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PA30BOE YIIPABJIEHUE MOIIHOCTbIO
MJIABYYEN BOJTHOBOM JIEKTPOCTAHIIUA

A.Bb. JapbenkoB, M.B. Kesonknn, A.A. Kypkun, A.C. Il1exoB

AHHOTAIIUA

[InaBydass BOJHOBAs DJIEKTPOCTAHUMS IIOJy4aeT HHEPIUI0 MOPCKHUX BOJIH
nepuoanuecku. [losbienre 3((HEKTUBHOCTH KOHBEPTAIMHM BOJHOBOW HHEPTHH B
MEXaHUYECKYI0 BO3MOKHO IIPHU YIPABIEHUU MOTOKOM BOJBI Yepe3 THaApoTypOuHy. B
CTaThe OOCYXIAIOTCS BOMPOCHI OOECIEYEHUS CHUHXPOHMU3ALMU padOThl arperaTtoB
IJIABYYEN BOJHOBOM JIEKTPOCTAHLIMU C PETYJISIPHBIM BOJHOBBIM ITPOLECCOM.

[IpensioskeHa KOHCTPYKIMS BOJHONPUEMHUKA B (pOPME CIIOMIIEPHOM JIOBYILIKH C
HECKOJIbKUMH KaMepPaMH, CHUKAIOIIUMH HHTEHCUBHOCTD OTPAKEHHOW BOJIHBL.

[IpuBeneHbl 3aBUCUMOCTH JIJIS1 HAXO0KACHUS IIOJIHOW SHEPTUU ITOTOKA KUIAKOCTH
B BOJIOBOJIE IpONEIIEPHON TUAPOTYpOuHbL. [Ipennoxken MeTos onpeaeneHus: Macchl
BO/IbI, [IOCTYIIAIOIEN B CIIOWJIEPHYIO JIOBYLIKY,

[TokazaHa HEOOXOAMMOCTh OOECIEUEHMs] CHUHXPOHM3ALMH  IPOIYCKHOU
CIIOCOOHOCTH BOJIOBOJIa C PETYJISIPHBIMU BOJHOBBIMHM Ipoueccamu. OO0cCyxaaroTcs
CHOCOObI CHUHXPOHU3ALUHU, MPEAJIOKEHO HCIOJHUTEIBHOE YCTPOICTBO B BUAE
YIPaBIAEMOTr0 ITHEBMOIIPUBO/IA JIETIECTKOBOM 3aCJIOHKU Ha BBIXOJI€ BOJIOBO/A.

[IpennoxkeH penerHbll anropuTM YNPABIEHUS CUCTEMOM CHHXPOHHU3ALNU,
MIPUBOJATCS PE3YJIBTATHI €T0 UMUTALIMOHHOTO UCCIIENOBAHNS.

KiroueBble cJi0Ba: SHEPreTUYECKH PeCcypec PEryJisipHbIX BOJIH; MOIIHOCTb
TUAPOTYPOUHBL; Pa30oBasi CHHXPOHU3ALIUS.

BonHOBBIE 37EKTPOCTAaHIIMM MOTYT COBMEIIATh B ce0€ POJib BOJHOTACUTEINICH,
3alMIIas akBaTOPUU MOPTOB, IUISKEHW, BETPOIHEPIETUUYECKUX YCTAHOBOK, OTAEIBHO
CTOSIIIIUX B OTKPBHITOM Mope. C Ipyroil CTOPOHBI, OHU SIBIAIOTCS MOOWUJIBHBIMHU H
CE30HHBIMH HHEProyCTaHOBKAaMH, KOTOpPbIE MOTYT OBITh 3aTOIUICHBI Ha TMEPHUO]
JIeI0CTaBa.

PeHTaGenpHOCTh BOJHOBOM JJIEKTPOCTAHIIMU TPSMO 3aBHUCIT OT TMapameTpoB
BOJIHEHUS B pallOHax MPEeAnoiaracMol »JKCIUTyaTaluu. B pealbHbIX YCIOBUAX
BETPOBOE BOJIHEHUE SIBJISICTCS HEPETYJSIPHBIMU M TSI OLICHKU YJIEJIbHOM MOIIHOCTH
IJaBy4ed  BOJHOBOM  DJIGKTPOCTAHIIMM  HEOOXOJMMO HUMETh  JIOJTOCPOYHBIC
CTaTUCTUYECKHE TAHHBIE TI0 BHICOTAM U MIEPUOJIaM BOJIH.

AHaIM3 CTaTUCTUYECKUX XAPAKTEPUCTHUK BETPa U BOJHEHUS OCYILECTBIISIETCA
10 JAHHBIM, MPEACTABJICHHBIM B CIPABOYHUKAX, U3IAHHBIX POCCUHUCKHM MOPCKHUM
PETUCTPOM CYIOXOACTBA U YTOUHSETCS IO SKCIIEPUMEHTAIBHBIM JaHHBIM. Pe3ynbTarsl
aHajM3a MOKa3bIBAIOT, 4TO 3(PPEKTUBHOCTh U MPUMEHUMOCTH TUIABYYUX BOJTHOBBIX
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ANEKTPOCTAHLIUNA B 3HAYUTEIBHOW CTENEHU OIPEAENIAeTCS MECTHBIMU IPUPOJIHBIMHU
YCIIOBHSIMU.

ABTOpaMu TPOU3BEEH 0030p CXEM BOJHOBBIX MpeoOpaszoBareneit suepruu. M3
MHOXECTBA OPUTHHAIBHBIX TEXHUYECKUX PEIICHWH BOJHOBBIX JHEPTETHYCCKUX
CUCTEM IIPUEMIIEMbIMU OKa3bIBAIOTCS JUIIIb HECKOJIBKO.

CymiecTByeT MHOXECTBO pa3JIMYHBIX CHOCOOOB TEHEpaluu SJIEKTPUYECKON
SHEPTUU U3 MEXaHUYECKOW paboThl BOJHOBON aKTMBHOCTH, OJIHAKO HA CETOJHSLIHUN
neHb 3 PeKTHBHOE TPUMEHEHHE HAIILIA TP OCHOBHBIX IpuHIHKMNa [1, 2]:

1) IlpuHUMIO  «OCHWUIMPYIOIIETO  BOASHOTO  CTON0a» —  BOJIHOBas
HSHEProyCTaHOBKA MPEJCTABIsET COOOM Kamepy, HWXHSS OTKpbITash 4acTb KOTOPOH
MOTPY’KEeHa 10/ HAMHU3IINH YPOBEHb BOBI (BIIAJIMHBI BOJHBI) [3].

[Ipn nmpuxone B kamepy rpeOHsI BOJHBI NMPOUCXOAUT 3AMOJIHEHUE MOJIOCTH U
BBITECHEHHUE BO3/yXa U HAIpaBJICHUE €ro B BO3AYIIHYIO TYpPOUHY, paCIOJIOKEHHYIO B
OTBEPCTUU Ha BEPXy KaMepbl, KOTOpasi MPUBOIUT B JIBMKEHUE JIEKTporeHepartop [4].

[Ipy cHMWKEHMH YPOBHS BOJIHBI MPOUCXOJUT PA3PEKEHHE B MOJOCTH U
M3MEHEHUE JBWKEHUS BO3[yXa, M BO3AyIlIHAas TypOMHA HAYMHAET BpaIlaThCS B
0o0paTHYIO CTOPOHY. ArperaT MO3BOJIAET COUYETATh MEJJIEHHOE BOJIHOBOE JBUKEHUE C
BBICOKOYACTOTHBIM BpalieHueM TypOuHsl. OaHaKo, MPU MaJbIX BOJHAX C)KaTHE
BO3/lyXa HE3HAUMUTENIbHO; JJISl TJIABAIOIIUMX KOHCTPYKIHUW CYIIECTBYET BEPOSITHOCTH
pa3pylieHuii OT BOJHOBBIX U JIEJOBBIX HArpy30K M BEPOATHOCTH OOJIECACHEHUS
TypOUHBI.

2) Ipunmun «koseomromierocst Tena». Pabouuit opraH Takux YCTAaHOBOK —
MOTUTABOK, HAXOIUTCS HA MIOBEPXHOCTHU MOPS U COBEPIIIACT BEPTUKAIbHBIC KOJIEOaHNUs,
B COOTBETCTBUU C M3MCHCHHUSMH YPOBHS BOJIBI IIPH BETPOBOM BOJIHEHUH [4].

Hanpumep, «¥YT1ka» Conrepa [4] cOCTOMT U3 KPYHHBIX IOIJIABKOB,
MOCJIEIOBATEIbHO YKPEIUIEHHbIX Ha o0mieM Baiy. Ilon neficTBueM BOJIH MOIUIABKU
NPUXOAAT B JABWKEHUE M 4Yepe3 NPHUBOJ BpallalOT reHepatop Toka. Cucrema wu3
IBaIATUMETPOBBIX «YTOK» OOIIMM BecOM |6 TOHH HCHBITHIBAIACH B TEYECHUU
YETHIPEX MECSLEB B PA3JIMYHBIX BOJHOBBIX YCI0BUAX 03epa Jlox-Hec u mokazana KII/I
50 %.

HepocraTkaMu 3TOro TEXHMYECKOIO pEIICHUsl SBISAIOTCA HEOOXOAUMOCTb
nepeadyd  MEJIGHHOTO KO0Je0aTeThHOTO JIBIDKEHUS Ha TPHUBOJ T'eHEpaTopa;
HEHAJISKHOCTh SIKOPHBIX CUCTEM JIJISl TUPJISTHBI YCTPOHUCTB OOJIBIION MPOTSKEHHOCTH;
BCJICJACTBUE BBICOKOW YYBCTBUTEIBHOCTH CHUCTEMBI K HANpaBICHUIO BOJH
HEOOXOJMMOCTh OTCIICKUBATh N3MEHEHNUE WX HAMPABIICHUS JJIS TIOTYYCHUS BEICOKOTO
KII[I mpeoOpa3oBaHus; OrpaHUYCHHBIM AWAINa30H JUIMHBI BOJIH, OOECIICUMBAIOIINX
3 PEeKTUBHOCTb MPUMEHEHHUSI; 3aTPYIHEHUS MTPU COOPKE M MOHTaXKE M3-3a CJI0KHOCTH
(OopMBI MOBEPXHOCTH «YTKW»; BBICOKAasi BEPOSTHOCTh Pa3pyLICHH OT BOJHOBBIX U
JEAOBBIX HArpy30Kk. OJTO K€ OTHOCHTCS M K JPYrodl peajau3aluyd MpPUHLKIA
«koseomromerocs tena» - «Ilnom» Kokkepenna [4].

[Ipennaratorcsa U UCCIEIYIOTCS KOHBEPTOPHI BOJHOBOM SHEPTUH € MOIMJIABKAMHU
WM CTBOPKAaMHM, IIAPHUPHO 3aKPEIUIEHHBIMU K (PYHIAMEHTHON IUIUTE, KOTOpPbIE
PAcCKauMBAIOTCS BOJHAMU M IPHUBOAAT B JABW)KEHHUE IMOPIIHEBOM HACOC, CBS3AHHBIN
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THIIPABIUYECKAM TPHUBOAOM C 3JeKTporeHeparopoMm [5, 6]. OmgHako, 3TH arperaTsbl
MOTYT 3((HEKTUBHO HCIONb30BAThCSI TOJMBKO MPHU KPYMHBIX BOJIHAX, OUYEBHUIHA
BO3MOYKHOCTB C/IBUT'A U Pa3pyLIECHUs COOPY>KEHHUI IITOPMOBBIMUA BOJTHAMM.

3) YcTaHOBKAa C «HMCKYCCTBEHHBIM aTOJUIOM» — COOPYKEHHUE COCTOSIIUE W3
OCTOHHOIO KOpIyca, Ha KOTOPOM pa3MEIIalOTCsl IMOBEPXHOCTU Hakara BOJH. B
CPEAHEN YacTH SHEPrOyCTAHOBKHM PACIIONAaraeTcsi HAKOIMTENIbHBIN pe3epByap
(GacceiiH), ¢ BOJONPUEMHBIM OTBEPCTHEM, YEpe3 KOTOPOE BOJa IOCTyMaeT Ha
ruapoTypouny [7, 8].

Jlns momgHsATUSL BOABI B 0OAacceilH, pacrloJIOKEHHBIA BBIINIE YPOBHA MODS,
ucrnonb3yercss 3Qdexkr HaberaHuss BOJHBI Ha OTJIOTYI0 TOBEPXHOCTh. Y CTaHOBKAa,
BKJIIOYAIOIAsl HAKIIOHHYIO TUIOCKOCTH € YIJIoM HaksioHa 30°, oOecreunBaeT MOHSATHE
YPOBHS Ha 2,5 M mpu cpeaHeu BbicoTe BOJHBI 1,5 M. Tem cambiM co3maércst 3amac
MOTEHIMAIBHOW SHEPTUH, KOTOPYIO MPEBpalalOT 3aTeéM [0 Mepe HaJAoOHOCTH B
AIEKTPOIHEPTHIO IMYTEM MPOIYCKaHUs BOAbI OOPATHO B MOpPE 4epe3 TMApOTypOuHY.
Takue npeoOpazoBarenu JOJKHBI ObITh YCTAHOBIIEHBI HA JIHE BOJOEMA, HA MACCUBHOM
O0eToHHOM BecbMa Aoporom gpynaamente. OHM HE MOOWIIHHBI.

ABTOpaMH TMpeJIOKEHA KOHCTPYKUMS IUIABY4YEH BOJHOBOM JJIEKTPOCTAHILIMU
(TIB2C), KOHCTPYKIHMS KOTOPOH CXEMaTH4HO TmpeiacTaBieHa Ha puc. 1 [9].
Konctpykiuss Tak ke wucnoiab3yeT d(dexkr HaberaHus BOJHBI Ha OTJIOTYIO
IIOBEPXHOCTb.

Cooiinepst
TlomTaBkH JloBymxn
——. ITomraBxku
BogonpuemHoe H -
oTBEpCTHE aKOIINTENILHBIN
pe3epByap

TypOuna

Puc. 1. Koncrpykuus [IBIC

Jns n3ydenus npoueccoB ruppoauHamuku [IBOC paccmarpuBaemoro tuma
BBINOJIHEHBI YHCJIEHHBIE PAacu€Tbl HA OCHOBE METOJIda KOHEYHBIX JJIEMEHTOB, IIPU
KOTOPBIX U3MEHsUTUCHh (hopma (DPOHTAIBHOW CTEHKH CIIOWJICPHOW JIOBYIIKH BOJIBI,
MUpUHA pe3epByapa H IUomanab moasoxHoro kanaida [10]. MudbopmaruBHBEIME
pe3ynbTaTamMu SIBIISIIOTCS TIOJISE pacCIpe/iefieHus JaBlieHus B OOBEME CIONIepHOMN
JOBYIIKH (pHC. 2).

Konctpykiusi [IBOC OTHOCHTCSL K COOPYEHUSIM MACCUBHOTO THUIA, KOTOPbHIE
MPUHUMAIOT Ha ce0s ymapHyl CHJIy BOJH, T€M CaMbiM CHIDKas CHIy Yyaapa,
MPUXOSAIIYIOCS Ha Oeper.



AHanu3upys pe3yabTaThl, IPUBEICHHBIC HA PUC. 2, MOKHO YBHUJIETh OTCYTCTBHE
Kose0aHuil Ha MOBEpXHOCTH BoAbI B 30He oT [IBOC mo Gepera. 1o moaTBepKIar0T
KpaTHOE M3MEHEHHE 3HAYCHHI CKOPOCTH MOTOKA Ha MOBEPXHOCTH U POBHOE TEUCHHE
BJOJb Oepera. Tak B mpolecce MOJEIMPOBAHUS BOJHOBOIO MPO(UIST B MOMEHT
HOTaJaHus BOJIHBI B crioiiiepHbld 3a00pHuK [IBOC ckopocTh nmoToka Bosbl paBHa 2.1
M/C, TTOCTIE KOHCTPYKIIMH B TPUOPEHKHON 30HE CKOPOCTh MoTOKa paBHa (.24 m/c.

Puc. 2. PacnipenesieHne CKOPOCTH MOTOKA MOPCKO#i BOJIHbI B TeUeHHE BPEeMEHH
MoaeanpoBanus t=2.5 cex

CKOpOCTh MOTOKA B MOJBOTHOM KaHAJIE 3aBUCUT OT IUIOIIAIN €ro ceueHus. [Ipu
OOJIBITION TIJIOMIAAN KaHala BOJHBI HE YCIIEBAIOT 3aIOJHSTH JIOBYIIKY BOJBI IOBEPXY.
B pesynbrare ymMeHbIIA€TCS HANOp W CKOPOCTh MOTOKA. Ecnu kaHam MMeeT Mamyro
TJIOIIAh CEYCHHMS, a BOJHBI OOJIbIIINE, OHU BBHIMJIECKUBAIOTCS HA3al, U pacxo]l 4epes
KaHall Takxke yMeHbaercs. Pdopma CIOWIEPOB HAKONMUTEIbHOM KOMIIOHEHTHI
KOMILJIEKCAa JIOJDKHA OBITh ONTUMHU3UPOBAHA C IEJIbI0 HMCKIIOYEHUS 00pa3oBaHUS
OTPaXXEHHBIX BOJIH, TIEPEIUIECKUBAIOIIMXCS OOpaTHO Yepe3 IMEPEIHIOI CTECHKY.

AHaJIN3 Pe3yabTaTOB PACUETOB MO3BOJIWII CAEIATh CIAEAYIOIIUE BHIBOIBI.

[Ipn HakaTe BOJIH Ha CUCTEMY Mepej MEepeIHUMU croiiepamMu (GOpMUPYIOTCS
CTOSTYME BOJIHBI, B pe€3€pByap IOIAaaeT JUIIhL HEOOJIbIIasi 4acTh BOJBI. 3aJHss YacTh
[IBOC mno wMepe 3anmoiHEHUs pe3epByapa 3a CUET IJIABYYECTH IOJHUMAETCH,
uckiIouas oOpaTHbId mepenuB. Ecin pesepByap HE MMEET OTKPBITBIX BBIXOJHBIX
BOJIOIIPOBOJIOB, TO TOCTEIIEHHO YPOBEHb B HEM IMOJHUMAETCS Ha BBICOTY rpeOHE
BOJIH. [Ipyn HakaTe BOJIH HAa CHUCTEMY C KayarOIIUMCS TOJA ACWCTBUEM CMEUICHUS
3aJIHETO TOIUIaBKa HECMOTPSI HAa TO, YTO 3HAYUTEIbHAs 4YacTh HHEPTHH BOJIH



pacxoyercsl Ha OTpaXKEHUE OT 3aJHEro Croiiiepa U 00pa3oBaHUE CTOSIYMX BOJIH, HX
rpeOHU CBOOOJIHO MEPETUBAIOTCA B pe3epByap, 00pasys nepemnaj ypoBHEH BOJIbI.

Ecnu ynpaBnsTe HakiioHOM Hecyiel koHcTpykuuu [IBOC B TakT Haberaromumum
BOJIHAM, Mepe] Hell He (POPMUPYIOTCSL B30POCHI, M HE IPOUCXOIUT OTPAKEHUE BOJIH.

B nensax noseimeHus 3pQPeKTUBHOCTH KOHBEPTOPA BOJHOBOM 3HEPTrUU aBTOPHI
paccMaTpuBaioT (usndeckue (akTOphl, BBITEKaImue H3 Kiaccubukanun [11],
YUUTBHIBAIONIECH pacrpesiesieHre JaBieHUs] BOJHbBI M0 MIyOMHE BOJOEMA U TPYHIIOBYIO
CKOPOCTb PpEryJiIpHON BOJHBL. l[lenecooOpa3sHO BBIAECIUTH ClEAyIONIME (PaKTOPHI,
UCIIOJIb30BAaHUE KOTOPBIX MOPOXKIAET CIMOCOOBI  YIpaBJIEHUS  pacloyiaraeMoi
MOIIHOCTBIO  TUIPOTYpPOMHBI: pa3HOCTh (a3 KojebaHWil ypOBHA BOJBI B
MIPOCTPAHCTBEHHO PA3HECEHHBIX TOYKAaX; W3MEHEHUE YPOBHS MOPS OTHOCHUTEIIBHO
CTAallMOHAPHO Pa3MEILEHHOIO TeNa; Pa3HOCTh (a3 KOJIeOAHUN ypOBHS JaBJIEHUS BOJIbI
B IIPOCTPAHCTBEHHO PAa3HECEHHBIX TOYKAX; MEPUOJUYHOCTH KOJEOAHUN CYMMAapHOTO
JABJICHUS OTHOCUTEIBHO CTAaOMJIM3UPOBAHHOIO YPOBHSI; MEPUOJIUYECKOE HM3MEHEHUE
HAaKJIOHA 1O OTHOLIEHWIO K CTAallMOHAPHOW MOBEPXHOCTU BOJBI, LI€I€CO00Pa3HOCTh
KOTOPOTO TMOJTBEPXkKAeHO 3KkcrepruMenTamu [10]; KOHIEHTpaluio BOJTHOBOW SHEPTUU
1o (PpOHTY WM MO TIIYOMHE; CKOPOCTHOM Hamop >XuAKOCcTH OUYeBUIHO, MOXKET OBITH
MCIIOJIb30BaHA U KOMOUWHAIUS MTEPEYUCIICHHBIX d(PPEKTOB.

Koaddumnment noneznoro aeiictus [IBOC 3aBUCHT OT uX pexuMoB pabOThI
arperara, ONpeJesieMbIX B KOHEYHOM UTOTe BBIXOJHBIM HAINPSHKEHUEM, U OT TOKOM
AIEKTPpUYECKON Harpy3ku. [l mpuBOaHON TypOMHBI TEeHepaTropa aHaJOTHYHBIMH
napamMeTpamu SIBJISIOTCS TTOTOK SKUJIKOCTH B BOAOBOJIE Q, OMpENEeNsIomuid 4acToTy
BpallleHUs Bajia TypOWHBI, U JaBJICHUE HA JIOMACTH TYpOUHBI PT, OT KOTOPOTO 3aBUCUT
MOMEHT BpAILICHHUSI.

HccnenoBarenssMu paccMaTpuBaeTcs 3ajadya O MOCTPOEHUU YHHBEPCAIbHOU
XapaKTEPUCTHUKU paboyero Kojieca MOBOPOTHO-JIOMACTHOW THIPOTYPOMHBI IO
pe3ysibTaTaM YHEPreTHUSCKUX HCIBITAaHUN MojeabHoUW TypOuHbl [12]. IIpemmoxkena
METOAMKA CO3JaHUsl MaTeMaTH4YEeCKON MOJENH YHUBEPCAIbHOU XapaKTEPUCTUKU
MOBOPOTHO-JIONACTHOW THAPOTYPOUHBI MO PE3YNbTATAM CTEHIOBBIX IHEPTETUUYECKUX
UCIIBITAaHUI MOJICTIbHBIX TYpOUH.

B wmukpol'DC HaxoasT npuMeHeHWe TypOUHBI CaMbIX pPa3IUYHBIX THIIOB.
OpHako, HECMOTpsl Ha 3HAYUTENIbHBIC PA3NIMUMAA B KOHCTPYKIMH U padoOuux
XapaKTEPUCTUKAX, BCE THAPOTYpOMHBI s MUKpol DC MOXKHO MOAEIHUPOBAThH IO
oHOMY o01miemy anroputMmy. CKOpOCTh U3MEHEHHUS YaCTOThI BPAIIEHUSI TPUBOJIHOTO
BaJia THIPOTYPOUHBI OTIPEIEISETCS MOMEHTOM HHEPIIMU BPAIAIOIIUXCS YaCTEH.

BennunHa MOMEHTa WHEpPUMH, B CBOIO OYEpEelb, 3aBUCUT OT Macc poTopa
reHepaTopa W aKTUBHOM YacTU THAPOTYpOMHBI, a TaKke OT MX AuamMeTpoB. Jlis
peaNbHBIX JJIEKTPOYCTAHOBOK, 3HAYEHUE WHEPLUMOHHON TOCTOSHHONM BpeMEHU
HaMHOTO OOJIbIIIE€ AJEKTPOMArHUTHBIX MOCTOSHHBIX. COOTBETCTBEHHO, THAPOTYpOUHA
C IOCTaTOYHOM TOYHOCTBHIO MOJIETUPYETCS MAaTEMAaTUYECKUM OMKMCAHUEM €€ peajbHOU
MOMEHTHOH xapakTepucTHku. B [13] Obulo mMoka3aHO, YTO BCE HEPETyJHpPYyeMbIC
Majible  MpONeJUIepHbIE  THUAPOTYpPOMHBI ~ MUMEIOT  OJWHAKOBHIE  MOMEHTHBIC
XapaKTEPUCTHKHU.



Hx moxHO BbIPAa3nuTh B CUCTCMC OTHOCUTCJIbHBIX CAWHUL] YPABHCHUCM!

—_— 0’18MH0M a)z
MT_]"ZMHOM_ 2 T, (11)

a)HOM
1€ Muoy, Opoy - HOMHHAJIbHBIE MOMEHT M YacTOTa BpAIEHUS B OTHOCUTEIBHBIX
eAMHUIIAX.
[To ypaBuenwuto (11) mocTpoeHa TUIIOBasi 3aBUCUMOCTh MOMEHTA MPONEIICPHON

TypOHMHBI OT YaCTOTHI BPAIICHUSI B OTHOCUTENLHBIX eIUHHIIAX (pHc. 3).
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Puc. 3. TunoBasi 3aBUCHMOCTH MOMEHTA NPONeJIePHOii TYPOUHBI OT YaCTOThI
BpalIeHUA

Benuunna MoMeHTa M YacTOTHI BpalllCHUA Typ6I/IHBI B IIOMMCHOBAHHBIX
CAMHNIAxX OIPCACIAIOTCA:

MT = MHOM Mo.e.; OT = Wyom -Wo.e.s
rae MacmTaOHbIM  KOA(D(UIIMEHTOM CIYXUT HOMHUHAJIBHBIA MOMEHT Harpy3Ku
anekTporeneparopa ¢ yuérom ero KIIJI, u gactora BpaimeHus M,y = Prow/(M®uon),

(SURIVE
I/IBBGCTHO, 4dTO  YHHBCPCAJbHAA  XapPAaKTCPHUCTHKA  ABJIICTCA  OCHOBHBIM

JOKYMEHTOM JIJIs1 BBIOOpa ITapaMeTpOB HATYPHOU THAPABINYECKON TypOUHBI (TuaMeTp
pabouero KoJsieca, 4acTOTa BpallleHUs W Jp.), KOTOpbIe TapaHTUPYIOT Hambojee
s dexTuBHYI0 paboTy TypOUHBI TIPH BCEX PEXHUMAX €€ IKCIUTyaTallud Ha KOHKPETHOM
I'DC. Opgnako, nepuoandeckuii pesxkxum padotel [IBOC uckirodaeT 3Ty BO3MOKHOCTD.
MomnocTts TypOouHbl U €€ KIIJ[ onpenenstoTcsi BOTHOBBIM MPOIIECCOM B MECTE

ycraHoBku [IBOC, KoTopblii XapakTepusyercs BbICOTOW BOJHBL, €€ (a3oBOH
CKOPOCTbIO, KOHCTPYKIIMEH JOBYIIEK-CIIOMIEPOB, OHU K€ ONPENEesAT BHIOOp TUIA
TypOUHBI.

IloBepXHOCTH BOABI IPU PEryJIPHOM MOPCKOM BOJHEHWUH HM3MEHSETCS BO
BPEMEHH W B NPOCTPAHCTBE MO JMHUM PACIPOCTPAHECHHSI BOJHBI. DTO W3MEHEHHUE
MOYHO MPEJCTaBUTh rpaukoM (puc. 4), Ha KOTOPOM MPOCTPAHCTBEHHAs OCh | 1 och



BpeMeHH t HMMEIOT pa3Hble MacuITaObl, 3aBHCSIIME OT KOHKPETHOW peanu3aliu
BOJIHOBOT'O IIPOLIECCa.

Puc. 4. U3menenne npo¢uiiss MOPCKOii BOJIHBI B IPOCTPAHCTBE U BPEMEHHU

BonHOBO# mpoliecc TPUHATO XapaKTepU30BaTh BBICOTOW BOJHBI 3%-HOM
obecrieueHHOCTH. 3% — 3TO BBICOTA BOJIHBI, BEPOSTHOCTHh MPEBBIIICHUS KOTOPOI
coctaBisieT 3%. 3nauenus h3% onpeaenstorcs o tabnuile (Tada. 1) B 3aBUCUMOCTH
OT UHTEHCUBHOCTHU BOJIHEHUS B OaJuiax:

Tabnuya 1
XapakTepucTHKH Pery/isipHOro BOJIHOBOIO Ipolecca
BerpoBbie | Bricora BOJH, | CkopocTh Cpennsisi Iepuona
0aJIbI h3% BeTpa NJINHA peryJsipHO
BOJIHBI BOJIHBI, €

0 HET 0-0,2 xm/gac

1 SWH < 0,1 m <1.6 m/c

2 SWHO0,1-0,5m 1,6-3,3 m/c 10 2,5

3 SWHO0,5-1,25m 3,4-5,4 m/c 15 3

4 SWH125-25wm 5,5-79 m/c 25 55

5 SWH25-4,0wm 8-10,7 m/c 40 7

6 SWH4,0-6,0m 10,8 - 13,8 m/c 50 8

7 SWH6,0-9,0m), | 139-17,1 m/c 80 10

8 SWH > 14,0 m 17,2 - 20 m/c

[Tpu sTOM, HaBieHHE B TYPOMHHOM BOJOBO/IE, COpPAChIBAIOIIEM BOY Ha pa3HOU
TIIyOWHE Pa3IMuHO U €T0 PaCIpeesICHUE MOAUUHSICTCS 3aBUCUMOCTH

P, (=k)=p,, (k=0)g ™"

rae | — rryOuna mox cpeHUM ypOBHEM BOJBI; I = P (k=0) MaKCUMaJIbHOE
JaBJICHHUE HA CPEIHIOI MOBEPXHOCTH BOJIBI IO IPeOHEM BOJIHBI, K — HOMEp AMCKPETHI
n3mepenus (kpaTHocThb 1/r); L — ITocTosiHHas ocnabiaeHus JaBJIeHUs TPU OTPYKEHUH,
L = 4r (mockonbky npu k=5 paszHocts napnenuii ~=0).

3aBucuMOCTh KodhduirieHTa ocnabieHus TaBiIeHUs C TIIyOUHON, 3MepsIeMon
kpaTHOCTBIO K = |/r, mpencraBiena Tabnuriei 2.
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Tabauya 2
3aBucuMocTb KO3 PuuMeHTa ocaaldIeHusl JaBJIeHUS ¢ TJIyOMHOI

en(-k/L)
0,367879441
0,135335283
0,049787068
0,018315639
0,006737947
0,002478752

OO bW DN X

Hanpumep, B nmaboparoprHoM OacceitHe [14] npu kpatHoctm K = 3 u mpu
ycinoBHOM BbicoTe BONHBI 0,1 M, mpu mimMHE BONHBI 1 M, pacnpencneHue AaBICHUS
BOJIBI 110 TUTyOHHE JIOTKA oTpaxkaercs rpadukamu (puc. 5 2)

0.1 - = T T - = T T - T

0F ’ -

-0.1 L 1 [ - L L e
0 0.5 1 = 2 215 3

PacnpepeneHue BbICOTbI BOMHLI NO rAy6uHe U B NPOCTPaHCTBE
T T T T T

0.01

_001 L 1 L 1 L
0 0.5 1 1.5 2 25 3

OnuHa, m

BbicoTa BOMHbI, M

Puc. 5. Pacnpenesienue 1aBJjieHUsi BOABI 10 IUIyOHHeE JIOTKA

Jns pacuéra moTeHUHAIbHOW MOITHOCTH IUIABYYEW BOJHOBOMW JIEKTPOCTAHLIUN
(IIB2C) HeoOxoaum pacy€T TMOJHOM DJHEPruM TMOTOKA KUAKOCTH  Yepe3
ruApoTypOuHy. M3BECTHO, YTO MOJIHAS SHEPTHsl MOTOKA COIAEPKUT COCTABIISIOLINE
KMHETUYECKOW JHEPruM IPOTEKAOIMIEd MAacChl BOJbI, IOTEHIMAJIBbHOW JHEPrUu
MTOJIOKEHUS U TOTEHLIMAJIBHOM YHEPTUU JaBJICHUS.

Ony0nMKOBaHHbBIE PE3YJIbTaThl KOHEYHO-3JIEMEHTHOTO MOJEIUPOBAHUS MTOTOKA
BOJIbI, MOCTYNAMIIETO B CHOMIEpHYIO JOBYmKY [9], monTBepauiau MpaBUIBHOCTh
peteHust 0 MHOTOKamepHon e€ koHcTpykiuu [10] mis ocimabiieHust BBIOpoca BOIbI 13
JIOBYILIKH IPU y1ape BOJIHBI.

Jna ompeneneHuss Macchl BOJBI, MOCTYINAKOLIEH B CIOWIEPHYIO JIOBYLIKY
naboparopHoro Oacceiina [14] u onpenensiomnieit pa3HoCTh JaBlIeHUE\H B TypOMHHOMN
KaMepe MNPHUHATO JOonylleHHe o (opMme PeryisipHOM MOPCKOM BOJIHBI Kak (opme



CyMMBI CHHYCOHWJAJIBHBIX COCTaBILSIIOMUX psAna Pypee. st KaKA0W COCTABIAIOLIEN
1o €€ aMIUIUTY/I€ HaXOIUTCA JIEUCTBYIOIIEE 3HAUCHMS], IPUMEHSSI K YPOBHIO KOTOPOTO
kod(urmenT GopMbl ompenenseTcs CpeaHee 3HAUCHUE TPEBBIMICHUS YPOBHS Ha
ITOBEPXHOCTBIO «CIIOKOWHOW» BOJIBI.

JI71s1 IeMOHCTPAIIMOHHOTO pacy€éTa MPUHUMAEM CIEAYIOIINE TOMYIICHUS.

Hcxona u3 3aBucMMOCTH Kod(hduimeHTa ociabieHus AaBiIeHHUS ¢ TIIyOMHOM,
npuBeACHHOW B Taby. 1, oueBHEH BBIBOJ O HEIEIECOOOPa3HOCTH YYETa BBICIIUX
rapMoHUK npo¢uis BoHbL. [loaToMy nosaraem ¢popMmy BOJHBI TAPMOHUYECKOH.

Konebanuss paBiaeHuss Ha BXoJe B TYpOMHHYIO KaMmepy, 3aBHUCSIIHE OT
NPEBBIIICHUS YPOBHS BOJBI B CIHOMJIEPHOW JIOBYIIKE, pPacCMaTPUBAIOTCS Kak
KOJIe0aTeIbHOE JBUKEHNE OTHOCUTEIILHO TOJIOKEHUS paBHOBECUs. sl ero onvcaHus
J0CTATOYHO JIBYX MapaMeTPOB: MEPHUOaa OCHMUIAINN | (MM 9acTOTHI KoJjieOanuii f =
1/T) u amruATy bl KoJIeOaHui Macchl BoABl mil. I1pu oleHke KojieOaHH HCITOJIb3yeM
MMKOBOE aMIUIMTYJHOE 3HAYEHHE MAacChl BOJbI, XapaKTEPU3YIOLIEEe MaKCUMAJIbHBIN
pa3Max KoJeOaHHil OTHOCUTENBHO CPEAHEr0 IMOJIOKEHUS PaBHOBECHUS, CpEIHEe
a0COJIIOTHOE 3HAaYEHUE

1T
mcp=?£|m|dt:<|m|>

U cpenHee kBaapatuyHoe 3HaueHue (CK3)

1T
M. = ?sz(t)dt:1/< m’ () >
0

HpI/I rapMOHHYCCKOM 3aKOHC JBMXXCHHA COOTHOLICHHA MCKAY OTHUMHU
BCIIMYMHAMM OIIPCACIIACTCA:

IS
mcm 2\/§me \/Emn

Jlnuaa BonmHbl B jabopatopHom OacceitHe 1 wm. Ilpu ammmutyne 0,1 ™
«aeucTByromas» Beicota BojHbl = 0,1/1,41 =0,071 (m).

Jlomyckaem, 4To Bech 00bEM BOJIHBI B €€ TOJIOKUTENbHOM (aze OyaeT moMaH B
cnioiyiepHyro JoBymiKy. CpeHee 3HAU€HHE BBICOTHI BOJIHBI, YCPETHEHHOE Ha IJIUHY
oJI0KUTENbHOM (a3bl Bojaubl = 0,071/(2*1,11) = 0,032 (m).

C yuéToM IIMPHUHBI CIIOWIEPHON JOBYIIKA D M MONOBUHE MJTUHBI PETYJISPHOM

BOJIHBI A/2 OIpeeNsaeTCcss Macca BOJIbI, HAKOIICHHOW B MOJIOXKHUTEIbHOM (Da3e BOJIHEI,
KOTOpasi TI03BOJIAET BBIYMCIIMTD THAPOIMHAMUYCCKHI HAITOP.

Macca Boabl B JIOBYIIKE, YCTaHOBJICHHOH B JIaOOpaTOpHOM OacceiiHe
0,5*%0,5*%0,032 = 0.0080(t) = 8 xr. IloTeHnManabHas YHEPTrUsl HAKOIUICHHOW BOJIBI
=m*g*h = 2.5088 (/Ix). CkopocTh €€ uCTEYCHHS U3 KOJJICKTOpA JIOBYIIKU
OTIpeIeIIIeT MTHOBEHHYIO MOIITHOCTh TIOTOKA BOJIBI.

Ecnu Bona, mpoxons uepe3 TypOuHY, CITUBAETCS 10 OCEBOU JIMHUU BBIXOJTHOTO
OTBEPCTHs TYPOMHHOTO BOJIOBOJIA, JABJICHHE COOTBETCTBYET IABJICHHIO BOJBI TIPHU



CpeIHEeM 3HAYCHHHM BBICOTHI YPOBHS BOJIBI B JIOBYIIKE. TakuM 00pa3oM pa3HOCTH
re0Ie3NYECKUX YPOBHEH, OMpeIestoniasi pa3HOCTh NaBICHUH OJIM3Ka K HYIIO.

Ha BenwunHy Hamopa BIMSET CTOXAaCTUYECKUA U3MEHSIOIIASACS CKOPOCTh MOTOKA
BOJIbI, KOTOPYIO HEBO3MOXKHO PacCcuMTaTh MPEIBAPUTEIILHO, HO CIEAYET ONMpPEIeNiTh
IIPU SKCILTyaTaIuu.

B 1memsx mnoBbiieHuss 3(QQPEKTUBHOCTH KOHBEPTOpPAa BOJHOBOM HHEPruu
paccMaTpuBaroTcst ¢uznueckue (hakTopbl, YUYUTHIBAIOIIUME pacIpe/iesieHue IaBlICHUs
BOJIHBI 1O TJyOMHE BOJOEMAa M TPYNIOBYID CKOPOCTh PETYJSIPHONW BOJIHBI.
[enecooOpa3Ho BBIACIHUTH CIEAyOMKE (HaKTOPhI, UCIOJIB30BAaHUE KOTOPHIX MOKET
ONpENeNATh CIOCOObl YIpPaBICHUS paCIoiaraéMoil MOITHOCTBIO THAPOTYPOUHBI:
pasHOCTh (ha3 KosiebaHU ypOBHS BOJBI B TPOCTPAHCTBEHHO PA3HECEHHBIX TOYKAX;
M3MEHEHHE YPOBHS MOPSI OTHOCUTENIBHO CTAI[MOHAPHO Pa3MEIIEHHOTO TeJa; Pa3HOCTh
¢da3 koysebaHUN ypOBHS NTaBJICHUS BOJBI B IIPOCTPAHCTBEHHO PAa3HECEHHBIX TOUKAX;
MEPUOTUIHOCTD KoJieOaHmit CyMMapHOTO TABIICHUS OTHOCHUTEIHHO
CTaOMIIM3UPOBAHHOTO YPOBHS; MEPHOANYECKOE U3MEHEHNE HAKIIOHA 110 OTHOIICHUIO K
BOJTHOBOM TTOBEPXHOCTH; KOHIICHTPAIMIO BOJHOBOW JHEPTrUU MO (POHTY WIH TIO
TIIyOWHE; CKOPOCTHOW HAamop >XKUAKOCTH OYEeBUAHO, MOXKET OBITh HCIIOJIh30BaHA U
KOMOMHAITUS TTepeUnCIeHHBIX 3P (HEKTOB.

[lens ympaBieHus TUApoOarperaroM — obecredeHue HauOOJbIIeH pPa3HOCTH
JIABJICHUH Ha BXOJIE U BBIXOJE TYPpOMHHOTO BOJIOBO/IA.

DTO BO3MOXKHO OCYIIECTBUTH, HampuUMep, u3MeHeHueM 3(P(GEKTUBHON ITHMHbBI
TypOMHHOTO BOJIOBOJA, TaK, YTOOBI BOJA BBUIMBAJIACh W3 BBIXOJIHOTO OTBEPCTHUS B
MOMEHT HAaxOXJIEHHs €ro IOJ TOJOIIBOM PEryJsipHON BOJHBI, JIMOO, MOCPEICTBOM
YCTAaHOBKM KJIAllaHOB Ha BBIXOJHBIX OTBEPCTHSX, PACHpPEACIEHHBIX MO JJIMHE €T0
BBIXOJTHOM YacTH, a TaKK€ CHHXPOHHBIM H3MEHEHHEM HAaKJIOHA CTIOWJIEpa-JIOBYIIKH K
CpeIHEMY YPOBHIO BOJbI, KaK MOKa3aHo B [9].

[TepeunciieHHbIE CIOCOOBI YIPABICHUS MPOIIECCOM KOHBEPTAIIMM OCHOBAHBI HA
CUHXPOHU3AIMH TTOTOKA BOJBI Yepe3 TypOUHY C PETYIISAPHBIM BOJTHOBBIM TPOIECCOM.
OTcroga BBITEKAIOT JBE 3aJadud: OMNpejaelieHne HWH()OPMAIMOHHBIX CHUTHAJIOB O
BOJTHOBOM  TIpOIlecC€ M CHUHTE3  OKCIUTYyaTallMOHHO-TIPUTOJHON  CHUCTEMBbI
CUHXPOHU3AIMH PACX0/Ia BOJBI Yepe3 TYpOUHY C ITUMHU CUTHAJIAMHU.

Crnoco® CHHXpPOHHOTO YIIpaBJeHUsT HakJIOHOM KoHcTpykiuu [IBOC mo
OTHOIIEHUIO K TOPU30HTY HEBO3MOXKHO PEATM30BaTh C MAJIBIMU 3aTpaTaM SHEPTUU U
C WCKIIYCHHEM BO3MOXXHOCTH OBICTPOrO  HapylleHHsS paboTOCIOCOOHOCTH
UCIIOJHUTENbHBIX ycTpoicTB. IlosTomy aBTOpamMu BBIOpaH pelelHBId  CIOCO0
ynpaBieHus: 3(Q()EKTUBHOCTHIO THUIPOTYPOUHBI, O00ECTIeUMBAIONINI pa3HOCTh (a3
KOJIcOaHW YpOBHS JaBJICHUS BOJLI B TPOCTPAHCTBEHHO PA3HECCHHBIX TOYKaX,
WHBAPUAHTHBIN K U3MEHCHHIO TTapaMETPOB CHCTEMBI PETyJIMPOBAHUS.

MomHOCTh, OTOMpaeMas OT BOJIHBI, 3aBUCHUT OT jaucrepcuu D BoaHOBOM
opauHatel h. Beicota BoiHBI h — 3T0 ciydaliHas BeNWYHMHA, pacnpeseiieHHas IO
3akoHy Panes. Cpenuuii mepro/1 BOTHEHHS |, CPEIHSS 9acTOTa BOJHCHHSI (0 U 9acTOTa
MaKCUMyMa CIIEKTpa My,
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T=-31/h ., 5:2TT”, == 0.710.

TOYHOCTH CHHXpPOHU3AIMKU OYJET BIUSATH HA OTOOP PHEPTUU BOJIHBI U, B CBOIO
ouepenb, Oyner ompenensatbes u dbdexktom Jlomnepa. Ilpu nBwkeHun aaTyvka
U3MEpPEHHAass WM YacTOTa BOJIHBI M3MEHSAETCS B 3aBUCHMOCTH OT €ro CKOpPOCTH
OTHOCHUTEJIBHO JIBUXKYILIECHUCS BOJIHBI:

y
w =0 1=}

rac @ — HUCTHHHAA 4Y9aCTOTa BOJIHBI, Ok — KaAXYIIAsACs (I/IBMepeHHaH) gacrora, v —

CKOpPOCTh JBMXXCHHS [OaT4YdKa B HaIIpaBJICHUMHM MCTOYHHKA BOJIH, U — CKOPOCTbH

pacrpoCTpaHEHUs CAMUX BOJIH.

ABTOpaMH OIpEeAeieHa CBA3b CIEKTpa 3BYKOBOIO CHUTHajda C TPYINIIOBOU
CKOPOCTBIO PETYJISIPHON MOPCKOM BOJIHBI: Ka)YIIAsICsA 4YaCcTOTa MPUHUMAETCS PaBHOU
4acTOTE MAKCUMyMa CIIEKTPa Mp.

BriOpaHbl 1uarHOCTUYECKHE TOYKH, B KOTOPBIX IeJiecooOpa3Ha YCTaHOBKa
JATYUKOB. B BHJE aKCEJIEPOMETPOB (BOJOHEIPOHMUIIAEMBIX MHUKPO(OHOB) Ha
Hapy>XHOUM MOBEPXHOCTU BEPXHErO CHOWIepa U JABYX JATYMKOB JIaBJICHUS HA BXOJE U
BBIX0JI€ TYPOMHHON KaMephl. ITU JaTYUKU GOPMUPYIOT UHGOPMATUBHBIC TApPAMETPHI:
aKCceJIepOMETp TMO3BOJSIET OLICHUTH (OPMY PETYISIPHOTO BOJIHEHMS, a JaTYUKHU
JABJICHUSI CUTHAJIU3UPYIOT O PAa3HOCTH JIaBJICHUN B TypOMHHOW Kamepe, KoTopas B
pe3yibTaTe peryJdpoBaHUsl MOTOKAa W3 TYpOMHHOrO BOJIOBOJAA JIOJKHA MOBTOPSITH
(bopMy peryJsipHOro rapMOHUYECKOTO BOJTHEHUS C 3alla3/IbIBaHUEM 110 (asze.

OO0BEM KMIKOCTU, TPOTEKAIOUIEH dYepe3 BOJOBOJ M B3aMMOJICHCTBYIOMIEH C
JIOTMACTSIMU TYpOUHBI OTPAaHUYUBAETCS OTKPHITHEM BEEPHOU JICTIECTKOBOM 3aCIIOHKH Ha
BBIX0JI€ BOAOBO/IA C MTOMOIIBIO peryisTopa. OyHKIMOHAIbHAS CXE€Ma THEBMOIIPUBO/IA
JIETIECTKOB BEEPHOM 3aCJIOHKH C DJIEKTPUUYECKUM YIIpaBICHUEM NIPUBEICHA HA PUC.6.

Perynsatop noroka no3BoisieT NOAAEPKUBATh MAKCUMAIBHO BO3MOXKHYIO
MOITHOCTb THAPOTYPOUHBI PY U3MEHSIONIUXCS YCIOBUSAX BOJTHEHHUS BOJIbI (JVIMHA U
BBICOTA BOJIHBI) © MOMEHTA COMTPOTUBJIEHUSI CO CTOPOHBI BaJia AJIEKTPOreHepaTopa.
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Puc. 6. ®yHKIIMOHAJILHAS CXeMa THEBMONPHUBO/A JIENECTKOB BeePHOIi 3aCJIOHKH €

3J1eKTPUYECKUM YIIpaBJieHHeM (O/IMH CerMeHT BeepPHBIX JIelleCTKOB):

1 — npuBonHOI ABUTaTenb KOMIpeccopa; 2 — BO3AYIIHBIM KoMIpeccop; 3 — yIpaBisieMblid
apoccenb; 4 — I[HEBMONPHUBOJ OJHOCTOPOHHErO JEHCTBHSA TOJIKAOLIEro THMHA; 5 —
OpBI3ro3aIUIIEHHBI BO3IyX03a00pHUK; 6 — BBIXOJHOE OTBEPCTHUE THAPOTYPOWHBI, 7 — JIEMECTKU
OJTHOI'O CErMEHTa BECpHOW 3aC/IOHKH; 8 — 3alleIUIIONIMe 3JIEMEHThI CBSI3U JIETIECTKOB; 9 — cUrHam
yIpaBieHUS! THEBMOIIPUBOJIOM — BBIXOJHON CUTHAJI CUCTEMbI CUHXPOHHU3ALUU

7

3acioHKa COCTOUT U3 HECKOJIBKMX CErMEHTOB BEEPOB, UTO 00ECIIEUNBAET
HaVMEHBIIIEE COMPOTUBIIEHUE TOTOKY BOBI ITPH MAKCHUMAJIBHOM PACXOJE U MTO3BOJISET
YBEJIMYUBATh 3TO COIPOTUBJIEHHUE JIO MTOJIHOTO MEPEKPBITUS TOTOKA U TAKUM 00pa3oM
VIPABJISTH PACX0JI0M BOJBI Yepe3 TypOHHY BO BpEMEHU U3MEHEHHEM Pa3HOCTH
nasnennii AP = (P1- P2) B TypOuHHOIT Kamepe.

TypOuna, coeaMHEHHAs JKECTKUM BaJIOM C  JJIEKTPOTE€HEpPaTopoM U
PETryJMpPYIOIIME CUCTEMBbl O0pa3ylOT TUJpoarperar IUlaBydyeid AJIeKTPOCTAHLIUH.
CtpykTypHas cxema rujapoarperara iaBydeil 3JIeKTpOCTaHIIMU MPUBEIECHA HA PUC. /.

Cxema CHHXpPOHHOTO YIPAaBICHHS BEEPHOM  JIEMECTKOBOM  3aCIOHKOM,
dbopmupyronias ypoBeHb P2 peanusyercss alropuTMHUYECKUM OJIOKOM, KOTOPBIN
OCYIIECTBISIET MpeoOpa3oBaHUs: «CUTHAJ MHUKpPO(OHA — BbIAEICHHE YacCTOTHI
MaKCUMyMa CIIEKTpa Oy (QUIBTPOM HIKHMX YacTOT — (pa3oBas aBTOMOJCTPOMKA
4acTOThl T€HEpaTOpa CUHYCOUJAJIBHBIX CUTHAJIOB C aBTOMATHYECKOW PEryIupoOBKOM
YCWJICHMS], KOTOPBIM SBJISIETCSI ONOPHBIM CHUTHAJIOM JUISl PEJIEWHOrOo peryssropa 4 u
cuctemsl 3a00pa Bosl [IBOC 3, popmupyrommx yposens P1:

g(t) =1esin(gp,, ).
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Puc. 7. CTpyKTypHa cxemMa rujipoarperara njiaBy4eii 3JIeKTPOCTAHIUH:

1 — Bo103aIIUIIEHHBI MUKPO(OH; 2 — CXeMa CHHXPOHHOT'O YIPABJICHUS BECPHOM JICTIECTKOBON
3acloHKOM, (hopmupyromas yposeHs P2; 3 — cucrema 3abopa Bonbl [IBOC, hopmupyromas ypoBeHb
P1; 4 — TypOuHHas kamepa, B KOTOPO GopMUPYETCsl pa3HOCTh JIaBJICHUI; 5 — TypOuHa; 6 —
AIIEKTPOT€HEPATOP; 7 — AIIEKTPHUECKAsi Harpy3Ka

Maremarndeckass MOJENIb CUCTEMBbI peryiaupoBanHus wMomHoctn [IBOC
bopMUpyeTCs CIeAYIOIMMU 3aBUCUMOCTSIMU:
- MIepeKIIIoYaroIIast PyHKIUS PEIEHHOrO PeryysiTopa

llg(t)>=AP(t)+Ac;
f ()= AP(t
1 (t)
0lg(t)<=—2—A_,
19(t) < p1, A

AP(t)
P1,

rae g(t) - ONOPHBIA CUTHAJ JUIA PEIEHHOTO PETYIATOPA,; usMepsiemas

Pa3HOCTh JaBJCHUI Ha BXOJE M BBIXOJAE TYpOMHHOH KaMephl; IIUKOBOE

A

3Ha4YCHUE JABJICHUS HA BXOJE B KaMepy; —°C - 30Ha HEUYBCTBUTEIBHOCTH PEIECHHOIO
peryaropa;
- CWJIa, MPWIOKEHHAsA K IITOKY THEBMOIPHUBO/IA JIETIECTKOB BEEPHOU 3aCIIOHKH C

QJICKTPUYCCKHUM YIIPABJICHHUCM

F pd = APcmp f 1(t)’
Pcmp

rae A . IJIONIA/Ib TIOPIIHS MMHEBMOIUIUHIPA; - JIaBJICHHE, CO3JI1aBacMOEC

KOMITPECCOPOM;
- ypaBHEHHE, ONKCHIBAIOIICE X0/ IITOKa MTHeBMonpuBoaa X(t)
X X f
O_ 0, fu
dt T T P

rae T - mOCTOSIHHAsi BpEMEHY MTHEBMOIIPUBO/IA; f . HeTMHEHas QYyHKIHS

HACBIIIEHUS], 00YCIIOBICHHAs CYKMMAEMOCTbIO BO3/1yXa;
- UI3MEHEHHUE PA3HOCTH JIaBJICHUIN Ha BXO/JIE U BBIXOJE TypOuHHOU Kamephl AP 3a
CYET MEPEMELIEHHUS IITOKA THEBMOIIPHUBO/IA, MIEPEMEIIAIOIIETO BEEPHYIO JIEMECTKOBYIO

3aCJIOHKY: AP=P] | 1- COS(Bi X(t)j :
V4
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Pe3ynpraThl MMHTAalMOHHOTO MOJEIHMPOBAHUS IMOATBEPKAAIOT BO3MOMKHOCTH
(dhopMupoBaHUS 3aCPIKKH BBIXOIHOTO TTOTOKA M3 TYPOMHHOUW KaMephl

A
T+k=
_ 2
tz - !
Wn
KOTOpasit O6CCHG“IHB3€T MAaKCUMAJIbBHOC JaBJICHUC B Typ6HHHOﬁ KaMcepe.

1 YPOBHH CArHanoe 0 COCTOAHMM BONHbLI U OTKPLITUM 3aCNOHKK
= K 'll" T s T ’Ill“ T - -
.

ypOBHH CWUrHance, o.e.

Puc. 8. I'paguku cMrHAJIOB YPOBHS BOJHBI (...... ) M OTKPBITHS 3aCJIOHKH (-----)

B 1O e Bpems, IpH BOJHEHHH ITOBEPXHOCTH BOJbBI CKOPOCTh IOTOKA B
TypOMHHOM KaHalie HepaBHOMepHas. CKOpOCTh, CBsI3aHHAs C THAPOIMHAMHYCCKUM
HAIoOpoOM, OTHOCUTEIBLHO MaJia. {1 agantanuu K MmyJdbCalusiM JaBJICHUHN MPEaI0KEHA
AJICKTpUYECKasl cxeMa MpeoOpa30BaHMs TCHEPUPYEMOM 3JIEKTPOIHEPTHUU CO BCTABKOMU
MIOCTOSIHHOTO TOKa M akKyMmynsTopom [15]. Perymsarop MOIIHOCTH 3JIEKTPOCTAHIUH,
coAEepkKallMii BCTABKY IIOCTOSIHHOIO TOKAa C TMPOMEXKYTOYHOM AKKYyMYJISIIHEN
AJEKTPOAHEPTHH,  O0ECIeYMBAaEeT  3aJlaHHOE  BBIXOJIHOE€  HANpsDKEHUE  MpH
M3MEHSIONIEHCS DJIEKTPUUYECKOM Harpys3ke. OJIEKTpUYECKas cxeMa obOecredynBaeT
MOCTOSIHHYI0 TOTOBHOCTH [IBOC Kk paboTe, 4TO MO3BOJISIET HCIIOIL30BaTh €€ I
MOKPBITUSL TUHAMUYECKUX HArpy30K CO CTOPOHBI 3JIEKTPONPUEMHUKOB.

Konctpykiuss [IBOC BeimosiHgeT BodHOTAcsIMe (YHKIIMA W OTHOCUTCS K
KaTETOPHHU: «BJIOJIHOCPETOBBIC ITPOHUIIAEMBIC COOPYKEHHS C ITOPUCTOM HAIOPHOMU
I'PaHBIO U BOJIHOTACAIIMMU KamepaMuy» [16]. 3To m1aét BO3MOKHOCTD HUCIIOJIB30BATh €€
JUISL 3aIIUTBI OEPEroB MOpPEH, BOJOXPAHWIMIN W 03P, JUIS COXPAHCHUS KOPESHHOTO
Oepera, CyIIECTBYIOIINX TUBDKEH, a Tak)Ke IMOHMKCHHBIX TEPPUTOPHUMA MPH HATOHHBIX
MOJIbEMAX YPOBHS MOPSI.
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MecTHble TPUPOJHBIC YCIOBHUS, a HMEHHO, BBICOTBI M TMEPUOILI BOJH
onpenensitoT  3PQPEeKTUBHOCTL W NPUMEHUMOCTh  IJIABYYUX  BOJIHOBBIX
ANEKTPOCTAHLIUM. ABTOPBI UMEIOT OIBIT IKCIIEPUMEHTATIBHBIX OLIEHOK BETPOBOITHOBBIX
YCJIOBUHM OIpENeNEHHBIX akBaTOpui. MMy ompenenensl XapakTEpUCTUKU BETPOBOIO
BOJIHCHHMS y FOTO-BOCTOYHOTO 1moodepexbs 0. Caxanun [17].

OnwiTHBIA 00pazer] mpenacraBieHHONM B naHHoM crtathe [IBOC mmanupyercs
UCTIBITEIBATh B YEpHOM Mope y mobepexxbs Ajyiepa, rie corjacHo [18] B merHwmit
NEepHoJ; BBICOTA MPEoOJATAIONUX BOJH COBIAJACT C BBICOTOM BETPOBBIX BOJH H
coctapisier 1 M. CpeaHsas ayvHa BoJIHBI 25 — 35 M, a cpeanuii nepuon 3,5 — 4,5 c.

[Ipennaraemass ~ TEXHOJIOTHSI  DJIEKTPOT€HEpAlMM  C  OJHOBPEMEHHBIM
BBIIMIOJITHEHUEM BOJHOTAcAmMX GyHKIuA 1o ximaccudukammu [19] oTHOcHTCS K
ypoBHIO TRL 3! 11 moaTBepkaeHUs KOHICMIIMKA pa3paboTaH MaKeTHBIN 00paserr
TEXHOJIOTMH, 4YTOOBI MIPOJEMOHCTPUPOBATh €€ KIIOUEBbIE XapaKTEPUCTUKU B
nabopaTopHOM OaccerHe.

Pabora BeimoHeHa mpu noaaepskke rpanta PHO Ne 22-19-00424.
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