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BBEJAEHHUE

CeromHs BOIIPOCH DHEProcOEpPEKEHHUST M SKOJOTUW BBHIILUIM Ha TEPBBIN
IIaH ¥ TpeOyIOT He3aMeIJIMTENbHBIX pemeHui. [ng ycmemHoil paboTsl
WHKXEHEPAM-TEIJIOHEPreTUKAaM CJIEyeT YMETh MPaBWJIbHO aHaJIU3UpPOBATh
OPUPOAHBIE U SKOHOMHUYECKHE YCJIOBHS M TEXHUYECKUE BO3MOXKHOCTU IS
UCIIOJIb30BHUSL DHEProcOEperammmx TEXHOIOTUH, K KOTOPbIM OTHOCUTCS
TaK)X€ MCIOJb30BaHUE HETPAJAUIMOHHBIX U BO300HOBISEMBIX HCTOYHUKOB
SHEPruu. A JJs 3TOTO0 HEOOXOAMMO HMMETh TEOPETUYECKYI0 0a3y W 3HaTh
TUIIOBbIE METOJUKH PACUYETOB.

B nocoOuu conepxurcs Marepuan Juisi MPOBEACHHUS MPAKTHUYECKUX
3aHATHI 1o Kypcy «HerpamunnoHHble W BO300HOBJISIEMbIE HMCTOYHUKU
SHEPruM», HM3y4aeMoro CTyJeHTaMH  crneuuanbHocTH «IIpoMblnuieHHas
TEIJIO3HEPTeTHKa» Ha 3 U 4 Kypce. DTOT Marepual BKIIOYAET Kak
COOCTBEHHO 3ajaud I MPOBEJCHUS MPAKTHUECKUX 3aHATUN MO pasjieiiaM
«BerposHepretuka», «OHEprus COJIHUA», «OJHEPrusi BOJH», «DHEpPrus
NPUIMBOB»  SIBIIAIONIMMHUCS COCTaBHBIMHU 4YacTSIMH Kypca, Tak U
HEOOXO/IMMbIE TEOPETUYECKHE OCHOBBI JUISl MX penieHus. B Teopernyeckux
pazzienax nocoOust MpUBOJATCS METOJUKHU aHAJIM3a U pacyeTa.

Tak xe B mocoOuu UMEKTCS HEOOXOAMMbIE CIPABOYHBIE JAHHBIE U
AHAJIMTHYECKHE 3aBUCUMOCTH JUIsI HEKOTOPBIX JAHHBIX, MPEICTABICHHBIX B
CIIPABOYHOM JIUTEpPATYPE.

[IpenycMarpuBaeTcs Kak MHIUBUIYAIbHOE PEIICHHUE 33/1a4 CTYACHTAMU
10 BapUaHTaM, TaK U KOMaHHasi paboTa CTyJEHTOB B Ipymnmax.



1. BeTp03HepreTnKa. MOI[IHOCT]) BETPOIHEPIreTUICCKUX YCTAHOBOK

BetposHepretuka ¢ €€ COBPEMEHHBIM TEXHUYECKUM OCHAIICHHEM
SBJIIETCSL ~ BIIOJIHE  CJIOXKUBIIMMCSI ~ HalpaBlieHUEM  JHEpreTuku. Ber-
POJHEPreTUYEeCKEe YCTAHOBKM MOIIHOCTBIO OT HECKOJIBKMX KHJIOBATT [0
meraBaTT npousBosaTcs B EBpomne, CIHA u apyrux dactax mupa. bonbias
YacTh 3TUX YCTAHOBOK HCIOJIb3YETCA [Jisi MPOU3BOJACTBA 3JIEKTPOIHEPTHUU,
KaK B €JMHON YHEProCUCTEME, TAK U B ABTOHOMHBIX PEKMUMAX.

OCHOBHBIMHM ~ JIOCTOMHCTBAMH ~BETPOSHEPI€TUKU  SABISIIOTCS:  MPOCTOTA
KOHCTPYKIIMA M TPOCTOTA WX SKCIUTyaTallud; JOCTYIHOCTb 3TOT0 MOUCTHHE
HEMCUepraeMoro MCTouHuka sHepruu. K HemocTaTkam ClieqyeT Ipexae BCEro
OTHECTH HETIOCTOSHCTBO HANPABJICHUS U CHJIbI BETPA; BO3MOKHOCTb JUTUTEIBHBIX
NPOCTOEB U BBITEKAIONAsi M3 STOr0 HEOOXOJUMOCTh AKKyMYJIMPOBaHUS U
PE3epBUPOBAHUST BETPOIHEPTETUYECKUX YCTAHOBOK; OTUYXKICHUE TEPPUTOPUMA U
W3MEHEHHUE TPATUIIMOHHBIX JIaHAIIa(TOB.

N3BecTHO, YTO TMpPHU CKOPOCTH BeTpa u, M/C, U TUIOTHOCTH BO31yXa p,
KI/M°, BETPOKOJIECO, OMETAIoIIee MIomanb F, M> pa3BHBACT MOIIHOCTB P, Br,

OIIpECISIEMYIO
P=EFpu’/2. (1.1)

3nech & — KOA(PGUIMEHT MOIIHOCTU, XapaKTepU3yIOHi 3PPEeKTUBHOCTh UC-
II0JIb30BAaHUSI BETPOKOJIECOM HHEPIrUM BETPOBOIO NOTOKA M IPUHUMAEMBbIN
paBHbIM 0,35.

N3 (1.1) BuAHO, 4YTO MONIIHOCTH P mNpomopuUOHATIbHA OMETAeMOM
wiomaan F u kxyOy ckopoctu. KoadduiumeHT MOIHOCTH 3aBUCUT OT
KOHCTPYKIIMM BETPOKOJIECA M CKOpPOCTH BeTpa. Tak Kak CKOpPOCTb BETpa
HEMOCTOSIHHA, & MOIIHOCTh OYE€Hb CHUJIBHO 3aBUCUT OT CKOPOCTH, TO BBIOOP
ONTHUMAJIbHOM  KOHCTPYKLIMM  BETpPOKOJIECA BO MHOIOM  ONpeAessiercs
TpeOoBaHUsAMU MOTpeOuTENs sHeprur. OOBIUHO CpPEIHEro/I0Bas MOIIHOCTb,
CHUMaeMas C eIWHHUIBI IUIOIAJ  BETPOKOJIECca, MPONOPIHUOHAIIbHA
IUIOTHOCTH BO3JyXa M KyOy cpenHei ckopocTH. MakcumaibHasi MpOeKTHas
MOIIHOCTh BETpO’HEpreTuyeckoil ycraHoBku (BJY) omnpenensiercs nns
HEKOTOPOM CTaHIapTHON ckopocTh Berpa. OOBIYHO 3Ta CKOPOCTh paBHA
npuMepHo 12 M/c, mpu STOM CHEMaeMas ¢ | M° OMETaeMol IUIOLIALH
MotHocTh — nopsaka 300 Bt npu 3nauenun & ot 0,3 no 0,45. B paiionax ¢
OJIarONpPUATHBIMU ~ BETPOBBIMU  YCJIOBUSIMH ~ CPEIHETOJIOBOE  IPOM3BOJCTBO
anekTpodHeprun cocrabisieT 22 — 30% ero MakCUMallbHOTO MPOEKTHOTO
3HayeHusA. CpoK CiIy’Obl BETPOr€HEpaTOpoB OOBIUHO HE MeHee 15 — 20 ner, a
ux croumMocth kosiednercs ot 1000 go 1500 momn. CIIA 3a 1 kBT npoextHo#
MOIIHOCTH.

OnHO U3 OCHOBHBIX YCIIOBUI IIPU NPOEKTUPOBAHUHU BETPOBBIX YCTAHOBOK
— olecrieyeHre MX 3allUThl OT PAa3pyIICHUS OYEHb CHJIbHBIMH CITy4allHbIMHU



nopeiBaMu  BeTpa. BeTpoBble Harpy3ku MNpONOPLUUOHAIBHBI KBAaApaTy
CKOpPOCTH BEeTpa, a pa3 B 50 jieT ObIBAIOT BETPHI CO CKOPOCThIO, B 5 — 10 pa3
MPEBBIIAIONIEH CPEIHIOK, TO3TOMY YCTAaHOBKHM MPUXOAUTCS TPOEKTUPOBATH
C OY€Hb OOJIBIINM 3anacoM npoyHocTu. Kpome Toro, CKopocTs BETpa O4€Hb
KOJIEOJIETCSl BO BPEMEHH, YTO MOXKET MPUBECTH K YCTAIOCTHBIM pa3pyILLIEHUSIM,
a JJsl JIONacTell K TOMY JK€ CYIIECTBEHHBI NMEPEMEHHBbIE TPaBUTALUOHHBIE
Harpy3ku (mopsiaxa 107 ukiaos 3a 20 JeT SKCILTyaTaIum).

IIpruMHON BO3HUMKHOBEHHSI BETPOB SIBJSIETCSA IOIVIOLICHHWE 3E€MHOU
aTMOC(epoil COTHEUHOTO U3Ty4EHHUs], IPUBOJIAIIECE K PACIIUPEHHUIO BO3AyXa U
NOSIBJICHUIO KOHBEKTHBHBIX TedeHuil. B rnobanbHOM Macmrabe Ha 3TH
TEPMHUUYECKUE SBICHUS  HakjiaabiBaeTcss dA(PQexT BpamieHus 3emid,
NPUBOIAIINN K TIOSBJICHUIO IPeo0IajaronX HanpaBieHuit Betpa. Kpome atux
o0LIMX, WM CHUHONTHYECKHUX, 3aKOHOMEPHOCTEH MHOIO€ B ITHX Mpoleccax
OMpEJEINIIETCS MECTHBIMU OCOOEHHOCTSIMHU, O0YCIIOBJIEHHBIMHU ONPEACTICHHBIMU
reorpaUUecKUMH WU HKoJorudeckuMu Qakropamu. CKOpPOCTb BETPOB
YBEIMYMUBAETCS C BBICOTOM, @ X TOPU3OHTAJIbHAS COCTABJISAIONIAs 3HAUUTEIBHO
Oonbiie BepTukambHOU. [locnenHee OOCTOATENBCTBO SIBISIETCS OCHOBHOM
NPUYMHON BO3HMKHOBEHUS PE3KUX TOPBIBOB BETPA U HEKOTOPBIX JPYIHX
MenKkoMaciuTabHbIX 3dexToB. CyMmapHas KUHETHUYECKasi SHEPrHsl BETPOB
oleHHBaeTCsl BemmumHoi mopsmka 0,7-10°" Jhk. BememcTBue TpeHus, B
OCHOBHOM B aTrmocdepe, a TakkKe IpU KOHTAKTE C 3€MHOHM M BOJHOM
IOBEPXHOCTSIMM  3Ta DJHEPIUs HENPEpPhIBHO pPAaCCEUBAETCs, MNpPU  ITOM
paccenBaeMasi MOIIHOCTb — mopsiaka 1,2-10'° Brt, uro paBHO mpumepro 1%
HOMJIOIEHHOM SHEPTHH COJIHEYHOIO M3ITyYEHHS.

JIna aHanu3a BETpOIHEPreTUYECKOrO IMOTEHIMAIA MECTHOCTH COCTABIIIETCS
BETPOIHEPIETUYECKUI KaJacrp, KOTOPBIN IIPEICTABIISAET coboi
pallOHMPOBAHHYIO CHCTEMY UHMCIIEHHBIX XapaKTEPUCTUK peKUMa BeTpa.
BetposHepreruyeckuii kKagacTp — 3TO COBOKYIMHOCTb OOBEKTHUBHO JTOCTOBEPHBIX
U HEOOXOAUMBIX KOJIMYECTBEHHBIX CBEICHUH, XapaKTEpPU3YIOLIMX BETEp Kak
UCTOYHUK SHEpruv. B xajactpe Bce XapaKTEpUCTUKH OOBIYHO MPEICTABIICHBI B
TabauuHOW WM rpaduveckoil (opmMe, UCHONb3ys MaTepualibl MHOTOJIETHUX
HaOJIIOICHHUIA.

B 0onblIMHCTBE NPUKIAJAHBIX 33]]a4 BETPOIHEPIeTUKN TOpPa3/io BakHEe
3HaTh HE CyMMapHO€ KOJIMYECTBO HSHEPrUU, KOTOPOE MOKET BBIPabOTaTh
BETPOYCTAHOBKA, HAIlpUMEp, 3a TOJ, a Ty MOIIHOCTb, KOTOPYIO OHa MOKET
obOecneunBath mnoctossHHO. [lpm cumbHoM Betpe, ot 10 mo 12 w/c,
BETPOYCTAHOBKHM BbIPa0ATHIBAIOT JOCTATOYHO AIIEKTPOIHEPTUU, KOTOPYIO
MHOTJa JaKe MPUXOJUTCS cOpachlBaTh B CUCTEMY WM 3amacaTh. TpyaHOCTH
BO3HUKAIOT B MEPHOJBI JUIUTEIBHOTO 3aTUIIBS WK ciiaboro Berpa. [loaTomy
JUISL BETPOAHEPIreTUKH SIBISIETCS 3aKOHOM CUHMTaThb paliOHbl CO CpelHeu
CKOpPOCTBIO BETpa MeHee S5 M/C MaJONPUTrOAHBIMU ISl pa3MELICHUS
BETPOYCTAHOBOK, a CO CKOpPOCThIO 8 M/c — odeHb xopomuMmu. Ho



HE3aBUCUMO OT 3TOr0 BO BCEX CllydasX TpeOyeTcsl TIATeIbHBIM BbIOOP
apamMeTpOB BETPOYCTAHOBOK MPUMEHUTEIBHO K MECTHBIM METE0YCIOBHUSIM.

Jlst mpoBeieHtsI aHaIM3a BETPOIHEPETUUECKOT0 OTEHIMaIa TpedyeTcs
NPEABAPUTEIBLHO MPOBOJNUTh B TEUEHUE TOJa €KEIHEBHBIE 5-TH KpaTHBIE
U3MEPEHUSI CKOPOCTU BETPA C PAaBHBIMU IPOMEKYTKAMU BpEMEHH: B 9 u, 12
4, 1549, 18 uuB21y.

Bo3moxxHO wucmonb3oBaHue 0a3  JTaHHBIX ~ METEOM3MEpPEHUN  WIIH
BETPOIHEPIreTHUECKUX KaJaCTPOB.

[Topsimok 06pabOTKM Pe3yIbTATOB U3MEPEHHM CIIETYIOIHI [6].

1. Pe3ynbpTaThl U3MEPEHHIN CKOPOCTH BETpa Uj, M/C, OOBETUHSIIOTCS B
rpymibl ¢ uHTepBaIoM Au. Onpenensercs odlee Yuciio u3MepeHui N .

2. IlockonbKy M3MEPEHHsI CKOPOCTHU MOTYT IPOBOAUTHCS Ha BBICOTE /1,
a JJIs OLICHKM SHEPreTHYECKOro MOTEeHIMajla Hy>KHa CKOPOCTh BETpa u, M/C,
Ha BBICOTE INIPEANojaraéMod YCTAaHOBKM BETPOTYpOUH A, ompeneieHue
CKOpPOCTH BETpa Ha BBICOTE / BBINOJHAETCA C TOMOUIBIO HM3BECTHOM
anmnpoOKCUMAI[MOHHON 3aBUCUMOCTH

u=u(h/h)"”, (1.2)

r7ie /1 onpenensercs U3 MpeaBapUTEIIbHBIX PACUETOB (€CIM U3BECTCH AUAMET]
KOJIeca BeTpoarperara, Halpumep).

3. OmnpegensieTcs BeIMYMHA BEPOSTHOCTHOTO PACIPEAECICHUSI CKOPOCTH
BETpa

@, = N, /N, (1.3)

rae N,; — 4uciio U3BMEPEHUH B 1-OM CKOPOCTHOM HMHTEpBAJIE.

Crpoutcsa 3aBucumocth @,=f(u). Ilpoussenenue @D, Au MOXKET OBITH
UHTEPIPETUPOBAHO KaK YaCTh BPEMEHH I'0Jla, B TE€UYEHHUE KOTOPOr0 CKOPOCTh
BETpa UMEET 3HAYCHHUS], 3aKJIIFOYEHHBIE B UHTEpPBAJIE OT U 10 utAu.

4. CpenHee 3HA4Y€HHE CKOPOCTHM BeTpa U, M/C, OIpenemnsercs
COOTHOILIEHHEM

l/lczzu,’/N, (14)

rae 2 u; — CyMMa BCEX U3MEPEHHBIX 3HAYEHNUN CKOPOCTH.

5. OnpenensieTcss BEPOATHOCTD D~ IOABIEHUSA BETPA CO CKOPOCTHIO U,
OOJbIIE HEKOTOPOM 3aJaHHOM CKOPOCTH u’, JJII YEero CKJIaJbIBalOTCs
BEPOSITHOCTH BCEX CKOPOCTHBIX HHTEPBAJIOB, B KOTOPBIX U > U .

BepositHocTh @,>,» MOKET OBITH MHTEPIIPETUPOBAHA KAaK YaCTh BPEMEHHU
rojia, B TEYEHHE KOTOPOTO BETPHI IYIOT CO CKOPOCTHIO, OOJIBLIEH .

Crpourcs 3aBUCUMOCTD D~ =f(u).



6. MoImHOCT, BETPOBOr0 IMOTOKA €AUHUYHOrO cedenus P, Bt
onpenensaeTcs

P=pu’/2, (1.5)

e p— IUIOTHOCTh BO3IyXa, PHHUMACTCS PaBHOI 1,3 Kr/m.

[IpousBenenne P @, mpencraBisieT coOOi (QPYHKIUIO pacrpeaeseHus
sHepruu Betpa. Ctpoutcs 3aBucuMocts P @, =f(u).

7. Ctpoutcs 3aBucumocts P, = f(D,-,’), MO3BOIIONIAS ONPEACTUTH
BEPOSTHOCTh OXKUJAHUS BETPOBOTO MOTOKA 3aJaHHOM MOIIIHOCTH.

Bce pacuetst ynoono BeinonHutsh B EXCEL.

[Tocne BemMoONMHEHUs OOPAaOOTKM W3MEPEHHH W PACUYETOB IMPOBOIUTCS
aHaJIU3 TMOJYYEHHBIX pe3yabTaToB. OOBIYHO AaKIEHTUPYIOTCSA CIEAYIOIINE
MOMEHTHI.

1. Tlonp3ysick MOCTPOEHHOW 3aBUCUMOCThIO @D, =f(u), HEO0OXOAMMO
CPaBHUTh CpEJHEE 3HAYEHUE CKOPOCTH BETpa C HauboJiee BEPOSITHBIM
3HAUYEHUEM CKOPOCTHM BETpa B JIaHHOW MECTHOCTH, a TakXKe C pacyeTHOU
CKOPOCTBI0, MpUHUMaEeMoM 1 mpoekTupoBanust BOY (u =10 — 12 m/c).

2. IIpu momomu mocTpoeHHoM 3aBucumMocT P @, =f(u), omnpenensercs
3HAUYEHUE CKOPOCTH MPU KOTOPOW (YHKIMS pacrpeiesieHus SHEPTHH BETpa
UMEET MaKCUMyM M CpPaBHHBAETCS C Haumboliee BEpPOSITHBIM 3HAYCHUEM
CKOpPOCTH BETpa B IAHHOW MECTHOCTH.

3. C moMomipio moCcTpoeHHOU 3aBucumoctu P, = f(D,-,), onpenensiercs
BEPOSITHOCTh OXKUJAHUS BETPOBOTO MTOTOKA OMPEACICHHON MOIIIHOCTH.

HccnenoBanusi TMOKa3bIBalOT, YTO HAMOOJIEE€ TOYHO CTATUCTUYECKUE
JAHHBIE METEOPOJIOTUYECKUX M3MEPEHHUIl OMUCHIBAIOTCS TEOPETUUYECKOU
3aBUCUMOCTBIO pacnpeneneHus Panes.

Takum o00pa3om, JUisi ONpeAeNieHUusT BEPOSITHOCTH CKOPOCTH BETpa
UMeeTCs aHAJTUTUYECKOE BBIPAKEHUE, COOTBETCTBYIOILIEE
AKCIIEPUMEHTAJILHBIM JTaHHBIM. B 3TOM ciydae, BO-1epBbIX, BOBMOXHO PE3KO
COKpaTUTh HEOOXOAMMOE KOJMYECTBO HM3MEPEHUN CKOPOCTH BETpa, BO-
BTOPBIX, MUMEETCS BO3MOXKHOCTh QHAJIMTHUYECKOTO pacyeTa XapaKTEePUCTHK
BETPOYCTAHOBOK.

Jns pacnpenenenus Panest cipaBe1yivuBbI CIIEIYIOINE PABEHCTBA

Do = expl(—w/4) - (u”/ u ), (1.6)

rae @D,-,, — BEPOATHOCTh MOSBJICHUSI BETPa CO CKOPOCTHIO u, M/C, OOJbIIEH

HEKOTOPOH 3aJIaHHON CKOPOCTH u’, M/C; u — cpeAHee 3HAYCHUE CKOPOCTH,
Mm/c;

()3 =124u. (1.7)



s pacnpenenenus Panes Takke copaBelivBbl YTBEPKACHUS, 4YTO
BEPOSATHOCTh CKOPOCTH @D, MAKCUMAJIbHA IIPY 3HAYEHUHU CKOPOCTH

u=2/m)"* u=0_8u (1.8)
u QyHKIUSA cDu~u3 MaKCUMaJIbHa IIPU 3HAYE€HUHU CKOPOCTH
u=202m"* u=16u. (1.9)

JlocTOBEpHO OLIEHUTb, Kakas JOJs SHEPrMM BETpa MOXKET OBbITh
UCIIOJIb30BaHA B DHEPTETHUKE, BPSA JIM BO3MOYKHO, TAK KaK 3Ta OLICHKA OYEHb
CWJIBHO 3aBUCUT OT YPOBHS Pa3BUTHUSI BETPOIHEPIETUKU U €€ MOTpeOUTEeNeH.
Tem He MeHee, opuIIMATbHBIE OLIEHKH BO3MOKHOW JIOJIM BETPOIHEPTETUKH B
DHEPreTHKE B IIEJIOM, Hanmpumep, B BenukoOpuranuu u 3amannoi ['epmanuu,
HE MPENoJaraiiiue Kakux-11u00 Cepbe3HbIX H3MEHEHUH B CIIOXKHBILEHCS
uHbpacTpyKkType DdHepromoTpeOnenusi, maioT He wMenHee 20%. Ilpum
OINPEEIICHHBIX U3MEHEHUAX UH(PPACTPYKTYPHI 1051 BETPOIHEPIrETUKHA MOKET
OBITh CYIIECTBEHHO OoJibllIell. ABTOHOMHBIE BETPOBBIE SHEPrOyCTAHOBKHU
BECbMa IIEPCHEKTUBHBI I BBITECHEHUS JHU3EJbHBIX JJIEKTPOCTAHUUN U
OTOIUTENbHBIX YCTAHOBOK, pPa0OTAIOIIMX Ha HePTEeNpoAyKTaX, OCOOCHHO B
OTJAJICHHBIX PallOHAaX U HA OCTPOBAX.

BerposnepreTuueckre  yCTaHOBKM — KJIACCU(PULUMPYIOTCS MO  ABYM
OCHOBHBIM TpU3HAKAM — TE€OMETPUU BETPOKOJIECA U €ro MOJOKEHHUIO
OTHOCHUTEIBHO HAIIPaBJICHUS BETPA.

Knaccudukanus BeTposneKTporeHepaTopoB Ha OCHOBE MEPEUUCICHHBIX
BBIILIE TPU3HAKOB, KOHEYHO, HE MCUEPIBIBAET BCEro MHOrooOpasus
BO3MOXXHBIX KOHCTPYKLUMH BeTpoycTaHOBOK. (OCOOEHHO 3TO Kacaercs
HauOosiee TMEepPCHEKTUBHBIX YCTAaHOBOK, HWCIHOJB3YIONIMX  CIEUaJIbHBIC
YCTpOMCTBA AJIsl YBEJTMUEHUSI CKOPOCTH HAOETaIOIero BETPOBOIO MOTOKA.

Bempokoneco ¢ eopuzonmanvhoti ocvlo. PaccMOTpUM TOPU3OHTAILHO-
OCEBBIE BETPOKOJIECA MPOMEIEPHOro Tuna. OCHOBHOW BpalaOIIEe CUIION Yy
KOJIEC JTOTO THUIIA SBISIETCS TNoAbeMHas cuia. OTHOCHUTENBHO BETpa
BETPOKOJIECO B paboueM IMOJIOKEHUH MOXKET pacnojiaraThCsi rnepej OonopHOM
Oamnedt wiu 3a Hed. [Ipu mepemHeM pacmoiOKEHUU BETPOKOJIECO TOJIKHO
UMETh  adPOJIMHAMUYECKHN  CTaOWIM3aTop WM  KaKoe-TMOo  Jpyroe
YCTPOMCTBO, yAepxkHBaroliee ero B pabouem mnosoxxkeHuu. [Ipu 3anHem
PacrojoKeHUN OalllHid YaCTUYHO 3aTEHSIET BETPOKOJIECO U TypOyJIHU3HpYeT
HaOerapommii Ha Hero noTok. IIpm pabore koneca B TaKUX YCIOBHSX
BO3HHMKAIOT LUKJIWYECKHE HArpy3Kd, MOBBIIIEHHBIA IIyM H (DIyKTyaluu
BBIXOJHBIX IapaMeTPOB BETPOYCTaHOBKM. HampaBieHue BeTpa MOXKET
U3MEHSATHCS JOBOJBHO OBICTPO, M BETPOKOJIECO JTOJKHO YETKO OTCIIEKUBATH
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ot u3MeHenus. [loatomy B BOY momHocTeio 60ee 50 kBt asst aToil nenu
UCIIOJIb3YIOTCS DJIEKTPUUYECKUE CEPBOIBUTATEIIH.

B BerpoanekTporeHeparopax OOBIYHO  HUCIHOJIB3YIOTCS  JIBYX- U
TPEXJIONACTHBIE BETPOKOJIeCa, TMOCJICIHUE OTIMYAIOTCA IUIABHBIM XOJIOM.
DJIEKTPOTeHEepaTOp U PEAYKTOP, COCAMHSIONIMM €ro C BETPOKOJIECOM,
PacIioIoKeHbl, OOBIYHO, HABEPXY OMOPHOM OalllHU B TOBOPOTHOM royioBke. B
IPUHINAIE WX yA0OHEee pa3MellaTh BHH3Y, HO BO3HHUKAIOIIUE IPH ITOM
CJIIO’KHOCTH € TIepeiaueii KPyTSIIero MOMeHTa 00eCIICHUBAIOT IMPEUMYIIECTBA
TAKoro pa3MenieHus. MHOTOJ0macTHbIE KoJjieca, pPa3BHBAIOIIHME OOJIBIION
KPYTSAIIAA MOMEHT IIPH CJIaOOM BETpPE, HCTIOJIB3YIOTCS IS IEPEKAYKHU BOJIBI U
JIPYTUX TIeJield, He TPEOYIOIMMUX BBICOKOW YacTOTHI BPAIICHUS BETPOBOTO
KoJieca.

Bempooanexmpoeenepamopvr ¢ sepmukanvholi  ocvlo.  BetpoanekTpo-
reHepaTopbl C BEPTUKAIBLHON OChIO BpallleHHs BCJIEJICTBUE CBOCH IreOMETpUU
IIpU JIFOOOM HaIlpaBJCHUU BeTpa HaXOAATCsA B pabodem mojokeHuH. Kpome
TOTO, TaKasi CXeMa IO3BOJISIET 3a CYET TOJIbKO YJJIMHEHHUS Baja yCTAaHOBUTH
PEIYKTOP C TeHepaTopaMy BHU3Y OallTHHU.

[IpyHUIMOMANBHBIMU ~ HEAOCTAaTKAMU TAaKUX YCTAHOBOK  SIBIISIFOTCS:
1) ropazno Oomblas NOABEPKEHHOCTh UX YCTAJIOCTHBIM Pa3pylICHUSM H3-3a
0ojiee 4acTO BO3HHUKAIOIIMX B HUX ABTOKOJEOATENBHBIX NPOLECCOB U 2)
nyJibcalds  KPYTSIIIETO MOMEHTa, MPUBOAAIIAS K  HEXKEIaTeIbHbIM
MyJIbCAIlUsIM BBIXOJIHBIX MMapaMeTpoB TeHeparopa. M3-3a 3Toro nojasisioliee
OOJIBIITUHCTBO BETPOIJICKTPOTEHEPATOPOB BBHIMIOJIHEHO MO TOPU30HTAIBHO-
OCEBOM CcxeMe, OJHAKO HCCIEOBAaHUS PAa3JIUYHBIX THUIIOB BEPTUKAILHO-
OCEBBIX YCTAaHOBOK ITPOJIOIKAIOTCS.

Hanbonee pacnpocTpaHeHHBIE THUIIBI BEPTUKAIBHO-OCEBBIX YCTaHOBOK
CJIEAYIOIIHE.

1. Yaweunwviti pomop (anemomemp). BeTpokoseco 3TOro Tura Bpauaercs
cuioi compoTuBieHus. Popma daiieoOpa3HOW JomacTu oOecrneyruBaeT
NPAaKTHYECKH JMHEHHYIO 3aBHCHMMOCTh 4YacTOTBHI BpaIlleHWs Kojieca OT
CKOPOCTH BETpa.

2. Pomop Casonuyca. ITO KOJIECO TaKXKe€ BpallaeTCs CHJIOW COIpo-
TuBNeHUsA. Ero jomactv BBIMOJHEHBI U3 TOHKUX W30THYTHIX JIMCTOB
NPSIMOYTOJIBHOM  (POPMBI, T. €. OTIMYAIOTCA TPOCTOTOM U JICHICBU3HOM.
Bpamaromuii MoMeHT co3gaeTcst Ojarojapsi paziIudHOMY COIPOTHUBIICHHIO,
OKa3bIBAEMOMY BO3IyIIIHOMY TOTOKY BOTHYTOW W BBITHYTOH OTHOCHUTEIHHO
HEro JjonacTsiMu potopa. M3-3a OOJIBIIOr0 TEOMETPUUECKOTO 3alI0HEHUS 3TO
BETPOKOJIeCO 00a1aeT OOJBIIMM KPYTSIIIHM MOMEHTOM U UCTOJB3YETCS IS
MIEPEKAYKH BOJIBI.

3. Pomop Jlapve. Bpamarwmuii MOMEHT CO3Ja€TCs MOJIbEMHON CHUJIOW,
BO3HHMKAIONMIEH HA JBYX WJIH TpPeX TOHKHX M3OTHYTBIX HECYIIUX
MOBEPXHOCTSIX, WMEIOIINX a’pOoJAMHAMHUYECKHi mpoduib. [logbemHas cuia
MakCMMaJlbHa B TOT MOMEHT, KOTJla JIOMacTh C OOJBIIOH CKOPOCTHIO
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nepecekaer HalOerarouui Bo3ayuIHbld notok. Porop Jlapee ucnons3yercs B
BETPO3JIEKTPOTreHepaTopax. PacKpyyuBaThCi CaMOCTOSITEIbHO POTOp, Kak
MPAaBWJIO, HE MOXKET, MO3TOMY JJIsi €ro 3alycka OOBIYHO MCIIOJIb3YETCs
reHepaTop, padoTaIOIIMNA B peXKUME JIBUTATEIIS.

4. Pomop Macepysa. Jlonactu 3TOro BeTpokoseca B paboyeM COCTOSIHUU
pacrojoXKeHbl BEPTUKAIbHO, HO MMEIOT BO3MOXXHOCTb BpallaTbCsi WIN
CKJIa/IBIBaThCSl BOKPYT TOPU30HTAIBHON OCH MpU OTKIHOYEHUH. CylIeCTBYIOT
pa3ianyHble BapHaHTbl POTOPOB MacrpyBa, HO BC€ OHM OTKIIIOUYAIOTCS TNPHU
CUJIBHOM BETpE.

5. Pomop Deanca. Jlomactu 3TOr0 poTOpa B aBAPUMHOW CUTyallMy U IPH
YIPABJIEHUN TOBOPAYMBAIOTCSA BOKPYT BEPTUKAIBLHOM OCH.

Konyenmpamopwvi. MOIIHOCTb  BETPOIHEPrOyCTAHOBKU  3aBUCUT  OT
3¢ (EKTUBHOCTH HCIOJIb30BAHUS 3HEPIMM BO3AYLIHOrO NOTOKa. OJHUM U3
CIIOCOOOB €€  TOBBIIICHHUS  SIBJISETCS  UCIOJb30BAaHUE  CHELUAIbHBIX
KOHIICHTPATOpOB (YCWJIMTENEH) BO3AYIIHOIO NOTOKAa. [l TOpU30OHTalbHO-
OCEBBIX  BETPOIEKTPOr€HEPAaTOPOB  pa3pabOoTaHbl WM  MPEAJIOKEHBI
pa3nuYHbIe BAPUAHTHI TAKUX KOHIIEHTPATOPOB. ITO MOTYT OBITh TuD(y30pHI
WM KOHQY30pbI (1e(IeKTOPBI), HAPABISIOIIME HA BETPOKOJIECO BO3TYIIHBIHI
MOTOK C IUIOIIAAH, OOJbIIEH cMeTaeMOW IUIOMAAN POTOpa, U HEKOTOPHIE
apyrue ycrpoiictBa. lllnpokoro pacrnpoctpaHeHrs B MPOMBILIUIEHHBIX yCTa-
HOBKaX KOHIIEHTPATOPbI IOKa HE MOJTYYHJIH.

3agaum

1.1. OnpenenuTh BepTUKAIBbHBIN MPOPUIL BETpa, €CJIM U3BECTHO, YTO HA
BBICOTE /1, M, CKOPOCTh BE€Tpa COCTaBUJIA Vv, M/C.

1.2. OnpenenuTs  AuaMeTp  BETpOKoJieca,  HEOOXOIWMMBIN  JJist
BETPOYCTaHOBOK MoltHocThio 10, 25, 50, 100, 250, 500, 1000, 2000, 3000,
4000 xBt mpu ckopoctu Betpa v =12 M/c; k03PdUIIMEHTE HCIIOIH30BAHUSA
sHepruy Betpa & = 0,3; IITOTHOCTB BO3/yXa MPUHATH PaBHO#H p = 1,2 Kr/m’.

1.3. Ha kaxoii BbICOTE 11€1€CO000pa3HO pa3MeIaTh BETPOIBUTATENH, €CITU
W3BECTHO, YTO HA BBICOTE /2 = 1,5 M CKOpOCTh BeTpa cocTaBuia v = 5 M/C.
[Torpebnocts B sHeprum cocraBisger 100 kBr. Ckombko mnotpebyercs
YCTaHOBOK, €CIIM AUaMETP BETpOKoseca paBeH D, M.

1.4. Ha octpose @eiip B CeBepHOM Mope npoxxkuBatoT 70 yenoBek. Tam
TPYJIHOCTH C yriieM, He()Thl0, OEH3UHOM — BCE HYKXHO 3aBO3UTh. OHAKO, Ha
OCTpPOBE MOCTOSIHHO JYIOT BETpa CO CpeaHel ckopocThio 8 m/c. Onpenenure
YKCJIO U MOIIHOCTh BETPOYCTAHOBOK, KOTOPHIE MOTYT OOECHEUYUTh IHEpruei
JAHHBIM HaceNneHHbIM MyHKT. CTpyKTypa SHEpronoTpeOIeHust Ciexyromas:
ocBellleHUe, ObITOBbIe Npubopel — 3 KBT; oTOnUTENbHBIE YCTaHOBKH,
NMEeKTpOIUIUThl — 35 kBT; Termmier — 7 kBT; 3apsiaka snekrpomoOuieit — 5
kBrt. [Ilnamerp BeTpokoneca D, m.
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1.5. B HmxHecakcOHCKOU JiepeBHE buMonbTeH, Ha BbicOTE 98 METPOB,
ycTaHOBJIeHbI 14 BeTpoTypOuH. OnpeaenuTh UX YCTAaHOBJICHHYIO MOIIHOCTb,
ecnu ux auametp cocrapisier 10 m. M3BecTHO, 4TO Ha BbICOTE 7 = 2 M
CKOpOCTh BeTpa v = 6,8 m/cC.

1.6. B nmxnecakcoHckoMm Jlepe k ceBepo-3amagy OT ocTpoBa bopkym,
cTpositcsi 12 BeTpoTypOuH, MomHOCThIO 4-5 MBT kaxnas. Onpenenuts Ux
TEOPETUYECKUIA JUaMETp MPU CKOPOCTH BeTpa v = 12 M/c.

1.7. Hns ycnoBuil npenpiaymei 3amaud. B 2007r. mmaHupoBanoch
obmryro MomHOocTh yBenuuuTh g0 1000 MBT. Ckonpko mnotpeOyetcs
YCTaHOBUTH €I11€ TAKUX TypOuH?

1.8. Typbuna E 112 umeer ycraHoBiieHHY!0 MomHOCTh 4,5 MBT. Ee
muametrp cocrasisier 110 m. Onpepenuts BBICOTY, Ha KOTOPOM JOJDKHA
paboTaTh TypOMHAa B HOMUHAJIBLHOM PEXHME, €CJIM U3BECTHO, UTO B JIAHHOU
MECTHOCTH Ha BBICOTE /1, M, CKOPOCTh BETpa COCTaBMWIIA V, M/C.

1.9. ITocTpoiiTe 3aBUCUMOCTh CHUMAeMOW MOIIHOCTH C TYpOWHBI 1). OT
nuamertpa Typounsl D = 2; 4; 8; 15; 30; 50; 100 M. IIpunsaTh CKOPOCTH BETpa
v = 12 m/c; koahdrumeHT ucronb3oBanmst & = 0,3; WIOTHOCTB p = 1,2 Kr/M’.
2). Ot ckopoctu Betpa v = 6; 8; 10; 12; 14 wm/c. Ilpunarp aumamerp
BeTpokoiieca D = 15 m; koapduunent ucnonb3zoBanus & = 0,3; mIOTHOCT p =
1,2 kr/m’. 3). OT BBICOTHI YCTAHOBKH BeTpoKoneca TypOumst i = 20; 30; 40;
60; 80; 100; 120 m. Ilpunsats auametp BeTpokoseca D = 15 m; koapdurment
ucrionb3oBanusa & = 0,3; mioTHOCTE p = 1,2 KI/M°, €CIIi M3BECTHO, YTO B
JAHHOM MECTHOCTH Ha BBICOTE /1, M, CKOPOCTb BETpa COCTaBMIIA V, M/C.

2. 3HepI‘l/IH coJiHnma. CoJiHe4HbBIE KOJUICKTOPbI

Cpean BO300HOBISIEMBIX UCTOUHUKOB SHEPIHH COJIHEUHAs pajualus 1o
Maciradam pecypcoB, SKOJIOIMUECKON YUCTOTE U JOCTYNHOCTH HE yCTyHaeT
DHEPIUU BETPa U MOITOMY TAKXKE TOCTATOYHO MEPCIEKTUBHA.

Hcnonp30BaHuEe COJHEYHON HHEPrMM JOCTATOYHO Pa3HOOOpa3HO, HO
Haubosiee oueBUAHAs OOJACTb HCIOJB30BAHUS COJHEYHOM OJHEPrUM —
HOJIOTPEB BO3/AyXa U BoAbl. B palioHax ¢ XOJOIHBIM KJIMMaTOM HEOOXOIMMO
OTOIUICHHE XKWIbIX 3[aHUil U ropsyee BojgocHaOxeHHe. [IpoMbIIUIEHHOCTD
Takke TpeOyeT OoJblIoe KOJIMYECTBO Topsiuel Boasl. B ABcTpanuu,
HATIpUMep, Ha TOJOTPEB JKUAKOCTeH 10 Temmepatypsl 100 C pacxomyercs
noutu 20% sHepruu. [[ns MHOIMX CTpaH UCHOJIb30BAHUE COJHEYHBIX CUCTEM
TEIUIOCHA0XKEHUSI — 3TO CIOCOO0 YMEHBIIUTH 3aBUCUMOCTH SKOHOMHKH OT
UMIIOPTa HCKOMAEMbIX TOINIMB. B CBS3M C¢ 3TUM BO MHOIMX CTpaHax,
ocobenHo B ABctpanuu, Uzpaune, CIIA, Anonuu, Ucnanuu, ['epmanumy,
ABctpun, I'petnn u Kunpe akTUBHO pactivpsieTcsi IpOM3BOICTBO COJHEUHBIX
HarpeBaTeNIbHbIX cucTeM. OOmas IIomab COJHEYHBIX KOJIJIEKTOPOB,
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ycTaHOBIICHHBIX B cTpaHax EC, k xouiy 2004 roma mocturna 13 960 000 w7,
a B mupe npesbicuna 150 000 000 m”. Exerofsiii HPHPOCT IUIOLIAIN
conHeuHbIX KoJuiekTopoB B EC B cpennem coctasisieT 12 %, a B OTAEIbHBIX
ctpanax — 20 — 30 % u 6onee. CymmapHas TeIIoBasi MOIIHOCTh COJIHEYHBIX
KOJIUIEKTOPOB B CUCTEME TeruiocHa0x)eHus coctaBmia 6osee 680 000 I'Bt u B
TO/I.

OCHOBHBIMH  JIOCTOMHCTBAMHU COJIHEYHOM SHEPrUU SBISIIOTCS €€
JOCTYIMHOCTh U MHOTOTPAHHOCTh MPUMEHEHHS; HEMCUEPIAEMOCTh; IIPOCTOTA
UCIIOJIb30BAHUS COJIHEUHBIX cucTeM TruiocHa0xkenust 1 ' BC 1 BO3MOXKHOCTh
UCIIOJIb30BAHUSI CTAHIAPTHOTO OOOPYJAOBAaHMS; OTHOCUTEIIBHOE MOCTOSHCTBO
BO MHOTHX palOHAX.

K HemocraTkam clielyeT OTHECTH PaCCESIHHOCTh; NEPUOJAUYHOCTD;
HEO0OXO0IUMOCTh NPUMEHEHUS 3a4acTyro JIOPOTMX  MAaTepuasoB;
HEOOXOJMMOCTh aKKyMYJIMPOBAHUSI M PE3EPBUPOBAHUS BCJIEACTBUE €€
NEePUOAUYHOCTH.

ConHEeUHbIN KOJIJIEKTOP — YCTPOMCTBO, KOTOPOE CIYXKUT JJisi Harpena
BOJbl MOTOKOM COJHEYHON SHEPIUHM U SABISETCA OCHOBHBIM KOMIIOHEHTOM
000  conHeuHOM cucTeMbl TeruiocHaOkeHus: CoOJIHEYHBIM —TEerIoBOU
KOJUIEKTOP BKJIIOYAET IMPO3PAYHYI0 MaHEb, TEILIONOTJIOMIAIONIY0 IaHENb,
HA0Op  CTEKJISHHBIX  TPYOOK IS  JKUJKOCTHOTO  TETUIOHOCHUTEI,
TEIUIOU30JILIMOHHBIN CIIOM.

B kosnekrope NpoUCXOAUT MOTJIOIICHUE COJTHEYHOTO M3Iy4YeHUs U
nepenaya YHEPruu JKUIKOCTH, T. €. MPeoOpa3oBaHUE COJTHEYHOW DHEPTUU B
terno. Camble MPOCThIE NPUEMHUKU COACPKAT BECh O0BEM KHUIKOCTH,
KOTOPYIO HeoOXxoauMo HarpeTb. [IpueMHuKH Oojiee CIOKHON KOHCTPYKIIHH
HArpeBalOT 3a ONPEJCICHHOE BPEMsI TOJBKO HEOOJBIIOE KOJIHYECTBO
KUJIKOCTH, KOTOpas, Kak IPaBWJIO, 3aT€M HaKaIUIUBAETCA B OTIEIHLHOM
pesepByape  (Oake-akkymynstope). OT TEXHUYECKOIO  COBEPIICHCTBA
KOJUIEKTOpa M CTOMMOCTHU 3aBUCUT 3((PEKTUBHOCTH BCEU CHUCTEMBI
COJIHEYHOT'O TETUIOCHA0XKEHHS U €€ SKOHOMUYECKUE MOKA3ATEIH.

[Torox myuucrtonr sHepruu Q ,,, BT, mOIIOmMAaeMoOil MOBEPXHOCTHIO
MIPUEMHHKA, COCTABIISAET

Qnoszrnos (XA I, (21)

TJI€ Tuos — KOIDPUITMEHT TPOITYCKAHMS COTHEYHOTO W3TYyUCHUS MPO3PAYHBIM
MNOKpBITUEM, MpuHUMaeTcs paBHbiM 0,9 Uit OAMHAPHOTO CTEKIISTHHOTO
nokpeitust, 0,8 — WIS JBOMHOTO CTEKISHHOrO nokpeitusa, 0,81 — s
CEJICKTUBHOTO CTEKJIA;, O — KOX(P(OUIIMEHT TIOTJIOMEHUS TMPUEMHOMN
MOBEPXHOCTHIO KOJUIEKTOPA COJIHEUHOTO HW3JIyYEHHUS, MPUHUMACTCS PaBHBIM
0,91 nnga oawmHapHOro CTEKIAHHOTO TOKpbITUs, 0,9 — 18 [ABOMHOrO
CTEKJISIHHOTO TOKpbITUs, 0,81 — mJIsi CENEeKTUBHOrO CTekna; 4 — IUIomaab

14



OCBEIIAEMOil OBEPXHOCTH KOJLIEKTOPA, M*; | — 06Iy4EHHOCTh HOBEPXHOCTH
COJTHEYHOT0 KOJIeKTopa, Br/M’.

B nmporecce morniomeHds OJHEPrHM TeMIepaTypa MOBEPXHOCTHU
NpUEMHHKA TOBBINACTCS M CTAHOBUTCS CYIIECTBEHHO BBIIIE TEMIEpPaTyphl
OKpY’KaIOIIeT0 BO3AyXa. OTO MPUBOJUT K BO3HHUKHOBEHHUIO OOpPaTHOTO
TETJIOBOTO TIOTOKA B OKPY>KAIOIIYIO CPEy, KOTOPbI MOKHO ONPEAETUTh

Qnom = A( Tn - To.c.)/ Rna (22)

roe 1, — Ttemieparypa IPUEMHOM NOBEPXHOCTH KoJuiekropa, K; T,
TeMIepaTrypa OKpPYKarolero Bo3ayxa, K; R, — TepMUYECKOE COMPOTUBIICHUE
MIPUEMHOM MOBEPXHOCTH KOJUIEKTOPA, IJI TUIMYHBIX KOJUIEKTOPOB MOXKHO
npuHATH paBHbIM 0,13 M- K/BTt IUIs. OMHApHOro crekia, 0,22 m>-K/Bt — TSt
JIBYXCJIOWHOTO cTekna, 0,4 m”-K/BT — U151 CEIEKTHBHOTO CTEKIIA.

YpaBHEHHE COJTHEYHOTO KOJUIEKTOPA TOTJIa MOKHO MPEACTABUTH

Ou=A[twso I—(T,—T,.) R,] (2.3)

OpHako He BCs HHEPTHUs, MoJydaeMas KOJUIEKTOPOM, MepelaeTcs BoJie, a
TOJIBKO €€ 4acTb, XapakTepusyemas KodQpGHULHUEHTOM Iepexoa ky COTHEUHON
DHEPTUH, MOKA3bIBAIOIIMM JOJI0 TEIJIOBOTO moToka ( ., MepeaaBaeMoro
KUJKOCTH, pUHUMAaeTca paBHbIM 0,85

Qofc = kacx- (24)

KonnuectBo ke Tterma, TpeOyeMoro g HarpeBa KUAKOCTH Ha
OnpeaeNeHHYI0 pa3Hully Temrnepatyp O ,. , BT MOXKHO 3anucathb B BUJIE

Qofc = ch( TK - TH)) (25)

rae; 1, — KoHeuHas Temmeparypa Boawl, K; 7, — HayajbpHas TeMIieparypa
BOJibl, K; p — muoTHOCTH BOonbl, paBHas 1000 Kr/M3; C — TEIUIOEMKOCTb BOJIHI,
pasHast 4200 ix/kr-K; L — 06beMHbIiT pacxoj BOIBI, M/C.

YpaBHEHHE TEIIIOBOTO OanaHca KOJUICKTOpa MOJYKHO 3aIlicaTh B BUJIC

k fA(r ol —(T,~T, )/ R, )=Lpc(T, ~T,). (2.6)

noe

N3 ypaBHeHus OanaHCa COJHEYHOIO KOJUIEKTOPA ONPEIENSIOTCS BCE
OCHOBHBIE XapaKTEPUCTUKHU.

15



3axaun

2.1. ImeeTcs mIOCKU TJIaCTUHYATHIA HarpeBarelb ¢ pazmepamu 2 x 0,8
m>. CompoTuBieHHe TemomotepsiM cocraBmier R, = 0,13 M°K/Bm
TEMIIEpAaTypa IMPUEMHOW IOBEPXHOCTU KOJJIEKTOpa 7, YBEIWYMBAECTCS Ha
20°C; Ttemmeparypa okpyxkawimiero Bosayxa 7,.= 22 °C; koddduiumeHt
MPOMYCKAHUS COJIHEUHOT'O U3TyUYEHUS TPO3PAYHBIM MOKPBITUEM T, = 0,9 mist
OJIMHAPHOTO CTEKJISTHHOTO MOKPHITHUS; KOA(D(DHUIIMEHT MOTIOMIEHHS IPUEMHON
MOBEPXHOCTHIO KOJJIEKTOPA COJIHEUHOTO m3nyueHus o = 0,9 g oguHapHOTO
CTEKJISTHHOTO  TOKPBITHUS,  OOJIy4EHHOCTb  IOBEPXHOCTH  COJIHEYHOTO
xosnekropa / = 750 Br/m’; HauanbHas Temmeparypa Bogbl T, = 20 °C; p —
IJIOTHOCTH BOABI, paBHas 1000 KF/M3; ¢ — TEIIOEMKOCTh BOABI, paBHas 4200
Jlx/kr-K. Onpenenuts TpeGyeMblii 06beMHBIH pacxox Bomsl L, M/c, s
obecrieueHusl YCIOBUSI TIOBBIINICHUSI  TeMIIEpaTypbl BOJBI Ha BBIXOJE U3
koJuiektopa Ha 10 °C.

2.2. Ina ycnoBuil 3amaum 2.1. Kak u3ameHUTCS pacxod BOABI, €CIIH
UCIIOJIb30BaTh ABOMHOE OCTEKIKHUE?

2.3. Hnsa ycnoBuit 3amaum 2.1. Kak u3MeHUTCS pacxoja BOJbI, €CIU
UCIIO0JIb30BaTh CEJIEKTUBHOE NOKPHITHE?

2.4. Jlns ycnoBuid 3agaun 2.1. Kak U3MEHUTCS pacxoJ BOJIbI, €CJIU TTOTOK
JIY4HCTOI SHEPIHH B INIOCKOCTH KOJLIeKTopa craunet = 1000 Bt/m*?

2.5. Ins ycnosuii 3agaun 2.1. Kak u3aMeHUTCS pacxoj BOAbL, €CJIA MOTOK
JIY4HCTOM SHEPIHH B INIOCKOCTH KOJLIEKTOpa ctanet I = 450 Br/m™?

2.6. Ina ycnoBun 3amaun 2.1. Kak m3meHuTcs temieparypa BOAbI HA
BBIXOJIE, €CJIM TMPU TOM K€ Pacxojie BOJAbl MOTOK JIYYUCTON HSHEPTUH B
IIOCKOCTH KOJUIeKTopa craneT = 1000 Br/m™?

2.7. HOna ycnoBuit 3amaun 2.1. Kakas pgobkHa OBITh ILIOIIAb
KOJUIEKTOpa, 4YTOObI O00ECHeYuTh BOJOCHAOXKEHUE KOTTEIXKa, B KOTOPOM
IIPOKHUBAIOT 5 yenoBek U3 ycnoBus 150 TuTpoB Ha 4YelOBEKa B CyTKHU?

2.8. TloctpoiiTe 3aBUCHMMOCTb pacxoja BoAbl 1). OT miIomaau
KOJIJIEKTOpa 10 yciaoBusaM 3aiauu 2.1. 4 = 2; 3; 6; 10; 20; 40; 100; 200 MZ, 2).
OT TeMIlepaTyphl BXojusimen >kuakoctu 1, = 12; 15; 18; 20; 24 °C, 3). ot
TeMIlepaTypbl OKpykatomero Bosayxa 1,.= 20; 24; 28; 32; 36 °C, 4). ot
TeMmIiepaTypbl BbIxomsmen skunkoctu T, = 30; 35; 40; 45 °C, 5). or
TeMIlepaTypbl MoBepxHOCTH KoJuiekTopa T, = 40; 45; 50; 55; 60 °C.

2.9. TlocTpoiiTe 3aBUCUMOCTb TEMIEPATYpbl BOJABI Ha BbIXOAE 1). OT
IJIOMIAM KOJUIEKTOpA MO ycnoBusaM 3anauu 2.1. 4 = 2; 3; 6; 10; 20; 40; 100;
200 Mz, 2). oT TeMIiepaTyphl Bxoasmen xxuakoctu 1, = 12; 15; 18; 20; 24 °C,
3). oT TeMmepaTyphl OKpyxatomiero Bosayxa 1, .= 20; 24; 28; 32; 36 °C, 4).
oT pacxoza Boasl G = 10; 15; 20; 25; 30; 35 10" % xr/c, 5). oT TemmnepaTypbl
noBepxHocTH Kosuiekropa 1, = 40; 45; 50; 55; 60 °C, 6). OT UHTEHCUBHOCTH
conHeuHou panuanuu I = 450; 500; 600; 700; 800; 900 Br/M’.
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3. DHeprus oKeaHa
3.1. DHeprus BOJH

OrpomHbIe KOJMYECTBA DHEPIUU MOXKHO TMOJIYYUTH OT MOPCKHUX BOJIH.
MomHoCTb, NMepeHocuMasi BOJIHAMU Ha TIIyOOKO#l BOJiE, MPOMOPIIMOHANIbHA
KBaJIpaTy WX AaMIUIMTYIbl W mepuony. [loatomy HamOonbiuii HHTEpEC
MPEACTaBIAIOT JuMHHONEpUOoaHble (7~10c) BONHBI OONBIION AMIUIATYABI
(a~2M), TIO3BOJIAIOIIME CHUMATh C €IMHUIIBI JUTMHBI TPeOHsS B cpeaHeM ot S50
1o 70 kBt/m.

Bo3MoKHOCTh TpeoOpa3oBaHUsl 3HEPTrUUM BOJH B 3JIEKTPOIHEPTHUIO
nokKazaHa yxke AaBHO. CyliecTByeT MHOMKECTBO TEXHUYECKHUX PEIICHUN,
MO3BOJIAIOIIUX PEANIN30BaTh 3Ty BO3MOXKHOCTb. B mocieaHue roasl UHTEPEC K
BOJTHOBOM  DHEPreTHKe pPe3Ko  yCWUiuicsi, oco0eHHo B  SnoHwuw,
Benuko6putanuu, ctpanax CkaHIWHABUH, B PE3YyJIbTATE YETO IKCIIEPUMEHTHI
nepepociii B CTaAMIO peanu3aiuu MNpoekToB. CoBpeMEHHAas TEHJICHIIUS
pa3pabOTKH TaKUX YCTAHOBOK, KaK M BOOOIIIE YCTAaHOBOK Ha BO30OHOBIISIEMBIX
BUJAX OHEPrud, OPUEHTUPYETCS Ha EJUHUYHBIE MOJYJIH YMEpPEHHOH
MotHocTu (okoso 1 MBT) pazmepom mnopsinka 50 M B1oiab (poHTa BOIHBI.
[TomoOHBIE ycTpoOlicTBa YK€ celyac MOTYT TPHUHECTH OIPECICHHbIC
HPKOHOMHUYECKUE BBIFOAbI B CJIydae 3aMEHbl JHU3EIbHBIX TE€HEPATOPOB,
CHAOXKAIOIINX SHEPTUEH yAaICHHbIE TIOCEIKH, 0OCOOCHHO Ha OCTPOBAX.

Pa3Butrie BOJIHOBOW DJHEPreTHKUA CONPSIKEHO CO 3HAYUTEIbHBIMU
TPYAHOCTSIMU. B OCHOBHOM OHH CBOJSITCS K CIICYIOIIEMY.

1. BomHbl HeperyJsipHBI TIO aMIUTUTYyae, ¢da3e W HaIPaBICHUIO
nekeHus. [IpoekTupoBath ke ycTpoicTBa st Y(PPEKTUBHOTO W3BICUCHUS
SHEPruu B HIIMPOKOM JUala30He BapbUPYIOIIUXCS BEJIUYUH HE POCTO.

2. Becerna ecth BEpOSTHOCTh BO3HUKHOBEHHMS IKCTPEMAJIBHBIX IITOPMOB
U yparaHoB, BO BpeMs KOTOPBIX OOpa3ylTCs BOJHBI OYEHb OOJBIION
UHTEHCUBHOCTU. KOHCTPYKIIMM BOJHOSHEPTETUYECKUX YCTPONCTB JOJIKHBI,
pazyMeercs, UM MPOTUBOCTOATh. [IprumepHo pa3 B 50 JieT BO3HUKAIOT BOJIHBI,
aMIUIUTyJla KOTopeix B 10 pa3 mpeBsimaer cpenHioro. CrienoBareiabHO, BO
BpEMSI ITOPMOB KOHCTPYKITUHU JIOJIKHBI BBIJIEP)KUBATh HATPY3KH, TPUMEPHO B
100 pa3 Gosbiiie, 4eM Mpu HOpMaJIbHOU padoTe.

3. TlomoOHBIE THUKOBBIE BEIMYUHBI MOIIHOCTH MPUCYIIA TJIABHBIM
o0pa3oM WMEHHO BOJHAM Ha TIyOOKOW BOJE, MPOXOSANIUM CO CTOPOHBI
OTKPBITOTO MOpsA. TpyJaHOCTH, CBSI3aHHBIE C CO3JAaHUEM HHEPreTHUYECKUX
YCTPOMCTB ISl TAKKX BOJIHOBBIX PEKUMOB, UX OOCIIY>KUBaHUEM, YAEpKaHUEM
B 3a/IaHHOM TOJIOKEHUH, Tepe/lauyeii SHEPTUuu Ha OEper, BHI3BIBAIOT OMACEHUSI.

4. OObryHO mepuon BojdH 7T=5+10 c¢ (wactora mopsaka 0,1 I'm).
JlocTaTo4HO TPYAHO MPUCTIOCOOUTH 3TO HEPETYIIIPHOE MEJICHHOE JIBUXKCHUE
K TEHEPUPOBAHUIO IJIEKTPOIHEPTUU MPOMBILIIIIEHHON 4acTOThI, KoTopas B 500
pa3 BBIILIE.
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5. BblOpaTh nNOAXOAAIIMKA THUI YCTpOWCTBa [JIsi MpPeoOpa3oBaHUs
SHEPTrUU U3 BCETO UX MHOrooOpasus — CI0XKHasl, YaCTO MPOCTO HEMOCHUJIbHAS
3ajaya.

6. IlpuBbIYKA MBICIUTH KaTErOpUsSMU KPYNMHOMACIITaOHOW SHEPreTHKU
IPOMBILUIEHHO Pa3BUTHIX PallOHOB BEJIET K HMCKYIIEHUIO CO37aBaTh JIMLIb
KPYIIHbIE BOJIHOBBIE 3JIEKTPOCTAHIIMUM B MECTAaX C BBICOKUMHU BOJHOBBIMU
noreHuuanaMu. IIpu 3TOM CymecTBYeT TEHJEHLHsS WIHOPUPOBATh 30HBI
YMEPEHHBIX MOTEHLHAAJIOB, IJ€ 3a4acTYI0 MCIOJIb30BAHNE BOJHOBOUW SHEPIUH
OKa3bIBaeTCsl SKOHOMHUYECKU 00Jiee ONpaBaaHHbIM.

[Ipeumy1iiecTBa BOJIHOBOW 3HEPIUU COCTOSIT B TOM, YTO OHA JOCTATOYHO
CHWJIBHO CKOHLEHTPHPOBAHA, JOCTYIHA JJis MpPeoOpa3oBaHUs W Ha JIFOOOU
MOMEHT BPEMEHH MOKET IPOrHO3UPOBATHCS B 3aBUCUMOCTH OT IOTOJHBIX
ycinoBuid. Co3gaBasich MOJ JEHCTBUEM BETPA, BOJHBI XOPOLIO COXPAaHSIOT
CBOM DHEPreTMYeCKUid MOTEHLHAN, PACHpPOCTPAHSSCh Ha 3HAYUTENIbHbBIC
paccTostHusl. Hampumep, KpynHble BOJHBI, JOCTUTAIOIIUE TMOOEPEkKbs
EBporbl, 3ap0okaatroTcss BO BpeMs IITOPMOB B IEHTPEe ATIAHTHKU U JAKE B
Kapubckom Mope.

Haubonbliiee 4MCIO BOJIHOBBIX DJHEPIETUUYECKUX YCTPOMCTB paspa-
OaTbIBaeTCsl Ul W3BJICUEHMs] SHEPTrUU W3 BOJH Ha IIyOOKoW Bojae. ITO
Haubosiee OOLIUII TUII BOJIH, CYLIECTBYIOIIMHA MpPH YCIOBUHU, YTO CPEHHS
riyouHa Mopst D TpeBbIIIAeT BEIWYUHY TOJOBUHBI JJUHBI BOJHBL A/2.
Hanpumep, npu xapakrepHoil ayinHe BojHbl A~100 M 1 aMIuIUTy i€ @ M BOJIHA
BeJIeT ce0s Kak Ha TIyOOKOW BOJe MpH IIyOuHEe Mopsi, npeBbimmaromieit 30 M.
AMIUIMTYZa KPYrOBOI'O JBHXKEHHS C TIyOMHON yMeHbIIaeTcs 3KCIOHEH-
[IUAJIbHO U CTAHOBUTCS TMpeHeOpexxuMo Mmanoil mpu D>A/2. B BonHe Ha
MEJIKOBO/bE YACTHUIIBI JIBUXKYTCS MO JJUIMITUYECKUM OpOUTaM, IBUKEHUE
OXBAaTbIBAET MPUAOHHBIN CJION, IPUBOJIA K IUCCUTIALIMA SHEPTHH BOJIHBI.

[ToBepxHOCTHBIE BOJHBI Ha TJIyOOKOH BOJE HUMEIT XapaKTEepHbIE
OCOOEHHOCTH.

1) BosHbl ABIAIOTCA HEpa3pyLIAIOMIMMUCA CUHYCOUAAIBHBIMU €
HEPETyJSIPHOM JJIMHOM, a30i U HAIIPABJICHUEM MPUXO/IA.

2) JIBM>KeHHME KaXK10M 4aCTULbI KUAKOCTH B BOJIHE SIBJSIETCS KPYTOBBIM.
B TO BpeMsa Kak M3MEHSIOIIMECS OYEpPTAaHHS BOJM CBHJETEIBCTBYIOT O
pacnpoCcTpaHEHUH BOJIHOBOTO JABM)KEHUS, CAMHU 110 ce0e YacTULIbl HE CBSA3aHbI
C 3THM JIBH)KEHHEM M HE MIEPEMELIAIOTCS B €r0 HAIPABJICHUU.

3) [IoBEpXHOCTHBIH CJIOH )KUJIKOCTA OCTAETCSI HA IOBEPXHOCTH.

4) AMImMTylna JABWOKEHHMS YacTUL JKUJIKOCTH 3KCIIOHEHIHUAIbHO
yMeHbllaeTcs ¢ riyouHoi. Ha rimy6une A/2m oT cpeiHero nojoKeHust ypoBHs
IOBEPXHOCTH aMILIUTY/1a KPYTrOBOIO ABMKEHUS YACTUL YMEHBLIAETCS B € pa3
(e = 2,72 — ocHoBaHuMe HaTypalbHbIX JorapupmoB). Ha rmyOune A/2
NEpPEeMEIICHHE YaCTULl >KMJIKOCTH CTAHOBHUTCS MPEHEOPEKUMO MaibIM,
cocTaBisig MeHee 5% MOBEPXHOCTHOTO.
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5) CyuiecTBeHHO, YTO aMIUIUTYa BOJIHBI @ HE 3aBUCHUT OT €€ JJIMHBI A,
CKOPOCTH PacCIpOCTPAHEHUs ¢, Nepuoja 7, a 3aBUCUT JIMIIb OT Xapakrepa
IIPEAIECTBOBABLIET0 B3aUMOACHCTBUS BETPA C MOPCKOM IOBEPXHOCThIO. B
TO K€ BPEMS PEIKO CO3/IAK0TCS YCIOBHUS, IIPU KOTOPBIX aMIUIUTY 1A JOCTUTAET
3Hauenus A/10.

6) Paspymienue BoaHbI B BHje Oeioro OypyHa MOpPOUCXOAUT, KOrjaa
HAaKJIIOH €€ TMOBEPXHOCTH COCTaBUT MpuUMepHO 1:7. DHepreTnyeckuit
MOTEHLUAJ BOJIHBI IIPU 3TOM PaCCEUBAETCH.

Teopernueckn aHaIU3 BOJHOBOI'O JIBMKEHUS B KUIKOCTHU JIOCTATOYHO
TPYAEH, OJHAKO OH JETAJIbHO BBIIOJIHEH B PAJAE CIEHHUAIbHBIX W3JIaHUMU.
3/1ech U3 TEOPUH UCIIOIBH30BAHBI JIUIIb T€ PE3YIbTAThl, KOTOPHIE HEOOXO0IUMBbI
JUIsT  TIOHUMaHUs paldoThl Hambojee TMPOCTHIX BOJHOIHEPTETHUECKHX
YCTPOMCTB.

Jlst BOJTH Ha TITyOOKOM BOJIE CHJIBI TPEHUS, IOBEPXHOCTHOTO HATSKCHUS
M VHEPLUU MAJIBl 10 CPAaBHEHUIO C JABYMS JOMUHHUPYIOUIMMH CUJIAMHA —
IPaBUTALlMOHHOW M BpamareiabHOW. [103TOMYy BOIHAas IOBEPXHOCTH BCETIA
IPUHUMAET Takyr (opMy, YTOOBI KacaTeiabHas K HEW B JIIOOOW TOuke ObLIa
NEPIEHINKYJIIPHA HAIIPABJIEHUIO IEVCTBUS PE3yJIbTUPYIOIIEH 3TUX IBYX CHJL.

OdeHb BaXXHO IOHUMATh, YTO B BOJHAX Ha TIJIyOOKOH BOJE HET
MOCTYNATEIbHOTO JIBHKECHUS AKUIKOCTH.

B 1noAnOBEpXHOCTHOM CJO€ JKUAKOCTH €€ YacCTULbl COBEPIIAIOT
KPyroBO€ ABMKEHUE C PaJMYyCOM OpPOUTHI d, PaBHBIM aMIUIUTYJE BOJHBIL.
BricoTa BoiHBI H OT BepUIMHBI TPEOHS 10 OCHOBAHUS paBHA €€ YIBOCHHOM
amrutyae (H=2a). YrioBasi CKOPOCTh ABMKEHHS YACTHUI] ® HU3MEPSETCS B
paauaHax B ceKyHOy. VM3MeHeHune (opMbl BOJHOBOM MOBEPXHOCTH TaKOBO,
YTO HAOIIOJAETCsl MOCTYMATENbHOE ABMKEHHUE, XOTSA caMa BOJa, KaK YKe
OTMEYAJIOCh, HE NEPEMENIAETCS B HAINPABICHUU PACHPOCTPAHECHHS BOJIHBI
(cmeBa HampaBo). OTO Kaxkylleecs IMepeMelIeHue €ecTh pe3yJbTaT
HaOmoeHust a3 CMEIIEHUs TMOCIEeI0BATEILHO PACIONIO0KEHHBIX YaCTHIL
KUJKOCTH;

Kak Tonpko onHa yactuila B rpeOHE OMyCKaeTcs, Ipyras 3aHHMaeT ee
MecTo, oOecreunBas coxpaHeHue GopMbl TpeOHS W pacmpocTpaHEHUE
BOJIHOBOT'O JIBU>KEHUSI BIIEPEI.

Pesynprupyromas cuna F, ACHCTBYET Ha IOBEPXHOCTHYIO YaCTHUILY
maccoil m. Ilox neilicTBUEM CyMMBI NOJOOHBIX CHJ BOJHAs MOBEPXHOCTH
IpPUHAMAET Takylo (opMmy, MpU KOTOPOH KacaTtenpHas B JIO0OW TOUYKE ee
nepneaukyasapaa F. [lpu mogpeme Ha rpeOCHb YacTHIA TIOJBEPracTCs
JNEUCTBUIO IICHTPOOEIKHON CHIIBI mawn’. B CICIYIOIIMMA MOMEHT 4YacTulla
IIaJIaeT BHU3, U €€ MECTO 3aHUMAET COCEIIHsIs, BPALAOIIAACS C 3aEPKKOH 10
daze. B monoxkeHUn YacTUIBI Ha CPEHEM YPOBHE KHUIKOCTH, TOBEPXHOCTH
OPUEHTHUPYETCS MEPHEHAUKYISIPHO pe3yJibTupyromen cuie F. Bo Brnanune,
HampaBJIeHHasT BHHU3 CWIa HMEeT MakCUMyM (LIEHTpoOexHas U
rpaBUTALIMOHHAS CUJIbI CKJIa/IbIBAIOTCS).
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Tak 4TO MpPaKTUYECKHU I HEPa3pyIICHHOW BOJHBI g>>am? (Hampumep,
a=2wm, T=8 ¢, an =1,2 M/c u g=9,8 M/Cz).

[Tycte h — Tekymiee 3HaYeHWE TOIbEMa HAJ CPEIHUM YpPOBHEM,
k =2m/A - BomHOBOe umCIO. OYEBHJIHO, YTO JBUKCHHE IIOBEPXHOCTH
OMMCBIBACTCS TaK K€, KaK U MEPEMEIICHHUE €€ B IPOCTPAHCTBE IPH yCIIOBHH,

qTO
A=2ng /o, (3.1.1)

OTO COOTHONIEHUE YCTAHABIMBAECT 3aBUCUMOCTh MEXK]Y YacTOTOM, U
JUTMHOM J1J1s1 TOBEPXHOCTHOM BOJIHBI Ha TJIyOOKOM BOJIE.
12
[lepuon nBuxenust BoJHbL 1 =21 /® =27t /(21g/A)"*. CnenoBaTenbHO,

T=2m\/g)"* . (3.1.2)
CKOpOCTL HepeMGI_HeHI/ISI HOBerHOCTI/I BOJIHBI B HaHpaBHCHI/II/I X
c=g\h/2m. (3.1.3)

CkopocTh ¢ Ha3bIBalOT (Ha30BOM CKOPOCTHIO PACTIPOCTPAHEHUS BOJIH,
CO3[1aBa€MbIX Ha IOBEPXHOCTU KUIAKOCTH. Crleayer OTMETHTh, 4YTO 3Ta
BEJIMYMHA HE 3aBUCUT OT aMILIUTYIbl BOJHBI M HESBHBIM 00pa3oM CBsi3aHa CO
CKOPOCTBIO IBUKEHUS YaCTHUIL )KUIKOCTU B BOJIHE.

DOneMeHTapHasi TEOpHs BOJH Ha TIyOOKOW BOJE OCHOBaHa Ha
JOIYIIEHHUSIX O CBOWCTBAX €IUHUYHOW PETYJSAPHOW BOJHBL. YacTuubl
XKUJKOCTH B TAaKOW BOJIHE JBWXXYTCS MO KPYTOBBIM OpOMTaM C NEPEMEHHOU
dazoifi B HaANpaBJICHWH pPACHpPOCTPAaHEHUS BOJHBL. AMIUIATYAa OSTOTO
JIBIKEHUSI B BEPTUKAIBHOM IUIOCKOCTH paBHA IOJOBHUHE PACCTOSIHUS OT
rpeOHs 10 BMAJUHBI BOJHBI U DKCIIOHEHIIMAIBHO YMEHBIIAETCS C TIIyOHUHOM.
JIBIDKEHME 4YacTHUI[ OCTaeTCs KPYroBbIM Ipu riyobune mopss D> 0,5w. Ha
TaKMX TIyOMHAX TMEpPeMEIICHHs] YacTHIl BONHM3U THA MPEHEOPEKUMO MAaIbl.
s aTux ycnosuii (puc. 3.1. a) 11t 4acTULbI, HAXOIAIIEHCS Ha PACCTOSHUU Z
OT CPEIHETO MOJIOKEHHS YPOBHS MTOBEPXHOCTH, PAJINYC KPYTOBOM OpOUTHIF
OnpeaenseTcs:

r=ae", (3.1.4)

I7I€ a — aMIUIUTY1a, M; kK — BOJJHOBOE YUCJIO; Z — TOJIOKEHUE YaCTULIbI
OTHOCHUTENIBHO CPETHETO YPOBHS TOBEPXHOCTH, M.

JInst moJIoKEHUs HUXKE CPEIHEro YpPOBHS MOBEPXHOCTH z — OTpHULA-
TEJIbHAs BEJUYMHA.

[lycTp E— nonHas KHUHETUYECKAsi SHEPIusl, TOrAa TOJIHASI KHHETUYECKAst
DHEPrus Ha €MHUILY IIMPUHBI BOJIHOBOTO (PPOHTA U €AMHUILY IJIUHBI BAOJH
HaIpaBJIEHUs PACIIPOCTPAHEHUSI BOJIHBI paBHA
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E.=pd’g/4, (3.1.5)

rac p — INIOTHOCTh BOABI, KF/M3.

/48 "\ /
! _—— e —

x z={ \

Puc. 3.1. Onpenenenne paanyca KpyroBoil OpOUTHI YaCTHUIIBI Ha TITyOOKOH BOJIE

HopmupoBaHHasi MmOTEHIMaNbHASA SHEPruUsl BOJHBI PaBHA B TOYHOCTH
TaKOW »K€ BEJIWYMHE. OTO PAaBEHCTBO KUHETUYECKOM M MOTEHUHUAIBHOU
COCTaBJISIFOIIUX YHEPIUU — CBOMCTBO TAPMOHUYECKOTO JBUKEHUSL.

[IpuBeneHHbI cr1oco0 HOPMUPOBAHUS €CTh HE YTO HMHOE, KaK HOP-
MHPOBAHUE HA €IMHUILY IUIOLIAIA TOBEPXHOCTH BOJIHBL, T. €. TIOJHAS SHEPTUS
Ha €IWHUILY IUIOIIAJN MOBEPXHOCTH BOJHBI PaBHA CyMME KMHETHYECKON U
MOTEHIIMAJIbHON SHEPTUM:

E=E+E,= Ec=pa’g/2. (3.1.6)

MomHoCTh, IepeHOCHMasl B HAIIPaBJICHUU PacIpPOCTPAHEHUS BOJIHBI HA
€MHMILY LIMPUHBI BOJHOBOI'O (PpOHTA, ONIPEAEIIAETCA BhIpAXKEHUEM

P=pga*\ /4T . (3.1.7)

Belie 1711 HENMpepbhIBHOIO BOJIHOBOIO JBMKEHMsI Ha TIyOOKOM Boje
Obula ompejeNnieHa ero MojHas (KMHeTHYecKash U MOTEHIMAJbHAs) YHEpIusl.
Otra 3Heprusi CBs3aHa C JKMJKOCTBIO, KOTOpas B CpPEAHEM BO BPEMEHU
OCTaeTCs B ITIOCTOSTHHOM ITOJIOKEHHMH B IpOCTpaHCcTBe. OTHAKO MPUBEACHHBIE
pacyeTbl HAYEro HE paccKas3alid O MEPEHOCE DHEPTUM YEPE3 BEPTUKAIBHOE
CEYCHHUE.

B y4yeOHMKaX 3Ty MOIIHOCTb MIPUHATO PaCCUYUTHIBATH UCXO/S U3 IEPBOIO
3aKOHa JIMHAMUKHM B MPEANOJ0KEHUU O PE3YJbTHUPYIOIIHUX [aBICHUAX U
nepemelnenusx. [Ipukiagnas maremaruka TpeOyeT TOUHOCTH U MOHUMAHUSA,
OCHOBAHHBIX Ha (YHJIAMEHTAJbHOM TEOpUM PACIPOCTPAHEHUS BOJH B
KUAKOCTH. AHAJIU3 CYILIECTBEHHO YIPOIIAeTCs JJIs Cydas BOJH Ha TITyOOKOM
BOJIE.

MoiHoCTh P paBHA NOJHOM dHEPrUU (KMHETHYECKasi + MOTEHIIMAIbHAS)
E B BONHE Ha eMHMUILY ILIOIIAAM ITIOBEPXHOCTH, YMHOKEHHOW Ha TPYIIIIOBYIO
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CKOPOCTh BOJIH Ha IIyOOKOH Bojae u = ¢ /2, ¢ KOTOPOW BOJIHBI MEPEHOCAT
sHepruro. C y4eToM BBIpaXEHHUs ISl TPYIIIIOBOM CKOPOCTH

P=pgda’c/4 (3.1.8)
H, CJICI0BAaTCIIbHO, (ba3013a51 CKOpOCTH
c=olk, ¢c=\/T (3.1.9)

Paznmuune wmexnmy rpynmoBod W BOJHOBOHM ((ha30BOif) CKOPOCTAMH
SIBJISICTCST OOIMM ISl JTFOOBIX BOJIHOBBIX TPOIECCOB, JJIST KOTOPBIX (hazoBas
CKOPOCTb 3aBUCHUT OT JJIMHBI BOJIHBI.

CrnenoBarenbHO, MOIIHOCTb, IMEPEHOCHMAas BOJIHAMH, YBEJIMYHUBAETCA
OpsSIMO  MPOMOPIMOHAIBHO KBajpaTy aMIUIUTYIbl W mnepuoay. KmeHHO
NO3TOMY JUIsl CHEUUAIMCTOB IO OKEAHCKOW SHEpPreTuKe OCOOEHHO
IPUBJIEKATENbHbI ITUHHONEPUOAHBIE BOJHBI OKEAHCKON 3bI0M, 00J1aaronme
3HAYUTEJIbHON aMIUTUTYAOM.

B pesynbrate BOJIHOBOTO ABHKEHHS KUIKOCTU B BOJIHE OJIHOBPEMEHHO
C WM3MEHEHHMEM IIOJOKEHUS YPOBHS M HAKIIOHA MOBEPXHOCTH MNPOUCXOIUT
M3MEHEHUE KUHETUYECKON M MOTEHINAIbHON HEPTrun, U3MEHEHHE JTaBICHUS
noa BosiHOW. Ha ocCHOBE WCHONB30BaHUS OJHOTO XapaKTEpHOrO MpH3HAaKa
BOJIHOBOTO JBMKCHHUS WM MX KOMOHMHAIIMM YK€ CO3[aHO OOJIBIIOE YHCIIO
Pa3IUYHBIX YCTPOWCTB, TMOTJOMAIIINX U MPEeoOpPa3yIoOMUX BOITHOBYIO
snepruro. Cro/a ke BXOAST M yCTPOMCTBA, YIABIMBAIOIINE BOLY C TpeOHei
BOJH M BO3BpAIllAlONIUME €€ Ha CPEIHHN YPOBEHb WU K MOJHOXKHUIO BOJH
nociie npeoOpa3oBaHUs MOTEHUMAIbHON 3Hepruu. Kpome TOro, MOXHO HC-
N0JIb30BaTh  CaMble  pPa3HOOOpPA3HBIE COOPYXEHUS Uil  YBEJIWYEHUs
WHTEHCUBHOCTH BOJHOBOTO JBIDKCHHMS B MeECTax pa3MEIICHHUS Tpeoo-
pasoBaterelt 3a cueT Tu(PPaKIMOHHBIX U KaHAJBHBIX A (PEKTOB.

Jlate B 3TOM pazzesne MOJHBIM 0030p BCEX CO3JIaHHBIX KOTrJa-JIn0o
YCTPOMCTB ISl M3BJIICUECHHUS] DHEPTMM M3 BOJH IPOCTO HE MPENICTABISIETCS
BO3MOXKHBIM, IIO3TOMY 3IE€Ch NPHUBEICHO OMNHCAHWE JHUIIb HEKOTOPBIX
HamOoJiee BAXKHBIX. JTO YCTPOMCTBA, OTCIEKHUBAIOIINUE MPOGUIL BOJHBI,
KOJIEOMIOIMUNACA BOASHOW CTOJIO, TMOJBOJHBIE YCTPOWCTBA W CHUCTEMBI,
YJIaBIUBAIOIINE BOIHBI.

Yempoiicmea, omcnescusarowue npochune eoanwvt. Credan Coarep u3
OanHOYprcKoro yHUBEpCcHUTETa pa3paboTal YCTpPOHCTBO, KOTOPOE Ha3Bal
«yTKoi». dopma ee obecrmeurnBalia MAKCUMAaJIbHOE W3BIICUYCHHUE MOIIIHOCTH.
Bonubl, mocTymaromue ~— cieBa,  3aCTaBIAIOT  YTKY  KOJIeOaThCs.
[Munuaapuyeckass (opma MNPOTHBOIMOJIOKHON TMOBEPXHOCTH OOECIEeYUBAET
OTCYTCTBHE PACHPOCTPAHECHUS BOJHBI HAMPABO MPHU KOJICOAHUSAX YTKH BOKPYT
ocH . MOIIIHOCTb MOET OBITh CHSITA C OCH KOJIEOATeNIbHOW CUCTEMBI C TAKUM
pacdyeToM, 4ToObl OOECNEeYUTh MHUHUMYM OTpakeHus sHepruu. OTpaxas u
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IPOITYCKasl JINIb HE3HAYUTENIbHYIO YaCTh 3HEPIUH BOJIH (MpuMepHO 5%), 3TO
YCTPOMCTBO 00Js1ajiaeT BeCbMa BBICOKOU 3(h(PEeKTUBHOCTHIO MTpeoOpa3oBaHus B
IIMPOKOM JMAINa30He YacTOT BO30OYKIAIOIINX KOJICOaHUA.

HanbHeitine pa3padotku Conrepa HampaBieHbl Ha TO, YTOOBI
o0ecreyuTh YTKe CIOCOOHOCTh MPOTUBOCTOSTH YAapaM MaKCUMAaJIbHBIX BOJIH
U CO3/IaTh 3asKOPEHHYIO THUPJISIHAY MpeoOpas3oBaresieid B BHUAE JOCTATOYHO
rubkoil nmuauu. [lpeamonaraercs, 4To pa3mep peanbHOM yTKH OyAeT paBeH
npumepHo 10 M s 100-MeTpoBbIX aTIaHTUYECKUX BOJH. HUTh M3 yTOK
IPOTSYKEHHOCTBIO HECKOJBKO KHJIOMETPOB IIPEAINOJAraercss yCTaHOBUTH B
pailoHe ¢ Hau0Oojee HMHTCHCHBHBIM BOJIHEHUEM 3amajgHee ['eOpuackux
OCTPOBOB, MOIIHOCTh Bcel cranuumu Oyaer mpumepno 100 MBT.
[IpoekTupyroTcss H  UHAUBUAYAJIbHBIE  YTKH, YCTAHABIHMBA€MbIE B
3aAKOPEHHBIX IUIOTaX M TpeJHa3HayaeMble s paboThl Ha MEHBIIUX
riyouHax (mpumepso 20 m).

JIroOble BOTHOBBIE MpeoOpa3oBaTEId UMEIOT KAaKHWe-TO HEJOCTaTKHU, HO
JUTsl YTOK HanboJiee Cepbe3HbIMU OKa3bIBAOTCS CIIEAYIOLIHE:

1) HeoOXoaMMOCTh Tepe/ladyl MEJUICHHOTO KO0JIe0ATEIbHOTO ABUKEHUS
Ha npuBoj reHeparopa (Conrep paOoTaeT HaJ NMPUMEHEHHEM B KayecTBE
r€HEPATOPOB BCTPOCHHBIX TMPOCKONOB, KOTOPHIE JOJKHBI BBIAABATh B CETh
MOILHOCTB, IPOINOPLHOHAIBHYK MEIJICHHOMY BPAILEHUIO KOPITYCOB YTOK Ha
BOJIHEHUN);

2) HEOOXOAMMOCTh CHSTHSI MOIIHOCTH C IUIaBAIOIIEr0 HA 3HAYUTEIbHOU
TIIyOMHE YCTpOMCTBa OOIBIION MPOTSKEHHOCTH.

Jlpyroil XxapakTepHbI THUII YCTPOWCTBA JAHHOIO Kjacca — JIaH-
KACTEPCKUNA  «MOJUIKOCK», HCHOJB3YIOIUNA TOT XK€ «TE€OMETPUUYECKUIN»
npuHiun  Conrepa. 3aech KIIOBOOOpPA3HbIM MOIJIABOK  COEJUHEH C
HECKOJIBKUMH TOJATIMBBIMU BO3AYIIHBIMU OOOJIOYKAMH, 3alOJHEHHBIMU
BO3/IyXOM, COKUMAEMBbIM MOJI AeiicTBUEM BOIH. CKaThlid BO3AYX MEPETOHSIETCS
U3 OJHOW O00O0JIOUKM B JAPYTyl0 MO MEpe TOro, KaKk BOJHA MOBOPAaYMBAET
«kmoBYy. OCHWIIMPYIOIIUKA BO3AYUIHBIM IOTOK NPUBOAUT B JEHCTBUE
TypOuHy ¥Yajca, OTIMYAIOLIYIOCS TEM, YTO HaIpaBJICHUE €€ BpalleHHs He
3aBUCUT OT HANpaBlieHUs TOTOKa Bo3ayxa. TypOuHa cBsizZaHa ¢
IIEKTPOrE€HEPATOPOM.

Konebnrowuiica 6oosanoii cmon6. Ilpn HaberaHWy BOJIHBI HA YaCTUYHO
HOTPYKEHHYIO MOJIOCTh, OTKPBITYIO MO BOAOM, CTOJIO KUAKOCTU B MOJIOCTH
K0J1e0JIeTCsl, BbI3bIBAast M3MEHEHHUS J1aBJICHU B Ta3€ HaJ )KUAKOCThIO. [TostocTh
MOXET OBITh CBs3aHa C arMocdepoil uvepe3 TypOuHy. IloTok MOXKeT
perynupoBatbcsi TakK, 4YTOOBl MPOXOAUTH uepe3 TypOMHY B OJHOM
HaIpaBJICHUM, WIK MOXKET ObIThb HCIOJIb30BaHA TypOMHA Yaica. Yxe
U3BECTHBI, 110 KpailHEeW Mepe, /1Ba IpUMepa KOMMEPUYECKOr0 MCIOJIb30BaHUS
YCTPOMCTB Ha ATOM MPHUHLHUIE — CUTHaJbHbIE OyH, BHEJApEHHbIE B SnoHuH
Macynoii u B BenukoOputanuu cotpyaHukaMu KoposjaeBCcKoro yHUBEpCUTETa
bendacra. bonee kpynHoe 1 BriepBbie BKIFOUEHHOE B SHEPTOCETh YCTPOHUCTBO
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noctpoeHo B Todrecromiene (Hopmerusi). B TodrecromieHe MONTHOCTh
yctaHoBKHM cocTtaBisieT 500 kBT, OHa OCTpoeHa HAa Kpar OTBECHOW CKaJbl.
Kpome Toro, HaimoHanbHas ajekTpuueckas jlaboparopust BennkoOputanuu
IpeIaraeT KOHCTPYKUHUIO, YCTAHABIMBAEMYIO HETIOCPEACTBEHHO HA MOPCKOM
JTHE.

['11aBHOE MPEUMYIIECTBO YCTPOMCTB Ha MPUHLHUIE BOJASHOIO KO-
neOmronierocst crosba COCTOMT B TOM, 4YTO CKOpPOCTb BO3JyXa Nepen
TypOMHON MOXET OBITh 3HAYUTEIBPHO YBEJIMYEHA 32 CYET YMEHBIICHUS
IIPOXOJIHOTO CEYEHUs KaHajia. JTO MO3BOJISIET COYETAaTh MEIJIEHHOE BOJIHOBOE
JBMKEHHE C BBICOKOYACTOTHBIM BpamieHueMm TypOunbl. Kpome Toro, 3aech
CO3JAa€TCsl BO3MOYKHOCTb YJaJUTh T'€HEPUPYIOUIEE YCTPONCTBO U3 30HBI
HEIOCPEACTBEHHOTO BO3IEUCTBUS COJIEHON MOPCKOM BOJIBI.

Iloo6oonvie ycmpoticmea. 1lpeuMmyniecTBa TMOJBOJHBIX YCTPOMCTB
COCTOAT B TOM, YTO 3TH YCTPOICTBA MO3BOJISIIOT HM30€XaTh IITOPMOBOTO
BO3JICHCTBUS Ha TmpeoOpazoBarenu. OJHAKO TMPU HUX HUCIHOJIH30BAHUU
YBEIMYMBAIOTCA TPYAHOCTH, CBSI3AHHBIE C UW3BJICUEHUEM DJHEPrUU H
oOcnyxxuBaHueMm. [l mnpuMepa MOXKHO MPEIJIOKUTh TaK Ha3bIBaeMbIN
«OpUCTONBCKUN  HWJIMHADPY», TMPEJACTaBIAIONUMNA  CcOoOOM  HANOJIHEHHBIM
BO3/YXOM IUIABYYHMI KOpPIIYC, 3aKpEIUICHHBIM I0J BOJAOW Ha OMOpax,
YCTAHOBJICHHBIX Ha TrpyHTe. lluaumHap HaXoOuTCcs TOA BO3JEHCTBUEM
IOBEPXHOCTHOIO JIBMJKEHHsSI BOJbl W HW3MEHEHHMS THUIPOCTATUYECKOTO
JNaBJicHWs. BMOHTHpOBaHHBIE B  ONOPBl  TUAPABIMYECKHE  HACOCHI
npeo0pa3yloT DSHEPrui0 JABIKCHHS UUiIuHApa. llepekaunBaemas uUMH
KUIKOCTh MOXKET I0AAaBaThCA HAa TIEHEPATOPHYIO CTAaHLUIO, €IUHYIO I
HECKOJIBKHAX UUIMHAPOB, IO TPYOOIIPOBOAAM.

Cucmemvl, ynasiugarowue 601ubl. (CXeMbl TMOAOOHBIX YCTPOWCTB
UCIIOJIB3YIOT SIBJICHHWE, YacTO HabJto/laeMoe B MPUPOAHBIX JaryHax. BoiHa
pa3OuBaercss Ha oTkoce naamMObl (BapuaHT EcrectBenHoro puda), U Boaa
3a0pachlBaeTcsl Ha BBICOTY, MPEBBIMAIONIYI0O CPEAHUN YPOBEHb MOpA,
3anonHss OacceitH. Boma MoxeT ObITh BO3BpalieHa oOpaTHO B MOpE uepes
HU3KOHANOPHYIO TypOuHy. J[aHHas cxema Oblia JAeTalbHO MpopaboTaHa Jjist
yCclIoOBUM ocTpoBa MaBpukuii u TOpenHa3HaueHa i oOecrieueHus
reHepupoBanus 20 MBT snekTpudeckod MomHocTH. Ilpu  ynenbHOU
BEJIMYMHE MOIHOCTH BOJH 22 KBT/M 3(()EeKTUBHOCTH TaKOro yCTpOHCTBa
oynet ne Huxe 30% (umeeTcs B BUAY IpeoOpa3oBaHue KUHETUYECKOW IHEp-
THH BOJIH B IOTEHIMAIBHYIO SHEPTHIO KHUAKOCTU B Oacceiine). Heobxoaumast
JUIMHA MOpPCKOM paamObl paBHa mnpumepHo 5 kM. IlepBas B Mupe
KOMMEpYEeCKasi CTaHIMs Ha TOM NpHHIMIE nocTpoeHa B Hopeeruu B paiione
C €CTECTBEHHOU (POKYCHPOBKON BOJIH.

24



3axaun

3.1.1. HaiiguTe MOIIHOCTH BOJH, €CJIH M3BECTHO, 4YTO MEPUOJ
COCTaBJISIET 6 C, aMILIUTyJa paBHA 2 M.

3.1.2. Kako#i Oyner paauyc KpyroBol OpOHWTBHI, €CIIM HM3BECTHO, YTO
aMIUTUTYyAa COCTaBISET a, M, nepuoa ' = 10 ¢, monoxxkeHue yacTuuepl z = — 3; —
2; — 1; 0; 1; 2; 3 m. Iloctpouth Tpaduk 3aBUCUMOCTH pajauyca KpyroBOH
OpOUTHI 7 OT TIOJIOKEHUS YACTUIIBI Z U JUArpaMMYy.

3.1.3. OnpenenuTh KUHETUYECKYIO SHEPTHIO BOJIHBI, €CJIM U3BECTHO, YTO
gactotra paBHa 0,1 ['m; pamuyc kpyroBoit OopOMTBHI 4YacCTHIBI B BOJIHE F
COCTaBIIIET 5 M, MOJOKEHUE YaCTHUIIbl OTHOCHUTEIIBHO CPEIHEro YpOBHS
IOBEPXHOCTH Z = 2 M.

3.1.4. Ilo ycnoBusim 3agaum 3.1.1. npu T=8 ¢; a =3 m.

3.1.5. 1o ycnoBusim 3anauu 3.1.1. mpu T=10c; a=4 m.

3.1.6. 1o ycnoBusim 3agaum 3.1.1. npu T=8 c; a =2 m.

3.1.7. Ilo ycnoBusim 3anauu 3.1.1. mpu T=10c¢c; a =3 m.

3.1.8. ITo ycnoBusim 3amaun 3.1.2. nipu T=8c;a=3m;z=-3; - 2; — 1;
0;1;2;3m.

3.1.9. Ilo ycnoBusim 3anauun 3.1.3. npu T=8c;a=4wm; z=-3;-2;—1;
0; 1; 2; 3 m. TlocTpouth rpaduKk 3aBUCUMOCTH KHHETHYECKOU dHEpruu 1). oT
paaunyca KpyroBoi opoutel 7 = 1; 2; 3; 4; 5M 2). OT MOJ0KEHUS YACTHUIIHI Z, M.

3. 2. DHeprus NpWJINBOB. YCUJIeHHE PUIHBOB

[IpunuBHBIe KOJIeOAHUSI YPOBHS B OTPOMHBIX OKE€aHaX IJIAHEThI BIIOJHE
npeackasyemMbl. (OCHOBHBIE TIEPUOABI JTHUX KOJEOaHUW — CYTOUHBIE,
IPOJOJKUTENBHOCTRIO OKOJIO 24 4 M IMOJYCYTOYHbIE — OKOJIO 12 9 25 muH.
Pa3HocTh ypoBHEN MeXAy MOCIEAOBATEIbHBIMA CAMBIM BBICOKMM U CaMbIM
HU3KHM YPOBHSIMU BOJBl — BBICOTA MpUIMBA. J(Mama3oH HW3MEHEHUS STOMN
BenuunHbl coctaBiger 0,5 — 10 m. IlepBas mudpa Haubonee xapakTepHa,
BTOpAsi IOCTUTAETCA U JaXKe MPEBOCXOJUTCS JHIIb B HEKOTOPBIX OCOOEHHBIX
MecTax BOJM3U MOOEpekbs KOHTHHEHTOB. BO BpeMs MPUIMBOB U OTIMBOB
NepeMEIIeHNE BOJIHBIX MacCc 00pa3yeT MPUIMBHBIE TEUEHHUS, CKOPOCTh KOTO-
phIX B NOPUOPEKHBIX MPOIMBAX M MEXKIY OCTPOBAMHU MOXKET JIOCTUTaTh
IPUMEPHO 5 M/C.

[TogusATYI0 HA MAaKCUMaJIbHYIO BBICOTY BO BpEMs MPUIMBA BOJIY MOXHO
OTACIUTh OT MOpS JamMOO0#l WM IIOTUHOW B OacceiftHe riomanpio S. Eciau
3aTe€M BO BpeMsl OTJIMBA MPOIYCTUTHb 3Ty MacCy BOJbI uepe3 TypOWHBI, TO
MOHO MOJIYYUTh MOIITHOCTh

P=pgSR?2, (3.2.1)
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rae p — IUIOTHOCTH BOJBIL, KF/M3; R — nepenan ypoBHe#, M; S — muiomaab
NPUINBHOTO GacceitHa, M.

OueBuaHO, YTO MecTa C OOJNBIIMMH BBICOTAMHU NPHUIIMBOB 00JIAJIAlOT U
OOJIBIIMMH MOTEHIUATIAMU TPUIMBHOM SHEPTUH.

[IpeoOpa3zoBanue 3HEPTUM MPHIMBOB UCIOJIB30BAIOCH ISl IPUBEICHUS
B JICICTBUE CPABHUTEIBHO MAJOMOULIHBIX YCTPOMICTB €Ill€ B CPEIHEBEKOBOM
Aurmun u B Kurtae. M3 coBpemennbix [I9C nHambomee XOpoOIIO H3BECTHBI
KpynHoMaciitabHasi  sjektpoctaninus Pane MomHocthio 240 MBT,
pacrosoxxeHHasi B acTyapuu peku Jla Pane, Bnanaroneii B 3anuB Cen Maino
(bperanp, ®@pannmsi), 1 HEOOIBINAS, HO MPUHIUITHATHHO Ba)KHASI OMBITHAS
cranuust momHocTthio 400 kBt B Kucnoii rybe Ha moOepexne bapeHieBa
Mops B Poccun. IloBeneHrne npuianBoB MOXKET ObITh IIPEJICKa3aHO JOCTaTOYHO
TOYHO, C MOrpemHocTbio MeHee 4%. Takum oOpa3oM, MPUIMBHAS SHEPrUsd
OKa3bIBAETCS BEChMa HaJEKHOU (hOpMOI1 BO30OHOBIISIEMOI SHEPTUU.

K nocromHcTBaM MNPUIMBHON SHEPreTHKHM OTHOCATCS BO3MOXHOCTb

UCIIOIb30BaHUsl CTAHAAPTHBIX YCTPOWCTB; €€ OTHOCUTEIBHOE IOCTOSHCTBO;
BBICOKAsI HAZIE)KHOCTb.
TexHu4yeckre TPyJHOCTH B MCHOJb30BAHUM SHEPTUU MPUIMBOB CIIEAYIOIIHE:
JIOPOTOBU3HA  CTPOUTENbCTBA  NPWIMBHBIX  3nekTpoctaniuii  (I19C);
NEPUOJUYHOCTh B BBIPAOOTKE HHEPTUU; DKOJIOTMUECKHE HAPYILICHUS MpHU
ctpoutenbcTBe I19C; TpyIHOOOCTYHMHOCTh MEPCHEKTHBHBIX PalOHOB
CTPOMUTENBCTBA; HEOOXOAWMOCTh HCIOJB30BaHUS OOJIBLIIOTO KOJIWYECTBA
TypOUH.

AHaIM30M TIOBEJCHUSI MPUIMBOB 3aHUMAJINCh MHOTHE W3BECTHBIE
MaTeMaTUKu © (u3uku mponuioro, BkItoudas Herotoma, Dpwu, Jlarutaca,
JIxopxka J[lapsuna, KensBuaa. OpHako Hag0 UWMETb B BHUAY, 4TO
COBPEMEHHBIM aHalIM3 M TMpeACKa3aHue MPUIMBOB, OCHOBAaHHBIM Ha
MaTEMaTUYECKUX METOJaX TapMOHHMYECKOro aHajau3a, Oa3upyroTcs Ha
OCHOBoOIONararmux padorax snopaa KenbBuHa, BbIMoONHEHHBIX B [masro.
[TonHoe ¢u3MUeckoe MOHUMAaHKE BCEX JIeTajell AMHAMUKY MPUIMBOB BCE €11
HE JIOCTUTHYTO B CBS3U CO CJIOKHOM TOMOJIOTHENH OKEaHCKUX 0acCeiHOB.

KunkocTe B OKeaHaX yAEpKUBAETCA HA IMOBEPXHOCTH BpallarollIeics
3emMiM CUJlaMH TpaBUTALMU. ['paBUTAIIMOHHOE K€ B3aNMOJICHCTBUE 3€MIIH C
Jlyno#t m ConHIleM BO3MYIIAE€T 3TH CWJIbI, 00pa3zys mnpuiuBbl. [IpunuBHas
sHeprus, cHiTas ¢ Typoun [I19C, yepe3 KoTopble MPOTEKAET BOAA B MPOIIECCe
OPWINBOB, OTOHMpaeT, TakuM O0Opa3oM, 4YacTb KHWHETUYECKOM DHEPruu
Bpamatomeiics 3emnu. Ecnu 3ameiicTBOBaTh BO BCEM MHUPE BCE CKOJIBKO-
HUOY/Ib 3HAYUTENbHBIC MECTa C JOCTATOYHO BBICOKMMH TPUINBAMHU, TO
COTJIACHO PACYETaM 3TO MPUBEAET K COKPALICHHUIO NIEPUOIA BPALIEHUS 3EMIIU
Ha oaHu cyTku 3a 2000 jeT: 3TO HE Tak yX CTpallHO ISl OKPYKarollen
Cpenbl.

N3BecTHO, YTO NMPUIIMBHAS BOJIHA JBUKETCS CO CKOPOCTHIO
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c=(gh)’2, (32.2)

IJle g — YCKOPEHHe CHIIbI TskecTH, paBHoe 9,81 M/c’; A — riy6uHa 3anusa
(Mops), M.

Pe3onanc s NpWIMBHOM BOJHBI, HAJBMUTalOUIENCs €O CTOPOHBI
OTKPBITOI'O MOpsI, HACTYIIAET MPHU YCIOBUSIX, KOTJa

L=j\/4, (3.2.3)

r7ie j — HEYETHOE 11eJ10€; L — MPOTSIKEHHOCTh 3aJIMBa B CTOPOHY MaTepHUKa, M;
A — JUTMHA BOJIHBI BBIHYKJICHHBIX KOJI€OAHUN B OTKPBITOM MOPE, M.

CooTBeTcTByIOIIAs pe30HAHCHAs yactoTta f,, I'u, u mepuox 7,, c,
CBSI3aHBI MEXK]Ty COOOM CIIETYIONIUM 00pa3oM:

f.=UT =c/\. (3.2.4)
Otcrona

T =Alc=4L/ j(gh)’?. (3.2.5)

Pe3onaHCc BO3HHKaeT, Korja HEpuoja COOCTBEHHBIX KoJjeOaHUN COOT-
BETCTBYIOIIEr0 0OacceliHa OKa3bIBA€TCA PaBHBIM (KpaTHBIM) IEPUOILY
BBIHY’KJCHHBIX KOJICOAHNI IIPUIMBA B OTKPBITOM MOpe T, B 9TOM Cllydae

4L L
(eny> ' 4

T, = ()T, (3.2.6)

[Tonycytounslii nepuoa npuiuba paBeH 12 1 25 mun (45000 c), Takum
oOpazoMm, aiis ciaydas j=1 (oCHOBHAsi TapMOHUKA) PE30HAHC HACTYIAET, KOraa

1
L/h" = (45 000 ¢)-(9.8 m/c?) /4 = 36 000 a2 | 3.2.7)

B sTtom mpumepe BugHO OnHM3KOE COBMAJCHHUE COOCTBEHHOW YaCTOTHI
ACTyapus C XapaKTEPHOW 4aCTOTOM MPUIINBA, B PE3YJIBTATE YETO B YKA3aHHOM
ACTyapuH JIOCTUTAKOTCS 3HAYUTEIbHBIE AMIUIATYbl MPUIMBHOTO JIBUKCHHS,
BBICOTA MPWINBA 31€Ch 10X0auT 10 10 — 14 m.

AHanu3 pe30HAHCHBIX YCJIOBUW JAOCTATOYHO CJIOKEH HM3-32 MOCTOSHHO
MEHSIIOLIEHCS] TOMOJIOTUM JHA W OEperoBOi JIMHUM 3aJIMBOB U ACTyapHEB.
[ToaTtoMy 31€Ch NPOU3BOAMUTCA BCETO JIMIIL NPUKUAOYHBIM pacuer. llpu
NOAXOJAIIMX YCIOBUSIX BBICOTAa NPWIMBA MOXET ycuiauBarbes A0 10 M.
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ManonpurogueimMu st pazmenieHus: [19C cuurtaroTcst 3aduBbl U 3CTyapuH,
BBICOTA MPWJIMBA B KOTOPbIX He MpeBbiaer 2 M. Ho He3aBucuMO OT 3TOro
BO BCEX ClIydasix TpeOyeTcs TIIATeJbHbIA aHaJIU3 MECTHBIX YCIOBUU.

Ha npaktuke »scTyapum U 3aIMBbl, KOHEYHO, HE HMEIOT TaKUX
OJIHO3HAYHO OIPE/ICNICHHBIX Pa3MepoB, KaKWe HCIOJIb30BaHbl B IpHUMEpE.
[TooToMy aHaiu3 pE30HAHCHBIX YCJIOBHH CHIBHO YycnoxkHsercs. Craio
HEOOXOJUMBIM NPOBOAUTH  MOJICIMPOBAaHUE MPUPOAHBIX YCIOBUH B
71a00paTOPHBIX BOJHOBBIX OaccelHax C HCIOJIb30BAHUEM COOTBETCTBYIOLICH
TEXHUKH MaclITaOMPOBAHMS U MYTEM TEOPETHUYECKOro aHaiu3a. JDTO OYECHb
BAXHO B CBSI3M C TEM, 4YTO OJHUM U3 OCHOBHBIX BOIPOCOB IpHU
NPOEKTUPOBAHUN TPWIUBHBIX 3HEPTOY3JIOB SIBISETCS BBIICHEHHE TOTO, Kak
namba W TUIOTMHA OyOyT BIMATH Ha PE30HAHCHBIE YCIOBHUS B OacceiiHe.
Hekortopsle pacueTsl, BBINOJHEHHBbIE I 3cTyapus p. CeBepH, MOKa3ald
BO3MOXHOCTh YMEHBIIICHHS U YBEIUYECHHS BHICOTHI IPUJIMBOB B 3aBUCUMOCTH
ot pasmemenus I[I9C. CrpoutensctBo I[IDC caumkoM moporo, 4ToObI
MO3BOJIUTH pa3pabOTUNKaM OIIHOATHCS.

3agaun

3.2.1. Onpenenuts CKOPOCTh PACIPOCTPAHEHUS TPUITUBHON BOJIHBI, €CJIH
03BECTHO, UTO TIyOuHa Mops coctapiseT 100M.

3.2.2. IlocTpoiiTe 3aBUCUMOCTb CKOPOCTH PACIPOCTPAHEHHUS MPUITUBHOM
BOJIHBI ¢, M/C, OoT TiryOunsl Mopst 2 = 100; 200; 300; 400; 500; 800; 1000 m.

3.2.3. YcranoBurte, CiaeAyeT I 0KUAATh PE30HAHCA B 3aJIMBE, €CIIN €TI0
NPOTSHKEHHOCTh cocTaBisieT L =1,5 kM, AJinHa TPUIMBHOM BOJIHBI A = 2000M,
riyouna £ =200 m

3.2.4. Tlo ycnoBusam 3aaaum 3.2.3. npu npotskeHHocTH 3aiuBa L = 3000
KM, T1youne mops 7 = 20 m.

3.2.5. Onpenenuts CpPEAHIOD MOIIHOCTh, KOTOPYK) MOXHO CHATH C
MOTOKA, €CJIM CKOPOCTh JBUXKEHUS BOJIbI cocTaBisieT 40 M/c.

3.2.6. ITocTpouTh 3aBUCUMOCTh pPE30HaHCa OT TIyOuHBI 3anuBa i = 10;
20; 30; 40; 60; 100; 200 m ipu ero ayuHe L = 200 kM.

3.2.7. IlocTpouTh 3aBUCUMOCTh PE30HAHCA OT JJIMHBI 3anuBa L = 20; 50;
100; 200; 500 kM. mpu ero riryoune 4 = 200 m.

3.2.8. Onpenenuth MakCUMAJIBHO BO3MOXKHYI MOIIHOCTb, CHUMAEMYIO
3a oue muk 1TDC, eciu miomans Gacceiina S cocrasmser 2000 M°, mepernay
YPOBHEM BOJBI R COCTaBIISIET 6 M.

3.2.9. Ilo ycnoBusm 3anaum 3.2.8. [{na Me3eHckoro 3anusa.
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TenuioBasi 3Heprust okeana. OTIC

MupoBoii OKeaH — KPYIHEUIINN €CTECTBEHHBIN KOJUIEKTOP COJTHEYHOTO
U3Jly4eHus. B HeEM MeXy TEeIUIbIMU, MOTJIOIIAIIMMH COJIHEUHOE U3TyYCHUE
MOBEPXHOCTHBIMM BOJAaMH M 00Jiee XOJOJHBIMU MPHUIAOHHBIMHU JOCTUTACTCS
pPa3HOCTh TEMIIEPATYP B 20 C. Dro obecreqnBaeT HETPEPBIBHO MOTOJIHAEMBbIN
3amac  TEIJIOBOM OSHEPruM, KOTOpas MPUHIUINHAAIBHO MOXET OBITh
npeoOpa3oBaHa B JPyTrUe BUIBI.

Cam TepMuH npeoOpazoBanue TerioBoi sueprun okeana OTEC — ocean
terminal energy — o3HadaeT mNpeoOpa3OBaHHWE HEKOTOPOM YACTH DITOH
TEIJIOBOW 3HEPTUH B padOTy U Jajiee B AIEKTPOIHEPTHIO.

Ha puc. 3.2. npuBeneHa cxemMa OJHOW M3 YCTAHOBOK, MO3BOJISIIOLIMX
OCYLIECTBUTh TMpoOIlecC Takoro mnpeodOpazoBanus. Ilo cymecTtBy — 31O
TEIUIOBasi MalllMHA, IPUBOJIUMAsl B JEUCTBUE PA3HOCTBHIO TEMIIEPATYP MEKIY
«xonogHo» T, — BOAOW, MOAHSATOM C COOTBETCTBYIOIIEW TIIyOWHBI, U
«ropsiueit» Bosioi ¢ temrneparypoit 7, = T, + AT, 3a0paHHO# ¢ TTOBEPXHOCTH.
Pabouas >xuakocte (pabodee Ten0), IMUPKYIUPYsS IO 3aMKHYTOM cxeme,
OoTOMpaeT TEIUIo OT Tropsiueid BOJbI B TEIUIOOOMEHHUKE WCIApUTENs, B
napoBoii (a3e MPUBOIUT B JEHCTBUE TypOUHY, CBSI3aHHYIO C T€HEpPaTOpOM, a
3aT€M KOHAEHCHUPYETCS B OXJIAXKIAAEMOM XOJOAHOM BOJAOM KOHJeHcarope. Ha
ATOM IIUKJI 3aBEpPILIACTCA.

a0,
T
{300

—-—
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[

it
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000

Puc. 3.2. Cxema npeoOpa3zoBaHus TETUIOBOM SHEPTHUH OKEaHa:
[ - mopaya TeryIoN BUJBL; 2 - UCHIAPUTEINb; 3- HACOC MoJauu padouero Tena; 4 TypOuH;
5 - re”eparop; 6 - - KOHJIEHCaTop; 7 - Tojlaya XO0JI0IHOM BOBI; § - TIOBEPXHOCTh OKEaHa;
9 - okeaHCKHE TITyOUHBI

TennoBasgs MamMHa  HUCHOJIB3YET IEpemag  TEMIIEPATyp  MEKIY
MOBEPXHOCTHBIMH U TTyOMHHBIMHU BOJIAMH OKEaHa.

Huxe B nmeransix oOCYXIarOTCS TOJIBKO CHCTEMBI, padOTaloOIIHe IO
3aMKHYTOMY IIMKIIy. MOXHO TpeACTaBUTh ce0e H Jpyrue CHUCTEMBI,
HAIPUMEP UCIOJIB3YIOIINE B KauecTBEe pabodero Tena camy MOPCKYIO BOJY U

29



paboTaromue Mo OTKPBITOMY IMKIy. TemM He MeHee, M3JI0KEHHBIE 37eCh
dbusnyeckre U reorpaduueckue CBEJACHUS MPUMEHHUMBI K JIOOBIM CHUCTEMaM
OTEC.

Haunewm c ompenenenust Py MOIIHOCTH, OTIABAEMOW TEIUIOW BOAOM B
uaeanbHoON cucrteme. JlomycTum, 4YTO TOTOK TEIUIOW BOJBI C OOBEMHBIM
pacxogoM () MOCTYIIA€T B CUCTEMY NpHU TeMmneparype 1. U MOKUJAET €€ IMpu
temneparype 71, (Temieparypa XOJOIHBIX TIyOWMHHBIX Box). Ilpum
omnpeaesicHu: P, MbI, OYEBUIHO, JejIacM NPEANOJIoKeHne 00 HIaeaaTbHOM
TeroooMeHHuke. B Takoit uneanuzupoBannoii cucreme npu AT =T, - T,

P,=pcLAT. (3.3.1)

Ha ocHoBe BTOPOTO Ha4dalla TCPMOAMHAMUKHN MAKCHUMAJIbHAsA MC-
XaHUYCCKass MOINHOCTb, KOTOPYIKO MOKHO IIOJYYUTHL OT npeo6pa30BaHI/I;1
TCIINIOBOI'O ITIOTOKA,

Pr=mFy (3.3.2)

Tac

ni=AT/T, (3.3.3)

€CTh KIIJI WJcaIbHOU TeTuI0BOM MammHbl KapHo, paboTarormieit mpu nepermnase
temneparyp mexny 1., u T,=T7, — AT.

be3yciioBHO, BBIXOJl B Cilydae peajibHOW CUCTEMbI OyAET CyIIECTBEHHO
HUXKe, yeM P;. PeanbHble TersioBele MalnMHbl paboTatoT He nmo uukiny Kapho,
CKOpee, UX IUKI ONukKe K UACTbHOMY IHMKIY MapoBOd TypOuHbl PeHkuHa.
TeM He MeHee, O3TH BBIPAKEHUS IMO3BOJISIIOT MPOWLIIOCTPUPOBATH
Bo3moxkHocTH U orpannuenuss OTEC. Cormacno (3.3.1) — (3.3.3) uneanbHas
MEXaHUYeCKasi BBIXOJIHAs MOILHOCTH IpeoOpa3oBaTessi TEIUIOBOM SHEpruu
paBHa

P; = pLc(ATY/T, . (3.3.4)

Taxum oOpa3om, 175 MOTyYEHUsI 3HAUNTEIBHBIX MOLTHOCTEH TPeOyOTCs
CYILIECTBEHHbIE MIOTOKU BOJIBI JAXKe I Cilydasi MaKCUMaJIbHOIO BO3MOKHOTO
B OKEaHe Iepenaaa TeMIeparyp. JTO B CBOIO ouepenb TpeOyeT MPUMEHEHHUS
TPOMO3JIKMX U COOTBETCTBEHHO JIOPOrOCTOSIINX TEXHUUECKUX CPEJICTB.

BBuay toro, uro P; 3aBucur OT KBaapata A7, ONBIT MOACKa3bIBAET
PKOHOMHYECKYIO mpuBiiekaTenbHOCTh uaen OTEC numpe B pailioHax, rie
AT > 15°C. Takue pailoHbl JexaT B TPONHUKAaX. AKTUBHO BEAYTCS U3bICKAHUS
no npobreme OTEC na octpoBe laBaiim (20° ceB. mmpots, 160° 3arm.
noirotel), Ha octpoBe Haypy (0° ceB. mmpotsl, 166° BOCT. HOATOTHI), B
tedyeHun [onpderpum BOMM3M mnomyoctpoBa Pnopuaa. B Tpommueckux
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patoHax 7, u 7, Majlo MU3MEHSIOTCS OT CE€30Ha K CE30HY, YTO JOJDKHO
o0ecreunBaTh CTa0OUIbHYIO BEIPA0OOTKY SHEPTUU B TEUEHHE BCETO roj1a.

be3ycinoBHO, CTaOUIBHOCTh M HE3aBUCUMOCTh OT KamlpH30B TMOTOJbI —
rinaBuble npeumyniectBa OTEC kak BO300OHOBIISIEMOr0 MCTOYHUKA YHEPTHUU.
Hwuxe nepeunciiensl gpyrue Baxxkusle npenmyiiecrsa OTEC.

1) B noaxoasmux Juisi pa3MmenieHus mnpeoOpaszoBareneil pailoHax
OTpaHUYCHHS HA 3HAYCHUS MPEOOPa3yeMbIX PECYpCOB HAKIIAJBIBAIOT TOJIHKO
pa3mMepsl yCTaHOBOK.

2) Co3nanue HPKOHOMHYECKH OIPAaBJaHHBIX yYCTAHOBOK TpEOYyeT JIHIIb
HEKOTOPOW JOpa0OTKM TaKUX IIMPOKO arnpoOWpPOBAHHBIX YCTPOMCTB, Kak
TEII000MEHHUKH U TypOuHbl. HUKaKuX COBEPIIEHHO HOBBIX WIJIM TEXHUYECKU
HEBO3MOXKHBIX YCTPOUCTB HE TpeOyeTcs.

['maBHBIE HEAOCTATKH — CTOMMOCTh M MacHITaObl yCTaHOBOK. Eciu Obl
yAQJIOCh JOCTUYh (PAKTHUYECKONW MOITHOCTH P; TO CTOUMOCThH CTajna Obl
MUHUMaJIbHOW, HO  MPUHIMIIUAIBHBIE  OTPAHMYCHHUS  HAKJIAJIBIBAIOT
HEOOXOJMMOCTh YYUTBHIBATh BSI3KOCTh KUJKOCTEM U HECOBEPIICHCTBO
TerI000MeHHUKOB. [IprBeieHHbIC yeIbHbIE 3aTpaThl HA CO3JaHUE OJHOU HE
TaK JAaBHO 3allyLLEHHOM JKCIEPUMEHTAJIbHOW OKEaHCKOW TepMabHOU
anekrpoctanuuu (OTOC, ne mytath ¢ natuHcko OTEC) coctaBunu 40000
no/kBT  ycranoBnenHod momtHocTH. OJHAKO TIPOBEICHHBIN aHAIU3,
MOKa3bIBAET, YTO KpynmHoMacmiTabHbie cepuitibie OTOC OymyT 3HAUUTEIHHO
0osee SKOHOMUYHBIMH, 4TO jenaeT camy Kouuenuuio OTEC mpoctoiinoi
BHUMaHusl. CooTBeTCTBYOIIME paboThl akTuBHO BeayTcs B CLIA, @pannun
u Snonun.

Omun w3 ¢akTopoB yBenuueHus crtoumoctu cuctem OTIC —
JOPOTOBHU3HA WX OOCITY)XKMBAaHUS B OTKPBITOM MOpPE W Iepefavyd YHEPTUu Ha
oeper. OIHaKO CyHIECTBYIOT NpHUOPEKHbIE PallOHbI, TJI€ AHO PE3KO MaJaeT U
obopynoBanue OTOC moxkeT ObITH pa3MelleHo Ha cymie. OJHO U3 TaKux
MecT — ocTpoB Haypy B 10:kHOM yacTu TuUXoro oxeasa.

3agaun

3.3.1. Ompenenuts pacxox Bombl L, M’/c, amst pasHoctr temmepatyp AT,
K, 9T00BI MOMYYUTH OT UACATBLHOMN TEINIOBOK MalIMHBI MOITHOCTHL 1 MBT mipu
T.=300 K.

3.3.2. OmpenenuTb MEXaHUYECKYI0 MOIIHOCTh MpeoOpa3oBaTems
TEIUIOBOM  HHEPrMM  OKEaHa, €eCIM HW3BECTHO, 4YTO  TeMmIiepaTypa
MOBEPXHOCTHBIX CJIOEB BOAbI £, = 27 °C, rnybunHbeix cimoeB — ¢, = 15 °C,
pacxon Boabl coctaBmn G = 1 1/4ac.

3.3.3. Onpenenurb MaKCUMAJIbHO BO3MOXXHYIO MOIIHOCTh, KOTOPYIO
MOxkHO nosyuuTh B cucteme OTOC nipu ¢, = 30°C, ¢, = 11 °C, G = 5 1/4ac.

3.3.4. Onpenenuth TpeOyeMbIi pacxo]l TEIJIOHOCUTEIS, €CJIM U3BECTHO,
yto AT = 15°C, a BeIpabarsiBacMas MoiHOCTh coctaBmia 100 kBT, £, = 26°C.
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3.3.5. Omnpenenutb HEOOXOOUMBIM nuaMmeTrp TpyOompoBoda s
noctwxkenna wmomHoctn OTOC 150 xBT npm pasHuue Ttemmneparyp
AT = 15°C, ckopoctu npokauku 0,1 m/c, £, = 26°C.

3.3.6. Tlo ycnoBusm 3anauu 3.3.5. MOCTPOUTH 3aBUCUMOCTh JMAMETpPa
Tpybomnposoza 1). ot ckopoctu w = 0,1; 0,2; 0,3; 0,4; 0,5; 0,8; 1m/c.

3.3.7. Tlo ycnoBusm 3anauu 3.3.5. MOCTPOUTH 3aBUCUMOCThH JMAMETpPa
TpybompoBoza 1). oT paznoctu Temneparyp A7 = 5; 10; 15; 20 °C.

3.3.8. Ilo ycnoBusim 3aaauu 3.3.2. MOCTPOUTHh 3aBUCHMOCTbH BBIXOJHOM
MOIITHOCTH OT pacxona L =1;2;3;6;8; 10 M/,

3.3.9. Ilo ycnoBusim 3aaauu 3.3.2. IOCTPOUTHh 3aBUCHMOCTBH BBIXOJHOM
MOIIHOCTH OT nepemnanaa remneparyp AT =5; 10; 15; 20 °C.
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