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BBEJIEHUE

CerogHsi Kak HUKOTZIa OCTPO CTOSIT BOIPOCHl SKOHOMHH HEPreTUYECKUX M
TOIUIMBHBIX PECYPCOB, a TAaKXKE 3allUThl OKpyX awoueh cpenpl. [ng ycnemHou
paboThl HMH)KEHEPaM-TEIUIOTEXHUKAM CIEAYeT yMETh MPaBHIBHO aHAIU3UPOBAThH
YCJIOBUS, MO BO3MOXHOCTH HCIOJb30BaTh 3JHEProcOEperarnue TEXHOJIOTUH, K
KOTOPBIM OTHOCHUTCSI TAKX€ MCIOJIb30BAHHE HETPAJUIMOHHBIX U BO30OHOBIISIEMBIX
WUCTOYHUKOB SHEPTHH. A 7T 3TOr0 HEOOXOIAMMO HWMETh TEOPETUUYECKYI0 0a3y H
3HATh TUIIOBBIE METOJAUKH PACUETOB.

B mocobuu conepxkuTcs Matepuan A MPOBEAEHUs Ja00paTOPHBIX 3aHSATUN 1O
Kypcy Bo0300HOBIsieMble HCTOYHHMKHA SHEPrUU W YCTAaHOBKM Ha WX OCHOBe». B
TEOPETUUECKHUX pa3fiesiax MPUBOAITCA  METOJMKH aHaJIU3a M pacyuera, Halpumep
BETPOIHEPIreTHUECKOro MOTEHIIMAaNa B KAKON-TMO0 MECTHOCTH.

Tak xe COACPIKATCA HCOGXOI[I/IMBIC CIIPAaBOYHBIC AAHHBIC W AHAJIMTHYCCKHUC
3aBUCUMOCTH AJIA1 HCKOTOPLIX JaHHBIX, IIPCACTABJIICHHBIX B cnpaBquoﬁ JuTeparype.



I. TEOPETUYECKHUE OCHOBBI IPUMEHEHUSA HETPAAUILITNOHHBIX
N BO3OBHOBJISIEMbBIX NCTOYHUKOB DOHEPTUN

1. 1. Berpo3nepreruka. MOIHOCTH BETPOIHEPreTUHYECKUX YCTAHOBOK

BerposHepreruka ¢ ee COBPEMEHHBIM TEXHUYECKUM OCHAIICHUEM SBIACTCSA
BIIOJIHE CJIOKMBILHMCS HAIIPaBICHUEM DHEPIeTUKU. BeTposHepreTnyeckne yCTaHOBKU
MOIIHOCTBIO OT HECKOJIBKMX KHJIOBATT IO MeraBaTT IpousBozasaTcs B Espore, CILIA u
OpPYTUX 4YacTAX MHpa. bosbmiasgs 4YacTh 3TUX YCTAHOBOK MCHOJB3YETCSA IS
IIPOU3BOJICTBA MIEKTPOIHEPI'H, KAaK B €IMHOW DHEPrOCHCTEME, TaK U B ABTOHOMHBIX
pEXUMAX.

VI3BECTHO, YTO MPH CKOPOCTH BETPa i, M/C, U IUIOTHOCTH BO3IyXa P, KI/M,
BETPOKOJIECO, OMETAloIIee MIomab F, M pa3sBHBaeT MOLIHOCTS P, BT, onpesensemyo

P=EFpu’l2. (1.1)

3nech & — KOA(PGUIMEHT MOIIHOCTH, XapaKTepU3yoUii 3QPeKTUBHOCTb UC-
[10JIb30BaHUSI BETPOKOJIECOM PHEPrUU BETPOBOIO MOTOKA M MPUHUMAEMbIH PABHBIM
0,35.

N3 (1.1) BuAHO, YTO MOIIHOCTH P MPOIMOPIIMOHAIbHA OMETaeMOM Iiommanu F
u KyOy ckopocTtu. KoappuimeHT MoiHocT 3a3aBUCUT OT KOHCTPYKIIMHA BETPOKOJIECa
1 CKOPOCTH 2~Tpa. Tak Kak CKOpOCTh BETpPa HEMOCTOSIHHA, 4 MOIIHOCTh OYEHb CUJILHO
3aBHCHT OT CKOPOCTH, TO BBEIGOpP ONTHMANBHON KOHCTPYKIIMH BETPOKOJIECA BO MHOTOM
ompenensiercss TpeOoBaHUAMU TOTpeduTens 3Heprud. OOBIYHO CpeIHEero10Bas
MOIIIHOCTh, CHUMAaeMasi C €IWHHUIIbl IUIOLAAU BETPOKOJIECca, MPOMOPIUOHATIbHA
IUIOTHOCTH BO3AyXa # KyOy cpemHed ckopocTd. MakcumanbHas TpPOEKTHAs
MOIITHOCTh BETpOAHEpreTudeckor ycraHoBku (BOVY) ompenensiercss nns HEKOTOpOi
CTaHJAapTHOM CKOpOCTH BeTpa. OOBIYHO 3Ta CKOPOCTh paBHA MpuUMeEpHO 12 Mm/c, mpu
3TOM CcHMMaeMas ¢ | M’ OMeTaeMoil IUIOIA[M MOLIHOCTh — mopsyzka 300 Bt mpu
3Hauenun & ot 0,3 no 0,45. B paiioHax ¢ 01aronpusiTHHIMU BETPOBBIMU YCIIOBUSIMU
CPEIHETOJIOBOE  IMTPOU3BOJICTBO  BJIEKTpOdHepruu coctasisier 22 — 30% ero
MaKCHUMAaJIbHOT'O MPOEKTHOTO 3HaueHus1. Cpok Ci1y>KObl BETPOT€HEPATOPOB OOBIYHO HE
MeHnee 15 — 20 jet, a ux crouMocTb KoJieonercsa or 1000 go 1500 moyur. CIIA 3a 1
KBT IpOEKTHOM MOIIHOCTH.

OIHO U3 OCHOBHBIX YCJIOBUU HPHU IMPOCKTUPOBAHUU BETPOBBIX YCTAHOBOK —
o0ecriedeHre WX 3alUThl OT pa3pylICHUs OY€Hb CUJIBHBIMU CITyYalHBIMH TIOPHIBAMU
BeTpa. BeTpoBbie Harpy3ku NponoOpIUOHAIBHBI KBaJApaTy CKOPOCTH BETpa, a pa3 B
50 ner OBIBAIOT BETPHI CO CKOPOCThIO, B 5 — 10 pa3 mpeBBIMIAIONICH CPETHIOL0,
MO3TOMY YCTAaHOBKHM TMPUXOJUTCS TMPOEKTHUPOBATH C OYECHHb OOJBIIMM 3alacoM
npouHocTu. Kpome Toro, CKopocTh BeTpa 04eHb KOJICOJIETCS BO BPEMEHH, YTO MOXKET
IIPUBECTU K YCTAJIOCTHBIM pa3pyLICHUsIM, a JUIsl JIONACTed K TOMY K€ CYIIECTBEHHbI
TepeMeHHbIe TPAaBUTALMOHHbIC HArpy3ku (mopsaka 107 mukios 3a 20 JeT SKCIuTya-
TaIun).

[TpyunHOW  BO3HUMKHOBEHHUS BETPOB  SIBISIETCA  MOIJIOIIEHHWE  3€MHOM
aTMoc(epoil COJIHEYHOTO M3IY4YEHHs, MNPUBOJALIEE K pACIIMPEHUIO0 BO3AyXa H



MOSIBJICHUIO KOHBEKTHUBHBIX TeueHUH. B rmobanmbHOM MacmiTabe Ha 3TH TEPMHYECKHE
ABJICHUSl HaKJaabIBaeTcs 3(PQeKT BpamieHuss 3eMid, NPUBOISAIIMNA K MOSBICHHIO
npeodasauX HarpaBieHuid Berpa. Kpome 3Tux oOlux, Uil CUHONTUYECKUX, 3a-
KOHOMEPHOCTEW MHOTO€ B 3THX MPOLIECCAX OMPEIENSIETCS] MECTHBIMUA OCOOCHHOCTSIMU,
OOYCJIOBJICHHBIMUA  ONPEIENICHHBIMU ~ TeorpapuyecKuMd  WJIM  HKOJIOTHYECKUMU
¢dakropamu. CKOpOCTh BETPOB YBEIMYMBAECTCS C BBICOTOM, a MX TOPU30HTAJIbHAS
COCTaBJISIFOIIASl 3HAUUTENBHO Oouibllie BepTHKaIbHOM. [lociennee 00CTOSATENHCTBO
SBJIIETCS OCHOBHOW MPUYMHON BO3HUKHOBEHUSI PE3KUX MOPBHIBOB BETPA U HEKOTOPBIX
Ipyrux MenkoMacirtabHbix 3¢ dexroB. CymmapHas KUHETHYECKas SHEPrusi BETPOB
OLICHHBACTCS BeTMUMHON mopsiaka 0,7-10>' Jk. BemeacTBie TpeHHs, B OCHOBHOM B
arMocdepe, a TakKe MPU KOHTAKTE C 36MHOW M BOJHOW MOBEPXHOCTSIMM 3Ta SHEPrus
HEMPEPBIBHO PACCEHBACTCS, IIPH STOM PaccenBaeMasi MOIIHOCTh — ropsiaka 1,2-10"
BT, yTO paBHO nipuMepHO 1% MOIIONIEHHOM SHEPTUU COIHEYHOTO U3TYYEHUSI.

JUi1 aHanuM3a BETPO3HEPreTUYECKOr0 IOTEHUIUAa MECTHOCTH COCTaBIISETCA
BETPOIHEPTETUICCKAN KagacTp, KOTOPBIA TPEACTaBISICT COO0OW palfOHMPOBAHHYIO
CUCTEMY YHUCIIEHHBIX XapaKTEPUCTHK PeXUMa BeTpa. BarposHepreTnueckuii kaaactp —
3TO COBOKYITHOCTh OOBEKTHBHO JIOCTOBEPHBIX M HEOOXOAWMBIX KOJMYECTBEHHBIX
CBEJICHUI, XapaKTepU3yIOIIMX BeTep KaK MCTOYHUK OJHeprud. B Kkamactpe Bce
XapaKTePUCTUKK OOBIYHO TMPEJCTaBICHbl B TaOMMYHOM wiM rpadudeckoit dopme,
UCIIOJIb3YSl MaTepUaIbl MHOTOJIETHUX HAOJIOCHUN.

JlocToBepHO  OIICHUTh, Kakas JOJs DSHEPrMM BeTpa MOXKET OBITh
UCIOJIb30BAHA B DHEPIe€TUKE, BPsA JIU BO3MOXKHO, TaK KaK 3Ta OLUEHKAa OYEHb CUIIBHO
3aBHCUT OT YPOBHS Pa3BUTHsI BETPOIHEPTeTHKU U ee noTpeduteneii. Tem He MeHee,
ouIMATBEHBIE OLIEHKHM BO3MOKHOM JTOJIM BETPOIHEPTETUKU B SHEPreTHKE B LEJIOM,
HanpuMmep, B BemukoOputanuu u 3anagHoit ['epmanum, He peanonarammmue Kakux-
AM00 Cepbe3HBIX U3MEHEHHI B CIOXKHUBIICHCS MHPPACTPYKTYpE SHEPrornoTpedsieHus,
nator He MeHee 20%. [lpu ompeneneHHBIX H3MEHEHHSIX WHQPPACTPYKTYpPHI OIS
BETPOIHEPTETUKH MOXKET OBITh CYIIECTBEHHO OOJbIIeH. ABTOHOMHBIE BETPOBBIC
SHEProyCTaHOBKM  BE€CbMa  MEPCHEKTUBHBI  JJI1  BBITECHEHUS  JIU3EJIbHBIX
ANEKTPOCTAHIMI U OTONUTEIbHBIX YCTAHOBOK, paboTalolmx Ha He(TenpoayKrax,
0COOEHHO B OTJAJICHHBIX paiioHAX U HAa OCTPOBAX.

Berposnepreruueckue yCTaHOBKM KIACCU(MUIUMPYIOTCS IO JBYM OCHOBHBIM
IpU3HAKaM — TE€OMETPUM BETPOKOJIECA W €ro IMOJOKEHUID OTHOCUTEIBHO
HaIlpaBJICHUS BETpa.

1.2. Dueprus coanna. Co/iHeYHbIE KOJJIEKTOPBI

Hcnonb3oBaHWe COJIHEYHOM SHEPrHMM JOCTAaTOYHO pPa3HOOOpa3HO, HO
HanOoJiee O4YeBHIHASL 00JACTh MCHOJB30BAHMS COJHEYHOW SHEPIMH — IOJOIPEB
BO3/yXa M BOJIbl. B paiioHax ¢ XOJIOAHBIM KIMMAaTOM HEOOXOAMMO OTOIJICHHUE KUIIBIX
31aHUA U ropsiuee BoJOCHaOkeHue. [IpoMBINIIEHHOCTh Takxke TpedyeT OoJiblioe
KOJIMYECTBO TOpsvYer BoAbl. B ABCTpasinu, HanpuMmep, Ha MOJOTIPEB KUIKOCTEN 110
TEMIEPATyPhbI 100 C pacxoayercsa noutu 20% sHepruu. B cBsi3u ¢ 3TUM BO MHOTHX



cTpanax, ocobeHHo B ABcrpanmm, M3pawmne, CIIA, Snonuun, Vcnanuu, akTHUBHO
pacmupseTcs IPOU3BOACTBO COJTHEUHBIX HATPEBATEIBHBIX CUCTEM.

OCHOBHBIM 3JIEMEHTOM COJIHEYHOM HArpeBaTEIbHOM CHUCTEMBI SIBJISIETCS
MIPUEMHUK, B KOTOPOM MPOUCXOJUT MNOTJIOIIEHUE COTHEYHOIO U3JIYUCHUS U TIepeaya
SHEpPruu KuAKoctu. CaMble TPOCThIC MPUEMHUKH COJIEPkKAT BECh 00BEM JKHIKOCTH,
KOTOpYI0 HeoOxonumo HarpeTh. IIpuemMHuku Oosiee CIOKHON KOHCTPYKLIHU
HArpeBalOT 3a OMNpPEIENIEHHOE BpPEeMsl TOJIBKO HEOOJIbIIOE KOJUYECTBO KHUIAKOCTH,
KOTOpas, Kak IpaBUJIO, 3aTEM HaKAIIUBAeTCsl B OTAEIbHOM pe3epByape (Oake-
AKKyMYJISITOPE).

[Totok syuucroit sHeprun Q ,,, BT, NOrIoMAEMOil MOBEPXHOCTHIO
IIPUEMHUKA, COCTABIISET

O 1os = Tnos 0 A 1, (1.2)

A€ T, — KOIDPUIMEHT NPOIMyCKaHUS COJHEUYHOTO M3IyYCHHUS IPO3PavyHbIM
MOKPBITHEM, TTpUHUMAETCs paBHbIM 0,9 111 OJMHAPHOTO CTEKJISTHHOTO MOKPBITHS,
0,8 — g IBOMHOIO CTEKJISTHHOTO MOKpbITHS, 0,81 — 111 CENEKTUBHOIO CTEKIIA;
o — K03 PUIIMEHT MOTIIOMICHHS] TPUEMHOW MOBEPXHOCTHIO KOJUIEKTOPA COTHEYHOTO
V3JIy4CHUs, NMpUHUMaeTca paBHbIM (0,9 WIsI OAMHAPHOTO CTEKJISHHOTO MOKPBITHS,
0,9 — nnga IBOMHOrO CTEKJISTHHOTO MOKpbITHUS, 0,81 — 11 CENEKTUBHOIO CTEKJIA;
A — miomaab OCBEMAeMONl MOBEPXHOCTH KOJIJIEKTOPA, M [ — 00JITy4eHHOCTh
MMOBEPXHOCTHU COJTHEYHOI'O KOJIJIEKTOPA, Br/m*.

B mnpouecce noriomeHusi 3HEPruyd, TEMIEpaTypa MOBEPXHOCTH MPUEMHHUKA
MOBBIIIAETCSI W CTAHOBUTCS CYILIECTBEHHO BBIIIE TEMIEPATyphl OKPY>KAIOIIETO
BO3/yXa. OTO MPUBOJAWT K BO3HUKHOBEHHIO OOpPAaTHOrO TEIUIOBOIO IIOTOKA B
OKPYXaIOILYI0 Cpely, KOTOPbIA MOKHO ONPEACTUTh

Qnom: A( Tn_To.c.)/Rn: (13)
rae T, — temnepaTypa NpUEMHON NOBEPXHOCTH KoyuiekTopa, K; 7, . — teMmreparypa
OKpyxarmouero Bosayxa, K; R, — TepMuyeckoe COIPOTUBIICHUE MPUEMHOU

MOBEPXHOCTH KOJUIEKTOPA, ISl TUIHUYHBIX KOJJIGKTOPOB MOYHO MHPHUHATH PABHBIM
0,13 m> K/Bt s oauHapHoOro crekia, 0,22 M*K/Bt — s JIByXCJIOMHOTO CTEKJIA,
0,4 M- K/Bt — JIJISl CCJICKTUBHOI'O CTEKJIA.

YpaBHEHUE COJIHEUHOTO KOJUIEKTOPA TOTa MOKHO MPE/ICTABUTh

OQuw=A[tws 0 - (T,—T,.) R,].

OpHako He BCA 3HEprus, nojiydaemasl KOJUIEKTOpOM, Iepelaercs BoJe, a
TOJNBKO €€ 4YacTbh, XapakTepusyemas KodpduuueHToM nepexona k; COIHEYHOH
SHEPrUH, MOKA3BIBAIOLIUM JIOJII0 TEIJIOBOro MOoToKa (Q ., IEPEIABAEMOr0 KUAKOCTH,
npuHuMaeTcs paBHbIM 0,85

Q.’)fC = kac;c-



KomuuectBo ke Teruta, TpedyemMoro nnsi HarpeBa IKUAKOCTH — Ha
ONPENEIICHHYIO pa3HuLy Temneparyp Q. , BT MOXHO 3anucaTs B BUAE

Qaic: ch( TK_TH)n (14)

rae; 1, — KoHeyHas temneparypa Boasl, K; 7, — HadanpHas teMmeparypa Boasl, K;
p — IUIOTHOCTH BOAbI, paBHas 1000 Kr/M’; ¢ — TEIIOEMKOCTh BOJbI, paBHas 4200
Jlx/kr-K; L — o0beMHBIN pacxo BOJbI, M/c.

VYpaBHeHuUe TErI0BOro 0ajgaHca KOJJIEKTOpa MOXHO 3aluCcaTh B BUJIE

kAt of =(T,~T, )/ R,)=Lpc(T, ~T,).

noe
W3 ypaBHeHHs OalaHCa COJIHEYHOIO KOJUIEKTOpAa OINpPEAEISAIOTCS BCE
OCHOBHBIE XAPAKTEPUCTUKH.

1.3. DHeprusi NpWJIKBOB. Y CIWIEHHE IPUIUBOB

[TpunuBHBIe KONeOaHUS YpPOBHA B OrPOMHBIX OKeaHaxX IUIAHETHl BIIOJHE
npenckazyeMbl.  OCHOBHBIE  TEPUOJBI  OTUX  KojeOaHWii —  CyTOYHBIE,
MPOJOKUTEIBHOCTEIO OKOJIO 24 4 U MOJYCYTOYHbIE — OKOJIO 12 4 25 MuH.
Pa3HoCTh ypOBHEN MEXIy MOCIEN0BATENbHBIMU CAMBIM BBICOKUM U CaMbIM HU3KHM
YPOBHSIMH BOJIbI — BBICOTa MpuiauBa. JlMama3oH W3MEHEHHS S3TOW BEITUYUHBI
cocrasiseT 0,5 — 10 m. IlepBast undpa Hauboaee xapakTepHa, BTopasi JOCTUTAETCS U
JaKe TMPEBOCXOUTCS JIUIIhL B HEKOTOPBIX OCOOCHHBIX MECTaX BOJU3H MOOEPEKbS
KOHTUHEHTOB. BO Bpemsi OpwiIMBOB M OTJIMBOB IEPEMEIECHHE BOJHBIX Macc
oOpa3zyeT NPWIMBHBIE TEUYEHHUS, CKOPOCTh KOTOPBIX B MPUOPEKHBIX MPOIUBAX U
MEXKy OCTPOBAMH MOXET JIOCTUTaTh MPUMEPHO 5 M/C.

[TogHATY!I0 Ha MAaKCHMAQJIBHYIO BBICOTY BO BpeMs MpUIIMBA BOAY MOXKHO
OTJICJIUTH OT MOPsI TaMOOi MM IUIOTUHOW B Oacceline 1omaapio S. Eciau 3arem Bo
BpEMsI OTJIMBA MPOIYCTUThH 3Ty Maccy BOJAbI 4epe3 TypOUHBI, TO MOXHO IMOJYYUTh
MOIIHOCTh

P=pgSR?2, (1.5)

re p — IUIOTHOCTh BOABI, KI/M’; R — mepemam ypoBHeH, M; S — ILIOIIAb
NPUINBHOTO GacceitHa, M.

O4eBUAHO, YTO MecTa € OOJBIIMMHU BBICOTAMU MPWIMBOB 00JIaJAI0T U
OONBIIMMU  TOTEHIMAJIaMU TNPUIUBHOM »Hepruu. I[IpeoOpa3zoBaHue sHepruu
IPWIMBOB  HUCIIOJB30BANOCH JUJIi TPUBEICHHS B  JICCTBUE  CPABHUTEIBHO
MaJOMOIIHBIX YCTPOWCTB e€lle B cCpeaHeBekoBol AHrnum u B Kwurtae. U3
copemeHHbix [IDC  nHambonee  XOpOmIO  W3BECTHBI  KpyHmHOMACIITaOHas
anektpoctanuus Pane momHocTeio 240 MBT, pacnionoxkeHHas B 3cTyapuu peku Jla
Pane, Bnapatomeid B 3amuB Cen Mano (bperans, ®panuus), u HeOoJbIIasI, HO
NPUHIUIHAIBHO Ba)kHAsi onbITHAs cTaHius MofHocThio 400 kBT B Kucinoii ryde Ha



nodepexxbe bapennieBa Mopss B Poccuu. IloBeneHune nNpuIMBOB MOXKET OBIThH
IpeACKa3aHO JIOCTaTOYHO TOYHO, C MOTpemHOcThio MeHee 4%. Takum o00pazom,
OpWIMBHAs SHEPIHsl OKAa3bIBAETCS BEChbMa HAAECKHOW (OpMOK BO30OHOBIIIEMON
SHEPIuu.

AHaJIM30M  TOBEACHUS NPWIMBOB 3aHUMAJINCh MHOTHE  HW3BECTHBIC
MaTreMaTuku W (U3MKH Tporuioro, Bkirodas Herotona, "'Dpwu, Jlammaca, Jlxopxka
HMapBuHa, KenpBuHa. OgHako HagO0 MMETh B BUJY, YTO COBPEMEHHBIN aHAIN3 U
NpeACKa3aHWe  NPWIMBOB, OCHOBAHHBIE  HAa  MaTEMaTUYECKUX  METOJax
rapMOHUYECKOI0 aHaiu3a, 0a3upyloTcs Ha OCHOBOMOJararommx pabortax jopaa
KenbBuna, BeinmonHeHHBIX B [nasro. [lomHoe gusnyeckoe moHMMaHUE BCEX JIEeTaei
JUHAMHKU TPUIMBOB BCE €IIE HE JOCTUTHYTO B CBS3U CO CIIOKHOM TOMOJIOTHEHN
OKEaHCKHX 0acCeitHOB.

KunkocTs B OKeaHax yJIep»KUBAETCS HA MOBEPXHOCTU Bpalllalomieiics 3eMiun
cuiamMu rpaButainuu. ['paBuTaniMoHHOE XK€ B3aumojeiictBue 3emun ¢ JlyHoil u
ConHIleM BO3MYIIAET 3TU CHJIbI, 00pa3ysl mpuiauBkl. [IpuimBHasS sHEpTHs, CHATAs C
TypOun I19C, uepe3 koTopble MPOTEKAaET BOAA B MpoIlecce MPUIMBOB, OTOUpPAET, Ta-
KMM 00pa3oM, 4YacTh KHMHETHYECKOW »HHEpruu Bpamiatomencs 3emud. Ecim
3a/IeiCTBOBATh BO BCEM MHUpPE BCE CKOJBKO-HUOYIb 3HAYUTENIbHBIE MECTa C
JOCTATOYHO BBICOKMMHU NPWIMBAMH, TO COTJIACHO pacyeram »3TO MPUBEAET K
COKpAIIICHUIO MEproAa BpalieHus 3emin Ha oJHu cyTkH 3a 2000 jeT: 3To He TaK Yk
CTpPAIHO JIJIs1 OKPY KAIOIIEH CPEJIbI.

N3BecTHO, YTO MPUIIMBHAS BOJHA JBUXKETCSI CO CKOPOCTHIO

c=(gh)? (1.6)

2
r7ie g — YCKOpPEHHE CHIIBI TsDKECTH, paBHOe 9,81 m/c”; h — rmyOuna 3anuBa (Mops), M.

Pe3onanc misi mpyUIMBHOM BOJIHBI, HAJIBUTAIOIIEHCS CO CTOPOHBI OTKPBITOTO
MOps1, HACTYNAET MPH YCIOBUSX, KOr1a

L=j\/4 (1.7)

IJic j  HEYETHOE Iejoe; L — TPOTSIKECHHOCTh 3ajMBa B CTOPOHY MaTepuKa, M;
A\ — JUTMHA BOJIHBI BBIHYKJICHHBIX KOJICOAHUH B OTKPBITOM MOpE, M.

CooTBeTCTByIOIIAsI PE30HAHCHAS YacToTa f,, ['l, u nepuon 7,, C, CBA3aHBI
MEXTy cOO0H CIeAYIOIUM 00pa3oM:

f.=1/T =c/i (1.8)

Otcrona

T =h/c=4L/ j(gh)” (1.9)
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Pe3onanc BoO3HUKaeT, Korja IepuoJ COOCTBEHHBIX KojeOaHUH COOT-
BETCTBYIOIIETO OacceilHa OKa3bIBaeTCsl paBHBIM (KPaTHBIM) MEPUOAY BBIHYKICHHBIX
KoJIcOaHMIi IIPUIIMBA B OTKPBITOM MOpe 17, B 3TOM ClIydae

4L L j.h
roo L Tty (1.10)

[Tonycytounslii nepuoj mnpunuBa paBeH 12 u 25 mun (45000 c), Takum
oOpazom, ajis ciny4dasi j=1 (OCHOBHAsi TapMOHUKA) PE30HAHC HACTYIAET, KOT1a

L1 = (45 000 ¢)-(9,8 m/c?) 2 /4 = 36 000 M (1.11)

B »stom mnpumepe BuAHO ONM3KOE COBMHAJCHUE COOCTBEHHOM YacTOTHI
ACTyapHusi C XapaKTepHOW YacTOTOM MpPUJIMBA, B pE3yjbTaTe€ YEro B YyKa3aHHOM
ACTyapuu TOCTUTAIOTCS 3HAYUTEIbHBIE aMIUIUTYbI MPUIMBHOTO JBUXKEHUS, BHICOTA
MPUJIKBA 3/1€Ch JOXOAUT a0 10 — 14 M.

Ha npakTuke scTyapuu U 3aJIUBbl, KOHEYHO, HE UMEIOT TaKUX OJHO3HAYHO
ONpENIEIICHHBIX Pa3MEPOB, KaKUE€ HCIOJb30BaHbl B mpumepe. [loaroMy anamus
PE30HAHCHBIX YCIOBUN CHJIBHO YycloxHseTcs. Crano HeoOXOAMMBIM MPOBOIAUTH
MOJICTMPOBAHUE TMPUPOJHBIX YCIOBHM B J1a0OPAaTOPHBIX BOJHOBBIX OacceiiHax ¢
UCIIOJIb30BAHUEM  COOTBETCTBYIOIIEM TEXHUKH MAcCIITaOUpPOBaHUS U  IyTEM
TEOPETUYECKOr0 aHaau3a. ITO OYEHb BAXKHO B CBS3U C TEM, YTO OJHUM M3 OCHOBHBIX
BOIIPOCOB TMPU MPOEKTUPOBAHUU TMPUIUBHBIX JHEProy3JOB SBISETCA BBISICHEHHE
TOTO, Kak Jam0a M TUIOTHHA OYyIyT BJIMATH Ha PE30HAHCHBIC YCJIOBHUS B OacceifHe.
HexoTtopbie pacuerbl, BBINOJHEHHBIE s 3cTyapust p. CeBepH, TMOKa3aiu
BO3MOXKHOCTh YMEHBIIICHUS U YBEJIMYCHHS BBICOTHI MPUIMBOB B 3aBUCUMOCTU OT
pasmenienus [19C. CrpoutensctBo [I9C caumkoMm goporo, 4ToObl MO3BOJUTH
pa3paboTynkam omudaThCs.

2. JABOPATOPHBIA IPAKTUKYM

2.1. JladopatopHasi pabota Ne 1 «AHAJIN3 BETPOIHEPreTHYECKOT 0
NMOTEHHAJIA)

Llenv pabomur VI3yueHue METONMKH OIPENEIICHUS BETPOIHEPrETHUECKOIO
NOTEHIMaIa MECTHOCTH. [losTydueHre HaBBIKOB pacueTa 3HEPreTUUYECKUX MapaMeTpoB
BETPA.

B OonblIMHCTBE MPUKIAAHBIX 3a]ad BETPOIHEPreTUKH TrOpa3io Ba)KHEe
3HaTh HE CYMMapHO€ KOJIMYECTBO DSHEPruH, KOTOpPOE MOXKET BbIpadOTaTh
BETPOYCTAaHOBKA, HANpUMEpP, 3a TOJ, a Ty MOIIHOCTb, KOTOPYIO OHa MOXKET
oOecrnieunBath noctosiHHO. [Ipu cunbHOM Betpe, oT 10 g0 12 M/c, BeTpOyCTaHOBKHU

11



BbIPA0ATHIBAIOT JIOCTATOYHO 3JIEKTPOIHEPIHH, KOTOPYI0 MHOI/AA JAKE MPUXOIUTCH
cOpaceiBaTb B CHCTEeMY WM 3amacaTh. TpyIHOCTH BO3HUKAIOT B MEPHOBI
JUTMTENIHOTO 3aTHILbs WK cJ1aboro BeTpa. [103ToMy u1st BETPOIHEPTETUKU SBIIAETCA
3aKOHOM CUMTaTh pPalOHbI CO CpEeIHEW CKOPOCThIO BeTpa MeHee 5 M/cC
MAQJIOIPUTOHBIMHA JUIsl pa3MELICHHs] BETPOYCTAaHOBOK, & CO CKOPOCTbIO 8 M/C —
oueHb xopommmu. Ho He3aBUCHMMO OT 3TOro BO BceX ciydasx TpeOyercs
TIIATEIbHBIA BBHIOOP IApaMETPOB BETPOYCTAHOBOK MPUMEHUTENIBHO K MECTHBIM
METEOYCIOBHUSM.

1. Onucanuve METOIMKN U3MEPEHUN U PACUETOB

Jlis mpoBeneHUs aHajdu3a BETPOIHEPETHUECKOro IMOTEeHLHada TpedyeTcs
[IPEIBAPUTEIBHO MMPOBOIUTH B TEUEHHE I'0J1a €XKEIHEBHBIE 5-TU KPAaTHBIE U3MEPEHHUS
CKOPOCTH BETpPa C paBHBIMU MPOMEXYTKAMH BpeMeHU: B 9 u, 12 4, 154, 18 yu B
21u.

B nmanHoit  ;maGopatopHoi  paboTe  MCHOJB3yeTCss  0aza  JIaHHBIX
METEOM3MEPEHUH, MONy4YeHHass [JIsi CHCTEMbl ONTHMH3ALUU TEIIONOTPEOJICHUS
rinaBHoro kopmyca Yal TY. M3MepeHnss npoOBOAMINCH €KEAHEBHO B TEUEHHUE OJTHOTO
roJia ¢ UHTEPBAJIOM 3 yaca.

[Topsinok 06pabOTKM Pe3yJIbTATOB U3MEPEHUM CIEAY oMM [6].

1. Pe3ynbTarhl U3BMEpEeHUI CKOPOCTH BETpa U, M/C, 00bEIMHSAIOTCS B TPYIIIIbI
¢ uaTepBasioM Au. O61iee yucio n3mepennit N = 2912.

2. TlockonbKy U3MEpEHUs CKOPOCTH MPOBOJAMINCH HA BBICOTE /1] = 2M, a JUIsl
OLIEHKH HSHEPreTHMYeCKOro IMOTEHIMajla Hy)XHa CKOPOCTb BETpa u, M/C, Ha BBICOTE
OpeanojaraéMoil yCTaHOBKM BETPOTYpPOUH /i, OIpeAesieHue CKOPOCTH BeTpa Ha
BBICOTE /1 BBIIOJHAETCS ¢ TOMOIIBIO H3BECTHON alllIPOKCUMAIMOHHONW 3aBUCUMOCTH

u=wu(h/h )" 2.1)

rae h npunumaercs pasHoi 100 m.
3. OmpepensieTcsi BENUYMHA  BEPOATHOCTHOTO PACHPEICICHUS CKOPOCTH
BeTpa

@, = N, /N, (2.2)

rae N,; — Yiciio U3MEepEeHui B 1-OM CKOPOCTHOM HMHTEpBaJe.
Crpoutcs  3aBucumoctb  @,=fu). IlpousBenenue @D, Au  MOXET  OBITH
UHTEPIPETUPOBAHO KAK YAaCTh BPEMEHU I'0fla, B TEUEHHE KOTOPOr0 CKOPOCTh BETPA
UMEET 3HaYEHUs, 3aKII0YEHHbIE B UHTEpPBAJIE OT U 10 u+Au.

4. Cpennee 3HaY€HUE CKOPOCTHU BETPA U, M/C, ONIPENETAETCS COOTHOLIEHUEM

Z/lC = 2 ui/Np (23)

rae 2 u; — CyMMa BCEX U3MEPEHHBIX 3HAYEHUN CKOPOCTHU.
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5. Omnpenensiercss BEpOATHOCTb D, MOSBIEHUS BETpa CO CKOPOCTHIO U,
OobIIell HEKOTOPOW 3alaHHOM CKOPOCTHU u’, AJI YeTO CKIJIABIBAIOTCS BEPOSTHOCTU

BCEX CKOPOCTHBIX UHTEPBAJIOB, B KOTOPBIX U > U .
BepositHocTh @,~,,» MOXKET OBITh MHTEPHPETHPOBAHA KaK 4YacTh BPEMEHHU T0Ja, B

TE€YEHUE KOTOPOr0 BETPHI AYIOT CO CKOPOCTHIO, OONbILEH .

Crpourtcs 3aBUCUMOCTD D,~,,- =f(u).
6. MoIIHOCTH BETPOBOIO MOTOKA €AMHUYHOTO ceueHus P,, BT onpexnensercs

P=pu’/2, (2.4)

" 3
rjie p — MIOTHOCTh BO3AyXa, MPUHUMAETCS paBHOM 1,3 Kkr/M”.
[Ipoussenenue P @, npencrapisieT co0oil GyHKIMIO pacnpeie]ICHUsl SHEPTUU BETpa.

Crpowurtcs 3aBucumoctsb P @, =f(u).
7. Crpoutrcs 3aBucumoctb P, = f®D,-,), MO3BOJAIONIAS ONPEACTUTH

BEPOSITHOCTD 0’KUJIAHHSI BETPOBOIO ITOTOKA 33JAaHHON MOIIHOCTH.
Bce nannbie n3MepeHuii U pacueToB 3aHOCATCA B TaOIHUILy U 00pabaThIBatOTCA
B EXCEL. B tabnuue 2.1 4acTHYHO MNpEeACTaBIECHBI PE3YyJbTaTbl U3MEPEHUN H

pacyeToB.
[Tocne BoimonmHEeHUsT 00pabOTKM HM3MEPEHWH U pacuyeToB  HEOOXOIUMO

ITPOBCCTHU aHAJIN3 IMOJYYCHHBIX PC3YJILTATOB.

Taomuna 2.1

CraTucTH4eCcKUil aHAJIN3 PE3yJIbTATOB U3MEPEHU CKOPOCTH BETpa
r. YIbIHOBCK

u, M/c N D, D, P,, kBt/™m* P, @,
34,9 1
32,8 1
28.4 2
26,2 15
24,05 9
21,9 33
19,7 61
17,5 97
15,3 145
13,1 212
10,9 348
8,7 407
6,5 548
43 604
2,1 66
0 363
Bcero 2912
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2. AHanu3 MOJYYEHHBIX PE3yIbTaTOB

1. Tlonb3ysich MOCTPOCHHOU 3aBUCUMOCTBIO @D, =f(11), HEOOXOIUMO CPaBHUTH
CpellHee 3HAaYyeHUE CKOPOCTH BETpa ¢ HamOoJiee BEPOSATHBIM 3HAYEHHEM CKOPOCTH
BETpa B JJAHHOW MECTHOCTH, a TAK)KE C PACUETHOM CKOPOCTHIO, MPUHUMAEMOW ISl
npoektupoBanus BOY (1 =10 — 12 m/c).

2. Tlomp3ysach MOCTpOCHHOM 3aBUcUMOCThIO P @, =fu), omnpeaeauThb
3HAUEHHUE CKOPOCTH TPHU KOTOPOM (PYHKIUS pacmpeiesieHUsi SHEPIHMH BETpa HMEET
MaKCUMyM M CPaBHUTb €ro ¢ HauOoJyiee BEPOSTHHIM 3HAYECHUEM CKOPOCTH BETpa B
JTaHHOM MECTHOCTH.

3. Ilomp3ysick mocTpoeHHOM 3aBucuMmocthio P, = AD,-,), onpenenuThb
BEPOSITHOCTh 0KUJAHUS BETPOBOr0O MOTOKA MOITHOCTRIO 0,5; 1 1 2 kBT.

4. Tlo pe3ysbTaram IPOBEIACHHOI'O aHalU3a CHENaTh BBIBOJLI U COCTABUTH
OTYET.

KoHTponbpHBIE BONTPOCHI

1. Kakumu napaMeTpaMu XapakTepU3yeTcsl SJHEpreTuuecKkas HEHHOCTh BeTpa’?

2. Kak onpenensiercs cpeliHssi CKOPOCTh BETPa B TAHHOW MECTHOCTH?

3. Kak omnpezaenseTcss 3HEprus BETPOBOIO INOTOKA M KAaK OHA COOTHOCUTCS CO
CKOpPOCTBhIO BeTpa?

4. Kak ompeznensieTcs BEpOATHOCTh BETpa C OMPEACICHHON CKOPOCThIO B JAaHHOM
MECTHOCTH?

5. Kak onpezensieTcst MOIHOCTh BETPOBOTO IMOTOKA EAUHUYHOTO CEYEHUs?

6. UTo Takoe BETPOIHEPreTUUECKUM KaaacTp U JIJIsl YEro OH COCTaBIAETCS?

7. Kak openensieTcsi MOITHOCTh BETPOIHEPIETUUECKONU YCTAaHOBKHU?

8. Kak ompenenseTcss BEpOSTHOCTb OKHIAHHS BETPOBOIO IIOTOKA ONIPENEIICHHOU
MOITHOCTH?

2.2. JlabopaTopHas padora Ne 2 «CpaBHeHue pacnpeneenus Pajes ¢
pe3yJIbTaTaMU MeTEeOPOJIOrH4ecKuX Ha0JII0AeHui»

Llenv  pabomw: IlpoBeneHue CpaBHUTEIBLHOTO aHAJIM3a PE3yJbTaTOB
METEOPOJIOTUYECKUX H3MEPEHUN C TEOPETUUYECKOW 3aBHUCHMOCTBIO PACIpEHCIICHUS
Pones.

[IpoBenenublii B abopaTopHoil padote Ne 1 aHanu3 XapakTEpUCTUK BeTpa
COCTOSJI B MareMaTU4yecKod oO0pabOTKEe MacCuBa IKCIEPUMEHTANIbHBIX JIaHHBIX C
UCIIOJIb30BAaHUEM METOJ0B MAaTEMAaTUYECKON CTATUCTUKHU. JTOT aHAINU3 CYIIECTBEHHO
Obl ympocTuics, eciau Obl At (PYHKIMU paclpeliesieHUusi BEPOSTHOCTH CKOPOCTU
BETpa UMEIIOCh aHAJTUTUYECKOE BBIpaXKEHUE, COOTBETCTBYIOIIIEE
AKCIIEPUMEHTAJILHBIM JaHHBIM. B 3TOM ciydae, BO-NIEPBBIX, PE3KO Obl COKPATUIIOCH
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HEOOXOMMOE KOJIMYECTBO M3MEPEHMI CKOPOCTH BETpa, BO-BTOPHIX, MOSBUIACH OBI
BO3MOXHOCTh AHAJIMTUYECKOI'O PACUETa XapaKTEPUCTHUK BETPOYCTAHOBOK.

1. Onucanve METOAUKN TPOBEICHUS aHAIU3A

Jnst mpoBeneHus aHanu3a — (QYHKIUM pACTpeNeeHHs] CKOPOCTH BETpa,
OCHOBAHHOW Ha SKCIEPUMEHTAJIbHBIX METEOPOJIOTMUECKUX JIaHHBIX, Tpedyercs
CPaBHUTH AKCIIEPUMEHTAJIbHbIE 3aBUCUMOCTH, MOJy4YEHHBIE B J1abopaTopHOM paboTe
Ne 1 ¢ Teopernueckum pacnpenenenuemM Pases.

[Topsinok aHanu3a cienyromuii [6].

1. Jlns pacnpenenenus Panes cripaBeayiuBo paBEHCTBO

Do = exp[(—w4)- w/ u)*, (2.5)

rae @, — BEPOATHOCTH IOSBJICHUS BETPa CO CKOPOCTHIO u, M/C, OOJbIICH

HEKOTOPOU 3aJJaHHON CKOPOCTHU U, M/C; # — CpeJIHEE 3HaUE€HUE CKOPOCTHU, M/C.
Crnenyet, 3a1aBasich 3HAYEHUSIMH CKOPOCTH u’, M/C, U3 AMANa30Ha pealbHbIX

CKOpPOCTEH BeTpa M HCHOJB3Ys CpeHee 3HAYeHHUE CKOPOCTH U, M/C, TIOJyYeHHOE B
naboparopHoii pabote Ne 1, MOCTPOUTH TEOPETUUECKYIO 3aBUCUMOCTH 1O (hopMyIie
(2.5.). PesynbTaTel 3aHeCTH B TAOIMILY 2.2.

OTHOCHUTENbHAS MOTPEITHOCTH ONPEACIIECTCS KaK

0= (@u>u”reop - cDu>u’ 3Kcn) / (pu>u’Te0p' 100%. (26)

2. Jns pacupenenienus Paniest cripaBe1JiuBO paBEHCTBO

()3 =124u. 2.7)

CrenyeTr mpoOBEpHUTHh €ro, MOJCTaBUB CpPEAHEE 3HAUYCHHE CKOPOCTH BETpa B
dbopmyiy (2.7), mosrydeHHOE B MIpeAbIAyIIeH JabopaTopHOil paboTe.

3. Jna pacnpeneneHus  Poames  cnpaBemMBO - YTBEPKIEHHE,  YTO
BEPOSITHOCTh CKOPOCTH P, MaKCUMaJIbHA MPU 3HAYEHUHU CKOPOCTH

u=Q2/m)"* u=08u. (2.8)

Crnenyer ompeneinuTh CKOPOCTh, NMPU KOTOPOH BEPOSATHOCTH MaKCHUMajbHa,
MOJCTAaBUB CpEeJHEe 3HAYeHHWE CKOPOCTH BETpa, IIOJYYCHHOE B TMPEIBIIYIICH
naboparopHoii pabore B popmyny (2.8). IlorpemHocTs onpenensercss aHaJIOTHYHO
(2.6).

4. Jlna pacupenenenus Panes cnpaBeniuBO yTBEPXKACHHE, YTO (YHKIIHS
@,-u’ MaKCHMasbHa [P 3HAYCHHH CKOPOCTH

u=202m"* u=16u. (2.9)

3
Cnegyer mnoOCTpOUTh 3aBUCUMOCTh @D,-u” = f(u), UCHOJB3Yys 3HAYECHUS
CKOPOCTH BETpa B JIMANA30HE PEAbHbIX 3HAUYECHUU M MPOBEPUTH 3TO YTBEPKACHHE,
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MOJICTAaBUB Cpe/lHEe 3HAuYeHHE CKOPOCTH BeTpa B Qopmyny (2.9), moiayueHHOE B
npenpaynen gsadoparopHoii padore. IlorpenHocts onpenensercs aHaaorudHo (2.6).
Pe3ynbTaThl pacueToB 3aHeCTH B Ta0IuIy 2.2.

Ta0muna 2.2

ITpoTokoi u3MepEeHn U pacyeToB

u,m/c | @, (3kcn.) | D, (teop.) |0, % g D,-,,- ©, % g @, B, % nis D, u’

2. AHanu3 NoJy4YeHHbIX PE3YJIbTATOB

1. Ilonw3ysicb MNOCTPOCHHOM B Mpenpiaylie JrabopaTopHoil paboTe
3aBUCUMOCTBIO  @D,~, =f(u), HEOOXOAUMO CpaBHUThH €€ C TEOPETHUYECKOM
3aBUCUMOCTBIO D,~,, pacCUUTaHHOM TI0 popmyie (2.5).

2. ITlonp3ysich MOCTPOEHHOM 3aBUCUMOCTBIO @D, =f(u), SKCHEPUMEHTAIBHO
MOJIYYCHHOE 3HAYCHHE HamOoJiee BEPOSTHON CKOPOCTH, MPU KOTOPOH (GyHKIUS
pacrpeneneHus CKOpPOCTH BETpa MMEET MaKCHUMYM, CPaBHUTh C TEOPETUUECKUM,
paccuuTaHHbIM 10 popmyre (2.8).

3. Tlo moctpoeHHo 3aBHCHMOCTH @, -1 = f{u) ONPENETHTh MAKCUMAIIBHOE
3HaUeHUE (PYHKIHUU U CPaBHUTH €r0 C TEOPETUYECKU OMPEACIICHHBIM 3HAUYCHUEM
ckopocTu 1o dopmyiie (2.9).

4. Tlo pe3ynpTaTaM MPOBEACHHOTO aHAJIW3a CAEJIAaTh BBIBOJbBI U COCTABUTH
OTYeT.

KOHTpOJIBHBIe BOIIPOCHI

5. Kakue pyHKIMu pacnpeenenus ciy4aitHol BeIUYUHBI Bbl 3HaeTE?

2. Kakasa ¢yHkuus pacnpeseseHuss HanOojiee TOYHO OINUCBIBAET pacIpelieieHHe
CKOpOCTH BeTpa?

6. Kak onpenensiercs BEpOSTHOCTHOE paclpeieI€eHUe CKOPOCTH BETPOBOr0O NOTOKA?
7. Kakue kagacTpoBble XapaKT€pUCTUKHU Bbl 3HAaeTE?

8. Kak M0oxHO ompeienTuTh pa3dpoc CKOPOCTEH OKOJIO CPETHETO 3HAUCHHS ?

9. Uro noka3eiBaroT 3akoHOMepHOCTH [lomopuieBa u ['yinena?

7. Kak openensieTcss JIUTENBHOCTD ITPOCTOSI BETPOIHEPTETUUECKON YCTAHOBKU ?

8. Kakue nuHuM Ha3bIBAIOT M30TIJIETAMM ?
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2.3. JlaGopatopHas padora Ne 3 «3mepeHne napaMmeTpoB BOJbI,
HArpeBaeMoil B KOJLJIEKTOPE, M ompe/ieeHne 00J1y4eHHOCTH KOJLUIEKTOPa»

Llenv pabomur 1lpoBeneHne M3MEPEHUI MMapaMETPOB BOJbI B KOJUIEKTOPE U
orpeseseHrue 00JIy4eHHOCTH IIJIOCKOCTH KOJIJIEKTOpa

CoOJHEYHBIN KOJUIEKTOP — YCTPOMCTBO, KOTOPOE CIY>KUT JJI1 HarpeBa BOJbI
IOTOKOM COJIHEYHOM dJHepruu. (COJNHEYHBIA TEIUIOBOM KOJUIEKTOP BKIIFOYAET
IPO3payHyI0 MaHEeNb, TEIUIOMOTIIONIAOIIYIO MTaHelb, HA0OP CTEKIITHHBIX TPYOOK IS
AKUJKOCTHOTO TEIIOHOCUTENS, TEIUIOU30JALMOHHBIN c10il COJIHEUHbIE KOJIEKTOPbI
HAIIUIA ITUPOKOE MTpuMeHeHne B TersiocHadxkennn u ['BC Bo MHOTHX cTpaHax.

3. (Cxema yCcTaHOBKH

T A 1 — KopITyC KOJUIEKTOpAa,
2 — BXOJI BOJIbI B KOJJIEKTOP;
3 3 — TpyOKwu;
T 4 — BBIXOJI BOJIBI U3 KOJJIEKTOPA;
NN ONF 5 — TepMomeTp;
Y 6 — MEH3YpKa.

2. OnucaHue METOOUKU W3MEPEHUH U PACUETOB

st ompeneneHust OOTYYEHHOCTH IOBEPXHOCTHU COJHEYHOTO KOJUJIEKTOpa
HY>)KHO TMPOU3BECTM H3MEPEHHsI pacxoJa WU IapaMeTpoB BOAbl B KOJUJIEKTOPE,
TEMIIEPATYPY BO3AyXa U IOBEPXHOCTH KOJUIEKTOpA M COCTAaBUTh YpPaBHEHUE
TEIJI0OBOro OanaHca.

[Topsinok npoBeaeHUsT U3MEpPEHUN U 00pabOTKH Pe3yIbTaTOB U3MEPEHUM

1. OrperymupoBaTh pacxod Boabl L, M’/c. I3MEpUTh PacxXoX ¢ MOMOLIBIO
MeH3YpKU. Pe3ynbTaTel u3mMepeHuit 3aHocsTcs B Tadnuiry 2.3.

2. Bxmrounte samny. Ilomoxnars, mnoka TtemmepaTrypa IIOBEPXHOCTHU
kosuiekropa 7,, K u Boae! 7, K, crabunuzupyercsi.

3. Omnpenenutb TeMieparypy OKpyxatomed cpensl 7,., K, moBepxHocTn
KOJUJIEKTOpA U BOJIbI (Ha BXOJE B KOJUIEKTOP U HA BBIXOJI€ U3 KOJIJIEKTOPA).

4. YpaBHEeHHE TEIUIOBOTO OallaHCa KOJUIEKTOpa 3aKcaTh B BUE
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k At ol =(T,~T,.)/R,)=Lpe(T, ~T,), (2.10)

rie ky— Ko3(pPHULUUEHT epexoaa COIHEUYHON YHEPruM, IPUHUMAETCSI PaBHBIM
0,85; A — IIOIIAb OCBEIIAEMOIT TTOBEPXHOCTU KOIIEKTOPA, M; Tyos — KOIDDHIHEHT
OPOIYCKAHUSI COJHEYHOrO M3JIY4YEHHUs MPO3PauyHbIM MOKPBITHEM, TPUHUMAETCA
paBHbIM 0,9 11 OOMHApPHOIO CTEKISIHHOTO NOKphITHA, 0,8 — 1 ABOMHOIO
CTEKJISIHHOTO MOKpbITUS, 0,81 — 111 CENeKTHBHOIO CTEeKNa; o — KOIPPHUIMEHT
NOTJIOIIEHNS IIPUEMHOM ITOBEPXHOCTBIO KOJUIEKTOPA COJHEYHOrO W3JIy4EHMS,
npuHUMaeTcss paBHbIM 0,9 Uit OAMHAPHOIO CTEKISHHOTO MOKpbITHA, 0,9 — i

JBOMHOTO  CTEKJISHHOrOo moKpbiThs, 0,81 — 118  CEJeKTUBHOTO  CTEKIIA;
2

I — 001y4eHHOCTh TTOBEPXHOCTH COJHEYHOTrO KoJekTtopa, Bt/m”; T, — Temmneparypa

IIPUEMHOM TIOBEPXHOCTU Koiuiekropa, K; 7,. — Temmeparypa OKpYKarollero

BO31yXa, K; R, — TepMHUYECKOE CONPOTUBIIEHUE IPUEMHOM ITOBEPXHOCTH KOJIJIIEKTOPA,
JUIS THIIAYHBIX KOJLIEKTOPOB MOYHO TIPHHSTH paBHEIM 0,13 M”-K/BT 115 01MHAPHOTO
crekia, 0,22 M K/Bt — st JIByXCJOWHOro crekna, 0,4 M- K/BT — Jis CeJIEKTUBHOTO
crekia; T, — KOHeuHas Temrieparypa Boasl, K; 7, — HayanbHas temneparypa Boasl, K;
p — IUIOTHOCTH BOABI, paBHas 1000 Kr/M’; ¢ — TEMIOEMKOCTh BOAbI, paBHas 4200
Jlx/kr-K; L — o0beMHBIN pacxoj BOJBL, M/c.

5. Belpasuth 06myueHHOCTh [, BT/M°, M3 ypaBHEHHs TEIUIOBOro GamaHca
Kosiekropa. OnpenenuTs ee 3HaueHue. Pe3ynbrar pacueToB 3aHOCUTCS B Tabnuiy 1.

6. H3meHuts pacxona BOAbI L, M/c, | MOBTOPUTH MyHKTHI 1 — 5. IlocTpouTh
3aBUCUMOCTh T, = f(L).

Pesynbrarel u3amepenuit 3aHocsATCs B Ta0uILy 2.3.

Tabnuma 2.3.
ITIpoToKoJI U3MEPEHUN U PACUETOB
2
Tross C 7,., C 7., °C T, °C L,vm/c | I,Br/m
3. AHQJIN3 NTOJIyYEHHBIX PE3yJIbTaTOB
1. Tlomb3ysick MOCTPOEHHOW 3aBUCUMOCThIO 7T, = f(L) omnpenenursb

OIITUMAJIBHOC 3HAYUCHUC PACX0da BOAbI AJIA HYKI OTOINNICHUA U I'BC.
2. Ilo pe3yiibTaTaM IMPOBCACHHOI'O aHAJIM3a CACIIATH BBIBOJAbBI U COCTABUTH
OTHYCT.

KonTposbHbIE BOIIPOCHI

1. Kaknumu nmapameTpamu XxapakTepusyercs padoTa COJIHEUHOTO KOJUIEKTopa?
2. Kak onpenensiercss pacxoj BOJbI B COJIHEYHOM KOJUIEKTOpE?

18



3. Kak omnpenensiercs TemnepaTypa BOJibl Ha BBIXOJI€ U3 COJIHEUHOTO KOJIEKTOpa?

4. Kak onpenensieTcsi 00Jy9eHHOCTh TTIOBEPXHOCTH COTHEYHOTO KOJIIEKTOpa?

5. Kak omnpenensiercss HeoOXoAaumasi MPOEKTHAsI TEIJIOBask MOIIHOCTb COJHEYHOIO
KOJIJIEKTOpa?

6. UeM 00ycCIOBIIEHBI XapaKTEPUCTUKU COJTHEYHOTO KOJIEKTOpa?

7. Kak Bnusier pacxoja BOAbl Ha TEeMIEpaTypy BOJAbI Ha BBIXOJE M3 COJIHEYHOIO
KOJIJIEKTOpa?

8. Kak omnpezensercs Heo0XxoiuMast IJI0MIAb COTHEYHOTO KOJUIeKTopa?

2.4. JladopatopHasi padora Ne 4 «HMcciienoBanne BO3MOKHOCTH MOJTYyYeHUSA
sneprum II9C B 3a;mBax u ICTyapusix»

Llenv pabomwvr O3HAKOMIIEHHE C METOAMKOM OIPENEIICHUS BO3MOXKHOIO
pe30HaHCa B 3aJUBE M CHOCOOOM OIPENEICHHMs MAaKCHUMalIbHO BO3MOKHOM
CHUMAEMOM MOILHOCTH MPWJIMBHON 3MEKTPOCTAHLIUU 32 OJUH IUKJ IPUIIUB-OTIHB.

AHanu3 PE30HAHCHBIX YCIOBUM JOCTATOYHO CJOXKEH M3-32 MOCTOSTHHO
MEHSIOIIEHCST TOMOJIOTHY JTHA U OeperoBoy JIMHUU 3aJIUBOB U 3cTyapueB. [loaTomy
371€Ch TPOU3BOAUTCS BCEro JIMIIb MNPUKUAOYHBIA pacuer. llpm  moaxoadmmx
YCJIOBUSIX BBICOTA MPUJIMBA MOXKET ycuiauBaTbes 10 10 M. ManonpuroaHeIMu Jist
pazmetienusa [19C cuuTaroTcs 3aJIMBBI U 3CTyapuHu, BHICOTA MPHJIMBA B KOTOPBIX HE
npeBbimaer 2 M. Ho He3aBHCMMO OT 3TOro BO BCeX clydasx TpeOyercs
TIIATEJIbHBIA aHAJIU3 MECTHBIX YCIIOBHUU.

1. Onucanve METOJIUKU U3MEPEHUN U PACUETOB

1. ITo xapTaM, BBIJaHHBIM TIPEIOIaBaTEIeM KaKIOMY CTYACHTY, C TIOMOIIBIO
MacIITaOHOW JTMHEHKN OMpeeNsioTcsa MIyOruHa 3amuBa A, M; JIJIMHA MPOTSKEHHOCTH
3aiMBa BIIyOb MAaTepUKOBOM 30HBI L, M; IJIOMIaJh BO3MOXKHOTO MPHJIMBHOTO
Gacceitta S, M”. Pe3y/bTaThl H3MEPEHHIT 3aHOCSTCS B TAONHILY.

2. Onpegensercst CKOPOCTh ABUKEHUSI TPUIMBHON BOJIHBI ¢, M/C
b
c=(gh)*,
2
I7ie g — YCKOPEHHUE CUJIBI TSHKECTH, paBHOE 9,81 M/c”.

3. U3 ycnoBus BO3HUKHOBeHUs pe3oHaHca (1.7 — 1.11) B 3amnuBe
ONpENEIAETCs, €CTh JIU COOTBETCTBYIOIIME YCIOBUS B JAHHOM 3aJIUBE

j=4L/(c-45000) @2.11)

rJe j — HEYETHOE IIEJIOE.
3HaueHue j 3aHecTH B Ta0auny 2.4.
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4. OmpenensieTcsi MAaKCUMAaJIbHO BO3MOXKHAsI MOITHOCTh P, B OJHOM IIHKJIC
[I9C (npunus-otiaus), Bt

P=pgS-R?, (2.12)

3 . .
rjie p — IUIOTHOCTh BOJABI, KI/M'; R — mepenaja ypoBHEH, NMPUHUMAEMBIM MpH
HEYETHOM, 1IeJIOM j — 6 M, IpU HEYETHOM, C IPOOHOM YacThio — 3 M.

PesynbTaT 3anecTu B TabnuIty 2.4.

Ta0muna 2.4

[IpoToKOII N3MEPEHUN U PE3YIBTATOB

2 .
MectopacmnonoxeHue L, M h, M S, M ¢, M/C Jj R,m | P,Br
3aJIMBa

2. AHanu3 MOJYYEHHBIX PE3yIbTaTOB

1. ITonb3ysich MOJIyYEHHBIMU pE3yJIbTaTaMU MPOBEAUTE aHAIN3 BO3MOKHOCTH
ctpoutenbeTBa [19C B paccmaTpuBaemMoMm 3auBe.

2. Ilo pesysbraTaM MNPOBEACHHOIO AaHANIW3a CHENATh BBIBOJBI U COCTAaBUTh
OTYET.

KoHTponbHBIE BONTPOCHI

. Kakue ycnoBusi cnocoOCTBYIOT YCUJICHUIO MPUIIMBA B 3AJIMBAX U ACTYapUsIX peK?
. Kak onpenensiercst ckopocTh NPUIMBHON BOJHBI?

. Kak onpegnensiercst MakcuManbHO NOJydaeMasi MOIIHOCTh B 0JiHOM Itukiie [19C?
. UeMy paBeH nepuo/] BEIHYKICHHBIX KOJIeOaHWii MpuiInBa B Mope?

. UeMy paBeH nepro]; COOCTBEHHbBIX KOJIEOAHUI MPUIIMBA B 3aUBE?

. UeMy criocoOCTBYET MPUMEHEHHE HACOCHOTO peknma arperaroB Ha [19C?

. Uemy criocoOcTBYeT npuMeHeHne MHorooacceinoi cxemol [19C

. Kakuune typOunsl npumenstot Ha [19C?

01N N K~ W~
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