Azarbaycan Dévlat Doniz Akademiyasinin Elmi 9sarlori Nel, 2021
Proceedings of Azerbaijan State Marine Academy Nel, 2021

UOT 629.12.066

GOMIi ASINXRON MUHORRIKLORININ TEXNIKIi iISTISMAR PROSESINDO
DIAQNOSTIKASI

Sultanov E.F., Ismayilov S.S., Bayramova 1.P.

Azarbaycan Déviat Daniz Akademiyasi
AZ1000, Baki sah., Z.Oliyeva kiig.,18
E-mail: elshen_sultanov@mail.ru, sahib-ismayil@bk.ru, genclik76(@mail.ru

Xiilasa. Maqalads gomi elektrik avadanliginda totbiq edilon asinxron miiharriklorin texniki
istismar zamani saz vaziyyatda saxlanilmasindan bahs edilir. Hamginin, asinxron miiharriki
sobakadon agmadan onun texniki saz olmasinin diagnostikasina imkan veran yeni qurgu toklif olunur.

Abstract. It is said about the preservation in normal condition of asynchronous motors of ship
electrical equipment during technical operation in the article. The new device was also proposed,
which allows to diagnose the technical condition of an asynchronous motor without disconnecting it
from the network.

Annomayun. B cmamve 2060pumcs 0 COXpaHeHuu 8 HOPMAIbHOM COCMOAHUU ACUHXPOHHBIX
osuzameneti cy008020 31eKmpoobopyo008aHusi npu mexnHudeckou sxkcnayamayuu. Taksce npeono-
JHCEHO HOBOE YCMPOUCIBO, KOMOPOe NO3B0JsIen OUACHOCMUPOBANb MEXHUYECKOe COCMOSHUE ACUH-
XPOHHO20 08u2ames, He OMKIOYAs €20 0N Cemu.
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Giris. Son zamanlar asinxron maginlar diinyada genis miqyasda totbiq edilmokdadir. Onlar osas
etibarilo, elektrik miiharriklori kimi xalq tesorriifatinin biitiin saholorinde homginin gomilords genis
miqyasda istifads edilir vo elektrik enerjisini mexaniki enerjiys ¢eviran on asas ¢eviricilordir. Hazirda
asinxron miiharriklor diinyada istehsal olunan elektrik enerjisinin yaridan ¢goxunu sorf edir vo oksar
mexanizmlarin elektrik intiqalinda genis totbiq edilir. Buna sabab asinxron miiharriklarin qurulu-
sunun sadsliyi, basqa miiharrikloro nisboton iqtisadi cohatdon slverisli olmasi, isloma etibarliginin vo
f.i.9.-nn yiiksok olmasidir [1, 2].

Elektrik masinlar1 corayanin ndviindon asili olaraq, sabit vo doyison coroyan masinlarina ayrilir.
Dayison coroyan masinlart iso elektromaqnit sisteminin xiisusiyyatlorindon asili olaraq asinxron,
sinxron vo kollektorlu masinlara ayrilir. Tocriibalor gostorir ki, asinxron masminin generator
rejimindo istifadasi nadir hallarda bas verir. Bundan basqa, asinxron masin gorginlik vo faza
tonzimloyicisi, tezlik vo faza geviricisi vo s. bu kimi miixtalif rejimlordo do islodilir.

Son vaxtlar, asas etibari ilo maisat elektrik avadanliqlar {igiin birfazali asinxron miiharriklorin
totbiqi genis yayilmisdir. Hazirda texnikanin bir ¢ox sahslorinds kiilli miqdarda miixtalif quruluslu
asinxron masinlar, o climladen, icra miitharriklori, taxogeneratorlar, selsinlor, donan (firlanan) trans-
formatorlar va s. genis miqyasda tatbiq edilirlor [1, 2].

Isas hissa. Gomi elektrik masinlarinin istismar zamani texniki voziyyatlorinin qiymatlon-
dirilmasi, onlarin asagida verilon kamiyyatlori asasinda qismon va ya tam sokiilmadon texniki baxist
zamani miioyyon etmak olar:

1. Dolaqlararasi izolyasiya miiqavimatlorinin normadan asag1 olmast;

2. Dolaqglarin nomliyi;

3. Qizma temperaturu;

4. Isloma zaman1 konar sosin va 9smonin (titromonin) yaranmasi;
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5. Statorla rotor arasinda hava mosafasinin doyismosi;

6. Hava (ventilyasiya) parlorinin voziyyati va s.

Bundan basqa, texniki voziyyatin qiymotlondirilmosindo elektrik masininin dolaqglarinin
izolyasiyasinin pozulmasi da miisyyonlogdirilir [2, 3].

Doniz registrinin toloblorinog asason (Hisso X1/2.3.2.1) gorginlik altinda olan elektrik avadanligi
hissalorinin izolyasiya materiallar1 asbest torkibli olmamalidirlar vo dielektrik mohkomliys malik
olmalidirlar, homginin sothi ilo sizma coroyanlarina qarsi davamli, nomlikdon vo yagdan qorunmus,
eyni zamanda xiisusi mohkomliye malik olmalidirlar. Yeyilmenin izlori, toxunmalar, qabiqlasma vo
s. yoxlanilir. Gomi elektrik masinlarinin vo onlarin hissalorinin yuyulmasi {i¢iin xiisusi vasitolordon
istifads olunur (Benzin B-70, spirt, TS1 yanacagi, 113 frionun 1/3 hacminin nisbotindo qarisigi ilo
Va.s.).

Bu halda, masinlarin istismar xiisusiyyatlarini, elektrik izoliyasiyasinin vaziyyetini, gomigiliyin
gostarislorini, boyiik giiclii xtisusi elektrik miihorriklorinin yuyulmasinda gomi soraitindo elektrik
masininin tomizlonmasi sortlorini nozors almaq lazimdir.

Uygun vasitonin istifade olunmasi sortlorine, doniz donanmasi gomilorindas texniki tohliikasizlik
qanunlarina, homg¢inin doniz donanmasi miiassisalorinds tomizloms, rongloma, izolyasiyaetms islo-
rinds texniki tohliikasizlik vo istehsalat sanitariya qaydalarina vo yangin orqanlari ilo razilagdirilmis
talablors riayst olunmalidir.

Homginin, texniki istismar prosesindo asinxron miiharrikin ayrica gotiiriilmiis bu va ya digor
elementi, yaxud bir ne¢s elementi eyni zamanda 6z funksiyalarini yerino yetirmak gabiliyyatini bu
va ya digar doracada itire bilor. Yastiglarin yeyilmasi naticasinds statorla rotor arasinda hava mosafo-
sinin doyismaosi, stator dolaglarinda sargilar arasinda qisa gapanma yaranmasi, qisa qapanmis rotorlu
miihorriklorda rotor ¢ubuglarinin sinmasi vo s. bu kimi hallarda miiharrik 6z etibarligini itirmis hesab
edilir [2, 3, 4].

Belo hallarda miihorrikin parametrlori doyismis olur. Bu voziyyotdo miihorrikin istismar
olunmasinin davam etdirilmosi onun tamamilo siradan ¢ixmasina sobab ola bilor. Gdstorilon monfi
hallarin garsisin1 almagq ti¢lin asinxron miiharrikin texniki cohatdon saz voziyyatdo olmasina vaxtasiri
nozarat etmok lazimdir. Bu magsadlo, islonmis mévcud iisullardan bir qismi miiharrikin laboratoriya
soraitindo todqiq olunmasini talab edir, diger qisminin isa daqiqliyi asagidir. Torafimizdon asinxron
miihorrikin texniki saz olmasina istismar prosesindo nazarot etmokdon 6trii yiiksok doqiqlikli qurgu
yaradilmigdir. Qurgunun is prinsipi asinxron miihorrikdo yaranan biitiin nasazliglarin onun stator
EHQ-no tosir gdstormasing osaslanir. Saz asinxron miiharrikdo statorun faza dolaglar1 bir-birine
nozoran fozada 120° siiriigmiis olur. Stator ¢evrasi boyunca stator ilo rotor arasindaki hava masafosi
vo hamginin stator va rotor dolaglarinin fazalarinin parametrlori do eyni olur [3, 4, 5].

Elektrik miiharrikinds hor hansi nasazligin yaranmasi zamani statorun faza dolaqlarinin EHQ-
lori saz voziyyotdokine nisboton 6z qiymaotlorini miixtalif doracods doyisirlor. Demali, asinxron
mihorrikin nasaz olmasint miioyyon etmokdon 6trii miiharrikin statorunda faza dolaglarinin EHQ-
lorino ayri-ayriliqda nozarst etmok lazimdir.

Baxilan qurguda daqiqliyi artirmaq magsadils, faza dolaglart EHQ-lorina deyil, onlann 3-cii
harmonikalarina nozarat olunur. EHQ-nin 1-ci harmonikasi E; ilo 3-cli harmonikast E3 arasinda
funksional asililiq vardir. Es=f(E1) asililigi miiharrikin ideal yiiksiiz islomasi tacriibasindon alina
bilor. Giicii 3 kVt olan miiharrik {i¢iin tocriibadon alinmis bels asililiq sokil 1-do gostorilmisdir.

Goriindiiyli kimi, EHQ-nin 1-ci harmonikasinin 10% doyismasi onun {i¢iincii harmonikasinin
toxminon 30% doyismasing sabab olur.

Qurguya iigfazali coroyan monbayi 1, miihorrikin stator dolagi 2, sifir potensialli noqtolor
formalasdiricilar 3 vo 4, yiiksok tezliklor siizgaci 5 va 6l¢ii cihaz1 6 daxildir. Birinci formalagdirici
ti¢ odad eyni aktiv miigavimotdon togkil olunur, miigavimatlorin baslangiclar1 miihorrikin sixaclanna
baglanir, sonlar1 iso O3 ndqtasinds bir-birino baglanirlar. Sokil 2-do asinxron miihorrikin texniki saz
olmasinin diagnostikast qurgusunun funksional sxemi gostorilmisdir.
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Sakil 1. Asinxron miiharrrikin stator EHQ-nin 3-cii va 1-ci harmonikalarinin tasiredici
qiymotlori arasindak: asililiq
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Sakil 2. Asinxron miihorrikin texniki saz olmasimin diagnostikasi1 qurgusunun funksional sxemi
1— dayisan manba, 2 — stator, 3 va 4 — sifir potensialli négtalor formalagdiricilari,
5 — yiiksak tezliklor siizgaci, 6 — 6l¢ii cihazi.

Bu formalasdincinin miigavimatlorinin orta ndqtelorindon a, b, ¢ uclar ¢ixarilir. ikinci for-
malasdirict 4 do ii¢ odoad eyni tipli aktiv miigavimotdon togkil olunmusdur. Bu miigavimatlorin do
baslangiclar1 miihorrikin stator sixaclanna baglanir, sonlar1 isa Oz, ndqtesinde bir-birino
birlogdirilirlor, ikinci formalagdincinin miigavimatlorinin orta ndqtslorindon ai, b1, c1, uclan ¢ixarilir.
Stizgac 5 gorginliyin 1-ci harmonikasmi 6l¢ii cihazina buraxmur [4, 5].
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Miiharrikin neytrali ilo 1-ci formalagdiricinin neytrali birlogdirilmomis olduqda, a va ai,b vo by,
c va ci, noqtalorinin potensiallar1 eyni olur vo homin ndqtalerin potensiallar1 forqi sifir olur.
Miiharrikin neytrali ilo 1-ci formalasdiricinin neytral ndqtesi birlosdirilmis olduqda, stator dolagi
EHQ-larinin 3-cii harmonikalar1 1-ci formalagsdincinin miigavimatloring totbiq olunur. Bu zaman a vo
a1 noqgtalorinin potensiallar1 forqi miihorrikin stator dolagimmin A fazasinin, b vo b; nogtslorinin
potensiallart forqi B fazasinin, ¢ vo ci noqtelorinin potensiallar1 forqi C fazasiin EHQ-nin 3-cii
harmonikasina miitonasib olur. Miiharrikds nasazliq olmadiqda a vo a1 b va b1, ¢ vo c¢1, noqtelorinin
potensiallar forqi eyni qiymotds olur. Bu onu gostarir ki, stator dolaqlarinin EHQ-lari eynidir. a vo
a1, b va by, ¢ va c1, uclarimi ndvba ilo siizgocin girisine baglamagla, uygun olaraq miihorrikin stator
dolaginin A, B, C fazalarinin EHQ -lorinin 3 -cii harmonikalar1 6l¢iiliir. 9gor dlgmolorin naticalori
eyni olarsa, demoli miihorrik texniki saz voziyyotdadir. Ogor dlgmolorin naticolori miixtalif olarsa,
demoli, miihorrik nasazdir [4, 5].

Notica. Mogalods gomi asinxron miiharriklorinin texniki istismar prosesindo saz vaziyystds
olmasina nozarat etmok iiciin qurgu toklif olunur. Homin qurgu gomi tomirs dayandigr zaman
miihorrikin sokiilorak tomira gdndorilmasing ehtiyac olub olmadigini miisyysn etmays, tomirdon yeni
cixmig miiharriklorin tomir olunma keyfiyyatini qiymatlondirmays imkan vermakls yanasi asinxron
miihorrikin sobokodon agilmadan, texniki saz voziyyatdo olmasinin mosafodon diagnostikasi iiglin do
totbiq oluna bilar.
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Annomayuna. B nacmosiwee epems 6 CYOOXOOHOU OmMpACAU 6Ce20 MUpd o4eHb 0oJbuioe
BHUMAHUE YOeNAeMC sl COKPAUWEHUIO 8b1OPOCO8 8 OKPYICAIOWYIO CPEOY NAPHUKOBBIX 2a308. /[l 5mo2o
Ha cy0ax NpUMEHAIOMCS 8all02eHepamopbl, NPUeoOUMble 8 Oelicmeue om 2lasHblX Osucamenel,
Komopbie No360JIAI0M 8blpabamvléamy 3NeKMPULECKYIO IHEPIUio, HO B0NPOCHl UX MEXHUYECKOU
IKCHyamayuu npakmudecku He paccmampugaromcs. Llenvro Oamnou cmamvu - aensiemcs
paspabomka yYnpowjenHou MemoOuKu paciemd, No3601AI0uell OYeHUms IKCHIYAMayuoHHble
Xapakmepucmuky maxkux cucmem He moabKO 8 HOMUHATbHOM PedCuMe, a U 8 PecUmMax OmiuyHvlx
om Hezo. JlanHas cmamus 6y0em noaesHa He moabKo dNeKMPOMEXAHUKAM MOPCKUX CYO08, a OpYeum

cneyuaiucmam, 3SAHUMAOUWUMCA mexHu4eckou akcnﬂyamab;ueﬁ d)ﬂOmd.
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Xiilasa. Hazirda diinya gomigiliyinda atraf miihita istixana qazi tullantilarinin azaldilmasina
boyiik digqgat yetirir. Bunun iigiin gomilards elektrik enerjisi istehsal etmaya imkan veron asas
miiharriklaor tarafindon idara olunan val-generatorlarindan istifada edirlor, lakin texniki istismar
masalalori praktik olaraq nazora alinmir. Bu maqalonin maqsadi bu ciir sistemlorin istismar
xtisusiyyatlorini yalniz nominal rejimda deyil, ham do ondan basqa rejimlorda qiymatlondirmaya
imkan veran sadalasdirilmis hesablama metodologiyast hazirlamaqdir. Bu maqala yalniz doniz
gomilarinin elektriklori tigiin deyil, donanmanin texniki istismart ilo maggul olan digor miitoxassislor
lictin da faydali olacaqdir.

Abstract. Currently, the shipping industry around the world pays great attention to reducing
greenhouse gas emissions into the environment. For this purpose, the ships use shaft generators
driven by the main engines, which make it possible to generate electrical energy, but the issues of
their technical operation are practically not considered. The purpose of this article is to develop a
simplified calculation methodology that makes it possible to assess the operational characteristics of
such systems not only in the nominal mode, but also in modes other than it. This article will be useful
not only to electricians of sea vessels, but to other specialists involved in the technical operation of
the fleet.

Knrwoueswie cnosa: memoouxa, onpedenenue, cenepayus, CUCmemd, 8ai02eHepamop, 21asHblil
oguzameb, MOPCKoOe CYOHO

Acar sozlar: metodika, torif, nasil, sistem, val-generatoru, bas miiharrik, doniz gomisi

Key words: technique, definition, generation, system, shaft generator, main engine, motor ves-
sel ship

Beenenue. B Hacrosiiee BpeMsi Ui IPOU3BOJICTBA BCEX BUAOB SHEPIrUU Ha MOPCKHUX CyAax
MEXaHUYECKOH, TEIUIOBOM U AIEKTPUYECKON IPUMEHSETCS YIIIEBOAOPOAHOE TOILINBO. [Ipu ero cxu-
raauu B atMochepy BeIOpaceiBaroTCs OKUCIbI cepbl (SOx), okucibsl a30ta (NOx) U TBepIbIe YaCTHITBI
(TY). KonTposb 3a BBIOpocamMH OCYIIECTBIISIETCA B COOTBETCTBUU ¢ TpeboBanusimu [Ipunoxenus VI
Kk koHBeHIIMK MARPOL 1973/78, HanpaBieHHbIMH Ha CHYKEHHE HIMUCCUU MMapHUKOBBIX TazoB (I1I)
[1].

Tak, B cootBercTBUU ¢ [1] BBIOpOCH! III' pekomMeHyeTcsl yUuThIBaTh C MOMOIIBIO MHJEKCA
sHeproaddextuBHoctu (Energy Efficiency Design Index — EEDI), koTopslii xapakmepuzyem suep-
2emuyecKue 603MONCHOCMU MEXHUUECKO20 CPeoCcmaa npu HaUMeHbUWUX 3ampamax pecypcog 015 6bl-
pabomku snepauu.

B psne cinyqaes, onenka EEDI npon3BoauTcs ¢ y4eToM yCTaHOBJIEHHOTO Ha CyAHE 000pyo-
BaHUs, IpeHeOperas BO3MOKHOCTSIMHU IPUMEHEHUS UHHOBAYUOHHBIX MEXHOI02Ul B SHEPTeTUKE, UH-
TErPUPOBAHHBIM ITOJIXOJIOM K OIIPEJENICHUIO TeX Bo3MOkHOcTel nossiieHust EEDI, koTopsele He oue-
BHJIHBI, HO IPUCYTCTBYIOT IIPY IPOEKTUPOBAHMHM CyJHA. B mpocreiimeM cirydae onenka EEDI npo-
M3BOAMTCS 10 KOMIUIEKCHOMY ITOKAa3aTell0 KauecTBa Cyl0BOW 3HepreTuueckoi yctaHoBku (CIOY),
UCXOJS U3 €€ PACXOAHBIX U PECYPCHBIX MMOKA3aTeeH.

B TO k€ Bpems, B COBPEMEHHOM JIBUTATEIECTPOEHUH U CyJJOCTPOCHUH HE TOJIBKO JEKJIapUpY-
€TCs, HO W MPOUCXOAUT MEPEXO] OT YaCTHBIX ciiydaeB noBbimeHus: KIIJ[ arperara Kk KOMIIJIEKCHON
MHTETPAIbHOM OLIEHKE BCEX ACIIEKTOB BIUSHUS HA SHEPIETUUECKHE [TOKA3ATEIN CaMOro CyAHa.

[ToBbimenue 3pGEeKTUBHOCTH U HKOJIOTMYECKON 0€30MacHOCTH MPOEKTOB OBLIM M3YYEHbI Ha
¢doHe HeOOX0TUMOCTH yoBiIeTBOpeHHs TpeboBanuii MO, BerynuBmux B cuiny B 2013r. Uccneno-
BaHU MOKA3aJIM, YTO MOTEHITHAI JIJIsl )KOHOMUU SHEPTUU BEJTUK, B HEKOTOPBIX CIIydasx OH JOCTUTAET
50%.

B cBs13u ¢ BO3HUKIIIEH MOTPEOHOCTHIO BBEJCHUS TIOKA3ATENsI, CBUACTEIIBCTBYIOMIETO 00 A dek-
TUBHOCTH Cy/IHa B OTHOIIIEHUH TOIUIMBHOW SKOHOMHUYHOCTH U BbIOpocoB I1I', mpemnaranock BBecTH
KOHCTPYKTUBHBIN nHAekc CO2, a Takke MHAUKATOP IKCIUTYaTaIllMOHHOM 3 (EeKTUBHOCTH, KOTOPBIN
ornpenenseT 3pHeKTUBHOCTE cyaHa 1o koiauyecTBy CO2 B TOHHAX, BEIOPOIIEHHOTO OTAEIBHON yCTa-
HOBKOM 3a MEPHUO]I perica CyJlHa Ha TOHHY MEPEBE3EHHOT0 IPy3a Ha PacCCTOSIHUE B 1 MUIIIO.
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Cuumxenue smuccuu I1I" onpenensercs B coorBerctBuu ¢ [lonpaskoii k [Ipunoxenuro VI k
MAPIIOJI o TexHu4eckuM Mepam cokpaieHus Beiopocos I1I" ¢ cynoB B coorBeTcTBHHU ¢ Pe3omto-
nueir UMO MEPC.203(62) BcrynuBiieit B cury 1 staBapst 2013 rona.

Takum 0Opa3om, JaHHBIE BOMPOCHI SBISIFOTCS OYSHBb aKTyaTIbHBIMU B HACTOSIIEE BPEMSI.

IHocranoBka 3agaum. B HacTosIee BpeMsi BOIPOCAMU IPOU3BOJICTBA BCEX BUJIOB YHEPIUU Ha
CyJax: MEXaHUYECKOMU, AIEKTPUUECKON U TEIJIOBOM 3aHUMAKOTCSI MEXAHUKH, a BOIIPOCAMHU pacIipeie-
JICHUS AJIEKTPUUECKON SHEPTUHU, KOHTPOJIEM €€ MOTPeOICHUS U KaYeCTBOM OTBEYAIOT JIEKTpOMeEXa-
HUKH. [103TOMY 37IEKTpOMEXaHHUKY OY€Hb BaXKHO BJIAJICTh HH(POpPMAIIHEH O TCHEPUPYIOIIHNX BO3MOXK-
HOCTSIX Ha cynax. Kpome Toro B pa3HbIX UCTOYHHKAX MPUBOAUTCS MPOTUBOpEUUBas HH(OpMaLUs O
MotHoctu Basioreneparopos (BI), nanpumep Prr=(0,05-0,06)Nry [2] wnu Per=0,07-Nry[3]. Kakoe
e 3HaUeHHUe ciieyeT npuHuMaTh? Ha 3TOT Bompoc Mbl U AOKHBI OTBETUTH B JJAHHOM paboTte.

Ienv pabomur — pazpaboTKa METOAMKHU, TTO3BOJISIOLICH OMPEACIIUTh BO3MOXKHOCTH MOJTYyYEHUS
3JIEKTPOIHEPIUH C IIOMOUIBIO BAJIOT€HEPATOPOB.

AHaJIM3 MOJIyYeHHBIX pe3yabTarToB. [Ipexae yeM nepeidTu K pacCMOTPEHHUIO JTAHHOTO BO-
[poca OCTaHOBUMCS Ha cienyroueM. Jocmuenymeii nagekc EEDI nomken onpenensarbcst B COOT-
BEeTCTBUU ¢ niepecMoTpeHHbIM «PykoBoactBoM MO no meroay pacuera Koncrpykruaoro EEDI
JUTsl HOBBIX Cyn0B, 2012y, npuBeaéanom B Pezomounu MEPC.212(63) [4]:

nME

M
Hfj ’ ZPME(i) 'CFME([) 'SFCME(,‘) +(PAE 'CFAE 'SFCAE)+
i=1

EEDI =~
S+ f.-Capacity -v. - f,

nPTI neff’ neff

M
+ Hf] : ZPPTI(i) - Zlquf(i) 'PAEeff(i) ' CFAE 'SFCAE - Z;,fg[f(i) 'Peﬂ(i) ' CFME 'SFCME
j=1 i=1 i= -

Ji- .- Capacity -v. - f,

rae SFC - yaensHbIN pacxof TOIUIMBA ABUTATENs [2/kBm uac); Cr - 6e3pa3MepHbIil IepeBOAHON KO-
3 PuIMeHT MeXIy pacxoioM TOIUTHBA B aBurarene (2) u Beiopocamu CO; (2), onpenenéHHbIME 0
COJIEp’KAHUIO YIIIepo/ia B KOHKpeTHOM ToruuBe [ CO2./ 2 monauseal; PMEi, — IOKa3aTellb MOILIHOCTH
kaxxnoro ['Jl, paBHbIif 75% OT €ro HOMUHAJILHON MOITHOCTH 32 BEIUETOM MOIIHOCTH, TOTPEOIIsIEMOi
BI' (B ciiyuae ero Hanmuuus); Pak — nokasarenb TpeOyeMoi MOIIIHOCTH BCIIOMOIaTENIbHBIX JIBUTaTe-
ne#t (') ans obecrnieuenus d7eKTpOIHEPrUueit Mpyu MaKCUMaJIBHON 3arpy3ke cynHa; Ppri — mokasa-
TeJb, paBHbIN 75% HOMUHAIBLHON MOLITHOCTH, TOTPEOISIEMOM KaXkIbIM I'PEOHBIM 3JIEKTPOIBUTATEIEM
¢ y4éTOM MEXaHMYECKUX MOTEeph B HEM U 0e3 yuéTa MoTephb B reHepaTope; PAEefr — OKa3aTelb CO-
KpallleHHsl SJIEKTPHUUECKON SHEPTUH 3a CYET UCIIOJIb30BAHUIO SHEProd((HEeKTUBHBIX TEXHOJIOTHH (UC-
nosb3oBanue orxoxasmiero teria ['J]). Peff — moka3aTenb cokpatieHus Momuocty ['/] 3a cuér mpume-
HeHMs 3(p(PEeKTUBHBIX MHHOBAIIMOHHBIX TEXHOJIOTUH B MponyinbcuBHOM yctanoBke (ITY) mpu 75%
mMotHoctH I'/; fi— pakTop BMECTUMOCTH CyJHA, YYUTHIBAIOUINI HEOOXOAUMOCTD BBIITOJIHEHUS TPe-
O0BaHMI IO OrpaHUYEHUIO BMECTUMOCTH CYJHA, HaIpUMep TpeOOBaHUI KOTOpBIE MPUMEHSIOTCS K
CyJlaM JIeIOBOT0 KJlacca; fj — KOppeKTUPYIOIUi (pakTop, yYUTHIBAIOIINHN crieln(PUYECKYIO KOHCTPYK-
LU0 3JIEMEHTOB CY/I0B, HAIIpUMED, CY/I0B JIEIOBOI0O KJIacca; fi, — 6e3pasMepHbIit KOAPHHUIMEHT, yuu-
THIBAIOUINI CHIYKEHUE CKOPOCTHU MPU ONPEeTIEHHOM HEOIaronprusaTHOM COCTOSSHUU MOPS B 3aBUCH-
MOCTH OT BBICOTBI M YaCTOThI BOJIHBI, & TAK)KE OT CKOPOCTH BETPA; feff — KOIPPUIIHMEHT TOCTYITHOCTH
Ka)KJI0M MHHOBAIIMOHHOW TEXHOJIOTHH; V— CKOPOCTh Cy/aHA, M3MEpPEHHas Ha TIIyOOKOU Boje ¢ y4é-
TOM COOTBETCTBYIOIIEH BMecTuMOCTH (neaseiit DWT/BanoBas BMectuMocTh GT B 3aBUCHIMOCTH OT
THUIIA Cy/IHA) B COOTBETCTBUU C BhILIIEyKa3aHHBIM PykoBocTBOM [y3761]. Bosee aeranbHO ¢ pacueTom
KOX(PPUIHUEHTOB f; f;, fiv U fett MOKHO O3HAKOMUTHCA B [4].

Jly1st TOTO, 9TOOBI MOHATH MoYeMy UMeHHO 75% oT momHOocTH ['Jl, He06X0IUMMO 00PATUTHCS K
puc.l.

(1)
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WPT, ofeBr-u
200
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Puc. 1. Yoenvnvlii pacxoo moniuga 011 Mai0o0b0pomuslx ogucamenel 8 3a8UCUMOCINU OM HA2PY3KU

Kax cnenyer u3 puc.1 MUHMMaNbHBIN yAeabHbIA pacxon Tomusa I'/] He3aBucuMoO OT ero npo-

W3BOMTEIIS MPUXOIUTCS UMEHHO Ha Harpy3Kky 75% [5], 4TO eCTECTBEHHO CKa3bIBACTCS HA CHUKCHHUH
BEIOpOCcOB I1I" B atmocdepy.

[Ipu 5TOM B COOTBETCTBHUH C pUC. 2 IPHU JAHHON HArpy3Ke BCE BUIBI AIEKTPUUECKUX TeHEepaTo-
poB umerotT MakcuManbHbiil KI1J] [6].

n [%s] 100.0
97.5 1 !
/—f‘—_
85,0

92,5

20,0

B7.5

850

825

80,0

775

0,3 04 0,5 08 0,7 08 0,9 1,0 P* [P/Pyapa)
Puc.2. 3asucumocmo KII/{ cenepamopos om nazpysxu

3aBUCHUMOCTh MOIIHOCTH, [TOJIy4aeMOil OT BaJOreHepaTopa B 3aBUCUMOCTH OT YaCTOThI Bpallie-
HUs npeacTasiieHa B [7] u Ha puc. 3. Yacrora BpamieHust 0,5:#uon CUUTAETCS «YCIOBHO» YCTOMYMBOU
[8].

PyxoBomsuue nokymentsl IMO He naroT ueTkux pekomeHnpanuii mo seioopy BI'. Hanpumep, B
[4] yka3piBaeTcs, uTo MolHOCTh BI' ycraHaBnmBaeTcsi Ha OCHOBAaHUU XOJOBBIX HCIIBITAHUM U MPH-
BoauTCA cxema (puc.4).
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MowmHocTe P/PH, 0.e.

1
100%

75%

JKCNNyaTaUuMoHHbIA| PeXumM

52.5% 70% 100%

YacToTa BEpaweHns nan,o.e.

Puc 3. 3asucumocmo MOuwHOCNUu, 2eHepupyeM0L7 6aloceHepamopom om 4acmomsl 6pauierusl

F
Nra,xBT
[ - Ges BANOIEHEPATOPA
’ - C BAIOICHEPATOPOM
/
Z N erona rai
(Z NegomIoi ~ ZPBH)
________ ¥ W
v o V. YRIEL

Puc. 4. Cxema 05 onpedenenus MOWHOCIMU 8AN02EHEPAMOPA HA OCHOBAHUU X0008bIX UCTbIIMAHUL
(Ve — ckopocmb cyoHa)

B [9] npencrtaBnens uccinenoBanus, uro st '] ¢ momrHocThio 2...25 MBT mMomuocTs BT
MO3KHO OIPENEIUTh, MOJIb3YSACh COOTHOIICHUEM:

Py =—0,0029- N7, +0,1131- Ny, +0,169, (1)

rae Np; — momHocTh I, kBT, Bun 3aBucumoctu Per=f(Nry), TOTy4eHHOU B COOTBETCTBUH C (1),
MIPEACTABIIEH HA pUC. 5.

st 6onee momrubIx '] MeToIMKH HHBIE, @ KPOME TOTO CYIIECTBYIOT Pa3HbIe CXEMbI yCTAHOBKHU
BI', xoTopsle npencTaBieHsl Ha puc. 6.

Jlist mprMepa pacCMOTPHM MIPSAOK OMpeAeSieHUs] MOIITHOCTH cynoBoro BI' npu itoro padote ot
I'J] WARTSILA — SULZER RTflex-96C, umeroImero HOMUHaIbHYI0 MOIIHOCTE 61774kBT 1 vac-
TOTY BpaimieHus 98,500/MUH. TpU HEMOCPEJACTBEHHOM €ro BKJIIOYEHHWU B JIMHUIO TpeOHOro Bala
(puc.5,a). Kak mpaBuiio, 3T0 MHOTOMIOTIOCHBIE MaT00O0POTHBIE TEHEPATOPBHI.
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PBI‘ R MIBET
13

0.5

0 10 20 |
Hrg , MEr

Puc. 5. MowHocms éanoeenepamopos oas cyoog ¢ 1J] 2-25MBm

BanoreHepaTop SEHIATEE T TABHE i AEHTATAE
’5% |L] H Selsessles
| —
BamoresepaTopy SEHT ATRIE Pemyrrop
N [ C
[ | F[: T MAFHETH ZEMTATEE
F%' }i Slelss[slels]s)
L e
5}

Puc.6. Haubonee pacnpocmpanentvie cxemovl YCMaHO8KU 8AI02EHEPAMOPO8. HENOCPEOCMEEHHAs YCIMAHOBKA
sanozenepamopa 6 MUHUI0 2pebHO20 8ana (a); npusoo eanozenepamopa om eana omoopa mowrocmu (6)

B cooTBeTrcTBUM € peKOMEHIalUMsIMH, NpuBeAeHHbIMU B [7], moaseneHHas k BI' ot 'l
MOIIHOCTb OIIPEJIENsIeTCs CIEeIYIOIUM 00pa3oM:

2,4 3
n n
P <N, || 2| -] -], 2
BI'.MEX H (HHJ (I,OSI’ZHJ ( )

rae Nu — HOMUHaIbHAs MOIIHOCTh FI[, KBT; Ny — HOMHUHAJIbHAA 4aCTOTa BpallCHUA, O6/MI/IH.; n—
2,4

n
TeKyllas 4acToTa BpalleHus, o6/MuH. Ilepas cocrapistonias ypapaenus (2) Ny | — | - BunTO-
nH
3
n
Bas xapaktepuctuka I'J] 3 BI'. Bropas cocrasnstomas IV, W - BUHTOBAs XapaKTepUCTUKA
‘n
> H

npu pabote '/l ¢ «3amacom mottHOCTHY; 1,05 — KO3 HUIIMEHT, yUUTHIBAIOIINI 3a11ac MOIITHOCTH TIPU
pabote I'JI. OGp1uHO OH AOMKEH cocTaBiATh 4-7%. ['paduueckas 3aBUCUMOCTD, MOTYUYEHHAS C IO-
MoIIbIO (2) mpeAcTaBiIeHa Ha puUc.’.
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Fx 1III,3 kBT
10
Bl e = ———
47
PEr.paex |
f I
Mor— — T — T — |
4 I I
I I
2 | |
| |
| I
1] 20 40 51,22 a0 a295 B0 100

n, 06/ nEm.
Puc. 7. 3asucumocmsb no06eden Ol K 8A102eHePaAMOpy MOUHOCHU OM YACMOMbL 8DAWEHUSL 2ILABHO20
osuzamens

B [10] nepBast cocTaBisroas BeIpaxxeHus (2) annpoKCUMUPYETCs MOJIMHOMHAILHOM 3aBUCH-
MOCTBIO:

2
P, =P, cz(iJ +cl-(i]+c0 , 3)

ny ny

3HavyeHus K03(pPUINEHTOB MOIMHOMA, IPEACTABICHHOTO B (3) MpUBEACHBI B TA0M.
CpaBHeHue pe3yabTaToOB pacyeTa BUHTOBBIX xapakTepucTuk ['/] ¢ BI', mosiyueHHbIX B COOTBET-
CTBUHU C BbIpakeHUsIMU (2) u (3) npuBeneHo Ha puc.§.

Tabnuua
3Hauenue KOd3DHUYUEHMO8 NOTUHOMUAILHOU 3a8ucumocmu (3)
( n } C C Co
I[I/IaHaBOH YacCTOT BpalllCHUA | —
ny
0,6-0,96 1,336 -0,321 0
0,96-1 0 1,941 -0,941

B cooTBeTcTBHM € pHC. 6 1715 yKa3aHHOTO Ha prc.3 AMana3oHa YacTOT BpaIlleHUs ONpeessieM
COOTBETCTBYIOIIME UM 3HA4eHHUs MoIIHOCTeH. OmpenensieM pa3HOCTb MEX]IYy HUMH, KOTOpas B
JTAHHOM CCJIy4ae sIBJISIETCS MEXaHUYECKON MOIIHOCTHIO, TTOBECHHON K TeHEpaTOpy:

AP =Py vipx = Prg, = Psy 55, kBT 4)
DnekTpryecKasi MOIHOCTh, FeHepupyemMast BI', B 3ToM ciyyae cocTaBuT:
Pyr = Py vy Mgy (%)

rae 1]y - mexanndeckuit KITJ[ cuctemsl. B pacueTax MOXHO TpUHATE 1] ypy = 0,98---0,99-
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Px10* xBr
£
. .

2
4 I
2 I
e
0 0 a0 é0 20 100
n, obfiE.

Puc. 8. Cpasnenue pe3ynibmamos pacuema UHMOBbIX XapaKmepucmux 2iagH020 08ueameis ¢ 8ailoceHepa-
mopom: 1 — no nepsoii cocmasasarowetl (2); 2 — 8 coomgeemcmauu ¢ (3)

Taxoke CymecTByT elie OJiH CIoco0 onpeeeHus: MOIIHOCTH, TeHepupyemoit BI', koTopsrii
npencrasieH B [11]. OH cBsA3aH ¢ mocTpoeHHeM BUHTOBBIX XapakTepuctuk ['J]. B Boipaxenun (2)

«CKPOMHO» YMAQJITYUBAETCSI O HOMUHAJIBHOW BUHTOBOM XaPAKTEPUCTHUKE, OMUCHIBAEMON BBIPAXKEHUEM
3
n (3
N, -| — | . B nansOM ciydae oHa SBISETCS BCIOMOTATEIBHOMN, B OTIIMYHE OT OT YIHOMSHYTHIX BBIIIE
nH
B (2) XapaKTUPUCTHK, HO IPU 3TOM C €€ TTOMOIIbIO MOKHO HEMOCPEJICTBEHHO OMPEIEIUTh MOIIIHOCTD,
reaepupyemyro BI'. O0muii mopsaok onpeneneHus MOIIHOCTH, renepupyemoit BI' mpencrasnen Ha

puc. 9.

Mra, %
i Totra HOMHEHATE HOTD
P HMa
/7
100 J;’ /
10% samac
Ly morEncTH [
a0 #
t 5% MommocTE BT
85 L
£ f]®
HoMemHan®e Hag BHHTOEST ,°

15% Zarac MOIUMHOCTH
TaparTepHeTHE © BLY ’,"r 5% Janac MOLEHOCTH

723 i _

Mongnere / / HoMmams ad BHHTOEAR
¥ApAETEPHCTEEA Ges BT
Brmrosan
FAPAETE I HO THER
e pafoTe
C FATACOM

MOLLHOC TH n%

100

Puc. 9. [lopsiook onpedenenus MOWHOCMU 8AN02EHEPAMOPa
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Ecnu B coctaB 1Y BXOAAT 31€KTpOABUTATEIH, KOTOPble OOECHEUMBAIOT BCIOMOTATEIbHO-
aBapuiHOE 3JIEKTPOJBUKEHHE, C ONPENEICHUEM [1apaMETPOB KOTOPOI'O MOKHO O3HAKOMHUTHCS B [8],
TO C IOMOIIBIO YKa3aHHOT'O BBILIE METOJA MOXHO JOCTATOYHO IPOCTO OINPEACIIUTh U MOILIHOCTh
npuBoaHoro siekrpoasurarens (I11). [Topsaok ee onpenenenus npencrasieH Ha puc.10.

Pesynbratel onpeaenenust MontHoct Bl vun [1/] 17151 KOHKpETHOTO paccMaTpuBaeMOro BhIIIE
tuna ['J npeacrasienst Ha puc.10.

Mro, kBT

alll

55
524
a0

46

40

30

20

&0 gl &0 a0 893 5
1, 0hfmKH.

Puc. 10. [Topsoox onpedenenuss MOWHOCIU 8ALO2EHEPAMOPA U NPUBOOHO20 INIEKMPOOGUSAMNENS NPU €20

pabome c 2nagnvim 0uzamenem WARTSILA — SULZER RTflex-96C nomunanvnoii mowrocmoio 61774xBm

u yacmomotl epaujerus 98,500/mum.

Jlns onpeiesieHnst TeHEPUPYEMO MOIITHOCTHU B cxeme (puc.5,0), Kak mpaBUiIio, 3TO BBICOKOO-

OOpOTHBIE T'€HEPATOPHI, CIIEYET MOJIb30BATHCA COOTHOLIEHUEM (5):

NBr=Nm'(1—77p'77M'77r) (5)
rne np— KII/I penykropa. nm — KII pazbenunurtensnoit my¢ts; #r — KI1JI BI'. B pacuerax cnenyer
MPUMEHSTH 3HaueHus 7,=0,967; nm =0,99 u r= 0,97, cooTBETCTBEHHO.

BoiBOaBI.

1. [Tpon3BOACTBO IEKTPOIHEPTUH C TOMOIIIBIO BI' MOTHOCTHIO COOTBETCTBYET TPEOOBAHUSIM KOHBE-
Himn MARPOL 1973/78, nanpaBneHHsiM Ha cHukeHue smuccuu I

2. 3HayeHHe HWKHEW TpaHUIlbl YacTOThl BpameHus 0,5750m COOTBETCTBYET «YCIOBHO» YCTOHYMBON
po6ote I'/l. ITpu momuocTH (0,75-0,8)Nr nocturaercs makcumanbubiii KITJ[ BI' u Muanmans-
HbIM pacxox toruba I'/], a Takke MuHMUManbHbIe BoIOpOCH! [T

3. Ilonxonel k pacuery moutHocTy BI' 3aBucaT ot moutHoctu '/l

4. Jlns onpenenenus MontHocTH BI', yCTaHOBIEHHOTO HEMOCPEICTBEHHO B JIMHUIO TPEOHOTO Baja
HanboJiee MPOCTHIM U HATJISIIHBIM SIBJISIETCSI METO/1 BUHTOBBIX XapakTepucTUK. [Ipumenenue nan-
HOTO MeTo/1a He TpeOyeT 00JbIIoro o0bemMa JOMOTHUTEIbHOM HH(OpMaIIuU, KpOMe MacCOPTHUX
nansbsix ['J[. [Torpemnocts pacuera npu 3TOM He npeBbimaeT +5%.

5. MeToj BUHTOBBIX XapaKTEPUCTUK TAK)K€ MO3BOJISET ONPEAEIATh MOIHOCTD 3JEKTPUUECKUX MPHU-
BOJIHBIX JIBUTaTesel, BXoaaumx B coctaB [1Y, obecneunBarommx BCroMorareiabHO-aBapuitHoe
ANEKTPOABHKEHUE.

6. IIpu onpenenenuun MourHocTH BI', mpuBoIuMBIX B JeiicTBHE yepe3 Ball 0TOOpa MOIIHOCTH, Clie-
JyeT T0JIb30BaThCS METOJIOM, YUUTHIBAIOIIUM MTOTEPH B dneMeHTax I1V.
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