopted to justify
the position of the central axis of the cross section. Accordingly, the central axis will move
from the middle of the depth, towards the bottom. Another factor, affects the position
of the central axis, is deadrise hull. Since the center of gravity half of the bottom
constructions lies approximately at a distance of 0,25 B from the middle line plane,
the displacement of the center of gravity of the bottom structure towards the deck is
0,25 B 1gB . The displacement of the central axis from the middle of the depth towards
the deck will occur.

Sometimes in assessing the general strength, simplification is used to find
the minimum acceptable value. The thickness of the girders is distributed over
the thickness of the vessel plating.

For further calculations, the thickness of the steel plating is assumed to be 6 mm, as
an average value for transitional mode vessels with a length of about 30 m.

The goals of this work are to determine:

— the value of relative section modulus of an equivalent girder for a small vessel;

— the method for determining the maximum value of the relative length of a small
high-speed vessel,;

— the way for reducing the value of the factor EEDI and therefore reduces carbon
dioxide emissions into the atmosphere.

Information about the structural quality of a girder W can be projected on
the calculations of the relative section modulus of an equivalent girder for a vessel %.
In approximate calculations of strength, the shape of the profile, which corresponds
to the equivalent girder of vessel, is an H-girder, Figure 4, and, taking into account
the direct dependence of the cross-sectional area on the length of the vessel, we can
assume the presence of such a value of the relative section modulus —-, which is
characteristic for a specific type of ships. This value retains approximately the same
value for ships of the same type; the same hull material and speed mode.

Formula (2) can be represented in the form,

D
w DB gi1+0.07k,) (€)

A yc,LBd e, L

o

taking into account the geogletry
3 of the hull and the fact %=1, —=47

(last corresponds to the minimum of water
v

>

Central axis

_______ T P resistance in the speed range 2ef ey
A NPL data). In this formula, ¢,— block

coefficient, y — density of water, all other
I . | parameters are defined above.

The relative section modulus, in m?/t, can
Fig. 4. The equivalent girder for calculation ~ also be found from the equation of general

of section modulus of the ship (H-girder). strength, based on the bending moment
Source: Own elaboration
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. AL L . .
and section modulus, % = 37-", taking into account the additional acceleration at speed
on the wave

= )

w L

A ko,

where n is overload, L — vessel length in m, o, — allowable compression stress for
material of the hull in t/m? and & is coefficient characteristic for the type of vessels.

Allowable compression stress is assumed to be equal to 0.8 of the yield strength
of the material, in this case, steel.

The researcher can apply the materials and the requirements of any rules chosen by
him to solve the task in the proposed method.

Overload is the ratio of the vertical acceleration in the cross section of the vessel,
caused by forces, when meeting a wave, to the acceleration of gravity.

For calculations, data on overloads was chosen from Rules (Bureu Veritas, 1990),
in which it is proposed to take the overload factor regardless of the speed range: for
passenger ships n =2, for pleasure boats n=2.3. The value of the coefficient k is assumed
to be 21. More detailed information on this subject is presented in (Kanifolskyi, 2010).
The above article analyzes the various rules of classification societies and the work
of scientists in the field of defining a bending moment.

In the calculations, a fixed value n =2 was adopted, recommendations by Bureau
Veritas (BV). Similar values are proposed in the rules of Germanischer Lloyd (GL), for
relative speed Fr, =2, midpoint of the transitional mode. The value of the coefficient
n changes depending on the relative speed, GL.

After a joint graphical solution of two equations (3) and (4), in Figure 5, it is
possible to determine a value = 0.0003 m®/t, for steel hull, satisfying the requirements
of general strength and takingAmto account the geometry of the hull.

It is interesting to note that some Rules are created specifically for vessels less than
65 m length (Bureu Veritas, 1990).
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Fig. 5. The value of the relative section modulus.
Source: Own elaboration

The solution obtained by the graphical method does not take into account the case
deadrise. Next, an analysis will be made of how much the section modulus of hulls
with different deadrise differs from the section modulus of the hull without deadrise.
Based on the analysis of the coefficient of the profile u, in the formula W :%DQ, that
includes the depth D and the area of cross section of ship Q, it can be assumed that
the difference in value of the section modulus for deadrise hull and for non-deadrise
hull is on average about 10% (Kanifolskyi, 2010), Figure 3. Taking into account this
fact, the value of the relative section modulus of the deadrise steel hull taken for further
calculations can be considered about %= 0.00027 m’/t. To check the obtained values -
, it is possible to conduct an additional calculation. As noted above, the type of the balk,
which corresponds to the equivalent girder of the hull of the vessel, in approximate
calculations is the H— girder. Using the data (Barabanov, 1969) on the dependence
of the weight of one meter of an H— girder on its section modulus and adopting various
lengths of the beam, it is possible to get a value close to 0.0003 m?/t, for a balk with
length 64 m, Figure 5.

Using the obtained information about the value ", it is possible to determine

the relative length % of the steel vessel from the conditions of general strength
vV
AL
W>—n.
o, .

The values of the overload #, depending on the Froude numbers, in the speed range
2 < Fr, <3, were analyzed in the article (Kanifolskyi, 2010) and the formula was
proposed there

2

n=0,3F2=03—_.
V gW
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After substituting the formula for overload » into the general strength condition
oW > ya n, the inequality for relative length is

kgW L
o7 s 5
o, O, 3V2A 3(—V ( )

The relative length # depends on the relative residual resistance R . The relative
total resistance of water — is included in the Sﬂ?%%ﬁed equation for the calculation
KA (Kanifolskyi, 2014). The way

172
of obtaining this equation and the formula, showing the delgendence of the relative

. . . . L 9 L
residual resistance on the change in the relative length d(f)z = *5-03(W) d(W),
at the Froude numbers Fr, =2, are described in (Kanifolskyi, 2014).

So, the opportunity to apply the presented formulas in practice, on the example

of the energy efficiency design index EEDI =

of a real ship appeared.

For the calculation, the high-speed small vessel “Mangusta 110” was chosen, with
length 30 m, width 7.2 m., speed 30 knots, weight displacement 135 tons, Fr, =2.2,
the material of the hull is fiberglass. The overload of the vessel, in the example, (one
of the cases of the used method) has a smaller valuen = 0,3F = 0,3‘3’—22 1.45, than n in
the graphic solution, therefore, the assumption is made to the safe’side.

The researcher can apply the materials, value # and the requirements of any rules
chosen by him to solve the task in the proposed method.

The real value of the relative length of this vessel is 3L =6 . The maximum allowable
value calculated by the formula (5) is N 9 (hull material and thickness were taken into
account when calculating). If we assume that this value will be increased by one unit,
will take the value= =7, then the relative residual resistance will receive a decrease
d(=*), = —5.03(L)’23@(L) =-0.025 The total resistance “Mangusta 110” is about

A N W . gusta s abou
R=15.3 tons.

Considering the fact that the residual resistance, at Fr, =2, is about 70% of the total
resistance of bare hull, the overall decrease in relative total resistance 4R can be
significantly reduced. A

The influence of the relative length of the vessel on the residual resistance was
considered in the article. This component of resistance has a dominant part in the total
resistance in the transitional mode. According to the data (Basin & Anfimov, 1961)
the residual resistance is about 70% of the total resistance, in this mode. Test data
of a systematic series of models of boats are given in (Voitkunsky & Anfimov, 1985).
From these data it follows that the average value of the residual resistance is about 65%
of the total and depends on the load coefficient C, = Y% in the transitional mode. The
friction resistance will also change after changing the relative length, but will have less
impact on the total resistance, since the residual resistance is dominant.

To verify the assumptions made, the calculation of the components of the resistance
for the vessel “Mangusta 110” and “Variant of the ship” was carried out, in Figure 6.
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An increase in the relative length for “Variant of the ship” was achieved by increasing
its length by 14% and reducing its block coefficient by the same value, displacement
are unchanged. Light weight can be also reduced by the use of other materials, such as
aluminium alloys. This approach involves the choice of the relative length of the vessel
at an early stage of the project.

The values of relative residual resistance were taken from (Kanifolskyi, 2014), in
Figure 7. To create this graph, data from a many of towing tanks were used.

o “Mangusta | “Variant of | Difference,
Vessel characteristics 110" the ship” %
The relative length 6 7 14
The relative residual
R, 0.071 0.05 30
resistance ~ 4 (Figure)
R
The change d(f) - -0.021 -
The residual resistance =, 9.59 6.75 30
The friction resistance s, t 4.65 4.57 2
The appendage resistance, t 1.0 0.79 20
The air resistance, t 0.04 0.04 0
The total resistance, t 15.3 12.2 20
The change
Ry _spy L 299, L S -0.025 -
d(j)z— 5.03(W) d(W)
The residual resistance in
total resistance of bare hull, 67 - -
%

Fig. 6. The components of the resistance for the vessels.
Source: Own elaboration
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Fig. 7. The dependency of the relative residual resistance on relative length, at Fr, =2.
Source: Own elaboration

An approximate formula for estimating the energy efficiency factor is

EEDI - 443.8R
kk,nA

2 . . . . . . . .
20%, reduction of carbon dioxide emissions into the atmosphere is possible.

. Consequently, as a result of the performed operations, a significant, about
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Conclusions

To solve the problem of determining the relative section modulus of an equivalent
girder for a small vessel, the methods of structural mechanics and the theory ship
design were applied: the equation of general strength, taking into account the overloads,
and the method of preliminary calculation of the section modulus.

The joint solution of the above-mentioned equations gives the value of relative
section modulus of a transitional mode small vessel equal 0.0003 m?%/t. Taking into
account the deadrise of the hull, a value of % =0.00027 m*/t can be adopted. The
data of the verification calculation of the relative section modulus, for the H-girder,
confirmed the obtained results.

The maximum value of the relative length of a small high-speed vessel %, taking
into account overloads and %, can be found from inequality S Oiﬁ 2 %

Increasing the value of the relative length of the vessel leads to a decrease in water
resistance, which in turn positively reduces the value of the factor EEDI and therefore
reduces carbon dioxide emissions into the atmosphere.

Combining the three qualities of a ship: the general strength, propulsion and energy
efficiency presented in this article will help create safer and more energy efficient ships.

Indeed, IMO does not propose to apply the coefficient EEDI for high speed
small vessels, but the attempt made in this article is a step in a new direction.
Moreover, studies in this direction have been made by other authors (Chris van Hooren,
2014).

Improvement of existing technologies may lead to the appearance of new technologies.
The software is based on algorithms. The creation of such algorithms is necessary for
new programs or for “one digital” assessment of the project, at the beginning of making
design decisions. The algorithm proposed in this article can be used to achieve such

goals.
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Anomauia

Bcemyn. 3a niocymkamu 2019 poky natibinvwum mopeogum napmuepom Yrpainu
cmana Kumaticoxa Hapoona Pecnyonixa (11,5%), na opyeomy micyi onununacs Pociii-
coka Deoepayis (9,3%). Kumaiicoka Hapoona Pecnybnika mpaduyiiino € cmpame-
elYHUM napmuepom YKpainu, a 63aemHa mopeiens HAuux KpaiH nocmiiHo 3pOCmac.
3a 11 micayie 2019 p. mosapoodie mixc Ykpainorw i Kumaem 3pic na 32,5%, npu
yvomy excnopm moeapie 3 Yxpainu ¢ Kumaii cknag 3,288 mapo don. u 3pic na 70,1%
6 NOPIBHANHI 3 6I0NOGIOHUM NEPIOOOM NONEPEOHbO20 POKY, IMNOPM KUMAUCHLKUX MOBA-
pie 6 Yxpainy cknas 8,395 mapo oon. u 3pic na 21,9%. Taxum uunom, cnocmepiza-
emucs mopeosuil oepiyum 6 5,107 mMapo 00a., 3HAYEHHS AKO20 NEPesUULO BeTULURY
3a 8i0nosionuil nepioo 2018 p. Mema. Y cmammi ananizyromocst nepcnexmueu yuac-
mi Vkpainu 6 iniyiamusi «llosc i [llnaxy 6 uacmuni mop2osenbHoi ma mparHcnopm-
HOl cnienpayi midxc 0soma Kpainamu. Pezynomamu. Poszensmnymo nepcnexkmuéu cnis-
pobimnuymea Yxpainu ma KHP 6 mopeosiii i mpancnopmuiii 83aemo0ii 060X KpaiH.
Ilokazano 3naueHHs MPAH3UMHO20 NomeHyiany YKpainu, MOMICIUBOCHI MOPCHLKOZO
mparcnopmy 07is 3a6e3nedents mopeieni misc kpainamu «lloacy ma Lllnsaxyy, nepesge-
3€Hb MPAOUYITIHUX MACOBUX BAHMAICIB, A MAKOIC 20MOBOI NPOOYKYIL 8 KonmellHepax.
Bucnoexu. [0es1 no6y006u 106020 21b0K0800H020 MOPCLKO20 NOPMY Modice CHopMY8a-
mu 0CHOBY 0151 NOOALbULOL OP2AHI3AYIT HAUINOMYACHIUOT MALICMPATIbHOL KOHMEUHEPHOT
JHIL, wo 36°53y€ A3ito ma €epony. Y moil dice uac 3 ’16umobcs MOACIUBICINb OP2AHIZYEa-
mu pidepre cnomyuents 05 NOOAILUOL OOCMABKU BAHMAIICIE 8ice 00 ICHYIOHUUX niep-
MIHANIG 3 MEeHWUMU NPOXIOHUMU 2TUOUHAMU. 36epHeHs 00 Yiel Konyenyii 8 KOHmeK-
CMi Cb020OHIUIHBO2O OHSL MOJICe MAMU 3HAYHI eKOHOMIUHI nepcnexmusu. Ineecmyesarmsi
6 MaKuil me2a-npoekm, 3 HACMYNHOK 00820CMPOKOBOI0 OPEHOO0I0 NPUYANi6, NOBUHEH
CYNPOBOOANCYBAMUCS 0020GIPHUMU Y200aMU MIJC CHOPOHAMU 3 30008 'S3AHHAMU OPIEH-
mayii nOMoKi8 KOHMEUHEPHUX 6AHMANCIE 8 YbOMY HANPAMK).

© Jlankina 1.0O., Jlankin O.1., 2019
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Kniouoei cnosa: iniyiamusa «llosc ma Llnaxy, mpan3umuuii nomenyiai, MOpCoKi
nopmiu, KOHmMeuHepHi nepese3eHHs.
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Abstract

Introduction. Cargo transportation from the PRC to the European part of the
continent is mainly carried out by sea. More than 90% of cargo in this direction is
transported with the participation of the maritime transport. Significant attention is
paid to the maritime component of freight traffic within China s international initiative
BRI — the Belt and Road Initiative. This is evidenced by the international joint projects
“The Silk Road Economic Belt” and “The 21st Century Maritime Silk Road” proposed
in 2013 by the President of the PRC Xi Jinping. Purpose. The attention is paid to the
prospects for Ukraine’s participation in the Belt and Road Initiative in terms of trade
and transport interaction between the two countries. Results. Based on M. Porter’s
famous competition theory and Diamond Model, the competitive advantages of
Ukraine, regarding its participation in the Belt and Way Initiative, as well as the factors
of economic growth, were specified. The main factors include the geographical position
of Ukraine, its natural resources, in particular, a favorable zone for agro-industrial
production, climatic conditions, namely a long period of navigation along the rivers
and almost year-round on the sea transport routes; a sufficient number of qualified
personnel. Most of the country is located on the coast of the Black Sea and the Azov
Sea; the length of its coastline is one of the longest in Europe. This contributed to the
formation of a powerful port-industrial complex. In addition, the natural conditions
and resources of Ukraine, in particular, flat terrain, temperate climate, the presence of
fertile lands and minerals, contribute to intensive industrial and agricultural activities.
The location of Ukraine at the crossroads of Euro-Asian transport routes allows it to
act as a transit transport bridge between Europe and Asia. A short land route from
China to the European Union runs through Ukraine. The advantages that shorten the
delivery time are reflected in the pilot project of launching a new container train that
will deliver goods from the PRC to Hungary, transiting through the territory of Ukraine.
The approximate economic scale of projects involving economic development with
the participation of China in dozens of countries is gigantic, it is up to $ 21 trillion.
Ukraine is considered as a partner for entering the European markets, and the Chinese
side emphasizes the willingness to make significant investments in projects that are
evaluated as mutually beneficial. Major infrastructure projects are of particular interest,
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which can significantly affect the economic development of regions that gravitate to
Chinese cargo flows. Conclusions. Considering the structure of Ukrainian exports to
China in the context of mutual cooperation, Ukraine’s interest is not only to maintain
the position of agricultural products, wood raw materials and low-processed wood, but
also to expand access to one of the world's largest component markets represented by
Ukrainian finished food products, oil and fat, dairy products, industrial products with
high added value. It is the stimulation of this component that can ensure the growth of
domestic production, create new jobs and ensure revenues to the state budget and social
funds.

Key words: “Belt and Road” initiative, transit potential, seaports, container
transportation.
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Annomauusn

Beeoenue. I[lo umocam 2019 coda «kpynneuwum mopeosbiM NAPMHEPOM
Ykpaunvr cmana Kumaiickas Hapoonas Pecnyonuxa (11,5%), na emopom mecme
okazanace Poccuiickas @edepayus (9,3%). Kumaiickas Hapoonas Pecnybnuxa mpa-
OUYUOHHO SABTSEMCS CIMPAMecUdecKUM NapmHepom Yxkpaunvl, a 63aumHdasi mopeoes
Hawux cmpan nocmosanno pacmem. 3a 11 mecayes 2019 cooa mosapoobopom medncoy
Yipaunou u Kumaem evipoc na 32,5%, npu smom sxcnopm mosapog u3 Yxpaumvl
6 Kumaii cocmaegun 3,288 mapo oonn. uevipoc na 70, 1% no cpasuenuio c coomeemcmayio-
WUM NepUoOdom npedvloyue2o 200a, UMNOPM KUMAUCKUX MOBAPO8 8 YKpaury cocmasi
8,395 mapo oonn. u evipoc na 21,9%. Takum obpazom, Habirodaemces mopeoswiil depu-
yum 6 5,107 mapo 0onn., 3Hauenue KOmopo2o NPeGblCULO GEIUYURY 3d COOMBENCE)-
rowguti nepuood 2018 eooa. Illenv. B cmambe ananuzupyomcs: nepcnexmuebl yY4uacmus
Vrpaunvt 6 unuyuamuee «llosc u Ilymvy ¢ uacmu mopzo6oco u MpaHcnopmHozo
compyonudecmea mexcoy ogyms cmpanamu. Pezynomamut. Paccmompenvl nepcnex-
muevl compyonuyecmea Yxpaunvt u KHP 6 mopeogom u mpancnopmuom 63aumooeti-
cmeuu 08yx cmpan. Ilokazano 3nauenue mpan3umnozo nomeHyuana Ykpaurvl, 8o3-
MOJCHOCTU MOPCKO20 MPAHCHOPMA 05l 00eCneyenus Mopeosiu Mexcoy CmpaHamu
«llosca u [Tymuy, nepego3ox MpaouyUOHHbIX MACCOBLIX 2PY308, d MAKICe 20MOBOL
npooykyuu 6 konmetinepax. Beteoowt. Hoes cmpoumenbcmea Ho8020 21yO0KOBOOHO20
MOPCKO20 NOPMa Modjicem chopmuposams 0CHOBY 01 OATbHeuel OPeaHU3AYUL MOUf-
HOU MAa2UCmpanvbHOU KoHmetHepHo auHul, cesasvleaioweli Azuto u Eepony. B mo oice
BpeMsL NOSABUMCSL BOIMONCHOCHIb OP2AHU306AMb (PUOEPHOE COOOULeHUsL Ol OdbHeUulell
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00CMABKU 2PY308 Yoice CYUeCmeyloWuMy MePMUHALIAMU ¢ MEHbUUMU TPOXOOHIMU
enyounamu. Obpawjenue Kk 9moi KOHYenyuu 6 KOHMeEKCme Ce200HAULHE20 OHSL MOJICEm
uMenb 3HAYUMeNbHble IKOHOMUYECKUe nepcnekmusbl. Mneecmuposanue 6 maxou me2a-
npoekm, ¢ nociedyioujetl 00120CPOYHOL APeHOOl NPUYATLO8, OOAICEH CONPOBOAHCOANb-
€51 0020BOPHBIMU COAAULCHUSMU MENCOY CMOPOHAMU O 00513AMeNbCMEaM OPUCHMA-
Yuu NOMOKO8 KOHMEUHEPHBIX 2PY308 8 IMOM HANPAGLEHUL.

Knrouesvie cnosa: unuyuamusa «llosic u Ilymvy, mpansummuviti nomeHyual,
MOpCKUe nopmul, KOHMeEUHEPHble NePeO3KU.

Beryn

3a omuHaauATh MicsaiB 2019 p. o0’eM 30BHINIHBOI TOPriBial YKpaiHW CKiIaB
101,3 mupa o1, 110 Ha 6,3% Okl HiX 3a BiAnoBiqHuE niepion 2018 poky. 3a mijacym-
KaM¥ IbOTO TIepiofy HaWOUIBIINM TOProBUM mapTHepoM crana Kuraiicbka Hapomna
Pecny6mika — 11,683 mupn nom. (11,5% 3aransHoro 06’emy). Ha apyromy micti omnu-
Hunacs Pociiickka ®@enepartist — 9,430 mupa goin. (9,3%), xoua 1ie 3a MmijJcCyMKaMu
2018 poky st kpaina 3aiiMaina nepiie micue [1].

Kuraiicbka Hapoana PecryOitika TpaJiMIiiiHO € cTpareriyHuM napTHepoM YKpaiHu,
a B3a€MHa TOPT1BJIsl HAIIMX KpaiH MocTiiHO 3poctae. 3a 11 micsmis 2019 poky ToBapoo-
0ir mixk Ykpainoro i Kuraem 3pic Ha 32,5% [2], npu 11bOMy €KCIIOPT TOBapiB 3 YKpaiHu
B Kuraii ckias 3,288 mups jgoit. 1 3pic Ha 70,1% B OpiBHSHHI 3 BIAMOBIAHUM MIEPI0I0M
MONEPEAHBOTO POKY, IMIIOPT KUTAMChKUX TOBapiB B YKpaiHy ckiaB 8,395 mups non.
u 3pic Ha 21,9%. TakuM 4uHOM, CLIOCTEPIraeThcst TOprouit aedinut B 5,107 Mapa 1011,
3HAYCHHS KO0 TICPEBHUIIMIIO BEIMUUHY 32 BiANOBIIHU epiox 2018 poky.

ITocTanoBka npodaemun

BanrtaxHi nepeBe3eHHsi 3 Kutaro B €BpOINeHChbKy YaCTHHY MaTepUKa IEPEBaXKHO
3IiCHIOIThCS MopeM. bibiie 90% BaHTaXIB B 1bOMY HANPSIMKY TPAHCHOPTYETHCS
3a y4acTIO MOPCHKOTO TPaHCIIOPTY, EpEeBard SIKOro — HEBUCOKA I[iHA 1 BEJIMKA MPO-
Bi3Ha CIPOMOXKHICTh — 1€ OCHOBA ISl MIATPUMAHHS I[OI0 OE3IEPEUHOrO JIiepCTBa
B IOCTYITHOMY JUTsI OTVISI Y MaitOyTHROMY [3].

MopchKili CKIIa/IOBii BAHTaXXHHUX MEPEBE3CHb MPUIIISETHCS 3HAYHA yBara B paMKax
Mixnaposnoi inimiatueud Kutaro BRI — Belt and Road Initiative (Iniiarusa «Ilosic
i Llnsax», sika panim Maia #Hazesy OBOR — One Belt — One Road, «Onun nosic — oud
nunsix»). [Ipo me cBimuars 3anpornonoBani B 2013 p. ['onmoBoto KHP Cu 1[3uasnimHEM
B Kazaxcrani i B [nione3ii Mi>kHapoaHi kKoMOiHOBaHi nipoekTH «Exonomiunoro [oscy
loekoporo Hnsxy« i «Mopcbkoro Hlokosoro Hmsaxy XXI ctopigusp.

8 nmucromana 2014 p., Tonmosa KHP Ci [[3inbkmin oronocus, mo Kurait Oyzne iHBecty-
Baru 40 mupx noin. B oy LloBkoBoro muisixy. e dona Hagacts GiHaHCOBY J10MIO-
MOTY KpaiHaMm, 110 3HaxoJsaTbest B3oBK «llosicy 1 [llnsxy» ans OyniBHunTBa iHdpa-
CTPYKTYPH, PO3BHTKY PECypCiB, raly3eBoro criBpoGiTHHITBA Tomo. Moro BiaHOCHHH
3 IHIIUMH TIOOANBHUMH Ta PErioHANBHUMHU OaHKaMu 0araToCTOPOHHBOTO OCBOEHHS
XapaKTEePHU3YIOThCSl B3aEMHUM JIOTIOBHEHHSIM, a HE B3a€MHUM BUKIIOUEHHSIM. DOHI
[IToBKOBOTO NIISIXY MPALFOBATUME BiJIIIOBIHO JIO CYyYaCHUX MDKHAPOTHHUX (DiHAHCOBUX
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npaBwiI. Bin Oyne He MpOCTO HaJaBaTH CKOHOMIYHY JIOTIOMOTY, & CTBOPIOBAaTUME HOBI
BEJIMKI MOKJIMBOCTI JUISL PO3BUTKY PI3HHX KpaiH uepe3 MPOEKTH 3 HaJaroKeHHs CTO-
CYHKIB Ta B3aeMoii [4].

OpientyBanus Kuraro 3 1978 p. Ha BiIKPUTICTh CBOET €EKOHOMIKH 1 BUKOPHC-
TaHHS HOBUX 3apyOiKHUX TEXHOJIOTIH CIPHUSIIO IHTCHCUBHOMY EKOHOMIYHOMY
3pocTanHio [5, ¢.154.]. Ha 19-my 3’311 KomyHnictuunoi naptii Kuraro ['eHepanb-
Huii cexkperap LUK KIIK, T'onosa Kuraiickkoi Haponnoi PecnyOniku, Ci L[3inbnin
BiyiMiTuB, mo Kutail opieHTOBaHHMI Ha PO3MIMPECHHS BIIIKPUTOCTI Ta B3a€MOJIi.
Cnupatourch Ha peanizanito iHiriatuBu «OJUH MOSIC 1 OAWH ILISX)», MOAaIbINa
yBara NpUAISETHCS K 3alI03UYCHHSIM 330BHI, TaK 1 BUXOJy 30BHI, ()OPMYyBaHHIO
apXiTEeKTypH BIJIKPUTOCTI, IO BIIPi3HAETHCS B3a€EMOIEI0 CTOPIH Ha CyIIi Ta Ha
Mopi, y Kurai Ta 3a KOpJJOHOM, a TaKoX B3aeMHOT Buroau Ha CxigHomy ta 3axij-
HOMY HampsiMKax [6, c. 89].

Hjineb crarri. Y 1iii craTTi Hala yBara 3BepTa€eThCsl 10 IEPCIIEKTUB yuacTi YKpaiHu
B inimiatuBi «Ilosic 1 [I1s1x» B 9aCTHHI TOPTOBEJILHOI Ta TPAHCIIOPTHOT CIIBIPAIll MIXkK
JIBOMa KpaiHamH.

OcHoBHUII MaTepiaJ 10CTiTKEeHHA

basyrounce Ha Teopii konkypeniii Ta «Diamond Model» M. [Toprepa, KoHKpeTH3Y-
€MO KOHKYPEHTHI IepeBaru Hamoi KkpaiHu o0 i yuacti B [Himiatusi «[losc 1 LLmsxy,
a TakoXK (aKTOpu EKOHOMIYHOTO POcCTy. /10 OCHOBHMX YMHHHKIB, IIEPEIycCiM, CIiJT Bif-
HecTH: reorpadiuHe po3ranryBaHHs YKpaiHu; il IpUpoHi pecypcH, 30Kpema, CIpusiT-
JIMBY 30HY JUIsL arpOIIPOMHUCIIOBOTO BUPOOHUIITBA; KIIIMAaTUYHI YMOBH, a came, — TpH-
BAJIMH Tepio]] HaBiralii mo pikax i Maie MiJIOPIYHUIA Ha MOPCHKUX TPAHCIOPTHUX
MapuIpyTax; JOCTaTHIO KUTBKICTh KBaJTi()iIKOBAHUX Ka/IPiB.

VYkpaiHa Mae BUTiJJHE €KOHOMIKO-TeorpadiyHe MOJOKEHHS, SKe BHPAKAETHCS B 11
TEPUTOPiabHOMY PO3TAlIyBaHHI Ha TIEPEXPECTI BAXKIIMBUX TPAHCIIOPTHUX MApUIPYTIB,
1o 3’€IHYIO0Th KpaiHu €Bponu 3 KpaiHamu 3axinHoi Ta LlenTpanbpHoi A3ii. Ha nqymky
ekcrieptiB €Bpornericbkoi Komicii, Teputopist YkpaiHu XapakTepu3yeThesi BACOKHM Koe-
GIIiEHTOM TPaH3UTHOCTI TEPUTOPIT, TOOTO Mae BUCOKMI TPaH3UTHHI TIOTCHITIAL.

binbma yactuHa kpaiHu po3ramioBana Ha y30epexoki HopHoro i A30BCHKOTO MOPIB,
NPOTSHKHICTB 11 OeperoBoi MiHil € ofHier0 3 HaloBIMX B €Bpori. Le cnipusiino dpopmy-
BaHHIO MOTYXXHOTO MMOPTOBO-TIPOMHUCIIOBOTO KoMIUIeKcy. Kpim Toro, mpuponHi ymoBH
Ta pecypcu YKpaiHH, 30Kpema, PiBHHHA MICIEBICTh, MMOMIPHHUI KJIIMaT, HasBHICTh
POJIIOYHX 3eMelTb 1 MiHepalliB, CIIPHUSIOTH IHTEHCUBHIHM IPOMHUCIIOBIH Ta CLIIBCHKOTOCTIO-
JAPCHKIH JIsSITBHOCTI.

Tepuropieto Ykpaini B CBO€T HIDKHIH Tedii (Ha 1 74-KimoMeTpoBiil AiJISHIN) IPOTHKAE
piuka [lynaii. /lyHaii 3a0e31euye 30BHIIIHbOCKOHOMIUHI 3B’ sI3KHM YKpaiHU Yepes3 Piuko-
BUH TpaHCHOPT 3 HU3KOIO Kpain LlenTpansHoi Ta [liBnenHoi €pomny.

«HarionanbHa TpaHcopTHa crpareris Ykpainu Ha nepion g0 2030 poky» [7] Bia-
3Hayae, 10 B Ykpaini B HopHOMOpChKO-A30BChKOMY OaceiiHi Ta aenbri JlyHaro Hati-
qyeThest 13 MOPCHKUX TOPTIB, 3arajibHa MOTYKHICTh BaHTaKONEpepoOKH SKUX CKIla-
nae Oinpme 230 MITH TOHH Ha piK, a «Crparerisi pO3BUTKY MOPCHKHX TMOPTiB YKpaiHH
Ha mepion mo 2038 poky» [8] mepemdauae CTBOPEHHS MEPEPOOHHX IMOTYKHOCTEH
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B MOPCBKHX IMOpTax He MeHIe 250 MITH TOHH BaHTaXIB Ha PIK Ta 3a0e3MeUCHHS e(eK-
TUBHOTO PO3BHUTKY MOPTOBOI 1H)PACTPYKTYPH.

Bu3HaueHo HacTynHy crierianizamito MOPCbKHUX TIOPTiB: HaTa 1 HAQTOMIPOIYKTH —
Opnecpkuil TOPT; XiMiYHI BaHTaX1 HAIMBOM — NIOPT [1iBACHHWIA, BaHTaKi METaTypriiHOT
IIPOMHUCIIOBOCTI (3alli3Ha pyja, Byriuis, 4opHi Metann) — nopta Oneca, YopHOMOPCHK,
Mapiynons, [liBgennwuii; 3epHoBi BaHTaxi — nmopta Oxeca, YopHomopckk, Mukonais
ta XepcoH; BaHTaxi B KoHTelHepax — nopti Ozxeca i YoprHomopcebk.! HampsiMku po3-
BUTKY MOPCBHKHUX ITOPTiB BU3HAYAIOTHCS 3 YpaxyBaHHIM IX OCHOBHHX BaHTa)KOIOTOKIB
Ta MOTOYHUX PUHKOBHUX YMOB.

Tepuropieto YkpaiHi npojsiratots 2714,5 kijloMeTpiB BHYTPIIIHIX BOJAHUX ILISXIB.
IcHye posraiyxeHa Mepeka MOPOMHHX CIIOJNyY€Hb, MOPCHKUX KOHTECHHEPHUX JIHIH,
o 3’€THYI0Th YKpaiHy 3 KpaiHaMmu-maptHepamu B YopHOMOpChKOMY perioni. Hari-
OHaJIbHA MEPeka JOPIr aBTOMOOIIBHOTO CIIOJYUYEHHS CTAaHOBUTH 169652 kioMeTpis.
Excrutyarariifina Meperxa 3aJ1i3HUIb KPaiHU € OJIHIEI0 3 HalO1IbIIuX B €BpOIi 1 Tocsirae
20951,8 kinomerpis, 3 sskux 9926,4 kinomeTpis (47%) enekTpUQiKoBaHi.

Po3ramyBanHs YkpaiHu Ha repexpecti €Bpo-a3iiicbKUX TPaHCIIOPTHUX MapIIpyTiB
JI03BOJISIE BAKOHYBATH POJIb TPAH3UTHOTO TPAHCIIOPTHOTO MOCTY MiXK KpaiHamu €Bponu
Ta A3ii.

Tepuropieto YkpaiHu MpoxoAsiTh MKHAPOHI TPAHCTIOPTHI KOPUIOPH: 3arallbHOEB-
poretickki TpancnopTHi kopugopu Ne 3, 5, 7, 9, xopunopu Oprasizariii criBpoOITHH-
rBa 3amizHuie Ne 3, 4, 5,7, 8, 10, Tpanc-€sponeiicbka Tpanciioptaa Mepexa (TEN-T),
Kopuop «E€Bpona — KaBkaz — A3isiy, po 110 ToBOpuThCs B «HartionanbHii TpaHCTIOpT-
Hill cTpaterii Ykpaini Ha niepiox g0 2030 p.» Cepen 0OCHOBHUX HalpsIMKiB peaizaiii
cTparerii BU3HaY€HO CTBOPEHHSI KOHKYPEHTOCTIPOMOKHOT Ta €peKTUBHOT TPAHCTIOPTHOT
CHCTEMH, 3aBIaHHs HAPOILYBaHHS MIEpEeBE3eHb KOHTEHHEPIB Ta 1HIIMX BaHTAXIB yepes
TEpUTOpit0 YKpaiHu, y TOMY YHCJII B paMKax PO3BHTKY TPAHCIOPTHUX MapIIpPYTiB:
kpaian €C — Kuraii («Hoeuit [lloBkouit 1nsix»), kpainun €C — Ipan, [unis, kpainu
€C — Typeuunna Tta iami (mpuHaiiMAi 1 mma. TEU B 2025 p. i 2 muma. TEU B 2030 p.).

B icropii He3anexxHoi YKpaiHu peKkopHi 00CATH TPaH3UTHUX BaHTaxkiB Oyno oOpo-
0s1eHO B MOpCchkuX mopTax B 2007 p., KOJIM CHOCTEPITraaocs akTHBHE 3pOCTaHHS €KOHO-
MIKH, SIK B HaIlliil KpaiHi, Tak 1 B CyCiJiHIX KpaiHax. BaHTa000ir MOPCHKHX MOPTIB TOTO
poky ckiaB 158 miH. T (11 nopiBHsHHS, B 2019 p. e 3HaueHHs — 160 MIIH. T), IpH
LIbOMY Ha TpaH3uT npumnajano 44% a6o 69,5 mas. T (B 2019 p. — 11 muH. T). Y TO# yac
BiZIOyJIOCS aKTHBHE 3POCTAaHHS POCIHCHKUX 30BHIITHBOTOPTOBEIBHUX MOTOKIB, 3 SIKHMH
POCIHiChKi TOPTH HE BHOproBajucs BiacHUMH ciiamu. Y 2007 p. pociiicbkuid TpaH3UT
ckiaB 51,6 MIH. T, TOOTO OJNM3BKO TPETHHH BCHOTO BAHTAXKO00ITYy MOPCHKHX MOPTIB
Vkpainu. OHaKk, BBEJICHHS B €KCIUTyaTallil0 HOBUX NEPEBAHTAXKYBAILHUX KOMILJICKCIB
B Pocii, emHicTh sikuX TibkH B HOPHOMOPCHKO-A30BCHKOMY OaceiiHi J103BoNMIa 3/ii-
CHUTH niepeBaiky 272,3 miH. T B 2018 p., mpU3BeNo 10 3HAYHOTO CKOPOYEHHS TPAH3UT-
HOTO pyXy uepe3 Ykpainy [9, c. 18-20].

Takum unaOM, 2018 p. MOKa3aB 3arajgbHUN 00CAT TPAH3UTY Yepe3 YKPaiHChKi TOPTH
10 221,37 tuc. T abo 86,6% MOpIBHSHO 3 TONEpenHiM pokoM. Pesymbrat ciuns —
rpynast 2019 p. mpoaeMOHCTpYBaJIM 3pOCTaHHST 00CSTiB TpaH3UTy Ha 7,9% BiTHOCHO

! Bka3aHO OCHOBHI [OPTH, BIAMOBIZHO /10 Pe3yJIbTaTiB poOOTH MOPCHKUX IOPTIB YKpaiHu 3a ciueHb-rpyneHs 2018 p.
[12, c. 62-64]
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norepeiHboro poky [10]. bepyuu 110 yBaru Takox 3HauHi 00MEKEHHS, IPUHHSATI HAITUM
HAMOMMKIMM CYCIIOM IIOI0 BaHTaXy TPETiX KpaiH (Hampukiaa, Kazaxcrany), MoxHa
CKa3aTu, NI0 TPaH3UTHHI MOTEHI[iall KpaiHH, & TAKOXK MOYJIMBOCTI HAIIIMX MTOPTiB BUKO-
PHCTOBYIOTBCSI JJAJIEKO HE TIOBHOIO MipO¥O.

Crix Takox 3ayBaXKUTH, IO 4Yepe3 YKpaiHy Mposirae HAaHKOPOTIIMH CyXOITyTHUH
MapipyT 3 Kutato 10 €Bporneticekoro Coro3y, ssKuii B JaHUH 4ac 3a0JI0KOBaHUIN Ha TTiB-
JICHHOMY cX0i Kpainu. [IpoTe mepeBaru CKOpOYCHHSI TPUBAJIOCTI JOCTABKH 3HAWIILIN
CBOE€ B1I0Opa)KCHHS B MIJIOTHOMY MPOEKTI 3aITyCKy HOBOTO KOHTEHHEPHOTO MOTATY LIS
JIOCTaBKM BaHTaxiB 3 Kuraro B YropmuHy TpaHzuTom yepe3 Ykpainy. [loTar 3ailicHuB
cBill mepumii TectoBuil peiic Ha Mapuipyti Hlensci (KHP) — Enepemke (Yropuuna),
B KoMy Oyno mepeBe3eHO 41 copokadyTOBHIl KOHTEHHEP CIIOKMBYMX TOBapiB. Yac
nepeBe3eHHs ckiaB 14 nHiB Big gatu BignpasieHHs 3 [llenbci 27 6epesns 2019 p. no
npuOyTTS B MyHKT MPU3HAYCHHS B YTOPIIWHI 7 KBITHS.

HoBuii MapmipyT npoxoJuTh Yepe3 MPUKOPIIOHHI epexoau Anamanbkoy (Kurait) —
Hocrik (Kazaxcran), Cysemka (P®) — 3epnose (Ykpaina), barboBo (Ykpaina) — Ene-
pemke (Yropumaa). TpaHCIIOPTHI ONepaTopH, sIKi OpraHi3yBald pyX TOTATY, CTBEp-
JUKYIOTB TIPO HBOTO, SIK MPO BIIKPHUTTSI HOBOTO TpaH3UTHOTO «[liBeHHOTO KOpHIOpY»
3 Kurato 10 YropmmHu 3 MOXKIHMBICTIO OCTaBIATH TOBapu B ABCTpito, Himeuunny,
[Monbmry, Pymysiro, Itaniro, Typeuuuny Tta i kpainu [ligennoi €sponu. [TpuBomgom
JUISL CTapTy HOBOTO MAapUIPYTY CTaJ0 CKYITUEHHS TOJIOBHOTO TIPUKOPIOHHOTO MEPETHHY
Bpect — ManameBud uepe3 BETHKHI 00CAT BaHTaXOTOTOKIB 3 binopycii 1 Kaninin-
rpajy, a TAKOX TepiOINYHICTH PEMOHTHUX POOIT Ha MPUKOPAOHHOMY TepeTHHi. JlaHuii
CEPBIC MJIAHYETHCS 3/IHCHIOBATH Ha PETYJISPHIM, IIIOTHKHEBIH 0cHOBI [11].

[MporHo3oBanuii eKOHOMIYHUI MacIITad MPOEKTIB, 110 TIepe10aval0Th EKOHOMIUHUHA
PO3BHTOK 32 y4acTio Kuraro B jecsiTkax KpaiH, € TiIraHTChKUM — 110 21 TpiH 1o, Y ToMy
gyuc nependaveHi MaciTaOHI MPOEKTH 3 PO3BUTKY TPAHCIOPTHOI iHQpacTpyKTypu
Hamoi kpaiau [12, ¢.28]. Ykpaina po3misgaeTses K MapTHEP IS BUXOAY Ha €BpOIIeH-
CbKi PUHKH, MPHYOMY KHUTAHCHKOIO CTOPOHOIO IMiIKPECIIOETHCS TOTOBHICTD BKIIAIaTH
3HAYHI IHBECTHUIIIT B IPOEKTH, SIKI OIIIHIOIOTHCS SIK B3aeMOBHTiHI. OCOOIMBHIA 1HTEPEC
CTaHOBIISITH BEJHKI 1HYPACTPYKTYpHI IPOEKTH, SIKI MOXKYTh CYTTEBO BIUIMHYTH Ha €KO-
HOMIYHUI PO3BUTOK PETiOHIB, IO TSHKIFOTH J0 HIISXIB MEpeCcyBaHHs KUTaHChKUX BaH-
TaKOTIOTOKIB.

KHP mnanye po3mmproBaT iHBECTHUIIIT 1 MPOJOBKYBATH PO3POOIISATH CHINIBHI MTPO-
€KTH, 5K Y cepi IepepoOKH CUPOBUHH, TaK 1 BAPOOHUIITBA TOTOBOI MPOIYKIIiT, 8 TAKOK
HaJaHHS JIOTICTUYHUX MOCHYT. [Ipo 1e Oyn0 OroJioiieHo Ha MIKHAPOJIHIA BUCTABIN
AT'PO - 2019 pasHuKkoM 3 TOProBo-eKOHOMIYHHUX MTUTaHb y MocolibeTBl Kuraro B Ykpa-
iHi. Byno Bif3HaueHo, MmO «0e3 3HAYHUX 3YCHIIb 000X KpaiH y HamNpsMKy CIiBOpali,
He Oyno O peanizoBaHO CTINBKH CEPIMHUX MPOEKTIB, sIK y Mexkax «[losicy 1 Lmsixy»,
Oya mpoBe/IeHa 3HaYHa POOOTa MPeACTaBHIUKAMU JiepkaBy. Takoxk Oyio miKpeciIeHo,
mo Kutail npogoBxyBaTuMe pO3IIMPIOBATH BIACHUN IMIOPT, IKMH CTHUMYIIOE TOPTO-
BEJIbHI BITHOCHHH B ychoMy cBiTi. CymapHi inBecTHiii Kutaio B ykpaiHCBhKI POEKTH
BKe ckianu 7 mipa aod. [13].

Jlo uucna TakuxX MPOEKTIB, MOB’S3aHUX 3 MOPCHKOKO TPAHCIIOPTHOIO Tairy33io, BiJl-
HOCATBCS TOTNIMONIOBaNbHI poOoTH B moptax [liBneHHnid Ta YOopHOMOPCHK; PO3BU-
TOK 3€pHOBOTO TEPMiHAJy B MOPTYy MMKOJAIB, SIKUM € JiJepOM MEepepoOKH XJIIOHMX
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BaHTaXIB, 3 TOKA3HUKOM IepeBaitoBaHHs 3epHa 32 2019 p. 16255,5 1.t abo 123,4% Bia-
HOCHO TOTIEPETHBOTO POKY.

Xi0HI BaHTaX1 CKJIAJAl0Th MPOBIIHY YaCTKYy 3arajbHOi BaHTaXXOMEPEPOOKH MOp-
cekux nopTiB Ykpainu (34,1%). B munymnomy potii Oyno nepepoOieno 54618,61 1.1, 110
cxiano 132% B nopiBHsHHI 3 pesyasratamu 2018 p. [10].

Came x1iOH1 BaHTaX1 3aiiMarOTh JpyTre MicIle B YaCTKOBOMY PO3IOJIiITi YKPaiHCHKOTO
excriopty 1o KHP. 3a nannMu ykpaiHChkoi CTaTUCTUKY B CTPYKTYP1 YKPaiHCHKOTO eKc-
nopty 1o Kuraro qOMIHYIOTh OCTaBKH PyIH, MuIakiB i 3011 — 34,9%; 3epra — 25,3%);
xupiB Ta oiii — 19,8%; BiAxoniB Xap4oBOi MPOMHUCIOBOCTI — 5,5 % [14].

VYkpaina nocigae nepiie miciie 3a 00csroM nocraBok Kykypynasu go KHP. Onnak,
JIOXOJTU BiJT IPOJIaKy IMOCTIHHO 1 CTPIMKO MaJIal0Th, HABITH HE3BAXKAKOUH Ha T€, 110 TPS-
MHUX KOHKYPEHTIB Ha KUTalicbkomy puHKY Maio. Kpim CIIA, kykypyn3a Takox ocTaB-
JIAETHCS TUTBKY 3 Jlaocy 1 M’ stHMH, 00CSIT TIOCTaBOK SIKUX B OCTaHHI POKH XapaKTepu3y-
€THCSl IMHAMIYHUM 3POCTaHHSIM.

Menme B Kutait Ykpaina ekcioprye sumens. 3a 06’emMaMu MOCTaBOK, HaIlla KpaiHa
3HaXOJMTHCS Ha TPETHOMY MICIli, OJIHAK, OCHOBHA YaCTHHA Maike B PIBHHUX 4YacTKax
npejcTaBieHa mpoxykToM 3 ABcrpaitii Ta Kananu, Ha sikuii OcTaHHIM 4acoM NpUnajiae
Mmatixke 90% Bcworo immopty [15].

Cuijl 3a3Ha4YKTH, 10 TIOCTABKH MIICHHUI 3 Ykpainu B Kurtaii B3arasi BifcyTHi. BoHu
Malke TOBHICTIO HaaarThes ABctpaniero, Crnonyuenumu I[lltaramu ta Kanasoro.
3 ypaxyBaHHSIM MPOCTIIINX 1 JEMIEBIINX JIAHIIOTIB IIOCTABOK, /IO HUX aKTHBHO Hamara-
10ThCsI TpueaHaTucs cycinai 3 Kuraem Kazaxcran i PO.

Kuraii € BenmukuM iMIIOPTEPOM CO1, OJTHAK B IMIIOPTI 1i€T KyJIbTypu YKpaiHa mpej-
CTaBJiecHa HEBEJMKUMH oOcsiramu. OCHOBHI BaHTaKOIMOTOKH cOl MpAMyrOTh B KuTtaii
3 Bpasunii ta CIIA, 3 2 10 6% kuTaiickkoro iMmopry coi no’s3ani 3 Kanaoro,
VYpyrBaem ta ApreratrHoro. Ha kuraiicbkoMy prHKY TaKHX ITOCTaBOK YKpaiHa B JIECATKU
pasiB MOCTYNAEThCS JAIEKOCXiTHIM KOHKYpeHTaM 3 PD. ¥V 1iboMy cerMeHTi, B pe3ylib-
TaTl IHBECTHUIIHOI 1 TOProBeIbHO-CKOHOMIYHOI HisiibHOCTI Kutato B Adpwuri, Bce
Ol momiTHOMO cTae Ediomist.

VYkpaina TBepao 3aliMae JIiAUPYIOUi MO3UIIi B KHTAHCHKOMY IMIIOPTi COHSIIHH-
koBoi omii. fkmo B IHmito YkpaiHa eKcIopTye COHSIIHUKOBY OJIiI0 HallMBOM, TO
Kuraii — 11e J0cuTh BeIMKUI OKyIelb (hacoBaHOT OJ1i1, 1110 CBIAYUTH PO O1IBII BUCOKY
KYMiBEJIbHY CITPOMOKHICTb.

KHP 36inbmmts iMmopt pocnuaauX omiit 3 10,2 maa T 1o 11,3 muH T B MaiOyT-
HBOMY C€30HI. BUKIHMKAaHO I 3pOCTar0YMMHU IMOTpebaMH Xap4oBOi MPOMHCIOBOCTI
Ta CEKTOpa IPOMaJICHKOTO XapuyBaHHs. [[prdomy, MpOMHCIIOBICTh BUKOPUCTOBYE TIepe-
Ba)KHO MAJIbLMOBY OJIif0, HACEJICHHS 3aCTOCOBYE paricoBy i coeBy. COHSIIITHMKOBA OJisl,
TAKOX SIK 1 OJIMBKOBA, 1 KyKypy/I3siHa — 3DOCTAIOUHMI CETMEHT.

HapomiyBanus Kuraem iMIopTy pOCIMHHUX O CTaHE HACIIJAKOM 3MCHIICHHS
BHYTPIITHBOT NiepepoOKr coi 1 HeoOXiAHICTIO AuBepcudiKallii MocTavaabHUKIB JaHOT
npoaykuii [16].

VY 2018-2019 MapKeTHHTrOBOMY pOIIl BiA3HAYAIOTHCS PEKOPIHI TEMITH EKCHOPTY
B Kuraii ykpaincbkoro cousimHukoBoro mpoty [17]. 3rigHo 3 manumu Jlepskcrary
Vkpainu, 3a migcymkamu 11 wmicsimi (Bepecenb-nmurienp) KHP immopryBana maiixe
1 muH. T. mpotH 155 THC. T. y onepenubomy ce3oHi (2017-2018 mapkeTHHIOBuU PiK)
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i cTana, TaKUM YHHOM, HOTO OCHOBHHM ITOKYIIIIEM 3 4acTKoo B 21% B 3aranbHiil CTPyK-
Typl YKpaiHCBKOTO €KCIOpTy. ¥ JaHOMYy CETMEHTI YKpaiHa CIijye 3a MOCTaBKaMmu 3i
Cronyuenux lTariB 1 nanexocxigaux perionis Pocii. Jlizepom Ha boMy pHHKY 3aJu-
nraetbest bpasumis 3 Oinbm Hik 50% Bij 3aranbHOTO 00’ €MY IMITOPTY, IO HAJXOIUTh
3 mi€i kpainum [18].

Kuraii cTaB mpoBiAHMM HamNpsSMKOM IMEpPEeBE3eHb YKPATHCHKOTO COHSIIHUKOBOTO
IpoTy. 3a MiJICYMKaMy JIBOX 3 TIOJIOBHHOIO MicsiB ce3ony 2018-2019 p., B mpomy
HampsIMKy OyJ10 mocTaBieHo 01u3bk0 170 T. mIpoTY, 110 3HAYHO MIEPEBEPIIYE EKCIIOPT 10
Opanuii, binopyci, Hinepmanais i [onbmii. EkcniepTn nporuo3yoTs nopanbiie 3011b-
HICHHS IMITOPTY LIPOTY 3 COHSIIHUKY 10 Kuraro [19].

3aranpHa BapTIiCTh IMIOPTY MOJOYHUX MPOAYKTIB 1o Kwuraro omiHIOE€ThCS
B 5 mupa. pon. YkpaiHa Oepe y4acTh y IIbOMY CEIMEHTI JIMIIE CBOIM EKCIOPTOM
cyxoi cupoBaTKu. Y Halllii KpaiHi BiJICYyTHIN ekcropT J0 KuTaro iHIINX MOMyIspHIX
MOJIOUHUX MPOAYKTIB, TAKHX SK CyXe Ta 3TYLICHE MOJIOKO, BEPIIKOBE MacllO, CUPH.
VY To# ke yac, ykpaiHCbKi BUpOOHUKH IUX BUPOOIB J0Ope MpeAcTaBiIeH] Ha pUHKaX
IHIIMX KpaiH. BigHocHO mocTaBok cyxoi cupoBarku B Kurtaid, citiji 3a3HaYUTH, 10 1X
00CsTy B OCTaHHI POKH aKTUBHO 3pocTatoTh: 0,5 muH goa. B 2015 p., 2,3 muH god1.
B 2016 p. 1 12,5 man non. B 2017 p. BianoBigHO 70 1IUX MOKAa3HUKIB, Hallla KpaiHa
o0iiinuia abo TICHO CIIBICHYE 3 TaKUMH TPaJUIIHHUMHU €KCIIOPTEPaMU MOJIOYHOT
npoaykiii, sik binopycs, ABctpis, danis, Hosa 3enanmis 1 @innsugis. OgHak HasB-
HICTh Y MOJIOYHOMY CETMEHTI TiJBbKH OJHOTO MPOAYKTY — CYXOi CHPOBAaTKH, 1 BCe
1Ie CKpOMHA YacTKa, SIKy BOHA MpEACTaBisie, — OMu3bKko 2%, TOBOPUTH PO HEBH-
KOpUCTaHI MOKIMBOCTI YKPaiHChKUX BUPOOHUKIB BUHTH Ha KUTAHCHKHI MOJIOYHUN
PUHOK. 3 TOCTIHHUMHU JIiIEPChKUMU TO3UIISIMU TYT nipencrapneHi @panuis, Hinep-
nangu, Himeuunna, [Toapmia.

Excriopr mponykmii ykpaiHcbkoi aepeBooOpoOHOi mpomucioBocTi g0 Kutaro
B OCTaHHI POKH CTPIMKO 3pocTae. [lepeBakHO EKCIOPTYEThCS JICOMMIbHA CHPOBUHA
3 HU3BKUM CTyIICHEM 00poOKHU. 30KpeMa, B OCTaHHI pOKHU BUpic ekcropT B KuTaii pos-
NUJICHOT JIPEeBHHM Ta WIMOHY, BOJHOYAC OOCST MOCTaBOK HEOOpPOOJICHOT JepeBUHU
3MeHImuBes [18].

3BakalOuM Ha CTPYKTYpY yKpaiHcbkoro excriopty 1o KHP B koHTekcTI B3a€MHOTO
CHIBPOOITHUIITBA, IHTEPECOM I YKpaiHU CTae HE TUIbKHM 30€PEKEHHS MO3UIIIN Clllb-
ChKOTOCIIOIAPChKOT MPOAYKILi, IEPEBHOI CUPOBUHM Ta Maiike 0O0poOIJIeHOT epeBUHH,
a ¥ pO3IIUpPEHHs JIOCTYIy BITYM3HSIHUX BHPOOHHKIB JIO CKIIQJIOBHX OJHOTO 3 Hali-
OUTBIIMX Y CBITI PUHKIB TOTOBOI XapuoBOi NMPOAyKIii (OOpOIIHO, MaKapoHH), MaCIIO-
JKHUPOBOT, MOJIOYHOT MPOAYKIIii, TPOMHUCIOBUX BUPOOIB 3 BHCOKOIO JIOJIAHOIO BAPTICTIO.
Came CTUMYIISIIISE [THOTO KOMITOHEHTY MOXe 3a0€3MeUUTH PIiCT BITYUU3HSIHOTO BUPOOHU-
1ITBa, CTBOPIOBATH HOBI po00UYi MicCIis, 3a0€3IeuyBaTH HAIXO/PKCHHS KOIIITIB y JICpKaB-
HUH OIOJKET Ta colliaibHi (oHIH.

BinburicTs ToBapiB, sIKi € 3aKiHYEHOIO MPOAYKIIIEIO MPH TIEPEBE3CHHI BiTHOCATHCS J10
KaTeropii KOHTEHHEPHUX BaHTaXiB. KOHTeWHEPHI BAaHTaX1 € OTHUMHU 3 11’ SITU KITFOYOBUX
BaHTAaXIB, 1110 IEPEBATIOIOTHCS B IOPTaX YKPaiHU 1 IEMOHCTPYIOTh HAWBHUIILY JHHAMIKY
3pocTaHHs. [XHs yacTka y 3araqbHOMy 060poTi moptis y 2018 p. 3pocia 110 8,1% npotu
5,9% nonepeHbOro PoKy, a B 2019 p. cxnana 7,9%. Beboro B 2019 p. Oyiio 00podiieHo
12,705 miH. T BaHTaXy B KOHTeiHepax abo 1,007 mua. TEU.
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[Tonax mIicTCOT THCSY KOHTEHHEPIB, 10 CKiIaaae Maike 64,5% yKpaiHCHKOTO KOH-
TelHepHOTo 00iry, 00pobsieThes B Onecbkomy mopty (549 458 TEU), 21,7% — y nopty
ITiBnennuii (218 661 TEU), 13,8% — y mopty YopHOMOpPCEK, (32 JTaHUMU 3 ypaxyBaH-
HSIM pe3yibTaTiB podotu YopHomopcebkoro pubHoro mopty — 139 154 TEU). o 2016 p.
nBa optu — YopHoMopchk Ta Mapiyroib — aKTHBHO MPAIIOBAIN 3 KOHTCHHEPHUMH
BaHTaxamu. KoHTelHepHHiI TepMmiHam nopty YOpHOMOPCHK, SIKUH Ma€ TOTYKHICTbh
850 tuc. TEU, npunuHue 00poOKy KOHTEHEpIB, nepedOKyCyIoud TepMiHal Ha iHIII
BaHTaxi. MapiynoiabChbKUi MOPT MepecTaB MPUHMaTH KOHTEHHEPHI Cy/lHa yepe3 KOH-
GuikT Ha cX0Jli KpaiHu.

3a ocraHHI POKM TIOOANBHUI KOHTEHHEPHHUH PHHOK 3a3HAB 3HAYHUX 3MiH, SIK
y CTPYKTYpi KOHTEHHEpHHUX JIiHIH, TaK 1 B cKai JiHIHHUX aibsiHCiB. Y 2016 p. kuraii-
coki kommanii COSCO i China Shipping 06’ ennanucs B eauny kopropatiro COSCO
Shipping. ¥V tomy x porui ¢panimy3ska komnanis SMA CGM norumnyna niHito APL.
VY tpaeni 2017 p. Oyno 3aBepmene 3autTst Hapag-Lloyd i UASC. Kpim Toro, B 2017 p.
narcbka kommanis Maersk Line nosaicTio nmormayina Hamburg-Siid. ¥ 2018 p. xBuiis
3nuTTs 1 normuHaub TpuBasia. COSCO Shipping 3aBepiinia y3ropKeHHs PO MOITIH-
HauHs JiHiiT OOCL, 30epiraour MOXKJIMBICTB JJIsi OCTAHHBOI MPAIfOBATH IijJi CBOIM
BJIACHUM OpEHIOM.

VY nparHeHHi CKOPOTUTH BUTPATH B YMOBaX MiIBUIIIEHOT KOHKYPEHIIii, IEpEBI3ZHUKH
BCTAHOBMJIM TPH aJIbSHCH, sIKi 3apa3 JOMIHYIOTh Ha CBITOBOMY puHKY, — 2M (Maersk
Line, MSC), Ocean Alliance (COSCO, CMA CGM, Evergreen, OOCL) The Alliance
(ONE, Hapag-Lloyd, Yang Ming). fxmo m’sTh pokiB Tomy Ha 10 HaiOinbmmx cya-
HOIUIABHUX KOMITaHii mpumazano Ha 68% CBITOBUX KOHTEHHEPHHUX MEPEBE3CHb, TO
B 2018 p. — Bxe mopsaxy 80%.

B VkpaiHni yuacHHUKaMu IIUX I100a7IbHNX ATBSHCIB IIepeBO3sThCs 82% BCiX KOHTEHHE-
PiB, 1110 TIPOXO/ISITH Yepe3 BITYM3HsIHI MOPTH. Sk 3a3Havanocs Buie, y 2019 p. KUTbKICTb
KOHTEHHEPIB, 1110 MPOUIIUTK Yepe3 MOPChKi TepMmiHany Ykpainu, ckinana 1007434 TEU.
VYKpaiHChKUIT pUHOK 3aJMIIAETHCS TPUBAOTUBUM ISl OUTBIIOCTI CBITOBHX KOHTEHHEp-
HUX TepeBi3HuKiB. CBOT mepeBe3eHHs Yyepe3 YKpaiHChKi OPTH opraHizyBaiu 17 cya-
HOIUTaBHUX KommaHii. [Ipu nbomMy, 10 OechKoro MOpChbKOTO MOPTY CYAHO3aXOIH 3/TiH-
cHIoBaJH Bci 17 xommaHiii, 10 YopHomopcrkoro prubHoro mopty — 2 komnasii (Maersk
Line u MSC), no nopry Ilinennuii — tinbku Maersk Line.

Jo mopriB YkpaiHu 3AiHCHIOIOTH CYy/IHO3aXOIU HACTYITHI MaricTpaibHi JIiHii:
1) Bosphorus Express Service (BEX) — motmxkaeBuit cepsic anbsiacy Ocean Alliance,
3 cymHo3axonoM B Opechkuil mopt. B 1iiioMy Ha JiHIT 3a/i9HO JECATh CYJCH, IT'STh
3 SKUX MarTh MicTkicTh mpubmuzno 10000 TEU. Humu onepye CGM SMA. Bin-
MOBIIHO, THIIUMU CyIHAMH, MicTKicTiO Oiu3pko 9600 TEU koxue, onepye COSCO;
2) ZIM Med Pacific (ZMP) — mormxkHeBHii cepBic komnanii ZIM 3 moprtiB danexoro
Cxony 3 3axon0M 10 Oznecu. Ha miHii mpalroroTsh 4oTHpH cyaHa Mictkictio o 5000 TEU;
3) ECUMED — miotmxaeBuii cepsic Maersk Line 3 JIaTHHCHKOT AMEPHKH 3 3aX0JI0M J10
akBaropii nopry IliBnennunit. Ha niHii mpamiooTs aecsats cyneH mictkictio 3100 TEU
koxHe; 4) Middle East (ME3) — mormwkHeBuit cepric kommanii Maersk Line, sikuit
3’€IHy€ yKpaiHChKi mopTH 3 Kpainamu biamsbkoro Cxomy. Cymna Maersk Line 3axoanim
no Onecwkoro Ta YopHomopcekkoro pudHoro noptiB. OgHak 3 2018 p. miHig 3a3Hana
3MiH y poramii moptiB. BianoBigHO 10 TUIaHIB pO3BUTKY Oi3HEcy Ta omTuMmizaiii
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CYJTHO3aXO/IiB, OyJIO IPUITHATE PIMICHHS PO Mepexis 1uist o0cimyroByBanHs 3 O1eCbKOro
nopty 1o nopry IliBnennunii. Ha ninii npaioroTs Bicim cyaen mictkictio B 6800 TEU.

VY 2018 p. B Ykpainy 3aiitioB Hosuii niepeBizHuK ONE (Ocean Network Express),
MPEJCTaBICHUI TphoMa 00’ €THAHUMHU STTOHChKUMHU JiiHisMU — "K Line, MOL u NYK.
3 kBiTHs 2018 p. BiH BBiB J[Ba OKEAHCHKUX cepBicH 3 3axonamu B noptu [lipeit i Cram-
Oy, 3BIJIKK BXKe (iIepHUMU JIHISIMA KOHTEHHEPH JOCTaBISIIOThCS B ONEChKUIl MOPT.
VY kBiTHI 2018 p. COSCO Shipping Lines Bupimiuia 3aKpuTH MOTHKHEBY (GiepHY JTHIIO
3 €runty 3 3axo0710M B OIeChbKUI TOPT, sIKa MPOiCHYyBaJia BChOro miBpoky. 32018 p. CMA
CGM oOyna 3akputa ¢igepna Jinis 3 [liBaiunoi Adpuku — BS MedExpress 1 Takox
3 3axomamu 10 Oxecrkoro mmopty [12, c. 46-48].

TakuM 4MHOM, B MOPTH YKpaiHU 3MIHCHIOIOTH 3aX0/IU CYJIHA YOTHPHOX MaricTpalib-
HUX, & TAKOXK (PiIepHUX JIiHIH.

CyuacHi koHTeiHepoBo3u MmictkicTio 15000-20000 TEU marore ocanky Oinblie
15 M. [MnOOKOBOJHHUX TOPTIB, IO JO3BOJSIOTH MPUAMATH Taki CyJaHa, B YKpaiHi Ha
HUHINIHIA cTaH He icHye. /[0 IMX TIOKa3HHMKIB HAONMMKAEThCS HAHTIMOOKOBOMHIIIIN
1 HOBITHIN KoHTeHHepHuii TepMinan B opty [liBaennuit — « TIC KT» 3 tmubunoro 15 m
[20]. B OnecbkoMy MOPTY JIOMYCKAEThCS OCaIKa Cy/IeH Ha TepMiHaii « bpykiin-Kuisy —
1o 13 m; Ha «Konrelinepaomy Tepminam Onecay («kKTO») — 11,5-12 m [21]; y YopHo-
MOpPCBHKOMY PHOHOMY TOpPTY TIIMOKHA Olist mpuyaiis — o 12,2—14 m [22].

Binbm Hixk niBTOpa AecstumitTs Tomy (16 yepBHs 2004 p.) [TocranoBoro BepxoBHoi
Pamu Asronomuoi PecnyOmiku Kpum «IIpo 3arBepikeHHs KOHIEMIii Oy/IiBHUIITBA
KpumchKoro MOpchbKoro TpaHCIOPTHO-IIPOMHCIOBOTO KomIuiekcy “JloHysnas”™» [23]
Oy BU3HAYCH1 MEPCIIEKTHBY OY/[IBHUIITBA HOBOTO MOPCHKOTO MOPTY NMOOH3Y €BIaTo-
pii B MOOKOBO/IHIH raBaHi 03epa JloHy3/1aB, 1 CTBOPSHHS Ha HOTO OCHOBI TPAaHCIIOPT-
HOT'O 1 MPOMHCIIOBOTO KOMIUICKCY. BisMidene, mo o3epo JloHy311aB € OHIE0 3 Kparux
NPUPOIHKX TaBaHel Ha YopHOMOpChKOMY y30epexiki YKpaiHH, MPUAATHOIO JJIsl CTBO-
PEHHSI TITUOOKOBOIHOTO MOPCHKOTO TTOPTY.

HasBHicTh HEOOMEKEHHMX BUIBHUX TEPUTOPIH y pETioHi o3epa Ta poOOYOl CHIIH
B CYMDKHHUX HACEJICHUX IyHKTaX 3 FOTOBOIO COIIAIBHOIO IH()PACTPYKTYPOIO, IO 3aJIU-
nraeTbesi 0e3 BUKOPHCTaHHsS Mmicis JikBifanii Kpumcbkoi BificbKOBO-MOPCHKOI 0a3n
YopHOMOPCHKOTO (PIIOTY, HO3BOJISIIO CTBOPUTH 0AratonpoQiibHIi TPaHCIIOPTHO-TIPO-
MUCIIOBAH KOMIUIEKC Ha 0a3i MOPCHKOTO MOPTY. BUKOHAHHS TEpeanpOEKTHHX POOIT
Ta pe3yNbTaTH MOTNePEeIHIX Y3roKEHb POTIO3UILIH 11010 CTBOPEeHHST KpruMcbkoro Mop-
CBKOTO TpaHcropTHo-nipoMuciioBoro komruiekcy (KMTIIK) «/loHy3naB» 3 MiclieBUMA
OopraHamH BIIa/Id, OpraHaMH BUKOHABYOI Bl ABTOHOMHOT PecnyOmniku Kpum, MiHic-
TEPCTBOM 000pOHM YKpaiHW HaJaBallv IMiJCTaBH JJis 3’ ICyBaHHS TEXHIYHOT 3/IHCHEH-
HOCTI Ta EKOHOMIYHOI JOIIJIBHOCTI Oy/IiBHUIITBA.

KMTIIK «/lony3naBy TuiaHyBaJoCsl pO3TalllyBaTH B TIBHIYHIM YacTHHI 03epa, sIKe
3HAXOJIUTHCS B CTEIIOBOMY PaliOHI 3aXiJHOT YacTUHU MiBOCTpoBa Kpum i npuiisrae 1o
YopHoro mopsi. Big Mopst o3epo Bijtinene mimannm kypranoM Big 300 m 1o 1000 m
3aBIIUPIIKH, B IKOMY BUKOIIAHUH Cy/THOTIJIaBHUH KaHai. JloBkuHa o3epa 0nn3bko 30 km,
HaOLIbIIA ITUPUHA B THPIIi CTAHOBUTH OJIM3BKO 4 KM, 2 MaKCHMaJIbHA TIMOMHA 110 dap-
BaTepy JocAarae 25 M.

VY 2013 p., KATalCHKOIO CTOPOHOIO OYIIM IMPOSIBIICHI HaMipH IIOJ0 1HBECTYBaHHS
OJU3bKO 3 MJIPJ. JI0JI. B OY/IIBHUIITBO TIIMOOKOBOJHOTO MOPCHKOTO Nopty B JloHy3/1aBi
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[12, c. 28]. OuikyBajocs, 110 MOTYXHICTh MOPTY Mana ckiaaatu A0 100 MiH. T Ha pik.
OnHak, cro4yarky CTPUMYIOYMM YHHHUKOM peallizallil TaKoro MPOeKTy CTaB CIA0KHH
PO3BHTOK TPaHCIOPTHOI 1H(PACTPYKTYpH, BiJICYTHICTH BiJUIJICHb 3alli3HUII, & MOTIM
BiIOMI1 TTOITUYHI NO/IT.

BucunoBxku

Ines moOymoBM HOBOTO TIHMOOKOBOAHOTO MOPCHKOTO TOPTY MOXKe ChOpMyBaTH
OCHOBY JUIsl TOJAJIbINOT OpraHizaiii HaHMOTYXHIIIOT MariCTpajbHOI KOHTEHHEPHOT
JIiHIT, 1m0 3B’s13y€e A3ito Ta €Bporry. Y TOH e 4ac 3’IBUThCS MOXIIMBICTh OPraHi3yBaTh
(inepHe CrOMyUYCHHSI JIJIs TOJAIBIIOT JIOCTABKY BAHTAXKIB BKE /10 ICHYIOUHUX TEPMiHAIIB
3 MEHIIMMHU TIPOXITHUMH TJTHOWHAMH.

3BepHEHHS 0 1i€] KOHIEMI[T B KOHTEKCTI ChOTOIHIIIIHBOTO JHS MOXKE MaTH 3Ha-
YHI €KOHOMIYHI MEPCIEKTUBU. [HBECTYBaHHS B TaKUIl Mera-poeKT, 3 HACTYITHOO JIOB-
TFOCTPOKOBOIO OPCHJIOK MPHUYAJIB, MOBUHEH CYNPOBOKYBATHCS JOTOBIPHUMH YyTrO-
JlAMU MiK CTOpOHAMH 3 3000B’sI3aHHSIMU OpI€HTAIli] TOTOKIB KOHTEHHEPHUX BaHTAXIB
B I[bOMY HaIPSMKY.
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Abstract

Introduction. Over the past 20 years, the cargo flow by river in Ukraine has
a 67 times decrease, although the volume of traffic has recently tended to increase.
According to the results of 2018, it amounted to only 10 million tons, and passenger
traffic was reduced to almost zero. It is known that the traditional approach to safety
is based on the categorical imperative: to ensure "absolute" safety and to prevent any
accidents. As practice shows, such a concept is not adequate to the real situation. The
modern world rejected the concept of “absolute” safety, in view of the impossibility
of achieving it, and came up with the concept of acceptable (admissible) risk. Large
financial resources spent on improving the safety of technical systems reduce the
amount of funds allocated for the purchase of personal protective equipment, medical
care, wages, etc. In this case, the social sphere of production can be significantly
damaged. Safety of inland navigation can be defined as the property to implement
production processes without consequences, and in case of emergencies to be able to
restore the parameters or normal functioning of production processes carried out at this
facility. Purpose. The aim of the research is to develop the theoretical foundations of
the safety navigation management strategy on inland waterways based on the concept
of acceptable risk. Results. In [6], the model of the safety management process for
the production processes of inland navigation is proposed, the conceptual difference
of which from the traditional one is the joint participation of all stakeholders in the
management at all project phases. The condition for the project initiation should be
considered as the condition under which the project budget is less than reducing the risk
of an emergency as a result of the implementation of this project. The overall mission of
such a program can be formulated as follows: ensuring the use of such a level of experts
in safety, the use of such organizational and technological schemes, such a state of
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inland navigation infrastructure facilities, in which the risk of an emergency as a result
of any technological process does not exceed an acceptable level. It is known that there
are three classification methods: hierarchical, facet and descriptor [34]. Obviously, due
to the specifics of the problem being solved, the facet method is of the greatest value. The
facet classification method assumes that the initial set of objects is divided into subsets of
groupings according to the classification criteria, that is, facets, which are independent
of each other. A facet is a set of values for an individual classification criterion; all
facets are mutually independent. Conclusions. The peculiarity of the proposed model
is that it simultaneously initiates and implements many safety projects. Therefore, a
portfolio of projects for ensuring the inland navigation infrastructure safety, that is,
a set of projects or programs combined together to effectively manage them, achieve
goals and fulfill safety requirements, should be considered. This portfolio should be
continuously reviewed and constantly re-planned at various decision-making levels.
Decision-making on the expediency of including a group of projects in the portfolio is
carried out at the stage of project re-evaluation and if the corresponding decision is
made, then the next selection of projects for ranking is initiated.

Key words: waterways, navigation safety management, acceptable risk, faceted
risk assessment method.
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Anomauisn

Beeoenna. 3a mumnyni 20 pokie 6aHmasdconomix piuKko8uM mpancnopmom
6 Yxpaini ckopomusecs 6 6-7 pazis, xoua obcse nepeseseHv OCMAHHIM YACOM MA€E MeH-
Oenyito 0o 3pocmanns. 3a pesyromamamu 2018 poky 6in cknag ecvoeo 10 miH mow,
a NAcaxncupcvKi nepesesents 36edeHi matdice 00 Hys. Bioomo, uyo mpaouyitinuii nio-
Xi0 00 Oe3nexu 6a3yeMbCs HA KAMe2OPUUHOMY IMIEPAmuei: 3aoe3nedumu «adconrom-
HY» De3nexy, He 0onycmumu HiAKUX asapiu. Axk noxkasye npakmuxa, maxa KOHYenyis He
adexsamua peanvriu cumyayii. Cyuacuuili ceim 8i0KUHY8 KOHYENYiro «abCorromHoi»
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besnexu, 36axcaroyu Ha HeMONCIUGICIb i1 00CACHEeN s, | RPUUL06 00 KOHYenyii npu-
UHAMHO20 (Oonycmumozo) pusuxy. Bemuxi ¢inancosi xowmu, wo eumpauaomvcs
Ha nioguUjeHHs Oe3neKu MEexXHIYHUX CUcmeM, 3MEeHUYIOMb KilbKiCmb KOwmie, o
BUOLIAIOMbCSL HA NPUODAHHS 3AC00I8 IHOUBIOYAILHO20 3AXUCTY, MeOUdHe 00CY208)-
sanHs, 3apobimuny niamy i m.o. B ybomy eunadky coyianvhii cghepi eupodonuymea
ModHce Oymu 3a80aH0 3HAUHOI WKOOU. besneKy HYympiuHb020 CYOHONAABCIEA MOKC-
Ha BUBHAUUMU, K GLACMUBICMb Peanizo8yeamu supooHUYi npoyecu 6e3 HACTIOKIE,
a npu UHUKHEeHHI A8apitiHUX Cumyayiti Mamu MONCIUBICIb GIOHOBIIOBAMU NApAMe-
mpu abo HopmaibHe OYHKYIOHYBAHHS SUPOOHUYUX NPOYECis, 30IUCHIOBAHUX HA YbOMY
00 ’exmi. Mema. Memoio 0ocniodicenHs € po3podKa meopemuyHuUx OCHO8 cmpame-
2ii ynpaeninus 6e3nexkor CyOHONIABCMEA HA GHYMPIUWHIX BOOHUX WLIAXAX HA OCHOBI
KoHyenyii npuinsimno2o pusuxy. Pesynomamu. B pobomi [6] npononycmuvcsi mooens
npoyecy ynpasninua 6e3neKor sUpOOHUYUMU NPOYECAMU 8HYMPIUHbO20 CYOHONLA8-
Ccmea, KOHYenmyaibHy 6iOMIHHICMb K0T 610 Mpaouyilinoi noiseac 6 CnilvHil yuacmi
6 YNPAeNiHHI HA 6CIX (hazax npoekmy 6CiX 3ayiKasienux cmopin. Ymoeorw iniyiayii
Mo20 YU [HUWO020 NPOeKmy Cli0 88axdcamu YMog8y, 3a AKUM 0I00Xdcem NpoeKmy 8usae-
JIAEMbCA MEHULe, HIHC 3MEHUWEHHA PUSUKY 6UHUKHEHHA a8apiliHoi cumyayii 6 pe3yib-
mami peanizayii danoeo npoexmy. 3azanvhy MiCilo maxkoi npocpamu MONCHA chopmy-
JI08AMU HACMYNHUM YUHOM: 3a0e3nedeHHs. 6UKOPUCTNAHHA MAKo2o pieHa gaxieyis 3
Oe3nexu, GUKOPUCTAHHS MAKUX OP2AHI3AYIIHO-MEXHOLOSTYHUX CXeM, MAKO20 CAHY
06’ ckmis iHhpacmpykmypu HYmpiuiHb020 CYOHONLABCMEA, NPU AKOMY PUSUK BUHUK-
HenHsi aeapiunoi cumyayii 6 pesyromami peanizayii 06y0b-K020 MEXHON02TUHO20
npoyecy He nepesuujye NPULHAMHO20 pigHa. Bioomo, wo po3pisnaoms mpu memoou
Kknacugpikayii: iepapxiunuil, gpacemunuti ma oeckpunmopruil. Oueeuono, wo 6 cuuy
cneyugpiku pose si3yeanol 3a0ayi HaubOiIbuLy YiHHICMb OJisL HAC NPEeOCMAsIse came
Gacemnuii memoo. Pacemnuil memoo Kracugikayii nepeddavac, wo suxiona oesniu
00 ’€kmis po3ouUBacmvCs Ha NIOMHONCUHU 2DYN 3 HE3ANEHCHUMU MIdHC COOOI0 03HAKAMU
Kknacugpikayii — pacemamu. @acem — Habip 3HAUCHL OKPEMO20 O3HAKU KAACUDIKA-
yii, 6ce pacemu 63aemno neszanedxncni. Bucrnosxku. Ocobnusicmo npononosanoi mooeni
nonseac 8 momy, Wo 8 Hitl 0OHOYACHO [HIYIIOIOMbCA | peanizyiomvcsa 6e31iy npoeKmis
3abesneuenns 6esnexu. Tomy, cio eosopumu npo nopmeheni npoexkmis 3a0e3neyenms.
be3nexku iHGpacmpykmypu 6HYmMpIiuHb020 CYOHONIABCMEA — HAOOPI npoekmis abo
npozpam, 00 €OHAHUX PA3OM 3 MEMOIO IX e(heKmueHo20 YNpasiinus OJisk 00CACHEHHS
yinetl i uxkonanus eumoe 3 Oesnexu. Llei nopmdeenv nosunen OesnepepeHo amnai-
3yeamucs i NOCMilHo Ni00asamucs nepeniany8anis Ha PI3HUX PIBHAX NPUUHAMMA
piwens. Yxeanenns piulenHss npo OOYLIbHICMb BKIIOYEHHS ePYRU NPOEKMi8 8 Nopm-
genv 30ilUCHIOEMbCSL HA emani NepeoyinKu NPOEKMmis i AKUWo 610N06IOHe PiuleHHs NPu-
UHAMO, MO THIYIIEMbCS Uep2osull 8I00IP NPOEKMIE OJisl PAHICUDY BAHHSL.

Kniouosi cnoea: 600ni uiisaxu, ynpasninusa 6e3nexoro cyoOHonida8Ccmaed, NPUHAMHUL
PpU3UK, hacemnuti memoo Kiacupixayii pusuxy.
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Annomauusn

Beeoenue. 3a npouweowue 20 nem 2py30nomox peuHviM mpaHcnopmom 8 Yxkpaume
cokpamuncst 8 6—7 pas, xoms 00bem nepeso3oK 8 NocieoHee 8pems umeem MmeHOeH-
yuio k pocmy. Ilo pesynomamam 2018 2o0a on cocmasun écezo 10 man mounn, a nacca-
JACUPCKUE NEPEBO3KU CBeOeHbl NOYMU K HYI10. M36eCmHto, ymo mpaouyuoHHbIL HOOX00
K OezonacHocmu 6a3upyemcs Ha Kame2opuyeckom umnepamuge: obecnequms «aoco-
JIOMHYI0» 0e30NACHOCIb, He QONYCMUms HUKakux asapuil. Kax nokazvieaem npaxmiu-
Ka, maxas Kouyenyus ne adexeamua peanvrou cumyayuu. CoepemeHHbIL MUp 0meepe
KOHYEnyuro «abCcomomHuouy 0e30nacHocmu, 68Udy HEGO3MOICHOCU ee 0OCUICEHUS,
U npuwen K KoHyenyuu npuemiemoco (oonycmumozo) pucka. borvwue ¢unancoswie
cpeocmaa, 3ampayusaemvlie HA NOGbLUUEHUE OE30NACHOCIU MEXHUYECKUX CUCTeM,
VMEHbUUAIOM KOIUYECTB0 CPeOCms, bl0eISeMbIX Ha npuodpemenue cpeocms uHoUugU-
OYanbHOU 3auumsl, MEOUYUHCKOe 0OCTyHCUBanUe, 3apadbomuyto niamy u m.o. B smom
cayuae coyuanvholl cghepe npouzsoocmea Modicem Ovlmb HAHeCeH 3HAYUMETbHbLI
yiyepb. Bezonacnocmuv @HympenHe2o cy0oxo0Cmaea MOAICHO ONpedenumy, KaKk cOUCHE0
Peanu308vl8amsv NPOU3800CMEEHHbIE NPOYECChl 6€3 NOCLeOCMEUN, A NpU B03HUKHOGE-
HUU ABAPULIHBIX CUMYAYUL UMEMb B03MONCHOCb BOCCTNAHABIUBAMNb NAPAMEMPLL UTU
HOpMAnbHOe QYHKYUOHUPOBAHUE NPOUZBOOCHIBEHHBIX NPOYECCO8, OCYULECNBTIAEMbIX HA
amom obvexme. Lenw. Llenvio uccieoosanus aeisemces pazpabomra meopemudeckux
OCHO8 cmpamezuu Ynpagienus 0e30NacHOCmbIo CYyO0X00CMEa HA GHYMPEHHUX 600HbIX
NYMSX HA OCHO8e KOHYenyuu npuemiemozo pucka. Pesynomamot. B pabome [6] npeo-
Jlazaemcsi Mooenb npoyecca ynpasieHus 6e30nacHOCmbI0 NPOU3800CMEEHHLIMU NPO-
yeccamu HYmpeHHe20 cy00xXo0Cmea, KOHYenmyaibHoe omaudue Komopoi om mpaou-
YUOHHOU COCMOUM 8 COBMECTHOM YYACMUU 8 YAPABLEHUU HA 6ceX (ha3ax NPpOoeKma 6cex
3aUHMEPECOBANHBIX CHIOPOH. Ycaosuem uHuyuayuu mozo uiy uHo20 npoekma cieoy-
em cuumamo yciosue, no KOmopomy 0100cem npoekma OKaA3bl8aemcs. MeHbule, Yem
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VMeHbueHUe PUCKA 803HUKHOBEHUS A8APULIHOU CUMYAYUU 8 pe3Vibimame pearu3ayuu
oannozo npoexma. OoOwyo MUCCUIo MaxKou NPOcPaMMbL MONCHO CHOPMYTUPOBAMb Cle-
OVIOWUM 00pazom. obecnedeHue UCHOIb308AHUsL MAKO20 YPOGHSL CHEYUATUCTO8 NO 6e3-
ONACHOCIU, UCTIONBL30BAHUE MAKUX OP2AHUAYUOHHO-MEXHOLOSUYECKUX CXeM, TAKO20
COCMOsIHUSL 00BEKMO8 UHPPACMPYKMYPLL BHYMPEHHE20 CYOOX00CMEd, Npu KOMOopoM
PUCK 8O3HUKHOBEHUS ABAPULIHOU CUMYAyul 8 pe3yibmame peaiu3ayuu 100020 mex-
HONLO2UYECKO20 NPOYeccd He Npebluiaen npuemMiemMozo yposHs. Hzeecmuo, umo pas-
JUHAIOM MPU Memooa KAACCUBUKAyUU: uepapxuieckutl, (pacemuolii, 0eCKpUnmopHbil.
Ouesuono, wmo 6 cuny cneyupuku peutaemon 3a0a4u HauboOIbLULYIO YEeHHOCb OJisL HAC
npedcmasisiem gacemuwiii Memoo. Dacemmuwlil Memoo KIAcCupurkayuu npeonoiazaem,
UIMO UCXOOHOE MHOANCECTBO 00BEKMO8 PA3OUBAEMCSl HA NOOMHONCECMBA PYNNUPOBOK
N0 He3a8UCUMBIM MedHcdY coboll npusHakam kiaccuguxayuu — pacemam. Dacem —
Habop 3naueHuti OmoenbHO20 NPUHAKA Klaccugurayuu, éce ghacemsi 83auUMHO He3A8U-
cumsl. Pezynomamut. Ocobennocmo npednazaemori MoOenu 3aKa04aemcs 8 mom, 4mo 8
Hell 00HOBPEeMEHHO UHUYUUPYIOMCSL U Peanu3VIONCsl MHOJCECMBO NPOEKMOo8 obecneye-
Husi bezonacnocmu. Ilosmomy, credyem cosopums o nopmehene npoexmoes obecneyenus
be30nacHocmu uHGPACMPYKMypvl 6HYMPEHHe20 Cy00X00CmEa — Habope NPOeKmo8 Uil
npopamm, 00bEOUHEHHBIX BMECMe C Yenblo UX 3P Hekmuernoco ynpasienust 0ist 00Cmu-
JICenUst yenell U 8bINOAHeHUs. mpebosanull no bezonachocmu. mom nopmeens 00i-
JHCeH HENPEPLIBHO AHATUIUPOBAMbCSL U NOCIOSIHHO NO0BEP2AMbCS NEePEeNIAHUPOBAHUIO
HA Paziudnblx YpoGHIX npunsmusi peutenuil. Ipunsmue peutenus o yenecoobpasHocmu
BKIOUEHUST 2PYNNbl NPOEKIMO08 6 NOPM@Oenb OCYWeCmenaemcs Ha dmane nepeoyenKu
NPOEKMOs U eCiu COOMBEMCmayoujee pewenie NPUHImo, mo UHUYUUPYemcs: ouepeo-
HOU 0MOOP NPOEKMO8 0I5k PAHICUPOBAHUSL.

Knwouesvie cnosa: 6oduvie nymu, ynpasienus 0€30NACHOCHbIO CYOOXOOCMEd,
npuemaemslii pUck, (hacemmuiil Memoo OYeHKU PUCKA.

Problem statement

The accelerated economic development of the state, as international experience
shows, is impossible without the advanced development of transport infrastructure. One
of the ways to solve this problem in Ukraine, according to many domestic and foreign
experts, is the revival of shipping by inland waterways. In this approach, there are both
positive and negative sides.

The only economic feasibility of this solution is beyond doubt. However, for
the water environment, any vessel is a source of negative impact, taking this ecosystem
out of equilibrium. During the operation of the fleet in the water environment and in
the atmosphere, in any case, organic or inorganic residues are emitted, exhaust gases
from the operation of the main engines, diesel generators, boiler plants have noise,
vibration that are unusual for the optimal state of water displacement, which together
cause irreparable damage to its biological resources, flora and fauna. It results in changes
in the water area power engineering, which cannot but affect the dynamics of stream
flows.

Over the past 20 years, the cargo flow by river in Ukraine has a 67 times decrease,
although the volume of traffic has recently tended to increase. According to the results
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0f2018, it amounted to only 10 million tons, and passenger traffic was reduced to almost
zero [21].

As a result of such a recession and confirmed underfunding of the inland water
transport infrastructure, the cascade of reservoirs on the Dnieper was on the verge
of a man-made disaster. Currently, 85% of the infrastructure of shipping locks is
worn out, and 90% of inland navigation vessels are morally and physically obsolete.
If the locks are not restored in 2019-2020, the risk of environmental disaster increases
significantly. This conclusion was made by engineers of the US Army Corps, who
examined the Dnieper River locks in 2016 [21].

Thus, a prerequisite for the development of inland navigation is the development
and implementation of a science-based strategy for managing safety of river transport.
As a methodological basis of such a strategy, the risk theory, models and methods for
managing projects, programs and project portfolios, and mechanisms of public-private
partnerships can be used.

Literature review

It is known that the traditional approach to safety is based on the categorical
imperative: to ensure “absolute” safety and to prevent any accidents. As practice shows,
such a concept is not adequate to the real situation. The modern world rejected the concept
of “absolute” safety, in view of the impossibility of its achievement, and came up with
the concept of acceptable (admissible) risk [27-29].

The need to formulate the concept of acceptable risk as a safety level for
the production processes of inland navigation is due to the impossibility of creating
absolutely safe technological processes and trouble-free equipment and systems. The
amount of acceptable risk should combine technical, economic and social aspects
of the activity. In practice, this is always a compromise between the achieved level
of safety and the possibilities of increasing it by economic, technological, organizational
and other methods. However, the economic possibilities for improving safety
of technical and sociotechnical systems are not unlimited. Large financial resources
spent on improving safety of technical systems reduce the amount of funds allocated for
the purchase of personal protective equipment, medical care, wages, etc. In this case,
the social sphere of production can be significantly damaged.

Acceptable (admissible) risk of an emergency R is defined as the maximum
amount of risk that is appropriate for technical, economic and technological capabilities
for this production process. Acceptable risk can be considered as a compromise between
the safety level and the possibilities of achieving it [30].

Acceptable risk criteria are usually based on operational, technical, economic,
regulatory, social or environmental factors, or a combination thereof. The basic
principles of risk acceptance (ALARP, MEM, GAMAB) are considered in [31-33].

Safety of any object participating in the inland navigation process depends on
the condition of facilities (ships, ports, channels) and on the hazards arising during
operation. Given the significant differences between the elements of the system, as
well as the existence of different goals for the subjects of the transportation process,
a different meaning can be put into the concept of safety. Common definitions and safety
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assessment criteria are for today. Both safety of facilities and safety of people, cargo
safety, environmental safety, etc. are considered in an equivalent manner.

Summarizing the points of view of various authors [27-29], safety of inland
navigation can be defined as the property to implement production processes without
consequences, and in case of emergencies be able to restore the parameters or normal
functioning of production processes carried out at this facility.

Safety of production activities on inland waterways is ensured by safety of floating
crafts, port infrastructure facilities, people, cargo, environment, as well as safety
of the main, auxiliary and servicing processes.

Apparently, the results of such activities have a large number of stakeholders: shipping
companies, ports, cargo owners, state authorities and local governments. Moreover, their
goals often do not coincide, which leads to conflicts of interest that reduce the overall
efficiency of the processes. In recent decades, the solution to this problem has been
found in the use of project, portfolio and program management methodologies [32-34].

The aim of the research is to develop the theoretical foundations of the safety
navigation management strategy on inland waterways based on the concept of acceptable
risk.

The main research material

Of the large number of risk definitions, the most common, in our opinion, is
the definition from the ISO 31000 standard [3]: "Risk is the effect of uncertainty on
goals." From this formulation, the following main signs of risk can be distinguished.

Firstly, risks arise only when performing any targeted actions. If the purpose of your
organization is not trade and economic operations with any state, then the condition
of the financial system of this country is insignificant for you. Based on this postulate,
the adoption of the law on compulsory health insurance cannot be considered as risk
for a shipping company or river port, although these events will have some impact
on organizations (additional costs for insurance of their employees will be borne by
enterprises). Such an impact must lead to the reconsideration of the organization’s goals
and the projects it implements.

Secondly, an event that has clearly defined causes and negative consequences should
be considered as risk. Therefore, such frequently occurring terms as environmental risk,
credit risk, production risk, etc. should be considered incorrect. Such characteristics can
be used as the basis for classification, but not risks of a particular organization.

Thirdly, risk is an event that can occur only with any probability other than zero
and one. Therefore, one of the main parameters assessing risk is the probability
of occurrence of this event.

Fourthly, any risk should be considered as an economic category. Therefore,
in a quantitative assessment, the risk (R) is numerically equal to the product
of the probability of occurrence of the risk event (P) and the damage (U) that will be
caused to the organization if this event occurs:

R=P-U.
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And finally, fifthly, if we compare the presented definition of risk and the classical
definition of a project according to the PMBOK standard (a project is a temporary
organization created to achieve specific unique goals), it becomes obvious that risk
management is the main tool for managing projects, programs and portfolios. Not by
chance, that this function has been given much attention in recent years in a number
of publications devoted to improving the project management methodology [4].

In [6], the model of the safety management process for the production processes
ofinland navigation is proposed, the conceptual difference of which from the traditional
one is the joint participation of all stakeholders in the management at all project
phases.

Recently, in most countries of the world community, the concept of ALARA, as
low as risk acceptable, allowing the use of the “foresee and warn” principle has been
adopted for risk management, and, consequently, ultimately, safety.

Therefore, one of the basic principles of managing safety of navigation infrastructure
on inland waterways, incorporated into the proposed model, is the principle of proactive
management [31]. Itis known that the difference between the classical (reactive) principle
of management and proactive management is as follows. The purpose of the first one
is to respond to incidents and prevent their recurrence, and the second one is to foresee
and prevent their occurrence. With regard to shipping safety management, this principle
means:

1. Proactive management of the current safety state.

2. Prediction and assessment of the future safety state of the system, taking into
account its development.

The second basic principle laid down in the proposed model is the use of the program-
targeted approach. According to the generally accepted definition, a program is an organic
combination of a group of interconnected projects and processes aimed at achieving
the overall mission of the program, which is profiled into a tuple of stated goals [34].
Thus, the program will include monitoring and control of the safety level state on ships,
shipping lanes, in the territories and water areas of river ports. In addition, the program
also contains groups of technical and organizational projects aimed at improving
the safety level.

The condition for the project initiation should be considered as the condition under
which the project budget is less than reducing the risk of an emergency as a result
of the implementation of this project.

The overall mission of such a program can be formulated as follows: ensuring the use
of such a level safety experts, the use of such organizational and technological schemes,
such a state of inland navigation infrastructure, in which the risk of an emergency as
a result of any technological process does not exceed an acceptable level [29].

The proposed model of the safety management process for inland navigation
processes includes 6 stages and is presented in Figure 1.

A project for ensuring safety of inland navigation infrastructure is considered as
a project that includes a set of organizational and technical measures aimed at reducing
quantitative assessments of risks of accidents at facilities and reducing the impact
of their consequences. This concept is fully consistent with the basic logical rules for
the definition of concepts [24].
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Assessment of the
technical condition

of infrastructure
facilities

Formation of
architecture of the
consolidated port
infrastructure
safety
management
program

Risk assessment of
transportation
processes by river
transport

Formation and
project portfolio
management

Approval of
acceptable risk
level

Updating the
database of safety
measures

Fig. 1. Model of port infrastructure safety management process.
Source: Author's own development.

A safety project has the following characteristics similar to any other
project [25]:

—the goal must be achieved while fulfilling all technical and environmental standards;

— specific deadlines (start and close);

— established financial, material, informational and labor resources (allocated
resources);

Differences of this type of project from others are expressed in the following:

— the objective function of the project is not related to the profit received as a result
of the project;

— clear focus — all safety projects, without exception, are aimed at protecting
personnel, the environment or property;
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— the specifics of monitoring the results of projects by government and the public,
which determines the need for organizing information support of complex projects with
coverage of the project in the press and on television.

The fundamental work on the classification of projects is the work of R. Archibald
[25], in which the concept of an integral global system for categorizing projects
is proposed. At the same time, the author points out, referring to L. Crawford, that
the classification should be carried out exclusively with a focus on practical activities
other than theoretical ones.

It is known that there are three classification methods: hierarchical, facet, descriptor
[26]. Obviously, due to the specifics of the problem being solved, the facet method
is of the greatest value [12]. The determining factors in its choice are the advantages
of this method, that is, the flexibility of the system, which determines the ease of use
and the possibility of limiting the number of criteria, as well as efficiency in organizing
machine processing of data in databases and high-level query languages. The disadvantage
of the facet method is the inability to highlight the commonality and differences between
objects in different classification groups (as opposed to the hierarchical method). Another
feature of the method is the information redundancy of groupings, which in some cases
are impossible in meaning. However, these weaknesses of the method can be leveled
by analytical work aimed at finding and selection of combinations of criterion values
inherent in frequency projects.

The facet classification method assumes that the initial set of objects is divided into
subsets of groupings according to the classification criteria, that is, facets, which are
independent of each other. A facet is a set of values for an individual classification
criterion; all facets are mutually independent.

Each object simultaneously has classification criteria from various ones by setting
a facet formula, that is, a sequence of facets and values of the classification criteria
of the selected facets.

Classifier K of projects for ensuring the port infrastructure safety level is described
by a tuple:

K=(F,V), (1)

where F — a set of classifier facets, V' — a set of project classification criteria,
F=1{f}. )

where f,— i-th facet, i = 1...n, n — cardinality of the set of facets F

v={,} 3)
where v; — j-th classification criteria of the i-th facet, j = 1...m, m — cardinality

of the set of classification criteria of the i-th facet. It should be noted what is a set,

because, in fact, it defines the interval of the criteria change inherent in the project class.
For facets, the uniqueness condition is fulfilled:

76



PO3BUTOK TPAHCIIOPTY
Ne 2(5), 2019

n

Urer
ﬁ : (4)
f=0

For classification criteria, the condition of uniqueness within the facet is also
necessarily fulfilled:

n

U"f =V
i=1 .
n
ﬂ".f
i=1

)
%)

where V —a set of classification criteria of the i-th facet.
The maximum capacity M of the classifier is defined as the power of the set G
of possible classification groups according to the formula:

m=TTH). ©)

Generation of elements g, of the set G of classification groups

G={g,}, me k=1.M

takes place in accordance with the following rule:
o {1 (07 )by rdole -1 G
i=l1

Based on the assumption that any project can be described by the expression

P, = {(fw”q )}

where p,—a project belonging to the set of the current portfolio of projects,
1, — the value of the characteristic of the g-th project to the i-th facet, the definition
of the project’s belonging to a certain classification group — its classification, occurs in

accordance with the following rule:

qu(Eng(Vriq(riq eV—)H))) ()
Expressions (1-8) allow developing algorithmic and software for classifying projects

to ensure the port infrastructure safety level, which, in turn, is the basis of the decision
support system for the project portfolio manager.
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The peculiarity ofthe proposed model is that it simultaneously initiates and implements
many safety projects. Therefore, a portfolio of projects for ensuring the inland
navigation infrastructure safety, that is, a set of projects or programs combined together
to effectively manage them, achieve goals and fulfill safety requirements, should be
considered. This portfolio should be continuously reviewed and constantly re-planned
at various decision-making levels.

From the perspective of the general theory of systems [34], a generalized (holistic)
model of portfolio management processes for port infrastructure projects can be
considered in two ways. On the one hand, this is a holistic object S, implementing
a control function (external description). Moreover, the control function is implied
as the successful implementation of the initiated measures X into the set Y of results
(values) aimed at improving safety, which is described by the ratio

The set X is formed by the inputs of the system (hereinafter, the system is understood
as an integrated complex of software, hardware, human and other resources that
implements the control function), and the set ¥ by the outputs, as the implementation
of the goals of its functioning. In particular, decisions on project initiation, data on
projects and the state of port infrastructure facilities, information on financial status, etc.
form the system inputs, while decisions on completion of projects, port infrastructure
facilities characterized by a lower risk of accidents, recommendations for increasing
the effectiveness of management processes form its outputs.

Combining the inputs and outputs of the system into one set V, called the system
object [31], it is obtained:

X=x{V:iel [ Y=x{:iel}. (10)
where the sets /7, and 7, form the partition of the set of indices I,ie.
I.N, =N VI =1. (11)
Then the expression describing the system will take the form:
S, cV,xV,x.xV, . (12)
On the other hand, the project portfolio management system is a process model
consisting of the set of managerial stages, that is, certain sets of actions, as a result
of which some managerial decision is made [23-26]. This set S, characterized by
the presence of a structure due to the features of the life cycles of project management
processes, is an internal description of the system:
S,cCxCyx.xC,, (13)

where n — number of management structures.
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Examples of management phases are analysis and evaluation of projects, classification
of projects, ranking of projects in a portfolio, evaluation of project performance, etc.

Thus, the holistic description of the port infrastructure safety portfolio management
system S takes the form

S,V xVyx..xV,
S = (14)

S, e xC,x..xC,

A feature of managing a portfolio of safety projects is that during the planning period,
some projects are completed and, accordingly, removed from the portfolio, other projects
from the total number of planned projects are added to the portfolio. A prerequisite for
effective work to improve safety of port infrastructure is the possibility of preliminary
selection of projects by experts. In accordance with the proposed management model,
“compulsory” projects are placed in the project portfolio first (without the implementation
of which the operation of inland waterways is impossible, and then the proposed projects
are classified and ranked. After that, the success of the portfolio as a whole is assessed.
If the assessment is positive and selection of many projects is carried out, the current
portfolio is formed and its composition is approved.

Ifthe experts are not satisfied with the preliminary ranking results and comprehensive
portfolio performance assessment, there is a possibility of returning and re-selecting
projects for analysis and inclusion in the portfolio. The implementation of projects
in the portfolio is subject to constant monitoring and control. As they are completed,
a part of the resources is released and the next block of projects can be included in
the portfolio. Decision-making on the expediency of including the next group of projects
in the portfolio is carried out at the stage of project re-evaluation and if the corresponding
decision is made, then the next selection of projects for ranking is initiated.

Conclusions

1. The relevance of the concept of managing the state of inland waterway
transportation safety is due, first of all, to the contradictions that arise in the process
of development of this type of transport. The main contradiction is an increase in
the production potential of the infrastructure, which is associated with the development
of production forces, and, consequently, an increase in the man-caused load, on the one
hand, and the need to preserve the environment and safe operation of facilities, on
the other.

2. Possible risks of production processes should be below the level of acceptable
risks, which are established in advance, based on the general development strategy,
including consideration of the expected final economic effect.

3. The conclusion is drawn on the appropriateness of a program-targeted proactive
approach to managing the inland water transportation safety, which is based on the need
to reduce, first of all, the influence of hazard factors, and, consequently, the likelihood
of an emergency, the concept of acceptable risk and the need to implement a large
number of projects and portfolios that ensure the achievement of one strategic goal,
that is, maintaining and improving safety in terms of resource constraints. The obvious
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advantage of this approach is the ability to simultaneously analyze many ongoing
projects, which allows the correct allocation of resources between them.

4. An infrastructure safety management model based on a program-targeted

and proactive approach has been developed, the choice of the main category concepts,
a joint consideration of which is necessary within the proposed concept, has been
substantiated.
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