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OT HAYYHOIO PEOAKTOPA

B nocneanne roam Bo3poc HHTepeC K MupPOBOMY OKeaHy Kak
HCTOYHHKY BO30OHOBJISIEeMBIX 3HEpPreTHUECKHX PeCypcoB, KOTOPHIE MO-
TyT WMeTb GOJIBLIOE 3HAYEHHE MJs PelleHHsd pAda HPaKTHYECKHX 3a-
Jau OCBOGHHS OKEaHOB M MOpell, a TakmXKe JAJs 5HeprocHabkKeHus NpH-
OpeXHHX PafiOHOB MHOTHX CTpPaH.

@®opMBl aKKyMyJsIIHH SHEPTHH B OKeaHe Da3HOOODPasHHBl. DHepre-
THUECKHE HCTOUHHMKHM OKeaHa HMeIOT PasJidYHBIE [0 IOTEeHIHasy pe-
CypCH, a TaKiKe XapaKTepPH3YIOTCsl Pa3/JHYHBIM yPOBHEM HAy4yHOH# H
TeXHHUYECKOH IOATOTOBJCHHOCTH [Js1 TPAKTHYECKOI0 NpPHMEHCHH.

Hau6onpmue pecypcnl 3akiawodaeT B cefe Temaosasd 3HepPrus
OKeaHa. 3a NOCJedHHe TOAB BO MHOTHX CTpaHaX BHIMOJHEH O0JbILIOH
00beM HAYYHBIX HCCJEeNOBAHMA H TEXHHUYECKHX pa3pabOTOK, TO3BO-
JASIONHX NOROATH K CO34AHUIO OKEAHCKHX TENJIOBBIX 3HEPTeTHUYECKHX'
cranuuil (OTIC) u apKTHYECKHX OKEAHCKUX TEMJIOBBIX 3JeKTPOCTaH-
ruii (AOT2C).

3HauuTeJbHBII HHTEpPEC INPEACTABISET BO3MOMKHOCTb HCIOJL30BA-
HHsl HEPIUM TeUeHUH H NOBEPXHOCTHBIX BOJH OKeaHa. YXe B HacTod-
lee BpeMs CYyIIECTBYIOT NPAKTHYeCKHE BO3MOSKHOCTH AJA CO3JAHHUA
OKEaHCKHX THADOAHHAMHYECKHX 3HepreTHueckux cranuuii (OI'9C)
OKEaHCKHX BOJIHOBBIX aHepreTHueckux cranuuii (Boan 3C) pasauu-
HOH MOIIHOCTH, KOTOpPBIE MOTYT HCIIOJNb30BATbCA A5 3HEproofecnede-.
HHs pa3sHOO6pa3HbIX MOPCKHX YCTAHOBOK U YCTPOUCTB.

SHauHTeJNbHBIE dHEPreTHUECKHE BO3MOXKHOCTH 3aJI0XKEHHl B OKeaHe
BCJIeICTBYE TlepenafioB COJEHOCTH IIPH BIAafAeHHH MPECHBIX DeK,
8 TakXe B MECTaX HAXOMKAEHHS HCKOIaeMBIX COJIEBLIX KYIOJOB H
paccosos. B Hamieli cTpane ocoOblfi HHTEPeC NPEACTABJIACT BLICOKHH
SHepPreTHUecKH# IOTeHIHAJ NPHPOAHON CHCTEMBl Ha cTHKe Kacnufi-
¢koro Mops u 3anausa Kapa-boras-T'oax.

Muorue crpans Mupa 06/144al0T MOTEHIHAJLHLIMH HCTOUHHKAMH
HpuauBHOH sHeprud. ONBIT CO3JaHUS H 3KCIJAyaTauHH IPHJIHBHBIX
dnekrpocTanuuit (I19C) na p. Panc Bo @panuuu, B Kucmnoii ry6e
B CCCP, B Gyxte Annanonuc-6eiicy (86ausy r. Annanosuc Posa, Ka-
HaJa) CBHAETENBCTBYeT O pEAJbHOCTH COBPEMEHHBIX TEXHHUECKHX
BO3MOXKHOCTEH HCNOJMb30BAHHA NMPUJIUBHON 3HEPTHH OKeaHa. B Hacrod-
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iee BpeMa B psAfie CTpaH Mupa paspabaTbiBaIOTCs NMpOeKTH, CTPOATCA
H yxe skcnayatupylores [19C passnuneix MOIIHOCTEH.

Hayunnfi ¥ npakTHuecKHH HHTEPeC NPeACTABJSIOT HCCJAELOBAHHS
6HO0JIOrHYeCKHX 3HEPreTHYECKHX DeCypcoB OKeaHa. B ato#t o6aactu
YPOBEHDL HaUIHX HCCJeNOBAHHA M JIOCTHIKEHHH, npaKkTHIECKHX paspa-
GOTOK TNOKa 3HAUMTEJbHO HHUKE HALIero TOHUMAHHS NOTEHLHAMb-
HBIX BO3MOMKHOCTEH 3TOr0 BHAA 3HEPTeTHKH OKeaHa. Bechbma HHTe-
pecHbl paboTHl IO rOPIOYHM HETPANHLHOHHEIM IHEPreTHUECKHM pPecyp-
CaM OKeaHa, HalpUMeEpP, HA OCHOBe GE30TXOMHON TEXHOJOTHH HCIOJb-
30BaHHs cepoBogopoaa B UepHoMm mope.

Bce B0306GHOBJsIeMBIE SHEPreTHYECKHE  peCypChl OKeaHa, Kpome
NpHINBOB, (OPMHUPYIOTCS B PE3yabTaTe TPaHCHOPMALHH COJHEUHOMN

snepruu. CaelyeT OTMETHTb, UTO COJHEYHAs SHEPrUs, NPUXOASIIAdCH
© Ha MupoBo#l OKeaH, mpuMepHO, B 2,5 pasa NpeBHIIAeT COJHEUHYIO
9HEPryio Ha Cywe Hauled IVIaHeTBl. DTa BeJHYHMHA 60Jie€ YeM B TH-
CAYy Das3 mpeBHIIaeT MHPOBOE 3HEPromoTpebJeHde B HACTOsLIEE
BpeMs. OHaKO TOJNBKO YacTh HEPreTHUECKUX PecypcoB OKeaHa MOMKET
GBITb HCTONBL30BaHA NpakTHUYecKH. OCHOBHBIE OrpAHHYEHHS OGYCJOB-
JEeHB TpeGOoBaHHEM, UTOOH NOTpeGJeHHe IHEPrUH OKeaHa He TNPHBO-
AUJIO0 K HEOOPaTHMBIM H3MEHEHHAM HCXOLHOIO COCTOSIHHSI NPHUPOAHOR
CPensL.

Kuura npeacrasaser co6oft 0630p COBPEMEHHBIX HAYUYHHX Hpej-
CTaBJIEHHA M TEXHMYECKHX NOCTHIKEHHIH, KOTOPBIE MOryT OLiTh MOJO-
KEHB! B OCHOBY CO3JAaHHs CHCTEM TNPeo0pas0oBaHHUS DPA3JHUYHHIX BHIOB
3HEepruy okeaHa. PaccmaTpuBaeMmuie B Hell BOIPOCH u TeXHHUECKHe
aCHeKTH OTHOCATCA K CaMBIM aKTyaJbHBIM B COBPeMEHHOH npobgaema-
THKE OCBOEHHS BO30GHOBJSEMBIX SHEPIeTHYECKHX pecypcoB Muposoro
- OKeaHa. OHaKO 3TO He 03HAYaeT, YTO KHWra OYyIeT MHTePecHa TOAbKO
CHeHaNHCTaAM IO SHEPreTHKe ¥ TeXHHKe OCBOeHHs oKeana. Ona
AOKHA TNpPUBJIEYb BHHMaHHE CNENHAJHCTOB PasJHYHBIX - HANPaBJie-
HUA HayKy M TeXHHKH, KOTOpPble NOHHUMAIOT HACYUIHYI0 NOTPEGHOCTD
OCBOEHHA BO30OHOBJSEMHIX HEPTETHUECKHX PECYPCOB OKeaHa.



NPEAUCIIOBUE

Ilouck HCTOYHHKOB 3SHEPIHH — OZHA H3 XapakKTepPHHIX YepT
HHAyCTpHAJbHOrO obmiecTBa. bes npeyBeqdyeHHss MOXKHO CKa-
3aTb, YTO HEPTHUS B COBPEMEHHOM MHpe — BaxkKHefilmas COCTaB-
JSIOLAsA CONMAJBbHOTO M TEXHHYECKOIQ Iporpecca: HegocTaTou-
HOEe TIPOM3BOACTBO 3JHEPruHM CAEPKHBaeT [BHKEeHHe BIepel
Pa3BUBAIOLIUXCS CTpPaH, He 6e3pasfyuHBl Nepe6oH B CHAOKEHHH
SHEpruel W AJs Pa3BUTHIX CTPaH, IAe Jaxke yrposa aeduuurta
TOIIMBA BLI3BIBAE€T KPU3HCHLIE CHTYAaLIHH.

He cayuyaen cefiuac uHTepec K BO30OHOBJSAEMBIM CAMOH IPH-
POIOH HCTOUHHMKAM 3Heprud. Bospoguics OH, ¢ ORZHONH CTOPOHHI,
B CBfI3Y C TPOTHO3aMH MOCTATOYHO OBICTPOIO HCTOIIEHHS JIETKO
JIOCTYTIHBIX 3anacoB HedTH W rasa, HauboJiee LIMPOKO MPUMEHse-
MBIX B HaCToslilee BpeMs B KaueCcTBe 3HEPrOHOCHTEJEH, a C JAPY-
rofi — BCJIECTBHE €CTECTBEHHOrO KeJaHus YeJOBeKa TPHBECTH
CBOM NOTPeGHOCTH B COIJIaCHe C IPHPOAOCH H CHeJaTbh dHepre-
THKY OTPAac/bio €CJIH M YXYALlaloliedl NOKas3aTeNId CPeanl, TO MO
KpakHeh mepe JUImb B AONYCTHMOH CcTeneHd. B Hame Bpemd
OTPHLIATEJNBLHOE BO3AEHCTBHE SHEPreTHKH HA OKPYKAMILYIo
cpelly H3-3a BHIODOCOB TEIVIOBHIX JMEKTPOCTAHIHA B HEKOTOPHIX
paiioHax Mupa CTaJ0 YPE3MEPHBIM.

OCHOBHOII HCTOUHHK BO306HOBJsieMol  3sHeprud — CoJHie.
Tlo pacueram cnenuanucTOB COJHEYHOHN 3HEPIrHH BIIOJIHE JHOCTa-
TOYHO, YTOOH O6ECNeUUTh :KH3Hb U JAEATENbHOCTL YeJOBEUECTBA
B 0603pumMom Gyayumem. Jleso 3a pa3apaGoTKOHl A0CTaTOUHO 3(-
(QeKTUBHLIX TpeobpasoBatenell 3TOH HEPLHH, CaMble CYIIECT-
BEHHDBIE HELOCTATKH KOTOPO# C TOUKH 3PEHHs] 3IHEPreTHKOB —
HH3Kas IJOTHOCTh €CTeCTBEHHHIX NOTOKOB H3/YUEHHS H HepaB-
HOMEDHOCTL pachpefeseHuss 3STUX MOTOKOB [0 TIOBEPXHOCTH
Semau. B stoMm cmpciae uutepeceH MupoBolft oKeaH, ABJAO-
IufAicas NpPUPOAHLIM  KOHIEHTPATOPOM  COJIHEUHOH  3HEpPryH.
K Hemy npukoBaHO ceffuac BHHMaHHe CIEHAJIHCTOB, 3aHHTEpE-
COBAHHHIX B CKOpefillleM NOJYYeHHH AOCTYyNa K BO30OHOBJSIEMHIM
HCTOUHHKAM 3HEPIHUH.

3apoxaawinasncs OKeaHCcKash HEPreTHKa HMeeT sPKO Bblpa-‘
JKEeHHHA KOMIJIEKCHBIH xapakTep. OHa HemocpejACTBEHHO CBf-
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3aHa He TOJbKO C TPAJUIUOHHOH 3HF,PTETHKOH, HO K C TEXHOJIO-
ruefi OCBOEHHS OKE€aHa, ¢ TEeXHUKOH CYAOCTPOEHHS H IOABOLHOrO
cTpouTennbcTBa. Ee pa3BHTHe HEBO3ZMOXKHO 6€3 CO3JaHHSA CJOK-
HHIX HMHXEHEPHHIX COODYXEHHH Kak B NPUOpPERHLX, Tak H
B yAaJeHHbIX 0T Oepera paiioHax oxeana. [losTomy, paGoTas
HaJ KHHUIOM, aBTOP MNpeXAe BCEro uUMen B BHAY NOTPEGHOCTH
TOH TPYNNbl yuTATEJEH, KOTOpas 3aHHMaeTCsd WM HHTEpecyercs
PaspaboTKOil TEXHHKH [Jsi OCBOEHHSI OKeaHa. 3ajayy KHUTH
aBTOp BHAEN B TOM, YTOOH OOpATHTh BHUMAHHE HA BO3MOXK-
HOCTh IOJIYYEHHs IHEPTUU s ObecledeHHS pas3JHUHbIX BHIOB
LeSTeNbHOCTH.

KHura HamucaHna B OCHOBHOM 10 MaTepHajaM 3apy6exHOl
neyaTd, HOCHT no 6oJbliedl YacTH HHGOPDMAUMOHHHIE Xapakrep.
[Iupoko wucnosnbzoBaubl uaganus: BUHUTH — pedepatusubiit
KypHan «HeTpaguunonusie ¥ BO30GHOBASIEMEIE HCTOUHHKH HED-
ruu», sKcnpecc-uHpopmanusa «llogBoaHO-TeXHHUYECKHE, BOJO-
JasHble M CyAONmOAbeMHEe PaboTel. [HApOTEeXHHUYECKHE COOpy-
JKeHHS», MaTepuaJbl, NepHOAHYECKH BhIIyCKaeMbie THX0OKeaH-
CKMUM oOKeaHoJsorugeckum uuHctutyTroM JBHIL AH CCCP g
HEeHTPOM HAYYHO-TE€XHHYECKOH uWHGMOpMAIUHd 10 3IHEPreTHKE
" anekrTpupukauuu «HMudopmanepro».

B cuay papa NpUYMH MHOTHE aKTyaJbHEIE BONIPOCH B KHHTre
TONBKO OOO3HAUEHH: YACTHUYHO 3TO CBA3AHO C OrpaHHYEHHBIM
061HeMOM, YAaCTHUHO C TEM, 4YTO CHTyanusa B OKEAHCKOH 3Hepre-
THKe (a TAaKOH 9SHEpPreTHKH B TOJHOM CMEIC/E MOKa elne HeT!)
HOCHT HeYCTONUMBLIA XapaKTep H H3MeHseTcd OyKBalbHO Ha
rnasax. Ilo BO3MOXKHOCTH OMYIil€Hbl T€ BONPOCH, KOTODbIE AO-
CTATOYHO XOPOLIO OCBEIEHBl B APYCHX HOCTYNHBIX [IS UIHPO-
KOro yuTaTedsl H3AAHUAX. DTO Kacaercs, HaNpHUMep, OMHCAHHUA
BAPHAHTOB NPUJIHBHBEIX 3JeKTPOCTaHIHH,

ABTOp TIpHHOCHT 6JAarofapHOCTL BCEM, KTO Tak HWJH HHaue
noMoraj emy B paGore Haj Kuuroifi. Ocobylo NPH3HATENbHOCTD
OH BHIpaxkaeT KaHauaaTam OGuosornueckux nayk B. C. JleBumy
n H. C. MamyuinHo#i, B3ABIIUM Ha ceb6d TPYA NPOCMOTPETbL U
JIONOJHUTL MaTepuanbl M0 OGHONOrHUECKHM MpeobpasoBaTensam
SHEPrUH U KOJNOrHH. 4

OT3bIBB O KHHPEe NPOCHM HampasiasTbh mo ajpecy: 191065,
Jlenunrpaga, yna. loroas, 8, usmatennctBo «CypocTpoeHues,




Mnasa ]

SHEPTETUKA MUPA U PECYPCbl OKEAHCKOW SHEPIruM

§ 1.1. MporHo3bl HEPreTHYECKOH CHTYaLMM

CoBpeMeHHOe NOTpebJeHHe BCeX BHIOB 3SHEPrHUH B MHpPE cOCTaB-
Jsiet npumepHo 10 mapa. T y. T./rop *. Ilpeanonaraercd, 4To Hacene-
Hue 3emay K Kouny XXI B. gocturaer mpumepHo 10 MapA. dged., mpo-
H30M/IET YBEJHUEHHE SHEPrOBOOPYKEHHOCTH He MeHee uYeM B 5 pas
{c yueToM pasJMYHLIX TEMIIOB JJs PAa3BUTHIX M Pa3BHBAIOMHUXCSH
cTpaH) u mortpebyerca no Kpa#neir Mepe 10-KpaTHoe yBeJHUEHHE I10-
"Tpe6JIeHHs] YCAOBHOrO TOIJIHBA.

B rta6a. 1.1 nmpuBeieHH [Ba BapHanta pacyeTa BO3MOXKHOrO IO-
TpeGieHHsl 3HEPrud B MHpe Ha Oauxaiiuee Oyayllee, BHIOJHEHHBE

Ta6auma L1

Macita6bl COBPeMeHHOT0 ¥ npordo3upyemoro Ha 2000 r.
HCNOJIb30BaHHSI BO30OHOBJSEMbIX HMCTOMHMKOB 3Heprud B Mupe !

CoBpeMeHHOE IIporuosupyeMoe
Herouduk suepruu norpebieHue, norpebierne
Mapk, kBT u/rox MJApA. KBT-u/ron

Wznyuenue CosHua 23 2000—5000
TeoTepManbHas 3HepPrud 55 1000—5000
Berep 2 - 1000—5000
puauBb 0,4 30—60
BoJmnbt 0 ‘ 10
Tero OKeaHoB 0 1000
Bromacca (otxon ceabckoxoasiicr- | _ 550—700 2000—5000

BEHNOro NPOH3BOJACTBA, CTOYHHIE BO-
B, GHITOBBE OTXOMK)

JpesecHoe TOIUIHBO 10000—12000 | 15000—20 000
T'uaposHeprus 1500 3000

! Caccun B. Tpanu mepemen.— Kypoep IOHECKO, 1981, asr.,
c. 9—12, 34.

. *1 1ty 7 (ycioseoro rtommmea) sksupansentHa 7000 kkan mam 30 M.
C yuerom cpemsero KITJI coBpeMeHHBIX 3HepreTHUecKHX YCTAHOBOK B pesysibraTe

‘CKuragns 1 T y. T. MoXerT OHTbL NoayweHo npemepHo 5000 kxan wiw 20 MOx
SHepruu.
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MexayHapoAHBIM HHCTHTYTOM TPHUKJAAJHOTO CHCTEMHOI'O aHAJAH3a
(MUTICA) u ony6aukoanubie B 1981 r. (Jlakcembypr, ApcTpus).
31ech MHHUMAJbHLIA BAapHAHT IOJNYYEH M3 yCJOBHS CHHKEHHS TeM-
7I0B 3KOHOMHYECKOr0 DOCTa, HO MO APYTHMM HCTOYHUKAM OH MOXKET
ObITb peasiM30BaH 3a CUeT SKOHOMHH, IepeX0oja Ha MeHee 3HEepProeM-
KH€ TEeXHOJIOTHH, OTKAa3a OT DPACTOUYMTEJNbHBIX TexHosorui. [Ipu pac-
YeTe MaKCHMAaJbHOIO BAPHAHTA 34HHUXKEHbH BO3MOMKHBIE TEMIIBI pa3-
BUTHS 3HEPreTHKH B PAa3JHUYHBIX DETHOHAX, OCOOEHHO B pa3BHBAIO-
muxcs crpadax. [laHHble NOKa3bIBAOT, 4YTO B GJauxKafiiuiedl nepcruek-
THBE OCHOBHOH ymop O6yAeT AeaTbCAd Ha TPAAHIHOHHYIO SHEPrETHKY,
HCIOJIb3YIONLYI0 HCKONAeMoe TOIJIHBO, B TOM YHCJAE U SAEPHOE. '

B ra6a. 1.2 npusepennl pesynbTartbl GoJiee MOJATOCPOYHOrO NPO-
IHO3a, OXBAaTLIBAIOLIEro CJAeaylollee cToJeTue. XapakTepHO 3HAUYH-

Ta6anma 1.2

Tiporao3 Muposoro norpe6/eHusl sHepruy, MJApA. T y. T./roj [28]

Toxn,
Bua pecypca Konen, XXI B,
1975 2000 2025
Yronn 2,86 (329/) 15,6(31,1 %) | 8,7(29% 4,3 (6,6 %)
Hedrn, Brmouas cunre- |3,87 (43,3%0) | 5,56 (30,56 %) | 7,0(23,3 %)| 6,0(9,2 %)
THYECKOE TOJIKBO : .
a3, Brmoyas cunrernye- | 1,56 (17,50/0) | 3,3 (18,3 %) | 3,7 (123 %)| 1,3(2,0 %)
CKHI
SInepuoe ronauBo 0,15(1,79%0) |2,3(128 %) | 7,7(257 %) | 41,6 (64 %)
BosoGuorasgeMule pecypent|0,49 (5,5 %) | 1,3(7,3 %) | 2,9 (9,7 %) 11,8 (18,2 %)
Yrom, mayluii Ha Inepe- — 0,25 — 3,2
paboTKy B CHHTETHYECKHH
ra3 u XujakKoe TOMJIABO b
Bcero: 8,93°(100 /) 18,0 30,0 65,0
B tom uncne B cTpanax: | - ;
PA3BUTHX 7,23 12,5 16,9 19,6
pasBUBalOMUXCS 1,7 5,56 13,9 45,5

TEJbHOE YBEeJHUYEHHE N0/ HCIOJbL30BAHHA SACPHOCO TOPIOUET0 U AOJH
BO30GHOBJsIeMBIX pecypcoB. Takoe nepeHeceHHE aKIEHTOB AHUKTyeTCHd
HEOOXOAMMOCTLIO: B HACTOsINEe BpeMs B MHPOBOM 0ajiaHce 3HEPruu
97 % mnotpeGHOCTefl yAOBJETBOPSIOTCS 32 CUET HEBOCHOJHHMBIX pe-
CypPCOB XMMHYECKOrO ropiouero, a e€ro 3anachl He 6GesrpaHuuHbl. Oco-
6eHHO 3TO KacaeTcs O6bIYHOrO TOmJAuBA. [lo HEKOTOPHIM  OlEHKaM
(He caMbIM ONTHMHCTHYECKHM), MHPOBHX DECypCOB HCKONAeMOro
TOIJIMBA JaXKe NPH yCJOBHHM moTpebienus HA ypoBHe 1978 r. xBarur:
wedpty — Ha 30; npuposHoro ra3a—mua 5H0; yraa—mua 200 Jjert.
Hecrospko aydire peso oGCTOMT ¢ 3amacaMH ypaHa (IOCTaToYHO
ma 500 ner), Ho B Gasance 1978 r. on 3amumaan scero 0,5 %. Ilpasnaa,
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¢ SA/ePHBIM TOPIOUMM €10 OGCTOMT BCE XK€ Jyulle, 4eM C APYTHMH
BHAAMH HCKOIAeMOTo TOIIHBA, B CBA3H C TE€M, YTO YK€ H3BECTHA
TEXHOJOTHA €ro nepepaboTKH, NO3BOJAIONIAS 3a CueT BOBJIEUEHHS
B DHEPreTHKy ypaHa-238 B peakropax Ha OBICTPHIX HEATPOHAxX yBe-
JMUATb SHEPreTHUeCKHi moTeHuuan sagepHoro roprouero. Cefiuac xe
MCIIONb3YIOT H30Ton ypaH-235, samachl Kotoporo B 100 pa3 meHbuie.
[Mosuiuiendsl 3¢p(PeKTHBHOCTH HCNOJL30BAHHA APYTHX BHAOB HCKOMae-
MOro TOIJIMBA GoJice yeM Ha €IHHUIIH NPOLEHTOB OXHAAThb HE IPHUXO-
qaTcs.

w1078 fw .
1286 T

1055
AN

633 -
422

Puc. 1.1 TporHo3Hble 211
OLieHKM HCTOlleHus sarna-
cos W uckomaemoro Tom-

0 .
mBa [35) 7900 2000 2100 2200

Bosbuine HajgexAbl CBS3bIBAIOT ¢ paboTamMH B 06JACTH  TepMO-
fAiJlepPHOH SHEPreTHKH, HO €CJIH, NPEeAnoNoxuM, uepes 20 JeT sHEepryio
IACT NepBLII KOMMEDUECKHH TepMOsepHblii peakrop, TO NPOHAET
enle He menee 20 J€T, MOKa NOJOGHHE YCTAHOBKH HAYHYT BLITECHATH
apyrue. Kpome TOro, ocBOeHHe 3TOr0 BH[a PeCypcoB HE TOJbKO HE
CHHMMET, HO M IIOCTABHT HOBbI€ 3KOJIOTHUECKHE IpPOGJIEeMbl, BO3HHKAIO-
[IHe 13-32 OrPOMHBIX TEIJIOBBIX BBIOPOCOB B OKpPyXKalOLlylo Cpely INpH
 KpyIHOMAacLITaGHOM DPA3BHTHH TEPMOSJEPHOH 3HEPreTHKH. ITH Ke

npo6JieMbl BCTAHYT H IIPH  YBEIHYEHHH JAOJH sANEPHOrO roprouero
8 GasaHce 3Heprud. Kpome TOro, yxe CTOAT NmpoGJeMBl 3aXOPOHEHHSA
OTXOJI0B CYIIECTBYIOIUX aTOMHBIX cTaHuui [35].

O teMnax ysenpueHus AedHuHTa HCKONAEMOro TONJHBA JAaeT
npesicTaBaedne puc. 1.1, U3 KOTOPOro CA€AyeT, YTO HEOGXOAHMO pas-
BHBATL HETPAAMLHOHHBIE MeTOxsl npeob6pasoanus sHepruu. K mo-
CIAEJHUM OTHOCATCS TEepMOSAAEPHLIA CHHTE3, HCIOJb30BAHHE DPEAKTO-
POB Ha OLICTPLIX HEATPOHAX W HEKOTOPBIX NpeobpasoBaTelielt B0306-
HOBJISIEMBIX DPECypcoB HEPruu.

B KoOHUEmUHH BO3OGHOBJISEMBIX PECYPCOB 2HEPTHH HET HOBH3HBI
OHa BO3HHKJA B ray60oKOHl ApeBHOCTH. B TeueHue mOCJEJHEr0 CTOJE-
THS BO30GHOBAAeMAas SHEPrHs Oblja OTTECHEeHa Ha BTOPOH IJIaH H3-32
NOsIBJEHHs GOJiee KOHUEHTPHPOBAHHEIX INIPHPOJHBIX XK€ HOcHTesed
SHEePruW, HO 3TO He O3HauyaeT, YTO HE IPOHUCXOAUJIO COBEPIICHCTBOBA-
HHs1 METOJMOB €€ HCIOAL30BAHUA, YTO HE DOCAM KOJHUECTBEHHO MNOKa-
3aTe/d 3TOr0 UCMOJbL30OBAHHUA. ‘

K HerpajMuyuOHHBIM CpelH METOJ0B HCIIOJILb30BAHHA BO30GHOBAsSE-
MEIX HCTOYHHKOB OTHOCHTCSI Ipe0Gpa30BaHHE TEIJIOBOH, BOJHOBOH H
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COJICHOCTHOM HEPrHH oKeaHa. Baxkno ormeruts, uto MupOBO# OKeaH
CIly)KHT NPHPOJAHBIM TNOCPEAHHKOM B YCBOEHHH, aKKyMYJHPOBAHHH H
nepeHoce CyILIeCTBEHHOH 4aCTH IMOJYYEHHOH OT COJIHIIA 3HEPrHH, H
yX&e COBPEMEHHLIH YPOBEHL Pa3BHUTHUS TeXHHKH H TEXHOJOTHH [IO3BO-
JAeT NPUHUUNNAMBLHO H3bATb M3 HEro KOJHYECTBO SHEPrHH, 3KBHBA-
JeHtHoe moutdH 100 MJAPA. T y. T./TOA, T.€. TNPAKTHYECKH pELIHTH
TONBKO 33 CYeT TOTO HCTOYHHKA SHEPreTHUECKYI0 HpolJeMy Ha GJH-
Kanuee crosaerne [81].

Ha npakrtuke, Koneuno, GyfyT H3yuaTbCsi Bce HAIpPABJEHHS pas-
BUTHS 3HEPreTHKH. DTO NO3BOJHT PACLIMPUTL AHANa30H HCTOYHHKOB,
BLIOpATh [JIs1 PA3/JMUHBIX PailOHOB miaueTh HauGoJee OPraHHUHO
BIUCLIBAIOMIHECS H B NPHPOAHYIO CPEAy, U IKOHOMHUECKYID CTPyK-
Typy TuUnu npeoOpasosareneil sHeprud. B nporHosupyeMoM ua Ko-
Hen XXI B. suepreTnueckoM Ganance 18 % — 3T0 npaKTHUSCKH
CTOJIbKO, CKOJBKO CeHYac ueJI0OBeYeCTBO BLIPAGATHIBAET IHEPIHU 3a
CUeT HEeBO30OHOBJSEMBIX HMCTOYHHKOB. M BEPOATHO 3HAUUTEJNLHYIO
AOJIO 3TOr0 KOJHYECTBA BO30OGHOBJAEMON 3SHEPTHH MHD OYAeT mnoJay-
4aTb OT OKEAHCKHX HCTOUHHKOB. '

§ 1.2. O6wmi GanaHc BO3OGHOBRAEMON SHEPrMM OKeaHa

OcnoBuast 710551 3Hepruy, moctymnaiomeii B Muposoil okean — pe-

3yJbTAT NOMVIONIEHHS MM COJIHEUHOTO H3JYYEHHs.. JHEPrHs NOCTyHaeT -

B OKeaH TakKXke B pPe3yabTaTe [PABHTALHOHHOTO B3aHMOAEHCTBUS
KOCMHUYECKHX T€J M BOJHHX MacC MNJaHeThl, CO3JAI0MEro NPHJIHBH, H
NOCTYNJIEHHs] Telsia U3 ryayOuHbl njaHeTh. IloBepxuocTs Muposoro
OKeaHa saHuMaeT 0Koso 70 % nOBEpXHOCTH BCeH MJAHETH U COCTaB-
Jaser npuMepno 360 man. kM2 Bojblias 4acTs 3TOH NOBEPXHOCTH mO-
CTOAHHO cBOOOAHA OTO JbAAa M XOPOUIO MOMVIOIAET COJHEUHOE H3Jy-
genye. JlocTaTOYHO CKasaThb, YTO B BHAMMOH YacCTH cneKTpa (AJIHHE
Bosin ot 400 mo 700 mkM) KO3pdupuenT oTpaxkKeHHs TIafiKoH BOZHOH
noBePXHOCTH Menblle 5 Y% npu BoicoTe CONHNA OT BEPTHKAJH He 6O-
aee 40°, B TO BpeMs KaK [ NOBEPXHOCTH CYUIH H MOPCKOILO Jbja
OH paBen npu TO# xe BbicoTe ConHua 10 u 90 Y% COOTBETCTBEHHO.

Hano uvers B BuAy, 4TO Ha BHAMMDIN CBET NPUXOXMTCA MAKCHMYM '

aneprud usgayuenua Cosnupa. Ilponukas B Tosmy okeana, colHeunoe
H3JIy4eHHe TNOIVIOIAeTCs, 3a CYET Yero NPOHCXOAUT mnpeobpasoBaHue
9HEPruy H3Jy4CHHS B TEIJIOBYIO SHePrup OKeaHa. B oKeaHCKOH Boje
npUMepHO 65 Y CONHEYHOrO H3JAYUEHHs MOrJOMIAETC NEePBLIM MeT-
poM BOAHO# TonMmH H A0 90 Y% — mecaTumeTpoBHIM croeM. B mmeBnoe
BpeMs B HHM3KHMX LIMPOTax BOJAA NPOrpesBaeTcs npumepHo Ha 10 m n
GoJsiee 3a CUET TPOLECCOB TEIVIONPOBOXHOCTH H TYPOYJEHTHOrO Iepe-

MellnBaHuA (TBEPAasl MOBEPXHOCTL CylIM NPOTPEBAETCS HE GoJIee uem

Ha 0,5 m).

3anaceHHoe OKEaHOM TEIJO YaCTHYHO B BHJAE AJHHHOBOJHOBOTO
uznyyendss (A > 10 MKM) nepeusjayyaercs, a 4aCTHYHO TNepejgaercs
B arMocgepy TENJONPOBOAHLIM NOTPAHHYHBIM CJOEM H BCJEACTBHE
Henapenus. OTHOCHTENbHAS POJIb 3THX NPOLECCOB PA3JIMUHA AJS Pas-
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HBIX PAfiOHOB IUIAHETH, HO Ha mypoTax ot 70° c. mi. Ao 70° 0. ul xa-
paKTEPH3YETCs NPHMEPHO OJHHAKOBEIMH 3HAUYEHHAMH, % [9]:

JIJIMHHOBOJIHOBOE H3JiyYeHue B aTMochepy H KOCMHue-

CKOE TIPOCTPAHCTBO » « + = v v v o o o o o = o o » 41
IMepenaua Temna aTMoc(epe 3a CYET TEMJIONPOBOJTHOCTH 5
[loTepH Ha HCUAPEHHE . . . & o & o o « o o » o o« D4

100

3a cueT ABHXKEHHS BO3LAYHIHLIX H BOAHLIX MacC 3amaceHHas OKea-
HOM SHEPrHsl TIePEeHOCHTCSl N0 BCel IJIaHere, INpH4eM B 06JAacTH
Mexay skBatopom u 70° c.m. B cpeanem 40 % Temsa mepeHocHTCs
OKEaHCKUMH TeueHHaMH, a Ha 20° c.nl. BKJIajg OKeaHa B IEPEHOC
sHeprun cocrasasier K0 74 %. ExxerogHo ¢ noBepXHOCTH OKeaHa HC-
napseTcs CJaOfA BOpbl TOMmHMHON mpumepno 1 M (OKOJIO 340-10" T)
H 0KoJio 36-10'2 T BOALI BO3BpalaeTCsl CO CTOKOM DE€K, JIEHHKOB H
t.n. Kpome Toro, okean MONOJHAETCS OCafKaMH, BHIANAIOUMMH He-
NOCpe/ICTBEHHO Ha ero mnoBepxHocTb. O6paTHas CBsA3bL MeXAy OKea-
HOM M aTMocdepoi TPOHCXOLHT He TOJbKO depes OCalKH, HO U NyTeM
CHJIOBOTO B3aHMOZEHCTBUS, B Pe3yJabTare KOTOPOrO 4acTh TENJOBOH
SHepruu, npeobpasoBaHHas B KHHETHUECKYIO IHEPrHI0  aTMOCQEpEHl,
BO3BPAINAETCS OKeaHy B BHJE SHEPrHH BOJH M BETPOBLIX TEUCHH.
CymecTByeT U OGpATHBIA TENJOBOH TIOTOK OT aTMOC(epbl K IOBEPX-
HOCTU OKeaHa B pailioHAaX, IJe TeMIepaTypa MOBEPXHOCTHLIX BOJ OKa-
3nIBaeTcs HHXKe TeMIepaTyph BO3AYUIHBIX MAacC B IPHIOBEPXHOCTHOM
cioe.

Bce 3TH npomecch MOCTATOYHO CJAOKHBI, HOCAT BEPOATHOCTHHIH
XapaKkTep, HCIHLITHBAIOT BEKOBble, FOJOBHIE, CC30HHLIC H CYTOYHLIE
Kone6auus. IlosToMy IHpH OnEHKe KOJHYECTBEHHBIX BEJHUHH, OIHCHI-
BAIOIUX TNEPEPachpe/esieHHs] IOTOKOB 3SHEPrHH, OOHBIUHO ONEepPHPYIOT
ocpefiHenHbIMH 3nadeHnsamyu. OneHka IJIaHeTapHOro  mepepacmnpe-
neneHust nepeuuHOl Heprud, sumoanenHasd M. K. Xoro6eprom [45],
npusefeHa Ha puc. 1.2, rae XOpOLIO NPOCJEXKHUBAIOTCS MPOLECCH OT-
PakeHHs COJHEYHOTO H3JydueHus (KOPOTKOBOJIHOBAs pajgHanusd) H
nyTH ero TpauchopmanHd B JJHHHOBOJHOBOE TEIJIOBOC H3JIYUCHHE
(nnnnnoBONHOBag pasuanus). IIpuMepHo 2/3 cymMMapHOrO COJIHEYHOTO
H3/lyyeHHs] UCILITLIBAIOT B OKeaHe H HAa MOBEPXHOCTH CYIIH pasJiny-
Hble 13MeHeHHs: npeofpasyloTcs B TEIJO, PACXOAyHOTCA HA HCHape-
Hye, o6pa3oBaHue OCAJKOB, COOOmieHHe HEPruH pekaM, BeTpy, BOJ-
HaM, PasiHuHBIM BHAAM TeueHuit B okeane. Ilpumepno 0,02 % sceii
SHEPrUNl BOCHPHHATOrO COJHEUHOTO H3JYYeHHs HAET Ha o0pasoBaHue
npoaykuuu GOTOCHHTE3a W YaCTHUYHO Ha o0pasoBaHHe HCKONMaeMmoro
TONJMBA.

Cousmepum ¢ 3TOH BeJAMYHHON CYMMApHHHN NOTOK 9HEPruH, no-
CTynamolilefl U3 HeAp 3eMJH M B BHAE NPUJIHBHON 3HepPrHH. BoiaenuTsb
H3 yKas3aHHLIX TOTOKOB Te, YTO HEIOCPEACTBEHHO HMEIOT OTHOLICHHE
TOMLKO K OKeaHy, AOCTATOYHO TPYAHO. [nd 3TOro HEO6XOAHUMO HC-
T0/Ib30BATL ONpeJleJeHHbIE A0NYLIeHHs, 9acTO AOBOJLHO TPy6hie, YTO
HeslaeT OneHKHW, NPUBOJMUMBIE Pa3JHYHBIMH aBTOPAaMH, TIPOTHBOPEUH-

11



Boimd. Co BpeMeHeM, KOHCYHO, HAJEKHOCTh METOA0B OIpeac/eHu:
JHepreTHYecKuX BCJAHYHH YBCJAHYHBACTCA, OUCHKH CTAHOBATCHA BCE 60~
Jiee o6bekTuBHBIMA. Ho ana SHEPreTUukKu BAaXKHH HE 3TH aGCcoMIOTHEE

Hanyyenne TennoBoe H3nyyenne TI'panrtaunonHoe
Conxua B KOCMOC B3aumopefcTBue
178 000 TBx
N : KOPOTKO- ATHHHO- - "V'd
BOJIHOBOE BOJIHOBOE F/A

-~

/ ]
Hpamoe oTpaxenne M
62 000 TBT (35 %)
A/ 777
Mpunuger,
NPWITHBHEIC
: MpaMoe npeoGpazoBaHue B Telwno TECUeHHS

76 000 TBrt, (43 %)A/ 3 TBr

HUcnapenne, ocagkooGpalopaHue
40000 TBr (22 %

270 %

ae NN NN RN

ﬂ Koxpexuus,
BYJIKaHbI,
BeTpsl, BOJIHBI, KOHBEKIHUs, O KEAHCKHE TeYeHAS «TOpAUME UC-
370 TBt (0,2 %) TOYHKKH
# 72777 77 v 0,3 TBr
DoTtocuHTEs Pasnoxenne i
40 TBT (0,02 %) SKVB OTHBIX  Tennonpo-
. Pacrenus N BOIHOCTH
LLTT T 77772 (Hakonu- 7 7Y - 32TBr
TCINb)
OHeprus
3emnu
Hexomaemoe Slpepras, Teriopas
TOIUIHB O U I'paBUTaUNOHAAA
3Hepruu

Puc. 1.2. Nepepacnpefienenne nepbuuHoii 9vepruu B MupOBOM oKeaHe

BEJUYHHHE MOIIIHOCTEH pa3/quYHbLIX HCTOYHUKOB, 4 JHUIIL TAa HX 4YacCTh,

KOTOPYI0O MOXKHO TNpeo6pa3oBaTh B Tpebyemble 1/ XO3AHCTBEHHOH
IesTeIbHOCTH BHAB 3HepruH. K TpygHOCTAM OLEHKH PecypcoB Jo-
6aB/AIOTCS TPYAHOCTH 3KOJOrHYECKOro, TEXHHYECKOrO M 3KOHOMHUYe-
CKOrO MJIAHOB, COLHAJbHO-NIONHTHIECKOTO XapaKTepa.

12 ’

T -



He BpaBasicb B jeTajnu, TOKaxkeM TOJbKO, KaK H3MEHHJNCH
ONEHKH CYyMMAapHHIX H AONYCTHMBIX sl nepepabOTKH  MOIIHOCTEH
pa3JIHYHbLIX OKeaHHYeCKHX HCTOUHHMKOB SHEPrHH, BHINOJHEHHblE CO-
TPYAHHKaMHu okeaHorpaduueckoro uucturyra Ckpunnca (CIHA) 3a
nath Jger—c 1977 mo 1982 r. CoorBercTByomHe AaHHBE NPUBEACHHL
Ha guarpaMmax puc. 1.3, Ha KOTOPHX OTMEUEHL! JBa YPOBHH — CyM-
MapHBI ¥ jgomyckarpoulHii mpeoGpasoande (3amTpuxoBaH). Dosee
[IO3/IHHE OLEHKH CAedaHbl C yYeTOM IeJOoro pspa TeXHOJOIHUECKHX H
sKoJOrHYecKHx ¢akrtopoB. OHH, KakK npaBusio, B YaCTH JONYCTHMOMH
K MCIIOJIL30BAHHMIO HHEPTHH OKa3aJauch HHxKe. VIHTepecHO OTMETUTb TO

eﬁlﬂ Ug'h’ 34 3 5 4.7013 9j1075
2| __‘_-__-—*'“[_—— ’.'—1—-~'ﬂ———- -
v o7, 26310 | ol
102 L0 57#] 7 510"
z gl VA0 “ §
10 N i%m
10" N Z\N
- N N

So1 TeugHun  BLOMOGE Ipaduenm  IpaBuexm Okeancrue
T MU,” ¢ & Burt GOAEHOCHIY MEmMnEpamypsl  Bempnt

Puc. 1.3. Pacnpeaenenye 0KeaHCKnX MCTOYHMKOB JHEPruH MO MO~
HOCTH (npaBbie cTOJNGUE — no ougesxam 1977 r. [89], neBble — no
) oneHkam 1982 r. [81])

06CTOATENLCTBO, YTO €CJAHM Ha TepBoi jguarpaMme HE DacCMOTPEHB
OKeaHCKHe BEeTPH H GHOPecypChl, TO Ha BTOPOI OHM 3aHUMAIOT BaK-
Hoe Mecro. IIpH onerKe BO3MOKHOCTEH INpPHJIHMBHON 3HEPreTHKH yd-
TeHo, u4To paboTarh HA NOJHYI MomHOocTh [13C Moryr ToJMBKO B Te-
yenne 30 9% Bpemenu. [aHHBIE 10 OKEaHCKHM TEUEHHAM MOJyYEHH
¢ yueroM 1% JONYCTHMOro 3aMeRJICHHS CKODOCTH TEUEHHS (Ha mep-
BOi auarpamMe pedp uwta o 4 9%-HoM 3aMenJIeHHH, HO yYHTHIBAJIUCH
Tossko [oabderpum u Kypocno). IIpy oueHKe BO3MOXKHOCTEH 3HEP-
FeTHYECKOro MCHOJB30BAHHS INPOAYKIHMH OKEaHCKoro ¢oTocHHTe3a
npuHATs Bo BHHMaHHe B0 Y% sQdekTupHOCTH Npeodpas’oBaHus BypPHX
BOROpoCJell B METaH U BO3MOXKHOCTb Da3MElleHHs COOTBETCTBYIOIHMX
depm B 209 palioHOB eCTeCTBeHHOro ampeanauura *. [as npucpex-
HBIX BOJIHOBLIX PeHepaTopoB ycranosjenn KITH 50 % u Bpems pa-
Goret 40 % romosoro Giopxkera Bpemenn. KII/ npeo6pasobaHus rpa-
IUEHTa COJIEHOCTH MPHHAT PaBHBIM 3 %, a rpapuenra temueparyp —
59%, npuyeMm B moCJeAHEM CJAYYae CUMTAETCH PeasbHBIM pPasMecTHThb
npeobpazoBaresin Ha 2 % INOBEPXHOCTH OKeaHa B TPONIMYECKOH 30HE.
Hns serpoBbix cranpdfi  KOS(QGUUIHEHT NPeodPasOBaHHs SHEPIHM -
BeTpa npuHAT paBHbM 60 %, U MONyCTHMBIM yDOBHEM H3BATHA MOIL-

——

* AnBenniuHT — 0beM FAYOHHHEIX RO, GOraTHX OHOreHMEIMH BeLleCTBAaMH, HT-
PalowuMy potte yao6peruit. )
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HOCTH cuuTaioT 1% MomHOCTH BeTpOB, AYIOIIMX Ha YAaJeHHH OT Ge-
pera * [81, 89].

He‘\/IaJIOBa}KHbI H TakKHe <«TEeXHOJOTHYECKHE» CBOHCTBA OKEaHCKHX
PECYPCOB 3HEPrHH, KakK INJAOTHOCTL HEPrHH H CTAGHILHOCTL HCTOU-
HHKa HEPrHd. JTH CBOHCTBA ONPeIeNsioT pasMephl 6yAVHIIHX NPeos-
pasoBareneii, HEOGXOAUMbIE YCTAHOBJEHHHE MOIIHOCTH, PEXHMLI Hc-
NONb30BAHUA SHEPruu. B Taba. 1.3 3TH BENHUHHH XapaKTePH3YHOTCH

Taéanua 1.3

CpasnuTertinle XapakTepHCTUKH OKEAHCKMX HCTOMHMKOB sHeprunm [4, 21, 81, 89]

Cpenneronosas sueprus, = Cpenuss éc’\c

(kBT-4/roz- 1012%) & E na0THoCTS 2 g"

Bua uerounuxa EE | ommubancinoro| 55

Hw A6 - © 3

seero | Aszpmanaan) B2 | wo yone- | 88

Teuenus 40--70 0,4 75 0,01—0,05 75
Bosusr 600 25 90 1,6—5 35
Mpunusst 25 0,25 35 6—14 100
[Mepenaanl Temnepatyp 25 - 104 400 6 200—300 75
[Mepenagnt cosenocTei 250 20 25 . 240 100
Boopocan - 125 1,26 35 3000 50
Berep 20 . 103 13 60 5—90 30

* YKazaHO B TeMJIOBHX eJHHMIAX, COBPEeMeHHOe [oTpeb/ieHHe  OKOJIO
80102 kBt-ufrox.
** las rugpoadiekTpocTannuit XapakrepHa Besqndnna H0—100 M Boa. cT.

BHICOTOH SKBUBAJIEHTHOrO cronba MOpPCKOil BOAB, 06Jiagaromero Io-
TEHIHAJbHON 3HEPrueH, KOTOPYI0 MOXKEeT c03maThb | Kr To# ke BOIHI
[unu  BOosgyxa asa  oxeaHcKHX BerpoanekrpocraHuuit  (OB3C)],
HCIIONb30BAHHBIH B KauecTBe pafouero tesa B npeobpasoBarese Cco-
OTBETCTBYIOILEro BUAA pecypca (Temso, CONEHOCTh, YPOBEHDb, CKOPOCT-
HOH Hanop), M AoJsell BpeMEHH B INPOUEHTAX, B TeUeHHEe KOTOPOro
MOIIIHOCTb HCTOYHHMKA OCTAeTcs TOCTOAHHOR (ocpedHeHHBIE BENH-
uuHbl). FMcnmosb3oBanue 9KBHBANEHTHOrO crosi6a KUAKOCTH YAOGHO
IS CPaBHEHUA OKEAHCKUX Inpeobpasopareneil 3sHEPrHu ¢ TPagHLH-
OHHBIMH, HanpuMmep ruaposiaekrpocranuuamu (I'2C), obuuno pado-
TalomUMH npH Hanopax 50—100 M (npu onpeneNeHHH CcyMMapHOH
momuocty I'DC yuyureiBaroTcss W HAMOp, U PacXOi JKHIKOCTH).

§ 1.3. Pecypchl Tennoeoi 3HepruM

[Ipeo6bpasosanne TennoBoii HEPrHH, 3amaceHHOd OkeanoMm, B Me-.
XaHHYeCKyl0 SHEPrHI0 H Jajee B 3MEKTPOIHEPrHi0 TpedyeT CO3AAHHUA
TeM/IOBOW MAalIHHLI, T€M HAH HHBIM CHOCO60M HCHOAL3YIOIIEN €CcTecT-

* Tlpusegennbie HAGPH ONPEAEIAIOTCS TEXHHUECKHMH, SKOHOMHUYECKHMH H 3KO-
JIOTHYECKHMH COOBpaKEHHSIMH, KOTOpbie AJf KaXIOTO THIA MpeolpasoBaTess 6yny1‘
pas3bACHeHH B MOC/IEAYIOIIKX IJaBax.
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BeHHLIfl Tiepenaj TeMIepaTyp MeXAy NPOrPeTbIMH NOBEPXHOCTHHMH
H OXNaKAEHHBIMH TAYGHHHBIMH CJHOSIMH BOA. B mnepsoM mnpubaHxKe-
HUM goas mpeofpasyemoll SHEPrHH MOXKeT OHIThb ONpefe]ena uepes
KI1/I repmogunamuueckoro unkia Kapuo kak AT/T, rae AT — Benn-
yygHA Nepenaja TEMIeparyp MeXKIy HarpesareneM H XOJOMUJIbHHKOM;
T — a6contornoe 3Hadenue temmeparypu Harpesatens (K). Coor-
BETCTBEHHO A/ ONPENENEHHS Peald3yeMbIX 3aIllacoB TENJOBOH 3Hep-
TUH HEOGXOIHMEI CBEIEHHT O PAcNpefeNeHUH TeMIepaTyp Ha IOBepX-
HOCTH OK€aHa, TOJIIMHE NPOTPeToro cjofd, rJAy6HHE 3aseraHus c/aos
XOJOJHBIX BOJI, CKOPOCTH TepeMelenus BOAHBIX Macc.

INeppas takas npuGaUIKEHHAs OuLEHKA Oblla BHINOAHeHa B 1977 r.
[89]. Ouna GasupoBanach Ha TOM, 4TO B cpenHeM o MuposoMy oke-
aHy PasHOCTL TeMIEparyp MeX1y IOBEPXHOCTbIO U TayGHMHAMH TNpH-
mepuo B 400 m cocraBaser 12°C, nuuib B HEKOTOPLIX paiioHax BOJIHM3H
sksaropa mpocrurasg 20°C. Cuyrada B cpegHeM, UTO PA3HOCTH TeMIie-
paryp B 12°C coxpaHnserca Ha Bceli cBOGOAHOM OTO Jbla TOBEPX-
HOCTH MaOliagbio Okoso 3-10' M2 B cnoe rtommuuoir 100 M, obuiyio
TEIJIOBYIO 3HEPTHIO, NMPUCYTCTBYIOUIYyI0 B OKeaHe B JIOOOH MOMEHT
. BpeMeHH, MOXKHO OueHHTb KaK W=pvcpAT, rie p — nA0THOCTb BOJHI,
Kr/M%, U— 06beM HarperbiX BOI; Cp,— YA€AbHAdA Tem1oeMkocTs. Ilo-
naras ¢, =4,19-10° [x/(xr-K), Benuunna 3anaceHHOH SHEPTUH
W =15-10% [Ix.

Boan okeaHa HaXomATcs B NOCTOSTHHOM ABH:KeHHH. Cpeaunue cko-
pOCTH 3TOrO [BHIKEHHS HEBENHKH H H3MEpSIOTcs HEeCKOJBbKHMH CaH-
THMETPAMH B CEKYHAy, TaK 4YTO KDYroBOPOT BOJ HPOHCXOAHUT B OKe-
ane 3a nepuox, pasusii 1000 ner. B Takowm cayuae, BO30GHOBJsAEMAas
MOIIIHOCTb, KOTOPAasi MOCTOSIHHO [OJIKHA IIOCTYNaThb B OKeaH, 4TOGHI
COXPAHHThb €CTECTBEHHLI Iepenaj TeMIepaTyp, OKasbBAeTcs DaBHOH
P =FE/t=250 TBr. Ho rak kak KILJ uukma Kapuo a/na nepenazna
12° npu nopepxuocTHOH TeMneparype 285 K npumepno pasen 4%, uc-
noab3yemas ajs nepepaGOTKH 4acTb TENJIOBOA MOIMHOCTH OKasbiBa-
ercs1 pasHoii npumepno 2 TBt (cm. puc. 1.3). ‘

Bosee Tounble Onenkd TPeOylOT 3HAHHMS KAPTHHBI pacrpeneseHUs
TeMnepaTryp H, B0OOGIle roBOPs, 0OOOCHOBAHHHIX TEXHHYECKHX pelle-
HUH, NO3BOJAIOMHUX pPeanu30BaTb NPHEMJIEMBIE ¢ KOHOMHYECKOH
TOYKH 3penna Koa(duumuents! npeo6pasoBanua sHeprud. Bmpouew,
NpY ONpENeNEHHH NOTEHIHAJbHBIX BO3MOXKHOCTEH TENJOBOro HCTOY-
HUKA, BEPOSTHO, MOMKHO ONHPAaThcsl HA MAKCHUMAalbHO JONYCTHMbIE
sHauyenus, napaemole KIT/ pukna KapHo u ofecneuHBaeMble MaKcH-
MalbHBIMH TlepenafaMy TeMuepatyp (Okomo 24°), nabaiogaevMbIMH
B INIpUIKBATOpHaAbHBIX pafionax okeaHa. Takas onenka OyjgeT Mak-
CHMaJIbHOH, Tak KakK B Hell He yuurhsatorcs peansnnle KITJ typ6um,
epefaTOuHLX MEXaHH3MOB, I€HepaToOpoB, HACOCOB XOJOAHOH M Tel-
JIOR BOAB M T. 1. [25].

O pacnpenejeHny nepenajoB TeMueparyp Ha moBepXHOCTH Mupo- .
BOro OKeaHa jgaer npegcraeiende puc. 1.4. KapTel moxa3biBaloT, 4T0
MJIOLaAb 30HBI ¢ MOCTOSTHHHEIM MaKCHMAaJbHBIM IepernajgoM TeMIepa-
TYD HE TaK YK BelHKa M cocTaBageT npumepuo 20 man. km?. Llenodt
cunkenus KII/ upeansHoro uukiaa Ha 1% 3Ty 30y BO3MOXKHOIO
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pa3MelneHus] TEIVIOBBIX IpeoGpasoBaTesiefl MOXKHO YBeJHUYUTb HPH-
MepHO B 6—7 pas.

IlocTosHcTBO nmepemaja TeMmepaTyp B CJayyae H3BSITHS YacTH
3HEePrHH [OJXKHO 0GecnevyuBaThCsl JIPHTOKOM 3HEPTrHH 3a cueT Nepe-

Prc. 1.4. Pacnpegencuue IepenajoB TeMmeparyp B NPHIKBATOPHAIBHBIX
30Hax Muposoro oxeana [1] (nyHKTHPOM orTMeueHbi TaAYGmHE 1000 M)

MELICHHsT BOAHHIX Macc H MOIVIOMEHHsI COJHEUHOTO H3JyYeHHS.
Puc. 1.5 naer mpexcraBjiende 0 TOM, KaKHUMH CJOMKHBIMH TIpOIeEC-

caMHd CONpoBOXKJaercs 06MeH 3HEPrHell B TOJIlE OKeaHd. B To Xe

BpeMs KaxmAbli KOHKPETHBI NpeobpasoBaTesib TEMJIOBOH SHEPTLHH
«cobupaeT» e€ ¢ ONpPeAeJEeHHOH IJIOMAAH B TeMIe, OGecleyuTb KO-
TOPBI MOTYT TOJALKO TedyeHus.. B. A. Akyauues [1] npusogut ¢op-
MyJqly [AJisl ONpEAesieHHs] MOIHOCTH eJHHUYHOrO IpeodpasosaTens
(c suHeliHBIM pasMepoM BAOJb TeueHHs L), 3a6upaiomero BoAy
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¢ WIomanHd S NpH CKOPOCTH TedeHHA # M Heob6Xopumoil riybune sa-
6opa xosofHOH BOAM H:

P = pc, AT SHunng/L. (1.1)

B stoit ¢opmyne momumo KIIJI upeasnbHO# TeNOBOR MAIIHHDBL Mg
yuren u KI1/ Bcex TeXHHUECKHX CHCTEM X, «yYaCTBYIOULHX> B npeos-
pasoBanmd >HepruH, oueHuBaembii kak 0,1—0,5. Briuncaennsa mnoka-
3LIBAIOT, YTO AaykKe IPH MHHUMAJbHOM % H Tlepenajge TeMIepaTyp,
paBHOM 10°, MeXAy NOBEPXHOCTHLIM CJIOEM H CJIOeM, JEXKaluMm Ha

(e a0 o —
O6naka 0,001 % -
KongeH- BopsaHoit nap
canus Anpexups 0,001 %
400

Brmanenue W cnapenue Wcnapenue Brinage-
ocagKoB 64 336 HHe ocafl-
100 KoB 300
TToBepXHOCTHEIE =
BOABI 0,01 % } Oxean i
Teg 2% 91 %
['pyurossie Bome! 1 %

Puc. 1.5. [lnanerapHbiii KPyroBopoT Bol (pacxof, B COOTBETCTBYIOHIUX Mponeccax
ykazau B 10'2 1/ron) [9]

ray6une 1000 M, npu S =1 km? u u=0,1 M/c B NpUHIHIE MOKHO
NOJIy4ATh IJIEKTPUUECKYIO MOIHOCTb OKoJo 108 MBT.

OnpepeseHye pPecypcoB TENMJIOBOH 3HEPrUH, CBA3AHHOK C OKeaHOM,
GyfeT He NOJHBIM, €C/1H He yYeCTb fIOTEHLHaJbHLIE BO3MOMKHOCTH emle
IBYX TeMIIEPATYPHLIX IePenajoB, CYILIECTBYIOIIHX MEXKAY NMPHIOBEPX-
HOCTHLIMH CJIOAMH BO3AyXa H IOBEPXHOCTHLIMH CJOSIMH BOJALI H MEXIY
(PHIOHHLIMH BOJAaMH H NOPOJAAMH, CJHAaraiolUMH AHO. DTH PeCypCH
IOKa He OLEHEHBI, OJHAKO y¥Ke Beayrca paboTnl MO CO3gaHui0 AeH-
CTBYIOIIKX MOAeael npeobpaszoBareell, HCNONL3YIOIIHX IEPBHI Ile-
penmaj, KOTOpIH MpeicTaBiseT OcoOblii HHTepec ajd ADPKTHKH, Tie
B 3uMHEe BPeMs -— NMpaKTHUeCKH He MeHee 8 Mec B TOAY — TeMmilepa-
Typul Bosjayxa Jjexar Humke —20°C npPH OTHOCHTEJLHO HOCTOSTHHBIX
TeMnepaTtypax BOgul MOAO Jabiom -+ 2— - 3°C. Pacuernl moKassl-
BaIOT, 4TO NPH TaKoM nepenage Kaxasii 1 M3 MOpCKOH BOAH, 6YAydYH
tuponyuien 3a 1 ¢ uepes npeobpasoBaresib, NO3BOJSAET NMOJYYHTL OKOJO
10 kBt mouoctu nmpu KII ycranosku 5% . Opuako HyXKHO OroBo-
PHTbCs, uTO cTabUALHOCTL Tepenaja BO3JAYX—Boja 3HAYHTEJNBHO
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HHXKe, YeM Ilepenaja Bojga—BOJA M BOJa—TOpHBIE Nopoias. Bepo-
ATHO, NOCTeAHMHA nepenan Mor 6bl B KaKOH-TO Mepe CTaTb 3TaJIOHOM
CTa6UABHOCTH MJIT NPHPOLHOrO HCTOYHHKA JHEPTrHH, XOTd 3TOT IO
CBOEH IpPUPOLE IeOoTePMaJbHLIA HCTOYHHK MOXKHO OTHECTH K BO306-
HOBJISIEMBIM C OrOBODKOH O TOM, YTO Pecypc reoTepMajibHHIX CKBAKUH
U3-32 KOHEUHOCTH TENJIONPOBOAHOCTH TOPHBIX TOpPOA orpanuyedn 20—
30 rogawmu.

§ 1.4, DHepreTHYecKHit NOTEHLMAN OKEaHCKMX TeueHMH

M3 Bcex OKeaHCKHX HCTOUHMKOB Teu€HHSI XaPaKTePU3YIOTCS caMof
HH3KOH IJIOTHOCTBIO SHEPrud (BeJHuHHA 3KBHBAJIEHTHOrO HX AHHAMHU-
4eCKOMY LaBJEHHIO CTOA6a KHAKOCTH paBHa Bcero 0,05 M npu CKo-
poctu 1 M/c u ToALKO 5 M mpu ckopoctu 10 m/c). bDes yueTa TpyaAHO-
CTell co37aHus W OOCHy:KMBAHHA THraHTCKHX COOPY:KEHHH B TOJIIE
OKEaHCKHX BOJ, HEOOXOAMMBLIX IJAA YTHJAUIAUHH HX KHHETHUECKOM
sHepruy, oHu sGQeKTHBHee, NOXKaAyH, TOJBKO npeobpasoBartedaei
COJIHEUHOH 3HEpPruH B YMEPEHHLIX LIMPOTaX, e C MOBEPXHOCTH IJO-
mazasio 1 M? MOXKHO moJyuutn He Gojee 100 Br. C Tako#t ke mio-
maayd B MONEePeyHOM CEUeHHH OKEaHCKOro TEueHHs, HMEIOMEro CKO-
pocts 1 M/c, MOXKHO NOJYudTh OKoJo 600 BT sjekTpuueckoi Momi-
HOCTH. .

Toapko 0,02 9% conneuHo#t sHepruu, nocTynawmeil B Muposoft
OKeaH, npeobpaayeTcsd B HEM B KHHETHUECKYIO JHEPrHIO TEUEHHH, HO
U 3TO ZOCTATOYHO BHYLIIHTEJNbHAs BeJHuHHA: NPH MOIMHOCTH 5—7 TBr
oHa cocrasasier npumepuo 60-10'? kBr-u/rog (coBpemenHoe mo-
TpebJeHHe 3HEPrud B Mupe cocTaBaser mnpumepuo 80-10!2 kBt X
X u/rog ). Ilpubnusurennno 20 Y >Tofi sHepruu HAET Ha INpeojoJe-
HUe CHJI TPEHHs, a OCTaJIbHOE PacXOAyeTcs Ha NEePEeHOC BOJAHBIX Mace
U3 OJHHX palioHOB Mupomoro okeana B Apyrie. B mpoiecce 3TOro
mepeHoca BOAHBIE MAacCChl NepepacnpefesisioT N0 IJaHere HU3GBITOK
Temja, GHOreHHLIX 3JEMEHTOB, YMEHBIIAIOT KOHIEHTPAIHUIO 3arpsizHe-
HUE B MEcCTax HX IOCTYIJIEHHs] B OKeaH, T.€. 00ecneudBarOT OKEaHy
poJib mpupopHoro aemndepa ONACHHX OTKJIOHCHMH KHU3HEHHO BaX-
HBEIX TI0KasaTesel cpeanl. DTOT NEPEHOC HAET ¢ Pa3JHuHBIMH CKOpOC-
TAMH: OT HECKOJABKHX CAHTHMETPOB [0 HEeCKOJbKHX METpPOB B ce-
KyHay. OH NPOHCXOAUT W IO TOPU3OHTANH U IO BEPTHKANH, ofecrneyu-
Basl MOJHBIA O6MeH BOAHLIMH MacCaMH MeXJAy PAasAHUHLHIMH YacTAMRA
Muposoro okeana npuMepHo oguH pasd B 1000 ner.

[TpuunHLl, BHI3BIBAIOIIME ABUIKEHHE BOAHBIX MAacC B OKeaHaxX, Pas-
JIMYHBL. 3J1eCh U LEACTBHE CHJI, CBA3aHHHX ¢ 06pasoBaHHEeM TIpajyeH-
TOB [AAaBJEHHH, U BJIHJIHHE BETPOB HAaJ OKEAHCKOH IOBEPXHOCTBLIO, H
npuauebl. B peaynbiarte caoxHON cBsisy 3THX (DaKTOPOB Mexny cO-
60#, Bpamenus 3eMJH, B3aUMOLEHCTBHS OOPa3yIoOMIUXCsl MNOTOKOB
C HEPOBHOCTAMM AHA M GeperaMd B OKeaHe BO3HHKAIOT COBEPUICHHO
YIUBUTENbHBIE MO CBOMM CBOHCTBAM TEUEHHs, B KOTOPHIX DHEPIust
KOHUIEHTPHPYeTCS HACTOJNBKO, yTO CTAaHOBHTCS ONPaBJaHHO# paspa-
60TKa TCXHHUECKHX PEUICHHH 3TOrO HanpapJeHHS SHEPreTHKH.
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Ecan B3sTbh 3a 3TaJOH TEUEHHs! CO CPeAHHMH CKOPOCTSIMH nopsijaKa
1 M/c, T0 MOXHO HaHTH ZOCTATOUHO MECT AJs pasmenienuss OI'DC
M B OTKPHITOM OKeaHe, U BOau3u Oepera (puc. 1.6). OcobeHHO HHTe-
pecen B sroM nuaHe ATnantuueckuit okeaH (Ioabderpum, CesepHoe
naccatHoe, bedresanckoe, I'Bunefickoe, Bpasuinckoe Teyeuus). Me-
Hee uHTepeced MHiaufckuil okeaH, XOTH M 06Jafa0MH  GOIbIHON
CymMMapHod KuHeTHyecKoH sueprueii (Comagmiickoe H wmMbica Mrodb-
HOro TeyeHHsi, OTPOTH TeyeHHs 3anajueix Berpos). B Tuxom oxe-

45° 60° 75° 90° 105° 120°
Puc, 1.7. CesoHnbie H3MeHEHHS HAMpPAaBJAcHUA TedeHHii B Wnmuiickom
okeane (7o II. Beiimo). :

1 — 3HMOH; 2 — JIeTOM B CeBepHOM NOJIYLIADHU

aHe BHUMaHMe npuBJaekalor KypocHo M era oreerBjenus. Hano or-
METHTb, 4TO 3]/leCh NepeuyHcseHbl TOJAbKO HEKOTOpble W3 Besankux oke-
aHHYECKHX TeYeHHH, HCNOJb3ys MOIIb KOTOPHIX NPUHIHMNHAJILHO BO3-
MOXKHO CO3ZaTh JAOCTATOUHO KpYNHLIE DEruoOHAJbHbIE 3HEPreTHYe-
ckne 0OBeKTHl (cyMMapHass MOHHOCTh l'ogbderpuMa, manpumep, one-
Husaercst B 15 I'Br, a Kypocuo — B 50 I'Bt), HO cyliecTByioT eme u
TeUeHHsl, BMOJNHE MOAXOASAINME NJ5 PEUIeHHWs 3ajad MeCcTHOH 3Hepre-
THKH. YKaxKeM, HalpHMep, NOCTOSHHO JeiCTBYIONINE TeyeHHs B | HO-
paarapckom u bBas-31b-MaHne6cKoM NPOJAHBaxX, NPUJIUBHLIE TeyeHHS
B Jla-Manime, Mexay psaoM OCTPOBOB KypHJLCKOH TPSIB H IPYTHe
TEUeHHsA, IJe CKOPOCTH [OTOKOB [OCTHUraloT BeJHYHH NOpsjKa S5—
8M/c, M, COOTBETCTBEHHO, IIOTHOCTH 3HEPIHHM 3HAUHTEJbHO BO3pac-
Tal0T 110 CPAaBHEHHMIO CO CPeJHUMH [/ KPYIHBIX OKEaHCKHUX TeyeHHH.

ITpruem, B NpOHBAX MOXKHO HCIOMbL30BAThL [JSI HYXKJ SHEPreTHKH He

TOJILKO TIOBEPXHOCTHHE, HO M [MyOHHHBIE NMOTOKH, YacTo HMEIiHe
fIDOTHBOIOJIOZKHOE NIOBEPXHOCTHLIM HAanpaBJeHHe H Takxke objajan-
e NOAXOASIIHMH CKOPOCTSAMH *.

* Tonmasuu [. Okean B ABH:kenunm, JI., 1976.
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[IpakTHYeCKH BCe TEYEHHs INOJBCPXKEHBl KaKUM-TO H3MEHEHHSIM..
Ce30HHO W U3 TOAA B TOj H3MEHSIOTCA CKOPOCTH, HaupaBJeHHs, QH-
3HYEeCKHEe NapaMmeTpsl BOJA. ¥YCTOHYMBOCTb NOTOKOB OyneT ONpeelsiThb:
cTabuapHOCTL pabors Oypywux OI'DC, u niaa sHepreTHKH, BEPOsTHO,
0CO0EHHO HHTEpecHbl T€ TeYeHHsl, YCTOHUYHBOCTL KOTOPHIX NpPEBBIL&eT
no kpafineil mepe 50 % *. V Bcex 3 NepPEYHCJEHHBIX BBIIIE TEYEHUH
3TOT NoKasateab 6.4u30K K 76 % (puc. 1.7). Vck/aIouenne cocrapJaser
ComanuiickOe TeueHHe, B JETHHE MeCSIBl H3MEHfIOlee HaNpaBjicHHe
IBHKEHMS Ha NPOTHBOMOJMOXKHoe. CpejHHE Ce30HHbBIE Kojie6aHHs pac-
x0na Boabl B loabdcrpume, Hanpumep, cocraBagioT 15—20% or
HaubOoJBILIEro 3HAUeHWs, NpaBia, MHOrAa OTMedaloTcsl M GOJbIIHE KO-
neGaHus (BeauuuHofi go 50 %). Bosee crabuapro Kypocuo (10—
15 % xoJaebaHuit pacxona), HO B OTaeJbHBe TOAL H B HeM HaOJaiopa-
JIHCh H3MEHEHHs CKOPOCTH H pacxona Boabl B 50—60 %.

§ 1.5. Mcnonb3oBaHMe JHEPrMM BETPa M BONHEHMS

BO3HHKHOBEHHE BeTPOB — CJEJCTBHE HePaBHOMEPHOCTH IporpeBa
MIOBEPXHOCTH OKEaHOB K CYWH. BojHbl— pe3ynbTat paccenBaHUSE
yacTH SHEPrMH BeTPOB NpPHM B3aHMOjElCTBHH C OKEaHCKOH MNOBepX-
HocTblo. IlosHass KuHeTHYeCKas: 3Heprusl aTMOc{eph  OLIEHMBAETCH
B 102! JIxx, uro mpumepHO Ha pBa Mopsaka GoJgplue, ueM TaKas XKe
cymMMapHasi BeJMYMHa [/ KUHETH4ecKod sHepruH MmupoBoro Oke-
aHa B leJoMm (cM., Hanpumep, padory ([28]). CymmapHas MOILHOCTb
3TOr0 HCTOYHHKA BO30OHOBJASEMOH 3»HEPTHH OUEHHBAETCS HNPUMEPHO
B 2700 TBt, npuuem B NpPHIIOBEPXHOCTHOM CJIO€ aTMOC(EpH TOJIIHU-
Hoil 100 M cocpemoroueHo Junib 25 Y% yKasaHHOro KoJuyecTBa. s
MIOBEPXHOCTH CYIIH C YYeTOM pa3JjHUHBIX BHAOB TOTeph M peanbHORE
BO3MOXKHOCTH pa3MellleHHsl BETPOBHIX 3HeproycraHoBok (B3VY) yka-
apiBaercss uudpa 40 TBr, Ho naxe 10 % 3Toll BeJMUYMHBI NPEBBHILIAELT
Becb THAPOsHepreTHyeckKuil NoTeHunasn cymd. Ias BeTpOB, AYIOUIHX
B OTKPHITOM MOpe TaM, Ie [ay6HHB NO3BOIAIT pasmewats BIY,
B JIMTepaType MPHBOAMTCS 3HaueHuwe MoutHoct: 20 TBr, mourn Ha !/s
yBeaMyMBaloliee OOHHA BeTPOIHEPreTHUECKHI NOTEHIHAL.

Ilpu onpenejieHHM MOTEHUHMAJTOB KOHKPETHBIX —reorpaduyeckux
pailOHOB NPHHATO HCXQAUTL HE H3 OOUIHX TEOPEeTHYECKHX  OLEHOK,.
a H3 naHHNX HalJdofeHHd 3a QOCTATOYHO AJHUTEJbHOE BpeMst CKOpoc-
Tefl W HalpaB/JeHHI NPeMMYLIeCTBEHHbLIX BeTPOB. Takue OUEHKH ad
CHIA, manpumep, yKas3blBalOT Ha BO3MOMKHOCTh BHIPAOOTKH €XKErogHO-
a0 102 kBT-y 3JeKTpO3HEPruy (IPHMEPHO IOJIOBHHA BBIPAGOTKH MO-
ypoBHIo 1980 r.) [3]. dra Besquuusa, BEPOATHO, MOXKET OBITH CyLIeCT-
BEHHO YBEJWUEHA, eCJH NPHHATb BO BHUMAHHE BO3MOXKHOCTH OKeaH-
CKOH BeTpOSHEpreTHKH, KOTOpas B yKaszaHHOH palore He yUHTHIBA-
Jack, K Tagomy ke 3>hdHEKTYy MOKET NPHBECTH HCINO/Ib30BAHHE
B pacuyerax GoJbluell BeJHUYMHBl TOJIHHBI «NPOLYKTHBHOrO» CJOsi aT-

* CKOpOCTh TeyeHWsi ¥ PacXoj BOAB He NAJAOT HUXKe KaKo#i-TO cpeaHeh Be-
JY¥Hb B Teuenye 50 9 BpemeHH.
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Mocdepsl MOAOOHO TOMY, KakK 3TO CAeJaJdd HAllM CHEeNHaJUCTH [pH
OLICHKE BO3MOXKHOCTEH MCNo/b30Banus sHeprun Berpa B CCCP [20].
I1punsB BO BHUMAaHHE DN TEXHHYECKHX H 3IKOJAOrHYECKHX OrpaHHUE-
HUH, NPHCYMMX COBPEMEHHOMY YPOBHIO Da3BUTHUSI BETPOIHEPTETHKH,
3a[aBUIMCh TOJIMUHOH <«IPOAYKTHUBHOIO» cJOs, paBHoi 500 M, mpH
pasMemienun B3IV B y3npax cerkn 2020 KM, OHM NoOJyywaIH, YTO
CpelHEMHOrOJIeTHee KOJHYECTBO 3JHePrHH NPH 3ToM pocturiao 3%
X 10 kBT-u/rox nPH NOTeHUMAJBHON MOMIHOCTH BETPO3JEKTPOCTaH-
uuii B 15-1012 Br (15 TBrT).

Otmeuaercs, uTo cymMMapuas MolltocTs [IC B Haue#l cTpaHe Ha
korer, 1982 r. cocraBuaa 5,5-109 Br npu ronoBo#i BHpaGoTKe 3JeK-
rposueprun 1,8 10'1 kBr-u/ron. TuppaBanueckuit mnoreHpuax pek
CCCP ouenusaercs B 2,1-102 kBT-y/rox, uto npumepno B 15 pas
HUXKe AOCTYNHOro BeTpoBoro noreHuuana. Ilo oumenkam B. U. Cuno-
poBa [27] Ha TeppUTOPHH cTPaHbl MOryT GBIThb YCJOBHO BBHIIEJNEHEl
TPH 30HBI — CceBePHAdA, 10KHAS U 0T0-BOCTOUHAS, IJle NMOCTOSHHO LVIO-
e CHJAbHBIE BETPBl MO3BOJIAIOT PacCUUTHBATL Ha Pa3BHUTHE BeTPO-
snepreturu. CeBepHasi 3oHa, BKJIwuawinas nobepexbe CeBepHOro
Jlenosuroro okeana or Kouabckoro n-oBa no KamuaTku miomaneio
6 muH. kM2, o6JaagaeT MOTeHIHAJdBHOI MOUHocThbio 10 180 kBT M Mo-
#eT obecneunutb BHpatGoTKy no 540 TBr-u/rog saexrposnepruu. [Ox-
Has (AsoBo-UepHomopckasi) maomagsio 0,5 max. km2— 15 IT'Br u
45 TBr-y/ron, wro-Boctoudast (Apaabscko-Kacnuiickas) muomanbio-
2 maH. kM2 —60 TBT u 180 TBT-u/rog cOOTBETCTBEHHO, DTH PacyeThl -
BBIIOJHEHB ¢ YYETOM TOJIINUHBE NMPH3eMHOro cjaodg B 200 M, npuuem
yuTeHa TOJBKO COTa# YacTh CYMMAaPHOH MOIIHOCTH BEeTPOB Ha mJo-
maau 8,5 maH. KM? (o0ilas MOIIHOCTL BETPOB cocTtasfser 25,5 TBr
B 21X 3oHaXx). IlogoOHble OneHKH NOCTOSIHHO YTOYHSAOT, K NOTEHIH-
AJbHHIM pafioHaM 10 Mepe yBeJMUEHHS HHTEPeCa K BETPOIHEPreTHKe
NONKJA0YAI0T Bce HoBble. Hanpuwmep, suepretukn IcroHckoit CCP
CUMTAalOT, YTO NIOTEHIHAJ TOJAbKO NPHOpEekHBIX pafioHOB pectyOJHKH
H ee OCTPOBOB B DaiTuiickomM Mope coCTaBJsieT HeCKOJIbKO MUJIHO-
HOB KWJOBATT ¢ BO3MOMKHOH TOAOBOH BLIPA0OTKOH 3JeKTPOIHEPIHH
or 17 no 35 TBr-u. Ilpumenenne B3Y 3mech 1m03BOJHT 3KOHOMHUTH
or 7 10 14 MaH. T y. T./rOJ NpH BNOJHE NPUEMIEMOll CTOMMOCTH 3Hep-
run 0,3—0,4 xomn./(xkBr-1). Bosee nerasbHoe npeiacTaBjgeHHe O BET-
pPOBOM [OTeHnHake NPHOPeXHAWX pafionoB Hameil CTPaHH MOKHO MO-
JyuuTh mo pabore [12].

[IpumepHo Takike OOCTOMT [AeJO ¢ ONEHKOH BOJHOBOIO IOTEHIU-
ana. CymmapHas 3HEPrHs BoJIH COCTaBJsIeT NOJH MPOLEHTa OT SHep-
UM BETPOB. MOWHOCTL MCTOYHHKA OLeHHBaeTcs NpUMepHo B 3 TBT.
B MupoBoM OKeaHe Y4acTKH ¢ AOCTATOYHO CTAOHJbHBIM N0 MOLIHOCTH
BOJIHEHHEM BCTPEYAWTCA Pefko. BuIMoJHEHMe OUEHOK A/ KOHKperT-
HBIX paioHOB TPeOyeT AJHUTeJbHHX HaG/MOAEHHIH, B LEJOM 10 OKEaBY
3THX HAOMIONeHHI ellle He pocrarouHo. MoxHO cKasaTh, uro cefiuac
naubodiee usyyeHo CeBepHoe mope (B HEM BeIeTCS] HHTEHCHBHAS JO-
Gblya HedTH M rasa) u BooGme CesepHas Arnantuka. OOblynas
BOJIHA B pocratouno OypuHom CesepHom Mope 0GJaJaeT MOLIHOCTLIO
oxosmo 40 xBT Ha MeTp rpe6us B TeueHne 30 Y% BPEMEHH CYLIECTBO-
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BaHus M npumepHo 10 kBt/M B ocrambHue 70 % Bpemenu. Cpeggero-
NOBOH 3HEPreTHYeCKU#l NOTEHUHAM BOJIH 3ananHoro noGepexns Be-
JUKOODHTAHUU TIO Pe3yJbTaTaM o6paboTKH JaHHBIX YeThipeX CTaH-
Ui, PacnooXeHHHX B 30-—40 KM OT Oepera, 3a mepuon 7—14 Jer
H3MeHseTcs B npenenax 31—44 kBr/m. Ogpnako IJIS1 TOYHOH OIEHKH
[OTE€HIHAa BOJHEHHS KPOME YCPEeNHEHHBIX XaPAKTePUCTUK MOIIHO-
o _ CTH BaXHbl €€ CHeKTPaJbHHE
2 H NpOCTpaHCTBEHHble (Hanpas-
JI€HME TPHXOHA)  XapakTepH-
cTukd. IlosTomy npocreie onenku
C NOMOIILIO UBBECTHOrO COOTHO-
LWIeHHs BUIa

P =0,250gH%ul, (1.2

rne H —BrHcoTa BOMH; 4 — CKoO-
poctb pacnpocrpanegusi; L —
XapakTepHBIH  TOPU30HTAJMbHBI
pasmep npeofpa3oBarens, oKa-
3bIBAIOTCSL  JIMIIL NPUMEPHLIMH,
NPUTOAHBIMU TOJNBKO ISl pere-
HHSI BONPOCA O TOM, CTOUT JH

KJ B NPUHIUIIC 3aHHMATLCS B HU3Y-
L 3 ‘ uyaeMoM pafioHe Tpeofpa3zoBa-
HUEM 3Hepruu BogaH. Kpome Toro,
NOOOHHE yIEIbHBIE XapaKTepH-
CTHKH HE Xal0T NOJHOrO npej-

L) CTaBIeHHsT 0 BOSMOMKHOCTH MO-
FoMAMUAALCOHL JYYE€HHUs] SHEPIUM Ha BCeH aKBa-
Puc. 1.9. ConocraBienne OTHOCHTeIBHBIX topun [21].

CEe30HHBIX MNoTpeGuocTeli (/) B aHeprum W o .
BO3MOXCHOCTEH  OKEAHCKHX  MCTOYHMKOB Hst Mopefi, omblBatomux Ge

Berpa (2) u BoqHenus (3) aas cemepubix ~ PEra Haweii crpaubl, I'. B. Ma-
paitonos BenukoGpuranun B teqeHue roia TYIIEBCKHH METOJIOM OCPELHEHHUS
[66] 3JIEMEHTOB BOJH C yYeTOoM o6ec-
NEUSHHOCTH MO CE30HAM MOJIy-
HEHBL CICAYIOMINE yle/bHbe MOWHOCTH: BepunroBo— 15—44, Bapen-
neBo— 22—29, Snonckoe — 21—31; OxoTcKoe — 12—20, Kacuufi--
ckoe —7—I1,  Banruiickoe—7—8, Ueproe —6—8 kBT/m. IOtH
OLSHKH TNO3BOJAIOT CHEJaTh BLIBOZ O TOM, 4TO HAaHGOJee YILOOHB
A DaSBUTHS BOJHOBOH 3HEPreTHKH B Hamell cTpaHe bapenneso
u SInoHCKoe Mops. JIjist Pas/HUHBIX YYaCTKOB MupoBoro okeana ycpes-
HEHHLIC L2HHbIC N0 3aMacaM BOJIHOBOH SHEPIUH NPHBeIeHbl Ha pHC. 1.8.
- OnpegeneHre MOTEHEHATLHBIX BO3MOXHOCTEA OKEaHCKHX BETPOB
H BOJH HCBO3MOXKHO (€3 H3YYeHHS] MX CE30HHON M CYTOUHOH H3MeH-
ynBocTH. HecrauuonapHocrs xapakrepa rakmx IPUPOJAHEIX  SIBJE-
HUH — OJHO M3 CEPBLE3HHIX NpEensiTCTBHA Ha IIyTH Pa3BUTHSI CHCTEM-
HOH SHEPreTHKH, OCHOBAHHOH Ha 3THX pecypcax. IlpaBua, u sro nop-
TBEpAKAAET puc. 1.9, B pame cayuaeB no kpaiiHei MEpe CEe30HHHE
IOTPEGHOCTH SHEPrOCHCTEM M MOTEHIHAJLHbIE BO3MOMKHOCTH HCTOUHH-
KOB HaXOAsTCA B JOCTATOYHO XOPOMIEM COOTBETCTBUH.
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§ 1.6. Pecypchi npuAMBHOM IHEpPriM

IlpunuBs — pedyaprar TPaBUTAUUOHHOTO BO3AEHCTBUS  KOCMHYE-
CKHX TeJ Ha BOJHBIe MaccH mnjaHerH. Haudonapilyio poJb B 3TOM BO3-
pefictBun urpaer JlyHa, MeHee 3HauntespHylo Couanme. Coorpercr-
BEHHO, NEPHOA KoJeGaHHH TPHUJAUBHOH CHUJEB, BH3HBawlled HAHOO0JIb-
IIMe M3MEHEHHs yPOBHS BOJH, NMPONOPLHOHAJNEH HPOAOMKHTENbHOCTH
nepuoga odpaineHuss JIyHH BOKPYr 3eMJH, PABHOrO NPUMEepHO 25 u,
Ha nsagere HaGmogawTCs TIOJNYCYTOYHBIE NIPHJAMBH C HEPHOIOM
0Kos10 12 y 30 MuH, CyTOUHBIE TIPUJHBH, CMENIAHHHIE NPUJAUBHL. Hus
NOCJeHHX, KaK M JJIs NEePBHX, XapAKTEPHH NOALEMH BOAH JABAMKIH
B CYTKH, OJHAKO BEJHUYMHBLl NOAHEMOB 3HAUUTEJbHO OTAHYaroTcs. OKe-
aHOJIOTH BBHIJEJASIOT ele ¥ aHOMAJbHHE TIPUJIHBLI, NPH KOTOPHIX YeT-
KOe yepeJOBaHUE MEPHOJ0B HACTYNJEHUS BHICOKOH M MasJod BOXEl Ha-
pyliaercs, HMKJIMYHOCTb CTAHOBHTCS (yHKLHEH BpeMeHH.

OcHOBHOH (hakTOp, BJAHAIOMHA HAa BEeJIHYHHY HOABLEMa YPOBHS IO-
BEPXHOCTH BOJABI B OKeaHe,-— B3auUMHOe noJgoxenue JLynel, CosHua
Seman. CUBUTHIHLIE NPUJANBH, BO3HHKawinue, korga Couanue u Jlyna
Haxonsarcsl Ha OAHOH npsIMOH ¢ 3emJell JHOO ¢ ONHOH CTOPOHHW  OT
Hee, JUOO MO pasHHIe CTOPOHbI, npuMepHo Ha 20 % npeBHIIAOT
HOpMy. KBajgparypHble npHUiuMBH, pefcTByloiHe, Korga 3eMJsi Haxo-
JUTCSl B BEPIIHHE NPSIMOro yria MeXIy HanpaBJeHHsIMH OT 3eMJH
Ha Jlyny u CoJaHue, OTauyaoTcss TeM, 4To oHM Ha 20 Y HHXKe 0ObIY-
HbX. [3MeHeHHe paccrosiHus Mexpay JIyHof, aBmXKyuielcs no 3JJuH-
THYeCKOH TpaekTopuu, U 3emJjell NPHBOAUT K TOMy, UYTO B INepuree
IPHJIHB CTAHOBUTCS NpuMepHO Ha 20 Y% BHIIE OGKHYHOrO, a B anoree —
COBrlajeHyve KBagpaTypHOrO W anoredHoro Npu/JuBOB AaeT NPOTHBONO-
JOXHHHA 3(hQPeKT — noanyio Boay npuMepHo Ha 40 Y HHUXKe HOPMBL
OpnHako cayyaercs Takoe AOCTATOYHO PEeIKO.

IlpuauB — BosIHOBOEe  ABJeHHEe. THNUYHHEIA nepHOJ NPHIUBHOR
BOJHbI — 12 u 25 mun. JauHa BOJHH 3aBHUCHT OT TJIyOuHBEI Oaccelina
(nJMHHAs BOJHA, aMIJIMTYAA KOTOPOH MaJia 1o CPaBHEHHIO C JJHHOMH)
U onpejaensiercs Kak A = ¢/T, tne c¢== (gh) %% — cKopocTb aBHKe-
pus Boaud; T — nepuon; h— cpenusis raybuHa Gaccefina. [lpu cpen-
Hell rayOuHe 4000 M cKOPOCTb pacnpocTpaHeHHs BOJHH —OKasbnlBa-
ercsi paBHoit 200 m/c, a manuHa BoaHe — 8600 kM. Takas pJauHa
BOJIHHl TI0 NOPSAKY BEJUYHHH COOTBETCTBYET PACCTOSIHHUSM MeXIY
KOHTHHEHTAMH, orpaHuunBalomumu okeadn [18]. Ogaunaxo moGoi
OKeaH He sBJgeTcS €IHHEIM BOJAHBLIM OacceflHOM 1O OTHOIIEHHIO
K NpOUCXOAAIIMM B HeM KoseGaredbHHM npoueccaM. CJoxXHbIA
penbed) Geperos M NMOABOJHHEE XPeOTH pasfensior MupPOBON OKeaH Ha
45 rjpaBHBIX OacceHHOB, KAXKJhIi H3 KOTOPBIX HMeeT CBOH COOCTBEH-
HH nepuop kKosaebauuit. Ecam sror nmepHox paBeH HJAH KpareH Ile-
puony TpPUJIMBHOHN BOJHH, B GacceliHe Habaiofaercss ycuJaeHHe TNpH-
JUBHBIX KosefaHuil. B mpoTUBHOM cJ/ydae, BeJHYMHL! NPUIHBOB OKa-
3blBAalOTCSl HE3HAYMUTEJLHHIMH. VIHTEepecHO OTMEeTHTb, YTO OOJbLIHH-
CTBO PaflOHOB, Tl€ NAAHUPYETCS CTPOUTEJbCTBO NPHJIHBHBIX 3JIEKTDPO-
CTAHUMH, XapPakKrepU3yeTcs MOYTH MNPABUJILHEIMH  TIOJYCYTOYHH MH
NPHJIUBAMH, U OCHOBHbIE T'aPMOHHYECKHE COCTABJSIOUIME NPHIHBOOG-
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PasyoUWHX CUJI NPOABAAIOTCA B TeueHHe JyHHOro Mmecsina (29,5 cy-
“TOK).

B oTkphITOM OKeaHe MPHAMBH NpaKTHYeCKH He oigyinaiorcs. IIpo-
ABJSIOTCS OHH JHUIb Y NOOepeXbs, [jle NPUJIHBHAS BOJHA BLIXOMHT
Ha MeJKOBOAbe. XapaKTepHbIMH [/ ATaaHTHYecKoro mnobepexbs,
HanpuMep, ABJASIOTCA NOXbeMbl YpOBHA Boxabl Ha 1—3 M. B y3kux xe
MOpsIX, B npejesnax BBITSIHYTHIX 3CTyapHeB peK M IIHPOKHX MaTepHu-
KOBLIX OTMeJell yacTo HabJaiomaercss 3HayuTeJbHOe YBeJHYeHHe Bhi-
COTHl nOjbeMa BOAbl, NPHYEM NOCJAEHSS yBeJHYHBAETCH IIPUMEPHO
IPONOPUHOHANLHO KODHIO YeTBEPTOH creneHM M3 IJIYOHHBI U KOPHIO
KBajpaTHOMY H3 IUHPHHLI OaccefiHa. K TOBBLIIIEHHIO BLICOT NPUBOLAT
H JOKaJbHble pe3OHaHchl. COBOKYIHOCTb Da3fHYHBIX TPUYHH TO3BO-
.AgeT HabmogaTh B HEKOTOPLIX pailOHaX npUJAHMBBEL BEJHYUHOH [0
16 M.

IlpunuBu rpaduueckH H306parxkaioTcss ¢ NOMOILbIO KOTHIaJbHBIX
H aMOJuTYyIHBIX KapT. IlepBbie nokaswiBaioT BpeMs HAcTyNAeHHS
MaKCUMyMa g KaXKiOH NPHJIMBHOA BOJIHBI, HX H3O0JMHHH OTMeda-
I0TCS PHUMCKHMH UH(paMH, COOTBETCTBYIOIIMMH BpEMEHH, OTCUHTHI-
BaeMOMY B JyHHBIX yacaXx OT MOMeHTa NpoxoxjeHus JIyHel dgepes
IpunBuyckuil mMepHauan. BrToprle nalor npejcTaBJjeHHe .0 BeJHYHHAX
IpuauBoB. YacTo 3TH KapThl COBMELIAIOT noia06HO TOMY, KaK 3TO cle-
AaHO Ha puc. 1.10, xXapakrepusywouieM XapTHHY NpHIuBoB B Jla-
Manmie u CepepHom Mope. OjsHa M3 OCOSEHHOCTeH DacnpocTpaHeHHs
OpPUJIHBHONA BOJIHBI B 3TOM pailOHe — Haauyue Tpex aMmduapomuye-
CKUX TOYeK, B KOTODBIX CXOASTCS KOTHja/JbHble JUHHH H He [POHCXO-
IUT mOjbeMa ypPOBHS BOJHL.

CJ0XHOCTL ABJEHHS, onpenensieMasl KojebaTeJbHLIM XapaKTepom
IPUAMBA, AaCTPOHOMHUECKHMH, FeorpaguyecKHMH, [e01e3HIeCKHMH
(aKTOpaMH, OCOGEHHOCTSIMH OKEAHCKOH UHDKYJSLHH M INOFOIHLIMH
YCIAOBHSMH, 3aTPylHsIeT pacyeT UPHUJAHBOB B KOHKDETHBIX paiOHaX.
OpnHaKo, uMes JaHHble HaOMwojeHuit 3a 3—5 naer (a AJaA upexBapH-
TeJLHOFO aHadu3a jaxe 3a 14 CyToK) M BOCHOJB3OBABIINCH METO-
JIaMH rapMOHHYECKOrO aHasu3a, CBeJeHHs O BpPeMeHH H BeJHUYHHe
IPUJAHBA MOXKHO NOJYYHTh C JOCTaTOYHOH TOUHOCTBIO (CM., Hampumep,
padory [10]).

Jannple o BeJHyHHe NPHJIHBA MNO3BOJSIIOT OLEHUTL SHEPrHIO, Ile-
PEHOCHMYIO TPHJHMBHOH BOJHOH B paccmaTpHBaeMblii paiion. Crporas
1ePHOLMYHOCTD SIBJEHUH NPH NPaBHJABHOM MOJYCYTOUHOM NDH/IHBE NO-
sposiuiaa JI. B. Depumreiiny [5] upemsnoXuTh s 3TOro npocTyio H
JOCTAaTOYHO TOYHYI0 (OpMyJy, COIJAacHO KOTOPOHM BeJMYMHa HpPHUJIHB-
HOTO noreHuuana dHaccefiia Wyor, KBT-4 B 3aBUCUMOCTH OT €ro mnJjo-
mand A, kM2 M cpexHeil BeJHUMHBI mpuiauBa Hep, M Haxogurcs 1o

dhopmyne
PO :
Woor=1,97 - 10°H,A. (1.3)
J1s1 mpakTHYeCKHX OLEHOK (Ojee MHTepecHa BeJHYHHA TaK Hasbl-
‘BAeMOro TeXHHUYeCKOro IOTeHuHata OacceliHa — TOH 3IHEPTHH, KOTO-

‘past MOXKeT OblTb B HEM nOJydyeHa B MOMOLUIbIO I1a2C KOHKpPETHOTO
tana. Ecau B mpenbliymeli Gopmyne 3aMeHHTb UHCJEHHBI MHOXKH-
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teap Ha 0,64-108, To c ee MOMOILI0O MOXKHO ONpeAelsTh TeXHHUeCKHR
norennHan opHobdaccefinosoit I119C aByxcTropoHHero meHcTBHA HpH
JCJOBHH pabOThl Ha MaKCHMyM BHIPA0OTKM 3HEPTHH H NPH pealbHOM
3nauvennu KIIJ typ6mH.

Puc. 1.10. Kapra npuaugoB B npoause Jla-Manm u CeBepHom

mope [18].
XOTHAaJbHble JHHHH B JAYHHBIX yacax (| .aymmmifi wac=1y
02 MHH COJIHEUHOTO BPEeMEHH), OTCYHUTHIBaeMBIX [OCTIEe MOMEHT2 IpO-
xoxaeuns Jyust uepes I'DHHBuUCKMI MepHAHAH; —— ——~ — JHHHH OJH-

HaKOBOH aMOJAUTYABI CpeRHero INpHJIHBa

ITomo6HbIe 3aBHCHMOCTH NPHTOAHBI TOJbLKO IUJisi NpeIBapHUTelbHOH
OlleHKH BO3MOXKHOCTeH HU3yyaeMblX paloHOB, TaK KaK B HHX HCHOJb-
3YIOTCA CpeJHHEe BeJHUHHB [1apaMerpoB, He YUHTHIBAIOTCHA 3(D(QeKTH,
CBA3aHHbIe C OTpa)KeHWeM [PHJIUBHON BOJHBL OT HJOTHHH M pAnL ApPY-
THX OOCTOSTENLCTB.

B pane ciayyaeB GnlBaeT MHTEpPeCHO OLEHHTb MOIHOCTb IPHJIHB-
HOTO TeyeHHs B JOCTATOYHO Y3KUX NpoauBax. Jra BeAuuMHa P, Bt
MOxeT GbiTh OLeHeHa 1o (opmyne

P=0,1250H2, gl (gh)*°, (1.4)
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tae | —iupuHa nponuBa; h—ero cpenHss raybunHa. drta XKe ¢Hop-
MyJa clpaBelJuBa IS NPUOIHKEHHOH OLEHKH MOLIHOCTH TEUeHHH
B J0OCTATOYHO y3KHX 3a/lHMBaxX, XapaKTepU3YIOUIUXCH pexumom Oery-
1iefl BoaHbl., Hanpumep, a/ds npHANBHOrO TeueHHs B Tyrypckom 3a-
Juse OXxoTckoro MOps 3Ta ¢opmysa AaeT BeJHYHHY NPUMEPHO Das-
ayro 2 MBr, a B [Ilemxunckoii ryGe TOro XKe MOpsg— OKOJO
14 MBr {1].

P

E,,

Puc. 1.11. Teorpatus paiioHOB MAKCHMAJNLHLIX TPHAHEOB (MaUMeHOBAaHUS CM.
B Tada 1.4) [21, 41] -

O6imasi MOIHOCTL MHPOBOro OKkeaHa MOXKeT OBITh OueHeHa 7O Be-
JIMUHHE paccesHHS NPHAHBHOA SHeprumd. AHIIHiACKMA reo(H3HK
T. Jxebdpuc nokasan, Hampumep, yTo GoJlee NOJOBHHbI BCell  HX
5HEpPrHU PacXOAyeTcs Ha TPeHHE O JHO B MEJKOBOAHBIX NMPHOPEKHBIX
mopax (B Bepuurosom mope no 70 %). CocraBiser sta BeJHUAHA
npumepro 10-10'2 kBt-u/rog (10000 TBt-u/rox) npH MOUIHOCTH MO-
psnka 1 TBr. Tlocnepssis nudpa y pa3HbIX aBTOPOB KoJebaercs
B npeneaax or 1 no 4.

CyuiecTByloT OrpaHHYEHHsT B HCNOJAb30BaHHUH 3ITOH  IHEPTHA.
TIpexpme Bcero, Ha NJaHeTe He TaK yX MHOrO MeCT, TJe CTPOUTEJb-
ctBo I13C 6bl10 Ob nesecoobpasHeiM. IlosToMy cymmapHas — MOII-
HOCTb PeasbHLIX CTaHIHMi oueHuBaercs npumepro B 200 I'Bt npu ro-
OBOH BHIPaBOTKe 3jeKTposHeprun Okoao 700 MJIpa. kBr-u/rox. Ilo
maclita6aM NPOrHO3HUPYEMOro B CJAENYIOUIEM BEKe MOTpel/eHHT sHep-
run (cM. Tada. 1.1) 3TO Bcero HecKOJIbKO NPOLEHTOB, HO JaiKe TakKas-
BeJMYMHA BCTPeyaeT Bo3pameHus. [eqo B TOM, YTO NPHJIMBHOE Tpe-
HHE <OTBeYaeT» 3a NOCTOSHHOE 3aMejIeHHe BpaieHds 3eMJH BO-
kpyr cBoeft ocu. ITo omenkam, OCHOBaHHBIM Ha HM3Y4Y€HHH XapaKTep-
HBIX KOJel pocta Kopasuaos, 400 MJuH. jer TOMy Ha3al CKOPOCTb Bpa-
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Taﬁﬁuua 1.4

Hekoropeie paifoHsl BO3MOXKHOTO ctpouredbcrsa T13C {3, 5, 21, 41]

E |y . : | e
ER R = | %E§
MecToRaxoK A eHie g2 =g Mectonaxox genne 2% | zg8=
(cm, pue, 1,11) =g |E8¢ (cum. puc, 1.11) &g ;g:-
T o oz = o] saE
8= =g s = 0 q
g= 2z @ “ag_ Bx@
OF (283 O 2EH
Cesepuas Amepuka Epona:
(CLIA, Kanana): 10. Uloze (®panmus) * 8,4 23,0
1. 3amus Kyka: ’ Koranten (®panuus)*| 8,0 120,0
Hux Apm 8,4 | 4,0 |11 Cesepn (Bemurobpu- | 9,8 14,7.
Tapuereitn Apm 8,4 (12,5 TAHUS)
2. TTaccamakBoau 55| 2,1 Coaysii-®epr (Bean- | 5,1 10,0
3. Kobekyk 55| 6,3 KOGpHU1aHus)
4. Munac—Kobexynn 10,7 | 50,0 || 12. Mesenckuii aaius 6,7 50,0
5. KoGexyun ’ 11,81 12,7 (CCCP)
6. Hlenoau 9,8 5,4 Asns:
7. KamGepaenn 10,1} 3,4 ) ;
8. Ilrukoanax 10,7 | 7,0 || 13. ITemxunckas ry6a 6,2 300,0
10 A . (CCCP)
KHAL AMEpHKa: 14, Tyrypckuit 3ajuB 6,0 25,0
9. Can-Xoce (Aprewtuna)| 5,9 | 11,5 (CCCP)
Hysso—Can-Xoce * 5,91 9,0 15. I'ap)ouM (IOxuas Ko-| 5,0 3,4
pest
16. KamGefickuii 3ague 6,8 15,4
(Maauns)
ABcTpanus:
17. Ces.-3an. no6epexse- | 7,5 32,0

* ITo Bapnanty, npexrnoxennomy JI. B. BepHwreiinoM.

IneHUsT NJaaHeTel Obla npuMepHO B 1,1 pasa Gospine, a 3eMHOH rox
HacuutbiBas Gosee 400 cyTOK. YBesuuyeHHe NPHUJIMBHOTO TPEHHS 3a
CYET 3HAYHTE/NLHOIO HCMONb30BAHHS 3HEPIMH MPHJIMBOB MOXKET NpH-
BeCTH K CYIIECTBEHHOMY H3MEHEHMIO CKODOCTH BpamleHHs 3eMJH
B TeYeHHe HEJONYCTHMO KODOTKOIO B I€OJIOTMYeCKOM OTHOIIEHHH Bpe-
MeHH. B cBs3u ¢ 3TuM B TabJ. 1.3 yKasaHa npuMepHO B 3 pasa yMeHb-
IIeHHAst BEHYHHA BO3MOXKHOIO NPe0GPa30BaHUS NPHJIUBHOH 3HEpPTHH.
Brpousem, Bce mpuBOIHMbIE 3/1eCh ONEHKH NPONOJIKAIOT YTOUHSTHCS.
B raba. 1.4 npuBeneHsl AaHHBIE 1O HEKOTOPLIM CTBOpaM, Ije BO3-
MOXHO crpoutenanctso I19C, a Ha puc. 1.11 — mecrononoxenue stux
CTBOPOR. MnTepecHO OTMeTHTh, yTO nouTH 50 % romoBoil BEIpabOTKH
NIEPEYHCICHHBIX 3JEKTPOCTAHIMA MOMKET ObITb NOJYYE€HO B MOpHX,
OMbIBaIOMHX Oepera Hauleil cTpanel. B Hacrosmee BpeMs 3jech Be-
LyTCS H3bICKAHHSA C HeJbio O0OCHOBAHHMS BO3MOMKHOILO CTPOHTE/LCTBA.
HAJMOruyHble PaGOTBl BeNYTCS MOYTH NO BCEM NepPeYHUCTeHHHEIM
B rabm. 1.4 crBopam.
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Bonpocam crpoutenbcrBa I1C caMbix pasiHuHBIX MacliTaGoB OT
ruranToB ruaposHepretuku (Ilemxunckas I119C) o HeGOMBIIMX YCTaA-
HOBOK, NpeJHa3HAUeHHHBIX [JI5 06eCNeueHnsl OTAeJbHBIX NoTpebuTenet,
NOCBSIEHO 6OMpLIOe YHCA0 pafor (cM., Hanpumep, [5, 15, 24, 34, 51,
53, 85]). Kpome TOro, H31aTeJbCTBO «JHEPrOaTOMH3IAT» BBINMYCKaET
B 1986 r. nox penakuuefi JI. B. Bepuureiina xHury «IlpuauBHbe
5JeKTPOCTAHIMM >, H3JIAraiollyio COBPEMEHHBIHl B3N] Ha COCTOSTHHE
NpoG/aeMB MCHOJb30BaHHUs NPHINBHOH 3HepruH. K yKasaHHBIM pabo-
TaM MBl H OTCHLIaeM dYHTaTejell, 3aHHTEPECOBABIIHXCA MPHIMBHOH
9HEPTreTHKOH. ' :

§ 1.7. TMoreHuMan 3HEPreTMKM Ha PaCTBOPEHMM MPECHLIX BOA
B OKeaHe

SToT BHJ BO30GHOBJSEMBIX 3IHEPreTHUECKHX DecypcoB, moxadayi,
caMpiii SK30THUeCKHH, W 1O BpeMEHH paspabOoTKM caMblii MOJOIOMH:
nepBLle TeXHHUECKHE HIEH OTHOCATCS TOabKO K 70-M rr. Hallero Beka.
B0306HOBJAEHHe 3TOrO BHAA PECypCcoB CBs3aHO C NpeobpasoBaHHEM
YAaCTH TENJIOBOH 3HEPrMH OKeaHa NPH HCIApEHHH BOJABl C €ro NoBepx-
HoctH. Ha 3To, KaK y¥Ke 0TMeuaaoch, pacxonyercs okoao 54 % obugero
Gananca sHeprud, nocrynawomeii ot Conrna. Ipu nonaxanuu npecHol
BOJH B BHJE 0OCAAKOB M peyHoOro croka oOpaTHO B OKeaH B npolecce
CMEIIeHHUST ¢ COJEHBIMH BOZAMH BHIJE/ASETCS 3JHEPrus, npaxkTHYEeCKH
NpoNopLHOHaApHAS BEJIHYHHE H3MEHEHH§ 3HTPONHH CHCTEMBbI IIpec-
HBIE — OKeaHCKHe BOMBI, SIBJAMIOM(EHCH MEpOil YNOPSHOYEHHOCTH 3TOMl
cucrembl. CaMo H3MeHeHHe SHTPOIHM — siBJE€HHe HeHalJjlojaemoe,
MI03TOMY, HanpuMep, B YCTbIX PEK He NPOUCXOAHT 3aMETHHIX NpOsBJeE-
HHH BHUIENEHHS [OMOJHHTEabHOH 3Hepruu. ONpeneqnTh 3HEPruio pac-
TBOPEHHS MOXKHO, Haliiss NpeABapUTEJIbHO BEJIHYHHY paBHOBECHOIO
OCMOTHUYECKOrO NaBJEHHS, BOSHHMKAIOIEro Ha TOHKOH IIJIeHKe, pasje-
JSIOIIeHl NMPECHYI0 M OKEaHCKY BOAB H 06aanaiomei CrnoCoOHOCTBIO
NpOIyCKaTh TOJBKO MOJEKYJas Bojibl. [IpOHHKHOBEHHE MOJEKY] H,O
NpOIOIKAETCS [0 TeX 1Op, MOoKa JaBjeHHe cToaba pacrsopa He ypas-
HOBECHT OCMOTHUECKOE JaBjeHHe, B pe3ysabpTaTe Uero M yCTaHOBATCH
pPaBHOBECHBIE YCJIOBHA MEXIY PacTBOPOM H PACTBODHTENEM.

B ciyuae pacTBOpeHHs B o0beMe V HEKOTOPOro KOJHYECTBAa MoJeH
Beljectsa (Macca m, MOJEKYJsipHass Macca (i) pPaBHOBECHOe 3HaueHue
OCMOTHYECKOIrO AAaBJAEHHS ONPEeAeasiOT H3 COOTHOLUEHHS

H=[1——-a(k—l)]mTI$/T—, (1.5)

IJie O — CTeneHb AMCCOLUHALHA MOJEKYJ] pacTBOPHMOrO BellleCTBa; Rk —
YHUCJI0 HOHOB, 0Bpa3ylomUXcs NPH AHCCONMANMH; R — yHuBepca/ipHas

. razoBas nocrosiHHas; T — remneparypa, K. Ilpu cioxHoM cocraBe:

pacTBopa OCMOTHYECKOe JaBJeHHe Onpeie]serTcs Kak cyMma nap-
HHalpHHX JaBJEHHI, CO3/aBaeMBIX BCEMH BXOASUUMH PacTBOPUMBIMH
KOMIIOHEHTAMU C UX COGCTBEHHBIMHU W, B, O.
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BesnunHa paBHOBECHOTO OCMOTHYECKOrO AABJIEHHS XaPaKTEpPU3yeT
MaKCHMAJ/bHYI0 TJOTHOCTb 3HEPTHH, COOTBETCTBYIOUIYIO ['PaIHEHTy
KOHIEHTPAU MW MEXIy pacTBopureneM M pacTBopoM. as Mopckoit
BOZBl C COMeHOCThIO 35 %y OCMOTHYECKOe NaBJeHHe OKa3HBAETCs paB-
HplM npumepHo 24-10% Tla (240 M Box. CT.) M NoO BETHYHHE GAH3KO
K CpejHed NJIOTHOCTH SHEPTHH TeMIepaTypHOro rpPajHeHTa B OKeaHe.
B cpoio ouepenn, paBHOBeCHOe 3HAYEHHE NOJHOH HEPrHH PacTBOpe-
HHS, CBSI3aHHOH ¢ KPYrOBOPOTOM BOJXH B NPHPOJE, ONPERENAETCA CyM-
MapHOil BeNWYMHOH HCIIapAeMOoll eXerogHo H BHOBb BO3Bpamlamoueiics
B OKeaH Maccoil Boau. CpenHas BeIHUHHA MOUIHOCTH HCTOUHMKA paBHa
B 3TOM CJyyYyae IPOM3BENEHHIO CPEIHEro OCMOTHYECKOro JaBJeHUs
(24-10° T1a) Ha cpenHeMaccoBHi pacxof Q NpH HCIAPEHHH C OKeaH-
CKOil noBepxHocTH (okoso 1,2-107 m3/c) P=I1#Q=30 TBr. BeposrTHo,
TEeXHHYECKH MOXeT OBITh HCIO0JAb30BAHA TOJBKO YacCTh 3TOH MOLIHOCTH,
CBs3aHHAs ¢ PEYHBIM CTOKOM, COCTaBasOmMUM npumepHo 1,1-108 wm3/c,
4TO n naer BequyuHy 2,6 TBT, coorBercTByMoUyt0 TaGaulle, NPHBENEH-
Holl B padore [89]. Ho 3Ta omeHka He okoHuaTenpHas. B Gomee mosu-
Hell padore B. lmurra [81] ykaswisaercs nudpa B 30 pas MeHb-
wag — 9-10° Br. Bo3aMoXKHO, Takoe CHHMKEHHe MOTEHIHaJbHOH MOul-
HOCTH CBA3aHO C NOSBUBIUMMHCA B JHTepaTtype omeHkamu KITJI
npeoGpa3oBaHUs COJEHOCTHOH 3HEPIUH, JeXamuMH N0 Pa3JHYHBIM
JanupiM B auanasode or 3 go 20 % . HauBoapwias BenmuyuHa OTHO-
CHTCcS K TeM padoHam MupoBoro oxeaHa, rue CYLIECTBYIOT BOJOEMEL
¢ GoJBUINMH, YeM Cpe[HHe, KOHIEHTpauuaMHu cojeil (MeprBoe Mope,
coserocTs 10 260 %o, 3axm. Kapa-Boras-T'ont, cosmexocts go 300 Y%, *),
NOJJepKHBAEMBIMH 33 CYET YCHJIEHHOrO HCIApeHHs BOIH C HOBEpX-
HOCTH.

Ecau co BpeMeneM okaxeTcst peHTaGe bHbIM HCIIOb30BATh PasJiny-
Hple BAPHAHTH YCTPOHCTB [Js NPeoGpa3oBaHUA HEPruH PacTBOPEHHS,
TO BO3MOXKHOCTH OKEaHCKHX HCTOUHHKOB MOTYT OBITh paCIIMPeHB 3a
CYET LCNO/IB30OBAHNS 3alACOB COJefl B CONEBHIX KYNOJaX, CayXKamux
ceifyac eCTECTBEHHBIMH XpaHHAHmAMH HedTH. MHOro TakHX KYnmoJoB
OOHapyKeHO, HampuMep, BAOAb NOGEpexbs MeKCHKaHCKOro 3ajuBa,
TAe uier uHTeHCHBHasg poObiua HeptH B Mope (puc. 1.12). OueHnku,
Bhinonnennele I'. Bukom n JIx. Afizexcom [21], nokaseiBaor, 4to npu
CpenHem cojepXaHuu COMH B Kynose npumepHo 7-10° Tt u npu
100 % -noii 3ddexTHBHOCTH NPeOGPa3oBaHUsT MOXKHO PACCUMTHIBATHL HA
fIoJlyyeHHe  KOJHYECTBA  ISHEPTUH, JKBHBAJEHTHOrO nepepagoTKe
22 MJH. T y. T., B TO BpeMs Kak 3amac HedTH B TAKOM KYIOJe COOT-
BETCTByeT NpuMepHo 14 maH. T y. 1. Takum o6pasom, nocae ucuepna-
HH§ 3amacoB He(pTH B NMOZOOHBIX CTPYKTYPax UYESOBEUECTBO MOKET
8 NpUHIHIE NOJYYHTh HOBHIH M He MeHee €MKHil HCTOUHHK SHEprHH.

B namefi crpase 3HauuTesbHOEe  KOJHYECTBO  COJEHOCTHOI
dHEprun «HecroNe3Ho» BHIENSETCS B A€AbTAX PsAxa PeK, BHALAIOLIHX
B CBJ3aHHBIE C OKeaHOM MOps, Hanpumep AMyp, UMEWIIHiA cpexHHi
crok okoao 11 Teic. m3/c. Tlpuw ucnonb3osanuu 10 % sToro croka

* Ho cTpoutenscrsa B 1979 r. miaoTHHH, otaensiomed saaus of Kacnufickoro
Mopsi,
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n KIIJ 20 % soipabarbiBaeMasi SHeprHsl SKBUBAJEHTHA SHEPIUH SJI€K-
TPOCTAHI UM MOUIHOCThIO mpuMepHo 2000 MBr. B GyayuiemM MOXHO
NOJYyYNTL M 3SHEPTHI0 OoT npeobpasoBaHus croka Boj Kacnuiickoro
mopst B 3anuB Kapa-Boras-Toa, rie ama nojiaepxaHus €CT€CTBEHHOTO
PEeXHMa COJNEHOCTH HEeo6XOMMM HNPHTOK COJIOHOBAaTofl (0koao 13%o)
MODCKOIT BOALI C PACXOJOM OKOJO 8 Thic. M3/c.

Puc. 1.12. Cxema uCNOJb30BaNHs @HEPTUH COJEBLIX
KynoJaos [63].

1 — conesofi Kymosa; 2, 3 — HacOCHHIe CTaBOHW; 4 — OCMOTHYE-
ckufl npeoGpasoBarenb; 5 — TypOHHa ¢ 3JEKTPOTeHEPATODPOM

B Hacrosuee BpeMs CO3/laHH M HCOHITaHH JabopaTOpHLE MaKeTh
psiia NpPOMBILIEHHBIX 3HEPrOyCTaHOBOK, NpeoOpasylouiux TrpagHeHt
codlegoctH. C yueroMm pealbHHX 3HaueHuH kKoaddunuenra npeobpaso-
BaHHs SHEPTHH IPajUEHTa COJNEHOCTH, KOTOPHIH, KaK yKe YIOMHHAJI0Ch
Bbllle, paBeH NMpuUMepHO 3 %, BO3ZMOXKHOCTH 3TOTO HCTOYHHKA 3HEPTHH

" 0Ka3nlBalOTCS CPaBHUMHMH C BO3MOXKHOCTAMH TENJIOBOrO TpalHueHTa
OKEaHCKHX BOJ IpH NPHUMEpPHO paBHOH IJIOTHOCTH 3Hepruu [21].
Onnako TexHMueckass NpopadoTKa pa3JHYHBIX AaCNEKTOB MNpPOGJAEeMH
npeofpasoBaHus CpajHeHTa TeMmepaTryp HNpHMepHo Ha 10 Jer omepe-
}KaeT TakoBylo s rpaxuedra coaenocreil. M ecin OTIC B Mupe Ha-
XOJATCS y¥e B CTaAHH NPOMBILIJIEHHOTO 3KCIEPHMEHTa, TO OKeaHCKHe
3/JeKTpocTaHiuu Ha rpanuenre coserocret (ConendC) nuiib B cra-
JHUH J1a60paTOpPHOTO KCIIepUMEHTA.
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§ 1.8. MepcneKkTHBLI MCNONL3OBBHMA GMoMacChl

Exeroano 3a cuer GOTOCHHTE3a B NPHPOIE Nnpeodpas3yercs B opra-
HHueckoe BemlecTBo npumepHo 8101 T yraepona, conepikalierocs
B aTMocdepe U B OKeaHe. DTO COOTBETCTBYET BO3MOXKHOMY BHICBOGO-
xaenuio tengosoil sueprun 3- 102! Ik, uto nouru B 10 pas BhILe co-
BPEMEHHOTO ypOBHS ee morpebuenus. OpraHnueckoe BeLIECTBO Ya-
CTHUHO COCTaBJIgeT OHOMACCy pAacCTEHHH CyIIH, MNOUBEHHHH TyMYyC,

[?om{etmax SHepFHﬂW ’ Hpopy ket
| JKH3HENeS TeNbHOCTH
YpoBeHb yTunu-
Baluu COJTHeYHOH!
SHeprud
®oTocHHTE3NpYIOLLHe Opra Co,
1,0 — |uusmel (Bonopociu, 6akre-| — 0, > .
PHM, pacTCHUST) Opraxyueckust
‘# yriiepon
30Q0NIaHKTOH, TUIHHKH
0,1 —3» MOJIOfIM MOPCKUX ' — 9 Buorennsic conu ~>

OpPraHU3MoOB Opranuueckue

BClLIeCTBa

'

Mopckue XHBOTHBIE { Cco

JloHHbBIC OCaIOMHBIE I1OPOJIBI

0,01 —3 [(pbi6bl, MeKONUTAIOILME | —3 OpranvyeckHe —
UT. IL). BelllecTBa

Bogaubie Maccsl MUpOBOTO OKcaHa

o,
2
2

" [Uenosex, xuBotabie cymu
0,001 —» | (numa, memukamentsl, | —
TEXHHYECKOE ChIpbe)

co
Opranuyeckde ~

Beme'cma 4 *

{ Armocdepa T

Puc. 1.13. Yposuu norpeGienus coaneuHoit sHeprun-B okeane (no 3. X. Jla Cuabpa)

OkeaHCKywo Ouomaccy. YacTp ero pacrBopsercs B Bojgax MupoBoro
OKe€aHa, IpHYEM, eCIH CPaBHHTb KOJNHUUECTBO YIIEPoaa, COAEPKALLErocs
B pa3pejaHHBIX 3anacax HCKOIAeMOro TOMJAHBA U B PacTBOPEHHOM Op-
TaHMYECKOM BellecTBe, TO TNEPBEHCTBO OKAMXKeTCs 3a MOCJAEHHM —
8-1011 i 17-10'" T COOTBETCTBEHHO. [Ipennonaraemple 3anacel HCKOMae-
MOTO TONJIHBa COCTaBJsIOT npuMepHo 113-10'" 1 [31].

YcBoenne sHeprun CosiHLa GHOTONH — COBOKYNHOCTHIO OPraHH3MOB,
Haceagomux MJIAHETy,— HAET N0 TpUMEpHON cxeMe, H300pameHHOH
Ha puc. 1.13. Ilpuuem cKOpOCTH CBA3HBAHHS YIJepoia Ha Cylle NpH-
MEpHO B 2 pasa Bbille CKOPOCTH 00pa30BaHHUsl OPTaHHKH B OKeaHe.
B nmeppom cayuae peus nper npumepno o 5-10'° T yraeposa B rog, a Bo
BTOpoM — 0 3-10'° 1/rog [31]. UYesmoBek H KHMBOTHHE CYUIM HCIOJb-
3yI0T no s1oil cxeme Toabko 0,1 % BceHl COHEUHOH 3sHEPTHH, NOCTY-
naponieli Ha 3eMa0, H OAHHM H3 CIOCOG0B YBEJIMUEHHS HEMOCpes-
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CTBEHHOIO yCBOEHHS €€ MOXKHO CUMTATL yBeJHUYeHHE NOTpebIeHHs ye/I0-
BEKOM NPOAYKIHH HH3LIHUX TPOPHUIECKUX YpoBHeil — QUTO- H 300MIaHK-
Tona. Takasi TeHIEHUHS yiKe NPOABJISETCH B pacllMpeHMH lepepa-
OOTKH B IPOAYKTHl MHUTAHUS AHTAPKTHYECKOTO KPHJS — IPEACTABHU-
TeJst 300JaHKTOHA. '

200 JseT Hasaj 4eJOBEUECTBO IOJIHOCTbHIO YAOBJAETBOPSIO CBOU 3HEP-
reTH4ecKre MOTPEOHOCTH 3a CUET MPOAYKHHH (DOTOCHHTE3a, HE 3aTpa-
ruBag 3amnacoB Hckonaemoro romauba. Cefiyac, Ha HOBOM BHTKe pas-
BUTHS SKOHOMHKH ILJIZHETH, BCTaeT BOMPOC O OGUOMOrHuUecKHX HCTOU-
HUKaX 3HEPrHH KakK BIIOJHE COBPEMEHHBIX, COOTBETCTBYIOIHX YPOBHIO
Pa3BUTHst TeXHHUKHM M TEXHOJOTHH H BIOJHE NpHEMJEMBIX YEKe cefdac
Ui pAna paiioHos,

ITpuHIHMIHANBHO, BCE IHEPreTHUECKHE NOTPeGHOCTH deI0BeuecTBa
Ha CEerOAHJIIHUA N€Hb MOXKHO ObLIO OBl YAOBJETBOPUThL 3a CYET (HO-
Maccol, noJay4aeMol Ha 3eMHbIX NJaaHrapusax. Jlas artoro tpedyercst
nIomais npuMepHo B 5 wmuau. kM2 [3]. TlpuueM npu 3TUX OneHKax
pPeub UAET O KYJAbTYpax ¢ ypoxahnocreio 4,5 T cyxofl Macchl ¢ reKrapa.
B T0 e BpeMst H3BeCTHbI KyJIbTYPHl, YPOKAHHOCTL KOTOPBLIX MOXKET
OniTh n0BedeHa A0 18 t/ra cyxoil Maccsl. Ho rae B3siTh cOOTBETCTBYIO-
UHe MJIOmMAaAM M NOAXOASHe KJAHMAaTHUeCKHe ycaoBHa? Bemn yxe
cefiyac NOA mallHIO 3aHSThbl MPAaKTHYECKH BCe NPHUrOAHBIE 3€MJHU Nja-

HETLl, H COCTaBJ/sET 3Ta «060fieHHast» namng npuMepHo 46 Man. Km2.
' HauGonee peanbHo mpuB/I€Ub A8 HYXKJA IHEPPETHKH OGHOPECypCHl
MupoBoro okeana, TeM 6oJiee 4TO TEOPETHUeCKHH MOTEHIHAaJ FOLO0BOrO
npupocra 6uoMaccsl B Hem no oneskam MUIICA cocrasaser okono
40 MJapx. T y. T, T. e. okoao 40 9% obuwero mpupocra fuoMacch Ha
niagere, [lo 3TUM Xe OlEHKaM, Ha COBPEMEHHOM YPOBHE TEXHOJOIHHU
H3 5TOr0 KOJUYeCTBa MOXer OblTh nepeganc sHeprerukam nc 10 9%.
OTa BeJHYHHA HEe TaK MaJja, ecld ydecTh, yto B 1980 r. B MUpe H0OH-
BaJ0Ch He(TH BCETO 5 MJAPA. T y. T.

Has npoussoacTBa MOpPCKOH 6HOMaccel (MMEIOTCS B BHAY BOJIO-
pocJH U BHICLIME PAacTeHUs) no KpaliHell Mepe B 0603pHMOM Gypyuiem
[IpaKTHUECKH HET OTPaHHYEHHH MO NaomagsM. 3HAUHTENIbHO BhllUe,
4eM Y 3EMHBIX, YPOXKAHHOCTL BOXHBIX KyJabTyp. EclIH mig Haubosee
OPOAYKTUBHBIX BBICHINX PAaCTeHUl CyIUH — KYKypy3sl H COPro oOHa
cocrtaBiasger 25—35 T/ra CbIpoil Macchl MPH MaKCHMAaJbHOM IIPHPOCTE
0,5 T/ra B cyTKH, TO ypoxaHHOCTb y Bogopoctedl B 100 t/ra ¢ mpupo-
eToM 10 2 T/ra B CYTKH He npeaes. Hanpumep, ypoxaiHoCTb TAKOro
H3BECTHOrQ MPENCTABUTENS (DAOPbl HAIUHX [a/lbHEBOCTOUYHBIX MOpedt
KaK MopcKas Kanmycra (JaMHHapHus SIIOHCKast) B €CTECTBEHHBIX yCJa0-
Busix pocturaer 1500 t/ra [16]. YcrofiuuBrie ypoxkau B 700—1200 r/ra
JlaeT JAPYroil npeicTABUTENb JAMHHAPUEBLIX — FHIAHTCKHH THXOOKe-
anckuil Kkean (makpomucruc). I1pu maanoBoft ypoxaiinoctu B 500 T/ra
LOCTaTOYHO €O031aTh (epMbl MO €ro BBHIPAINUBAHHIO NJOINAJBIO
B 120 Teic. KM?, UTQGBl oOeclnednTh npuMepHo 15 9% mnorpeduocred
CIIA B snepruio Ha yposHe 2025 r. [65].

B 3ak/I04€HHH 3TOH rJaaBpl HEOOXOAHMO OTMETHTb, YTQ IOCKOJBKY
npu BeIfope TOH HJAH HHOH SHEPrEeTHYECKOH TeXHOJIOLHU MBI HE HCXO-
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UM H3 ITOTEHIIMAJbHBIX BO3MOIKHOCTEH COOTBETCTBYIOIIHX HCTOYHUKOB,
onpeneasieMblX IPUPOAHBIMH (PAaKTOpaMH, a JHIIbL YYUTHIBAEM TY YaCTh
3TOH HEPrHH, KOTOPas MOXKET OblTb JKOJOrHYecKH U 3KOHOMHYECKH
060CHOBAHO TepepadoTaHa B TpefyeMmble BHUIbl Ha COBPEMEHHLIX HaM
, YPOBHSIX 3HAHUS O MPUPOAE H PA3BUTHA TEXHHKH, TO PECYPCHBIC OLEHKH
He MoOryT ObTb UYEM-TO pa3 H HaBcerja yCTaHOBJEHHBIM. Ouun no-
CTOSIHHO YTOUHSAIOTCS, GoJee TOrO, yTOUHSIETCT W caMO OTHOIIEHHE K OT-
JEeNLHBIM BHAAM BO30OHOBJASEMBIX PECYPCOB, H3MEHSIOTCH MX NPHOPH-
TeTpl 1m0 OTHOIIEHHIO APYr K APYry M K TPANHUHOHHBIM BHAAaM pe-
CypCOB.
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I'nasa 2

OKEAHCKAS TETIJIOHEPTETMKA:
OT3C 3AMKHYTOITO U OTKPHLITOIO LMKIOB

§ 2.1. McTopuyeckas cnpaBKa

Wctopust pasBuTHs Haeil npeodpa3oBanus HEPTHH OKEAHCKHUX Ipa-
JHEHTOB TeMIepaTypsl BOCXOAMT K IIepHOAY paspalboOTKH OCHOB TEPMO-
JUHAMHKH M CO3[]aHWg TEOpHH TeNJOBHX Maliud. TakuM oOpasowm,
Kpome bpaniysckoro pusnka 1’ ApconBaiis, onyoankosasiuero B 1881 r.
HEGOJBIIYI0 CTATBIO MO OCHOBAM OKEaHCKOH TenJo3HEPreTHKH *,
K 3THM HIesIM [PSMOE OTHOILEHHE HMEWT OCHOBATeJAH TepMOAHHA-
mugd — C. Kapuo, P. Kaaysuyc, V. Tomcon (mopa Keaesun). Itu
HIeH He MOTJIH MOSBUTHCS 0e3 CBeIEeHMH, MOJyYEeHHBIX B 3KCNEIHLHAX
nox pykosoactsom M. Kpysemwureiina, O. Koueby, Yafisana Tomcona
(3namennuToe naasaunne «UHesnenmxepar),6e3 pador Gusuka d. Jlenua,
ydacrHuka sxcuequniu O. Konely, BIepBrie HeOUPOBEPKUMO 10Ka3aB-
IIero CyulecTBOBAHHE XOJOAHBIX CJ0€B Ha OoJbLIHUX TAyOHHAX, 3a/10¢
JKHBILEr0 OCHOBH YUEHHS O TePMOKJIHE M BBICKa3aBLUero TIHIOTE3Y
0 Xapakrepe mnepeHoca TeNJa B OKeaHe NOBEPXHOCTHBIMH H INyOHH-
HBHIMH TEUEHHSAMHU.

JI’ApcoHBasp B CBOEl CTaThe PacCcMOTpes BO3MOKHOCTh IpHMEHe-
HUS /15 1peo6pa3soBaHus OKEaHCKOH HEPTHH IBYX CHCTEM — 3aMKHY-
TOro LMKJA ¢ NPOMEXYTOUHHM PadouuM TejaoM (B KauecTBe TAKOBOIO
OB IPEIJTOKEH aMMHAaK) M OTKPBITOrO LHKJA, padoTalouiedl nenocpen-
CTBEHHO Ha MOPCKOH Boxe. Maeu yuenoro nodtu na 50 et onpeneuan
TeXHHUECKHE BO3MOXKHOCTH uenoBeuectBa. OHHM OBIIH OCYHICCTBJICHBI
aump B 1928 r. rakxke dpaninysom K. Kaomom, coopyIuBIIHM OINHT-
HyI0 YCTAaHOBKY Ha Oepery 3aj. Martadcac Ha ceBepHOM nobepexne
Ky6bl. D10 6plna BakyyMHo-Bogsnas OTIC, pasBuBaBluasg NpHMEPHO
22 KBT 37eKTpHUECKOH MOIJHOCTH W BhlpadaTeBaBIUag NPECHYIO BOLY.
OmnbITE NPOAOAKAJUCH OKOJO ABYX JeT H OblIH NPeKPamennl Mociae
pa3pyuwenns 2,5 KM TpyOonpoBojda AJd noJadd XOJOAHOH BOJLI BO
BpeMs wrtopMa. Kaog npeanpusss emie 1BE NONBITKH CO3JEHMS OHLIT-
Heix OT2C — na naaByuedi nnatdopme (mepectpoennoe cypuo «Ty-
. HHU3H», 3JeKTpuyYeckas Momuocth 88 kBr) n B A6umxane (3anan-

" past Adpuka). Besge Kiaon cranxkuBagcs ¢ npobaemamu, o6yclaoBJIeH-
HBIMH KOPPO3Hell HCUapUTeNIbHOHl KaMephl MOA JEeHCTBHEM TEIUIOH

* D’Arsonval. Revue scient. 1881, p. 370—372.




MOpCKOH BOIB,, W OIPOMHBIMH pacxojaMH Ha CO3JaHHE MOILHOTO
o6opynoBanus [52].

Aéumxkaunckuit  apuant OTIC paspabaruiBajcs U HO3JHEE.
B 50-x rr. ®panuus pemnsaa MOCTPOUTh SKCIEPUMEHTATHHYIO CTAHIHMIO
Momnocteio 1| MBT. Ocofennocrn penneda nHa B I'BunelickoM 3anuBe
HO3BOJAIOT Ha paccrosuuu 4 kM oT Gepera ¢ rayounsl H00 M nodaydars
OXJaXKIAaIoNyo Boay npu temneparype 7°C. B To xe Bpems BOIH3H
Oepera B NOBEPXHOCTHHIX BOAAX JaryHsl JOpHe MOXHO 3abHpaTh TeH-
Jyio Boay npu remneparype 28 °C. buio paccunTano, 4To TaKoro nepe-
naja TeMIeparyp OKayKeTCs BIOJHE AoCTaTouyHo, u ¢ 1952 nmo 1956 r.
BeJUCh HCCAENOBAHUS M NOATOTOBUTENbHBE PadOTH, OJHAKO MO PSAIY
OpPUYMH TEXHHYECKOrO H SKOHOMMYECKOTO XapakTepa OHH He OblIH 3a-
BEpILEHE,

B 60-e rr. uarepec k OT2C BHOBb BCKOJBIXHYJCH NOCTE NyBJaHKa-
HHE OTLOM H ChiHOM AHJepcoHAMH Pe3yJbTaTOB pacyeToB MJaBydyeil
craHiuuy, paboraloniei Ha NpomaHe MO 3aMKHYTOMY LHKJAY, NOKa3aB-
1IHX, YTO YPOBEHb PAa3BHUTHS TEXHMKH YK€ NPHHIHMNHAJBHO NO3BOJSET
TOJIyyaTh TAKHM 00pa3oM 3JeKTPOIHEPTHIO 1O IieHe, faxe Gojee HU3-
KOIi, 4eM OTHyCKHBlE [[€HHl TEMJAOBHX cTaHuuii [51].

B 1979 r. xomnauueil «/IoKXuA oylueH CHCTeM3 IHMBHIKH» (Iouep-
Hee TMPEANPUATHE BOEHHOrO KoHIepHa «JIokxua») ObLI HCHBITAH
KpynHoMacuTabHuil MakeT naasyyeil OT2C, KOTOPHI H3BeCTeH B JH-
Teparype noi HaspanuemM MuUHH-OTIC momuoctsio 50 ¥Brt. JIng na-
TYpHBIX HCOBITAHHH KoMmmaHuell «/luanunareM» Owljia nepeoSopyno-
Bana 270-toHHas (apika, Ha KOTOpoil Oplla pa3MeleHa SHepreTuye-
CKasl cucreMa, pa3paboraHnas COBMECTHO YHHBEPCHTETOM IUTaTa
Fapafin (CUIA), gomnauusamu «Aabda-JlaBanss (IllBenus) u camoit
«Jloxxum». Bapxa 6elna ycTaHoOBJAeHa npuMepHo B 2 KM oT M. Kuxoa
(TaBaiickie ocTpoBa) ¢ nOMOUBI FKOPS — GETOHHOrO 6J0Ka Maccoil
OKoJ0 23 T, onyuienHoro Ha riaybuny 900 m. ITapnl CKUXKEHHOTO aM-
MHaKa HarpeBaJHch B TeJIOOOMEHHHKe N0 Temnepatypul 26 °C, a ox-
Jaxknapuas Boxa TeMmnepatypoil 4,4°C nopaBaface ¢ TIIyOHHH
670 M mo TpyGonpoBoay Auamerpom npumepHo 600 MM, KOTOPHIH Of-
HUM KOHILOM KpPenuJacs K fKOPIO, a APYyI'HM — K IUBapTOBHOH Gouke,
saMmeHss TaKUM ob6pa3oM fIKOpHbIH Tpoc. Bepxuuil komen TpyGonpo-
BOJ2a pe3UHOBHIM IWIAHIOM JJHHOH 60 M COeNUHSJACT C €MKOCTBIO
B cpepmell yacTH 6apiKu, OTKYZa Xo0J0JHAS BOJa MOCTyHaJa B X0JO-
AMTbHAK. Pacxox XosomHOH BOXBl cocTaBagda npumepno 11 wm3/mun.
Cranuus-maker Gba ocuamena npubopaMm AAS KOHTPOJIS PaGOTHI
BCeX cHuCTeM, TOTPeOABIIMMH NPAaKTHUECKH BCIO NPOM3BOAUBIUYIOCH
3JeKTposHepruwo [45, 52].

Ocenpio 1980 r. B 30 kM or Koyn Kocr (Tapaiickne octposa)
Onliu nposexensl HcnbiTaHuA arperata OTIC-1, cosgamHoro cne-
UuanucramMuy gomuanun TRW (CIUA)., Heapo HcnelTannil 6vL10 HC-
J€10BaTh B HATYPHBIX YCJHOBHAX PalOTy TEMJIOOOMEHHHIX annaparos,
IpeACcTaB/sSIBIIEX CO60H KOXKYXOTPYOHBHIE KOHCTPYKUHMH IAJHHOH 15 u
AdaMeTpoM 3 M H3 YTJIEPOAMCTOH CTajH, C YCTAHOBJEGHHOH B HHUX CH-
CTeMOH TennooOMeHHHX TPYOOK M3 TuTama (okosao 6000 TpyGoK aaH-
HOH 12,6 M, BHewHUM AuameTpoMm 2,54 CM C TOJIIMHOH CTEHOK OKOJIO

37



0,7 mm). TemmooOMeHHMKH OBIIM PACCYHTAHH HA NOJy4deHHE 3IJEK-
tpudeckoli moumuoctTy 1 MBT, HO BMecTo TypOHHBEI MeXAy Harpesa-
TeJeM H KOHIEHCATOPOM OB yCTAHOBJEH PeIyLUUPYIOLIUHA Kaamad —
SKBHBAJEHT MeXaHHuecKoil Harpysku. BHyTpb TpyBok nogaBaJuch Ha-
rperas M XOJOAHAS BONA, KOXKYX 4aCTHUYHO 3aNOJHSJICS aMMHaKOM.
Vcnaputenn (HarpeBaTelb) OTJIHYa/CS OT KOHAEGHCATOpa (XOJOAHb-
HHMKAa) TeM, 4TO Ha ero TpyOKH OBLJIO HAHECeHO CIIeLHaJbHOE NOKPHI-
THe /s yayudlienusi temaooOmena. O6mas gauHa TPyOOK HCHApHTE/s
cocraBJasna npumepuo 140 Km.

Oueprernueckass ycramoBka OT2C-1 6pta cMoHTHpPOBaHa Ha
nepeobopyAOBaHHOM [Jsi HCubITAaHHA Kommnauuelh «Iaobal MapHH
IeBejonMents rtankepe «Henauers ¢ TYpOO3JeKTPHUECKOH JBUraTelb-
HOH YCTAHOBKOH € TaKUM pacueToM, 4ToOb 110 NPUOBLITHH HA MeCTo
HCIBLITAHUEA HCIIOJNB30BATh MOCAENHIO As ofecleueHHs] 3Heprueil Ha-
COCOB /151 3afopa XOJOoxHOH Boabl M Apyroro oGopynoBanus. Ilepe-
CTpofiKe IMOABEPrINCL B OCHOBHOM HOCOBBIE M KOPMOBBLIE YaCTH TaH-
Kepa, rie B IOMeIeHUsX, 06pa3oBaBIUUXCS TOCAE CHATUS nepebOpoK,
H pas3MecTHJHChL TennlooOMeHHUKH. B cpenmeili uvactn pHuma ObL
CMOHTHPOBaH KapAaHHbLIA noxBec A/ Kpensaenus TpyOonpoBoxa AJs
sabopa XoJonHOH BOXBI, YCTPOGHHONO TakKuM oOpa3oM, 4TOOLl B CaAY-
yae HeOOXOAMMOCTH (U3-3a MJIOXHX NOTOAHBIX YCJOBHH, HAanpuMep )
CYAHO MOIVIO OTCOEJHHHUTLCS OT TpybonpoBoma M YHATH B 3auiulEeHHOE
mecto {puc. 2.1).

3a 3 Mec 10 OKOHUAHMS IOCTPOHKH (nepeoBOPYyHOBaHHUs) CYAHA
Ha T'aBaligx OvlI0 HauaTo coopyxXenue TpyGonpoBoxa anunod 700 M
¢ s¢pdexruBunim muamerpom 1,5 M. OH cBapuBaJcs U3 27-MeTPOBBIX
OTPE3KOB NOJHITHIEHOBLIX TPYO AMaMeTpoM | M B TPH HHTKH, COEIH-
HeHHble OanjaxkaMu. K BepxHeMy KoHUy TpyOonposoxa OHJIO NpH-
KpEenJjeHo mJaaByuyee KOJbIO A7 MOAAEPKAHHS ero B BEPTHKAJBHOM
COCTOSIHMH B ToJme Boxbl. Macca tpyGonpoBoga cocraBuaa 450 T,
U JUIS ero CHyCKa Ha BOAY HPHILIOCH H3rOTOBUThL CIIELMAJbLHYIO Te-
JeXKy (maargopmy), KOTOPYIO YCTaHOBHJM Ha PEeIbCOBOM NYTH, IPO-
JOKEHHOM NpsMo A0 Boawl. [las 3akpensenus TpyGonpoBoja HA MOp-
cKOM aHe morpefoBasoch nodtd 50 T Gaamacra. Ha TpyGonpoBoze
Obl1 ycranoBJeH Oyl AJasa ero oO03HAaYeHHS W NOAKJMIOUEHHS K CYIHY,
cHCTeMa JAaTYHKOB JHHEHHBIX NePeMelIeHHH, M03BOJAsABILIAs H3ydaTb
noBelleHde ero B npolecce skcnayarauun. Ha OykcupoBry, ycra-
HOBKY H MOJKJ/JIOUEHHe TpyOonpoBoja K KapHaHOBY MojBecy CyRHA
noHanobunsocs 3 mHs.

Hacocw pns mombema XoJdoauoil Boabl magaau pabGorate 13 ne-
kabpsa 1980 r., 22 nexa®ps mauaJsach, Inojada Temaod Boawl, a 31 ge-
Kabpsi HadaJoch HcnapeHne amMmuaka. McnblTaaus npogosixKaguch 10
15 anpeas 1981 r. 3a 3 mec. OblIo nMpoBegeno 95 3KCHEPUMEHTOB 11O
HCNBITAHUIO Hcnaputes obumiefl npopofxkureabnocreio 370 u. 3a-
MEpeHHass BeJHYHHA TemJolepeadd oOkKasatack BecbMa OJH3KOH
K pacuersoft (2800 Br-m~2.K-!), a nazenue maBJeHHs CO CTOPOHHL
Kougencaropa paxe Ha 109 Oouablue, uemM pacuersass BeJHUYHHA
17 xlla. Kpome tennooOmena B HarpeBaTene M KOHJEHCATOPe HccJle-
JNOBAJIHCh Takke OHOJOrMdeckOoe oOpacTaHHe M KODPO3Hs 3JEMEHTOB
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Puc. 2.1. OneiTHas oKkeaHcKass TepMaJbHas CTAHUMAS OT3C-1, o6wmit Bug [78].

pHTEAb; 5 — TpyOONPOBOL AJS NOLAYH XOJOAHON BOLEI;
— OCHOBHOM HAacoC XOJOXHOH BOAH; /0 — naGopatopHs

& — BepronteTHas naay6a; §

3 — KOHJeHcaTOp; 4 — Hcna
KOHTPOJIst GHO3arps3HeHHd

2 — BIYCK TeUJOH BOMEI;

AOADPYAHBAIOLEE YCTPOHCTRO;

1 — pacoc MOgAa4YH TEmJoi BOIbI;

6 — c6poc Tenaol Bogbl; 7 —



ycraHOBKH. [lsl npenoTBpanleHuss ofpactanns, B 4acTHOCTH, KaxK/bie
24 4 B Maructpanu XOJOAHOH U TellIOll BOXBI B TeueHHe dYaca IO-
AaBasca xqaop B Konuentpauuu 0,4 mr/a. Kpome Toro, B ucnapureib
H KOHJEHCATOP 3aNyCKaJIUChb IIAPHKH M3 ry64aTod pe3uHbl ¢ TaKUM
pacdeToM, 4TO Yepe3 KaxKAyIo TPYOKY TeminooOMeHHHMKA TakKOW IIapuk
NpoXoAua Kaxzable 15 mMuH. B Teuenne 35 aH. mcnoab3oBaJuch U Ia-
pukn u xjopupoBanue, 30 IZH. NPHMEHSJIOCH OJHO XJIOPHPOBAHHUE.
X10p moJydasum 3JeKTPOJUTHYECKHM cHocoG60oM MNpsiMO H3 MOPCKOH
BOABl Ha ycranoBke «Xjioponak». lenbitanus panun oGHage:KHBalo-
lIHe PesynbTaThl N0 BCceM nokasarensiMm paborm OTIC-1 [45, 78].

Bosee naru ser gefictByer sinoHckas onbitHasg OTIC MOWHOCTHIO
100 kBT na o. Haypy B sksatopuanbuoii yacru Tuxoro okeana. Ctan-
uus paboTaeT o 3aMKHYTOMY LHKJY Ha XxJagoHe P22, umeer AByX-
CTyneH4YaTyw TypOHHY, HA BXOA KOTOPOH mnocrynaer 74 T/4 napa xJjaa-
noHa npu temneparype 24,8 °C. Ilepenan maBaenuit Mexnpy ucnapire-
JeM Hu KonpgencatopoMm coctagsier 0,3 MIla (Ha BHXoge ucnaputens
1,04 MIla). LenrpoGexHble HACOCHl NMOAAIOT B TelJoo6MeHHble al-
napathl cranuun 1450 /4 Tensoli MOpPCKOH BOAB NpH TeMIepaType
29,8°C u 1410 1/9 xosoxHO# Boabl Temmnepatypok 7,9°C ¢ ray6unb
580 M N0 MOJNHITHICHOBOMY TPyGONPOBOAY BHYTPEHHHM KHAMETPOM
750 MM u aauHOE 932 M M COEAMHEHHOMY C HHUM OTPE3Ky XJODBHHH-
JOBOro Tpy6onposofa AuaMeTpoM 732 Mm u aauHoi 161 m. O6was
Aquna tpy6onposoga 1093 M, tosmmuna crenox 30 (mepBBIE y4acToK)
u 21 MM (BTOpOH ydYacTok). Y¥roJ Hak/JOHA B 30He YCTAHOBKH CTaH-
uu coctabasier 45°. Bee coopyxeHHsl pasMewenb Ha cyme, Ha cran-
UMM AOCTHTHYTa MakKcuMaJgbHas MomHocTb 120 kBt (B cerp o. Haypy
npu 3T0M nocrynaet npumepno 30 kBT, a okoso 90 kBr pacxoayercs
Ha coOcTBenHble HYXKabl)., CTaHUMs NpeJAHAa3HAYeHA IJ5 H3YYeHHS
BCeX acCNeKTOB NpeoOpa3oBaHus TEMJIOBOH 3HEPrHH W AEMOHCTPHPYET
BO3MOXKHOCTb 3KCILTyaTalMU TaKOro HCTOYHHKa 3Hepruu. [IpaButessb-
ctBo Pecnybaukn Haypy cepbesHo paccMaTpuBaeT BO3MOXKHOCTb Tie-
pexoja K HCNOJb30BAaHHIO BO30OHOBJSEMBIX HCTOUHHKOB 3HEpPILUH.

34eCb NpHUBeACHBI CBeJEHHs JHIIb O YaCTH 3HAYHTEJNbHBIX pabor,
NPOBEACHHBIX K HACTOsIIleMy BPEeMeHH 1o mporpaMmam npeo6pasosa-
HHsl TENJIOBOK 2HEPrHH OKeaHa. DTH paboThl akTHBHO Beayrtcs B CIIA,
Sinonuu, ®paHuun u APyrux eBpONefiCKHX rocyaapcrBax, 06DbeaHHEH-
HBIX TIporpamMMamu «EBpookean» ¥. JloCTaToYHO cKa3aTb, 4TO Ha HC-
cjeJOBaHust M pa3paboTKU K HACTOSILEMY MOMEHTY 3aTPadyeHO He Me-
Hee 1 mapa. ¢p. (CIOA — 800 muH., Sinonus — 50 Muu., ®paHuus —
8 MJIH.) TOJBKO TOCyZapcTBEHHBIX CPeACTB. B nocleinue romst
K 3TuM paboTaM aKTHBHO MOAKJIIOUHJIACH HAlllAa CTPAHA.

* OTH nporpaMMbl INpeAycMaTpPHBAIOT H3YYeHHe M JPYTHX BHAOB OKEaHCKHX
HCTOYHHKOB 3HEPTHH.
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§ 2.2. OcHoBHbIe NPMHUMNMANbHbIe cxeMbl OTIC

Hnsi npeoGpasoBaHus 2HEpPTUM Nepeliafa TeMIepaTyp B oOKeaHe
B HacTosllee BpeMs NpPeLJOXKEeHO HEeCKOJbKO THIOB ycTpokicTs. Hawu-
Goabllni 06beM HCCIeROBAaHUI Befercs nmo pa3paloTke cHCTeM, Aeil-
CTBYIOIIHX MO ABYXKOHTYPHOH cXeMe C NPOMEXKYTOYHBIM paboduum
TEJOM Ha OCHOBE TepMOJAMHAMHYECKOro LMKJa PeHKHHA, yCTPOHCTB,
BLINOJIHEHHBIX 110 OZHOKOHTYPHOH cXeMe U paboTaionlnX HemocpencT-
BeHHO Ha Mopckoil Boge (oTKpHTHIl nuka Kioga). K ocHOBHBIM Ha

t,=215%; T
Py =1MAa.

10,7%

~5% - 7
—OH 0.53Ma Toz 7&? T
—— NHJ 0 S
Puc. 2.2. Cxema TepManbHOH ycTa- Puc. 2.3. TepmoaHHaMHUueCKHii WK
HOBKHM, paGorawueii no 3aMKHYTOMY OTAC (uuka Penkuna)
HHKAY.

I — Hacoc Temnmo#t Bo#bl; 2 — HCHIAPHUTEJD;

3 -~ Hacoc ocylHTeas napooGpasHoro pago-

gero Texa; 4 - ocyluMrtenp; 5 — TypOuHa

€ 3J1eKTPOreHepaTopoM; 6 — KoHAeHcaTop; 7 —

Hacoc Aaf 3afopa XOJOAHOH BoAb: 8 — Ha-
coc Anaa nojayd pabGouyero Teqaa

CeroJHsINIHUA JeHb (MMETCS B BHIAY [POMBIILIEHHO paspabatsl-
BaeMble YCTAHOBKH) MOKHO TIPHUHCJIHTb U YCTPOHCTBA, paboTaioulue
10 OJZHOKOHTYPHOH cXeMe, HO HarpyxKeHHble Ha OOBITHYIO THAPaBJI-
yeckyio Typ6uny (uukia ®aerkosuua). [lajnee caeayer weabid paf Mo-
Auduranuil cxeM TeNJIOBHIX MalllMH, HCNOJB3YIOUIUX KpOMe TOro H
ZApyrue mepenajibl TeMmnepaTyp (BO3lyx—BOJAa, TOYHee aTMmocdepa—
ruapocdepa, ruapochepa—Jaurocdepa), a Takke CHCTEMbl AJA HENo-
CPEACTBEHHOTO NPeo0pa30Banus TEMJOBOW 3HEPrHH B 3/MEKTPHYECKYIO
(Ha HHX MBI OCTAHOBHMCS B CJEAYyIOLLeH IJaBe).

Cxema ycranoBku, paboraiomieli N0 3aMKHYTOMY ILHKJIY, TpH-
BeJleHa Ha puc. 2.2. B Takoil cucteme ¢ NOMOIbBIO TEMJBIX MOBEPX-
HOCTHBIX BOJ, NPOKauuBaeMbIX HAcOCOM Uepe3 TenJoOOMEeHHHK HC-
napiuteds, npeBpamlaioT B Nap Kakoe-nu60 noxxoadiiee pabouee teso
(amMuak, Gpeon, mponaH), CO34al0T Nap MNOBBILIEHHOrO AaB/JeHUd,
AaBasi €My BO3MOXKHOCTb pacIUHPHTbes depe3 TypOHHY B XOJOLHJIb-
HUK, I'ie Tap KOHAEHCHPYETCS TNpH KOHTAKTe C OXJaXKAAaeMBIMH TMO-
BEPXHOCTSIMH BTOPOro TeMJI00OMeHHHKA, OMbIBAeMOro BOXOH, 3aKayH-
BaeMOl M3 ray6uHHBIX cJ0eB okeaHa. Ha puc. 2.3 nmokasaHn tepMonu-
HaMugecKHH LUK TaKOH TemIoBo# MauwmHbl (uuka PeHKHHA) B KOOp-
Aunarax a6cosoTHas Temnepartypa— autponus. [losesnas pabora,
coBepiiaeMas napom B TypOHHE, onpejessercs BeTBbio [—2, Ha yda-
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CTKe 2—3J NPOHCXOAUT KOHEHCALHsI, 3aTeM HACOCOM paouee Teno Mo-
Aaercs B ncnapuresb 3—4, riae narpesaercs (BeTBb 4—35) u ucnapsercs
(BetBp 5—/). Taxkum 06pa3soM, NOABOL pabouero Teda K cuCTeMe
TeN/a OCymeCTBJ/ISIETCS Ha BeTBH 3—4—5, a OTBOJ — Ha BeTBH 2—3.
Hononnurenpuyio paboTy NPHXOANTCA 3aTPauHBaTh HA 3aKauKy KOH-
Aencata B ucnaputresnb (3—4) U Ha nogauy Bogbl B HAarpeBaTedb H
XOJIOAH/IbHHK.

Makcumadbhblit  Teopernueckuii KIT Takofi cucreMmpl onpeje-
JIICTCST PAa3HOCTBIO TEMIEPATYp BOABI, 10j1aBaeMOA B HarpepaTe/p H
xonouapHuK, Kak KIIJ skBuBasentHoro mukaa Kapuo Ne=(To;—
—T0)/To1. lia nepenanos TEMIEPATYP MEXKIY MOBEPXHOCTHBIMH H
FIyOUHHBIME CJIOSIMH BOABI B npegenax or 15 1o 26°C o cooTBer-
CTBEHHO M3MEHAETCA B auanasone or 5 g0 9 %. Peaapunii KI1/, kak
NPaBHJIO, CYNUIECTBEHHO HIKE, JTO CBA3AHO C KOHCTPYKTHBHBIMI Orpa-
HHYCHNAMH, He MO3BOJISIONIMMH B PEaJbHOA YCTAHOBKE J0BECTH TEM-
epaTypy mapoB u KOHJEHCATa A0 TEMIEPATYPbl TENJBIX M XOJOIHBIX
BOJ COOTBETCTBEHHO (Ha puC. 2.3 3TO NOAYEPKHYTO C NMOMOMbIO pas-
nocreit temneparyp ATp=To—Ty u ATg=Ty—T). KoukperHbie
TEMNEpATyphl NpHBEAEHbl HA pucC. 2.2. MOXKHO NOACYMTATB, YTO IPH
reopernyeckoM KILI, pasuom 7,3 %, Ha TypGune nosyuaem BEJITUHHY
NPHMEPHO B 2 pasa Menbwyio — 3,6 %. IIpuuem ona me yuureBaer
Cule NnoTeph Ha COOCTBEHHblE HYXK[IbI CTaHLNH, KOTOpble cBeayT KITJL
A0 BEAMYHHDBL, MeHblieh 2,5 %. DTo, B cBOIO ouepenb, 03HAYAET, 4TO
A mogaydennst 1 MBt «nose3nofit» MomHOCTH uepes Tem1006MeH-
HHKH TaKOW CTaHUMM J0JKHO npoiTH He Menee 40 MBT TensnoBoi
vomnocri. MMenno nosromy OT3C TpeGyioT orpomubix pacxoaos
TeNJION M XOJIOAHOH BOABI, H3MEPAEMBIX B THICAYAX KyGOMETPOB
B cekyHay [44].

s Toro 4to6ml npeacraBuTh cebe, 4TO Ke TaKoe peasipHas upo-
Mpisiennas OT3C, pocraTouHO yKasaTh Takue OPHEHTHPOBOYHbIE
undper [86]: cranuus mourHocthio 40 MBrT (n1aBywasi) gonxHa
MMEeTh BOjOH3MeleHue npuMepHo 70 Thic. T, gnaMerp Tpy6onposoga
xonopnoft Bogpl 10 M u pabouyio NOBePXHOCTH TEMJIOOGMEHHUKA
0K0J0 45 Tthic. M2, COOTBETCTBEHHO, AJsi CTaHLMUH C TOJIE3HOMN MOIL-~
Hocrbio 500 MBr Boponsmemenne 6yger cocTaBasiTh TIPUMEpPHO
500 Thic. T (BOsOH3MEnIEHME COBPEMEHHOTO cyneprankepa). Tpy6Go-
IPOBOA MOJIXKEH HMeTb jguaMeTp He MeHee 30 M, mIOmAAb TeNnjaoo6-
MeHHUKa OyneT 0KoJo 2-106 M2,

[Tpu BBIGOpe pabouero Tena WCXOAAT U3 ero TEMJIOPU3HUCCKUX,
TEXHOJMOTHYECKHUX, 3KOJOIHYCCKHX CBOHCTB M CTOMMOCTH. Bce 3TH
XaPaKTePUCTHKH TAK HMJH HHAYe BJIMAIOT Ha CTOMMOCTb | KBT ycra-
HOBJEeHHON MomHoctn OTIC. s obecneuens HAUJYULINX T[OKasa- -
TeJell NPUXOANTCA BHOUPATL MeXAy 6ojee ACLIEBBIM M TOKCHUHBIM
BEUeCTBOM n 6oJjiee JOPOTUM, HO MEHEE TeXHOJOTHUHBIM M MeHee TOK-
CHYHBIM. Peub maer 06 aMMuake H XJagoHe (ppeon-22), obraparo-
WHMH 10CTATOYHO BBICOKHM M TIPHMEPHO OJAMHAKOBEIM JaBJEHHEM Ha-
ChilleHnbIX napos (10,2 MIla u 10,7 MITa npu temmeparype 25°C).
AMMHaK JOCTYIeH, NPUMEHSIETCH YPe3BbIYaliiHo IIHPOKO, €ro CcTo-
HMOCTb He npesbliiaer npumepno 100 py6/r. OH AROBHT u noxkapo-
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Gliacen, HO pacTBOpsieTcsl B BOA€ B JIIOGBIX NPONOPRHAX H €ro JIErKo
oGHAPYXUTb B caydae yreukn. CTOMMOCTb XJajOHA TOYTH B 20 pas
BHILIE, HO OH MaJIOSIOBHT H He BoOCmJaMensercs. X/aaoH HE HMeeT
3amaxa M Ype3BbIYARHO TEKydY, 4TO MO3BOJAET eMy yJETyIHBAaThCS H3
cocyoB npu Hasauunn Mukporpenind. Ciabas TOKCHYHOCTb XJaj0HA
He O03HaYaer, uTO OH 3KoJorndecku Oesppenen. CneunasucTe mo
oxpaHne cpeibl KaK pa3 GbiOT TPEBOry H3-3a 4PE3MEpHOro mpHMeHe-
Husl GPEOHOB (XMIOP(TOPMETAHH ) B TEXHUKE I B OBITY (kpoMe xJyaza-
TEeHTOB (PEOHBl CJayXKaT PaCTBOPUTEAMH H OCHOBOH /51 Pa3JHUYHBIX
pacnblIsIOUINXCA  CPEIACTB B asposoabHoil  ynakoske). [Ilonanas
B crpatrocdepy H pasjarafch Noj A€HCTBHEM yAbTPaA(PUHOJETOROTO
H371yUeHHs, OHM BbIACJAIOT CBOOOAHBIE TaJIOr€Hbl, Hrpaiomue poJb
KaTaJH3aToOpPOB paspylieHis 030Ha. IT0, B CBOIO 0U€pPe/lb, CTAHOBHTCA
NPHYHHOH YyCHJIEHHsT yJAbTpaduoseToBOil paanaun Ha TNOBCPXHOCTH
3eMJIH, UTO ONAaCHO jJs MKUBOTHBIX H pacTeHHiL ’

Untepecno, 4To ecjan OLEHHBATH CBOHCTBa pabouux Ted IJd
OTAC 3aMKHyTOro LuKJAa ¢ nomollbio Kputepus Kaaysmyca ¢ yrou-
gennem A. K. WUapuna [21]

_r Ty +1
K‘—T_—_——Tl—Tz R (2.1)

rie r-— Tenjora napoobpasoBaHusl; ¢— TeNJOEMKOCTb KUAKOH (a3bl
pu cpeaHeil Temnepartype LUK/ (Ty+T2)/2, To u B 3TOM cJaydae aM-
MHAKy CJAeAyeT OTAaTh npeanoutenne. Kpome Toro, cam aMMHaK MOXKET
6uith npoaykumeii OTIC. B jaspheiilieM ero MOKHO HCIOJb-
30BaTh B KauecTBe Ju60 XMMHUECKOro CHIPbs, JuG0 NMEPEHOCYHKA BO-.
n0poaa, MO3BOJIONIEr0 TPAHCNOPTHPOBATL €ro naubosee [aeLIEBbIM
cnoco6oM ¢ TOMONIbI0 TaHKepoB. B aToM ciydae rosoputh 00 omnac-
HOCTH HCIOJb30BaHUS aMMHAKa B KadectBe pabouero tesa BooGule
fe TMPUXOANTCST Ha (OHe OMACHOCTEH, BOSHHKAIOMMX NpPH NEPErpyske
¥ camoil TpaHCmOpTUPOBKE. B orsimune OT aMMnaka XJaloH NJIOXO
cMelInBaercss ¢ BOAOH M NpH NONAfaHHH B HEro NOCJIEJHEH B CH-
cTeMe MOTYT BO3HUKHYTb JelsHble NpOOKH, NPHBOAALINE K BBIXOLY H3
cTpos obopyaoBanus. Bce 3T0 BEepOsSTHO H NOCJYKHJIO OCHOBAHHEM
aJs1 BRIGOpa aMMuaka B KayecTBe paouero Tena JAJs OCHOBHBIX mpo-
extoB OTDC 3aMKHYTOr0O IHKJA.

CxeMa ycTaHOBKH, paboTaiomiefi 10 OTKPbITOMY LHKJY Kaopa, no-
KazaHa Ha puc. 2.4. B kauectse pabouero Tesa 31€Ch HCNOJNb30BAHA
Mopckasi BOAa, NojgaBaeMas B HCNApHTEdb Hepe3 J1€a’partop, OCBO-
60k 1aI0UIHl BOLy OT DACTBOpeHHbIX B Hell rasos. IIpeiBapuresbHO
#3 nojocTell McmapuTeas M KOHJAEHCATOpa yHaJsfeTcs BO3AYX, TakK
4YTO JaBJieHHe Haj MOBEPXHOCTbIO KHAKOCTH ONpeAessercs TOJNbKO
AaBJecHIEM HACBIIIeHUBIX MAapoB, KOTOPOE CHJBHO 3aBHCHT OT TEMIe-
parypnl. Ilpu xapakrepunix gia OTOC remnepatypax 3TOT nepenan
cocrassser npuMepno 1,6 klla (mpu 3aMKHYTOM LHKJ€ Ha amMMHake
okomo 500 k[la!), moa aeficTBueM 3TOrO nepenajga napbl BOABL TpH-
BOASIT B JABHKeHHe TypOuHY, NONajaioT B KOHJAEHCATOP, IA€ U MpeBpa-
mwawoTtes B Kujgkoctb. OCHOBHOe OTJHYME LHKJA KakK pas H COCTOHT
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B MaJoCTH Mepenafa daBaeHuit, 4To TpebyeT HCNONb30BAHHS COOTBET-
CTBYIOWHX THraHTCKHX TYpOHH AHaMETPOM B HECKOJbKO HECATKOB
MEeTPOB. IJTO, NOKajayH, OCHOBHOH TeXHHYECKHH HEJOCTATOK CHCTEM
OTKpHTOro nukJAa. OCHOBHOE Ke HX JOCTOMHCTBO-— OTCYTCTBHE TH-
FaHTCKHX HETEXHOJOTHYHBIX TemJa000MeHHHKOB. Kpome Toro, mpu pa-
60Te cucTeM OTKDPBITOrO LHKJA MOTYT OHTh NOJYYEHH OOJbLIHE KOJH-
4ecTBa NpecHOH BOABI, YTO HEMAJOBAXKHO B JKAPKOM NOsice TIIaHETH,

Cxema Kioga B jgajbnefiliemM 0Oblja yCOBEPUIEHCTBOBAHA: Ha ee
f6ase TMOABHJIOCH HECKOJBKO BapuHanTos., Hanbosee HHTEPECHH Te H3
HHX, B KOTOPHIX NPOMCXOAMUT HCIapeHue ¢ OTKPHTOH BOAHON MoBepx-
HOCTH MNpU HUCNOJAb30BaHWH OOBYHON ruapoTypOunb. B 3toM cayudae
€CTh HAJTEXKIH 3HAUMTENbHO COKPATHTbL pasMmepnl GYAYIIUX CTaHUHEH
H MCIOAB30BATHL YKe CYLWECTBYIOUIHe KOHCTPYKIHH HH3KOHAMOPHBIX
rHAPOTYpOHH, CTOMMOCTbD KOTOPBIX 3HAUYUTEJBHO HHUXKE CTOMMOCTH
Napora3oBbiX HH3KOHAOPHHIX THAPOTYPOUH.

Ha puc. 2.5 npusegena obobuienHass cxXema, ONHCHIBaloWlas pa-
60Ty mo KpaiiHeli Mepe TpeX YCTPOHCTB, NpepaoxkKeHHmx B 1975-—
1976 rr. E. Gekom, K. 3enepom u k. ®erkosuueM. B ocHoBe cno-
coba npeobpa3oBanusi 3sHEpTHU — og00UHe CyllecTByOUlero B IPH-
pole KpyroBopoTa BOAHW MOJ JAelCTBHEM COJIHEWHOA  pafHaliHH.
[Moxvem BOAB Ha TpeOyeMblii YPOBEHB OCYIECTBJASAETCA myTeM Jaubo
co3ganusi B cTojg0e KABUTAILHOHHBIX NY3bIPbKOB, JHOO BCIECHUBAHHEM
(>pdexTn amanoruunbie MOABEMY KHAKOCTH C MOMOIIbIO 3paudra),
Ju60 co3paHneM paspexKeHHsl Haj ee MOBEPXHOCTbIO 3a cueT 06paso-
BaHHS TyMmana. [HapoTypOnHa npu 3TOM MoxKeT OHTb yCTaHOBJIEHA
H Kak N[OoKasaHo Ha puc. 2.5, H HemocpejcTBeHHO B Tpybomnposoje
TenJoH Boab, 3ab6upaeMoil C TOBEPXHOCTH.

Dojlee KOHKpeTHas peajiu3anis ONHCAHHOTO MpPHHIHIA C HCTIOMb-
30BaHMEM MNapOXKHAKOCTHOLO TyMaHa, ofpasymoulerocs Haja NOBEPX-
HOCTBIO TEIJIOH BOABI B TOM CJydae, KOrja KOHIEHCATOp PasMelleH 3Ha-
yygtenbHo Bbiue, nosicuserca puc. 2.6 (C. Pumpxkysii w A. Wowmer,
Kaaudopuuiickuit yuupepcuter). [lapoxuakoctHas cMechb, ¢ yaeldb-
HeIM ob6bemom ot 200 go 3000 cm®/r, comepxaimiasi KanedbKH BOIHE
pasmepoMm okogo 200 MKM, NOAHUMAACh B II0Jie OTPUIlATEJNbHOTO rpa-
ANeHTa TeMNepaTyp, BHINOJHSAeT PpaboTy MO NPOKAaYMBAHHUIO TeIIoH
noBpepxHocTHON BOam uepe3 Typbuny. Obwas npobaeMa NpH peanu-
3aliy NOJOGHBIX YCTPOKCTB B TIPOMHIJIEHHHX Maciwtabax (n1abopa-
TOpHBIE 0OPa3lbl y:Ke OCYULECTBJEHbl ) — BO3MOXKHASA HeCTaOHJIbHOCTD
TYyMaHa, NeHbl, KABUTAUUOHHBIX NYy3HpPbKOB [44].

K aroMy XKe Kjaccy CHCTEM OTHOCHTCS NpeobpasobaTtenb DeTko-
BHYA ¥, cxeMa KOToporo HosicHsercs puc. 2.7. ITo cucTeMa NepuolH-
YecKoro gefcTBHS, OCHOBAHHAS HA NOOYEPeJHOM MOAKJIIOYEHHH BHYT-
peHHell mosocTi paGoueli KaMepbl K 6J0KaM HClapeHus Temnioll H xo-
© JIOJHOW BO/JBI, B pe3yJabTaTe Yero B MNePBOH CO37aeTC Pa3pereHHe,
noj JACHCTBHEM KOTOPOro H 3acachBaercs 3aboptHasa Bopa. llocse
nogneMa Ha MaKcuMaJbHBIH ypoBeHb BOAa cOpaceiBaercs uepe3 Typ-
6uny. T'mgpaBauyeckas 2HEPrHs, HoJdydaemMas 3a OAHH LHKJ, pPaBHA

* Marent CITA Ne 4083189, 1975 r.
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NOTEHUHAIbHOH 3HEePrHH o0heMa MKHAKOCTH, MOXHATON TAKHM Ha-
COCOM C BHICOTHI A1 IO BHICOTH ho:

Whor = pg M."_ﬁi_, (2.2)

COOTBETCTBEHHO MOIIHOCTD — P=W/{, rae t— nepuox umkna. Has
Xapakrepuoil pasuoctd Aasjennst 2,3-10% [Ta (temnepaTyphi Harpesa-
TeJast H XosoAu/ibiuKa 25 H 5°C) pasuoCTb BHICOT CTOJIG0B MHIKOCTH

Puc. 2.6. Bapuadt cxemb NapoKK- Puc, 2.7. TpeoGpasoBareab derkopnua.

KOCTHOro ycTpoucTBa. I — ruapasiandeckast TypOuHa;, 2 — KJaanad

TypOHHDBI; 3, 4 — KJana®ul HchapHTesell Ten-

JIOH H XoJoIHOH BOAbl; § — pabouas Kamepa;
6 — ob6paTublit Kianan paGoueil Kamepbi

1 — Tenyas BOAA; 2 — MapOXKUAKOCTHARA CMech
(TyMan); § — xos0a8as BOAA

cocrasasier Bcero 0,23 M, u UTOGB TOJYYHTb MOIIHOCTH TO-
paaxka 1 MBr npu £=10 ¢ Heo6xoguM ZAnamerp paboueii xaMepl
okoso 200 m (tounee 211 ™). IlpaBaa, aBTOp cuMTaeT BO3MOKHBIM
CYUIECTBEHHO YJYYIIHTD NMOKA3aTeJH CHCTEMBl 38 CYET HCIOJB30BAHUS
“(cosnanus) pesoHAHCHBIX YCOBHI KosnebGaumus ZaBjaeHHH u cTonba
KUAKOCTH B paboued KaMepe. B sToM caydae, no ero pacueram, ais
NOJIy4€Hlsl CyMMapHO# MeXaundeckofi Momuocts B 90 MBT npu ne-
puone kojebanuid 20 ¢ GymeT JHOCTATOYHHIM COOPYAHTD pa6ouyio
Kamepy guamerpom 100 M.

Bue saBucumoctu ot BHGOpa THmA TEPMOAMHAMHYECKOrO [UK/A
Ipn paspaGoTke mnpeobpasoBaTesell TeNJOBOH 3HePrHH oKeaua Tpe-
OyeTcs €O31aBaTh MOCTATOYHO MaTepiaJoeMKie KOHCTPYKIUMH, NPOTSI-
KEHHble TPYyOONPOBOAB 171 3abopa X0JOAHOH BOJHI, IPUXOAUTCS
pewarb 3a4aun Kak NpeloxpaHenust 0T BO3AEHCTBHA cpeanl (CHIOBOE
Ipu 1ITOPMaX, KOpposus, o6pacrauue), Tak M NpPeJOXPaHeHHs CPeiH
OT BO3/EHCTBUsI PEAreHTOB WM NPOAYKIMH, BBIPa6aTHBAEMON TAKUMHE
ycrpoiictBaMu. [Tonck onTHMaspHBIX KOHCTPYKIMII H COYeTaHHs IpuH-
ITUNIOB, 06€CHEYHBAIOMINX MaKCHMaJdbHYI0 3(Q@PeKTHBHOCTL TAKHX npe-
ob6pasoBaTesed, npogoIKaercs.

46




§ 2.3. BuiGop ontMmanbHoro TMna npeobpasosarens

PaccmaTpuBasi Jio6yio M3 BHIIENPHBEIEHHBIX CXeM, MOMKHO yOe-
IUTBCS B TOM, 4TOo OTAAaThb NpEANOYTeHHe TOH MM MHOH CHCTEME,
Gasupysch Ha 3Hauun Jumb ee Tepmuueckoro KII, onpenesasemoro
Kak KITJ] skBuBajeuTHoro uukiaa KapHo, HEBO3MOXKHO. IDTO TOJBKO
oAHa cTopona Bomnpoca. Jpyrag— Hajguune B peajsbHBIX CHCTEMaX
noTepb, 0 KOTOPHX YK€ YHNOMHHAJI0Ch,— MOTEPb, CBA3AHHHX C COO-
CTBEHHBIMH HYXKAaMH CTaHLHM, THAPOAHHAMUYECKHX MNOTEPb B TPak-
Tax TEMIO0OMEHHHX aNliapaToB, TEMJIOBBX M Apyrux noreps. Onpe-
JeseHne mocae HHX 6e3 AeHCTBYIOMIHX ONBITHBIX YCTPOHACTB, BHIOJ-
HENHBIX Tak, 4YTOoOb NpH MEPEeHoCe Ha HATypy HE CKa3sBalHCh
MacwTabubie 3MbeKTh, [10BOJbHO 3aTpyauuTespuo. Ha mnpaxrtuke
NPUXOAUTCA paccMaTpuBaTh 06€ CTOPOHBI BONPOCa TNOPO3Hb, HCXOAA
WM M3 BO3MOMKHOCTEH HACYUIHOTO MOMEHTa, WJAH H3 TNOTpeGHOCTEH
oTjgasedyoro 6yayuero. BTopoit moaxoa NO3BOJSET BHIOJHUTbL Tep-
MOINHAMHIUECKHI aHanu3 UHKJAOB paboTH IpeoGpasoBatesell Kak
uaealbublX, a6cTparupysicb OT NOTePb B peasbHBIX CHCTEMaX H Kak
6bl CYMTAs HX HEH3GEKHBIM 3J0M, yclex O60psOB C KOTOPBIM OIIpe-
JessieTcs ypOBHEM PasBUTHs TEXHHKM n TexnoJoruu. bosee Toro,
OTCTaNBasi KaKOH-TO BapHaHT, MOXKHO Ipeinonaratb, 4To MpPH €ro
NpaKTHYECKOH peasusanuu OYAYT HCNOJb30BaHBl CaMble NOCAeAHHE
LOCTH}KEHHS] TeXHHKH H 3a CYeT 3TOro InoTepu OyAYT CBEAEHB K MUIH-
MyMy. B Bek pasjgenenus TpyAa Takod TNOAXOL MOXKeT OHThb
H onpapAaH.

Jns avajansa WAeaJbHBIX IHKJIOB BOCHOJIb3yeMcs TePMOAMHAMH-
yeckum KITJ, onpenensieMbiM Kak 3((eKTHBHOCTb CHCTEMBI HA OCHOBE
BTOpOro pauata TepMoauHaMuku. Ha npaxThuke sra BeJHUHHA MOXKET
OBITH ONpE€JeJCHa KaK OTHOLICHHe ng=W/E, rne W —mnonesnas
3Heprusi, BhipaGaTbiBaeMas CHCTeMOH; E — sKkceprusi pecypcos, HC-
noJabdyeMbix cucteMoit. [Tojg 3Kcepruei nmoHumaem, Kak 3To NPHHATO,
KOJIMUECTBO 3HEPIHH, KOTOPOE MOXKET MNOJYYHTb BHEIIHHA TNpPHEMHHK
OT cHCTeMH NpH ee 06paTUMOM Mepexoie U3 MaHHOTO  COCTOAHUA
B COCTOSIHHE TMOJHOTO paBHOBECHs ¢ OKpyXaiouiei cpemodl. Taxum
06pa3oM, 3KCeprusi— 3T0 MaKCHMaJbHOE KOJHYeCTBO 3HEPrHH, KOTO-
poe clcTeMa MoXeT H3bATh u3 mnepenaia Ttemneparyp. Coorser-
ctBenno, npi W=EFE tepmoaunamuuecknit KITI cucremn ng=1. Onpe-
JLeJHB BEeJHYHHB AJS pa3JHUHBIX LUKJIOB M BBISICHUB, KaK 3TH BeJH-
YHHB H3MEHSIOTCS B AHanasoHe napaMeTpoB paboTH HAeas]bHOR
CHCTEMBl, MOXKHO BHSIBUTb HaWAydJluHe,

B nepeyio odepeab HEOOXOAMMO HAWTH BeIHYHHY SKCEPrHH NJis
uceJeayeMoro nepenaga temnepatyp. Jas 3Toro paccMOTpPUM TNpHH-
uunuaneHylo  cxeMy o6obuenuolt OTIOC, mnpeacrasienHyio Ha
puc. 2.8. Ha ocuose BToporo Hauaja TepMOAHHAMHUKH MaKCHMaJbHYIO
noJe3nyio paboTy MOKHO MOJYyYMTb B TAKOA CHCTEME, €CJIH MOJHOE
M3MeHeHHEe ee 3HTponuu pasHo HyJdo. [ocratouno paccMOTpeThb
TOJMBKO COCTABJSIONHE, CBSI3aHHBIE C MPOLECCAMH B HarpeBartesne
U B XOJOJWJbHHKE, TaK KakK caM Ipolecc npeodpasopaHusg Mbl ycJjo-
BHJINCH CUMTATh HIealbHBIM H, CJA€I0BaTE/bHO, 06paTuMbiM. Torna us
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Ty
onpejeseHdss HTPONHH AS=mS dQ/T MOXHO MONYYHTb BHIpaXKEHHE

Tor

AJId TAKOr0 «HYJ€BOr'O» H3MEHEHHUs 3HTPONHH B BHJE

AS=AS, 4+ ASy=m.c,In o + mycpIn T = 0, 2.3)

rge AS:, ASy— H3MeHeHHs SHTPONUH COOTBETCTBEHHO TeILIOH M XO-
JOIHOH BOIH; Mg, Myx— Macchl COOTBETCTBEHHO TeILIOH H XOJOLHOH
BOJIHI.

Otkyna, BBexs napaMmerp r=mg/m (m=my-+ms), NONYYHM BbIpa-
XeHue, ONpefesdonee COOTHOLICHHE TeMilepaTryp, COOTBETCTBYoLlee
BbIDAOOTKE CHCTeMOH MaKCHMaabHOH noJesHoi sueprun [58]:

me,In () () T =0, (2.4)

oy ,71| my To1
I

Puc. 2.8. Cxema 0G606uieHHOMH

3} TeN0BO# MaLiWHbI,
o F — HarpesaTeb; Il — paGouee
Teno; I// — XOMOXHABHHK; M, H
My Toa My . My — Macchl TelIoOH H XOJOLHOHK
BOJILI

[Tonesnas paGora cucreMbn Ha OCHOBe IepBOro Hauasa TePMOJH- _
HaMHKH onpeje/sieTcss PasHOCTbIO NOCTYNAIOMIEr0 B Hee H OTXOMSIIEro
KoJHuecTs Temiotel W=0Q,—Q, Tax, uto

W =c,{m;(Toy — T} — my (T — 7‘2)]. (2.5)

[ToxcraBuB B 310 BhHIpaMKeHue BeHYRHE m r, IOJIyUUM JJIs TIOJie3-
HOH paBoTBl COOTHOILICHHE

W=mc,[rToi + (1 — 1) Too— T, — r (T, — T3)), (2.6)

H3 KOTOpOro cjejyer, YTO MaKCHMaJjbHOH nojie3Has pabora craHo-

Burcs npu Ty=Ty=T,. T[locieHIO0 BeJTHYHHY MOMKHO olpegesuTh
M3 'TIOJYYeHHOr'0 BHIlI€ BbIpaKeHHUs] JJId ONTHMaJbHOTO COOTHOLIEHUS

TeMneparyp (2.4) kak Ty= T(’)lToz“"), UTO TO3BOJSET NepPenHcaTh:
BLIpa:KeHHE [l JOCTYNHOH noJsiesHo# paboTel B BHje
1—
Wn=me [I’Tm +(l —_-f) Toz—T61T02 r]. (27)

[Tonesnast pa6ora okasajsach, TakKuM 06pa3oM, HeJHHEHHOM
¢yukuuesr or r. Ecau Heeaegosath a1y QyHKuimo Ha IKCTpeMyM, MpH-
pPaBHAB BeJUUMHY MNPOHU3BONHOH IO 7 HYJI0, TO MOXHO OTHICKATh
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ONTHMaJbHOe 3HaueHHe fopr, HUPH KOTOPOM Wymax=E. L. JI:XoHCOH
npejaaraer Jiis NOJydYeHiss 3TOH NPOM3BOAHON BBECTH B IpEAbAyllee
Boipaxenne peauunny KITJ[ uukaa Kapuo nk=(Tp1—To2)/To1. B aTOM
caydae

Wi=mc,To [r + (1 —r)(1 —nd — (1 —nd' |- (2.8)
B3se o1 Wy npou3BoaHy0 U NIPHPABHAB €€ HYJIO
dW,/dr = me,To [+ (1 —mo) " In(1 — )] =0 (2.9)

noJyuaeM JJsl ONPEeJeHus] ronr BhIpaKeHue
Fomm==[—1Inng +In(1 —n) + Inln (I — )~ YIn(l —ne). (2.10)
ITonoxus B 3TOM BHpaXeHHH M<K |, NOJyUHM

fom=%l:1+%nx—|-...]z‘/g. (211)

COOTBeTCTEEHHO ONTHMAJbHAad Beqauuuna piasi o oKaseBaeTcsi paBHOMH
NpUMEpPHO KOPHIO KBAaJADATHOMY H3 NpPOH3BeJeHHs TeMIepaTyp TemJoil
H XOJIOXHOH BOJbI

Toonr = (TorTog 0, 2.12)

Ecan tenepb ponyctuth, uro KITJ mukiaa KapHo 6JH30K K HyJIO, TO
/151 TOJe3HON- ONTHMAJTbHOH paboTH NOJAYYHM BHIpaXKeHHe

W= mc,Tor (1 — r) ne/2, (2.13)

a MOJCTABUB Ciofla 3HAYeHHs1 r="/s — HOopMyJy [Js onpe/iesieHus BeJH-
YHHBI 9KCepruu

E = W 1 max = me,Toma/8. (2.14)

Takum o6pasoM, okaspiBaercs, Kak ykasmBaer [. II>koHcoH, uTo
9KCeprus 3aBMCHT OT pasdHocTH TeMnepatyp no 3akoHy (To—To2)%/Ta,
a He npocto or neprofi creneHu stoi pasnocru *. ITocaemmee oco-
OeHHO OWIYTHMO, eci peub HAeT 06 OLeHKe (IYKTyaluil MOIHOCTH
HIPHPOAHOrO0 HCTOYHHKA, HANpPHUMep BCJEACTBHE CE30HHOIO H3MEHeHHUs
[IOBEPXHOCTHHIX TEMIIEPATyp.

Ha puc. 2.9 npuBejeHb AHarpaMMbl, NOSACHSIONIHE XOX Pa3aHYHBIX
TEPMOMHAMHYECKHX WHUKJIOB, KOTOpPhHIE MOTYT OHTb peaJHu30BaHH
B COOTBETCTBYIOILHX TpeoGpas3oBaTeisix TelsoBOH 3Hepruu. [ua-
TPaMMbl CBSI3bIBAIOT TeMIepaTypbl pafoyux Tesa ¢ 06061IeHHBM Napa-
MeTpoM, B KaueCTBe KOTOPOT0O NpPH H3BECTHHIX CBOMCTBaX pabouero
Tejga HCTOJb3yercs, Hampumep, sHTponus. HenpepeiBHBHE JHHHH HA
AuarpaMMax OTHOCATCS K pafouyeMy Teay, IPEPHBHCTEIC — K MOPCKOH
BOje, MOCTyNaiomeld B HCMAPHTeNb (BepXHAA JIMHHS) H KOHJeHCATop
(anxnsis). HunarpaMmer Ha puc. 2.9, a, 6 ONHCHIBAIOT NOJHOE HCIOJb-
30BaHHe 3KCEPruM B 3aMKHYTOM H OTKPBITOM MHIEAaJbHbIX IIHK/IaX.
Hanpassnenue JuHHA NOKa3bBaeT, B KaKyl0 CTOPOHY IPOUCXOAHT H3-

* AHajormuHpill BeBoJ HoaydeH E. M. SHtoBcKMM.
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MeHeHHe TepMOAHHaMHUUYecKHX nNapamerpoB. Ilpomecch oOT/aHUAKOTCS
HanpasJ/jcHUEM H3MCHEHHS NapaMeTpoB H TeM, 4TO B OTKPHITOM IIHKJE,
THe pabounM TEJIOM fBJSETCS MOpCKas Boja, NpUBeaeHuHe paodero
TeJa B HCXO[HOe COCTOSIHME NIPOU3BOAUTCS HE B CHCTEME, a B OKpyXKamw-
Hlell cpeae M, Cjeg0BaTesNbHO, BHNoJHseT 3Ty pabory Cogxne. [lo-
JOOHbI UM HaeaJbHbie pukabl Penkuna u Kuopa, ugyuiue Juinb
€ 4aCTHUYHBIM HCIOJb30BAHHEM 3KCEPruH, MOKasaHHbie Ha AHarpaMMax
puc. 2.9,0, e. Micnapenne paGounx tes TNPOHUCXOAHT 31eCh NPH MO-
CTOSIHHOI TeMnepaType, pH 3TOM TemJas NOBEPXHOCTHAs Boga OxJa-
Kjaercsi (B OTKPBITOM [HKJE 3TO MOCTOSIHHO ToJgaBaeMasi B HClapH-
TeJb TemJsas Boja), a OXJaxKAawmlas — HarpeBaercsl.

Puc. 2.9,0c, 3 naer npejacrapjienne 0 NpUMeHeHHH cnoco6a MHOrO-
CTaAHHHOrO H3BJICUCHHS 3Heprun (MupeasbHbIl MHOrOCTAAMIHBI [UKJ
Penxuna). [NpumeHenle HeCKONBKHX CTyleHeH NpeoGpasoBaHusi 3Hep-
THH, BO-TIePBHIX, NO3BOJSET YMEHBbIUHTb pasJjHuHe B TeMIepaTypax
Mexay pabounMm TeJOM U BOJOH B HarpeBareJe U KOHICHCATOpE,
a4 BO-BTOPHIX, KaK OB yBeJHYHBACT CyMMapHOe majelile TeMIepaTyphl
OPpH M303HTPONHUECKOM pacliupeHun B TypOuHe. Bce 3to nospossieT
6ojiee MONHO HCTONB30BATb 3KCEPTHI0 H CUHTATH MHOrOCTYTIEHUATHIA
auka  Kgoza Haubosee cOBEpIIEHHBIM TEPMOAHHAMUUECKHM [MIpO-
UEeCCcoM,

B uukie Ha MHOroKoMIOHeHTHOM pa6oueM rtene (puc. 2.9,8)
NpubauKeHusi K ONTUMYyMY AOCTUIraloT, CJaeas 3a HU3MEHeHHEM TeMIie-
PaTypBl B pa3jiHUHbIX yuacTKaX HCTapHuress, 3a cieT Takoro noabopa
KOMIIOHEHTOB, TNPH KOTOPOM CMeCh MEPEBOAMTCS B napoobpasHoe
cocroanue. VicmapeHue KOMIIOHEHTOB CMECH TIPOUCXOJMT TO3TAIMHO,
Kax/J0oMy 3Taly COOTBETCTBYeT CBOSl TeMNlepaTypa HacbluleHus.

Puc. 29,2 onuchiBaeT nuk/a beka, Ipu KOTOPOM 3KCeprHs mnepe-
flajla TeMIlepaTyp npeofpasyercss B KHHETHUECKYIO 3HEPruio IOToKa
pabouero Teja, BOBJEKAeMOrO B JBHKEHHe TOH ero uacTblo, KOTopas
IpeBpanlaercs B TyMmaH, nap, neny. Mbel BUAUM 37ecb, UTO Npoiecc
HCMapeHus HAeT B TePMOAMHAMHUECKOM CMBIC/Ie HAMJYUIIHM 00pa3oM:
H3MeHeHHe TeMIlepatypbl Bcelt Macch pabodero Tesa, npeobpasyemoit
B TPaHCHOPTHPYIOULYIO cpexy, IH1eT oOAHOBpeMeHHo. [Ipomecc 3toT
Heo6paTUMBIYl, UacTb 3HEPruH, KoTopoH o6Nadaer oxJaxiaamouias
BOJA, HE TMepexOoauT B MOJe3HYW paboTy.

UncjeHHBII aHAANH3 TOKa3blBaeT, UTO TepMOAHHAMHYeCKOH sphdek- -
THBHOCTH pAa3JHYHBIE [UKJAB MOXKHO pAacnoNlOXHTb CHCAYIONIUM
o6pasom: MHOrocTaauiinbiil OTKpHTHE mUKA (ne=0,75), muKa
Ha MHOrOKOMIOHEHTHOM paGouem Tene (neg=0,64), nuxa beka
(ne=0,59), orkpwmrhi#i uuka Kiaoga (ng=0,5), MHOrocrynensarbifi
3aMkHyTHH nuka (np==0,48), samkuythill Luka Penxnna (ng=0,32).

HHTepecHO OTMETHTb, YTO OCHOBHBIE DAGOTH MO NPAaKTHYECKOMY
OCBOEHHIO TeNJOBOH SHEpPruH OKEaHOB HAYT IO JIHHHH pEaju3alHH
caMpix He>hDEKTHBHBIX B TEPMOAMHAMHUYCCKOM CMBICHe cXeM, pabo-
TaWIX N0 3aMKHYTOMy ukay. MMenHO 3TOT mukn HaunGosee nusyueH
M pea/ji30BaH B NPOMBIIIEHHBIX Maciutabax, y Hero Ha CeroiHsIIHui
KeHb HamJyullle TEeXHHKO-3KOHOMuueckie moxasaresau. Ocrasbuble
HUKJIBl HepeaNu30BaHbl WIH PEANH30BAHB B YCJOBHSIX ONBITHBIX yCTa-
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HOBOK. CJloXKUBIIHHACS OTPBHIB MEXAY TeOpHefi M MNpaKTHKOH CBHIe-
TeJbCTBYET 0 BOJbIINX pe3epBaX OKEeAHCKOH Temo3HepreTHkH.
KpoMe anannsa UHKJIOB TepMOAMHAMHUECKHIl TOAXOA NO3BOJSET
NPOBOANTH U MOHCK ONTHMAaJbHBIX TEeXHHYECKHX pellieHul npeobpaso-
Bateselr. Takag monmiTka cpenana, HanpuMep, A. K. Unpurnm [21].
OH npuHuMaer cjeayiouliie ynpouleHus: YCTaHOBKa paboTaer Mo
uukay KapHo, ucnapurenap u KoHjeHcatop o00JagaiT OgMHAKOBLIMU
AP dBJAHYCCKUMH CONPOTHB/IEHHSAMH U HMEIOT OAMHAKOBHIE H3MeHe-
HHSl TeMIepaTypel MOPCKOH BOjAH NPH NPOXOXKAEHHH dYepe3 TeMNJo-
o6MeHHUKH (Ap u 8T COOTBeTCTBEHHO), KOHEUHasi TeMIepartypa, ycTa-

Lycr, Kiw/Hr
15

] ] T
I~ ﬂﬂﬂ”aurma
apHo
R A
10— "1~
\.\ S~
60, \§\\‘~ -~
Sy Puc. 2.10. VYaeabhas pa-
6oTa sHepreTHYECKOM ycra-
' HOBKH C yYeTOM TeopeTH-
. . Ir 6
P 7 7 3 = K HeCKOM pa[QOIT]H HacocoB

HaBAHBaloOwascsd B Henapurtede, paBHa To—&8T u COOTBeTCTBYeT TeM-
nepatype KumeHusi pabodero Tena, a KOHeduHas TeMmnepartypa
B KOHJeHcarope, paBHas Top+407, coOTBeTcTByeT TeMmeparype
KoHjeHcanun pabouero rena.

Ecan Temepp ¢ yueToM yKasaHHBIX JONyuieHHfi [peJICTaBHTH
yAeapHyio paboTy, coBepliaeMyio palOuUHM TeJOM B LHKJE, B BHAE

lll = (i;ol — 067 — i;'02+57') (1 - %) > (2'15)

a MexaHHYeCKYylo pa60Ty, coBeplIaeMylo nacocaMu npu [IpOKAaUYHBAaHHH
BOALL Uepe3 TEHJI006MeHHI/IKI/l, B BHJE

lH=2 lTon—ﬁT—lToa")-ﬁT _1AP’ (2,16)
CpéT [y

rae i’ B i” — sHTaNblEE pabouero Teia B MapoOOGDPA3HOM H MKHIKOM
COCTOSIHUM, TO yJAeNbHYI0 paloTy YCTAaHOBKH, (QYHKUHOHHpYyIOUEH no
uukay Kapro, MOXHO OLEHUTb U3 COOTHOIICHMUS lyer=Ig—Iy. Pesyanp-
TaThl pacdera 3TOH BelduunHB 0pH T=300 K un Tp=280 K
AJS pasauuHelx Ap, TnpuBepeHHBe Ha puc. 2.10, cBHEeTedb-
CTBYIOT O TOM, YTO KaxAOMy Ap COOTBETCTBYeT ONTHMaJbHOE 3HaUe-
Hue 67. DTy BesuuuHY MOXHO ONMCAThH CaAELYIOUIE dopmy.aoli;

_ 2 APTol 0,5
8T = (———cppm ) , (2.17)

rae Me— KILI Hacocos, paBuwmii npuMepno 85 %. Taxkum mxe nyTeMm
BHIpAXCHHE Jyisi ONTHMAJbHOrO MNepenajga TemIepaTyp Ha Temao-
OOMEHHHKAX NOoNy4aloT H s APYTHX LUKJIOB.
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[TpuBeneHHble BEIKJAAAKH I[OKa3HBAOT, YTO TepMOAMHAMHUYECKHIT
MOAXOA TO3BOJsIeT pellaTh 3a4auH ONTHMH3allHH HA BCeX 3Tanax pas-
paborku OTIC. Bosee noapobHoe u3ji0xKeHHe COOTBETCTBYIONINX BO-
NPOCOB 3aHHTEPECOBAHHBIN 4YHMTAaTeJb MOXKET HalTH B CHEHHAJbHOH
.r[mrepaType no TepmomuHamuke OTDC (cMm., Hanpumep, paboTH
21, 25]).

§ 2.4. Mpoextsi OTIC 3aMKHyTOrO ULMKNA

B Hacrosiniee BpeMs B Mupe paspabaTpiBaeTcsi HeCKOJBKO NPOCK-
TOB 2JIeKTPOCTAHUHI 3aMKHYTOrO -HHKJIA JAJ5 pasauiHbX paioHOB
TPONHYECKOTO MOsica. B OCHOBHOM pedb IMOKAa HJAET O CO3AAHHU ONHTHO-
INPOMBIIIEHHHX cHeTeM, 0asupywomiuxcs jaub0 Ha mjiaBYyYHX OCHOBA-
HuAX, Au00 Ha cylle W TpejHa3HaueHHBIX KaxK Ajs oTpabOTKH TexHO-
Jorun Tnpeofpa3oBaHusl SHEPTHH, TaK N AJAs CHaGKeHHs 3Heprueit
noTpeburteser. MomHocTH 3THX CTAHUME JexXaT B npefegax S5—
40,0 MBrT.

OcHoeunle paspabotkn Beayres B CIHA, Snonnu, ®paHumn.
3a nocjenHue TOAbB K 3THM CTpaHaM npucoeanHunuch Hupepaasiwi,.
Wnjonesuss u Wvjpua. Hanpumep, nox srupoéi Hupuiickoro Hamuo-
HAJBHOrO MHCTHTYTa OKeaHorpaduu u VIHCTHTyTa TeXHOAOrHM paspa--
6atnBaercs npoekt OTAC MouHocThio 6 MBT ans pasmenieHus Ha
OHOM u3 JIaKKajHBCKHX OCTpOBOB, pacnosoxeHHux B 300 KM ot 3a-
najHoro nobepexnss Muanu. Yxe BpiOpaHo no KpafiHeldl Mepe aBa paii-
OHa, Tae B Tpepenax | ¥m ot Oepera ruyOuHm cocrasasior 1100 m,.
TaK UTO BCe COOPYXKEeHHs CTaHIUM MOryT OBITb pasMenieHH Ha Gepery.
DKOHOMHUeCKHEe pacueThl NOKAa3HBAIOT, UTO CHCTeMa TaKHX CTaHLul
Morsna Onl NPOU3BOAUTH 3HEPTHIO MPHMEDPHO C TOH XKe CTOMMOCTBIO, UTO-
n ofbecneuuBaionifie 3T OCTpoBa cefluac Au3eNbHBIE CTaHuUuu, pado-
Talol[He HA NPHUBO3HOM TONJHBe (HacejeHue — okojgo 20 ThHC. deu.).
[Tpeanonaraerca, uTo OGOJBUIMHCTBO KOMIIOHEHTOB cTaHuuu Oyaer
U3roTorjgeHo B caMoii MHauu u TOABKO TenJooOMeHHUKH H TpyOB
&14 3a60pa XONORHOW BORH — 32 pyOekoM.

B coBmecTHOM roJdgasacko-uHgoHesufickom npoekte OTIC pas
0. Banu peur noka uger O CTPOUTENBCTBE JHIIL AeMOHCTPALHOHHOH
cranuun MowHocTeio 100 kxBr. DBoslee KpymHYIO 3JeKTPOCTAHIHIO
mpejanojiaraeTcs NOCTPOUTb Ha cieayiomeM 3Ttane. [lpu Bmbope
MeCTa CTPOHUTEbCTBA MPOEKTUPOBUIMKH HCXOAMIH M3 COOOpameHHH
roctynuoctH  coobmeHuss nobGepexbs ¢ JXakaproih m apyrumu
HHAYCTPHAJbHBIMH [EHTpaMH, YUHTHIBAJH CPABHUTEeJNbHO Herayb6okoe:
3ajeraHie OT NMOBEPXHOCTH CJOeB cO cTabuibHOH Temneparypoil 8°C
(500 M ma paccrosinum 1,6 KM ot Oepera), BBHICOKYIO H JOCTATOYHO:
cTabuibHyio TeMmepaTypy NOBepXHOCTHHIX BOA (okosio 30 °C mpakru-:
Yyeckn B TeueHHe Bcero ropaa). Jas Oyayuux 6ojee MONIHBIX CTaHIHH
151 3a6opa XOJIOAHOH BOABL MOryT OBITb HCHONB30BaHHE GoJbliie
ryGHHE, JeXKalue 3jech Ha paccTOAHHH He Oosee 3 KM OT Gepera.
CTpouTenbcTBO AOMXKHO GbIIO HAaYaThCsi OCEHbIO 1984 r. n 3aBepPIUIHTLCS
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B8 1986 r. I[Ipoexr duHancupyercs HuaepnanmaMmu, a camo CTpouTenb-
-¢TBO — Mupnonesueii.

Hauuonanpnuii ueHTp ncnoas3oBanus okeana ®paunnu (CNEXO)
nnanupyer B 1988 r. coopyxkenne OT2C wmommocteio 5 MBr Ha
«©. Tautu. Croumocts crauuun omexHusaercss B 300—400 man. ¢p.
Yixe 3aBeplIeHbl HM3BHICKAHHS H paspabaTHBAIOTCH pasJHUHBIE Ba-
PUAHTH TEXHHUYECKHX MPOEKTOB [AJs1 OKOHUATeJIbHOrO BrbGOpa JAHGO
3aAMKHYTOH, NHOO0 «TPaguUMOHHOH» pisi Ppauuiu OTKPHTOH CXEMbI
Kaona.

Onua us ocobennocreit OTIC 3amruyroro uukna ajas o. Tantn —
TJIACTHKOBHHA BOAOBOJA, C NOMOIbIO TyHHesNeHl NepeceKaiomuil OKpy-
JKaroue OCTPOB pUPEL, CpeJH KOTOPHX H MPeanoaaraercs pasMecTHThb
3paHue crangun. B ocHoBy OTIC OoTKpmTOro HUKAA MOJOMKEHA IJa-
Bydas KOHCTPYKUUS B BHAE NONJABKa-6ap:KU CO CTAJbHOH WA GeTOH-
HOH B0J03a60pHON TpyGOH.

Sinonus, BBO3smas okono 90 9% rtomnuBa, Beger paboTH MO HC-
NOJb30BAHUIO TEPMabHON 3Hepruum oxkearHa ywxe 6onee 15 jer. B ma-
CTOsiUlee BpEMsl MO PYKOBOACTBOM ATreHTCTBA MO NPOMBILIIEHHBIM
U HayYHHM HCCNEAOBAHHUSAM H TEXHHKE MHHHCTEPCTBA MeXayHapOaHOH
TOPTOBJIH H NPOMHIUJIEHHOCTH B CTpaHe BEAYTCS IIMPOKHE HCCAEHO0-
Bauns noa HassamueM «CaHwalin npogxekrs. B miawme stux pa6or
yxe B 1976 r. 6bi pa3paGoTaH yCOBEpIIEHCTBOBAHHKI BAPHAHT
.nemoHcrpanuoHHolt OT3OC  wmomuocteic 100 MBT, cocrosimell  u3
YeTHpex Moayaeh no 25 MBr, pasMemeHHbX B NOABOAHOM LHJIMHADPH-
ueckoM kKoprmyce. B kauectBe pabouero rtesa BrOpaH aMMuak. IToJes-
Hasl MOMIHOCTb CTAHUMH AOJKHA COCTABJATH NPUMEPHO 77 ¥ MNOJHOMH.
‘O npou3BOANTENBHOCTH CHCTEM CTAHIHH [AIOT TpejcTaBJeHle TaKue
undpu: pacxon xonoano# (7°C) Boawl okono 800 teic. M3/, nuomann
TIOBepXHOCTEH KoujgeHcaropa u ucnapurens 350 n 310 tec. M?%, pacxon
Temsiofi Boaml npu temneparype 28 °C okono 970 teic. M3/u. Ilnar-
Gopma craHuHM paccCuMTaHa Ha JOBOJBHO XKECTKHE YCNOBHS 3KCIaya-
‘Taluu: CKOpOCTh BeTpa ao 60 M/c, BHcoTa BOiH A0 18,5 M mpu mue-
puoge 16 ¢, ckOpoCTh NOBEPXHOCTHOrO Teuenus o 1 m/c.

B pa6orax no npoekry «CaHmafiH npomxeKT» B $SInonun yuact-
ByloT Kpyneedmne ¢upmu., Cpean Hux, wHanpumep, <«Tocuba
Koprnopedmu» u  «Munybucu XeBH HHIACTPH3 KOPHOpEHIIH», yiKe
CaMOCTOSITCIBHO paspaboTaBuIne NPOCKTH Te0TePMAaJBHHX 3JIEKTPO-
cTaHuuid MowmnHocteio 1 MBT u 3aunrtepecoBaHHube B COBITE 3HEPreTH-
4eCKoro o6opypoBaHud. MamunuocTponutenbHsle KoMnaunu «Hceukasa-
asuMa», «Munybuciy, «CHMH3Y KOHCTpAKWIH» U APYrHe NPHHAIH yda-
crie B paspaboTke miaTtdopM ¢ HCTOAB3OBAHHEM CYAOCTPOHTENLHOrO
o6opynosaunns. Komnanus «TOKHO 3J€KTpHK Tayep CepBiC» paspada-
ThIBaeT Ha3eMuwple coopyxeHus pis noiacoeaunenus OTIC x suepro-.
cersiv. TeM  ONBITHO-IPOMBILIIEHHHM  HCCJEIOBAHUAM, KOTOpHE
BelyTesl ceffyac Ha TPeX ONBITHHIX YCTAHOBKAx MOmHOCThIO oT 50 KBT
(bupma «Munybucn gziokorés) ngo 120 kBt (BemeynomsmyTas
cranuns B Pecny6auke Haypy), npealiectBoBas NOYTH ABajlaTHIET-
HUH  [UKJI  HCCHEJOBATENBCKHX paboT, BHIIOJHEHHHX pPAa3JHUHBIME
HAYYHBIMH OpPraHH3alHsIMH M B NEPBYI0 ouepeldb TIpynmnoit npod.
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X. Vexapw Ha ¢akyabrere HayKH H TeXHHKH yHuBepcurera B I. Cara..
3mech nocTpoeHa IKCHepUMEHTaJ bHas YCTAaHOBKA, MO3BOJSIOMLANA
H3YyYaTh Bech LUK/ NOJYUYEHHS 3HEPrHu € MEXaHHUECKOH TypOHHOH
Mommocteio 1,3 kBT u remepatopoM MomHOCThio okono 500 DBt
U Jajomas BO3MOXKHOCTb MPOBOAHTbH H3YUEHHE CaAMBIX Pa3NHUHHIX
THTIOB TemI006MeHHHKOB, Ha OCHOBe 3KCIEepUMEHTOB H MOJeaupOBa-
Husl mpoueccos Ha DBM paBHO yXKe pazpabOTaHnl HOBble THIBI KOH-
JAEeHCATOPOB W Hcnapuresefl, B 4aCTHOCTH, NIACTHHUYATHIA HMCIADPUTE/]b.
¢ kosppuuuentom rtemnooraadd 58 kBr/(M2-K) (o6bluHHe TpyGua-
Thle HcnapuTenn obecneunBaior 0koao 3,6 kBr/(m?-K).

[To npoekty «CaHluiaiin HPOIKEKT»> KpOMe HCCAeJOBAHMSA IyTeH:
npeo6pa3oBaHusl 3HEPTUH BeeTCA IUHPOKHH KOMIUIEKe paboT 1o H3y-
YeHHIO oOKeaHorpaduueckux (akTOpoB, B3aUMOJEHCTBHS OKeaHa
u armocdepn, Bsaumogefictus OTIC c¢ okeamoM u arMocgepoi.
Wsyuaiores, HanpuMep, pacnpOCTpaHeHHE BOAH, cOpacrBaeMop 6yay-
el cTaHuuel, Buxpeo6pas3oBaHue B (QOTHYECKOH 30He, rae cMelleHue
TENJHX H XONOAHHX BOJ MOXET HauGosee CHIBHO MOBNHUATH Ha OHO-
JOrHUECKyIo TpoaykrusHocTs Mops [b9]. Haa cpabBuenus adoexrtus--
HOCTH pasjiHYHBEIX THIOB TeJOOOMEHHHKOB ¢(upMa <«Munybucu
J3I0KOore», HanpuMmep, ycraHoBuia B 1982 r. Ha cBoefi ONHTHOI cTaH-
uun Cun-ToxyHocuma gBa TeNJOOOMEHHHX annapara, BHIMOJTHEHHBIX
U3 THTaHa,— KOXYXOTpYyOHBHA H MiacTHHYATHIH. B pamkax nmporpammel
B 1985 r. nnaunpoBanca nyck oneitHoi OTIC mouoctsio 1 MBr.
B 1990 r. poaxma OwTh TymieHa craunus MouiHocthio 10 MBrT
(ombiTHO-pOMBIIIeHHast) 1 B 1996 r.— npomuiutennas OTIC na
100 MBrt. Bepostho, cranuus momHoctelo | MBr 6ymer mocrpoena:
v Ha o. Haypy. :

OchoBHHE NpPOEKTH, pasdpabaThiBaeMbple Ha JaHHOM 3Talie pPasBH--
tis okeanckoii suepreruxku B CIIA, takxe cBi3aus ¢ obecnedenueMm
3JeKTPO3HEPTHEH He HMEIomUX COGCTBeHHOH TOMJIMBHON 6a3el 0CTPO-
BOB. B coOTBeTCTBHM C NJIaHAMH MHHHCTEPCTBA 3HEPTeTHKH B NEPBYIO
ouepeab Ha BO30GHOBJSieMble HCTOUYHHKH HEPTHH AOJXKHBEL OHTh Ilepe-
BeneHn wmrtaT [apafiu (Hacenenne oxojo 1 MJaH. ued.) u o. I'yam
(25 Thic. wea.), satem o. [1yspTo-Puko (okoso 3 muaH. yen.). Ony6uan-
KoBaHHue B 1977 r. [44] nJyaHe Da3BHTHA OKEAaHCKOH TepMoOzHepre-
THKH BKJIIOUAJH Ha NpeaBapHTEIbHOM 3Tale OTpabOTKy OTAeIbHBEX
npuHnunuaasHex y3qa08 OTOC (TennooOMeHHHKOB, TpyOOIpPOBOIOB-
X0M0AHOH BOAK) ¢ JAEMOHCTPALHEH TPUHUHIOB Ha Makere MHHH-
OTA3C, a 3atem Ha onntHo# ycraHoBke OTDC-1. Caexyiomum 2Tanom
JOJXKHO OHJO OHTH CTPOHUTEILCTBO ONBTHO-NPOMBILNICHHOH CTaHIUH
OTAC-10 momnoctsio 10 MBT (oasoro us 6;1x0xoB 6yaymeit OTIC-40),.
upombiiiesnoi crapuup OTIC-100 ¢ yeTHpbMS 3Hepro6yokaMu Ha
25 MBT Kaxablll U, HakOHell, npomuuLieHHoi crangun OT2C-400,.
koropast Hapsay ¢ OTIC-40 moxer crath cepuiiHaIM 06BbekTOM. [laan
npexycmarpusan ucnwmranis OTIC-10 yxe B 1984 r. u OT3C-100 —
B 1985 r. CoorBercrByiomuMu ¢egepajbHBMU 3aKOHAMH KOHIIENLHA
OT3C 6mnna BBejgeHA B paHr FOCYAapCTBEHHOH 3HePreTHYeCKON NOJH-
k. Opguako QuUHAHCOBHE MRaHu yxe Ha 1983 r. He mpeaycMarpu-
BaJu TOCYRAPCTBEHHBIX CyOCHAMN: aIMUHHCTpanus npekpaTuja ¢u-
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HAHCHPOBAHHE MHOrHX aJbTEPHATHBHBIX NPOrPAMM, CKOHLEHTPHPOBAB
BCe cpejcTBA HA Pa3sBUTHH ATOMHOW 3HEPTETHKH.

CaenyomuM wWaroM B pasBUTHH OKEaHCKOIM TennoaHepreTHKu
MO3KeT CTaTh CO3LAHHE COBEPIIEHHO aBTOHOMHBIX CTaHIHH, pasmeulae-
MBIX B OTKDHITOM OKeaHe 1 ofeclneduBaOmuX BoipaboTKy pasiuuHBIX
sHepronocutesell (BOAOPOA, aMMHAK, OKHCJB Ypaua, JUTHH, TAXKeaas
BOZA) W JAPYruX BEIUeCcTB, 4 TaKXe 3JEKTPO3HEeprHH [Js NOABOJAHBIX
pyaAHHKOB U QepM /5 pasBejcHHs MapHKYJAbTypbl. B 3Tom Hanpas-
JIEHHH CcAeNlago MHOrO, nJjasyude 3aBOAw N0 nepepaloTKe MOpCKOM
BOABI M TIOJME3HBIX MCKOMAeMBIX yiKe BHNYCKAIOTCH CePHiHO, aeso
NPpAaKTHYECKH 33 HEMHOTHM: CHaBAUTh 3TH 3aBOAB COGCTBEHHBIM 2KO-
HOMHUHBIM HCTOUHHKOM 3Heprun. Bojee noppo6Ho Bapuants TaKoro
npumerenus OTIC u Apyrux THNOB OKeanckux NpeobpasoBatenel
JHepruu 6yAyT paccMoTpeHsl B . 11

Kpome Toro, y yueHBX — 2HEePreTHKOB TOfBHJach Haesd HC-
NoAb30BaTh AJs YJAyULIeHHsT [OKasaTedell CTaHUUM [pocTeHmne
‘COJIHeUHBle HarpeBaTeql, CIOcOOHBIE MPERBIINATH TEMIEePaTypy BOAB
a0 50—60°C. Ilpu stom tepmudeckuit KITIL okasniBaeTcsi paBHbBIM
14 %, coOTBeTCTBEHHO YMeHLINAIOTCA HEOOGXOAHMBEIE MJOIAAH Termio-
OOMEHHHIKOB 1 PacXox Bogwbl ais obecrieueHus TOR ke YCTAHOBJIEHHON
MomHocTH. Takasg cTaHuus, KpoMe OOCJHYRKHBAHHS HE3HEPrOeMKUX
norpebutesiell MoxkeT ObiTh HCHOJAB30BAHA [Js1 YTUJAH3ALUK TeNnJja,
cOpaceiBaeMoro B OKeaH npHu paboTe aTOMHBIX H TEILIOBBIX 3JEKTPO-
'CTAHILUA.,

B nameli crpane Taxxke paspabaThiBaioTcsl HECKOJALKO Tpeo6paso-
BaTesell TeNJ0BOH 3IHepruH okKeaHa. OcCHOBHEE pa3paGOTUHKH —
COTPYAHHKH [OCYZapCTBEHHOrQ 2HEPTETHUUECKOrO HHCTUTYTa UM,
I M. Kpxnxanosckoro (MockBa), Uucruryra renaodusuku CO AH
CCCP (HoBocu6upck) u THXOOKEaHCKOro OKeaHOJOrHueCKOro HHCTH-
‘Tyta (BaagnBocTox)— npeasoXKuin BapuaHTE NPOEKTOB JeMOHCTpa-
unonuelx OTIC momHocTeio 500 kBT, Ilanubie no BJaagHBOCTOKCKOMY
NpoekTy onyGaunkosansl B 1982 r. [13]. Cranmus npejgHasHaueHa
1 paboTel B LEHTpANbLHEX pakonax THXoro okeana ¢ TeMnepatypoil
BOABl Ha noBepxHoctn 28 °C u Ha raybune ue Gosee 500 M ¢ Teine-
patypoi He Brimte 10°C. B cranumd 3aMKHYTOro IHK/JIa B KauecTBe
paGouero tena ycnonp3oBan ¢peoH-22, B paiione ee ycTawoBKH CKO-
pocTh TedueHus g0JKHa GeiTh He MeHee 0,1 M/c ¢ TeMm, uTafnl cBpoc
0TpabOTaHHOll BOABI OCYLIECTBJAATH N0 TeueHuo. [IpoexkTaHTH TOKa-
3nBaioT, uro TepMuueckuit KI1Jl uuksna npeoGpasoBateds OylaeT He
ke 3 %, pacxon dpeonosoro mnapa okoao 118 Kr/c, Temsosas Mol
HOCTp HcTapurtesa npuMepno 22,9 MBT, a konpencatopa — 22,3 MBT.
‘Pacxox tensoft Boxwl cocraBur 2860 KI‘/C a XOJMogHOH — 2790 Kr/c.

§ 2.5. OTOC ¢ orkpbiThIM pabouMm UMKAOM

Kpynusie npoMeiimiienuste OTIC ¢ OTKpHTHM padoduM HHKJIOM
‘HauaAg¥ paspabaTeiBaTh OJHOBpPEMEHHO CO CTaHUHSAMH 3aKPBITOTO
UHKI3, OAHAKO MOCJefHHe paspuBajuck Gonee GBICTPO, BepOSTHO,
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BeselcTBie GoJpliel 61H30CTH HX TeXHOJOIHH K TpaLuIHOHHOR TeX-

HOJIOTHH TpeoGpasoBaHus TENJOBOH 3HEp

rHu, HecMoTpsi HA TO, UTO

BCe Hapexan Ha CymeCTBeHHOe prOmeHHe Hp306p33OBaTEJIteI
u y;ﬁleI_I_IEBJleHHe 2HEpPruu cBsI3aHpl ¢ CHCTeMaMH OTKPHITOI'O HuKaa.
TaGauma 2.1
CpagHuTe bHBE XaPAKTEPUCTHKH OT3C c¢ OTKpbITHIM pabouuM HHKIOM [83]
TIpoekTst OT3C
OcHOBHBI® 3JEMEHTH H
xapakrepuctuky OT3C
B Kurjg yM T
Momuocts, MBT:
obast 148 100 100 130
BHX0JHAH 100 55 59 100
Typ6una:
qUCTIO 1 8 1 6
RHELWHAH JuaMeTp, M 46 20 72 24
KI1g 0,82 0,85 0,93 0,84
MaTepHaa Jonacrei Komnosut- CraJb Cramb Komnozut-
HBiIH HBI#
Hcnapuredns: .
THIT Otxpuiteiii | I[Tyssipbko- [Mnenounn
KaHaJ Bhi{l
pacxoj mapa, T/c 1,3 1,7 1,1 2,0
pacxoa Mopckofi BOMH, 340 250 120 390
T/c
MeXaHHYECKNE TOTepH 13 14,5 27,6 —
MouHocTH, MB
Teasparop:
KOJIMYECTBO YAAJAEMEIX 90 80 99,9 10
raszos, % ’
MexaHuuecKHe NOTepH 15 6 0,6 0
motxoetn, MBT
Konaencarop:
THE [TosepxHo- | ITpsimokon- | IMosepxHo- | [IpamMoKon-
CTHBHIN TAKTHHIH CTHHLH TaKTHBIH
pacxon MopCKOi BOIH, 420 190 240 . 390
Tfc
napa3nTHas MOIIHOCTS, 20,0 19,4 12,6 —
MBr

K 1979 r. npeagBapureibHble NPOEKTHBIC pa3paboTKu  CcTaHIu#
OTKPHITOTO HMK/AZ Oblii BETIONHEHB YETHIPbMS [PYNNaMu aMepHUKaH=
CKHX HCCjeioBaTeNeli: COTpyAHuKaMu Komnauun «[HAPOHOTHKCY,.
yHHBepcuTeTd IuTata Maccauycerc, WIKOJIBI TOpHOro neia B Koao-
pajo, Komnannu «BectuHrays». drtu paspaboTKi nokasaau (Tabi. 2.1),.
uto cranmus MoiHoctsio 100 MBT mpu pacxone Tensiof BOIB 350 t/c,.
napa 1,5 T/c (ucnapsercs OKOJO 0,5 9% Tenaoil BOAB) U XONOAHOH
Boasl 140 T/c Tpatut 6o0Jee NOJOBHHE! BrpabaTHBaeMOl 2HEPrHH Ha.
co6cTBennnie HyxAel (14,6 MBT B cucreMe mopain TeNJI0H BOjBL,.
1,8 MBr na pgeaspammio, 31,3 MBr ua noaaty XOJMOAHOK BOABI).
O6Ha eKUBAIOLIM OBl TOT MOMEHT, UTO NpPEIBAPHTENbHBIC HCCIeL0~
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BaHUS NOKa3aJu BO3MOMKHOCTh TAKOTO yAYUUIEHHS TemJIoOTZadd B CH-
CTEeMaxX CTaHLMM, UTO MOJE3HYI0O MOHIHOCTb OKa3blBaJoCh BO3MOMKHHIM
Josectt 10 72 %.

[TepBuie skonoMuueckue ounenxu OTIC OTKPBITOrO LHK/A OBLIH
He B HX T0JIb3y: €CJIH OLECHKH YIeJbHBIX KaNUTAJNOBJIOKEHUE 15t CTaH-
LUHA 3aKPHITOro LHKJIa JaBajdu BeJHYHHB npuMepno 1000 J:LOJIJI./KBUT
YCT2HOBJIEHHON MOIHOCTH, TQ MepBHE OLEHKH, NIOJIYUCHHBIE (prM(())I/I
«Becrunrays», cocraBuaun 1476 posn/kBr, T. e. mourn ma 30 9
Goabuwie. Ceifuac cHTyauus wusMenusach, [Ipexjae Bcero, cozfaHa

Puc. 2.11. Cxema &KoM-
—_— l—-—:—:- naktHoii OT3C oTKpH-
T— — TOFO UHMKJA

-

o

‘OUCHb KOMIaKTHasi cxemMa KOoMNoOHOBKH OTIC OTKPHITOTO 1HUKAA
C KOJBLUEBHM HCIapuTeseM (oHa NpPUBExEHa Ha puc. 2.11); rtakxe
BBIACHCHO, 4YTO CTOMMOCTb MOXKET OHTb CHHEYKEHA NpHMEpHO Ha
200 pona./KBT, ecain BMecTo IOBEPXHOCTHOR KOHAEHCAIMH, MO3BOJSIO-
IeH, NpaBaa, BHPabaThIBATh NIpecHyi0 BOAY, NPOBOAHTL HENOCPen-
‘CTBEHHOE OXJjia)kjeHue Napa XOJ0AHOK BOAON. Kpome Ttoro, B peayib-
‘TaTe CepHuir uce/e0BaHuH, NpoBeaeHHbIX HayuHo-Hcce10BaTenboKIM
HHCTHTYTOM  cosiHe4yHOH 3Hepretuku CIIIA (SERI), oxasanocs
BOSMOKHHM CHJIBHO YIPOCTUTb NPOUEAYPY A€A3PAIHH, eCJAH HE OTKa-
-34TbCsl OT Hee BOOGmIE (CHH3HTH CTOUMOCTH NPUOAU3UTEBHO HA
200 monn/KBT mo OmeHKaM KOMIAHNK «Bectunrays»). Ileaspauus
Heo6xoauMa B ciayyae MOJHOTO UCIAPEeHHs, eCyln JKe Hcnapsiercsl JHIb
HacTh BOAbL, 1a NMPH 3TOM eme. TeMliepaTypa TIOBEPXHOCTH XKHUIKOCTH
TanaeT, TO pacTBOPMMOCTb Ta30B HE JOJKHA IpeTepneBaTh Cyile-
CTBERHOrO usMenenus. Kpome toro, mnpu HENOCPEACTBEHHOM oOXJa-
KACHHH OTPAGOTAHHOrO Napa XOJOZHOK BOLOH 4acTh BH I€JUBUINXCS
Td30B 1OJ/UKHA €10 NOMVIOTHTBCS, YTO CHU3HT HEOGPAaTUMBIC TIOTEPH OT
TasoBblleNienus B ucnapurese. [peaBapurenbHsle PE3yAbTaTH HcCe-
JIOBaHHH, BBINOJNHEHHHX YHUBEPCUTETOM mitata laBaiii, nokasadn,
4TO CYIIECTBEHHOrO Ta3oBBIAGICHUS H3 OXJa)KAaI0eli BOLb npu ee
-IOABEME  Ha MOBEPXHOCTb He OOGHAPYKEHO. TO TaKiKe TOBOPHUT
B TOJb3Y CHCTEM NPSAMOro OXJa’kaeHHs C IPOKAYKOKR TEMJOH BOIBI
yepes nenapuresis. B cBoo ouepens, HEoGpaTuMbre NOTEPH HU3-3a 4a-
‘CTUTHOTO BBIIGJICHHST HEKOHJEHCHPYEMBIX a30B MOIKHO KOMIIEHCHDO-
BAaTh 3a CIET HEKOTOPOTO YBeNHUEHHs TEIIOBOH MOIIHOCTH.
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B KauecTBe OJHOTO M3 HauboJee CYIIeCTBEHHBX HEI0CTATKOE
OTAC oTKpHTOro IHKJIa HacTo HasbBajlach HEOOXOAHMOCTb HCIOJb-
30BaHusl TypOUH HH3KOTO JaBJeHHS — aHeMOMETPHUCCKUX TypOun,
Kak ux eme HasbBaioT. Takne TypOunb TpeGoBaIH pa3paboTKH, B TO
BpeMsl Kak s OTAC 3aMKHYTOrO LHK/Ja HPHHIMINAJBHO MOXHO
HCNOJIb30BaTh CTAHAAPTHHE TYPOHHBI, BBIYCKA€Mble IPOMBILIIEH-
HOCTbIO. 1 3TOT HEZOCTATOK MONKHO CUHTATh Ha CETOAHSUIHMI LEHb
YyCTpaHEHHBIM: MJisi 6J10Ka MOI[HOCTBIO 100 MBT xommanusi «BecTun-
rays» paspa6orasa rpefyemywo TypOuny ¢ AHaMETPOM POTOPA 19,8 M,
inHoil aonacteil 12,2 u wacroToil Bpamenns 3 I'i. Typbuna paccuu-

Puc. 2.12. YcTpoiicTBO auemo-
MeTPHUECKOi TYpPOHHBI

1 — oBos0uka Jonact; 2 — Ha-

NOJHHTENb, J§ — JOHXKEpoH; 44—

3allMTHAA [JacTHHA; & -— IHJIOH;
6 — Jonactb

TaHa Ha paGOTy mpu TeMIepaType HaChIIIEHHOro mapa Ha BXOAE
23,4°C npu nasaennn 2850 Ila u JaBjeHHH Ha BBIXOLC 1270 TIla.
B pa6orax no NPOEKTHPOBAHWIO TYPOUHBL yIacTBOBAJI CIIelH aJHCTHL
yHuBepcutera wrarta JlenaB3p (CLIA), cosnaBlune aHaAJHTHYECKYIO
METOANKY pacuyera YAJIHHEHHbIX 06JeryeHHbIX JonacTell H3 KOMIIO3HT-
HbIX MaTepHajoB. [IpeiBapuTe/bHBE Pe3y/lbTaThl 0Ka3aHCh HEY10B-
JEeTBOPUTENBHEIMH H3-32 YPE3MEPHOro CKpYIHBaHHs JOTIaCTel TIOZL
neficTBHeM a3POAMHAMHYECKHX Harpysok. [locie ycTaHOBKH B HeCH-
TpasbHOf wacTH JomnacTell AONOJHHTEJNbHBIX JIOHKEPOHOB OHI Inpu-
o6penn TpebyeMyio KECTKOCTb. Jonacts (puc. 2.12) dopmupyerces
TOHKOH (TOJIHMHOK IpumepHo B 1 MM) 060J104KOH, 3aMOJHEHHOIT
nenonoauyperanom. KpoMxa JonacTH, BOCupiHiMalonas HanGoJblIue
Harpy3KH, 3amlHINeHa NAacTHHON M3 HepXKaBeroureil Ccraju TOJIHHOK
0,6 MM. CxeMa KpelreHus Jjonacreil K BHYTpeHHEMY ANCKY IOKasana
Ha puc. 2.12. B mactosimee BpeMs BEAYTCH orpaboTKa TEXHOJOIHH
M3FOTOBJICHUS M UCIBITAHHE ONBITHBIX 06PAa3lOB TYPGHHBL

OKOHU AT/ bHbIE BHBOAb 06 3M(EKTHBHOCTH H paboTOCIOCOGHOCTH
OTAC OTKPHTOro LHKJIa MOTYT ObiTh CAEJNAHBI JIHIIL HOCIE HchbiTa-
Hisl JOCTATOYHO KPYMHBIX ONBITHO-NPOMBIIIICHHBIX craunuii. 910 Xe,
BrpoueM, Kacaercs 1 OTOC 3aMKHYTOTO LHKJA.



Cnasa 3

APYTUE TUMbI NMPEOBPA3OBATENEA TENNOBOM SHEPIUMU

$§ 3.1. Mcnonb3oBaune nepenaga Temnepatyp OKeaH-—aTmocdepa

Hpnes ncnonssosanns nepenana TEMIIEPATYD MEXKAY XOJOXHBIM BO3-
AYXOM M HesaMmepsaiowell (rensiofi) BomoHl nogo abgoM  ApKTHKH
Bliepsble Gblia BbickasaHa Bo ®panuud A. Bapxo, passusmum Hzem
IUApconBanst no npeobpasoBanuio TemI0BON JHEePTUH, 3anacenHoR
B oxeaHe. B namedi ctpane ¢ ee MPOTHAKEHHBIM aPKTHUECKHM IIeNbdhoM
pabothi B 370 06GJacTn Bcerna BHI3BIBAIH HHTtepec. JlocTaTouHo yKa-
3atb Ha npoektsl I'. Tlokposckoro (1901—1979 rr.), Ha pa6oTH, Bhi-
fTo/THendbe nox pykosoactsoM B. M. Mapoueka Bo Baaamsocroke, na
iposelieHnble TaM Ke HcenepoBanus A, K. Masnua w B. B. Turme-
HoBa [l4].

OcobenHOCTD PaboThl TAKHX CTaHI — Tak HasbiBaeMbIl «Tpe-
YTONbHbLI» MUK HATPEB M HCIapeHHe pabouero Tena B pesysbrare
TIO.THTPOITHOrO - npouecca, aanabaTHoe paculupeHHe Yepes TypO6uny,
H30TepPMHUECKOe CIKATHe NPH NOoJaue B UCHAPITENb ¢ OAHOBPEMEHHBIM
‘OTBOJOM H30BITOUHOrO Tensa B XOJOAHJABLHIKE, KII[ takoro umkna,
KaK NMOKasaHo B onHOH M3 paGor A. K. HMabina, HHXKe TepMilueckoro
KT uugaa Kapuo npiMepHo B 2 pasa. C rownocThio 10 1 9 om
_onpepeasiercss pupaxmenieM n= (To—7T4)/(27T), rae To1 — TeMnepa-
Typa TemsIoll noasennoii Boas (275 K); Tgo — TeMnepatypa oXia-
ZKnaioulero Bosayxa (o 233 K). 3nauntesbubiil nepenan TeMIeparyp
MOKET ROMIeHCHPOBaTh cHuxenHe KIII. TeopeTHuecKyio MoimnocTh
-Taxoﬁ[ OT3C MOXKHO OLEHHTH ¢ MOMOLIBIO dopmynnr B. A. Axkyan-
yepa [1] '

P = pheyudn-Lu=Tw)? = 3.1)

01

Tie k=H/L — oTHOWIEHHe TONHHDI HCMOIB3yeMOT0  CJIOA  TemJof
BOAbI K XapakTepHOH AJIMHe BO3MYLIEHHS CDebl BAOMb TeUeHHS;, U —
CKOPOCTB  Teuenns; A-—miowlanh B3aHMOMEHCTBHS CTAHUHH € OKe-
aHoOM; N -—KO3((pHUUHEHT noTepb B arperatax M cucremax. Ecam
JIGJIOKUTD B 3TOM BBIPAXKEHUW k=1 U CYUTATL MeXaHHueCKHe norepu
B arperatax CTaHUHH NpeHeOpeXHMO MalbiMH (ny=1), TO VAeILHas
MOULHOCTD, flofyyaemasi ¢ 1 M? niowagn okeana npH PasHOCTH TeMIle-
paTyp BOIbI 1 BO3AYXa, paBHO# 10 °C, cocTaBusier npuMepro 18 kBr/m2,
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upu pasuocrn 20 °C — 60 kBr/m?, a npH pasHOCTH 30°C — 125 kBt/m2
B 3THX OL€HKaX BeJHUHHA CKOPOCTH ABHKEHHS BOJBI NPHHATA pab-
Hoit 0,02 M/c — XapaKrepHas CKOPOCTb AJIA npubpexuuix pafionos Ce-
BepHoro Jlenosutoro oxeana [l4]. Taxkum o6pa3oM, NPH OTCYTCTBHH
orpaHHuenyil o ryouHe oKeaHa B 30HE PasMEIICHIA noaspuoit OTIC
u moinnoctH B 1 MBT ona Oyxer BO3MyWaTb TenJoBOH pexUM Ha
IUTOLIAAH BCero okojio 20 M2

2

26%;0,29 MNa

0°%; 0,14MNa

/ \<J 2457 1§81

\ 191
I
o% /}w"c N NNy —
f\\l-zz"c 'I: h{ =
D {:‘#—z-ao"c
L, X | |

Puc. 3.1. Cxema apurmueckoii OTIC ma nepenajge BORA—BOIAYX [t4).

| — HclapuTeNnb OCHOBHOTO KOHTYDE; 2 — ryp6HHa C 3JIeKTPOTEHEPATOPOM; 3 —

KompencaTop; 4 — TENNOOOMEHHHK KOHTYDA OXJMaxieHus IPOMexK YTOYHOTO pabo-

Gero Tena, 5 -— HacOC AJR NOJauK XJajaredTa; 6 — Hacoc Aid MOLAUH paGouero

Tepa; 7 — HACOC jJaf Nojladu MopcKofi  BoaH; 8 — BOn03alopHUK; 9 — naTpyGoK
c6poca OTPaGOTaHHOR BOIB

Ongofi W3 HENPUSTHBIX JJsi SHEPTETHKOB OCOGEHHOCTell TaKoMH
OTAC okasbiBaeTcsi To, uTo ee pabora, no KpalHell Mepe Aias Tex
TIPOEKTOB, UTO AO HEJaBHEro BpeMeHH OOCYXajluchb B JUITEPaType,
HOCUT ce30HHBI XapakTep. OleHHBasi Ha OCHOBE MHOIOJETHEH KJHMa-
THUecKol HHOOPMAIHU NPOAOJIKUTENBHOCTh CYUIeCTBOBAHHS B Npl-
Ope:KHBIX DajioHaX COBETCKOTO CeKTopa ApKTHRH YCTOHYHBOH DasHO-
<t temneparyp AT=10°C, [O. 1. JopoHHH ¢ COTpYAHHKaMi [21]
TIOKa3aj, 4To B cpejHeM Ha OoJsbliell yacTH aKBaTOPHH MOZKHO pac-
CcunTeBaTh Ha skcmiyartaunio OTIC B Teuenne nmpumepHo 180 cyT.
Takum o6pasoM, noaspuas OTIC MoxeT paccmMaTpuBaThea Kak
Ce30HHas, M B Temsioe BpeMs ropa Tpebyercss IepeXoi Ha apyrie
WMCTOUHHKH SHEPTHH, HANpHMep, Ha 3anaceHHBIl B MepHOA paboThl
BOJOPO, NOJAYIEHHBIH 3J€KTPOJTH30OM.

Ha puc. 3.1 npusenena paspaborannas A. K. HUnbunbM
u B. B. Tukmenosbim cxema AOTIC c¢ obOaysaeMbIMH BO3LYXOM
Tem1006MeHHHKAMH, B Hell HCIOJNb30BaH JONOJHHTENbHBI KOHTYD
C NPOMEKYTOUHBIM TENJIOHOCHTENEM, MO3BOJSIONINI CyUleCTBEHHO CHHU-
3HUTb NMOTePH 3HEPTHH Ha COOCTBEHHBIE Hy Kbl CTAHLHH. Cxema Hamno-
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MHHAeT OObIYHbIE TEIIOBbIE CTAHIHMH C TPAAHPHAMH AJs OXJaKIAEHHT
oTpaboTaBIUell BOABI, HO HaJA0 HMETb B BHAY, YTO HaHHble rpajipHH
LeACTBYIOT B YCJAOBHAX, KOIla TeMIIepaTypa HapyKHOro BO3AyXa MHOTO
HIDKe HyJ/isl, a OXJia’kjpaeMmas »KHAKOCTb MMEeT TeMIepaTypy BCero Ha
HECKOJIBKO rpaaycos Bbille. [1o3TOMY B ox/azKaawineM KOHTYpe TaKoh
CTaHUHMH HeOOXOAMMO HCHOJNB30BATH PaccoN € HH3KOH TeMmepaTypoi
3amep3anis. ABTOpH NpeanaraloT B KauecTBe NPOMEKYTOUHOTO TeMJo-
HOCHTEJIsI TPUMEHATh BOAHBIH PacTBOP XJOPHCTOrO KalbIHi ¢ KOH-
neHtpanHed He Menee 26 xr Ha 100 Kr BOAH, KOTODHIE HOCTATOUHO
IIHPOKO HCTIOJb3yeTCs B XOJOAHABHONH Texuuke. Palounm TejioMm
B OCHOBHOM KOHTYpe CTAHUHH CJYKHT ppeoH-12, mapsl KOTOpOro mpu-
BOAAT B BHiKeHHe TYpOHHY C 3jiekTporeneparopom. [IpoMe:kyTOuHBIH
TEIIOHOCHTE/IL OXJ1aXK/AaeTcd NyTeM pa3Ophbi3THBAHUA depe3 POPCYHKH
OpoCHTeNBHOrO oxsaaurens. IIpHyem BasKHO oBecredHTb ONpeneSeHHOe
pacnbiienite, 4ToObl, C OZHOH CTOPOHBI, KallIH TEMJIOHOCHTENs] HE BHI-
HOCHJIHCh MOTOKOM XOJIOAHOrO BO3AYXa, a C APYroH — ycuesasH oXxJja-
AMTbCS BO BpeMsi NajeHus. i Toro uroObl Kanas aHamerpom | M
oxnanunach va 2 °C npu ABMYKEHMN B BO3AYXE CO CpPeRHER Pa3HOCTLIO
“temnepatyp 30°C ell HeoOXOAMMO NpoJeTeTb B CBOOOJHOM majeHHH
ayTh Gosee 3 M. Pacnpiids rakium o6pasoM pacTBOP XJOPHCTOTO Kaljb-
LKA, MOKHO JOOHTLCS YAENBHOrO cheMa 3Heprun Gosee 230 Br/(m2-K).
Takue 3sHaueHust xK03pPHIHEHTOB TemIO0OTAAUH, KOHEUHO, yCTynaroT
0OJyYaeMblM B HaCTOsllee BpeMS B KOHCTPYKIHAX BORO-BOASHBIX
TENJI000MEeHHHKOB TpafnnionHbix OTAC [mo 5 kBr/mM2-K)], Ho npe-
BBIIIAIOT NPHMEPHO B 5 pa3 XapaKTepHhe BeJHUHHBI AJIsl NpocTefimnx
BO3/YIUHBIX TENJIOOOMEHHHKOB CTaHIHi Ge3 MPOMEKYTOYHOTO TeMIOHO-
cuTesNst. DTO NO3BOJIALT 1O PACYeTaM aBTOPOB CHH3HTbL METaJl0eMKOCTh
KOHJ€HCATOPOB U npuMepHo Ha 20 % yBesHUHTH BHIPAaBOTKY MoJe3HOMH
SHEpruu.

OcHoBHBIE XaPaKTEPHCTHKM AeMOHCTpauuonHOi OTIC-01 wua paswocTH
TeMNepaTyp OkeaH—aTMocdiepa, KOTOPY MPeANaraercs MOCTPOUTH _
W HCNbITaTh B ApKTHKE ¥

Pacxon napa ¢peoHa, Krfc. . . . . . .. ... ... . 12,38
TennoBas MOWHOCTL, KBT:

HemapuTeanst . . . . . . . . 2409
KOHIBHCATODA v+ v v v v v v et e e e e e 2039
Pacxon MopcKofi Boxel Yepes ucmapuTels Krjc. . . . . 302,3
[TosepxnocTs TemooGMeHa wucnapuTead, M2, , . . . . . 427

Kos¢duuuent remonepenaun, Br/(m2K) . . . . . . . . ) 1614

KoanuectBo ¥ mJHHA TPYGOK, WIT./M . . . v o o v o o . 1950/3,9
CkopocTh BOAH B TPYy6Kax, M/c . e e e e e 1,5
Jdvametp tpyGHOH mockm, M. . . . . 1,2

Tnapabiuteckoe cONpOTHBICHHe IBHKEHHK BOAb, Klla 28,0

Cpennuii nuamerp oGJoNAYMBAHHA TYPOHHBL, M . R 0,21
UacroTa spaiienus, 1/c e e e e e e e e e e e e 50
CrannapTHsit NpodHIL COMMIOBON peuleTKH . . . . . . . C9015A
BpicoTa JOMATOK, M. , v . . . . . . v e e 0,0677
Pasmep tpy6ok mcnapurens (xouaencatopa), MM . . . . 16/18 (Tutan)

* INapaMeTpH pa6ouux KMAKOCTefi TPUBEAEHb Ha puc. 3.1.
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BeposaTHO, CTaHUHKO € TAKHMH napaMeTpaMH MOXKHO MOCTPOHThb
u 6e3 BTOPOro KOHTypa, TeM Oojiee 4TO MNOCJeAHHE HCCHEL0BAHNS
B 06J1aCTH CO3ZAHHA BO3ZAYIUHBIX XOJOAMJAbBHHKOB NPHMEHHTEJBHO
K 3agauaM oborpeBa 3paHHil TOKa3bIBAIOT BO3MOMKHOCTb CYILECTBEH-
HOrO yBeJHUeHHs1 KO3(P(HUHEHTOB TENAOOTAAYH OT OXJaKZaeMbiX
TIOBePXHOCTEH K BO3AYXy 3a CUeT pa3MelleHus TPyOOK, yBeIHUHBAO-
aero TypOyaeHTHocTh notoxa. IIpu stoM ofwmil nepenoc Temnaa mpH-
MepHO Y/ABAHBAETCH BCJEACTBHE Opefpenus TPyGOK, AAlOUIeTO YBeJH-
qeyne 3HeprocheMa B 5—I10 pa3 nmpH HCMONBL3OBaHHH ABYX(asHBIX
NOTOKOB (yBenuuenne temiocbema oT 2 po 10 pas). Ilocaennee
npasfna, BpAA JM HaflgeT npHMeHeHHe AJIsA YCJOBHI APKTHKH, TaK Kak
B KauecTBe BTOpOii (hasel B TMOTOK OOAyBaiouero TpyOKH BO3ayXa
TpeasiaraeTcs 106aBAATL MENKOMMCHIEPCHbe Kanau Boas. OAHAKO emie
OHIM CPEeACTBOM YCHJEHHS TemnooOMeHa Ge3 npHMeHeHHs [ONOJHH-
TeJbHBIX BEHTHJATOPOB, MOIVIOWAIOIHX JbBHHYIO 100 Bbipabarsi-
BaeMOH MOUIHOCTH, MOXKeT OKa3aTbCd HCIOJb30BAHHE KOHIEHTPATOB
serpa. I1. Jle Todpdom n3 JIOTapHHICKOrO HAUMOHAJIBHOrO MONUTEXHH-
YeckOro MHCTHTYTa Ppanuyi NOKa3aHO, HaNpUMep, YTO C y4eTOM BH-
eCKa3aHHOrO BbipaskeHHe AJs TENJOOTHAauyH K NOTOKY BeTpa MOMKHO
TpUMeHATh B BHAE A=20—100u%6 Br/(M2-K), rae HuxHee 3HaUeHHe
KO3 HIHeHTa KaK pa3 cooTBercTByer HcnosbsosanHoMmy A. K. Hnbu-
HeiM H B. B. TukMeHOBBEIM. ’

B nosb3y npHMeHenHsi NPOMEKYTOUHOTO XJajareHTa MOKHO TpH-
BeCTH ewle OJHO coobpakeHne. ABTOpH NPOEKTa He YuHTHIBAIOT OXJsa-
JKJE€HHs KaNle/jb BCAeAcTBHE HCIapeHHst 4YacTH JKHAKOCTH, a 3TO
#HeMaJ0BakHbifl (GakTop, KOTOPBbIl B HX KOHCTPYKIHH MOXKeET ObiTh
HCIIONB30BAH AN yBeJHueHHs AJuTesbHOCTH ce3oHa paborer AOTIC,
BepoOsiTHO, He MeHee uem Ha 60 xH. BosmoxHO ads 3TOTO NpHAETCS
H3MEHATb KOHIEHTPAHIO XJOPHCTOTO Ka/dblHA B 3aBUCHMOCTH OT TeM-
flepaType TNpH CTaGHAbHOM YBeJHUYEHHH TeMIepaTypbl BO3AyXa.

Crenarth HeBoMblIMe MOCEJKH B ApDKTHKe He3aBHCALIHMH OT INpH-
'BO3HOTO TOMJIHBA C MOMOLIbIO BO30GHOBJAsieMbix HcTouHHKOB (OTIC,
B3C wu jp.)— BmosnHe peasbHas 3ajaya. IJKOHOMHYeCKHE OIEHKH
OKa3biBaloT, uto ¢ noMoiiblo AOTAC 3arparnl Ha ycTaHOBJIEHHBIH
KHJIOBATT MOIIHOCTH MOryT OHTb poBenenn g0 350 py6./kBT (Bepx-
Hss onenka 1500 py6./xBt), npu croumoctH BbipabaTbiBaeMOd 3Hep-
Tuu 1,5—4 xon./(xBt-u) [14].

§ 3.2. OcoBeHHOCTH TexHMyecKMx pewieHwii OTIC

B mnacrosiiiee Bpemsi paccMaTpHBaeTcs  HECKOJbKO  CNocoboB
ccrpoutenancrsa OTIC: B npubpe:KHOH 30HE, HA HCKYCCTBEHHBIX OCTPO-
Bax H cranHOHapHbIX ma1aT@opMax, Ha MJAaBYyYHX 3aAKOPEHHbBIX U apeit-
-pytomux ocHoBaHusx. B xaxaom cayuae OTDC mozker 6BITH 00benn-
HeHa C 3aBOJAOM MO mepepabOTKe MOPCKOH BOABI MM APYrOro BHAA
«pipbsd. Ocnosuule 3nementsl OTIC, BOKpYr KOTOPHX HAeT NOJeMHKa
¥ Ha yCOBepIUEHCTBOBAHHM KOTOPBIX KOHIEHTPHPYIOTCS YCHJHMA paspa-
BOTYHKOB — COGCTBEHHO SHEPTOGJOKHM CTAHUMH C TeIOOOMEHHBIMH
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annapaTaMi ¥ TypOHHaMH, TpyOONpPOBOABl XOJONHOH BOJBI, SIKOPHHE
CHCTEMB IJIAaBYYHX COODYXKeHHH, CHCTeMbl AJs INepefayd SHeprud
noTpebUTeAM.

[IpuHATO cunTath, 4TO OeperoBble CTAHUHH peHTabesbHBI, eCc/H
Tpebyemble TJAyOHHBE € NOAXOAALNEH TeMnepaTypoll oXJaxaalomen
BOABI HAXOAATCH QOCTATOYHO BJH3KO OT N0OOepeXbs M JAaHHa Tpybo-
- nposojaa He mpesbaer 1—3 kM. Tagas cuTyaunsi xapakrepHa AJst
MHOTHX OCTPOBOB TDONHYECKOro Iosca, NPEeACTaBIAIOMHX co00H Bep-
UIMHB NOABOAHBIX TOP M NMOTYXIUHX BYJKAHOB H He HMEKMHUX CBOH-
CTBEHHOrO MaTepPHKam IPOTSKeHHOro wwejbda: ux Gepera AOCTATOUYHO
KPYTO CIIYCKAlOTCS 1O HaNpaBJeHHIO K OKeaHcKoMy J0XKy. Ecam Geper
HOCTATOUHO yjiajJeH OT 30H TpebyeMmblX IayOHH (HanpuMep, Ha OCTPO-
BaX, OKPYKEHHBIX KOPaJJIOBBIMH pH(aMH) HJH OT/eJNeH NOJOro IOHH-
XKawomuMesd WeanoM, TO AAA COKpallleHHA AJUHBL TpyOONPOBOXOB
3HEPro6JIOKH cTaHUOMP MOryr ObITb BbIHeCeHbl Ha HCKYCCTBEHHBIE
OCTPOBA HJIHM CTalHOHAPHBIE MJAaTGOPMBI — aHAJOIH HCIOJb3yeMbIX
npH Mopckoll poGbiue dHedtu M rasa. lIpemmynlectsa HaseMHBIX
H Ja)ke OCTPOBHBIX CTAHHUE B TOM, YTO HcUe3aeT HeOGXOAHMOCThb
B CO3JaHMU H OGCJYKHMBAHUH AOPOrOCTOANINX, NMOABepralmuxcs BO3-
IENCTBHIO OTKPBITOTO OKeaHa COOPYXKeHHH — Oyab TO HCKYCCTBEHHBIE
OCTpOBa WM cramHoHapuble ocHoBauus, OfHAKO 1Ba CYIIeCTBEHHHIX
¢akropa, orpauuunBaioniux Geperosoe 0as3HpoBaHHe, BCe-TaKH
OCTAlOTCH: OPraiH4e€HHOCTb COOTBETCTBYIOIHX OCTPOBHBIX TepPHTOPHH
H HeO0OXOAHMOCTh NPOKJAAAKH H 3aUIHTE TPy O6ONPOBOIOB.

TexHnka npoKJagKH NOABOAHBIX TPYOONPOBOXOB AHAMETPOM [0
2 M pocratouso orpaboraHa, Ho npu crponresnbcTse OTIC Heobxo-
JUMBI TPYOGONPOBOAL 3HAUHTEIbHO OoJbliero cedeHusa (o 30 M B AHa-
MeTpe jAAs cTaHUHH MomHocTbio 400 MBT). DKBHBaJNeHTHOE ceueHHe
MoKeT ObITh HaGpaHO B NMOMOUIbIO HECKOJNbKHX HHTOK TPyO MeHbLIEro
JHaMerpa, HO B 3TOM cjydae yBeJHUHBAIOTCH NOTEPH — M I'HApaBJaHue-
cKue, U TemsoBble. IIpH m1aBHOM MOHHIKeHHH THa HallJlaBHBIM MeTO-
JIOM MOJKHO MOCTPOUTH AOCTATOUHO KPYNHOraGapHTHYIO KOHCTPYKIIHIO,
YyaCcTHUHO 3aray6HB ee B TPYHT B 30He npu6od, HJH, Jydllle CKas3aTb,
B 30He€, IOBePKEeHHOH BO3elcTBHIO WITOpMOB. ClokKHee 0GCTOHT Jel0
npy  HeOOXOAMMOCTH ONYCTHTb KOHell TpyGonpoBoaa Ha IayOHHY
BONb BEPTHKA/JIbHOA CTEHKH HJIH CTeHKH CO 3HAuHTeJbHBIMH YIJaMH
najgeaus. Ho u 3meck KOHCTpyKTOpPCKasi MbICAb HAaXOAHT NMyTH pelle-
HHS, NO3BOJAIOUIHE NPEOROJETh TPYAHOCTH NPOKJAAAKH H OOCHAYXKHBa-
st Tpybomposona. Paspa6orana KoucTpykuus TpyOGonposoxa A
NoAauYH XOJMOKHOI BOJAB * B yCJOBHSX KDPYTONalalomUX CK/IOHOB Ka-
naaoB (puc. 3.2). Cnoco6 nmpokAajkH OCHOBaH Ha TEXHOJOTHH IIpo-
XOZAKH NMapajylebHBIX CKBaxKuH NpH Ao6biue HePTH M rasa, otpaboTan-
HOM, MOXKHO CKa3aTb, B coBeplieHcTBe. CKBaXXHHBI MOXKHO NPOXOAHTH
BePTHKA/JAbHO B BepXHel yacTH M ¢ YKJIOHOM B HHXKHeld. Koangectso
CKBa’XHH M DaccTosiHfe MeXKjay HHMH BBIOMDAlOT B 3aBHCHMOCTH OT
notTpebHOro pacxoiaa BOAB U CBOHCTB rpyHTa. [Jd NOBLIILIEHHS TOHU-
HOCTH IPOXOAKH Ha I'DPYHT B OCHOBaHHH OypOBOH HaKJaAbiBalOT KOH-

* Marenr CIIIA Ne 4397582, 1983 r.
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AYKTOpHyI0 mauTy. IJoce TOrO Kak CKBaKMHBI NPOHIEHH, B HHX
HayHHasl OT BBIXOAHOH YACTH 3aKkJAaABLBAIOT 3apsiibl U OOpYWHBAIOT
NePeMbIUKH AJIs CO3JAAHUST €ANHOTO KaHaJa, Nocje Yero CTeHKH NOCaes-
Hero Moryt ObITs o6paforaHbl, JMHG0 BHYTPh KaHala MOXKET OHTb
BBEJEH CEKUHOHHPOBAHHBIA TPYOONDPOBOA AJNS YMEHbIIEHHS CONPOTHS-
JAeHHS JABMKeHHI0O sojaw. [lomoGHasi KOHCTDyKUHs TpyGonposona
octpoBHOll OTIOC nosBoasieT 0LHOBPEMEHHO PELIHTL HeCKOJBKO 3a7ad,

Puc. 32, TpyGonpogoj, Puc. 3.3. Cxema kpenaeHns nnasyueit OTIC k Tpy-
aas OTAC, nponomeHELI Gonposoay ¢ nepexojHoir maardopmoit [83].

B CKa/JbubiX MOpoJax 1 — nnatdopma c arperataMi OTSC: 2 — nepexogHas IIAT-

dopma; 3 — AKOpPHBIA TpOC; 4 -— MOHTaXHBI Tpoc; § — Tpy-
GonpoBOa AJAS NogbeMa XOJOAHOH BOABI; 6 — TPYGOMPOBOA
175 c6poca BOAE

CBsI3aHHBIX C IPOKIANKOH, 3aLIUTOHA H 06CIYKUBAHUEM CHCTEMHI 3ab6opa
xonoaHo#t Boabl. OTKpHIBAOTCA BO3MOMKHOCTH NPHMEHEHHS B CTPOH-
teJbetBe OTIC n MeTOROB NMPOXOAKH TOHHeJeH GOABLIOro aHaMerpa
H3BECTHBIMH <«CYXONYTHBIMH» cnoco6amu. B sTom cayuae ToHHeNb
MOXKeT ObiThb MOJHOCTBIO 06YyCTPOEH NPakTHUYeCKH Ha BCIO AJHHY J0
3alloJIHeHHsl BOJAOH H JIHIIb NOCAE ITOrO NMOAKJIIOUEH: COeHHEH ¢ OKea-
HOM NyTeM pas3pyUIeHHs CpaBHHTeJbHO TOHKOH NepeMBbluKkH, HanpHMep
HalpaBJ/ieHHBIM B3PBIBOM,

[Tpoekt mnepsoil wkommepueckoi OTIC, npeaHasHaueHHOH AJS
cHaOxenus anektposnepruest o. Oaxy (CIUA, wrar asaiin), npeny-
CMaTpuBAaeT HCNOJb30BaHHE IJIaBydeli 3asiKOPEHHOH KOHCTPYKIHH,
ycraHas/ausaeMoll 86Jn3H Gepera (rJyGilHbI 3[€Cb NO3BOJLIOT) H Nepe-
nanoniefdl SMEKTPOHEPrHI0 ¢ MOMONIBI0 BBICOKOBOJBLTHOTO Kabeds,
JIOCTOMHCTBO TAKOW CXeMbl 3aK.TH0YaeTCsA B OTCYTCTBHH HEOGXOAMMOCTH
KalHTaJbHOrO CTPOHTEbCTBA IPH NPOKAaAKe TPYGONPOBOAA, HELOCTa-
TOK — B TNIOJABEPKEHHOCTH BJHAHHIO NOTOAHBIX YCNOBHH, H3-3a UEro
TaKylo CTaHUHIO, PaCCUHTAaHHYIO Ha paboTy B TeueHne 30—40 Jet, npHu-
XOIHUTCS NPOEKTHPOBATh C YUETOM SKCTPeMaJbHbIX HArpy3oK LITOpMa,
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Np OHCXOAsAero pa3 B crosnerne (TpeboBaHHe, OTpaHUYMBalollee BO3-
MOXKHOCTb HCHOJIb30BaHHUS MHOTHX THIOB OKeaHCKHX NpeobpasoBarte-
nefl). D10 BegeT K 3HAUMTEJNBHOMY YAOPOXKAHHIO HPOEKTOB NPHOPEK-
HbIX CTaHLHH. :

CrnenyanuctaMH  KoMOaHuH «JIKHAaHOTTH SHA accoulu3fitec»
(CIIA) BHIIOJHEHBI HCCAEAOBAHHA HOBOTO BapHaHTa KOMIIeKca
MopexoxHasa maat@opma—rpybonpoBOI XOJNOJHOW BOABIL, OTJAHYAIOMIE-
rocsi TeM, YTO B HErc BBejeH NMPOMEXKYTOUHBIH 3JeMeHT — mepexojpHas
maathopma (puc. 3.3), NOCTOSHHO coefuHeHHasds ¢ TPyOonpoBOAOM
¥ 3aKpensieHHas Ha IKOPAX Ha OKeaHCKOM jgHe B ToJle Bojabl. Mope-
XOfHasa naardopMa co BceM JHepreTHUYecKHM o8OpyJAOBaHHEM MOXKer
OTCOEAUHATBCH OT MepPeXOAHOH NJAaTPOPMHEL B c/yyae MOJYyYeHHs WITOP-
MOBOTO MNpPeAYIpPEKAeHHUd, JHO0 NPH HeoOXOTHUMOCTH NPOBECTH ee
o6cenoBaHue HJAM PeMOHT, W YXOAITb B 3aliimeHHylo rasanb. [Ipu
COEJIMHEHHH MOPeXOJAHOH naarThopMbl ¢ TNEepexOoAHOH NPOHCXOAHT He
TOJBLEO CTHIKOBKa TPyBompoBoga XOJMOZHOH BOZBI, HO H NOAKIIOUEHHE
BBICOKOBOJNLTHOrO Kalessi, KOTOPBIl TakKe CTalUHOHAPHO COeZHHEH
¢ nepexonHo#l maatdopmoii. [MocaenHsd nocsae pa3beiUHEHUS MOXKET
6BITH TIPUTONJIeHa Ha 05e30MacHYIo aas Hee rayOHHY.

Passsiska TpybonpoBosza H MOPEXOAHOH IOBEPXHOCTHON mJaart-
(dopMbl KpoMe 00JeryeHHst YCJIOBUIL 3KCIAyaTalHH MOCJAenHel I03Bo-
JisleT CHU3UThL HArpy3KH, BO3HHKAIMIHe B TPYOONpOBOAE, H NOBBICHTH
CPOK ero ciyK0bl, Kak BapuaHThl TeXHHUECKOH peasansaudu Obiau pac-
CMOTPEHH CHCTEMBI, B KOTOPbIX B KauyecTBe HajBOLHOIO CPeACTBa
HCIOAb30BaHbl ABYXKOpNycHas naatdopma-KaraMapaH ¢ IePeMeHHOI
ocafKofl u obblyHasi CyfoBasi KOHCTPYKLHSA, HEMOCPEACTREHHO CTHIKYIO-
wascs ¢ nepexogHoll naaThopMo, IpHueM XapakTePUCTHKH HAABOIHBIX
CPEeCTB i MepeXoHbIX NaaTdopMm onpeeserbl A1 raMMbl MOLHOCTEH
Gyayux crarunit 10, 25, 40, 50, 100, 200 u 400 MBT. BuinoaneHnHbe
3KCIEePHMEHTaMbible HCCAEJ0BAHUS MPUMEHHTENbHO K 3KCIJIyaTalloH-
HbiM ycaoBuaM [1yspro-PHRO npH ABYX pexHMax — 3KCHAYaTalUlioH-
HOM H.KPHTHYeCKOM,— IOKa3a/Ji TeXHHUeCcKylo NpHeMJeMocTh 00cix
petennii. Bapuaur cyznoBoro tHna okasajcsi 6osee 3()(HEKTHBHBIM 105t
cTaHUuil HeGOJLIUION MOIMHOCTH (A4 0o00HX BapHaHTOB MOAENIPOBA-
jgace MomHocTs 40 MBT, nas cynoBoro MakcHMaJnbHas MOUIHOCTb
coctaBasinia 240 MBT, a gna karamapanuoro— 460 MBrt). Bropoit
BapHAHT NOKa3aJ yBeJHueHHE OCTOHYMBOCTH C yBeJIHUCHHEM BOJOU3-
memeHus [80]. _ - '

Jlpyrofi BapmaHT maaT¢OPMBl ANA INaaBydyell 3asKOPEHHOH CTaH-
WHH — UUJIHHAPHUECKHH NOTPYKHOH OV, CBA3AHHBIE C NMOBEPXHOCTBIO
GallHell ¢ pa3MewleHHOl Ha ee BepLIMHe BePTOJETHOH nJomanKoii.
Takast KOHCTPYKLHA 103BoAsAeT onycTuT, Bee arperatsl OTIC na ray-
GuHY, TIe OHH He NojABep:KeHbl BodpeficTsuio Boai. [Ipu sToM u couse-
Henne ‘TpyGonpoBoga H xopnyca MJIaTGOPMbl OKa3bIBAETCs 3AiLHINCH-
HBIM OT BJHsIHHSI TPHPOAHBIX siBaeHuil. Tako#i morpyxuoft Oy# paspa-
GoTaH chmepmanmcraMp KoMmnaHmu  «Jloxxua»  (puc. 3.4,a—6).
[To nepudepud UHAHHAPHUECKOrO Kopuyca Oys, 3arayO/eHHoro
npuMepHo Ha 100 M oT MOBEepXHOCTH OKeaHa, pa3MelleHbl aBTOHOMHbBIe
9HepTeTHYECKHE MOAYJH, 0 NEPBOHAYAJIbHOMY HPOEKTY DaccuHTaHHbIE
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Ha MmomHocts 50 MBT KaxIwil, 3anuThiBalOUiHecs XOJOAHOH BOROH
no obuwemy Tpybonposoay. Cnoco6 KpenJeHHst cTaHIHE K OKEaHCKOMY
JHY TIOKa3aH Ha pHC. 3.4, 8, OAHAKO Takas KOHCTPYKIHUSI MOXKeT GHTh
u peidyioiei.

HOpefidyomue OTIC, mpexacrasasiiomue co6oli MOJHOCTBIO aBTO-
HOMHBIE COOPYXKEHHS M NOTpel/AiINe NPOH3BOLUMYIO HMH 3JeKTPO-
9HePIHIo AnA obecrieyeHrss PabOTH COBMEMIEHHBIX € HHMH 3aBOJOB
MO BBIMYCKY 3HeproHocuresefl HJIH HEeProeMKUX BeLleCTB, [NO3BOJAIOT
Hay4inM 00pasoM HCNOJAb30BATH METEOPOJOrHUEeCKHe YCJAOBHS Ha
HNOBEPXHOCTH OKeaHa. B 3aBUCHMOCTH OT NPOrHO3a TEMJOBOrO PeXXHMa
TaKHe CTaHIHH MOryT nepeMewiatbess B pafioHbl ¢ MakCHMaJbHBIMHU
nepenagaMi TeMmnepartyp, obecmneunsasi paboTy YCTAHOBOK NPH Hal-
BbicIIHX TepMHueckux KIIJ. YnpaBadrh TakKuM mepeMelieHHeM MOKHO
C NOMOIIBI0 HCKYCCTBEHHBIX CNYTHHKOB 3eMJIH, 000PYXOBAHHBIX COOT-
BETCTBYIOUlell UYBCTRHTEbHOH K TENJIOBOMY H3JVUeHHIO OKeaHa anma-
parypo#i [50].

Kouerpykuns miaargopmbl BO MHOIOM ONpefiefsieT O0COGeHHOCTH
Bcell cranuun. Ilpuw paspaboTke naardopm u obinelr KOMIOHOBKE
OT3C moxHO OnUPaTbest Ha PAA KPUTEPHEB, MOJNYUEHHBIX B Pe3yilb-
TaTe HCCAENOBAHUII pA3JUUYHBIX CHEUHaJHCTOB H TMOABITOKEHHBIX
JAx. Banycom (CLIA, HaumnonanbHoe ynpaBjeHHe MO HCCHELOBAHHIO
atMocepbl I okeana) [86]:

Bce HeoOXoanuMmoe /e JKH3HENEATENBHOCTH MEPCOHANA CJlejyer
pasMeiaTh Bblle YPOBHS BOJbI C TeM, YTOOH 0GecneulTb COXpaHEeHHe
30POBbS H AOCTATOUHYI0 0€30MacHOCTb; 3TO 3Ke MO3BOJSET CHHU3HTD
TeXHHYecKHe TpeGoBaHUA K CHCTeMaM peryJaupoBaHUs MaaByuyecTH;

000CHOBAHHBIM SIBJsieTCS pasMellleHHe HCnapuTened, KOHJeHCATO-
poB H cucteM npeobpasoBanus pabouero Tena B MOABOAHBIX MOMeLe-
HUSAX BMecTe ¢ TypOMHaMH M Te€HEparopamH; B TO Ke BPeMs CHCTEMBL,
HO3BOJISIOMHEe KOHTPOJUPOBATL PabOTy CTAHUMUH, 3KeJaTeJbHO pa3Me-
IaThb B HAABOAHBIX NOMeELIEHHHX; KOMIIOHOBaTh 00OpPYROBaHHE cJe-
Ayer Tak, 4yroObl MaKCHMaJ/bHO CHHU3UTb NOTEPH HA TPAHCIOPTHPOBKY
padouero Ttena;

byngamenTdl nuardgopM U TpySONpOBOAOB, pPa3MellleHHBIX Ha Ha-
KJIOHHOM Llesbde, OUeHb UYYBCTBUTEJNbHBI K BO3MOXKHBIM CMELIEHHAM
OIHUX YacTell OTHOCHTEABbHO APYTHX;

pasBepTeIBaHHe M YyCTaHOBKAa naardopM H TpPyOONPOBOAOB Ha
wenb(he — HeCTAHAAPTHAS HHIKEHePHAs 3aaua;

HHCIEKIHIO, OOCay:KHBaHHE H PEMOHT CAegyer paCCManHBaTb
B €JMHOH CHCTEME C KOHCTPYKTHBHHIMH OCOGEHHOCTSIMH CTAHUHH Ha
BeCb NepHojL ee paborThl;

KpaiiHe BaxKHO ONMpefe/IHTb IJIHHY TPyGOMPOBOZOB cHpoca OTpabo-
TAHHBIX BOJl YCTaHaBJIHBaeMbIX Ha Lienbge CHCTEM C TeM, YyTOOH He
cuusuicsa KIIJL us-3a cmelieHus BOfI;

mecto aast ycranosrn OTIC HeoGxoanMo BhIGHpPATh H3 YCAOBHH
HUPKYJISILHE | crpaTmpHKauHH BOJA, TapaHTHPYIOIIHX HaAEXKHOCTb
HCTOYHHKA TeNJ0BOH SHEPrHH.

B arux KPUTEPUAX COUCTAIOTCA TPeOGOBAHHSI K KOHCTPYKUHAM H Pas-
MEIleHHI0O CTaHUHUil B cpele, NPHYeM HanboJee UYyBCTBHTENbHBIMH
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K DasmMuHOro poja obctosiTesbeTBaM OKasuisaiotres uMerHo OTIC,
pasMemlaeMbie Ha Iebde H BHINONHAEeMbIe B BUJIE CTAHOHAPHBIX T/1aT-
dbopM. Taxue KOHCTPYKUHH B ceficMHU€CKH ONAacHBIX palOHaX JOJIKHH
BLIEPKHBATh celicMUuecKHe Harpysku. JlocratouHo GoraTulil onuT
IKCNJAyaTalMH B TaKUX paifioHaX HedTenoObBarouMX NIAaTGOPM IOA-
TBepJaeT BO3MOKHOCTh co3aanus miatdopm u aasa OTIC ¢ ncnodib-
30BaHUEM TeX Ke NPHHLUIOB NPOEKTHPOBaHHA. MOXKHO OTMETHTb, 4TO
niaatopMel, Henodab3yemble B CeBepHOM MOpe, mo rafapHTaM H BOJO-
H3MeUeHHIO COOTBETCTBYIOT KOHCTPYKUHaAM, Tpebyomumes pisa OTIC.
Hanpumep, naarpopma «Hunnaw» Bogponsmenienrem 610 thic. T no

5 8) 2)

Puc. 3.5. Bapnautol KoHcTpyKumii TpyGonpoBofoB OTIC okeanckoro 6asupo-

Balug [78]: a — Xectkuil TpYGODPOBOX ¢ 9JACTHYHLIMH COEJHHEHHAMH; 0 —

ANaCTHYHHI TPyOONPoBOX; 6 — TPyGONpOBOL H3 APMHPOBAHHOTO [LIACTHKA;

& — TpyfonpoBoy u3 mJaByuero Marepuata ¢ AOHHbIM Tpy3oM; J — MHOro-
TpyOHRIT TpyGonporon,

napaMeTpaM COOTBETCTBYeT MNJaThopMe ONTHMAJNbHOH [O MOIIHOCTH
OT2C B 400—500 MBT. IIpu cospanun nopobunix OTIC ocHoBHHE
TPYAHOCTH CBfA3aHH ¢ Pa3paboTkol HajeXHBIX CHCTEM COeIHHEHHS
H OTKJIOUEHHs TpYOONpOBOAOB XOJ0AHOK BoAkl [50].

Onnako B HacTosimiee BPeM#A MMEHHO TPYGONpPOBOAB CUHTAIOT HaH-
6oaee yassuMmbiM Mectom OTIC. [JefictBiTeNbHO, TPYGONPOBOL XOJ0L-
HOMl BOxbl NpelcTaBasieT co0Of JOBOIBHO TPAHIHO3HOE COOPYKEHHE.
Cranuun  mowmHOcTeI0 40 MBT Heo6xoauMm TpyGonpoBox AJAMHOH
nopaaka KuaoMerpa u auamerpom 10 m. [dasa cranuun 400 MBT tpe-
Oyerca yxe Tpybonposoa auamerpom oxoao 30 M. Cxopocrb gBHIKe-
HUA BOABI B TPyOONpoBOnax AOJMKHaA OBITb He MeHee 2 M/c, 4TOGH
obeclieylTb Ha TAKOM MYTH He3HAUUTeJNbHOE MOBHIIEHHE TeMIEpaTyphl.
ITpousBoguTtenbHoCTs HAcocoB XouoaHo# Boas 400 MBT cranuuun co-
cTaBser npuMepHo 1600 M3/c, 4TO BMecTe ¢ TaKMM Ke PacxoioM TeM-
J10i1 BOAbl OKa3biBaeTcs NMPHMEPHO paBHBLIM INOJIOBHHE CPELHErOf0BOrO
pacxona Takof KPYNMHOH pekH, Kak Boara.

Tpy6onpoBoast He cjeyeT KecTKO KPENHTb K miaTdopmam, 4TOGH
He co3gaBaTh pHcka asapuil [70]. K HacrosmeMy BpeMeHH paspalo-
TaHO y:Ke BepOoATHO He MeHee |00 TexXHHUeCKHMX pelleHHil, B OCHOBE
KOTOPBIX J1€XKaT DPasJHuHble NDHHIHUNB CTHIKOBKH, pa3/HYHBIE MaTe-
PpHagab, KOHCTPYKTHBHOe HCTOJHeHuwe (puc. 3.5, a—d). Paccmarpu-
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BAiOTCH BO3MOKHOCTH WCIOJB30BAHHA AaA TpyOONpoOBOHOB CTaJH,
Oerona, apMHpPOBAHHBIX CTEKJOIJIACTHKOB, He#sioHa, Kesjapa M T. 0.

KoHCcTpyKuuH TpyOGONpoOBOAOB K 3JeMeHTaM Jas NOJK/IIOueHHd
K naatopMamM H A 3aUlUTH BOA03a0OpHHKa OT NMonajpaHud pasand-
HbIX TpPEJAMeTOos M KHBOTHBIX paCCUHTBIBAIOT HAa BeCb CPOK CJAYXKOH
OT3C (ot 30 mo 40 ner). OcofenHdocTn KOHCTPYKUUI U MaTepHan
OMpejeIsioT CTOUMOCTE TpybonpoBOAOB. DKOHOMHUECKHE pACUETH
NOKa3biBalOT, YTO Haubosee fellleB CTEKJONJAACTHKOBHI TpYyGONPOBOA:
ero CTOMMOCTb NMOUTH B JBa pa3a MeHbIUe CTOMMOCTH aHaJ1O0CHYHOro
Tpybonpososa u3 ctann. PaGoTe O NPOEKTHPOBAHHIO TpYyOONPOBOAOB
BKJIIOYAIOT HCCJAEAOBaHHUSA YCJAOBHH 3IKCOAyaTalMH, H3YueHHe BO3MOXK-
HBIX Harpy3ox Ha TpyOONnpoBOj KaK B.NpoOlecce YCTaHOBKH, TAK H NPH
3KCIJYyaTalf, NDPOYHOCTHBIE pacueTsl U paspaloTKy TeXHONOTHH
H3roTOBNEHNS ¥ ycTaHOBKH. CO35aHHI0 HATYpHBIX 00pasios TpyGompo-
BOAOB IHPEAIIECTBYIOT AJUTENbHbIE SKCIEPUMEHTH Ha MOAeNsIX, BbIION-
HEHHBIX B Pa3JHUYHBIX MacinTabax.

Hanpumep, B nupouecce cozpauus tpy6onposoaa mass OTIC-40
NpPOBOAUINCE HCNBITAHHSI €ro MakKera B !/3 HaTypaJbHOH BeJHUHHHL.
TpeXcoTMeTpOBEIfl CTEKI0NNACTHKOBLI TPyOONpOBOA nHaMerpoM 3 M
Ovl1 U3TOTOBJEH M3 CeKuUit aauHOU no 12 M, KOTOopele CcpamwyiBaluch
B Onokn anqudHo#t 24 M. B Bepxseli wactm TpyOonposoma kpenuJaach
CTanbHas TNepexopHasi CeKiHs JVid NOAKAIYEHHS K KapaadHOBY MOA-
BeCy, NMPHCOeIHHEHHOMY K AHMULY HCIbITaTenbHoll OapKu. K Kaxkpof
ceknuu uepe3 6,1 M MPUKPEmJsJIHCh KOJAbIIa KECTKOCTH mis ofecrneyve-
HUs QOpMBI KaHata. K HuxKuell, Tak¥kKe CTaNbHOH, NepeXopHoil CeKIIHH
KpenuJicst Tpy3 Maccofl OKoJo 82 T s NpegoTBpalieHus packauHusa-
Hus TpyOonpoBona. CaMU CTEKNOMAACTUKOBBIE CEKUMH GBUIM H3rOTOB-
JIeHBl H3 CJ0€B CTEKJOTKaHH, NMPONHTAHHON 3nOKCHAHOH cMoJioH. B ce-
qeHUU TpyOonmpoBOA HMesn jgsa ciod TOAuiHHON 1o 8 MM KaxXzabil,
MeXay KOTOPBIMH ObL IPOJIOXKEH CIAOH MEeHOmaacTa TOMIHHOH 34 MM.
[Tnoraoctb creknonnacTuka cocrasasiia 1300 kr/m3 a npokJagku—
657 xr/m3. OtpuuareilbHas NJAaByyecTb TPyGOmpoBOga Owia paBHa
90 H/m. TpyGonpoBox GYKCHPOBaJCS K MeCTy yCTAHOBKH 1O MNJAaHY
C MOMOIIBIO NIOMJIaBKOB B HE3ATOIIEHHOM COCTOAHUU. HHKHAA CeRuug
H Ipy3 TpaHCIOpTHpoBa/aHch Ha Oapxke. Ha Mecte ycraHoBKH Tpy-
O60npoBOL OBLT OCBOOOXKIEH OT MONAaBKOB U TWIABHO C TIOMOILbIO
KpaHOBBIX CYAOB ONYLIEH B BepTHKAJbHOE IOJOXKEeHHe. 3aTeM ero
NPUKPENUAN XK KapaHOBY nozasecy Dap:ki. B npomecce omyckadus ¢ no-
MOILBIO TaTUHKOB BeqHch HabawpeHus 3a gedopmanuel ceknuil. Hute-
pecHo OTMETHTb, YTO 3TH ONepanil MO MOHTaXKY H ycTaHOBKe Tpybo-
IPOBOJOB B MOpe He ObIH OPUIHHA/JbHBIMU: eilie 3a NATh JIeT A0 3TOro
cnepuasaucTel no TpydonposogaMm OTIC npusiexkasnch K cO34aHHIO
TAKKe BEPTHKAIBHOrO TPyOOnpoBoAa MOPCKOH OGHONOTHYECKOH PepMbl
YHIKOKCa 1151 BhIpallUBaHNsA THXOOKeAHCKOro xesna (cm. ra. 9) [70].
FnaBHbiMi LHeisiME HAaTYPHBIX UCNIBITaHUH OBbIIH OLEHKA XapaKTepHCTHK
TpyGOTPOBOAA M NPOBEPKA pacueTHOH MoOjenan, omucuBaiomell puHa-
MHYECKHE XapakTepHCTHKH KoMijiekca maardopMa-—TpyGonpoBos—
AKopHas cHcTeMa. AeKBaTHOCTb TakKofl Mogean (QU3HUECKHM Npouec-
caM, IPOUCXOAALUIHM B CHCTeMe, oco0eHHO BaXKHa DU YCTAHOBKe HATyp-
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Horo tpybonposojia, Koria paxe HeBoJpIINE OTKJIOHEHHS B Harpyskax
OT PAaCcUeTHBIX MOTYT NMPHBECTH K CePbe3HBIM MOC/IEICTBH M,

U nakoHel, pacCMOTPHM TaKOil BayKHBI 3J€MEHT OT3C 3aMKHy-
TOrO 1UK/IA, KaK TennooOMedHuKd. Muorue uceaenoaren YKasbIBaloT
Ha TO, 4TO HMEHHO OHH #BJAITCA HaHOO/Mee yA3BHMBIMI KOMIIOHEH-
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Puc. 3.6. OCHOBHbIe THIILI TeMJI00OMEHHHKOB OTIC: a — KOXKYX0TpYOHbIH;
6 — BEPTHKAALHO-TLICHOUHbI; & — MAACTUHYATBLIA; & — cO 3MIeBUKAMM.

] — panpasJicHHe ABHXKCHHA BOALI; 2 — HalpaBJeHHE JBUXKEHHA pa60qero Tea

-TaMH, 3 (eKTHBHOCTb KOTOPBIX B KOHIIE KOHIIOB M ONPEAEIHT penTtabesn-
HoCTb 5Toro BHaa npeobpasoparenefl. JEHCTBHTENBHO, OLCHKH CHE-
HAANCTOB MOKA3HBAKT, YTO CTOHMOCTb 3THX 3JCMEHTOB cocrasasier
10 40 % obugeit croumoctn OTIC, a HX HAAEKHOCTD onpenesnsieT 3KO-
HOMUECKHe TOKa3aTean CTAHLIf 32 BECh CPOK CayKObl [78]. Ocnos-
HBIMH Ha CerofHALIHHE AeHb CUHTAIOTCH KOKYXOTDYOHbIE H NIACTHH-
uaTpe TEN0OOMeHHUKH, npuuem mepsbie (puc. 3.6) gaubonee TexHo-
JIGPHUHbl M B CMbicie cOOPKH, H B CMBICAE 3KCIJIyaTamHH. Cepuiinbrfl
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KDyNHbIA COBDEMEHHBI KOXYXOTpYOHEIH TernnmooOMeHHHK HMeeT 30¢-
GbexTHBHYI0 NOBEPXHOCTb TemnooO6MeHa 0Kosio 46 ThC. M2, B TO BpeMs
Kak ais OTOC moiHocTbi0 400 MBT TpeGyerca nosepxaocts 8 40 pas
Ooasluan. Jlias H3roOTOBJEHHS TENJI00OMEeHHHKOB MOTYT HCNOJAb30BATHCS
ME1HO-HUKe/MeBble CIJaBBl, HepsKaBewiias cTalb, CIJA4Bbl aJI0MIHHHS,
THTaH. MejHo-HIKeeBbe TeNI00OMEHHHKH XOPOLIO CTOAT B MOPCKOIi
BO/E, HO HECOBMECTHMB C aMMHaKOM— HanboJee [epcrneKTHBHBIM
pabounm tenoM. Cranb HauMeHee TeXHOJIOrHUHA, KOPOra, 0GJARAET
HauGOJ/lee HH3KOH TeNMIONPOBOgHOCTBIO. Hanbonee mnepcneKTHBHBIMH
CIUTAIOT CNJaBbl aJIOMHHHA M THTaH, Npasja, NOCAeAHHI npHMepHO
B 3 pasa nopoxke, HO 06/JafaeT NOBHILEHHOH KOPPO3HOHHOHE CTOIKO-
CTBIO MO CPABHEHUIO C NEPSBIM.

OjHuM 13 3TaI0B rocyaapcrBenHoll nporpaMMel padpaborkin OTAC
B CIJA Obi10 Kak pas cosjanue MakeTHBIX 06Pa3oB TeILIOOGMEHHI-
KoB MouHocTbo 0,2 MBT n BbIGOp HanGonee 3(pPeKTHBHBIX CHCTEM
Aa 3akdaakd HX B npoekT moayas OTDC-10. Buan npue/edeHb
KoMnaumi  «/lxkenepan anextpuk», «Cu coasp nays», «JIoOKXHm»,
«Ansda-Jlasaab», TRW, «JInags>. [IpoekT nepBBIX ABYX KOMnaHHI
Obl1 OCHOBAaH Ha NJaCTHHUATOM TeNa000MeHHHKE C FOPH30HTAJbHOH
nojaveil BOAL M BePTHKAJBHON — aMMHaKa. JI/1s 3auHThl Tenioo6men-
HUKa OT o6pacTaHus yepes Hero AOMKHA NPONYCKATLCs NMecyaHas Cyc-
neHsusi. [lo npeaBapuTebHEIM OLEHKAM yaeldbHas CTOMMOCTb TeENJO-
O0MeHHIIKa cocTasaser 565 xoau./kKBr. AHanornunoil Gbia KOHCTPyK-
UHsi THTAHOBOrO TensooOMeHHHKa KOMNaHHiI «J/Iokxua» u «Aabha-
JlaBanb», TONBKO a8 GOpBOBI C ofpacraHHeM MPeANoNaraloch
HCIOJDb30BATL CHNENHaJbHBIE PacTBOP. ¥YpedbHasd CTOMMOCTb €ro co-
crasasiia 718 noau./kBT, npHyeM CUHTAM0Ch BO3MOYKHBIM CY11eCTBEHHO
CHH3HTb ee 3a CUeT HCNOJB30BAaHHA B KauecTBe MaTepHanaa CTagu
¢ raJibBaHH4eCKHM nOKpuITHeM. TenooOMeHHHK Ke, MpeacTaBJIeHHbIH
gomnanuaMu TRW n «JIuHps», cocrossi w3 moayKpyraeix niacTi,
BBINOJHEHHBIX H3 alIOMHHHEBOrO CnjiaBa, ¢ HaHECEHHHM Ha paboune
MOBEPXHOCTH CNeNHaJbHBIM NOKPHITHEM, yJYUIIaou¥M 3KCIJyaTa-
LHOHHbIE XapaKTepHCTHKH. asi 6opbbbl ¢ ob6pacTanHeM HCIOAB30Ba-
JHCb MeXaHHYecKHe CPefCTBA M XJOPHPOBAHHE. YAeALHAd CTOWMOCTBH
Obla oneHena B 276 noada./KBrT, ogHaxo CpaBHHBas 3Ty uudpy ¢ npe-
ABIAYLLIEH, Hafgo HMETb B BHAY TO OOCTOSITENBCTBO, YTO THTaHOBHIM
TeNNNOOGMEHHHK paccunTad Ha 30 JeT cayxk0b, a aJiOMHHHeBLIH
HeoOX0AHMO 3aMeHsATb uepe3 15 et paGoTHL.

s McnbiTaHds Ten00GMEHHHKOB B AProHHCKO#l HagHoHasqbHOMN

nabopaTopun Gea CO3naHa crennalbHas IIHPOKOAHANA30HHAS aBTO-
MaTH3HPOBaHHas yCTaHOBKa, anmapaTypa KOTODOI NO3BOJsET Nposo-
ANTb H3MepeHHs nmapaMeTpos ¢ BhCOKOH TouHOCcTbIO. Hanpuwmep, tem-
nepaTtypa BOAbI M aMMHaKa MOXKeT M3MepsiTbCsi KBapHEeBBLIMH TepMO-
MeTpaMHu ¢ ToyHocTbio =4-0,01 °C, naBsieHne napoB aMMHaka B HcnapH-
TeJe M KOHJEHCATOpe — ¢ NOMOILLIO KBApHEBOrO KPHCTAMIHIeCKOI'D
npeoGpasoBatensi ¢ TouHocThio =4-0,3 Tla, pasinune B gaBAEHHAX —
C MOMOIbIO  KaJHOPYEMBIX 1aTUHKOB ¢ TouHOCTBIO #=0,5 9% GapoMeTpH-
yeckoro AasieHua. C Takoi Ke TOUYHOCTbIO H3MEPHAIOTCH AATUHKAMHE
NOJHOTO Hanopa CKOPOCTH NOTOKOB BOAB H XKHJAKONO aMMHaKa.
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C 1977 no 1980 r. B AproHHCcKo# s1aGopaTopuu HcnbiTad 21 Temio-
o6MeHHbift annapat. OCHOBHbIe BBIBOJbI IO DP€3yJbTaTaM HCIBITaHHH
3aKJI0Ya0TCH B TOM, UTO I[IpeXKjae Bcero, IoJydaeMbl€ lapaMeTrpHue-
CKHe 3aBHCHMOCTH MOKHO HCIIONb30BaTh IpH pa3paboTKe Oolee MOLI-
HBIX TeM100OMEHHHKOB, AaJjee, «TOHKHE» cnocOOb YBeNHUeHHs1 Temio-
ob6Mena MoryT OwnTb B peanbHBIX KOHCTDYKUMsX OJOKHPOBaHBL
pasMuHBIMHE  3arps3HeHMsiMM, B UaCTHOCTH 3arpsisHeHne aMMuakxa
aaxe 0,1 % Boam yxyalliaer cBoficTBa mpeoOpasosateneid. [3yuenne
IJIeHOYHBIX HcnapHTesell ¢ BepxHeil nogauedl aMMuaka moxasaso, 4TO
B HHX JOCTaTOYHO TPYAHO CO31aTb DAaBHOMEDHYIO IJeHKy no BCell
NOBEPXHOCTH HCNAPHTEJS, H 3TOMY MOMEHTY HeoOXOMIMO yaessiTh 0co-
foe BHUMaHHe NPH TPOEKTHPOBAHHH. D(PPEKTHBHOCTD MNJIACTHHUATHIX
Ten1000MeHHHKOB MOMKHO 3HAaYHTENBHO YBEJAHYHTH 3a CUET CO3JaHHd
yeaosuil aByx(asHoi TenJonepegayn Ha CTOPOHe amMMHaka. Mcmbita-
HHsl Tenao0oOMEeHHHKOB H3 CIIaBOB aJlOMHHHSI MOATBEPAMJAH OoJbline
MepPCNeKTHBB HX HCIOJb30BAHUS B CBSI3H C YAAUHBIM COUETaHHEM HX
BHICOKOIl NIPOH3BOAHTENLHOCTH H HH3KOH CTOMMOCTH. BeposiTHO, Taknum
npeobpasoBatensM OyAeT OTHAaHO NPeANnoUTeHHe NPH CO3JaHHH NpO-
mbiLTernpx OTIOC. ,

Bonpocs, Kacawmnecs cnoco6oB nepenaid HEPrud U UCNONB30OBA-
"us  sJekTposneprun, moayuaemoit Ha OTIC HemocpeacTBeHHO
B OTKDHTOM MOpe, OYAyT pacCMOTPEHSI B IMI. 11, IOCKOMBKY OHH HMEIOT
OTHOIeHHe NPaKTHUeCKH KO BCeM THIIAM OKeaHCKHX mpeolpasoparelielt
HEPTHUH.

§ 3.3. Npamoe npeobpazosaHue TENNOBOH IHEPIMM

[Ipsimoe mpeobpasoBaHHe TEMJOBOH SHEPTHH BCeria Kaxercs 3a-
MAaHUMBHIM: OTIafaer HeoOXOAHMOCTh B MEXaHHYeCKHX TypOHHaX
H 3JeKTpPOoreHeparopax, MHraHTCKHe HCNapHTeNH H KOHJAEHCATOPH 3a-
MeHSIIOTCS TellIOOOMEeHHBIMH annaparaMi, CTeHKaMH KOTODBIX CAYXKaT
CTPYKTYDHI H3 T€PMO3JeKTPHUECKHX OaTapeil, NPaKTHUECKH He HCNBITHI-
BAIONIHX MeXaHHUECKHX Harpy30K H3-3a pasHOCTH JaBJeHHH B KOHTY-
pax-—oHa MOX)eT OuTb cBefeHa K Hyawo. OcTaworcs JHIUbL CHCTEMBE
NOofauM Tenaoll M XoJoxZHOH BOAH AAa CHCTEMBl MU KOHTPOJS M ympaB-
aenus paGoroit OTAC, CBoaNTCS K MHHUMYMY BO3MOZKHOCTL aBapuii-
HOro BpIOpOca B cpeay XMMHUECKHX peareHTOB — OHH HCIOJAL3YIOTCH
JHUIIE A5 NPEAOTBpaLeHHs 00pacTaHus H KOPPO3HH, BIpoUueM, BMECTO
61OHI0B MOKHO NPHMEHSTE (QHu3HUECKHe METOAbl OUHCTKH, TeM Oosee’
uTO TaKHe npeo0pasoBaTes NO cBoell mpupoxe o6paTHMBL H, nepuoIH-
YecKH HM3MeHssl HalpaBJeHHe TOKa TemJoH H XOJOLHOH BOABI, MOXKHO
60poTbCcs ¢ TENAOMOOHBBIMH O0pacTaTesiMH.

Cxema OTOC Ha TepMO3JeKTpHUECKHX NpeoOpas3osarensX Moka-
3ana Ha puc. 3.7. B ocHoBe ee pefictBusi — sABJeHne 3eebeka, 3aKaio-
yaoiieecsi B BO3HHKHOBEHHH Pa3HOCTH MOTEHIHAJOB B 3JEKTPHUECKOH
LlenH, cOoCTaBldeHHofl U3 MaTepHaloB C pPaslHuHONl KOHUIEHTpauHed
HocHTesed 34apsja, MecTa COeIHHEHHH KOTODBIX HarpeTel A0 Da3HbIX
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TeMIneparyp. BeJuunHY 3TOH PasHOCTH MOTEHUHAJNOB MOXKHO ONpeje-
JAUTb 1O H3BECTHOH opmyne;

E=Ff jn AT, (3.2)
e L)

raie k—nocrosingas Doabumana, e—3apsii 3JIeKTDOH&; Ho1, Moz —
KOHLEHTPAIMH HOCHTeJeH (371eKTPOHOB B NPOBOJHHKAX, 3JEKTPOHOB
H ABIPOK B noaynpoBogHuKax); AT — pasHoCTb TeMmmepatyp MeXay
HarpeBaeMbMH M OXJaXKjaeMbiMH CHasiMH (COeIMHEHHsMH) pasHO-
POJAHBIX 3JEKTPONpPOBOAALINX Marepuanos. JeficTBue Tako# cuCTeMbE

a) LTM TT,

Puc. 3.7. Cxema OTIC ¢ npambiM Npeod-
P230BaHHEM TENJIOBO 3HEPIHH B DIEKTPH-
yeckywo [08]: a — ycTpoiicTBO OTAE/JBHOIG:
6a0ka; 6, 6 — BaPUaHTH yCTPOHCTBa Tep-
MCSJEKTPHYECCKOTO npeoipasoBareds.

1 — KOXKYX;, 2 — TepMO3JeKTPHYECKHIl TeHepaTop;

3 — NoNYNpPOBOAHHKOBLIE 3JC¢MeHTRl C #- H p-TIpPO-

BOJAHMOCTLIO; 4 — IIOBEPXHOCTHOE H3OJHpYIOULee

MOKPLITHE; & — H30JATOP; 6 — COeqHHHTENbHbIe
LIHHBL

NOJMHOCTBIO OMUCHIBAETCS 3aKOHAMH TEPMOAHHAMMKH, CNpaBefJHBbIMH
a1 o6eiunbix OTOC. KIT rtakoro npeo6pasoBartens, BHIIOJHEHHOrO
Ha NOJVIPOBOIHHKOBBIX 3jeMeHTaX, gocturaer 10 %. 1o 3naunTe bHO
GoJblue, yeM y cHcreM, paboTawmmwHx no uukay Penkuna n Kaoxa.
Kposme Toro, B cucremax Takux OTIC K MHHUMYMY MOryT OHITH CBe-
A€HHl NOTEPH Ha COOCTBEHHbIe HYXKIbI cTaHUHH. Beauunua tepmodC
IS TIONYNPOBOLHHKOBBIX [1ap MOXKET JOCTHIAThb HECKOJbKHX MHUJJNH-
BOJLT Ha rpagyc (AJds1 MeTaJIHYeCKHX TePMONAp OHH NPHMEPHO
B 1000 pas mmxe). Hanpumep, noctosanas 3eefeka A8 KPHCTAMIOB
TeJAJTypHAa BUCMYyTa C A- M pP-NPOBOIMMOCTBIO paBHa 3,14-10-* B/K.
Hpyroe [OCTOMHCTBO MNOJYNPOBOAHHUKOBLIX CHCTEM — BO3MOXKHOCTh
ofecriedeH s 10CTaTOTHO BbICOKOH TENJIOM3ONAIMH MEXAy Harpesare-
JeM H XOJOIHJAbHHKOM, UTO CHIbLHO Bauger Ha KIII cuctem.

K HemocTaTkaM TaKHX CHCTEM OTHOCATCS AOCTATOMHO BHICOKAst
CTOHMOCTb MaTepPHa/ 0B, H3 KOTOPBIX H3rOTOBJSIOTCS 3JE€MEHTH, H He-
00XOAHMOCTb H30/1HPOBATH CNAH OT HENOCPEACTBEHHOr0 KOHTaKTa
C MODCKOH BOJOY — NPOHCXOAHT IUYHTHPOBAHHE 4epe3 BOAY COCERHHUX
3JEMEHTOB, 006/a1a101HX JOCTATOYHO BHICOKHM COOCTBEHHBIM CONpPO-
THBJEHUEM, H, CJeA0BATENbHO, CHUMKEHHEe MOIIHOCTH, BbL1aBaeMOH
B LENb Harpysku. B cBoio ouepenb, H30JMDOBAHHE CMAEB NPHBOLHT
K YAOPOKaHHIO npeo6pa3OBaTeneﬁ H YXy[IEHHIO HX noxasareJaeil,
PaGotel, BBMOJHEHHBIE TPYNNONH HCCTeROBaTENeli H3 yHHBEPCHTETa
Ocaxu (SIHOHHH), NOKa3biBAIOT, YTO NPH OTCYTCTBHH H30a4T0pa B He-
CKOJIBKO Da3 yBeJHYHBAETCS CBeM Node3Holl MoiiHocTH. OpHAKO TpH
3TOM HeOOXOAMMO HMeTb B BHAY, UTO B ONBITAX AINOHCKHX HCCJAe10Ba-
Telleil B KaueCcTBe HOCHTENs 3HEPrHH HCNONb30Bajiach HE caMa Mop-
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cKasi Boja, a Propyraeponauctnie coennnenns. [IpaBaa, kak ormeuaior
CaM¥ HCCJeJOBATeNH, BO3MOXKHO NpPUMEHEHHe H AHCTHAJHPOBAHHOM
Boabl. Takum o6paszoM, yBeNHUYEHHUS CbeMa SHEPruHl AOCTHrAOT 32 cyeT
BBeJ[eHUsI MPOMEXYTOUHOrO TOAOTPeBa M OXJaKAeHHUS BCIOMOraTeNlb-
HOTrO TEIJIOHOCHTEJd, @ 3TO, B CBOI Ouepejb, CHHXKAaeT 3KCIAyaTauu-
OHHBIE TTOKa3aTenad peodpasoBaTens H yBeJHUHBAaEeT e€ro MaTepHaJo-
eMKocTb. Ha BHIXOAHEIE MapaMeTpel TepMO3JeKTpHuecKHX npeobpaso-
BaTesJell KpoMe DasHOCTH TEMNepaTyp BJAHSIOT YCIOBHsS TenjiooOMeHa
[68].

Ilonessass MOWIHOCTL OKa3biBaeTCsi TakKoll GyHKuMe#d ycaosuit
00TeKaHusA, UTO €€ MaKCHMaJbHas BeIHYHHA Pmaxzui,x /(ANR#),
THe Uy x— HanmpszKeHHe, pasBuUBaeMoe HA PA3OMKHYTBIX 3JEKTPOAAX
(HampsizKeHHe XOJMOCTOrO XOAa reHeparopa); N — UHCAO TePMO3JeK-
TPHYECKHX 3JeMeHTOB B reHeparope; R* — 3KBHBaJIeHTHOEe CONPOTHB-
JIEHHE OT[eJBHOr0 TEePMO3JIEKTPHUECKOro 3JeMeHTa (TouHee, 3ddexk-
THBHOe CONPOTHBJEHHe, YUHTBIBAMWilee cBOlicTBa ofTeKaioiero Cnau
notoxka). BBegenne mocsepHell BeNHYHHB NMO3BOJAET aHAIN3IHPOBAThb
JeiicTBHe TepMoreHepaTropa B 3aBHCHMOCTH OT YCJOBHH oOO0TeKaHHs.
JeficTBUTENBHO, SMOHCKMMM HCCJEAOBaTENsIMH [OKA3aHO, UYTO 3Ta-
BeJIHYHHA ONHCHIBAeTCH COOTHOIIEHHEM

2
% __ & (Toiks. 7 -+ Tosks. x)
R*=R+ Ahs. tha. x + £ (Ao ¢+ Asx) ?

Tje¢ R — BHYTpPEHHEE CONPOTHBJIEHHE OTAEJLHOTO TEePMO3/JIEMEHTa,;
a — nocrosiHHas. 3ee6eka, a=|an|4|0s|; Ao.x B Ap x — KOIDDHIH-
€HTHI TENJOOTAAaUH OT TeNJOM BOJABl 31eMEeHTaM H OT 3J1eMeHTOB XOJ01-
HOH BOJe; & — TeNaoNnpoBOAHOCTE uepe3 TepMoaieMeHTH. TakuM obpa-
30M, R* 3aBHCHT OT ycaOBHI 06TeKaHUs (KOSOOHUIHEHTH TEenN00TAAUH
ABASIOTCST (QYHKIHE!H cTelleHH TYpOYJIEHTHOCTH NOTOKA, onpepesasieMoi
XapakTepHBIM uyHciaoM PefiHonbaca Re), oT KOHCTPYKTHBHOIrO BhIMOJ-
HEHHUS TePMOIJNEKTPHUECKOIO MOAYASA (Ko3(pHuneHT 2 yUHTLIBAET, 4TO
JacTh NOBEPXHOCTH TenaoobMena A 3ausiTa COOCTBEHHO 3JEMEHTAMH,
4 4acTb— H3OJAATOPaMH, OTHAEIAWLUHMH TEPMO3JIEMEHTBl APYT OT
Apyra) ¥, HaxoHeL, OT CBOHCTB [OJAYIPOBOJHHKOBHIX MarepHaJjos
¥ TeMIlepaTyphl CHaes.

Fpaduku, npusegeHHbie Ha pHc. 3.8, MO3BOJSIIOT CYAHTL 06 H3Me-
HEHHAX HAaNpSKeHHs XOJOCTOTO XOja, MaKCHMajdbHOH MOLIHOCTH
M MOIHOCTH, BhiiessBIIEHCA HA CONPOTHBJEHHH HArpy3km B 3aBHCH-
MOCTU OT MHEPEYHCJEHHHX BEJHUMH, JKCIEPHMEHTHI, [JAaBHOH Leabio
KOTOPHIX OHWIO BBIBHTH OTJIHUME B pafoTe H30JIHPOBAHHOrO M HEH30-
JHPOBAHHOTO OT MOTOKA TEPMOIEMEHTOB, NPOBOAHANCH Ha OJ0Ke H3
32 nap n- m p-THna TeNaypHaa BHcMyTa. Kaxawii KpHcTana Humen
naomwans 1,1-105 M2 u aaumny 4,1-10-3 M. B KkauectBe u3oasaTOpa
(B OmBITaX C H30IMPOBAHHEIMH OT MOTOKA TEPMO3JIeMEHTaMH) HCIOJb-
30BAJHCL aKPH/J-De3UHOBHIE NAACTHHKh TodHuol 1,65-10-% .
Ha puc. 3.8, @ BHAHO, HACKOJBKO CHJABHO BJAHSET YCTAHOBKA 3aLIUTHOIO
¢a0s. Bennunner MournoctH (puc. 3.8,6) paccuHTaHbl MO OOBLIYHOMY
cooTHomenHio P=I?Ry. B paGore [68] nokasaHo, uto 3KCIepHMeH-
TaJbHble M paCyeTHble 3HAUEHHS BeAMUMH COBMajzaloT ¢ OodblioH

(3.3)
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CTENEeHbIO TOUYHOCTH. I'padiuKy IeMOHCTPHPYIOT JHHeAHYIO 3aBHCHMOCTE
D C (nanps:KeHne XOJOCTOTO XOfa) OT BEJIHUYMHBI Nepenajga TeMne-
patyp AT u Hecko/JbKo 0oJiee CJHOXKHYIO 3aBHCHMOCTb MaKCHMAaJbHOK
MOIIHOCTH OT uucia Pefinonbgca Re. Tlyrem nHTeHcHpHKAalUHH TENJo-
o6MeHa MOXKHO NMOBHICHTH BBIXOZHYIO MOUIHOCTb TEPMO3JEKTPHIECKOrO
npeo6pas3oBaressi NOYTH Ha NOPSiAoK. AHaH3 pe3yJbTaToB ONBLITOB
[I0Ka3biBAeT, UYTO, M3MEHSAA TOJIHHY H30JHUpYIoUiell MIacTHHKH, MOACHO,
0 Bcefl BEPOSTHOCTH, TaKiKe yJIyullHTh TemioobMeH (puc. 3.8, 8).
Taxum o6pasom, B cHCTeMe TepMOreHepaTopa C H30JHPOBaHHLIMH
cnagMH 3a CyeT MOAGOpa MOKPHITHA € XOPOWINMH aAr'€3HOHHBIMHK

8)p 8)
LI ] 7'5”’” ) P l
0°C 3 1
1‘:33 ) % of, -
Do CANFY S
150 Wi 2 %
/]
1002 e . s
T oy T T
0 400 QWU Re 0 10 Z03040LmA O . 4000 8000 Re

Puc. 3.8, 3aBucHMOCTH HEKOTOPHIX NAapamMeTpos TE€PMOJEKTPUYSCKUX MIpe-

ofpasoBareseii OT PEXUMOB OOTEKAHHA M TOKA Harpysku [68]: ¢ — Hanps-

JeHHe X0JO0CTOro XONa B 3aBHCHMOCTH OT PeXHMa 0OTeKaHHsl; 6 — noJjes-

Hasd MOIUHOCTL B 3aBMCHMOCTH OT BeJHYMHBI HarPy3KH; 6 — MaKCHMAJbLHAS
MOLIHOCTE B 3aBHCHMOCTH OT pPeXHMa OOTeKaHus

CBOHCTBAMH NPH NPHEMJIEMO MaJOH TOJIINHE MOXKHO H36eXKATh YCI0MK-
HeHHs cXeMbl TepMo3sgaekTpuieckoit OTAC.

OT9C, cospaHHEle HA ONHCAHHOM NPHHIHNE, BEPOSTHO, MOMKHO
NPUMEHHTb /st 00ecneyeHUs 3MeKTPoIHepriell KOMIICKCOB MOxBOAHOM
AOOBIYM TOJIe3HBIX HCKONAaeMBIX Ha OKeaHckom AHE. B 3tom cayuae
MOKHO O0beHHHTb H3BECTHYIO CXeMy FeOTePMaJbHON 2JE€KTPOCTaHIHIE
¢ OT3C, sacrTaBuB HHPKYMHPOBATH TEMJIOHOCHTEIb MO 3aMKHYTOMY
KOHTYpy tepe3 TOJINY MOPOA AHA NOROOHO TOMY, KakK [0Ka3aHo Ha
cxeMme, npuseneHnoil Ha puc. 3.9. B noabsy takoro o6bennHHeHHs roso-
pAT HeckoadbKo (akropos. Ilpexkae scero, B ToJe MopcKoro (oxeaw-
CKOro) JAHa mnopoabl, oGnapamouiie Ttemmepatypamn 200—300 °C,
3aJIeraloT Ha rIyOHHAX, 3HAUMTEbHO MEHBIUHX, UeM Ha NOBePXHOCTH
cymd. Ecan npu GypeHun reotepMasibHON CKBaXKHHLI Ha Cylle pedb
HILT O AECATKAX KHJIOMETPOB, TO B OKeaHe BCEro 0 HECKOJbKHMX KHJIO-
MeTpax oTr moBepxHoctn JHa *. CoBpeMeHHas TeXHOJIOTHS BIOJHE
NO3BONACT NPOOYPUTH M OGYCTPOHTb TaKHe CKBaKHHBI B TOJLILE NOPOJ
AHa, CO3JaTb KaBepHbl HeOOXOAMMOrO pasMepa H NOAKJIYHTD
K CKBaxKMHaM 3apaHee CMOHTHPOBAHHYIO TeNJIOSHEPTeTHYECKYlD ycTa-
HOBKY, IPHYEM BCEe 3TO MOXKeT ObITb CAeNaHO AUCTAHUMOHHO. B mosbsy
OODbeHHEHHST TOBODHT ¥ TO OOCTOATENBCTBO, UTO MAJAS Ha3eMHBIX

* Tpuropses C., Emues M. Ckyasnrop Juka 3emnoro. M., 1977.
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TeoT3AC cpok cayxk06pl CKBaXKHH JeXHT B npegenax 20—30 ser, a 310
KaK pa3 COOTBETCTBYyeT BPEMEHH pPa3palOTKH NPOAYKTHBHOM TONILH
PyAHHKA C NPOM3BOAHTEIbHOCTbIO B HECKOJBKO MHJUIHOHOB TOHH DyZIbl
B rog (peub MOXKET HaTH O noCbiue KOHKPEUHH, MONHCYIbOHIHBX Py,
Iaxe o cHaOXKeHHH sHepruell MOABOAHOIO mepepadarbiBallero npen-
npusATHs). B 3T0M ciyuae oTnajgaer HeoOXOANMOCTb B COKHON OKeaH-
CKOfl npOCTpaHCTBeHHOH CHCTeME qaByuyast 3JeKTpOCTaHUHA—Ka-
Geslb— oHHad MOACTAHIMS, U BCE 3JeKTPOHEpreTHIeckne KOMMYHHKa-
upM  O6yayT HMATH To OKeaHckoMy aHy. Hakoweun, ormapaer
HeoOXOMMMOCTh B COOPYXKEHHH BepTHKaJbHbIX TPyOONpOBOAOB /IS

Puc. 3.9. Cxema ycrpofcTBa
OTA3C Ha nepenaze rtemnepaTyp
okean-—JanTocdepa.

1 —3a60pHHK XOJOAHOIi BOAH; 2 -
Hacoc; 3 — upeoGpasoBaTtenb; 4 — Bbi-
Xon oTpaGOTaHHOH XOJIOAHOH BOXBIL;
5 — macoc KOHTypa TMoJaud ropaded
BOJEI;, 6 — OKeaHCKOe JHo; 7 — yCThe-
BOe '00OpYyJOBaHHE TePMalbHOH CKsa-
JKHHBEI; & — CKBa)KHHa; 9 — CHCTEMa
THIPOJHHAMHYECKHX Pa3MbIBOB B TOJ-
me AOHHBEIX IOPOIL

Noxaun XOJOAHOH BOABI, mOjauya XoTopofl Moxker OBITH peanu3oBaHa
no ropusontatt. [Ipy cTosMb BBHICOKOM ITe€penaje TeMnepaTtyp cam pac-
XOJ XOJOZHOH BOIBI KOJKEH CYLLIECTBEHHO COKPATHTbLCH. :

CxasaHHOe He 03HauyaeT, 4TO y NOABOLHOH TEpMO3JEKTpHUeCKOf
OT3C ue 6yaer HegOCTAaTKOB H TeXHoJoruueckux npooneM. Ownm,
KOHeYHO, ecTb H nepsas npobjema-— OTCYTCTBHe NpHEeMJIEMBX H 10
CTOHMOCTH, H 1O (H3uYecKHM cBOfiCTBAM NOJYNPOBOIHHKOBBIX MaTe-
pHaNoB B AOCTAaTOUYHOM KOJHYecTBe, B KaudecTse BTOpPOfi MOXKHO yKa-
3aTh BO3MOXKHOCTb OTJIOXKEHHsi B TPyOONpOBOgAX ropsdero paccoda
(wnm gpyrofl TeXHOJMOrHUeCKOH 2KHAKOCTH) BBIMBIBAEMBIX H3 TOJLIH.
nopon cosedt. M, noxanyi, caMoe cepbe3Hoe OrpaHHYeHHE — BO3MOXK-
HOCTb Pa3pyI€HHsl CKBaXHH B pe3yJabTaTe TEKTOHHUECKOH IeATeib-
HOCcTH, BnpodeM, sce 310 TpefyeT ellle JAeTalbHOH MNpopabOTKH
¥ B naaxe KoHcTpykuuu noisogHoll OTOC na nepenape TeMneparyp
oKean—autochepa (moxKer OBITH ee clenyeT cpa3y H Ha3BaTh
JIOT3C?), u B njaHe pasMeuieHHs TaKOA CTAaHUMH B KOHKPETHOM
pailoHe OKeaHCKOro aHa.



§ 3.4. Metoppl MHTeHcHbMKaumMu pabotel OTIC

Ecrectsennoe xenaune paspadorunkos OTIC, nogkpennsemoe Bee
Go/ee yKeCTOUAWHUMUCS TPeGOBaHHAMH KOHOMHKH,— HOBBICHTD HX
sppexTnsHOCTb. B 31HX measix mposoauTes npopafoTKa u YHCTO Tex-
HOJIOTHUECKHX AaCHeKTOB, H KOHCTPYKIHI, NPHMEHSIOTCs NOCAENHHE
AOCTHXKEHHsST HAYKH W TEeXHUKH. Bce HCmonb3yeMbie CnOCOGH MOMKHO
rpyGo paspeuth Ha yaydllaioiide NOKa3aTeNd CYIeCTBYIOMHX KOH-
CTPYKUHA H KOPEHHBIM: 00pPa30oM uBMEHsIouHe KOHCTPYKuuu (IOHCK
HOBBIX TEXHHUECKHX pelueHuil). YUro panum nepsble, NOKa3bIBAET XOTS
Obl Taxkoil mpumep. 3a BpeMs NpoBepeHs pafor mo nporpamMmam
passutiss OTIC ynanoch Gonee ueM B 2 pasa NOBHLICHTH 5(eKTHB-
HOCTb HCIIOJIL30BAHIS TEMJIOBOH 3HEPTui TOALKO 34 CYET YBeJHUeHHs
KO3 PHIHEHTOB TenJonepesatn B Ten1006MenHuKax ¢ 1500—2000 no
5000 Bt/(m2-K). Ha 20—30 % ygasoch COKpaTHTb HOTepH Kak
B TpakTax TypOHH, TaK H B TeNIOOOMEHHHKAX TOJBKO myreM OoJee
paumnoHa bHOY KOMNOHOBKHM arperaTos cTaHmuil. Mcnonszosanue pas-
JIMUHBIX YAYYIIAIOWHX paGoTy «TPagHUHOHHBIX> CXeM H300peTeHHi —
TaKwKe CepbesHblil HCTOYHHK NOBHILIEHHS 3(P(EKTHBHOCTH pa3pabaThi-
BaeMbIX celfac NPOMBLIILIEHHBX BapHAHTOB npeobpasoBaTeseil.

DBosee papumkaneH mnoHCK UPHHNUMHANBLHO HOBBIX TEXHHYECKHX
pelrenuii: He MeHee uYeM B 2 pa3a MOKHO nosbichHts KITJ[
CTAHUUH 32 CUET HCMONB30BAHHS GOJICE BBHITOAHBIX TEPMOAHHAMITECKIX
LHUKJIOB TENMJIOBLIX MaWIHH, eiule 6ObLIYIO BHIFOAY MOXKET AaTh HCKYyC-
CTBEHHOE MOBLILICHHE IePerafa TeMNepaTyp, UpH KOTOPOM paboTaioT
TensI0Bbie MallluHbl. [IpennoxKeHo HeCKOMbKO cOCOGOB, OCHOBAHHBIX Ha
buznyecknx n QUINKO-XHMHUECKHX SIBJIEHUSX. IlepsoiMu Obiiu npen-
JIOZKEHBL CHOCOOLI YBEJNHYEHHs] TIepenaja TeMmepaTyp 3a cueT NOO-
I'peBa BOAH UM B MEJIKOBOAHLIX OeperoBulXx GaccediHaX, WM maxe
B OTKPLITOM OKeaHe NYTEeM BbigeJeHUsS! 4acTH aKBATOPHUH C MOMOILbIO
COOpY:KeHHUI], PENSTCTBYIOUWHUX TEMI00GMEHY OT MOBEPXHOCTHEIX CJOEB
BOABL K MyOnHHbiM. Bonee sdderruBHOf okasanacs kKoHumenumus co-
HeUHEBIX NPYA0B, B KOTOPLIX 34 CUeT COJNEHOCTHOH cTpaTH(HKAHH BO.L
MOTYT ObITh JOCTUTHYTHI €iie OOubIlie, ueM B OOLIUHBIX MEJKOBOIHbIX
Gaccefinax, TemnepaTypsl (MarepHal O COJHEUHBIX MPYAAX MOMEIieH
B Il. 8, rue peusn ugeT 06 HCMOAB3OBAHUH TPAgHeHTOB COJNEHOCTH).
30ech TONBKO CKaKeM, UTO MO psjy NPHUHH COJHEUHbIE OpYABl HMEIOT
OrpaHHYCHHOE NPHMEHEHHE U TPOU3BOAUTENLHOCTD.

B kauecTse ynauHbIX npuMepos paspabOTOK MOCAERHEro BpeMeHH,
HanpaB/J€HHLIX Ha yBe/IHYCHHE Tepenajga TeMIepaTyp, pPaccMOTPHM
Ase. [lepBast, BBHINOJHEHHAsT KOJMIEKTHBOM COBETCKHX HCCJexoBaTesell
moL pykooactBoM A. M. Apxaposa [25], 06sanaeT NOBbIUEHHON
SKOHOMUUYHOCTLIO (puc. 3.10). CraHUMs BbIIOMHEHA [0 ABYXKOHTYpHOI
CXeMe, HO He 3TO jAaer OCHOBHOe npeumymectBo. OHO 06yci0B.I€HO
TEM, UTO A Nepefauu SHEPTUH H3 NEPBHUHOTO KOHTYPA BO BTOPHYHBI
(rne ycranoBieHa TypGHHA) HCMOMBb30BAH MOBLIIAIONHAN TEPMOTPAHC-
popMaTop, cocTOsHH H3 COGCTBEHHOrO TEmIOOGMEHHHKA § THTAl0-
UIIXCS €r0 3Heprieil BOJHOBLIX PE3OHAHCHBIX WJIH BHXPEBBIX TpYO.
[Iputuyn paboTel BOMTHOBEIX Pe30HAHCHHIX TPYS OCHOBAH Ha CO3XaHHA
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B HKX NOTOKOB CBEPX3BYKOBBIX 11apOB pafouero tesia MepBHYHOTO KOH-
Typa, KOTOpPHE NPH TOPMOYKEHHH Jai0T [OBBIIEHHE TeMIEpaTyphl
B 5—6 pas. Ilonyuaemoe rtenjo cobupaercs TemI00GMEHHHKOM BTO-
PHUYHOTO KOHTYpa. bosee BhICOKas, YeM B MEPBHYHOM KOHTYpE, TeMIe-
patypa paouero Teia BTOPHYHOTO KOHTYP2 IMO3BOJISAET MOBBICHTH
nepenan nasiennii Ha TypGHEe M KOHOMHUYHOCTb YCTaHOBKH B LETOM.
BeposiTHO, omncanHash ycTaHOBKA— He [OCAEIHHH BapHaHT HCIOJIL30-
Baus (pusndecknx 3(pHeKToB (B ITOM BapHaHTEe NPHMEHEH TaK Hasbi-

Puc. 3.10. Cxema OTAC ¢ TennoBbiM TpaHcdopmartopom [25].

] — KOHTYp nojorpesa paodero Tena; 1] — cuaoso#i Koutyp; 1, 8; xzc’r%a—'

puteay; 2 — TypGHHa ¢ 3JEKTPOT€HEDATOPOM; 3——3JIeKTp'Ol‘; epﬂac(ﬁ:’

4, 6 — KoHIeHcaropbl; §-— Hacoc A mogavd pa6ouero rena; 7 —
KOHTYPa NoioTpeBa; 9 — rasoinHaMHYecKHil npeobpasoparend

BaeMHIil TepMOaKyCTHUECKHH 3(hdeKT) mast yJaydillenns nokasatenaen
OTaC. ,
PasgpabareiBalorcss H METOAbl (H3MKO-XHMHYECKOTO NOBHIIEHHS
tepmuueckoro KITJ[ 3a cueT HCNOJb30BaHHs IONOJNHHTEIbHOMN SHEPTHH,
BBIE/IIONIelics BCAeACTBHE 3K30TEPMUUECKHX peakiluil pacTBOPEHHs
B BOJ€ PA3JHUHBIX XUMHUYECKHX BELIECTB C IOCJAEAYIOlled HX pereue-
pauueil u MOBTOPHbIM Hcrosb3oBanueM. Hampumep. aMepuKaHCKIMH
HCCJeoBaTe AMI  BhiNOJHeHsl  pacderst aas  OTOC  MomHOCTHIO
100 MBr1, ucnoabsyioweil TeNJIOTy pacTBOPEHHA aMMHaka B MODPCKOH
Boxe. KITJ] taxoii cranuuu okaseiBaercs B 2,4 pasa Bullle, YeM OTaC,
HENOCPEICTBEHHO HCIIOMb3YIOUIHX PA3HOCTh TEMIEpaTyp HOBerQHSO%T-
HBIX U IVIyGHHHBIX BOJ, 8 KaNUTauibHbIe BJIOXKEHH: BhIllI€ BCETO HA /0:
Bojee jeTanbHO OCTAHOBHMCS Ha aHaJOTHYHOM C€nocobe, mpejpto-
JKEHHOM SITOHCKHMH HccsiegoBaTenaMu [87] 1 OCHOBAHHOM Ha yBeJH-
genun KITJL 3a cueT HCHO/bL30BAHUS PEAKUHH DACTEODEHHS a30THOH
KHCJIOTH B MOPCKO# Boge. IIpu cMemennu a30THOH KHCJOTH C BOJOH
o0pasyercsl Tak HazhiBaeMasl a3e0TPOMHAs CMeCh (Hepasieasioulascs
CMéch ¢ OJMHAKOBLIM COCTABOM HAXOASLIHXCS B PaBHOBECHH XKHIKOCTH
M mapoB Haj Heil), pasjeneHHeM KOTOpPOH MOXHO yNpaBJATb, H3MEHss
AaBJIeHie u Temnepartypy. Hanpumep, npu armochepHbiX yea0BUAX
aseorpon KoHmeHTpaummeil 68,8 % Kunut npm Temneparype 122 C.
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OKCIePUMEHTH], BHINONHEHHble B FlOKOraMckoM YHHBepCHTETE IIOKa-
8a/y, YTO a3e0Tpon, copep:amui 65 % a30THOH KHC/IOTH, KHIUT IIPH
25°C npm naeiennn 1,2-102 Tla, B To Bpemsa Kak BOja NPH TaKoM
RaBjeHHH BCKUmaeT yxe npu temneparype 9,7 °C. HMcnodansys cMecH,
cozepxkamue or 0,4 no 0,8 xr Boupt na 1 kr 60—65 Y%-Holi azoTHOH
KHCJIOTBI, HCCJACAOBATENH [10Ka3a/lH BO3MOMKHOCTh yBeJHYEHHS TEeMIIe-
_parypHoro nepenaga Ha 18—21°C. -

- 2%
2 J 4 g
46
y MW >
\\ ’/ﬁ
\.9
w | |
28°C
65% HNO,
8 v

7
Puc. 3.11. OT3C c ypesnueHneM Nepenaga TeMueparyp 3a
CYeT PAcTBOPEHHs B BOJE a30THOH KHUCIOTHI [87].

I — pekTu(hHUKANHOHHASA KOJOHHA; 2 — KOH1eHCaToP 06OPOTHOM BOAEI,
OXJNaxpaeMbli XOMOAHON BOmo#t; 3 — BOASAHOH Hacoc, 4 — nojporpe-
BaTesdb BOJBI; 5 — CMeCHTeNb BOABI C PACTBOPOM KHCAOTBI; 6 — reil-
JI0O6MEHHHK nojorpesa pa6ouero reda QTIC (aubo aseorpona
CAeAYIOLLero KOHTYPa NOBBIUIGHHS TeMIepaTyphl); 7 — NOAOrpeBa-
TeJb pacTBOpa a30THOH KucaoThl; 8 — HacOC aseorpona; Y — pe-
AYKTOP AJMs NOAAyM OTpPalOTaHHOrO a3eoTpolla B KOJOHHY; [0 —
. nofaya TelJaoH BOIEI

CxeMma ycrpoiicTBa AJ5i NOBBILIEHHs TeMNePaTYPHOro Iepenaja,
paGoralomas nmo 3aMKHYTOMy UMK1y, npuBeiena Ha puc. 3.11. as
pasneseHns QpakiuHi BOJAB M a30THOIl KHCJOTH B HeH npHMeHeHa
peKTU(HKAMOHHAS KOJIOHHA, NOJNYYaloulas SHepPruio OT [Ojaud Tell-
JIOll MOBEPXHOCTHOH BOAB M pafoTaiolias Npu AaBJICHHH B ee NOJOCTH
1,2-10* Ila. CrkanimuBalomasics BHHM3Y KOJOHHH a30THast KIHCJIOTA
C KoHnenTpauueil okoso 65 9% sarem npu pasienun 70-102 Tla wuan
Bbille 3aKaYWBAaeTCs B CMecHTe[Ib, KyAd Takke MOAAETCS npelBapH-
TeJLHO Hoxorperas 0oOOPOTHAs BOAA H3 BepXHEH YacTH KOJOHHHL
Obpasyiomascs BEICOKOTeMNepaTypHas cMech (Temnepatypa 46 °C)
nponyckaercs uepes TemiooOMeHHHK pafouero Koutypa OTIC, nefi-
CTBYIOLIeH, HampuMep, No HHUKIy PeHKuna. 3ateM CMech [OCTyIaer
Ha pasjesenne. Mcnoabsys nocsaefoBaTebHOCTh H3 YeTHIpeX 6J0KOB,
MOXHO NOBLICHTL Temmepatypy cmecH jo 100°C. Has sroro neo6xo-
ANMO IOCJeNOBATEJBHO NPONYCcKaTb OOOPOTHYIO BOAY M KHCJAOTY BTO-
poro 6/10Ka uepes BBIXOJHOI TemI00GMEHHHK TPeTbero, a BOAY H KHC-
JOTy TPETBErO uepe3 TEMIOOOMEeHHHUK YeTBEepPTOro (BHXOILHOH Temao-
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OGMEHHHK), IPeIBAPUTENbHO NOAOrPeBas HUX B COOCTBEHHHX BHXOAHHIX
TenaooOMeHHuKax. D¢GdeKTHBHOCTb U3BJEUCHHs Tella Ha KaxkaoH
CTyIleHH He CHIKaeTcs M COCTaBJseT He MeHee 5 Y.

Tak xe Kak H B ciyuae «rpajaunuonsofi» cxemo OTIC, B cxemax,
MCIOIb3YIONHX SHEPTHI0 CMELICHHS, B KOHCUHOM HTOre AONOJHHTEJb-
HHH 3hdeKkT moayuaercss 3a CUeT H3BJeUeHHsS AOIOJHHUTEIbHOX MOUIL-
HOCTH H3 OKeaHa.

§ 3.5. ManorabaputHbie npeobpasoBarenu

Ocoboe Mecto B psily paccMaTpUBaeMblX YCTaHOBOK 3aHHMAIOT
TepMonpeo6pasoBaresns, NPHTOAHHE B OCHOBHOM JJs oO0ecHneuenust
sHepruefl MaJOMOHIHBIX MoTpebureneil, nanpuMep yAajeHHHX B Mope
nnardopm. AMepukanen . Cnexrop paspafoTal yCTaHOBKY, HCIOJb-
3YIOUIYIO Iepenaj TeMmnepaTyp Me:KAy BO3LYyXOM Ha IOBEPXHOCTH
1 Bozolt *. Ona npefcrapisieT cofol 3aMKHYThifl HHJIMHAD, pPasjeeH-
HBIH Ha JIBe KaMephl NOJBIKHBIM IODLUIHEM H YCTaHOBJEHHBIH B C0€
BOJH C HOCTATOYHO HH3KOIl TeMmepaTypoil. BepXuss xamepa nujaunapa
HMeeT BO3JyLIHLIH Tenjao00MeHHHK, COeHHEHHBIl ¢ CHCTEMOH HoAauH
TENJOro BO3jJyXa C MOBEPXHOCTH, H HIpPaer poJb MPHBOJHOIO
uuauHapa. HuXKbss Kamepa BHIIOJHAET GYHKIHH NHEBMOAaKKyMyJis-
Topa. ABrOMaTHuecKue KJIallaHB TaK DPeryJaupyloT noxauy BO3jayXa
B TenJooOMEHHHK, YTOOH TeMIeparypa B INPHBOAHOM IHJIHHIPE KaK
MO:KHO GHICTpee JOCTUIIA MaKcuMmasbHoro yposHs. I'as npu marpesa- .
HUM pacUIHp#eTcs U ToJKaeT nopiedb. [Tocae npexpanieHus nojaorpesa
HPHBOAHOH NUAHHAD OXJ1aXKAAETCH 3a CUeT TelooOMeHa ¢ OKpyKalo-
uieit cpefod, ¥ NopilieHb NPUXOJAHUT B HCXOAHOE MOJIOXKEHHe, 10C/e Yero
LMK NOBTOpsiercs. [lopllleHb cOelMHEH ¢ NPHBOAOM 3J/eKTporeHepa-
Topa. Bpems UMKJIa MOXKET H3MEHHTbCS B 3aBHCHMOCTH OT COCTaBa
paGouero rasa B KaMmepax, yTeM YCKOpeHHS TemaooOMeHa WM IOBH-
LIeHHsT TeMIepaTyps BO3AyXd, HanpuMmep NyTeM HCIOJb30BaHHT
JIONOJHUTEJNBHOTO NOJAOrpeBaTess, pa3MelleHHOro Ha Inagaybe mnaar-
¢dopmu u obayuaemoro ConnneM. Beposrtno, Takoe ycrpoiictso Oyjier
paboTaTh W B CJAyuae NOHMMKEHHs TeMIepaTyphl BO3lyXa HHKEe TeM-
IepatypH BOJbl. B KOHeUHOM cueTe MOWIHOCTDb €ro OyJieT ONpeeasiThes
BeJTIUMHON nepenajga TeMIeparyp.

Ha coBeplieHHO HHOM INpPHHIHIE paGoTalT TepMOMeXaHHYeCcKHe
yerpolictBa, AeficTBHe KOTOPBHIX OCHOBAHO HA CNOCOOHOCTH H3AEaUH H3
psifa CIIaBOB <«3amoMHHaTb» (opMy, COOOWIEHHYI0 HM B Ipollecce
TepMuYeckoii o6paboTku. B ocHoBe TepMoMexannueckoro adexra —
obpaTUMHeE CTPYKTypHHE H3MEHEHHs B MaTepHajax NPH H3MEHEHHH
TeMmepaTyprl. Ecau muacTHHY M3 MatepHasna, obaanawoomero apdexkrom
TaMaTH, H30THYTb U B TAKOM COCTSIHHHM HarperTh 0 OnpejieseHHOl TeM-
flepaTypel, a 3aTeM OXJaJUTb H BHIDPSMHTb, TO IIPH IIOBTOPHOM Harpe-
BAHHH OHA HauHeT H3ru0aTbCs yiKe 0e3 NPHJOKEHHs BHELIHHX CHJ.
Dddexr namaTH GOpMB LIHNPOKO NPHUMEHAETCS B TeXHHKE IPH H3ro-

* Marent CUIA Ne 4041707, 1977 r.
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TOBJICHHHU 34KJIENOK, Pa3/JIHUHBIX AeraJ/led, yCTaAHABJIUBAEMEIX B TPYAHO-
HOCTYNHBIX [OJOCTAX, HWHCTPYMEHTa, IIPOTHBOMNOXKADPHHX CHCHAJIH-
34TOPOB.

Breperie na sdpdekr nmamsaruy dbopmbi o6paTHIM BHHMAHHE HAlUH
cooreuectseHuukn ['. B. Kypmiomor u JI. I'. Xanagpoc B 1949 r.
B nauaae 60-x rr. 3107 3ddexT B IpKO BHpaKeHHOH Popme Obl1 00HA-
PYyKeH IpH HATPEBAHWH CHJIABOB THTAHA ¢ HUKeJeM (HUKeJW| THTAHA
HJId HUTHHOI). DTO JaJ0 TOJUYOK K MOSBJIEHHIO HOBBIX TEeXHHYECKHX
peweHnil. B nporecce necaenoranuii oxasanocs, 4to KILI npeo6paso-
BAHHS SHEPrHU TaKHX YCTPOfCTB MOxKeT jpocturatb Beanuuun 20 %),
4TO C/e1aJI0 BO3SMOXKHBIM BCepbe3 [OBOPHUTh O CO3JLAHUHU TepMoOMeXaHH-
YeCKHX MOTOPOB, paboTAIOIINX Ha mepenaje TeMmepartyp.

IlepBriil «0aroxRuBYIIMEA» oOpasen rnogobHOro MoTopa OBLT CO3/1aH
B ynusepcurere bepxam (CHIA, Kaaudopuus) nog pykoBOACTBOM
P. Denkca B 1973 r. (puc. 3.12). Cepaue MoTopa— cucreMa H3
24 pereslb HUTHHOJOBOI NPOBOJIOKH, NIONBEPTHYTOH TepMHuecKoll o6pa-
60TKe B pacnpsiMJjeHHOM COCTOAHHH. [leTyiu OJHHM KOHIOM 3aKpem-:
JeHB Ha NOABHKHBX CTePXKHHX, a JApPyrdHM — HA ob6oxe pabouero
Koseca (mojaBH:kHO). CTOHT NOJOrpeTh BOY B OJHOM H3 KaMep BaHHBHI,
B KOTOPYIO ONyUleHB! NETNH, KaK OHH HAUUHAIOT pPacrpsMJAsATbCH M 3a-
CTABJAIOT KOJeco noBopauuBarbes. [lonap B GoJdee XOJOAHYIO BOAY,
NeTiH BHOBb CHKHMAIOTCH JIO HCXOAHOTO COCTOSIHMS, IIOCJE Yero ImHKJ
noertopsiercs. 1o ciaoBaM camoro P. Denkca, 31a mojieab 6bi1a gajeka
OT COBePUIEHCTBA, OJHAKO OHA MOATBEDP/AHIA BO3MOKHOCTb BOCCTAHOB-
JeHus GopMEBl MeTesib B TeUeHHe HECKOJABKHX MHJJHOHOB HHK/IOB. ECTb.
COOOIICHUS, UYTO YyXKe HCHNBITAH MakeT MoTopa DeHKCa MOuIHOCTBIO
200 Bt n Benyrcs pabortn Haj 6o/ee MOWHBIM 0Opa3noM.

Caenyiomee ycTpoficTBO, TouHee CI0OCo6 NpeodpasoBaHus TenaoBoH
SHEePTHM, HHTEpPecHO TeM, 4YTo He Tpefyer, No MHEHHIO ero aBTopa
JK. Byuie, HacocoB anasi noxaun XoJd0AHOH BOABL, KOTOpPAas NPHXOIHT
B BePTHKAJbHOE ABUKEHHE B pe3y/bTaTe KOHBeKyuu *. CxeMa yctpofi-
CTBa, B KOTOpPOM MoXKeT OBITh peajus3oBaH cnocol Dyule, nmoxasaHna
Ha puc. 3.13, a. ¥YerpoiicTso padoraer caexyiomuM obpazoM. B ropu-
30HT&JLHOM TemJo00OMEHHHKE Nox JAeHCTBHEM XOJOJHOH BOJH, NOIHH-
Mawuefics no BepTHKaJbHOMY Tpy60ONpOBOAY, BHYTPH KOTOPOLO NpPO-
XoauT TpyGonpoBol oTpaborasiiero paboyeroc tenaa, nepejgaBast XoJa0A-
HOH BOJe YacTb CBOEro Temaa H TeM CAMBIM IIOJeP:KHBAH
eCTeCTBEHHYIO KOHBEKIIHIO, KOHJeHCHpyercs yraekucawti raz COq
(pabouee Tes0). B pepruxanbiHom TpyOONPOBOAE KOHIEHCATA MaBJeHHE
NOBbILIAETCH C yBeJHM4YeHHeM ray6uHb. Ha BocxoasimeH BeTBH TelJo-
o6MeHHHKAa KOHJieHCcaT NOCTENeHHO TPOrPeBaeTCs BCJAEACTBUE OMBIBAHUS
€ro NOBEPXHOCTH Tema0# BOZOI, 3aKauuBaeMoll yepe3 CHCTEMY KOHIEH-
TPUUECKH PACHOJOKEHHBIX TPY0, HCMAPAETCs W NPUBOIMT B ABHKEHHE
Typbuny. [anee HUKA noBTopsieTcs. TepMOAMHAMUKY YcTpOiicTBa
MOSICHSEeT CXeMa COOTBETCTBYIOWIETO TEPMOIMHAMHUYECKOrO HUKIA
(puc. 3.13, 6).

JK. Byme npeanaraer Hcnosnp3oBaTb CBOIO pa3paGoTKy KOM-
[IEKCHO — He TOJBbKO AJA IMOJyYeHUS 3JIeKTPOSHEPrHH, HO W AJdA

* 3aspka Opauuun Ne 2491156,,1982 r.
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HHTeHCH(UKAIHK pPOCTa OGHOMAcChl B 30He BHIXOJ& Ha INOBePXHOCTb
ryOHHHBIX  oforaiieHHHX OuoreHaMu BOJA (ri1yOHHA ONyCKaHHA
Tpy6GONPOBOAOB-TeNI000MEHHHKOB COCTaBdseT He MeHee 500 ).
[Ipennonaraercsi, YTo NJAaHKTOH, MON&jparioiuil B TPyOONpOBOAB Tel-
JIOft BOJbL, GYAET OCelaTh H €ro MOXKHO OyieT OTKauHBaTh NO JOMO.JIHH-
TeJbHOMY TpyGonpoBojay us orcrofinnka. OcefaeT e B OTCTOHHHKE
6uoMacca BCJejICTBHE TOro, YTO € IOBBIIEHHEM AaBJACHHS €e yAeJbHBIA

ll) 1 2

) p—

i

Puc. 3.13. KoueexuuonHsiit npeoGpasoBarens bymie:
a — cxemMa npeolpasosarensi; 6 — pv-auarpamma.

1—4 — oxnaxaeHHe paboyero TeNa H TOBbIUIEHHE JaBJeHHS:
2—1 — goupencanus napos paGouero Texa (vriaekucawt
ras); 8—2 — ucuiapeune padouerc Ttenta (3amTPUXOBAHHAA
nJolLaAb KOHTypa 2—3—2' npONOpIHOHaJbHa HEeNPOW3BOAH-
TeJbHbBIM NOTEPSIM B KOHTYDe CHCTeMBbl); 4—3 — HarpeBaHHE
pabodero rtesa NPH NOCTOSHHOM AaBjieHHH

BeC yBeJIHUHBaeTCA. B KauecTBe NpPEHMYLIECTB YIVIEKHCJIOTO rasa Ipw
HCIONb30BAHHH B 3aMKHYTOM HHK/Ie BBLIBHrAlOTCA €ro JAelieBH3HA,
AOCTYNHOCTb, OTCYTCTBHE KODPO3HH (B 00G€3BOXKEHHOM COCTOAHHH)
H 3arpssHeHusa OKeaHCKoli cpeiwl B ciayuae yTeueK (COg B OrpOMHHIX
KOJHYeCTBAX pacTBOpeH B MHPOBOM OKeaHe).

Ha puc. 3.14 noxasama cxeMa, NO3BOJAFIOIIAS OCYIIECTBUThL Cle-
AYIOWHH cnoco6 npeoGpasosanus pasnocta Temnepatyp *. OTIC pas-
MemaeTcs] B CKa/JlbHOM OCHOBAHHH C DPE3KHM HapacTaHHeM r/yOHHH
BOx. TypOuHa CTaHIUH NPUBOAMTCS B JBHKEHHE B PE3yJbTaTe BO3HHK-
HOBeHHsi ToKa pabouero Ttesna (HanpHMep, 3TaHOJIa) NOJX jaellCTBIEM
Pa3HOCTH TeMIepaTyp M paaBjeHHi, BOSHHKAIOIIHX B BEPTHK&JILHOM
TpyOONpoBoAe W KaHale, CBS3bBAIOUleM JBe KaMeph C yCTaHOBJEeH-

* IMatent Hopsernn Ne 145994, 1982 r.
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HBIMH B HHX Tenjoob6Mennukamu. OpuHa H3 ocobGeHHOCTel CTaHINH,.
ofecrieuHBaOIIas HaNpapjeHHe TOKa pabouero Tesa, pasMelleHHe:
XOJIOAWIbHUKA B BepXHeHl Kamepe, a HarpeBatens —B HuxHed. s
HCKJIOUeHNs NoTepb pabouero Teja uepe3 CTeHKHM HIAXTH H KaMep:
OHH NOKPHITH H30JHPYIOIIUM CJOeM H3 TOPKPEeT-0eToHa W O0JHIOBAHEL
CTaabil0. Tel006MeHHUKH BHIIOJIHEHB B BHE CIHPaIbHO 3aKPyYEeHHBIX
Tpy6 ¢ opebpenneM. B BepxHell Kamepe HMeercs JONOJHHUTEbHBIH
KOHTYp, pasbpoisruBaioimiuit paboyee Ten0 i €ro OXJgaxjeHud
(mns oxmaxkpeHus HCOOJb3yeTcs Boja ¢ Temnepartypodt +4°C, nis
HarpeBanud — +25 °C).

Puc. 3.14, JIsyxdasubii npeod-
pasoBatear Moy [lepa.

1 — pasGpblaruBartenb 3TaHojga; 2 — §

KOH7eHCallHOHHasd Kamepa; 3, 4 — Ha-

COCBHI 1.5 NOJauH XOJ01HOH H TensoH

BOJbI; 5 — HCnapUTelL 3Tauosa; 6 — ~

rHApaBadyeckas TYPGOHHa € 3JACKTPO-

reHeparopoM; 7 — Hanopubii TpyoGo- 3

1poBoi; &8 — BepTHKAJLHAST 1iaxTa; :

9 — KOHTYD YCHJACHHA KOHAEHCAIUHH Af"\j
3T2HOMAa NI

MoxHo GH/IO GH NPOAOAKATH NepeueHb OPHTHHAJIBHBIX pelleHui
OT3C xocratouno A0Jro, HO MH OCTAHOBHMCS TOJBKO Ha JIBYX CXeMax,
CBSISAHHHIX C HCNOJb30BaHHEM TEIJIOBOH 3SHEPrHH jiid HOJYdJCHHUSE
X0JI0Jla U NPeCHOH BOJIb, KOTOPBIX T&K HeTOCTaeT BO MHOIHX CTpaHaX.
Kapxoro nosica nJaanersl. OpgHa W3 TaKHX yCTaHOBOK, paspaloTaHHas
yuenbiMH OpeccKoro TexHOJOrHTecKOro HHCTHTYTA XOJOAMJIBHOH Hpo-
MBIIJICHHOCTH, TO3BOJAsieT Bepa0aThiBATD INIPeCHY0 BOJAY METOIOM
BEIMOpa:KHBaHus. TaKas BOJAA BHITOAHO OTJIHUEETCH- OT NOJyYaeMofr
MeTOA0M BLIMAPUBAHHS, TaK KaK COXpaHsieT MHOTHe MHHepa/JbHble Be-
uecTBa u OOXOAHTCs MO pacyeTaM BjBoe Aenieje. OcHoBHOR paGounfi
OpraH ycTaHOBKH — JIbJIOT€HEPAaTop, BHINIOJHEHHBIH B BHAe NOJOH Ge-
TOBHOH TpyGH, omyckaemoll jo rayOuH ¢ NOCTOSHHON TeMmIllepaTypol
+6—7°C. C nomouipio ¢peocHa, Xa0pa 1 METHIXIOPHIA MODPCKas BOJ&
npeBpamiaeTcss B NPeCHbIH JeA, KOTOPLIH, NOJHAMAACL B HAKONUTETb,
TdeT N0J{ BO3ACHCTBHEM NOBEPXHOCTHOrO Telva. Ecau Tenaousonnpo-
BATb HAKOMHUTE/b, TO NOTPESUTENI0 MOKHO NOCTABJATL NPECHEI Jea —
T. €. H TUTBEBYIO BOIY, U XOJOJ OJHOBpEMEHHO.

Hnaue na npobaemy cmorput K. Konnen (CHIA)*. 3auem moay-
4aTh NPECHYI0 BOJAY M JeJ HCKYCCTBEHHO, eC/1H B OTPOMHBEIX KOJHUe-
CTBaX OHH IPOHU3BOJATCA B NPHPOLHBIX «XOMOAUJBHHKAX» — B AHTapK-

* Tareur CIIIA Ne 4334873, 1982 r.
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tiae u B I'pennangun. [Ipenaoxenwe JK. Konnena — ogHH B3 MHOTHX
BapHaHTOB ofecreYeHUs TPAHCOIOPTHPOBKH aficOeproB H3 BBICOKHX
WHPOT — JJ1s1 Hac HMHTEPeCHO TeM, YTO JJIsi NpPHUBEIEHHS MOCAETHUX
B IBUXKEHHE, B YaCTHOCTH, NPEIJaraeTcs HCHOJAb30BATDH JAEKTPOJABH-
KUTJIBHYIO YCTAHOBKY, nosy4alollyio sHepruto ot HebGoubiofi OTIC,
pasMellleHHOH Ha caMOM ajicOepre M HCIOAb3YIOUell mepemaj TeMmne-
patyp Ta.abie BOAb—MOpPCKas BOAA.

Hurepecno oTMeTuTs, uro pasurtie Kouuennuu OTIC B page cay-
yaeB MOXKeT ObITb [0Je3HO JijIsi COBEPIIEHCTBOBANMS TEMJIOBLIX H ATOM-
HbiIX 3jekTpocrannuii  (ADC), mosBonsis YTUIHSHPOBATH  TEMJIO
cOpacbiBaeMBiX MU BOJ. DTO He TOJABKO JACT BO3MOXKHOCTb MOBBICHTD
KII cucreM, HO M CHHM3HMT TepMHYeCKHe Harpysku Ha cpeay. Hocra-
TOYHO CKasaTb, YTO COBDEMEHHBIE BaKyyMHBEE KoHjaeHcaropu T3DC
1 A9C cOpachmBawT B cpejineM 3a rox o 20 M%/c oxaaxjaoouield BOLH
npu teMmneparype 25—30°C na 1000 MBt ycraHoBJI€HHONH MOLIHOCTH.
Has xpynueix OT3C asroro pacxoxa 6GesycJOBHO HEJOCTATOYHO, HO
HCOONB30BaTh ero M5 IOJOorpeBa NOBEPXHOCTHHIX BOX B CHCTEMAax
MOoja¥u Temyaof BOJbl HEOOJbIIHX CTaHHUE, DPAaCHOJOKEHHBIX BOJH3H
Geperosoix TAC u AIC, Bnonne moxHo. OHa TaKas JAeMOCTPAallHOH-
Has OTIC, cospawuiascs cefiuac Ha mweanpe [apafickux OCTPOBOB
Heanexo or yronbHo#l TIC, pasa nopwinenns sddekrusHocTH Gymer
HCNOab30BaTh cOpacuiBaeMmyo TAC Boxy.




nasa 4

OKEAHCKASl BETPOSHEPTETMKA

§ 4.1. Mcropuueckui acnekr

Mcnosnb3oBaHne BeTpa — OAMH M3 CaMblX ADEBHHX BHIOB TEXHO-
JIOTHH NMPOU3BOJACTBA >HEPrHH Ha BO30GHOBJSEMBIX pecypcaX. Ilepsnie
YIOMHHAHUS O BETPOBBIX arperarax JOLWIM A0 Hac W3 IVIyOUHE Be-
KOB: moz00HbBIe COOPYIKEHHS UC0Ab30Basuch B Kurae u SlnoHuu yixe
okoso 2000 ser 10 H. ». B 1pesBued BapuioHnu BO BpeMeHa Laps
XaMMypanu BeTPOBble HEPreTHUECKHEe yCTaHOBKH MPUMEHSIH I 0Cy-
ieHus 6ogot. [Mepcuackue BeTpsiHble MeabHUIE VII B. 10 H.3. HMen
TypOUHB ¢ BEPTHKAJbHOH OCbK, OBWIM OCHALIeHB MOJOOHSMH KOH-
HEHTPATOpPOB BeTPa W ympaBJsloOwHX WHUTKOB. M3 ucropum Il B. 10
H. 5. JOLIJH CBEJEHHsi 00 H300peTaTe/NsiX BETPOBHIX MallHH. [epoH
Anexcanjpuiickuil omucas, HampuMep, MallHHB apalcKOro H3o0pe-
ratedis Apraupu (Istachri). Ilpumepno B I B. 10 H. 3. NOABWJIUCH
Berpoarperatsl B Erunte u JHLIbL uepes 12 cTojieTuii B eBpOmeiickux
cTpanax (mepBoe ymOMHH&HUE O BEeTPSHBIX MeJbHUIAX COJEPIKHTCS
BO ¢paHimy3CcKHX JeTonucsX, patupoBanHux 1105 r.). Boaors no
XIX B. napsiay c BOJAsHBIMH TYypOWHAMH BETDOBBie OBIJIH €THHCTBEH-
"HBIM HMCTOYHHUKOM BpallaTejbHOl Mmexanuueckoit sHeprum [79]. Bert-
psiHble arperaTbl paspaGarTeiBagau Jayuimine yMbl  3n0xH.  [lepsoe
B EBpone usaanue, coenuajbHO MOCBHIIEHHOE CTPOHTENBCTBY BeTPs-
HBIX MeJabHul, nosiBugoch B XIII B. Dto Ovl1 «IlcadToipp BeTpPSHbLIX
meaphun» (Windmill Psalter), xoropriii cogepxkas pHCYHOK, uzobpa-
XKaBmui TypOHHY ¢ TOPH3OHTaJbHON ocblo. MapectHm  «Jlmasorus
Jleonapao aa BUHYHM 0 KOHCTPYKIHSX BeTPOarperaros.

YcerpoiicTBa, HCIOAB3YKOLINE SHCPrU0 Napa, OBICTPO BHITECHAJIH
BeTpoarperatTel, U JHUIIL YCHeXH apOJMHAMUKH, H300peTeHHs KPBLIO-
BOro npodu/s jJaju UM HOBYK Ku3Hb. [IpaBia, nonwTKa HpHCIOCO-
GUTb TpaiuIMOHHbie BETPsHBIE MEJbHHUIBI K HOBOH TeXHOJIOTHH jpefa-
Juchb 1o Konua XIX B., xorga B JaHuu Ha OJAHOH M3 BETPSHBIX MeJb-
HH1 OB YCTAHOBJEH 3jeKTporeneparop. HoBui# nepuox pacusera
BeTPO3HEPTeTHKH OTHOCUTCS K cepejuHe XX B., Korja OHJa JoKasaHa
BO3MOXKHOCTb CTPOUTENbCTBA He ToabKo MaabnXx (go 100 kBr) Berpo--
BBIX CTAHEHH, HO U KPYNHBIX arPeraTroB MOLUHOCTBIO, HMCUHCAsSIOUCHCs
B MeraBarTaX. lleppas rtakas typ6una (1,250 MBT) sapaGorana
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8 navase 1940 r. B wrare Bepmonur (CHIA) u aefictBopana ¢ nepe-
priBamu o 1945 r. B namei crpane B xoume 30-X IT. Ha OCHOBE yc-
NELIHOrO OIbiTa padoThl BETPO3JAEKTPOCTAaHIHMH MoulHocThio 100 kBt
8 Kpnimy, B Dasnakaase, 6bis1 co3fan mpOeKT CTaHIHH MOHIHOCTBIO
5 MBrT, HO oCYLIECTBHTB €0 noMeliana BolHa.

TeopeTH4eCKUMH acnekTaMH BETPO3HePTeTHKH B 3TH TOJbl 3aHH-
masnncs yuennku H. E. JKykosckoro — I'. X. CaGunun u B. 1. Beruns-
xkuH, Ha Gase orgena serpoppurartenein IIAI'M Gvin cospan  Llent-
pPaabHBIll BETPO3HEepreTHYeCcKUil MHCTHUTYT, Pa3paboTana U BbilylleHa
Tepsas cepus BETPOABUTATeNel A/ CEIbCKOO X03ficTBa U AJId ApK-
THKH. B 1956 r. Gplno BhInyieHo Gosee 9 ThicAY BeTPOABHUTATEJEH.
MakciuManbHast MOLIHOCTb CepHiiHbiX MaluH gocturasa 30 KBT.

B uacrosuiee BpeMs uHCJ0 arperatos, AeHCTBYIOIIHX B MHDE,
dipeBBiIGAET, BeposTHO, 10 MJH. DTO, B OCHOBHOM, HeGOJBLINE CTaH-
Uy, ofecneunBaloniie HYXIH CeJbCKOXO035HCTBEHHBIX IpeAnpHATHH.
Ho yxe Bce 60/bliyi0 momnyJspHOCTb HPUHOGPETAOT H BeTPSHEE TH-
TaHTH € YCTAHOBOYHOH MOMIHOCTBIO B HECKOJLKO Merapatr. Pgi ta-
KHX CTAHIIHH MOCTPOEH JMO0 HAXOAHTCS B CTaMUM CTPOUTEJNBCTBA.

B nauane 30-x rr. no npeasoxenuo C. M. Kuposa a5 sHeprocu-
.cTeMbl KOJbCKOr0 NOJYyOCTpPOBA, [Je HauMHA/J a TOrAAa pPa3BUBATLCA
-QTeueCTBEHHA S HHKEJEBAS [POMBIUIJIEHHOCTb, Obl pa3paboTaH NpOeKT
MHoroarperatholi Berposuepretuueckod craumuu (BIC), Bkmouap-
1uefi 500 arperatoB ¢ CyMMapHOH ycTaHOBJAEHHOH MomHOcTbio 1 MBT
8 enunoll cetn ¢ Tynomckofi u HuBcKOH T'HAPO3JEKTPOCTAHUHAMH.
B ToT Ke mepuos NMpPOEKTHO-KOHCTPYKTOpckuM Glopo Hapkomara T4-
2KeJoffl TIPOMHIIJIEHHOCTH paspalaTthiBadach 2-arperatHass BOC wmoul-
#Hocthio 10 MBr ¢ aByMsi Berpokosdecamu auameTpoM 80 M [27].
Bexope nocae Beanxoil OTeuecTreHHOH BOHHB aRaneMuKoM A. B. Bun-
TepoM OBLIa 06OCHOBAHA BO3MOXKHOCTB Pa3BHTHsI y HAac B cTpaHe cH-
cTeMul aBTOHOMHHX BJY o6melt MouiHocTbio 20 MaH. KBt —31a
MOIIHOCTb NpPEBBIIIAeT CYMMAapHYI MOWHOCTh EHuceficKoro Kackaza
I'3C. B ofecneuenne cOOTBeTCTBYOIIEH MPOrpaMMBL  HCCJE0BaHU
Oul1a obpasosana lleHTpasabHas HayuHo-HccaeOBaTeabcKas Jgabopa-
TOpUS TIO BeTPOsHePreTHKe, paspabaTbiBaBilas CHOCOObI YIpaBJACHHA
B3V, npoextst BAOC u peawix cucreM. Ilom srupgoil maGoparopuu
8 KazaxcTame 6bla mocTpoeHa H 3KCIJAyaTHpoBajach ONbITHAS 12-
arperatHas B3C cymmapnoit Mmommuoctbio 400 xBr. B 1975 r.
B CTPaHEe CO03/aHO HaYYHO-TPOH3BOACTBEHHOE O0befuHEHHE 110 IPOEK-
“THPOBAHUIO U TPou3BoicTBY BOY («Berposn»), acrpaxaHckuil 3aBoj
KOToporo «BerposHeproMail» BhIycKaeT cepuitHble BOY MomHOCTbIO
4 kBr. Ilpemmosaraetcsi BBIIYCK TaMMbl YCTAHOBOK MOIIHOCTBIO
16, 30 u 100 xBT.

C 1981 r. Kk paBoram B 06JacTH BETPOIHEPreTHKH B Hauell cTpane
QPUCTYNHIH BO BCECOI3HOM OpPjieHa JieHHHa NPOEKTHO-U3BICKATE/b-
CKOM M HayyHO-HCCJAeN0BaTeIbcKOM  HMHCTHTYTe  ['mapompoexT
um. C. S. JKyxka. Ueab ncenenoBaiuil nocTaBjaeHa 10CTATOYHO KECTKO:
BBISICHATb BO3MOXKHOCTb pas3sBHTHA KDYIHOMAacCIITaOHOH BeTposHepre-
THKH y Hac B CTPaHe H c031aTh npeobpasoBartesnu, HauaydmuM oGpa-
30M OTBEYAIOIIMEe YCAOBHAM HMeHHO Haueil crpanbi. [Ipexae Bcero
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OBlTH YTOUHEHH OLLEHKH PECYPCOB BETPOBOTO HMCTOUHHKA (OHHM INpHBE-
Jenn B ra. 1), 3artem, mnoj pyxoBojctsom H. A. Masbiesa 4
B. M. JIaTxXepa OBIIH BBIIIOJHEHB NPOPAGOTKH HECKOJBKHX BaPUAHTOB
npeo6pasoBatesell. B uacTHocTH, OB NpPOBEeAEH AaHaJH3 a3pOAHHA-
MHUECKHX XaPaKTePUCTHK H TEeXHHKO-3KOHOMHMUECKHX [OKa3aTeJed ue-
- TBHIPeX THIOB YCTaHOBOK: Kpbuibuatoili B3Y ¢ ojgHUM BeTpoKoJecoM,
B3V ¢ BepruxannHoll ocbo u ¢ 2-ApycHbIM poTopoM (puc. 4.1), 2-70-
nacTHOH BOVY ¢ HAKJOHHBIMH JIONACTSMH, IBHKYLIIHMHCS Ha TeJex-
KaxX N0 3aMKHyToMy nyTH (puc. 4.2) u BOY B BHpe cepuH Tesnexex
¢ IapycoM, JBHKYUIUXCS N0 3aMKHYTOMY NYTH.

PacueTn nokasanu, yrto HawboJee NePCHEKTHBHE TyPOGHHH C Bep-
THKaJbHBIMH H HaK/JAOHHBIMH JonacTami. /a8 yCTAaHOBKH, NpHBeed-
HOH Ha puc. 4.1, npu ckKopocTH JBHKeHH7 v = 24 M/c = 2,6 Uw, YC-
JIOBHOM KO3bduiuueHTe aspognHaMuueckoro comporupietnsg Cp ==
= 0,015 u uyacrore BpameHus 0,15 ¢~! cpeaneronoBasi BhHpaboTKa
3JIEKTPOIHEPTUH cocTaBuT 25—35 MuH. kBr-u/rox. BripaGoTka 3Hep-
THU TypOHHOM, NpejncTaBeHHON Ha pUC. 4.2, IPH yCTaHOBJEHHOH MOLI-
HoctH 8,2 MBT B 30HEe ¢ JOCTaTOUHO BHICOKOH cpejHell CKOPOCTbIO
BeTpa cocTaBuT 17,7 man. xBt-u/rox [20]. B HacTosiiee BpeMa yxe
CAeNaHbl 1ard K NPaKTHYeCKOMY OCYIIECTBJIEHHIO TNPOEKTOB TaKHX
ycTaHoBOK. B 1984 r. HayaTwl HaTypHble HCNBITAHHS MOJENH 2-POTOp-
HOH ycTaHOBKH juametpoM 4 M. IIpengBapuTesbHO ee pHHAMHUUYCCKHE
XapaxkTepUCTHKH H3yuaJHch B JabOpPaTOPHLIX yCJAOBHAX., B Gauxai-
1Iee BpPeMs HayHeTCsT CTPOHUTENbCTBO NePBOH onbITHOH BIY — npood-
Pasa MOUHBIX cTaHnuil Oyaymero.

§ 4.2. KnaccMtbukauma BETPOINEKTPUUECKMX YCTAHOBOK

C yueToM pasBUTHA cHCTeM IIpeoOpa3oBaHHs SHEPTHH BeTpa 3a
nocaeaHue roabt BOY MOXKHO pa3GUTb Ha jBe TPYNOb: YCTaHOBKH,
OCHOBaHHHIE Ha IIpeo0pPa3OBaHHH NOCTYNAaTeNbHOTO JBHIKEHHsI BO3-
IyLIHBIX Macc BO BpallaTe/bHOe JABHXKeHHe TYPOWH H YCTaHOBKH,
B KOTODLIX PeaJM3yIOTCst PasJHuHble japyTrHe NpHHuunbl. BIY neproil
TPyNNbl NPHHATO HOAPA3jeSTh IO B3aHMHOMY PaclOJOXKEHUID T0-

_'TOKa W OCH BpauieHHs TypOuHbl (BAONbL NOTOKa, NONEpPeK MOTOKa, MOJ
YIJIOM K MOTOKY) Ha BeTPsiHble MeJbHHIB HPOLIJIOr0 H COBPEeMEHHLIe
KpbiabuaThie arperaThl. O6 OCHOBHBIX THmaX 3THX arperatoB MOXKHO
CYAHTb 10 puc. 4.3, Tle noKaszaHbl cxeMbl BDY, ¢ KOTOPHIMH B HACTOs-
mee BpeMsl CHe{HaJHCTHl MO OKEeaHCKOH BETPOIHEPreTHKE CBSISBIBAIOT
Haubonbline HajexkJbl H pa3pafoTKa KOTOPbIX HAXOAHUTCA B CTaJ UK
KPyTMHOMACIHTafHOr0 NPOMBILINIEHHOrO KCNEePUMEHTHPOBaHM L

Ko BTopoil rpymze MOXKHO OTHECTH «Kayaiolleecs KpPbIo», BIY,
B KOTOPHIX peas30B4H I[PHHIMI BHXPEBOro Npe0OPa3oBaHUs INIOTO-
KoB. Takas sKcmepHMeHTaJbHasi YCTAHOBKa MoOIHHOCTbio 0,1 MBT yxe
nocTpoeHa BOAm3u Majpupa. B 3TOH cTaHHUH HMHTHDPYeTCs HPUPOA-
HBLIH HNUKJIOH: HalpaB/siOMH annapaT 15-mMeTpoBOi OailHH yJaBJad-
BaeT BeTep M cO3jlaéT BHYTPH Hee 3aKpyueHHBIH MOTOK, KOTOPBIil
noJyyaeT AONOJHHUTEIbHYI0 SHEPrHI0 OT HarpeBaeMoH COJIHeYHBIMH
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JlyuaMd IMOBePXHOCTH H, YCKOPAACh, ABHKeTCS BBEpX, NPHBOAA B [BH-
KeHHe YCTaHOBJEHHYI0 BOJA3H BHIXOAHOrO ceueHds TypOuny. M3oGpe-
TaTe/b CTAHUMU, AcnaHckuil unxeHep X. Capara, cuuraer, uro aHa-
JIOTHUHYI0 OallleHHYI0 YCTAHOBKY BbICOTOH 250 M MO mPOH3BOAHTEb-
HOCTH MOXKHO CPABHHTb CO CPe/lHell Tel03JeKTPOCTaHIIHEH.

OTMeTHM eilie [Be 3KCHePUMEHTadbHble YCTaHOBKH BTOPOH I'PYINBIL:
-A3pOyNPyrue CHCTEMBl (HCHOJB3YIOT a3’POyNpPYryl0 HecTaGHAbHOCTD,
Ha3piBaeMylo asuaropaMd ¢JaarttepoM), npeofpasyiouide KHHeTHUYe-
CKYI0 3HEPrui0 IOTOKOB B KoJeOaHHsl, NepejlaBaeMbe [1be303J1eKTpH-
gecKdM MnpeofpasopaTesndM, H CHCTeMBI INpAMOro rnpeo0pa3oBaHdsd
3HeDPrHH BeTpPa B 3JeKTPHUECKYyi0 NyTeM MepeHocd MOTOKOM 3apsakKeH-
HEIX as’po3ojell. Coobuienue o6 #cCAeAOBAHHH IOCAEAHErO THIA Npe-
00pasoBatens OBJIO CAeJaHO, HalpUMep, HA KOH(pepeHuHdd 1O Iep-
CIIeKTHBAM 3HepPreTHKH W PasBUTHA HMBUJAM3auuH B Jloc-AHLXKejece
8 1982 r. (puc. 4.4). [Ans cozgandsd a3pO30JbHBIX YaCTHI[ HCIOAb30-
BaJUCh MHUKpPOCTPYHHBie (DOPCYHKH C OTBepPCTHAMH AHAMETPOM 25—
< 100 MKM, uepe3 KOTOpPBHIe KHAKOCTb TOH AdBJeHAEM IMOJaBaJach
B BO3JyUIHbI MOTOK. Ha OcHOBe NMOJyUeHHHX AAHHBIX [0 3JeKTpHue-
CKHM H TUJpaBJHuecKdM XapaKTepHUCTHKAM eJHHHUHBIX  (OPCYHOK
pasauuHoro auamerpa OBl OpoBeleH pacder BIY MomHOCTbIO
40 MBrt. OkasaJjoch, 4TO AJs peanH3auud TaKol CTaHuUH Heob6xo-
JuMa nepdopupoBaHHad HOBepXHOCTh miaomazabio 105 M3, Ha KaxaoMm
MeTpe KOTOopOH HeoO0XO#HMO c¢henaTb 3600 orBepcTdit agHaMeTpoM
35 MM [7].

IoBops o0 BerposHepreTHKe, MH BCe BpeMs noapas3yMeBald BHpa-
HoTKy anaekrposteprud. OaHaKO HeAb3d OOOHTH MOJYaHHEM H Tpaau-
{IIOHHOe HUCIOJb30BAaHHE 3HEPTHH BeTPa NpPH MOPCKHX MePeBO3KaXx.
Bospoxaenne napycHAKa — AHTEePECHOe B »HepreTHUYeCKOM IJjaHe Ha-
fIpaBJIeHHEe COBPEMEHHOro cyaocTpoeHds. [ elficTBUTeJbHO, TPaHCIOPT-
HOMY CyAHY BojousMmemieHdeM 10 THC. T And ToAJepKaHHA CKO-
poctd B 16 y3 (30 kM/4) tpebyercd ABHrarejb MoulHOcThiO 7,5 MBT,
Komnencanuga naKe 4acTd 3TOH MOILIHOCTH 34 CUeT BeTpa OKasbiBa-
ercd 3KOHOMHUeCKH BHIoJHOH. IlepBeHer[ cOBpeMeHHOI0 MApycHOIo
daora, anonckuii Tankep «[Inn Afitoky wmapy» mexaseiitom 1600 T
¢ JH3eJbHHIM JBHraTeseM MomHocTbio 1,2 MBr u aByMsa Bcromora-
TeJbHHMH [apycaMs, yhpapiaseMbiMH DBM, 3KoHOMHT np#d Inepe-
Bo3kax or 10 go 15 % ronauBa. OfHAM H3 JYUUMIHX cUUTAETCA MPOEKT
Tpy3oBOro mapycuuka «Juunamudd» (aBrop NpoeKTa — HeMEIKHL
umxkenep B. [Iposas). d1o cyano BojouaMmemendeM 17 THC. T H AaH-
woit 160 M Gyger HMeTb uIeCTb NOBOPOTHHX MadT BHCOTOH 64 M.
9100 M? na@KpOHOBBIX MAPYCOB, aBTOMATHUeCKH YyOHpaeMHX B IOJOCTH
Maur, ofeclieudT NAPYyCHHKY Jaxe TnpH yrae 35° OTHOCHTEJIBHO
BeTpa pasBuBath ckopoctb a0 8 y3 (15 kM/u). Takyio xe ckopocTb
€My T103BOJHT COXPaHHUTb MNpH MOJHOM 0(e3BeTPHH aKTHBHBIA DYJb,
NpHBOIMMEI JByMsi Ta30BbHIMH TYPOMHAMH MOmHOCTbIO mo 450 kBr.
[Ipeanosaraercs, 9YTO MMapyCHHKOM CMOXeT YNpaB/isATbh KOMaHla
n3 20 uena., uUpdYeM TNPOKI4AKY ONTHMAaJbHOrO IO OTHOIUEHHIO
K Berpy Kypca 6ymer Bectd OBM, nocrosuHo obpabaThiBaiomias
MeTeOpOJIOrHuecKie [aHHBE, NOCTYNAaKue OT HA3eMHBIX  CTAHLIHH
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[OrOAbl HJ¥ MPAMO C MeTeOPOJIOTHUeCKHX CHyTHHKOB. CyuiectByior
H Jpyrde NPOEKTH COBPeMEHHHX MaPyCHHX CYAOB, B TOM YHCJIe H
OoTe4yecTBEHHHE,

[lapycHble cyna samHTepecoBaJy H CIELHAJNHCTOB IO BO30GHOB-
AdeMBIM pecypcaM suepruu, B oanom u3 marenros CIIIA omuchpa-
ercd, HalpuMep, 3HepreTHueckas YCTAHOBKA, BHIIOJHEHHAd B BHIE
CylHa-KataMmapaHa, NPHBOAUMOrO B [BHXKEHHE TPeyroJbHBIM Tapy-
COM, YIeDKHBaeMBM Ha BBICOTE€ a3poctaToM. [IBHXKeHHWe CyAHA BH-
3blBaeT BpaljeHHe BHHTA, PA3MENIEHHOrO HIXKe BAaTepJIHHHH, d aef-
CTBHE 3JeKrporeHeparopa. Harpyskoil rexeparopa mpejJjaraercd
clesaTh 3JeKTpPoJd3ep, pasfaramouiii Boly Ha BOJOPOL H KHCJOPOL,
fIpAueM BOJOpOJ 3amacaeTcd Ha 6opTy cyAHa B BHJE THIDHAOB—
CoeMHEHUA ¢ MeTalJaMHd-—H XpaHdTcd B KoHTedHepax. Hacrb Bojo-
POZa MOXKHO MCIONb30BATh B CJyude HeOOXOAMMOCTH B KauecTBe TOI-
JIIBa B pe3epBHOMl HepreTHUECKOH ycraHoBKe *. )

Bapuaura napycueix BOY He orpanuuuBarprcd KOHCTPYKUIHAMH
THNA CyAoB. K 3TOMYy «TArOBOMY®» THIY YCTAHOBOK OTHOCATCA H Cy-
XONyTHHEe <«MapyCHAKH», BHINOJHEHHHE B BHJe TeJeXeK ¢ IapycoM,
KaTanmxcd Mo 3aMKHyToMy NyTH. AHanauanpysa o6GoblieHHHE JaHHBIE
IPOEKTOB pazjduHbX THIOB BIY, aBTop OAHOH M3 METOAMK IIpOeK-
THPOBAHHUSA TAKHX YCTAHOBOK IPHUXOAHUT JaXe K BHBOAY O TOM, 4TO
10 TAaKOMy napaMerpy, KakK OTHOUIEeHHe IOJ0BOH BLIPAOOTKH 3JeKTPo-
3Heprdd K Macce, mapycHas T4roBas ycTaHOBKa MoxKeT OBITb 3Haud-
Teabho shdekrHBHee o6bHuHOH Kpbapuartod. OcHOBHOH BapHaHT pac-
cMarpuBaeMoi craHuuu cocrodd u3 2190 TejexkeK, ABHKYIIHXCA IO
peJbCOBOMY NYTH AJMHOH 7,6 KM C pajfdycoM 3akpyrieHds 762 M, Ha
KaxX< [0l M3 KOTOPHX OBJIO YCTAHOBJEHO MO TPH (Kak ¥ Ha fAxre) mna-
pyca. O6maa wMacca cucreMsl — 13700 1. Ilmomaznps oTuyxpeHds
oxkosno | km2 Ha yuacTke co cpefiHerofoBOH CKOPOCTbI0 BeTpa 4,4 M/c
BHpaGOTKa 2JIeKTPOHEPrdAH MOXKeT COCTaBJsiTh 78 MJH. KBr.u/rof,
a Ha yuacTKe CO CKopocTbio Betpa 6,7 M/c oOHa moutd B 2 pasa
Goabuie, Hro0bl TOJAYUHATh TAKYI XKe BHPAOOTKY € IOMOILBIO KPBLIb-
uaroli BAY tuna MOJ/I-2, neo6xoAuM0 yCTaHOBHUTBH 15 TakKHX cran-
LUl KOTOpHE 3aiiMyT maomalb okojo 12 kM2 JJad paccMOTpeHHOH
BHILIE «TATOBOIH» YCTAHOBKH OTHOlIeHHe TOJAOBOH BLHIPAOOTKH K Macce
cocraBur 10 Br-u/roa, uro B 2-—4 pasa MeHblle, YeM JMJd MOUIHBIX
KpblibuaThix BOY.

K «raroBuM» B3Y orHocATcst H yCTAHOBKH € BePTHKAJBHHM Bpa-
WAapouyMcst POTOPOM, HCHoJdb3yiomuMm 3sddexr Marnyca, cyTs Koro-
poro B TOM, UTO NPH HaberaHuH BETPOBOrO IMOTOKA Ha BpamamuHAcs
HARHAD, HA MOCJAeJHHH AeHCTByeT cHJd, NEPNEeHJHKYAApPHAA K Ha-
qpaegennio noroka. B yuusepcurere r. Jeiitona (CIIA) paspa6oran
fIpOEKT CTaHIM|d, cocrosumed u3 228 TAaKHX YCT4HOBOK, Kaxkpaad H3
KOTOPHX MNpejcTaBisier cofOH TedexKy AIHHOR 19 M ¢ mocras/eH-
HEM Ha Hee UHJIHHApOM AxamerpoM 4,9 # BHcoroir 39 M, npusojau-
MBIM BO BpallleHde peBepCHBHLIM 3JeKTPOABHTaTeJeM MOIIHOCTBIO
450 xBr ¢ uwacroroit Bpaumennda 3 c~!. Kogeca Tenexek, CHaGxeHHBIE

* TTatenr CUIA Ne 4335093, 1982 r.
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TOKOCheMHHKAMH JAJIT OTBOAA U NOABOAA 3JEKTPOIHEPTHH, cOeJHHEHB
C YeTHIPbMs 3JeKTporeHepatopamu obiieil MowHocTeo 1000 ¥B1. Te-
JIeXKH ABHKyTcs JUOO IO KpyroBol Tpacce puametrpoM 1,4 kM, Ju6o
0 3aMKHYTOH Tpacce ¢ NPSMOJUHEHHBIMH yUacTKaMU JJIHHOH 10 3—
19 kM. DKonoMuueckufi aHann3 mpoeKra nokasaJ, To Takas BOC mo-
KeT KOHKYDHPOBAaTh CO CTaHUHSMHU KpHJIbYaTOrO THHa [15].

ITogobnbe BOY moryr GeiTh pasMmernieHbl Ha 3CTaKajgaX BAAJH QT
Gepera. OnbiT MOPCKOrO HCIOJIbL30BaHHs TAKOTO AKTHBHOTO TSTOBO-
opyXeHHs yxKe uMmeercd. IIpHMepoM MOTYT CJYKHTB NMOCTPOEHHBE IO
npoekty A. ®jerHepa cyna ¢ pPOTOPHBHIMH ABHKUTENsMH «ByKay» H
«Bapbapa» uan «Aakuon» XK. M. Kycro.

KpbiibuaTele cucteMBl— OjiuH H3 HauGoOJee HHTEpecHHX OObeK-
TOB AJl5i JaJbHEeHIIero ycoBeplUeHCTBOBaHUS KOHCTpyKuuith BY. Mo-
TyT, HanpuMep, ObTb 3P PeKTHBHO HCIIOJNb30BAHBL METOJ(bl yIpaBJeHHs
LHPKyJsin#eii NOTOKa BOKPYT npoduis, no3BoJfOLIHe CYUIeCTBEHHO
IOBLICHTL IOABEMHYIO CHJY H, COOTBETCTBEHHO, BPaLlalOWUi MOMEHT,
pasBuBaembin kpeiioM. OAWH H3 BapHAaHTOB TaKOro YipaBieHHST —
ucnosnb3opatue sdekra Koanna, cocrosmero B ToM, uto usrubaemMas
Ha oO0TeKdaeMOHl MOBePXHOCTH CTPysf KHIKOCTH UJH rasa cnocobGHa
3acachiBaTbh M3 CpeJibl MACCy, B JBajlaThb pa3 MPEBHIIAIIYI0 PacXo]
B CaMOH CTpye, H 3a CueT ITOr0 B HEeCKOJBKO Pa3 MOBBEICHTb YAEJb-
HYI0 HOABEMHYIO CHJY.

Hpyrofi BapuaHT AajpHelillell pamHoHaJH3aUUH KpbIJIA — OpUMe-
HeHHe TaK Ha3biBaeMOrO 3XKEeKTOPHOro KphiJa, yIpaBldeHHe HHPKYJs-
el MOTOKa BOKPYT KOTOPOTO OCYUIECTBJSETCs INyTeM BJyBa rasa
B 3XKEKTOD, pasMelleHHbIH Ha 3ajaHeldl KpOMKe. YBeJHUYeHHe LUPKYyAd-
IIMH, KOTODOe jaeT BJYB rasa B 3KeKTop (CyHepuHpKyasuus), Imo-
3BOJISIT YBEJHMUHUTbL MNoabeMHyio cuay Ha 20—30%. Ho, noxkaayi,
rJIaBHOE JOCTOMHCTBO TaKOI0 PeaKTHBHOrO KphIJ1a — BO3MOMKHOCTD
C03/aTh CPAaBHHTEJBLHO JIETKO 3anyCKaeMbie H OCTaHaBJaHBaeMhe JHGO
HCHO/b3YIOLHe De3epBHBIA 3amdc ¢:KaToro BO3jAyXa TYpOUHH JHGO
TypOuHb, OCHal@HHble KOMIIDeCCOpaMH, MUTAEMbIMH OT aKKyMYJsiTO-
POB WJIH OT 3JeKTpoceTH. DoJjee TOro, mpuHIHIH yUpaBAfeMON LHp-
KyJSIUH B COUETAHHM C NPHHIMIOM JEHCTBHS BeTpPOKoJeca ¢ BepTH-
KaJbHO/l OCbI0 3aCTaBJSIOT [0-HOBOMY OTHECTHCh K HEKOTODHIM paHee
OTBEPrHYTHIM pelleHHAM. 371ech UMeeTCs B BUJIY NPUHIHMI, HAa KOTO-
pom ocnoBana pafora BDY Auapo, npejacrasasiouleil co60ii KPHIb-
YaThil BeTpoarperaT ¢ TOPU3OHTA/JLHOH OCBW, B KOTODPOM mepejiduya
MeXaHHYeCKOH 3Heprul OT BeTpoKojeca K TeHepaTOpy OCyulecTBJs-
eTcs BO3JIyIUHBIM TMOTOKOM, 3aCaChlBA€MHIM uYepe3 KaHaJ B OHOpPHOH
MauTe JONACTAMH, UTPAIOUIHMU B 3TOM CJjyude pPOJb HEHTPOGeXKHOro
BO3JYLIHOTO Hacoca. [Be TakuX yCTaHOBKHM MouiHocTbio 1o 100 xBr
Obiin nocTpoenbl B BenukoGpuranuu u B Amxupe B 1950 r. danb-
HeHlIero pacnpocTpaHeHus: 3ty BDY He moJayuu/u, Tak KakK skCmaya-
TalMs UX MOKasaJa, YTO BBICOKHE THAPOJHHAMHYECKHE IOTepH B Ka-
Hajax Jonacrefl, GalUlHH, BIYCKHBIX (QUJIBTPOB He KOMIEHCHPYIOTCH
OTCYTCTBHEM MeXaHHYeCKOH TpaHCMUCCHH.

B ycTanoBKe, B 0OCHOBY KOTOpO#H MoJOXeHH jaBa HpuHpuna (Japbe
H AHAPO) pPOJb NPHUBOAA MO-NPeXKHEMY MOTYT BHINOJHATH JONACTH,
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HO COGCTBEHHO VCKOpeHHe BO3AVIIHOTO IOTOKa OyAeT MPOHCXOAMTD
B HaTpy6Kax, CKPHITHIX BHYTDH 3JIeMEHTOB Kpe/IeHU BePTHKAJLHO
YCTAHOBJEHHBIX KpBIJIBeB. /s yMeHblIeHUA a3pOJAHHAMHYECKOrO CO-
IPOTHBJEHNs TOCJAeHUM [PHAAIOT ONTHMAaJbHylo (opMy. BHyTpeH-
Hee CONpPOTHUBJEHHE MOXKHO CHH3HThb 3a CYeT BbIfOpa CeUEHHS H
¢$OpMBI BO3TYXONPOBO/JOB.

[MepBrie TypOGHHBH ¢ BepTHKAJbLHOH OCbI0 HE HMeJH MeXaHU3MOB
s ynpasaenus JjomactsMu. Ceffuac paspaboTaHbl  KOHCTPYKIHH,
B KOTOPBIX MOJIOXKeHHe JoNnacTell MU HX YacTed 10 OTHOLIEHHIO K [10-
TOKY peryJaupyercst ¢ TeM, 4TOOB MOJAEPXKHBATH ONTUMAJbHbIH pe-
KHUM pabGotei BIY. IlpumeHeHHe COBpeMEHHHIX MaTepHaJOB MO3BO-
JsfeT HUCMOJAb30BaTh AJst TAKOrO YhpaBJeHHs  NPHHIMI, JeXKaulHui
B OCHOBE aJanTHBHOIO KpbL1d, TeOMETPHS KOTOPOrO MQKeT H3Me-
HSTbCSI B 3aBUCHMOCTH OT CKODOCTH HaGeraiouniero noToka.

§ 4.3. OcHOBHble COOTHOLIGHMA [N PacyeTa BETPOYCTAHOBOK

MomHocTh, u3BJeKaeMyio U3 IOTOKA r'a3d HJH XKHIAKOCTH, MOXKHO
onpeseJuTh ciejiyomnM o6pasom. Ecan 0603HAUHTDL: Uw — CKOPOCTD
[IOTOKA Ha NOCTATOUHOM YAaJeHHH OT BeTpoKojeca (rmepej KoJecoM);
4 — CKOpPOCTb B 30He AeHCTBUS BeTpOKoJeca, Uj-— CKOPOCTb HAa HEKO-
TOPOM yJaJleHHH OT BeTpoKoJeca (3a HuM); M —Macca XKHUAKOCTH
(rasa), nporekaomeil Uepe3 IJOWalb CeUeHHs BeTpoKo.ieca A B el-
HHIly BpeMeHH, TO H3MeHeHHe KOJHUecTBA JBHIKEHHs 3TOH Macchl
M (Vo — u;) Oysner paBHO pe3yJabTHpyOLIeH cuJje, jpeficTByoomell Ha
BETpOKo/eco.  VI3pJeKaeMass  MOLIHOCTb ~ COOTBETCTBEHHO OyieT
M (Vo — uj) 4. Bripaxkenue AJst BeJHYHHB 4 TOAYYMM H3 34KOHA
CcoXpaHeHus sHepruu Q

2 2
M (0o — u1) = 0,5M (v3% — u1), 4.1
otkyaa u =05 (Ve + u1). _
Tenepb /€rKo MOJyUYHTh BHPaMKeHHe AJA MOIUIHOCTH, H3BJeKaeMOH
TypGHHOH, B yNOOHOM I/ BHIYHCJIEHHY W aHaJ/lHu3a BHIE: ‘

,P=M(vm—u,)u=pAu(vm—u,)u=pA—(—vi-gu‘—)2(vw—u,)=
Av‘:’,o
—p 21 + o) (1 — o)), (4.2)

THe o = i|/V%. BejuunHa P HeMOHOTOHHC 3aBHCHT OT CKOPOCTH.
Ecau rnociegHee BhipaeHHe npoaud¢epeHIHPOBATb, MOXKHO BHIALTb,
YTO MAKCHMaJbHas MOIIHOCTb AOCTHTAeTcs HPH & = !/, T.e. Pmax =

8 3
=—27pAv . COmocTaBHUM Tenepb BeJHUHHB MaKCHUMaJbHO H3BJeKae-

MOH MOMHOCTH Pay H MOIIHOCTH TOTOKA Po = pAv3,/2. Tlonyuaew,
4TO HaeasbHas. TYPOHMHA B IOTOKEe XKUJKOCTH MJIM rasa crnocobHa Ha3-
BJeKaTh 16/27 ero MOLHOCTH. ¥ HAc B CTPAHE 3TOT YMCJEHHBIH MHO-
JKUTEeJb HA3HBaOT Kosdduuuentom yKykoBckoro. B sapyGexHoil mau-
TepaType ero 4acTo HMeHyioT Ko3dounneHtoM Berua B yecTp HeMen-
xoro yuenoro A. Berua, Takxe Hccaea0BaBliero BeTPOKOJeCO, HO
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NOJyYHBUIErO OCHOBHLIE Pe3ysbraThl Ha 10 ner nosanee H. E. JKykos-
ckoro. Ilo dusuueckomy cmeicay kospdumuent JKykopekoro — sro
MakKcUMaJbHOe 3HaueHHe Koa(PdHuIMeHTa MOIMIHOCTH BPamawollerocs
KPBIIBEBOrO NPeo0PasoBaTeNss SHEPTHHM, ONPEeJseMoro Kak m =
= Py x/Px ¥ yCTaHABIMBAIOWIErO0 Ty NPEAELIbHYIO BE&JIMUHHY 3HEPTHH,
KoTopasi MOXeT OHTb NOAOGHHM npeoGpasoBareseM OoTo6paHa y ABH-
KYUIErocs NOTOKA.

HccaenoBanust BeTPOKOJEC PA3JMUHOTO THNA I[OKA3HBAIOT, YTO
BEJIHUYHHEl | CHJBHO 34BHCAT OT KOHCTPYKTHBHHIX OCOOeHHOCTEH H

n -

. 7\/ . T

05 / -

A, e '\‘4\_

y / ™

/I o
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0 17 2 F 4 5y 6 z
Puc. 4.5. 3aBucumoctes koadduuuenta " Puc. 46. Pacnpenenenne cu,
npeoGpasoBaHua 3HePruu BeTPa OT Obl- AeHCTBYIOLIUX Ha  8JeMeHT
cTpoXomHocty pabouux koaec BIY npoduis B noroke [52]

pasauukoro tuna [92].

I — Teoperuueckas KpuBas AN HACaNbHOTO

Kojteca; 2 — MHOTOMIONACTHOE KOJeco; d — Ghl-

CTPOXOAHOE IBYXJONAaCTHoe pafouee KOJeco;
4 — porop Jlapbe

CKopocTell IBUXKEHHS KPHIbeB npeo6Gpasomareneid, Ha puc. 4.5 npu-
BEleHd 34BHCHMOCTb KO3(QUIIEHTOB HCIOJBL3OBAHHSA HEPrUd  AJs
PasaHYHBIX BETPOKOJIEC B 3aBHCHMOCTH OT OGHICTPOXOAHOCTH (OTHOILe-
HHE CKOPOCTH JBHUXKEHHHA KOHLOB KpPELJIBEB K CKOPOCTH IIOTOKA).
BuaHo, 4TO AJA BHICOKOCKOPOCTHHIX TYPOHH 1) NPUOJMKAETCH K Mak-
CHMAaJIbHO BO3MOXKHOMY 3Hauenuio [92].

Eciu Berpokosieco Harpyxaercs KakKHUM-TO YCTPOHCTBOM, HanpH-
Mep 3HeproreHeparopoM, TO CyMMapHOe KOJHYECTBO SHEPIHH, H3BJe-
KaeMOHl M3 NOTOKA OKAa3bIBAETCsT HHXKE TOTO 3HAUEHHSA, KOTOPOE MOXKHO
Ob110 OB BHIYHCJHTDb, HCIOJb30BAB BEJIHYHHY 1) CBOOOAHOIO BETPOKO-
1eca. B sToM cayuae BBoAAT moHsATHE OGOGIIEHHOTO KO3(dUIHEHTa
HCIIONb30BaHUA 3Hepruu notoka u nousrue KIIJ B3Y, yunrwiBalo-
1ero BCe MOTEPH, CBA3aHHLHE ¢ nepefauefl SHEPrUH OT BeTpPOKOJECa
JeKTporeHeparopy (cM., Hanpumep, padory [33]).

Paccmorpum B3auMopeficTBHe NOTOKa H KPHJIOBOrO  npoduas
B Haubosiee npocroM cjayuae njockod nnactuHe [52]. Ilyets u—
CKOPOCTbL [IOTOK& NPH B3aMMOAEHCTBHM € NJIACTHHOH, PacrosoxeH-
HOH NOA YIJIOM K NOTOKY O (B HAeasbHOM ciayyae U = 2[;3 0s, CKO-
pocTH BHIlle— 0 NOTOKY) (puc. 4.6). Ilox pmeficTBueM moOTOKa m0o-
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BEPXHOCTh KPHJIA [IBHKETCA CO CKOPOCTbIO U B HanpPaBJIEHHH, NEPIeH-
OMKYJAspHOM K u. IIpuuem OTHOCHTeJNbHAasds CKOPOCTb BeTpa Ug ONpe-
HeNsAerTcsd KaK BEKTOPHAst PasHOCTb ¥ H U M HMEeT IO OTHOILIEHHIO
K npodumaio HeGoabwiod yroa P, HasmBaeMbfi yraoMm araku. Cumia F,
neficTByiomiass Ha NOBEPXHOCTb KPHIJIA, HMEET [Ba KOMIIOHEHTA:
«NOAbEMHYIO» CHAYy L, NepneHAMKYJAPHYIO K OTHOCHTEJNbHOH CKO-
POCTH Ug, U CHIY «JOGOBOTO CONPOTHBJAEHHA» D, napaJienbHyl Ug.
[Mocmennuss cuja npensitcTBYeT JABHIKEHHIO KPHiJNIa B NOTOKE, PacCeH-
Basi sHeprum B Buxpe. Cuna Xe L ofecneunBaeT aBHXKEHHE KDHLIA.
[Tpodunp Kpelna BHOHPaT TakuM, utoOb  oTHoweHue L/D 610
MakcuMaabHBIM (nopsinka 50—100).

BeeneM noHSTHE [1aBAeHHA OTHOCHTEJbHOLO BeTpa Ha INOBEPX-
HOCTL Kpblaa maowagpio A W uepe3 cocrapiaswomue L u D sanHiem
9TO HLaBJICHHE B BHIE

L= CL pAuR, D=Cp— pAuR, (43)

rae Cp H CD—COOTBeTCTByroume K03dQUIHEHTH NOLbeMHOA CHJH
H JI060BOTO CONMPOTHBJEHHSA. DTH KO3(DPHUHEHTH OOBIUHO ONPEAEIAOT
3KCNEPUMEHTANLHO (OHH H3MEHSIOTCSH ¢ M3MEHEHHeM (GopMbl npoduns
u yraa araku 0). MOXHO pacCcMOTperb IAPYTYI0 mapy CcuJl, TakXe cOo-
CTABJAIOIIMX CHJBl JaBJAEHHST Ha INOBEePXHOCTb Kpbma — Ty u To.
[lepsas us HuUX [JeHCTBYeT B HANPAaBJEHUM BEKTOPa u, a BTOpad —
B HAOPABJEHHH [BHXKEHHA noBepxHocTH. Ecam uepez k& 0603HAUUTH
D[L, to ana 3THX COCTABJAIOUINX MOXKHO NOJYYHTb BbIPAXKEHHA BHAA

T,=Lsind[1 +kctg6];}
T,=LcosO[l —ktgb].

Ilonesnasa MoIHOCTB, coobmiaemasi TypOuHe, paBHA NPOH3BEJCHHIO
Tv, B 10 BpeMs Kak MOHIHOCTb, NepefaBaeMasi B OCEBOM HanpaBJe-
HHH H pacceuBaeMas npoduJeM U 2J€MEHTAMH KOHCTPYKIHH, PaBHA
Tu. OrHoweHne 3THX BEJHYHH Xapakrtepusyer s¢¢exTHUBHOCTL Ma-
UIMHLL, Npeobpasyiomel suepraio serpa. C yueToMm Ttoro, uro v cosf =
== u sin 0, aQpexkTUBHOCTD

(4.4)

v
Too _ 1—ktge 7k
Tuu 14+ Ekctg 1+k_£t_

14

n= (4.5)

I'pacduku, npuseneHHrie HA PHC. 4.5, NOKA3LIBAIOT, UTO AaXe INIPH
spdextuBHOCTH npeoGpazosanua 100 Y%  HocTHKEHHS MAaKCHMAaNb-
HOTO 3HAueHHUs BEJUUMHHE 7] NPOGJEMAaTHYHO, XOTsT OHCTPOXOAHHE
BeTpokoJsieca M NPHOMHIKAIOTCA K 3TOMY I[I0OKa3aremio JOCTaTOYHO
6su3ko0. MHTEpecHo OTMEeTHTb, UTO OGHCTPOXOAHOCTH CHJBHO 3aBHCHT
OT 3amoJIHeHHf IJIomaad BeTpokosec [0 = Lnc/(mi?) pnas oGBIYHOTO
BeTPOKoJIeca ¢ TOPH3OHTAJNBHON OoCbi0 U O == Lnc/(LR) nas BETPOKO-
Jleca ¢ BEePTHKAJbLHOH OCblo H NPAMBIM KpelIoM]. OkasniBaercs, uTo
IJIst caMbiXx OBICTPOXOJHHIX KOJeC OHO MHHUMAJbHO. DTO IOATBEP-
XKJaer rpaduK, NpUBeIeHHHH Ha pHC. 4.7,
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HecKoJbKO c10B 06 OCOGEHHOCTSIX BETPOKOJEC ¢ BePTHKAJbHOI
ocbio. [laTent Ha BIY c BepTHKAIBHO yCTAHOBJICHHBIM BeTPOKOJIECOM
Boilan . lapve B 1931 r.—uepe3 11 jer mnocie TOro, Kaxk usofpe-
Tare/b MPeJJI0XKHA HOBYIO KOHCTPYKUHIO. Eute 40 set npouwio npexpe
YeM TYpOHHA, NMOJYuMBIIAS HMsi H300peTaTesi, NPUBJEKAA BHHMAHHE
paspaboOTUHKOB.

[To cpaBHeHHIO C KPBIIBYATBHIM BeTpOKoJecom porop [apbe obaa-
Aaer onpeje/leHHEIMH NpenMyniecTBaMu [79]:

BepPTHKAa/bHAasi CHMMETPHUS fesaeT ero 0e3PasiHYHHIM K Hampas-
JEHHIO BeTpa, H OTHajgaeT HeoOXOAHMMOCTbL B MeXaHH3Max MOBOPOTA;

CHJIOBOf NIPUBOJ, YCTAHOBKH C TAKHM DOTO-

0‘; POM MOHTHpYeTCs Ha YpPOBHe 3eMJIH;

' fo/ee TEXHOJOTMYHO H OTHOCHTEJNBHO -
47 IIeBO B H3rOTOBJCHHH KPBLIO POTOpPa, UMeEIO-
) uiee IOCTOSAHHHIA HecKpYYeHHHH nNpoguUIb;
05 / KOHCTPYKUHsi pOTOpa 3TOr0 TUNA [NpPHH-

HUNHaJbHO He TpebyeT peryJaHpoOBaHHs I0-
JIOXXeHHS KpPHIIa OTHOCHTEJBbHO HANpaBJeHHA
BeTpa;

ylpasJjeHHe YCTaHOBKOH ¢ TAKHM POTODPOM
NOCTaTOTHO NPOCTO;

p IpOCTd KOHCTPYKIHA OMOPH YCTAHOBKH,
Ho Heab3s He OTMETHTb H HEAOCTATKOB
5::6;41;{7‘):“&";35n‘:1‘3§£  Berpoxosieca Jlapbe NPH CPAaBHEHHH C KPHJIb-
CTH pOTODA H CKOpOCT- HaTBIM BeTPOKOJECOM:
HBIM OTHOWICHMEM pJsi porop Jlapbe oTiauyaeTcst OoJiee HH3KHAM
pasmpuubix TumoB Ber- - TEOPeTHUeCKHM KO3hduIUeHTOM mnpeo6paso-
pokoJec [92] BAHHsi SHEPTHH BETPOBOrO IOTOKA;

OH NpPaKTHYeCKH He HMeeT COGCTBEHHOTO

MycKOBOTO MOMeHTa (H3-3a CHMMeTpPHH npoduseli) u TpeGyer nOnoJ-
HHUTEJLHOTO 3aNyCKAalolero NpHBOAA;

3anOJIHeHHe NJOCKOCTH POTOPa KaK MpPaBuUJIO BHINE, YEM Y CKOPO-
CTHHIX BHICOKOOOODOTHLIX BETPOKOJIEC H, CJAE0BATEJBHO, Ha H3rOTOB-
JIeHHe KpBlia HjieT GoJblie MaTepHaJsos;

poropy [apee npucyiiu KoseGanuus BpamaTeAbHOro MOMEHTa, CBf-
BaHHBIE C PA3JAHYHEM B NOJOXKeHHH IPOPuiel 110 OTHONIEHHIO K BeTPY.

HanGosnee cepbe3HHi HemOCTATOK cpeAHd MepeyHCIeHHBIX — He0l-
- XOAHMOCTb BHENIHEer0 MCTOUHHKA 3HEPTHH AJs 3anycka BIY ¢ poro-
pom [Hapbe. ITonHTKH COBMECTHTL TAKOH POTOpP C PASMHYHHIMH «IIyC-
KOBBIMH» BeTDOJABHraTe/siMH OKa3aJUCb Hed(d(eKTHBHHIMU, TaK KakK
paborawomue npu 6ojdee HHU3KHX CKOPOCTHBIX OTHOINEHHAX IIYCKOBHIE
BeTPOABUraTesn (ana portopa Jlapbe 2=5-6) npH BHXOAE Ha pe-
UM OCHOBHOTO HAUHMHAIOT OKa3HBaTh TOpMo3siulee aefictsue. He-
NOJb30BaHHE K€ CHCTeM dBTOMATHYECKOro OTKJIIOUeHHS nycKaresel
3HAYUTEJIBHO VCIOKHSACT KOHCTPYKI{HIO. Bornpoc CPaBHHTENBHO MPOCTO
pemaercs 3a cueT NPHMEHEHHS 3JeKTPOMAIIHH, CHNOCOOHBIX PaboTaTh
B DexMMax ABUTaTeJg — FeHepaTopa MNpu pabore BOY B aHeprocu-
creMaX. OJHHOUHBIe JKe YCTaHOBKH BCerja TPeOylOT CleuHabHbIX
TYCKOBHX YCTPOHCTB.
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Ha puc. 4.8 nokasaHs XapakTepHbe and potropa [lapbe 3aBHCH-
MOCTH BpaulaTeJbHOr0 MOMEHTa OT yrja NoBOpOTa H KOS(b(bI/IU.I:IeHTa
MOIIHOCTH OT CKOPOCTHOrO OTHOWIieHHst. BuAHO, 4TO Bpamaomui MO-
MEHT POTOpa HE TOCTOsiHeH H Ha HAauajbHOM yuyacTKe npuoOperaer
Jaxke oTpHIATeNbHOe 3HaueHue. OTpHUIATe/bHOE 3HAYeHHE NPHHHMaET
W BeJWYHHA 1 YRAJEHHOro MO NOToKy npoduas. [das yMeHbIIEHHSA
myJbcaluii MCIOJB30BAIOCh, HAUPUMEp, YBeJHUCHHe YHCHAA JIONAacTeH,
OIHAKO 5TO NPHUBOAMJIO K CHHXKEHHIO ObBICTPOXOAHOCTH BCJEACTBHE
yBeJHUEHHS 3aNOJHeHHst IJIOCKOCTH poTOpa. OPHIHHANBHO B 3TOM
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Puc. 4.8. TumuuHble XapakTepUCTHKH poTopa Tuma Jlapbe ¢ KOJbUEBHIM
KPbIIOM: G — M3MeHeHHe BpPAUIAOIIEr0 MOMEHTA B 32aBHCHMOCTH OT yria
noBOpOTa; 6 — 3aBUCHMOCTh KoabduuueHTa MOWHOCTH OT CKOPOCTHOIO
OTHOWIEHUE 1)y =11 +1 A€ cJaraeMble — COOTBeTCTBYIOLLHe Ko3adduum-

eHTBbl MOIHOCTH HepeaHero (Mo noToKy) u 3aaHero mpoduJeit

CMHICJIE TEXHHUYECKOe pelieHHe, paspaboraHHoe B uHcTHTyTe ['mapo-
npoekr (cM. pHuc. 4.1). IIpaMoxpuaHil poTOp KakK OH paspesaH Ha
JIB€ DaBHble YaCTH FOPU3OHTAJBHON TJOCKOCTBbIO M YacTH 3TH Pa3Bep-
HyTH Ha 90° npyr orTHOcuTeabHO Apyra. IIpH TOM e 3anOJHeHHH
IJIOCKOCTH YAAJOCh CYHIECTBEHHO CHH3HTL KoJeGaHHs MOMeHTa Ha
Basay BIV.

Tlpu pazpaGoTke POTOPOB ¢ MPAMBIM KPHIOM BaxKHO TO 00CTOSA-
TeJbLCTBO, UTO H3rubamoniue YCUJAMA [Js HX KpPblja BHINE, 4eM JJIs
O-o6pasnoro Kpuuaa. [TosroMy npHu BHGOpPe PasMePOB YCTAHOBOK Ke-
J4aTe/MbHO AOGHTbLCA TAKOTO COOTHONIGHHST MEXKAY MOJEJAAMH H HaTy-
poH, npu KOTOPOM H3THGaMOUIMe YCHAHS B KPHJbAX OCTABAaJHChL OHI
tensMenubiMi. OKaswiBaeTcst, €c/lH JONYCTHTb, YTO CKOPOCTb [BHXKe-
HHA Kpblja A0JKHa ObiTh (PYHKIIHEH OT CKOPOCTH NOTOKa B COOTBET-
CTBHH C ONPeJeNeHHHM CKOPOCTHHIM COOTHOIIGHHEM, a NOrPaHUUHHIA
CJI0H H3MeHSeTCst ¢ YBeJuYeHHeM Da3MepOB JHHEHHO, TO YKasaHHOE
COOTHOIIeHHe TIOJAYYaeTcst NPU JUHeHHOM H3MeHeHHH pas3MepoB. B ka-
HeCTBe XaPaxkTePHOTO pas3Mepa NPH MOJEJHPOBAHHHM B T4KOM cayuae
BHOHpAioT ANMUHY Kpbla L u TOrma Bce xapakTepHBle KOHCTPYKTHB-
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Hble TapaMeTPhl OKa3plBAIOTCHA NPONOPUHOHAJIBHHMHU KaKOH-TO onpe-
BeJICHHOH cTeneHu L:

MoMeNT HHePUHH OTHOCHTENIBHO LeHTPa XOpAW . . L*
Macca KPBIZ . v v v v v v v e e e e . . EB
LenTpoGexuoe YCKOPeHHE . . o o o & o o . . . . L1
IMoaveMuas cwra . . . . . . v v v v v v ... I2
MaxcuMabHBIA H3rHGAlOUHA MOMEHT o . . . . . . L8
HsruGatomee yemmme . . . . . . . ... . ... 1

PaBencTBO efuHuIe H3THGAOILEr0 YCHJINSl — CAeACTBHE TOrO, YTO
10 OIpe/le/IEHHI0 OHO PABHO YaCTHOMY OT JAeJIeHHs [POU3BEIeHHS MaK-
CUMAJLHOTO MOMENTa Ha JJIMHY Kpbl1a Ha MOMEHT HHepuuu [79].

§ 4.4. BetpoBble ycTaHOBKM B OTKPLITOM Mope

BriHeceHne BeTPOBLIX 3JIEKTPOCTAHIUI B OTKPHITOE MOpe cuHra-
eTCsl 32 PYOeXoM Cefiuac OAHUM H3 UEPCHEKTHBHBIX HampaBieHHil
BETPOSHEPreTHKH. DTO CBS3aHO 1O KpaiiHell Mepe € TpeMs NpHUH-
HaMmH. IlepBas — BO3MOMKHOCTD NOMYYeHHS GOJBLIMX, YeM HA cylle,
YAenbHbIX MOUIHOCTeH ¢ 1 m? nJomand, oMeraemoii paGoOuHM KOJe-
COM, BCJIEACTBHE TOTO, Y4TO [O MeEPe yiajleHus OT NOOepembsi Cpen-
HH€ TOLOBBIE CKODOCTH BETPOB yBeNHuMBAIOTCH. Tak, yjajeHHe OT
Gepera na 40 KM jgaeT npupamesue ckopoctH Ha 20—25 9, uTo IpH
Tex e pasmMepax TYpOHMH [03BOJISET YBeAHUHTb CPEIHErOL0BYIO BEHI-
PaGOTKY 3JIeKTPOSHEPrHH NHOUTH B 2 pasa. ITO yBeJHUCHHe B CKOpo-
cti oCHapyxkusaeTcs Ha Bbicore 10 m 100 M OT Mopckoii noBepx-
HoctH [88]. Ilpuunna yBenuueHus — CylmecTBeHHOE CHHKEHHE TPEeHHS
O BOJHYIO MOBEPXHOCTb [0 CPAaBHEHHIO C TPeHHEM O [OBEPXHOCTD
Cylln H yMeHbleHIle NOrPAaHMYHOIO CJOs, B KOTOPOM 23TO TpeHHe
HPOABJAETCA, C JE€CATKOB METPOB NPHMEDHO Ha NOPsAAOK. B 006-
sope [8] ecth cchlika HA OLEHKH, CONIACHO KOTOPLIM SHEPIHS BETPO-
BOro MOTOKa Haj NPHOPEXKHBIMU BOJAMH IIHPHHOMA B 5,5 KM NPUMEPHO
BIBoe OoJblue, yeM HaJ NPUOPEKHBIM y4aCTKOM CYIIH TOH Ke IUH-
punbl. TaKoe JioKa/bHOE YBe/HUEHHE SHEPTMH MOMKET OODBICHITHCH,
HanpuMmep, CUJIbHBIMH HEPOBHOCTAMH NOGepekbs. 31ecCh Ke He0OXO-
AUMO OTMETHTb, YTO JHeTaJbHO B IHEPreTHYeCKOM MJaHe BeTpbl Haj,
MOpeM elle He HUCCeN0BaHbBI, U ecH JIJs BeTpa Hajl CylueH Mbl 3HaeM,
HanpuMep, 3aKOH M3MEHEHHUS ¢ BBICOTOH (CTENEeHHOH 3aKOH C MOKasa-
TesieM npuMepHo 0,143), To 15 BeTpa Haj MOpeM TaKOH 4eTKoH 3a-
BHCHMOCTH NOKa HeT. Bce nojiyueHHble K HaCTOSIIIEMY BPEeMeHH AaH-
Hble 0a3UPYIOTCA Ha H3MePeHHsiX, NPOBOAMBIUUXCSH B PasHOe BpeMs
C CymoB, W GoJiee CHCTEMATHUECKHX HAOJIOLEHHSX, KOTOPHE MPOBO-
ISITCS JIRIIb B HECKOJBKUX TOUKAX MJAHETHI.

Bropas npuuMHa — gepHUMT 3eMenb, KOTOpHEe TpefyeTcsi OTBO-
AUTb 101 MOINHble (nopsaxa u Gosee 100 MBr) B2C na cyme. Bnpo-
yeMm, QHIVIMHCKWE CHeNUaJuCThi, HATNPUMEP, NOACUUTANH, YTO 3EMJH
HEKOTOPBIX MaJiopeHTabesJbHbIX (epM [OPa3fo BLIMOAHEE 3aHATb BeT:
pPO3HEPreTHUECKUMH YCTAHOBKAMH, YeM BbipalluBaTh HAa HHUX 3epHO-
Bble KYJbTYpHL
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Tperbs mpHuMHA — BO3MOXKHOCTb ¢ IoMollblo BIY obecneunBaTsh
3JeKTPOCcHaOkKeHHe yHaJeHHBX OT [o0epebs IPOMBIICHHbBIX
(B TOM uHCJe HCKYCCTBEHHBIX) OCTPOBOB H JOOBIBAIOIMX MJAATHOPM.
Kcratn rosops, muorue us miargopm CesepHoro mopsi yxe 060pyAO-
BaHbl BeTPOreHepPaTOPaMH, MO3BOJIAIIIHUME CYIIECTBEHHO 3KOHOMHTDb
Ha JocTaBke MoTopHOro roisuBa. CHa6KeHHe NPOMBIIIIEHHBIX OCTPO-
BOB 5HeprHeil OT NOZOGHBIX aBTOHOMHBIX HCTOUHMKOB H30aBJser,
B YaCTHOCTH, HeTPaIMIHOHHYIO SHEPreTHKY OT HEOOXOAMMOCTH Inepe-
Jaux 3/eKTPOIHePIrUH Ha OGOJbLIME PACCTOSHHS, YTO BeleT K CYIIecT-
BEHHOMY VJIOPOKAHHIO CTOMMOCTH CTDOHMTENbCTBA M IKCIJIyaTalHH
3JIEKTPOCTaHL K.

BrieleHde OKeaHCKON BeTpPO3HEPreTHKH B CaMOCTOSITENBbHYH OT-
pacib KaxeTcs HeCKOJbKO ycaoBHbIM. OJHAKO 3TO He TaK: OKeaHCKOH
BETpOSHEPTeTHKe CBOHACTBEHHBI CBOH OCOGEHHBIE TeXHWUeCKHe MpOG-
JeMbl M BO3MOXKHOCTH pelleHHs TaKHX 3ajay, «CyXomyTHas» [ocTa-
HOBKa KOTODBIX TPOCTO HEBO3MOXKHa. 3JeCb, TaK ke Kak H Ha CylIe,
MOTYT HCNOJb30BaTLCS PAKTHUECKHM Bce BHAbl Pa3pabOTaHHbIX K Ha-
CTOSIIEMY BpeMeHH Npeo6pasoBaTesell SHePIHH — BETPOBBIX TYPOHH.
Tak e Kak H Ha Ccyule, BHIOOpD TuIa TYpOHMHBI ONpejeNsercs B OC-
HOBHOM 3KOHOMHHUECKHMH COOODaKeHHSMH, OAHAKO OOJbIIYIO pPOJb
HAYMHAIOT WrpaTh TAKHe TEXHIYeCKHe MOMEHTH, Kak KCI/IyaTaiuOH-
Has HaJeXKHOCTb, KOPPO3HOHHASl CTOHKOCTb, MHHHMAaJbHbII ypOBeHb
BUOGpanuil, nepenaBaeMelx (QyHIaMeHTy, H MHHHMaJbHBIH ONPOKHIbI-
BAOIUH MOMeHT. Ilociegune ¢akTOpH 0COGeHHO BaxkHB a1 BIC,
pasMeilaeMHX Ha [JNYGOKOBOAHBIX CTANMOHAPHBIX naaTdopmax, Tie
¥3-32 CO3[AIOIIUX YCTaJOCTHble HANPsKEHHS 3HAKOMEePEeMEHHbIX Ha-
TPY30K BO3MOXKHH aBapHH C TSMKeJbIMH NOCAeACTBHSIMH. JlOCTaTOYHO
BCHOMHUTH aBapuio maardopmer «A. Kunanx» («A. Kielland») B Ce-
BEPHOM MOpe, NPOU3OMEJYI0, [HO MHEHHIO CIEIHaJHCTOB, H3-32
HanpsKeHHH, NPHYHHOA KOTOPHIX Oblna BHOPAWusi CBOEBPEMEHHO
He JIeMOHTHDOBaHHON OypoBOH BbIKM (maTdopMa HCHOAb30BAJNAaCh
B KauecTBe TOCTHHHIH). OUPOKHALIBAIOLIME MOMEHTbl H HapyCHOCTb
OueHbL BaxKHbl [JIsl pacyera CHCTeM YIepxKaHHs, ecJd 3JeKTPOCTaH-
ilHs pasMeniaercsl Ha [1aByYHX OCHOBaHHSIX.

Ipu paspaGorke gocraTouno Moutbix (100 kBt u 6omee) OBIC
fipeAioUTeHHe MOXKHO OTHATb, B HAaCTHOCTH, 6e36allleHHBIM OBICTPO-
XonHbiM Typ6uHaMm Jlapbe, OXHHM K3 BaxKHbIX OT/IHYHTENLHBIX Ka-
4ecTB KOTOPHIX SIBJSETCS HE3aBUCHMOCTb OT HanpaBJ/eHHSA Berpa.
BupoueM, B JHTepaType HMeeTcsi cooblieHHe O PaspaboTKe H HCHbI-
TaHUM B OTKPLITOM MoOpe H OJHOJONACTHOH TYpOuHbI, BTyJKa KOTO-
poii pacmosokeHa Ha ypoBHE OCHOBAHHMS, a OCb BpalleHHs HAK/JIOHEHA
mox, yiiiom 50° [8]. Vike HCHBITHIBaeTcs MPOTOTHI TaKOH TypOHHBI
MOINHOCTBIO 250 KBT, uMeromull JonacTh AJAHHOR 25 M, HAKJIOHEHHYIO
X OCH noj yriaoM 45°, Tax 4TO NpH JABHXKEHHH OHA ONUCHIBAET KOHH-
YecKyI0 NOBEPXHOCTb, JLsi YCTaHOBKH Ha noGepexbe OOJblle BCEro
B HacTosllllee BpeMsi OoTpabarbiBaercsl OBICTPOXOAHBLIX KPblIbYaThIX
Typ6un. B 1982 r. B mupe Yyke peiicTBoBajo BIY MOUIHOCTbIO
100 kBt u BHIe CYMMapHOH YCTAHOBJEHHOH MOIIHOCTBHIO OKOJO
40 MBr; u3 Hux 32 Kpuupuatoro Tuna u 8 Japwe. Ilects ycra-
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HOBOK MomHocTbio Bhime 2000 kBt umenu CIHA, ase — IIsenus, mo
onnofi lanua u ®@PI. Ha gomo sTHx cTaHumMii OPHXOAMIOCH OKOJO
75 % Bcefl MomHOCTH AelicTByomux BIY.

M3yuenne BO3MOXKHOCTH KPYyMHOMACIITAGHOTO MOJYUEHHS 3JEKTDPO-
SHepPruH Ha yjxajneHud oT Oepera ¢ nomombio BIY semercs s Illse-
uuu, ®PT, Benuko6puranun, Hupepnangax, CIIA. OcHoBHoe BHH-
MaHHe ylensiercss pa3paboTKe KOHCTPYKuMH Oamen (omop), BBIGOPY
THIOB OCHOBAHUH, SKOPHBIX cHCTeM (peub HIeT O rJayGuHax Jo
450 M), ompejle/eHHI0 B3aHMHOrO BJUsIHHsI TYpGHH, IpoGaemam mepe-
nauyun SHEpPruM npu paboTe cHCTeMBl U3 HecKoJbkux BIY. B sbimos-
HeHHOM MexXIyHapoAHbIM 3HEpPreTHUECKHM areHTCTBOM 0630pe [88]
yKasnBaeTcs,, 4r0 MO CPABHEHHIO C CYXONYTHHMH TpeINOYTHTEJbHEL
GoJlee KpynmHble OKEaHCKHE CTAHIHMH H3-33 BLICOKHX OTHOCHTEJbHBHIX
TPAHCHOPTHHIX PAcXON0OB LPH YCTAHOBKe, IPUYEM JJs eIUHHUYHHX
O0KOB yKashbiBaeTcsl ONTHMaJbHasi MomuocTb 5 MBT. Ocobbie Tpe-
GoBaHHA BHIABHIAIOTCS NPH BHIGOPE MaTepuasoB KPHIIbEB H APYLHX
OTKPHITBIX 3/€MEHTOB, NOJABEP:KEHHHX BO3IelcTBHIO cpelbl. Jlas
TPAaHCHOPTHPOBKH SHEPTHM Ha Oeper NOPHMEHSIOT 3JIeKTPHUECKHH Ka-
Oeab (B mepBbIX NIpOeKTaX MNpeinosaragach BhpaboTKa BOZOpOia H
ero TpaHcnopTHpoBKa Ha Oeper mo TpyGonposogam).

Ojgna u3 cyulecTBeHHBIX OCOGEHHOCTeH BeTPOIHEPreTHKH — Heos-
XOJIMMOCTb TeM HJIH MHBIM CIOCOGOM KOMIEHCHPOBATb HECTaGH/JIbHOCTb
serpa. B objactn moarocpouHoro mporHos3a BeTPOBOH  0GCTaHOBKH
BCe CKJajablBaeTcs Oosee /M MeHee ypauHo (CM., Hampumep,
puc. 1.9). OcHOBHyIO Ke TPYZHOCTb HPEICTABJSET KPAaTKOCPOUHOE
POrHO3UPOBAHUE BeTPa, CKOPOCTb KOTOPOrO ONHCHIBAGTCS BCera
cayyalinodl ¢yHkuueit BpeMenu. M3-3a aroro Berep He MOMKeT ObITb
€IMHCTBEHHHIM HCTOUYHHKOM 3Heprud. B cayuae paborn B3V B enu-
HOJI sHeprocucreMe KoseOaHHST MOIIHOCTH KOMIEHCHDPYIOTCS 3a CUeT
apyrux Hcrounukos (B3C 4+ I'2C; BIC + TAC u mp.). B cayuae
aBTOHOMHBIX YCTAHOBOK HX IPUXOAHTCS OOBEIUHSATb JUGO € APYrHMH
npeoOpasoBaTesqsiMH BO30OHOBJAsseMHIX pecypcoB  (B2VY - soaHosoit
npeo6pasoBaresb, HanpuMep), nAub0 ¢ TpaJHLUOHHBIM HCTOUHHKOM Ha
KHJKOM Tomsiuse. JIpyroil BapuaHT — YCTaHOBKAa aKKyMYJsTOpa 3Hep-
THH, 3apsAXKaomnerocs 3a cueT H30bITKa BhlpaGaThiBaeMOH MOUIHOCTH.
910 06CTOATENBCTBO — 0O61ast TPYZHOCTh B 3IKCIJIyaTalMd aBTOHOM-
abix BOY B MOPCKHX M CYXONYTHHX VCJAOBHAX BAAJH OT cTaOHJbHHIX,
He 3aBHCAMIMX OT TPUPOLHBIX YCJOBHI HCTOUHHKOB SHEPTHH.

C HecTaGHJIbHOCTBIO BeTpa cBsidaHa H gpyrasi ocoGeHHOCTh BIAY —
HeoOXOMUMOCTh peryJupoBaHusi B npomecce paborbl. Llesb peryuu-
posanus — ofecrneunTb HOPMaJbHBIH pexHM paboTH reHepatopa. Pe-
TYyJHPOBAHHE YaCTOThl BbLIXOJZHOrO HANpPSKEHHs OCYLIECTBJSIOT He-
CKOJIbKUMHU crioco6aMu. OCHOBHBIE — DPeryJHpoBaHHe CKOPOCTH Bpaiile-
Hust TypOMHB 3a cueT yIvia [OCTAHOBKH Jomnactell, Ju6o Hcrnoab3o-
BaHHE DPEIYKTOPOB € BapHaTOpaMH CKOPOCTeH H NpPHUMeHeHHe 9JeK-
TPOHHHIX CXeM [J5 yupasJjeHUs YaCTOTOH BBIXOIHOTO HATPSKEHHUS.
B nocnexnem cayyae TypOuHa NPHBOAMT B JAefCTBHE reHepaTop MO-
CTOSIHHOI'O TOKa, a 3aTeM [OCTOsIHHOe HallpsizKeHHe npeobGpasyerca
B [epeMEeHHBIH TOK NPOMHIJIeHHON 4yacToThl. Pa3paboran pesblii psx
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PasJIHUHBIX YCTPOHCTB [Js 3TOH LesH; OoJee NMOAPOGHO OHM ONHCAHH,
Hanpumep, B KHurax {7, 33].

Ilnanb sHepreTHueckux KoMmnaHu# npuOpexueslx mratos CIIA,
OCHOBAaHHble Ha MOJOXKHTEJHHOM ONBITE 3KCIJIyaTaiuH B dHEpProcucre-
Max KakK eduHHUHBIX B3Y wmomHocTbhio 1o 2,5 MBT, Tak U neppoit
rpynnsl u3 Tpex BAY wmomuoctero 7,5 MBT, cBfI3aHb C LIKPOKUM
BHEeJpEHHeM BETPOBBIX 3JEKTPOCTAHHMH B TNPAKTHKY sHepreTHkH. Ha-
apumep, «Cayren KaaudopHua DIMCOH KOMOAHHH» NJaHUPYET yXKe
& 1990 r. mosectu cymmapHyw MOmHOCTb rpynnsl B9V no 350 MBr,
«[aBaiian siekTpuk komnanu» — g0 80 MBrT, «llacupux ras» — no
92 MBr. [lpaszna, nocaennsis KOMOAHUS OPHEHTHPYeTCsl He Ha Mera-
BaTHble [MIAHTHl, 4 HA YCTAHOBKH C €IMHHUYHOH MOINHOCTbIO 1O
100 kBr, Takue ycraHoBKM KaxyTcs Oosiee HajgeXKHbIMH C 3KCHJyaTa-
UHOHHON TOuKM 3peHusi. OfHAKO, KOMIAaHHH — HPOH3BOJIHTEIH BeTPO-
reHepaTopoB MPONOMKAIOT HApaliUBaTh eAHHHYHBIE MOmHOCTH. Co00-
waercs, nanpumep, uro 8 CHIA npoxonxaercs pabora Hal yCTaHOB-
Kol MomuocTbhio 6,2 MBT (MOD = 5A) c BeTpoKoJecoM [IHaMeTpoM
122 M.

B [lpeiun, sHepreTHKa KOTOPOI OCHOBaHA, B OCHOBHOM, Ha HM-
gopTupyeMbix Hedrenponykrax (xo 70 Y suepronorpelieHHs] HOKPbI-
Baercsl 3a cueT IPUBO3HOI HedTH), OYEHb Cepbe3HO pacCMaTpHBa-
eTCsl BONPOC O CO3JZaHHM 3HeprocucTeMel, B Kotopoit mo 4000 MBr
6yxeT BhIpabGaThIBATbCS € TOMOINLIO BeTpOoycTaHoBoK. KpymnHble arpe-
raThl 0O 5TOMY NPOEKTY MOIYT ObITb pa3MelleHbl B ABYX HPHUMOPCKHX
pafioHax cTpaHbl, yAaJeHHHX Ipyr oT apyra Ha 500 kM. Tem caMmbim,
fnyTeM KOMHEHCAILMH KoJeGaHHH CKOPOCTH BeTpa, MOXKHO MOBBICHTD
HAaZeKHOCTL paboThl sHeprocucreMbl B mesoMm. IInKoBble MOIHOCTH H
KoMIeHcanuw KoseGauuii spipabGaToiBaeMol BIY snexTposHeprud
BO3bMYT Ha cebsl THAPO3JEKTPOCTAHIMY, PAa3BUTAsl CeThb KOTOPHIX yiKe
fIOCTPOEHA, W AaTOMHBIE CTAHIIHH, MOIIHOCTL KOTOPBIX MHPH HaJIHYUH
B8 cucreMe BIY okakeTcs BO3MOXKHBIM 3HAUHTe/bHO CHH3HTb. Ha ce-
sepHoM nobepexkbe Dasaruiickoro mops, B r. Tpeasnebopr, yxe nocras-
JieHa Ha NPOMBIILJIEHHbIe HCHHITaHHS OAHA M3 KpynHeiimux B Eppomne
ycranoBka MollHOCTbi0 3 MBT. Ee typ6una maccoit 175 T ycranos-
Jeda Ha Gamxe Bhicotoli 81 M. J[luamason pabouHx CKOpOCTeH
perpa—oT 6 mo 21 m/c. Ha o. T'otnang B Baatufickom mope uayr
YCOBITAHUA APYrOf CTAHIUM, OCHAINEHHOH 2-J0MacTHOi TypOHHOH
MoIHoCThI0 2 MBT.

B Jlauuu n/s HCCAeIOBAHUS TEXHUUECKHX H 3KOHOMHYECKHX CTO-
POH mpo6JeMBl CO3JaHKHS HALHOHAJbHON BETPOIHEPreTHKH YyKe IMo-
crpoenn jase BIY wmomuocteio 630 kBT Kampuas. OHH OCHAleHBl
TPEXJIONACTHEIMH BeTpokosecaMu guamerpoM 40 M, ycTaHOBJEHHBIMH
ga Boicote 45 M. Pacuernasi ckopocTb BeTpa npuusita 13 M/c npu
MHUHUMAaJbHON 6 M MakcumasapHOH paGoueft 25 wmfc. CraHnuu cuab-
KEeHbl CHCTEMOH 0CTaHOBa, BLIBOUSIIEH JIONACTH H3 n060ro pabouero
nojoxkeHus B Hepabouee 3a 15 ¢ ¢ yactoroll 1o 3 pas B uyac. 'enepa-
TOp CTAHIUH, PAa3MEIIeHHBHH B MOBOPOTHOH IOJOBKE, 6-KHJIOBOJDBTHBIM
KabejeM CBsI3aH C  BBHIKJOUATEIeM, HaxXOISUUMCs B  OCHOBAHHH
Gawny, npuueM THOKHA Kabeab HMeeT BO3MOXKHOCTb CKPYUYHBAaThCA
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Ha 2,5 o6opora. BepOsiTHO, OT YCHEIIHOTO HCHILITAHHS 3THX TeHepa-
TOPOB 3aBHCUT IPHUHSITHE PENICHHS O YaCTHYHOM NEepeBOJe Ha BeTPO-
SHepreTHUeCKoe cHalbKeHue psina OPUMOPCKHX roponoB. CyliecTByerT,
Hanpumep, NPOEKT yCTaHOBKM 150 arperatoB B paiioHe noGepebs
OyxThl ropofa J6eabTOPT U Ha ocTpoBKe XbedbM. DTH arperathl 6Y-
AyT BbIpaGaThiBaTh OKOJO 36 MJIH. KBT-u 5JIeKTPOSHEPTHH B IOA H NO-
KpuBath 10 70 % norpeGHocreli roposa B sHepruu. [Ipexnosaraercs,
4TO 3aTPAThl HA COOPY:KEHHE CHCTeMbl MOI'YT OKYNHTBCS MEeHee UeM
3a 20 ser. [laTckMe CHENHAJHUCTH CUHTAIOT, YTO ykKe B OJHxKalimee
Bpems 10 10 % mnorpeGHOCTefi CTpPaHB MOIYT VIOBJIETBOPSITHCS 3a
cueT BerposHepreTuku. O6CyxKaaeTcss BO3MOKHOCTb CO3LAHHS [[€JIOT0
KommjeKkca miasyunx BIY y nobepexbs noayocrpoea IOTiannug,
oMEBaeMoro sogaMu CeBepHOro MOpsi, H3BECTHOIO CBOMMH [IOCTOSIHHO
LYIOIIUMH BeTpaMi.

C 1978 r. skcmayarupyercss BIC «Tsunmg» momuoctbio 2 MBr,
HMeIoIasi TPEexXJIONacTHOe BeTPOKOoJecO auamerpoM 54 M, yCTaHOB-
JeHHOe Ha UWJIHHAPHUeCKOH OeTOHHOIl OamiHe BHCOTOH 53 M. Berpo-
KOJIeCO HaxXOZUTCs 3a OHODPOJ, a IJS TOro, uroObl CHU3UTb BJHSHHE
famHy Ha BeTPOBOfi NIOTOK BEPXHSS ee CeKIHUsl CAeJaHA MeHbIIero
puaMerpa [8].

s OKeaHcKO#l 5HepreTHKH OOJBIIOH HHTEpeC HMEIT YCTaHOBKH,
paboratomue Ha mjgaBy. OJUH U3 TEPBHIX HPOEKTOB TAKOIO pOaa —
npensioxeHue npodeccopa Maccauycerckoro ynusepcurera Y. XepoH-
HuMaca ycranosuth B 80 kKM or noGepesxkbs CIHA Ha naasyuux ocHo-
Banuax 80 B2Y c nmamerpom Kojeca 46 M, T.e. MOIIHOCTBIO 1—
2 MBT Kaxjas, U HCHOJIB30BAThb HUX SHEPTHIO 1JIsi IOJYYeHHS BOJO-
poza u Kucjaopoja.

HauGosnbmux ycnexoB B co3manun miasyyux BOY  pocrnraa
K HacrosumeMy Bpemenn ®PI. PaGorn BeayTcs B HeCKOJIBKHX — Ha-
fipasienusax. B 1981 r. B6ausu I'amBypra memMoHCTpPUPOBAJIach OMBIT-
Has nnasyvas BOC (cm. cxemy puc. 4.3, ¢) momuocteio 250 kBT, ye-
TaHOBJIEHHAsI HA cyaHe BopousMemleHueM 160 1. Typ6una u renepatop
3JIeKTPOCTAHIMH CMOHTHPOBAaHbL NpPAMO Ha nanybe. Baa typGuHH
pacnosoxkeH noj yraom 55° K TOPH30OHTY, a [Be JIONACTH TypOUHH,
HMemolile OJUHAKOBYIO MacCy, HO pasjHUHYIO [JHHY, BPauanoTcs
BOKPYI' HEro, ONHCHBAs KOHHUeCKY NOBepxHocTh. OpHeHTaUus ycra-
HOBKHM II0 BeTPYy OCYUIECTBJseTcsl aBTOMAaTHUeCKUM pa3BOpOTOM ca-
MOT'O CyJHA, YCTAHOBJICHHOI'O HAa AKOPAX M CBFA3AHHOIO € GeperoBbIMH
noTpebuTeNAMH KabeseM, NPOJOXKEHHHIM 0[O AHY Mops. B craguu
pa3paboTKH HaXOAUTCS [BYXJIONACTHAS CTAHNUs TAaKOrO 3Ke THNA
MOmHOCTEIO 7 MBT gas  ycraHoBru Ha cyaHe gauHOH 80—90 M.
O pasmepax yCTAaHOBKM MOMKHO CYAHTh IO ee JIONACTSM, KOTOpBIE
JOJKHBL MMeTb Maccy no 60 T kKaxpas u aauny 120 u 60 m. Ilpu
YCHJIEHHH BETpa X0 CKOPOCTH 24 M/C KOPOTKas JIONacTb — IPOTHBO-
Bec— OyeT YCTAHABIMBAThCS BEPTHKANbHO, a MJHHHAS — FOPH3OH-
' TaJbHO BJOJb nasdyGbi. CTOUMOCTL BhHIpaGaThiBAeMOH SHEPrHH OmeHH-
Baercs B 10 nd./kBr-u.

B IlIsenun paspaGarbiBaercsi npoekT mopckoit BC wmomuocThio
6,5—14 MBT u3 HecKOJbKHX arperaros, pasMellleHHbIX Ha IJIOLIAAH
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3300 xm2. Tawm Xe BHIIOJNHEHa 3CKu3Has npopabotka BIY «Iloceii-
nou» momHocThio 20 MBr ¢ asyxJaonactabiM poropom Jlapbe nuamer-
pom 180 M u maccoii 3500 . Co3naHHIO 5TOM YyCTAHOBKH JOJXKHO Oy-
JleT TpeAIlecTBOBATh CO3JaHHe HPOTOTHNA MomHocTbio 2 MBT c nua-
- MeTpoM poropa okoJo 60 m [8]. MHTepecHBl OueHKH 3apy0eKHBIX
CMelHaJHCTOB [0 CTPYKTYPe CTOMMOCTH TakKHX CTAHLHUH: paCcCUHTaHO,
yTo cTouMocTh BV 6ymer cocrasasTb okoso 54 %, a croumMocTh OcC-
HoBaHui — npumepuno 36 Y% obmeli croumoctn BIC, ocraabHoe, Be-
POSITHO, 6yAeT HIPUXOAUTLCS HA CHCTEMY TPAHCHOPTHPOBAHUS SHEPIHH.

Hast npubpexublx paiionos Humepsiannoe cpenaHnble no pesysabra-
TaM TOYTH NATHJIETHUX HaGJMofeHHH pacueTH [0OKasbiBaioT, 4TO BO
MHOTHX MeCTax CpeIHerofoBble CKOPOCTH BeTpa COCTaBJAT §5,5—
7,4 wj/c. B rtakux yciaosusx BIY, nomo6ras cranuus <«[ popunau-1»
(®PI'), obecneunr BHPaGOTKY exerofHo ot 9 mo 13 maH. kBr-u.
TloacuuraHo, 4To AJisI HOJyUeHHs] 3a CueT sHepruu serpa 159 o6-
1Iero TPOHM3BOJACTBA 3JEKTPOIHEPrud HeOoGXOZMMO YCTAHOBMTL Ha IO-
Gepexxbe He MeHee 900 Takux craHoui. Paboras B eIMHOH CeTH
€ TENJIOBBIMH cTaHnusAMH, BIY mo3poasr o6ecneydTh CYIIECTBEHHYIO
9KOHOMHIO TOIVIUBA U OGyIyT HMeTb BajyKHOe 3HAUGHHME [Js 3Hepre-
THKH CTPaHbl B I[€JIOM.

B BeaukoGputraHuu BeTep CYHTAIOT HauOo/ee BepOATHHIM HCTOY-
HEKOM BO30GHOBJSEMON sHeprud Hepasgekoro Gynymero. Ha Opknefi-
CKHX OCTpPOBAaX, OMbIBaeMbIX ¢ 3amnaja ATJaHTHUeCKHM OKeaHOM,'
a ¢ BocToKa — CeBepHBIM MOpeM, yXKe [IOCTpOeHa ONBITHAs CTaHIHA
mMomHocTeio 250 KBt. ITo 3amaHHI0 MHUHHCTEDPCTBA 3HEPreTHKH Ipel-
mosaraercs B Gaukaiilliee BpeM$sl HOCTPOUTH KpHJIbuaTyio BOY momr-
HocThio 3 MBT ¢ BeTpokosdecom nuamerpom 60 M, Koropas Oynaer
HMeTh pPACUeTHYIO CKOpocTb Berpa 17 m/c (HauanbHas —7, MaKcu-
MaJjbHasi — 27 M/c) M peryJupoBaTLCS MOBOPOTOM KOHIOB JiomacTell.
IlnaHupyercsi HOBeCTH I'OAOBYIO BHPAaGOTKY 3JeKTposHeprud Ha Op-
KHeHCKHX oCcTpoBax 3a cuer Berpa Ao 12 maH. KBT-u/rog, 4uto noKpoeT
1/6 norpebGHocTeli ocTpoBa B 3JjeKTposHepruu. Ha stux BOVY npen-
nosaraeTcs HpoBecTH OOJplIOH ofbeM HcciaeLOBaHHi. A B ciayyae HX
yAaul -— noctpouth BAOC u3 necATH nonoOHHX CTaHIUA. ‘

BulnosiHeHHbIe K HAaCTOSILIEMY BpPeMEHHM OleHKH 5KOHOMHUYECKOH
5Q peKTUBHOCTH paszMemenuss BOY B npubpexHex BoLax oO0HALEKH-
BAIOT, NIPaBAa, CTPOUTE/BCTBO MOCJAENHHX pPeJNOoJaraercsl HauaTh He
panee 1995 r. Tlox srumoll MHUHHCTEPCTBA SHepreTHKH BeJjMKoGpHTa-
HUH KpPOMEe NpPOEKTOB KpPyNHBIX CTaHUHUH pa3pabarbiBaioTcss He6OJIb-
(e aBTOHOMHBIE YCTAHOBKM M3 BeTPOIeHEPATOPOB H aKKYMYJSATOP-
gEIX Oarapeil Aas cHal)keHMs OTHAJeHHLIX PAaHOHOB M, B TOM 4YHCe,
HeOOJIbIINX OCTPOBOB.

IlIpaktnueckn Bce crpann «OOuero pelHKa» B TOH HJH HHOH Mepe
NpOABJAT HHTEpPeC K BeTpoIHepretuke. B mesoM [JIs HHX YCTaHOB-
JIeHO, 4TO 3@ CYeT BeTpa MOMKHO HOJYUYHUTb B 3 pasa OoJblle 3JeK-
TPOSHEpPrHH, ueM MOoTpelJsercs B Hacrosmee Bpems. OnpexpeleHo,
YTO B 3THUX CTpaHax HMeercs okoJo 400 THC. y4acTkos, BO BCex Of-
HOIIEHHUAX NOAXOASIIMX KIAA CTpouTesbcrBa BIY  Goabmo#f  MOIN-
HOCTH.
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Cnennasnbuol#t xomuccueft EDC no sHepretuke paspaGorana mnpo-
rpaMMa paboT MO TeXHHYECKOH ¥ 3KOHOMMYECKOH OIleHKEe BO3MOMKHO-
CTell BeTPOZHEPreTHKH, pelycMarpusaomieli, B UaCTHOCTH, ONpelene-
HyYe BeTPOIHepreTHUeCKOro HoTeHiuasa Oosee yeM B 11 ThIC. myHX- J
Tax CO CPeIHErONOBLIMM CKOPOCTSIMH BeTpa O 7 M/C -Ha nobepexbe §
H B 17 ThiC. IYHKTOB B HPUOPEXRHBIX BOJAX IJs CTPOHTENLCTBA KPYDL-
Heix B2Y. Ilon nabaroneHnem KOMHCCHH HaxXOISITCS BCe KPYIHbBIE
(momHOCTHIO G0aee 55 KBT) BIY, onmeiTr paboThl KOTOPBIX MOCTOSHHO
usyuaercsd. Tonbko na 1983—1985 rr. 6plJIO0 HaMeyeHO CTPOHUTENLCTBO:
40 B3V emunumunoli mowHocThio 250 kBT u paccMaTpuBaJduch [po-
exThl KpynHeix BOC cymmapuoit momHoctbio 10 MBT u3 rpynnel ycra-
HOBOK MmouniHocTeio 100—400 kBt ¢ aumamerpom BeTpokodeca 20—
30 M. Kommuccusi HameTusa H31aTh aTjac BETPOIHEPTETHUECKHX pe-
CypCcOB H3yuaeMblX YYACTKOB, NPHUIOAHBIX AJs1 CTpOHTe]bcTBa BIVY.

B cmbicie 0600LIeHHST Pe3YyJbTaTOB HCCJAEAOBAHHA [0 Pa3BHTHIO
BeTpPOBOIl 3HEPreTHKH B OTKPHITOM MOp€, BHINOJHEHHBIX ClenHanHc-
TaMH Pa3/JHMYHBIX TOCYJapCTBEHHBIX M uyacTHbIX yupexpenuit CIIA,
uHTepecHa padora JI. Knaapa u gp. [60]. B sroil padore maercs go-
CTATOYHO TOAPOOHBIN aHaau3 ¢$akTopos, 6e3 ydeTa KOTODPHIX Da3BH-
THE OKCAHCKONl BeTPOIHEePreTHKH HeBO3MOXKHO. Paccmarpuparorcs
NPHPOLHLIE YCJAOBHs, IpUeMJeMble THIBE HHAKEHEePHbIX pelleHHH, CTOH-
MocTb paspaboTkH, yCTaHoBKH, oOcayxuBanus OBIC. B kauectse
BLIBOJIOB YKa3blBaeTcsl Ha NPUHIHIHAJBHYIO BO3MOKHOCTL pa3MenaTh
BEeTPOBLIC YCTAHOBKH HA HMCKYCCTBEHHBIX OCHOBAHHUSIX BO MHOTHX pail-
onax BGau3n nobepexnsd CIIA npum raybunax menee 500 M, oupene-
JSIOTCs palioHBl ¢ MHHHMAaJbHOI CTOMMOCTbIO BeIpaGaTbiBaeMoOi 3Hep-
THH, /151 KOTOPbIX CTOMMOCTb 1 KBT-u mpeBBICHT cTOMMOCTb JJ/1s1 Oa-
3UpyeMBIX Ha cylie cTaHuuii He Gosjee ueM B 2 pasa, Ha HepeHTa-
GebHOCTh HCHO/b30BaHUs Godblueil uyactH npubpexubix Box CHIA
M3-3a GOJBIIUX IAyOWH, TONBUKHBIX JbIOB, BYJKAHHUECKOH nesTeNb-
HOCTH, MaJblXx BeTPOBHIX pecypcoB. PaccrosHue no 6epera urpaer
CPaBHUTENBHO Maayio pPOJb I[pH ONpeleseHHH CTOUMOCTH 3aTpaT Ha
CTPOUTENbCTBO (3aTpathl Ha maaTdopMel u BIY cocrasasor 80—
90 9% cymMMBbI 3aTpar).

Ha puc. 4.9 npusenensl xapakTepHble THIH 1aTHOPM, aHAAU3H-
poBaBIIMXCS B KauecTBe MOAAEPKHBAIOIINX CTPYKTYyp AAd yCTa-
HOBKHM OKeaHCKHx BOY B otkpwoitoM Mope. Ecam aas maardopw,
yCTaHOBJ/JEHHbIX Ha MOPCKOM JHE, OCHOBHBIM (DAaKTOPOM, OIpene’asio-
UM CTOMMOCTb COODPYIKeHHs, fBJsIeTCH BepTHKaJbHas Harpyska, To
JUIsi TJIABYYHX KOHCTPYKLUI — OCHOBHOH B 3TOM CMEBICIe (DaKTop —
ONPOKHIBIBAIONIHA MOMEHT, NPHYEM 3aBHCHMOCTb CTOMMOCTH, HalpH-
Mep, 1aByyero CTaJpbHOro 6yst OT Be/JHYWHbI ONPOKHAKIBAIONIETO MO-
MEeHTa JOJUIL, OpefessieTcsl BEpaxeHHeM

¢ =K (0,0487M%% 4+ 0,136) - 10°, (4.6)

rae K— xoaddunyent, yuntoiBaoufi npoude ¢axrops; M:— ompo-
KHbIBAIOWHH MOMEHT, 3aBHCAmMA KaK OT MPUPOAHBIX YCJOBHH, Tak
# 0T ocobeHHOCTe! KOHCTPYKIHH GySL.
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Puc. 4.9. Tunms naatdopm pas ycrpoiicrea OBIC [61]:

4 — WCKYCCTBEHHBI OCTPOB; 6 — cBailHOE OCHOBaHuE;

£ — rpaBUTALHOHHOE OCHOBaHHWe; & — foamHg Ha pac-

TAXKKAX; ¢ — AAaBy4uil AUCK; e — MuaByyasi 3afAKOpeH-
yasi GamHs; %—3 — BAPHAHTHI MAABYYHX ARATHOPM
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Ha puc. 4.10, Tak:xe 3auMcTBOBaHHOM H3 paboThi Kuaapa u nap., 3

IIOKa3blBaeTcsl 3aBUCHUMOCTb CTOMMOCTH naatdopm aas BIY or ray-
OuHbl YCTAaHOBKH IPH ONpefeJeHHBIX OCPeJHEHHBIX NOTOAHBIX YCJO-
susXx. JlaHHble HoJyueHbl Ha OCHOBaHHMHM 0000iieHHs pPe3yJbTaToB,
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Puc. 4.11. 3aBucHMOCTb CTOMMOCTH 3HepruH, BoipadarmiBaemoyt OB3C,

OT XapaKTepHblX napamerpos [61]: a — oT cpepHeii ckopocTs Berpa;

6 — OT rayGHHBI MOPS; 8 — OF paccTOSHHA 10 Oepera; e — or Mak-

CHMANbHOH CKODOCTH BeTPa; O — OT BENHYHHBI nepefaBaeMoii Ha
Geper mowHocTy (cM. Ta6mL 4.1)

‘

HMCIOUUXCA IS PasBelOYHBIX H NOOBIBAIONIMX NJ4T(GOPM, HCLHOJb-
SYIOmHUXCS [PH pa3paboTKe MOPCKHX MECTOPOXKIeHHA HedTH M rasa.
CrouMocTb mIaThopM cocTaBaseT NpuMEpHO 30 Y 06mell CTOHMOCTH
OB2C (B2Y—549,, ka6eab— 13 9%, aBroMaTuka — 3 %). Kpussbie
Ha puc. 4.11 xapaKkrepH3yloT cTOMMOCTb 3Hepruu, BhIpabaTbiBaeMoil
NPUOPEKHOH cTaHUMel, B 3aBUCUMOCTH OT H3MeHEeHHS OCHOBHBIX [a-
paMeTpoB. ABTOpbl HPeNYNPeRIaioT O BO3MOMKHOCTH Pe3Koro BoO3-
PACTaHHs CTOUMOCTH OCOGEHHO B cJayuae CJaoxeHHs 3(PEKTOB oT He-
CKOJIbKHX (paKTOpOB.
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B rta6a. 4.1 npuseneHn! BapuaHTHI pe3yJbT4TOB pacyeTra CTOH-
Moctu nepsoro 6joka OB3C ¢ BIY nByx THHOB NIpH YCTaHOBKe HA
MeJKOBOAbE H IpH fgocTaTouHoH raybune mopsd. 3HaueHHS OCHOBHBIX

Tabauua 4.1

Croumocts OB3C mopckoro Gasuposanus (nepsbiif 6,10K) B 3aBUCHMOCTH
OT KOHCTPYKUHM TYPOUHB H rayGuHb Mops [81]

MenkosoaHblil pation Iay6okoBo 1HbIA pafioH
ITapaMerp
I'T BT rT BT
Huamerp poropa, M 300 250 350 250
ToaoBas BoipafoTKa, KBr-u-108 22,4 14,54 27,83 14,54
Veranosaennas MomHocTh, MBT . 10,0 10,0 10,0 10,0
OnpoxruamBatoiuii Moment, (H-m-108) 2335 | 560 3644 560
TopusoHTambroe ycunenne, H-108 3,23 3,4 4,24 3,4
Yacrora Bpamenus, ¢! 0,46 0,41 0,36 0,41
¢ pexTHBHOCTD, Yt 25,6 16,6 31,7 16,6
CTouMOCTb, MoAx.- 108 : 4,45 5,68 6,06 5,68

MNpumeuauue I'T—r1ypbura ¢ ropusontanbholi ocbio, BT —c Beprukans-
Hofi. 3a OCHOBHOflI BapHaHT TNpPHHATH CJeAYIONIHE 3HAYEHHS NapaMeTpOB: CpeaHHE
€KopocTh BeTpa — 8 M/c # Tay6uHa — 150 M; MakcHMaJbHEle CKOpocTb BeTpa 40 M/c
¥ BhHcoTa BOJH— 30 M; MakciMaJbHaf CKOPOCTh TeueHds — 2 m/c. Paccrosnne ot
Gepera — 200 kM, pafion 6asnpoBanlsi — ATJaHTHUECKOe NOGepekKbe.

napaMeTpoB OTMeueHbl TaM Ke, Pacuerbl mokasbBaloT, 4TO MJs OH-
THMaJbHOIO BapuaHTa CTaHUUM 06mel momHocThie 550 MBT, cocrod-
meit n3 55 naaByuux 6J0KOB M HOAAIONIMX 3HEPrHi0 Ha obuuil epe-
ropoft TepMuHasg (mOACTAHUMIO), 3aTpaThl Ha | KBT ycraHoBaenHofi
MOLIHOCTH BMecTe ¢ Hepemadeli Ha Geper OKa3bBalOTCSl pPaBHbIMH
1377 noaman.

IIpu 6as3oBbix 3HayeHHsIX napaMeTpoB cebecrommocTh | kBr-y
okasbiBaercs pasHoi 87,9-10~% pos1. Ge3 mpUMeHEHHUS] aKKYyMYJdUDPYIO-
mux ycTpoiictB. B kKauecTBe oOcHOBHOro crnocoba mepefiadd 3SHePrHH
paceMaTpuBaeTcsl MMEHHO Nepenaua no KabeJlo, TaK KaK BHIOJHEeH-
Hble OIEHKH [OKA3BIBAIOT, 4TO NOTEPH HpH nepepaloTKe 3JeKTPOsHEp-
THH B BOZODOX TOKa enie BEJHKH H COCTaBJAIT OT 52 npo 66 %.

Kak Oynmer pa3BuBarhbcs BeTPOsHepPreTHKa B OJaMxKaluieM Oyay-
meMm? Kakum tunam npeobpasosatejiefl OTAAAyT [peAlouTeHHe?
DTUM BoOUpOCAM NOCBANIEHB! cefidac He TOJbKO MHOTOUHCJIEHHBIE HC-
CJIe/0OBaHUs, HO W NPaKTHUECKAs peaJsu3allls CaMblX Pa3HOOOPa3HBIX
npoekTos. Mccnenyiores npeoGpazosartesi caMu IO cefe, HX B3auMO-
AeficTBUsT MeXay coboili, B03MOXKHOCTb paboTh npeobpasoBareseit
B ceTsix M T.I. B pa3paGorkKe yuacTBYIOT Takue THTaHThl KallHTaJH-
CTHUeCKOH HHAyCTpHH, KaK «BouHr», «I'pymaHn aspcneiic», «Bectun-
ray3» (CHIA), «Meccepumunr-bBenskos-baov» (®PI') u gp. Peus
HaeT o6 OrpOMHBIX BO3MOXKHBIX 3aKa3ax B CJydae ymauHOH peaJiusa-
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nuu npoektos. Cefiuac BeTposHepreTHKa M y HAC B CTpaHe, H 3a py- 3
0eKOM HaXOLMTCH B CTaIHH TeXHHUECKOLO 3SKCIEPHMEHTa, KOTOpHIH 3
AOMKeH NOKa3aTh, KAKOMY HaNpaBJIeHHIO OTAATh HPEANOUYTeHHE B G-
AyWwieM U Kakue THIbl 060pynoBaHusi Gojlee HepcreKTuBHHL. Iloka og-
HO3HAYHOrO MHEHHs1 IO 3TUM BONpPOCaM elle HeT. AHLJHiiCKHe che-
OHaJHCThl, HADUMep, YTBeD:KAAIOT, YTO BO3IMOKHO Gojee 1enecool-
pasHo cTpouth BIY cpexnelt MomHOCTH (10 HeCKONLKHX COTeH KBT),
YeM BK/IAAbIBaTb CPEACTBA B THI'AHThl MOIIHOCTBIO NHOPSiAKa H BoJiee
1 MBr. B KauecTBe NOCTOMHCTB TaKHX CTAHUHMII yKa3bIBAKTCS HX 6O-
Je¢ BBICOKAsl 3KCHJyaTaUHOHHAsA HAJEKHOCTb, MEHbIIHE [OTEpH
B Ciyuae OTKa3OB M aBapuil; cPaBHUTe/IbHAsl MPOCTOTA BHITOJHEHHUS
peMoHTa. MMH BBINOJNHEHBI pACUYETHl, KOTOPHIE T[IOKA3LIBAIOT, UTO
CTOUMOCTb BbipafarbiBaeMoll TaKHMH CPEIHHMH CTAaHLUHAMH SHEpPrHH
He OyleT NIPEBbIIATh CTOMMOCTH OTHYCKA 5HEPrHH B CYIIECTBYIOIIHX
HEProceTsx.

MMeromuecs: 10Ka pe3y/bTaThl HCHBITAHUS  MeraBaTTHHIX BIY
KPBIJIbYaTOro THHA, XOTSI M OLEHUBAIOTCA B LEJIOM KaK YIOBJIETBOPHU-
TenbHble (BCe YCTAHOBKHM BBINIIM HA DACYETHBIE PEKHMBI), HO HEe MO-
3BOJIAIOT [IOKA rapaHTHPOBAaTh TPeOyeMyI0O HaZeKHOCTb.

Passutue xe okeaHCKOHl BeTpOsHEpreTuku B GOJbUIOH Mepe GyaeT
3aBHCeTb OT ycmexoB paboT, Kotropble cefiuac BenyTCs Ha Cylle.




) nasa 5
NPEOBPA3OBAHME DHEPIMU OKEAHCKMX TEYEHMM

+

§ 5.1. O6wme csepenma o6 OrdC

MexaHHYecKass MOLLHOCTb, KOTOPYIO MOXKHO H3BJeyb H3 OKeaH-
CKOro TeYeHHs, ONpenesseTcss TeM K€ COOTHOLIeHHeM, KOTOpOe HC-
MoNb3yeTcsa nJif OLEHKH 3TOH BEJHUUHUHLI B BETPO3HEPreTukKe!:

3
OV

P—md—5=, G.1)

rae p— MJIOTHOCTb Bonbl. Kos(dduuueHnt mnpeo6pasoBaHus 5SHEPTUH,
3aBHCAIU] OT THNA TypOMHBI, AJs BBIIOJHEHHS LGPHOJHKEHHBIX pac-
yeToB MOMKHO NPHHATH paBHuM 0,6 AJsf cBOOOLHO BPAAIOWErocs pa-
Gouero Koseca u 0,75 m/s TOro e Kojeca B Hacajgke. ITO COOTHOIlIe-
HHe B KAKOH-TO MEepe MO3BOJsET NPOaHaJH3UPOBaTh TeXHHUeCKHe OCOo-
Gennoctu OI'DC mo cpasHenuio ¢ BIC, or KOTOPbIX OHH KOHCTPYK-
THBHO MaJo orjnuarorcs. Tak, pjsi TypOHHBI B HacagKe yCTaHOBOUHOH
mowHocThio 40 MBT B Boguoll cpelde noHaloOHTCsT pabouee KoJieco
auametpom 200 M mpH cpexHeill cKopoctH Teuenus 1,6 mjc. [ad craH-
IMH TOHM :Ke MOIIHOCTH, HPUBOAMMON B ABHIKEHHE BETPOM, CKODOCTb
MOTOKA TPH TaKoM Ke nuaMeTpe pafouero Kosjeca pojixna ObiThb HpH-
mepHO B 10 pa3 Gombmeil. OgHAaKO CTPOUTENLCTBO CTOJb KPYIHBIX BeT-
POBBIX TypOHH IPAaKTHYeCKH HEBO3MOMKHO HM3-32 OrpaHHYEHMil, CBA3aH-
HBIX ¢ IPOUHOCTHLIO MATEpPHAJOB U MACCOBHIMH XapaKTeDUCTHKAMH KO-
IOOHBIX yCTPOHCTB.

Jna Typ6un, paboralomux B MODPCKOH cpeje, MaccoBble OrpaHH-
yeHHs MeHee CYIIEeCTBEHHbI H3-3a [AeCTBUS HA 3JEMEHThl KOHCTPYK-
uuii cuabl Apxumena. IToBelileHHass NJOTHOCTb BOIBI  O3BOJISIET,
KpOMe TOT'O, YMEHBIIATh CTOJIb CYIIECTBEHHOE /ISl BOSAYIUHBIX TYPOHH
BO3/efiCTBHE BUGpALMH, BLI3BIBAIOWIUX YCTAJOCTHOE pa3pylleHue ma-
TepHUaJoB.

BaxHOe LOCTOMHCTBO OKEeaHCKHX TeUeHHH B KauecTBe HCTOYHHKOB
" 3HEPIUH T[O CPABHEHHIO C BETPOBBIMH MOTOKAMH — OTCYTCTBHE DE3KHUX
M3MeHEeHH{I CKOPOCTH (CpaBHATE C M3MEHEHHSIMH CKODOCTH IPH HOPHI-
Bax BeTpa, NpU yparaHax u T.n.). Ilpu gocrarouHom 3aryGJeHHH
B Toamy Boabl TypGuubi OI'2C HagexHO 3alluiuieHbl OT BOJH H
IITOPMOB Ha HOBePXHOCTH. Jlast 3(QPEeKTHBHOrO HCIIOJNb30BAHHs Teue-
HUH B SHepreTHKe HeOGXOAUMO, YTOGH OHU OGJIafaNy onpeneJeHHbIMH
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XapakTepucTHKaMu. B uacTHocTH, TpeGyioTCS JOCTATOUHO BBICOKHE
CKOPOCTH MOTOKOB, YCTOHYHBOCTb MO CKOPOCTH H HANPAaBJEHHIO (CM.
ri1. 1, § 1.4), yroGHas mlsi cTpOuTeNbCTBA H o6CayKUBaHUsI reorpa-
busi nHa n noGepexbs. YaaleHHOCTb OT no6epexbs BJeUYET yaOpO-
XKaHne TPAHCHOPTHPOBKH 3SHEPruM ¥ OOCJHYKHUBAHHS 3THX CTAHIWI,
KaK, BIpOueM, U JMOGBIX APYruX. Bo/blune IIy6uHB TPeGyIOT yBeJIn-
Uenus 3aTpaT Ha COOPYXKeHHe W 00C/IYKHUBAHHE SIKOPHBIX CHCTeM, Ma-
JIbI€ — CO3/AI0T NOMEeXH CyH0XOACTBY. Mmenno reorpaduueckue ¢axk-
TOpBl HE MO3BOJIAIOT ceduac roBopuTh O crpoutenancrse OI'AC B oT-
KPBITOM OKedHe, [/leé HeCYT CBOM BOAbI HauboJee MOIIHBIE TeueHwsI.
Ilpu cpennnx u majbrx ray6unax, 0COGEHHO B MecTax obpa3oBanus
UPHINBHBEIX TEYEHHH, KOTOpble 3aMaHUYMBO HCHOJb30BATb /s pellle-
HUsl 3a/ad MECTHOH SHEPIreTHKH, BAXKHYIO POJb WIPAET TONOrpadus
AHa. MIHTepeCHO OTMETHTb, UTO WMEHHO CTPOS SHEpPreTHUecKHe 06b-
€KTbl HA PHJIKMBHbIX TEUEHHSX, UYeJOBEK W HAua] HCHOJIb30BATbH KUHE-
THYECKYIO SHepruio okeana. Ilepseie mesdbHHIBL 1 JlecOonuakn Ha mpH-
JMBHBIX TEYCHHAX MOABUIMCL Ha mnobepexne Awurauu u Ppanumn
B X—XI BB., ux aunaJsoru COXPAHW/JHUCh 0 HAWHX aHed, a B XVI—
XVII BB. n00GHEIE ycTpOlCTBA yCHELIHO padorasn Ha Besom mope
B nposinBax CoOJIOBELKHX OCTPOBOB.

B kauectBe HemocTaTKOB sHeproupeobpasoparesneli  TedeHui
OCBbI4HO OTMEUYAIOT HEOGXOAMMOCTb CO31aBaTh H o6CayXHBaTh [H-
TAHTCKHE KOHCTPYKIHMH B MOPCKOH BOJAE, MOABEPKEHHOCTL 3THX KOH-
CTpYKuHMil OGPACTAHHIO M KOPPOSHH, TPYXAHOCTH HEPEefAUM SHEpPLHH
[45]. K OCHOBHBIM HETOCTATKAM SHEPIETHKH HA OKEAHCKHX TEUeHHSX
OTHOCSITCSL [peXJe BCero OrpaHnueHHas BequynHa OGIIHX pPecypcoB
M BHICOKAs CTOMMOCTb H3IOTOBJIEHHSI M OOCAYMKHUBAHHS COODPYKEHHIT
[64]. Cama BosmomxHOCTh crpomresscrBa OI'DC Hukem He oTpHuIa-
€rcsd, oxHako, Kak mnuiuet, Haupumep. JK. KoHcranc — omuH u3 cot-
pyannkos JK. M. Kycro, HeoGxoanmmo sartpatuth Maccy YCHIHH,
Ipex e 4YeM TEeXHMYECKas M IKOHOMHUECKas 3(h(PeKTHBHOCTb MPOeK-
TOB THIAHTCKHX NOABOAHBIX TYPOWH GymeT OKOHYaTeNbHO BBISICHEHA
W MOATBEPKAEHA Ha npakTHKe. B sTom maane eme HeoGxomuMel dyH-
AaMEeHTa/IbHbIE HCCJIeOBAHMSA, H CeHuyac COMHHTE/NbHO, YTOGH Ha Cy-
IECTBEHHOM yPOBHE HPOPAabOTKM KakOe-HHGYAbL NPaBUTEJIbCTBO HJIH
APYro# HHCTHUTYT PeIIWJNNHCh Gbl OPraHHU30BATH NOJIHOMACIITAGHY IO
IpOrpaMmy B 3TOM HampaBJIeHuUH.

W croponnuky, n npotuBHukn OI'DC cxonsiTcst HA TOM, 4TO OKean-
CKHe TEYEHHs — OfUH H3 BO3MOXKHBIX HCTOUHHKOB BO30GHOBJIAEMO
3HEpruy, ecau He aJs ra006aJbHOH, TO AJISI PEernOHaJNbHON SHEPTeTHKH,
UTO HACTAN0 BpPeMs CO3[4aBaTh COOTBETCTBYIOINME NPe0Opas3oBaTeNn
sHepruu. ONTHMACTH HA3HIBAIOT TOZOM NOSB/IEHHS NEPBEIX KOMMep-
UeCKHX cTaHuuit — 1990 r., a Gosee OCTOPOKHBIE NPOrHO3UCTH —
2020 r. OTHOCHTEILHO MECTONOJIONKEHHS NepBOA CTaHIHUH CHOPOB
HeT —BCe HasbiBaloT daopuackuil npostus: Ha paspabotky OI'dC
1JIs 3TOTO pPafiOHA yiKe 3aTpPaueHO HEMAJO Cpencts. Bnpouem, Be-
nyres paspaboTkm npoektros OI'SC u mis Apyrux pafioHos Mupesoro
OKeaHa.
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§ 5.2. O6Wwan xapaKTepPMCTMKA TEXHWHYECKMX PelleHMH

Puc. 5.1. JBORIONMSA BOAAHOr0 KoJjeca: g — KOJeco-NPOTOTHN; 6 —
JNeHTOYHO0e KOReco Ha MNJaByyeM OCHOBAHUM; 6 — NEUTOYHOE KO0Aeco
B TORUIE MOTOKA; 2-— JedTouHoe KOJeco CO CKIANHbIMU JONACTAMH

eMHble HAcOoChl, YNpyrue mpeoGpasosaTesqd H Ap.). st xapakrepH-
CTHKH CXeM YCTAHOBKH IpeoOpasoBaTeseii MOXKHO BbIIEIHTb [BE OC-
HOBHBIE CXEMBI — COOpY:KeHHH, 3aKpemJseMblX Ha MOPCKOM nHE, U
COOpYZKeHH, MIaBAlOUX B TOJIINE BOIBI U 3a4KOPEHHBIX K IHY [45]. -
Huorza nepsyto rpynny npeoGpasoBaTesieil sHEPIUH TeueHH# noxpas-
AeJA0T No MacmraGy nepepalGOTKH  pecypcoB eme Ha ABe HOA-
rpynmnbl — HeGoabllIne, AJs pelIeHHs 3agay MeCTHOIo sHeprocHabxe-
HUSI, U KpYIHbE, pa3Meliaemble B TOJIIE OKEAHCKHX TEUCHHH M mpel-
Ha3HAUEHHble JJIs1 elIeHus 3a/au PErHOHAJbHOTO 3HepProcHaGKeHwus.

PogonayaJbHHKOM YCTPOHCTB NEpBOH PYNNbl NO NpaBy CUHTAIOT
BogsiHoe kodeco (puc. 5.1, a). Jlo mocjefHero BpeMeHH CO34AI0TCH
BCE HOBble MOIM(HKAIHK ITOIO MPAPOXHTENsl BOLHOH SHEPreTHKH Ha
BO30GHOBJSAEMEX pecypcax. B cOBepUICHCTBOBAHMM BOASHOrO KoJeca
Ha6IONAI0TCS ABe OCHOBHbIe TeHAeHunu. OpHA — COGCTBEHHO YJyu-
LHIeHHe mOKazaTeseli Kojeca (3a cueT ONTHMHU3AUHH KOHCTPYKUHH

¢pepM, Jonacrefi, MEXaHU3MOB Mepefayyd 3HEPruH, PACHOJNOKEHH

OTHOIIEHHIO K [OTOKY, IpHMEHEHHs COBPEMEHHBIX MaTepHasoB H T.1.),

Iapyras — OpuHIUIIHAJbHOE HU3MEHCHHE HpeﬂCTaBJIeHHﬁ 0 KoJece.

8 3akas Ne 402

[To ananoruu ¢ BIY cymecTsymomue npeofpasoBaTesau HEPruH
TeueHHH MOKHO YCJOBHO pa3jeluTh HA JBe IPYMIEL. K nepsoit pese-
coOGpA3HO OTHECTH Te M3 HHUX, B OCHOBY KOTOPHIX [OJIOKEH IPHHIAI
npeo6Gpas3oBaHusi CKOPOCTHOrO Hamopa BO BpallaTejbHOe JABUKEHHE
Typ6un. Ko BTOpOil, MeHee MHOrOUHCJEHHOH, TPYMIe OTHOCST [Peos-
pasoBaTe/ii, OCHOBAHHHE Ha APYTHX (u3udecKHx npuuuunax (o0b-
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«Pepyunposannoe» BogsHOe Kojieco — tpancnoprep (puc. 5.1, 6)
OKa3hIBAeTCA (0Jiee KOMIAKTHHIM, TpeGyeT MeHblle MaTepHaJsos, Me-
Hee NOABEDIKEHO BO3AGHCTBHIO aTMOC(epbl — BETPOBBHIM HAIPY3KaM,
B uacTHOCTH. [10106HOe YCTPOMCTBO MOXKET GHITh YCTAHOBJIEHO B [O-
TOKE Ha MOHTOHAX C TAKUM DPAacyeToM, uYTOOBl HHUIKHHE JIOHACTH BXO-
AUJA B BOAY, 4 BEPXHME OCTaBaJUCh «cyxuMu». To, 4rto cpasy He-
CKOJIbKO JIONacTedl OKAa3BIBAIOTCs [OJ BO3AEHCTBHEM NOTOKAa, TO3BO-
JISIET [OBEICHTDL 3 ()eKTHBHOCTb MPeOGPa30BAHUS CKOPOCTHOrO Hanopa.
st yMeHbIUCHHs CONPOTHBIICHHS!, BO3HHKAIOLIErO IpH BXOAe Jiomac-
Teil B BO/ly M NpU BEIXOJE M3 BOJbI, HX MOXKHO CHAGAHTH KJanaHamH,
paboTaounMu [OA AeiiCTBHEM CaMOro n0TOKa, OfHAaKo Heo6XOJHMG

Puc. 5.2. MNapaunortHbiii npeo6pasosatess Cruamena.

1 — mapauwsor; 2 — tpoc; 3 — NPHBOAHOE KOJECO; 4 — rpaBHTAILHOHHLIH
AKOpb; 5 — CHAOBOR Kabeab; 6 — Gapxa; 7 — 3JEKTPOreHepaTop

OroBODPHUTBCH, UTO [POCTOE YBEJHUEHHE YHCJA JOHACTEH JeHTOUHOrO
KoJjleca HE NPHUBEJIET K CYLIECTBEHHOMY YBEJHY4eHHIO MOMEHTA Ha Ba-
Jax: 4To0bl KaXjas JONacTb NOJy4YaJa MAaKCHMAJbHO BO3MOXHYIO
SHEPIUI0, HEOGXOAMMO YBEJNUUHTb PACCTOSHHE MEXKAY HUMH IJs HC-
KMIo4elHst  B3aUMHOIO BJHsiHUA. Ho ¢ yBeluuenueM paccrosiHus
MEXJy JONACTSMH HE TOJNbKO PAcTyT ofmas AJHHA JIEHTH H TpeGye-
MO€ KO/HYECTBO MAaTePHasOB, HO M YBEJHUMBAETCs OOIIEE CONPOTHB-
JeHne JABMXKeHHIO. Jlake NOBEPXHOCTHHI!I AHAJIM3 NOKA3BIBAET, 4TO
CyWIeCTBYIOT KaKHe-TO ONTHMaJbHLE NapaMeTphl JIEHTOUHOIO KoJieca,
IPH KOTOPBIX €ro HCHOJIb30BAHHE OKAa3BIBAETCst HauGoJiee peHTabelb-
HBIM. JIEHTOUHOE KOJIeCO BPSIA JIM MOXKET CTAaTh OCHOBOH AJIst noJyye-
HHs1 GOJIBIINX YCTAHOBJIEHHBIX MOIIHOCTEI!,

Ha Gase sienTousoro koseca cosmamsl yCTPOHCTBA, MOJHOCTBIO [O-
FpyxaeMele B TOJIuly MOTOKOB (puc. 5.1, 6, ). Iast Takux ycrpoiicts
[pejJaraercs HECKOJIbKO CHOCOO0B YMEHbUICHHsI CONPOTHBJEHHS ABU-
KEHHIO JIEHTBl BO BPeMsi XOJIOCTOTO XOAd. JTO U COOPYXKEeHHe BO3AYLl-
HOM KaMepbl HAJ KOJECOM H NIPUMEHEHHe PAa3/HUHHIX BAPHAHTOB Me-
XaHU3MOB CKAafbIBAHMA JomacTed. MOXKHO BOOGLIE OTKa3aThes OT
JICHTBl 1 CPABHUTEJIbHO CJIOXKHBIX Y3JI0B KpeNJeHus Jionacreil, B stom
y6exaaer OPeAnoJOXKeHHEe aAMepHKaHCKOTO usobperarens I'. Crun-
MeHa, cO3jaBlIero napalllOTHBI BapHAHT JEHTOYHOTO KOJeca
(puc. 5.2). B orsinume OT KecTKuX Jomacre, KOTOpHle TIPUHY/IUTEIbHO
OPUHEHTHPYIOTCSI B WOTOKE, B 3TOM NpeofpasoBarelie HCIOJb30OBAHEL
apalroThl, aBTOMaTHUeCKH OTKPHIBAIONIMECS IpH [ONAaHWM HAa pa-
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6ouyi0 BeTBb HENPEPHIBHO ABHKYIIErocs Tpoca. ¥ taroro yctpoicTsa
eCcTh enlé OJHO AOCTOMHCTBO [0 CPABHEHHIO C JIGHTOUHBIM KOJIECOM:.
‘Bo3jelicTBHe HApalLIlOTOB ADPYr HAa JApyra MOXeT B KakKoOH-TO Mepe
KOMIICHCHPOBAThCS BEJHUMHOM HX packpeitus. CHCTeMBl ¢ KeCTKHMH
JIOHACTSIMH, UTOGHl MHOJYUHTH TakoH >¢dekr, mpUuIoch Obl CIelH-
2JIbHO JOTOJIHSITh MeXaHH3MaMH JJIsi H3MEHEHHs MJonIajH JOmnacTel.
Kpoume TOro, mapairior co3faer OueHb BLICOKHH KO3(QHIHEHT npeod-
pasoBauus sHepruu: 1,35 BMecTo 0,8 an1s mJaoCcKOH Jomacrtu, o6Jafaer
CpPABHUTEJbHO HH3KON MAaTepHaJoeMKOCTbIO, HH3KOM BEeJHYHHOH CO-
fIPOTUBJICHHAs] JBHXEHHIO B BOJE TPOCA N[O CPABHEHMIO C TpaHCHOPTE-
POM JIEHTOUHOI'O KoJieca.

. CTu/iMeH IOCTPOHJ MOJeJb CBOEro npeobpasoBarelisi M HCIHbI-
TaJsl ee BHepBble HA Pyube, HPOTEKAIONIEM uepe3 ero pepmy. 310 6BLIO -
OJHO W3 TepBHX YCTPONCTB, NPENJIOXKEHHBIX 1JIs YCTaHOBKH BO PJo-
puackoM Teueun. OHO NPUBJEKJIO BHHMaHHE CBOEil Kaxyuleficss npo-
CTOTOH (BCero OJHO pafouee KOJIECO U HHKAKHX NOAAEPXKHUBAIOUINX
CHCTEMy NapallloToB B BOJe CBA3AHHBIX C MOBEPXHOCTbIO HJIH CIPYH-
ToM sJementos!). PesynbraThi HcHbiTaHu#, nposefenusix B 1976
1980 rr. y no6epexbst Popuabl, HOATBEPAHIH LePCHEKTHBHOCTb H
TIPaKTHUECKYI0 BO3MOMKHOCTb MPHMEHEHHsi IaHHOH CXeMbl IpX MHHH-
MaJbHOit cKopoctu Teuenus 0,9 m/c. CroumocTs oxHoro 1 kBr-u mo-
JIYUEHHOIT 3JEKTPOIHEPIHH OLgHeHa B | HEHT, 4TO 3HAUMTEJLHO HHXKE
cpennnx nokasarejel. Ctoumocts 1 kBt YCTAHOBJEHHOH MOIIHOCTH
onpejejena B pasmepe 481 goj1. 3 pacuera Ha yCTaHOBKY MOLLHO-
crbio 5 MBT, paGoTaolnyio Opu CpefHell CKOPOCTH TeueHHs HPUMEPHO
1 m/c, uTo TakxKe HHXKe CPeJHHX BEJIHUHMH, ONpPeAeJeHHbIX A1 APY-
THX THIOB OKEAHCKHX IpeobpasoBaTesielt.

EcTb, 0AHAKO, cepbe3Hble COMHEHHS B TOM, 4UTO nono6HOe YCTPOH-
CTBO OKAKeTCs KOHKYPEHTOCHOCOGHBIM INpH BBIGOpE BapHaHra Ipe-
o6pasoBartessi AJIs [POMBIILJIEHHOrO NMPOM3BOACTBA SHEPTHH. Ilpexne
BCero, mozo6HOe KpynHOMAacliTabHOe YCTPOHCTBO He Tak-TO HPOCTO
GyNeT YCTAHOBHTb M 3aMyCTHTb B OTKPHITOM MOpe Ha TeHYeHHH. Ha-
Jee, gaxe [pPU CPABHHTE]IbHO HEGOJbIINX BO3MYLICHHAX MOTOKA B CH-
cTeMe MOTYT BO3HUKHYTb HeXeJaTesdbHble KoaeOauust. ITpuunHOIl KO-
JeBGaHUl MOXKET OKa3aTbCs M NEPHOAMYECKOEe MOsIBJIEHHE OTKJOHSIO-
mefi CHJAB B MeCTe pACHOJIOXKEeHHs MeT/d, IJie HapallioThl AOJIKHBHI
CKJIAABBAaThCsl. BO BpeMsi HCHHTAHUI B OPAHHYEHHOM IIOTOKE U Ha
MaJopasMepHblX MOAENSX 5TH 3(G(eKTH MOMNIM He [POsBJIATbCA. ITa-
paloThl MOIYT OOpacraTh, MOABEPraThbesl MOPUE MOPCKUMH KHBOT-
HBIMH, B HHX MOTYT [ONajaTh HHOPOAHBbIE HPEIMETHl, yXYAIIaonue
THAPOAMHAMUUECKHE CBOficTBa M T.0. Hakouen, H3-32 aCHMMETDHH
NPHJIOKEHHs YCHJIHS K TPOCY HOC/TENHUH TPH TOCTATOYHOH [JHHE MO-
JKeT CMenlaThCs OT HAMpPAaBJEHHs CTPOro [o HOTOKY, 4TO CO3JACT IMO-
MexH AJIs APYTHX mpeoOpasoBaTesied WM 1Js Pa3JHUUYHBIX BHAOB Aed-
TEJbHOCTH B paiiOHE yCTAHOBKH 3JeKTpocTanmud. Takoh npeobpaso-
BaTeJb MOXHO [Js o0ecrneueHHss HALEXKHOCTH JONOJHHTb BTOPBIM
KOJIeCOM B MeCTe pa3Bopora Tpoca, HO TOrAa BO3HUKHYT TPYNHOCTH
C co3jaHueM AOCTATOYHO IKECTKOH HPOCTPAHCTBEHHOH CHCTEMbl AJIS
KpenJenus: scefl yCTaHOBKM.
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B mpeoGpasosatene, cxemaTHuno H306pakeHHOM Ha puc. 5.3,
paboTalT yKe BCe JIOMACTH, a NOINABOK H SKOPb IOANEePKUBAIOT |
KOHCTPYKIMIO CTPOrO BePTHKA/JbHO. B MOTOKe OHA OpHeHTHpYeTCH 4
CTEHKAMH KOXyXa WA CIeHa/bHBIM CTabuiusatopoM *. MspecTHu |
W Ipyrue BapHAHTBI KOJECHBIX YCTPOMCTB, OCOGEHHO NpegHA3HAUEH-
HBIX JJISl «MaJjioil» 3HepreTHKH. [lpeincTaBieHHe O HHX naeT o0mup-
Has TaTeHTHAs JUTepaTypa mo sTOMy BONPOCY (CM., HAIPUMep, 0630p

[15]).
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Puc. 5.3. Bepruxaap- Puc. 5.4. Cxema ycrpoiictea I'9C ¢ na-

HOE JIeHTOYHQe KoJaeco, KJMXOHHBIM KoOJilecOM: g — BHJ B pa3pese;

I —noaaepxuBaroni Gyii; 6— BHL B njaHe.

2 — KOXKyX; 38— IOABHXK-

Hast Jedra; 4 — Jonacru;

5 — 3JekTpOreHepatop; 6 —
AKOPDb

I — Gerounbli  Kopmyc; 2 — gomacth; 8 —
ONOPHBIA  NOAWHNHHK; 4 — cTynuua; §—
BNEKTPOreHepaTOp

CrpaBen/iuBOCTH pafiu Hapgo OTMETHTB, UTO H CaMO TPaJUNHOHHOE
BOJSHOE KOJIECO elne He OTOLLIO B 00J1aCTb IpegaHuii U B CBOEM mep-
BO3J1aHHOM BHIe OOpeTCs 3a NPaBoO Ha CymecrBoBauue. Ha puc. 5.4, 4
a—0 npuBeJeH BapHaHT KOJeCHOM 3JCKTPOCTAHIUY, HPEeRJOKeHHOH -
KOJIJIEKTHBOM JeHuHIpafueB BO riase ¢ O. M. KanuuunbiM. Brimos-
HeHa 3Ta npopaboTKa HPUMEHHTEJbHO K YCJIOBHSIM peK C HOCTaTOYHO
GOJBIIIMH CKOPOCTSIMH TEeUeHHH, HO BEPOSTHO MOKeT ObITh HCHOJIb-
S30BaHa M B Y3KMX MNPOJUBAX C NOAXOASUIMMH DeNbeOM THA H CKO-
poctsaMu TedeHHil. OCHOBHOE MOCTOHHCTBO HOmOGHOH CTaHUOUU — OT-
CYTCTBHE NOPOTOCTOSAINUX [MJIOTHH, NOJHOCTbIO II€PeKPbIBAIOIIUX Te-
UeHHE H NPEnsiTCTBYIOIMHUX CYAOXOACTBY M MHIPALMH KHBOTHBIX. ITpn

* 3aseka OPL Mo 2529534, 1977 r.
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yrie HakJoHAa INIOCKOCTH KoJeca 10° u puamerpe 200 M obecrmeunsa--
eTcsl OUTH NOJIHOE IOTpysKeHHe B BOAY JonacTu BbicoTo# 17 m. Ilpu-
MeHEeHHe OMOPHBIX KaTKOB BMECTO TPajHIMOHHOIO OCEBOr0 MOMUIHI-
HHKA [O03BOJISET BHLIIOJHUTbL BCe KOJECO CTOJb OOJbIIEro pasMepa U3
CpaBHUTEJILHO JETKHX (epM H IMPEON0JeTb H3BECTHOE NPOTHBOpEuHE
MeRKIY KeJaHHeM MOJYYHTh OOJILIION BpallaTe]bHbIH MOMEHT H He-
BO3MO3KHOCTBIO CO31aTh aJisi TpebyeMoro KoJieca—IUIraHTa NOAXOMs-
Y0 KOHCTPYKIHMIO onopbl. C OJHOro MOXOGHOIO —arperata aBTOPBE
HajeloTcs oayuaTh NO HECKOJBKHX COTeH KHMJIOBATT *,

6) , 5 .
23
/
g ,
-
/ -
-

Puc. 5.5. BapHaHThl cXem HMepCReKTHBHBIX Typ6un pas ‘OF3C: a— cobopuniit
porop; 6— poTop B Hacajke; 6 — POTOP, ycTaHaBJAMBaeMbili monepek NOTOKa

Ho HauGoJbluHe HAJex bl THAPOIHEPreTHKH, 3aHUMAIOIIKeCs pas-
paborkoit npeofpasoBaTeliel SHEPIeTHKH OKEaHCKHX TeueHu#, CBA-
3bIBAIOT € arperaTaMi, ¢ HOMOILIbIO KOTOPEIX MOIYT OBITh MOJy4YeHbI
3HAYHTE]bHBIE €AMHHYHBE MOMIIHOCTH. B KauecTBe BapHaHTOB TaKHX
yCTPOIicTB paccMaTpHBaloTCsi pabodee KOJIECO B BHAE cBOOOIHOTO"
mponeJJepa, Nponesiepa B Hacajake, BOAAHON -anasjor TypOUHbL
Jlapbe, CHCTEMbl C YNpaBJ/iseMbIM KDblJIOM (puc. 5.5, a—s). Bo Bcex
5THX KOHCTPYKLHSIX, TaK € KaK H y MepPCHeKTHBHLIX BETPOBBIX TyP-
GuH, rJapHbli Ipeofpasyoliuii 3JeMeHT — KpPblJIOBOIl npoduan, 06-
TekaHHe KOTOPOTO NOTOKOM CO3JdeT UAPOJHHAMHUECKYIO CHIY, 3a-
CTABJISIIOLIYIO TyPOHHBI BPAIlATbCH.

PaccMoTpuM mpeo0pa3oBaTeNt SHEPIHM — HOTOKOB, OTHOCHALIMECH
mo Hamel kjaaccudHKanmuu KO BTOPOfi rpynne, H, MPeXpae BCEro, yCT-
pofictea Tuma o6beMuoro Hacoca. Ha puc. 5.6 nzoOpaxena ogHa H3:
cXeM TaKOro YCTPOHCTBA, B OCHOBE KOTOPOIO — HEMOJBHIKHO 3aKpell-:
JIeHHOe B NOTOKe CcOMmJIo Beurypu. B mepe:aToM CedeHHH COIJa H3-34
YBEJHUEHHS CKOPOCTH MKHMAKOCTH NPOHCXOIHT NaAeHHe CTATHYECKOTo:
NaBJEHUs, KOTOpOE MOMKeT ObiTb HMCHOJb30BAHO, HARpUMEp, Ajd 3a-
cachiBaHHsl BO3JyXa ¢ HOBEPXHOCTH. B BHIXOZHOM CEUEHHH YiKe CHKa-
THIT BO3IYX BHITECHSETCS] M3 MOTOKA B HANOPHYIO Kamepy, OTKyAd [io-
CTymaeT B BO3LYXOBOX TYPGHHBI, COeIUHEHHOH C 3JEKTPOreHepato-
pom. Ilpu yMepeHHBIX CTeNeHAX Ilepexarus HOTOKa pabora Takoro

* A, c. Ne 889787 (CCCP), 1981 r.
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YCTPOHCTBA MOXKeT GbiTh ONHCAHA C MOMOIILIO YPABHEHHS Bepnynu.
B stoM ciiywae mepemax xaBiienui, KOTOpHIl cO3paeTcs HacocoM,

Ap = pi — py=0,500*[(Ai/A;)* — 1)], (5.2)

Tae A;/A; — oTHOWeHMe nAOImAneH BXOIHOI'O H MHHHMAJLHOI'O ceue-
Hult kougysopa. Ilpu ckopoctu noroka | M/C B uWmeaJbHOM Hacoce
MOXHO PACCUMTBIBATh HA BEJIMUUHY Nepenajga gasJjeHHH okoso 103I1a,
HO yxe npu ckopoctu 0,6 m/c ona mpespmaer 5-10* Tla. [Tpoussonu-
“TEJILHOCTb TAKOrO HACOCA 3aBHCUT OT PACXOJa KUIKOCTH uepe3 ceye-
#le Hacoca M MoxeT OuTb nosesena npumepHo g0 20 % oGbeMHOrO

— ——

Puc. 5.6. Cxema o6bemHoOro Hacoca.

1 — npodbunupoBaHHbI KOpHOyc; 2 — WaxTa BO3/lyX03aGOpHHKa; 3 — BO3AyX0c6op-
HHK; 4 — BBIXJIOMHAA WaXTa; 5 — BO3AyUIHast TYPOHHa ¢ 3VEKTPOreHePaToOpoM

Pacxoja. IKeKNUOHHHIE CBOMCTBA CHALHO 3aBHCAT OT CHOCO6a BBOIA
B NOTOK [OJCachiBaeMOro rasa. Bosee HHTEpPECHOR MOMKET OKa3aThCs
CXéMa C KaMepoH BHE3aNHOrO paCIIHPeHHs] HUIHHIPHUYECKOH uYacTH
‘M C TOPH3OHTAJBHBIM NOABeAcHHeM rasa. Ha sddexTusHocTs paGorhl
Hacoca BJMSIOT passinuHble (QakTOphl. 3J4eChb W OpPraHU3alusi BXOAa
‘B CONJIO, TAE NPU HAJUYUH GOJBUIAX IPATUEHTOB CKOPOCTH MOLYT
-BO3HUKHYTb KOJeOaHUsl, yBeJHUUBAIOLIHE CONPOTHBJAEHHE NBUKEHHIO
ZKUIKOCTH H NpPHUBONAIINE K NOTEPSAM CKOPOCTHOI'O HAmopa, M Heo.-
‘HOPOZHOCTH HAa MOBEPXHOCTH, M KOHLEeBble 3(P(eKTbl Ha BHIXOAE M3
«coma.

OnHAKO HEYCTOHUMBOCTb NOTOKA MOMKET MPHHOCUTD X HOJIb3Y.
B oxnom u3 BapuaHTOB 06BeMHOrO Hacoca, NpeNJIOKEHHOrO (paH-
YSCKUMH H300peTaTeqsMH *, HCHONb3YIOTCA MyJdbCAalHH NABJEHHUS,
‘BOSHUKAIOIME BOJIH3U BBIXOJHOI'O CEUEHHS COWJA B Pe3y.bTaTe HC-
KYCCTBEHHOIO CO31aHUsl THAPOAMHAMHUECKON HEYCTOHUHUBOCTH NOTOKA
B lIepexKaToM CeueHUH, I'pe MOTOK HAaUGOJEe UYBCTBHTEJeH K BO3HUK-
HOBEHHIO TAKOI'O poja HeYCTOHUMBOCTEH H3-3a MaKCHMaJbHOH CKO-
poctd. C HOMOIIBIO HOANPYKHHEHHbIX KJAANAHOB BOJH3H BBIXOJHOTO
‘CeYEHHS YaCTb PACXOJa KHIKOCTH NEPErOHSeTCS B HAaNOPHBIA Tpys6o-

* 3asska ©panuun Ne 7835517, 1980 r.
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NMpOBOJ M JaJjiee HCHOJb3yeTCs B KauecTBe pabouero Teja BO BTOPO
CTyneHHu npeobpasoBaredns. ,

TuapojriHaMuuecKie NyJabCalldid B HOTOKAX XKUAKOCTH — OUeHb HH-
TEepecHOe sIBJIEHHE, DalHOHAJbHOE HCHOJMb30OBAHHE KOTOPOrO MOMKET"
IPUBECTH K 3HAUHTEJLHOMY YBENHUEHHIO MPOU3BOAHTENIBbHOCTH Ha-
coca, OMHCAHHOrO Bhillle. KcTaTH roBoOps, My/bcallid ke, TOJbKO APy~
roro XapakTepa — KaBUTALHOHHbIE, SIBJIAIOTCS (paKTOpOM, OrpaHHun-
BAIOIUM CKOPOCTH TEeUeHHsI B NEPERaTOM CeYeHHH N3-32 BO3MOIKHO-:
creii GBICTPOrO paspylUIeHHA NOJ HX BJHSHHEM MaTepHaJ/oB CTEHOK.
IMpuveHenue HOAOOHBIX HACOCOB panHOHA/JIbHO NpH OGOJBIINX CKOPO-:
CTAX TeueHusi, KOTOpLle HaOJIONAIOTCs JHUIL B MPOJUBAX HOJA AEHCT-
gHeM NPUJAHBHO-OTJIUBHLIX BOJH. BbUIO Obl HHTEPECHO HONBITATHCT
IJS Takux PaHoOHOB cresaTh NOJOOHBIE yCTPOHCTBA PeBEpPCHBHBIMM.

CyniecTBYIOT M ApyrHe YCTPoOiicTBa, OCHOBaHHBIE Ha HCIIOJIB30Ba-
HUH THAPOJMHAMHYECKOH HeyCTOHUYHBOCTH. Peub upger 0 HeYCTOHUH-
BOCTH yIPYrOf [MJIACTHHBI, NOMEIIEHHOH [10J HEKOTOpPbHIM YIJIOM
B Iaske CPaBHHTEJLHO Me[JIeHHBIi MOTOK. JTO YCTPOHCTBO —aHAJIO-
FHYHO COOTBETCTBYIOLIEMY THIY Nipeo0pasoBaTeseil SHEPrHU BETPA, pa--
GoTalouX Ha NPHHIMEE Aa3POYNpyroil HeyCTOHYHBOCTH. KoneGanus
MJI4CTHH B OCOMX CJAyuasix mepefaloTcs Bajam I'eHepaTOPOB HJH OPII-
HAM KOMIIPECCOPOB.

[lepeuenb pas3JuHuYHbIX BapHaHTOB peo0pasoBaTeseil MOKHO OblIIC
6bl POJOJIKUTH, HO BaXKHO OTMETHTH, UTO CO BpeMeHeM MOryT OBITD
OTKpBITH KakK Gosee 3 (eKTHBHbIE COCOSH NPeoGpa3oBaHUs SHEPrHE
[IOTOKOB B OKeaHe, TaK W HOBble I'MAPOAMHAMHUUYECKHE ABJEHUA, KOTO-
.pble [OTPeOYIOT MPUHIMGHAILHO HOBBIX paspaboToK. ¥Yike ceffiyac
MOXKHO OTMETHTb, HANpUMeED, SHEPIHI0 OKEaHCKHX POTUBOTEUEHHUH,.
CKPBITHIX TOJIIEll MOBEPXHOCTHBIX BOX H 4acTO JIMUIb NOCTATOYHO TOH--
KHMH TOTPAaHHUHBIMH CJOSIMH OTHEJEHHBIX OT NOBEPXHOCTHBIX, 3HEP-
[HIO Pa3JHYHBIX BHXpell, BOSHUKAIOIIUX B OTKPBITOM OKeaHe [OJ BO3-
neficTBHEM MeTEOPOJIOrHUECKUX BO3MYINEHHH X KPYynHOMAaCUITaOHOH
CUAPOMHAMHUECKOR HEYCTONUMBOCTH B OokeaHax. Hapectnbl —naxe
MOCTOSIHHO peficTByiomue BUXpH. OQHH M3 HHX HaXOpuTCA B 400 kM
or Oracasapnl (Smonust) B Tuxom oxeane. OH mpeicTaBasieT co60o:
BOZOBOPOT nHameTpom OkoJdo 200 K, HOTHUMAIOIIHACSA ¢ TVyOHHBE
3 KM TOUTH 1O camoii moBepxHocTH. [IpumeuaTesbHa ogHa U3 OCOGeH-
HOCTell BOZOBOPOTA — ipuMepHO uepes Kaxable 100 gH. on H3MEHSET
HanpaBJeHHe BpalleHust Ha oOpaThoe. [lo oneHKaM SMOHCKAX yYeHBIX.
yIeNbHble SHePreTHUeCKHe XapPaKTEPHCTHKH 3TOrO BOLOBOPOTA SHAUH-:
TeJIbHO BHIIIE, YeM YV Psna OKeaHCKHX TeUeHHIL.

§ 5.3. BantoBan typbuna JI. Beitnu u Typbuea A. Huum

BanTopyio TYpGHHY NpeIJOXKHJ aMepPUKAHCKHII HHXKEeHep . Beiinw
(puc. 5.7). Kpblioble Hpoduad 3TOH TYpOHHBI PachosIOXKeHbl BLOMb:
HATAHYTHIX TPOCOB BMeCTe ¢ XKEeCTKHMHU KOJbLUEBbHIMH 3JIeMEHTAMH, 06-:
PA3YIOMUMH TPOCTPAHCTBEHHYIO KOHCTPYKIHMIO, BpaIlaolyiocs MHOL
nefiCTBHeM TeueHHS MexXjay ABYMs ycrosimu. KoJbleBble 3/€MEHTH
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HE TOJLKO O0ECIeYHBAIT MKECTKOCTh KOHCTPYKLHH, HO M Iepefaor
SHEPTHIO BpalleHHss TYPOMHBI 3JeKTPOreHepaTOpaM, YCTAHOBJAEHHLIM
B Tejie MONJIABKOB, MOAAEPKHUBAWIINX CHCTEMY B TOJINe BOAH. Pac-
'CTOSTHHE MEXIy KOJbUEBBIMH 3JIEMEHTAMH H HaTsxKeHHe TPOCOB MOJ-
‘Ouparor TakuM 00pPasoM, YTOGH OGECNeYHTh HEOGXOAHMOE MOJOMKeHHe
KPBlJibEB B BEPTHKAABLHOH MJAOCKOCTH.

V3MeHHTL OpHEHTALUIO TYPOHHLI IO OTHOIIEHHIO K TeUeHHIO npax-
THUCCKH HEBO3MOXKHO: 3TO HACTOJbKO OHl YCJOXKHHAO CHCTEMY Kpei-

Pnc. 5.7. Banrosas OIF3C Bejau.

1 —omopa; 2-— nnaBydas omopa ¢ 3AeKTPOreHepatopom; 3 — HpH-
BOAHOR KOJMeco; 4 — KPHJAOBble npoduin

JIeHHA, 4TO CcBeso OBl Bce AOCTOMHCTBA 0 MATEPHAJAOEMKOCTH Ha HeT.
Onnaxo cHcrema, nojoO0HO TypOuHe Japbe, moxer paforaTth Ha pe-
BEPCUBHBIX TeueHHAX. J[OCTATOUHO H3MEHHTH TOJIOKEHHE 3AKPHIJIKOB,
uyTOOB H3MEHHTbL HanpasjieHUe JAeHCTBHS Pe3yJALTHPYIONEl cuabl Ha
Kpbliie Ha OOpaTHOE, COXPaHWB MPU HM3MEHEHHM HATPABJAEHUWS Teue-
‘HHsA HanpaBjieHHe ppallneHHs TypOuHHE. DTa OCOGEHHOCTL TYPOHHLI
Befiqu 1mo3BoJIsieT npUMEHSTh €e B MeCTaX CHUJIbHLIX TPHAHBHO-OT/UB-
HbIX TeueHH}, BOSHHKAWOWHX B NPOAHBAX. BuojHe BO3MOXKHO, UTO
‘Takde TypOMHBI HaliiyT mpuMeHeHHe U B PaloHaX, IJleé B 3aBHCHMOCTH
‘OT Ce30Ha HanpasjieHHe TEUEHHS U3MeHSeTcs Ha TPOTHBOMNOJ0KHOE
(nanpumep, ComaJuiickoe TeUEHHE).

K pocrouHcTBaM TypOUHBI OTHOCHTCH M JOCTATOYHO BLICOKAs TeX-
'HOJIOTHYHOCTL €€ MOHTaxa, Tpefylollero NpeABapHTe]bHOIO CTPOHU-
TeJAbCTBA JIMUIEL YCTOEB, KOTOPOe B Psje CAyuaeB MoKeT ObITh BHITOJ-
HeHo BOJH3H molbepexba. Kpome Toro, ¥ TypOun DBedan B oTauume.
OT XpuuibuatelX TypOuUH B Hacajkax OTCYTCTBYIOT OoJbline 00Te-
KaeMble BOAOH MOBePXHOCTH M, CJeOBATENbHO, OHH OynyT MeHee
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NoABEPraTecsi O0PacTaHWIO H MOTPefyIOT MEHBIUMX 3KCIAyaTalHOH-
HEIX PacXOAOB Ha ylajieHHe TOCJieIHEro.

K nenocratkam TypOHHH caeiyer OTHeCTH TO, YTO OHa, Haxo-
IsCh B TMPHMOBEPXHOCTHOM €J0€, CO3LaeT 3HAauHTeJbHblE TPYLHOCTH
IJs1 CYLOXOACTBA, PHIOOJOBCTBA, OTABIXa Ha BOJe. Brpouem, TO MHe-
HUIO aBTODA, 3TOT caMblii Cephe3HbIH HeAOCTaToK ofpamaercs B JO-
CTOHHCTBO, €cJH HCNO0JAb30BaTh BPAINAWIIYIOCHd BAHTOBYI0 KOHCTPYK-
HMI0 B KauecTBE HCKyCCTBEHHOH I'pPaHHUB MOPCKOH (epmbl aJs pas-

F

Puc.‘5.8. JivarpaMMa cuJ, ACHCTBYIOIMX HAa KPLLIO
Ora3C Behan

BeJieHHs PHIGH, TypOUHEI B 3TOM CJy4ae BEPOATHO CMOIYT 3aIIUTHTEH
o6uTaTeseli (epMH OT TaKMX KPYNHHX XHIIHHKOB, KakK AeNbGHHH 1
aKy ol

HamMenenne chii, HEACTBYIOIIMX Ha KpHli0 TypOHHb Deilau, Ha-
JIOCTPHPYET pHC. 5.8, BeKTOPHEIE AHArPaMMbl KOTOPOTO  MOJYYEHH
C yueTOM H3MEHEHHS MOJ0MKEeHHs 3aKpLIJKOB, BLINOJHAEMOIO aBTO-
MaThuecKH. IIpHMeHeHHe ynpaB/aseMOro Kphljia TO3BOJAsSET CO3MAaTh.
HeOOXOAUMEIA MYCKOBOH MOMeHT H ofecleudtb OoJee PaBHOMEPHEHIR
MOMEHT Ha NpPHBOJHOM KoJiece B mpouecce paborsl. B oTauuue oOT
TypOuHn dapwe TypOuny bDefinn ne nazo TPUBOJHTbL B NBHKEHHE
C TIOMOIIbID CTOPOHHErO HCTOUHHKA 3Hepruu. CHaa, AeHACTBYIOILAS HA:
KpELIO, ONpeJeisieTcs BEpaKeHHeM |

= 2 - -
F= 2R bc(Cpig+Criz), (5.3)

Tae Up— OTHOCHTEJbHAf CKOPOCThb, b— AJuHA Kpolla; ¢— XOpia
kpoiia; Cp U Cr— X03(pPUIHEHTH NOJABEMHON CHJE H CONPOTHBIE-

- —

HUSL; ip W i, — COOTBETCTBYIOIME OPTOTOHANbHEIE BeKTOpH. Pacuer cu-
CTEMBI, KOTOpPHH NMoApoOHO H3JM0keH B pabore [40], cTpomTcs HA HO-~
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JIYINEHHH O TOM, YTO OHa NpHofperaeT B NOTOKe (OPMY LENMHOH JUHUM
-C MajblM 10 CPABHEHHIO C PajHycoM Kojblla MpPorufoM B HampasJe-
‘HUM fBuxKeHHs1 BOAH. KosdduuueHT HaTsAKeHUsS B LEHTPe MpoJeTa
“OTIPENeAAIOT U3 YCJAOBHH, UTO ILJIUHH TPOCOB B KaXKIOM [poJeTe
PaBHEl M KOJiblla PACHOJOKEeHBl MapajilesbHO APYr APYTY.

Has ®naopuncxoro teuenuss Oula  paspaoran  Bapuant OIDC
- TypOunamu Be#au MomHocThio 10 Thic. MBr. Buimosnenuwie mpou-
-HOCTHBIE pacuerhl MOKa3ajAd, YTO TOJALIMHA TPOCOB, MOJJAEPKUBAIOIIUX
“Takyio TypOuHy, Oyner He Oosblued, ueM y COBPEMEHHHIX BHCHUMX
“MOCTOB.

Puc, 5.9. Cxema npeoGpasoBaresss Humu: ¢ — pasmenieHHe B 1o-
TOKe; 6 — BHyTpPeHHee YCTPOJcCTBO. i

I — BosAylIHBIe Mexa; 2 — BXOAHOH KOMIpeccop; J — BbIXORAHAs TypOHHA
C 3JEeKTPOreHepaTopoM; 4 — KaMepa CTOpDaHHN; 5 — 3axuraHue; 6 — Hojgada
TOIJIHBA

K KpblibeBHIM CHCTEMaM OTHOCUTCH H yCTaHOBKA, paspaboTaHHas
JA. Humn (yrusepeurer r. Musinzaxu, dnonus) [73], cxema KoTopoi
npusefeHa Ha puc. 5.9. ¥ 3ToH YCTaHOBKM MOXKHO OTMETHTbL AB€ BaK-
Hble OTJAMYHTEAbHBIE YepTsl. Ilpexpe Bcero, oHa OCHOBaHA Ha MpHH-
uune TYpOMHBI C TIPSIMBIM KPBIJIOM, OChb KOTOPOIO pPaclosoKeHa
"B T'OPU30HTANBLHOA MJIOCKOCTH TeEPNeHAHKYAsSPHO K MOTOKy. Bropas
«0CO0eHHOCTh — KOMIIJIEKCHOE  HCMOJb30BaHHe CBONHCTB  OKeaHCKoil
~CPebl: KPOME MOJIA CKopocTeH, yOLBAIOIIMX B MOTOKE MO Mepe yaa-
.JIEHUSI OT NOBEPXHOCTH, YCTAHOBKA HCIOJL3YeT €lle M MoJje HaBJje-
-Huit. [Ipu puamerpe TypOunpl 100 M mepeman naB/jeHHH MeXAy Bepx-
*HHM M HMIKHUM TOJOXKEHUSMH Kpblla B Cpeie COCTaBHT OKOJO
108 ITa. 1o nosBoaster Ha 0ase Takof TYpOMHBI CO3/1aThb BO3AyIU-
-HBIl KOMIIPECCOP M OTKA3aThCs OT MEXaHHUeCKO! Mepeiauyd SHeprud.
-Bosee Toro, mpensoxkeno paspaboTarh Ha Gase TAKOro KOoMmpeccopa
"HOBBIH TUN JABUrarejss BHYTPEHHEIO CrOPaHHs, B KOTOPOM Ha AOJIO
~OKEaHCKOro TeueHHWst Mpuxopnaace Obl paboTa MO CKATHIO CMECH
(Touynee: mo cxaruio rasa Ajas 00pa30BaHHS ropioyed cMecH mocIe
" BIIPHICKA XUAKOro Tomnusa). IlonoOuuli «rubpunnblii» MOTOp flo pac-
-geTaM u300perarTess MO3BOJiseT SKOHOMHUTL He wmenee 30 Y Tonsausa
-IIPM JOCTATOYHO BHICOKOH TOJHOTE CrOpaHus.
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Ha puc. 5.10 mpuBeneHnl THAPOAMHAMHYECKUE XAPAKTEPHCTHKH
TypOUHBI, TMOJyUEHHbE C MOMOINLIO TIPOCTOH MOMEHTHOH TEODHH.
B 3aBHCHMOCTH OT CKOPOCTHOTO OTHOILUEHHsS W 3alOJHeHUs npoduis
MoJIyYeHb BeJHYMHE KO3((ULMEHTOB TpeofpasoBaHUs SHEPIHHU TO-
TOKA M H CONpOTHBJAEHUS TypOuHsl Cp AJa ABYX HamnpasjieHud Bpa-

Pasiz/Promnp
) 3

b
q \
I
2
TV g4 7
J/§ v !

2 o 6=02

Opt—t— L
72 3 4 & bz

Puc. 5.10. XapaxrepucTku TypGunnt Humn [73]: a — TepMopunamu-

yecKuil LHKJI; 6 — BBIXOLHAS XAPAKTEPHCTHKA (OTHOMIEHHe INOJE3HOH

MOLIHOCTH K MOMLIHOCTH, 3aTPAYHBaeMOji HA CXKATHe BO3JYyXa 3a cUeT

OKEAaHCKOTO TedeHHs); 8, & — 3aBHCHMOCTH koadduumuenToB npeolpa-

30BAHAA SHEPTHH NMOTOKA M CONPOTHBJICHHMS B HOTOKE OT HANPABJEHHSH

_ Bpamenns (n— NpaBoe M J —- JeBOE), OT 3ANOJHEHHs Hpoduas H OT
CKOPOCTHOrO OTHOIIEHHS.

I — noanas paGota; /I — paboTa cxKaTHA BO3AyXa

meHHs. 3HaHHe TocAeNHero kos(uuUeHTa OCOGEHHO BAXKHO MNP
pacueTe SIKOPHOH cHCTeMHl. PacueT CHJIOBOrO BO3[EHACTBHS HA KPHLIO:
B NIOTOKE NPU CKOPOCTH mocjenHero 1 Mm/c paer mMakcuManbHYIO Be-
JuuuRy oxoJio 6000 Ila, cooTBeTCTBYWOINYO NaBJACHHIO HAa KPHIJIO IIH-
poxo(io3eszKHOro camoera. d1o, no cjosaM A, Humu, noxasbisaer,
YTO HMKAKOH CTMenHajipHOH TeXHHKH W HOBLIX MaTepuasoB AJS CO3Ja-
HUS TAKHX KPHJIbeB He morpelyercs.

Ha puc. 5.10, a moxasan TepMONMHAMHYECKHH UMKJ, ONHMCHIBAIO-
mui pabory upendiaraemoro asurarend. OTo uuka XoJbTUBAareHa,
OTNMCHIBaONUE padoTy rasoBoft TypOHHBI TIPH NOCTOSHHOM O0BEME CrO-
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‘panust. TepMuyeckas 5QQEKTHBHOCTL TaKoit TYPOHHBI OUEHb BHICOKA
1p¥ BIOJHE JOCTHXKUMBIX Iepenafax AaBjenuil. Brxomnas xapaxre-
pucrtuxka TypOuHBE MOKa3blBaeT, YTO TEOPETHYECKH BLIXOAHAS MOIL-
HOCTb ABUT'aTeJisl BAYTPEHHEro Cropanus Moxer ObiTh B 2 pasa u Gojee
BbllIE MOULHOCTH, H3LIMA€MOH H3 TeueHHs TypPOHHOM.

§ 5.4. Typ6una B Hacapgke

Kax yxe ynomunanoch, HauayumuM nokasaTedem ofAajaer Typ-
-0HHa, BHITOAHEHHAs! B BHJE PaGOuero Kojieca ¢ rOPH3OHTAAbHOH OChIO
(aMnennepa, KpblibuaTKH, BepPTYWIKH) B Hacajke. TO OGbSACHSETCH
TeM, YTO Takoe pafouee KoJecO MeHbIIe BO3MYINAET MOTOK, HE Tak
CHJbHO, KaK CBOOOJHOE, BOBJEKas MKHAKOCTh BO BpallaTeabHOE JBH-
Xenue. Hacajok xak 6pl OTAedsier BO3MYIIEHHYX YacTh NOTOKa OT
‘HEBO3MYILUCHHOR H B TO Xe BpeMs obeclleydBaeT HEKOTOPYIO KOHUEH-
TPaUMIO HePrud. Bynyuyn BBINOAHEHHBIM B BHJE BOJOH3MEl[aIIell
KOHCTPYKLHMH, OH MoXer ofecnmeyuyBaTh IAaBy4YecTb BCErO COOPyKe-
HHUs, TIPU 3TOM B €ro MOJOCTAX MOryT OHITh pas3MelneHnl HeoGXOJHMbIe
JAast obcayxuBanus TypOHHBI UM reHepatopa Marepuadbl H HHCTDY-
Medtel (cM. puc. 5.5,6), Hepes 3TH MOJAOCTH MOXKHO [POHHKAThH
‘K OCHOBHOMY 000pyAOBaHUIO.

@opMy Hacajka BBHIOMPAOT M3 TaKoro pacuera, 4to6bl obecle-
YUTh TIAABHOE Oe30TPLIBHOE TeueHWe IIOTOKAa Ha NOAXoAe K TypOHHe,
‘ClieJiaTh BCIO CHUCTEeMy YCTOHYUBOH Ha MOTOKE, MakKCHMaJjbHO CHU3HTD
3aBUXPEHHOCTDL TIOTOKA HA BLIXOIE U3 Hee, UTO HeoOXOAMMO KaK [
CHHUXKEHUS TTOTEPh AaBJjeHUS Ha HacalkKe, TAaK M IJS CHHUMKEHUS VPOBHS
‘Kosie0anuil, mepenapaeMblx BBEPX MO TEUEHUIO Ha caMo pafouee Ko-
-Jieco. Kpome ToOro, takMM NyTeM CHHXKAeTCs YPOBEHb BO3MYLIEHHH
‘B cpefe 3a upeobpaszosaTeieM, rae MOryT ObITh pasMelleHbl OJHOTHII-
‘HBle ycTpo#CTBa.

YBenuueHHs MOIUHOCTH OJHOTO TAKOrO arperata MOXKHO JOCTHUI-
'HYTh 3a CUYeT YAAuHeHH:A Kpelja. Ilo cpaBHEHWIO ¢ BETDOBLIMH Ipe-
-00pasoBaTeisMH OKeaHCKHe TYPOHHBI B 5TOM [MJaHe HMEIOT NpPeHMY-
1IeCTBO: KPUTHUYECKUH pasMep KpholAa, MPU KOTOPOM B HEM [OCTUra-
.eTCs Mpejes MPOYHOCTH MaTepuajoB AAaf Takoifl TypOuunl Bhimie. Ho
-€CTh OTPaHMYEHHUS U B BOJAE: NPU CAHWKOM OOMbLIOH AJHHE KDHlJAa Ha
‘CMeHy H3rufalnluuM MOMEHTaM, CO3/laBaeMblM INof BO3[eACTBUEM
CHJIBl TSKECTH, MPUXOAST MOMEHTH, CO3JaBaeMble CHJIOH JaBJICHUS
TIOTOXA.

Jpyroe orpanuuenue puaMerpa padoyero Kojeca CBS3aHO C Tex-
"HOJOTHYECKUMH TPYAHOCTSAMU TpH MOCTPOHKE H YCTAHOBKE CTOJb
TPOMO3AKUX COOpyxeHUH B okeane. CrenuajuCTHl CXOASTCS BO MHe-
HUM, 4TO AHaMerp TypOuH B Hacankax Bpsaa Ju mpesbicut 200 M (1o
rafapuTaM MOLOOHOE COOPYXKEeHHe HAalOMUHAeT KpPHITHIH CTajMOH Ha
‘20 ToicAu 3puTeseli). Haxkonaeunnii K HacTOsIUeMy BPeMEHH  OILIT
«CTPOMTEALCTBA SKCNAYaTAlMOHHBIX NAaTdopM aas nobbiud HedTH U
Tasza BOJOU3MElIeHHeM B COTHH ThHICAY TOHH TOKa3hlBaer, 4TO Takue
«00BeKTH MOrYyT OHITh co3fganbl. OKOJO JAecsiTH JeT TOMY Hasaj 1o
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sajanuio MunucrepcrBa sHepreruku CIIA Obln paspaboTaH NPOEKT
OT3C nas ycranosku Bo Puopunckom npoause. [Ipoext mpenycmar-
puBaJa ycraHoBky 242 arperaroB B Hacajgkax auamerpom 168 M c re-
HepatopaMu MomHocThio mo 83 MBt. Croumocts opHoro arperarta
B CEDHUITHOM MPOU3BOACTBE oLeHUBajach B 80 MJH. 0., 8 CTOHMOCTh
Bcero coopy:xkenus — 20 MApA. NOAJ., YTO COU3MEPHMO CO CTOHMOCTHIO
CTPOMTENAbCTBA aHajoruudoil mo MomHoetd TIC, ofHaKo MO3BOJASET
mokpuith 10 % morpeSHocTelt wTtata PAOPHAA U SKOHOMUTL JO
20 Tbic. T Hed)TH €XKerojHO NMPU YCTAHOBJEHHOI MOIUHOCTH CTaHLHH

Puc. 5.11. Toas reuenui

AAs cBoGomHoro pabouero

KoJleca H KoJjeca B Ha-
capke [55]

10 man. kBr. B 1980 r. mpeamoiarajioch HcmbTaTh MOJE/bHYIO yCTa-
HOBKy ¢ paGoudM KO/iecoM AHaMETPoM 12 M MOIIHOCTbIO TeHeparopa
400 ¥Br, a mepsyl NpoMblLLIeHHYI0 TypOuny samycruts B 1984 r.,
onHaKo coofIieHuil Ha 5TOT cyer He mocrymazo [15].

KomIjekcHoe HCcjaefoBanue TYPOHH B HacaiKe OblI0 BBINOJAHEHO
O. Urpoii [55] mpuMeHHTebHO K BETPOIHEPreTUHKE B NMPEANOJOKEHHHU
0 TOM, UTO NOJE MOTOKA BHYTDU €ro Moxer ObITb OMHCAHO KaK OJHO-
MepHOe MoJjie TeYeHUs HecXKUMaeMOH KUAKOCTH ¢ oceBoi cUMMeTpHei,
a morepu OT KOHUEBLIX 5(peKTOB HAa BXOjJ€ W BhIXOJE M3 Hacajaka
npenedpexumo Maabl. Ofuiee oTauiMe nojel TeYeHul§i B cjayyae CBO-
gopmoro pafouero Kojeca M KoJjeca B Hacalke HJAAIOCTPUPYET
puc. 5.11. B Takoii MocTaHOBKE OCHOBHLIMH MapamerpaMi, KOTOphie
¢Bs3anpl ¢ paboroli HacajKa, ABASIOTCS CleAyonue:

n = (p — p2)/(0,5007); (5.4)

ko3 ¢puunent >pQexTHBHOCTH BOCCTAHOBJEHUS TMOJHOTO  JaBJje- -
Hus B guddysope Hacaaxa

Cor =(pe — p2)/(0,5p07); (5.5)
6eSpaSMepH0€ IaBJjieHHe Ha BXOJLe Hacajgka
Cre = (pe — pe=)/(0,5pv%). (5.6)
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B kauecrBe xapakTepHCTHKM Hacajka Moxer ObITb HCIONb30BaH
KO>(D)ULNEHT ycUJIEHUs r, ONpenessieMEl KaK OTHOMIEHHE MOIHOCTH,
Bhledsiollelics B TypOHHe ¢ HacajKoM, K MOIIHOCTH MjeajJsHOH Typ-
6unbl, uUMeome#d TOT ke AuaMerp padodero xojeca u paforaiomei
Ip¥ TexX Xe YCJAOBUAX B cBOOOINHOM MOTOKE, 4YTO M TypOHHA B Ha-
caaxe: .

r =(Ap:Q)/(0,593/2) pv2Ay), 6.7)

rie Ap;—najeHHe 1aBJeHWs Ha TypOMHe BHYTpPH Hacagka; Q—
o0beMHbIA PacxXon XKHIKOCTH yepe3 Hacalok. JJI YHCTO OCEBOTO MIO-
TOKa Ap; MOXHO 3aMeHWTb Ha p,—ps, a @ Ha v A;. COOTBeTCTBEHHO
Boipaxenne (5.7) mpeoGpasyercst XK BHLY

r = (1/0,593) (v4/veo)® (5.8)

HJH, ¢ HCMOJIb30BaHMEM COOTHOWIGHWS MEXKAY NJOMALSIMH B HEBO3-
MYIIEHHOM TOTOKE H B CeYeHUH YCTaHOBKH TYpOHHH, )

7 = (1/0,593) (Au/A;)". (5.9)

Eciu sanmucars BHpameHVe N/ MOIIHOCTH, BHAeJsIOUeiics Ha

TypOvHe uYepes BeJHYMHB pacXola M KOS(PHUHEHTa HArpysKH,
B BHAe

P =0,500Q, (5.10)
TO TIPOCTbl€ DPACCYXKACHHS O XapakKTepe H3MeHEHHSI STOH BEeJHUHHLI
B 3aBHCHMOCTH OT 1} B ( MOKas3HBAIOT, YTO CYIIECTBYeT KAKOR-TO
ONTHMAaJbHO® 3HAUeHWE 1 IJIsi KaXkAOro THMa Hacaika. B pamxax
ONHOMEPHOW MOJeJH MOTOKA MOXKHO NONLITAThCsS HafiTH BhipaKeHue
A ONTHMAJBHOTO 3HAaY€HWs % Uepe3 OTHOUIGHWE MJomajned, Ko-
oG HUIMEHT BOCCTaHOB/IeHNs NaBienus C,, W Ge3pasMepHOe NaBJeHue
Ha BXoJe Hacajka Cp.. IloacraHoBKo# Buipaxenu#t aasa p, us ypas-
HeHus (5.5) u nas p, us ypasuenus (5.4) B BHpaMeHHe aas Cre

(5.6) moayumm
Cpe = (0,500%Cpr + pL— O’SPU%T] - pw)/(o’Spvi)‘ (5 1 l)l
YuuTHBasl JNONyIIEHHE O MaJjOM BOSMYIIEHMH HCXOLHOTO [OTOK2

Ha BXO/Je B KOH(Y30p HacaikH AJs NMOTOKA Mepel TypOHHOH MOXKHO-
3allHcaTh ypPaBHeHHe Depuynaiu B Buze :

2
p1 — peo = 0,5p (0% — o) (5.12)
M, IOACTABUB [OJYYEHHOE BLIpa)KeHWEe HJs PasHOCTH JaBJeHMI
B ypasHenHe (5.11), mosmyuurs jpas onpenenenust C,. Gopmyay

2 2
cpe=(cp,~n)( i ) +1 ~(—3’— . (5.13)
Tenepn BIpasHM OTCIOfA V1/Uw H TOACTABHM COOTBETCTBYIOMIEE BEHI-

paxeHue B ypaBHeHue s KOs QuiuvenTa yculdeHusi Hacagka (5.8).
B pesyabTate yero moJyuuM BHpaxeHHE

1—-C ¥/s
—_ " pe ,
r= 0,593 ( I+T|"Cpe) ’ (514)‘:

1%




Cunras v He 3aBHCALINM OT BeAHUHH Cp, U Cp,, B3SIB IPOU3BOAHYIO
OT r TO 1 ¥ TpPHPaABHSAB ee K HYJIO, MOJYUHM BBHIPaXKeHHWEe AJs ONTH-

MaJIbHOTO 1)

'rlom'=2(1 _'Cpr) (515)

H, COOTBETCTBEHHO, BHIpaxeHHE /5 MaKCHMaJbHOTO KO03((pHIHEHTa
YCHJIHA '

l“Ce:*x 0,5
‘__p_)_] o (5.16)

T—Cpr

- Ecain BBIpasurh KO03(GHLUHEHT BOCCTAHOBJEHHS AaBJeHHS B IHG-
¢ysope uepes KIIO nudpodysopa mp == Cpr/Cpria, tae Cprig = 1—
—(A/Ax)?, TO a8 Kos>hQUUHEHTa yCHJCHHS ONTHMaJLHOTO Ha-
€a;Ka NoJyYuM BHpaxKeHue -

rmax = 0,649 [

. 5.17
=W [T — (AA] .
Ananus noc/efHero BLIPAaXKEHUS NOKa3blBaeT, YTO AJd obecrneye-
HMA MaKCHMaJbHOTO YJAyulleHus cBoiictB TYpPOWHH B Hacajxe HeoO-
XOIHUMO cOOBJMIONATh CACNYIONNE YCAOBHUSL:
BLIXOZHOE pAaBJeHWe B Hacajke NOMXKHO ObIThb KaK MOXKHO HHIKE

— 3 0,5
Foax = 0,649 { (1= Cpe) }

“(Cpe — 3HauWTEILHAS OTPULATEbHAS BeJHUYHMHA); (H3HUECKH 3TO

03HAyaeT, YTO NOJHOE BOCCTAHOBJIGHUWE aBJEHUS MPOUCXOIUT B CBO-
6ONHOM MpOCTpaHCTBE 32 TYpOHMHON M mocTHraercs 3a cuer moadopa
¢$opMbI Hacanka, MPEACTABJ/SAIOIEr0 cO60H LUIHHAPHYECKOR KPHIJIO H
H3MEHSIOIEro MoJe AaBJEHHS BOKPYT TYPOMHE!, B TO BpeMs Kak IJs
TypOuHBl 6e3 HacajKa IoJe JAaBJeHHS BO BceM Of0beMme TedeHHs CO-
XpaHsercs; \

Ias 3ajanroro y aup¢ysopa orHoumieHus muomajei A:A. Bean-
guna KIUIJI v nonxHa OHTL KaK MOXKHO BHILIE, YTO AOCTHraercs, Ha-
npuMep, yniubenvem auddysopa; mocjaeljHee He Bcerja  BHICOJHO
€ 5KOHOMMYECKOH TOYKM 3peHus, NosToMy Jaufo OTLICKMBaercs KOM-
ppoMuce, AM6GO NPHMEHSIOTCS cMocofLl  yIpaBJeHus MOrpaHnYHbBIM
caoem B nuddysope;

IJsl 3ajaHHOM BEJHMYMHE 1 OTHOLICHHe IJOMajgeil XOMKHO OHTh
10 BO3MOXKHOCTH OOJBIINM. : "

VYnpasjenue norpaHWuHEIM cJoeM B AHGy30pe MOKHO OCYIEcT-
BJISITL C NOMOINLIO KOJbUEBHX Iuesefi, uepes KOTOPhle HapyxKHBIH T0-
TOK OyIeT NoAMelIuBATLCS B TOTPAHUYHBLIE CJIOH Ha BHYTpeHHeH mno-
BepXxHOCTH au(p¢dys3opa, € MOMOILLI0 Pa3HUHLIX CNOCOGOB CO3/1AHUS
yCJAOBME AJs Pe3KOro pacliHpeHus NMOTOKa B KOPMOBOH yactd ANGD-
¢ysopa. B purupyemoin paGore [55], Hampumep, moKasaHo, UTO
¢ TOMOIIbI0 eJHHCTBEHHOrO KOJABLUEBOrO NPOQUIMPOBAHHOIO OT-
KpPbLJIKA, YCTAHOBJEHHOrO HAa HEKOTOPOM pacCTOSIHMM OT BLIXOJIHOTO
ceuenus nud¢ysopa, MOXKHO YBEJUUNThL MOINHOCThL, BhpaGaTolBae-
Mylo TypOuHoii, Ha BequuuHy 10 80 %, B To BpeMs Kak 3a cyeT NOA-
MelIHBaHUs uepes KOJbleBhle MENH MOXKHO NMOJNYUYHTHL He Gojee 25 %
MPHPOCTA BHIXOAHOH MOIIHOCTH.
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Ha puc. 5.12 npusenensl 3asucumoctd Cpe U 7 OT BEJHUHHL OTHO-
WeHUs niomanedl ajas TypOMHH B HacajKe, TOJyuYeHHHE AJS pasyivy-
HHX Tipoduiedi (cMm. Mopgenn 1—3 B.Tadn. 5.1), ofecneuyuBalomux
NpU OAUHAKOBOH BeJUYHHE BXOJHOIO OTBEPCTHS pas3jUuHLe BeJH-
YHHBl OTHOWEHUH A/A:.

XapakTepHo, UTo KpHUBLIE HacajKoB Ge€3 OTKphLLIKa He MOryT GbITh
3KCTPaNoiUPOBaHLl sl ONUCaHUS TeX XKe 3aBUCHUMOCTeHd fas Hacan-
KOB C OTKPHIJIKOM. DTO OODBACHSETCA TEM, YTO BO BTOPOM Cllydyae Teue-

vpe r

“63r 2’670 ————

~08} 241’2 A P

=07k 22 T P v

~06F 20F .

-g5L 18l Puc. 5.12. H3menenue xa-
’ ! paKkrepHLIX  JapaMeTpos

~04+ 1,6+ paGouyero koseca B Ha-

~03L 14l cafike B 3aBUCHMOCTH OT
Wi 1 KOHCTPYKUHH JIOCTefHero

~g2- 12 [55].

1 — ¢ pacalKoM; 2 -— Ges Ha-
calka.

———— cpe;

r

HHe B Hacajke CTaHOBMTCS CYIIECTBEHHO HEOJHOMEPHHM H3-3a MNO-
TOKa, NPOHUKAIOIIEr0 BO BHYTPEHHUIl TOrPAHHUHHEH CJAOH H3 BHelu-
Hero noToxka. MHTepecHO TakiKe OTMETHTb, 4TO BKJI4j MOALYBA yepes
KOJIBLEBEIE KaHa/AL B Hacajke AAs OoJbIIuX OTHomeHu#r A./A: jno-
CTaTOYHO PE3KO BO3pacTaer. DTO OOBACHSETCS 60jee CHALHLIM BJIHS-

HUEM Ha TIOTPAHUYHBIH CJOA YNPABAAIOMHX LieMed TPH YBeJHUCHUH

packpuiBa puddysopa. IIpumenenue KONbUEBHX OTKPLUIKOB, TAKUM
006pa3oM, TO3BOASET CYIIECTBEHHO YJYYLIUTL SKCIIYaTALHOHHEE Xa-
PaxTepUCTHKH TYpOHH B HAaCalkax M JeJaeT uX eile 0o/iee MPHUBJIeKa-
TeJbHBIMH B KayecTse npeo6pasoBaTesell SHEPIUH TeueHHH.

Taéauna 5.1
OcHoBHBIe XapaKTePHUCTHKM TYPOHH B Hacalke
Xapakrepusie Kosdduuuentn
Mozays

- Ae/ Ay Cpe Cpr r Tonr T'max = /Fmax, %o

1 2,4 —0,235 1 0,550 | 1,24 0,900 1,329 93,3

2 3,5 —0,381 | 0,531 | 1,42 0,938 1,539 92,3

3 4,5 —0,406 | 0,594 | 1,63 0,812 1,700 95,9

Ec/H TOAbKO mpuMeHeHHe HacajkQa TO3BOJMJIO YBEJHYHTH sddex-
THBHOCTb NPe0Opasobanud sHeprud B 1,25 pasa, To mociepuue go-
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CTHXKeHHS B 06JIacTH TMAPOAMHAMUKH 3a CUeT yNpaBJjeHus TorpaHuy-
HBIM CJ0eM AaJH BO3MOXKHOCTL TOBLICHTH ee yxke B 2,8 paza. [Hasn
5Toro moHanofHjoch oxoso 15 Jjer paore  uccaepoBareseil. ITu
H3LICKAHUA He TMpPekpalleHs U cerojiHsd.

§ 5.5. TmaposHepreTMyeckue ysnbl B Nponusax

Ecau B npeabiaymux maparpadax obcyXKnajduCh TEXHUYeCKHE pe-
[IeHHs, CBJ3aHHLE JHIIL C YACTHYHLIM HCMO/Jb30BAHHEM 3JHepPIruu
OKEaHCKHX TeueHHH, To 3jechb peub UJeT O TaKOM HalpaBJjeHUH
B OKEaHCKOM THAPOTeXHHYECKOM CTPOUTENBCTBE, KOTOpOE Mpejnosa-
raer Ccepbe3Hoe BTOpXKeHHe B JUHAMHKYy OKeaHCKHX BOJ, BJjEKyllee
3a co06oH H3MeHeHHS B TPUPOAE KaK OTAEALHBHIX PEerdoHoB, TaK H
NJIaHETH B I[eJIOM.

3a mocaefHde CTO JieT OLJIO BHABUHYTO He MeHee gBajuaTd Mpo-
eKTOB MepecTPOHKU KJAMMaTa MJaHeThl 3a CyeT H3MeHeHHs AUHAMHUKH
BOJl OK€aHOB, HO MBI OCTAHOBUMCSI TOABLKO Ha OAHOM U3 HUX, MHTEpeC
K KOTOPOMy H ceffuac AOCTAaTOYHO BejinK. JTO NMPOEKT COBETCKOTO HH-
xenepa Il. M. DopucoBa nesjb KOTOPOro-—CO3[aB Teljioe TeuyeHue
B Apkruke («moaspHbifi [oabdCcTpuM»), 0OecmedyHTh TasiHUE aPKTH-
YeCKHX JIbAOB, YBEJHYUTh TeM CaMBIM IOIJiOUleHUE MOBEPXHOCTLIO
JlefoBHTOrO0 OKeaHa COMHEYHOTO M3/y4YeHHSI W IMOBHICUTH CPELHION0
TeMNepaTypy BO3AyXa, CYLIECTBEHHO yJyulIdB KJAUMaTHUYeCKue yCJIo-
pus B cepepHuix pafionax CCCP, CHIA -u Kanagu. Ilocaennee
NOJXKHO TPHUBECTH K BO3HUKHOBEHHIO HOBHIX CEbCKOXO3fACTBEHHBIX
paiioHOB, 00JA€rYuTb HOCTYN K IMOJIE3HHIM HCKOMaeMBIM, yJay4lIUTb
yCJAOBUSA KHU3HM.

ITo mpoekty I1. M. BopucoBa mpejsaraercs Co3faTh TeIjoe Teye-
Hde BJIOJL CEBEpHOro nofepexbsd HaUIed cTPaHBl 3a CYeT MepeKaykH
noBepXHOCTHBIX Box u3 Uykorckoro mops B Bepunroso. Iast 3Toro
HeoBXOAUMO INEPeropoiuTh MJAOTHHON DepuHros MpoJaHB M yCTAHO-
BHTb B Hefl HacOcHble arperaThl ofmeil MomHocTbio 0koqo 20 000 MBr,
CrocOoOHbIe exXerofHo TepexkauusaTs 10 140000 xm® Bopwl. ITporsxen-
HoCcTh IJIOTHHEL paBHsleTcsl nmpumepHo 80 kM, BhICOTa, onpejeaseMas
cpenHelt rayOunoll npoausa,— 50 m. Ilpennosnaraercs, 4yTto Teja0 A0~
THHE GyAeT NMOKOWUTLCS Ha CBaiiHOM OCHOBaHMHM, a OOTekaeMasi (opma
ee BepXHell YacTd MO3BOAUT NPONYCKaTh MO BCEMY CEYeHHIO MaKOBLIe
. bkl ToAmuHOl 10 13 M. MomHoCTh HacocoB H 00heM mepekavdBae:
MOIl BOAH OTpPEJEJeHbl U3 yCJAOBHA TOJAYYEHHS YCTOHYUBOTO H3MEHE-
HUSI KJAMMaTa B TeueHHe Tpex JeT ¢ MOMEHTa NyckKa CcOOpyxKeHus *.
[Ipennonaraercsi, 4TO TakOf NPOEKT MoxeT OLITL peasin3oBaH COB-
mectHeiMu yeuausmu CCCP, CIIA u Kanagb 4 4TO 3HEPTHIO, HeoO-
XOAMMYIO s paBOoThl HACOCHHLIX arperaTtoB, MOXHO Oyner mo.ay4arh
oT sHeprocuctem coBerckoro Jaabnero Bocroka u Asascku. Hewxkena-
TeAbHEE TMOCAEACTBUSA Aad KauMarta B faccefinax Oxorckoro u Slmon-
CKOro Mope#, KOTOpble MOryT BO3HHKHYTb B Te€YEHHE NepBhIX ABYX

* Bopucos I1. M. Moxer a1 uenoBeK M3MeHHTh KanmaT. M., 1970,
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JeT paGoTei THAPOY3NA H3-32 NOCTYIUIEHHS  XOJNOLHEIX BOJL H JbJa
B DBepunroso mope, mo ouenkaum aBTOpa He BBIHNYT 3a Mpejessl BCTPe-
Halomwuxes B MPUPOJE KPATKOBPEMEHHLIX NOXOJIONAHUIL.

Onnako npoext I1. M. Bopucosa, mo seei: BEPOATHOCTH, HE CBO-
6oneH OT 5KOJIOTHUECKHX HEJOCTATKOB, U B cllydae ero peaJjiM3anii
CEPLESHOMY OTPHLATEJILbHOMY BO3NEHCTBHIO NOABEPrHETCH BeCh IKH-
BOTHLIH MUp ApKTHKH.

TIpoext sToT HETepecen, CyJuT ONpeNeJeHHBIe BHIFONH, HO ero
adexTHBHOCTL emme TpefyeT noxasaTeincTBa, a npakTHYecKHe BO3-

Puc. 5.13. Cxema Or3C & Tuépanrapckom npoause.

! — unoruHa; 2 — Kamansl ang opoxozaa Cynos; 3-— ¢epma MocTa;
4 — aBTOCTpazsa; 5 — ruapoarperatsl, NPHBOAUMble B jAelicTBHe no-
TOKOM BOA ATNaHTHYECKOrO OKeaHa] 6 — GeTOHHbLIe onopsl; 7 —
arperatsl, NPUBOAHMBle B aeHcTBHe IyGHHHBLIME Boaamu CpeaH-
3EMHOT0 MOpPS, HOCTYNAOULHMH B ATJaHTHYeCKHH OKean

MOXKHOCTH JIJI1 €ro peaju3anMd BPSA JU NOSBSTCS paHee cepepuHml
caenyiomero Beka. [Ipoext Tpedyer rurautckux SHEPTeTUUYeCKUX 3a-
TpaT, a WUej0BEYeCTBO MOKA 3aHATO INOHCKOM CPEeACTB yCcTpaHeHus
nedHIIMTA SHEPIUY B GaAMKalilem oynyiteM. [TosTomy cefivac 6oabimod
OMyJISPHOCTHIO MOAL3YIOTCS HJEH, CBS3aHHBIE ¢ NOCTATOYHO ObicT-
PEM HapaniiBaHMeM SHEPreTHYECKHX MOLIHOCTE, HewejH C yBeJH-
YeHUEM PACXONOBAHUS JHEPrHH.

K rakum unesm othocmres mpoekt cospanus OTRC B T'uépaan-
TapckoM Mpofuse, MPEMNIOKEHHH UCTAHCKAM HiKenepom @, K. Iy-
upbepo (puc. 5.13). MM paccMorpena BO3MOMKHOCTS HUCNOAB30BAHU St
TCUCHUS B 5TOM TIPOJIUBE, PAcXoj B KOTOPOM cocraBisieT 20—40 Thic,
M3/c pas moayuenus exeronno no 150 MJIPA. XKBr-u saexTposHepruu.
Ilpoexr npenycmarpusaer CTDOMTEbCTBO B INPOJHBE MAOTHHE CO
LWIAl03aMu Ajsi IPoTycKaHUst cynoB (mo 150 exeguesHo!) u c pasme-
IUSHHLIMU HA ONOpax B MPOJIMBE T'HAPO3JAEKTPOArPeraTaMu. Tpebye-
MLl Halop HOAXKHO ofecneyuTs HEKOTOPOR TMOHWKEeHue yposus Cpe-
AUSEMHOTO MODs  BCJAEACTBHE yMeHLINCHHs TMOCTYNAEHHS BOJ M3
Arnantuueckoro oxeana. Jeuuut umeercs yX&e U cefiuac: yepes mpo-
JUB BTEKAaeT B cpendHeM 55 Thic. kM® aTiaHTHYECKUX BON, a BLITe-
Kaer —>52. Ilpuvem B nposuse, mupuna KOTODOTO B CaMOM Y3KOM
MecTe cocTaBisieT 14 KM, a rayGuHE M3MEHSIOTCS OT 53 no 1180 wm,
CYIIECTBYIOT NBa MPOTHBOTEYCHHS — IOBEPXHOCTHOE (43 okeana) u
riybunHoe (ofparHo B oxean). Ot oxeaHa MPOJIUB OTACJEH CKadb-
HLIM TOPOTOM, B 30He KOTOPOro rilyGuHa He npesumaer 350 M, Tax
UTO pelleHHe WHXKEeHEePHOH 3aJaYM CTPOMTeNLCTBA MJIOTHHBL  CMOT-
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PHUTCSI BIOJHE NOMYCTHMEIM. OnHako BO3MOXKHOCTb CEPbEe3HHIX Hapy-
meHHEi B SKOJOrMM yHHKasapHoro CpenuseMHOTO MOpsH H HeOGXOAHU-
Mble 3aTpaThl (OPUEHTHPOBOYHAS CTOMMOCTL —BCEX pator 20 Mapn.
[OJA.) OTOABHTAIOT CPOKM peanu3auud IMpoexTa Ha HEoNpeJeleHHoe
spems [8].

Dosiee peajibHHM Kamercs CO3JaHHe I'SC B HCKYCCTBEHHOM IMPO-
AMBe, KOTOpbII MOXeT OblThb NMPOJOKEH H3 CpennseMHOro MOPSI BO
pnaauay Karrapa, pacnosIoXKeHHYIO B Jlusuiickoft mycruine (Erumer).
JlHO BMaAMHEL JIEXKHUT Ha 135 M HuXe YpoBHS MOps, ee mioiliafib CO-
craBaser caoime 20 Toic. kM2, B mpoJaube (TouHee Ha KaHaJje) MO-
xer ObiTh moctpoera I'DC. [axe wacTy mnepenana ypoBHe#l jocTa-
TOYHO A/ PaBOTH MOLIHOHA 3/1eKTPOCTaHUUH, NPHIEM BLINOJIHEHHEIE
yKe pacyerhl NOKasLIBAIOT, 4TO PeXUM ee pafoThl MOXKHO mojofpars
TaKHM 00pa3oM, YTO HCMapeHHe BOJ C MNOBEPXHOCTH HCKYCCTBEHHOTO
Mopst Gyner mpi ONpeleNeHHON TMJollaiy 3aTOMJIeHHs OJAHOCTHIO
KOMIMEHCHPOBATLCS NPHUTOKOM BOABI '€pes TypOuHsl, OcyulecTBIeHHES
mpoexTa CyJHT BO3MOXKHOCTH MOAYYCHHS 9JA€KTPOsHepruu H oOBOAHE-
H1s 3HAUMTENbHLIX MACCHBOB HbIHE MYCTHIHHHIX 3€Mesb, 4TO MPUBELET
K CyLIeCTBEHHOMY YBJaXKHEHHUIO KJaAuMara. Cefiuac B Erunre penpyres
- pafoThl 1O TexHUYECKO W SKOAOTMYecKol mpopaloTKe MPOEKTad, OCy-
JllecTBJAEHME KOTOPOro CBs3aHO He TOJbKO C foapuioll  3aTparoit
CPEACTB, HO H C CePLE3HHIMH MOCHEACTBHAMH I NMpUpOAEl BCEro ce-
Bepo-3anaga Appuku.
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Cnasa 6

NPOEKTblI BOJNIHOBbLIX NPEOEPA3OBATENEN

§ 6.1. Uctopuueckun acnekr

Ecan cyauts mo mMuposoil mateHTHOH JuTeparype, TO MePBHI MUK
HHTEepeca K CO3LAHUI0 TeXHWUYECKHX ycrTpoilcTs Asas mpeofpasobanus
SHEPrHH BOJH B MPaKTHYECKH NpHEMJIEMyI0O (OPMYy MNPUXOAUTCS HA
Havaso Hamero Bexa—¢ 1900 mo 1930 rr. B sror e mepuwon mossu-
JIMCh U TepBHE nedcTBylomue ycrpoiicrsa: B 1910 r. s6ausu r. Bopao
AEMOHCTPHPOBAsiach BOJHOBas ycTaHoBKa MouiHocteio 1 kBt  [8].
Ceituac maTeHTHHMH BeJOMCTBAMH PasAWUHLIX CTPaH 3apPerHCTPHpO-
BAHO HECKOJIbKO COTEH OPWIMHAJbHBIX TeXHHYECKHUX pPEeLIeHHH BOJHO-
BEX mpeoOpasoBaresieli — GOJblle, YeM .JTIOGHX APYLHX BUAOB Mpeol-
pasosaresedl sHepruum OxKeaHa. BepOSATHO, BOJHLI — 3TOT HeNpeMeH-
HEIIl aTpubyT NMOBEPXHOCTH JAIOGOr0 BOLOEMA — CHjibHEE BCero mody-
XKJAI0T K MaccOBOMY TeXHHUCCKOMY TBOPUYECTBY.

OnHako u3 coTeH NpeijoXKeHUH, KOTOPHIMH Gorata MHpoBas na-
TeHTHas OubANOTEKa, NMPHeMJEeMBIMH MJs [PAaKTHUECKOH peasn3amuu
OKaswBaloTed Jump AecsitkM. [lpuumna srtoro, mo caosam K. Kon-
CTaHca B TOM, YTO MHOTHE TEXHUUYeCKMe MAeH POXKIawTcs 0Oe3 yueTa
OCHOBHOTO (pakTOpa — chnenuduku Mopckoit cpennl. o HenaBHero
Bpemenu o 70 1o 90 % ycuauii B o6aactu pa3paboTK¥  BOJHOBHIX
npeobpasoBaTesiell TPATMIHCh HAa TEXHHYECKYI0 CTOPOHY IMPOEKTOB U
Toabk0 10—30 % — Ha u3yueHHe XapaKTePHCTMK MOPCKOTO BOJHE-
Hus. Cedvac, Korja 3i(opus ¢ HOBHIM «OTKPBITHEM» BOJHOBOH SHep-
TUM TMpOIUJA, CHTyauMs Pe3KO H3MeHHJAAChb: ONTHMM3aNHUs KOHCTPYK-
LU, NoBENEHHe HX O YPOBHS, COOTBETCTBYIOINETO MPOMBIILAEHHOMY
BHeJpeHnnio, norpefosand u3MeHeHUs: akueHToB [45]. B sToMm cumucae
OTeueCTBEHHAs BOJHOBAs 3HePreTHKa HA CETONHAINHMH AeHb OKasa-
Jach B BLIUTPHIIHOM [OJOMKEHWH: HayapliMecs y Hac B TOCAELHME
roAnl pas3paboTKM yxe 0asupyioTcs Ha JOCTATOYHO CcePbe3HOM 3Ha-
HUM NIPHPOLE BOJIHEHHS.

ITocaennee BoBce He oO3Hayaer, YTO B Halled crpaHe WHTEpeC
K BOJHOBBEIM npeo0pasoBaTeisiM BO3HUK TOAbLKO celiuac, cjlenys MH-
popoit mozne. IlogoOubie paforsl Beaucs y Hac u B 20 u 30-e rr.
B 1935 r., nanpuMep, nam peauxu#l cooreuecrsenuuk K. 3. Iluoa-
KOBCKHMII ONy6/MKOBaJj CraThid «BOJHOAOM U u3BjieueHHE SHEPTUH
H3 MOPCKHX BOJIH» *, B KOTOPOH oONUCaa TNPUHIHNHAJILHEE CXeMBI

* Hnonxoeekuit K. 3. Co6p. cou., 1. 4, M,, 1964, c. 362—364.
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TpeX THUIOB YCTPOHCTB ¥ B HAcTOsllee BPeMs OTHOCAIUXCS K pas-
psiny HauboJiee MepCHeKTHBHBIX. DTH cXeMbl mpuBefeHs Ha puc. 6.1
B nux M 0e3 Tpyna y3HaeMm aHajaoru Oyaymux ycrpodicts Macynbl,
Kaiizepa, Kokkepeana. Cam K. 3. llvosakoscku#l cyurtal, 4TO NepBhle
JBe CHCTeMbl HE ODWIMHAJbLHH, HO OTHOCHTEJNbHO HOBH3HH IOCJen-
Hell — KOHTYPHOIO IJIoTa — HE COMHeBajICs.

YkazaHHas craThsl OBJIA afipecoBaHa MaccOBOMY YHTAaTeNl0 U BBO-
Iwjia B MpoGJeMaTHKy KOMIJIEKCHOIO OCBOGHHS HOBOTO B TO BpeMs
BUIA sHepreTHueckux pecypcoB: «l3Biekas uepe3 MOCPencTBO Ma-
UIMH SHEPTHIO [BWXKEHMs M3 BOJH, MH oclaljaseM ux KojebaHUS H
TeM caMhM OTYacTH yKpoinaeMm. Psp Takux MaliuH, CJIeAYIOLIHX
O/IHO 3a Jpyrofi, MOTYT COBCEM YyKPOTHTb BOJHEHHE. IDTH JBUIaTes]H

\\-/‘/_\/

- Puc. 6.1. Bapnantni npeo6pasopatenefi sHepruu BOJH, onHcaunnsie K. 3. ln-
OJIKOBCKHM: 4, 6 — NHeBMAaTHYECKMe; 8 — KOHTYPHHIil mJoT

MOTyT 3aMEHWTh MOJ M SIBUTbCS HCKYCCTBEHHOH TraBaHbIO TaM, rue
ee ner». CraTths Oblia OTKJIMKOM TajlaHTAMBOIO H3obperaresss Ha
Hien B o6jacT¥ IOWCKa HCTOYHHUKOB 3HEPTHMHM AJS pasBuBaBlledcs
MHAYCTPUM, BOJHOBAaBIIME B TO BPeMs Hamy crpady. Ilpousio Bcero
50 JjeT, H MBI BHAUM YK€ TEXHHUECKYIO DpeasiM3aluio 3THX HaeH,
1paBna, BLIIOJAHEHHY0 Ha $al3e JeTajabHOTO M3YyUeHHs MPHUPOLLI BOJ-
HOBBLIX SBJEHUH, NeTaAbHOro H3ydYeHUsA B3aMMOAEHCTBHS BOJIH C pas-
JVYHLIME MeXaHNUeCKUMH CHCTeMaMU, CO3LAHWSA COOTBETCTBYIOILErO
MaTeMaTHUeCKOI'O annapara.

He mocaenHioro posiib B CTaHOBJEHHMM 3HaHWHA O NMPUPOJE BOJH

CHIpajid 3a 3TH rojbl paGoTH HalllMX HccaenoBaTeefl. 31ech HeolOXo-
auMo orMerutb Tpyan H. E. Kounna, B. B. Hlyaefixuna, JI. H. Cpe-
TeHCKOTO ¥ MHOTMX Apyrux. Ho mpupona BojdH Takosa, UTO HECMOTPS
Ha pasBUTylo O0uIyi0 TEOPHIO [0 CHX 1Op NMpu paspaboTKe NPOEKTOB
BOJIHOBBIX mpeo0pasoBaTesell nJis KOHKPETHHIX PaiOHOB WHXKeHEepam
. HejocTaeT cBefeHHMH, HeoOXOAMMBIX IJisi OLEHKH 3amacos 3HEPrud H
BHIOOpA HauJy4Ilero KOHCTPYKTUBHOTO pelleHMd. DJeMeHT caydaii-
HOCTH, MPUCYIIUIl BOJHOBBIM SBJIEHHSM, 3acTaBjisfeT [Js KamxAoro
pafiona mpenmosiaraeMoil yCTaHOBKH BOJHOBHIX IpeofpasoBaTeleit
NPOBOMUTL AJAUTEAbHBII NUKJA  9KCIePHMEHTAJbHOIO  HCC/EN0BaHHUS
BOJIHOOGpAa3oBaHys, He OMPAaHUYMBASACL TOADKO TEOPETHUECKHMH ONEH-
KaMH. '

Haun6oabliyio 3aUHTEPeCOBAHHOCTL B pas3paboTKe pecypcoB BOJ-
_HOBOIT 3Hepruu npossasioT BeankoOpuranus, Hopserus, Sinonus. Ilo
OlleHKAaM CIIeMaJHCTOB NlePBbIE ABe CTPAaHEl MOTYT MOJHOCTbIO ofec-
_HOeuuTb cefs 3JCKTPOIHepPruei ¢ MOMOMNIpIO BOJHOBBIX 3AEKTPOCTAH-
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uui Ha yposHe morpefaenus 2000 r. Benyrcs paGord mo co3panHIO
BOJIHOBHX TpeoOpasopaTesieli sHeprHH y Hac B crpane, B CIIIA, Bo
Opanuun u psne APYTHX cTpad. K sTHM paforam, Hampumep, MNoOj-
kaouniach Counanucruueckas PecnyOanka Pymunus ¢ ee orHocH-
TeJAbHO cTOKOAHBIM HepHOMOp cKuM nofepexbeM. PyMuHCKHE HHKeHepH
paccuuTeIBaIOT ¢ moMombio 200-KHAOMETPOBOH e BOJHOBHX mpeod-
pasoBaresiedl, pacrnonoxeHHHX B 3—5 KM or Oepera, moayuyaTb 10 }
2 MApPA. KBT'y 371eKTpO3HEPTHY B IO,

OtHolienne X pecypcaM BOJHOBOH SHEPrHM B MHpPE MOCTOSTHHO HU3-
MeHsieTcs, Kak Ol OTCJEXHBasi yPOBEHb TEXHHUYECKHX Pas3paboToK
H ypoBeHb 3HaHuA o npupone soaH. Hampumep, B CHIA mepsona-
YaJbHO NMOAXOASMIMMU JJsl pasMelleHHs BOJHOBHX 3JEKTPOCTaHUHE
CUHTAUCh JIHUIL paloHBl ceBepHOro nobepexbs 3anuBa Msu u mobe-
pexbe mwrata Bamunrron. Ilosxke, mocsie BHIMOAHEHHS COOTBETCTBYIO-
IUX HCCACJOBAHHH, PEHTAGENbHEIM CTAJ0 Ka3aThCs HCIOAb30BATbL BO-
ofume BclO 30HY Ha paccTosHud 40 KM OT TMoGepexbs cTpaHul [64].
Ecau B SInonuu mepBoHauajbHO BOAHOBYI0 SHEPreTHKY CUMTAAM IPH-
FOLHOH TOMLKO AJsI oOecleueHHsi MHTAHHsS aBTOHOMHHIX GyeB, TO cefi-
.4ac yxe peaju3opaH MNEPBHE KPyMHOMacWITaOHBII BapUaHT mNAaBy-
uell BOSHOBOH YCTaHOBKHU H T, I

Kak u BceM BO300HOB/ASEMBIM OKGaHCKUM pecypcaM SHEPruH, BoJ-
HOBBIM TMpPHUCYIUY CBOKCTBA, OrpPaHMuYMBAION(HE MOJAeT (GaHTa3uu pas-
padoruuxos. IlpocToe mepeuncieHHe 3THX CBOMCTB  J@MOHCTPHpPYeT
HEKOTOPHE OTPUIATe/ibHEIE CTOPOHE BOJHOBOH 3HEPTHH. DTO M Cpab-
HHUTEAbHO HU3KAs KOHUEHTPAuUs 3HEPrHH, H OTHOCHTEJALHOE HEeNocTo-
SIHCTBO B MPOCTPAHCTBE U BO BPEMEHH, H HIMPOKHH CIeXTp Kodebanuil,
H OTCYTCTBHE KOPPENSUUU MeXKAY H3MEHSIOUHMHCS NOTPedHoCTAMH
B SHePrHd H MOIIHOCTLIO MCTOYHHKA B JaHHHH MOMEHT BPEeMEHH.

Ilepeuncniennsie cBOHCTBA CO34AIT HEOOXOAUMOCThL TPH paspa- |
6oTKe BOJNHOBHIX TpeofpasoBaTeliell yAOBAETBOPSATL LEAOMY DALY |
MPOTUBOPeYUBHIX TpefoBanuil. Tak, HHU3Kas KOHIUEHTPAauUHs 3HEPIHH
Tpebyer cosfanus aubo KpynHoMacwiTaOHHX npeofpasoBaTenell 60b-
oW eJHHUWYHON MOIIHOCTH, JAHGO COOTBETCTBYIOLIErO KOJHYECTB2 3
paccpenorToyeHHEX Ha OOALLIOA MAOIIAJH CPABHHTENLHO HeGONbUIHX 1
ycrpodicts. B mepBoM cAydyae mpUXONUTCHA MCIOAL30BATbH MACCHBHBIE *
TOABHXHBE 3/€MEHTH HJH THIaHTCKHE MAacCHBHHE KOHUEHTPATOPHE,
BOJIHOBOH SHEprHH, NMpHYEM peyb MOMXKEeT HATH TOJbKO 06 HCIOIb30-
BAHHH HHU3KOYACTOTHHX COCTABJSIOIIHX BOJHEHHS M O TPAaKTHUECKOH ' |
HEBO3MOXHOCTH MepecTPauBaTh CHCTEMBHl NPH H3MEHEHHH MapaMer-
poB BonH. [l mMajora6apHTHHX YCTAHOBOK BO3MOMHOCTbL mepect-
. POHKU Ha ONTHMaJbHYIO YaCTOTY CTAHOBUTCA peadbHOH, HO YBeAHYH- j
BaeTcsl ofIiasi MaTepHaJOeMKOCTb, BO3PACTAeT CTOHMOCTb OOCHYIKH- - |
BaHHS. B To Xe Bpems mpH HacTpoHKe BOJHOBOro mpeoGpasoBaTes
Ha ONTHMAJIbHYIO YacCTOTYy C Liejiblo yBeawmueHns sddexrusHocTn mpe-
00pa3oBaHusl SHEPTHH OKa3HBAETCS BO3MOMKHBIM HCIOAbL30BATL JHUIb
YacTh CyMMapHOH sHeprud BoJH, OOBIYHO pacnpejeseHHOH B KocTa-
TOYHO IIMPOKOM CIEKTPaJbHOM JHanasoHe. MMeHHO mMo3TOMY yerpoi-
CTBa, XOPOWIO 3apexoMeHAoBaBuike cefsl B JabopaTOPHHX YCJOBHSX,
9acTO OKa3HBaloOTCs Man03¢(deKTHBHHIMU NMPU yCTaHOBKE B Mope [64].
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B ciayuyae HemoCpeACTBEHHOIO HCNOJbL30BAHHS 3JE€KTPOSHEPTHH,
BoipaaThiBaeMofl BOJHOBOI cTaHUHEH, NJisi XO3SHACTBEHHBIX HYXKJ ee
HeJb3s paccMaTpPUBAaTh KAk CaMOCTOSATebHEIA HcTouHUK. HemocrosH-
CTBO BO BPEMEHH U MPOCTPAHCTBE, CE30HHHIA Xapakrep camoro pe-
cypca TpefyioT HMeTb B pe3epBe KaKoH-TO NOMOAHHTEAbHBIH HCTOY-
HHK 3/EKTPO3HEPTHH, auo MOAKAIOUATL BOJHOBYIO 3JEKTPOCTAHIHIO
K 5HEProcerH, Mo3BOJsON(el 3a CUET CTOPOHHHX HCTOYHUKOB KOMIEH-
CHpOBATL CHUXKEHHE MOUIHOCTH H3-32 yMEHbUIEHUS BOJIHEHH:, JHuOO,
HAKOHEN, UCIO0JbL30BATL AKKyMyJAHPOBAHHE 3HEPrUH.

Eme oana TPyAHOCTb TPH CO3AAHMM BOJHOBHX mpeoOpasoBaTe-
Jell — ofecmeyeHyde HX XKUBYYECTH B cJjydae 3KCTPeMaJbHBEIX BOJHO-
BHIX HArpy3OK, 3HAUMTEAbHO MPEBHINAIONIHX pacyeTHHE pPEeXRHMB
sKcmiyatanud. Hanpumep, ecaH cpejHee 3HaUeHHE MOULHOCTH, MpH-
xosimeficss Ha efuHuLy AauHE rpefHa Boanw, agas Ceseproll Araan-
TUKH cocTaBjsier npumepHo 50 XxBt/M, To BO BpPeMs cU/ABLHOrO HITOpMa
5Ta BeJUYHHA MOXET JA0CTHYbL 3HauexHus 2 MBt/m npu BHcore BOJH
15 M. A nabmogasmiuecss B 3TOM e paioHe MaKcuMaJjbHBIE BOJHDI
(Tax HaspiBaeMple «STHAECSTUJIETHHE BOJHBI») HMeJUd BHCOTY O
34 M. Jas storo paiioHa cuuTaercs nedecoo0pPasHHM pa3padaTHBaTh
ycTpoHicTBa, paccudTaHHBlE HAa HOPMasbHylo paboTy B juamnasoHe
momuoctell 50—150 kBt/m. Taxum o6pa3oMm, 4Todp NPOTHBOCTOATD
WTopMaM cpefiHell cHABl nmpeofpas3oBaTesd SHEPrHU  BOJH JIO/XKHBI
MMeTh YCTAHOBJEHHYIO MOIIHOCTb, 3HAUHUTENbHO MPEBLIIIAIINYIO CPe-
g1010. DTO He clacaer MX OT CHJAbHHX WITOPMOB. 31eCh MpPeAOXKeHO
HeCKOJbKO BapuaHTOB 3auurhl. Hampumep, B cjydyae Taxkoro mropma
npeofpasoBaTenb MOXKeT ObTb 3aromjieH. JIpyrod BapuHaHT —Tak
paccuuThiBaTL TpeobpasoBaTesid, 4TOOLl € YBEJHUEHHEM  BOJIHEHHSA
BLILIe ONTHMAJLHOrO UX 3(dexTuBHOCTh Majaia. OjpHako B JgboM
cJyuae BO3HUKAIOT CEPhe3Hble TPYAHOCTH NpPU OOCAYXKHBAHHHU, mepe-
fade SHEPrud, YAEp:KaHUM Ha sfKope. BOSHUKAIOT jaxe COBEPLICHHO
HoBbie npoGiemel. Hampumep, cpHB ¢ SKOPS OJHOr0 H3 TOYEYHHX
npeo6pasoBaresell MOXKET NMPUBECTU K Pa3PyIIEHUIO COCEIHHX C HHM
yerpoiters. Bul6pachiBanue ke Ha Oeper aBapuiiHBIX yCTPOHCTB MO-
JKeT TPHBECTH K OMACHOCTU Pa3pylleHuss 0eperoBbix COOPYKeHHIl.

TpPyAHOCTH CO3/aHHsi SHEPreTMKH Ha Mpeo0pasoBaHUH >HEPTHH
BOJH JOCTaTOYHO Bejukd. M x mpeojosenue morpefyer eille MHOTUX
ycunauil paspaboTUYMKOB H yueHHX. B HacTosiiiee BpeMst B MHpe yxe
3KCIyaTHpyeTcss oKojio 400 aBTOHOMHEIX HaBUTalMOHHHX Oyes, Hc-
M0AL3YIOMUX 3Hepruio Bogsl. OjHAKO yxe B 5TOM CTOJETHH NPOTHO-
3upyeTcs BO3MOXKHOE IOJydyeHHe OT OKeaHCKHX BOJIH MOUIHOCTH HE
menee 10 I'Br (mommuocts Kpacrosipekoii [9C oxono 12 I'Br).

CusibHast CBsi3b CO CPeJOH — 3TOT HaHOo/ee CYLIeCTBEHHHIA MpH-
3HaK HMeHHO BOJIHOBHIX Mpeofpasobarejiell — 3acraBiser Npu HX pas-
‘paorke ofpaiiaThcs K aAropuTMY, CXOJHOMY C NpPe/ACTaBJeHHBIM Ha
puc. 6.2. ‘

Dta cxeMa T[oKasbiBaer, KaK [yTeM [O0CAEJ0BATEAbHEIX IIpH-
GAHKenHil yAaeTcss ONTUMAJbHBIM 06pasoM YBA3aTh CBOHCTBA pe-
aJbHON cpefH C OCOGEHHOCTAMH — KOHCTPYKLHIL npeofpasoBaTese,
.MMes TpH 3ToM B BHAy He Toabko Hamayuunii KILJ npespalueHus
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SHEPTHH, HO H MPHEMJIEMYIO CTOMMOCTh OGYAYILEro COOPYHKEHHS — BOJ-
HOBO# sneKkTpocTannuu [45]. :

greopemqecxax Ycrpotterso, | Quepreruyeckme
pa3paboTKa, npusogumoe| Baaumoneit- Mope M APYTHC Xapak-
onenka spdex B 1eACTBHE CTBHe I TePHCTHKH HeBO3-
THBHOCTH BOJTHaMH —— MYIUCHHON Cpeflb
" CTOMMOCTH

Cunes u gBY- Hzmene-

Xeuue non HUSE B 110~

IeNCTBUCM ’ JIAX CKO-

BOJTH pocTen ,
,

PeanwHoe yer- JHepreTHyeckHe
pofcTBO: 3¢ W JpyTHe Xapak-
$eKTHBHOCTS, [Monnasn a3 pexTHBHOCTD TEPUCTHKH cpeInl
CTOMMOCTB “=—=  CHCTEMBI i CTOMMOCTD C y4eTOM paBoThi
SUEpPTHH npeobpazorarens

Pue. 6.2. AJropHTM COrjiaCOBaHMS BOJHOBOIO HPeoGpa30BATENs CO cpenoir [45]

B

§ 6.2. Knacémpuxauua BONHOBLIX Npeobpazosarenei

Ofunue cxem npeo6pasoBarenefi 3sHEPrHU BONH TOPOJHIO He-
CKO/IbKO BapHAHTOB K/IacCH(PMKAlUW, B OCHOBE KOTOPHIX JieXaT pas-
JIMUHBle MPHHUHNL. MOXKHO, HanpuMep, BLIACIAMTH [Ba Kjaacca mpeod-
pasoBaresiell — aKTUBHBEIC H NacCHBHbE. K mepBoMy OTHOCATCS Bce
YCTPOHCTBA, HMEIOl[He NepeMelniaomuecs nof AeHcTBUEM KoJjebaHul
BOJIHBIX MacC 3J1EMEHThI, KO BTOPOMY — YCTPOHCTBA JIHIUL HANPaBAAI0-
IHe ABHMEHHE BOJ C Le/bi0 KOHIEHTPAUUM SHEPrUH BOJH. B ocHOBY
KjiaccH(MKALHH MHOrAAa KAAAyT Haubojiee XapakTepPHbie OCOBEHHOCTH
HPHPOJBl BOJNHOBHIX fBJACHHA M TOrJa BHIENSIOT TPH XaPaKTEPHBIX
HpH3HaKa:

MOoJbEM BOJIHOBOH IOBEPXHOCTH H H3MEHEHHE €€ HaK/IOHA;

MOANIOBEPXHOCTHOE ABHXKEHHE YACTHI, XKHAKOCTH H H3MEHEHNe AaB-
JIeHus; -

npeobpasoBaHKe BOMH HPH MOLXOAE K E€CTECTBEHHBIM WJH HCKYyC-
CTBEHHBIM NIPENATCTBUAM. .

[Ipu rtaxoli knaccHdHKAUMH [OJ TMePBLIN MPH3HAK MONAal0T pas-
JIHYHBIE THILI AKTHBHHIX YCTPOHCTB — OyeB, KoJeOJIONIHXCS TeJ, mpe-
o0pasoBaTenell BOJHOBOIO IBHXKEHHS B H3MEHEHHE BO3NYNIHOrO NaB-
JeHust H T. 1. [lox BTOpOHl NMPH3HAK NOMAAAIOT TAKKE AKTHBHEIE YCT-
poiicTBa, HampuMep MOIJIOLIAIONIHE BOJMHOBYIO 3HEPrHI0 OOOJOYKH H
ycTpoiicTBa ¢ KoJseOMIOIHMHCT H BpPau[aMUMHCS sJeMeHTaMu. Ilof
TPeTbi0 — Pa3JUyHBle KOHLEHTPATOPL! SHEPTHH NTacCHBHOIO THma [79].
- Takasg knaccHQHKAUMS TaK:XKe He MO3BOJSET BLIABHTHL BCErO MHOTO-
00pasHus MPHUHIHNOB H MaJio OTJHYAeTCs OT NePBOLL.
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He yHuBepcannHa H xjaccHdHKaMdA, NpelniokeHHasa Y. JxKHepoM
[47) u ocHoBaHHAs Ha BHIBJEHHH OOIMX MEXaHHYECKHX MPHU3HAKOB
pas3JuuHBIX ycTpoicTB (puc. 6.3). Popmanusamus u3oOpaxeHHHA ne-
Jaer 3Ty cXeMy Harasjgpo#l, HO NMPH H300pPETEHHH Kaxkoro-HuOyAb
OPUHIHUIHAMLHO HOBOrO ycTpoHcTBa OHA TpebyeT NMepecMoTpa M BBe-
JIeHUs HOBOIO KJjacca.

Haubosee ynauHbiM xaxKeTcs MeToJ kanaccdduxkalud, HAYILHE OT
OPHPOAB BOJIHOBBIX $IBJIEHUH, HO Hawlnuii uM OoJpllylo jeTasn3a-
uuio (cM., Hanpumep, cratbio B. M. Cuuxkapesa u A. C. llImaka [15]).
‘B cootBercTBuM ¢ 9TOH xnaccHPHKANHEH KOHCTPYKUHU BOJHOBHIX Ipe-
ofpasoBaresnell HeJdTCS Ha HCMOJb3YIOUIHE CAERyHiue (HU3HIECKHe
JakTopH:

pasHocTb (a3 Kojse6aHMH B TNPOCTPAHCTBEHHO Ppa3HECEHHBIX
ToYykax, .

H3MEHeHHe YDOBHSI MOpPSI OTHOCHTEJNbHO CTALHOHAPHO pa3MelleH-
. HOTo TeJna, - ,

pasnocts (a3 KojeGaHUH YPOBHS NABJEHHS BOAB B NPOCTPaHCT-
BCHHO Pa3HECEHHBLIX TOUKAX; ’ .

MEPHOAUUHOCTL KosieGaHHA CYMMapHOro [aBJeHUST OTHOCHTENLHO
¢TabuaM3upOBaHHOIO YPOBHS; '

mepuofMUYecKoe H3MeHeHHE HAaKJOHA BOJIHOBOH IOBEPXHOCTH;

KOHIIEHTPANUIO BOJHOBO!H SHEPrHH NO (POHTY HJH HO rayOuHe,

CKOPOCTHON Halop XKUAKOCTH; '

KoMmOunanuio 3QGhexTos.

Knaccupuxauus MO3BOAsSIET aHANU3UPOBATh BO3MOMXKHOCTL HCIOJIb-
- 30BaHUS TEX WM HHLIX YCTPOHCTB NMPHMEHHTEJNbHO K KOHKPETHBIM Yyc-
noBusAM. Hampumep, oTHOCUTENbHO NpeofpasoBaTenell BTOPOH I'PYNITEL
MOXKHO CKa3aThb, YTO €CJIHM OHH HCNOMb3YIOT JKECTKOe 3aKpemsieHHe
Ha TPyHTe, TO B 30He nellCTBHS MPUJHMBOB HenpuemJjeMo. B To xe
BpeMsi TaKoe OI'PaHHUEHHE He pacnpocTpaHdeTcss Ha aHaJolHYHHE
yCTpOHCTBA, B KOTOPLIX MEpeMeIleHHe NOoNiaBKa MPOUCXOAHT OTHOCH-
TeJlbHO MHEPUUOHHOHA maaTdopMbl HAH JHHAMHUECKOro sxopa (cM.
§ 6.4). KoHCTpyKumuH, HCIOJb3YiOLIME pasHOCTh (a3 xonebanuit
ypoBHs (mepBas rpymmna), BPAL JM MOTYyT HMeThb 3HAUHTEJNbHLIE €NH-
HMYHLIE MOLIHOCTH W3-3a MPOYHOCTHBIX XapaKTEPHCTUK NepefaTOyHLIX
NPOCTPAHCTBEHHBIX MEXaHH3MOB, YCTpolicTBa TPeTheH I'Pynmbsl MMEIT
orpaHuyenue Mo rAyOHHAM YCTAaHOBKH. TO Ke MOXKHO cKasaTb O Mpe-
ofpasopareasx npeanociepHeli rpymnmsl. Ha HHX, Kak u BooOLie Ha
ycrpoiictBa, pasMeniaeMble IMoJ, NOBEPXHOCTbIO BOJAOEMa H Ha JHE,
IeficTByeT eme OJHO orpaHuyeHHe: ObICTPOE 3aTyXaHHe BOJHOBOTO
BO3MYlleHHs ¢ IiyOHHOH. 11 CKOPOCTH JBUIKEHUS YACTHL XKHAKOCTH
TaKO€ 3aTyxaHue, HalPUMEpP, MPOHCXOJAHUT MO 3KCIOHEHIHAJbHOMY 3a-
KoHy. Kpome Toro, Jwofbie ycTaHaBiHBaeMble Ha JHe YCTpoiicTBa
HAXOJATCH B KaxoH-To MEpe TOJ Yrpo3oH 3aHOca OCaJOYHBIMU MaTe-
pHaaaMH.

Bosbuue eiMHMYHLIE MOILHOCTH — HeOOXOAMMOE VYCAOBHE KpYyIl-
HOMaclITaBHOH SHEPreTHKH — M03BOJSIOT HOJYYHTh JHGO ycTPOHCTBA,
KOHIEHTPUPYIOULe BOJHOBYIO 3HEPTHIO Mo (QPOHTY H mo riybune,
JH60 o0bejMHEHHBE B ceTH NpeoOpasoBaTenu, pabdoraiouue Ha o0-
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uyio Harpysky. Ilpu takoM oObeIHHEHHH pasMEemanT OT/e/dbHLe
6/10KH HJIH BAOJb (POHTA BOAH (TePMHHATOPHI), HJIU TMONEPeK (GpoHTA
(aTTeHoaTopHLle ycTpoficTBa). B posan H arTTeHioatopos, U TepMHHa-
TOPOB MOT'YT BHICTYNaTh yCTPOHCTBA Pa3AMUYHLIX [Py,

B nacrosmee BpeMsi paspabaTHBaioTcss BapHaHTH mnpeofpasopa-
- TeJlefl NMpaKTHYeCKH Bcex IPynll. MHorMe u3 HHX peajHM30BaHbl H Hc-
MBITaHLl B Ja0OPaTOPHHIX YCJAOBHSX BOJHOBHIX OaccefHOB, psa HCITH-.
TaH B ycJoBHsix Mops. Ho a0 cero gHsS Helb3si BBHAECAHTH KaKoe-TO
OJIHO HJH Ja)Ke HECKOJbKO YCTPOHCTB, KOTOpLle GblAH O MpHeMJeMH
A5 BCeX clyuaeB, yAOBJAETBOPAAH OH BceM MPOTHBOPEUYHBHIM Tpelo-
BAHHSAM, NPENbABASEMEM MOTPEOHTRASIMH.

§ 6.3. MNMpeobpasoBarenu ¢ Ka4YAOLWIUMMCA IMEMEHTAIMMU
B stom Kjacce mpeoOpasoBaresiefl BOJHOBOH SHEPrHH Mpexje

BCEr0 OCTAHOBHMCs Ha 3HAMEHHTOH «cojrepckoll yTke» (puc. 6.4),
Ha3BaHHOH Tax B 4YeCcTh ee cosjparens, Ipodeccopa IIHHGYPrcKoro

Puc. 6.4. «¥YT1Ra» Coarepa: a — cxema npeoGpa3oBaHHsi SHEDrHH BOJHL;; 6 — Ba-
PHAUT KOUCTPYKUHH npeoGpasopatens. )

1 — naaByvuan naatdopma; 2 — OuJIMHAPHYeCKaf OnoOpa ¢ pas3MellaeMbiMH B Hel HpHBOJaM#
H 3JIeKTPOreHepaToOpaMH, 3 — aCHMMETPHUYHbIH [OMNJaBOK

yausepcurera C. Coarepa. TexHHueckoe Ha3BaHHEe TaKoro mpeobpa-
30BaTeAss — Kojaebawleecss Kpuao. Ero ocHoBHas ocofeHHOCTh —
ype3BLHIYaHHO BBICOKasi 3(Q(EeKTHBHOCTh mpeobpa3oBaHUsS 3HEPTHH
Boan. IIpaBaa, uroBbl pean30BaTh 3TY BO3MOXKHOCTH, TNPHXOAHTCH
0CTATOYHO KECTKO 3aKPElisiTh OCh KpHJa-nomjaska. Caenarth 3TO
MOJKHO, YCTAHOBHB, HampHMep, KPHLIO B Teje BodHosdoMa. Opnnako
cTanioHapHHE BOJIHOJOM — COOPVKEHHe MeJKOBOJHOE, a Ha MEJKOo-
BOJb€ 3HAauHTeJAbHAas YacTh SHEPTHH BOJH TepseTcs BCJAEACTBHE Tpe-
HUS O AHO. Jpyrof HeXOCTATOK — CTalMOHAPHHH BOJIHOAOM He Mo-
KeT OTCAeXKHBATh H3MEeHeHUe HampaBjAeHHUs NMPHXOAa BOJAH, 4 B 3aBH-
CHMOCTH OT 3TOI'0 MapaMeTpa BOJHEHHS >(P(QEKTHBHOCTb KpPblIa Kak
npeo6pasoBaresas CHABHO 3aBHCHT. Dblio TpeAoXeHO YCTAHABJIH-
BaTh DS CAMOCTOATEAbHO KoJebGAWINHXCcH KPbUIbeB B Tede [J10Ta,
MOJIOKEHHE KOTOPOTO B TMPOCTPAHCTBE MOryA0 OBl H3MEHSThCS C IIO-
MOIILIO CHCTEMHl SKOPHHX TPOCOB, ONHAKO, TEOPETHUECKHE pacuyeThl
1I0Ka3bIBAIOT, YTO H30JHPOBAHHAsi «yTKa» € (PHKCHPOBAHHBIM LIEHT-
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pom BpalleHHs B peajbHOM MOpPe k3-3a PACKAYHBAHHS OCTOBA B NPO-
JOJbHOM U NONEPEYHOM HANpPABJEHHAX AOJIKHA TaKiKe IOKA3HBATh °
cHuKenne apPeKTUBHOCTH npeobpas3oBaHus. \

OcHoBHas ynaua KOHCTPYKTOpAa <«yTKHM» — OnTuMajbHas (opma.
Korga «yTka» packauMBaercs OTHOCHTEJBHO IEHTPA BpalIEHHs, ce
HOCOBafl yacTh NPAKTHYECKH TOYHO OTC/ACXKHBAET ABHIKECHIe Haberalo-
el BOJHb. B To XXe BpeMa KopMoBas NOBEPXHOCTb, HMeEIOL[AS I[IH-
JIHHAPHYECKYIO (OpPMY, NPH ABHMKEHHH OTHOCHTEJNLHO TOTO Ke IeHTpa
NPaKTHYECKH He NPOH3BOJUT NEePEeMENIEHHH KHAKOCTH ¥, CJAefoBa-
TeJbHO, HE MOXKET 00pasoBaTh BOJHY, YHOCHAIIY[ 4YaCTh BOCIHPHHATOH
sHepruu. Pu3NUecKyio CYIHOCTb BBICOKOH 3P (PEKTHBHOCTH «yTKH» IIO-
AcHaeT puc. 6.4, a, No3BOJAOUIMI NPOCJEANTL NPOIECC B3aHMOACH-
CTBHSA ¢ Hed nmajapliell BoJHbL. 3a cueT HHTEPPEePEeHLUHH OTParkKeHHOM
HETIOABHIKHON <«yTKOH» BOJIHBI H H3/JyueHHOH ABMKyWelica (mpapasd
N0JIOBHHA NOJISA) NPAKTHYECKH TACHTCS BOJHA, PacnpocTpaHsoascs
HaBcTpeuy najamomed. Takofl ke npoluecc NPOHCXOAUT 34 <YTKOHY»,
rje rameHue pacnpocTpaHsiolieiics B/AEBO BOJNHH HPOHCXOLHT B pe- -
3y/bTaTe B3aWMOAEHCTBHA AudParupoBaBLlell Ha «YTKe» M H3JYYeH-
HOH €10 BIPaBO BOJIH.

Iepponauanbno Coarepom OB CO34aH MaKeT AOCTATOUHO Y3KO-
NOJIOCHOTO 1o 4actore ycrpolictea. B BosHOBOM HacceiiHe oHO HOrJo-
mwano xo 90 Y% mnaparomess sneprun. Bosee no3gHue 3KCNEPHMEHTH H
pacyeTH NOKasaJH BO3MOXKHOCT CO34aTb 3a CUET PalHOHAJLHOTO
yupaBJieHud paclnpeleseHus Macc B IOIJaBKe KOHCTPYKMHI, obeciie-
ypBaroulyo KII ne xyxe 80 9% npm wupuHe mosocsl uactor GoJjee
50 %. Kpowme Toro, 6biJI0 NOKa3aHO, uto Aas ycqaosuii CesepHoit AT-
JIAHTHKH MOTYT OblTb CO3LAHBI JOCTATOYHO 3¢ (deKkTHBHHE npeobpaso-
Bateau auamerpom 10—156 m [51].

Ilepshie nucnbiTaHus B YCJAOBHAX, GJAH3KHX K MOPCKHM, OBIJIH IPO-
BeJdeHbl B Mae 1977 r. Ha o03. Jlox-Hecc. 50-merposas rupasnia us 20-
METPOBHX «yTOK» o0Ome# maccofi 16 T Gpiia coyiileHa Ha BOAY H HC-
NBITHIBAJMACH H HCCAeA0BAaJJach B TeueHHe 4 Mec npH pPasiMUHBIX BOJ-
HOBBIX YCJOBHAX (IepexXHaa Aaxke CHAbHBIN wWTopMm). Mayuanucs me-
XaHH4YeCKHEe XaPaKTePHCTHKH, HIBapTOBOUHBIE HAarpysku. B pekaGpe
TOrO € roja 3Ta moaesb B 1/10 Oyayiiefl BeJHaHHbBl OKEAHCKOT O IIpe-
ob6pasoBarens Obljla BHOBb CIYIIE€HA HA BOAY M faJa NEPBHI TOK.
B Teuenne 3 Mec OZHOTO H3 CaMbX CyPOBBIX 3MMHHX MEPHOAOB MO-
Jesb NepBOH  aHTVINHCKOH BOJIHOBOH  3JIEKTPOCcTaHHHH pabotana
¢ KITH oxoao 50 9.

HecMOTps Ha OTHOCHTEJIBHYIO NPOCTOTY CHCTEMBI H BBHICOKYIO 3(-
(PeKTHBHOCTb TNPeosPAa30BAHUSI CYLIECTBYIOT CEPbe3Hbl€ MPENsiTCTBHSA
Ha myTH ee BHeApeHus [45]:

CHCTeMa OKa3ajack HACTOJLKO UVBCTBHTEJBHA K HAlpaBAEHUIG
BO.TH, YTO AJs NoaydeHus cpaBHurtenbHo Beicokoro KIIJl nmpeo6pasona-
HHS HeOOXOAHUMO OTCJIe:KHBATL H3MEHEeHWe HalpapJeHHs,;

JOCTAaTOYHO CJOXKHA H HEHajeXHa THAPOMAauInHAa, MPHBOJAHMAS
B felicTBHE NOTJIABKOM, .

CJOKHOCTh (DOPMBI IOBEPXHOCTH <«YTKH» CO3ZAa€T 3aTPyAHEHHS
npu ee c00pPKe H MOHTaXe; !
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cnenuduKa pacnpeneseHds MacchH co3jlaeT TPYAHOCTH mpH ycra-
HOBKe H nmepeBo3Ke npeobpasoBaTeied;
cOOpPKa HecKOJbKHX npeofpas3oBaTtesiel B NPOTAKEHHYIO KOHCTPYK-
IHI0 MOXET IPHBECTH K YCJOKHEHHIO NOCTAHOBKH H YJAepKaHHA Ha
AKope; }
npu c60pKe BO3HHKAIOT NPOOGJIEMbI HAJEXKHOTO YIJIOTHEHHS KOJb-
eBOrO 3a30pa BOJbIIOrO AHaMETpa. ‘ .
B Hacrosmee Bpemsi BeayTcd PaboThi IO YCTPAHEHHIO 3THX HeLO-
CTaTKOB. . )
Jlpyroii BapHaHT HOCTaTOYHO 3((HEKTHBHOTO BOJHOBOTO mpeobpa-
30BATE/IS ¢ KayaollHMCH 3JIEMEHTOM — KOHTYPHHIH nioT KokkepeJuia
(V. Kokkepeasl H3BecTeH Kak OJHH H3 YHauluBBIX n306peraresed

Puc. 6.5. Bapuanr Bbinosnenus Kontyproro niora Koxxepeaaa.

1 — gome6awowmasncs cekuus; 2 — npeobpasoBarenp; 3 — Tsra; 4 -— MApHHP

cyzHa HAa Bo3AyuHoO# noAyuke). Ero moxeap takxke B 1/10 Bean-
UHHBbI HCIBITHIBAJAChL B TOM 3Ke roay B npouuse CojeHT BOAH3H
r. Cayrremnrona. KOHTYPHBII IJIOT — MHOTO3BEHHAsd cHCTEMA U3
lapHHPHO coeAHHeHHbIX ceKuuii (puc. 6.5). Kak u «yTka», oH ycra-
HAB/JHMBAEPCH NEPHEHAHKYASPHO K (POHTY BOJHB H OTCIEKHBAET ee
npoduab. K HacTosllemy BpeMeHH pa3paloTaHO HECKOJbKO MOAHGH-
Kanui nJgaora. B 6osee paHHux nyO6JaHKanusaxX TOBOPUTCH O MJ0Tax U3
yeTHPeX-NATH CeKIHi AMHHON npuMmepHo 1/4 Kaxkpad. B Gosaee mosa-
HHX — O TPEX3BEHHOM H JaKe O ABYX3BEHHOM ILIOTE C CEKLHAMH pas-
JHUYHOTO pasMepa: ToJIOBHAs, yCTAHOBJICHHAS MOPHCTEE, BOCIPHHH-
MaeT OCHOBHYIO 3HEPrHiO BOJHBI H NPHMEPHO B ABa pasa Kopoue Kop-
MOBO#. BeposdTHo, mocieaHss KOHCTPykuus 6o0Jee IIHPOKOIOJOCHA,
ecJH HMMETb B BHAY BOJHY He KOHKPETHOH IJIHHH, a CHEKTP NJIHH
BOJIH.

Jertanoupie JabopaTopHeie HCOBITAHHS MOJAENH TJOTa B Mac-
mrabe 1;100 moxasaau, uto ero 3QQPEeKTHBHOCTL COCTABJAAET OKOJIO
45 % . 310 HuKe, ueM y «yTKH» Coarepa (HO IJIOT IpPHBJIEKAET APY-
TMM JOCTOMHCTBOM: OJIH30CTh KOHCTPYKHIHH K TPajHLIHOHHBIM CYJO-
cTpoUTEIbHBIM). M3roToBseHHE TAKHX IIJIOTOB HE NOTpelyeT CO3JaHUs
HOBHIX IIPOMBIINJIEHHHX TPEANPHATHH W THO3BOJAUT NOAHATL 3aHA-
TOCTb B CYAOCTPOHTENBLHON NMPOMBILULIEHHOCTH.

Beiia mauata paspaborka TPOEKTa BOJHOBOH 3JEKTPOCTAHLHH
Ha 6ase mpeobpas3cBaTens Tuma MJoTa. B KauecTBe mecra [14s ee
pasmewmenns ObJ0 BiGpaHo 3amaanoe noGepexbe I'e6puackux ocTpo-
BOB, TAe HMeeTCs HOAXOAAMIHIT Y4aCTOK MOPCKOTO [HA NPOTSIKEH-
HOCTBIO OKoj0 150 KM -BIOAbL 6€peroBoil JHHHM € TJAyOHHAMM OKOJO
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50 M. CkanbHBH TPYHT NO3BOJISIET B KAueCTBE SIKOpPell HCNOJb30BATh
3a0ypeHHbie B HErO0 CBAM C BHICOKOH TOPH3OHTAJNbHON H BEPTHKAJbL-
HOl yAepKHBaOWeHd CnoCoOHOCThIO (BO BPeMs HITOPMOB IVIOTH Gy-
AYT HCIIHITHIBATH JOIOJNHHTENbHHE HArpy3ku go 20 MH). Has yxuep-
XKaHus IJ0TOB paspabaTHBaliCh CleUHaJdbHbBIE TPOCH, YCHJIEHHHIE
3JIaCTHYHHMH TIOJINMEPaMH, ¢ JAONYyCTHMHM  yajauHeHHeM o 30 %.
Ilocaenussi BelHuHHA OnpejeNeHa W3 pacuera JaBaTh MJIOTAM BO3-
MOXKHOCTh lepeMeliaThcs NPH WITopMe Ha paccrognue ao 30 m or
[1ePBOHAYAJBLHOTO TI0JMOKEHNS.

Ilpennonaranocs, uto Takasg craHuus OGyper cocTosiTe u3 1500
J10TOB WHPHHON 50 n pauHoit 100 M, yCTAHOBJEHHHX HA PAacCTOSHHH
50 M apyr ot apyra. B xauectse martepnajsa mjas Kopnycos Obll BHO-
paH apMHPOBAHHHI KeJne300eToH, o6Jafaouidil CTOHKOCThIO 1O OT-
HOLIEHHIO K UMKJIHUECKHM Harpyskam u Kopposuu. PacuerHas poJro-
BEYHOCTb KOPNYCOB M3 O€TOHA [0 AHAJIOTHH € AOJITOBEYHOCTBIO KeJje-
306eToHHHX IyatdopM CeBepHOro MOPS TNPHHUMAJAch pPaBHOU 25
rogam. 3a 3ToT mepuoj npeobpazoBaTesnn JOJKHH BHAEDPXKAThb NPH-
MepHO 10® UHKJOB BOJIHOBOTO HATPYKEHHS PAa3JU4YHOH HHTEHCHB-
HocTH. Ilpeamonarasnock, 4TO Macca KopIyca OJLHOTO COOPYXKEHHA CO-
craBut 13500 1, MomHocTh reHepartopa — npumepno 2000 kBr. Haga
HOPMAJIBHOTO TE€MIla BBOJA TAaKON CTaHUHH B 3KCIAyaTaupo HeobXo-
auMo 6BJIO 6B BLIYCKAaTh B rof He MeHee 60 miaotos. Celfiuac paGoTsl
HaJ NMPOEKTOM NpEeKpaleHHl: OH NPH3HAH HEIDPEKTHBHHIM.

Ananorom cuctremn C. Couartepa siBisercs npeobpasopareis THINA
«MOJITIOCK». JIJIMHHAA TOPH30OHTANbHAS OCh «yTKH» 3aMeHeHa B «MOJI-
JIOCKe» TIPSMOYTOJNBHOH CeKuueil, B KOTOpPo# 1oj JAeiCTBHEM BOJIH
KOJIEOMI0TCH BEPTHKAJBHO YCTAHOBJIEHHHE IJIACTHHH, CXKUMAOLHe
rubKUi PyKaB, 3ano/jHeHHBI BO3ayXoM. C2KaTwlil- BO3AYX HPHUBOILHT
B JBHXKeHHEe TypOHHYy, pa3MeUleHHy0 BHYTPH KoHcTpykmuu, KIIJT
npeo6pa3oBaHus TaKHX BPAIAIOMIUXCs IJACTHH ONpeNe/eH TeopeTH-
ueck#t u cocraeiser 50 % [49]. MmeHHo 3ToT Tum fipeobpasopareas
BHABUHYJH cefiuac Ha OJHO M3 MEPBHX MECT.

Eciu «yTKa» ¥ IJOT OTHOCATCA K TpeofpasopaTedsiM, HCIOOJb-
3YIOLIM H3MEHEHHE HaKJOHA BOJHOBOH IOBEPXHOCTH, TO Npeobpaso-
BaTe b THHA «OPHCTOJNBCKHN YHIAHHAPY» — CKOPEE K TPyIlINe YCTPOHCTSB,
paforamiux mox AeHCTBHEM CKOPOCTHOIO Hamopa B BoJHe, B atom
npeofpasoBarese UHAHHAPHYECKOE TeJO, HMEILiee CPERHIOI0 TJAOT-
Hocte 0,6—0,8 1/M2%, Kosebierca B BOJIHE, COBEpLIas ABUIKEHHE IO
JUIMNITHYECKON TPAeKTOPUH U NPHBOLS B [AeHCTBHE THAPABJIHUECKHE
Hacocl. OHO H3 NPEUMYLIECTB HAEH «BPHCTONBCKOrO HUJIAHHAPA» TO,
4TO IIOC/J€ HACTPOHKH HA ONTHMAJBHYIO YaCTOTy OH He oOTpaxKaer
IHEPruIo APYTHX 4yacToT, a JAeT €f BO3MOIKHOCTb PaclpPOCTPAHATHCH
JaJjiee, Tle ee MOTYT HOMVIOTHTL JAPyrue mpeoOpasopaTesu, HampuMmep
UHJIHHAPH ¢ APYTol yactoroil [49].

M3 apyrux mnpeobpasopateseil ¢ KadaloLmmMcs 3JeMeHTOM (3J7e-
MEHTaMH) HeoOXOAHMO OTMETHTh pAa3JHYHBE BAPHAHTH AaTTEHIAaTo-
poB THNA «THOKHP PyKaB», YCTAHABJHUBAEMBIX TaKuM 00PasoM, UTOOH
3HePrus BOJHH IepelaBajach K yNPyrHM 3JeMeHTaM YCTPOHCTB mo
Mepe NPoXoXKAeHHs BoaHH. OZHHM W3 HanOoJiee M3BECTHBIX YCTPOHCTB
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3TOTO THIA ABJASETCH «TUOKHH pyKaB», paspaboraHHHI npodeccopom
Jlankacrepckoro yHuBepcuteta M. JI. ®penuem. B stom pykase
SHEPTUS HAKAIJIUBAETCA BAOJb HEro 3a cueT gedpopmanuu TrUOKHUX pe-
3MHOBHX CEKUlil, MOC/AeL0BATEJNbHO NEPEKauYHBAILINX BO3AYX B Typ-
6UHYy, pa3MellleHHyi0o B geHTpe. Takme ycTpPoficTBa MOTYT 0OKa3aThCs
HanBoslee UIMPOKOMOJIOCHBIMH, TIPHUYEM I[oJoca pafounx uyacroT yBe-
JIHYHABAETCA ¢ YBeJIHUEHHEM [JHHH, €CJH TOJNbKO B KOHCTPYKUHIO He
3aJ10JKeHO KAKUX-Nu60 orpaHHUYeHH JBHXKEHHA.

OreuecTBeHHAast KOHCTPYKuHs TaKoOro THma paspafoTaHa, HampH-
- Mep M. W. Iaruuukum *. OHa npencrapasier coboll rHOKUHE MeTalJu-
uecKH#l pykKaB H3 OTAEJNbHHX CEKUHH, BHIOJHEHHHX H3 CHIb(OHOB,
HANOJOBHHY 3anoJHEHHHX TpaHchOPMATOPHBIM MAcJ/OM, CO BCTPOEH-
HHIMH TypOHHAMH, HOJAKIIOUEHHBIMH K 3JeKTporeHeparopam. IIpu us-
MEHEHHH NOJ0KeHHS THOKHX CeKuHi Mac/jo IepeTeKkaeT U3 BePXHHX
B HHXKHHE, IPHUBOAS B ABHIKEHUE TyPOHHHL.

§ 6.4. Toueunnie npeobpazoBarenm

Jag toro utobbl CUATATbL yCTPOHCTBO TOUEUHHIM mpeobpasoBare-
JIeM, BOBCe He BaXXKHO, KaKoil NPUHUUI JIEKUT B OCHOBE ero pPaboThL
HoctaTouHo, uToOH OJHHA W UIHPHHA YCTPOHCTBA OBIIM 3HAYHTEJIbLHO
MeHblIE JJHUHH BOJHBI H uyTOOH 3 (eKTHBHOCTHL pPaboTH ero Jubo
NPHHUUNAAJBHO HE 3aBHceJda OT HaANPaBJeHUS ABHUKEHHSA BOJH, JHOO
YCTPOHACTBO MOIJIO CaMOCTOSITEJNbHO OTCJAEKHBATL H3MEHEHHE 3STOro
HAIpaBJAEHHs H TEPEOPHEHTHPOBATHCH B mpocTpaHcTBe. OcOOeHHHHA
HHTEpPeC K ToueuHHIM Ipeofpas3oBaTensiM CBS3aH C TeM, UTO OHH He
TOJABKO MoryT ob6aajgate jpoctatouHo Beicokumu KIIJ mpeoGpasopa-
HHS, HCIOJL30BAThCA KaK B OJHHOYKY, TAK H COBMECTHO, o00pasys
yeaLie SHeProcHCTeMBl, HO U C TéM, 4YTo OHH COOHPAKT 3HEPTHIO
¢ yuacTka (pOHTa BOJIHBI, NPEBHINAIONIEr0 HX JHHeAHbIEe pasMepsl u
MOTYT NPHMEHSTHCA B KauecTBE BOJHO3AUIUTHHIX YCTPOHCTB.

Uto6s ToucuHHH npeofpasoBartess Opla AocTaTOUHO 3 (eKTHB-
HBIM, JBHIKEHHE €ro NOrJoUaoliero 3/AeMeHTa JOJXKHO OBIThH COIVa-
COBAHO € JBHXKEHHEM BOJHOH TMOBEPXHOCTH. IDTOT 3JeMEeHT NOJKEH
OHITH HENPEMEHHO HMOAKJIOUeH K AeMI(pHUPYIOIIEH CHCTeMe, H3BJeKalo-
el moMesHylo MOLIHOCTh, a MeXaHHUeCKHe XaPaKTEePHCTHKH YCTPOH-
cTBa JOJKHH TEePecTPauBaThCs NPH H3MEHEHHMH BOJHOBHIX yCJIOBHH
[43]. ’

B ofuweM ciayuae AJag CHCTEMB THIIA TOYEUHOTO HHJIHNHAPHYECKOrO
6ys ypaBHeHHEe NBUIKEHHS MOXKeT OBITh 3allHCAHO B BHJE

(m+ @) 2+ (b + by+ bot b) 2+ pg "2z =F (1), (6.1)

rje a-— NPHCOeIUHEHHasl macca XKHAKOCTH, Kr; D — nnamerp; F (¢) —
cuJla, co3llaBaeMas BOJIHAMH, g — I'PaBHTAUHOHHAA NOCTOSHHALA; m—
macca; be— NOTEPH 3HEpPruHM Ha npeobpasoBaHHe B TONE3HYIO; b, —

* A. c. Ne 859670 (CCCP), 1981 r.
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noTepu Ha OTpaxkeHue; b, — MOTePH Ha BA3KOoe TPEHHE; b, — IOTEPH
Ha TelJlo, BHAEJdWNleecd B 3JEKTPHUECKON uenn; z, z, Z— mepeme-|
UleHHe B BOJIHE, CKOPOCTb H YCKOPEHHE COOTBETCTBEHHO; © — ILIOT-§
HOCTb MOpcKoll Bopel [69]. B 3ToM BHpaxeHuu KosQpGOUUUEHTH, ONU-
CBIBAIOLIHE pa3/iMuHble NOTEePH 3HEPTHH, ABAAIOTCA (QYHKHHSIMH da-
CTOTHL KoseSaHum. :
Ecan pna npoctoTel 3aMeHHThL Tako#l 6yil SKBUBAJEHTHBIM ~3J€K-
TPHYECKHM TE€HEePATOPOM ¢ HArpy3koil, To 00 ONTHMH3apHH €ro Xa-
PaKTePHCTHK MOIKHO TOBOPHTb B CJyy4a€ paBEHCTBA BHYTPEHHEro
CONPOTHUBJEHHA TAKOrO reHepaTopa BHEUIHEMY CONPOTHBJICHHIO CeTH,

-

=
|

|

Puc. 6.6, Hupyxuuonnbie BoJiHOBble reHepaTopsl B Bue
TOYEYHBIX GyeB: a — Kavawmuiica Oyit; 6 — HeNMOABUIK-
HbU{ 6YA ¢ JMHEAHBIM HHAYKUHOHHBIM TeHepaTopoOM.

! — HoNAaBOK; 2 — HOCTOSIHHBIA MarHur; 3 — KaTylKa

B KOTOPOH pacxopyercss NPOH3BORHMas sHeprus. Tak Kak noJe3Has
MOIIHOCTDL, BHIpafaTeiBaeMas YCTPOHCTBOM, eCTh HE 4TO HHOE KakK
(Pey=b7*> (3mecy () —o03mauaeT ycpeaneHne N0 BpeMeHH),
TO ycJOBHEM BbHIPaGOTKH MAaKCHMAJILHOH IMOJIE3HOH MOLIHOCTH Oyner

BHIpaxKeHne
be=>b,+ b, + b.. (6.2)

[TpuueM, Kak nokasaHo B yKas3aHHO{l Bbille paboTe Ha npaMepe Ju-
HEHOTO MHAYKTHBHOTO reneparopa (puc. 6.6), umewowero N BUTKOB
npoBOfa B KATYUIKaX, MAarHUTHYIO HHAYKuHio B, NONHyw AJIHHY Opo-
Bona [ W NOJHOE CONPOTHB/IEHHE 3JEKTPHUECKOH penn R: NpH moJ-
HOH 3JICKTPHUYECKOH MOLIHOCTH

, (P.> = N2B*(2*)[R;, 6.3)
TOJIHOE COMPOTHBIEHHE LelH Ry MOKeT GbiTh HalifeHO Kak '
’ Ry= (b, + by + b)[(N*B2), 6.4)

a cobcTBeHHOE cOmpOTHBJEHHE uenH reHepatopa Re==(N2B2{2)/bc.
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O6buHO TOue€uHBle TpeofpasoBaTeNu ABJAAITCA YCTPORCTBAMI,
HMEIOIUMH XapaKTepHwe pabouHe 4acTOTH. EcJH Takoe ycTPoOHCTBO
paccuuTaHo ajas PaboTol NpH ONpeieNeHHOH NOMHHHPYIOLUIEH 4acToTe
BOJIH, TO 3(p(peKTHBHOCTDb €ro NajaeT NpH H3MEHCHHM BOJHOBBIX YCJO-
suil. IIpn HacTpoiike B pe3oHaHc ¢ najaloliesi BOJHON, HA060POT, TIPO-
HCXOAUT YBeJHUeHHEe BOJHOBOH 3SHEPTHH, BBbAEJAOLIeHcS Ha 0peod-
pazosartese. Takag HacTpofika NpPOM3BOAHUTCA 34 CUET H3MEHEHHA
MeXxaHuueckux (BO3QCHCTBHE HA BeJIHYUHY b;) H 3JEeKTpHYeCcKHX Xa-
PaKTepHUCTHK b.. B mepBom cayuae aJa ycTPoOHCTB, KOJAeHIOMHXCA
BOJb BepTHKAJIbHON ocH (pasauuHoro BHaa OyH), PEKOMEHAYIOT H3-
MEeHEeHHE Macchl 34 CueT 3aloJIHeHHd 0aaJacTHHIX UHCTEPH, a A4 yCT-
pOHCTB ¢ BpamalmUMHCH 3JeMeHTaMH («yTKa», IJ0T)— MOMEHTOB
HHEpIH IIyTeM H3MEHEHHS pacnpesnescHus macc. B mociaenHeMm cayuae
MOXKET, KpoMe Toro, ObiTb H3MEHEHO IEPeJaTOYHO€ YHCI0 NPHBOAA
JEKTPOreHepaTopa, HHAYKTHBHOCTb, €MKOCTb H CONPOTHUBJIEHHE 3JICK-
TpHuecKHX yenell renepatopoB. A. A. CugopeHko [21], nanpumMep, BHBe-
JAEHO CJACAYIOIEE YCI0BHE pe3oHaHca A/15 npecOpasoBateds THIA NJ0TA

" ¢ Rauarmomelica cexunel (cm. puc. 6.6, a):

2
gl 0 NOEN' 1 R?
T T R [LC +< ) L i } (6.5)

D710 BHpaxeHHe CBS3BIBAET BBICOTY BOJHH H, ee AJHHY A H nepuoj
T ¢ MakcHMAaJbHHM YIJIOM NMOBOPOTA BOCHPHHHMAIOIIEH SHEPTHIO BOJH
CeKUHH ¢, €¢ MOMEHTOM HHepHHH [, MepeiaTouHbIM THCAOM pEeAYK-
TOpa k ¥ mapaMeTpaMu reHepartopa — 4HCJIOM BHTKOB 00MOTKH N, HH-
IyKTHBHOCThIO L, eMKocThio C, BEJHUHHOH MakKCHMAaJbHONO MAarHHT-

HOro IIOTOKa uepe3 ceueHne o6MOTKH (O M TOJHEIM CONPOTHBICHHEM
3JeKTpHYECKOH uenH R. ‘

Bapbupys €MKOCTbIO, CONPOTHBJIEHHEM H MOMEHTOM HHEPUHH,
8 TakoH cucreMeé MOXKHO foOHTbCA BHAEJNEHHS MAaKCHMAaJbHOH MOLL-
HOCTH Ha Harpyske NPH H3MeHEHMH NapamMeTPoB BOJH B ONpEAEJeH-
HOM auanasone. Takoll Ke NPHHUMI PEryJupOBaHMs IapaMeTPoOB Io-
3BOJSET BLIBECTH CHCTEMY M3 pe30HaHca (CHH3HTh ROOPOTHOCTH KO-
nedare bHOTO KOHTypa) B Clyyae NPEBLIIIEHHS PACYETHOTO 3HAYEHHS
3HEPTHH BOJIH.

K Bompocy 06 ONTHMH3auHH TOUEUHOrO npeobpasoBaTessi MOXKHO
nopofity u ¢ ppyrofl cropous. Bypan u ®oanc [43] cunraroT, HanpH-
Mmep, uto Haubosee 3ddexTHBHO AJad HpeodpasopaTes THma cdepu-
4eCKOTO IIONJ14BKa HCHOAb30BaTh NPHHUHN VIPaBJASEMOro ABHIKCHH.
OHH HCXOAAT H3 TOTO, uTO abcopbius sHeprun 6yeM HOJHOCTBIO Ompe-
AeJisieTcs mapaMeTpaMil BoJIH M ABHKeHHeM camoro oysa. Ilpemocras-
JeHHEH caMm cebe (Heynpap/asembifi) Oyl H3-3a HHEDUHOHHOCTH KO-
JefeTcs ¢ HeKOTOPBIM 3ama3kiBAHUEM IO (pa3e OTHOCHTEJBLHO BOJIHbL
B uzeansHoM cayuae (mag u3BJA€YEHUS MAKCHMAJLHOR MOIHOCTH U3
BOJIHBI) OH HOJ2KEH Obl OblJ1 HMeTb 3aKOH ABHIKEHHS, NOKa3aHHBIA Ha
puc. 6.7, ¢ MakCHMyMOM CMEIICHHSI, COOTBETCTBYIOIIHM HaHOOJbIIeH
CKOPOCTH mNepeMelLIeHHs] BOJHOBON 1OBePXHOCTH. BejejacTsue Heco-
IJIACOBAHHOCTH JIBHKEHHH cBOOOZHO IJIABAIOWIErO Teja C ABHXKEHHEM
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BOJTHOBO!I NOBEPXHOCTH BOJIHA Kak OB caMa yMEHbLIAeT aMILTHTY LY
ero xonebanuil. bypan u QoHC NpepoKHIN UPE3BHUANHO NPOCTOMN
Cnocob ynpapneHHs  JABHJKEHHeM: [PHHYAHTENbHO OCTAHABJAHBATH
noabeéM M onyckaHnne Oy B ONpele/eHHHE MOMEHTH JABH;KEHHA.
B stoM cayuae ypaercs mosyunTe mpakTHUECKH NOJIHOE COTJIACOBAHHE
leproga nBUKEHHA BOJIHH H nepuopa Koaebanuil O6ys. Kpusas 3 Ha
puc. 6.7 onncHBaeT Takoe ABHKeHHE ¢ (pHKcALHeHd B TeueHie ynpas-
JAEMOro MHTEpBAJa BpeMeHH. B sTom ciyuae cuaa, geficreyomias Ha

Puc. 6.7. Ontrmuzanus Puc. 6.8. Bapuant KoHCTpyKuu®
JBHKEHUS BEPTHKAJbHO B roueyHoro 6ysa Bypasa—Poanca
Konebonerocs NoONaaBKa. [43].
I — mepemenieHne BOJHON RO+ ! — nanpasasionlast wTapra; 2 — 1o-
BEPXHOCTH; 2 — mepeMclleHHe MAaBoOK ¢ MeXaHHaMaMHu mpeoGpasoBa-
¢B06OIHOIO NOMNJAaBKa; 3 — pe- HHsI 3Heprud KoaebaHHi B 3jeKTpHYe-
pemetlieHue ynpaBaseMOro Io- CKYI10; 3 — NOJABH/KHbBIH Kaberab; 4 —
naasKa coe/HHKTenbHAas KopoOka;, & — Ka-

GenbHas HeTASA; 6 — NOJAEPKUBAI-

WHit NONNaBOK; 7 — AKOPb-cBas; 8§ —

SIKODHBI TPOC BCHOMOTAaTeJdbHOTd MO-

naaBkKa; 9 — BCIOMOTATeNbHbIN MO~
N1aBOK

TeJo, BCerfa OKa3eBaercs B ¢ase ¢ BOJHOH, MO3TOMY Gyi TOJBKO 1O-
JydaeT 3HePTHIO OT BOJHH BO BCe BPeMS ABHKEHHS,

Bapuant xoscrpykuun 6y, B KOTOPOM peasiH30BaH ONHCAHHHH
npUHUHN, npuBefpeH Ha puc. 6.8. B ocHoBe npeoGpasopareis — cBo-
60nHO NaBaIOLIMiIl HA NOBEPXHOCTH chepUUECKHH NOIVIABOK, ABHIKY-
MWHACH OTHOCHTEJLHO UITAHMH, 3aKPENNeHHOl Ha fHE C NOMOLIbIO VHH-
BepcasbHoro wapHupa. C noMombio ynpas/AeMoro 3axBaTa Ha Io-
nJaBKe B ONMpejeJieHHble MOMEHTH BPEMEHH, YCTAHaBJIHBAEMBIE MUK-
ponpoueccopoM B 3aBHCHMOCTH OT CHTHaJa jAaTuMKa JaBJjeHHs, II0-
wIaBok QurcupyeTcs Ha wmrTanre. Jlemnduposanue ABHKEHHA Oys H
npeobpa3oBaHHe 3HEPTHH OCYILECTBJAIOTCHA 3a cueT PaboTH BO3LyLI-
HOTO Hacoca BHYTPH NoJocTH Oyf, NPHBOAMMOrO B AEHCTBHE KOJe6-
JiomumMces cToa00M RupKkocTH. PerynnpoBanue ABHKEHHS Ta3a uepes
TypOHHy, UMEIOUIYI0 nepecTpaHBaeMBIil yroJl aTakM KpbLIbeB, ROCTH-
raeTcs ¢ MOMOIBIO KJAMAHOB.

HanbGonee yfa3BuUMHIH 3JeMeHT mnpeofpas3oBaresisi — 3aXBaT, KOTO-
pBIi JOJIKeH BHAEPKUBAThL B cpeaneM o 6-10° cpafarniBaHufl B Trof.

-
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Ho 06e3 ynpaBieHHsl ABHMKEHHEM MOLIHOCTH, TOTJomaeMas GyeM, CHH-
aercd npumepHo B 5 pas. IlosToMy aBTOpPH yCTpPOHCTBA CUHTAIOT,
4TO HMEET CMHCJ/ Mpeojoserb TeXHHUYECKHE TPYAHOCTH H CO31AaThb
LOJITOXKHUBYLIUY 3aXBar.

HMenuiTanusa npeobpasopatensi OB BHIOJNHEHH HAa MOJENA B Mac-
wmrabe 1:10 Ha HeperyasipHHX BoJHAX. McnslTannd manH LOBOJIBHO
XOpOLIHE Pe3yJabTaTH, XOTS H3-34 HECOBEPUIEHCTBA CHCTEMH YIIPaB-
JICHHSI B HEKOTOPHX cayuasix dasel KosebaHuH Oys W BOJH HECKOJbKO
ominuadnch. B Hacrosuiee BpeMsl paspabaTbiBaeTcs NoJHOpPasMepHas
Mozesnb Oyd B NpOeKTHPyeTcs BO3AYIIHAS TypOHMHA, paccuHTaHHAsS HA
BpamieHe ¢ yacrorofl spameHnsd 50 ¢! W HENOCPEACTBEHHO CBfA3aH-
Haf C ACHHXPOHHHM TpeXx(asHBIM 3JEKTPOTeHEpPaTOpOM yCTAHOBJEH-
#oil moutHocToio 400 KBT.

B ciayuae cmibHOTO 1WTOpMAa AOCTATOUHO OTKJIOUHTL aABTOMATHKY
3axBaTa 3Toro npeobpasoparteiisi, 4TOOH, CHU3UB €ro 3(QPeKTUBHOCTD,
[IpeOXPaHUTb OT PA3pPYILEHHA.

HecMoTps Ha RpOCTOMHCTBA, ONHCAHHAS BHIIIE CHCTEMA HE CBO-
6onHa oT HepmoctaTkoB, Hanbosee cepbesHHe H3 HHX — HaJH4He
«MEPTBOTO» JOCTATOYHO MACCHBHOTO $KOpS, CJIOXKHOTO y3Jja VHHBEp-
CaJIbHOTO I1lapHHpa, paboTalouniero MmO BOAOH B YCJAOBUAX 3HAKOIE-
pPEeMEHHBHX HAUpYy30K, Haanuyde NPOYHON WITAHTH, KOTOpas ROJNKHA BH-
JNepKUBATh 3HAUNTEJbHHE HANPSKEHHS HPH BEpPXHEM  [OJIOKEHHH
6ys. Boob6uie, n aTO OTMEYAIlOT MHOTHE HCC/AeAOBATE/H, AKOPHBE YCT-
poficTBa NJaBYUYHX BOJIHOBHIX IpeobpasoBarelieil — 3JeMeHT, Hanex-
HOCTb paboTH KOTOPOTO 3a4acTyio ONpeaessieT caMy BO3MOXKHOCTh
IIpUMEeHeHNns HEKOTOPHX M3 HUX. B 3Tofl cpA3u GoJblloe 3HaAuUeHHE
npuobperaT MNOHUCKH TeXHHYECKHX peleHHH, NO3BOJIAIUWHNX YIpPOC-
THTb SIKOPHHIE YCTPOWCTBA, CHH3UTb HX Maccy H TpebyeMylo [pod-
HOCThL TPOCOB.

K rtakum peuleHHAM OTHOCATCH KOHCTPYKUHH CAMONO3HIHOHHPYIO-
muxcesd npeofpaszopaTeneil, cHab:KeHHHE 3aray6/eHHBIMH 1niaatdop-
MaMH, OTHOCHTEJIBHO KOTOPHX MPOHCXOZHT NePeMernieHne IVIaByuux
6yeB, anb6o maxke AHHAMHUECKHMH SKOPAMH H He Tpelylouue 3Ha-
YUTEJABHBIX YCHAUA A5 yaepxKaHHuA.

Teopernueckn paboTa TaKuX yCTPOHCTB paccMoTpeHa, HamnpuMep,
apropamu pabots [36]. Haa cxemsl, npuseaeHHofi Ha puc. 6.9, ¢ uc-
nosb3oBaHneM Teopun HoiomMeHa uUMH pelleHO ypaBHeHHe, ONHCHBAIO-
€€ OTHOCHTEJIBHOE ABHKeHHe Oy # M1aT@OPMB, NOJYYEHO BHpPaXKe-
HHe AJd OTHOCHTEJIBHOTO NEePEMEIleHHs, AaH aHaiau3 3(Q(OeKTHBHOCTHL
IloxkasaHo, uTo NocjdenHAs XapakTepusyercd KoapoduyHeHTOoM MOpeod-
pa30BaHHA 3HEPTHH 1), PABHHM OTHOWIEHHIO MOWHOCTH Pr, reHepupye-
Mofl B mpeolpasyiomeM sjemente, cBaswBalomeM Oyilt ¢ naaTdopmoi,
K JBONYyCTHUMOH cpenHefi MOIUHOCTH B BOJIHE HAa eAUHMIY JJIMHH
rpebHsl Py

1
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rie Cp—kKo3bduuueHT HArpy3kH B CBs3H Oyli—mnaatrpopma; H —
aMIJIETYAa BOJHBI; |212| — MOAy/b aMIIHTYAH \B3aUMHOIO Nepeme-
menns 6ya ¥ miaardopMel. B paboTe HccaefoBaHbI TaKKe AMHAMHYE-
CKHE CBOHCTBA CHCTEMHI, €€ peaKuHs Ha Pa3/JHUYHBbIE CTOCOOB yNpaB-
JEHUs N BBISCHEHO, 4TO HaMaydlIHd M Haubo/jee JIETKO OCYILECTBH-
MBIl ~— yIpaBJeHHe HATPy30YHBIM COMPOTHBJEHHEM IO JHHEHHOMy 3a-
kony Buia Cr=550+750 (0—0,8). HsyueHo, B 4YacTHOCTH, MO~
BeJleHne CHCTEMBHl M3 OYfl C BHITECHAMIUUM o6beMOM okoso 190 M® u
njaathopmel Maccodl 190 T, cBA3aHHHX MeXAy cobofl Harpy3ouHHM

Puc. 6.9. Camonoszuunonnpywomuiica mnpeoGpasosateds [36]:
a — cXeMa ycTpoiicTBa; 6 — pacueTHas cxema.

/I — Boanas cpena

3JEMEHTOM, B KOTOPOM H OCyIUECTBJAETCS MpeobpasoBaHHE B3apuM-
- HorOo mepeMemeHus 6ysa u naatdopMel. Pacuer BuimoJHeH Aas «ray-
Gokoro» Mops (r/y6uHa GoJbmie NOJOBHHBI JJIHHE BOJIHBI), MpHuYeM
ni1atdopma Obija 3araybieHa TaknM o06pasoM, 4ToOb MOXKHO OHJIO
npeHebpeub THAPOAMHAMHYECKHM B3aHMOAEHCTEHEM MEXKAY 3J/eMeH-
TAMH CHCTEMBbI (BepodATHO, Ha raybune 10—15 m). MHTepecHo cpas-
HATb TOJIYYCHHBIE B pacuyerax nepememenus Oysa u naat@opmsl. [lpu
cMelleHun Oy mo BePTHKAMH Ha BeanduHy 0,7 aMIIHTYAR  BOJHH
npH YrJI0BOH wacToTe BOMH w==1,2 ¢! cmemenne naat@opmel co-
crasasgio 0,05 H, a mpu uacrore 0,8 ¢!— 0,22 H. d¢pdekTunHOCTD
npeobpa3oBaHus COOTBETCTBEHHO H3MeHsIach oT 45 mo 28 9%.

Hsyuenne ANHAMHKH CHCTEMB H3 JABYX Macc N0OKasajo, 4To Ha-
rpyska moxKeT ObiTb mojofpaHa TakuM obpasoM, uTo npeofpasosaHue
sHeprun Oyaer nocTaTouno 3>(QQexTHBHEIM BO BCeM paHamasoHe pac-
9eTHBIX BOJIHOBHIX yCJOBHH, H Torla HEoOXOA¥MOCTH B YNPaBJCHHH
BOOOILE OTNALAET. :

K pocTomnctsam cucTteM ¢ AHHAMHYECKHM yjeprKaHHEM OTHOCHTCH
elle H BO3MOXKHOCTh HCHOJBL30BAThH HX B YCJOBHAX AE€HCTBHA IpH/AH-
BOB ¥ A/IMHHONEPHOAHBIX BOJNH 3BIOH. B aTOM cnyuae oHM Kak 6wl Hc-
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IOJIHAIOT POJIb HM3KOYACTOTHHIX (QPHABTPOB, HE PEAruPYIOLIUX HAa Me~
JIEHHOE H3MeHEeHHe BO30yKAalollell KoJebanusa CHJBL.

JyHaMuueckoe yAep:KaHHE MOXKHO obecmeuHThr KakK 3a CueT He-
N0JIb30BAHKSA MHEPUHOHHOH Maccsl MIATQOPMEL, TaK M 3a CUeT IpHMe-
HEHHS RHHAMHYECKOTO $KOpf, NMPEACTaBAsdOlIero cofoil AOCTATOUHO:
JKECTKHI MJOCKHHA 32JE€MEHT, CONPOTHUBJIEHHE KOTOPOrO MPH YCKOPEHHH
B BOJI€ BO3PACTAET 3a cyYeT MPHCOeAHHeHHoH Maccel. DToT 3QPeKT He-
Ce0BaHMI yuTeH aBTOpaMH uHTHPOBaBulefics BeuIe cTathu. Ha ero
HCMOJb30BAHHH CTPOHTCS PHAR OTEUECTBEHHBIX pPa3palboTok.

HHrepecHas oco0EHHOCTL CHCTEM ¢ JAHHAMHUECKMMH SKOPAMH —
CHHJKEHHE HX IMOIJIOIAlomield SHEPrHi0 clocOOHOCTH HauHMHAd ¢ HEKO-
TOPOH BeJHUHHH AJHHB BOJIHBl 34 CU€T TOTO, 4TO C POCTOM €e B ABH-
JK€HHe HAYHHAIOT BOBJEKaThcAd Bce foJjiee 3arayOlJeHHbIE CJIOM XKHA-
KocTH. JIMHaMHuecKHe yCTPOHCTBA XOPOIIO 3apekoMeHjaoBanH  ceba
KaK 3aIUTHHIE 3JEMEHTH SKODHHX CHCTeM OKeaHCKnx Oyes, Hpejo-
XpaHsAs AKOpHHIE TPOCH H HeMH OT ANHAMHYECKHX HATPY30K M TeM ca-
MbIM TOBHIIAS HX KHBy4eCTh. [IPHHIUNB pacueTa AMHAMHYECKHX
AKOpPEH H3J0XKEHH B KypcaX THAPOAHHAMHKH.

§ 6.5. Tupponuesmarnueckye npeocbpaszosareny

[To npuBeneHHON BHIE KaaccHGUKAUMH 3TOT BHA npeobpasoBaTe-
JeH OTHOCHTCS KO BTopoMmy Knaccy. Hanbonee coBpeMEHHBIH IpOTO~

f i

Puc. 6.10. IueemoGyit Macynnl [66].

1 — xopmyc; 2 — 3nekTporeHneparop; 38— KaanasH; 4 — BO3-
AyurHas TypCunHa

THI NPAKTHUECKHM BCeX paspalaThiBaeMBIX B HACTOsllee BPeMsl KOH-
cTpyRumil — 6yit Macyns (puc. 6.10) [66]. O HEKOTOPHX BO3MOMKHHIX:
BapHaHTax TYAPOTNHEBMATHHECKHX IpeobpasoBarenell = gaeT Mpea-
cTaBjeHue puc. 6.11, rpe TexHWUeCKHe peLIEHHs] NMPERCTABAEHH CXE-
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‘MaTuyHo. B OCHOBe 3THX YCTpPOHCTB — NPHHUHN KoJeSaHH# cronba
BOJBI B Tpy6e ¢ OTKPHITHIM CHH3Y KOHIOM. 3a CyeT NyJbCamuil Tuapo-
‘CTATHYECKOT0 JABJCHUS B HHIKHEM CEUEHHH TPH MPOXOKICHHH BOJH
(macca TpyOnl TaKOBa, UTO OHA OCTAeTCS MPAKTHYECKH HEMOABHIK-
HOHU) BOAsAHOH cTONO pe3oHHPyeT HA YacToTe, MOPHMEpPHO paBHOH
{g/l) %5, rge |— BHIcOoTa cTOMOa. CTONG BOABI UIPAET POJb KHIKOTO

Puc. 6.11. BapuaHTbl rMRPONHEeBMATHYECKMX npeoOpasoBarenefi

§0 M
ST — T : T 3 -
P44 Deml | b 3
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Puc. 6.12. Mopckas 6Gapxka «KaiiMaji» ¢ nHesMonpeoGpa3soBareisiMH
{71]

FIOpIIHSA, CKHMAIOIEro BO3AYX, pacnosoxkeHHui Hajy HUM. B cBowo
‘0Yepejpb, BO3AyX HNPHUBORUT B JedcTBHe THeBMoTypOuHy. CHcrema
KJanaHoB obecmeyHBaeT HOCTOSHCTBO HAaNpaBjeHHsd BpalleHHd Typ-
OMHBI U OHpeJEeJeHHHH 3aKOH AeMN(MUPOBAHUS [BIKEHHA BOAAHOTO
-cTonfba, HocaeAHee MO3BONAET MOACTPaNBaTh Oyl B ciyyae H3MEHEHHS
4aCcTOTH BBIHYXKAAWOINUX BoJH. [ng obecrneyenns MNOCTOSHCTBA CKO-
pOCTH BpallleHHd NHEBMOTYypOHHBI H COENIHHEHHOTO ¢ HEH aJeKTpore--
HepaTopa MOryT OBHTbh HCNOJAB30BAHBI CHCTEMBl PEryJHpPOBAHHs yrja
YCTAHOBKH JOTNacTeli  TypOHHBI, ynpasJ/isdeMble MHKPONPOHECCOPOM.

Ha 0base oxHokamepuofi cucteMbi Macyanl Mopckoil HayyHO-TeX-
Huueckni neHTp Anonun ¢ 1976 r. BexeT paspaboTKH MHOTOKAMEpPHHX
cucreM. ITocne psna MomenbHBIX HCHBITAHHE ObljIa CHPOEKTHPOBAHA H
nocTpoeHa Mopckas 6apxka «Kafimaii» anunoft 80, wupuHoit 12 M, BH-
COTOll B HOCOBOH yacTu 7 u B KopMoBoil 3,5 M (puc. 6.12). Dapxa
uMeeT 22 OTAENbHHX BO3AYUIHBIX KaMEphl, OTKPHITHIX CHH3Y, NpHYEM
Kaxpuas napa kKamep pa6oTaeT Ha oJHy ofmylo Ttyp6uny. Herwipe
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repMeTHUYHBIX OTceKa obecneynBaiOT Hap:Ke MOCTOSHHYIO MJAABYYECTb.
«Kalimafis» npepicrasisger cobofl TONHOpazMepHYIO MOPCKYIO 3Hepre--
THYECKYIO YCTaHOBKY Ajs SlmoHckoro Mmopa. [as ycnosu#l ATaaHTHRE
Takas Gapxa go/lKHa OHTH NPHMEPHO BABOe Goaplle (anaunHa 180,
mupnHa 24, Beicota Sopra 8—10 ™). Ilepswil sTan HCNHITaHHA CH-
cTeMbl 6blJ1 HayaT B aerycTe 1978 r. McoweiTHIBanuch CHCTEMBI YA€p-
JKaHUA fapiKH B OTKPEITOM Mope, pabora npeobpasoBartenefi U reHe-
partopoB. Hcenenopanach 3¢G¢peKTHBHOCTL NPeOOPA30OBaHUA SHEpPTHH
BOJIH NpH pAasJHYHBIX CXE€Max KJA4MNaHHHX CHCTEM — ABYXKJ/amaHHON
H YeTBIpeXKJanaHHOH.

ConocTtaBneHne pesyJpTAaTOB M0KAa3ajo, 4yTo UPH GONBIUIOH AJHHE
BOJIHBI YeThipeXKJanaHHAf cHCTeMa, B BO3AYIIHOH Kamepe KOTOpoir
MOOYEPENHO HCNIOJB3YETCA MOABEM H ONYCKAHHE YPOBHSA BOAH, OKa3a-
Jack 3(QQexkTuBHee ABYXKJAMAHHOH, IAe Ha OAHH reHeparop pabo-
TAIOT [BE KAMEPH C Pa3JHYHBIM HANPABJEHHEM IBHKEHHS Boxpl. Jliad
obecrieyeHHs TaKoOro yBenHueHHsl 3(Q(GEKTHBHOCTH OKa3zajocb HeobXo-
NHUMBIM TIPHMEHHTb AKKyMyJATOPH [aBJEHHS, B KayeCTBE KOTOPHIX
HCTOJB30BAJTHCh OOpPTOBBIE OTCEKH mnJaaBydecTH. IIpH KOPOTKHX BOJ--
Hax 3Q(eKTHUBHOCTH cHcTeM ObIJIM NMPUMEPHO OAHHAKOBHL. B mecrw
sHeprobJiokax Kaxkjaasa Typ6uHa paboTasa Ha CBOU reHepaTtop, pasBu--
BaBunil MomHocTe 125 KBT npu yacrore BpaueHus 14 ¢~ BeipaGa--
THIBAeMas MOIMHOCTh racmjach Ha 0ajjacTHHX COUPOTHUBJIEHUSX K
KoJebasack B COOTBETCTBHH ¢ H3MEHeHHeM JaBJCHHS BO3AyXa.

Ha BTopom srane ucnmiTaHuil, nmpoxoguBulem c aBrycra 1979 r.,
B CHCTEéME OBIIO 3a1elCTBOBAHO YK€ BoceMb TypOOreHepaTtopoB, H3:
KOTOpHIX TpH paboTaju 1o ABYXKJIAaNAHHOH cX€Me, 4 OCTaJbHBIE — IO
ueThipexksanaHHol. MakcumaJbHas MOIIHOCTh, pa3BHBaeMas OJNHHM
resepatopem, nocturana npumepHo 300 xBr. Ot ogHoro renepatopa
3HepPrusd nojapanach Ha feper Mo CHENHAJABLHOMY MOPCKOMY HECKpY-
yyBapIleMycs xafen, NpoNOKEHHOMY Mo BOAOH ¢ NOMOIIBIO CH-
CTEMBI TPY30B H OYVHKOB, 82 pasJHyHBIX JATYHKA, YCTAHOBJEHHBIX HA
f6apiKe, MO3BOJANH (PUKCHPOBAThL MOTOJHBIE YCJOBHS, HU3MEPATH BOJ-
HeHpe, mepeMelneHne Gap:xku, HaTPY3KH HA AKOPHBIE [E€MH, AaBJeHHe
BO3ZyxXa B KaMepax npeofGpasoBaTesell W H3MEHEHHE YPOBHS BOJbI
B HHUX, mepenaj AaBjeHUd HAa TypOHHAX, yacTOTHI HX BPAIIEHHA, ma-
paMeTpsl BhipafaTeiBaemoro reHepatopamu Toka. MHbopmanus no-
paiuoKaHany TepejaBajach Ha O€PEroByr CTAHIHIO H BBOLHJACH-
B DBM. VHTepecHo, YyTO MaKcHUMaJibHoe HATSMKEHHE AKOPHOH [enH,
3aUKCHPOBAHHOE BO BpeMs HCNBITAHHE, OKA3aJ0Ch PABHBIM TMPH-
mepHo 0,84 MH npu ckopoctn Berpa okono 30 M/c H BBCOTE BOJH
oko1o 9 M. PacyerHasa BenHYyHHA MNpefejbHO HONYCTHMOrO HATHKe-
Hua cocraBasia 0,87 MH. Tlpuuem B pacuerT OBIIH 3a703KE€HH MaKCH-
MajbpHAas CcKopocTh Berpa 185 kM/y (Bl M/c), cKOpoCTp TeuyeHusT
1,6 M/c, BricoTa BosH 8 M mpu nepuoje BonHenus 10 c.

IIpenBapuresnbHbie MTOTH HCUBITAHHE He BBISABHAH KaKHX-JHOO-
CJIOKHBIX npobJeM H nokasaJsH, 4TO [Jisi TPOMBILIIEHHOTO OCBOCHHS
noJ00HBIX CHCTEM HEOGXOAHMO YCOBEPUIEHCTBOBAHHE BO3AYLIHBIX Typ--
6uH, cnocol CrJaaxkKHBaHUS NyJabcanuil naBJeHHs W BBHIXOZHOH Moml--
HOCTH M Psi BCTIOMOraTejbHoro obopynosanus [71].
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Opnna U3 THAPONMHEBMATHYECKHX CHCTEM paspaboraHa Hayuonasb-
HOM uHiKeHepHOH JlabopaTtopuefi BenukoGpurauunm (cMm. puc. 6.11)
H npejcraBaser co00ff aCHMMETPHYHBLIE GETOHHBI BOJHOJIOM ¢ [JO-
CTaTOYHO OOJBLIOK BO3AYWIHOH Kamepodl (HIH HECKOJbKHMH KaMe-
pamu), paboTaroluel Ha €JHHYI0 MOLIHYIO TYPOHHY ¢ 2JE€KTporexepa-
‘TopoM. UtoObl co3paBaTh M30BITOYHOE naBjaenue nopazka 1,5.10%71]1a,
YCTPOHCTBO AOMKHO OBITh A0CTATOYHO TPOMO3AKHM. JlOCTATOyHO
CKa3aTh, 4TO BHICOTA BOAHOTO cToj6a B KaMepe fOJMkHA OHITh He Me-
Hee 13 M, uToOB MpeICTaBUTL €ro OBLHE PA3MEPH M T€ 3ATPATH, KO-
TOpee HEOOXOAHMO cHeJaTh Mg obecrnedyenns HEo6XOANMOH Npoy-
HOCTH KOHCTPYKLHH.

W3 ppyrux ycTpoHCTB, HCHOAB3YIOLWHX HACK KoJeOaHHA BoOAs-
HOTO €T0J16a, OOBIYHO BHIENAIOT CHCTEMH, paspabaThHiBaeMbie Gup-
moil «Buxkepe» (BennkoGpuranus). Cxembl ycTpoiicts 310l (Gupmbl
npusBefensl Ha puc. 6.13, a, 6. Dto arrentoatop AJduHOH 160 H BhICO-
Toii 10 M, HMepUIHH BOCeMb S4€eK, ¢ MOMOLIBI O6LIeH KJATaHHOH
KOpPOOKH MOAKJIOYAIOIIUXCA K MHEBMOTYpPOOTEHEPATOPY, PacClOOKeH-
HOMY B UEHTPAJBHOH KaMepe mupuHoli 6 M uyepes 2-MeTPOBHIE BBOJHL
YerpoiicTBo nmpegHa3sHAYEHO AJIsl YCTAHOBKH B CPABHHTEJIBHO MEJIKHX
pafioHax § PacCYHTAHO HA TO, YTO TIPAKTHYECKH BCE BOJHBI GYAYT NMpH-
XOJHUThL ¢ HampasdeHufi = 15° oT nopmadu kK uHemy. EcrecTBenHas 3a-
IIHTA paioHa YCTAHOBKM NOJKHA NPELOTBPATHTH BO3ACHCTBHE Ha
npeobpas3oBaTe/n CHIABHHBIX HITOPMOB. OCHOBHOH 006beM yCTpoHCTBa
pacrnosaraercs Ha 5 M HHUXKE YPOBHA BOAB, YTO CHHKAET BO3AEHCT-
BHE HA Hero yCHJHH OT pasOUBAIOMIMXCA BOJH, & MAUIMHHBIE 34/ He-
‘CKOJIBKO MPHIOAHAT Haj BOZOH and yaobctBa ofcayxupanuda. Jas
‘CHHJKEHHS] B3aMMHOT'O BO3JeHCTBHA ApyT HA LPYra OTHE/bHbE arpe-
rartel ycranasauBarpTtes B 100 M Apyr oT Apyra.

Pacyernoe 3nayeHne s¢¢dekTHBHOCTH NpPeo6Pa30BAHHSA  9SHEPTHH
yerpoficteamu ¢upmbel «Bukkepe» cocrapasier go 60 9% u npu nsme-
HEHHH BBHICOTHL BOJIH OT OJHOTLO MeTpa OO0 dYeTHpex CHHXKAaeTcd A0
30 %. Ycrpo#icTBO AOCTATOYHO UIHPOKOMOJNOCHO HO 4acToTe: B pHamna-
30HC TMEepHOAOB KoJslefaHui BoJH OT 7 Ao 12 ¢ OHO mMeeT HEKOTOpoe
nogobHe NJAaTo HA 3aBHCHMOCTH 3(QQEKTHBHOCTH oT yacTtoTH. IlpH
M3MEHEHHH YIVIOB mpHxoda BoJH oT 0 mno 45° sddexTuBHOCTH mpe-
-06pa3oBaHHsl Ha ONTHMAaJbHOH wacroTe CHUXKAeTCHd TPHMEPHO
B 3 pasa.

Qupmoll «Bukkepe» paspadaTeBalOTCSd W TEPMHHATOPHBIE YCTPOIi-
©TBa Ha aHajlorHuHoMm npuHpune (puc. 6.13, 6). Hccaenosanus B Gac-
cefiHe Ha wmojeau B 1/100 moxasaan 60gplIyi0 3¢ PEKTHBHOCTH TEp-
MHHATOPHBIX YCTPOMCTB, HA ONTHMAJILHOH YacToTe. AOCTHTABLIYIO
80 9%, oxmako 5TH yCTpPoHCTBA MEHee MIHPOKOMOJOCHH: 3aBHCHMOCTD
HX 2QGEKTHBHOCTH OT yacToTH He uMeeT maaro. Kpome toro, BHTAHY-
TbI¢ BJAOJb BOJHOBOTO (POHTA TEPMHHATOPH  HCOLITHIBAIOT  foJiee
3HAYUTEJbHBIE BOJIHOBHE HArpy3kH. OKOHYATENbHO O [JOCTOMHCTBAX
YCTPOUCTB MOJKHO CYZHThH JIHUIb [OCJE€ HCHbITAHUS MMOJHOPa3SMEpPHHIX
obpaspos. PaspabaTteiaeMbie QupMoil ycTpoHCTBAa MOTYT OHTH BHI-
NoJHECHH H3 0€rToHa, ¥YcTaHaBJHMBAThL HX [pealoJsaraeTcsi Ha cBasx
npu raybune Mopsa o 25 m [46].
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Cpenu THAPONHEBMATHYECKHX mnpeobpas3oBarteliell ecTh He TOJNBKG
yCTpoiicTBa BTOPOro KJjacca, HO H APYrHX KJaccoB. Ilokasateien
B- 3TOM CMBIC/Ie npeofpasdoBaredp <«ynpyrad ofonoyka» M. ®penya

o) ' )

" Puc. 6.13. CxeMbl MHeBMonpeoOpasoBaredieii pupMbl «Bukkepc»
[46]: a — arreHoaTop; 6 — TEPMUHATOP

(Beanko6puranus), Ilpunnun AeACTBHS «yupyrod oOONOYKH» TOfAC-
Haer puc. 6.14. CocToUT oHA M3 OTAEJIBHBIX CEKNHH, NOCAEA0BATENbHO-
BOCMIPHHEMAIOLHX 3HEPTHIO BOJMHB (aTTEHIOATOP), TPHUYEM CEKUHH
H3MEHSIIOT 06BEM HE TOJBKO Moj AeHCTBHEM BEPTHKA/JIBHOH COCTAB-
ASIONIEH THAPOCTATHYECKOTO AABJIEHHS, HO pearupyloT U Ha Kojeba-
HHS CKODOCTHOTO HAmopa B TOPH30HTAJbLHOM HanpapjaeHHH. Takas
«TPEXMEPHOCTb» J€/4eT «yIPYryl O0GOJOYKy» A0CTaTOYHO dddek-
THBHHIM npeoGpasoBarteneM. M CnHTaHHA OTJAEJNbHOH CEKUHH, BBINOJ-

153



HEHHOH B Macmrabax 1/40 u 1/20, npoaeMOHCTPHPOBANH 3HAUEHHS
sddexrusnocru, 6auskue k 80 % (cm., nanpumep, [8]).

«¥mpyrasi ofosouka» cosgaHa B JIankacTepckoM yHHBEpCHTeTe
M TO3TOMYy €€ 4acTo HashiBalOT JaHKacTepckoél obosoukofl. [Tonxo-

Puc. 6.14. Omun u3 BapuanToB mmHerMonpeoGpasoparens «ympyras
o6osiouka» [8]

PasMepHas 00070UKa [OJIKHA HMeTh RJAMHY He Menee 200 M npu -
puue 6,5 u BeicoTe 14 M. B HH:KHEM OCHOBAHUH 060J109KH — norpy-
KeHHBA B BOAY GETOHHBIH JoxKeMeHnT. B KauecTme Marepuasaa coleT-
BEHHO 000JI0YKH BO3MOIKHO HCHOJb30BAHYE
apMHPOBAHHOM KOPAOM Pe3HHbi, Jubo 1py-
roro MOJHMEPHOTO MaTepuanaa. B paion
\ paboTsl yCTAHOBKY HOCTABJSIOT HA TJABY,
nocJe 4Yero €e 3aTalIHBaiT NPHMEpHO Ha
‘y\\? E\%» 80 % u OPHEHTHDPYIOT TePHEHAMKYJISPHO
K HanpaBJIeHHIO TPHXOASALIKX BoJH. Cek-
—({{

q pasoM, yToOH O Mepe MPOXOXKjAeHHs BOJH
BO3AYX TeEpercHsiicy W3 OAHOM CeKuum
B IPYTyI0o 10 MalMHHOTO OTCEKA C YCTAHOB-
JICHHBIM B HeM TypOOTeHepaTopoOM.

: CylecTBeHHHM HeLOCTATKOM CHCTEM

Puc. 6.15. [punuunuann- ¢ KoaebawmmMmes crosbom 6Hniia HeobXo-
Hasg cxeMa  BO3RYUHOH ANMOCTE B KJaNaHHOH KopoOKe — caMOM
TypOunn  Mak-Kopmuka HEHAJEKHOM 3/JEMEHTE KOHCTPYKUHH, ITOT
HEOCTaTOK Obil ycTpaHeH npodeccopoM

Mopckoit  axkagemun CHIA M. . Mak-Kopmuxom [19], npenno-
JKHBUIHM HCHOJB30BATh  BO3AYILIHYIO TYpOHHY, HEUYBCTBHTEJBHYIO
K HaTpaBJIeHHIO JIBUKEHUS BO3AYUIHOro notoka. OQHH H3 BAPHAaHTOB
TAaKOH TypOHHBI CXeMaTH4HO H300pazkeH Ha pHC. 6.15. OHA COCTOHT H3
ABYX 3¢pPKA/IbHO PACTONOKEHHBX H BPAllAIOLINXCA B pasHbie CTOPOHH
pabounx kosec ¢ 60 nomaTKaMH KaxKaoe H ABYX TaKKe 3epPKaJIbHBIX
Hanpap/A0IINX cHcTeM jgonatok (o 30 B kaxkpo#). JBHiKeHHe Ko-
JIeC mepenaeTcs ¢ noMoupio 3y0uaTeX nepegay Bajy remepatopa, npH
5TOM YacTOTa BpallieHusl MOBbIIAETCH B OTHomenuu :2, Tak urto
[PH pacueTHOH yacToTe Bpaulenus xosdec 10 ¢c—! Baa remepaTopa Bpa-
maercs ¢ uacroroi 20 ¢! OTH KoukpeTHbie mU(PBEl OTHOCATCS K CH-
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creMe TypOHHA—TE€HEPATOP BBIXOZHOA  3JEKTPHUECKOH MOIIHOCTBI
125 xBr, paspaforTaHHo#i nJd YCTAHOBKH Ha SANMOHCKOW NJjaByuel
onbiTHO cTanumd «Kaimasi». Cama 3Ta craHuusa paccuHTada Ha pa-
60Ty B ONTHMAJbHOM DexKHME TpPH BHICOTE BOAH 3 M U mepHoze 7 c.
[Inpnua KaMeps, KOTOpYIO NpEANOJIAranoch 3aHATh NPOEKTHPOBAB-
weiica B CIIA sueprerwueckoil ycTaHOBKOH, paBHa 6 M, TakKk uTo
cpenufii 9ueprus, KoTopas Moraa Obl CHHMAThCA ¢ Hee, paBHAETCH
npumepno 360 xBr. Takum o06pasoM, mpeanosarajoch HCNOJAb30BATh
TanbKo 35 9% BO3MOMKHOH MOILHOCTH BOJIH. DTO OHJIO CBA3aHO C TeM,
4TO HCIOMB3yeMEIH 06BeM BO3IyXa, NpoMyckaeMoro uepes TypOumy,
MOT OKa3aThCs npHMepHo Ha 1/3 meusllle pacyeTHOrO U3-338 YMEHBILIE-
HHA KonebaHuii BoAsiHOTO CTosnba B maxTe N0 2 M BCJAEACTBHE KOM-
npeccun (Tako# >(P(PeKT HCHoJaL3yIoT, HaUpHMep, A CHHXKeHHA KO-
nebaHuil ypoBHs B LlaxTax A/ noibeMa Ha GopT olecneyHBAOILEro
Cyana MOABOJHOTO annapara).

Jo cospannug TOMHOpPA3sMEPHOH Mope/H BCe XapaKTepHCTHKH CH-
creMbl  oTpabaThiBaluch  Ha 00pasue  BBIXOAHOH  MOILHOCTHIO
0,976 kBT. PasMepbl M MOUIHOCTH OTHTHOTO 00pasua CHCTEMBI ObLIH
BHOpaHL HA OCHOBAHWYM TEOPHH Pa3MEPHOCTH, UTOOHI YAOBICTBOPHTH
COOTHOILEHHIO

PM=n7/2PH: A (6-7)

rae n=_Ly/Lz— OTHOlleHHE XapaKTEePHBLIX pasMepoB MOACNU U HATYPHL.
BcectopoHHHE HCIOBITaHHA [M0Kasald paGoTOCHOCOGHOCTE  CHCTeMbL
H TOATBEpAHAH, 4TO 3b(EKTHBHOCTh NpeobpasoBaHus JHEprun B HEH
He MeHee 50 %. IlosanopasMepHas cucreMa A0aXKHa Obwla ObITH yCTa-
HOBJleHa Ha «KaiiMati» B 1979 n 1980 rr., no ¥3-3a TEXHUUYECKHUX TPYA-
HOCTE{ 3TH MCHBITAHHS TOTLA HE COCTOSHCH.

s noBbimends 3Q(eKTHBHOCTH BOASHOTO crosfa mpeobpasoBa-
TeIH pACCYMTHIBAIOT KaK pE3OHAHCHBIE CHCTEMH [Js KaKoro-To
NPEHMYIIeCTBEHHOTO BOJAHEHHs, YYHTHBas TpH 3ToM dhdeKTH
cxKuMaeMocTH Bo3ayxa. CoOTBeTCTByIOllasd ONTHMAJbHAs YacroTa
onpenensercd no ¢opmyJe

_ __ 2n pgnD?/4 + ke e
on=17fn =T [T oy ) 65

rie D — gnaMerp BOAAHOTO CTOA6a; ke — KOIPHUHEHT, yuHTHIBAIO-
mMi CKHMaeMocTh BO3JyXa B KaMmepe cxartusa; L, — nepemelleHne
BoasAHoro croaba; L' —s>bdexTnBHOE nepeMelieHue ¢ y4eToM npucoeu-
HEHHO# Macehl KHAKOCTH, CBA3aHHOH C AMAMETPOM CTOs0a U BOJHO-
BHIM uHcaoM E==2m/A cooTHOleHHeM, nosydeHHEM Mak-KopmukoM

[76]:
’ 4D 1,3k*D? ktD*
. L=-52 (1_ e ) (6.9)

ﬂémxeﬂne BOASIHOrO crojba onHCHBAETCS BEIPAXKEHHEM
2 .
D (L L) E A+ (be+ b+ b2+ (2P ke)2=F (1), (6.10)

rne Ly,— nepemenenne cron6a B kamepe.
155



Onncanne pabotel npeobpasoBartensi, Ka4e€CTBO KOTOPOTO 3aBHCHT
‘OT MHOKecTBa (akKTOpoOB, CBA3AHHHWX MeXAy coboH, A0CTATOYHO
CJIOXKHO. DTO NMO3BOJSET YTBEPKAAThH, 4TO NPEABAPHTENbHLIE pacyeTH
U HCOHTAHHA HA MEJKOMAacHTalHHX MoAeNsX AAKT Aas npeobpaszo-
BaTeJell Takoro THNA TOJbKO OPHEHTHPOBOUHBIE 3HAu€HHUA llapaMer-
poB. OkoHuartenbHoe pemeHne o6 3(QPeKTHBHOCTH TOTO HJAH HHOTO
npeobpasoBatess MoxKeT OBTh CHEJAHO TOJNBKO TOCJAE BCECTOPOHHHX
HCIBITAHUE TNOJMHOpasMepHoro ycrpoiictea. Mo n 3ro eme He Bcee:
‘TaKol paxe (Qusnuecku >3bdeKkTUBHHI npeobpasoBaTenb LOJIKEH
YAOBJETBOPATh SKOHOMHUECKHM TpeOOBaHHAM.

§ 6.6. BonHosble Hacoch!

K ToueunniM cucremaMm npeobpasoBaTelell 3HEPrHH BOJIH OTHO-
CATCA W pasJHUYHHE TUOLI BOJHOBBIX HACOCOB, Ha BONpOcax paspa-
G6OTKH KOTOPHIX XOTe10Ch Obl OCTAHOBHTLCS HECKOJbKO moApobHee, Tak

. KaK BO3MOXKHOCTH HX [pPHMEHEHH

J BBIXOASAT 32 PaMKH TOJNBKO 3JACKTPO-
SHEPTeTHKH.
B § 6.4 rako#i tun npeobpasoBa-

= MT __T%‘/HZ

- TeIsl yKe yNOMHHalcA. 3hech peub
nofifer mpexKAe Bcero o Hauboiee
H3BECTHOM YCTpPOUCTBEe — TaK HA3H-
BaeMoM Hacoce Aifizexca, cxeMma Ko-
TOporo npuBeaeHa Ha puc. 6.16. o-
CTOMHCTBA TaKOro HAacoca — ero mpo-
CTOTA, HE3ABUCHUMOCTh pabOTH OT Ha-
[IpaBjeHds NPHXOJa BOJH, UIHPOKHH
| CUeKTpaJbHbIH [Quana3oH BOJHEHHA.
, OcnoBHOfi HEZOCTATOK, TO CJ0OBaM
! camoro JIx. Afizekca,— BO3MOXKHOCTb
[| D, 3¢ QeKTHBHON KcIayaTtalli JHUIb Ha

~

AOCTaToOuHO OCOALIIHX rayOHHAX, T. €.
B1aau ot Oepera. Brnpouem, 3TOT He-

e : OCTaTOK obpaniaercd B JOCTOHHCTBO,

3 Korga peub HAET O HeoOXOAHMOCTH
cHab:xaTh  3HEprueli  aBTOHOMHBIH
Puc. 6.16. Boanosoit Hacoc ARsexca  ynajenunii oT Gepera oObexkT aubo
[56] MoJaBaTh HA MOPCKYI) pepMy ra1yGuH-

HHBe BOABL
[TpuHunn peficTBHst TAKOro Hacoca OCHOBAH Ha HEpPaspLIBHOCTH
‘cronba KUAKOCTH B Tpybe, BepTHKa/lbHOE ABHXKEHHE KOTOpOH co006-
maercsd KonebaHuAMu nosepXHocTH. Urto6wel Takas Tpyba Crajsa Haco-
COM, ee HHXKHHE KoHEl HEOOXOAHMO ONyCTHTh B HEBO3MYUIEHHHIE
NOBEPXHOCTHHIM BOJIHEHHEM CJIOH KHUAKOCTH, a caMmy TpyfBy cHabauTh
KJIanaHnoM, NPenSATCTBYIONIHNM BBEITEKAHHIO MNOPUHH BOJBI, MONaBLIEH
B Tpyly BO BpeMs Xoxa BHH3. Hacoc MoXKHO Hcnosb3oBaTh Kak s
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flogbeMa BOAW B pe3epByap, pasMemeHHBI# HaJ BoJO#, Tak H MJd
3aKaukH ee B TaHK C TPOTHBOAABJEHHEM, BEJIMUHHA KOTOPOTO IIpH-
MEpHO MPONOPUHOHANbHA CKOPOCTH NepeMEemenus Tpyobl.

IlepBrii o6pasey Takoro Hacoca 6wl uciwmitad B 1972—1973 rr.
B sanuBe Koncenceon ocrpoBa CaH-Kaemenrte. Mogesab Gwisia paspa-
6oraHa B okeaHoJorndyeckoM uHerutyTte Ckpunmnca, umena tpyby Ana-
merpoM 20 eM u aauHofl 6! M, mpumueM K/iamaH Obll yCTAHOBJEH Ha
raybune 6,1 m. Ha BosHe Boicotoll 2 M Hacoc pasBusaj H3OBITOUHOE
Aaiaenne oxoso 5-10* I1a npu mepuojne koaebanuii 6—8 c. AKRKyMy-
JIATOPHBHIN TaHK Hacoca nMeJ OTBepcTHe auamerpoMm 1,3 cMm. Dkcnepu-
MEHTaNbHble pe3yJAbTaTHl NOJHOCTBIO NOATBEPIHJAN JAaHHHEE I[peABa-
PUTEIBHBIX PACcyeTOB, BHINOJHEHHBIX [0 METOAHKE, H3JO0XKEHHOH HHUKE.
B 1975 r. 6uiin mpoBeeHsl HCIBITAHHS aHAJOTHYHOTO yCTPOHCTBA, HO
¢ Tpyboii mmamerpoM 5 cM paamHoit 92 M. Hna yaepxanus TpyOH
HICIIOJIb30BAJICs NIONNABOK C TEPEMEHHBIM TeueHueM, 00ecleunBaomuM
HeNnHe#Hoe u3MEHeHHE BhiTaAkuBaome#d cuwianl. IloBepxHocTh moO-
TiTaBKa HMeJa 3KCIOHEHUHANAbHHN npodHIb ¢ pajgHycoM, H3MEHS-
1IMMCS MO 3aKOHY

R =Ro+ ae’’®, (6.11)

CucreMa oOKasajach upesBHuaiiHo 3(QQeKTHBHOH M pana NaBJeHHE
B aKKyMyJupylolleM TaHKe okoio 2-10°5 Ila nmpu BEICOTe BOJH Beero
0,6 M. Ouenka s¢dexkTurHOCTH noKasaa Beaunuuny 30 %. 3necy Ry, a
# f Hamay4lwgM ofpasom nopobpaHusie noctofiHuue. OcTtanbHbie 060-
BHauyeHus cM. Ha puc. 6.16,

YpaBHeHne nBHIKEHHs MONJIaBKa ¢ TpyGoil HMeET BHJ
d?z

- M

= —Fy— poA, — b3+ Mugj + Fr, (6.12)

J1s TpYOBI ¢ OTKPHTHM KJIANaHOM H

2
My-2% = —F, — b2+ Majj + Fr,. (6.13)

A5 TPYOh ¢ 3aKPHTHM KJIanaHOM
C yuetroM (Gopmbl BHelUIHEl MOBEPXHOCTH NOMJIAaBKa BeJHYHHA BHI-
TaJKHBawllel cuanl, feACTByIOMEed HA HEro, paBHa

Fy=pg [Rly — 20pRo (e* — 1) + = (¥ —1)].  (6.19

B 3THX BhIpaKEeHUAX BEJIHYHHA -PaAd| — JONONHHTENbHAS YCKOpPSIOMIAN
CHJla, AefCTByIOmIasd Ha CHCTEMY NpHU OTKPHITOM KiamnaHe;, M, — npu-
‘COeHHEHHas Macca KHAKocTH; b -— kospduuneHT noreps B Tpyde.
Fr, u Fr,— cuan TAXeCTH, 1eHCTBYIOIUE HA CACTEMY NIPH OTKPHITOM

# 3aKpHTOM KNanane, Fr = Fr -+pA:Lg(8), rae pynkuus g(0) TPHHH-

maer 3Hauende -0 WAH 1 B 3aBUCHMOCTH OT TOIO, OTKPBIT WJIH 3aKPHT
KJjanag. - . - .-
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Tloce cooTBeTCTBYIOIIHX NMpeobpa3oBaHuil AN BENHYMHBl yCKOpe-
HHSI CHCTeMB! IOJAYYAIOTCAd BbIpasKeHus

(]
I

— _A/II_' (Fo + pad; + b2 — Fr, — My§) — KjlanaH OTKpHIT;
' (6.15)

2

I

- _1_‘/11_2_ (Fy + b2 — Fr,— M,§j) — kJjanas 3akphiT.

BuipaxeHHe LIS ONMHCAHHSA. ABHMKEHHS CTONOa MKHAKOCTH B TpyGe
NpefcTaB/IgeTCA B CAERYIOU(EM BHAE: .

LA,pgh=paA + yogAi —pg (L + 2) A, + LogA, — Frp, (6.16)

rie §— yckopeHHe cTosnba MKHAKOCTH; Frp— CHJa TpeHHd, ONpene-
Asemas Kak Fop=[fL#|3|pA1/(D2¢)]. 3navenne senuunHu [ onpe-
AeJIsleTCs. B 3aBHCHMOCTH OT yHcida PeiiHodblca MOTOKa:

f—64/Re (Re<C1000), f=0,316/Re”™ (Re > 1000). (6.17)

Tak kaxk paBJieHue B AKKYMyJHpPYIOUIEM TaHKE HAYHHAET YBEJIUYH~
BaTbCd TOJIBKO II0CJe INOCTYIVIEHHd B HEro Kakoro-to KOJIHT—IeCTBaA
KHAKOCTH, BeJIHUHHY H30HTOYHOTO JaBJICHHA B HeM ONpeRenfoT CcO-
OTHOIIEHHEM

—___Po —_
Pa - l—y/h p0~ (618)
YpaBHeHHEe HEPA3PHIBHOCTH JJIS XKHAKOCTH B TaHKE HMeEET BHJ
- Qs Qs
y—-yo+t§7l_dt_t§ 2 dt, (6.19)

rae y=yo npu =0, nputor Q,=A;v n pacxoi Qy==Asu, oTKyAa Cie-
AyeT AJs CKOPOCTH H3MEHEHHs YPOBHS KHJKOCTH B TaHKe

§ =2 (D} — D) (6.20)

¥, HakOHel, BHpaMeHHe A BopaGaTHBAEeMOH HACOCOM MOIIHOCTH
P=p.Q. 6.21)

Pe3ysibraThl pelIEHHs TNpPHBENEHHOH CHCTEMbl YpaBHEHHH MOKa-
3aup Ha puc..6.17. Ing HarJIaQHOCTH paAcYeTH BHINOJHEHBl AIS C/y-
yag cuaycouganbHOH BoJHbl. IlpuBeaeHsl rpaduku nepemerienus,
CKOpPOCTH M YCKOpEHHSI caMoro mnpeofpasoBareds, BOASHOTO cTonaba,
H3MeHEeHHsl NABJIEHHS B aKKYMYJHPYIOUIEM TaHKe, 3aKpPBITHA U OTKPHI-
THg kJaanaua. Ilyapcaupd Kjanasa OOGDBACHAIOTCA TNOABJICHHAMH
OTpHUATeNbHHX YCKOPEHHHI B OTHOCHTE/BHOM [ABHKEHHH TPYOB H BO-
Asuoro crofba u MOryT GbiTh YCTpPaHEHH ¢ MoMollbio AeMudupyo-
uiero ajaementa. [logpobunil aHann3 pe3ynbTATOB NMpHBeAEH B pabore
Ix. Afizexca [56].

Maesa BOMHOBOTO Hacoca He H3xuja cebA: Her-Her fa M NOABATCA
B 1meyatn coobumieHHs o HOBBHIX KOHCTPYKUHfX. Tak, KoMnauuefl
«Cencka Baps» (llIBeuus) Bemyrca paspalbOTKH BOJIHOBBIX TeHepa-

158




TOPOB Ha OCHOBE Tak Has3biBaeMOH nerponomns, cosfauHoit . Iepcco-
goM n I1. Tpodrenom (maspaune ycTpoficTBa BKJIOYAET NEPBHE CJIOTH
damuanit asropos). Ilerpomomna, Tak ke kak H nacoc Afizekca,
HM€eT MOMJABOK H NMPHCOeRHHEHHYIO K HeMy Tpyly, HO B OTJIHYHE OT
Hacoca, Tpyba 3Ta ClejJaHa M3 PE3HHOBOrO ULJIAHTa, apMHPOBAHHOTO

71100 Na

o —Cbonwna : x-cmorb Bsdsi ; 4-paboma wAanana;
C-Hacoc: v-dabnenus & makonumene.

Puc. 6.17. XapakTepHCTHKH BOJHOBOro Hacoca [56]

CTa/IbHON CHHPAJIBI0 H NPHKDEMIECHHOTO HIKHHUM KOHIOM K MEPTBOMY
AKopio. BepTukanbHoe aBHKeHHE MOIJNaBKa 3aCTABJISET LLIAHT H3Me-
HATb CBO¥ BHYTPEHHHH o0beM H HCIOJAb3yeTCs AJd 3aCACHIBAHHSA BOAH
Hepe3 HIDKHUE Kouel, cHabXKeHHHH KJanaHoM, H BHIX/JIONA €€ uepes
BEpXHHH, TakKmKe 3aKpHITHH HEBO3BpaTHHIM KJamaHom. J[lasee
KHAKOCTh, KaK H B clyyae Hacoca AH3ekca, MOXKeT OHITh ITOfAHA Ha
TypOuny snubo B akkyMyanpyoumnii TaHk, Komnanus «Cpencka Baps»
YK€ HCIOAB3yeT NMeTPONOMIY B KayecTBe HaA€XKHOTO Hacoca MpH Coo-
‘pyxennu kosjoaues. Hanexuocts yeTpoficTBa onpenensercs, ¢ ogHOR
-CTOPOHB], OTCYTCTBHEM OOBIYHOTO Y TOAOOHBIX YCTPOHCTB KOJNOAE3HBIX
HacoCcOB WITOKA, a ¢ [APYrofl — [OfBJeHHEeM BHICOKOKAYECTBEHHBIX
apMHpOBAHHBIX HIJIAHTOB. [locleane yxe BHIYCKAIOTCH B ABYX MOJH-
GuKauuAX — OxMH JAMAMETPOM HECKOJIbKO JeCATKOB CAHTHMETPOB,
4 Apyrod —c HapyXkHHM AnamerpoM 28 u BuytpeuHum 21 cm. Hnre-
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pecHass 0cOoGEHHOCTh NeTPONOMIB — BO3MOXHOCTh HCIOJbB30BAaTh ee
B CPABHHTEJbHO MEJKHX BOJAX.

Y cosparenefi nerponoMnbl ecth nocaeposartenu *. OHu ycTpaHuUMH
B CBOEM H300DETEHHH IJIaBHBIi HEJIOCTATOK W Hacoca AH3eKrca u meT-
pOTIOMITE — BO3MOJKHOCTb 3aCOpPEHHsi KJanaHOB H 00pacTaHMs BHYT-
PeHHHX NOBEPXHOCTeH TPyO 3a CUeT NPHMEHEHHs CINelHaabHOH pabouel
XKUJKOCTH, UHPKYJHPYIOMEH BHYTPH 3JaCTHUYHOIO HacoCa, COeJHHeH-
HOTO ¢ aKKyMyJsITOpOM AABJCHHs, THAPABJIHYECKO TypOHHOR H pe-
3epByapoM HU3KOro AaBJeHHA LIS npHeMa «oTpaboTaBUIed» KHAKOCTH.
ARKYMyJiTOp [aBJeHHsI pacnosaraercs BHYTpH moniaBkKa. Mexanusm
pery/iupoBaniisi HanpaBJeHHsl TeUeHHs] XKHIKOCTH (KJamaHHas Ko-
pofKa) mOOuUEpeNHO MOAK/IOYAET COCYAbl BBICOKOrO M HHM3KOTO Jam/e-
HHsl K OOBeMHOMY Hacocy, obecneunBast YCTOAUMBYIO HHPKYJSIHIO
pabouell JKHIKOCTH B CHCTEME.

JloCTOMHCTBa BOJHOBLIX HAcOCOB, OOLIME [Jisi MHOPHX TOYEYHBIX
npeobpasoBartelieil,— NPocTOoTa KOHCTPYKLHH, OTCYTCTBHE Heo6X0AH-
MOCTH NOCTOSIHHOrO HalJI0f€HHs 3a paboTofl M yXo4a, BO3MOXKHOCTD
CTPOHTb BOMHOBLiE 3JIEKTPOCTAHLMH H3 TAKHX YCTPOHCTB, TOCTENEHHO
HapalluBas KOJHYECTBO OTAJIbHBIX CPaBHHTE/NBHO HEJLOPOTHX coopy'
JKCHHH — OPHBJEKAIOT K HUM BHHMAaHHE 3HePreTHKOB.

§ 6.7. KoHueHTPaTOpbl BONHOBON 3HEPriuM

Hcnosnb3oBanne KOHIEHTPATOB BOJHOBOH 3HEPrHM — OLHH H3 CIIO-
cOOOB -yBEJNHYEHNS] €AMHHUYHBIX MOIIHOCTEH OKeaHCKUX mnpeobpasosa-
renefi. [IpocmarpuBaloTess 7ABa XapakTepHBLIX HanpaBJeHHs B 5TOH
obsactu. [lepsoe — QoKycHpoBKa BOJHOBOH 3Hepruu ¢ GoJbliei .10~
MaAH Ha MEHBHIYIO ¢ TeM, YTOObI HeOOXOAMMBIM 00pPa3soM YBEJHYUTh
9Hepruo KodebaHnii. last 3TOro MoryT OBITL HCHOJb30BaHbI H3BECT-
Hbie (DH3NYECKHE NPHHIHNb, OCHOBAHHbLIE Ha OCOOEHHOCTSIX pacupo-
CTPaHEHHs] BOJIH B Cpefe W TNPH B3aUMOJAEHCTBHH ¢ MPENSITCTBHIMM.
Peub uzer o nHQpaKuHOHHLIX H pedpakiHOHHBIX siBjaeHHAX. [IpuHIuN
ZefCTBUS TaKHX yCcTpOACTB noscHsier puc. 6.18. B kauecTre ycrpoiicrs
JLIST peasu3aliii 3THX sIBJEHHA MOTYT ObiTb HCHOJB30BAHBI CHCTEMbI
MJ1aBYUHX naccHBHLiX Oyes. IIoKa Taxne cHcTeMbl HAXOASTCA B Uiiciae
THOOTETHYECKHX, O/HAKO CMOCOOBI YIPARJEGHHSA BOJHAMH C TIOMOLILBIO
QUCKYCCTBEHHBIX Cpej» B BH/JAE CHCTEM PacCeMBAIOINX SHEPrHIO OyeB
npicTanbHO H3ydaloTcs pazpadorunkamu [19, 56, 64].

Bropoe HampasJseHne — KOHLEHTpPaLHsl BOJHOBOH 3HEPTrHH NyTeM
cbopa eec CO 3HAUUTEJNBHON TJIOMAZH H HCHOJb30BaHHE AJS CO3RaHHSA
nepenafa JaBJeHHI, HAa KOTOpoM MoXKeT paborats OObIYHas HH3KO-
HanopHasi THApaBJHYecKasi Typo6uHa. PaboTsl B 3TOM Hanpap/ieHuu
Beaytcst yXe 30 Jer. BeposiTHoO HMCTOPHYECKH MepBBIM Obl TNpPOEKT
HHXKeHepa-THApPOTeXHHKa Y. bDoTra, 3aHHMaBluerocss INpOeKTHpOBA-
HueM ruaposiektpoctanuuii B Woraananu eme B 30-x rr. D10 Obin
NPOCKT BOJHOBOH 3JeKTPOCTAHUMH Ahs o. Maspuxuii B HMuauiickom

* 3aaska Ppanuuu Ne 2511734, 1983 r.
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oKeaHe. B ocHOBe MpoeKTa — Hjies CO3/laHHs HCKYCCTBEHHOH JIaryH®HI,
B KOTOpPOH 3a cueT NepeKaTHBAIOHIMXCA 4Yepe3 IMOJOTYI0 B CTODOHY
OxKeaHa naM6y BOJH cO37aBajcsi Onl MOBLILIEHHBH YpOBeHb BOABL.
[poexr moapo6uo omucan B kHure . Pocca *, u Mbi He Oy/leM Ha HeM

Puc. 6.18. BapuaHTsi KOHUEHTPATOPOB BOJHOBOH 3HEPTHH [63]: a— .
KoHy30pHBHI 0TKOC; 6 — AMPAaKUHOHHAS CHCTEMA; 8 — pedpakuu-
OHHaf cHcTeMa

ocraHapAnBaTbes. CKaXKeM TOJBKO, UTO TIPOEKT HE CHSAT C MOBECTKH
IHS, BO BCSIKOM CAyuae CyAs 10 COOGLIEHHAM B TMeYaTH (CM. CCBIIKH
B kHure [8]). [To coBpeMeHHOMY BAapHAHTY 3Ta CTaHUUs OyAeT HMETb
MomHocTy o 20 MBT, oT okeaHa ee GacceiiH 6yneT oTAeneH AamGoH
anuHo# 4,9 km. [Ipu BBICOTE XapaKTepPHEIX JJs ITOTO paioHa BOJH

Puc. 6.19. «Bunpsimutenn» Paccena: a— BepXHee HoJloxKeHHe
YPOBHSI BOAb; 6 — HHMKHee NoJoXKeHHe

or 1,2 10 2,4 m ¢ nepuojiom ot 6 mo 10 c pacuerHuit Hanop B Oac-
cefiHe fonxeH OHTbL paBeH 2,3 M.

Hccnenosanusi 1o MaBpHKHACKOMY TPOEKTY TpPOBOJMAHCH HA
Tuaposornueckoi  ucehaenoBatenbckoii  craniMu  (Yoanausardopa,
Benuxko6puranus), rie BMNOCJAEACTBHH MOJ PYKOBOLCTBOM JHMpeKTOpa
craHiun P. Paccena 6B €c0371aH TPOEKT TaK Ha3biBAeMOI'O «BHIIPSAMH-
Telisl», KaK M NpeapiAylias CHCTeMa HCHOAb3YIOUIEro NPHHIHI 3aIoJ-
HeHue GacceiiHa 3a cueT SHeprud BoJH. DTO ycTpoiictBo (puc. 6.19)
6osee xomMnakTHO. OQHO H3 ero AOCTOMHCTB — BHITYCK BOJBI, NpolIe[-

" * Pocc JI. Sueprua soad. JI, 1981.
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e yepes TYpOMHY, y HOJOWIBLI Haberawomeil BOJAHBI, YTO OOECHmeyH-
BAeT MOBHIIIIEHHEe NPOM3BOAHTENBHOCTH. DTOT NPOEKT TaKXkKe paccMmar-
pHBaerTCst KaK BO3MOXHBIH BApHAHT KOHCTPYKIHN OYIYLUIHX 3JEKTPO-
CTaHuMi, HO yCTynmaer APYTHM YCTPOMCTBAM 10 MAaTepHasOeMKOCTH.
Kpome roro, BhipamaioTcsi OMaceHHsi, 4TO IOJO0HBIE COOPYKEHHS
OylyT MJI0X0 MPOTHBOCTOATH IUTOPMOBHIM Harpyskam. [lostomy
VCTPOACTBA, aHAJOTHUHbE MaBPUKHICKOMY MpPOEKTy, TaK CKas3arTh,
B UHCTOM BHJE, Ka)KyTCs MHOTMM §oJe¢ IepPCHeKTHBHBIMH, OCOGEHHO
B TeX pafiOHax, rfie NO3BOJSIIOT €CTECTBEHHBIE YCJAOBHSI.

OnHO M3 TaKHX TEeXHHUECKHX pelLIeHHii — «KOH(Y30pPHBIH OTKOCY.
Ero paGouas moBepXHOCTb BBIIOJHSETCS B BHJE HAKJIOHHOIO, CyXalo-

Puc. 6.20. KoHieHTpaTop BONHOBOH 3HEPruu Aasi OTKPHITOro
Mopsl «gamba-aToan» (8]

lerocst KBepxy JoTka (cM. puc. 6.18,a). Mopckas BosiHA BHICOTOH
1,1 m ¢ BosHOBBIM ()poHTOM A/HHOMA 350 M npu 30-KpaTHOM CY:KEHHH
B JIOTKe MOXeT JaTb NMpHMepPHO 15-KpaTHoe yBeJqHUYeHHE aMIIHTYIHL.
Eciu ycraHoBKa ¢ mpoCThiM MOJBEMOM BOJABI HAa HaKJIOHHOH IJIOCKO-
CTH ¢ yrJjom moibema 30° obecneunBaer NOAHSITHE YPOBHSI BCEro Ha
2,5 M npn cpeaHeil BbicoTe BoJIH 1,5 M, To Ha «KoHGY30PHOM OTKOCE»
3TO JacT 10/’beM YpoBHs npumepHo Ha 20 M. [Ipu taxkoM mepemajne
BBICOT B HaKOIHTe/Je-BOJOXPAHNIHILE Y3Ke MOXKHO HCIOJIb30BATh GoJee
NPOH3BOJINTE/IbHbIE BBICOKOHATIOPHbIE THAPOArperaThi MJsl BHIPAGOTKH
aueKTposHeprun. O6mas NPOU3BOAHTEJIBHOCTh «KOH(Y30PHOTO OT-
Koca» GyAeT NPUMEpHO TakKoH Xe, KaK H NPOCTOTO OTKOCA, H COCTABHT
oxoso 50 MBT-u B rom Ha | M jAaHHB HakJIOHHOHA cTeHKH. ONHO U3
GOIbUINX JIOCTOMHCTB «KOH(Y30PHOIO OTKOCa» — BO3MOMKHOCTb MOH-
THPOBaTb BCe €ro OCHOBHbiE Y3Jibi Ha Oepery, uTo jgejaeT €ro Haufo-
Jlee Haj€XKHbIM H3 BCeX BOJHOBBIX NpeofpasoBaTesiell B 3KCnJjyara-
uun [8, 64]. OnbitHeI 0Gpasen Takof CTaHUMHM MOHOCTBIO 350 KBT
crpoutcs ceftuac B Hopeerun.

B KkauecTBe KOHIEHTpaToOpa BOJNHOBOA 3SHEPTHM A YCJIOBHE
OTKDBITOTO MODPsl IOKa pa3padoTaHO €NHHCTBEHHOE YCTPOHCTBO. DTO
«1aMOBI-aToJIIbI» HHXeHepa (upMbl «JIokxun» Jle-Bupra (puc. 6.20).
IToBepXHOCTb BHITYK/IOrO JINH3006Pa3HOTO Kymojga KpyIJOTO CedyeHHs
dokycnpyer m Hampap/aser B UEHTPAJbHYIO 4YaCTb BOJIHBI, HMEWO[IHE
pacyeTHy0 1acTOTy M MaJjbie aMIAUTYAB. Yrto KacaeTcst BOJH GoJb-
WOH aMIVIHTY/bI, TO OHH MOJHOCTBIO PA3PYLIAIOTCA HA COOTBETCTBYIO-
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mel MIyGHHe. DBaXHbie JOCTOHMHCTBA TaKOro KOHUEHTpaTopa —
CPABHHTEJIbHO BBICOKAsl WIHPOKOMOJOCHOCTb W HE3aBHCHMOCTb OT Ha-
npaBsJjeHns nMpuxofia BoJH. [IpnmHunm feficTBHS KOHIEHTpartopa mosc-
nsier puc. 6.21. HaGerawomasi Ha cepHIECKYI0 MOBEPXHOCTh BOJIHA
13-3a MepecTpoiikn npoduisi, CBS3aHHOTO ¢ H3MeHeHHeM (a3oBO# CKo-
pOCTH, KaK Obl OXBaTbiBaeT KyIOJ, JOCTHTasi PagMeLIeHHOTo B €ro
BeplIHHe Hampasusiioumiero anmapata. [locsennuit cHaXkeH KpPHBOJMH-
HeHHBIMH JIOTIATKAMH, 3aKPYYHBAIOIIHMH MOTOK B OJHY CTOPOHY H CO-
o6II2I0IIMMH €My CBOMCTBO BpPAIlAalOUIerocss HHEPUHUOHHOTO KOMIIEH-

[

160° w° 80

Puc. 6.21. Mpuunun pef-
CTBHA «naMObl-aToM1aY
[56].

1 — daszoBHit yroja; 2 — Hyne-

Basg ray6una; 3 — o6jaactb 6y-
PYHOB

catopa KojeSGaHuii BOJHOBOH MomHOCTH. JlBuraschb BHH3 IO CyXalo-
1eMycs BOJOBOJY IIOTOK ellle CHJIbHEe 3aKpyuHBaeTcss H momajaer
Ha Kojeco TypooreHepatopa [56]. KILI Takoi ycTaHOBKH — OKOJO
50 %.

Ve paspaboTaH TNpOEKT <«aaMObl-atoisa» jauamerpom jo 100
u BHCOTOH fo 30 M ¢ BomoBomoM auaMerpom fo 18 m. Oxono gecsaTH
Jer BeAyTCs JabopaTopHbie HCHbITAHHS HA MOJEJH, BBITOJHEHHOH
B macmrade 1:100. B 6auxkaiimee BpeMs ¢upma <«J/Iokxup» Hame-
gaeT co3gaTb MoOjeJb BABOe Ooubllero pasMepa. Ilepas mopenb
paccunTaHa Ha noJy4yeHHe mojesHolt MomHoctH ot 20 go 40 xBr.
PeasbHylo ycTaHOBKY MJaHHpyeTcsi CHaGAHTb TYpOWHON MOIHOCTBIO
IO HeCKOJbKHMX MeraBaTT. BbIyCcKaeMbifi M3 TYpOHHBI IOTOK OyleT
NPOXOAUTH uepes nu(GDY30p AJsi CHHKEHHsI ocTaToOuHoro Hamopa. as
TpefOTBpalEHst ofpacTanust Kynoha, HalpapisioUinX JAONaToOK
u nuddysopa npepsaraercsi cHabAHTb HX OTKPBIIKAMH H3 CHHTETHUe-
CKOTo MaTepuana, IOCTOSIHHOe JBHXXEeHHe KOTOpbIX B IOToKe Oyner
NPensITCTBOBATh NMPUKPEIJIEHHI0 OpraHH3MOB-o0pacraTeliedl K BBHIMOJ-
HEHHEIM u3 GeTOHA 2JeMeHTaM KOHIEHTpaTopa.
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[Mpunnnn «aamObi-aTonnas Moxer OBITb C YCNEXOM HCNOJb30BaH
ApH CTPOHTENbCTBE HCKYCCTBEHHLIX raBaHell B oTkphiToM Mope. Takoe
YCTPOACTBO MOXKET MO 3aMBICAY KOHCTPYKTOPOB CTaThb H 3 (eKTHHIM
CPeACTBOM fJisi OUYHMCTKH TOBEPXHOCTH BOAH OT He(TenpoayKToB,
KOTOpHe B 3aKpYUHBAIONIEMCs MOTOKe €ro BOAOBOAA OYAYT cenaph-
poBaTbCsi M MOTYT H3BJAEKAThCs NMpPAKTHUECKH 0e3 AOMOMHHTeNbHOH
3aTpaThl SHEPTHH.

Puc. 6.22, Pasmemenne npeoGpasoBareseli BONHOBOR SHEPrHH BAOAL 10~
Oepexbs

Ha puc. 6.22 noxazaH BapHaHT BO3MOMKHOTO MOPCKOTO Teji3axa
HeNaNeKoro Oyayulero ¢ BOJHOBHIMH TNPeo6pasoBaTeldssMH 3HePTHH
Ha TepesHeM msiaHe. BroJHe BeposiTHO, YTO TNOfOOHHIE YCTAHOBKH
BCKOpe CTAHYT HeNpeMeHHbIM 3JIeMEHTOM MOPCKHX JaHIIIadTos.



nasa 7

SHEPTETMKA HA NEPENAAQAX COJIEHOCTHU

§ 7.1. Barnag Ha npobnemy

B03MOKHOCTH 3HepreTHKH Ha TPajHeHTaxX COJIeHOCTH (coseHocT-
Hasi 3HeprHsi, SHEpTHsi CMeIleHHsi PACTBOPOB C pAa3JHYHOH KOHIEH-
Tpalyef,, OCMOTHUECKAsi 2HepPLHs) BIEYATAAIT: TMPH CMeIleHHH
NOTOKa ¢ pacxofom Bcero 1 M3/c mpecHo# BOABI ¢ MOPCKOH BOLOH
C COJIEHOCTLIO OKOJIo 35 9% Moxker ObiTh MOJyuYeHAa MOIIHOCTH OoJjee
2 MBT. TouHee, KOHeuHO, cKa3aTh, UTO TaKas MOILIHOCTh BbIAEASIETCH
BHe 3aBHCHMOCTH OT TOIO, XOTHM MBI MJH HeT ee MOJAy4HTb. A BOT
CKOJNBKO 3HepPrun MoxKer ObiTh NPe0Opa30BaHO B «IIOJIe3HYIO» 3JHEp-
THIO — 3TO BOIPOC H TeopeTHUecKHH, H uH¥KeHepHHH. Oco0eHHOCTb
COBpPEMEHHOTO 3Tala OCBOeHHs] 3TOT0 BHAA pecypca B TOM, UTO
HEeCMOTps1 Ha BBICOKYIO MAOTHOCTL 3HeprHu (Ilhxe=220--240 m) moxa
He yaanoch ¢ 1 m? maomagn meMmOpaHHOro npeobpasoBaTes MOJY-
unth Honee 10 Bt MoumHOCTH, T. €. NMPHUMEPHO CTOJABKO XK€ CKOABKO
M 7AJsi YCTPOHACTB TNPsSIMOrO TpeoGpa3oBaHHsi COJMHEUHOH 3HEPTHH
B 2leKTpuuecKyw. B to xe Bpemst ¢ | M2 mIomand oKeaHCKHX Teue-
HUJi y3Ke MoJNydeHbl MomHocTH Gosee 250 BT, X0Td mioTHOCTH 3HEPIHH
3/lecb HecpaBHeHHO HHIKe. BeposITHO, ClOXKHBIIAsICsi K HAcTosleMy
MOMEHTY CHTyallHsi CBsi3aHa He ¢ NPHHIHMHANAbHBIMH OrpaHHYeHHIMH,
a Jaulle ¢ HejocTaTouHo# mpopafoTaHHocThio pelieHud. [lochenHee
MOXHO 00bsicHHTbL TeM, uro hHuess ConendC Haxogurtcss B Haubodee
paHHell craguu pasBHTHs 110 CPABHEHHIO C JPYTHMH OKeaHCKHMH TeX-
HOJOTHsAMH [64].

Baraxk paspaborunikos ConendC HacuuTbiBaer pecaTKH Bapu-
AHTOB TeXHHUeCKHX pelleHHfl, cpegn KOTOPHIX TNPHHSTO BBLALAATH
1eCTh OCHOBHHIX THIOB mpeofpasopatenein [21]:

THAPOOCMOTHUECKHE YCTPOICTBA, OCHOBAHHBlE HA MCMOAL3OBAHHH
PA3HOCTH [aBAEHHi MeXKAY pacTBOPAMH C Pa3NHYHOHA KOHIeHTpauHeH;

yCTpoficTBa Ha NpHHuMIe 0OpaTHOTO 3JEeKTPOAHANH3a WJH, BEpHee,
Ha AMAJHTHYECKOM IIpHHIUIE, TaKXKe OCHOBAHHOM Ha pas3jMyMH IIPO-
HHULAEMOCTH MeMODPaH AJist MOJEKYJ H HOHOB PasHHIX THIIOB;

YCTPOHCTBA MNPsIMOro mNpeoGpa3oBaHUsi PAa3HOCTH 3JAEKTPOXHMHUE-
CKHX MOTeHIMaJIOB ¢ IOMOMmbI0 HOHOOOGMEeHHBIX MeMOpaH B 3JEKTPH-
Yecknfl TOK;

VCTpoiicTBA HA «MEeXaHOXHMHYECKOM» MpHHIMIE, OCHOBAHHBIE Ha
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UCIIOJB30BAHHH CBOHCTBA HEKOTOPHIX NOJHMEPOB HCIHITHBATL pas3iHu-
HEle TIO BeJlMuMHe pAedopManuM B pacTBopax € pa3IHUYHON KOHILEH-
Tpanuei;

yCTpOHCTBA, OCHOBAHHbIE HA PA3HOCTH [AABJICHHH NMapoB PacTBOPOB
¢ pasAHUHON KOHLEHTpauHuel;

YCTpPOHACTBA, HCHOMAB3YIOIIHE pa3jHuUHE B TEMIepaTypax 3amepsa-
HHUSI PACTBOPOB C Pa3JMUHOH KOHIEHTpPALHEH COJed.

Bce atH THOB yCTpOMiCTB HAaXomsTCAd B CTaiHH J1a60paTOpHHX
T MccaenoBaHMH, K OOHAaAeXKHBAlOMIME pe3yAbTaThl MOJyYeHHl I10Ka,
moxanyfl, ToAbKO ANl CXeM, HCMOMb3YIOIIHX Pa3HOCTh NMAapoB PacTBoO- -
pos. HauGonariiee xonnuecTBo mpopaGoOTOK CBSI3aHO € YCTPOHCTBaMH
OepBLIX TPeX THIOB, TaK YTO HpH oleHKe 3()(PeKTHBHOCTH Iepepa-
OOTKH SHepTHH IPajiHeHTa CONeHOCTH OOBLIYHO OPHEHTHPYIOTCS Ha HHX.
Iloka 3TH oOmeHKH He YyTeIINTENbHBLI: MpeICKa3nBaeMas CTONMOCTb
3HEpPTHH B CpefHeM 3HAUHTENLHO NpPEBHIIAET OOBLIYHYIO: CTOMMOCTB
3HepPTHH THAPOOCMOTHYECKHX mnpeobpasoBartenefi —B 3—7, QHAMHTH- -
yeckux — B 50—60 pas. B namTeparype BCTpeualoTcsi H IPOTHBOpEUH-
Bhie OIEHKH, COIJIACHO KOTOPHM JAHAJHTHUYECKHe OaTapen CrocofHBI
obecrneunThL yKe HA CErOAHSIIUHHA AeHb OTHYCK 3HeprHH IO LeHe, NpH-
MepHO DaBHOH TOM, Mo KOTOpPOH OHa OTIYCKAeTCs M3 SHEPrOCHCTEM
B Hacrosimee BpeMsi [45]. BepositHo, 3To Ke Kacaercs OLEHOK
YCTPOIICTB «MeXaHOXHMHYECKOro» THINA, AJs KOTOPHX TaKke IMpPHBO-
ISITCS1 SIBHO 3aHHXKEHHBie BEeANUHHL KanHTaAbHBIX BJIOKEHHH,

[Tocnennue oueHKH GHIAKH BLIIOAHEHH TPYNIOH LIBEACKHX HCCAEHO-
BaTeNefl gAsl ABYX THIIOB TOJAUMEpPOB ¢ KOpOTKHM (3 ¢) M AAHHHBIM
(30 ¢) nmknamu pacrsikeHne—cxkarue. B nepBom cayyae monmmep,
NOMEmeHHHA B padounfl UHAHHAP, WITOK NOPIUHSI KOTOPOTG Bpaluaer
remepartop, cmoco6eH pa3BHBAThL yaedbHyo MomHocte 0,5 Br/r. Has
padouero IUAMHApPA, MPEACTABJSIONIETO COOOH OTAEABHYIO sIUEHKY
fonee MomIHOro arperata, 0Kasajach, BEPOSITHO, IO TeXHOJNOTHUECKHM
coo0paxKeHusiM, mpueMaeMofi MoiHocte 1,25 KBT (nAnHa nuauHapa
okoino 250, anuamerp— 50 MMm). Takum oOpasom, UTOOH [OAYYIHTH
ycranoBiaeHHylo MowHocTs 100 MBT neodxomnmo 80 ThIC. TaKHX uH-
- JINHAPOB ¢ TeHepaTopaMu OODBEIHHUTL B EAUHYIO CHCTEMY — 3TO
| 4eM-TO HANOMHMHAeT I[PEJJIOXKEHHe C03/1aBaTh [OCTATOYHO MOLIHBIE
CTAHIMK Ha 3HEPTHH BOJH H3 GOABIIOr0 KOAHMUYECTBA MaJOMOLIHBIX
YCTPOHACTB, KaXjpoe M3 KOTOpLIX paforaerT camocrosiTedbHo. [Ipasna,
B MOCJefHeM cayuae TakKasi CTaHIUs OyneT HaXoAHTbCA B 0oJjiee TXKe-
JHX 3SKCINYAaTAUMOHHLIX YCAOBHSIX, 4eM pasMeieHHas CTANHOHADHO
Ha Oepery ConendC. [Jdnas monuMepa ¢ [AJAHHHEIM IHKJAOM MOXKHO
MONYUYHTb MOLIHOCTH, B 10 pa3 MeHbluyio NpH pacxone Boau 390 m3/c,
yeM s mojduMepa ¢ KopoTKuM UHKAOM. CoOOTBeTCTBEHHO, Jis
100 MBr cranuun noHajmoburca o&beguHuTh yxke 800 ThiC. oTAENDb-
HEX 6aoxoB. MHTepecHo, uTo pacxoj BOABH B TAKOH CTAHIHH OKa3H-
Baercsi Huxe, yem B OT2C (1600 m¥/c na 100 MBrt). Ilocnenuss
nyGJAHKaIMs O «MeXaHMuecKoM» nmpeobpasoBarese OTHOCHTCS K 1979 r.
[45]. DTo pmaer ocHoBaHHWe MOAATaTh, YTO OBUIM MPHBEREHHI DPE3yJb-
TaTH NpeJABAPHTENbHON MPOpasoTKH, a B JajbHeimeM 3pPeKTHBHOCTD
CHCTeMBI He NOJATBEpAHAACh, H HCCAELOBAHHS NPeKpaTHIHCH.
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Ha yposHe munen, BepoATHO, OCTaACs METOHA, MpenioKeHHbIH
Jx. Afizexcom u B. HImurom [21] B 1979 r. u ocHOBaHHBIN HA NOHH-
JKeHHH TeMIlepaTyphl 3aMep3aHHs DacTBOPOB IIpH INOBHIUEHHH KOH-
HeHTPANHH: HCIOAB3YS paccos (MOPCKylo BOAY) MOXKHO C €ro mo-
MOILbIO 3aMOpaKHBaTh HpecHylo Boay B ruapounanuipe. Cosaasae-
MO€ IIpH 3TOM BBICOKOE pAaBjieHHe, BO3HHKAalOmee H3-3a pasjnuHs
006BEMOB JIbia W BOABI, MOXKET COBepIIaTh MMONE3HY paboTy. PakTu-
yeCcKH B TaKOM IMpONECce YTHAU3YeTCsl He COJNEHOCTHAs 3Heprus,
a remyoBasi sHeprusi Boaw. OjpHaKo, Kak ykaswmBalor B. A. Akynnues
u B. B. Kusxer [21], BoamoXeH M Takofi BapHaHT OpraHu3anHu
mpolecca CMelleHHs! TPECHOA U CONEHOH BOAH, IPH KOTOPOM COJIEHOCT-
Hasi 3Heprusi Oyner Hcmodb3oBaHa Hapsiay ¢ tensosoit. OnHoBpe-
MeHHO, OCOGeHHO B 3HMHee BpeMsi B ApKTHUeCKHX pafioHaX, MOXHO
HCIOJL30BaTh M PA3HOCTh TEMMEPaTyp MEXAY BOAOH H OKpYXKalOIHM
BO3JyXOM — TAKHM 00pa3oM, peub MOXKeT HATH O CO3AAHHH KOMIIJIEKC-
HBIX YCTPOMACTB, HCIOJb3YIOMHX He OAMH, 4 HECKOJbKO XapaKTepHBIX
rpajleHTOB.

OunennBasi B ofiieM COCTOSIHHE DA3BHTHsSI TOTO BHAA IHEpreTHue-
CKOfi TeXHOJIOTHH MOXHO MPHCOEIHMHHTBLCSI K aBTOPAM, BHIPAXKAIOUMM
COMHEHHe B BO3MOXKHOCTH CO34aHHsl CKOAb-HHOYAb KPYNHHX COJje-
HOCTHHIX YCTAHOBOK B OJaMXKaiilee Bpems [45, 63]. Onnako yuHMTHBas
BO3MOXHEII IIpOrpecc XHMHH ITOIMMEpPOB H 3HEpreTHUECKOro MallH-
HOCTPOEHHs1 B OOJIACTH CO34AHHS TEMI0OOMEHHHX anmaparToB H TYp-
OMH HH3KOTo OaBjieHHsi B CBsis3u co crpoutenpctBom OTIC, Heabss
cOpachBaTh 3TOT BHJ PECYPCOB CO cUera.

§ 7.2. OcHoBHble COOTHOWIEHMA AN pacuera npeobpasosareneH
CONIEHOCTHOM 3HePruM

HHrepecHo MOMHITATbCS ONEHHTb INOME3HYI0 MOIMHOCTb, KOTODYIO
MOKHO H3BJEUb B NMpouecce pa3baBIeHHs pacTBopa ¢ TOMOLBIO. Pas-
JIMYHHIX THIOB NpeodpasoBatedneii.

Jast rHAPOOCMOTHUECKHX YCTPOHACTB 3TO Haunboiee HATVISIAHO MPO-
ZemoHnctpuposanu I'. JIxennnnek n X. Macyna [57], npeanonoxus-
mpe, yro camo pasbaBjieHHe NpeHeOpeXKHMO Malo H NPOH3BOLHTCS
nobapienneM Majoro of’beMa MpPecHONl BOAW K 3HAUHTEJNLHO GOJb-
memy o6beMmy pacropa. [lycTs B mpaBoil INOJNOBHHE 3aMKHYTOrO
cocyna (puc. 7.1), B KoTOopoM MeMOpaHOH pasieneHbl PacTBOP
{cmpaBa) u pacTBOpHTenb (CleBa), YCTAHABAHBAETCS DPAaBHOBECHOE
3HaueHHe ocmoTHUecKoro jasieHus II. B stom cayuae pacrtBop moj
KaKHM-TO JaBlieHHeM p; HCTeKaeT H3 COocyAa uYepe3 COMAO B Cpeny
C JaBJIEHHEM pg CO CKOPOCTbIO Ug, ONpejesisieMoli COOTHOIIEHHeM

ur=[2V"(p1 — p2)]'", (7.1)

rae V' — ynensHbifi 06beM pacTBOpa, MpeHeSpeKUMo Mano OTAHYA0-
IHACH OT TAKOBOTO AJS UHCTOH Boabl, V/=1/p=10-% m® kr-!. Tak kKak
aT™ocdepHoe HaBieHHe IEHCTBYeT OJHOBpEMEHHO H HA MOBEPXHOCTD

167



PacTBOpHTEJNS — YHCTOA BOABI, TO BHIpAKEHHE [Jisi CKODOCTH HcTeue-
HHS YIPOIAeTCsl H IPHOOPeTaeT BHL,

up=(2V'p))'"", (7.2)
COOTBETCTBEHHO, MACCOBBIH pacxon uepes COMIO ‘
filg = u2A2p = (QV’p])‘/2 Azp, (73)

rae A; —mnomanb ceueHHs comia (A;— nnomanb MeM6paHbl; U —
CKOpOCTb NOTOKA pacTBOpUTENs yepe3 MeMOpaHy). Boma mpakruuecku
HeCXkHMaeMa, MacCOBble pPacXoibl uepe3 CeueHHe CTPYH H MeMOpaHy
ONMHAKOBH (#i1;=thy), NpHUEM MaCCOBHH pacXoi uepes MeMOpaHy
NpPONOPHHOHAJIEH ee NPOMYCKHOH CIOCOOHOCTH, ONmpenensieMoil Koad- .
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¢unuentoM audodysuu D, kr!l-M2 ¢, n Pa3HOCTBIO LABJIEHHH Ha MeM-

6pase Il—p;, rme p; urpaer ponb THAPOCTATHYECKOTO HABJICHHS
B Xujakoctd. Takum o6pasoMm, stor pacxon

ﬁll =m2=D(H— pl)A1p=lfl2. ’ (7.4)

IlosyyeHHoe BbIpaXkenHe [O3BOASIET BHUMCAHTh MeXaHHUECKYIO
MOLIHOCTb CTPYH, KOTOpas C HeGOJNBIUHMH [OTEPAMH MOMKeT GHThb
peo6pa3oBaHa B JIEeKTPHUECKYIO. DTa MOLIHOCTb

2 2
. U . Uy
Pp=m, 5 =M '2—=DA1£1V' (IT—py) ps. (7.5)

Bass npoussommylo or 3T0r0 BbIpaxemHa WMo p; M TIpHpPaBHSB
€e K HYyJIO, JIeTKO 10Ka3aTh, UTO BEJIHUHHA MOJE3HOA MOIIHOCTH J0--
CTUraeT MakcuMyMa npu p;=I1/2, rak uro

Py max = DA,TT/4. (7.6)

DTOT Ke TOAXOA MO3BOMAET ONpELeNHTb MONHOCTb MPeospaszo-
BaTeleH, B KOTODHX SHEPrUs CMelleHHs Npeob6pasyeTcs He B KuHe-
THYECKYI0 SHEPTHIO CTpYH, KakK ToKa3aHo Ha puc. 7.1, a B moTeHnu-
anbHyI0 SHEPrH10 cronba pacTBopa. B sroM ciyuae mpeoGpasoBaTenb
JAeHCTBYeT CAENYIOUM 00pa3oM: XKHAKOCTH B NPABOH HYacTH HaIoOT
BOBMOXHOCTb CBOGOAHO MNOAHHMATBCA [0 KAaKOTO-TO ONTHMAJBHOTO
YPOBHg, TOCAe YEro oHa IO TPYOONPOBOAY MajaeT BHU3 Ha KOJeco

TypOuHbl. IloTeHuHAaNbHYIO BHXOAHYIO MOIIHOCTb TAKOTO ycTpoHcTBa
Onpefensior no dbopmyie

P, = rh,gh, 7.7)
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MM, HCIOMb3ysi NMOJyUeHHble BHILUE BHIPAXKEHHs /S MaCCOBOTO pac-
X052 uepes MeMGpaHy H CUMTasi, UTO BHCOTA MObEMa pacTBopa h==
= (pn/T1) ho, Tae ho— paBHOBeCHasi BHCOTa CTOAGA JJs PACTBOPA
¢ ocMOTHueckHM naBieHuem II, a pp — naBieHHe, CO31aBaeMOe CTOJ-
60oM pacTBopa BHICOTOH A ’

Py=DpgA, (I1 — ps) 2 ho. (7.8)

Takas e mpoumenypa OTHCKaHHA MakCMMyMa, Kak H B I€pPBOM
ciayuae, NPUBOAUT B KOHIE KOHUOB AJjis YCTPOHCTB, HCNOJAb3YIOUIHX
MOBLILIEHHe THAPOCTATHUECKOTO AaBJEHHs, K aHAJOTHUHOMY BbIpaxe-
HUo Ppmax=DAI12/4. TlocnenHee BbIpaXkeHHe IOKa3blBaer, UTO IIDH
YCJIOBHH BHIPAGOTKH MaKCHMaJjbHOH MOLIHOCTH yCTpoHcTBa, B KOTO-
PHX peanu3yeTcs MPHHIUN MOCTOSHCTBA TPajHEHTa KOHUEHTpalHH
Ha MeMGpaHe, 001afaoT TeOpeTHueckHuM koadduuneHTOM npeodpaso-
BaHMA COJleHOCTHOH sHepruu 25 %. .

O61as BelMuHHa SHePTHH, BHIAEAAOIAACA IPH CMellleHHH PacTBo-
pOB, MOXeT OHITb ONpeiedeHa METOJAMH TEPMOJAMHAMHKH (CM.,
HanpuMep, cratbio B. A. Akyanuesa u B. B. Kusixkesa B Knure [21].
BhifesquBiuasica 3Heprdsi OKa3bHBaerca MaKCHMajbHOMH, eciH Impolect
cMelLleHHs HeT PaBHOBeCHO. B NpHPOAHBIX YC/JOBHSX OH IpPOTEKaeT
OGHYHO fIpH NMOCTOSIHHOM [aBJ€HHH H NOCTOSHHOM TeMmeparype (TeM-
mepaTypa pacTBopa He H3MeHseTcs, TaK Kak SHeprus, HeoGXoinmas
I H3MeHeHHs1 KOHIEHTpPAaUMH, HOCTATOUHO Mana, OCOOEHHO KOria
peubr HzeT o pa3GaBieHHH pAacTBOPOB Manofl Kommenrpauuu). Ilo-
3TOMy OCHOBHOH NpPHPOCT 3HEPTHH CBA3aH C M3MEHEHHeM 3HTPONHH
cucreMu. B stom ciayuae W=TdS, dS nas 1 monas pacTBOpEeHHOro
Beurectsa (anuabaTHO-H305apPHO-H30TEPMHUECKHHA MpOIEcC) HaAXONAT
no dopmyJe

4 VotV
dS=RinY: —=Rin YotV 7.9)
Vi v
. 0
rne V, U Vy,— HauaibHHH H KOHeUHHH oObeMbl pacTBOpa, paBHHE
cootBetctBeHHO Vo u Vot Vo, IpuueM, Kak 310 yxe npuHaro, Vo> Vo.
Ilns n MoJjiefi pacTBOPUMOTO BellleCTBAa CyMMapHas 3Heprus

W — nRT In Yot Vo (7.10)

~

Vo

a Tak Kak peiquunHa nRT ecTb He 4ro HHoe, Kak IIVy, TO BEIpaKeHHE
AN SHeprum npuobperaer BUA

W=V, n Yot Vo (7.11)

~

Vo

TemnepaTypa MOPCKoOii BOAH 34ech yureHa B Bepaxenuu nas II,
a TeMmIepaTypa DEUHOl BOAbl [0 YCJAOBHIO CUHTAeTCs PABHOH IepBOH.
Ecin 310 paBeHCTBO He cobionaercs, B GopMyay Aas SHEPrHH MOXKET
ObiTb BBejleH MNONpaBouHpli Kosdduuuenrt, papHbI, KaK MOKa3aHO
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B. II. Jlucnue#t [27], oTHOmeHuio TeMIepaTyp MpecHod M MOpPCKOR
BOAb. B sTOM caiyuae mbipaxenne JAnst SHepruH, TEOpETHUECKH AOCTYII-
HO} Jyisi mpeo6pa3oBaHMsl, IPHHAMaeT BH

Wnoc-r:r[vo ZO In Voj_,vo . (7.12)
Ty Vo

31ech e MOXKHO J100aBHTb, YTO AJIS pacuera Bequunue [1 B 3aBuCH-
MOCTH OT KOHUEHTPaUMH XJ0Pa H TeMNepPaTyphl CYLIECTBYeT IpOCTOe
TapaMeTpuiecKoe ypaBHeHHe, KOTOPHM YHOOHO MONb30BATbCH, KOTAA
HEN3BeCTeH TOYHBIA coneroll coctas. OHO MMeeT BUJ

M= —12,08(—9,66 - 107%CI —5,2 - 107ocp) Z2EL - (7.13)

rie Cl— KOHUEHTpaNus XJ1opa, r/Kr; ¢ — reMnepartypa, °C.

§ 7.3. TuapoocmoTHUECKHE CHMCTEMBI

[IepBylo KoHCTpykumio npomuiuienHoi ConendC Ha NpHHIHUIE
HCTOIL30BAHMS THIPABAMYECKOTO Hamopa MNpenoXMWid mnpodeccopa

N

Puc. 7.2. Cxema ConendC Yuxa n Aiisexca {51].

1 - peka; 2 — BojoBOH; 3 — THApOAarperat ¢ 3JeKTporeHepa-
TopoM; 4 — 6ydepHBIf Gaccelin UpecHOll BOXbI; § — BOJOBHI-
NMYCK € CHCTeMOl MemOpaH

A. Yux u JI. AfizeKc H3 OKeaHOJOTHYECKOro HHCTHUTYTA Ckpunnca
B 1978 r. OcoBenHocTh MX CHCTEMBI — HaJHuHe ABYX CTyNeHell npe-
o0pasoBanusi 5HepPrHu: Ha TNepBOfi CTYNEHH CTAHLHS paboTaer Kak
o6nyHag I'9C ¢ BHICOTHOH IJIOTHHOM, pasfiensiiomedl BEPXHHA U HUXK-
HHH GaccefiHbl, Ha BTOPOI — IpecHasi BOJA HUXKHEro 6accefiHa OTKAUM-
BaeTCsl B MOpEe ITPOTHB TPajMEeHTA COJEHOCTH uYepe3 OCMOTHUECKHE
MeMOpanbl ocMoHacocoM (puc. 7.2). Huxuuit 6acceitn o6pa3oBaH
ABYMsl laMGaMH, NOCTPOGHHBIMH B yCTbe PeKH. YDoBeHb BOIH B HeM
npruMepHo Ha 100 M HuxKe, uem n B peke, n B Mope. Peunas Bona
nonajgaer B HUXHMI OaccefiH uepe3 BBHICOKOHANOPHYIO THAPOTYPGHHY,
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a ylaJsiercst H3 HEro 0CMOHACOCOM, TPeACTABJSIOLIM coboft pasBern-
JIEHHYIO ceTh MeMOpaH.

CTosib TpaHAHO3HOE THAPOTEXHHUECKOEe COOpYXeHHEe MOXKET 6BITD
yIpoLleHo Mo KpaiHeid Mepe ABYMsA cnocobamu. [lepBbIf — HCMOAB30-
BaHHe NpPHHIHIOB IOJBOJHOH TEXHOJOTHH C pasMelleHHeEM THApPO-

Puc. 73. Cxemm Coaen3dC,
npepnoXeHnole  JleBeHmnuaeM
[61].

1 — cucteMa TONNAABKOB; 2 — 378CTHU-

HBIi 9KDaH, Da3lfeJqAOUMA IPecHYI

H COJIeHYyX BOAY; & — FHLPO3IEKTPO-

arperaT; 4 — BOJOBBIIYCK C CHCTeMOR

MemOpaHn; 5 — MOJAOIIHE BOXOBOX
NpecHOH BOLBI

Typ6uH ¢ TeHepaTOpaMH HeNMOCPe/ICTBEHHO B TOJILEe BOJABI Dposaonus
TAaKOro I0AX0[a, IPeJIoKeHHOro npodeccopom O. JlepenuinnieMm H3
Operonckoro yuusepcutera B Kopsanuce (CHIA), nokasana Ha
puc. 7.3. DTOT MOAXOA TO3BOJHJI MPUHIMIIMANBHO OTKa3aThCsl OT
FHCAHTCKHX IJIOTHH, CBECTH M€N0 K OJHOM jamde, 3ateM MPOCTO
K MAaCTHKOBOMY 3KpaHy, pasfelsliomeMy IpecHble H COJNEHBE BOABL, -
H, HaKOHelN, K TPYOONMpOBOLY NMpPeCHOH BOJBI, NMOJAIOLIEMY €€ Ha Tpe-
GyeMylo TayOHHY Ha jOCTaTOYHOM PACCTOSTHHM OT 3CTyapHs, rie sa
CUeT ecTeCTBEHHHX (PaKTOpor OOeceunBaercs ONpejeIeHHblH nepenan
cosleHocTell. MeM6paHb 3THX CHCTEM — 3TO BCe T€ Xe Da3BeTBJACHHDBIE
cern MeMOpaH, 4YTo TpebyloTCs MAJdd peau3aluu nepBOH CXeMBl
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(cM. puc. 7.2) u BOOGuIe BCeX CXeM, OCHOBAHHBIX H4 HCMONb30OBAHUH
NONYNPOHHIIAEMHX MeMOpaH.

CymectsyeT u BTOpO#l cmoco6 ympomeHus THAPOTEXHHUECKHX
COOpyKeHHi. ITOT C€noco6 NMoaaun KHAKOCTH OCHOBAH Ha MOjKauKe
COJIEHOro pacTBOpa B KaMepy BBICOKOTO NABJEHHs, U3 KOTOpOf pas-
GapsieHHbll pacTBOp BHOpachiBaeTcs uepe3 1ypouny. Ilpotusonasae-
HHE, DaBHOE TMOJIOBHHE OCMOTHYECKOro NABJEHHs, HeOOXOIMMO, KaK
lI0Kasano B npeabiymem naparpade, mis o6eCleyeHHsT MaKCHMAJb-

Moperas Bl
N U
P=10(53) (5
4
An=15(155)
h’_(_ (_3_(__(‘/4 ool ¢
N=04(25
M1=2(86) = 9 H20) d
A =0(0)
7
Tpgoras Memanae
Jipomsibrasn " (Moperan
ks (0] opooinas, Ompatomamd

Puc. 7.4. Cxema npeo6pasoBarens Jloy6a ¢ NpoTHBORABACHHEM

AJsi PAa3NMYHBIX NAp PacTBOPOB: peyHast BOga — MopCKasi BOAA

H Mopckas Boga CpenuseMHOro mopsi — Bona MepTBoro mops

(Aast BTOpOTO cJAy4as 3HaueHWsi (apaMeTPOB MNpuBeHeHbI
B cKoOkax) [21].

1 — Hacoc mpecHOR BOABI; 2 — OTCEK, OTHAKMWKH BOAY; 3 — OTCeK, NpH-
HHMamuA Bony; 4 -— mMemOpaHa; 5 — Hacoc KOHIIEHTDUPOBAHHOIO pac-
TBOPa; 6 — TYPOHHA; 7 — 3/IeKTPOreHeparTop

HOH MOIMHOCTH MPeo6pa3OBAHHS COJEHOCTHOM sueprun. llosesnasn
pa6ora mpu Taxkoi cXeme TMOJY4AeTCS 34 CUET JOMOAHYUTENBHOTO
06beMa TpecHoM BOABI, NpOHHKAomel wepe3 cucreMy wmemGpaH
[21, 51].

Ha puc. 7.4 npuseneHa cxema sjeKTpOCTaHIuH, HCIIONb3YIoMel
HCKYCCTBEHHO CO3/1aBaeMOe NPOTHBOAAB/EHHE, A5 ABYX NMap pacTBO-
POB — peuHasl BoJla—MopcKasi BOAA M MOpCKas BOJAa—KOHIEHTPHpo-
BAHHBIA paccos. Ilpu menosb3oBaHuuM BTODOi Maphi NPHXOLHTCS npu-
MEHATb JNOMOJHHUTENLHBI Hacoc, obecneunBalomui pazfaBaenue
HCXOIHOro KOHICHTPHPOBAHHOTO paccosa. 31ech HeQbGXOMMMO OroBO-
PuThCsl, 4TO MpoekT Jloy6a paccunraH Ha WCIOJB3OBAHHE TpajHeHTa
CONEHOCTeH, KOTOPHIi MOXeT GhIThb NOJYYeH NMpPH CMEIIEHHH BOJ Cpe-
AuzemHoro n Mepraoro mopeii, 4To Tpe6yer cTponTenbCTBA IPHMEpHO
40 kM TpybompoBoaa. Cxema MOXKeT BBITb NpUMEHeHa 1 AJs peaJii3a-
UAY MOTEHUHAJAa COJICHOCTHOH B3HEpPruu 3ajexkeli ucKomaeMOf CoJIH.
B 5T0oM cnyvae wacrh cMemaHHOro pacTBOPa MOMeT GBITH HCIIOJB3O-
BaHa ns ee pacrsopenns. CXxema 6blia ucC/eI0BaHAa 3KCHepPHMEH-
TalbHo. B KauecTBe MeMOpaHbi NMPHMEHEHH NONBE BOJOKHA U3 apoMa-
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THUECKOrO0  MOJHAMHAA, BHAEpXKHBaOmKe TpebyeMblii  mepemaj
jaBieHuii, MeHee KOHIGHTPHPOBAHHBI/ pacTBOp HJH MOpCKas BOAA
[0/aBaJnch BHYTPb BOJIOKOH, CHapyXKH OHH OMBIBaJIHCh GoJsiee KOH-
EHTPHPOBAHHBIM paccosoM. PeuHast nin MOpCKas Boja Tpelsa-
PHTEIBHO (QHILTPOBAHCH. JKCIEPHMEHTH TNOKasaln MPHHIHIHA/D-
HYI0 paBoOTOCHOCOGHOCTH CXEMB, OJHAKO HCCJIENOBATENH OTMETHIH,
yTo B HaCTosliee BPEMsl HCMOJb30BAHHE BBICOKHX OCMOTHUYECKHX
NaBJIeHHH, KOTOpble MOMKHO MOJYYHTh € MOMOIIBI0 KOHLEHTPHPOBAH-
HBIX PacTBOPOB, HA NPAKTHKE HEBO3MOXKHO 13-32 HEJOCTATKOB COBpE-
MeHHBIX MemO6paH. [Ipu ruapoCTaTHYECKHX [aBJIEHHAX BhIIIE 107 Ila
moc/eHie VIJIOTHSIOTCS M [epectainT «paborarb», aHAJIOTHYHBIM
06pasoM Ha HHX A€HCTBYIOT H BBICOKHE KOHLEHTpaimu CoJefl. [Tpu
SKCTIEpHMEHTax ¢ paccojoM MepTBoro Mopst HCCJI€10BATENAM MpPHXO-
JAHJOCh BiBOe pa3baBusiTh €ro, YTOOB MOAYYHTb TPHEMJEMYI0 KOH-
neHTpanuto. M Takue HCCJIEI0BAHHUsI IPHHOCAT BCE HOBHIE OYEHb II€H-
Hble C NPAKTHUECKOH TOUKH 3PEHHsI Pe3Y/bTATH.

Hanpumep, 8 ny6uukauun [. [Ixenmuneka n X. Macynn [57]
ONMICAHA ONbITHAsI YCTAHOBKA, MO3BOJHBIIAs eme OGoJee NETanbHO
M3y4UThb PaGoTy THMAPOOCMOTHIECKOTO yCTpoicraa (phc. 7.5).0Ona pabo-
Taja Ha Tepenaje CoJeHOCTell MPECHOM BOJBI H PacTBopa noBapeHHoH
comu ¢ koHuenrpauueit 3,5 r/a (0,612-MossipHEIH pacTBOp) MPH TEM-
nepatype 25°C. Tlpn obmeit muiomain MeMGpaHn 0,158 mM? B OonmHITHOM
yCTaHOBKe OLlIa MOJyYeHa II0Je3HAs MeXaHHYecKas MOLIHOCTh TpH-
mepHo 1,6 Br/M? (uMeerca B BHLY TJIOWAJb MeMOpaHbl), YTO
cOCTaBMIO 65 0, MOIIHOCTH, ONpEJeJeHHOH TeopeTHYecKH 6e3 yuera
pa3MUHEIX [OTepb, OCHOBHAs J0Js1 KOTOPBIX NpHUINACH HA TpeHHE
B conve (55 %) n B CHCTeMe PEenHpKyJ/sLiH. DTH MOTEPH MOTYT OHITh
cymecTBeHHO cHuKeHn (B 10—20 pas), u rtoraa yaeiabHasi MOLIHOCTh
MOMeT OHTh JoBeneHa 10 BequuuHe 6 Bt/M2, 4TO OKasbiBaercs
B 2,5 pasa GoJibllle TEOPETHUECKOTo 3HaueHns. IIpupocr Bhipadars-
BaeMOil MOWIHOCTH BBI3BAJO sIBJEHHE KOHLEHTPALHOHHOA IOJsApH3a-
UMK, 3aKJI0UAlomeecst B MOBHIIEHHH KOHUEHTpauHi pactsopa BOJH3H
MeMOpaHbl CO CTOPOHBI PACTBOPa COJIH 3a CYeT IPOHHKHOBEHMS COJY
B MeMOpaHy. B pesyibTaTe 3TOr0 OCMOTHYECKOE 11aBJCHHE MOBbI-
maetcs TaK, 4TO PABHOBECHOE 3HAUYCHHE YBEJIHUHBAETCH C 27,9-105
mo 77,54-10° Ila, cOOTBETCTBEHHO YBEJIHYHBAETCS CKOPOCTh MOCTYILIE-
HHsl TIpecHoii Boawl uepe3 MeMOpany. Ilis o6paTHOro ocmoca 3TO fB-
JleHHe MMeeT OTpHIATEJbHEE MOCJENCTBHS, YTO CTABHT NOJ COMHEHHE
3¢ QeKTHBHOCTL KpPYMHOMAacIITaGHOro 006eccoqnBaHnst MOPCKOH BOJBL
¢ novompblo MeM6paH, NOrpy)aeMplX Ha rayduny Gonee 240 M
(M3BeCTHBII TpOeKT JleBeHIUNWJs, MPEIJOKHBIIETO ONyCTHTh TPYOy
¢ maKetoMm MeMOpaH Ha ruyOHHY OKOJO 8 KM C TeM, 4TOo0h 0§pasyio-
muficst ¢ToJ6 NpecHoi BOAH, NJIOTHOCTh KOTOPOH Ha 3 9% HHXKe ILIOTHO-
CTH MOPCKOH BOJH, MOJ jAefcTBHEM 00pasyiolierocst mepemajia ruipo-
cTaTHUYECKHX NaBJeHHi (oHTaHHPOBA] Ha nosepxXHocTH [51].

MHTepecHo OTMETHTb, YTO HpPH IIPeIBAPHTEJNbHHIX 3KCIEPHMEHTAX
Ha OJHOM MoayJe G6yayiieii ONBITHOH yCTAHOBKH C TaKoH xe
MeMOpaHO# M3 ACHMMETPHYECKOTO TPHALETaTa HEJJION03bI («Osmo-
nics Sepa PS97») OBso noAyYeHO MAaKCHMajibHOE JaBJ/eHHE

173




17,8105 [Ta npu aKTHBHOCTH BOJHI B pactsope, paBHol 0,979 85, coor-
BETCTBYIOLIeH PABHOBECHOMY OCMOTHYECKOMY JAasijeHmio 27,9-105 [la.
3amepenHoe 3HaueHHe pacxoja IpeCHOi  BOABI  Yepes MeM-

SRR
d) ;.)c; I //(Emg_\ NN Sl
! <\ -

o)
yd e 4
Boinyex ¥ Eoggggﬁ
A T # KL
00 /\ /- ! oo—Y
P e s
N e o D S Mpecnas
—— —— —— s —
e
O 6] ) R | 2’[4 I 11X 1 A ) 4 T T ) 18 O 5
Boinyex £77 PN orran
————— B A
7777777 g

Puc, 7.5. OnmrtHas ycranoeka [keanuneka u Macyas [57]: @ — cxeMa
YCTaHOBKY; 6 ~— cXeMa OTAeJLHOTO MOZAYJS.

1 — MeMGpana; 2 — ¢usabTpoBasbHas OGyMara; 8 — CTaAwHOMN IPOBOJIOYHBIH 3SKpaH;
4 — neplopupoBaMHas cTAMbHAS NJIACTHHA; § — YILIOTHHTENb

6pany cocrasuio 3,6-10%m3-m=2.c-! [pH 06paTHOM NOTOKe couw
1,05-10-* mosb-M—2.c—! (95 9 Haceimenns). Koncranra nponnmae-
MOCTH MeMOpaHbl B=17-107 M-c”!, kosdpduuuenr nnddysnn D=
=1,29-10""2 kr'.mM%.c. B onmiTHONl yCTaHOBKe, COCTaBJEHHOH W3
HECKOJbKHX GJIOKOB (puc. 7.5, @, cXeMa OT/€MLHOTO GA0Ka NMpHBeeHA
Ha pHC. 7.5,6) 6bino Mo/MyYeHO 3HaueHHe Kos(dHIIEHTA aaddysuu
noytd B 3 pada Gonee BbicoKoe D==3,65-10-12 kr-!l.m2.c. Hceaeno-
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BaTeu OOBSICHSIOT 3TO TEM, 4TO Ha o6pazoBaHne (BO3HUKHOBEHHE)
noJisipu3anyn Tpedyercs HekoTopoe BpeMsa. Bo BTOpoM ciryuae ¢ Mo-
MeHTa 3alojHeHHs CHCTEMBbI pacTBOPOM COJH JIO Hada/jga OIbITOB
IPOLLTO OKoJ0 CyToK. OTMeuaoT OHH K apyrne >QQexTH, CBsi3aHHble
C ONTHMAJbHBIMH Pa3MepaMu COMJOBOro OTBepPCTHsl, Oosee sddex-
THBHBIM KpeIljienueM MeMmOpaH H yCTPORCTBa 3amHMTHOrO (HIBTPA
nepen MeMOpPaHOH.

Ha ocHope BHIIOAHeHHHX ucciaenoBanusi I'. JIxenninuek n X. Ma-
cyla NpeisoXHJAn 1Ba BapuaHTa cxeM mosHopasMeprmx ConendC,
HCIONAB3YIOMHX, TAK e KAk H ONbTHAs yCTAaHOBKA, MpPHHUHO Ipe-
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Puc. 7.6. Bapuant ConendC, npepnoxensoii [xeannnekom u Macynoi [57].

1 — pera; 2 — TpyGompoBox npecHolt BOABL; 3 — HacoC; 4 — HalOpHBIE TaHK coJieHOH
BOABI, 5 — cHcTeMa TYPOMH ¢ 3JeKTporeHepaTopaMM; 6 — MeMOpandblii npeoGpasosa-
Tenb; 7 — NMojada MpecHoil BOAB K MOCJAeAYVIOLLHM NPeobpazoBaTessM

06pa3oBaHug COJNEHOCTHON SHEpPTHH B KHHETHYECKYIO 3HEDIHI0 NOTOKA
pacteopa. OauH M3 BapHauToB MOKasaH Ha puc. 7.6. dra ConendC
coueTaer MPHHIHI 0CMOCa ¢ MPOTHBOAABJEHHEM C IOJBOAHBIM pa3Me-
menuem obopynosanusl. Ouna cocrouT H3 125 orTgeabHbix OJ0KOB,
NOJKMIOUEHHBX K O0LIei MarucrpaJu IpecHol BOAH, Gepyulei HAYAL0
ApuMepHo B | KM OT MeCTa BIajenus pekn B mope. Ofmast 1iHHA
TpyGompoBOna cocrapisieT OkoJao 3 KM. Kaxaui OJIOK BKJOUYAeT
Tank aJs pacrsopa miuHoit 100,5 n gnamerpom 8,5 M ¢ mofcoeqHHEH-
HOfi K neMy 40-merpoBofi Garapeedl IJIOWAALIO MONEPEYHOTO CeUYeHHs
4 m?, conepxamei 1000 mem6pan, paszessiiomuXx 6arapero Ha KaMepbl
¢ npecHoll BoAOK W pacTBopoM, mmpuHofi 0,02 M kaxpas. Obmas
Tomanb MeMOpaH H3 BCe TOTO 3Ke HeCHMMETPHYHOrO TpHaleTara
HeJII0/0305 cocTaBasier 106 M2, 9ro ofeCnmeuuBaer BHXOAHYIO MO
HOCTh 3JeKTpoCTaHuuu nmpumepHo 1,6 MBT npu pasymHmEX norepax
Ha TepeKauky Boabl H paccona (okonao 12 %).

DKoHOMHUECKHe OlEeHKH, CAeJaHHBE B pacyeTe Ha TO, UTO
ConendC 6yger paborate ¢ sddexruroctbio 0,65 %, Bbinanas Ha
Kaxaui uspacxojosaHHufi | M® mpecnofi Boxw 0,2 KBT-u snexTpo-
SHeprum, npu morepsix Ha nyxjabl camofi ConeHdC oxoso 5 % momr-
HOCTH, TpeGyeMOH Ha MOAKaYKy MODPCKOfi BOAB B TaHK, AAlOT ONTH-
muctnunse nudps or 5 o 1,3 menra 3a | kBr.u. Ilepsas oTHo-
CHTCS K YCJOBHSAM, peain30BaHHBIM B ONHITHOR ycraHoeke (1,6 Br/m?),
BTOpasg— K CJAYyYal0 YBEJHUeHHS YHeAbHOH MOIHOCTH 10 6 Br/m2.

175



B pacyeTax npHHsiTa CTOMMOCTb MeMOpaH, BHIIyCKaeMbiX KoMIaHHeH
«OcMoHuKe uHKOpHopefiten», mpumepHo 0,2 poan./m? npu obbeme
BENYCKa 10 2 KM? M Y4YTE€HO, Y4TO BPeMsi <«KH3HH» TpHalleTaTHOH
MeMmOpanbl npumepno 6 mec. Takum ofpasoM, croumocte 1| kBr-u
aaexTposHepruy nono6Holl ConendC oKazHBaeTcsi NPHMEPHO paBHOH
BeIMYHHAM, XapaKTepHBIM AJIsi aTOMHBIX H TelJIOBHX CTaHIHH.

§ 7.4. «BeamemBpaHHbIen CHCTEMBI

HOna peammsaunn npoeKToB OCMOTHYECKHX [peob6pasopaTenei
B IIPOMBIIJIEHHOM MacliTabe Heob6xopuMbl 3¢ QeKTHBHEIC MeMOpaHH,
o6najalomue A0CTaTOYHOR CTOHKOCTBIO M obecneulBaiomue Tpebye-
MyI0 npOM3BOAMTENBHOCTL NIPH CTOMMOCTH HA OJHH-ABA MOpPsIAKA HHXKe
TOH, uTO MOXeT [aTh cefiyac XHMHYeCKasi TpOMHILIeHHocTb. Hepo-
CTaTOYHa NMOKa W MeXaHuuyecKas MpOYHOCTb MeMmOpaH. Hrobb H3BJe-
KaTb ¢ MOMOWbIO Npeobpa3oBaTelicli OCMOTHUYECKOTO AaBJAEHHSI MOI-
HOCTb, CpaBHuUMy ¢ MowHocTaAMu I'DC, Heo6XoauMo mnponyckathb
yepe3 MeMOpaHB TaKHX InpeobGpasoBarenefl NOTOKH NpPecHOR HJH
COJIOHOBATOH BOJbI, COM3MEPHMEHE € NOTOKaMH, MPOXOJSINUMH UYepe3
TypOunel 37X I'DC. Ho 3TH NOTOKM NOTPESYIOT npeaBapHTEqbHOH
MOJrOTOBKN — QuabTpauun. bes d¢uabrpaunun Mem6paHsl 6yayT no-
CTaTOYHO OBICTPO 3aHAHBATBLCA M BHIXOAMTb H3 CTPOsi. DTo o3Hauaer,
uro Cosnen3dC HeobXopHMo cHabXKaTb cucTeMaMi (HUALTPOB H OTCTOH-
HHKOB — ILieJIiMH QabpuKaMu AJst MOATOTOBKH Bonbl. Takne ¢abpuku
NOTPeOYIOT OTUYKAEHHSI 3HAUHTENbHLIX MAOmAaAel H AOMOJHHTENBHBIX
KaluTal0BJAOXKENHHA, YTO NPH OlEHKe CTOHMOCTH 3HEpTHH, BHpabaTH-
BaeMo# runotetnueckiMn ConendC, o6bIYHO He yuuThiBaloT. Bce BMe-
cre nenaer Konumemiuio ConendC He Takofi yX mnpuBAeKareJbHOH MO
CpPaBHEHHIO ¢ OOBIYHEIM THAPOTEXHHYECKHM CTPOHTENBCTBOM.

[TonbiTKH OTKa3aTbCsi OT MeMOpan KakK Haubojee VA3BHMHIX 3Jje-
MeHTOB npeobpasopaTenefi CONEHOCTHON SHEPruH BepOSTHO H NPHBENH
K uaee «Oe3MeMOpaHHBIX» npeoOpasoBateneii. MeM6pans 3mech Bce-
TaKH ecTb, HO MX pOJib BBHINOJNHSIET caMa MOBEPXHOCTb KHAKOCTH.
B ochHoBe MeTonoB npeo6pa3oBaHis CONEHOCTHON 3HEPrHH — H3MeHe-
HHe p[aBJeHHs HaCHIEHHOro Mapa Haj M[OBEPXHOCTHIO KHAKOCTH
B 3aBHCHMOCTH OT KOHUEHTPAIlHH pacTBOPEHHHIX B HEH BeIIecTs.
OTHocHTeNLHO® [OHHIKEHHE AABJAEHHs Mapa OKA3HBAaeTCsl MPONOPLI-
OHAJbHHIM KOHLEHTPalMH pacTBopa W He 3aBHCHT OT XHMHUYECKOH
NpHpOAbl pPaCTBOPEHHOro BewlecTBa (3akoH Payas, cnpasennnsbifi
AJisi pacTBOPOB NOCTATOYHO HH3KOH KOHIEHTPAuHH, K KOTOPHIM OTHO-
CHTCS W MOpCKasl Boja). .

Pagiuune B naBieHHH HaCHILEHHBIX NAPOB — CAEACTBHE PAa3HHILBI
B SHEPrHsX, HEOOXOMMMBIX AJil HCIApeHHs OJMHAKOBHX 06beMOB pac-
TBOPOB Pa3MHYHON KOHIEHTpaluuH. Hast peunoli u MopcKoH BojH 3Ta
pasHnuna HeBeJHKa M cocTaB/ser npumepHo 2,5 JIX/T, T. e. OKoJo
0,1 % cKpHITO/ TennoTH HCHapeHHs npecHoit Boam (2501 JIx/r npu
temiepatype 0°C). Ta pasHOCTb M MO3BOJSIET 3amacaTh COJNHEUHYIO
3HepPrul0 B o0beMe, NPHMEPHO COOTBETCTBYIOMIEM T'HAPABAHYECKOMN
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sHeprun pek [74]. OcMoTHYeckoe AaBjieHHe W pasauyne B AABJICHHH
HACHILIEHHBIX NapoB — JBE CTOPOHB OJHOrO (YH3HYECKOro sIBJEHHS.
B #30TepMHUYECKHX YCJAOBHAX pacuer C HCMOJb30BaHHeM 00OHMX ITHX
mapaMeTpoB NPHBOFHT K OJHHAKOBOMY pe3y/bTaTy MO SHEPIHH. Pas-
JHUHe MeXJy HUMH COCTOHT JHINb B 3aBHCHMOCTSX OT TeMIepatypbl—
JaBJIeHHs] apoB — CTelleHHasi QYHKIHS H OCMOTHYECKOe AaBleHne —
JuHefinas (puc. 7.7). Jdast peuHofl n MODPCKOH BOAbI pasjuiue Ipax-

p- -9 Puc. 7.7. 3aBHCHMOCTb RABJieHHS Hachi-
107N
' - HieHHBIX TMAapoB pacTBOpPa OT KOHUEH-

ks TPALMH COAH H Temmepatypsl [57].
7‘07[)“ 1 — npecras Boja; 2 - Mopckasi Boga (cone-
285 HOCTh 34,5 %y); 3 — paccoi  (COREHOCTD
980 %); I — xupKOCcTh; Il — map
073! |
0,62
7
P Puc. 7.8. lpunuunuaipHas cxema napocops-
0,65 = IHOHHOTO COJIEHOCTHOro npeobpasoBaTeds.
1 — HacoC OpecHo# HAH MOPCKOH BOJBI; 2'— COJIHEY-
HBI# BOAOHArpeBaTesb; 3 — Hclaputenb; 4 — TypOuHa

0,&7‘/ ¢ 3JIeKTPOreHepaTopoM; & — COPGIMOHHBIE KOHAeHca-
TOP BOLSIHONO mapa; 6 — Hacoc NOZayd KOHHWEHTpPH-
POBAHHOro paccoia — copGeHTa
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THUECKH He 3aMeTHO, OQHAKO ecyid 06paTHThes K 6onee KOHUEHTPHPO-
BaHHOMYy pacTBOpY, TO pa3HHI@ CTAHOBHTCA Gojee CyumIeCTBEHHOH.
CKOpOCTb HCIaPeHHsI ¢ POCTOM TeMIIepaTypbl yBeIHYUBAETCS, YTO, KaK
otmeyaer M. OJiccoH, NO3BOJSIET NPH 3aJaHHOM pasMepe 3HEpTeTH-
decKofi YCTaHOBKHM MOAYYHTH OOGJBIIYIO MOHIHOCTb, OAHAaKO obwmee
KOJIHUECTBO 35HEPTHH, H3BJAeKaeMoji H3 eJHHHIE o0beMma, He H3Me-
HSeTCSl.

VicnonbzoBaniie pa3HOCTH AaBJEHHH MapoB HajA pacTBOpaMHu pas-
JHUHOH KOWIeHTPAlHH NPHBOXUT K MOUTH TeM K€ upobiaemaM, 4YTo
u B xoHerpykunsax OT3C ¢ orkpuThiM paBounm mnukioM. [Ipuuem
OCHOBHAsl — HEOOXOAHMOCTb B THXOXOJHBIX TypOHHAX ¢ 60ABIIHMH ILJIO-
mansiMu padounx ceueHnfr. [IpaBna, pasHOCThL JABJACHHA NapoB B Cly-
Yae HCIOJMB30BAHHS NOJOTPETHIX PACTBOPOB MOXKET OLIThb 3HAYHTENBLHO
yseanuena. Tak, ecaun npun 40°C nepemag COCTaBJsieT BCEro
2,7-10% Ila, 1o yxe npu 70°C (TeMneparypa, CPaBHHTENBHO JIETKO
JOCTHTaeMasl 3a CYeT HCNOJL30BaHHs, HanpuMep, COJHeYHOH dHepruu
naxe B cpeguux muporax)— 8,1-103 Ila.

OnHO H3 MepBHX TakHX YCTPOMCTB OBUIO IPEANONKEHO TIpYINoH
corpynnnkos nHerutyra CKpunmea (puc. 7.8). YcrpoicTBO MOXeT pa-
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GoTaTh Ha paccoiax PasiUUHON KOHHEHTPAIHH, (peuHas Boja—wmop-
CKas BOZAA, MOpCKast BOga—sBona u3 Mepraoro Mops). s moporpesa
Hcnosb3yercs sueprusi CosiHma, KoTopast pPacXojyercs Ha MOAJepXKa-
HHe TeMIepaTypbl PacTBOPOB Ha ypoBHe 24—29 °C u Ha KOMIIeHCAIHIO
TOTEPh, CBA3AHHHIX C HCIapeHHeM. B KaueCTBe HEfOCTATKOB IIPHHLKIA
TaKoro npeodpa3’oBaHHa OBIH OTMeueHbl MaJsasl Pa3HOCTh AaBJeHHI,
HeOOXOIMMOCTh 3HAUYHTEJNBHOrO pacxona HUPKYJHPYIOmell B CHCTeMe
BOABL M, C/IeJ0BaTeNbHO, 0OJIbLIME IOTeDH HA HCIapeHHe W MOAOrpeB
(npuMepHo B orHowenuu 1:1000, 1. e. mo 1000 kBT-u Temsia Ha
I kB1-u BHpadarbipaeMoll MOmHOCTH MJIs Taphl peuHas BOJa—MOp-

Pue. 7.9. <«bBeamemOpan-
Hblit» npeoGpasopaten
Oavccona—Afizexca  [75).

1 — KOXKyX; 2— OOTOK BOAS-
HOTO mapa; 8 — npecHasi BOJa;
4 — TypOuHa; § — KOHUEHTPH-
POBaHHBIA pAacTBOp CONH; 6 —
TENnJJa006MEeHHUK

CKasg Boja). Ocobenno >dGheKTHBHA cXeMa HA Pa3HOCTH [ABJeHUH
npu paboTe COBMECTHO C COJMHEUHLIM MPYIOM.
Onna us mpob/aem NPH CO3NAHHH TOJAOGHHIX YCTpOHCTB — 0fecte-

HYEeHHe MAOCTAaTOYHOro KOJHUecTBa napa HHU3KOTO pgaBJeHHSHA, HJd UYETro
HeoOXoanMbl 3 (EKTHBHHE HCMapuTesqu. JTa 3ajaua Obiia peuiexa .

B TOM XXe HHCTHUTYTe, a pPeUIeHHe PeaJH30BAHO B yCTPOMHCTBE, cXeMa
KOTOPOro npuBefeHa Ha puc. 7.9 [75]. Meroj, MOOXKEHHBI B OCHOBY
9TOTo YCTPOHCTBA, NO ompejenennio B. A. AxkynuueBa u B. B. Kug-
xKepa [21], o6paTeH NMapOKOMIIPECCHOHHOMY ONpeCHEHHIO, IPH KOTO-
pOM MOpCKasl BOAa HCHapsieTCss B BaKyyMe, a TOJyuyaeMbiii 1map CXKH-
MaeTCst 10 AOCTHXEHHS YCIOBHH HaCHILEHHS U KOHJEHCHPYeTCs.
Brijensomasics 1pu KOHJEHCAIMH TemoTa BHOBb DacXofyercs Ha
HCnapeHue. JHEPruIO MOJyYyaloT, OOpaTHB MPOLECC H HCIOJNb3ORAB
PasHOCTL JlaBJ/IeHHH Y MOBEPXHOCTEH, cCMauHBAEMHIX BOJOH PAas/JHYHOHN
COJIEHOCTH.

Pabouufl muK/1 ycTpoficTBa BKJIIOUAET HECKOJIBKO OMepamiii: moj-
BOZ palounx KUAKOCTell K yCTaHOBKe (IIPECHOi JIHOO MOPCKOM BO/B
U MODCKOH BOABI JINOO paccona); OYHCTKY BOABI OT KPYMHHX HHOPOJ-
HBIX BKJIIOYEHMH; [erasalinio paccosioB; HCIapeHHe MPEecHOfl BOAH HA
O/IHOH CTOPOHE TelIOOOMEHHOro anmapata; H3BJIEYeHHe 3HePrHH U3
NOTOKa mapa C MOMOMILIO TYPOMHH; KOHMEHCAIHIO Tapa Ha CTOPOHE
TeIVIOOOMEHHHKA, CMauyHBaeMOr0 COJeHHIM DPacTBOPOM; OOHOBJCHHE

padounx KuAKOCTell. TpynHo paspadoraTh Temmoo6MeHHH anmapar,

KOTOPHii OBl MOJHOCTLIO TepelaBaJ TeIlvIo, BbIAE/IAIONIEECs NPH KOH-
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JeHCAlHH TMapoB 3a TypOuHOM, mpecHoii (Menee cosenoif) sojge. Ilo-
TepH Temwia BeAyT K OXJIaX[CHHIO MPECHOW BOAbl H MpPEKpallleHHIo
npouecca ucnapeHus. JIis mapbl peuHas BoAa—MOpPCKas BOJAA A0CTA-
TouHO pasHuus B 0,5°C, 4TOGH 3TOT Mporecc MpekpaTuics. boabne
BO3MOXKHOCTH TaMT HCIOJB30BaHNE KOHLEHTPHPOBAHHOIO pacTaopa
cosu. B 3TOM cayuae pasHOCTb TeMIepaTyp He AOJIKHA OHTh MeHee
5°C, uTofH Tpouecc He NMpeKpaTu/acsa. Bompoc yaauHo pelleH B KOH-
CTPYKIIMH OMBITHOTO yCTPOHCTBA, H300PAKEHHOTO HA PHC. 7.9: HCIOJMb-
30BaHHE JBOHHOM CHMpAJH MO3BOJSET HAWJAYYUIMM 00pasoM OXHOBpE-
MEHHO PeHINTL BONPOCH 00 yBeJHUYEHUH MJIOWIAAH HCMAPEHUd W O Te-
penaue SHePrul KOHJEHcanuu (CTEHKH CIHPaJH BHIOTHEHBl K3
XOpOWIO TpOBOAAIIEro Temio MaTepuana). Kopmye ycrpoiictsa
U3TOTOBAAIOT M3 CTa/JdH C Temjousossinuell audo u3 SeroHa. bHokosbe
KpBILIKKH OTGOPMOBAHH M3 aPMHPOBAHHOH MIaCTMACCH.

Paspa6oTka TypOHH JJs NOJLOOHHX YCTPOHCTB INPAKTHYECKH HE
OTJIHYAeTCH OT aHAJOTHUHHIX KOHCTPYKIMH A/ TEPMaJbHBIX 3JEKTPO-
CTAHIMil OTKPHITOrO IuKJIa. EAHHCTBEHHOE, 4TO, noxaJnyi, Hajlo OTMe-
THTDb, 3TO 3HAYHTEJBHOE yBeJHUeHHe AnaMerpa padouero KoJeca (MpH
OJMHAKOBOH MOIIHOCTH), €C/JIH HCIOJIb30BaH Iepenajn pevyHas BOAA—
MOpPCKasi BOla. B 9TOM cayuae majieHue jamJjieHlsi Ha TypOune cocTas-
Jsier He Goaee 0,1 mapennsa nasaennsi 8 OTDC. Ilpu ncnospsoBanuu
KOHIEHTPHPOBAHHOTO PACTBOPA KOHCTPYKIHs TYPOHHBI 3HAYHTEJbHO
ynpomaercs, Tak Kak COOTBETCTBYyloLlee MNajeHHe JaBJEHHS MOXeT
6uTh B 10 pas GoablinM, uem AJs OTIC rtakoil XKe MOUIHOCTH.

[IpeasapurefbHble  HCOBTaHHSA  yCTpoficTBa OBUIM  MPOBEJEHDI
B 1979 r. ma Mojleau, obecneunBalomeii 00BbEMHBIH pacxoll mapa
12,3 oi/c npu HCHOJAB30BAHHH MPECHOH BOJAB H KOHUEHTPHPOBAHHOIO
paccosa. Yepes TMOBEPXHOCTL TeIIOOOMEHHHKA IWIOMAABIO | M2 mepe-
nasaJjoch okoJao 700 BT MOIIHOCTH, pacXonyeMOil Ha HCMapeHue, IpH
3TOM BHJIEJSIIOCH W paccensBasoch okoso 10 Bt MomHoOCTH, CBsI3aH-
HOH C COJEHOCTHON 3Hepruefi. PacyeTHas cKOpoCcTh IIOTOKAa mapa
cocTaBJsiaa OKoso 22 M/c.

Breapenue DUJAHHAPHIECKOrO TEMJIOOOMEHHOTO amnapara jnamer-
pom 30 u mauuHoit 30 M ¢ 10-MeTPOBBHIM KaHAJAOM AJsi TypOHHBI IO-
3BOJISIET HANEAThCS MOJYYHThL IPH TOJIIHHE CTEHKH TelJOOOMEHHHKA
5 MM H IIomanun ero mosepxHoctu 7,5-108 m? mo 30 MBr MommnocTH
(opuentuposounbiit KITJL 40 % ). dta nnppa mosyuena mpH HCIOMb-
30BaHNH KOHIEHTPHPOBAHHOTO paccojia W NpecHoil Boaw. B cayuae
NpHUMeHeHHsi MpPecHoli M MOPCKOH BOJABI MOIIHOCTb arperara ynajueT
no 3 MBr. Ilpn HCONB30OBaHHH H3OHTOYHOrO TeMJa OT COCEIHHX
TeMJIOBHX M AaTOMHHX CTAHIHMA H IPOTHBOTOYHOTO TeIJIOOOMEHHHKA
MOTYT CYLIECTBEHHO MOAHATbCSI padouasi TeMIIEPATypa H YBEJHTHTHCS
BbIpaboTKa 3HEpPrHH.

BhIMoJIHeHHBIe Ha MOJAEJH SKCIEePHMEHTH MOKa3aJH, 4To NMoAoGHas
yCTAaHOBKa B HACTOsILEe BPeMsI MOXeT c03jiaBaTb GoJbllMe YAEJIbHBIE
MOILIHOCTH (IO PasJ/HUHBIM HCTOYHMKaM ot 2,56 mo 10 Br/m?) mo
CpPaBHEHHIO ¢ [PeoGpa3oBaTe/siMH OCMOTHYECKOTO JaBjeHus (He §0-
jgee 1 Br/m2) u ¢ o6paTHbHM 3ieKTpoinann3oM. OMHO H3 JNOCTOHHCTB
TAKOTO MpPUHUUIA NepepasoFTKU COJEHOCTHOH 3SHEPrHH — OTCYTCTBHE
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HeoOXOAUMOCTH CJNOXKHOH HOArOTOBKH BOAH, 4TO Ype3BHIYaHHO ympo-
1aer npoiecc nepepaboTKH 3HEPrud. JTOT Cocob BEpOATHO MO3BOJUT
nOOUTbCA MHHHMAJbHOH CTOMMOCTH 3HEDIHH IO CPpaBHEHHIO C yNoMS-
HyTbiMH Bhiie [21] ® Gauxe APYrux CTOHMT K NPOMBILLIEHHOH peaJiu-
3alluH.

§ 7.5. Npamoe npeobpasoBaHHe CONECHOCTHOW BHEPrHM
B 3NEKTPHUECKYIO

Ipsmere cnocobbl mpeobpas3oBaHHs SHEPTHH BCerja Kaxyrcs Ipej-
HOYTUTENLHBIMH (HCUe3aeT HeoOXOJUMOCTh B I'POMO3JKHX 3JEKTpoMe-
XaHHYECKHX TeHepaTopax), TeM

A 6osee yTO MPOLECC JEKTPOjaHA-.

—{ JH3a 0CTATOUHO ULIMPOKO pac-
Clpac NPOCTPAHEH B HAPOJHOM XO3sii-
= q}-_] [_—._1 Eﬂj CTBE, ABJSSACH OJHHM H3 OCHOB-
Nu;b «E}C—L i 0 HBIX IIPOLECCOB /sl NOJTyYeHHS

“ P 0 8 0 [l IPECHOH BOAM B paHOHAX ¢ pas«

HE - e * BHTOH 3JeKTposHepreTnkod. [Ipu

§E 0 @1 @ 06ecCONMBaHUH  3JEKTPOAHANH~

Mogcras [-‘__- i &, THYECKUM CIoco6OM  MOPCKYIO
Joda —== (M1 APYryio COJOHOBATyIO BO-
Jes0s  1y) mpomyckaor uepes HaGop

boda fAUeeK, pasfeNeHHBIX HOHOO6-

Prc. 7.10. Jlmaautuveckas Gatapes aas ~ MEHHBIMH MeMOpaHaMH, o6na-
NpaMOroe  npeoGpasoBaHMst  COJEHOCTHOR  JAIOHIUMH CBOHCTBOM npu apocra-
SHEPIHH B 3JIeKTPHYeckyio [17] TOYHO HM3KHX KOHLEHTPaILHIX
pacrtBopa IpoNycKaTh  HOHH
TOILKO OmpejeieHHoro 3Haka. IIpm OJAMHAKOBHIX KOHIlEHTpaLHIX
B CMeXKHBIX siuefiKax Ha MeMOpPaHaX HHYEero He HaGJIOLAETCH, HO CTOHT
HAJIOXKHUTb 3/IEKTPHUECKOE II0Jle, KaK IpollecCc nepeMelleHHuss HOHOB
OPHHUMaeT HaNpPaBJIeHHBI XapaKTep, B pe3yabTaTe uero B OJAHHX sueii-
Kax TNPOHUCXOAMT CHHXMKeHHe KOHIEHTPAlMH HOHOB OGOHX 3HAKOB,
4 B IpYTHX — ee MOBhILIeHHe. [l noaHoro o6eccoluBaHus BOAY Npo-
IyCKaloT uepes HecKONbKO Gartapeii mociefoBaTe/ibHO. PacTtBop ¢ no-
BEIUIEHHOH KOHIeHTPalyed HOHOB JH60 HCNOIb3YeTes A AajbHelel
HepepaGoTKy, AH00 cOpackBaeTCs B BOLOEM.

ITpu o6patHOoM »sjeKTpoanaiuse (B AHAJHTHUECKOH Gatapee)
ConeHasd M mpecHas BOAA INOAAIOTCA B DAa3jHUYHBIC AYEHKH, TaKike
OTpaHMUCHHLIE JABYMSl Da3HOTUIIHLIMH MeMODaHaMH, 4epe3 KOTOphe
nonoxurenshsle (Na+t) u orpunarenbHsie (Cl-) HOHBI NPOHHKaIOT
B TIpecHylo BOny. TaKoe HamnpaBjeHHOe [ABHIKeHHE 3JeKTPHUECKHX
3apsiioB cO3/aeT B 3aMKHYTOH LenH TokK (puc. 7.10). HoHoo6meHHbIE
MeMGpaHbl H3IOTOBJARIOT M3 NOPHCTHIX MOJMMEPHEIX MATEPHAJIOB, CIO-
COOHBIX (UKCHPOBATH AHHOHBI M KATHOHB C JOCTATOUHO GOJbLIOLH
MOJIeKy/IsipHO# Maccofi. Hanpumep, B KauectBe KaTHOHOOGMEHHOM
MeMGpaHbl MOMKeT ObITh HCIO/MB30BaHA MJEHKA M3 CONOJHMEpa MOJIH-
BUHWIXJIOpPHAA U CYJ1bQUTHPOBAHHOTO NOJHCTHPOIA, HA CTEHKaX NOp
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xoTopoii duKcupoBaHEl CyabutHEE rpynnsl SOs . AHUOHOOOMeHHAST
MeMOpaHa MOXKeT cojep:KaTh (GHKCHPOBAHHBIE (CH3)§ TpYTIHL.
Eciu 1o ofeWM CTOpoHaM Takoil MeMOpaHn (He3aBHCHMO OT 3HakKa
()UKCHDOBAHHBIX HOHOB) HAXOAATCA AOCTAaTOYHO CH/IBHO pas3GaBrieH-
Hble PACTBOPH JEKTPOJHTOB C PA3IHYHOH KOHIEHTpAalHeH, TO Ha HHX
yCTAHABJIHMBAETCS B PABHOBECHBIX YCJIOBHAX OIpejeNeHHass pasHOCTh
[OTEHIHAJI0B, OTJHYaloulasgcad 3HAKOM H onpeiesseMas no ¢opmyle

Ag = == (RT/F)1n (c,/c,), (7.14)

rjge 3HaK «*+» COOTBETCTByeT aHHOHOOOMEHHOH, a «~» — KaTuoHoo0b-
MeHHO# MeMGpaHe; F—uucio ®Papages (96496 Kua/moab); ¢o1—
KOHIIEHTpalus.

Baxuas 0CO6EHHOCThL MOHOOOMEHHHIX MeMOpaH — CHHIKeHHe BesH-
YMHB NIPOBOJHMOCTH NpH 3HAUHTEJbHOM MOBBLIUIEHHH KOHIEHTPalUHH
pacTBOpOB. AHHOHB H KAaTHOHBI B IOPAX 3JICKTPUYECKH B3aHMOJEl-
CTBYIOT C HOHAMH 3JEKTPOJHTa, 00pasys ABOHHBIE 3/JIEKTPHUECKHE
cion. TIpu ompejiesieHHBIX (A0CTaTOUHO MajbX) KOHLEHTPAUHAX MOPL
B MeMOpaHaX 3alOJHEHBl TOJbKO HOHAMH, HeCyimMMH 3apsij, NPOTHBO-
MOJOKHBIH (UKCHPOBAHHBLIM HA CTEHKAaX IOp aHUOHAM M KaTHOHAM.
WOHB TPOTHBONOJOYXKHOTO 3HAKA OTCYTCTBYIOT, @ 3JEKTPHUECKHA
KOHTAKT MeK/JAy PacTBOpaMH MPOHCXOJHT TOJbKO 3a CUeT NepeMellleHusT
HOHOB OJHOTO 3Haka. [IpH BHICOKHX KOHIIEHTpPAlHMAX B MOJOCTAX MNOP
OKasmBaeTcsl 3JeKTPOHeHTpaibpHast CMeChb KAaTHOHOB H aHHUOHOB,
H MeMmOpaHa CTAaHOBHTCS NPOCTOH AMaparmMod, MOTEHLHANT Ha KOTO-
pofi onpejeisercs TOJbKO Pa3juiukeM B NOABHIKHOCTAX MOHOB 3JeK-
tpoaura [17]. [das yuera BAHAHHA NOJBHMKHOCTH HOHOB B NIpeABIAY-
mee BHpaKeHHe HeOGXOAHMO J00aBATb MHOXKHT®Ib BHAA (Tx—Ta)s
rle Tx H Ta— YHCJIa TlepeHoca OJHO3aPAAHBIX KaTHOHOB H aHMOHOB,
3aBucsiide B 00ieM CIydae OT KOHIEHTPAUUH 3JeKTPOJHUTOB, KOH-
TaKTUPYOmMHUX ¢ MeMOpaHOH, 3HaKa (PHKCHPOBAHHBIX HOHOB H CTPYK-
Typs MeMOpaHnbl. s KaTHOHOOOMeHHOH MmeMOpaHbl— B pasfaBieH-
HBIX pacTBopax — tw—>1, Ta—0, M18 aHHOHOOOMEHHOH — HaoGOopoT..
CoOTBEeTCTBEHHO H3MEHseTcss U 3HAK Pa3HOCTH IOTEHILHAaJIOB.

Ilas G6arapen, BKIouatomeli N nap memGpaH, cymmapuas JC
E=2NAg. D10 BhipaxeHue yao0HO npeobpa3oBaTh, MOACTABHB YHC-
JOBple 3HAUEHHS W Nepefijsd OT HATyDaJbHHX JOrapHPMOB K AecsTHY-
HpM. Torga npu Ttemmeparype BoAwnl 25°C ¢ NOrpeliHOCThIO MeHee:
2 % noayunm aaa DJAC auanuruyeckoii Garaped MPOCTOE BHIpaXKeHHe

E=0,12Nlg-2, (7.15)

Ecau ¢ noMomipio 3Toro BhipaKeHus oueHuTb DJC Garaped U3
500 map MeMG6paH, paboralomeli Ha npecHoil BoAe coleHocTbio 0,85 %o
M MOPCKOil BOjle COJIeHOCTbI0 35 %o, MOJYUHM PA3HOCTh IIOTEHIHAJOB,.
paBHyo 96 B. Beigensiomasicss Ha Harpyske MOIIHOCTb ONpeeiseTCsE
no 3akony OMa AJis NOJHOH LeNH C BHEUIHHM CONPOTHBJEHHEM Ry
H BHYTpPeHHHM R

P=IRy=ERiJ(R+ Ry). (7.16)
18%



Kak u aas 11060r0 HCTOUYHMKA TOKAa MaKCHMAaJbHAass MOIIHOCTH Bbije-
JIAGTCA TIPH DAaBEHCTBE CONPOTHBJIEHHH BHEUIHETO W BHYTPEHHEro
yuyacrkoB ULenu. B 3ToM cayuae, Kax ormeuaior B. A. Aryauues
u B. B. Kusxke [21], craHOBSITCY MUHMMAJbHHMH KalHTajbHbIE 34-
Tpatel Ha crpoutedbeTBO ConendC. IlpuHUMNHAILHO MOXKeT OHIThb
paccMoTpeH M Apyro# caydai: Ry>>R, KOTOpHIH peasnsyercs, ecau
OrpaHHYMBAIOWIMM  GaKTOPOM sBJASETCA PAcXof IMPeCcHOH BOJHL.
Coa1endC npu sToM paboraer B pekuMe, GIHZKOM K XOJOCTOMY X04Y,
HO 3aTo IIpecHast BOJA MOXKeT IpAaKTHYeCKH HCIOMAb30BATHCA A0 TeX
0P, MOKa KOHUEHTPAlls coIM B HeH He CPaBHsAeTCs C ee KOHueHTpa-
1iell B MOpCKoii Boje. )

OGuiee nmajeHHe HanpsKeHHst B LeNH CKIajblBaeTcsd H3 NAJEHHS
HanpsoKeHHss Ha Harpyske, Ha BHyTpPeHHeM YydacTke Garapen H Ha
anekTposax. [locaenndas Be/qHUHHA CPABHHTEJNbHO Maja: AJS IOKPHI-
TOro IVIATHHOH aHoja (I1aTHHHpoBaHHE HeoOXOQMMO H3-3a TOTO, YTO
Ha aHoje NPOUCXOAUT BoccTaHoBJenne HoHa Cl- no moaexyam Cly)
H CTaJbHOrO Kartoja (Ha HeM BbIAessdeTcs] BOJAOPOJA) OHA He IIpeBhl-
waer 3 B. ComporHBieHHe e BHYTPeHHero yuacrka Leld MOMKeT
GbITh Halieno Kak cyMMa CONPOTHUBIEHHH MeMOpPaH H OTCeKOB npec-
HOH BO/Jb (CONPOTHB/IEHHEM OTCEKOB C MOPCKOHl BOAOH mnpeHeGpe-
raeM). BHpasus 3TH CONPOTHB/IEHHSA Yepe3 yjeldbHble NPOBOIMMOCTH,
TOYYUM JJIA BHYTPEHHEro CONpOTHBJeHHS BHparXeHHe BHAA

R="1(rat retsn —1 ) (7.17)

rie A-—mnaowmaas Kaxjaof MeMOpaHm, M?; ra, I'v — yJeJbHble CONpO-

TUBJIeHHs1 meMOpaH, Om-M2; s;— HIMPHHA OTceKa IIPecHOH BOJXHL; -

Op — 3J@KTPONPOBOAHOCTh NpecHol BoAk, OM~!'-Moap—! M2 ¢, — KOH-
LenTpallusg COJH B IIpecHOH Boje, Modb-M—3, Tak Kak u uHCIUTEND,
1 3HaMeHaTe/lb [APoOH B BHIPAXKeHHH /58 MOUIHOCTH BKJIOUAIOT BeJH-
9MHY KOHLEeHTpPAllMK COJIM B peyHoH (NpecHoH) Bojge, TO ObLio OH
HHTEPECHO ONpeje/uTh, KAKOBO ONTHMAaJbHOE ee 3HAuUeHHe, NPH KOTO-
POM MOIIHOCTD MAaKCHMaJbHA: IIPOCTOE YMeHbleHHe Cp INPHBOJHT
He ToJMbKO K pocty DJIC, HO M K yBeJHUEHHIO BHYTPeHHEr0 CONpPOTHB-
Jiennd. Taxoil ananuz 6wl Bonoadern . Balnwtefinom u @. Jlefituem
[21]. On nokasam, yto A1 paccMOTpeHHOro Bhime Habopa u3 1000
MeMOpaH ONTHMAaJbHbIM 3HaYeHHeM oKasbiBaerca cp==0,0259 wmoap/a
IIPH KOHLEHTPAIMH COJH B MODCKOH Bode ¢n==0,57 Mouab/n. Tak kak
COJIEHOCTh DeuyHOH BoAb Kojebiercs B npegenax ot 0,005 no
0,015 Monb/a, HMeeT CMBICA «IOBOLHTb® €€ KOHUEHTPAWHUI0 J0 ONTH-
MaJIbHOH, 1006aB/Isis MODCKYI BOAYy B peuHyo. [IpH ONTHMalbHBIX
3HAYeHHAX KoHUentpauu#i BeauunHa I C puanutnyeckod Garapeu
OKa3blBaeTcsi paBHoi 80 B.

Bosmoxna ontuMuzauus Moayined auanuruyeckux ConendC u mo
ApyruM TlapaMeTrpaM, HO OHa, KaK oOTMeuaior B. A. Akyauues
u B. B. Kaaxes [21], sarpyxnena. B KauectBe npumepa oHH pac-
CMATPHBAIOT BO3MOMKHOCTbL CHHMKeHHsI BHYTPEHHEr0 COINPOTHBJEHHS 3a
CUeT yMeHbIIEHHs DacCTOSiHHs MeX/JAy MeMOpaHaMmH, YKasblBasg, 4ToO
TaKoe yMeHbLICHHe NpHBeJeT K yBeJHUEHHIO SHePreTHUeCKHX 3aTpaT
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Ha TNPOKAaukKy BOAbl. KPHTHUHBI K H3MEHEHHIO H JAPYIHe NapameTphl.

Uness auanutuuyeckoro npeoGpasoBartesss He Hosa. [lo ciaoBam
A. ToageH, «ee NIHITAJHCh HCIOAb30BATh, O HeHl NHCAJH, HO B Pe3y.b-
taTe npefanu 3aGeennio yxe B 50-x romax» [51]. JI. Ba#nurrein
u ®. JleHTH BHOBb paccMOTpPeNH BONPOC H INPOBEJNH CEepHIO OILITOB
Ha CTAaHJAapTHOH 3JeKTPOAHaNu3noil suefike B Komlle 70-x rr. JKcrme-
pUMEeHTaJbHble pe3y/JbTaThl OKa3aduChb B XOpolleM COOTBETCTBUH
¢ TeopHell W BHYWIAOT olpejeieHHblil ontiMuam. Ojpnako OCHOBHbIE
TPYAHOCTH clocoBa Ha CerofHSUIHHI JeHb He ycrpameHpl. Tak e
KaK H B cJdydae THAPOOCMOTHUECKOro npeolpas3oBanusi, BONpPoC YIH-
paeTcst B mpoGieMy CO3AaHMs JELIEBbIX JOArOBEYHBIX MeMOpaH (mist
NHajM3a OHA CTOUT 6oJjee OCTPo, 4eM s THApoocMoca), B npobiaemy
Ipe/BapUTeNbHON TIOATOTOBKH BOJbI, 6€3 KOTOPOH JaKe camble A0Jro-
Beundble MemMOpaHbl BHIEAYT U3 CTPOS HM3-3a 3aU/IMBaHHSl H MeXaHHYe-
CKOH TIOpYH.

§ 7.6. ConHeunble npyas!

CosHeuHBH TPYA — 3TO KOHIEHTPATOP COJNHEUHOH HEPrHH, B KOTO-
pOM HaKoIlJleHHe Tellla IPOMCXOAMT He BO BCeM oO0beMe BOJbI,
a JUUIb 34 cYeT IIOBLILIEHHS TeMIlepaTypul B IMIyOMHHOM cJioe, OTJH-
yaiolleMcs TNOBHLILIEHHOH KoHLeHTpalueHd cotel. Temmepartypa BOABL
B TakoM cJoe MoXerT nogauMarbes go 100°C, ocraBasce H&
NOBEPXHOCTH CPABHUTENbHO HEBBICOKOH.

YenoBus CymeCTBOBaHHS MOAOOHOIO aHOMaJLHOrO Iepenaja TeM-
nepatyp — HajHuHe ONpejeJeHHOH PasHOCTH COJIEHOCTEeH, NPH KOTO-
poii mpekpamiaercss BePTHKaJbHBIH MaccooOMeH MexAy CJI0SAMH, H OT-
CyTCTBHe MeXaHHUYeCKHX ($aKTopoB, BO30yXJaIOMKX IlepeMelldBaHHE.
Taxue mpyjel CYIIECTBYIOT B IpHpoJe: MOAXOJsNIMe yCIOBHSA BpeMsA
OT BpeMeHH BO3HHKAIOT B HeOOJbIIMX CTOAYHX COJeHBIX NpyAax
1 B OKeaHCKHX JaryHaX, NepHOJHUEeCKH 3allOJHAeMbIX BOAOH, B CTpa--
Hax ¢ JOCTATOYHO XAPKUM KJIHMAaTOM.

OaHaKo OTKPHITO 3TO fBJeHHe OBLIO B yMepPEeHHOM Iosce —H&
TeppuTOopuH BeHrpuu B KoHue npouutoro Beka [45]. Cmauana ero
COWIH Pe3y1bTaToM [AesATeNbHOCTH OaKTePHH, HacCeJsIOmHX NPHIOH-
Hble CJOH, 3aTeM — CJeJCTBHeM HarpeBa 3a CcueT Tella II0J3eMHOro
HCTOUHHKaA, Jlumb Gojlee AeTasbHOe H3yueHHe II0Kasajo, YTO HCTHH-
Hag NpuuYMHa pasorpeBa IMyOHHHBIX BOJA COCTOUT B 0COOEHHOCTAX
HOIVIOLIEHHS COJIHEUHOTO H3Jy4YeHHs. B cOMHEUHOM INIPyAy H3JayYeHHe
BHAHMOH yacTH crekTpa NPOHHKaeT uepe3 BepXHHH H0OCTATOYHO TOH-
KHE TIpecHbIll cjlofl B ¢ 3dderrTusHOCTbIO npuMepHo 20 % Tpancdop-
MHpyeTCs B TeINIO B HUMKHeM coJeHOM cJjoe. IToBepxHocTHBIA ca0M
IPH 3TOM BHIOJHSAET POJb 3KpaHa, MCK/IHUAOHIErO IOTepH Temlja 3a.
cueT H3JIYYeHHs1 B HHppaxpacHofl o6JjacTH M 3a CYeT HCIapeHus:d.

B coBpeMenHOH (opMe Hyes HCNOJb30OBAHMS COJNHEUHBIX (HJH, KaK
HX ellle HAa3bBalOT, COJEHOCTHBIX) IIpyaoB Oblla paspaborana
B Uspanae Gosee aBanuatu Jjer Hasal. CooTBeTcTBYyIONIEe YCTPOHCTBO-
BKJIIOYaJ0 MeJKHH (ray6uHoH oKoJo 1 M) npyda ¢ 3aTeMHEHHBIM
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JAHOM, B KOTOPOM HACBILIEHHBIA PACTBOP COJMH ObLI NPHKPHLIT CJA0EM
IpecCHOH BOAblL. B OTCyTCTBHE KOHBEKTHBHOIO IepeMeuIHBaHHA (OT
BeTPa NOBEPXHOCTb . IPY1a 3aHIMIIAJIACh CHHTETHUECKOH IJIeHKOH)
paccon B HHXHeM cJoe pasorpeBascsa noutd a0 100°C u Mor 6biTh
HCHO.Ib30BAH [JIsi IDUBENEHHS1 B AEHCTBHE TEIJIOBOH MaUIMHBI, BHIUIIOJ-
HeHHol mo cxeMe OTIC saMkHyToro uukaa. OueHKH NOKa3aJH, uTo,
HCnosIb3yst BOAY MOBEPXHOCTHOTO CJIOSi NPyAa IVIOLIAABI0 IPHMEPHO
1400 m? s oXmaXJeHHs, a BOLY NPHIOHHOTO CJI0Os AJs HArPeBaHHS

pabouero tena OTIC npu TeMm-

N nepatype paccosa okogo 90°C
MOXKHO moJayudaTth n0 6 KBt 1o-

RN JIE3HOH MOHIHOCTH, T. €. IIpPHMeEp-
Palpr HoO 4 Br ¢ 1 M2 noBepxHocTH

s npyaa. Takum ob6pasom, mono6-

= HBIA NPyA MOXET paccMaTpH-

BATbCsl KAK HCTOMHHK 3HEPrHH
A1 MeJKHX noTpeburedef.
Cxema OT3C—ue eauncrt-
BeHHbIH BapHaHT Iipeo6pasoBa-
) =t TeJlsi 9HEPTHH, aKKyMyJHpYyeMoH
N B cosHeyHoM npyay. C He MeHb-
uiedl 3G deKTHBHOCTBLIO A 3TOrO
MoxKeT ObITb HUCIOJb30BaHa H
cxema ConendC (puc. 7.11).
J J OueBHHO, UTO AJSI HOPMAJbHOH
paboTel MOAOCOHOH 3JMEKTPOCTaH-
] M HeoOX0AMMO, uTOOH TOYKH
Puc. 7.11. lpuHuun HeficTBHA COAHEYHOro 3360pa HpeCHoﬁ U COJIEHOH BOJ

CJIEM -
. Tipypa c¢ COJleHOCTPElél:;V} npeoﬁpaaoBaT 2 () A HX C6poca 6bIJH/I JL0CTATOYHO

XOpOUIO pasHeceHBl. B mnpoTHB-
1 — npo3paunnill 3kpaH; 2 — OGJAHLOBKa nPYAa;

3 — ocmoTHueckuil peoGpasoBareny; 4 — TypOHHa HOM CJayyae €eCTeCTBEHHBIE IIPO-

€ 3JIeKTPOTeHepaTopPoM; § — KOHLEeHTPHPOBAHUBIN -

P paccon; 6 — cnabulif paccon {eCCh! pasjesyieHHus1 He 6y,[[yT yc

' IeBaTbh KOMOEHCHPOBATb H3MEHe-

HHE COJIeBOIr'O COCTaBa B OCMOTH-

UeCKOM npeo6pasoBaTenie IIEHOYHOrO THHA. EcaM XKe peup nofiger

006 Hcnonb30BaHHH Oe3MeMOpaHHOTO npeoGpasoBaTens, To npobaeMa

HapyuweHust rpagueHTa COJEHOCTH H3-3a paSéaBHeHI/IH KOHIIEHTPHPO- .

BaHHOrO pacTBOPa OTNAjeT M OCTaHeTcs TOJAbLKO Mpobiaema obecheue-
HHUsl JOCTATOYHO MeJJeHHOH MOjauu oTpabOTAHHBIX BOJA B COOTBET-
CTBYIOIIKE CJI0H. Brnpouem, Ha y4yacTKe ¢ MaKCHMAaJIbHBIMH CKOPOCTSIMH
TEUEHHS C YCNEeXOM MOXKeT ObITh HCIOJb30BAH PasieasiONHE CJI0H
HCKYCCTBEHHBI 3KpaH B BHJe IIaBamolledl Ha MOBEPXHOCTH paccojia
TJIeHKH. .

Ina ocmornueckoro mpeoGpasoBareass npob/eMy H3MEHEHHs KOH-
UEHTpanky paccoja MOKHO PEUIHTh ¢ MOMOIIbI0 BCHOMOr4TeabHOro
npyna, rae paccos Oyjaer ynapuBaThesi 10 TpeGyeMol KOHIIEHTPAUHH
B _De3ysbTaTe €CTECTBEHHOrO MCIapenus, JHO0 ¢ MOMOIMbIO TPajUpeH.
MOKHO NOBBILIAT KOHUEHTPAIHMIO paccona [po6aBJeHHUEM  COJH.
HMenno tak 3To nemasoch Npu CO3MaHHMH ONMBITHBIX INIPYI0B (mpyA

184




ray6uHOE 1 M TpebyeT IepBHYHOrO «3apsiaa» B Koanyecrse 180—
200 Kr COJIM Ha XB. MeTp).

K nacrosimeMy BpeMeHH npopabOTaHO HECKOJbKO BapHaHTOB KOH-
CTPYKUHME COJIHEUHBIX IPYAOB, B KOTOPBHIX HCHOJb30BaHBL Janbo ecre-
CTBEHHBIe TIPYAB M J4aryHbl WJIH HHA3MEHHOCTH, JHOO HCKYCCTBEHHBIE
coopyxeHus (0GBa/IOBaHHble yuyaCTKH CyUIH, GETOHHbIE HJIH Jpyrue
eMrocrn). dpauuy3cKHe cmeyHaaucThl u3 HauHOHA/NBHOrO LEHTpa
ucnoab3oBanusa oxeana (CNEXQ), HanpuMep, NOCTPOWJIH B OKpe-
ctHOCTSIX T. Mounease (CpeauseMHOMOpcKoe noGepexbe ®Ppanuunu)
npya miomaiasio 1000 M2 m ray6uHo# 1 M B BHIE OPSIMOYIrOJbHOH
eMKOCTH, BBIJIOMKEHHOH M3 KHpPNHYa H NMOKPBHITOH M3HYTPH CJI0OEM CTOH-
KOff K arpeccHBHOH Cpeje DEe3HHbl TOJIHHOA 1 MM. DKCnepHMeHTH
HOATBEPANAN paboTOCHOCOOHOCTh KOHCTPYKUHH.

CoJsHeuHbIe NPYAbL, MO3BOJIsIOLIHE B CPENHEM II0/y4aTh MOMIHOCTDb
35 kBt npu MakcuMa/abHOR MomHOCTH 150 KBT cOOpyXeHbl B Cay-
noBcKoii Apaun (2400 M?) u CIIA (2000 m?). TIpeoGpasyemas B HUX
SHEPTHsl HCHOJIb3YeTcs s KOH/HUHOHHDOBAaHHS BO3AyXa, oborpesa
n7aBaTelbHBX 0acCceHOB M IPOM3BOACTBA 3JeKTPOIHePruH. OxHAKO
SKOHOMHUECKHe OneHKH OKa3ajHCh He B I0JIb3y TEXHOJOTHH mpeobpa-
30BaHMs SHEPTHH C MOMOIIbIO COJHEYHBIX MPYAOB: HO YAETbHLIM KallH-
TAJOBJOXKEHHSAM OHM TIPH HAJWYHKM APYTHX THIOB HCTOYHHKOB JHEPrHH
0Ka34JHCb HEKOHKYPEHTOCTOCOOHBLIMH 110 CPABHEHHIO C JIIOGBIMH
BAPHAHTAMH TPaJHIHOHHBIX HCTOYHHKOB. JIMIIb B CTPAHAX C XKaPKUM
KJAHMATOM COJIHEuHble INPYABl MOTYT HaHTH TNPHMEHEHHe, O0COOEHHO
eCc/IH COOTBETCTBYIOLIHE Ipeo0pa3oBaTeNn OJHOBPEMEHHO C 3JEeKTpOo-
sHeprueii GyAyT BHIPa6aThHBATH NPECHYI0 BOLY. 3/1€Cb MOIyT ObITb
HCIOJIB30BAHEl yCTaHOBKH, pa6orarmoue no npudnuny OTIC orkpst-
TOro IHKIA.



nasa 8

BMOJIOTUA B OKEAHCKOM SHEPTETMKE

§ 8.1. DHepretnueckas 6uorexwonorus

Ocoboe MecTo B SHepreTHKe Ha BO30GHOBJISEMBIX pecypcax 3aHu-
MaeT npeo6pa30OBaHHe COJIHEYHOH 3SHEPIHH € NOMOIMIBIO GUHOCHCTEM —
Pa3JIHYHbIX BHAOB XKHBHX CYHIECTB H HCKYCCTBEHHBIX CHCTEM, MOCTPO-
€HHBIX JHOO0 H3 BenecTB GHOJOrHYeCKOTO HPOUCXOXKAeHud, aAubo 1o
ux cxeme. B mesom, COOTBeTCTBYIOMLIME TEXHOJOTHYECKHE IPOLECCH
OTHOCATCA K CTPEMHTEJNbHO PA3BHBAIOIIEHCS B HAIIM JHH OTPACIH Ha-
POMHOTO x03s1HicTBA — GHOTexHOMOrHH. [Tostomy, rosops 06 suepre-
THKe OYAYIIEro H, B JaCTHOCTH, 06 OKEAHCKOH SHEepreTHKe, Mbl He MO-
xKeM OGOWTH BHHMaHHeM OHOTEXHOJOTHIO, TOYHee, 3HePreTHIECKYIO
GHOTEXHOJIOTHIO, HCIOJb30BAHHE NPUHIUNOB KOTOPOH B  OKeaHCKOM
SHEPreTHKe CYJHT BO3MOXKHOCTb CO3JaHHA BEICOKONPOJYKTHBHHIX H
9KOJOTrMYeCKH INPHeMJeMblX CHCTeM, OCHOBAaHHBIX Ha (OTOCHHTe3e.'

IIpuvepaMu NMOAOGHBIX CHCTEM Cay:KaT noJyyalonpe Bce G0Jb-
lllee pacnpoCTpaHeHHe B PAa3BHBAIOMIMXCA CTPAHAX TIEHEPATOPH GUO-
rasa, paGorawiilie Ha 0GBOJIHEHHBIX OTXOAAX CEJbCKOXO3SHCTBEHHOrO
npoussojcrBa. B Huamu, KHP, Ilaxucraue JeHCTBYIOT MHJIJHOHB
TAKHX TEHepaTopoB, MO3BOJAIOUIMX pellaTh 3IHePreTHUeCKHe Npob-
JIeMBl Ha YPOBHe OOJBIIMX CeJbCKOXO3AHCTBEHHHX OOHIMH. EcTh mo-.
AoGHBle YCTAHOBKM M y Hac B crpane. Ilo mopcueraM chemnasncros,
TOJIbKO 3a CYeT HCNOJb30BaHUS PAa3/IHUHBIX OTXOAOB GHOCHIPbS MOXKHO
‘YAOBJIETBOPUTH NOTPeOHOCTH HapoaHoro xossiicreBa CCCP B ropiouem
rase mpumepno Ha 20 % [11]. :

[ToreHnnampHbe BO3MOXKHOCTH GHOTEXHOJOTHH He OrpaHUYH-
BAIOTCs, KOHEYHO, nepepaloTKOf OTXOA0B: OHH OXBATHIBAIOT MPaKTH-
YEeCKH BCE CTOPOHH (KH3HEAeATEeJbHOCTH COBPEMEHHOrO UYeJOoBeKa.
PeanbHo cospanme cucrewm, BhpabaTHBAOWMUX OeJKH, CHpbe AJs
‘METaNJNyPIuH, Topiovee 15 aTOMHHX DeaKTOPOB, 3JIEKTPOIHEPIHIO H
‘T. I. B mpouecce XH3HeAeATENBHOCTH PaCTeHHHl H GaKTePHH MOXKHO
HEMOCPeICTBEHHO MOJy4yaTh TAKHEe IHEPrOHOCHTEJNH, KaK BOAOPOJ, MH-
Hys CTajui0 OHOJIOTHYECKOrO pasJomeHHs CHPbi., [IpHueM BaikHO,
YTO BCe H3 NEepevHC/IeHHBIX MPOLECCOB yXe ONPOGHPOBAHBI MO Kpaki-
Heif Mepe B J1a00OpaTOPHHIX YCJAOBHAX. DHOTeXHOJOTHH mnpeacka-
-3BIBAIOT B OYAYIleM OJHO H3 CaMBIX 3HAUHTENBHBIX MECT B HADOLHOM
XO031HCTBe MJaHeTHl. [1o MHEHHIO HeKOTOPHIX CHEIHaJHCTOB, HMEHHO

186




BHOTEXHOJOTHS MO3BOJHT PelliiTh B NepCHeKTHBE BCe 3HEPreTHYECKHE
H TPOJOBOJBCTBEHHBIE IPOGJIEMbl YeJOBEUeCTBa.

[IpaBaa, BHIIIECKa3aHHOe OTHOCHUTCS K JOCTATOYHO OTAATEHHOMY
6yfylieMy: Ha IyTH Pa3sBUTHA OHOTEXHOJOrHHM MHOTO C/OKHBIX Hayd-
HBIX, TEXHHUeCKHX H COLHaJbHHX NpoGiem. B Hacrosimiee Bpems ocC-
HOBHOE BHHMAaHHe YjeJsercs Pa3BHTHIO H COBePIIEHCTBOBAHHIO Tpa-
JAMIHOHHBIX MEeTOAOB HMCHOJb30BaHHSA OHOMAaCCH B IHEPreTHKe, H3 KO-
TOPBIX, VBB, CaMBIil PacnpoCcTPaHeHHblll MOKa — CXKHraHue ApeBeCHHHI.
Ileso B TOM, 4TO 3amack JAPeBeCHHbl B MHPe J0CTaTOYHO BeJHKH:
B JlpeBecHoli MacCe 3amaceHO NPHUMEPHO CTONBKO K€ 3HEPrHH, CKOJbKO
COEPKHTCA B pa3BelaHHBIX 3ajexkaX KameHwHoro yris. Exeroxuo
TOJBKO PAaCTeHHst IUIAHEThI CBA3HBAIOT MyTeM (OTOCHHTE3a NPHMEPHO
8.10!° T yriepoma, H €XerogHO HapauMBaercd 6uomacca, cojep-
Kamias oKoao 3-102 Ik, uto mourd B 10 pa3 mpeBhilllaeT COBPeMEH-
Hoe notpeGienue Bcex BHAOB 3Hepruu B mupe [31]. Temaora cropa-
HHS JApeBecHHbl, HalpHMep, BCero B 2 pasa HHXKe TaKOro Xe no-
Kaszareas JyyllHX COPTOB MOTOPHOTO TOWJIMBA (COOTBETCTBEHHO MNpH-
mepHo 20 MJLx/xkr mo cpaBHeHuio ¢ 40 Mx/kr). B coBpeMeHHOM
MHDe B 3HepreTHKe HCHOJB3YIOTCA B cpeiHeM Jjuuib 2 % o6mero ro-
JOBOTO TNPHPOCTa APEBECHHB, B HEKOTOPHX CTpaHaX, B QHUHJIHIHH
HanpuMep, JpeBecHoe TOIMIHBO B 0Omem OajnaHCe COCTaBadeTr MO
159. B CHIA norpe6ienue jxpeBecHoro tomiuBa c¢ 2 % or obero
KoJAuyecTBa TomauBa B 1977 r. Bospocio kK 1982 r. 10 4 %.

Hutepec K ApeBecHHe, KaK K TOIUIMBY, BO BCeM MHpe J0BOJBHO
BBICOK. IIpHueM pedb maer He TOJBKO o OoJee palHOHaNbHOH 3a-
roroBKe ApeBecuHbl u noBuimeHuu KIIJL ee ucnonb3oBaHus, HO, B OC-
HOBHOM, O CO3/aHHH TPOMBILIJIEHHBX NJaHTalkd OBCTPOPACTYIIHX
KYJbTyp, KOTOPHe MOXKHO OBLIO OB 3KOHOMHYHO TiepepabarbiBaTh
B GoJee KajopuiHoe TOHAHBO. Ha TaKOM «HOArOTOBIEHHOM» TOIJHBE
yxke crpostcs TIC, mpHueM HCHOJb30BaHHE COBPEMEHHBIX TONOYHBIX
yCTPOUCTB, HampuMep ¢ INojauefl NpeJBapHTENbHO CHENHAJBHO IMOA-
FOTOBJEHHHX JPeBeCHHX TpaHys] B 30HY ropeHMsd, HO3BOJsAET MOJIY-
YUTh YJAEJbHYIO CTOMMOCTB Telljla NPHMePHO B 2 pasa 0ojiee HH3KYIO,
YeM B YCTAHOBKAaX Ha XKHJKOM TOINJHBE.

Crparerus npeo6pasoBaHust B 39Heprulo GHOMACCH INIPaKTHYECKH
He 3aBHCHT OT TOIO, IZe OHa AOOBIBaeTCsd— Ha Cyllle WJIH B MOpe.
[Monyuaemass Jw06eM crmocoGoM OHoMacca MoOxer JHOO Hemocpen-
CTBEHHO CXKHMIaThCs TOCJAe BBHICYUIMBaHMsA, Ju60 nepepabaThlBaThCA
B GoJiee KaJOPHiHOe TOILIMBO, JHOO CJIYXKHTH Chipbem (puc. 8.1)
A5 BeIpaboTKH TpeGyeMBiX BHAOB 3Heproxocuresed. CooTBETCTBEHHO
MOJKHO PaccMaTpPUBAaTh DACTEHHs H TaK TOIIMBO, M KakK CHpbe /s
nepepa0OTKH, W KaK HPOU3BOAMTE]b 3HEPrOHOCHTENeH M APYTHX HO-
JIe3HHX BellecTB. K MOTEHIHAJbHBIM BO3MOXKHOCTAM OHOTEXHOJOIHH
OTHOCHTCSI TaKxXKe B NMePCIeKTHBe M NpsAMoe mpeoOpasoBaHHe IHEPTHH
COJIHEYHOI'O H3JyYeHHs B 3JeKTPHUECKHH TOK C MOMOMIbIO XHBOH
TKaHH. _

Kaxk yKe roBopHJOCH BHIIe, OJHA U3 OCHOBHHIX 33ajAay M B MJaHe
BHEepreTHKH, H B MJaHe DelIeHHs NIPOAOBOJBCTBEHHHX NpobJeM — Mo-
JyyeHHe JOCTATOUHOrO KOJHyecTBa pacTure/nbHON GHomacch. M Ha

\
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Cyule, ¥ B OKeaHe y HCCJe/oBaTesell, CBA3AHHBIX C pelleHHeM 3TOMH
3ajaud, — ofure Lead. ITO MOMCK H CeleKUHs NOAXOMSAIHX Kyib-
Typ, HaulyymuM o6pasoM [epepabaThIBAIONIHX COJHEUHYIO 3HEPTHIO,
BOSJICHCTBHE HA KyJbTYPbl AJsi NOJYYeHHs MAaKCHMaJbHOH IPOAYK-
THBHOCTH, BbIGOD ONTHMAaJbHBIX YCJAOBHII PasBeleHHss OPTaHH3MOB,
Pa3paboTKa KOMIVIEKCA MePONPHATHH M TeXHHUeCKHX CPeACTB AJst HX
BBHIDAHIMBAHNA, CHATHA W NepepaboTKH ypoxas W T. I. B HepaJekol

L Pacrurensias Guomacca oxeaﬂq

\
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Puc. 8.1. CTpaTeris HCHONbL30BaHHS GHOMACCHI

TlepcneKTHBe CTOHT CO3/laHHMe II0Je3HbIX KYJAbTYpD MeTOLaMH TeHHOH
HHKeHepHH. ['eHHas WHIKeHEPHS yKe TECHHT METOAb!I TPaAHIHOHHON
CeJIeKIMH H3 arpoTexXHHKH, MO3BOJAS B KOPOTKHe CPOKH C BBICOKOH,
Ha1eRHOCTbIO ILle/leHANPABIEHHO TI0/1y4aTh HeoGXOAHMble NPH3HAKH
PacTeRHH He NyTeM CKPEIUMBAHHsS M NPHBHBaHHS, TPeOYIONIHX 3HAUH-
‘TeJbHBIX 3aTPAaT BPeMEHH H OTDaHHYEHHBIX YCIOBHAMH COBMECTH-
MOCTH OPTaHH3MOB, a HeNOCPeICTBEHHBIM BO3AeHCTBHEM HAa reHeTHye-
‘CKHi1 annapar xjeTkH, Ha Mosekyas JHK.

Huoria HaseMHast W OKeaHCKas TeXHOJOTHH NIPOM3BOACTBA GHO-
MacCChl HACTOJBKO COJNMMKAITCA, YTO HX CTAHOBHTCS TPYAHO pasje-
JiuTh. Hamnpumep, npu pasBefeHHH MHKDOCKONHUYECKHX BOJAOPOCJIEH
B HCKYCCTBEHHBIX YCJOBHAX, C OAHOH CTOPOHBI, Peub HIAET O THIHYHBIX
BOAHLIX OPTaHH3MaxX, & C JAPYrol— O CJIOKHBIX HHMKEHEePHBIX CO-
‘OPYKEeHHSAX ANA  pasBeleHHs BOAOPOC/Iell — aJblOTPOHAX, CTPO-
ALMXCA HA Cylle H CBf3AHHHX C BOJXOEMaMH TOJBKO TPyGOmPOBO-
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namu. ITpu nepepaGoTKe CTOUHBIX BOJ OHOJOrMYeCKHe MPOUECCHl MO-
IyT BeCTHCb K4K B YCTaHOBKax Ha Cyule, Tak H HeloCcpeACTBEHHO
B MeJKOBOJHbIX XOPOIIO MPOrpeBaeMbIX MPHOPeHbIX 3a/1HBAX. Bos-
MOIKHO 1ajbHefillee HCIOJIb30BAHHE BOJ, NPONIEALIMX OGHOOUHCTKY,
75 TOBTOPHOTO INpHMeHeHHs B KauecCTBe oxJaxAaouel KHAKOCTH
g TOC. DTo 103BOJAAET MOJYYHTh ABOHHYIO BHIFOAy: YMEHBUIHTDH
pacxol YHCTOH BOJAb H TOBBLICHTD 3¢ (GeKTHBHOCTL DabOTH CHCTEM
OHOOYHCTKY 3a cUeT NOAOTpeBa.

§ 8.2. thotocuHTe3

Kakue 6bl BapHaHTH 3HepreTHYeCKoro UCIOJAb30BaHHsA OHOMACCHE
MBI HH paccMaTpuBaJid, B OCHOBE HX BCerja JIeXHT (pOTOCPIHTEB—'

1 (0O, armocdeps ‘
\

Crioft nepeMeltivBaHUs

¥ [ )
Buonoruueckue
coobuiecTBa

I'ny GuHHBIE CACH

Cyua ' OxeaH

=k |

XuBoTHBIE

Puc. 8.2. MuanerapHbiii Kpyrosopor yraepona [22]

npeo6pasoBaHne SHEPrHH CBeTa B XHMHUECKYIO 3SHEPTHIO OpraHuve-
CKMX BelllecTB. [TorJomiasi COJHEYHYIO 3HEPTHIO, (POTOCHHTe3HpYIOLIHe
OPTaHUSMEl yyaCTBYIOT B [JaHETapPHOM KDYroBopote yIJepoja
(puc. 8.2). ITpu stom MupoBoii OKeaH HIpaeT pOJb perynaTopa co-
JepiKaHds yTJAEKHCIOro Tasa B aTMocdepe, Tle €ro HaXOAHTCH
B 50 pas wMenbute, ueM B oKeaHe. Ha 3TOM e DHCYHKe NOKa3aHO
mepepacipejeleHde 3HePTHH, MONIOMA@eMOH  (POTOCHHTE3aTOpPaMH,
Mex1y PAa3JHUHBIMH NOTPeGHTENAMH MOPENpOAYKTOB *.

[ipu ¢otocuHTese CoAepikaiiuecs B 0COOBIX OpraHea1ax pacT-
TeAbHBIX KJeTOK — XJOPOIJiacTax — MUTMEeHTh, B OCHOBHOM XJOPO-
UL, TOIMIOMAIOT KBAHTHI BHAMMOTO CBETa M 3a CUeT 3TOro CHab-
KaIOT KJeTKy B3HeprHeil, HeoO6xoaumofi Agas obpasoBaHus Ipexie
BCETO yIJIeBOAOB, CHHTE3 KOTOPBIX IIPHHIHMIHMAJLHO OIHCBIBACTCA
ypaBHeHHeM

€O, + H,0 + hv— CH,0 40, + Q. @.1)

* ITa Cuasa D. X. Mopckne MHKPO- H MaKPOODTaHHM3Mbl: BO30OHOBJAEMHIE
pecypes.— Ummnagr, 1982, Ne 3, ¢. 49—60.
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OnuoBpemeHHo ¢ 00pa3oBaHHEeM YIVIEBOAOB IIPOHCXOAAT oOorailieHHe
cpeabl KHCJIOPOAOM, KOTOPBIH CBOGOAHO NPOHHKAaeT uepe3 KJeTtOuyHbIE
MeMOpaHH, U BBIeJeHHe SHEPTHHL '

IIpuBenennas Bbille PeaKLUsi OTpasKaeT OCHOBHYIO CYTh (OTOCHH-
Te3a, NmpefeJbHO YIpomiass onucauue camoro ssienud. Ha camom
Jdene, dorocuntTes — Oojiee CJI0XKHAash COBOKYNHOCTb (POTO- H 3JeKTPO-
XMMHYeCKUX NPOLECCOB, AeTajbHble MeXaHH3MB KOTOPHIX BO MHOIOM
elle He YCTaHOBJeHB. B mpollecce MHOrOCTyneHYaTOH peaKIHH
B KJeTKe o0pasyercst Ueabli HabOp opraHuyeckuX BellecTB, He0OXO-
AUMBIX AJs1 o0ecneueHus XKusHelesreJbHOCTH. CXeMaTHYHO OCHOBHBIE
gtannl GoTOCHHTE3a OTpaxaer puc. 8.3. Brjesenrsl ABe XapaKrepHhe
¢asn npollecca— CBeTOBasg, Ha KOTOPOH HPOHCXOAHT, B OCHOBHOM,
npeofpasoBaHue 3HePTHH, H TeMHOBas, e Haubojgee BaXKHO IIpe-
BpailleHHe BellecTBa. B CBeTOBOH (hase B XJjopofiacre <«pafoTaroT»
ABe GorocuHteTHuecKux cucremMbl — ®C-1 u OC-2, ocobeHno 4yBCT-
BUTeAbHBHE K KPacCHOMY YYacTKy CIeKTPa COJAHEYHOIO H3JyYeHHud
¢ AauHOH BOJHH B auanadoHe 0,656—0,70 mrwm. Ilpomecc npeo6paso-
BAaHUs COJHEUHOH 3Hepruum Huaer caeldywoumwuM obpasom. Ilepso-
HauaJbHO B cucreMe PC-2 KBaHTH cBeTa BO30GYKAAIOT XJODPODHUII
Chl-a, KoTOpBIH TepsieT 3JeKTPOHBI M CTAHOBHTCS AKTHBHBIM KaTalH-
3aropoM OuodoTONH3a — PeaKUUH pPa3jJOXeHUs BOAH Ha MOJEKYJay
KHCJI0poJa, ABa HOHaZ BOAOPOAa M jABa 3JeKTpoHa. MojeKyarr KucJjo-
poia cBOGOAHO, KAK yiKe OTMEUas0Ch, IPOHUKAIOT B cpely uepe3 KJje-
TOUHble MeMOpaHbl, a HOHH BOAOPOAA — NPOTOHBL H 3JEKTPOHBI HC-
NONB3YIOTCS IIPHU TOCAEeAYIOMIUX SHepreTHYecKuX IpeBparleHusx: o06-
pa3oBaHHH BBICOKO3HepreTHUeCKOro ajeHosunrpudochara (ATO)-—

YHUBEDPCAJbHOIO BO Bcell XKHBOH IIpHpOje aKKyMyJHDYIOUIEro M TPaH-,

CTIIOPTHDYIOLUIEr0 3HEPrHi0 BewlecTBa, W [MJs BOCCTAHOBJIEHHs MOJe-
Kyabl HEKOTHHamuaageuuy (HAO®) no HAL®-H, nyrem npucoepn-
HeHHs K IepBOfi MoaekyJae AByX nporoHoB (H). Ho uyro6mr sxex-
TPOHBI, NOJyueHHBle ¢ nomoubio dortocucreMnr PC-2, MOrau BHIOM-
HUTL 3afady 1o oOpasoBaHuio AT®, um Hemocraer sHeprud. Ee um
noctaBaseT apyras GorocuHTeTnyeckas cucrema — ®C-1, . cogep-
xamas eile OJAHY PasHOBHAHOCTB Xjaopoduiia—xaopodunn-s Chl-b.
B kayecTBe IepeHOCUHKOB 3JIeKTPOHOB B KJETQUHBIX IIpOIleccax yua-
CTByerT psj cnenudpuyecKHX O6eJKoB, o0belHHEHHLIX B 3JEKTPOHHO-
TPAHCHOPTHYIO LElb.

TemHoBas $asa dortocuHTesa (uuka KanpBuHa) BKIIOUaeT B cebs '

B KaueCTBe OCHOBHOTO IIPOIleCCa BOCCTAHOBJIEHHE YIJEKHCJIOTHI, IOJY-
uyeHHOH KJIeTKOH M3 OKpy¥Kawuledl cpeanl, A0 yraeBoaopoiaos. Boccra-
HOBHTEJEM 3[eChb CJOyRHT 00pasoBaHHBIl Ha CBeTOBOH . dase
HAL®-H,, npuuem s71a peakius 3H10TepMHUHA, H He0OX0HUMas JJid ee
pasBUTHA 3HEPTHsA NocraBisercs 3a cuer pacuenienus AT®. Xapak-
Tepub#l THn peaknuu ¢urcanuun CO, u o0pasoBanHHs yTJEBOAOPOLOB
MOXKHO TIpeACTaBHTb B BHAE

6CO, 4 12HA 1®-H, 4 6H,0— 6CH,0 4+ 12HA LD

}
AT®— Q4 ALl® + P+. (8.2)
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OHepreTHYeCKHH CMBICA (OTOCHHTE3a B 3€JeHBIX pacTeHHAX 3a-
KNouaercs B IlepeHoCe B XJopolljacrax KJeTOK aroMa BOJAOpoaa
BBePX 110 HepreTHyeCcKoH JecTHulle. MlaTepecHo orMerHTh, YTO B NpO-
IlecCe 3TOrO IlepeHoCa NpeojoJeBaeTcs PasHOCTh MoTeHuHaqdoB 1,2 Bl

3aecy $OTOCHHTE3 OHHCAH BeCbMa CXEMATHYHO, H YTOOB O3HAKO-
MHTBCS ¢ HHM Gojee moAPo6GHO Jsyyule o6paTHTLCA K OOLIMPHOH JIM-
reparype *.

§ 8.3. Bojopocnu Kak MCTOMHMK 3HEpPreTMKM

[lo MHeHHIO CleNHaJHCTOB HAMAYYUIUMH OHOJOTHYECKHMH H Tex-
HOJIOTHYECKHMH CBOHCTBaMH B KaueCTBe KyJbTyp AJs IepepaboTKH
B BLICOKOKAJOPHHHOe TOIJIMUBO 06/1aJa0T
JBa IpeACTaBHTENs JaMHHApDHEBHIX—-
MOpcKas Kanycra—iaamuHapusa (Lamina-
ria japonica) W rHranTCKHH THXOOKeaH-
ckult kenn (Macrocystis pyrifera).

JlaMunapus — IBYXJIETHsA BOLLO-
pocib, uUMmewmas AIHHHoe (Zo 3,5 M)
IJ1acTHHYATOE CJAOEBUile UIHPHHOH B
cpenneM 20—35 cm (puc. 8.4) oaHBKO-
Boro 1Beta. [lmacTuHa ci0eBHmIA KOXKH-
crast, HEOAHOPOAHAS IO TOJIHHE, Kpas
ee TOHblIE, YeM CepejHHa, BOJHHCTHIE.
B umxkHell yacTH cJ0eBHIlle HePexoauT
B KODOTKHH CTBOJHK, 3aKaHUHMBAIOHHHCA
pH30HAaMH, C HOMOUIBIO KOTOPHIX BOJO-
pocdn npHKpemsseTcs K cyberpary —
OOBIYHO KAMEHHCTOMY HJH CKaJHCTOMY
rpyury. B pusonzaax, cTBoJle H niacTHHe
HMeIOTCSl PAAbl CIHM3HCTHIX Kauanaos. Bo-
AOPOCTbL OTMHpAeT Ha BTOPOM TOAY KH3-
HH 110CJ€ HHTEHCHBHOI'O CIHOPOMETAHHI.
Puc. 84. Jlamunapus smouckas  PenpojyKTHBHBIE OPraHB—CIOPAHIH H

napa®ussl — NOABJAAIOTCT  NO0YEPETHO

Ha obeux CTOpoHAX NJaCTHHHI B KOHIIe HIOJg—HayaJde aB-

rycra.

Jlamunapus pacnpocrpaHena B JKearom H SINOHCKOM MOpAX y Ge-
peroB Tlpumopss, SnonuH, IOmHpXx KypHJIBCKHX OCTPOBOB, I0ro-3a-
nagHoro H wox"oro CaxaaumHa. ¥ octpoBoB Manofi  Kypuancko#
TPAAB ONMH U3 BHAOB JaMHHApHH MMeeT LIMPHHY CJoeBHIA A0 50 cwM,
a TOMMHY o 6 cM. Macca opHoro pacreHHs npu AJuHe 17 M 1mo-
cturaer 8 Kr. Bopopocau-peKopoHCTH pacTyT Ha IDHPOKHX (10
2500 M) KaMEeHHCTBHIX MEJKOBOIbAX, TAHYIMXCA BHOJL OCTPOBOB
rpaael. Ha 1 M2 ana pacmosaraetcs po 140 caoeBunt 3penbix Bojo-
pocnel mpu obmwell 6uoMacce po 156 kr. OO6imHe 3apachl AOCTHIAiOT

* Cwm., uanpumep, «OcHOBH 0o6med Grosornm». M., 1982, 437 c.
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300—350 ThIC. T, IpUYeM, YCJIOBHS TNPOH3PACTAHHA TAKOBHI, YTO exKe-
rogfHo MoxHo cobupath a0 90 % o6mux sanacoB. IlpuBengeHHbIe
HHGPBL CHJABHO pasHsTCA AJd PA3JHUYHBIX PalOHOB.

XuMHueckH# cocTaB BOAOPOCIel M, B 4YaCTHOCTH, COjJepxkaHHe
B HHX BOJB (OHO MOXer KojeGaTbcsi B npefenax or 73 xo 91 %)
H3MeHseTCsl B 3aBHCHMOCTH OT Ce30Ha H YCJOBHH NPOM3pacTaHHs.
Or 53 no 74 % cyxoro ocratka IPHXOAMTCS Ha OpraHHYecKHe Belle-
ctBa, 23—33 % —Ha aNBIrHHOBYIO 4acCThb (CMeCh OPraHHueCKHX KHC-

Puc. 8.5. Tux0OKeaHCKHH KeJnm — MakpouHcTHC [65].

1 — pactylias BepiiMHa 3peNoH BeTBH; 2 — Nyuok crebiell;
3 — oTMHpalouiast BeTBb; 4 — PENPOIYKTHBHEIE JHCThsI — CNO-
POHOCHI; & — PH3OMARBI; 6 — CTBOJIMK; 7 — MoJiodol noGer

nor), 7—22% —mna MaHHHT (MHOrOATOMHbBIH KPHCTaJJHYECKHH
CIHpPT) M ero NpoH3BoaHble, 2,5—4,6 % —Ha MHHepaabHBlE Belle-
crBa. Cojfepxkanre a30THCTHIX BeulectB Kogebsertcs or 3,5 go 19 %
[16]. Haunyumux noxasaTeded JaMHHapHs JOCTHraeT B BO3pacTe
caoeBuu; 16—17 mec, 1mo3ToMy BpeMs cb6opa KayeCTBEHHOTO ypoxast
OrpaHHYHBaeTCa ABYMs-TPeMA MecALaMH (C anpess IO HIOHb).

Eme OGosnee HHTepecHoe pacTeHHe — FHTaHTCKHH THXOOKeaHCKMI
kKean (puc. 8.5). D10 KpymHeHmas Ha 3eMHOM IIape BOAOPOCIb, AO-
crHarawmas Lauas o 60 M u ob6aaparonias HauboJblIedl CKOPOCTLIO
pocTa: B MNpHpOAHHX yciaoBHAX Ao 0,6 m/cyr, B 1a60paTOPHBIX —
B HECKOJNbKO pa3 Goabuwiefi. Tak xe Kak ¥ JaMHHAapHs, THTFAaHTCKHH
KeJil pacTeT Ha TBepAOM Ccy0cTpaTe, NPHKPENJAsACh K HeMy pPH30-
uramu. [locienuue nepexonst B crebaenono6HYI0O HOXKY C IOXO-
JKHMH Ha JIHCTbsl IJIACTHHKAMH, BIOCJEJCTBHH AAIOWHMH HAYalo HO-
BHM mo6eraM — CTBOJ0OODA3HBIM CJIOEBHIIAM, HA KOTOPHIX NMPHMEPHO
yepe3 paBHbIe TMPOMEKYTKH pacmnosaralorcsi niaacTHHuaTble QOTOCHH-
Te3UPYIONIHe JUCThA. B3pocioe pacrenye HacyuThiBaer B cpefHem 30—
40 noGeron. Pacrenne MHoroseTHee, HOBble BeTBH TeHEDHUPYIOTCS Nocae
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TOro, KakK 3pejble HAayHHAM0T crapeth (depe3 6—9 Mec AaKTHBHOTO
pocra). Ot 50 1o 60 % speablx pacreHuil GoOPMHUPYIOT KPOHY, BePIIHHA
KOTOPO# MJIaBaeT B MPHMOBEPXHOCTHOM cjoe. IliaByuecTh pacreHHIo
00ecneynBalT  ClelHaJbHbBE  OpraHb—IHeBMAaTONHCTE-—KOKHCThHEe
~ o6pasoBaHusl C Ny3HPbKaMH Trasza, paCTyliHe y OCHOBAHHS JIHCTHEB.
JlucTba Kponw mordomiaoT npumepHo 99 % cosmeuHoro ceera, mno-
TpebisieMoro pacrennem. ITocTosHHO B0O306GHOBISOMAsACA KPoHa, CJy-
xKawas Ajas coopa ypoxas — eje OfHO BaxKHOE JOCTOMHCTBO TMTaHT-
CKOro KeJsna.

TkaHp Keanma cocrosaT npumepHo Ha 87 % u3 BoAM u Ha 13 9% wus
OpraHHyeCKHX W MHHepaJIbHHX BelleCTB, NPHUEM IIepBhle COCTABJSIOT
or 55 go 62 % cyxoro ocrarka. Cpeau opranmuyeckMxX BelecTB MpH-
MepHO 3/2 NPUXOAATCA Ha MAHHHUT, aJbIUH, JaAMHHaPHH, QYKyAaH, KO-
TOPBle MOTYT OBITb MOABEPTHYTH aHadpoOHOMY pasJoXeHHIO s
noayueHust Merana. Beskm, cocraBasiomue 5—7 % Ccyxoro ocrartka,
N0 NHUUIeBOH IEHHOCTH COOTBETCTBYIOT GeJKY COH M MOIYT OHITH HC-
MOJb30BaHbl KakK M06aBKH B KopM KHBOTHHX. Cam cocraB jJamuHapu-
€BBIX I10JICKa3bBaeT HeOGXOAHMOCTb KOMILIEKCHOH mepepaloTKH I10-
Jayyaemoro 6uoceipbe [65]. [Ixk. Kynnunu * cpaBHHBaer 3apocian TH-
TaHTCKOrO KeJjllla ¢ HaCTOSIIIMMH MOJBOAHBIMH JeCAMH, Na¥ONUMH HHILY
H KDOB Macce MODCKHX OpPraHM3MoB M phif. To Ke caMoOe MOMKHO CKa-
3aTh M 0 3apOCAAX JaMHHAPHUH ANOHCKOH. POJb IPUPOAHBIX «3aMIHTHH-
KOB» MOJIOJH 3TH 3apOC/JH He MOTepsioT H HPH HCKYCCTBEHHOM pasBe-
JeHHUH Ha OKeaHCKHX depMax. ]

HeckonbKo ¢10B 0 Ky/abTHBHPOBAHHYM MHKPOBORODOCIel, 0THYAI0-
LHXCS Ype3BHYaHHO BBICOKOH NPOAYKTHBHOCTBIO. TONBKO AeCHTKH BH-
OB IHATOMOBBIX, IIHPOKO PAaclpOCTPaHeHHHX B MOPIX H OKeaHax,
CHHTE3HPYIOT 3a FOJ IIPUMEPHO TOJOBUHY BCErO OPraHnvecKoro Bele-
c¢rBa nJaadeTH. HanGosnee HHTepecHH B KauecTBe 0GbeKTa Asist pas-
BejleHHs] OJAHOKJEeTOUHHe 3eleHble BOJAOPOCAH (K HHM OTHOCHTCH,
B YAaCTHOCTH, XJopenasa). DTH BOJAOPOCJAH yiKe Gojee JecATH JeT
Ky/JbTHBHPYIOT C IieJ1bi0 HOJydyeHus: Gorartodl yraesogaMu (po 35 %),
asoTocojepXxamumyu BeniectBamu (1o 45 %) w xumpamm (go 109%)
Guomacchl, TOAHOH KakK AJs JaJjbHeHuied nepepabGoTKH, Tak W AJASA He-
HOCPEeACTBEHHOIO [A0GaBJeHHS B KOPM CeJbCKOXO3sHCTBEHHHM XKH-
BOTHHIM. FlHTepecHa BO3MOMKHOCTD B ILIHPOKHX Mpejesax ynpasisaTh
cojlepikaHHeM OTMeJbHBX BEHIEeCTB B 3THX BOAOPOCIAX NMyTeM H3MeHe-
HUA (PU3HUeCKHUX M XMMHUYeCKHX YCJOBHHA UX pa3Buths. Tak, B XJO-
pesjie nMpyd MHTEHCHBHOM OCBEHIEHHH MOXKHO IOJIYYHTH KOHIEHTPANHIO
xupoB 10 80 % cyxoro ocratka. Takue pacTHTENbHBIE }KHPH CaAMH 1O
cefe — BHCOKO3HePreTHuecKoe BelieCTBO C YAeNbHOH TelJoToil cropa-
Hua okoso 40 MIk/kr. OHH MOTYT HCIOJB30BAaThCA KaK ropiouee H
KaK MHieBOe ChIpbe.

B nurepaType yKaswiBaeTCst Ha BO3MOXKHOCTB INOJYYeHHT ypomai-
HOCTH OJHOKJETOUHHBIX A0 35 I cyXoH MacCH ¢ | M2 Bojgoema B CyTKH.
DTo MO3BOJSET PACCYMTHIBATBL HA HenpepHBHEE c6op o 100 1/ra cy-
XOH Macce B TOX, 4TO NPEeBOCXOJHT Ha CErOJNHALIHMH JeHb YPOXKau

* Kyaamun k. Jleca, mops. J1, 1981,
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caMblX TIPOJAYKTHBHHX CeJbCKOXO03dHCTBEHHHX Kyabtyp. M3 Bogopoc-
Jeff MOXKHO TosaydaThb 3aMeHutenn Hedrtu. Hanpumep, nHa ocHOoBe
KyJIbTYPH OAHOKJ/JIETOYHOH 3ejleHOfl BOLOPOCJM AyHAaJdHedsa, Pa3BH-
Bamuieficd B IIHPOKOM JAHAaNa30He COJEHOCTeH W jawmuiedl B CyXoM
octaTke n0 85 9% MHOroaToMHOro CIHpTa — riunpeposa, B IleHcunb-
BaHCKoM yuuBepcuTere (CHIA) yxe paspaborana TeXHOJOTHS THA-
pPOreHH3allMH, MO3BOJAIONAS [OJYyUaTh KHAKHEe yriaeBoJopoibl Cis—
Cos, KOTOpPHIE MOTI'YT OHTBH CMellaHH C CHPOH HedThIO mepes ee mepe-
FOHKOfl M yBeJHuaT BHIXOA MOTOPHOTO Tomausa. [lporecc nepepaborku
6uomacch uier moa naBiennem 7-10° Tla npu remmeparype 400°C.
B xauecTBe MOGOUHBIX NPOAYKTOB FHAPOreHHU3ANHH NOJYUaOTCH yTie-
KHCJIHH ra3 ¥ aMMOHMH, pa3jaraeMbi jJajee Ha aMMHaK H YIJIeKHC-
JHH ras, HeoGXOoAMMBle AJA pocTa CaMHX Bojopocieli. Buxona 3a-
MeHHTeJs1 HedTH B OmbITax cocTaBua okoao 50 Y% ot KosnumuectBa me-
pepaboraunofi 6womacce. [lo npeiBapuTeJNbHBIM MOJACYETaM, aKBaTo-
pHs TaoUaAblo OKOJo 50 THIC. ra MOXKeT 00eCHeydTb INOJYYeHHe IO
5000 M3 B cyTKM nedTenogo0HHX BeliecTB [32].
‘ Ta6anna 8.1

ComocTasjieHHe JHEPreTHYECKOT0 BbHIXORA mepepaGoTku BOAOPOCHEH
H CYXONYTHBIX CEJbCKOXO3AHCTBEHHBIX KYAbTYp *

Buixon Tonsmnea

HanMenosaue KyJbTyphl/Bhipada- | BBIXOA CYXO#

THIBaeMOe TOIIHBO Guomaccel,

T/ra s rox tfra B rog |[Jx/ra s roa
Caxapamil TPOCTHHK/3TAHOT 25 4,4 - 160
Mannoka/stanoda i 14,5 10,6%* 380
Macanunpie 4 1 40
Bojgopocau/Meranot 90 18 900
Bojaopocin/yrieBoaopoas 90 16 700
]

* Wagener K., Rebello A. Actual. Cons. nac. petrol, 1983, vol. 15,
Ne 82, p. 33—39 (PJ)KH, 1984, suin. 1, ped. 1.90.106).
** TpeGyeT 3HePTHH /18 JHCTHIVISLHM.

CpaBHeHle 3HEPTeTHUYECKHX BO3MOXKHOCTeH nepepabOoTKH BOAODPOC-
Jei W CyXOmyTHHX KyJabryp (taba. 8.1) yGeiuTeqbHO TOBODHT
B N0Jb3y BOAopociaed. BHXxox 23Heprum H3 GHOMACCH BOAOPOCTEH
Aaxe TIPH CKPOMHBIX 3HAUEHHSX IPOAYKTHBHOCTH (yPO:KaHHOCTH)
npu mobGoM BHAe I1epepabOTKH CYHIECTBEHHO IpeBbiiaer 3dGexT,
KOTOpHi MOXeT OBITH MOJAyueH € IIOMOHIbIO CENbCKOXO3AACTBEHHHBIX

KyJABTYP.

- § 8.4. OkeaHckHe (bepmbl ans BbIPalWMBaHMS MaKkpoBojopocneH

OxeaHckue (epMBl [Js1 BHpANMBaHHsA JaMHHapHEBBIX HAa HCKyC-
CTBEHHOM cy6cTpaTe — OCHOBA COBPEMEHHOTO BBICOKOMPOLYKTHBHOTO
BOJ0POC/IeBOAYECKOro X03sifictBa. MCKyccTBeHHBIH cy6cTpar Gbl1 BHOG-
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paH H3-3a TOro, 4YTO NepeHeCeHHWe OOBIYHBIX METOAOB AarPOKYJbTYpH
B TI0/BO/IHBIE X03AHCTBA 0Ka3a/JoCh HepeHTabedbHBIM MO LEJI0MY ALy
NPUYAH TEXHOJOIMYeCKOr0 M 3KOJOIMYeCKOro cBoHcTBa. Takofi Tul
(bepMB MPaKTUYECKH He HMeeT OrpaHuueHHs N0 rayGHHAM — yiKe pas-
paboTaHbl KOHCTPYKIMH, KOTOPhle MOIYT 3KCIJIyaTHPOBATBCH B OT-
KDBITOM MOpE, a 3TO jJaeT BO3MOXKHOCTbh HCIIOJb30B4Th B XO3fjCTBeH-
HBIX LedsiX 3HauuTe/JbHbe IJIOIALH OKeaHCKOH IMOBePXHOCTH.
[Ipocrefimmfi BapuaHT yYCTAaHOBKM AJIst BHpAalWMBaHUsL MOPCKOH
Kanyctsl H3o0paxeH Ha pHc. 8.6. ITogoO6HBIE KOHCTPYKUHH HCIOJb-
syiores yxke Gosee 10 JeT B NpPaKkTHKe OTeueCTBEHHOH MapHKYJAbTYPH

Puc. 8.6. MNpocrefimas ycraHoBka AJs BhHpaliHBAHHK
JIAMHHAPHH

B ITpumopre. Ux ornuuutenbHas oCOGEHHOCTb — CheMHBIE NOBOJIHI,
cayxalie cy6CcTparoM AJf 3aKpenyleHHst CHOP- B POCTa BOAODOCITed.
Crnopsl 0ca)XJal0T Ha MOBOAILL B MEJIKOBOJAHBEIX GaccefiHax Ha Gepery.
3artem B Mapre—arnpese IOBOANB C MOJOABMH DAaCTEHHSIMH BHIBO3AT
B MOpe ¥ NPHKPEIIAIOT K [OPH3OHTaAbHbIM KaHataM. Cobupawot ypo-
Kail, cHuUMas NOBOALB C YXKe B3POCJLIMH pacTeHHaAMH. Macca cripo#t
JaMHHApHH, BBICAXKEHHOH B Mapre—ampese, yxe B (eBpaje Creny-
lolero roga jpocruraer 50—>55 kr. bBes chenuasbHOH HOAKOPMKH H
peryJiupOBaHUs TeMIeDaTYPHHIX YCHOBUH MOpcKas (depMa Ha OCHOBe
NONOOHBIX YCTAHOBOK [IO3BOJISIeT B yCJI0BUAX Ilpumopba moayuatb 10
70 t/ra CBHIPOH TNPOAYKUMH 0pH cpejpHedl Macce ORHOTO CJOEBHILA
0,8 Kr B AByXJeTHeM LHKJe BhpamuBaHust. [luka BHIpAmMBaHUS MO-
)KeT OHITH COKpaiileH J0 OJQHOTO Ioja, eClH BBICAXKHBATH Ha ITOBOJIBI
He CIIOPHL, a NOATrOTOBJIEHHYIO paccaly BwicoTOH 15 €M, Takke BbI-
pamweHnnyo B OaccefiHax Ha Oepery npu ONTHMaJbHBIX ycaoBusix [16].

PaGoTe N0 HCKYCCTBEHHOMY Da3BejeHUI0 MOPCKOH KamyCThl GBLIN
Havath Ha Jlaabuem Boctoke B 60-x rr., a mepBasi BOJXOPOCJIeBOJYe:
cKast ¢pepma Oblia ocHoBaHa B 1972 r. Ilnomwaas HCKYCCTBEHHBIX MOD-
CKHX IiaHTauui B Ilpumopbe ymxe pocturaer 65 ra Nnpu ypomaHHoCTH
80—100 t/ra. 9TH miaHTaUMH 06eCHeyuBAIOT MOJYYEHHe BCeil TOBap-
HOR mpoaykuud. IIpoayKTUBHOCTH ¢epM MOKa HH3K4a M OTCTAeT OT
npefenbHoH, HabmopaeMOfl B eCTeCTBEHHBIX YCJIOBHAX. Pa3BHTHIO
ceTn ¢epM MemalOT TPYAHOCTH, CBsI3aHHHe C GOJbUIOH HoJefi py4-
HOTO TpyJa IPH COBPeMEeHHOH TeXHOJOTHH NOCaiKH, OOCIYKHBAHUA H
c6opa ypoxasi. .

JlanpHeiiutlee pasButHe (epMBl 3T0rO THIA TNOJYUYHJAH, KOrga
B 1974 r. Obula nocTtpoeHa IINPOKO H3BeCTHas ONBITHAf epma
I. Yunxokca B6ausn o. Can-Knemenra npumepro B 100 KM or KaJu-
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dopuuiickoro nobepexpbst CIIA. depma maomaipio 3 ra (puc. 8.7)
npejacTaBisaa co6oil rHOKHH IUIOT, 1O IlePHMETPY KOTOPOro pasme-
aJHCh TIOTJIABKH, COeJHHEeHHbe IOJHIPONHJIeHOBEIMH KaHaTaMH. M3

T g —

Puc. 8.7. CrauuoHapHas ¢epma Yuaxokca [51]

TAKUX JKe KaHaToB Obl1a CMOHTHpoBaHa pa6ouas yaCTh IJIOTa —
HCKYCCTBEHHBII Ccy6CcTpaT AJs pasBelleHHsi THTAHTCKOrO KeJrna. [Tnor
yAepKuBaJcst CHCTeMOH sikope#i B 12 M OT NOBEPXHOCTH IpH rayOuHe
Mopst okoso 90 M. D10 Oblaa NPOUYHAST MPOCTPAHCTBEHHAS KOHCTPYK-
s, crnoco6Has MPOTHBOCTOSTH WITOPMaM cpefHedl Cuibl. Bo3MOXKHO,
OHAa IPOCYmecTBOBala Ohl J0CTATOUHO J0JITO, eClH Obl yXKe B sHBape
1975 1. He 6bla pas3pylieHa HeH3BeCTHbIM CYAHOM, KOMaHAa KOTO-
poro He o6paTwja BHHMAaHHS Ha HaBHralUMOHHBIE 3HAKH, 3aUIMIIAB-
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ue §epmy, IOCTPOEHHYIO, KCTATH TOBops, noA arupoii BMC CIIIA n
06CIYKHBABLIYIOCA ero creluanucramu [51].

OKcnepumeHT He Obl1 3aBeplieH (He YA4J0Ch NOJYYHTb ypoiKak
KyJIBTY PHOTO KeJlfla), Ho OH CIOCOGCTBOBAN NP OAOJIKEHHIO PaboT 1o co-
3/laHHIO YCTAHOBOK yXKe C MCKYyCCTBEHHOH NMOAKOPMKOH BOAOpOCTeH 3a
Cuer noAbeMa GOraThIX OHOTEHHBIMH COJNSMH TIYGHHHBIX BOJX (NpoO-
cTast MOAKOPMKAa YAOOPEHHMH C NOBEPXHOCTH HE jana Obl HYKHOTO
3pdexTa H3-3a YXYAUIEHHS NPO3PAUHOCTH BOJAHL,. a Belb BOJAOPOCIAM
HYXKEH elle H CBeT!). :

YcTaHOBKA TePBOii 9KCIePHMeHTa bHOH BepMpl 6blia 4acThio npo-
rpaMmbl MUHHCTepcTBa sHepretukn CHIA, npunsrtoit B 1975 r. u pac-
CuuTaHHOH Ha 10—I15 xer. [lporpamma mnpeiycmatpuBaza npoBeje-
HHe HeoOXOAHMBIX HCCJAEAOBAHHA N0 Pa3BeleHHIO THIAHTCKOro KeJra
H ero mnepepaloTKe, B OCHOBHOM B MeTaH, NyTeM aHa3POGHOrO pas-
JoxkeHus. Kpome O6HOJOrHYeCKHX HCCAeL0OBAHUI, KOHCTPYKTOPCKHX
pabot, oTPabOTKH METOAOB Pa3BelleHus Keara NPeicTosiio paspabo-
TaTh TEXHOJIOTHIO ero MPeiBaPUTeJbHOH MNOArOTOBKH K IepepaoTke
nogo6parb HeOGXOAUMEBIE KYJBTYPbl GakTepuil, oTpaboTaTh TEXHOJIO-
'HI0 OHOJIOTHYECKOro pasioikeHHs. Bee 3TH pabOTH GbLIH BBHIIOJHEHbE
Hayuno-uccieoBatenbckuM  HHCTHTYTOM — rasa.  3aKJOTHTeNbHAS
Qasa nporpamMMbl npeamoJarajga Co3jaHHe OIIBITHO-TIPOMBILIIEHHOM
depmbl MI0MaABI0 0KOI0 40 ThiC. ra B ATIaHTHUECKOM HJIH B THXOM
okeaHe. [Ipeanonaranoce, 4to 1 ra takoli epMbl MOKeT oGecrmeuHTDb
CPelHero/l0Byio NOTPeGHOCTb B MHIe H 3Hepruu ot 6 o 12 wen. [65].
Ouepennoe n3MeHHe KOHBIOHKTYPHl HAa He(pTAHOM pPHIHKe NO6GYIHJIO
npaButesabcTBo  CIHA  npaktuueckd npeKpaTHThb (uHaHCHPOBaHHE
3THX paGoT M 1epejiaTh HX YACTHBIM (QUDMaM. )

CrefyoluM UlaroM B PasBHTHH OKEaHCKHX depm crano cospanue-
COBEPLIGHHO HOBOH IVIaByuefi KOHCTPYKLHH B BHJe OKEaHCKoro 6ys
¢ TPyGONpOBOAOM AJsi MOAAauH OGOTaleHHOH TIIyGHHHOH BOAB. TR
paboThl NMPOBOAUJINCH TOA HAYYHBIM PYKOBOACTBOM HayuHo-uccaemo-
BATENLCKOTO HWHCTHTYTA COJHEYHOH 3HEPrHH OTJENOM CHCTEM YTHJH-
‘3alUd 3HEPrHH KOMIaHHH «Jl;keHepan 3JeKTPHK» (Punagenvdus,
CHIA). B paGoTax npuHAMadu yyacTue HECKOJDbKO Cy6IOAPANYHKOB,'
B 4aCTHOCTH PaGOTH MO KOHCTPYHPOBAHHIO OBOPYIOBAHHS M ero W3-
TOTOBJIEHHIO OBLIM BBHINOJHEHB OTAeleHHeM GupMbl «[106an MapHH»
(Horonopr, Kanudopuust). Bosraasun npoexr JK. Jleow.

Ha ocuose pesyabratos npeamaymux pa6oT 6buth BbIpaboTaHbl
OCHOBHBIe TPeGOBaHHUs K HOBOH KOHCTPYKIHH:

KOHCTPYKuHsi He JO/IKHA CO3/1aBaTh 3HAYHTEJIBHOTO CONpPOTHBJE-
HHA OKEAHCKHM TEYeHHSIM, BOJHAM H BETPY;

OHa JI0JI2KHA  BbIIePKUBATh (€3 3HAUUTENbHBIX NOBPeXKACHHR
IWTOPM C BBICOTOH BOH 16 M u Tegenumem 1 M/c (caywaercs, B cpen-
HeM, pas B 50 Jer);

KOHCTPYKIHUA AONKHA [OJHOCTHIO COOTBETCTBOBATH GHOJIOTHUECKHM
- TPeGOBaHHMsM, HEOOXOAUMBIM AJIS pPOCTa Keama, H npu paboTe He 3a-
TPASHSTE CPEAY;

AJIsL TIPOBEJCHHS HCCEJOBAHHA OHa JONKHA TO3BOIATH ycTa-
HOBKY Ha KOPb Ha riyGuHe MOps npuUMepHO a0 700 m:
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KOHCTPYKuHs JO0JKHa ObiTh Ge30macHoH jJs nepcoHasia u yRo6-
HOIT a5 00C/AYKUBAHHA;

o6oraiieHHble GHOTEHHBIMH COJISIMH BOJAB JOJXKHBl IIOAHHMAThCH
¢ ray6uHbl 10 500 M B TaKOM KOJIHYECTBe, yTo0bl 00ecneyuTh KOH-
LEeHTpauHio a3ota B oObeMe, 3aH’ITOM DaCTeHHsMH, Ha ypoBHE 3-10-¢
rpaMM-aToMa Ha JHTD.

Koncrpykuns depmbt (puc. 8.8) Golia paspaboTana nocse Lea0ro
pAla MaUIHHHBIX 3KCIIEPHMEHTOB M HCNBHTAaHHA Mojened. B kauecTse
cy6eTpata AJsi pasBeleHHst Keana B Hel HMCNoJb30BaHBl CHHTeTHYe-
CKHe KaHaThl, HATAHYThble HA paMy M3 6 cnHi, CBA3aHHBIX CTaJbHBIMH
TpocamH. CIHIBI Ha HIapHHPAX
IPHKPEIIEHb! K JKECTKOH CERUHH sl A
Tpy6OnpoBoxa Ha I1yOHHe mpH- T T /HU”( - 1 -
MepHO 18 M OT MOBEPXHOCTH BO- T W X - -
Ab. Baaroaapst miapHipam pama
MOKeT CKJIaJbiBaThcsl, YTO BaXK-
HO TpU  ycTaHOBKe  (epMblL
JKecrkas cexumst TpyGonpoBoaa

j\: ’ jf/"lr-i
- N T X

IIaPHHPHO CBsI3aHa C OJHOH CTO- 7{' - — \ L :K
poHbl ¢ Koprnycom Oyst, ¢ ApYy-

rofi — ¢ Tpy6onpoBOAOM rayOHH- = - - ——\u i
HOH BOjbl. BHyTpH Kopnyca Oys ' ) I
YCTaHOBJIEHBl HACOCH AIS IOJb- ] whe

eMa BOJbl, NPHBOJAHMEIE B Aef- S
cTBIIE 15-CHJIBHBIM JIH3eJIeM. Puc. 8.8, Maasyuas depma Yuakokca [65]
DnemeuTs GepMbl HMEIH NPH-
MepHBle pasMepbl: AHaMeTp Kopnyca 6ys — 2,7, anuHa — 13 M, aua-
Merp pambl s cyGeTpara — 30,3 M, Tommunra cnug — 0,3 M, 1HaMeTp
noJIHaTHIeHoBoro TpyGonpoBoga — 0,6 M mpH TOMUIMHE CTEHOK 75 MM.
Pama ¢epmbl 6mi1a paccunTana Ha 100 B3pocabIX pacreHufl H uMesa
noJe3nyio miaomniajb npumepHo 0,1 ra.

®epma Obra ycranoBiena B centsi6pe 1978 1. ¢ momouibio npo-.
CTPAHCTBEHHOH $IKODHOH CHCTEMBl C YETHIPbMH Gysamu Ha raybuHe
okojio 600 M B 4,5 munb MopucTee Jlaryna Bud, HECKOJBKO CeBepHee
Jloc-Ankeneca, YCTaHOBKa ulla B TPH Npuema (sIKOpHas cHCTeMa,
6yii, TpyGonposoa ). IlepBasi MOMBITKA MOAKJIIOUHTD Tpy6onpoBoj OKa-
3ajach HeyAauHol: NMPH TPAHCIOPTHPOBKe Oblia NMOBpEXJeHa CHCTEMA
NATYHKOB YCHJHE H3THOa, HEOGXOMHMBIX JJist TOTO, YTOGEI BHIOJIHATD
HMKJ HCCJef0BaHH, CBA3aHHBIX C ONyCKaHueM Tpybomposoja Ha ray-
G6HHY M KOHTPOJIEM €ro NOBEeJeHHs B Ipouecce KCIAyaTallid hepmblL
Tpy6onposoa npulioch GYyKCHPOBATH HA3al B raBaHb, TIe OH MOHTH-
poBasicss mepel 3THM H3 18-MeTPOBBIX OTPE3KOB MOJHITHJIEHOBBIX
Tpy6 cBapkoi. ITogo6nas paboTa 1o ycTaHOBKe BepTHKaJAbHOTO Iy
60KOBOAHOr0 TPyGONMPOBOJA BBINOJHSIACH BIEePBBle W BIOCAEACTBHH
TOJYYeHHBIl OMBIT OB HCIOJAb30BAH IIPH yCTAHOBKE aHAJIOTHYHOTO-
TpyGonposoxa nepsoit OTDC na T'aBafisx.

B 1ekabGpe TOro e roja BOJAOJa3bl IOCalHJIH HA (epme
102 B3pOC/IBIX PaCTeHHs, HO uepe3 2 MeC CHJbHBIH LITOPM DaspylIni
3aMUTHHH 3KpaH, [OCTAaBJEeHHBIA BOKPYr ¢epMbl AJ7 yMEHBUICHHA
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cKopocTH ecrecTBeHHOro teueruss or 0,3 mo 0,05 m/c, npenorspaiie-
HUsl OBICTPOTO BBIMBIBAHHS ITMTATEJNbHBIX COJCH UM NPEAOXpaHEHHs pac-
TeHHHl OT paspylleHHS 00 3JeMeHThl KOHCTPyKuui. B pesymabrarte Bce
pacrenuss noruban. Yepes 3 Mec u3 CIOP B3POCABIX pacTeHuil Gbljiu
BblpallleHbl MOJIOABIC TIO0ErH, HX NpPHKpPENHJIH K cyOcTpaty ¢epMbl,
OHH XOPOUIO NPHXKHJUCHL H Belpocau. Ha ¢epme mpoBoauauch uccie-
JOBaHUA TIO H3YYEHHIO CKOPOCTH pocTa BOAOPOCAEH B 3aBHCHMOCTH OT
KOJIHYecTBa I[0JaBaeMBIX IHTATEIBHBIX COJECH U BHEWHHUX YCJIOBHIL.

Bce ucciaenoBaHnsi no OHOJOTHHM Ke/MNA, TaKkKe KaK H HA CTANHO-
HapHOH (epMe NPOBOAUIUCDH 110] PYKOBOACTBOM npodeccopa Kanudop-
HUACKoro wuHctuTyra rtexuonoruun B. Hopda. [Ipu stom Omian He
TOJBKO ONpeleJeHE HeOOXOAHMMBbIE KOJHUECTBA H COCTAB NOTPEOHLIX
Keany OHOTCHHBIX 3JeMeHTOB (BOAOPOCAb 0Ka3aJach UYBCTBUTEIbHOMH
K COACPIKAHHIO a30Ta, MarHHs, KeJe3a), HO H pa3paboTaHa TeXHO-
JOTHSl TPaHCIJAHTAIHK PACTEHHI, KOHTPOJASL HX POCTA H COCTOSIHHSA
B YCJOBHAX OTKPBITOTG MOpPS.

KoMnseke uccaefoBaHMil, BBIMOJHEHHBIX NpPH CO34aHHH (epMbI-
Oya H e¢ ONBITHOH 3KCIJIyaTallMH B TE€YeHHE IBYX JeT, MO3BOJHJ Ha-
KONUTh OTPOMHEIN (akTHUECKHI MaTepuaJs, Ha 0a3e KOTOPOTO pas-
paboTaHBl PEKOMEHAAUHH A CO34aHHS NMOJYNPOMBIIUJIEHHOHR (PepMbl-
naargopmbr maomanvie 400 ra. Taxkas mnnardpopma, cHaGxeunas
IBHXKUTEJNEM U 3HEPreTHUCCKOH ycTaHOBKOH, NMpUBOLUMON B AcHcTBHE
BOJHAMH, CMOXKET TepeMellaThcsl B OKedaHe, co3faBasi TeM CaMBIM Oll-
THMaJbHbIE YCAOBHA s pasBUTHa Boxopocded. Ha naartdopme mo-
ryT ObITh pa3MellleHBl YCTAHOBKH nas nepepaboTku G6HOMAcChl H BCe
Heo0X0AUMOe ANASl AJHTEJBHOTO NpPOXKHUBAHHS M PaboTH mepcoHaJa.
Koukypennua ¢ OTIC wuckaoueHa, Tak Kak palioH 6aszupoBaHHA
depM-n1aTdopm OyAeT JaexKaTb B 3HAUUTEIBHO 6o0Jiee BBICOKHX MLIH-
porax ¢ 0oJee HM3KHMH TeMIIepaTypaMM BOABI HA TOBEPXHOCTH. Be-
pOATHO, HA TAKOH (epMme NpuAeTcs MPeAyCMOTPeTh MEXAHH3AIHI0 I0-
caJKH NMEPBHYHOTO MaTepuaja H YCJAOBHS AJs ero NoArotoBKH. CJox-
HBIX 3KPAHOB JJIs 3alllHTH OT TEUEHHH He MOHAAOOHTCH, TaK KakK IpH
6ospoll 6MoMacce pacreHuss OyAyT CaMH pPeryJHpPOBAaTb HMHTEHCHB-
HOCTb OOMeHA BOABI BHYTPH 3apociefi.

B ocuoBe mepepabotrku OuoMacchl BOROpPOCJEH JEXKUT IIPOIEcC
Pa3JokKeHHs LENI0J03NoA00HHX BeEeCcTB MHKpoopranusMaMu. ias
HEJJII0JI03b OH ONMCEIBAETCS ypaBHEHHEM

(CeH,,05) n + nH,0 — 3nCH, + 3rCO,. 8.3y

TeopeTHuecKH 3TO NMO3BOJAAET H3 | T HENNI0J036 NOAYUHTh 416 M3
Mertana. CooTBeTcTBeHHO H3 | T cbporo Keama, cofepikaiueil npu-
MepHo 60 Kr KOHBEPTHPYEMBIX BEIIECTB, MOXKHO MOJYUYHTb OKOJIO
25 m® MeraHa, KOTOpHIH NIOCJA€ OUHCTKH MOXHO HEINOCPEICTBEHHO HC-
[0J1b30BATh B KadeCcTBe Toplouero wiu nepepaboraTb B 3TaHoJd. Mero-
IHKa, paspaborannas B Mucruryre ra3osofl texuonoruu (r. Yukaro),
NO3BOJIsIeT NPUOJUBUTHECA K TEOPETHUECKOMY mpeleny MPHMEPHO Ha
75 %. Ilo 3T0H TeXHOJOTHH H3MeJbyeHHAS Macca CBIPOrO KeJra ¢ J10-
6aBJeHueM BOJH TOABepraercs aHa3spoOHOH o0paGoTKe B peakTope
npu Temnepatype 25° C ¢ nobapienneM npuMepHo 8 xr keina ua | M3
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o6bema B cyTkH. Ilpouecc noutn monnofi nepepaGorku Aautes 15 cyr.
PaspaGoraunnifi nmpounecc okasascs na 25 % addexruBree noao6HOro
XKe 1ny1a nepepaboTku cMecu Tpas. MccnenoBaTe I c4uTAIOT, YTO MOMKHO
npuOMH3HTECST K TEOPETHYECKOMY npedety H NPH 3TOM Aaxe COKpa-
THTb BpeMsl IOJHOH nepepaGoTku keama 1o 6 cyr [65]. EcTb cBeme-
Hus, 4T0 nyTeM Oojee CAO0XKHOH 06GPaGOTKH MOXKHO TOBEICHTH KO3(-
GuiuenHT HCNONB30BAHMS TEPBHYHOTO CHIPbA M NOJy4aTb H3 | T CHI-
poro xeama KOJHYeCTBO MeTaHa, 3KBHBAJeHTHOe 18 Kr cBeT/HX Hed-
TENPOAYKTOB.

Briute peub ma 06 uCnonb3oBaHUKE H 3HEPreTHKE OKeAHCKHX BOLO-
pocaeil. Ho BogopociaMu Gorathl n pekd, M BOAOXPAHHJIHINA, H Ol
pecnenHnie 3aMuBH. B Aprentune nocse crpoutenbcrsa Ha p. Ilapana
ABYX IVIOTHH € BOJOXPaHH/IHIIAMH mjomanbio 1,3 man. ra nosBurcs
BOBMOKHOCTb TPOMHILIEHHO nepepabaThiBaTh B MeTaH BOXHHIH TH-
amunt (Eichormia crassipes). BosmoxHOCTH HOBOro mpon3BsoicTBa
oneHuatworcs B 1-—1,4 mapa. m*/rop. Ilpuuem npurofubie B KauecTse
yRoOpeHnil OTXONB TpPOM3BOACTBA OYAYT coAepXaTb OT 55 10
220 Thic. T a30Ta, a 370 B 2—8 pas BHIIE COBPEMEHHHX norpe6Ho-
cTell APreHTHHBl B a30THHIX YA0OpeHHAX. BOAHHN ruamuuT HHTEPCCEH
elle TEeM, YTO OH MOXKeT BHPAIIUBATBECS HA TOPOACKHUX CTOKAX H Iic-
noJab3oBaThea A nx ouHcrku. Ilo omenke Haunowansnoii naGoparo-
pun kocmuueckor rexnosorun CIOA (3anus Caur-Jlyuc, Muccucunn)
¢ 1 ra crounoro mpyna MoOKeT NPOH3BOAMTBCT OT | 10 2 T CyxXoH
Macchl BOJAHOTO T'MAlHHTa, YTO IO3BOJHUT NOJAy4YaThb B CYTKH oT 250 10
500 M® merana u okono 1,3 T mewnwx ygo6penuii [45]. JIwGombiTHO
OTMETHTh, YTO GOTAHHKH BCETZAa CYMTANH BOAHBA THAIHHT CTPAILIHEM
~ COPHAKOM BOJOEMOB H JaxKe NPO3BaJH €ro «3e/eHOi qyMO#H >, ,

KoMnnekcnas rmepepaorka BoZoDOCAeH He OrpaHHYHBACTCH
TONBKO mosyueHuem Guorasza. OHa TO3BOJsET MOJAYuYaTb UEAHH PAL,
IEHHHIX NPOAYKTOB (pHCc. 8.9).

& 8.5. Npoekr «Bbuoconsip»

Bhule ynomunazoch 0 BOSMOXHOCTAX HCKYCCTBEHHOIO BHIpAly-
BaHus MHKPOBOAOPOCJIEH, HO NPHEMJEMOIO TEXHMUECKOTO pPemlleHHs,
CnocobHoro obecneyuth TpeGyeMblie MacHITaGe HX NPOU3BOACTBA, 1O
NOCJCAHETO BpeMeHH He Obuio. JIHIIb HeCKONBbKO JeT Ha3ah BO3HMK/A
HLest  COOTBETCTBYIOUIErO KOMIJIEKca, KoTopas cefiuac npuobpena
4epThl MpoeKTa. Peub ufer o uuxae paGoT, BHIOJHEHHBIX COTPYILHH-
Kamn MockoBckoro yhuBepcurerta nog pykoBoactsom B. B. Ajekce-
eBa 1 M. fI. JIsimuna [2] u uMeBIINX HeJbIO epeHecTH BhpalLIBAHUE
KyJAbTYPBEl XJOPeMMb 13 nab0opaTopHbiX YCAOBHII B OTKPHTOE MOpe.

Tax poanncs oreuecrsennniii mpoexr «Buocoasnps, B KOTOPOM o6ocHo- ~ '}

BaHa BOBMOXHOCTb HENPEPHIBHOTO Pa3BeNEHUs MUKPOBOAOPOCelt
B CHenHatpHBIX KOHTEHHEpAX, NJAABAWHX HA TOBEPXHOCTH OTKPH-
Toro Bofoema (puc. 8.10).

KoMIieke BK/OuaeT CHCTEMY CBSI3aHHBIX THOKHMH Tpy6GonpoBo-
AaMH NIABYYUX KOHTEHHEPOB H pasMelleHHOE Ha Gepery WM Ha MOp-
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ckoii maathopme obopynoBanue IJas NepepaboTKH BOJOpocaed H
pereHepamiul TNPOAYKTOB HX pasjoxXeHud. KoHredHepbl, Hrpaioliue
POJb KYJbTHBATOPOB U CBEeTOCOOPIUHKOB, NMPEACTABAAKT cO0OH MJI0-
CKHe STYEHCTHE TOIJIABKH U3 apMHPOBAHHOIO NOJH3THIEHA, OTKPHTHIC
CBepXy AJs AOCTyNa BO3AyXa U COJHEYHOro cBera. KoHTeflHepw Tuo-
KHMHU CHJIOBEIMH 3JeMeHTaMH o0pasyloT Ha NOBEPXHOCTH BOLOEMA NO-
AATAHBYI0 CTPYKTYPY, OTC/AEKMBAIILYI0 BOJHOBbHe Kosaebauns. Tpy-
GonpoBogaMu KOHTeHHEePH CBA3aHH ¢ OTCTOHHHKOM H pereHepaTOPOM.
B orcTofHUK NOCTOAHHO OTKAuHWBaeTCs 4YacTh NPOAYKIIMH GHOCHHTE3a,

th (e, w) {60,

= .

L

- Puc. 8.10. Mpoexr «Buocoasp» {2].

i

1 — KoRTefiHepbl — CBeTOCGOPHHKH; 2 — OTCTOAHHMK; 3 — XpaHHJ/IHIIe
MeTaHa; 4 — METaHTeHK; 5 — BEHTHJb; 6 — HacOChl; 7 — peresepaTop

a u3 pereHepaTopa B KOHTefHePH MNOCTYNAIOT TNHTAaTeJbHBIE Belle-
©TBa — OCTATOK OT aHa3pobHoil mepepaboTku B MeTanrtenke. [lomyua-
eMBii B MeTaHTEHKe OHOras COAEPKHUT MeTaH H YTJIEKHCIBIH ras
B nponopuun npumepno 2:1. IlyreMm RONOJHHTEIBHOTO oforauieHus
37O cMecH MOKHO AOGHTHCSl NOBHIIEHHST COAePkKAHUA B Hell MeraHa
pife] 90 %.

3a cuer MCIOJB30BAHHS TPOAYKTOB NepepaboTKH BOZOPOCHEH A/
yIOOpeHHs! pacTyIMX BOAOPOCIEH CHCTEMA OKa3hBAETCH NPAKTHUCCKH
3aMKHYTOH 10 BceM OGHOTEHHHIM 3J€MEHTaM, KpoMe yriaepona, KHCJI0-
pora n Bomopona. Mx oOmen co cpepoil MPOHCXOAMT Kak uepes OT-
KPHITYI0 TOBCPXHOCTb KOHTGHHEPOB, TaK H 3a CUET JIONOJHATETBHOM
MOANATKH BOMoH M3 BojoeMa. 3akauka cBexell BoAwl ofecneunsaer,
KPOME TOrO, BO3MOXHOCTb DPEryJHPOBAHHS TIABYYECTH KOHTEHHEPOB
8a CueT H3MeEHeHHS YPOBHA SKHAKOCTH B HHX OT HECKOJNbKHX AC A€-
CSITKOB CAHTHMETPOB. DTO [AeT BO3MOXKHOCTH <«IOACTPAHBATB» KOH-
TefiHePHl 0] ONpeneJCHHEIE BETPOBbiE H BOJHOBHE YCI0BHA.

BosHOBBle [BHKCHHS TNOBEPXHOCTH HrpaloT Aas <«buocoaspas
ABOiCTBeHHYI0 poab. C OAHOM CTOPOHBI, CTPYKTYyPa H3 KOHTEHHEPOB
MozkeT OHiTb paspylieHa BoJHEHHEM, ¢ APyroil — 6e3 BOJHECHHS HET
ZOCTATOUHO HMHTEHCHBHOrO NepeMellHBaHusi CPeAbl B KOHTEHHepax.

203



ITosToMy aBTOpPH NpPOEKTa NPEAyCMATPHBAIOT CO3LAHHE B OTKPHTOM
MOpe BOJHO3AIHTHHX COOPYIKeHHH, NOLAHCKHBAIOT ONTHMAJbHEE Pas-
MEpPH KOHTEHHEPOR, H3YyualoT HX MOBeleHHE B BOJHOBOM OaccelHe.
Baxnyo poab Hrpaer u Berep. BrlcTynamoliue Hajg BOAOH YacTH KOH-
Tefinepos OynyT HCHOBITHBATH GOJbIIHE BETPOBHE HATPY3KH, UTO He-
00XOIMMO YYHTHBATL MNpPH NPOEKTHPOBAHHH 3JEMEHTOB CHJIOBOTO
KpenJenus, B KOTOPHX B peaJbHBEIX YCJAOBHSIX OynyT pa3BHBAThCH
CTIOXKHBIE HATIPSIKEHHST,

OuenuBas sddekrusHocts «buocoaspa» aBTopH npoekra moda-
rawoT, uto cymmapuuii KIIJ woMniekca Oyaer me nuxke 6 9%. dro
IPEANOJIOXKeHHe O0CHOBAHO Ha ToM, yTo KII KOHBEpPCHH COJNHEUHOro-
H3/Jy4eHHsi B BOLOPOCAEBHX cHcTeMax cocraBiaser 8 % u 6ausok
K MakcHManbHoMy nas dorocuHrtesa, a KIII npeobpasosanus GHo-
Maccol B MeTaH —He nuxe 80 %. Haxe B cpegHHX wmMporax Takoi
KILJL nospomsier noayuath | T y. T. ¢ maomanu npumepHo 70 M2
Takum obpasoM, ¢ maomans ApagbCKOro MOPS MOMKHO NOJYYHTH HE
MeHee I Mapn. T y. T., a 3to npesumaer 10 9% Bcero ycJaoBHOro Tom-
JuBa, 1OOEITOro yeaoBeyecTBOM B 1975 T.

OuenuBast cToHMOCTh 1poekTa, B. B. AsekceeB noKashBaer, YTo
oas  mpouspoxpctsa 1 mMam. T y. T. (mJoumanb  KOHTEHHEpPOB
70 kmM?)  KanuTajbHBIE 3aTPATH  COCTAaBAT  npuMepHo  100—
150 MyH. py6. npH CpoKe cayXOH KOHCTPyKuuil 10 jger. DTOT BHBOX
NO3BOJSIET CYHTATH, YTO 3aTpaTh Ha <«DBuocoasip» okaxyres npu-
MEPHO TAKHMH K€, KaK H 1IpH no6hiue COOTBETCTBYOUIETO KOJHIECTRA
Hedru. Takxke yTBepiKAaercs, 4TO IO FHEProoTAAYe (OTHOUICHHIO KO-
JqHYeCTBA BEIpa0aTHIBAEMOH IHEPTHH 32 CPOK CJAYKOH K KOJHUECTBY
3HCPrHH, 3aTpayeHHOH nNpH cospanud cucreMbl) «DBuocoasps mnoutn
B 2 pasa npesocxoxuT AIC, AJs KOTOPHX 3Ta BeJHYHHA COCTABJSIET
npumMepHo 13. ,

Hau6osee noxxonsiuii pafion aas pasMelleHHs] HOLOGHBIX BOIO-
pocaepnX $epM — IpHIKBATOpHANbHBE 30HE Tuxoro n Huauiickoro
OK€AHOB C HX BHICOKHMH MOBEPXHOCTHEIMH TeMnepartypamu. Ho nono6-
HHC KOHCTPYKUHH MOIyT NPHMEHSTBCS H B CpeaHell mojoce Hamlef
CTPAHHL, ecaH AJ5 HX o0orpeBa HCHOJAB30BATb H3JHIIKH Temaa ADC
n TOC. B stom cayuae craHius mombocrbio 1| MBT ponoJnuTteasHo
obecneurBaeT HoJyuyeHHe 0Koao 0,5 T y. T., 4TO 1aeT BO3MOKHOCTb
ysemunth ee KIT ne menee yem na 20 % npu Bo3pacTaHHH 3aTpaT
Ha CTPOHTENbCTBO Beero Ha 5—7 % [2]. ‘

«BHoconap» — coueraniie COMHEUHOH SHEPTeTHKH ¢ OKEAHCKOH TeX-
Hosorned. OH Moxker cTaTh 3PPEKTHHIM 3JEMEHTOM CHCTEMB KOM-.
IJIEKCHOTO mpeobpas3oBaHus OKeaHncKoH sueprud. Has srtoro «Biuo-
COJIsiP» MOXKET OniTh OOBEnHHEH C TEMJOBBIMH H BOJHOBHIMH OKeaH-
CKHMH 3JI€KTPOCTAHIHAMH, KOTOPHIE MOTYT MOCTABASITH €My HOMOJHH-
TeJbHbe Ouorennble sjeMeHTH # COp M3 TIiyGHHHBIX CJIOEB BOXLH,
obecreddBaTh 3alUUTYy OT BOJHEHHS, YTO CO3JLACT PEANbHYIO BO3MOXK-
HOCTb pasMelleHHus] ero B OTKPHITOM MOpE.

OcnoBuoe nocromHeTBo «BHocomspa» mo cpapmenmio ¢ ApyrnME
cnoco6aMu npeo6pazoBaHus COJNHEUHOH 3HEPTHH —— OTCYTCTBHE HAa3eM-
HBIX KOHICHTPATOPOB MOCJeAHEe!, NpHueM NPHEMHHKOM H3Jy4YeHHUsE
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CAYXHT caMa BOLHAs MOBEPXHOCTb. Jpyrue HOCTOMHCTBA B TOM, UTO
Takofi cnocob monyueHus TONJIHBA NpaKTHueckH He Tpebyer paspa-
G6OTKH KaKHX-To OCOOHX BHLOB 0GOPYHOBAaHHs: BCe HEOOXOAHMOE AJs
nepepaGOTKH MHKPOBOLOPOCHEH B ras yikKe NpakTHUCCKH BBINYCKAaeTCH
MPOMBIIIEHHOCTEI0. KOHEUHO, TeXHHYECKHe TPYAHOCTH MpH peanHsa-
UHH TAKoro mpoekTta pocraTouHo BeaHKH. Heobxopumo B TeucHHE
Bcero roxa obecmeunBaTh BOLOEM ONTHMAJbHEIM TNOABOAOM TEmJa,
MOAEPKUBATH HA HYXKHOM YPOBHE OCBEIIEHHOCTh, ONPENEJIEeHHHI XH-
MHUYECKHH COCTAB BOLH, IORABJSATE PA3BHTHE HEXKENATEIBHHX KyJb-
Typ, ofecneynBaTh ONPELEJCHHYI0 AHHAMHKY H3BJICUEHHs OHOMACCHE
c TeM, yToOH BOZOPOCAH He yCleBaJdH OTMHPATh H 3arpasHATh BO-
fnoeM H T. n. PepMy TAKOro THIA HOACTEPEraroT H APyrie ONacHOCTH.
Bennka, B 4YaCTHOCTH, BO3MOXKHOCTH HAKONJEHHS B {HOMacce BOXLO-
pociiell HeXKeTaTeJNbHBIX 3JEMEHTOB, HANPHMEp TAKEJIBX MeTaJlJoB,
He TOJBKO H3-3a NPUCYTCTBHSI 3arpsI3HCHHH B BO3AyXe H Boxe BOJO€-
MOB, HO H 3a CyeT IHPKYJASIHH MHKPO3JIEMEHTOB B IOJY3aMKHYTOH
cHcTEME pereHepaiii. JTo, B CBOIO OUEPENb, MOXKET NPHBECTH K reHe-
THUCCKHM H3MEHEHHAM KYJhTHBHPYEMOI MONYJSIIIHH BOLOPOCIeH, pe-
3yJbTAT KOTOPHIX NMpPeACKa3aTh NMOKA He NPEACTABJAAETCSH BO3MOKHBIM.

HauGomee cepne3Hoe NPENnsTCTBHE s CO3LAHHS BOLOPOCAEBHIX
¢epm THna «BHocoaspay B BHICOKHX HINPOTAX — OTCYTCTBHE IOCTOSIH-
HOro B TeyeHHe Toxa COJHEuHoro ob0JyueHHS. BHXOX H3 MOJOXKeHHSA
IOLCKA3HIBAIOT MpejjaraeMbie B HACTOALLEE BPEMsl NMPOEKTH 3HEpre-
THUECKHX CIYTHHKOB, BHIBOLHMBIX Ha reoCTalHOHAPHEIE OPOHTHL. Dy-
Ayud cHAOKeHb KOHIEHTPATOPAMH COJHEUHOH 3HEPTHH H anmapary-
poil nJs mepemaud €€ B €CTECTBEHHOM JHOO npeo6pasoBaHHOM BHIE
Ha NpHEMHEIE CTAHIHH, PA3MEICHHBIC HA MOBEPXHOCTH IJIAHETH, Ta-
KHE CIYTHHKH MOTYT NOCTOSIHHO oOecleuHBaTh onpeneseHHul NPHTOK
JAyudcTOH 3HepPriau. OHEPrHs COJHEYHOTO H3JYyYeHHsi HEPABHOMEPHO
pacmnpeneieHa mo CHEKTPY B AHanas’oHe OT HHppPaKpacCHRIX HacTOT 1O
pentreHoBckKuX. [IpeoGpa3oBhiBaTh B CBEPXBHICOKOUACTOTHOE HBJYy4e-
HHE U TEPeiaBaTh HAa J3eMJI0 B BHIAE PAagHOBOJH, HAHMeHee MOABEp-
KEHHBX oca1abieHuto B aTMocdepe, MOKHO TOCTATOYHO HIMPOKHHA IH-
anasoH B €CTECTBEHHOM CIEKTpe. A UTO €cJH KaKHM-TO 06pasoM BHI-
pesaTh (OTOCHHTETHUCCKYIO YacTh M3 3TOrO QHaNasoHA H B KOHICH-
TPHPOBAHHOM BHIE MOAATH HA MOBEPXHOCTh ¢epMul? B cayuwae mio-
XoH mpospauHocTH aTMochepe MOXKHO 010 OB BCE H3JIyueHHE npe-
o6pasosniBath B CBU-nsmyuenne. Moxuo Owuio Ovl, Hakomelu, 3a-
NyCTHTb U CHeNUAJbHEIl CHYTHHK [/ OCBEILEHHS MOBEPXHOCTH
depvn. O# He OGbl1 Obl CAHLIKOM ZOPOTHM, TaK KaK B HeM OTCYTCT-
BoBaJau OH npeoGpasoBaTeni sHeprud B Oonee «TpaHcnoprabenbHHES
Buasl. Ja u cucreMa npHeMa Obiia OB NPEREIbHO IMPOCTOH: HCMOJbB-
3oBaJach OB ecTecTBEHHAs CHOCOOGHOCTH BOAHOH NOBEPXHOCTH XOPOUIO
MOrIollaTh H3JAydeHHE KaK pas Ha HYXKHBX AJHHAX BoJH. Kpome
TOro, B TAKOH CHCTEME Iepenaudl 3HEPTHH yCTPAHSIIOTCS ONACHOCTH,
CBSI3AHHHE C pacnpocTpaHeHdeM B aTMocdepe AOCTATOUHG IJIOTHBIX
IYYKOB PaLHOBOJIH.

[MpuHuunuaapuas cxeMa ¢GepMbl C HCKYCCTBEHHBIM CIyTHHKOM
nana na puc. 8.11. Takoe ZonosHUTENbHOE COJNHIE MOTJIO OBl co3na-
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BaTh JOCTATOYHO BBICOKHE KOHUEHTPANNH H3/J1yYeHHs HA NOBEPXHOCTH
¢depMbl B TeyeHHe Bcero rofa. HymHO TOJBKO OTMETHTb, YTO CIHIIKOM
BBICOKAs OOJYYEHHOCTb M He Tpebyercs: KpuBas (POTOCHHTETHUYECKON
AKTHBHOCTH MHKPOBOAOPOC/TEH MMERT HACHILEHHE, BHIIE KOTOPOTo HET
CMBICJIa MOBBIWIATH OOGayyeHHOCTb. Ilpm upesmepnoil o6GayuenHocTH
AJI51 NOBHIUICHHUST NPOAYKTHBHOCTH MOXHO OBLIO OB @KTHBHO mHepeMe-
UIHBATL CPeAy, HO, KaK OTMeuaeT Psif aBTOPOB, 3TO CHJBHO YHOpPO-
Kano Obl hepMmy, TOUHee, MOJydeHHe GHOMACCHL.

IpoekTn cospanust Kpynneix GHO3HEpTeTHUECKHX (epM NOKa elue
HAXOAATCA B CTAHH OTPABOTKH TeXHHYeCKHX pemedHi. Mx mpombim-

Puc. 8.11. Cxema wucnosb30BaHMA HCKYCCTBEHHOLO
CNyTHUKA JAJf OCBEIIEHHS MNOBePXHOCTH MOPCKOR
epmbl

JleHHasi peanusauys 3aBHCHT OT OOJbWIOrO 4YHcaa (GaKTOPOB H, B ya-
CTHOCTH, OT TOro, Gyaer .n Hafilen KakoH-HHGYnb Gosee peHTabenb-
HBIH €1oco6 HOTOCHHTETHUECKOTO NPeobpasoBanmst JHEPTHH.

§ 8.6. Buonoruyeckme meroabt nonyvyeHus nondpona

Omue W3 nyTell, KOTOPHM MOXKET MONTH B OyayineM 3HepreTHue-
CKasl GHOTEXHOJIOTHS, — PA3BHTHE METONOB MOMYUEHHS BOAOPOAA C MO-
MOIUBIO JXUBBIX OPraHH3MOB — OaKTepHii U BOAOpPOCHEH — HIH C TO-
MOIIpI0 CyORJIETOUHBIX YACTHIL 9THX OPraHH3MOB. PaboTh B 3TOM Ha-
MpABJEHIN ¥ y HAC B CTPAHE, U 3a pybeXOM BelyTcsl yke Gosee mo-
JyBeEKa.

Fines npouecca Bmmesenns ¢oTopogopoaa sanosxena B caMmoil
IpHpoie (OTOCHHTE3a, HA HAYANBHOM 3Tame KOTOPOTO B  XJOPO-
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IacTax 1oA Bo3AeHcTBHEM cBeTa M NpPH ydyacTuu (EPMEHTOB MPOHC-
xoaur 6HO(GOTONN3 BOAB, HPHIEM noJyyaeMblll HOH BOAOPOJa HCHOJb-
3yeTcsi Aajgee 1Js CHHTe3a YrJIeBOLOPOAOB. Peaknnua 6nOdoTONH3A
HaeT B JBe CTajUU:

2H,0— 4H* 4 4e— 4 Oy;
2 + 4e~ + 2} (8.4)

4H+ 4 4e— — 2H,.

B poJan KarajansaTopoB 3THX PeaKilHil i MepeHOCYHKOB 3JEMEHTOB BBI-
CTynaoT cneldHUecKHe MeTano(epMeHTH, O0belHHEHHbE B 3JeK-
TPOHHO-TPAHCNIOPTHYIO Hiemb (cM. § 8.2). '

B onmrax Ceiibepra (MuHCTHTYT HCCIe[OBAHHS CONHEYHON 3HEp-
run, CIJA) u apyrux [82] 6bl1a n0oKaszaHa BO3MOXKHOCTb IPOH3BOA-
CTBA BOAOPOAA JKHBBHIMHI KJIETKaMH 3eJeHBIX BOROpocaeil ¢ a(pdeKTrs-
HOCTBIO, cocTaBJasiomell He Menee 76 % obmeit adpdekTuBHOCTH POTO-
cauTe3a. IIpu 3TOM OTMEUeHO, UTO HA NMPOM3BOACTBO BOAOPOAA MOKET
6LITh HCINOAb30BaHO Ooaee 10 9% mnaparmomero COJMHEUHOTO H3Jdyde-
HHA — 3HAYUTEJABHO OOJbIE, YeM y COBPEMEHHBIX NOJYIPOBOIAHHKO-
BhIX npeoGpasosateneil, KI1J KoTOpBHIX MOKa He NPEBBIIIAET HECKOJb-
Kux npomentos. Ha npumepe oObiYHOH BOAOPOCTH XJAAMUAOMOHALEE
(Chlamydomonas reinhardtia) GblTo TMOATBepkAEHO, YTO 06pa3oBa-
Hue (GOTOBOAOPOAA H KHUCJAOPOAA HAET B MOJIPHOM OTHOLICHHH 1,92,
6IM3KOM TeOpeTHUECKOMY 3HaueHHI0 2. BbIIo MoKa3aHo, 4To mpolec-
COM MOMKHO AKTHBHO yIpPaBJsiTh, 100aBAAA B Cpeiy PA3MHUHBIC XUMHU-
yecKHue BelleCTBa. DoJiee TOro, 0Kasaldoch BO3MOXKHBIM YIPAaB/IATH
CKOPOCTBIO BhiZedeHHsT (OTOBOAOPOAA C MOMOILBIO BEIUECTB, 3allH-
[MAIOMAX THAPOTEHA3Yy OT COENHHEHHS C KHCAOPOLOM, JHGO YCHJIH-
BAIOWLIX NepeiBIKenne (GpoToaaeKTpoHoB oT 84 1o 174 Moap Ha I mr
BOZOpoOC/IEH B Uac.

Jlng Toro 4yToOBI «3aCTABHThHY KJAETKH BOAOPOCIH HPOAYIHPOBATH
GoTOBOAOPOK, OKA3AMOCh AOCTATOUHBIM ONpeAeNeHHOEe BpEMs BBIACP-
KHUBATh HX B aHA3POOHBIX ycaoBusix. Ha KyabType KJIETOK Obl10 MO~
Ka3aHO, YTO 3aMeTHOE BhiieseHHe (POTOBOAOPOAA HAUHHARTCA Hepes
45 MUH aHa3pOGHOTO COCTOSIHHS, NPHYEM MAKCHMYM NPOH3BOAUTENb-
HOCTH BOLOPOAA AOCTHTaeTcsi yepe3d 3—5 U BBIAEPIKHBAHHA KyJbTYPbI
KJIeTOK 6e3 Kucaopoia. B kiaerkax ke, o6paboTaHHBIX aleTaToM Ha-
Tpusi, BEIGJICHHE BOAOPOAA OTMEYAJOCH YXKe Uepes 10—15 mun aua-
3pofuo3uca, a MAKCHMyM aKTHBHOCTH HACTynaj 4Yepes 2 4. Ha npo-
H3BOAMTENBHOCT KJETOK BJHSIH pa3jHuHbie Oprannueckue cyber-
paThl, NOBBINIAIIHE 9HEPTOOOMEH. .

MuTepecupie pe3y.1bTaThl NMOJYYEHBl IPH 3KCNEPHMEHTANBHOM H3Y-
YeHHH TNpOoLecca OJHOBPEMEHHOro NOJydYeHHs BOAOPOAA H KHCIOPOAA
nyTeM OHO(OTONM3A BOAB, OCYILECTBASEMOTO B AHA9POOHBIX yCJAO-
BHSAX TOH K€ BOLOPOCJBIO B KIOBETE, OCBELIAEMO# JaMIOil HaKa/luBa-
HHfA, AABaBLIEH HHTEHCHBHOCTH obayuenns 125 Br/m? [54]. OGmyue-
HHE KyJbTypH AJUJIOCH 3 4, a MOCJAEAYyIoumas BbiepXKKAa B TeMHOTE —
1 y. CkopocTh o6pasoBanusi H, n O, coxpansiach NpakTHYECKH IMO-
CTOSTHHON B TeueHHe Oogee yeM 100 u u cocramasja AJs BOLOPOAA
npuMepno 2,4-10-% a ansa kucaopopa — 0,6+ 1079 MoJb/u Ha | MI BO-
popocan. BakHo OTMETHTb, yTO Yy BTOPOro MOKOJIEHH: BOJOpOCJIeH,
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BRIPAILICHHOTO M3 ofbecuBeTHBUINXc 3a 100-4acoBoll MUK KJIETOK N
ROCCTAHOBHBIIETO CBOH 3e/IeHbifl uBeT, HabJ104aN0Ch MHOTOKpaTHOE
YBEIHUCHHE CKOPOCTH 00PasoBaHMs BOZOPOAA M KHCJAOPOAA, COCTA-
BusLiell B nepseie 20 u npumepuo 35 u 23-10-9 Moabp/u Ha | MT, a 3a
100-yacoBoit uuka B cpenneM 11,6-10-9 cootercrenno. Ilocie 3Toro
BOZOPOC/IH COXPAHANH CBOX NPOLYIHPYIOIYIO CNOCOGHOCTL B TeueHHe
eie 140 u Ha ypoBHe, npeBHIUAIIEM NPOH3BOLUTENBHOCTE nepBoro
noxonenust B 100-uacopom nuksae npumepno na 30 9%.

Hcrnone3oBath xHBY10 KJeTKy A4S MOJYUEHIHsS ¢doroBogopoaa npu
M3MCHEHHHI BHEUIHMX yCJOBHE 3aMaHYHBO, HO HE MeHee HHTEPECHO A0-
NOJHHTE (OTOCHHTE3UPYIOUHA MEXAaHH3M DACTEHHS aNmapaToM, HC-
NOJAB3YIOIIMM  4YacTb 3HEPrHH (OTOCHHTE3a C TeM, 4ToOBl pacTeHHe
MOTJIO HOPMAJIbHO CYIIRCTBOBATH, NPOU3BOAST OLHOBPEMEHHO Tpebye-
MbIH SHEpPTOHOCHTeNb. lnes Takoro HampaBAeHHOTO H3MEHEHHS MOA-
CKa3aHa caMOH NPUPOROH: y psiza pacTeHHil MOx BO3LEHCTBHEM CEK-
PETOB, BBHINCJSCMBIX HACEKOMBIMH, HJIH NOJ BO3neficTBUeM OGakrepuit
NPOHCXOANT BHAOH3MEHEHHE TKaHeH Hm o0pasyioTcs B3AyTHS — TaK Ha-
SBIBACMBIC TAJJIB, B KOTOPBEIX MOCEJAOTCS OPTaHU3Mbi—TaJJ006pas0-
BaTequ. B raanax npomcXomHT mpomecc M3MEHEHHS NPHPOLH TKaHef,
H mporecc GOTOCHHTE3a KaK Obl MOBOPAYMBAET BCHATh: 06Pa30BaHHBIE
ONHOH YaCThIO PACTEHHSI YIJIEBOAR 3AeCh PA3JIaraiorTcs ¢ BHACICHHEM
HY2KHBEIX OpTaHH3MaM-apa3uTaM BOAOPOAA WJH MeTaHa. DTOT mpo-.
I€cc onmuchiBaeTcsl cjaenaywiuM obpasom (cM., HanpuMmep, [6])

nH,0 + CO, B2 12 (CH.0) 1 -+ 10O, (dpoTocunTes)

(CH0) n 4 nH,0 Depmentst | nCO; + 2nH, (pasnoxenne)
2H20 - 2H2 + 02 *

(8.5)

Ha crapgun pasmoxenusi Katanns Moxer ocyllecTBAsIThCS KAK B ca-
MO# KJIeTKe, Tak H Gakrepuamu. Hampumep, mas 6060BhIxX Xapakrep-
HBIM razioo6pasoBaTeseM CJIyKHT GakTepus pusobuym (Phizobium).
Ilogcunrtano, uTo nJaHTAlHH COEBLX OOGOR 3a cuer AEATETBHOCTH
3TOH GaKTepuH BHACITIOT B aTMOC(EPY €3KErogHO 0KOJa0 30 Mapa. m®
Bogopona. A 310 akBuBajenTHO npuMepno 0,2 % Bcei sHepruH, mo-
TpebaseMoil B Hactosimee speMst CIIA. Komeuno, co6paTh Takoil Bo-
AOPOA He NPEACTABASETCS BO3MOXKHBIM, HO TOYEMY OBl HE CO34ATh
pacTenne, B rajjaax KOTOPOTO NPOHCXOAMJO Obl HHTCHCHBHOE €ro oG- -
pasoBanue B KOJHYECTBE, AOCTATOUHOM MJIs MPOMBIIJIEHHOTO HCIOJb- *
30BaHuA? .
M B stoM wHampasgenun paGoTH BeayTCS B HCCJAENOBATENbCKHX .
ueHTpax Mupa. B MexayHapoaHoM WHCTHTYTE NPHKJIALHOLO CHCTEM- |
HOTO anamusa (JlakcenOypr, Ascrpus)*, nampumep, U. Mapxertu
paoraer mal CcO3laHHEM <BOAOPOAHOTO AEPeBa», B KOTOPOM 1Ipo-
LCCChl, ONHCAHHBIC BHIIIC, MPOHCXOAMAH Obl IO CXeMe, NPHBELCHHOI
Ha puc. 8.12. JluctBa «BogOpPOAHOrO mepeBa» NOJKHA, KAK H y 00Hu-
HOTO AepeBa, CIYKHUTb €CTECTBEHHBIM KOJJIEKTOPOM COJHEYHOTO H3Jy-

* Kypoep JOHECKO, 1981, Ne 3, ¢, 31.
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qeHHs, a NPOM3BENCHHB B rajse BOZOPOA, OTBeAeHHH o TpybGam
B XpAHHIMIIE, CTAHET €ro npoAykuued. EcTh BroaHe 0G0OCHOBAHHDBIE
HAJEKAB, UTO COBPEMEHHBIE METOABl TE€HHOH HHXKCHEPHH TIO3BOJAT
JeHCTBHTENBHO CO3JATh NMOROGHOE AEPeBO, TeM Oosee, YTO B MPHPOAE
cyilecTByloT anagord. Kak Takoe AepeBo OyieT pasMHOXKAThCd, Kak
GyleT OTHOCHTHCSI K H3MEHEHHIO NOTOLHBIX YCJIOBHH, K 3arps3HCHHAM
B cpefle, KaK OyaeT NMPOTHBOCTOSITH BPEIMTEJSIM —Ha 3TH H Apyrue
BONPOCH ellle npeAcTonT oTeerHTh. OHAKO yxe celiyac MOXKHO CKa-
3aTh, UTO 3a NpHOGpPETEHHEe HOBBIX CBOMCTE MHOTAA NPHXOAMTCHA pac-

C0; hy 0,
N YA

(ucm(C0,2H,0-(00H;)+0y] )

—— ——

[~ - ~
COH, + Ha0 -

C0;+2H, }-> .

Puc. 8.12. «<Bonopoanoe aepeso» Y. MapkerTH

MIAYMBATBCS YTPATOl CTAPHIX, YACTO KH3HEHHO BakHbiX. Kakosa Gy-
ZleT HeHa «BOJOPOLHOTO AepeBa» MOKa HUKTO HE MOXKET CKas3aTb.

" Fime oAuMH NyTb OHOTEXHOJOTHH B 3HEPreTHKE — CO3JlaHHE HCKYyC-
CTBCHHEIX OHOJOTHUCCKMX CHCTEM AJS NMOJY4YEHHs] BOLOPOAAa H KHCJIO-
poxa min (GOTOCHHTE3HPYIOIIMX BEUIECTB, 3anacawlluxX B TOH HIH
uHOll  opMe cosHeuHyIo aHepruio. 3xech padora Takxke Beaercs Mo
HeCKOJBKHUM HampaBaeHHAM. OTMeTHM TOJBKO ABa H3 HHX —— CO3MaHHE
HCKYCCTBEHHBIX CHCTEM Ha OCHOBE «AeTajed» JKEBBIX KJACTOK H CO3.a-
HHE CHCTEM, HMHTHPYIOIIHWX IeATeJbHOCTh KJIETOK, Ha OCHOBE XHMH-
4yeCKHX BEIILECTB.

B nepsom Bapuante (puc. 8.13) wucnoapsyercs (OTOCHHTESH-
pyrouias CTpyKTypa, aHajoruynasi $GoTOpeaKIHOHHOMY UEHTPY OC-11
(cM. puc. 8.3), NpOAYyKIHS KOTOPOH — COeLHHEHHE BOLOPOAA C KAKHM-
To GHOTPAHCIOPTUPYIOIMM BELECTBOM — nonaercsi B o0beM, 3a-
HSTHH KaTaau3aTopoM. B artom o0beMe BOAZOPOA M BHIACHACTCH. Bo
BTOPOM BapHaHTe HMHTHpyeTcsi pabora yxxe OOOHX peaKUHOHHBIX
1eHTpoB. 3a cyer HCKYCCTBEHHOrO PpasjesieHHs MPOUECCOB Pa3JIOKE-

14 3akas Ne 402 209




HHs BOAM M BBHIICJEHHs BOJOPOLAa B TAKHX CHCTEMAaX OKA3LIBAETCH
BOSMOMKHLIM CHH3HTb HHTEHCHBHOCTb OODATHBHIX PeakUHil H YBeJHUHTH
BHIXOZ BOAOPOJAA.

D iy

Puc. 8.13. Mpuuumn ycrpoitcrsa HUCKYCCTBEHHO (oTobGuHo-

JOTHUYECKOil cucTemb! [6]: ¢ — ¢ ucnoONb30BaHMEM KaTalin3a-

TOpa; 6 -—C HCNONb30BAHHEM NBYX (DOTOGHOJOrHYECKHX
HeHTPOB

Ilpumep KOHCTpyKUHH €KHBOTO TeHepaTopa» 10 BTOPOMY BapH-
aHTy naH Ha puc. 8.14. B npoTHBONOJOKHOCTD yerpolceTsy dhoTtocHu-
TETHYECKOH CHCTEMBLI CHHE-3eJeHbIX BOZOpOC/ell peakUHOHHBIH LeHTp
@C-1 BMecTe co cnocoGHOB K PEBEPCHU rHAPOreHa30H MOMEIeH 371eCh
1o oamy cropony mem6paunm, a @C-11 ¢ BOAOPACTBOPUMbBIM GelKoM —'
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< =
N = [ 4 e
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) 4
Puc, 8.14. KoHcTpykuus «xuBOFO re- Puc. 8.15. Pusuveckue pas-
Heparopa Bopopona» [74] Mephl  «XKUBOro0 reHepaTopa

BojOpona» [74].

I, 5 — samurHble aHOPyYIHOHHHE

MeMOpaHbl; 2, 4 — POTOCHHTEIH-

pywomue memOpansl: 3 — Gappep-
Hadg Mem6pana

no apyryio. Poib GapbepHoil MeMGpanb ‘CBOANTCH K npeloTBpamie-
HHI0O 00paTHOro0 BOCCOeMHEHHS mosekyl Hy n O, (Mem6pana «npos-
pauynHa» TONBKO AJAS HOHOB BOAOPOZA H 3JIEKTPOHOB, MEPEHOCHMHIX
B Hell ABYMSI PasMduHHIMH nepenocuynkaMu C u [, Kak 6w <BMOHTH-
poBaHHBIMI> B Hee).

O pasmepax Takoro reHeparopa paet mpeAcTaBienue puc. 8.15.
Fenepatop suimosuen us Habopa MemOpaH pasnofi TOJHHB H npH-
POAEL. BepxHssi u HEXKHAA — 3aUIUTHDBIE meMOpansl. Mosekyasl Boxo-
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poaa u Kucaopoaa ZHGGYHAHEPYIOT Yepe3 3TH MeMGpaHbl B OQHOM Ha-
mpaBJeHHH, a nurawnas GOTOUeHTPH BOJA C PACTBOPEHHHIMH B Hel
HeOOXOAUMBIMH IIHTATEJbLHLIMH BellleCTBAMH — B ApyroM. QorocuHTe-
THYeCKHe MeMOpaHHW COCTOSIT M3 NJOTHO YIAKOBAHHBIX MY3BIPHKOB
nuamerpoM 60 uM, sanumariqux npuMepuo 70 % o6bema memOpaH.
Kaxasll nysbipek comep:xur okono 5000 MoJaeKys nurmeHra W IpH-
Mepho 50 peakiuoHHbx ueHtpoB. Mem6pana B nyswipekax ©C-1 co-
AEePHKHT NHTMEHT OT 3edeHbix 0axrepu#, B nmysupbkax ®C-II zakmawo-
YeH MUTMEHT CHHe-3eJeHBIX MOpCKHX Bojopocaell. Tommuuna dorocun-
TeTHyeCKHX MemOpan BHOGpaHa Ttak, 4roOb B HHX NOJHOCTBIO TOTJAO-
WAAHCh KBAaHTH COJHEYHONO CBETA C COOTBETCTBYIOIIeH  AJIHHON
BOJIHEL

BapbvepHas wMemOpaHa 1o [OPeANOJOXKEHHIO  HCCIAeROBaTeded
JIOJKHA HMeTh ToJwuHy He Gosee 10—20 um. Jdas usrorosaenus Ta-
Koli MemOpann Tpebyercss noJnmMepHHi MaTepuaJa, obaananoiui upes-
BbHIUallHO HH3KOH <«NpO3pavyHOCTBIO® AJIS BOAOPOAA M KHUCAOpPOAA.
B kauecTBe mnepeHOCUHMKOB 3JEKTPOHOB BHYTPH MeMOpaHbLI MOXKET
OLITL  HCOOJb30BAH  AUMETHJAOEH30XHHOH, a TMIPOTOHOB-— AHHUTPO-
denoa. TeoperHueckH CKOpPOCTb IMepeHOCA 3apsia 3JeKTPOHAMH H
fIpoToHaMu yepe3 OapbepHyio MeMOpaHy OyAeT COCTABJASATL NPHMEPHO
10-2 Ka/(cm2-¢). Taxas ckopocTb ofecneudBaer MakKCHMAJbHYIO BO3-
MOJKHYIO BHPaGOTKY BOAOPORA, OTpaHHUHBAsl NPOH3BOAHTENLHOCTD -
TeHepaTopa. :

M. Oucconom u K. Bepuwrrefinom [74] paccunrann xapakre-
PHCTHKH BOJOPOAHOTO TeHepartopa aJad ocBeinenHoctd 740 Br/m?
B npeanonoxenuu o 10 %-HoM npeobpasoBanuu 3Heprun. Tax Kak
aJs ocBOGORIenHg 1 MoJs BoAopona u3 BOAH Tpebyercs 237 kI,
TO CKOPOCTb ero mnoJydeHHsi AOJMxHA OblTh 31,2 HMOJb/cM?/c HIH
0,7 mm®/cM?/c. CROpOCTb NPOH3BOACTBA KHCJAOPOAA COOTBETCTBEHHO
B8 2 pasa MeHblle. ABTOPH MpPeANOJAranT, uTo yAacTCs A0BeCTH Nap-
HHanpHOe AaBjeHHe BOAOPoAa B renepartope fo 10* Ila um BhHnyckaTth
fIpu aTOM KHCJOpoX B arMocgepy, The ero napluadbHOoe JdaBjeHHE
cocrasaser 9-10° [Ta. Ouu o6emarr, 4yTo uyepe3 5—I10 JeT axTHB-
HBIX HCCAeAOBAHHUI MOXHO DAcCUMTRIBATH HA CO34AHHE ACHCTBYIOIIETO
COJIHEUHO-BOJOPOAHOrO TeHepaTopa.

B cHcTemMax, HMHTHPYIOIIHX MPOHECCH 6HO(OTONH3A KHBHX KJe-
TOK, AJS Pa3joxKeHHs BOAbl HCNOAB3YIOTCH pa3HuHEE OpraHnyeckHe
U HeoPTaHHYecKHe KaTaJu3aTopbl. Moxer, HanpuMep, OHTb NpUMEHEH
xjaopouan, moayyaeMblil u3 3edeHHIX Bojopocaell aubo myTeM CHH-
Te3a. Yxe ecTb CooOuleHHS O pe3yabTaTax HCCIeNOBaHHH, OAIOUIHX
BO3MOXHOCTb B NEPCIEKTHBE NOJYyYaTh HCKYCCTBEHHBI» XJ0pOdHUILI
€O CKOPOCTBIO, MpEBHIMIAIOIIEH CKOPOCTH 3TOTO Mpouecca B NPHPOA-
HbIX CHCTeMax,

14* : ' el



§ 8.7. BapmaHnTbl 3HepreTH4eckux GuoTexHonorMi

JKiBble OpPraHH3MBEl MOTYT HENOCPENCTBEHHO BHpabaThiBaTh 3JCK-
“Tposnepruto. O6patumMcs K GoToCHHTE3Y, NIPEACTABUB €T0 KaK mpouece

nepeHoca 3JeKTpUuecKoro sapsaga. B dorocuHTesupyomem anmapare
KJeTKH 1noA JeficTBHeM 0OJyueHHA HENPEPHBHO reHepupyerca ¢o-
TOTOK, a y4YaCTBYWOIIHE B 3TOM Inpoluecce OHOIJEMEHTH HIPAOT POJb
«9JIEKTPOHHOTO Hacocas, copepuiaoniero paboTy HPOTHB CHJA TEpMO-
NUHAMHYECKOTO TOTEHIIHA/Ja OT MOJEKyJbl BOABL K COEILUHEHHM,
OJH3KUM MO 3JEKTPOXHMHUYECKOMY TOTEHIHAJY K BOAOPOLHOMY
snektpony [6]. DTo m03BOMMAO CO3AATH TOMJIHBHEIE 3JEMEHTH, B KO-
TOPBIX XHMHUECKAfl SHEPTHSA OPraHuuYecKHX H JRayKe HEKOTOPHIX HEOP-
TaHUYeCKHX BellecTB npeobpasyercs B 3JEKTPUUECKYID C MOMOIbKIY
COPOHPOBAHHEIX TPOTHBOTONOMKHEIX OKHCASIOIHAX U BOCCTAHABJHBA-
IOIHX (pepMeHTOB aubo Oaktepufl WJIH MHKPOBOAOPOCHEH, CHHTE3H-
pyromux 3tH depmentel. Hanpumep, paspaboTaHsl OHOIJIEKTPHUECKHE
TOTJIUBHEIC 3JECMEHTH, HA AaHOAE KOTOPHX BOAOPOAOTEHHBIMU GaKTe-
pusiMH BHJAeJsIeTCS BOAOPOA, a HA KATOAEe BOCCTAHABJHBAETCST KHUCJO-
poxn, o6pasoBaHHBIl xJopedanod. HeckKonbko JeT Hasajg NOABHINCH
COOOIIeHHsT O CO3JAAHHH TAKOTO 3JEMeHTa ¢ MOPCKOH BOJAOH B Kaue-
CTBe  3JIEKTDOJHTA, OOCCHRUMBAIOMIEro MJIOTHOCTH ToKa 0,15—
1,25 mA/em? npu uaunpsaxenun 0,8—0,95 B. ITogoGHble 3JeMeHTH
NPeanoaarajoch HCHOJAb30BaTh B KauecTBe HCTOUHUKOB IMHTAHHS AJSA
aBTOHOMHEIX OyeB H MafIkOB, HO, OYEBHAHO, CJIOMKHOCTH, CBSI3AHHLIE
C HEOOXOAUMOCTBIO MOAJACPKHBAThL ONPedeNeHHEE YCAOBHS AJs Cylle-
CTBOBAaHHA M BOZOpociedl, © OakTepHH# OKasaJHCh HENpPEOZOJHMBIMU
Au00 XKHBHE TEHepPaTOPBl NMPOCTO HE CMOLJH BHAEPXKATh KOHKYPEH-
LHIO ¢ NPOBEPEHHBIMH XUMHUUYECKHMH MCTOUHHKAMH.

PaGorbl B 370l 06aactu Beayres yxe 6oaee 20 ner. Tak, Hanpu-
Mep, eme B 1961 r. dpannysckue crneunasucTH onucanH TajbBaHHye-
CKHH 3JIEMEHT C PACTBOPHMBIM AHOAOM M3 MATHHUSI H CTAJbHEIM KaTO-
AOM ¢ MOMELIEHHOH HA HeM KoJouueil 6axtepuii (Desulfoyibrio de-
sulforicans), B KOTOpOM B KauecTBe 3JeKTPOJHTA HCIOJB3YETCS MOP-
CKasl Bojga ¢ R00GaBKO# JaKraTa HAaTpHs AJs nuTauusi Oakrepuii. Ha
aHOLe 3JIeMEHTAa NPOHCXOAMJ NPOLECC BHIAENCHHS B PACTBOP HOHOB
MaTHHS.

Mg — Mg?*+ 4 e, (8.6)

Ha KaTrojae — IIpouecc BOCCTAHOBJICHHUS MOJIeKYyJIBl  BOAB 10 THApO-
KCHJBbHOTO HOHA

9H,0 -+ 2e — 2 (H)* -- 2 (OH)~. (8.7)

OnHoBpeMeHHO Ha KaTOAe WNeJ [ponecc GHOXAMHYECKOro NpeBparie-
HUA Ccyab(aTHBRIX IPynn nojJ Bo3faeHicTBHeM GaKkTepHii

. 8H ++ 2S0O5* — 28~ -+ 4H,0. (8.8)

ITpu stom GakTepuu BHICTYNAJH B POJH NEPEHOCYHKOB 3JEKTPOHOB Ha
BHYTPeHHeM Yy4acTKe 3JeKTPHYeCKOH e .
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Bo3MOXKHO pasMmemienne Kojouwun 6GakTepnit (poaa Hydrodeno-
monas), BOCCTAHABJIHBAIOIIHUX KHCJAOPOA, AOHOPOM KOTOPOTrO CJYKHT
BOAOPOCAb XJAopeana Ha Katoge. s NOAKOPpMKM MHKPOOPTaHH3MOB
B 39JEKTPOJUT BBOAMJIH AONOJHHTEJIbHHE NHTATEJIbHHIEC BeIUECTBA
An60 UCHOJB30BAJH BellecTBa, coAepiKamuecs B MOPCKOH Bome .

B 3Toil Ke 3afiBKe OIHCAH MEXAHH3M pPa6GoTel OHOXHMHUYECKOro
TOMJMBHOTO 3JEMEHTAa ¢ HEpPaCcXOAYECMHMH 3JEKTpojaMHu, MOKPHTHMH
KOJOHHAMH JKHBHX OpranuamoB. Ha anome mnomemanncb OaKTepHH
(Psendomonas), norpebasiomue KHCAOPOA, HA KaTone— CHHe-3ele-
Hasl BOAOPOCb, €ro BhAeadromas. Takum oOpasom, HA KaTope 3Je-
MeHTA HAeT peakuus BoccTaHoBJeHus xucjopopa ao OH-, a na
aHoje — o6pas3oBanve  KHCJIOpOAQ, IOIJOMAKIero  OakTepusaMH:

20H~ — O + H,0 4 2e. (8.9y

Kucnopox mpucyTeTByeT, Takum o6pasoM, H y Karojaa, H y anoja, HO
TOJIBKO ¢ PA3JHYHBHIM NMApUHAJbHEM JABJEHHEM.

Bo3mMoOXHa HAKOHEL, peaJu3ands TAKOro 3JeMeHTa ¢ Hepacxompye-
MBIMH 3JEKTPOJAMM, B KOTOPOM HA HHX IpOTe€Kaan OB pasinyHsle
MHKpPOGHOJOTHUECKHE IPOIeccH. B yacTHOCTH, onHcaH 3J€MeHT, Ha
aHOJe KOTOPOTO OKHCJASIETCs BOAOPOAR, BHAEAAEMHH  BORXOPOAOTEH-
HEIMH GaKTepHAMH, a HA KaTojge BOCCTAHABJIHBAeTcsA KHCJIOPOA, o6pa-
3yeMEi B pe3yJpTaTe KH3HeAEATEALHOCTH BOAOpOc/aei. [1paKkTHYCCKH,.
3TO THI <«KHBOTO» BOAOPOAO-KHCJAOPOAHOTO TOILIHBHOTO — 3JE€MEHTA.
C nmoMOILBI 3JEMEHTOB ONHCAHHOTO KJAacca MOJy4eHBl IJIOTHOCTH TO-
koB B muanazomne 0,15—1,25 mAjem? npu nanpsxenun 0,8—0,95 B.

Hpyroil Bapuaut OHOJOTHYECCKHX 3JEKTPOTCHEPATOPOB — renepa-
TOPH, OCHOBAHHHE HA HCHNOJb30BAHUH (EPMEHTOB, B KOTOPHIX NPOHC-
XOAMT ACTHApPOTeHH3auus yraesomoponoB. Hanpumep, Ha anoze Ta-
KOTO reHepatopa MOXKeT HATH peakuus BHJIA

C4H503 W C4H403 + 2H;
2H —2H" -+ 2e uam (8.10p .
2H -+ 20H™ — 2H,0 -+ 2e,

a Ha KaTrojae —

O, -+ 2H,0 -+ 4e —~ 4OH". (8.11)

Peakuusi IeruAporeHH3alun KaTaJu3HpyeTcs, Hampumep, OGakTe-
pusimp poma Nocardia. O6pasyomuics B pesy/abTaTe BOAOPOJ OKHC-
JseTcsl HA aHoge Jaubo A0 HoHa, JUOO A0 MOJEKYyJdH BOIAH B 3aBHCH-
MocTH oT Beamuunsl pH snextpoanta. O6pasoBaBiiHEcd Ha KaTOAE
CHAPOKCHAbHBEE HOHE MHTPHPYIOT B 3JeKTPOJHTE K aHOAY, Tae Heil-
TpaausyioTcsd. PaGoTaeT 3TOT 3/JE€MEHT TAKXKe [0 MNPHHIHIY TOMNJIHB-
HOrO 3JeMEHTA. B 3TOM HampaB/JeHHH YXe OBLIH MOJyYeHH OOHAle-
JKHBAIOIUE pe3yabTaTH: ecTh cooblleHHe O CO34aHHH CTAaGHIBHOTO:
N1a60paToPHOTO GHONOTHYECKOTO TOIIHBHONO 3JIEMEHTA, CIOCOGHOTO:
paboraTb Mecsumami.

* 3aseka Opanumn Ne 1303200, 1961 r.
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Boo6me xe npoGaeMa NOBHIICHHS CTAGHILHOCTH fuoreneparo-
POB — 04HA U3 HauboJee BAKHBIX HA NMyTU UX cO3paHuda. BuocucreMam
CBOHCTBEHHO CTAPEHHE, CBA3AHHOE C €CTECTBEHHBIM paspylieHneM (ge-
Hatypamiel) 6eJKoB H GuoJOTHUecKuX MeMOpan. BpeMms XH3HH XJ0-
ponaactoB B n1a60paTOPHBEIX YCTAHOBKAX MJHTCS OT HECKOJbKHX 4acOB
N0 HECKOJIbKHX CYTOK. ITOBBRICHTH BpeMsi Xu3HH OHOCHCTEM MOXKHO 3a
CUET HCTIONb3OBAHHA HEMBIX HJAH MOAHGMHIUHPOBAHHHIX KJIETOK MHKpPO-
OpPraHH3MOB, OCTAWINHXCH «PAOOTOCTIOCOOHEIMH» A0 HECKOJbKHX Me-
csineB. CHCTEMa H3 HENOBPEXKACHHEIX MHKPOOPTAHM3MOB HPH COXpPa-
HeHHH OJATONMPUATHBIX YCIOBHH MOKeT CYHIECTBOBATh «BeUHO» 3a
-CYeT TOCTOSIHHOH BO30GHOBISIEMOCTH.

Pa3pa6oTka «xHBEX> 3/€KTPOTeHEPaTOPOB Ha OCHOBE BOJOPOC-
Jiell 1 OaKkTepuil, pPaBHO KaK H CO3lAaHHe NOKOGHLIX NpOH3BOAHTENEH
BOAOPOAA, — OAHA H3 BO3MOXKHEIX aJbTepHATHB HA Oyaymee. [Ipasua,
31eCh HeJb3sl OCONTH Yy¥Ke CYLIeCTBVIOILME B NpHPOAe OHOJOTHYE-
CKHE 2JIEKTPOrEHEPATOPEl — ICHEPHPYIOINHE  JEKTPHUECcKHe  HM-
yJAbCH TKAHH 2JEKTPHYECKHX PHBIO.

HMsBectHo Gosee 300 BHAOB PHO, HMEWIIHX 3JeKTPHUCCKHE —Op-
TaHbl, MO3BOJSANOIIHE HX BJAAAEIbLAM OPHEHTHPOBATHCS B IPOCTpaH-
‘CTBE, OTBICKHBATL MHINlY, 3a4IIHINATLCS OT HAMAjeHHs XHILHHKOB H
‘OTJIYHIATD JKEPTBBHL. DJIEKTPHUECKHE YTOPb W COM, HATNPHMEP, TE€HepH-
PYIOT HMIOYJALCE TOKA 0OK0J0 | A npu Hanpsxkenun 1o 400 B, saek-
TPHYECKHI CKAT — UMIyabcH TOKa 50 A npu manpsbkenun 45—60 B.
Paspsiapl 06BIYHO COCTOAT H3 HECKOABKHX (NOPSIAKA NECATH) HMIYJb-
‘COB LJIHTEABHOCTbIO OT 2 50 4 Mc. DJeKTpHUYecKHii cKaT MOXeT mpo-
H3BOAHTL A0 150 paspsanos B uac.

OcHOBHOH 3/1€MeHT 3JeKTPHYCCKHX OPraHH3MOB TaKHX PHIG — Bi-
JOH3MEHEHHAST MYCKYJbHAsl KJETKA, TaK HA3blBaeMas «3JEKTPHUecKasn
niaacTHHkas. IlmacTHHKH «COOPaHBl» B NPH3MBI, NPH3Mbl— B 2JeK-
TPHYCCKHE OPranbl. DJeKTPHUCCKHe yrpu, oburtawinue B pexax MOx-
HOH AMepuKH, Hampumep, HMEIOT OOBEMHCTBIE JEKTPHUCCKHE Op-
TaHel, 3aHuMaiomne 10 4/5 AJHHBL Tesa npu Macce, paBHoOfl xo 1/3
maccol tena (puc. 8.16). B xaxnao# u3 cemuiaecaTH NPHU3M YTPsA co-
Jiepxkarcss 6—10 m1acTHHOK, HX MOBEPXHOCTH NMOKPHTHE — COCOYKAMH,
K MJIACTHHKAM MOAXOAHT MHOXKECTBO HEPBHBIX OKOHUAHHH.

ITosiBsienne pasHOCTH MOTEHIHAJOB HA NPOTHBOTIONOMKHEIX CTOPO-
Hax MJIACTHHKH OOBSCHSETCA H3MEHEHHEM COMEP:KAHHS HOHOB KaJHs
3a cueT HU3MEHCHHA MPOHHIACMOCTH AJS HHX CTEHOK KJAeTKH mox mefi-
‘CTBHEM HEPBHOrO uMmmyJabca. [IpH sTOoM cHApYXH KJaeTOK npeobaa-
AAIOT MOJIOXKHTENbHEIE, 4 BHYTPH —OTPHuIATe/bHbIE 3apPsabl. BricTpo-
AeHCcTBHE MeXaHH3Md OOpa30BAHHsA 3apsA0B UPE3BEIYAHHO BEJIHKO —
‘THICAYHBIC 10JH CEKyHAB. Beauunna pasHoOCTH NOTEHUHANOB HA OAHY'
TJIACTHHKY pocruraer 150 MB (s1ekTpuueckuii yrops).

Tpyano npencraButb, yTOGbl HMENO CMEICA DPa3BOAHTb 3JEKTPH-
"UeCKHX pPBI6 AJIA MOJYueHHS 3JICKTPOIHEPTHH, HO BIOJHE BEPOSITHO,
‘yTo B OyaylueM MeTOAAaMH, HANpHMep, T€HHOH HHIKEHEPHH MOKHO 6y-
JIeT CO3[4Tb CAMOCTOSATEJNbHO MKHBYIMHH B HCKYCCTBEHHBIX YCJIOBHSIX

* Haxo3 P. aektpuueckne pbi6el.— Hayka u xusub, 1966, Ne 10, c. 60—66.
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3J€KTPUUYECKHil OpraH ¢ AOCTATOYHBIMH AJsl NPaKTHYECKHX leneil na-
paMeTpaMu BHIXOAHOrO TOKA. IToka paGoTel ¢ 3/JCKTPHYCCKUMH PHI-
GamMu He BEIXOZAT 3a paMKi HccilenoBaTeJbcKux. MayuwaroTess ycao-
Busl HX JKH3HH, NPHPOAA, TNOBeaeHueckne peaxuud. Hampumep, ame-
pukanckum HccaepoparegeM @. Mauapuoroii moOKasaHo, uTo TakKne
pHOBl [10AAI0TCS APECCHPOBKE H MOTYT BHIAaBaTh  3JEKTPHUYCCKHE
paspAxs 1o KomManae. Ha OCHOBe NPHHIHIOB 3JEKTPHUECKOH JOKa-
11}, BEPOSTHO NOJAMEUEHHBIX Y 3JCKTPHUECKHX pBIO, yXke CO3MaHBE

Puc. 8.16. daekTpHYECKHA yropb M ero <«3jeKTporeHeparop» (no
P. Raxo03y): a — 3JeKTpHUecKan NJACTHHKA; 6 — cxeMa cocjuHe-
. HHUSA IJACTUHOK.

! — HepBHble OKOHYaHHA; 2 — CIMHHOW MO3r; 3 — IIaBATEJbHBIA TY3BIPb;
4 — [PU3MBl; 5 — 3JeKTPUYECKHEe IJTAaCTHHKH

nopTaTUBHHE H HajJeXHble YCTPOACTBA AJIs CBA3H MeXAy BOAOJIA-
3aMH.. ‘ '

Pacckaz o BO3MOMKHOCTH OGHOJOTHUECKMX OODBEKTOB B 3IHEPreTHKe
Oyaer He TOJOH, €cAH HE OTMETHTh €lle ORHO HX CBOMCTBO, KOTOpOE:
yKe HCIOJb3yeTcs YeJOBEKOM: CTOCOOHOCTh HAKalJIHBaTh ONpefe-
JCHHBle AJ5 Ka)KAOTo BHIA OPraHH3Ma BellecTBa H3 MOPCKOH cpensl..
B npHpoae cyluecTBYOT OPraHH3Mbl, CIOCOOHBIE HAKaNJIHBATL COEAH--
HeHusa ypaHa (romauBo mas ADC) u Apyrue PpaauOaKTHBHHE 3/€-
MeuTsl, Menoab3oBaHHe KHBRIX OpPTAaHH3MOB — HakKomuTesefi 'ypaHa
B 9HEPreTHKe OueHb 3aMaHUHBO, OCOOEHHO €CJIH YYecTh, YTO 3amachl
5TOrO sJeMeHTa Ha cylle HcroinaTcs, a B | KM® OKeaHCKOfl BOZBI
ero couepxurcs oxKoso 11 1. $ImoHus, HanpHMep, paccunTHBACT
K 1990 r. no6uiBaTh u3 OKeaHckoil Boxbl 3400 T ypana B rox. C 2TO#
eJbio NPOBOASATCS HCCAEAOBAHHS NO Pa3paboTKe METOHOB ancopOuiH
u3 BOAH ypaHa MHKpoOHOH Ouomaccoil. Kpome toro, B SlmoHnu Be-
JYTCS ONBITHL 110 NPUMEHEHHIO XJOPE/JIBl AJsi NPOH3BOACTBA TSKENOH
Bogsl, B CIIJA —pa6orsl no MuxpobHoJornueckofi o6padorke OTXO-
ros ADC [32].
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Muenne 0 TOM, 4TO 3a OHOJNOTHUCCKHMH  MeTOAAMH NOJIyUeHUS
BHEPTHY KakK 32 yacTelo OOIIeH miaHeTapHOH GHOTEXHOJOTHH GOJBLIOe
‘Bynyiee, BOSHHKIO He cAyyailHO: OUeHb BEJHKH 33 MOCJenHee BpeMs
ycnexu, AQOCTUTHYTble Ouogoruei, G6uoduankoft, renerurold. IlosBH-
~JIack HOBAs OTPACJb MPOMBIMIJIEHHOCTH — MHKPOGHOJIOTHICCKAS, MO~
HOCTH KOTOPOH IOCTOSIHHO HapaiuuBaloOTCH, AeJas BO3MOMKHBIM noJay-
IEHHE BCC HOBRIX M HOBBIX BHAOB NPOAYKUMH (CM., HanmpuMmep, paGoTy
[11]). He cayuaitHo HekoTOphle HCCAEROBATENH CUHTAIOT yiKe cie-
AYIOLWHH BEK — BEKOM GHOTEXHOJOTrHH: [0 TeMIAM KAMHTAJOBJONKE-
‘HHH COOTBETCTBYIOIIHE OTPACHH NOJNKHHE OyIyT NPEB3OATH BCE OC-
TaJbHble. BeAb TONBKO HA OCHOBE GHOTEXHOJOTHH MOXHO CO34aTh CH-
'CTEMY, MNOJHOCTBIO  00€CcneyuBaOIly0 NOTPeOHOCTH  YEJOBEUECTBA
B TIHINE, OAeXAe, SHEPTHH M CHIPbE NJs NPOMHLIIeHHOCTH. Hu omxa
H3 COBPEMEHHBEIX TEXHOJOTHH He ofJajgaer TaKHM RHANA30HOM: BO3-
MoxHocTe#l. [lpuuem, yTo OueHb BaxkHO, paGoTaTh Takas cHCTEMa
IPHHIHMIHANBHO MOXeT HCKIIOUHTEJIbHO HA COJMHEYHOH 3HEPTHH, He
'CO31aBast NONOJHUTENBHOH HATPY3KH HAa CPefy HH OTXOZAMM IPOHU3-
BOACTBA, HH N3OBITKOM BHRILEJEHHS Tema.

MupoBoii oKeaH MOeT 3aHATh B 3TOH CHCTEME MECTO NEPBHYHOTO
KOHLIIEHTPATOpa CONHEYHOH 3HEPruy, KakK NPHPOAHAS, NOCTOSIHHO 06-
HOBJAIOIAACSH CPela, KaK 3BEHO B HeNH YrJAepPOAHOro IHKJAA mnja-
HeTel. KakoMmy BHAY OpramnsmMoB GyaeT OTAAHO [OPEANOUTEHHE —
‘TPYAHO cKa3aTb. BroJne BO3MOXKHO, 4TO 3TO GymeT COBEPUIEHHO HO-
BBIE, He cymecTByomue cefiyac B npupone kyaoTypu. Ho B Jm060m
crydae okeaH OyAeT MOCTABIIMKOM GHOMACCH H XPaHHTEJIEM TeHO-
¢onga. MokHO ¢ YBEPEHHOCTBIO TOBOPHTH O CHCTEMAaX MPOH3BOACTBA
bmomacchl B OKeaHe KaK O MOJHOCTHIO YNPABASEMBIX H IPAKTHUECKH
HE TMOABEPKEHHBIX NPHPOAHBIM KaTaK/IH3MaM H HHKAKHM O06pasoM
He yXyhnmialomux GHOJOrHYecKHuX noKasaTegell okeaHa.

Ecin BO3BPaTHTBCS cOGCTBEHHO K 3a1a4aM OKEaHCKOI SHEPTeTUKH -

HAa BO3OOHOB/IAGMEIX pecypcax, TO [OKAa MOXKHO YBEPEHHO TOBOPHTb
‘0 BOSMOXKHOCTAX MPOMBIIIIEHHOTO MOJYYEHHS SHEPTHH H 3HEPTOHO-
CHTEJICH TONBKO B Pe3ysnbTaTe HCIOMb3OBAHHST GHOMACCH KaK CHIPbS

AJIA noayYeHns Guorasa MJIH KHAKHX YraeBoponopos. K coxamenuro,’

TaKOH NYTb HCNOJAb30BAHHSI OHOMACCH NpakTHYECKH He OTJHYaeTCH
OT MyTH, NPCAYCMATDHUBAIOWIETO CXKHUraHue HCKOMAeMOrO TOIJIMBA:

«OHO BCAET K TEM K€ HapYIICHHAM T100aNbHBIX IHKAOB (pacmpepe- .
J€HHs Temaa u yraepoaa— B. K), 4To H HCNOJAb30BaHHE MPOLYKTOB -

npoutoro ¢orocunresa» [11]. Kpome Toro, «ycunenHoe npouspos-
CTBO GHOMACCHI B 3HEPreTHUYECKHX IEJSX KOHKYPHPYeT ¢ NMPOH3BOHCT-
BOM THIH, BOJOKHA, CTPOMTEIbHEIX MAaTepHAJOB... B yciaoBusax or-
PAHHYEHHBIX PECYPCOB CEJIbCKOXO3SHCTBEHHOTO HCIOAL3OBAHHA 3eMeJb

IPHOPHTET HOJKEH ObiTh OTAAH NHINE, NOCKOJIBbKY AJs HEe HeT HHBIX

HCTOYHHKOB, KpoMe GHoMacchl» [11].

Paborel B o6sacTu sHepreTHueckoii GHOTEXHOMOTHH HPOLOIKA-
toresl. M xors, no caosam I'. A. 3apapsuna, nonoGHbI BAPHAHT sHEp-
TeTHKH <«HAXOAMTCH HA TO# K€ CTajMH PasBHTHs HAY4yHOH paspa-
'00TKH, KaK U TePMOsAepHAsS 3HEPTeTHKA», MBI BIPABE OXHAATH OT Hee
B OypyieM 3HAUUTEIbHBIX NPAKTHYECKHX Pe3yJIbTaTOB.

216

T T o PN T O I W T ALY YO S 17 P



Mnaea 9

OKEAHCKASl DHEPTETUMKA ¥ DKONOIrUs

§ 9.1. DxonorMueckmii noaxon

B ciayyae mupokoMacurabHOro pasBUTHS OKeaHCKOH 3HepreTHKH
YeJIOBEUECTBY TPHAETCS HMETh AGJIO C HOBBIM THIOM BO3JEHCTBUS HA
cpeny. [oxanyf, ocHOBHOH OCOOEHHOCTBIO 3TOTO Bo3jaelicTBus Oyner
ero nap6ojee cHJIbHOE NposBaeHue B 06JacTH, GopMupPYOWEd H 10a-
AeprKuBatOILell HA rpaHHue rUApocheps H aTMoctepel T¢ KIHMAaTH-
yecKHe yCJOBHsI, KOTOphle O0ECmeyHBAIOT XU3Hb Ha MJAHETE.

K HOBBIM TOCTOSIHHO H3MeHSIOLIHMCS 110 HATHCKOM TPaJHIHOH-
HOfi 3HEPTreTHKH YCJOBHSM B Cpe/e Hauaydqdlyio npHUCIOCco0aaeMOCTh
L0 CHX NOp MNpOSIBJASA] YeJOBeK — BHHOBHHK MHOTHX 3KOJOTHYCCKHX
HeypsAAHI [ocaeaHero Bpemenu. [lefCTBHTEJbHO, YHCICHHOCTH HACE-
JeHHs TJaHeTH YCTOHUMBO pacTeT, PacTeT CPEeAHAs MPOAOTKHTENb-
HOCTb JKH3HH, NPOROMKACTCA aKceJaepanus, KOTOPYlo HEKOTOpble HC-
CJCJOBATEAH OTHOCAT 3a CUET IOBBILICHHsI B aTMOChEpPe cOopepKaHusT
CO,, BHACIAOLIETOCH BCJICACTBHE CHKHIAHHA HCKONMACMOTO TON/IHBA..
HecKOMBKO XyzKe NPHXOAHTCA NPOYHM KHBBIM CYILECTBAM, Hace/1:l0-
MM [JaHETY: CIHCOK JKHBOTHHIX M PACTEHHH, €XErOAHO MONOJHSAI0-
mux Kpachyio KHUTY BHIOB, HAXOASIIMXCS MOA YrpO30H. BHIMHPAHHA,
nocrosiiHo pacrter. Jduarpamma puc. 9.1 noxassiBaeT TECHACHIHIO H3-
MCHEHHST 3HAYCHMS PA3JHUYHBIX NPHUYHH THOENH KHBOTHHIX M pacTe-
HHfi O Mepe yBeJHueHHs MacwTaboB BHEAPDEHHS YE€JOBEKA B NPH--
pogy (mo Mepe pasBuTHs MacuTaGoB XO3SCTBEHHOH J€ATENbHOCTH
yesoBeka). OCHOBHYIO ONAcHOCTb /ST NPHPOABI MPEACTAB/SET HMEHHO:
3arpsisHeHHe CpPeibl, NpuueM B OyaAyIleM OHO MOXKET HMETH eiie Oonee
OLyTHMBIE TIOCAEACTBHUSA. :

Hacrymsenue - 3HEPreTHKH Ha OCHOBE HCKOMaeMoro Tomaxza —Ha
NPHPOAY, XOTSt H ¢ OTOBOPKAMH, HO NMPOAOJKAETCH. Ha xpymueflux
pEKaX MJAHETHl CTPOSITCSH THTAHTCKHE THAPOY3Jbl, COBEPLICHHO HIME-
HSTTOIIMECS YCJIOBHsl OOMTAHHSA HA 3HAYHTEJbHBIX NMPOCTpaHCTBAX, pac-
terT BKJAA B sHepreTukKy ADC ¢ HX THTAHTCKHMH TENJIOBBIMH BbIODO-
_‘caMu M GOJBUINM KOJHUECTBOM PAaLHOAKTHBHBHIX OTXOMOB, TPEOYIOILHX
cnenuaJbHEIX YCJAOBHi MJsi 3aXOpOHEeHHs. B pesyabrare pasBHTHS
TeXHHKH PeaKTOpOB-pa3MHOXHTeJell Ha OHCTPBIX HefITpOHAX, KOJH-
yecTBO OTXOAOB JOJKHO YyMEHBbUIUTbCS MOYTH HA JABa NOPANLKA.
OnbITHO-HPOMBILIEHHBIE  YCTPO#icTBA TAKOro THHA yXKE pa6oraioT H

s
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Yy Hac B CTpaHe, # 33 pyb6exOM, OQHAKO TEXHOJOTHS HX elie He H0Be-
ACHA 1O WIHPOKOMACWTAGHOTO BHEAPEHHS.

Haxe nepexon Ha TAKOH HeHcuepnaemslii HCTOUHHK 9HEPIHuH, Kakx
TEPMOSINCPHBIE PEAKIHH, HE TOJNbKO HE CHHMET 3KOJOrHYECKHX NPOG-
JICM, CBA3AHHBIX CO cOPOCOM B cpely IONOJHHTENLHOTO TemJa, HO i,
BO3MOXKHO, BEI3OBET HOBHI€! ONLIT YEJOBEYECTBA YUHT, YTO HH OJHO
SHEPreTHYCCKOE HOBOBBeAeHHE He obxoausaoch Ge3 ymepba aus
CPEABl, NMPHYEM UYACTO HEe YAABAJOCh Aa)ke NPEACcKa3aTh HAmpPaBJe-
HHE, B KOTOPOM CJI€0BAJO HCKaTh Ipafylide norepd. Besycaosuo,

. Tengenuus
Jo 1900 r. B 1980, B OynyiieM

YHmyToxenue 4%
MHHMBIX 18%
BpeaguTenet 18%
Boipoxienue H 30%
pacTeHuit 26 %
OxoTta l—-—-} 31%
M OTIIOB 52%

3arpsasuenne
OKpYyxalleh 21%
Cpeel

Puc. 9.1. Msmeuenne B pasnuuvpie NepHOAB NPHYMM rubesu pacrteHuii u
KHBOTHBIX

TPH HMCNOJIL3OBAHHH HEOTPAHHYEHHHX pecypcoB sHepruH OyAer Hah-
JeH crmoco6 3amiMTH cpefbl OT neperpesa. PelleHHS NOACKAa3HBaeT
'cama npuposa, cépaceparoinast H36HTOK 3HEPTHH B BHAe HHppaKpac-
HOrO H3Jy4YCHHs] B KOCMOC, HO HA NYTH TEXHHUYECKOTO PEINCHHS 3TOMH
npobseMH eule NpeacTouT paboTarh.

Kaxymasca 2KoJornueckas 4HCTOTA PHEPTETHKH HA BO30GHOBJfe-
MblX OKEAHCKHX HCTOYHHKAX, «AaPOBOfl» XapaKTep 2HEPTHH (38 3HEp-
rHo maatar, no caosam C. Coarepa, Gorl) BO MHOTOM ONpenesHIH
HONYJNSiPHOCTh KOHLENIHH OKEAHCKOA BETBH 3HEPreTHKH, NPHBJIEKJH
¥ HuMm BHHManHe npasurteancTs, IOHECKO. 3Oxosorunueckd uucrof
‘PHEPTHSA ABJISETCS B TOM CMEICJAC, YTO NPH e¢ HCIOJL3OBAHHH AJS Te-
pepadoTki B ApyrHe BHALL HE NPOHCXOAHT BHIACACHHSI B OKPYKAIONIYIO
cpeny #30HITOYHOrO Temjaa CBEPX TOTO, YTO MOCTynaeT B pe3yJbTaTe
{IPHPOAHHX NPOIECCOB B COHM3MEPHMOM II0 BPEMEHH ¢ NMEPHOAOM ACH-
CTBHs npeobpazopaTeeii BPEMEHHOM HHTepBajde. JHepreTHKa HA BO-
B00HOB/IIEMHX pecypcax OKeaHa He 3aTparuBaer 3amacoB HCKOmae-
MOTO TONJHBA, HE JaeT YBeJHUYEHHs B aTMOcdepe KOHIEHTPAIHH
BPEAHBIX XHMHUECKHX BeilleCTB H asposogeil. Oanako npexsapuresp-
HBlE OUEHKH JOIYCTHMOIO BO3JCHCTBHA HA CPEAY NPH HIBSITHH AaxKe
YACTH PHEPTHH NPHPOAHBIX HCTOUHHKOB OBIIH CJOHMNIKOM npUOIHMKEH-
HbIMH. [l OKeaHCKHX HCTOUHHKOB, HANPHMEP, NMePBOHAUYAJNLHO Mpej-
TNOJarajsock, 4TO €CJAH H3DbATAsl HEPrHs He OYAET npeBbHIaTh He-
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CKOJIbKHX MPOICHTOB CYMMAapHOfl, TO HHKAKOrO CEPbE3HOr0 Bpera
¢peje HaHeceHO OHTb He MOXeT. Takasa yBepeHHOCTh POAHJIACH HA OC-
HOBE aHaJH3a eCcTeCTBEHHBIX KoJeOaHHH MOLIHOCTH COOTBETCTBYIO-
LUIHX HOcHTeJeH (roaoBOHl HEcTAGHJABHOCTH CKOPOCTEH OKEAHCKHX Te-
yenuii, o6MeHa 2HeprHed MexXAy OKeaHOM H aTMocthepoi, BapHAIHH
CTOKa pPeK H T.A.). BO3MOXKHOCTb OTKJOHEHHH B XOAE€ €CTECTBEHHHIX
MpPOLECCOB B OKEaHe, BHI3HBAEMBIX IOCTOSHHBEIM BO37eHCTBHEM NpPe0s-
pazoBaTeJieil, BO3IMOXKHOCTb «00paTHOH CBA3H» BO BHHMAaHHE He NPH-
HHMaJHCh. B TO Xe BpeMS XOPOLIO H3BECTHH NPHPOAHHE (DAKTOPH,
f3MeHeHHe KOJHUYECTBEHHOrO BBIPAXEHHA KOTOPHIX [Aaxke Ha eRHHHIE
NPOIEHTOB MOXKeT 0KasaThcsl narySueiM Auas Ouocteprl. Hanpumep,
H3MEHEHHe cpeiHell TeMmmeparype aTmMochepn Ha 2—4 K moxeT
«I0JIOKHTE Hayajo raybouafiniefi mepecTpoike Bcedl THAPOAHHAMHKH
aTMocdepH, NPHYeM B HanpaBJeHHH, KOTOPOe MBI MOKa HEe MOXeM
yeTKO cebe nmpeacTaBuThy [22].

DKOJOrHUecKHH MOAX0J K OKCaHCKOH JHepreTHKE NpelycMaTpHBAeT
H3yueHHe MEXAHH3MOB BO3AeHCTBHA TeX HJAH HHBIX  TEXHHYECKHX
CPEeACTB HA 2KOCHCTEMHl, ONpeAe/cHHEe KOJHYECTBEHHBIX KPHTEPHER
IJIs1 OLEHKH 3TOro BO3ACHCTBHSA, BhIpAbOTKY HOPM JONYCTHMOTO BO3-
IeHCTBHS H PEKOMEHAAUHH M0 CHHXKEHHIO €r0 YPOBHS, eCaH NOoCJae[-
nHee Heo6xonHMO. B 3TOM cMBIcJ€ OKeaHCKas 3HEPreTHKa He OTJIHYa-
eTcst OT APYTHX BUAOB TEXHOJOTHUECKHX MPOUECCOB.

ITon sxocucTeMOH NMOHHMAaeTCsl COBOKYNMHOCTBH crnenudHyYeckoro ¢u-
3HKO-XHMHUECKOr0 OKpYyXeHHs (6H0oTOMAa) ¢ cOOOLIECTBOM KHBHX Op-
rand3MoB (GHOLEH30M), HACEJSIOMHX AaHHBIX OHoTom [26]. dKocH-
CTeMH — OCHOBHEIE CTPYKTYpHEE €AHHHIB AJs OnHcanus Ouocdepw,
B KOTOPOIl OHH TpPynnHPYOTCs BHOJHE ONPEAeNEeHHHM 00pasoM # A0-
CTATOYHO PETYJASIPHO 10 OTHOUICHHI0 K (H3HYECKHM KOOPIHHATAM.
Macmra6al 5KOCHCTEM PA3JHUYHHBL peyb MOXKET MATH O 3KOCHCTEMaX,
pasMemaonuxcs Ha [JOIAaAH B HeCKOJbKO KBAAPATHHX METPOB IpPH
TOJIIHHE, H3MepsieMOfl B CAHTHMETPaX, H B HECKOJbKO MHJJIHOHOB
KBAAPATHHX KHJOMETPOB NPH TOJIHHE B KuaomeTprl. Takod pasbpoc
MacmTaboOB KAaK pa3 H XapaKTEepeH A/ OKCAHCKHX 3KOCHCTEM (MOXKHO
TOBOPHTb 06 YKPYNHEHHHIX 3KOCHCTEMaX), BK/IOYawomux OoJee Mena-
KHE B KauecTBe COCTABHBIX 3aBUCHMHX H HE3aBHCHMBIX 32JeMEHTOB.
DKocHCTeMBl B MacuiTafax MOpPEH U OKEaHOB OTHOCATCS K MaKpOKO-
cHCTEMAM.

Hns1 u3yueHna BHENIHETOo BO3AefCTBHS B OTAEJLHOH 3IKOCHCTEME
NPHHITO BBEIAEJATH XaPAKTECPHBIA OpraHi3M HJH TPYNNy OPraHu3MOB.
B unenom aas 6Hocheph TAKHM XapaKTE€PHHM OPTaHH3MOM SABJACTCS
cam uvesgoBeK. OcHOBHBe OXxpaHHbie cJayxO0el paloTanoT Kak pas
¢ Ledbl0 TOAACPXKAHHS HOPMAJBHBEIX YCAOBHH XH3HH HMEHHO 3TOI'G
Buaa. IlosToMy npH# OnEHKe BO3ACHCTBHA HA NPHPOAHYIO cpely OKe-
AHCKHX 3PHEpPreTHUecKUX OODBEKTOB HMeET CMBICJ BRIACIHTL B OTAEIb-
HBle TPYNIHE (AKTOPH, BJAHSIONIHE HA YEJIOBEKAa H ero OHOTON, H (ak-
TOpPH, OKa3SHBAwINHE  BO3ACHCTBHE Ha MpPOYHe  XapakTepHbe
sKocHcreMbl. Takofi moaxon npumuaT, Hanpumep, A. Moyaom u
B. Yuapamcom [72], BHAEJHBLIUMH TPH KaTeropui, Tpebyrolne oco-
60ro BHHMAHHS B IJ1aHe OXPaHH cpefbl dejgoBeKa: COOGCTBEHHO 4eJIO-
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BEK, €ro 340poBbe H 0e30NaCHOCTh; BO3MEHCTBHE HA 5KOJOTHYECKHe 4

CHCTEMbl M KOCBEHHO Ha YeJIOBEKAa; BO3IEHCTBHE Ha BOCIPHSATHE Yelio-
BeKa. [liisi NOJMHOTBI KapTHHBI CJAefyeT, BEPOSITHO, AOOGABHTb BO3JEH-
CTBHA, OIPAHHYMBAIOIIME NPHUBLIYHLIE BHIB [EATEJLHOCTH 4esJ0BEKa,
¥ OUEHHTH NOTEeHUHAaJbHble BOSMOXKHOCTH MOJOKHTENLHOIO BAUSHUS,
KOTOpOe 3HEepreTHYeCKHe OODBEKTHl MOTYT NPHUBHECTH B HPUPOAHLIE
TIPOIECCHI,

OueBuaHO, 4TO BO3AefiCTBHE Ha YEJOBEKA KaK Ha GHOJOFHYECKHIT
BHJ HJAET HE TOJNBKO yepe3 M3MEHeHUs B cpele (B TOM 4YHCIE U KJH-
MaTHYeCKHe) W B NHIE, HO Yepe3 H3MEHEHHs B POJAe AeATeJbHOCTH,
B YCJIOBUAX TPyda ¥ OTABIXA, B OOIIECTBEHHLIX OTHOIIeHHAX. [locien-
Hee BpeMsi OO/bIIOe BHUMAaHHWE VAEJSeTcs ICTETHUeCcKoH CTOpPOHe
2KM3HY, Da3BHTHIO HHIYCTPHM OTAbBIXA KaK HENPEMEHHOH COCTAaBJSIO-
el obecrneyeHNs NPOM3BOAUTENbHOCTH TPyZAa W T.1. B oTHoIIeHuHu
YeJIOBEKA KAk 3JeMeHTAa 3KOCHCTeMBl OHEHKH, TakuM o6pasom,
JIOJIKHB BEIXOJIHMTH 32 PaMKH TOJBKO OHOJOTHYECKHX XapaKTePHCTHK.
PassuTue OKeaHCKOH 5HepreTHKH HECOMHEHHO NMpPHUBEJET K YKA3aHHBIM
. M3MeHeHMsM IO KpaliHefl Mmepe /i KakOH-TO YacTH UeJOBEUECTBA.
IlpaBna, mociencTBUs 5TOr0 BO3AeHCTBHS CTAHYT 3aMETHBIMH JMIIb
B OTHAJeHHOH NEepCHeKTHBE, M CYAHTb 00 H3MEHEHHsX B Cpele MPH-
JETCS 110 MeHee MaclTaOHBIM 3KOCHCTEMaM, ueM MaKDPO3KOCHCTeMa
YeJIOBeKa, H [0 JPYTUM XapakKTePHBIM OpraHu3MaM.

BosneficTie Ha 5KOCHCTeMBI OKeaHa €O CTOPOHBI 3HEPTETHUECKHX
‘©00bEKTOB MOJKHO OLEHHTb B paMKax NPeACTABJEHHI O 3arpaA3HEHUH
<peibl. B sToM cayuae nox sarpssHeHHeM CJEIyeT MOHUMAThL HCKYC-
€TBEHHOe H3MeHeHHe JI000r0 KH3HEHHO BAXKHOTO TMapaMerpa cpemsl.
Tlpupona sarpssHeHus Moxer OHTL caMoil PA3JHUHON — (PUIHYECKOIT,
XUMHUYECKOH, OHOJIOTHUEeCKOH. DTO M H3MeHeHHe TeMIepaTyphl, U H3-
MeHeHWe KOHUEHTPALWW DAcTBOPEHHBIX B BOJAE Ta30B HJH BelIECTB,
BIMAOIIMX Ha CONepKaHHe ONpelejeHHbIX Ia30B, HANPHMED KHCJO-
Pol4d, H3MeHeHHe NPO3PAYHOCTH, COJEHOCTH, KOJHYECTBA GHUOTEHHEBIX
BEUIECTB U T. 1.

Kaxjgomy sarpsisHenuio (a B Takoil IIMPOKOIl 1OCTaHOBKe, Bepo-
ATHO, HeOOXOAHMO BHIENATH NEPBUUHBIE W BTOPHUHBIE 3aTPSI3HUTEJH,
TOSBJIEHHE KOTOPHIX — CJe[CTBYE NONAafaHUs B CPeIy NepBHIX) CBOM-
CTBEHHa CBOfA npelenbHo ponycrumas koHneHrpauug (IIIK), #Huxe
KOTODPOII OHO MOXKeT He NPUHUMATbCs Bo BHMMaHue. Jag TakHx 3a-
TPA3HHUTesIeH], HMEIOMUX, KaK NPAaBUJIO, XUMHUECKYIO H GHOJIOTHUECKYIO
NPUPOAY, BAXKHO TOJBKO CAEIHTb 32 CKOPOCTbIO H3MEHEHHS HX COmep-
KaHMAg B Ccpepe ¢ TeM, 4TOOH BOBpeMs HPHHATL HEOOXOAHMBIE MephHl
no npegoTspauleHuio Beixoma 3a npemenast ITJK. Huele kpurepun
TIPEXOAMTCS HCNO/Ib30BATh AJIA OIEHKH 3CTETHUECKOrO 3arpa3HeHus,
KOTOPOE BepPOATHO MOXKHO PaHXKHUPOBaTb 110 BeAHYHHe 3aHATHIX ILIO-
magen, obbeMam, AOCTYHHOCTH HaOawgenus. Takne 3arpssHeHus
OCOOEHHO HENPUATHBI B 30He OTAHIXa, a TAK KakK OKeaHCKoe nofe-
Pexbe yaile BCErO OTHOCHTCHS K TaKMM 30HaM, TO MOHSTHO, 4TO TpPO-
MO3JKHe AOCTYIHble B3MJISAY COOPYXKEHUS B Mope JuO0 BHIOPOIIEH-
Hble Ha Oepel paspyllleHHble COOPYXeHWS Kak pa3 U OVAYT OTHO-
CHTBCH K TAKOMY BUIY 3arpsi3HEHMS.
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Jas okeaHCKHX 3arpsi3HMTesell, Kak BIpodeM ¥ MJs APYTHX, Xa-
pakTepHa BO3MOXKHOCTH IPOfABLEHMS CHHeprusMa (coueTaHne meHcT-
BHUST OTAEJIbHBIX KOMIIOHEHT MOMKeT HPHBECTH K 00Jiee 3HAUUTENLHOMY
3 peKTy, Hexean AeficTBHE Ka)kKIOTO M3 HHX B oraeabHocrd). Ha-
npHMep, ONHOBPEMEHHOE CHHMKEHHE TeMIepaTyphl NOBEPXHOCTHDIX
CJI0eB BOJbHl B TPOINHYECKHX MOPAX M yBeJHUeHHe B HUX KOHLEHTpa-
1M GHOTCHHBIX 3JEMEHTOB 32 CYeT BEIHOCA OXJAXKACHHHIX [yOHH-
HbIX BOJ MOJKET [PHUBECTH K IOBBLILIEHUIO MPOAYKTHBHOCTH 3THX J0CTa-
TOuHO OefHbIX pafioHOB oKeaHa. OJNHAKO B CHJY CJOXKHOCTH B3aMM-
HOTO BJIHSHHSA Pa3/HYHBIX (PAKTOPOB, YTBEPKAATh 3TO KaTETOPHYHO
HeJIb3s. CHPaBeNJIMBOCTh YTBEPKIEHHS  OlNpeNeNseTcs KOHKDPETHbIM
IUana3oHOM eCTeCTBEHHHX ye/ioBHE Guorona. Jpyroil npumep cuHep-
TH3Ma, yKasaHHBIH B paGore ®. Yuapma [91], — onacHOCTb COBMECT-
HOro BO3JeflCTBUS yTeueK XJopa, HCHOJIb3yeMOro B KaueCTBe OHO-
HMIa, ¥ aMMMaka, IPUMEHSEMOro B KauecTBe palbouero resa OT2aC
HJIM BHIpaGaThiBAeMOro Kak 3HEProeMKoCTb. B pesysibrate nx B3a-
HMMOJEHCTBHS B OKDYXKalllell cpefe BO3MOKHO MNOsBJEHHE CTOHKHX
OTPABAAIOIIMX BEINECTB, 0OJee ONACHBIX, ueM KaK[blil M3 peareHTOB
B OTAENbHOCTH.

MoxeT 110KasaTbCs, uTO 3arpsa3HeHHe Muposoro okeama MPOMBIII-
JIeHHBIMH CTOKaMH, VIOODEHUsiMH, MOWIIMMH CPeICTBAMH YXKe [10-
CTHUIJIO TAKOTO yPOBHA, Ha (OHE KOTOPOro MoTeHnHaJsbHble 3arpsasHe-
HHS OT TOJbKO 3apoxjaioiiefics OKeaHCKOH 3HEPreTHkd MOIYT
TI0KA3aTbCs HHUUTOXKHBIMM. DTO He coBceM Tak. Jlesio B TOM, 4TO 3a-
TPSA3HEHHs He pacnpesnefeHbl B o0beMe OKeaHa DAaBHOMEDHO, a NpH-
OJMKEHBl K [E€peHaceJeHHbIM NPOMBIIIIEHHBIM NPHOPEXKHBIM 30HAM,
3CTyapHsAM KPYNHBIX PeK, IPOTEKAIOUINX uepe3 NpOMbILLIeHHbie pail-
©OHBI, KO BHYTpeHHHUM MopsAM. Ha BCIO TOJILY OKeaHCKHX BOJ UM Me-
AT  PACHPOCTPAHSITHCS — ecTecTBeHHble Oappepbl, CO3AaBaeMble
B OKeaHe TPaJMeHTaMH TeMIepaTyphl, TJOTHOCTH, COJEHOCTH, CKO-
poctu [30]. PasBurHe Ke OKeaHCKOH IHEPTeTHKH MpeAyCcMaTpuBaer
KaK pa3 BO3MOMKHOCTb BO3jeHcTBHA Ha 3TH Oapnepel. Kpome TOrO,
BLIHECEHHe HEProGJIOKOB B OTKDHITHIH OKeaH upeBaTo 3arps3HeHHeM
Ha 3HAUWTEJbHOM YaaJeHHH oT nobepeXbd NPOAYKLHeH Mnoc/aeIHUX
B 30HAX, paHee HEIOCTYNHBIX NPAMOMY 3arPA3HEHHIO C CYILIH,

W eute omuu Baxkublil MoMmeHT. B Tex npubpexHbx paioHax, rje
3arps3HeHHE INIPOMBILIIEHHBIMY CTOKAMM IIOKa elle He CKasbiBaercs

~ Ha COCTOSSTHHH 3KOCHCTeM H3-3a aKTUBHOIO paS6aBJIeHI/IH CTOKOB OKe€-

AHCKYMH BOZAMHM, MOCJe YCTAHOBKU MOTJIOTHTesNeil OKeaHCKOH sHep-
THH MOI'YT BO3HHKHYTH HOBble HCKYCCTBEHHble BOAOPA3JeJHl, IPensT-
CTBYIOIIME OTTOKY 3arpa3HeHHbIX Box. IlocnenHee ocoOeHHO KacaeTCs
PasMellieHdsi B npuOpexHbIX Bomax npoTsxeHHbix ceTefi BoaxdC.

§ 9.2. OTOC u okeaHcKas cpepa

OT3C obnapawr HaUOGONBIIMMH «BO3MOKHOCTSMH® B CMBICJIe 3a-
TPA3HEHHs] CPeAb. DTO CBA3aHO H C TeM, UTO MMEHHO H3 3THX CTaH-
nui Moxer OHITh co3maH HauboJsiee KPYIHH{ pa3MellleHHHIH B OTKphHI-
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TOM OKeaHe Napk mpeobpasoBaTesell 3HEPIHH ¢ pa3HoOOpasveM MO-
JyuaeMbiX Ha TAKUX CTAHUMAX MNPOAYKTOB C HH C UeM He CPaBHHUMBIM
BO3JelCTBHEM Ha JHHAMUKyY OKeaHckux Bom. Hedictsuresnsno, OTAC,
paboTaoulas O 3aMKHYTOMY LUKy, XOJKHA nepepabaThiBaTh npu-
mepruo 800 m*/c okeanckux Boj Ha kakaole 100 MBT wMoumocrn.
[Ipu passutuu ceru OTIC cymMapHbil HOXBEM TNYGHHHBLIX BOL MO-
KeT 0Ka3aTbCA 110 Maciitaly cpaBHUMBIM C BO3JeHCTBHEM Ha OKeaH-
CKYIO Ccpefly TaKHX NPHUPOLHBIX SBJIEHHI, KAK €CTeCTBEHHble alBeJJTHHT
BOJIM3H OKeaHCKOTO NMOoGepexbss ¢ Pe3KUM  HapacTaHueM  IJyGHHBI
Jnbo Tponnueckuil yparan. Mssecrno, Hanpumep, uto B pesyspTare
IPOXOXICHNA NOCTEAHETO W3 MOBEPXHOCTHHIX CAOEB OKeaHa OTGHpa-
eTCA TaKoe KOJMUeCTBO 3IHEPTHH, 4TO TeMmuepaTypa [HOBEPXHOCTHHIX
BOJ CHYKAETCsi Ha Tpaayc M 0oJiee M OCTAETCS TOHMKEHHOH B Teue-
HYe HECKOJILKUX aHell [44]. :
YcrofiuuBoe NOHHMKEHHe TeMmmepaTypbl [OBEPXHOCTHHIX  CJI0€B
B TPONHYECKHX MOPSX, KOTOPOE MOMKeT CTaThb CJeICTBHEM IPOLOJIKH-
TeJIbHOI 1epepabOTKH TenJoBOil SHEPrHH, Cepbe3HbiM 00pasoM Io-
BJHAET Ha KJIHMAaT 3a CUET CHMKEHHS MHTEHCHBHOCTH HCHapeHHs.
B 3aBucuMOCTH OT MacmTaGoB H3bATHHA TENJOBOI SHEPTHH H HJI0T-
HocTH pasmentenus OTIC B OkeaHe TaKHe H3MEHEHHSI MOTYT ObITh
KaK JIOKaJlbHBIMH, TakK H ryobadbHbiMu. JIpyro#l BUm HapylIeHHs Tep-
MHUYECKOTO PaBHOBeCHs B cpele, cBssaHHbII ¢ paboroi OTAC, — Bos-
MOJKHOe [epeMellNBaHHe TeNJbiX NOBeDXHOCTHEIX W XOJOAHBIX TJy-
OMHHBIX BOJ, B pe3yJbTaTe KOTOPOTO MOMKET NPOM30HTH HEBHITOAHOE
1 paboTH CTaHUMII yMeHbLICHHe lepenaja TeMmiiepaTyp, PaBHO Kak
H TyOuTeNbHOE IJS TeNnNOJIOOMBEIX (POPM JKHBBIX OPraHH3MOB H3Me-
HeHHe aGcodioTHON TemnepaTyphl. Mecnenys Bapuantel c6poca orpa-
GoTtanHoll xosn01HOH Boxbl GJokomM OTAC momnocts 100 MBT, sron-
CKHe CIeIHaJ/IMCThl, HanpuMep, [OKasasdM, 4YTO TepMHUuecKas HeoxHO-
porHOCTH B OKeaHe OyJZeT MPOCAEXHBATBbCH Ha COTHH METPOB OT
MeCTa BBIyCKa cOpachiBaeMbIX BOJ HECMOTDS Ha 3HAUHTENbHOE re-
peMelBaHue ¢ OKPyXKalolHMMHu BOgaMH. IIpOTsKeHHOCTb KOHTpact-
HOrO uwleiia CHJIBHO 3aBHCHT OT HaJH4MA B 30HE BHIIYCKA TeueHHH
PesysibraThl 3TOr0 amasnusa npusesexsl Ha puc. 9.2. JlaHHBe noay-
UeHBl 1pu TeMmIieparype cOpackiBaembix BoA 11,1°C u okpyxatouef
cpensi 28°C [59]. Ilpu Takom c6poce Boauan OTIAC obpasyercs soHa
CHJIBHOT'O BO3MYIIEHHS THAPOAMHAMHUECKHX M TeNJOBBIX MoJell (3a-
Oop TemsabX BOJ TakikKe NPUBOAHT K BO3MYIUeHHIO nepsuix!). Oxno u3
cpeacTs 60pbOH € TaKMMHM BO3MYIUEHHSAMH — 3aKauMBaHHE OTPaGo-
TAHHBIX BOA MO ¢10H TepMOKJIHHa. Ho 3TO BeposarHo B Kakoii-to cTe-
NeHN ynopoxkaer crpourelbeTBO OTIC U MOKeT mpuBecTH K paspy-
LIEHWIO CaMOr0 TEPMOKJHHA 3a cueT 06Pa3OBaHUS MOIUIHOTO MOTOKa
[IPHCOCAMHEHHON MHIKOCTH BCJAEACTBHE CHJBHOTO nepeMellHBaHHA
cOpachiBaeMbIX BOJ co cpenofi [45]. ]
Cern OTIC moryr crarth, Kak 3TO HH KaMXKeTCs Ha NePBHIl B3I
napanokca/JbHbIM, HCTOUHHKOM YyBeJHUEHHS B aTMocdepe coAepxKa-
HUS YTJEKHCJIOTO Tasa, PACTBOPEHHOTO B TOJINE BOJ M HE Tepelef--
wero 8 (popMy HepaCTBOPHMbLIX KapGoHaToB. B kougencatopax OTAC
COq, KoHIeHTpalMsi KOTOPOTO B IAyOMHHBIX BOZAX TPHMEPHO Ha
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25 9% BHINe, YeM B MOBEDXHOCTHHX, M3-3a HarpeBaHHMsS H CHHXEHUSH
IaBJeHHs OyIeT BHIeNATHCS W momajaTth B atMocdepy. OcoGenno
HHTEHCHBHO 9TOT MPOLECC MOXET HATH B TEIIOOOMEHHUKAxX CTaHUUH
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Puc. 9.2. Tapamerpbl nOTOKA BOAbI, cOpacbiBaeMoil OT3C mowHo-
ctoio 100 MBrt [59]: ¢ — m3oTepmb (HayasnbHas TeMmepatypa BOABI
11°C, temnepatypa B okpykaioweii cpene 28°C); 6 — H30KOHUEH-
Tpathl, XapakTepusyiolHe cTeneHb pasbaBaenns cOpachiBaeMbiX BOX

OTKPBITOTO I¥KJa, B KOTODHIX B KauecTBe pafouero Tesa HCTIOMB3Y-
‘eTCs MOpCKasi BOfa, 4 OXJaXKJeHHe BOJSHOTO napa JOCTHraercs my-
‘TeM pa3GpBHISTHBAHUS XOJONHOH BOAH B arMocdepe 0TpabOTAHHOTQ
napa. TakHe cTaHIHH MOTYT HaTh Buopoc CO,, sksuBastenTubii 30 %
sei6poca TAC ¢ pasuoit OTAC momuoctbio  [64]. D1a  «BOSMOXK-
HOCTb» TpeOyeT ellle AETAJbHOTO H3YUeHHs, Tak

kak npouecc pacrsoperus COg B MOPCKOH Bofe — 70%,% ,
JZOCTATOYHO CJIOXKHAsi, MHOT03TalHag peaklus, N
B pesysabtarTe Koropoii kpome CO; B BOIe NpH- a0
CyTCTBYIOT yroJbuas kucaora HyCOjs, ruapoxap- 50 /
Gouarusifl HC3 u kapGonarusiii COy HoHH. OTHO- ( )

40

CDZ+H2C03

20 -
, £0;
Puc. 9.3. 3aBUCMMOCTb KOHLEHTpALMM KOMMOHEHTOB yrJe- 0 .

POAHOro uMK/ia B okeaHe oT Beamunnnl pH a0 70 60 pH

CHTeJbHHIE KOHIEHTPALUMH 3THX KOMIIOHEHTOB 3aBHCAT OT KOHICHTpA-
LHH MOHOB Bomopoma H*, T. e. or Beauuunsl pH BOZEL CBSI3aHHOM, -
B CBOIO OUEPE/b, C COJNEHOCTBIO W TemiepaTypoll. s MOpCKoH BOLB
npnu cosexoctTy 35 %o HOpMaJbHEIM cunTaercs usmenenue pH B mperne-
aax 7,8—8,2. Ilpu HopMaabioM DPH pacTBOpeHHHIl B BOAe YI/I€pOX
npeGuiBaeT B (Gopme ruapOKapOOHATHOIO HOHA HCO B COOTHOIIIEHHH,
mtocrpupyemMom puc. 9.3. Beanuuna pH-— ocHoBHast B XUMHH BOJBI.
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Cam mexanusMm obmena CO, aTMocdepbl ¢ OKeaHOM eIie He H3yueH
HACTOJIBKO, UTOOB C YBEDEHHOCTBIO CKa3aTb O XoJe IPOLIECCOB ero
obpatHoro nocryniaenus B atmochepy. Ha nytH, manpumep, npsMoro
suijiesienus COy cTOUT Gapbep, NOAEPKUBAEMbBIH 10CTATOMHO BBICOKOH
BEJMUHHON CKOPOCTH PeaKHuy MeXKAY BOLOIl U 3THM rasom ¢ o8pas3osa-
HUeM yrosibHOH KHCJIOTBI.

Posb usmenenyist comepxauust COp B aTMocdepe, CBA3aHHOIQ CO
CXKWraHHeM HCKONAeMOro TomJausa, B Oynyiied KaMMaTHUeCKOll cuTya-
UMW elge OfHO3HAUHO He phiscHexa. CymlecTsyioT asa mHenus. OpHO
U3 HHX yTBepkjaeT, uTo mHoBbileHHe koHueHTpamuu CO, us-3a nap-
HuKoBoro sd¢exra (usbupaTenpHoe mnordolenue Modexynamu COg
HH(ppPaKpaCHOTo H3JyueHHs B Auanasone 12—I18 mxm, rae cocpenoro-
YeHa 3HaiMTeJbHass YacTh H3OBLITOUHOTO TerJja, IlepeH3JayuaeMoro |
MupoBbiM OKEaHOM B KOCMWUYECKOE TPOCTPAHCTBO) MPUBEAET K MO-
BBIIIEHHIO TEMIEPATYPHI U CEPbe3HbIM KJIUMATHUECKUM HOCHEICTBUSM.
CorsiacHo ApyroMy MHeHHIO, NOBblIeHHe KoHHeHTpaund COg BHI3OBET
HUHTEHCHGHUKALMIO IIPONECCOB KH3HEAEATENbHOCTH B PACTHTENLHOM
MHUpe CYIIU U OKeaHa, KOTOpble CKOMICHCHPYIOT NPUpOCT aTMocdep-
HOTO YTJEKHCAOTO Ta3a, Tak 4TO B KakoH-TO nepHoj BeTaHET paxe
BOIIPOC © €ro HeJocTaTKe. 37eChb MOXKET NPUTOLUTHCH ClIOCOOHOCTH
OT23C orkpeiToro nvkjaa uaTeHcHUnupoBate o6Medn COy rayGHHHBIX
¥ NOBEPXHOCTHHX CJI0eB, 6paTb Ha ce0s TakuM 00pasoM pOJb pery-
agropa obparHoro nocryngenus COp B aTmocdepy. Pesyabratel Hab-
JaiojeHuit 3a coiepxkanvem CO, B atmocdepe, BHINOAHABIINXCS
B TeyeHHe JOCTATOUHO [IJUTeNbHOro BpeMeHH Ha IOxHoM nosioce, no-
Ka3blBAIoOT, YTO OTHOCHTesbHOE KounyecTBO COg ocTalomerocs B aTMo-
chepe, kK obmell ero macce, pbifessgollefics BCJASACTBHE NIPOMBIIIJIEH-
HOIl JeATeJHHOCTH M eCTECTBEHHBIX NPONECCOB (OKeAHCKHH anBeJIIVHT,
BYJIKAHUUECKAS AESTENbHOCTb, JeCHble NoXapbl U T.1.), CYIIECTBEHHO
KosiefjreTcd M3 roja B oM, OTCAEKHBAsS B KaKoH-TO CTeleHW Koje-
6aH¥s NPHPOAHHX (PaKTOPOB, CYMECTBOBABIINX H M0 MOSBJEHHUS .COB-
peMenHOll npoMHIIeHHOCTH [35].

Ha npuMepe BO3MOXKHOCTH peryaupoBaHus comepxatud CO; B art-
moctepe ¢ nomompio ceteii OTIC Mbl BUANM NPHHIHIHAILHYIO BO3-
MOXKHOCTh HOJVHEHUS B OTLAJNEHHOA NEPCHeKTUBE MOJOKUTEILHOrO
BJMAHUSA Ha OHochepy. Menee oTnaseHHON IepcrnekTHBOH KaxeTcs
NPUHIHNIHAAHAA BO3SMOKHOCTE € HOMOIIbIO 3THX ceredl craGHnu3u-
poBaTb sHEpProobMeH oKeaH—aTMocdepa 3a CHET peryJiupoBaHHSA
TeMnepaTypsl noepepxHocTHoro cyos Boxabl. Cern OT2C wmoryr crars
CPeICTBOM. NPeNOTBpallA0IIUM 00pa3oBaHUe TPOMHUECKUX yparawos,
Ha JIMKBHIALUIO DOCJAEACTBHI KOTODBIX €XKETOIHO pACXOLVeTCs N0
3 mupa. post. Ecau conocraBUTh KapTy pacnpefejieHus TeMmiepartyp
B TPONHYeCKHX palloHaX OkeaHa ¢ pailoHaMH o0pasopanus TaldyHoB,
TO OKamKeTCs, 4TO KaK Da3 Te 30HBI, KOTOPBHE paccMaTpUBAIOTCA Kak
MecTa aag pasmemenus OTIAC U ecTb 30HBI HauGoJgee 4aCTOro 3apo-
KICHHS TOCJHEIHHX. DTO NOATBEPIKAAeT Kapra, NpUBeIeHHass Ha
puc. 9.4. MereoposioraMy nomMeueHo, 4TO AJS 3apOKAEHHS KaracT-
poduueckux HNHKJIOHOB 0053aTeJbHEIM YCJIOBHEM CJAYXHT NPOrpeB
NOBePXHOCTHHX BOX x0 26—28°C. Kpynumi#i nmapk OT3C, rapauru-
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pyomuil noxnepkaHue TeMOEPaTyphl B HHUKJIOHOONACHHE nepuoH Ha
TpefyeMOM ypOBHe, MOMKeT CTaThb 3((eKTHBHHIM CPEICTBOM BOPBLOHL
€ 3THMY ABJIEHHSMHU.

o cux mop pedp Ia O BO3AENCTBHY Ha (M3HUECKHe NapaMerphl
OKeaHa M JIMIIb KOCBEHHO NMpPEANoJarajoch, UTo TaKUM 06pasoM uepes
3TH MapaMeTpH HIeT BO3neilcTBHE W Ha 3skocucreMel. Ilpu Hemocpen-
CTBeHHON oueHKe Bo3pnefictBus cerefi OTIC Ha OGHONDPOLYKTHBHOCTD
OKeaHa, ToYHee MPUJEramIIUX K CTAHUUAM pailloHOB oKeaHa, MH
TakK)ke CTajJKHBAeMCs ¢ JABOHCTBEHHOCTBIO curyauud. C ofgHOH crTo-
POHBI, MOABEM OOTATHIX GHOTEHHEIMH COJNAMM TJyOMHHBIX BOJ MOJKeET
CHyXKHUTb (GAKTOPOM INOBLILIEHHA OUONPOAYKTHBHOCTH 3THX B 00-
nmieM-To OGegHbX palioHoB. Ho KpoMme GHOTeHHBIX coJsefl, HCTOUHUKH KO-
TOPHIX OTCYTCTBYIOT B OTKDBITOM OKeaHe, [JIs [OBHIIEHHs! GHONPOAYK-

" THBHOCTH TpebyeTcs eme ¥ KHCJIOPOX, ColepKaHHe KOTOPOTO B 3KBa-
TOPHAJNLHBIX BOLAX 3HAUMTEJBHO HUMXKE, ueM B Bojax 00Je€e BHCOKHX
IIHPOT, I'le KaK Pas W JekaT caMble NPOAYKTHBHHE DafioHb. MoKHO
paccuuTHBATL Ha TO, UTO NOAbeM TJAYOUHHHIX BOJA IO3BOJHUT CHH3UTH
TeMIeparypy MNOBEPXHOCTHHIX BOJX XOTA OBl B KAKHX-TO JOKaJIbHEX
30HaX C OJHOBPEMEHHBIM YBeJHUeHNEM 3a cuYeT NOBHILIEHHS pPacTBO-
PUMOCTH KHCJOpOAa CofepKaHHs mocaenHero. Hanpumep, npu cHu-
KEHUU TeMmIulepaTypbl Ha 2—3° MOMKHO DacCYHTHIBATL Ha IOBBILIEHHE
conepxanus Op He Menee ueM Ha 10 9%, uro NO3BOSIUT CO31ATL HC-
KyCCTBeHHble KOHTPAcTh B Cpeje, OTJHYAlolHecss NOBHILEHHOH mnpo-
AYKRTHUBHOCTBIO. C APYroff CTOPOHH, €O cOPOCOM B CPeAy XOMOAHHX
BOJ CBsi3aHa THOEJb TelONIOOMBBHIX BHAOB C HHU3KOH TePMHUeCKOM
YCTOHUHMBOCTLIO, U3MEHEHHe BHIOBOIO COCTaBa OPraHM3MOB, KOPMOBOM
Gasel u 1. 1. KpoMe Toro, skocucteMa OYIeT MOCTOSHHO HOABEPraThCsl
BO31eACTBHIO OMOLMIOB, NPENATCTBYIOUINX ofpacTaHuio pabouux aJe-
MEHTOB CTaHUHM, BO3IEHCTBHIO Pa3/JMUHHIX DeareHTOB, METaJJOB, Ma-
CeJT ¥ IPYruX NOOOUHBIX BHIGPOCOB.

Bosbllyo onacHOCTh NPeNCTaB/IsIOT YTeUKH pabouux Tel CTaHUHH
< 3aMKHYTHIM OHKJIOM. [lociencrsua Bo3meficTBHs, HaIpHMep, aM-
MHaKa Ha Cpely ellle HeJOoCTaTOYHO M3YueHH. B HeGosbIIMX KOJHUecT-
Bax OH MOXKeT BHCTYNAThb B POJAM OHOreHHOro 2JeMeHTa, YCHJIUBas
poct obpacrareneii. BuGpoc aMMHaka B GoJiblIMX KOJIHMYUECTBAX IpH
aBapHsIX CO3[a€T CEPLE3HYIO YIPO3Y U MODPCKUM OGHTATENSIM H Iepco-
Haay [91].

Cospganve nepBHX KpynHoMaclWITaOHux o0pasuoB OTIC, kak,
BIpOYEM, M JIOOBIX JPYTUX THIOB IpeoOpasoBaTediell, MOJIKHO COMpPO-
BOXJAThCsl HE TOJBKO MPOBePKOfl paboTocmoco6HOCTH 060pYaOBaHMs,
HO W BCECTOPOHHHM HCCJenOBaHHeM BO3[efiCTBHA Ha OKEaHCKYIO
cpeny. IlporpaMMel npoBefeHHs TaKHX KOMIJIEKCHEIX HCCAEL0BaHHUi
yXe paspaboraHH. B purupoBaHHON Bhie paGore ®. Yuabna, Ha-
TIpUMep, oNMcaHa IIpOrpaMMa BCECTOPOHHEr0 H3YUeHHS BO3aelicTBUS
Ha cpeny OTIC, cospanHass 1O 3aLaHUI0 MHHMCTEPCTBA 3HEPreTHKH
CHIA cneunanuctamu yuuepcurera Deprau, Kaandopuus. Ira
mporpaMma IpesycMarpuBaer M3YUeHHe B pailoHe pasMelleHHS OIBIT-
HO#l cTaHuWH H3MeHeHHs (H3NUECKUX IapaMeTpOB OKeaHa, XHMHue-

CKOro 3arpsi3HeHusi, 3Q(eKToB, CBA3aHHLIX ¢ PA3MElIEHUEM B OTKDHI-
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TOM OKeaHe KDPYIHOMAacIITa0HOro 00beKTa, UIPAIOMEro PoJb HCKyC-
CcTBeHHOro pua, counmaibHo-sKoHoMuueckux sasaenuil. Ha pue. 9.5
npuBejeHa CxeMa pasMellleHHs KOHTPOJBHO-M3MEPHTE/IbHEIX CPEICTB
B6uzn OTAC, BRAOUAIas CpeACTBa HalOJIOLeHUA H3 KocMoca 3a
U3MeHEHHeM MeTeopOMOrHueckoil OOCTAHOBKM M TePMHUECKHX roJel
OKeaHa B pafioHe CTaHUuHM, c6opa CBEJEHHII O (PU3UUECKHX, GHOMOH-.

g T

Puc. 9.5. CxeMa pa3MeleHHs] KOHTPOJbHBIX CPEACTB JAJA H3Y1CHHH BO31 e~
cTBusi HA cpeay onmtHoil OTAC [91].

| — COYTHHK € TENJOYYBCTBHTEIBHbIMH NPHEMHHKAMH; 2 — MOGHJbHAA CHCTEMa KOH-
TPOJA NapaMerpoB CPelibl Ha PasH4HbIX paccrosiuax or OTIC; 3 — camoner, ofo-
PYAOBaHHbI (oTorpapHyecKod M Tem0YyBCTBHTEILHON annapatypoli; 4 -- nefenka
¢ NJIAHKTOHHLIMH CceTsiMi; 5—J/0 — rHpPOJOKaTOpH; 6 — CHCTeMa H3YYeHHd GHOJIOrHH
oBpacranua; 7 — Tejekamepa; 8§ — AATYHKK TE€MIEpaTypel; 9 -— GaToMeTpbl 1M B3ATHA
npo6 KHAKOCTH; [/ — cHCTEMa H3MEpeHHusd (hHU3NUecKHx napaMeTpPoB cpeabl (Typly-
JIEHTHOCTb, CKOPOCTb H T. 1.); /2 — cucTeMa ansi H3Mepenus (DH3UKO-XHMHUECKMX mnapa-
MeTPOB BOABI Ha [AOCTAaTOYHOM YyaajeHun or OT3C

YecKMX W XMUMHUECKMX H3MEHeHHAX B ToJIine BOx BOJIHM3HM CTAaHUHH H
Ha pasAHUHHIX yIa/JeHHAX OT Hee, TaKUX K€ HW3MEPeHHH B [PHUIO-
BepXHOCTHOM cJioe aTMocdepsl. CxeMy lpeinojaraercs peanusoBaTb
Ha NMepBo#l Xe KpymHoMaciuTabHol cucteme [91].

B raba. 9.1, ¢ HEKOTOPHIMHM M3MEHEHHSMH 3aHMCTBOBAHHOW U3
3TOll e paboThl, HPUBOAMTCSH HECKOJAbKO BHIXOAALIHA 3a PaMKH
TOMILKO 3KOJIOTMH IlepeueHb HCCAeNOBaHUil W pa3paboTOK, KOTODHIe
NOMKHB CcONmpoBokaaTh passutue KoHHmemuun OTIC. B Goaburoit
Mepe MHOTHe M3 MOJOXKEeHHIl TabJHnbl UMET OTHOLUIEHHE H K JPYTAM
BHgaM npeobpasoBaTesed.
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Ta6auna 9.1

Ocuosnbie nanparienus nccaenosanuil M paspabGorok npu passutan OTIC [91]

PakTophl BO3AeHCTBHA HA Cpeay

TpebyeMble HcCaelOBAHHA W Pa3paBoOTKH

IepeMemnBanne OKEaHCKHX Box
npu pabore OTIC

BosnefictBue ua xuBHe opra-
HH3MH Bof03a6opuukoB OTIC

Bospeficreue ua xaumar

Bosneficteue 6uonuaOB

Yreuka paGounx Ten

CosnaHue pacueTHOii MoJeNH NpefCcKA3aHHS BO3-
JefCTBHS Ha Cpeny

Onpenenenne XapakTepuCTHK cpelbl B MecTax
noTeHnHaAbHOro pasMetenus OTIC

Onucanne usMeHeHHil B cpele B pesyabTaTe HC-
METAHUA npeobpasoBarenelt

OnpejeneHie BAHAHUS H3MEHEHHS MapAMETPOB
Cpelibl Ha XapakTepHHe A MeCT pa3MelleHHs
OT3C skocucTeMbl

[Touck nutepaTypHHIX AAHHBIX A7 OIpejeJeHHs
CTelleHH BO3JEICTBHA Ha XKHBBIE OPTaHH3VH TPH
BBITOJIHEHHH CXOJHHX omepauufi no 3abopy BOAM

Habawonenne za BoajeficteBueM Ha musnie op-
FaHH3MBl ONHTHBIX BoOAO3abopuukoB OT3IC
yCTaHCBjieHHe (AKTOPOB, CIHOCOGCTBYIOIMKX IPH-
BJICUEHHIO OPraHH3MOB

PaspaboTka pacuetHbix -Mofeneli AJs npejcka-
3aHHs HW3MeHeHUHl KauMaTa (MHKpPO- H MaKpo-
KauMatuyecKue HSMBHBHHF{)

Onucanne cnenuduueckux s MecT pasMellleHHs
onbiTHEIX OT3C pesyabTHPYIOUMHX Bo3eHCTBHI
Ha KJIHMAT

,Ompenenenne NOTEHUHAABHOTO yBEJIHYEHHS YPOB-
as conepxanua CO, B aTMochepe B pesyabTare
pabota OT3C

Onpefenentie MOTEHUHAAbHBIX MUKPOKJHMATHYE-
ckux 2(p¢dexToB OT Aerasauun npu pabore OTIC
OTKPHITOTO LHKAZ

CoctaBnenne GaHKa JaHHEIX 10 OIpeIENeHHIO
AefcTBUA GHOLHIOB HA OPTaHH3MBL

Kontposib, BaatHe mpof, OmpeleNeHHe Xapakre:
puctHK BEIGpocos OTIC

[Iposenenne naGOpatOPHEIX HCCAEAOBaHHH Io
onpeneneHuio 3G@dexToB, CBA3AHHHX C H3MeHe-
HHeM KOHUEHTpauHH GHOWHAGB Ha MOPCKHE KO-
CHCTEMBI

Cosnanne GaHkKa JaHHBX N0 XapaKTEPHCTHKAM
BO3JEHCTBHA HAa MOPCKHE 5KOCHCTEMBI Pa3AHUHBIX
no o6beMy yTeueK [OTEHHAJdbHEIX pabounx Tea
oTaC - -

MayveHne BO3MOMKHOCTH yTeuexk 0pH paboTe
onnitHEX OT3C, Habmozenne 3a Bo3AefACTBHEM
yTeueK Ha 3KOCHCTEMH
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"

MMpogonxenune

dakTOph! BO3NeHCTBHA HA CPeAy

TpebyeMbie HCCAEHOBAHUA H Pa3paboTKu

Bo3zneficTBHEe BCJEACTBHE KOP-
pPO3UH KOHCTPYKUHH

OTAC kak HCKyccTBewHH pH,
3aceqieMHil MHIpHDYIOIIHMH op-

_ rauH3MaMH

BospeficTBHe Ha nepcoHaln

BTopHuUHOE 3IKOJOIHYECKOe BO3-
JAeficTBHe

DaxkTOpH - [OPHAHYECKOTO Xapak-
Tepa ~

Cosnanue GaHKa JaHHBIX IO BO3AEHCTBHIO MA
MODCKHE OPTaHH3Mbl PACTBOPHAIOMIHXCA IPH KoOp-
pO3UH H TONMAJAOWIHX B OKPYXKAIOWIVIO Cpeay
MeTana0B

KorTtposab, B3satHe mpo6 M H3yueHHe xapaxTepa
Beifpoca B Cpeiy H pacmpejesieHus B Hed pas-
JHYHBIX NPOAYKTOB KOPPO3HH IIPH paboTe ONBIT-
HBIX CTAHLHH

Hsyuenue ¢akropos, cnoco6CTBYOIIHX MpHBJE-
YeHHIO OPTaHH3MOB K CTAHLHAM

H3yyeHHe [HHaMHKH 3aCENEHHS, 30HAJBLHOCTH
hakTOpOB, pPETYAHPYIOMIHUX KH3HEIEATENbHOCTD
HCKYCCTBEHHOro 6HoTONA

PaspaGotka mnporpaMM oGecneuenuss 6Ge3ollacHo-
CTH TepcoHasa mpH pabore C XapaKTepHBIMH A
OT3C XHMHYECKHMH COeJUHEHHSIMH, B TOM UYHCJe
H poH3BoAHMBEIMHE Ha OTIC .
Olenka BTOPHYHOrO BO3JefCTBHA (HCIOAB30OBA-
HUe CYLIH, MPEemsTCTBHE [BHXKEHHIO BO3JAyXa H
BOABL, TBEPJAble U KHAKHE OTXOJB H T. I.), CBf-
3aHHOrO C DA3JHYHBIMH KOHCTPYKTHBHEIMH OCO-
Gernoctamu OT3C

Olenka COUMANBHO-2KOHOMHYECKOTO BO3AEHCTBHA
passurus cereif OTIC

OueHka CcOLHANBHHIX acMeKTOB H  BTODHYHOTO
BO3/e{ICTBUS Tepelaun 3JIEKTPO3HePTHH BO3MOXK-
HbiM TOTpeGuTensm

CosgaHue GaHKa JaHHBIX [0 XapaKTepHCTHKAM
pacmpoCTpaHEeHHs 3arps3HeHHBIX BOJ H BO31YyXa,
BOSMOMKHHIM TpH HcnosbsoBaHuH OTIC B kaue-
cTBE 3aBOJOB IO [POH3BOACTBY Pa3jiHYHBIX XH-
MHUYECKHX COeIuHeHHi; pa3paborka mnpuHeMieMBIX
MeTOZOB KOHTpOAS (MOHHTODHHIA) [PHPOAHOK
cpennl

MMepnoanueckoe IpoBejeHHE HIYUEHHA MEXKAY-
HApOAHOrO NpaBa M, B 4aCTHOCTH, MOPCKOro Ipa-
Ba IpUMEHHTEJbHO K HCmoJbaoBaHuo OTIC

[TpoBeenue TayGOKOro H3yUEHHS TMOTEHIHANBHBIX
IOpHIHYECKHX HaH 0OiecTBEHHBIX CIOPOB H pas-
HOTJIACHH, KOTOpBIE MOTyT BO3HHKHYTh IpH pas-
memenun OTIC B onpexpeneHHBIX pafioHax OKe-
aHa

PagpaboTKa MpPaBOBHX OCHOB HCIOAb3OBAHUA
cucrem OTOC B uHTepecaX BCEro HeJjiOBeUeCTBA
(MupoBoro coofiuiecTna)
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'§ 9.3. OcobeHHoCTH BO3AEHCTBMA Ha cpefy BeTPOBbLIX yC'raHoaok

OcnoBHBle ()aKTOPH, KOTOpHE HeOOXOMUMO VUMTHIBATD NPH OLEHKE
skosnoruueckux ocobernocrelt OBIC, — sTo wyM, B ToMm uucile aspo-
IMHAMHUECKHH, BO3MOXKHOCTL Da3pyHIEHHS KOHCTPYKUHH, NOMEXH
MHUTPAOHAM [THI, HOMeXH uesJoBeuecKoil gestejbHocTH. BeposTho,
B HaUMeHbIIeH CTeNneHu 3TH (aKTOpPE OYAYT HpPOABAATECH IPH pa-
G6ore OB2C, pa3memieHHHx Braau nodepeXkbs Ha UCKYCCTBEHHBIX OCT-
poBax WJH NjaTdopmax, a B HauOo/bllell — HeroCPeACTBEHHO Ha IO-
GepexXbd, B TOM UHCJe U Ha Nobepexbe eCTeCTBEHHEIX OCTPOBOB. B mo-
CleJHeM chyuae K NepeudcleHHBIM (pakTopaM Heo6XO0IHMMO n00aBHTh
¥ 3CTeTHYeCKoe -3aTpsi3HeHue NPU BH3yaabHOM BochpusTHH BIY. Bo-
npOCH YMeHBIUEHHS OTPUIATENbHOrO BJMSHHA Ha BOCHPHUATHE TaKHX
coopyxenufi cefivac uccaenywores. IlpopabareiBaioTcss QOpPMBI KOH-
CTPYKIMHA ONOp, BHAB OTAEAKH H OKPACKH, BAPHAHTH pa3MelleHHA
B3Y unu peno# rpynns BDY B snanpmagpre, ocobeHHO eclH NMOCAEA-
Hull npexcraBasfeT coboil acTeTHuecKyio meHHoctb. C TakuM Bonpo-
COM CTONKHYJWCH, Halpumep, (pParny3CKHe 3IHePreTHKH NpH BrIGOpE
MecTa AAS coopyXkeuud BDY na o. ¥Ysccan (3amagHast OKOHEYHOCTb
n-Ba BperaHb), Ha KOTOPOM C LEJAbID COXpaHEeHUd JaHgmadTa 3anpe-
HIeHO Jaske COOPYXKeHHe JHHUHA anekTporepenay [34]. .

JocraTouHo mnoJHBI 0630p HCCaegoBaHHUfl OTpPHIATENbHHX (ak-
TOPOB, CBA3AHHBIX C yCTaHOBKOH M 3kcnayartauvedn BIY Ooabiioit
MOUHOCTH, BeinoJHeH I1. Manuusrom [67]. Ocofoe BHUMaHue B 006-
30pe yAeaeHO IIYMOBBIM XapaKTepucTHKaM Moiuxbx B3Y. Aspoam-
HAMHUeCKHil IIYM BO3HHKA€T KakK MpPH OOTEeKaHHH BO3AVIIHHM IOTO-
KOM ONOpHEIX KOHCTPYKIM# H JoHacTell, TaKk ¥ HPH B3auMOAelCTBUH
Bpallapmuxcsd Jgonacrefl ¢ norokom. lloBHlleHWe ypoBHs LIyMa Hal-
Aojaercss 0cOGeHHO y MOLIHBIX YCTAHOBOK C OKPYKHBIMH CKODOCTSAMM
KOHIIOB KPHJbeB, goxofidmumu o 100—120 wm/c. dng B2Y rtuna
MOD-2 uamepeHUss aKyCTHUECKOTo WIyMa fgalu ypoBeHb 56 1B na
paccrosthuu 400 m u 30 1B Ha paccrosuuu 2100 m. MOD-2 cocrout
M3 TpeX VYKpelJIeHHHX Ha OO0IleM OCHOBAHMH KDHIbEBHX TypOuH
momHocTeo 2,5 MBr xaxpas. UacrorHwil crekTp 3ToH yCTaHOBKH
CMOXKeH 10 COCTaBy: OH MMeeT J[Ba MaKCHMyMa — ONMH Ha 4acrore
I k' v BTOpO#t B muanasone ot 20 mo 60 ['i. )

B o630pe oTMeueHO TakKe, YTO 3HAUMTENbHOE NOBHILIEHHE YPOBHSA
myMa MoxeT BO3HHMKaTb NPH pabore rpynnsl BY wus-sa toro, uro
KaXkgas nochenyiomas TypOuHa BaauMomelcTByeT ¢ yke BO3MyIIeH-
HHIM npeabiayuiell TypGuHo# notokoM. Ilo TeopeTwuecKHM  OneHKaMm
anst rpyan B3V, pasmeinenHHx ¢ mwarom 6—10 puamerpoB BeTPOKO-
Jieca, cTereRb TYpPOYJeHTHOCTH IOTOKa AOJXKHA YBeJHUHBATbCS Ha
30—50 %. HeoOxomuMo po0aBUTh, uTO HIYM BJAWSET He TOJbKO Ha
HEPBHYIO CHCTEMY UYejOBeKa, NOBHILIA# €ro yTOMJASEeMOCTb M JaXKe
IpHBOAS K Cepbe3HBIM HepBHEIM 3a00/eBaHHAM, HO H Ha JKHBOTHHIH
MHUD, pe3kKo obeXHAIOUHACH B 30He MOBLHIIEHHBIX aKYCTHUECKHX Ha-
rpy3oK OT JIOOHIX NPOMBIIIEHHHX 00bekToB. Hopmul mymMOBOTO 3a- .
IPSI3HEHHs AAS [POMBIIJIEHHBIX 30H ¥ [/ 30H OTABIXa HPHHATH BO
BCEX CTPaHaX, HO PacCIPOCTPAHSIOTCS OHH TOJbKO Ha ueJOBEKa.
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YcTaHnoBKa T'MIaHTCKHX fipeo0pasoBaTeseil 3HEPIMH BeTpa COMps-
’KeHa ¢ BepPOATHOCTbIO MX paspylenus. Ilociemnee MoOKeT NpoHCXO-
JOMTh KaK B cjlydae NpeBHINEHHS BETPOBHIMH HarpPy3KaMH pacueTHHIX
3HaueHHH, a 93T0 0COOeHHO XapakKTepHO ANS paiioHOB nobepeXbs, Mox-
BepKeHHbIX mellcTBHIO LMKJAOHOB, TaK W NpPH HOopMaabHOH paboTe
BCJI€JCTBHE YCTAJOCTHBIX ABJEHUI B KOHCTPYKTHBHBIX 3JeMeHTax HJIH
M3-3a OTKasa aBToMaTHKH. B XoMomHHX pailoHax cyleCTBYeT omnac-
HOCTb obJiefeHenns sonacTefl. [To pacueTHBHM JaHHEIM BEepOSTHOCTD
naJeHyus Jonacreff ycTaHOBOK OO0JblIOH MOIIHOCTH Ha  PacCTOSHUE
Gonee 300 m He npesbimaer 50 % . CpexcrBamu 60pbsOB ¢ Takoro poaa
aBapHAMH MOTYT ObITb Pa3JAHUHBIE KOHTPO/JAbHBIE H MPOTHBOOOJENECHH-
TeAbHble cHcTeMbl. Ho HecMOTPS Ha Ha/JHuHe TAKOBHX HeoO6X0omauMO
BBeJIEHHE 30H OTUYXAEHUS BOKPYr MomHHx B3V, crporoe cobmwone-
HHe peXXMMOB 3KCIJIyaTauud H TeXHHKH 0e30MacHOCTH NP HX 00cay-
KUBaHUH.

M ynanennrle B Mope, H pa3melleHHble Ha nobepexbe BV npen-
CTaBJAAIOT ONACHOCTL [JISt [ePHATHIX, OCOOEHHO B cJyuae HX yCTa-
HOBKHM Ha nyTsax murpauud. OnpepesnieHa BepOSATHOCTb  COyAapeHHs
OTHI, C JONacTAMU IPH NPoJeTe uepe3d IJIOCKOCTb, OMETaeMym Typ-
6unoil OnicTpoxogHon BIY, co ckopocreio 4 u 15 M/c, omenusae-
masg B 26 u 6 % coorBeTcTBenHo. Takum o6pasoM, HauGoabulell onac-
HOCTH TNOJBepPraioTcst KPYNHEE NepesieTHble NTHLH.

M3 ¢QakTopos, OTHOCAIIMXCS K MoMeXaM ue/IOBeUYeCKOH nesiTesb-
Hocty, # 1. MaununroM ¥ JIpyruMH aBTODaMH OTMeualoTCs Hapyuie-
HHe pacrnpocrpanenus paavososn CBY u YKB auanasonos wus-sa
OTpaxkeHHs CUTHANOB OT ABHXKYIUHMXCH JonacTed, BOSMOXHOCTL HOMEX
AAs aBuMauud. B uacTHOCTH, mOMexy NIpHeMy TeJeBH3HONHHIX Mepenad
npyu pabore B2Y MOD-2 nabmioganvch Ha pacCTOSHHH 10 2—3 KM,
a AAs APYTHUX THIOB YCTAHOBOK — naxke 10 6 kM. PaspaGorann MepH
10 6opb0e ¢ TaKMMH IOMEXaMH IyTeM HCHOMAL30BaHMSA Paguonpo3pay-
HBHIX KOMIIO3UTHHIX MaTepHaJOB [/ M3rOTOBJAEHHSA JONACTed W NYTEM
IPUMEHEHHST PEeTPaHCJAATOPOB paauocurHanos. Jlag obecreueHust Ges-
ONIaCHOCTH MOJIETOB CaMOJIETOB IpeAyCMaTpHBaeTCss YCTAHOBKA  CH-
FrHaJbHHX OrHell Ha BeplIMHax GalleH W Ha KoHuax Jonacreil. Tlo-
ClAelHHe MOTYT BKJAIOUATbCS TOJABKO [PH BEPTHKAJIbHOM MOJOXKEHHH
KDBLIbEB.

K mnocaexnefi rpynme (akTOpoB chaeiyeT OTHECTH H BO3MOMKHOE
ocJabJeHHe CHJAL BeTPOB B 30He PACHOJIOXKeHUS KPYNHOTO rapka
B3Y, xoropoe moxkeT IOCTAaTOYHO CEPbe3HO MOBAWSITH Ha arMocdep-
HYIO0 HIUPKYIALHUIO.

ATO, B CBOIO ouepeflb, MOMKET NOBJA€Ub 3a 00Ol HapylleHHe repe-
MEeHHs BO3AYVWIHLIX Macc BOAU3H DPACIONOXKEHHBIX PANOM C TaKHM
NapKOM NPOMBIIJEHHHX PalflOHOB M YCHJIEHHe 3arpPsi3HEeHHST BO3AYILI-
Horo Gacceiina.

Ananus npuBefeHHBIX ()AKTOPOB MOKAasbBaeT, YTO [PH TPABHJb-
HOM BHOOpe Mecr pasMelieuss BAY N0 OTHOmMEHWIO K NPUPOAHEIM,
NPOMBILIJIEHHBIM Y KuUJABM 00bekTaM, NPH NPaBHJAbHOH HX 3IKCIAya-
TAUWH MOXKHO CBeCTH BO3JACHCTBYMe 3THX BHHOB npeoOpasoBaresell Ha
9KONOTHIO K MHHHMYMY.
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§ 9.4. OkeaHcKue rMapoOINEKTPOCTAHUMHM M cpeaa

I'pynna okeaHCKUX THAPO3JMEKTPOCTAHLHMI o0befuHseT B cebs
COGCTBEHHO [pPe00pa30BaTeNd KUHETHUECKON 9SHEPTHH eCTeCTBEHHBIX
OKeaHCKHX TeueHHH, Mpeo6pa3oBareNd 3HEPIHH NPUJIHBHO-OTJIUBHBIX
TedeHHUH M HCKYCCTBEHHO CO3MaHHBIX IepenajoB ypPOBHEH B OKeaH-
CKHX [POJIHBAX.

Teopernuecku naubosiee M3yueH, BEPOSTHO, BONPOC O 3KOJOTHUE-
ckoM Boszefictuy cHcremuel OI'DC ma @popunckoe rteuenue, The
OXHJaeTcsd MOSBJIECHHE MePBLIX KPYNHOMAcUITAOHBIX HpeoOpa3oBare-
Jaeil. Murepecna sBosonuss HpeACTaBieHHHl O BO3MOXHOM YpOBHE
H3bATHSA SHEPTHH U3 3TOlo TedueHMA. Ecan Ha ypoBHe MOCTaHOBKH 3a-
Jauy fecsTb JieT TOMY Hazaja pedb Lljga o0 H3BATHH 4 Y cyMMapHOR
9HepruM, To cefuac ykasniBaercs umuppa 1,2% [81]. Cyas no nam-
#bIM 3TOH Xe paboThl, BHIMOJHEHHl HCCJe0BAHUS IO OLEHKE BO3MONK-
HOrO BOJIHOOODasoBaHHs, TypOYJNEHTHOrO NepeMelINBaHUg BOJ, H3Me-
HEHHS TeMIIePaTypbl BCJAeACTBHE TOPMOMKEHHS noroka. M3 Bcex aTHx
apaMeTpoB TOJbKO TypOyaH3anus TeueHHUs BHYLIAeT HEKOTOpPble oma-
CeHMs H3-3a VHTeHCH(DHKAUHH NepeMeHIVMBAHHH®, MOTyIIeH OTpHIa-
TeJbHO IMOBJAMATL HAa INJNAHKTOH NPH HeJOCTAaTOYHOM  3arayOiaeHUH
TypOuH (uMeercs B BUAY mpoekT «Kopuoaucy). docrarounoe sarny6-
JleHve, a Mo 3TOMY NPOEKTY OHO MpeAanoJaraercd npHMepHo Ha 25 M,
IOJIKHO NpedesbHO CHU3HTL BO3JeficTBHe HA MUTpanHi pLIO, pasBu-
THe IJAHKTOHA, 00ecneddTh CBOGOAY CYZOXOACTBY. B pesom, yuuThH-
Badg, u4ro pacxoa Daopuackoro TeueHHs cocraBiasger Jaumb 10 %
pacxona [oabderpuma, BosgeficTBYe Ha nepeHoc Temsia B ATHaHTHYe-
CKOM OKeaHe 3HeprooGbeKTOB, YCTAHOBJeHHHX BO PropuackoMm npo-
JIMBe, OYJeT OTHOCHTENbHO He3HAUHTEIbHEIM.

Moxer GvITb, UCKJAIUEHHE COCTABJAAKT TOABl CHIBHHX [OJOXKH-
TeNbHBIX KojeOaHUH pacxoja, KOTLa TNOCAeIHHH YyBeguuuBaeTcd IO
CPaBHEHHIO €O cpelHUM 3HadeHMem (10-105 wm3/c) B 3 pasa
H GoJee. :

OnTUMH3M 3THX OLEHOK [J0CTATOUHO BHICOK. B KauecTBe nostoxu-
- TeJbHOTO (pakTOpPa, MO3BOMAFIOIET0 KOMIEHCHPOBATL  MOC/AEACTBHSA
BO3MOKHLIX OIIMOOK MHpPH OIEHKAX, YKa3bhiBaeTCd TO 0OCTOATENbCTBO,
YTO I[pouecc yCTAHOBKH IPOMBIIIIEHHBIX Npeobpasosarenell sHePrUH
Bo DJopuACKOM IPOJMBE [0 YHCTO TeXHOJOTHUECKHM cO00paKeHHsIM
GyIeT N0CTAaTOYHO MEIJeHHBLIM 'H 4TO IO NPOSBJEHHS CePbe3HBIX pac-
XOKIeHHH B OIEHKax W B peaNbHBIX H3MEHEHHUAX B cpele YV 3Hepre-
THKOB OyZeT AOCTATOUHO BPeMEHH Ha nepecTpofiky. B arom cmbicse
npeoGpa3oBaresy «JOKaJbHOrO 0a3HPOBAHHA» BBHIFOLHO OTIHYANOTCA
OT YCTPOHCTB, MMEIOIHX MNPOTSIKEHHble KalHWTaJbHble THAPOTeXHHYe-
CKMe COOpYKeHHs THrna IJIoTHH. B mocaegneM caydae cyauTb 00 H3-
MEHEHUSIX B CPEle MOMKHO TOJbKO IIOCJAe 3aBeplIeHHss CTPOUTeNb-
cTBa, TpebyIollero, Kak NpaBujo, TMLAHTCKUX MaTepHajbHBIX 3aTpart.
HMeHHO N0O3TOMY 4eJIOBeuecTBO BCerga 0yaeT ¢ OCTOPOKHOCTBIO OTHO:
CHTbCSI KO BceM MpoeKTaMm WM3MeHeHHs LHPKYJASAIHMH BOJ B OKeaHe,
CBJ3AHHLIM ¢ CO3JaHHeM MJIOTHH B MpOJNYBAax HIH H3MeHEHHeM IJy-
OHH NocJefHUX 11O KpailHe#l Mepe O TeX II0P, MOKa COOTBETCTBYIOIIHE
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pacueThl KJIMMAaTHYeCKHX H3MeHeHWH B cpejxe He npuHoOperyr Tpe-
B6yeMoil 10CTOBEPHOCTH. '

OnHo W3 TaKHX MeCT, AABHO MPHBJEKAIOUIHX BHHUMAHHE THIPO-
SHepreTHKOB, — ['u6panrapckuil mposus, uepes kotophlii CpenuseM-
HOoe Mope «IUTaeTcs», no caopam A. JlakomOa [18], Bomamu Ataan-
tuky. CpaBHUTeAbHO HeboJbllasi LIHPHHA MpoJusa (okogo 18 M
B CaMOM Y3KOM CeueHMM) U TIyOHHBL, He mpepbhmawoie# 350 M, mno-
3BOJISIIOT COBPEMEHHBLIMH CDEACTBAMH [OCTPOMTH 3Jech IJIOTHHY, KO-
Topag Obl OTCEeKJa MOpe OT OKeaHa, M03BoJuda Obl 3a cuUeT HcHape-
HUSi CHU3HThL YPOBEHbL BOJABI B HeM Ha HECKOJBKO [ECSTKOB METPOB H
obecreunTsh nepenag, HeoOXOAUMBIA 115 >¢dexTusHOl pPabOTH TYp-
6OoreHepaTOPOB 3JEKTPOCTAHINY, pasMelleHHOH B MJIOTHHE WJIH B I[IO-
pomax, cjarawmux Gepera *. Onnako CTPYKTypa BOL0OOMEHA MeXIY
MOpeM M OKeaHOM B 3TOM IPOJHBe [0CTAaTOuUHO CJ0XHA. OxasbiBa-
ercst, ecau B CpenuseMHOe MOpPe MOCTyNaeT ¢ MOBEPXHOCTHBIMH BO-
naMy okoso | mad wm%/c npu conenoctd npumepro 36,2%o, To BhITe-
KaeT W3 Hero uepes TJAyGHHHOE TeueHHe 3TOrO Ke I[POJHBA BCET0 Ha
5% wMeHblle BOAb, HO cojieHocThlo 38,2%, T.e. ma 59, BHIIe, ueM
y NOBEDXHOCTHBIX BOJ. 2TOT CPeAHUIl pexkuUM KoJebJeTcs, KOMIeHCH-
pys M3MelleHHs KIHMATHUECKHX W NOTOAHBIX (aykryapui [23].

OTHoCcHTENbHO 3TOro NpoekTa H3BecTeH nporHo3d M. IOumra o mo-
CJAEACTBUAX peanudaguul cTpouTenscrsa gaMGel. CorsgacHo 3ToMY
IIPOrHO3Y, HPeKpalleHWe HOCTYIJeHHS OoJdee COJMEHHBIX BOA B AtaaH-
THYeCKHH OKeaH MOMKeT yiKe depe3 TPH [IeCATHJETHs [PHUBECTH K Ta-
KOMY YMEHBIIEHHIO CONEHOCTH B HeM, 4TO MOBJjeueT 3a co0o#l moJsHOE
U3MeHeHHe UHDKYJSIHH BOJ OKeaHa, De3yJabTaTOM KOTOPHX MOXKeT
B KOHEUHOM HTOTe CTaTh NpEKpamieHHe NOCTYMJEHUS TeNJBIX BOL
TFonbgerpuma B ApKTHKY H NOXOJOMAaHHE TaM C OJHOBPEMEHHBLIM MO-
TenjeHNeM B KOHTHHeHTanabHofl EBpone. B cBoe Bpems 3TOT mporsos
BbI3BaJ OTPHUATENLHYIO PeakiHio ADYLOr0 H3BEeCTHOTO OKeaHOJOora
I'. CromMena, ykasaBuiero, uto Ha ocHose npexanodoxkenuit M. [Ounra
MOXKHO OblJI0 OBl ¢ TAKUM Xe yClexXoMm Npencka3atb M oOpaTHbie NPO-
meccel [23]. DTOT mpuMep NPHUBeJEH [JF TOrO, 4TOGH HOKA3aTh CJAOK-
HOCTH ¥ HEOJHO3HAUHOCTH HOAOOHBIX [IPOTHO30B IIPH COBPEMEHHOM CO-
CTOSIHMM HayKH 00 OKeaHe [axe /s CTAQHOHAPHBIX OpOLeccoB 00-
MeHa BOJHBIX Macc.

Eme OGoJabli¥le TPYAHOCTH BO3HUKAIOT NPH MONBITKE B HPOTHO3aX
yuecTh OCOGEHHOCTH OKeaHCKol HaMeHunBocTH. Ha puc. 9.6 mpuse-
JeHa cxeMa oZHoro u3 Meanzapos [onabdcrpuma. OTpHBasich or oC-
HOBHOI'O TedeHH#d, TakoH MeaHAp MOKET JOCTaTOUHOE BPEMs CYIIECT-
BOBAThb B OKeaHe, BJAMSS Ha IepeHoc Tellsla H, cJAeJ0OBATEJbHO, HA KJ/H-
mart B EBpore. DTH cpaBHUTeNLHO NOJBMXKHEBIE ¥ KDylIHOMacuiTaOHbIE
BUXDPY BOSHUKAKT CJAyYalHBIM 06pa3oM B pe3yabTaTe Takoro B3aHMO-
neiicteus [oabgperpuma ¢ NPHOPeXHBIMH M OKeaHHIeCKUMH BOJHBLIMH
MaccaMH, IIPH KOTOPOM TedueHHe, pe3KO H3MeHUB HalpaBJeHHe IBUXKe-
HYsSl B CTOPOHY OTKPBITOTO MOpsi 3a MbicOM XaTrTepac, CTAHOBHTCS He-

* JIpyroil BapHanT THAPOY3Ja B 3TOM NpOJHBE, He TPeGYIOWHA CTONbL CHALHOTO
BO3/eHcTBMS HA Cpeny, paccMOTpeH B, § 5.5.
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yerouuBeiM. Cam 3Ke IOBOPOT OOBSCHSIETCH CJAOKHBIM B3aumomeiicr-
BHeM B TNOrDAHMYHOM CJIO€ H3-3a PEe3KOTO H3MeHeHHs Xapaktepa
peabeda gHa BOJIU3HM TOUKH 1opopora. Celinac ellle HeT eIHHOIO MHe-
HYSS OTHOCHTEJNLHO KaK TpPHYMHBEI [OBOPOTA, TaK W MPHUMH MeaHApH-
posanus * Tosbgerpuma.

KpynHomacimra6Hble BUXpH auaMerpoM 10 200 KM O CKOPOCTSIMH
TeueHuil BHyTpH HMX 0T 20 go 100 cm/c CYLIECTBYIOT [AeCATKH CYTOK.
Becb BHXpb MemJeHHO MpoaBUraeTcs BAOJbL OCHOBHOLO TEUEHHS.

04 57 62 61 50 59 56 - 57 -

J7

64 63 67 T 5 57

Puc. 9.6. 3amMKkHYTH Meannp B 30ne Toabderpuma. Tlokasanu H30TEpPMH
(Temnepatypa B rpapycax no Lembcuio) u HanpasienHs TtewenHii [18]

Bo3MOXHOCTL M3MEHATh HalpaB/eHHe [BUIKEHHS OKEAHCKHX Te-
UEeHHIl 3a CUeT BHECEHHS BO3MYIUICHHH B CPAaBHUTENLHO Y3KOM HOrpa-
HUYHOM CJIoe MHTepecHa He TOJbKO aisi Loabderpuma, Ho ¥ aas Ky-
pocvio. Ecan TpyaHO cefe mpexcTaBHTb BO3MOMKHOCTH CO3LAHHSA Ka-
KHX-JTH00 COODY KeHHil, HermOCPenCTBeHHO OTKJ/OHSIONMUX 3TH MOLIHBIe
MOTOKM [/155 TOrO, 4TOOHl NMOBJAHMATL Ha KJWUMAT LeEJAbX PerHOHOB, TO
3a CYeT YCTAHOBKW IMpeoOpasoBaTesefi KHHETHUECKOH 3IHEPrHH B 1IO-
FPAHHYHBIX CJIOSIX yHpaBJjieHNe TedeHUSMH KaxKeTcs BHOJHE  BO3-
MOMKHBIM.

OTHOCHTeILHO BJMSIHUSI Ha NpUPOAY YyCTaHOBKH npeobpaszoBarteded
SHEPTHH TedeHHIl B NPONMBAX CO CPABHUTENBHO HeGOJBIIMMH  pac-
XOJaMH MOXKHO YTBEPXKJAATh, UTO HUKAKUX CEPbe3HHX KJIHMAaTHye-
CKHX M3MeHeHHi#l B 5TOM caydae NPOM30HTH He MOxerT. OnHAKO STOro
HEJb3sl cKa3aTb 06 OTCYTCTBHH BO3NeHCTBHS Ha SKOJOTHIO: HPOJHBEL

* Toamasun A. Oxkean B gBuxennun. JI., 1976.
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4acTo CJyXKaT MyTSMH eCTeCTBeHHOW MMIPAalUH MOPCKUX JKHUBOTHHIX,
g UX [ePeKpbiTHE MOXKET Cepbe3HO I0A0PBATb OCHOBHI BOCHPOH3BOJ-
ctBa pHI6 W MOPCKHX KHMBOTHBIX, HMEIONIMX TPOMBICJOBOE 3HaUeHHe.
ITocnennee ocofeHHO Kacaercs nposuBoB Kypu/abckoll Tpsifbl, depes
KOTOpble IMPOUCXOAHT MHIDalUsi JOCOCEBHX, CeJibjH, MOPCKOro KO-
THKa U APYTUX LEHHBX XHBOTHHIX.

§ 9.5. OcobeHHOCTH BO3EHCTBMA HAa CpeAy BORHOBbIX
3NeKTPOoCTaHLMH

BosHOBHIe SJEKTPOCTAHIUYM MOTYT OBITH TMOCTPOEHH B OTKDHITOM
Mope BaJjiu OT noGepekbs, BOIM3N NOOepeXkbsi, HeNOCPENCTBEHHO Ha
Gepery. Hanbosblllee HeraTHBHOE BJIHMsIHME HA TNPHPOAHYIO CPely OHH
KaK pa3 MOTYT 0Ka3arTh, eCM OyAyT YCTAHOBJEHH B 30He BOJH3H 110-
Gepexbsi, Ile HAUHHAIOT TPOSBAATHCS 3(PQEKTH, CBs3aHHbBIE ¢ Mepe-
HOCOM TOpHBIX NMOpPOX, B pe3y/bTaTe KOTOPHIX (POPMHpPYeTCs BCs IPH-
GpexHas noaoca. [leso B TOM, yTO B HPUOPEKHOH 30HE IOCTOSTHHO
HIYT TPOLECCH Pa3pylIeHMs ¥ HacJaHBaHHUs 1OPOJ, Claramiiux JHO:
BOJIHBI, BOJIHOBLIE, BETPOBble U MPHUAHBHBEIE TEUEHHS IMOCTOSHHO COPTH-
PYIOT paspylleHHble NMOPOALI, BHIHOCAT HX M3 MeCT paspyIIeHus H re-
peMelllal0T Ha 3HAUYWUTEJIbHblE PAacCTOAHHS Kak BAOJMb, TaK M B CTO-
poHy ot noGepexkbs. [Ipy 3TOM TVIMHUCTHIE YACTHIIbI, WJI, MEJIKHU MeCOK
HMel0T BO3MOXKHOCTH TPAHCIIOPTHPOBATLCH TPH OOBIYHBIX TOTOLHBIX
YCJIOBHSIX CPABHUTEJILHO C1abbiMH IOTOKAMH KHAKOCTH. KpynHeiil me-
COK U TajbKa IBHXKYTCH TOA geiicTBHeM OOPYLIMBAIOMIMXCS  BOJH
8 30He Opubos. Bce mpoitecesl B mecHATKH M COTHH pa3 MHTEHCHQHUIH-
pyloTcs BO BpeMs IITOPMOB. 3a cueT HX reorpadus mobepexbs MO-
CTOSIHHO M3MEHSIeTCsl, a BCSKOe BHeJpEeHHe B 3TH INPOLECCH NPUBOIUT
K TOCJEACTBHSM, KOTODHIE Jaske He BCErJa OKasblBaeTCsl BOZMOXKHHIM
fIpeCcKa3arh.

C camoro HauaJa CTPOMTEJLCTBA PAa3JHYHBIX COOPYXKEHHHl Ha Io-
Gepekbe YEJOBEYECTBO CTAJKHBAeTCsi ¢ MOCTOSIHHO BO3HHKAOIIUMH
npobaeMaMy, CBSI3aHHLIMHM JuO0 ¢ TIpeKpalleHHeM IOCTYTMJIeHUS Ha-
HOCOB W NOSIBJEHHEM 3aTOIUIieMbiX M paspyllaeMblX y4acTKOB, JHOO,
Ha060pOT, ¢ HAKONJIEHHEM OCAJOYHBEIX TIOPOJ, MPenATCTBYIOUHUM CYa0-
XOACTBY M apyrofl mesitenbHocTH. K CXOmHBIM mpoueccaMm MPHBOAAT
CTPOHTENLCTBO PA3JHYHBIX 3AIMUTHBIX CTEHOK, NPENsiTCTBYIOMHX [18-
CTYIJIEHHIO B MOPE HAHOCOB, W JI0Gble U3MEHEHHUs JaHAla(ToB, B pe-
3yJ/bTaTe KOTOPBIX YMEHbUIAETCS NOABHAKHOCThL IUISIKHOTO MaTepHana.
Anasoruudo  geficTByeT yaajdeHHe DAaCTHTENLHOCTH, TPHBOAsLIee
K YCHJIEHHWIO BeTPOBOH 3pO3HMHM M BHIHOCY BHIBETPHBAEeMBIX [0pOJ H3
cHcTeMbl 0eperoBoil 30HBI, M3BsITHe MJSKHOIO MaTepuasa AJasi CTPO-
HTEeJbCTBA, Pa3jiMyHbe 3eMJedepriare/bibie PaboTHL

Ha. «BopbOy» ¢ MOpeM MOCTOSHHO Tpebyercss Bece OOJbLIE CPEACTB,:
fI09TOMY KayKeTcsi pa3yMHHM BoOOlle OrPaHWYHTL  A€ATEJNbHOCTD
B IpHOpeXkHOil 30He, 4TOOH B KaKOH-TO Mepe pa3pellHTb KOHQIHKT -
MeXKy HCIOJIb30BAHHEM H COXpaHeHHeM GeperoBhix pecypcos. C 3TOH
UEJBI0 TNpepgaraetcs, Hanpumep, PaHXHPOBaTh OTAEJAbHble YUaCTKH
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Geperosoil 30HBI N0 CTENEHH BJMAHHUS HA NPOLECCH AMHAMHKH M B 3a-
BUCHUMOCTH OT KPHTHYHOCTH K TOH MJIM HHOI J€STeJbHOCTH JAMOO MOJ-
HOCTBIO 3alIPETHTh Ha HUX Da3MelleHHe cOOPYXKEHHH, AHbO0 paspeluTs
TAKOBOE ¢ oNpeJeNeHHbIMU OrpaHHueHusMH. B KauectBe npuHUMnNa yIi-
PaBjieHHs COCTOAHHEM O€peroBbIX 30H IIPEAJIAaraeTcs He NLITAThCA
COXPaHATh HEM3MEHHBIMM HMX TpPaHHIbl, U HACKOJbKQO 3TO BO3MOXKHO
HOAJepPKHBATh MPOLECCH €CTECTBEHHBIX KoneOaHull rpauum.

Ilpupony nepemeniesuss Hacocos nog AeHCTBMEM BOMH H TEUeHH
nosicuger puc. 9.7, rie nokasaHa cxemMa LMPKYJASHHHM B NPHOPERHOMN
nojoce. Bo BpeMs IITOPMOB nepreHAUKyJAsIPHEE K Geperosofl JHHHH

Puc. 9.7, Cxema HMPKYASUMM HAHOCOB B NPUOPEKHOH 30HE:
G — BEPTHKAALHHIH pa3pe3; 6 — Bua B IJAHe,

1 —3o0Ha OGypyHoB; 2 — GeperoBas JAHHHA

PaspLIBHEIE TEUEHHS YCHAHMBAIOTCSH, YBENHUMBAETCH W CTENEHb <«Pa3-
KHUKEHUsS» IPYHTa noj AeHcTBHeM OODPYIIMBAIOUINXCS BOJH. Bee sTo
BEIeT K YCHJEHHIO TpaHcnopra HaHocoB. Ha xapakrtep mnocaensero
BJUseT W HauyaJbHOE HalpaBJeHHe NMPUX0Ja BOJH, ¥ HAauajdbHAS KOH-
¢urypanus Gepera, u reorpagus IHa. B Meakomomuofi npudpemxHoil
30He [pH TAyOHHE MeHblIe MOJNOBHHBI IJHHBI BOMHBI TIPOHCXOAHT W3-
MEHEHHe HanpaB/ICHHS [BHKEHHs BOJH, BO3MOXHA gaxe (QOKyCH-
POBKa BOJIH Ha ONPEJeNeHHBIX ydyacTKax no0epexbsl, Iae paspylleHus
-OT mefcTBHA BOJH OyayT 60Jiee 3aMETHLIMY.

Jlio6bie BapuaHTH npeobpasoBaTesell BOJMHOBOH 3HEPTHM TaK HJH
HHaye M3MEHSIOT BOJHOBOH pexHM mnobepexbd. B omaHux cayuasx
5TO NMPHBOJAHUT JHIUIb K 3aMeTHOMY OC1alJeHHIO aMIUIUTYAb6l BOJH, BO3-
HeHCTBYIOUMX Ha [00epexbe, HaNnpHMep ecaH HCHOAb3YIOTCH [MJ1aBy-
YHe CHCTEMBl, B JPYTHX — K CePbe3HOMY H3MEHEHHIO NHHAMHKH [IpH-
JOHHBEIX BOJ M K HM3MEHEHMI0 XapakTepa [epeMenieHHs HAHOCOB. |
B Ka)pom KoHKpeTHOM ciyuae cucTeMa BOJHOBHIX NpeoGpasoBatesiefi
HOJMKHa pacCMaTPUBAThCH KaK THIPOTEXHHUECKOE COOPYIKEHHe, CTpo-
UTeJIbCTBO KOTOPOTO MOMKET MPHBECTH K CYILECTBEHHOMY H3MEHEHHIO
reorpacuu npuOpexHOA 30HBI, MOBJAeUb HAPYUIEHHE IHHAMHKH BOL
H B KOHEUHOM cuUere NPUBECTH K MNOCAEICTBHAM, HApyaolUMM AMHa-
MHYeCKOe paBHOBeCHe, NOALep:KUBAIOLIEe eCTECTBEHHOe COCTOSHHEe Ho-
6epexns.

B xauecTBe BTOPHUHOrO 3KOJOTHYECKOTO BO3IEHCTBHSI BOJHOBBIX
SMIEKTPOCTAHUMI MOMKHO OTMETHTh BO3MOXKHOCTb H3MEHEHHs YCJIOBHH
CYUIeCTBOBAHHS  HEKOTODHIX BUAOB THAPOOUOHTOB, B YaCTHOCTH
GEHTOCHBIX OPTaHH3MOB, MJIsI KOTOPHIX BayKHa ONpejeneHHas CKOPOCThb
MOCTYNJICHHsI NUTATENbHBIX BEUIECTB, B €CTECTBEHHHIX YCJIOBHSX 06ec«
neyHuBawIlascsd TPAHCHOPTOM HAHOCOB.
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§ 9.6. Npunueible cTakuMK M OKPYXKalowas cpefa

[Taotutn 113C Kak Ovl BEIAEIASIOT B palioHe noCTPOHKH 1Be NOm-
06/1acTH — BHYTpeHHIO© (6accellH-aKKYMyJASTOpP) M BHEWHOK© (IO
nHTHBawIee 3ToT GacceilH Mope). Bausnue Ha cpeny B 0OeHX TNOX-
00J1aCTAX NPOABJAAETCS I[10-Pa3HOMY, HO BCE€ BHOCHMbIE BO3MYLIEHHST
cBf3aHbl TAK HJIM MHaue ¢ KOHKpeTHOH reorpacguefi nobepexns U aHa,.
OCOOGEHHOCTAMH paclpocTpaHeHHs HPHAMBHHIX BOMH, pa3MelleHHeM
IJOTHH CTAHIHMA M MX MOLIHOCTBIO, ONpejensgioimieii pasmepbl Oacceii-
HOB. Jlsis BHYTPEHHHX ropobjacTefl He MOCAERHION pOJb Hrpaer W
pexRkUM 3KCIyaTaluH cTaHnuH.

Bo BHyTpeHHuX mnomgo6JaacTdx H3-3a NOSBJAGHHS IJIOTHH C BOJO-
NPONYCKHBIMY YCTPOHCTBAMH NPOMCXOJHT NOJHAH NEPecTpoiika pPexHu-
MOB TEUEHHS U yacTHuHasi nepecTpoiika PekUMOB BOZOOOMEHa € MO-
pem. 310 Bieuer 3a coboli H3MEHEHHE DEXUMOB [BHKEHHS HAHOCOB.
(nocaefHue OCOOEHHO CHJBHO CKa3blBAlOTCH Ha paboTe THAPOY3JIOB
B TOM cJiyuae, ecau GaccefiH pa3MeIleH B 3CTyapHH pPeKH), BO3-
MOXKHO Takke HeKOoTOpoe H3MeHEeHHe KauecTsBa BOJIbI, M3MEHeHHEe BH-
LOBOIO COCTaBa KMBOTHBIX. BozjeficTBHE Ha KUBOTHBIE MHD CBA3aHO
C TeM, YTO KDPYIHEE XMBOTHble He MOTLYT NPOXOJHUTh UYepe3 MJIOTHHHI,
a OTHOCHTEJbHO MeJKHEe, B OCHOBHOM DBIOBI, cBOOOAHO MPOHHKAIOT
yepes BOLONPONYCKHBIE KaHaJAbl M Jake BOJOBOAB HH3KOOOOPOTHBIX'
TypOuH. D10 06CTOATENLCTBO MOMKET HMETb M NOJOKHTEJAbHbIH, ¥ OT-
punarenphbii addekr. Ha Kucanorybekoir TIDC, wanpumep, mnocste
mycka CTAHUMM [JHUTeNbHOE BpeMs Habaoiadoch 3HauuTeNbHOe 0060-
rameHse QGayHbl 3a CueT MOPCKHX DbI6, HPOHHKABIIMX B Gacceitn. On-
HaKo [Js TOro, uroGbl HOBLIE GHOTON MOI HOPMAaJbHO CYLIECTBOBATD,
6bL10 HEOOX0AMMO 00ecreUdTh HOCTOSHHBIA peXuM PaboTH BOLOMPO-
MyCKHBIX COOPYMKeHUH asd oCHOBJeHUS BOAbl B Gacceitne. B nporus-
HOM cJjiyuae HauHHaJach THOEb KHMBOTHBIX.

B stom cayuae, ecan IIDC ncnonssyercs B pexxume I'ADC, mo-
Tpe6asionleli M3OBITOK 3HEPTHH B JHEPrOCHCTEME Ha 3aKauky ’‘BOJADLL
B OacceiiH, BO3MOMHO IOBHIIIIEHHE YPOBHS BOABLI HO CPABHEHHIO C [JO-
CTHTaeMBIM BO BpPEMSI ECTECTBEHHOTO MNPUJIMBA. IDTO Takke MOKer
HMeTb OTpHIATEJNbHbIe MOCASACTBHS AJAS XKHBOTHOTO MHpa, TakK Kak
3aTONJEHUI0 MOT'YT [OJBEPTHYTHCH YYACTKH, paHee He IonajaBlIHe
B 30HY I[pPUJMBA, Pe3y/JbTaTOM uero CTaHeT H3MeHEHHe, Jpaxe Mpa-
BHJIbHEE CKa3aTh, NOJHasg nepectpoiika OHotonoB. M3-sa yxynureHHs
BOL006GMEHA C OTKPHITBIM MOPEM OCOGEHHO NPH HaMHUYMH CTOKa B Gac--
cefin ITDC sarpsisHeHHnIX Bog B HEM MOMKET [POM3OHTH HaKOIJICHHE:
3arpA3HeHHil, 4T CepPbe3HO MOBJHMAET Ha KAauecTBO BOABI M JKHBOTHBIH
Mup. B a06oM cayuae BHyTpeHHHE 3G QEKTH 0T co3faHHi (acceHHOB:
NPUAMBHBIX CTaHUUil 1o Macuitady OTpAaHMUEHBI NpefesaMHu HX akKBa-
TOPUH W 3aTOMJAAEMBIX YUacTKOB NOOEPEXKbi.

Bo BHemrnux xe nogo6JgactAx BO3AeHCTBHE Ha OKPYXKalOUIYIO
cpepy MOxKeT ObIThb 1O MacwitabGam 00jiee CHJIBHO BbIpakeHo, ueM BO-
BHYTPEHHHUX. DTO CBA3AHO C TEM, YTO CTPOHMTEIbCTBO IIOTHH OKasbl-
BaeT Onpefe/eHHOe BJMAHHE HA NPUAMBHEIL De:kUM H NPHAMBHBIE TE-
yeHHsi B palioHe, 3HAYUTENbHO GoJiee NPOTKEHHOM, UEM facceilH
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I19C, Buinensemuit niotunoii. Bosmoxnbie  sdderTo yBeJUUYeHUS
TI01’beMa YPOBHA [PUJIMBA M USMEHEHUS CKOPOCTH TeUeHHi] 3aBHCHT OT
Teorpaguueckux GakTOpPOB M LOJKHBI JETAJbHO U3YUaTbCH B KAXKIOM
KOHKPETHOM cAyuae,

HauGospumit o6bem 1nogo6HHX paGoT ObiT B CBOE BPeMs ‘BBIIOJ-
HeH ana 3anuBoB Msn u @angn Ha rpawvne CIIA u Kanagw. Pas-
JIMYHBIMU HCCIef0BATeNAMH [/ 3Toro paiionma (cM. puc. 9.8), 6buio,
B YACTHOCTH, NOKA3aHO, KaK DPasMeIleHHe NJOTHH B DasHHX yuacT-

46°

WTAT MaH
(ClA)

45°

o ,
b w‘npol}. HOBAS
L0 mAHANS

&7° 66° 65° 64° 63°
Puc. 9.8. Cxema pasmemenus MAC g 3an. daupu

-¥ax OyXTbl MOXKET MOBJHATb Ha TPAHCHOPMANHMIO NPHUAHBHON BOJHbI,
BHI3BAB U3MEHEHHe BBHICOTHI [PHJMBA Ha BeJMUMHy B npefenax 1 %
(or 2 1o 30 cM) M M3MeHEHHE CKODOCTH TedeHUS B 3ajHBE IpHMepHO
Ha 5 %. as cucteMsr 3an. Man — 3as1. ®annu cosnana pacueTtHag Mo-
Aeqb, MO3BONAIOINAS NPOBOAMTH aHA/IN3 HU3MEHEHHS PeXHMOB pH-
.JIUBOB,

ODKONOTHUECKHE ACHeKTH NOoAPoGHO paccmorpenst [1. Jlapcenom
[63]. Boinonnennblii uM aHamu3 uHTepeceH u LI HAC, TAK KAK MO3BO-
~IA€T OLEHUTL XOTHA Obl KAUECTBEHHO MHOTHE fBJIEHUS, HA KOTOpHIe
Ipexae NpH aHaldHu3e BO3MOXKHBIX NOCIeACTBHE cozganusg [19C naxe
‘He ofpamanu BHuManus. Ceasannoe co crpourenscrsom 119C Hame-
'HeHHWe YDOBHS NPHJIMBA B NPUJIEralomux paioHax obbacHAeTCSH oTpa-
KCHHEM UaCTH IHEPIUM [PUJIMBHON BOJHBI HM3-32 W3MEHEHHsS pe3so-
HAHCHBIX CBOHCTB BO BHewHeHd Nnogo6JaacTd. DTO NOBIeueT 3a coGoil
yBeHyeHHe KosneOaHuii Mexay ype3aMu NPH BBLICOKOH M HUBKOH Bose.
YposeHb oppuHapa coxpanutcs. CieICTBHeM H3MEeHeHHUS yPOBHSH
MOXKET CTaTb H3MEHCHHE THAPOJIOTHYECKOTO pekKHMa HU3HUH H Npub-
PeXHBIX coseHbix 60s10T. Jlaxke Ha JuTOpanM, OOBIYHO 3aTOMJISEMOM
{IpUIMBOM, MOTYT [POH30HTH H3MEHeHHs 3KOCHCTEM BCJeACTBHe H3-
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MeHeHHd BpeMEeHH NpeCblBaHUs pas3iMUHBIX OpPTaHH3MOB (XKMBOTHBIX
¥ pacTeHuil) nox BojoH. MsmeHeHue xe BOXHOTO pexuma 0OJOT 0CO-
GeHHO ONACHO [Js 3KOJOrMM BCETo 3a/juBa, Tak KAaK HMEHHO OHH HB-
Js10Tca Haubojee TPOLYKTHBHBIMY OHOTOTIAMY.

JlapceH oTMeuaer, 4TO ga)e CPAaBHATENbHO HeOOJbLINE H3MEHEHHS
BLICOTHl [PUJIMBA MOTYT MOBJHMATL Ha UYeJOBEYECKYIO JesTeNbHOCTb
B NOJBEPKEHHON TakuM u3MeHeHHAM 30He. IIpexne Bcero B 30He 3a-
TONJEHUS] HCUE3HYT HEKOTOpHe BajkKHBIE MJs 4YeJOBeKa BHJbBI XKUBOT-
HbIX, B HU3MEHHLIX DaliOHAX 13-3a YCHJEHHUs NeHCTBHS BOJH MOXKET
HauaTbCsd AKTUBHAA 3DPO3MsA [OUB (1J15 OOPHIBUCTHIX OeperoB H3MeHe-
HUS MeHee cyulecTBeHHB). Kpome TOro, npousoifier H3MeHeHHe pe-
KHMa CyLOXOACTBA, YTO OCOOEHHO CKaXKeTcs B MeJKOBOLHBIX pafio-
Hax. Be3ycJoBHO, BCe 3TH M3MEHEHUS KaK-TO CTalWIM3UPYIOTCH, NPH-
AyT K HOBOMY DaBHOBECHIO, HO 3TO OYAET yiKe BTOpas CTAAUS IPO-
gecca, KOTOpasi He CMOMKET KOMIEHCHPOBAThb SKOHOMHUYECKHX I[OTEPb,
CBSI3AHHBIX C NePBOH.

Tag e TOUHO JOJKHO YCTAHOBHTHCH HOBOE pAaBHOBECHE U B OTHO-
[IeHUH NPUAMBHLIX TEUEHHH, yCHJeHHe KOTOPBIX NpHBEeT K H3MEHe-
HHIO TPAHCIOPTA HAHOCOB B caMoM 3aj. MsH W npuieraiouux K Hemy
scryapusx. [lokasaHo, uTo yBejMueHHe [epeMellHBAHMA BOIL B 3a-
JMBe MOXKeT [HOBJMHATH Ha Ce30HHbIE TeMIiepaTypbl BOJbI, Ha DEXHM
06MeHa C OTKDHLITHIM MOPEM [HTaTeJbHBIMH BeuleCTBAMH H3-32 HX 3d-
AepKKM BCJIEICTBHE HADYIIEHHs CTPAaTHQHKALUH. CoueraHue 3THX
daxTopoB (ss 3a;i. MaH npeickasbiBaeTcs yMEHbLUICHHE TemIepa-
Typel BOJA [pUMepHO Ha 1°) MOJIKHO IO OLEHKe 3KOJOroB NPHUBECTH
K YBeJWUEHHIO [ePBHYHON M BTOPHUHOH NPOAYKTUBHOCTH H K H3MeHe-
HHI0 BHJOBOTO COCTaBa BCEH 3KOCHCTEMBL.

EcTp emle omuH <«IOJBOAHBIN KaMeHb» B 3KOCHUCTEME  3aJl. Msn.
IMouTu eerogHo 3Aech OOHAPYKHBAKT MOJJIOCKH, COZepxKaiiue N0
80 MKT onacHoro ais uesoseka sga Ha 100 r macce. Uesoseky pocra-
TOUHO NPUHATH B MUILY TPeX MOJJIIOCKOB, UTOOBI MOJYUHTH CMEPTeJb-
HYI0 03y Siia [apajuTHuecKoro jeiicTBus. Ero NpoHCXOXKIeHHE —
6ypHOe DPasBUTHe SAOBHTOTO IIAHKTOHA, CONPOBOXIAEMOE KPACHBIM
[BeTEHHEM BOIbI, OOS3aHHBIM HEKOTOPHIM — BMAAM JHHOMJAreJnaT.
[Ipn u3MeHEeHHH PEXKUMOB LHUPKYJSLUUH B 3aJMBE KPAaCHOE LBETCHHE
MOMKeT NOpasuTh HOBHIE YUACTKY aKBAaTOpuH. Bonpoc GHOJIOTMM pas-
BHTHS O9THX ONAcHBIX BHAOB OPTaHH3MOB elle H3yueH HEZOCTaTOuHD,
HO HCCJIE0BATeNH MPeAylpex 1al0T 0 HeOOXOIUMOCTH HOMHHTB O BO3-
MOKHOCTH PaCHpOCTpaHeHHs! ANOBUTHIX OPTaHH3MOB NOCne OCTPOHKY
nnotusbl B 6yxre ®anau no BeeMy 3ad. MsH, TeM goJsiee uto B 1978 T.
yXe BO3HHK HOBbIli palloH [OABIEHHA 3THX OPTaHU3MOB HA node-
pexbe wratos Hpto-Temnump, Man u Maccauycerc. Panee, B 1972 .,
HalpuMep, oTpaBJeHUs HAGJ0JaJuCh TOJNbKO B paHoHe 3all. daunny.
SIpjleHHsd, CBf3aHHble ¢ TNOSBJICHHEM HAOBHTHX JAMHOMJAreJadar,
BCTpeua/HCh W B IPYrHx pafionax Mupa, B 4acTHOCTH Ha CeBepo-3a-
‘magHoM nobepeskbe AHTMM, BOM3H Geperos QPJOpHIH,: W pnanpuy,
B Bpucrosibckom 3ajHBe M APYrHx paHoHax.

HernocpecTBEHHO HA Ue/OBEUeCKYIO —JEATeNbHOCTb yBeJHUeHHe
CKOpOCTe#l NPUMUBHBIX TeUeHHH MOXKeT [OBJAMATL H 3a CUET H3MEHE-
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Hust  apsaTepos, Goiee GBICTPOro 3anJIMBAHHA MODPCKHX KAaHAJOB,
BJIEKYIUX 33 COGOH cepbesHble IKOHOMUUECKHE MOTEPH H3-33 YBEJH-
4eHHsT 0GBEMOB AHOYrIyOHTesbHBIX pabor. Iloc/ienHHe, B CBOK Oue-
peab, TaKxXe YXyAUIAl0T KAauecTBO BOJ (3a CYET yMEHbIIEHHS [po-
3payHOCTH M B3MYYHBAHHS YacTO BPeAHBIX OCAJKOB, COAEPIKAIIUX TH-
JKeJIble MeTaJIbl W TeCTHIHAbI).

IlpuBenensble NaHHbIe B KaKOH-TO CTemeHH WIJIIOCTPHPYIOT BO3-
MOXKHBI ymep6 OpHPOAHOH cpefbl H 4eJOBEYECKON AEsTeJbHOCTH npu
crpoutesbetse I19C, HO HeOGXOAMMO €mle pas OrOBOPHUTHCH, UTO IJI%
KaxJ0ro reorpaHyeckoro pationa omnpenensiiomne (akTopbl GyAyT
CBSI3AHbl C KOHKDETHBIMH YCJOBHSIMH HMEHHO 3TOrO palOHa, M aBTO-
MaTHYCCKH MEPEHOCHTb Pe3ysbTaThl MCCJACJOBAHHA ¢ OAHOrO paiioHa
Ha Jpyro#, Kak ¥ BOOGLIE NPH OLEHKe 3KOJOTHYCCKHX MOCJEACTBHI
JI0GbIX BTOPXKEHHI B cpefly, 6e3yCJOBHO HeJb3sl.

Broxnosasier tor daxrt, uro 20-THneTHUH ONBIT SKCHAYaTaIHK
[19C na p. PaHCc He BBISIBUA CKOJBKO-HHGYAb 3aMETHOrO BpeIHOro
BJIHSHAA 3TOil OAHOOACCEHHOBON CTAHIMH HA JKUBOTHBII H pacTH-
TeJbHBL MuD 3cTyapust. Ckopee HA06OPOT, BAHAHHE OIEHHBAETCS KaK
NOJIOKHTENbHOE. DTO J1aeT CTOPOHHHKAM Das3BHTHsS NPUIMBHOM 3HEp-
FETHKH CHJIbHBLI KO3HIph B 6opbbe ¢ ee MPOTHBHHKAMH.

§ 9.7. MpHNKBBI K BOIMOXKHOCTD BO3JCHCTBMS HA KNMMAT

Peur snecy nofiner o npoekte I.  Anmepcoma [37], npexnararo-
Iero cosjath ¢ MOMOIIbIO NPHJIHBHOH 3HEPIHH HCKYCCTBEHHOE Tell-
Joe TeyeHue M3 TuXOoro okeaHa uyepes AT.aHTHYeCKHH H JIeLOBHTHIf
n cHoBa B Tuxwmit. Ilpeanosaraercs, yTo BeJHYHHA NOTOKA B TAKOM
T€YeHHH MoxeT ObThb B 10 pas Goabme, yeM HeceT p. AMaszonka,
a nepexnoc sHeprun B 3000 pa3 mpeBLICHT TO, YTO jJaeT celiyac 3Hep-
rocucremMa BesukobGpurduuu. Ilpeanaraercs B pafione llentpaabHoMh
Avepuxu u B BepnnroBoM npoause (puc. 9.9) ycTaHOBUTBH cucTeMy
K/J1amaHHbIX HACOCOB, MPHUBOAMMBIX B JeficTBHE NPUIMBHON 3HepPrHei.
ITaTh mpoueHTOB Temia 3TOro mOTOKa CMOrYT B TeueHuwe 12 Jer pac-
I71aBHTb apKTHYECKHE JIbJBI, YTO He NpPHBEJET K CYIMIECTBEHHOMY H3-
MeHeHHuo ypoBHsi Muposoro okeada. Ha pacniasienne ibos Ipen-
JIaH/MK MOHAJOOHTCS elle HEeCKOJbKO COTEH JeT. 3a 3T0 BPeMS MOKHO
Gyler ycneTh H3OBITOK BOJBI HAMPABHTb HAa CO3/aHHE HCKYCCTBEHHOTO
MOp# B ueHTpe mycThiHn Caxapa, Hampumep 3a cueT nepeGpOCKH
croka Huna. [o npexBapuTensHBIM OoneHKaM, 3aTpaT ONHON €XMHHMILLE
NPUIKBHOI SHEPrHH OyJeT AOCTaTOYHO AJA NEepefPOCKH B ceBepHOM
HanpaB/JCHHKM MUJJIMOHA €JMHMI, TEMJOBOH 3HEPrHH THXOro okeana.
Tlpoekr, HasBauHblil aBTOpoM «JIyHHOE Tem1o0» (Lunaheat), nossoaur
HE TOJLKO CHAeJaTb HPHUFOAHBIMH [Ji1 XO3SRCTBEHHOH AeSTeJILHOCTH
OrpoMHbIe palHOHBl MOPA u CyIH B ApKTHKe, YAyulluTb Kaumat B Ce-
BepHOI Eppone u Ha Gosbweil wacty CCCP, HO n noMoxeT ouuc-:
Tt ATnanTuky B CpeauseMuoe Mope 3a cuer YCHJIEHHS UHPKyJIsi-
oM B AtsaHTiKe. :
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TTpoexToB H3MeHeHHs KnuMaTa B ApKTHKe OBIO yXKe HECKOJbKO
sauuHasa ¢ gaHTacThyeckoro npepaoxends JKwoab BepHa ¢ noMoiibio
THraHTCKOTO TAHTEHIMaJbHOTO B3PBIBA H3MEHHTb [OJOXKEHHE OCH
Bpallenust 3eMau BMecTo 67° K MJIOCKOCTH 3KJWNTHKH Ha HOpMaJib-
HOe, 0 BhoJHe ocymectsumoro npoekra IT. M. BopucoBa ¢ nomoibio
MJIOTHHB M HAcOCHBLIX arperatoR B DepUHrOBOM [IPOJHMBE  YCHIUTh
Tenaoo6MeH Mexay Tuxum u JlegoBuThIM oKeaHamu. OmacHOCTb MoO-
CJIeJHETO BHIMTCSI B TOM, 4TO 3a GUET YCHJIEHHMs LMPKYJIsSuuH B TuxoM
OKeaHe MOXKeT HM3MEHMTbCH KJAMMaT H B AHTapKTHKE, B-pesyJbTaTe
yero HauyHeTcs TasiHMe JbJOB, NoKpeiBalomux Amntapktuay. Tlocaen-

- = i

Puc. 9.9. TMpoexT MCMOJb30BAHMS MPHAUBHON SHEPrHH AJs BO3JEH-

cTBHs HAa kaumat CemepHoro moaywapus [37]: a — KapTa HCKYCCTBEH-

Horo TeueHnust BOKpyr CedepHoit Amepuxu; 6 — cxema KJanaHa Ads
CO34aHus PasHOCTH YPoBHeil B paiosie LenTpanbHo# AMepuKH.

| — GannacTHas IHCTepHA; 2 — MONJaBOK; & - SKOPHBI KaHAT; 4 — KJyafnaH

Wee K€ UpeBaro yBeJHyeHHeM YpoBHf MupoBoro okeana mpUMeEpPHO
Ha 12 M u 3aTomJeHHeM MOYTH BCeX COBPeMeHHHX ropomos. ITo mpo-
ekTy [. AHzgepcoHa upejnaraercs OTPaHUYHTL H3MEHEHHE LMPKyJd-
1iud B THXOM OKeaHe 3a CyeT KaHaja IIMPHHOH 3 KM W mpHJeraio-
mero K HeMy mpHIMBHOrO Gaccefina B LlentpambHoil AmepHke.

Ator 6acceiiH 06pa3yeTCs CHCTEMOH 3aTBODOB MPOTAXKEHHOCTHIO
KOO 200 KM u mamb6aMu, TakK 4To Miomajgb OacceilHa Oyaer npH-
mepuo 200 X 150 km2. Ilpu BbICOTE: MPHAHBA B 3TOM paiioHe OKOJI0
3 ™ Gacceiin Gyger ABaKAbl B JAeHb HANOJHSTbCA NPHIMBOM, 4TO MO-
3BOJIHT 00ECHEeuHTb PacXojl BoAbl 0koa0 66 Thic. kM*/rod. LlentpanbHo-
AmMepukaHCKull KaHan IMHPHHOA 3 KM, MPOTAXKEHHOCTHIO 80 KM H
Tay6unoit 500 M ¢ nmagenuem AHa 0,5 M mO3BOJIMT obecneydTh CKO-
pocTb MoTOKa npuMepHo 2,7 m/c. B Depunrosom :xe mponuse 3a CHeT
mpuAuBa BbICOTOH | M MOXKHO 00eCneyuTb CKOpOCTb MOTOKA B 1,3 m/c,
yro npu mupuHpe npoausa 80 KM H ray6HHe 0Ko0JI0 62 M [O3BOJHT
‘TepeKauyHBaTh 0koJ0 68 Teic. KM® BOAbl (10 cpexHEroloBBIX pacxoaa
AMa30HKH). B mesoM 3TOT TpaHCOKeaHCKHii MOTOK He Tak yX H BE-
JINK, €CH cpaBHHBaTh ero ¢ loabpcTpumom (0KOIO 2 %), OAHAKO
¢ uuM GyJeT CBsI3aH JOMOJHHTEIbHBIH NPHTOK 185 TBt Temna. C yue-
-TOM NOTEpPb MPHMEPHO MOJIOBHHBI TEMJa NP TPAHCHOPTHPOBKE B TpaHC-
.OKeaHCKOM MOTOKe, moTpebyercss mpuMepHo 12 Jer, yTOGB COOOLIUTh
.80 ThbiC. KM® apKTHUECKOrO Jipja HeOoGXOMMMYIO SHEPTHIO s IJ1aBJe-
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Hus. Tak Kak macca Japja I'pennaspun npumepso B 50 pas Goablle, TG
OHH OyAyT [0BOJNBLHO ¢/1a00 3aTPAarHBATLCH IPHBHOCHMBIM TEIOM.
TounocTb 3THX PacyeToB 10cTaTOUHO HU3KA. OHH HE YYHTBIBAIOT, Ha-
NPHMEp, YBENHYCHUSA TOTVIOMEHHS OKEaHOM COJHEYHOrO H3/1yJeHHs
H3-32 H3IMEHEHHA (YBEJIHUECHHsS) KO3(hGbHUUHEHTA NONMOmEeHns, KOTOpoe
MOXKET JaTb CYIIECTBEHHBIH 3hdEKT cpa3y ke nocae Hayaga TasHud
Ab0B AK€ Ha yaCTH TNOBEPXHOCTH. BrpoueMm, caM aBTOp yKasblBaeT
Ha BO3MOXHOCTb OIUMOKM B Ipefesax Mopsjika.

HauGonee cnoxnast yacte npoekra — cospanue 3 (HEKTHBHBIX T'H-
TaHTCKHX KJaIaHOB, HEOOXOAMMBIX JJIsi NPONYyCKaHHS TPHAHBHO
BOMHBL B OAHY CTOpoHy. I'. Amuepcon mpefnaraeT KOHCTPYKIHMIO, CXe-
MaTHYHO H300paxkKeHHy Ha puc. 8.9. To rHraHTCKHI JIaByUuHix
KJlanaH, BBIIOJHEHHBIH B ¢GopMe TPHMapaHa, KaKAbli U3 KOHCOJBHO
NOABCIICHHBIX TMOMJIABKOB KOTOPOTO MOKET NOOUYCPEAHO NMOTHHMATHCS
B BO3AyX, 3aCTaBJAA K/alaH NPUHHMATh TIONOKEHHS «3aKPLITO> HJH
«OTKPHITO». CrenHanbHbli HACOC, PACTIONOKEHHBL BHYTPH OCHOBHOIO
JArentpanpHoro kopmyca (mamma 800, amamerp 20 M), MOUIHOCTBIO
4 MBT c rasosoii Typ6uHoil 6yser mepeKkauHBaTh BOJYy H3 OJHOIO TI0-
IJ1aBKa B JAPYroii, B pe3yjbTaTe Uero IHTAHTCKUE <«JEMecTOK» BEICO-
Toi 62 M u 6yner npuHEMaTh JHGO ropu3oHTadbHOe, JAHG0 BepTH-
Ka/npHoe monoxenne. Tlo BojousmMemennio onus 3aTBOp SKBUBAJCHTEH
TaHKepy Trpy3onogbeMHOCTLI0 | MJH. T, .

Ilpu Bennuune miesa 40 M M JMaMeTpe MONMJIABKa 8 M ¢ ero Io-
MOIIBI0 MOXKHO OyJaer pa3BHTb MOMeHT okosao 16 TH-m. B 1o ke
BpeMa [JIg MOBOPOTa KJaanaHa Tpebyercs «Bceros oxosno 15 I'H-m.
CymMapHoe naB/eHHE Ha 3aKpHITHI Kaamad Okoao 500 MH, a sto
ONPEAENAET yNEPKUBAIOIIEE YCUIHE B ONOPax, KOTa BCce yCTPOICTBO
HaXOAUTCA Ha MiaBy. B ciyuae mropMa meHTpajibHOE KPELIO CMOKET
TOAHHMATLCH U3 BOAB C IOMOMIBIO THAPONPHBOA.

Peanuszamua npoexra paccyntada Ha 60 ner. Ero croumocTs co-
craBuT npuMepHo 120 Miapa. ¢. cr. CaM aBTOp CYMTAET, YTO NOAXO-
AdmHAe ycJIOBHA 151 BOIJIOMEHHS NPOEKTa B KH3Hb BOSHHKHYT He
‘PaHee JBafuaTHX FOJOB CJACAYIOUIErO CTOJIETHS.

§ 9.8. Buonoruueckoe sospeictene cpegbi HA 3HepreTMuyecKue
obbekrThi :

OTOMY BO3JENCTBHIO TOABEPKEHbl BCE THIB OKEAHCKHX 3HEpro-
npeoGpasosatenel, pa3MemeHHble Ha MOBEPXHOCTH H B TOJme BOJ.
Ouo nposBsieTcss B 06pacTaHHy COOPYKEHHH BOLHBIMH OpTraHu3MaMH
M CBs3aHHOH ¢ obpacTanueM KOPPO3HH — €CTCCTBCHHHIX IPOIeCCax,
NOCPEACTBOM KOTOPHIX OKeaH Kak OB acCHMHJIHMPYET HHOPOAHBEIE O00b-
ekThl. CKOpPOCTb 00pacTaHHs CHJIbHO 3aBHCHT OT TMPHPOAHBIX YCJIOBHL.
Ha cesepe Arnantuku, B Bemom u BapenuesomM Mopsix oHa cocTas-
ageT o1 2 mo 5 kr/M? B rog, B Temablx AsockoM, KacnuiickoM, Cpe-
AuseMHoM, Yepuom u fnonckom —ot 40 go 100 xr/m2 B roa. Toa- -
1WHHa o0pacranuii MoxeT goctHrath 10 oM.
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PasnuualoT HECKOJBKO KaTeropuii Mopckux obpactammit  [77]:

MJeHKH, cocTosiHe H3 OakTepHil, OJHOKJIETOUHBIX BOAOpOCHell K
_mpocTeflliuX KUBOTHBIX, HE OKa3biBAIOMIHC cepbe3HOHl Harpysku Ha
COOPY:KCHHUS,;

TBepAble 06pacTaBys, COCTOAIME H3 JKHBOTHbIX, HMEIOMMX H3BECT-
KOBbIC PAKOBHHbI, JKECTKO TPHKPEIISIOMKECs K TOBEPXHOCTAM (MH-~
[, MOPCKHE YTOUKH, OasisiHyChl, MHOTOMIETHHKOBBIC YEPBH);

MArkde obpacTaHusl, BKJIOYAIOIHE aHEMOHEI, ryOKu, THAPOH[b H
Jpyrue TPYNnsl pacTeHHii W KUBOTHBIX; HEKOTOPBIE TPYNNBEI MOryT
BXOAHTL B 06€ 3TH KaTeropHH B 3aBHCHMOCTH OT THIIA CKeJeTa.

O6b1yH0 O6pacTaHue HauynHAeTCA C TOSIBICHHA Ha NOBEPXHOCTAX,.
HaxOASIIUXCH B BOAe, HAKTEePHAJIbHOH CJH3H, criocobeTByOMEl GoJee
6BICTPOMY TOSIBJEHHIO NPHKpenaseMbix (opM OpraHH3MOB. 3a OAHO
M TO e BpeMs Ha uyHMCTOll NMOBEPXHOCTH TPHKPENJIATCS ABa-TPH 3a-
poibllia, a Ha TOKPLITOH causbio —oT 40 10 50. Tlmnemkm Moryt
BJIHSITb Ha TPOIECC KOPPO3HH 3a CUeT KOHIEHTPAUHH B HHX Cy/b(aT-
BOCCTAHABJAHBAWOMUX OaKTepHil, OTHOCAIIHXCA K aHa’poOHBIM Opra-
puaMam. IlociegHue, OKa3blBasick TOJ CJ0EM HOCJCAYIOMHX Hacaoe-
BHfi oGpacTaTeneil BTOPOH M TpeTbell KaTeropuil, MPOAOIKAT CBOO-
KOPPO3HOHHYIO A€ATEJIbHOCTbD.

OpHako CBsi3b KOPPO3HH M o0pacTaHHs HeogHosHauHa. Ecte jaBe
TOyKy 3peHHs Ha 3ToT Bompoc. CorJacHo onHOH, oGpacTaHHa MOTYT
MIPaTh TNOJOXKHTEJNbHYIO pPOJb, 3aMMINAA TOBEPXHOCTb OT NpAMOTo
KOHTAKTa C arpecCHBHON MOpPCKOH cpenoil 0COGEHHO B 30HE IMEPEeMEH-
HOTO YPOBHS BOABl. JTO XapakTepHO IJd CTalMOHAPHBIX coopyxeHHUH
THMa BOJHOJOMOB. B 3TOM ciayuyae oOpacTaHde MOXKeT IJPHHOCHTb
faxe ABOMHYI MOJb3Y M AJsi COOPYKEHHIl, M AJIA CPelbl: Ha obpac~
TAONMX TMOBEPXHOCTAX BO3HHKAIOT HOBblE GHOTOTDI, YBEIHYHBACTCH
NPOAYKTHBHAS TNJAOWAAb [JIsi MPHKPENAAeMblx GpopM OpranusMa, $pop-
MHDYIOTCA YCJOBHS A8 POcTa MOJOIH PblO H T. I Coopy:xeHnue cra-
HOBHUTCH B KakoOfi-TO Mepe HCKYCCTBEHHBIM pH(pOM, IOBBIIAIOIIM
6HONPOAYKTHBHOCTb. Jlpyras ToykKa 3peHHMS — NMPOTHBOLOJIOKHA. Be-
POSTHO, MHOTOE 3aBHCHT OT pafloHOB HAGJIONEHHA 38 TPOUECCAMH,.
NPOMCXOASAMUMH TIOJ cJloeM 06pacTaHHH, OT TeMIepaTypHOro pexnHMa
H MHUKPOQJIOPE BOJ.

Bo Bcex cayuasix, KOrjga peyb HAET O TMJIaBYYHX KOHCTPYKUHAX,.
KOHCTPYKIIHSIX, HMEIOIUHX IOABMKHbIE BOCIPHHMMAKOMHE 3SHEPrHIO
BOJIH 3J€MeHTH Ju60 HCIONb3VIOMIHX MOPCKYI0 BOAY B KauecTBE pa-
Gouerd Tesa, o6pacTaHHe HrpaerT OTPHIATENbHYIO POJIb H3-3a yXyd-
meHHst QMHAMHYECKHX XapakTepHCcTHK. B 3Tux ciayuasx Ha 6opbly
c ofpacTaHHeM NPHXOAHMTCA -3aTPAUHBATL JONOJHHTEIbHBIE CPEACTBA,.
4aCcTh MOIIHOCTH YCTAHOBOK.

OnbIT 3KCIIyaTallid MOPCKHX CYAOB NOKAa3blBaeT, yTO Aaxke A0CTa~
TOYHO ObICTPOE IepeMerieHHe NOTOKa BOABI y TOBEPXHOCTEH HE cna-
caer oT 0GpacTaHuii, TaK KAK HEKOTOPHIE BHABI 3apOJbliIeil OprasH3-
MOB CIOCOOHB! TPHKPENIATHCA K MOBEPXHOCTH IIPH CKOPOCTSX MOpAAKaA
naxe 4—5 M/c. BO3MOXHO, TOMOraetT UM B 3TOM HaJHyH€ Ha NOBCPX-
HOCTH A0CTATOUHO «TOJCTOO» MOrPAHHYHOTO CJI0S H TYpOYJTEeHTHBIX
nyJbcauuii CKOpPOCTH, B pesyJbTaTe KOTODbIX IEpEHOCHMbIC MOTOKOM

16* . 243



‘MHKDOOPTraHU3Mbl OKa3blBalOTCH «320POLIEHHBIMH» B MaJlOMOABHKHbBI
OOrpaHc/Ion. .
YXynmeHHe NHHAMHYECKHX XaPaKTePHCTHK H3-3a ofpacTaHusa 0CO-
OCHHO aKTyasIbHOTO AJIs Tem/blX Mopeil, Kora He TOJLKO YBeJUYUBA-
‘€TCA Macca yCTaHOBOK, HO M BCJEACTBHE [MOSBJICHHS HEPOBHOCTEH
H3MEHACTCA NIPHCOCAMHEHHAs] Macca KHAKOCTH, BOBJeKaeMasl B iBH-
JKCHHE [pH NEPEMEICHHH OTHOCHTEAbHO BOAbl. Ocobble TPyAHOCTH
BO3HUKAIOT NMpH 00pPacTaHuM BHYTPEHHHX [OBEPXHOCTEHl PAa3JMUHBIX
-BO3AYIIHBIX KaMep, BOAOBOAOB, TPYO6OHPOBOIOB.
Boabmofi onblT HabmioxeHHs 3a AWHAMHKOL obpacTaHuil crallko-
‘HapHBIX COOPYHEHUIl HMEIOT IKCIIyaTalUOHIHKH MOPCKHX AOGHIBAO-
KX n1athopM. B yxe uutuposaHuoli pabote [77] npuBopATtcs, Ha-
npuMep, MHTEPECHbIe AaHHble M0 oOpactaHuio niathopm B CesepHoM
Mope. ABTODB BBLAEAIOT TPH 30HEL 00paCTaHHSA: NOBEPXHOCTHYIO ([0
Tay6uHEl 25 M), cpeaHiow (25—75 M) u rayGuHEYIO (ot 70 mo 150—
200 M —ypoBeHb AHa AJst GOJMBLIIMHCTBA AEHCTBYIOIIHX MECTOPOK e-
‘Huil B CeBepHOM MOpe), B KOTOPBIX HaG/I0fEHUS TPOBOAHMIHCL B Te-
YECHHE HECKOJNbKHX JieT. K oCOOeHHOCTHM I[1OBEPXHOCTHOH 30HBl OHH
"OTHOCAT HEMOCTOSHCTBO COBOKYNHOCTH ofpacTaTesiell, CUILHO 3aBUCH-
IIEr0 OT NPOXOASAIIKWX B PalioHE YCTAHOBKM TEYeHMH, 5AU30CTH Hobe-
PEXbA M AAKE Ce30Ha OYHCTKH COOPYKeHH# oT obpactanufl. B 67us-
KHX K no0epexblo 30Hax, I'ge NpeobJafaroT MHAHM, palOmUe CJok
-obpactagust TOJmMHOH 15—20 CM H CHJIBHO yBeJIWYHBAIOMHUE Ha-
IPY3Ky Ha miat(opmy, O4HCTKY NOBEPXHOCTHOH 30HBI B pafione Ba-
"TEPIHHUH NPHXOAHTCH NPOBOAHTbL Pa3 B ABA-TPH roga (Ha paccros-
‘HUK mopsiaka 100 KM OT noGepexns, Kyga JHYHHKH 3aHOCATCH C NPH-
-OpeXKHBIMH BOAaMH).
B uentpanbHpix pafioHax MOps MOBEPXHOCTH ONOP  3aceasiorcs
-APYTrMMH OpraHaMH, Hau0oJjiee PacnpocTPaHeHbl XKHBYIIHE KOJOHHSAMH
THApouabl BHAa TyOyaspua. OHu 06Pas3yloT BOJOKHHCTHIE CTPYK-
"TyPbl M3 MSATKHX, pacTeHHenoaoOHbIXx ctefaefi aamHOli 8—10 cwm.
"TyOynsipusi ne yBeJMYHBAaeT MAcCCy H CONPOTHBJEHHE ABHMKCHHIO BOJ
"BOKDYT 000D, OAHAKO OYHCTKY IOBEPXHOCTEH MPUXOZHTCH TPOBOAMTH
A BH3yasbHOTO KOHTPOJIst HX COCTOsAHHA. KpoMe Toro, TyGyasipui,
*KaK W MHAHH, 3a7€PKUBAOT OOJbLIOE KOIHYECTBO HJa, KOTOPLLIH, OKa-
‘3aBIINCh B aHA3POOHOM CJ0€, MOXKET CTaTb NPUYHHON. KOPPO3HH.
*OuyeHb MHTEPeCHa BO3MOXKHOCTb DEryJMpOBaHHS BHAOBOTO COCTAaBa 3a
«CY4ET MCNOJb30BAHUS KOHKYDEHUHH MeXAY BHAAMH: OYHCTKA [OBEPX-
‘HOCTell B MPaBH/IbHO BEIGPaHHOE BPeMs roga MOXKeT MO3BOJHTbL NOJY-
4uTh GoJee NPeANnoUYTHTEbHBI BHAOBOH cocTaB 06pacTaHus.
A B cpeauneii some ocoGenno uuTepecHo nostanHoe ofpacTaHue, nep-

‘BHYHBLA CJIOH KOTOPOTO COCTOMT M3 DPasBUBAIOWIErOCs B NEPBblE roji-
ABa coolmecTBa TPyGuaThlx 4epBell, H MEJKHX DaKylleK, a Ha BTO-
"POI-TPETHH rOABL NOBEPX HEPBHYHOIO CJOSA HOABAACTCA BTOPHUHBLLH U3

JOBOJBHO OBICTPO Pa3BHUBAIOMKXCHA KOJNOHHH THAPOMAOB, TY6OK H-

Minanok. Huskue KOHmeHTDamuM KHCIOpOma OO CJOeM IJOTHO Clie-
MEHTHPOBAHHBIX pPaKyHIeK CrnocoO0CTBYIOT BO3HHKHOBEHHIO TOYEUHOMH

'KOPPO3uK JIHCTOBOH cTaau. B rayOuHHON 30He ofpacTaHHi OTMEYEHO

AOSBJICHHE KPYNHBIX GajsiHycOB, NJIAaCTHHKH OCHOBaHMI KOTOPHIX Ha-
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CTOJILKO [IPOUHO MPHKPENAATCH K 3aMHUTHOMY CJIOI0 MOKDBITHs, YTO
oTAeasa0TCa BMecTe ¢ HUM. 'y6OKOBOAHBIE OpraHH3Mbl  CO3[AIOT
TPYAHOCTH B OCHOBHOM NPH HHCIIGKTHPOBAHHH COOPYIKEHHIL.

TIpuHIHNAM 3alHTH OT KOPPO3HH H OGpacTaHHs NOCBAIMIEHBI CIie-
nyanbpHble pa6oT. HauGosee mIHPOKO NPHMEHAIOTCHA pa3JHYHBIE [O-
Kpbitis. Ias cuctem THna TpyGOIpPOBOAOB H KaMep HanGoabied 3¢-
GeKTHBHOCTBI0 06/1afaloT [ePHOIMYECKH [OAaBaeMble OHONMAHL, Ha-
npuMep pacTBOp XJOpPa, OKa3bIBAKOMHECH CEPbE3HBIMH 3arpsA3HuTe-
AsMH. BO3MOXKHO NpHMEHEHHe DPa3/JHYHBIX (U3HYECKHX METOAO0B, Ha-
npuMep HCHONb30BAaHHE PAAMOAKTHBHBIX IpenaparoB, BBOJAMMBIX
B NOKPLITHS, WJIH DE3KOro M3MeHeHHs TeMIepaTypel B cpexe, mpuie-
ratomeii K ofpacrtanuio nosepxsHoctd. [Tocieanee MoxKeT ObITb MPHH-
LHNHAdbHO TPHMEHEHO [Js OYMCTKH OT o0pacTanuii BHYTPEHHHX
nosepxHocTell TpyGOIpPOBOAOB H TemI00OMEeHHHKOB. [laisi 3TOro pocrta-
TO4yHO B TPYGOIpOBOAbl TENJOH BOABI NEPHOAHYECCKH MOAABaTh XOJIOX-
HYIO BOAY, NOAHHMaeMylo u3 ray6us (B caysae OTIC). Amanoruu-
Hblil croco6 onmpo6upoBaH Ha OOpacTalomHX BOJ03a0OPHHKAX MPH-
opexunix TIC.

Heo6x0auMOCTh  BBHIIOJHEHHS 6OJbLIOro oGbeMa HCCJAeLOBaHHU,
CBsi3aHHBIX, B YAaCTHOCTH, ¢ (YHKIHOHMPOBAHHEM H B3aHMOJAEHCTBHEM,
co cpeaoll OKeaHCKHX NpeobpasoBaTesieil SHEPrHH, BBIABHHYJA COBEp-
LIeHHO HOBYK npobjaeMy B ofaactd G0pbObl ¢ 0OpacTaHHAMH —
6opu0y ¢ MHKPOOGDACTAHHAMH M3MEPHTEJbHBIX 3JEMEHTOB pasiuy-
HbIX n1aTudHKoB. Hanmpumep, AJisi HEKOTODBIX MX THIOB cJoH obpacta-
HEs TOJHHON yxe B 0,025 MM cHH:KaeT 3Q(QEKTHBHOCTb M3MEpEHHH.
Pa6oTa He3amHIICHHOrO AaTuMKa TeMIIepaTypbl NPHBOAM/IA K OUIHOKE
B noKazaHuAx pesauunHoli 70 % mociae 15-aHeBHOH paloTH B OKeaHe.

INepBoHayanbHo AJst GOPLOBI HCNOJB30BANHCH TOKCHYHBIE MOKPBI-
Tusi, 06JyyeHue yJbTPasByKOM, paaMoaKTHBHble npenapatel. Bee aTH
croco6pl AAA TaKHx pesefl okasaluCh HENPHIOAHBIMH, 38 HCKJIOYe-
HueM cloco0a 3JeKTPOJHTHYECKOro runoxjaopuposanus. Cnocol  3a-
K/Jl04aeTcss B TOM, YTO ue€pe3 CHCTeMy UYBCTBHTEJbHbIH — 3JI€MEHT
(aHOA) H AONOJHHUTEJbHBI CTanbHON KAaTOX NPONYCKAlOT 3JEKTpHue-
CKHii TOK, B peayJbTaTe 4ero Ha aHOAe HEMOCPeACTBEHHO U3 MOPCKOH
BoAbl 06pasyloTcs coeAHHEHHs xJ0pa, yHHUTOXKalomue obpacTateled.
Anon f0JKeH ObiTh BBIIOJHEH M3 maaTHHbL. [aa paTynka temnepa-
Typbl, HalPUMeEp, 3TO HETPYAHO CAe/aThb, HAHECH HA €ro AM3JIEKTpHYE-
CKYI0 NMOBEPXHOCTb TOHKHMIl cjioff miatuHbl (Toamuuoi 0,2—0,3 MKM).-
Tlotepu nocnegseil B oA COCTABJAIOT IPHMEPHO 0,001 MKM, yTO AJs
yKasaHHOH TOJMUHB NOKPHITHs npeHe6pexxumo majo. Cnocol ObLT
onpo6HPOBAH B 1af0paTOPHbBIX YCJAOBHAX M Aajl XOPOMIME pe3y/b-
TaTbl.

Croco6 3JIEKTPONUTHYECKOTO — THOOXJI0PUPOBaHHsA 3(h{eKTHBEH H
475 CHCTEM, B KOTOPBIX HHPKYJAHPYIOT OOJbiine O00BEMbI BOABIL, OJ-
HakKo TpeGyeT GOJbMIHX PACXONOB 3JEKTPOIHEPrHy H HAACIKHOrO KOH-
Tpoas AJs NPEAOTBPAIICHHS CEPbE3HOrO 3arpssHeHust CPejbL
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§ 9.9. O606ueHHAA OLEHKA BO3JEHCTBHS HA CPEAY Pa3NHMHbIX
TMNOB NpeobpazoBatenell OKEAHCKOM 3HEpruu

Bonpoc oleHKH B3auMOAEHCTBUA CO CPeaoH OTAENbHHIX THMOB
npeo6pasoBatenell W CHCTEM Takux npeolGpasoBaTesell HAaXOAHTCS 3
B cTaauu u3ydeHus. IlosyueHHBle K HAcTOSIIEMY BPEMEHH KOJHYECT- |
BCHHBIE JdaHHBIC MMEIOT, CKOpee, YACTHEHIH, a B Dsile CAyuaeB JAaxe
NPOTHBOPEYUBHIH XxapakTep. JTO CBSI3aHO C TeM, YTO ONHCAHHE AaKe
TOJBKO (DU3HYECKOro B3auMoAelicTBusl mnpeofpasopaTesell cO cpeaod
JA0CTAaTOYHO cJa0xHO. [Ipu omeHKe Ke 3KOJOTMUECKOr0 BIHAHUS CJOMII-
KOM OOJIbIIOe KOJHYECTBO NapaMeTPOB, KOTOPHE CBSI3aHBI MEXAY CO-
60i1 HeonHO3HAYHHIM 00pa3oM, He HO3BOJASET CO3/aTh MOAAANIHECS
o6cyeTy ajekBaTHble MOAeaH Jau00 HCNOAB30OBaTb [Js1 aHaJgH3a Me-
TOAB Teopuu nogobud. Ilo 3ToH NpuyHHE OCHOBHBIM HAJIEKHBIM CIIO-
co60M OIEHKH BJHSHHUS TaKHX YCTPOHCTB Ha CPely OCTaeTCsd 3Kche-
PHMeHT Ha 6JH3KuX no maciuTaby K HaType ob6pasuax. OpHako u. |
B CJyuyae BHIIOJHEHHsS] TaKOI0O 3KCHEePUMEHTa OPUXOAUTCH BCAKHHA paz
JenaTh OrOBOPKY, TaK KaK MOJyueHHBle B ONHOM palioHe oKeaHa pe-
3yJbTaThl He MOTYT OBITb aBTOMAaTHUECKH NMepeHeceHHl Ha ADYrHe pai-
OHBHl H3-32 Pa3JIMyusd B NPHPOJHBIX YCJOBHSIX M Da3IU4YHONH CTPYKTYPHI
61OTOIIOB.

CkasaHHOe MO3BOJIsIET YTBEPKAAaTb, 4TO AJA 0GOOMIEHHOH OleHKH
9KOJIOTHYeCKOH cuTyamuu B MuUDOBOM OKeaHe B cJydyae Pa3BHTHSA Ce- -
. Tel OKeaHCKHX INpeobGpasoBaTesedl 3HePrMM B HACTOSIUKE MOMEHT
Jyylle BCero OCTAHOBMTBbCS Ha KAa4yeCTBEHHOH CTOPOHe Bompoca. [ns
WJAIOCTPAIMK  €ro COCTOSIHUSI U cocTaBJdeHa Taba, 9.2, B Kakoi-To
CTemeHH XapaKTepu3yiomlas 3KOJOrHuecKHe OCOOEHHOCTH pa3JMuHBIX
rpynn npeofpasosatenell. OueHKa BO3MOXKHEIX DPe3yJbTaTOB BO3jeH-
CTBUS BBIMOJHEHA HAa OCHOBE aHaJkM3a BO3MOXKHOI'O BJHSIHHS Ha 4eJo-
BeKa H jApyrue KUBbHe OpraHusMbl. B Tex cayuasix, Korja mnpsiMbie
OLEHKH /151 KOHKPETHBIX THUMOB YCTPOHACTB OTCYTCTBOBAJH, HCIOJb30-
BajJUCh AHAJOTHU C Pa3JIMUYHBIMH CTaHOHAPHBIMH MOPCKHUMH COODPY-
JKeHHSIMH (1aMObl, BOJTHO3AMKUTHBIE CTeHKH, NJAaTQOPMBI, THADPO3JEK-
TPOCTAHIUK U T.1I.).

Kaxasifi cTonbel TabJuIEl COOTBETCTBYET OMpeAeeHHON rpymie
npeobpasosateneil. IlocnenoBaTeJbHOCTE PACHOJOXKEHHS TPyNNn B Ka-
KOH-TO Mepe OTBeuyaeT KX NOTEHIHAJbHBIM BO3MOMKHOCTSAM MO Mac-
mTaby Bo3zmelicTBHA Ha cpely. B atom mmane OTIC n OI'3C  Ka-
KYTcsl HaunboJjee WHTEPECHBIMH, TaK KakK HOPUHIUHMIOHAJILHO OHO MOMKET
HOCUTL IJ106aabHEIH xapakTep. Bo3aeficTBue Ha cpeay ctaHuuil mpo-
YMX TPYIn BO BCell BePOATHOCTH He MOKeT BHIHTH 3a npelenbl pe-
THOHOB HWJH JaxKe JOKaJbHBIX 30H. De3ycioBHO, cyMMmapHas BelH-
yKHA BO3JAeHCTBUSI 3aBHUCHT OT MacIUTa0OB BHEJPEHHUS TeX HJH HHBIX
YCTAaHOBOK, OT a6GCOJIIOTHBIX BEJHYHH €JMHUYHBIX MOIHOCTEH, OT KOH-
IIEHTPANUHK B 30He pasMemieHUs U CyMMapPHOH MOIIHOCTH.

Hpyrass ocobeHHocts Taba. 9.2 cocTouT B TOM, YTO Ka}KZIaSI
Tpynna o00o6maeT pas/judHble KOHCTPYKTHBHBIE THnbl mpeobpasoBa-
TeJiel, U MO3TOMY BbiieJeHHble (AaKTOPEI OTHOCATCS K rpylne B Ie-
JOM, a He K OTAeJbHBIM TunaM. M3-3a 3TOro mpH avaju3e AAHHHBIX
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Tabaunpl B PAfe ciydaeB NPHXOAMTCA o0pamaTbCs K 9acTHHIM KJac-
cupukanuaM npeobpasoBaTesell, uTOOb OOBACHHTL HEKOTOPHIE CO-
BOKYIIHOCTH (PaKTOPOB, KaXKyIIHecs Ha TEPBbIH B3rJis[ HepeajbHbIMH.
Hanpumep, ouesnmHO, 4TO BOJHOBHIE Npeo6pas3oBaTesNH, YCTaHOBJEH-
Hele B OTKPBITOM MOp€ BAaJH OT noOepexbs, BPAL JH OYAYT BJAHATH
Ha TPaHCIOPT HAHOCOB, a TepMaJibHbleé CTAHIMH 3aMKHYTOTO muKJla
10 BCEfi BEPOSITHOCTH HE HaAyT CYIIECTBEHHOrO BKJafa B HU3MEHEHHE
yrJiepoaHoro GanaHca njaHeTol H T.A. M eme ofHO 06CTOATEILCTBO:
Bce nmpeobpasoBaTend AJjisi IPOCTOTHl Ha3BaHH 3HEPrOCTAHLHUAMH, XOTS
Heo6X0AMMO HMEThL B BHAY, YTO peyb HJET O 3HEProycTaHOBKaxX BO-
06111e, BHE 3aBHCHMOCTH OT TOr'O, KaKo# NPOAYKT fABJAETCA KOHEUYHBIM
(31eKTpO3HEPTHS, BOAOPOJ, AMMHAK H T.I.).

He 6yaem nogpo6HO OcTaHaBAMBAThCA Ha aHaxu3e TabJunH,
IpefocTaBIsAs 3TO YHTATENI0. 3aMETHM TOJbKO, 4TO cefiqac moxKajyih
GoJibIlIe BCErO JAaHHBIX [10 3KOJOTHYECKOMY BO3JAEHCTBHIO HMeeTCs! [0
npeo6pa3oBaTeNsiM JHEPrHH BeTpa M MPUJAMBOB, 006pa3ipl KOTOPHIX Ha-
XOAATCA yXKe B cTaaud 3KCIJIyaTallud AOCTATOYHO AJIHTENbHOE BPEMS.

B sakalouenue 3Tofl IViaBbl NOJYEPKHEM elie pa3, yTo Ha CEroi-
HSMIHUA [eHb HE NPEACTABJAETCA BO3MOXKHLIM 0 KOHHA YACHHTb OT-
neJbHble TIOCJAEACTBHSI HHTEHCHBHOIO OCBOCHHSI 3HEPreTHUeCKux pe-
cypcos Muposoro okeaHa. CymiecTByomue MOAe/H, B KOTOPBIX pac-
CMaTpHBAaOTCS NPONEcCH NEPeHoca BemecTBa H 3Hepruu B Guocdepe,
NO3BOJISIIOT [€JaTh TOJbKO YacTHbIE NPOTHO3bl, HAaAEKHOCTh KOTOPHIX
ObICTPO NajaeT no Mepe yAadeHHs OT HaCTOSILET0 MOMEHTa BpDEMEHH.
IlpyunHa 3TOro W B KauyeCTBEHHLIX MPEBPAIICHUSX, KOTOPHE MOLYT
IPOU3OHTH B cpeje NPH H3MEHEHHWH KOJIMYECTBEHHOrO BBHIPAaKEHHUS
BO3JENCTBHS Ha HEe, © B HEH3BECTHbIX HaM BO3MOKHOCTAX TexHOJO-
ruu Gyayuiero, 1 B TPYAHOCTH NpPencKas3aHus Xofa oOiIecTBEHHBIX AB-
JeHull, CBA3aHHHEX ¢ BO3MOXHBIM H3MEHCHHEM B HOTpefHOCTAX ueso-
BEUCCTBA B TCX MJIM HHHIX BHJAaX 3HCDPIUHU.

Hamun xejaHus 00 OTHOILUEHHWIO K OCBOCHHIO JHEPTETHUECKHX pe-
CYpcoB OKe€aHa cefiuac fBHO NpPEBBINIAIOT peaslbHbie BO3MOXKHOCTH,
onpeae/seMble YpoBHeM 3HaHuH o BceM KOMIJIEKce ABJIEHHH B OKe-
aHe, B aTMocdepe H HEOTAEAMMO CBSI3aHHOH ¢ HuUMH Guocdepe. Dto
HE0GX0AMMO UMETh B BHAY HE TOJIbKO NPH Pa3paboTKe HOBLIX TEXHH-
geCKMX pELIEHMH M NpH HCOBITaHUM KPynHOMacWITaGHHIX 06pasuoB
OKeaHCKHX npeoGpasosatenel, HoO U npH paspaboTke camoff cTpare-
TUH NPHPOAONOJb30BAHUS.



nasa 10
BAPUAHTLI UCMNOJSIL3OBAHUA OKEAHCKOM DHEPIMM

§ 10.1. Nepepaua 3hextbozuepruu Ha Geper

Bonpoc o nepenaue saexktposmeprum, BolpafaTbiBaeMOfl  OKeaH-
CKHMH 3/1€KTPOCTAHUUAMH, OYAYMHM NOTPeGUTENSIM B PAfe CAydaeB
OKa3blBAa€TCAd KJIOYEBBIM, 3aCTaBJSIONMM NepPecMaTPUBATL  OTHOLIE-
HHE K BapnaHTaM BbLIIOJIHEHHs npeobpasoBaTesell sueprun. Ocobenno
OCTPO 5TOT BOMPOC BCTaeT, KOrAa peyb MAET O MIABYYHX npeoGpaso-
BaTesdX, pasMeilaeMblX B OTKPBITOM MOpe,— naasydne OTAC, poa-
HOBEIE H BETPOBbie ycTaHOBKH. OCHOBHOII croco6 mepefau 3JeKTPO-
SHEPIuH B 3TOM cCJyyae — KalesbHble CHIOBbe JuHAH. Ho npu co-
SAaHHM TaKHX JIHHHH BOSHHKAIOT JOCTaTOYHO CJIOXKHBlE BOMPOCH], pe-
IICHHE  KOTOPHIX MPEACTABIAET  CaMOCTOATENBHYI0  TEXHHUECKYIO
npoGiemy. TlpuueM CJIOKHOCTH CBSA3aHBHl He C CO3JAaHHEM BBICOKO-
BOMbTHBIX KaGesiell BooOme (OHM IIHDPOKO MPHMEHAIOTCH B SHepre-
THKE), a ¢ pa3paGoTKoll COeAMHHTENbHHX Kabelef, CBSISBIBAIOMIUX
NJ1aBy4yHe OGBEKTH C MPOKJablBAEMbIMH 110 AHY CTaNMOHADHBIMH Ka-
Gensavu. HaunGonee TPyAHO peanH3oBaTh COEIHHHTENbHBE KaGeaH
o OT3C. 3mecs W HEOOXOAHMOCTE B BHICOKHX paboyux Hampsxe-
HUSX A8 Tepefayd CPaBHHTENbHO OOJbIIHX MOLIHOCTeH (a0 400 xB-
IPH MOIIHOCTH 3JeKTpocTanuuu 400—500 MBT), n Gosbumue ray-
Ounbt (mo 6000 M), TpeGymwluHe AOCTATOYHO MPOTHKEHHBIX COEAHHH-
TeJbHBIX JHHUI, W GoJbline nepenajbl AaBjaeHHH, NPH KOTOPHIX A0J-
XKeH paboTath KalGenb. HagmexuocTs Takux Kabegell onpexensiercs
HX 3JeKTPHUYECKOH M MeXaHHYeCKOH NPOYHOCTBIO, CTORKOCTBIO K H3-
HOCY B MeCTax MNOAK/IIOYEeHHS K naaTgopMaM HJIH HenocpeACTBEHHO
K rnpeo0pasoBaTenaM, ecIM HMEIOTCS B BHAY BOJHOBbie YCTaHOBKH,
CTOMKOCTBI0 K HCTHPAHHIO B MECTaX NEPEMEHHOTO KOHTaKTa ¢ TPyH-
TOM, PEMOHTONPHI'OAHOCTBIO. KpaliHe KeaaTesJbHO, YyTOOB TaKOH Ka-
Oelb MOT CTyXKHTb B TEUEHHE BCEro cpoka c/ayXKObl miaaByuell ycTa-
HOBKH, T. €. He MeHee 25 Jjer.

B nacrosmee Bpems Takue coeguHMTeNbHble KaledW HAXOAATCS
eule B craguu paspaboTku. Puc. 10.1 naer npeacrasieHne o6 ycTpoii-
CTBE OAHOrO M3 BapHaHTOB TaKOTO Kalbejs, H3YyaeMOro crenHauc-
TaMi ¢upmbl «CuMnieke yaiip Hx K361 Kommauu» (CIIIA). Btotr’
KaGenb mnpeaHasHaueH AMA [EPeAAyd JEKTPHYECKON MOIXHOCTH
100 MBT upu nepeMenHom Hanpsikenuu 138 xB. Ero ocuoBHble 3Je-
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MEHThI — MHOTOXUJIbHBIH NPOBOAHHK MJOIIAABI TpuMepHO 1,75 cM?,
M30JIATOP M3 MONU3THJIEHA BBHICOKOTO AaBJEHUS TOJLUHMHOA 24 MM,
repMeTH3HpyOUHMiA CJI0A W3  MBILULAKOBHCTOTO  CBMHIA TOJI LM HOH
3 MM, BEIGPAHHOrO 3a €ro BBICOKYH) YCTAJOCTHYIO MPOYHOCTb, H JABYX-
cjofiHas ONJeTKa M3 MPOBOJOKM (HepxKaBewowas cTajb THna AL-6X),

Puc. 10.1. Ipumep ycTPOACTBA CHJIOBOTO 3JIEKTpHYE-
ckoro xabeas ajaa OTIC [84].

| — GuTyMHBIl KOMIaysA; 2, 3, 5 — CJOH HeHJIOHE, 4, 6—

CJIOM NPOBOJIOKH H3 HepXKabelolllell cTaju; 7 — CJIOH AXKYTa;

8 — IJIOTHas IIOAHSTHAGHOBasd  000J0YKa; 9 — repMeTHK

(MBEIIBAKOBHCTHIE  cBupen); 10, 12 — NONYIPOBOAHHKOBHIE

NOKPBITHA; I — OCHOBHOH H30JATOP H3 IOJH3THICHA BHICO-
KOTO AaBjeHHs, /3 — TOKONpPOBOJALLAs XKHja

oT/Hualolelics BHICOKOH CTONKOCTbio NPOTHB KOPPO3HH B MOpPCKOH
Boge. OnblTHEIe OOpasubl OTPe3KOB Kalessl yXe MPOLIH [OBOJbLHO
CJIOXKHBI ¥ AJUTeIbHBIH HHUKJA HCOBITAHMA Ha MEXaHHUYECKYIo H 3JeK-
TPHYECKYIO TMPOYHOCTb NPH Pa3jiMyHBIX Harpyskax, XapakTepHBIX NJIf
OVAYLMX mpeAnosaraeMblX MECT yCTaHOBKH NeEpPBBIX 00paslos OTaC.
UchbiTanus mokasaju, uTo KaleJb noJ0GHOA KOHCTPYKIHH (oCje CO-
OTBeTCTBYIOIEH A0paGOTKH MOxKeT ObiTh DeKOMeH[AO0BaH NpH ray6u-
nax ycranoskn OTOC mo 2000 m [84].

Puc. 10.2. BapnaHTh NOAKAIOUEHHSA CH-

J0BBIX KaOeneil k muasyuum OT3C [84]:

A — HemocpecTBEHHOE COelMHEHHE;

B — coenMHeHHe vyepe3 BCIOMOTaTel]b-

HBlil pasrpy3ouHnii Oyit; B — 3akpen-

Jedue Kaleds Ha TpyOompoBoje X0J0j1-
HOH BOJBI

CaM kabelb— TOJBKO YacTh npobJeMbl O0ecnmedyeHHs IepenauH
3JeKkTposHepruu. Heolxonumo cosgaTh HaJeXHbIe CHCTEMBI MOAKJIO-
yeHus Kabesell X naatdopMam, ycTpoHCTBa COeJUHEHHs OTPE3KOB
KaOenell B mogsoanoM noJoxenwu. Ha puc. 10.2 nokasamel BOZMOXK-
Hble BapHaHThl YCTAaHOBKH COeIHMHHUTEJNbHBIX KaleJieH B ToJIe BOABL
Bapuauthl oTiHyaloTCd AJHHaMM Kabesell, BO3MOXHBIMH mepemenie-
. HUSMH 0JaTdopM, omnpefensieMbIMH YCTPOACTBOM SKOPHBIX CHCTEM,
JONYCTHMBIMH aMIHTYAaMH KojeGanuil naatpopm.

HaunGosee npocT B OCyLIeCTBJIEHHH BapHaHT € €CTECTBEHHBIM pac-
noJioKeHHeM Kabessi, OH ke HauboJee npocT B pemonTe. OpHako
npu TakoM crnocofe Kabeab HanboJee YsA3BHM 0pPH OTHOCHTENLHO
60JibIINX nepeMelleHHAX naaTthopMbl. BapHaHT ¢ OPOMEKYTOUHBIM
6yem Tpebyer B 1,5—2 pasa GoJbluero pacxoma Kabens, 6oJsee cJ0-
JeH B YCTaHOBKe, MpH OGCJENOBaHWM H DEMOHTE, OHAKO obecmeyH-
.BaeT HAWJYYIIYIO PA3BASKY MO OTHOIIEHWIO K BePTHKAJbHBIM Kojeba-
HusM naaThopMbl. O6a BapuanTa TPeGyloT AKOPHBIX YCTPOHCTB, obec-
MeyuBAKIUX NepeMeleHre naaThopMbsl B OrpaHH4€HHOM CEKTOpE IIO
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OTHOIICHHIO K TOYKE MOJCOCAHHCHHUs Kalens Ha [He M He NOMYCKAIOT
NOBOPOTa NJIaTPOPMBI BOKPYT OCH.

Ilpu Tperbem BapuaHTe, Korza Kabeb 3aKpemnyeH BAOIL TPyGo-
NpOBOJa XOJOAHOH BOABI, HCMO/IL3YEMOro B Kau€CTBE 3/€MEHTa SKOP-
HOTO yCTPOHCTBA, MOXKHO JOCTHYb MHHHMAJBHOTO pacxoia Kabeus,
ofecneuuTs BpameBne MAaTGOPMH BOKDYT CBO€ll OCH, CYMmECTBEHHO -
CHU3HTb MEXaHHYECKMEe Harpy3KH 3a CyeT DaCTsKEHHs Kabeas mop
AeiicTBHeM coGcTBeHHOro Beca. Takoit BapHauT TpebyeT HaMHuyHs pas-
BASBLIBAIOMUX YCTPOMCTB, JOMYyCKAIOmMHUX CKpyuuBaHHe Kaless Ha
360°. B KauecTBe TAKOBBIX MOTYT ObITb HCHOMB30BAHMI pasjuyHBle
CKOTb3SMHE KOHTAKTHl B TepMETH3HPOBAHHBIX KOpnycax. DTO TakxKe
AOBOJIbHO CJOXKHEIE YCTPOHCTBA, OCOOEHHO €CAH Y4YeCTh, 4TO AJs Tie-
pellain 3JEKTPOSHEPTHH Ha [EPeMEHHOM TOKe TpefyeTcs HE MeHee
HCTBIPEX OAHOXKHIABHBIX Kalbeseli (Tpex TpexdasHblX, OJHOTO 3amac-
Horo). O0pasubl MoAOGHBIX yCTPOHCTB yke paspaGoTambl. Cymiect-
BYIOT ¥ Oojiee npocrtble yeTpoiicTBa, o6ecrneyHBaoine HEKOTOpoe
4HC0 cTeneHell csoGonbt kabesieil MpH BBOAE B KOpmyc MIaTdOpMBI
JUGO 3a CYeT CMeuHANbHOrO BBIICPIKHBAIOLWIETO H3THGAIOIHe HAa-
TPY3KH 3JeMeHTa, An00 3a CYET BPAmMANOMIErocs mapHupa. [locnes-
HHE MOryT OblThb NPHMeHEHBl AJs TPHCOEIHHEHHS KaGeass K Iaat-
popmam B ciyuae BbIGOpa mepBOrO HJH BTOPOLO BAPHAHTOB IOJKJIO-
YEeHUS. : )

Ilpu BhiGOpe THMa KaGeabHOTO COoeqHHEHHS NPHHHMANOTCH BO BHH- -
MaHHe (e30macHOCTL CHCTeMBl, CTOHMOCTb, MaccoraGapHTHHE Xapak-
TCPHCTHKH, HaJ€XKHOCTb, NPOCTOTa OOCHy:KHBaHHA. B ofmeM cayuae
TPYAHO DEKOMEHIOBATb M THM MPHCOCJHHEHHS, H COOTBETCTBYIOMLYIO
apmarypy. DKOHOMHUYECKHII aHaJH3, BHINOJHEHHbI 3apy0eXHbIMH ciie-
OHaMHCTaMH, MOKA3bIBAET, HAMPHMED, 4TO €CJM 3a OCHOBHON KpHTe-
PHil B34Tb CTOUMOCTb, TO B 60Ji€€ BHIFOAHOM MOJIOMKEHHH OKAa3blBa-
I0TCSL KPynHble 3HeproGsoku. Ilo HajeXKHOCTH K€ ofecrneyeHHs 3Hep-
THell [PeNnouTeHHe MOrIo 6bl ObiTb OTJAAHO CPABHHTENLHO HEGOMdb-
IIHM 3HEProGJoKaM, KOTOPHe, KCTaTH TOBOPS, H Jierye oGC/y:KHBATD.
Ho Tak Kak CTOMMOCTb mpH MOPEJBADPHTEJbHBIX ONEHKAX CHCTEM
HrpaeT Gojiee CYIECTBEHHYW POJb, TO NPHOPHTET KPYMHHIX 3HEProyc-
TaHOBOK OKa3bIBAETCH HEOCOPHMBIM.

ITo a710il mpHuHHe mepenaua 3J€KTPOSHEPTHH C OTHOCHTENbHO He-
GOMBINKEX TNIABYYHX BOJHOBBIX YCTAHOBOK NMpPH BCEX HX JOCTOHHCTBAX
B CMblc/I€ 3(HEKTHBHOCTH npeo0pasoBaHus 3HEPIHH ¢ MOMOLIBIO Ka-
GesbHBIX COeAHHEHHI HejaeT mOc/efHHe HEKOHKYPEHTOCHOGHBIMH Mo
'CPABHEHHIO ¢ MeHee 3((eKTHBHBIMH BOJHOBBIMH 3Ke IIpeoGpasoBare-
JIAMH, CTapHOHAPHO pa3MemaeMbIMH Ha JHE (CM., HaupHMeEp, npeod-
pasosaTenn QUPMBI «BHKKepc», npeoGpa3oBaTeNb THHA <MOJLIIOCKS).
Cranuonapyble, NPOJIOKEHHLHE B TPYHTE CHJOBBE KaGedH 3HAYH-
TeJbHO Oojiee HajexXHb, pa3paboTaHa TeXHUKA JIST HX OPOKJIAJKH,
IPOBEPKH COCTOSHHSA U pPeMoHTA.

Hasi GeperoBeIx 3/1€KTPOCTAHIMI (IPUIMBHBIX, CONEHOCTHbIX, BOJ-
HOBBIX M BETPOBBIX) NPoO/JeMbl NE€PENAUH 3/IeKTPOIHEPTUH TE€ KE, YTO
M 178 APYrux MaTepPHKOBHIX cTauuuii. HauGosabiuiue TpymHOCTH BO3-
HUKAIOT [PH mepejaye 3HePrud Ha OoJiblIMe PaCCTOAHHS NPH BKJIO-

252




4eHHH COOTBETCTBYIOUIHX 3JEKTPOCTAHIMH B 3HeprocucTeMsl. [as
9THX neJqeli paspabaThBaioTCs c€HYac CBEPXBBICOKOBOJLTHEIE JIMHHH
ajieKTponepenau Ha Hampsxenue a0 1800 kB (yxe coopyxeHa JH-
#us, paGotaromasi npu Hampsxenuu 1150 kB, kubastys — Heas-
6uHcK). Pemense mpo6jem nepelaydl 3JEKTPOIHEPTHH B 3TOM CJY-
yae HJET HE3aBHCHMO OT OKEaHCKOH 3HEPreTHKH H H03BOJIAET Haje-
ATHCS Ha OCYHECTBJAeHHE 3((EeKTHBHOIO HCNOMb30BAHUS 3JEKTPOIHED-
ruy GeperoBhLIX OKeaHCKHX cTaHuui, rae Obl OHH HH pacmoJjiarasuck
(3zechb, BEPOATHO, yMecTHAa CCHIKAa Ha BO3MOXKHOCTb CTPOMTEALCTBA
TaKHX YZaleHHbLIX OT 3HEProcuHcTeM craHuuil, Kak [leHKuHCKas U
Tyrypckas I13C).

Cefiuac Bengercss pa3paloTKa HE TOJAbKO BBHICOKOBOJIBTHBIX TpPaaH-
[UOHHLIX MPOBOJAHBIX JIHHHI 3/]€KTPONepeaay, HO H CBEPXBBICOKOBOJDBT-
"HbIX KaGeJbHblX JHHHH, BHIIOJHEHHBIX B BHIe TpyO6OONPOBOAOB, 3am0J-
HeMBIX Ta3aMH ¢ BHICOKHM 3JeKTpuuecKum conporusjesneMm (SFs),
¥ B BHE BaKyyMHbIX TPyGOIPOBOJOB, N0 KOTOPHIM Ne€pepaya 3HEPrUH
MOrJia 6Bl BECTHCH ¢ MOMOIIbIO MYYKOB YCKODEHHBIX 3JI€KTPOHOB. Pas-
pabaThlBaloTCA, HAKOHEIN, BApHAHTH CBEPXMPOBOIAINNX AHHMH Tmepe-
Jla4y, OCHOBHOE CBONCTBO KOTOPBIX — CHHXKE€HHE A0 MHHHMYMa IOT€pb
3JeKTposHepruy. IlpomyckHas crnocoGHOCTL TakHX Kafejed  BBIIE,
geM Y OGHIUHLIX, HE MeHee deM B 15 pas. ITo mO3BOJIsAET HaAeATbCHA
Ha BO3MOXKHOCTH MEpEeIayy ¢ MOMOMIBI0 TAKHX €IMHHUYHBIX Kalelel -
MomHocTell nopsiaka 5000 MBT.

JIlna ynajleHHBX OoT moGepexbs 3HEPro0JOKOB AHANA30H BOSMOXK-
HocTell mpH BblGOpe cnOCOGOB nepeayl 3HEPruH CYIIECTBEHHO HHIKE.
[MpuHnunHaApHO BO3MOXKHO OCYIUECTBJICHHE TAKOro  3K30THYECKOro
cnocoba mepeaaud, Kak mnepejayd ¢ NOMOmbIO NMyyKa Hanpap/aeHHOTO
ssnekTpoMarsuTHoro usnydenns CBY-nnanasona, mepefaBaemoro Ha
JHOCTaTOYHO BEICOKO PachoJOXKeHHBIl OTpaKaTesb H ¢ Hero Ha npHeM-
tyio craunuio. Takofl oTpaxaTenb MOXKHO ObIO GBI YCTaHOBHTDH C JIO-
MOWIbIO, HampuMep, BO3AyIIHOro wmapa. MoxHO HCHOJNb30BATL H
SHepreTHYeCKHl CNyTHHK, Haxojasdmuics Ha reocTaHIHOHAPHON OpOHUTE.
" Takoil cyTHHK KOHCTPYKTHBHO Obll Obl 3HAUHTEJNbHO NMPOILE, HEXKEIH

coGupatomuil sHepruio CosHua, KowsepTupyiomuii ee B CBH-nsmyue-
“mue H nepefarouil Ha 3emuwo. OH urpan Gbl poOJib NMAaCCHBHOIO pe-
TpaHCAATOPA M HYXKAaJCs Obl TOMbKO B OOBIYHBIX YCTPOHCTBAX AJIA
KODPEKIHH NOJoXKeHHs. 3a cueT OCOOEHHOCTell OTPaXeHHs BOJH CaH-
THMeTPOBOrO JHana3’oHa MeTaJT0eMKOCTb OTpaxKaTeas TaKOro CmyT-
HHKa Obla Obl MeHbIUEH, yem B CJAyYae COJIHEYHOr0 KOJIIEKTODd,
a BpeMs JKH3HH 3HAUMTEJbHO BEILIE H3-32 BO3MOXKHOCTH HCMOJb30BA-
HUA MATEPHAJoB, CTONKHX K YKecTKOMY uaayuenuio. Mcnosib3ys cBOH-
CTBO HE3aBHCHMOCTH pacnpoCTPaHEHHs 3J€KTPOMAarHHTHRIX  BOJH,
¢ MOMOIIbIO OAHOrO TaKOro PEeTpaHCASATOPa MOXKHO ObuIO OB Jaubo co-
6upaTh Ha ejHHHIl Ha3EMHBIH NPHEMHHK 3IHEPrulo, BbIpaGaThlBaeMyIo
geckoabKumu OTDC, 1160, Ha0GOPOT, OT KaxKAOH H3 HHX OCYymeCT-
_ BJIATH Ne€pejayy Ha CBOH NpHEMHHK. TlpaBaa, peHTaleJbHOCTD TaKHX
¢crnocoBOB nepefayy 3HEPTHH M HX 3KOJOTHYECKYIO 6e30macHOCTb €LIe
Hano jao0KasaThb. Boofiie Ke pasBUTHE 10A06HEX CHCTEM — A€J10 J0-
CTATOYHO OT[AaJeHHOro OYAYLIETO.

253



B HacTosimee e BpeMs eNMHCTBEHHHM TEXHHYECKH H 3KOHOMH-
4ECKH ONpaBJaHHBLIM CNOCOGOM HCTONb30BAHHS 3JEKTPOIHEPrHH, M0~
Jyyaemoll Ha SHEPrOyCTAHOBKAX, Da3MeELIEHHBIX B OTKPHTOM MOpe
B/laMu OT Geperos, OCTaeTCs HOJYYeHHE C €€ TOMOWBI0  PasAHIHbIX

3HEProHOCUTENeH H APYrHX SHePrOeMKHX BeflecTB.

§ 10.2. AxkymynupoBsauue SHepruu

TlpuMeHnTeNbHO K 3ajauaM OKeaHCKOll 3HEPreTHKH aKKyMyJ#po-
BaHHe SHEPrdH MMeeT BayKHOe 3Ha4YeHHE B CBS3HM C TeM, YTO TI0O3BO-
JII€T KOMIECHCHPOBATb KOJleOaHHe MOUIHOCTH NPHPOAHBEIX HCTOYHHKOB.
9TO 0cO0EHHO CYmIECTBEHHO AJA ABTOHOMHBIX BETPOBEIX H BOJIHOBHIX
3JICKTPOCTaHIHH.

IDPEKTHBHOCTD HEKOTOPHIX CHCTEM AKKYMYJHPOBAHUS auepruy *

Ha cxkatoM Bozayxe . . . . . . . . . . .. ... ... ... 30%
To xe, ¢ razoBoit TypOunOR . . . . o . 4 . .. . . . . ... 45
C rtonauBHLIMM 3J€MeHTaMH HA BOJOpOJe H KHCaopoXe . . . . 55
PngpaBimueckne . . . . . . .. ... ... ......66—75
Mexannueckue ¢ BPamAIOUHMCHA KOMECOM . . . . . . . Y £
DJIEKTPOXHMHUECKHE 6aTaPeH . . . . o o o o v o o u o o . . .70—87
CBepXnpoBOAAIMA KOHTYP o 4w « v v v v v v v w v w o n . . 75—90

* Bhatt S. Indian and East Eny. 1982, vol. 124, N 8, p. 329—335.
** B anteparype aas cospemeHHHX TTADC (UHEBMOAKKYMYJHpYIO-
HIHX 3JIEKTPOCTaHUHH) BeTpewaercs 3nauenue 70 9.

PaccmaTpuBaembie 31ech CnocoOH W CHCTEMBI JUIS aKKyMYJHPOBa-
HHA  paspabaTeiBajiich  3af0Jr0 10 OOpameHHs K OKeaHCKOH
SHEPreTHKe M paboTHl B 3Tolff 0bJacTu yiKe JOCTATOYHO AaJleKO mpo-
ABHHYJIHCH BIIEPe]l, HECKOJIbKO ONepexas PasBHTHE OKEaHCKHX Npeol-
pasosareseil. Jlnst Hac BaxKHO, 4TO NPAKTHYECKH BCe THNH paspala-
THIBACMHX celyac aKKyMyJHPYIOUHX YCTPOACTB MOIYT HaiTH IpHMe-
HeHHe u B OKeaHcKoH 3Hepretuke. OOmee TpeGoBaHHE K TaKHM
cHcTeMaM — MUHHMaJIbHble TIOTEPH SHEPIHH B Ipomecce 3apsijKH, pas-
PANKH, XpaHeHHs. IDTO TpeGoBaHHE INO3BOJAET ONPEAETHTH 3(deK-
THBHOCTb aKKyMyJIATOPOB KaK OTHOLIEHHME SHePIuH, BHJAHHON ToTpe-
OutensM, K oOmefi sHepruu, 3aTpavenHoli Ha sapsagky. Ilo 3TOMY
NoKasaTeJilo XyJAUIMMH XapaKTepPHCTHKaMu o6siajgaer cucreMma, pabo-
Talowas Ha CXKaTOM BO31YXe, a JYUUIHMH — CBEPXNPOBOAAILUH KOHTYD,
AHCTBHE KOTOPOrO OCHOBAZHO Ha JHTEJNbHOM COXPAaHEHHH BO3GYK-
JAEGHHOTO B IpOLECCE 3apPAJKH TOKa B 3aMKHYTOM TNpPOBOJHHKE, HaxO-
AdAlleMCH B COCTOAHHH CBEPXNPOBOAMMOCTH 32 CHET OXJaXKACHUA 10
TeMnepatyp, GJH3KHX K abco/oTHOMy Hymo. [Ipu BhiGope THma ak-
KyMyJidTOpa HIpaiT POJNL M JApPYrHe IOKasaTeld. Ba:KHbH SKOHOMH-
HeCKHe ToKasaTenu, OnpeiensieMble, HanmpuMmep, VAeJbHHMH KamnuTa-
JA0BNOXKeHHsAMH Ha | KBr-u 3anacensoii sweprun. Baxna Beanuuna
CKOPOCTH 3apSAJKH H BBIBOJA SHEPIHH, H3MEHAOIARCH OT AoNell ce-
KYHIbl Y CBEPXNPOBOAAMIET0 KOHTYPA [0 HECKOJbKHX YacoB y MeXa-
HHYECKHX H 3JIEKTPOMEXaHHYeCKHX aKKyMyJasTopos. Ha 3KoHOMHu-
HOCTb aKKyMyJIMPOBaHHs BJIHSI€T U CIOCOGHOCTb CHCTEM BbIAEPKHBATh
TpeGyeMoe [0CTATOYHO GOJIbIIOe UHCIO LMKJIOB 3apAf-paspaim, NpH-
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yeM HeoOXoAuMble AJs1 TIPOBefeHHS 3aDAAKH napaMeTpPH He [OJIKHH
CYIIECTBEHHO OTJHYaThCA OT obecneynBaeMblX HCTOYHHKOM 3HEPrHH
(okeaHCcKHM mpeo0pasoBaTesieM B HalleM cllyyae).

HauGosbllee pacnpocTpaHeHHE TOJYUHJIH aKKyMyJsTOPH Ha THA-
paBjuueckoM mnpuHoune. Ha HeM, B 4YacTHOCTH, OCHOBAHBl CXEMBb
[A3C, cTpouTeabCTBO KOTOPHIX BeaeTcs BO BceM mupe. o nenas-
Hero BPEeMEHH 3TO GblI NPaKTHYeCKH €JMHCTBEHHBI NpHEMJeMblil Me-
TOJ aKKyMyJHPOBAHHA JOCTATOYHO OOJBUIHX KOJHYECTB  SHEPrHH.
Tak#e cTaHUUH OTAHuaeT OOJbLIIOH CPOK 3KCIJAyaTaundd, nmpocTota 4
HU3Kast CTOMMOCTb OOC/yKHBaHH$, BHICOKAs HafexkHOCTh. Heckosbko

Prc. 10.3. Cxemnl TUAPOAKKYMYIUPYIOUIMX CTAHUMI: ¢ — LOJX3EMHas

rHAPONHeBMATHYECKAs; § — THJPABIMYECKAs ¢ HCKYCCTBEHHBIM BEpX-

HEM GacceilHom; 6 — THJApaBJM4eCKas C MUIABYYMM MJM CTanHOHap-
HBIM KeCCOHOM; 2 — MOJBOJHAS TUAPONHEBMaTHYECKAs

eapuantos cxem I'ADC npusesenst Ha puc. 10.3. Bce omum moryr
6biTb NPOCTPOEHH BOJH3H TOOEpeKbs H COCTHKOBAaHBI C COOTBETCT-
BYIOMHEMH TpeoGpasoBatensMu okKeanckoii snepruu. Ilociexnne asa
sapuaHTa MOIyT ObiTb padMemeHbl B OTKPHTOM MOpe H obnaparwT
TeM [OCTOHHCTBOM, YTO AJsi HX CO3/aHus He TpebyeTcs OTBOAHTH
yuactku cymd. [TocTpoeHb TakHe aKKyMyJHPYIOIHEe YCTAHOBKH MO-
ryT OLITh B OPOMBILVIEHHOH 30He H  OTOYKCHPOBaHBI K MECTY
ycranopkH. OcoGeHHO HHTEPeceH TOCJEAHHI THI CTaHUMH, pasMmedlac-
Mbiii Ha aHe BogoeMa. Takas momsoaHas [ADC Grina paspaorana
8 Hawmell ctpane*. Ee oT/HuaeT OTCYTCTBHE HAmOPHBIX TPYGOMpoOBO-
108, 00Jaal0mKuX AOCTATOYHO BBLICOKHMHK MOTEPAMH THAPaBIHYeCcKO
sHeprud. ABTopaMu CTaHUHH, COTPyAHWKamu JIeHMHIPaACKOro MOJH-
TexHHueckoro uuctHTyTa MM. M. H. Kaamsmma 10. C. BacuibesbiM

* A c. Ne 484280 (CCCP), 1972 r.
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u B. A, KykyWKHHBIM, NpejJoXeH eme U cnocod CTPOHUTENILCTBA He-
00XOIMMBIX AJIS Hee 06O0J0YeUYHBIX KOHCTPYKIMA  HeNocpeCcTBEHHO
B OTKPHITOM Mope,

B03MOKHOCT  HCIONIb30BaHMA — BO3AYIIHOLO AKKyMYyJUPOBaHUS
pocMartpuBajnach Ha HayaJlbHOM 3Tare CO3JaHHs OKeaHCKHX IPeos-
pasoBaTesell MPHMEHUTEJNLHO K BOJIHOBBLIM yeTpoiicTBaM  Ha THApPO-
IHEBMAaTHYECKOM TpPHHIHIE. B coyeTanun c rugpasiuueckoil Typ6u-
HOH BO3JYNIHO-THAPOAKKYMYJHPYIOWHE CTAHIHH paccMaTpuBanuch
JIPAMCHHUTEJIbHO K MaJbiM TPHJIMBHBIM yCTaHOBKaM. [IpMHIMT feiicT-
BUSl TakoH cTaHnuu noscuser puc. 10.2, a. Tlogsemunii Gacceiin Ta-
KOH CTAaHUHH sIBJAETCS XPAaHHJHLIEM H BOXBI, H CKaTOrO BO3/YyXa.
PaGora BO3AymIHOH M THAPABAMYECKHX TYpPOUH OCYILIECTBJIACTCST IIO-
caeposatenbro. Ilpu sapsike Boga u3 pesepByapa ypadsercs ¢ To-
MOIIbIO BO3AYUIHOTO Kommpeccopa. CTOMMOCTh CTPOUTENLCTBA TOH0G-
HBIX YCTAHOBOK 3HAYHTEJIbHO NPEBBINAET CTOMMOCTb HA3€MHBIX H TOM-
BOJHBIX.

FADC—>3To jgocTaTouHo KpymHbe 3HEPreTHyecKHe 00 BEKTHI,
NpelHa3HAYCHHbIE /IS NEeHTPa/H30BAHHOTO HCIIOJIb30BAHUS B 3HEPro-
CeTAX KaK JJsi KOMOEHCAnHH NHKOBBIX HATPY30K, TaK W AJsl aKKyMy-
JUPOBAHHA «NpPOBaNbHOH» sHeprun ADC n TII] B HOoyHoe BpeMsL.
Onnako B cHCTeMHOH sHEpreTHKe PaccMaTPHBAIOTCA M BO3MOMKHOCTH
HCII0/Ib30BaHUSI MHIMBHAYaJIbHBIX HAKONMTeJell, pasMemaeMblX B He-
NOCPeICTBeHHOH OJIM30CTH OT MOTpeGuTesell sHepruH. B KauecTse Ta- - §
KOBBIX NPHMEHHMbI HAaKOMHUTEJNH 3JIeKTPOXUMHUECKOro, MexaHU4eCKOro
H CBEPXNPOBOARIIETO THIA.

Cpeny 3/1IeKTPOXHMHYECKHX HaKONHTENeH NOKa JOMHHHPYIOT CBHH-
LOBO-KHC/IOTHbIE aKKYMyJATOPHble 6aTapen. ONHAKO HX ylelbHBHE [0-
KasaTequ yKe HE yJOBJETBOPSOT noTpedutenefi. Mim Ha cMeHy uayr
paspabatbiBaeMble cefiuac 1ieJIOYHbIE AKKYMYJAATOPH (HUKEb-IHH-
- KOBBIE, HHUKe/b-2Ke/e3Hble), O0Jafaloiiue peajbHOl yaenbHOH 3Hep-
rueft okono 0,1 KBT-u/Kr— BaBoe Goabliel, 4yeM Y CBUHIOBO-KHC/OT-
Heix. OTMmeTHM, 4TO GoJiee AOPOTHE W MeHee CTONKHE O 4HCJY [H-
KIIOB 3apsiA-paspsii CepeGpAHO-UUHKOBbE aKKYMYJAATOPHI, HCIOAb3ye-
Mbleé B OCHOBHOM B HEKOTOPHIX BHAaX MaJoraGapHTHHIX TpPaHCIOPT-
HbIX CPesicTB, 0GJafa0T yAenbHOI sHepruefl mpumepso 0,5 KBT-u/Kr.
I'naBnas pen» paspaboToOK, Beaymuxcs IPaKkTHYeCKH BO BCeM
MHp€, — CO3JaHHe YHHBEPCaJIbHOH H CPaBHHTEJNLHO HeJOPOrOH  CH-
CTeMbl HAKOMJeHUA 3Heprud. Hamo uMeTh B BHAy, 4TO AManasoH NpH-
MEHEHHs AKKYMYJSATOpHbIX OaTtapeil orpannueH. OHH npenHasHaueHH
TJIaBHBIM 06pasoM st ofecreyeH st KDaTKOBPEMEHHbIX (mopaika 1—
2 4) marpysok. Hyxuw Gartapeu, oTiHuamoumecs npoctoToii obcay-
KHUBAHUS, GOJBUIHM CPOKOM CJyXKObl, BeicokuM KIIL 3apapa-paspsiia
M HajiekHOCTBIO. TIOKa, Kak 3TO OTMeuyaeTcss B JuTEepaType, KOM-
IJIeKCYy 3THX TPeGOBAaHHWII He OTBEYAET HM OAMH M3 CYIIECTBYIOMHX
THIIOB AKKYMYJSTOPHbIX Garaped. OfHO K3 BaXKHBIX JOCTOHHCTB, OI-
pelesolHx HHTePEC K aKKYMYyJASTOPHHIM (aTapesM KaK HAaKOTHTe-
JISIM, — MaJiag TOCTOsSIHHas BPEeMEHH MX BKJIOUEHHS B ceTh B Cjyyae
HeoOxopuMocTH. TI0 3TOMy noKasaTen:o OHH YCTYMalOT TOJbKO CBEpX-
HIPOBOAAINM CHCTEMAM.
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JlocTOMHCTBA ~ MHEPUHOHHBIX ~ CHCTEM, 3aNacaloluxX 3HEpruio
8 (GopMe KHHETHuecKOoll 3HEPrHU BPAILAOLLErocsl MaxOBHKaA, — 10CTa-
TOYHO OBLICTpPHIl NHKA 3apsii-paspsii, HeorpaHuyeHHas rnyOuHa pas-
psifia u GOJbIIOE YHCIO IHMKJOB, CPaBHHTEJbHAs INPOCTOTA, MaJjble
3aTpaTe Ha OGC/IyXHBaHHE, NJUTEJNbHBII CPOK cayxObl, THOKOCTDb
IOABOJA SHEPTHH (3/€KTPONPHBOJ, 'MAPABJIHYECKHH H MeXaHU4eCKHUH
npuBoabl). [loTepu B TakKHX yCTPOHCTBax MOryT OBITh CBEICHBI K MH-
HUMYMY 38 CYET 3alOJIHEHHs] HX KOPNYCOB WHEPTHBHIMM razaMH, BaKy-
yMHPOBaHHUs, WCTONb30OBAHHA MArHMTHBIX N0ABECOB. MaxoBuk IHKO-
BOrO KOMIIeHCATOpa Ha 3TOM NpHHOuTeE eMkocThio 10 MBT-u mpu cko-
pocTH BpamleHus mpuMepHo 3500 0GOPOTOB B MHHYTY OyHeT HMeTh
anamerp 10 M u maccy 200 1. Takast ycranoBka TpeGyeT NpUMEpPHO
100 M2 momajd, B TO BPeMsl KaK A1s aHAJOTHYHOM TO 3amnacaeMoii
sneprun [ADC neo6xoauma mioOLAAb MPUMEPHO B 40 pas GoJspLias.

Pa3BUTHE TEXHOJOTHH TOJy4eHHS CBEPXIPOYHbIX MaTepHajoB TO-
3BOJIMJIO CO37aTh CBEPXOBICTPOXOJHBI MaxOBHK, IJIOTHOCThL 3arnaces-
HOfi 3HepruH y Kotoporo B 15 pas Bhlille, yeM y OGBIYHOTO CTaJNbHOrO.
V nocsenHero OHa OrpaHHYHBaeTCH NPEAEJOM NPOYHOCTH, YCTaHABJIH-
BarolleM MaKCHMaJbHYI0 CKOPOCTh BpameHHa. MaxoBHK cBepXGBHICTPO-
XOJHOTO HAKONHUTeJs TPHCOeNUHSIETCS  HENOCPEACTBEHHO K pPOTOPY
GeccTyNeHUaTO pery/HpyeMoro reHepaTtopa Ha MarHHTHOM mnozBece.
DToT GJIOK HrpaeT poJp au00 MOTOpa (npHu 3apsjae), auGo renepa-
Topa (mpu paspsiake HakKonurens).Teno Takoro MaxOBHKA COCTOHT H3
pajHaJbHO PACIOTOXKEHHBIX CBEPXNPOYHBIX HUTEBHAHBIX KpHCTAJ-
JIOB, 06 beAHHEHHbIX B OT/EJbHBIE CTEPXKHH, H HE HMEET NPHBBIYHOrO
o6oxa. Bo BpeMs BpaieHHs KPHCTAJLIbl HCNbITHIBAIOT TOJIBKO pacTs-
THBaOIIHe HalpsizKeHHs. PaspyllleHHe HEKOTOPON 4acTH HX TPH 3KC-
TpeMa/bHBIX Teperpyskax He NMPHBOAHT K pasfasiaHCHPOBKE Koleca,
¢ aBapud He NPOUCXOAMT.

UpespnuafiHO MHTEPECHB CBEPXNPOBOASAILLE HAKOTHTENH, TIpea-
CcTaBJdoIMe COGOH NMPOBOAAIHA KOHTYP, MOMeIleHHH B MIaxTe, 3a-
[OHEeHHON XKHIKHUM rejueM. Ilo pacueTamM aMepHKaHCKHX CIeUHaJHC-
TOB eJAMHHYHAS €MKOCTb TaKOro HaKONHTeJs MOXKET OBITb paBHa
104 MBT-u. ¥ Takoro 6Ji0Ka TIOTEePH 3HEPrdH COCTABAT  TOJBKO
700 MBT-u, 2 MOmHOCTb, HeoOxoauMas AJs PaGOThl CHCTEMBI OxJa-
®eaus, — He Gonee 30 MBTt. Ilosmyro 3apsjky CHCTeMbl  MOXKHO
ocymecTBATh 3a 10 u, a paspaa—3a 14 4, mpu 3TOM MaKCHMaJibHBI#
TOK, KOTOPHH MOXKeT GbiTh IOJYyY€H OT CHCTEMB, COCTaBJSACT OKOJIO
300-10% A, a cpeanmii TOK B nukje — He MeHee 0,7 OT MaKCUMaJbHOTrO.
Pacxoj reqius B cucTeMe CPaBHHTENbHO HeBeJNHWK: NMPH 3amycke ee Tpe-
6yetca mpuMepro 300 kr/(MBt-4) ¢ eXeroaHbM noGaBieHHEM [Jist
goMreHcauuy yreykn 20 kr/ (MBrt-u), T.€. meHee 10 %.

- OnucapHbie cHCTeMbl XPaHEHHS 3HEPTUH npeanonararT €¢ HakoIl-

JieHHe W Tepegayy TOTPEGHTENI0 B BHAE 3JEKTPHUECKOI 3HEpPruH. |5k
€1X TOJNBKO OZHa NpeanosaraeT BbIpaGOTKY 3a cueT H3OBITKA 3J1EKTPO-
2Hepruu HOBOrO 3HEPIOHOCHTE]s, KOTOPbIH B TaKOM BHIE MOKET
6bITh TPAHCMOPTHPOBaH noTpeburento. Peub HaeT O NoJiy4yeHHH Ha
OKEaHCKHX 3JEKTPOCTAaHIMSAX BOAOPOAA. DTOMY BOIPOCY HOCBAMIEH
cnenywomuii naparpad.
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§ 10.3. Bogopon B oKeaHcKoii 3HepreTuke

Beuwe, B casum ¢ okeanckoii GHoTexHosoruei, yKe ynoMHHAJCSH
BOJOPO/ KaK BOSMOXHbBIH SHEPIOHOCHTENb M CHIPbE S MHKPOGHO-
JIOTMYeCKoil npoMbimeHHOCTH. Ho BOZOPOA HE TOJBKO 3KONOTHUECKH
HHCTO® TONJIMBO, OH UPEKPACHBIH BOCCTAHOBUTEJDb [JA TOJY4EHHS Me-
TaJlJIoB H3 OKHCJIOB, CHIPbE [Jii XUMHYECKOH NPOMBIIJIEHHOCTH. B Ka-
UECTBE TOMJHBA OH MOXKET MCMOJNb30BAaTbCA KAK B ABHTATENIAX BHYT-
PCHHETO CrOpaHHs AN CaMblX PasjMyHBIX BHIOB TPAHCMOPTA OT aB-
TOMOCHIIell 0 KOCMHYeCKHX H MOABOAHHX Aannaparos, TakK u Jif 84
OTOMJICHHA KHJMIL. Bogopox o6nagaer caMbIMH BBICOKHMH YAElNb-
HBIMH SHEPIeTHYECKHMH XapaKTepHCTHKaMH: €ro TemJOTBOPHAS CrHo-
COGHOCTb MPHMEPHO B 3 pasa Bblile, ueM y JIYYHIHX COPTOB YTJIEBO-
popoanbix TomnuB. [lo sTOMY mnoKasaTeno MOJeKyaspHBI BOJOPOL,
YCTYNAeT TOJIbKO aTOMapHOMY BOJOPOAY 3Ke, OPH PEKOMOHHAUHH KO-
TOPOro BblaeaseTcs sHEPrust B 10 pas Gosbuias, yeM y Jyuliux cop-
TOB PAKeTHOro yriesopopofnoro tonnuea. OgHa H3 BasKHBIX OCOGEH-
HOCTell BOJOPOAA KaK TOMJIHMBA — €r0 CHOCOGHOCTD ropero B HIMPO-
KOM JHanmasoHe KOHUEHTPamuii KHCJAOPOAa (34€Ch OH yCTyNaeT JIHIUb
aleTHIIeHy).

HUlnpokuii Auana3oH BO3MOKHOCTEll mpHMEHEHHS BOAoOponxa * ge-
JId€T €ro MPakTHYECKH YHHUBEPCAJNbHBIM 3HEPrOHOCHTENEM, OPHUCHTH-
Pysicb Ha KOTOpPbIl MOXKHO MOCTENEHHO MEPECTPOUThL BCIO 3KOHOMHKY
nianetsl. FIMeHHO mOsTOMYy pacueT Ha moOJyyeHHe BOJOPOXA Ha OKe-
AHCKHX 3JIEKTPOCTAHIMAX KAXKeTCs AOCTATOYHO MEPCHEKTHBHBIM: [mo-
JIY4CHHC BOAOPOAA B KauecTBE KOHEUHOrO mpoAyKTa paBoTH TaKHX
CTaHIHMH CHHMaeT BOMPOC O HEOGXOAHMOCTH aKKYMYJIHPOBaHHS IHep-
THH, yNpomaeT nepenauvy M3 yjpajeHHBX PailoHOB B MecTa moTpef.e-
HHUS, HCKII04AeT HEOOXOAHMOCTh yBSA3EIBaTb PalOTy OKEAaHCKHX 3J€K-
TPOCTAHUMH ¢ 3HeproceTsiMH. TaKoH BapuaHT HCNOJNb30BAHMS OKeaH-
CKOIl SHEPrHH OKa3BIBACTCH NPUEMJEMBIM HE TOJLKO AJS aBTOHOMHDBIX
OT3C, Ho W AN yHafeHHBLIX OT mOTpeGuTeleii SHEPrHH NPUJHBHAEIX,
BOJHOBBIX H BETPOBBIX 3JEKTPOCTaHIMHA. BoipaGaTuiBaeMuil Ha Takux
CTaHUUAX BOAOPOA MOr Obl TPAHCHOPTHPOBATLCA MO TPYGONPOBOAAM.
Ilpu cosganuu Takux TPy6ONPOBOJOB €CTb, KOHEUHO, CBOM TPy -

- HOCTH, CBSI3aHHBIE C BO3MOXKHOCTbIO OXPYNYHBAHHS MaTepHaJ/ioB, mpo-
HCXOAAIEr0 M3-32 CHNOCOOHOCTH BOAOPOAA OGPA30BLIBATL C MeTal-
JlaMH COBEPHICHHO OCOOBIH KJace COeJHHEHHIl — FHAPHAB, H BCJEACT-
BHE KOppO3WM, paspBuBamomeiics B MecTax yTeuku Bogopopa. Cefiuac
BCACTCA AKTUBHBIH MOHCK KOHCTPYKIHOHHBIX MaT€PHUAsOB, CIOCOGHBIX
IPOTHBOCTOATL 3THM SIBJICHHAM. BO3MOXHO NpHMEHeHHe KepaMHuKH,
nJacTMace H KOMIO3HTHBIX MaTepHaJIoB.

Bripouem, ruapuab cefiyac uaygawoTes M Kak NePCNeKTHBHEIE aK-
KyMynsatopel Bopopoma. OKasasoch, Y4TO PAA MeTasjioB, €HJIaBOB U
COelMHeHHIl 00M1afiaeT YHHKaJbHOM CIOCOGHOCTBIO PAacTBOPSATH B cefe
BOZOPOJ, MpHUYEM NPOUECC STOT ABJAETCA OGPATHMBIM H MOKET YIpas-

* Bosiee nogpo6HO cM., HanpuMep, B KH.: IMoaropusit A. H.,, Bapmasckuit U, JI.,
Ipuiimak A. U. Bogopoa u suepreruxa. Kue, 1984,
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JIATHCA, HanpuMep, H3MeHenneM Temnepatypsl. OObeMHO® copepXKanne
BoOpOAa B ruapuaHofi GopMe IO OTHOLIEHHIO K Macce KoHTeflHepa
BhIIIe, yeM [PH ero XpaHeHHH B KHAKOM coctosHHH. Ilopomku HH-
tepmeraanunos LaNis u FeTi o6pasywoT yixe npu oGbluHBIX TeMmepa-
Typax THAPHAB C COAEPHKaHHEM BOAOPOAA N0 1,8 9% mno macce. Cyuie-
CTBYIOT CO€AMHEHHs, CMOCOOHBIE B [HANasoHe TeMOEpaTtyp 100—
200°C u pasaenun 1—1,4.105 Tla pacTBopate mo 5—7 % Bogopoxa
no macce. I1JoTHOCTL BOZOPOAA B TaKHX COEIHHEHHSX NPHOJIHIKAETCH
K NJOTHOCTH €ro B XKHJIKOM COCTOSHHH.

[To TexHHKO-3KOHOMHUYECKHM [I0Ka3aTelsiM yCTpPOHCTBA Ha THAPH-
JaX OKas3hBAwoTCs 3HAUHTEJbHO 3(QeKTHBHEe TpagHUHOHHBEIX, B KOTO-
pPHIX BOAOPOA 3amacaeTcs B SKHAKOH HJAM Tra3oo0pasHofl  (asax.
B xmure A. H. ITogropsoro u Apyrux NpHBeAeH npHMEp, MO3BOJsAIO-
il CPaBHHTb THAPHAHBIH AKKYMyJATOpP €O CTaHAAPTHLIM Ta30BLIM
6aJ/1JIOHOM, PacCUHTaHHBIM Ha XpaHeHHe 500 r Bogopona. Taxkoil Oan-
JIOH npH mojesHoM ofbeMe 10 45 1 HMEET Maccy OKOJIO 80 kr, coort-
BETCTBYIOWMI e KOHTefiHep ¢ rMAPUAOM Maccoil He Gounee 50 kr
uMeeT o6beMm Bcero 14 J. 3apsKaercs Takoji akKKyMyJaAaTOp npH HH3-
KUX J[aBJICHMSIX H He TpeGyeT HH KOMMPECCOPOB BBHICOKOIO [aBJ/eHHS,
HY TOJICTOCTEHHHIX JHOO TEenJOH30JMPOBAHHBIX, KaK B Cjly4ae xpaHe-
HUsl JKHIKOTO BOZOPOAA, COCYOB. YNpomawTes, TaKHM o0pasoM, 3a-
npaBKa, TPaHCIOPTHPOBKA, XpaHeHue (XxpaHeHHe MKHIAKOTO BOAOPOAA
TpeGyeT crnenHaJbHOH XOJOXHIbHOH TEeXHHKH), MOBBIIMIAIOTCS B3PHIBO-
# noxapobesonacHocTb. OueHb HHTEPECHOE CBOHCTBO THAPHAHOIO aK-
KyMyJsTOpPa — €ro H3GHPaTENbHOCTD, [03BOJIA0OMAA HE TOJNbKO  H3-
BJIEKaTh BOAOPOA H3 cMecedl ¢ APYrHMH ra3aMu, HO H OYHINATL €ro
OT NOCTOPOHHHX IpuMeceil. OT0 OCOGEHHO BaxKHO MPH JajbHeHnem
HCOJb30BAHMYM BOAOPOAA AJs NPOH3BOACTBA Oenka. 3aTpaTsl 3HEP-
THY B IMUKJE XPaHEHHs BOAOPOAA B THAPHAHBIX aKKyMyJdTOpax mpH-
MEPHO CPaBHHMBI C ra300aJ/IOHHBIM METOJOM U B 4-—5 pas HHXKE, 4eM
npn cxuxenun. Omu cocrapasior 1,8—2,2 kBt-u/kr Bomopopma. Ha
OCHOBE HCMOJIb30BAHHS THAPHAHBIX CHCTEM cejfiyac paspabaTbiBaioTCd
caMble PasJuyHblE YCTPOICTBA OT ABHTATeJell BHYTPEHHErO CropaHHf
J0 XOJIOAUJIbHBIX MalIdH.

TpyAHO PaCCYHTHIBATH, YTO THAPHAHbIE AKKYyMyJAaTOPbl BOAOPOJA
HaliAyT NpHMeHeHHe B CHCTEMHoi sneprethke. Mx HamGojee BepoOAT-
HOE MecTO— ofecrneuycHie HenpeprBHOH pabOoTHl CPaBHHTENbLHO HE-
GONBIIHX YHEPreTHYECKHX YCTAaHOBOK.

- Jpyras crtopona Bompoca pafOThl OKEaHCKHX 3AeKTpOCTABIUH
B cHCTeMe BOJZOPOAHOI 3HEPreTHKH — COOGCTBEHHO INOJyueHue BOJO-
pona. HauGonee ecrecTBeHHBIM AJA TaKHX CTaHIHUH KaxKeTcs noJyue-
HHE ero 3JeKTPOJIH30M MOPCKOH BOALI — Cnocol, He Tpebyomyid HHU-
KaKHX JONOJHHTEebHBIX MHIPHAHCHTOB, KPOME 3JI€KTPOSHEPTHH H MOp-
CKOfl BOABI, XOTS Ha cylle CTOHMOCTb BOJAOPORA, MOJY4EHHOro TaKHM
crnoco6oM U okKasbiaeTcs B 1,5-—2 pasa Bbillle OGbHIUHOrO (rmaposas
KOHBEPCHS MeTaHa, rasupukanua yraefl u ap.). Brine, paccmaTpH-
8as BO3MOKHOCTH 3amuThl TpyGonposogos OTIC or obpacTannd, MH
YOOMHHAJH HCIOJb30BAaHHE 3JEKTPOJiH3a MOpPCKOHi BOJBI KakK CpPCA-
CTBO TIOJIy4€HHs AKTHBHOrO GHOIHAA — MIOXJIOPHAA. Ho rumnoxJo-
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puL — HE EIMHCTBEHHOE BeHIECTBO, MOJyyaeMOe B 3TOM Ipouecce,
Korja KpoMe BOJIOpOJa M XJoOpa Ha 3JeKTPOoAax eule BHAeJSIOTCS He-
pacTBOpUMble COEJHHEHHS MarHus., B ocHOBHOM mocjeanue CUALHO
3aTPYAHAIOT HOPMAJbHYIO 3SKCIUIyaTamuio 3JeKTpoausepoB. Ilpu we-
NOJIb30BAHUK 3JEKTPOJH3a B OOBIYHBLIX YCJOBUSX 3TOH NMpPOGJEMbl He
BO3HUKAET H3-32 TOr0, YTO B KauecTBe 3JEKTPOJNHTA HCIOJb3YIOT
KOHIEHTPHPOBAHHLIE DacTBOPHl meJodYelt B NpecHOl Boje, cBOGOIHOIR
OT JONOJIHUTEJBHBIX NpUMece.

PaznuunbiMu rpynnaMu  HecaemoBateseil Tpeiaraliuch pasHble

MOAMGUKALUA 3JIEKTPOJIH3a C LE/Ibl0 HCNOIb30BaTh MOPCKYIO  BOALY,
OJHAKO /0 Cero JHs 3TOT BONPOC He pe-
—-— Hy IleH OKOHYATeJbHO U B KauecTBe ajlbTep-
Hy0+ Na L HATHBBE PACCMATPHUBAETCS BO3MOXKHOCTh
HCNO/Ib30BAHHS CTAaH1aPTHHIX 3JeKTPO-
JU3epoB, PpaloTAILUX Ha .NpeaBap-
TeNbHO ONpecHeHHOH Boje (ma OTAC
(+) OTKPBITOTO HHKJIA MOJYYeHHE MPeCcHOH
BO/IBI HE NpejacTaBadeT npolbjeMbr). s
3JEKTPO/IH3a MOPCKOH BOJAH paccMaTtpH-
. BaJach BO3MOMKHOCTb, HallpUMep, BECTH
ero Ha rayoune | KM ¢ teM, 4ToOB BOJLO-
H,0+ NzOH-Nasl 1h0-Cly Hall poxn CO?I/IpaTb MO JaBJeHueM, a razoot6-
Pa3HBI!l XJIOp OTHPAaBJSATE HA MOBepX-
Puc. 10.4. Cxema anekTposMsepa  yocrh M HeliTpPaJM30BaTh €r0 NMYTEM CO-
:;';Ol;’;‘;:“gex;:?:gg HB%J;ly:eF(x"ssj e[MHEHHst C BOAOH TNpu TemmepaType
- 650°C, T. e. ¢ AO[OJHHTEJbHBIMU IOTe-
pamu sHepruH. HMayyamach BO3MOXHOCTD
NpUMEeHEHUs PA3JUYHBIX H30HPATeJbHBIX 3JEKTPOAOB M CO3MAHHS THI-
pOAMHAMHYECKHX YCJIOBHI B 3JIeKTPoJH3epax, MPH KOTOPHIX He MpOHc-
XOMHJIO OBl OCaX</leHHs HepacTBOPUMBIX COeJAMHEHHMH Ha HUX. Kanaji-
CKHMH HCCJe10BATENIMH, B YaCTHOCTH, B 3TOM HAMNpPAaBJEHHH ObLIO NO-
Ka3aHo, 4TO 34 CUeT NMojAGOpa KOHHEHTPAUMH 3JEKTPOJIHTA, CKOPOCTH
€ro JIBUKEHHs B NPOCTPAHCTBE MEK1Y 3JEKTPOJAMH U YPOBHS TypOy-
JIEHTHOCTH TOTOKA OCaXKJeHUe COeAMHEHWH MATHHS MOMKeT OBITh CBe-
neHo K MuHHMyMYy. KpoMe Ttoro, Mayuyajsach BO3MOXKHOCTb CO3MAHHSE
NPHHEMIHAIBHO HOBBIX 3JIEKTPOJH3HBIX siyeeK, B KOTOPHIX OB NpOHC-
XOJMJIA HEHTPaJIU3anHs XJ10pa H THIOXJIOpH/LA NIPOAYKTAMH CAMOTO Ke
3J1eKTPOJIN3a.

[Tpumep taxoro smekTposuzepa npuseied Ha puc. 10.4. Sueiixa
HanoMHHAeT 3JeKTpoananusarop. OHa COAEPKUT 3JeKTPOAH M Iiac-
THKOBbIE MeMOpaHbl, NMPONyCKalomne JHO0 aHHOHBI, JHGO KAaTHOHHL,
NPHYEM AHOAB NOJBEIIEHBl MEX/]y AHHOHHBIMH, & KaTOIbl — MeMXIY
KaTHOHHBIMH MeMOpanamu. Ofpasyromufics y KaToaa BOZOPOJ BHILe-
“JifeTCd B BHJE Tasa, a XJIOp ¢ PacTBOPOM H3 aHOAHOrO NPOCTPaHCTBa
NOjaeTcss B HEHTPasus3arop, TA€ CMEIUMBAETCs C PaCTBOPOM IIEJOuH,
ofpasywomeiics y Katoaa. J{ONOJHUTENBHHIM NPOAYKTOM TaKoH siueiiku
OKasbiBaeTcst obeccosiennas Bojga [48]. PaGoTel B 3ToM HanpaBjeHHn
NPOAOJKAIOTCSH.,
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§ 10.4. Nnasyune 3aBojbl AN NPOU3BOACTBA aMMMaKa M MetaHona

Boo6iue, uies CTPOUTENLCTBA IJIaBYYMX 3aBOJOB POAHJAch 3a-
IOJT0 [0 HavajJa paboT mo okeaHCKoil sHepreruke.- IlepsmiMu Ta-
KUMH 3aBofaMH OBbLJIH, MOXKaJyd, MJIaBydHe CYZOPEMOHTHbIE MacTep-
cKHe, NeperoHsBINHecs B MecTa CTPOHTEJbCTBA HOBHIX NOPTOB, 3aTeM
nosgsuauch peiGonepepabarmpaioniie MnJ1as0assl, IJIaByyue 3JEKTPO-
crannui (cHayala AM3eJbHble, a noroM H atoMuue). Cefivac Bo
BCeM MHpe CTPOATCsA IJIaBydyde 3aBOABI N0 nepepafoTKe He(TH M rasa,
0 BBIYCKY MHUHEDAJbHBIX yA00peHull H APYTrUX XHMHYECKHX BeIeCTB,

no Npou3BoACcTBY npecHoil Boabl. IlpuB/ieKaeT K TaKUM 3aBOJAM HX.

MOGHJIBHOCTb, OTCYTCTBHE HeOOXOIUMOCTH BbIAEJNEeHUs 3eMelb, BO3-
MOXKHOCTL NOCTPONHKH B NPOMBILIJIEHHO DPAa3BUTBHIX 30HAX, & IKCIIY-
 aTanud IpakTHyecku Ge3 BBINOJNHEHHS pabOT HYyJeBOTO HHKJA B JIO-
G6om paiione Muposoro oxkeana. EcTb y HHX M JpyTrHe LOCTOHHCTBA,
cpeJM KOTOPHIX MOXXHO OTMETHTh, Hamnpumep, GoJbIIyI Ge30MacHOCTDb
IJs HaceJeHus B ciyyae aBapuil, ecJM pedb HAeT O NPOH3BOACTBE
BpeAHbIX BeNeCTB, MEHBIUYIO CTOUMOCTh, €CJIH JJIf CTPOHTE/bCTBA -
NOJb3YIOTCA OTCJAYKUBIIHE CPOK TaHKepnl. Hanpumep, Ha TaHnkepe
JeaseiitoM 1700 T moxeT OHIThH pasMelleHa ONpecHUTeNbHas ycTa-
HOBKa MPOH3BOAMTENBHOCTBIO OKoso 6000 T/cyr, a 60-ThicAyHUK mO-
3BOJIsIeT BMECTHTb ONpecHHTe b Npou3BoauTesabHocTeio 200000 T/cyT.

Paspurue okeaHcKoll 3HepTeTHUKM [O3BOJIAET OCYIIECTBHUTb COBED-
HIEHHO HOBBIH NOAXOA K CO3JAHUI0 MJAaBYUHX 3aBOJOB B CBSI3H C BO3-
MOKHOCTBIO ABTOHOMHOTO cHaGxxenus ux 3snepruefl. OcoBoe BHHUMA-
Hue B 3ToM MsaHe npusiaexkanr OTIC, pasmemaemble BAaJH OT IIO-
TpeGuresell 3HepruH B OTKPHITOM OKeane. Kpome Boxopojga, o KOTO-
pOM y3Ke TOBOPHJIOCH BBILE, TAKHE CTAHLHH JOMNYyCKalT 00beAHHeHHe
NPaKTHYECKH C JIOOBIMH YCTAHOBKAMH, AJs OCYIIECTBJEHUS TEXHOJO-
FHY4eCKOro npomecca TpebyromuMu GoJbIIMX KoJudecTB sHeprud. B ra-
KHX TEXHOJIOTHSIX caM BOJOPOJ MOXKET paccMaTpUBaThCes HE TOJBKO
KaK KOHEUYHBIH NPOAYKT, HO M Kak noaydalbpurar AJs MOJYyYeHHUs Ie-
JIOTO psifia BellecTs.

OxHa M3 TAaKUX TEXHOJIOTHH — CHHTE3 aMMHakKa H3 BOJOpoAa H
asota. [ToTpe6nocTh B aMMHAKe KaK CHIpbe [JIs NPOM3BOACTBA yH06-
peHuii W IiacTMacc BO BCeM MHpPE HCUHCIAETCs [JeCciATKaMH MHJIIHO-
HOB TOHH B roz. Ilo pacueram skonomHcToB K 2000 r. oHa NpeBBICHT
100 mas. T.

OcHOBHOe cHpbe AJdd NPOU3BOACTBA aMMHaka B HacTosmee
BpeMs— MPUPOAHBIA ras, npHYyeM Ha OJHY TOHHY aMMHakKa HAET
Gosee 1000 M® rasa, HCTOIEHHE 3aNacoB KOTOPOro 3acCTaBJjsdeT HCKATb
HOBBIX NYyTeH, HOBOTO CHPbA.

AMMHaK — ekull, GecuBeTHnfi ras, npu gasjenuH 10° Ila oH
JerKo coxXpaHsercs B XKHUAKOM BHIe B CTaJbHBIX eMKocTsx. Temnepa-
Typa HCNApeHHd JXKHIKOTO aMMHAaKa NpPH AaBJEHHMH 105 ITa— 240 K,
a npu 3,5-10% TTa— 354 K. Dror Ananas3on napaMeTpoB Onpenesser
HCIOJb30BaHHe aMMHaKa B KauecTBe padouero tena OTIC. 3arparth
5HepPTHH HA NPOHM3BOJACTBO aMMHAKa JIETKO OLHeHHTb HCXOAs U3 TOro
KOJIMyecTBa 3JEKTPOIHEepPrHH, KOTopoe He0O0XOAUMO s TOJNyUeHHH
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BCeX KOMIIOHEHTOB CHHTe3a, HAYIEro mnpH y4YacTHH KaTanu3aropos
oA BBICOKHM HaBJICHUEM B COOTBETCTBHHU ¢ YpaBHCHHEM

N2+3H2 m"QNHa—}-QQ. (101)

Ecin yuects, uTo Ha nosjyuenue 1 Kr asora TpeGyeTcs OKOJIO
7 kBr-4, pomopona —50 KBT-u, a caM cuHTe3 TpeGyer IIPUMEPHO
I KBT-4/Kr mpoayKTa, TO cyMMapHas 3aTpaTa 3HEPTHH HA IOJYYEHHE
I Kr amMmuaka cocraaser npumepno 18 kBr-u. Takum o06pasoM,
NPOU3BOACTBO OKAa3hIBAETCS AOCTATOYHO 3IHEPrOEMKHM H MOXKET OBITh.
PeHTa0eJIbHHM TONBKO IPH HAJMYMHM AEINeBOl 3JeKTPOIHepPTHH.

Kak nepenocunx Boiopoja aMMHaK A0CTaTouHO 3(hEKTHBEH, Tak
KaK COAepXHUT ero no macce Oogee 159 (cpaBuuTe ¢ T'HAPHAAMH,
B KOTODHIX cOnep:xaHHe BOAOpOJa No Macce He npesuimaer 7 %). On
MOXKET HCIOJIb30BAThCSl HENOCPENCTBEHHO KaK TOIMIMBO, IPHYEM [aKe
KaK TOIVIMBO AJsi [BHraTeslefl BHYTpPeHHero cropanusf. K HemocTaTKaMm
aMMHaKa OTHOCHTCS BO3MOXKHOCTb YTEYKH W MeHbIIAsd, YeM Y BOIO-
pola, yaeldbHast 3HEPTHs.

Onpun W3 NEPBHIX NPOEKTOB IJIABYYEro 3aBOJAA NO MOJYYEHHIO aM-
MHaKa M3 MODCKOH BOAB H Bo3ayxa aTMmocdepn Ha Gaze OTAC Gula
npensoxen Jabopartopuell npukaanHoii Gu3NKH yHHBepcuTeTa [KoHa
T'ongurca (CHIA). 3aBox ¢ roioBofl mPOM3BOAUTENbHOCTbIO 10 ThiC. T
aMMHaKa BMecTe C TepMaJbHOH IHEPTeTHYeCKOH YCTAHOBKOH MOII-
HocTbo 100 MBT 1o sToMy mpoekTy Ao/keH pasmemiaThes Ha MJaBY-
YeM OCHOBAaHHMH [JHHON mpuMepHo 145, mupuHol — 60, ocaaxo#l
O0K0J0 20 M ¥ npH ofIeM BOJOHU3MELIeHHH NpuMepHo 120 ThC. T.
Bes TpyGonposoma Xos0aHOH BOAM OcaiKa OCHOBAHHS COCTABUT
0k0J10 11 M, 4TO MO3BOJNHT TPAHCIIOPTHPOBATL €r0 OT BepdhH A0 Mecta
ycTaHOBKH B MOpe. ONHT CTPOMTENbCTBA NPHMEPHO TaKHX K€ CYHO-
XOJHBIX 0ap:X B MHPOBOII NPAaKTHKe yike uMmeercs. [1o qaHHBIM HalHO-
HaJbHOTO peHTpa no npoussoActBy yupobpenutt CIIA npoussomcTso
aMMHAKa Ha OKEAaHCKHX yCTaHOBKaX cefiuac MoOrjgo 6u GHTb Ha 10—
15 % nemesne, yeM M3 NPHPOAHOrO rasa, ecid OB OKEaHCKHE Tep-
MaJibHblE YCTAHOBKH CTaJad OBl POU3BOAMTLCSH CEPHIHHO.

Kpome amMuara na okeanckux OTDC MOXKHO NPOH3BOAUTH H Me-
TaHo/. MHTepec K MpOM3BOACTBY 3TOTO CNHPTA CBA3aH ¢ BO3MOXKHO--
CTbIO €ro NPaKTHYECKH TMpPSMOTO HCHOJb30BAHHS B CYLIECTBYIOUIHX
KOHCTPYKHUAX JBUTaTeNell BHYTPEHHEIO CrOpaHUs COBPEMEHHHX aBTO-
MOOHJIell, 4TO AeNaeT UX IKOJOTHYecKH GoJee YHCTHMH. Kpome Toro,
METaHOJ — eHHOE CHPBbe NS XHMHYECKOH IPOMBINLIEHHOCTH. EauH-
CTBEHHBIH HENOCTATOK MeTaH0Ja — HEeOOGXOAMMOCTh B HCTOYHHKE OKHCH
- yriepojaa Jjst ero Npou3BOACTBA, KOTOPOE OMUCHLIBAECTCS CERYIONIUMH
ABYMS peaKpUsIMH:

C4++50,~C0+Q
CO + 2H,— CH,;0H 4- Q.

(10.2)

Hns npouspoacrBa 1000 T MmeTaHoJa HEO6XOIHMO H3pacxomoBaTh
npumepHo 700 T BBICOKOKAa4eCTBEHHOTO YrJisg, KOTODPHIA NpHUAETcs no-
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CTaBJATb Ha NJaByYHil 3aBOJA. BrpoueMm, Kak CYHMTAIOT CHEUHAJHCTH
yxe yIOMsiHyTOil J1a00paTOPUH MNPHKJaiHOH (UBHKH, CHaOXKeHHe 3a-
BOJA YIJeM MOTYT OCyUIECTBJATL T K€ TaHKePhl, KOTOPHE MOJKHBI
6yAyT OTBO3UTH TOTOBYIO IPORYKuuio. [Lis 9T0ro oboralieHHuii u us-
MeJIbUeHHHH Ha OeperoBbix NPEANPHATHSX YroJib Hago TNPeBPaTHTh
B 70—75 % BOAHYIO cycleH3HI0. 3a cYeT TE€pMaJibHOH yCTaHOBKH Ha
3aBoie OYIeT noJydyaThest 3JIEKTPOIHEPIHs, pacxojyeMas Ha 3JekK-
TPOJAM3 BOJK, a 34 cUYeT HeNOJHOro CXKHUraHHg YIJsd 0pH onpeaeJed-
HHX TepMOJHHAMHYECKUX YCJOBHAX — HEOOXOAUMHE s NOCJTeAYI0-

f.234 5 sr1g § i

Vi

T j
9 B 176 15 % i 109
5
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Puc. 10.5. TlaaByunit 3aBop aJs NoJyYeHHs meTanona {38).

1, 9 — OT3C mownocteo no 80 MBT Kaxpaas; 2 — KOMIpeccopBask;
3 — curfagbHasi MauTa; 4 — DIHCTHJJMATOPBI; & — pereHepaTtop oTpa-
GOTaHHBIX ras3oB: 6 — rasudurartop yris; 7 — yCTaHOBKA AJsI NOJY-
YeHHs cephbi; § — KOTed-yTuausaTop; I0 - BeprosieTHas MJOWAJKaE;
11 — noMeLLeHHsT 13 KOManabl (AJs 00CHyXHBAOIEro Iepcoxana);
12 — kopnyc GapxH; 13, 19 — TpyGompoBOAB ais 8abopa X0J04HOH
BOAbI; I4— TaHK 1151 XPaHGHHA BOJHO-YI'OJIbHOH CYCII@H3HI; 15—
yeTaHoOBKA 1451 ncpepaOoTKH OTX0JOB; 16 — TavK [J5 XpaHneHHR
OTX010B; I7 — yCTanOBKa /51 OXJaxJ€HHS Bo3ayxa; I§ — Tanmk IJs
XpaHeHHs MeTaHOJa

Iero CHHTE3a OKHCh yryiepoa M Map BHICOKOIO AaBJEHHs, HAyLIUA
B TypOHHH HAacOCOB, KOMIIPECCOPOB M BCIIOMOIaTeJNbHHIX 3JEKTpore-
nepatopos. [Toayuennuit CO NPOXOAHT AOBOJBHO CJAOXKHYIO OUYHUCTKY,
Ipexxje uem ero cMeIlalT ¢ BOLOPOAOM H MO JAABJEHHEM OK0JO0
7 MIla mogaayt B peakrop. B mnpomecce MHOrocraiuifiHON OYHCTKH
CO oraensor or cephucToro rasa, npumecefl CO,, TBepABX YacTHL,
napos Boab. Ha npoayKkrax OYHCTKM NpepycMoTpeHa paboTa crnepH-
anbpHON YCTAHOBKHM AJs NOJydYenusi cepsl (okKono 30 T B AeHb). Mera-
HOJI-CHIpew, MoJyYaeMbil Ha BHXOJE U3 PeaKropa, coaepxuT 10 15 %
BOJbl, HEKOTOpPOE KOJHYECTBO BHICIUHX CIIHPTOB H JETYYHX OCTaTKOB.
MosTOMy €ro mnojpepraioT JONOJHUTENbHOH AMCTHJISNUM € TEM,
9TOGbLl B CcHCTeMy xpaHeHdst 3akadatb 99 %-mbiil cnupt. ITpodosxu-
TeJbHOCTb [MKJA PACXOAOBAHHE YIVIsi— 3aloJHEHHe eMKocTeH AJd
XpaHeHHsi 3TaHOJa M APYIUX BellecTB ONpefeseHa B 28 AH. [38].
ITnaByunii 3aBox Oynper BKJwOYaThb JABa 3SHEPreTHYECKHX GJI0KA
MOMIHOCTHI0 80 MBT Kaxablii H KOMIJIEKC AJd [OJyYeHHs MeTaHoJd.
Jlns mx pa3MemleHHs IIpeinojaraercs HCIOgb30BATh CYAHO BOJAOH3-
-memenneM 514 Toic. T (274 X 119X 27,4 M) ¢ ocaikoii B pabouem
noso:xenud npumepHo 20 M. Kopnyc cyaHa OynaeT BHIIIOJHEH M3 Ha-
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MpsKeHHOro 6eToHa, a TPyGONPOBOABI A TNOLbEMA  XOJOLHOR
BOIB — U3 00/IeryeHHoro OeToHa (auameTp. TPYGONPOBOZOB OKOJIO
12 m). CyaHo ROMKHO OHITL OCHAIIEHO COBGCTBEHHON NBHIKHTENbHON
YCTaHOBKOH MOINHOCTbio OKomo 12 MBT nast Toro, 4To6e IpOTHBO-
CTOAThL CJOMHBIM IOrOAHHIM ycaoBusaM. PaccuuTano, 4to npu Taxofi
MOIIHOCTH JBHTaTeslell cyaHo cMoxeT uMeTb x04 0,26 wm/c NpoTHB
Berpa okoso 13 m/c. Ins npexorTspallenus H3ruOAaoOmMUX Harpysok
B TPyOompoBoaax NMPH BOMHEHHH, NMpPEBHIIAIOUIEM DacyeTHOe (BBICOTA
BOJH 5,5 M, B mpeanosaraeMom paiioHe 3KCIIYATALHH BOJHBE 60Jb-
weil BECOTH nHabmonaiores He Gosee 30 4 B rof), CyAHO GyxeT cHaG-
¥KEHO YCTIIOKOUTEJNSIMH KauKH.

O KOHCTPYKHHH IJIaBYYero 3aBoja gaer NpejiCTaBAeHHe puc. 10.5.
B HocoBo#l wacTu cyHA pasmemenb XKUJble MOMEMEeHHs (KOMaHia H
nepconas 3asoga 100 wexn), B cpeameil yacTu — COOCTBEHHO 3aBOJ.
Ocransnoe npocrpanctso sauato asyms OTAC, paboraiomumu co-
BepIIEHHO aBTOHOMHO. OcOBEHHOCTh MJ1ABYYEro 3aBORA — MAKCHMAaJb-
HOe HCTOJBL30BaHHE B NMPOEKTe yKe AefiCTBYIoLero 06opyAOBaAHUSA —
CTAHAADTHBIX 3JEKTPO/IH3epOB, 000PyaOBaHHS aJa rasHbHKaLUH
yr/s, NPHTOTOBJEHHUS YroJbHOH CYCNEH3HH, CHHTE€3a MeTAHOJa, OUU-
c8TKH rasa u meranona. Heno crour 3a cepuiinoii OTAC MomHOCTBIO
0 MBT. :

§ 10.5. OxkeaHckan pobuiya ypana

HM3BecTHo, 4TO OKeaHCKHe BOAbl — OJHH H3 MEPCNeKTHBHBIX HCTOY-
HUKOB sIeDPHOTO ropioYero ajs aTOMHBIX cTaHuuii: B MuposoMm okeane
B Buue Kapbonaruoro nona Uy (CO;)*~ pacTBOpeHo 0Kolo 4 MaApA. T
ypaHna, npuyeMm KOHLIEHTDAHHs €ro NpHUMEpPHO MocTOfHHA [0 Bcelt
TOMe BOA M cocTaBaser 3,3 MKr/n (B 10—20 pas Bhillle KOHIEHTpa-
UM PacTBOPEHHOTO 30J0Tal).

Bonpoce nepepaboTkH MODPCKOH (OKeaHCKOH) BOAB ¢ LB I0-
JIyYeHHUs siIepHOro roprovero obcyxaaiores yxe okojao 20 aer. K Ha-
CTOiNIEMY BpPEMEHH HCCAeNOBaHbLl pasjivyHble [POIEccH BbLAEJeHHS
COENUHEHHH ypaHa U3 BOAB: (JOTAlHs, 3KCTPAKILHs C OMOIIbIO Op-
TaHUYECKHX PACTBOPHUTENEH, Oca:KAeHHE ¢ MOMOIIbI0 PA3JHYHHIX KOa-
TyJSTOPOB, NOIVIOMIEHHE ¢ MOMOWIbIO Pas3nuuHbix copbentos. ITocaen-
HUil Tpopecc, TOUHEE INOBEPXHOCTHAst copOumMsA— afcopOuus, CYUTa-
ercsa Haubosee 3QGHEKTHBHBIM, TdK KAK HE CB3aH ¢ HCIOJb30BAHHEM
GOJILIIOTO KOMHYECTBA XHMHYECKHX BEINECTB, CIIOCOBHBIX CYHIECTBEHHO
3arpsi3HfAThL nepepadaTbiBaeMyi0 BOJLY, H3MEHATb €e GUOJOrHYecKHe
cpoiictBa 3a cuer usMenenus pH. Jlyumumu agcopbGenramu  cuura-
. IOTCA THAPOOKHCH THTAHA M MOHOOOMEHHBIE CMOJB HAa OCHOBE MOJHA-
MH/IHBIX coefHHeHUH [62].

OKOHOMHYECKH HOBAsl TeXHOJOTHS IOKa enle He ONpaBiaHa: CTOH-
MOCTL 3KBHBAJEHTHOTO KOJHMYECTBA coefuHeHHIl ypaHa, AOOHBAaeMHIX
H3 OKEdHCKOH BOJH, NPUMEPHO B D pas3 BBIIIE [0JY4aemMoro MpH Ie-
pepaboTKe ypaHOBBIX Dyx Ha cyuie okuciaa ypaHa UsOg (o Hekoro-
PBIM [JaHHHM CTOHMOCTbH OZHOIO KHJOTpaMMa MOCJAENHEro COCTaBJseT
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npumepHo 80 gonn.). OnHako yBennueHHe NOOBIYM Ha cylle B CBS3H
¢ moTpeGHOCTSIMH 3HePreTHKH, HCTOILEHHMEe 3anacoB H COOTBETCTBYIO-
Uil pocT CTOMMOCTH yKe B HexajdekoM OyaylleM OJ/IKHB CHH3HTb
3Ty pasHumy (yxe ceflyac npeackas3biBaeTcs BO3MOKHOE IOBHILIEHHE
pens UsOs o 250 moanr/kr [35]), Tak 4to maxe paas cTpaH — IPO-
U3BOAHTEJEN ypaHa Tnepepa0oTKa OKEAaHCKHMX BOJ MOXET CTaTh BH-
roguee, yeM mepepaGoTka OTBa/JOB YPaHOBHIX DYAHHKOB. Bhroga xe
AN CTPaH, HE HMeINHX CoGCTBeHHOH chHIpbeBod 0Ga3swm, Oyner oue-
BUAHOM.

Bce paspaGoTaHHBHE K HAcCTOSLIEMY BPEMEHH AOCTaTOYHO 3(hdex-
THBHBIE afcOPOUHOHHHE YCTaHOBKH paboOTaloT Ha NPUHUHUINE CO3AAHUA
IOTOKa XKHAKOCTH dYepes cJofi agcopOeHTa, KOTOPBIA Nocie Hachle-
HHs TOABEPTraioT - pereHepaitu ¢ NOMONILIO DPA3JHYHBIX PACTBOpPHUTE-
Jeft. AxcopGenT ucmosb3yercss Au6o B BHAE TBepAoil mopHcroil mepe-
ropoAKH, 4epes KOTOpYl NpOKauyuBaercs nepepabarhiBaemas BOAQ,
JuG0 B BHIAE KHUMSMEro» cJos, B KOTOPOM TpaHyJaH aacopbeHTa
NOAAEPKHUBAIOTCT BO B3BEILEHHOM COCTOSIHHM CaMHM TOKOM XKHUJKOCTH
(«1ceBAOXHU3HEHHBH ci0i»). ITocnennufi BapuanT Haubonee TEXHO-
JIoTHUeH, TaK KakK I103BOJseT OCYILecTBHTb HENMPepLBHHI mpouecce
fOIy4eHHst KOHeYHOro npoaykra. Jas co3fanus TOKa KHAKOCTH npe-
fosaraercd HCIOAb30BATh OKEaHCKHe TeYyeHHd, B TOM dHCJe M NpH-
JIHBHO-OT/IMBHEIE, BOJHDLI, NOTOKH, co3iaBaeMue npu pabBore OTIC.
Bo Bcex 3THX cay4Yasx AJs AOGHIYM YPAHOBOTO CHIPbA OyIeT HCIO/b30-
BaTbCcH BO30OGHOB/AfSEMAsl 3HEPrHsl M, cJIeA0BaTes]bHO, B I[IEPCINEKTHBE
aToMHAs JHEPreTHKa MOXKeT <IOPOJHHTLCA» C OKeaHCKOH, HeB3Hpas
Ha TpPOTECTH CTOPOHHUKOB NPEHMYINECTBEHHOTO pAa3BUTHS aTOMHOH
9HEPTreTHKH.

OJHHUM H3 TepBHX NPOEKTOB AOOHLIYH ypaHA C MOMOMIbIO TEUeHHH
Gbiia Waes CO3MaHuf aACOPOIMOHHON YCTAaHOBKH B NpoJauBe MsH3#
MeXIY 3anafiHoll OKOHEYHOCTbio Y3abca M 0. Anricu B HpuaannckoMm
Mope. DTOT NPOJHB— OJHO M3 YHHKaJbHEIX SBJEHHI NPUPOAH: NPH
IJIHHE OKOJO 25 KM ero LIMpHHa B cpeAHed 4YacTH He mpepbllIaer
2 kM. Anraufickue crnemHa HCThl NPEANOKUIN B 60-X I'T. HCNOAb30BATD
IHO GYXTH B HauboJee y3KOM MeCTe B KayecTBE eCTeCTBeHHOH IO-
BEPXHOCTH AJs NOMelleHHs ancopbeHTa (THAPOOKACH THTAHA), BOLO-
O6MeH Haj KOTOPHM OcymecTsasics Obl NPHAHBHO-OTJIHBHBIMH Te-
gyenusgMu. IlpemnmonaraJjoch MOA YCTAHOBKY 3aHATh MJOIIaAb OKOJO
1 man. m2 Tlpoekr He GBI OCYLIECTBJIEH, HO MO3BOJHJI [0-HOBOMY
B3[JISHYTh HA BO3MOXKHOCTb HCIOJNb30BAaHHS HEPrHH IPHJIHBOB
8 ECTECTBEHHBIX Y3KOCTAX.

K HacTofleMy BpeMEeHH BHIIOJNHEH 3HAauHTeJbHHI 00beMm Hccie-
HOBATeNbCKHX PaboT 10 M3yueHH OcOOEHHOCTel OKeaHCKOH TeXHOJO-
rud A00BIYH ypaHa. DTH PaGOTH MNO3BOJIHIH ONpeneNHTh ONTHMAJb-
Hble TapaMeTphl OYAYIIHX NPOMBIJIEHHbX YCTaHOBOK — HEOOXOAH-
Mble KOJMuecTBa ajcopOenrta, Tun ajgcopbenTa, pasMephl TCpamyds,
CKOPOCTH TEYeHHs BOAH, OfecneuHBaroniie HauMydIIyio ajgcopbuuo,
sHepreTHYecKHe 3aTpaThl Ha MNPOM3BOJACTBO yPAHOBOIO KOHLEHTPATAd.
OnpezeseHo, Hanpumep, 4TO HAHMEHBIIHM THIPOAMHAMHYECKHM CO-
fpoTuBJEHHEM 00jazaeT afcOpOeHT B KHMNAIIEM CJ0€, NPH HCrO/bB30-
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BaHHM KOTODOrO 3HEPTHsi Ha NMHTAHHE HACOCOB COCTABJSET MeHee 5 %
TOH, KOTOpasi MOXeT OHTH A00HTa [IpH HCTOJNB30BAHHH NOJYYAEMOrO
pacilenysomero Marepuana [62].

B pesyabrare HCCJIeNOBAHUN, BHIMOJHEHHHX HA ONBLITHOH ycra-
HOBKE, paccuuTaHHOll Ha sarpysky 500 kr amcopGenra NPH MakKCH-
MaJBHO# Mojaue BOABI Yepes kamepn 360 M%/u u ycraHoBseHHOR
B8 nioje 1980 r. B Fonbderpume, B 15 Muasix 1oro-Bocrounee Maitamuy,
aMEPHKAHCKHE CHEUHAJHCTH NOKa3add, YTO B TEYEHHE Toga ¢ [10-
MOUIbIO 72 KT 3€PHHCTOH THAPOOKHCH THTAaHA (anamerp wactuy 2w,
NIoTHOCTL 1,4 r/em®) mpu 12-kparhoft AecOpOHHH MOXKHO [0JyYaTh
npumMepHo 300 r KOHueHTpaTa. MOHOOGMEHHON cMOJIBI rpanyiamMu
Anamerpom 0,4—1,0 MM Heo6xoauMo B 3 pasa wmesbure, OnuTHAA
yCTaHOBKa Oblja BBINOJHEHA B BHIE IJIOTA C YeTHPbMS KBaApPaTHHMHA
kamepamu pasmepom 0,7 X 0,7 M, Boza B KaMepel NOjaBaJjdachk I0-
TPYXAHBIM HacOCOM yepe3 Auddysop-pacnpesesnTens.

Bosee mommyio ycranosky, PacCUUTaHHYIO HA TOJYYEHHE H3 MOP-
CKOH Boxanl 10 kr ypama B rox, B 1983 r. AOKHH OBIIM 3aNyCTHTD
ANIOHCKHE CcrenHatucTel. B 3Tofi yeranoske Takxe HCIOJb3YyeTcst THJ-
POOKHCb THTaHA, HO C pa3MepoM 3epeH | MM, 4To o0ecleduBaer yBe-
JHYeHne sQHeKTUBHON MIoWAaAH axcopoenTa no CPaBHEHHIO C aMepH-
KaHCKOH ycTaHOBKOH B 4 pasa u, COOTBETCTBEHHO, YMEHbILAET Heo6-
XOAHMO® KOJIMYECTBO €ro NPUMEePHO B TAKOE K€ YHCIO pas. Boxa
B yCTaHOBKE NpOKAunBaeTCst uyepe3 NJIOTHBIA cJofi agcopGenTa Haco-
CaMHu co ckopocTeio 1 cM/c. MuHnHcTepeTBo BHemmel TOPrOBJH H TIPO-
MBIUITEHHOCTH SInoHuM nnmanupyer B 1985—1990 rr. OCHACTHTL Bee
aTOMHDbIE 3JIEKTPOCTAHUMH CTPAHB YCTAHOBKAMHU 10 HOOBIUE ypaHna us
Mopckoii Boabl, Oxunaercs, uro B 1990 r. 370 7acT BO3MOKHOCTD no-
Jydartb 10 3400 T ypana.

B SInonum paspaGoras npoekr ocHamenus VCTaHOBKOH 1Js1 po-
ObluH ypaHa nsaBydell okeaHCKOf TepMaabHO# cranuud. Ilogcuurano,
aro OTIC momnoctsio 100 MBr, pacxoaywmas npumepuo 85 9% mno-
Je3HO#l BHIpaGaTHiBaeMoi 9/JIEKTPOSHEPTUH HA AOTOJIHUTEJNBHYIO HpO- .
Ka9Kky BOJBI 4epes afcopleHT, B KOTOPOM THADABJINYECKHE TOTEPH cOo-
CTaBIAIOT NPUMEPHO 15 %, NO3BONHMT B rog AOGHBATH KONHUECTBO
ypaHa, jpocrarounoe AJs paGoTH B TedeHHe roga ADC MONIHOCTBIO
1 TBT, T.e. B 10 pa3 Gouabuie, yem yecranoBienHas MomuocTs OTACH
B stux pacwerax KIIJ agcop6uuum NPHHAT paBHbIM 50 Y% — mecops-
uun — 90 %, u3 110 T ypanosoro KOHUEHTpara nyreM o0oramenus
N0Jy4aioT NIPUMEPHO 23 T 06OTaINEHHOrO ypaHa ¢ COAePIKAHUEM H30-
Tona U 2.7 9%, nocraTouno 118 paGoThi BOASHOLO peakropa Ha
Me[JIeHHHX HeHTpoHax.

Cxema Gaoka mnepepaGoTky BOAH INOKAasaHa Ha puc. 10.6. Yepes
ancopGenT mpomyckaercs Bech crok OTIC (n rensas, u xoJoanas
BOAA), a TaKkKe AONOJHHTENLHOE KOJHYeCTBO BOJAH, IIPOKa4YuBaeMoe
3a CUeT 3/IeKTPOSHEPTHH, BEpabaTHBAEMOll cTaHHUeH.

He Menee szaunrepecoBana B NOJyYeHHH OKeaHCKoro ypana OPT.
B suepretuueckom Gamance sroii crpaiel ADC noka He 3aHMMAIOT Be-
Aymyro poas. Ha ux goaro NPpUXOAHTCA YCTAHOBJEHHAsE MONIHOCTH
okoso 10 I'Br, npuyem cpemnerogosas noTpebHOCTh B NPHPOLHOM
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ypaHe COCTaBJieT NPHUMEPHO 1300 1. IlporHo3HHEEe OIEHKHM TMOKa3H-
BaioT, uTo K 2030 r. obuee norpe6jeHHe 3HEPTHH B CTpaHe MOYTH
yrpoutcsi. OCHOBHYIO POJIb NO/IKHH 6yayr B3saTh Ha cebs AJC, yera-
HOBJIEHHAsT MOIIHOCTH KOTOPHIX JoJKHA BO3pacTH B 1000 paz. Ilpm
COBpeMeHHOH TeXHOJOrHH nepepaboTKH #AAepHOro ropiwoyero 3To Mo-
Tpedyer acTPOHOMHYECKHX KOJIHYECTB PaCIIEMIAIOMNHAXCH MarepHaJoB
IJf peakTopoB, 3amacaMi KOTODBHIX ®PI ne pacnosaraer. 910 H
o6 bsicHseT NMOBHUIEHHHE MHTEpec K OKeaHy, KaK HCTOUHHKY IpHPOA-
HOTO ypaHa. ,

5 5 7 3

' g

1
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Puc. 10.6. Cxema nepepaboTku OKeaucKofi BOAbI MpPH TOJYYEHHH YpaHo-
’ BOr0 KOHUEHTparTa.

§{ — nojava Tendaoh HOBEPXHOCTHOH BOJDI; 2 — OT3C; 3 — nozaua cOpacbiBaeMbiX

pog OT3C; 4— mogava OBEPXHOCTHON BOJH; 5 — aACcopOLHOBKELIA GMOK; 6 — no-

faya HaCHIEHHOrQ COENUHEHUAMU ypaHa ancopberTa; 7 — GJa0K Recopbuuu; 8 —

BRaYa YPAHOBOTO KOHIeHTpaTa; 9 — MOjaua peareHTos; 10 — moxaua otpaboTaH-

_ Hblx peareHToB; /I — GJIOK BOCCTAHOBJEUUA DEATEHTOB; 12, 13 — c6poc orpaboTan-
HBIX BOX

B HacTosmee BpeMs yuenbiMu # HHxenepamu OPT paspaboTaHo
HECKOJIbKO BAapHAHTOB OKEaHCKHX YCTAHOBOK, PaboTaIOMAX Kak Ha
ecTecTBEHHOH IpPOKauke BOAH uepe3 aicopOeHt, TaK ¥ Ha TpHHyIH-
TeqbHOl NPOKauKe, BHIIOJHEHHHX B BHIE CTAalHOHADHLIX GeperoBHX
JAH60 T[UIaByYHX KOHCTPYKuHMA (3asiKOpeHHLIE naathopMH-3aBOAH,
ONHO- M MHOTOKOPNYyCHHE CyAa, NJaT(OPMBbl, MPOAYKIUHA KOTOPHX M/
nepepaGoTKH nepefaetcs Ha 00OraTHTEbHYIO YCTAHOBKY, PaSMEIeH-
"y Ha cyaHe oGecneuenusi). Ha puc. 10.7 nokaszaHa cxema ycrpoi-
crBa nepepadaTeBaloiel 3asgKOpPeHHOll naat(opMbl, yCcTaHaBJIUBA-
eMoil Ha €CTeCTBEHHOM TeuyeHHH, paspaboTaHHaf crepHagucTaMiu
¢dupmu «YpanenGeproay». Pasyeprl yCTAHOBKH PACCUHTAHH Ha noJay-
yenne 100 T ypaHa B roj IpH BEPTHKAJBHOM TeYEHHH BOAEL He€pes Ka-
Mepy ¢ aAcopOeHTOM CO CKOPOCTbIO 0,05 m/c. ITepepaGoTka Bexpercs
B <«KHUISILEM» cJjoe, a AJs JecopOuuH agcop0eHT MNpokayHuBaeTcd
yepes COOTBETCTBYIOIIME anmapaThl, pasMemleHHbIE B [EHTPAJBHOM
kopnyce. TaM ke HaxomATCA HEOGXOAMMOE 3HEPreTHHecKoe oGopyno-
BaHHe, 3aIacH peareHTOB, CKJaj TOTOBOH NPOAYKHHM H BCE Heo0 X0-
nuMoe aas obecneueHus ABTOHOMHOH NJHTEJbHOH paGOTH KOMIIEKCa.
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Beprukasnpuee pasmepn u nogmem NJ1aTQOPMB HaJ MOBEPXHOCTHIO
BOALI onpefesieHb! A1 YCAOBHH DIOPUACKOTO TeyeHHUs.

Kpome ykasanubix Bhimle agcopGeHTOB cnegnanuctel OPr ype-
JAI0T GOJIBIIOE BHHMAHHE TNOMCKY G60Jee JerIeBbix NPUPOJHEIX Be-
IECTB, KOTOPble MOrYT GbiTh 3¢hdeKTHBHEIMU aacopbenTami. CrepHa-
JucTamMmu  Gupmbl «lopHbe cucTamy, HanpuMep, paspaboraHa ycra-
HOBKa C NMPHHYIHUTEJbHOH NPOKAUKOH MODPCKOH BOXBI, B KOTOpO# B Ka-
yecTse ajfcopleHTa NpPUMEHEH rPaHYJHPOBAHHBIN MOYBEHHEIH rymyc
(nepernusIMe opraHuuecKue BemecTBa, cojepxamue HaGOp 'yMHHO-

Prc. 10.7. 3asop, BeipabarbiBarommik
YPaHOBBIA KOHUEHTPAT 34 CYeT 3HEPrHH
OKeaHCKOTo TeyeHHs [62]: a — oGuui
BHJ nNaByyero 3asopa; 6 — aucopouu~
OHHas Kamepa B pa3pese.
I —Hagsoadans uaatdhopma ¢ BEPTOIETHOR
IO aJKOR H 11AaxXTol; 2 — UeHTPa bHBIR
KOpIyCc ¢ [eCOPOIHOHHBIMH  YCTAHOBKAaMH}
- 3-— ancopOuHOHHasi Kamepa; 4 — <KiliillHfi»
CHOH ajgcopBeHTa; & — BXORHOI audbhysop
¢ dopramMepoli; 6 — aKopHAs CHCTEMa

BLIX KHCJIOT, YCKOPAIOMHUX XOA MPOHEccos agcopbuuu). B rtakoit yera-
HOBKE TpH CKOPOCTH BOAM (BepTHKaJbHOro notoka) 0,1 M/c Ha Bxoge
B ca0it axcopGenta u KoabduuueHte amcopbumu 0,5 mo6eraa 100 T
B TOA ypaHa BO3MOXHa INpH IJOMAAH TNOBEPXHOCTH, 3aHHMaeMOH
ancopGeHToM, Bcero B 20 Thic. M2 (B npeapaymel yeTaHOBKe OHA npu-
MepHO B 4 pasa OGoabiie). AncopGeHT A0/IKEH pa3MelaTbCs
B 80 Gsokax naomansio 10X25 M Kamxawil. B CyfoBOM HCHOJHEHHH
NPH YeTBIPEXCAOAHOM pACNoJoKeHHH GJOKOB TAKAs YCTAHOBKA BIH-
cbiBaeTcst B rafapuThl OKEAHCKOro cyaHa aJuHOH 250 M. PassHTue
CnocoGoB nepepaGOTKH OKEaHCKOH BOAbI C HeJbI NMOJYYyeHHs ypaHa
TaKHM O0pa30M OKA3bIBAETCH BHIFOAHBIM He TOJIBKO SHEpPreTHKe, HO H
CYAOCTPOUTEIbHOH MPOMBIIIJIEHHOCTH.

§ 10.6. KomnnekcHbii nopxoa K OcBOEHMIO pPecypcoB okKeaHa

Brme yxe ynoMuHasach BO3MOKHOCTD 0GbeqHHEHH st pa3IHYHEIX
BapuaHToB npeobpasoBaTesell OKeaHCKOH 3HeprHH c pedbio GoJee
TOJTHOTO MCTOJIB30BaHNst pecypcoB. Peub mita 06 onHospemeHHOM He-
NOJIL30BAHHH B EAUHBIX KOMILIEKCAX KAaKHX-TH60 ABYX YCTPOHCTB.
Hanpuwmep, 06 o6bennueHun BOJHOBbLIX M TemJOBHX npeobpazoBare-
Jeidl ¢ MOPCKHMHM (hepMaMH AJs BbIpANHBAHUS BOZOpOCJIel, TpHIHB-
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HBIX 3JEKTPOCTAHHMI U BeTPOBHIX, BOJHOBBIX H BETPOBBIX C HCIOJB30-
BaHieM IJaByyHX KOHCTPYKHHH nepsbIX IJs pasMelleHHs BTOPLIX..
ITpocMaTpuBaeTcss BO3MOXKHOCTb COBMECTHOH SKCIIyaTalHH oraC n
ConendC, ConendC u OTAC. BoaMmoxHb H Apyrue coderanus. bo-
jee TOro, BO3MOXKHO o0beAMHeHHe Tpex H, BepOsTHO, Naxe yeThlpex.
tunos npeoGpasopateneii. Hanpumep, B cucteme OTIC, BonudC u
BnodC BoJaHOBHE Npeo0pasoBaTeqH MOMJIH Obl HIpaTh pOJb 3alLHT-
HBIX BOJHOracsNIMX YCTPOMCTB M NMepBHYHBIX HCTOYHHKOB SHEPrHH, He--
o6xoauMuIX A 3anycka OTIC.

Jlpyro#i THn HHTerpapuu — o0beAHHeHHE Ha faze omHOro HJIHU
60IbIIOT0 KosMHuecTBa npeobpasosaTesnedl nejoro psija B TOH HJIH
HHON cTeleHM CBA3aHHbLIX npoussogcts. OpuH Tako# npumep ObLI
NPOJEMOHCTPHPOBAH Ha pHC. 8.9, rje NOKaspBajach BO3MOXHOCTb
KOMIIEKCHOI MepepaboTku keana. JIpyrofi npuseleH Ha pHC. 10.8 n
KaeT TpejicTaBjeHHe O Pa3BeTBJIEHHOM NPOU3BOACTBE, KOTOpOE MONKET
6bTh opramuzosano Ha Gase OTIC u buodC. Ha stom pucyHKe
cxeMa, 3auMcTBOBanHas u3 padors JK. Koucranca [45], mononmena -
BeTBbI0 NepepalOTKH MOPCKOH BOJABI C IeJblo MOJydYeHHs ypaHOBOTO:
gonuentpara [62]. Bce oTAesnbHble TEXHOJOTMYECKHE NPOUECCH! 3TOH
cxeMbl B TOH MJIM HMHOH CTeneHH yiKe OTpabOTaHBl H CO34AHHE"
KOMIJIeKca BIOJdHe peatbHo. [TomoOHEIH KowmmJexc mor Obl cTaTh OC-
HOBOH JAJ5 NpPOMBINIJIEHHOr0 Pa3BHTHS yeAHHEHHOro OCTPOBHOrO rocy-
mapctBa, Mor Obl ObITb BEAYIIHM NPEANpHATHEM HCKYCCTBEHHOI 0~
cBafiHOro HJIH NJaBy4yero ropojia B OKeaHe.

Hakouel, MOXHO FOBOPHTb O eme 0oJee BBICOKOH CTelneHH HHTe-
rpamun — oGbeANHeHHH Ha OCHOBe HCI0Jb30BaHAA OKeaHCKOH sHep-
reTHKH XO03#ficTBEHHOH M TNpUpOAONpeofpasyiomeil AesTeqbHOCTH
B okeane Boognie, [TogoOnasi uHTerpaphs npennoJaraer HCnojabL3oBa-
HHe BCeX BHJIOB npeobpasoBaTtejell OKEAHCKOW 3HEPrHH, yBA3AHHDIX.
B e[HHbIH KOMIJEKC ¢ MPOH3BOACTBEHHBIMH NpPeANpUATHAMH U OKeaH-
CKUMH (GepMaMH, H JeHCTBYIOMUX B HHTEpecax MHPOBOI'O coobuiecTBa.
Ha mauaJbHOM 3Tale CO3AaHHs TakoH KOMIJIeKC Mor Obl pasBHBATLCH
flo JHHHM pa3pabOTKH 3HHEPTeTHYECKMX M OHOJOrHYECKHX pecypcoB..
3aTeM CIOJa K€ MOKHO ObIIO Obl NOAKJIIOYHTH Pa3paboTKy MHHepaJb-
HBIX pecypcoB OKeaHa M yIpas/eHHe KJMMaroM NJIaHETH MyTem BO3-
ZeHCTBHS € IOMONIbI0 OKedHCKHX Mpeofpasosateneil Ha INPHUPOAHbIE
ABJIEHHS.

CxeMa Takoll cHCTeMB MorJa Ob HUMeThb BHJ, NOKa3aHHbBIH Ha
puc. 10.9. Ona, Geaycsiosuo, TpeSyeT AeTaabHOM npopaboTKH B 4YACTH
IpABOBbIX, CONHABHO-IKOHOMHUECKHX H NOJUTHYECKHX BONPOCOB, CO-
3/aHHS MaTeMaTHYeCKHX MoJeJsell B3aHMOJEHCTBHsI OKEAHCKOro Mmpo--
H3BOJCTBA C NPOH3BOACTBOM Ha CYIIE, ero B3aHMOAeHcTBUs co cpefo,.
ynpasaeHHs U KOHTpOJAs. Bcs neaTesbHOCTb TAaKOH CHCTEMBI LOJIKH&:
6blsia 6B MpoHcxoAHTh nox pykosoacTsoM OOH u ee HHCTHTYTOB, KO-
Topble OBl yCTaHAB/JUBAJH NPHOPHTETH oTpacJeii, pyKOBOAUIH Obl (H--
HAaHCHPOBAHHEM M paclpeaeeHueM DecypcoB B HHTEpecax 4JeHOB CO--
o6mectBa. Jlo HejaBHero BpeMeHH NOAOOHBIMH CHCTEMAaMH 3aHHMa-
Juch GoJblue QaHTacTbl, HO INOCTeNeHHO YeJoBedeCTBO  MOAXOAHT”
K TeM py0exaM, HauHHas C KOTOpbIX eMy BoJleli-HeBOJIel TPHAETCS:
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© 06BeIHHSATHCSA, YTOOB MPOTHBOCTOATE CHPLEBOMY, 3HEPreTHUCCKOMY
H 3KOJOTMYECKOMY KPH3HCAM.

Pa3spurue oKeaHCKOH 3SHepPreTHKH CTaBHUT Mepe] MHDPOBHM c006-
IEeCTBOM P#J COBEPIIEHHO HOBHIX NPABOBHIX 3a[a4, CBA3aHHHX C BO3-
MOXHBIMH TIOMEeXaMH CyJAOXOICTBy B pe€3yJbTaTe pa3MeleHHs B OT-
KPHITOM MOpEe OKeaHCKHX npeobpasoBaTeliell, «3HEPreTHYeCKHX» hepM,
BO3MOXXHBIM BJHSHHEM Ha KJAUMAaT B PErHOHAJbHOM HJIH Haxke TIJo-
6anpHoM Mmaciitabe, nepepalboTKOH OKEaHCKHX PECyPCOB HEPIHH, mno-

[ Opranusaius OObeguHeHHbIX Hanuii [

. —————»‘7 KoHTponeHbI# OpTran l !

| —o> 2

‘ Ynpapnsonme Opratel f g ::> 3

l !

ObwmecTBer HOe OKCAHCKOE HPOU3BOLCTRO:
o pa3zpaboTra GHOJIOTMUCCKUX PECYPCoB .
pa3paboTKa JHCPTCTUICCKUX PECYPLOB
- pa3spaboTKa MUHCPAIBHBIX PECYPCOR
HeYlenanpas IcHHoe Bo31IeHCTBYE Ha cpepy

Hpupoanast cpepa

[ OBuiecTBEHHOE IPOU3BOACTBO cymi]:'_

Puc. 10.9. Cucrema KOMILIEKCHOrO MCIO0/1b30BaHHA PECYpPCOB
MupoBoro oxeaHa.

1 — usbopManHoHKbie MNOTOKH; 2 — (duU3HYeCKoe Bo3xelcTBHE;, 3 —
. HOTOKH CbIPbsi W NPOAYKIHH

npaBy NpHHAAJEXKALIHX BCEMY 4e/OBEUYeCTBY, B MHTEpecax OTAEeJbHHX:
rocyaapcTs HJH IPYNN rocyAapcTB. YUHUTHBAs BO3MOXKHOCTb CO3NAHHUS
r106aabH0d SHEpProcUcTeMbl M NPOMBIIJIEHHOrO MPOH3BOACTBA Ha OC-
HOBe BO300HOBJSEMBIX PECyPCOB OKeaHa, MOXHO MPeANOJOXKHTh, UTO-
31ech yxe B OamKkadiuieM OyayuieM BO3HHKHYT MeXAyHapOJHBlE Npo-
GseMBl, paBHBIE, eCJH He NMPEBOCXOAAIIHE 110 CBOEH OCTpOTE, TeM, KO-
Topble BO3HHKJM NPH PeryJlHpPOBaHHUM Da3BeAKH M Pa3pabOTKH MUHe-
pPaJIbHEIX PECypCOB KOHTHHEHTAJBHOTO Ilelbba, pHOOJOBCTBA U MOpe-
niaapanus. llpHHUUNHaapHBIE NYTH pellieHus noAoGHHX npobiaeM Ha-
Meuaer pasdpaboramnas HexaBHo mnoA 3rujgoft OOH koHBenius no-
MOPCKOMY Npasy.




3AKJITIOYEHME

Oxkeanckas sHepreruka — o0IIHpHas 06.J1acCTh HayyHO-TeXHHYe-
CKOA M X035HCTBEHHOH HEATEJbHOCTH, B KOTOpOH MepecekaioTcss HHTe-
‘Pechl MHOTHX OTpacjed HapOZHOrO x03siicTBa. Peub HIeT He TOJBKO
©0 pa3pafoTKe HOBBIX HCTOYHHKOB 3HEPIHM — 3aJ4a4a caMa 1o cebe
“IPE3BHYAHHO BaXKHas, OCOGEHHO eCJH y4eCTh SHEPreTHYecKHH roJOx
PA3BUBAONIUNXCA CTPAH,— HO H O NPHHIUNHAJILHOH BO3MOXKHOCTH MOJI-
'HOH 11ePeCTPOHKH XO3AHCTBEHHO! NEesATe]bHOCTH OTIAENbHHX DErHOHOB
M BCell MUIAHETH HAa OCHOBE KOMIJIEKCHOrO HCIOJb30OBAHUS PECyPCOB
MipoBoro okeana. Okeanckas SHepreTHKa, KaK Mbl MOIJIH yGeXHTbCH,
«cr1ocobHa ofecrneuynTs PpazpaboTKy OKEaHCKHX 34lacOB IOJE3HbIX
HCKOTIaeMBIX, MOJyYeHHEe BbICOKOKAYECTBEHHHIX 3HEPTOHOCHTE/eH, mo-
-JIy4eHHEe MHUIeBHIX NPOAYKTOB. £€ pasBUTHE NO3BOJHT HE TOJBKO CO-
B1aTh HOBYIO 3HEPreTHYecKyw 06a3y, HO M H30ABHTLCsS OT HEJNOro psia
"3KOJIOTHUYECKH OMAaCHHX TEXHOJOTHH, CHeJaTbh YIPABJIAEMBIM KJAHMAT
‘njaners. Bee 3To yxKe He (aHTacTHKA, a BIOJHE PeajbHBIE NPOEKTH,
Heo0X0AUMasi OCHOBA AJIsi OCYHIECTBJIEHHS KOTOPHX NPaKTHYECKH co- -
:3/1aHa.

HY106b0 OKeaHCKas 3HEPreTHKA 3aHAIa CBOE MECTO B XO03aficTBe
“3eMJIH, NPe/CTOHT MHOroe CAEJIA4Thb, IIPHYEM TJIABHOE 3/€Ch CKOpee He
‘32 HAYKOH W TeXHHKOH, a 3a NMOJUTHKOH: pa3BHTHE OKEAHCKOIH 3Hepre-
“THKH B TIOJHOH Mepe TpeGyer yCHJHI Bcero uyesJOBEUYecTBa, TaK KakK

.MupoBo#l okean M ero pecypcbl, B TOM uMCJ]e 5HEPreTHuecKHe,— f0-

-CTOsIHHE BCEr0 MHMPOBOro cooduiectsa. B atom niane pa3suTHe OKeaH-
KOl SHePreTHKH — OJHA M3 T€X BO3MOMKHOCTeH, KOTOpPHE CymeCTBYIOT
Yy HapOAOB MHpa AJf TOro, 4yT06bl O0BEAUHUTH YCHAHSI HEe HAa IPOTHBO-
“60pCTBE, & Ha DEINEHHH TPAHAMO3HBIX 1O CBOMM Macumtabam cO3Hia-
“TeJbHBIX 34744,

Haxe B ToM cayuae, ecin B GJHXKaNHe (ecaTHIETHS 10 KAKHM-TO
JIpHYHHAM ~ HAyYHO-TEXHHYECKOT0,  3KOHOMHYECKOTO, COLHAJbHOTQ
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U T. . CBOBCTBA HAeH Pas3BUTHs OKeaHCKOH 3HepreTHKH He OyAyT pea-:
JHU30BaHbl, OHA He COHAET ¢ TMOBECTKH HHA: YK OueHb Pa3HOOOpasHEY
BO3MOJKHOCTH, KOTOpDHE CYJHT OCyIIeCTBJeHHe [axKe HMemIIHuXCs
npeinoxenuil. 3qech MoXeT ObITh YMeCTHO OGpaTHTh ellle pa3 BHAMA-
HHe uMraresJell Ha TO OOGCTOATENLCTBO, 4TO ONTHMAaJbHble BapHaHTH
MHOTHX BHIOB npeo0pasoBaresieli OKEaHCKOH 3HEPTHH — 3TO HE
TOJbKO 3HEepreTHUeCKHe OOBbEKTH, HO M HaHJyulliHe CpPeACTBa 3au[UTHI
OT IITOPMOB, H CPeACTBa BO3AeICTBHS Ha HEKOTOpbIe NPHPOIHBIE NPO-
ecCH, ¢ KOTOPbIMH NPHUXOAHTCS TOCTOSHHO CTaJKHMBaTbCa TeM, KTO:
3aHAT MOPCKMM CTPOHTE/]bLCTBOM, HHAYCTPHEH OTABXA, MAapHKYJbTy-
poi.

A Te BO3MOXHOCTH, KOTOphie OKeaHCKas 3HepreTHKa OTKPLIBAET
A5t TBopuecTBa? Passe ounm ncuepnaubl? Koneuno Her! Kak u Beakas
HOBasi OTPAC/]b OKEaHCKAas 3HEpPreTHKa NpHBJIEKaeT K cebe BHHMaHHe
Hau6osee «Hzobperare/bHOH» 4acTH deJOBeyecTBa, H MOXKHO CMeJo
MPeAnoaO0XHUTh, 4TO B 06JacTH OKEaHCKOH 3HEepreTHKH MBI emie YC/bl-
UM O COTHSIX OPHUrHHAJBHHX TeXHHuecKux pemeHnu#. Ho nnas passu-
THS OKeaHCKOH 3HepreTHKH, Kak HH AJA OJHOH APYrod OTpaciy Xo-
39iCTBeHHON AesATeJbHOCTH, HEOOXOAHM NPOYHBEH MHD Ha Hamed mia-
HeTe.

18 3axas Ne 402
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