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BBEJIEHUE

[Tpu CYILECTBYIOLIEM YpOBHE HAyYHO-TEXHUYECKOIO nporpecca
HHEPronoTpedieHne MOXKET OBbITh MOKPBHITO JIMIIb 3a CYET HMCHOJIb30BaHUs
OpraHM4ecKuX TOIUIMB (yrosib, He(Thb, ra3), TUAPOIHEPTUU U ATOMHOW SHEPIHUM HaA
OCHOBE TEIUIOBBIX HEWUTpoHOB. OJHAKO, MO pe3yJbTaTaM MHOTOYUCICHHBIX
UCCIIEOBAaHUN oOpranudeckoe TOmmBO K 2020 r. MOXKET yJOOBJIETBOPUTH 3aIPOCHI
MHUPOBOW SHEPreTUKHU TOJIBKO YacTHYHO. OcCTanbHAasl 4acTh SHEPrONOTPEOHOCTH MOMKET
OBITh YAOBJIETBOPEHA 3a CYET JIPYTUX HCTOYHUKOB DHEPrUU — HETPAJULMOHHBIX U
BO300HOBJIIEMbIX.

HerpanuunoHnHbie BO30OHOBISIEMbIE UCTOUYHUKH DHEPTUU — HTO HUCTOYHUKU Ha
OCHOBE MOCTOSIHHO CYIIECTBYIOIIUX UM MEPUOJIMYECKH BO3HUKAIOUIUX B OKpYKaroen
cpelne TMOTOKOB »Hepruu. K HMCTOYHMKAM Takoro poja OTHOCSTCS BETEp, COJIHIIE,
JBUKYILMECS BOJHBIE MACcChl, FeOTepMalibHbIE BOJBI U JIP.

B Hacrosiiee BpeMs CTaHOBHUTCS aKTyallbHbIM NPUMEHEHHE BO300HOBISEMBIX
UCTOYHUKOB 3JIEKTPUYECKON M TEIIOBOM IHEPruu KaK B MPOU3BOJACTBE, TaK U B OBITY.
OT0 CBS3aHO ¢ MpoOJIeMamMu JOCTAaBKM M 3KOHOMHUHU TOIUIMBA, 3JIEKTPOOOECHICUEHUS
palloHOB C HEPA3BUTON IEHTPAIU30BAHHON CEThI0O M HEOOXOJWMOCTBHIO YIy4IlIEHUS
oOmiet skonornyeckor oOctaHoBkU. CyiiecTBylOT M 0osiee MPOCTbie MPOOJIEMBbI —
oOecrieyeHue MUTaHUS 0a30BBIX COTOBBIX CTAHIMN B TOPHBIX, MYCTHIHHBIX U CEBEPHBIX
PErMOHax, MEKTPOIUTAHNUE JIOMOB U IIOCEIKOB, yAaJeHHbIX OoT JIOII, reomornyeckux
SKCHEAMLNNA, NacTOMIl M APYTUX CEIbCKOXO3SWCTBEHHBIX OOBEKTOB, OTHAJIEHHBIX
O00BEKTOB BOEHHOT'O U TPakKJaHCKOTO Ha3HAYEHHUS U MHOTHUX JPYIMX. DTH BOIPOCHI B
psAfe CiIydaeB MOYKHO YCIEIIHO PEUIUTh C IOMOIIBI0 HETPAJULMOHHBIX HCTOYHHKOB
MaJIOH MOIITHOCTH.



I. IPEOBPA3OBAHUE U UCIIOJb30BAHUE COJTHEYHOH DHEPTUU

1.1. MeToauka pacyera GoT03JIEeKTPUIECKUXCUCTEM

Bce ¢doroanektpuueckue cucrembl (OOC) MOXHO pa3fenuTb Ha JBa TUIMA!
aBTOHOMHBIC U COSAMHEHHBIE C ANEKTPUIECKOM ceThio. CTaHIIMKM BTOPOTO TUMA OTAAIOT
W3THUIIKA JHEPTHMH B CETh, KOTOpas CIYKUT PE3EPBOM B Cllydae BO3HUKHOBEHHS
BHYTPEHHETO Je(pUIInTa YSHEPTHUH.

ABTOHOMHas cuctema (puc. 1) B o0mieM ciiydae COCTOMT M3 Habopa COJIHEUHBIX
MOJyJiel, pa3MEIIeHHBIX Ha KpbIle, akKyMymnaTopHoi Oarapen (AbB), koHTposepa
paspsima — 3apsga  aKKyMyJaTopa, COSJUHHUTENbHBIX Kabeneit. Jlns momyueHus
NEPEMEHHOTO HANPSDKEHUS K KOMIUICKTY J00aBIsIeTCs HWHBEPTOP-TIpeoOpa3oBaTeib
TIOCTOSTHHOTO HANPsDKEHUS B TIEPEMEHHOE.

A 4

Konrpoanep WuBeprop —————>
Cb 3apsiaa-paspsaa [ToTpeburenu
AB IIEPEMEHHOTO TOKa
A -
v [ToTpeburenu

IIOCTOSHHOI'O TOKa

Ab

Puc. 1. CrpyktypHas cxeMa aBTOHOMHOU DPIC

[Tox pacuerom ®OC nmoHUMAETCS ONpeIeICHUE HOMUHAILHON MOIITHOCTA MOJTYJICH,
UX KOJIMYECTBA, CXEMbI COCIIMHCHHS, BBHIOOP THUIIA, YCIIOBUM SKCIUTyaTalldd U €MKOCTH
AB; MoIHOCTEH HHBEPTOpa M KOHTPOJLIEpa 3apsjia-pas3psaa; onpeIecHue mapaMmeTpoB
COETMHUTEILHBIX KaOeeii.

OnpeneneHne HOMUHAIBHOW MOUTHOCTH COJTHEYHBIX MOAYJICH.

HeoOxonumo BHavane ompeneiauTh CyMMapHyH (pacdeTHYI0) MOIIHOCTh BCEX
MOTpeOUTENEH, MOIKII0YaeMbIX OJTHOBPEMEHHO. JTa MOITHOCTh YKa3aHa B MAacIoOpTax
15631 (017078

KonunuectBo notpediisiemoii s3neprun W(kBT1-4) B TeueHue BpeMeHu 7onpeaensiercs

W =PpaciT, (1.1)

rae Ppac,— pacdeTHas MOIIHOCTD HArpy3KH, KBT.

CuuTaeTcsi, 9TO DJIEKTPOCHAOKEHHE 3a CYET COJIHEYHOW HIHEPTUU IKOHOMHUYECKHU
1eaecoo0pa3Ho MpHu CYTOYHOM dHEPronoTpedieann 10 4 kBT 4.

PacueTHast MOIIHOCTE HArPy3KH Ppucy, ONPEAEIAECTCS CTATUCTUYECKUM METO/IOM.



[lo sTOMy METONly pacueTHYIO Harpy3Ky I'pyIIlbl IPUEMHUKOB ONPEIEISIOT JABYMS
MHTErpajJbHBIMU TIOKA3aTEIsIMU: TEeHEepalbHOM cpeaHeil Harpy3kod (P.) (kBt) wu
reHepaJbHbIM CPEIHEKBAIPATUYHBIM OTKJIOHEHUEM (G ) U3 YPAaBHEHHUS:

Ppacw = Pc —I—BG: (1-2)

rae 3 —cratuyeckuid KoaPUIMEHT, 3aBUCAILIUNA OT 3aKOHA pacipeieICHUs] UITPUHITON
BEPOSATHOCTH TIPEBBINIEHUs 1o Tpaduky Harpysku P€ or yposHs P.0-—

CPEAHEKBAAPATUYHOE OTKIOHEHUE JIJISl IPUHATOrO MHTEPBaia OCPEIHEHHUS.
CpenHekBapaTUYHOE OTKJIOHEHUE [UJIsi TPYNIOBOro rpaduka ONpeaessioT 1o

dbopmyre:

O =7Dp =\ Do~ P2, (1.3)
rac Pcp,,(g— aAKTHUBHAsA CpCI[HeKBaI[paTI/I‘lHaSI MOIJ_[HOCTB, KBT.
CpeI[HeKBaI[paTI/I‘IHOC 3HAUYCHUC aKTHBHOﬁ MOIIHOCTHU OTACJIIBHOTO

anekTponpuemMuuka (IO11) 3a paccMaTpuBaeMbIii IPOMEKYTOK BPEMEHH OIPEICIIICTCS
nodopmyiie:

p cp.K6 = (1 4)
IJI€ Pep.xs— CPEAHEKBAAPATUYHOE 3HAYEHUE aKTUBHOM MOLTHOCTH 3JIEKTPOIPUEMHHUKA,
kBT; p/— akTHBHas MOIIHOCTB, moTpebsieMas D1 3a paccmaTpuBaeMblii MPOMEKYTOK
BpeMeHHU f;(onpeensieTcs U3 rpaduka Harpy3K M0 aKTUBHOM MOITHOCTH), KBT; #—
MHTEPBAJl BPEMEHHM 3a KOTOPBIIl ONpENEeNsieTcs p;, MUH., Y.

CratucTuyeckuid METOJl TMO3BOJISIET OMNpPEAENATh PACUETHYIO HArpy3Ky C JH00Oi
NPUHSATON BEPOSTHOCTBHIO €€ MOSBICHUS. B mpakTrueckux
pacuerax BIOJHE JOCTaTOYHO TMPUHATH BEPOATHOCTD
IIPEBBILICHUS PACUETHON HArpy3ku ot cpeanet Ha 0,5 %,

YTOCOOTBETCTBYET [3 = 2,5 ,Torna:
Pyocy =PA2,50 (1.5)
[To wm3BeCTHOW MOIIMHOCTH HArpy3KH BBIOHMpaETCs
MOIIHOCTb HMHBEpPTOpa, KOTOpas C Y4YETOM TOTEPh B
WHBEpTOpE JAOHKHA ObITh HE MeHee ueM Ha 25%  OodbIie
pac4YeTHOW MOIIHOCTH, T.€.,

. Pqu Z 1,25Ppacq. (1.6)
Puc. 2. Buemnuii Uz HoMuHANBHBIA psa MoIHOCcTeld uHBEpTOpoB 150, 300,
WHBCPTOpA 500, 800, 1500, 2500, 5000 Bt. /11 MOIIIHBIX CTAaHIUK

(0onee 1 kBt) HanpsikeHne cTaHUIMK BRIOMPAETCS HE MEHEe
48 B, T.K. Ha OOJIBIINX MOIIHOCTSIX HHBEPTOPHI JTyUllle padoTar0T C 00JIee BHICOKUX
HCXOJIHBIX HAIMPSIAKCHUH.



OnpeneneHne eMKOCTH aKKyMYJISITOPHOU OaTapeu.

Emkocth akkymynsatopHoit Oatapen (AB) BbeiOMpaeTcs W3 CTaHIAPTHOTO psija
€MKOCTEH C OKpYTJEHHEM B CTOPOHY, OOJbIyl0 pacueTHo. PacuetHass emxocth Ab
(A-4) onpeaensiercs no hopmyiie:

w
Crier = T, 5 (1.7)

rae W— konumdectBo notpednaeHHo sueprun (Bt-u); Uys— Hanpsixenue Ab; 6 —
nomnyctumas rryouHa paspsna Ab.

[Ipu pacuere emkocth AB B MOJHOCTBIO ABTOHOMHOM pPEXHME HEOOXOIUMO
NpUHUMATh BO BHUMAaHHME U HAJIUYMUE TACMYPHBIX JIHEH, B TEUEHHE KOTOPBIX
AKKyMYJISITOp JIOJDKEH oOecnieunBaTh paboTy moTpeOuTeneil. 3a MakCUMallbHOE YHUCIIO
MOCJIE/IOBATENIbHBIX «JIHEW 0€3 COJHIa» MOXHO MPUHATH YCTAaHOBJIEHHOE KOJIMYECTBO
JHEH, B TeueHue KoTopbix Ab OyJeT nuTath Harpy3Ky caMoCTOsATEIbHO 0€3 moa3apsijaa.

Ot riyOunbl pa3psga Ab 6 3aBUCUT CpOK CITy:KObl aKKyMYJIsITOpHON OaTapeu. Yem
6omnbiie 8, Tem Obictpee Ab BbIiAYT U3 cTpos. PekomeHnyeMoe 3HaueHUE TITyOUHBI
paspsana 20% (ue 6omee 30%). DTO 3HAYUT, YTO BO3MOXKHO Hcmoyib3oBaHue 20% oOT
3HaueHUs HOMUHaNBHOM eMkocTu AB. Hu npu kakux o0crositenbcTBax paspsia 0arapen
He nospkeH npesbimiath 80%. Bpemst noiaHoro paspsana 7y, 6atapen eMkocTbio Cyp 1O
BO3/ICHCTBUEM Harpy3Kd MOIIHOCTBIO P MOXHO omnpenenuThb

T CAE : 8)5
pasp T . (18)

EMKOCTh akKyMYJISITOPHOW OaTtaped 3aBUCUT TaK)Ke€ OT TEMIIEpPaTypbl OKpY KaroIen
cpenpl. YMEHBIICHHE €eMKOCTH Ab mnpu MOHWKEHWH TeMIlepaTypbl YYHTHIBAET
TeMIepaTypHbIid kKoddduimeHT K., 3HaUeHHUsI KOTOporo Oepyrcs u3 rpaduka (puc. 3).

O6mast TpedyeMasi eMKOCTh aKKYMYJISITOPHOM Oatapen

CAEZCpva’KC. (1.9)

Bri6op cevenus kadesns.
2T T T T T T T [To xabensiM, COETUHSIONMIUM WHBEPTOP H
' aKKyMYJISITOpDHBIE OaTaped, MPOTEKAeT OYCHBb
oonpmioii  TOok.  [loaToMy — HeoOxoauMo
MPAaBWIBHO BHIOpATh CeUeHHE Kabens MCXOMs
U3 MaKCHMaJIbHBIX TOKOB, KOTOPBIE MOXKET
nOTPEOISITH HHBEPTOP.
04 i Jlnst  Toro  9TOOBIMHHMMH3UPOBATH
o najeHUe HaMpsHKEHUS B TPOBOAAX MEXKITY
18-12 8 4 0 4 B 12 16 20 24 28 32 36 40 T.V‘C aKKyMYJISITOpHOU OaTapeeii MMHBEPTOPOMH TEM
Prc. 3. 3ascimocts Ko= £ (T) CaMbIM  yBeNIWYUTh 3 (PEKTUBHOCTH
WCTIOJIb30BaHUS WHBEPTOpA, Kabelb OJDKEH
OBITH JOCTATOYHO TOJICTHIM M KOPOTKHM.




[Ipu BbIOOpE ceueHus Kabens IIMHOM 2 M B 3aBUCMMOCTH OT MOIIHOCTH MHBEPTOpa
Y HaIpsDKEHUSI aKKyMYJISITOPHOM OaTtapen peKoMeHayeTcs moyib3oBaThes Tadir.I1.1.3.

Jist Toro 4ToOBl paccuMTaTh HEOOXOAMMOE CEYEHHE NpPOBOJA [JIsi KOHKPETHOM
YCTAaHOBKHM, HYKHO 3HaTh MOIIHOCTb WMHBEPTOpPAa WM 3apsAHOrO YCTPOMCTBA, WU
MAaKCUMAaJbHBIA IPOTEKAOIMKA TOK Yepe3 OTU IMpoBoja. Takke HYXKXHO 3HATh
pacctosiHre oT Ab 10 MHBEpTOpa 1 HANpsKEHUE MOCTOSHHOIO TOKA B CUCTEME.

OOBIYHO OOJBIIMHCTBO CUCTEM C HampsikeHueM 12 B paboTaroT mpu HanpsyKeHUU B
nuana3zone ot 11 mo 12 B. Ho, ecnu 3T0 BO3MOXHO, HY>)KHO BBIOMpaTh KaOelb TaKUM
o0paszom, 4TOOBI MajJicHUuE HaIpPsHKEHHUS B MPOBoJax ObLIo He Ooisiee 2%, T.e. HE Oomee
0,25 B (tabm. I1.1.4).

s cuctem ¢ 24 unu 48 B nimHa kabenst MoxeT ObITh B 2 win 4 pa3a 6omblie. [[ns
Hanpspkenust 220 B nnuna moxxet ObiTh B 20 pa3 Ooblie.

Jl51st pacyeTa ceueHus MpoBoJia MOKHO TaKKe BOCIIOJIb30BATHCS (hOPMYIIOit

16
r=
I-L°

rjie 7— YACJIBbHOE CONpOTUBICHHE TpoBoaa, Om/M; AU— MakCUMaIbHO JOMYCTUMOE
najieHue HamnpsbkeHust B mpoBojie, B; /- mpomyckaeMbiii TOk, A; L— oOmias jivHa
kabess B cucteMe B MeTpax (YMHOXKHTh Ha 2 JIJIsl TIOJIOKUTEITBHOTO U OTPUIIATEIILHOTO
IPOBO/IA).

VYnenwHoe comnpoTuBieHue He A0MKHO ObiTh MeHbie 0,0024 Owm/m. Tlo Tabnuie
I1.1.5 onpenensiercss MUHUMAJIBHOE CEYEHUE MPOBOAa — 6 MM>. Uem Todtme IPOBO/I, TEM
MeHbIIIe OyaAyT MOTEepH IpH Nepeaade sHepruu oT Ab k Harpyske.

(1.10)

OmnpeneneHrue MONTHOCTH M KoandecTBa moayiner ®OC.
CoJiHeUHBIN MOYJIb BHITIOJIHEH B BHUJIE TTAHEIIH, 3aKIIOUCHHOUN B KapKac U3
amroMuHUEeBOTO npoduiis (puc. 4). [Tanens npencrapisieT cobor PoToINEKTPUUECKUI
TEHEPATOP, COCTOSIIMN U3 CTEKISIHHOM IUIUTHI, C ThBUIbHOM CTOPOHBIKOTOPOU MEXIY
JIBYMsI CJIOSIMM TE€PMETHU3UPYIOUIECH (JJaMUHUPYIOIICH ) TIJICHKH
pa3MelleHbI COJIHEYHBIE DJIEMEHTHI, AJIEKTPUUECKU
COCAMHEHHBIE MEXIy COO0OM METAUIMYCCKUMH IITHHAMH.
Huxuuii cinodl repMeTHM3UMpyIONIEH IUIEHKW 3allyIIeH OT
BHEIIHUX BO3JCHUCTBUU CJI0eM 3amUTHOW InieHKH. K
BHYTPEHHEH CTOpPOHE KOpIyca MOMIYJs TMPUKPEIUIeH OJIoK
TEPMUHAJIOB,  TIOJT  KPBIIMIKOW  KOTOPOrO  pa3MENICHBI

ANEKTPUUYECKHE KOHTAKTHI, npeaHa3HaYeHHbIE JUISt
MOAKIIOYEHHUS] MOTYJIS.
Monynu MPOU3BOISATCA u3 MICEBIOKBAIPATHBIX
Puc. 4. MOHOKPEMHHEBBIX  (DOTODIIEKTpUYECKUX  MpeoOpazoBaTenei
DOTOIIEKTPHIECKHiA (®3II), MOKPHITHIX aHTUOTPAKAIOIIUMIIOKPBITHEM. §
MOIYTb PaGouee HampsixeHue GOTOINEKTPUICCKUX MOJTYJICH OOBIYHO

12 B v 24 B.
TexHuueckne XapaKTepUCTUKH COJTHEUHBIX MOyseil mpuBeaeHsl B Tadm. I1.1.1.



@OTO3EMEHTHI 3aBOJICKOTO IPOM3BOJICTBA MMEIOT ONPEACIICHHYID HOMHHAJIBHYIO
MOIIIHOCTb, BBIPQXKEHHYIO B BaTTaxX MUKOBOM MomHoctu (Btm). DTO mokasarens ux
MaKCUMaJIbHOM MOILIHOCTH B CTaHJAPTHBIX YCIOBMSIX HCHBITAHHM, KOT/A COJIHEYHAs
paauanus OJM3Ka K CBOEMY MakcMMajbHOMY 3HaueHuio B 1000 Br/™m’, a TeMueparypa
nosepxHoctu ¢orodnementa 25 °C. Ha mnpakrtuke sxe (POTOIIEMEHTAM PEIKO
NPUXOAUTCS paboTaTh B TaKUX yclIOBUAX. OJIMH COMHEYHBIA MOAYIb B 3aBUCUMOCTHU OT
KOJMYecTBa MmiaacTuH umeeT mMouiHocTh OoT 100 go 3000 Bt. B Teuenue BbIOpaHHOTO
nepuoja BPEMEHUM MOAYJb MOIIHOCTbIO P, BbIpaOaTbIBaeT KOJUYECTBO SHEPIUH,
paBHOE

_P,-E-n
rae Wy — BeIpabOTaHHOE KOJIMYECTBO dJIeKTposHepruu, kBt-u; 1000 — makcumanbHOe
N 2
3HAYCHUE COJIHEUHON panuanuu, BT/M”; n — K03(PUIMEHT NpPOU3BOAUTEIHLHOCTH

cucrtembl (0,5 — netom u 0,7 — 3umoil); £ — 3Haue€HHE WMHCOJSAIMHU 32 BHIOPAHHBIM
NEpUOL IS 3aJaHHOU HIHpOTBI,KBT'II/MZ.
3nauenue E mis mmpoter YensOunckoit o6nactu nmpuBoasTes B Tadi. I1.1.10.
PaznenuB moTpebiisieMyto Harpy3Koi SHEpTHUI0 B TeUEHHE BBIOPAHHOTO TEPHO/Ia Ha
SHEPIHi0, BBHIPAOOTAHHYIO OJIHUM MOAYJEeM 3a J3TOT K€ TEePHOJ, OIpeaeTuM
HE0OXO0AMMOE KOJTUYECTBO MOyl (POTOIIEKTPUUECKON CUCTEMBI:

v (1.12)

2 . .

3HaueHus MOIIHOCTH COJHEYHOTro u3nyudeHus (BT/M°) m moctynaromieit comHeqHOM

2 .

sHepruu (kBt-u/mM”) B . Muacce npuBenensl B Tadi. 1.1 u 1.2 (mo nanueiM Muacckoi
METEOCTaHIIUHN ).

Tabmuma 1.1
MOIHOCTh COJTHEYHOTO U3JTYUYCHUS, Br/Mm°
Mecsn, | anpenb | Mait HIOHb HIOJTb aBryCT | CEHTSIOph | OKTSOph | HOAOPH
JeKana
1 170,72 195,59 121,96| 249,99 159,84 139,08 49,02 28,52
2 188,31 139,40 196,20 166,50 165,44 100,44 37,89 23,64
3 180,14 167,48 194,38| 243,93 73,40 77,16 52,29 15,34
cpeanee| 179,72 167,49 170,85 220,14 132,89 105,56 46,40 22,5
3amecan| 539,17 502,47 512,54| 660,42| 398,68 316,68 139,2 67,5

CymMmapHasi MOIIHOCTh 3a TIEPHOJ| C ampess MO HOSOpPh B PETHOHE COCTABISET
3136,66 kBT/M>, HOCTYILUICHHE COTHEUHOI sHEprun — 75,28 kBT-u/M.

PacueT cToUMOCTH (DOTODIEKTPUUECKON CHCTEMBL.

Croumocts ®OC aj1s1 aBTOHOMHOM CHUCTEMBI JICKTPOCHAOKEHUS CKJIAIBIBACTCS U3
CTOMMOCTH COJIHEUHBIX MOJYJIEH, aKKyMYJSTOPHOU OaTtapeu, MHBEpTOpa, KOHTpOJIIepa
3apsiga Ab u coenMHUTENbHOM apMaTyphl (IIPOBOJIA, BBIKIIOYATEIN, TPEIOXPAHUTETN U
T.IL.).




Tabauma 1.2
[TocTynnenune COJIHEYHOW YHEPIUH, kBru/m> ‘IICHb

Hexana Mecsig
anpelb Mai UIOHb WIONb | ABTYCT| CEHTAOpb| OKTA0ph| HOAOpb
1 4,10 4,69 2,93 6,00 3,84 3,34 1,18 0,68
2 4,512 3,35 4,71 3,99 3,97 2,41 0,91 0,57
3 4,32 4,02 4,66 5,86 1,76 1,85 1,25 0,37
Cpennee 4,31 4,02 4,10 5,28 3,19 2,53 1,11 0,54
3a
JeKany
Cpennee 129,4 120,6 123,0 158,5 95,7 76,0 33,4 16,2
3a Mec.

CroumocTh COJTHEYHOUW Oarapeu paBHA MPOU3BEIACHUIO KOJIMYECTBA MOJYyJEH Ha
CTOUMOCTbH OJHOT0 MOAYJisi. CTOMMOCTh MHBEPTOPA 3aBUCHUT OT €ro MOIIHOCTH M THUIIA.
CTOMMOCTh COETMHUTEIBHON apMaTypbl MOXKHO NPUHATH npuMmepHo paBHo# 0,1 — 1%
OT CTOMMOCTH CHCTEMBI.

Cpok okymnaemoctu ®@IC onpeaensiercs

T K
C8760 -£€-27Z -

(1.13)

rae K— xanurtanabHble YAenbHbIe 3aTpatbl; C— Tapud Ha’IEKTpOIHEPrHUio;Z—rOA0BbIE
AKCILTyaTalluOHHBIE 3aTpaThl; & — KodhulMeHT UCIIOJIb30BaHUSA
HOMHUHAJIbHOWMOIIIHOCTH

365 365

ZEl.‘S'kTi'?? ZEi'kTi
/4 i

1

- P, -8760 TP -S-kpy 78760 Pk 8760 0 (114

'~
]
=

3nech E— ©XeIHEBHOE 3HAUYCHHE CYTOYHOW OOJYyYeHHOCTH NP SICHOM TIOrojc B

TeueHne roxa, kBT w/M’ meHb; S— pabouasi MOBEPXHOCTh MPHUEMHHKA, M%T, — KIIJ
nmpeoOpa3oBaHusl COTHEYHOW SHEPTUM B AJICKTPHUECKYIO; k7— €XKEIHEBHOE 3HAUYCHHE
UHJEKCA SCHOCTH; KTmax— TO K€ — MAKCUMAaJbHOE 3HAYEHUE; Pmax— MaKCUMaJIbHOE
3HAYCHHE [UTOTHOCTH MOTOKA COMHEYHOTO M3TydcHHs, KBT/M”.

1.2. IIpakTHyeckoe 3ansatuel
Pacyer aBTOHOMHOM (POTOIIEKTPUUYECKON CUCTEMBI

3anaHue
1. Onpenenuth HArPy3Ky W MOTPEOIAEMYIO IHEPTHUIO JIJIS 33TAHHOTOO0OBEKTA;
2. OmnpenenuTh 3HAYCHHE HEOOXOAUMOW MOIIMHOCTH HWHBEPTOPA M EMKOCTH
aKKyMYJISITOpHOMOAaTapeu;



3. BriOpaTh ceueHre cOeJUHUTENbHBIXITPOBOIOB;

4. PaccuutaTh HEOOXOAUMOE KOJIUYECTBO (POTOIIEKTPUUECKUX MOYJIEH UCXO s
U3 TaHHBIX IO IPUXOY COJHEYHOHN pagualii B MECTE YCTAHOBKUCUCTEMBI;

5. Paccuyurtath CTOUMOCTB CUCTEMBI U CPOKOKYIIAEMOCTH.

Ilopsinok pacuera

1. U3 tabn. I1.1.2. BeIOpaTh OBITOBYIO HATPY3KY AJIS JoMa (MOUTHOCTh, KOJTUYECTBO,
YHUCJI0 YaCOB Pa0dOTHI B CYTKH, HEJIENI0), 3aHECTH B Ta01. 1.3.

CymMmapHyto MOTpeOJIIEMYI0 MOILIHOCTb M DHEPrui0 B CYTKM W 32 HEAEINIO
BBIYUCTUTH 10 Gpopmyinam 1.1,1.2

Tabmuma 1.3
Pacuer Harpy3ku nepeMeHHOTO TOKa
HaumenoBanu Ko Momno T, Te W, |47
e JI-BO CTb, Pion, m, 4 o 4 Yy €05
Bt Bru Bt

q

[TocTpouTh CyTOUHBIN rpaduK HArpy30K, onpenenuthb Pe,, Pey e, Pmax, Prin.

PacueTHyro Harpy3Ky onpeenuTb CTaTUCTUIECKUM MeTooM (popmyser 1.1 — 1.5).

I[lo pacyeTHOW MOIIHOCTHM BBIOpPaTh MOIIHOCTH HHBEpPTOpPa H MO €r0
XapaKTEPUCTUKAM OIPEIECIUTh 3HAUYEHUE BXOTHOTO HanpsixeHus Uy

2. YUucno Ammep-dacoB, Tpedyemoe i 00ecIeueHUsI Harpy3Ky MePEMEHHOT0 TOKa
onpenenseTcs mo Gopmysam:

=— (1.15)

cym ’ Heo
Uy Uy
AHaJIOTUYHBIC PACUYETHI IPOBOIATCS IS HATPY3KH TMTOCTOSIHHOTO TOKA, PE3yJIbTaThl
3aHocATCA B Ta0I. 1.4

chm . C W €0

Tadmuna 1.4
PacyeT Harpy3ku mocTOSHHOTO TOKa
HaumenoBanue Kon- | MomnoCTs, | Teym, 9 | Theo, d | Weyms Wieo,
BO Pion, BT Bty Bty

Hampsixkenue B cuctemMe MOCTOSTHHOTO TOKA BHIOMPAETCSI TAKUM K€ KaK HAIPsDKCHHE
uHBepTopa. Tpebyemas eMkocTh Ab 17151 Harpy3Ku MOCTOSSHHOTO TOKA OMPENENseTCs 110
BbINIEyKa3aHHBIM  Qopmynam. CyMMapHOe 3HA4Y€HHE EMKOCTH AaKKyMYJISITOPHOMN
Oarapeu 3aHOCUTCS B TaOm.1.5.

Tabmuma 1.5

Pacuer emxoctu Ab
Emkocts Ab, A-u B cyrku B nepento
[lepemennas Harpyska

10



[TocTrosiHHas Harpys3ka
Bcero

CyMmmapHyro CyTOUHYI0 eMKOCTh Ab ciiegyeT yMHOXKUTH HA KOJIMYECTBO JHEW N, B
TedeHue KoTopeiX Ab OyzaeT nurath Harpy3Ky camOCTOSITENbHO 0€3 moA3apsaa.

Jlanee 3amaeTcs BeaIuunHa TIIyOUHBI gomyctuMoro paspsaa (6 = 0,2...0,3) u no
rpaduky (cM. puc. 2) onpeaensercs TeMrnepaTypHbiil koapduuuent K.

ITo dhopmyne

Copp=—7 K (1.16)

omnpenenseTcs oo1as Tpedyemasi EMKOCTb aKKyMYJIITOPHOH OaTapeu, A 4.
Pa3nenuB 3T0 3HaUeHHE HA HOMUHAJIBHYIO EMKOCTh aKKyMYJISITOPa, MOIYYUM
KOJIMYECTBO aKKyMYJISITOPOB, COEAMHEHHBIX MapauieNIbHO:

m CAE

T - (1.17)

HOM
3HaueHne MOKPYTJACTCA 00 OmvkaiIero 0OJabIIETO oeJIoro.
YrtoO0nI MMOJYYUTH KOJIHNYCCTBO IIOCIICOAOBATCIIBHO COCAMHCHHBIX AKKYMYIIATOPOB,
H€O6XO}II/IMO pasacinTe HOMHUHAJIBHOC HAIIPAKCHUC ITOCTOAHHOTO TOKAa CHUCTCMbI Ha
HOMHUHAJIBHOC HAIIPSKCHUC BBI6paHHOFO AKKYyMYJIATOpa

n_ U 4
U (1.18)

HOM
OO611ee ynciIo aKKyMYJISITOPOB B 0aTapee paBHO IPOU3BEACHUIO 71 °71.
3. Bo1bop cedenusi COeIMHUTENBHBIXITPOBOIOB
3Hast pacyeTHYIO MOIITHOCTh Harpy3KH U HaIpsHKEHUE aKKyMYJISITOpHOM Oatapew,
paccuMTaTh TOK IpoBojaa, A

I=P/U. (1.19)

VYaenbHOE cOMpOTHUBIEHHE TIpoBoAa ompenensercas 1o dopmyne (1.6) s
U3BECTHOTO pAacCTOSHUS OT Harpy3ku a0 Ab (tabn. I1.1.4.) mpum MakcuMmanabHO
JOMYCTUMOM TaJICHUH HanpsokeHus2%.

MuHnuMansHOE ceueHre mpoBojia Haxoautcs mo tadm. I1.1.5.

4. Tlo Tabn. II.1.1 npumoxeHuss BBIOMPAETCS MOITHOCTH OJHOTO COJHEYHOTO
MOYJIS.

KonndectBo »HEprum, BoIpabOTAaHHON MOJyJieM B TE€UEHHE BBIOPAHHOTO IMEPHOJA
BpeMeHH, onpezensiercs no Gopmyne (1.11)

3nauenne E mst mupotsr Yensiounckoit oomact (kBr-u/m”) npusoasitest B Tabur. 1.1,

ITo dopmyne (1.12) onpenensieTcss HEOOXOIUMOE KOJIMUESCTBO MOAYJICH COTHEYHOMN
Oarapen.

5. Pacuer crouMocTu POTOANEKTPUUECKONCUCTEMBI.

11



JlaHHbIE 111 pacdyeTa CTOUMOCTU (POTORIEKTPUUECKON CUCTEMBI OepyTcsi U3 TaOJL.
1.1. Cpok okymaemoctu @IC onpenensercs mo popmyne(1.13).

VYaenbHble KanuTajdbHble 3aTpatbl KB ¢opmyne (1.13) npuHHMAarOTCS paBHBIMU
3,8...5,5 gmomn/Bt; KanurtaneHble 3aTpaThl Ha  CTPOUTEIBCTBO  COJIHEUHOU
sHeproyctaHoBkd — 1000 momnapoB Ha 1 kBT ycranoBiaeHHOW MomHOCTA. CTOMMOCTH
anekTposHeprun Cnpunumaercs paBHout 0,078 — 0,125 monmapa 3a 1 kBT-u., ronoBsie
AKCIUTYyaTallUOHHBIE PACXO/bl ZIPUHUMAIOTCS HAa OCHOBE HMEIOIIMXCS JIUTEPATYPHBIX
naHHbIX B nipenenax 20% wuau 0,2 OTHOCUTENBHBIX eIUHHUI] (0.€.);

Koaddumment wucnonb3zoBaHuss 3HEPruu paccuuThiBaercs 1o Gopmyne (1.14).
3HaueHus1 CyTO4YHOM 00sydyeHHocTH Oepytcs it 21 utoHs u 21 gexaOpsi, 3HaYeHUs
kod(dduimentoB  scHoctu: HambOosbmiee 0,7, cpegnee 0,5. MakcumanbHBIM
K03 HULMEHT TpeoOpa30BaHus COJIHEYHON SHEPIUH B JIEKTPUUECKYIO cocTaBiseT 15-
16%. KonnuecTBO COJHEYHBIX AHEW B TrOAy I 3aJaHHOTO pailoHa OMpeAenseTcs Mo
tabn.I1.1.7.

[Inomaas paboueli MOBEPXHOCTU COJIHEYHOUM OaTapen onpeaesieTcs yMHOKEHUEM
KOJIMYECTBA MOJIyJeil 71 Ha TLIOMIa b 0HOro Moxys (0,8 m).

KoHTpoabHBbIE BONIPOCHI

UTto coboit mpeactasiseT GoTodIeKTpUIecKasicucteMa?

KaxkoB cocraB HeoOxoaumoro obopyaoBanus ;issd®IC?

ITo xakuM mapameTpaMm BbIOMPAETCS MOITHOCTE (POTOITEKTPUICCKUXMOYIICH?
JlaTe omnpeiesieHHe TTOHATHIO «MOITHOCTh COTHEYHOTOU3ITYUCHUS.

Kaxk paccuuTtaTh 1 BBIOpaTh EMKOCTh aKKyMYJISITOpHOMOAaTapen?

OT 4ero 3aBUCUT CTOUMOCTH (POTOITEKTPUIECKONCHUCTEMBI?

SN e

1.3. IlpakTHueckoe 3anATHE 2
Pacuer reiuo3HepreTu4eCKOM yCTaHOBKH

3anaHue

1. PaccuuTaTh CyMMapHyI0 COTHEUHYIO PaAHaIMIoO B CPEHEM 32 JCHb JAHHOTO
Mecsna.

2. Paccuntath THEBHYIO YIAEIBHYIO TEILUIONPOU3BOIUTEIBHOCTD I€TMOYCTAHOBKU
B 1— M MecsIIe.

3. Paccunrtath yIEIbHYIO MECSIYHYIO TEIJIONPOU3BOAUTEIBLHOCTD
reJIMOYCTaHOBKHU.

4. Onpenennts NOTPeOHOE KOJIMYECTBO SHEPTUU ISl HArpeBa BObI BMECHLI.

S. Onpenennts HEOOXOAUMYIO IJIOIIA/b TeITMOYCTAHOBKH Bi— MMECALEN
BBIOpATh MyOIMpyromeeo00py1oBaHue.

6. [Ipon3BecTn OIEHKY DHEPreTHYECKUX MOKA3aTEIEd CUCTEMBI TOPSYErO
BOJIOCHA0KEHUSI.

12



7. Ouenutp SKOHOMHYECKYIO 3} (HEKTUBHOCTD WCIIOJIb30BAHUS
reJIN0YCTaHOBOK.

Ilopsinok pacuera

2
1. CymMmmapHas colHeuHas pajualus B CpeIHEM 3a JIeHb JaHHOTO Mecsua, MJbx/m ™
a) Ha TOPU30HTAJIBHYIO TOBEPXHOCTh

S
H:HO Cl+8S— : (120)

rne H,, a u 6-kodhpdunueHTs, S — IEHCTBUTEIHHASIINTEIHHOCTHCOTHETHOTO
CUSIHUSL, 4; S,— BO3MOXKHAS MPOIOJIKUTEILHOCTh COTHEYHOTO CHSTHHSL, Y.

3HaueHus KodhPumeHToB a, 8, S, YensaOunckoi obsactu O6epyrest U3 Taodl.
I1.1.7. Cpennee 3nauenue S — no tadm. I1.1.8.

H0:H3 'S, (1.21)
rae H>— sranoHHoe (YCI0BHOE) 3HaUCHUE CYMMApPHOM SHEPTUH, IPUHUMACTCS] PaBHBIM
atmocdepromy (1360 Br/m® = 1,36 kBt/M°).

VYyuteiBas, uto 1 kBt -u = 3,6 MJx., mis kaxaoro mecsina Ho Oyaer, MJI}K/MZ:

H,=1,36-53,6;

0) Ha HAKJIOHHYIO TTIOBEPXHOCT:

H; =H R, (1.22)
rjae R— OTHOIICHHE CPEIHEMECSYHBIX IHEBHBIX MPHUXOJ0B CyMMapHOW SHEPruu Ha
HAKJIOHHYIO W TOPU30HTAJIbHYIO MOBEPXHOCTU. Pacuer cienyeT mpoBOAUTH ISl YIJIOB
HAKJIOHA, KOTJa OXKHMJAETCS MaKCUMyM COJIHEYHOM JSHEPrud B paccMaTpUBaeMbIe
mecsrpl. s YensOuHckol o6acT TaKUMH yriaMu SBISIOTCS yriael ot 10 mo 30°.
JlaHHbIe U1 9THX YTJIOB MpUBeAcHBI B Ta0. 11.1.9.

Pe3ynbTaThl pacueToB cBecTH B TaO1. 1.6
Tabmuna 1.6
Pacuer cymmapHOU COTHEUHOU paguanyu

Mecsig Mai HIOHb HIOJIb aBI'yCT C€HTH6pB

Ho

H

Mecsig Mai HIOHb HIOJIb aBI'yCT C€HTH6pB

Yron

10°

15°

20°

25°

30°
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1. PaccuuThiBacTCs THEBHAS yeIbHAS TEIJIOMPOU3BOAUTEIBHOCTD TEIHOYCTAHOBKU
: 2
B 1— M Mecsne, M Jx/m™:

OH
OQuwi trlr U3 T, T, 36- . (123
= | € "¢ 10
rne Fr= 0,89 — koadduimeHT nepeHoca Termiaa OT KOJMIEKTOpa K JKUIKOCTH; T —
KO3 (PUIIMEHT MPOHUKHOBEHUS COTHEUYHON pajualuu; o — KO3OPUIMEHT NOrIOEHUs
. 2
CONHEYHOHl pamuanuu (B pacuerax mnpuemMmaercs to = 0,7); U= 6 Brm>’C -
KO3 (PUIIMEHT TEmIOBbIX NOTeph; 1, — TeMmmeparypa OKpyXarolero Bo3ayxa (B
pacueTax MPUHUMAETCS Cpe/lHee 3HAaueHHe: B Mae, ceHTsao0pe T, = 150C, HUIOHb, UIOJIb,
asryct 20°C); T, — TeMIepaTypa Ha BXOJIE B KOJUIGKTOP, KOTOPAsONPEeseTCs:
T, +7,

I, =2 __°% 1.24
5 (1.24)

rae 75— TeMrneparypa BoAbl B 0aKe-aKKyMyJIsITOpe K KOHITY JHs (TPUHUMAeM PaBHOMN
85°C).

JlHeBHas yjenbHash TEIUIONPOW3BOIUTEIBLHOCTh PACCUMTHIBACTCS I KaXKIOTO
COJIHEYHOTO Mecsiia s yrioB Hakimona 10, 15, 20, 25 u 30 rpaaycos,
PEKOMEHIOBaHHBIX KaK HauboJiee onTuMabHbie 11 UYenssOuHckoi o61acTu.

Pe3ynbTaThl pacyeToB cBOASATCS B TaO. 1.7, MO JaHHBIM KOTOPOM OIpeseseTcs
3HAYCHHUE JTHEBHOM BBIPAOOTKH 3a CE30H ISl KaXJOTO yrjla HakKJIOoHAa. YTOJ HaKJIOHA,
IpyU KOTOPOM 3HAueHHE OyIeT MaKCUMAaJIbHBIM, NMPUHUMAETCS 3a ONTHUMAaJbHBIN, W
JadbHENINe pacyeThl BEAYTCS JJIS 3TOTO yIJIa.

Tabmuna 1.7
Pacuer nHEBHOM TETIIIOMPOU3BOAUTEIBHOCTH T€IMOYCTAHOBKH

Mecsn Mait HIOHb HI0JTb aBTyCT CEHTAOPH 3a CE30H
VYron

10°

15°

20°

25°

30°

2. YpaenbHas MecsiUHasi TEIIONPOU3BOJUTEIBHOCTD FeINO0YyCTaHOBKUA, M JIkK:

M on -
Qi =0 - N-p§, (1.25)
rjae N— aucio JHer B Mecse; p(S) — BEpOSATHOCTD MPOAOKUTEILHOCTH COTHEYHOTO
cusHus g $> 9 4, (puc. I1.1.1).

Tabmuma 1.8
Pacuer ynenbHOM MECSAYHON TETUIONPOU3BOAUTEILHOCTH
Mai HIOHb HUIOJIb aBI'yCT CCHTH6pB
O
N
p(S)

14



Oy

3. Ompenensaerca noTpeOHOE KOJIMYECTBO YHEPTUHU JUIsl HArpEBa BOJbI B MECHII,
M/JIx:
Q) =N-n-al, € -T, (1.26)

I71€ 1— KOJIMYECTBO JIOJEH; m— CyTOYHasi HOpMa pacxozia BoAsl Ha 1 yenoseka, kr; C
= 4,19 xJIx/xr-"K — TemmoeMkocTh Bojibl; 72— TeMIepaTypa HarpeToii Bosl; Ty—
TEMIIEpaTypa OKpyKaroLlero BO31yXa.

Pesynbratel 3aHocsTcs B Ta0a. 1.9 n ganee onpenensierca noTpeOHOE KOJINYECTBO
DHEPIUU 33 CE30H:

Tabnuma 1.9
Omnpenenenue MoTpeOHOro KOJIMYECTBA YHEPTUU JJIsl HAarpeBa BObI
Mecsn Mau UIOHb UI0JIb aBIyCT CEHTSIOph 3a
CE30H
[ToTpebHoe KOJIMYECTBO
sHeprun O, MJIx
5. HeoGxonumast mjiomaab reImoyCTaHOBKH B 1— M MGCSIIIG,M22
Q@H'
4= (1.27)
Q VoI ’ -
0" — O
rae <ni N~ AHeBHas OTPEeOHOCTH BOHEPTHUHU.

Tadmuna 1.10

Pacuer mIomaan réJIrOyCTaHOBKH U KOJIMYCCTBA KOJIJICKTOPOB
Mecsrg Mait HUIOHb HIOJIb aBTyCT CEHTAOPh
ITnomans
reTMOYCTAaHOBKH, M
Kos-Bo xosekTopoB

[To moTpeOHOM TUIOMIAAN TETMOYCTAHOBKU OMPENESETCS KOJIUYECTBO COJIHEYHBIX
KOJUIEKTOPOB. YHCIIO KOJUIEKTOPOB HEOOXOAMMO BBIOUPATH YETHBIM ISl UX COCTMHECHUS
T10 MapaJIEIbHO-TIOCIIEI0BATEIBHON CXEME.

[Imomane  cepuilHO  BBITYCKaeMbIX  bpaTrckum  3aBOJOM  OTONUTEIBHOTO
0GOpYIOBaHMS COIHEYHBIX KOJUIEKTOpOB coctaBmser 0,8M°. Mcxoms u3 5TOroO,
PaCCUHUTBIBAETCS KOJIMYECTBO KOJIEKTOPOB JJIs1 KAXKJ0I0 MECALA.

JInsi  BOCMIOJHEHUSI HHEPIHMM HEOOXOJMMO JOMOJHUTEIbHOE O00OpYyJOBaHHUE.
MomHOCTh TyONUpPYIOIIET0 NCTOYHUKA BBIOMPACTCS W3 YCIOBHUS MOJHOTO OTCYTCTBUS
Harpesa 3a CUET COJIHEYHON IHEPIHUHU.

6. OueHka SHEPreTUYECKUX MOKa3aTeIe CUCTEMbI TOPSIYerOBOJOCHA0KEHUS
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JUtst kaX10i Iomaau KOJJIEKTOPOB, PACCYUMTAHHBIX B 1.5 pacCMaTpUBAIOTCS UX
HHEPreTUUECKUE TIOKA3ATEINN C LIENIBIO ONPEIEICHHUs ONTUMAIBLHON IIIOLIA/IH.

6.1. Kosdduiment ncnonb3oBaHus NOTCHIIUATLHOUIHEPT MU

K = Z
Z T(max)i

Yucnurens npeactapisier co00H CyMMapHOE 3HaUYE€HUE COJIHEYHOM pajualuu 3a Bce
MECSLIbI 1JIs yTiia HaKJIOHA, IPU KOTOPOM 3TO 3HAaYeHUEOyjeTMaKCUMalIbHBIM. B
3HAMEHATENIe CTOMTCYMMAapHasCOJHEYHAs DHEPTUSL B OTH K€ MECSALBIITOAYTIOM
HAKJIOHA, OOECMEeYMBAIOIIUM MAaKCUMAJIbHBIN TPUXOJ COJHEYHOM paauanuu (1o
JTAHHBIMII. 10).

Koadduiment wucnonb3oBaHusi COJHEYHOM HHEPruM MOKa3bIBAET, HACKOJIbKO
3G (PEeKTUBHO  UCHOJIB3YEeTCS]  COJHEYHBIM  MOTEHIMAl  TIeJIHMOYCTAaHOBKOM  MpHU
ONPENICICHHOM YTIJI€ HAKJIOHA.

(1.28)

6.2. Koo dureHTt ucnoyib30BaHusl SHEPTUH, BbIpadaThIBAEMOM

reJIMOYCTAaHOBKOU
ry QnOﬂ.i
Kuei="g . (1.29)
6.1

1€ (Opori— TOJE3HAS JHEPrusi, BbIpabaThiBacMasi T'eIMOYCTAHOBKOM B 1 - M MecsIle
(oHeprus, KoTopasi HCHoJb3yerca mnorpedurenem); (q,— IHEprusi, BbIpaOaThiBacMas
reJIN0YCTAaHOBKOM B 1 — M Mecslle, koTopas onpenensercs, MJx:

Q,, =00 A, (1.30)

e A — IWIomab CTAaHIAPTHBIX KOJUIEKTOPOB, M~, BHIOPAHHAS B I1.5.
KoadhpurmeHT uenoap30BaHus SHEPTUHM PACCUUTHIBACTCS JIJIA KaXKI0TO MECAIa U
JUTSL Kakiou romaam (tadm. 1.11)
Tabmuma 1.11
KoaddunmeHT ucnop3oBaHus YHEPTHH
MECAL Ma# HIOHb HUHOJIb aBI'yCT CCHTH6PB

Q yo.i
Qni
Qsi
Kuc
Qei
Kuc
Qei
Kuc

2
A, M

[Tone3nas sneprus paBHa:
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Q _ Qe.i’eCﬂuQ?fi 2 Q3~i
noni ~ .
Qn.i’eCﬂuQ?:i {—i Qs.i

0
Ipu O, = 0., xo>)PUIMEHT HCIIONB30BAHKS PaBeH 1.

6.3. Koadduuuent odecrneueHHOCTH MOTPEOUTENSE CONHEUHOMPHEpruei

K Ql’lO/l.i
06.0 — 1.31
N (1.31)
.1
PacueTtnl BCOAYTCA JJIA KaxXa0ro MEcCALa pu paBHH‘IHOﬁ I10IIaau
IreJIMOYCTaHOBKMU.

PesynbTathl pacdeToB KOI(P(OUIIMEHTOB HCIOJB30BaHUS U O0OECIICYCHHOCTH 3a
Ka)KIIbIH MECHI] U 3a Ce30H cBoaATcs B Tabm.1.12:
Tabmuma 1.12
Pacuer ko3 dhuirieHTOB UCIOIB30BaHUS U 00ECIICUEHHOCTH

Maii HUIOHB UIOJTh aBTyCT ceHTs0ps | 3a ce30H

IIno-manp,
? Kucn Koﬁ Kucn K06 Kucn Ko6 Kucn Koﬁ Kucn Koﬁ Kucn Koﬁ

M

[TpoBoanTCS aHAMH3 TaOJIHIIBI C IIEIBIO onpeaeieHus: 3P HEKTUBHOCTA PabOTHI
TeJIMOYCTAaHOBKH.
6.4. KoapdunmeHT 3amerieHus: moTpeOHOWIHEPTUn

1.7V =K, p, &L (1.32)

KoaddunmenT 3amenieHns pacCUUTBIBAECTCS C YYETOM BEPOSTHOCTH COJIHEUHOTO
cusHua p(S) (puc. IL1.1) nma xkaxzaoro wecsia TMpU Pa3IudHON  IUIOIIAIU
IeIMOYCTAaHOBKH.  BEpOsSTHOCT,  COJHEYHOTO  CHSHHUS  pPacCMaTpUBACTCA IS
MPOJIODKUTENLHOCTH S > 9 4. JlanHble 3aHOCATCS B TaOm. 1.13 um cymmupyrores 3a
CE30H.

Tabmuma 1.13
KoaddunuenT 3aMemenus SHEPTUH

MecsI] Mait HUIOHb HIOJIb aBT'yCT CEHTIOPh 3a Ce30H
p(S)
AM Ky AV | Koo AV | Koo Av | Ko AV Ko AV Ky AY
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7. OuieHKa SKOHOMHUYECKOH 3 (PEKTUBHOCTHU UCIIOIH30BAHUSTEINOYCTAHOBOK

7.1. OnpenensieTcss KOJIMYECTBO MOJIE3HO BhIpaOaThIBAEMOW SHEPTUUTIPU
Pa3IMYHON IJIOMAAU KOJIEKTOpOoBI DY

Oronanp. = Onfi ©. (1.33)

JlanHble 111 pacueta OepyTcs 3a ce30H. Pe3ybTaThl pacueToB Jis pa3HbIX
[UIoIIaie ceoaarcs B Tadm. 1.14.

Tabnuua 1.14
KonuuecTBo none3Ho BeipabaThiBA€MON SHEPIUU

ITmomans, M

QCVIOJ. 8blp, M;Z[)K

7.2. OnpenensieTcst KOIMYECTBO COKOHOMIIEHHOTO TOIUIMBA MPH Pa3INYHOM IUIOIA/IH,
T.y.T.,

QC
AB, = 1.34
d Qp ] Jll?SK ’ ( ‘ )

rac QZ — TCIUIOTBOpHAaA CITOCOOHOCTH YCJIOBHOT'O TOILIMBA, IMPHUHHUMACTCA paBHOﬁ

29330 MJIX/T.; M)ox — DKOHOMHUYECKHUH K.IT.]I. TeJTMOYCTAaHOBKH, KOTOPBIN OMpeeIsieTcs
IPOU3BEICHUEM

N5 Nrx Ny Nre Npers

rie M = 0,8 — KodpdUIMEHT, yYUTHIBAIOIUA TOTEPH IPH TPAHCIIOPTHUPOBKE U
XpaHEHUH; My — KOIPQPUIMEHT IOJIE3HOIO HCHOIb30BAHUS TEMJIOTEHEPUPYIOIIUX
yctanoBok (0,48 mys anexkrpudeckon suepruu, 0,55-0,8 nis sxuakoro Tormnusa; 0,45 —
0,65 ns kamennoro yris; 0,4—0,5 — s 6yporo yris; 0,5-0,7 — s raza); 1. = 0,85 —
KO3 UIUEHT, YYUTHIBAIOLUIUI MOTEPU TEIJIOTHI B TEIIOBBIX CETSIX; TMper = 0,85-0,9 —
K03 (phUIIMEHT, XapaKTePHU3 VIO HETOYHOCTh PETyJIUPOBAHMS T10/1a9N TETIOTHI.
Pacuetsl cBOgATCS B Tabi. 1.15.
Tabmuna 1.15
KonmdyecTBO COKOHOMIICHHOTO TOILTHBA

DnekTpo- Kunkoe Kamennsiit | Bypslii yrosis l'a3
SHEPrust TOIUIMBO YToJib

Nox

AB, T.y.T
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7.3. OuenuBaercs 3 (PEKTUBHOCTD T€IMOYCTAHOBKU TOIHEPTE€TUHUECKUM
3aTpaTam:
- KOJINYECTBO DHEPIruM Ha co3nanue [0V

Dy =01V 4
ny — ~yo : (1.35)
DHepreTuueckre 3aTpaThl Ha EIUHUILY TUIONIAJH COJHEYHOTO KOJUIEKTOpa

COCTaBJIAET NIpUMEpHO "= 5700 M/x/M°, Tora

Ormy=5700 A, MTx.

- 3(0EeKTUBHOCTH IHEPro3aTparT:

r — Yion — Yion : (136)
Iy 57004

Pacuer Benercs miist Kax 101 U3 MUIOMIAJEN ITeJIMOYCTaHOBKHU
-CPOK OKYIA€MOCTH Pa3JIUYHbIX BAPUAHTOB I'€JIMOYCTAaHOBKH T, JIET:

7 _ v _ 57004

r) %Ofl n%aﬂ

(1.37)

Tabmuma 1.16
Onenka () PEeKTUBHOCTH T€IMOYCTaHOBKHU

IInomans, M

3 v, M}:[)K

7

T, ner

JUIs  CTOMMOCTHOW OILIGHKH TeJIMOyCTAaHOBKU OIPENESIeTCS CpaBHUTEIBbHAS
3 PEKTUBHOCTB:

O, = PrAB —aK - 4, (1.38)

rae Pr — croumocth opranumdeckoro toruBa (4000 py6./1.y.T.); ABr — KOIMYECTBO
COKOHOMJIEHHOTO TOIUINBA, T.y.T.; 00 — KO3 PUIIMEHT, YIUTHIBAIOIIHM JTOJTI0 OTUUCICHUN
OT KanuTaJoBJIOXKeHUH K Ha amMopTH3aluio, TEKYIIMH peMOHT U 1p.(B  pacyeTax
npunumaetcs = 0,1); K, — KAmUTAJIOBIOKEHHSI HA OJIHY T'€JIMOYCTAaHOBKY, paBHble 1200
pyo/M’.
PesynbraTel pacyeToB cBoasATCsA B Ta0d. 1.17.
Tabmuma 1.17
OlneHKa reIMoyCTaHOBKY ISl pa3HbIX BUAOB TOIIMBA

Bun TormBa 4B, T.y.T ITnomanp, M

OnexTposHeprus

JKugkoe ToImIMBO

KameHHbI# yroas
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Bypslii yrous

T'a3

CebecToMMOCTh TEIJI0BOM SHEPTUU

C Ay

Py, (1.39)

rae Ursy — rooBble H3AEPKKH I KaXKI0M IUIOMIAIN:
Hoy=a-K, - A, (1.40)

Tabnuna 1.18
Pacuet cebecTonMOCTH MPOU3BEICHHON TEIIOBOM YHEPTUU

ITmomans, M

HFBV: py6

Cray, py6/M]JIx

Crsy°3,6, pyo/kBr-u

IIo IMPOBCACHHBIM  pacuCTaM  OIIPCACIIACTCA HauOoJiee BLIFO)IHBIfI BAapUAHT
Ir¢JIMOYCTAaHOBKM.

KonTposbHbIE BONIPOCHI

YCTpOMCTBO ¥ MPUHLIMIT JIEUCTBUS TEITUOIHEPTETUUECKONYCTaHOBKH.

Kak paccunraTh TEIIonpon3BOAUTENbHOCTh FeIMOyCTaHOBKH? OT 4ero oHa

3aBUCHUT?

3. BausiHMe  yria = HaKJIOHAa  IUIOCKOCTH  COJIHEYHOTO  KOJJIEKTOpa  Ha
TEIJIONPOU3BOAUTEILHOCTIE€TNOYCTaAHOBKH.

4. Kakwne k03(pPUIMeHThI UCTIONB3YIOTCA JJIS1 OLICHKH YPHEPreTHYECKUX MOoKa3aTene

CUCTEMBI TOPSAYETOBOJOCHAOKEHNS?

Uto Takoe yCI0OBHOECTOMINBO?

6. Kaknmu nokaszaTensiMu MOXKHO OIEHUTh SKOHOMUYECKYIO 3 (PeKTUBHOCTEI DY ?

N —

D"

II. MIPEOBPA30OBAHUME U UCITOJIB30BAHUE DQHEPIT'MUBETPA

2.1. BeTpodHepreTudecKneyCTaHOBKH

Cpenu >HeproyCTaHOBOK, UCTIONB3YIOMINE BO30OHOBIISIEMbIE HCTOYHUKN YHEPTHUH,
caMo€ HIMPOKOE paclpOCTpaHEHUE HAIILIM BETpOIHEpreTuyeckue ycranoBku (BOY).

UcnonwzoBanue BOY 1o cpaBHEHUIO ¢ IPYTUMH HETPAAUIIMOHHBIMU UCTOUHUKAMHU
JUIs aBBTOHOMHOTO 3JIEKTPOCHA0XKEHUS UMEET PsiJl IPEUMYILECTB:
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- ctoumocTh 1kBT ycranoBnenHoi momHocTd BOY HamHOro Huxe, yem y ®9C un
CpaBHHMA CO CTOMMOCTBIOMUKPOI DC;

- BETPOBBIE PECYPCHI MO CPABHEHUIO C COJHEYHBIMH, PACHPEEIEHbI JOCTATOYHO
PaBHOMEPHO B TEYEHHUE T'OJ]a U B TEUCHUETHS;

- BDOY Mo0kHO pa3MecTUTh HElaJeKo OT 00bEKTa YHEPrOCHA0KEHHUS, B TO BpeMs, Kak
pacnionoxenne Mukpol OC npuBsA3aHO KPEKE;

- o cpaBHeHuto ¢ ®OC, nmpousBoacTBo BOY He TpeOyeT BBICOKOTEXHOJIOTMUECKOTO
o00Opy/I0BaHUs, U TO3TOMY, OOJBIIMHCTBO 3JeMEHTOB BOY MOXKHO BhIMyCKaTh Ha
J000M MaIIMHOCTPOUTEIBHOM MPEANPUATUN WIH U3TOTOBUTH COOCTBEHHBIMUCUIIAMHU.

Haubonee pacmupennas cxema sHeproyctaHoBku ¢ BOY npuBezaena Ha puc. 5.

HaznaueHue 371€MEeHTOB CXEMBI:

BOY 3apsxaer akkymynsatopHyio Oartapero  (AB). s mpeobpazoBaHus
Tpex(a3zHoro nepeMeHHoro HanpsbkeHuss BOY B mocTosiHHOE MMeeTCsl BBIIPSMUTE.
HNuBepTrop mnpeobpa3yeT sHepruto, 3amnacéHHyiro B Ab, B BbICOKOKaYeCTBEHHOE
onHoasznoe Hampsikenue 220B/50'm. HemocpenctBenno k Ab  moakimrouaroTcs
MOTPEOUTENN MOCTOSTHHOTOHATIPSIKEHHUS.

L,—/ 2,8 /0y
P [ ] [ 1

At Tens
Bay Ax iHEepTOp MANPAXEHHA
zﬂplm- AR YHYSITOPHAR x:::gg;!g:p
Tens Gavapes el NOCTORNNO G TOKA

[ 1

KoWTROARED
i IapAax Ak

Puc. 5. CtpykTypHas cxemMa 3HeproycTaHOBKH C UCIOJIb30BaHueEM BOY

Jlns momydeHus psna HampspKeHUM mocTossHHOTO Toka (12/24/48B), umerotcs
JEIUTENHN HAPSHKEHUSL.

K wuHBepTOpY NOAKIIOYAIOTCA TMOTPEOUTENN CTaHIAPTHOTO HaIPSKEHMUS.
Kontpomniep 3apsiia perynupyer 3apsiiHOE HAIpsKEHUE U, TEM CaMbIM, MPEAOXPaHSIET
Ab ot nepesapsina. M30wiTok sHEprun BOY, KOTOpBIA OCcTa¢TCs MpH PEryIupOBaHUU
3apsIIHOTO HAMpPSKEHUs, UACT HAa HarpeB BOJAbl B OoOiljiepe WM HAarpeB BO3JyXa B
noMenieHuu. /s 3Toro umeercst BOAsSHOM K Bo3aymHbii TOH.

JIna npenorBpamienus nepepaspsaaa  Ab, uMeeTcs KOHTpOJUIEp HArpy3okK
MOCTOSIHHOTO Toka. Kak Tombko OaTtapes mnpuOIMmKaeTcs K OMacHOMY YPOBHIO
nepepaspsia, JaHHbIA KOHTPOJIJIEP OTKIKOYAET HArpy3KH MOCTOSIHHOTO TOKa. 3alllUTy
ADB ot nepepaspsiia B IMHUU IEPEMEHHOTO TOKA OCYILIECTBIISIET HUHBEPTOP.
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Ha cnyyait 1auTenbHOTO IITUIIS UMEETCS KaKOU-IHMOO pe3epBHBIN AHEPrOUCTOUYHUK
s 3apsina Ab. B ganHoM ciydyae 3To ausenbHast anektpoctaHiusa ([I9C), koropas
MOAKITIOUAETCS] K UHBEPTOPY.

BonbImmMHCTBO COBPEMEHHBIX HHBEPTOPOB UMEIOT BCTPOCHHOE 3apsIIHOE YCTPOUCTBO
OT reHepaTopa NePEMEHHOI0 TOKA WU CETH.

Momnocts BOY B paccMmaTpuBaeMoil SHEProyCcTaHOBKE, OOBIYHO HE MPEBBIIMIAET 5
kBT. Takoe orpanuueHue CBS3aHO C BXOJHBIM HAIPSXKEHUEM CEPUMHBIX UHBEPTOPOB,
kotopoe He mnpesbimaeT 48B. I[lpu yBenuuenuu momHoct BOY Gonbiie 5 kBt u
HU3KOM HanpsokeHuu AB, HOMMHAJIBHBIM TOK TeéHepaTopa JOCTUraeT TaKOW BEJIMYHUHBI,
9T0 3 (PEKTUBHOCTH IHEPrOYCTAHOBKH CHHKAETCS.

DHEpProycTaHOBKa MOXET UCIOJIb30BaThCS ISl AJIEKTPOCHAOKEHUSI OBITOBBIX
HArpy30K B JKWJIOM JIOM€, TaKMX, KaK OCBEIIEHUE, TeJe- U ayJUOTEXHHUKA (TEJICBU3OPHI,
CIIyTHUKOBBIC  AHTEHHBI,  BHUJEOMAarHuTO(OHbI, = MarHUTO()OHBI,  MPUEMHUKH),
XOJMOAWIBHUKH M JPYrHe KYXOHHBIE JJICKTPONpUOOphl (MHKCEpBI, HEOOJbIINE
anekTponedu, KunsatuiabHuku, neun CBY, xkodeBapku, 37eKTpOUYaHUKH, TOCTEPHI, U
T.Il.), OPTTEXHUKA (KOMIIBIOTEPHI, PUHTEPHI, CKAHEPHI, KCEPOKCHI, TeaehOHBI, PaKkCchl U
T.I.), PYYHOH 3JIEKTPOUHCTPYMEHT (JIPEIH, dIEKTPOJIOO3UKHU, dIEKTPOPYyOAHKH | T.I1.),
Jpyrue OBITOBBIE JICKTPONPUOOPHI (TBUIECOCHI, ()eHBI, YTIOTHU, CTUPAIbHBIE MAIIUHBI,
BEHTUJIATOPBI, KOHJAUITMOHEPHI, dJICKTPOHArPEBATEIN HEOOJIBIIIONW MOIITHOCTH U T.I1.).

Kpome Toro, sHeproycraHoBka, TpUBEJCHHAs Ha pPHUC. S5, MOXET CIYXUTh
UCTOYHUKOM  JJICKTPUYECKOW  DHEPruM I  OJHO(A3HOTO  MPOMBIIIJICHHOTO
ANEKTPOOOOPYI0BaHUSI HEOOJBIION MOIIHOCTH (HACOCHI, KOMIIPECCOPHI, HACTOJbHBIE
CTaHKM ¥ T.M.), DIJIEKTPONpHOOpPOB, TMPUBOAUMBIX B JCHCTBUE JBUTATEISIMU
MOCTOSIHHOTO TOKa (XOJOAWIBHUKUA, HACOCHI, U T.II.), @ TaKXKe DJIEKTPOIPUOOPOB, B
KOTOPBIX MPEAYyCMOTPEHAa BO3MOXKHOCTh PAOOThI OT aKKyMYJSITOPOB HIJIM OaTapeex
(TeneBU30pbI, MATHUTOGOHBI, TPUEMHUKH UT.I1.).

B GonblIMHCTBE MPUKIAIHBIX 3a/lad BETPOIHEPIeTUKU TOPa3 0 Ba)XHO 3HATh HE
CyMMapHOE€ KOJIMYECTBO DHEPrUH, KOTOPOE MOKET BBIPadOTaTh BETPOYCTAHOBKA,
HaIpuMep, 3a rojl, a Ty MOUIHOCTb, KOTOPYIO OHa MOXXET OO0ecreYrBaTh MOCTOSHHO.
IIpu cunsHOM Betpe, oT 10 10 12 M/c, BETPOYCTaHOBKH BBIPAOATHIBAIOT JTOCTATOYHO
ANEKTPOIHEPTUU, KOTOPYIO HMHOTAA Ja)Ke MPUXOJUTCS cOpachiBaTh B CHUCTEMY WIIU
3amacatb. TpyAHOCTH BO3ZHHMKAIOT B TMEPHOIbLI UIMTEIBLHOTO 3aTHUIIBS I CJIa00TO
BeTpa. [Io3TOMY MJ1s1 BETPOIHEPTIETUKH SBIISIETCA 3aKOHOM CUMTATh PAOHBI CO CPEIHEN
CKOPOCTBIO BETpa MEHEe 5 M/C MaJONPUTOIHBIMH JIJISl pa3MEIIeHUsI BETPOYCTAHOBOK, a
CO CKOpPOCTBHIO 8 M/C — O4eHb XxopommMHu. Ho He3aBHCUMO OT 3TOTO BO BCEX CIydasx
TpeOyeTcsi TIIATeNbHBIH BHIOOP TapaMeTPOB BETPOYCTAHOBOK MPUMEHUTEIBHO K
MECTHBIMMETEOYCIIOBHUSIM.

2.2. lIpakTHyeckoe 3ansitue 3
Pacuer BeTpo3HEpreTH4eCKOMYCTAHOBKH

3aganue
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1. U3yunTh METOAUKYOIPEICICHUSIBETPOIHEPTETUUECKOTO MIOTEHIMAJa
MECTHOCTH;

2. PaccuuTaTh DJHEPreTUUYECKUE TMapaMeTpbl BETpa W OMNPEICIUTh BETPOBOU
MOTEHUIHAN 3aJJaHHOTOPaioHa;

3. CpaBHUTBHPE3YIABTATHI METEOPOJIOTUUECKUX Ha0II0IeHUcpacpeieIeHueM
Pones;

4. PaccunTaTh NpOU3BOAUTEILHOCTh BETPOIHEPTE€TUUECKONYCTAHOBKHY.

Ilopsinok pacuera

Onurcanve METOANKY WU3MEPEHUN.

JUis  mpoBeNeHWs aHajlu3a BETPOIHEPIeTUYECKOro MOTeHHMana Tpedyercs
PEABAPUTENBHO NPOBOJNTh B TEUECHHE T'0Jla €KEIHEBHBIE 5-TH KpPAaTHBIE W3MEPEHUS
CKOPOCTH BETpa C PaBHBIMU NMPOMEXYTKaMUu BpeMeHM: B9 4, 12 4, 154, I8y u B 21u.

B nanHoit pabore ucnonb3yercss 0a3a JaHHBIX, NOJy4YeHHass Ha METEOCTAHLUU.
W3MmepeHns NpOBOAMIINCH €XEAHEBHO B TEUEHHUE OJHOIO r'0Jla ¢ MHTEPBAJIOM 3 4daca.

[Topsinok 06paboTKM pe3ysIbTaTOB U3MEPEHUN CIIETYIOIINMA:

1. Pe3ynbraTel u3MEpEeHU CKOPOCTH BETpa Vi, M/C, OOBEAUHSIIOTCS B TPYIIIBI C
untepsanom Av. O6iuee uncno usmepenniit N =2912.

2. TIocKONIbKY M3MEPEHHs CKOPOCTH IIPOBOSTCS HA BBICOTE YCTAHOBKH (hirtorepally,
= 10M, a Ay OIIEHKHM HHEPreTHYEeCKOro MOTEHIMaja Hy>KHa CKOpOCTh BeTpa V| Ha

BBICOTE IIPEATIONAraeMoi yCTaHOBKU BETPOTYpOMH /17, onpeieieHne CKOPOCTH BETPa Ha
ATOW BBICOTE BBIMOIHAETCS C TOMOIIBIO0 U3BECTHOM anmpoOKCUMAIIMOHHON 3aBUCUMOCTH

m

hy
V=V, —
1 | ) 2.1
rae h; npunumaetrcs paBHor 20 — 100 M. Koaddunuent BospacTtaHus cpenHeu

CKOPOCTH BETpa C BHICOTOH M 3HAYCHUS MOKA3aTENsI CTENIEHU M ISl pa3IMIHBIX CE30HOB
oepyrcs u3 Ta6m.2.1.
Tabmuna 2.1
Koadunument Bozpactanus cpeaneit ckopoctu Betpa ¢ BoicoToit v(hi)/v(hg) u
MOKAa3aTeb CTENEHU M

Ce3oH BricoTa, m m
10 20 40 60 80 100

3uma 1 1,12 1,26 1,35 1,43 1,50 0,17

Becna 1 1,17 1,36 1,50 1,59 1,66 0,22

Jlero 1 1,18 1,40 1,55 1,67 1,76 0,24

OceHb 1 1,12 1,26 1,35 1,43 1,50 0,17

roJ 1 1,15 1,32 1,44 1,53 1,60 0,20

3. OnpenensieTcsi BEIMYMHA BEPOSTHOCTHOIO paclpe/ieNIeHUusi CKOPOCTUBETPA

@v = Nvi/N, (2.2)
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rie Nvi— 4uciio u3MepeHui B i — M CKOPOCTHOM HHTEpPBAJIE.

Crpourcs  3aBucumocts  @Dv=f(v). TIpoussenenne @v-Avmoxer ObiTh
MHTEPIPETUPOBAHO KAK YaCTh BPEMEHU T'0Ja, B TE€UYEHUE KOTOPOrO CKOPOCTh BETpa
YMEET 3HAYEHHU, 3aKII0UYEHHbIE B HHTEPBAIIE OT VIo VAV,

4. CpezHee 3HAYEHHUE CKOPOCTH BETPA V OMPENEIAETCACOOTHOLICHUEM
v.= 2v/N, (2.3)

TAc ZVZ'— CyMMa BCCX U3MCPCHHBIX 3HAYCHUM CKOpOCTH.

5. OHpeI[eJISICTCH BCPOATHOCTD @v w ¢ TMOsBJICHUS BETpPA CO CKOPOCTHIO V,6OJ'IBHICﬁ

HEKOTOPOM 3aJaHHOM CKOPOCTH V', IS 4ero CKJIaAbIBAIOTCS BEPOSTHOCTH BCEX
CKOPOCTHBIX MHTEPBAJIOB, B KOTOPBIX V>V,

BepostHocTh D)5, MOKET OBITH MHTEPNPETUPOBAHA KAK YaCTh BPEMEHH TOJa, B
TEYEHHE KOTOPOTO BETPBI AYIOT CO CKOPOCTBIO, GOMBIIEH V.

Crpoutcst 3aBucuMOCTh Dy, = f(V).

6. MOIIHOCTL BETPOBOTO MOTOKA €IMHUYHOTO ceuenus Py, Brompenensercs

P,= ,0-v3 /2, (2.4)

. 3
r7ie p— IUIOTHOCTh BO3/yXa, IPUHUMAETCs paBHOH 1,226 Kr/™M”.
[IpousBenenue P @vnpencrapisieT co00i GyHKIMIO pacTpeIeIeHHs SHEPTUH BETPA.

Crpowurcs 3aucumocts P Qv = f(v).

7. Crpourcs 3aBucumocts Pv = f(Ov>V’), mnossonsiomas onpeaenurs
BEPOATHOCTh OKHJIaHUS BETPOBOTO MOTOKA 3aJaHHOMMOITHOCTH.

B Tabn. 2.2 3amaHbl 3HAYEHHsS] CKOPOCTEH BETpa U COOTBETCTBYIOIIEE YHCIIO
U3MEPECHU.

[Tocne BeIMOIHEHUST 00PaOOTKH U3MEPECHHI U pacyeToB Ha ocHOBaHUU dhopmyn (2.1
— 2.4) ¥ TOCTPOCHHBIX 3aBUCUMOCTEH HEOOXOMMO MTPOBECTH aHAJIN3 MOJYICHHBIX
PE3YJIbTATOB.

8 AHaNN3 MOJIYYCHHBIXPE3YIbTATOB

8.1. Tlomwb3ysch moctpoenHoi 3aBucumocthio @ v= f(Vv), cpaBHuTh cpennee
3HaUE€HHWE CKOPOCTH BeTpa C Hambojiee BEPOSATHHIM 3HAYECHUEM CKOPOCTH BeTpa B
JAHHOM MECTHOCTH, a TaKXe C pacueTHOM CKOPOCThbIO, MPUHUMAEMON IS
npoektupoBanus BOY (v= 10 — 12m/c).

8.2. Tlomp3ysch mocTpoeHHOMN 3aBucuMocTeio POV = f(v), onpenenuts 3HaueHne
CKOPOCTH, TIpH KOTOPOH (DYHKITHS pacupe/ie]ICHUs] SHEPTHH BETPa UMEET MAaKCHMYM H
CpPaBHUTh €r0 C HamboJee BEpPOSTHBIM 3HAYCHHEM CKOPOCTH BeTpa B JaHHOU
MECTHOCTH.

8.3. Tlomp3ysace mocTpoeHHoit 3aBucumocteio Pv = fDv>v’), onpemenuts
BEPOSITHOCTBH OKUIAHUSI BETPOBOTO MOTOKA MOIIHOCTHIO 0,5; 1 u 2xBT.
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8.4. 1o pe3ynbTaTam NpOBEACHHOTO aHAJIN3A CIEIAThBBIBOIBI.

Tabnuua 2.2
CraTucTrdeckuil aHallu3 Pe3yJbTaTOB NU3MEPEHUM CKOPOCTH BETpA
v, M/c N Dy Dv>y’ Py, Py @v
Br/m*
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
4,3 604
2,1 66
0 363
Bcero 2912

OmnpeneneHne BETPOBOro NOTEHIIMAJIA 3aJaHHOr0 paiioHa.

[To Ta6un. I1.2.1 — I1.2.3 onpenenuTh CpeIHETOAOBbIE 3HAUEHUSI CKOPOCTH BETpa JJIs
3aIaHHOTO pailoHa.

Kapra pacnpenenenust cpenneil ckopoctu Betpa FOxHoro VYpama (puc. I1.2.1)
MOKAa3bIBAET, 4YTO HAMOOJBIINE 3HAYCHHS MOOCTUTAOT §...9 M/Cc, a MHHHMMAJIbHbBIE
3HAUEHHUs B 3aTCHEHHBIX MecTaxX l...2 M/C, B CTEMHON 30HE CKOPOCTh BETpPa BBHIIIEC B
cpeaHeM Ha 2 M/c, 4eM B JecocTenmHoN 30He. IlepBbIii pailoH BKIIOYAET OTKPBITHIC
BEpIIMHBI Y panbckux rop. CpeaHerooBas CKOpOCTh BETpa COCTaBisieT Oosee 8 M/c.

BTopoil paliloOH 0XBaThIBA€T CTEIHYI 30HY PETMOHA CO CPEIHEW CKOPOCTBHIO BETpa
4,5 — 5,5 wm/c. JlaHHas TeppUTOpUS MMEET PA3BUTOE CEIHCKOXO3SHCTBEHHOE
MIPOU3BOJICTBO U OXBaThIBaeT Oosiee 50% TeppUTOPUUPETHOHA.

Tpetuii paliloH pacmoyiOKeH B JIECOCTEITHOM 30HE CO CKOPOCThIO BeTpa 3,5 — 4,0 m/c.
30Ha OXBAaTHIBAET LIEHTPAJIBbHYIO U CEBEPHYIO YACTh PErMOHA W 3aHUMAET MPUMEPHO
40%TeppUTOpHUHU.

UYeTBepThIil palloH pacroyioKeH B rOpHO3aBOJCKOM 30He. CpeaHssi CKOPOCTh BETpa
coctasiseT 2,5 — 3,0 m/c.

1. Tloctpouth Tpaduk CcpeaHEMECAUYHBIX CKOPOCTEH, OMPENEIUTh MECSIBl C
HanOOJIBIICH CKOPOCTHIOBETPA.

2. Tlo dopmyne 2.1 u Tabn. 2.1 ompeaenutb CKOPOCTh BETpa Ha BBICOTE /i; yepe3
CKOpOCTh BETpa Ha BBICOTE (hrorepa Ay IUis pa3nuyHOW BBICOTHI YCTAHOBKHU. Jlist
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MPUOJIU3ZUTENBHBIX PACYETOB MOXHO BOCIIOJIb30BaThCA 3HAaUeHHEM K03 uuuenta Ky,

KOTOpPBIN JJIs pa3HbIX pailoHoB YensOuHCKoM 00nacTu npuBeaeH B Tadi. 2.3

—|
hab
Tabnuua 2.3
3nauenus kodppunuenta Ky
BeicoTa 1 paiion 2 paiioH 3 pailon 4 paiion
MU3MEpPEeHHS

10 1,0 1,0 1,0 1,0
20 1,05 1,09 1,12 1,17
30 1,08 1,15 1,2 1,28
50 1,12 1,2 1,31 1,44
100 1,18 1,32 1,47 1,69

2.3. OnpenenuTs yIeIbHYI0 MOIIIHOCTh MOTOKA BETPOBOM sHEpruu (popmyna2.4)
2.4. OnpenenuTh yaeIbHBIN BAJIOBBIN MOTEHIIMAJ BETPOBOM SHEPTUU 30HBI IO
CpEIHEN YIEJIbHOM MOUIHOCTH BETPOBOTOIMIOTOKA

Wyg=<P> 1/20, (2.6)
rne T = 8760 u/rox.
2.5. BanoBblil MOTEHIIMAT TEPPUTOPUH OTIPEICIAETCS TOPOpMYIIe

We=WysS, (2.7)

e S, M> — IIOIIa(b TePPHTOPHH.
OOG11ast II0MAAh TEPPUTOPHH HIEPBOTO paiioHa — 1,54 ThiC. KM, BTOPOTo paiioHa —
45,71 THIC. KMZ, TpeTbero paiiona — 31,9 Teic. KMZ, YeTBEpTOro paiioHa — 8,75 ThIC. KM>.,
2.6. OnpenenuTb TEXHUYECKUW TMOTEHIMAJ, KOTOPBIM 3aBUCHUT OT IapaMeTpPOB
BETPOIHEPTETUYECKON YCTAHOBKH, CpPEIHEr0JIOBOM CKOpPOCTH BETpa Ha BBICOTE
YCTAaHOBKHM, a TaKXe IUIOMIaAU 30HBI, MPUTOAHOW JMJII COOPYKEHHSI YCTaHOBKH.
[TpubnuxeHHOE COOTHOIIEHNE MEXAY BaJIOBBIM M TEXHUYECKUM TOTEHIIMAIOMPABHO

W./W=0,02. (2.8)
2.7. OnpenensieTcss 53KOHOMUYECKHUM MOTEHIIMAT BETPOBONIHEPTUH

W,=0,005W,,. (2.9)
Pe3ynbTaThl pacyeToB IS 3aIaHHOTO pailOHa U BBICOTHI CBOASTCA B Ta0J. 2.4.

CpaBHEHHE PE3VIILTATOB METEOPOJOTHUYECKMX HAOIIOIECHUN C pacOpeaeIeHUEM
Pones.

26



[IpoBeneHHBIN aHAIU3 XapaKTEPUCTUK BETPa COCTOSI B MaTeMaTHYECKo 00paboTke
MacCHBa SKCIEPUMEHTAJIbHBIX JAaHHBIX C UCIOJb30BAHHUEM METOJO0B MaTEMaTUYECKON
CTATUCTUKU. OTOT aHAJIU3 CYUIECTBEHHO Obl YNPOCTWICS, €ciau Obl Ajid (PYHKIUU
pacnpeneneHus: BEPOATHOCTU CKOPOCTH BETpa MMENIOCh AaHAIMTHYECKOE BBIPAKEHUE,
COOTBETCTBYIOILEE HKCIIEPUMEHTAIbHBIM JTaHHBIM. B 3TOM ciydae, BO-NEPBBIX, PE3KO
OBl COKpaTHJIOCh HEOOXOAMMOE KOJIMYECTBO M3MEPEHHI CKOPOCTU BETpa, BO-BTOPBIX,
nosiBuiach ~ Obl  BO3MOXXHOCTh  QHAJUTHYECKOTO  pacyeTa  XapaKTEpPUCTUK
BETPOYCTAHOBOK.

Tabnuua 2.4
Pacyer noreHmana BETpOBOM SHEPIUU paiioHa

BricoTa v, Vv, P, Wy, W, W, w,
M3MepeHust | M/c v/c | kBr | kBru/Mron kBtu/ron | I'Bru/rox | I'Bru/roxg

10
20
30
50
100

Jlns mpoBeneHus: aHanu3a (PYyHKIUM paclipeiesieHus CKOPOCTH BETpa, OCHOBAaHHOM
HAa OKCIEPUMEHTAJIbHBIX METEOPOJIOTHYECKHX JIaHHBIX, TpeOyeTcs  CpaBHUTH
AKCIIEPUMEHTAJIbHBIE 3aBUCHMOCTH, TOJYY€HHblE B 1. | C TEOpEeTHYECKUM
pacnpenenenuemMPanes.

[Topsnok ananu3a cieayomun

1. Jlns pacnpenenenus Pasnest cripaBeainBO paBEeHCTBO

Dy - v ), (2.10)

rae @v>v’ — BEPOATHOCTD TOSABIICHHS BETPA CO CKOPOCTHIO V, M/C, GOJIBIIEN HEKOTOPO
3aJaHHOM CKOPOCTH V', M/C; V— CpeHEe 3HAYEHHE CKOPOCTH, M/C.

Cnenyer, 3aJaBasch 3HAUEHUSAMHU CKOPOCTH V', M/C, M3 IMama3’oHa pealbHbIX
CKOPOCTEH BeTpa M UCIONB3Ys CpellHee 3HaUeHue CKOPOCTH Vv, M/C, TIOJIy4eHHOe B 11 1,
IIOCTPOUTh TEOPETUUYECKYIO 3aBUCUMOCTH 10 ¢opmyiie (2.10). Pesynbrarsl 3aHecTH B
Tabum. 2.5.

OTHOCUTENBHAS NOTPEIIHOCTh OMPEEAETCS KaK

0= (®u>u’Teop_ @u>u’31<cn)/@u>u’ 100%. (2- 1 1)
3.2.  Jlua pactipenenenus Pasest cripaBeiMBOpaBeHCTBO
(v3)"3=124v. (2.12)

Crnenyer mpoBEpUTH €0, MOACTABUB CPEIHEE 3HAUCHHE CKOPOCTH BETPA,
MOJIy9eHHOE paHee, B popmyiry (2.12)

27



3.3. JIna pacnpenenenust Panes crpaBemyMuBO yTBEPXKIECHUE, YTO BEPOATHOCTD
CKOpocTH PvMaKcuMasbHa IPU 3HAUEHUHCKOPOCTH

v=(2/m) v=0,8v (2.13)

Crnenyer ompeaenuTh CKOPOCTb, NpPH KOTOPOW BEPOSTHOCTh MAaKCHUMAlbHA,
MOJICTaBUB CpEeAHEE 3HAUEHUE CKOPOCTH BETpa, MOJIYYEHHOE B Mpeablayleld padore B
dbopmyny (2.13). Ilorpemnocts onpenensercs aHanoruyxo (2.11).

3.4. dnsa pacnpenenenus Panes cnpaBennnBo yTBepkaeHue, yto Gpynkuusa @ v,
MaKCHMaJbHa MPHU 3HAYEHUU CKOPOCTH

v=2(2/m) v=1,6v. (2.14)

CrnenyeT MOCTPOUTH 3aBUCUMOCTh @ v, = f(Vv), UCHOJIB3Ysl 3HAYCHUS CKOPOCTHU
BeTpa B JIMANa30HE peaJibHbIX 3HAYCHUH W MPOBEPUTH 3TO YTBEPXKICHUE, MOJCTABUB
CpeaHee 3HAYeHUWE CKOPOCTH BeTpa B ¢opmyny (2.14), mogydeHHOE B MPEabLIYIICH
paborte. [lorpemrHocTh onpenensercs anagoruyxo (2.11).

Pe3ynbpTaThl pacyeToB 3aHECTH B TaoI. 2.5.

Tabmuna 2.5
[TpoToKOJI U3MEpPEHUIt 1 pacueToOB

V, m/c Du>u (3KCTL) | Du=uw’ (TEOP.) O, % nnst | O, % nna | J, % nns
Du>u’ Dy D us3

3.5. AHanu3 NoJay4YeHHbIXPE3yIbTaTOB

3.5.1. [lonp3ysch MOCTPOCHHON B MPEABIAYIICH paboTe 3aBUCUMOCTBIO Dv>v'=f(V),
HEOOXOAMMO CPAaBHUTHh €€ C TCOPETHUECKON 3aBUCUMOCTBIO @Dv>y, PACCUYUTAHHOH I10
dbopmyne(2.10).

3.5.2. Tlomw3ysach TIOCTPOCHHOM 3aBUCUMOCTBIO @Dv=fVv), DKCIEPUMEHTAIHLHO
MOJIYYCHHOE 3HAYeHHWE Haumbosiee BEPOSTHOM CKOPOCTH, TMPU KOTOPOW (YHKIIHS
pacrpeneneHuss CKOpPOCTH BeTpa HMEET MaKCHUMyM, CpPaBHUTbh C TEOPETHYECKUM
3HAUYEHWEM, PACCUUTAHHBIM 10 popmyne(2.13).

3.5.3. Ilo moctpoennoi 3aBucumoctu @Dvv; = f(v) ompeneanuTh MaKCHMaJIbHOE
3HaueHWE (YHKIMK W CPABHUTh €T0 C TEOPETUYECKH OIPEACIICHHBIM 3HAYCHHEM
ckopocTH o popmyie(2.14).

3.5.4. Tlo pe3ynbTratam IpOBEACHHOTO aHAJN3a CAEIAThbBBIBO/BI.

4. Pacuet cpeaHelt TOJJ0BOM POU3BOAUTENBHOCTH BeTpoarperata BOY — 3
TexHnueckne XxapakTepucTUKH BeTpoarperara: P, = 3 kBT, h=20wm, vp =4 m/c,

Viom = 10,4 M/C, Vyare =30 M/C, OMeTaemas wiomans S= 14,28 m’.
Pacdetsl BecTr 11 cpesiHel ckopocTu BeTpa 7 m/c; 9 m/c; 11 m/c.
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CpenHsst TpON3BOAUTEIBHOCTh BeTpoarperata (A) ¢ HOMUHAIBHONH MOIIHOCTBIO P
(xBT), HayanbHOW CKOPOCTBIO BETPOKOJIECA Vo (M/C), CKOPOCTBIO PETYIUPOBAHUS Vion
(M/c) 1 MaKCUMaIbHOM CKOPOCTBIO Vi (M/C) OyNIEeT paBHa:

1,3
A = —Vf P, - T (2.15)

HOM

rac Vp =V, ItHOM’m - b‘ 1 j‘ I“j’, m

pabodnx CKOPOCTEH (Vyare >V = V),

X

-
. — CpeIHMi KyO CKOPOCTH BIHana3oHe

1€m F _1_'"\f o 1" "'dt — nenonnasramma-QyHKUMS;

]—'(170.4

v

3
x | m=—+1, B,y — napamerps ¢pynxiuuBeiiGymna;

P 4
I'(m) — nonuas ramma-QyHKIINS;
_ . — . W - =
3216(:1) XHO,M - VHOM/VC[?) X() - VO/ch,x ' - oM ‘73 9 m C 20

[Tonw3ysacek nanubiMu Tabum. I1. 2.5, Halinem VyU €01 3aJaHHOM BETPOBOM 30HBI

V)
Voo =Vio | =T | . (2.16)
w10 ’
. e 0
20 — “10° , 2.17
L Cuto @17

rae cio= 0,578 — koadpuimeHT Bapuaruu, XapakKTePU3YIOIMHUICI H3MEHIYUBOCTHIO
BETpa BOBPEMEHU.

Jlanee mo 3TUM JaHHBIM ONpeAeIsieTcs: cpeaHuil Kyo ckopoctu (Tabdu. I1.2.6) (mpu
HEOOXOAMMOCTH HCIOJb3yeTcsl mpoctas uHtepnonsanus);, [lo tabn. I1.2.7 mHaxomum
3HAYCHHS HEMOIHOM raMMa-QYHKIMA [(Xuow, m), I(xo,m) u I(x ,m).

[ToncraBuB HaifneHHbIe 3HaUYeHHUs B Gopmyny (2.15), BBIYUCIUTH CPETHIOIO
MIPOU3BOUTEILHOCTh BETPOYCTAHOBKHU.

OnpenenuTs CpeTHEroA0BOM KO PHUIIMEHT MOJIE3HOT0 ACHCTBHS BETPOYCTAaHOBKHU
o ¢popmyiie

n=— A 100%
8760 P,

Cnenatb BBIBOJIBI O 11€J1ECOO0PA3HOCTH UCTOJb30BAHUS BETPOYCTAHOBKH MPHU
3aJJaHHOM JIMAIla30HE CKOPOCTEN BETPA B PETHOHE.
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KoHTpo/ibHBIEC BONPOCHI

1. lath onpeaeneHust NOHATHUIM «BAIOBOIN», «TEXHUUYECKUN» U «IKOHOMHUYECKHUI
MOTEHIIAJIbl BETPOBOMIHEPTUU.

2. Kakue ¢pyHkumu pacnpeneneHus caydyailHON BEIUYKHbI BbI3HAeTe?

3. Kakas dbyukuus pacnpeaeneHus Hau0ojee TOUHO OMUCKIBAET pacipeieicHue
CKopocTuBeTpa’?

4. Kak onpenenseTcsi BEpOSITHOCTHOE paclpeeI€HUe CKOPOCTH BETPOBOTONOTOKA?
5. OT 4ero 3aBUCUT MOIIHOCTh BETPOBOT'O MOTOKA U MPOU3BOAUTEIBHOCTh
BETPOIHEPreTUYECKONYCTAHOBKH

HI. IPEOBPA3OBAHUE U UCITOJb30OBAHUE JHEPI'MU MAJVIBIXPEK

3.1. OcobGeHHOCTH MAJIOMTHAPOIHEPTEeTUKHU

Opgnum u3 HauOosiee 3(PPEKTUBHBIX HAIMpPaBICHUN pa3BUTUS HETPAAUIIMOHHOU
HHEPreTUKU SIBIISIETCSl MCIOJBb30BAHUE DHEPrUU HEOOJBIIMX BOJOTOKOB C IMOMOIIBIO
Mukpo- U Maneix ['DC. D10 00BACHSETCS, C OJHOM CTOPOHBI, 3HAYUTEIHHBIM
NOTEHIIMAJIOM TaKUX BOJOTOKOB MPHU CPAaBHUTEIBHON MPOCTOTE UX UCTOJIb30BAHMUS, a C
IPYrol — NPaKkTUYECKUM HCUYEPIAHUEM THAPOIHEPIETUUECKOr0 MOTEHIMAIA KPYITHBIX
pex.

OOBEeKTHl MaJol THUAPOIHEPIETUKH YCIOBHO AT Ha JBa TUMA: “‘MUHU -
obecrieurBaromue eTMHUIHYI0 MOITHOCTE A0 5000 kBT, u “mukpo” - pabotaromue B
nuana3zone ot 3 no 100 kBt (puc. 6). Mcnons30oBaHue THAPOIIEKTPOCTAHIIUNA TaKHUX
MOIITHOCTEH - 1711 Poccum BoBce He HOBOE, a XopoIiio 3a0biToe crapoe: B 50-60-x romax
y Hac paboTasio HecKoJbko Thicsd Maibix ['DC. CeromHs WX KOJUYECTBO €/1Ba
JOCTUTACT HECKOJIBKUX COTCHIITYK.
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Puc. 6. Cxema ycranoBku MuUKpol DC

CoBpeMeHHasi TUJIPOIHEPreTUKa IO CPABHEHUIO C JAPYTUMHU TPAAUIIMOHHBIMU
BUJIAMU DJIEKTPOIHEPTETUKU SIBISETCA HanOoiee HKOHOMHYHBIM M JKOJOTHYCCKU
0e30macHbBIM CTIOCOOOM TTOTYYCHHS DJIEKTPOIHEPTUU. Masasi THIpOIHEPTeTUKA HIIET B
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ATOM HamNpaBliEHUU ele aanbiie. HeGompine 3MeKTPOCTAHIINH TTO3BOJISIIOT COXPAHATD
MPUPOAHBIN JTAHIMADT, OKPYKAIOIIYIO CPeAy HE TOJBKO Ha JTare dKCIUTyaTallud, HO U
B Tporecce CcTpouTenbcTBa. llpm mocienyromeld AKCIUTyaTallil  OTCYTCTBYET
OTPUIIATEIHPHOE BIMSHUE HA KA4eCTBO BOJBI: OHA TOJIHOCTBIO  COXPAHSIET
MepBOHAYATLHBIC TPHUPOIHBIC CBOMCTBA. B pekax coxpaHsercs pnida, BOJa MOXKET
WCITOJIB30BAThCS JIJI BOJIOCHAOKCHHS HAacelIeHUs. B oTiu4me oT Apyrux 3KOJIOTHISCKU
0e30macHBIX BO30OHOBJISAEMBIX HCTOYHHUKOB JJICKTPOIHEPTHH — TaKHX, KaK COJHIIC,
BETEp, - Majas THAPOIHEPreTHKA MPAKTUYECKA HE 3aBUCHUT OT MOTOAHBIX YCIOBUH U
criocoOHa 00ecneunTh YCTOMYUBYIO T0/1auy JACHICBOM AJIEKTPOIHEPTUUTIOTPEOUTEITIO.

Emie ogHO npenMyniecTBO Majioi SHEPreTHKU - SKOHOMUYHOCTh. B ycnoBusx, koraa
OPUPOJHbIE MCTOYHUKH SHEPTUU — HEPTh, Yrojb, ra3 — HCTOLIAIOTCS, MOCTOSHHO
JIOPO’KAIOT, HMCIOJIb30BAaHUE JEHIEeBOM, JOCTYNHOM, BO300HOBISIEMON HHEPrUU peK,
0COOEHHO MaJlbIX, TIO3BOJISIET BhIpaOaThIBATh JIEHIEBYIO AJEKTposHepruio. K Tomy xe
COOpYyKeHHE 0OBEKTOB MaJIOM THIPOIHEPIeTUKU HU3K03aTPaTHO U OBICTPO OKyMaeTcs.
Tak, npu ctpoutenbctBe Masiod ['9C yctaHoBieHHON MoOHHOCTHIO OKoJio 500 kBT
CTOUMOCTb CTPOUTEIBLHO-MOHTAXKHBIX paboT coctamiseT mopsanka 14,5 — 15,0 muH.
py6neit. Ilpu coBMmemeHHOM rpaduke pa3pabOTKU NPOEKTHONW JIOKYMEHTAlUH,
U3rOTOBJIEHUsI OOOpPYAOBaHMS, CTPOUTENHCTBA M MOHTaxa Mmanas ['DC BBoguTCs B
skcrryaranmio  3a 15 — 18  wmecsueB.  Ce0ecToMMOCTb — AJIEKTPOIHEPIHH,
BbIpabaTeiBaeMoit Ha mojo0HOM ['DC, cocraBnser He Oonee 0,45 — 0,5 pyOneit 3a 1
kBty, uyro B 1,5 pa3za HUXKE, 4YEeM CTOMMOCTb DJEKTPOIHEPruu, (aKTHUECKH
peATN3YEMOUIHEPTOCUCTEMOM.

3.2. IlpakTnyeckoe 3aHsTue4
PacyeT nmotreHnuaga BoJ0TOKA 1JIsl MAJIOH THAPOIHEPreTHKH

3aganue

1. Paccuntatb TEOpPETHYECKHI MOTEHLIHATI BOJOTOKA € TIOMOIIBI METoAa
JIMHEVHOI'0 y4YeTay;

2. PaccuuraTth TEXHMYECKHMH TOTEHIIMAI BOJOTOKA, TIOCTPOUTH TpapuKu
sasucnmocteit V= fiL), 0= fily), "= fiLy), ZI""=f(Ly;

3. HccnenoBaTh 11€1€C000Pa3HOCTh SHEPTETUUECKOTO MCTIOIb30BAHMS MOTCHIAIA
BOJIOTOKA ISl KOHKPETHOTOTIOTPEOUTES.

HUcxonnsle naHHEBIE:

1. 3aman y4acTOK OTKpPBITOIO BOJOTOKA C 3aJlaHHBIMU OTMETKAMU E€CTECTBEHHBIX
YPOBHEH BOJIBI B HEM V 10 JUTHHE BOJOTOKA Ly pacxoma Boabl O, T1ie j— HOMEp CTBOpa
(= 1,...10). Hymepauus cTBOPOB UAET CBEPXY BHU3 MOTECUCHHUIO.

2. B BepxHem /— M CTBOpE 3aJaHO OTPAHMYEHUE MO MAKCUMAJIbHOMY IOJHSITUIO
ypoBHS BOmBl — Z" " = 202 M (COLHATBHO-KOIOTHYECKHE TPeOOBAHMS IS
BEPXHEIr0 TEUECHUSIBOAOTOKA).

3. B camom HimkHeM — 10 cTBOpe 3a1aHO OrpaHUYICHNC [0 MUHIMATbHOMY YPOBHIO

BOJIBLZ) =102 M (oOecneueHre rapaHTUPOBAHHBIX CYIOXOIHBIXTITYOUH).
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4. Ha yvacTke Me)Iy CTBOpaMH 2-4 HEe JONYCKaeTcs HapyLIEHHE €CTECTBEHHOTO
pexuMa BOJIOTOKA(3aIIOBETHUK).

5. Ha yuactke Mexny ctBopamu 4 — 10 3a7aHO OrpaHMYEHHE NO MHUHUMAIIBHO
JIOIyCTHEMOMY YPOBHIO BogbI (Z", j=4,...,10) IO yCIOBHAM PEIGHOTOX03SHCTBA.

6. Bo Bcex cTBOpax CyIIECTBYET OrpaHHYEHHUE MO MAKCHUMAJIbHO JIOMYCTUMOMY
YPOBHIO TOAHATHA OTMETKH Bomsl Z;,; j= 1,..., 10 (M0 ycIOBHSAM 3aTOIUICHHS U
MOITOTUICHUSITEPPUTOPHUN ).

7. B Ttabn. 5.2 npuBeneHbl JaHHbIE MO NOTPEOUTENAM 3JIEKTPOIHEPIHH,
PACIIONIOKEHHBIM BJIOJb M3y4aeMOro BOJOTOKA U HE UMEIOUIUM SHEPreTUUYECKOU CBSI3U
¢ sHeprocucteMoi. B tabmn.: I/~ Homep /— ro norpedutens (= 1,...,6); L— paccrosHue
BJIOJIb PEKH OT €€ UCTOKa N0 /[— ro morpedutens; P MOIHOCTh [— To moTpeduTens; /—
paccrosiHie OT /— ro morpebuTens 10 BOJAOTOKA; R/~ DKOHOMHUYECKUU paguyc [— ro
noTpeOUTeNs I 3aIaHHOTO BapUaHTa AJIEKTPOCHAOKEHUS U 3ameHsemoro maion ['9C
aJbTEPHATUBHOTO BapUaHTa HHEPrOYCTAHOBKHU (JM3eNbHAasl ycTaHOBKa). ['paduuecku
pacnosiokeHue noTpeduTeneit npeIcTaBIeHo Ha puc.7.

8. s yyacTka BOJOTOKA, MPUXOJSIIETOCS Ha 3alOBEIHUK, 3aJaHbl CIEAYIOIIUE
yCIIOBUS:

— CKOPOCTb TCUCHHS BOJIBI:

y4acTok 2-3: Vpeeu = 3,5 M/c;

y4acTok 3-4: Vyuea = 2,5 M/C.

- MUHMMAJIbHBIC TJTyOWHBI BOJOTOKA O (hapBaTepy:
yaactok 2-3: A= 1,0 m;

yuaacTok 3-4: A= 1,8 m.

Mk

40 6 &0 10 80 90 00 10 120 130 %wo  15C 160 170 180

JanobedHux ‘ N

Puc. 7. Pacnonoxxenue notpeduTeneid SHepruu B10Ib PEKU
[Ipu pacueTe NpUHUMAIOTCS CIAEAYIOUIME JOMYIICHHUS:

1. Pacxoabpl BOJIOTOKA B KaXKJIOM CTBOPE CUMTAIOTCS MOCTOSTHHBIMU B T€UCHHUE TOJIa,
T.e, J;=const;
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2. I'uapo3neKTpoCTaHIMM HE M3MEHSAIOT €CTECTBEHHBIM TMIPOJOTMYECKUNA PEKUM
BOJOTOKA. DTO 3HAYUT, YTO YPOBEHb BOJbl B BOJOXPAaHWUJIMIIE WM BEpXHEM Obede
moboit I'DC (Zps) npuHUMaeTcs MOCTOSHHBIM M PaBHBIM HOPMAJbHOMY MOANOPHOMY
YPOBHIO

Zpp (t) = HIIY = const.

CoOTBETCTBEHHO BECh €CTECTBEHHBIN pacxoj BogoToka Q(t) mpomyckaercs 6e3
nepepacrnpezesneHtsi BO BpeMeHU B HiKHu 0bed I'IC

Oss(t) = O(1).

3. YcranoBneHHast MOITHOCTh INIOTUHHBIX ['DC Nyrjonpenensercs B KaKA0M 1 — M
pacuetHoM cTBOpe ['DC nmodopmyre:

N;c?lc = 9’81 "?FBC ) Qpactl.i .Hai = KN. Qpact{i .Hai, (31)

rae Nrac — kodpounuent nonesHoro aeicteus ['9C, Ky=9,81- nrac — kodpduniueHt
MOIITHOCTH.
[IprmeM pacueTHslil pacxo B i— M CTBOPE

Qpacu.i: 096°Ql}

3 :
rae O«{v’/c) — pacxoa BOJOTOKA B i— M pacdeTHOM cTBope; H,,— Hamop arperara ['3C,
oTpeeNsieMblii 1o hopmysie

H,= HIIY —Zyp;, (3.2)

rane HI1Y (M) — HOpManbHBIN MOANIOPHBIN ypoBeHb BepxHero Obeda (BB) I'DOC B i-M
CTBOpE, Zipi— pacueTHBIN ypoBeHb HIDKHEro Obeda (HB) 'DC B i— M cTBOpE, KOTOPHIH B
3aBUCHMMOCTH OT THIIA Kackaja W orpaHndyeHud no ypoBH Hb onpenensercs
CJIEIYIOIIUM 00pa30oM:

- COMKHYTBIM  kackaa mmioTuHHbIX ['DC mo Bogotoky  (kpome I'DC B ycThe
BOJIOTOKA):

Zygsi= HITY ;.

Jlnst camoit HukHE# 1o Teuenuto Bojiotoka ['DC (I'DC1) mpuHumaeTcs ¢ yueTom
JTAHHBIX Ta0iI. 3.1, T.c.

Zup: = 7" 9" = 102M = const.

- pa30OMKHYThIN Kacka] MIoTHHHBIX ['DC moBOIOTOKY:
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Zupi=VitAZpsi= Vit 0,256°Opacuis

rae Vi(m) — oTMeTKa YpOBHS BOJIbI B i— M cTBOpe (OepeTcs o AaHHbIM Tabu1. 3.1 u puc.
3.1).

4. Yucio 4acoB MCIOJIB30BaHUS ycTaHOBIEHHONW ['DC mo BOAOTOKY /A(4) MPUHATO
cuutath paBHbIM 30004.

5. DHeprocHabxenue /— ro norpedurtens or 'DC cuurtaercs 3QpGHEKTUBHBIM, €CIU
paccTosiHue OT MOoTpeduTenss A0 BoJoToka wiau MectomnojoxkeHus ['DC (L;) Oyner
MEHbIIIE SKOHOMHUYECKOTo paauyca (R)), T.e. Li<R/(t1ab6m.3.2).

6. Cuuraercs, uTo ajabTepHaTHBHBIM [ DC BapuaHTOM SIBISETCS JHU3CIbHAsS
anekrpocTanus(3C).

Tabmuma 3.1
HCXOI[HBIG JAaHHBIC T10 BOOOTOKY

CTBOp PEKHU V/ L]‘ Q]' 7 max 7 min
] M KM M°/c M M
1 200,0 30,0 4.5 215,0 202,0
2 194,0 40,0 6,5 207,0 194,0
3 181,0 50,0 7,0 193,0 181,0
4 174,0 65,0 10,0 184.0 174,0
5 170,0 70,0 10,5 180,0 172,0
6 157,0 80,0 14,0 167,0 159,0
7 141,5 95,0 14,5 151,5 143,0
8 125,0 115,0 24,0 195,0 127,0
9 111,0 135,0 48,0 121,0 113,0
10 100,0 180,0 53,0 110,0 102,0

7. lpunaro, uyto k MaiasiM ['DC OTHOCATCS CTAaHIIUU C YCTAHOBICHHON MOITHOCTHIO
Nyem 10 30 MBT 1 eaMHMYHON MOIIHOCTRIO arperara 1o 10 MBT.

8. «KuBoe» ceueHHE pEeKH MIPEACTABISAET COOOM MEPEBEPHYTHI PaBHOOEIPEHHBIN
TpeyrojbHuK. becrotunusie 'DC B 3TOM cilydyae MOTYT pacmnojiaratbCsi BIOJb
BOJOTOKA TOJILKO 10 (hapBaTepy U B OJHYJIUHHUIO.

9. Yucno yacos ucmob3oBanus 0ecmioTHHHBIX I DC cocrasisier 80004.

Tabanma 3.2
Hcxonnbie NaHHbBIE 110 TOTPEOUTENSIM AIEKTPOIHEPTUN
[Torpeburens | en. uzm 1 2 3 4 5 6

111

L; KM 45 55 60 105 125 170
P kBT 15 25 18 180 50 300
L KM 0,1 5,0 0,1 2,0 5,0 0,5
R; KM 0,2 0,3 0,2 2,3 0,6 3,5

B tab6n. 3.3 3amaHbl OCHOBHBIE TEXHUYECKHE MapaMeTpbl OCCTUIOTHHHBIX CBOOOHO -
MMOTOYHBIX TUPOATPEraTOB U YCIOBUSA MPUMEHEHUS MJI1 T€X YYAaCTKOB BOJIOTOKA, TJI€
HEJIONMYCTUMO U3MEHEHUE €CTECTBEHHOTO PEXKMMA (3aIIOBEIHUK ).
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B Tabnuue npencrasieHsl: /[; — nuaMmerp pabodero kojieca; /oo, — MUHUMAJIBHO
JolmycTuMas TiyOWHa NOTOKAa JUIsl YCTAHOBKM CBOOOJHONOTOYHBIX arperaTtoB IS
3aJjaHHbIX 3HaueHuul /[[; u V,— CKOpOCTH IOTOKA; Lijy— MUHUMAIBHO-IAOIYCTUMOE
paccTosiHUE MeXAYy CBOOOJHOMOTOYHBIMU arperaramu, paclojOKEHHBIMU Jpyr 3a
apyrom Bnoib peku. IIpuaumaercs, yro KIIZl yka3zansbsix arperatoB paBHO 20% mnpu
IomycTHUMBIX Haropax arperata Ha ot 3,0 mo 10,0m.

Ta6numa 3.3
[TapaMeTpbl TOTPYXKHBIX CBOOOJHOMOTOYHBIX arperaToB
npu KIIJ{ = 0,2
Bapuant I, ™ Roon, M Vp=13,5m/c Vp=2,5mM/c Lmin, M
N, kBt N, kBt
1 0,5 1,5 0,836 0,304 10,0
2 1,12 2,0 4,29 1,56 22.4

[lopsinok pacuera

1. Pacder BOJHOZHEPreTHUECKOTO KaJacTpa BOJOTOKA MPOU3BOAMUTCS C MOMOIIBIO
METOJ1a «JIMHEHHOTO y4yeTay. Pe3ynbTaTel pacuera cBoAsATCsA B Ta0id. 3.4, rie UCXOIHbIE
naHHele Oepyrcss w3 Tabn. 3.1, a ocCTajbHBIE BEJIUYUHBI PACCUUTHIBAIOTCA 10
cienyronmm hopmysam:

- UIMHA BOJOTOKA MEXIY CTBOpaMu ju j-1, T.e [;;.;(km):

lijr=Li-l.1; (3.3)
- Harop TOro e y4dactka ;. /(Mm):

Hjj = V=V .4

CpeIHMI pacxo/ Ha ydacTke O /(m/c):

Q;j-1=0,5(Q;+0;1); (3.5)

NOTEHIMAJIbHAs MOUTHOCTh BOJOTOKA HAa TOM ke ydacTke N; . /(kBT):

N;j-1=9,81'H;j.1*Qj 1, (3.6)

yJenbHasi MOITHOCTh BOJIOTOKA 7;;. 7, (KBT/KM):

131 =Ny i/ lije1; (5.7)
BaJIOBOU IMOTHIIMAJIBOJIOTOKA

35



10
NBaJI = Z]\]]J 1, (38)
=2

Tabmuma 3.4
Pacder BOJTHORHEPreTHUECKOTO KajacTpa

CtBop Vi L O; lij-1 Hjji Ojj-1 Njji1 N; 1jj-1
peku

Ne M KM Mo/c KM M M/c kBt kBt kB1/xMm

1

2

3

2. Pacder TeXHHMYECKOT0 MOTEHLIUATABOA0TOKA

2.1 Crposres B rpaduueckoM Buje 3asucumoctu Vi= f(Ly), O;= f(Ly), Z/""= f(L)),
Z""= f(L;) no nanHbiM Tabm. 3.1. 3mech K¢ YyKa3bIBAIOTCS HOMEpa BCEX ECSATH
3aJIaHHBIX CTBOPOB M PACCTOSTHUE TIO TEYEHHUIO BOJIOCTOKA.

2.2. TlpoBoguTcsi pa3dMBKa BOAOTOKA Ha Kackaja IMiIoTUHHbIX MI'DC, HaumHas c
nocneanero—10-ropacueTHorocTeopa. JsoToron3TouKu A,COOTBE TCTBY QI
Ljp (tabn. 3.1) mpoBoauTCS BepTUKAIbHAS JTUHUS J0 MEepeceUeHust cZ g (Touka B)u
3areM U3 T. B mpoBoaMTCS ropu30HTANIbHAS JIMHUS BJIEBO 0 EPECEUYCHHUS C JIMHUEH
Z""(L;), 1.e. onpenensercs T. C.

Tem cambiM ompenensercss mectomnojioxkenue crtBopa ['9C2 (Ly) u crnemyromue
napametpsl ['9C1: L;; Hyy HIIY; Zugi; Q. Ecim Ha; Haxoautcss B JOMYCTUMBIX
npenenax, To fajee npou3BoauTcs onpeneneHue Qpacui; Nyemi U roci..

Eciu B ctBope I'DC1 nHamop Ha; oxaxercs Gombmie 10 m, To HIIYI cnenyer
OTPAaHUYNThH YKA3aHHOM BEJIMYHUHOM, T.€.

HIIYVI = (ZHEﬂ‘ 10)<ZJ max (3.9)

B cnyuae, xorga B ctBope I'DC1 nHanmop Ha; OKaXeTCSd MEHbIIIE TPEX METPOB, TO
CleAyeT OTKa3aTbCsl OT CTPOUTENbCTBA IIOTHHHON ['9C B 1aHHOM CTBOpE U, ABUTAsICh
BBEPX 10 TEUYEHUIO PEKH, ONIPEAEIUTh KoopAuHaThl uiotTuHHo '9C1 B npyrom ctBope.
Heucnonb3oBanHblii IOTHHHBIMU ['DC y4acTOK BOJOTOKa CJIEAYEeT MPOBEPUTH HaA
BO3MOXHOCTh COOpPYXKeHHS 371ech OectuioTuHHBIX [DC.

Ilocne ompeneneHuss BceX OCHOBHBIX AiekTpuueckux mnapamerpoB ['OCI
aHajgoruyHo mnpoBoaarcs pacuetbl ana ['DC2, I'DC3 u T1.n. PesynbTaThl pacueToB
3a”HocsTCS B Ta0.3.5.
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Ta0Onura 3.5
PacueT TexHUUYECKOTO MOTEHITHANIA YIaCTKa BOAOTOKA MPH €T0 UCTIOIb30BaHUN

COMKHYTBIM KackagoM mIOTHHHBIX MI'OC npu h = 30004 u kn= 7,5

CtBoOp Li 0 Opacui HITY; Zuri Ha; Nyem.i Araci
I'aC
1 KM M/C M/C M M M kBT kBru-10°
1...
10

2.3. Onpenenuts CYMMAapHYIO BBIPaOOTKY 3JEKTPOIHEPTHMH BCEMH IJIOTMHHBIMHU
I'DC B rox.

3.  HccnepgoBanue  1e1€COOOPAa3HOCTH  DHEPreTHUECKOrO0  MCHOJIb30BaHUS
TEXHUUYECKOT0 MOTEHIMana BoJoToka ¢ nmomoibio MI'DC myis MecTHBIX noTpedutenei
SHEPTUU.

3.1. TlpoBepuTh BBINIOAHEHHE YCIOBUS R >L;ais Bcex IIeCTH MNOTpeduTenen
sHepruu. Eciam 3T0 ycioBue He BBINOJHSAETCS, TO 3JIEKTPOCHAOKEHUE ITHUX
notpedureneld ucnonbzoBanue MIDC Henenecoobpasno. s moTpeduTenei,
HaXOASIIMXCA B 30HE CYIIECTBOBaHUS COMKHYTOro kackaga MI'DC mo BomoTOKy
IPOBEPSIETCS BO3MOXHOCTb IMOJYYEHUS TpPEOYIOUIMXCS 3HAYEHMM MOIIHOCTH OT
ommwxkanmmx ' 9Ckackaza.

IIpy 5TOM paccuuTHIBaeTCs TpebyeMas amHa Bogotoka L™ (km),  HeoOXoamMas
it obecniedeHus s3HeprocHadxkenus 1 — ro norpedurens ot MI'2C ¢ yuetom yneabHOM
OHEProeMKOCTH BojoToka n(kBT/km) (Tabmn. 3.1), T.e.

mee6 _ P 310
l - .

nl 2 ( )

IJi€ 11— YAeJIbHAasi MOLTHOCTH (SHEPTOEMKOCTD) y4acTKa BOJIOTOKA MEXKIY CTBOPAMH,

IJIe pacToJIOKeH /— HOTpeOUTeIb.

Jlanee npoBepsieTcsl BBITOJIHEHUE HEPABEHCTBA
mpe

L =l (3.11)

Ecnu oHO BBIMONHSIETCSA, TO B pacueTax HCIOJIB3YEeTCS MOCTOSHHOE 3HAYCHHE nj,
COOTBETCTBYIOIIEE JaHHBIM Ta0m. 3.1. Ecniu He BBITIOIHAETCS, TO CIeNYyeT UCIOJIb30BaTh
JAaHHBIC IBYX CMEKHBIX PACUETHBIX HHTEPBAIOB Ta0I. 3.1.

3.2. Ompenenutb romoBOe MOTpedieHUEe 3Hepruu mnotpedurensimu ot MIOC,
PacIoI0KEHHBIXTTOOINU30CTH.

3.3. Ecimu mnoTtpeOuTens HAXOAUTCS MEXKAY CTBOpPaMH, TJ€ HEBO3MOXKHO
cTtpoutenbcTBO HHMKakux ['DC, paccMaTpuBaeTcss BOIPOC OIHOPSIHOW YCTaHOBKHU
MOTPY>KHBIX CBOOOTHO-TIOTOYHBIX arperatoB Bapuanta 1 (tabm. 3.3). Jlns peanuzanuu
ANEKTPOCHAOKECHHSI TaKuX TMoTpeduTeneid moTpedyeTcss cheayroniee KOJIMIeCTBO
arperaTtos

w =N (3.12)
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Hanee onpenensercs odmas qiuuHa rupisaasl MI'OC u cpaBHUBaeTcs ¢ R;
LZ: Zaep'Lmin;
(3.13)
Ls<R;

HeBbinosiHeHHe NOCIEAHETO YCIOBHS 03HAYAET, YTO MUCHOJIb30BAHUE OECIUIOTUHHBIX
I'DC nenenecoobpasHo.

3.4. Cnenath BBIBOJI O II€JIECOOOPA3HOCTU DIICKTPOCHAOXKEHUS MOTpeOUTENEH OT
MI'DC, yka3zaTh 3T MOTPEOUTENN U UX TOJJOBOEIIEKTPONOTPEOIICHHUE.

Onpenenuts B MPOLEHTax BbIPAOOTKY 3yiekTposHeprun MI'DC oT TeXHHYECKOro
NOTEHIIMaJa BOAOTOKA.

KoHTpoJbHBIC BONPOCHI

Kinaccuduxaiys ycTaHOBOK JIJISI MaJIOMIHEPTETUKH.

[IpeumytiiecTBa 1 HEAOCTATKK MaJION THAPOIHEPTeTHKHU. OCHOBHBIC OTIUYUS

MaJioi PHEPTreTUKU OTTPATUIIHOHHOM.

3. B 4em cOoCTOHT CyTh METOJ1a IMHEWHOIO YU€Ta JIJIsl pacyeTa TEOPETUUECKOTO
NOTEHI[MATaBOJOTOKA.

4. HazoBute ocHOBHBIC akTOpbl BausHus MI'D Ha okpyxaromyrcpeny.

Kak paccunrtaTh MOIIHOCTH CBOOOTHONOTOYHBIX OTPY>KHBIX arperatoBMI'3C?

N —

e

IV. UICITIOJIb3OBAHHUE HU3KOIIOTEHIIUAJIBHOI'OTEIIJIA

4.1. MeToanka pacyera u BBIOOPA TENJIOBOTOHACOCA

Bb160p UCTOYHKKA HU3KOMOTEHITMAIBHOTO TETIA.

HcTouHnkaMu HHU3KOMOTEHIIMAIBHOTO TEIla MOTYT OBITh Hapy>KHBIH BO3IYX
Temreparypoit or — 15 mo +15°C, orBoaumbiii u3 nomemenus Bo3ayx (15 — 25°C),
noanouseHnsie (4 — 10°C) u rpynrossie (6osee 10°C) Boabl, o3epHas u peunas Boga (0
— 10°C), nosepxuoctusiii (0 — 10°C) u riyounnsii (6onee 20 M) rpyat(10°C).

CornacHO WMEIOIIMMCS JaHHBIM, APTE3MAHCKHWE BOJbI MMEIOT B TEYCHHE Toja
IPUMEPHO OJMHAKOBYIO Temreparypy: +7...+12°C. IIpx HMCIONB30BaHHH B KAueCTBE
MCTOYHUKA TEIJIa TPYHTOBOW BOJIBI, OHA MOMAETCA U3 CKBAKWHBI C TOMOIIbIO Hacoca B
TEIUIOOOMEHHUK Hacoca, paboTaoIIero Mo CXeMe «BO/Ia-BoJla» U, TUOO 3aKaunBaeTCs B
JIPYTYIO CKBaXKUHY, TNO0 cOpachIBacTCs B BOJOEM.

Ecnu B xadyecTBe MCTOYHWKA TeIia BbIOpaH aTMOCHEPHBIA WM BEHTUISIIMOHHBINA
BO3/lyX, NMPHUMEHSIOTCS TEIJIOBBIE HACOCHI, pabOTaloONIe MO CXEME «BO3IYyX-BOIay.
Hacoc MoxeT ObITh pacroyioeH BHYTPH WIJIM CHApYKW ToMetieHnus. Bo3nyx momaercs
B €r0 TEIJIOOOMEHHUK C MTOMOIIBIOBEHTUIISTOPA.

Ecnmm wucrounmk — BOgoeM, HAa €ro JHO YKIAJbIBACTCS  METIsS u3
METAJIOTUIACTHKOBOM WJIM ITUIACTUKOBOM TpyOwl. Ilo TpyOompoBoay HUPKYIHpPYET
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pacTBOp TIKKoJIs (aHTU(PU3), KOTOPHIN yepe3 TEMI00OMEHHUK TEIJIOBOTO Hacoca
nepesaeT Terio Gpeony.

[lonyyeHre HU3KOMOTEHIMAIBHOTO TEIJIa U3 TPYHTA BO3MOKHO ABYMs CIIOCOOAMU:
YKJIaJKa METaUIOIJIaCTUKOBBIX TpyO B TpaHumeu riayounoit 1,2 — 1,5 m nubo B
BEepTUKaIbHbIE CKBaXXWHbI T1yonHon 20 — 100 m. MHoraa TpyObl yKiIaAbIBalOT B BUE
cnupajieil B TpaHuleu riayouHoi 2 — 4 M. DTO 3HAYUTENBHO YMEHBIIAET OOILYIO JJIUHY
oOlIyl0 JJIMHY TpaHiied. MakcumaibHas TEeIuIo0TAauya MOBEPXHOCTHOTO TpyHTa

cocrasisier 50 — 70 kBr-u/M> B TOJI.

Pacuer MOIITHOCTH TEIJIOBOI'O HAcOCA.

1. Onpenenenue TEMIOBOUMOIIIHOCTH.

Jlist pacueTa OCHOBHOW MOIIIHOCTH TEIJIOBOTO HAcoca OCOOCHHO Ba)KHO TOYHOE
OTIpeJICIICHUE Pa3MEPOB, T.K. BRIOOp anmapaToB CIUIIKOM OOJIBIION BETUYMHBI CBSI3aH C
HECOpa3MEPHO BBICOKMMH 3aTpaTaMWd Ha YyCTaHOBKY. IIpexmae Bcero, ciemyer
ONPEJICNNTh CTaHAAPTHOE TeruonoTpedieHne 3aanus. OpHEHTHPOBOYHBIN pacyeT
TerionorpedaeHus (KBT) Ha OCHOBE OTamaIMBaeMoOW MJIONMIAJAN MOKHO MPOU3BECTH IO

dbopmyne

N = Ny()'F, 4.1)
rae N,y — yaenpHoe Temonorpebienue (Oepercst u3 Tada. 4.1); F— noomane
IIOMEIIECHHUS.

C ydeToM BO3MOXKHBIX NIEpeO0eB B AJIEKTPOIHEPTUH MOITHOCTH YCTaHABINBAEMOIO
TEIUIOBOI'O HAacOCa yBEIMYMBAETCA Ha KOA(DPUIIUEHT, pacCUUTHIBAEMBIi 110 (OpMyJIe:

= 24/(24tomir), (4.2)

T71€ omer — MPOJOIDKUTENHHOCTD MEPEPHIBA BIIEKTPOCHAOKEHHUU.

Tabmuna 4.1
3HaueHUs YACIbHOTO TEIJIONOTpeOIeHus
XapakTepucTuka 31aHus VY nenpHOE TerionoTpedieHue,
Br/m
JloM ¢ yiy4IIeHHBIMU MOKa3aTeIsiMU YHEProcOepeKeHusl, B
KOTOPBIX peAIM30BaHbl BBICOKHE TEXHOJOTHHI 10
31aHue ¢ HU3KUM NOTPEOICHUEM SHEPTUU 40
Hosocrpolika, xopotias u30Jsus 50
31aHue CO CTaHAAPTHON U30JISIIIUEH 80
Bornee crapeie mocTpoiiku 6€3 0co00H TEIIOU30JIAIUN 120
Torna
N =f Nyo F, (4.3)

Ecnu HGO6XOI[I/IM3 AOIIOJIHUTCIIbHAA TCILIOBAA MOIIHOCTD JJIA IIPUT'OTOBIICHUA
FOpﬂ‘-IGfI BOAbI, TO IJId OOBIYHOT'O JKHJIOTO 30aHHUA HCXOOAT H3 MaKCHUMaJIbHOI'O
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TeronoTpedaeHuss okoiao 50 1 Ha YeloBeKa B CYTKH C TEMIEpaTypoil BOABI OKOJO
45°C. DTO COOTBETCTBYET JOMOIHUTEIBHOMN TeIIoBoi MomHocTH okoyio 0, 25 kBT Ha
YeJIOoBE€Ka NpU 8 — YacOBOM MEPHUOJE HArpeBa. JTa JIONOJHHUTENbHAs MOIIHOCTH
YUYUTBHIBAETCS TOJBKO B TOM CJydae, €CJIM CyMMapHas JOTOJHUTENIbHAs TeIIoBast
MOIITHOCTh cocTaBisieT 6osee 20% Ttemnonotpedienus (tTadin.4.2).
Cymmapnas TerioBast MOIIHOCTL (KBT) Oyner paBHa
N=12f Ny F. (4.4)

2. Pacuer BogonoTpeOaeHus: Ha HYK/Ibl TEINIOBOTOHACOCA.

Jliist onipesiesieHrss HE0OXO0AMMOT0 KOJIMYECTBA BOBI ISl o0ecriedeHus TpedyemMon
MOIIIHOCTH, BBIYHCIISIETCS] BHAYANE TEIUIOOT/aua BOBI pU pacxoze 1 m°/dac,kBr-u/m’:

-
0_C-& -tm
= 36 : (4.5)
Tabnuia 4.2
[TpnbGaBka Ha ropsiuee BOJIOCHAOKEHHE
VemoBug Pacxon ropsiueit Boawl | VaenpHOE MOJE3HOE Pexomenayemas
noTpebieHus IIpU TEMIepaType Teruio, Br-u/cyr. Ha npubaBka Ha
ropstueit Bojisl 45°C, YeJI0BEKa IIPUTOTOBJICHUE
J/CyT. Ha yeloBeKa ropsiaei BoJpl,
kBT1/uen
Huskoe notpebnenue 15-30 600-1200 0,08-0,15
HopmansHoe
noTpebIeHue 30-60 1200-2400 0,15-0,30

rae C=4,190 MI[)K/M3-K — TEIUIOEMKOCTb BOJHI; 1, I, — COOTBETCTBEHHO HadajJbHAs U
KOHEYHas TeMmreparypa Bojbl, K; m— MaccoBwIi pacxoj BOMIbI, M /gac; 3,6 M/x/xB1 4
— TIepeBOTHONKOA(PDULTHEHT.

Pacxon BoaBI 17151 TTOTy4YeHUS TETUIOBOM MOIIIHOCTH (M3 /4q) ompenenseTcs:

N

M~ o (4.6)

JIns nmopaep:kaHusl TMOCTOSSHHOTO JABJIEHUS W YIPABICHHS TEIJIOBBIM HACOCOM
YCTaHABJIMBAIOTCS PACHIUPHUTEIbHBIE 0aKd, eMKOCTh KOTOPOTO BBIOMPAETCS C Y4E€TOM
HE0OXO0IMMOTO 3amaca BOJIbI.

3.Br16op TemnoBoro Hacoca.

OCHOBHBIMH MapamMeTpaMy UUPKYJIALHUOHHOTO HAacoca SBISIIOTCS Hamop H,
U3MEPSIONINICS B METPax BOJSHOTO CTON0a, U mojaava (M), uiau mpou3BOIUTEIBHOCTD,
m3MepsieMass B M /4. MAaKCHMAIBHBIN HAOp — 3TO HAMOGOJBIICE THAPABIHYISCKOS
COTIPOTHBIICHUE CUCTEMBI, KOTOPOE CIIOCOOEH MpeoaoaeTh Hacoc. [Ipu aTom ero mogava
paBHseTCA HyMIO. MaKCHMalbHOW To/layell Ha3bIBA€TCS HAWOOJIbIIEee KOIMYECTBO
TEMJIOHOCHUTEIS, KOTOPOE MOXET MepekadaTh 3a | 4ac Hacoc mpu THAPABINYECKOM
CONPOTUBICHUM CHUCTEMBI, CTpEMSIIEMCS K HYJII. 3aBUCUMOCTh Hamopa oOT
MIPOU3BOIUTEILHOCTH CHCTEMBI HA3bIBACTCS XapaKTePUCTHUKON Hacoca H = f(M).
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[Ipu monbope Hacoca Mpexae BCEro HEOOXOAMMO YYECTh OOBEM TEIIOHOCHTENS,
KOTOPBIA OyJeT mepeKaunBaThbCs C MPEOJOJICHHUEM THUAPABINYECKOTO COMPOTHBICHHS
cuctemsl Q.

['uapaBiudeckoe  COTMPOTHBIECHHWE  DJIEMEHTOB  OTOMUTENBHOM  CHCTEMBI
onpezensiercss no tadn. [1.3.1 B 3aBUCHUMOCTH OT JJIMHBI U MaTepualia TpyO CHUCTEMBI
ororuienus. [lo u3BectpIM napamerpaM M u H u3 karanora BbiOMpaercs Hacoc (Talul.
I1.3.2,I1.3.3).

I'mapaBanyecKMid pacueT TDV6OHDOBOI[OB CHUCTCM BOAAHOI'O OTOIIJICHUA

FI/IIIpaBJH/ILIeCKI/Iﬁ pacqu CUCTEM BOIAAHOTIO OTOIIJICHUA HpeﬂHaBHaqu JJIs1
00OCHOBaHUS BBIOOpA TAKUX TUAMETPOB BCEX YUACTKOB TPYO, MPH KOTOPHIX B KaXKIOM
I_[I/IpKy.TIHI_[I/IOHHOM KOJbLIEC AaBJICHHUA OJIA HepeMeH.[eHI/ISI pvaeTHBIX KOJINYCCTB
TETUIOHOCUTEINS B €IMHUILY BpeMEeHH OyayT mpeBbimaTh Ha 10 % moTepu maBineHUs ot
TI/IIIpaBJH/ILIeCKOI‘O COHpOTI/IBHeHI/IH.

HOTepI/I AAaBJICHHUSA B KOHType L[I/IpKyJ'IHL[I/II/I HOIIpa?)I[eHHI'OT Ha HOTepI/I, BO3HUKAKOIINUC
oT COHpOTI/IBHeHI/IH TpeHHH, n HOTepI/I OT MCCTHBIX COHpOTHBHeHHﬁ.

HOTepI/I JdAaBJICHUA ApT, Ha, Ha HpeOIIOHCHI/Ie BO)IOﬁ COHpOTI/IBJ'IeHI/ISI TpeHI/IH
OIPEIEIISIOT TI0 (hopMyJIe

AV
Ap, =Rl = 7

p

l, 4.7)

rne R— ynenbpHas MOTeps JaBJICHHS IO TMHE TPYOONpOoBOJa MPU CpeaHEH pacyeTHOH
TEMIIEpaType TEIUIOHOCUTENIS; /[— JJIMHA ydacTKa TpyOompoBona; A— ko3 HIMEHT
COIIPOTUBIICHUSI TI0 JJIMHE, 3aBHCAIIMN OT MIEPOXOBATOCTH CTEHOK TPYOBI M pexuma
ABIDKEHHST TETUIOHOCHTENS; V— CKOPOCTb TEIJIOHOCUTENS; d,— pacdeTHBIH Iuamerp
TPYyOHI.

KoaddunmeHT conpoTuBieHus Ao JJIMHE TPACCHl OTOTUICHUS CIEAYET ONPEAesaTh
o ¢opmyJie

i 3.7d, )
1,312(2 = b)lg| ——=
0,5 12)+ >
3,7d
Ig }Z L
A=—ms - =
g 3.7d, , (4.8)
lg| ——
K,
rae b— YHUCIIO TOJ00WSI PEXUMOB TEUCHHUS TeIIoHOcuTens; K, — K03 dUIueHt

" . -6
SKBUBAJIEHTHOW IIEPOXOBATOCTH, PaBHbIN 1-107M;
PacueTHblil BHYTpEHHUI THAMETP d,I0JCYUTHIBAIOT MO (hopmyJie
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d, =0,58d, +Ad, —4S -2AS (4.9)

r7ie dy— HapyXHbI JuameTp TpyObl, M; Adp— AOMYCK HA HAPYKHBIM TUaMeTp TPyObl, M;
S— TosIMHA CTEHKU TPYOBl, M; AS— JOMYCK HA TOJNIIUHY CTEHKU TPYOBI, M.
daktrueckoe yncio PeitHonbaca onpenenstor no Gpopmysie:

d WV
Re, =— 4.10
o (4.10)
t
TO€e Vi— KOO PUIIMEHT KUHEMAaTHYECKON BS3KOCTU TEIUIOHOCUTENS (BOJBI), Mz/C,

NpUHUMAaeMblii 1o Tabi.4.3.
Tabnuua 4.3

KoadpunmeHT kuaemMaTndeckon BI3KOCTH BOIbI

Temmneparypa 35 40 45 50 55 60 65 70 80 90
BojkbI, °C

vi- 10°, M’/ | 0,73 0,66 0,6 0,55 0,51 0,47 0,43 0,41 0,36 0,32

Uucno  PeliHombaca, COOTBETCTBYIOIEE  HAdally  KBagpaTUYHOW  00yacTu
TUAPABIMYECKUX COMPOTURIICHUH MTPU TYpOYJICHTHOM JBUXKEHHUH BOJIBI, ONIPECIISIOT 110

dbopmyie:

500d ,
=" - (4.11)

9

Re

KB

Yucno nomobust pesKuMOB TEUEHHSI BOJIbI OTIPEEIISIIOT 10 (popmyiie:

Ig Re,

b=1+—0>0
1 lgRe (4.12)

IIpu cpenHeil Temmeparype TemoHocuTenss, otauyHod ot 80 °C, cuexyet

YYUTBIBATh MOMPABOYHBIA KOAPOHUIIMEHT 0 K 3HAYCHHUSIM YISIbHON MOTEPH JaBIICHMUS,
npuBeaeHHbIM BCHulI:

B

R =R« (4.13)
raeR— yaelbHas moTepst AamieHusi npu temmeparype 80 °C u ToMKepacxone
TEIJIOHOCHUTEIIS.

ITpu cpenneit temneparype teronocurens 90 °C koaphuureHT o TpUHUMAIOT
paBabiM 0,98; mpu 70 °C — 1,02; mpu 60 °C — 1,05; mpu 50 °C —  1,08; ipu 40 °C —
I,11.

JIJist THApaBIMYECKOTO pacdyeTa TPyOOpOBOJOB CUCTEM BOISIHOTO OTOTUICHHUS B
MPaKTHUKE MPOECKTUPOBAHUSA MCHOJB3YIOT CHEelUadbHble HOMOrpammbl (puc. 4.1),
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VYHUTHIBAIOIINE IIEPOXOBATOCTh TPYOONPOBOJOB W pacuUETHBIC MapamMeTphl BOJEHI.
[Totrepu nmasnenus Z, Ila, Ha TPEOMONCHUE MECTHBIX CONPOTHBICHUN MOTYT OBITh
onpeesieHsl o hopmyie

2
Z:Z?Jj'ﬁf’, (4.14)

rae 2¢— cymma Kod(pGUIMEHTOB MECTHBIX CONPOTUBICHUM HA PACCUUTHIBAEMOM
y4acTke TpyOOINpoBOAa; V — CKOPOCTh TEIJIOHOCHUTENS B TPyOONpoBOae, M/C; p —
IUIOTHOCTH TEINIOHOCHUTEJIS, KT/M".

OpHEeHTHPOBOYHBIE 3HAYCHUS KOA(D(PUIIMEHTOB MECTHBIX COTIPOTHBIICHHMA
AJIEMEHTOB CUCTEMbI OTOIUJICHUS MpUBeAeHBI B Ta0. [1.4.1.

['unpaBauvecKkue XapakKTEPUCTHKU OTOMMTEIIBHBIX MPUOOPOB, BEHTHIICH, KIIAlaHOB,
BKJIFOYAsl TEPMOCTATHUYECKHE, MPHUBOIITCS B CIPABOYHBIX W3JIaHUSIX U HOPMATUBHOMN
JIOKyMEHTAIINH.

OO61iee cOMpPOTUBIICHHE JIFOOOTO ydacTKa TPyOOIpoBOAa ABUKEHUIO TETIOHOCUTEIS

Apyy = RI+Z. (4.15)

OnncaHHBIN MCTOA OIPCHCIICHUA IOTCPb HABJICHHUSA B pr6onp03011ax Ha3bIBAaIOT
MCTOOOM YACJIbHBIX IIOTCPb AABJICHUSI.

R' M" “2' C F’X\!\ O
=M, P \90 100000
y \\ 80000
4 9.2 60000
390
55 - . as
195 h 4 20000
100 : "
60
2| ZDNNE speicTaiEe 2N
) Q( 49
10 T 10000
7 < 3] 8000
4 ‘:,07 X ‘%
2 = s '%5%
2%
5,2 ¥ %/% / 6. n/"
0.7 2%

Puc. 4.1. Homorpamma 1151 pacuera AMaMETpPOB TPYyOONPOBOJOB CUCTEM OTOIUICHUS
npu Temieparype Boasl 95... 70°C
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Pe3ynbTaThl THAPABIMYECKOTO pacdyeTa TPyOOIPOBOIOB I1€IeCO00pa3HO CBOIUTH B
tabmn. 4.4.

Tabmuma 4.4
CBonHas Tabnuila pe3yJbTaTOB THIPABIMUECKOTO pacyeTa TpyOOIpPOBOIOB CUCTEM
OTOILJICHMS
=
m i} . = @ S =
B =2 R < = I R
Si E Z = 3 = z 5 2 g N SN
3 ot ) TN 8 == = a8 = g
< s s = 2 < S = o >< ot
2 = = 2 X =5 5 = == O B = 2=
= 2 () < o S = T~ = o 5 35 =
2 2 2 = 2 2 & e, 58 S an 2 I E 5
5 5 E B 35 2 £¢ TEW  E£85E  f:
~ § & =& & B8 & EE %S r8e | 3
= ® = 5 2 Z & o« ¥ 0 =) =
3 S 2 & 8 S, 2g ¢g2&2 5 2 ==
= & = 3B 28 2 £3 = £ 9
= ¥ ¢ & oY= 5‘ 2 3
= >~ R

4.2. IllpakTHyeckoe 3aHATHES
PacyeT ropu3oHTAJIbHOI0 KOJJIEKTOPA H BHIOOP TEMJIOBOI0 HACOCA /IS KUJIOTO
noMeleHust

Hcxomaubie ycinoBus

1. TermonoTpeOHOCTh KOTTEMKa IwIomaaso 120-240 M (U3 pacdeTa TEIIOBBIX
oTeph ¢ yueToM HHpmiIbTparuu) — 13kBT;

2. TemmepaTypa BOABI B CHUCTEME OTOIUIEHHS MpuHUMaeM paBHoi 35 °C
(monmonoBoito6orpeB);

3. MuHuMainbpHas TemiepaTypa TeIIOHOCUTEN Ha BbIXoA B ucnapurens — 0°C.

4. Jlns oOorpeBa 3maHHMs BBIOpaH TEIUIOBOW Hacoc MomHOCThIO 14,5 kBT u3
CYIIECTBYIOIIETO TEXHUYECKOTO psA/la 00OpYyIOBaHUSA, C YYETOM MOTEPh HA BS3KOCTH
MEINyMa;

5. MomHocTs P, 3arpaumBaeMas Ha HarpeB ¢peoHa mpu OTOOpe M Tepenaye
TEIJIOBOM YHEPTUM U3 TPYHTA, cocTaBisAeT 3,22kBT;

6. TemmockeM ¢ TOBEPXHOCTHOTO cJiOsi TpyHTa (cyxas riuHa), gpaBHsiercs 20
Br/m.m.

CpeMm Terua ¢ KaxJaoro Merpa TpyObl 3aBUCHT OT MHOTHUX HapaMeTpoB: ITyOUHBI
YKJIaJIK1, HaJTU4Yusi TPYHTOBBIX BOJ, KauecTBa rpyHTa U T.A1. OpUEHTUPOBOUYHO MOKHO
CUHTATh, YTO JIJIS TOPU3OHTAJIBHBIX KOJUIEKTOPOB OH coctaBiseT 20 Bt/m. bonee Touno:
cyxoii mecok — 10, cyxas rmmHa — 20, BaakHas rIMHA — 25, TIMHA ¢ OOJBIIUM
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conepkanremM Boabl — 35 B1/Mm. PasHuny TemmnepaTypbl TEIJIOHOCUTENS B MPSMOM U
oOpaTHOW JIMHMM TETIM NpPH pacuerax MPUHUMAIOT OOBIYHO paBHOMU 3°C.
MuHUManbHOE PACCTOSHUE MEXKIY MPOJIOKEHHBIMHU TpyOamMu 10JKHO ObITh 0,7— 0,8 M.
JlnnHa oaHo#l TpaHmen cocrtaBisger oO0biuHO OoT 30 nmo 120 M. B kadecTBe
TEIUIOHOCUTEISI IEPBUYHOTO KOHTYPa PEKOMEHYETCS UCIOJIb30BaTh 25 — MPOLEHTHBIH
pactBOop TIuMKOois. B pacuerax cinepgyer ydecTb, UYTO €ro TEIUIOEMKOCTh IIpU
temneparype 0°C cocrasisier 3,7 kJ[x/kr-K, miotHocts — 1,05r/cv’.

Ilopsinok pacuera

1. B cootBerctBuUu ¢ (opmynoit (4.16) paccuuthiBaeTcsi TpeOyemasi TersioBas
MOIIHOCTh KOJUIEKTOPAa Kak pa3HUIA IOJHOM MOIIHOCTH TEIJIOBOro Hacoca Nu
AIEKTPUUECKOW MOIIHOCTH, 3aTpayrBaeMoil Ha HarpeB ¢peona P, kBT:

Oy = N-P. (4.16)

2. CymmapHas qiiuHa Tpy0 KojuiekTopa L, M, 1 o01as 1iiomaas y4yacTKa Mo Hero
2
A, M°, paccuuTbIBalOTCs MO popmynam

L==, (4.17)

<o

A=L:

&

(4.18)

311eCh g— yAeNbHbIN TernocheM (BT/M); d— paccrosinue Mexay Tpyoamu (IIar yKJIaakm).
3. Pacxox antudpnsa,m’:

0, -3600
> C-p-AT”
rae AT — pa3HOCTh TeMIEpaTyp MEXKy MOJAIOIIEH U BO3BpaTHON TUHUAMU, O —
TEIJI0Basi MOLIHOCTb, MTOJIy4yaeMasi OT HU3KOMOTEHIIMAIbHOTO HCTOYHHUKA.

4. Jlns ycTpolcTBa KOJUIEKTOPa BEIOMPACTCS TUIIOpPa3Mep IUIACTUKOBOM TPYOBI, IS
KOTOpOi1 ornpeaenstoT notepu aasnenus (I1a/m.m.); conpoTuBieHNE 0THOTO KOHTYpa
(xI1a); ckopocTh MPOTOKA TEIJIOHOCUTENSI(M/C.).

5. IIpoBectu pacuet 30H1a (pUC. 7) IS TEX K€ UCXOAHBIXJAHHBIX.

[Ipu rconp30BaHUM BEPTUKATBHBIX CKBKHUH ITyOnHOM oT 20 10 100 M B HUX
norpyxarTcs U — 00pa3Hbie Mm1acTUKOBbIE TpyOb! (1namerpom 32 mMm). Kak mpaBuiio, B
OJIHY CKBa)KMHY BCTABJISIFOTCS JABE METIU. B cpelHeM yIeabHbII TEIIOChEM TaKOIO
30HJ1a MOKHO TIPUHSTH paBHBIM 50 BT/M.

MoOXHO TakXke OpHUEHTUPOBATHCS HA CIEAYIOIINE JaHHBIE MO TEIIOCHEMY:

- cyxue ocafouHbie mopoabl — 20BT/Mm;

- KaMEHHCTas 1T0YBa U HACHIIIICHHBIC BOAOW 0caouHbIe Topoasl — SOBT/M;

- KaMEHHBIC ITOPOJIBI C BRICOKOH TEIIONPOBOAHOCTRIO — 70BT/M;

- moa3eMHBIE BOJBI — 80BT/M.

(4.19)
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Temmepatypa rpyHTa Ha riryoune 6ojee 15 M MOCTOSTHHA M COCTABIISIET IPUMEPHO
+9°C. PaccTosiHEE MEXTy CKBaXKMHAMM JOJDKHO OBITH 60Jiee 5 M.

Puc. 7. Cxema PAaCIIOJIOKCHUA 3CMILAHOT'O 30H/1a

[Ipu Hamuuuu MOJA3EMHBIX TCYCHUH, CKBAXKUHBI JOJDKHBI PACIojiaraThCs Ha JIMHUH,
nepneHauKyasspHod nmotoky. [logbop nuameTpoB TpyO MPOBOAUTCS MCXOJS U3 MOTEPh
JaBJIeHUs ISl TpeOyeMoro pacxoja TeroHocuTes. Pacder pacxoa >KMIKOCTH MOXKET
npoBoAuThes st t =35 °C.

Pacuer npoBOAUTCS aHAIOTMYHO TOPU3OHTATLHOMY KOJUICKTOPY.

KouTposbHbIE BONIPOCHI

1. IlpuHuun aefcTBUS TEIIOBOTOHACOCA.

2. HazoBuTe BO3MOXHbIE HU3KONOTEHIMAJIbHBIE UICTOYHUKUIHEPTUH.

3. Kakue ucxoHble JaHHbIE HYKHBI JUIs1 pacueTa MOIIIHOCTH TEIIOBOroHacoca?

4. Tlo xakuM mapaMeTpaM BeIOMpaeTcs TeTuIoBoi Hacoc? JlaTh ompeneneHne 3TuM
napamMeTpam.

5. C xako# 1eiabp0 TPOBOIUTCS THAPABINISCKUNA pacyeT TpPyOOTIPOBOIOB CHCTEMBI
BOJSIHOTOOTOIJICHNUSA ?

6. Kak paccuntaTh JIMHY rOPU30HTAJIBHOIO KOJUIEKTOPA U CKBAYKHUH 3€MJISIHOT030HAa?
7. OT yero 3aBUCHUT YJEIbHBIN TEIJIOCHEM KOJUIEKTOpa U30HAa?
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V. ACIIOJIb3OBAHUE BUOI'A3A
5.1. Xapakrepucruka 0Mora3a u crnoco0bl eromnoJay4eHus

buoras cocrout u3z merana (55 — 85% - CHs) u yrmekucnoro raza (15 — 45% —
CO,), a Taxxe MOTYT OBITh Clie/Ibl cepoBOJOpoa. Ero Teminora cropanusi COCTaBIsSET OT
21 10 27,2 MJIx/M’. Tlpu nepepaGotke 1 TOHHBI HABO3a KPYITHOTO POraToro CKOTa H
CBUHEH (C BIaXHOCTBIO 85%) MOXHO MOJYy4uTh OT 45 1m0 60 M> Guorasa, 1 TOHHBI
KyPHHOTO IOMeTa (C BIAKHOCTBIO 75%) peanbHO moiyunts 10 100 M° Guorasa. Ilo
Temnore cropanns 1 M° Grorasa skBuBanenter: 0,8 M IpupogHOro rasa, 0,7 Kr Ma3yTa
unu 1,5 xrapos.

OTOT Ta3 MOXKET UCIHOJIb30BaThCAd KaK OOBIYHBIM MPUPOAHBIM Ta3  JyIs
TEXHOJIOTMYECKUX 11eJiel, 000rpeBa, BHIPAOOTKH AJIEKTPOIHEPTUH.

buoras, kak u TpPUPOIHBINA ra3, OTHOCUTCS K Haubojee YMCThIM BHUAAM TOILJIMBA.
[Tonyuenune Ouoraza W3 OpPraHUYECKUX OTXOJIOB UMEET CJICAYIOIIUE OCOOCHHOCTH:
- OCYIIECTBIISICTCS] CAaHUTapHast 00paboTKa CTOYHBIX BOJT (0OCOOCHHO JKMBOTHOBOUECKUX
U KOMMYHaJbHO — OBITOBBIX), COJEp)KaHME OPraHWYECKHX BEIIECTB CHIDKaeTcs a0 10
pas;
- aHa’poOHas mepepaboTka 0TXOJ0B KUBOTHOBOJCTBA, PACTCHUEBOJACTBA M aKTHBHOTO
uila TPUBOJAUT K MHUHEpPAIW3alldd OCHOBHBIX KOMIIOHEHTOB ynoOpeHui (azora u
docdopa) u UX coxpaHeHHUIO (B OTIIMYHE OT TPATUIIMOHHBIX CIIOCOOOB MPUTOTOBIICHUS
OpraHUYecKUX yIOOpEeHM MEeToJlaMH KOMIIOCTUPOBAHUS, MPHU KOTOPBIX TEpsSeTCs [0
40%a3o0Ta);

- pu MeTaHoBOM OpoxxeHuu Bbicokui KIIJl mpeBpaiiienuss sHeprun OpraHuyecKux
BemecTB B 6moras(80—90%);

- 6uora3 ¢ BbICOKOW 3((PEKTUBHOCTHIO UCHOJIB3YETCS ISl MOJTYYEHUs! TEIUIOBOM U
AIEKTPUUECKON SHEPTUH, a TAKXKE JJI 3aIIPABKUABTOMOOMIICH;

Ha puc. 8 mokaszana TexHoJOormueckas cxeMa MOJy4eHHs Ouorasa M3 OTXOJI0B
’KUBOTHOBO/ICTBA.

K notpeburenio

Puc. 8. TexHonornueckasi cxema moyrydeHus: Omorasa
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Ha cxeme Oumora3oBoil ycTaHOBKM MoOKa3zaHbl: 1 — ¢epma; 2 — pesepByap s
XpaHEeHUs HaBo3a; 3 — Hacoc; 4 — METaHTaHK; 5 — ra3rojpaep; 6 — TeII000OMEHHUK; 7
— KOTeJI; 8§ — XpaHWIHIlIEe yA0OpeHusl.

[Tpunuun paboTel OMOra30BOM ycTaHOBKHU. bromacca (OTX0/bl WX 3€JIeHas Macca)
MEPUOANYECKU TIOJIAIOTCA C MOMOIIBI0 HACOCHOW CTaHIMU WM 3arpy3udKa B PEaKkTop
(MeTanTeHK). PeakTop mpencTaBisieT co00M MoJorpeBaeMblil U yTEIJIEHHBINA pe3epByap,
o0opynoBaHHbI MuKcepamu. CTpoilmMaTepuanoM sl MPOMBIIUICHHOTO pe3epByapa
Yarie BCEro CIYKHUT KeJIe300€TOH WM CTallb C MOKpPhITHEM. B Manbix ycTaHOBKax
MHOT/Ia UCIIOIB3YIOTCS KOMIIO3UIIMOHHBIE Marepualibl. B peakTope >KUBYT MOJIE3HBIC
OakTepuu, nuTarommecs OuoMaccor. IIpoayKToM IKH3HEAEATENbHOCTH OaKTEepHUil
saBisieTcss Ouoras. [lnms mopmepskaHus KW3HU OakTtepuil TpeOyeTcs Mmojada Kopma,
nojgorpeB a0 35 — 38°C u mepuonuueckoe mnepemeruBanue. OOpa3zyromuiicsi 6uoras
CKAIUIMBAETCS B XpaHWIHINE (Ta3rojibAepe), 3aTeM MPOXOJUT CHUCTEMY OUUCTKH H
MoJaeTCsl K MOoTpeOuTensiM (KOTel WU JJieKTporeHepatop). Peaktop paboraer 6e3
J0cTyna BO31yXa, FTepMETUYEH U HEOIaCEH.

5.2. IIpakTuyeckoe 3aHATHEO

Ouenka 3¢ (PeKTUBHOCTH YCTAHOBKH OHOra3oreHeparopa v
ABUTATE/b-T€HEPATOPHOM YCTAHOBKHM JJIS YTHIH3AllMU HABO3A HA
ceuHo(depme Ha 1000 rosion

Hcxonubie naHHbIE

1. Conepxanue cyxoro cOpaxMBaeMoro Mareprajia B HaBo3€ OJJHOTO >KMBOTHOT'O
0,2 KT 3aCyTKH;

2. Bpewms 1ukita copaxuBanus npu temmeparype 20 °C = 14cyTox;

3. CymMapHas TeIIoTBOpHas ClIOCOOHOCTh cyXoro HaBo3a 12MJIx/kr;

4. CymmapHas TeIoTBOpHas criocooHocTh 6uorasa (50% - metan u 50% -
yriekucislii ras) — Cz = 20M/Ix/M;

5. Ipu moaHOM cOpaxuBaHmH 3a 14 cyTox mouHbIl BeIxox 6rorasa 0,5 M° Ha 1 kr
cyxoromaTtepuana;

6. KII/] nBurarenb-renepaTopHoi yctaHoBku 1 =30%.

[lopsinok pacuera
) 3 9
1. O6bem xuaKon Maccsl (M), MPOXOAIIEH Yepe3 OUora3oreHepaTop €KeCyTOUHO

V,=— (5.1)

3
rac m— Macca Cyxoro Mmarepuajlia B HaBO3€ ) XUBOTHBIX 3da CYTKH, p = 50 xr/m” —
3
COACPIKAHNEC CYXOI0 MaTCpHrajia B 1 M~ KMXKU.
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7.2. O6beM GHOra30reHepaTopa, M
Ve =V,-t, (5.2)

rJie /— BpeMsi IUKJIa COpakuBaHus, CyT.

7.3. Macca cyxoro marepuaia B OJIHOM OMOra3oreHepaTope,Kr
Go= m-1-1000, (5.3)
7.4. O6bem brorasa, BHIIEIIEMOTO GHOra30reHepaTopoM 3a CyTKH,M/CyT

Ve=G-c, (5.4)

r7ie ¢— BBIXOJ Onorasa u3 1 Kr cyxoro Marepuania B CyTKH.

7.5. T'onoBas BeIpaboTKa 3eKTpodHeprun (KBT 1) npu ucnons3oBaHuu 6uorasa B
JIBUTATEb — TEHEPATOPHONYCTAaHOBKE

W=n-Vy- Cy-365. (5.5)
7.6. HomuHanpHasi MOIIHOCTh ABUTATENb — T€HEpaTopa, kBT

KW
36524 °

H

(5.6)

rae K3 =1 — koadunmeHT 3amnaca.

7.7. Pacxon anextposnepruu (Teic. KBT-4) Ha momorpeB Macchel B OrorazoreHepaTope B

X0JI0iHOE BpeMs roja (365/2 cyrok) B cpeaneM ot 5 g0 20°C, mosarast TEIIOEMKOCTh
3

maccsel 1 kxkan/kr-°C, mmotHoeTh Maces! 900 kr/m”, 1 kBtu = 1kkan/860.

>V, -C-AT
W= m:C-AT = 25658609 — (5.7)

7.8. Pacxon snexktposHepruu (Thic. KBT'4) B roj ABUrareiasiMuM HAcOCOB M MELIAJIOK
OunoraszoreHeparopa Mpu HX ycTaHOBIeHHOW MomHOcTH 20 kBT u ko3dduiuente
ucrojipzoBanus(, 1

WZ :Pycm.Kucn'8760. (5.8)
7.9. 'onoBas 5KOHOMMUSI JNEKTPOIHEPTUHU (ThIC.KBT )

AW =W - Wi—W. (5.9)
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7.10. KanuraneHele 3aTpaThl (MIIH. py0) Ha YCTAHOBKY IIPH YAENBHBIX 3aTpaTax 3y) = 2
MJIH. py0 3a 1 kBT ycTaHOBIEHHOWMOIITHOCTH

K =Py '3ya. (5.10)

7.11. TonoBoit sxkoHoMuueckuid 3¢ dext (MiH. pyd) 06€3 yuera HOMOJHUTEIBHBIX
AKCIUTyaTallUOHHBIX ~ pacXxoJoB  MNpu  Tapude  Ha  IIEKTPOIHEPTHIO IS
MPOU3BOJICTBEHHBIX oTpedbuTener h=170py6/kBt-u

D=AW-b. (5.11)

7.12. Cpok okymaeMoCTH 0e3 ydeTa JOMOJHHUTEIbHBIX IKCIUTYaTallMOHHBIX PacXO0B,
JeT

T, =—. (5.12)

KoHTposbHBbIE BONIPOCHI

OCHOBHBIE XapaKTepUCTUKUONOTa3a

[TpuHIIMT paboTHl GMOTa30BONYCTAHOBKHU.

HazoBute ocHOBHBIE c1TOCOOBI IEpepabOTKHONOMACCHI?

KaxoBa s3¢dextrBHOCTH Coxuranusi onororuina? Kak e€ MOKHONOBBICUTD?
B uém cymHocTs aHa’poOHOrocOpakuBaHus?

KaxkoBa a(pdexkTuBHOCTH aHA3pOOHOM NIepepaboTKMHABO3a?

A e
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INPUJIOKEHUSA

[MTPUJIOXEHUE 1
Tabnuua I1. 1.1
TeXHUYECKHUE XapaKTePUCTUKU COITHEYHBIX MOYJIEN

XapakTepucTHKU Tun moxyns
COJIHEUHBIX Moyseit | M 30/12 M 85/40 MSW MSW MSW MSW
100/50-12 | 120/60-12 | 150/75-24 | 175/80-24

IInkoBas MOIIHOCTD, 30 85 100 120 150 175
Bt
Homunansnoe 12 12 12 12 24 24
HanpsbkeHue, B
Hanpsoxenue B 17 17 17 17 34 34
TOYKE
MAaKCHUMaJIbHOU
MoImHoCTH, B
Toxk B TOYKE 1,77 1,77 5.8 7 4.4 4.4
MaKCHUMaJIbHOU
MOIITHOCTH, A
Hamnpsokenue 21 21 21 21 42 42
X0JI0CTOTO X044, B
Toxk KOPOTKOTO 2 2 7 8,4 5,3 5,3
3aMBIKaHU, A
Pa3mepsl, MM 630x600x | 650x960x | 680x1330x | 1415x695x | 810x1580x | 810x1580x

28 32 40 42 40 40
Bec, kr 4,6 7 10 11,5 17 17
Lena, py0 5450 15500 18200 21800 27300 31900

Tabmuma I1.1.2
3Ha4YeHUST MOITHOCTH JIEKTPOOBITOBBIX MPHUOOPOB
DJeKTponpruOOphI MOIITHOCTh yTpO JIEHb Beuep HOYb
K-BO | MOIIH. | K-BO | MOIIH. | K-BO | MOIIH. | K-BO | MOIIH

TeneBuzop 300 1 300 0 0 2 600 0 0
Buneomaruurodon 120 0 0 0 0 1 120 0 0
Komnbrorep 400 0 0 0 0 1 400 1 400
DVD — nneep 120 0 0 0 0 1 120 1 120
Aynuornieep 100 1 100 0 0 1 100 0 0
[Tocynomoiika 1500 1 1500 0 0 1 1500 0 0
Crup. MammHa 500 0 0 0 0 1 500 0 0
DIEKTPOIUINTa 1500 1 1500 0 0 1 1500 0 0
MukpoBoJHOBas 1500 1 1500 0 0 0 0 0 0
neyb
[Ibmecoc 1300 0 0 0 0 1 1300 0 0
daxkc-amnmapar 100 1 100 1 100 0 0 1 100
Jlammnouka 100 6 600 1 100 10 1000 3 300
XO0JI0IUIILHUK 500 1 500 1 500 1 500 1 500
Jlroctpa 400 1 400 0 0 1 400 0 0
Cunreszatop 100 0 0 0 0 1 100 0 0
DNEKTpOYalHUK 2000 1 2000 0 0 1 2000 0 0
YTi0oT 1800 1 1000 0 0 0 0 0 0
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[Tponomxenue Tadm. I1.1.2.

Kodesapka 1200 1 300 0 0 0 0 0 0
Mukcep 200 0 0 0 0 1 200 0 0
Tocrep 300 1 300 0 0 0 0 0 0
den 200 1 200 0 0 0 0 0 0
TenedonusIit 20 1 20 1 20 1 20 1 20
anmapar
Curnanusanus 20 1 20 1 20 0 0 1 20
Jpyrue npuOopsl 1000 1 1000 0 0 1 1000 0 0
0 0 0 0
OGorpeBareins Hosa 300 1 300 1 300 1 300 1 300
Cucrema oborpea 300 1 300 1 300 1 300 1 300
aoma
Htoro 15880 11940 1340 11960 2060
Tabnuua I1.1.3
Ceuenne kabens (MM°) oT nHBepTOpa 10AB
MomntHocTb Hanpsoxenne Ab, B
nHBEpTOpa, BT 12 24 48
150 10 6 -
250 16 6 -
500 35 10 -
1000 50 25 -
1500 50 35 -
2000 70 50 -
2500 95 70 50
3000 - 95 50
3500 - 95 70
4500 - - 70

Tabmuna I1.1.4

MakcuMainbHas JUIMHA Kabens (B MeTpax) OT UCTOYHHKA YHEPTHUH JI0 TTOTPEeOUTEIS
NIpH TaJICHUX HanpsKeHus: MeHbIe 2% miist cuctem 12 B

Tox, Ceuenue kabens, MM~
A 1 1,5 2,5 4 6 10 16 25 35 50 75 100
1 7 10,91 17,65 | 28,57 | 42,86 70,6 109,1 176,5 | 244,9 - - -
2 3,53 5,45 8,82 14,29 214 35,3 54,5 88,2 1224 171,4 - -
4 1,76 | 2,73 | 441 | 7.14 | 10,7 | 17.6 | 273 | 441 | 612 | 857 | 1304 | -
6 1,18 1,82 2,94 4,76 7,1 11,7 18,2 29,4 40,8 57,1 87 117
8 0,71 1,36 2,2 3,57 54 8,8 13,6 22 30,6 42,9 65,25 88
10 - 1.0 | 1,76 | 286 | 43 | 7.1 | 109 | 17,7 | 245 | 343 | 522 | 70
15 0,73 | 1,I8 | 19 29 | 47 | 73 | 118 | 163 | 229 | 348 | 47
20 - 0,88 | 143 | 2.1 35 55 8,8 122 | 17,1 | 26,1 | 35
25 - L4 | 1,7 | 28 | 44 7.1 98 | 13,7 | 209 | 28
30 - 1.4 | 24 | 36 5.9 82 | 11,4 | 174 | 23
40 ; 1.8 2.7 4.4 6,1 8,5 13 17
50 ; 2.2 35 4.9 69 | 104 | 14
100 ; 1,7 2.4 3.4 520 | 7.1
150 - ; 23 35 | 4.4
200 ; 26 | 35
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Taomnuma [1.1.5
VY aenpHOE COTPOTUBJICHUE U CEUCHHE MTPOBOIA

Ceuenue nmpoBoja, MakcumabHBIN TOMyCTUMBINA TOK, A VY nennHOE
MM° KonudecTBo mpoBo10B B Kabemne COTIPOTHBJICHUE HA
2->KWJIbHBIN 3-)KUITBbHBII xuimy, Om/m
1,0 11 9 0,018
1,5 13 12 0,012
2,5 18 16 0,0074
4,0 24 22 0,0047
6,0 30 27 0,0031
10,0 40 37 0,0018
16,0 53 47 0,0012
25,0 60 53 0,00073
35,0 74 65 0,00049

Ta6muna I1.1.6

Mopenwnsii psa uaBepTopoB (UPS)1000-5000kBA

MogensuaBeptopa  SKN(z)-1000 SKN(z)-2000 SKN(z)-3000 SKN(z)-4000 SKN(z)-5000
Bxonuoe
170-270B 170-270B 170-270B 170-270B 170-270B

HaIpsDKEHUE
MomniHoCTh
MPOJOJKUATEIIbHAS, 1000 2000 3000 4000 5000
BA
MomniHoCTh
MPOJOJKUATEIIbHAS, 700 1400 2100 2800 3500
Bt
MouHoCTh
2100 4200 6300 8400 10500
nuKoBas, Bt
Brixoanoe
220 £ 2% 220 + 2% 220 + 2% 220 + 2% 220 + 2%

HaIpsDKEHUE
YacToTa 50T 50T 50T 50T 50Tt
dopma BBIXOTHOTO YHUCTAasT qHUCTast qucTast qpcTast YHUCTAast
HaIpsHKEHUS CUHYycOHUJa CUHycOUJa CUHYycOUJa CHUHYyCcOMJIa CUHYyCOHUA
Bpewms

% <4mc <4mc <4mc <4mc <4mc
MePEKITIOUEHUS
DJIEKTPOHHAS OT BBICOKOTO HAIPSKEHUS CETH, MePEerpy3KH, KOPOTKOTO 3aMbIKaHUS,
3aIuTa neperpena
KI1JI 90% 90% 90% 90% 90%
Pexomenayembie

PanasonicLC-XB12120 - repmeTu3upoBaHHbli, HeoOcoyxuBaeMbli, 120Ayg

AKKyMYJISITOPBI
Konuuectso
aKKyMYJISITOPOB, 1/2 2/4 4 4 4
IIT
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[Tponomxkenue Tadm. I1.1.6.

Hanpsixenue

aKKyMYJITOPHOM 12/24B 24/48B 48B 48B 48B
Oatapeun

3apsaHbIA TOK 1-15 A 1-15 A 1-15 A 1-15 A 1-15 A
ammra

AKKYMYIATOPA: OT Iepepaspsiaa, oTnepesapsaa

Fa6apHTbI 1 50X4 1 OX2 1 5

WHBEpPTOpa MM - - - -
Becunsepropa 15 kr - - - -
I"abapurhr 600x400x900 600x400x900 600x400%x900 600x400x900 600x400x900
KOMIUIEKTA MM MM MM MM MM
Bec KOMIIJIEKTA

UPS + 0atapes  oh 69+ 104/ 178 xr 185 kr 189 kr 194 xr
Panasonic +

CTEIJUIAX, KT

CTOUMOCTE

unsBepropa  (6e3  13.500pyo0. 22.500py0. 34.000py0. - 48.500py0.
aKKyMYJISITOPOB)

Tabmuma I1.1.7
3naueHue kKodhPuIMeHToB a, b, So 11 YensOuHckom o61acTu

(52,5° c.m1.)
Beanunna Mecsn _
SIHBaph (heBpaib MapT anpesb Mai UIOHD
a 0,15 0,14 0,20 0,17 0,12 0,10
b 0,18 0,41 0,40 0,45 0,54 0,54
So 8 10 12 14 16 16
Mecsinn
Bennuuna
HIOJIb aBTyCT CEHTSAOPH OKTSIOpb HOSIOPh Jekabpb

a 0,18 0,11 0,14 0,19 0,16 0,13
b 0,40 0,48 0,44 0,44 0,42 0,32
So 16 14 12 10 8 8
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Tabnuua I1.1.8
CpenHee 3HaueHUE BEJIMUUHBI S JIJIs1 Pa3JIMUHBIX pailoHOB YensiOuHcKoit 061actu

Howmep paiioHa.

Bemnuuna S, 4, g mecsana

XapakTepHble .
HACENEHHBIE MYHKTEI sHBapb | QeBpanb MapT arnpeb Mait HIOHBb

1. bpensr, Kusunbsckoe, 3.5 4.8 6.2 8.1 9.4 10,4
Kapraner
2. Aranoska,  Bapma, | 5 45 5.8 7.8 9.2 10,3
Tpounk,OkTa0pbckoe
3.Bepxueypanbck, Yecma,
IInacr, Etkymns, 2,8 4,5 5,4 7,4 8,8 9.8
YBenbckoe
4. Yebapkyns, Aprasii,
Yensbunck, Kynamax, 2,5 4,2 5.2 7.4 8,6 9.6
Mmuacckoe
5.Hsazenerposck,
Kerrreim, 2,2 5,2 7,3 8,6 9.4 9,0
Bepxuuii Y paneii

Howmep paiiona. Bennuuna S, 4, 118 Mecsina

XapakTepHblie 5 5 5 5

HACGICHHBIE YHKTEI HIOJIb aBTyCT | CEHTSAOpPH | OKTSIOph | HOSIOpH | JAEeKaOph

1. bpenpr, Kuznibsckoe, 10,5 9.5 6.8 43 3.0 2.5
Kapransi
2. AramoBka, BapHna, 10,3 8.9 6.4 3.8 2.9 2.5
Tpounk,OkTss0pscKOE
3.Bepxneypanbck, Yecma,
IInacr, ETkynb, 9,9 8,4 6,3 3,5 2,6 2,0
VBenbckoe
4. Yebapkynan, Aprasii,
Yensounck, Kynamax, 9.4 7,9 5,6 3,4 2,2 1,9
Mmuacckoe
5.Hs13eneTpoBck, 9.0 7.5 5.3 2.9 2.0 1.8

Keimtem, B. Vdaneit

56




P(S)

N
0.6
0.4
0,2

N
LI X (]

01‘

0.2
«

0.3
0.6

W4

0.2
0

LR, |

0,6

0.4

"2
0

‘A

[N

1
.
)

iU

12

14

»

Puc. I1.1.1 — 3HaueHust BEpoSITHOCTH P(S) [1JI pa3IMYHBIX MECALIEB

59

L

|



I[MTPUJIOXEHUE 2
Tabnuna I1.2.1
3HaueHUs1 CPEAHEMECIYHON U TOJIOBOM CKOPOCTH BeTpa <vi>, M/C
(1 paiion)

MECSIIBI

T'onpr
1 II I v Vv VI | VII | VIIT | IX X XI | XII | rox

2001 (11,0 10,1 | 85 | 84 (6,8 | 7,0 | 57 | 6,7 | 7,8 | 9,3 | 9,8 | 10,7 | 9,06

2002 (10,1 |98 | 88 | 85 | 7,1 | 65| 55| 6,4 | 80 | 9,5 | 9,6 | 10,3 8,34

2003 | 98 19819089 |69 |66 |55 68| 74]96|098|11,0|7,63

2004 | 99 10,2 9,1 | 88 | 7,2 | 69 | 6,0 | 6,5 | 7,6 | 9,1 | 9,9 | 10,5 | 8,47

2005 |10,4 10090 | 82 | 7,0 | 6,4 | 5,8 | 63 | 7,5 | 89 | 9,0 | 9,7 |8§,18

2006 10,0 94 | 88 | 85 6,7 | 63| 54 | 64 | 7,6 | 94 | 9,3 |10,2 8,17

2007 | 11,2 9,7 | 86 | 85 | 6,7 | 6,5 | 55| 69 | 7,4 | 9,6 |10,0| 10,2 | 8,40

2008 | 9,8 |10,0| &5 | 90| 6,9 | 69 | 51 | 6,7 | 7,7 | 9,0 | 10,1 | 10,9 | 8,38

Tabmuna 11.2.2
3Ha4YCeHUS CPEIHEMECSIYHOM U TOJOBOM CKOPOCTH BeTpa <vi>, M/C
(2 paiion)

MECSILIBI

Tonpr
I II Inr | 1v A% VI | VII | VIII | IX X XI | XII | rox

2001 | 6,5 76 |67 |39 3735|3632 |51 ]42|28]| 4565

2002 | 5,6 | 45 62 |48 |48 |34 |28 |34 |42 |45 |45]| 45| 5,6

2003 | 5,1 | 73 | 51|51 142 5145|2239 ]42]|56]| 53] 5,1

2004 | 42 | 48 | 5,6 | 5,6 | 48 | 42| 34| 3,1 | 34|59 |31]20] 4,2

2005 | 3,9 |53 |73 |53 |53 |42 |45 3,7 |37|42|53]|70] 39

2006 | 48 | 6,7 | 7,6 |65 |48 |45 (39| 4 |43 |48 595548

2007 | 5,6 | 6,5 |42 |59 |53 |45 |3,7| 34|45 |42|53]| 48] 5,6

2008 | 5,8 1 6,0 | 6,4 | 57149 |40 | 38| 3,5 |30 4,1 |60 ]| 65497
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Tabnuua I1.2.3
3HaueHUs1 CPEAHEMECIYHON U TOJIOBOM CKOPOCTH BETpa <vi>, M/C
(3 paiion)

MECSIIBI

T'onpr
I II I | 1v Vv VI | VII | VIIT | IX X XI | XII | roxn

2001 | 53 |64 |55 (2725232420 3930 19]33]343

2002 | 44 | 33 (50 (36|36 22|16 |22)|30]35]34) 3,6 ]3.28

2003 |39 6,1 |39 (39]30]|39 33| 1,0 |27]32]45]| 43 |3,64

2004 | 3,0 | 3,6 | 44 | 44|36 |30 22|19 2247|2120 3,09

2005 | 2,7 | 41 6,1 | 41|41 |30 33|25 |25]31]41]| 6,0 3,80

2006 | 3,6 | 55|64 | 53|36 |33 27|28 3135|4744 4,07

2007 | 44 | 53 (30| 47|41 3325223330142 383,65

2008 | 4,0 | 48 | 42 | 3,7 34|28 24| 20|26 | 38|40 | 4,1 3,48

Taomuna I[1.2.4
PaitonnpoBanue Teppuropun Poccun no tunam mecromnonoxenus BOY
Howmep XapakTepucTrKa MOCTUIAKOIIEH TOBEPXHOCTU
30HBI
1 OctpoBa, moOepexbsi BHEITHUX MOPEH B OKPYKEHUH PAaBHUHHOTO
penbeda
2 OctpoBa, moOepexbsi BHEIITHUX MOPEN B OKPYKEHUHU CJIOKHOTO pesbeda.

[Ipearopes, nmpomyBaembie BeTpoM. CaraoBsie 60710Ta, TyHApPa

3 Paitonsl necocrenei, creneil, noaynycTbidb. JIecoTyHapa, MyCThIHU,
OTKpBIThIE TOOEPEKbs BHYTPEHHUX MOPEH, KPYITHBIX 03€p

4 3akpbIThIE (MAJIONPOIyBa€MbIE) OOEPEKbsI BHYTPEHHUX MOpPEi. ByxThI
BHYTPEHHUX U BHEITHUX MOpEH
5 JlecHast 30Ha B OKpY:K€HUU paBHUHHOTO penbeda (3anaanas Cubupsb,

BHyTpeHHHE paiionsl Kamuatku, Caxanuna), HOWMBI KPYITHBIX PEK, 03€p B
JIECHOM 30HE CO CIIOKHBIM penbedoM (Bocrounas Cubups, JlanbHuii
Bocrok u 1ip.)

6 JlecHast 30Ha B OKPY:KE€HUU CIOKHOTO penbeda (3aypanbe, Boctounas
Cubups, Janpuuit Boctok u ap.)
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Tabmumna I1.2.5

OrHomenue (%) cpeHuX 3HaueHuit ckopocTeiiBerpa Vi/Viy 1 KO3(UIMEHTOB

Bapuanuu Cvig f Cy10 ma BeIcOTE h M Ha ypoBHe 10 M Haj 3eMJIeli B 3aBUCMOCTH OT
HOMEPA 30HBI

h, M 5 10 20 30 40 50

Vv, 1 96 100 106 110 112 114
2 93 100 109 116 120 123

BeTII‘;Z; i 3 89 100 114 123 130 137
o 4 84 100 120 135 146 156

5 78 100 128 150 168 183

6 71 100 139 170 197 219

CV(')/Cvlo 109 100 92 85 78 73
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O61mast mwIowaas TeppuTopu YemssGHHCKOH 061acTy — 87,9 ThIC. KM

[Tmomane paiioHOB:
1 paiton — 1,54 TeIC. KM
2 paiioH — 45,71 TeIC. KM
3 paiton — 31,9 TBICKM”
4 paiion — 8,75 TBIC.KM”

Puc. I1.2.1 — 3onupoBanue YensiOMHCKON 001aCTH IO CKOPOCTU BETPA U KOJIUYECTBY
COJIHEYHOM pajinaliuu
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[MTPUJIOXEHUE 3

Taomuna I1.3.1

3HavyeHus: KOdPPUIIMEHTOB § MECTHBIX COMPOTUBJICHUHN JIEMEHTOB CUCTEM OTOIJICHUS

OneMeHTbI Cxemaruueckoe n300paxeHue &
3JIeMEHTa

OTBOJI C paguycom 0,3...0,5

3akpyraeHus r =5 du

Tpoiiauk:

Ha MPOX0]I S i 0,5
—

Ha OTBETBJICHUE == 1,5

Ha CIIMSHUE === 1,5
—

Ha pa3AesieHue MOTOKA —{, 3,0

KpecroBuna:

Ha IPOXOJ] + 2,0

Ha OTBETBJICHHE —= 3,0
Orcryn e 0,5
Oo6xo0n O 1,0
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Tabmuna I1.3.2

CpaBHI/ITeJ'IBHBIC XapPaKTCPUCTHUKH HUPKYIIANMUOHHBIX HACOCOB JJIA CUCTEM OTOIIJICHHA

[IpowusBoauTens Haspanne Hanop, m ITonaua, [ToTpebnsemass | CroumMocTs, €
MOJEIN Mg MOIITHOCTB, BT
GRUNDFOS UPS 25-60 6 3,8 90 130
Alpha 25-60 6 3,8 90 170
UPE 25-60 6 3,3 100 242
WILO Star RS 25/6 6 3,5 99 122
Top-E25/1-7 7 6,4 200 521
DAB VA 25/180 2,5 3 55 76
VEA 55/180 5,2 3 91 82
NOCCI PUMPS R2S 25-70 7 4,8 140 129
KSB Rio 25-7 7 7,2 140 235
VORTEX HZ 401-25 4 3,2 78 75
WESTER LINE WP 425 4 2,3 78 62

Ta6mumna I1.3.3

CpaBHI/ITe.HLHLIG XAPAKTCPUCTUKU HNUPKYITAITNOHHBIX HACOCOB
AJIs1 CUCTEM TOpsAYCTO BOJIOCHa6}KCHI/ISI

[IpousBoauTens Hazpanue Harmop, m ITonaua, [Totpebnsemas | CroumocTs, €
MOJIETH M /a MOIITHOCTB, BT
GRUNDFOS UP 15-14 B 1,4 0,73 25 113
Comfort
UP 20-30 N 3 2,7 95 214
UPS 25-60 B 6 3,7 90 283
WILO Wilo Star Z 1,24 0,46 28 177
15C
Wilo Star-Z 1,7 1,1 38 147
20/1
DAB VS 16/150 1,58 1,8 48 135
NOCCI PUMPS R2X 20-00 3 2,4 87 184
VORTEX BW 401 4 3,2 78 220
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