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V]IK 629.61.052
I'omukos B.A.
OHMA

HOBBIE TEHAEHIIMU B 3KOJIOTUYHOCTH
CYAOBBIX DQHEPTETUYECKHUX YCTAHOBOK

[Toutn monTopa cronerust Hazaa Kapn Mapkc yka3biBal Ha Bpell OT
MEPEeBO30K M IEIeco00pa3sHOCTh BCEBO3MOXKHOTO COKPALICHHUS 3aImpoca
Ha HHUX C TOYKH 3pEHHs KauecTBa ¥ COXPAaHHOCTH Ipy3a.

B Hacrosiiee BpeMs K 3TUM 00CTOSITEIbCTBAM 100aBHIICS BCEMUPHBIN
MPHU3BIB K 3aIlUTE OKPYXaromel cpeasl B MOPCKOM TPAHCIIOPTHOM CO-
o01IecTBe, KacaloUIMHCs 3arpsa3HEHUs] BOIHBIX PECYPCOB M aTMOc(hepsbl.
Ota 3a00Ta 00 JKOJIOTHH TOATBEPXKACHA PEHICHUSIMH MeXAyHapomaHOI
Mopckoit opranusanmmu (MMO) B Buae yCTaHOBIICHHS 0ojiee >KECTKUX
TpeOOBaHMIA.

Jns mpenoTBpaienus 3arpsisHeHust armocepsl ¢ cynoB [Ipumoxe-
are VI x MAPIIOJI (1997): 3ampemaer BBIOPOC O30HOPA3PYHIAIONTUX
BEIIECTB B COOTBETCTBMM C MOHpPEaIbCKUM IPOTOKOJIOM; PETYJIHPYET
BBIOPOC BBIXJIOMHBIX Ta30B: NOy — cokpaienue Ha 6+10% no cpaBHeHHIO
C HEKOHTPOJIMpYeMbIMHU IBUraTensimMu, SOy — NOMYCTHMBIM Hpenen co-
JepkaHusl B OOBIYHBIX paiioHax 4,5%, a B pailoHax KOHTpOJISL BHIOPOCOB
(SECA) - 1,5%.

Hogsas penaxmus [Ipunoxenus VI dopmuposanacek, HaunHas ¢ 53- u
3akaHumBas 59-i1 ceccuamu Komurera MO mo 3amurte MOpPCKOi cpeabl
(K3MC), xoropas Bcrynuia B cuity ¢ 1 utonsg 2010 roza.

B cooTBercTBUM ¢ HOBO# pemakiueii, comepxkanne azora (NOy) pas-
JISJIEHO Ha TPU ypPOBHS: YPOBEHb | NpencTaBisieT Mpeneibl ConepiKaHus
NOy Ha JaHHBIH MOMEHT, KOTOpbI€ ObUTH MPHHATH B IPOMBIIIUIEHHOCTH U
Ha TpaHCHopTe (CI0Ja OTHOCST JBUTATENH, yCTaHOBIEHHBIE ¢ 1990 mo
1999 rr. ¢ numHApoBoii MomHOCTRI0 10 5000 kBT 1 06BeMoM 90 yinT-
poB); yposenb Il — cokpammenue Ha 15,5 + 21,8% B cpaBHeHUH ¢ YPOBHEM
I crangapra mo cogep:xannto NOy JUISI HOBBIX JBHUTATENEH, yCTaHOBIIEH-
HBIX Ha cyJAax, MocTpoeHHBIX K 1 sHBaps 2010 r. unu mozxe; ypoBeHb
IIT — coxpamenne Ha 80% B cpaBHEeHUH ¢ ypoBHeM | cranmapra 1o KoH-
neHTparuu NOy 175 HOBBIX ABHUTaTeNed, YCTaHOBJIEHHBIX Ha CyJax, MO-
cTpoeHHbIX Ha 1 sHBaps 2016r. niau mo3xe 3TON AATHI.

Kacasice TpeboBanuii k comepxkannto SOy U TBEPIABIX YaCTHLl B BBI-
XJIOIHBIX Ta3ax, MpeaycMoTpeHHbIX B Ilpunoxenun VI, cnenyer orme-
TUTh, YTO KOHKPETHBIE TPEJIeNbl COAECPIKaHUs TBEPIbIX YaCTHUI] HE YKa3bl-
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BAIOTCSI, T.K. OHH 3aBHCAT OT coAepkaHus cepsl (S). B MmupoBom macrura-
0e cTaHmapT mpeaensHoro coaepxkanuu S mo 1 saBaps 2012r. HaxomuTes
Ha ypoBHe 4,5%, ocne 3toi naThl — 3,5%, a ¢ 1 saBaps 2020 r. — 0,05%.

IIpenensHoe conepxanue S B ToruBe Ha ypoBHe 0,5% Oyzmer mepe-
cMmoTpeHo B 2018r. u, B cinydae yIOBJIETBOPUTENBHBIX PE3YIbTATOB, OH
OyZer aBTOMaTHYECKH (IO YMOJTYaHUIO) NpUHAT ¢ 1 staBapst 2025r.

B paitonax SECA (bantuiickoe u CeBepHoe mopsi, CeBepHast AMepHu-
Ka | 1Ip.) cTaHaapt cogepxanus S go 1 saBaps 2015r. — 1,0%, a mocie —
0,1%. JIns coOuto/ieHUs] YCTAaHOBJICHHBIX CTaHAAPTOB IUIAHUPYETCS CO-
BEPIIIEHCTBOBAHNE CHCTEM OYHCTKHU BBIXJIOHBIX Ta30B, B YaCTHOCTH, CH-
CTeM PELUPKYJSAIUHN, HCIIONB30BaHUE Ta3000pa3HOrO TOIUIMBA IOCIIE
npunsatus Komurerom no Gezonacuoctu Ha Mope (KBM) MMO Ha ero
8611 ceccunm BpeMeHHOro PykoBoicTBa mo 0€30MacCHOCTH CYyIOB, HC-
MOJIB3YIOMINX B KAYECTBE TOILIMBA ra3, a TAK)KE APYTUX WHBECTUIIMOHHBIX
MIPOEKTOB U HOY—Xay TEXHOJIOTHH.

CoxkpainieHue BBEIOPOCOB MAaPHHUKOBBIX Ta30B C CYIOB PEryJHpyeTcs
«Konpenrmueit o 3arpszaennn atMochepsn» (ceHTsI0ps 1997T.). Peszoio-
nueit 8 mo «BeiOpocam CO, ¢ CyJ0B» PEyCMOTPEHO COCTABICHHUE OTYC-
ta B UMO rocynapctB — y4aCTHHKOB IO TIPOOJIeMe «TapHUKOBBIX T'a30B»
Y CTpaTeTHH COKpAaIleHHs UX BBIOpOCa.

B nepBom otuere MO (2000r.) oTtMeyaeTcsi He3HAUUTETbHAS JTOJIS
1,8% oT 00Imero MUpPOBOr0 KOJIMYECTBA BHIOPOCA MAPHUKOBBIX T'a30B C
CyJIOB. DKCIUTyaTallMOHHBIMA MEPaMH{ MO COKPAIIEHUIO BEIOPOCOB CTaN
HOBBIE NpaBUJIa TOCTPOWKH CYJIOB, B CPAaBHEHUH C MOJIECPHU3UPOBAHHBI-
MU, OTHOCSIIIIECS K TUAPOTPOIYIHCUBHOMY KOMILIEKCY: KOPITYCY, JIBH-
raTesisiM ¥ TpeOHBIM BHHTaM M HATpPaBJICHHBIM Ha COKpallleHHe MoTpeo-
JICHUSI SHEPTHH.

B 2005r. MexnyHapoIHBIM WHCTHUTYTOM IO MPOOJIeMaM OKpYIKaro-
meit cpeapl (OtuetHsiid Toa: 2005) mpuBeaeHB 0000IICHNE JaHHBIE TI0
smuccun CO, (MIH. T/TOI) OT pa3IMYHBIX BUIOB TPAHCIIOPTA: JOPOKHBIX
nuzeneit — 1900, cynoB — 867, aBuanuu — 773 u xene3nsix gopor — 100.

B mupoBoM macmtabe BEIOPOCH! pacpeIeiINCh B CISAYIOMICH T10-
CJIeIOBATEIBHOCTH: 3JEeKTpodHepreTuka — 35%; Tpancnopt — 21,7%;
MIPOMBIIIUIEHHOCTH (3aBObI, (hadpuku, cTpouTenbcTBo) — 18,2%; npyrue
cextopel — 11,8%; npyras sHepretmueckas MHIycTpus — 4,6%; aBTO-
CTpOMUTENbHAs UHAYCTpUs — 3,7; CyJAOXOACTBO, BKIIIOYasl BCIIOMOTaTeNb-
HEIH 1 peIOHETH QutoT —3,3% (2,7% +0,6%); aBuarusa — 1,9%.

B 2007r. xomugectBO BBIOpOoCcOB CO, ¢ cymoB Bo3pocio Ha 17,5% u
nocturio 1019 mux. T.
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Bropoii otuer UMO no npobieme «mapHUKOBBIX ra3os» (2009) Obu1
paccMmotpeH Ha 59—t ceccun K3MC, B KOTOpOM JlaH MPOTHO3 IMHUCCUU
CO; (miH. T/rog) ¢ cymos ot 2007 mo 2050r.r. B Takoii Mociea0BaTeb-
Hoctu: 2010r. — 900+1000; 2020r. — 1100+1200; 2030r. — 1400+1600;
2040r.—1800-2100; 2050r. — 2500+3000.

Beuto BEIpaObOTaHO COTrJamieHHe O TOM, YTO MOHWKCHUE YPOBHS BBI-
OpOCOB ClleyeT JNOCTUTaTh, MCIIONB3Ys PHIHOYHBIE MEXAaHU3MBI B BHUJIC
B3MMaHUS HAJIOTa Ha TOTUTMBO MJIM TOPTOBIISl KBOTAMH Ha BBIOPOCHL.

DKOHOMHYECKOW MEpO¥ TOBBIINICHUST 3HEProd((HEKTUBHOCTA HOBBIX
CYJIOB MPUHAT 00s3aTeIbHBIH KOHCTPYKTUBHBIH WHAECKC SHEPIeTHUECKUI
sapdexruBHocTy (EEDI), koMIuiekcHas GpopMylia KOTOPOrO MOXKET OBITh
MPUCIIOCO0JIEHA K OOJILIIIMHCTBY THUIIOB M Pa3MEPOB CYIOB:

CMOUMOCMb OKpYJHcaroweli cpeobl
EEDI = Py weu cp

nov3a 01 obuecmeaa

K 3aTparaMm mpu ucCIeOBaHMM 3TOr0 HMHAEKCA CIEeIyeT OTHOCHTh
BeIOpockl CO,, a K mpeuMyliecTBaM — TPYy30BMECTHUMOCTb W pPadoTy
TpaHCIopTa.

K TexHWYecKrM W JKCILTyaTalMOHHBIM MepaM 110 CHHYKEHHIO BBIOPO-
COB TTAPHUKOBBIX Ta30B OBUIM OTHECEHBI CYAOBOH IUIaH SHEPTreTHIECKOH
sdpexruBHocTr (SEEMP) niist Bcex cyioB (HOBBIX U CYIICCTBYIOIIUX) U
SKCIUTYaTallMOHHBIN KPUTEPUH 3HEPreTHYecKoil 3¢ (eKTUBHOCTH CyIHA
(EEDI).

CynoBod MHCTPYMEHT (IUIaH) DSHEPreTH4ecKor dS(PQPEeKTUBHOCTU
(SEEMP) BxurouaeT B ce0si:

"  yCOBEpIICHCTBOBAHHOE IUTAHMPOBAHHUE pefica (IMpoBOoIKa HAMOO-
jee BBITOJHBIMH MYTSIMH C YYETOM IOTOJBI, YCJIOBUH DPadoOTHI,
CTPOTO IO TPaduKy, IKOHOMHYECKUM XOJIOM);

"  ONTHUMH3AIM CKOPOCTH, MOIITHOCTH, PaOOTHI;

" ONTUMH3AlUMs YOpaBieHUS CcyaHoM (OamiacT, MCIOIb30BaHUE
PYJIEBOI MaIlIMHEL, PYJIsl U aBTOPYJIEBOTO);

"  YCOBEpIICHCTBOBAHHE yIPABICHUS (IOTOM;

"  YCOBEPUICHCTBOBAHHBIEC IPY30BbIC OINEPALIH;

" ympaBiieHHe SHepProdOPEeKTHBHOCTHIO CyIHA.

OKCIUTYaTaIlMOHHBIA  KPUTEPUH DHEPreTHIECKOW A (DEKTUBHOCTH
CyIHa (HOBOTO U 9KCIUTyaTUPYyEeMOT0) YCTaHABIMBACT B3aUMOCBSI3b MEX-
Oy moTpeOleHHEeM TOIUIMBAa (TOHHBI), KOJHUYECTBOM TIpy3a (TOHHBI) U
MapIIpyToM CyJHa B peiice (MIIn):
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EEDI(®akTrueckuii mokazarenb MOTpeOICHUS TOILUINBA)—
_ (Paxkmuueckoe nompeb.1eHue monauea 3a pelic)

(Macca epy3a Ha 6opmy)x(npotideHHblll nymb)

Ha 59— ceccun K3MC npunsTO penienne pacpoCcTpaHUTh:

" IS HOBBIX CY/JOB — BpeMEHHOE PyKOBOJCTBO MO MpPUMEHEHUIO
KOHCTPYKTHBHOTO HHJIEKCa 3HEprerndyeckoil sddexkruBHOCTH
(EEDI), a taxxe BpeMEHHOE PYKOBOJACTBO MO OOPOBOIBHOMY
MOJATBEP)KACHUIO KOHCTPYKTUBHOTO HWHJIEKCAa JHEPreTHYecKOoi
s dexruaocTu (EEDI);

" I BCEX CYNOB (HOBBIX M CYIIECTBYIOIINX) — PyKOBOJACTBO 1O
coctasnernto CyI0BOTO IJIaHa dHEPreTHYecKoi 3pPekTHBHOCTH
(SEEMP), a taxxe PykoBoicTBO 1O JOOPOBOIHHOMY HCITOJIB30-
BaHHUIO KPUTEPHsl dHEpreTuueckor 3pQeKTUBHOCTH peiica cyaHa
(EEDD).

OKcIiepTHasi OLlEHKa MCTOYHUKOB, ()aKTOPOB M 3JIEMEHTOB IIOBBILIE-
HUS SHEepreTHuecKor 3QHEeKTUBHOCTH Cy/IHA TIpe/ICTaBlieHa B TaOI. 1.

Tabmuma 1. — Ouenka moreHnyana
MEPCIICKTUBHOTO COKPAILEHHS BEIOPOCOB

N CHuxeHue
JKuzHeHHBII KT Meponpusitus, Bcero, | HUroro,
yposHs CO,, o 0
cyaHa AJIEMEHTBI o % %
0
IIpoextuposanue, | Konuemnmus, ckopocTs 250
CTPOUTENBCTBO U MOIIHOCTb
(HoBBIE CyIHA) Kopnyc u HagcTpoiika 2+20
Cunosas
Y IPOIYJIbCUBHAS 0,5+5
CHCTEMBI
10 +50
TomnuBo ¢ HU3KUM 05=5
COJIEpKAHUEM S ’
Bo3o6HoBIsIEMBIIH
1+10 25+175
HCTOYHHK SHEPTUHU
Coxkpamienne CO, B 0
BBIXJIOIHBIX I'a3ax
OxcnmyaTanus VYupasnenue ¢iaoTom,
(Bce cyna) JIOTUCTUKA U 5+50
CTHMYJIMPOBaHNE _
= 5 10 +50
Onrtumuzanus peiica 1+10
Vupasnenne 110
9HEeprodPPeKTUBHOCTEHIO
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B cBoem BeicTymnennn Ha XII MexayHapoaHom cemuHape «Kadge-
ctBeHHoe cynoxoncTBo: Cranpapt XXI Beka. bezomacHocTe M 3ammra
MOpcKo# cpena: ['psmymue mepemeHbl» mporueamieMm 21-22 oktsOps
2009 r. B Cankr-IlerepOypre nox srunoii Poccuiickoro Mopckoro peru-
cTpa cymoxoacTBa (caiiT: www.rs.head.spb.ru) mupexkrop Mopckoii an-
MuHHUCTparuu JIuteel D. 3axapsBU4yC OTMETHII, 4TO JINTOBCKHUE MOpCKUE
MapoX0JCTBA elie A0 BCTymieHus B cuiy [punoxenus VI k Konpenuuu
MOPIIOJI 73/78 mepeBenu CymoBbIE ABUTATEIN C CEPHUCTOT'O TOILIHBA
HSFO na manocepuucroe cygosoe tomio LSFO. Ilpu sTom Habnrona-
IOTCS: TIOBBIIIICHHE I[€HBl HA TOIUIMBO; HEOOXOAMMOCTh MHBECTUILIUHN ISt
aJlanTaluy TOIUIMBHOW CUCTEMBI JIBUTATENeH; MPOOJIIEMBl COXpaHCHHS
pecypca aBuraTelel n3—3a yXyalmIeHUs cMa3o4yHbIx cBoiicTB LSFO Ttomn-
JIMBa, a TAKXKe TPYTHOCTU C OYHKEPOBKOH Cy0B U3—3a AeduiuTa u J0po-
roBu3Hbl LSFO torumBa. TexHOMOrnyM OYUTKH BBIXJIOMHBIX Ta30B JIBUTaA-
teneit o1 SOy He UCIOIB30BANNCH H3—32a UX MPOOIEMAaTUIHOCTH.

PedpmxepaToproe u KOHAUIIMOHEPHOE 000pPYIOBAHHUE MIEPEBEICHO C
¢dpeonoB R12 u R22 Ha ¢peon R 404.

OcHoBHas mpobjeMa Npu BBHINIOIHEHUH YKa3aHHBIX TpeOOBaHUH BO3-
HuKaeT ¢ ymMeHbleHrneM SOy, YTO BBIHYXKIAET pPacX0/J0BaTh CYAaMH Kak
MOJKHO MEHBIIIE TOIINBA, paboTas Ha MOHIKEHHBIX CKOPOCTSX, a TAaKKe
OCYILECTBIISIIOTCSL TIOIBITKY TIOJHOTO MOJKIIIOUEHHs CyHa K OeperoBbiM
WUCTOYHHMKAM TIHTaHUs 3MeKkTpodHeprueid. [lpm sTomM Habmomaercs He-
XBaTKa MOIIHOCTEH M TpeOYIOTCS CHeNHalbHbIE TPaHC(POPMATOPHI.
Habnronaetcst octpas HeXBaTka HOy—xay TEXHOJIOTHH MO TOTLTUBOIOATO-
TOBKe cynoBoro Tsbxenoro tormBa HFO. B noknaze npuBeneH OmMbIT
WCTIOJIB30BAHMS CHJIMKOHOBBIX KpPacoK JIsi MOKPACKH KOPITyCOB CYJIOB,
KoTopas s cynHa aenseiitoMm B 25000 T obxonutcs mpumepno 300000
Euro. D10 mokpeiTre TpeOyeT MOCTOSHHOTO HAaXOXKACHHUS CyAHa B pabo-
YeM COCTOSIHMH. B TPOTHBHOM cCiTy4ae MOABOJHASI 4acTh CyIHA OBICTPO
oOpacTaeT BOIOpPOCISIMHU (MIIOM), a TIPH CTOSTHKE B JIOKE €ro KOpIyc 10J-
JKEH KaK MOXXHO MEHbIIIE 00JydaThCsl CONHIIEM, YTO CTUMYJIHPYET aHTH-
oOpactanue. [Ipm HaHeceHMH HOBOTO CHMJIMKOHOBOTO CJOS HaA0 00s3a-
TEJIbHO YCTPAaHUTh NMEPBUYHBIM CIOH, YTO TEXHOJOTHYECKH JAOCTATOYHO
TSDKEJIO U 3aTpaTHO Mo BpeMeHHW. Eciu mepBUYHBIN CUIMKOHOBBIM CIIOM
OyIleT ocTaBaThCs, TO HOBBIN CIIOW MPOCTO HE MEPKUTCS HA KOPITyCce Cy-
Ha. B xoHeyHOM HTOTE, IPUMEHEHUE CHIIMKOHOBBIX MOKPBITHH 9KOHOMH-
YEeCKH BBITOIHO.

Coxkpamenne BeiOpocoB CO; Ha 35% OBIIO HOCTHTHYTO STTOHCKON
kommanueir Mitsubishi Heavy Industries Ltd., paspaboraBuieii koHLenTY-
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aJbHBIA Ou3allH KOHTeHHepoBo3a kiacca Panamax "MALS-14000CS".
Ha cyane ycranoBmena cucrema kommanuu Mitsubishi Air Lubrication
System (MALS), koTopast HampaBiseT BO3AyX IO JHO Kopiryca, Oiaro-
Jlapst 4eMy, 3a CUET CHIDKEHHSI COMTPOTHBIICHHUS BOJBI ABIKEHUIO, Ha 10%
cokpamfaroTcst BeiOpockl CO; B CpaBHEHUH C CYIIECTBYIOIIMMHU THUIIAMHU
cynoB. JlononauTenpHOE cokparienne BeiopocoB CO; Ha 20% obecneun-
BaeTCs M3MEHEHHEM (HOPMBI KOpITyca CyIHa, MOCTUK KOTOPOTO Pacmloio-
JKeH B a3poo0TeaeMoM HOCY, JbIMOBas TpyOa — Ha KOpMe, a KOHTSHHEPHI
YKJIaIBIBAIOTCS IO KUJIBIMHU TIOMEIICHUSIMHU B KOPITyCe HOBEUIIIEH BBICO-
k03 ekTuBHON (OPMBI ¢ HHU3KHM CONpPOTHBJICHUEM. Vcmonb3oBaHHe
ABTOMATU3UPOBAHHOW JBYXBUHTOBON 3HEPreTUUYECKOM YCTAHOBKU C JBY-
Msl IBUTATEISIMU M CUCTEMOH pereHepanuy OTXOMSIIEr0 TaKTa pabodyero
Tena CHIKaeT KomuiecTBo BbiOpoco CO, eme Ha 5%. [locnennee cramo
BO3MOKHBIM 32 CYET yCTaHOBKM B KOHTYpE YTWIHM3AaIlMd 3HEPTUU BBHI-
XJIOTHBIX Ta30B TypOOHarHerareiell ¢ BCTPOCHHBIM Ha OJHON OCH 3IeK-
TPOTeHEPATOPOM, KOTOPHIH MOXKET paboTaTh B PEKUME DIEKTPOJIBHTATE-
s [2-4].

BbIBoabI M 3aKTI0OYEHAS

C mo3unuil 3KOJOTHHM HCIOJIB30BAaHHE TEIUIOBBIX JIHEPreTUYECKUX
YCTaHOBOK, KaK M BCEH TPaHCIOPTHOM NPOMBIIIJICHHOCTH, SBIISETCS
HEU30EeXKHBIM 3J7I0M, 0€3 KOTOpPOTO TPYIHO NPEICTaBHTH COBPEMEHHYIO
UBUIIA3AINIO, HO TPEOYET OTPOMHOTO WHTEIUIEKTYAIbHOTO HANPSDKEHUS
Y HOBBIX TIOJIXO/IOB.

JlanbHeiiee MOBBIIIEHNE SKOJIOTUYHOCTH TPAHCIOPTHPOBKU TPY30B
HaIpaBJIeHO Ha CHIDKEHHE MaTepUalTbHBIX M (DMHAHCOBBIX 3aTpaT 10 MU-
HUMAaJIbHO HEM30EXHBIX. {51 CyZOBBIX 3HEPTOyCTAaHOBOK ATO O3HAYAET
MaKCHMaJbHOE CHI)KEHHE HEOOpAaTHMBIX HEPreTUYeCKUX M MaTepHhallb-
HBIX TIOTOKOB TIPH OCYIIECTBICHHH CyJTHOM MEXaHHMYECKOH padoOTHI 10
CMeHe MMPOCTPAHCTBEHHOT'O HAX0XK/IEHHS MIEPEBO3UMOT0 TOBapa.

OcHoBoronararomumMi GpakropaMmu HEOOPATHMOCTH SIBIISIIOTCS OTEPU
BHyTpEHHEH SHeprum pabodero Tela NpU BHIPAOOTKE MEXaHHMYECKOH
SHEPTHH M MeXaHWYEeCKHe TOTEepH Ha TPEHHE B THUAPONPOIYIHCHBHOM
KOMIUIEKCE CyJIHA.

JIMTEPATYPA
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VK [623.85:621.125]:62-233
Kuproxun A.H.], PomanoBckuit F.<D.2, Xanmamenos C.A.°
'ABMC, “HYK, *OHMA

CUCTEMBbI YAEPXKAHUA U CTABUJIN3ALIUHU BAJIOB
CYAOBbIX SJHEPTETUYECKHUX YCTAHOBOK

AHanu3 aBapHHOCTH 3JIEMEHTOB CYJIOBBIX IHEPTETUYECKHX yCTaHO-
BOK ITOKa3bIBaeT [1, 2], 4To cpean pa3iMyHBIX MPUYHH, KOTOPbIE MOTYT
MIPUBECTH K CPBIBY BHITIOTHIEMBIX 33a7a4, a TAK)Ke K aBapUsAM C TSDKEITBIMHU
TIOCJIEJICTBUSIMHU U CYIIECTBEHHBIMH YOBITKAMH, OJHO W3 OMPEICIISIOIINX
MECT 3aHUMAIOT OTKa3bl CYIOBBIX arperaTtoB U BaJIOIPOBOIOB BCIIEC/ICTBHE
MPOCTPAHCTBEHHOTO CMEIIEHHsI OCe W YBETMYEHUS aMIUTUTY KojeOa-
Hui BajoB. OOecrieueHne pabOTOCIIOCOOHOCTH CYAOBBIX POTOPHBIX CH-
CTEeM 3a CUET JAILHEHWIIETO MOBBIIICHUS HA/IC)KHOCTH U PE3CPBUPOBAHHUS
UX DJIEMEHTOB TpeOyeT Upe3MEpHBIX MaTepUANIbHBIX 3aTpaT W BEAET K
HED(PPEKTUBHBIM KOHCTPYKTHBHBIM DEUICHHSM, IOITOMY BO3HHKAET
HEOOXOJMOCTh B BBIJICTICHUH W3 HEPapXUM (PYHKIUOHAIBHBIX ITOJICHU-
creM COVY cucreM yaepKaHHs W CTaOMIN3alMU BaJlOB M BBISIBICHUU pe-
3€pBOB MOBHIIIEHUS 3QPEKTUBHOCTH UX (PYHKIIMOHHUPOBAHHUS.

Cuctemsl ynepkanus u cradwim3anuud BajgoB COY MpeacTaBISIOT
cO0OH CIIOKHBIE TEXHUYECKHE 00BEKTHI (pHC. 1), B COCTaB KOTOPBIX BXO-
IST Pa3IMYHBIE yCTPOUCTBA (POTOPHI IBUTATENEH U Tepeaad; YHopHBIe,
MPOMEXKYTOUHBIE U TpeOHBIE BBl CYIOBOTO BaJOMPOBOJA; OMOPHBIE U
YIHOpPHBIE TTOANIMITHUKN CO CIIOXKHOH W Pa3BETBICHHOW CHCTEMOM cMa3bl-
BaHUsI;, paHaibHble U TOPLEBbIE YIUIOTHEHUS; AeMII(pepHbIE JIEMEHTHI 1
Ipyroe o0OpyIOBaHHWE) W B KOTOPOM BO3MOKHO B3aMMOJICHUCTBHE pa3-
JUYHBIX BHUJOB JHEPTUU (MEXaHHMUYECKOW, THAPABIUYECKON, dIIEKTpUYe-
CKOM, TETJIOBOK).

JonroBedHocTh U 0€30TKAa3HOCTh TAKHX CHCTEM, B IEPBYIO OUepeab,
3aBHCAT OT pexxumMa paboTsl TprOoconpshKeHHs B oABecax. 1lo Bo3mei-
CTBHEM JKCITyaTallMOHHBIX (PAKTOPOB B TIOALIMITHUKAX aKTUBU3UPYIOTCS
TpUOOMEXaHUYECKUE M PEOJIOTHYECKHE IPOIECChl, KOTOpPBIE CHOC00-
CTBYIOT PACCEHBAHHUIO ITO/IBEIEHHON MEXaHWYEeCKOW IHEPTHU Kak 110 Jie-
CTPYKTHPYIOIIUM MEXaHH3MaM, BhI3BIBAIOIINM HYTAIHIO POTOpPA U U3HOC
OTIOPHBIX Y3JIOB, TaK U IO 3alIUTHHIM — B PEAIN3aliN KOTOPHIX 3aJI0KEH
pecypc HOBBIIICHUST pabOTOCIIOCOOHOCTH CUCTEM YICPKAHUS U CTaOWIIH-
sanuu Bayios CEVY.

BaxapIM acriektaMm 0o0IIel mpoOaeMbl COBEPIICHCTBOBAHUS (HYHKITH-
OHAJIBHBIX CBOIMCTB CHCTEM, 00ECIICUHNBAIOINX MEpeaady MOIIHOCTH JIBU-
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raTeneil Ha MOTPeOUTENH, MOCBSIIEHBI pa0OThl OTEYECTBEHHBIX H 3apy-
0exXHBIX yueHBIX [3 — 14 u p.], a KOHCTPYKTHBHBIC MEPOTIPHSITUS TIO T10-
BBIIIEHUIO d(P(QEKTUBHOCTH YICpP)KaHHS BaJOB JHEPreTHYECKUX OOBEKTOB B
mpenenax 3a/JaHHOTO CPOKa MX CITYXKOBI Pa3padaTHIBAIOTCS KOPIOPAIHSAME H
OTZeNBbHBIMU HccnenoBatesiMi (puc. 2). OfHako pacnpocTpaHeHHe Hpejuia-
raeMbIX peuIeHUH Ha 337a4u noanepxanus BanoB COY orpannymBaercs crie-
UPUKON (PYHKIIMOHUPOBAHUS SHEPTOEMKIX OOBEKTOB B CYJIOBBIX YCIOBHSX, &
UX pealu3anus II03BOJIIET YMEHBIINTh HHTCHCHBHOCTD BO3ICHCTBHS TOJNBKO
HEKOTOPBIX JKCIUTyaTaIllMOHHBIX (akTopoB. B aTHX ycloBusAX pa3BuUTHE Teo-
pyH yaep>kaHUsl OCel M CTaOHIM3aluy KoJieOaHWd pOTOPOB JIBUTATEICH U Ba-
JIOIPOBOJIOB CTAHOBHUTCS OHOU M3 MPUOPUTETHHIX 32124 MPU (POPMUPOBAHUU
KOMIIJIGKCHOTO TIO/IX0/Ia K ITOBBIIICHUIO SKCIUTyaTAal[MOHHOW HaJeKHOCTH B
CYHOXOJICTBE.

Puc. 2. KoHcTpyKuus NogIIMITHUKOB!
a — IBYXKJIMHOBOW BTYJIOUHBIH THIPOJIMHAMHYECKHUIT, 6 — THOPUIHBII (THAPOCTATOAHU-
HAMHMYECKUI) C yNpaB/sIeMbIMU HECYIMMU 30HAMH; 6 — MHOT'OKJIMHOBOM CerMEHTHbIH
THAPOIMHAMUYECKUI; ¢ — TMAPOIMHAMUYECKHI C CaMOyCTaHABIMBAIOIIMMICS BKJIa-
JBIIIAMU; O — AeMII(EPHBII MMAPOCTATOAUHAMUYECKUIL; e — MarHUTHBLI Io/1BEC

Pemenne mpoGieMsl moBsieHns 3()(HEKTUBHOCTH yAEP)KaHUS BaIOB
C3OY Ha NpOoTSHKEHUH BCETO KU3HEHHOTO IMKJIA MOPCKOT'O TPAHCIIOPTHO-
ro cperncta (cM. puc. 1) CBS3aHO € MEPEXOJOM OT TPaAWIMOHHBIX Jie-
TEPMUHHUCTCKUX MPUHIMIIOB PErJaMEeHTHPOBAHHUS PEXUMOB pabOTHI
HOANIMITHAKOB M CHCTEM MX CMa3bIBaHWs, OCHOBAaHHBIX Ha IIpeICTaBlie-
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HUSAX O 3arace yCTOMYMBOCTH TUHAMHUYECKOM CHCTEMBI, K aJalTUBHOMY
PEryJIMpPOBaHUIO NPOLIECCOB yAEPXKaHUSA M CTaOMIM3alM{ BajloB IO OT-
KJIOHEHUSIM WX TIOJIOKEHHS B OMOpaXx IO NEHCTBHEM KOHCTPYKTHBHBIX,
PEKUMHBIX M 9KCIUTyaTallHOHHBIX (PaKTOPOB.

OyHAaMEHTANbHBIMU M IPUKIAIHBIMH HCCIICAOBAHUSAMH, MPOBOIH-
MbiMH B HammonanpHOM yHHBepcuteTe KopabiecTpoenns, Omecckoit
HalmoHabHOU Mopckoit akanemun U Axkaaemunn BMC uMm. I1.C. Haxu-
MOBa CO3/1aHbl TEOPETHUECKHE OCHOBBI Pa3paOdOTKH CUCTEM YAEpKaHHS U
CTa0MIN3allMK BAJIOB CYAOBBIX arperaTtoB M BaJOIIPOBOJOB, PEaIU3yIO-
HIMX TPOLECCH THAPOCTATOANHAMHYECKOTO yJIepKaHUs Oced U CTaOMITH-
3auuM KoneOaHuil poTopoB, (PyHKIMOHMUPYIOIIKME HAa NPUHIMIIAX YIpPaB-
JICHUS TIOJIOKEHHEM IIHUIIOB B 3a30pax MOALIMITHUKOB ITyTEM M3MEHEHUS
MOTEHIIUAIBHON ¥ KHHETHYECKOW dHEPTruu paboueil )KUIKOCTH. Y CTAaHOB-
JICHO, YTO MPH Nepeaade MomHocTH B COY crabunu3anusi AMHAMUYECKO-
ro paBHOBECHS BAJIOB MPH MX FAPMOHMUYECKOM HarpyXeHUH oOeclieurBa-
eTcs 3a CHET TPUOOKOOPAMHAIIMHN CTPYKTYpbl pabodero tea MoaIIUITHA-
KOB, YCTOMYUBOCTh JABM)KEHUS KOTOPOI'O HOPMHUPYETCS MO0 OTKIOHEHUSIM
KMHEMAaTHYECKUX U PEOJOTHYECKUX MapaMeTPOB B CIIOSX CMa304HOTO
MaTepuaia 10 BBICOTE 3a30pa, a BO3JEIHCTBUE MEPEMEHHBIX Harpy3oK B
peXHUMe ynep)KaHUs OCH Baja 10 yCIOBHMSIM MHHHUMH3AIlUU OTKJIOHEHUH
e€ MOJIOKEHNsI KOMIIEHCUPYETCsI MTOBBIILICHHEM HNOTEHLIUAIBHON 3HEPTUH
pabouero Tena 3a C4ET U3MEHEHHS IIapaMETPOB CUCTEMbI CMa3bIBaHHSL.

MexaHu3Mbl B3aMMOJEHCTBUS CHJI BA3KOTO TPEHUS W MHEPIHUH CMa-
304YHOTO MaTepuaia, KOTOpble ypaBHOBEIINBAIOT KBAa3HCTAI[IOHAPHbIE U
TapMOHHYECKHE HAarpy3Kd Ha Bajl MyTEM MNepepacrnpeneieHus] KHHEMaTH-
YECKUX, TEIUIOBBIX M PEOJIOTMYECKHX IapaMeTpoB CMa30YHOTO CJIOA,
(dopmanu30BaHbl B BUAE MAaTEMaTH4eCKOW MOJENH, OCHOBAaHHOM Ha pe-
IIEHUH CHCTEMBbl YpAaBHEHWH NUHAMHUKH W TEIUIONMPOBOJHOCTH POTOPA,
JONOJTHEHHON YPaBHEHMSIMU COXPAHEHUS KOJIWYECTBA JIBH)KEHUS, MacChl
W DHEPrHH JUISI XapaKTepHBIX YYaCTKOB THAPABIMYECKOTO TpPaKTa MOJI-
munHUKOB [15]. OnHO3Ha4YHOCTH HaydaJdbHBIX W TPAHUUYHBIX YCIOBUH
MO3BOJIMJIO HMCHOJIB30BaTh I PEILCHHUS MCXOIHBIX YPaBHEHHH OoTpabo-
TaHHBIE METOJIBI TMHAMHYECKOTO aHAJIM3a U MEXaHWKH CIUIOIIHBIX CPen
[3,4,7,16].

MHoroBapraHTHbIE pacd€Thl HA UIMUTALMOHHOW MOJENH TOKa3alH, 4To
B YCJIOBUSIX HEOJIarONPHUATHBIX ISl peIaKCalliy HAPsDKEHUH B M30TPOITHOM
CMAa304HOM JKUJIKOCTH MPUMEHEHHE JUCIIEPCHBIX CMA30YHBIX CpEJ] aKTHUBH-
3UpyeT PEOJIOTMYECKUE ANANTHBHBIE W JUCCHIIATUBHBIE MPOLIECCHl B CMa-
309HOM CJI0€, KOTOphIe dPPEKTHBHO CHIKAIOT MHTEHCHBHOCTD JIECTaOMITH-
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3UPYIOLIUX SIBJICHUI B MOMIIMITHUKAX CKOJBKEHUS U MOBBIMIAIOT TOYHOCTh
yaepxaHus ocell BaJoB (puc. 3). BBUIY MIEHTUYHOCTH BIWSHUS TPaHCH-
TOB KMHEMATHUYECKUX, TEIJIOBBIX U PEOJIOTMYECKUX [TapaMETPOB HA YIIPYro-
JIeMIT(UPYIOIIHE CBOMCTBA CMa304HOTO CJIOS 32/1a49a KOMILIEKCHOW ONTHMHU-
3aldd TIPOIIECCOB yIEpKaHWsI W cradwmm3anmuy BatoB COY mpuBeneHa K
MOUCKY 3KCTPEMYMOB TOKa3atTess 3QPEKTHBHOCTH UCIIONB30BaHUs paboTo-
CIOCOOHOCTH 3JIEMEHTOB TPUOOCHUCTEMBI:

Dzdx;dz

up d
X

2

rre d, — 6e3pa3MepHbIi apaMeTp KeNaTeNbHOCTH, COOTBETCTBYIOIUM MUHHU-
MaJIbHOMY OTKJIOHEHMIO OCH Bajla OT pacu€THOIO IPH 3aJaHHBIX Harpy304HO-

k,,k

HBII MapaMeTp, YIUTHIBAIOIIMIA CTEICHb COBEPIICHCTBA CHUCTEMBI IO TPY30-
noaseMHocTH (Kkr), pacxomy cMa3oyHoro Marepuana (kp), MOTepsiIM Ha TPCHUE
(k:p) M DHEPreTUYECKUM 3aTpaTaM Ha padoTy (k,), IKOIOTHUECKON Oe30MacHo-
cTH (k») M YCTOWYIMBOCTH MTOJBIKHOTO paBHOBECHs poTopa (ky).

CKOPOCTHBIX XapaKTepHCTHKax; dy = f (kF,kQ,k 3K,ky) — Oe3paszmep-
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Puc. 3. TlapameTpsl iporieccoB yuepkanus poropa Typounsl OK-1,5 B moqmmmHrkax:
@ — OTHOCHUTENBHBIN SKCIEHTPUCUTET BaJla B THAPOAMHAMUYECKOM MOIIMITHHKE Ha
macne T,—46 (1) u Ha AxkBaHone 7 (4: wTpuxoBas JIUHHS — paboOTa CHUCTEMBI
THAPONOABEMA POTOpPA), TUAPOCTATONMHAMMYECKOM IOJIIUIHUKE Ha BOJISHOM
cMa3zke ¢ 6-f0 TPSMOYTOJIBHBIMH Y3KUMHU (2) W Ha BOJHOM pacTBOpE IIOJIH-
rekcaMeTHIeHryaHuauH ¢ocdara ¢ 4-1 aByTaBpoBbIMU (3) Kamepamu; 6 —
AMILIATY/IB OTHOCHTEIBHBIX Konebaruii potopa ( A = A/hyy); 6 — TemMudupyromas
CIOCOOHOCTh MOALIMIIHMKA Ha Macie, SMYJIbCHIX ¢ OOBEMHBIM BOAOCOAEPKAHUEM
k <50% u cma3kax Ha BoJHOU ocHOBe (® = 314 pan/c)

KoathdummeHT rpy30mo/peMHOCTH ONTUMHUZHPYETCS TI0 KPUTEPHUIO MU-
HHUMU3ALMU OTKJIOHEHUM MOJIO0XKEHUS OCEH BaJOB B MOJIIMITHAKAX C YUYETOM



2011 — Ne 27 Cy0osbie dnepeemuyeckue yCmaHosKu 15

SHEpreTUYecKoil d((PEKTUBHOCTH M YCTOHYMBOCTU CUCTEM VIEpKaHUS U
crabumsaipu BasioB COY, 3a1aBaeMoil 3aBUCUMOCTAME Buja [3]:

_F _nh __F pokr
¢ quRL’ e Nmp pOhO’
F nh P, 4p,RL

»T Ny +N, SuRL 7 N\, mh

rie ho, L — paguanbHbIi 3a30p W JJIMHA BTYJIKH MOANIMITHUKA; [ — BSI3-
KOCTb CMa304HOI'0 Marepuaina; m, R, ® — mMacca, paguyc u yrioBasi CKO-
POCTb BpaIlIECHUs Baja; po — AAaBJICHUE B HAIIOPHOM MAaruCTpajld CUCTEMBI
CMa3bIBaHUs; Oy — 'paHUIla yCTOﬁ‘IHBOCTH BpalicHuA BaJia.

3HavyeHus] ToKazaTeneil paboTOCIIOCOOHOCTH CHCTEM YAEpXKaHHA U
cTabumm3aiyy BaIoOB B GopMynax Iuisi 0e3pa3MepHBIX MapaMeTpOB pac-
CUMTBHIBAIOTCS M0 MAaTEMaTHYECKONH MOJIEIH, a 3HAUYMMOCTh KO3 PHUIIHCH-
TOB YCTOHYHMBOCTH M SKOHOMHYHOCTH MOXKET OBITh WILTIOCTPUPOBAHA 3a-
BUCUMOCTSIMHU puc. 4.
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Puc. 4 3aBI/ICI/IMOCTI/I moKa3areyie DKOHOMHUYHOCTA U yCTOfI‘II/IBOCTH OT BCJIIMYUHBI

CMCIICHUA OCH Baja %:XOHT /X U KOHCTPYKTUBHBIX IIapaME€TPOB CHCTEMBI

(Z = 2L/ { — oTHOCHTENBHAS JUIMHA ONOPbL; { — JUIMHA TIPOJIETA MEXKLY OIOPAMH):
—= £ =0,025;———— ¢ =0,035,—-— - — - £ =005

B pamkax MHOrOKpUTEpHaIbHONM ONTUMHU3ALMOHHOM 3a/auyd MO MH-
HUMU3AUU OTKJIOHEHUH TMOJIOKEHHUSI OCe BaJoB B 3a30pax MOJUIUITHU-
KOB TIOJ] JIEMICTBHEM JKCILTyaTallMOHHBIX ()aKTOPOB YCTAHOBIICHHI JHara-
30HBI M3MEHEHUS KOHCTPYKTHBHBIX MapaMETPOB THUIPABIMUECKHX TpPaK-
TOB TOJMIUITHUKOB, KOHIICHTPAIIMH KOMIIOHEHT CMa304HBIX Cpell U pe-
JKUMOB paOOThl CHCTEM CMa3bIBaHHUs, B KOTOPBIX gocTHraercs 25 — 65%
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MOBBIIIIEHNE TOYHOCTH yJIep>KaHUs oceil BaioB, 1,2 — 2-KpaTHOE CHIDKE-
HUE MHTEHCUBHOCTH Kojebanuii u 10 — 15% cHIDKeHne SHepreTHIecKux
3aTpar Ha nojep:xanue Bajios COY.

[lomyuenHsle pe3ynbTaThl HALUIM MPOMBIIUIEHHOE NMPUMEHEHHE TpU
IPOEKTUPOBAHUM CHUCTEM YJIEpXKaHUS M CTAaOWIM3aLUU BaJIOB CYHOBBIX
TypOoarperatoB U BaJONPOBOMIOB, PEAIM30BAaHBI IIPH COBEPIIEHCTBOBA-
HUM HOPMAaTHBHOM ©a3bl yIpaBieHUs Oe3aBapHiHOM 3KcILTyaTanuen
TPAHCIIOPTHBIX U CTALJMOHAPHBIX YJHEPTETHYECKUX YCTaHOBOK.

[IpuopuTeTHBIM HANpPaBICHUEM AATBHEUINNX UCCAEAOBAHUM SBISIETCS
(hopMHpOBaHNE KOHIICIIMHA CHHTE3a CUCTEM Y KaHUs M CTaOMIIN3aIiH
KECTKUX U THOKUX POTOPOB SHEPIeTUUECKUX YCTAHOBOK B MOALIMITHUKAX
Ka4eHMs], OIIOpax Ha KUAKOCTHOW M ra30BOM CMa3Ke, SJIEKTPOMAarHUTHBIX
MoJiBecax M COBEPLICHCTBOBaHHE HaydyHOW 0a3bl nx OezaBapUHHOHN KC-
IUTyaTalHH.

BriBoabI

1. KoMImekcHbIN MOAX0/ K MOBBIIICHUIO IKCIUTYaTallMOHHOW HaJeXK-
HOCTH B CYJOXOJICTBE TpeOyeT BBIACIEHUS U3 HepapXuu (yHKIIHOHAIb-
HBIX ToacucteM COY cucteM yaepX aHHus U CTaOWIM3AIK BaJOB CYIO-
BBIX arperaToB M BaJIONPOBOJIOB U BBISBJIICHUS PE3CPBOB MOBBIIICHUS (-
(hbexTUBHOCTH UX (HYYHKIIHOHUPOBAHMSI.

2. Jna pemieHuss HAyYHO-TIPHKIATHONW TPOOIEeMBl TOBBIMIEHUS 3(-
(dexTuBHOCTHU yaepkaHus BajioB COY Ha MPOTSIKSHUH JKU3HEHHOTO ITHUK-
Jla MOPCKOTO TPAHCHOPTHOTO CPEJICTBA CO3JaHbl TEOPETUUECKUE OCHOBBI
pa3paboTKN CHCTEM YAEp)KaHWSA W CTaOMIM3AIMK BaJOB CYIOBBIX arpera-
TOB M BAJIOIPOBOJIOB, PEATU3YIOMINX MPOIIECCHI THAPOCTATOIMHAMUIECKO-
To yjaepaHHUs oceil W crabunuzanuu KoieOaHud POTOpOB, (PYHKIMOHH-
pyIollve Ha NPUHIUNAX YIPABICHUS MOJIOKEHUEM IIUIIOB B 3a30pax MO/-
LIIUITHUKOB MyTEM M3MEHEHHUs MOTEHIIMAIbHON M KUHETUYECKOW sHepruu
paboueil KUAKOCTH B YCIIOBHSX TPUOOKOOPAMHAIIMUA U CaMOOPTaHU3aIUu
MaKpOCTPYKTYPBI CMa304HOTO CJIOSI BCIIEICTBUE pa30alaHCHPOBKU pOTOpa
O[T IEHCTBUEM KOHCTPYKTHBHBIX, PEKUMHBIX M IKCILTYyaTallMOHHBIX (hak-
TOPOB.

3. [IpuopuTeTHBIM HampaBICHUEM AANbHEUIINX UCCICAOBAHUN SBIIS-
ercsi GopMUpPOBaHUE KOHIICIIIIUN CHHTE3a CHCTEM Y IepyKaHU 1 CTa0MIN-
3aIHM KECTKUX U THOKHX POTOPOB B MOAIIAITHUKAX KauyeHUs, OMOpax Ha
JKUJAKOCTHOW W Ta30BOM CMa3Ke, SJIEKTPOMArHUTHBIX TOJBECaxX C Iep-
CTIICKTUBOW BHEAPEHUS TAaKUX CUCTEM B TPAHCIOPTHYIO, He(hTera3oqo0ni-
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BAIOIIYIO, SJEKTPOIHEPTETUYECKYIO U JIPYTUE CMEXHBIE OTpacid SKOHO-
MHKH Y KpauHbI.
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YK 001.32:629.5.054.03
Illepuenko B.A., lexun B.I".
OHMA

3AKOHOMEPHOCTH PABOTBI
CUCTEMbI ABTOMATHUYECKOI'O YITPABJIEHUA
KYPCOM CYJHA B PEXXUME CTABWJIN3ALIUU

B HacTosimee BpeMs Mpolecc yNpaBieHHs B PEKUME CTaOHIN3aLUN
CyJHa Ha Kypce IMOJIHOCThIO aBTOMaTu3upoBaH [l]. ABTomaTHueckoe
YIpaBIeHUE OCYIIECTBISIETCS C MOMOIIBI0 COBPEMEHHBIX aBTOPYJIEBBIX,
KOTOpBIE PEAM3yI0T MPOMOPIHMOHATLHO-HHTETPaIbHO-TH(depeHITnaTb-
Heiii (ITN1) 3akoH ynpaBneHus. DTOT 3aKOH yIpaBIeHUS U CPEJCTBA €ro
peanmn3aluu JOCTUTIN CBOETO COBEPIIEHCTBA, OJHAKO 3alpoC MPaKTHKU
TpeOyeT, B yCIOBHIX BBICOKOI KOHKYPEHIIMH B cepe MOPCKUX IIePEeBO-
30K, TTOBBIIIEHHUSI SKOHOMUYECKOH 3 (PEKTHBHOCTH HKCIUTyaTalluu CyAHa.

Llens naHHO# pabOTHI COCTOUT B aHANIM3€ PAOOTHI SKCILTyaTUPYEMbIX
CErOIHA CHCTEM aBTOMATHYECKOTO YyIpaBlieHHs KypcoMm cymHa (CAY
KC) u ompenenennu mapaMeTpoB YMPAaBISIONIETO CHUTHATA B PEKUME
CTaOMIIM3alMK CyJHA Ha Kypce.

DKCIUTyaTupyeMbIe CETOIHS CUCTEMbl aBTOMATHYECKOTO YIPaBICHHUS
KypCOM CyJHa B pexuMe crabmnm3anuu peanusyior [1M]] 3axon ympas-
JICHUSI U SIBJISIOTCS 3aMKHYTBIMU CHCTEMaMH aBTOMAaTHYECKOIO yIpaBiie-
Hus (CAY) no otkioneHuro. CTpyKTypa Takoil CHCTEMBI TpeicTaBlieHa
Ha pucyHke 1.

0y (p) —RPr=adlp)-atp ulp) — B — a(p)
(& l®) W, (0) W)l

: i

Puc. 1. CrpykrypHas cxema CAY ABHXKEHHEM CyJHA

Ha pucynke 1 TNpHHATBI CIEAYIONIAE YCJIOBHBIE O0003HAYCHUS:
oo(p) — 3anaroriee Bo3zeciicTBue; u(p) — BhIxogHOW curHan [TU]I-
perynsitopa (ynpasisioliee Bo3ieicTre); B(p) — yroa nepexiagku py-
ns1; ou(p) — Kype cyana; 0(p) — curaan ommoku; Wia(p) — nepenarod-
Has ¢ynkmus [TU][-perynsatopa; Wy(p) — nepenarounas GyHKIUS pyie-
Boit Mmamubl; We(p) — nepenatouyHast pyHKIUsS CyIHA.

Ilepenatounslie hyHKIMHU pyleBoro ycrpoiictBa Wy(p), cyana We(p) u
MU I-perynsaropa Whua(p) umetrot Bup [2]:
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W, (p) o
p\P)= ;
T,p+1
k
W.(p)=—"—;
.(p) T

k
an(p) =k, +?"+kﬂp,

rae kp, Ty, ke, Te — KOBPUIMEHTH TIepeaydl U TOCTOSIHHBIE BPEMEHU
PYJEBOTO YCTPOMCTBA U CylHA COOTBETCTBEHHO; Ky, Ku, Kyx — mponopuu-
OHAJIbHBIN, HHTETPAIbHBIA U MU PepeHnnanbabii kKoddunmentsr [TH]]
perynaropa.

Haxoxnenue s¢¢extuBaoro ynpasienus mo [IM]] 3akoHy cBogurcs
K OIpefeNieHHI0 HanOoJee MOAXOIAIIUX 3HaueHuH Kod(uIueHToB ki,
ku, k.

K OCHOBHBIM HEZOCTAaTKaM CHUCTEM aBTOMATHYECKOI'O yNpaBJICHUS IO
OTKJIOHEHHIO OTHOCSITCS: CKIIOHHOCTh K KOJIEOaHUSM M TPUHIATHATIHLHAS
TPYZHOCTb OJHOBPEMEHHOT'O JOCTH)KEHHUS BBICOKONW TOYHOCTH YIIpaBiie-
HUS, YCTOWYMBOCTH M ObicTpofeiicTBus. [Ipu HacTpoiike cucteM mpHUxo-
IUTCSI TIPUHUMATh KOMIIPOMHCCHBIE pPEIIeHHs: BBIOMpPATh H3MEHSIEMbIE
napameTphl Tak, YToObl 00ecneuuTh TpeOyeMylo TOYHOCTh MPH HE00XO-
JUMOM 3arace ycToH4nBOCTH. Vcxoas U3 nmepedrcieHHbIX HEJOCTaTKOB
Y YUYUTBIBasi COBPEMEHHBIN 3Tall pa3BUTUsA caMoHacTpauBaromuxcsa CAY
KC, M0oXHO 3aKII04YHTh, 4TO TOBbIIIeHUE 3D dekTuBHOCTH paboThl CAY
KC nyrem Hactpoiiku koadduuuentos ITH/-perynstopa daxrudecku
ce0s ucuepmano.

Heobxomumocts omrytuMoro noseiiienus s¢dexkrusaoctu CAY KC
B peXHMe CTa0MIM3aluu CyAHa Ha Kypce TpeOyeT mepecMoTpa 3aKOHOB
yIpaBIeHHs U CTPYKTyp cymecTByromux CAY KC.

OMHUM 13 BO3MOXKHBIX CIIOCOOOB TIOBBIIICHUSI YPPEKTUBHOCTH BHH-
TOPYJICBOTO KOMILJIEKCA MOXET OBbITh BBEJCHHE B CylecTBymoIyt0 CAY
KaHaja YIpaBJIeHUs MO Bo3MylIeHHI0. OJHAKO Ha CETONHAIIHMNA N€Hb
po0JIeMoil SIBJII€TCSI OTCYTCTBHE ATYUKOB M3MEPEHMS BO3MYILAOIINX
BO3JICHCTBUM, JNEHCTBYHOLIMX Ha cyAaHO. IIOCKONBbKY HENmOCpeACTBEHHO
U3MEPATh BO3MYILAIOIINE BO3EHCTBHSA HE MPENCTABISIETCS BO3MOXKHBIM,
TO OJHMM M3 CIIOCOOOB ONPEAEIEHUs BIMSAHUS BO3MYLIAIOUINX BO3ACH-
CTBUH, IEHCTBYIOINX HA CyIHO, MOXKET CIIYKHTh CIIOCOO OIEHKH Tapa-
METpOB curHana ynpasienus npu [IA]J[ perynupoBanuu B pexume CTa-
OunM3auuy cyHa Ha Kypce.
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JlocTaTOYHBIM MaTepUaIOM JIs JAHHOTO dTara UCCIEeIOBAHUS MOXKET
CIIyXHUTh OCHHJUIOTpaMMa KIaZoK pyJieBord mammHbl T/X "llapdentuit
I'peuansriit”, npu padore CAY KC B pexume "aBtomar". [Ipu sTom au-
HAMHUYECKHE IapaMeTpbl CyIHA W BO3MYIIAIONIMX BO3JCHCTBUN OBLIH
cnenyromue: kypc 119°; Bonmaenune 6 6amnos; Berep 311°-331°, 11,9 m/c;
ckopocTh 10 y310B.

B pesynbprare aHamm3a OCHMUIOTPaMMBI ObII OTMEUYEH HEpHOAHYE-
CKHAH XapakTep KIAJO0K PYJIeBOH MAaIllMHBI KaK pe3ylbTaT Peakiud Ha
BO3MYINAIOIINE BO3JCHCTBUSA B PEXXKUME CTAOMIIM3AIlMHM CyJIHA Ha Kypce.
[Ipu »TOM ObLIA MoONy4eHa auarpamma (puc.2), TAe o — Yrod KIaiIKu
PYJIst; h; — KOJMYECTBO KIIAJIOK Ha ONpe/ie]IeHHbIN yroi;, h — odiiee Ko-
JIUYECTBO KIIAJIOK.

0,3500
0,3000 T
0,2500 1
0,2000 -

nin

0,1500 1
0,1000 1
0,0504 1

o
T T o T T T T d

40 29 5500 2.0 us,,u &0 8.0 10,0

Puc. 2. JlnarpaMmma K1aiox pys

ITockoNbKy KITaJKU PYJis B TAKOM PEXKUME HOCAT TEPHOANICCKUN Xa-
pakTep, BaXXHBIM IS aHAIH3a PabOTHI aBTOPYJIEBOTO OyIET ONpE/IEICHIE
Meproa KIaJoK PyJist Ha pa3IuvHbIe YTIbl (puc. 3).

1]

2
T
Puc. 3. luarpamma nepuosa KiajaoK pyJs
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B pesynbrare aHanm3a OCHMIUIOTPAMMBI KJIAJOK PYJs ObLI BEISBICH
MIEPUOANYECKUI XapaKTep peakilii aBTOPYJIEBOr0 Ha BO3MYIIEHHUS. beumn
OTIpEeIeIICHBI TPH OCHOBHBIX TAPMOHUKH, UX aMILTUTY Bl M TIEPUOIEL.

Ananmuz pabotet CAY KC B pexxuMme cTa0uiIu3anuu CyJHa Ha Kypce,
MIPOBEICHHBIN B TaHHOH paboTe, MOATBEPKIAeT BO3MOXKHOCTE (hOpPMHPO-
BaHMS TOTIOJTHUTEIHHOT'O KaHaJIa TI0 BO3MYIIICHHUIO.

CIIHCOK UCIIOJIB30OBAHHbBIX HCTOYHUKOB

1. Barymenxko JILJI., CradeeB A.M., Llpimban H.H. ABromarnzanus
cynoBoxknaenus.- OT'MA, Onecca, 1994. - 355 c.

2. CucrteMbl aBTOMAaTHYECKOTO YIPABICHHS JBIDKEHUEM CyJHA IO
kypcy / bepesun C.4l., Teroes b.A. — JI., «Cynoctpoenuey, 1974.
264 c.
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YK 681.3.06: 629.12.03-83
Jonuckoi B.I'.
OHMA

KOHTPOJIb PABOTHBI CY10BbIX TEXHUYECKHUX CPEJICTB
110 OBOBHIEHHBIM IAPAMETPAM
(B IIOPAAKE OBCYKJAEHHUA)

OpHoii U3 mpoOJieM aBTOMAaTH3alUW CYAOB SIBISIETCS OpraHH3aLus
0000IIEHHO! CHCTEMBI KOHTPOJSI CYIOBBIX TEXHHUYECKHX CPEICTB, UMe-
IOLIel HEMOCPEICTBEHHOE OTHOIIEHHE K MCCIEJOBAHHIO PallMOHAIBHON
3arpy3KH CyJI0BOTO OIepaTopa.

KavecTBeHHBIN KOHTPOJbL PabOTHl CYJOBOH JHEPreTHYECKOW YyCTa-
HOBKH (COYVY) Tpebyer B Hacrosmiee Bpems nHGOpMaIui 00 W3MEHEHUH
00JBIIOr0 YHCIIa KOHTPOJIHPYEMBIX BEIWYUH (IapaMeTpoB pabOoTHI).
Bepxusst rpannna 00bEMa KOHTPOJUPYEMBIX BEIMYMH Ha TEIIOXO0JaX
nocturaetr 600, a Ha maporypboxonax 1000 HammeHoBanuid. IIpakThue-
CKH€ TPYTHOCTH TpH 00pabOTKe Takoro KoIndecTBa WH(poOpManuu ode-
BUJIHBI U JIENAIOT 11eeco00pa3HbIM NPOBEICHUE HCCIIEeI0BATEIbCKIX pa-
00T M0 MUHUMH3ALUHU YMCIIa KOHTPOJIUPYEMBIX BEJIMYHH, BBIHOCUMBIX Ha
MOCTBl KOHTPOJIs U yrpasieHus. OOOCHOBaHNE PALMOHAIBHOIO 00BEMa
KOHTPOJIMPYEMBIX BEIUYHH OCTAETCS CAMOCTOSATENILHON M CIIOXKHOM TMpo-
Onemoii.

B HacTosmel crathe NpeAlpUHUMAETCS TONBITKA PACCMOTPETh BO3-
MOYKHBII BapHaHT TOCTPOCHUS CUCTEMBI KOHTPOJIS,, B KOTOPOH, HE U3Me-
HsISl OOILIEr0 KOJIMYECTBA KOHTPOJIMPYEMBIX BEIMYHH, MOKHO OBUIO OBI
CYLIECTBEHHO YMEHBLIUTh YMCIO MOCTYIMAIOIINX Ha MOCT KOHTPOJIS CHT-
HAJIOB, TIOCTPOMB CHUCTEMY (CXeMy) 000OIIEHHOW CUTHATU3ANNA Ha OCHO-
BaHUH HIDKEH3IIOKEHHBIX TTOJIOKEHHH.

3HAaYNUTENIFHOE KOJIMYECTBO KOHTPOJIMPYEMBIX BEJIIMUMH XapaKTepU3y-
€T COCTOSTHHE MEXaHU3MOB, PaboUyr0 Cpexy, MpoTeKaomuil (hr3ndecKuit
MPOIIECC, OCYIIECTBIIsieMble NelcTBHs U T.1. OJJHAKO HE BCE OHH PaBHO-
LEHHBI (PABHO3HAYHBI) C TOYKHU 3pEeHUs] HHPOPMATUBHOCTH U 3HAYUMOCTH
M0 OTHOILEHHIO K CUMYJIbTAHHOMY (TEKyLIEMY, OHOMOMEHTHOMY) TEX-
HUYECKOMY COCTOSIHUIO OOBEKTa KOHTPOJISL.

OmnpenenuM HUCXOIHOE KOJMYECTBO KOHTPOJIHMPYEMBIX BenuuuH C B
00111eM BH/JIE 110 BBIPAXKEHUIO:

C:ZZX,.]. , (1)
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rae Xjj — KOHTpoJupyeMas BelimurnHa X, Hecyluas j-ii npu3Hak o0 u3MeHe-
HUW TEXHUYECKOTO COCTOSHHUS [-T0 MexaHusMma; j= l+m, m=var mis
KOKJOro [-r0 MEXaHW3Ma; N — KOJIUYECTBO KOHTPOIUPYEMBIX TEXHUYE-
CKHX CpelcTB (MEXaHU3MOB, CUCTEM H T.].)
KonnuecTBo 0000IIIEHHBIX CUTHAIIOB MOXET OBITh HaijeHo 1o (op-
MyJie
1

q _
CO =C ZPka ) (2)
k=1

rie Pr — BEpOSTHOCTh HCIIOJBb30BaHUS B IESX HICHTUPHUKAINU K-TO
MpPU3HAKa OJHOPOIHOCTH MO OTHOIIEHHIO K MHOKECTBY YACTHBIX MpH-
3HaKoB; Fi— Qakrop F uueHTH(UKAIMK Pa3IMYHBIX BETUYMH KOHTPOJI
10 K-My HPHU3HAKY OZHOPOAHOCTH; ¢ — KOJIMYECTBO MPU3HAKOB OTHOPOI-
HOCTH, UCIIOJIb3YEMBIX TPH UX WACHTH(QHKAIIUIH.

Ecnu Ob1 Bce hakTopsl uaeHTHOUKALMH ObUIH OBl PABHOBEPOSTHBIMH,
TO KOJINYECTBO OOOOILIEHHBIX CUTHAIOB OIPEAEIIIOCH OBl KaK

C, :E. 3)
q

OnHaKo BBHITONHUTH UACHTU(UKAIIMIO TI0 yYpaBHEHHUIO (3) He ymaeTcs.
[ToaTOMy MPUXOIUTCS MCIIOIK30BaTh BhIpakeHUE (2) Kak Hamboiee 00-
iee.

B coBpemeHHBIX cucTeMax UeHTpaiu3oBaHHOTO KoHTpois (CLK)
YUCJIO BBIHOCHMBIX CHTHAJIOB B IEHTPaIbHBIA mocT yrpasieHus (LIITY)
YacTO BEChbMa BEJIMKO. BeposATHO, 4TO ¢ pelieHueM MpoOJeMbl paruo-
HAJIbHOH MUHMMH3AIMHA 00BEMOB KOHTPOJISI TOJDKHA CYIIECTBEHHO H3Me-
HUTHCS BenmuuuHa C, a, CIIeJOBAaTEbHO, COKPATUTCS KOJIWYECTBO CHUTHA-
7108 Cy ¥ YIIPOCTUTCS AITOPUTM (PYHKIIMOHHPOBAHHS CHCTEMBI 0000IIIEH-
HOT'O KOHTpossA. MOKHO mpenmnosiaratb, 4To Haubolee BaKHOE MPEHMY-
LIECTBO IpEeAaraeMoro ajiropurMa (GpyHKIHOHHPOBAHHS CUCTEMBI 0000-
IIEHHOTO KOHTPOJII COCTOMT B TOM, 4TO WH(pOpMAIHs 0 cpabaThIBaHUU
JaTyrKa MOJy4aeTcs yKe MO OJHOMY W3 MPU3HAKOB WACHTH(PUKALUH
(Tunmsauunu, ogHopoaHoctr). [Ipu aToM B mponiecce oOHapykeHus pakra
(YHKIIMOHUPOBAHUS CHCTEMBI KOHTPOJII CYIIECTBEHHO CHIDKAETCS
Harpy3Kka Ha OIeparopa, a HIeHTH(HUKAIHI COOBITHH, KaK OyIeT moka3a-
HO HUXeE, YTIPOIIaeTcs.

C ToukH 3peHHs] WHKEHEPHOW TCUXOJIOTHH M SPTOHOMHUKH CHCTEMa
otoOpakenuss 00o0meHHol uHpopmamuu (COOU) momkHa COOTBET-
CTBOBATh CIIEAYIOUIMM TEXHHYECKUM TPEOOBAHUSM:
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oroOpaxkeHue HMHGOPMALUU IOHKHO OBITh MPENENbHO IMPOCTHIM
IUIsL BOCHPHUATHS €€ OlepaTopaMy pasjInyHON KBANM(UKALMK U HE
TpeOOBaTh JOMOIHUTENBHOTO O0YUYEHHS B CYIOBBIX YCIOBUSX;
OIMCAaHUE COOBITHH AOJKHO OBITH JOCTATOYHO IOJHBIM AJISl IPH-
HATHA 3QQEKTUBHBIX IeHCTBUI 10 NPeIOTBPALICHUIO WIN JIMKBU-
JTaIliy OTKa30B TEXHUYECKUX CPEJICTB CyAoBOH DY

uHpOpMaIUs JoKHAa (OPMHPOBATHCSA IO HEPAPXUIECKOMY MTPHH-
LUITY, TO3BOJIATH ONEPAaTopy ObICTPO OLIEHUBATH BO3HUKIIYIO CH-
TyaluIo U IPUHUMATh PalliOHAIBHOE PELICHUE;

S3BIK OTOOpaXKeHUsT MHPOpPMalH CcJeIyeT BBIOMpaTbh ¢ y4€ToM
BO3MOXXHBIX BapualMii 4ucia COOBITHH (KOHTPOJIMPYEMBIX BEIH-
YMH, [IapaMeTPOB, XapaKTEePUCTUK U T.II.) Ha KaXIOM Hepapxude-
CKOM YPOBHE;

HE3aBUCHMO OT MPHUMEHSIEMBIX METOJOB KOAWPOBaHHS HMHQOpMa-
[N, 0TOOpakaeMbIe pa3HOPOIHBIE COOBITHS TOJDKHBI OBITH THITH-
3UpOBaHbl (MACHTU(UIIMPOBAHBI) U CTPYNIIMPOBAHBI IO MEepPapXu-
YECKUM YPOBHSIM;

Kaxzaash KojoBas (WiIM KOMIUIEKCHAas) eIWHUIAa WHGOPMALUH
JOJKHA MO3BOJIATH ONMCATh (WINM YKa3aTh) BCE BO3MOJKHBIE aBa-
PUIHBIE CUTyallul KOHTPOIMPYEMOU TEXHUUYECKOU CUCTEMBI,
JOJKHa 00ecIIednBaThCsl BOZMOYKHOCTD CTaTUCTHYECKOH 00paboT-
ku curaanoB COOM B COOTBETCTBHH C MOCTABJICHHBIMU LIEIISIMU.

B kagectBe mpumepa peann3aniil Ha3BaHHBIX TPeOOBaHUI paccMOT-

pUM OJMH W3 BO3MOKHBIX BapuaHToB, paspaboranHeiii COOU mis DY
TpaHcnopTHOro Temioxoxaa (tadi. 1). [Ipencrasnsercs, 4To METOLOIOTHS
HIDKEOITUCAHHOTO Tabjao 000OIIEHHON CUTHANU3AIMA MOXKET OBITh HC-
N0JIb30BaHa U AJIsl JPYTUX THIIOB DY.

Tabmuma 1. OcHOBHBIE qaHHBIE 111 JOPMHUPOBAHHS 000OIIEHHOH
CUTHAJIM3ALNH TEIUI0X0/1a

Texuuueckue 7 5| Conepxanue 0600-

Ne Ne | TumusupoBaHHBIE E s s1ep

CpencTBa S g IIIEHHOT'O CUTHAJIa

n/n n/n napamMeTpbl © =

TEIJI0X0/1a o o (mpumepsl)

1 |McmapurensHast 1 |Coneconepxanue 1/1 |UcnaputensHas ycra-
(onpecHuTENBHAS) KOTJIOBOM (Win - HOBKA: IpeneibHO [0-
YCTaHOBKa TaTeJIbHOI) BOJIBI IycTUMass ~ COJICHOCTh

JUCTHILIATA nocie
OXJIAIUTEIIS.
2 |CanutapHas cuctema | 2 |YpoBeHb  paboumx
cpen
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Ne Texnuueciue Ne | TunumsupoBaHHBIE E ‘E Conepxarne 0606-
cpencTea S g LIEHHOTO CUrHajia
n/n n/m napameTphbl © =
Temioxoaa O © (mpumepsl)
3 |Cucrema xongunmo-| 3 |CocrosiHME arpera-
HUPOBAHMS BO3IyXa B TOB  (MEXaHH3MOB,
TpIOMeE CUCTEM)
4 |YTunuzanuoHHbII 4 |DnexTpuyeckue Be-
KOTell JIUYUHBI
BcrnoMoraTenbHbIi 5 |Temmepatypa pabo-| 5/1 |BcnomoraTenbHbli
KOTEN YuX cpeny M Mexa- KOTEN: TIPEIeNbHO BHI-
HU3MOB COKOE COJIECO/IepXKAHHE
6 |BanomnpoBog 6 |daBnenue paboumx
Cpel WM aBTOMATH-
YecKuil 3amycK pe-
3€pBHBIX ~ MEXaHM3-
MOB
7 (llepenaun u rtuapo-| 7 |Axycruueckue Be-| 7/6 |[lepemaya wu  THAPO-
My TBI JTYHHBI MyQTHI: npeAeabHO
HHU3KOE JaBJICHHE CMa-
3BIBAIOIETO W paboue-
ro Macia
8 |PyneBoii mpuBox wu| 8 |[duHamuyeckue Be-
BPIII JIMYUHBL,  BKJIIOYas
BUOpaIHIO
9 |AKKyMyISITOpHBIC 9 |O6ecTouynBaHue
Oarapen aBapUHHOTO AJIEKTPOMEXaHU3MOB
OCBEILCHUS U CHCTEM
10 |ABapwuitnblii  musens-| 10 |Curnanuzamus 00
reHepaTop OTKa3e CpEeICTB CHTI-
HaJIM3alMu M 3alliu-
TBI
11 |duzenn-renepatopsr | 11 |B3peBoonacuas 11/4 |Iu3enb-reHepatopsl U
u I'PLI{ KOHIIEHTpaIus: pabo- I'PLLI: OTKJIOHEHUE
YUX Cped M JIbIM- HaNpsOKSHUS Goitee
HocTh B MO wiu B 5%, Harpy3ku Oosee
TpIOMax +10 %, yacrotel +2 %.
12 |'maBHBIE JOBHUTaTENH, 12/8 |I'nmaBHBI  ABUraTelb:
BKJTIOYAs CUCTEMY yacrora BpalleHHs
JAY u ol6cmyxuBa- neuratenss wiu [ TH
OIINE UX MEXaHH3MBI OMM3KM K KpUTHYe-
CKHM; YacTOTHI Bpallie-
HUs U BuOpanuu cemna-
paTopoB OJIM3KH K KpH-
TUYECKUM;  KPYTSIIHI
MOMEHT MIpeAeTbHO
BBICOKHI1
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Texunueckne { 5| Conepxanue 0600-
Ne Ne | TunmusupoBaHHBIE E s Aep
cpencTaa S £ | ILIEHHOro cUrHana
n/n n/m napameTphbl © =
Temioxoaa O © (mpumepsl)
13 |bannactHass U ocy- 13/2 |bamnacTHO-OCYyIIH-

HIATEIbHAS CUCTEMBI TEeNbHASL CUCTEMA: IIpe-
JIEIbHO BBICOKHUH ypoO-
BEHb BOJBL B JIbsIaX, B
CTOYHBIX KOJIOALIAX
TptoMoB 1 MO

14 |TToxxapHast cucrema

TexHu4eckne cCpeiacTBa TEIUIOXOAa CIeAyeT KIACCH(pHUIMPOBATH IO
YCIIOBUSIM MepapXuu (paHraMm 3HAYMMOCTH C TOYKH 3PEHHs BIHSIHUS OT-
Ka3a Ha YCIIOBUS O€30MacHOW JKCIUTyaTallld, T.€. MO OTHOIIEHHIO K
CIIO)KHOMY COOBITHIO), TPUBEIEHHBIM (CM. TaONIHUITy, KOJIOHKA 2) B TIOPSIA-
Ke 00paTHOTO paHXKUPOBAHUSI.

3areM HEOOXOMUMO THIM3UPOBATH IO MpPH3HAKAM OJHOPOIHOCTH
~150 MCXOOHBIX KOHTPOJIMPYEMBIX BEIWYHH, COOTBETCTBYIOLIMX BHIIIE-
YKa3aHHbIM MEXaHW3MaM U cucrteMaM. B tabmuie (cM. KoloHKY 4) mpu-
BEJICHBI B IOPSAKE 0OPAaTHOTO PaH)KMPOBAHUS TUITU3WPOBAHHBIE KOHTPO-
JMpyeMbIe BETUUMHBI (MTapaMeTpbl, JSHCTBUS U T.I1.)

[IpencraBnsercs nenecooOpasHeiM BBecTH B [IpaBmna knaccuduxa-
MU U TocTporku cyaoB (Permctp YKpawHBI) eqUHYIO CHCTEMY paH)KH-
pOBaHUsI CYJOBBIX TEXHHYECKUX CPEICTB M (DaKTOPOB HACHTH(PHUKAIINU
KOHTPOJIMPYEMBIX BEIUYMH (I1apaMeTpoB, JCHCTBUH, COOBITUH W T.IL.).
EctectBeHHO, 4TO 3TOMY JOJDKHA TPEANIECTBOBATH COOTBETCTBYIOIIAS
mpopaboTKa.

PaccmoTpuM oTaenbHbIe TpuMepbl  (hOPMHPOBaHUS 0O0OOIEHHBIX
curHaznos. [Ipu aTom BBomuTCS 0003HaueHue curHana (#a rabmo COON):
YHUCIIUTENb — THUI MeXaHU3Ma (TEXHHYECKOTO CPEACTBa); 0003HAYNM OyK-
BOH «M»; 3HaMeHaTedb — THI KOHTPOJIHPYEMOH BEIMYMHBI; 0003HAYMM
OykBoii «B». B Tabmune (konoHKH 5 u 6) pUBEICHBI MPUMEPHI 0000-
IMEHHBIX CHTHAJIOB (WX IM(poBoe 0003HAUECHHUE M CEMAaHTHIECKOE CO-
nep’KaHue, COOTBETCTBEHHO).

Janee octaHoBMMCS Ha OOIIeH cXeMe KOMIIOHOBKH TaOo-IuTa
(mynpTa) 000OIEHHON CHUTHATW3AINH, MPEICTABICHHOW Ha PHUCYHKE B
Ka4yecTBe MpHUMepa.

B npsiMoyronsHOH KOOpAMHATHOHM ceTKe ¢ Hamboiee YIOOHBIM st
0003peHHs 11aroM 10 OCH a0CIKMCC PaCIoNaraloTcs B OPsAKEe BO3pacTa-
IOIX PAaHTOB 3HAYMMOCTH THITBI CyIOBBIX TEXHHYECKUX CPEJNICTB C yKa-
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3aHMEM HAMMEHOBAHMI TOCJIEIHUX TOJ CXeMOH. AHAJIOTMYHO 1O OCH
OpIMHAT pa3MENIal0T THITHI KOHTPOJIMPYEMBIX BETHMYWH. B y31e1 KoOpan-
HATHOM CETKM 3aHOCST 00OOIIECHHBIE CHTHAJIBI IS KKIOr0 MEXaHU3Ma,
KOTOpBIC HyMEPYIOTCS 10 TOMY K€ IMPHHIUITY, 4TO U B Tadmune. Ilepe-
4eHb OOOOIIEHHBIX CHUTHAJIOB MPUBOJAWTCS MON cxeMod. B kaxkmom u3
HA3BaHHBIX Y3JIOB MOHTHUPYEOTCS CHTHAJIbHAsS JIaMIla COOTBETCTBYIOIIETO
1[BETa, 3aBUCAIICTO OT XapaKTepa OTKa30B (TSDKEJIbIA — KpacHBIM, Cpell-
HUH — KEJITBI MUATAIONINH, TETKUHA — JKENTHIA, KaKJIbIH CBETOBOM CHTHAJ
COTIPOBOXKIAETCS 3BYKOBBIM JI0 TIOJIHOTO KBUTHPOBAHHUSA), KOTOPHIE MOXK-
HO KJIacCU(pHUIUPOBATh TaK:
1) Tskenslii — paboTa MEXaHHW3Ma JIOIMYCKAeTCs C OrPaHUYCHUEM IO
BpPEMEHH W MOIIHOCTH (WU MPOU3BOIUTEIBHOCTH), THOO HEOOXO-
JIUM BBIBOJI U3 KCIUTyaTallHu;
2) cpeaHu# — JOIycKaeTcsl JUIHTeNbHast paboTa MeXxaHhu3Ma ¢ OTpaHu-
YeHHEM T10 MOIITHOCTH I TPOU3BOAUTENBHOCTH;
3) nérkuii — momycTHMa KpaTKOBpeMeHHas pabora mMexaHm3ma 06e3
OTPaHUYCHHUSI T10 MOIIIHOCTH U TIPOU3BOIUTEIIEHOCTH.

B
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Pucynok. Cxema cBeToBOoro Tabmo muta 0000IIeHHOH curHamu3auuu: M, B —
COOTBETCTBEHHO, PAaHTH THIOB MeXaHn3MoB (M) U KOHTpoJIHpyeMbIx BenuuuH (B) B
MOPSIIKE BO3PACTAHMS 3HAYMMOCTH; 1, 2,3 — COOTBETCTBEHHO, TSKENIOE, CpeIHee,
JIETKOE HAPYIICHHS TEXHUYIECKOTO COCTOSHUS SHEPTeTUIECKON YCTAaHOBKH



2011 — Ne 27 Cy0osbie dnepeemuyeckue yCmaHosKu 29

3areM 00OOIIEHHBIE CUTHAIBI COSAMHAIOT Ha CBETOBOM TabJIO IIBET-
HBIMH TIO[ICBEUYMBAEMBIMHU TTOJIOCAMH (KaK IMOKa3aHO Ha PHCYHKE): XKHp-
Has KpacHas I0JIoca 00BEAMHSIET CUTHAJIbBI, CBI3aHHBIC C TSDKEIBIMU OT-
Ka3aMH; JKUPHAs jkenrtas (IpepbIBUCTasl WIN CIUIONIHAA) — C JIETKUMU;
30HA MEXKIY MOJI0CaMU XapaKTepU3yeT CPEeTHUE OTKA3bI.

3akjoueHune

L.

OmnucanHas CTpyKTypa 0ToOpakeHus! HHGOpMAaLU YIOBJIETBOPSIET
BEHIIIICYTIOMSHYTHIM TPEOOBaHUSAM SPrOHOMHUKH W HHKEHEPHOU
TICUXOJIOTHH, a TaKXke 001aJaeT psaoM NPEUMYIIECTB B CPAaBHEHUH
C  OObBIYHBIMH  (CTEPEOTMIHBIMHM)  CHCTEMaMH  aBapHiHO-
npenynpeautenbHol curHanmzanuu (AIIC).

Paccmorpernnas COOMU mpexnctaBisieT MHTETPAIbHYIO W HAIJIAM-
HYI0O KapTHHY W3MEHEHHUS] TEXHUYECKOTO COCTOSHUS MallhH ¥ Me-
xaHu3MoB COYVY.

[Ipr onHOBpEMEHHOM BO3HMKHOBEHHH HECKOJBKHX Pa3TUIHBIX
CUTHAJIOB paccMoTpenHas cTpykrypa COOU nmomoraeT oneparopy
OTIPEETUTh PAIlHOHABHBIA MOPSIOK NEHCTBUI B COOTBETCTBUH C
paHTaMu KOHTPOJIHMPYEMBIX BETHYNH 1 MEXaHH3MOB.

B cnyyae ogHOBpEMEHHOTO MOSIBICHHS HECKONBKHX OJHOTHITHBIX
curHanoB csetoBoe Tabao AIIC paccMOTpeHHOro THIA «PEKOMEH-
IyeT» TPEeANpPUHATh ONEPAaTUBHBIE EHCTBUS B COOTBETCTBHH C
paHramMy MEXaHHU3MOB.

B cMmemaHHBIX CHUTyalMsX alrOPUTM YCTPaHEHHsI OTKa30B TaKKe
MOJeET OBITh OBICTPO YCTAHOBJIEH, HO B 3TOM Clly4yae Npearoure-
HUE ClIeJlyeT OTJaBaTh THITy KOHTPOJHPYEMBIX BEIUYHH, NPHHHU-
Mas BO BHUMaHHE AUHAMHKY MX U3MEHEHHSI.

[Ipu ycranoBke ymomsHyTeiIx mpubopo (COOM) oroOpaxkeHus
nHpopMaIuu BHe MammuHHOTO oTaeneHusA (MO) 1 IpH TOSBICHIH
Ha HHUX aBapUIHO-TIPENYIPEAUTEIFHOTO CUTHANIA JEKYPHBIH Me-
XaHUK (3HaK aBTOMaTH3auuu cyaHa Al) MoXeT cienoBaTh K aape-
caTy, MAHYS IEHTpaIbHBIN nocT yrpasaeHus (LITY).

[Mpumenenue omnucanHoro Tabmo AIIC MO3BONUT YMEHBIIUTH
TUTOIA/IM JIMIEBBIX MaHeJIel MyJIbTOB KOHTPOJIS U YIpaBJICHHs, HX
MaccorabapuTHBIE XapaKTEPUCTUKY.

MPEIIOKEHO TalJIO aBapUITHO-TIPEAYTIPEIUTENFHON CUTHATH3AIHH
MOJKET OBITh YCTAHOBJICHO B CIEIYIOIINX ITOMEUICHUAX MPU 3HAKE
aBTOMaTH3aluu cynHa Al: B KarloTax JASKypHBIX MEXaHUKOB, B Py-
neBoii pyoke, y Bxoma B MO, B canoHe skumaxa, B L{ITY.
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9. MoxHO 0xuaaTh, yTo ucnoib3oBanue AIIC onmucaHHOro NMpUHLU-
na (yHKIHOHUPOBAHUS NPUBEIET K MOBBIIICHNIO HAIEKHOCTH pa-
0OTHI oreparopa B SKCTPAOPIAUHAPHBIX (KPUTUYECKUX) CUTYAIHSAX,
KOTJIa OH JIOJDKEH NPUHUMATh PElIeHue Py AeUIuTe BpeMeHH! Ha
MapupOBaHNE BOIHUKIIIEH CUTYAIHH.
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ABUT'ATEJIM BHYTPEHHEI'O CTOPAHUA
C CAMOBOCIIJIAMEHEHHMEM OT CXKATHUA
IF'OMOTEHU3UPOBAHHOTI'O 3APAJA

[IpenoTBparienune 3arps3HEHUs] OKPY’KaIOIIeH Cpeasl U 3Heprocoepe-
KEHHE CTaJIM TJIaBHBIMH IPUOPUTETaMHU B nu3enecTpoeHuu. [Ipodiemst,
cBs3anHble ¢ CO,—M3MEHEHHEM TJI00aJbHOIO KJIMMATa, a TAK)KE CTOMMO-
CTBIO U JIOCTYITHOCTBIO SHEPTOPECYpPCOB, aKTUBU3UPOBAIM MCCIEAOBAaHUSA
B 00JIaCTM HKOJIOTHMYECKH YHCTBIX, BBICOKOI()(EKTHUBHBIX TEXHOJIOTHH
cropanus. OfHOW M3 TAaKUX TEXHOJOTMH, MHTEHCHBHO HCCIIEAYEMBIX B
HACTOsIIIEe BPEMS, SIBJISETCSl CrOpaHHe TOMOTEHH3HPOBAHHOIO 3apsija ¢
BociuiameHenueM ot cxkarusi — ['3CC (HCCI — homogeneous charge
compression ignition combustion).

['3CC — anpTepHATHBHBIA PEXUM PaOOTHI IBUTATEIS, TIPH KOTOPOM
TOMOTEHU3MPOBAaHHAs CMECh TOIUIMBA M BO3/1yXa, KaK B JBUTATEIIX C HC-
KpPOBBIM BOCITAMEHEHHEM, CAaMOBOCILIAMEHSETCA OT CXKaTHs, Kak B Tpa-
JTUITMOHHBIX IU3ETAX. JTa TEXHOJOTUS MMEET MPEeNMYINEecTBa Mepes X0-
pomo pazpaboranubivu mponeccamu. HCCI cropanue xapakrepHo 6onee
BBICOKOW DKOHOMHUYHOCTBIO, YEM JABHUIATENN C UCKPOBBIM BOCIUIAMEHEHH-
eM, 1 MeHbIIUMH BbIOpocaMu NOy U CaXH, 4eM TU3EIH.

Bo Bcex TexHMUYecKH pa3BUTHIX cTpaHax HauuHas ¢ 1998 - 2000 rr.
NPUHATHL ¥ PEeAIM3YIOTCS POrpaMMBl (Kak MPaBUIIO, TOCYAAPCTBEHHBIE C
Y4acTHEM BEIYLIMX MOTOPOCTPOUTENILHBIX KOHLIEPHOB) 110 pa3paboTke U
BHenpeHuto B sHeprerrnke HCCI TexHonoruu [1-3]. MaccoBoe mpuMeHe-
Hue HCCI nBurareneit mnaaupyercs HadaTs K 2012 romy.

B 0OBIYHBIX JM3ETBHHBIX ABHIATENAX H3-32 BEICOKHUX TEMIIEPATYp U Te-
TEPOTeHHOTO CrOpaHMs PACIBUICHHOTO TOIUIMBA B MPOAYKTaX CTOPaHUS
conepkutcs Oonpinoe konmndectBo NOy 1 caxku. B kapOropaTopHBIX JBH-
raTesisix CropaHre NPOMCXOANT B BUJE paclpocTpaHeHus: (poHTa IiaMe-
Hu. B HCCI-nBuratensax opraHusyercs 0JHOBPEMEHHOE MHOT00YaroBOe
BOCIJITAMEHEHHE W TOpEeHHE 3apsaja Mo BceMy 00beMy Kamephl CropaHus,
a He BO ()pOHTE IUIAMEHH F'OMOT'CHHOW WM TeTepOoreHHoi cpensl. Temre-
paTypa rOpeHus TOMOTCHHOI'O 3apsi/ia, BOCIUIAMEHSIEMOro OT CXKaTHs, B
1,5 - 2,0 pasa HmKe, UeM TeMIlepaTypa TOpeHHs 3apsaaa Bo (poHTE ILIa-
MEHH KJIACCHYECKUX OCH3UHOBBIX WM JAM3EIbHBIX JIBUTATEIICH.
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B03MOXHO mpUMEHEHHE OBOWHOW CHCTEMBI CrOpaHus, T. €. 3aIyCK
JIBUTATENS] OCYIIECTBIIAETCS MPSIMBIM BIIPHICKHBAHUEM TOIUIMBA B KaMepy
CrOpaHUs U BOCIUIAMEHEHHEM OT CXKATHsI C TMOCIIEAYIONNM TIEPEX0I0M Ha
HCCI. INossimienne KI1JI HCCI — gurareneit (ux KI1J] mpubnmkaeTcs k
TU3EIsIM) B CPAaBHEHUH C JBUTATENISIMH UCKPOBOTO BOCILIAMEHEHHS OIpe-
JIENSIOT cieyonme (akTopbl: OTCYTCTBHE JPOCCENbHBIX TOTEPh; HC-
MOJIb30BAHUE CTEICHEH CxkaThs, ONM3KUX K JU3eisM; 0ojiee KOPOTKOe
BpEMsI CTOPaHHSL.

3HaUNTETHLHOE CHIDKEHHE BBIOPOCOB OKCHIOB azota u caxxu HCCI-
JBUTATEISIMHA 11O OTHOLICHHUIO K TU3ENSAM SIBIISIETCS PE3yIbTaTOM MpHMe-
HEHHS TOMOT€HH3UPOBaHHON CMECH TOIUIMBA, BO3/IyXa U pa3zdaButens (B
STOW POJIM BBICTYMAIOT PENUPKYIUPOBaHHBIE oTpadoTaBmue ra3sl (POI)
B COYETAHHUH C HU3KOM TeMIIepaTypoil CrOpaHus.

BocmamMeHeHrne OT cKaTusl MPOMCXOJUT BO BceM 0oOBbeMe Kamephbl
CrOpaHds B  IIHPOKOM  JHAala3oHe  COOTHONIEHWH  TOTLIH-
BO/BO3yX/0TpaboTaBIINe ra3bl IPU AOCTHKECHUU TeMrepaTrypbl B 800 —
1100 K. B TpanuiimoHHBIX K€ IW3ENsIX TeMmIepaTypa FOpeHHs AOCTUraeT
1900 — 2100 K, yto npuBOAMUT K 00pa30BaHUIO HEAOMYCTHUMBIX YPOBHEH
NOy u caxu. HCCI — TeXHOJIOTHS TO3BOJSICT CHU3UTH KOHIICHTPAITHIO
NOy, ABIMHOCTH W TBEPIBIX YACTHIl HA YACTUYHBIX HArpy3Kax B AECATKH
pa3 U TeM caMbiM OOECIIEYMBATH BBHIMOJIHEHUE CAMBIX MEPCIEKTUBHBIX
HopM (EBpO - 5) 0 maHHBIM KOMITOHEHTaM ¢ OOJIBIIMM 3amacoM. Peannb-
HeIMH sBisieTca 100-kpaTHOE yMEHBIIEHHE BBHIOPOCOB OKHCIOB a30Ta U
10 — 50-xpatHoe — uwactun caxu. U, nakonen, HCCI-nBurarenu crosar
JICIIEBIIE, T.K. MCIOJB3YIOT CHCTEMY BIIPBHICKMBAaHUS TOIUIMBA HU3KOTO
JIABJICHUS.

XapakTtepHeIMU Ui uccienoBanuii B oonactu HCCI saBnstores pac-
CMaTpUBaeMbIe Jajiee MPUMEPHI TAKUX PaboT.

Ha MomudummmpoBanHoM 4-nuauHAPOBOM nu3eiie DosbKkcBareH [2] B
IKCIIEPUMEHTE YCJIOBUS pabOThl JABHTaTeNs BapPbUPOBAIUCH B IIHPOKUX
mpeJieax U3MEHEHUEM TeMIIepaTyphl CMECH Ha BXOJIE U Pacxoja TOIUIH-
Ba. YCTaHOBKA ITO3BOJISIET UCIOJIH30BATh OTPaOOTABIINE Ta3bl IS MO0~
rpeBa 3apAaa WIH XOJOMWIBHHK IS OXJIXKICHHS 3apsiia IMociie KOM-
npeccopa. B pesynbrate nmeeTcss BOSMOXKHOCTh KOHTPOJIMPOBATH KO-
¢uneHT u30bITKa BO3yXa, CTENEHb PEIUPKYISIIIUA OTPaOOTaBIINX Ta-
30B, JaBJcHUE Ha BXoxae, d(Q(DEKTUBHOCTH moporpeBaTens U d¢hHeKTHB-
HOCTb OXJIaJHTEIS.

O000IEHHON XapaKTePUCTUKON JBUTATENS SBISFOTCS HapaMeTpuyie-
CKH€ 3aBHUCHMOCTH, TIpeicTaBleHHble Ha puc. 1. Ha rpadukax B xoopmau-
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HaTax «4acToTa BpalleHUs - cpefiHee d3PHEKTUBHOE TaBICHUEY HAHECCHBI
kpuBsie paBHoro 3¢ dexkruBHoro KIIJI. Illkama kpyTsmero MoMeHTa nc-
MOJIB3YETCS JIJIST IOCTPOSHHUS OTPAaHUIUTEIIBHBIX XapaKTepUCTHK. [[aHHbIC
OTHOCHTCS K paboTe B nByX peskumax: ausenbHoM U HCCI (crutoniabie u
IITPUXOBBIC JIMHAW COOTBETCTBEHHO). Y TONMIEHHBIE KPUBBIE TOKA3bIBAIOT
OTpaHUYHUTENHHEIE 3HAUCHUS KPYTAIIETO MOMEHTA.

M. | L Pes
Hwm klla
"‘“:1;);/'----";"' 1200
4 [+] L
T 38% N
150 - - b - 1000
- 800
100
600
50 | "~ 400
- 200
— 109
0 10% : 0
500 1500 2500 3500 4500 n,06/muu

Puc. 1. [Tapamerpruyeckue XapakTepHCTHKH jaBurarens PojbkcBareH npu padbote B
qusensHoM U HCCI pexxumax: MyHKTUp — B Ju3enabHOM, crutomnsie — HCCI

[JBurarens, padoratomuii B pexxume HCCI, umeer Gonee BBICOKHIA
KII/] Ha HU3KUX Harpy3Kax | JIIOOBIX CKOPOCTSX, YeM B OOBITHOM pEXH-
Me, Onaromapsi Oojiee OBICTPOMY CrOpPaHHMIO TOMOTCHHOW cMecH (IpH-
ommxenne k nukiay Orro). HCCI gBuratens orpanuder 72% KpyTAIIero
MoMeHTa U 88% MOUIHOCTH, JOCTUIAEMBIX IBUTaTEISIMU C HENOCpEe.-
CTBEHHBIM BHpPBICKOM. [IpH 3TOM B OTpabOTaBIIMX Ta3aX MPaKTUYECKU
OTCYTCTBYIOT TBEpAble uacTUUbl M KoHueHTpamms NO, MeHee dYeMm
100 ppm.

Ha puc. 2 oroOpaxkeHa 3aBucuMocTh koHueHTpanuu H,O, u paauka-
noB H, OH u HO, B ppm B 3aBUCHMOCTH OT yIJla TOBOPOTAa KOJIEHYATOTO
Bana B npouecce HCCI. Otu panukansl UrpaloT BaKHEMIIYIO POJIb MPHU
cropanuu. HCCI-cropaHue Bo3HHKaeT, kKorjaa nepekuch Bojgopona H,O,
HauMHAeT aKTUBHO pacmajarbCsi Ha JBa Tuapokcumi-panukanga (OH),
OOJIBIIMHCTBO KOTOPBIX PearnpyeT ¢ MOJEKyJIaMH TOIUIMBA, HpeBpalias
€r0 B BOAY M YTJIEKUCIBIA Ta3 C BIIEICHNEM Terria. J(eKkoMmo3umus me-
peKHCH BOJOpOJa HAYMHAETCS B TeMmIepaTypHoMm wuHTepBaiie 1050-
1100 K.
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Puc. 2. 3menenue cocrasa rasos B npouecce cropanus HCCI

YcTaHoBIEHO cyliecTBeHHOe BiusHUE Ha mporecc cropanus HCCI
Jla)ke He3HAUMTENbHBIX M3MEHEHHH TeMIIepaTypbl OXJIaKIAroIIeld BOJBI,
Macla, CTENEeHN CXKAaTHA IMINHAPOB, TEMIIEPATyphl 3apAI0B MO LWJIHH-
apam. Tak, pa3dpoc MakCUMalbHBIX AABJICHWN CTOPAaHUS MO LMIMHAPAM
YMEHBIIAETCSI C POCTOM TEMIepaTyphl TOMOTEHU3UPOBAHHOTO 3apsiia BO
BITYCKHOM TIaTpyOKe.

Uccnenopanus mnpoueccoB ¢ HCCI ¢upmoii Karepmumiap [3] ocy-
LIECTBIISUIMCH PA3IMYHBIMU METOAAMH: SKCIIEPUMEHTAMHU Ha OHOLMINH-
JIPOBOM U TIOJTHOPAa3MEPHOM JIBUTATENSX, IMHTAIIHOHHBIM MOJIEINPOBA-
HUEM, perucTpalyei nporeccoB paclbUIMBaHUA, ONTHYECKUMH HCCIIE0-
BaHMSIMU Ha JBHUTaTele C MPO3pavyHOl KPBHILKOH, MOIEINPOBAHUEM B CH-
creme CAT3D.

CornacHo aHHBIM, NPEIOCTABIECHHBIM HCCIIEI0BATENECKAM IIEHTPOM
¢upmer  Karepnumnap, npumenenne HCCI mo3BomseT 3HaYMTENBHO
YIIyYIIUTH SKOJIOTHYECKUE Ka9eCTBa IN3eTeH.

Ha puc. 3 mpexacraBieHsl mokasaTtend OTpaOOTaBIIMX ra3oB MO CO-
neprxkanuio TBEpAbIX yactull U NO, , momyueHHbie pu padore Ha HCCI, a
takxe HopMbl 2004 u 2010 r. Kak cnenyer u3 rpaduka, JOCTUTHYTHI HO-
Ka3aTeJy, yAOBJIETBOPSIOMINE MEPCIEeKTUBHBIM HOpPMaM IO 3TUM Tapa-
MeTpam.

ITpu paboTe nBUraTens Ha YaCTUYHBIX Harpys3kax (Menee 0,2 OT HO-
MUHAJIBHOW) Habmoaanock peskoe yBemmderne B Ol kommuecta CO u
cHkenne dpdexTruBHOCTH cropanus Ha 50%. [Ipeamonaraercs, 4To 31O
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¢ynnamenrtaibsHoe orpanndenue it HCCI, BbI3BaHHOE SIBIIGHHEM BHYT-
PEHHETO raieHus IaMeHu B 00bEMe rasa.

0.1 \
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00251 3
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NOx, r/n.c.-u

Puc. 3. CoctaB 0TpaboTaBIINX Ta30B JU3EICH:
1 —nopmbt 2004 r.; 2 — HOpMbI 2010 1.; 3 — npouecc HCCI

B pabote [4] mpexncTtaBieHbl pe3yjbTaThl HCCIEIOBAaHUS Ipolecca
HCCI Ha nBurarene ¢ m3MeHEHHBIMH (hazaMH Ta30paclpeieiieHus, a
TaK)Ke C MePEMEHHBIM COCTaBOM TOTLITMBA.

OKCIIepUMEHT MpPOBEJEH Ha JBUTATele C IMPO3padyHOM BCTaBKOM B
MOPILHE, YTO 00ECTICUNIIO BO3MOXKHOCTh ONITUYECKON PErHCTPALU BHYT-
PUIIITHHAPOBEIX MPOLECCOB. B gacTHOCTH, M3MEPEHBI CKOPOCTH TEUEHUS
3apsiia Ha BITYCKE U CHKAaTUH MPU MPOKPYTKE ABUraTelNs U pa3BUTHE ILIa-
MEHH NPU CTOPaAHUH.

ITpumep dotorpaduii moaocTH UUIAMHAPA B Pa3IUIHbIE MOMEHTHI I'0-
peHust mpejactasieH Ha puc. 4. IlocnenoBarensHO MOKa3aHBI KaIpsl, CO-
orserctBytomue 1, 2, 5 u 8° TIKB 3a BMT.

B cpaBHeHHM ¢ 0a30BBIM BapHaHTOM 3KCIIEPUMEHTAIBHOI'O JIBUTATE-
75, IMEIOIMM HCKPOBOE BOCILIAMEHEHHE, OTPHUIIATEIbHOE MEePEeKPHITHE
KJIallaHOB, YMEHBIIIEHUE UX MOABbEMA U yTiia OTKPHITHS MPUBOJUT K 3HA-
YUTEIBbHOMY YBEJIMYEHHIO CKOPOCTH Ha BIycKe. MaKcHMalbHOE 3Haue-
HHUe cocTaBisuio 20 M/c, YTO B IISITh Pa3 MIPEBBIIIAET CPEIHIOI CKOPOCTh
nopIHs Ha 3ToM peskume (pu 1000 06/Mun).

VYBenuueHre CKOpPOCTH IBWXKEHMS 3apAja M CHHKEHHE NPOXOJHOIO
CEYeHHUs KJIANaHOB MPHUBOIUT K 3HAYMTEIBHONW MEKIMKIOBON HEpPaBHO-
MEPHOCTH B PabOTe IUIUHIPOB.



36 Cyo0osvie onepeemuieckue yCmano8Ku 2011 — Ne 27

1° TKB 3a BMT 2° KB 3a BMT

5 KB 3a BMT 8° KB 3a BMT

Puc. 4. [Iponecc croparmst HCCI

[Ipu ucmonp30BaHUM B KadueCTBE TOILIMBA MPHUPOIHOTO raza HaOIIo-
JIaJJOCh MHOTOOYAroBOe pa3/ieIbHOE CTOpaHUE ¢ TCHACHIIMEH peuMyIie-
CTBEHHOT'O HAYaJIIBHOTO BOCIUIAMEHEHHSI B OJHOM YYacTKe KaMepbl Cro-
paHusL.

YcraHoBieHo, 9To 100aBKa BOAOPOIa CIIOCOOCTByeT Oosiee paHHEMY
BOCIIAMEHEHHIO U YBEIIMYCHUIO CKOPOCTH CTOPAHUS.

OCHOBHO#1 3agaueii, permaeMoi B UCCIENOBaHUAX [5] ABIsLTOCH 00ec-
MeYCHNE KauyeCTBEHHOTO IMEPEXOMHOTO Mporiecca Mpu padoTe TU3EIs B
pexume HCCI. B ponu ympapisiomniero napameTpa IpejioxKeHO UCTIOb-
30BaTh Hauano BrpbickuBanus Torumea-HBT. Ilpu aTom obecnieunBaercs
peryIrpoBaHue Havaja CTOpaHus, JaBICHUS U TEMIEpaTyphl ra30B B IH-
TUHApPE.

[Iponecc cropanus TOMOTEHHOTO 3apsijia BeChMa YyBCTBUTENICH K Ta-
pamerpam Ha Biycke. YcinoBueM peanuzaunu HCCI sBnsiercs Tmiareib-
HBIIl KOHTPOJbh YCIOBHH B BO3AYIIHOM TpPaKTe M COOTBETCTBYIOIIAS
HacTpoOMKa TOILIMBOIIOJaYH.

[IpemnoxenHas MeToAWKa yTIpaBICHUS MPOIECCOM He TpeOyer Hc-
MTOJIB30BAHUS JaTUYNKA JABJICHUS B ITWIMHIIPE, YTO SBIIACTCS CYIICCTBCH-
HBIM TOJIOKUTEIILHBIM (haKTOPOM.
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3agaHHBIi MOMEHT BOCIUIaMEHEHMs1 oOecrieunBaeTcs MepeMEeHHOHN Be-
mrunHoi HBT Ha nepexoHbix pesxkxumax. JlJis 3Toro npou3BOAUTCS pacyeET
3a7iep>KKH BOCIIaMeHeHus. lcnosnp3oBaHHAas Moaens [6, 7] yduThIBaeT
napaMeTpsl 3apsia, HOCTYNAOIEro B MWINHAD (J0II0 0TpaboTaBIIMX ra-
30B, TEMIIeparypy, AaBJI€HHE, COOTHOIIEHHE BO3IYX/TOTUTMBO) U JAaHHBIE
o torutuBonoAade (HBT, komrdecTBO BIPHICKUBAEMOTO TOILIHBA).

Hactpoiika Monmenu mpoBeieHa Ha 3KCIEPUMEHTAIbHOM JU3€Je 0
50 pexxumMaM C MpUMEHEHUEM OOIIETTPUHATHIX TPUEMOB ONTHUMHU3ALIH.

Jn3enp yKOMIUIEKTOBaH aKKyMYJISITOPHOM CHCTEMOM TOILTMBOIIOIaYyH.
[Ipenycmotpena peuupkymsamus O, usmenenne reometpun I'TH, npoc-
CeIMpOBaHue 3apsaa Ha BHycke. [Buratens paboran B pexxume HCCI
MIPH CpPeTHEM WHIANKATOPHOM IaBieHUHU 1m0 7 Oap. Ilpm Oonee BBICOKOM
Harpy3Ke UCTIOIL30BaH 0a30BbIi TU3EIbHBIN ITUKII.

Jns peanuzanuu pa3paboTaHHONW METOJMKH YIIPABICHUS CO3/1aHa CH-
crema perynupoBanuss HBT, ucnons3yromas B pealbHOM BpEMEHHU pe-
3yJbTaTHl pacyéra mepuona 3aAep KKU BOCIUlaMeHeHHs. Bpems pacuéra
ocTaBysuio 20 MKC IIPH TaKTOBOM yacToTe mpoueccopa 4,8 ['T.

JaHHbIe SKCIIEpUMEHTA TPEICTABICHBI IPUMEPOM YTIPABICHUS, MTOKa-
3aHHOM Ha puc. 5. BapuanTt ¢ ynpasienueM nporeccom cropanus HCCI
M300pakEéH TOHKOM JIMHUECH.

bap

ST 5 20 % 30 ¥ T, 0

Puc. 5. Ilepexomusiii mporecc B nurarene ¢ HCCI

PaccmarpuBaeTcs H3MEHEHHE CPETHEr0 WHIMKATOPHOTO JABICHUS p;
(IMEP), BbI3BaHHOE pa3iIMYHON Harpy3kou aBuratelns. DPQekt oT neil-
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ctBUs cuctembl ynpasieHuda HBT nposiBnsieTcss B MOMEHT MOBBILLIEHUS P;
IMEP ¢ 6 mo 7 6ap (rexymee Bpems 31 c). B 6azoBom Bapuante (0e3
koppektupoBkrn HBT) mpownzomén mpormyck BocmaMeHeHus. DKCIepu-
MEHTaJIbHas CUCTeMa oOecreunia Heo0X0AMMOe U3MEHEHHE TTapaMeTPOB
BITycKa (maBneHus HaayBa u nonu OI') u koppexktupoBky HBT, uto co-
XPaHWJIO CTAOMIIBHYIO padOTy JBUTATENS HA TIEPEXOIHOM PEXKHIME.
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OIIBIT NPOBOJAKHU CYJOB
JIEAOKOJIOM «KAIIUTAH BEJIOYCOB»
B JIEAOBYIO HABUT'ALIMIO 110 A3OBCKOMY MOPIO

[TocTanoBka mpo6aeMsl B 00IIEM BUAE HCXOAUT U3 TOTO, YTO COTJIac-
HO Joruu YepHoro u A3oBckoro mopeit [1], A30Bckoe MOpe METKOBOJ-
HO. MakcuMmanbHas rimyouna ero 15 M. Cpennsas riryounaa mops 8 M. I'my-
O6mHBI B OTKpHITON wactu Mopsa 10-13 m. Haubomnpmmast rimyOuHa Bo BXojie
B Taranporckwuii 3anuB 9,6 M; OT BX0/a IO HAMIPABJICHUIO K BEPIINHE 3a-
JUBa TIyOWHBI TTOCTENEHHO YMEHBIIAIOTCS M B €r0 BEPIINHE HE MPEBBI-
LIAK0T 5 M.

Penbed nHa A30OBCKOrO MOpSl POBHBIH M MMEET HE3HAYMTENIbHBIN
YKIOH K LEeHTpY. OT KOC MPOCTUPAIOTCS OTMENU. ' pyHT — MECoK, paky-
IIEYHUK W W, a I03TOMY, B OCHOBHOM, MATKUH. Y OeperoB MUPOKOH To-
JIOCOM 3ajeraroT mecyaHble TPYHTHI C MPHUMECHIO PaKylIKd. JIHO IieH-
TPaJIbHOW YacTH MOPS MOKPBITO MATKUM HIOM. CKaJIUCTBIA TPYHT BCTpe-
YyaeTcs JIHIIG Y I0XKHOTO Oepera Mopsi.

Ilo ycnoBusim T1aBaHus B 3MMHUI Iepro A30BCKOE€ MOPE OTHOCHTCS
K MOpsM, 3aMep3aHHe KOTOPBIX 10 BCEW aKBaTOPUHU MPOUCXOIUT TOJIBKO
B CypOBbIe U OyM3KHe K HUM 3UMBL. CpeHsis TPOAOIKUTENBHOCTD JIeT0-
Boro nepuojaa Ha mMapmpyte Kepur — Mapuynons — bepasgack 76 cyTox,
HauMeHbIas — 22 CyToK, a Haubomnpias 145 cyTok.

JlenoBblii TOKPOB OOBIYHO pPAaCHpPOCTPAaHAETCS C ceBepa Ha Ior
A30BCKOTO MOpS U, B 3aBHCUMOCTH OT CE€30Ha, ero penbeda U Hampas-
JIEHNWS TOCTOJCTBYIOIIMX BETPOB, UMEET DPA3IWYHYIO TOJIIMHY JbJa
(Tabm. 1) [1].

IInaBanue cyJ0B 3MMOM B LIEHTPaJIbHOW 4acTU A30BCKOTO MOPS MpHU
HaIMYUH JIEASHBIX TIOJIEH M TEepeMBIYeK HE TMOCTOSHHOM TONIIMHBI CO-
MPSHKEHO € OOJIBIIMMH TPYAHOCTSAMH U PUCKOM OBITH 32KaThIM.

ITpu dopcupoBaHUN TOPOCHUCTBIX JIEISMHBIX MOJEH NMPEenNOoYTeHUE OT-
JTAeTCs ydacTKaM C TPEUIMHAMH, TOJBIHBSIMHI U M0JI0CaM MOJIOJO0TO JIbJa
MEX]Ty TOJIIMHU.

[Ipy naBaHUM B PEIKOM M Pa3pekeHHOM ApeidyromeM ipay co3aa-
€TCsl yTpo3a CTOJKHOBEHHUS C JICASHBIMU MOJISIMHU, OTAECIbHBIMU JIbJIUHAMHU
U CTaMyXaMH, a BECHOW CIIEAyeT OCTEeperaThCsl MaJO3aMEeTHBIX IOIBOJI-
HBIX BBICTYTIOB TOPOCHUCTBIX JIbJIUH.
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Tabmuua 1. TonmmHa 1e10BOro NOKpoBa A30BCKOTO MOPS

. 3uma, M
JlensiHol
Yactb MOpst

MIEPHOJ, CYT. MsTKas cypoBas
CesepHas 100 0,5 0,8
3amaHast 100 u 6osee 0,1+0,3 0,7
Bocrounas 100 0,2 0,7
IenTpanbHas 90 0,15 +0,25 0,4
1Oxnas 80 0,3 0,6
KepueHnckuii nponus 54 0,2+0,3 0,4 +0,45

Urto KacaeTcs TIaBaTeNbHBIX CPEACTB, TO PE3YJIbTAThI MOCIEIHUX HC-
CIeIOBaHUH TIOKa3bIBAlOT, YTO OCHOBHBIM HCTOYHHKOM IOTIOJIHEHUS
¢ora Ykpaunsl Obuin cyna cmemannoro ruaBanust (CCII) napaBae ¢
paHee MOJEPHU3UPOBAHHBIMU CynaMu peuHoro ruiaBanus. CCII otnnya-
€T Majasi MEeTaIJIOEMKOCTh MPH TOJIIIMHE JINCTOBBIX JIEMEHTOB KOpITyca
B 6...10 MM 1 ero Habopa B 5...8 MM, YTO CYIIECTBEHHO OTPaHUYMBAET
€ro HAJEeKHOCTh Ha BOJNHEHHWH. VIMes «CTaHHapTHYIO» TPy30MOJBEM-
HocTh (1000, 2000, 3000, 5000 TOHH), OHM BHITECHIJIA MOPCKHE Cyaa
aHaJIOTHYHOH Tpy3onogbeMHocTH. B pabore CCII npaonpoxoguMocTb
YUMTBIBaeTCs B Kiacce Peructpa: He MeHee JIY2 — perynspHoe IuiaBaHue
0e3 JIeTOKOIHHON MPOBOJKH B METKOOWTOM pa3pesKeHHOM JIbIY TOJIIHU-
Hoit 0,55 M mpH CKOpPOCTH CyZHA B 5 y3JI0B, KOTOpBIM oOecrieunBaeTcs
nenoBeiMu noaxperieansmu [M-CII (nex) u Beime]. [lo KOHCTpYKTHB-
HbIM ocobeHHOCTsIM CCII oTiMuaroTes Takke C1aboil MOPEeXOTHOCTHIO B
IITOPMOBBIX YCJIOBHSAX, O UEM CBHIETEIBCTBYET CTATHCTUKA aBapHU.

JlenokonbHas MPOBOJKA CYZOB B 3aMEP3AIONIUX MOPSIX OCYIIECTBIS-
ercs ans oOecredeHus, 1Mo KpaiHeld Mepe, MUHUMAaJIbHOW MPOIYCKHON
CIIOCOOHOCTH OCHOBHBIX MOPCKHX TPAacc, KOTOpasi, B CPAaBHEHHH C JIETHUM
nepuoaomM, cHmxkaercs B 1,2 + 1,5 pasza. g aTux 1eneil ucnoap3yoTes
JIEZOKOJIBI € JIEOBBIM KjaccoM He MeHee JIY4.

ITo nanabiM MuHcTpancs3u Ykpausdsl oT 01.10.2010 r. B A3oBCKOM
Mope B ocenHe-3uMHMN nepuo 2010 — 2011 romoB 3aaeiicTBOBAHbI Jie-
nokon «Kanuran benoycosy, Oykcupsl «IloproBuk», «Kanuran [acuuy,
«Butsa3e» u «Hentyn». IlepBble Tpu cyqHa 3KCIUTyaTupyroTcss Mapuy-
MOJIECKUM MOPCKHM TOPTOBBIM ITOPTOM, a TIOCIenHue ABa — KepueHcKkum
MOPCKHUM TOPTOBBIM MTOPTOM.

OCHOBHEIM CpECTBOM JISJJOBON MPOBOJKH CyIOB B A30BCKOM MOPE,
Kepup — ExmkanbckoMm U Apyrux KaHajmax sBisercs jienokon «Kamurax
benoycosy.
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Jlenoxon «Kammran bemoyco», mpooOpa3oM KOTOPOTro CTan (uH-
CKHU JIETOKOJ «Y IeH», ObUT MPHUHAT B dKCIUTyaTtanuio B 1954 romy. D10
JIU3ETb-3JIeKTPoX0 1 MomHoCThI0 6onee 7000 kBT ¢ AByMS HOCOBBIMHU U
JIByMsI KOPMOBBIMH IpeOHBIMU BUHTAMU.

HocoBbie BUHTHI IIpenHa3HAYEHBI AJI1 OMBIBAHUS KOpITyca JIeAOKOIa
Ha X0y C IENbI0 CHIDKEHHUS TPEHUS €ro IT0JBOJHON YacTH O JieJ U JIyd-
IIETO MPOXOJa B JICOBBIX IMOJISIX ITyTEM CO3JIaHUS MPOCIOUKH BOISHOM
CMa3KH MEXJTy KOpITycoM u JbIoM. CyJHO 000pyIOBaHO ABOWHBIM JTHOM,
3-Ms HENpPEepHIBHBIMH MaNy0aMu, 9-10 BOJIOHETPOHUIIAEMBIMU OTCEKaMH,
2-Ms AU3EIBHBIMH U 2-MsI MAIIMHHBIMU OTICICHUSIMHU. DHEpreThYecKas
YCTaHOBKa COCTOMT M3 O-TH JIBUTATelNIeil BHYTPEHHETO CrOpaHUs C DIIEK-
TporeHepaTopaMH IOCTOSTHHOTO ToKa [3].

OmeiT pabotel neaokonoB Tuma «Kamutan bemoycoB» B yCIOBHSX
A30BCKOTO MOpSI U JPyrHX paiiOHOB MOATBEPIUI 3(PPEKTUBHOCTH KC-
MOJIb30BaHUsI HOCOBBIX BHHTOB. KoHuUenuusi cynHa OBOMHOrO IEHCTBUA
ObUTa pa3paboraHa M 3amaTeHTOBaHa (QuHCKOW (upmoit Keapuep Maca
Spn NHK, B KOTOPOH CIIOKHBIE JIEJOBBIE YCIOBUS IIPEOLOJIEBAIOTCS KOP-
MOI1 Biepes, a B JIETKUX JIbJaX U Ha YUCTOH BOJIE CYJTHO JBMYKETCS HOCOM
Briepen [2].

Lenpio HAcTOSIIETO HCCIEIOBAHUS SBISETCS aHAIM3 PE3yJIbTaTOB
sKcIuTyaTanuu Jenokona «Kamuran benoycoB», KOTOpbIE MOKa3bIBAIOT,
9TO €ro JBIOMPOXOJUMOCTh BO JbJaX A30BCKOTO MOPS MOXKET OBITH
ompeeseHa SMIIMPUICCKON 3aBUCUMOCTBIO

V,=10(1,1-8,),

rae V; — CKOpOCTb JIEA0KOIa, Y3JIbL; Oy — TOJIINHA JIbJa, M.
3akaTuHUBaEMOCTH B JeaoByto HaBuramuio 2009 — 2010 rr., mocme pe-
HOBaIUH JIEOKOJIA, IPH MPOBOJKaX HEe HAOII01AI0Ch.

Bubpanus xopmyca Jiegokoiia HaOMoaeTcsl HCKIIOUYUTEIBHO B TSXKeE-
JIBIX JIEZIOBBIX YCIIOBHSX.

HenpepslBHOCTD BMKEHHS JIEAOBOTO KapaBaHa 0OecredynBaeTcsi B
YCIIOBUSIX CTECHEHHBIX (DapBaTepOB MOKPHITHIX HAOMBHBIM JIBJAOM H LIy-
rOi, a TAKXKE B POBHOM CIUIOUIHOM JibAY ToJuHOM 110 0,6...0,8 M.

K OCHOBHBIM MOJIOMKaM MEXaHH3MOB H CHCTEM JIEOKOJIa BO BpeMs
JIEIOBOM MPOBOJKU OTHOCSITCSI 3aCOPEHHSI CUCTEMBI OXJIAXIECHUS JBUTa-
Tenel SHepreTHYecKol YCTAaHOBKH MJIOM M MENKOHM pakyIIKOH, 4TO IpH-
BOIUT K MEXAaHHYECKUM II0JIOMKAaM OJJIEMEHTOB Hacoca OXJIaXKACHHS.
BwmecTte ¢ Tem, mOTeph U MOJIOMOK JIONACTE HOCOBBIX M KOPMOBBIX Tpe0-
HBIX BUHTOB HE HaOJIOAAJIOCh, COCTOSIHUE IMOJIINIHUKOB JBUraTeled u
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BaJIOB YOBIETBOPHUTEIHHOE, KOPPO3HH KOPITyca IMOCIE JISOBBIX Orepa-
LIKUH, KpOME ITOTEPH KPACKH Ha IIEPEMEHHOM I105ICe, He HaOJIF01aeTcsl.
TpyaHO NPOXOAUMBIC YYACTKH Jibaa (IIEPEMBIUKU) JICTOKO HPOXOIUT
aTaKaMHM I10 CXEME «EJI0YKay, a KOJIKA — METOJIOM JIMTUPOBAHHUSL.
Oxolka JbJia MPH TPOBOJIKE CYA0B, OCOOCHHO B TSXKEIBIX JISJOBBIX
YCIIOBUSIX, OCYIIECTBJISICTCS B CUTYaIIUsX, KOTJ/Ia OJHO U3 CY/JIOB KapaBaHa
MOJKET 3aCTPATh BO JIbJIy U HE MMETh JBUKCHUS JIaKe P padoTe Malllu-
HBI Ha TIOJIHBIA TIepeHUi X0/, Takue cUTyaluyd BCTPEYarOTCsS JOBOJBHO
4acTo W TMPOMCXOAAT W3-3a TOTO, YTO: B KaHalie ObICTpO oOpasyercs
VIUIOTHCHHAsI Macca MEJIKOOUTOro JibJia; B KaHaJl BKJIMHHUBAKOTCS KPYII-
HbIe OOJIOMKH JIBJIMH; KaHAJl 3a JIJIOKOJOM 3aKpBIBAETCS M3-3a CIKATHS
JBHJIOB; CYJHO 3aKIMHHUBAaeTCA B W3rnbax kaHanma. B aTux cimywasx Jiemo-
KOJI OKaJIbIBACT CYJIHO — CO3JaeT CjIa0uHYy BO JIbJax MPOXOJaMH BIOJb
0opTta cyaHa. Ecnu mo3BosSIFOT yCIIOBHSI M 3aCTPSBILEE CYJTHO HAXOJIUTCS
HEIAJICKO OT JICAOKOJIA, IPUMEHSIETCS OKOJIKA KOPMOH — JIEIOKOJI IIPOX0-
JIUT Ha 3aJHEM XOJy BJIOJIb CYJHA, pa3pyliias JieJ y ero 0opra, qajiee aaet
NIEPeIHUI X0 U, IPOXOAsl MUMO CYJIHA, MOJaeT KOMaHAy CJIC0BaTh 3a
HuM. Takoil crmoco0 sBIsETCS caMbIM SKOHOMHYHBIM II0 BPEMEHH, HO
UMeeTCsl PUCK MOBPEXKJICHUS BHHTOB W PyJisl Jienokoia. [Ipu okoike HO-
COM JICJIOKOJI BBIXOJUT W3 KHJIBBATCPHOTO CTPOS, OIMHUCHIBACT LUPKYJIsi-
[IUIO U Ha MepeIHEM X0y BBIXOIUT K OOpTY 3acTpsBiiero cyana. Paccro-
SIHUE MEX]Y JICOKOJIOM M OKAIIbIBAEMBIM CYJHOM OOBIYHO COCTABJISET
okoio 10 — 20 M B 3aBHCHUMOCTH OT TOJIIUHEI Jiba. IIpakTuka MpoBOIKH
KapaBaHOB ITOKAa3bIBACT, YTO IPH OKOJIKE CYJOBOAMTEIb 3aCTPSBIICTO
CyJlHA CIIEAYET BBITIOIHATH CIEIYIONINe PEKOMEHIAIINN:
" CyIHO JO/DKHO BCE BpeMs pabOTaTh CaMbIM MajibiM IEPEAHUM XO-
JIOM, 4TOOBI CO3JaTh 32 KOPMOW pa3peKeHUe, NMPeJOXPaHSIOIICSe
PYJIb ¥ BUHT OT 3aKJIMHUBAHHUS JIbJIUHAMUY;

" TIpU BBIXOJIE JISJOKOJA K CYJIHY JIaeTCsl MaJIblii X0 BIIEpe/I;

" KOrja KopMma HAYIIEro BIIEpe] JieA0Koa OyaeT MPUMEPHO B cepe-
JIMHE Cy/IHA, TI0 KOMaH/Ie C JISOKOJIa IaeTCs IOHBIN X0 BIIEpe/;

" KOrja KopMa JIeJ0KOJIa MOAXOTUT K (DOPIITEBHIO OKaIbIBAEMOIrO
CyJlHa, TO €CTh, HOC MOYKET PE3KO YKIOHHTHCS B CTOPOHY JICJOKOIIA
Y Ta)Ke HaBAJIUTHCS HA €r0 KOPMY;

" JUIA TpeJOTBpAIllCHUs] HaBaja PyJb Ha CyJHE HEOOXOIUMO Tepe-
JIOXHTH Ha OOPT, MPOTUBOIOIIOKHBINA OKATBIBACMOMY;

" KaK TOJBbKO KOpMa JIeJ0KOJa TpoineT (OpIITeBeHb, PyJb Iepe-
KJIQJBIBAETCSI HA MPOTUBOMOIOKHBIA OOPT, U CYTHO BBIXOAHT 3a
JICIIOKOJIOM, JIEPKach B KMJIbBATEPE.
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K 0cobeHHOCTSIM THIPOANHAMHYECKOTO PeXUMa JABHKCHUS JIEeHO0-
KOJIa ¥ KapaBaHa Ha MEJIKOBOJbE A30BCKOI'O MOPS C YYETOM BOJI-
HEHHs BETPA U TEUCHUS CIIETyeT OTHECTH:

W3MEHEHUE XapakTepa BUOpauuu cyaHa (BHOpamusi mpuoOperaeT
YIapHBIA XapaKTep);

M0 KOpME JIEJJOKOJIA MOSIBIISIETCS OTUYETIIMBO BHIPAKEHHAS CITyIHAsI
BOJIHA, & IPU OTHOLICHWH IIIyOMHBI K ocajgke MeHee 1,5 u npu 3Ha-
YUTEILHOW CKOPOCTH CyJHA TPeOHU CHYIHBIX BOJH HAaYHHAIOT
OIIPOKUABIBATHCS, YTO COMPOBOKAAETCS XapaKTEPHBIM LITYMOM;
CYIHO CTAaHOBUTCA MEHEE YIIpaBIsIeMbIM U ciabee pearupyer Ha
MepeKIafKy pyJis (YCTOWYMBOCT Ha Kypce yXyALIlaeTcs);
TeMIIepaTypa BBIXJIOMHBIX Ta30B YHEPTETHUECKON YCTAaHOBKHU PE3KO
MOBBIIIACTCS, YTO 3aCTaBISIET CHU3UTHh OOOPOTHI BHHTOB (BUHTHI
CTaHOBSITCS| TUAPOAMHAMHYECKH TSDKEIBIMHE JIs1 IBUTATENEH );
3aMETHO YBEJIMUYNBACTCS OCA/IKa CYIHA;

CKOPOCTh CyJIHA TaJaeT.

[Ipu nnaBaHuM JEOKOJIA 110 YUCTOW BOJE B CBEXKYIO IOTOLy HaOII0-
JlaeTCs MHTEHCUBHAS KayKa U KPEH C PHICKAHWEM CyJlHA B JIIOOYIO TIOTO-
Iy, KOTOpPOE 3aBUCHUT OT OIBITHOCTH PYJIEBOTO.

Ilo manHBIM cynmoBoro xypHana jeaokona «Kanutan benoycos» 3a
nepuon ¢ 1998 r. mo 2010 r. cyaHom ocyiectBiero 3069 nenoBsIx ome-
panwii (Tabm. 2).

Tabmuma 2. KonmaecTBo cyoB 1 BUI JIEIOBBIX MIPOBOIOK JIETOKOJIOM

«Kammran benoycoBy 3a omMHHAAIATE 3UMHHX IEPHOAOB

FOI[LI T ) BH}I 3
KYyTr AM KEK TTox HaGnrOKEHUEM

1998-1999 38 — — —
1999-2000 35 7 — —
2000-2001 113 — — —
2001-2002 228 49 — —
2002-2003 592 345 — —
2004-2005 279 22 — —
2005-2006 257 138 39 —
2006-2007 42 — — —
2007-2008 150 215 5 —
2008-2009 142 88 — —
2009-2010 152 38 — 245
BCET'O 1878 902 44 245
'KYT — kanan YronsHoii rapanu (3 Muin); “AM — A30BcKoe MOpe;
*KEK — Kepub — Enukanbckuii kanai (22 Mun)
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BriBOaBI

HecMoTpst Ha peHOBanuIo, Cy/la CMELMIAHHOTO [JIABAHUSI MPEACTABIISI-
0T yTrpo3y g 0€30TacCHOCTH CYIOXOACTBA KaK B OCEHHE-3UMHHUU, TaK H
B 3UMHUI NepruoAbl roja.

Anamu3z ¢opmynsr (1) n gaHHBIX TaOMUIBI 2 XOTSA W MOKA3bIBAIOT HA
3¢ (eKTUBHOCTH peHoBaluu Jenokoia «Kanuran benoycos», ojHaKo 3T0
HE pelIaeT 3a/layy COXPaHEHUS MPOIMYCKHOH CIIOCOOHOCTH MOPCKUX Ma-
rucTpaneil A30BCKOrO MOpS M NPUIETAIOIIUX HOPTOB B CPABHEHUH C
JIETHUM IEPUOIOM roJia.

[Ipu ganpHEUIINX UCCICTOBAHUSIX CIEAYET COCPEIOTOUYNTH BHUMAHHE
Ha TpoOiieMax pa3BUTHS MOPTOB, ONTUMHU3AIUH TPOITYCKHOM CIIOCOOHO-
CTU MOPCKMX MArucTpajied IMyTeM TEXHUYECKOI'O COBEPILIECHCTBOBAHUS
CyJIOB, PaCIIMPEHUST HOMEHKIATYPhl TPAHCIOPTHBIX YCIYT M PEMOHTHOU
0a3bl Cy/IOB, a TaKXKe YJIyUIICHUs JIOTUCTHUECKOrO KJIMMaTa JUisl CO3Jia-
HUS TPAHCHOPTHOTO KiacTepa A30BbS.

JIMTEPATYPA

1. Jlouis YopHoro Ta A30BChKOr0 MOpiB Ha Boau Ykpainu (101): mo-
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V]IK 341.225.5
Koneraes M. A.
OHMA

NMPOBJIEMbI COBEPIIEHCTBOBAHUA BE30IIACHOCTH
COBPEMEHHOTI'O MOPEIIJIABAHUA

HayuHo-TexHn4eckuii mporpecc BMecTe ¢ 0J1arocoCTOSHHUEM, K COXa-
JICHUI0, TIPUHEC YeJI0BEUYECTBY U MHOXKECTBO MpobiieM. Exerogno B mupe
nporcxoaut Oonee 120 MIIH. HECUACTHBIX CIy4aeB Ha MPOMU3BOACTBE, U3
KOTOpbIX 00s1ee 200 TBIC. — CO CMEPTENBHBIM HCX0A0M. B cooTBeTCTBHH
C JaHHBIMH MEXIYyHapOJHOW cTaTHCTUKH u3 500 MITH. MHBAJIUAOB Ka-
JBIH IATBHIA CTaJ UM B pe3yJibTaTe HeCUaCTHOTO ciaydast. CyMMBI yOBITKOB
coctaBiAloT a0 10% BanoBOTO HAMOHAIBFHOTO TMPOIYKTa HEKOTOPBIX
ctpad. To, 9TO Tak Ha3bIBAEMBIH «UEIOBEUECKHI (PAKTOP» BBICTYIAET
OCHOBHOW NPHUYUHON PA3IUYHOIO POJAA HECUACTHBIX CIIy4acB, aBapuil U
KatacTpod, HOATBEP>KAAETCSI CTATUCTUKOM 110 BCEM OTPACIISIM MPOU3BO-
CTBa, U MOPCKOTO TPAHCIIOPTa B TOM UYHCIIE.

3Has YMCNO MOTUOIINX CYAO0B, MO)KHO OPUEHTUPOBOYHO ONPEAETHUTH
KOJINYECTBO aBapuii B MUPOBOM TOPTOBOM (hJIOTE IO 3aKOHY XeWHApHUXa.
B CIIIA nHa ocHoBe u3yueHus U aHanuza 9500 NpOMBINUICHHBIX aBapHii
BBIBE/IEH 3aKOH O BEPOSATHOCTH M MPOTHO3MPOBAHUH aBapuil, KOTOPHIi
BeIpakaeTcs cooTHomenueM: 10 -19 - 300. To ects Ha 10 kpynHBIX aBa-
puii mpuxonutes 19 cpeanux, u 300 menkux. BeposTHOCTH aBapuii ¢
KpynHbIM yiiepoom coctapisier 0,3%, co cpennum — 8,8%, HezHauu-
tenbHble YObITKH — 90,9%. Takum o0Opa3oM, eciu ceiuac €XerogHo B
Mope rudHeT okoso 100 cyaoB, TO YUCIO CPETHUX aBapUil TOHKHO OBITH
npumMepHo 190, a menxkux — 3000.

Ilo pa3ueiM manHbIM 60-70% Bcex aBapuif CyJOB MPOUCXOAMUT IO
BHUHE ueioBeka, a 80% aBapUilHBIX CUTyalMil sIBISETCS CIEICTBUEM He-
000CHOBaHHBIX NIEHCTBHUH CYyJOBOTO MepcoHaa. ExxeromHo ruOHET onuH
13 2 THIC. MOPSIKOB U HE TOJBKO BCIIEACTBHE MPAMBIX MOTEPh, HO U H3-3a
IJIOXOW OpraHu3alluy chnacaTelbHbIX onepainuii. Ha BbICOKOM ypOBHE
OCTaeTCsi M IPOM3BOJACTBEHHBI TPaBMAaTU3M Cpelnd MOpsAKoB. Bo Bcem
MHUPE CUHUTAETCS, YTO CBA3h MOPEIUIABAHMSA C PUCKOM B JIOKa3aTEIbCTBAX
He Hyxnaercs. [losTomy B 3apyOeXHBIX CTaTHCTHYECKHX TabimIax
JInolina BMECTO MPUHATOTO Y HAC TEPMHUHA «CYyJla B SKCILTyaTallu» yKa-
3BIBAIOT OJTHO3HAYHO — «ships at risk» (cynma moaBepraromuecs: pucky).

CHmxeHne prucKa IS KU3HHU JI0JeH, MOXET OBITh JOCTUTHYTO TOJb-
KO Ha OCHOBE CHCTEMHOIO MOJXOJa K PEUICHUIO CIIOXKHOW 3aJauu —
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oOecrieueHne 0e30MaCHOCTH KU3HENESTEIbHOCTH, ClIacaHue M BBDKUBA-
HHE 4eJIOBEeKa IIPH Ype3BbIYANHBIX CUTyalusax Ha Mope. B cBsa3u ¢ atum,
Ha HAIMOHAJBHOM YPOBHE OBUIO MPUHSTO PEIICHHE CKOHIIEHTPUPOBATH
BCE TEOPETUUECKHUE Pa3JeIibl, CBA3aHHBIE ¢ oOecreueHrneM 0e30MacHOCTH
Y BBDKMBAHHS 4YEJIOBEKAa HA MOpPE B paMKaX MHTEIPajbHOM IUCLMIUIMHBI
«be3omacHOCTD KU3HENEATENHHOCTHY.

EsxeronHo MUpOBOH TpaHCIIOPTHBIA (JIOT MO pa3HBIM MPUYHHAM Te-
psieT Oosiee COTHU CYZOB, B IIpOLiecce OINepaluii Ha MOpPE MPOUCXOIST
TBICSYM CEPHE3HBIX U MEJKUX MHIHIEHTOB, THOHYT M MOJIY4atOT TPABMBI
0O0JBIIOE YHCIIO JIIOJICH, CBA3aBIIMX CBOIO JKU3HB ¢ MoperaBanueM. Of-
HAaKoO M3 TOro ¢akTa, YTO MOPEIUIABAHHIO PUCKU aBapHU M THOEIb CyJ0B
U JIIOZIEH, HE CIIeyeT BBIBOJ, YTO OT HETO CIIEAyeT OTKA3aThCsl, HAIPOTHB,
HEOOXOIMMO YUYHUTHCS Ha YPOKax aBapHii, MOpaJbHO, (PU3NYECKU U TICHU-
XOJIOTHYECKH TOTOBUTH cebs kK mpodeccun Mmopsika. Cremyer Bceria
IOMHUTb, YTO TOJIKO YHOPHBIM TpyA, I'TyOOKHE 3HaHUS, MpodeccuoHa-
JIU3M ¥ XOpOIlas MOPCKas MPaKTHKa IOMOTYT SKHITaKaM 00€CIIeYnTh KaKk
JMYHYIO 0€30MIaCHOCTh, TaK U 0€30MaCHOCTh MAacCa)XKUPOB, EPEBO3UMOTO
rpy3a i caMoro CyJHa.

be3zonacHOCTh JKU3HENESTEIbHOCTH Ha MOPE ONPEAEIIETCS] KaK KOM-
TUIeKC (aKTOPOB TECHEUIIMM O0pa3oM CBSI3aHHBIX C BEDKMBAHHEM YeEJIO-
BEKa B YCJIOBUSX MTOBBIILICHHOTO PHCKA.

CeronHsi B CyIOXOAHOW MHIYCTPHUHU IIUPOKO HCIIOJIB3YETCS TEPMHH
«0e30macHOCThY NPHUMEHUTENBFHO K OTIENBHBIM IPOU3BOJCTBEHHBIM
orepanusM, IIaByYHM 1 OeperoBbIM 00bEKTaM, IePCOHaIy U B LIEIOM K
MOpEIJIaBaHuI0. DTO CJIOBO M €ro aHITMHCKUN 3KBUBaJleHT «safety» ua-
CTO BCTPEYAIOTCS B PA3IMYHBIX ITyOIMKAIWSIX, HACTABICHUIX, PEKOMEH-
JAIsIX ¥ HOPMATUBHBIX JOKYMEHTaX, Kacamomuxcs MoperuiaBanusa. On-
HaKo, MO-BUAUMOMY, MajO KTO 3aAyMBIBAaeTCsl HaJ TE€M, YTO HPHU3BIBHI U
yKa3aHus, Kak-To: «ObecneunTs 0€30M1aCHOCTh CyIOXOACTBa»; «IloBbI-
CUTH 0€30MaCHOCTh MOpEIUIABAaHHS» HE BIOJHE YOCAUTENBHBI U HE OTpa-
JKAIOT BKJIAZBIBAEMOr0 B HUX cMbIcia. CeroiHsi HEBO3MOXKHO TOBOPHUTH O
0e30macHOM 3KCIUTyaTalld CyJOB B OTPBIBE OT UYEJIOBEKAa, HA KOTOPOTO
BO3JIOKEHBI (DYHKIIMU YIPaBJICHUS CYIHOM, TO €CTh €ro 0€30MacHOCThIO.
OCHOBHBIM HOCHTEJIEM «YeJIOBEYEeCKOro (pakTopa» B CYIOXOJACTBE SBIIS-
eTcs SKUIaXK, [I03TOMY Ha MEPBbIH IJIaH HAYYHBIX UCCIEJOBaHUH B 00Ja-
cTH 0€30IIaCHOCTH Ha MOPE BBIXOIAT MPOOJIEMBbI «pHUCKay». Peub momxHa
UATH, CKOpee, 00 «ynpaBiIsieMOM PHCKE» CHHIKEHHUSI aBapUHHOCTH CYAOB,
TaK Kak JHMKBHIUPOBATH IOJHOCTHIO ONACHOCTH, CYIIECTBYIOIIUE IS
JFOZIEN M NMEePEeBO3UMOro Ipy3a IpU TPAHCIOPTHBIX OIEPALMIX Ha MOpE,
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MOTPOCTYy HEBO3MOXKHO. TO ecTh chenarh MopeluiaBaHHe aOCOIFOTHO
Oe3omacHBIM («00eCITeYnTh 0€30TaCHOCTE)») HENlb3s, TaK KaK 3Ta CIEITH-
(duueckas IesSTeNbHOCTD JIOJIH HEOTAeNnMa OT OlmacHoCTer. B croBape
PYCCKOTO s3bIKa «O€30MacHOCTBY OIpPENeseTCs KaK «IIOJIOKEHUE, MPU
KOTOPOM HE yTPOXKAeT OMACHOCTh KOMY WJIH YeMy-HuOyamp». B Okcdopa-
CKOM CJIOBape 3To — «cBoOoga oT omacHOCTH». B ciosape B. ans ato
CJIOBO O3HAYaeT «OTCYTCTBHE OMACHOCTH, COXPaHHOCTbh, HaJIE)KHOCTHY.

C TeXHHYECKHM COBEpIICHCTBOBAHHUEM CPEJICTB ITPOU3BOJICTBA, BHEI-
pPEHHEM B TPOMBINUIEHHOCTh SKOHOMHYECKH Pa3BHUTHIX CTpaH WHHOBAIIH-
OHHBIX TEXHOJIOTHH, COBEPILICHCTBOBAIMCH KOHCTPYKIIMU U 000pYI0BaHUE
CYJIOB, POCJIM UX pa3Mepbl M KOJMYECTBO HA MOPCKHX MYTSX, YIyUIIAINCh
3HaHUSI W TOATOTOBKAa MOPSKOB, YCIOXHSIINCH TEXHUKA M TEXHOJIOTHUS
TPAHCHOPTHBIX omepainui. B pe3yibpraTe K MPUPOAHBIM (BHEIIHMM) OIac-
HOCTSIM, XapaKTEPHBIM JJI PAHHETO 3Tana Pa3BUTHS MOPCKOTO CYI0XOJ-
CTBa, 0OABIIUCH HOBBIC, BHYTPEHHHE, — TEXHOTEHHOTO XapaKTepa, CO-
3[JaHHBIE CaMHM YEJIOBEKOM M CBS3aHHBIC C WCIIOJH30BAHHMEM Ha Cyax
CJIOKHBIX YCTPOWMCTB M CHCTEM, MOIIHBIX UCTOYHUKOB SHEPTHHU, TIEPEBO3-
KOI B3pBIBOONACHBIX U MOKapPOOIIACHBIX BEleCcTB. BiisiHue Tak Ha3bIBae-
MOTO «YeJIOBEUECKOT0 (hakTopa» — MpodheCCHOHANBHBIX U MCUX0odu3mye-
CKHMX HEJOCTAaTKOB U OLIMOOK JIFOJIEH, BO3MOKHOCTH U CIIOCOOHOCTH 4eJo-
BEKa — OllepaTopa 1o mnpuemMy, 0opadoTke nHGOPMALIUU U TIPHHSATHIO Pe-
IIEHNWH B Pa3MYHBIX YCIOBHSX MPO(ECCHOHAIBHON AEATENFHOCTH, Kak
JUIsl paboTAaIONIMX HA OOPTY CYJIOB, TaK M YIPABILIFONMX UX JKCILTyaTaly-
et ¢ Oepera. Mx peanu3zainus B MPaKTUKE CYJOXOCTBA, B BHJIC MMOXKAPOB,
B3PBIBOB, CTOJIKHOBEHU, TIEPEIIOMOB, TIOTEPH OCTOHYHUBOCTH M OMPOKHIBI-
BaHHMS CYJIOB PE3KO YBEINYMIIA KOJIUIECTBO aBApHid B MUPOBOM (IIOTE.

Cerogus MexayHapoaHast Mmopckas opranuzanus (MMO), Mexnyna-
pomHas accoruanus Mopckod meautmabsl (MAM), MexayHapoaHas op-
ra"u3anys TpaHcnoptHeIX padounx (ITF) m MexnyHnaponnas dbeneparus
acconuanuii mMopckux kamutaHoB (IFSMA), ynensror MakcuMaibHOE
BHMMaHHE BOIIpocaM 0e30MacHOCTH MoperuiaBaHus. HarpaBieHHBIX Ha
COXpaHEHHWE YeJIOBEUECKOW KU3HU Ha MOpPE, BHEJPEHHUIO BBHICOKHX CTaH-
JIapTOB OOYUYEHHS ¥ HECEHHUS BaXThl, & TAKXKE BIUSHUSA ICUXO(PUIUISCKUX
Ka4ecTB U cpelbl OOUTaHUS HA WICHOB SKUIAKEH B Mpolecce MpOU3BO/-
CTBEHHOH JESATENHLHOCTH, B YCIOBUAX CyaHAa. Bo3pacraromiasi HHTEHCHB-
HOCTh CyJIOXOJCTBa TOTpeOOBasia BHECEHHs] HOBBIX, 0OOJiee KECTKHX,
HOpM B MexnyHaponuyro Konseniuio «O MOArOTOBKE M AMITIOMUPOBA-
HUU MOPSAKOB M HeceHuH BaxTe» (STCW-78/95), uro mo3Bomwio He-
CKOJIBKO CHU3WTH IMPOIEHT aBapuiHOCTH MUpoBoro (hiota (1o 10%). N3-
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BECTHO, YTO 4epe3 ABa-TpHu roga UMO Oyner npuHsTa HOBasl, emie 6ojee
anekBatHas pegakuua MexayHaponnoil Konsennuu IT/IHB.

[MocTeneHHO BhIpabaThIBAETCS KOHIICTIIUS B OTHOILICHHN BBITTOJTHEHUS
TpeOOBaHMIA, MPU3BAHHBIX CIOCOOCTBOBATH IMOBBIMICHHIO OE30MACHOCTH
SKCIUTyaTalluyd CyJIOB B COBPEMEHHBIX ycloBHAX. K HHMM, B "4acTHOCTH,
OTHOCHUTCA BBEJEHHE B CHIy, B COOTBETCTBUH C pe3omtormert MO
A.741(18) c 1 urona 1998 roga MexnyHapoIHOTo KOJEKCa YIpaBJIEHUS
Oe3omacHOM SKCIUTyaTallMedl CyAOB M INPEJOTBPAIlEHHEM 3arps3HEHHUN
(MKVYB). Takum oOpa3om, eciii paHee B CYJOXOJHOW MHIYCTPHUH MHOTO
BHUMAaHHUS YAESUIOCh «00OecredyeHnto Oe30MacHOCTH MOpETIaBaHus»
(4TO TIPAKTHYECKHU ClIENaTh HEBO3MOXHO, HOO HE MOXKET ObITh a0COIIOT-
HoOM Oe3zomacHocTH!), ¢ BBenmeHueM MKVYD peur yxe uper o0 ympasie-
HUM 0€30MaCHOCTBIO KaXJIOTO CY/HA, HE3aBHCUMO OT €r0 HallMOHAJIbHOM
MPUHAUIEKHOCTH U QOpMBI COOCTBEHHOCTH. TO ecTh, 0 mepeBoje Bcel
JIeSITEeIbHOCTH, CBSI3aHHOM € pelleHneM MpoOiaeMbl 0€30IacHOCTH B Cy-
JIOXOJICTBE, Ha 0o0Jee BBICOKMI KauyeCTBEHHBIH ypoBeHb. COOTBETCTBEH-
HO, OOJbLIOE 3HAUYEHHE MPHOOPETAIOT MOUCK U Pa3paboTKa HOBBIX KOH-
LEeNUMid U METOIOB MPEJOTBPAIEHHUs aBapUil CyI0B B MPOLIECCE UX IKC-
[Ty aTaluH.

VYipaBiaeHUe PUCKOM — 3TO IIPOLECC IPUHATUS PEIIEHUN U OCy-
LIECTBICHHE MEp, HANpaBICHHBIX Ha OOecledeHne MHHHUMAJIBHO BO3-
MOJKHOTO pucka. llenp ympaBieHNs] pucKkOM — CBOEBPEMEHHOE TPEBH-
nenue (MPOTHO3UPOBAHKE) PHUCKA, BRIABICHUE (DaKTOPOB, UTO BIHIOT HA
CUTYyaluIo, MPUMEHEHHE COOTBETCTBYIOIIMX MEpP MO MHUHUMH3ALUHU UX
BITUSTHHSL.

Criertu¢mka paboThl HAa MOPCKUX CyZax CBs3aHA C COKPAIIEHHON YFHC-
JICHHOCTBIO KUTIaXKa, aBTOHOMHOCTBIO M JUTUTEIBHBIM OTPBIB OT Oepero-
BEIX 0a3, a Takke pa3HOOOpa3HeM TEXHHYECKHX CPEICTB M BBICOKOM
HACBIIIIEHHOCTPI0 UMHU COBPEMEHHBIX CY/OB, OTH yCIOBHSA TPeOYIOT BBI-
paboTKU crienuaTbHBIX HABBIKOB U OCOOBIX JIMYHBIX KAYECTB.

Kak mpaBuio, moBbllIEHHE YPOBHS 0€30MaCHOCTH OCYLIECTBIISIOT B
CIIEAYIONINX TPEX HAPaBJICHHUSIX:

a) COBEPLICHCTBOBAHUE TEXHUYECKUX CHCTEM U OOBEKTOB;

0) MOATOTOBKA MEPCOHANA;

B) NpeAynpekIeHNe BOSHUKHOBEHUS YpE3BbIUAHBIX CHTYAaIUH.

st ux omnpeneneHuss HEOOXOIUM CIELUANBHBIN aHATN3 KOHKPETHBIX
JAHHBIX W yCIIOBHH. B OCHOBe ymnpaBIEHUS PHCKOM JIEKHT METOJHKA
CpaBHEHHMS 3aTPaT U MOJIYyYaeMbIX BBITOA OT CHHKEHUS PUCKA.

Jus pacdera pucka HeoOXOAMMBI 0OOCHOBaHHBIE HaHHBIE. OcTpas
NOTPeOHOCTh B CTATHCTUYECKUX JAHHBIX B HACTOsIIEEe BpeMs NMpU3HAHA
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BO BceM mupe. HeoOxoaumMa TiarenbHO apryMeHTHpPOBaHHAs pa3paboTka
U co3faHre OAaHKOB JaHHBIX, B YCIOBHAX MPEATIPHUATHS, OTPACITH, PETHO-
Ha U T.J.

BezonacHo ynpaBiaTh KU3HEACATEIbHOCTBIO — 3TO 3HAYUT OCO3HAH-
HO TIEPEBOUTH OOBEKT M3 OJTHOTO COCTOSHUS (OMacHoe) B ApyToe (MeHee
OIMacHOE) NpU OOBEKTUBHOM COOJIOICHUU YCIOBUN COLUANBHOM, SKOHO-
MHUUYECKON M TEXHUUECKOU 11eTIecO00pa3HOCTH.

BesonacHocThs cynHa, Kak TPaHCHIOPTHOTO CpelcTBa GOpMHUpYETCS Ha
OCHOBaHUM KOMIUIEKca (hakTopoB. OpraHu3aius MOArOTOBKU K JIKCILTya-
Talui ¥ B TEPHUOJ] IKCILTyaTaIlH, JOJDKHBI YUUTHIBATh IMOKa3aTenn 0e3-
OTMAacCHOCTH C TOYKH 3PCHUs ACKIapUpOBaHus OlleHKH Oe3omacHocTH. Lle-
JIBIO SIBIISIETCS AHAIIN3 TEKYIETO COCTOSIHUSA 0€30IacHOCTH, a TaKKe MPOo-
THO3WPOBAHWE W TOATOTOBKAa HEOOXOMUMBIX MEPOIPHUATHI HampaBieH-
HbIX HA MUHUMHU3AUIO PUCKOB.

B nocnennee necatuiieTre YBEIUMYHIOCH KOIWYECTBO aBaphii M KaTa-
cTpod MOPCKHX CyIOB, COTIPOBOKIABIINXCS MHOTOYHCICHHBIMH YeJI0Be-
YeCKUMH XepTBaMH. [IpH4mMH 3TOro MHOTrO: HEZOOPOCOBECTHBIE OMepa-
TOPbI, HC YACIAIONIMC BHUMAHUA TEXHUUCCKOMY COCTOSIHHIO CYIOB; CHU-
JKEHHE KOHTPOJIS M TPeOOBAaHUM K CyIOBIAJENbIaM CO CTOPOHBI TPaBU-
TEJNBCTB CTpaH (iara; cTpemMiieHHe MHOTHX (0COOEHHO MEJIKMX) CyIOBIIa-
JACIBbUEB MOJIYYUTh MAaKCUMAJIBHYIO HpI/I6BIJ'H) 3a CYET CHMIKCHUA pacxo-
JIOB Ha cHaO)KeHHe U OOCITyKMBaHHUE CYJIOB H T. I. DTO 00CTOATEIHCTBO
MIPUBIIEKIIO BHUMaHHUE MOPCKOTO COOOIIeCcTBa W MOOYAMIO MPUHATH P
MEp IJId YIYUYHICHUA CJIOKUBLICTOCS IMOJIOKCHMA. Kak moka3piBaeT aHa-
JIN3, HCNOCPECACTBCHHBIMU MTPUINHAMU 6OJH)HII/IHCTB3 aBapI/Iﬁ 1 MHIOUOCH-
TOB Ha MOpE SIBJIIIOTCS OIIMOKH JIFOACH, yrpaBistomux (Gaotom ¢ 6epera
(ympaBiieHYECKHIA TIEPCOHAN CYAOXOAHBIX KOMITAHUI) U HaXOAIINXCS Ha
00pTy CYZIOB, TO €CTh TaK Ha3bIBAEMBbIi YeJIOBeUYeCKUi (akTop.

C 1enblo MOBBINIEHUsT 0€30MaCHOCTH CyAI0XO0/CTBa MexayHapoaHas
MOpCKasl opranuzamnusi, MexxIyHapogHas OpraHu3anus Tpyaa | psi Ipy-
X Ha CBOUX CCCCHUAX IMPUHAIN IleJIBIﬁ pan Ba)KHEHIINX MEXAyHapoa-
HBIX KOHBEHIIWH, PE30JIOIMH, KOJEKCOB U PEKOMEHJAINiA, HampaBlieH-
HBIX Ha obecriedeHrne 0e30MacHOCTH MOPETUIaBaHUS U OXpPaHBl OKpYKa-
I0IIIEH cpeibl.

Oco0eHHOCTh TIOATOTOBKH MHKEHEPOB MOPCKOTO TPAHCIIOpPTa CBsI3a-
HBl HEMOCPEICTBEHHO C OCOOEHHOCTSIMH IPOW3BOACTBEHHOW CpeAbl, B
KOTOPOM OCYIIECTBISIETCS IPON3BOICTBEHHAS 3a/1a4a.

Mopckast cpena SIBJISE€TCA HE TOJBKO HCTOPUYECKH TPAHCIOPTHBIM
MyTeM, a ¥ HEOThEMJIEMOW 3HAYUMOM 4acThi0 Onocdepsl U oOpalieHue ¢
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Hell HaXOIUTCS T0J] KOHTPOJEeM MHPOBOHW oOmiecTBeHHOCTH. Henb3s me-
PEOLIEHUTHh BAKHOCTH ONTHUMH3AINH BOIIPOCOB PEIIEHHS XO35MHCTBEHHBIX
3a1a4 He B ymiepd BompocaM 3KoJoruueckoil 6esomacHoctu. Ilepen mpo-
M3BOJICTBEHHUKAMU CTOUT KOHKpETHAas 3ajada, BBHITIOJHEHHE KOTOPOi
TpeOyeT BBICOKOTO mpodeccrnoHansHoro ypoBHs. [Ipu aToM 3aTpatsr Oy-
YT ONPEIENSAThCS COOTHOUICHHEM BECOBBIX KO3(D(UIIEHTOB MO MpPUHS-
TUIO pelIeHUH B Pa3lWYHBIX YCIOBHAX MPOQPECCHOHANBHOU AEATENbHO-
CTH, KaK i paboTaroIuX Ha OOPTY CY/OB, TaK U YNPABJISIOIINX UX JKC-
uryatanueit ¢ Oepera. x peanmzanus B MpakTUKE CyTOXOJICTBA, B BHIE
I1OXXapoB, B3PbIBOB, CTOHKHOBGHHﬁ, IepejIoOMOB, IOTCPU OCTOMYUBOCTH U
ONPOKUJIBIBAHUS CYJ0B PE3KO YBEIMUMIIA KOJIMYECTBO aBapuil B MUPOBOM
¢ote. PermamenTamys BO3AeCcTBUI Ha MPUPOIHYIO CPENy 3HAUYUTENHHO
YCIIOXKHSIET paboTy, W JJisl YYaCTHHKOB TIpollecca Ba)KHO UMETh OTBET-
CTBEHHBIH, OCMBICJICHHBIM, CO3HATEILHBINA MOJX0J] K BOMpocaM Oe3orac-
HOCTHU B YCJIOBHSAX MOpEIUIaBaHUSA. JTO KacaeTcsi BOMPOCOB JIMIHOH, KOJI-
JIEKTUBHOW 0€301aCHOCTH M DKOJOTHMYECKOI 0e30MacHOCTH B paboveM u
ABApUIHOM peXUME.
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VK 536.24:621.791.55
JleGenes B.B.
OHMA

HUCCJEJIOBAHHUE MMPOLIECCA BOCCTAHOBJIEHUA AETAJIEN
NNPUMEHEHHWEM HE3ABHUCHUMBbIX [TAA/IBHO-CBAPOYHBIX
CPEACTB

IIpu HempaBUIBHOM 3KCIUIyaTallUU IOJBUYXKHBIX COIPSDKCHHMM, TAKUX
KaK MOJUIUITHUKU CKOJIbKEHHsI, BO3MOXKHBI ITOBPEXKICHUSI HE TOJIbKO aH-
TU(GPUKLIMOHHOTO BKJIAJBIIIA, HO U CTAJBHOIO Baja, Ha KOTOpPOM oOpa-
3YIOTCSI TPEIUMHBI, PAKOBHUHBI, BCIEICTBUE PE3KOIO MOBBIILEHUS TEMIIE-
paTypsl NPOUCXOIUT OTIYCK M T. A. DTO ABJIEHHE HA3bIBAIOT 3aJHPOM.
IToBepXHOCTH IIPY 3TOM SIBIIEHUH BBITJIAIAT HIEPOXOBAThIMHU (pHC. 1).

Puc. 1. IIpumepsl nOBEpXHOCTEN C 3a1UpaMu

Ha npakTrke BO3HHKAIOT CHTYallMH, KOTAa HEOOXOIMMO ITPOU3BECTH
PEMOHT OINEPAaTUBHO, BHE CTAIIMOHAPHOW MAacTEPCKOM, HE MMesl BBICOKO-
KBaJTH(UIIMPOBAHHOTO TIEpCOHAIA.

Hcnonb3oBanue B 3TOM CilIy4ae TEPMOXMMUYECKHX CBApPOYHBIX
CTEepIKHEH M JIPYTHX DK30TEPMHUYECKHX CPEJCTB, 00ECIIEUNBACT PsII Tpe-
NMYHICCTB IO CPABHCHUIO C APYTUMU TCXHOJIOTUAMU BOCCTAHOBJICHUA.

TepMoXxUMHUUECKUE CBApOYHBIE CPEACTBA HE TPEOYIOT MUl CBOETO HC-
HOJIB30BAHMSI HUKAKOTO CBAPOYHOTO 00OPYNOBAaHHS M HUKAKHX BHEIIHUX
UCTOYHUKOB dHepruu. OHM 00ecreYnBalOT MeHee KOHIIEHTPUPOBAaHHbIH,
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Ooee paBHOMEPHBIN HArpeB HAIJIABIIIEMON IIOBEPXHOCTH, YTO IPUBOJUT
K 3HAUYNTEJIbHO MEHBIINM CBAPOYHBIM HANPSDKEHUAM M Je(OPMALHSIM.

Hcrnonp3oBaHne 3K30TEPMHUUECKUX CPEACTB HE TpeOyeT BHICOKOW KBa-
nuUKaIu M CHENMalbHOM IOArOTOBKU mepcoHana. TpeGoBaHus,
IpeabsBIsIEMble OXPAaHON TpyJa K 3allUTHOM OIeXIe W APYTUM Cpel-
CTBaM 3allIUThI 3BHAYUTCIIBHO HUXKE, UEM IIPpU 0OBIYHOMI CBapkKe.

Takum 00pa3om, UccIeyeMblil clioc00 BOCCTAHOBJICHUS MOXKET OBITh
PEKOMEHJIOBaH JJIsl PEMOHTA M BOCCTAHOBIJICHHS COIIPSKEHUH HENOoCpe.-
CTBEHHO Ha CyZax, 0e3 BbIBOAA MX W3 IKCIUTyaTaluy, HEIOCPEICTBEHHO
BO BpeMs pelica, CUlaMu MalllMHHOM KOMaHBI.

Lean uccjenoBanusi — CO3JaHUE MPOCTOM TEXHOJIOTUH, TOCTYITHON
K MHCIOJBb30BAaHHUIO HENOCPEICTBEHHO BO BpeMs peiica, MO3BOJIAIOLICH
IIPOU3BECTHU OHCpaTHBHLIfI PEMOHT — BOCCTAaHOBJICHHUE I'COMETPUH Bajla U,
KaK CJIe/ICTBUE, paOOTOCIIOCOOHOCTH MO IIIMITHUKA.,

OCHOBHBIMHU 33Jja4aMH UCCIIEIOBAHUS SABIISIOTCS:

1. Ompenenenne HEOOXOAMMOMN TEMJIOBOH MOITHOCTH 3K30TepMHUUE-
CKOT'O CPEACTBA.

2. ObGecneueHne HEOOXOIUMOHM TEIUIOBOW MOILIHOCTU 3K30TE€pPMHUYE-
CKOT'O CTEPIKHSI.

3. Pa3paboTka TeXHOJIOTHY NIPUMEHEHHS YK30TEPMUUYECKUX CPEACTB.

TeopeTuueckue ucciien0BaHusl.

1. OmnpeneneHue HEOOXOAMMOM TEIJIOBONH MOIIHOCTH 3K30TepMHUUC-
CKOTO CpEJICTBA.

Jlns obecriedeHNs KadeCTBEHHOH HAIIaBKH, HEOOXOMHMM IPOTPEB I10-
BEPXHOCTH BOCCTAaHABIMBAEMOM IETaIH 10 TEMIIEPATYPHI IUIABJICHHS, YTO
MOKET OBITh 00ECIIEYCHO TOJILKO Mepeavei Teria OT PacIUIaBJICHHOTO
MeTallla, BBIAEISIEMOr0 MPH TOPEHUU SK30TEPMUYECKOTO CTEPIKHS (WU
JIPYTOTO DK30TEPMUUECKOTO CPEACTBA), KOHTAKTUPYIOMIECTO C ITOBEPXHO-
CTBIO JICTAIN.

Kax yxe ormeuanocs [1], TEmI0Byt0 MOUTHOCTh MOKHO MOACYUTATh C
JIOCTATOYHON CTETIEHBIO TOYHOCTH, WCIOJB3YS JOCTATOYHO MPOCTOE BBI-
paxeHue

3T-g-DY° .07
g=""""—" (1)
n-exp| 2V
4a-D
rne T — rtemmeparypa, K; € — KO3(QHUIHEHT TETIOBOW aKTHBHOCTH,

Jx/m® K™, D — nmamerp CTepiKHS, M; Vv — CKOPOCTb MepeMelIeH s
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CTEpIKHS BJOJIb IIBA, M/C; Z — TOJIIMHA MeTala, M; 0. — KO3 QHUIUEHT
TEMIIEPaTypOIPOBOAHOCTH, M/c; n — KII.
KIIJI TepMUTHOTO CTEP>KHSI ONPEACIIAETCS KaK:
n=—1>=, @)
Ertey
rie €y, €&y — KOI(pQPHUIMEHTH TEIJIOBOW AaKTUBHOCTH MeTaia

(SZ«I}\,'C'p) HaBapHBaeMOﬁ ACTAJIM U NIpUCAA0OYHOr0 METalila, U3MC-

pstemsrii B kr/(K-¢*) [2].

Bripaxxenne (2) mnokaseiBaer, uyto TerioBod KIIJ[ TepmuTHOTO
CTEp)KHSI TEM BBILIE, YeM OoJblle PasHOCTh MexAy Koddduiuentamu
TEIIOBOI aKTUBHOCTH BBIJEISIOIIEIOCS ¥ CBAPMBAEMOTO METalIa.

Pacuetsr mo BeipaskenusM (1) u (2) MOITHOCTH CBapOYHOTO CTEPKHS
MOKa3bIBaIOT, YTO I MPOrpeBa 0 OAMHAKOBOM TeMIiepaTypbl Ha OJMHA-
KOBYIO I'TyOMHY, TEPMUTHBIH CTEP)KEHb C KEJIE3HBIM TEPMHUTOM JOJDKECH
o0nanaTe MOIIHOCTEIO B 1,4 pa3a OoJbIeH, YeM TaKoW K€ CTEp)KEHb C
MEAHBIM TepMUTOM. Kak BHJIHO M3 pacdeToB, MOJyY€HHUE BBICOKHUX TE€M-
MepaTtyp HarpeBa CBapHMBacMOIrO MaTepuana 3a CYET HCIOJIb30BaHUS
CTEPIKHS C JKEJIE3HBIM TEPMHUTOM 3aTpyIHHUTENBHO. Ecnu ke ydecTs, uTo
JUTST CBapK{ WJIM HAIUTaBKU HM3AETHI W3 )KeJIe30yTIEePOANCTHIX CIUIaBOB
TeMIepaTypa Harpesa AOJKHA cocTaBiATe 1550° C, To cTaHOBATCS Ode-
BUAHBIM, YTO NPUMEHEHHE HK30TEPMUUYECCKUX CTEPXKHEH, BBIICISIOIINX
’KeJie30 HEBO3MOXKHO 0e3 NMPUMEHEHHs JIOTIONHHUTENBHBIX HarpeBaTellb-
HBIX CpencTB (puc. 2).

2. ObecnieueHre HEOOXOIUMOHN TEMJIOBOW MOIIHOCTH SK30TEPMHYE-
CKOT'O CTEPIKHSI.

Pemienue npoOiemMbl JOCTHXKEHUST HEOOXOIUMOM MOIIHOCTU TIOPO0-
HO omucaHo B [3], rae paccMaTpuBaiuch MPOOJIEMbl ONpeneNeHus] HO-
MEHKJIATYPbl XMMHUYECKUX CMECEH MPUTOAHBIX VIS MCIOJIb30BAHUS B K-
30TEPMUYECKIX DHEPrOHE3aBHUCHMBIX CPEICTBaX M pa3pabOTKH TEPMHUT-
HBIX cMecel, Hanbosee 3(pPEeKTHBHBIX MPH PEIICHUH KOHKPETHBIX 3ajad.

CMmecu, HCHOIb3yeMBbIE U HAIUIABKHU JOJDKHBI yJIOBIETBOPATH Cle-
JOYIOLUIMM OCHOBHBIM TPEOOBAaHUSIM:

" CMECh JOJDKHA BBIACIATH KOJIMYECTBO METalla HEOOXOOUMOe VIS

pazorpeBa MOAJIOKKH;

" CMech JOJDKHA oOecreynBaTh HaXOXKJIEHHE B BBIJECIUBIIEMCS Me-

Tajie HeOOXOAMMBIX JETHPYIOUIUX AJIEMEHTOB, HEOOXOAUMBIX AJIS
MIPUEMIIEMBIX CBOMCTB IOJIyYEHHOT0 HAIUIABJIEHHOIO CJIOS, a TAKXKe
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KEJIaTeIbHO, BO3MOYKHOCTh IOCIEIYIOIIEr0 TEPMHYECKOTO WU
JIeQOpMaOHHOTO YIPOYHEHHUS;

" CMeCh JOJDKHA 00ecreurBaTh XOpOIIee OTIEICHHE [UIaka OT Me-
TaJuIa JJIs MOIyYeHUs] YUCTOTO U MPOYHOTO HAIUIABICHHOTO CIIOSL.
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Z — rny0nHa nporpeBaHus MeTala, MM

Puc. 2. HeoOxomumasi TeruioBas MOIIHOCTh TEPMHUTHBIX CTEpP)KHEH A CBapKU H
HAIUIaBKU CTaNH, BbLACISIOMUX: | — craib, 2 — Menp

Haubonee momHO 3THM CBOWMCTBaM yIIOBIIETBOPSIOT CMECH, BBIIENS-
IOLIME IPH TOPEHUH MeAb U 00pa3yIoLIye JIETKOIUIAaBKUE [IUIAKH.

PacueTsl TemjI0THl TOpeHHs, HEOOXOIUMBbIE IJIsl OLEHKH TpeOyeMoi
MOIIIHOCTH XMMHUYECKOTO COCTaBa, MPOU3BOJIATCS HA OCHOBAHHMH 3aKOHA
I'ecca (komM4ecTBO TEIJIOTHI, BBIAENSIEMON MpHU XUMHUYECKOM peakuuwu,
3aBHCUT TOJIBKO OT HA4YaJIbHOTO M KOHEYHOTO COCTOSHUS CHUCTEMBI U HE
3aBHCHUT OT ITYTH, IO KOTOPOMY PEaKIIHsl MPOTEKAeT), T. €. TeIUI0Ta HeTo-
CPENCTBEHHOIO IPEBPAILEHHs B IPOLIECCE XUMUYECKON peaKklUu paBHA
CyMMe€ TEIUIOT IPOMEKYTOUHBIX PEaKIUil:

Q13 =Q12+ Qa3, 3)
riae Q3 — remnora ropeaust TOC, @1, — Termora 00pa3oBaHMs IPOIYK-
TOB TOpeHus, Q3 — TerioTa oOpa3oBaHUs KOMIIOHEHTOB COCTaBa. 3Ha-
ueHus @, u Q»3 MpUBEACHBI B IUTEpatype [S] u ap.

JIJs TEpMUTHOM peakIiy OKCH/IA XKelle3a C MarHHueM
Fe;0, + 4Mg = 4MgO + 3Fe

VY aenbHas TEIJI0Ta TOPEHUS COCTABUT 5,6 KJK/T.

g peakiuu xene3a ¢ alloMUHHEM
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Fe;04 + 8Al = 3,68 xJx/r.

AHaJNOrM4yHO, A CTep)KHEHN, BBIJIENSIONINX ME/Ib:

Al — 4,127 xJIx/T; Mg — 5,57 xIx/r; B— 3,083 x/[x/T.

Moauduuupyst TEpMUTHBIE COCTABBI MOKHO MOJTYYHTh CMECH C BBICO-
KOH ynenbHON sHeprued. OHaKo 4acTo 3TO HE MPUBOAUT K YIIyUIICHHUIO
TEIJIOMACCOIEPeHOCca, TaK KaK TeMIepaTypa HCIapeHHs OONbLIMHCTBA
METaJIJIOB, BBIACIAIONINXCA B XOJ€ DK30TEPMHUECKON pEeaKIfu, COCTaB-
nstet 2800...3300° C, B pe3ynbTare 4ero 3HAaUUTENbHAs 9acTh BBIJCIISIO-
LIErocsl MeTajla y4acTByeT B IpOLEcce TEINIO0OMEHa cO CBapHUBAEMBIM
METaJIJIOM B BH/I€ METANIMYECKHUX MApOB, a HE paciliaBa, YTO 3HAUMTEINb-
HO CHWKaeT Kod(UIMEHT TeruiooTaayn, a ciegosatenso u KITA TOC.
Just Toro, yto6s1 noBeicuTh TeroBoil KIIJ[ cmecu mpu BBICOKOH yneins-
HOW MoIHOCTH ee, HeoOxoanMo B TOC BBOOUTH TYTOIUIABKHE KOMIIO-
HEHTHI, Takue Kak W u Mo, 9TO CyIIIEeCTBEHHO TOBBIIIAET TEMIIEPATYPY
ucnapenus u terosor KII/I.

Taxum o0pa3om, B pe3yJbTaTe MpelBapUTENbHBIX PACUETOB YAAJIOCh
OTIpEeAETUTh MPUMEPHBIA COCTaB CMECH, KOTOpas JaeT ONTHMAaJbHBIE pe-
3yJbTaThl IPU HAIUIaBKe.

Pesynbratel npencrasieHsl B Tabuuie 1.

Tabimma 1. Cocras TermmoBsLaesronel cmecu 11 TOC

COJIEPX XKAHUE
KOMIIOHEHTHBI KOMIIOHEHTa B CMECH,
%
OKUWCJIMTEJIN
CuO 50-70
Cu,O 5-20
(Fe30y4; FeyO3;Fe0) 0-40
NaNO3, KNO3, NH4CIO4, NH4C]O3, KC104, KC]O3 5-20
BOCCTAHOBUTEJIN
B;Al;Mg;Si;FeSi;CaSi, 0-10
(NH,)C=0 0-5
JIETUPYIIUE; KAPBUTOOBPA3VYIOIINE; TYT'OITJIABKUE

Si, Fe, Ni, Mn, Sn, Zn, Pb, Al, Be; Ti, Zr, V, Nb, Cr;

0,5-2
W, Mo (uim X OKCHIbI)
OJIFOCHBI

Na,B,05; H,B,05; H;BO; | 0,5-2

3. TexHoMOTUS MPUMEHEHNS IK30TEPMUIECKUX CPEIICTB.
OtaenbHbIE ACMEKTHl MPUMEHEHUSI SHEPrOHE3aBUCUMBIX IK30TEPMHU-
YeCKUX CpEACTB paccMmaTpuBaiach B [4], OIHAKO NPUMEHUTENIHHO K
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HAIJIaBKE W TOCTAHOBIICHHWIO COMPSDKEHHS MOIIUITHAKA CKOJIbKCHHS
TIPUKJIaHBIN MCCIeJOBaAHMS HOCHIIH B IIEPBYIO OYepe/Ib OMBITHBINA Xapak-
Tep.

BoiienaBumiicss mpyu FOPEHUH 3K30TEPMHUUCCKOTO CTEPXKHS pPacrijiaB-
JIEHHBIN MeTan (B OOJIBIIMHCTBE CIy4aeB CILIaB HAa OCHOBE MEIH) Mpak-
TUYECKH MOJHOCTHIO MOMAIaeT Ha MOBEPXHOCTh BOCCTAHABIIMBAEMOM Jie-
TaJu, T/ie B MIEPBBI MOMEHT BpEMEHHU NpHOOpeTaeT GpopMy KaIuid, cMa-
YHMBAIONICH AJIHHIPUUECKYIO TOBEPXHOCTb, 3aT€M MPH JABHIKCHUU TOPS-
IIEr0 CTEPKHS BJIOJb OCH BpAICHHS JCTANN KAIUlsi BBITATUBACTCS, TPU-
o0pertas mpojoaroBaTyo B miaHe Gopmy. CeueHHne Takoi Karui, u300-
paXxeHHOE Ha PUC. 3, MOKHO CYUTATH TOCTOSHHBIM.

o

Puc. 3. Ilonepe4Hoe ceueHne Kariu MEJHOTO CIUIABa,
Jexalieif Ha CTAIBHON IIIHHAPHIECKON TOBEPXHOCTH

[lo manHbIM [5] yron o, ompeneisioluil CMauuBaeMOCTb, COCTaBUT
nopsigka 120 — 130°.

Massie pa3Mepsl Karid B MOMEPEYHOM CEUCHHH TMO3BOJSIOT CIENaTh
BBIBOJl, UTO BHYTPH HEE€ HE MPOUCXOAUT HUKAKMX KOHBEKTUBHBIX H3MeE-
HEHHH, W BECh MPOIECC TETNIOOOMEHa CO CTAbHOW IMOBEPXHOCTHIO OCY-
MIECTBIBIETCS TETUTIOTIPOBOAHOCTHIO.

Takum 00pa3oM, KPUCTAJUIM3YIOUIYIOCS KaIUll0 MOXHO Cpa3y pac-
CMaTpHuBaTh KaK TBEPJOE TEJIO0, KOHTAKTHUPYIOIIEe C APYTHMM TBEPIbIM
TeJIoM (BajioM).

CoriacHO NaHHBIM, NMPUBEICHHBIM B [6], MOXKHO OIICHUTH TepMUYE-
CKO€ COMPOTHUBJICHHUE, BOSHUKAIOIIEE HA TOBEPXHOCTU KOHTAKTA:

1 tdr
R=—/[2, 4
Sl b 4
a
[TporHTETpUPOBAB, MOXKHO TIOJTYYUThH
R =T« (5)
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31ech 7 — YCJIOBHBIM paauyc MATHA KOHTAKTa; A — TEIUIOMPOBOIHOCTh
KOKJIOro MaTepuasa, YYacTBYIOUIETO B KOHTAKT€, 1| — OTHOCHUTENIbHAS
TUIOMIA b (PaKTUYECKOTO KOHTAKTA.,

[lomHOE conpoTHBIICHHE KOHTAKTA OYIET PaBHO

R, R,
=t (6)

— Ker
K
% R +R,
CT M

KoadpdummeHT TemnooTnaun MOKHO MPEICTaBUTh KaK BETHINHY OOpaTHYIO
TEPMHUYECKOMY COIPOTHBIICHHIO KOHTAKTa:

W3 BeIpaxenntii (5) u (6) caemyer, 9To TEPMHUIECKOE COMTPOTHBIICHHUE TIPSIMO
NPONOPIMOHAIBHO pa3MepaM IIATHAa KOHTAaKTa, I03TOMY, pa3paboTKa IPHEMOB
NPUMEHEHHS TeIUIOBBIIEILIIOINX CTep)KHEH HallpaBlieHa Ha COKPAILEHHUs ISTHA

KOHTAaKTa U IOBBIIICHUA TEM CaMbIM KOBq)(l)I/II_[I/ICHTa TCIIJIOOT a4,

IKcnepruMeHTAJIbHbIE HCCIeOBAHNS.

OCHOBHBIE SKCIIEPUMEHTAJILHBIC UCCIICAOBAaHUS B O0JACTH TEXHOJIO-
TUM HAIUIaBKU 3K30TEPMHYECKHMHU CPEJICTBAMH OBLIM HAIIPABIICHBI Ha
WHTEHCU(UKAITUIO TEIUIOOOMEHA MEXKITy BBIICTSIEMBIM B IIPOIECCE TOpe-
HUS PACIUIaBIEHHBIM METAJUIOM W BOCCTaHABIMBAEMOU MOBEPXHOCTHIO
Bana. [IoCKOIBKY TEMIOMPOBOAHOCTU KAaK CTAJIbHOM MOJUIONKKH, TaK U
3aCTBIBAIOIIETO MEJHOIO CILJIaBa SIBJIAIOTCS BEIMYMHAMH TMPAKTHYECKU
MMOCTOSTHHBIMHU, OCHOBHOM 3a/Iaueii SBIIACH KOHIICHTPAIUS TEII000Me-
Ha Ha BO3MO>KHO MEHBIIIEH IIIOMNIAIKe TETI000OMEHA.

YuuteiBasi  OrpaHUYeH-
HBIE BO3MOYXHOCTH, HCCIIE-
JIOBAIMCH BBl JUAMETPOM
ot 20 10 35 mMm.

Ha Bamy umutupoBancs
3anup (puc. 4), mocie 4ero
OH TMoJABepraics BO3JEH-
CTBUIO PpAa3JIMYHBIX THUIIOB
9K30TEPMUUYECKUX CMecel —
KAK CTEp)KHEW, Tak M IIa-
LIEK, Pa3lIMYHbIX MO XUMHU-
YEeCKOMY COCTaBy TEPMHUTHOH CMECH W II0 CTEICHH €€ YIUIOTHe-
Hus (puc. 5).

3anup
Puc. 4. Umuranus 3aaupa Ha Bajty
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Puc. 5. Ban nocne HartaBku

ITocne HaIlJIaBKHW, OYMCTKHU OT IIJIaKOB U MEXaHHUYECKOM O6pa6OTKI/I
MMOBCPXHOCTH Bajia npno6peTaeT BU, IOKAa3aHHBIM Ha puc. 6.

Puc. 6. HamraBieHHBIH Baj MOCIIE MPpeaBapUTEIbHON 00padOTKH

Bceneacteue mpuuMH 4MCTO SKOHOMMUYECKOTO XapakTepa — KpalHeu
HEJOCTAaTOYHOCTH (PMHAHCUPOBAHHUS B MPOIECCE AKCIICPUMEHTOB OKOH-

yarenbHas 00paboTKa — NUTH(OBAHUE IIEHKI
HE TPOBOIIIIACK.

B mporecce 5KCrepuMEHTOB BO3HHK P
npoOseM, CBS3aHHBIX B IEPBYIO OYepenb C
HEJOCTaTOYHON SHEPreTHYECKOH  MOILHO-
CTBIO TEIUIOBBIACNSAIOIINX CTEpPKHEH U Apy-
THX 9K30TEPMHUECKHX CPEJICTB.

B wactHOCTH, HE TPOMCXOAWUT MOJIHOTO
B3aMMHOTO PACTBOPEHMS IIPU KOHTaKTE Ma-
TEpUAJIOB TMOJJIOKKH W TPUCAJOYHOTO Me-
tayia. Habmomanuce 3aMeTHbIE JTIMKBALMK B
30He KPHUCTAUIM3ALMH MEIHOTO  CIUIaBa

(puc. 7).

Puc. 7. Topuesoit cpe3 Bana,
BOCCTAHOBJIEHHOTO 3K30Tep-
MHYECKUM CTEPXKHEM, BbIJIe-
JSBIIMM MEIHBINA CIUIaB
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MukpoaHanu3 MONYYeHHBIX HAIUIaBKOM OOpaslloB MOKa3all, 4TO Me-
HBI€ CIUIaBBI CIUIABIIAIOTCA C JKEJIe30M BO BCEX COOTHOMICHUSX IPH
KpailHe HU3KOM B3auMHOW pacTBopuMocTH. [IIMpuHa 30HBI B3auMOIE-
CTBUS KOJICOJIETCS OT HECKOJIIBKIX MUKPOMETPOB JI0 JECATHIX TOJIEH MUII-
JTUMeTpa, IPUYeM KOHKPETHasl BEIMYMHA MPOHUKHOBEHUS OKa3aylach 3a-
BHCHUMOM B MEPBYIO OYepelb OT BPEMEHH B3aMMOJAEWCTBHUS pacIljiaBIeH-
HOT'O MEJIHOTO CIJIaBa CO CTaJIbHOW MOBEPXHOCTHIO, a 3HAYUT HENOCpe-
CTBEHHO OT MOIITHOCTH 3K30TEPMHUUYECKOTO CTEPKHS (puc. 8).

Puc. 8. HerpaBnensiit Mukponutid. MexaHudeckas CMECh )KeIe3HOTO
Y MEJHOTO CIUTABOB, BO3HHUKAOIIAs MPH HaruiaBke, X450

IIpy  WCIONB30BaHUM  BBICOKODHEPIETHYHBIX  TEIUIOBBUISIONIUX
CTEp)KHEW, IpH TeMIlepaType MNPUCAJOYHOTO METajljla IOCTUTarolIen
2800° C B MeTayuie TOUIOKKH MTPOUCXOMAT TEPMHUUCCKIE MPEBPAIICHHSI,
nokasanHble Ha puc. 9. TpamneHslii Mukponug, MOKa3bIBAIONIUI Ipa-
HUILY KeJIe3HOTO ¥ MEIHOTO CILIAaBOB, BOZHUKAIOIIYIO IPH HAILTaBKe.

XapaxkTep 3TUX U3MEHEHUM elle MPeACTOUT MpOoaHAIM3UpOBaTh. Me-
TajutorpaduuecKkuii aHau3 HE JaeT O HUX OJTHO3HAYHOIO IPEJICTaBJIC-
HUs1, HEOOXOJIUM PEHTCHOTpapUISCKU aHATU3.

B HEKOTOpHIX Cilydasx Ha TpaHUIle MPUCATOYHOTO METaia M TOA-
JIOXKKU 00pa30BhIBAJIACH TOHKAs TUICHKA MEJIKOIAMCIICPCHON CMECH JKele-
3a U Meau mokazaHHas Ha puc. 10. Ee cBolicTBa Takke HY>KIAIOTCS B
JanbHEHUIIEM U3YUYEHUH.

B T0 %€ Bpems pH UCTIOIB30BAHUY MEHEE MOIIIHOTO CTEPXHS, C BbI-
JICJICHUEM METaJula MpH 00Jiee HU3KOW TeMIlepaType MPUCaIOYHOrO Me-
Tajia, HO C TIPEABAPUTEIHHBIM IMOJOTPEBOM TOJIOKKH (TEPMHUYECKUM
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CTep)KHEM C MHTEHCHBHOW ra3oBoil (a3zoii — oObIYHO Ha 0aze MeaHO-
IIOMUHUEBOTO TEPMHUTA) B3aWMHOE IPOHUKHOBEHHE METAJUIOB HOCHT
3HAaYUTEJIbHO MEHEE UHTCHCUBHBIN XapakTep, a IUIEHKa Ha I'PaHUIe MEX-
Iy TOJIOKKOM M MPHUCAJOYHBIM METAJIJIOM CTAHOBHUTCS PaBHOMEPHOH U
HenpepsiBHOW. Ha pmc. 11 mpencraBmeH Mukponumid MOKa3bIBAIOIINI
TPaHUIly KEJIE3HOTO U MEIHOIO CIUIAaBOB, BO3HUKAIOILIYIO IIPU HallJaBKe
CTEpXKHEM C MaJIOH SHEPreTUYECKO MOIIHOCTHIO

P oo rd k< u A
Puc. 9. Tpasnensiii Mukponumd. Crpasa cIIaB Ha OCHOBE JKele3a,
clieBa Ha OCHOBE Meau, X450

Puc. 10. Tpapnenslit Mukponuind. BunHa rmieHka Ha rpaHHIE JKEJIE3HOTO
M MEJIHOTI'O CILIaBOB, X450



2011 — Ne 27 Cy0osbie dnepeemuyeckue yCmaHosKu 61

» 4 1 ’
[}

"i-i At WHI bl e SR SRR

Bx. f;_

Puc. 11. TpaBneHslit Mukponning. B BepXxHeil 4acTH CIUIaB Ha OCHOBE MEJIH,
B HIDKHEHM Ha OCHOBE Jkejiesa, X450

B mporecce skcnepuMeHTOB, OBUIO KPOME TOTO YCTaHOBJICHO, YTO
BeIpaxkeHne (1) I ompeneneHus TEIIOBOM MOIIHOCTH HE TOJHOCTHIO
YUUTHIBACT KOJIMYECTBO TEIIa, HEOOXOAMMOE IS HAIJIaBKH, MOCKOIbKY
B HEM OTCYTCTBYET COCTABJISIOIIAS PACIUIABICHHS TOJUIOKKH, JJIS Yero
€CTECTBEHHO HEOOXOJMMO 3aTPAaTHUTh ONPEEIIEHHOE KOJIUYECTBO TeILIa.
DTa COCTaBIISIONMIAs MOXKET OBITH OIIEHEHA 110 BHIPAXKEHUIO

QZM'[(TmaB_Tm)'C+AH:| 5
CB
rae: D — nmuameTp TepMUTHOTO CTEpKHS, L — JyinHA 1mBa, h — riryOuHa
MPOIUIABJIEHU METAJUIA OMJIOKKH, p — IJIOTHOCTh OCHOBHOI'O METaslIa,
T — BpeMs CBapkH, Trn; — TeMIlepaTypa IJIaBICHUS OCHOBHOTO METAIINa,
C — TemI0eMKOCTh OCHOBHOI'O MeTajna, AH — Temora 1iaBjieHus Me-
Tajia IMOJIOKKH.
Pucynoxk 12 wmiocTpupyeT MoIydeHHbIE PE3yIbTaThI.
BoiBoabI
= He cMOTps Ha BBISBIEHHBIC B MPOIIECCE UCCICIOBAHUN TTPOOIEMBI
MPEIJI0KEHHBIM METOJ BOCCTAaHOBJIEHUS IMOBEPXHOCTEH JeTajeH,
COCTaBIIIOLIMX IMOJBHKHOE CONPSIKEHUE IMPEACTABIIAECTCS BEChbMa
[EPCIEKTUBHBIM JJI1 ONEPATUBHOIO PEMOHTA JIeTalel MEXaHU3MOB
CPEICTB TpaHCIIOpTa — 06€3 UCTIOIL30BAHUS CIICIIHATEHOTO CI0MXKHO-
ro 00Opy/JI0BaHUs, BEICOKOMPO(ECCHOHANIBHOTO MepcoHaa, a Jyis
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CYJIOB — HETIOCPEJICTBEHHO B petice, 0e3 BBIBO/IA Cy/THA M3 IKCILTya-
TaIUH.

JanbHeiinme uceneqoBanus T0JKHBI ObITh HAITPABIICHBI HA CO3/1a-
HUE JHEPreTUYeCKH O0OJiee MOIIHBIX DK30TEPMUYECKHX CPEICTB,
pa3paboTKy TEXHOJOTHIA MX UCIOJL30BAHUS BMECTE JIOTIOTHUTETb-
HBIMH UCTOYHMKAMHM TEILUIOBOH YHEPTHH.

OTnenbHOE HANpaBICHUE UCCIIEAOBAHUN JIOJDKHO OBITH HarpasJie-
HO Ha Pa3pabOTKy TEPMUYECKUX CMECEH BBIICIAIONINX MPHCAI0U-
HBII METAIII ¢ HEOOXOUMBIMIA MEXaHUUYECKUMH CBOICTBAMH.

70

MomHocTs HeTouHnka, kBT

10

0,1 0,3 0,5 0,7 0,9 1,1 1.3
Tomumuua HANIABIAEMOTO CIOA METALIA, MM

Puc. 12. 3naucHus H606XO,HI/IMOI71 MOIIHOCTH TCIIJIOBOT'O HCTOYHHUKA!:

l-c YYETOM KOJIMYECTBA TCIIOTHI, 3ana‘II/IBaEMOﬁ Ha pacCIuIaBJICHHUE METajlia

IpU HaIaBke, 2 — 6e3 ydyera
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YK 621.431.74
XanamamenoB C.A., Cnodoasarok J[.1.
OHMA

COBEPIIEHCTBOBAHUWE METOA0B UJIEHTU®PHUKALIUU
TEXHHUYECKOI'O COCTOAHUA ITOPIIHEBBIX KOJIEL]
CYZIOBBIX MAJIOOBOPOTHBIX IN3EJIEH

s noBwimeHust 3QPEKTUBHOCTH 3KCILTyaTalluK CYAO0BBIX Manoo00-
potHbix amzeneidt (MOJI) HE0OOXOUM TOCTOSIHHBIM MOHUTOPHHT COCTOSI-
HUS Y3JIOB M JIeTaliell, N3HOC KOTOPBIX JIMMUTUPYET MEXPEMOHTHBIH I1e-
PHUOJ dKCIDTyaTaly cyaHa. V3HammBaHue U MOJIOMKa KOMIIPECCHOHHBIX
kosierr MOJ] ¢opcupoBaHHOTO psizia, SIBJISETCS HauOOJee YacTON MpUYn-
HOW WX (DYHKIIMOHAIBHOTO OTKa3a. [[pU4mHEI 5TOTO SBIEHUS MO HACTOS-
IIETO BPEMEHH MaJIO M3yUYEHBI, UTO CHIKAET d(PPEKTUBHOCTE IKCILTyaTa-
WU AU3eJeH, MOATOMY UCCIIEIOBAHUS SBIISIOTCS aKTyalbHBIMHU.

Lenp paboThl — HCCIENOBAHUE TIPOIIECCOB U3HAIIMBAHUS W TOJIOMKH
COTIPSDKEHHBIX JeTaned munuHapo-nopiraeBoi rpynmns! (LI «xombiio-
BTyJKa» opcupoBanHbix MO/ Ha cyJax ¢ Heiblo COBEpILICHCTBOBAHMUS
METOJIOB MICHTU(UKAIUN ITHX MPOIECCOB CHCTEMOW CHUTHAIU3AIUU U
3aIUTHI ABUTATEIS.

HccnenoBanusam HaaeKHOCTH U gojroBedHocTy Aetanent LI, koro-
pble BO MHOTOM OIPENENIAIOTCA CTENEHbI0 U3HOCA JieTallel, TOCBAIEHbI
pa6otsl [1-7]. CorsmacHo COBpEMEHHBIM IPEACTABICHHUAM O IPOIeccax,
npotekaromux B aetaisx LI, umeroT MecTo Tpu pa3HOBUAHOCTH HU3HO-
ca — KOPPO3UOHHBIHN, alire3UOHHBIN U a0pa3uBHBINA. ANTe3UOHHBIN (Me-
XaHOXMMHUYECKUI) U3HOC, SBISETCS JOMHHUPYIONINM B (DOPCHPOBaHHBIX
CYZIOBBIX AM3EISIX [4], BO3HUKAET NpU pa3pylLICHUH MAaciIIHOW IJICHKU
MEXIYy KOJBIIOM W 3€pKAJIOM BTYJIKH HUIWHApPA Ojaromaps BBICOKHM
KOHTaKTHBIM JABICHUSIM, BBICOKUM TEMIIEpaTypaM, HeJOCTaTOYHOU Io-
Jadeld Macia WiIH HEePaBHOMEPHBIM €ro pachpelelieHHeM I10 3epKairy
BTYJIKH IWIHHIAPA. ANTE3MOHHBIN H3HOC SIBISIETCS] Hanbojee OMacHBIM,
YacTO COIMPOBOXKIACTCS CXBAaThIBAHUEM IEPBOTO U BTOporo poja [1-4]. C
LEJIBI0 MPEAOTBPALICHUS CXBAaThIBAHUM, COMPOBOXKIAIOLUIUX MPOLECC al-
Te3MOHHOTO M3HAIIMBAHMS, Ha MOCIEAHUX MOJEISX MATOOOOPOTHBIX Cy-
JTIOBBIX JBUTATENEH B CHCTEME CUTHAIIM3AINY U 3aIIUTHl yCTAHABINBACTCS
Monyib «Scuffingy [4]. Monyns «Scuffing» npemycMmaTpuBaeT ycTaHOB-
Ky JaTdvKa BHOpamuy B HIKHEH 4acTH MUIUHAPOBOHM BTyikn. OOpaboT-
Ka aKyCTHYECKOTO CHTHaJa, MPUXOMAIIET0 OT JaTYyhKa KOJeOaHHH, 1Mo3-



2011 — Ne 27 Cy0osbie dnepeemuyeckue yCmaHosKu 65

BOJISICT BBIJENIUTH CHTHAJI, COOTBETCTBYIOIINI MpoIleccaM M3HAIINBaHUS,
MPOTEKAIOIINM Ha 3epKalie BTYJIKHU IFIINHAPA IBATATEIS.

WNnenTudukanus curHaia, moiaydaeMasl ¢ 3THX JaTYUKOB, MPEACTAB-
JISIET U3BECTHBIC 3aTPYAHEHUS B MX paciin(pPOBKE W MHTEPIPETAIMH TI0-
Jy4eHHBIX PE3yIbTATOB.

B macrosmee Bpemsi co3nmanbl pusudeckue monenu [3, 4], mo3Bos-
IOIIME B BUPTYaJIbHOM N-MEPHOM MapaMeTpUUYECKOM MPOCTPAHCTBE BOC-
C03/1aBaTh KoyiebaTenbHbIC TPOIECCHl BTYJIKH IWIIMHIPA, BO30YKIaeMble
MpoIleCCaMy TPEHHsI M W3HAIIMBaHUSA Ha ero 3epkane. ComocTaBiieHue
peaIbHOTO KOJICOATEeILHOTO CUTHAJIA, MPUXOMAAIICT0 OT JaT4hKa BHOpa-
LMY, U COMOCTABJICHUE €T0 C BUPTYAIbHBIM, B KOTOPOM 3aJI0KEHA Ta WIH
WHas Pa3HOBHUIHOCTH MPOIECCOB M3HAIUBAHMUS, TTO3BOJISIET OIEHUTH Te-
KyIIlee COCTOSTHUE ITMIIHHIIPA.

MHOTOIETHHI OIBIT TTOKA3aJl, YTO MOCTPOCHUE CIEKTPOB HU3IIYUCHHUS,
UX COIOCTABIIEHHE C PEATLHO HAOIIOJaeMBIMHU PE3yJIbTATAMU TIPOIIECCOB
TpeHusi 1 u3HamuBaHua Aetaneil L{III" cynoBbIxX nu3eneil mpeacTaBiseT
CIIOJKHYIO 3a71auy UACHTH()UKALIH.

UccnenoBanue H3HOCOB U MOBPEXKICHUN COMPSDKEHHBIX JleTaneu
HIII", BeImoaHeHHOE TIpU pa300pKe y3i1a HEMTOCPEACTBEHHO Ha CYIHE IPH
TO mMmeer BaxkHOE 3HAYCHHE, TaK KaK ITO3BOJISIECT OJHO3HAYHO YCTaHO-
BUThH CBSI3b MEXIy CUTHAIOM U cocTtossHueM nertaineil LI Bpamenuem
KOJIEIl, BETMYNHON M3HOCA, HAIMYMEM CXBATBHIBAHUI IEPBOTO M BTOPOTO
pona, MOsSBICHUEM OEIIbIX CIIOCB Ha BTYJIKaX W NPYTUX AcPEKTOB, Kade-
CTBOM CMa3KH H JIp.

Ha amMmmuTyHO-4acTOTHBIE XapaKTEPUCTHUKU aKyCTUYECKOTO CHTHa-
J1a, TPUXOJAIIET0 OT JATYNKOB BHOPAIMY IIHIMHAPOBEIX BTYJIOK, OKa3bI-
BaeT BIMSHHE TEXHUYECKOE COCTOSHME 3epKaja IMWIMHIPOBOU BTYIIKH,
MOPIIHEBHIX KOJICI M KAaHABOK (Py4beB) MOPIIHEH.

HatypHble nccienoBaHus MPOBEIEHBI HETIOCPEACTBEHHO HA BYX M-
3€IIIX, HaXOMAIIUXCS B dKcIuTyaTarui. CMa3ka MUIHHAPOB — Ha JIBUTA-
tene SULZER 7 RTA 62 U (1/x "HUAL AFRICA") ocymiectBisiiachk ¢
MTOMOIIBIO OOBIYHOTO MEXaHHYECKOTO JIyOpHKaTtopa, W Ha JBHTAaTele
MAN B&W 7S60MC-C (1/x "MORNING CHAMPION") cma3ka mu-
JIMHJIPOB OCYIIECTBIISUIACh aBTOMAaTH3UpOBaHHOU cuctemon "Alfa lubri-
cator".

Opranuzamus mporecca CMa3blBaHUS ITUMH CUCTEMaMH CMa3bIBaHUS
HECKOJIbKO OTJINYaeTcs Ipyr ot apyra [3]. Hamu ObL1 poBeicH cpaBHU-
TeJIbHBIA aHanmu3 paboThl ABYyX cucTeM cmasbiBanus "Alfa lubricator” u
MEXaHWYEeCKOr0 JyOpHKaTopa ¢ IENbI0 BBISABICHHUS Pa3HUIBI B MPOTEKa-
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HHUH TPOLIECCOB TPEHUS U M3HAIIMBAHUS NPU WACHTU(PHUKALNU CUTHAJIOB,
MOCTYIAIINX OT JaT4uKoB BHOparuu. [lo aHannm3y ammiauTyxHO-dac-
TOTHOHM XapaKTEPHUCTUKN aKyCTHYECKOTO CHUTHAaja yCTaHOBIEHO, YTO CKO-
poctb u3HamuBanus aetaneid LI moutu Ha moOpsiAOK MEHbILIE MPU UC-
oJIb30BaHUM cucTeMbl "Alfa lubricator" mo cpaBHEHHWIO ¢ MEXaHMIECKOM
cucremoit. Cucrema cmaszku "Alfa lubricator" xopormo 3apekoMeHoBaIa
cebs1 mpu pabore ABHUrarens Ha JUIMTEIBHBIX CTAMOHAPHBIX PEXHMaX
(mepexomax mpsMBIMH KypcaMd MOPEM), a IpU padoTe Ha KOPOTKOM ILjie-
ye ¢ OONBLIMM YHCIIOM IIyCKOB M OCTAHOBOK JIy4lle ce0sl BEAET MEXaHH-
gyeckasl CHCTEMa CMa3KH.

[Ipu 5TOM OBLIO yCTAHOBJIEHO, YTO HE3aBHCUMO OT THIIA CHCTEMBI
CMa3KH IJIaBHOM MPUYUHON TOJIOMKH, KaK IpaBuiio, 2+4-ro KoJell, sSBJis-
eTCsl HapyIIeHHE IMPOoIecca CMa3bIBaHUS CONPSDKEHUS "BTYIKA-KOJIBIO"
MIPU MPOXOXKIEHUH TTOPIIHEBBIMU KOJIBLIAMH 30HBI POTyBOYHBIX OKOH.

Wpnentudukanust 3Toro mpouecca U BbIpaboTKa YHPaBISIOLIETO BO3-
JIEUCTBUS Ha Mpouecc TpeHud U usHammBanus netaieit LI ocymects-
JISIETCS B Pa3NUYHBIX JIBUTATEISAX PA3INYHBIMU Ty TSIMH.

AHanu3 nutepaTypsl [8, 9] mokaspIBaeT, 4TO MHOTHE AM3ENECTPOU-
TeJIbHBIE (DUPMBI YCTaHABIMBAIOT DPA3JIMYHBIC JATYMKH CHUTHAJIOB JUIS
KOHTPOJISI COCTOSIHMSI KOJIell ¢ mocienyromeid oopadorkoit. Tak, Hanpu-
mep, ¢upmoit Sulzer Diesel Ltd. 6b110 paspaborano u ycraHoBieHo 00-
nmee yeM Ha 60 cymax BO BCeM MHpe OOHapy>KHBAIOIee MOIYJIbHOE
yctpoiictBo SIPWA-TP ¢ 06paboTkoif JaHHBIX B peallbHOM MaciiTade
BpeMeHH. CrienuanbHbIi ObICTPOAEHCTBYIONUI TaTYMK YCTAHOBJIEH BBI-
1€ IPOAYBOUYHBIX OKOH Ka)I0M LWJIMHAPOBOW BTYJIKH U M3MEPSET aM-
IUIATYAy KojieOaHWN Ha OCHOBHOW HeCyIIeW YacToTe, 00YCIOBICHHOI
MPOXOIOM KOJbLA MUMO JAaTduka. [Ipy uaeHTH(UKAIMKA 3TOTO CHTHaja
yCTPOICTBOM MOKET OBITh YCTaHOBJICH MUHUMAJIbHBIH, MAaKCUMAaIbHBIN 1
CPeIHMI U3HOC KOJbLA, a TAKXKE MOJTyYeHa HH(OpMaIHs O ero BpalleHHH
OTHOCHUTENFHO MOPIIIHA U TIOJIOMKE.

B HacTosimiee BpeMs HET OJHO3HAYHOW HAEHTH(PUKALMHK CHUTHAJA,
MPUXOASALIETO C 3epKana MUIMHIPOBOM BTYJIKH B MOMEHT HPOXOXKIEHUS
MTOPIITHEBHIX KOJIEI] MUMO IIPOAYBOYHBIX OKOH.

Hapymenre cMa3biBaHus MO0 NEpUMETPY KOJIbLIa MPH MajbIX CKOPO-
CTSX ABMIKEHUS MOPIIHS, TPUBOAUT K BO3SHUKHOBEHHUIO YCIIOBHS I'paHUY-
HOT'O TPEHMS. DMIopa CUIIbI TPEHUs BIOJb IIEPUMETpa KOJIbLla HOCUT Xa-
pakTep, npuBeJeHHbIH Ha puc. 1. Kak BUIHO U3 pUCYHKa, CHJIa TPEHUS 110
MEpUMETPY KOJIbIA OTJINYAeTCAd B HECKOJIBKO pa3, YTO MPHUBOAUT K €ro
paspyLEHHIO.
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Puc. 1. Pacnipenienenue cuil TpeHUs. MEXY KONbLOM U BTyJIkod nununapa MO/ npu
IPOXO0XKJEHUH IIPOAYBOYHBIX OKOH: 1 — HapyllleHHe CMa3Ku, 2 — HOpMaJlbHas cMa3Ka

B pesynbprare mepemnaga CuiIbl TPEHHUS BAOJb MEPUMETPa KOJNbLA IpH
MIPOXOXKIEHUU TPOJYBOYHBIX OKOH M BO3HHUKHOBEHMS CXBAaTbIBaHWM, B
MIOBEPXHOCTHOM CJIO€ BTYJIKH 0Opasyercsi Oelblii CJIOH Ha MepeMbIuKax
MPOJyBOYHBIX OKOH, YTO TIOKa3aHO Ha puc. 2. TakuM oOpa3oM, UcCIeno-
BaHMUSMH, TpoBeneHHbIMH Hamu Ha mm3ensix SULZER 7RTA 62U u
MAN B&W 7S60MC-C ¢ pa3HBIMH CHCTEMAaMH MOJauu CMa3KH, ycTa-
HOBJICHO, YTO IVIABHOM NMPHYUHOMN MOJOMKHU KOJIEll SIBJISIETCS] HapylleHHe
MpoIecca CMa3bIBaHUS OKOHHBIX NEPEMBIUEK BTYJIOK.

IlonTBepxaeHneM MexaHHM3Ma IOJOMKH KOJIEI[ MPH NPOXOKIACHUU
IPOLYBOYHBIX OKOH SBJSIETCA M TOT (PaKT, YTO IUIMHA pa3pyLIEHHBIX
(parMeHTOB KOJIEI] paBHA PACCTOSIHHIO MEXIy MPOAYBOYHBIMH OKHAMH
WIN KpaTHA eMy. DTO OTYETJIMBO BHJIHO Ha pUC. 3, HAa KOTOpPOM 3-e u 4-e
KoJsblia ojoMaHsbl. [TotoManHOe 4-€ KONbLO COCTOUT U3 TaKUX CErMeH-
TOB.
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Puc. 2. TTosiBnenue Genoro cinosi Ha BTYJIKaX HWIMHAPOB NP HAPYIIEHHH MPOIIECCOB
TPEHHUS KOJICIl O MEePEMBIUYKH MPOTYBOYHBIX OKOH. 1 — Oelblid CIIOM Ha MOBEPXHOCTH
BTYJIKU B paiioHe IlepeMbIueK

e e e

Puc. 3. Ilopmens neuratens SULZER 7RTA-62U c nmonoMaHHBIMA
3-M u 4-M KOJIbLIaMH
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Puc. 4. ®parMeHT MOJIOMaHHOTO YIIOTHUTEIBHOTO KOJIbIIA
nsuratens SULZER 7RTA-62U

[Tonomka yIIOTHUTENBHOTO OPIIHEBOTO Koyibla (puc. 4) nBuratens
SULZER 7RTA-62U nmpousonuia B pe3yipTare aedopManuu cpesa. Me-
Taysiorpaguyeckuil aHaJIM3 KOJIbIIa [T0Ka3all, YTO KOJIBLIO W3TOTOBJICHO M3
ceporo uyryHa. Cyie0B eperpeBa Ha KOJIblle HeT.

AHanmu3 aKyCTHYECKOTO CUTHAa NPHUXOISILEro OT BHOPALHMOHHOTO
JaTyiKa B MOMEHT IPUBEACHHBIX ITOJOMOK IOKAa3al, YTO B BUOPaLMOH-
HOM CIIeKTpE TOsBIIsAeTCS cUTHAN ¢ gactoToi 800 I'm. DT0 omHO3HAYHO
yKa3bIBaeT Ha HapyIlIeHHe Mpoliecca TPEHUsI KOMIIPECCHOHHOTO KOJIbLia O
NEPEMBIYKH POTYBOYHBIX OKOH.

Takum 00pa3om, MONTyYeHHE CHTHAJIA O HAPYIICHHWHU IIPOIIECCOB Tpe-
HUS Ha MEPEeMBIYKaX MPOJYBOYHBIX OKOH MO3BOJISIET CBOEBPEMEHHO YBE-
JUYUTH MOJAYy CMa3KH, a B Cly4ae MOBTOPEHMS CUTHAIA OCTAaHOBUTDH
JOBUraTenb, NpeAyNpeanuB aBapuiHyl0 curyauuio. Ecnm mpomoixaercs
nocjeayomas 3KCIUTyaTalusl JBUraTessl, TO MOSIBIAIOTCS HAapyLICHUS B
Ipoleccax CMa3bIBaHUS yKe U Ha 3epKajie BTYJIKHU (pHcC. 5).

Ha puc. 5, a mokazana mmpokasi TOpU30HTaIIbHAS [TOJIOca TpaduTH3a-
LUK BTYJIKM LIIMHAPA, C JIByX CTOPOH KOTOPOH HaOJOAAETCs OTJIOKE-
HUE CJIOEB JECTPYKIUH Maciia, 00yCIOBICHHBIX €0 MEPErpeBoM.

[Mocnenyrommii HarpeB 3epKaa MUIHHIPA IPUBOIUT YKe K rpaduTh-
3auuu BTyjaku. Ha puc. 5, 6 BuneH Bbixon rpadura u3 4yryHa U €ro pac-
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npeaesieHue Mo 3epKally HWINHApa. B 1aHHOM citydae MOXKET MpOou30UTH
KpaTKOBpEMEHHOE yIyUIIeHNEe YCIOBHI CMa3bIBAHUS 33 CYET CBOOOIHOTO
rpadguTra UyryHa, 9TO YCJIOXXHSAET HACHTU(DHUKAIIMIO 3TOTO Mporiecca.
JanbHeiliiee pa3BUTUE 3TOTO Mpoliecca MPUBOAUT K pa3pyLICHUSIM, MIPU-
BEJICHHBIM Ha puc. 6.

0

Puc. 5. I'paduruzanus padoyeil BTYyJIKH UITHHIPA BBIIIE IPOTYBOYHBIX OKOH,
Ha KOTOPBIX OBLT HAPYIIEH PEXKUM CMa3bIBAHUS

Ha nexoropsix Brynkax asurarenss SULZER 7RTA-62U B paiione
MPOAYBOYHBIX OKOH HAONIONAIOTCS 3aaupbl TIyOuHOH 2-2,5 MM (puc. 7)
KOTOpble 00pa30BaUCh NMPU B3aUMOJCHCTBHM C 3aMKOM KOJIbIA. JTO
CBUJICTENLCTBYET O TOM, YTO B PE3yJbTaTe HapyIICHHS MPOIECCOB CMa-
3bIBaHMS HayaJId YK€ Pa3BUBATHCS OTPULATENbHBIC SBICHUS U Ha pado-
YUX MOBEPXHOCTSIX PYYhEB IMOPITHEN W HA CAMHX KOJNbIaX. XapaKTepPHBIM
JUISL TaHHOTO peKuMa pabOTHI SBIIAETCS TOTEPS MOJABIKHOCTH KOJIbIIA.
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Puc. 6. 3epkaiio BTyJIKH ¢ yyacTKaMH rpa)UTH3ALNHU U CIICAaMHU CXBAThIBAHUS
1 BBIPBIBAHHS YYACTKOB IMOBEPXHOCTHOI'O CIIOS MaTepHaia BTYJIKH

Puc. 7. CxBaThIBaHHE BTOPOTO poJa Ha 3epKaje BTYJIKH LIHINHIpA
SULZER 7RTA-62U.

AHanm3upys TOJNy4YeHHBIE DPE3yJbTaThl CUTHAJA, MPHUXOSIIIETO OT
BUOPAIMOHHBIX JAaTYMKOB, MOXHO CJEJIaTh BBIBOJbI, YTO IOJYYCHHBIN
CUTHAJ B pe3yJIbTaTe €ro UICHTU(DUKAIIUN MOXKET OBITh HCIIOJIb30BaH:

" B CHUCTEME aBTOMAaTHUYECKOr0 YIpaBJICHHsS MAaclIONoJayd B LH-

JUHJIP IBUTATETIS;
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B CHCTEME CHUTHAIHM3AIlMK NPU BHIPA0OTKE CHUTHANA O HAPYIICHUH
MIPOIIECCOB CMAa3bIBAHMS,

B CHCTEME 3allUTHl ABUTATEIS I UCKIIOUCHUS aBapUHBIX CHUTY-
aruii B pabote neraneit LI1T.

Taxum 00pa3zoMm, AJs MOBBILIEHHUS HAIEXKHOCTH CyNOBBIX ABUTATENEH
BHYTpPEHHET0 CrOpaHHui HEOOXOAMMO M3MEHHUTH aJTOPUTM CHUCTEMBI CMa-
3bIBaHUs, pa3paboTaB aBTOMATU3UPOBAHHYIO 3aMKHYTYIO CHCTEMY, HC-
noJb3ysl curaai ot cucteMsl "Scuffing" o mapamerpax mpouecca TpeHus
Y M3HALINBAHUSL.

B pesynbrare mpoOBEICHHBIX HCCIIEAOBAaHUN pabOTHI CUCTEM CMa3bl-
BaHUs Cy/JOBBIX JBUTaTeliedl BHyTPEHHETO CTOPaHUs MOYKHO C/ENAaTh Clie-
ITyIOTTHe 00OOIICHUS ¥ BBIBOIBI.

MOHUTOPUHT U TUArHOCTHPOBAHHE TEXHUUYECKOTO COCTOSHUS Jie-
taneir LIII" mpu opraHu3anmuu TEXHUYECKOTO OOCIY>KWBaHUS 10
COCTOSIHHIO MOKET OBITh ITOCTPOECH HA UACHTH()UKAILINY HEIPEpPhIB-
HO TIOJTy4aeMbIX CHTHAJIOB OT BHOPAalMOHHBIX AaTYUKOB, yCTAHOB-
JICHHBIX HA UMJIMHAPOBBIX BTYJIKaX JBUTATEIs.

B paGore BBINOJIHEHBI HCCIENOBAHUS MO HISCHTU(HUKALIMU pAga
HapymeHuid pabdotsl neranei LI mpu mpoxone umMu mpoayBoU-
HBIX OKOH.

YcTaHOBIEH OJWH U3 MEXaHU3MOB TIOJIOMKH TTOPITHEBBIX KOJIEI] Ha
CETMEHTBI, IJIMHA KOTOPBIX PaBHA PACCTOSHHUIO MEXIY OKHAMH HIIH
KpaTHa eMy IIpH HapyLICHUH MIPOLECCOB CMa3bIBAHMsI LIMIIMHIPOB.
[Ipu HapymieHNH cMa3KH, perHCTpUpyeMbIil cructeMoit «Scuffingy
CUTHAJI O BUOpAIIUHN BTYJIKH, MOXET OBITh UCIOJIB30BaH B CHCTEME
CUTHAJIM3AIMY 3alUTHl 1 aBTOMAaTHYECKOTO PETyJIUPOBAaHUS BelH-
YHMHBI I0JABAEMOT0 Macja B IUIMHIP.

Hna moseimenns HanexHoctH CJIBC Hazpena HeoOXOAMMOCTH
pa3paboOTKH 3aMKHYTHIX aBTOMAaTHUECKMX CHCTEM CMa3bIBaHMSI.
Pe3ynpTaThl nccieoBaHUN MOKA3ajM, YTO CKOPOCTh M3HAILIMBAHUS
nmeraneit LTI moutn Ha mopsimok MeHbIe mpu cucteme :”Alfa lu-
bricator” mo cpaBHEHHIO ¢ MEXaHUYECKOH CUCTEMOH.
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VJK 629.5.03:621.431
[lepoumnkuii B.B.
OHMA

AUATHOCTUKA CYAOBbIX JHEPTETUYECKHUX YCTAHOBOK
B PEXKMME PEAJIbHOI'O BPEMEHHU

B coBpeMeHHBIX YCIIOBHAX BCE OOJBIIETO YCIOKHEHUS U YKECTOUE-
HUsl TpeOOBaHMIA, MPEABABIICMBIX K IKCIUTyaTal[Ul CYJIOBBIX YHEPIreTHU-
gecknux ycraHoBok (CDY) um cucreM aBTOMAaTHYECKOTO YIIPAaBIICHUS
(CAY), HEoOXOmMMMO MPOBOIUTH HEIPEPHIBHOEC JIHATHOCTHPOBAHUE U
MIPOTHO3UPOBAHKE MX PabOTHI B pealbHOM BPEMEHHU C YUETOM BCEX BO3-
MOXHBIX TTApaMeTpOB U (aKTOPOB BIHSHUA. Takas HEOOXOAMMOCTh BBI-
3BaHa HE TOJBKO JKeJaHHeM H30ekath momamanus COY B mpepaBapwuii-
HbIe W aBapWUUHBIC CHUTYaIlMH, HO TaKXKe >KeJIaHHeM OOJEerduTh OpeMs
IJJAHOBOI'O M BHEILJIAHOBOTO TEXHUYECKOTO oOcmyxuBanus [1], koTopoe
BBIHY>KJICHBI COBEPILIATh YWICHBl CYJOBOM KOMaHAbl MAIIMHHOTO OTHEJIe-
HUs, JeJias OIMNOKY M MPUHUMAs HEBEPHBIC PEIICHUs, BEAYIINE K KaTa-
CTPO(UIESCKUM TIOCTICICTBUSM.

Ananu3 skcrnyaranuu COY pa3ianyHOro MPOM3BOACTBA U NMPUHIIUIA
JIeHCTBUA [2] MOKa3bIBAET: SHEPIeTUYECKUE YCTAHOBKM HA CyJlax AOCTa-
TOYHO YacTO BBIXOIAT W3 CTPOS MO TEM WM WHBIM mnpuduHam. [lpm
¢yukironupoBanuu COY B pealibHbIX MOPCKHX YCJIOBHSX B HUX HEH3-
0eXHO OYyIyT TOSABIATHCS HEHWCIIPABHOCTH, ITOJIOMKH, BO3HHKATh He-
MITaTHBIE CUTYaIlld, B Ps€ CIIydacB Iepexojsmue B aBapuu. C 3TUMH
npo0JieMaMH JIOJDKHBI CIIPaBISIThCs cucteMa ynpasienus COY u cyno-
BOM MEXaHUK, B UYbEM 3aBEIOBAHMM HAXOAWUTCS AaHHas ycTaHoBKa. [lox
Han&xHocThi0 COY moHMMaeTcs He OTCYTCTBHE MOJIOMOK, HEHCIIPABHO-
CTeH, OTKa30B KaK TAaKOBBIX, a CBOCBpEMEHHas WICHTU(DUKALUS HEHC-
MPaBHOCTH, €€ JIOKaTU3allKsl, MePEeBO] YCTAHOBKU B IIAISAIIMM PEKUM U
HCKITIOUCHYE aBapuH WA KatacTpodsr [3].

Korma TpaaunmoHHbIE METOABI TEXHHYECKONW AUArHOCTUKU Hedhdek-
TUBHBI [4-7], OTHUM U3 CIIOCOOOB MPEIOTBPALICHUS aBAPHiA, CBS3aHHBIX C
CDY, sBnsercs pa3paboTka W BHEAPEHUE B MPAKTHKY OSKCILTyaTallHH
DHEPreTUYECKUX YCTAaHOBOK DJKCIIEPTHBIX JTHATHOCTUYECKUX CHCTEM
(BHC). ITo cBoemy (yHKIMOHANBHOMY Ha3HAYEHHUIO U CTPYKType opra-
Huzauuu DJIC HaxonuTcs Ha CcThIKe cucTeM ympasienus COVY u e€ npo-
THBOaBapuiHBIX cucteM. DJC mpencraBnser co60i HCKYCCTBEHHYIO HH-
temektyansHyo (M) cucremy, crocobHyIo B TaHHOW MpeAMETHOR 00-
nactu 3GEKTUBHO pellaTh TMAarHOCTHYECKUE 3a/1a4H [§].
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Ha srane Buenpenus D/{C mpencrasisier coboil cucreMy uHMOpMa-
[IMOHHOM TIOAMEPKKA BaXTEHHOTO MEXaHWKAa Ha IIEHTPAILHOM ITyJIbTE
ynpasneruss COVY. IlynpTsl ynpaBieHns TOJHKHBI OCHAIIATHCSA CHCTEMa-
MH ONEpaTUBHOM JUArHOCTUKH, aBTOMATUYECKH OINPENECISIOIINMU B pe-
TPHOM BPEMEHH NPUYHHBI HAPYIIEHHS pabOTOCIIOCOOHOCTH TIPU IOSB-
JICHNH HEWCIIPaBHOCTH B (PYHKIHOHHpYIOIEH ycTaHoBKe. Hanbompmmit
3P QEKT OT HCIOIB30BAHUS IKCIEPTHBIX JUATHOCTHUECKHX CHCTEM JI0-
CTHTaeTCs B Clly4yae, €ClIM IIPH UX pa3paOOTKe CTaBUTCS 3a/1ada 00CTyKH-
BaHUS HE TOJFKO KOHKPETHBIX YCTAHOBOK: JM3EIBbHOM, TYpOMHHOH, TeHe-
paTopHOH U T. 1., HO OOBEKTa B LIEJIOM, BMECTE CO BCEH COBOKYMHOCTHIO
00CITy>KUBAIOIIUX BCIIOMOTaTeNbHBIX cucTeM. OOnanas cBoiicTBaMH HC-
KYCCTBEHHOTO HMHTEIIIEKTa, YKCIEPTHO-IHMATHOCTUYECKHE YIIPABISIONINE
CHUCTEMBI MOTYT IOAKITIOYATHCS K cCUCTeMaM yipasieauss COY B aBToMa-
TUYECKOM PEXKHUME.

Ilomnmepxka MEATENBHOCTH CYIOBBIX MEXaHHKOB, YITPABIISIONINX
COY, cucremamMu HMCKYyCCTBEHHOTO HWHTEJUIEKTA IUKTYEeTCSd OCOOEHHO-
CTSIMHM 3a/1a4, IEPUOANYECKH BOSHUKAIOIINX TIepe]l HUMHU:

" IUIOTHOCTh HMH(OPMALMOHHBIX MOTOKOB, IOCTYMAIOIINX HA IIEH-
TpaJIbHBINA IMyNbT ynpasieHus COY B npegaBapuiiHbIX U aBapUHHBIX
cutyanusx, gocruraet 30+50 MoOut/c. Y IOBIETBOPUTENBLHO CIIpa-
BUTBCS ¢ 00paboTKOW Takoro odbema MHGOPMALMHU B KOPOTKUH
MPOMEKYTOK BpeMEHH U C(HhOPMHUPOBATH MPABUIIBHBIE 3aKITIOUSHHS
00 UCTHHHOM TEXHHYECKOM COCTOSIHUH 00OpYyIOBaHHUS MOTYT TOJIb-
KO CIeIMaIN3UPOBaHHbIE ANEKTPOHHO-MAIINHHBIE CPEJICTBA;

" [IOCTOSIHHO MOTMOJHSIEMBIH OMNbIT 3KCIutyaTauuu COY HOoKeH Tou-
HO (PUKCHUPOBATHCS, HANEKHO, JIIUTENBHO U 0€3 MOTeph XPaHUTHCA
1 3(QPEKTUBHO HCIIOJIB30BAThCs B MpaKTHKE dKciuryaTanuu COY.
310 TpeboBaHHE MOXKET OBITH BBHINOJHEHO NPH HCIOIb30BAHUH
pa3IMYHBIX HOCHTENEW MaMsaTH, 00ecledYMBarImuX padoTy dKC-
MEPTHBIX CHCTEM;

* ombIT 3Kcmuryatanuu COY JomKeH MCHOoIb30BaThCsl Ha BCEX MO-
JMOOHBIX WM OJHOTHITHBIX OOBEKTaX MyTeM (hHUKCAlluH, aHaJH3a,
(dopManMzanuy W TUPAKUPOBAHHUS B CHUCTEMax HMCKYCCTBEHHOIO
WHTEJUICKTa Ha IPYTUX 00BEKTaxX;

* crneuuduka paboTel CYIOBOTO MeXaHMKa, ynpasmstouiero COV ¢
neHTpanpHOTO TMyJnbTa ynpasienus (LIIIY), xapakrepusyercs me-
PHOAMYECKHMH CTpEccaMu, HeOIaronpusTHBIMH, a TIOPO, U omac-
HBIMH JJIs1 340POBbsSI YEJIOBEKAa CUTYalMsIMH, B KOTOPBIX Oolee
HaAEKHO W YCTOWYMBO MOTYT PabOTaTh MAalIMHHBIE CPENCTBA C
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nporpaMMaMH JTHarHOCTHYECKHX OKCIEPTHBIX CHCTEM M HCKYC-
CTBEHHOTO MHTEJUIEKTA B AMAJIOTOBOM PEKIME;

" 337a4M, BO3HUKAIOIIME IMEpe] MEXaHWKaMH, OOCITy>KUBAIOIINM
COY B npenaBapuiiHBIX CUTYalLUAX, CTOJb CIOXHBI 1 HECTAaHAAPT-
HBI, 2 BpEMEHHOU pecypc ISl IPUHATHS PEIICHUS TaK Majl, 9TO X
peanu3anus HOCUT 3BPUCTHYECKUI Xapakrep. PemeHue 3THx 3a-
a4 TpeOyeT NMpHUMEHEHHs SMIUPUYECKUX MPaBHI C HUCIOJIb30Ba-
HUEM IIUPOKOTO TEXHHYECKOTO OINbITA, MPaBHJI JEIyKIHH, METO-
JIOB OIIEPATHBHOTO MHOTO(AKTOPHOTO TporHo3a. Teoperndecku
OHHU MOT'YT OBITH PEIlIeHBI TIOCPEACTBOM KJIACCHYECKOTO MaTeMaTH-
YeCKOro ammnapara, HO MPaKTHYECKH TPYAHO pelaeMbl H3-3a OT-
CyTCTBUSI HEOOXOJUMOTO KOJHYECTBA 3aMEPOB TUATHOCTHYECKHX
napaMeTpoB Ha o0bekTe. [loaToMy momoOHbIE 3a7aun TOJIKHBI pe-
1aThes B YCIOBHUAX peanbHoro Bpemenu Meronamu J/1C u cuctem
M. B onpenenéHHOM CMBICIE, 3TO MOCIEIHEE CPEACTBO, KOraa
JIpyTHE METOJBI YKE He padoTaroT [§].

Jliis COBpeMEeHHOM CyI0BO# 3HepreTudeckoi ycranopku (COY) Obun
BBITIOJTHEHBI IPOPabOTKH aNTrOpUTMOB ONEPATUBHOIO TEXHUYECKOTO Ana-
THOCTHpOBaHus obOopymoBanus COY — anropuTMBbl TOWICKA TPHYWH
HapyIeHus: paboTOCIIOCOOHOCTH.

Ha BTOpoMm sTame anpoOanuu METOAWKUA M €€ MPOBEPKH ObUIM MO-
CTPOEHBI pacHIMpeHHble nuarHoctudeckue moxenu COVY, chopmymmpo-
BaHbl MPUHIHMIL (POPMUPOBAHUST HOBOHM 0a3bl 3HAHWI M MPUHIUI II0-
CTPOEHMS paclIupeHHBIX anroputMoB DJ[C.

[omy4eHHbIE aNTOPUTMBI TIO3BOJISIIOT B ABTOMaTHYECKOM PEXKUME B pe-
aNbHOM MacIiTabe BPEMEHHM pemaTh 3a/add MMOWCKa MPUYHH HapYIIEHUSI
paboTtocriocoOHOCTH B 00béMe Beelt COY, a Takke 3a cuer Oosee riry0o-
KOro aHajin3a, MACHTH(OUIMPYIOIETO aHOMAJIbHBIE COCTOSHHSI YCTaHOBKH
M0 BWHE MOCTOPOHHHMX BHEIIHWX MPUYHH PACIIO3HABATH IpeIaBapUitHbIe
curyauuu. [Ipu pa3paboTke anropuTMoB OBUIHM HCIIONB30BAHBI N3BECTHHIE
B TEOPHU HCKYCCTBEHHOTO MHTEJUICKTa METOABI: TEOPHH CEMaHTHUYECKUX
CEeTeH, JIOTHUECKUX TIpaBwiI, PppeiimoB u ap. [8, 9].

OCHOBHBIC TIOJIOKCHHSI METOMUKH TTocTpoeHust DJIC moamepxKu cy-
JIoMeXaHuKa, yrpasistoriero COY cnemyromue:

" aHaJIM3 CTPYKTYpHl o0opyaoBanus COY, BOZMOXKHOCTH U LIETECO-
00pa3HOCTH BBIJIENEHUS OTHEIBHBIX (PYHKIMOHAIHHO-CAMOCTOS-
TenbHBIX 27eMeHTOB (DCD) obopynoBaHUS KaK MOTEHIMATBHBIX
NpUYMH HapymeHusi pabortocnocobHoctn CDY, paspaboTka-
COTJIACOBaHME KPUTEPUEB CTPYKTYPHON 3HAUMMOCTH DJIEMEHTOB;
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" TIOCTPOEHHUE IWArHOCTHYECKON MOJENH YCTaHOBKH B 00BEMe obec-
MeYeHUs 3a7a4 MOMCKa MPUYMUH HAPYIIEHHS pabOTOCIIOCOOHOCTH,
KOTOpasi BKJIIOYAET CIEAYIONINE CTPYKTYypHO-(DyHKIIMOHAIbHbIE
YacTu:

" CTPYKTYypHO-IHAarHOCTUYECKYIO CXeMy OOBEKTa B BHJE CeTH (yHK-
[IMOHAJIHLHO-CAMOCTOSATENBHBIX JIEMEHTOB, CBSI3€H MEXIy HUMH H
CBSI3€U C BHEUIHEN CPEIOi;

* (YHKUMOHAIBHO-AUATHOCTHYECKYI0O MOJENb OOBEKTa, CcoaepKa-
Y10 aHAIMTHYECKoe omucaHue pabounx mporeccoB B CH u me-
pedeHb TUarHOCTHYECKUX KOHTPOIUPYEMBIX apaMeTPOB;

" JIOTMYECKYI0 ITUarHOCTHYECKYIO0 MOJENb O0ObEKTa B BHJIE CETH JIO-
THYECKUX DJIEMEHTOB, KaXIbI M3 KOTOPHIX OMHCHIBAETCS CHCTeE-
MOM JIOTHYECKUX YPaBHEHHH BBIXOJHBIX CHTHAJIOB, MOJYYEHHBIX
W3 AUCKPETHO NMPeoOpa30BaHHBIX JUATHOCTHYECKHUX MTAPAMETPOB;

" MaTpUIly TEXHUYECKHUX COCTOSIHMUA C IUCKPETHBIMH 3HAYCHHSIMH
JIOTUYECKHUX BBIXOJHBIX CHUTHAJIOB IO pe3yJbTaTaM pEIIeHUs CH-
CTeMBI JIOTMUECKHUX YypaBHEHHWM BBIXOJIHBIX CUTHAJOB. Marpuua
texanueckux cocrosHuit (TC) sBisercs GU3NKO-MaTeMaTHIECKON
OCHOBOW aJTOPUTMOB ONEPATHBHOTO TUATHOCTUPOBAHUS — ajro-
PUTMOB ITOKMCKaA IPUYMH HApYyIIEHHS Pa00TOCIIOCOOHOCTH.

" TIOCTPOEHHE OUAarHOCTUYECKOH SKCHEpTHOH Monxenu oO0beKTa Ha
6aze marpunbl TC myTtém e€ pacmmpenns. OCOOEHHOCTH TaHHOTO
JTarna MOJEINPOBAHUA:

= g kaxaoro @CD onpenenstoTcss Bce MMEIOLIUECsS dHEpreThye-
CKHE, KOHCTPYKTUBHBIE, YIPABIAIOIIUE U AK€ BO3MOYKHBIE Bpe-
MEHHBIE CBSI3U C IPYTHUMH dJIEMEHTaMH 000pyI0BaHUS;

" 33 CuéT JOMOJHUTEIbHBIX JOIMUYECKUX 3JIEMEHTOB JPYTUX B3aHMO-
CBSI3aHHBIX CHCTEM, BPEMEHHBIX CBSI3€H M 3JIEMEHTOB-()akTOpOB
BHEIIHEW Cpelbl, BBISBICHHBIX MO PE3yJbTaTaM IOCIETHETr0 aHa-
TU3a, TOCTPAMBAETCS JIOTMYECKasi JAUArHOCTHYECKas MOJeNb 00b-
€KTa. OTH JOMOJHUTENbHBIE 3JIEMEHTHI U CBA3M MOTYT UMETh WIIH
HE UIMETh YCTaHOBIIEHHBIX ATYNKOB KOHTPOJIS.

[ToryyeHHOE MHOKECTBO OTIOJIHUTENIBHBIX BBINEICHHBIX CBA3CH U
MapaMeTpoB BMECT€ ¢ MAaCCHUBOM apaMeTpOB JAMArHOCTHYECKON MOAenu
«vatpuna TC» aBnsitoTca 0a30i A1l aCCOLUMATUBHBIX, IBPUCTUIECKUX U
SKCIEPTHBIX BBHIBOJIOB IPH PACIIO3HABAHUY M YTOYHEHWW HEIITATHBIX, HE
TaOJMMYHBIX U HEOlpeeNnEHHbIX cuTyanuidi. Ha maHHOM sTtane ompenens-
eTcs MaccuB HEOOXOAWMOW JOMOJIHUTENBHON AMArHOCTUYECKOW HHGOP-
MaIi, TepeyeHb TPEOYIOMUXCS TOTIOTHUTENBHBIX JATYMKOB KOHTPOJISL.
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MaccuB JTOTIOTHUTENBHON TUAarHOCTHYECKOW WH(GOPMAIK H3BJICKA-
eTCsl U3 XapaKTEePUCTUYECKNX ypaBHEHUH HEOMOPHBIX CBS3EH I ompe-
JiesieHust THPOPMATUBHBIX TapaMeTPOB.

CrenyrooummM 3TanoM B MOCTPOCHUH AMAarHOCTUYECKOW 3KCIIEPTHON
MOJIENH SIBJSIETCS pa3paboTKa JIOTUYECKHX YPaBHEHWH, OMHCHIBAIOIIAX
aHoMmanbHble cuTyammu B COY. Tak Kak equHUIEH CTPYKTYPHOTO Jeie-
HUsI 000pyJOBaHMsI B OCHOBHOM MatpuuHO# cetn TC sBnsieTcss GyHKIU-
OHAJIbHO-CaMOCTOATENBHBIN 3JEMEHT, To Ansd Kaxzaoro ®CO, nmoTeHuu-
aNBHO SIBISIONIETOCS TPUYMHON 00pa30BaHWS aHOMAIbHOW CHTYaIlWH,
COCTABIISIIOTCS JIOTUYECKUE ypaBHEHHUS I'padOoB aHOMAJBHBIX CHUTYaIHH
(I') m mornveckue ypaBHeHUs 3BpUCTHK (IF). [Ipnuém, konndyecTBo Tpados
Y 3BPUCTHK HE OTPAHUYEHO.

=Ty VI VIia V...V, (1)
2i=3i1 V32V I3V ...V iy, ()
rae i — Homep PCD 000pyH0BaHuUs; V — 3HAK JIOTHYECKOTO CIIOKEHUS

«UII».

Takum 00pa3om, ¢ HPHUBICYCHUEM SKCIIEPTOB BHICIICH KBanuduka-
[IUH, ¢ MAKCUMAIILHBIM UCIIOJIb30BAaHUEM HAKOIUIEHHOT'O OTBITA JKCILTya-
TallUM SHEPreTHMYECKUX YCTAHOBOK, AisA Kaxjaoro ®CD cocTaBisioTCS
HaOOpBl JIOTHYECKUX YypaBHEHUH (TpadoB M SBPHUCTHK), SBISIOMINXCS
OKCIEPTHHIMUA 00pa3aMi THUIIOTETUYECKUX AHOMAIIBHBIX CUTyaluid Ha
YCTaHOBKE MM OOBEKTE, KOTOphIe, TI0 MHEHHUIO IKCIEPTOB-NPAKTHUKOB,
MOTYT MPOU30MTH B Pa3IMUHBIX YCIOBUAX IKCILTyaTalHU.
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HUCCJIEJOBAHME ITPOLIECCA OBPA30BAHHUA
TEXHOJIOTMYECKOI'O OCTATKA HE®TEINPOAYKTOB
HA IIOBEPXHOCTAX TPY30BOI'O OTCEKA
IIOCJIE BBITPY3KU TAHKEPA

IHocTanoBka nmpo6JeMbl B 00memM Buae. OmTHON U3 BCIIOMOTATENb-
HBIX 3a]1a4 UCCIIEIOBAHUS, LIEb KOTOPOTO — MOBBIIEHUE 3()(HEKTUBHOCTH
nporecca MOHKHM I'PY30BBIX OTCEKOB TAHKEPOB 3a CUET YMEHbBIICHUS TPY-
JI0- ¥ DHEPro3aTpar, COKpaleHus MPOAOIKUTEIbHOCTH Tpoliecca MOMKU
U TIOTEPDH IKCIUTyaTallMOHHOTO BPEMEHH, a TaK)K€ CHHKEHMS KOJIMYECTBA
He(TH, cOpacsIBaeMoii B MOpEe C MOIOIIEH BOMIOM, SBISIETCS aHAIHN3 ajre-
3MOHHOTO W KOT€3MOHHOTO B3aMMOJICHCTBUI mpoliecca 00pa3oBaHus CIos
HE(TEOCTAaTKOB Ha IOBEPXHOCTSAX TIPY30BOTO OTCEKA IIOCIE BBITPY3KH
TaHkepa. VIMEHHO 53TH B3aWMOJEHCTBHUS OOECIIEYHBAIOT YyAEp)KaHUE
ocTaBIIMXCA (IIOCNIE CTEKaHMS M3JIUIIKOB) HE()TENMPOIYKTOB Ha IMOBEPX-
HOCTSIX OTCEKa U OIPEIEAI0T TOMIHHY O ux cios. OT 3Toro nokasaresns
3aBHCHUT 00Iiee KOJTNIECTBO HEPTEOCTATKOB, HAJHIIIIINX HA TIOBEPXHOCTH
TPY30BBIX OTCEKOB TaHKEpa, a CIEA0BaTENIbHO, M 3aTpaThl 3HEPTUU Ha
TUAPOMOHUTOPHYIO OYUCTKY OTCEKOB [1].
AHaJau3 uccef0BaHUN M MyOauKanuii nmociaeauux Jer. Hemuoro-
YHCIIEHHBIE UCCIIEOBAHMS HATMIAEMOCTH TOBAPHBIX HEPTEMPOLYKTOB Ha
MTOBEPXHOCTH TPY30BBIX OTCEKOB TAHKEPOB CTapO KOHCTPYKIIMU OTHO-
carcs K 60-piM — 70-pIM TOZaM MPOILIOTO BeKa. ITU UCCIETOBAHUS MIPO-
BOIWINCH ['OpPBKOBCKMM HHCTUTYTOM HWH)XEHEPOB BOJHOIO TPAHCIIOPTA,
BcecorozHpIM  Hay4YHO-MCCIENOBATENIbCKUM HHCTUTYTOM — TPaHCIIOpTa
Heptu (BHUMUTHedTH) M HaydyHO-HCCIENOBATEIBCKUM HHCTHTYTOM
tparcriopra Hehtn (HUWTpancHedTh). B SKcrepuMeHTax MCIONB30Ba-
JIUCH CTaNbHbIE IJIACTUHBI, TOJIBEPTHYThIE BO3JEHCTBUIO KOPPO3UH.
K coxanenuro, Hay4yHas U NPaKTHYECKasi HEHHOCTh PE3yJIbTaTOB 3THX
WCCIIEIOBAHNN K HACTOSIIEMY BPEMEHH BEChbMa CHHU3WIIACH IO CIEMYIO-
MM IPUYUHAM:
" CYLIECTBEHHO M3MEHWINCh HOMEHKIATypa M (U3HKO-XUMHUYECKHE
napameTpsl HeTEMpOAYKTOB, 0COOEHHO Ma3yTOB, MCIIOIb3yEMbIX
Ha MOPCKOM TPaHCIIOPTE;

" TpPy30BBIE OTCEKH COBPEMEHHBIX TAHKEPOB HMEIOT Tafkue (He
MOJBEPKEHHBIE BO3JEHCTBUIO KOPPO3UH) CTaJbHBIE OKpAIlICHHbBIE
MIOBEPXHOCTH.
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Bbinesnienne He pelleHHON paHee YacTH o0mieii mMpoOJaeMbl U ee
CBSI3b € BA)KHBIMM HAYYHBIMM MJIM NPAKTHYeCKHMM 3aJaHusiMH. B
HACTOsIIIIee BPEeMsi OTCYTCTBYET MOJICIb COCTOSHHS CIIOSI HeTEnpoIyK-
TOB, HAIMIILIUX Ha MIOBEPXHOCTH IPY30BOI'0 OTCEKA IOCIIE BHITPY3KH TaH-
Kepa U MOJHOT'0 CTEKAHUs M3JIMIIKOB XHUIKOH (pa3bl, TOCTOBEPHO OIHUCHI-
BaloIIasl CBSA3b MEXAY IPOCTPAHCTBEHHONW XapaKTEPHCTUKON Clos —
TOJIIIMHON 1 (PU3UKO-XMMHUYCCKUMU MOKA3aTeIIMU HEPTEPOoyKTa, DTO
HE MO3BOJISIET PEIIUTh OOIIYIO 3a7ady MCCIEJOBAHUMA MO COBEPIICHCTBO-
BAaHMIO IIpoIlecca MPEJPEMOHTHON MOWKHM IPYy30BBIX TAHKOB HedTeHa-
JIUBHBIX CyJI0B, KOTOpasi COOTBETCTBYET OCHOBHBIM HampasieHusM "l oc-
YAapCTBEHHOM LIEJIEBOW HSKOHOMUYECKOH MporpaMMel 3HEprodddexTus-
Hoctn Ha 2010-2015 rr.", yrBepxxmenHor IlocranoBnenmem KabOunera
MununctpoB Ykpaunsl ot 01.03.2010 1. Ne243 u "OtpacieBoii mporpam-
MBI TIOBBIIICHUS 3HEPro3(PpPEeKTUBHOCTH B chepe TpaHCIOPTa U CBA3M Ha
2010-2014 rr.", cormacoBaHHOM NIHCHEMOM HammoHAIBEHOTO arceHTCTBA
Ykpaunsl mo BompocaM obecrieueHust 3(()EKTHUBHOTO HCIIOIB30BaHUS
sHepreTuyeckux pecypcoB oT 28.10.2009 r. Nel753-01/13/2-09 u peme-
HueM kosuteru Muntpasccesizu ot 17.09.2009 r. NelS8.

Ieab HacTOMAIEr0 MCCIEI0BAHUS — IIOMCK MOJIEINIHN, ONUCHIBAOIIEH
COCTOSIHUE €10 He()TENPOAYKTOB, OCTaBLUIMXCS Ha MOBEPXHOCTSAX TPY30-
BOI0 OTCEKa IOCJE BBITPY3KH TaHKEpa, U YCTAHOBJICHUE B3aMMOCBS3EH
MEXIY UX KOJTUIECTBOM (TOJIITUHOHW CJI0S) M (PU3HKO-XUMHICCKUMU Xa-
paKTepruCTUKaMU HE(PTENPOAyKTa, YTO SBIAETCS BeChbMa Ba)XKHOM Hayd-
HOMH 3a7a4ei.

H3i10:xeHHe OCHOBHOIO0 MaTepHaJia McciaenoBanusa. B ocHoe mpo-
necca HAIMNAHUS HePTENPOAYKTOB WM JPYTOM BS3KOHM JKUIAKOCTH Ha
MOBEPXHOCTH TBEPJOrO Tela JISKUT MPOLECC CMaYyUBaHUs 3TOM MOBEpX-
HOCTHU XHJKOCTBIO [2, 3]. XapakTep cMauMBaHUs ONpEAEIAETCS MPExXIe
BCETO (DU3MKO-XMMUYECKUMH B3aMMOJCHCTBUSIMH Ha ITOBEPXHOCTH pa3-
nena a3, KOTOphIE YIaCTBYIOT B CMAUYMBAHHH.

CMaumnBaHKe U aAre3uss — 3TO JABE CTOPOHBI OJHOTO M TOTO XK€ SIBJIE-
HUS1, BO3HUKAIOIIET0 IPY KOHTAKTE KUAKOCTH C TBEPIOH MTOBEPXHOCTHIO,
MIPH 3TOM aare3ust 00yCIOBINBAET B3aMMOCHCTBHE MEXKAY TBEPABIM Te-
JIOM U HaXOJAIIeNCs B KOHTAKTE C HUM XUJIKOCTBIO, & CMauylBaHUE — 3TO
SBJIEHUE, KOTOPOE UMEET MECTO B PE3yJIbTATE 3TOTO B3aUMOJCHCTBHSI.

ITockonpKy TOJIIMHA HPUCTEHHOTO aAr€3MOHHOTO CJIOS COM3MEpHMaA
C pa3mepaMy MOJIEKyN [2], TONIIMHA Bcero od0bema He(TenpoayKTOB,
HQJIMIIINX Ha MOBEPXHOCTH I'Py30BOIO OTCEKa TaHKEpa, ONpeaessercs,
TJIABHBIM 00Pa30M, TOJIIUHON €ro HapyHOTO CJI0S, KOTOPbI KOHTAKTHU-
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pYeT ¢ IPUCTEHHBIM aJIF€3MOHHBIM CIIOEM U Ira3000pa3HOi cpefoit Tpy30-
BOI'O OTCEKA, U B KOTOPOM JACUCTBYIOT CHJIbI KOT€3MOHHOTO MEXMOJEKY-
JIIPHOTO B3aUMO/ICHCTBUSI.

PaGora xore3un Wy, koTopas onpezenseT BeINIUHy 3TUX CHII, a Cie-
JIOBaTENbHO U TOJIIUHY CJI0s, HAIPSIMYI 3aBHUCUT OT G — IOBEPXHOCT-
HOT0 HATSDKEHUS He(TEIPOAYKTOB Ha TpaHUIlC pasnena (a3 KUIAKOCThb-
ra3 (Wi =20).

[TpoYHOCTH aAre3MOHHOTO COCIUHEHHUS MEXIY He(TEIpPOIyKTaMHU U
MIOBEPXHOCTHIO IPY30BOr0 OTCEKa M TOJILIWHA aAr€3MOHHOIO CJIOS OIpe-
NISNISIFOTCS BEJIMYMHON paboThl anaresuu W, KOTOpas TakxKe SBIISICTCS
byHKUUMEH G.

Takum 00pazom, eCTh BCE OCHOBAaHHWS 3aKIIOYHTh, YTO MOBEPXHOCT-
HO€ HATSHKEHHE G SIBIIACTCS OJHUM U3 (U3NKO-XUMHUECKHUX MapaMeTpOB,
OTIPEAETISIONINX Tporecc (GOPMHUPOBaHUS CIIOS HEPTENMPOIYKTOB HA TIO-
BEPXHOCTH TPY30BOT0 OTCEKA TAHKEPA M TOJIIHHY 3TOTO CIIOA.

[TepBbie uCceOBaHUS TOJNIIUHBI CIIOS KUAKOCTH, OCTAIOLICHCS TIPH
CTEKaHHH CO CTEHKHM WJIM Ha IJIOCKOM BEPTUKAIBHOM MJIACTUHE, U3BJE-
YEHHOW W3 XKHUAKOCTH, OTHOCATCSA K 30-bIM romaM mpomnuioro Beka [4, 5].
B »Tux mccrmenoBaHusaX, B OCHOBHOM, pEIIAIIUCh YUCTO METOAUYECKHE
3a/layy, W JIUIIb HEMHOTHE UMEIH MPUKIAAHON XapakKTep, HO U OHU HE
MOJIyYWJIM MPAKTUYECKOIO HCIONb30BaHUs. B KadecTBe mapaMeTpoB
JKUJIKOCTH, OTPEACIAIONINX TONIUHY €€ CJ0s, OOJIBIIMHCTBO aBTOPOB
VYIUTBIBAIA TOJIBKO 1| — NWHAMHYECKYIO BSI3KOCTH JKHIKOCTH U p — €€
TJIOTHOCTG.

N3yuass Komu4ecTBO KUAKOCTH, OCTAIOLIEHCS HAa CTEHKaX BHUCKO3M-
MeTpa, MpH CBOOOIHOM €€ MCTEYEHHH C MOCTOSTHHOHM CKOpPOCTBIO U, HC-
cnenoarenu u3 CLIA @. I'yruep u I'. Yopa BeiBenu cieayroniyo ¢op-
MYy Ui OIpEeIeIeHUs TOJIIIMHBI CI0S XKUAKOCTH:

0,5
0= 2un . (1)
9pg

DKCrepuMeHTaATbHAS TIPOBEPKA ITOT0 ypaBHEHHS MTOKa3aia, 9To (hak-
THUYECKas] TOJIIMHA CJIOS JKUAKOCTH OOJblle €€ pacyeTHOro 3HAYCHUSI.
Kak mpu3Hamu camu aBTOPBI, 3TO CBA3aHO C TEM, YTO UMM HE OBLIO ydTe-
HO BJIMSHUE IOBEPXHOCTHOI'O HATSDKCHMS XUAKOCTH Ha TOJIIIHMHY €€
cIosl.

B 1943 r. B.B. [lepsrunabpiv Obl1a IpeJIOKeHA aHAIOTUYHAS (hopMyJia
JUIsL ONpEAENICHUs TOJIIUHBI CIOSl >KMIKOCTH, OCTaloIlllelcs Ha BEpTH-
KaJIbHOM IJIaCTHHE, U3BJIEKAEMOW M3 KUJKOCTH C IMOCTOSSHHOM CKOpO-
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CTBIO U, TAKXE HE YUMUTHIBAIOLAs MOBEPXHOCTHOIO HATSKEHUSA JKUJIKO-
CTHU:
0,5
s=2m) )
3\ rg
B npanpHelimem, pa3BuBas HUCCIENOBAaHHUSI B PacCMaTPUBAEMOM
Hamnpasieanu, b.B. epsrunaev, JI.JI. Jlannay u B.I'. JleBuuem Opura mo-
nydeHa (opMyJia JUIsl OTPEACTICHHS TOJIIUHBI CJIOS KUJAKOCTH HA H3BJIC-
KaeMOH W3 KUIKOCTH BEPTUKAIBHOM IUIACTHUHE, YUYUTHIBAIOLIAs KPOMeE
JIMHAMUYECKOW BA3KOCTH U IJIOTHOCTH TaK)XE U MOBEPXHOCTHOE HATSIKE-
HHE KHUJIKOCTH:

0,667
8=0,93 8% . 3)
(pg) "o

[IpuBenennsie GopMysIbl HE MPUTOTHBI JJIS OMPEAEIECHUS TONIIUHBI
ciost He)TENPOIYKTOB, OCTABLIMXCS HA MOBEPXHOCTH I'PY30BOTO OTCEKa
TaHKepa I10CJIe €r0 OIMOPOKHEHHUS, TaK KaK HE YUUTBIBAIOT IOJHOIO CTe-
KaHUs M3JHMIIKOB XHUIKOHW (azel. OIHAKO, KaK MOKA3aJd MPOBEPOYHBIC
pacyetsl, ¢opmyiy (3) MOXKHO HCIONB30BAaTh JAJsl OPUEHTUPOBOYHOTO
oTIpe/ieNIeHHs TOJIIMHBI CJIOSI He(DTEPOYKTOB, OCTAIONINXCS HA BEPTU-
KaJIbHBIX TJIaJIKMX CTEHKaX TPY30BOT0O OTCEKa HEMOCPEACTBEHHO 3a OIycC-
KaIOLIMMCSI CO CKOPOCTBIO U YPOBHEM HE(TEIPOAYKTOB B IPOLIECCE BbI-
Ipy3KH TaHKepa.

®Dopmyiia (2) He MOIXOAUT Jaske Ui 3TOW LENH, TaK KakK aBTOpsI [4]
PEKOMEHIYIOT €€ HCIIOJIb30BaHWE TPHU YCIOBHHU BBINOJHEHUS HEPAaBEH-
ctBa Nu/c>>1. [Ipu BEIrpy3Ke TaHKepa CKOPOCTh CHMYKEHUS YPOBHS Ipy3a
cocrasisier okono 0,000556 m-c™! (2,0 mraac™), a mpu sToM Nu/o<<1 s
BCEX BUJIOB HEPTEIIPOTYKTOB.

Ha kaxnyro MaTepHaibHyIO TOUYKY (MM 3JIEMEHTapHBIA 00beM) cios
HEPTENPOIYKTOB, OCTABIIUXCS HA MOBEPXHOCTSIX TPY30BOTO OTCEKa I0-
cJie BBITPY3KM TaHKepa, IEUCTBYyeT cuiia TsbkecTu Fr = pg. [BuxkeHuro
MaTepUaNbHON TOYKM MOJ BO3JEHCTBHEM 3TON CHJIBI IPEMATCTBYET CHUJIa
BHYTPEHHETO TPEHMs, NMPSMO MPONOPLUOHATIbHAS IUHAMUYECKON BA3KO-
ctu n u U — ckopocTu nepeMelieHust MmatepuanbHoil Touku. Kpome toro
JIBUKEHHIO MPOTHUBOJACHCTBYIOT CHJIBI MEXMOJIEKYJSIPHOTO B3aMMOAEH-
CTBHS BHYTPH CJIOS HEPTENPOLYKTOB, BEIMYMHA KOTOPBIX ONpEesieTcs
paboToii Kore3uy, T.¢. G.

Ecimn cuna TskecTH NPEeBOCXOAUT pE3YJIBTUPYIOLIEE MPOTHBOIEH-
CTBHUE CHJIBI BHYTPEHHETO TPEHHUS U CHJI KOT€3MOHHOTO B3aMMOIEHCTBUS,
MMEET MECTO MPOIIECC CTEKAHUS YaCTH CJIOSI HEPTEIIPOLYKTOB.
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ITocne Toro Kak M3JUIIKK KUAKOH (a3sl noiaHocTeio ctekiu (U =0 u
Frp = 0), kaxkaas MaTepuanbHasi TOUKa CJIosi HeTENPOLyKTOB COXpaHseT
COCTOSIHME HETOJIBMXKHOCTH 33 CUET CHJI aAr€3UOHHOIO (€CIu TOYKa Irpa-
HUYHT C TOBEPXHOCTHIO OTCEKA) M KOT€3MOHHOTO B3aMMOACHCTBHUS, KOTO-
pble HEUTPaN3yI0T (YpaBHOBEUIMBAIOT) JEHCTBUE CHIIBI TSDKECTH.

Takum 00pa3oM, (QU3NKO-XMMUYECKUMH XapaKTEPUCTHKAMU HedTe-
MIPOAYKTOB, KOTOPBIE OMPEEIIAIOT Mpoliecc 00pa3oBaHMs UX CIIOS Ha TO-
BEPXHOCTAX I'Py30BOr0 OTCEKa TaHKEpa U TONILIUHY 3TOTO CJOs, SBISAIOT-
Csl: G — TIIOBEPXHOCTHOE HATSHKEHHUE (KrC), 1] — IMHAMIYECKas BS3KOCT
(kr(m-c)™), p — mWIOTHOCTH (Kr'M™).

CrnemyeT 3aMeTHUTh, 4TO 3aBUCUMOCTH (2) 1 (3) moiy4yeHsl B pe3yiIbTa-
Te pemeHus TudQepeHInanbHbIX ypaBHEHNH, COCTaBICHHBIX HA OCHOBE
aHajM3a CUCTEMbl T'MIPOAWHAMHUYECKUX YPABHEHHH ABMXECHUS MKHUIKO-
ctu. [Ipy TakoM MOJX0/IE K PEHICHUIO 33/1a4H BO3HUKAET HEOOXOJUMOCTh
onepupoBaTh ¢ IudppepeHINaANEHBIMU YPaBHEHHAMHU TPETHETO MOPSAKa
[5]. VHTerpupoBaHre TaKUX YPaBHEHUN MPUBOAMUT K IMOSIBICHUIO TpPEX
MPOU3BOJIBHBIX IOCTOSIHHBIX, AJISI ONpPENEeNeHUs] KOTOPhIX HEOOXOANMO
BBOJIUTH I'paHUYHBIE ycoBus. PopMynupoBaHHe 3TUX YCIOBUH TpeOyeT
MPUHATUSA OIPENEICHHBIX AOMYLIEHWM, B PE3yJbTaTe€ YEro CHIKAETCS
TOYHOCTh ONMCAHMS HCCIIEILyEeMOro Ipolecca MOMyYeHHbIM ypaBHEHUEM
U Ccy’KaeTcsl 00JIaCTh €r0 UCTIONb30BaHHS.

Yro kacaeTcs 3a1a4M ONpEACIeHUs TONIIMHBI ClI0 He()TEPOAYKTOB,
OCTaBIIUXCS Ha MOBEPXHOCTIX I'PY30BOI'O OTCEKa IOCJE MOJHOTO CTeKa-
HUS U3JHIIKOB, T.€. KOTJIa CKOPOCTh JBIKEHMS cTekaromei ienku U=0,
UCIOJB30BaHME sl €€ pelIeHUs YpaBHEHHUN TUAPOJMHAMHUKU HEBO3-
MOJKHO.

Kak yxe oTrmeuanoch, 3TOT CIOH yIEp’KUBAacTCId HAa IOBEPXHOCTH
TOJIBKO 3a CYET CHUJI MEXMOJEKYJSIPHOTO B3aMMOJAEWUCTBUS, OMpEAesio-
IIMX MPUPOITY aAre3uu u Koresuu. Clenyer y4ecTh TakkKe, 4YTO CMauynBa-
HHE M HaJUIAHUE )XKUIKOU Cpelbl HA TOBEPXHOCTH TBEPABIX TNl — BECh-
Ma CIIOKHBIN (PU3UKO-XMUMHUYECKUI TpoIIecC, KOTOPBIH MPOTEKAET B TeTe-
pOTeHHON cHUCTEME U ONpeAeNsAeTcs] CBOMCTBAMHU JKUAKOCTU U TBEPIOTO
tena. Teopun, koTopast Obl YOBIETBOPUTEIBHO OMMCHIBAJIA 3TO SBJICHUE,
B HACTOSIIIEE BpeMsI HET.

[TosTOMy mpeacTaBisieTcs LENeCOOOpa3HBIM AJsl PEIEHUs] TOCTaB-
JICHHOM 3aJjauyd HCIOJb30BaHHE METO/a aHAJIN3a pa3MEpHOCTEH, MpHUMe-
HEHHe KOTOPOTO B MOJOOHBIX CITydasx Ma€T XOPOIIHe pe3yIbTaTsl [0, 7].

KonmuaecTBo HE(TENPOAYKTOB, OCTABIIMXCS Ha TIOBEPXHOCTU TPY30-
BOT'0 OTCEKa TaHKEpa MOCJE ero BBITPY3KH, XapakrepusyeTcs kKoadduiu-
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eHToM HamumaemocTd K (kr-M”), paBHBIM Macce He(TEIpOLyKTOB,
HAJTHIIIINX HA [OBEPXHOCTH muiomansio 1,0 M°. YkasaHHbIH Kk0d(QHIH-
€HT CBS3aH C TOJIIUHON CIIOS HAIUIIINX He(YTEPOIYKTOB COOTHOIICHH-
eM K = pd, rie p — II0THOCTH HE(PTETIPOTYKTOB.

[Ipormecc B3amMozeicTBUs CiIosi HEQTEMPOAYKTOB C TOBEPXHOCTHIO
TPY30BOT0 OTCEKa XapaKTEPU3yeTCs] TOJNBKO MOBEPXHOCTHBIM HATSHKCHH-
eM He(TenpoayKToB G (Kr-C~) M IIOTHOCTBIO p (Kr-M™). X auHaMmde-
cKas BA3KOCTb 1 (Kr(M-C)"') B 3TOM Cllydae HE YUHTBIBAETCS, T.K. OTCYT-
CTBYeT siBleHHe cTekanus HedrenponykroB (U = 0) u cuna tpenus Fr, =
=fn)=0.

TOT TpoLEce ONMUCHIBAET Ge3pazMepHbIi Kommieke po /K2 g, momy-
YEHHBIH B pe3ysbTaTe aHaM3a Pa3MEPHOCTEH yKa3aHHBIX TapaMeTpPOB.

C mpyroii CTOpOHBI, KOIMYECTBO CIOSI HEPTEMPOILYKTOB, OCTABIINXCS
Ha TOBEPXHOCTU I'PY30BOr0 OTCEKa MOCHE CTEKaHUS! MX H3JIHILIKOB, 0e3-
YCIIOBHO, 3aBHCHUT OT KOJIMYECTBAa CTeKIIed (haszbl, KOTOPOE SIBISCTCS
(byHKUHMEH TakuX GU3NKO-XUMHUECKHX TTOKa3aTeseid HeTenpoLyKTa, KaK
N, p U G, T.C.

pc/K’g=f(np.0) )

Jna npeobpazoBanus BeIpakeHuUs (4) B 0e3pa3MepHyIO 3aBUCHMOCTh

3aMEHHMM pa3MEpHBbIe TMOKa3aTesd 1, P U G Ha Oe3pa3MepHbIE OTHOCH-
TeJbHBIC MOKaszarenu N*, p* u o*:

n*=n/ns,,
rae M, = 0,001005 Kr(M~c)'1 — JWHAaMHU4YECKas BA3KOCTh JUCTHUIIIIMPOBAH-
HoM Boab! ipu 20°C;

P*=p/ps,
rae ps = 1000 KM — IJIOTHOCTb JMCTUILTUPOBAHHOMN BOJIBI;
o*=0/0,,

rae o, = 0,07275 Krc? — MOBEPXHOCTHOE HATSHKEHUE AUCTHILTUPOBAHHOM
BoibI 1ipu 20°C.

[Mockonbky N*, p* U o* 3aBUCAT OT TeMIlepaTypbl HEPTEPOAYKTOB,
TO TIOCPEACTBOM 3THX (PU3MKO-XMMHUYECKUX IOKa3aTellell yUUThIBAeTCS U
TeMIlepaTypHBIA PeXUM Hporecca 00pa3oBaHHs IO HE(PTEOCTATKOB Ha
MOBEPXHOCTSIX TPY30BOTO OTCEKA.

Takum 00pa3oM, UCXOIHYIO CTPYKTYPY MOJIENH B BHIE Oe3pa3MepHOn
(YHKIMOHAILHON 3aBUCHMOCTH, OTIMCHIBAIONICH TIpoIiecC GOPMUPOBAHHUS
cinosi He)TENPOAYKTOB Ha MOBEPXHOCTSIX I'Py30BOTO OTCEKa IOCTE €ro
OIIOPO’KHEHUSI, MOXKHO TIPECTABUTH CIIEAYIOIUM 00pa3oM:
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pa/K>g=f(n*p*c*). (5)

Bun sToit pyHKIIMOHATHHON 3aBUCHMOCTH OIPEIEISIICS M0 METOIH-
Ke, M3JI0KEHHOU B [8], IpH 3TOM aHAIM3UPOBANIACH KAKIAs W3 YaCTHBIX
byHKUMiL:

po/K’g=fi(n*); po/K’g=f(p*); po/K’g=fi(c*).. (6)

Jns aHanm3za 3TuX QyHKOUNA OBUTM MCTIONB30BAHBI IKCIIEPUMEHTAIb-
Hble naHHble, nonydyeHHsle C.M. Hynynapoevm [9] npu uccrnenoBanun
HAJIUIIAEMOCTH PA3IUYHBIX THIOB He(Tel Ha CTAILHYIO TTaKyI0 BEPTH-
KaJIbHYI0 TIOBepXHOCTh. Kak mokazanu pe3ynbTaTsl IPOBEPKHU, KaXKAAs U3
YKa3aHHBIX YaCTHBIX 3aBUCHUMOCTEH (6) SBISETCS CTENEHHON (pyHKIMeH U
OTIMCHIBaeTCA ypaBHEHNEM BHIA Y = axb.

ITockonbKy Bce YacTHBIE 3aBUCHMOCTH SIBIISIIOTCS YPaBHEHUSMH OJ-
HOT'O BH[a, JJIsI ONMCaHUs mpolecca (GOpMUPOBaHUs CIIOsI HePTENpOIyK-
TOB Ha MOBEPXHOCTAX TPY30BOTO OTCEKa TAaHKEpA W OICHKH KOJINIECTBa
HEPTEMPOAYKTOB M TOJIIMHBI MX CIOS PEKOMEHAYETCS MOJENb B BHIC
0e3pa3MepHOl CTETICHHOW 3aBUCUMOCTH:

po/K’g=A(n*)" (p*) (%) (7)
BbiBoabI M NepCHEeKTHBLI JajJbHeHIIMX ucciaegoBanmid. IIpeamno-
JaraeMoe B JaJbHEWIIEM ONpeAeeHue 3HaYeHUH K03()(UIMEHTOB U 1O0-
Kazateneil crerneHei moaenu (7) METoJaMH PEerpecCHOHHOTO M KOppeJs-
[IMOHHOTO aHaliN3a C WCIOJIh30BAHHEM DKCIIEPHUMEHTAIBHBIX ITaHHBIX O
HAITUIIAEMOCTH Pa3InYHBIX BUJIOB HEPTETPOAYKTOB Ha MTOBEPXHOCTH IPy-
30BOr0 OTCEKa TaHKepa MO3BOJUT MOJYYUTh PSJT 3aBUCUMOCTEH, OIUCHI-
BAlOIMX B3aWMOCBSI3b MEXAY TE€OMETPHUECKHM I1apaMeTpOM CIIOS
HEPTEMPOILYKTOB — TOJIIUHON M ero (PU3NKO-XUMHUYECKUMH XapaKTepH-
CTHKaMH. JTO, B CBOIO OUEPE/Ib, IO3BOJUT JOCTOBEPHO OLIEHUTH KOJIHYeE-
CTBO HE(TENPOIYKTOB, OCTAIOIIMXCS Ha IMOBEPXHOCTAX TPY30BBIX OTCE-
KOB TIOCJI€ BBITPY3KH TaHKEpa, MOCTATeHHO KaKIYI0 W3 COCTABIISIOIINX
00IIMX 3HEPro3aTpaT Mporecca ruAPOMOHUTOPHON OYUCTKH OTCEKOB [1]
Y PeUINTh TJIABHYIO 3a7[ady HCCIEeNOBaHMs — MUHIUMH3HPOBATH TPYIO- U
9Hepro3arparsl MpoIecca MPEeIPEeMOHTHON MOWKH TPY30BBIX OTCEKOB
TaHKepa.
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PA3PABOTKA MATEMATHYECKOW MO/IE/IN
AJIATITUBHOT O TACUTEJIA1 KOJIEBAHUH

Beenenne. VIHTeHCUBHOE pa3BUTHE TEXHUKH, POCT CKOPOCTEU JBU-
JKeHUs1 TpeOYIOT MOBBIIICHHUS HAIe)KHOCTH M KOM(OPTHOCTH TPaHCIIOPT-
HBIX CpeicTB. Bo3HUKaeT HEOOXOMMOCTh JaTbHEHINEr0 COBEPIICHCTBO-
BaHMS DJIEMCHTHOW 0a3pl. B 3HaumMTensHOM Mepe 3TO OTHOCHTCA K
YCTPOHCTBaM TallleHHs KOeOaHni. AKTyalbHBIM SIBJISETCS PEIlICHHUE 3a-
a4l O MPOXOXKICHUM MEXAaHUYECKOH CHCTEMBbl 30HBI PE30HAHCa WU O
CHIDKEHWH aMIuTynel konebOanuit [1]. K mpumepy, psm cymoBbIX
YCTPOMCTB IIPU pa3rOHE UMEIOT LIMPOKUM CIIEKTP YACTOTHOI'O JUana3oHa.
lacutenu xoneOaHMi, UMEIOIIKE MOCTOSIHHBIC MapaMeTphl, (HeaaanTHB-
HBIC), HE UCKJIFOYAIOT MOMaIaHue CUCTEMBI B pe30HaHCHYIO 30HY. [1o3TO-
My TIEpCIIEKTUBHBIM SIBISIETCS pa3pa0dOTKa JeMI(UPYIOMIUX CHCTEM,
HUMEIOIINX BO3MOXHOCTh aBTOMAaTHUYECKU aJONTHPOBATHCA K pEKUMaM
paboThl MEXaHUYECKOH CHCTEMBI.

IHocTranoBka 3amaum. Pa3zpaboraTe MareMaTHUECKylO0 MOJETH ajar-
THUBHOTO TacuTels KojeOaHuH, O3BOJISIONIETO MPH NEPEXOTHOM peXKUMeE
paboThl MEXaHMYECKOH CHUCTEMBI OTCTPAMBATHCS OT PE30HAHCHOW 30HEI
yacToT. Ha OCHOBE NOJy4eHHOH MaTEMaTH4YECKOM MOJENIH IPOBECTH
UMUTAIIMOHHOE MOJCIMpPOBaHHE pado-

ThI BUOpPOTACUTENSI TP U3MEHEHHH €T0 l P
apameTpoB.

PesyabTaThl HcciaenoBaHuii. 3a
OCHOBY B3sTa YIIPYI'O-Bsi3Kas pEOJIOrU- m
yeckast wMonaeiab KensBuHa-®oiirra
(puc. 1).

O4eBHUIHO, YTO JUIS PEIIeHUs TJIaB-
HOW 3a7jauu BapbUPOBAHUS AMIUIUTY.I-
HO-YaCTOTHOI'O CIIEKTpa BOCIpPUHUMAE- e(1) tj wu(r)
MBIX KOJeOaHWi, HEOOXOIMMO YTOOBI
napameTpsl racurens koineOaHWid (KBa-
3uynpyruii KOdpUIMEHT, a TaKXkKe KO-
s punmenT, XxapakTepu3yomuil Tpeane  x Y/
cpensl) 6I)IJII:I MEPEMEHHBIMH. Ha ocHO- pye 1. yupyro-sssxas peosorn-
BE MPHUHATOM pacUYETHOW CXEMBI HOIY- ueckas monens Kenpuna-doiirta
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YUM CJICAYIOUIYI0 MAaTEMAaTUYCCKY0 MOJCIIb
2

d°x dx :
m—+u(t)—+c(t)x=Fsinot, (1)
dt dt
T7Ie M — Macca MEXaHW4YeCKOW CHCTEMBI; L(t) — mepeMeHHbIH Kodhdu-
OUEHT BA3KOCTH; C(f) — TepeMeHHBIH KO3()(UIMEHT >KEeCTKOCTH;

Fsin ot — guHaMUYecKasi Harpy3Ka.

B maremaTnueckoit mogenu (1) n3aMeHeHue )KeCTKOCTH U BSI3KOCTH BO
BPEMEHH MPEAINOJIAraeTcsi TOJIBKO MPH IMEPEXOAHBIX PEKUMax palbOoTHI
MeXaHH4YecKoi cucteMbl. [Ipu ycTaHOBUBIIEMCS pEXUME OHH SBISIIOTCS
MOCTOSIHHBIMHU, U UX 3HaYCHUE BBIOMPAETCs, HCXOAS U3 TPeOyeMBIX YCIIO-
BUil pabOTHI

st Toro 4ro0bl yKa3aHHOE ypaBHEHHE MHTEIPHPOBAIOCH B KBajApa-
typax [3, 5] Oyzmem cuurtaTh, 4TO KOI(QQHUIMEHTHI BS3KOTO TPECHUS H
KECTKOCTU BO3PACTAIOT MO 3aKOHAM

Mo __ %
“(t)_l—kt c(t) (l—kt)z' (2)

310 00yCIOBIEHO SKCHEPUMEHTAIBHBIMHE HCCIEAOBAHUSAMHU U MPaK-
TUYECKOW Pean3yeMOCThIO DIIEMEHTA C IepEMEHHBIMU KO3 QHUIIMECHTAMH
JKECTKOCTH H BS3KOCTH.

C yuetom 3T0oro ypaBHeHue (1) npuHUMaeT BUA

d*x dx C
m—s+ Bo OX, %0 >
dt 1-kt dt (l—kt)
Jnsa ero perieHns 3amuiieM COOTBETCTBYIoIIee AudQepeHIraasHoe
ypaBHEHHE CBOOOTHBIX KoJeOaHuil cuctemsl [4]

x=Fsinwt . 3)

2
mdf+ Mo dx G 5
de* 1-kt dt  (1-kt)

x=0. (4)

Jns onpenenenus 3akoHa CBOOOTHBIX KOIeOaHUN MEXaHMYECKOU CH-
CTEMBI C IEPEMEHHBIMH TTapaMeTpaMH HCIOIb3YEM MPEAIoKEeHHYI0 HaMH
paHee METOJMKY pelIeHUS OTACIHHOTO Kiacca OJHOPOIHBIX JTMHEWHBIX
mrddepeHnnanbHBIX YPaBHEHHH ¢ TIepeMeHHBIMA KoddurmenTamu [3].

Tak kak B MCXOJHOM ypaBHEHUH (4) MHEPUHMOHHBIH KOd(PQHUIIUEHT
SIBIISIETCS TIOCTOSTHHBIM, TO TPEICTaBUM JaHHOE YPaBHEHUE B CIEIyOIIeH

dhopme
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COZ—Z({CJ'(t) C}f("())} Gl (OFx=0.

rae Co, C1 u €, — TOCTOsIHHBIE BEJIMYUHBL, a Z = f{t) — ompenensionas
GyHKIHA.

CpaBHUB jaHHOE ypaBHeHHE (5) ¢ mudepeHInaILHBIM YpaBHEHHEM
CBOOOHBIX KoneOaHuii (4), HOIydnm

Co=m
' _Cof”(t)_ Ho

Gr(e) f'(t)  1-kt

C.T (oY = Co

Orcrona

Co=m
C, =p, +mk
C, =c, (6)
£(€)=In(1-kt)

CrnenoBaresibHO, OJHOPOIHOE YpPaBHEHHE, HO YK€ C IOCTOSHHBIMU
ko3 duenTaMu U ¢ TPOM3BOAHBIMHU MO HOBOW TMEpeMEHHOW Z Oyner
UMETh BUJ

d*x dx
m—-+ +mk)—+c,x=0.
dz? (Ho )dz 0

[IpencraBum ero B hopme

2
d—+2b§+ 0,x=0, (7)
dz* dz
C
e —+k 2b n (DO .
m

PemeHHe ypaBHeHU (7) MOKHO IIPECTaBUTh B BHIIE

X, (2z)=ae™ sin(wz+7), (8)
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rae o, = 1/0)3 —b? . TIoCTOsHHBIE BEIMYKMHBL d U Y ONPEAENSAIOTCS, UCXOIS

M3 HAYaJIbHBIX YCIOBUiL [2].
YuuThiBasi, 4TO B MOCIEAHEM PAaBEHCTBE B cucTeMe (6)

z=f(t)=—%ln(l—kt), )

1 _
MOy IHM t:;(l—e kz). Torma ucxogHoe muddepeHnatbHoe ypaBHe-

HUE, BEIPAKEHHOE Yepe3 HOBYIO MEPEMEHHYIO Z, HO YXKe C MMOCTOSTHHBIMHU
kod(purmieHTaMu, IPUHUMAET BUT

d’x _ dx F  [o/,
dZ Zbd Ox:;sm[z(l—e )} (10)

YuuteBas (8), HAX0IUM YaCTHOE pelIeHne B hopme

xr(z):A(z)sin[%(l—e—kZ)}FB( )cosm[k(l e )} (11)

0 (l) (Dze—Zkz

F/m oe™ (k-2b)
we ™ (2b—k) of—wle |’
wy—w'e  we ™ (k-2b)
we ™ (2b-k) 0
op —o’e M F/m
we ™ (2b-k) oy -o’e

wy—w'e  we ™ (k-2b)

rae A(Z) =

B(z)=

3arem, yuutbiBas (9), mepexoanM K UCXOAHOH mepemeHHoi t. Toraa
WCKOMBIH 3aKOH ABMKCHUS IPUHUMAET (HopMy

x(t)=a(l —kt)g sin[—%ln(l —kt)+yj+A(t)sinwt+B(t)cosa)t . (12)

DTOT 3aKOH JBW)KEHHS MO3BOJISIET aHAITM3UPOBATh paboTy BHOpOracH-
TeJsl IPH U3MEHEHUH eTo rmapaMeTpoB (t) u ¢(t) mo 3akoHy (2).

B uactHOCTH, [U1A 1o = 400 He/m; co = 4-10* H/m rpaduk storo nsu-
KEHHS MPEJICTaBIICH Ha pHC. 2.
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x'gt), \

0.038

0 0p2 96 \/ 28 tc
-0.025 +

—0.088

-0.15 - —
Puc. 2

IMpu pacuere BHOporacutens KojleOaHMH MEXaHUYECKOH CHCTEMBI
CIIEAYET YUUTBIBATh, YTO B HEKOTOPBIH MOMEHT BPEMEHH CUCTEMA MOKET
HONACTh B PE30HAHCHYIO 30HY. [loaTOMy HEOOXOMMO peryaupoBaTth ma-
pameTpbl CHCTEMBI TaKMM 00pa3oM, 4TOOBI MMPOUTH ATy 30HY C HEOOJIb-
HIOH aMIUTUTYAOM 1 BBIUTH Ha JOIYCTHUMBINH pexXuM paboThl (puc. 3).

X0,
O

0.018 T

M?\/\I\ A nl\f\l\nl\l\l\nnnr ____
'O'UUG'VVVTI UUJJVVV%VVVVVVV "

—0.018 ' d

=0.03

Puc. 3

YuuThIBas, 4TO MPH PE30HAHCE o = ®, U3 cooTHowmeHu# (9) u (2),
MO>KHO TIOJTyYHTh BPEMs BXOXK/ICHUS B 30HY PEe30HaHCa
1 1 ¢,

= 1-— [
k o \m
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BeiBoabl. [lonyuena matemaTrueckasi MOJIENb aIallTUBHOTO FACUTEIS
KOJIcOaHW W HAMICHO aHAIMTHYIECKOE PEIICHHE, MO3BOJISIIONIee MPOBe-
CTU KOJIMYECTBEHHBIM M KAYeCTBEHHBIM aHalM3 JIaHHOTO YCTPOMCTBA.
[IpoBeneHO MMHUTAIIMOHHOE MOJCIMPOBAHUE, HCCIEAOBAH CIy4yall Mpo-
XOKJICHUSI MEXaHUYECKOM CHUCTEMOM pe30HaHCHOM 30HBI. [ToATBEpkaeHO
MMPEUMYIICCTBO HMCIIOJIB30BaHUA T'aCUTCIIA KoeOaHui ¢ ypaBJIsICEMbIMU
napaMeTpamu.
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PE®EPATDI

V]IK 629.61.052

Tonuxose B.A. HoBble TEHICHIIMU B SKOJOTHYHOCTH CYJIOBBIX DHEPreTHYSCKUX YCTa-
HOBOK // // CyoBBIe SHEpPreTH4YeCKHe yCTaHOBKH: Hayd.-TexH. ¢0. — 2011, — Ne 27. —
Opnecca: OHMA. - C. 4-9.

IToBblIIeHHE 3KOJOTHYHOCTH TPAHCIIOPTHPOBKU TPY30B 3TO 03HAYAET MAKCHMAIBHOES
CHI)KCHHE HEOOPAaTHMBIX DSHEPreTHYCCKUX W MATEPHAIBHBIX MOTOKOB MHPH OCY-
[IECTBJICHUH CYJHOM MEXaHUYECKON PabOThI MO CMEHE MPOCTPAHCTBEHHOTO HAXOXK-
JIeHHsl TepeBo3uMoro ToBapa. OCHOBOIONATAOMIAMH (DaKTOpaMUu HEOOPAaTHMOCTH
SIBJSIFOTCSI TOTEPU BHYTPEHHEH dHEPrHd paboyero Tena Mpu BeIPaOOTKE MeXaHUYe-
CKO# SHEPrUM U MEXaHMYECKHE MOTePH Ha TPEHHE B THAPOINPOIYILCHBHOM KOM-
IJICKCE CY/HA.

Tao6n. 1. bubn. 4.

Golikov V.A. New Tendencies in Ecological Compatibility of Marine Power Plants //
Ship Power Plants: Sc.-Tech. Col. —2010. — No 27. — Odessa: ONMA. — P. 4-9.
Increase of ecological compatibility of cargoes transportation means the maximum
decrease in irreversible power and material streams at realisation by a vessel of me-
chanical work on change of the transported goods location. Basic factors of irreversi-
bility are losses of internal energy of a working body at producing mechanical energy
and mechanical losses on a friction in a hydro propulsive vessel complex.

Tabl. 1. Bibl. 4.

YK [623.85:621.125]:62-233

Kuproxun A.JL., Pomanosckuii I.®., Xanmameodos C.A. CUCTEeMBbI yIepKaHUS U CTa-
OMITM3alMK BAJIOB CYJIOBBIX SHEPreTUYECKUX YCTaHOBOK // CyZ0BbIE SHEPreTHYECKHE
YCTaHOBKH: Hay4.-TexH. ¢0. — 2011. — Ne 27. — Onecca: OHMA. — C. 10-18.
[IpencraBieH KOMIUIEKCHBIN MOAXOJ K PEIIEHHIO HAYYHO-NPUKIATHOH MpoOIeMsbl
MOBBIIICHNUS 3PPEKTUBHOCTH YACPKaHHUS OCeld M CcTaOMIM3alluu KojeOaHWH BasioB
CYJIOBBIX arperaToB M BaJONPOBOJOB Ha MPOTSHKEHUH JKU3HEHHOTO IIUKJIA MOPCKOTO
TPaHCIIOPTHOTO CPEACTBA.

Wn. 4. bubmn. 16.

Kiryuhin A.L., Romanovskiy G.F., Khanmamedov S.A. Systems of Deduction and
Stabilisation a Shaft of Marine Power Plants // Ship Power Plants: Sc.-Tech. Col. —
2010. —No 27. — Odessa: ONMA. —P. 10-18.

The complex approach to the solving of a scientifically-applied problem of increase
the efficiency of deduction of axes and stabilisation of fluctuations of shaft of ship
units and shafting throughout life cycle of a sea vehicle is presented.

Fig. 4. Bibl. 16.

VK 001.32:629.5.054.03

Llesuenxo B.A., JJexun B.I. 3aKOHOMEPHOCTH PAabOTHI CUCTEMBI aBTOMAaTHYECKOTO
yIIpaBICHUsT KypcoM CynHa B pexkume crabmmmsanuu // CymoBble SHEPreTHYecKue
YCTaHOBKM: Hay4.-TeXH. ¢0. —2011. — Brim. 27. — Ongecca: OHMA. — C. 19-22.
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BbIsIBIICHBI 3aKOHOMEPHOCTH PabOThI CHCTEMBI aBTOMAaTHYECKOTO yIpaBlieHHS Kyp-
COM Cy/Ha B pexume crabuimszanuu. [IpeimonaraeTcs MCIOIb30BaTh MOJTyUCHHBIC
pe3yabTaThl B KOMOMHHUPOBAHHON CHCTEME YIpPaBJICHUS Mpu GOPMHUPOBAHUU KaHasa
10 BO3MYIICHUIO.

Hn. 3. Ciucok jur. 2.

Shevchenko V.A., Dyokin B.G. Regularities of Autopilot Operation in Stabilization
Mode // Ship Power Plants: Sc.-Tech. Col. — 2011. — No 27. — Odessa: ONMA. —
P. 19-22.

Regularities of autopilot operation in stabilization mode were detected. Application
of received results in autopilot with combined control system is expected.

Fig. 3. Bibl. 2.

YK 681.3.06: 629.12.03-83

Jonckoti B.I. KoHTpoab paboOThl CyIOBBIX TEXHHYECKUX CPEICTB MO 0000IIEHHBIM
napamerpaMm (B mopsiake oOcyxaeHus) // CymoBble SHEpPreTHUecKHe YCTaHOBKH:
Hay4.-TexH. ¢0. —2011. — Boim. 27. — Onecca: OHMA. — C. 23-30.

Anroput™m (QyHKIIMOHMPOBAaHHUS CHCTEMbl KOHTPOJII SHEPreTHYECKOW YCTaHOBKH
CyIHAa C OONBIINM KOJWYECTBOM KOHTPOJIHMPYEMBIX BEIWYMH, MO3BOJSIONIMH MHHU-
MHU3UpPOBATh KOJMYECTBO CHUTHAJIOB Ha MOCTY KOHTPOJI HPU COXPAHEHHH IIOJHOTO
00bEMa MCXOAHOW HHPOPMAIHH.

Tabmn. 1. Un. 1. bu6x. 2.

Donskoy V.G. Control of Shipboard Techniques Operation by Generalized Parame-
ters (for discussion) // Ship Power Plants: Sc.-Tech. Col. — 2011. — No 27. — Odessa:
ONMA. — P. 23-30.

Functioning algorithm of shipboard power plant control system with a large number
of parameters being controlled that gives the possibility to minimize the number of
signals on the control station retaining full amount of initial information is discussed.
Tabl. 1. Fig. 1. Bibl. 2.

YVIK 621.431.74

Honosunxka 3.M., Hxoeenxo A.FO. JlBurarenu BHYTPEHHETO CrOpaHHs C CaMOBOC-
TUITAMEHEHUEM OT CXKAaTHS TOMOTCHU3UPOBAHHOTO 3apsiya / CynoBble SJHEPreTUIECKHE
YCTaHOBKH: Hay4.-TexH. 0. —2011. — Boim. 27. — Onecca: OHMA. — C. 31-38.
[IpencTaBieHbl MaTepUANbl HCCIICAOBAHMNA B OONACTH CO3MAHUS IBHrAaTeNieii BHYT-
PEHHETO CrOpaHMs C BOCIUIAMEHEHHEM OT CHKaTHsl TOMOT€HH3HPOBAHHOTO 3apsa.
Wnn. 5. bubn. 7.

Polovinka E.M., Yakovenko A.Y. Homogeneous Charge Compression Ignition Com-
bustion Engines // Ship Power Plants: Sc.-Tech. Col. — 2011. — No 27. — Odessa:
ONMA. —P. 31-38.

The review of investigations in the field of homogeneous charge compression igni-
tion combustion engines is presented.

Fig. 5. Bibl. 7.

YK 656.61.034
Tonuxoe B.B., Jlvicviii A.A., Kocmenxo I1.A. OubIT NPOBOAKU CYIOB JIEIOKOJIOM
«Kannran benoyco» B jenoByro HaBuramuio mo AsoBckomy Mopro // CynoBbie
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SHEPreTHYECKUE YCTAaHOBKU: Hayd.-TexH. ¢6. —2011. — Beim. 27. — Onecca: OHMA. —
C. 39-44.

PaccMOTpeHBI IyTH PEHOBAlMM M Pa3BUTHS TEXHUYECKHX CPEJCTB MPH COBEPLICH-
CTBOBAHUH TPAHCIIOPTHOTO KiIacTepa A30Bbs.

Tab6mn. 2., bu6n. 2.

Golikov V.V, Lysyj A.A., Kostenko P.A. Experience of Captain Belousov Icebreaker
Piloting in Ice Navigation Across Azov Sea // Ship Power Plants: Sc.-Tech. Col. —
2011. —No 27. — Odessa: ONMA. — P. 39-44.

The Ways of renovation and developments of technical means at perfection the
transport cluster of Azov Sea are considered.

Tabl. 2., Bibl. 2.

VK 341.225.5

Konezaes M.A. TIpobieMbl COBEpIICHCTBOBAHHS OE30MACHOCTH COBPEMEHHOTO MO-
pemnaBanus // CyloBble SHEPreTHUECKHUE YCTAHOBKM: Hayd.-TexH. ¢0. — 2011. —
Beim. 27. — Onecca: OHMA. — C. 45-50.

PaccMoTpeHbl COBpeMeHHbIC MPOoOJeMbl 0€30MacCHOCTH MOPEIUIAaBaHHS U MYTH TIO-
BBIIICHUS €T0 6€30MacHOCTH.

Kolegayev M.A. The Problems of Perfection of Modern Navigation Safety // Ship
Power Plants: Sc.-Tech. Col. —2011. — No 27. — Odessa: ONMA. — P. 45-50.
PaccMoTpeHbl cOBpeMeHHbIE MpoOJIeMbl 0€30MacCHOCTH MOpEIUIaBaHHS U MYTH II0-
BBILIEHHS ero 0€30MacHOCTH.

YK 536.24:621.791.55

Jlebeoes b.B. VccnemoBanme mpoliecca BOCCTAHOBIICHUS JAeTaled NMPUMEHEHUEM
HE3aBUCHMBIX MMasJIbHO-CBAPOUHBIX cpelcTB // CyI0BbIe SHEPTETHUECKHE YCTAHOBKH:
Hayd.-TexH. 0. —2011. — Bemm. 27. — Onecca: OHMA. — C. 51-63.

PaccMoTpensl aHanuTHUeCKME M OKCIEPUMEHTAJIBHBIE MCCIEAOBAaHUS Ipoliecca
HAaIUTaBKU TIPH BOCCTAHOBJICHWHU JETaliell CPEICTB TPAHCIOPTA C HCIIOJIb30BAHHUEM
HE3aBHCHUMBIX MasNIbHO-CBAPOYHBIX CPEICTB.

WM. 12. Crucok auT. 5.

Lebedev B.V. Investigation of the Renewal Process of Machine Parts Using Inde-
pendent Soldering-Welding Means // Ship Power Plants: Sc.-Tech. Col. — 2011. —
No 27. — Odessa: ONMA. — P. 51-63.

Analytical and experimental investigation of welding process at renewing the parts of
transport units using independent soldering-welding means.

Fig. 12. Bibl. 5.

VK 621.431.74

Xanmameoos C.A., Cnoboosniox [[.H. CoBeplIeHCTBOBaHHE METOJ0B HICHTH(HUKA-
UM TEXHUYECKOTO COCTOSHUS MOPILIHEBHIX KOJIEL CYIOBBIX MalOOOOPOTHBIX JH3e-
neit // CynoBble SHEpreTHYeCKUe yCTAaHOBKM: Hayd.-TexH. c0. — 2011. — Beim. 27. —
Opecca: OHMA. - C. 64-73.

HUccnenoBan mporecc M3HAMMBAHUS U TOJIOMKH conpsbkeHHBIX netanei LI «xonb-
10-BTyJIKa» (opcupoBanHbix MO/l Ha cyzmax ¢ IENbI0 COBEPIICHCTBOBAHUS METO/IOB
UIeHTH(HUKALIMY AMIUTUTYIHO-YaCTOTHBIX XapaKTEPHUCTHK CUCTEM CKaduHra.

Puc. 7. bu6n. 9
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Khanmamedov S.A., Slobodyanyuk D.I. Perfection of Methods of Identification of
Piston Rings Technical Condition of Marine Low Speed Engines // Ship Power
Plants: Sc.-Tech. Col. —2011. —No 27. — Odessa: ONMA. — P. 64-73.

Process of wear and breakage of interfaced parts "piston ring-cylinder liner" of the
hopped up low speed engines on ships on purpose perfection of methods of identifi-
cation of peak-frequency characteristics is investigated.

Fig. 7. Bibl. 9.

YK 629.5.03:621.431

]epouykuii B.B. JIlnarHoCTHKA CyOBBIX SHEPreTUYECKUX YCTAHOBOK B PEXHME pe-
anbHOTrO BpemenH // CyoBbIe SHEPreTHYECKHE YCTAaHOBKH: Hay4.-TexH. ¢0. — 2011, —
Ne 27. — Onecca: OHMA. — C. 74-79.

IpencTaBieHbl pe3yabTaThl UCCICIOBAHUS IPUMEHEHUS AUATHOCTUYECKHUX IKCIIEPT-
HBIX CHCTEM Ha cyaax Mopckoro ¢uora. [[uarHoctuka COY B pexuMax pearbHOrO
BPEMEHH NPEACTABIICHA C HCIOJIb30BaHIEM METOIOB HCKYCCTBEHHOTO MHTEILIEKTA.
bubm. 9.

Shcherbytskyi V.V. Diagnostics of Marine Power Plants in Real Time // Ship Power
Plants: Sc.-Tech. Col. —2011. — No 27. — Odessa: ONMA. — P. 74-79.

The results of studies of diagnostic expert systems for Navy ships. Diagnostics of
marine power plants in real time is presented using artificial intelligence methods.
Bibl. 9.

YK 621.7.023

Tonuxoe B.A., Anghunocenmos B.B. VccrnenoBanue npoiecca 00pa3oBaHUs TEXHOJO-
TMYECKOr0 OCTaTka He(TenpoayKTOB Ha IMOBEPXHOCTSX T'PY30BOIO OTCEKa IOCie
BBI'pY3kH TaHkepa // CyIoBble SHEPreTHYECKUE YCTAHOBKU: Hayd.-TexH. ¢0. — 2011.
— Ne 27. — Onecca: OHMA. — C. 80-88.

Omnpenenensl (HU3NKO-XMMHUUECKHE MapaMeTpbl He(PTENPOIYKTOB, BIUSIONINE Ha
mpouecc 00pa3oBaHUS TEXHOJIOIMYECKOIO OCTaTKa He(TEeNpPOLYKTOB Ha IOBEPXHO-
CTSIX IPY30BOTO OTCEKa IIOCIE BBIIPY3KH TaHKEpa M IOJHOTO CTEKAaHHs H3JIHUIIKOB
xuakoil ¢asel. IlomydyeHa monens B Buae 0e3pa3MepHOIl CTENEHHOH 3aBUCHMOCTH,
OIUCHIBAIOIIAS B3aUMOCBS3b MEXAY (H3UKO-XMMHUECKUMM IOKa3aTelsMu Hedre-
IPOJYKTOB ¥ KOIMYECTBOM UX OCTATKOB Ha MIOBEPXHOCTSX TaHKA.

bubn. 9.

Golikov V.A., Anfinogentov V.V. Investigation of Technological Oil Products Residue
Formation Process on the Cargo Holds Surfaces after Oiler Unshipping // Ship Power
Plants: Sc.-Tech. Col. —2011. — No 27. — Odessa: ONMA. — P. 80-88.

The physical and chemical parameters of oil products influencing process of for-
mation of the technological rest of oil products on surfaces of a cargo compartment
after an unloading of the tanker and full running off of surpluses of a liquid phase are
defined. The model in the form of the dimensionless sedate dependence, describing
interrelation between physical and chemical indicators of oil products and quantity of
their rests on tank surfaces is received.

Bibl. 9.
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YIK 624.534

Hsanosckas A.B. PazpaboTka MareMaTHYeCKOH MOJEIH aJanTUBHOTO TaCHUTENs KO-
nebanuii / CynoBble SHEPIeTHUECKUE YCTAaHOBKYU: Hayd.-TexH. c0. —2011. — Ne 27. —
Opnecca: OHMA. - C. 88-93.

Pa3paborana maremMaTHuecKast MOJIENb aJalITUBHOIO racuTeNs KojaeOaHuil, IoIydeHo
aHanuTH4YecKoe pemenue. IIpoBeneHo MMHTAIMOHHOE MojenupoBaHue. [lomTsep-
JKJIEHO MPEUMYIIECTBO UCIIOJIb30BAHUS TacUTeNsl KoneOaHuil ¢ nepeMeHHbIMU Mapa-
MeTpaMH.

Wn. 3. bubn. 5.

Ivanovskaya A.V. Working of Mathematical Model Adaptive Damper Fluctuations //
Ship Power Plants: Sc.-Tech. Col. —2011. — No 27. — Odessa: ONMA. — P. 88-93.
The mathematical model adaptive damper fluctuations is developed, the analytical
decision is received. Imitating modelling is spent. Advantage of use damper fluctua-
tions with variable parameters is confirmed.

Fig. 3. Bibl. 5.
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INIPABUJIA

odopMIICHHS ¥ IPEJICTABIICHUS PyKOIHCeH Ui cOOpHHKa
«Cy10BBI€ SHEPTETHUECKHE YCTAaHOBKID)

Hayuno-texnuueckuii coopauk Omecckoll HaIIMOHANBHOW MOpCKoH akagemun «Cy-
JIOBBIC SHEPTeTHUECKUE YCTAHOBKMY SIBISIETCS HAYYHBIM H3JJaHHEM, B KOTOPOM B COOTBET-
cTBHU ¢ TocraHoBiIeHueM [Ipesnnnyma BAK YkpauHs! MOTyT ITyOIMKOBaThCS OCHOBHEIE
Pe3yJIbTaThl JUCCEPTAUOHHBIX PAaboT 110 MPOGHUIIIO CYI0BOI YHEPTeTHKY.

Pyxomnuce npeacrasiseTcst Ha 3NEKTPOHHOM HocuTene B ¢popmare «Microsoft Word»
¢ OyMa)XKHOW KOITMEH, MONMHCAaHHOH BCEMH aBTOPAaMH, M C KOHTAaKTHOH HH(pOpPMAaIUCH:
anpeca, teneponsl. K cratbe o0s3arensHO mpriiaraetcs pedepar o0ObEMOM He 6Gonee
300 meyaTHBIX 3HAKOB HAa PYCCKOM WM aHrimiickom s3bikax. OOBEM craThu — 110
0,5 aBTOpCKOrO JHCTa ¢ Y4ETOM MIUTIOCTPALU U IOAPHCYHOUHBIX MOIIMUCEH.

CraThs IOJDKHA COAEPKATh MMOCTAHOBKY NMPOOJIEMBI B OOIIEM BHIIE U €€ CBA3b C BaXK-
HBIMH HAayYHBIMH WM IPAKTHUSCKUMHM 3aJ[adaMH, aHalU3 MOCIEeTHHUX HCCIICIOBAaHUN 1
myOiuMKaMii Mo TeMe CTaThH, (HOPMYJIHMpOBaHHE Ieleld cTaThbd (IIOCTAaHOBKY 3aladn),
M3JI0)KEHHE OCHOBHOIO MarepHaia ¢ HeOOXOAWMBIMH OOOCHOBAHHMSMH, BBIBOJBI M IIEp-
CIEKTUBBI JaJdbHEHIINX HCCIEN0BAHUM.

TpeboBaHus K 0OPOPMIICHUIO.

dopmar 6ymarn A5 (148%210) Bee monst — 16 mM. Tekct uepes 1 untepsain, Times
New Roman, 11 nT; TaGMHIIBI, 3ar0JOBKH TaOJIHII, TOJPHCYHOUHBIE oanucH — 10 mT.

[TepemeHHbIe, (QYHKLIHMH, BEKTOPBI, MaTPULbI ¥ T.II. odopMisitoTcs mpudToM Antiqua.
TlepemeHHBIE BBIMONHAIOTCS HAKJIOHHBIM MIPH(TOM, BEKTOPBI — MOIYKHPHBIM, O€3 HAKIIOHA;
IPEYecKHe CHMBOJIBI — BO BCEX CITydasix 0e3 HaKJIOHa; MHJECKCHI: JIATHHCKHE — C HAKJIOHOM,
Kupwudeckne — 0e3 HakiioHa. Pasmepsl B Equation (MathType): ocHoBHoli — 11 1T, yBe-
nuaeHHslit — 16,5 i, uagekc — 7 T, cyounaexe — 6 nt. Bo Beex ciydasx pasmerka ¢op-
MyJl B KOIIMH PyKOMHCH o0Osi3atenbHa. HymepyroTest Tonbko Te (hopMyIIbl, Ha KOTOPBIE €CTh
CCBUIKH B TeKkcTe. DOpMyIIBI OTAEISIOTCS OT TEKCTa CTPOKAMH BBICOTOH 2 TIT.

Tabuup! cireyeT pacroyiaraTb Ha OJHON CTpaHHMIe (KpoMe CTydaeB, Korja Tabivia 3a-
HuMaeT Oonbie 1 ctpanuipl). 3aronoBok — 10 T, 6e3 mepeHoca, HHTepBal mepex — 8 T,
nocie — 2 1T, 0cHOBHOW mpu¢T Tabmmis — 10 nT. PUCYHKH OTIENSAIOTCS OT TEKCTa CBEPXY
HHTEpBAJIOM § IT, OT Ha3BaHus — 2 nT. Ha3Banme prucynka — kersb 10 nT, 6e3 mepeHoca,
uHTepBaI nocie — § IT. Ha Bce TaOuUIb! ¥ pHCYHKH JIOJDKHBI OBITh CCBUIKH B TEKCTE CTAThHL.

Ennuauner pusndyecknx BenumdrH N0KHBI cooTBeTcTBOBaTh [[OCT 8.417-81 «EnuHu-
IbI (I)I/IBI/I‘IGCKHX BCIIUYHUH» U UMCTh OGL[I@HpI/IHﬂT])Ie 0003HAYECHHS.

[lepen Ha3BaHueM cTaThbu ykasbiBatoTcs uHaekc YK, damunuy v nHHIMAIBI aBTO-
POB, COKpaIIEHHbIE HANMEHOBAHUS YUPEXKICHUH, I/ie paboTaroT aBTOPHL. 3aroJIOBOK CTa-
TBH O0QOPMIIITE CTHIEM 3aroioBok 1, kernab 11 nT, 6e3 mepeHoca, BCe NMPONUCHBIC, WH-
TepBaL: nepes — 8§ nr, nocie — 2 m0T.

WnmiocTparyuy, NOATOTOBICHHBIE B TPa(UIECKUX PEAAKTOPAX, JOMOTHUTETBHO MPH-
JIaraloTcs Ha JUCKeTe B KadecTBE OTACNbHBIX (ailmoB B mcxomHoMm Qopmare. Pasmep
HaJMUced JODKeH obecnieunBarh nX YuTaeMocThb (8-10 mr). [ ckaHupOBaHHBIX PUCYH-
KOB TIpHJIaraeTcsi OpUrMHal B TYIIN Ha Oenoi Oymare nocTaTouHoi miotHocTH. Ha 060-
pOTE yKa3bIBaeTCsl HOMEp M MPUHAIICKHOCTD K CTaThe.

Bubnuorpaduyeckne onrcaHus OJHKHBI COOTBETCTBOBATh TpeboBaHmsiM BAK.

Penmakmus mpemocTaBiIseT HIEKTPOHHBIHN MAOIOH CTaThH ¢ TpUMepaMu 0()OPMITCHHSI.

Konrakrheie Tenedonsl penakin (048) 733-49-24, 733-23-52.

e-mail: seu@ma.odessa.ua
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