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BBenenue

B XXI Beke akTyanbHbIM HalpaBICHUEM SHEPIETUKU SIBISETCS HCIOJb30BaHUE
HKOJIOTMYECKU YUCTON U BO3OOHOBIISIEMOM SHEPTHH MOPCKUX MPUIUBOB. [IpuianBHBIC
anektpocranuuu  (II9C), B  oTauMuMe  OT  TEIUJIOBBIX, AaTOMHBIX U
TUAPOSJEKTPOCTAHIINMI, HE UMEIOT TaKUX HETAaTHBHBIX IMOCJIEACTBUM CBOEU PabOTHI,
KaK BpeIHble BBIOpOCHI B atMmocdepy, MOATAIUIMBAHHE 3€MeEllb, KPOME TOTO, OHU
NOTEHIMAIIBHO HE OMACHBI JJISI YEIIOBEKA.

Opnako Mopckasi Boja oOJalaeT elie OJHWM YHHMKAJIbHBIM CBOWCTBOM — OHA
ABJISIETCA NPUPOIHBIM 3JIEKTPOIUTOM U COAEPKUT OTPOMHOE KOJIMYECTBO PA3TUUYHBIX
MOJIOKUTENBHBIX W OTPULATEIBHBIX HOHOB. EciaM  3acTaBUTh  JIBUTaThCs
MOJIOKUTENbHBIE U OTPULATENbHBIE HMOHBI B HYXHOM HANpPaBJICHHH, TO MOXHO
MOTYYHUTh JOTIOJIHUTENbHBIN HEHUCUYEPIIaeMbIii MIPUPOIHBIN HUCTOYHUK
ANEKTPUYECKOr0 TOKA.

B ocHOBY wuccneoBaHusi TOJIOKEH MAarHUTOTUIPOJMHAMUYECKUN 3PDEeKT
(MI'I-3¢dekr) - BO3HMKHOBEHHE JJIEKTPUYECKOrO TOKa TMpU  JBHKECHUU
ANEKTPOINPOBOAAILIEH KUAKOCTH I HOHU3UPOBAHHOTO T'a3a B MArHUTHOM I10JI€.

B mpouecce paboTel HaJ TEMON Mbl IPEANOJIOKUIN, YTO OCOOEHHOCTH HALIETO
pervoHa, B YacTHOCTM HAJIMYME €IUHCTBEHHOM B Poccum  mpuimBHOM
AJNIEKTPOCTAHIIUU Ha Tobepexxbe bapeHrieBa Mopsi, OONBIINX 00HEMOB JBUKYIICHCS
MOpPCKOM  BOJbBI,  TO3BOJSIOT  3aHATbCA  OpoOJIEMOM  CcO3/aHUS  HOBBIX
KOMOMHUPOBAHHBIX MUCTOYHHUKOB AIEKTPOIHEPTUHU Ha OCHOBE
MarHUTOTUAPOIUHAMUYECKOTO A (deKTa M MPUIMBHBIX CUJI. B 3TOM MBI BUAMM
AKmyajiabHOCMb HAILIETO UCCIIETOBAHUS.

Ilens pabomer: uccnenoBanue yciaoBui 1enecooOpasHoct npumeHenus MI'JI-
s dekTa Ha TPUIUBHBIX dJIEKTPOCTAHIUAX. Q0vekm ucciedosanus — MI'JI-ddhexr
B JJICKTPOJIUTAX, npeomem ucciedoeanusn — snusinue MI'[[-addexra Ha BBIXO/IHBIC
napametpsl [12C.

JInst peanu3anii OCTABJICHHOW IEIM HaM HEOOXOAMMO OBbUIO PEIIUTh P
3a1a4:

1. N3yuuTth TEOPETUUECKUU MATEpUAII 10 TEME UCCIICIOBAHUS;



2. llpoBecTH »HKCHEPUMEHTbl IO MCCICAOBAHUIO BIMSHMUS (U3HUYECKUX
XapaKTEPUCTHK 3JIEKTPOJIUTA U BHEUIHETO MArHUTHOIO MOJIS HA BEIUYHMHY
OJIC uctounuka,
3. OueHutb LEIECO00Pa3HOCTh COYETAHUS DHEPIMHM IPUJIMBHON BOJHBI C
MI [I-3¢dexrom Ha TypOHHAX TPUITUBHBIX SJIEKTPOCTAHIUH;
4. O0600mHUTH pe3yabTaThl UCCIEIOBAHMS U CAENIATh BBIBOIBI.
IIpy BBINTOJIHEHUM MCCIIENOBAHMS HAMH MCIOJIB30BAINACH CIEIYIOUIUE METOBL:
HaOJII0ICHUE, aHaU3, SKCIIEPUMEHT, MOJCIINPOBAHUE.
I'naBa 1. TeopeTudyeckue BONMpPOChI MCCIET0BAHUS
1.1.11lpnianBHBIE 3JIEKTPOCTAHINH

JInsi TpakTUYECKOTO HCIOJIb30BAaHUSL SHEPIHMM NPUIMBHOM BOABI CKOPOCTh
MOTOKAa HE JIOJDKHA ObITh MeHblle 1,2 M/c. B OTKpHITOM OKeaHE MOTOK CIUIIKOM
MeJJIeHHbIA, OH uMeeT ckopocth MeHee 0,1 m/c. TlosTomy Hanbosee MpPUTOAHBIMU
st pazmerenus [I9C ABIAIOTCS yCThS peK, BIAJAIOIMX B MOPSL U OKEaHbl, Y3KHE U
MEJIKUE 3aJUBbl C M3BUJIUCTOM OeperoBoil JHHHMEH. B HHUX BO3HHMKAIOT camble
CUJIbHBIE U BBICOKHE TPUIMBHBIE BOJIHBI.

B NOpuUIMBHBIX 3JIEKTPOCTAHUMAX HCIOJIB3YETCS IEPENax YpPOBHEW BOJBI,
oOpa3yronuiicsi BO BpeMsl pWiIKBa U OTiauBa. J[Jis 3TOro OTHENSIOT MPUOPEKHBIM
OacceilH HEBBICOKOW IUIOTMHOM, KOTOpas 3aJep>KUBAcT NPWIUBHYIO BOAY MpHU
OTJIMBE. 3aTEM BOJY BBIITYCKAIOT, U OHA BpallaeT ruApOTYpOUHBI.

Ha Ttepputopun Poccuiickoit @Penepanuu €IWHCTBEHHOM JEHCTBYIOLIEH
ABJISIETCS MPUJIMBHAS 3JIEKTPOCTAHIIMSI, pacroyokeHHas B ryoe Kucnas MoroBckoro
3anuBa bapenueBa mopd. IlpuwiuB Ha Bxoge B ry0y Kucnyio nmeeT mpaBUIIbHBIN
MOJyCYTOUHBIM XapakTep; €ro MaKCUMallbHasi CHU3WTHWiiHas BeluunHa — 3,96 M;
cpeaHsis BeauuuHa — 2,27 M; MHUHUMAalbHas KBaAparypHas BenuuuHa — 1,07 M.
[Tnomane 3epkana ryosl (B Hactosiiee BpeMs — 3To Oaccerin [19C) u3mensiercss ot
0,97 mo 1,5 kvM°, MakcuMambHas rnyOuHAa ry6sl — 35 M. CyMMapHas MOIIHOCTb

Kucnoryockoii [19C B Hacrosimiee Bpems cocrasisier 1,7 MBT.



1.2.Marautoruapoannamuyeckuii 3¢ dexr

MarauTtoruapoauHaMudeckui dPQPEeKT - BOSHUKHOBEHUE JICKTPUICCKOTO OIS U
ANEKTPUYECKOTO TOKAa TMPH JBIKEHUU DJIEKTPONPOBOTHOW JKHIKOCTH WA
MOHU3MPOBAHHOIO T'a3a B MarHUTHOM ToJjie. ['eHepaTop cocTouT m3 kaHaia (puc.l),
M0 KOTOPOMY JBHXKETCSI pabouee BEIIECTBO, CHCTEMBI
MarHUTOB U DJIEKTPOJIOB, OTBOASIINX IJIEKTPOIHEpTHIo. B

KadCCTBC pa6oqero BCIICCTBA CIYKUT HOHHSHpOBaHHBIﬁ

ra3 BBICOKOH TeMmIieparypbl (Ij1a3Ma), 0Opa3yrOIHiics

OpyU CTOpPaHUM MPUPOJHOTO Tasza, JKUOO IKHUAKOTO -
YTJIEBOJIOPOJHOTO TOILIHBA. Puc.l. Moders
Ecnu aToT motok nmonaiaér B 00J1aCTh MATHUTHOTO MIJi-2enepamopa
[OJIs1 NEPIECHAUKYISPHO CUJIOBBIM JIMHUSAM, TO HA KaXAYI0 3apsSHKCHHYHK) 4YaCTHUILY
Oyner neicTBoBath cwiia JIopeHna, OTKIOHSIONAs 3apsyKeHHbIE YAaCTULBI B pa3HbIC
CTOpOHBI. Eciii B HY)KHBIX MeCTaxX pa3MECTUTh J[Ba DJIEKTPOJa, TO Ha HUX OyayT
CKAIUIMBAaTbCSl pPA3HOMMEHHBIE 3apsaapl W Bo3HUKHeT JJIC, a B NPOBOJHUKE,

COEIMHSIIONIEM 3JIEKTPOIbI, TOUIET SIIEKTPUUECKUAN TOK.

MI'JI-reHepaTtopbl OTIMYAIOTCS KOHCTPYKTUBHBIMH OCOOECHHOCTSIMU JIEKTPOIOB
W JIeNSATCS HAa TPU OCHOBHBIX THMA: a) JIMHEWHBIM ¢apageeBCKUil TeHepaTop C
CEKIIMOHUPOBAHHBIMH AJICKTPOJaMu; ©) JMHEWHBIA XOJUIOBCKUM TE€HEpaTop; B)
TEHEPATOP C AUATOHAIBHBIM COCIMHEHHUEM DJIEKTPOJIOB.

[Io cnocoOy otBoma »saektposneprur MI'J[-reHepatopsl pa3nensoT Ha

KOHAYKIMMOHHBIC 1 MHAYKIIUMOHHBIC.

I'naBa 2. Ananus Bo3mokHocTH npumMeHenust MI'/[-3¢dexra Ha npUIMBHBIX
3JIEKTPOCTAHLUSIX
2.1. Onucanune ujaeu Uccjae10BaHuA

OcBoeHue 30HbI ApKTHMKM B TIOCIE€IHUE TOJbl, WHTEHCUBHOE pPAa3BUTHE
cynoxoactsa Ha Tpaccax (CeBepHOro MOPCKOIO IIyTH OTKPBIBAIOT HOBBIE

BO3MOKHOCTH JUJII PEIICHUs] 3aad DJIEKTPOCHAOXKEHHUS] ApPKTUYECKUX PETUOHOB,



CIIOCOOCTBYIOILIME MPOJBIKEHHUIO TJIOOAIBHBIX MPOEKTOB IO OCBOCHHUIO HOBBIX
TEPPUTOPUI.

CyTp mpoekTa COCTOUT B BO3MOXXHOCTH TOJIYYEHHS 3JIEKTPUUECKON SHEPIHH
KOMOMHUPOBAHHBIM CIIOCOOOM — 3a cueT NMpeoOpa3oBaHUs KMHETHUYECKOW SHEPIUU
MPWIMBHOW BOJHBI U KMHETUYECKON 3HEPIUM 3apsioB, COACPKAUIUXCSI B MOPCKOU
BOJIC, IBIDKYIIMXCSA B MATHUTHOM TI0JI€, B JIEKTPUUECKYIO SHEPTHIO.

B MypmaHCKOM TOCYyIapCTBEHHOM TEXHHUYECKOM YHUBEpPCUTETE pa3paboTaHa
uziesl UCIIOJIb30BaHUS HATUIABHBIX MOOMIJIBHBIX MPUIUBHBIX 3JIEKTPOCTAHIIUN Ha Oaze
HaJIUBHBIX HecaMOXOJHBIX cya0B (HI'DC), KOHCTPYKTUBHO MepeoOOpyOBaHHBIX B
CIICLIMATIM3UPOBAHHBIN TUAPOIHEPTETUUECKUIA OJIOK. Takas MOOUJIBHAS
AJIEKTPOCTAHLINS CHA0XKAETCS COBPEMEHHOW OPTOrOHAIIbLHON TYPOUHOM.

B ocCHOBE KOHCTpYKIIMM M TPUHLWNA JEHCTBUS MCIOJIB30BAH IPUHLIHUIL
COOOIIAIIIMXCS cOCyA0B. Teno TaHkepa Mmepeo0opyayeTcs TaKUM 00pa3oM, UYTOOBI
CO3/1aTh BHYTPH HETO BOJOTOK 3a00pPTHOW NMPUIMBHOM BOJABI B TAHKH, UCIIOIb3yEMbIE
B KauecTBe OacceitHa. [Ipu mocTatouyHO BBICOKOM aMILTUTYAE NpuiuBa (6osiee 4 M)
MOKHO CO3/1aTh HAmop BOJIbI, 3aMOJHSIOIEH TAHKH, JOCTATOYHBIA JJIsl BpPAILLECHUS
TUAPOTYPOMHBI, KOTOpasl pa3MellaeTcsi B Tejie TaHKepa Ha IYTH BOJOTOKA H
COEJIMHSIETCS C TUAPOTEHEPATOPOM.

CymiecTBYyIOT W oOmpeelieHHbple pa3paboTrku B obmactu MIJ[-3HepreTukw,
IIpEJIararoue NCIoib30BaTh €CTECTBEHHBIE IOTOKA MOPCKOM BOJBI JJI MOJYyYEHHUS
anexkTprudeckout s3Heprun B MI'J[-reneparopax.

Mpe1 xe npeuiaraem KOMOUHUPOBATh MOOHIIbHBIE I[12C c
MarHUTOrUAPOJIUHAMUYECKUMHU KaHaJIaMH, CIIOCOOHBIMH BbIpa0aThIBATh
JOTIOJHUTENbHYIO 3JIEKTPUYECKYI0 SHEPTHIO 3a CYET JBHKYIIErocs B MarHUTHOM
I10JIE 3JEKTPOJIUTA — MOPCKOM BOJIBI.

2.2. UcciienoBaHue mapamMeTpoB 3J1eKTPOJINTA, BIUAIOMUX HA 3HaYenune J/(C

Ha mnepBom »srame wuccienoBaHusi B KayecTBE paboOyero BeIIECTBA Mbl
UCIIOJIb30BAIM PACTBOP TMOBapeHHOW conu pasnudyHoi koumentparuu (5%, 10%,

15%, 20%, 30%) u Bogy UepHnoro u bapeniieBa mopeii.



[IpuBeneM OCHOBHBIEC BBIBOBI MO MPOBEAECHHBIM 3KCIEPUMEHTAM ISl MOPCKOM
BO/IbI:

1. VBenuueHue KOHILICHTPAIIMU DJICKTPOJIUTAa HE MNPUBOJAUT K YBEIUUYCHUIO
PA3HOCTU TMOTEHIIMAIOB MEXIy 3JeKTpoAamu. [Ipu BBICOKOW KOHIIEHTPALlUU HOHBI
Pa3HBIX 3HAKOB B3aMMOJICUCTBYIOT MEXKAYy COOOWM, a 3HA4YUT, CHIDKACTCS UX
MOJABUKHOCTD U CKOPOCTH JIBHXKCHHS.

2. llpu yBenuyeHUH TEMIEPATYPbl DJIEKTPOJIMTA PA3HOCTh MOTEHIMAIOB
YBEIIMUMBAETCSA, HO MpuU Temmeparype mnopsaka 55-60°C KuIKOCTh paBHOMEPHO
MIPOTPEBAETCS M CKOPOCTH TEIUIOBOTO JIBMXKCHHS CHIXKAETCS, PA3HOCTH IMOTEHIIMAJIOB
HauMHAaeT ymeHblarcs. Haubombliee 3HauE€HHE HAMPSOKEHHUS Mbl MOJYYWIM TPHU
HarpeBaHuu BoAbl UepHOTro MOps, COJICHOCTh KOTOPOIO MOYTH B 2 paza HUXKE BOBI

bapenuesa mops (puc.2).

Bona Yepnoro mopst Bopna bapenueBa mopst
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2.3. MatemaTuueckuii pacdyet u ucnoiTanue mojaeau MI'/[-reneparopa

Paccunraem nanpsbkenne U mexny snektpogamu MI'J[-reneparopa.

PaGoTta ctoponnnx cui (MarHuTHBIX) paBHa A = qU, otkyna U = 2 (2.3.1), e

q — 3apsa wona. C npyroii croponsl pabora A = F, - d (2.3.2), rne d — paccTosiHue

MEXAY dJIeKTpojaMu, a cuia JlopeHia, nedcTByromas Ha WOHBI, paBHa Fi=qVB

(2.3.3). C yuerom opmyur (2.3.1)-(2.3.3) momyugaem: U = % =VBd (2.3.4).

CKOpOCTB ABHJKCHHUA HMOHOB padaBHA CKOPOCTH IIOTOKa JJICKTPOJIHUTA B TPY6G.

Paccuntaem 3HaueHHE CKOPOCTH MO Cienyromien hopmye:
4
V= ?Q (2.3.5). Q — pacxox Bombl B M°/C, S-ILIOLIAb CCYCHUS BHYTPECHHETO

KaHana, M°. Pacxo/ BOIbI BBIYHCIIHM 0 BPEMEHH [BIKCHHS BOJBI B KaMepe.

[Ipu cozmanum momenu MI'Jl-reHepatopa B KauecTBe paOOYero BeIIeCTBa
BBIOpaIM MOPCKYI0 BOoAy. Pabouuii kaHanm MOJAENM CKJIEWIM U3 YETHIPEX IUIACTHH
oprcrexiia pasMepoMm 11x2 cMm, 3l€KTpOJbl U3TOTOBUIM U3 JINCTOBOM Meau. Bronb
pabouero kaHajia pa3MelieHbl IUIOCKHE (EppPUTOBBIE MArHUTHI, pa3MEIEHHBIC
pPa3sHOMMEHHBIMH TOJIIOCAaMH  BHYTpPh Kamepbl (puc.4). OCHOBHBIC pacueTHBIC

XapaKTepUCTUKU MOJIETH TIpecTaBiieHbl B Tabmuie 1.

—
- > < = 8
i s 53 .c
! 52| 2 2> | 5 - PacuetHoe
s < 2 o = S m DKCIEePUMEHTAITHHOE
: 55| 82 | 84| E. | 3HaueHue
23 o = & £ = 3HAYEHUE Pa3HOCTH
=R g = a2 = == pa3HocTHu
& © A~ £ B = o MOTCHIIMAIOB
5 & (@4 o @ < X IIOTCHIIMAJIOB
5 g = S B S 2 U, MB
o v S = = U, MB
& 3 2 2 =
A Ay O 3
0,02 | 0,0013 13,0 0,3800 98,8 101,7
*,

MarHuTel, UCHOJIB3yEeMbIe TPU CO3JaHWHM MOJCIHM, M3TOTOBJICHBI W3 (eppura
Oapus  (mMapka Y3OH-1). 3HaueHWe MaArHMUTHOM HWHAYKIHH, 10 JaHHBIM

MPOM3BOJUTEIS, IJIsl TAKMX MarHuToB coctasisieT 0,38-0,40Tm.

40,0013

= 13m/c.
0,02+0,02

CkopoCTh IBUKEHUS SJIEKTPOIUTA B KaHaJle paBHa: V' =

[To dhopmyre (4) pa3HOCTH MOTEHITUATIOB MEXKTY SJIEKTPOTAMMU:

U=13-0,38-0,02=0,0988B=98,8MB
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[Ipy ucnbplTaHUM MOJAENU Pa3HOCTh MOTEHUHUAIOB MMena 3HaueHue or 50 1o
102mB.
Ccpuika Ha BUJICO paboThI MOJIEJIN MI ' Jl-reneparopa:
https://drive.google.com/file/d/1cfA1Du4dt4E6zS5rq01d88znskWibx-

b/view?usp=sharing

2.4. UccaenoBanue mesiecoodpasnoctu ucnosab3zoBanusa MI'I-3¢pdexra B
cucreme Typoun IIIC

JIJis IpOCTOTHI BBIUMCICHUM PacCMOTPUM OJUH HAIUIABHOW OJOK MPUIUBHOM
ANEKTPOCTAHLIUU C OPTOTOHAIBHOM TYypOWMHON AMAMETpPOM OM Ha mpumepe Oroka
Kucnory6ckoit [I3C. B mepcriekTiBe miaHUPYETCs] BHITOJHUTH PAcYeThl 1 MUHH-
[19C koHTElHEpHOTrO THIIA.

OOmast cxema JBMKEHHsSI BOJAHOIO MOTOKA BHYTpHU OJIOKa IpeACTaBieHa Ha

puc.5. OCHOBHBIE XapPAKTEPUCTUKH OPTOTOHAJIBHON TypOWHBI MPEACTABICHBI B

an\ ’

Tabmuue 3.
(3
L N’frpg s, R AR 3 e

X Ny S X

—
< npuname < npuane
X y' O6nactb 06/1acn>~ ’/ X?
o ~,

’ MarHUTHOro noaAa MArHUTHOro nona

OproroHanbHasi THAPOTYpOHHA
Tabnuya 3. OchosHble XapakmepucmuKu OpmocoHAIbHOU MypOUHbl

[TapameTpsl 3HayeHus
HuameTtp pabouero kosieca TypOUHbI, M 5,0
JlnmuHa gomnacTu oAHOU TypOUHBI, M 4.0
HomunaneHas yactora BparieHus, 00/MUH 36,9
PacueTHbIit Harmop TypOWHBI, M 2,48



https://drive.google.com/file/d/1cfA1Du4dt4E6zS5rq0Id88znskWi6x-b/view?usp=sharing
https://drive.google.com/file/d/1cfA1Du4dt4E6zS5rq0Id88znskWi6x-b/view?usp=sharing

PacuertHnslii pacxon, Mo/C 61,4

HomunansHasg MomHocTs, KBT 990

Maxkcumanbnbiii KITJ{ TypOnHbI 0,714

Pa3smep HamnaBHoro Onoka paBeH 36x15,35x18,3M. Pazmep kaHana mnepen
TypOMHOMH, BO M30exaHue ruapoyaapa, [goJpkeH ObiThb He meHee 0,8 oT nuamerpa
TypOUHBI, T.€. IIMPUHA KaHaJIa paBHa 4M.

Breibepem a8 Mojaenu KOHAYKLMOHHBIM KaHal (papaJeeBCKOro Tula Cco
CIUIOIIHBIMHU 3JeKTpojamMu. OcCOOEHHOCThIO KaHaia sBisgerca To, 4rto JJ1C
TeHEPUPYETCS] OTHOCUTENIBHO HU3Kas (10 HECKOJIbKUX KB), mpu 3TOM BeTMYMHA TOKA
MOJKET JOCTUTaTh COTEH KUJI0O AMIIEp, T.€. KaHaJl IBJISIETCS «CUIBbHOTOUYHBIM.

PaccuntaeM CKOpOCTh MOTOKA OTKPBHITOM BOJABI B MEPUOJ MPUIMBA TPU €TO
cpenHeM 3HaueHuu B ryoe Kucnas 2,27wm. [loTeHnuansHas s3Heprus npuinBa (BbIcoTa
€ro LEHTpa TAKECTH cocTaBUT 1, 135M) nmepeiiieT B KHHETUUECKYIO SHEPTUIO BOJIHBIL,

T.C.

2
mgh = % => v =,/2gh(2.4.1), cCKOPOCTb TEYEHHUS BOJBI TPHU MPHINBE

V= \/2 +9,8255- 1,135 = 4,72m/c, rme §=9,8255M/c’ — yCKOpEHHE CBOGOIHOTO

najicHus Ha mupote MypmaHcka.

CkopocTh BpaiteHus Typounsl v = 2nvR (2.4.2),
rrev = 36,9% = 0,615T'y, R = 2,5M — paguyc koJieca TYpOUHBI.

v=9,66M/c. Takum o0pa3om, IjIsi ONTUMAIBLHON pabOTHl TYpOWHBI, CKOPOCTH
MOTOKa MOPCKOM BOJIbI Iepel TypOMHON JOKHA YBEJIMYUTHCS B 2 pasa.

JInst yBeIMYEeHUs CKOPOCTH BOJIBI Iepe]] TypOUHON KaHal HE0OXO0IUMO CeaTh
MEHBIIIE, 4YE€M JAuaMeTp BXOAHOIO KaHaja. BcerneacrBue Malol CXKMMaeMOCTH
KUJAKOCTH Yepe3 ceueHue TpyObl B €IMHUILY BPEMEHH MPOXOIUT OAMHAKOBBIA 00bEM
BOJIBL: S; V1 = S,v, = S3v5 (2.4.3)

[TycTh kaHan nepea TypOMHOM UMEET KBaJpaTHOE ceucHue pazmepoM d=h=4m
n pouHor L=15 merpoB. BenmnunHy MHAYKIMH MarHMTHOro mnojs npumem ST

BBIX0/IHYI0 MOIITHOCTh Harpy3ku ycranoBuM PH = 200kBT.
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Torna pa3Mepsl cedeHHs] Ha BXOJI€ MOTOKAa B HAIUJIaBHOM OJIOK JOJKHBI OBIThH
paccuuTaHbl U3 COOTHOLICHUS: S; V4 = S,V, Wi S,-4,72=4%-9,66. CrenoBaTenbHO,
[IMpUHA BXOAHOT'O KaHaja Mpu KBapaTHOM ceueHuM OyaeT paBHa 6 METPOB.

Takum oOpa3oMm, peryiupysi cedeHue KaHalia TypOMHBI, MOXHO YIpPaBJISATh
CKOpPOCTBIO TeueHHss MOpckod Boasl BHyTpu IIDC. Takas mnpobnema MoOKeT
BO3HUKHYTh, €ciu MoOunbHbIM 0ok [19C wucnonbsdyercss B pailoHax ¢ Majou
CKOPOCTBIO MPWJIMBHOTO TEYEHUS.

CKOpOCTh JIBJKEHHSI B KaHaje OyleT BIUATh W HA BEIMYHMHY BO3HHUKAIOLIEH
OJ1C, a takxke Ha 3HaueHue KII/] u MomHOCTH Ha Harpy3Ke.

N3 dpopmynsl (2.3.4) mexay anexkrpoaamu Bo3Hukaet J/1C: e=Ed=VBd

WNrtak, Ha 5JIEKTPOJIHBIX CTEHKAX KaHalda MpPHU JBHXKCHUU DIIEKTPOJIUTA B
MarHuTHOM noJjie Bo3HukaeT DJIC ¢ = vBd = 9,66 -5-4 = 193,2 B.

Jns yBenmuuenuss 9JIC MOXHO yBEIMYMBATH CKOPOCTh MOTOKA, HO OOJIbLINE

CKOpPOCTH TCUCHHA MOI'YT IIOBJIMATL HA CKOPOCTb BpalllCHHUA Typ6I/IHBI U CHHU3UTH

KIIJI,
&
R+Ry

Tok Harpy3ku u3 3axkoHa OMa juis moyiHOW uenwu: [ = (2.44), tne R —

COTPOTHUBJICHUE KaHaja, R, — cOmpoTHBIeHNE HATPY3KHU.

2
MomHocts KaHana Py =RiR (2.4.5) , wmomHOCT, B Harpyske P, =
R (246 p =R o4y T P~ 2006B
RR.)? (2.4.6), momHOCTH TOTEPH P, = RiR? (2.4.7). Tak xak P, kBT u

£=193,2B, 10, mozicTaBuB 5TH 3HaYeHus B Gopmymy (7), moaydnum: 5,36 (R + R,)? =
R, (2.4.8)

UtoOwl kanan padoran sdpdexruBHo u 3Hauenue KIIJ[ Obuto m0CTaTOYHBIM,
HEOO0XOJIMMO, 4YTOOBI MOIIHOCTH MOTeph He mpeBbimana 10% OT MOIIHOCTH B
Harpyske, .¢ P, < 0,1 P,. nnn

2R g2
<01

(R+R,)% — R+R,

=>R < 0,11 R, (2.4.9)

PemuB cucremy ypaBHenuii (9) u (10), mnomyyum, UTO 3HAYEHUE

CONPOTUBJIEHUS KaHaia A0JKHO ObITh R~0,0166 OM~0,02 Owm.
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L pL
ComnpoTuBiieHHUs] KaHajda BBIYUCIUM IO ¢opmysie R = p? = % (2.4.10), roe

p=0,3 Om'M yJaenbHOE compoTuBiieHne Mopckoil Boabl. R=0,28 Owm, uto B 14 pa3
NPEBBIIAET ONTUMAJIBHYIO BEIMYMHY. JIJ CHMJKEHHMSI COMNPOTUBIEHUS TOTOKA
HEOOXOJIMMO YBEJIMYMBATh KOHIICHTPALMIO 3apsKEHHBIX YacTHIl, HO 3TO YCIJIOBHE
OTpaHUYECHO MPUPOIHBIMU CBOMCTBAMH MOPCKOW BOJIBI.

Paccuutaem MakcuManbHYH0 MOIIHOCTh, OTAaBaecMyro MI'J[-reHepatopom BO
BHEIIIHIOO 1IeTb. B 3TOM ciiydae He0OX0quMO NPUHSTH ycioBue, 4To R, =R=0,280Mm.
JlaHHOE YTBEpIXKIEHUE IOKA3bIBACTCS NPU PEIICHUU psla 3a/ady, U MOXKET OBITh

pa3o0paHo moIpoOHee PU HEOOXOTUMOCTH.

e?Ry _  €°R
(R+R,)? (R+R)?

Pmax -

2
= j_R (2'4'14’)1 Pmax=33327BT1=~33kBT

[Ipu sddexTuBHON paboTe KaHaga COMPOTUBIECHUE HATPY3KU JIOJDKHO OBITH

2
R,=0,28:0,11=2,550m. Torga MoOIIHOCT, KaHajna Oyner paBHa P, =RiR =

193,22

——— = 13189BT ~ 13,2kBT
0,28+2,55

MomHocTh, BbIACNsSIEMas Ha Harpy3ke (mosesHasi), Oyaer paBHa P, =

€*Ry _ 1932%:2,55 N _ 119
RIR)E - 02842557 11884BT =~ 11,9xBt. KIIJ| xanama Oyner paBeH m = T35
~0,90=90%

Peanbno 3nauenue KIIJ[ Oyaer ropasno Huke, T.K. pealbHOE 3HAYCHUE
COTPOTHUBJICHUSI HATPY3KU OYJET 3HAUUTEIBbHO 0O0JIbIlIe, KPOME TOTO, CJICIYET y4eCTh
TETUIOBBIE MTOTEPU U IOTEPU MATHUTHOTO TOJIA.

Takum 00pa3oM, W3MEHSsI CONPOTUBJICHUE KaHana (€ro ceueHue, MJIMHY),
CKOPOCTh TIOTOKA, BEJIWYMHY MHAYKUWM MArHUTHOTO IIOJS, MBI MOXKEM H3MEHSTH
MOIIIHOCTh, oTAaBaemMyto MI 'J[-kaHaioM BO BHEUIHIOKO 1IEITb.

Tak kak reHepupoBaThbCs OyNeT TOCTOSHHBIN DIEKTPUYECKUNA TOK, CKOpee
BCETO YKOHOMHYECKU BBITOJHO OY/I€T aKKyMYyJUPOBAThH MOJYYEHHYIO TAKUM 00pa3om
SHEPTHUIO.

Jlnst Gonee METanbHOTO WCCIENOBAaHUS TPOOJIEMBI TUIAHUPYETCS CO3JaHue

Mojienu HaraBHoro 610ka I19C ¢ MI'JI-kananom.
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3akioueHue

B pabote paccMoTpeHa BO3MOXKHOCTb MOJIYYEHHUS HJICKTPUUYECKOU HHEPIUH
KOMOWHHPOBAHHBIM CIIOCOOOM — 3a CHET MpeoOpa3oBaHUS KUHETHYECKOW SHEPTHUH
NPUIMBHOM BOJHBI U KMHETUYECKOW SHEPrUU 3apsifoB, COAEPKALIUXCA B MOPCKOM
BOJI€, ABMKYIIUXCSI B MATHUTHOM TOJI€, B 3JIEKTPUUECKYIO SHEPTHIO.

[IpoBeneH pacdyeT MOAENN U €€ IPAKTUYECKUE UCTIBITaHUS C BOJOW YepHOro u
bapenniesa  Mopeil. MakcuMangbHO  3HAUYEHUE  PA3HOCTH MMOTEHIIUAJIOB
3a¢ukcupoBano 102mB.

Cnenana nomnbITKa OLEHUTH Liefecoo0paznocTs npumeHeHust MI'[[-addexra Ha
MPWIMBHBIX AIEKTpocTaHIUAX Ha npuMmepe Kucnoryockoii [19C.

MBI ycTaHOBUIIU, YTO PETYJIUPYS CEUCHHE KaHala TypOUHbI, MOKHO YIIPABJISITh
CKOpPOCTBbIO TeueHuss Mopckod Boawbl BHyTpu I[IDC. Takas mnpobiema MoOXeT
BO3HUKHYTh, €ciu MoOwibHbIA Oyiok [I9C wucnons3yercss B palioHax ¢ Majoi
CKOPOCTBIO MPUJIMBHOTO TEYEHUS.

Jns yBenuuenus DJ[C MOXHO yBEIMYHMBATh CKOPOCTh MOTOKA, HO OOJbIIas
CKOpPOCTh BOJHOTO IOTOKa MOKET MPUBECTH K MPOCKAIB3bIBAHUIO TYpOUHY W
camxenuto ee KII/I.

Jnst  CHWKEHUS  CONPOTHUBJICHUS TOTOKAa HEOOXOJAMMO  YBEIWYUBATh
KOHIICHTPAIMIO 3apsHKEHHBIX YacCTHUIl, HO 3TO YCJIOBUE OTPAHMYEHO MPUPOIHBIMU
CBOMCTBAMH MOPCKOM BOJIBI.

Pacuétnoe 3nauenue DJIC s MI'J[-kanana Kucnoryockoii [19C cocrasnsier
193, 2B. MakcuMaiabHass MOIIHOCTL 33KBT.

[Tpu > dexTuBHOM paboTe KaHama (MOIIHOCTh MOTEph He mpeBbimaeT 10% ot
oO011elt MOIIHOCTH) €ro MOIIHOCTh OyaeT paBHa 13,2kBT. MomHOCTs Ha Harpyske
coctaBut 11,9kBT. KIIJ] xanana Oyaet paBen 90%.

Takum 00pa3oM, U3MEHssSI COMPOTHUBIICHHE KaHaia (€ro ceuyeHue, JJIMHY),
CKOpPOCTh TOTOKA, BEJIWYMHY WHAYKIUH MArHUTHOTO TOJISl, Mbl MOXEM H3MEHATH

MOIIIHOCTb, OTAaBaeMyt0 MI'J[-kaHaJI0M BO BHEIIHIOKO LIETIb.
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Tak kak reHepupoBaTbCsl OyleT TOCTOSHHBINA SJIEKTPUUYECKUN TOK, CKOpee

BCCTO S5 KOHOMMHNYECCKHU BBII'OAHO 6y,7_ICT AKKYMYJIMPOBATH IOJYYCHHYIO TaKUM 06pa30M

SHEPTHUIO.

[Ipeanonaraem, 4TO KOMOMHUPOBaHHbBIC mobunbHabie  [19C C

MaroHuTOrutApoOANHAMUYICCKMMU KaHaJlaMWU MOKHO HMCIIOJIb30BaTh JIsI IOJYYCHUS

ANEKTPUUECKOM SHEPIMM B YAAJCHHBIX paloHaX ApPKTUKH, HAa HEPTIHBIX WIH

OypoBBIX TUIaThOpMax.
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