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AKTyaJbHi mnpodJjieMH CYAHOIUIABCTBA, CYJAHOOYIiBHMITBA Ta
cynnopemonTy: Te3m faomoBineili MDKHAPOAHOI HAyKOBO-TeXHiYHOI
koudepenuii. — Oxeca: OHMY, 2015. —

PimmennssMm  MikHapoJHOI HayKOBO-TEXHIYHOi KOH(pepeHIil «AKTyasbHi
npoOJIeMH CYIHOIUIABCTBA, CYAHOOYAIBHUITBA Ta CYJHOPEMOHTY», HPHUCBIYECHOI
mam'sti  npogecopa FO.JI. BopoOiioBa, HamaHi CTaTTi PEKOMEHIOBAHO [0
oIyOIIiKyBaHHsS y 301pHHKY.

Kongepenuito mnpoeeneHo B OpecbkoMy HalliOHAIFHOMY MOPCHKOMY
yHiBepcureti 20-21 xoBTHs 2015 p.

CmiBoprasizaTopu  KoHdepeHmii —  MuKONaiBChbKUH  HaIliOHATBHUHN
yHiBepcHUTeT KopabneOyayBaHHsl iM. aiM. MakapoBa Ta Mopcbke iHXeHEepHE OI0po, M.
Opeca.

VY 30ipHHKY Te3 BHUKJIAICHO MaTepiaiy, IPEJCTaBICHI Ha IUICHAPHUX Ta
CEeKIIIOHHUX 3aCiJJaHHsAX KOH(EPEeHIlil, B SKUX BHUCBITICHO TEOPETHYHI Ta MPHUKIAIHI
npoOJieMH TIPOEKTYBaHHS CyJEH Ta MOPCHKUX I1H)KEHEPHUX CIIOpYJ, BUPIIICHHS
aKTyallbHUX 3a/a4 AWHAMIKH DIIUHH, B MPOLECi PO3B'S3aHHS SIKMX 3aCTOCOBAHO
aHaJIITHYHI, YUCENIbHI Ta eKCIIEPUMEHTAIbHI METOIH.

Marepianu npeacTaBisSIOTh 1HTEpeC sl HAYKOBIIB, SIKI MPOBOISATH JOCIIJ-
JKEHHs B 00JIacTi Teopii Ta MPOEKTyBaHHS CYJeH, IHIIMX 3acOo0iB 3aCBOEHHS OKeaHy,
T1IPOIMHAMIKY CY/IEH Ta AWHAMIKU PiIUHU, JJIS acIlipaHTiB Ta CTYACHTIB 1HKEHEPHHX
CIIeIiaJIbHOCTEH.

Mamepianu Hasodsamuvcs 8 asmMopcoKkull pedakyii
Bionosioanvuuii 3a eunyck O.B. /lemiorwk
Opranizaniiinuii komiteT KoHdepeHIii:

rojyioBa oprkomirety, pekrop OHMY Pynenko C.B.
3aCT. TOJIOBH OPTKOMITETY, 3aBiayBad Kadeapu Hemimiox O.B.
«Teopis Ta mpoekTyBaHHsA Kopaodis im. mpod. FO.JI. BopobiioBay,

OHMY

YJICHHU OpFKOMiTeTy:

€Eropos I'.B. TeHepaIbHUN AUPEKTOp MOPCHKOro iHKeHEpHOTro O0po, M.
Opeca

Hexkpacos B.O. 3aBimyBau kadenpu «Teopis kopadis»y MHKOIAIBCEKOTO
HAIlIOHAIEHOTO YHIBEPCUTETY KOpadiieOy1yBaHHs M.
anM. MakapoBa

Hemuyk O.0. MIPOPEKTOp 3 HayKoBoi podotn, OHMY

Kanidoabcokuii O.0. cexperap oprkomirery, aoueHt kadenpu «Teopis ta mpo-
eKTyBaHHS Kopabius iMm. mpod. FO.JI. BopobitoBay, OHMY

© Opecbkmii HAiOHATBHUM
MoOpchKMii yHiBepcuTeT, 2015
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Pynenxo C.B., Eropos I'.B., lemuaiox A.B.

HAYYHOE U HEJATOTHYECKOE HACJIEJJUE
HPO®ECCOPA 10./1. BOPOBBEBA

JIOKTOP TEXHUYECKHX HayK, IIpodeccop,
BHIIE-TIPE3UACHT TpaHcopTHON AKageMuu Y KpauHbI
1 AKaZieMUu CyJOCTPOUTENbHBIX HAyK Y KpauHsbl,
akanemuk Axagemun Tpancropra Poccuiickoit @eneparum,
Axanemun HayKk Beiciiei mkossl Y KpauHsl,

Axanemun Hayk Hanmonanenoro [Iporpecca Ykpaunsi,
JeWCTBUTENBHBIN WieH bpuranckoro odiiecTBa KopadliecTpouTeneH,
3acITy’KEeHHbIH pabOoTHUK BhICIei Kokl Y KpauHsl,
HarpakJeH MOYETHBIM 3HAKOM «3acilyKeHbIi PaOOTHHK
HapOIHOTO 00pa3oBaHusl Y KparHbD» M TOCYIapCTBEHHOHN Harpaaon
«bnaronaprocts [IpeMbep-munucTpa YKpauHb»

© Pynenko C.B., Eropos I'.B., lemumiok A.B., 2015
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B stom romxy ucnonamiiocs S et co aas cMmeptu Opust JleonnmoBuda
BopoObeBa — BBITaroIIerocsi 4eaoBeKa, TANAHTIMBOTO YUYEHOTO W IIElarora,
JIOJITHE TOJBI BO3TIaBIsiBIIero kadenpy «Teopus Kopaldiisiy», BIOCIEACTBUH —
kadenpy «Teopun W TPOEKTHPOBAHUS KOPAOIJIsD», PEeKTOpa YHHBEPCHTETA C
1989 mo 2003 rox. K aT0it nare npuypoueHa HbIHEMIHSI KOHPEPEeHIUs, KOTO-
pasi IPOXOIUT y>Ke BTOPOi pa3 B CTEHAX HaIlleT0 YHUBEPCHUTETA.

Beimyckauk «BomHoro», Bopobses HO.JI. mpomen B HEM NTyTh OT
acmupaHTa 10 pekropa. Paboras Ha pomkHOCTH pekropa OUMM® B cliokHbIC
90-e Tofpl, OH MPUIOKUIT BCE CBOM CHJIBI K COXPAaHEHHWIO MHCTUTYTA, €ro Kaj-
POB, YKPEIJIEHUIO €ro cTaTyca, aKKpeIuTallud HHKEHepHBIX KypcoB. biarona-
ps ero crapanusm, OMMM®, kotopslil paHee Ben MOATOTOBKY IO 6 CIelrallb-
HOCTSIM, PaCUIMPUI YUCIO CIIeraIbHOCTe! 10 12, MOTydHiI CTaTyCc rocyaapcT-
BEHHOI'0 YHMBEPCHUTETA, a 3aTeM — HAI[HOHAIBHOTO.

I'maBHoe Hacnenue KOpus JleornmoBuua — 3710, B IEPBYIO 0YEpeb, €T0
YYEHUKHU U KOJUJIETH — JIFOJM, KOTOPBIX OH YUWJI, MTOAJEPKUBAN, KOTOPHIM IIepe-
Jlall CBOM WJIEH, ITOMOT CTaTh HA HOTH U C(OPMUPOBATHCS KakK MpodeccuoHa-
naMm. [Tox ero pykoBOICTBOM IIOJArOTOBJICHBI M 3alluineHbl Oonee 20 KaHIuU-
natckux aumccepranuid. Ero ydenuku paborator B OJecckoM HAIMOHAITBHOM
MOPCKOM YHHBEPCHUTETE, IPYTrHUX OpraHH3alusX B YKpauHe M 3a pyOeKOM M
Oynyt Bcerna noMHUTH FOpust JleonumoBrYa Kak Y uuTens.

JlJis acnupaHTOB M COTPYIOHHKOB Kadenpsl «Teopun kopadiss» HOpuii
JleonngoBrY ObLT HE TPOCTO PYKOBOJHUTENEM AaCHHPAHTYPHI, 3aBEAYIOIIUM
kadenpoi, a HaCTaABHUKOM, KOTOPBI BHUKAII BO BCE JIETAIH UX PAOOTHI.

Opwuii Jleonnnosnu BopobbeB ponuics B Onecce 16 HosOps 1937 1. B
CceMbe BOEHHOT0 HHXKeHepa. B 1960 rogy ¢ oTiMuneM OKOHYHJI KOPaOJIeCTpOH-
TenbHBIA (pakynpTeT OIecCKOro HMHCTHTYTa WHXKEHEPOB MOPCKOro Quora.
VY4eba B MHCTUTYTE MOJAPUIIA MY HEbIH Pl 3HAKOMCTB C JTJMYHOCTSIMH, OKa-
3aBIIMMHU Ha HEro, Kak Ha Oyayiiero mpod)ecCHoHaia W yYCHOIro, OrpOMHOE
BITUSTHHE.

B cepeaune 50-x romoB nponutoro cronerus B OUMMde nogobdpancs
Takoi mpodeccopcKo-npernoaaBaTe/IbCKUi COCTaB, KOTOPOMY MOT' ObI IT03aBH-
JIOBaTh JIFOO0M CTOJUYHBIN BY3.

Tak, kadenpy TeOpeTHUecKOH MEXaHUKH BO3IJIABISUT 4IEH-KOppec-
nougeHT AH YCCP, npodeccop Mapk I'puropseBuu Kpeiin, nmouerHsiii aka-
JIeMUK MHOTHX CTpaH Mupa. MHOTHE COBETCKHE H 3apyOeKHbIE YIEHbIE OTHO-
CHJIM €T0 K YKCIIY BBIJAIOIIMXCS MaTEMAaTUKOB X X-T0 BEKa.

Kadenpoii Beicieli MaTeMaTHKH PYKOBOJWI M3BECTHBIH CIEIUAIUCT B
oOylacTu MaTeMaTHuyeckor (DHU3MKH, JOKTOP Hayk, npodeccop bopuc Skosie-
BUY JIeBUH.

TepMomuHaMUYeCKU ITUKI BEJ AOKTOp Hayk, mpodeccop Skom 3axa-
poBruu KazaBUMHCKWH, TOATOTOBKY B 00JIACTH TEOPUH KOpaOIs BO3TIABIISLI
akagemuk AH Ykpaunsl ['eopruii EBcradbeBuu [1aBneHko.
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Kpeiin | JleBun
Mapk I'puropbeBud Bbopuc AxosneBnu

KazaBunnckmii [TaBeHko Koctiokos
Axos 3axapoBuu  ['eopruii EBcradpeBuu  Asnexcanap AjieKCaHAPOBHY

ITocne oxonuanus OWHMMdDa 10.JI. BopoObeB moman moa KpbLIo
M3BECTHOT'0 yUeHOro-TuaApoanHamuka Toro Bpemenu A.A. Kocriokosa. C 3T0-
0O MOMEHTa OCHOBHBIM WHCTPYMEHTOM €ro Hay4YHBIX HCCIEIOBAaHUI CTaHO-
BUTCS JIMHEHHAS THUAPOANHAMUYECKast TEOPUsI — MOLTHBI MHCTPYMEHT, 1103BO-
JSIOIIME TIONTy4YaTh KA4ECTBEHHBIC OIEHKU CIOXHBIX (PH3HUYECKHUX MPOIECCOB
JMUHAMHUKY KUAKOCTH U cynHa. B 1966 roay 10.J1. BopoObeB 3aluTiil KaHaK-
JATCKYI0 JAWUCCEPTALMIO TOJA Ha3BaHWEM «AHAJUTHUYECKOE HCCIeOBaHUE U
CIoco0bI pacyera BOITHOBOTO COMPOTHBIICHHSI CY/IOB TIPU JIBMKEHHH Ha TITy0O-
KO BOZIE U MEJIKOBOABE.

Konerr 60-x xapakTepu3yeT HOBBI dTalml B HAYYHOM NEATECIHLHOCTH
10.J1. BopoObeBa — mocie 3aiuThl KaHAWIATCKON TUCCEpTAIlMK OH YIITyOUICs
B M3y4eHHE MPOOIEMbl MOPEXOJHOCTH U pa3padoTall OPUTHHAIBHYIO MOIU(H-
KaITMI0 METO/a CpaluBaeMbIX acHMOToTHYecKuX pasznoxeHuit (CAP), crmernu-
QJIBHO MTPUCIIOCOOTICHHYIO JUIS PEIISHHUsT BOJTHOBBIX 3a]1a4 THIPOANHAMUYECKOM
Teopud. B 3TOM HampaBieHHMH BMECTE C HAyYHBIM PYKOBOAMTEIIEM padoTallnd
MHoOrouyuciiennsie ero acnupanTsl: B.K. JlaGazuukop (['mapoauHamuyeckue
XapaKTepUCTUKKU ObICTpoXoaHbiX cynoB), E.B. [lepraeB (BausHue ckopoctu
X0Jla CyaHa Ha ero ocroiiumBocTh), J.B. Koxanos (3amaua o kauke cymHa,
NBIDKYIIETOCsT Ha MenkoBonbe), S.M. Omuc (Kauka HakpeHEHHOrO CyaHA),
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B.I1. Xunbckuit (OntumanbHas OagacTHPOBKa CYAOB C MO3WIMNA XOAKOCTH),
P.5. BeconoBckuii (Pacyer Bo3Mymarommx cui Ajs YAJHHEHHOTO Cy[JHA Ha
riryOokoi Boge MenkoBoabe), Hro Kan (PacuerHbie MeTOABI OLICHKH KayKH
CyIHa Ha 3HAYMTENILHOM MEIKOBOIbE). B TepeuncieHHbIX HCCIeA0BaHUAX
Hapsany ¢ merogqoM CAP ObUTH MCIONB30BaHBI M JIPYTHE METOABI THAPOIMHA-
MHYECKON TEOpUH.

K stomy Bpemenu HO.JI. BopoObeBbIM OBLIM MOJHOCTHIO OTPAOOTAHBI
Bce netanu Merona CAP mis pemieHHs KpaeBbIX 3a7ad THAPOIMHAMHYECKOH
TEOPHU KaUKH.

brina moarorosiena u 3ammuiieHa B 1984 romxy mokTopckas amccepTa-
sl «ACHUMITOTHYECKASI TEOPHSI KAUKU CYJHAa». DTOT METOJ 3aTeM ObLI peau-
30BaH B JIUCCEPTAIMOHHBIX paboTax Mo ruAPOANHAMUYECKON TEOPUU KAUKH, a
TaKKe B HCCIIEAOBAHMUAX PAa3IMYHBIX THAPOAMHAMUYECKHX 3a/7ad Ha 3HAYH-
TENbHOM MeNKoBOAbe, BhIMOMHEHHBIX M.A. Boitirynom (Teopusi momepeuHoit
Kauky cynHa Ha MenkoBonke), T.A. CmupnoBoii u A.K. Hoynxypu (Pacxoxne-
HUE ABYX cynoB), AuBapom Kabupowm (/IprrkeHne cyHa y OpOBKH MTOAXOJHOTO
kaHana), A.W. JlabunabiM (/IBrmkeHue cCyaHAa MO MENKOBOJHOH aKBaTOPHH,
nokpeIToi b0oM), O.H. KpbimoseiM (Pacuer mosst ckopocreit B aucke rpedHO-
T'O BUHTA, BHIYMCIICHHE THIPOANHAMHUYECKON HArpy3Ku, CUJI I MOMEHTOB, JIeH-
CTBYIOIIMX Ha Kopmyc cymaHa), A.E. HunsBoit (BomHOBBIC CHIIBI 1 MOMEHTHI,
nerictByromue Ha cyaHo Ha menn) u H.B. Edpemoroit (JudparupoBannoe
BOJTHOBOE T10JI€ BOKPYT Cy/IHa Ha MEITKOBOJHOM (hapBarepe).

Pesynbratel uccnenosanuii 10.J1. BopoObeBa U €ro y4eHHWKOB HAIILIH
oTpaxkeHue B MoHorpaduu «[ HapoquHaMuKa CyJqHa B CTECHEHHOM (apBare-
pe». O000IIeHHe METOa CPallMBAEMbIX ACUMITOTHYCCKUX PA3NOKCHUN BbI-
TIOJIHEHO B auccepTannoHHbix uccienoBanmsx C.H. backakoBa (Kauka mpsimo-
yroibHbIX MOHTOHOB, 1990), FO.E. JIpoOkimeBckoro (MaTemaTuueckas MoJeTb
YIOpaBIsSEMOro JBWKEHHUS cyAHa Ha MenkoBoabe, 1995). HccnemoBanue
MaTeMaTU4YeCKOH MOJAEIN TOHKOIO CyAHa TMPOAOKEHO B IUCCEpPTAIHH
A.B. [lemunaroka (I'mmpoauHaMuKa MPOJOIBLHON Ka9KH TOHKOT'O Cy/IHA Ha TIy-
Ookoit Boze, 2006), ynpaBiasieMOCTh CyJIHA JBHIKYIIETOCS I10 MOAXOIHOMY Ka-
Hajay ucciaenoBana B pabore M.B. Kocoro (Ompenenenue MMPUHBI MOJOCHI
YIPaBIAEMOTrO JIBHKEHHSI CyJHA B YCIOBHUSX BeTpa M BOJHEHHUA HAa MENKO-
BOZIBC).

HeoOxoqumo oTMeTHuTh poib ombITOBoro Oacceiina OHMY B gene
obecriedeHysl COBPEMEHHOI'O YPOBHS TIOATOTOBKA MOPCKHX HHXXEHEPHBIX Ka/l-
poB. B nepuon 3aBenosanus BopoobeBbim FO.J1. kadenpoit «Teopuu kopadiis»
B omnbiToBoM Oacceline OMMM® Obuu BBHIMOIHEHBI CHCTEMATHYECKUE CepPUIi-
HbIe UCTIBITAHUS MOJIENeil CYJIOB 10 OMpPEeIeHNI0 XOI0OBOM TOCAJKU U Tepe-
MEIIeHNH OKOHEYHOCTEW CYAOB MPH Kauke Ha MEIKOBOJAbE M B MOJXOMHBIX
KaHayax, THAPOJANHAMHYECKOTO B3aUMOJCHCTBHS M KUHEMATHKH CYIOB-TIApT-
HEpOB MPH BCTPEYHOM JIBUKCHUH U LENBIA PsI JPYTUX UCCIeqoBaHUH. DKcrie-
pUMEHTaNIbHBIE HMCCIEOBaHUSl ObUIM IMOJKPEIUICHBI TIIYOOKHMMH TeopeThde-
CKHUMH pa3paboTKaMu.
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Hay4Hble W mnpakTH4yecKkue pe3ylbTaThbl HCCICAOBAHHUS JIUHAMUKH
CYJIOB B CTECHEHHBIX YCJIOBHUSX MPEACTABJICHBI B CHCTEMATU3HPOBAHHOM BH/IE
B MoHorpaduu F0.JI. Bopobrera «['maponrHaMuka CyJHa B CTECHEHHOM (ap-
Barepey». — JI.: Cynoctpoenue, 1992 1. B 1994 roay 3ta kHura Obljia yI0CTOCHA
npemun uMeHn A.H. KpbuioBa oTHOMMEHHOT0 HAyYHO-TEXHUYECKOr0 00IIecT-
Ba MHXKCHEPOB-KOPaOIIeCTPOUTENCH.

B 80-x rogax }O.JI. BopoObeBbIM ObLIH CIIEIIUATIBHO Pa3pabOTaHbl IS
ACIMPAHTOB U COTPYAHUKOB M YHTAIMCH HA Kadeape B BedepHee BPEeMsl JICKITUH
MO TUAPOMEXAHUKE, 10 KauKe KopabJis, a TakKe CEMHHAPHI 110 BOJTHOBOM TH/I-
poArHaAMUKe. JTO OBLTH TOJHOLEHHBIE KypChI JIEKIIUH, HEOOXOJJMBIE ISl TI0JI-
HOro nmoHuMaHus npeaMera. A csou npeametsl H0.JI. BopoObeB 3Ham nocko-
HAJBHO, O0JIaZiall TaJAaHTOM, TPYAOIIOOMEM W TOTpsCAIONICH MPeAaHHOCTHIO
CBOEMY JICTTy.

B.K. Jlabasnuxos, FO.JI. Bopoboves u B.I1. Xunvcxuii
Ha Mocmuke onvimogoz2o bacceuna

VYeneuenHocts HO.JI. BopoObeBa Haykoil MpHBIIEKIa MHOTHX TaJlaHT-
JMUBBIX IIOZIEH, TepelaBaliach CTyJSHTaM M TpuBella K 00pa3oBaHHIO Ha
kadenpe «Teopun kopadis» OMMM® HaydHOH HIKOJIBI.

CoBerckas 11IKOJIa BOJTHOBOM THApOAMHAMUKH B 80-¢ robl ObLIa mpe-
CTaBJIHa OIPAaHMYCHHBIM YHCIOM (YyHJaMEHTaJIbHBIX HMCCIIENOBaHHUN. Bob-
IIMHCTBO WX OBUIO MOCBSIICHO JIByMEPHBIM 3ajadyaM KauKd IIMAHTOYTHBIX
KOHTYPOB WJIHM IpeoOpa3oBaHusM (GOpMyN U ypaBHEHHI Kauku K Oojee 00oc-
HOBaHHOMY WJIM YIOOHOMY pacdeTHOMY Buay. JIMHeiHas Teopusi Kauykk K
3TOMY BpeMeHH OblJa B OCHOBHOM C(OPMHpOBAaHA HAa OCHOBE THIIOTE3HI
IJIOCKUX cedeHmi 1 paboT KpriioBa u XackuHpa.
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B »T0 %€ camoe Bpemst OrunsBu, HeloMaH U IEBIA Pl IPYTUX 3apy-
OCXKHBIX YYEHBIX HCIIONB30Bald (DyHIAMEHTAIBHBIC PE3yabTaThl XacKHHIA H
MPEANPUHATN KPUTHYECKOE PAa3BUTHUE TEOPHH IUJIOCKMX CEUYEeHHil Ha OCHOBE
MIPUMEHEHHS TEOPUU TOHKOTO M YAJMHEHHOTO Tea.

HOpuii JleonnaoBMY ObUT OAHUM M3 HEMHOTHX COBETCKUX YYEHBIX —
mocienoBaTeniell XackuHa, KOTOPbI padoTal B 3TOM HampaBiCHUU, U BHEC
CYILIECTBEHHBII BKJIAJ] B Pa3BUTHE HOBBIX METO/IOB THAPOINHAMHUKHN CyIHA KaK
B CBOMX COOCTBEHHBIX paboTax, Tak U PYKOBOJSA pabOTaMU CBOMX YUCHHUKOB U
KOJIJIET.

FO.J1. Bopobues 6 baccetine u Ha kaghedpe
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B mepByro odepens, croma ciemyeT OTHECTH pPEIICHHBIC UM 3allayw,
CBSI3aHHBIE C KAUKOM, TPOCAJIKON ¥ B3aUMOAECHCTBUEM CY/I0B MPH JIBUKEHUHN Ha
MenKoBoabe. JIJis pacdera THUAPOAMHAMHYECKMX CHJI, JCHCTBYIOIIMX IPHU
kauke, FOpwuit JleoHnn0oBHY BBENT B MPAKTHUKY HCIIONB30BAHUE aCUMIITOTHYE-
ckux (opMmyJ, ujes UCIOIb30BaHUS KOTOPhIX MpuHamiexkuT Kounny u Xac-
KUH]TY.

B nocnenaaue roapl ¢ pa3BUTHEM METOOB YHCICHHOTO PEIICHUS YpaB-
HEHMI JIBY)KEHHUS BSI3KOI/HEBSI3KOM KHUIKOCTH, TAKHX KaK METOILI KOHEYHBIX
3JIEMEHTOB, 00BEMOB M T.II., MOSBUIIOCH HEKOTOPOE MPEHEOPEKEHHUE K aHaIU-
THYeckuM MerogaMm. OIHOH M3 MpoOJeM IPH HUCIONIB30BAHMU YHCICHHBIX
METOJIOB THPOJNHAMHUKH SIBJISETCS OOOCHOBAaHME T'PaHHI] 00JaCTH Ompeaese-
HUS OTEHIIMAJIA (PacueTHOM 00JIacTH ).

Ota cuTyanusi OTKphIBaeT HOBbIE mepcrekTuBbl st Meroga CAP. Ero
HCIIOJIb30BaHUE MTO3BOJISIET O0bETUHUTD YUCIICHHBIC U aHATUTUYECKHE METOIbI
Mexnay Tem, ycopepiieHcTBoBaHHbIe HO.JI. BopoObeBBIM acHMMNTOTHYECKHE
METO/IbI TIO3BOJISIFOT BBIMKMCATh BRIPAKEHUS I MOTEHIIMAA Ha OOJIBIIOM yia-
JIEHUW OT cyaHa. MIHade TOBOpsI, MPUMEHSS TOCTATOYHO MPOCThIE AaCHMIITOTH-
YEeCKHE PEIICHUS, MOyYCHHBIC aHAIMTUYECKH, MOXKHO 3aMKHYTh 00J1acTh IS
YUCJICHHOTO PEHIEHUs. JTO MO3BOJSET CYIIECTBEHHO MOBBICHUTH CXOIUMOCTD,
TOYHOCTH U BpEMSI PEIICHUS WHKEHEPHBIX 3aad.

Paspaborannsie FO.JI. BopoObeBbIM pacueTHbIE METO/bI HAILIN TPH-
MEHEHHE MPH pa3pabOTKe HOBBIX HOPMATHBHBIX JOKYMEHTOB JJIs IIPOCKTHPO-
BaHUS TIOPTOBBIX aKBATOPHUM U MOAXOTHBIX KAaHAIOB.

IMox pyxoBoacTeoM FO.JI. BopoObeBa ObLIO HA4aTO MPOIOIDKAOLIIEECs
M ceiuac IUIOJOTBOPHOE W MOJE3HOE COTpyAHMYecTBO Kadenapsl «Teopuu u
MPOSKTUPOBAHUSA KOpaOyiss» ¢ MOPCKMM MHXXEHEPHBIM OIOpPO, KOTOPOE peali-
30BaHO B s COBMECTHBIX HAYYHBIX PAa0OT M BBINOJIHEHHBIX SKCIEPUMEH-
TaJIBHBIX MCCIIeAOBaHUN. Tak, Ipu MPOEKTHPOBAHUHM MOPCKUM HHKEHEPHBIM
OIOpO TaHKEpa HOBOTO MOKOJIEHHUs mpoekra RST27, ucmonb30Baiuch pes3yiib-
TaThl MOMACNBHBIX HCHBITAHUA XOAKOCTH HAa PETYISIPHOM BOJHEHHH, BBIMIOJ-
HEHHBIC B ONBITOBOM Oacceiine OHMY. XonoBbie HCIBITAHUS TOJIOBHOTO CY/I-
Ha TIOATBEPIUIN UX JOCTOBEPHOCTh. B HacTosImee BpemMs UaeT CTPOUTEIHCTBO
cepun u3 28 CyI0B 3TOTO THUIIA.

IIpodeccop FO.JI. BopoObepa monrue roapl Bo3riasisul Crenuani3u-
poBauubii Coser [141.060.01 mo 3amuTe KaHAMAATCKUX W JOKTOPCKHX JIHC-
cepraiuii mo HampaBieHusM «Teopust kopaOis», «OcHoBaHUS U (DyHIAMEH-
TBI, «YTIpaBJICHHUE IPOCKTAMH U IIporpaMMamMny, « T paHCIIOPTHBIE CHCTEMBI».

B okts16pe 2010 rona FOpus Jleonumposrua He crano. ..

B okts6pe 2011 r. 3a BeIIAIOIIMECS 3aCAyTH B JICJIC CTAHOBJICHUS YHH-
BepCcHUTETa, KOpaliaecTpouTeNIbHOro (hakyiabTera W Kadeaphl, M0 MHULUATHBE
TPYJAOBOro KoOJUIeKTHBa, Kadenape «Teopuu M MPOSKTHPOBAHMS KOpPaOIsDy
OHMY 6510 mpucBoeHo ums nmpodeccopa FHO.JI. BopoObena.
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[ToxBoms UTOT, MOXHO OTMETUTH, uTO FOpwuit JICOHUIOBHY — yUYEHBIA
MHPOBOI'0 YPOBHS, KOTOPOMY YJaJOCh CO3JaTh HOBOE HAIPABJIECHUE MOPCKOU
ruapoauHaMuKy. OTHUM U3 TIIABHBIX UTOTOB €r0 AESITENbHOCTH SIBISETCS CO3-
NaHue COOCTBEHHOIM HayYHOW IIKOJIBL. Pe3ynbTaThl ero uccieqoBaHuii BocTpe-
OoBanbl W ceromHs. [lodToMy OmHOW W3 OCHOBHBIX 3aja4 Tpodeccopcko-
npernoaaBarenbckoro komnektuBa OHMY sBnserca coxpaHeHue Hacleaus
HOpust JleonnmoBruya, mpopobKeHUue paboThl B JIYUIIMX €0 TPAJUIHAX Kak
Y4EHOr0, IIPEnojJaBarTeis, Kak 4eloBeKa, IPUWIOKEHUE YCUIMM K COXPAHEHUIO
U YKPEIUICHUIO MOPCKOI'O0 YHHMBEPCHUTETA, Pa3BUTUIO KOTOPOI'O0 OH IOCBSTHII
CBOIO KU3Hb.
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YIK 629.5.018.1
A.B. lemumok, J.B. Koxanos

ONbITOBOMY BACCEWHY OHMY - 83

CTpouTensCTBO ONBITOBOrO OacceiitHa B Omecce OBUIO HA4aTo cpasy
nocie co3nanus B 1930 rogy Ha 6aze O1ecckoro NoiMUTEXHHYECKOr0 HHCTUTY-
Ta OJeccKoro MHCTUTYTa MHXXeHepoB BoxHoro Tpancnopra (OMKMBT) B cocra-
Be JBYX (haKyJIbTETOB: KOpaOJIECTPOUTENHHOIO W cynoMexaHuveckoro. bac-
ceiiH BcTymua B cTpodt B 1932 rogy. Dto ObLT mepBBI OMBITOBBIA OacceiiH,
noctpoenHsid B CCCP mocie rpakaaHCKoM BOWHBL

Bacceitn crtpomsics mo cucteme Bemnenkammna (rpaBUTallIOHHOTO
THMA). J{BUKEHUE MOJIENTU BBIIOIHSIIOCH C TOMOIIBIO TPOCOBON CHCTEMBI, MTPH-
BOJIUMOI1 B JielicTBHE OYKCHPYIOIIUM I'Py30M, OITyCKaeMbIM B IaxTy. Bec rpy-
3a OIpeJeNsul CKOPOCTh JABIKEHMsI Monenu OnbITOBbIe OacceiHbI Takoi cuc-
TEMBI JJaBaJli BO3MOKHOCTh YMEHBIIICHHSI pa3MepoB OacceifHa 0e3 yXyeHus
TOYHOCTH M3MepeHui. B cylecTByromieM 3aHuu OBIBIIEr0 HHCTUTYTa OJaro-
POIHBIX JCBHII TOJBKO TaKas KOHCTPYKIUS MOIJIa ObITh pa3MelieHa 0e3 Kap-
JMHAJBHBIX TePeIeTIOK WK BooOIIe 0e3 CTPOUTENBCTBA CIIEUATBHOTO 31aHuUsI.

[Nomepeunoe ceueHue OacceliHa UMeET BUJ TIOMYIJLTUIICA, YTO TIO UJee
BennenkamIia HCKITFOUANIO BIMSIHUE OOKOBBIX CTEHOK OacceliHa Ha pe3ysIbTaThl
onbIToB. [Ipoekt OacceiiHa ObLI MOANKMCAH HEMEIKHUM KOHCYJIBTAHTOM — BBI-
JAFOIIMMCST THIPOMEXaHUKOM, CO3/IaTelieM TEOpPHH MOorpaHudYHOro ciosi [ep-
MaHoM InuXTUHTOM.

OCHOBHBIC XapaKTePUCTUKU OaceliHa IMpUBeACHbI B Ta0uIe 1.

Tabruya 1

Ocnogmbie xapaxmepucmuxu onvimosozo dacetina OHMY

XapaKTepUCTHKA, PA3MEPHOCTh Bennuuna
JlnvHa ¢ mokamMu IS MOATOTOBKY MOJICNICH, M 35,5
upuna, M 6,1
I'my6una, M 2,5
O6beM GacceiiHa HaUGOMBIIHIA, M° 400
OnTumManbHas JyIMHA MOJEIN, M 2,0

Jo nauana Benukoii OteuecTBeHHOH BOWHBI B OacceiiHe ObII0 mpoBe-
JIeHO OOJIbIIIOE KOMMYECTBO MCIBITAHUI MOJENel CTPOMBIIMXCS CYJ0B. B 31O
BpeMsi Ha 0a3e DKCIIEPHMEHTOB B OIBITOBOM OacceifHe pa3BUBAJIMCh TEOPETHU-
YCCKUC HCCICAOBAaHUA CONPOTHUBICHUA BOJAbI ABMXXCHHIO CyaHA IIOA PYKO-
BojacTBoM npodeccopa I'.E. [TaBnenko.

© Jemumiok A.B., Koxanos J.B., 2015
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31ech cieayeT BBICIUTh CUCTEMATHYECKIE UCTIBITAHUS MoJieNielt Oapik
1 0ap)KEeBBIX COCTABOB, KOTOPBIE SBIISUIMCH OCHOBOMW JJIsl TPOEKTUPOBAHHS Oap-
xeBoro ¢uiora CCCP. Yuactue B ucnbitanusx npuanmanu K.B Koxanosckuit
(TIepBBEIi 3aBeyIOMIMI ONMBITOBEIM OacceitHoM), a Tarke E.C. OBuapenko.

Iepuon ¢ 50 mo 70 rompl cBsi3aH ¢ WMMEHEM J.T.H. mpodeccopa
A.A. KocriokoBa. Ero ¢dynnamenTansHast MoHorpadus «Teopusi kopabenbHbIX
BOJTH ¥ BOJHOBOTI'O CONPOTHBIICHHS» OblIa yJOCTOCHA MPECTHIKHOW MPEMUU
nmenn A.H. KpouioBa HaydHo-TexHmueckoro oOImiecTBa WHKEHEpPOB-KOpaod-
necrpouteneii. B 1980 r. ombitoBomy Oacceiiny OMUM® npucBoeHo uMs
npodeccopa A.A. Koctiokosa.

Bo3mokHOCTH OacceliHa B 9TOT MEpUOJ] CYIIECTBEHHO Bo3pociu. bac-
CeiH ObLT 000PYAOBaH BOJIHOIPOAYKTOPOM M BoJIHOTralieHueM. JloobopymoBa-
HUE TI03BOJISUIO MTPOM3BOIUTH UCIIBITAHUS MOJIeJIell Ha PEryJISIPHOM BOJHEHUH.
Jiist TOoro, 4To0Bl BOIHEHHE HE MCKAXKAIOCh 3a CUET SJUTMITUYSCKOTO CEUCHUS,
B OacceliHe ObUTH YCTAHOBJIEHBI BEPTHKAIBHBIC JCPEBIHHBIC IUTHI, W ITUPUHA
COOTBETCTBEHHO yMEHbIIMIAch 0 4,1 M, YTO HECKOJNBKO CY3WJIO IHAra3oH
CKOpOCTEHN MCTIBITAHUM.

B 60-¢ u 70-¢ roapl ObLIO MPOBEACHO MHOKECTBO CHCTEMAaTHYCCKHX
ucnbITanui. st 3Toro ObUT mocTpoeH napk moneneit 60-it cepun (mpu3HaHHON
MEXKIyHapOJIHOU CepHeid, pa3pabOTaHHON B ONMBITOBOM OacceiiHe B Barenun-
rene B ['ommangun). {1 BOSMOXKHOCTH MCTIBITAHHUM 11O MOJIEIMPOBAHUIO TTOBE-
JIeHWs1 MOZIeiell Ha MENKOBOJbe Obla pa3paboTaHa crienualibHas KOHCTPYK-
IUsl, TO3BOJISIONIAS YCTAHABIMBATH LIUTHI, UMHTHUPYIOIIKE IBOWHOE IHO C
BO3MOXKHOCTBIO OBICTPOH pa300pKH W IMepexojly K UCIBITAHUSM Ha TITyOOKOi
Bozie. B xoHie 60-x rojgoB Obuta co3/aHa Tak Ha3blBaeMas «Kadyallkay — yCT-
POMCTBO UIS CO3JaHHS BHIHYKIACHHBIX KOJNEOaHWH MOJENH M ONpeleneHus
KHUHEMAaTUYEeCKUX W THAPOJANHAMHYECKHX XapaKTEPUCTUK Pa3UYHBIX BUJOB
Kauku Mojenu. Kavamka BMecTe ¢ MOZIENbBIO TiepeMenaiach Mo penbcam, Ipo-
JIOKEHHBIM BJIONIb OacceifHa Ha CrielalbHOH (hepme.

Bonpiioil Bkiaja B CO3aHUE ATOM YCTAHOBKM BIJIOKWIM H.O. 3aB.
kadenpoit «Teopun xopadis» F0.M. I'ynues, .M. Dauc u urxeHep OacceitHa
B.H. Kupumnos. B xonne 60-x u Hauane 70-x ronoB Hapsay ¢ paboramu 1o
3aKa3aM TMPOMBIIUICHHOCTH OBbUIM TPOBEACHBI CHCTEMATHYCCKUE HUCIIBITAHUS
Mozener 60-i cepuu Ha TITyOOKOH BOJE M MEIKOBOJBE MO ONPEICIICHUIO TH/I-
POAMHAMHUYECKHX ¥ KHHEMAaTHYECKUX XapPaKTEPUCTHK JBUXKCHHSI CYJIOB.

B 1971-1976 romax FO.M. I'ynuep 6611 s5xcnieprom OOH u pykoBoau-
teneM [Ipoekta MeXIpaBUTENBCTBEHHON MOPCKONW KOHCYJIBTaTUBHONW OPTraHM-
3amn (MMKO, spme MMO) mo co3naHuio HaydHO-IKCHEPUMEHTAIBHOTO
LeHTpa TUAPOANHAMUKH cynoB B I. Bapue (bonrapus).
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Iasnenxo Obwuti 6u0 ycmanosKu 0ist CO30aHUsL
Teopeuii Epcmagpuesuy Buinyorcoennvix konebanuii mooenu
(1898-1970)
0.m.H., npogeccop,
axkao. AH YCCP

['ynues Onmc Kupunnos
Ocud Mycradaesuy SxoB MouceeBud Brnagumup HukomaeBuu
(1925-2003) - (1925-2014) — (1935-2009)
K.T.H., mpogeccop K.T.H.

B cepenune 70-x romoB PYKOBOACTBO HCIBITAHUSMH B3sUI Ha ceOs
FO.JI. BopoObéB, craBmmii kK 3TOMY BpeMeHH 3aBeayronmM kadenpoit «Teopun
kopabst». B 70-x-80-x rogax ObUIN MPOBEACHBI CUCTEMATHUECKUE UCTIBITAHUS
0 JBMYKCHUIO MOJIENIel B KaHaJlaX Pa3IMYHOro Mpoguiis, UCIBITAHUS 110 pac-
XOXKJICHUIO MOJIENEN, HCIBbITaHUA IO JABUKEHUIO MOJIEeNEell OKOJIO TBEpOH
CTEeHKH M T.I. [IOMMMO CHCTEMAaTHYECKMX HCIBITAHWM MPOBOIUIMCH TaKKE
HCIBITAHUS 1O OMPEIEICHUIO COMTPOTHURIICHUS MPOCKTUPYEMBIX IMaCCaAXKUPCKUX
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Y JIOIIMAHCKUX KaTepoB Thma «Panyra» u «Anekcanap ['pun» (00NbII0€ KOIH-
YecTBO KaTepoB JaHHBIX THUIIOB IIJIABAaeT JI0 CHX MOp Mo akBaTopusM Poccuu u
YKpauHsl), CIOKHEHIIINE UCIIBITAHUS JUTSI ONIpeesIeHUs] BO3MOKHOCTH TIepero-
HOB JIOKa-IIECTUAECCATUTBICIYHUKA ¢ UEpHOro Mops Ha JlanbHuii BocTok.

Crenyer oTMETHTh, YTO, HECMOTPS Ha MaJibie rabapuThl Oacceiina, yia-
BaJIOCh TPOBOJUTH BECbMa CIOXKHBIE SKCIIEPUMEHTHl Ha 0a3e OpUTHHAIBHBIX,
MIPUHUMAEMBIX KOJUIEKTHBOM pelleHuii. Ha ocHOBe MpoBeAeHHBIX TeopeThye-
CKHX U DKCIEPUMEHTAJIbHBIX MCCIIEOBAHUN COBMECTHO ¢ «YepHOMOPHUUTIPO-
EKTOM» OBUTH BBIMYIICHBI «HOPMBI TEXHOIOTHYECKOTO MPOSKTHPOBAHUS MOP-
ckux kananoB» PJ] 31.31.47-88.

€= . == -la

Kocmiokos Bopobuves
Anexcanop Anexcanoposuy FOpuii Jleonuoosuu

(1908-1976) — 0.m.H., npogheccop (1937-2010) — 0.m.H., npogheccop,

suye-npesudenm Tpancnopmuotl
axademuu Ykpaumvl

[ToMuMO cTaHIAPTHBIX HWCHBITAHUA OBUIO MPOBENECHO 3HAYHTENHHOE
KOJTMYECTBO HCIBITAHHUH, CBS3aHHBIX C TEOPETHYECKHMHU HCCIICTOBAHHUSIMU
acriupanToB kadenpsl .M. Dmuca, 3.J1. Cyxupa, B.K Jlabazuukosa, 3.B. Ko-
xaHoBa, H.H. Mutnuxa, T.B. Cmupnosoii, O.E. [IpoGsimesckoro, C.H. bac-
kakoBa, H.B. EdpemoBoii, A.B. [lemumioka u np.

U 3nech HaM, Kak OBIBIIEMY 3aBEAYIOIIEMY OIBITOBBIM OacceifHOM M
HBIHE JISUCTBYIONIEMY 3aBEAyIOIIEMY Kadenpoil, XoTeaoch Obl YIIOMSIHYTh TeX
Jo/iel, KOTOpbIe CIIOCOOCTBOBANM MPOBEACHUIO BCEX HCIBITAHUN M TEXHHYE-
CKOM MOJEpHM3AIMK OIBITOBOro OacceiiHa. Pedb molmer o COTpyAHHUKAX,
COCTABJISIBIIMX W COCTaBJISIOIIMX CTaHOBOW Xpeber nmabopartopuu: yueOHBIX
Macrepax, WHKeHepax, 3aByadax. SBssich aHamoraMu 3HamMeHuToro I'omm u3
¢unbMa «MocKBa cie3aM HE BEPHUT», OHU TEXHHYECKH OOCCIICUMIIH 3aIUTy
MHOTHX KaHJIUJATCKHX M JOKTOPCKUX JIHCCEpTallMid HE OJHOTO HAYYHOTO
HaTpaBJICHUS.
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B nepByto ouepenp xorenoch 061 BeiaenuTh A.W. Kpamanosckoro, Be-
JIUKOJIEITHOTO MacTepa TOKApHBIX U (pe3epHBIX paboT, KOTOphId BHEC OOIb-
IO BKJIAJ B MOJEPHH3AINIO MU3MEPUTEIBFHBIX CHCTEM OIBITOBOTO OaccelHa.
Anekcanyp ViBaHOBHY BCIO BOWHY cpakancsi Ha JIeHHHTpagckoM (GpoHTE, BECh
IIEpUOJ BOMHBI NpoBel B JIeHuHrpane. Ero TexHu4eckue npeuiokeHus oTiau-
YaJIMCh 3JIETaHTHOCTHIO U OPUTHHAIBHOCTHIO.

bes H.M. Kysuenosa, ObiBiiero muumana YepHomopckoro ¢iiora,
HEIb3sl OBUTIO OBl YCTAHOBUTH PSiJI PA3IMUHBIX CIOXKHBIX METAITHUECKUX KOH-
cTpykuuii. Hukonait MuxaidoBu4 ObUT U CBAPIIMKOM, U COOPIIUKOM, H PE3UU-
KOM, U CTPOHUTENIEM.

HobOpyro mamsate ocraBui o ceoe I1.H. Kazauék, ObiBIIME Maiiop Tex-
Hu4eckoro obcmykuBanus B BBC Bo Bpemst BoitHBI. be3 3Toro 6epexximBoro u
«IPHWKUMHCTOT0» YeJI0BEKa, Y KOTOPOrO KaK Y PauyUTelIbHOTO X03WHA ObLIO
Bc€ (MpUOOPKI, MaTeprabl, 3a4acTH U T.I.), 0ACCEHH HE MOT OBl YCIICIIHO U
CBOEBPEMEHHO MPOBOAMUTH UCIBITaHWA. MHOXECTBO COTPYAHMKOB MHCTUTYTA,
3Has Oe3qoHHbIe KianoBbie [1aBina HukudopoBruya, IpuXOauid K HaM B Oac-
CeifH Ha «BBIIpAIIIBAaHIE), €CIIH MOYKHO TaK CKa3aTh.

B.U. lumutpenko, yuennk A.W. KpamaHoBckoro, mocie cMepTu CBO-
€ro y4uTess OCBOMJI BCE TOHKOCTH CTaHOYHOTO Jiela M MPOJIOobKall HEe MeHee
YCIIEIIHO COBEPIICHCTBOBATH alMapaTypy U NpUOOpHI, Y4acTBOBATH B MPOBE-
JE€HHUHU UCIBITAaHUM.

Ilpenooasamenu u compyonuxu B.U. Jumumpenro u H.I1. Anopees
nabopamopuii kageopul « Teopuu kopabasy (80-e 200vt)

H.IT. AunpeeB — MacTep-MOAENBIINK BBICIIETO Kilacca, yuacTBOBAJ B
cozmanuu Mmopenend 60-if cepur W TPOMATHOM KOJUUYECTBE MOJCIICH BHOBD
MPOEKTHPYEeMBIX cynoB. Ero craHouHBIN mapk Bcerjga ObUT B TIOJHOM MOPSJI-
Ke, a M3rOTOBJICHHE MOjEJeH Mo pa3pabOTaHHOH B OacceliHEe TEXHOJIOIMH
OBLTO HAMHOTO JICIIEBIIC U MPOIIEe OOBIYHO MPUHSATONW TEXHOJIOTHU BO MHOT'HX
OMBITOBBIX OacceiiHaX M JIOCTHTrajo BBICOKOTO YPOBHS TOYHOCTH. Hukomaii
[TeTpoBrd ObIT CKPOMHBIM M CIIOKOIHBIM YEIIOBEKOM, paboTaTh ¢ HUM OBLIO
HEBEPOITHO MpusATHO. Hamo Takxke ormeruth, uto Hukomaii IlerpoBuy ObL1
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HACTOJILKO BEITUKOJIEITHBIM MacTepOM CBOETO JieNia, TAKHM, YTO TIOHEBOJIE TIPHU-
XOJIMJIOCH BOCXHUINATHCS MPUEMAMU €ro PadoTHI.

10.J1. BopobObepa He crano B 2010 1., a B 2011 ero ums ObUIO IPUCBOEC-
HO Kadenpe «Teopuu u npoekTUpoBaHus kopadis»y OHMY.

B Hacrosiiee BpeMsi KpOITOTIIMBYIO TBOPUECKYIO pabOTy MOJICPKAHUS
PaboTOCIIOCOOHOCTH IKCIIEPUMEHTAIBHOM 1ab0opaTOpHH, IOATOTOBKY U IIPOBE-
JICHUE UCIBITAHUI MPOJODKAIOT 3aBEAYIONINI OMBITOBBIM OacceitHoM JleoHu
Cnaprakosuu Cromnspos, Butanmii Bacunsesny JIutBunenko, Jleonun I1asio-
Bu4 Kupcanos, Bragumup BacunbeBnya UynpuH.

[Iporecc MomepHu3alu onbIToBOro dacceitna OHMY, nepexona Ha
COBPEMEHHYIO 3JIeMeHTHYI0 0a3y, HadaTbiii FO.JI. BopoobesbiM 1 B.H. Kupu-
JIOBBIM, TIPOJIOJKAETCSl U ceiiuac. HempepbIBHOCTE 3TOTO mpoliecca, CoBEpIIeH-
CTBOBaHUE MPOPECCHOHANBHBIX 3HAHUNA W HAaBBIKOB COTPYAHUKOB JIaOOpaTO-
puu — 3aj0r CTaOMJIBHOM W YCIEIIHOM padoThl THAPOAMHAMUYECKON Jabopa-
topun OHMY — onsiToBOro Oacceiina.

Coz0anue nosou moodenu (nemo 2015 2.)

CIIMCOK JIITEPATYPU

1. Mopozosa U.B., Backaxos C.H. 80-nemue onvimosoeco 6aceina
0oeccko20 HAYUOHATBHO20 MOPCK020 YHusepcumema // Bichuk
OHMY. — Ooeca: Buo-eo OHMY. —2013. — Ne 1(37). — C. 3-7.

Cmamms naditiwna 00 peoakyii 20.11.2015
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YIK 519.213;159.98;629.113
E. Suhir

HUMAN-IN-THE-LOOP:
LIKELIHOOD OF A VEHICULAR MISSION SUCCESS AND SAFETY

A double-exponential probability distribution function (DEPDF) of the
extreme value distribution (EVD) type is introduced to quantify the likelihood
of the human failure to perform his/her duties, when operating a vehicle: an
aircraft, a spacecraft, a boat, a helicopter, a railroad vehicle, etc. Such a fai-
lure, if any, is attributed to the insufficient human capacity factor (HCF), when
there is a need to cope with a high (extraordinary, off-normal) level mental-
workload (MWL). A possible application of the suggested DEPDF is a
situation when an imperfect human, an imperfect equipment/instrumentation,
and an uncertain-and-possibly-harsh environment contribute jointly to the
likelihood of a vehicular mission failure and/or insufficient safety. While the
human’s performance is characterized by the DEPDF, the performance of the
equipment (instrumentation), which includes, in our analysis, the performance
of both the hardware and the software, is characterized by the Weibull
distribution, and the role of the uncertain environment is considered by the
probability of the occurrence of harsh environmental conditions of the
anticipated level of severity. We believe that the suggested MWL/HCF model
and its pos-sible modifications and generalizations, can be helpful, after
appropriate sensitivity analyses are carried out, when developing guidelines
for personnel selection and training; when choosing the appropriate simulation
conditions; and/or when there is a need to decide, if the existing levels of
automation and the employed equipment (instrumentation) are adequate in off-
normal, but not impossible, situations. If not, additional and/or more advanced
and perhaps more expensive equipment or instrumentation should be
developed and installed.

Keywords: double-exponential probability distribution function,
human capacity factor, mental-workload level, human failure, safe operation of
the vehicle.

OyHKUIMSA JBOMHOTO 3KCIOHEHLIMAIBHOTO pPAaCHpEnesieHUs] BEPOSTHO-
creit (JIOPB) tuma pacnpeneneHus dkcTpeMaibHbIX 3HaueHun (PO3) BBoAUTCA
JUTSI KOJTMYIECTBEHHON OIICHKH BEPOSTHOCTH OTKasza oreparopa (JdelioBeKa) Impu
BBITIOJIHEHU UM 00s3aHHOCTEd MO YIpaBIICHHIO PabOTON TPaHCIIOPTHOTO
CpE/ICTBA: CaMOJIETOM, KOCMHYECKHM KopabieM, CyTHOM, BEPTOJIETOM, Kee3-
HOJJOPO’KHBIM JIOKOMOTHBOM U T.J. [lOsIBIEHHE Takoro OTKasa, OOBSCHSETCS
HEIOCTaTOYHBIM (haKTOpOM deioBedeckoro noreniaia (OUII), B Tom ciaydae
KOTJIa CYIIECTBYET HEOOXOANMOCTh CIIPaBUTHCS C BBHICOKUM (IKCTpaopaAnHap-
HBIM) ypoBHeM nicuxudeckoit Harpy3ku (YIIH).

© Suhir E., 2015
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BosMoxxkubiM npumenenuem npemnoxkeHHoro JIOPB saBnsercs cutya-
IIMs, KOTJa HEMOATOTOBJICHHBIN 4YEIOBEK, HECOBEPIICHHOE 00OpymoBaHue /
npHOOPBI, a TaKKe HEM3BECTHOE U BO3MOXHO CYpOBOE COCTOSIHHE OKpPY)Karo-
el cpenbl 0 COBOKYITHOCTH BEPOSITHOCTEH CIIOCOOCTBYIOT MPOBAITy MHCCHH
TPaHCIOPTHOTO CPE/ICTBA U / MM HemocTaTouHol eé OezomacHocTH. [Ipemo-
sxkernass YIIH / ®UII moxens u ee BO3MOXKHBIC MOIU(UKAIIMKA U 0000IIECHUS,
MOCJIE COOTBETCTBYIONINX aHAM30B YyBCTBUTEINBHOCTH, MOTYT OBITh HCIIOJb-
30BaHbl NP Pa3pabOTKe PYKOBOIAIIMX IPUHIUIIOB Il 0TOOpa W OO0y4YeHHUS
MepcoHaa; Mpy BeIOOpE HAIJISKAIINX YCIOBHA MOJICIUPOBAHUS; U / WU KO-
IJIa BO3HUKAET HEOOXOIUMOCTh PEIIUTh, SBIISIFOTCS JIM CYIIECTBYIOIINE YPOBHH
aBTOMATH3allMK M TpUMeHsieMoe 00opyaoBaHue (MPHOOPHI) JTOCTATOYHBIMH B
JKCTPEMaJIbHOW, HO BO3MOXKHOM cUTyallMd. B IpOTUBHOM ciydae IOJIKHO
OBITH pa3paboTaHO W YCTAHOBJIEHO JIOMONHUTENBHOE 1 / WiH OoJiee meperoBoe
1, BO3MOXKHO, 00Jiee Ioporoe 000pya0BaHUE HIIH IPHOOPHI.

Knrouegvie cnosa: @ynxkyus 080UiH020 IKCNOHEHYUAILHOZO pAcnpede-
JleHust 8eposimHoOCmel, (haKmop 4en08euecKkoe0 NOMeHyuald, yposeHsb NCUXu-
yecKoU HazpysKu, uenosedeckutl gaxmop, obecneuenue bezonacHocmu pado-
Mbl MPAHCHOPMHO20 CPEeOCmEA.

OyHKIlIA MOABIMHOIO EKCIIOHEHIIAIbHOrO PO3MOALTY HMOBIpHOCTEH
(JIEP) Ttumy posmominy excrpemanbHuX 3HaueHb (PE3) BBOmMTBCH JuIs
KUTBKICHOT OIIIHKH IMOBIpHOCTI BiJIMOBH orepatopa (JIFOJMHH) NMPH BUKOHAHHI
HUM OOOB'SI3KIB TI0 YINpPaBIiHHIO POOOTOI TPAHCIIOPTHOTO 3aco0y: JiTaka,
KOCMIYHOTO KOpaOiisi, Cy[IHa, BEPTOIHOTA, 3ATI3HUYHOTO JIOKOMOTHBA 1 T.i.,
[TosiBa Takoi BIAMOBH, IOSCHIOETbCS HEIOCTaTHIM (HDaKTOPOM JIHOACHKOIO
norermiany (®JIII), B ToMy BUMAJIKy KO iCHYE HEOOXIJAHICTH BIIOpaTHCS 3
BHUCOKUM (EKCTpaopJIMHApHUM) piBHEM TIcuxiuyHoro HaaHTaxkeHHs (PITH).
MoxnuBum 3acTOCYBaHHAM 3amporonoBanoro JIEPH e cuTyamis, xomu
HEIirOTOBJIEHA JIOAMHA, HEJIOCKOHANE OONaJHAHHS / TPHUJIAad, a TaKoXK
HEBIOMUH 1 MOXJIMBO CYBOPHI CTaH JIOBKULIA 3a CYKYIHICTIO MMOBIPHOCTEH
0esneku. 3ampornonoBana PITH / ®JIIT mopens 1i MoxxiauBi Momudikamii Ta
y3arajbHEHHS, TIicIsS BiQNOBIIHUX aHAJi3iB YYyTJIMBOCTI, MOXYTh OyTH
BHUKOPHUCTaHI TP po3poOIli Ke-piBHUX MPHHIUITB Jisi BiOOpY Ta HaBYaHHS
MepcoHaly; MpH BUOOpI HalCSKHUX YMOB MOJETIOBAHHS, Ta / ab0 KOIH
BUHHUKAE€ HEOOXIJHICTh BHPIIIUTH, YH € ICHYIOUl piBHI aBTOMaTH3amii 1
3acTocoBaHe OOJaaHaHHsA (MPUIagU) JOCTaTHIMH B EKCTpEMallbHIid, ajie
MOXJIMBIM cuTyarii. B iHmIOMy BuIagKy Mae OyTH po3po0jieHO Ta
BCTAHOBJICHO JOAATKOBE Ta / ab0 OUIBII MEPEeaoBE 1, MOKIMBO, OLIBII JOPOre
obnajHaHHS a0 MpHIIaIH.

Knrouoei cnosa: @yuxyis noosilinoco eKCHOHeHYIAIbHO2O0 pPO3N00iLy
umogipnocmetl,  Gaxkmop MOOCbKO20  NOMEHYIANY, PIBEHb  NCUXIYHO20
HABAHMAJICEHHS,  OOCLKUlL  (hakmop, 3abesneuenuss besneku  pobomu
MPancnopm-Hozo 3acooy.
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Introduction. Considerable improvements in various vehicular
(aerospace, maritime, automotive, railroad, etc.) technologies can be achieved
through better ergonomics, better work environment, and other means that
directly affect human behavior. There is also an opportunity (potential) for a
further reduction in vehicular casualties through better understanding the role
that various uncertainties play in the designer’s and operator’s world of work.
By employing quantifiable and measurable ways to assess the role of these
uncertainties and by treating a «human-in-the-loop» as a part (often as the most
crucial part) of the complex man-instrumentation-equipment-vehicle-environ-
ment system, one could improve dramatically the human performance, to
predict and, if needed, minimize and even specify the probability of the
occurrence of a mishap.

In the analysis that follows we introduce a double-exponential
probability distribution function (DEPDF) of the extreme value distribution
(EVD) type [1-5] to quantify the likelihood of a human failure to perform
his/her duties, when operating a vehicle. We consider, as a suitable illustration,
a situation when imperfect human, imperfect equipment and an uncertain-and-
often-harsh environment contribute jointly to a possible failure of a mission or
to a likelihood of a casualty. We believe that the suggested MWL/HCF concept
and its generalizations, after the appropriate sensitivity analyses are carried out,
can be helpful when developing guidelines for personnel selection and
training; when choosing the appropriate flight simulation conditions; and/or
when there is a need to decide, if the existing level of automation and the
existing navigation instrumentation and equipment are adequate in
extraordinary (off-normal) situations. If not, additional or more advanced and
perhaps more expensive instrumentation and equipment should be considered,
developed and installed.

Our analysis is, in effect, an attempt to quantify, on the probabilistic
basis, using analytical («mathematical») probabilistic risk management (PRM)
techniques, the role that the human plays, in terms of his/her ability (capacity)
to cope with a mental overload. Using an analogy from the reliability enginee-
ring field and particularly with the «stress-strength» interference model (see,
e.g., [1]), the MWL could be viewed as a certain «demand» («stress»), while
the HCF — as a «capacity» («strength»). In our DEPDF model we combine the
demand and the capacity factors within the same probability-of-non-failure
distribution. It is the relative levels of the (steady-state or time-dependent)
MWL and HCF that determine in our concept the likelihood of a mission
success and safety.

The MWL («demand») depends on the operational conditions and the
complexity of the mission, i.e., has to do with the significance of the general
task [4-25]. The MWL is directly affected by the challenges that a navigator
faces, when he/she has to control the vehicle in a complex, heterogeneous,
multitask, and often uncertain and harsh environment. Such an environment
includes numerous different and interrelated concepts of situation awareness:
spatial awareness for instrument displays; system awareness (e.g., for keeping
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the pilot informed about actions that have been taken by automated systems);
and task awareness that has to do with the attention and task management. As
to the HCF («capacity»), it considers, but might not be limited to, professional
experience and qualifications; capabilities and skills; level of training;
performance sustainability; ability to concentrate; mature thinking; ability to
ope-rate effectively, in a «tireless» fashion, under pressure, and, if needed, for a
long period of time (tolerance to stress); team-player attitude; swiftness in
reaction, if necessary [3], etc.

In this analysis we assume that, while the MWL and the HCF are
random variables, the most likely («specified») MWL and HCF values in a
particular mission and for a particular individual are deterministic parameters
that are known (established, predetermined) in advance. This could be done
particularly by employing accelerated testing on flight simulator equipment.
Testing should continue until an anticipated failure (whatever the definition)
occurs and the mean-time-to-failure (MTTF) should be measured for the
selected group of typical (experienced) navigators. Such failure-oriented-
accelerated testing («testing-to-fail»), as opposite to «testing-to-pass», known
in reliability engineering as qualification testing [26-28], is viewed to be
analogous to the acce-lerated life testing (ALT) in electronics and photonics
[26]. Although the evaluation of the most likely MWL and HCF is beyond the
scope of the present analysis, a brief discussion is put nonetheless in Sections
IX and X on how some factors affecting the specified MWL and HCF are, or
might be, approached in the today’s aviation psychology practice.

It is noteworthy that the ability to evaluate the «absolute» level of the
MWL, important as it might be for non-comparative evaluations, is less critical
in this study, which is aimed at the comparative assessments of the likelihood
of a casualty in normal and off-normal situations. We would like to point out
also that we do not intend in this paper to come up with any accurate, complete,
ready-to-go, «off-the-shelf»-type methodology, in which all the i’s are dotted
and all the t’s are crossed. Our intent is just to illustrate how the PRM methods
and approaches could be effectively employed to quantify the role of the
human factor, when both human performance and equipment (instrumentation)
reliability contribute to the likelihood of a mishap. We believe that the taken
approach, with the appropriate modifications and generalizations, is applicable
to many other situations, not necessarily in the vehicular domain, when a
human encounters an uncertain environment and/or a hazardous situation
and/or interacts with never perfect hardware and software.

I. Double-Exponential EVD-Type Probability Distribution
Function of the Human Non-Failure. We assume in this analysis that the
steady-state probability Ph(F,G) of the navigator’s non-failure, when the

vehicle is operated in off-normal (extraordinary) conditions, is distributed in
accordance with the following double-exponential law of the extreme-value-
distribution (EVD) type [1-5] (1)
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(F,G) = Fyexp| | 1=~ |exp

0

2
I_Fzﬂ.
Ey

(1)

Table 1

Calculated P = P"(F,G)/ P, ratios of the probability P"(F,G)

of human non-failure in off-normal conditions to the probability F,

of non-failure in normal conditions

G2 /Gé 1 2 3 4
F? / F02 XXXXX XXXXXX XXXXXX XXXXXX
1 1 0.3679 0.1353 0.0498
2 1 0.6922 0.4791 0.3317
3 1 0.8734 0.7629 0.6663
4 1 0.9514 0.9052 0.8613
5 1 0.9819 0.9640 0.9465
8 1 0.9991 0.9982 0.9978
10 1 0.9999 0.9998 0.9996
00 1 1 1 1
Table 1 continuation
G’/ G} 5 8 10 00
F?/ F02 XXXXXX XXXXXX XXXXXX XXXXXX
1 0.0183 9.1188E-4 1.234E-4 0
2 0.2296 0.0761 0.0365 0
3 0.5820 0.3878 0.2958 0
4 0.8194 0.7057 0.6389 0
5 0.9294 0.8797 0.8480 0
8 0.9964 0.9936 0.9918 2.5E-40
10 0.9995 0.9991 0.9989 4.4E-6
00 1 1 1 1

Here F, is the probability of the non-failure of the human performance

for the specified (normal) mental workload (MWL) level, when G = G,;; G, is
the most likely (normal, specified) MWL (i.e., MWL in ordinary operation
conditions); G > G, is the actual (elevated, off-normal) MWL; F' = F| is the
most likely (normal, specified) HCF, i.e., the HCF in ordinary (normal)
conditions; /"> F, is the actual HCF exhibited at the extraordinary (off-

normal) conditions. The F, level of the probability of the human performance
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non-failure in normal conditions, i.e., in the case of a human with a normal
(most likely) level of the HCF (a performer with ordinary skills in the

profession), should be established beforehand, as a function of the G, level,

i.e., when the HCF F' = F . This could be done, e.g., by conducting testing and

measurements on a flight simulator. The calculated ratios (2) of the probability
of human non-failure in off-normal conditions to the probability of non-
failure in normal conditions are shown in Table 1.

— P"(F,G) G’ F?
P=—"2" -2 _ _
P epr G2 ]exp(l P2 ﬂ ()

The following conclusions are drawn from the calculated data:
1. At normal MWL level (G=G,) and/or at an extraordinarily

(exceptionally) high HCF level (F — o) the probability of human non-failure

is close to 100 %.

2. The probabilities of human non—failure in off-normal conditions are
always lower than the probabilities of non-failure in normal conditions. This
obvious fact is quantified by the calculated data.

3. If the MWL is exceptionally high, the human will definitely fail, no
matter how high his/her HCF is.

4. If the HCF is high, even a significant MWL has a small effect on the
probability of non-failure, unless this workload is exceptionally large.

5. The probability of non—failure decreases with an increase in the
MWL (especially for relatively low MWL levels) and increases with an
increase in the HCF (especially for relatively low HCF levels). This intuitively
obvious fact is quantified by the calculated data.

6. For high HCFs the increase in the MWL level has a much smaller
effect on the probabilities of non-failure than for relatively low HCFs.

All these conclusions make physical sense.

The Table 1 data show also that the increase in the F'/ F, ratio and in

the G/G, ratio above the 3.0 value has a small effect on the probability of

non-failure. This means particularly that the navigator (pilot) does not have to
be trained for an extraordinarily high MWL and does not have to be trained by
a factor higher than 3.0 compared to a navigator of ordinary capacity (skills,
qualification). In other words, a pilot does not have to be a superman to
successfully cope with a high level MWL, but still has to be trained in such a
way that, when there is a need, he/she would be able to cope with a MWL by a
factor of 3.0 higher than the normal level, and his/her HCF should be by a
factor of 3.0 higher than what is expected of the same person in ordinary
(normal) conditions.
From (2) we find, by differentiation (3)
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ap __2H G’ 3)
dG G G*-G?

where H =—PInP is the entropy (see, e.g., [1]) of the distribution of the
relative probability of the human non-failure in extraordinary (off-normal)
conditions of operation as compared to ordinary (normal) conditions. At the
MWL levels close to the normal level, the change in the relative probability of
non-failure with the increase in the load level is significant. In another extreme

case, when G =~ G, we have (4)
dP _ 2H
dG G

This formula explains the physical meaning of the DEPDF (1): the
change in the probability of non-failure with the change in the level of the
MWL is proportional, for large enough MWL levels, to the uncertainty level
(entropy of the distribution of this probability) and is inversely proportional to
the MWL level. The right part of the formula (4) could be viewed as a kind of a
coefficient of variation (COV), where the role of the uncertainty level in the
numerator is played by the entropy, rather than by the standard deviation, and
the role of the stress (loading) level in the denominator is played by the MWL
level, rather than by the mean value of the random characteristic of interest.

II. Likelihood of the Vehicular Mission Success-and-Safety. The
success (failure) of a vehicular mission could be time dependent and, in
addition, could have different probabilities of success at different stages
(segments). Let, e.g., the mission of interest consists of #n consecutive

segments (i =1,2,...,n)that are characterized by different probabilities, g,, of

“4)

occurrence of a particular harsh environment or by other extraordinary
conditions during the fulfillment of the i -th segment of the mission; by
different durations, 7;, of these segments; and by different failure rates, A7, of
the equipment and instrumentation. These failure rates may or may not depend
on the environmental conditions, but could be affected by aging, degradation
and other time-dependent causes.

In the simplified example below we assume that the combined input of
the hardware and the software, as far as the failure rate of the equipment and
instrumentation is concerned, is evaluated beforehand and is adequately
reflected by the appropriate failure rate A, (failure rate of the equipment)

values. These values could be either determined from the vendor specifications
or could be obtained based on the specially designed and conducted ALT and
the subsequent predictive modeling [26].

The probability of the equipment non-failure at the moment ¢, of time

during the flight on the i -th segment, assuming that Weibull distribution is
applicable, is
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P = exp[— ()" } : )

where 0 <7, <T, is an arbitrary moment of time during the fulfillment of the

mission on the 7-th segment, and S is the shape parameter in the Weibull
distribution. The distribution (5) is flexible: S =1 leads to the exponential
distribution; when 8 =2, Rayleigh distribution takes place; by putting

B =3, one obtains a distribution that is close to the normal distribution.

We assume that the time—dependent probability of the human perfor-
mance non-failure can be also represented in the form of Weibull distribution

P'(t)=P' (0>exp[— (e, } , (©)
where A is the failure rate, 3" is the shape parameter and P"(0) is the pro-
bability of the human non-failure at the initial moment of time #, =0 of the
given segment. When #, — oo, the probability of non-failure (say, because of

the human fatigue or other causes) tends to zero. The probability P/’ (0) can be
assumed in the form (1), i.e. (7)

P'(0)=P, eprl - g—igJexp[l - %H (7)

Then the probability of the mission failure at the 7 -th segment can be
found as (8)

o,(1,) :l_Pie(ti)Pih(ti) : (8)

2a:=1. ©)

(condition of normalization), the overall probability of the mission failure can
be determined as follows:

Q:iQiQi(ti):l_iQiPie(ti)Pih(ti)' (10)

This formula can be used for the assessment of the probability of the
overall mission failure, as well as, if necessary, for specifying the failure rates
and the HCF in such a way that the probability of failure, when a human is
involved, would be sufficiently low and acceptable. It can be used also, if pos-
sible, to choose an alternative route in such a way that the set of the

Since (9)

probabilities ¢, brings the overall probability of failure of the mission to the
acceptable level.
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If at a certain segment of the fulfillment of the mission the human
performance is not critical, then the corresponding probability P/’ (¢,) of human

non-failure should be put equal to one. On the other hand, if there is confidence
that the equipment (instrumentation) failure is not critical, or if there is a reason
to believe that the probability of the equipment non-failure is considerably
higher than the probability of the human non-failure, then it is the probability

P*(¢,) that should be put equal to one. Finally, if one is confident that a certain

level of the harsh environment will be certainly encountered during the
fulfillment of the mission at the i -th segment of the route, then the

corresponding probability g, should be put equal to one.

I11. Equipment (Instrumentation) Failure Rate. Failure rate of the
equipment (instrumentation) should be established, of course, based on the
reliability physics of the particular underlying phenomenon. Examine, as
suitable examples, two typical situations.

1) If the possible failure of the vulnerable structural element of a
particular piece of equipment, device or a subsystem could be attributed to an
elevated temperature and stress, then the Bueche-Zhurkov law (11)

2)
Tzroexp(U_yo-] (11

kT
can be used to assess the mean-time-to-failure7 . In this formula, 7 is the

absolute temperature, U is the activation energy, k£ is Boltzmann’s constant,
o is the design stress (not necessarily mechanical) acting in the item of

interest, and 7, and y are empirical parameters that should be established

(found) based on the specially designed and conducted ALTs. Actually, the
activation energy U is also an empirical parameter, but, for various structural
elements of silicon-based semiconductor electronic devices the activation
energies have been determined and could be found in the reference literature
[26]. The second term in the numerator of the formula (11) accounts for the
reduction in the activation energy level in the presence of a stress. If stress is
not considered, the formula (11) reduces to the well-known Boltzmann-
Arrhenius equation. After the mean-time-to-failure 7 is determined, the
corresponding failure rate can be found as

,lzlexp(_U—WJZQr, (12)
7, kT 7,
where
= _U-ro (13)
O EXp( T j

is the steady-state probability of failure in ordinary conditions, i.e., at the
steady-state portion of the «bathtub curvey.
3) If the possible failure is attributed, e.g., to random vibrations, then
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the following Steinberg’s formula can be used to assess the mean-time-to-
failure
4)
r=Co.""? (14)
Here o, is the mechanical stress at the resonance frequency, and

Cand m are material (structural) parameters that can be established by acce
lerated life testing. The formula (14) reflects an assumption that the mean-time
to failure is determined, for the given material and structure, by the square root
of the resonant stress. The failure rate is therefore

PR mz (15)

C
IV. Human Performance Failure Rate. By analogy with how the
failure rate for a piece of electronic equipment is determined, one could use the
condition (12) to establish an ALT relationship for the human performance. We
view the process of testing and training of a human on a simulator as a sort of
an ALT (failure oriented accelerated testing) setup for a vehicle operator. From

(1) we have, for F' = F{, i.e., using patent law terminology, for a human of the

ordinary skills in the vehicular «art», the following formula for the probability
of non-failure, when a navigator is being tested or trained on a flight simulator

G2
P"(G)=P, exp(l ——2] . (16)
GO
Then the probability of failure is
2
Qh(G)=1—P”(G)=1—Poexp(l—%] (17
0
and
r=—= TOG _ %o et (18)
0,(G) 1_poexp(1_2]
GO

This formula can be employed to run an ALT procedure on a simulator,
using the elevated MWL level G as the stimulus factor, to the same extent as
the elevated absolute temperature is used to accelerate failures in the
relationship (11). The parameters G,, 7, and F, should be viewed as
empirical parameters that could be determined from the relationship (18) as a
result of tes-ting at different MWL levels G for many individuals and
evaluating the corresponding mean-time-to-failure 7. Note, that as far as
steady-state condition is concerned, we use the simplest, exponential,
distribution for the evaluation of the probability Fj, while in our general
mission-success-and-safety concept, reflected by the equation (10), we use a
more general and more flexible Weibull distribution.
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Since there are three experimental parameters in the relationship (18)
that have to be determined, one needs three independent equations to determine
these parameters. If the tests on a simulator are being conducted for three

groups of individuals at three MWL levels G,, G,,and G;, and their perfor-
mance is measured by recording three times-to-failure 7,, 7,,and 7,,then the

G, value can be obtained from the following transcendental equation

2 2
TZ GO TS GO (19)
2 2
~[1-2 | ex 1—% ~Dex 1—% =0
T, G ) G,
One could easily check that this equation is always fulfilled for
G =G,=G,=G,.
It is noteworthy that, as has been determined above on the basis of the
Table 1 data, testing does not (and should not) be conducted for MWL levels
essentially higher than three-fold higher than the normal MWL is, otherwise a
«shifty in the mode of failure (i.e., misleading results) is likely. In other words,
the accelerated test conditions should be indeed accelerated ones, and have to
be reasonably high, but should not be unrealistically/unreasonably high. We are
all still human, not superhuman, and, even an experienced, young, competent
and well trained individual cannot cope with an exceptionally high workload.
After the normal (most likely) MWL G, is evaluated, the probability
of non-failure at normal MWL conditions can be found as

_ 0
exp(l—Gzzj—T'exp(l—G'zj
G ) t, Gy ) . (20)
_TZ
o

= 2 2
exp(l - gij - Tzexp{l - gzzj
0 73 0

and the time 7'() can be then determined, if necessary, as

2 2
7, =71,/ 1 - F exp I—G—‘2 =71,/ 1- P, exp I—G—ZZ =
G Gy )| . 1)
GZ
:T{I—Poexp(l—G—}H

29



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

As evident from the formulas (19)-(21), the G, value can be found in a
single way from the formula (19), the F, value can be found in two ways,

using the formulas (20), and the 7, value can be found in three ways, using the

formulas (21). This circumstance should be used to check the accuracy in
determining these values. On the other hand, for the analysis based on the

equation (10), only the F, value is needed. We would like to point out also
that, although minimum three levels of the MWL are needed to determine the
parameters G, 7, and F,, it is advisable that tests at many more MWL levels

e G :
(still within the range — =1—13)) are conducted, so that the accuracy in the
0

prediction could be assessed. After the parameters G, 7, and F, are found,
the failure rate can be determined as a function of the MWL level from the

formula (18)
1 G’
A=—|1-PBexp|l-—||- (22)
Ty |: ’ p( G(? H
The nominal (normal, ordinary, specified) failure rate is therefore
1-F,
= ¢, (23)
To

V. Weibull Law. We use the Weibull law to evaluate the time effect
(aging, degradation) on the performance of both the equipment
(instrumentation), considering the combined effect of the hardware and
software, and the «human-in-the-loop». It is a two-parametric distribution with
the probability distribution function

F(t)=e ", (24)

where the failure rate A is related to the scale parameter 77 of the distribution

1 . . - oy
as n :E’ and the mean-time-to-failure ¢ and the standard deviation o, of

the time-to-failure # can be found as

t=nF(1 +[1J s, =n\/r(1+;j—r2(1+;)- (25)

I'a)= J'x“’]e”‘dx (26)
0
is the gamma-function. The probability density distribution function can be
obtained, if needed, from (24) by differentiation

F()=ABA)P e M 27)
30
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VI. Numerical Example. Let, for instance, the duration of a particular
vehicular mission be 24 hours, and the vehicle spends equal times at each of

the 6 segments (so that ¢, = 4hours at the end of each segment), the failure
rates of the equipment and the human performance are independent of the

environmental conditions and are A =8x107* I/hour, the shape parameter in

the Weibull distribution in both cases is f =2 (Rayleigh distribution), the
F? ? F

HCF ratio — is —5 =38 (so that — =2.828), the probability of human
5 £

non-failure at ordinary conditions is P, =0.9900, and the MWL G’/G,

ratios are given vs. the probability g, of occurrence of the environmental

conditions in Table 2.

The Table 2 data presumes that about 95% of the mission time occurs
in ordinary conditions. The computations of the probabilities of interest are also
carried out in Table 2. We obtain

P* = exp[~{(At, ] = exp[~{8x10* x4 1= 0.99999,
P' = BP exp[{(At,)']=0.9900x0.99999F, = 0.99P
and

Z%Ee (¢ )Rh (¢;) =0.9900,

i=1
which is the probability of the mission non-failure. The overall probability of
mission failure is therefore

0=1-¢,P*(t,)P'(t,) =1-0.9900= 0.01=1%.
i=1

VII. Imperfect Human vs. Imperfect Instrumentation: Short-Term
Predictions. The concept based on the formula (10) and addressed in Sections
III-VII is suitable for the design of the hardware and the software, for making
long-term assessments and strategic decisions, and for planning a certain
vehicular mission before this mission actually commences. There are, however,
extraordinary situations, when the navigator has to make a decision on a short-
term, some time even on an emergency, basis during the actual fulfillment of
the mission. Here are several examples (problems) that have also to do with the
application of PRM methods to quantify the combined effect of the human—
equipment—environment interaction.

Table 2
Calculated probability of mission failure
i 1 2 3 4 5 6
q,% 95.30 3.99 0.50 0.10 0.06 0.05
G/G 1 1.4142 1.7324 2.0000 2.2361 2.4495
Fl. 1 0.9991 0.9982 0.9978 0.9964 0.9955
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Pl.h 0.9900 0.9891 0.9882 0.9878 0.9864 0.9855

BeBh 0.9900 0.9891 0.9882 0.9878 0.9864 0.9855

q.r; ]‘;ﬁ 0.9435 0.0395 0.0049 0.0010 0.0006 0.0005

Problem MNel. The probability that the particular environmental
conditions will be detrimental for the vehicle safety (say, the probability of
excee-ding a certain probability level) is p. The probability that these
environmental conditions are detected by the available navigation equipment,

adequately processed and delivered to the navigator in due time is p,. But the
navigator is not perfect either, and the probability that he/she misinterprets the
obtained information from the navigation instrumentation is p,. If this

happens, the navigator can either launch a false alarm (take inappropriate and
unnecessary corrective actions), or conclude that the weather conditions are
acceptable and make inappropriate go-ahead decision. The navigator receives n
messages from the navigation equipment during his watch. What is the
probability that at least one of the messages is assessed incorrectly?

Solution. The hypotheses about a certain message are: [ = the
weather conditions are unacceptable, so that the corrective actions are
necessary; [{,= the weather conditions are acceptable and therefore no

corrective actions are needed. The probability that a message is misinterpreted
is

P=p(1-p)+(1-p)p,. (28)

Then the probability that at least one message out of n is
misinterpreted is

O=1-(-P). (29)
Clearly, O—1, when n—»c. The above formulas indicate that the

outcome depends on both the equipment (instrumentation) performance and the
human ability to correctly interpret the obtained information. The formula (29)
can be used particularly to assess the effect of the human fatigue on his/her
ability to interpret correctly the obtained messages. Let, for instance, n =100
(the navigator receives 100 messages during his/her watch) and p =1: the

forecast environmental conditions that the vehicle will encounter will certainly
cause an accident and should be avoided. So, the instrumentation did not fail,

and the probability p, that the navigator obtained this information and that the
information has been delivered in a timely fashion is p,= 0.999. Let the pro-
bability that the navigator interprets the information incorrectly is, say,
only p, =0.01=1%. Then P = 0.001 and Q = 0.0952. Thus, the probability
that one message could be misinterpreted is as high as 9.5 %. If the equipment
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is not performing adequately and the probability p, is only, say, p,= 0.95,

then P = 0.05 and O = 0.9941: one of the messages from the navigation
equipment will be most certainly misinterpreted. Thus, we conclude that the
performance and the accuracy of the instrumentation are as important as the
human factor is.

Problem No 2: The probability that the instrumentation does not fail

during the time T of the fulfillment of a certain segment of a mission is p,.

The probability that the human «does not fail», i.e., receives and interprets the
obtained information correctly (does not make any error) during this time is

p,. It has been established that a certain (non-fatal though) accident has

occurred during the time of the fulfillment of this segment of the mission. What
is the probability that the accident occurred because of the equipment failure?
Solution: Four hypotheses were possible before the accident actually

occurred: /= the equipment did not fail and the human did not make any
error; H,= the equipment failed, but no human error occurred;, /H,= the

equipment did not fail, but the human made an error; H,= the equipment
failed and the human made an error. The probabilities of these hypotheses are

P(Hy)=ppy; RH)=(-p)p; A)=p(-p,); P(H;)=(1-p)1-p,).
The conditional probabilities of the event 4 «the accident occurred» are
P(A/ Hy) =0, P4/ H))=P(A/ H)=P(A/ H,)=1.
By applying Bayes’ formula
A= PERAR) =12, n,
S RHRAH)

we obtain the following expression for the probability that only the equipment
failed

P/

(I-p)p. (-p)p.
H /A= P _ P> (30)
A (-pp,+p(-p)+(1-p)1-p,) 1-pp,

Clearly, if the equipment never fails ( p, =1), then P = 0. On the other

hand, if the equipment is very unreliable (p, = 0), then P = p, : the probability
that the equipment fails is equal to the probability that the operator did not
make an error. If the probabilities p, and p, are equal ( p, = p, =p), then

lei is the probability that either the equipment failed or the human made an
vy

error. For very reliable equipment and a next-to-perfect operator (human)
(p=1), P=0.5:the probability that only the equipment failed is 0.5. For
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very unreliable equipment and very «imperfect» human (p=0) we

obtain P = 0: it is quite likely that both the equipment failed and the human
made an error.

Problem Ne 3. The assessed probability that a certain segment of a
mission will be accomplished successfully, provided that the environmental

conditions are favorable, is p,. This probability will not change even in

unfavorable environmental conditions, if the navigation equipment is adequate
and functions properly. If, however, the equipment (instrumentation) is not
perfect, then the probability of safe fulfillment of the given segment of the

mission is only p, < p,. It has been established that the probability of failure-

free functioning of the navigation equipment is p.. It is known also that in this

region of the navigation space unfavorable navigation conditions are observed
at the given time of the year in k% of the time. What is the probability of the
successful accomplishment of the mission in any environmental conditions?
What is the probability that the navigator used the equipment, if it is known
that the mission has been accomplished successfully?

Solution. The probability of the hypothesis H, «the environmental

conditions are favorable» is P(H,)=1 _L' The probability of the hypothesis
100

H, «the environmental conditions are unfavorable» is p(H2)=L.The
100

conditional probability P(A/H,) of the event A «the navigation is safe» when
the environmental conditions are favorable is P(A/H,)= p,. The conditional

probability P(A/H,)of the event A «the navigation is safe» when the
environmental conditions are unfavorable can be determined as

P(A/Hz) = P:p, +(1_p*)p27

so that the sought probability of accident-free navigation on the given segment
is
k

k k
P(A)=|1—-— +—|p.p, +(-p. =p —— - 1-p.).
(4) ( loojpl 100[p<p1 (1-p)p,]=p, g (P p)=p)

If it is known that the mission has been accomplished successfully
despite unfavorable environmental conditions, then

k k
PPYS *I7] 1_ * 2 PN * — Px
P(AH =100[pp+( p)p]= 100[1’1’1"‘(1 PP, ] ‘ G1)
e D - K == p)
b 100 P— D, P+)-
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Let, for instance, p,=1.0, p,=095 p.=098 £k=80. Then

P(A4)=0.9992, P(A/H,)=0.7998. So, the probability of the successful

accomplishment of the mission is 0.9992, and the probability that the navigator
used the navigation instrumentation/equipment that enabled him/her to ac-
complish the mission successfully is 0.7998, otherwise the mission would have
failed.

Problem Ne 4. The g, values for the wave conditions in North Atlantic

in the region between 50° and 60° North Latitude are shown in Table 3 vs.
wave heights of 3 % significance (wave heights of 3% significance means that

97 % of the waves are characterized by the heights below the 7, level, and
3 % have the height exceeding this level).

Table 3
Probability of encounter of the environmental conditions
of the given level of severity
hsgom 3 6 9 12 15 18
q; 0.1500 0.0501 0.0092 | 0.000876 | 0.0000437 [0.00000115

Two sources of information predict a particular g, value at the next

segment of the route with different probabilities p,and p,. What is the
likelihood that the first source is more trustworthy than the second one?

Solution: Let A be the event «the first forecaster is right», A be the
event «the first forecaster is wrong», B be the event «the second forecaster is

right», and B be the event «the second forecaster is wrongy». So, we have
P(A)=p, and P(B)=p,. Since the two forecasters (sources) made different

predictions, the event 4B + AB took place.
The probability of this event is

P(4B + AB)=P(AB)+P(4B) = P(A)P(B)+ P(A)P(B) = p,(1- p,) +(1-p) p;..

The first forecaster will be more trustworthy if the event AB takes
place. The probability of this event is

p](l_pz)+(1_p1)p2 1+7p1&
1-p, p

The relationship (32) is computed in Table 4. Clearly, P(4B)=0.5,if
P =p,=p; P(AB)=1.0, ifp,=1 and p,#1; P(4B)=0, if p,#1 and
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p, =1. Other Table 4 data are not counter-intuitive either, but this table

quantifies the role of the two mutually exclusive forecasts.

VIII. Most Likely Mental Workload. Cognitive overload has been
recognized as a significant cause of error in aviation, and therefore measuring
the MWL has become a key method of improving safety. There is an extensive
published work in the psychological literature devoted to the measurement of
MWL, both in military and in civil aviation (see, for instance, [4-25]). A pilot’s
MWL can be measured using subjective ratings or objective measures. The
subjective ratings during simulation tests can be in the form of periodic inputs
to some kind of data collection device that prompts the pilot to enter a number
between 1 and 7 (for example) to estimate the MWL every few minutes.
Another possible approach is post—flight paper questionnaires. There are some
objective measures of MWL, such as heart rate variability. It is easier to mea-
sure the MWL in a flight simulator than in actual flight conditions. In a real
airplane, one would probably be restricted to using post-flight subjective
(questionnaire) measures, since one would not want to interfere with the pilot’s
work.

Table 4
Calculated trustworthiness of weather forecast
Py 0.1 0.2 0.4 0.6 0.8 0.9
b,
0.1 0.500 0.692 0.857 0.931 0.973 0.988
0.2 0.308 0.500 0.727 0.857 0.941 0.973

0.4 0.143 0.273 0.500 0.692 0.857 0.931
0.6 0.069 0.143 0.308 0.500 0.727 0.857
0.8 0.027 0.059 0.143 0.273 0.500 0.692
0.9 0.012 0.027 0.069 0.143 0.308 0.500

An aircraft pilot faces numerous challenges imposed by the need to
control a multivariate lagged system in a heterogeneous multitask environment.
The time lags between critical variables require predictions and actions in an
uncertain world. The interrelated concepts of situation awareness and MWL are
central to aviation psychology. The major components of situation awareness
are spatial awareness, system awareness, and task awareness. Each of these
three components has real-world implications: spatial awareness — for
instrument displays, system awareness — for keeping the operator informed
about actions that have been taken by automated systems, and task awareness —
for attention and task management. Task management is directly related to the
level of the mental workload, as the competing «demands» of the tasks for
attention might exceed the operator’s resources — his/her «capacity» to
adequately cope with the «demands» imposed by the MWL. In modern military
aircraft, complexity of information, combined with time stress, creates
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difficulties for the pilot under combat conditions, and the first step to mitigate
this problem is to measure and manage MWL [5]. Although there is no
universally accepted definition of the MWL and how it should/could be
evaluated, there is a consensus that suggests that MWL can be conceptualized
as the interaction between the structure of systems and tasks, on the one hand,
and the capabilities, motivation and state of the human operator, on the other.
More specifically, MWL could be defined as the «cost» that an operator incurs
as tasks are performed. Given the multidimensional nature of MWL, no single
measurement technique can be expected to account for all the important aspects
of it.

Current research efforts in measuring MWL use psycho-physiological
techniques, such as electroencephalographic, cardiac, ocular, and respiration
measures in an attempt to identify and predict MWL levels. Measurement of
cardiac activity has been a useful physiological technique employed in the
assessment of MWL, both from tonic variations in heart rate and after
treatment of the cardiac signal.

IX. Most Likely Human Capacity Factor. The HCF includes the
person’s professional experience; qualifications; capabilities; skills; training;
sustainability; ability to concentrate; ability to operate effectively, in a
«tireless» fashion, under pressure, and, if needed, for a long period of time;
ability to act as a «team-player;» swiftness of reaction, i.e., all the qualities that
would  enable him/her to cope with high MWL. In order to come up with a
suitable FOM for the HCF, one could rank each of the above and other
qualities on a scale from one to ten, and calculate the average FOM for each
individual.

X. Future Work. The author realizes that the PRM approach, which
has proven to be successful in numerous structural reliability problems, inclu-
ding aviation technologies, might not be accepted easily by some
psychologists. Some of them may feel that the problem is too complex to lend
itself to this type of formalized quantification and might even challenge the
approach. With this in mind we would like to suggest several possible next
steps (future work) that could be conducted using, when necessary, flight
simulators to correlate the distribution (1) with the existing practice and to
make this distribution applicable for the evaluation of the roles of the MWL
and HCF in particular navigation situations.

Aviation psychologists do not normally measure HCF as a single,
unitary quantity. They might estimate the navigator’s ability to handle stress, or
test his/her reaction time, or ability to visually detect targets out the window,
etc. These are all separate parameters that improve the pilot’s ability to handle
workload. It is important, however, that all these parameters, as well as some
more permanent factors, like the pilot’s qualifications; general professional
experience and skills; performance sustainability; ability to concentrate; ability
to make adequate and prudent decisions in conditions of uncertainty; etc. are
also considered in a unified HCF. It is mandatory, of course, that such a unified
HCF is task specific and is measured in the same units as the MWL is,
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otherwise the «stress»-»strength» model could not be used. These units could
be particularly dimensionless, but should be established for a particular mission
or task in advance. In addition, HCF has to be multivariate and «dynamicy,
ta-king into account «staticy factors, such as operator’s training, experience,
native ability, as well as «dynamic» factors, such as fatigue and arousal. For
instance, evidence points to elevated levels of air traffic controller
operational errors at both low and high-task-demand-levels (i.e., more of a
Yerkes-Dodson non-monotonic response), as well as possibly on the
downslope after a period of peak arousal [25]. Thus, one might be needing to
model the first and even the second time-derivatives of arousal of workload to
fully capture all the important effects. Other, perhaps, less challenging tasks
might include:

1. Testing to evaluate the effect of the fatigue state of the pilot on the
effectiveness of his/her performance: there are cognitive test methodologies
that can assess alertness;

2. Carrying out continuous MWL measurements using subjective
and/or psycho-physiological measures;

3. Assessing the role of the aircraft type and the effectiveness of
automation: more automation will make the pilot’s job easier, in most cases,
but might not be always available or affordable;

4. Evaluating the role of weather conditions that might affect the
MWL, and might have an effect on the HCF as well;

5. Assessing the role of the «phase of flight» Since descent and landing
are characterized by the highest level of MWL, the formulas (1) and (21)
should be applied and verified for these conditions. It is the authors’ belief that
it could be indeed applicable to such conditions, although we did not consider
them specifically and directly in this paper. Particularly, complexity of the
airport and air traffic situation might have an effect on the MWL: more
comple-xity certainly means more MWL for the pilot to manage;

6. Categorizing the types of errors/outcomes (again, typical and pos-
sible errors, not mistakes or blunders: these are beyond any PRM analysis) that
might occur. One should determine ahead of time which kind of deviations of
normal conditions and what kind of errors/outcomes he/she is interested in.
Catastrophic loss of an aircraft usually results from a series of failures —
deviations from normal conditions that might lead to a casualty, an
unrecoverable situation. There was probably no reported loss of a commercial
aircraft because one of the pilots was incapacitated, and our analysis has
indicated that. Indeed, such an outcome would be rather unlikely, unless the
pilot—in—charge is very bad and the probability that he/she fails even in normal
operation conditions is next—to—one. In this connection we would like to point
out again that the addressed example is just an illustration of one of the
possible applications of the basic relationship (1). This relationship might have
many more applications in vehicular technology, and, as far as the aerospace
industry is concerned, might be applicable, after appropriate modification and
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generalization, not only to address (less critical) en-route situations, but landing
situations as well.

7. Use the model to compare the performance of different pilots (MCF)
for different MWL levels. Of course, even a significant deviation from normal
conditions does not necessarily lead to a casualty, and our models were able to
quantify this circumstance. Additional insight is needed, however, to correctly
design and adequately interpret the results of the tests in a flight simulator. In
this connection it would be interesting to compare the accelerated life test
(ALT) and highly accelerated life tests (HALTSs) in hardware electronics (see,
for instance [22]) with what could be expected from the flight simulation tests.

XI. Conclusions. A DEPDF of the extreme value distribution (EVD)
type is introduced to characterize and to quantify the likelihood of a human
failure to perform his/her duties when operating a vehicle (a car, an aircraft, a
boat, etc.). This function is applied to assess a mission success situation. We
have shown how some methods of the classical probability theory could be
employed to quantify the role of the human factor in the situation in question.
We show that if highly reliable equipment is used, the mission could be still
successful, even if the HCF is not very high. The suggested probabilistic risk
management (PRM) approach complements the existing system-related and
human-psychology-related efforts, and, most importantly, bridges the gap
between the three critical areas responsible for the system performance —
reliabi-lity engineering, vehicular technologies and human factor. Plenty of
additional PRM analyses and human-psychology related effort will be needed,
of course, to make the guidelines based on the suggested concept practical for
particular applications. These applications might not be even necessarily in the
vehicular technology domain, but in many other areas and systems (forensic,
medical, etc.), where a human interacts with equipment and instrumentation,
and ope-rates in conditions of uncertainty. Although the approach is promising
and fruitful, further research, refinement, and validation would be needed, of
course, before the model could become practical. The suggested model, after
appropriate sensitivity analysis is carried out, might be used when developing
guidelines for personnel training and/or when there is a need to decide if the
existing navigation instrumentation is adequate in extraordinary safety-in-air
situations, or if additional and/or more advanced equipment should be deve-
loped and installed. The initial numerical data based on the suggested model
make physical sense and are in satisfactory (qualitative) agreement with the
existing practice. It is important to relate the model expressed by the basic
equation (1) to the existing practice, on one hand, and to review the existing
practice from the standpoint of this model on the other.
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VK 629.124

B.A. Hekpacos, A.B. bonnapenxo, A.IL. flctpeda

PACYETHBIE I HOPMATHUBHBIE METO/IbI IIOBBIIIIEHUSA DOPEKTUBHOCTU
BYKCHUPHOI'O OBECIIEYEHUSI MOPCKUX IIOPTOB YKPAUHBI

Ha ocnosi 3acmocysanns memooie meopii kopabiasi i OnNmumMaibHO20
NPOEKMYB8aHHs CyOeH GupiuleHa npodiema ONMUMATLHO20 8UOOpY cocmasy
OVKCUPHO20 (YIOMY CYYACHO20 MOPCHKO2O NOPMY 34 KPUMEPIAMU eKOHOMIYHOT
egexmugnocmi ma 2apanmoganoi besnexu excnayamayii. Ckradeni npoepamu
onepamuenozo 6ubopy Oykcupie ma KopezaysamHa ix cocmasy. JlaHo
pexomeHoayii 3 OpMYBaAHHS CYYACHUX GUMO2 00 OYKCUPHO20 3a0e3NneyeHHs.
nopmy, ujo 8KII04AIOMbCA 8 1020 0008'43K08i NHOCIMAHOBU.

Knrouoei cnoea: mopcoxkuii nopm, ¢aom nopmosux Oykcupis,
onepamugHe YNpasiiHHsi, eQexmusHicms, be3nexa.

Ha ocnose npumenenus memooos meopuu Kopaois u ORMUMATLHOO
NPOEKMUpPOBanUsL Cy008 peueHa npobiema OnmuMAaIbHo20 6bloopa cocmasa
OVKCUPHO20 (PIOMA COBPEMEHHO20 MOPCKO2O0 NOPMA NO KPUMEPUSIM IKOHOMU-
yeckoll dhhexmusnocmu U 2apaHmuUpoOSanHol Oe30NACHOCY IKCIIYAMAYUU.
Paspabomanwr npoepammul onepamugnozo 8vlO0pa OYKCUPO8 U KOPPeKmupos-
Ku ux cocmasa. /lanvl pexomenoayuu no GopmMupo8anuo cOBPEMeHHbIX mpe-
008aHuil K OYKCUPHOMY Obecneyenuio NOpma, GKI04AeMblX 8 e20 0053amenb-
Hble NOCHAHOBTIEHUS.

Knrouesvle cnosa: mopckoii nopm, ¢hrom nopmoswvix OyKcupos, one-
pamugnoe ynpagietue, 3hexmusHocms, 6e30nAcCHOCHb.

The problem of the optimal composition of the towing fleet of modern
seaport is solved on the basis of application of the ship theory and ship optimal
design on the criteria of economic efficiency and guaranteed safe navigation.
Programs of operating choice of tugs and correcting their composition are
developed. Recommendations on the formation of the present requirements for
towing port security which to be included in port binding regulations are given.

Keywords: seaport, harbor tug fleet, operational management,

efficiency, safety.

IlocTanoBka mpo0eMbl COBPEMEHHOT0 OYKCHPHOI0 o0ecrnedeHUs
nopra. HaGmonaemasi 3BOMIONUST TIOPTOBBIX OYKCHPOB XapaKTepH3yeTrcs He-
IIPEPBIBHBIM HapallMBaHUEM HX MOIIHOCTEW M YJIy4YIIEHUEM XapaKTEPUCTUK
yIpaBisieMoCTH. Pa3Mepbl MOPTOBBIX OYKCHPOB TAaKXKE HEMPEPHIBHO MEHSIOTCS.
bonee MoOIIHBIE IBUTATENN yCTAHABIMBAIOTCA B KOPILyCaX MEHBUIMX Pa3MEPOB.
HeGonpime, oueHb MOIIHBIE M MaHEBPEHHBIE OYKCHUPBI CTaHOBSTCS HEOOXO-
JUMBIMHM JUISl Pa3BUTHUS IOPTOB, TaK KaK HUX MPOCTPAHCTBO C YBEIUYEHUEM
MPOU3BOJUTEILHOCTH TIPUYAJIOB U YBEIHMUYCHHUEM Pa3MEPOB OOCITYKHBAEMBIX
CYJIOB OCTa€TCsl OTPAaHUYCHHBIM.

© Hekpacos B.A., Bonnapenko A.B., flcrpeda A.IL., 2015
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Bcenen 3a yBennueHrneM MOIHOCTH ITOPTOBBIX OYKCHPOB MTOBCEMECTHO
HAOJIOIaeTCsl U OTHOCUTEIBHOE YMEHBIICHUE HX YUCHa B OOCITYy)KUBAHHH CY-
JIOB, KaK B pacyere Ha OJJHO CYJIHO, TaK U B cocTaBe OyKcHpHOro (ioTa mopra.

B c¢BsI3u ¢ TUM BBICKa3bIBAIOTCS MMPEAIOI0XKEHNA O TOM, YTO COKpa-
IICHHE YKciia OYKCHPOB M3-3a BBEIACHHS 00Jiee MOIIHBIX CAMHUIl MOXKET UMETh
B [CJIOM HETraTHBHBIC IMOCJICACTBUA JId IMOPTOB. CyTB ITUX HpeI[HO.HO)KeHI/Iﬁ
COCTOUT B ciemyroriem [1]:

— YMEHBIIIEHHOE YUCII0 OYKCHPOB MOXKET BBI3BATh MPOOJIEMBI B CITyda-
AX MOABJICHHA CYPOBBIX IIOT'OAHBIX YCJ'IOBI/Iﬁ HJIM TMKOB B JIBUXXCHHUU CYIOB;

— BBOJ B CTpOH Oojiee MOIIHBIX OYKCHPOB, MPUBOIAIICH K COKpaIlle-
HUIO Yuclia OYKCHPOB, MCIONB3YIONIMXCS HA OJHOM CyJIHE, Hampumep, — OT
YCTBIPEX N0 JABYX CIWHUI, 06YC.HOBI/IT TMMOABJICHUE OOIMOJIHUTECIIBHBIX PUCKOB,
KOTOPBIEC CMOT'YT 6BITB KOMIICHCUPOBAHLI TOJBKO COOTBETCTBYIOIIHUM YBCIIN-
YCHUEM HAJC)KHOCTU HUCIIOJIB3YEMbBIX TEXHUYCCKUX CPEACTB,

— OYKCHpBI, K TOMY K€, JOJDKHBI OBITh MOAXOIAIIMMHU IO pa3MepaM K
pasmepam cyaHa. DTO 03HA4YaeT, YTO Mayble CyJia JOJKHBI MPEIIIOYTHTEIBHO
YIIPaBIATHCS MATBIMHA OYKCHpaMH;

— 3aMeHa psAja Majiblx OYKCHPOB 00JIee MOIIHBIM OYKCHPOM MOXKET
MPUHECTH BBITOJY BJaACNblly OyKcHpHOro ¢uiora, Onaromaps COKpaIICHHIO
O0IIMX PacxollOB U YMEHBIICHUIO PacxoJi0B Ha cojiepkanue komany. OmHako
BBEJICHUE B CTPOM OoJiee MOIIHBIX OYKCHPOB HE OylIeT aBTOMATHYECKH O3HA-
YaTh, YTO KAUTAHBI BXOAAIINX B MOPT CYAOB OYAYT 3aKa3blBaTh MEHBIIE OYK-
cupoB. B Takux ciyuyasx OykcUpHasi KOMITaHUS, HAIIPaBUBIAsL OONbIIHE HHBE-
CTULIMM B PA3BHUTUC CBOCTO q)HOTa, MOXKET ITOHECTHU Y6BITKI/I, TaK KakK cyaa,
WCTIONIB3YIOIINE YBEIHMYCHHOE YHUCIO OYKCHPOB, IUIATIT T€ ke OyKCHpHBIE
cOOpBI.

HecMotps Ha BhICKa3bIBacMbIC MTPEIIIONOKEHISI, TIEPEX0 K UCIONb30-
BaHUIO MOIIHBIX TOPTOBBIX OYKCHPOB MOBCEMECTHO ocyecTBisiercs. OO0y-
CIIABJIMBACTCS 3TO YKOHOMHYECKHMH IPHUOPHUTETAMHU 3aMHTEPECOBAHHBIX CTO-
pou [1]. CynmoBnanenen, HampuMmep, OOBIYHO KEIA€T YCKOPCHUS IMOPTOBBIX
oIepalyii, 4YTO, B CBOIO OYEpe/ib, BEACT K MPUMEHEHHUIO 00JIee MOIIHBIX OYKCH-
poB. Ilopt ke, ¢ OAHOI CTOPOHBI, CTPEMUTHCSI B CBSI3M C OKUJAaEMBIM COKpa-
IICHUEM PAacXOOB HUCIIONbB30BaTh OOee MOIIHbIE OYKCHPBI, OJHAKO, C JIPY-
ro — omacaercsd He HMETh IIOBTOPHOI'O HCIIOJIb30BaHUA OYCHb 6OJ'IBH_II/IX u
MOIIHBIX OYKCHPOB U HE BEPHYTh WHBECTUIIMH, HAIPABIICHHbIC Ha Pa3BUTHE
cBoero OykcupHoro (Jiorta.

Pemenne aTux mpobieM, O4EBUIHO, JOIDKHO COOTBETCTBOBATH OallaH-
CY, KOTOPBII CKIaabiBaeTcs B cpeie (YyHKIMOHAIBHBIX OIepaluii paccMaTpu-
BaeMOro mnoprta. Tak Kak KaXIblil MOPT CYIIECTBEHHO OTJIMYAETCS OJAMH OT
JpYroro, TO U TpeOOBaHMs K KONUYECTBY M MOIIHOCTH BBOJIUMBIX ITOPTOBBIX
OYKCHpOB JTOJDKHBI ()OPMHUPOBATHCS WHAMBHAYabHO. [Ipy 3TOM Hcmons30Ba-
HUEe 00Jiee MOIIHBIX OYKCHPOB, CBS3aHHOE C YBCIWYCHHEM HMHBECTHIIMN B MX
npHoOpeTeHrnEe U C POCTOM 3aTpaT Ha IKCILIyaTaluIo, CTAHOBUTCS ONpPaBJaH-
HBIM TIPY COOTBETCTBYIOIIEM YBEIUYCHUN MPOILYKTUBHOCTH MOPTa M OOCITYKHU-
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BaHUM CYJIOB C XapaKTEPUCTHKAMH, OOYCIIOBICHHBIMH YBEINYCHUEM MPOAYK-
THBHOCTH.

TenaeHIus NCIOAL30BaHUS BCe 00JIee MOIIHBIX OYKCHPOB 00YyCIaBiIH-
BaeT TAKXKE MOSBJICHUE TPYJHOCTEH B OI[EHKE 3HAYCHUH MX MOIIHOCTH H TSTO-
BBIX YCUJIMH C TOYKH 3peHUs oOecTiedeHnsl 0€30MacCHOCTH YIPaBJICHUS CyIaMu
B opty. Haanexaras oreHka Takux 3Ha4eHUH 0COOEHHO BaXkKHa s OONBIINX
CYZIOB C OOJBIIUM CONIPOTHBIICHUEM JBH)KECHHIO, YHACIO KOTOPBIX HEMPEPHIBHO
pacrter. DTu 3Ha4YeHHsI 0COOCHHO Ba)KHO 3HATH OPTOBBIM BJIACTSIM, KOTJA MPH-
XOJIAT CyAa, JJsl KOTOPBIX JAOJDKHO OBITh peain30BaHO OYKCHPHOE COMPOBOXK-
neHue. B Takux ciaydasx MCHONB3YIOTCSA JBa CIoco0a ONpeeNieHHs NCKOMBIX
3HA4YCHHI:

— FeHEepHpPOBAaHUE TEKYIIUX OIIEHOK HEOOXOMUMOro KonudyecTBa OyK-
CHpOB M WX MOIIHOCTH B 3aBUCHMOCTH OT Ta0apUTOB CyJHA, PACIOIOKCHHS
npuYaia v THIPOMETEOPONIOTHYECKOH 00CTAaHOBKH B IOPTY HA BPEMS BBINOJ-
HEHUsI OYKCHPHOM Orepaluy;

— BHeceHUE (PUKCHPOBAHHBIX 3HAUYCHHH KOJIMYECTBA U MOIIHOCTH OYK-
CHpOB B TpeOOBaHUS NOPTa K OYKCHPHOMY CONPOBOXKJICHHIO, OTPaKacMOMy B
COCTaBe TUIAHOB WJIM CXEM IIBAPTOBKH CyJTHA K KaXKJIOMY U3 MPUYAIIOB.

OueBHIHO, YTO TEHEPUPOBAHHUE TEKYIINX OICHOK SIBISIETCS YJOOHBIM
HaIpaBJICHUEM PEIICHUS MPOOIeMbl HEOOXOIUMOT0 KOJIMUYECTBA OYKCHPOB U
UX TATOBBIX ycwimid. OgHako HamOollee MPUEMIIEMBIM SIBIISIETCS MYTh, B pe-
3yJIbTaTe KOTOPOro Ha OCHOBE I'CHEPUPOBAHUS TEKYIIUX OIEHOK HE00XOIMMO-
ro KOJIM4ecTBa OYKCHPOB M HMX TATOBBIX YCHJIMH 3a JOCTATOYHO JUTATENBHBIN
Mepuo/] KCILTyaTalu Topta (GopMHUpyroTcsl ero TpeboBaHUsI K OYKCHPHOMY
CONPOBOXK/ICHHIO TPH JIOIIMAHCKUX TPOBOJIKAX JJISl OCTIEAYIONIEr0 OJHO3HAY-
HOT'O PEICHUS] BOIPOCOB B3aWMOJCHCTBHS KAIIMTAHOB CYIOB C JIOIMAHCKOM
cITy00ii U BIaCTSIMH TIOPTA.

Takum 00pa3oMm, J0 TOTO, Kak MOSBATCS TaKHE PEIICHUS 3aKOHOJa-
TEIBHOI'0 XapakTepa, Mpoleaypa BbiOOpa HEOOXOIUMOI0 KOJINYECTBa OYKCH-
POB H HX TATOBBIX XapaKTEPHCTUK TOKHA MPOUTH BCE CTAJUH PETPOCIICKTHB-
HOT'O aHaJHM3a M TEPCIIEKTUBHOIO CHHTE3a, KOTOPhIE OOBIYHO COMPOBOXKIAIOT
BCSKYIO pedopMy, B TOM 4Kcie U HaOmogaeMyto pedhopMy OyKCHpHOro odec-
[I€YEHUS IOPTOB Y KpauHBbL.

Kparkuii ananau3 nocjieaHux uccjieqoBaHuii 1 myoaukauuii. Pexo-
merganmu IMO. [Ins onpenenenuss COBpeMEHHOTO OYKCHPHOTO oOecriedeHus
nopra MexayHapoJHas MOpCKas OpTraHM3alis PEKOMEHIYEeT pPYKOBOJICTBO-
BaTbcd u3JaHueM HaBuranmonHoro uHCTUTyTa, JloHmOH, «Vcnonb3oBaHue
Oykcupa B nopty — IIpaktuyeckoe pykoBoacTBo» [2; 3]. OCHOBHBIM ITOJIOXKE-
HUEM 3TOTO PYKOBOJICTBA SIBJISIETCS 000CHOBAaHWE TOTO, YTO OyKCHpHOE obec-
MeUeHHE TOpTa JODKHO (POPMHUPOBATHCA HE TOIBKO B 3aBUCHMOCTH OT Ha3Ha-
YEeHUS] U Pa3MEpPEeHUN MBapTYIONIMXCS CYJ0B, HO M B COOTBETCTBHH C Teorpa-
(DHUUECKHMM TTOJIOKEHUEM ¥ KOHKPETHBIMH KIMMATHYECKUMH YCIIOBUSIMHU TEPPH-
TOPHH TOPTA.

Hamubonee Gnm3koil k Teme craThu siBisiercst «MeToauka BeIOOpa Orl-
TUMAJIBHBIX THIIOB M KOJWYEeCTBa OYKCHPOB JJIsI MOPCKOTO TOPTa», KOTOpas
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Obu1a pazpadorana T.D. Anssaunoii B 1984 roay [4]. C Tex mop cylecTBeHHO
M3MENNCh, KaK caMH OYKCHPBI — B OTMEYCHHBIX BBIIIC HAMPABICHUIX KOM-
MaKTHOCTH, MOIIHOCTH ¥ MaHEBPEHHOCTH, TaK M MOJEIH UX (YHKIIMOHHPOBA-
HUS — B HaNpaBJIeHUH OoJiee MOAPOOHOro ydyera B3auMOJICHCTBHS C OKpPYIKalo-
LIIMMU CPEelaMHU, ydeTa CIIy4allHOCTH SBJIEHMM 3ax0Ja CyJOB B IIOPT U IOTOJ-
HBIX (DAKTOPOB AKCIUTyaTallMd, OLEHKH PE3yJbTaTOB (DYHKIIMOHUPOBAHHS IO
KPHUTEPHSM PBIHOYHON 3KOHOMHUKH.

Bbinenenue HepemeHHBIX BONPOCOB o0mieil nmpo6Jembl. V3noxeH-
Hble OOCTOSITEbCTBA OOYCIABIMBAIOT HEOOXOAWMOCThH IMOCIEIOBATEIHHOIO
peIIeHHs CIIYIONX podIIeM:

— ompe/eseHUs] HEOOXOANMBIX TATOBBIX YCHIIMH OYKCHpPOB IS IIBap-
TOBKH BCEX THIIOB CYJIOB, MOCEIIAIOIINX MOPCKHE TOPTHI, C IIENbI0 o0ecrede-
HUsI 0E30MACHOCTH IIBAPTOBBIX OMEPAIlii B COOTBETCTBUHU C MPEUIOKCHUSIMU
MexayHnaponaoit mopckoi opranmzanmu (IMO) [2], xkoTopas peKOMeHAyeT
OCYIIECTBUTH ATO OIpeJeNieHHe Ha OCHOBE PACCMOTPEHUS a3pOTHIPOIUHAMU-
YECKOro B3aMMOJCHUCTBUSI TPAHCIOPTHUPYEMBIX K TMpHYANaM CyIOB C OKpY-
JKAIOILEH Cpenoil A1 YCTaHOBJICHMSI YCUIIMM, ACHCTBYIOIIMX HA HUX B KOH-
KPETHBIX THIPOMETCOPOTIOTHIECKHX YCIOBUSX MOPTA, ©  HA3HAYCHUS COOT-
BETCTBYIOIIHX TATOBBIX YCHIUI OYKCUPHOTO COMPOBOXKACHUS [3];

— CpaBHEHHs TOJYYEHHBIX PE3yJIbTATOB C aHAJOTMYHBIMH JaHHBIMH
OTCYECTBEHHBIX U 3apYOSIKHBIX HOPMATUBHBIX JOKYMECHTOB;

— pa3paboTKK ONEepPaTUBHOIO METOJAa BHIOOpa HEOOXOIUMOro KOIHYe-
CTBa U TATOBBIX YCHIIMI OYKCHPOB M3 COCTaBa CYIIECTBYIOIIETO MM MPOCKTH-
pyemoro OykcwpHOro ¢uiota mopra Jisi BCEX THIIOB CY/IOB, IOCEHIAIONINX
MOPT, B TEKYLIUX THIPOMETEOPOIOrHYECKUX YCIOBUSX TIOPTa;

— (popMupoBaHUS NPENIOKESHHUN 10 OOHOBJICHUIO TpeOOBaHUI MMOpPTa K
KOJTMYECTBY OYKCHPOB, 00CTYKHBAOIIHNX TTOCEIIAIOIINE TIOPT CY/a;

— OMpe/eeHUs] BO3MOKHBIX IKOHOMHYECKUX PE3yJIbTaTOB OOCITYKH-
BaHHUS CYIISCTBYIOIIMM MM Ha3HA4YaeMbIM COCTABOM OYKCHpPHOTO (hjioTa mopra
JEWCTBYIONIETO MIIK PACIIUPSIEMOr0 KOMILJIEKCa €ro MPHYaioB;

— ONTUMH3ALMH HA OCHOBE HCIIOIb30BAHHSI KPUTEPHEB PHIHOUHOM KO-
HOMHKH COCTaBa CYIIECTBYIOIIErO WM HOBOIO OYKCHPHOro o0ecreueHus mop-
Ta 1O THIaM OYKCHPOB M Pa3BHBAEMbIM UMH TSATOBBIM YCHUIJIHSIM, BBIMOTHEHHOM
B COOTBETCTBHHU C OCOOCHHOCTSIMU aKBATOPUH, KOJHMYESCTBOM MPHYAIBHBIX CTe-
HOK TTOPTa W MPOU3BOIUTEIBHOCTHIO TIOPTOBOTO 000PYIOBaHUSI.

W3noxkeHHasi MOCIEA0BATEILHOCTh PEIICHUs TPoOaeMbl BbiOOpa OYyK-
CHpPOB, MPUHUMAIOIIAS] BO BHUMAHNUE MECTHBI OIBIT MIBAPTOBKH CY/I0B, JTOJIK-
Ha MPHUBECTH K 00JIee PeaTCTHYSCKOMY M SKOHOMHYECKH BBITOHOMY HCIIOJNb-
30BaHHMI0 TIOPTOBBIX OYKCHPOB M OYKCHPHBIX (DJIOTOB MOpPTOB YKpawHBI
VYiyuuieHue pe3ynbTaTOB HEM30EKHOrO BBHIOOpa 0ojee MOUIHBIX OYKCHPOB
CIIelyeT OXHJIATh U TIPU €ro MCIOJIb30BAHUHU B MPOIEcCe Mepeadysl MECTHOTO
MPAKTHYECKOTO CYJIOBOAUTEIBCKOTO OIbITa COOTBETCTBYIOIIUMU HHCTPYKTO-
paMu, KOTOpbie 00y4aT HOBOBBEACHHUSM CYOBOJMUTENCH, JTOIIMAHOB U KaIlHTa-
HOB OYKCHPOB.
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IMocTranoBka mpodyaembl. L{enbio craThu siBIsieTCsT pa3paboTKa Teope-
THYECKUX U MPAKTHYECKHX METOJIOB pacuera Oe30nacHoCTH, 3)(HEKTHBHOCTH U
OIEPaTHBHOIO yIpaBieHus (HJoTaMu MOPTOBBIX OYKCHPOB, 00ECIICUNBAIONINX
pedopmMupoBanre 3TUX TOApa3eiIeHUH TOPTOB HA OCHOBE CYIIECTBEHHOTO
YBEITUYEHHS IPOAYKTUBHOCTH M MPUOBUTBHOCTH OYKCHUPHBIX OTEpaIiuii.

Metoa pacyeTa cuJj, AedcTBYIOIUX Ha cyaa. Ha ocHoBe pekomeH-
nanuii [2; 3] B HanmonaneHoM yauBepcuTere kopabiectpoenus (HYK) paspa-
00TaH COOTBETCTBYIOIIMI METOJ ONpEACICHUS] CHJI, NEWCTBYIONIMX Ha CyJa,
HIBapTYyIOIIMEC] B YKPAaMHCKHUX MOPCKUX moprax [5]. B ocHOBy MeToza mosno-
JKEHBI JIOJITOBPEMEHHBIC pacrpe/ieieH!s] HHTCHCUBHOCTEH BETpa HaJ| TEPPUTO-
pueii rora Ykpaunsl (cM. puc. 1) U pacrnpeneneHue AenBeiTa BceX TUIOB CY-
JI0B, IIOCEIIAIKUX MOPTHL. [Ipy 3TOM y4TEHO TO, 4YTO MOPCKHUE MOPTHI Y Kpau-
HBI PACIOJIOKEHBI B Teorpaduyeckoll 30He, I/ie OTCYTCTBYIOT NPUINBHBIE, OT-
JUBHBIE U MHTCHCUBHBIC PEYHBIC TEUCHHSI, & TAKIKE TO, YTO 3aIUIIECHHBIC aKBa-
TOPUH TOPTOB MMEIOT OTHOCHTENBHO Majble Pa3rOHHBIE YYaCTKA BETPOBOI'O

TEYCHHUS U BOJHOOOPa30BaHUSL.
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Puc. 1. Jloneospemennoe pacnpedenerue ckopocmeii 6empa
6 AK8AMOPUAX MOPCKUX NOpMo8 YkpauHbl

Pa3paboTka MeToga OCyIIeCTBICHa HA OCHOBE YMCIEHHOTO MOJEIHPO-
BaHUS MIPOIIECCOB COMPOBOXKICHUS U MPUUYATTMBAHUS/OTYATIMBAHUS CYJIOB B yC-
JIOBUSIX BETpa, BOJMHEHMsS U TeueHHs [6]. B pesymnbrare 3T0ro MopenupoBaHus
YCTaHOBJICHO, YTO HanOosee HaNpsDKeHHAs! CUTyalus 110 CUIIOBOH oTjaue Oyk-
CHpOB BO3HUKAET B TPEACIBHO JOMYCTHMBIX MOTOJHBIX YCIOBHSX (DYHKIIHO-
HHUPOBAHUS TIOPTA IO IIBAPTOBBIM OIMEpAIlHsIM, B MOMEHT PacIONOKEHUS CyqHA
Ha paccrogHud 40-50 M oT mpuyana, mapaienbHO Npuvany. B 3Tor MomeHT
OyKcupaMH pa3BHUBAIOTCS TATOBBIC YCHIINS, OOECHEYMBAIOIINE IOCIENyIONIee
noraimieHne CKOpOCTH JIBUKECHUS CylHa JI0 TpeOyeMoro 3Ha4eHUs] B MOMEHT
KacaHus npuyana. B cooTBercTBuM ¢ pekoMeHaanusamMu [3], rapaHTHpOBaHHAs
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0e3011acHOCTh 3TOro (huHaIa OYKCHPHOH Olepaliy JOCTUIaeTCsS B TOM ClIydae,
ecii BbIOMpaeMoe CyMMapHOE TATOBOE ycHiHe OYKCHPOB YBEIUYMBACTCS Ha
~25-50 %.

Heo0xoaumocTh Takoro BbiOOpa 00yCIaBIMBACTCS TEM, YTO B IPOIIEC-
Ce JIBIKEHHS CyJHA K MPpHYaly OYKCUPBI MOT'YT PAacIOiIOKHUThCS HE MEPIICH M-
kynsapHo Il cyaHa v moTepsarh 4acTh HEOOXOAMMOIO TATOBOTO YCHIIMS B Ha-
MPaBJICHUH MpHYaia Ha CO31aHNe B3aHMHO KOMITEHCHPYIOIINXCSI OOKOBBIX CHLII.

[IpousBeneHo cpaBHEHHE PE3yIbTATOB pa3padOTAHHOTO METO/A OIpe-
JIeTICHUsT ISUCTBYIONIMX Ha CYJTHO CHJI U MEPEeBOJa MX B BEIOMPAaEMYIO CyMMap-
HYIO TATY OYKCHPOB, 00€CIEUHBAOIYI0 0€30MMacHOCTh IBAPTOBBIX ONEpPaIn,
C pe3y/bTaTaMH, ONPENCIIEMbIMHU 110 METOAY:

— m3noxxeHHoMy B CripaBouHuke npoekTanTa mopta [7] (General);

— periaMeHTHpyeMoMy bBpuTaHCKUM CTaHIapTOM MPOCKTUPOBAHHUS
noptos [8] (BS 6349-1:2000);

— onpenensieMoMy VcrmaHCKUM CTaHAAPTOM TPOSKTHPOBAHUS MOPTOB
[9]; (ROM 0.2-90);

— peKOMeHI0BaHHOMY MeXayHapoIHbIM MOPCKHM (hopymMoM HedTs-
Hbix kommanuii [10] (OCIMF);

— npeanoxeHHoMy OOIIeCTBOM MEKIYHAPOIHBIX ONEPATOPOB TPAHC-
MIOPTUPOBKHU CKUXKEHHBIX Ta3oB [11] (SIGTTO);

— OmpeaensieMoMy JIEUCTBYIOIMMU B YKpanHe Hopmamu TexHoIOru-
YECKOT0 IIPOEKTUPpOBaHuUsI MOpckux moptoB [12] (P/] 31.31.37-78).

CpaBHEHHE BBITIOJIHEHO JUIA TEX THIIOB M JCABEHTOB CyIOB, KOTOPBIC
IIBapTYIOTCS B MMOPTax YKpPaWHbI B HACTOSIICE BpeMs U OyIyT IIIBAPTOBATHCS B
OyaymieM. BeiOpaHHOe ISl CpaBHEHHS CHJIOBOE BO3JICHCTBUE OMPEICIICHO CY-
IIECTBYIOIIMMHU TPEACTbHBIMU MOTOJHBIMU YCIOBUSAMH ()YHKIIHOHHUPOBAHHS
MOPTOB MO IIBAPTOBBIM OIEpallUsM ¢ OOecledeHuEeM YCIOBUI 0e30MacHOCTH
MPOBEJICHUS TaKUX OIepaluii, a UMCHHO:

— ipu ckopoctu Berpa 12,0-14,0 M/c, B 3aBUCMOCTH OT THIIA CyJTHA, C
Harpasiearem 90 ©, mo oraommenwuto k [I1 cynna;

— IIPU BOJIHEHWH, MHTEHCUBHOCTBIO 3 Oaiia, XapakTepru3yeMoro BhICO-
Toit BosHBI (significant wave height) Hy;s= 0,7 M (hse, = 0,924 M), ¢ Hanpasie-
HueM 90 °, mo ornomenuro K Il cyana, u cpenne mmmHOU BoaH ~ 20 M;

— TIPU TEYEHUH CO CKOPOCThIO 0,2 M/C, MITH TP SKBUBAIEHTHOW CKOPO-
CTH BETPOBOr0 TEYCHHUS >KMIKOCTH, WM IIPH TaKOW K€ CKOPOCTH BETPOBOIO
Apeiida cynHa;

— IIPU OCTAaTOYHOW CKOPOCTH JBHMIKECHUS CyJIHA, PABHOW JIOIYCTUMOM
cKkopocTu OykcupHoro conpoBokaeHus 0,26 m/c (0,5 y3na);

— C HavaJbHON CKOPOCTHIO mmorarieHus nHepuuu 0,26 M/c Ha JuUCTaH-
nuu 40 M oT mpuJana;

— C Ha3HAYEHHBIM 3aI1acCOM CYMMAapHOTO YCHIIUSI OYKCHPOB, PaBHBIM
25 % MHUHUMAaIbHO HEOOXOAMMOr0 CYMMAapHOTO TATOBOTO YCHIIHs OYKCHPOB,
OpPHCHTHPOBAaHHBIM Ha oOecrieueHre Oe30acHOCTH BAPTOBHOW OIEpaITHH.

Pe3ynbTathl cpaBHEHUs ISl CyI0B B OajutacTe MpUBENEHBI B Ta0l. 1 u
JUIS CYJIOB B Ipy3y — B Ta0I. 2.
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Tabnuya 1

Cymmaprvle mseoguvle ycuaus OYKcupos, Heooxooumbvie 071 8bINOIHEHUs.
0e30nacHoll WeapmosKu cy0os 8 baunacme 8 NPeoeibHblX HO2OOHBIX YCAOGUSIX
DYHKYUOHUPOBAHUS NOPMA NO WBAPTNOBGLIM ONEPAYUIM

MeTobl ONpeAeeHus ASHCTBYIOMNX Ha CYIHO CHJT
Y MOTPEOHBIX TSATOBBIX YCHIIHI OYKCHPOB-KAHTOBIIIMKOB

1 2 3 4 5 6 7
Tun cynna ROM BS OCIMF/
J———— HYK | General 0.2-90 1623(4)130 SIGTTO P/131.31.37-78
20000 T -
T T T T T I.C. T IIT.
Cyxorpy3 46,8 64,0 43,6 55,6 - 3600 | 504 2
TaHkep 38,9 50,5 34,8 45,7 40,8 3600 | 50,4 2
Bankep 40,8 55,1 37,4 48,2 - 3600 | 504 2
KonreitnepoBos | 54,2 76,3 52,0 74,9 - HE perjiaMeHTHpyeTcs
I'azoBo3 LNG 65,7 93,4 63,8 79,4 86,2 3600 | 504 2
I'azoBo3 LPG 50,9 71,2 48,6 61,3 48,7 3600 | 504 2
HaxkaTtnoe Ro-Ro| 65,3 91,8 62,6 89,9 - HE perjiaMeHTHpyeTcs
BS
Tuncymma | gyk | General | ROM | 6349 | OCIME/ | b3y 3y 3778
ﬂeHBeﬁTOM 0.2-90 1:2000 SIGTTO
50000 T ‘ ‘
T T T T T I.C. T IIT.
Cyxorpys - - - - - -
TaHkep 62,4 82,0 56,2 71,0 63,6 5800 | 81,2 3
Bankep 65,8 87,3 59,7 75,3 - 8400 | 1176 | 4
KonreitnepoBos | 96,8 134,2 92,5 132,0 - HE periaMeHTHPYeTCs
T'azoBo3 LNG 112,0 | 158,4 | 108,7 | 132,7 1449 9000 | 126,0 | 4
I'azoBo3 LPG 86,0 120,0 82,2 | 101,5 80,2 8400 | 1176 | 4
Haxkartnoe Ro-Ro| 97,4 133,7 90,5 128,0 - HE perjiaMeHTHpyeTcs
BS
Tun cynHa ROM OCIMF/
EBEHTOM HYK | General 0.2-90 1623(4)130 SIGTTO P/131.31.37-78
100 000T -
T T T T T ne. | T
Cyxorpys - - - - - -
TaHkep 95,2 121,8 83,7 | 104,4 93,5 11600 | 1624 | 4
Bankep 97,4 124,8 86,4 | 107,5 - 11600 | 1624 | 4
Konreitneposos | 148,9 | 203,5 | 141,3 | 199.3 - HE periaMeHTHpyeTcs
I'azoBo3 LNG 170,1 | 237,0 163,6 | 196,9 215,8 | He perjsamMeHTHpYeTCst
I'azoBo3 LPG 130,0 | 179,0 | 123,1 | 149,8 117,7 11600 | 1624 | 4

HakatHoe Ro-Ro
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Ipooonsicenue maon. 1

1 2 3 4 5 6 7
Tun cyana ROM BS OCIMEF/
EBEHTOM HVYK | General 0.2-90 1623(4)130 SIGTTO PJ131.31.37-78.
200 000 T :

T T T T T nce. | 1 | wm

Cyxorpys - - - - - -
Taukep 146,7 [ 180,1 | 1253 [ 1533 | 136,5 [ 15800 [2212] 4
bankep 147,2 | 178,5 | 127,1 | 177,6 - HE perlaMeHTHpyeTCs
Konreitneposos | 231,8 | 309,3 | 216,7 | 301,7 HE perjiaMeHTHpYeTCs
I'azoBo3z LNG 261,9 | 355,6 | 247,2 | 293,5 322,3 | He pernaMeHTupyercs
I'azoBo3z LPG 199,2 | 267,8 | 185,1 | 222,0 173,8 | He pernameHTUpYyeTCA
Hakatnoe Ro-Ro| - - - - - -

Tabauya 2
Cymmapnwle mszogvle ycuius 6yKcupos, neobxooumvie OJist 8bINOIHEHUS.
6e30naACHOU WE8APMOBKU CYOO8 8 2DY3Y 8 NPEOelbHbIX NO20OHBIX YCIOBUSX
DYHKYUOHUPOBAHUS NOPIA NO UBAPTNOBLIM ONEPAYUIM

MeTobl ONpeAeeHus ASHCTBYIOMNX Ha CYIHO CHIT
Y MOTPEOHBIX TATOBBIX YCHIIHN OYKCHPOB-KAaHTOBIIIMKOB

BS
Tun cynuaa ROM OCIMF/
HenBeI};ITOM HYK | General ", 0 1%330 SIGTTO|  PA3131.37-78.
20 000 T '

T T T T T JI.C. T IIIT.
Cyxorpys 429 | 50,0 | 372 | 397 - 3600 | 50,4 | 2
Tatkep 343 | 36,6 | 269 | 316 32,6 | 3600 | 504 | 2
Bajikep 364 | 41,1 | 30,5 | 33,9 - 3600 | 504 | 2

KonreitnepoBos | 62,0 81,8 | 584 77,5 HE periaMeHTUpyeTCcs

I'azoBo3 LNG 63,4 81,1 | 57,6 56,4 83,0 3600 | 50,4 2

I'azoBo3 LPG 50,6 63,1 | 46,8 47,1 66,8 3600 | 50,4 2

HakaTnoe Ro-Ro| 67,2 85,1 | 61,6 82,0 - He perlaMeHTHpYyeTCs
BS
Tun cynHa ROM OCIMF/
EBEHTOM HYK |General 0.2-90 1623(4)130 SIGTTO PJ131.31.37-78.
50 000 T -
T T T T T ne. | v | mm

Cyxorpys - - - - - -
Tankep 574 | 604 | 49,1 48,8 50,3 5800 | 81,2 3
bankep 589 | 60,8 | 494 50,4 - 8400 | 117,6 | 4

Konreitneposos | 119,3 | 153,6 | 116,5 | 145.8 HE periaMeHTHpyeTcs

I'azoBo3 LNG 1114 | 137,8 | 99,3 93,0 139,6 9000 | 126,0 | 4

I'azoBo3 LPG 88,5 | 110,1 | 853 78,0 112,6 8400 | 1176 | 4

HaxkaTtnoe Ro-Ro| 103,1 | 123,0 | 86,9 113,7 - HE periaMeHTHpyeTcs
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Ipooonsicenue maon. 2
1 2 3 4 5 6 7

Tun cynHa ROM BS OCIMF/

eBEATOM HVYK |General 02-90 1623(4)130 SIGTTO P/ 31.31.37-78.

100 000 T -

T T T T T JI.C. | T | T,

Cyxorpy3 - - - - - -
Tankep 90,7 88,0 | 77,0 70,0 72,2 11600 | 1624 | 4
Bankep 89,2 87,7 | 77,8 70,3 - 11600 | 1624 | 4

Konreitneposos | 193,3 | 248,9 | 191,9 | 2283 - HE periaMeHTHPYeTCs
I'azoBo3z LNG 174,2 | 206,7 | 152,7 | 136,7 207,9 | He pernaMeHTUpYyeTCS
T'azoBo3 LPG 138,1 | 1650 [ 139,8 | 115,1 168,0 [ 11600 ] 162,4 ] 4
HakaTtnoe Ro-Ro - - - - - -

BS

Tun cyana ROM OCIMF/
EBEHTOM HYK |General 0.2-90 16238130 SIGTTO P/131.31.37-78.
200 000 T :
T T T T T nc. | 1 | wr
Cyxorpys - - - - - -
Tankep 146,6 | 142,6 | 133,8 | 101,3 104,5 15800 [ 2212 [ 4
Bankep 140,8 | 135,7 | 137,6 | 100,6 - HE periaMeHTHPYeTCs

KonreiinepoBos | 316,5 | 395,0 | 309,6 | 356,8 - HEC periaMeHTUPYCTCS
I'azoBo3 LNG 277,7 | 316,8 | 239,0 | 201,8 310,7 |He periameHTHpYETCS
I'azoBo3z LPG 219,6 | 262,1 | 231,3 | 170,6 251,5 |He pernaMeHTUpyeTCs

CpaBHEHHME pacueTHBIX ¥ HOPMATHBHBIX JaHHBIX TaOmmil 1 u 2 moka-
3BIBAET, YTO Monokenus aerictyromero PJ[ 31.31.37-78 He 0XBaTHIBAIOT YaCTh
COBpPEMEHHBIX THUIIOB CY/IOB, TAKUX KaK KOHTEHHEPOBO3bl W HAaKaTHBIE CYyZa, B
CpeIHel e 1Mo AeBEHTY YacTH PEeriaMeHTUPYEMBIX THIIOB CYJOB OHU MpEa-
JaraloT, B OCHOBHOM, 3aBBIIICHHOE IO TATOBBIM YCHUJIMSIM M MOIIHOCTH OYK-
cupHOe olecriedyeHne, a B 00JacTi OONBIINX W CBEPX OOJNBIIMX JEIBEHTOB —
MPAaKTUYECKU ero He peraMeHTupytoT. B nemom Pl B obmactu cBoeii peria-
MEHTAIH TpeIaraer 3aBblIeHHOE ISl TeorpaduuecKoro MoJoXKeHUs U KIIH-
MaTHYECKOTO COCTOSIHUS MTOPTOB Y KPaWHBI KOJIMYECTBO UCIIONB3YEMBIX OYKCH-
POB B pacueTe Ha OJTHO CYJTHO.

Bompoc o mocTaTodHOCTH KOMMYECTBa MCIONB3yeMbIX OYKCHPOB pac-
KpPBIBAETCSl CTATUCTUYCCKUMHU JTAHHBIMH MHPOBOH IMPAKTHKH IOPTOB, MPHUBE-
JIeHHBIMH Ha puc. 2 [3]. PucyHOK mMOKa3pIBaeT, YTO IMONYYCHHBIC 3HAYCHUS
HEOOXOJJMMBIX CYMMAapPHBIX TSTOBBIX YCHJIHMH OYKCHPHOTO COIPOBOXICHHUS CY-
JIOB, TIOCEUIAOIIHX TOPTHI Y KPauHbI, 00pa3yloT JIMHUIO, KOTOpas pacrojaraer-
csl Huoke TUHIK «CpenHss TAra) BCEMHUPHOM CTaTUCTHKHU U ITOYTH COBIAJIAET C
HIDKHEH JTUHUEH 3aIlITPUXOBAHHOW 30HBL. DTO CBHIIETEIBCTBYET O TOM, UTO B
Tex obmacTsax nenBerToB, B KoTopbix PJ1 31.31.37-78 Ha3Hauvaer 3-4 Oykcupa,
MOT'YT YCIIEUIHO UCTONb30BaThCA 2-3.
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10 UCNONIL30BAHUIO KOIUYECMEa OYKCUPO8 U UX CYMMAPHOU msazu

Ha OYKCUPOBKY MAHKEPO8 U DAIKEPO8 6 NOPMAX

OnepaTuBHBIA cNOCO0 OmMpeaeleHUs] CyMMAPHOr0 TATOBOI0 YCH-
JIHsl OYKCHPOB M HX KOJMYeCTBA NP MAaHEBPEHHBIX ONepPanusix ¢ OAHUM
cyanoMm. [IpeaHasHadyeH aiisl pealM3alluy MEPBOr0 METO/A ONpeneeH s OyK-
CHUPHOTO COIPOBOXKJICHHUS Cy[HA, MPHOBIBAIOIIECIO B IOPT — T'€HEPUPOBAHUS
OIIEHOK HEO0OXOIUMOro KOJINYEeCTBA OYKCHPOB M MX MOIIHOCTH B 3aBHCHMOCTH
OT TEKYLIMX IMOrOJHBIX YCIOBHHW. B 3TOM ciydae aHanu3 CyLIECTBYIOIIUX U
OCYIIECTBIICHUE 3aTUTAHUPOBAHHBIX MAaHEBPEHHBIX ONEPAIlii C OTHUM CYIHOM
OCYIIECTBIISIETCSI HA OCHOBE CO3JJAHHOTO METOJIAa ONpPE/ICIECHUS TATOBBIX YCH-
T OyKCHPOB € MOMOIIBIO MPOTPaMMBbI BBIYHCICHHS HEOOXOIUMOT0 CyMMap-
HOT'O TATOBOI'0 YCHIIUSI M BBIOOpa OYKCHPOB M3 cocTaBa (ioTa MOPTOBBIX OYK-
cupoB. [IporpaMmma npenHazHaueHa Jjisi IPUMEHEHHUS K Cy/laM BCEX THUIIOB, BO
BCEM JMala3oHE WX JEABEUTOB U BO BCEM JAMAIa30HE IMOTOAHBIX YCIOBUMH
¢yHKIIMOHUpOoBaHus TmopTa. OHa 0O0yCIaBIMBAaEeT OE30MACHOCThH IIBAPTOBBIX
orepaiii Ha OCHOBE BBEJICHHOI'O 3amaca Ha CyMMapHOE TATOBOE yCHIHe OyK-
CHpOB H JIOCTOBEPHBIX JaHHBIX MO KPATKOCPOYHBIM METEONPOrHO3aM, JI0CTa-
TOYHBIM 110 BPEMCHU JIsI MPOBCACHHA BCETO KOMILICKCA 3allJIaHUPOBAHHBIX
OYKCHPHBIX OIepanuii ¢ CyJIHOM.

Cnocod ¢opmupoBanusi TpedboBaHuii K OyKCHpPHOMY 00ecredeHn 0
nopra. [IpennaszHaveH Juis peanu3allid BTOPOTO METOAA OmpeneieHus Oyk-
CHPHOTO COTNPOBOXKJCHHUS CYJHA, MPUOBIBAIONIETO B MOPT — BHECEHHS (PHKCH-
POBaHHBIX 3HAYCHUH KOJIMYECTBA M MOIIHOCTH OYKCHPOB B TpeOOBaHUS MOpPTa
K OYKCHPHOMY COITPOBOXKICHUIO CY/IHA.

Ha ocHoBe nporpaMMHOI0O reHepupoBaHUs TEKYIUX 10 METE0YCIOBU-
sIM OLICHOK HEOOXOAMMBIX TATOBBIX YCHUJIMH M KONMHYecTBa OYKCHPOB, obecre-
YHUBAKOIIUX OGCHy)KI/IBaHI/Ie XapaKTCPHBIX I YKPaWMHCKHUX IMOPTOB CyOOIIOTO-
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KOB Ha MPOTSHKCHUU JOITOBPEMEHHOTO MEPHUOAa UX DKCIUTyaTallud, TTOTydeHO
0000111eHHEe TTPO0JIEMBI BBIOOPa HEOOXOIUMOI'0 KOJTHYECTBA U TATOBBIX YCHIIHIM
OykcupoB. OHO chopMHPOBAIIOCH B PE3YIIBTATE MTEPEX0/ia B pacCMaTPUBACMBbIX
3aBUCHUMOCTSIX OT apryMeHTa «IEABEUT» K HE3aBUCUMON NMEpEMEHHOW «Hau-
Oonplnas AMMHA CyqHa». B aToM ciydae He0OXOIMMOE CyMMapHOE TATOBOE
ycuiiie OyKCHpPOB CTAaHOBUTCS OU€Hb C1a00 3aBHCSAILIMM OT THIA M HATrPy3KH
00CITy)KMBaeMBIX CYJIOB, HO CYIIECTBEHHO M3MEHSETCS] TPU BapHAaIMAIX CpeEl-
HEH CKOpOCTH BeTpa.

Ha puc. 3 pencramieHbl Takue 00OOIIEHHBIC 3aBUCUMOCTH UIS JIBYX
cKopocTeli Berpa, paBHbIX 14 u 7 m/c. [lepBast M3 HUX COOTBETCTBYET CYIIECT-
BYIOIIEMY O(HIIMAaILHOMY OTrpaHHUYEHUI0 (YHKIIMOHUPOBAHHUS IIOPTOB IIO
IIBAPTOBBIM OIEPALMsIM M MOXKET OBbITh ONpereiicHa KaK IpaHulla MOTPEeOHbBIX
CYMMAapHBIX TATOBBIX YCHJIMH OYKCHPHOIro oOecredeHus MmopToB. Bropas —
COOTBETCTBYET CpeIHEMY 3HAUEHHIO CKOPOCTEH BeTpa B aKBAaTOPHSIX MOPTOB
(cm. puc. 1).
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Puc. 3. Obo0bwennvie 3a6ucumocmu
HE0OX00UMBIX CYMMAPHBIX MA20BIX YCULUL BYKCUPOS
011 0OCTYAHCUBAHUSL OOHO20 CYOHA 8 MOPCKUX NOPMAxX YKpaunvl

IpeacraBieHHbIe HA PUC. 3 3aBUCHMOCTH CBHJIETENBCTBYIOT O TOM, YTO
IIprU OO0CTATOYHO 4YaCTO BCTPECHAIOMIUXCA 6JIaI‘OHpI/15[THBIX IOroAHBIX YCIIOBHUAX
CyMMapHOE TATOBOE YCHJIME OYKCHPHOTO OOCIYKMBAHHS IOPTa MOXKET OBITH
YMEHBIIEHO BJIBOE. DTO O0OCTOSTEIBCTBO OOYCIABIMBACT 3HAYUTEIBHYIO DKO-
HOMMUYECKYIO I[€]IeCO00Pa3HOCTh HMCIIONb30BAHHUS OOHAPY)KEHHBIX 3aKOHOMEp-
HOCTEH, OHO K€ OIpeJeNsieT He0OX0AUMOCTh MOPa3/IeNieHHs cocTaBa OyKCUp-
HOro (pyioTa MopTa Ha «MOIIHBIE» U «CTAHAAPTHBIE» OYKCHPBI M COCPENOTOUE-
HHJ BHHUMaHHA Ha HOPMATHBHOM PEriIaMCHTHUPOBAHWU, B OCHOBHOM, MOIIHBIX
CAUHMUII.
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K umcny MOmHBIX equHUI OYKCHPHOTO (piioTa MOpTOB OTHOCUTCS Z
Peller ¢ tsroeeiM ycuinem 50 ToHH, T.e. ASD Oykcup ¢pupmber Damen. B kaue-
CTBE CTaH/JIAPTHOI'O — UCIIONB3YETCSl IBYXBUHTOBOM OYKCHP C TATOBBIM YCHITHU-
eM 16 TOHH. B CBSI3u ¢ 3THM COBOKYIHOCTh HanOoJIee Y4acTO HCIONb3YEMBIX
«MOIIHBIX» U «CTAHJAPTHBIX» OYKCHPOB MOXET OBITh MPEACTABICHA B BHJIE
CIIEIYIOILEro psijia:

A — Z Peller ¢ TaroBeiM ycuimem 50 TOHH;

B — Z Peller ¢ taroseim ycunmem 30 TOHH;

C — ABYXBHHTOBOW OYKCHp C TSTOBBIM YCHIIHEM 16 TOHH.

[MpumepoM HCIIONB30BaHUS BBEJICHHOW Tpaslaliii OYKCUPOB M 3aBUCH-
MOCTel, OTOOpaKEHHBIX Ha pHC. 4, SBISCTCS MPEIOKECHUE N0 OOHOBJICHUIO
TpeOOBaHUI K OYKCHPHOMY COMPOBOXKIICHHIO TPAHCIOPTHBIX CYAOB MpPU HX
JIOLIMAaHCKUX TPOBOAKAX K CHENHaTU3WPOBAHHBIM NpuyanaM mopra «HOx-
HBII». DTH TPEIIOKEHUS,, OPUEHTUPOBaHHbIE Ha (opMHpOBaHHE HOBOH pe-
nakiuu O0s3aTeNbHBIX TOCTAHOBIICHUH MOPTa, MPEACTABICHBI B Ta0JI. 3.

Mopesab (pyHKIMOHMPOBAHMS OyKCHpHOro ¢iora mopta. /lng om-
peneneHusi HEOOXOIUMOI0 COCTaBa M XapaKTEPUCTHK IMOPTOBBIX OYKCHPOB,
00CITYKMBAIOIINX KOMIUIEKC JCHCTBYIOIIMX MPUYATIOB IMOPTa HIHM CHCTEMY
MpHYanoB OJroKaiiero Oyaymero, cocraBieHa COOTBETCTBYIOIIAS MOJEITb
¢dbyHkmonupoBanus OykcupHoro ¢uora mopra. B ocHOBY Mozenu monokeHsl
METO/IbI TEOpUHU MaccoBoro obciykuBanust [13] u Teopun kopabis. [Ipu sTom
MOJXOMHON KaHaj, MpUYaibl U OYKCHPHI TPEACTaBICHB OOCITYKHBAIOIIUMHU
yCTpOICTBaMU, KOTOPBIE MOTYT OBITh B JIBYX COCTOSHUSIX — CBOOOJIHO HITH 3a-
HATO, a MPUXOBI CYJIOB B TIOPT — 3asABKaMHU, PacHpeAesieMbIMH 10 TIPUYaIaM.
B 1enom COBOKYMHOCTH MPHYAJIOB MOPTa OTpaXkKeHa MHOTOKaHAJBHOW CHCTe-
MOH MacCOBOI'0 OOCITY)KMBaHHS, HaXOJSIIEHCs B MEpEeMEHHBIX (CITydaiHBIX)
MOTOHBIX YCIOBHUAX 3KCITyaTalllH MPH CIy4ailHOM IMOTOKE 3asBOK.

[Ipu peanuzanmu Moxenu (GyHKIMOHHPOBAHUS JUIsI KOKIOTO MpHYAia
TeHepHupyeTcs CliydaifHOe BpeMs MOSBIIEHUS OYEepPEJHOro CyaHa — 3asBKHU Ha
obciyxvuBanue. [ MoJydyeHHON 3asBKU B 3aBHCHMOCTH OT THIIA CyJHA, €ro
JleIBeiTa U Ciy4alHBIX IOTOJHBIX YCJIOBUI Ha BpeMs IIPOBEICHUS MaHEBPEH-
HBIX OIEpaIid onpeeNnsieTcs CyMMapHbIi TpeOyeMbIil yIop MOPTOBBIX OYKCH-
POB ¥ MoA0Upaercss UX KOJMYECTBO M3 PACCMATPHBAEMOr'0 cocTaBa OyYKCUPHO-
ro (JioTa mopra ¢ y4eroM 3aHATOCTH OYKCHPOB B OIEPALUAX C APYTUMHU Cyjia-
Mmu. [IpoBepsiercss BO3MOKHOCTh BXOZAA CyJaHA B MOPT. i 3TOr0 JOMKHBI BBI-
MOJHSTHCS CIEMYIOIINE YCIOBHS: KaHaN JODKEH OBITh CBOOOJCH, MpUYal —
CBOOOJIEH, HMEETCS JIOCTATOYHOE KOJMYECTBO OYKCHPOB TPeOYEMOid TATH.

IIpy BBINONHEHMM YKa3aHHBIX YCIIOBUH MOJEIMPYETCS IPOBEACHHUE
CIICIYIOINX 3TANOB OYKCHPOBOYHBIX OMEpAIMii: 3CKOPTUPOBAHHUS HIIH COMPO-
BOXKJIEHHSI CyJHA O TOAXOIHOMY KaHally, TPAHCIOPTUPOBKH €T0 K MpUYaly U
MpUYAIMBAHUA-IIIBAPTOBKY. B cllydae HEBBINIOIHEHNUS YCIOBUU BXOZa CyqHA B
MIOPT, 3asBKa CTABUTCA B OUEpPelb, a CyTHO — Ha IKOPHYIO CTOSTHKY.
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Tabauya 3
LlIsapmoska/omuweapmoska cyooé (MowHwle OYKCUpbl) —
eHympennsis akeamopus nopma «FOxcuviily *

JnuHa cynHa Hau-
6onbias (Loa) Mot 1 [100-120 (120-135 |135-165 |165-210 210-245 |245-275 | >275

JI0 BKIIFOUHMTEILHO
bopt npuuanuBanus JIIT | JI | IT | JIT | IT|JI|II
Momans 1. 2 Bxon 1|1 (112222 Rk

R L1t |1 [2]2] 2

Bxon 11212121212
Tpmsams: 3, 4 Brixon 1 (121
[Ipuyansr 5, 6, Bxon 1|1 |1 |1]2]|2]2]2 Rl 4% HAE
7,8,9,10, 11,
11A, 12,17, oo s
18, 19,20, 21, Brixon 1|1 |1 |2]2]2 2 3
22B
[Ipuyansr SA, | Bxon 1 1 1 1121211212 Rk 4x* ok
55, 3H Beixon L1t 2]2]2] 2 e
[Ipuyansr 34, | Bxon 1 1 11212121212 Rk 4x* xRk
35, TOUH BhIxox 2121272 2 3k ok
[Ipruans Bxon 1 112121212212
15,16 BrIxox 1222212
Tpruan 22A Bxon 111|122 ]2]2
Brixon 1 1 1 11212

[Tpuyanst 4A, | Bxon 1 1 1 1
22B Brixon 1 1

* TIpu cpemHUX CKOPOCTSX BETpa A0 7 M/C MOIIHBIA OYKCHUP MOXKET
OBITH 3aMEHEH CTAHJAPTHBIM C TATOH HE MeHee 16 TOHH;

** Uucmo MOIIHBIX OYKCHPOB MOXKET OBITh YMEHBIIEHO Ha CIUHHILY
MIPH YCIIOBUH, YTO, TIO0 KpaifHEeH Mepe, JiBa U3 OCTABIIUXCS OYKCHPOB SIBIISIOTCS
Oykcupamu Z Peller Tuna ¢ TAroBsIM ycuiiueMm He MeHee S0 TOHH KaKIblid;

*#* BykcupoBka cynoB jumnHON (Loa) Gonee 275 MeTpoB HazHavyaeTcs
WHIMBUYallbHO, HA OCHOBE WCIIOJIb30BaHMS MTPOrPaMMBbl ONIEPATHBHOTO OIpe-
JIeTICHUs CYMMAapHOT'O TSATOBOTO YCHIIMSI OYKCHPOB M MX KOJHMYECTBA IPHU OIle-
palMsax ¢ OAHUM CYJHOM M MECTHOTO JIOIIMAHCKOTO OITBITa TPOBOJKH CYJIOB.
[Tpu 3TOM onpenensomuM OcTaeTcss MHEHHE KaluTaHa Cy/IHa.

Bpemsi crosiHKH cyaHA y TpHYala MpH BBIIOJIHEHHH IIOTPY304HO-
pasrpy30uHBIX paboT MOJEIUPYETCS B 3aBHCUMOCTH OT MPOU3BOJUTEIBHOCTH
000pyI0BaHMS MTPUYAja, KOTOPas TaKXKe SBIISCTCS CIydYalHON BETUYMHOMN.

[ocne morpy3ku WM pasrpy3KH CY/JHA BBIMOIHSETCS aHAIOTHYHAS
MOCIE0BATENFHOCTD ONEepanuii Mo BBIBOAY €ro u3 mopra. [lo 3aBeprieHuio
BpEMEHHM MaHEBPEHHBIX OIEpalyid ¢ CyTHOM, TOKHAAIONINM TIOPT, 3asBKa yXO-
JIAT U3 MOJIENHN, OYKCHUPBI M KaHAJI OCBOOOXKIAIOTCH.
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[pomecc MoaenMpoBaHUs MPOU3BOAUTCS OJHOBPEMEHHO KO BCEM TIPH-
YanaM Ha MHTEpBaje BpeMEHH, paBHOM KaJleHIapHOMY TOfly, C IIaroM Io Bpe-
MEHH, PABHOM OJTHOW MHUHYTE.

JKOHOMHUYECKHE XAPAKTEPUCTUKHU OykcupoB. Pazpaborannas mo-
nenb (QYHKIIMOHUPOBAHUS JONOJHEHa OJOKOM pacueTa mokaszaTeici 3ddek-
TUBHOCTH IMOPTOBBIX OyKcHpOB. IlpM 3TOM MONOXKEHO, YTO JOXOA OyKcHpa
COCTOHMT, B OCHOBHOM, M3 JBYX COCTABJISIONIMX: TIOYACOBOM IUIATHI 32 COIPO-
BOXKJICHHE TPH JABM)KCHUU IO MOIXOAHOMY KaHalIy M IUIaThl 332 BBINOJHEHHE
IIBAPTOBHBIX orepanuid (OykcupHOro coopa). Y OyKCHPOB, 0OCITYKHBAIOIIMX
CyZa-ra30BO3bI, JOMOJHHUTENBHBINA JIOXOJ] OMNPEAENIeTCS SCKOPTHPOBAHUEM
CyJIHa-Ta30BO3a B MPHOPEKHBIX BOJAX M JSKYPCTBOM BO3JIE CyJHA-Ta30BO3a
IIPH €r0 CTOSTHKE y MpHYaa.

B skcmmyaTaliMoHHBIE pacxXoJlbl IOPTOBOTO OYKCHpa BKIIOYEHBI pac-
XObl Ha DKHUIaX, aMOPTH3AIMIO, PEMOHT, TEXOOCIy)KHBaHHE, TOKOBAaHHE,
KJaccu(pUKAIIIOHHOE OCBUICTEILCTBOBAHUE U TOTLTURO.

Omnpenenenue 3¢dekTuBHOCTH OyKcupHoro ¢guaora mopra. Ha oc-
HOBE MPEAJIOKEHHON MO (PYHKIIMOHUPOBAHKS TTOPTOBBIX OYKCHPOB M CIIO-
coba pacuera mokazaTenacid 3(PQGEKTUBHOCTH UX paboThl paspaboTaHa IIpo-
rpamMma ompesencHus dPQPEKTUBHOCTH CYIIECTBYIOIIEr0 WM HAa3HAYAEMOTO
coctaBa OYKCHPOB, OOCIY)XHMBAIOIIErO CYIICCTBYIOIIMNA MIJIM Ha3HAYaeMbIi
CYZOTIOTOK, pacipee]IeHHBIH M0 KOMIUIEKCY BCEX CYIIECTBYIOIIUX MPHYAIIOB
WJIH TTO0 KOMIUIEKCY MpUYaioB Onmkaiimero oyaymero. [IporpaMMa yauteiBaer
HaKOIUICHUE BCEX MEPEUMCIICHHBIX OYKCHPHBIX TOXOJO0B OT OIEpalldii 3CKOp-
TUPOBAHUS, COMPOBOXICHHUS, IIBAPTOBKU», OTIIBAPTOBKW» U JCKYPCTBA Y
CYJIOB, a TaKXKe MEPEUUCIICHHBIC CTAThH IKCIUIyaTallMOHHBIX pacxoioB. [lpu
3TOM PACXOIbl TOILIUBA OINPEACISAIOTCS TEKYIIMMH 3aTpaTaMd MOIIHOCTH,
HEOOXOAMMBIMH IS Pa3BUTHS MOTPEOHOM TATM, 00CCIICUNBAIONICH BBIMOJIHE-
HUe OyKCHPHOM Orepalui B TEKYIIUX MMOTOJHBIX YCIOBHUSIX, C YUETOM JOMOJ-
HUTEIBHBIX CHJI, 00YCIIOBJICHHBIX KHHEMATHKOW CyJIHAa U OYKCHPOB.

[IporpaMMa ycmemHo mpolnia TeCTUPOBAaHHUE, BKIIOYAIOIICE CpaBHE-
HUE JAHHBIX MOJACIMPOBAHHUS C JaHHBIMH PabOThl OykCHpHOro (hjota mopra
«tOxmnbr1it B 2013 roxy.

IMouck ONTHMAJBHBIX XapPAKTEPUCTHK OYKCHMPHOIro ofecmevdeHHs
nopta. OnpeneneHre ONTUMAIBHBIX XapaKTePUCTHK OYKCHPOB U cocTaBa OyK-
cHpHOro (IIoTa MOopTa BBIIOIHEHO C MOMOIIBIO ONTHMH3AMOHHON 3a]auu, B
KOTOPOH B KayeCTBE KPUTEPUEB ONTUMAIbLHOCTH PACCMOTPEHBI KPUTEPUU MHU-
HHMyMa HCIOJb3yeMOH CYMMapHOHM TArHM OyKCHPHOro (ioTa MpH 3aJaHHOM
CYJIONIOTOKE M MaKCHUMyMa IMPOU3BOJUTEILHOCTH (MPUOBLIM) HAa HHTEPBAiC
BPEMEHHU, PABHOM KaJICHIapHOMY Toy. B kadecTBe OCHOBHOrO OrpaHUYCHHUS
3aJa4d MCIIONb30BaHa JOMyCTUMAs Ha STOM HHTEpBajie Pa3HOCTh KOJIMYECTBA
CYZIOB, BOLICAIINX B MOPT M BBINIEANINX U3 HETO, MUHUMHU3UPYIOMIAs yIiepo
CYJZOBJIAJIETIBIIEB OT MPOCTOS CY/IOB.
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OnTuMH3aIMOHHBIC 33724l TOCTPOCHBI TAKMM 00pa3oM, YTOOBI MOIY-
YUTh PEIICHUs, KaK IS CYIIECTBYIOMIErO MIPUUYAIbHOI0 KOMILIEKCa, TaK U JUIs
KOMIUIEKCAa IPUYaJIOB Onmkaiiiero Oyayiiero. SIapoM 3THX 3aad sIBHJIACh
MUHHUMH3AIUSA CYMMApHOTO TATOBOI'O YCHJIMS 3a CYET COOTBETCTBYIOIICTO
moxoopa OYKCHPOB JIJIs KaXkoW OyKCHPHOM orepaiuu, IpOU3BOIUMON B Te-
KYIIUX TTOTOAHBIX YCIOBHSIX.

BeiBoabl. {15 OykcupHOro oOecriedeHHs MOPTOB Y KpauHbI pa3pado-
TaHBI:

— METOJIbI ONpeAeIcHUs He0OXOAMMOro KOJIMYECTBA M COCTaBa OyKCH-
POB TIpH NPAaKTUYECKOH peaM3alMy IPOILECCOB IIIBAPTOBKH/OTIIBAPTOBKU
CYJIOB B IIOpPTax, HAIPaBJICHHBIC HA CO3JaHHE COBPEMCHHOH OINEPaTHBHON W
HOPMATHUBHON 0a3bl OYKCHPHOTO OOECIICUCHHUS MOPTOB C IENIBI0 YBEIUYCHHUS
ero 3 QeKTUBHOCTH NMPHU COXPAaHCHUU OE30MACHOCTH IIBAPTOBBIX OMEPALIMI;

— METO/IbI OLIEHKU 3(PPEKTUBHOCTH U ONTHMM3AIMH COCTaBa OYKCHp-
HOro (byioTa mMopTa MO KPUTEPUSIM JOCTHXKCHHUS B PE3YJIHTATE BHIMOIHEHUS ITHX
orepanuii MUHUMyMa CYMMapHOW TATH ()JIOTa ¥ MaKCHMyMa €ro IMPOU3BOIM-
TEJIBHOCTH, CIIOCOOCTBYIOIINE YBEIUYCHHUIO KOHKYPEHTOCIIOCOOHOCTH MOIpas3-
JIeTICHUH TIOPTOB, 3aHATHIX dKCILTyaTaleld OyKCHPOB.
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YK 532.593.3
A.C. KoreabHukosa, B.A. Kouun, B.B. Mopos,
B.U. Hukumos, B.}O. ®uiumonon

B3AMMOJIENCTBUAE KOPABEJIbHBIX YEJIUHEHHbBIX BOJIH
C BEPTUKAJIbHOM CTEHKOM ITPH HAKJIOHHOM ITAIEHU A

Ilpeocmasnenvl  pesyrbmamol  IKCHEPUMEHMANLHO20 UCCAEO08AHUSL
83AUMOOCUCEUST  YeOUHEHHOU BOJIHbI, CSEHEPUPOBAHHOU MOOEIbI0 CYOHA,
dsucarouyelics 8 MenKo80OHOM KaHale 8 Ouana3one Kpumuyeckux ckopocmeltl, ¢
BEPMUKATILHOU CIMEHKOU NPU HAKIOHHOM naderuu. TIpooemoncmpuposano 603-
HUKHOBeHue 60HbI Maxa, pacnpocmpansioueticss 80oab cmenku. Ilposedenvi
usMepeHusi napamempos naoarwwel 6oaHvl u 6oanvl Maxa. Paccmompen
CAYYAL COCMABHOU 8EPMUKAILHOU CIMEHKU, UMetoueli popmy yea.

Knrouesvle cnosa: rxopabenvnas yeOUHeHHAs GOIHA, MEIKAS 600d,
HAKJIOHHOE NaoeHue, 6ePMUKaIbHAsl CMeHKa, «Hoxckay Maxa.

Ilpedcmasneno  pezynomamu  eKCHEPUMEHMANLHO2O — OOCTIONCEHHS.
63AEMO0IT NOOOUHOKOI X8I, SIKA 2eHEPYBANACH MOOGLIIO CYOHA, WO PYXAEMbCSL
68  MIIKOBOOHOMY KAHAN 6 OlanasoHi  KpUmu4Hux weuokocmeu, 3
6EPMUKANILHOI0  CMIHKOIO HpU HAXUleHomy nadinHi. IIpodemoncmposano
sunukHenHs xeuni Maxa, wo nowupiocmvcs 63008xc cminku. Ilpogedeno
sUMIpIOBants napa-mempie nadaiowoi xeuni i xeuni Maxa. Pozensnymo
BUNAOOK CKIAOCHOT 6ePMUKAIbHOI CMIHKU, SIKA MAE opmy Kymd.

Knwuoei cnosa: xopabenvbna nooOuHoKa Xeuist, MIIKa 600d, HaxuieHe
NAOIHHA, 8EPMUKAILHA CMIHKA, «HidcKkay Maxa.

The results of experimental study of the interaction of obliquely
incident solitary wave with a vertical wall are presented. A solitary wave is
gene-rated by the model of ship moving in the shallow water channel in the
critical speed range. The emergence of Mach wave propagating along the wall
is shown. Measurements of parameters of the incident wave and the Mach
wave are carried out. The case of the sectional vertical wall having an angle
shape is considered.

Keywords: ship solitary wave, shallow water, oblique incidence,
vertical wall, Mach stem.

Beenenue. lccnenoranus kopaOelIbHBIX BOJH Ha MEJIKOM BOJAE B I10-
cliefiHee BpeMsl IPUOOPETAroT Bee OONbIIMi nHTEpec. Bo-TiepBhIX, 3TO CBA3aHO
C TEM, 4YTO B MCIKOBOJHBLIX W OI'PaHHUYCHHBIX aKBATOPUAX 60.]'II)IIIa$I BEPOAT-
HOCTb I'CHECpalnn HeJTWHENHBIX BOJIH, B YaCTHOCTH, YCAWHCHHBIX, ABMXXYIIU-
MHCS cyIHaMU. Bo-BTOPBIX, B3aMMOIEHCTBUE TAKUX BOJIH APYT C APYTOM MIIH C
OCperoBbIMH CTPYKTYPaMU MOXKET MPUBOIUTH K IMOSBJICHUIO O0JIACTEH BBICO-
KOT'0 JIOKQJIBHOT'O TIOJIHATHUS YPOBHSI CBOOOIHOM MTOBEPXHOCTH.

© Koreasnnkopa A.C., Kounn B.A., Mopo3 B.B., Hukumos B.U., ®uaumonos B.10., 2015
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O6nacti aHOMaTbHO OOJNBIIMX BOJH MOTYT 00pa30BBIBATHCS HE TOIBKO
B BHUJIC BHE3AITHOTO BCIUIECKA, HO M CYIIECTBOBATh B TEUEHHE OTHOCHUTEIHHO
JIOJITOTO BPEMEHH, YBEITUUUBASI TEM CaMbIM BEPOSTHOCTb CTOJIKHOBEHHS C CY/I-
HAMH M MOPCKHMH COOpYXEHHUSMH. [Ipu 3TOM OOJIbIIIOE 3HAUEHHE UTPAET yrod
najieHusI BOJH.

OOBIYHO TMONIaraeTcs, 4TO BOJHA, KOTOpas CTAJKUBAeTCs C IPEIsT-
crBHeM, OyzeT nubO0 OTpa)kaTtbesi OT HEro, Ju0O0 paccemBaThCs, THOO M TO H
apyroe. Ho cymiectByer npyroil cueHapuil B3auMOJIEHWCTBUS, KOrIa B cillydae
HAKJIOHHOTO TMaJIeHUs Ha Tperpaxy HaOmromaercs cymiecTBeHHas JedopMarus
CBOOOJIHOM TOBEPXHOCTH, a MPU OMPEACICHHBIX YIiaX MaJeHHs UMEET MECTO
HEJIMHEHHOe B3aMMOJICHCTBHE MAJAIOIICH W OTPa)KEHHOH BOJHBI ¢ 00pa3oBa-
HUEM HOBOH BOJHEI (Stem wave), KOTopast CBs3aHa C «MaXxOBCKUMY OTPaKeHU-
eM [1]. OTo sBJICHHME HE OMPAHMYUBACTCS TOJBKO KOPAOCIbHBIMUA BOJIHAMH M
MOXKET MPOMCXOIUTh BO MHOTHX IPYIHX O0NacTsx mcciaenoBaHuil. OHO sBIIs-
eTCsl YHUBEPCAJIbHBIM MEXaHH3MOM BO30Y)KICHHUS BO3MYIICHHI B CHUTYallHH,
TJie HEeMHEHHbIe M TUcTepcHoHHbIe 3 (EKTh onpeesieHHO cOalaHCHPOBaHbBI
[2].

AKTYalbHOCTh M3y4YECHHUsI ONMMCAHHOTO SBIICHHS O0yCJIOBJIEHA HEOOXO-
JIMMOCTBIO M3y4YCHUS] MEXaHH3MOB HEIMHEWHOrO B3aMMOJCHUCTBUS BOJH IS
BBISICHEHHS BOIPOca 00 yCTOWYHMBOCTH (pOpMHUPYIOIIEHCS BONHBI, BBIPAOOTKH
MPOrHO3HBIX OICHOK JJIsl OMPEICICHUs CTEIICHN BO3ICHCTBUS BOJHBI HA TPH-
OpESKHYIO 30HY U THIPOTEXHUIECKHE COOPYKEHHSI, a TaKxKe JJIsi 0€301MacHOro u
IKOHOMHUYECKOT0 MPOSKTUPOBAHUS OEPErOBBIX CTPYKTYP.

00630p Jauteparypbl. OcOOCHHOCTH 00pa30BaHUs HEJTMHEHHBIX YeIIH-
HEHHBIX BOJIH JIBHIKYIIMMCS CYJHOM paccMOTpeHbl B paboTax [2-5]. CoryacHo
[2] MexaHU3M X (GOPMHUPOBAHHS CTAHOBHUTCS 3(P(HEKTHBHBIM, KOT/Ia TPYIIIOBas
CKOPOCTb JUTHHHBIX BOITH, U3JIyYAIOMINXCS U3 O0JIACTH CHUJIOBOT'O BO3JICH CTBUS,
sBIIsieTcsl OJM3KON K CKOpocTH cyaHa. JIokambHbIe BOJIHBI TONYyYalOT YHEPTHIO
OT IBMIKYIIErocss HCTOYHMKA B TEUCHHE OTHOCHUTEIBHO JJIMTEILHOTO BPEMEH-
HOTO MHTEpBaja. B pe3ynbraTe B OrpaHMYCHHBIX BOAHBIX MYTIX (hOpMUPYIOTCS
yeIMHCHHbIC HETMHEIHbIC BOJIHBI, ONMMChIBaeMble ypaBHeHUssME KopTeBera-ie
Bpusa, koropbie 4acTo ABMKYTCS Tepen cyaHoM. CKOpOCTh CylHa SIBISIETCS
ONpeNeNsoUM (akTopoM B (GOpMHUPOBAHUH 3TUX BOJH. Y eIMHEHHBIC BOTHBI
SIBJISIFOTCSI HAn0O0JIee MHTEHCUBHBIME TIPH TPAHCKPUTUYECKOI CKOPOCTH Cy/HA,
korma gnucino dpyna maxomaurcs B unateppane 0,84 < Fr <115 [3]. Ilpu atom

YHCIICHHBIC UCCIIEIOBAHMS, POBEICHHBIE B padote [4], MpoaeMOHCTPUPOBAIH
CYIIECTBEHHYIO poiib (pakTopa m3mMeHunBOCTH unciia Opyna Ha hopmupoBaHue
Y pa3BUTHE YEIUHEHHBIX BOJIH, TeHEPHPYEMBIX ABMKYIIUMCS CyTHOM. ABTOPHI
MOKa3ajy, YTO CIEeAyeT pa3iu4yaTh PEXUMBI C YMEHBIIAIOIMIMMHUCA U PacTyILH-
MU unciamMu Opyna ¥ YTO yeIWHEHHbIC BOJNHBI C OOJBIIMMH aMIUTUTYAaMH
TeHepHUpyIoTCs, Koraa yucio Ppyna u3MeHsercsa MeAJIeHHO NP Mepexoe ye-
pe3 TPAaHCKPUTHUYECKYIO 00JIaCTh.
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BaxxubiM mapameTpom, OINpenensiomyM reHepaliio yeIHHEHHBIX BOIH
Ha MEJIKOH BOJIC, SBJIACTCS TakkKe KO3((UIIMEHT OJIOKUPOBKH, KOTOPBIH Mpe-
CTaBJsIeT OO0 OTHOILICHHUE TUIOIIAJICH MOMEePEYHBIX CEUCHUH Cy/lHA M KaHaja
[5; 6].

W3ydenue SBIEHHS «MaXOBCKOT0» OTPaKEHUS YEIWHEHHBIX BOJIH
npencrapiieHo padoramu [1; 7-13]. HaGmronenus [1] u axcniepuMenTs [7] 1o-
Ka3aJiy, 4TO B 3aBUCHMOCTH OT 3HAUEHH yIjia MaJeHUs OTpaKeHHE yelnHEeH-
HOW BOJIHBI OT BEPTUKAIBHOW CTEHKH MOXET OBITh PETYIISIPHBIM HIIM HEpery-
JSApHBIM (MaxoBcKoe oTpaxkeHue). [IpogeMOoHCTpupOBaHO, YTO €ciau yroi Ia-
JIEHUSI COCTaBIIAET MEHBINE 45 °, KpoMe Tajaronieil 1 OTpakKeHHON BOJIH, BO3-
HUKAeT TPeThs BOJHa (Ha3bIBaeMas «HOXKOI» Maxa), (pOHT KOTOpOil mep-
MEeHIUKYJIApEH cTeHke. [Ipu 3ToM BeplIMHBI Najarolei U OTpaXEHHON BOJIHbI
" «HOKKa» Maxa mepecekaroTcst B TOUKe, KOTOpast HaXOJUTCAd Ha HEKOTOPOM
PAcCTOSIHUH OT CTEHKH.

TeopeTnyeckuil aHaIU3 HAKIOHHOTO MaJCHUS YEJUHEHHOW BOJHBI HA
cTeHKy npoeneH B [8]. Ilokasano, yTo mpoiiecc B3aUMOJCHCTBUS HAKIOHHO
Majaromiell yeJUHEHHOW BOJHBI C MPEMSITCTBUEM U MOCIEAYIOIIUM MOSBIEHHU-
€M TpeThel BOJHBI JKBUBAJIEHTEH CIIy4al0 PE3OHAHCHOIO B3aUMOJCHCTBUA
JBYX WICHTUYHBIX YETUHEHHBIX BOJH, PACTIPOCTPAHAIONINX MO YIJIOM JIPYT K
npyry. [lony4deHnsl aHanmuTHYecKue GOPMYIBI Ui MAKCUMAIILHOTO HaKaTa, aM-
TUTUTY/ABI OTPa)XEHHOM BOJHBI, YIJIa OTPaKEHUS, U yIJa, IPU KOTOPOM MOXKET
OBITH ChopMHpOBaHa «HOKKa» Maxa. [lokazaHo, YTO MaXxOBCKOE B3aUMOICH-
CTBHE UMEET MECTO, KOI'Jla YIoJI MEXKIy BOTHAMHU MEHBIIE HEKOTOPOTo KpUTH-
YEeCKOro 3HaYEHUsI, a MOIbeM YPOBHS CBOOOIHOW OBEPXHOCTH MOXKeET B 4 pa3za
MIPEBBIIIATh AMIUIUTYy YEIUHEHHON BOJIHBI.

Teoperuueckast MoJiellb MaXOBCKOT'O OTpakeHHs [8] Oblia mpoTecTu-
poBaHa J1a00OpaTOPHBIMHU 3KcIiepuMeHTaMu [9]. OTMEUYEeHO, YTO IIMPUHA U BbI-
coTa «HOXKM» Maxa yBeIMYMBaIOTCS, KOTrJa BOJHA PacIpOCTpaHsAeTca BIOJNb
CTEHKH, HO BMECTE C TEM CYIIECTBYET HECOOTBETCTBUE MEKIY MOJENbIO [8] u
W3MEpEeHHUSIMH HaKaTa, BRITOJHEHHBIMHU B [9]. HekoTopble oTnnyms ¢ Teopueit
[8] 3aMeueHbI Takke B padoTe [10], OCHOBaHHOW Ha YUCIICHHOM MOJICINPOBA-
HUU TPOLIECCa MaXOBCKOTO OTPayKEHHUS ¢ MPUMEHEHHEM CHEeKTPajIbHOIO METO-
Jla BBICOKOT'O MOpsaKa. B 9acTHOCTH, mepexoa OT MaXOBCKOI'O OTpa)KeHUS
COJINTOHOB K PETYJISIPHOMY MPOUCXOJUT MPH MEHBIINX YTiaX, He 00OHAPYKEHO
YETBIPEXKPATHOTO YBEIWYCHHUSI YPOBHS CBOOOIHON TTOBEPXHOCTH U Jip. Pe3ynb-
TaThl PacUeTOB, BBHIITOJHEHHBIX HA OCHOBE JMCKPETHON MOAETH HEC)KHMMaeMOi
xunkoctH [11], moarBepaunu (akT CyleCTBOBAHHUS TPOWHBIX KOH(PHUTYpaIui
B Clly4a€ HEJIMHEHMHBIX B3aUMOJICHCTBUIN YEIMHEHHBIX BOJH U MOKa3aJM, YTO
pe3yNbTaThl ACUMITOTHYECKOH TeopHH [8] MOT'yT OBITH IPUMEHEHBI JIJIsl BOJTH
OTHOCHUTEIBHO MaJIo aMmiauTyApl. llodydeHo HeMmIoXoe COOTBETCTBHE C
pe3yapTaTaMH 3KCIepUMEHTaIbHBIX HccaenoBanuil [9]. IlpoBenennsie skcme-
puMeHTanbHbIe uccnenoBanus [12; 13] Taxke mokasaiu MOCTENEHHOe Bo3pac-
TaHHWE MaXOBCKOW BOJIHBI IIPU €€ MEepEeMEIIeHNH BJIOJb CTEHKH, OJHAKO Orpa-
HUYEHHBIE TONEepEeYHbIe pa3Mephl BOTHOBOIO JOTKA HE TO3BOIMIN JOCTUTHYTH
ACHMITTOTHYECKOT0 3HAYEHUS aMILTUTY/IBI, IIPOTHO3UPYEeMOTo B [8].
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Tem He MeHee, YBeIMUEHHE aMIUTUTYABI BOJTHBI 10 2,5 pa3 sl HeKo-
TOPBIX BOJIH OBLIO Monmy4deHo. B paborax [12; 13] yBenuueHne HAKIOHHO I1a-
JAIOIEel yeTMHEHHOM BOJIHBI HA BEPTUKAIBLHOW CTEHKE TaKXKe ObLIO TPOaHaIIN-
3UpOBAaHO, OCHOBBIBasiCh Ha ypaBHeHHHM Kanmomuesa-llerBuamBuim, KoTopoe
9KBHMBAJIEHTHO 110 CTEMIEHH allpPOKCUMAIIUU TEOpUH, pa3BUTOM B [8].

Lenb manHON pabOTHI 3aKJIFOYACTCS B YCTAHOBJICHUM OCHOBHBIX Xapak-
TEPUCTUK BOJH, 00pa3yIoNMMXCS MPH B3aMMOJICHCTBIH TTOBEPXHOCTHON KOpa-
OCNBbHOW yeAMHEHHOW BOJHBI C BEPTHKAIBLHON CTCHKOW MpPU HAKJIOHHOM Majie-
HUH, a TaK)Ke UCCIIEJOBAaHNH BOJHOBOM KapTHHBI MPOLIECCa B3aUMOEHCTBUS B
cllydae COCTAaBHOW BEPTHUKAIBHOW CTEHKH, MMeromed ¢opmy yria. Pabora
OCHOBaHa Ha dKCIIEPUMEHTAILHOM HCCIEOBAHHUH, ITPOBEAEHHOM B OIBITOBOM
Oacceiine Muctutyra runpomexanuka HAH YkpauHsl

Onucanue 3KCNEPUMEHTAIBHONH YCTAHOBKH. DKCIIEPUMEHTHI ObLITH
BBIIIOJIHEHBI B OMBITOBOM Oacceline mmpuHor 6,8 m U muymHHOoM 50 m. ['myOuna
BO/IbI cocTaBisna 0,15 m.

['enepanus yequHEHHBIX BOIH OCYIIECTBIISUIACH ITyTEM OYKCHPOBaHUS
MOJIENIM BOJOM3MEIIAIOIIErocs Cy/IHa B AUana3oHe KpUTHUYECKUX CKopocTeil. B
KayecTBE MOJENM CyJqHa OblIa HCIOJNb30BaHa CXEMAaTU3UPOBAHHAS MOJCTh
YAaCTUYHO Pa3rpyKEHHOTO C TIOMOIIBIO BO3YIITHOM MOMyIIKH KaTamapaHa [14].

Kaxk yxe ormeuanock, HapaBHe ¢ yncioM Opyna, KoTopoe BeIpa)kaer
OTHOILIEHHE CKOPOCTH CyIJHAa K MaKCHMAalbHOM CKOPOCTH pacHpOCTpaHEHUS
BOJIHBI IIPH JIAHHOM TityOMHE BOmbl, Fr, =U / @ (U — ckopocth cynHa;, g —
YCKOpeHHe CBOOOTHOTO MaIeHUsT; /i — ITyOuHa KaHala), Ha MPOIecc reHepani
YEIUHEHHBIX BOJIH B YCIIOBHSAX MENKOro QapBaTepa CyNIECTBEHHOE BIIHSHHE
OKa3bIBaeT KO3 (OUIIMEHT OJIOKMPOBKH, MPEACTABIIAIOMNN CO00 OTHOIICHHE
MaKCHUMAaIIbHOM TJIOMIAJIM TOTEPEYHOr0 CeYeHUs] Kopalis K IUIOMAIy Iore-
pedHoro cedeHus kanana [5; 6]. [Ipu mpoBeneHNN UCCIeIOBAHUNA pa3Mephbl MO-
JIeTM Cy/IHA U YPOBEHb HAIIUBa BOJBI OBLTH BHIOpAaHBI TAKUM 00pa3oM, 4TO MPH
COOTHOIIECHUH TUIOIIAJIEH MOMEPEYHOr0 CEUEHHs Cy/IHA U KaHala F /F, = 0,03

JMamna3oH KPUTHYECKHX CKopocTed oxBarwiBan uucna ®pyna or Fr, =0,8

(mepBasi KpuTHUecKas CKopocTh) mo Fr, =1,2 (Bropas KpuTHyeckas CKo-

pOCTh).

Jnst peructpanuu mpoQuiis BOJH, KOTOphIEe 00pa3ylTcs BO BpeMs
JBYDKEHHS MOJIETM CyJIHA, HA Pa3rOHHOM ydYacTKe OacceifHa BIIOJNb HaIpaBlie-
HUS JIBUKCHUSI MOJIENIN OBUT yCTaHOBJIEH BOJTHOBOH mpoduiorpad. [Ipu sTom
perucrpanus npoduiis BOIHBI OblTa CHHXPOHH3UPOBaHA C PErucTpanued mo-
JIOKEHUSI MOJIENIN CYJHAa OTHOCHUTEIBHO mpoduiiorpada npu MOMOIIN aBTOMa-
TU3UPOBAHHOW CHCTEMBbI cOopa W 0OpabOTKM NTaHHBIX OMBITOBOro OacceiiHa
[15]. Ha puc.1 oroOpaskeH xapaKTEpHBIH BUJ BOJIHOOOPa30BaHMS BOKPYI MO-
JIeTIM CyJTHA B YKECTKO CBSI3aHHOW CHCTEMe KOOpAWHAT, Ha4ajao KOTOPOH pacro-
JIOKEHO B KOPMOBOW 4aCTH MOJICITH.
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Puc. 1. XapaxmepHoiil 610 601HbI-COTUMOHA NPU OBUNCEHUU CYOHA 6 KAHATE:
a) obwuti 6uo; 6) nPoduib 8oIHLL

Habnromenust 3a mporieccoM BO3HHUKHOBEHHS BOJHBI-COTUTOHA HAYH-
HaJMCh C TOTO MOMEHTa, KOTJla MOJIENb IOCNIe CTapTa y)Ke JOCTUTJIa CTalHo-
HapHOU ckopocTH. K 3TOMy MOMEHTY BOKPYT MOJIENH CyJIHA YK€ ChOpPMHPO-
BaJics NPo(UIb BOJAHOW TOBEPXHOCTH, KOTOPBIA IOJHOCTHIO COOTBETCTBYET
MPEACTABICHUSIM O BOJHOOOPA30BaHHU BOKPYT CYyJHA, KOTOPOE JIBUKETCS B
JMana3oHe KPUTHYECKUX CKOPOCTed Ha MENTKOBOJbE, a MMEHHO: B HOCOBOM
YacTU cy[IHa HaOIltoJaeTcs MOBBIIICHHE YPOBHS BOJBI, 2 B KOPMOBOW 4acTH —
noHmwkenne. C Te4eHreM BpEMEHH TMOBBIIIIEHHE YPOBHS BOIBI B HOCOBOM 4acTH
MOJIETI CyJHa YBEITMYMBAeTCs W MpHOOpeTacT BCe MPHU3HAKU YEIMHEHHOM
BonHBL. [locnme QopMupoBaHus mepen CyJHOM YEAWHSHHOW BOJHBI MOJENb
CyllHa OCTaHaBJIMBAaJach, a BOJHA-COMUTOH MIPOIOIKAJIa CBOE ABM)KEHUE.

Jns wmccnemoBaHWs OTpaKeHHWs] HAKJIOHHO MAJAIOIIUX YEIMHEHHBIX
BOJTH OT BEPTHUKAJILHBIX MPENSATCTBUI B MEIIKOBOJJHOM KaHajie Ha pabodeM yda-
CTKE OIBITOBOTO OacceliHa ObUTa CMOHTHpPOBaHA M YCTAHOBIICHA TIOJ YIJIIOM
40 ° k NpoJONBHON ocH OacceliHa BepTHKajIbHas CTEHKa BbICOTOW 500 mm U
nmuHOU 8000 mm (puc. 2).

Pacnipoctpanenune yeiMHEHHON BOJIHBI B KaHAJIE U €€ B3aUMOJICHCTBUE
C BEPTUKAJbHONW CTEHKOM TakKe PErucTpHUpOBAJIOCH C MOMOIIBIO CEPUUHOM
(OTOCHEMKH, YTO TO3BOJSUIIO MPOBOIUTH CPaBHEHHE PE3YNIbTATOB, IOJIYYCH-
HBIX OT Ipoduorpada u npu aHanuse nudpoBeix Gororpaduil.

Pe3ynbTarhl 3KCIEPMMEHTANIBHBIX HccadeloBaHuil. B mporecce
MPOBENICHHUS SKCIIEPUMEHTOB MOJIEb CyJqHa OYKCHpPOBAach CO BTOPOH KPUTH-

yeckoii ckopocthio U ~ 1,45 m/c . Ha paccrostuuu npumepHo 20-25 METPOB OT

MecTa cTapTa MOJAENb CyJHA OCTaHABJIMBAJIACh, a CHOPMHUPOBAHHAS YEIMHEH-
Hasg BOJHA MPOJODKalla CBOE JBIDKEHHE IO HAINpaBICHUIO K BEPTHKAIBHOM

cTenke co ckopocThio U = 1,3 —1,4 m/c. OTHOCHTENbHAS BHICOTA reHEpUpYe-
Mot Boub! cocrasmsiia A, /h ~0,3...0,35 (cm. puc. 1, 6). Crycrs HeGobIION

IIPOMEXKYTOK BPpEMECHHU YECAUHCHHAsA BOJIHA JOCTUTAJIA MEPECAHETI 0 Kpasd IMpensT-
CTBUSI.
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Puc. 2. @omoxadp pabouezo yuacmxa onvlmoso2o baccelina

[Ipu B3auMoelCTBIHM KOPaOETbHOTO CONUTOHA C MPEMSTCTBUEM Ha-
0I10/12710Ch 3aMETHOE yBEIHYCHHE JIOKaJIbHOTO YPOBHS CBOOOIHOW MOBEPXHO-
CTH M BO3HHMKHOBEHHE BOJHBI Maxa, KoTopasi paclpoCTpaHseTcsi BAONb CTEH-
ku. M3mepenune mpoduiis U onpeelieHne OCHOBHBIX MapaMeTPOB 3TOH BOJIHEI

(MaKCHMAaJIbHOI BBICOTBI /1, M CKOPOCTH €€ PaclpOCTPaHEHHs U, ) MPOBOMIH-

JIOCh C MCIIONIb30BAaHHEM MHOTOKaHAIIBHOTO BOJHOBOTO Mpoduiorpada, ycra-
HOBJICHHOT'O B HEMOCPEICTBEHHON OJIM30CTH OT BEPTHKAIBHOW CTeHKU. [[ns
MOJMy4eHHUs] OoOIIel KapTUHBI HCCIIEAYEMOro SIBJICHUS MEHSUIOCH TOJOXKEHUE
npoduiorpada OTHOCUTEIHHO BEPTUKANBHONW CTEHKH (BIOJb CTCHKH HITH TIep-
MEHAUKYISIPHO €i) U MECTO YCTaHOBKHM OTHOCHTEIBHO TNEpEIHEro Kpas mpe-
MATCTBUS. PaccrosiHre Mexy ceHcopaMH BOJHOBOTO npoduiorpada cocras-
5110 200 M.

XapakTepHblii BUJl BOJIHBI Maxa U 3alKcH JJAHHBIX JaTYMKaMHU Ha pac-
CTOSIHUU 3-X METPOB OT MepeIHEero Kpas MpensTCTBUS MPEeACTaBIeHbI Ha puc.3.
OtmerumM, uto npoduiiorpad ObLI YCTAHOBJICH MEPICHIUKY/ISAPHO BEPTUKAIIb-
HOU CTeHKe. 3amuch MAKCUMAaIBHOTO TOJAHSATHS YPOBHSI CBOOOTHOM MOBEPXHO-
CTH COOTBETCTBYET JaTYHKY, PACIIOI0KEHHOMY BOJH3M CTeHKH. JlanpHuil nat-
YUK PETUCTPUPYET MAJAMOIIUMHA W OTPaKCHHBIM BO3MYILECHHBIH (POHTHI Yy
BHEIIHET0 Kpasi HO)KKK Maxa.

AHanu3 TMONYyYEeHHBIX JaHHBIX TOKa3aJ, YTO aMIUIMTYAa MaxOBCKOH
BOJTHBI MTPHOJIM3UTEIBHO B JIBa pa3a MPEBHINIACT aMIUTMTYAY MaJaoNIeii BOIHEI
(Ha BepTHKaJIbHON CTEHKE OTHOCHTENbHAs BBICOTA BOJHBI COCTaBIsIA

h,/h=~0,6..0,7), a ee cKOPOCTb TaKxke 3HAYNATENLHO BBILIE CKOPOCTH COJH-

Tona (v, =1,88.m/¢).
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Puc.3. Xapaxmepuwiil 6uo oinvl Maxa, pacnpocmpansioweics
600/1b EPMUKANbHOU CIMEHKU. ) 00uwull 6ud, 6) npoduib 6oHbL

IIpu 3TOM CKOpPOCTH pacnpoCTpaHeHMs BOJIHBI Maxa ompenensiach 1o
pe3yibTaTaM W3MEpEHHi, TTOyYeHHBIX JBYMs KPalHUMH JaT4uKaMu (IpoQu-
norpad pacrojokeH BIOIb CTEHKH), PACCTOSHIE MEXITYy KOTOPBIMU COCTABIIS-
a0 AL =980mm . HeobxonuMo Takke 3aMETUTh, YTO CKOPOCTh PacIpoCcTpa-
HEHHSI MaxOBCKOIl BOJHBI B/IOJIb BEPTHUKAJIHHON CTEHKH 3aBHUCHUT OT yIJia ycTa-
HOBKH BEPTHKAJILHOW CTCHKH OTHOCHTEILHO ()POHTA KOPAaOEIBHOIO COJIUTOHA.

Takum 00pa3oM, MO)KHO OTMETHTh, YTO TPU B3aMMOACHCTBUHU YEIH-
HEHHOM BOJIHBI C BEPTUKAJIbHBIM TPEMSATCTBUEM IPU HAKJIOHHOM IaJICHUH
HaOmoaeTcss KOHPUTYpanus TPeX BOSMYILEHHH OKOJO CTEHKH — 3TO Majaro-
MHUA W OTPaKEHHBIH BOJHOBOW (PPOHT M HEMPEpHIBHO pacTylias «HOXKKa»
Maxa, popMupyromasicst mepreHanKyIsipHo K cTeHke. OTpakeHHbBIH BOIHOBOI
(pOHT pa3BETBISICTCS OT MAaJaloIIero Ha HEKOTOPOM PACCTOSHHU OT BEPTH-
KaJIBHOM CTEHKM — y BHEIIHErO Kpas «HOXKW» Maxa. B sxcnepumenTax orpa-
JKEHHasi BOITHA CTaHOBMJIACH SPKO BBIPAKCHHOW Ha pacCTOSHHsIX Oomee 3-x
METPOB OT TEPEAHEro Kpasi BEpTUKAIBLHON CTEHKU.

Jnist u3ydeHus BIUSHASL (POPMBI BEPTUKAIBHOW CTEHKH Ha MPOIIECC OT-
pakeHHsI KOpaOenbHbIX YEJIWHEHHBIX BOJH OBUIM MPOBEICHBI UCCIETOBAHHS C
COCTaBHOM BEPTUKAJILHOW CTEHKOW, MMeromield GopMmy yria (HEKOoTopas Mo-
JieTb OYXThI).

Jiist aToro Obl1a co31aHa MOJIENb BEPTHKAILHON CTEHKH, COCTOSIIAs U3
nByx 4acter Beicotoit 500 a1 qymnoi 4000 ym, KOTOpbIE OBLIM yCTAaHOBJIC-
Hel Tox yriom 40 ° TpaaycoB K MPOAOJILHOW OCH ONBITOBOrO OacceifHa
(puc. 4).

Ha puc. 4, 6 Taxke cxemaTrueckn 0TOOpa)KeHa KapTHHA pacrpocTpa-
HEHHs BOJH B CIIydae CIIOKEHHOH BepTUKaJIbHOU cTeHKU. BuaHo, uro dhopmu-
poBaHue BOJHBI Maxa u OTpaKCHHOH BOJIHBI MPOMCXOIUT HA KaXKI0M COCTaB-
HOI yacTu rpanuiibl. CKOpOCTh pacrpocTpaHeHus BOIH Maxa mpu 3TOM ocTa-
ercsl MPUMEPHO TMOCTOSIHHOW. BrhIcoTa KOpaOenbHOro CONMMTOHA M BOJIH Maxa
COOTBETCTBYET BBIIIEU3TIOKEHHBIM PE3yJIbTaTaM.
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Puc. 4. @omoxadp pabouezo yyacmxa (a) u cxema yCmanosKu
COIHCEHHOU BEPMUKATILHOU CIEHKU 8 Onblmosom baccetite (0)

B pesynbprare pacrnpocTpaHEHUs] «MaxOBCKUX» BOJIH BJIOJb CTEHOK
COCTaBHOTO BEPTHUKAIBHOI'O MPEISATCTBUS HAONIOMAeTCsl CIOXKHBIA TIpoliecc
B3aMMOJCHCTBHS TAKUX BOJH B 30HE YyIVIA C CYLIECTBEHHBIM YBEIMYECHHEM
BO3MYIIIEHUH CBOOOMHOW TOBEPXHOCTH. [IpomcxoauTt mpeoOpa3oBaHUE BOIH
Maxa B KyMyJIITUBHYIO CTPYIO, BBICOTa KOTOPOM B HECKOJIBKO pa3 IPEBBIILAET
BBICOTY caMOM BOJIHBI Maxa.

@DoTOKaapbl CEPUNHON ChEMKH IIpOLIECCa PACHPOCTPAHEHUS «HOKKH
Maxa B10Ib COCTAaBHOW BEPTUKAJIBHON CTEHKH MPEACTABIEHBI Ha pPUC.S.

Bunano, uto nannas ¢opma CTEHKH MPHUBOIUT K KOHIICHTPAIIMU BOJIHO-
BOii SHepruu. T. . IpoBeIeHHbIE HCCIIEIOBAHUS CIIe Pa3 MOATBEPKIAIOT (HaKT,
YTO MOSIBJIEHHE BOJHBI Maxa MOXeT OKa3aTbCsid Ba)KHBIM MEXaHHU3MOM IOBBI-
IICHUS JIOKAJIbHOTO YPOBHS JKUJKOCTH W, B YaCTHOCTH, NPUBOJIUTH K 0Opa3o-
BaHUIO HA MEJIKOH BOJEC aHOMAJILHO BBICOKHX T. H. «BOJIH-YOWHID», OMAacHBIX
JUISL CYyJOXOJCTBA W CIOCOOHBIX BBI3BATH 3HAYMTENBHBIC pa3pylICHUS Ha
oepery.

BuiBoabl. B pa0orTe SKClepUMEHTANBHO WCCIEIOBAHBI TPOIIECCHI
B3aMMOJICUCTBHS KOpaOelbHOH yeJMHEHHOH BOJHBI C BEPTHUKAIBHOW CTEHKOM
IIpY HAKJIOHHOM MajaeHuu. [IporeMOHCTpUpPOBAaHO BO3HUKHOBEHHE BOJIHBI
Maxa, pacnpocTpaHsOIIEHCs BAOJIb CTEHKU. IIpoBeIeHbI N3MeEpEeHUs TapaMer-
pOB Tajaroniel BoJHbI M BOHBI Maxa. [loka3aHo, 4TO aMIUIMTyla MaXOBCKOM
BOJIHBI B JIBa pa3a IPEBBILIACT aMIUIUTYLy HaJarouled BOJIHBI, & €€ CKOPOCTb
3aMETHO BBIIIIE CKOPOCTH KOPAOEIbHOT0 COMTOHA.

Tarke uccienoBaHa BOJHOBAas KapTHHA IPOLECCa B3aHUMOACKHCTBUS B
cllydae COCTaBHOM BEPTHKAIBLHON CTEHKH, MMerolei ¢popmy yria. Ilokaszano,
4TO BOJIHA Maxa M oTpaskeHHas BOJHA (OPMHUPYETCS Ha KaXKJIOW YaCTH CTCHKH.
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Puc. 5. domokadpsi 63aumoodeticmsusi Maxo8CKux 60JiH
8 30He Y2lla CILOHCEHHOU 8epMUKANbHOL CIEHKU

[Ipu sToM HaOMOAETCS CIOXHBIA TPOIECC B3aUMOJACHCTBHUS MaxOB-
CKUX BOJIH BOJHM3M BEpPIIMHBI YTiIa COCTABHOW CTEHKH M CYIIIECTBEHHOE YBEIH-
YeHUE JIOKATLHOTO YPOBHS CBOOOIHON MMOBEPXHOCTH. JIpyruMu clioBaMu, JaH-
Hast popMa CTEHKH NMPUBOAUT K KOHIICHTPAI[A BOTHOBOW YHEPTHH.

[Tosy4yeHHbIE pe3ysIbTaTHl UMEIOT BaXKHOE TPAKTHUECKOE 3HAUEHUE JJIs
MOBBIIICHUS 0€30ITaCHOCTH OKCIUTyaTalluu CYACH, ABWXXYHINXCA B KaHajJIaX, a
TaKKe MPENyNPEKACHUS ONACHBIX CUTyalUil, CBSI3aHHBIX C HAKATOM HEJIMHEN-
HBIX BOJIH Ha Oeper.
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B.B. Cepeopsikos

KABUTALIMOHHBIE TEYEHMUS B ITIOJIE CUJI TSIZDKECTHU YK 629.51

Cmamust codepoicum ananu3 Haubosee NOAHOU KAPMUHBL 3aUMOOel-
cmeusi medeHull ¢ pazeumoi Kasumayuetl, OIUKUX K 0CECUMMEMPUYHLIM, C
noaem cun msicecmu. Imo KOYaem opmMuposaHue YeroCmHoU Kapmunvl
00CMUSHYMO20 YPOBHA NOHUMAHUSL OCHOBHLIX (DUBUYECKUX SGTeHUL 8 MOl
obnacmu a maxdce YCOBEPUICHCMBOBAHUEM UMEIOWUXCA U  pa3pabomKo
HOBbIX MEmMO008 pacyema COBMECHHO C UCCIe008AHUEM BO3MONCHOCTEN
VMEHbUIEHUST 8030€UCMBUS NOJISL CUL MANCECMU HA KAGUMAYUOHHOe meyeHue.

Knwouesnvie cnosa: cynepragumayusi, Ka8epua, 6eCOMOCHb.

Cmamms micmums aHaniz AKHAUNOGHIUWLOT KAPMUHU 83AEMOOLI meyill
3 PO3BUHEHOI0 KAGIMayieio, OIU3bKUX 00 0CecCUMEeMmpUyHUX, 3 HOJIeM CUl M-
acinna. Le exniouae hopmyeanns yinicHoi kapmunu 00CASHYMO20 PIBHS PO3)V-
MIHHSL OCHOBHUX (Di3UHHUX 16U 6 YLl 00ACmi 4 MAKONC YOOCKOHALEHHAM Ha-
SAGHUX [ PO3POOKOI HOBUX MEmOOi6 PO3PAXVHKY CHIIbHO 3 OO0CHIONCEHHAM
MOXCIUBOCEU 3MEHULeHHSL OLT NOJISL CUL MANCIHHA HA Meyilo Kasimauyii.
Knrouoei cnoea: cynepragimayis, kagepna, 6a208Umicime.

The paper contain analysis of overall pictures for interaction flows
with developed cavitation close to axisymmetric with gravity actions. This
includes formation of overall picture of achieved level of understanding in this
field and also perfecting having methods and development of new approaches
for calculations together with research of possible ways for decreasing of the
gravity action on cavitational flow.

Keywords: supercavitation, cavity, gravity.

BBenenmne. [IprmeHeHne KaBHTAlMKM K MpoOieMe CHIDKEHHUS COIMpPO-
TUBJICHUSI OTPaHHYECHO OYCHb BBICOKHMMHU CKOPOCTSIMHU JIBH)KEHHSI, YTO HE BCE-
ra TpueMiIeMo Ui psia ABHXKYIUXcs cpeactB. C yderoM akTyadbHOCTH
MPUMEHEHUS KaBUTAIlUH ISl CHHYKCHHUSI COMPOTUBIICHUS B TMANa30He HEToCTa-
TOYHO BBICOKHX CKOPOCTEH, B paboTe MPOBOJUTCS aHAIN3 OCHOBHBIX PEIICHUH
W OKCTIEPUMEHTABHBIX JaHHBIX B 00JACTH BO3JEUCTBHS TOJISI CHII TSDKECTH Ha
KaBHTAIIHOHHOE TCUCHUSI.

Heo0xoquMocTh MpUMEHEeHUs] KaBUTAIMU B JIANa30HE HEAOCTATOYHO
BBICOKMX CKOPOCTEHl ABMKEHHs TECHO CBs3aHa C MpoOieMaMu pacdera U Ha-
JIKHON OIEHKH CYIIECTBEHHOTO BO3JICHCTBUU TIONS CHII TSDKECTH HA KaBUTA-
IIMOHHOE TeueHue. Llenb HacTosmel paboThI 3aKII0YAETCs B TOM, YTOOBI MPea-
CTaBHTH LENOCTHYIO KapTHHY NMOHUMAaHHWsI OCHOBHBIX (pu3mueckux 3 QeKToB,
CBSI3aHHBIX C B3aUMOJICHCTBHEM Pa3BUTHIX KaBUTAIMOHHBIX TEYCHUH, C TIOJIEM
CHUT TSDKECTH.

© Cepedpsikos B.B., 2015
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D10 BKJIIOYAET pa3pabOTKy BO3MOXHO OoJiee MOJHOW CHCTEMBI MpaK-
TUYECKMX METOJIOB pacyueTa Pa3BUTHIX KAaBUTAIMOHHBIX TEUECHUH, OJM3KUX K
OCECHMMETPHYHBIM C YYETOM CYIIECTBEHHOT'O BO3JICHCTBUS BECOMOCTH KH/I-
KOCTH M UCCJICJOBAHUEM BO3MOXKHOCTEH YMEHBIICHHUS MM KOMIICHCAIIMH 3TO-
r'0 BO3JICHCTBHS.

[Ipobnembl uccaenoBanus B3aUMOICHCTBUS KABUTAIIMOHHOT'O TEUCHUS
C MOJIEM CHJI TSDKECTH MMEIOT JIONTYI0 MCTOPHIO HAYHMHAs, C U3BECTHBIX paboT
o Bxonay Tena B Boay G. Birkhoff, J. Levi, A. May, I. Moran u ap., HauuHas ¢
40-x rogoB XX cronerus [1].

Pe3ynbpTaThl WCCHENOBAaHUM BIMSHHS TIONSI CHJI TSDKECTH B paMKax
IJIOCKOM MOZAETH IpeacTaBiieHbl psjgoM pador [A. Acosta, C. Leno-R. Street,
O. Kucenes-JI. Kornsip, A. Ky3nenos, A. TepentseB u jp. HanGonee nonnbrit
0030p THX UCCICIOBAHUI COJEPIKUTCS B MOHOTpadu [2]

B ciyyae ocecuMMeTpUYHBIX TeueHUI Hambonee 3 QeKTUBHOE pelie-
HUE 3a]a9d O BXOJIE TeJl B BOJY OBLIO MONY4YeHO (HaKTUYECKH HAa OCHOBE M3-
BECTHOI'O MPHUHIIMIIA HE3aBUCUMOCTH PacIlIMpeHus KaBepHbl [3] B paborax [4].
JlocTaTOYHO TPOCTHIC PEHICHUS JUIsi BEPTHKAIBHBIX KaBEPH OBLIM MONYYCHBI
nocie pa3paboTKH TPOCTBIX ypaBHEHWH IS pacdera KaBepH IepeMEHHOr0
namieHus [6-8]. B pabote [8] ompeneneHo ycloBHE CYIIECTBOBAHMS KaBEPH C
TOYKOW 3aocTpeHus. PopMa M OCHOBHBIC pa3Mepbl BEPTHUKAIBHBIX KaBEpH
onpenenenbl B paborax [10; 11] HenuHeiHbIM YicIeHHBIH pacdyeT KaBepHBI C
YYETOM BIIMSIHHMSI BECOMOCTH TpencTapieH padoramu JI. ['yzeBckoro [12] u ap.
DKCrepuMeHTAIIbHBIE MCCIIEJOBAaHUSI B 3TOH OOJIACTH MPOBEICHBI B OOIBIIOM
KOJIMYECTBE pabOT, OTMETHM 37eCh, HcciaenoBanus [13; 14]. Teopus Bo3Mmyiiie-
HUH OCECMMMETPUYHBIX KaBEPH MpPU BO3JCUCTBUH IO CHUJ TSXKECTH IIpel-
craBieHa psaoM pador 0. XKypasnes, B. Byiteon, A. bonorun, B. Boponus,
I'. Cy0xankynos, 1. Kirshner coBpeMeHHOE COCTOSHHE MCCIICIOBAaHUN B 3TOM
00JIacTy IpeICTaBlIeHO MOHOTpaduei [2].

B HacrosiieM KaBHTAIIMOHHBIE TEUEHUS B IOJE CHII TSHKECTH MOTYT
OBITH paccYMTaHBl HA OCHOBE HETMHEHHOT0 YMCIEHHOTO pacieTra, HO HeJIMHEH-
HBII YMCIICHHBIN pacyeT HEeCTAllMOHAPHBIX U TPEXMEPHBIX, B YACTHOCTH OJIN3-
KHX K OCECHMMETPHUYHBIX TSUCHHUH SABJISCTCSA HE MPOCTOH mpobnemoit. OnHako,
B JII0OOOM ciy4ae HanOosee 3((heKTUBHBIMHU ITPAKTHYSCKMMH METOIaMHU pacue-
Ta TIOJABIISIONICH YacTH 3a7iad B 3TOW OOJNACTH, SBJSIFOTCS METOIBI pacdera B
TOM, WJIM MHOM Mepe CBA3aHHBIMU C U3BeCTHOM [ 'mapoannamukoit Tonkux Ten
1 U3BeCTHBIM «[IpMHIMIIOM HE3aBUCUMOCTH pacliMpeHus kaBepHb» I'. Jloreu-
Hou4a [3]. HanOosee BayKHBIM C TOYKH 3PEHHUS BO3ACHCTBUS IMOJIS CHII TSDKE-
CTH Ha KaBUTAIMOHHOE TEUCHHUE SIBIISICTCS OMpENEIeHHE OCECHMMETPHUYHBIX
nedopmanuii popMbl KaBEPHBI COBMECTHO C HAUOOJIBIICH YaCThIO TPEXMEPHOM
nedopmarn, 00yCcIOBICHHOW HCKPUBIICHHEM OCH KaBepHBI. [Ipu 3ToM Kaxaas
W3 TUX YacTel aedopMalid MOXKET ObITh OnpejieliecHa He3aBUCHMO.

[MpuHIMI HE3aBUCUMOCTH PACHIMpPEHHUs KaBepHbl [3], cdopmymupo-
BaHHBII paHee HA OCHOBE DKCIIEPHUMEHTOB, B HACTOSIIEM SIBIISICTCS OIHUM W3
CIIC/ICTBHI aCUMIITOTUYECKOH TEOPUM TOHKHX OCECHMMETPHYHBIX KaBEpH

[6-8; 10; 15].
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OcecuMMeTpUYHbIE KaBEPHbI-OCHOBBLI Teopuu. OCHOBOH Teopuu
TOHKHMX OCECUMMETPHYHBIX KaBEPH SBJISCTCA HHTErpo-auddepeHinaibHoe

ypaBHEHHE CTal[MOHAPHOW KaBepHBI 7 = R(X) 3a kaButaTopoM » =7,(x) Ha

ocHoBe m3BecTHOM ['mmpoaunamuxu Toukux Ten [6]. DTo ypaBHeHHe, 3amu-
CaHHOE B IWJIMHJPUYECKOW CHUCTEME KOOPIUHAT, CBSI3aHHOW C KaBHTATOPOM

IpU 00TEKaHHH ero MOTOKOM XKHJIKOCTH co ckopocTbio U mMeer BUJ
2.2 2p2
dr, d°R

1 (dr> 2 d2R? R? X A |x:xl - e
5 +——-In - —-[ 23 - X dx, -
2R\ dx dx 4x(L —x) |x1 x| )
d’R* 4R’ dr; | dR’ |
x =X 2 T k=0 x=L
_-[ d dx dxl _ dx + dx — 20()6)
—ﬂ X L—x

2 o
3nece 0 =2(P, - P) / pU . — 4ucno KaBUTaLMK IPU TIEPEMEHHOM 110
X BEIMYMHE PA3HOCTH BHEIIHEro AaBicHHs P, ¥ naBneHus B KaBepHe P :
o=0(x), U, — ckopocT BHENIHEro MOTOKAa, O — MaccoBas IUIOTHOCTh

’KMJKOCTH, KOOPJJMHATa X = X, COOTBETCTBYET CEYECHHIO OTpbIBAa CTpyH. ToH-

KOIl mpenrmonaraerca MoBepXHOCTh, MOMEpeyHbIe pa3Mephl KOTOPOil Mallbl, 1O
CPABHEHUIO C €€ JUIMHOW. TOYHOCTH ATOr0 YPABHEHUS COOTBETCTBYET HENM-
HEHHOM Teopuu 2-To MOPsIKA.
Hecraumonapusiii BapuanT ypaBHeHus (1) ompenensiercs mpu ero 3a-
MKICHU B CUCTEME KOOPJMHAT, CBI3aHHOW C HEMOJBMYKHOM KUIKOCTHIO.
AcumnroTnueckoe peuieHne ypaBHenus (1) mpu o =const B mpu-

ONMDKEHUH TEOPHH TOHKUX Tel MpH 1/ A — 0 ompenensier 3aBUCHMOCTH 2T0
HopsiZiKa JJI1 OCHOBHBIX ITapaMETPOB CTAallMOHAPHOM IPU O = COns! OCECUM-
METPUYHON KaBEPHBI: BEJIUYUHY YKclia KaBuTamuu O =0 (A) B 3aBUCHMOCTH

OT yJUIMHEHMsS KaBepHbl A =L, / R, , HanOonpmmii paguyc KaBepHbl R, , MO-

Tynnuny KaBepHsl L, [1; 15]

Je, In 22
R = chd 14 21n2/\/_ R NG/ [1_lne/2}

o nA* | Le=R, o In 22
2InA/e
o

[pu puKCHPOBAaHHOM pa3Mepe KaBHTAaTOpa yMeHblleHHe o —> 0 mpH-

2

BOJHUT K HEOTPAaHHUYCHHOMY YBEIMYCHHUIO Y/UTMHECHHS KaBEpHbI A —> 00, mpu
3TOM pa3Mephl KaBUTATOpa IO CPAaBHEHHUIO C KaBEPHOI, CTpeMATca K HYIIO.
Pemenuio (2) COOTBETCTBYyeT CHMMETPHYHAsl KaBEpHA 3a OUYCHb MajbIM ~
0(1/ 2,2) npu 1/2 — 0 kaButatopom ~ 0(1/ 12). Pesynbrathl pacuera 1o 3a-
BHCHUMOCTSM (2) B CpaBHEHUU C JJAHHBIMU HEIWHEHHOr0 YHCIEHHOI'O pacyera
[16] wnrocTpupyroTCs Tabnuiei
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\o 0,03 0,04 0,05
A 3aBHCHMOCTS ( 2) 11,327 | 9,291 7,924
A HEMWHEHWHBIN YUCICHHBIN pacueT [16] 11,456 | 9,453 8,132
R, /R, 3aBUCHUMOCTb (2) 5,537 | 4,834 4,357
R, /R, HenuHeWHbIN yncneHHbIl pacuer [16]] 55544 | 4,8448 | 4,3624
L, /R, 3aBuUCHMOCTSH (2) 63,497 | 45,583 | 36,109
L, /R, HenuHelHHbIN 4McneHHbl pacuer [16](63,5181| 45,8 35,4731

3aBucuMOCTH (2) MOTyT OBITh NPEACTABJICHBI B BUJIC HM3BECTHBIX BbI-
paXkeHuH, CoIepKalmMX JOCTATOYHO MENJIECHHO HW3MEHSIOMHNECS BEITHYUHBI

M,k
Rop Sl R 2en 21 3)
ko o} k o}

C yderoM JaHHBIX HENMHEHHBIX YHCIICHHBIX pAcUYeTOB IS KaBepHBI 3a
KOHYCOM, BKJIFOUasi JMCK, MO0 CHMMETpHYHOH cxeme PsOymmnckoro [16], u
crienu(pUUECKUX pacdyeToB KaBepH 32 TOHKUMH KOHYCaMH TIpHU 3aMbIKaHUW Ha
auck [17], aciMIToTHYECKHE 3aBUCUMOCTH petiienuit (2) mist i,k cymiecTBeH-

HO YTOYHSIOTCSI C YBEIIMUEHUEM UX JUAIAa30HOB IIPUTOAHOCTH B BUJIE
A+0,9
TR
y >10°,UO <0,21k51-%\/52,kz1_ 21n2/\/g .
In(0,74 +4) In(4/c, +18)

“4)

Pa3Mepbl TOHKMX KaBepH B paMKax IMEPBOTO MPUOIMKEHHS 3aBUCST
TOJNBKO OT y/UTMHEHHs KaBEPHbI A M 3Ta 3aBHCUMOCTh IOCTATOYHO ciiabasi.
Bemuunna k ~ 0,96 +1 [3] sBusercs oyeHb c1aboil 3aBUCHMOCTBIO OT O |

A . Ipu o, >0 Bennuuua k Qopmupyercs B paiioHe MepPeTHUX YIaCTKOB Ka-

BEPH IIpU O =G, B 3T0i obnactu. C yd4erom ombITa pacyeToB, 3aBUCUMOCTH

(4) mpuromHBI TakXe IS pacdyeTa OCHOBHBIX Pa3MEpOB KaBEpH Pa3IHYHOM
(OpPMBI CYIIECTBEHHO OTIMYHBIX OT OOBIYHOW KaBEPHBI C yYETOM MPHMEHEHS
YAJTUHEHUS PacCUYUTHIBAEMBIX KaBEpH.

ConpoTuBJjieHne, MOAbeMHAsA CHJIa KABUTATOPOB — NMPaKTHYeCKHI
pacuert. [Ipu cTanmoHapHOM OOTEKaHUH C YYETOM BBIPaXKEHHS JIJISI CONIPOTHB-

neHust kautatopa: D =c,S, pU’ / 2,8, = 77:R3 , R, pammyc xaBuTaTopa B

CEUEHUH OTPBIBA CTPYH, BEIUYUHA C, I KOHYCOB ONPEIENAETCS Ha OCHOBE
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AT pOKCUMAITUH JTaHHBIX HETMHEHHBIX YUCIEHHBIX pacueroB [16; 17]. B oma-
nasone yrmos 0°<y <90°, B(y)=y°/90° annpokcumupyioue 3aBucH-
moctu 1 ¢, B dhopme ¢, =c,,+ K, O , Bkmodas auck — ¢, ~0,82(1+0),

TIOJIYYCHBI B CIICIYIONIEM BU/IE:

-087B(n)"

d0

B0, 1.74[1- 045 B() +2(»))
2 mB(y)
0,89-0,017
B +0,028 |

3aBucuMocTd (5) A1 KOHYCOB MOTYT OBITh TaKKe HMPUMEHEHBI IS
JIOCTaTOYHO HAJESKHOM OLIEHKU CONPOTHUBIICHUS TOHKUX KaBUTATOPOB PA3JINY-
HBIX ()OPM IIPH COBIIAJICHUU UX YIUIMHEHHS U yIJia HAKIOHA B CEYEHUS OTPhIBA

)

K, =[0,46+0,398(y) +

cTpyii ¢ napamerpamu koHyca. KodspGuuueHTs! noaAbeMHON CUIIBI €, AUCKA U

TOHKHX KaBUTOPOB OMNpeEAeNsioTcs 3aBucuMocTsamu (6) [3], rae (71'/ 2-— ﬁ) -

SIBJISIETCA YIJIOM aTakd IUCKa, ¢ — YIJIOM aTakyd TOHKOI'0 KaBUTaTopa.
Huck

Cq =4 (cos B)(sin B), B <45°%c,, ~0,82¢c, tan B mpu f —0; (6)

ToHKkuit KaBUTATOP
¢, =2tana, o <15°-20°.

3aBUCHUMOCTH (6) /U1 TOHKOTO KaBUTAaTOpa MPUTO/HA TIPU COXpPaHEHUS
(B 9acTHOCTH B SKCHEPUMEHTaX) OE30TPHIBHOI'O OOTEKAHHUsS €r0 BEpXHEH MOo-
BEPXHOCTH.

Tonkune kaBepHbl, 01M3KHEe K O0CECHMMETPMYHBIM — MpaKTHYe-
ckuii pacuer. [Ipu Maneix Bo3MymeHUsX (popma KaBepHBI, OJIM3KOH K oce-
CUMMETPHYHOH, MOXKET OBITh MpeJcTaBieHa B BUJE CYNEPIO3HUIUU OCECHM-
METPUYHOTO pelIeHus u JieopMaIuy 3TOro pelleHus BCIEICTBUE NCKPUBIIE-
HUS OCH KaBEPHBI.

Pacuem ocecumempuunoii cocmasnsowen peuwenus. Hanbonpimas 1o
BenM4MHE TU(QPepeHInanbHas yactb ypaBHeHus (1) sBISieTCSl €ro mepBbIM
npHOJIMKEHHEM. JTO MO3BOJSIET JIOCTATOYHO TOYHO amMpOKCHMHPOBATH UHE-
Terpo-nudepeHnuaibHoe  ypaBHeHHe AU (depeHInaIbHbBIM  ypaBHEHHEM,
COZlepIKAIMM BEITUYMHBI L,k , ONpesensieMble Ha OCHOBE PEIICHHI BTOPOTO
npubikenust [6; 15]. TIpu 5TOM moteps Ha4aJbHOTO YCIIOBHS B CEUCHHHU OT-
pBIBa CTPYH KOMIIEHCHPYETCS C TIOMOIIBIO 3aKOHA COXPAHEHUs SHEPTUU pajau-
aTbHOTO paCIIMPEHUs CEUEHHUS KaBEPHbI B 3TOM CEUEHHH. ODJIEMEHTapHOE
ypaBHeHHE sl GOpMBI KaBEpHBI COBMECTHO C HadalbHBIMU YCIIOBHSMH B Ce-
YeHWU OTpPBHIBA JJIS pacuera TOHKUX OCECHMMETPUYHBIX KaBEpH IPH CTaIHO-
HApHOM OOTEKaHMH MOXKET OBITh NPEACTABJICHBI B BHIE 2-X allbTEPHATHBHBIX
BapuanToB (7) [7; 8]
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@) MUCK, TOHKHU KaBUTATOp  0) JAMCK

2p2
g2 u o) =0
w R o =0, =
dx2 . dR2 | _p 2& (7)
R |x:O: Rn dx x=0 n k‘u.
R’ | =0
H.:K.H:&ﬂ’]enmh =R, &,Rﬂ, =0.
0,82 - ko ku, 0 ku, 0

Bapuant ypasuenuii (7 a) mpumeHsieTcs Ui ciiydas KaBepH 3a TOHKH-
MU KaBUTATOpaMH M KaBUTOpaMH THIIA JIMCKA, OHAKO B ciydae aucka (opma
KaBepHbI BOJIM3H JHMCKa OMHUCHIBACTCS JOCTaTOYHO Tpybo. B ympomennoM Ba-

puante (7 6) pasMepaMu MaJIoOi, MOPSAKA ~ 0(1/ if) 10 CPaBHEHHIO C pa3Me-
paMu 00jacTH 00JIaCTH B pailoHEe KaBHTaTropa, npeneOperaercs, A, — xapak-
TepHAas BEIMYMHA PACUYCTHBIX YJIMHEHHUH KaBEpHBbI. DTOT BapHaHT Haubolee
MPUTOZIEH JUTS pacyera KaBepH 3a KABHUTATOPOM THIIA JMCKA, Koraa uHpopma-
st 0 popMe MOBEPXHOCTH KaBEpHBI BOIM3H KaBUTOpa HeCyllecTBEHHA. 37eCh
BEJIMYMHBI [,k B MIMPOKOM jauana3oHe (popM KaBUTATOPOB U KaBEPH C JOCTa-
TOYHON TOYHOCTBIO MOTYT OIPENEIATHCS 3aBUCUMOCTSIMH (4) (HE3aBUCHMO OT
(OopMbI KaBUTATOPA) MPU MCIIOIB30BAHUU B KAUeCTBE A — YUIMHEHHS KaBep-
HBI, COOTBETCTBYIOIIEE KOHKPETHOMY pAacueTHOMY CIy4Yar) HW3MEHEHUS
o =0 (x). Ousuyecku BenuunHa [ XapakTepu3yeT MHEPIMOHHEIE CBOICTBA

PACIIMPSIOIIETOCS TTOMEPEYHOr0 CEUCHHUST KaBEpHBbI, k - neGonbuoit epeHoc
OHEPruu T€YCHUA BIOJIb CeUeHU KaBCpHbI, BEJIMYHNHA K'. ~1 HeGOJ’IBIHafI I10-

MpaBKa, CYIIECTBEHHAs IPU pacyeTe HEMOCTaTOYHO TOHKUX KaBepH. PerieHue
CUCTEMBI ypaBHeHUH (7 a) TP G = COnSt MMEET BUJ

R*=R>+R, 2(02_k0)x— 7 ¥

R =R .|S L _R, |2p.(c; —ko) _ka),L -
ko o k

LCZ% %(\/Cd_ko""\/a)

3necy L, — nnuHA KaBEpHBI OT CEYEHHUs OTPHIBA JI0 CEUCHHs C MAKCH-
MaJlbHBIM PaJMycoM KaBepHbI R, , L, — nnuHa 3a[Heil yacTH KaBepHHI Mocie

mvugens, L, =L, + L, —nonHas 1unHa KaBEepPHBI OT CEYEHHUS OTPBIBA CTPYH.
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B cnydae moctatouHo OONBIIMX YHAIHMHEHHH MOXHO HCIIOIB30BATh
HpENEIbHbIN IIpH 1/ A — 0 Bapuant ypasuenuii (7 6). Pemenue 3a1a4uu B 3TOM
cily4dae

R*=R —x—2—x

Ro=R .|, —op =2 |2HCa
ko o k

Hecraunonapusiii BapuaHT cucteMsl ypaBHeHU# (7) B cuctemMe KOOp-
JIMHAT, CBSA3aHHOM C HEMOJBIIKHOM KUAKOCTBIO, MMEET BH/I

2p2
OR* | 28P(x0) _

u(x) v
OR’ e, (x) — k(x)o, (x)]
_|t=t x:Rn( )U( )\/ |1 =
ot 5 (%) X)U (X k() (x) 0 ©)
2cd (x)

=R U —

R Py

R |, =R/, =0.
A

3nech, aHanmorumuHo cucteme (7), TakKe BO3MOXHO MPUMEHEHHUE 2-X
BAPUAHTOB HAYAJIbHBIX yCJIOBUM. IIpu NIBWXKEHHMH KaBUTaTOpa C IEPEMEHHOU

ckopocteto U, =U (tf) mo 3akoHy x, =X,(f) B HENOIBMKHOW KMJIKOCTH,
BpeMsi TIPOXOXK/ICHHsI KABUTATOPOM HEIOJBHKHOTO CEUCHUSI JKHIKOCTH OIpe-
nensiercs 3aBUCUMOCTbIO f, =1, (X)B Buae dyHKuuu, obpaTtHoit X, =x, ().
IIpy 5TOM BEITHYMHBI HCXOAHBIX JAHHBIX B 3ajaue (9), 3a1aBacMbIX OOBIYHO B
Buae Qpyukumit or {, nmpeoGpasyrores K Buay GpyHkuuii or X . B wactHOCTH,
IPU CKOPOCTH [BWKCHHsA KaBuTaTopa B Buiae ¢ynkmuu U, =U (f) s1a
GyHKIMS TpH TpUMEHEHHH B YypaBHeHUsX (9) mpeoOpasyercss K BHIY

U,=U,(®)l,=U(x). Ananorn4no pomkHbl ObITb NPEACTABICHBI 3aBH-

CHMOCTH Il BCEX MCXOIHBIX NAHHBIX IS 3TOW 3amaun: c¢,, 0,, R, wk,
3aJaBaeMbIX OOBIYHO B BHJIE (PYHKIHIA OT BpEMEHHU f .

Pemenue 3amaun (9) B cuctemMe KOOpIWHAT, CBS3aHHOM C HEMOIBHXK-
HOM JKUKOCTBIO B OOIIIEM CIIydae ONMpene/sIeTcsl ABOHHBIM HHTETPUPOBAHUEM

2 [cd (x)—k(x)o, (x)]
k(x)u(x)

R*=R}(x)+2R, (x)U(x)\/ [1,—1,(0)]-
—L) j[ j AP(x,t)dtdt.
t,(x) t,(x
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ITpu AP = AP(Xx), COOTBETCTBYIOIIEM IIOCTOSHHOMY JIABJICHUIO B

KaBEpHE U IIPU PACIIMPEHUU CEUEHUS KaBEPHBI B HETIOJBUKHOM JKUJIKOCTH, 3TO
peLIeHe HaXOANUTCS B 3aMKHYTOM BHJIE

x) —k(x)0,(x)

R? =R*(x)+ 2R, (x)U(x) €l [t, —,(x)]-

2k () u(x) (10)
AP 2
o (AQ)]
) 2 2¢,(x) 3 3 AP 3 >
VE = 0:R =R,V s sl =)= ol —,F

3aBucumoctu (7)-(10) TO3BONAIOT MOITy4YaTh JOCTATOYHO HAJACIKHBIE
pe3ynbTaThl B OOJBIIMHCTBE CIIYYaeB MPAKTUYESCKOTO TIPUMEHEHHS W TIPOBEpe-
HbI MHOTOKPaTHBIMH 3KCIIEpUMEHTaMH. B OONBIIMHCTBE CllydaeB B AWana3oHe
Ao ~7+17 Benuunubl (,k MOTYT OBITH MPUHSTH B KAYECTBE YHUBEPCATBHBIX
koHcTanT u~ 2, k~0,96.

KaBepHbI Ipy BePTUKAJILHOM JBUKEHHHU B 10JI€ CHJT TSIKECTH.

Hecmayuonapuvie kagepuvl npu 6xode u 8vixooe men uz 600vi. Hanbo-
Jiee TIPOCTHIM SIBJISIETCS onpezeieHne (OpMbl KaBEPHBI TIPU BEPTHKAILHOM TMO-
IPY)KEHUHU M BCILIBIBAHUM KaBUTATOpPa THIA JAUCKA. PUCYHOK | WILIFOCTpUpPYET
pE3yNbTaThl DKCIIEPUMEHTA 110 BXOJY B BOILY U MOTPYKEHHUIO COBMECTHO C JIaH-
HBIMH pacyera B CIlydae MOCTOSIHHOW CKOPOCTH IOTPY>KEHHs, TIOJy4YeHHBIC B
pabote [5].

B npeneOpexxennu pazMepamMul KABUTAaTOpa M BIIMSIHUEM ra3a B KaBepHE
peIeHre 3a1aud B 3TOM ciiydae omnpenensercs uaTerpaioM (10). Ilpu mocro-
sHHOM ckopocTu aswkenus x, =Ut, t (x)=x/U, AP = pgx u c yuerom

IpHUMeHeHns1 obe3pa3MepuBaHus MO paauycy kaButatopa R =1, pemenue

IMIPUHHUMACT BU

R = %(xn _x)_liRz" x(xn _x)z’xo =0,5x, (11
o

[Ipu 3TOM Ha OCHOBE pElLIeHHs CUCTEMBI 2-X YpaBHEHUIH

2
R (x)= o,cili —0,x, = 0,5x, = Fr, | 2K
x n

OonpeaAcisA€TCAa paCCTOAHUC XO A0 CCUCHUA ICPCIKATUA KaBCPHBI OT IMOBECPXHO-

cti Bombl. [lpu 3HaueHmsix KoHCTaHT: U~ 2, k~ 0,96 3aBucumocru (10);

(11) coBnazmaroT ¢ penieHus My, MOTy4eHHBIM B paboTax [4; 5]. Pacuers Hecra-
LIMOHAPHBIX KaBEPH MPHU MOTPYKEHUU U BCILTBIBAHUU IIPU TMEPEMEHHBIX CKOPO-
CTH, Pa3MepOB KaBHTATOpPa U CONMPOTHBIEHUS ONPEENSIIOTCA aHAIOTHYHO Ha
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ocHoBe unTerpaiioB (10), (11), kak B ciayyae KaBUTATOPOB THIIA JWCKA, TaK U
TOHKHX KaBHTATOPOB.

Puc. 1. Iloepyoicenue —
NOCMOSIHHASL CKOPOCHD,
MOYKU — pacuem

Puc. 2. Iloepyscenue — cmayuonapnas
8EPIMUKATIbLHAS KABEPHA

Cmayuonaphvle 8epmuKkaibHble KagepHbl. XapaKTepHbIM B 3TOM CIIy-
yae SBJSETCS W3MEHEHHE NaBJeHHs B KaBepHE B IPOIECCE BEPTUKAIBHOTO

JBHKEHHUS, TIPU KOTOpOM 3aBHCUMOCTh AP(X) B cucreMe KOOpIHMHAT, CBSI3aH-

HOM C ABMXKYIIMMCS KaBUTATOPOM, OCTaeTcsi Hem3MeHHOoM. [Ipu 3ToM pa3HoOCTh
JIABJICHUN B CEYEHMM KaBEpPHBI B HEIMOJBM)KHOW KHIKOCTH OKa3bIBAETCS Iepe-
MeHHOU. Popma KaBEpH B 3TOM Cllydae B CUCTEME KOOPAMHAT, CBSI3aHHOM C
JIBIKYIIMMCS KaBUTATOPOM IPH BEPTUKAJIBHOM TOTPYKEHHWU WU BCIUIBIBAHHH,
orpesensieTcs Ha OCHOBE 0oJiee MPOCTOro BapuanTta ypaBHeHuH (7).
ITorpyxxenue
2 p2
dd)fi =% Eg—)ngz =R, 2&x—lﬁxz +ig—)§x2.
o pU; ku 2 u 3ul;

3,[[60]) O, — BCIIMYMHA YHCJIa KaBUTAallMM B CCYCHUHM KaBCPHBI 3a KaBH-

(12)

TaTOPOM. AHAJIOIUYHO MOSBJIEHUIO CEYEHUS MEPEKATHS MPU BXOAE B BOLY,
2
31ech npu cootHomenun o, Fr. =4/3 [9], (L — niuHa KaBepHBI), Kak 9T0

BHJIHO Ha PUCYHKE 2, TAK)KE UMEETCA CEUYCHHE MepPeKaThsl B 3aJHEH YacTH Ka-
BEPHBI.
BcnneiBanue
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d2R2:$& 2 gx R R 2cd _loy, » 1 gx ,

X ——25x
dx’ U /,tU2 k,u 2 u 3uU?

(13)

3neck caydait o, <0 coorBercTByeT naBieHuio P B kaBepHe 06Omb-
IeMY, TI0 CPABHEHHUIO C THIPOCTATHYSCKHM JTaBlICHUEM. B 3TOM cilyuyae Tarkke
UMEeTCsl CeYCHHE IMepexaTuss B pailoHe KaBUTATOpa IPH COOTHOIICHUH
o F rL2 =2/3 . ®usnuecku TOT Ciydail COOTBETCTBYET YCIOBUAM BO3MOKHO-

cTu 00pa3oBaHKs KaBepHbI Oe3 kaBuTatopa. [1o-BHIMMOMY, aHAJIOTHYHAS BO3-
MOXXHOCTb MOXET HMETb MECTO TaKXKE B ClIydac BCIIJIBIBAHHA HeCTaHHOHapHOﬁ
KaBEpHBI MU PABEHCTBE NIABJICHUN B KABEPHE U B JKMJIKOCTH B HAa4aJlbHOM
CEUCHHUU 00pa30BaHUS KaBEPHBHI.

3aBucumocTy 1is pOPMBI IIPEETbHBIX KaBepH X = X/L, R = R/ R, .

[Torpyxenue
2 gy S I D el \/_—~1089
3 V2 2L, 'R
BembiBanue (14)
2 = R 8
o, <0,0,Fr’ ==:R :4x 1—x ;l:\/g—zl,54
0 <00, Fr; =3 ( >2Lk AT

Puc. 3. Bepmuxanvhbie kagephvl npedeibHuIX hopm, x= x/L, R= R/ R, :

— noepyorcenue npu oFr, =

’

oW

— ecnavieanue npu 1/ Fr, = 3 ;
————— — kasepna npu G = CONst, 1/F’”L =0.
@opMmbl TIpeNeNbHBIX KaBEPH IPH IOTPYKESHUH UOFrL2 =4/3 n

2
BCIUIBIBAHUU O [7, = 2/ 3 WUTIOCTPUPYIOTCS Ha PUCYHKE 3.
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C yuerom 3aBucuMocTer (14) U aCHMITOTHYECKONW 3aBHCHMOCTH 2-TO
TopsAKa JUTS YKciia KaBUTAlUK OT yAiuuHeHus (2) [6], yTouHeHHO Ha OCHOBE
JMAHHBIX HEJTMHEHHOTO YHCICHHOro pacuera [16] BKIIoUas 3aBUCHMOCTE (4)
a1 [, ompenensroTcs TakkKe aHAJIOIMYHble MPUONMKEHHbIE 3aBHCHMOCTH

0, =0,(A) or ymmHenus npenenbHbIX (HopM KaBepH Hpu morpyxenun (15)

U BCuibiBaHuU (16).

[Torpyxxenue
o, Fr} :i:oo _ ! > 21111’092“_'_0’9. (15)
3 (1,092) Ve
BcenuisiBanue
2 1 1,544 +0,9
o, <0,0,Frf==:0,= 2In= . 16
0 0" =3 % (1’541)2 \/E (16)

Pucynok 4 mimocTpupyer KpuBbIe NMPEAETbHBIX YUTMHEHUN MPH T0-
TPY’KEHUU U BCIUIBIBAHWH, ONpeAesieMbIx 3aBucuMoctaMu (15; 16). Kpussie
MpeaeNbHbIX YIJIMHEHUH OTpaHMYMBAIOT AMANa30H BO3MOXHBIX YITMHEHHI
3aMKHYTBIX KaBepH, YAJIMHEHHUS KOTOPHIX HE MOTYT MPEBOCXOAUTH 3HAUEHHI
Ha 3TUX KPUBBIX.

Ipaxmuueckuii pacuem gepmuxanbHblx kagepH. C ydeToM JI0CTaTOUHO

IPOMO3/IKUX 3aBHCHMOCTEH JUIs HaubonpIuero paauyca R, 1 yIIMHEHUs Bep-
THUKaJBHBIX KaBepH Hanbosee 2 (HeKTHBHO MPUMEHEHNE aHATUTHYCCKIX 3aBH-
CHUMOCTEH /U1l KOOPAMHATHI MUJIENs KaBepHbI L, 1 IIMHBI KaBepHbl L .

[Tpu ToM HanOONBIINI paguyC BBIpaXKaeTcsi OJHON M3 3aBUCHMOCTEH
(12); (13) B Ge3pa3MepHOM BHJE OTHOCHTEIHLHO pajiiyca KaBHTaTopa B ceue-

HUH OTpbIBA CTpyi R, (pammyc aucka) mpu x =L ; x = x/ R ,L =L, / R, .
Omnpenensercss BEIUYNHA YUTMHEHHS KaBepHBI A = 2R, / L v Ha ocHOBe 3aBU-

CUMOCTH (4) ¥ COCTABIIAETCS yPABHEHUE [UISl ONPEAEICHUS BENUIMH [

u=1In L M+0’9 ) (17)

\/; 2Rm(0-0’a)’:u)
3necs @ = 1/ Fr, , pelenne s {4 HaxopuTcs uncienno. [pu perre-
HuU ypaBHeHUs (17) (cucTeMbl ypaBHEHUH) MPUMEHSIOTCS 3aBUCUMOCTH IS
L ,L.

BcmisiBanue

c,>0: - (18)
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_0o 1 |2ue, 2uox,

L_n_ 3
20 o, \ k ko,
c,>0: . (19)
22960 +i 2uc, _16/1(0?
4o o, \ k 3ko,
[Torpyxxenue
L=%1- 142 2K |
) o, k
c,>0: . (20)
Z:ﬁ 1— 1_1662) 2,ucd
4o 3o, \ &k

PucyHoOk 5 comep>XUT pe3ysbTarhl pacuera JUisl (4 NPH BCIUIBIBAHUU B

3aBUCUMOCTH OT 4nces Ppy/a mo auamerpy Iucka d .
PucyHok 6 conepkuT cpaBHEHHE Pe3yNbTaTOB pacuera IS HanOoJb-

IIMX PajJMycoB BEPTUKANBHBIX KaBepH R, =R / R, mpu BCIIBIBAHHMH B CPaB-

HEHHU C DKCIICPHUMEHTAILHBIMH JIAHHBIMU, TIONYYEHHBIMH B BEPTHKAIHLHON
TpyOe [15]. KpuBas 1 — pacuer 6e3 y4yeTa BIMSHUSA TPYOBI, KpHUBas 2 — pacieT ¢
YUYETOM BIUSTHUSI TPYOBI HA OCHOBE 3aBUCUMOCTEH paboThl [ 18]

Kak cremyer U3 JaHHBIX DKCIIEPUMEHTAIBHBIX UCCIEIOBAHUHN, B 30HaX
TEOPETUYECKH BO3MOXKHBIX TOYEK 3a0CTPEHHS W TaKKe B 3aJHUX YacTiIX
KaBepH B pEaIbHOCTH O0pa3yroTCsi HEOONbIIME HepacueTHbIE 30HBI XaOTHYe-
CKOT'O JIBHXKCHHUSI.

Topu3zonTanbHBIE KABEPHBI MPH IEHCTBUM MOJISI CHJI TSZKECTH.

Hckpusnenus oceil kagepnvl — s1emeHmapHule 3agucumocmu. VICKpus-

JICHUSI OCU KaBEPHBI hg MOJ| JE€ACTBUEM TpaBUTALIUU U ha — MOABEMHOMN CHUJIBI

KaBUTAaTOpa OMPEAEISIOTCS U3BECTHBIMU YpaBHEHUSAMU [3], MOTyYEeHHBIMH Ha
OCHOBE 3aKOHOB COXpPaHEHHS MPH MONEPEYHOM JBMKEHHH CEUCHUN KaBEepHBI

dh X 2
_g:%%ij(x)dx:R—(x)>11 21)
dx R (x)U.q gR /¢,

dh ¢y R

—f=———t—c, <0,3c,. 22

A 2 Ri(x) v -

31ech Cqy — KO3((UIIMEHT OJBEMHON CHIIBI KaBUTATOPA, YPaBHCHHUS

(21), (22) npuroans! A7 pacdera B CIydyae OCECUMMETPUYHBIX KaBepH pas-
nuaHO# (opMbl. [Ipu pacuere HCKPUBIICHHS OCEH B Cliydae 0CECHMMETPUYHOM
KaBepHbl — O = CONS! TIPAMEHEHUE 3aBUCHUMOCTH IS ee (POPMBI, 32 TOHKHUMH
KaBUTaTOpaMU B BHJIE

ko &= RIL,,x=x/L,, (23)

d

P:%(;@[z_(ha)l;:l_
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-016 -0z -008 -00+ O 00¢ 008

Puc. 5. 3asucumocmu ons u -

8CNIbIGAHUE
S Y I )
-0.18-0.14 -0.1-0.06-0.02 0.02 0.06 0.1 Ref ® o 5 Fr .35
Puc. 4. Bcnavieanue — b f S
noepysicenue: npeoeivbhvle 9
VOTUHEHUS KAGepH A 0
noecpyoicenue. "0015 'U,th -00? 0 0,02 00# 6
ypasnenue (15) '
8CNAbIBAHUE: Puc. 6. Bcnavisanue — cpasnenue
ypasnenue (16) BENUHUH HAUDOTLIUUX PAOUYCO8
_____ o = const, C IKCHEPUMEHTNOM

ypagrenus (2, 4)

rae Lk — NOoJyAJInHa HeBO3My1HeHHOI71 KaBCpHBI, ITO3BOJIACT IMOJTYYUTH 3aBU-

cumocTH [19] 1 uCKpUBIEHUS KaBEPHBI, IPUTOAHBIE IS KaBepH 32 TOHKUMHU
KaBUTaTOpaMHU

i :éng [;z _2(1—5)?(—411{1— 2f_ﬂ,z =h /L, (%

U? a

0

hazcﬂln("fa]—ln(l— x—]@%/% 25)

4 a 2—a

Ymounennvie 3asucumocmu 6o30eticmeus zpagumayuy nPU 6CNIbIEA-
Huu. BeruibiBaHNE MOXKET COMPOBOXKIATHCSA CYIIECTBEHHBIM yBEIHUYEHHUEM Pa3-
MEpOB KaBEpHBI U, OCOOCHHO €€ JUIMHBI, BCIEACTBUE YMEHBIICHHS THAPOCTa-
TUYECKOT0 JaBJICHHUS MPU TMOAbEME cedeHMi KaBepHbl. Ha ocHOBe ymporeH-
HOM 3aBUCHUMOCTH JIJIs1 UCKPUBJIEHUS! OCH KaBepHBI NP BCIUIBIBAHUH KaBUTATO-
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POB THIIA ITUCKa [5] U3MEHEHUE PAa3HOCTH JAaBJICHUH (POO -P ) Ha MCKPHUBJICH-

HOW OCH KaBEPHBI OMPEJENsETCS BEIpaKEHUEM (Lo = 2Lk)
2
hg;lng(’xz:P“0 ZPC :00—2 g—LZO xz,x:x/LO. (26)
3U2° pUL/J2 3\ U?
dopmMa OCECHMMETPUYHON YacCTH BO3MYILECHHON KaBEpPHBI HA OCHOBE
3agaun (70), ycioBue mepekaTHs B 3aJHEH 4acTH KaBepHbI (TOUKH 3a0CTpe-
HUs) U popMa IpeNeNbHON KaBEepHBI ONPEACISIOTCS 3aBUCHMOCTsIMHE (27; 28)

R =20 ;—xz+l gL20 x* ,LO:2Lk,g—L2°:FrL2, (27)
2u 9| U2 U> ;
- . - 4=]= R L R

o Fr} B R+ Y R R e (g
4 27 RL, R,

31ech Lg — JIUTMHA TIPEICTbHON KaBEpHEI.

C yuerom GoJee TOUYHON 3aBUCHUMOCTH JIJISI JOPMBI KABEPHBI MCKPUB-
JIHWE OCH TPH BCIUIBIBAHUH MOXET OBITh YTOYHEHO TPH NMPHUMEHEHUH 3TON
(OpMBI IPH UHTETPUPOBAHUH ypaBHeHHs (21).

Pacuer dopmbl u pa3mMepoB KaBepHBI B OOIEM CIIydae 3aBHCUT OT
BEIMYUH [, KOTOpPBIE B ClIydae TOPU3OHTAIFHON KaBEPHBI M3MEHSIOTCS CyIIe-
CTBEHHO MEHBIIIE, YEM B ClIydae BEpPTUKAJIbHBIX KaBEPH U BEIMYMHA [ 37€Ch
MOXeET OBITh paccUUTaHa aHAJIOTMYHBIM METOJIOM.

PesynbTathl pacuera npeaenbHOR (GOPMBI TOPH30HTAIBLHON KaBEPHBI C
(dhopMabHON TOYKOW 3a0CTPCHMsI HPHU C YYSTOM BCIUIBIBAHHUS €€ CCUCHHM
WITIOCTPUPYIOTCS PUCYHKOM 7.

Puc. 7. Ilpedenvnas copuzonmanvHas KagepHa ¢ MOYKOU 3a0CMPEHUs.

3
— npedenbHas Kagepha — pacuem npu o Fr} ==
© 4

— pacuem ¢opmbl npu G = CONSt 6e3 yuema GIusAHUs BCHIbIGAHUSL,
————— — UCKPUBIEHUe OCU KABEPHbL NPU BCHIbIBAHUU, 3ABUCUMOCHD (20)
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dusnueckn 00IaCTh B palioHE pacyeTHON TOYKU 320CTPEHHS B pealib-
HOCTH SIBJIIETCSI 007IaCThI0 00pa30BaHUs 2-X BUXPEBBIX ITHYPOB U PaCcCUUTAH-
HadA (I)OpMa KaBCpHbI JOCTATOYHO TOYHO IMOATBECPKAACTCA JaHHBIMU SKCIICPU-
MCHTOB.

IIpedenvr Hebonvuioeo 8osdelicmeus epasumayuu. Jepopmanuu ¢op-
MBI KABEPHBI B IIEPBYIO OUEPENb CBS3AHBI C BCIUIBIBAHUEM €€ CEYEHMU U, COOT-
BETCTBCHHO, NCKPHUBJICHHUA €€ OCH. 3aBUCHUMOCTh JJ11 UCKPHUBJICHHUA OCHU KaBEp-

HEI (26) hg = hg / L, MoxeT OBbITh IpEICTaBICHA B BHJE 3aBUCHMOCTH IIPH €€

o0e3pa3MepuBaHUK TI0 HAaUOOJBIIEMY PaJnyCy HEBO3MYIICHHOW KaBEpHBI B

123701 (5
—2 —2
- 4 |2c X 2321 x
h=(h/R J)=—_ [Z=4 = . (29)
S e = S

B 3aBucumoctsax (29) BennunHBI UCKPUBIEHHS OCH KaBepHBI CpaBHH-

BAIOTCS C BENMYMHOH MaKCHMAJbHOTO Pajiiyca HEBO3MYIIEHHON KaBepHBI R, .

2 2
DTO MO3BONSAET pacCMaTpUBaTh Mapamerpsl V. =~ofFr, , v, =oc~Noflr;, B

KauecTBE XapaKTEPUCTUK CTCIICHH BO3MYIIECHHS OCCCUMETPHUYHOCTU (HOPMBI
KaBepHbI NOJ JECTBUEM rpaBUTanuu. 110 TaHHBIM CHCTEMAaTUYECKHUX pacye-
TOB BO3MYILICHUH (POPMBI KaBEPHBI 3a AMCKOM IOJ BO3ACHCTBUEM I'PABUTALIUU

[19] B oObrunoi pacuernoit obmactn 0 <x <0,75L,, nuama3soH BeTHYHUH

0>

Vv, ~2-+4 COOTBETCTBYET CyIECTBCHHBIM OTIMYHAM (DOPMBI CEYCHHs KaBep-
HBI OT KpYyroBoii ¢opmel, nuanason — vV, ~4-+10 xapakrepusyercs MaibIMu

OTJIMYMAMH CEeYEHHUsI KaBEPHBI OT KPYroBoi, npu v, > 10 BiansHME rpaBUTALNH

npeHeOpeKUMO Maslo. AHAIIOTHYHO 3TH 3 JMana3oHa THITHYHBIX BETMYMH BO3-
MYILEHUH 1O0J MACUCTBUEM TPAaBUTALMHM MOTYT XapaKTEpU30BATHCS TAaKKe

napamerpamu: vV, ~1+2, v ~2+55, v >55. Hcxona us 3toro, ycinosue
CylIeCTBOBAaHMs  (OPMalIbHOM  TOUKM  3a0CTPEHHUs  JaeT  3Ha4yeHUe
v, =4/3/ 4 ~0,87, COOTBETCTBYIOIIME OONACTU 3HAYMTENBHBIX AehopManmii

KpYroBoi (OpMbI ceueHHI KaBepHbI B OOBIYHOM pacyeTHOH 00IacTy.

Pucynok 8 wiumoctpupyer pe3ynbTaThl pacdeTa 3aBUCUMOCTEN 4ucel
CDpyIIa OT 4YuCjla KaBUTallluU, OIrpaHUYUBAIONIUX THIINYHBIC O6J'IaCTI/I CylIecCT-
BEHHOCTH BO3JICHCTBUS TPaBUTAIMK Ha (DOPMY CTAI[MOHAPHBIX KaBEpPH.

Pucynok 9 mimroctpupyeT pe3ysbTaThl pacuera BCIUIbIBAHUS KaBEPH,
IIpru COOTBECTCTBUU TUIINYHBIM OGHaCTHM CYHICCTBECHHOCTH BJIMSAHHA I'paBUTa-
HH.

OnHOI M3 OCHOBHBIX 33J1a4 B ATON 00JIACTH SBJISACTCS HE TOJIBKO MPOO-
JeMa  JOCTaTOYHO A(PQPEKTUBHOrO pacyera BO3ACHCTBHS T'paBHTAIMU Ha
CYIICPKaBUTAIIMOHHBIC TCUCHHA IIPpU HEAOCTATOUYHO BBICOKUX CKOPOCTAX, HO
TaKKe U UCCIIEIOBAHUE BO3MOKHOCTEH TOrO BIHSHUS.
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Puc. 8. Tunuunvie ouanaszonwi Puc. 9. Unmencuenocme 6Cnibléanus 6
BNUAHUSL NOJISL CUTL MANCECU PA3TUYHBIX OUANAZ0HAX BCNAbIBAHUS *
Ha ghopmy Kasephvl *

*[Ipumeuanus.
I —  geDMUKATbHASL KABEPHA C MOYKOU 3A0CMpeHUs.

o, Frl,=8/3;

+ + + — copusonmanvras Kagepna ¢ GoOPMANLHOU MOUKOU 3A0CH-
penust UnFrLZO = 3/4;

— epaHuya 3HaAYUMENbHbIX Oepopmayull ceueHull

KasepHol \/EF rLZO =1

® 88 88 — opanUYA CYUECBEHHBIX Oehopmayull ceyeHull Kagep-
Hbl \/EFFLZO =2;

— — — — — ZpaHuya HecywjeCm@eHHOCMU GMUSAHUSL N0 CUT

© 2
madicecmu. Ha hoOpMy nonepeunwvix cevenull kagepuvl Ao Fr;, =35,5.

D¢ deKTHBHOCTh OJJHOM M3 TaKHX BO3MOXKHOCTEH KOMIICHCAIIMH BO3-
JeWCTBHS TPaBUTAIIMK Ha (HOPMY KaBEpHBI, C TIOMOIIBIO TOHKUX KaBHTATOPOB
IOJT YIJIOM aTaKH, YKCIIEPUMEHTAILHO J0Ka3aHa B padore [20].

BoiBoabl. [IpoBeneH aHannu3 LENOCTHONW KapTUHBI BO3ACHCTBUS MOJA
CHJI TSDKECTH Ha TEUEHHsI C Pa3BUTON KaBHUTaI[el, ONM3KHE K OCECHMMETPHY-
HBIM, YCOBEpIICHCTBOBAHBI M3BECTHBIC U pa3paboTaHbl HOBBIC d((EKTHBHBIE
METO/IbI pacuera dTHX TEYEHHH, COBMECTHO C MX BepH]HKalueld JTaHHBIMU
psia SKCIepuMEHTalIbHBIX paboT. Hambonee sddexkTuBHBIM HampaBieHHEM
JabHEHIIIero pa3BUTUSL UCCIIEOBAHUI B 3TOM 00JAaCTH SIBISIETCSI MCCIENOBa-
HUE BO3MOXKHOCTEH KOMIIEHCAIINY BO3/ICHCTBUS MO CHII TSDKECTH Ha TEUCHUS
C pa3BUTON KaBUTalMEH.
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YIK 623.97

O.M. MaiiGopona

I'TAPOAUHAMIYHA CTABUIIBALIA PYXY
CYHEPKABITYIOUUX INIABOJHUX TIJI

3 memorw cmabinizayii pyxy Ccynepxkasimylouux nio8OOHUX mii
BUKOPUCTHOBYEMBCSL 0eMRQPYBATbHA OISl KOPMOBUX HPYICHUX [HMEPYEnmopis,
wo micyiomb NO NOGepXHI KagepHu. Pozensanymo 2iopoounamixy ImicyeanHs.
NOBEPXOHL CKIHYEHHO20 NOO0BJICEHHS Y 0Ianasoni 00-, MPaHc- i HA038YKOBUX
weuoxocme. Jocnioxnceno 2az00uHamivki 61ACMUEOCMi 600U Ma OMPUMAHO
pe3yivmamuy po3paxyHKy HOPMAAbHUX CUN HA INICYIOUUX IHMepyenmopax npu
yucaax M<1.5.

Knrouoei cnosa: rnicysanns, HAOBUCOKI WEUOKOCI, CYNEPKABIMYIOHL
niooOHI mina, cmabinizayis pyxy.

C yenvio cmabunuzayuu 08UNCEHUS CYREPKAGUMUPVIOUUX NOOBOOHBIX
men UCNONb3Yemcst Oemnupyroujee oeticmsue KOPMOBbIX YAPYeUx uHmepyen-
MOpOs, 2IUCCUPYIOWUX NO NOGEePXHOCMU Kagephbl. Paccmompena cudpoouna-
MUKQ 2IUCCUPOBAHUS NOBEPXHOCEL KOHEYHO20 YOIUHEHUSI 8 Ouanasone 0o-,
Mpanc- u c8epx38yKo8uix ckopocmell. Hccnedosansl eazoounamuyeckue ceoli-
cmea 600bl U NONYYEHbl Pe3VIbMambl PACHema HOPMATbHBIX CUL HA 2AUCCU-
Dpyrowux unmepyenmopax npu yuciax M <1.5.

Knrouesnie cnoesa: znuccupoganue, c8epx3gyKogble CKOPOCmu, H00800-
Hble mena, CrmaduIu3ayus O8UNCEHUsL.

For stabilizing of motion of supercavitating underwater bodies the
damping action of elastic aft interceptors planing on the surface of cavity is
used. The hydrodynamics of planing surfaces of the finite extension in the
range up to-, trans- and supersonic speeds. Studied gas dynamic properties of
water and the obtained results of calculation of normal forces on planing
interceptors at Mach numbers M <1.5.

Keywords: planing motion, supersonic speeds, submersible bodies,
stabilization of motion.

Beryn. TexHIYHMM HEJONIKOM CYIMEPKaBITYIOUMX MiJBOJHHUX Till €
BJIACHA HECTIMKICTh PyXYy, OCKUIBKH MPHUKIAJAHHS CHIIH OIIOPY B OKOJI1 HOCOBOI
KPUTUYHOI TOYKH BUKIIOYAE TOSBY TiIPOAMHAMIYHUX JeMII(QyBalbHUX CHIL
3abe3meunT  CTAOUTI3AIII pPyXy TaKMX TUI MOXIIMBO YCTaHOBJICHHSIM
KOPMOBHX TMPY)XKHUX TUIACTHH — IHTEPIENTOpiB, M0 TIICYIOTh MO MOBEPXHIi
KaBEpHU 1 CTBOPIOIOTH TilpoAnHaMIuHE JeMI(yBaHHS.

© Maiidopoaa O.M. , 2015
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MakcuManbHa JOCATHYTa IIBUAKICTH TUT y BOAi ckinanae 1550 m/c, i3a
BIIOMHMH JaHMUMH TEPCICKTHBHUM JUIsI CTBOPEHHS  HAIIIBHAKICHUX
MIBOIHMX 3ac00iB BBa)KacThCs mianma3oH mBHakocTei 1o 2000-2200 m/c, 1o
BiAmoBimae uucimam M <1.5 (uncno M — BigHOIIEHHS MIBHAKOCTEH Tima i

3BYKY Yy He30ypeHii pimuHi). 3a [IMX YMOB CYTTEBO MPOSBIAETHCS CTHCIUBICTD
BOIM, 1 TIpollec IITCyBaHHS CYMPOBOKYETHCS BiIOMUMH Ta30IMHAMIYHHUMH
edexramu — crpuOKamMH yIIUTBHEHHS, YIAPHUMH XBHIISIMH TOIIIO.

[nmicyBaHHS MO TMOBEPXHI HECTHCIMBOI PiMHH, TOOTO NPHM YHMCIAX
M <0.3, pocratabo mocnimkeno [1; 2]. HaqmBuakicHe rimicyBaHHs 0 bOIO

4acy He PO3MISIaIoch 3a BIACYTHICTIO IPUKIIAIHOTO IHTEpPECY.

IocranoBka 3aBganHsi. OTKe HEOOXIIHUM € AOCHIIDKCHHS TiIpo-
JUHAMIYHUX XapaKTEPUCTHK IUIACTHH CKIHYEHHOI'O IOJOBXKEHHS MPH IJIICy-
BaHHI y Jiama3oHi J10-, TpaHC- i HaJA3BYKOBHX HIBHJKOCTEH 3 ypaxyBaHHSM
ra30JMHaMIYHUX BIACTHBOCTEH BOJIH.

PesyabTatun gociimkensb. Po3risimyBana poboTa MICTHTH JTOCTII-
KEHHS TIAPOJMHAMIKA HAANIBUIKICHOTO IJTiCYBaHHS 13 ypaxXyBaHHAM
CTUCJIUBOCTI BOJIU.

InicyBanHs npodimro 300paxeHo Ha puc. 1, ne [, — K0BXHHA 1pO-
¢bimto, 3aHypeHa BiTHOCHO HE30YpeHOl MOBEPXHi pimuHu; [ — 3MOYeHA TOBKH-
Ha npo¢imo; ¥ — Kyt auddepenty; V' — MBHUIKICTD PyXy.

Puc. 1. Inicysanns nnockozo npoghinio

ITpupict noBxunK / mpodidio BiTHOCHO 3aHYPEHOI JNOBXKUHH [, Bimo-

Opakae eeKT HOCOBOrO Minnopy pinuHu. 300pakeHnuil mpodinb € mepepizom

. . [
PO3IJIsyBaHol gaili miacTHHU i3 momoBkeHHsMm A >0.01 (A :Z, ne b —

IIMPHHA TUIACTHHK), 110 Tricye i3 mBuakicTio V i kyramu mudepenty y < 60°
npu uncaax M <1.5.
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[IposiB CTHCIMBOCTI BOIM Mae€ psij XapaKTepHHX OCOONUBOCTEH. Y
BOJI, SIK KOHJCHCOBAHOMY CEPEIOBHII, MOJICKYJIH 3HAXOAATHCSA Ha OJU3bKUX
BiJICTAHSIX 1 MalOTh CHIIBHY B3aeMoJiro. [Ipy cTUCKYBaHHI TaKOro cepenoBHILa
MIBHJIKO POCTE BHYTPIIIHIN THCK, 110 Ha BiJIMiHY BiJ| ra3iB Ma€ HE TEIUIOBY, a
MPYKHY TIPUPOJLY.

Ipu Tuckax 10 3.0-10° Tla BHyTpimHS eHepris BOAM € MPYKHOKO
CHEpri€ero, 1 PIBHAHHS CTaHy BOJIU Mae i30eHTpoIiiHy Gopmy Tera [3]

n

p=B(s)| | -1, (1)
Po

JIe eHTpOIiiHa (YHKI[IS B(s) MaJjio 3aJeKHUTh BiJ ITOYATKOBOI eHTpomii S 1

MOKHA mpuitHaTa B =2.987- 10° Ta B inTepBanmi Temmepatyp Bim 0 10
60°C;

[, — IMTOMa Maca BOJM, EKCTPAoIbOBaHa Ha HyJIbOBUI THCK;

n=7.15.

Tuckam  cruckyBanus  p <3.0-10° Ila  BignoBimae  miamason
yucen M <1.5. Jlns HaBemeHOro [iama3oHy BIiIHOCATBCA BCi IOJAIIbIII
OI[IHKH T1IPOJIMHAMIYHUX XapaKTEPUCTHK ITICYIOUOi IIaCTHHH.

IIpu B = const piBHsHHS cTaHy (1) NPUBOAUTHCS 10 BUAY P = p(U),

ne U =— — nutoMuit 00’eM Boau. OTxe Tl pO3IIIAAyBaHUX YMOB Boja € Oa-
Io)
POTPOITHUM CEpEIOBHIIEM, 1 11 BHYTPIIIHS €HEprist € sBIsE COO0 CyMy JIBOX
(GYHKIIIH, OTHA 3 KOTPUX 3aJICKHUTD JIMIIE BiJl TUTOMOTO 00’ €My, a iHIIa — JTUIIe
BiJl GHTPOITIi.
PiBHsiHHS crany (1) 3a HaBeJeHWX MPHITYyHICHb MOXXKHA MPUBECTH 0
Buny anmiabatu [lyaccona

B
LnB =—-=const. 2)
p Po

Tomi, K BimOMO, piBHSAHHS bepHysum ais Boau Oyae BiAPI3HATUCS Bix
TAKOTO JIJIS Ta3y J00aBKOIO BETHYHUHU B 10 THCKY

2
v n +B
—+ L e const . 3)
2 n-1 p
BignoBigHo BUpasu IS MIBUIKOCTI 3BYKY Ta aHAJOTIYHI BiJOMHM
ra3oJMHaMIYHUM (QYHKIISIM TTUTOMOT MacH Ta THUCKY y BHIIAJIKy BOJAW MalOTh
BUTJISI
np+B
a= |————, “4)
Io)

88



Bicauk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy

Ne 3 (45), 2015
_ 1
—1 n—1
eM)=L=[1+2=p2 | ", (5)
Po 2
B A=
am)=LTE Py | ©)
po+B 2

Jlo3ByKoBHii pekuM. XapaKTEPHOK OCOOJHMBICTIO PO3MOILTY THCKY
Ha TMICYIOYil IJIACTHHI € HasSBHICTh TUIBKH JOAATHUX 3HAYEHb KOC(DIIIEHTY
THUCKY P 1 YITKO BUP@KEHUH MaKCHMyM Y KPUTHYHIM TOYIII raibMyBaHHS IMO-
ToKy. Sk mokazano Kycykasa [4], po3monin THCKY Ha HHUKHIH MTOBEPXHI TLIOC-
koro mpodimto B miamasoni M <1 e adinononibaum. OTxKe, MOXKHA MPHUITYC-
TUTH, TIO 1 Ha TIICY0YiM PO i po3MOALT TUCKY IPU JO3BYKOBOMY OOTiKaHHI
TakoX Oyze adiHomoxiOHUM i3 MacirTaboM moAiGHOCTI &, , 110 3aJIEKHUTh Bi
gpcia M . Omxe BenuuuHa k,, Moxe OyTH BH3HAa4YeHa 3 PiB-HSIHHS
130CHTPOIN Y BUTIISIIL

_1 =
- 1+"2 M| —1). )

Ky

3icTaBlICHHS] NPOINOHOBAHOI BEIMYMHU K,, IS BOAM Ta INOBITPs i3
koedinienrom [Ipannrnsa-I'mayepra [5], mo xapakrepusye B JiHIHHIA Teopil
Kpwia BB crucauBocti mpu M <1, a Takoxk BigHOCHAa 3MiHAa eKCIie-

PUMEHTAIILHOTO 3HAYEeHHS KOeillieHTa TUCKY Ha HIDKHIM MOBEpXHI Kpuiia B
noBiTpi [5] HaBeneHi Ha puc. 2.

2
kM l.
1 8 /' 7
=+ = Ilpasarns - ‘
1.6 I'nayepr [5] )’ ]
1.4 - Excnepument J i
| (moitps) [5] .- .
“#  Tlositpsa
1.2 _7 B
1 i Bona
0 0.2 0.4 0.6 0.8 1

M

Puc. 2. Bnaus wucna M na spocmanns
2I0POOUHAMIUHO20 HABAHMAICEHHS
npo@inio npu 0038yKOBOMY 0OMIKAHHI
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Excriepument [5] moka3ye 3a0BiIbHE Y3TOIDKEHHS i3 TEOPETHYHOIO
OI[IHKOIO BIUIMBY CTHCIIMBOCTI Yepe3 3alpOIOHOBAHUI KOC(IIiEHT MoAi0HOCTI
k,, (7).

BincyTHicTh TpuW ThiCyBaHHI HENiHIMHHX e(EeKTiB KpWJI CKiIHYEHHOTO
po3Maxy J03BOJISIE y3arajdbHHUTH BijioMy Teopito KOHra [S] Ha BHMAIoK TIicy-
BaHHS IUIACTMHM CKIHYCHHOro po3Maxy. BinmoBimHa y3aranbHeHa (opmyiia
IOura nns  koedilieHTa HOPMalbHOI CHJIM  TIICYIOYOi 13 JI03BYKOBOIO
IIBUJIKICTIO TUIACTHHH MOJIOBXKEHHSAM A Ma€ BUTIIAN

v "o
T+2ACY

ne CY, — xoediuient HOpManbHOI cuan riicyodoro mpodimo (A =0) mpu

®)

BinmoBigHiM yncm M <1.

Ha rmicyrouiii minactuni OOTIKaHHS y BHYTPIINIHIX TOYKax IMOBEPXHi
3anumaeTbest No3BykoBuM npu M <1. V npomy x mianasoni umcen M €
cupaBequBuM Bupas (7) mis xoeditieHty k,, BpaxyBaHHS BIUIMBY CTHCIIH-
BOCTI, OTKE MPH MaIUX KyTax ¥ AnudepeHtTy MaeMo

2 n-1 n-1

n-1
C;foan2 1+TM2 -1, M<I. 9)

Buxonstum 3 mpuiynieHHs npo adiHonoJiOHUH po3nodin KoedimieHTiB
THUCKY i3 3pOCTaHHsIM uKciaa M , MO)KHA OTpHUMATH MOXiAHY KoedillieHTa HOp-
MaJIbHOI CHJIM TJTICYI0YOl IUIACTHHHU CKiHueHOoro momosxenuss A mpu M <1 wu

v >60° y Burmazi
cr=—L  M<ly<60° 10
n 1 9 — al// — s ( )

+24
k,ky

ne koedimieHT ku/ BpaxoBye KyT Iu(epeHTy 3rifHO HeNmiHiiHIA Teopii

JL.I.Cenona [6].

PosrisiHeMO BIUTMB CTHCIMBOCTI HA BEIWYMHY HOCOBOTO IIiJIIIOPY
pIIMHYN TIpH JTO3BYKOBIM TJIiCyBaHHI TUIACTUHH CKIHYEHHOTO IOJOBXKEHHS. Y
TMHIKHOMY HaONMXEHHI JO03BYKOBa OE3BMXpOBA TEUisl CTUCIWBOI PIMHU €
noreHianpHO. OTKe, y BigoMiii momeni Baruepa [7] moxe OyTH BUKOpHCTa-
HO MoAM(DIKOBaHUI BUpa3 ISl TOTEHI[ially MBUIKOCTI MPH ylapi TUIACTHHU Y
CTHCIUBIH PIIVHM, IO BIAPI3HAETbCS BiJ MOTCHINANY aHAJIOTIYHOI Teuii
HecTUCITUBOI piguan MHOXHUKOM [Ipannrns-I nayepra [5].

[Ticnst po3B’si3aHHS IHTErpANBHOTO PIBHSHHS 3aHypeHHs Barnepa, y3a-
raJlbHEHOT0 B HaBEJCHHH Croci0 Ha BUMAJOK JIO3BYKOBOTO PYXY CTHUCIHBOI
piIMHN, MOKHA OTPHMATH BUpPa3 JUISL BiIHOCHOTO HOCOBOTO IMIANOpPY MpPH
[JIiCyBaHHI
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LA S A IR I YOS (11)

ly N1-M* L],

VY Teopii kpuna meron [panarns-I ayepra BBaKaeThCs CIIPaBEITHBIM
/10 KPHTHYHOTO 3Ha4eHHs uncna M, . Y BUNAIKy IIiCYBaHHS IUIOCKOL Ia-

cruan M, =1, i oueBnaHO0 € Qisnuna HeKopeKkTHICTH Bupasy (11) mpu unc-

nax M 1o € Gnuspkumu g0 1. MokHa mpumycTuTH, o 3amina B (11) koe-
diuienty Ipanarus-I'nayepra Ha Bennuuny k,, (7), sika Oyia yCIHillIHO BHKO-
pUCTaHa BUIIE IPH BU3HAUCHHI HaBaHTa)XEHHS (puc. 2), Oy/ie onpaBIaHOO 1 B
npoMy BUNajaky. OTke, BUpa3 Il BITHOCHOTO HOCOBOTO MIAMOPY MPH YHCIAX
M <1 Gyne maTu BUTIIS

3+ 1+L n
A

L . PRUsLyVER N IS V) (12)
IR nM 2

AdiHononiOHuil xapakTep po3moAlTy KoedillieHTiB THCKY i3 3pOCTaH-
HIM uncna M 1o3BOsiE TPUIYCTHTH 30epiraHHs BiTHOCHOTO MMOJOXKEHHS
neHTtpa THCKy. OCKUTBKH TP HYJIBbOBiM HOpPMaibHIA CHJII Ha IJiCyIOUii
TUTACTHHI MO3/IOBKHIM MOMEHT JIOPIBHIOE HYIIO, TO (POKyC MO KyTy qudepeHTy
CHIBIIAJAE i3 IIEHTPOM THUCKY.

Koedirient omopy Tucky rimicyrouoi miactuau npu M <1 BusHaua-

€ThCA 3a Bi)Z[OMI/IM O3HAYCHHAM
— (Y 1
C,=Clysmy, (13)

ne C! npuitmaertsest y BinnosinHocri i3 (10), a koedilieHT omopy TepTst MOX-

Ha OLIHKUTHU 3a dopmysaoro [Ipanarnsa-1lInixTiHra 3 MONPaBKOK Ha CTHCIUBICTD
[5].

HanzBykoBuii pexxum. Ilpu riaicyBaHHI i3 Ha/JI3BYKOBOIO IIBHJIKICTIO
nepes MIACTHHOI PYXaeThCsl CTPUOOK yIIIbHEHHS. [30eHTpONHUN XapakTep
piBHsHHS cTaHy Boau (1) 103BOIIsIE pO3MIIANATH 1Iel cTPHOOK y KBa3iaKycTH4-
HOMY HaOJNMKEHHI 1 BUKOPHCTOBYBAaTH OCHOBHI CITiBBIJHOIIEHHS, IO BiApi3-
HSIOTHCS Bill BIIOMUX Ul Ta3y TUIbKH OJaBaHHSIM 10 TUCKY BEIMYMHU B .
HaToMicTh 10AaTKOBOIO CKJIAJIHICTIO € HEOOXIHICTh ypaxyBaHHS BUIbHOI MEXI
pinuHH.

VY Touni mepeTrHy (GpPOHTY cTpHOKa i3 BUIBHOIO MEXKEI BiIXOAUTH
HEHTpOBaHa XBHJIS po3pimkeHHs [Ipanaris-Maliepa, i MOTIK TOBepTaE y Ha-
NpsAMKY BUIbHOT Mexki [8]. Taka 3amaua Mae aBTOMOJIEIbHHUI PO3B’A30K TLIBKH
JUISl IOCTATHBO CIIAOKOTO CTpUOKA, MBUAKICTH CEPEIOBHINA 32 SIKUM € 3BYKO-
BOIO 200 HaJI3BYKOBOIO [9].

91



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

Hackinbku BiioMo, po3B’sI30K 3ajaui Mpo HaJ3BYKOBE OOTIKaHHS Tijia
CKIHUEHHX PO3MIpIiB PIIMHOIO 13 BUTLHOIO MEXEIO JI0 IIbOTO Yacy HE OTPUMAHO.
B ycsaxomy pasi GpopMyiitoBaHHS MOAIOHMX 3a/1a4 MA€ MICTUTH BUOIp MOXKIIUBOT
KoH(pirypamii cTpHOKIB YIIUTbHEHHS, MPUHAICKHOCTI CTPHOKIB J0 CHIILHOTO
abo cnabKkoro THIIB, a TAKOXK KPHUTEPiI0 ICHYBaHHS YCTAJICHOT'O OOTiKaHHS.
[IpaBwibHICT BHOOPY TOTO YHM IHIIOTO BapiaHTy BH3HAYAETHCS OCTATOYHO
BIJIMIOBIIHICTIO OTPHMAHOTO PO3B’SI3KY JIMCHIM KapTHHI OOTIKaHHS Ta Pe3yiib-
TaTam eKCIIePUMEHTY.

PosrisiHeMO BHKOHAaHHS HABEEHHX BUIIE YMOB €JMHOCTI PO3B’SI3KY
CTOCOBHO /IO PO3TJISIyBaHOI 3ajlaui Mpo HaJI3BYKOBE TJIICYBaHHs. 3 OTJISILy Ha
CKJIAJIHICTh TIPOOJIEMH CIIOYATKy NPOAaHATI3yeEMO CIPOIICHUH BHUIAJOK —
IJTiCYBaHHS TUIOCKOTO MPOdito, TOOTO TIIACTHHU HECKIHYEHOT'O po3Maxy ado
HYJIBOBOTO TIOJIOBXKEHHSI.

OCKITBbKY Ha MIIOCKIM Mpodiii 3a MPUETHAHUM CTPUOKOM BiJICYTHE TIO-
Jalplie 301IbIIEeHAS TUCKY, TO MOXHA MIPUHHATH MPUETHAHUN CTPHOOK TaKuM,
IO HAJIOKUTH CITA0KOMY THITY. 3 ypaxyBaHHSM BiJJICYTHOCTi 3MIIIAHOTO OOTi-
KaHHs TPOQLTIO 1 1MOB’s3aHOT 13 MM HECTIHKOCTI MPHUITYCTUMO ICHYBaHHS KBa-
31yCTaJICHOr'0 PO3B’s3KY 3a/1ayi.

VY 3aranpHOMY BHIAJKy MOXIIUBI TPU XapakTepHi o0JiacTi 0OTiKaHHS
ricytouoro npodinto mpu M >1:

I<M <M' — obrikanHs i3 Bix’eqHAHUM CTPUOKOM YIIIILHEHHS, 1€
M'— uucno M , xonu MakCMMaJbHUH KyT TIOBOPOTY y CTPHOKY JOpiBHIOE

KyTy ITUQEpeHTy mpodiio;

M'<M <M" — o6rikaHHs i3 NPUEIHAHMM KPMBOJIHIHHAM CTpUO-
KOM yIIinpHeHHs, ne M" — umcno M , KOonM IIBHAKICTH 3a CTPUOKOM CTae
Ha/I3BYKOBOIO;

M >M" — nan3BykoBe 0OTiKaHHS 3a NPHUEIHAHUM KOCHM CTPUOKOM
YINUTbHEHHS.

Sk mokaszaHo B psi poOOT MO HAaI3BYKOBUM Tra30BHM cTpyMeHsM [10],
OIliHKa TPaHUYHUX KYTiB BiJXWJIEHHS MOTOKY y NMPHEJHAHUM CTPUOKY YIIiTb-
HEHHS 30epira€ThCs 1 JJIs T€Uil i3 BUILHOIO MEXKEH0. 3a KX MPUITYIIEHb 0YJ10
BUKOHAHO HaONIMKEHWH pPO3PaxyHOK KYTiB TOBOPOTY IOTOKY Ta HaXWIy
crpubka ymiapHeHHs y Bogi ipu M <1.5.

Ha puc. 3 HaBemeHO KyTH ¢ BiIXWIEHHS MOTOKY BOJAU Yy CTPUOKY
yIIUTBHEHHS i3 KyToM Haxuiny [ mpu pisHux unciax M , a Ha puc. 4 — 3anex-
HicTh uncna M, Ipu SAKiM i3 3pOCTAHHAM IIBUAKOCTI CTPUOOK MPUETHYETHCS
no npodimto, Bim kyra audepenty . Ha puc. 4 moaatkoBo HaBeleHO Bij-
MOBIJHY 3JICKHICTh ISl TOBITPS, MO Y MOPIBHSHHI MiJKPECTIOE BHHATKOBO
MaJly CTUCIIUBICTh BOIH. SIKk MOXKHA OauuTH, IJIOCKHHA TIiCYIOYild Mpodinb mpu
kyTax madepenty w >2.6° y posrisgyBaHOMY Miama3oHi MBHIKOCTEH PyXy

M <1.5 3aBxau 00TIKAETHCA 13 Bil’€THAHUM CTPHUOKOM YIIIIIbHEHHS.

92



Bicauk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy

Ne 3 (45), 2015
3.5 1.5'3 _
epO(Cl’ 5 M=15 . ]\q[ . Bona [oBiTpst
25 1
2 1.3
1.5 1.2
1
05 1.1
0 BB 556066707 , 90 '0 2 4 6 8 10 12
p.epao W,2pao
Puc. 3. 3anesxcnicme Kyma Puc. 4. 3anexcnicmo yucna M'
BiOXULEHHS NOMOKY 600U NPUEOHAHHSL CMPUOKA YW ITbHEHHS
Y cmpubKy ywjinehenns 6io Kyma y 8001 ma nogimpi 6i0 Kkyma
Haxuiy cmpubka oughepenmy npoghinio

VY 3aCTOCYBaHHSX TEOpil Te4ild CTHCIMBUX CEPEIOBUII BEIMKE 3HAYCH-
HsI MalOTh 3aKOHHU MOMIOHOCTI. 30KpeMa, TepMOIUHAMIYHI BIACTHBOCTI Cepe1o-
BHIIA BPaXOBYIOThCS (yHIAMEHTAIBLHUM TEPMOIWHAMIYHMM mapamerpoMm [

[].

4 2
a’ ov
3

r= -1, (14)

v op7|,
Je 4 — MBHIKICTb 3BYKY;

vV — nuToMui 00’€M, 1 moxigHa OepeThcs mpu crajiiii entpomii S . Jlis
JIOCKOHAJIOrO0 Ta3y i3 CTaJMMH TEIIOEMKOCTSIMHU mapamerp /' € cramuMm i
JIOPIBHIOE TIOKa3HUKY ajiadatu k .

Jus Bomu BenmuumHa 1y piBHAHHI Tera (1) dopmanbHO Mae cMucn
MOKa3HMKa ajiadaTH, alie He € BiIHOMIEHHsM TeroeMkocTel. [Ipore, Gesnoce-
penHbo qudepeniiroun piBHIHHE ctany (1) i miacrasistoun B (14) Bupas (4)
JUI IIBUAKOCTI 3BYKY Vy BONi, MOXKHAQ IIOKa3aTH, IO IS BOAU TIpH
p <3-10° TTa mapamerp I” Takox € cTamuM i gopiBHioe 71 . OTKe, IS BOIA Y
MEKaX CIPaBeIUIMBOCTI PIBHSAHHS cTaHy Tera MOXYTh 3aCTOCOBYBATHCH 3aKO-
HU TOMIOHOCTI JUHAMIKU JIOCKOHAJIOro Ia3y IpH 3aMiHI B KPUTEpIsSX Momio-
HOCTI MOKa3HMKa k anmiabaTu rasy Ha Beiqu4uHy 7. Ll oOcTaBHHA 103BOJISIE
BUKOPUCTOBYBATH JIUIsl BOIM PE3yJIbTATH TOYHHUX PO3B’SI3KIB 1 EKCIIEPHUMEHTIB,
OTpUMAaHMX JUIA MOMIOHHUX Tediil ra3y. 30kpeMa, HaOJVKEHa OI[iHKA PEeKUMY
MpHEIHAHHS CTpHOKa YIIUTbHEHHS y BOJI, IO 300pakeHa Ha puc. 4, 1Mo 3Ha-
YeHHIO KpuTepito monioHocti Kapmana-UeHs 3a10BITBHO Y3TOIDKYETHCS 13
PO3B’SI3KOM aHAJIOTIYHOI 3a/1a4i, oTpuMaHuM BindenTi Ta Baronepowm [11] me-
TOIIOM rojorpada.
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Hpodins i3 Bix’ennanmm cTpudkoM yuiibHeHHd. Po3sriasHemo
raicyBanns npodimo npu 1< M <M’ (puc. 5), xonu cTpUOOK YIIUILHEHHS
C e Big’eaHaHNM i B3aEMOIIE i3 BUTBHOIO MeXe0 A piauHU.

CTpuboK € CKpHBIICHUM 1 B OMYKIJIii TOJOBHIM YacTWHI, IOBEPHEHINH ¥
HaAIpAMKY pyxy mpodimo L, € npsmuM. Haa3sBykoBHil MOTIK y TOJOBHIi
YacTUHI CTpHOKa MEePETBOPIOETHCS B JIO3BYKOBHMA. Y HAMpPSIMKY BiJl TOJNOBHOT
YaCTUHHM IHTEHCHUBHICTh CTPHOKA 3MEHINYETHCS, MOTIK 32 HUM 3QJIUINAETHCS
HAJ3BYKOBHM, 1 CTPHOOK BUPOKYEThCS y CIIAOKHid po3puB. Bin BimbHOT Mexi
CTpUOOK BiZIOMBAETHCS IIEHTPOBAHOKO XBHUJICKO po3pimkeHHss PM | mio BUKpHB-
Jsie Ta ocnabiIroe MOro, 1 MOTIK B OKOJI MEXKI 3alIUINAETHCS HA3BYKOBHM. Y
TOYIl BIIOMTTS THCK 3MEHINYEThCS 70 HE30ypeHOro 3HaueHHd, a Jedopmarlis
BUIbHOI MEKI BH3HAYA€ETHCS BIJICTAHHIO BiJ CTpUOKa 0 OOTIYHOrO IpOdiito,
TaK 3BaHOIO TOBIIMHOIO yJApHOTO MIapy.

ToBmmMHa ynapHOro mapy BH3Ha4YaeThes nmapamerpom [ (14) Ta umc-
aom M i 3a iHIIUX PIBHKX YMOB Y BOJI € OIbIIO0, HDK y moBiTpi. [Tpu mautiit
TOBLIMHI yaapHoro mapy (urcno M 6Gnusbko 10 3Hagenns M') B Touni Bix-
OUTTS cTprOKa BiTbHA MeXKa Pi3K0 BUKpHUBISEThCs [10], yTBOproroun Opu3Ko-
BUl cTpyMiHb. [Ipu OGinbIIii TOBIIMHI yIapHOTO mapy 30ypeHHs BUIbHOT MexXi
€ He3HaYHUM (BUIAJIOK, OJIM3BKHH IO aBTOMOJIENFHOr0) 1 iM MOXHA 3HEXTyBa-
T [3].

[nicyrouili npodine 06TiKa€ThCSA 103ByKOBMM 10TOKOM. Criepeny BiH
OOMEXYEThCS TIPAMHM CTPHOKOM VIMiTBHEHHS, mo3any — dinismu PM  teuil
posummpenns [Ipanarns-Maiiepa. Bin Haj3BykoBHX Tedild BHU3Y i y BUIBHOT
MEXKI1 T03BYKOBHH IMOTIK BIIMEXKYE JIiHIA S KOHTAKTHOTO PO3PHUBY.

[lpu omiHni HaBaHTaKEHHS MPOQLII0 MPUIYCTHMO, IO JTO3BYKOBUH
NOTIK Ha Tpo(iyli YMOBHO Ma€ MIBHIKICTh HA HECKIHUEHOCTI i3 unuciom M 3a
MpSIMAM CTPUOKOM YyIIiTbHEHHs. Take He 30BCiM CTpoTe MpUIYIICHHS, BiloMe
SIK TIPUHIUIT BIAMIOBIIHOCTI, HAOJMYKEHO BUKOHYETHCS JJIs JOCTAaTHBHO BEIIUKOT
TOBIIMHM YJAapHOTO MIapy 3a BIJICYTHOCTI Ha OOTIYHIM TNl HAA3BYKOBHX
30H [12]. OTke, MOXHA 13 JOCTaTHHOIO NSl IH)KCHEPHUX 3aCTOCYBaHb TOY-

HiCTIO oTpuMaTu 3 (opmynu Penes Bupa3 mis BenuuuHHM k,, , IO MOKa3ye
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BIJTHOCHY 3MiHy Koe(illieHTa HOPMAJIbHOI CHJIM TJICYIOHOro MPOdiIo mif
BIUIMBOM 4nciia M ,

n

n+l . 5\t
2 (T M) : (15)
ky =—— —=11<M <M’
nM ) —
2nM°  n—1)"
n+l n+l

Bupas (15) € gocraTHbO crpaBeUIMBUM B yChOMY JIialla30Hi YHCEI
M <1.5 npu kyrax mubepenty v > 2.6".

Jnst OpUdHATHX NPUNYNIEHh MOXKHA BBaKaTH, IO Yy Jiama3oHi
1<M < M'3mina BiZTHOCHOrO pO3TAallyBaHHS IIEHTPA THUCKY ITIiCYKOUOro
npodimo Oyne HesHayHuM. 3a JaHuMu BindeHTti Ta Baronepa [11], Hanpuk-
Jaj, B yKa3aHOMY Jiala30Hi 3MIIIEHHS IIGHTpa THCKY IO 3aJHbOI KpaWKu
cknagae 4 % xopam.

Mpodins i3 npueaHanum crTpudkom yminbHenHs. [lpu uwmcmi
M =M'" crpubok yumiibHEHHs MPUEIHYETHCS 10 TPOdiI0 y Toumi Horo me-
PETHHY 13 HE30ypPCHOI0 BINBHOI MEXer. Y HaOMMKEHHI 17eaJbHOI PiauHU
KpUTHYHA TOYKA TajdbMyBaHHs Ha npodimi € BigcyTHd [13]. Teuis 3a ctpubkom
npu M =M' € 103ByKOBOIO i B MOJABIIOMY i3 3pOCTAHHAM LIBUIKOCTI PyXy
npu M =M" craec mansBykoBor. Benmnunna inteppany AM = M"—M' 3a-
JIKUTH Bif unciaa M wHabixkaoro motoky i mis M <1.5 y Bozi He mepeBHIILyE
snadenns 0.05. 3a mamocti inTepBany AM i3 JOCTaTHROIO IS MPAKTHYHHX
3aCTOCYBaHb TOUHICTIO MoxHa npuitHaty AM =0 i sk uucno M npuen-
HaHHS CTPUOKA, KOJHM MIBHIKICTh 332 CTPHOKOM CTa€ HaJI3BYKOBOK), BBAXKATH
sHauenns M =M"'.

OTmxke Ans po3paxyHKy TMOXiJHOT KoedilieHTa HOPMaIbHOI CHJIH TIIiCy-
I0490TO TUIOCKOTO MpOoQuIto0 MpH OOTIKaHHI i3 CKIHUEHHUM KyTOM IHU(EpeHTy
HAJ3BYKOBHM TIOTOKOM 32 IMPHEIHAHUM CTPUOKOM YIIIbHEHHS MOXE OyTH
BHUKOPHUCTaHO BiZIOMHI BUPa3

C’”:L sinzﬂ—L,MYSMSI.Sa (16)
w(n+1) M ‘

n
2

ne KyT [ Haxuiy CTpuOKa yIIiIbHEHHS BU3HAYAETHCS i3 PIBHAHHSA

2flar* -1)g*p-1] (17)

A VI VEI) P YA P
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Ha puc. 6 B xpuTepisix TpaHC3BYKOBOI 101I0HOCTI
1

— 1!
Y =(n+1)a3CY (18)
Ta
1
W = (n+1)3 M . (19)
2
3 ntl_n-l,. |
v 2 2
?/'5 | = = = Binuenri Ta
Cn | Baronep [11]
2 g I Vocixapa [14]
1.57 VeSS
17 * ['ynepneii [15]
0.57
%5 o 0.5 1 15 — 2

M

Puc. 6. I'iopoounamiuni xapaxmepucmuxu
npo@ino npu Mpanc3gyKo8oMy INiCYS8anHI
i3 Manumu Kymamu ougepenmy

pe3yNbTaTH PO3PaXyHKY 3a MPOMOHOBAHOK METOJMKOI0 HABAHTAKEHHS HA IITi-
cyrouim mpoditi mpu mMaiux Kyrax audepenty B mianazoni 0.95 <M <1.25
MOPIBHIOIOTHCSA 13 pe3ynbTaTaMu BinueHTi Ta Baronepa, ['yaepiies u Mocixapwu.
V NpUAHATHX MO3HAYEHHAX pexumu pyxy npu M' i M" Bianosinarots 3Ha-
yeHHsM kpurepito M =1.18 1 M =1.26, pexum npu M =1 Bsignosinae
3HaueHHo M =0 .

BinuenTi i Baronep [11] Ha OCHOBiI YMCENBHOrO PO3B’S3KY PIBHSIHHS
Tpikomi mocHiguiaMd OOTIKAHHS TOHKOrO KJIMHY 13 Bif’€IHAHUM CTPUOKOM

Yy

yiiibHeHHS npu 0 < M <1.05 1 ekcrepuMeHTalIbHO MIATBEPIUIM CBOI pe-
syneTatu. Mocixapa [14] orpumaB HaOnMKeHUI po3B’sI30K PIBHSIHHS TOJOTpa-

¢a s oO0TiKaHHS TOHKOrO KIMHY B JiamasoHi pexumis 1.18 <M <1.26,
TOOTO 13 MOYATKY MPHUETHAHHS CTPUOKA YIIUTbHEHHS, KOJIU MIBUIKICTh 32 HUM
1Ie 3IMIIAETHCS TI03BYKOBOIO, 10 (POPMYBAHHS IPHETHAHOTO KOCOTO CTPUOKA
i3 HaJ3BYKOBOIO IMIBHMAKICTIO Ha KauHi. Y miamaszoni 1.05< M <1.18, 106TO
Opy HaOMMKEHHI 70 HYJS TOBUIMHHU YIAPHOTO MIApy Mepea MpUETHAHHIM
cTpubKa, Ha puc. 6 HaBeneHo iHTepnonboBani 3HayeHHs C! . OCKiUIbKH B Ji-

HilTHIH Teopii HaJ3BYKOBOTO O0TIKaHHS MPUIHATO BBAYKATH, 110 HABAHTAKCHHS
POBIONIUIAEThCS. TOPIBHY MK HIXKHBOIO Ta BEPXHBOI YAaCTHHAMH IMPOQIIIO,
pe3yabTaTi poboT [11] 1 [14] 300pakeHo Ha puc. 6 IS IOJOBUHU PO3PaXyH-

96



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

KOBOTO HaBaHTa)XeHHS KinHy. HaBeneni Ha puc. 6 po3paxyHKOBI 3HauYCHHS

C) mis HaJa3BYKOBOrO 00TiKaHHS 32 MPUEIHAHIM CTPHOKOM YIIUTBHEHHS MPH

M >1.26, w0 oTpuMaHi i3 BUKOpHCTAaHHSM crIiBBigHOmeHHs (16), TPAKTHYHO
CHIBIAAAIOTh 13 HaBeAeHUMHU B MoHorpadii ['yaepnes [12]. Toukoro Ha puc. 6
nokazano pesynbraTr ['ynepnes [15] mis oOTiKaHHS HYMDKHBOI MTOBEPXHI IIac-
tuan ipu M =1.

Sx BUIHO HA pHC. 6, OTPUMAaHi y JaHili poOOTI pO3paxyHKOBI OIIHKH
JUTsl HAaBaHTa)KEHHSI TUIOCKOTo mpodinto, ricytodoro mpu M <1.5, 3a10BiIbHO
Y3TOIKYIOThCS 13 BIIOMHMH TEOPETHYHUMH pe3ybTaTaMH Ta MOXYTh OyTH
BHUKOPHUCTaHI JUIl PO3PaxyHKY TiIpOAWHAMIUYHMX XapaKTEPHCTUK TIIiCyrodol
TUTACTHHU.

Ilpu M > M" nentp TucKy rmicyrodoro mpodiimo 3MilLyeThCs 10 ce-
peIuHU 3ModeHoi noBkuHU. B miamazoni M <M < M" sigHocHe posramry-
BaHHS IICHTPa TUCKY MOXe OyTH YTOUYHEHO IHTEPIIONIOBAHHSIM Ha OCHOBI BifO-
MHUX TIOJIOKEHb I0J0 Oe3MepepBHOCTI Mpolecy HAONMKEHHS 1 MpUETHAHHS
cTpuOKa i3 3pOCTaHHSIM MIBHIKOCTI MOTOKY [12].

IMnacTuna ckiHYeHHOro MOAOBKeHHs. BuzHaunMo Benn4ynHy HOCO-
BOTO TIANOPY PiIMHYU MpPU HAJA3BYKOBOMY IJIICYBaHHI IUIACTHHU CKiHYEHHOTO
nmomopkeHHsA. Teuis 3a Bij €IHAHUM CTPUOKOM VIIUIBHEHHS Y BOII B Tiapo-
aKyCTHYHOMY HaOJIDKEHHI € 130€HTPOMIHHOIO 1, OTKe, MOoTeHiabHOo. OTxe
MIPH JIOCTATHBO BENUKiil TOBIIMHI YAapHOTO IIapy HOCOBHM MINMIp piAWHU Y
JI03BYKOBOMY IOTOIli, IO OOTIKAa€ IIiCyroduid mpodisiib 3a CTPHUOKOM YIIiTb-
HEHHSI, MOJKHA OI[IHUTH SIK Jyis pyxy npodiaro npu M <1 i3 3aminoro koedi-
uienty Ipanaris-I'nayepra B (11) na Benmuuuny k,, (15)

1 n+l1 ﬁ
3+ [1+— oM
\ [2 ) : 20)
= ——1,1<M <M,

7 2
h M (2nM2 - n—lj”]

n+l n+2

Bupasz (20) € mocTaTHhO CIpaBEeAIMBHM B YCbOMY Jialla3oHi 4YuCel
M <1.5 npu kyrax mubepenty v > 2.6".

[lpr Han3BYKOBIM OOTIKAaHHI iJ€AIGHOI0 PIAWHOIO 32 TPUETHAHIM
CTpHOKOM YIIUTbHEHHS Ha TIICYI0UiM Mpodiii € BiICYTHHOI KPUTHYHA TOUYKA
ranpMyBaHHs [13] 1, oTKe, HEeMae HOCOBOTO MIIIOPY PiAWHU.

YpaxyBaHHs BIUIMBY CKIHYEHHOCTI IOJIOBJKEHHS Ha TiApOAWHAMIYHE
HABaHTaXEHHS TJICYIOYOI TUTACTHHHM TPH HAJ3BYKOBOMY OOTiIKaHHI 13
BiJ’€/IHAHUM CTPHOKOM YIIUILHEHHS MOXKe OYTH BHKOHAHO 3a y3arajibHEHOIO
¢dopmysoro FOnra (3), a i3 mpreHAHUM CTPUOKOM — 32 METOI0M XiNToHa [5]:

13 Bin eHaHMM cTpHOKOM ymiinbHeHHs mpu 1| <M < M

74
Ky Clool, on
M m 22, Cl|

%
ni

M=0
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13 npueaHaHUM cTpuOKOM yiinbHeHHs npu M < M <1.5

:4(sin2 ﬂ—A;zj[l—zl} R=aIM> 151,

M ly(n +1) R

4 . 1
" m//(n+l)R (Sm ﬂ_ﬂ/[zjx (22)

1++v1=R? .

R

v
ni

v
ni

X {(ZR - l)arcsin R+R(R- 2)ln

+(1+R 1—R210.5<R£1.0.

JA7ist NpUAHSTHAX MPHUITYIEHh MOYKHA BBXKATH, [0 BPaXyBaHHSI BIIUBY
CKIHUEHHOCTI TOJIOBXKEHHS TJIiCYyI0Uol TUTACTHHHM Ha BIIHOCHE PO3TallyBaHHS

IIEHTpa TUCKY B Jiana3oHi pexumiB 0 <M < M HaOmmkeHO MOXHA OLIHUTH
METOJaMH, M0 € NPUAHATHMH JUIsS HECTHCIMBOI PIAMHH, a IS PEKHAMIB
M > M neHTp THCKY pO3TalIOBYEThCS HAa CEPEINHI 3MOYEHOT JIOBXKUHH.

Ha puc. 7 i puc. 8 300paxkeHo riipoJuHaMivyHi KOe(illiEHTH TIICYI090i
TUTACTHHU 13 PI3HHUMH MOYATKOBUMH TIOJOBKEHHSIMH Ta KyTaMH JU(QEpeHTY
B miamazoni 0 <M <1.5. Ha pwuc. 7 moka3aHo peXUMH 13 NPHUETHAHHSIM
cTpubKa yIijbHEeHHS, a Ha puc. 8 — i3 Bill'€JHAHUM CTPUOKOM.

3uavennst Bemuand C! npu M =0 na puc. 7 i puc. 8 BiAnoBinaoTh

BIJJOMHUM pe3yJbTaTaM JJisl TIICYBaHHS MO TIOBEPXHI HECTUCIUBOI PiJIHH.

4 2.5
cv _
1 oy 01
25 1.5
2
1.0
1.5 1
1 05 0
0.5 ™ >.
0002040608 112 1416 90 02040608 1 12 14 16
M M
Puc. 7. I'iopoounamiuni Puc. 8. I'iopoounamiuni
Xapaxmepucmuxy niacmuH Xapaxmepucmuxky niacmuH
CKIHYEH020 NOOOBIHCEHHSL NPU CKIHYEH020 NOOOBIHCEHHSL NPU
0038YKOBOMY MaA HAO38YKOBOMY 0038YKOBOMY MaA HAO38YKOBOMY
Iicy8aHHi 3 NPUEOHAHHAM Iicy8aHHi 3 6i0 €OHanum
cmpubka yujinoHeHHs CcmpubKOM YUinbHeH s
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BucHoBku. J{ns i30€HTpONIHHOrO pIBHSAHHA CTaHy BOAM BIIEpIIE
OTPUMAHO KUIBKICHY OIlIHKY BIUTUBY CTHCIHMBOCTI NPH Pycl TUI i3 YUCIAMH
M <1.5 i3 Bix eqHaHUM Ta MPUETHAHUM CTPUOKOM YIILTbHEHHSI.

3anponoHOBaHO TPaBWIIO TMEPEpaxyHKy Koe(]illieHTIB THCKY TIpH
00TiKaHHI HWKHBOI MOBEPXHI TOHKOTO MPO]III0 HECTHCIMBOIO DIMHOI0 Ha
ixHi 3HaYeHHs Ipu 3aaaHimM uncai M <1.5. Ha Bigminy Bix npaBuia Ilpanar-
ns-I'mayepra 3anpornoHoBaHUi MiAXi BpaxoBye TEPMOAWHAMIYHI BIACTUBOCTI
CepeIoBHIIIA.

BukoHaHO KiTbKICHY OIIHKY T1IpOJAWHAMIYHUX XapaKTePUCTHK 1 BENH-
YUHU HOCOBOTO MIiAMOPYy IJIACTHHU CKiHYEHHOro momoBkeHHs A >0.01,
rmicyrouoi 3 kyramu mudepenty v < 60° mpu uncmax M <1.5 i3 Bix’exna-
HUM 1 IPUETHAHAM CTPHOKOM YIIITEHEHHSI.

OtpumaHi pe3ynbTaTH 3aJJOBUILHO Y3TOJDKYIOTHCS 13 BIJOMHUMH Teope-
THYHAMH PO3B’SI3KAMH 1 EKCIEPUMEHTAIbHUMH JaHUMH 1 MOXYTb OyTH
BHUKOPHUCTaHI U pO3paxyHKy JeMr(yBaJbHHX CHJI Ha TIICYIOUHX iHTEpIel-
TOpax CyNepKaBiTYIOUHX IMiJJBOAHUX Til.
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YK 533.6.011:532.5.013
B.H. KopoGos

SKCHHEPUMEHTAJIBHOE UCCJIEJOBAHUE
Ir'nJPOANHAMUKU KOJIEBJIIOINEI'OCS KPBIJIA

Tlpusedenvt pesynrbmamsl UCCI1e008AHUL 2UOPOOUHAMUYECKUX XADAK-
MEPUCUK KONeONIoWe20Cst KPblid OMHOCUMENbHO MPAHCEEPCATbHOU OCU 8
2uopoouHamuyeckol mpybe. Menosenuvie 3HaueHus KOIPOUYUEHMO8 NOOb-
eMHOU CUTbL U CONPOMUBTIEHUS / MU NO YTy AMAaKU, KOMOPbllli USMEHSLICS NO
2aPMOHUYECKOMY 3AKOHY, NPesblulaion OanHbvle 0 CMAYUOHAPHOU HPOOYEKU.

Knrwouesvie cnosa: xonednoueecs Kpblio, MCHOBEHHblE cUOPOOUHAMU-
yecKue XapaKmepucmuxu.

Tlpuseoeni pezyromamu 0ocnioxcenv 2i0pOOUHAMIUHUX XAPAKMepPUc-
MUK KpUia, wo KOAUBAEMbCS BIOHOCHO MPAHCEEPCANbHOL OCl 8 2i0poouna-
Miunit mpyoi. Mummeei 3nauenns xoegiyicumis niouomnoi cuiu i onopy / ms-
2U No Kymy amaku, SKUil 3MIHI08AGCS 30 2APMOHIHUM 3AKOHOM, Nepesu-
wyromv 0ami 01 CMayioHapHo2o NPOOYBAHHSI.

Knrouosi cnoea: xpuno, wo Koausacmscs, MUmmesi 2iopoouHamiyHi
Xapaxmepucmuxu.

Results over of researches of hydrodynamic characteristics of hesita-
ting wing of relatively transversal axis are brought in a wind tunnel. The
instantaneous values of lift and resistance/traction coefficients on the attack
angle, which changed by harmonic law, exceed data for the stationary
experiments.

Keywords:  hesitating  wing, instantaneous  hydrodynamic
characteristics.

BBenenne. B GonbmmHCTBE YCTPOHCTB, B KOTOPHIX B KauecTBE pado-
4ero 5SJEeMEHTa HWCIONB3YeTcs KPBUIBEBOM MPOQHIb, peamn3yercs HecTa-
UOHApHOE OOTeKaHhe. JTO XapaKTepHO, HAIIPUMEp, U BUHTA TIpU pabore B
KOCOM IIOTOKE, JIUISl THAPOTYPOMHBI C BEPTHKAIBHOMN 0ChI0 (poTop Jlapke).

OO0CHOBaHHOCTh MPUMEHEHUS MOMPABOK WM JIOTIOTHHUTENBHBIX Clia-
raeMbIX TPU ONpENENeHUH AMHAMHYECKHX XapaKTePUCTUK MHOTOIOMACTHOM
THIIPOTYpOMHBI C UCTIONB30BaHUEM MOTU(PHUIIMPOBAHHON TeopeMbl JKyKOBCKOTO
JUISL PEIIETKH MPOQUIIeH, MOXXHO MOATBEPAUTh WM OMPOBEPTHYTH JINOO Tps-
MBIM YMCIICHHBIM PEIICHHEM HECTAllMOHAPHOH 3a7jauu OO0TEKaHHs PoTopa Typ-
OuHBI, 1100 TPSIMBIM 3KCIepuMEHTOM. OIHAKO B 3KCIICPUMEHTE ¢ TYpPOHMHOU
MPAKTUYECKH HE BO3ZMOXKHO OTCIICIUTh MTHOBEHHBIE XapaKTEPHUCTUKH TPOQH-
JIs, U3 KOTOPBIX CKIIQJIBIBAIOTCS TapaMeTpbl TypOuHbL. [Ipyn 3TOM MOXHO BOC-
MOJTB30BATHCS TAHHBIMH 10 THPOAMHAMUKE KOJIEOIIOMETocs: KPhLIa.

© Kopobos B.H., 2015
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WzydyeHnto THIPOAWHAMHYECKAX XapaKTEPUCTUK KpbLIa, KOTOpOE
KoneOJercsi B MOTOKE, TOCBSIIEHO MHOTO paboT. B OonbIIMHCTBE CBOEM 3TO
TEOpETUUECKUE U YUCIICHHBIE ucchenoBanus [1-3]. HesnaunTenpHas 9acTh dKC-
MEPUMEHTAIBHBIX PA0OT B OCHOBHOM HAIIpaBIlieHa HA OIEHKY MPOMYJIbCUBHBIX
XapaKTePUCTUK KOJICOIIOIIErocs Kpbuia [4-6].

CHCTEeMHBIN aHalIM3 XapaKTEPUCTUK KOJICOMIOMMXCs Mpoduiehd Mmpu-
BE/IEH B OKCIIEPUMEHTANBHONW pabote [7], OHAKO TaM MPENCTaBIEHBI TOJBKO
OCpEIJHEHHBIC 32 IMEPUOJ XapaKTEPUCTUKU NMPOQHIISL, UYTO JeTaeT dTH pe3yiib-
TaTHI IPAKTHYECKN HETPUMEHUMBIMH JIJIsl TYPOHHBL.

Y4uThIBask 3TH 00CTOATENBCTBA 1IEIECO00Pa3HO BEPHYTHCS K aHAIU3Y
HECTaI[IOHAPHOTO O0TEKAaHUsI OMMHOYHOTO MPOQUIIS U ONpE/IeeHUs] MTHOBEH-
HBIX TIapaMeTpoB (COMPOTUBIICHUS-TATH, MOIBEMHON CHIIBI) TIPH €ro Koieba-
TENFHOM JIBH)KCHUHW B HATEKAIOIEM TIOTOKE.

Hacrositast pabora mocTaBlieHa € LeJIbI0 ONpEACIeHUsT MTHOBEHHBIX
3HAUYECHHH THAPOIUHAMUYECKUX XapaKTEPHCTHK MKECTKOrO KpbUIa, KOTOpOe
KoseOnercss B MOTOKE 10 YLy aTakh. B OCHOBY METOJWMKH HCCIICIOBaHUN
MOJIO’KEH SKCTIIEPUMEHT B THIPOJMHAMUYECKOH TpyOe.

N3noxenne ocHOBHOTO Marepuana. B xauectBe o0bekTa uccieaoBa-
HUH HCIIOIB30BAHO KPBIJIO MAJIOTO YUIMHEHUS IPSIMOYTOIBHON ()OPMBI B TUIaHE
¢ HeOONBIIMMH TOpPLIEBBIMU maiibamu. [Ipodninb Kpbula CHMMETPHUYHBIN, XOP-
na b =120 mm, ynuaenne A = 1,5 (A=1/b, rae [ — pa3max Kpbuia), TONIHHA
npoduist ¢ =20 %. Och BpallleHHUs KpbUTa CMEIIEHa OT HOCHKA PO KPbI-
J1a Ha paccrosiaue x, = 0,3 b.

DKCTepUMEHTHI TPOBOAMINCE B TUApoanHamudeckoi Tpybe 5 ([T)
(puc.1) B nnamazone ckopocreit U = 0,2-2,0 m/c.

Kpsino 4 kpenunocsk B padouem ydactke [JIT k 2-X KOMIIOHEHTHBIM
TEH30METPHUECKUM BecaM /. BpallieHne Kpbijla OTHOCUTEIBHO TPaHCBEPCAIb-
HO# ocH Z (3) OCYIIECTBISUIOCH C MTOMOIIBIO AIeKTpoMexanmu3ma 2. [Ipu atom
3NIEKTPOMEXaHU3M 00eCIeurBall MepeKIIaJKy Kpblia TaKUM 00pa3oM, Y4TO Yroil
MOBOPOTA KpblIa BO BPEMEHHW M3MEHSUICS II0 TapMOHHYECKOMY 3aKOHY
a(t) = Bsinwt , THE @ — Kpyropas 4acrora KojieOaHuii; 3 —aMIUIMTyaa yIjio-
BBIX KoseOanwuii; S = 30 °.

Yacrora KojieOaHMii KpblUIa B SKCIIEPUMEHTaX f peryJaupoBaiach B Ipe-
nenax 0,2-2,0 ',

Ceuenue pabOouero ydactka (PU) TIT xBagpaTHoe ¢ pasMepamu
400 MM x 400 mMm. IImomaas momepednoro cedenus PU F= 0,16 M. 3arpomo-
x)paenue noroka kpeutom PY [JIT B mpenenax mosiynepuoaa KoneOaHui Kpblia
U3MEHSIOCh B Ipesenax ot Sy,./F' = 1,95 % no S,../F = 4,5 %.

B mporiecce skcriepuMeHTa perucTpUpOBAIMCH MTHOBEHHbBIC 3HAYCHHS
MPOAOABHON (X) ¥ TonepedHoi (YY) KOMIOHEHT THAPOAMHAMHYECKOH CHIIHI,
JICHCTBYIOIEH Ha KPBLIO, a TAKXKE TEKYIIMH yrojl KojieOaHusl Kpblia o.

OtobpakeHue ¥ 3anmuch HHPOPMAIUH, MOTYYAEMOH OT AaTYUKOB, MPO-
M3BOMMIINCH Ha nudpoBoM ocrmiuiorpade Tektronix TDS 2014 B.
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Puc. 1. Cxema pasmewenus xpoina
6 pabouem yuacmke 2uOPOOUHAMUYECKOU mpyobl

[Ipu pa3zpaboTke METOIUKN AUHAMUYECKOTO SKCIIEPUMEHTA BOII-
pPOCY TTOBBIIIIEHUSI TOYHOCTH U3MEPEHUN YACISIOCh 0CO00€ BHUMAHHUE.

TouHOCTH perucTpanuu Mo yriuy mnepekiaaku coctaBmaina * 0,25 rpa-
Jyca ¥ ONPENeNsIach TUCKPETHOCTHIO IaTYHKA.

B mporecce KCIIEpUMEHTOB M3MEHSIACh YacTOTa MEPeKIagKH Kpblia
", COOTBETCTBCHHO, BCIIMYNHA PCTUCTPUPYEMBIX CHIIL. )1}'[51 IIOBBIIICHHS TOYHO-
CTHu I/I3MepeHI/II71 CHJIOBBIX KOMIIOHEHT BECH JHAIla30H H3MepeHPII71 110 4aCToTC
pasbuBacs Ha PsiJl MOATUANA30HOB C PA3HBIM KOI(D(MUIIMEHTOM YCHIICHHUS CHUT-
HaJla TaKuM 00pa3oM, YTO MOTPEHIHOCTh W3MEPEHHH He MpeBhIlana COOTBET-
CTBeHHO 5 % B Hauasie 1 3 % B KOHIIE MTOJ/IMaIIa30Ha.

Oco0eHHOCTH KOHCTPYKIMH TEH30IOABECKH, B KOTOPOH peann3oBaH
OCTpOHaHpaBHeHHLIﬁ MUHHUMYM KECTKOCTH BO B3aMMHO ICPIICHAUKYIISIPHOM
HaIrrpaBJICHUH, 06ecneq1/m1/1 MPAKTHUYCCKU II0JIHOEC OTCYTCTBHE B3aMMHOI'O
BJIMSIHUA KOMIIOHEHT X U Y.

MexaHu3M Kone0aTenbHOro NpuBoia B cOOpe ¢ KPhIIIOM MaKCHMAaJIbHO
cbamancupoBanbl. [l ycTpaHeHUs BIMSIHUS OCTaTOYHOTO CHTHANA OT MHEp-
IIMOHHOW COCTaBJISAIOIICH IepPBOHAYAIBHO OCYIIECTBILUINCH KONeOaHUs KpbuIa
B BO3Iyxe. 3aTeM 3a()MKCHPOBAHHBIM CUTHAJ BBIYUTAJICS M3 JAHHBIX HCIIbITA-
HUH KpbUIa B TUApOAMHAMHUYECKO TpyOe. MToroBas nnpopmanus comepxana
TOJBKO JJAHHBIE 110 TUAPOJUHAMUYECKON Harpy3Ke.

Pe3y.IIBTaTBI OKCIICPUMCHTOB IPEACTABJIICHBI B BUJAC THAPOAMHAMUYC-
ckux kodddunrento C, u C, KOTOpbIE CBA3aHbI C CUIIAMU HU3BECTHBIMHU COOT-
HOIIICHUAMHU

X=CSq Y=C,Sq
e ¢ = (1/2) p U — ckopocTHOi Harop;
S — myomane Kpea.
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I'maponunamudeckue koddduuunents kpbuia (C,, C,) B 3aBUCHMOCTH
OT yIJla aTaku O IpU CTauMoHapHOM npoayBke (m = 0), T.e. IpU OTCYTCTBHUH
KonebaHuii KpbuIa, MOKa3aHbl Ha puc. 2: kpuas 1 — Cy (o), kpuBas 2 — Cy (o).
OTH JaHHBIE COTNIACYIOTCS C JAaHHBIMU Jpyrux aBTopoB [7; 8] (kpuB. 3 1 4 ).

JKcrepruMeHTalIbHbIE 3aBUCUMOCTH aMIUIATYBI K03 dHImeHTa nomb-
eMHOI cuibl Cya OT 4aCTOTBI KONEOAHUH f 1Sl pa3HBIX 3HaUYEHUH CKOPOCTH Ha-
Oerarolero moToKa MpPHUBEEHBI Ha PHC. 3.
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Puc. 3

MakcuManbHble 3HaUeHHS KOd(pQUIMEHTa MPOMOIbHON CHIIBI Cy max
(TsiTa), a TakKe MUHHMAJIbHbIC 3HAYECHHS KO3(QQHUIMEHTA TPOJOIBHOW CHIIBI
Cx min (CONPOTHBIICHKE), B MIPEEIax OJHOTO Iepuoja KojicOaHUH, B 3aBUCH-
MOCTH OT YacTOThI KolleOaHu#l f U pa3HbIX 3HAYSHUH CKOPOCTH Haberaromiero
MOTOKA MPUBEIEHBI Ha pUC. 4.
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Puc. 4

OTH Ke THIPOANHAMHYECKAE XapPaKTEPUCTHKH KOJIEOIIOIErocs Kpbl-
Jia, MIPEJCTABJICHHBIC B BUJIC 3aBUCUMOCTH OT Oe3pa3MepHoit ckopoctu Vi / U,
MIpUBEEHBl COOTBETCTBEHHO Ha pHC. 4 U puc. 5, rae U — cKopocTh MOTOKA B
PUTAT, Vi = ®r — MakcuMaiabHOE 3HAaYEHUE (TIOMEPEYHON) CKO-POCTH 3all-
Hell KpOMKH Kpblia 3a repuoj konebdanui (puc. 1), ¥ = b — x,, — pacCTOSHUE OT
3aHel KPOMKH Kpblia 0 ocH BpamieHus. Knaematnueckuid napamerp Vi / U
ABJIAETCA OOpAaTHOH BEIMYMHOM OTHOCHTEIBHOM CKOPOCTH A,, KOTOpHI, B
CBOIO OYepelb, MO CBOEH CYIIHOCTH AaHAJOTHYE€H OTHOCHUTEIHHOM MOCTYIH
rpebHoOro BUHTA. /laHHBIE BCEX OIMBITOB Ha PA3HBIX CKOPOCTSX, MPEICTABIICH-
HbIE B TAKOM BHJI€, Pa3MECTIIINCh HA OJTHOW YHUBEPCAIbHON IKCIIEPUMEHTAIb-
HOH KpUBOi.

N3MmeHeHne BENTMYUHBI IPOJONBHON U NOMNEPEYHON KOMIIOHEHT TUIpO-
JMHAMHYECKOH CHIIBI B MpEeNax ONHOro Mepuoja KojieOaHui B 3aBHCUMOCTH
OT MTHOBEHHOTO 3HadeHHs yriia KoieOaHUs KpblUla MMOKAa3aHO Ha pHuc. 7 U
puc. 8. IlpencraBieHbl XapaKTepHbIC JaHHBIC JUIA 3-X PEKUMOB KOjIcOaHUH,
oTIMYaroIIMecs 1o Oe3pa3MepHOH ckopoctu: kpuBas / — Vi/ U=0,52
(U=0,51 m/c, f=1,0Tm); kpuBas 2 — Vi,/ U=1,29 (U=0,31 m/c, f= 1,5 '),
kpuBas 3 — Vi/ U=2,43 (U=0,22 m/c, f=2,0 T'n).

MakcuMalbHbIe 3HAUCHUS THIPOJMHAMUYECKIX KO (OUIIMEHTOB CHITBI
conporusienus (tarn) Cy, a Takke nonepeynon (mogbemMuoi) cuiel Cy, B mpe-
Jenax OJHOTO TMepuoia KojdeOaHWi Ha COOTBETCTBYIOUIMX PEKHUMax, Mo abco-
JIOTHOW BEJIMYMHE COOTBETCTBYIOT JAaHHBIM, NPHBEACHHBIM Ha TpaduKax —
puc. 5. u puc. 6.
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C pocToM YacTOThl KPYTHJIBHBIX TapMOHHYECKHX KoleOaHW Kpbuia
(a Tarke ¢ yBeIMUEHUEM MapaMeTpa Oe3pa3mepHoi ckopoctd Vi/ U) Makcu-
MyM 3HadeHui ko3 duienTa nomnepeuHoi (mogbemuoit) cuibsl Cy B npeaenax
OJIHOTO TIONyIepHona KoinebaHui, cMmelnaercss OT NpelelbHBIX YITIOB Tepe-
KJTaJIK{ KpbUIa B 00JIaCTh MEHBIIMX 3Ha4YeHHU# yria (ot =28 ° mo o= 14 ° Ha
puc. 7).

st 3Hauennii kodhdunmenTa cuibl conporusieHus (tsru) Cy HaOImo-
naercst obpatabiii 3dpdexr. C pocToM BenmuuuHBI Oe3pa3MepHOro mapamerpa
Vi/ U xonmebaHM Kpblla MAKCUMyM 3HaueHHM ko3ddunuenta Cy mnepemMeria-
ercsi ONmke K TpEAeibHBIM 3HAYCHUSM YIVIa JUHAMUYECKOH TepeKIaaKu
KpbLIA.

Crnemyer OTMETHTBH, YTO C POCTOM YAaCTOTHI KPYTUJIBHBIX KOIEOaHUH
KpbUIa B TIpeenax rnepuojia HabmonaeTcs mpeodiialanue CUITBI TATH HaJl CHIION
conporuBieHus. Ha Takux pexumax oO0TeKaHHS KOIEOIIONIeecs 0 Iy aTakH
KPBUIO BBITIONHSET POJib THAPOIMHAMHYECKOTO ABMXHTENs. OJHAKO THAPOIU-
Hammuueckas dPQPEKTUBHOCTh B ITOM CIlydae HIDKE, YeM Y KOJIeOIoIIerocs
KpbUIa C IByMsI CTETIEHsIMHA CBOOOAHI [7].

g cpaBHeHud Ha puc. 7 u puc. 8 (KpUB. 4) TakkKe IPUBEICHBI PE3yiIb-
TaThl cTaroHapHoi (o = 0) npoxyBku Kpbuia (puc. 2). MrHOBeHHBIE 3HAUEHHS
THJIPOJMTHAMUYECKUX MapaMeTpoB KOJIEOMIONIErocss Kpbljla 3HAYUTEIBHO Ipe-
BBIIIAIOT (B paMKax SKCIEPHMEHTa — Ha MOPSI0K) COOTBETCTBYIOIIHE XapaKTe-
PHUCTHKH TIPU CTAIIMOHAPHOM OOTCKAHUH.

BuiBoabl. C pocToM 4acToThl KoNeOaHWI KpblUla MIHOBEHHBIC 3HAue-
HUS TUAPONMHAMUYECKON HArpy3KH MHOTOKPATHO BO3PACTAIOT.

PexxuMm HecTanMoHApHOTO OO0TEKAHUSI KpbLJIa NMPUBOAMUT K 3HAYUTEIb-
HBIM JMHAMHYECKUM TIeperpy3KkamM KOHCTPYKIINH.

Pe3ynbTaThl M3MepeHM THAPOANHAMHYECKUX XapaKTEPHCTHK KOJeO-
JIOIIErocss KpbUla TOATBEPXKIAIOT BBIBOJ, TONYYEHHBIH MPUMEHHTENBHO K
BHUHTaM Tpu paboTe B KOCOM MOTOKe. AHalIW3 HATYPHBIX JaHHBIX U pe3yJibTa-
TOB JIA0OPATOPHBIX AKCIIEPHUMEHTOB MOKA3bIBACT, YTO OMNpEICICHNUE TepeMEeH-
HOW CHIIBI, BOSHUKAIOIIEH Ha Ha JIONACTH B TAKOM PEKUME, 110 KPUBBIM JEHCT-
BUSI IPUBOJUT K MEHBIIIEMY 3HAUCHHUIO TIEPEMEHHON HArpy3KH 110 CPAaBHEHUIO C
peanbHON ee BeNWYMHON. A 3TO, B CBOIO O4Yepeb, MPUBOIUT K HETOOIEHKE
HUKINYECKOM MTPOYHOCTH BUHTOB MPHU padoTe 3a KOPIycoM (HampuMep) CyaHa
HA TTOJIBOJTHBIX KPBLIbSIX.
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YIK 629.5.018.71
C.B. Kpusko, B.B. Mopo3

BYKCHUPOBOYHBIE UCIIBITAHUSA MO/JEJIU
HOJYT'JIMCCHUPYIOIIET'O KATEPA C BOPTOBBIMU KABUTATOPAMU

Ha xouxpemnom npumepe 0emoucmpupyemcs 803MONCHOCb CHUICE-
HUsl OYKCUPOBOYHO20 CONPOMUBLEHUS NOTY2IUCCUPYIOWE20 KAmepa ¢ NoMO-
Wolo bopmosvix Kagumamopos. Ilpugooamces pesyivmamol U3yaIu3ayuy Ka-
BUMAYUOHHO20 MedeHUsi 6001b DOPMAa Kamepa 3a KIUHOOOPA3HbIM KAGUMAMO-
pom. [lana oyenxa spghexmusnocmu 60pmogo20 KagUMAMOoOpa ¢ MOYKU 3PeHUs!
CHUDICEHUSL OYKCUPOBOUHO2O CONPOMUBTLEHUSI.

Knrouesvle cnosa: 60pmosoil kagumamop, pexcumvl NIASAHUsL CYO08,
OYKCUPOBOUHOE CONPOMUBIEHUE.

Ha xonxkpemnomy npuxnadi 0emMoncmpyemsp s MONCIUBICTNG 3HUNCEHHS
OVKCUPOBOUHO2O ONOPY HANIGENICYION020 Kamepa 3ad O00NOMO2010 0OpMOGUx
rkasimamopis. Ilpugoosmuvcs pezyromamu Gizyanizayii Kasimayitinoi meuii
630060ic Oopmy Kamepa 3a KIUHONOOIOHUM Kasimamopom. [lana oyinka
epexmugHOCmi  100M0OB020  KAGIMAmMopa 3 MOYKU  30pPY  3MEHULeHHS
OVKCUPOBOUHO20 ONOPY.

Knrouosi cnoea: Oopmosuil xasimamop, pexcumu NAA8AHHS. CYOEH,
oyKkcupHuil onip.

A specific example demonstrated the ability to reduce the towing
resistance of semi planing boat using onboard cavitators. The results of
visualization of the cavitation flow along the shipboard of the wedge-shaped
boats cavitator. Efficiencies of board cavitator in terms of reduced towing
resistance measured.

Keywords: board cavitator, modes of navigation, towing resistance .

BBenenue. Kak wm3BectHO [1], B 3aBHCHMOCTH OT COOTHOIICHUS
CKOPOCTH M BOJOHM3MEIICHUS CYJHA MOTYT HaOJIOAAaThCA TPU XapaKTEPHBIX
peKHMa €ro IJIaBaHWs, a UMEHHO: BOJOU3MEIIAIONINN, TIEPEXOTHBIM U TIIHC-
cupoBanme. [lapamerpoM, ONMpEneSIONIAM PEKUM JIBUKEHHUS CyNHA, SBIISI-
ercsa yucio Ppyna, BBIUUCICHHOE MO O0BEMHOMY BOJOM3MEILNCHHUIO CYIHA,
Fr, =u/ N gV ,Tme U — CKOpOCTh CyHa; g — YCKOpPECHHE CHIIbI TsDKeCTH; V'
— obbeMHOe BopousMeleHue cyana). [Ipu wncnax ®pyna Fr, <1 nHabmona-
€TCsi BOJOM3MEUAIOIIUN pexuM JBHKeHUsA. B guanasone uncen Dpyna
1 < Fr, <3 nabmrogaercst mepexoHbIil pexuM ABIKeHus. [Ipu unciax Opy-

na Fr, <3 Habmogaercsi pesKUM IITHCCUPOBAHUSL.

© Kpusko C.B., Mopos B.B., 2015
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B ofmem OamaHce TUAPOAMHAMHYECKOIO COMPOTHBIICHHS CYAHA B
3aBHCUMOCTH OT PEXKHMa JIBHXKCHUS JOMHHUPYIOIIUMH SBISIOTCS CHIIBI TOH
WIH MHOW TPUPOIbL. B 9acTHOCTH, B BOJOM3MEIIAIONIEM PEKHUME JIBUKCHUS
JOMHHUPYIOIIUMHE SIBIISIIOTCS. CHJIBI TPEHUS, B TIEPEXOAHOM PEKUME — CHIIBI
BOJTHOBOW MIPUPOJIBL, & B PEKUME TIIMCCUPOBAHUS — CHIIBI JABIICHUS U TPEHUSI.
C uenbio CHWKEHHS THAPOJANHAMHYECKOTO COMPOTUBIICHHS B MPAKTUKE CY/IO0-
CTPOCHUS CIIOKUIUCH ONMpECieHHbIC MOAXO0bI K (HOPMOOOPa30BaHHIO O00BO-
JIOB KOPITYCOB CYJIOB B 3aBUCHMOCTH OT MX peknMa JBikeHus [2; 3]. Tak, Ha-
MpHUMeEp, CyJa, SKCIUTYaTHPYIOIIUECs B TIEPEXOTHOM PEKUME JIBUKCHUS, OTIIU-
YaroTcsl OONBIMM YJTMHEHUEM KOPITyca, TOABEMOM 0aTOKCOB B KOPME M OCT-
peIMU 00BOJAMH HOCOBOM okOHeuHocTH. Cy/a, SKCILTYyaTHPYIOIINECS B PEKU-
M€ TJINCCHPOBaHUs, MMEIOT OTHOCHUTEIIFHO HEOONbIOe YIUTMHEHHE KOopIyca U
SIPKO BBIPAXKEHHYIO TNIMCCHPYIONIYIO TUIOMIAKY B KOPMOBOM YacTH KOpITyca
MPSIMBIMH 0aTOKCAMH.

B Hacrosimee Bpemst Bce Oosblliee MPUMEHEHHWE HAXOIST CyJla, KC-
IUTyaTUpYyIOIIKecs B IBYX pexnMax. Yaiie BCero — B MEPEXOAHOM H TIIMCCH-
pytomieM pexxumax [3; 4]. Ilpu 3ToM mepexoaHbIil pexuM ABMKEHHUS, KaKk mpa-
BUJIO, SIBJSIETCSI OCHOBHBIM, & PEKHM TIHCCHPOBAHUS — KPaTKOBPEMEHHBIM.
Tako#t TN cyaHA Ha3bIBaeTCs MONYTIUCCHPYIOMUM. Mcxos U3 3Toro, riae-
HbIEe pa3MepeHust 1 Gopma Kopryca CyJHa ONTUMHU3HPYIOTCS JUISl TJIaBaHUs B
MEPEXOTHOM PEKUME, a U YMEHbBIICHUS THAPOJMHAMUYECKOTO COMPOTUBIIE-
HUSl B PSKUME TIHCCHUPOBAHUS HMCIOIB3YIOTCS pPa3HYHbIC THIPOIUHAMHYE-
CKHE TPHUCIIOCOOICHUS, MO3BOIISIONINE YMEHBIIUTh CONPOTHUBIICHUE TPEHHS
Wi jasienns. Haubonbliee pacnpocTpaHeHHe MONYYHIIA MPUCTIOCOOICHUS,
MO3BOJISIIONIME YMEHBIINTh CMOUYCHHYIO TOBEPXHOCTH ITyTEM OpraHU3alHd
HCKYCCTBEHHBIX BEHTWJIMPYEMBIX KaBEPH Ha OT/AENBHBIX y4YacTKax Kopiyca
cynHa [6]. BeHTHiupyemble KaBEpPHBI 00pa3yrOTCsS IIyTEM HCIOIb30BaHUS
KaBHTaTOPOB, KOTOPbIE MMEIOT KJIMHOBUIHYIO ()OPMY M H3TOTaBIHBAIOTCS B
BHJIC HAKJIaJIOK Ha KOpIyc cyaHa. Takoi crocod o0pa3oBaHUs HCKYCCTBEHHBIX
BEHTHJIMPYEMBIX KaBEPH UMEET Psi/i IPEUMYILIECTB 10 CPAaBHEHHIO C TPaIUIIH-
OHHBIM PEIaHHBIM KOPITYCOM, B YaCTHOCTH, YIIPOIIAETCS KOHCTPYKIIHS KOPITY-
ca TJIMCCHPYIOIIEro cynHa. B Toxxe Bpemsi, i1t 00pa3oBaHUs yCTOWYMBOW BEH-
TUJIMPYEMOM KaBEpHBI 32 KABUTATOPOM, HalpUMep, Ha JHUIIE CyIHa, He0O0X0-
JIMa TIOCTOSIHHAS T07]aya BO3/yXa B KaBepHY. 3HAYUTENBHBIA HHTEpEC Mpel-
CTaBIsieT 00pa3oBaHWE BEHTHIMPYEMbIX KaBEpH Ha BEPTHKAIBHBIX MOBEPXHO-
crax. B aToM crmydae xaBuUTaTOop repecekaer cBOOOIHYIO TOBEPXHOCTb, H BO3-
IyX TIOCTYHaeT B KaBEpHY CaMOTEKOM BJIONb KaBHUTaTopa. Takoil croco0
WCKYCCTBEHHOW BEHTHJISIIMM KaBEPH YCIEIIHO MPUMEHSETCS Ui CO3JaHUs
BEHTHJIMPYEMBIX KaBepH Ha BEPTUKAJIbHBIX CTOMKAaX CYJOB Ha TOABOAHBIX
KppUTbaAX [5]. OmHako, MeeTcs BechbMa OIpaHUYEHHOE KOJMYECTBO pe3yJibTa-
TOB JKCIIEPUMEHTAJbHBIX HCCIICNOBAHUN MO CO3/IaHUIO MPOTSIKEHHBIX BEHTH-
JTUPYEMBIX KaBEpH Ha BEPTHUKAIBHBIX CTEHKaX M WX 3()(PEKTHBHOCTH C TOUKH
3pEHUs] CHIKEHUSI TUAPOJMHAMHYECKOTO COMPOTHBIICHUS MOMYTIIMCCUPYIOIIE-
ro cyana. [loaromy, mouck 3¢pQeKkTUBHBIX CcrocOOOB CO3aHHS BEHTUIHPYeE-
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MBIX KaBepH Ha OOpTax MONYIJIMCCHPYIONIETO CYJHA MPEACTaBIsIeTCS aKTy-
AJBHOM 3a71a4eil.

Leanio HacTosield padoTHI SIBISIETCS OnpeneneHne 3PPeKTUBHOCTH
OOpPTOBBIX KaBUTATOPOB C TOYKH 3PCHUSI CHIKEHHSI OYKCHPOBOYHOTO COMPO-
TUBJICHUS TTOJIYTINCCUPYIOLIETO CyIHA.

PaGoTa BbIMONHSIIACH ITyTEM MPOBEACHUS MOJEIBHOIO 3KCIIEPUMEHTA,
OCHOBaHHOTO Ha MeToJIe OYKCHPOBKH MOJCTH CYy/JIHA B CKOPOCTHOM OIBITOBOM
Oacceiine Muctutyra runpomexanuka HAH YkpauHsl

N3no:xenue ocHoBHOro Mmatepuaia. OObEKTOM HCCIIEOBAHUN SBIIS-
JIOCh OYKCHPOBOYHOE COIMPOTHBIICHHE MOJENHN TONYTIHUCCUPYIOMIETO KaTepa,
¢dopma Kopiryca KOTOpPOro IrokazaHa Ha pucyHke 1. dopma kopmyca mMopenn
MOTYTIMCCUPYIOINIEro KaTepa aHAJIOTHYHA U3BecTHOH (opMe monenu Kinemen-
Ta-biaaynTta [1], oTIMYUTETLHON OCOOEHHOCTBIO KOTOPOW SIBJISETCS TO, YTO
KOpMOBas 4acTb Koprmyca (0T MHIENS 10 TpaHIa) UMeeT MOCTOSAHHBIN yron
KUJIEBATOCTH U, 110 CYTH, SIBJISETCA IUIOCKO-KUJIEBATON MIACTUHOM.
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Puc. 1. [lpoexyus kopnyca meopemuyeckoeo uepmexica
noayauccupyrowezo Kamepa

Mopens KaTepa OBlIa M3rOTOBJIEHA M3 CTEKJIOIUIACTHKA M MMEJa Clie-
AYIOUIUE IJIaBHBIC Pa3MEPCHUA!

- JUIMHA HAHOOIBIIAS, MM .....uvvinnreinneeinninennnnns 1530
- JUTHHA IO CKYTIC, MM ...tvrnreenneenneennenneenneennss 1470
- [APUHA HAKOONBIIAS, MM ....euenenenennenieeieeneneeeee 320
- ocaJKa 1o KOHCTPYKTHBHYIO BaTCPIUHUIO, M .......... 07
- YroJ KWJICBATOCTH Ha MUJENE/TPAHIIE, TPal. ......... 17
- BECOBOE BOJOM3MEIICHHE, KT ....vvvveeeennnnnnnannnnns 16,3
- OTCTOSIHHE LIEHTPA TSKECTH OT TPAHIA, MM ......... 573

Ha o6oux Goprax Momenu kartepa ObUIM yCTAaHOBJICHBI KIMHOBHUIHBIC
OOTOBBIE KABUTATOPHI, CXEMa YCTAHOBKM KOTOPBIX TTOKa3aHa Ha PHCYHKE 2.

112



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

L KB/

on

/ R ’l_gs\,/\ [
—
—ert

4
KB 4 sty
Oﬂ KABUTATOPSI

40 36 32 c38 24 20 16 12 8 4 0

Puc. 2. Cxema ycmanosku 60pmosbix Kasumamopos Ha Mooenu Kxamepa

Kapuratopsl OBUTH M3TOTOBIICHBI B BHJIE HAKIIAHBIX TUIAHOK M MMEIH
TIOTIepEeYHOE CEYeHNE B BU/IE MPSMOYTOJIBHOTO TPEYToJIbHUKA CO cTOpoHamMu 10
1 2,5 MM COOTBETCTBEHHO. YTOJI pacTBOpa KaBUTaTOpa COCTaBIIsLI 17 Tpagycos.

Mogaenb cyHa KpenmInch K OYKCHPOBOYHON CHCTEME OIBITOBOTO Oac-
celiHa C MOMOIIBIO CIENHUAIbHON IMIApPHUPHOM MOJBECKH, KOTOpas MO3BOJIsIA
MOJIETT CBOOOJIHO OCYIIECTBIISITH BEPTUKAJbHBIE MEPEMEIICHHS W YTIIOBBIE
KonebaHusl B IPOJI0JIbHO-BEPTHKAILHON TIOCKOCTH. Ha mapHupHo# mogsecke
OBUTM YCTAHOBIICHBI JIATYMKU ISl PETUCTPAIMH BEPTUKAIBHBIX IepeMelleHHH
MOJIETH ¥ X010BOTO M depenta. Bes mapHupHas noasecka Oana 3akperuieHa
K OJHOKOMIIOHEHTHOMY TE€H30METPHYECKOMY IWHAMOMETPY, KOTOPHIH MO3BO-
JISUT PETUCTPUPOBATh OYKCHPOBOYHOE COMPOTUBICHUE MOJICITH.

BykcupoBouHble UCHBITAaHUS TPOBOIMIINCH B COOTBETCTBHU C PEKO-
merganmsmMu [TTC Ne7.5-02-02-01 [7]. I1pu aToM Mozenb Katepa Oblia HCIIbI-
TaHa B KOMOWHAIIMM «C KaBUTATOpaMW» W «0e3 KaBHTATOpOB». [ omeHku
3G (GEKTUBHOCTH OOPTOBBIX KAaBHTAaTOPOB ObLIa PacCMOTPEHa 3aBUCHMOCTH

00paTHOro I'MAPOTMHAMUYECKOr0 KadecTBa Moxenn R / A,rne R, — Oykcu-
POBOYHOE CONPOTHUBIICHHE MOJETH; A — BECOBOE BOJOM3MEIIIEHHE MOJIENIN) OT
ypcna Opyna F7, , BBIMUCICHHOTO 10 00bEMHOMY BOJOHM3MEIICHHIO. Mozernb
KaTtepa Oblja MCIIBITAaHA B JMANa30HE CKOPOCTeH OyKCHpoBKH oT 1,3 M/c 10
6,0 M/c, 9To cooTBercTBYeT amamasoHy umcen ®pyma Fr, or 0,9 mo 3,8.

Takum oOpa3om, OBUT MCCIEOBaH TEPEXOAHBIA PEXUM JBHKCHHS U PEKUM
rIIMccUpoBaHus. B mporecce mpoBeneHns: OYKCHPOBOYHBIX HCIBITAHUH OCY-
HIECTBIISUTACH (POTOCHhEMKa MOJABOIHONW YacTH KOpITyca KaTepa.

XapakTepHbli BHJ IMOABOAHON YacTH MOJACIM Karepa «0e3 KaBUTaTo-
POB» MPH Pa3MUYHBIX PEKUMaxX JBIKEHHS TOKa3aH Ha pucyHke 3. Ha mpuse-
JeHHBIX (oTorpadusx BUAHO, YTO NMPH YBEIUYCHUH CKOPOCTH OYKCHPOBKH
0opTa MOJEIH OCTAIOTCS 3aMBITBIMH. JTO MPHBOAUT K YBETUYECHHIO CMOYEH-
HOW MOBEPXHOCTH W KaK CJIEACTBUE — K YBEITHMUCHHIO COMPOTHBIICHHUS TPEHUS
MOJIETIH TIPH €€ JTBMKCHUH B PEKUME TITUCCUPOBAHHUSL.
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N\

Puc. 3. Xapaxmeprolii 610 nodeoorHotl wacmu mooenu «0e3 Kagumamoposy.:
a) ckopocmw Oykcupoeku 1,31 m/c; 6) ckopocms 6ykcuposku 2,40 m/c;
8) ckopocmb Oykcupoexu 4,01 m/c; 2) ckopocms dykcuposxu 4,81 m/c

Ha pucynke 4 mokaszaH xapakTepHBIH BHUI MOIBOAHONW YaCTH MOJICIH
KaTepa «C KaBUTATOpaMW» NPU Pa3lIMYHBIX PeXKUMax IBrokeHus. Ha mpuse-
JEHHBIX (oTorpadusx BUIHO, YTO HA MaJIBIX CKOPOCTIX OYKCHPOBKH, COOTBET-
CTBYIOIIMX Ha4yally IEPEXOJHOrO PEeKHUMa JIBUKEHUS, KABEPHBI HE 00pa3yroTcsl.
Ha Gonbmmx ckopocTsix OYKCHPOBKH, COOTBETCTBYIONINX KOHITY MEPEXOAHOTO
peXUMa ¥ TIHCCUPOBAHUIO, 32 OOPTOBBIMU KaBUTATOpAMH 00pa3ylOTCsl BEHTH-
JUpyeMble KaBepHBI, KOTOPBIE C YBEINYEHHUEM CKOPOCTH OYKCHPOBKH OXBAThI-
BaIOT BeCh OOPT MOJIENTN KaTepa.
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Puc. 4. Xapaxmephuiil 610 n00800HOU HaACMU MOOEIU «C KAGUMAMOPAMUN
a) ckopocmu Oykcupoeku 1,33 m/c; 6) ckopocms 6ykcuposku 2,37 m/c;
8) ckopocmb Oykcupoexu 4,53 m/c; 2) ckopocme Oykcuposxu 6,09 m/c

Ha pucynke 5 mpencraBieHbl pe3yiabTaThl OYKCHPOBOYHBIX HCITBITA-
Hul. Pe3ynbTaThl OYKCHPOBOYHBIX HCIHBITAHUI MO3BOJISIOT CACIaTh BBIBOI O
TOM, YTO OOpPTOBBIC KAaBUTATOPHI MO3BOJIIIOT YMEHBIIUTH OYKCHPOBOYHOE
COIPOTUBIICHHUE TOTYTIINCCUPYIOUIETO KaTepa.

CreneHb yMEHBIIEHUS! OYKCHPOBOYHOTO COMPOTUBIICHHUS MPOMOPIIHO-
HajJbHAa CTENEHH yMEHBIIEHHS CMOYEHHOW MOBEpXHOCTU. B mcciemoBaHHOM
BapHaHTE Harpy3Kd IMOJIYTIIHCCHPYIOMIETO KaTepa yMeHbIIeHHe OyKCHPOBOY-
HOT'O COMPOTUBIIEHHS HocTuriio =~ 10 %.
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Puc. 5. 3asucumocmov 06pamnoco eudpoouHamMu4ecKo2o Kaiecmsea mooenu
noayanuccupyrowezo kamepa om yucia Ppyoa
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YIK 629.5.018.1;629.5.018.712
Demidiuk A.V., Kosoy M.B.

EVALUATION METHOD OF FRICTION
OF GRAVITATIONAL TYPE TOWING TANK TOWING SYSTEM

The method of determination of the coefficients of friction forces of the
gravity type towing tank towing system, based on the study of kinematic
characteristics of the equivalent simulating system. The technique is based on a
comparison of the values of velocity and acceleration of the towing load,
obtained experimentally and calculated from the analytical solution of the
problem of the motion of the towing system.

Keywords: gravitational type towing tank, towing system, coefficients
of forces and moments of friction.

3anpononosano memoouxy suznauenis Koeghiyienmie cun mepms OyK-
CUpY8anbHoi cucmemu 00CIiOH020 baceliny 2pagimayitinoco muny, 3acHo8ana
Ha 00CTI0JCEHHT KIHEMAMUYHUX XAPAKMEPUCMUK eKBI6ANEHMHOI MOOen0I040i
cucmemu. Memoouxa nody0oeana Ha NOPIGHAHHI 3HAYEHbL WEUOKOCME | Npu-
CKOPEHHS OYKCUPYBATbHO20 BAHMAICY, OMPUMAHUX eKCHePUMEHMATbHO |
OMPUMAHUX 3 AHATIMUYHO20 pieHHA 3a0adi npo pyx OVKCUPYBANbHOI cuc-
memu.

Knrouosi cnoea: oocnionuii 6aceiin epasimayitinoco muny, OyKcupy-
BANIbHA cUCMeMA, KOe@IiyieHmu cui i MOMEHmMie mepmsi.

Ipeonooicena memoouxa onpeodenenus KOIPOUYUEHMOE CUl MpeHUs.
OVKCUPOBOUHOUI CUCEMbL ONbIMOB020 bacceliia 2pasumayuoHHO20 Mmund,
OCHOBAHHASL HA UCCIEO08AHUU KUHEMATHUYECKUX XAPAKMEPUCTUK IKEUBA-
JeHmuou modenupyioweil cucmemvl. Memoouka nocmpoeHa HA CpPpAGHEeHUU
BHAYEHULl CKOPOCMU U YCKOPEHUsL OYKCUPYIOWe20 epy3d, NOYYEeHHbIX IKChepU-
MEHMANLHO U BLIYUCTEHHBIX U3 AHATUMUYECKO20 PeuleHUs 3a0aiu 0 08UNHCEHUU
OVKCUPOBOUHOT CUCHEMDL.

Knrouesvle cnosa: onvimogulii bacceiin epagumayioHHo20 muna, OyK-
CUPOBOUHASL CUCMEMA, KOIDDUYUSHMBL CUTL U MOMEHTNO8 MPEHUSL.

Introduction. The Odessa National Maritime University (further
ONMU) towing tank was founded in 1930, it came into operation in 1932.
Structurally, it belongs to the gravitational type towing tanks of Wellenkamp
system [1].

Unlike the basins of Froude type [2] the main feature of this type of
towing tanks is the presence of a rope system, via which the vessels model is
being towed. In this case the model is attached to the looped rope and moves
under the action of the towing load, descending into a special shaft.

© Demidiuk A.V., Kosoy M.B, 2015

117



Bicank
OgecpKOro HarioHaAbHOTO MOPCBKOTO YHiBepCUTETY
Ne 3 (45), 2015

The scheme of the towing system of ONMU towing tank is shown on a
Figure 1.

2 6
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F Towing Load P
¢ —
| Booster Load

Fig. 1. The scheme of the ONMU towing tank towing system:
1 — main towing rope; 2 — driving pulley; 3 — measuring pulley,
4 — discharging pulley, 5 — idler,; 6 — towing load pulley,
7 — compensating chain load; 8 — starting lever; 9 — friction brake;
10 — accelerating device, 11 — accelerating load pulley,
12 — discharging pulley, 13 — chain belt

The presence of the rope wiring causes appearance of inevitable forces
of friction in pulleys. Thus, the control of friction of the towing system in the
process of realization of towing tests is an important technological process
influencing on the results of experimental researches.

Usually control of friction in the ONMU towing tank is conducted by
running the system in free oscillation mode, i.e. without a model under the
influence of small-sized towing load (0.1-0.2 kg). Force of friction was
determined in dimensional form the in assumption of its permanence in a
narrow range of velocity of the system (about 1.0 m/s). The disadvantage of
such method is a necessity for the hand selection of ranges of speeds at the
periods of acceleration and braking of the system, in the range of which will be
valid the resulting values of the friction forces. Also, the disadvantage is the
complexity of the accounting inertial effects on the area of the system braking,
which is caused by motion of load point of a suspension on the phase of
changing the direction of its motion.

The measuring system of ONMU towing tank was modernized in
2011-2012. During the modernization, a software «TowDrag» was developed.
This program visualizes the process of recording the speed of the model,
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automates the process of test results data processing. [3]. «TowDrag» has a
special mode to control the system friction.

The velocity changing of the main rope of the towing system in the free
oscillation mode is shown in Figure 2.

0.8
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0.6 /
os L/ 1\ A
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Fig. 2. A typical view of the process of changing the velocity of towing system
in the free oscillation mode

The aim of the present investigation is development of methodology to
determine the coefficients of friction of the towing system of towing tank that
allows to determine force and moment of friction of the system depending on
the rate of movement of towing load.

Methods of determining the coefficients of friction of the
towing system is as follows.

Let Di[go(uo,ul,uz,t),a(uo,ul,uz,t)]= 0, 7=1L2 — a system of
equations of motion of the tow go(uo,ul,uz,t),a(uo,,ul,upt) — the gene-
ralized coordinate system, depending on the coefficients of friction 4, 14, 4, .
Let l = f(w(ﬂo’ﬂl’ﬂz’t)’a(lllo’ﬂl’ﬂz’t)): l(ﬂo:ﬂlaﬂzat) — the law of the
vertical movement of the towing load of a system also depends on the

coefficient of friction due to the geometric and kinematic relationships with
generalized coordinates. Also, experimental studies allow us to determine the

values of velocity l'a (t) and acceleration la (t) of towing load at a time interval
[0, 7].

The coefficients (1) are the parameters of the system and their
numerical values defines a specific law of motion of the load.

The coefficients L, L4, [y are the parameters of the system and their
specific numerical values defines a specific law of motion of the towing load.

119



Bicank
OgecpKOro HarioHaAbHOTO MOPCBKOTO YHiBepCUTETY
Ne 3 (45), 2015

Coefficient values can only be determined from the experimental data on the
movement of the towing system thus natural to assume that the true value of
the coefficient of friction should provide a minimum standard deviation of
analytical solutions of the experimental data. That is the problem of deter-
mining the values of the coefficient of friction is reduced to a variational prob-
lem of finding the minimum of the functional

=

F (s, 11,) = \/I(i(uo,ul,uz,t)—l;(f))zdt

0
and

T

Fz(uo,#.,uz)=\/J(7(uo,u.,uz,t)—?;(t))zdt-

0
So, first we need to find an analytical solution / (ﬂo: JT uz,t) or that
equivalent, changes of analytical laws of the generalized coordinates

gD(lLtO s His Hys t): a(:”o s His t) of the tOWing SyStem-

The complexity of the kinematic scheme of the towing systems as well
as some of the technical difficulties associated with the determination of
geometric and inertial parameters of its components determine the choice of a
simple in a kinematic sense, but an equivalent effect of a mechanical system,
which simulates the operation of the towing system.

Fig. 3. The kinematic scheme of simulation system
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The model of the towing system. The simulation system consists of a
pulley rotating around a horizontal and fixed axis of the pulley coiled by
inextensible and weightless thread and unknown moments of inertia and friction.
Its scheme is shown in Figure 3. At the time of the system are forces of gravity,
moment of friction forces on the axis of the pulley, as well as the centrifugal force
of inertia of the oscillating load on the suspension. Since the towing system
consists of many different elements, moving rotationally and progressively, the
friction moment was adopted in the form of a polynomial of degree 2 of the
angular velocity of the pulley.

The independent parameters of movement adopted the angles of
rotation of the pulley ¢ and the suspension load a.

The system of equations in dimensional form, describing the dynamics
of the system is as follows

(J+mR2);b'—mR(ZO+Rgo)d2+(,u2¢2+,u1¢+,u0)—ng=O; 0
m(l, + Rp ) c +2mR(l, + R )pci + mg(l, + Rp)sin(a )= 0,
where /, — initial length of the suspension load;
m — mass of the load adopted for mass scale;
R — the radius of the pulley, taken as a linear scale of the task.
2
As the value of the selected time scale T = ﬂ . Then the non-
g
dimensional system has the form
. mR W + H, 2 4 27R H -+@ Hy _
4 iJ+mR2iy iJ+mR2iy g iJ+mR2iy g +mR’
2
B 27mmR =0,
iJ +mR )
g4 2R 2aRsin(ar) _ 0. y %0, @)
/4 /4

where y = (lo + Rgo). Equation y =0 is performed only in the state of rest of

the system.

In the first equation of the system (2) the term of the square of the
angular velocity of the oscillation of the load is the moment of the centrifugal
force acting on the load. Discard this term based on the smallness of the angle
o, unreasonable, especially as the load oscillates in the shaft at a depth of 10-12
meters, and the angle of oscillation is difficult to assess. It is important to

evaluate the velocity of oscillations, since the meaning of Ra’ may have a
finite value.
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To estimate the quantity Ra* consider the second equation (2).
Isocline equation ¢ =0 in the phase plane (OC, OZ) is given yor + ﬂsin(a) =0.
The value of ¥ = ¢ increases monotonically to a finite limit, so the amplitude
isocline will decrease with the change of ¢ in time to a finite value. We find
regions of positive and negative values of ¢ , provided ¥ >0, ¥ >0. These
conditions mean that the speed of rotation of the pulley does not decrease, and
the starting position of the pulley characterized by the value of the generalized
coordinates of @ = 0. Then from the second equation (2)

Ly +2Rya _ _sin(at). 3)
27R

a) Let >0, >0.If & >0 the left-hand side of the expression (3)
has a positive value and the equation is not satisfied. For equal left and right

sides (3) prerequisites & <0, then & has reduced on the interval (0, %) ;

b) Let a>0,a<0.If & >0 at any point in time, it will cause the
left side of the unlimited growth of the expression (3). So there must be a time
interval where & <0, and therefore the moment of time at which the sign
change of & occur from positive to negative;

NS «

Fig. 4

¢) The behavior of the phase trajectories for conditions ¢ <0, a <0
symmetrical condition a), and provided a >0, a <0 - symmetrical to
condition b) with respect to the coordinate system reference. It is seen that in

the region above isocline acceleration & is negative, and under isocline —
positive.
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Consider the situation in the phase plane (OC, OZ) to the initial values of
o, and a, (see Figure 4). When o, >0, o, >0 and a grows, ¢ values
decreases to zero. Further, the conditions a <0, o > 0. That is, there is a
decrease in the value of « , and the point of intersection of the phase trajectory
isocline & =0 growth begins values of a . If & =0 begin growth of « , and
after crossing the phase trajectory with isocline decrease — ¢ .

The process will be repeated cyclically, but the maximum values of |0k|

at each new cycle will decrease. This follows from the following considerati-
ons.

Let @ >0 value at which & =0. From equation isocline find
a <0. Further, since the a , o values will decrease and, consequently, the
intersection of the phase trajectory with isocline happens at o < a’. And since

isocline monotonically decreases on the interval (—5, 5] , then the value of

a , corresponding to the point of intersection, there will be greater than a’.
Similarly, we find that in case of @ <0 is executed ¢ >0, and at the
intersection with isocline phase trajectory ¢ < « * . Thus phase trajectory is
a spiral converging to a closed path, or to the point, with some |0k| limited to

values |0k|max . From the second equation of the system (2) for y, =0 implies

that |0k|max = |0k0|. In the experiment for measurement of the characteristics of
motion of the system is possible to limit the amplitude of the initial suspension

deviation value |a 5°. Then the average velocity of the oscillations in the

max|_

dimensional form equals |;r|- " \/E , and the dimensionless average velo-
*1 73611,
city of the oscillations — ‘dw‘:% zﬂlﬁ. When [, = R \dcp\zo.zz. From
0

this we can estimate the order of the moment of inertia of the pulley, which
value is unknown and will be determined by solving the variational problem.

Considering The above assessment, the value of mR o> first
iJ +mR? ’

term of equation (2) is limited to values of mR (I, +Ro,, )a. *. In the
(J+mR2) max cp

case where the value is of the order of 10~ system of equations (2) can be
linearized. Then the moment of inertia of the pulley must satisfy
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lez(zo + R N, Fx10° - RJz J . After substituting [, ~ R, Re,, ~15, get

J ~240mR’ .
The linearized system of equations. The linearized in the variables «
and a equations (2) has the form

Hy 3 27amR*? ~0
iJ+mRi iJ+mRi g J+mR) (+mr?) " (4)
2Rya  27nRa
+ =+
/4 /4

=0, y#0

The first equation of this system does not depend on & and A Letus

o M o PR b, 2R M _ 5.
e e IR (P (v B P VEUo B

2nmR’ ;= .
(me—Rz) =b>0; ¥ = . Then the first equation takes the form of
m

y+a,y +ay+a,—b=0
()

y=y

It is clear that the dynamic equilibrium of the system is possible with
Y =0 From the first equation (5) it follows that this equation is satisfied for

—-a, iwlalz—4a2(a0—b) a]2

N2 = . If @y >——+b then the system does not have a
2a, 4a,

point of dynamic equilibrium and |y| increases indefinitely. This means that
the velocity of rotation of the pulley will increase indefinitely. Therefore, you
2

al
must perform the opposite condition @ < 4a. +b. Further, if you take the
2

coefficients of friction and the moment of inertia of the pulley such that will
2
a; 2
satisfy the condition b <q, < Eer then \/ a, 45’2 ay — ‘ a ‘
2
this case both have a negative balance point coordinates V1 and V2. From a
physical standpoint, this means that under the influence of gravity and frictio-

nal force load will be raised, not lowered. Therefore, the coefficients of friction
and moment of inertia of the drum must necessarily satisfy the condition

a,<b
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‘ a12_4az(ao_b) —a

Then a,2—4a2(a0—b)2‘\/a>,2 =a and y, = > >0,
aZ
—‘ a; —4c12(aO —b) —q,
Y= <0. In the (y ! ) find the area of the positive and

2a,
) ) )
negative acceleration V. If V¥ =C# 0 we have &V tay+a,—b=—c and
—a * \/af —4c12(a0 +c—b)
2a,
c=b-a>0 1 y>y,

Then ‘\/al2 —4a2(a0 +C—b)‘ > ‘\/al2 —4a2(a0 _b)‘

therefore y = . At the points of dynamic equilibrium

, which  implies

(ay+c—b)>(a,~b) and € <O That is, above the point Y1 arranged isocline
negative acceleration Y. A similar analysis at ' <2 reveals that the lower

point Y2 are also isocline negative acceleration Y. When Y <Y<, ,
‘\/al2 - 4a2(a0 +c _b)‘ < ‘\/alz —4a2(a0 _b)‘ which implies (ao +c _b)< (ao _b)

and ¢>0 Consequently, the point Y1 is a stable dynamic equilibrium of the
system, as can be seen in Figure 5.
The solution of system (5) to be found in the class of functions

monotonically converging to the point V1 and satisfying the initial conditions
of the problem.
Let

off = —{aga - sh*(Bt)+ aax - sh(B)ch(Be)+ (a, —b)- ch*(Br)) =

= —%(aoa (ezﬁt +e 2P 2)+ a]a(ezﬁt —e )+ (ao - b)- (ezﬁt +e Py 2))

y=a-th(pr).

O ——aa—hz(ﬁt)+aaw+a -
Then y_chz(ﬁt)_ (o ch*(Br) 1 ch*(Br) (a, b)],

o)

where

of = —(aga - sh*(Bt)+ ayor - sh(Be eh(Be)+(a, —b)- ch* ()=

= —%(aoa (ezﬂ' +e P 2)+ a,a(ezﬂ' - e’zﬂ')+ (ao —b)' (ezﬂ’ +e P+ 2))
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N

Fig. 5

When =0 yO:(b_ao):O‘ﬁ,while =0 y—>0 y—>a Using
—ali\/af—4a2(a0—b+)'/)

2a,

equation Vi, = , justified above, we obtain

—a, ++Ja —4a,(a, b
a,=— 12a 2(a,~b) and therefore, B, =
2

function that satisfies the system (5) with given initial conditions. Given that

a, —

. Thus we find a
1,2

y=y=¢ , we can write this function in the generalized coordinates of the
problem:

) al —4a,(a,~b)—a 2(b - ay )a,t
Jo g it _ 1 2\%o L 0 )%, _
‘P( Hos Ky 1”2) 2a, (\/012_4%(%_[7)_01
4112—4412(410—1))+aI ml Z(b—ao)azt .
2a, \/4112—4412(410—1))+aI ’
. b—
G s s 1) = = b-a)

2 Z(b—ao)azt J )

ch
\/al2 —4a, (ao —b) —-a,

(b_ao) '
Ch{_ 2(b - a, ayt J

alz —4412(410 —b)+aI
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Returning to the set at the beginning of the article the problem of
finding the coefficients of friction, functional variational problem can be
written as

T

ot~ )0
0 (7

(gb(J, ﬂosﬂlaﬂZst)_¢a(t))2dta

F;(Jaﬂoaﬂlsﬂz):\/

S =

where @, (z‘) and @, (z‘) derived from the processing of experimental data. Con-
ditions of minimum values £ (J T uz) and F, (J T uz)

O°F,
Ox,0x ;

grad F, = 0; >0,

()

n=12; x,=J, 1y, 1, U,.

Verification of the data obtained from the solution of the system (8) is
made by comparing the calculated and experimental data. Below is a graphs of
the experimental and calculated curves of velocity and acceleration of the
rotation of the pulley, the system simulates the towing system operation of three
options for pulling loads.

¢ O  angular velocity (experiment)
¢ O angular acceleration (experiment)

2,0 4 = == angular velocity (calculation)
— 3ngular acceleration (calculation)

T

0 10 20 30 40 50 t/T 60

Fig. 6. Comparison of the calculated and experimental data, m = 0.158 kg
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3,0
@
.. 2,5
mn
2,0
angular velocity
1,5 (experiment)
a angular acceleration
ﬁd: (experiment)
19 . 4060 = == angular velocity
B 60 (calculation)
0,5 S angular acceleration
& (calculati_on}

40

50 t/T 60

Fig. 7. Comparison of the calculated and experimental data, m = 0.208 kg

. 3,0
Q ¢§§>
f;\. 2;5 M
2,0 _~H
15 ,&&gﬂ” O angular velocity _|
! QOQ‘ (experiment)
QQ [m] angular acceleration
1,0 0_09 (experiment) _
f- = == angular velocity
Q L (calculation)
0,5 angular acceleration  —

(calculation)

0,0

Fig. 8. Comparison of the calculated and experimental data, m = 0.258 kg

The developed method was tested during the model experiment.
Friction coefficients were obtained towing system: f, = 3-107° Nm,
i, =9,6-107 Nms, 1, =2-10" Nms’, and frictional forces arising therein
during model experimental studies defined (see Table 1).

Table 1
The velocity of main rope ¥, m/s | Friction moment Mfr, Nm | P = Mfi/gR, kg

0.570 0.0578 0.034
0.685 0.0688 0.040
0.858 0.0855 0.050
0.958 0.0951 0.055

1.034 0.1025 0.060

1.088 0.1077 0.063
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It was established that in the range of speeds of 1.0 m/s, the friction
moment Mfr equal to the product R.g by weight, equal to 58 g. According to
the previously used method the friction moment compensated by the moment
of gravity of suspension for towing loads, with a mass equal to 58.5 g.

Conclusions. The method of determination of the coefficients of
friction forces in the towing system was developed. It allows to obtain an
analytical representation of these forces depending on the velocity of the
pulling load.

It was found that the results of calculations of the frictional forces of
the old and new method are in good agreement. At the same time, the new
method allows to determine the friction force at any speed range cargo.

In addition, the proposed method requires less input information and
allows to avoid using non-friction phenomena manifested in the areas of
braking system — effect related to the change of coordinates the point of
suspension load in the final phase of the movement.

REFERENCES

1. Wellenkamp H. Eine neue Modell-Schleppmethode // Schiffbau-
technische Gesellschaft. — IX. Ordentliche Hauptversammlung. —
Berlin. — 25-27 November. — 1907.

2. Botmxyncrkuii A.U. Conpomuenenue 800bl O0BUNCEHUIO CYO08. —
JI.: Cyoocmpoenue, 1988. — 288 c.

3. Hemuowx A.B. Mooepruzayus cucmemvl usmepeHull onvimogo2o
bacceuna OHMY // Bichux OHMY. — Bun. 34. — Oodeca: OHMY,
2012. — C. 67-76.

4. Kunvyescxuii HA. Kypc meopemuuecroii mexanuxu. 1.2. — M.:
H30-60 «Hayxay, 1977.

5. Ilammeneesé A.B. Bapuayuonnoe ucuucnenue 8 npumepax u 3aoa-
yax. — M.: HU30-60 MAM, 2000.

Cmamms naoitiuina 0o pedaxyii 30.10.2015

129



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

YK 629.113
Y.E. Drobyshevski, E.V. Kokhanov

HEAVE AND PITCH MOTIONS OF A TANKER IN SHALLOW WATER BY STRIP
THEORY, ASYMPTOTIC AND THREE-DIMENSIONAL DIFFRACTION ANALYSES

Hydrodynamic and kinematic properties of heave and pitch motions
of a tanker in shallow water without forward speed were calculated by two
methods: a classical strip theory and a three-dimensional diffraction analysis.
Three water depths were considered with the depth to draft ratios of 2.0, 1.5
and 1.3. Comparison shows significant differences between the two groups of
results with the strip theory incapable of accurately capturing the three-
dimensional effects of the shallow water flow, especially the increase in added
masses. Further comparison with the earlier work of Y.L. Vorobyov indicates
that this deficiency of the strip theory approach could be resolved by applying
the method of matched asymptotic expansions. Calculations of heave and pitch
motions of by the strip theory method with the «correctedy added masses
produced results which were very close to those obtained by the three-
dimensional diffraction analysis.

Keywords: ship motions, shallow water, strip theory, three-dimensional
diffraction analysis.

T'uopoounamuueckue u KuHemamuuecKue xapaKxmepucmuKky npoooib-
HOU KauKu Mankepa 6e3 xo0a Ha MeiK0800be PACCHUMAHBL 08YMSL MEMOOAMU.!
KAACCUYECKUM MEMOOOM NIOCKUX CeUeHUUl U MpexmMepHubiM OUDpPaKyUuOHHbIM
Memoodom. Paccmompenvr mpu enybunvt 600oema, coomeemcmeyroujue omHo-
wenusm enyounst k ocadke 2.0, 1.5 u 1.3. Cpasunenue noxasvieaem 3Havumenb-
HYIO pasHUyy Mmexcoy O8YMsl ZDYNNAMU Pe3yAbInamos, OCHOGHASI NPUYuUHa
KOMOPbIX 3aKAI0YAEMCsL 8 HECNOCOOHOCTU MemOo0d NAOCKUX CedeHUll Onucams
mpexmepHvle 3phexmvl Merko800bsi ¢ OOCMAMOUHOU MOYHOCMBIO, U 8 OCO-
bennocmu, ygeanuuenue npucoeounennvix macc. Conocmasienue ¢ bonee pamu-
Humu pesynomamamu FO.JI. Bopobvesa noxazvigaem, 4umo 23mom HeOOCMAmox
Memooa NAOCKUX CeYeHUli Modicem Oblmb NPeodoeH MemoOOM CPAUUBAEMBIX
ACUMNMOMUYECKUX pasziodceHull. Pacuem eepmuxanvHoll u Kuiegol Kauky no
Memooy NIOCKUX CedeHUll ¢ UCNOIb308AHUEM «NPABUTLHBIXY NPUCOCOUHEHHBIX
Macc oaem pe3yrbmamvl 6ecoMa OU3KUE K NOIYYEHHBLIM HO MPEeXMEPHOMY
OUPPAKYUOHHOMY pacyemy.

Knwueswvte cnoea: rauxa, menkoeoove, memoo MNIOCKUX CeYeHUll,
mpexmepHas Oudpaxyusi.

liopoounamiuni i  KiHeMamuuHi  XaApaKmMepucmuky  HOO08NCHbOL
Xumaeuyi mauxepa 6e3 xo0y Ha MIIKOB0OOI PO3PAX08AHI 080MA MEMOOAMU.:
KIACUY-HUM MemoOOM NIACKUX Nepepi3ie [ MpusuUMipHum OuGpaxyitinum
MemOoOoM.
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Posensnymi mpu enubunu 6000tmy sKi 6I10n08I0AOMb GIOHOULEHHSM
enubunu 0o ocidanns 2.0, 1.5 i 1.3. Ilopisusanus noxkasye 3HauHy pisHUYlo Mixc
080Ma 2pynamu pe3yivmamia, 20J108HA NPUYUHA AKUX NOJIASAE 8 He30aAMHOCHI
Memooy HIOCKUX nepepizié onucamu mpusumipHi egpexmu Miiko8o00s 3 00-
CMAamHbO10 MOYHICMIO, i 0COONUBO, 30iNbUIEHHA NPUEOHAHUX Mac. 3icmasieHHs
3 Oinbw pannimu pesyromamamu FO.JI. Bopobiiosa exazye wjo yeii Hedonik
Memody NIOCKUX nepepizie moodice Oymu 3001aHUL MEMOOOM ACUMHIMOTRUYHUX
po3Kadans, wo 3powyiomocs. Pospaxynox eepmuxanvhoi i Kitboeoi xumasuyi
1o Memoody NIOCKUX nepepizié 3 UKOPUCHAHHAM «NPABUIbHUX» NPUEOHAHUX
Mac Oae pesyromamu Oyyce OAUZLKI 00 OMPUMAHUX HO THPUBUMIDHOMY
OUDPaKyitiHoMy pO3PAXYHKY.

Knrouosi cnosa: xumasuys, Minkosooos, Memoo HIOCKUX nepepisis,
MPUSUMIPHA OUPparyisi.

Study objective. The objective of this study is to investigate the heave
and pitch motions of a ship in shallow water using comparative analysis by
several methods. The linear equations of ship motions with respect to six
unknown displacements X, (¢) in the frequency domain are known to be of the

form [4; 5; 7] l
{— 02(M + A(G))+ iG(B(G)+ B, (G))+ C}- X(a)z F(G) (1)

Here M is the mass matrix of the ship; A denotes the generalized
added masses, B and By are coefficients of the radiation and viscous dam-
ping; C are coefficients of restoring forces and F are the exciting forces. All
coefficients of the equation (1) are matrices 6 x 6 and functions of the wave
frequency . Solution of the system (1) in the form of a complex vector of
six transfer functions X(G) defines the response amplitude and phase
operators of motions. For a ship symmetrical about its centre plane, the
system of equations (1) breaks into the two independent groups of equations
describing motions in the longitudinal and transverse planes.

In this study, the attention is focused on ship motions in the
longitudinal plane, primarily on its heave and pitch in shallow water
without forward speed. The analysis was performed by the two main
methods: the strip theory (ST) method and the boundary element method
(BEM). Comparison of the hydrodynamic properties and response
amplitude operators (RAO) computed by the two methods and their
assessment against the results obtained by Y.L. Vorobyov [3] by the
matched asymptotic expansion method explains the differences between the
results and demonstrates the extent of the shallow water hydrodynamic
effects on ship motions.

Review of the analysis methods. Methods for the prediction of the
hydrodynamic properties of ship motions (added masses, damping coefficients
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and exciting forces) are described in a large number of studies. Only a brief
review of the methods used in this study is given below.

Strip Theory. Strip theory, widely adopted in ship hydrodynamics over
many years, is based on the assumption that the fluid flow past any cross-
section of a slender ship hull is two-dimensional. The strip theory method,
which was essentially developed in 1950s-70s, continues to be used till present
days in the form of computer programs for seakeeping predictions. Good
exposition of the method and further references can be found, for example, in
texts [4; 5; 7]. The strip theory method was also applied for the prediction of
hydrodynamic characteristics of ships in shallow water ([1; 2; 9]); however the
vali-dity of such results, especially in the case of small water depths, has not
been commonly accepted. At the same time, the strip theory applications for
the analysis of ship motions and wave loads in shallow water are still attracting
interest [11; 13].

In this study, the analysis of ship motions was performed by using the
hydrodynamic coefficients of ship sections of Lewis form in shallow water,
which were computed by Kokhanov [1] and presented in the catalogue [2]. The
computation followed the Ursell method, in which the oscillations of a two-
dimensional ship section were modelled by a series of pulsating singularities
placed at the origin in the free surface: source, doublets and multipoles of
increasing order. Potentials of these singularities satisfy boundary conditions
on the free surface, on the bottom and the radiation condition at infinity. To
determine the strengths of these singularities, the kinematic boundary condition
on the section contour must be met at a number of points, thereby reducing the
problem to a system of linear equations. For the purpose of this study, the
hydrodynamic and kinematic characteristics of ship motions were predicted
using a computer program developed by Kokhanov. In this program, the
diffraction components of the exciting forces are computed using a known
approach based on the hypothesis of relative velocities and «accelerationsy,
which can be found in [5] and in several other texts.

Boundary Element Method. Application of the boundary element
method (BEM) to ship hydrodynamics enables three-dimensional problems of
wave diffraction and radiation to be solved for arbitrary ship forms in deep or
shallow water. In the BEM  approach, the hull surface is modelled by the
distribution of pulsating sources. The potential of a unit source (Green
function) satisfies boundary conditions on the free surface, on the bottom and
the radiation condition at infinity. To determine the strength of the source
distribution, the kinematic boundary condition on the hull surface must be met,
which  reduces the problem to an integral equation and further to a system of
linear equations. BEM based programs are now commonly used for motion
analyses of ships and offshore structures. Subject to correct modelling, results
obtained by this method usually correlate well with model tests, and they can
be consi-dered as the most accurate.

In this study, the analysis of ship motions was performed by using the
program WADAM, part of the program package SESAM [12] developed by
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DNV. The program component that performs the hydrodynamic computations
is essentially identical to the code WAMIT, a program developed at MIT under
the guidance of Newman [8], which is widely used in offshore industry.

Asymptotic Methods. The reasons for the limited applicability of the
strip theory to shallow water problems were explained in works of Tuck [6],
Newman [7] and several works of Vorobyov, which were consolidated in
his book [3]. As opposed to adopting an intuitive assumption of two-
dimensional flow past ship sections, these studies employed systematically
the slender body theory and the method of matched asymptotic expansions
(MAE). The strip theory was demonstrated to be rigorously applicable for
high frequency oscillations only whereas for low frequencies and in shallow
water the three-dimensional flow effects may be significant. Works of
Vorobyov [3] and several other researches (refer to [10], for example)
aimed at the development of a unified analysis method that would be
applicable to ship motions in shallow water.

In this study, the results obtained earlier by Vorobyov and presented in
his book [3] were used for comparison. Being independent of the main two
numerical methods, these results enable a qualitative estimate to be made of the
hydrodynamic shallow water effects and their influence on ship motions.

Input Data. Motion analyses were performed for a tanker of
AFRAMAX size whose particulars are presented in Table 1. The partial
loading condition is assumed with the draft of 15.0 m and zero trim. The
original lines plan was used for the development of geometrical models for the
two methods: hull cross sections and the three-dimensional panel model. The
analyses were performed for three water depths, which are given in Table 2.

Table 1
General Particulars of the Vessel
Description Notation | Dimension Value
Length between perpendiculars Lpp m 232.00
Beam B m 41.60
Depth H m 23.50
Draft T m 15.00
Volume displacement |4 m’ 115920
Block coefficient Ch - 0.801
Table 2

Absolute and relative water depths

Description Absolute depth Relative depth
Water depth #1 H=19.24m H/T=128=1.3
Water depth #2 H=2220m
Water depth #3 H=29.60m H/T=148=1.5
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Hydrodynamic characteristics of motions. The coefficients of added
mass A5, Ass and radiation damping B;;, Bss for heave and pitch motions
were computed and presented in the following non-dimensional form

A A

Ay =—> ;A5 =—— )
pV pVL:
B B

by =—>— 5 by =—— . 3)
pVo pVL o

Here p=1025 kg/m’ is density of sea water; V is volume

displacement of the vessel, m’; Lc = 100.00 m is the reference length.

Heave motions. Coefficients of heave added mass and radiation
damping computed by the strip theory (ST) and three-dimensional diffraction
(3D) methods are presented in Figures 1 and 2. Both methods show increase in
the added mass with reduction in relative water depth. However there are
obvious discrepancies between the two groups of results.

The three-dimensional diffraction analysis predicts significant increase
of the added mass when water depth reduces: for example, reduction of the
water depth from H/T = 2.0 to H/T = 1.3 leads to about twofold increase of the
added mass, whereas the increase predicted by the strip theory is more mode-
rate. As a result, the difference between the added masses predicted by the two
methods for the relative depth H/T = 1.3 is of the order of 100 % over the full
frequency range considered. The three-dimensional diffraction analysis also
shows significant increase of the added mass when the motion frequency
reduces. This corresponds to a known fact that the heave added mass of a three-
dimensional body in shallow water increases logarithmically when the
oscillation frequency approaches zero [6]. Calculations by the strip theory,
however, show weak dependence of the added mass on frequency; the added
mass tends apparently to some finite limit, similar to that for a two-dimensional
contour in shallow water.

For the heave damping coefficient, the correlation between the two
methods is generally better than that for the added mass, especially for the
water depth H/T = 2.0. However, the discrepancies persist when the water
depth reduces, in particular for the frequency range 0.35-0.70 1/s and for low
frequencies (less than 0.30 1/s), where the differences are seen to build up
when the water depth reduces.

The added mass and damping coefficients computed by the two me-
thods become close when the oscillation frequency increases, as they tend to
some limit, possibly common, for the infinitely large frequency. Such beha-
viour is apparent for water depths H/T = 1.5 and 2.0.
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Fig. 2. Heave radiation damping (bs;)

presented in Figures 3 and 4.

Pitch Motions. Coefficients of pitch added mass and radiation damping
computed by the strip theory and three-dimensional diffraction methods are

These results are qualitatively similar to those obtained for heave
motion, including significant increase in the added mass for smaller water

depths and discrepancies observed between the two analysis methods. Similar

to heave motion, both methods predict qualitatively different behaviour of the

added mass in the low frequency range, the differences for pitch hydrodynamic

characteristics being even more pronounced than those for heave. When the

frequency increases, the agreement between the two methods also appears to

improve.
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Comparison with asymptotic methods. The reasons for the discre-
pancies observed between the strip theory and BEM numerical results, in
particular in the values of the added masses, can be explained by comparing
them with the results obtained by the method of matched asymptotic
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Fig. 4. Pitch radiation damping (bss)

expansions (MAE).

Figure 5 and 6 compare the computed heave added mass of the tanker
with the earlier results obtained by Vorobyov [3] for a ship of 60-series with
the block coefficient 0.80. Instead of pressure integration over the hull surface,
as it is usually done in standard algorithms, Vorobyov computed the added
masses via the radiation damping coefficients by applying Kramers-Kronig’s

relations

B(xz) - B(zoo) .

Alo)= Alo)+

3|

S ) 8
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The added mass at the infinitely high frequency A(oo) was determined
by a separate strip theory analysis, which was justified for a slender body in
this limiting case. The damping coefficients for any frequency B(G) were

determined by using «thin hull» or «slender» hull theoretical models, which
enabled the three-dimensional wave effects in shallow water to be described
analytically.

Because of the differences between the hull forms of ships considered
in this study and in [3], one can’t expect close agreement between the results.
However, it is obvious from Figures 5 and 6 that the agreement between the
earlier MAE results and those by the three-dimensional diffraction analysis in
this study is in fact very good. It is also apparent that MAE «thin» and
«slender» hull models produced results which were close to each other. Similar
conclusion can be drawn by comparing results for the pitch added mass, which
are shown in Figure 7 for the water depth H/T = 1.3; comparison for the water
depth H/T = 1.5 (not presented here) also supports these findings.

Figure 5 shows also the estimate of the added mass according to the
asymptotic solution of Tuck [6], which was obtained by MAE for motions of a
slender ship in shallow water under the assumption of low wave frequencies.
Calculations by simple formulae [6] show that the added mass increases mar-
kedly for small frequencies and tends theoretically to infinity. Tuck’s solution
captures correctly the low frequency limit, where the three-dimensional wave
interaction is especially important, but becomes quickly unusable for moderate
and high frequencies of motion.
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Fig. 5. Heave added mass (as3s3). Water depth H/'T = 1.30
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Fig. 7. Pitch added mass (ass). Water depth H/'T = 1.30

Response amplitude operators. Response amplitude operators (RAO)
of heave and pitch motions computed by the strip theory and the three-
dimensional diffraction methods are presented in Figures 8 and 9, 10 and 11,
and 12 and 13, for the relative water depths H/T = 2.0, 1.5 and 1.3,
respectively. The analyses were performed for the incidence angles of 150 and
180 degrees, the latter corresponding to head seas.
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Fig. 9. Pitch RAO (X5) in shallow water H/T = 2.0
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Fig. 11. Pitch RAO (X;) in shallow water H/T = 1.5
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Fig. 13. Pitch RAO (X;) in shallow water H/T = 1.3
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Fig. 14. Heave RAO (X3) in shallow water H/T = 1.5 in head seas
by combined method: strip theory with added masses according
to the three-dimensional diffraction method
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Fig. 15. Pitch RAO (X;) in shallow water H/T = 1.5 in head seas
by combined method: strip theory with added masses according
to the three-dimensional diffraction method

Generally, the qualitative behaviour of the two sets of RAOs is similar.
However, the differences are seen to increase as the water depth reduces. For
the water depth H/T = 2.0 in head seas, the difference between the two RAO
groups is estimated at about 10 %-20 % for wave frequencies of 0.35-0.70 1/s.

142



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

However, this difference increases to 50 % and more for the water depth
H/T = 1.3. For the wave incidence angle of 150 degrees the differences
between the two RAOs are seen to be considerably higher than those for head
seas.

The discrepancies between the RAOs computed by the two methods
are obviously related to differences in hydrodynamic properties. As the
previous comparison shown, these differences were the largest for the added
mass coefficients. Therefore, as a numerical experiment, additional RAOs
were computed by the combined method whereby the added masses were taken
from the three-dimensional diffraction analysis while the remaining
hydrodynamic characteristics (damping coefficients and exciting forces) were
still calculated by the strip theory method. The results of this combined method
presented in Figures 14 and 15 for head sea and the water depth H/T = 1.5
show very good agreement for heave and reasonable agreement for pitch
motions.

This qualitatively confirms the conjecture that the shallow water effect
on ship motions is the most substantial through its influence on the added
masses, at least in head sea case, when the diffraction components of wave
exciting forces are reasonably small.

Conclusions. Findings of this study indicate that the strip theory
method, which is used for seakeeping predictions till present days, can’t be
applied for the analysis of heave and pitch motions of ships in shallow water in
its original form. This is especially true for relatively small depths («substantial
shallow water» according to terminology introduced by Y.L Vorobyov) and for
low and moderate frequencies of motions, which fall in the range of wave
regimes frequently encountered in practice. In such conditions, the influence of
the three-dimensional flow effects becomes significant even for hull forms
which are deemed to be well represented by the slender body model.

The effects of shallow water on the added masses (and, perhaps,
diffraction components of the wave exciting forces at oblique wave angles) are
especially pronounced. In relatively small water depths and for low wave
frequencies, the strip theory method does not describe the increase in the added
mass with sufficient accuracy. This may lead to incorrect predictions of motion
amplitudes with un-conservative errors (underestimated motions), especially
for water depths less than H/T = 2.0. When the correct added masses are
included, the difference between the «corrected» strip theory and the three-
dimensional BEM method diminishes and becomes insignificant, at least for
head sea condition.

These conclusions don’t intend to diminish the known advantages of
the strip theory and opportunities for its development, especially for solving
non-linear problems of seakeeping and prediction of wave loads.

Acknowledgement. The authors thank Matthew White, naval architect
of INTECSEA Pty Ltd, for performing motion analyses using the program
WADAM.
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YIK 629.124.74:622.242
A.B. lemnmiok, H.B. Edppemona, A.B.Hepnenknii

O HABHAYEHUU XAPAKTEPUCTUK BOJIHEHUSI ITPU IIVTAHUPOBAHUUA
3KCHEPUMEHTOB B OIIBITOBOM BACCEMHE OHMY

Pozensnymi ocobausocmi npusHauenHss 008HCUH MA GUCOM XEUTIOBAH-
HSL NPU NPOBeOeHHl ekcnepumenmis y oociionomy daceini OHMY. Haseoeno
NOPIGHANHS NPOPINie Xeunb, WEUOKOCIEU PYXY X8Ulb, BIOHOCHUX GUCOM 2pe-
Oenis, BIOHOCHUX 00 €Mi6 X6Ulb, WEUOKOCMEN NePeHeceH s 00 €mis, sKi po3-
Paxosaui 05t MIIKOBOOHOI akeamopii 3a JAiHIUHOIO Meopiel, 3a Meopieio
Cmokca ma 3a KHOIOATbHOW meopicio. 3a pezyrvmamamu 3anponoOHOBAHO
VMOYHEHHs MeMOOUKU eKCHEPUMEHMIE.

Knrouoei cnosa: minkoeo00s, HeniHiiHA Meopisi XGUIOBAHHS, NPOPIb
X8Uni, gucoma epedeHs Xeuii.

Paccmompenwvl ocobennocmu HasHayeHus OIUH U 8bICOM GOIHEHUSL NPU
npogedenuu IKcnepumenmos 6 onvimogom oaccevine OHMY. [Ipusedeno cpas-
Henue npoghunel 80NH, CKOpOCmell pacnpoCmpaHerusi 80aH, OMHOCUMETbHbIX
8bICOM 2pebHell, OMHOCUMENbHBIX 00bEMO8 60IH, CKOpOCmell nepeHoca obve-
MO8, pACCHUMAHHBIX 0151 MEIKOBOOHOU AKEAMOPUYU NO TUHEUHOU meopuu, no
meopuu Cmokca u kHoudamwuou meopuu. Ilo pezymvmamam npeonodlceHo
YMOYHeHUue MemoOUKU IKCNEPUMEHNOB.

Knrouesvle cnoea: menxkosoove, HeluHeUHas meopusi G0IH, NPOPUILb
60JIHbL, 8bICOMA 2PEOHSL BOTHDL.

Characteristics of wave height and length accepting for experiments in
the towing tank of ONMU is observed. Results for some characteristics for
shallow water defined due to linear, Stokes and cnoidal theories are
introduced; characteristics are: wave’s contour, wave’s speed, relative wave’s
height, relative wave’s volume and wave’s volume speed. Improvement of
experiment methodic due to calculation results is introduced.

Keywords: shallow water, non-linear wave theory, wave’s contour,
wave'’s crest height.

BBenenue. B 3aiauax ruipoAMHaMUKA MOPCKHUX CYZ0B Ha BOJIHEHUH,
KaK IMOKa3bIBaeT aHAJIN3 PadOT OTEUECTBEHHBIX U MHOTOUYHMCIICHHBIX 3apy0ex-
HBIX aBTOPOB, IPOUCXOAUT IEPEXON OT JUHEHHBIX TEOPUH M COOTHOLUEHUH K
HENUHEWHBIM. Takol rmepexon onpaBiaH JJisl BETPOBBIX BOJIH MPEAEIBHON Kpy-
THU3HBI Ha TIIYOOKOH BOJIE, JJIS JUTMHHBIX BOJH Ha 3HAYMTEIILHOM METKOBOJbE U
B 30HE pa3pyLIEHUs BOJIH.

PaccmatpuBaroTcsi, Harpumep, HETMHENHbBIE MO BETPOBBIX BOJIH B
mTopMe, HelWHEeHbIe THApPOMEeXaHW4YecKre Harpy3ku Ha Kopmyc cyaHa [1],
OLICHKA IIOBEJICHUS CY[HA HA CHJIBHOM M 3KCTPEMAaJIbHOM BOJIHEHUH C YYETOM
MEePEMEHHOCTH CMOYCHHOM IMOBEPXHOCTH M B3aMMOCBS3H KoyieOanuit [2] u zip.

© Jlemumok A.B., Eppemona H.B., Uepneuxuii A.B., 2015
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[peanaratorcst HAOOPBI CTATUCTHK MO BOTHEHUIO: dKCTpEeMallbHbIE (115
peXMMa BBDKHUBAHHS IUIABy4dero oObEKTa) M ONepaTHBHBIE (TIOBTOPSIEMOCTh
BBICOT BOJIH, TIOBTOPSIEMOCThH IIE€PHOJOB BOJH, COBMECTHas IMOBTOPSIEMOCTb
BBICOT U MIEPUOJIOB BOJIH, XapaKTEPUCTHKA BOJIH 3bI0M, OpOUTATIBHBIC CKOPOCTH
BoiH) [3].

B 10 ke BpeMs B HOpPMATHBHBIX JIOKYMEHTaX KJIACCH(PHKAIMOHHBIX
00IIecTB /sl CyJI0B B pelice HOPMHUPYETCS TONBKO BBICOTA BOJHBI 3a/IaHHOM
obecrieueHHOCTH. [ITyOMHa aKBaTOPUU OMpeeNnsieTcss PeKOMEHI0BaHHBIM Kyp-
COM, TIepHO/I (IUIMHA) BOJIHBI He oroBapusaercs [4].

IIpumenenre HEMMHEWHOW TEOPUU B 3aJla4ax JUHAMUKH CyJTHA TOJKHO
COIIPOBOXKIATHCSI COOTBETCTBYIOMIMMHU 3KCIEPUMEHTAIBHBIMH HCCIIeIOBaHMS-
MM, B YHACTHOCTH, JIJI1 YCIIOBUM MEJIKOBO/bs. PacyeTsl Mo HENMHEHHON Teopun
Oonee TPYJOEMKH, Y€M TIO JIMHEHHOM, OJIHAKO 3TH TPYJHOCTH — BOIMPOC KBa-
TUQUKAINN TeX, KTO BBIMOIHIET pacueThl. YTo KacaeTcsl SKCIepUMEHTAILHON
MIPOBEPKH, CYIIECTBYIOT €lI€ OrpPaHWYEHHUA, CBA3aHHBIE C BO3MOXKHOCTSIMH H
0COOCHHOCTSIMH DKCIIEPUMEHTALHBIX YCTAHOBOK.

Lenb padoThl — aHaIM3 IPHUHATONW B MPAKTHKE ONBITOBOrO OacceiiHa
OHMY meronuku BbIOOpa TapamMeTpOB BOJTHEHUS, IIyTeM CpaBHEHHS XapaKTe-
PHUCTHUK BOJIH, PAaCCUMTAHHBIX I10 JIMHEHHON U HETMHEHHOW TEOPHUH.

N3i0keHue OCHOBHOIO MaTepuaja MCCIeA0BaHUs. B omnbIToBOM
Oacceiine OHMY BBINOMHSIOTCSA CIEAYIOIIKME BHUIBI SKCIICPUMEHTAIBHBIX
vccaenoBanmii [5-9]:

- ompeneneHne OYKCHPOBOYHOI'O CONMPOTHUBIICHUSI MOJAEIEH IUIaBydrX
00BEKTOB Ha THXOH BOJIE M Ha PErysIpHOM BOJHEHWH (Ha INTATHOH JKCIEpH-
MEHTaJIbHOW YCTaHOBKE);

- olpezereHHe KWHEMAaTHYECKHMX XapaKTEepUCTHK KadKH I[JIaBYIHX
00BEKTOB Ha PEryJSPHOM W UMITYJILCHOM BOJHEHHH (Ha IITATHOH JKCIEpH-
MEHTaJIbHOW YCTaHOBKE);

- ONpEIENEHNE BOZMYLIAIOUIMX CUJI M MOMEHTOB, JCHCTBYIOIIUX Ha
YKECTKO 3aKpEeMJICHHYI0 MOJENb B YCIOBHUSX PETYJSPHOrO BOJHEHHUS (Ha crie-
[UATBHO CIIPOEKTUPOBAHHOM IKCIIEPUMEHTAIBHON YCTaHOBKE);

- onpefeiieHue 00O0OIIEHHBIX MPHUCOCIUHEHHBIX MAacChl U COOTBETCT-
BYIOIINX KO3(UIMEHTOB NeMiipupoBaHus Mojenel (Ha MoAU(UIIMPOBaHHON
IITATHOM 3KCIIEPUMEHTAIBHOW YCTAHOBKE METOZIOM BBIHYXK/IEHHBIX KOJIEOaHUH
Ha TUXOHU BOJIE).

- OmpeneNieHHs] XapaKTepUCTHK CHUJIOBOTO BO3JEHCTBUS MPOTPECCHB-
HBIX BOJIH KOHEYHOH aMILTUTY/IbI Ha TIOJBOJIHBIE COOPYKEHUs (TpyOOnpOBOIBI
Y BOJTHOJIOMEI).

KypcoBble yribl HaOeraromero BOJHEHUs YCTaHABIHMBAIOTCS B JlUa-
nazone 0-180 ° ¢ 3amanHbM marom. Beicora Bomu H = 0,02-0,12 m. Yactora

peryiaspHOro BOJHEHMs HU3MeHseTcs B npeaenax o=23.5+12.5¢". Ilpu

-1
@ <3.5¢” XapaKTepHCTHKH KaUYKH MOT'YT OBITh OMpENETICHBI Ha UMITYIbCHOM
(KpaTKOBpeMEHHOM HEYCTaHOBUBIIEMCS ) BOJTHEHHUU.
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[Tocnie mogepuuzaruu, BeimoaHeHHON B 2009-2010 rr., MosIBUIaCh BO3-
MOXXHOCTh MOIYJIMPOBATh YacTOTy BOJHEHHUS, HUMUTHPYS HEPETyIIpHOCTh
BOJTHEHHS TI0 JUTHHE, IIPH 3TOM BBICOTA BOJH OCTACTCS HEU3MEHHOM.

B pacderax ocTOWYMBOCTH, XOAKOCTH M KAaYKH B Ka4eCTBE XapaKTep-
HBIX JUTMH BOJH HCIIONB3YIOT UTHMHY Cy[HA, YABOCHHYIO IUTMHY CyJHA U yIBO-
SHHYIO MUPHUHY. Eciu 1715 pacyeToB MCHOML3YeTCs JIMHEHHAsI TEOPHs, B KOTO-
poli He CBSI3aHbl MEXKIY COOOH JJIMHA M BBICOTA BOJIHBI, TO JIHAIa30H JJIUH

BoiH oT A, =2B no A, =2L (B u L - mmupuHa u 1iMHA CyHA COOTBET-

CTBEHHO) C JIFOOBIM 3a/IaHHBIM IIarOM OXBaThIBACT BCE BO3MOYKHBIC KYPCOBBIC
YIJIbI HAOEraroIero BOJHEHUS U €r0 MOJKHO HCIOJIb30BaTh IPH JIFO00H ITyOu-
He akBaTtopuu. I SKCIIEpUMEHTAIBHONW TPOBEPKH PACUETOB HCIIONB3YETCS
TOT 7K€ IMaIa30H JJIMH BOJIH.

OTHOCHTEIBHBIC BBICOTHI BOJH B IpakTHKe O0acceiina OUNM® (mo3a-

Hee OHMY) 00bIMHO TPUHUMAIHCH PaBHBIMU H_1 1 (rme H — BbIcoTa

A 40 100
BOJIHBI), MmpuieM MCHBIINE 3HAYCHHA COOTBCTCTBOBAJIN OOIBIIUM JJIMHaAM
BONH. YBEIMYCHHE BBICOTHI BOJIHBI BO3MOXHO, HO MOXET NPUBECTH K HCYC-

. H 1
TOHYMBOCTU BOJIHEHUS (IIPH —— ~— ), OCOOCHHO B YCIOBHSAX MEIKOBOIbS.
A 30

Kpome Toro, npu masioMm 3amace rIyOWHBI MOJ JHUIIEM MOJEIU U BBICOKHX
BOJTHaX BO3MOXKHBI yIapbl MOJIeNH 0 JHO. [103TOMYy KOppEeKTHBIN BBIOOP Xapak-
TEPUCTUK BOJIHEHHUS B SKCIIEPUMEHTE MPSIMO OMpEAeNsieT ero KauecTBO U J0C-
TOBEPHOCTb.

[Tapamerpsl 3a1aBa€MOro BOJMHEHUS JOMKHBI ONPENEIAThCS C yIEeTOM
ONTHUMAJILHOTO MaciTaba MOJENH W XapaKTEPUCTHK BOIHEHUS B YCIOBHSAX
SKCIUTyaTallid HaTypHOTro oObekTa. TakuM 00pa3oM, MpH MIAHUPOBAHUHU JKC-
MepUMEeHTa KpaifHe Ba)KHO OLIEHUTHh IWala3oH JJIMH U BBICOT HATYPHOTO BOJ-
HEHHS U TO, HACKOIILKO OYIIyT OTINYATHCS XapaKTEPUCTUKHN TAaKUX BOJH, OIpe-
JefieHHbIE 110 JIMHEHHOW W HeJIMHeWHOoM TeopusM. [laHHOE 00CTOSTENBCTBO
OIpeeNsieT aKTyalbHOCTh TEMBI paOOTHI.

3HauMTENbHAs YacTh YKPAUHCKOT'O CEeKTopa akBaTtopuu YepHoro mops
numeer TnyouHy mMenee 100 M, mpu 3TOM cpefHss TIyOWHA MOpS IPEBBIIIACT
1200 M. B UepHoMm MOpe mepHoja BETPOBBIX BOJIH, KaK IIPABUIIO, HE MPEBBILIAET
9 c, BbIcOTa BOJMH (KpOME CaMbIX KPYIHBIX IITOPMOBBIX) HE MPEBBIIIAET 6 M.
JInvHA Takoi BOJIHBI B YCIOBHSIX TiyOokod Bomsl A =126.5 M, kpyTHu3Ha

H

— =—. Bounsl 36101 B UepHoM Mope mimHHONepuoanbie — 7 =13 +15 ¢,

A 21

3uMOit 10 17 c. BBICOTHI BOJIH 3bI0M PEKOMEHOBAHO ONPEAEISITh U3 COOTHO-
1 3

HIEHHS = :%+% wm 1o popmyne ummepmana H =0.174* s pas-

BUBIIUXCA BOJIH JUIMHHON 35I0M.
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Jis ri1y0OKOBOIHOM akBaToOpuu npu 7 =13 ¢ moaydaercs, 4To JIMHA
BOMHBI A =264 M, Beicota BoiHBI H =8.8+5.28, mo dopmyne Iummep-

mana H =11.13 m, T.e. 7 = ﬂ .IIpu 7 =15 ¢ 3TH BeNMYUHBI paBHbI COOT-

BercTBeHHO: A =351 M, Boicota Bomabl H =11.7 +7.02, no ¢popmyne [um-

H 1
mepmana H =13.79 m, T.6. —=—.
A 25
B menkooamoii some (A, <h<0.54, h — rnybuna aksatopun)

MeHseTcsl TPO(UITb BOJHBI (320CTPSIOTCS BEPIIMHBI, CTAHOBATCS Ooyee TMoio-
TUMH TIOA0MIBHI). KpyIHbIe BOTHBI YMEHBIIAIOTCS, MEJKUE YBETHUYUBAIOTCS 10
miHe U Beicote [10; 11]. B To ke Bpems cpenHue neproabl U pacipeneneHnus
MIEPHO/I0B BETPOBOT0 BOJMHEHH P MEpexo/ie Ha METKOBOIbE MOUTH HE U3Me-
HAtoTcs (cTatuctudeckue nanupie) [3]. [lo Mepe yMeHbIIEHUS OTHOCHUTENBHOM
ITyOuHBI BBICOTA BOJIH BHAYaJle YMEHBINACTCS, 3aTeM BO3PACTAET; UIMHA BOJIH
YMEHbIIAeTCH.

Paspyienue Bonn nauunaercs npu i, =2H , rne H — BbicoTa BoJl-

Hbl. YeM MeHbIIIe HCXO/IHAS KPYTH3HA BOJH TIIyOOKOH BOJIBI, TeM OOJbIle BO3-
pacraer UX BhICOTA M Ha MEHBIICH OTHOCHTEIBLHOW TIyOWHE HAYMHAETCS WX

paspylieHue.
Tak, mpu 7 =13 ¢ HauOosee mojorast BOJIHA HAYMHAET Pa3pyllaThCs

Ha rmyoune h,, =10.56 m, nauGonee kpyras — Ha ruybune h,, =22.26 w;

npu 7 =15 ¢ 3TH riryOuHbI cooTBeTcTBeHHO 14.04 M 11 27.58 M.
Ipu rnyoune aksatopun 0.54>h>h,, B pacdyerax ucnonbsyercs

TeopHs HEIMHEHHBIX BOJH KOHEUHOW aMIDIHTYbl. B naHHO# pabote — Teopus
Crokca 5 mopsinka [12]. JIns ouenb manbix riyoun (4 < 0.14) npumensercs
TEOpHS KHOUJIATBHBIX BOJIH.

[TprMeHHMOCTh Pa3INYHBIX TEOPHH BOTHOOOPA30BAHUS TAKKE MOXKHO
OIICHUTH 110 3HAYEHUSAM 4ucia ¥Ypcemra [3]:

H2
- Nyps = o <10 — Teopus Crokca;

HP

- Nyps = o >26 — KHOWIAJbHAS TCOPHSL.

B mpomexyTke mpuMeHHMbI 00€ TEOpUH 32 HCKIIOUCHUEM CITy4acs,
KOI'ZIa IIpU TeX K€ YCIOBUSIX MOXKHO HCIIOJIB30BATh JIMHEHHYIO TEOPUIO.

[To mpyrum BCTOUYHMKAM, KHOMAAJIbHAS TEOpUs NODKHA MPUMEHSTHCS
npu N, > 40 [10].

Kak Oyzner moka3aHoO HWXKe, OYEBHUIHOE OTIMYHE BOJIHBI KOHCYHOM
aMIUTUTYZIBI OT BOJHBI Majoil aMIUIMTYyAbl — Ooiiee BBICOKMH M OCTpBIA Ipe-
O0cHb. TakuM 00pa3oM, MaKCHMaJIbHOE JABJICHUE B )KHIKOCTH Y BEPLIMHBI BOJI-
Hbl KOHEYHOW aMIUIUTYABI OyJer OOoJbIle, YeM Y BOJHBI MaJlOH aMIUTHTYJIbI
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MpU OJIMHAKOBON OTHOCUTENBHON BBICOTE BOJH. Jpyrue XxapakTepucTUKU Ipo-
¢uns TpeOyloT neranbHOro aHanusa. [Ipu 3ToM cienyer ydectb, 4TO B pacue-
Tax XOAKOCTH M KAa4YKH MOHATHE «METKOBOJBEY» CBI3BIBAIOT C COOTHOIIEHHEM
IIyOWHBI BOZOEMA M OCAJKH CY/HA.

PaccMoTpuM BoSTHEHHE B aKBaTOpHH TiyOuHbI /. CucTeMa KoopaAnHAT
1 0003HaYCHHE TTApaMETPOB BOJHBI TOKa3aHbI Ha pHC. 1.

1

EN

<
T

N

Puc. 1. Cucmema xoopounam u xapaxmepucmuxku 60JHEHUs
Jia BOMHBI Mano aMIUIUTYAbI (IMHEHHAs TEOpUs WM Teopus OpH)
C JUTMHOW A , BBICOTOW / ¥ MepromoM T ypaBHEHHE BOITHOBOTO MPO(UIIs

nzgcos(kx—a)t), €))

2 21
IJIe BOJTHOBOE YUCJIO k = —— W KPyroBas 4acTOTa BOJHEHUS ¢ =-—— CBS3aHbI
A T

BBIpa)KeHHeM
w* = gkth(kh). )

CKOpOCTh pacipoCTpaHCHHS BOHBI
c=—. 3)

Cornacao teopun CTOKCa MATOTO TMOPSAJKAa IS BOJHBI KOHEYHOM
AMIUTUTY]IBI C BOTHOBBIM 4HCIIOM k , BbICOTOH [ 1 KpyroBoil 4acToTOH

ypaBHEHHE BOJIHOBOTO MPOGUIIS

1 5
n= ZZF" cos(n(kx - wt)), )

n=l

rae F, — mapamerpsl (OpMBI U BEICOTBI BONHEHHS, 3aBUCAIINE oT kh [12].
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COOTHOITIEHHE MEXKTY KPYT'OBOH YaCTOTOM M BOJTHOBBIM YHCIIOM
o} = gk(1+a>C, +a*C, yh(kh), )
r1e a — mapaMerp BHICOTHI BOJIHBI,
C,, C, — mapaMeTpsl 4aCTOTHI BOJIHBI, 3aBUCsIMe 0T — [12].

CKOpOCTh pacipoCTpaHCHUS BOJHBI

0.5

c= %(1+a2C]+a4C2)th(kh) . ©6)

JUtst KHOMJANbHOIM BOJIHBI C BOJNHOBBIM 4HCIOM Kk, , BbicoTOH H 1

KPYyTroBOH 4acTOTOH @, ypaBHEHHE BOJTHOBOIO HPOGHIIS
= Ninin +ch2((ka—a)Kt),m), )

rje 1, — OTKIOHEHHE, COOTBETCTBYIOLIEE ITOOUIBE BOIHBI;
cn — aumnTrudeckas GyHKIus SIkoOu ¢ MoaysieM m (0 <m< 1);
» 3 HI
16 KB
K — monuelif 3IMITHYECKAN MHTErPal, 3aBUCSIINI OT M1 .

Iepro KHOMIANBHBIX BOMH paBeH 2K |, T.e.
2K

k; =—— — BonHOBOE YHCIIO;
A

m

2K

WOy = ? — KpyTroBasi 4acTOTa BOJHEHHUSI.

CooTHolIeHre MeX1y KpyroBOH 4acTOTOM M BOJTHOBBIM YHCIIOM

2
H(1l E
oy =ghk} |1+ —| =-=1| , (8)
mh\2 K
rae E — HonHbIH SIIMITHYECKH# HHTErpal BTOPOTo POJIa, 3aBUCAIINI OT 1 ;
Tlmin :H K(l_m)_E :
mK

CKopocTh pacrpocTpaHeHHs] KHOHJAILHON BOJHBI ornpeaensercs Gop-
MyJIOH, aHAIOTH4HOM (3).

PaccMoTpuM B KauecTBe mpuMepa Ha3HAUYCHHE XapaKTEPHCTHK BOJHE-
Hus 18 6ankepa «30s KocMonembsiHckas» (popMa Kopiryca KOTOPOro THITHY-
Ha JUIsl KpYMTHOTOHHAXKHBIX TAHKEPOB M OAJKepOB) MpH ero ABmkeHnu B Onec-
ckoM 3anmBe. I'maBHble pasmepenuss cymua: L =201.6 M, B=31.8 wm,
T=11.73 ™. Torma, ciemyss OOBIYHOH TPAKTHUKE OIBITOBOTO OacceiiHa
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OHMY, pacyeTHblii auana3oH JUIMH BOJIH HPUHHMAETCs OT A

m

. =2B no

Apax = 2L, JUISL MEIIKOBOZIbSI OTHOCHTEIIbHbIC ITyOWHBI aKBATOPUH T =13,

m

h h

—=1.5, —=2.0. 3uaueHus ATHH BOJH TJIyOOKOH BOABI M TIIYOWH MEIKO-

T
BOJIHOM aKBaTOPHM TNPHUBEICHBI B TaOiuile. Tam ke NaHbl 3HAYCHMS UIMH U
OTHOCHTEJBHBIX BBICOT BOJH, KOTOPBIE MOMYYarOTCsl TIPU TIEpeXojie Ha MENKO-
BOJIbE 3aJIAaHHOM TITyOUHBI.

XapaKTepUCTUKUA BOJIH MpPH Tepexojie ¢ rIyOOKoH BOIBI Ha MENKO-
BOJIbE

Hﬁ_laf
“ 40
A —wu 63.6 201.6 403.2

h H h H h H
h ‘L M P A M * P A M * P A M -
2’&7 ! lf"’ 2’&7 ! ;t'” 2’&7 ! 2’,\1
1525 | 024 | 573 L |o0076| 1250 L |o0038|1976| L
41 26 18
1760 102771580 L [0.087|133.1| L |o0.044|2056| L
40 28 19
2346 | 0369|605 L |o116]1452| L |0.058| 2218 L
39 31 %)

JIisl BBEIYHICIICHUSI XapaKTEPUCTHK BOJH HCIIONB30BAJICS HAITHCAHHBIHA
Ha MHTEPIPETUPYEMOM O0BEKTHO-OPHEHTHPOBAHHOM SI3bIKE MPOrpaMMHUPOBA-
Hust Python kiacc 1 monp3oBaTenbckoe MPUIIOKEHHE, PEATH3YIONIee alrOPUTM
pacdera XapakTEepUCTHUK BOJTHEHUS PAaCCMOTPECHHBIMH METOIAMH.

Hwxe B kadectBe nmpumepa (puc. 2 u 3) nmpuBeIeHBI pe3yIbTaThl pac-

YeToOB II0 pa3JII/I‘IHBIM TeOpI/IHM Op}lI/IHaT BOJIH ;]: n B 3aBUCUMOCTHU OT
HJ2

X
OTHOIICHHUA z IIpU pa3jJInvHbIX I‘J'IYGI/IHaX AKBAaTOpHHU, JJIMHAX U OTHOCUTEIIb-

HBIX BBICOTaX BOJIH.

OnpenenuM Teneph XapakTEPUCTUKH BOJHEHUSA 3aJJaHHOW JIMHBI U
KPYTH3HBI, HCXO/Is U3 33/IaHHOM riyOuHBI akBaTopuu. [IpumMemM B kauecTBe pac-
YeTHBIX 3HAa4YeHUs1 TIyOuH Ay = 17 M, h; = 23 M (COOTBETCTBEHHO — TITyOHHBI
peiioBrIX cTOSTHOK OecCKOro MOpPCKOro TOPrOBOrO MopTa Mo JaHHbIM M3Be-
meHus: MoperutaBatensm» 2012 rona).
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-0.6 | J ‘ -0.6

['myOuHa akBaTOpHH /=17.6 M, I'mybuHa akBaTopuH }; = 23.46 M,
ancio Ypeemna N, ¢ =75.1 9HuCIo Ypeemia y, oo =31.7

Puc. 2. Omnocumenvhvie opouraml npoghuiisi 6011wl ONUHBL ), = 201.6
kpymusnol H _ 1 :1 — wuneiinas meopus; 2 — meopus Cmokca;
A20
3 — KHOUOALHASL Meopust

08 :

() - | ‘ SRR
U 000 n
AAAAk (3) !

0.4 {— 0.4

0.2 0.2

0.0

0.2 f— 0.2

-0.4 0.4 -

06 ! 0.6 1-

I'ny6buna akBatopud 1 =17.6, M, ['nybuna aksaTopuu / = 23.46 M,

ancno Ypeemna y, o =37.6 qHCio Ypeemna y oo —15.9

Puc. 3. Omuocumenvhvie opounamsi npoghuiisi 60aHbL
onunvt A, =201.6 kpymusnor H _ 1 :1 — qunetinas meopus;
A 40
2 — meopus Cmoxca, 3 — KHOUOAIbHAs Meopus
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J7ist 9TUX TIyOWH BIMSIHUE MEIKOBOJIbSI HE JIOJDKHO CKa3bIBAThCS MPH
JUIMHAX BOJIH, MEHbIIUX 34 M U 46 M COOTBETCTBCHHO, a BOJIHCHUE JJIMHOMN
6omee 170 M u 230 M (ecnu OHO MOXKET CYIIECTBOBATH) JIOJPKHO paccMaTpu-
BaThCs B PaMKax TEOPUU KHOMIATBHBIX BOJH.

Hwxe npuBeneHbl pe3yiabTaThl pacyeToB IO Pa3IMYHBIM TEOPHSIM B
3aBUCUMOCTH OT unHbl BOMHBI A (A =34-+208 M), BBICOTBI KOTOPBIX

1
H = El , CIIEIYIOIINX XapaKTePUCTHK:

nep
H)2

- CKOPOCTEH pacnpoCTpaHEeHHUs BOJIHBI C , M/C (puc. 5);

(puc. 4);

- OTHOCHUTCIIBHBIX BBICOT rpe6H;1 BOJIHEI 7] p =

- OTHOCUTENBHOTO 00beMa BOJIHBI HA CAMHMILY JUIMHBI TPEOHS, Hax0-

0

JISIIEroCst BBIIIE YPOBHS MOA0MBHI BOJHBI CTokca ) = H_i (puc. 6);

- OTHOCHUTEIBHON CKOPOCTH IIepeHoca 00beMa BOJIHBI 2 (puc.7).
T

[TonmydeHHBIC pE3yNIBTAThI TOKA3BIBAIOT, UTO;

- MPaKTUYECKH BO BCEM BHIOPAaHHOM JHala3oHe JJIUH BOJH U TIIyOUH
MaKCHMaJbHOE 3HAYCHHE BBICOThI TPEOHS BOJHBI MOAYYaeTcs IO TEOPHH
Crokca;

- npouIM KOPOTKHMX BOJIH, ONPEICICHHBIC MO BCEM TPEM TEOPHSIM,
MPaKTHYECKH COBITAAIOT;

- JUISL CaMbIX JUIMHHBIX BOJIH OTHOCHTENIbHBIC BBICOTHI rpeOHEH, ompe-
neneHHble 10 Teopur CTOKCAa W KHOMJAJIbHOH, IMPAaKTUYECKH COBIAJAIOT Ha
riyoune s = 17 M; Ha TnyOuHe A, = 23 M rpeOHn BonH CToKca BhIlIe TpeOHEi
KHOMIAJIBHBIX BOJH Ha 5-6 % BO BceM Juana3oHe JJIUH BOJIH,

- CKOPOCTH PacCIpOCTPaHECHUS KHOUJAIBHBIX BOJH BO BCEM JHMara3oHe
JUIMH BOJIH TPEBBIIIAIOT CKOPOCTH, ONPECTICHHBIC 0 APYTUM TEOPHUIM;

- OTHOCUTEJIbHBIE O0BEMBI BOJH KOHEUHOW aMIUTUTYABI B 00JNacTH
JUIMHHBIX BOJIH MEHBIIIE, YeM Y BOJIHBI DpH, B 00JIACTH KOPOTKUX BOJIH O0BEMBI
[0 TPEM TEOPHUSM IPAKTUUYECKH OJWHAKOBBI, OTIMYHME OOBEMOB Ha TIIyOHHE
hy= 17 M Oonble, yeM Ha TIIyOuHE /iy = 23 M; €ClIH ONpeaesaTh 00beMbI BOJIH
JUTS KaXKI0HM M3 BOJIH OTHOCHTEIBHO €€ IOJOMIBEI & HE OTHOCHTEILHO OOIIEro
ypoBHs (mogo1BbI BoJIHEI CTOKCA), pa3iuyue OyJeT eiie Ooblie;

- CKOPOCTH TEpPeHOCa OTHOCHTEIbHBIX 00beMOB BONH Opu u CTokca
MPaKTHYECKU COBIAIAaIOT BO BCEM IUAIa30HE JJIMH BOJIH; CKOPOCTH IEpeHOoca
OTHOCHUTEIBHBIX O0OBEMOB KHOMJAJIbHBIX BOJH B OO0JACTH JJIMHHBIX BOJIH
CYIIECTBEHHO IMPEBBIIIAIOT COOTBETCTBYIOIINE 3HAYCHUS IO OCTAJIBHBIM TEO-
pHSIM;
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0.40 T T T T 1
0 50 100 150 200 250

0.21

0.19 +

0.17 1~

T T
0 50 100 ~50 200 250

Puc. 6. Omuocumensvhwiii 00vem 80IHLL HA €OUHUYY ONIUHBL 2PEOHS.

154



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

0.150 4
Q/T
0.125 1
0.100
0.075

0.050

0.025 -

0.000 T T T

Puc. 7. Omunocumenvuas CKOpoCmb nepeHoca 0bvema 80Hbl

- B OGJIaCTI/I KOPOTKHUX BOJIH IIEPUOJbI KHOMJAJIbHBIX BOJIH IO pacCyeTy
CYIIECTBCHHO MCHLUIC, YE€M IIE€PUOJblI BOJIH, BBIYMCICHHBIC 10O APYTUM TCOPHU-
M (3TO CBSI3aHO C ONpEACICHUEM JIUIMINTHYCCKUX (YHKIUH, BXOAAINIMX B
ypaBHEHHE BOTHOBOI'O MPOQUIISL), COOTBETCTBEHHO CKOPOCTH IepeHoca o0be-
MOB CYII[ECTBEHHO BO3PACTAlOT; B ATOH 00JACTH KHOUJAIbHAS TEOPHUS HEMPH-
MCEHHMaA.

BriBoabI

1. IIpn Ha3HAYEHHH B DKCIEPUMEHTE PACUETHBIX IMapaMeTPOB BOIHE-
HUS JJIs1 MEJIKOBObS HEOOXOAMMO MPOBEPUTH BO3MOYKHOCThH CYILECTBOBAHHS
BOJIH 33JJaHHOM JIJTMHBI ¥ BBICOTHI ITPH TAHHOH TIyOHHE.

2. Ilpu MoaenupoBaHUM B3aMMOJICHCTBUS CyIHA C OTHOCUTEIHHO KPY-

TeIMH ( _1 A ) BOJHAMH, JUIMHA KOTOPBIX COMOCTaBUMA C JJIMHOM CyIHA, B
30

METO/IMKY TIPOBECHUs ONbITOB, MpuHATYI0 B OHMY, He TpeOyercss BHOCHUTH
HM3MEHEHU.

3. Ilpu MomenupoBaHWHM B3aMMOEWHCTBUS CyAHAa C BOJHAMH, JJIMHA
KOTOPBIX TIPEBBINIACT JUIMHY CyJHA, HEOOXOJMMO BHAyalle ONPEACIUThH IPO-
(Wb BOMHBI KOHEYHOW aMIUIUTYABI. 3aTeM B 3aBUCHMOCTH OT IOCTaBIICHHOW
3aa9d TPUHSATH, KaKas XapaKTepHCTHKa BOJHBI OyJeT CMOJAEIHpOBaHA TMpPH
JAHHOW JTMHE — BBICOTA WITK 00BhEM HaJl YPOBHEM TOIOMIBEI.
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YK 533.6.08: 532.574
B.B. Badenko, B.A. Kouin, B.M. Typuk, M.B. Kouina

METOJ KEPYBAHHS BUXOPOYTBOPEHHSIM
HA BXOJI 10 KAMEP 3MIIIYBAHHSA

Ipeonooicenvt pe3ynbmamsl HKCNEPUMEHMATLHBIX UCCIEO08AHULL Me-
mooa YnpagieHust npoyeccamu nepeHoca 8 padoyux cpedax Kamepvl cmeulu-
6anus guxpeeozo muna. M3yyena peaxyus na ynpasnsowue oeliicmeusi Haubo-
Jlee DHEP2OHACHIUEHHOU KO2EPEHMHOU BUXPEGOU CIMPYKMYPbL NymeM CpagHe-
HUSL CMAMUCIMUYEeCKUX XAPAKMEPUCMUK NYTbCUPYIOWe20 meyenus, amMniumyo-
HO-YACMOMHBIX CHEKMPO8 CPEOHEeK8AOPAMUYHO20 OMKIOHEHUS. AKMYATbHOU
CKOpOCMU, A MAKdce NPOCMPAHCTNBEHHO-YACMOMHO20 PA30eleHUss dHepeul
nYIbCAYUOHH020 Osudicenusi. Onpedenena 803MONCHOCb IPHEKMUBHO20 pY-
KOBOOCMBA CIPYKMYPHO20 MedeHUs, 8 YACMHOCIU 00CTUdCeHUeM «0OpAmuo-
20 pacnada suxpeu.

Knrwouesvie cnosa: suxpesas xamepa, grammep, KocepeHmuas euxpe-
645 CMPYKMYpa, CMAMUCmudecKue Xapakmepucmuxu, GUXpeceHepamop, «0o-
PaAmHbL pacnao euxpei.

3anpononosano pesynbmamu  eKCHEPUMEHMANLHO20 — OOCHIOHNCEHHS
Memooy KepyeaHHs Npoyecamu nepeHocy 6 pobouux cepedosuuax Kamepu
SMIWYBAHHA 8UXP0OB020 muny. Buguena peaxyis Ha kepysanvHi Oii HatOib
EHEeP2OHACUYEHOT KO2EPEeHMHOI BUXPOBOI CMPYKMYPU WIIAXOM NOPIGHAHMHSL
CIMAMUCMUYHUX XAPAKMEPUCIMUK NYTbCYIOYOi meuii, amMniimyoHo-4acimomHux
CneKmpie cepeoHbOK8aAOPATMUYHO20 BIOXUNEHHS AKMYATbHOT WEUOKOCMI, a ma-
KOJIC NPOCMOPOBO-HACMOMHO20 PO3NOOINY eHepeii nyrvbcayiiino2o pyxy. Buse-
JIeHa  MOJICIUBICTNL  eheKMUBHO20 KepYB8aHHs CMPYKMYpolo medii, 30Kpema
O00CSACHEHHAM «360POMHO20 PO3NADY BUXODIEH.

Knwuoei cnosa: suxposa xamepa, (rammep, KO2EPEeHMHA BUXPOBA
CMPYKmMypa, CMamucmuiti Xapakmepucmuku, UXOpoO2eHepamop, «360pOmMHUL
PO3naod euxopis.

The experimental results of method on control of transfer processes in
continuous mediums of the vortex mixing chambers are proposed. It is studied
the response on control actions of the most energy-consuming coherent vortex
structures by comparing of statistical characteristics of pulsating flow,
amplitude-frequency spectra of standard deviation of actual speed, and spatial-
frequency distribution of pulsating flow energy. The possibility of effective
control of the flow structure, including the achievement of «reverse vortex
decayy, is revealed.

Keywords: vortex chamber, flutter, coherent vortex structures, statis-
tical characteristics, vortex generator, «reverse vortex decayy.

© Baoenxo B.B., Kouin B.A., Typux B.M., Kouina M.B., 2015
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Beryn. BusnauansHa ponb B Ipoliecax NMEpeHOCY MacH, IMITYNbCy i
TEIUIOTA B TMOTOKAax pPOOOYHMX CEpEIOBHIN Kamep 3MIIIyBaHHS pPIi3HOTO
MPU3HAYCHHS, XapaKTePHHUX JUIS I[WIIHIAPIB JU3ENIB, TOINKOBHX MPUCTPOIB,
CHCTEM KOH/IMI[IOHYBaHHsI, KAMEp PaKETHUX JBHUTYHIB, INIA3MOTPOHIB, SACPHUX
CHEepProyCTaHOBOK  TOIIO,  HAJIEKHTh  HI3bKOYACTOTHHUM  CKJIQJIOBHM
TypOYJCHTHOTO PYXY, fAKi 3yMOBJIIOIOTH OCHOBHHU BHECOK B TYpOYJICHTHY
madysito [1]. Jo-cmimkenHs: cTpykTypHu Tedii y BuxpoBux kamepax (BK) [2]
BIIEpIIIC BUSBUIIM, 110 HU3bKOYACTOTHI CKIIAAO0Bi mynbcalii y BK renepyrots,
TOJIOBHHM YMHOM, CHipaienoiOHi eHeproeMHi KOrepeHTHI BUXPOBI CTPYKTYpH
(EKBC) Benukmx MacmraOiB, sIKi PO3MOBCIOJIKYIOTBCS B3JI0BXK AaKTUBHOI 1
TYIUKOBOI 30H KaMepu y Pi3HUX HANpsAMKaX BIJHOCHO BITYCKHHX COIUIOBHX
MIPHUCTPOIB (PUCYHOK 1).

TITyXHi
TOpelb

Puc. 1. Buxposa xamepa ma docnioscysana obnacmoe EKBC:
A — mouxa sumiprosansv; B — npuxiad EKBC

HoBeneno Takox, mo Ha craaii ¢popmysanHs 1mux EKBC unisxom
MiDKUBIICHHS iX eHepricto 0epyTh y4acTh OUTBII IPiOHI BUXPOBI CUCTEMH TUITY
I'voptiiepa-Jlioapira, ski yTBOPIOIOTh MOONHM3Y BHYTPIINIHBOI TOBEPXHi
HWIHAPUYHOI YaCTHHH KaMepu Oe3Nocepe/]HbO 32 BIYCKHHUMH COILIaAMH
o0NacTb y BUTJSAI HECUMETPHYHOTO KPUBOJIHIMHOTO KOHyca 3 KyTOM
KOHYCHOCTI MPHOJIN3HO 55 °. IliTKOM OYEBHIHO, IO MOIMIYKH IUISXiB
MOJAJIBIION0 IMiIBUIICHHS CKOHOMIYHOCTI W HaIIfHOCTI MalllMH 1 amapariB
BHUXPOBOTO TUITY MalOTh BKIIIOYATH PO3POOKY HOBITHIX METOIB €()EKTHBHOIO
KEepyBaHHs 3a3HAUYCHHMHU BUIIE  BUXPOBUMH CTPYKTYypaMmH, OCKITBKH came
BOHM BH3HA4YalOTh B LIJIOMY TOIOJOr0 W KIHEMaTHKy Tedil y Kamepax
3MIlIyBaHHsI, a OTXKE, iX TEIUIOBI i TiipoAnHAMIUHI XapaKTEePUCTUKH.

IMocranoBka 3aBaanusa. OcHOBHa Mera pOOOTH — II€ EKCIIEpPUMEH-
TaJbHA TepeBipKka METOJY Malo3aTpaTHOTO KepyBaHHS (3TiHO 3 MPHHIIUATIOM
B3a€MHOI CIPUIHSITIMBOCTI BHUXPOBHUX CTPYKTYp) TpOIleCAMU 3MIlTyBaHHS
pobouoro cepenopumia y BK nuisxom nii Ha BXiZHHE IOTIK BUXPOBHUMH
VTBOpEHHSIMH, WIO TeHEepylThcs Buxoporeneparopamu (BI') y Burmsimi
CceliaibHO migiOpaHux QuaTepylounx KpPHJIOBHX EIEMEHTIB Ppi3HOT
KOPCTKOCTI y TaHTeHIIANbHOMY BIYCKHOMY coruti. [lig mi€to moBiTpstHOrO
MOTOKY KOXKHE KpWJIO Ha0yBa€ pPEKUM aBTOKOJIHMBAHb, IO OE3YMOBHO Mae
BIUIMBATH Ha CTPYKTYpYy Teuil Ta mpomecd mepeHocy y mnoroui. Crowatky
HEOOXiZIHO  3IIMCHWUTH TONEpPEeNHIO0  KUTbKICHY OIIHKY e(eKTHBHOCTI
3aMpPONOHOBAHOT0 «(JIATEPHOI0» 3aco0y KepyBaHHS IIEI0 CTPYKTYpOIO B
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kamepi. [Torim nipu 3actocyBanui BI' y BximHOMY corii Ta 3a iX BiICYTHICTIO
MPOTIOHYETHCS  3MICHUTH aHaji3 PO3MOAUTY TMHTOMOI €Heprii mMynbcallii
MIBHJIKOCTI 10 PIi3HUM YaCTOTHHM CMYTaM JIOCTIIDKYBAHOTO pOOOYOro
mianazony 0-320 [y B HEHTpaldbHIA ToYli A NPUCTIHHOI YaCTHHU 30HU
¢dopmyBanass EKBC Ta rhopriep-moaBiriBcbkoi obmacti Tewii [2] B
HEHTPaNbHIA COMJIOBIH TUTOMMHI HOpManbHOro Tiepepisy BK Ha  pamianbHiit
Bizcrani 0,002 M Big 11 BHYTPIIHBOT CTIHKM, MOMSPHUNA KyT @ po3ranryBaHHsA
TOYKH BIJHOCHO BEPTHKANBHOI OCi HOpManbHOro mepepisy ckmamas 90 °

(pucynoxk 1).
Jist 1iporo nepeadayeHo po3B’si3aTy Taki 3a1adi:
1) BU3HAYUTH MOYKJIUBICTB 3aCTOCYBaHHSA TpaauLIiHHO

BUKOPUCTOBYBAHOT'O MpPH MOJIOHMX JOCTIKEHHSX CIIEKTPaJbHOTO aHaTi3y
10710 00paHOT IPOCTOPOBO-4acTOTHOT 00JacTi nociimkenns EKBC y kamepi;

2) 3OICHUTH CTATHCTHUYHHMA aHalli3 KiHEeMaTHYHUX XapaKTepPHCTHK
pyXy Tra3dy B JOCHIJDKyBaHidH o0JacTi NpW HasSBHOCTI Ta BiJCYTHOCTI
KEepyBIbHUX JIH.

ExcnepuMeHTanbHa ycTaHOBKAa Ta MeToauka. JlochimkeHHs
MpoBe/IeHEe Ha aepoAMHAMIUHIN ycTaHOBI, poboya IiIIHKA SIKOI BUKOHAHA 3
Oprckia y BUTILIMI mpo3opoi muiminapuwuHoi BK BHyTpimHiM giamerpom
d,=0,102 m i goexuuoro [, =0,635 M (pucynok 1) [2; 3]. BixHocHa

rIMGKHA PO3TALBAHHS TUIYXOrO TOPLS Bix cepenunu comia L = Lld,=44.
BeHTHIATOp Tpamoe Ha BCMOKTYBAaHHs IMOBITPS dYepe3 BIYCKHE COILIO
IPAMOKYTHOrO  mpoximaoro mepepisy axb=0,041x0,025 v i3
320KpYTJICHUMH BEpIIMHAMHU KYTiB (pucynok 2). KyTu TaHTeHIianbHOCTI
BX0Ay MOTOKy n0 BK Ta 0ChOBOro po3rairyBaHHs [OBIIOI CTOPOHH COILIA
BIJIHOCHO TBIpHOI HMJTIH/paA CKIaaanm Biamo-siqaHo ¥ =88° ta a = 0°.

Puc. 2. Bnyckne conno 3 Kpunonooionum eiemeHmom

Omnwc ekcriepruMEHTaIbHOI YCTAHOBKH Ta 3arajibHa YacTHHA METOJUKH
MPOBENICHHS EKCIIEPUMEHTY HaBelleHi B poOori [3]. B manomy mocmimkeHHi y
BXIIHOMY COIUTI KaMepu IO uep3i Oyl po3TalloBaHi IIACTMACOBI KPHJIO-
MOMIOHI €TEMEHTH MaJlor0 TMOAOBXKEHHS — KOPCTKE KPHJIbIE 3 €IacCTUYHUM
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3aKpUJIKOM, 110 BUKOHAHUH 13 MaTepialdy HH3bKOi )KOPCTKOCTI (j), Ta MKOpCTKE
KPHIIBIIE 3 dKOPCTKUM 3arHyTuM 3akpriikoM (k) (pucyHok 3).

o N R6
Bicb KkpinneHHs ymosuli 3aKkpusok Bicb KpinneHHs
N\ N
\
\ AntomiHiesuli 3aKpunok
Y T
o)
3 3
75 | | 52
28,4 34,4
44,6 40
a) 6)

Puc. 3. Eckiz koncmpykyii kpuieyv 8uxopozeHepamopis.
a) Kpunvye 3 e1acmudHuUM 3aKpUIKom, 6) Kpuavbye i3 HCopCmKUM 3aKPUTKOM

OOuzBa BHXOpPOI'€HEPATOPH MAaH TOPU3OHTANBHI OCi MOBOPOTHO-
KOJIMBAJILHOTO PyXy Ta 3HaxXOMWIMCh B pexumi duarepa. Jlocmiau
IPOBOAWINCE NpH (ikcoBaHil BenumuuHi uucna Peiinonbaca Re, = 87560,

OOYHCIIEHOTO 110 MTapaMeTpam MOTOKY B MPOTOYHIN YaCTHHI COTLIA.

[Mapamerpu moBitTps Ha BXoai a0 coruia BK cranoBmmm: temmeparypa
t, =20°C, armoctepuuii Tuck p, =10’ I1a . Tlics nomepennsoi Bizyamisanii
Teuii 3a JIOMIOMOTOK MOHOJWCIIEPCHOTO TMOPOIIKY Oyl  IMpoBeneHi
IHCTPYMEHTAIIbHI BUMIPIOBaHHS aKTyalbHHUX IIBUAKOCTEH B JIOCITIIDKYyBaHIH
30HI Tedil 3 BUKOPHCTAHHSIM TEPMOAHEMOMETPUYHOI amapaTypu MOCTIHHOT
temmepatypu  «DISA-55M» 3 OZHOHHUTKOBHM  JPOTSHHUM  JaTYHUKOM,
CTIOJIyYeHHM 3 aHayoro-nmudposum mneperBoproBaueM L-264 ¢ipmu «L-Cardy,
SKHH YCTAHOBJCHUH B SKOCTI TaTH po3mupeHHs 10 [BM-cymicHoro
koMt toTepa. OOpoOKy BUMIipIOBaIbHOI iH(MOpMaIlii 31iCHEHO 3a JTOTTOMOT 010
minensifinoi nmporpamu «PowerGraph Professional». Yacrora auckperu3artii
CHUTHAly TMpH ONUTYBaHHI JaTyhKa TepMOAHEMOMETpa IPOIECOPOM
KOMIT 10Tepa obupanach Ha piBHI 640 [y Ui 3a]J0BOJICHHS YMOBaM TEOpEMH
KorenbHrkoBa, OCKUIbKM POOOUHMIA Jialma30H 4acTOT, BU3HAUCHHH MOMEPEIHBO
3a JIOITIOMOT'OK0 aHaTi3aTopa CIeKTpa, He repeBuiyBas 320 /.

Jlo anamizy OyJio 3aJlyueHO TpaHCBEPCalbHI CKJIAIOBI MIBUIKOCTI Y
3B’SI3Ky 3 HAHOUTBIIMMHU 32 MOIYJIEM 3HAYCHHSMH, CTaOUTbHUMH 1 HaHOiLIbII
TOYHO BU3HAYCHHMH 3a 3HAKOM pO3MOJLIAMH iX YCEpPEJHEHHX 3a YacoM
BEJIMYMH B3JOBX JiaMerpa i oci muiiHApudHOi yactTuHu BK mopiBHsAHO 3
KBa3irapMOHIYHUM XapaKTepoM TNpo(diliB ycepemTHEHHX OChOBHX CKIIaJOBHX
MIBUI-KOCTI.
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JlocmipkeHHsT eHepreTHIHNX 0cOoOMMBOCTel Tewil Ha MakpopiBHi y BK
B 00JIacTi BUMIpIOBaHb Iependavyaio monepeiii anams po3noAiy BiJHOCHOT
IHTEHCUBHOCTI TyJIbCalliii B TOYIl A, JJIs 4Ooro O0yj0 IPOBEACHO MPOLCAYPY
BUJIYYCHHSI «XWOHUX BWKHIIBY» (IleH3ypyBaHHs BuOipkH). Kpurepii BuGopy
JNOCTIKYBaHOT 00lacTi aHajmizy — CTaTHCTUYHA CTalllOHApHICTh Ta
HAONMIDKEHHST KPHUBHX HIUIBHOCTI po3mnoainy iimoipHocti (PDF) akryanbpHOT
IIBUAKOCTI B XapakTepHii Toduii Tedil g0 Buay I'aycca. 3 METOH KOPEKTHOIO
nopiBasiHHA KpuBuX PDF Ta criekTpandbHHX XapaKTepHCTHK Tpu 00poOIli
EKCIIEPUMEHTAIIBHUX JTAHUX OYyJlo 31iificHeHOo pexekiito rapmoniku 50£1 T,
dKa MOXe BiIoOpakaTH 4YacTOTYy HaBOJAKH 30BHINIHBOI Mepexi Ha
BHUMIPIOBAJILHUI TPAKT TEPMOAHEMOMETPA.

Pesynbraru. [lepeBipka Ha «HopmanbHicmby PO3NOALTY HMOBIPHOCTI
aKTyaJbHOI IIBUAKOCTI, 0 OyJa MpoBeJeHa MUITXOM MOOYIOBH TicTOrpaM Ta
KPUBHUX HIUTBHOCTI PO3MONLTY SIK iX OOBIAHUX MPH TPAHUYHOMY IEPEXOAi
«riCTOrpaMa-ToiroH po3noAiTy-HenepepeHa QpyHKIis» (PUCYHOK 4), ToKa3aa
ix HabmmkeHy BINMOBITHICT 3akoHy [aycca TpW BIJHOCHO HEBEIHKHX
BIIXHMJICHHSIX MATEMAaTUYHOIO OYIKyBaHHS, IO PO3PaxOBaHO 10 CEPEAHBOMY
apu(MeTHYHOMY, BiI MOIM peajbHOro 3aKkoHy posmonity. lle mo3Bosse
3MIACHIOBATH B JOCTIKYBaHii 00J7acTi BHUMIPIOBAHb IOPIBHSHHS PI3HUX
3ac00iB KepyBaHHS KJIIACHYHOIO MOOYIOBOIO aMILTITYIHO-4YaCTOTHUX CIEKTPIB
nmyJbcallii IMBUAKOCTI, a TaKOX aHAIi30M YacTOTHOTO PO3MOJUTYy eHeprii
MyJIbCAIITHOTO PyXYy 3a YMOB sIK HasiBHOCTI BI' pi3HuX BHIIIB, TaK 1 BIICYTHOCTI
JDKEpEIl 30BHIMIHIX BUXPOBUX 30ypeHb Y BIyCKHOMY COILII.

ANropuTM O0pOOKM OCHMIIOTPaM TEPMOAHEMOMETPYBAHHS B JOCIiJ-
xyBaHiii 301 EKBC mnepenbavaB oO4HCIEHHS OCHOBHHUX CTaTHCTHYHHX
rmapaMerTpiB  KOXHOI peamizaifii uis BHIIAIKIB BizcyrtHocti BIN 1 ix
MiAKITIOYEHHS, Ta 3BOJMBCS J0 HACTYITHOTO:

1. Bu3HayeHHS TEHTpaJbHAX MOMEHTIB BiJI JPyroro J0 4YeTBEPTOro
MOPSIIIKIB

1 n
m=t 3y
— 1z

A€ MU, — MareMaTH4HE CHOMIBaHHSA CTalliOHapHOI BMIAJKOBOI (QyHKLIl X,

1
(cepenHe 3HAYCHHS aKTyallbHOI IIBUIKOCTI), SIKE 3 OTJISIy Ha TIMOTE3y MPO
eprOINYHICTH MPOIIECY JOPIBHIOE

1 T
p=—[x (0,
Ty
ne T — vacoBwuii mepiof peamizariii mporecy (B Hamux gociigax 17 =10c¢);

Yy — TOPAMOK IEHTPAJIbHOr0 MOMEHTY (MpU ¥ =2 Ma€eMo APYrHil IIEHT-

paNbHUI MOMEHT — aucnepcito m, = D);
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71— KUTBKICTh €J1eMEeHTIB Y BHOIpIli (OJMHUYHUX BUMIPIOBAaHb B peaizallii 3a

nepion 7'), n=6400.

03
02

\ /\ ——j323_48
01 \ —s—h323_48

k323 48

p(u)

N

0 .1

0 10 20 30 40 50

u, m/c

Puc. 4. Ulinouicms poznodiny uimosipnocmi
MUMMEBOT WBUOKOCMI 01 BUNAOKIB.

h — conno be3 suxopoeenepamopa, j — hramepyroue Kpuivye 3 eracmuyHuUM
3akpunkom; k — pramepyioue kpunvye i3 HOPCMKUM 3AKPUTKOM;
Yuposi nosHaueHHs GiON0BIOarMb KOOPOUHAMAM O0CIIONCYEAHOI MOUKU

2. BuznaueHHs1 6e3p03MIipHHX XapaKTEPUCTHK SIK KOMOIHAIIii JIpyroro,
. . 15
TPETHOr0 Ta YETBEPTOro LEHTPATbHUX MOMEHTIB: acumMerpito Sk = m, / m:;

4 .
eKclec 8=m4/0 -3, ne o =+D — cepenHe KBaapaTH4HE BiIXHUIECHHS

(c. K. B.); KOHTpEKCIIeC &= 1/\/6‘ .
3. HabmmkeHa oOIliHKA CEpeIHIX KBaIpaTHUYHMX MOXHUOOK C. K. B. Ta

KOHTpEKCIIECY 3a popmyaamu O(0) =/ € — 1/(2\/;) ;O (@)~ \J2/(3n) =

OCHOBHI PO3paxyHKOB1 BETHYMHH HaBeJeHI B Ta0muMIi 1.

Tabnuys 1
Hapamempu 6 mouyi A meuii
o/U 0,40 0,13 0,49
KorTtpekciec, & 0,578 EUEYET VBT
v — J —
h323 48 (KpuJIbIIe (KpuJibIIe
HMapaverp (6e3 BI) 13 )KOPCTKUM 3 eNACTHYHUM
3aKPUITKOM) 3aKPUITKOM )
Cepenne, U M/c 10,65 34,3 27,463
C.x.B., 0 M/C 4,23 4,34 13,55
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SAx BuaHO 3 TaOnmii 1, BiTHOCHA IHTEHCHBHICTD IYJbCAIliil IBUAKOCTI
o/U y Bunanky BI' 3 emactumunum 3akpuikoMm Ha 22,5 % TepeBHINYyE BiImo-
BiJlHE 3Ha4YeHHs s pexumy 0e3 BI' ta € maiixe B 3,8 pasu OinpmmM 3a
IHTEHCHBHICTh MyJbcaliii pu 3actocyBaHHI BI' 3 xopcTkuM 3akpuikom. Lle
CBIIYMTH MPO JIOBOJII HHU3BbKY €(EKTUBHICTh OCTAaHHBOTO THUIY TeHepaiii
BUXPOBHX 30ypeHb (BapiaHT k& BUXOpOreHeparopa), IpuHaiMHI 010 BILTUBIB
KEepyBJILHUX BHXOPIB Ha TPUCTIHHY 4yacTuHy 30HH ¢opmysBanHs EKBC Tta
TbOPTIIEP-JTIOJBITiBCbKY 00JIACTh OIS HWIIHAPUYHOI MOBEPXHI Kamepw 3a
BITYCKHUM coOIUToM. OYeBHUHO KOPCTKUI 3aKPHIIOK KPUJIbIIS, HE3BAXKAIOUM Ha
HOro KONHMBAJIBHUH PyX, YaCTKOBO BIIXWJISE BXIJHUH HammiBOOMEKEHHI
CTPYMiHb BiJl IIHJIIHIPHYHOI CTIHKK Ta CIPSIMOBYE HOT'0 y HANIPSMKY LIEHTPaIIb-
HOT0 KBa3iTBEpAOTLIbHOrO mpruockoBoro Buxopa (LIKTB), sxuit pyxaerbcs ¢
00Ky riryxoro Topis 1o Buxony 3 BK [2], 1110 MeBHUM YMHOM Ma€ IO3HAYUTHCh
Ha CTPYKTYpl OCTaHHBOro. LIiTKOM MOXIMBO, IO MYJbCAlliiiHI XapaKTepHuc-
tukn [IKTB kommneHcyBaTUMyTh HU3BKY IHTEHCHBHICTH MyJbCalliii B TpHUC-
TIHHIA 30HI KaMepH 1 1le TTO3UTHUBHO BiZl0Opa3UThCs Ha IMPOIECi 3MIlTyBaHHS.
AuJe nepeBipKa Takoi rinore3n norpedye MOCTaHOBKH OKPEMOT'0 JOCIIIKCHHS.

PosristHeMo THIIOBI 4acTOTHI criekTpu B qociimpkyBaHiid 3001 EKBC Ta
BUXpoBoi cuctemu ['boptiepa-JTioasira (pucyHok 5). Ins omiHku edekTus-
HOCT1 3aCTOCOBAaHMX METOJIIB KEPYBaHHS CTPYKTYPOIO Tedii HEOOXiIHO BULIN-
TH OCHOBHI EHEPrOHACHYEHI YaCTOTHI CMYTH EKCIIEPUMEHTANBHUX JaHUX
aKTyaJbHOI MBUAKOCTI. CIEKTpalbHHUI aHAJI3 CUTHAJIB TEPMOAHEMOMETPA Y
BHIJISIII PO3MOALTY C. K. B. 3a 4aCTOTaMM II0Ka3aB, IO YCHO JOCIHIDKYBaHY
YacTOTHY CMYTY MOYKHA MTOJITUTH Ha JIBi 00JIaCTi:

1) enepronacuueHa obnacts 4acToT B mianaszoni 0-180 I'i, ska MicTUTB
30HH BY3bKOCMYT'OBOTO IIIyMY Ta TAPMOHIYHHX CHTHAIB;

2) obnactb «Oinoro mymy» B aianazoni yactor 180-320 I'i. [lo cknany
CHEeproHacHYeHoi o0JacTi MOXKHA BiJTHECTH TPU HAHOLIBII XapakKTepHi dac-
TOTHI cMyTrH B jianazoHax 57-59 I'm (rapmoniunwmii curnain), 105-120 I'o ta
165-180 I'm.

Sk BUOHO 3 pHCYHKa 5, 3arajbHHMH XapakTep CIIEKTPiB, IO BIAIO-
BifmaroTh BunaakaMm BI' i3 skopcTkuM 3akpuikom Ta 6e3 BIT, He Bimpi3HA€THCS
PI3KUMH 3MiHAMH, 32 BUKIIOUCHHSIM JESIKHX JIOKATBHUX CIUIECKIB aMILIITyIH
npu (ratepi KpUIbLS i3 )KOPCTKUM 3aKPUJIKOM Ta HE3HAYHOI PI3HUIN KYTiB
HAXWIy BIMOBITHUX anpOKCHMYIOUMX KpHBHX. [IpoTe BHUXpOBI CTPYKTYpH,
CTBOpPEHI KPWJIBLIEM 3 €IACTHYHUM 3aKPWIIKOM, BIAPI3HSAIOTHCS MOSBOIO Haii-
OUIBII MOTY)KHUX IUCKPETHHX CHUTHANIB Y TPhOX YACTOTHHX Jiala3oHax 3a3-
HA4YCHOI BHIIIE CHEPrOHACHYEHOI 00JIACTI Ta CYTTEBHM IEPEPO3IOALIOM CHEp-
TFOHECYYMX 4YacTOT y OiK iX MEHIIMX BEIMYMH Ha CIHEKTPI MyJbCalliii, 1o
O3Havae 30UTbIIEHHS MacITa0iB BHXOpIB IOPIBHSHO 3 IHIIMMH BapiaHTaMU
BIUIMBY Ha CTPYKTYpY TeHil.
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Puc. 5. 3sedeni wacmommni cnexmpu c. k. 6.
AKMYATbHUX MPAHCEEPCATHUX CKIA00BUX WBUOKOCHEl
npu HAS6HOCI Ma GIOCYMHOCTI (PAAMEPHO20 KEPYBAHHSL
8 XapakmepHii moyyi meyii 051 GUNAOKiG:
h — conno be3 suxopoeenepamopa;
Jj — @ramepyroue kpunvye 3 e1aCMUYHUM 3AKPUTKOM,
k — pramepyioue Kpunbye i3 HcOPCMKUM 3AKPUTKOM

e — TMTIOBUH PEXUM i3 «3aTOCTPEHHSIMY, XapaKTePHUH IS BIAKPUTOI
HENMIHIMHOI CHCTEMH, B SKIM IIKUBJICHHS CHEPTi€l0 Bil BHXOpIB, IO TeHe-
PYIOTbCS KpHIIbIIEM, Ta ii cuH(pa3HE CHPUHHSATTS BUXPOBUMH YTBOPEHHSIMH
I'voptaepa-JlroaBira BimOyBaeThCs HE 3a YCIM CIEKTPOM MOJ, @ CEICKTHBHO,
JIUIIE JUTS MEBHUX TapMOHIK. TakuM YWHOM, 3aMiCTh PO3CISIHHSI CTPYKTYPHHX
HEOJTHOPIHOCTEH y BXIJHOMY IIOTOLI, IO Iepemdadae Bigoma B Teopil
TypOyJIEHTHOCTI cXeMa «KacKaJHOTO IEePEHOCY EHepTii» YHHU3 3a CIEKTPOM,
MAa€EMO 3HAYHE MiJICWICHHS KPYIMHHX BHUXPOBUX YTBOPEHb, SKE HAa3MBaIOTh
«BBOPOTHUM pO3MaJIOM BUXOpPiB». Lle siBUIlIEe CBIAYMTH PO HASBHICTH POOOTH
MeXaHi3MiB HETiHIHHOTO JIOJATHOTO 3BOPOTHOTO 3B SI3KY B JAOCIIIXKYBaHil 30H1
EKBC. ITicns  BHU3HA4YeHHS CHEKTPAIbHUX CMYTI CHTHAIIy, BHIIyYeHHI
CHEepProOHACHYCHUX YaCTOTHHX CMYT i3 3arajJbHOr0 CHTHaly 3a JOMOMOTOIO
CMYroBUX (UIBTPIB, aJIrOPUTM IOJAIBIIOI OOpOOKHM EKCIIEPUMEHTAIbHUX
JaHWUX, OTpuMaHux ais kamepu 3 BI' ta 6e3 BI' (ipu Tomy X 3Ha4YeHHI yucia
PeitHonpaca) monsiraB B OOYHMCIEHHI JHCIiepCii CHUTHaNy Yy KOXHIA 3
CHEProHACHYECHUX YAaCTOTHHUX CMYr JJIs JOCHIDKYBaHOI 30HM Tewil. Jns
BUSIBIICHHS €pEeKTUBHOCTI BIUIMBY (priaTepa KpUIIelb Ha TOHKY CTPYKTYpY Tedii
B BUXPOBHX YTBOPEHHSAX KaMepH OYJI0 BUKOPHCTAaHO €HEPreTHYHUH MinXin,
3TiIHO 3 SIKUM JHCIEPCII0 MUTTEBUX WIBUJKOCTEH MOXXKHA PO3MISIATH SIK
MOJBIMHY KIHETUYHY €HEpPTil0 MyJIbCAI[IHOTO PyXY, 3BEACHY /10 OJAWHUII Macu
cepenoBuiia. Pe3ynbratu po3paxyHKIB AUCIIEpPCii 3aHECEHO 10 Tabuii 2.

164



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

Tabruys 2

Benuuuna oucnepcii 6 piznux wacmomunux cmyaax

BapianTu kepyBanbHOI J1ii Ha BXIJIHUI MOTIK KaMepH

Hianasonu 1393 48 j323_48 /323 48
4acToT, (Ges EF) (KpHJIBIIE 13 )KOPCTKUM | (KPHIIBIIC 3 €TaCTUYHHM
' 3aKPUIIKOM) 3aKPHUITKOM )

CyMapHi aucrepcii akTyanbHOT IBHAKOCTI, M*/c’

0-320 17,87 18,83 183,5
0-180 13,09 13,54 180,64
180-320 4,78 5,27 2,84
57-59 0,08 0,08 160,85
165-180 0,70 0,71 6,6
105-120 0,84 0,76 1,21

AmHani3 HaBeIeHNX JaHWX Napam# (110 BIIHOIIEHHIO 10 coruia 6e3 BI)
MOKAa3ye Take:

1. MopiBusauHs BapianTiB k Ta h. Peanizauii 4 ta k sBistoTH COO0IO
CUTHaJIM, HaOIKeH1 1o «Outoro mymy». OnHak 3acrocyBanHs BI' Bapianty &
3GINBIIMIO CyMapHy eHepriro mymbcamiii Ha 0,96 m”/c’, To6T0 Ha 5,4 % y
gacrotHiii cmy3i 0-320 Tm. ¥V cmysi 57-59 I'm gucrnepcis € mpakTHYHO
nesminHdrdlopiBHsiHHA BapianTiB j Ta h. EHepris nmynbcaniii peamizamnii j y
cmysi 0-320 ' Gimbmr, HXK Ha TOPSAJOK BUIIIE MOPIBHIHO 3 peaizaliero /i, a
87,6 % eHeprii peamizamii j 30cepe/pPKeHO B aiama3oHi wactor 57-59 I'm.
Peanizarisi j € cymeprosuiiieo «0ioro mrymy» npuOIU3HO Ti€l K eHeprii, K 1
y peamizamiii £ i k, TapMOHIYHOrO curHamy y cmy3i 57-59 T'm ta nBox
CHEepProHaCH4eHUX 4acTOTHUX cMyT 165-180 I'ip1 105-120 I,

3. O4eBUIHO, IO TOPU3OHTAIBHO PO3TAIIOBAHE y BIIYCKHOMY COILT
KPHJIBIE MaJIOr0O MOJIOBXKEHHS 13 eTaCTUYHUM 3aKPUIIKOM HU3BKOI )KOPCTKOCTI
€ OUTbIl e()eKTUBHHUM, HDX TIOBHICTIO JKOPCTKE KpPWJIbIIE, OCKUIBKH T'€HEpYye
HU3bKOYACTOTHI CKJIaJ0BI TYpOYJEHTHOIO PyXy Ta INEBHOIO MIpPOI0 BH3HAYAE
3aralipHy CTPYKTYpY Tedii, a OTKe i mpollecH MepeHocy MacH, iIMIyJibCy i
TEIUIOTH Y BUXPOBii Kamepi 3MilllyBaHHS.

3 [BOro BHUIUIMBA€E, IO TMOAAJBIN JOCTIKEHHS MalTh OyTH
CHpsSIMOBaHI Ha BHSBJICHHS 3aJIOKHOCTI MDK JKOPCTKICTIO KEpyBaJIbHOTO
eJIeMEeHTa PO3TAIIOBAHOTO Y BIIYCKHOMY COILI KaMepu Ta e(h)eKTHBHICTIO HOTo
BIUIMBY Ha HAMOLIBII €HEPHOHACHYCH]I KOTEPEHTHI BUXPOBI CTPYKTYPH.
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BucHoeku

1. HochmimkeHHs, 0 Ma€ TIOIIYKOBHUH XapakTep, JAOBOJHUTH PeaibHY
MOXIIUBICTh 3aCTOCYBaHHSI Majo3aTPaTHOTO METONy KEepyBaHHS BHUXPOBOIO
CTPYKTYpOIO Tedii Ha MIKpO- Ta MaKpOpIiBHSAX Yy KaMepax 3MiIlyBaHHS Ha
OCHOBiI BHKOPHUCTaHHA BUIBHOTO (uiaTepa KPHIOMOJIOHUX €JIeMEHTIB Yy
BITYyCKHUX COIUIAX 3TiHO 3 MPUHIIMIIOM B3a€EMHOI CIIPUIHSATIMBOCTI BUXPOBHX
CTPYKTYp, LIO JIO3BOJSIE EPEKTHBHO YIPABIATH MPOIECaMH IEPEHOCY
poOOYHMX CepeOBHUIIAX.

2. TlokazaHo, WIO TpU 3aCTOCYBaHHI 3alpOIOHOBAHWUX THIIIB
BHUXOpPOTEHEPATOPIB Yy BIYCKHUX BY3JIaX BUXPOBHX KaMep 3MIllyBaHHS CHEPTis
nyibcalii mpu  (OpMyBaHHI CHEPrOHECYYHMX BHUXPOBHUX CTPYKTYpP MOXKeE
MEepepo3NOAUISATHCh, MK E€HEPrOHACHYCHHNMH YaCTOTHUMH CMYT'aMH, B TOMY
YHCIl TMepeAaBaTUCh BiJl BUXOPIB MEHIIOrO MaclmrTaly Jo OUTbII KPYITHHX
BUXOpiB. Bnamocs orpumatu Tak 3BaHHWHA «3BOPOTHUH pO3Maja BHUXOPIBY,
MEBHUM YMHOM CITOPiIHECHUH 13 SIBUIIEM «BiJ'€MHOI TypOyJIEHTHOI B’SI3KOCT1»,
0 TIpU TPABWILHOMY BHOOpPI TE€OMETPUYHHMX Ta MPYKHUX XapaKTEPUCTHK
JIETKUX KPWIOMOMIOHWX eneMmeHTiB BIT Moke 3Ha4yHO iHTEHCU(IKYBaTH
MPOIIECH 3MIITyBaHHS B POOOYNX CEpelOBHIIAX.

3. Ilpocrora KOHCTpYKIiK (IaTepyrounx BHUXOpOTEHEPATOpiB Ta
HEe3HauHl eHepreTHYHi BTpaTH NpH iX (YHKIIOHYBaHHI JO3BOJSIOTH BBaXKaTH
3aIpONOHOBAHUI METOJ KEPYBaHHS TIEPCIICKTHBHIM.
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YIK 531.7.,532.517/045
B.H. I'nymko

BJIMSIHUE TAPAMETPOB MOPCKOT'O BOJTHEHUSA
HA BEJIMUUHY TAI'U, CO3JABAEMOU BOJIHOBBIM JABHXUTEJIEM
B BUJIE KOJIEBJIIOIIETOCA KPBLIA C YIIPYIOM 3AJIEJIKOMN

Ilpusedenvt  pesynbmamuvl  IKCNEPUMEHMATBHO20 — UCCTEO0B8AHUSL
B0IHOB020 OBUIICUMENST C PADOYUM OP2AHOM 8 6UOe NOONPYHCUHEHHO20
Konebniowezocs Kpviaa. I paguuecku npedcmasnenvl 3a8UCUMOCHU CUTbL MAU
Fep xonebmiowecocs kpvina om napamempos 60IHeHUS — PATUYHBIX OTUH A, U
evicom h, eoan. [Tloxazamo eusmue dcecmKocmu  YApYyeou — 3A0enKu
KONebowe20cs Kpulila Ha 6eIUYURY c030a8aemMot um cuavl mseu Fep.

Knrwouesvie cnosa: 601108601l 0gudicumens, Koaednoueecs Kpolio, Cuid
msieu Fep, wacmoma f xonebanuil kpvinia, OauHa A, u ebicoma hy 60HbL.

Hagedeno  pezynomamu — excnepumMeHmanbHo20  OOCHIONCEHHS.
X8UNLOBO2O PYUWLisi 3 PODOUUM OP2AHOM Y BUTA0T NIONPYICUHEHO20 KOIUBHOO
kpuna. I'pagiuno npedcmasineni zanexcnocmi cunu mseu Fcp konuenoeo kpuna
810 napamempie XUI08aHHs — PI3HUX Q0BHCUH A; | sucom hg xeéunv. Tlokazano
BNIUG JHCOPCMKOCHI NPYICHO20 3AKNAOCHHSI KOAUBHO20 KPULA HA GETUHUHY
CMBopPIO8anoi Hum cunu mazu Fep.

Knrouoei cnosa: xsunvosuii pywii, necmitike kpuno, cuia mseu Fep,
yacmoma f Konueanv Kpuid, 008XHCUHA As T ucoma h, XeuJi.

The results of experimental studies of wave mover with a working body
in the form of a spring-loaded oscillating wing. Graphically presented accor-
ding traction Fcp oscillating wing on the parameters of the excitement — of
different lengths A; and heights h, waves. The influence of the rigidity of the
elastic sealing oscillating wing on the value created by their traction Fcp.

Keywords: wave propulsion, oscillating wing thrust favg, oscillation
frequency f of the wing length A, and height h, wave.

Beenenue. 1o olieHKe y4€HbIX 3an1achl KWUHETUYECKON HEPTHUU BOJHE-
HUS MHUPOBOTO OKeaHa OIleHHMBaercs B 2,7 MipH. KBT, 4To cocTaBiseT oKoio
30 % motpebnsieMoii B Mupe dieKTpodHepruu [1]. Maes momydeHus: sHepruu
OT MOPCKHX BOJH JaBHO HWHTEPECYET YUEHBIX MHXEHEPOB U M300peTaTenew,
XOTSI 9Ta BO3MOXKHOCTh M HE CBSi3aHA C KaKHM-JIU0O BBIJAIOIIMMCS H300pe-
TEHHEM, 3HaMEHYIOIUM coObITHE B TexHHKe. OHa BBICTYMAeT KakK pe3yibTar
U BBIPAKEHUE JOCTATOYHO BBICOKOI'O HAYyYHOI'O NOTEHLIMANIA, JOCTUTHYTOrO
MHpPOBOK HayKoH. W ceroiHs BOIPOC COCTOMT HE O MPHUHLMIMAIBHON pean-
3YEMOCTH B CYJOCTPOCHUU BOJHOBBIX JBHKUTENEH, & O TOM, HACKOJIBKO 3Ta
peanu3anys OnpaB/JaHa W yBsi3aHa ¢ HEOOXOJUMOCTBIO YIOBJIETBOPCHUS KOM-
TJIEKCOB TPeOOBaHUH, CPEI KOTOPBIX COOCTBEHHO YHEPTETHUYECKHIE TPOOIEMBI
HE SIBIISIFOTCSI CAMOJOBJICIOIIMH.

© I'nymko B.H., 2015
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Croza OTHOCHTCS B TIEPBYIO OYepesib Bce Oojiee OTYETINBO OCO3HABae-
Masi HeOOXOMMOCTb M3MEHEHHsI CTPYKTYpPBI DHEPTOHOCUTENCH MyTeM pPa3BH-
THSl QJIBTEPHATUBHBIX (IO OTHOLIEHWIO K HE(PTH, Ta3y M YIJIO) UCTOYHHUKOB
SHEPTUU JJIsl YMEHBIICHUS 3arPs3HEHHS CPEJbl U CO3/IaHUs TIPENIIOCHIIOK BHE-
JPEHHsT TEXHOJOTUH, albTepPHATHBHBIX HCIONB30BAaHUIO HCKOMAEMOTo TOII-
JMBa.

U3BecTHO, YTO CyZHO B OKEAHCKOM HIIM MOPCKOM IUTABaHUM 3HAYM-
TENBHYI0 YacCTh CBOEH JEATETHbHOCTH IMPOBOIUT B YCIOBHUSX OOJBIIEr0 WK
MEHBIIEr0 BOJHEHUS, MPEACTABIIIONICTO HE YTO HWHOE, KaKk OaHy Hu3 (opMm
MeXaHHYECKON SHEPTHH, 3a1ac KOTOPOI MPaKTUIECKH HEUCUEPIIaeM.

Bynyun okpy>KeHO BO BpeMsl ABHXKEHHS COBEPILIEHHO AapOBOM YHEPIru-
eif, CYJHO BOCIIPHHHMAET 3Ty JHEPTUI0 KaK MCTOYHHMK HEYJ00CTBa W Bpela.
Bonee Toro, 4To0bI H30aBUTH CYJJHO OT BO3ACHCTBHS 3TOM SHEPTHHU, IPHOETAIOT
K cpenctBaM (YCIIOKOUTENSIM KadyKu), TPeOYIONMM TIOYTH Bcerja JONONHU-
TENFHOT'O PACXOJIOBAHHUSI CYTHOM COOCTBEHHOW SHEPTUU M3 BHYTPEHHUX 3aria-
coB [2; 3]. [ToaTromMy nipobieMoii HCKITIOUNTENBFHON BaXKHOCTH SBIISIETCST pa3pa-
00TKa TPAKTHYECKHX METOJIOB pPEaTH3alliil DHEPIHH MOPCKOTO BOJHEHHUS
(OMB) ¢ nenpio co3aanus ABHXKYIICH cHIIbl Ha Kopiryce cynHa. Heobxomaumo
TOJILKO, YTOOBI YCTPOMCTBA, MCHONB3yromue OMB, He ObUTH CIUIIKOM JIOpO-
THMH, CIIOKHBIMHU B YIIPABIICHUH, YTOOBI WX aMOPTH3AlMs U IKCILTyaTallHOH-
HBIC PACXO/Ibl HE MPEBBICHIIA TPUHOCHMBIX BBITOJI.

PaccMoTrpum Gostee oapoOHO, YTO MPOUCXOINT € «IIOATEKAIOIIMMI K
CYZHY 3aracaMH JHEPTHH, €CIH CYJHO MMEeT OOBIYHYIO KOHCTPYKIUIO M HE
CHa0)KEHO KAKMMH-JIMOO CIICUANBHBIMU YCTPOWCTBAMH JUTS HMCIOIB30BAHUS
OMB. [lepBast 4acTh MEXaHUYECKON SHEPTHH BOITHOOOPA30BaHHUS, TIPOXO/ISIIIAS
MHUMO KOpIyca CyAHa, OTTeKaeT OeccieqHo B (opMe BOJH YMEHBIICHHOM
WHTCHCHBHOCTH, YXOJSIIUX C MOJABETPEHHOro Oopra. Bropas wacte sHeprun
OTpa)kaeTcst OT CyJJHA M OTTEKAeT B BUJIEC BOJIH YMEHBIIICHHON MHTEHCUBHOCTH,
UAYIIMX HAaBCTpedy HaOerarolnMM BOJHAM OT HaBeTpeHHOro Ooprta. Tperhbs
YacTh PHEPTUU PACCEUBACTCS MPH yAape BOJH O KOPIYC CYJHa M OCTaercs B
BHJIC DHEPTUU OphI3ro00pa3oBaHusl, 3aBUXPEHUSI U HATPEBAaHUS BOJBI, U, HAKO-
Hell, YeTBEpTas YacTh YHEPTUH HJIET Ha pacKauWBaHHE CYJHA U aKKyMYJIHPYeT-
Csl UM B BHJIE MEXaHHUYECKON SHEPTUH KoJeOaTebHOro ABIKeHns. Kaxnas u3
3THX YacTe MOXKET CIYXHTh OOBEKTOM ee ynaBiuBaHus. Hanbonee mepcrek-
TUBHOW TMPEJCTaBISIETCS TOCIEHSS YacTh, Y)XKe IpeBpalleHHas CYIHOM B
SHEPTHIO KAUKH.

Wmest 1ienbi0 UCTIONB30BaHUE SHEPTHU KaUKH C MOMOIIBIO CIEIHANTb-
HBIX YCTPOWCTB, HY)KHO CTPEMHTBHCS K TOMY, YTOOBI KOPIYC CyJHA OKa3bIBaJl
KaK MOXHO MEHbIIIEe CONPOTHUBJICHUE MIPU KayKe, a TJIaBHYIO POJib B TallleHUH
aMIUTATYIbl KaYKH BBITIONHAIO YCTPOMCTBO, Hcnonb3ytomee OMB. [pyrumu
CIIOBaMH, YTOOBI paccerMBaHNE DHEPTUN KAYKH MPOUCXOIUIO BO3MOXKHO 0O0JIb-
IIe MyTeM ee YTHIIM3aIlMU Yepe3 CleHalbHOe YCTPOUCTBO M BO3MOXKHO MEHbB-
1Ie TTyTeM HEeMOCPEJICTBEHHOW OTaul KOPITyCOM DHEPTHUH BOJIE.
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IMocranoBka 3ama4yu. BriepBbie moctaBmil 3Ty mpodiemy B 1936 roay
«ITMOHEP» B O0JIACTH HMCIIONB30BAaHUS SHEPTHU KauKW CyJTHA HA BOJNHEHUU JUIS
ero amkenus akagemuk I.E. [TaBnenko [4]. OH, B 4aCTHOCTH, IPOU3BEN MPH-
ONMKEHHYIO KOJMMYECTBEHHYIO OIEHKY TOW yactH DMB, KoTopas Moxer mpe-
BpaIlaTthCs B IHEPTUI0 Kauku cynHa. Ilo ero pacyeraM B 3HEPTHUIO KaudKH
MOXET MPEBPATHTHCS CPABHUTENBHO HeOObIIas yactb OMB, paBHas nmpumep-
HO 15 %, uTo mpencTapiser co00i BeChbMa BHYIIMTEILHYIO BEJIMUMHY, a CaMOE
TIIABHOE, DTy DHEPTHI0 CYAHO YXKe «JEpKUT B PyKax» H NPUTOM B (opme
MeXaHMUYECKOH dHepruM Kauku. B 3TOoM ciydae 3armyOiieHue Kpbuia Jenaercs
3HAYUTEIILHO OOJIBIIIMM TaKUM 00pa3oM, 4TOOBI KPhUIO PadOTaao B MajoBO3-
MylIeHHON cpene. CBsA3aHHOE C KOPITyCOM KPBUIO MOJIy4aeT AOMOTHUTEIbHYIO
BEPTUKAIBHYIO CKOPOCTb, KOTOpas MOXKET OBbITh CYIIECTBEHHO BEHIIIE, YeM
COOTBETCTBYIOIIASl 5TOMY MOMEHTY BPEMEHU OpOUTaNIbHAS CKOPOCTh YacTHUI] B
BOJIE.

W3BecTHO, 4TO OJJHUM U3 CIIOCOOOB YMEHBIIICHUSI KAUKH CyJHA SIBIISCT-
Csl WCIONb30BAHHME YCTAHOBJICHHBIX B €ro TOJBOJAHON YacTH KPBUILEBBIX
MTOBEPXHOCTEN, CTAI[MOHAPHBIX UJIN BBIIABHKHBIX pyJe, kuneit u 1. 1. [3; 5]. B
TO € BpEMsI U3BECTHBI PE3yJbTAThI UCCIEIOBAHNH, KOTOPIE MOKA3bIBAIOT, YTO
MOJBMKHBIC MOJBOJHBIE KPbUIbS, YCTAHOBIICHHBIC HA CyJTHE, MOT'YT TIPU BOJI-
HEHHHU CO3/1aBaTh U JIOMIOJHHUTEIBHYIO TATY — pa00OTaTh KaK BONHOBBIC IBUKH-
TENH, T.€. ABM)KUTENH, HCIIONB3YIOUINE SHEPTHUIO KAUKU Cy/IHA, BOZHHUKAIOIIETr O
Ha BOJHEHUH. Y CTAHOBKA MOABOJHBIX KPBUILEBBIX YCTPOWUCTB Ha CY/IHE M03BO-
JISIeT MONyYaTh JOMOJHHUTENBHYIO TATY MPH €ro JBIKCHUH, YBEINYHBATH €ro
CKOpPOCTb WJIM YMEHBIIATh pacxojl Toruaa [6; 7].

[Iupoko pacmpocTpaHeHHOE B MPUPOJE U MPUMEHSIEMOE B KauecTBE
JBIDKUTENS KoJleOumomeecs: KpbUIo (TIABHHK), SBISIETCS] OOBIYHO 37aCTUYHBIM.
W3yueHrne NpUHIMIIOB JBMKEHHUS TUAPOOMOHTOB M MPOIMYJIHCHBHBIX KadecTB
WX JBIDKETENEH TOBOPUT O MEPCIEKTUBHOCTH UCIIONB30BAHUS B TEXHUKE OHO-
HUYECKUX JBIDKUTENCH THIa «koneommomeecs kpbuioy» [8; 9; 10]. OnHako B
CBSI3U €O CJa0Oi M3Y4EHHOCTHIO MPOOIEMBI B IIEJIOM M OTCYTCTBHIO HAYYHO
00OCHOBaHHBIX PEKOMEHIANNN IO MPAKTUYSCKOMY HCIOIb30BAHUIO THOKHX
KpBUIbEB B KAUECTBE JABIKUTEICH B TEXHUKE TTOKA €IIIe UCIIONB3YIOTCS KECTKUE
KPBUIBSL.

Bornbliee KOMMUYECTBO TEOPETUUECKUX, DKCIIEPUMEHTAIBHBIX U OIBIT-
HO-KOHCTPYKTOPCKUX pabOT K HACTOSIIEMY BPEMEHHU BBITIOJIHEHO MPHMEHH-
TENBFHO K N30JIUPOBAHHOMY JKECTKOMY KOJIEOIIOIEMYCsl KPbLTYy, paboTaromemMy
B KauecTBe JIBIKUTENS, B TOM uucie u B UHctutyTte ruapomexanuku HAHY
[11-22].

HecMoTpst Ha akTUBHOE pa3BUTHE YMCIICHHBIX METOJIOB B HECTAIlUO-
HapHOW THIIPOIMHAMHKE U Bce OoJiee MIPOKOe BHEIPEHUE YUCIIEHHOTO YKCIIe-
pUMEHTa, B TO K€ BPEMsI HE CHHKAETCSI M JIaXKe BO3pacTaer poib (GU3MIecKoro
SKCTIIEPUMEHTA, HEOOXO0AUMOTO IS TIPOBEPKU TOCTOBEPHOCTH Pa3paOOTaHHBIX
MaTeMaTrueckux Mojenei. Ceromas 3((eKTHBHOE pelIeHNe HOBBIX KIIACCOB
3a1a9 HECTallMOHAPHOW THIPOJMHAMUKHA BO3MOXKHO TOJNBKO TNPH OpraHuye-
CKOM €MHCTBE TEOPHH U IKCIIEpPUMEHTA.
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OCHOBHBIE 3aKOHOMEPHOCTH 00pa3oBaHHS W TOIYYEHHUS THUAPOIHMHA-
MHUYECKUX CHJI Ha KOJEOIONIeMCs] KpbUIe TIONMYYEeHBl U OCMBICICHBI B paMKax
nuHeHoil Teopun [13; 14]. Kiaccuueckue pe3ynbTaThl OTHOCATCSA K CIyYaro
00 MOCTYNaTeNbHBIX, JIMOO YUCTO BpallaTelbHBIX Koiebanmit. Hambonee
WHTEPECHBI TPU HCIIONB30BAaHUHM SHEPruu Mopckoro BomHeHus (OMB) cos-
MCCTHBIC BPAIaTCIbHO-IIOCTYIIATCIIbHBIC KOHe6aHI/I$I KpbLlla, KOTOPBEIC B KJIacC-
CHUECKHX paboTax moapoOHO HE paccMaTpUBAIIHCE.

du3nyueckn COBEPIIEHHO OYEBHIHO, YTO JIOOBIE BBICTYMAIONIME 3a
00BOJIBI TTOJIBOTHON YACTH KOPITyca CyIHA YCTPOMCTBA YBEUYUBAIOT €ro TU/I-
POAMHAMHUYECKOC COIMPOTUBJICHUE KaK IMPU ABUKCHUU Ha THXOH BOJEC, TaK U B
YCTIOBUSX BOJNHEHHS. JTO TIOJIOXKEHHUE B MTOTHON Mepe OTHOCUTCS U K KPBUIBSIM,
KaK IMOJABHXHBIM BO BpEMs pa6OTBI, TaK 1 YCTaAaHOBJICHHBIM JKCCTKO.

C nmpyroii cTOpOHBI, Ha KpbUIE, B TOM YHCII€ U YCTaHOBJIEHHOM HEMOJI-
BIKHO, O1arofiapsi OTKJIOHEHHIO BEKTOpa HaOEeralomiero moroka oT TOpU30HTa-
JIK TP BOJIHEHUHU MU Ka4KE CyJHA, W MMOABJICHNUN Ha KPBIJIC yIjla aTaKnu (o= 0 5
OyzieT BO3HUKATh MOJbEMHAs CHJIA.

OOBIYHO CUMTAIOT, YTO JBMIKCHHE YACTHIl BOJIBI B BOJIHE IPOMCXOIUT
o KpyroBeiM opourtam. Cama BoJHa UMeeT MpoduIIb TPOXOUJaIBHOro Tua. B
TOYKaX TepecedeHus] MpoQuiisi BOJHBI C JIMHUAECH, COOTBETCTBYIOIICH YPOBHIO
HEBO3MYLIEHHON MOBEPXHOCTU MOPSI, CKOPOCTH BOABI V6 HalpaBi€Hbl BEPTU-
KaJIbHO BHH3 WJIM BBCPX. Ecan 3a 60pTOM CyaHa yCTaHOBUTH I'OPHU3OHTAJIBLHO
KpBUIO TaKMM 00pa3oM, YTOObI OHO HAXOAWJIOCH BOJW3U MOBEPXHOCTH BOJEI,
HO IIpHU 3TOM IIpH .]'IIO6OI71 BBICOTC BOJIHBI HE BBIXOJAWJIO M3 BOJbI, TO IPpHU ABH-
KEHUU CyJTHa BIIEPE TIPU BOJHEHUH KPBUIO OyJIeT 00TEeKaThCs BOJOM C Iepe-
MEHHOW CKOPOCThbIO W, SBIAIONICHCS BEKTOPHONW CYMMOM CKOPOCTH X0/1a CY/THA
Ve u ckopocTu YacTuil BoAsl B BoHE V6 (pucyHok 1, a). Ecnu mpu aToM emie
MEPUOJMUECKH MTOBOPAYMBATH KPBUIO OTHOCHTEILHO HEKOTOPOH TOpPH30HAIIb-
HOH ocH Tak, tITOGLI KPBLIO O6TeKaJ'IOCL oA OINTHMAJIBHBIM YIJIOM aTakKu H
BO3HHKAIOIAsl HA KPbUIE MOJbeMHast cuiia Y ObLTa HampaBiieHa HAKIOHHO BIIe-
pen (pucyHoK 1, 6), MOSBUTCS BO3MOKHOCTD JOMOJHUTEIBHO YBEIUYUTH TOPH-
30HTAJBHYIO COCTaBISONIyI0 7, KoTopass Oyler JONONHUTENBHOH TATOM,
COJICUMCTBYIOIIEH JBWKEHHUIO CyIHAa BIepeA. Takoll BOJTHOBOM JIBUXKUTEIb
KPBUJIBEBOI'0 THUIIA MO3BOJACT HEIIOCPEACTBCHHO Hp606p33OBBIBaTB KHHCTHUYC-
CKYIO SHEPIruro Op6HTaHBHOFO JABWI)KCHHUA BOJBI B BOJIHE B TATY.

Ha cynax, koTopble B 3HAUUTENBHOM CTENEHU TMOABEPHKEHbI KUIIEBON
Kauke, Oojee 1enecooOpa3Ho ObUIO OBl MCIONB30BaTh HE HEMOCPEACTBEHHO
KUHETUYECKYIO 3HEPTUI0 OPOUTAIBLHOTO JIBHXKEHHS BOJBI, & DHEPTUI0 KauKh
CyJHa, T.€. KoleOaTebHOro JIBUKEHUS KOpITyca CyJHa OTHOCHUTEIHHO YPOBHS
Mops [4]. OnHAaKO, TOCKOJBKY CYIHO Ha BOJHEHHH OOBIYHO MOJBEPIKEHO Kay-
K€, TO KPBUIO BMECTE C KOPITYCOM OY/IET COBEpIIaTh HEKOTOPhIE BEPTHKAIBHBIC
MIEPEMEIIECHHS], YTO YMEHBIIUT BEIMUYUHY JIEHCTBYIOLIEH HAa KPBUIO CKOPOCTH
Ve, u, cnemoparenbHo, d((EKTHBHOCTh TaKOrO JIBIKUTENS. B 3TOM ciyuae
3ariayOJieHue KpbUla JedaeTcs 3HAYUTEIbHO OOJBIIMM TaK, 4TOOBI KPBLIO
paboraio B MaTOBO3MYIIICHHOW Cpejie.
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Puc. 1. Cunwt deticmeyiowjue Ha KpolLio:

a — KDpbLIO C dHceCmKOoU 3a0enKol;
6 — KpbLIo ¢ ynpyeou 3a0eiKou

K

CBsi3aHHOE C KOPIYCOM KpPBUIO TOJyYaeT MOMOMHUTENBHYIO BEpTH-
KaJIbHYIO CKOPOCTh VK, KOTOpasi MOKET OBITh CYIIECTBEHHO BBIIIE, YEM COOT-
BETCTBYIOIIAs 3TOMY MOMEHTY BpEMEHH OpOHTaIbHAS CKOPOCTh YacTHUI] B BOJIE
Ve (pucynok 1, 6). Eciu KpbljIo ©MeeT OCh BpaIllCHHUs, PACIIONOKECHHYIO 3Ha-
YUTENBHO OJFKE K HOCKY NMPOQWMIIS, YeM IEHTpP JaBIICHUS, TO MOJl JAeHCTBUEM
THJIPOIUHAMHYECKUX CHJI KPBIIO OyJeT CTPEeMUThCS 3aHATh (IIFOrepHOe MOJ0-
KEHHE W OTKJIIOHHTCA OT MEePBOHAYATHHOIO IMOJIOKEHUS B CTOPOHY JEHCTBUA
3THX cwi. Ecnu orpaHn4uTh MOBOPOT Kpblila HEKOTOPHIMH MPYKHUHHBIMH YIIO-
pamu (kKak Ha pUCYHKe 1, 6), TO OHO 3aiiMEeT HEKOTOPOE MPOMEKYTOUHOE TI0-
JIO)KEHUE MEXK]Ly UCXOTHBIM H (DIFOTEPHBIM IO/ HEKOTOPBIM YTJIOM aTakh K
Ha0eraromieMy rnoToky W.

JKcnepUMeHTATbHAsI YCTAHOBKA M METOMKA HCCJIe0BaHUMH. DKc-
TepuMeEHTaNbHBIC UCCIEeNOBaHUS MoAenu cymHa mnpoekta 90140 (mpemoctas-
nennoro H.B. [aii60) ¢ BonmHOBEIM aBmKUTENEeM (B/]) mpoBoanucey B onbITO-
BoM Oacceitne II'M HAH VYkpaunsr.

B nporpammy uccienoBaHuid BXOAUIO MPOBEIEHUE UCIBITAHUN MOJIe-
mu ¢ B/l Ha mBapTOBBIX B YCIOBHUSX peryisipHoro BonHeHus. Dororpaduun
JaloT IpeAcTaBieHue o monenu ¢ BJ[ Bo Bpems ero Mmonrtaxa (pUCyHOK 2, a)
B OacceiiHe Ha BOTHEHUH (PUCYHOK 2, 6).

Pabouum opranom B/l sBjisiiioch KosieOuIomeecst KpbUio, KOTOpOe HMe-
JI0 BO3MOXKHOCTh COBEpIIATh BpallaTebHO-KONeOaTeIbHBIE JBIKEHHS OTHO-
CHUTEIILHO CBOEU IepeHell KpOMKHU, aMIUTUTY/a dTHX KojeOaHwuid o0yclaBiu-
BaJlach BEIMYMHOW THAPOAMHAMHUYECKOTO HAaIopa, BO3HUKAIOLIETO MpU KoJjle-
OaHUAX KPbUIA B BOITHE, U KECTKOCTHIO TMPYKHMH, KOTOPBIE CIY>KUJIA OTPaHUYH-
TENSIMH TOBOPOTa KpbUia. Yacrora konebaHW f KpbUla OTHOCHTEIHHO €ro
nepeHeld KPOMKU ONpPeAessiiach JUIMHON BOJHBI A ,, @ aMIUIMTYa yIIIOBBIX
KoneOaHui 3aBUCENa OT BBICOTHI BOJHBI /1, M BEITMYMHBI )KECTKOCTH MPYKHH-
OorpaHu4uTeNeH.
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Puc. 2. Mooenv ¢ BJ:
a — 80 8peMs MOHIMANCA;
6 — Ha BONHEHUU NPU NPOBEOCHUL IKCNEPUMEHMATbHBIX UCCIeO08AHUL

OcHosuble mapamerpsl poekTa 90140 npuBeneHb! B TaOIUIIE.

I'maBHBIE pazmMepbl Mogaenb cynHa, M
HasBanus 31eMeHTOB
Jnuna HanOonbinas, LHO 1,46
Jnuna Mexay nepnenaukyiasgpamu, Lon 1,40
upuna Hanbonbias, BHO 0,45
Beicora 6opra Ha Mozgenu 0,15
Ocanxka cpenuss, Tcp 0,081
[upuna mpu Tcp 0,43
Bopousmerenue npu Tcp 0,0295
CmoueHHAs TOBEPXHOCTD, S 0,582
[Tnomans Batepauuuu, F 0,487
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Mogenb Kpenunach K CTallMOHAPHOM paMe MU KECTKO 3aKperisiach
npu omonw 4 Tsar. B HocoBoi wactu moxenu kpenuics B/l (pucynok 2, a).
Perynsipnoe BonHeHuHE, T.€. JAJIUTENbHAS IOCIENOBATENBHOCTh BOJIH C 3a/laH-
HBIMM TapaMeTPaMH B YCJIOBHSIX OIBITOBOrO OacceiiHa, cO31aBaJioCh BOJIHO-
MPOAYKTOPOM B BHJIE KOJICOJIOIIETOCs INTA, PACIION0KEHHOIO BOIM3H TOPIIO-
BOH cTeHku vamu Oacceiina. [lepuonm 7 u aMIumMTyma o KojcOaHWHM IMTa

ONpPEAENSIIN JUIMHY A , U BBICOTY /1, CO3/1aBAEMbIX BOJIH.

HeoOxoaumele mapameTphl BOJHBI B ONBITOBOM OacceifHe 3aJaBaliich
MyTeM Moa00pa BEIWYHMH aMIUIUTYIl (¢ KOJIeOaHWH IUTa BOJHOMPOIYKTOpA
MIpH M3BECTHOM 3HA4YEHHUH Teproaa T . Bricotsl BomH 3agaBamucsk 4, = 0,10 m;
0,15 m; 0,20 M, guHbL A, OT 2 10 5 M, IIPH 3TOM YaCTOTHI KOJIeOaHUI KPbLjia B
BoJIHE cocTaBmsuiy /= 0,4 — 2,2 ',

[Tapamerpbl BONHBI U3MEPSUIMCh U PETUCTPHPOBAIHCH HITATHBIM TPH-
6opoM — BomHOrpadoM, KOTOPBIA pacronaraics B CpelHel dacTu OacceliHa.
[lo mokaszanusiM BonmHOrpada NPOUZBOAWICS KOHTPOIb W PETYIHPOBaHUE
MapaMeTpoB BOJH B MPOLIECCE «HACTPOUKI» BOTHOIIPOIYKTOPA.

Y IpOTHBOMONIOKHOW BOIHOMPOAYKTOPY TOPIIOBOM CTEHKH OIBITOBOTO
Oacceiina pacrosnarajics BOJHOTaCHTENb B BHJIE HAKIIOHHON PEIIeTKH, KOTOPBIN
0CJabIIsT ¥ racuil HaOeraronye BOJHBI, TPEAOTBpalias B 3HAUYUTEILHOW Mepe
WX OTpa)KCHUE W TOCIEAYIolee BIUsIHUE Ha PABHOMEPHOCTh U OJHOPOIHOCTb
TeHEPUPYEMBIX BOJH.

B npoBeneHHbBIX MccIeJ0BaHUsMX MPUMEHSIIOCh KECTKOE MPSIMOYTOJIb-
HOE KpbUIO ¢ cumMerpuuHbIM nipoduiieM NACA — 0015 ¢ xopmoii b = 0,12 wm,
mmHoi [ = 0,36 M, usrorosnenHoe u3 moopamtomMunus J16AT mycrorensim
TaK, 4TOOBI €ro BEC PABHSJICS BECY BBITECHEHHOM BOJIBI.

Kpsio pacronaranochk Ha JBe BETHYMHBI XOPJIbI TPOQHIIS HUKE KOH-
ctpyktuBHO#M BatepiauHuu (KBJI) monmenu cynHa, 9To CUMTaeTcs ONTHMAallb-
HBIM C TOYKH 3PEHHsI MONy4YeHUs] HAaMOONbIICH TATH MPH JBUKCHUH CYJHA Ha
BOJIHEHUH [4].

HccenenyeMoe Kppu1o 10 nepeIHeld KPOMKE yCTaHABIMBAIOCH LIaPHUP-
HO Ha JIBYX TATax ¥ MOJAKPEIUIIIOCH C KaXKJOH CTOPOHBI Kpblia (MOMapHO 110
KpasiM) JIByMs, YETHIPbMsI WJIM IIECTHIO MJIOCKUMH TPYXHHAMH, U3TOTOBJICH-
HBIMH U3 cTaym 651" Tommunoi 0,5 MM U IIHPUHOHN 7,5 MM, KOTOpPBIE CITYKUAITH
OTPAaHUYUTEISIMA TOBOPOTa Kpbiia. [IpyKMHBI-OTPaHUYUTENH KPETHIINCH
xecTko BHHM3Y K [1-00pa3Hoii o0TekaeMol KalUIeBUAHOW pame OKOJO IIapHH-
POB, Ha KOTOPBIX KPEMUIIOCh KPBIJIO (PUCYHOK 2, a ).

[IpyxuHBI OBUIM M3TOTOBJICHBI B KoindecTBe 6 map (12 ImTyK) ¢ TeMm,
9TO0OBI MOXKHO OBUIO MEHATh WX KOJWYECTBO B YNPYTOW 3alielike MO KpasMm
KpbUIa, a 3HAYUT M €€ YKECTKOCTh, T.C. PEryJHUpOBaTh BEIWYMHY MOMEHTA
CONPOTHUBIICHUS TIOBOPOTY KpPbLIIa B 3aBUCUMOCTH OT KOJTUYECTBA ATHX MPYKHH.

Tsaru yepe3 NBYXKOMIIOHCHTHYIO TEH300asky M uepe3 [I-oOpasHyro
(depMy Kpemuiuch K MOJENH CynHa. BepTHKaimbHBIE TEH303JEMEHTHI TEH30-
0aJKu M3MEPSUTH TPOJIOIBHYIO COCTABIISIONIYIO PAaBHOACHCTBYIOIIEH THIIPOIH-
HAMHYECKUX CHJI, JCHCTBYIOIIMX Ha KojeOmmomeecs B KHIKOCTH KPBUIO
(T.e. TATY), @ TOPU3OHTAILHBIE TEH303JIEMEHTHI — MOMEPEYHYIO COCTABIISIONLYTO
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TOM K€ paBHOIEWCTBYOLIEH. [ KakJ0ro UMKiIa HMCIBITAHUN MPOBOJUIIACH
cTaTU4ecKasi TApHPOBKA TEH300aJKH C 3alKChI0 Ha ociuiuiorpade, mo JaHHbBIM
KOTOPOH CTPOUITUCH TAPUPOBOUHBIE KPUBHIE.

C monmy4yeHHBIX SKCIEPUMEHTANBHBIM IIyTeM OCIIJIJIOrpaMM HHTErpH-
pOBaHUEM TIO TUIOMIAJSIM ONpEeNsach CpeHsS 3a IEPHO KolleOaHuH ropH-
30HTajbHAsA COCTABIAIOIIAA [, pABHOAECHCTBYIOIIEN BCEX CHJI, JEHCTBYIOMIMX
Ha KoJieomorieecs kpoiio B/,

Takum obpaszoM, cuna F,, SBISIACH «UUCTOI» CHUIION TATH, KOTOPYIO
cozpaBas B/l Ha «IBapTOBBIX», M KOTOpask MOXKET OBITh WCIIONB30BAaHA IS
MIPEOIONICHUST CUIIBI COIIPOTHBIIEHUS JBUKYIIETOCS TPAHCIOPTHOTO CPENCTBa,
Ha KOTOPOM YCTaHOBJIEH TAKOM JIBUKHUTENb.

PesyabTaThl uccaenoBanuii. [lyrem mogbopa pa3nuiHbIX BBICOT /i, U
IJIMH A , BOJIH, 3a[aBajiach 4acTora f KoneOaHuil Kpblia B BOJIHE, a 3HAYUT U
TAra, co3aaBaemas B/I, koTopas B cBOIO ouepeb peryiInpoBaiach KeCTKOCThIO
HpYKUH-OTpaHUYMTEIEH.

[TocpencTBoM M3MEHEHHs KOTMYECTBA MPYKUH-OTpaHUYUTENSH MeHs-
JIach YKECTKOCTh YIOPOB Y KOJEOIIOMIErocst B BOAE Kpbuia (MonokeHne 1 Ha
pHUcyHKe 3 — 1o 2 IpyXUHBI 10 O0KaM Kpbiia (4 mT.), 2 — 10 4 NPYKUHBI 110
6okam kpbuta (8 mr) U 3-6 npyxuH no 6okaM kpbuia (12 mr.), MsrKas, cpen-
HAA Y )KeCTKas 3aJielIka COOTBETCTBEHHO).

BnusiHue jxecTkocTH ynpyroil 3afenku Kpbiia (T.e. IUIOCKUX MPYKHH-
OrpaHMYWTEICH) Ha BEIWYHMHY CpPETHEH TATH, CO37aBaeMOH KOJEOIHOIUMCS
KpBUJIOM, TIOKa3aHO Ha puUcyHKe 3, rae BbicoTa BoiHEI A, = 0,10 M (a); 0,15 m
(6); 0,20 M (6) coorBeTcTBEHHO. JlmuHBI A, BOJIH 3agaBanuck ot 2 10 5 m. Ilo-
Ka3aHbl Pe3yNbTaThl U3MEPCHUS TUIPOIMHAMUYCCKOTO yiopa (Tsaru) Fcp, co3-
JTABAEMOI'0 BOJIHOBBIM JIBH)KHMTEIEM IMPH Majiod 1, cpemHeit 2 u Oosbimeidt 3
KECTKOCTH MPYKUH-OTpaHHUNTENEH.

W3 anamu3sa 3aBucuMocTell Fep(f) clieayer, uTo BEIMYMHA JKECTKOCTH
MIPYKUH — OTPaHUYUTENIeH CYIIECTBEHHO BIUSAET Ha MPOITYJIbCUBHBIE XapaKTe-
PUCTHUKH BOJTHOBOTO JBMHKHUTENA. C yBEIMYCHUEM YacTOTHI KOJeOaHH Kpblia
f Oonee mojaTiuBBIE MPYKUHBI-OIPAHUYHUTENN IO3BOJSIOT KPBUTY CHENATh
OOJIBIIMI TIOBOPOT OTHOCUTEIBHO TOPHU30HTAJILHOW OCH, HaXOMAAIICHCS Ha
JHUY TiepeiHeil KpoMKu Kpbiia. [Ipu 5TOM HaKIOH XOpabl poduis Kpbiia B
MOMEHT NPOXOXKACHHUS UM HEUTPAIbHOW OCH YBEIMYMTCS, YTO IPUBEAET K
YBEIUYEHHUIO MPOEKIUN PpaBHOJEHCTBYIONIEH THUAPOAMHAMUYECKUX CHJI Ha
MPOIONIBHYIO OCh (PUCYHOK 1, 6), T.e. YBENHUYHUTCS CHJIA TATH, CO3/1aBaeMOii
BOJTHOBBIM JBHXHTENeM. Kaxknmas u3 KpuBBIX Fcp(f) nOCTHraeTr MakcuMyma
MIPH OTIPEIETICHHON YacTOTe KOJIeOaHUH f, BEIMYMHA KOTOPOH B TAHHOM CITydae

3aBUCHUT OT BBICOTHI BOJHBI /i;, JUIMHBI BOJIHBI A ¢) U KECTKOCTH OTpaHUYH-
BalOIIUX MPYKUH. [Ipy Masnbix 3HaYeHUAX 4acToThl f < 1 'l 3HAYEHUS CHIIBI
TSATH KOJIEOIIOIIErocs Kphlla JIMHEHHO 3aBHCAT OT BEIMYMHBI YaCTOTHI Kolieba-
HUN /U 00paTHO MPONOPIHMOHATIBHBI BEIMYMHE dKECTKOCTH OIPaHMYUBAIOIIMX
NPY>KHUH.
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Puc. 3. 3asucumocmu cpeoneii 3a nepuoo xorebanui cunvt msaeu B/l Fep
6 3A6UCUMOCIIU OM YaCMOmbl | KoleOanuil Kpulia 8 80He, 20€ 8blCOMbL GOJIH.
h=010m(a);, 0,15m (6),; 0,20 m (8); npu «msexour 1, «cpedneiiy 2
U «Hcecmroly 3 3a0enKe nPYsHCUH COOMBEMCMBEHHO
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C yBenMueHHMH YacTOTHl 3Ta JIMHEHHOCTh HApYyIIAeTCsl U MEHsETCs
3aBHCHUMOCTb BETHYMHBI FCp OT BEIWYHHBI )KECTKOCTH MPYKHUH ¢ 00paTHON Ha
MPSAMYI0. DTO MPOUCXOAUT OT TOTO, YTO CHJIA THAPOJMHAMUYECKOT'O HaIopa,
o0yclaBiIMBarOMas OTKIOHEHUE KPbUIA B BOJHE OTHOCHTEIIBHO TOPH30HTAIb-
HOW ocH, Tipu Oosiee BBICOKMX YacTOTaxX KoJeOaHWH HE yCIeBaeT OTKIOHUTh
KpBUIO Ha ONTHUMAJBHBIA YroJN W yIJIOBasl aMIUIATYAa KOJIeOaHUW KpbUla CHH-
xkaercs [10].

BrnusiHue BenMUYMHBI BBICOTHI BOJIHBI /i, HA BEIMYUHY CHIIBI Tsru BJI
IIpY OTHOM U TOM e MKECTKOCTH YNPYTOi 3aeIKU Kpblja IT0Ka3aHO Ha PUCYH-
Ke 4, rie 4eTKo MPOCIeXUBAETCs MpsiMas 3aBUCUMOCTD BEIMYMHBI CHIIBI TATH
Fcp or BenmuuuHbl A, Kak JUIsl MATKOHM, TaK M JUIS )KECTKOM YIIPYroil 3aJeiKu
KOJICOJTFOIIIErOCs Kphljia.

Fcp [k
06 p [ka] .
# -h=010m
05 B -h=0,15m —i
& -h=020m /l’"'_‘“”l\\‘
04

. VRN
0.2 //”"J‘mm
%y”

il e
0.1 4
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f[1isec]
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Puc. 4. 3asucumocmu cpeoneil 3a nepuoo xorebanui cunvt msaeu B/ Fep
6 3A8UCUMOCIIU OM 8bLCOMbL BOHBL h, U Yacmombl f Konebanuil Kpvlid 8 80IHe:
a — MACKAsl 3a0eIKA NPYIICUH-0cpanudumenceil, 6 — jcecmras 3a0e1Ka
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Kpome Toro, okaszanoch, 9To KakJIod BEIHMUYHMHE >KECTKOCTH YIPYToi
3a/leIku KphblJlJa COOTBETCTBYET CBOSA OINpeAeNeHHas ONTHMajbHas YacToTa
Kosebanuii f (2 3HAYUT U JUIMHA BOJIHBI A ,), KOTOpask HE 3aBUCUT OT BBICOTHI
BOJHBI /,. [Ipu 3T0M onTUManbHON (71 JaHHOW KECTKOCTH YIIPYTOH 3aJCTKH
KpbLJIa) JUIMHE BOJIHBI BBICOTa BOJHBI /i, BIUSET TONBKO Ha BEJIMYMHY CO3Ja-
Baemoit B/I cunel Tsru Fep.

B pesynbraTe mpoBeACHHBIX HMCCIEAOBAHUHA IMONYYeHbI 0000IICHHBIC
3aBHCHUMOCTH 3HAYEHUN CUJIBI TATH FCcp OT Pa3lWYHBIX BETUYMH YaCTOTHI
KosebaHuii Kpblla / W MapaMeTpoB BOJHBI /i, U A, KOTOPBIE MOKa3bIBAIOT
MyTh MOBBIIICHUS TPOMYIBCUBHBIX Xapakrepuctuk B/I.

Otciona cienyer, 4To JUIsl K&KIO0ro peknMa paboThl BOJIHOBOTO JIBU-
KUTENST MOYKHO 3a/1aTh TaKyl0 )KECTKOCTh YIOpPOB-OI'PaHUYUTENEH, TPH KOTO-
poli BETMYMHA CUJIBI TATH, BO3HUKAIOINAS HA KOJIEONIOMIEMCS Kpbuie, Oymer
MaKCHUMaJbHOM.

ABTOp OT/IaeT cede OTYET B TOM, YTO Ha XapakTep M3MEHEHHs KPUBBIX
Fcp Ha Tpadukax ¢ yBemMUEHHEM YacTOTHI f OKa3bIBaeT BIUSHHE CTPYKTYypa
BO3MYILIEHUS BOJHBI.

Koadduuument tsaru B ganHoi pabore He MOT OBITh ONPECICH ITOTOMY,
YTO B YCIOBHSX JAHHOTO AKCIEPHMEHTa HE IPENCTaBISIOCh BO3MOXKHBIM
OIPEIETUTh YIIIOBYIO0 aMIUTUTYy KoJieOaHHi KpbUia (T.e. ¥ JIMHEHHYIO aMILId-
Tyqny KoneOaHui 3aJlHel KPOMKH KpbUIa), 4TO, B CBOIO OYepe/ib, HE TTO3BOIIUIIO
OIPENENUTD IUIONIAaL pabodero ceuenus BJI.

BriBoasl. Iloka3zaHo BiIMsSHNE BEIMUYMHBI )KECTKOCTH YIPYTOH 3aJ€IKU
KoJseOomerocs: kpeuia (padouero oprana B/l) Ha BenuunHy co3naBaeMoi UM
cwibl Tiru. [IpencraBieHHbie pe3yabTaThl MOKA3bIBAIOT, YTO MOKHO JJOCTATOY-
HO 3()(peKTUBHO MPHU HEKOTOPBIX peXHMax padbotel B/l mcmonbs30BaTh KPbUIO C
MACCHBHOW TEPEeKIIaJKOH, Moaoupas NpyKHUHBI-OrPAHUYUTEIN OMpeIeIeHHOMH
YKECTKOCTH, YTO MO3BOJIUT MaKCUMaJIbHO yrnpocTuTh B/ u cuctemy ero ympas-
JICHHUSL.

B pesynbrare mpoBeAEHHBIX HCCIENOBAaHUM MOIYYEHB! 3aBHCHMOCTHU
MaKCHUMaIIbHBIX 3HAYCHUH TATH Fcp TpH pasiMyHBIX YacToTaxX KolleOaHWH
KpbUTa / W MPH Pa3HBIX BBICOTAaX BOJHBI /i, KOTOPBIE MO3BOJISIIOT CIPOTHO3HU-
pOBaTh TaKyl0 >KECTKOCTh YIOPOB OrpaHWYMTENEH, MPU KOTOPOH BeTMYHMHA
CHUTBI TSITH, BO3HUKAIOIIAS HA KOJECOIIOMIEMCs KpbLie, OyIeT MaKCHUMaTbHOH.

Jnst nocTrKeHus: Oosiee BHICOKHX MPOMYJIbCUBHBIX XapaKTeprucTuk B/
HEOOXOJIMMO COBEPIICHCTBOBATH KHHEMATHKY pabodero oprana B/l B Teuenue
nepuoja KoinebaHuil, 4ToObl MOTYY4aTh MaKCUMAIIGHYIO TATY JIBUXKHTEINS IS
KOHKPETHOH CKOPOCTH JIBMXEHHS Cy[IHA B 3aBUCHMOCTH OT MapaMeTpoB BOJI-
HEHHS MOpSL.
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YIK 532.012.2
B.H. I'nymko, B.II. Kasin

HNCCIEAOBAHUE T'MIPOANHAMUYECKUX XAPAKTEPUCTHUK
KECTKOI'O KOJIEBJIIOINETIOCA KPBLUIA

Ilpugedenvl pe3ynbmamsl IKCHEPUMEHMALLHBIX UCCIE008AHUL 2UOPO-
OUHAMUKYU HCECTNKO20 HPAMOY20JbHO20 KOAEOIOUe20Ca Kpblia npu obpaujen-
HOM OsudiceHuu. B duanaszone eenuyun OmMHOCUMENLHOU NOCMYNU KOaebaoue-
eocs kpwina A, = 0-4,5 epaguuecku npedcmasnenvl 3a6UCUMOCIU NPONYIbCUG-
HbIX XAPAKMEPUCTIUK KOAeOmoue2ocs Kpblia (Koagguyuenm mseu) om geiu-
YUHBL TUHETIHBIX U Y2NI08bIX AMAIUNYO KOIeOAHUT KDbINA U GENUHUHDL A,

Knwuesvie cnosa: cunycnas ycmanogka, Koaeomoujeecs: Kpulio, Cuid
msieu Fep, uacmoma f konebanuil xpviaa, kosgguyuenmor mseu Cr, K,, om-
HOCUMENbHAS NOCYNb Ay.

Ilpuseoeni pesyromamu eKCRepUMEHMANIbHUX O0CTI0NCEHb 2I0POOUHA-
MIKU JICOPCKO20 NPAMOKYMHO20 KPUId, W0 KOIUBAEMbCS, NpU 0OEPHEHOMY
pyci. 'V dianaszoni éenudun 6ionocroi xoou kpuna A,=0-4,5, wo xonueaemucs,
2pagiuno npedcmasneni 3aieHCHOCMI NPONYIbCUBHBIX XAPAKMEPUCUK KPULA
(koegbiyicum msiau), Wo KOAUBAEMbCS, GI0 GENUHUHU JIHIUHUX | KYMOBUX AMNLI-
myo0 KOIUBAHb KPULA | BETUYUHU Ay

Knwuogi cnosa: cunycna ycmanoeka, Kpuno, wo KoauBacmvcs, Culd
msieu Fep, ywacmoma f xoausanv xpuna, xoegiyicumu msaeu Cr, K, @ionocna
xo0a A,.

Results over of hydrodynamics experimental researches of hard
rectangular hesitating wing are brought at the turned motion. In the range of
relative sizes step of hesitating wing of 4, = 0 — 4,5 dependences of propulsive
descriptions of hesitating wing (coefficient of traction) are graphically
presented on the size of linear and angular amplitudes of wing vibrations and
Apvalues.

Keywords: sine setting, hesitating wing, tractive of Fcp force,
frequency of f vibrations of wing, coefficients of traction of Cr, K, relative step
Ap.

Pemennst Teopernueckoil 3amaun 00 ONpEAEICHUH THIPOIUHAMHYE-
CKMX XapaKTEePUCTHK KOJEONIOMIErocsi Kpblla B 3aBUCHMOCTH OT HM3MCHCHHS
Pa3IMYHBIX KHHEMATHYECKUX MapaMeTPOB MMEIOTCS K HACTOAIIEMY BPEMEHH C
PSIOM CYIIIECTBEHHBIX OrpaHH4YeHui 1 npubmxkenuit [1-3]. JomonHuTh Takue
TEOpPETHUECKHE HCCIIEIOBAHUS U ONPENEIUTh MPeAenabl IPUMEHUMOCTH Tpe-
JIaTaeMbIX PELIeHHI JOJKHBI CHCTEMAaTHYECKHe 3KCIIEPUMEHTAIbHBIE HCCIIe-
JIOBaHUS, PE3yJabTaThl KOTOPBIX OYIYyT BechbMa CYyNIECTBEHHBI JUIS PEHICHUS
JaHHOW TipoOIieMsl [4-12].
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Hwxe paccmatpuBaroTcsi pe3ylibTaThl 3KCIIEPUMEHTAIBHBIX HCCIIEN0-
BaHUI THIPOJMHAMUYECKIX CHJI, BOSHUKAIONIMX HA KOJEOIIOMEMCS B JKUIKO-
CTH ECTKOM Kpbuie. M cronp30Baaoch KPbUIO MPSMOYTOIbHOM (GOpMBI B TUIaHE
¢ cummerpuuHbiM nipodunem tuna NACA-0015 [5, 6] (oTHOCHTENbHAS TOM-

mmna npoduis (C = ¢/b =15 %; xopaa npoduns; b = 0,12 m/c ¢ yaiuHeHnEM
C =b/1 2=3, tne [ — pasmax kpbu1a). KpbUIO BBIIOIHEHO M3 JIOPATIOMUHUS

MyCTOTENBIM, YTOOBI €0 Macca paBHSUIACH Macce BHITECHEHHOW MM BOJIBI [2;
3; 6].

[TpuBomOM 15t IPUAAHUS KPBLUTY TAPMOHHYECKHX KOJIeOaHUI CITyKuITa
9KCIIEpUMEHTAJIbHAsl CHHYCHAsl YCTAaHOBKA, COCTOSINAS U3 3JIEKTPOABHUraTElNs C
My(DTOH ¥ PEAYKTOPOM, a TaKXKE JABYX CHHYCHBIX MEXaHHU3MOB, pa3MelIeHHBIX
Ha oiHOU (yHAaMeHTHOW pame [4]. [Ipu paboTe ycTaHOBKH KapeTKH CHHYCHBIX
MEXaHU3MOB, OIHPAIOIINECS POIMKAMUA Ha BEPTHKAIBHBIC HAMpPaBIISIONINE,
COBEpIIAIOT BO3BPATHO-TIOCTYNATEIbHBIC BEPTUKAIBHBIC IEPEMEIICHUS 10
3aKOHY

y,; =4, cosat,,

Yo = AO cos(a)tl. -),

rac y; — MrHOBEHHasA KOOpAHAaTa BEPTUKAJIBHOI'O IMEPEMECILICHUA

Ay— MakcUManbHas JIMHEWHAS aMILUTUTY/Ia BEPTHKATBHBIX KOJIeOaHMIA;

@ =2nf — Kpyropas 4acrora,

f —Jacrora koyieOaHMIi;

t; — BpeMs,

@ — yroi caBura 1o (a3e Kojie0aHHi OJHOI0 CHHYCHOTO MEXaHH3Ma OTHO-
CUTEIBHO JAPYrOro.

Uepes aBe TEH300aJIKM KPBLIO MOCPEACTBOM JIBYX Iap TSr IPHCOCIHU-

HSJIOCh K KaperkaM CHHYCHBIX MEXaHM3MOB. TSIM Kpenwiuch IIAPHUPHO Ha
TOpIaX Kpbla TaKUM 0Opa3oM, YTO OCH IIAPHHPOB COBIIAJANN C JIMHUAMH
MepeaHel 1 3aJHeld KPOMOK KpbLia, T. €. PacCTOSHUE MEXKIY OCSIMH IepeaHei
Y 3aJHel TAr cocTaBisuio b. [lepenuss TeH300anka u3Mepsiia TOPU30HTAIBHYIO
U BEPTUKAJBHYIO COCTABIIAIONIME PABHOACHCTBYIOIIEH TMIPOJIMHAMUYECKHUX
CHJI, a 3aJHAA TOJIBKO BEPTHUKAJIBHYIO (T. €. UIBMCPATIMCh MITHOBCHHBIC BCINYH-
HBI CWJIBI TATH U TONEPEYHBIX CHUI Py U Pygl'). Hccnenoanus npoBOAWINCH B
THAPOJIOTKE MPH OOPAIICHHOM JBMYKCHHHM M CKOPOCTSIX HaOEerarolero moToka
V.= 0;0,3; 0,55; 0,75 M/c. OTHOCUTEIBHOE MOTPYKEHUE KPhLIa COCTABJISIIO
H = h/b=1,55, rne h — paccTosHHE OT HEUTPAILHON OCH KOJeOaHMH Kpblia 10
MOBEPXHOCTH BOABI. BenmuunHa JHHEHHOM aMIATYy (6 KolleOaHuil Ay B DKCIIe-
puMenTax 3amaBanack paBHou 0,04; 0,06; 0,08 u 0,10 M, BenmuuuHa YTIIOBOM
aMILTUTYIBI KOJIeOaHH [3) B 3aBUCHUMOCTH OT 3aJaHHs yria ¢ cocrasisuia 0 °-
21,4 °, ¢ marom okoji0 3 °. YcTaHOBKa o0eclieurBaia yCTOHUNBEBIC KOJIeOaHHs

181



Bicank
OgecpKOro HarioHaAbHOTO MOPCBKOTO YHiBepCUTEeTY
Ne 3 (45), 2015

KpbUIa ¢ yactoroit 0,5-2,5/y. [lomydeHHble Ha OCIMIIOTpaMMaXx 3alluCH U3Me-
peHus BenuuuH F, P, u P,;, B TedeHHe Nepuoja KonebaHMil MoaBEpraauch
CTaTUCTUYECKOW 00paboTKe, MHTErPUPOBAHUEM OIPEEIsUIacCh CPEIHSISI 3a Te-
puoj KojaeOaHuii cuna Tsaru F.

Co3naBaemasi KONEONIOIIUMCS B KHJKOCTH KpBUIOM TATA, SIBISETCS
OCHOBHBIM TIPOITYJCHBHBIM MapaMeTpoM, OIMpeesomuM 3 (HEeKTHBHOCTD
KoJeOroIerocst Kpbiia Kak nBrokuTens. Hioke, Ha pucyHke 1, B kauecTBe Ipu-
MEpOB MPEJCTABIICH PAJ] 3aBUCUMOCTEH BENWYHH CPEJHEH 3a mepuoj koieba-
HUW KpbUIia TSITU F, OT pa3iaNyHbIX KHHEMATHYECKUX MapaMeTpoB (CKOPOCTH

IIOTOKA, YaCTOTHI KOJEOaHHUH, aMIINTYJl IMHEIHBIX U YIJIOBBIX KoneOaHnil A,

u f).

Fep : A :0,08M
1] ;
1,4
Bo
x— 12 3
=N
1,2 v- 00 \/ A
2\ j
1,0 X
1
0,8 /
J 3
0}6 / oo

NN
N

" /4 //’

T A

0,2

0,1

0

0.4 0.6 o,gl 0] 12| 14] 16( 18 2,0}[(,/@

-0,1

Puc. 1. 3asucumocmo serununvl mseu om wacmomuol, CKOpOCMU HOMOKA,
AMIAUMYObL Y2108bIX KOACOAHUL KPblld
npu 3uavenuy urelnou amnaumyovt Ag = 0,08 m

Ha pucynke 1 npencTaBiieHbl 3aBUCHMOCTH BEJIWYHH TATH F,, OT 4Yac-
TOTHI f, CKOPOCTH TOTOKAa V, aMIUIUTYJ YTJIOBBIX KoJieOaHWH KpbUia f) MpH
MTOCTOSTHHOM 3HAYeHUH JUHEHHON aMunTyasl 4o = 0,08 M. 3HadueHne BeTUYNH
o B Tpajiycax yka3aHO Ha pUCYHKax (CM. TaOiuIy).

182



Bicank
OgecbKOro HaIliOHaAbHOTO MOPCBHKOTO YHiBEpCUTETY
Ne 3 (45), 2015

Tabauya
Pacuugposxa obo3nauenuil, npunsamolx na epapurax
Aunaumyda  koreSamuis
Ao =004m Ao =Q06m | Ao =Q08m | Aec@On
A/fnos.‘.f_fh,ﬁ E o MM@E~ z'z ‘aﬁt:r s,m_]“l-gnT »5:_7 a“fﬂ:na.
{ o0 |x]| | 0| X ﬁ',,0r0,+,¥_,"”,0.,012<
| 2 |2 |red'|@ | 2" | 3 5% S |2 22w 0|2 2 0 W
| 3 |4 259"\ O | 3|5 5% © |3 4 558 O |3 3 5% O
b 16 lusa' @ | 4|8 9%/ O | 4" 6 gor | D | 4 5 9% A |
51816 0|5 # 1227V | 57 8 12° V| 5 6 W W
6 |10 |7°3°| A | 6|43 wuS| W | 6" 10 57|V | 6" 8 {507 ¥
EAPAZAVI L e w7 9 o d
8 | s | | L | 8wl O | 8 o 2 0 |
9 |#6 |°5'|w [N S N AN sy
0 | 18 3% O - L
B *T‘*LWL#**‘ — T
I I O

Kpussie 1, 2 1 3 cOOTBETCTBYIOT TOCTYNATEIHHBIM CKOPOCTSIM MTOTOKA
V., paBubIM cooTrBercTBeHHO 0,05, 0,02 1 0,07 M/c. [Ipn HEOONBIINX CKOPOCTSIX
noroka (KpuBbie 1 u 2) yBenn4yeHue yriioBOH aMIUIHTYIBI ) BEIET K CyIIecT-
BEHHOMY BO3PacTaHHIO BEIWYMHBI CHUJIBI TATH F,. IIpu Gosee 3HaUMTEIBHOM
YBEITUYEHUH CKOPOCTH M aMIUTUTYIBI YIJIOBBIX KoJieOaHWH Sy MpU MajbIX
yacToTax KoJeOaHU! MOSIBISIOTCS PEKUMBI, IPU KOTOPBIX BETHYUHA CHIIBI TS-
T'Yl TTaJIaeT U JaXKe MOXKET CTaTh OTPHUIIATEIbHOM (KpuBas 3 mipu Sy = 2 °©).

BnusiHue aMIuMTyabl JUHEHHBIX KOJNeOaHHMA 4) Ha BEJIMYMHY CO37a-
BaeMoi KOJeONIIoImuUMess KpbUIOM Tru F,, Xapakrepusyercs rpagukaMu Ha
pUCYHKax 2 1 4.

For Vi = 0.2 0t 020"

[w] )‘
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/ L
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Puc. 3. 3asucumocmo genuuunvl mseu
om Yacmomul, CKOPOCMU NOMOKA, AMIIUMYObL Yel06bIX KOIeOAHUL KPbliad
npu 3uavenuy urelnou amnaumyovt Ag = 0,08 m
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Puc. 4. 3asucumocmo eenuuunsvt mseu
om Yacmomul, CKOPOCMU NOMOKA, AMIIUMYObL Yel106bIX KOJIeOAHUI KPbliad
npu 3uavenuy aunelnol amnaumyovt Ayp =0,08 m
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3neck BenmW4MHA TATH F,, TIPEICTAaBlICHa B 3aBHCUMOCTH OT YaCTOTHI
KoJieOaHUI Kpbljaa IIPU MOCTOSHHON CKOpocTH motoka V= 0,2 M/c 1 MOCTOsH-
HBIX aMIUTMTY/ YTJIOBBIX Konebauwii ot fy = ot 0,04 M mo 0,10 M ¢ marom
0,02 M (xpuBble 1-4).

Crnenyer OTMETHTH YTO B MOJMYYEHHBIX DKCIIEPHMEHTAIBHBIX 3aBHCH-
MocTsx F,(4y) BenuuuHa TArU F., He SBIAEICA CTPOrO IPONOPLHOHAIBHON
BeTMUMHE Ay’ UTO CIE0BAIO0 Obl U3 TEOPETHUECKHUX BHIKIAIOK, H3T0KCHHBIX B
pabote [3]. CpaBHenue kpuBbix 1 u 3 (4p= 0,04 M u 0,08 M) moka3bIBaeT, 4TO
IpU BO3PACTaHUU aMIUIMTYIBI B 2 pa3a, BEIMYMHA CHJIBI TATU F, yBelIu4nBa-
ercs mpumepHo B 3 pasa npu f >1. [lpy MEHBIIMX 3HAYCHUSX YACTOTHI
(f = 0,6-0,9 I'm) 3T0 yBETMYECHNE HECKOIBKO OOJIbIIE, OCOOCHHO C BO3pacTa-
HHEM YIJIOBOH aMIUIUTY/IbI KoJieOaHuid Kpbuia fy (pUCYHOK 3).

CpaBHeHue TpadKOB Ha PUCYHKax 2 U 4 TOKa3bIBAET, YTO YBEIUUCHUE
CKOpPOCTH HaOeraromiero rnoroka V, mpu HEM3MEHHOW KMHEMAaTHKE KOJICOaHMit
KpbUIa HE3HAYUTEIBHO BIUSET HA TPUpAIICHHE CO3/IaBAEMOM KOJIEOIIOIINMCS
KpBUIOM BeNU4YUHbI TrH F,,. Tak, npu vacrore f = 1,5 'l Bo3pacTanue cko-
pocTu moToka B 3,5 pasza gaeT yBenuueHUE CHIIBI TSTH Beero Ha 12 %-15 %.

I'paduku Ha pucyHkax 1-4 u 0OCYyKIeHHE XapaKTepa U3MCHECHUS 3aBH-
CHMOCTEH MPUBEICHHBIX Ha HUX B Pa3MEPHOM BHJIE, OBUIM MPEACTABICHBI JUIS
aHali3a BIHMSHUS KUHEMAaTHYECKHX IapaMeTpoB KOJEONIOmEerocs Kpblia Ha
CO3/1aBaEMYIO UM TATY.

Onnako, ast 6oJee MOJTHOTO MOHUMAHUSI MTOMYYCHHBIX PE3YJIBTATOB C
LENbI0 WCIONBb30BAHUS HMX ISl BhIOOpA ONpeleNeHHbIX KHHEMATHUYECKHX
MapaMeTpoB BOJIHOBOTO JABYKUTENS (pabounii opran KoieOromeecs: Kpbijio) ¢
HEOOXOJJMMBIMH TSATOBBIMH XapaKTepUCTUKaMHU, OoJiee MmoKa3aTelbHbIM OyneT
MPEACTaBUTh PE3YJILTATHI HCCIICIOBAHMN B Oe3pa3MepHOM BUJIC.

Jnst MiccnenoBaHus BIUAHUS KAHEMATHYSCKUX MapaMeTpoB KOJIeOIo-
ierocs Kpbljla Ha BETUYMHY CO3/IaBaeMOU UM TSTHU F, paCCMOTPUM 3aBHUCHMO-
cru ko3 dunmenta tsaru Cr ot uyncna Crpyxans K,

rae
2F
"pvl s @
wb
== 3
v (3)

3aBucumoctr kKo3ddunmenta tsaru ot yucia Crpyxans Cr(K) nis pas-
JIMYHBIX BEIMYUH OTHOCHTEIBLHOM aMIUIMTY/Abl Konebanuii 4 = 7 MpeaCcTaB-

JICHBI HA PUCYHKE 5 IIpU MOCTOAHHBIX BEIIMYMNHAX yTJ'IOBOﬁ AMINIMTYAbl KOJIC-
Oanwuit fy = 0 ° (pucynok 8) u fy= 18 ° (pucyHok 9).
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Puc. 5. 3asucumocmu xosgpgpuyuenma mseu om wucaa Cmpyxans Cr(K)

OIS PABIUMHBIX BEUYUH OMHOCUMENbHOU AMAIUNYObL Konebanuti A = 7

Bennunna Cr npsiMo miporopinonanbHa Benuunte K u A . st Gonee
SIPKOT'O TIPEJICTABICHUS KaK 3aBUCHT KO3 duiineHT Tsru Cr OT OTHOCHTENBLHON

amrututyiel A mocTpoensl rpaduku 3aBucumocteit Cr( A ) mpu mocTosH-
HBIX 3HAYCHHUSX YIJIOBOM aMILTUTYIbI £y 1 unciaa Ctpyxans K (pucyHok 6).
3aBucumocth Kod(durmenta tsru Cr(A ) odeHp OiamM3Ka K KBajapa-
THYHOW. [IyHKTUPHBIMH JIMHUAMH Ha TpaduKe MOKa3aHbl KPHUBEBIE OMKCHIBAE-
MbIC YpaBHEHHEM (4), KOTOpBIE JIOBOJBHO OJIM3KH DKCIEPUMEHTAIBHBIM 3aBH-

cumoctsiMm Cr( A ), TIoKa3aHHBIM Ha TpaMKe CIUIOMIHBIMH JTHHHSMH.
72
C,=C,-4". @)

XapaKkTepHO, 4YTO MPU MalbIX 3HAYEHUSAX BEIWYMH OTHOCHTEIBHOU

aMIUIATYbl Konebanuii A W IpU OTCYTCTBHM YIJIOBBIX KoieGaHuil (pHCy-
HOK 6) HaOJIOJaeTCsl CYIIECTBEHHOE MPEBBIIICHUE SKCIIEPUMEHTAIBHO IONY-
4yeHHbIX 3HadeHud Cr Haja BenuuuHaMu Cr, MONYYEHHBIMH PACUETHBIM IyTeM
C IMOMOIIBIO ypaBHeHI/HI 5, qTo 06’I)$ICH$ICTC$I CYH_[eCTBeHHLIM BKJIaIOM BO3HHU-
KaloIllel Ha 3aKPYIJICHHOH KPOMKE TOJICTOTO KOJIEOoIIerocss mpouis moji-
CaCBIBAIOIIEN CHJIBI.
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Cr
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Puc. 6. I'papuru 3aeucumocmeri Cr( A )
NPU NOCMOSAHHBIX 3HAYEHUAX Y2080 amnaumyowl fy u yucia Cmpyxans K

Benmnunna xoddounuenta Cr B ypaBHEHUH 6 HE SBISIETCS MOCTOSH-
HOM, a 3aBUCHT OT BeNU4uHbI urciia Ctpyxains K U OT yriia aMILTUTYIBI ). 3a-
Bucumoctb Cr(K, ;) npencTaBiieHa Ha pUCYHKE 7.

KpussiMu 1-4 mpencraBnensl 3aBucuMoctd Crp(K) i yrJIOBBIX aM-
wmtyn fp = 0 °, 6 °, 12 °, 18 ° coorBercTBeHHO. Bce yka3zaHHBIE KpHBBIE
JeXaT B 00J1aCTH MEXILy TyHKTUPHBIMUA KPUBBIMU 5 U 6, KOTOphIE COOTBETCT-
Bytor 3apucumoctsam C, = 0,3(K*) — xpusas 5, u C, =0,3(K>) — xpusas 6.
Takum o0pa3oM, B mepBoM NpuOImkeHHH KodpuimenT Cr MOKHO ONHCATh
sMIHpHYecKoit popmyoii (5)

CT :0’3([{")’ (5)

rae 3 > n > 2, mpuveM BeJIHYMHA 7 BO3pacTaeT oT 2 10 3 MpH BO3pacTaHUH
BEJIMYMHBI YTJIOBOH aMILIUTYBI fy.
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Cr /
4,0 T ‘
|
| 6
3,0 { i / —i

2,0

1,0

as 22 15 20 K

Puc. 7. 3asucumocmo senuyunvt koagppuyuenma Cr
om eenuyunvl yucia Cmpyxans K u om yena amnaumyowt By

Ha pucynke 8 s cimydas mocrynaTenbHbIX konebanuit (fy= 0) moka-
3aHbI 3aBUCHMOCTH TIpuBeieHHOro kKodddunumenra tsru Ky, obe3pazmepeHHo-

r'o 1Mo KBajpaTy 0e3pa3MepHON aMILTUTYIbI A’ u KBazpary uncina Ctpyxas.

NACA - 0015
ﬁn = 00

—

L

|
I

1 2 3 4 K

Puc. 8. 3asucumocmu npusedennozo koappuyuenma mseu Ky,

. 2
obespasmepenno2o no keaopamy bespazmepnol amniumyost A
u xeaopamy uucina Cmpyxajsi 015 cIy4as NOCmMynamenvHulx koaebanutl (y=0)

W3 pucynka BuaHO, 4TO B nuana3onax uucen Crpyxansa K<1,5 u K>3,5
CYIIECTBEHHO HapyllaeTcsl KBaJpaTU4yHas 3aBUCHUMOCTb cuiibl Tsru oT K. B
nuanasone 1,5<K<3,5 sta 3aBUCUMOCTH OJIM3Ka K KBaJAPaTHYHOM.
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Ha pucynke 9 mpoBeneHo cOMOCTaBI€HHE 3KCIIEPUMEHTAIbHBIX JaH-
HBIX C TEOpPETUYECKUMHU pe3ynbrataMu [6, 7]. Teopernueckas KpuBas momyde-
Ha Ha OCHOBE YMCJIEHHBIX PacyeTOB 10 JUHEHHOW TEOPUU JUIsl TOHKOIO MPSMO-
YrOIBHOTrO Kphida ymmuHenuss A =3 . Kak u claeqoBajgo OKWAaTh, JHHEHHAS
TEOpHs JAAaeT 3aBBIIIEHHBIE pe3yabTaThl. KpoMe Toro HaryisgHo BUJIEH YCTaHOB-
JICHHBIN B 9KCIIEPUMEHTE (PaKT OTIUYHS KBaJIPATUIHOW 3aBHCUMOCTH KO3 Pu-
1MeHTa TATH oT K B OTMEUEHHBIX JMANa30HaX, Yero He yUUTHIBACT JIMHEHHAS
teopusi. CrnemoBaTenbHo, mpy Manbix yucnax Crpyxans K<1,5 u npu K>3,5 B
pacuerax HEOOXOJMMO YYUTHIBATh HETHMHEHHbIC AP PEKThI, BOHUKAIOIINE TIPH

KOHEUHBIX 3HAYeHUAX A .

. |
| - JAUHEUHAs Meopusi |
|

2 - 9KcnepumeHnm

i
1 ]
)i 2 3 K

Puc. 9. Conocmasnenue IKCNEePUMEHMAlbHbIX OQHHBIX
C meopemuvdecKkumu pesyiobmamamu

Ecnmu paccmaTpuBath KoJeOuromieecss Kpbljlo B KauecTBE JIBUKHTEIS,
TO M3MEHEHHE €ro IPOMYJIbCHBHBIX XapaKTEPUCTHK (KO3 (UIIMEHTA TITH)
0oJiee MHTEPECHBIM OYET pacCMOTPETh B 3aBUCUMOCTH OT BEJIMYMHBI OTHOCH-
TEIBHOM TOCTYNH IBIKUATEN (6)

K, =—to_ (6)

rAe O — IUVIOTHOCTb BOABI;

S — mromazp kpsuta (S =0,043m7);
V =V, +(4,0)° — cpemmsisi AefcTBUTENBHAS CKOPOCTh OBTEKAHHS KPbi-

JIa TIOTOKOM YKHJIKOCTH, M/C. JlelicTBUTENbHAsI CKOPOCTh O0TEKaHMsI Kpblia (I0-
CTOSIHHO M3MEHSIONIAsACSA B TEUEHUH Neproa Konebanuii, T.k. @ = 27f ) npu-

MEHEHa Ui TOro, YTOOBI N30eKaTh OCCKOHEUHBIX M CBEPXOOJIBbINNX 3HAUCHHIH
ko3 uiuenTa TAru Ky Mpu HYJIEBBIX U OYEHb MaJIbIX CKOPOCTSX TOPU30H-

TaJIbHO HAOETaoIIEro MoToKa Bkl V.
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Ha pucynke 10 a, 6 xoadduiment tsiru Kr KoOIeOIIOMErocs: Kpblia
MMpeaACTaBJICH B 3aBUCUMOCTH OT BCIIMYMHBI OTHOCHTEIBbHOMN IMOCTYyIIN A/p , TaC

ﬂ,p HMMeEET BUJ

A,= £ ,
A,

rac Vx — CKOPOCTD ITIOTOKa HaGeranmero Ha KOJICGJHOIIICCCSI KPBLIO,

Ay — 3aJaHHas MaKCHMaJbHAsl BEpPTUKAIbHAS aMIUIUTYyIa KoJeOaHuil Kpbl-
na;
@ =27f — Xpyrosas 4acTora.

T | [

I A4"=0,04. | |

0,5 }&/)}Y N
o .y

04

>e% DB OODE x
% A Lt

01—

-01

N —
;|
| |

l

<Soeod<4dponx
S T

h-—::f :jl.
—

Puc. 10. Dxcnepumenmanvhvie 3a8ucumocmu I{T(lp)

NPU PABTUYHBIX SHAYEHUSX Yer060ll amnaumyost By (c wazom 3 °):
a — npu snauenusx A = 0,333, 6 — npu snavenusx A = 0,667
190



Bicank
OgecpKOro HarioHaAbHOTO MOPCBKOTO YHiBepCUTEeTY
Ne 3 (45), 2015

C Bo3pacTaHHeM BENTMYMHBI A, NPOMCXOUT TAKKE M3MEHEHHE MpSi-
MOW 3aBHCHMOCTH BEIUYHHBI K7 OT BenuuuHs! ) (pu ﬂ,p = (0-0,6) Ha oOpart-
Hy10 (TIpu ﬂ,p >1,5-3,0). Crnexyetr OTMETHUTD, YTO TOYKHU MEPECEUEHHS IBYX CO-
cenHuX KpuBBIX K ip) (manpumep, KpuBbIX Kr( ip) JUISL BEJIMYUH YIJIOBOH

aMIUTATYBI ), paBHBIX 3 1 6 °,6 19 °, 9 u 12 ° u T. 1.) pacnonararoTcs BAOJIb
ocu abcuucc rtpadura K ip) B ONPEACICHHON IIOCICIOBATEIBHOCTH |

3aKJIIOUEHHBIE MEXKIY 3THUMU TOYKaMH OTPE3KH KpUBOH K ip) SIBJISIFOTCS

JUHUEW MaKCHUMalbHbIX 3HaueHud Ky (Hampumep, B auama3oHe 3HAYEHUH
Ky lp) = 1,7-2,2 npu Ay = 0,04 m Benmuuuubl Ky OyAyT MakCUMAalbHBI MPH

Po = 6 °, B nuama3oHe lp= 1,05-1,35 — coorBerctBeHHO K7 = max Mpu

By=12°).
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YK 629.5 E30
V.A. Nilva
ANALYSIS OF ACCIDENTS WITH HULLS OF INLAND AND RIVER-SEA VESSELS

B pabome obpabomanvl cmamucmuueckue 0anHvle O A8APUIAM CYOO08
BHYMPEHHE20 U CMEUuanHo2o naasanus 3a nepuoo 1991-2012, npednosicena
Kaaccuguxayus U008 NOBPENHCOeHUsT KOPNYCHLIX KOHCMPYKYUL, OnpedeneHbl
cmamucmudecKkue 8eposimHOCIU OMOETbHBIX 8UA08 ABAPULL.

Knrwouesvie cnoga: cyoHo cmewannozo pexa-mope Niaeanuss, aeapusl
CYOHa, cmamucmuyeckue 0anuvle, K1acCupurayus 6U008 NOBPEHCOCHUsL.

B pobomi 0bpobreno cmamucmuuni OaHHi RO asapism CyoeH GHym-
PpiHb020 ma 3miwanoeo niagawus 3a nepiod 1991-2012, sanpononosana
Kaacugpikayis 6udi6 NOUWKOONCEHb KOPNYCHUX KOHCMPYKYIU, PO3PAX08AHO
CIMamucmuyty tMoGipHiCmb OKpeMux 8udie asapiii.

Kurouoei crnosa: cyono smiuianoeo pika-mope niasanHs, asapis cyoua,
cmamucmu4ti OaHHI, K1acu@pixayis 6Udie NOUKOONCEHD.

Statistical data of accidents of inland and river-sea going vessels for
1991-2012 is analyzed. Classification of hull’s damages is proposed. Statistical
probabilities of accidents’ types are defined.

Keywords: river-sea going vessel, accident, statistical data,
classification of hull’s damages.

Problem statement. Special operational feature of inland and river sea
going vessels in comparison with sea going ones is significant operational term
in the conditions of rivers, canals, sluices, narrow water. That’s why the proba-
bility of collisions, grounding and other accidents is increased essentially.
Statistical data of Russian River Register and database «Fleet», additional
sources [1-2] was analyzed to get mean dimensionless values. These values can
be used for probability assessment of accidents’ occurrence and reasons.

The article purpose is to analyze and treat data concerning accidents
of inland and river sea going vessels for the period of 1991-2012, to classify
types of hull damages, to get mean values of probabilities of accidents’ types.

The basic material. Gennady Egorov proposed the classification of
main groups of identified casualties [3] when processing statistical data for
discussed problem (as the first step on the way to formal assessment of risk
during vessels’ operation). Main three sections of this classification are as
follows:e the dangers connected with technical condition of the hull, machi-
nery, mechanisms and systems of the vessel;

e the dangers connected with incorrect technology of cargo
transportation;

e the dangers connected with actions of the ship-owner, coastal
operators and crew.

© Nilva V.A,, 2015
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Such approach allows analyzing and sorting the whole range of input
data if array of known emergency situations is considered.

Single part is sorted from input data that connects partly 1 and 3
sections of mentioned classification, that is the dangers connected with
technical condition of the hull, machinery, mechanisms and systems of the
vessel and the dangers connected with actions of the ship-owner, coastal
operators and crew.

The reasons of hull damage are divided into following groups in
accordance with following classification (see fig. 1): collisions, ice damages,
groun-ding, excess of the wind-wave mode, explosions and fires, other.

Also this classification considers damage localization along the vessel
and/or depth of damage (breach or deformation).

246 cases are chosen among considered emergency accidents that
caused vessel hull damage during 1991-2012. Distribution by types of damages
and localization along the vessel is shown in table 1.

Index of conditional probability is defined

w35

where n; — cases’ quantity of certain type of damage in the considered year;

N; — total number of vessels in operation in the considered year;

T = 22 years — the time period which is considered when processing
input data.

Also in tab. 1 the probability k = n.,/n; is defined, where n., — cases’
quantity of each category of damage taking into account localization along the
vessel.

Ratio of m; to N, is shown in fig. 2, where n; — cases of each
accidents’ types, NV, — total number of accidents.

Probabilities of some accidents’ types according to the offered
classification during 1991-2012 are shown in fig. 5.

The mentioned statistics cannot be considered absolutely reliable.
Firstly, decrease of accident rate can reflect the economic situation in the consi-
dered year, change of number of the operated cargo vessels at inland
waterways, change in fleet structure, etc. Secondly, the bigger quantity of
sources, probably, would allow to fill gaps in the specific types accidents.
Thirdly, lack of some accidents in the corresponding years does not mean 100
% probability that they did not occur actually. Information about accidents is
held back by the ship-owner for a number of reasons, for example because of
their insignificant effects. The inaccuracies connected with accounting order in
the organizations which are responsible for collecting statistical data are
possible also.

Distribution of mean values of probabilities by types of accidents is
shown in fig. 6.
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Table 1
Definition of index of conditional probability

Damage description n; n Neat Nea/ N
Grounding 47 | 0,0000744
Breach
forepeak — 1 0,021
bottom fore region 30 0,638
bottom middle part 5 0,106
bottom aft region 5 0,106
Deformation
bottom fore region 5 0,106
bottom aft region 1 0,021
Fatigue craks 17 | 0,0000258
shell plating and horizontal plating 6 0,353
coaming 11 0,647
Hull break 24 | 0,0000308
region 0.25L from AP 1 0,042
middle part 20 0,833
region 0.25L from FP 3 0,125
Ice damage 40 | 0,0000529
Breach
forepeak — 1 0,025
side fore region 2 0,050
bottom fore region 4 0,100
Deformation
side fore region + mid. part 27 0,675
side whole length 2 0,050
bottom +side 1 0,025
Breach and deformation
side | whole length 3 0,075
Excess wind-wave mode 25 | 0,0000368
deck plating 16 0,640
longitudinal bulkheads’ plating 7 0,280
shell plating 2 0,080
Collision 33 | 0,0000521
Breach
forepeak — 8 0,242
side fore region 13 0,394
side middle part 6 0,182
side aft region 2 0,061
side fore and aft region 2 0,061
side +inner side (mid. part) 1 0,030
side bilge region 1 0,030
Explosions and fires 60 | 0,0000901
superstructure damage 22 0,367
hull damage 35 0,583
superstructure and hull damage 3 0,050
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Ice damage;
Collision; 0.13 0.16

Grounding;
0.19 .
Explosions and
fires; 0.24
Excess wind-
wave mode;
06.10
Fatigue craks; Hull break;
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Fig. 2. Relative distribution of accidents’ types
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Fig. 3. Probability of grounding
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Fig. 5. Probability of explosions and/or onboard at the vessels
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Fig. 6. Distribution of mean values of probabilities by types of accidents

Conclusions. The analysis of statistical data of vessels’ casualties of
the internal and river-sea going vessels’ types for the period of 1991-2012 is
carried out in the article. The idea of defining of conditional probabilities for
concrete types of hull damage is initially put.

Therefore more detailed classification of hull damages that takes into
consideration damage localization along the vessel is proposed. Such
classification does not damages of gears, systems and mechanisms of the
vessel. By the received results it is possible to make a conclusion that the most
probable types of damage of inland waterways vessels are the fires and
explosions (i = 0,0000901 cases a year), groundings (u = 0,0000744 cases a
year) and ice damages (i = 0,0000529 cases a year).
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®.A. benpneoeps, P.I'. I'ynniako

OIEHKA ITAPAMETPOB, BJIMAIOIUX HA BOBHUKHOBEHUE PEXXKUMA
3AXBATA BUXPEM ITIPY KOJIEBAHHUHA CYJIOBbIX THEKHX TPYBOIIPOBOJOB

B cmamve paccmompen npoyecc obmexkanusi cy008020 cubkoeo mpy-
bonposoda meoepanuuennviM nomoxom. Iloxazano, ymo 6o3Huxawwue Koje-
banust mpyobonpogooa Bul3bl8AIOMCL OMPLIEOM GUXPESHIX CMPYKMYP Om €20
nosepxuocmu. [lpugedeno onucanue mpex XapakmepHvlx pelicumos noedeHs.
NOMOKA U PACCMOMPEHbI OCHOBHbIE NAPAMEMPDL, KOMOPbLE OKAZbIBAIOM GIUsL-
HUe HA 3aX6am 8UXpell npu RAPAMEempUdecKux Koieoanusx mpyoonposooa.

Knrouesvle cnosa: cyoosou eubkuii mpybonposgoo, euxpesvle CmpyK-
mypbl, napamempuyeckue Konedanus, wucio Cmpyxais.

YV cmammi pozenamymo npoyec oOmikanHs CcYOH08020 EHYYKO20
mpyoonposody Heobmedicenum nomorkom. Ilokaszano, wo UHUKAIOYE KOTUBAHHS
mpyoonposoody BUKIUKAIOMBCS  GIOPUBOM  BUXPOBUX CIPYKMYP 6I0 11020
nosepxui. Hagedeno onuc mpvbox xapaxmeprux pesicumie nogeodiHKu nomoxy i
PO32IAHYMI OCHOBHT napamempu, sKi 6NIUBAIOMb HA 3AXONJEHHS. GUXOPI6 npu
napamempudHux KOaueaHHsax mpybonposooy.

Knrouoei cnosa: cyonosuil eHyuxuii mpyoonposio, euxposi cmpykmypu,
napamempuuni konuganus, yucio Cmpyxanis.

The process of flowing around of ship flexible pipeline an unlimited
stream is considered in the article. It is shown that the nascent vibrations of
pipeline are caused by tearing away of vortical structures from his surface.
Description over of three characteristic modes of behavior of stream is brought
and basic parameters that have influence on the capture of whirlwinds at the
self-reactance vibrations of pipeline are considered.

Keywords: ship flexible pipeline, vortex structures, parametric
oscillation, Strouhal number.

Beenenne. OcHoOBHas mpobiieMa MpH PENISHWH 3a7aull O B3aUMOJIeH-
CTBHH JBIDKYIIETOCS TIOTOKA C THOKUM IHJIMHAPUIECKUM TPYOOIIPOBOIOM HITH
TPOCOM 3aKIIOYaeTCs B HAaXOXACHUU HEU3BECTHBIX JAHHBIX OTHOCHUTENHHO
pacnpeneneHus THAPO- WU adPOJMHAMUYECKIX CHJI B 3aBHCUMOCTH OT (OPM-
napamerpa o0TeKaeMol IOBEPXHOCTH M yIja aTakd HaOeraromiero moToKa.
Pe3ynbraTel Takux HCCIEIOBAHMNA MPAaKTHUYECKH HEW3BECTHBI IMOCKOIBKY B
OOJNBIIMHCTBE JTUTEPATYpPHBIX MCTOYHUKOB OOBIYHO paccMaTpHBaercsi oOTeKa-
HUE€ HEOTpaHMYEHHBIM TOTOKOM TOJBKO HEMOABMUKHOTO IIMIIHHApPA.

IMocranoBka 3agaun. K BaxXHOMY acmekTy THAPOAMHAMHUYIECKOTO
B3aMMOJICHCTBHSI TIOTOKA C yIUTMHEHHBIM ITMJIMHIPOM OTHOCHUTCS BO3HHKHOBE-
HUE KolleOaHui TPy OTPBIBE BUXPEH.

© Benaebdepst .A., Tyauiako P.I'., 2015
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Tak coriacHo pe3yiabTaTam paboThl [1] kKomeOaHus BCeraa HOCAT JIO-
KaJIbHBIA XapakTep U MOTYT HE PaclpOCTPaHAThCS Ha BCIO JTMHY TPYOOIPOBO-
Ja. Jlis KpUBOJMHEHHBIX CTEpKHENH MECTHAs HOpMallbHas COCTABIIAIOIIAsI OT-

HOCHUTEIBHON CKOPOCTH V;, OOTEKAIONIEro MOTOKA ONpe/eNsieTcss KOOpAHHATON
n3ruba (OTKJIOHEHHUS OT PaBHOBECHOTO COCTOsHUsA). OT BEIUYMHBI V, 3aBHCUT
MecTHas cwia KapMaHa ¥ 1o 3TOM IMpUYHHE CHHXPOHM3ALMS YaCTOTHI CPBIBA
BUXpei Ha KOHKPETHOM Y4YacTKe TPYObI ¢ COOCTBEHHOW 4acTOTOH ee Koieba-
HUW TOXE HOCHT JIOKaJIbHBIM MECTHBIN Xapakrtep. Ha omHMX y4yacTkax TpyOo-
MPOBOJIa YaCcTOTa CPbIBA BHUXPEH MOXKET OBITh PaBHOW COOCTBEHHOH YacTOTE
ero KonebaHWil, a HA MPYrUX y4acTKax TPyOONpPOBOAa OHA MOXKET yBEIHYH-

BaTbCs C POCTOM BEIHMYHUHBI CKOPOCTH V.

CprIB BUXpell ¢ OBEPXHOCTH WIJIMHAPA ABIISETCS CaMbIM YIPOIIEH-
HbIM OOBSCHEHHEM MEXaHHM3Ma BO3HHKHOBCHHs KoJieOaHMi THOKOro Tpyoo-
MpoBoOJa B MOTOKe. B 3TOM ciydae mpuHMMaercs, 4to cuibl Kapmana, moss-
JISIOIIMECS TIPU CPBIBE BUXPEW, MEPIEHANKYIIIPHBI MECTHOW HOPMAalbHOU CO-
CTaBIISIIOIIEH CKOPOCTH IMOTOKAa. VIMEHHO OHM W HAYMHAIOT pacKadyuBaTh THO-
KHW TpyOOITPOBOJ I TPOC, IPUBOJIS BO BpeMs KojeOaHH K BOSHUKHOBEHHIO
JIOTIOJTHUTENTBHBIX TTOABEMHBIX CHJI.

B TomMm ciyuae, korja 3a cuer B3aMMOJICHCTBHUS C TIOTOKOM THOKHH Tpy-
0OMpOBONl MM TPOC HAYMHAIOT pacKauyMBaThbCs OOTEKaHHE MOBEPXHOCTH YikKe
HEIb3sl PacCMaTPHUBATh KaK CTAllHOHAPHOE, a caMy IOBEPXHOCTh HEOOXOJMMO
MPUHUMATH KaK KojeOmonytocs. [1o 3Toil mpuunMHe B TIOCTAHOBKE 3a/1a4 HC-
Clle/IOBaHHMI Bcerja JOJDKHA TPHCYTCTBOBATH YacToTa KoJeOaHW THOKOro
TpyOONpoBO/Ia ¥ Bce HEM3BECTHBIC BETMUYMHBI HEOOXOAMMO HAXOIUTh B 3aBH-
CHUMOCTH OT 3aKOHa €€ N3MEHEHH.

PesyabTathl. B pabGorax [2-3] mpuBOAWTCS OMHCAaHHWE PE3yJIbTATOB
OTHOCHTEIBHO HECTAIIMOHAPHOTO OTPHIBHOTO OOTEKaHWs LWIMHAPA, KOTOPBIH
moJ| Bo3JeiicTBeM Haberaromero noToka CoOBeplIaeT BHIHYKICHHBIE TapMo-
Huveckue konebanus. [Ipy koneOaHHUAX IMIMH/pPA MPOUCXOMSAIINX B HAINPaB-
JICHWHW, TEPHCHAMKYISAPHOM OCH CHMMETPHUM HaOeraromero IMoToka ObUIO
MOJYYEHO TPH XapaKTEPHBIX PEeKHMa €ro OO0TeKaHHs. JTH PEKHMbI MEXIY
co00i OTNHYANIHCh KadyecTBeHHO. KonmnyecTBeHHOE pa3yinune ObUIO ONMHCAaHO
TPaHUIIAMH COOTBETCTBYIONNX Yrcen CTpyxais.

Ecnu yactoTy xonebaHuii rHOKOro TpyOONpoBOIa WM Tpoca 0003HA-
YHUTh KaK f7, & 4ACTOTY OTPhIBA BUXPEH MOrPaHUYHOTO CJIOsI OT €ro MOBEPXHO-
cTu 4epes f> To nBa yrcia CTpyxaisi MOXKHO 3a1ucaTh B BHJIE

Sh, =f1; (D

Sh, = 1, ; )

rae d — auameTp TpyOorpoBoa UK Tpoca, M,
V — cKOpOCTh HaOeraromiero noToka, i/c.
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OmnpenensionmmM KpuTepueM siBisercs Sh; ¥ B 9TOM cliydae BCE TPH
pEeXKMMA UMEIOT CIIEAYIOIINE OCOOEHHOCTH

1 pexum. 0<Sh;<0,04 — xonedaHUs MUJIMHAPA HE OKAa3bIBAKOT HUKAKO-
T'O BIIVSIHHS HAa YaCTOTY CXO/ia BUXpEH C €ro moBEpPXHOCTH, T.€. S/, HE 3aBUCHT
oT Sh; ¥ BBITIONHSCTCS HEPABEHCTBO f, # f,

2 pexuMm. 0,04<Sh;<0,1 — 3a cuer KonedaHWIl NWIMHIPA MPOUCXOAUT
YaCTUYHBIA «3aXBaT» OTPHIBAIONIETO IMOTPAHUYHOTO CIIOS C 3aTSATUBAHHEM
0N KHEW BUXPEBOM CTOPOHBI K JIOHHOM YacTu KoJyiebierierocs nuanaapa. [Ipu
3TOM 4YacTOTa OTphIBa BHXpPEH M YacToTa KoJeOaHWi NUIMHApA YaCTHYHO HE
COBIAJIAIOT, HO IIPH 3TOM B [IEPBOM NPHOIIDKEHHH f, = f, .

3 pexum. Sh;>0,] — NPOUCXOAUT TMOJHBIM «3aXBaT» YaCTOTHI CPhIBA
BUXpEi, KOTOpasi HAauWHAET MOJTHOCThIO OBITh PABHOM YacTOTe KOJIeOaHWH IH-
JMHApA B IOTOKE U BHIIOJIHSIETCS PaBEHCTBO f, = f, .

[IpoBepka cymiecTBOBaHHS 3THX TPEX PESKUMOB ObllIa BBIMIOJIHEHA YKC-
MepuUMeHTaNBHBIM ITyTeM. Ha pucyHke 1 mokazaHa modydeHHasl 3aBUCHMOCTh
94acTOThl KoieOaHuii THOKOTO TPYyOOIIpoBOa OT YACTOTHI CX0/1a BUXPEBBIX 00-
Pa30BaHMI C €ro NOBEPXHOCTH.

Sh;T 7

0,25

0,15

0,1 v
0 0,05 0,1 0,15 0,2 0,25 Sh,

Puc. 1. Bausnue wacmomul cxo0a suxpeli Ha Yacmomy
Koaebanuil 2ubK020 mpyoonpoeooa:
W - pesybmamsl @uinonnennslx usmepenuii npu Re = 0,238-10° u
Re =0,689-10°; ® — Re = 0,795-10° 0annvie [2]; & — Re = 0,862-10",
Oannule [3]

B kadecTBe cpaBHHUTENBHBIX JaHHBIX Ha TpaduKe MPUBEACHBI Pe3yIib-
TaThl SKCIEPUMEHTAIIBHBIX H3MEPEHUH B3AThIC U3 pabdor [2-3]. Ananu3 rpadu-
YecKOoi 3aBUCHMOCTH MO3BOJISIET CIENATh BBIBOJ, YTO BIMSIHHUE OTPBIBA BUXPEH
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OTYETIIMBO CKa3bIBaeTCS HAuWHAs C YacCTOTHI OTPhIBA BUXPEH COOTBETCTBYIO-
e Shy,= 0,1. I3amepeHus MpoBOAWIKMCH C MCIIOJIb30BAHUEM JUAaMETPOB THO-
Koro TpybornposBona paBubix: 0,05, 0,075 u 0,1 m. Cnenyer OTMETHTb, YTO POCT
JIraMerpa TpyObl MPH MPOYMX PABHBIX YCIOBHSAX MPHBOIWI K Ooliee paHHEMY
HACTYIUICHUIO aBTOMOJIENBHBIX KoneOaHuid. B wacTHoCTH, YacToTa KoneOaHui
TpybonpoBona nuamerpoM /(00 mm HauuMHAJA COBMAJATh C YaCTOTOH OTpPhHIBA
BUXpeBOH 30HBI pu uncnax Crpyxans Sh;= 0,11. B ciyuae TpybomnpoBona ¢
nraMerpoM 50 mm 3Ta BenmnuuHa Obuta paBHa Sh;= 0,19.

[Ipu mpoBeneHnH SKCIEPUMEHTAIBHBIX HCCIICNOBaHUN OblIa U3Mepe-
Ha YacToTa KoJeOaHWH THOKOro TpyOONpoOBOAa MpH TUHAMUYECKHX (BO3HU-
KaIOLIMX TOJBKO 33 CYET OTPHIBA BUXPEBOH MENEHBI OT MOBEPXHOCTH TPYObI) U
BBIHY)KJCHHBIX KoleOaHusx. CucreMaTH3alus TONYyYeHHBIX pe3ylIbTaTOB B
rpaduueckoM BHJIE OTOOpakeHa Ha pUCYHKax 2-4.

Ha pucynke 2 moka3aHo KakuM 00pa3oM M3MEHSETCS 4acToTa eCTecT-
BEHHBIX KOJIeOaHMH f BO3HHKAIOUIMX IPH OTPBIBE HAOETAIOIIEr0 MOTOKAa OT
CTEHOK TPYOBI C HapY)XHbIM JUaMeTpoM 50 mm. 3aBUCHMOCTH TOCTPOCHA MO
OTHOIICHUIO K CKOPOCTH Haberatoriero moroka V. OTioxeHHbIe BIOTb BEPTH-
KaJbHOM OCH YHCIICHHBIC 3HAYCHUS M3MEPEHHBIX YaCTOT COOTBETCTBYIOT HH-
TepBay BpeMeHH nM3MepeHus paBHoMmy /(0 cex. Ha rpaduke BuaHO, 4TO pocT
CKOPOCTH TIPUBOJMI K HEYCTOHUMBOW pabore TpybompoBonma. B sTom ciydae
4acToTa KoyueOaHuil TPyOOIpoOBOIa YBEIMUMNBACTCS, a aMIUIMTY/a OTKJIOHCHHUS
€ro CpefiHel TOUKH OTHOCHTEIBHO OCEBOM JIMHUHU TIOCTOSIHHO PACTeT.

W3MmeHeHne aMILTUTY/bl KoJieOaHU THOKOro TPyOOIIpoBOIa MOKa3aHo
B rpaduueckoM BHJIe Ha pucyHke 3. Ha rpaduke i 3HaYeHUI 4acToT, 1MOJ-
HOCTBIO COBMAJAIONIMX C YacTOTaMHU TPHUBEJCHHBIMA Ha PUC. 2, TOKa3aHO
W3MEHEHUE BEJIMYMHBI MaKCHMAJIBHOTO TOJbEMa CEPEAMHBI TPYObl OTHOCH-
TENFHO €€ PABHOBECHOTO COCTOSIHHA. V3MepeHue BBICOTHI MOIbeMa TPYOOmpo-
BOJIa TPOU3BOJMIOCH TIPU TIOMOIIM ONTHYECKOH JIa3epHOW CHCTEMBI ITyTEM
peryarpoBaHusl BHICOTHI YCTAaHOBKHM HMCTOYHHKA Jia3epa M MPHEMHOro (oTo-
JJIEMEHTA.

Ha rpa¢uke xopolo BHIHO, YTO HauWHasi CO 3HAYCHUS 4acTOThl 1,3
KonebaHus B CEKyH/y TPYOOITPOBOJ] BHIXOIUT Ha PEKHUM aBapuitHoi paboTsl. B
3TOM ClIydae HaOJtoaeTcs Pe3Kuid pocT KojiebaHuit TpyOsl. M3ameHeHune yacto-
ThI Ha (), ] KONeOaHus B CEKYH/IY JIAJIO POCT aMILTUTYbI Ha 4,9 MM WK B OTHO-
CUTEJILHBIX equHuIax Ha 53 %.

Ha rpa¢uke xopolo BHIHO, YTO HauWHasi CO 3HAYCHUS 4acTOThl 1,3
KonebaHus B CEKyHy TPyOOITPOBOJ] BHIXOIUT Ha PEKHUM aBapuitHOi paboTsl. B
3TOM ClIydae HaOJtoaeTcs Pe3Kuid pocT KojiebaHuit Tpyosl. M3ameHeHune yacto-
ThI Ha (), ] KONeOaHus B CEKYH/IY JIAJIO POCT aMILTUTYbI HA 4,9 MM WK B OTHO-
CUTEJILHBIX equHuIax Ha 53 %.

Ha pucynke 4 mokazaHo KakuM 00pa3oM 3aBUCHUT 4acToTa f; Koieba-
HUl TuOKoro TpydompoBoaa nuamerpom (0,05 M OT 4acTOTHI f BBHIHYKIEHHBIX
KoJIeOaHUH TOTy4aeMbIX 3a cYeT paboThl KOJIeOaTeIbHONO MEXaHU3Ma HayIHO-
HCCIIEIOBATEILCKOT'O CTEHIA.
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Puc. 2. Buusinue ckopocmu nHabe2aiowye2o nOMoKa Ha 4acmomy
Koaebanuil 2ubK020 mpyoonpoeooa
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Puc. 3. Pocm amnaumyowl konedanuil eubkoco mpybonposooa
8 3ABUCUMOCTIU OM YACMOMbL €20 KOLeOaHUll
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1 2 3 4 5 6 7 8 9 10 11 f

Puc. 4. 3asucumocmo mexncoy uacmomoti ecmecmeenHbix Koiebanul
2ubKo20 mpybonposooa fu 4acmomoil GblHYHCOCHHbIX KOIeOanull f;
MEXAHUZMA HAYYHO-UCCIeO08AMENLCKO20 CMEHIA

Ha rpaduke xoporio BuieH 3a()UKCUPOBAHHBII B X0J1€ IKCIIEPUMEHTOB
3aXBaT 4YaCTOTbl €CTECTBCHHBIX KOJICGaHHﬁ. B TaGJII/IHe IIOKa3aHbl 3HAYCHUA
pasHocTH YacToT Af = f; — f 9TUX KolleOaHUil 110 OTHOIIEHHIO K YacTOTe Bpalle-
HUSI KOJIEOATETbHOTO MEXaHN3Ma HayYHO-HCCIISIOBATEIbCKON YCTaHOBKH.

Anammns MMPUBCACHHBIX 3KCIICPUMCHTAJIBHBIX NJAHHBIX ITOKA3bIBACT, YTO
C POCTOM YacTOTHI BBIHYXJICHHBIX KoJiebaHMi THOKOro TpyOompoBoxa uepes
KaXXIbIC YCTBIPC 3HAUCHHA YaCTOTHI ITPOUCXOOUT 3aXBaT CpPbIBA BI/IXpCfI C IIO-
BEPXHOCTH TPYOBl. B »TOM ciyuae mucOanaHCc MEXAy 4acTOTaMH KOJIeOaHMi
YMEHBINAICSA Ha TMOpsiaoK ¢ +1,2 m0 +0,1 uc +1,4 no = 0,2 coorsercr-
BeHHO. Ha pucyHke 5 moka3aHO M3MEHEHHE 3TOro aucOajigaHca B BBIHYXKJICH-
HBIX ¥ IMHAMHYECKUX YacTOTaX KoJieOaHMi TMOKOro TpyOooIpoBoIa.

Tabruya 1

Pasnocme yacmom evinysicoennoix [
U QuHamuueckux Koaebanuil f; mpybonposoda ouamempom 50 mum

Yacrora konebaHui 2 3 5 7 9 11
crenna, f ¢’

Yacrora xonebanuit £2,1 | £3,3 | £6,2 | £7,1 |£10,4|%11,2
TpyGomposoza, f;, ¢’

Pasnocts uacror, 4f, ¢’ +0,1 | £0,3 | £1,2 | £0,1 | £1,4 | +£0,2
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Puc. 5. Uzmenenue oucoananca biHysiHcOeHHbIX
U OUHAMUYECKUX HACMOm Kolebanutl 2ubko2o mpybonposooa

BriBoabI

1. IIpu xonmebaHMUAX HUIUHIPA, MPOMCXOAIINX B HANPABICHUH IEp-
NECHAUKYSIPHOM OCH CHMMETPUH HaOeraromiero moToka, MOryT UMETh MECTO
TPH XapaKTEePHBIX peXHMa o0TekaHus. [l omucaHHs 3TUX PESKUMOB OIpere-
JISIFOLIIM KpUTEpUeM siBisiercst yncino CTpyxaiis.

2. Poct ckopocTH HaOerarlIero rmoToka BCerjia MPUBOJUT K HEYCTOM-
yrBOi paboTe ruOkoro TpyOompoBona. B atom cinywae wacrora komeOGaHWH
TpyOOIpOBOIA YBETHUYMBACTCS, & aMIUIUTY/Ia OTKJIOHEHHUSI €r0 CPEIAHEH TOUYKH
OTHOCHUTENTLHO OCEBOM JIMHUH MOCTOSIHHO PacTeT.

3. PocT yacTOThI BBIHYKICHHBIX KOjeOaHHUU TMOKOro TpyOompoBoia
MPHUBOJIUT K PESKUMY 3aXBaTa CpbIBa BUXPEH C MOBEPXHOCTH TPYObL. B 3TOM
cirydae qucOanaHc MexIy 9acTOoTaMu KollebaHuil TpyOOnpoBo/ia U CphIBa BUX-
peﬁ C €ro NOBEPXHOCTH MOXET YMCHBIIATHECA HA IIOPAIOK.
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YJIK 629.51
A.10. 3aen

OCOBEHHOCTH NPOEKTUPOBAHMS MCIIBY
JJI51 YCJIIOBUHU A30BO-YEPHOMOPCKOI'O BACCEMHA

Azo060-Yepnomopckuil  baccetin  codepocum  60abUlOe  KOIUYECMEO
V2ne8000pOOHO20 Cbipbs. MU HEUCNOIb3YeMblE PECYPChbl PACCMAMPUBATOMCS
KaK 8adICHble UCHMOYHUKY dHepauu 015 0y0yweco, U 3a0a4d U3eledenus Imux
UCMOYHUKO8 DEe30NACHbIM 00pA30M SGNAEMC OOHUM U3 OCHOBHLIX BONPOCOS.
A306cK0€e MOpe paccmampusaemcst KaK 00Ha U3 8AXCHuIX obnacmetl, KOMOpPAsl
bvlia omobpana 05 danvhenuezo anaiusa [1].

Knrouesvle cnosa: Azo60-Uepromopckuil baccetin, meikosoove, oxkea-
HOMEXHUYECKUe COOPYHCEHUS.

A3zoso-Uopromopcovkuii  bacelin  micmumb  8eIUKY  KIIbKICHb
8yenes00Hesoi cupogunu. Li negxcugami pecypcu po3anaoaromucs siK 8AN’CIUBE
Odoicepena ewnepeii 01 Matibymub020, i 3A80AHHA GUMSCAHHA YUX Odcepel
Oe3neuHum UYUHOM € OOHUM 3 OCHOBHUX NUMAaHHb. A308Cbke Mope
POo32nA0aembCsi K 00HA 3 8aXCIusux obnacmet, ska oOyna eidiopana 0ns
nO0AIbLULIO20 AHATIZY.

Knrouoei cnosa: baceiin A306cvkoco i Yopnozo mopie, Minko8o00s,
OKeaHOmexHuyecKue Cnopyou.

The basin of the Azov and Black sea contains plenty of hydrocarbon
raw material. These not in use resources are examined as important energy
sources for the future, and a task of extraction of these sources safe character
is one of basic question. The sea of Azov is examined as one of important
areas, that was selected for a further analysis.

Keywords: Basin Azov and Black seas, shoal, ocean technical building.

BBenenne. B Hacrosimee Bpemsi BeieTcsl A00bIMA YTIIEBOAOPOIHOTO
CBIPbS Ha MEITKOBO/Ibe A30BCKOI'0 MOPS, a TAKKe pa3padoTKa MepCreKTUBHBIX
MecT 100bruu [2]. OT0 TpeOyeT pa3BUTHS OKEAHOTEXHHUYECKMX COOPYKEHUH,
KOTOpBIC MOTYT BBITIONHATH 33J1a4i OypeHHs U J00bIUM Oe30IacHBIM 00pa3oM.
JloObIua yriieBoI0pOHOTO CHIPhsI BEACTCS KPYIIIOTOIMYHO, YTO BBI3BIBACT BO-
MPOChl 6E30MaCHOCTH PadOThl OKEAHOTEXHUYECKUX COOPYKEHUH B 3UMHUI TIe-
proa.HeoOXoquMOCTh OKEaHOTEXHHUECKUX COOPYKEHHI B 3HAUHTENLHOMN CTe-
MEHH ONpPEACISIETCS KOJIMYECTBOM JIOCTYITHOT'O YTJIICBOJOPOMHOTO CHIPhS B
AzoBckoM Mope [3, 4]. HauanpHBIe cymMMapHBIE pecypchl yTiieBogoponoB B 80
HeTera3onepcreKTUBHBIX U MPOTHO3HO-TIEPCIIEKTUBHBIX 00BEKTaX, a TAKKE B
6 Ta30BBIX MECTOPOXKICHHSIX COCTABIAIOT: Teomormdyeckue — 420,8 MuH. T
YCIIOBHOTO TOTUIHBA (Y.T.), U3BJIEKaeMbic — 324,8 MITH. T y.T., HEpa3BeIaHHBIC —
314,45 MaH. T y.T. IPU CTENIEHH peaM3allii Ha4yaJIbHBIX CYMMapHBIX PECYPCOB
3,2 % [2].

© 3aeu A.IO., 2015
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IHocranoBka 3agauu. Llenpio nccnenoBaHus, SBISETCS ONpeeeHIe
0COOEHHOCTEH MPOEKTUPOBAHUS MEJIKOCUIAIICH CaMONOIbEMHOM IIIaBydel
YCTAHOBKH ISl YCIIOBHU TIeNb(a A30BCKOT'0 MOPAL.

PesyabTaTpbl. [ BHIOpaHHOTO pEruoHa pPaccMOTPUM OOIIUE JIOIy-
IIEHUS, YYUThIBa€MbIE TIPU MPOSKTUPOBAHUH [5]:

e [yOmHa MOps B MecTax MEPCHEKTUBHBIX U JISUCTBYIONIMX MECTax
JOOBIYN YTIIEBOAOPOIOB 8-12 M.

e Kpyrmnoroauunas 100b14a.

e Bepxuuii cioii ciaboro MIKMCTOrO rpyHTa COCTAaBJISCT: Ha 3ama-
HOM TIo0epexbe 4 — 5 M, cpemHss 4acTh Mopsi — 7 M.

e DKcTpeMaibHas BBICOTa BONMHBI 3 % 00ecre4eHHOCTH, TEePHOJ
noBTopsemoct# 1 pa3 B 100 ner — 4,3 m.

e  DKCcTpeMaJbHBIA IPUIINB C HAaTOHOM — 3,34 M.

e  OtcyTCTBHE YCTOIYMBOIO MpHUMas.

e TomnuHa dbJa B 3MMHUM NepuoA. YUYUTHIBAasl MaKCUMaJlbHbIE 3Ha-
YEeHUS TOJIIINH JIbJia, COTJIACHO JICAOBBIM HaOMoaeHusIM ¢ aekabps 2007 roxa
no mapt 2015, ObUTa CIIPOTHO3MPOBAHA MaKCHMalbHas TONIIMHA JbJa Ha
MOCHEAYIOIMN MEepUo] ¢ MPUMEHEHUEM HEUPOHHBIX CETeW, KOTopas COCTaB-
nsetr 0,298 M [6].

Paccmorpum 3apyOexHBIN ONBIT NPHUMEHEHUS OKEAHOTEXHUYECKUX
COOPYKEHUH TNPH JOObIUE YTIIEBOAOPOIHOTO CHIPhS HA MEITKOBOIbE.

lupokoe pacmpocTpaHeHHWE TPU OCBOSHHHM MEIKOBOAHOrO MIeibda
MOJIYYMJIU cienyromue Tl MBY: rpyHTOBBIN HCKYCCTBEHHBIN OCTPOB, JIENO-
BBIl HMCKYCCTBEHHBIH OCTPOB, «OOJOTHBIC» OapKu, MOTPYKHBIC IUIABYdHE
oyposbie ycranosku (I[I[1BY), camonogbeMHbIe M1aBy4re OypOBBIE YCTAHOBKH
(CIIBY).

PaccmoTpuMm mnpeumyniectBa M HemocTaTku 3Tux MBY, yuutbiBas
YCITIOBUSI DKCILTyaTalllHy Ha Ielbde A30BCKOT0 MOPS

1. I'pyHTOBBIE OCTpPOBA.

[IpenMymiecTBa: HMCHONB30BAHME MECTHBIX JEIIEBBIX MaTepua-
JIOB — TIeCKa, TpaBus U T.1.

HenocTtatku: HEBO3MOXXHOCTh SKCIUTyaTalldd H3-32 MSATKOCTH |
MTOJIBUYKHOCTH TPYHTOB.

2. JlenoBble HCKYCCTBEHHBIE OCTPOBA.

[IpenmymiecTBa: MPOCTOTa CTPOUTEIHCTBA, SKOJIOTUIHOCTD.
HenocTatku: oTCyTCTBHE MOCTOSHHOTO TIPUTIASL.

3. «bonorHbie OapKU».

[MpenmymiecTBa: MOOMIBHOCTh, HEOONBINIUE 3aTPaThl HA CTPOU-
TENBCTBO H3-32 BO3MOXKHOCTH TIEpEOOOpPYIIOBAHUSI TPAHCIOPTHOW OapKu B
OYpOBYIO YCTaHOBKY.

HenocTatku: orpanndeHneM Npu 3KCIUTyaTalluy SBJSIIOTCSA JOCTa-
TOYHO BBICOKHE BHEIIIHUE HATPY3KH M pa3MbIB IPYHTOB.
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4. TIIIBY.

[IpenmymiecTBa: MOOHILHOCTD

HenocraTtku: Oomnblioe BIMsIHHE XapaKTEPUCTHK TPYHTa U WHTCH-
CHUBHOCTH BOJIHEHHS M TEUEHMII; CIIOKHOCTh B JKCIUTyaTalld C Y4eTOM JIeNo-
BBIX YCIIOBHH.

5. CIIbY.

[IpenMyiecTBa: MOOMJIBHOCTB; MOABEM KOpIyca Hajl BOIOW U
kontakt CIIBY Tonbko omopamwu, 4To obecriedynBacT TpeOyeMmble mapaMeTphl
YCTOMYMBOCTH; YMEHBIIEHHE BIUAHUA pa3MblBa IpyHTa (Majas IUIOMAIb KO-
JIOHH, OOJIBIIIOE 3aTIy0JIeHUE), YTO COKpAIaeT TPaThl Ha JOMOJHUTEIbHBIC Me-
POIIPHUSATHS T10 3aIIKTE TPYHTA OT pa3MbIBa.

HenocTtarku: noctaToyHO BBICOKAas CTOMMOCTH CTPOHUTEIHCTBA;
yCIOXHEHHE U yTspKenenne KoucTpykiuu CIIBY nemoBoif 3amuToi.

6. OpmHoit W3 HamOoliee WHTEPECHBIX TEXHUYECKUX PEUICHUH JuIs
OypeHHs B YCIOBUSX MEIKOBOJBS SIBJISIETCS MENKOCHSIIAS CaMONOAbEMHAas
miaBy4as OypoBasi ycraHoBka (MCIIBY). Hcnonp3oBaHue 3TO YCTaHOBKH
MO3BOJISIET PEIIUTh MPOOIEMbl YCTOWYMBOCTH Ha CNA0BIX TPYHTaX, Pa3MbIB
TPYHTAZ ¥ COOTBETCTBEHHO TIOBBICHTh O€30MacHOCTh OypeHHs CKBAXKHH.
MCIIBY mnpencraBusier co0Oi COOpYXEHHE, SKCIUTyaTUPYIOIIeecs B JIBYX
MPUHIUIHATEHO PA3JIMYHBIX COCTOSHUSAX — Kak IUIaBydnid oOBeKT (TpH
BBITIOJTHEHUH MOPCKHX OIepaluii), Kak THAPOTEXHUYECKOe COOpyxeHue (MpH
paborax Ha TOYKe OYpEeHHUsS] CKBa)KMH) M MEPEXOJHBIN PEKUM 3aJaBIHBaHUS /
W3BJICUCHHUS OTIOP.

B nepBom cocrostuuu Ha MCIIBY neiicTBYyIOT 3aKOHBI IJIaBY4eCTH,
OCTOWYMBOCTH, HEMOTOILIAEMOCTH, KaUKH, IPOYHOCTH M OCHOBHOM Mpo0ieMoi
MIPH ATOM SIBJISIETCS oOecreueHrne MUHUMaIbHOW ocaaku. Bo BTopoMm coctos-
HUU — 3aKOHBI TEOPUU KOPaOIIsi HE PaCIpOCTPAHSIOTCS, OHU 3aMEHSIOTCS 3aKO0-
Hamu TuaporexHuku. MCIIBY mnpu cTosHKe Ha TOYKE HE JOJKHA: OIMPOKH-
HyTbCs (YCTOMYMBOCTh MPOTHB MOMEHTa OT BHEUIHMX TOPHU30HTAJIBHBIX CHII);
CIABUHYTBCSI Ha JIOHHOM TPYHTY (YCTOMYMBOCTb MPOTHB BHEIIHUX TOPHU30H-
TaJbHBIX CHJI); W3JHUIIHE MPOAABIUBATHCA OMOpPaMH B JIOHHBIN TPYHT (IIpo-
cajJika OTMoOp B TPYHT OT BEPTUKAJIBHBIX CHJI, MEPENAIOIINXCS OMPOKUIBIBAIO-
IIMM MOMEHTOM); CIIOMaThCs (TPOYHOCTH); OTEPATh YCTONYUBOCTH KOJIOHH.

Paznuanrie coctosaus MCIIBY xapakrepu3yroTcs:

1) pa3nuyHOM NPOAOIKUTENBHOCTEIO MO BpeMeHu. Kak miaByuwmii
00bekT MCIIBY ucnonp3yercs 10CTaTOYHO KOPOTKOE BpeMs (P Iepexoaax).
B ornuuue or omepanuii Ha TIIyOOKOH BOIE, MEJIKOBOABE CYIIIECTBEHHO
YCIIOXKHSIET BBITIONIHEHHE OMepaliii OyKCHPOBKU M MOCTAHOBKU Ha TOUKy. Kak
CTAIlIOHAPHOE COOPYKEHHE YCTaHOBKA MCIIONB3YEeTCS B 3aBUCHMOCTH OT TIIy-
OWHBI OypEHHSI U TEOJIOTHIECKUX YCTIOBUHN 3aJIeraHusl MPOTYKTUBHBIX TIACTOB.

2) pa3IUYHOM CTENEeHbI0 BO3MOXKHOCTH M30€XKAaTh BCTPEUU C IKCTpeE-
MaJbHBIMH BHEIIHUMH YCIOBHSAMH. I 3TOTO JOMKHO OBITH PacCUUTAHO
morogHoe okHo. B cinyuae OykcupoBku ainst MCIIBY BwiOMpaercs onThMalib-
HBIW KypC WK TIEPETOH B MOPT-YOSKHIIIE.
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[Ipu cTOsTHKE Ha TOYKE yCTaHOBKA OyJET BBIHY)KIECHA BOCIPUHUMATh
BCE BHEIITHHE BO3JICH CTBHUSI.
3) pasTUYHBIC PUCKH IIPU BOSHUKHOBEHUH aBAPUITHBIX CUTYaITHH.

BuiBoabl. TakuMm 00pa3oM, OCHOBHOE BHUMaHHUE ITPH TPOEKTUPOBAHUH
MCIIBY Heo0X0auMO yIeNaTh 00ECHEUECHUIO HAJACKHOCTH CTOSIHKH Ha TOUKE
W BBIIOJHEHUIO OYpOBBIX paboT (M30eraHue aBapUiHBIX cuTyarmii). Tak ke
JIOJDKHBI OBITH COOJIIOJICHBI BCe TpeOOBaHUS O€30MacHOCTH MpHU Tepexojie U
0COOCHHOCTH YCIIOBHI MeNKOBOAbS A30Bo-UepHOMOpcKoro bacceiina.
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YJIK 629.5.01
H.M. Ka6anoBa

PO3PAXYHOK IIPUBYTKY,
SKUA IIPUHOCHUTH CYJIHO B IIPOLIECI EKCILTY ATAIIT

Cmeopero ancopumm, wo 00380J5€ GUKOHAMU PO3PAXYHOK NPUOYMKY,
AKUll  npuHocums CyoHo |y mpoyeci uoeo excnayamayii. Po3pobneno
3anedicHicmy 01 PO3PAXYHKY PiuHUX 6i0paxysanv Ha cmpaxysanns. Hagedeno
AnpOKCUMAYIUHY 3ANeHCHICIL 051 PO3PAXYHKY BUMPAM HA PEMOHM CYOHA 3
VPAXy8aAHHAM CIMPOKY U020 eKCnIyamayii.

Knrouoei cnosa: cyono, npubymok, sumpamu, cmpaxyeauHsi, cyOHO8I
360pu.

Coz0an ancopumm, nO360AAOUUL BLINOIHUMb pAciem NpubbLIU, npu-
HOCUMYIO CYOHOM 8 npoyecce e2o dKcnayamayuu. Paspabomana 3agucumocms
01 pacuema 20008bIX OmMuuUcieHull Ha cmpaxosanue. Ilpusedena annpokcu-
MAYUOHHASL 3A8UCUMOCHb OISl pACYema pacx0008 HA PeMOHm CYOHA C YYemom
CpOKa e20 IKCHIyamayuu.

Knroueesvle cnosa: cyono, npubvlivb, pacxoobl, Cmpaxosanue, Cyoosvle
cbopwl.

The algorithm for profit calculation that is brought by the ship during
its operation. The analytical dependence for insurance calculations is deve-
loped. The approximation dependence for vessel’s repairing cost is given
taking into account term of its operation.

Keywords: vessel, income, expenses, insurance, ship charges.

Beryn. OmauMm 31 crioco0iB OLIHKY €pEeKTUBHOCTI BAHTAKHOTO Cy/HA €
obuucneHHs npuOyTKy, IKUi BOHO TPUHOCHTH. CyTh IIbOTO CIOCO0Y MOJISITAE B
O0JiKy 1 HACTYIHOMY pO3paxyHKy JOXOMYy BiJ BaHTaXOIEpPEeBE3CHHS 1
BiIHIMaHHI 3 HBOr0 EKCIUIyaTalllHHUX BHUTpAT, SKi CYIPOBOIKYIOThH
(dYyHKIIOHYBaHHS CY/HA.

Po3paxyHOK MOKa3HHKIB €eKOHOMIYHOI epeKTUBHOCTI CyJIHAa BHKIIAJCHO
B [1]. [IpaBuia po3paxyHKy CTPaxOBHUX BHUTpAT SIK MPABHJIO MPEICTABICHI Y
BHYTPINIHIX JOKYMEHTaX BiJIIOBIIHUX OpraHi3aiii, a oTke iX BaKKO 3HAHUTH Y
BUIBHOMY JIOCTYIIi, TOMY iX aHaJlITHYHE MPEICTABICHHS HECE BAarOMUN BHECOK
B QITOPUTM OOYMCIEHHS NPHOYTKY, SKHH TPUHOCHTH CYIHO B TIpoIeci
excrutyaraiii. Llei (hakTop 00yMOBIIIOE peTebHEe BpaXyBaHHS CKIAIOBUX MPH
o0uucneHHi NpuOyTKyY 1 THM CaMUM MiTBEP/DKYE aKTyaJbHICTh JIAHOT CTATTI.

Merta cratTi nonsrac B CTBOPEHHI aITOPUTMY, 32 JOMOMOTOI0 SKOTO
MOXHa 3IIHCHUTH PO3paXyHOK EKOHOMIUHOi e()EeKTHBHOCTI TpPaHCIIOPTHOTO
CyZHa.

© Ka6anosa H.M. , 2015
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[Ipubytox  cymHa  sABAsE  COOOK  PI3HUIKO  JOXOAYy  BiX
BaHTAKOIIEPEBE3CHHS 1 CYMYTHIX eKCIUTyaTallifHIX BUTPAT

lp=21;~2.Bm;’
J J

ne /[, Bm; — BIIIOBITHO NOXOJ 1 BUTPATH, LIO MPUMANAIOTh HA CyAHO 3a j-i
petic.

Joxin (yHKIIOHYIOYOro CyaHA MOJIsrae B OJAEp)KaHHI (DiIHAHCOBOI
BUHATrOpOJM 3a 3JIIHCHEHHS BaHTa)XOINEPEBE3CHHS 1 PEriJaMeHTYEThCS BifImo-
BIJIHO JI0 yrojw, sika BifOyBaeThcs Ha (ppaxToBoMy puHKY. Lle onun 3 BUIIB
TOBapHOTO PUHKY, SKUH Ma€ Ty OCOOJIMBICTB, IIIO B PO TOBapy (mpeaMera
KYIBII-IPOJaKy) BUCTYNa€ HE YNPEAMETHEHUH TPOAYKT TWpami, a
nepemimenHs (a0o, IHIIMMHU CIIOBaMH, TPAHCHOPTHI mociyru). ['porroBum
BHUPaXEHHSIM BapTOCTI TPAHCIIOPTHHUX MOCIYT € I[iHAa TepPeBe3CeHHS, 10 MPH
JIOCTaBIli BaHTaXiB MopeM Mae JBi (opMmu: (paxToBOi CTaBKH 1 Tapudy.
®paxToBi CTaBKH 3aCTOCOBYIOTHCS B TPAMIIOBOMY CYIHOIUIABCTBI 1 SBISIOTH
co00I0 IIiHy, MO BCTAHOBIIOETHCS TMPH YKIAJaHHI KOXHOTO OKPEMOro
JIOTOBOPY 3a 3T0JI0I0 CTOPiH ((ppaxTyBajabHHUKA 1 ()paxTIBHUKA), TIHCHA TUIBKH
JUIS 1IAX TTAPTHEPIB 1 JIMIIE Ha Tepion naHoi yroau [2].

®paxT OyBae KUTbKOX PI3HOBH/IIB!

a) TUulaTa CTATYETHCS 3a BUKOPUCTAHHS TPAHCIIOPTHOTO 3aco0y B
oMy, 6e3 o0Imiky oOcsary unHenoi iM nepeBezeHHst (lumpsum). Taxuii Tapud
3BHYAHO 3aCTOCOBYETHCS MPH IEPEBE3CHHI PI3HOPIAHOTO BaHTAXy, Macy
SKOTO Ba)XKO BU3HAYUTH a00 MPH HEMOMIIMBOCTI TOBHOTO BHUKOPWUCTAHHS
BaHTAXKOIMIAMOMHOCTI 200 BaHTaKOMICTKOCTI cyaHa (IpU TPaHCIOPTYBaHHI
HerabapUTHUX BaHTAXKIB)

A= F; (1

ne F'— ¢ikcoBaHa cTaBKa 3a BAKOPHCTAHHS TPAHCIIOPTHOTO 3aCO0Y B IILJIOMY;
J — IIOpT NIPU3HAYEHHS,;
0) Ha OCHOB1 0OrOBOPEHOT CTOPOHAMHU (PPAXTOBOI CTABKM 3a OJAMHUIIIO
Macu MepeBe3eHOro BAHTAKY

A = Pifr, 2

ne P, —maca nepeBe3eHOoro BaHTaxy, TOHH;
fr — bpaxToBa cTaBKa 3a KOXKHY IEpEBE3eHY TOHHY BaHTaxy, $/TOHHA;
J — IIOPT IPU3HAYEHHS.

B ymoBax eKOHOMIYHOI KpH3M BIJHOCHO HEBEJIHKI CyJHAa MarTh
nepeBary mepel BeTMKOTOHHAKHUMH, OCKUTBKH TakKi Cy/JHa Kpalle pearyroTh
Ha TIPOMO3HIIII BaHTAXOMEPEBE3CHb. 3 OrJSAYy Ha rabdapuTH, BOHH MOXYTb
JeTKo 0e3 MPOMDKHUX PO3BaHTa)KEHb MPOXOMUTH IO KaHalaX, pa3oM 3 THM

212



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

Malo4d HeoOMEeXeHHW palioH IUIaBaHHS 1, sIK pe3ylbTaT, — OPi€EHTOBaHI Ha
oJiepKaHHs OLIBIIOT KUTBKOCTI 3aMOBJICHb.

[oBHI piuHi BUTpaTH MOXYTh OyTH BH3Ha4eHi 3a nomomorow ¢op-
MYJTH

Bm = B,+B,,, 3)

ne B, B, — BIANOBIAHO TIpsIMi 1 HEMPsAMI BUTPATH.

Y dopmyii (3)

B,, = 0,03B,;
B n = ll em’n+ll npue+ll na,7+ll 361'p+ll Haeie+ll cmpax+u aeenm+ll pe,\1+ll amopms (4)

Ac llem'na llnpu@a llnam llxéipa llnaeiea llcmpaxa llaeenma llpe/m lla,wupma - BapTiCTB Bi}lHO-
BIJTHO BMICTy eKilmaka, MpOBi3ii, manuBa, MOPTOBHX 300piB, HaBiramiiHUX
BiJlpaxyBaHb, CTPAaXOBHX BHECKIB, arcHTYBaHHS], PEMOHTY, aMOPTH3alliiHUX
BiZlpaxyBaHb.

Y dopmyii (4)

— BHUTpaTH Ha piyHE yTPUMAaHHS eKimaxy 3 ypaxyBaHHSM CIUIaT Ha
colliajbHe CTpaxyBaHHs 1 (DOH[ 3aiHATOCTI

llem'n = 18724CekNem

ne N, — 9uCiIo YIeHIB eKilaxa;
C. — 3apIUIaTHS;
— BUTpATH Ha MPOBI3il0 1 BOAY

llnpue = Cnpueanuea

1e Cypos — BapTICTh 1T. MPOBI3ii;
P,p0s — Maca IpoBi3ii;
—  BapTiCcTh OyHKEpYBaHHS

llna}l = (CGVI P6n+ Cm Rvn)tx+ Cm Rm tCWl’

ne C,,, Cy, — BIAMOBIAHO, BAPTICTh JISTKOI'O i BAKKOT'O TaJIMBa;
P,,, P,, — BUITIOBIZIHO Maca BUTPAYCHOI'0 BaKKOT'O i JIETKOT'0 MaJIMBa, T;
t,, t.m — BIATIOBIZHO Yac Ha X0y ¥ 4ac CTOSHKH, CYT.;
— TIOPTOBi BUTpATH

U?ﬁip = LBDZ Czﬁip, H
J

ne Cssip;—j-i 301p y mopry;
L, B, D — BiANOBIIHO TOBKKMHA, IIIMPHHA 1 BUCOTA OOPTY CyIHA.
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3rigHO 3 MOCTaHOBOK [3], y HOpTax 3MiHCHIOIOTHCS HACTYIHI BUAU
300piB:

a) KopaOenbHHM, 3MIHCHIOBAHUI 3a KOXKHUH BXiJl y MOPT 1 BHUXIT 3
HBOTO 33 | M’ 06'eMy CyzHa;

b) kaHadbHMH — 32 KOXXHE MPOXOJPKEHHSI KaHATYy CyTHOM B OJWH
KiHEeIb 1 KO)KHE MPOXO/DKEHHS KaHAIy CYJIHOM TPaH3UTOM B OJUH KiHElb 3a
1 M’ 06'emy cyma;

C) MasKOBUH — 3a KOKHUH 3axill cyJHa B MOPT (3aBOA) a00 3a KOXKHE
IIPOXOJKEHHS HOTrO TPaH3UTOM, $/M’;

d) npuyanbHUil — 3a CTOSHKY cyaHa 6ins npudany, $/m’;

€) SKIpHUH — 3a CTOAHKY Oinblie HiK 12 roguH Ha BHYTPIITHBOMY
peiini MOPCHKOTO TIOPTY y PO3paxyHKy Ha 1 M’ 00'eMy cyaHa 3a (paKTHIHHIL
4ac CTOSHKH;

f) anMiHicTpaTHBHMI — 32 KOKEH 3aXil CyJHA B IOPT, 33 KOXeH 1 M’
o0'eMy cynHa;

g) caHiTapHUH, sIKMI niependadae OOOB'AI3KOBHH MPUHOM MOPTOM 13
CyIHa BCIX BHUIB 3a0pynHeHb (KpiM OallaCTHMX BOJ) 3a BECh YaC CTOSHKHU
CyIHa B MOPTY, 13 METOI 3arno0iraHHs TXHBOI'O CKHJAHHS B MOPE a TaKOX
BUKOHAHHSI CAMOTY)KKH 3a CBIl paXyHOK orepalliii, OB'SI3aHUX i3 MPUIHOMOM
3a6pyHenb. 36ip Geperbes B $/M° i 3aI€KUTh Bifl CTPOKY TepeOyBaHHS CyIHA
B MIOPTY.

[epeniueni Bume 300pH HApaxOBYIOThCS Yy BIAMOBITHOCTI 31
3HAUCHHSIMM TaK 3BaHOIO KyOIYHOIO MOIYJIsA, IO SBJSIE COOOH J100YTOK
JIOBXWHHU, IUPUHU W OCAJKH CYyJHA.

BignoBigHo m0 mocraHOBM MiHicTepcTBa TpPaHCHOPTY W 3B'I3KY
VYkpaiHu, 3a BHKOHAaHHS BaHTKHO-PO3BAHTAXYBAIBHHX POOIT y mopTax
YCTAHOBJICHI aKOpJHI CTaBKU IuIaTH. SIK TpaBWIJIo, 1[I BUTpPATH JIeXaTh Ha
BaHTa)KOBJIACHUKY, TOMY B JIAHOMY JIOCTI/DKEHHI HE BPaXOBYIOThCS;

— HaBiTaIiiiHi BUTpaTH 32 IEepioj PIYHOI eKCIlTyaTallii cyiHa

T, 1076

eKcni

. =130,2+0,229—"— +0.003
Wi 1000 1000

DW ( DW )2
ne DW — nenBewr cynHa;
T oxens — KCILTyaTAIIHHUI TTEPI0A 3a PIK.

He3Baxxaroun Ha TEHICHIIIO 3MEHIICHHS 3 KOXXHUM POKOM KITBKOCTI
KONi3ild, OyIpb-fika aBapiiiHa CHTyallii CYNPOBO/UKYETHCS  3HAYHHMH
(iHaHCOBMMHU BUTpaTaMH, JJIsSi YaCTKOBOI KOMIICHCAIil SKUX TPAKTUKYETHCS
CTpaxyBaHHS Cy/HA.

— BUTpaTH Ha CTpaxyBaHHS

llcmpax = Kem llcyz)Haklka.?a Q)
ne K., — piunuii 6a30Buii cCTpaxoBuil Tapud;
llcyaHa — BapTICTh CY[IHA;
ki, k> ,k; — kopuryBayibHi Koe(illieHTH.
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PospaxyHok BapTocTi moOynoBH i IpoeKTyBaHHS cynHa B Gopmydri (5)
MOKe OyTM BH3HAa4YeHHUH 3a  (OpMyJIO, 3alpPONOHOBAHOK  MPOd.
BoittonHikoBuM

1,047 ¢

UcyoHa 2,481 DI 13 ¢0:000065 DI (1,09650_' _ 1) 1076,

Jie ¢ — PiK eKCIuTyaTallil cyaHa.

BiamoBiiHO 10 ICHYIOYOrO 3aKOHOAABCTBA, CTPaxyBaHHSA OO0'€KTIB
BOJTHOTO TPAHCIOPTY € OOOB'SI3KOBHM. Y BHWIIAJKY YKIQJaHHS CTPaXOBOT'O
KOHTPaKTy, TNpH BWUHHUKHEHHI aBapiiiHOl cHUTyamii MaTepiaqpHHII 30MTOK
KOMITEHCYEThCS, 32 BUHSATKOM BUIAJIKIB, Tepea0ayeHIX YroIo0o.

B 2002 pomi [epxaBHEM KOMiTeTOM YKpaiHW 3 MHUTaHb PETYISAPHOI
MOJIITUKU ¥ MiANPUEMHMIITBA Ta MIHICTEpPCTBOM TpaHCHOPTY YKpaiHu Oyio
yBElleHE TMpaBWJIO TIpOo OOOB'A3KOBE CTpaxyBaHHs HaJaHHA IOCIYT 3
MepEeBE3CHHsT BaHTa)Xy MOPCHKHM 1 PIYKOBHM TPaHCIIOPTOM, BiAMOBIAHO IO
SIKOT'O CyO0'€KTH BOJIOJIHHS TIOBMHHI MaTH BIIIOBIJHI JOKYMEHTH.
ExcrutyaTarris 3ac00iB BOJHOTO TPAHCHIOPTY O€3 HasSBHOCTI JIiH0YOro
JIOTOBOPY CTpaxyBaHHS HE OMMyCKAEThCs [4].

Po3mip crpaxoBoro Tapudy 3aJeKUTh BiJl YMOB CTpaxyBaHHS, 00CATY
CTPaxoBOTO TIOKPHUTTS, THIy CYJHA, POKY OYHiBIli, TEXHIYHUX JAHHX,
XapakTepy eKCIUTyaTallil, CTpaXxoBOi CyMH, palloHy eKCIUTyaTallil, MapimpyTy
pelicy, po3Mmipy QpaHIINW3W, CTPOKY CTpaxyBaHHS W IHIIUX JOJATKOBHX
iCTOTHUX (aKTOpiB, BH3HAUYCHUX Yy KOXHOMY KOHKPETHOMY JIOTOBODI
CTpaxyBaHHSI.

BigmoBigHO 0 BHYTPINIHIX JOKYMEHTIB CTpaxoBOi KOMITaHii
«Bekcenby, I BOAHOIO TPAHCIOPTY PO3MIP PIYHOro 0a30BOTO CTPaxOBOrO
tapudy (K..) y dopmyni (5) cranoButs 2.1 % Big crpaxoBoi cymu: 1,15 %
(HeOe3meku, MoB's13aHi 13 cyaHomiaBctBoM) + 0,65 % (mokexa, BuOyx) + 0,15
% (KOHTaKT — 3ITKHEHHsS 3 JOKOM, IIOPTOBUM YyCTaTKyBaHHSM a0o
cnopymkenusmu) + 0,15 % (komiszii mpm HaBaHTa)XEHHI/pPO3BaHTaKCHHI,
MePEMIIICHHI BaHTaXy, OYHKEPYBaHHIO).

s piuHOrO CTpaxoBoro Tapudy mnepeadadeHi yTOoYHIOWYI Koedimi-
€HTH, OTPUMaHI Ha IiJICTaBl alPOKCUMOBAHUX aBTOPOM JaHuX (5):

a) posMip cTpaxoBoro Tapudy mias cyumeH crapmie 10-TH pokiB
BH3HAYAEThCd JOOYTKOM 0a30BOr0 pIidHOro CTpaxoBoro Tapudy 3a
BIJIMIOBI/IHUM CTPaXOBUM MOKPUTTAM Ha KOPUTYBaIbHUNA KOSII[iEHT

k, =0,z
Iie t — BIK Cy/IHa;
b) po3Mmip cTpaxoBoro Tapudy IS CyAeH BapTICTIO Ouabime 10 MIIH.
T'pH, BU3HAYAETHCS NUISIXOM JI00OYTKY KOPUTYBJIBHOTO KOE(IIi€EHTY 3 0a30BUM
PIYHUM CTPaxOBUM Tapu(oM (3a BIAIOBITHUM CTPAXOBUM IOKPUTTSIM)

ky =9.99-107 11, —1871-10 1, +9.637-10 " I, , + 09987
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C) mnpuitHATO, 10 ¢paHmmM3a ckiagae 10 1 %, BHACIIZOK YOro
BIJINIOBIIHUH TONIPABOYHMN KOeilliEHT

k3 = 1,
— BUTpPATH HAa arCHTYBaHHA

llaeenmj = kaazzja (6)

ne /{; — moxin, MpuHeCeHUi CyIHOM 3a j-i peiic, po3paxoBaHuii 3a Gpopmyoro
(1) abo (2);

k.. — BIZICOTOK BiJ JOXOAY, SIKHi BiIpaxOBYEThCS Ha OIJIATy OPOKEPCHKUX
MOCITYT.

Sk npaBuIto, JUTA YKIAAaHHS (PaxTOBUX yrof, Yyepe3 BiICYTHICTh Yacy
y TIOTEHIIHHMX 3aMOBHHKIB 1 CYJHOBIIACHHKIB, ITUPOKO BHKOPHUCTOBYIOTHCS
MOCAYru (paxTOBUX OPOKEPiB, B OOOB'SI30K SKUX BXOAUTH IOIIYK KOHTPAKTIB
Ha BaHTaxornepeBe3eHHs. [Ipyu IboMy BUTpaTH Ha OIUIaTy OPOKEPCHKUX MOCTYT
craHoBIATh 1,25 % QpaxToBOi CTaBKM Ha TIEPEBE3CHHS BAaHTaXKY. Y Takui
crocio y dhopmysti (6)
k, =0,0125;

— BHUTpATH Ha PEMOHT
o, =1m,,,(8.4823:10%£ +0,0071¢+0,00144). (N

Bupaz (7) Oyiao OTpUMaHO aBTOPOM alpOKCHMAIIEID JaHHX 32
BEJIMUMHAMU BUTpPAT Ha PEMOHT CyJHAa 3 YpaxyBaHHSIM CTPOKY HOro
exkcruyatamii 5, 6];

— aMmopTHU3aliiiHi BipaxyBaHHs

ll amopm = ka/wupmll cyonas

e k — 0,075 — Koe(illieHT aMOpPTU3alliiHKX BiApaxyBaHb HPH TEPMiHi

amopm
OKYIHOCTI B 12 poKiB.

[Ipencrarnenuii anroput™ Oyi0 3aCTOCOBAHO Y PO3paxyHKax (Tabmmili
1, 2) B mucepramiitHoMy nociipkeHHi [7].

V tabmumi 1:

L — noBXWHa CyJHa MK TIEPIICHANKYISIPAMH, M;

B — mipuHa, M;

d — ocajka, M;

D — Bucora 6opry, M;

Cy, C,, C, — xoedilieHTH BIAMOBIAHO 3arajbHOI MOBHOTH, IOBHOTH
MiJIeNb-IINIaHTOYTY, IIOBHOTH BaTEPIIiHil;

vV — WBUAKICTb XOAY, BY3JL;

P, — BaHTa)XOIITHOMHICTB, T;

N, — NOTYXKHICTb CYyJJHOBOI €HEPI€TUYHOI YCTaHOBKH, KBT;

A — TIOBHA BOJOTOHHAXHICTb, T

DW — nenBeWr cynHa, T.
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Tabnuys 1
Ilapamempu cyona
L 106,37
B 16,21
d 6,62
D 10,47
Cy 0,7401
Cu 0,9861
Cy 0,8322
% 11,5
P, 6122
Neey 1635
A 8655
DWW 6339
Tabruys 2
Exonomiuni xapaxmepucmuxu cyona
y/ 4,1622
L exin 0,1357
Hoopm 1,0372
Lipos 0,0001
Lo 0,9865
Lopm 0,0291
L asic 0,0437
Lompax 0,3847
L goenm 0,0520
Lpen 0,4023
Bm 3,1635
Iip 0,9987

VY Tabmuii 2 3HaYeHHS NPeCTaBJIeHI Y MITH. JI0JapiB.

BucHoeku

1. CrBopeHHii anNTOPUTM JO3BOJIUTH PO3PAXyBaTH EKOHOMIUHY
e(peKTUBHICTH Cy/HA.

2. Po3po0ieHO 3aJeKHOCTI, fAKi JO3BOJATH IIPOBECTH ECKIIpEC-
OI[IHIOBaHHSI CTPAXOBUX BUTPAT CY/HA.

3. CTBOpEHO anpokcuMalliiay (opMyiny BU3HAUCHHS BETMUYNHN BUTPAT
Ha PEMOHT CyJHA 3 ypaxXyBaHHSM CTPOKY HOTO eKCIUTyaTarlii, sSIKy MOXe OyTH
3aCTOCOBaHO SK Ha TOYATKOBHUX CTaJisX MPOCKTYBaHHSA TaK 1 JUIsi eKcIpec-
OLIIHIOBAHHS €KOHOMIYHHMX ITOKa3HUKIB ICHYIOUOr0 Cy/THA.
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YIK 629.123.563 /.57
FO.M. Jlapkun, A.®. OHNIIIEHKO

OCOBEHHOCTHU ITPOEKTUPOBAHUS BAJIKEPOB

Ilpeonooicen memoo onpedenenus 8 nepeoM NPUOIUNCEHUU B0OOU3ME-
WeHUs1 U HeKOMOPLIX XAPAKMeEPUCMUK DAIKEPO8 Npu NPOeKmuposanuu u nepe-
o0bopydosanuu.

Knrouesvle cnosa: 6anxep, xnaccuguxayus, napamempnl, 6bl0op pasz-
Mepenuil, sooousmeujerue, 6aulacm, emecmumocms, mowrocmo 1 /[, eec cyo-
Ha NOPOdAICHEM.

3anpononosano memoo U3HAUEHHs 8 NEPULOMY HAOIUINCEHHT 0OOMOH-
HAdICHOCMI § 0eaKux Xapakxmepucmux Oankepie npu npoeKmysaHui ma
nepedyo0y8aHui.

Knrouosi cnosa: 6anxep, knacugixayis, napamempu, 6ubip posmipens,
8000MOHHAdICHICMb, banacm, Micmkicms, nomydichicmo 1/, 8aea noposicubo20
CYOHa.

The definition method as a first approximation displacement and some
characteristics of bulk carrier is propose at designing and re-equipment.

Keywords: bulk carrier, classification, parameters, navigating
restrictions, choice dimensions, displacement, ballast, capacity, ME power,
lightweight.

[epreiii 6ankep ObLT TOCTpOEH B 1852 roay, skoHOMHUYECKHE (haKTOPEI
CIIOCOOCTBOBAIHM PA3BUTHIO 3TOIO TUIA CYJIOB, KOTOPBIE BCE OOJbIIE YBEIHYH-
BaJIMCh B pa3Mepax U COBEPIICHCTBOBAINCEH. TepMUH OaiKep MOSBHIICS JIHIIb B
1955 ronmy. BonpmmHCTBO 00IIecTB KiIacCHPUIMPYIOT Oankep Kak CYJIHO,
MepeBo3sIee CyxXoil HeylnmakoBaHHBIM rpy3. Ho 3TO moHsATHE HE HCKIIOYAEeT
MHOTOIIEJICBBIE Cy/la, KOTOPbIE MOTYT IEPEBO3UTH I'Py3 HACHINBIO U yIIaKOBaH-
HBIH WM HerabapUTHBIN TPY3.

B cocrase ¢mora UMII HacuuThiBanock okono 30 GankepoB tumna «30s
KocMonembpsiHCKasi» W yayqIIeHHOW MOJUQUKAIMK THIA «XapuToH ['peky»,
nenseiiToM okoio 66 000 T, mocTpoeHHBIC Ha 3aBojie «Okean» B . Hukomnaese,
Ykpauna.

B naugane XXI Beka B MHUpe B 3KCIUTyaTallii Haxoauiaock okono 7 000
0aJIkepOB CyMMapHbBIM ACABEHTOM CBBIIIE 420 MIIH. TOHH.

Ceronmust 6ankepsl coctaBisitor 40 % MHPOBOrO TOPTOBOTO (IioTa M
BapbUPYIOTCS B pa3Mepax OT MHHU OallkepOB OJHOTPIOMHBEIX 0 PYIOBO3OB
nenseritom ceimie 360 000 T. PasnuuHbl OHU M O crmoco0y MOrpy3KH/ BBI-
TPY3KH U XpaHEHUIO TPy3a: OJHU 3aBUCAT OT OEPErOBBIX KPAHOB M IMOPTOBBIX
COOPYXKEHHUH, APYrue UMEIOT COOCTBEHHBIC KPAaHbI U CHCTEMbI IOTPY3KH/ BbI-
TPY3KH, 8 HEKOTOPBIE JIaXKe CIIOCOOHBI YIIAKOBBIBATh TPY3 MPH MOTPY3KE.

© Jlapkun 10.M., Ouumenxo A.®., 2015
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[Ipodeccop, n.1.uH. C.H. JlorayeB Ha OCHOBAaHWHU aHAIU3a COCTOSHUS
MHUPOBOT'O H POCCHHCKOTO CYJJOCTPOCHUS Ha IIEPBOM MECTE OTMETHII TUHAMUKY
3aKa3oB OajakepoB — 43 %, a KOHTEHHEPOBO30B M TAHKEPOB COOTBETCTBEHHO —
21 %u 18 % [1].

B nHacrosiee BpemMsi OOJBIIMHCTBO OAJKEPOB MHPOBOIO (pyiota cTpo-
arcst auddepeHpoBaHHBIX KIacCOB. XapaKTEpPUCTUKNA HEKOTOPHIX OaIKepoB,
nmoctpoeHHbix B 2007-2013 rogax cM. B TabJHIIE.

Ux psng HaumHaercs ¢ HEOONBIIMX MATHUTPIOMHBIX CYIOB Kiacca
Handysize neapeiitom ot 10 Teic. T mo mpumepro 50 000 1. Cynma 06oib-
el Tpy30MobeMHOCTH OTHOCAT K kiaccy Handymax nenseiitom Gonbiie
50 000 T, 60 000 T.

Crnenyromuii Kjacc — 3TO CEMUTPIOMHBIE cyza Thna Panamax, KoTo-
pBIE CTPOSIT MAaKCUMAaJIbHO BO3MOXKHBIX Pa3MEPOB U TPY30IObEMHOCTH.

Crnenyrolas rpyrimna 0aJKkepoB OTHOCUTCS K Tuiy Aframax nenseiitom
or 80 000 T mo 100 000 T. Bce aTu rpynimbl OaJIKepOB 3aMbIKAeT KJIACC JACBSITH-
TproMHBIX cynoB Tuna Capesize nenseiitom 150 000 T 1 Gonbie.

Kpome mepeuncieHHbIX BCTPEUaoTCs OT/ACNbHbIE THITBI OaTIKEpOB 0CO-
60 kpynubIx pazmepoB — Very Large Bulk Carrier (VLBC) u Ultra Large Bulk
Carrier (ULBC). IlepBeie umetot aenseit oxono 300 000 T, a cinexyromue —
6ompie 400 000 T.

Crnemyer OTMETHTh Tak)Ke HEOOJbIIKE MO pa3MepaM Oankepbl Trader
class Tuma Multy Flex nenseiitom okono 30 000 T, KOTOpble UMEIOT OOBIYHO
MHOTOIIeJICBOE Ha3HAUCHHE M MOTYT YCIIEITHO NIEPEBO3UTh KOHTEHHEPHI U JIPY-
rue Tpy3bl. JTH cyxaa, Hampumep, «African Eagle», umeror, kak mpaswuio,
NBOMHBIE OopTa mMpHHOW okoyio 1300 MM ¢ YMEHBIIEHHOH IMUPUHON MO/Ta-
JIyOHBIX TAHKOB M YBEIMYEHHOHN IIMPHHO# JItokoB 70 0,75 B (1umpuHbI cyaHa).

Habnronatorcst TeHISHIIMU OPUEHTUPOBATh OANKephl 10 PaiioHy Iia-
BaHUS. Y YHUTBIBAIOTCS TITyOMHBI IPOJIMBOB, KAHAIIOB, PUOPEKHBIX 30H U BHYT-
pPEHHUX MoOpeH, radapuThl NUTIO30B U pa3Mepbl NpUYajoB. B sToMm ciydae B
o0o3HaveHue OaJkepa BXOJUT MOJTHOE MITM YaCTHYHOE Ha3BaHWE KaHala, ropo-
na, mopTa, Mops, nponuBa: Kamsarmax, Setouchmax, Dunkirkmax, Newcast-
lemax, Malaccamax.

Kamsarmax Gajikep — J0CTaTOYHO HOBBIN THII, CIIOCOOHBIH 3aX0IUTh B
nopt Kamcap (I'Bunes bucay), uyte kpymnnee kiacca Ilamamaxc. Mx mnmuHa
paBHa 229 meTpam, YTO COOTBETCTBYET JUIMHE PYJAOHABAIOYHBIX M HedTeHa-
JUBHBIX TEPMHHAJIOB 3TOTO MOPTA.

Setouchmax Gaikepbl OTHOCATCSI K KpyIMHEHIIEMY 1O pa3Mepy THITY,
KOTOPBIH MOXKET XOauTh BO BHyTpenHem SlmoHckom Mope (Mope Setouch),
nMeroT aeasedT 203 ThICSYM TOHH.

Dunkirkmax Gankepsl OTHOCATCS K KpyHHEUIIEMY TI0 pa3Mepy THITY,
KOTOpbI MOXeT NpuHuMaTh nopT [[roHkepk Bo DpaHumy, UMEHT Ipy3o-
MOABEMHOCTE B 175 TBICSY TOHH AeBeNTa U UIMHY 289 METPOB.
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Tabruya
Xapaxkmepucmuxu 6anxepos, nocmpoenuwix 6 2007-2013 e.
L. ] L | B | D | d | A | dw. | V. |N,] MCR Tn
Homep | Haumenoanue
M M M M M T T V3L kW
T 2 3 4 5 6 7 g 9 [ 10 [11] 12 3
WESTERN —
1 R 107 | 103 | 1820 | 10.50 | 7.10 | - -~ 1 13.00 | 3| 3840 | Mini bulker
y |TULESGARNIERY 160 | 154.50{ 2600 | 14.00 | 9.88 | - | 27454 | 1450 | 4 | 6480 | Nickel ore
30| NORRUONG |179.90| 17150 | 2840 | 14.10 | 10.00 | 41748 | 32290 | 1380 | 5 | 6000 |  Handysize
3 WUCHANG | 179.99 | 176.65 | 30.00 | 15.00 | 9.50 | 49219 | 39128 | 14.00 | 5 | 6050 | Handymax
5 | DRAGONERA |180.00 | 176.75| 30.00 | 14.70 | 10.10 | 45009 | 34613 | 14.00 | 5 | 7500 | Handysize
6 HALKI 186.40 | 178.00| 27.80 | 15.60 | 9.80 | - | 36850 | 14.80 | 5 | 7800 | Handysize
7 |AMBER CHAPION] 199.85 | 194.50 | 32.23 | 18.50 | 11.30 | 75196 | 63525 | 14.48 | 5 | 8050 | Handymax
8 | JSAMAZON [199.99] - | 32.26 | 18.50 | 11.30 | 74922 | 63301 | 14.50 | 5 | 8300 | Supramax
9 LIBERTAS _ |225.00 | 216.20 | 32.24 | 19.70 | 14.20 | 87370 | 75511 | 14.50 | 7 | 11060 | _ Panamax
ALGOMA
10 OOV |225.56 | 219.32] 23.70 | 15.00 | 10.00 | 49000 | 38000 | 14.00 | 6 | 7200 |  Panamax
YANNIS
1 e |220.00| 22100 | 3680 | 1990 | 1250 | - | 87375 | 1550 | 7 | 10500 |  Panamax
12 | INNOVATION |229.00|222.00 | 32.26 | 20.20 | 12.20 | 94900 | 81600 | 14.50 | 7 | 11200 | Kamsarmax
13 | PRIMEROSE |229.00]223.00] 32.26 | 20.20 | 12.20 | 94867 | 81595 | 15.06 | 7 | 10770 | Kamsarmax
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1 2 3 4 5 6 7 8 9 10 11 12 13
14 | OCEAN GARNET | 229.20 | 222.00 | 20.70 | 20.70 | 12.50 | 108709 | 93018 | 14.35 | 7 | 12240 Large bulk
15 GIEWONT 229.82 (222.82| 32.26 | 20.25 | 12.50 | 93377 | 79649 | 1428 | 7 | 680 Panamax
TAIPOWER
16 PROSPERITY V 23491 | 226.20 | 38.00 | 20.00 | 14.50 - 93774 | 1450 | 7 | 11290 | Post-Panamax
17 |ANANGEL DAWN]| 249.85 | 240.00 | 43.00 | 21.30 | 14.50 [ 129366 |114091| 15.37 | 7 | 15820 [ Post-Panamax
NORD
18 DELPHINUS 249.88 | 240.00 | 43.00 | 21.30 | 14.50 |134376|114168| 15.00 | 7 | 15820 | Post-Panamax
19 MYSTIC 289.00 | 279.00 | 45.00 | 24.20 | 17.80 |195782|170040| 15.40 | 9 | 18660 Capesize
20 MARILOULA [291.90|283.00 | 45.00 | 24.70 | 18.20 - 183850| 15.40 | 9 | 18660 Capesize
21 STX FREESIA ]292.00 | 283.00 | 45.00 | 24.80 | 16.50 |207383|159683| 15.00 | 9 | 900 Capesize
22 E.R BORNEO [292.00 | 283.50 | 45.00 | 24.70 | 16.50 - 178978 | 1540 | 9 | 730 VLBC
23 |HYUNDAI TRUST| 292.00 | 283.50 | 45.00 | 24.80 | 16.50 - 180000| 15.20 | 9 | 18660 Capesize
CHINA STEEL
24 TEAM 299.50 {290.50 | 50.00 | 24.40 | 18.07 - 203512| 14.80 | 9 | 18623 | Newcastlemax
25 CAPE GREEN ]299.99|296.00 | 50.00 | 25.00 | 18.40 - 209800| 14.70 | 9 | 16000 Capesize
BAOSTEEL
26 EDUCATION 319.58 | 308.00 | 54.00 | 24.30 | 18.13 - 228527| 15.00 | 5 | 745 ULOC
27 CSB FORTUNE | 324.99|314.60 | 52.50 | 24.30 | 18.10 - 230000| 15.00 | 5 | 22500 ULOC
28 K. HOPE 330.07 |1 321.00 | 57.00 | 25.10 | 18.00 [285100]|250000| 14.95 | 5 | 23000 VLOC
29 SVET 331.76 |1 319.74 | 59.99 | 30.49 | 21.00 [167578| 32103 | 16.00 | 5 | 29400 VLCC
30 BRASIL MARU | 340.00 | 325.00 | 60.00 | 28.15 | 21.13 - 327180 15.00 | 5 | 23640 VLOC
31 VALE BRASIL [362.00 [ 350.00 | 65.00 | 30.40 | 23.00 - 400000| 14.80 | 7 | 29260 ULOC
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Newcastlemax Gankepbl OTHOCSTCS K KpYIHEHIIEMY 10 pa3Mepy THITY, KOTO-
pBIl B COCTOSTHUM BONTH B TOpT Herokacn (ABcTpaniws), UMEIOT TPy30MOAbEMHOCTE B
185 ThICAY TOHH NenBelTa, MaKCUMaIbHYI0 mupuHy 50 MeTpoB, muHY 300 METpOB.

Malaccamax Oajkepbl OTHOCATCS K KpPYIHEHIIIeMY 110 pa3Mepy THITY, KOTOPBIH
MOJKET MPOXOIUTh uepe3 MajlakKCKHiA MPOIMB TITyOUHOU 25 MeTpoB. B cooTBEeTCTBHM C
TEeKYIMMH JIOMYCTUMBIME TpenenamMu Mallaccamax MoxeT UMeTh MaKCUMAallbHYIO
nuHy B 400 MeTpoB, mupuHy — 59 MeTpoB u ocanky — 14,5 MeTpos.

[Mpu wrnaccuukanmuu Cya0B YUYHTHIBAIOTCS OCOOCHHOCTH palioHAa IUIaBAHUS:
TITyOWHBI B MPOJNKBAaX, KaHalaX W B MPUOPEKHBIX 30HaX, rabapuThl MUTIO30B U UX TIPO-
MYCKHYIO CITOCOOHOCTD, YCTIOBUSI HABUTAIIMM HA BHYTPEHHUX BOJAHBIX MyTsx. HaBura-
IIMOHHAsi 00CTAHOBKA Ha MOPCKHX MAarMCTPaNsX sIBISETCS OCHOBHBIM (DaKTOpPOM, U3-32
KOTOpPOTO HAa rabapHThl CY/IOB HAJaraloTcs CTPOrHE OrpaHHUYECHUSI.

B nocnennue roxpl 1o BAMSHHEM Pa3BUTHS MUPOBOW TOPTOBJIM U B CBSI3U CO
CTpEMIICHHSIMU MOBBIIIATh SKOHOMHUYECKYIO 3P EKTUBHOCTH MOPCKHX TIEPEBO30K, MPO-
HUCXOIAT CTPYKTYpHBIC U3MEHEHHUSI B COCTABE MUPOBOTO (JIOTa B CTOPOHY YBEIUYCHUS
KOJIMYECTBA CY/I0B OOJIBIIEH IPy30M0IbEMHOCTH M OONBIIEro pa3mepa. B cBsizu ¢ yem,
JUTSL yIy4IIeHUsT HAaBUTAIMOHHON OOCTAaHOBKH W JIJISI COKpAIllCHUsI IMyTel TpaHCIIOpTH-
pPOBaHMS HA OCHOBHBIX MaruCTpajbHBIX HAMPAaBICHUSX MOPCKHX IEPEBO30K OCYIECTB-
JsieTcst X nepeodopynoBanue (peKOHCTPYKIUs). Takum 00pa3oM, mapameTpsl Cy/I0B B
TpyImnax ¢ Ha3BaHUSAMH «Max» M «Size» MepHOIUIeCKH MEHSIOTCS, TO €CTh MO BPEeMEHH
3TH TPYIIBI HE ABJIAIOTCSA OCTOSHHBIMH.

Puc. 1. Mv «CAPE GARLAND
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BRASIL MARU

5

T

VAN

Puc. 3. Mv «CAPE GARLAND». Dunkerque-max bulker
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Puc. 4. Mv « BRASIL MARU». Very large ore carrier
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I'maBHBIE pazMepeHus MPOCKTUPYEMBIX OAIKEPOB MOXKHO MOJTYYUTh U3 CUCTE-
MBI ypaBHEHUH Ha 0a3e pa3BepHYTOro 3aKOHa ApXHMe/Ia WM IJIaBy4YeCTH

A=y-Cp-L-B-d.

UToObI BRIpaKEHHUE MOIJIO OBITH PEIICHO, €ro HEOOXOAMMO OMOJIHUTh CHUCTE-
Moii cooTHotenuii L/B, B/d n xosduitueaToM Cp.

Bopousmerienre B epBoM MPUOIHKCHUNA MOXKET ObITh IPUHATO MO 3HAUCHH-
sIM KO3 (QUITUSHTOB YTHJIM3ALMU U 110 3aJAHHOMY JCIBCHTY

A=dw/ Naw

niu o meronam M.I". Byonosa u JK.O. Hopmana [2].

CootHomenus pazmepennii L/B, B/d u xosddunuentsl C, MOTYT OBITH 1107100~
PpaHbl 110 MOAXOJAAIINM ITPOTOTUIIAM WJIM IMOJACUYUTAHBLI B BLI6paHHLIX BapuaHTax, 0CO-
OCHHO, eCJI pedb UIET 00 OrpaHUYCHHIX pa3MepeHHH.

B cootBercTBUM ¢ TPEOOBAHUSAME K OXpaHE OKPYKAIOIICH Cpe/Ibl KOJTHYe-
CTBO M30JIMpOBaHHOro Oayacra (SWB) HeoOX0aUMO onpenensTh,  HMCXOIS U3 Tpe-
OyeMoii MUHIMaJIbHOM OCajIKK B OasiacTe.

KonunuecTBO M30IMPOBAaHHOrO Oajiacta B 3TOM CIIydae ONMPEICIUTCS BbIYMTA-
HUEM Beca CyJHa MOPOXXHEM M3 BOJOU3MEIICHHS MO OcaJKy B Oamacre, 3aJlaHHYIO

dhopmyioi
dy=2.0+0.02-L.

Crenyer Takke IPOBEPUTh BO3MOXKHOCTh pa3MelleHHs] HE00XOJMMOT0 H30JIU-
poBaHHOTO Oanacrta B BOMHOM JHE, B JBOMHBIX 0OpTax WM B JAPYTUX H30JIMPOBAH-
HBIX HUCTCpHAX.

[Mocne momy4eHus rIaBHBIX pa3MepeHuil 1enecoo0pa3Ho OMpeNeuTh BMECTH-
MOCTb CyJTHA.

[TosHyr0 BMECTUMOCTD KOPITyCa MOJKHO OIPEIACIUTh 10 opmyiie [3]

Woeopn :L-B-[D+@+§Cr]-cb K>
rae Sy u S, — moru6p namyosl B HOCOBOM U KOPMOBOM YacTH Cy[HA;
C, — cennoBaToCTh ManyObl:
K;=1,03 mpu C, = 0,50;
K;=1,13 mpu C, = 0,80.
OO0beM (oprurka 1 axTepIruKa MOXHO ONPeaeuTh 1o hopmyie [3]
Sf + Sa

Wp:lp'[D+T]'Cb'K2’

rne K,=0,37.
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OO0BbeM HHUCTEPH JIBOMHOTO MOXKHO OIpeaeuTh 1o opmyie [3]
VVOG.O Z(L_lp)'B'D['Cb'K3:

rae [, — anMHa OpIUKa U aXTepIuKa;
D, — BBICOTa TaHKOB, ABOMHOIO JHA:
K;=0,60 gna C,=0,55;
K;=0,90 mna C,=0,80.
O0beM MaIIMHHOIO OTACIECHHUS (B KOPME) MOXKHO OIPEACIUTh 110 Gopmyiie (3)

WMOzler'B'(Der_Dl)'Cb'K4a

rae [l — JUIMHA MAIIMHHOTO OTIC/ICHUS;
D,, — BBICOTa MAIIMHHOT'O OTJICIICHUS :
D, — BBICOTa TAHKOB, JBOMHOIO JHA:
K4 = 0,85
MOIITHOCTh TJIABHOTO JIBUTATEIs MOXET OBbITh ompenaeiieHa mo padore Kiyoshi
Takashiro [4].
Bec Mmexann3moB MO MOKeT ObITh MPEABAPUTEIBLHO OMPEICIICH M0 BECY IJIaB-
HOT'O JIBUTATEIIS, UCTIONb3ys BeipakeHne H. Schneeklut [3]

P,w:C'(PZ()'FPpe()):

B KoTOpoM Koadduiment C usmensercs ot 2,2 1o 3,6, B cpennem — 2,6.

Bec penykropa, obecrneynBaromero BpameHue rpedHOro Bajga cO CKOPOCTBIO
okosio 100 060pOTOB B MHUHYTY, cOCTaBIsieT 3-5 KI/KBT MomHOcTH. OTHOIIIEHHE Beca
CBapHOro peaykTopa P,.,. K MOIHOCTHU ABUrarens N onpezensercs no ¢popmyne (3)

Pped /N:3440 KF/kW

[MpubnmkeHHo Bec CyHA TOPOKHEM MOXKET OBITh OIPE/IENeH 10 BecaM I10-
poxkHeM (LW) nmoaxomsimx mpoToTUIloB (cM. Tabi.). XenaTenbHO UCIOIB30BaTh KPH-
Tepuii mepecyera 1mo Kyondeckomy moxaynto LW / LBD.

Bec xopmyca ¢ HancTpolikaMu 1 pyOKaMH MOXET OBITh OlleHEeH o Merony H.
Carstens [5].

CyMMapHBIii BeC O3BOJIUT NPOBEPUTH BOTOU3MELICHHE A = Y P.

BoiBoabl. TIpemiokeH METO ONMPeaeeHHs B MEPBOM TPUOIMKEHUN BOION3-
MEIIEHHsT ¥ HEKOTOPBIX XapaKTEPUCTHK OANIKepOB, KOTOPBIH MOKET OBITh HCIIOIB30BaH
Ha 3Tale MPEIdCKU3HON pa3paboTKK MPH MPOEKTHPOBAHUN U MEPEOOOPYIOBAHHUN CY-
JIOB MH)KEHEpaMU KOpaOJIeCTPOUTENSMHE, a TAaKXKe B y4eOHOM Ipoliecce ISl CTY/ICHTOB
KOpaOJIeCTPOUTEIbHBIX (haKyJIbTETOB.
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YK 656.614
Ierpos .M.

OBOCHOBAHME YU CJIEHHOCTHU ATEHTCKOM KOMITAHUM
B CEPBUCHBIX DPTATUYECKHUX CUCTEMAX

PaCCMOWlpeHa oesmenbHOCmb MOPCKUX AceHMO6 KAK onepamopos cep-
BUCHbLX dpeamuvecKux cucnem obecneuenuss desmenbHOCHU cy()oe 60 e6pems
ux CmosAHKU 6 nopmy 6 coomeemcmeue c xopomeﬁ npakmukoﬁ MOPCKO2O
aAceHmupoeanusl. Hpea./lO.?fCQHa OKOHOMUKO-MamemamuiecKkas .Moae./'lb, no3eo-
JIAowas 0b60CHOBAMb  YUCIEHHOCHIb nepconaia A2eHMCKOU KOMNAHULU. ,Z]Jlﬂ
omoeco C nomouyviro Memooa OKCNOHEHYUATIbHO2O CeaAAHNCUBAHUA onpedeﬂeHbl
NPOCHO3HblIE 3HAYEHUA obvema CEPBUCHDbLX YClye.

Hpeaﬂo:)fceHHaﬂ Memoouka yuumbvleaem cneyuaiuzayuro aceHmcKux
KOMRAHULL U 3AHAMDBIX 8 Hell onepamopoe.

Knwueevie cnoea: cepsucHasa oapzcamuveckasa cucmema, MOpCKOLZ
acenm, onepamop, MeHeaD/CMeHm, OKOHOMUKO-Mamemamudeckas .Moae./'lb,
JAUHEUHOoe npozcpammuposarue, Memoo NpOCHO3UPOBAHUs, IKCNOHEHYUATbHOE
cenaswcuesarue, cmaudapmz—toe OMKJIOHEHUe, 0oeepumeﬂbubzﬂ unmepeai.

Poszensanyma disnbricme MOpcokux aceHmie sk Onepamopieé cepeicHux
epeamudnux cucmem 3abesneuents OisibHOCMI cydeH nid wac ix cmosHKU 8
nopmy y 6i0nogioHicmuv i3 XOpOUiOl0 NPAKMUKOI0 MOPCbKO20 A2EHMYE8AHHSL.
3anpononosana  eKOHOMIKO-MamemMamuyHa  MoOeb, wo  0o36o071€
00TPYHMYBAMU YUCETbHICIb NEPCOHANY a2eHMCbKoi Komnawii. /s yvoeo 3a
00nOMO2010 MemOody eKCHOHEHMHO20 3271A0XCYBAHHsL BU3HAYEHI NPOSHO3HI
3HAYEHHS 00'€MY CePBICHUX NOCTYe.

3anpononosana memoouxa 6paxoeye cneyianizayilo  a2eHmcbKux
KOMNAHIU [ 3aUHAMUX ) Hill onepamopis.

Knrouosi cnosa: cepsicna epeamuuma cucmema, MOPCbKUL d2eHm,
onepamop,  MeHeONCMeHMm,  eKOHOMIKO-MAmeMamuyHa Mooenw, JiHiliHe
NPOSPAMYBAHHS, MEMOO NPOSHO3Y8AHHS, eKCHOHEHMHEe 327A0NCYBAHHS, CIMAH-
oapmme GIOXUNICHHS, 00BIPUULL IHMEPBAL.

Activity of sea agents as operators of service ergatic systems of
en-suring activity of the vessels is considered during their stay in the port in
compliance with good practice of sea agency service. The economic-
mathematical model allowing to base the number of the personnel of the
agency company is offered. For this purpose forecast values of volume of
services are defined by a method of exponential smoothing.

The offered methods considers specialization of the agency companies
and the operators occupied in it.

Keywords: service ergatic system, sea agent, operator, management,
economic-mathematical model, linear programming, forecasting method,
exponential smoothing, standard deviation, confidential interval.

© Terpos .M., 2015
229



BicHnk
OgecbpKOro HaIioHaAbHOTO MOPCBKOTO YHiBepCUTeTy
Ne 3 (45), 2015

IMocTtanoBka mpodjeMbl B 001IeM BHUjAe M €€ CBi3b ¢ BAXKHBIMH
HAYYHBIMHU WJIM NPAKTHYECKUMH pe3yJibTaTaMu

OnpezeneHre MTATHOW YUCICHHOCTH PAOOTHUKOB KOMITAHHUH OTHO-
CHTCS K TIpo0JieMaM YIpaBIieHus TiepcoHasoMm [1; 2].

C mo3uIwmii CHCTEMHOT0 IOX0/Ia TO/I CUCTEMOM yIpaBIIeHHUS ITEPCOHA-
oM OyzeM Toapa3yMeBaTh CUCTEMY, ILENb JEATEIIbHOCTH KOTOPOH — obectie-
YeHUE MPENNPUATHS HEOOXOAUMBIMHU U JIOCTATOYHBIMU YEIIOBEUECKUMHU PECYp-
camH (KOJMYECTBO, HABBIKM, MOTHBAIIMS, JINYHBIE KaYeCTBA) B KaXKIIbId KOH-
KpPETHBIII MOMEHT BPEMEHH C ONTUMAIILHBIM PacX0JJ0OBaHUEM pecypcoB [3].

e B cBo10 ouepenp, AeATETHLHOCTh MO YIPABICHHUIO TIEPCOHATIOM Cep-
BHUCHBIX 3pratnueckux cucreM (COC) — 3To 1eneHanpaBiIeHHOE BO3JEHCTBIE
Ha YeJIOBEYECKYIO COCTABJISIONIYIO OpraHU3allK, OPUEHTHPOBAHHOE Ha MPUBE-
JICHHE B COOTBETCTBHME BO3MOYKHOCTEW IepcoHana U IeJIed, CTpaTeruii, ycio-
BUil pa3BuTHs opranu3arnui. Kak mokasan anamms teopun [3; 5; 6; 8] u mpak-
UKy [2; 3; 4; 5; 7], K OCHOBHBIM METOJaM YIIpaBJICHUS TIEPCOHATIOM OTHOCHT:
HSKOHOMHYECKHE, OpPTaHWU3AIMOHHO-PACIIOPSIINTENbHBIE, COHATBHO-TICUXO0JIO-
THYECKHE METOIBI.

MOXHO KOHCTATHPOBATh, YTO HU3KAS PE3YJIbTATUBHOCTH JIEATEIbHOCTH
CHCTEMBI YIpAaBJICHUS TIEPCOHAJIOM B psijie clydaeB OOBSICHSETCS TEM, 4TO
OONBIIMHCTBO MEHEKEPOB CUUTAIOT, YTO PACYET ONTHUMAIBHOW YHCICHHOCTH
MepcoHalla — HEBBIMONHUMasA 3anada. CiaenoBaTenbHO, OHU JOMKHBI UMEThH
WHCTPYMEHT JIJIsl U3MEPEHUS ONTUMAIILHON YMCIICHHOCTH TEePCOHAala MOPCKHX
areHToB [1; 4; 5; 6]. Pemenuro ykazaHHOH mpoOJieMbl MOCBSIIEHA HACTOSAIIAS
paborTa.

AHaJIN3 MOCTeTHUX JOCTHKEHUH U MyOTUKAIUHA, B KOTOPbIX HaYa-
TO pelieHHe JAHHOW NMPo0JeMbl U BbljlejIeHIe HepelleHHbIX paHee YacTeii
o0ureii mpodJeMbl.

B Hacrosimiee BpeMsi Ha MIPaKTUKE TOTYYMIA Pa3BUTHE YEThIPE METO/Ia
ONITHMH3AIMA YUCICHHOCTH mepcoHana [3; 4; 5; 6]: aIMUHHCTPATHUBHEIMH,
(YHKIIMOHATBHBIN, TPOLIECCHBIN, aHATTUTUYECKHA. B OCHOBE mocienHero kiac-
cHUecKasi SKOHOMHKO-MaTeMaTH4ecKasi MOJIEib, CBOMISIIAACS K MUHUMH3AIUH
3arpar [9; 10; 11; 12].

B coorserctBum c [1; 4; 13], nnig pacuera OoNTUMAaNbHON YUCIEHHOCTH
nepconana N 00bIYHO TpUHUMAETCs hopMmyJia

N=A(AT)/(K < AT)> (1)

rne AT — Bpemsi Ha TipoBefieHne pabot. PaccunTteiBaercs kak cymma 7' OCHOB-
HBIX U BCTIOMOTATENbHBIX Ollepallnii, HeMPON3BOUTEIBHBIX IIPOCTOEB, Yac;

A (AT) — pabora, KoTopasi JOKHa OBITH BbIOTHEHa 3a Bpems AT,
qeJl.-4ac;

K — xBanudukanus nepconana.

[Ipu ucnonb3oBaHuK 3TOM (HOPMYIIBI ONTHMAIBHOE JUISl MPEATPHSITHS

KOJIMYECTBO IIEpCOHAa MOXKET OBITh MOIYYeHO TOJNBKO B CiIydae, eclu
MEHE/DKMEHT KOMIIAHHHA CMOXET U3MEPUTh 00beM paboT 3a ompenencHHBINH
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MEepUo/], KOTOPBI HEOOXOIUMO COBEPIIHUTD MEPCOHANY JIJIs TIOCTYKEHHS LeNei
KOMITaHUH, ¥ ONPEACIUTh BpeMsi, TpeOyeMoe JUIsl BBIMOIHEHHS JaHHOTO 00be-
Ma paboT. OUeBHIHO, YTO M3MEPHTH yKa3aHHBIE (PAKTOPBI IS JEeATElbHOCTH
MOpPCKOI'O areHTa KpaiHe 3aTpyIHHUTENBHO. JTO OOCTOSTENBCTBO CHHXKAET
MPaKTHYECKYI0 IIEHHOCTh MPUMEHEHHUS JaHHOTO METOJa JJIS areHTCKOW IMpak-
THKH.

Hapsny ¢ atumM, cregyer OTMETHTh METOMKY ONPENENeHUs YUCIEHHO-
CTH PaOOTHHKOB M CIIY)KalllMX armapaTta YIpaBJICHHs CYJOXOIHOW KOMITaHWH,
KOTOpasi OCHOBbIBaeTcsl Ha paspaborkax ydenbix HUUW tpyna [14]. B wactHo-
CTH, TIPEIJIOKEHa (hopMmyJia

N =0,044x""%, (2)

IJIe X — YUCIICHHOCT IIJIaBCOCTaBa M OEperoBoro nepcoHasia KOMIAHUH.
Jnst obecniedeHrst 6e30MacHOCTH MOpEIJIaBaHHS CYJ0B KOMITaHUH

N =0,717x"%%, 3)

IJie X — KOJIMYECTBO CY/IOB B CYJIOXOJHOW KOMITaHUH.

K ocHoBHOMY HemocTaTky IBYX MOCIEIHHUX 3aBUCHMOCTEH ClIeqyeT
OTHECTH TO, YTO OHHM HOCST SMITMPUYCCKHNA XapakTep. 3HaYeHUsT Ko PUIHEH-
TOB B HUX TPeOYIOT YTOYHEHHIA, YTO CBSI3aHO C JIOMIOJHUTEIBHBIMU UCCIIEIOBA-
HUSIMH, TPYJ03aTPaTHBIMH BBIYUCICHUSMHU H PACUECTAMH.

B 3akmroueHue 0030pa MOXET OBITh CAEIaH BBIBOA, YTO pa3paboTKa
IPYrUX TOIXOMO0B K OIpPENEeNCHUI0 YUCIEHHOCTH AareHTCKOW KOMIIaHHH,
OTJIMYHBIX OT TPUBEICHHBIX BHIIIE, MPEACTABISECT OCOOYIO aKTyaJbHOCTh. B
9TOH CBS3H, OJHUM M3 HauOolee MepCIeKTUBHBIX HAIPaBICHWUH JUIS PELICHUS
3a7a4 MoJJOOHOT0 KJlacca, 10 MHEHHIO aBTOpa, SIBJISCTCS MPUMEHEHHUE ONTHMU-
3aLMOHHBIX METOMIOB U MOJENEH.

@opmyaupoBanue Hesaeid cratbu (MoctaHoBka 3agaum). Ha ocHo-
BaHUH BBIIIEU3IOKEHHOTO OOBEKT, MPEAMET U IeNTU 3a]auu, peliaeMoi B JlaH-
HOM cTaThe, (HPOPMYJIUPYIOTCS CIACAYIOIIUM 00pa3oM.

OOwext wuccinemoBanus: CepBucHas spratuueckas cucrema (COC)
obecriedeHus] TPOW3BOJICTBEHHON JEATEIBHOCTH MOPCKHX TPAaHCHOPTHBIX
CpECTB.

[Ipeamer wuccnenoBanus: MojenupoBaHue Ipolecca ONpeaeIeHus
YHCIICHHOCTH PAaOOTHUKOB areHTCKOW KOMITaHUH

Henps uccnenopanus: ONTHMU3AIMS YACICHHOCTH areHTCKOTO MEpco-
HaJla Ha OCHOBE MUHUMMH3AIMU PAcXOJIOB HAa €ro CoJllepKaHue MpH odecrede-
HUU BBICOKOH 3(QEKTUBHOCTH areHTUPOBAHUS TPAHCIIOPTHBIX CYI0B

N3no:xkenue MaTepuaia uccjiaeJ0BaHUsI ¢ 000CHOBAHUEM IOJIyeH-
HBIX HAYYHBIX pPe3yJabTaToB. [Ipy MoIenmupoBaHiK Npoliecca MPeACTaBIIeTCS
HEOOXOJJMIMBIM YYECTh CIICAYIOIINE aCIIeKThI:

1. VYcoBepiieHCTBOBaHHE CHCTEMbI HH()OPMAIIMOHHOTO 00ecTeYeHus
COC. MaTtemaTrueckre METOBI TTO3BOJISIOT YIOPSIOYUTh CUCTEMY HH(pOpMa-
nuonHoro obecrieuenuss COC, BHISABIATh HEAOCTATKY B UMEIONICHCs HHPOpMa-
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IIUU U BBIpaOaThIBaTh TPEOOBAHUS JUIsl TOJATOTOBKH HOBOM MH(OpMAILIUH HIIH €€
KOppeKkTupoBaHus. Pa3paboTka W NpUMEHEHHS YKOHOMHKO-MATeMaTHYECKUX
MoJIeTiel YKa3bIBAIOT IyTH YCOBEPIICHCTBOBAHHS CUCTEMbI HH(POPMAIMOHHOTO
obecrieuenust COC, OpHEHTHPOBAHHOW Ha peElIeHHE OMPEAEICHHOrO Kiacca
3aja4 IUTAHUPOBaHUs W yrpasieHus. [Iporpecc B nHpopMannoHHOM obecrie-
YCHUH TUTAHUPOBAHUS M YIPABJICHUS ONMUPAETCS HAa TEXHUYECKUE U IPOrpaMM-
HBIE CpeNCTBa HH(POPMATHKH, KOTOPBIE OypHO pa3BHBAIOTCH.

2. HWurteHcudukaiysi ¥ MOBBIINICHUS TOYHOCTH pacueroB. Dopmaiu-
3alusl TEXHUKO-DKOHOMHUYECKUX 3ajlad W npuMeHeHuss DBM Bo mHOro pas
YCKOPSIOT TUITBI, MACCOBBIE PACUETHI, MOBBIIMIAIOT TOYHOCTh U COKPAIIAIOT TPY-
JIOEMKOCTb, TO3BOJISIIOT TPOBOINTH MHOTOBapHUaHTHBIE 3KOHOMUYECKHE 000C-
HOBaHMS CIOXKHBIX MEp, YTO HEJOCTYIHO MPU UCIOIB30BAHUU "pYUHBIX" Tex-
HOJIOTHH.

3. VYruyOneHue KOTUYeCTBEHHOI'0 aHATN3a SKOHOMHYECKHUX TTPOOIIEM.
Bnaronapst npruMeHeHHIO METO]a MOACITHPOBAHUS 3HAUYUTEIBHO YBEINIHBAIOT-
Csl BOBMOXKHOCTH KOHKPETHOT'O KOJNMYECTBEHHOTO aHAN3a, U3yYeHUsT MHOTHX
(akTOpOB, OKa3bIBAIOUIMX BIHSIHWE HA MPOMCXOASAIINE MPOLECCHl, KOINYECT-
BEHHOH OLICHKH CIICICTBUN M3MEHEHMS YCIOBUM Pa3BUTHUS PraTUYECKUX CUC-
TEM U TOMY TIOZI00HOE.

4. PemeHre NpUHIMIAAIGHO HOBBIX 3a7ad. C MOMOIIBI0 MaTeMaTH-
YEeCKOro MOJICIIMPOBAHUS YAaeTcs peliaTh Takue 3aJladyd, KOTOpbIe JPYTHMH
CPE/ICTBAMH DCIIUTh TNPAKTHUYECKH HEBO3MOXKHO, HANpHMep: HaXOXKJIeHUE
ONTHUMAJLHOTO BapHaHTa MPH BHYTPUPHPMEHHOM U, JlaXKe, OOIIErocynapcrT-
BEHHOM TUIAHMPOBAHUH, MMHUTAIIUS OOIErOCyIapCTBEHHBIX MEp, aBTOMAaTH3a-
usl KOHTpons Hall QyHKIHoHHpoBaHUeM ciokHBIX COC. Cdepa mpaxrtude-
CKOT'0 MPUMEHEHHUSI METO/Ia MOJICIIMPOBAHMSI OrPaHHYMBAETCS BO3MOXKHOCTSIMH
1 3¢ deKTHBHOCTHIO QopManu3anuu npodnem u curyanuii B COC, a Takke 1Mo
COCTOSTHHIO MH(OPMAIMOHHOIO, MaTEMaTHYEeCKOT0, TEXHUIECKOTro obecreue-
HUS UCIIONB3YeMbIX Mozeneil. CTpeMiieHre B 4TO Obl TO HU CTaJI0 IPUMEHHUTH
MaTeMaTHUYECKYIO0 MOJIETIb MOXET HE JIaTh YAOBJICTBOPUTENBHBIX PE3yIbTaTOB
M3-32 OTCYTCTBHS XOTh Obl HEKOTOPBIX HEOOXOMMMBIX yciaoBui. CoriacHo
COBPEMEHHBIM HAayYHBIM TPEACTABICHUSIM, CUCTEMBbl Pa3paOOTKH W MPHHSTUS
MPOU3BOACTBEHHBIX PEIICHUH JOJKHBI O0BbETUHATH (popMaibHbIe M Hehop-
MaJIbHBIE METOJIbI, B3aMMOYCHIIMBAIOIINE ¥ B3aUMOIOTIONHSIONINE IPYT IPYyTa.
Bce MaTemaTudeckue METOJBI SIBISIIOTCS, TPEXKIE BCEro, CPEICTBOM HAYIHO
00OCHOBAaHHOM TOATOTOBKH MaTepHalia JJisl y4acTHsl 4YelloBeKa B Ipolieccax
yrpasieHus. OTO MO3BOJSIET MPOJYKTUBHO HCIONB30BaTh ONBIT U UHTYHIIUIO
YeIoBeKa, ero ClIOCOOHOCTH pemaTh IIoxo (GopMaan3yeMble 3aa4u.

N3BectHo [15], 4TO 3KOHOMHKO-MaTEeMaTUYECKHE MOJETU HCIOIb3Y-
IOTCSI JUTsL OTIpe/IeNIeHHsS MAaKCUMAIIbHOW MJIM MUHUMAJIGHON BETMYMHBI 1eJIeBOM
(GYHKIMU ¢ y4eTOM pa3iuyHbIX orpaHuyeHuil. Kak panee ormeuanoch, B
HACTOsIIee BPEeMsI MIPEATIOYTEHHE OTAAeTCsS IKOHOMUKO- MaTEMaTHIECKHUM MO-
JIeIAM JIMHEHHOro ITporpammupoBanus [12; 16; 17; 18]. Dto 00ycaoBIIeHO TEM,
910 OOJNBIIMHCTBO METO/OB PEIICHHsS 3a]ad Peali30BaHO B YCIOBUSAX CTaH-
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JApTHOTO MPOrPaMMHOT0 O0eCIieUeHHs. JTO, B CBOKO O4Yepe/b, JaeT BO3MOK-
HOCTb JIOBOJUTH Pa3palbOTKH J0 UX MPAKTUYECKON peaan3aliiu.
Hcxons u3 npuBeeHHON TOCTAaHOBKH, MPEJIaraeTcsl Cieayroas 3Ko-
HOMHUKO-MaTEMaTUUCCKass MOACIb 3aJla4r OIPCACICHUA YMCICHHOCTU arcHT-
ckoit kommnanuu B COC:
m
2 A x, — max’ ¥
i=l jeG,

MpU OrpaHUYCHHUIX

izsu'xzyﬁS ©®)

i=l jeG;

Zm:zxi/SNa ©)

i=1 jeGl.

< cm c.on 7
;ta'xyﬁtj “N; )
< . cm . c.nc 8
- ty - X; 217" - N, (®)
x,=0,L,...,P ©)

B Mozenu npuHATHI crienyromnye 0003HaYeHUs:
i—arent, i=1,2,...,m;
j — cyIHO, TIpUHAJyIeKaliee MHOXKeCTBY G;, KOTopoe o0pa3yloT cyna,
3aKPEIJICHHBIE 32 AaTCHTOM i
N, — 4HCIeHHOCTb MOPCKHX areHTOB B areHTCKOH kommanuu. OHa
MOXeET OBITh ompezencHa npu nomomu mojend CMO wnm ycraHOBJIEHa M3
JEWCTBYIONIETO B KOMIIAHHUH IITATHOTO PACITHCAHMS,

N;’On — KOJIMYECTBO CYJOB THIIA j(jzl’ 2’“.,,1), COIJIACHO OINTHUMHU-
CTHYECKOMY MPOTHO3Y;

N ;‘nc — KOJIMYECTBO CYZI0B THNA j(j=1,2,...,n), CONIACHO IIECCHM-
CTHYECKOMY TPOTHO3Y;

Bennunnbt Nj‘f'”” u N Moryt OBITH OTpeJieieHbl HA OCHOBE METO/Ia

AKCIIOHEHIIMATBHOTO CTIIAKUBAHUS, KOTOPBIN MOIPOOHO pa3odpaH HIKE:
AF. — pUOBLIb, TIOJTydaeMasi KOMITAHUEH 3a 00CTyKHBAHUE areHTOM I

ij
CyJHa j;

xl./. — IIapaMeTp yIIPaBJICHUs — KOJIUYECTBO areHTOB, KOTOPOE 3aKpell-
JIEHO 34 CYJTHOM J;

§,;; — PAcXoibl, KOTOPBIC HECET KOMIAHHSI 110 00CTyKUBAaHUIO arCHTOM

i cyIHa j;
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S — BenMYMHA JAEHEKHBIX CPEJCTB, KOTOPBIMU pacliojiaraeT areHTCKas
KOMIIaHMS Ha IIPOBEJEHUE IPOU3BOACTBEHHBIX ONEpalUi, CBSI3aHHBIX C arcH-
THPOBAHUEM;

Z,

j — Bpems 00CITy)KUBaHHS Cy/IHA j aTSHTOM I;

cm .
4 j — BAIlOBOC CTOSHOYHOE BPEMs 00pabOTKH Cy/HA j B TIOPTY.

Beipaxkenune (4) xapakTepuzyer UeNeByl0 (QYHKIUIO SKOHOMHKO-
MaTemMaTtuyeckod mozenu. To ecTb B pe3yibTaTre peuieHHus 3aJadyd JO0JDKHA
OBITH MOTy4cHA MaKCHMaJbHasl MPUOBLIH OT MPOM3BOJACTBEHHOH JEATEILHOCTH
areHTCKOW KOMITaHMH.

Hepagencrso (5) yka3bslBaer Ha TO, YTO MMEIOIIMECS Ha OanaHce KOM-
MaHWK JICHEeKHBIC CPENICTBA JJIsi TIPOBEJCHUSI 3TOTO BUJA PaOOT HE JIOJKHEI
OBITH MTPEBBIIICHBI.

Orpannuenue (6) TpeOyer, YTOObI KOJTHYECTBO areHTOB, MOIY4YEHHOE B
pe3yabpTaTe peleHus 3aJavd, He MPEBBIAN0 UMEIOIUXCS B HATHYUHU (IIPo-
THO3UPYEMBIX IITATHBIX CAHHUIL).

Orpannuenus (7) m (8) ykas3pIBalOT Ha TO, YTO BPEMs CEPBHCHOTO
areHTCKOTr0 OOCIYXHBAHHUS CyJI0B HE JIOJDKHO TPEBBINIATH CTAIUITHOTO BpeMe-
HU, OIPENeNsIeMOro yCIOBUSAMHU YapTepa, C y4eTOM BCIIOMOTaTeNbHBIX Orepa-
UH.

Orpannuenue (9) ykasplBaeT Ha IIEMOYMCICHHOCTHh ITOMyYEHHBIX
pe3ynbTaToB. B oThenbHBIX ciiydasx TpeOOBaHWE LEIOYUCICHHOCTH MOXKET
OBITH CHSITO, U TIOJTyYCHHBIC HE 1eTble 3HAUCHHSI TePEMEHHON OYyIyT yKa3bIBaTh
Ha TO, YTO OTHENbHBIE areHThl, KAK YaCTO BCTPEYAETCs] Ha IMPaKTHKE, MOTYT
OBITH TPHBJICYCHBI YIS OCYIIECTBICHUS TOIBKO YacTH OIEpaIfii U3 BCETOo
KOMILIEKCa areHTCKUX YCIYT, IPEAOCTABISIEMBIX CYIHY.

Jliist onpeneneHus MPOrHO3HBIX 3HAYCHUI N;f"’” 3§ Nj.‘”c — TIepCIIeK-

TUBHOT'O 00beMa pa0oT, BHITIOJIHAEMBIX areHTCKONH KOMITaHUEW, Npeiiaraercs
WCIIOJIb30BaTh METOJ SKCIIOHEHIMAIFHOTO CTIIaKHBAaHUSI — HanOollee pacipo-
CTPAaHEHHBII METOJ| IIPOrHO3UPOBAHUS, MOIYYUBIIMI IIMPOKOE pacpocTpaHe-
HUE Ha TpaKTHKe. DTOT BBIBOJ C/IENaH HAMU Ha OCHOBE MPOBEICHHOTO 0030pa
M aHaJM3a W3BECTHBIX METOJOB IIPOTHO3UPOBAHUsA, pa3paboTaHHbIX B [15; 18;
19; 20; 21]. Taxxe, OCHOBBIBAsICh Ha pe3yJbTaTax aHaIN3a, OTMETUM CIICIYIO-
e 0COOEHHOCTH METO0B IPOTrHO3UPOBAHHMS

e  MeToapl SKCTPANONALNN MPOTHOZUPOBAHMS HanOosee 3PPeKTHUB-
HBI B YCJIOBHSIX OOJBIIOr0 00beMa HayalbHOM CTATUCTUYCCKON MH(pOPMAIIHH.

e DKCIEpTHBIE METOABI JIOMYCKalOT BO3MOXKHOCTH HCIIONB30BATh
MPAKTUYCCKUI ONBIT W 3HaHHE (IBPUCTHKH CIICIHATHCTOB-IKCIIEPTOB) JIJIs
co3maHus 0a3 3HAHWU C [ENBI0 PelIeHUs TPYIAHO (OpPMaTM30BaHHBIX 3ajad.
baza 3Hanmi ciocoOHa MOAIEPKUBATH BBHIBOJIBI SKCIIEPTOB TP COMHHUTEIBHBIX
(HEYEeTKNX, HETOUHBIX ) TaHHBIX.

e B nenom, o0benuHEHNE METOIOB CTATHCTHYECKOTO U DKCIIEPTHOTO
MPOTHO3UPOBAHUS MOXET MO3BOJHUTH MPEOA0NIETh OTMEUEHHBIE BBIIIE TPYJHO-
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CTH B OII€HKE SKOHOMHMYECKHX IMOKa3aTenel MpH pelieHud 3a7ad cTpaTernde-
ckoro ranupoBanus u passutus COC.

Kax m3Bectro [15; 19; 21], mporHo3upoBaHue C MOMOIIBIO IKCTPAIio-
JSIAH AMHAMHYECKUX PSIOB Oa3upyercsl Ha JAOMYIIEHUN O COXpaHEeHHH 3aKOHa
W3MEHEHHS MPOTHO3UPYEMOM MepeMeHHON Ha PEeTPOCIEKTUBHOM y4YacTKe Bpe-
MeHH B OynymieM. Ha mpakTike oObIMHO BBISICHSIETCS, YTO BHJ U TapaMeTphl
3aKOHa M3MEHEHUsI TIEPEMEHHOMN CYIIECTBEHHBIM 00pa3oM 3aBUCST OT MHTEP-
BaJia BpEMEHH PETPOCIIEKLINH, Ha KOTOPOM OHHU ONPEAETISIINCE.

[MpuMeHeHue METOIOB TPOTHOZUPOBAHMS JaeT BO3MOXKHOCTh pa3pada-
THIBaTh CAMOKOPPEKTHPYIONIMECS MOJCIH, KOTOPhIE CIHOCOOHBI OINEpaTHBHO
pearupoBaTh Ha u3MeHeHus napameTpoB COC U Ha 3TOI OCHOBE JaBaTh HAU-
Ooree TOYHBIE TPOTHO3BI Ha OJIMYKAHIIYIO MTEPCIIEKTUBY.

[epBuunas oneHka KOd(QOUIMEHTOB MOJEIH OCYIIECTBISETCS T10
HEKOTOPOH BBIOOpKE HAYaJIbHOTO psina. Bee ypoBHU psifa pH STOM 00pas3yroT
HalIAJHYIO MOCIEI0BaTEbHOCTh U UCIIOIB3YIOTCA ISl KOPPEKTUPOBKH Tapa-
METPOB TEKYyIlel MPOrHo3HON Mozenu. OTKIOHEHHE MPOTHO3HBIX OIEHOK OT
(dakTHUeCKHX 3HAYCHWH YpOBHEH psja OyaeM paccMaTpuBaTh Kak OIMMOKH
MPOTHO3UPOBAHUS. ITH OMIMOKH MOCTYMAIOT HA BXOJ| CUCTEMBI (IT0 KaHaiaM
00paTHOM CBSI3M) U YYUTHIBAIOTCS B MOJIENU COTJIACHO MPHHATON B HEH mpolie-
nype nepexoja oobekra yrnpasieHus (COC) U3 0IHOTO COCTOSIHUS B IPYTOE.

Ha cnenyromem 3tamne BHOBb PacCUMTHIBACTCA MPOTHO3HAS OIEHKA U
BECh TPOIIECC MOBTOPSIETCS IO TEX MOp, MOKa He OyayT paccMOTPEHBI BCe
YPOBHU AUHAMHYECKOTO psfa.

[Tapamerpsr COC MOTYT U3MEHSATHCA O] BAMSHHEM BHYTPEHHUX WIIH
BHeIHUX (akTopos. [Ipu 3TOM mpemiaraeMasi MOJENb, B CpaBHEHUH C JIPY-
TUMH BUJAMH MoJiefell, BCIeICTBHE 3aJI0)KEHHBIX B HEM MPUHIIMIIOB, B 3HAYH-
TENbHO MEHEe KOPOTKHE CPOKH MOXKET pearupoBaTh Ha TAKHE N3MEHEHUSI.

OO60cHOBaB MPaBOMEPHOCTh HCIIOIB30BAHUSI METOJA SKCIOHECHIINAIIb-
HOTO CIJIa)KUBaHMS B LENAX MPOTHOSHPOBAHMS, JUIA PEIICHUs MOCTaBJICHHOM

3amaun (onpezeneHue o0beMa TPaHCIIOPTHON PabOThI N/‘f'”” u Njcf”c) npesa-

raercst CIeAYIOLIMI COCTaB M IOCJICIOBATEIBHOCTh OIEparInii:

3amaauMcs onMcaHueM TpeHa B Haubomee ooOmiel popMe CTerneHHOro
nosmHOoMa. [Ipu 3TOM BBeneM MHACKC f, XapaKTEPU3YIOLIUI 3JIEMEHTHI JUHA-
MHYECKOI0 psijia

. a, , a
ytzao‘f‘alt'f‘?z't +...+—p‘tp’ (10)
p!

e a,,a,...,a, — TEKyIUE OICHKH KO3((UIIMEHTOB TOJMHOMA, KOTOPBIC
HEOOXOJIMMO OTIPENIEIIUTh.

Monens (10) MOXKHO BBIpa3UTh B BHJIE COBOKYITHOCTH DKCIIOHCHITUATh-
HBIX CPEIHHX IIEPBOr0, BTOPOr0, TPETHETrO U p-T0 MOPsIKa.

Pacuerhl 3KCIIOHEHIIMATIBHBIX CPEIHUX MTPOBOIATCS 1O (OpMyTIaM

SiI =0y, + BSII—I
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S? =asS! +BS2, (11)

i

Si3 = aSiz + ﬁSz‘}—I
SP = OLAS'I,”_l +BS7,

rae OL — mapaMerp CriakKhBaHHUs (0 <o < 1);
B — IapaMerp AUCKOHTUPOBAHUS (0 <B< 1), YCTaHaABJIMBAETCS U3 YCIO-

BUS B=1-a.

JIJis MpaKTUYECKUX PacueToB M3 OOJIBIIEro Kiiacca IMOJHHOMUHAIBHBIX
Mojenell HauOoJjblliee PacHpPOCTpaHEHUE MPUOOPETH CIICAYIONIME MOJICIH,
MPEICTABJIAIONINE COOOH MOJMHOMBI MEPBBIX ABYX CTEIEHEH, a MMEHHO JIU-
HeiftHast MOZIeiIb M rapa0oiia BTOPOH CTEIeHU:

Y, =dy> (12)
y,=a,+at, (13)
J7z=ao+a]l+%t29 (14)

O1eHKH TapaMeTPOB HAXOAATCS 10 GopMynam:
JUIL MOZIENY HYJIEBOT'O MOPsIIKa

a, = S;; (15)
JUISL IMHEHHOM MOJEIH
a, =28 -S};
4 =%(S; -52) (16)

JUTS 11apa0oJIb

a,=3(S/-8)+S
_

2 [(6-50)S) —2(5-4a)S? +(4-3a)S] | (17)

a

2
o 1 2 3) -
a,=—(5/-257+S)
B
B npocreliliieM cnydyae HavdalibHBIE YCIOBUS MPUHHUMAIOTCA PABHBIMU
MIEpPBOMY YPOBHIO IUHAMUYECKOTO psaa
1_ o2 _ o3 _
Si_Si _Si =V (18)
IIpoBeneHHbIE HAMU SKCIIEPUMEHTATIbHBIE UCCIEA0BAHMS, a TAK)KE aHa-

JIN3 JIUTCPATYPHBIX HCTOYHUKOB IMOKA3bIBAIOT, YTO IMMPAKTUYCCKOC UCII0JIb30Ba-
HUEC MCTOJa 3KCIIOHCHIHMAJIBbHOI'O CIJIa>XMBAaHHs CBA3aHO C HCOGXO)Z[I/IMOCTBIO
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BBIOOpA 3HAYCHUS CTJIaXKUBAOIEro mapamerpa O.. OT YKCIEHHOro 3Ha4YeHUs Ol
3aBHCHT, HACKOJIKO OBICTPO OyJIeT YMEHbBIIATHCS BEC MPEABLAYIINX HaO0 1e-
HUA ¥, COOTBETCTBEHHO JTOMY, CTENCHb WX BIMSHHUS Ha CIIIaKUBaEMBII

YpOBEHb JWHaMHU4YecKoro psaa. Yem Oonblie OynmeT 3HadyeHue mapamerpa O,
TEM MCHEC UYYBCTBUTCIBHO BJIMAHHUEC MPCALIAYIIUX ypOBHefI, n COOTBET-
CTBEHHO MEHBIIIMM OKa3bIBACTCS CTIIAXKMBAIOIIEE ACHCTBHE KCITOHEHITHATBHOM
cpenHei.

[TapamMerp criaxuBaHus 0L XapaKTEpPU3yeT YyBCTBUTEIBHOCTh MOJIEIEH
HYJIEBOT0, TIEPBOI'O M BTOPOTO MOPSIKA K BAPHUPOBAHMIO TTAPAMETPOB COCTOS-

HUs 00beKTa yrpasiieHus. [Ipu Manbix 3HaYeHUAX O Ha IMPOTHO3UPYEMBIH ypo-
BEHb OKA3bIBAIOT BIMAHME MPAKTUUYECKH BCE YJIEHBI TMHAMUYECKOIO psiaa, MpH

OONBIINX 3HAYEHHSIX O — JIUIID IIOCJIICIHHUEC DJICMCHTBI Z[aHHOﬁ COBOKYITHOCTH.
C yBenuueHHeM 0. CBOMCTBA MPOTHO3HBIX MOJIENE BO3pacTaloT, 1 Ha00OpoT,

yMeHbIIeHHEe Ol HAJeNsIeT yKa3aHHbIe MOJIETH CIIOCOOHOCTBIO OTOOpaKaTh Mpe-
MUMYIIECTBEHHO JOJITOCPOYHYI0 TEHCHIIMIO HW3MCHEHHs aHAJIH3UPYEMOro
HOKa3aTeis ¥, TAaKUM o0pa3oM, chenaTh 0ojiee TOUHBIM MPOrHO3 HA MEpCIIeK-
TUBY.

[Tpu BHIOOpE YMCIIEHHBIX 3HAYCHHH MapamMeTpa CTIIaXHBaHUSI BAXKHYIO

pOJb Urpaer mepuoj mporuosza. s KpaTKOCPOUYHBIX MPOTHO30B MapaMmeTp O
HY>KHO TPWHHMAaTh Ha OTHOCHUTEIIBHO BBICOKOM ypoBHE. B 3TOoM ciydae Hau-
Oonplliee 3HaYeHUE OyAeT WMETh OnepaTHBHAas MHGOpMAaIUs, XapaKTepU3yro-
asi COCTOSIHUE 00BbEKTa YIpaBJICHUS B HACTOSIIEM BPEMEHH, a TaKKe B He/la-
nexkoM npornuioM. [To Mepe yBennueHus nepuoaa MporHo3a napamerp Criaku-
BaHUS HY)XKHO YMEHbBIIIATh. JTO MO3BOJMUT O0Jiee TIONHO YUECTh JIOJITOCPOUHBIE
acrexTsl (OPMUPOBAHMS aHAIM3UPYEMBIX TOKa3aTeNed Ha IMEepCIeKTUBY, H,
Onaronapsi ’TOMy, MOBBICUTh TOYHOCTH MTPOTHO3A.

Ha 3akmiountenbHOM 3Tame MpPOTHO3WPOBAHUS MPOBOAUTCS OIEHKA
MECCUMHUCTUYECKOTO M ONTUMHUCTHYECKOT0 3HAYEHUH BEWYHMHBI CYIOMOTOKA.
C 3Toif 1eNbIo TpeIaraeTcsl UCIob30BaTh METOMUKY (JOPMUPOBAHHS JIOBEPH-
TENbHBIX UHTEPBAJIOB. [|JI1 3TOro BHaYaje BEIYHCIAETCS CTaHAapTHOE (CpenHee

KBaIpaTHUECKOE) OTKJIOHEHUE O

I 19

Tor;[a ONTUMHUCTHYCCKOC U MECCUMUCTUUYCCKOC IMTPOrHO3HLIC 3HAYCHU A

c.on c.nc
BCIIMYUHLBI CYy/I0IIOTOKA N] n N] OIpeacCIATCA U3 CICAYIOUINX BbIpaXe-

HUH:
N;.on — ]([;)acq +0, (20)
N;.nc — Nfacq -o, (21)

(7 pacu o o
rie N j  — TOYCUHBIH MPOTHO3, MOMYYCHHBII C OMOLIBIO MOZIETH (10).
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BbiBoabl W mepcneKTHBBI JajbHelilieil paGoTbl MO JAHHOMY
HanpaBJIeHUIO

1. TIpoBeneHHBIH 0030p TUTEPATYPHBIX UCTOYHHKOB MOKA3aJ, YTO Ha
CETOJHSIIHHUN JICHb TOTOBBIX PENICHUH 10 000CHOBAHUIO YMCICHHOCTH areHT-
CKHUX KOMIIAHUH HET.

2. IlpenmoxeHHas METOAWKA, B OTJIMYHE OT HM3BECTHBIX MOJIXOOB,
MO3BOJISIET YYECTh CIEUAIN3AIII0 aTeHTCKUX KOMITAHUN M OTJENbHBIX arcH-
TOB B 3aBUCHMOCTH OT M3MEHEHHS CTPYKTYPBHI CYJOINOTOKA, YTO Ha MPAKTHUKE
Oyzer crocoOCTBOBATh MOBBIMICHUIO 3P (PEKTUBHOCTH areHTCKOro 00CITy>KuBa-
HUS CYJIOB Pa3JINYHBIX THUIIOB.

3. Hexoropbie o0003HaueHHBIE TPOOIEMbI TPEOYIOT JAajbHEHIIEro
nsyuenus. VznoxkeHHast METOAMKA co3/iaeT 0asy Ui JalbHEHIero pa3BUTHS U
COBEPIIICHCTBOBAHUS areHTCKOM JIESITENBHOCTH Ha MPAKTHKE.
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YK 656.073.235.004.452
B.A. Kixa

JUBEPCU®IKALISA BUAIB AISAJIBHOCTI
ATEHTCBKO-EKCHHEJUTOPCBKHUX XOJIIUHTIB
SIK EKCILTY ATAIIIMHAY KOHIIEIT iX PO3BUTKY B KPU30BHI1 TEPIO]

Y cmammi npononyemuvcs komniekcha oyiHka ousepcuixosanocmi
8U0i6 OIANILHOCMI A2eHMCbKO-eKCHeOUMOPCLKUX XONOUH2I8, AK BUMYULEHO20
EeKCNIyamayitino2o iHCmpymenmy ix po36umky 6 Kpu3oeutl nepiod ma ii énius
Ha eghekmueHicmv podOMuU X0JOUH2IE.

Knrouoei cnoea: ninitine acenmy8anms, eKCneOUpy8aHHs, HA3eMHe
mpancnopmysanns, LCL, LTT, FCL, TEU.

B cmamve npednacaemcsi KOMNIEKCHASL OYeHKA OUBepCcuGuyuposan-
HOCMU 8UO08 0eamelbHOCMU A2eHMCKO-IKCNeOUMOPCKUX XOJNOUH208, KAK Gbl-
HYJHCOEHHO20 IKCNIYAMAYUOHHO20 UHCMPYMEHMA UX PA3BUMUSA 8 KPUSUCHBIL
nepuoo u ee gusHUe HA IPOEKMUBHOCHb PAOONBL XOTOUHEO8.

Knrouesvie cnoea: nuneiinoe azeHmuposauue, 3KCneouposauue, Ha-
semuas mpancnopmuposka, LCL, LTT, FCL, TEU.

The present article proposes the complex estimation of diversification
of types of activity of agency-forwarding holdings, as a force operating
instrument of its development during crisis and its influence to an efficiency of
hol-ding’s activity.

Keywords: liner agency, forwarding, haulage, LCL, LTT, FCL, TEU.

IMocTranoBka 3aBaaHHA: MmigcyMKH mnepiroro miBpiwus 2015 poky,
IO KOHCTaTYIOTh CKOPOYEHHsI YACTKM KOHTEHHEPHWUX BAHTAXIB Y BaHTaXKO-
00Iry yKpaiHChKHX MOPTIB 10 4,6 %, HABAaHTAXKCHUX IMIIOPTOM KOHTEHHEPIB, B
MOPIBHSIHHI 3 TUM ke niepiofoMm 2014 poky Ha 20,8 % i1 BiAMOBIIHO €KCIIOPTOM
Ha 38,8 %, npu 2,3 % 3pocTaHHi (3a paXyHOK CUTYaIlIHHOrO 3pOCTaHHs 00CSTiB
MepEeBANIKA JTICOBHUX, PYyJHHUX 1 3¢pHOBHX BaHTaXiB) CyMapHOTO BaHTaxo000iry
mopTiB [1], Oyau O4YiKyBaHMMH JUIS areHTCHKO-EKCIEAUTOPCHKUX XOJIUHTIB
(AEX), siki mepiIMMu Biq4yBarOTh TPEHIM JUHAMIKH OOCSTIB TPAHCIIOPTYBaHb
30BHIIIHHO-CKOHOMIYHUX BAHTAXKIB, SIK TMOXIHY BiJl TWHAMIKH (aKTOpiB 30B-
HIIIHBOT'O CepellOBHINa, MO (GOpMYIOTh 00CAT 1 CTPYKTYPY HaIliOHATBHOI 30B-
HIIIHBOT TOPTiBJIi, TPAHCIIOPTHE 3a0€3MEeUEeHHS SIKOT 11 XOJJIUHTH 3IIHCHIOIOTh.
Ha momatox no BuknageHux y [2] MipKyBaHb, m00 HaOOpy 30BHIMIHIX (ak-
TopiB misutbHOCTI AEX, Bi3HAYMMO, 1110 TOJIOBHUM OPIEHTUPOM IPH MPOTHO-
3yBaHHI MOTEHIIHHUX 00CATIB BaHTaXKONEPEBE3CHD IS TUIAHYBAHHS B PI3HHX
acrieKTax 3aJMIIAEThCS JMHAMIKA 1 TPOTHO3 3HAYEHb HAIliOHAIBHOTO BaJlOBOTO
nponykry (HBII), maginHs sikoro oOyMOBIIGHO 3HM)KEHHSIM HAI[iOHAJILHOTO
ekcnopty (MonyTHO BiazHauumo, 1o 40 % naginas HBIT y 2014 p., 6yno 0 e

© Kixka B.A., 2015
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OUTBIIMM 3a BIJICYTHOCTI OJHOCTOPOHHBOTO CKACYBaHHS MHUTHUX 300piB Ha
ykpaincekuii iMmopt B kpaiHax €C. Ilaminas x HBIL, y cBoro uepry,
00YMOBIICHO 3HIDKEHHSM YacTKH TPOMHUCIIOBOT #oro ckmanoBoi (3 33 % B 2007
p- 10 21 % B 2014 p.), BUKIMKAHOTO 3yMWHKOI HAIUX ITIPUEMCTB Uepe3
BIJICYTHICTh IHBECTHUIII Ha MOAEPHI3allil0, IPUIMMHECHHSIM IMOCTaBOK KOMILICK-
Tytounx 3 Pocii i T.i. Take monoxeHHs 3yMOBITIOE MAJIHHS 1 IMIOPTHUX 00Cs-
riB, O, B CYKYITHOCTI, 3MYIIy€ CYIHOBJIACHHKIB TEperiisigaTd CBOi perio-
HaJBHI MPIOPUTETH (CIPABETMBOCTI 3apajii HaraJaeMo, 1o YKpaiHa Juisi CBi-
TOBHX JIIIUPYIOYHX CYAHOBIIACHHUKIB HEHAJOBro IMepeMicTuiacs 31 3BHYHOTO
YeTBEPTOro JIMBI3IOHY iHTEpeciB y Tperii). BpaxoByroThCsl MPUPOAHO i TII0-
0anbHI YMHHUKH, y TIEpUIy 4Yepry, JWHaMika IiH Ha Ha(Ty, IO CTiiKO Je-
IIEBINAE, 110 Y CYKYITHOCTI 3 MEPCICKTHBOK CKAaCYBaHHS CAHKIIH BiIHOCHO
Ipany, 3a yMOBH TpoJaKy HOro €HeproHoCiiB 3a 3aHHIKEHOO I[IHOI0, BHU3HA-
YHITM TIepio]] MPHUITHHEHHS OKEAaHCHKHX CEpBiCiB B YKpaiHy HU3KOK KOHTEH-
HEpHUX CYJHOBJIACHHKIB BICbMOMa THXXHsIMH, Xoua e HasecHi 2015 poky,
OKpeMi CYJHOBJIACHUKH (B KOHTelHepHOMYy cektopi — K-Line, Wan Hai)
3JIUIIAIN YKPaTHChKHH PUHOK. Y I[bOMY 3B'SI3KY BII3HAYMMO, 1110 KEPIBHHUIIT-
BO CY/IHOBIIACHHIILKUX KOMIIaHIH, SIKIIO 1 KOHCYJIBTYETHCS 31 CBOIMHU YKpaiHCh-
KHMH areHTaMy 3 MPUBOY MPAKTHYHOTO 3MICTY 3aXOiB Y BIAMOBIIb HA MaIiH-
HSl YKpaiHCBKOTO PUHKY (TOAI SIK MpW CcTaOUIbHIA a00 MO3UTUBHIN JUHAMIII
TaKi KOHCYJIbTAIlii 4acTi), TO PO OCTATOYHE PillIeHHs iH)OPMYETHCS BCS Mepe-
’Ka areHTCTB, 0e3 MOXJIMBOCTI Horo 3miHd. Taka MpakTHKa 3MYIIYE JIHITHUX
areHTiB 1, BianosigHo, AEX, caMOCTIiHO MOHITOPUTH HOTOYHI Ta MOJICIIOBATH
MEepCIeKTUBHI CUTYAIlil Ha BCIiX PIBHAX: BiJl TJI00ATBHOTIO IO TOBAPHUX PUHKIB
(SIK IpUKITa], MOKa30Ba CUTYAIlid 3 YKpaiHChKUM €KCIIOPTOM JIicy: 3a00poHa Ha
excropT Oyka i gy6a a0 kinnsg 2015 p. 1 moBHa 3a00poHa Ha €KCIIOPT HEO0OPOO-
JICHOI iepeBuHM 10 KiHIi 2016 p., yacTka SIKMX B JaHUH yac cTaHOBUTH 50 %
00csTy JICOBUX KOHTEHHEPH30BAaHWX BaHTAXKIB ICTOTHO IOTIPHIYE MPOTHO3
YKpaiHCBKOTO eKCIOopTHOro obcsary 3 2017 p., a Gepy4yn J0 yBaru CBIiTOBWH
MpOoQIIKUT 3epHOBUX, Y T.4. KYKypyI3sHuX y Kutai, moripuieHHs ciij o4ikyBa-
TH Bke Ha movatky 2016 p. ). Bukmajeni mipkyBaHHS 1 GakTH MpUMYCHIIN
ykpaincbki AEX 10 IHTEHCHBHOTO MOMIYKY X04a 0 YaCTKOBUX KOMIIEHCATOPIB
CBOiX BTpaT, OCHOBHHM 3 SIKHX, B EKCIUTyaTaliiHOMY AacleKTi, 3'SBHJAcs
nuBepcudikallis BUAIB X AISIBHOCTI, arpodaltis sikoi BUsSBUJIA HEOOXIAHICTD 11
¢dbopmanmizanii, KiIbKICHOT OI[IHKH 1 JIOCTIJDKEHHS BIUTUBY Ha e(EKTUBHICTH
pobotu AEX, npencTaBiieHUX y HACTYIHINA YaCTHHI CTATTI.

VY crabiibHHX BIHCHKOBO-TIONITHYHHX Ta €KOHOMIYHHMX ymoBax AEX
MpUTaMaHHI Taki BHIM JIsUTBHOCTI SIK: JiHIHHE 1 CyJHOBE AarcHTYBaHHS,
oprasizallisi iHTEpMOAAIbHHUX TEepeBe3eHb, BHYTPIIIHLOMOPTOBE 1 3ai3HHYHE
eKCIIeIMPYBaHHS, MHTHUH OpOKepak, aBTOTPAHCIOPTYBaHHS (32 HASBHOCTI
BJIACHOTO aBTOTpaHcnoptHoro mignpueMcTa (ATII) 1 BanTaxkomepepoOka (3a
HasBHOCTI CKJaay abo meperapounoi 6asu). Cmig 3a3HauuTH, 110 B YKpaiHi
AEX cdopmyBanucs TITBKM B KOHTEHHEPHOMY CEKTOpi IEpeBE3CHb B
JOKPU30BUH 1epioj. 30UIbIIEHHS HEraTUBHUX 30BHIIIHIX BILIUBIB 3MYCHJIO iX
BUXOJIUTH Ha PUHKHU aBTO- 1 aBiamepeBe3eHb HEKOHTEHHEPHU30BaHUX BaHTAXKIB
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Mo3a paMKaMH IHTEpMOJAIbHUX ITIepeBe3eHb (HaraJaemMo, IO MijJ iHTEPMO-
JalbHAMHU TIEPEBE3CHHSIMHU, Y JIAaHWWA Yac, CTalld PO3YMITH IEpEBE3CHHS HeE
MEHIIIE HiX JIBOMa BHJAMH TPaHCIIOPTY, 32 €IMHOI0 CTAaBKOIO, OpraHi3oBaHi
omuuM omepatopoM [3]). Muerbca mpo LCL (less-container-loaded, To6T0
oprasizaiii TpaHCIIOPTYBaHb BaHTAXKIB KUIBKOX OJIEpKYyBadiB/BiIPABHUKIB B
onaomy konteiiHepi), LTT (less-than-truckload, TobTo opranizamii a6o
BUKOHAHHI TPaHCIIOPTYBaHb BAHTAXIB KUIBKOX OJIEpKyBadiB/BiIPaBHHUKIB B
OJTHOMY aBTOTPAHCIIOPTHOMY 3ac001) 1 aBianepeBe3eHHX. Sk Bke 3a3Ha4anoCs
B po0OoTi [2], Taka eKchaHCid BHMarae BiANOBITHOrO mepedopMaTyBaHHS
crpykrypu AEX B TexHIUHOMY, KOMEPIIHHOMY, KaJpOBOMY, YIPaBIIHCEKOMY
ACIeKTax Ta IHBECTHIIIH, TOC-TaTHIX /IS e(pEKTUBHOTO BUKOHAHHS HOBMX, IS
koHKpeTHuX AEX, Oi3Hec-TiporieciB. BusHaueHHs BMICTy TaKUX 1HBECTHIIIH, 110
3BOJIATBCSI, B OCHOBHOMY, N0 (piHAHCYBaHHS, YacTO Ha KpPEIUTHIA OCHOBI,
aKkTyajizye ¢opMaiizaiio «Mexi» JUBEPCHU(PIKOBAHOCTI BHIIB AisUIBHOCTI
AEX, 3 MeToI0 OIIHKH 11 PiBHA 1 BIUTMBY HA 3arajibHUN (DiHAHCOBHIA pe3yiibTaT
nmisuipHOCTI AEX.

Taxka ¢opmanmizaltisi 1ocsHKHA TBOMA IUTSIXaMH:

- BH3HAYCHHS BaroMOCTi KOHKPETHUX BHIB HisuibHOCTI AEX

f.
P2t g

A€ pjx — Baromicts j-ro Bumy aismbHocTi AEX B k-My nepioni, nomi.on.,

fjk — nuToMui (piHAHCOBHMIA pe3ynbTaT j-r0 BHUAY IisIbHOCTI B k-My
nepionai, rpour.on./TEU,

ﬁ — nutomuil QinancoBuit pesyaprar AEX B k-my mepioni,
rpour.oxa./TEU.

Binnecenns ¢inancoBux pesynprariB g0 TEU (exBiBasenty 20
CTaHJAPTHOTO  KOHTEiHepa) OOyMOBJIGHO  CITIBBITHOIICHHSM  3aTapoK
KOHTEITHepiB, aBTOMAIINH 1 JIITaKiB 10 Maci BaHTaXYy.

Toni, piBenb nuBepcudikoBanocti BuAiB aistibHOcTI AEX B k-my

nepioJti Dk , MO>KHA TTPEACTaBUTH y BUTIISIL

_XTEU py (2)
k >, TEU,

ne TE UJ —o00'eM j-ro Buay aismibHOCTI, TEU;

TEU; - o6'em nisnsrocti AEX B k-my nepioni, TEU;

- BUSIBJICHHS HaiOinbn edekruBHOrO BUAy HisuibHOCTI AEX Ta ioro
YacTKH B aHaTi30BaHOMY Iepiofi. BpaxoByroum, mo HalOuUTbIl epeKTHBHUM
BUIOM  gisuibHOCTI  AEX  sBIs€ThCS — opraHizailii  IHTEPMOJAIBHUX
KOHTEHHEPHUX TIepeBe3eHb, TO PIBEHb MUBEPCH(]PIKOBAHOCTI BUJIB IISUITBHOCTI

AEX, 3a iuM kputepieM D'j, BUTIISIIAE 5K
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. TEU; , (3)
kT TEU,

ne TEU ]f — o0'eM KoHTeltHepHHX TIepeBe3eHb B k-my nepioni, TEU;
TEU P o0'em misibHOCTI AEX B k-My mepioai, TEU.

Binbm To4HI pe3ynbTaTH IEMOHCTPYE IPYruil Mimxin, AMoBipHO, Yepe3
HaJIaro/HKCHICTh O13HEC-TIPOIIECIB; OCBOEHHS BIAMOBIAHMX PHHKIB; ICTOTHO
BEIMKUX 00csriB KoHTelHepHuX nepeBeseHb FCL (full container loading,
TOOTO 3aTapka KOHTeWHepa BaHTa)KEM OJHOTO BiNIPaBHHKA), y MOPIBHSHHI 3
LCL, aBto- i aBianepeBe3eHHsAMHE; OUTBIIOK JTOCBiqUeHicTI0 epconany AEX;
Kpallo KOOPAWHAIIEI0 B3a€MOJII 3 KIIEHTYPOIO, KOHTPareHTaMH; MEHIIUM
o0csiroM  KoMmepIliiiHOro Opaky mpu opraHizamii 3BuuHHX, a8 AEX,
IHTepMOIATbHUX KOHTEHHEpHHUX TepeBe3eHb. ONIHAK, BKE HAMIYA€ThCSI TPEHT
HIBEITIOBAHHS BIUTMBY 3raJJaHUX Cy0'€KTUBHUX (DaKTOPIB, KOTPHIA, B CYKYITHOCT1
3 o0'ekTuBHOIO afanTamiero AEX no nuBepcudikallii BUIIB CBOET MisIIbHOCTI,
MiBHIATE eQeKTUBHICTh AisiibHOCTI AEX mpu BUMYyIIEHOMY 3aMilleHHi
o0csriB KoHTeHepHUX nepeBe3eHb FCL iHIMMYU BaHTaXXOmepeBe3eHHIMH.

Ha pucyHky mnpezacramieHa rpadidHa iHTeprpeTalliss BIUIMBY PpiBHS
nuBepcuGikoBaHOCTI BUIIB AisibHOCTI AEX Ha #loro e)eKTUBHICTS.

fk

1 D’k
Puc. I'pagiuna inmepnpemayis 3anesxicnocmi egpexmuernocmi pooomu AEX
810 pisHsL Qusepcupixosanocmi 6udis ix OisIbHOCMI

Amnani3 3raganoi rpadiqHoi iHTepnperanii Gikcye JTOKalbHI MiHIMyMH
Ha 3HAYEHHAX PiBHA auBepcHdikoBanocTi BUIIB AisibHOCTI AEX, mo mpu-

MajaloTh HA IEPIOAN KPUTUYHHX TMaJiHb KypCY HAIlIOHAJIBHOI BAJIIOTH, IO CYII-
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POBOJDKYIOTHCSI MAacOBOIO BiJMOBOIO KJIIEHTYPH Y BIIIIKOAYBaHHI KypPCOBHX
PI3HHIIb, 3pOCTAaHHIM JEOITOPCHKUX 3a00prOBaHOCTEH, PO3PHUBOM KpPEAUTHHX
yroll 3 CyJHOBIACHUKAMH, 3POCTAHHSM BapTOCTi TU3EIBHOTO MalbHOTO, TIOCH-
JICHHSIM KOHTPOJIO JiHIHHUMH areHTCTBaMH CTaHy IOPOKHBOTO YCTaTKyBaH-
Hsl, sSIKE MOBEPTAETHCS, 3POCTAHHIM TapH(]iB, 3aMOPOXKYBAHHSIM IHBECTHIIIN-
HUX MPOEKTIB, 3aKPUTTAM PsILy JIHIHHUX CEePBiCiB, 3pOCTAHHIM BapTOCTi aBTO-
3aIm4acTHH 1 30UThIIEHHSIM KOMEpIIHHOTO OpaKky, B OCHOBHOMY, 332 pPaxXyHOK
poskpaianb Ta 3poctands JTII. SIKo BUKITIOUUTH 3 aHANI3Y BILTUB IIEpepaxo-
BaHUX (PaKTOPIB, TO TEOPETHUYHO, 32 YMOBU HE MEPEBHUIICHHS HaJiHHS YaCTKH
FCL nepesesenn 10 %, MOKHA TPUITYCTUTH JIOTapu(PMidHy 3a1eXKHICTh edek-
TUBHOCTI pobotn AEX Bia piBHS AMBEPCH(IKOBAHOCTI BHIIB IX IISIIBHOCTI
(pu mepeBUILEHHI — TOKa30BY), alieé MPAKTUYHOI KOPUCTI BiJl TAKOTO «OYH-
HICHHS» HE MPOTJBIIAETHCS, K B CHIIy 3pOCTAHHS arpecMBHOTO BIUIMBY (hak-
TOPIB 30BHIIIHBOI'O CEPEIOBHUIIA, MEPEIIUCHUX Y OCTAHOBOYHIM YaCTHHI ITi€T
CTaTTi, TakK 1 3 ypaxyBaHHSM CBITOBOT'O JOCBIy B JOCIIPKyBaHOMY acIekTi. 3a
naHumu |4, aHaniz pe3ynbratis podotr 80 AEX 3a mepiox 3 ciuns 2014 p. mo
munens 2015 p., nmponemoncTpyBas cTpimMke 3poctanns yactku LTT (mo 31 %
B okpemux AEX) i 3ami3HUYHHX TepeBe3eHb (10 27 % B okpemux AEX), npu
CKOpOYEHH1 YacTku JiHiliHOro areHtyBaHHs i FCL mepeBeseHsn, i3 cTiiikoro
TEHJICHIIIEI0 3POCTAaHHS aBTONEpEeBE3CHb, 32 YMOBH peaiizalii O4iKyBaHb
3nemeBlieHHs najguBa. Hi cTpykTypa BUmiB JisuibHOCTI 3apyOikHuX AEX (B
OCHOBHOMY TIBHIYHOAMEPHKAHCHKUX), HI iX IMPOTHO3YyIOYi OYIKYBaHHS HeE
30iraloThCs 3 YKpaiHCHKUMU PETiSIMH, SIK B CHIIy MOHOIIOJILHOT'O CTaHOBHIIA
YKP3AJII3HULIL, 1mo 3yMOBHIO HEIOCTYIHICTh PUHKY 3ali3HHYHUX CIIONY-
4yeHb Uit BiTYym3HsSHUX AEX, Tak 1 3 ypaxyBaHHSIM MaKpOEKOHOMIUYHHX TpOT-
HO3IB 1 HaIlIOHANBHUX PEUTHHTIB. Y MPOJIOBKEHHS LLOTO MipKYyBaHHS, CIiJ
3a3HAYMTH, IO JOCHIPKYBaHA 3AICKHICTh HE HAKIAJAE€ThCSI Hi HA OIHY JHMHA-
MIKY SKOro-HeOy/ab MapaMerpa 30BHIIIHBOIO CEPEIOBHUINA, a «BUHAXOIUTHY
SKHH-HEOYIb KOMILJICKCHO-YHIBEpCAbHUN TOKA3HUK, SIKIIO 1 JIOMyCTUMO, TO
CKOHOMICTaM CBITOBOTO PiBHS, 4Yepe3 IO EKCIUTyaTal[ifHMKaM BITUYM3HSHHUX
AEX kopekTHile «o0xoautucs» (opMallizoBaHHMH MOKa3HUKAMH PIiBHS
nuBepcr(HiKOBAHOCTI BUIIB JisUTBHOCTI, 3 ypaxyBaHHSIM CBOET crielniku.
BuchHoBok. 3pocraioya arpecMBHICTh BILUTUBY 30BHIIIHBOTO CEPEIOBU-
ma Ha BiTunsHsHI AEX 3Mmymiye iX ymnpaBiiHIIB TUIaHyBaTH 1 3/iHCHIOBATH
CBOIO JIsUTHHICTH HA OCHOBI IOCTIHOTO MOHITOPHHTY Ta aHaji3y TeHJEeHIIiH Ha
BCIX PIBHSX EKOHOMIKHM 1 OUIBIIOCTI PUHKIB (y TOMY YMCIIi TOBAPHHUX, BAJIOT-
HUX, TAJTMBHHUX, TPAHCIIOPTHHX ), MOJICIOBATH CUTYaIlii i BAOUpATH eKcIuTyarta-
HIAHUI IHCTpYMEHTapii 3a0e3meueHHs ToTOBHOCTI po6otu AEX B KOHKpETHHUX
cutyanisx. Tak, A7 KOPOTKOCTPOKOBOI TEPCIEKTUBU — I¢ JUBEpCH]iKallis
BUJIB JIsUTBHOCTI, SIKa CTHCJIO OINKMCAaHa BHILE, JJIS CEPEAHbOCTPOKOBOT —
reorpadiyna ekcraHcis (CHiIoOM 3a CyJHOBIACHUKAMHU, IO OPTaHi30BYIOTh
HOBI JIiHIMHI CEpBICH B PErioHH, IO «BIIKPUBAIOTHCS CBITY», Taki sk IpaH,
[liBniuyna Kopesi, Anbanis, Ipak, KamOomka); i JOBrOCTPOKOBOI, 3 MOBEp-
HEHHSIM, & MOXITUBO 1 BIKPUTTSIM HOBHUX OKEaHCHKHX CepBiciB B YKpaiHi —
opranizamis poooru AEX B cTaOUIbHUX €KOHOMIKO-IIOIITHKO-BIHCHKOBUX
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YMOBaX, 3 ypaxyBaHHSIM HAKOIHUYEHOTO MOTEHIialy BUMYILIEHO! AuBepcrdika-
1ii BUAIB CBOET MISUTBHOCTI, 110 aKTyali3ye nmpoOjieMy BIOCKOHAJICHHS IHCTPY-
MEHTapilo JJOCTOBIPHOT OI[IHKH JIOITYCTUMOTO PiBHS AUBEPCU(IKOBAHOCTI BUIIB
nisuibHocTi AEX B HOBHMX yMOBax, 3 THM, 1100, 3 OZHOrO OOKY, HE 3aryOUTH
3aMHATI MO3MIIT HA HOBUX, 3a ChOTOAHINIHIMY HoHATTAMH, puHkax (LCL, LTT,
aBTO- 1 aBiamepeBe3eHb) 1 B TOM e 4Yac MaTW JOCTaTHIM MOTEHIanm Jyis
0e31pobIeMHOT0 OCBOEHHS 3pocTatodoi yactku puHky FCL.
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ABTOPMU 3IPHUKA

Batenko Biktop BiraniiioBu4y — 1oKkTOp TEXHIYHHMX HAYK, Ipodecop,
HTYVY Vkpainn «KuiBCbKHiA TOMITEXHIYHUN IHCTUTYT

Bennedoepsn ®enip AnapiiioBuu — acmipanT kadeapu «Teopis Ta
npoektyBaHHs kopadist iM. mpod. FO.JI. BopobitoBa» Omechkoro HalioHaJb-
HOT'O MOPCHKOT'O YHIBEPCUTETY

Bonpapenko Ouexciii BosoguMupoBHY — KaHIWAAT TEXHIYHUX
HayK, JOIeHT Kadenpu «3ai300eTOHHI Ta KaM’sHI KOHCTPYKMil» Omaechbkol
JiepKaBHOI akazieMii OyIiIBHUIITBA Ta apXiTEKTYpH

€ropoB lennaniii B’siuec1aBoBHMY — JIOKTOp TEXHIYHHX HaYK,
npodecop, reHepaIbHui AUpPeKTop MopchKoro iHkeHepHoro 6ropo, M. Oneca

Iaymko Bajgentun MuxkoJsialioBH4 — KaHIWJAT TEXHIYHUX HAyK,
IncrutyT rinpomexaniku HAH Ykpainu, m. Kuis

I'ynunko Poman I'puropoeuu — acmipant kadenpu «Teopis Tta
npoektyBaHHs kopadist iM. mpod. FO.JI. BopobitoBa» Omechkoro HalioHab-
HOT'O MOPCHKOT'O YHIBEPCUTETY

Hemintok Osekcanap BosionumMupoBuY — KaHIUIAT TEXHIYHUX HAYK,
JOIeHT, 3aBimyBad kadeapu «Teopis Ta mpoekTyBaHHS KoOpaOis iM. mpod.
1O.J1. Bopo6iioBa» OnecbKoro HalioHAIBHOTO MOPCBKOTO YHIBEPCUTETY

JpooumeBcoknii IOpiii €BreHoBHY — KaHIMIAT TEXHIYHMX HAYK,
mpogecop, AUSTRALIAN MARITIME COLLEDGE

€dpemoa Hina BosogummpiBHa — kaHAMIAT TEXHIYHHMX HayK,
noreHT kKadeapu «Teopiss Ta TpoOeKTyBaHHS KopaOns iM. mpod.
1O.J1. Bopo6iioBa» OnecbKoro HalioHATBHOTO MOPCBKOTO YHIBEPCUTETY

Kizka Bopuc AuapiiioBHY — KaHJ. TEXH. HayK, JIOLICHT, KEPIBHUK
XOJJIIHTY ~ areHTChKO-€KCIEeAUTOPChKUX  KommaHid  «JIAMAH-IIUITMHT
EUJKEHCI»

3aeup Amnacracis HOpiiioBna — acucrent kadenpu «Teopis Ta
npoektyBaHHs kopadist iM. mpod. FO.JI. BopobitoBa» Omechkoro HalioHab-
HOT'O MOPCHKOT'O YHIBEPCUTETY

Ka6anoBa Harans MukoaaiBHa — KaHIWIAT TEXHIYHUX HAayK,
noteHT kadenpu Teopii Ta mpoekTyBaHHs kKopabias HarioHansHOrO yHIBEpCH-
TeTy KopabneOyayBaHHs iM. anM. MakapoBa, M. MukosaiB
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Kasn Boaogumup [MaBinoBu4 — kKaHAMIAT TEXHIYHUX HAYK, [HCTUTYT
rinpomexaniku HAH Ykpainu, M. Kuis

Kopo6oB Biraniii Inniu — kaHaupoar TeXHIYHUX HAyK, CTapIIUi
HayKOBHIA criiBnpalliBHUK [HeTuTyTy rizpomexaniku HAH Ykpaiau

Kocoii Muxaiisio BpoHecsiaBoBHY — KaHAWJAT TEXHIYHUX HaYK,
cTapumii Bukiagad kapenapu «TeopernyHa mexaHikay OecbKOro HallioOHab-
HOT'O yHiBepcHUTETY iM. MeuHHKOBa

KoreabnukoBa IN'anna CepriiBHa — kaHauaaT Gu3nKo-MaTeMaTHYe-
CKHMX Hayk, [HcTutyT rinpomexanikn HAH Ykpainn, m. Kuis

Koxanos Enyapa BuagmMupoBMY — KaHAMIAT TEXHIYHUX HayK,
Himeyuyuna

Kouin BikTop OunexkcanapoBuy — KaHAWIAT TEXHIYHUX HayK,
Iucrutyt rinpomexaniku HAH Ykpainu, m. Kuis

Kouina Mapin BikrTopiBna — acmipanT [HCTHUTYTY TrimpoMexaHiku
HAH VYxkpainu, m. Kuis

Kpusko Cepriii BoronuMupoBu4 — TOJOBHUM KOHCTpyKTOp Jep-
KABHOTO MigNpueMcTBa «JlOCITiHO-IPOEKTHHI IHEHTp KopabieOyayBaHHS

(IT «ITTIIK»)

Jlapkun FOpili MapkoBuy — KaHIWAAT TEXHIYHUX HAyK,
JOIeHT, aoneHT kadenpu «Teopis Ta mpoekTyBaHHsS KopaOis iM. mpod.
1O.J1. Bopo6iioBa» Onechbkoro HalioHATBHOTO MOPCBKOTO YHIBEPCUTETY

Maii6opona Oaexcanap MukoJaiioBU4 — JOKTOp TEXHIYHUX HAYK,
npodecop, 3aBiayBau kadeapu «CyaHoBomiHHs» KHIBCHKOI aepikaBHOI akaje-
Mii BOJHOTO TPaHCIIOPTY

Mopo3 Bosiomumup BacuaboBHY — JOKTOp TEXHIYHMX HAayK,
3aBIIyIOYMH HAYKOBHM BIIIUIOM I1H(GOPMAIIHMX CHUCTEM Yy TiapoMeXaHiIli
Ta ekonorii [nctutyty rizpomexaniku HAH Ykpainu, m. Kuis

HexpacoB Banepiii OJsiekcanapoBu4 — JOKTOp TEXHIYHHX HayK,

npodecop, 3aBinmyBau kadenpu «Teopis Ta mpoekryBaHHs KopaOiyiss» Harrio-
HaJbHOI'O YHIBEPCUTETY KOpadiieOyayBaHHs iM. aaM. MakapoBa, M. Mukoais
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HukumoB Bosogumup IBanoBu4Y — nokTOp (pi3MKO-MaTeMaTHIHHX
Hayk, podecop Inctury rimpomexaniku HAH Ykpainu, m. Kuis

HinbBa Bogogumup OJiekcaHAPOBHY — MaricTp, MOJ. HayK.
criBmpamiBHUK Mopchbkoro imxeHepHoro 0ropo, M. Oneca, 3m00yBay kadeapu
«Teopis Ta npoekTyBaHHS Kopabis iM. mpod. FO.JI. BopobiioBa» Omecbkoro
HAI[IOHAJILHOrO MOPCHKOT'O YHIBEPCHUTETY

Onunnrenko Anaroqiii @egopoBuy — crapumii BUKiIagad kadeapu
«Teopis Ta npoekTyBaHHS Kopabis iM. mpod. FO.JI. BopobiioBa» Omecbkoro
HAI[IOHAJTLHOTO MOPCHKOT'O YHIBEPCUTETY

Merpor Irop MuxaiijloBU4 — KaHAMIAT TEXHIYHUX HAyK, JOIICHT,
npodecop HarrionaneHoro yHiBepcurery «Omechbka MOpPChbKa aKaIeMis,
npodecop kadeapu «Mopcbki nepepeseHHs» HY «OMAy, akamemik Tpanc-
nopTHOI akazemii Ykpainu, uieH Mopchkoro iHCTHTYTY BenmukoOpwuraHii,
KalliTaH JaJIEKoro IUIaBaHHs

Pynenko Cepriii BacniaboBu4 — J0KTOp TEXHIYHUX HayK, rpodecop,
pekTop O1eChKOro HalioHAIBHOTO MOPCHKOT'0 YHIBEPCUTETY

CepeopsikoB Bosogumup BeniaminoBuu — xangunmat ¢i3uko-
MaTeMaTHYHUX HayK, CTaplIMi HayKOBWH CHIBIpamiBHUK [HCTHTYTY Timpo-
mexaHikn HAH Ykpainu, M. Kuis

Cyxup Edpaim — npodecop, UNIVERSITY OF CALIFORNIA

Typux Bonogumup MukojaiioBU4 — KaHIUAAT TEXHIYHMX HayK,
noteHT HTY Ykpainu «KuIBChbKUi MOMTEXHIYHUI IHCTUTYT

®inimonoB Biraniii IOpiiioBuY — KaHAWJAT TEXHIYHHX HAYK,
CTapIuil HAyKOBHA cHiBIpaliBHUK [HCTUTYTY rigpoMexaniku HAH VYkpainu,

M. Kuis

Yepueubknii Ouexcanap BacuaboBuu — imkeHep Onecbkoro
HAI[IOHAJILHOrO MOPCHKOT'O YHIBEPCUTETY

Sctpedba Onexciii [MerpoBuu — 3aBigyBau nabopatopii Mukomnais-
ChKOT'0 HaIlIOHAJILHOTO YHIBEPCUTETY KopabiaeOyayBaHHs iM. aaM. MakapoBa
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