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BBEJIEHUE

[Tpu CYILECTBYIOLIEM YpOBHE HayYHO-TEXHUYECKOIrO nporpecca
SHEPronoTpedieHne MOXKET OBbITh MOKPBHITO JIMIIb 3a CYET HMCHOJIb30BaHUs
OpraHUYecKUX TOIUIMB (yroib, HEQTh, Ta3), TUAPOIHEPIUM U ATOMHOM SHEPrUM Ha
OCHOBE TEIUIOBBIX HEUTpOHOB. OJHAKO, MO pe3yJbTaTaM MHOTOYHUCICHHBIX
uccie10BaHuil opraHndyeckoe TOIIMBO K 2030 r. MOXET YJIOBJIETBOPUTH 3alpOCh
MHUPOBOW SHEPreTUKHU TOJIBKO YacTHUUHO. OCTalbHAsl YaCTh SHEPrONOTPEOHOCTH MOXKET
OBITh YAOBJIETBOPEHA 3a CYET JPYTUX HCTOYHUKOB DHEPIrUU — HETPAJULUOHHBIX U
BO300HOBIISIEMBIX.

HerpanuunonHbie BO30OHOBISIEMbIE UCTOUYHUKH HHEPTUU — HTO HUCTOYHUKU Ha
OCHOBE MOCTOSHHO CYILECTBYIOIIMX WU MEPUOINYECKH BO3HUKAIOUIUX B OKpYKAIOIIEH
cpelne MOTOKOB »Hepruu. K HUCTOYHMKAM Takoro pojaa OTHOCSTCS BETep, COJIHIIE,
JBUKYILUECS BOJHBIE MACChl, FeOTepMalibHbIE BOJBI U JIP.

B Hacrosiiee BpeMs CTaHOBHUTCS aKTyaJlbHbIM NPUMEHEHHE BO300HOBIISIEMBIX
UCTOYHUKOB 3JIEKTPUYECKON U TEIUIOBOM PHEPruu, Kak B MPOU3BOJICTBE, TAK U B OBITY.
OT0 CBSI3aHO € NpoOJIEeMamMu JOCTAaBKM M 3KOHOMHUHU TOIUIMBA, 3JEKTPOOOECIICUSHUS
palloHOB C HEPA3BUTON IEHTPAIU30BAHHON CEThI0O M HEOOXOJWMOCTBHIO YIy4IlIEHUS
oOmielt skonoruyeckor oOctaHoBKU. CyHIECTBYIOT M 0oJjiee MPOCThIE MPOOIEMbI —
oOecrieueHne MUTaHUSI 0A30BBIX COTOBBIX CTAHLUU B TOPHBIX, MYCTHIHHBIX U CEBEPHBIX
pErroHax, AJIEKTPONUTAHHUE JIOMOB U IMOCEIKOB, yAaneHHbix oT JIDII, reomornyeckux
SKCHEANLNNA, NacTOMIl M JPYTUX CEIbCKOXO3AMCTBEHHBIX OOBEKTOB, OTAAJIEHHBIX
O00BEKTOB BOEHHOTI'O M TPaKJaHCKOTO Ha3HAYEHUS U MHOTMX JIPYruX. OTH BONPOCH! B
psAae CiIydaeB MOYKHO YCIEIIHO PEUIUTh C IOMOIIBI0 HETPAJULMOHHBIX HCTOYHHKOB
MaJIOH MOIITHOCTH.



|. MIPEOBPA3OBAHUE U UCHOJIb30BAHUE COJIHEYHOM SHEPT U

MeTtoanka pacyera GoTOIEKTPUICCKUX CHCTEM

Bce dotoanextpuueckue cucremMbl (PI3C) MOXKHO pa3aeiauTh Ha JBa THIA:
aBTOHOMHBIC M COCTMHEHHBIE C JIEKTPHUECKON ceThio. CTaHIIMK BTOPOTO TUMA OTAAIOT
W3THUIIKA DHEPTrUM B CETh, KOTOpas CIYXHUT PE3EPBOM B CIydyae BO3HHUKHOBEHHS
BHYTPEHHETO JAe(PHUIINTA YHEPTHH.

ABTOHOMHasi cucteMa (puc. 1) B o0imieM ciiydyae COCTOUT W3 HabOpa COJIHEUHBIX
MOJYJEH, pa3MElIEHHbIX Ha Kpbllle, akKymyJsaTopHoi Oatapeu (Ab), koHTposiepa
paspsima — 3apsAa  aKKyMyJsTOpa, COSAMHHUTENBbHBIX Kabenmeidt. Jlnms momyueHus
NIEPEMEHHOTO HANpPsHKCHHsI K KOMIUIEKTY 00aBisieTCss WHBEPTOpP-TPeoOpa3oBaTeib
TIOCTOSTHHOTO HAMPsDKEHUS B TIEPEMEHHOE.

——
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Pucynok 1 - CtpykTypHas cxema aBToHOMHOU ®OC

[Tox pacueTom ®OC moHUMAETCS ONpe/eiICHUE HOMHUHAIBHONH MOIIIHOCTH MOIYJICH,
UX KOJIMYECTBA, CXEMbI COCJIMHEHUS;, BBIOOp THIIA, YCIOBUN DKCILTyaTalldd U €MKOCTH
AB; MomHOCTEl MHBEPTOpa M KOHTPOJLIEpa 3apsiaa-pas3psjia; onpe/eIcHUe mapaMeTpoB
COETMHUTEILHBIX KaOee.

OnpeneneHne HOMUHAIBHOW MOUTHOCTH COJTHEYHBIX MOAYJICH.

HeoOxonumo BHawane omnpenenuTh CYMMapHYIO (pacyeTHYI0) MOIIHOCTh BCEX
MOTpeOUTENeH, MOAKITIOYAEMBbIX OJTHOBPEMEHHO. JTa MOIIHOCTh yKa3aHa B MacHopTax
15631 (017078

KonunuectBo notpedisiemoit s3neprun W (kBT1-4) B TeueHue BpeMeHH | onpeaensieTcs

W =P,uuT, (1.1)

rae Ppucw— pacdyeTHast MOLHOCTh HAarpy3Kku, KBT.
CuuTaeTcsi, 4TO DJIEKTPOCHAOKEHHE 3a CUET COJHEYHOW HDHEPTrUu SKOHOMUYECKH
1esaecoo0pa3Ho MpH CYTOYHOM dHEPronoTpedieHnn 10 4 kBT 4.
PacueTHast MOIIHOCTE HArPY3KH Ppacy, ONIPEAEIAECTCS CTATUCTUYECKUM METOIOM.
[lo sTOMy MeTOIy pacueTHYI0 HArpy3Ky Tpydiibl NPUEMHHKOB OMNPENEISIOT JIBYMs
UHTErpaJIbHBIMU TIOKa3aTeJsIMU: TeHepalbHOW cpeaHen Harpyskod (P.) (xkBt) wu
TeHEPATBLHBIM CPEIHEKBAIPATUIHBIM OTKIIOHEHUEM (G ) U3 YPaBHEHUS:
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Pioei =P+ Bo, (1.2)

rae [ -eratudyeckuid KO3 PUIIMEHT, 3aBUCAILIMN OT 3aKOHA pacHpeeIeHUs] U NPUHATON

BEPOSTHOCTH MPEBBIIEHUS 1O rpaduKky Harpyskun Ppe, oOT ypoBHa P, © -

CPEAHEKBAAPATUYHOE OTKIIOHEHUE JJIS IIPUHATOIO UHTEPBAJIA OCPEIHEHHUS.
CpenHekBapaTUYHOE OTKJIOHEHHE IJisi TpynmoBoro rpaduka ONpeAessioT 1o

dbopmyie:
n*-_—-JD, :,,JP. . -. e :
! CLER r (13)

rae Py« — AKTUBHAS CPEAHEKBAAPATHYHAS MOIIHOCTb, KBT.
CpenHekBapaTUyHOE 3HAYEHUE aKTUBHOMN MOITHOCTH OTZEJIBHOTO
anexkTponpuemuuka (3I1) 3a paccMarpuBaeMblil MPOMEKYTOK BPEMEHHU OIPEIEINSIETCs 110

bopmyie:

(1.4)
TI€ pcp.ke — CPEAHEKBAIPATHYHOE 3HAYEHUE AKTHBHON MOLIHOCTH JJIEKTPOIPUEMHHUKA,
kBT; pi — aktuBHasg MomHOCTH, TOTpebasemas DI 3a paccMaTpuBaeMblii MPOMEKYTOK
BpeMenu ti (ompenpensieTcs u3 rpaduka HArpy3kd 1Mo aKTUBHOW MOIIHOCTH), KBT; ti —
WHTEpBaJ BPEMEHU 3a KOTOPBIN onpeaenseTcs Pi, MUH., 4.
CTaTHCTUYECKUI METO/I IO3BOJISET ONPEAEIATH [ACIETHYIO HArPY3Ky C JH000M NPUHATOM
BEPOSITHOCTBIO €€ MOSIBJICHUA. B mpakTUUecKux pacuyerax BIOJIHE JOCTaTOYHO NPHUHSThH
BEPOSATHOCTH MPEBBIIICHUS pacUeTHOM HAarpy3ku ot cpenneit Ha 0,5 % , uro
COOTBETCTBYET 2,5 ,TOr/a:

[To n3BeCTHOM MOIIHOCTH HArpy3KH BHIOMPAETCS MOIIHOCTh MHBEPTOPA, KOTOpas C

y4eTOM TOTEeph B MHBEPTOPE MOJDKHA OBITH HE MeHee 4eM Ha 25% Oouibliie pacueTHOM
MOIIHOCTH, T.€.,

Pucynok 2 - BHemHuii Bu1 nHBEpTOpa

Pune = 1,25 Ppaca (1.6)

HomunaneHbiil psig MmomHocTe naseptopos 150, 300,500, 800, 1500, 2500, 5000
Bt. Jlns momHbix ctannmii (6onee 1 kBT) HanpspbkeHne cTaHM BRIOUpaeTCs He MeHee 48
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B, T.k. Ha OOJBPIIMX MOIIHOCTAX HMHBEPTOPHI Jydylle padoTaloT ¢ Oosee BBICOKUX
WCXOHBIX HATIPSKCHUH.
OmnpeneneHre eMKOCTH aKKyMYIISITOPHOU OaTapew.
EMkocth akkymynsTopHoit Oatapeu (Ab) BweiOMpaeTcss u3 cTaHAApTHOrO psija
€MKOCTEH C OKpYIJIEHUEM B CTOpPOHY, OOJblyt0 pacueTHoil. Pacuetnas emxocts Ab
(A-4) onpenensieTcs o hopmyiie:

(L.7)
rane W — xonuuectBo morpebdsieHHoN sHepruu (Btu); U,y — Hampsixkenue Ab; 0 —
nonyctumas riryouna paspsana Ab.

[Ipu pacuere emxoctd AbB B MOJHOCTHIO ABTOHOMHOM pEXKHUME HEOOXOAMMO
NpUHUMATh BO BHHMAaHHME W HaJlW4YUE TMACMYPHBIX JIHEW, B TEUYEHUE KOTOPBIX
aKKyMYJISITOp JOJKEH o0ecreunBath paboTy norpeduTeneil. 3a MakCUMaJIbHOE YKCIIO
MOCJIEIOBATENbHBIX «IHEH 0€3 COJHIA» MOMXHO MPHUHATH YCTAHOBIEHHOE KOJINYECTBO
IHeH, B TedeHHe KOTOpbix Ab Oyner mnurath Harpy3Ky CaMOCTOSTENbHO 0e3
noJ3apsa.

Ot rny6ounsl paspsaa Ab 0 3aBUCUT cpok ciy>kKObl akKyMyJsITOpHOU Oatapen. Yem
6ombiie 0, TeM ObicTpee Ab BeIiAYT M3 cTpos. PekoMmeHnnyemoe 3HaueHHE TIIyOMHBI
paspsana 20% (ue 6onee 30%). DTO 3HAYMUT, YTO BO3MOXKHO Hcroiab3oBanue 20% ot
3HaueHUs HOMHHaJIbHOW emKkocTu Ab. Hu mpu kakux oOCTOATENbCTBAX pas3psij
Oarapen He paomkeH npesblmate 80%. Bpems monHoro paspsana 7. Oatapeu

CMKOCTBIO CAE 1o BOSHGﬁCTBHGM Harpy3kKu MOIIHOCTBIO P moxHO OIIPCACIINTD

T — Cyp -85 )

o P (1.8)
EMKOCTh akKyMyNATOpHOU OaTapeu 3aBUCHUT TaKkKe OT TEMIIEPaTypbl OKPYKaroIIeH
cpenbl. YMeEHbIIeHHEe eMKocTh Ab mnpu TOHMXEHHH TeMIepaTypbl YUHUTHIBACT
TeMIiepaTypHbii Koddduiment K., 3HaUeHUsT KOTOpOro 6epyres u3 rpaduka (puc. 3).
O6m1as Tpedyemasi eMKOCTh aKKyMYJIITOPHOM OaTapeun
CAE:Cpacq°Kc (19)
K. 4

2,0
o 18
~4
14
12
1,0 .
0,8 ~
0,6
0,4
0.2

-16-12 -8 -4 0 4 8 12 16 20 24 28 32 36 40 ToC
Pucynok 3 - 3aBucumocts K¢ = f (T)

Bri6op cedenwnst kabens.
[lo xaGensiM, COEAMHSIIOIIMM HHBEPTOP M aKKyMYJISTOpPHbIE OaTapeu, MpPOTEKAET
ouyeHb OoibiIoN TOK. [lo3TOMYy HEOOXOAMMO MPaBUIBHO BBIOpaTh CEUYEHUE Kabels
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UCXOJS U3 MAKCUMAJIbHBIX TOKOB, KOTOPBIE MOXET MOTPEOIIATH HUHBEPTOP.

Jlist Toro 4yToObl MUHUMU3HUPOBATh MAJICHUE HANPSIKEHUS B MPOBOAAX MEXKIY
AKKyMYJISITOPHON Oarapeeil U HMHBEPTOPOM M TEM CaMbIM YBEIUYHUTh 3(PPEKTUBHOCTH
HCII0JIb30BaHUSI MHBEPTOPA, Ka0eIb JIOJKEH OBbITh JIOCTATOYHO TOJICTBIM M KOPOTKHUM.
[Ipu BBIOOpE ceyeHMs KaOenst JIMHOW 2 M B 3aBUCMMOCTH OT MOIIHOCTH HHBEPTOpA U
HaIpsDKEHUs] aKKyMYJISITOPHOM OaTtapen peKkoMeHaAyeTcs moyib3oBaThes Tadu. I1.1.3.

JUist Toro 4troObl paccuuTaTh HEOOXOAMMOE CEYEHUE MPOBOAA JJIsi KOHKPETHOM
YCTAHOBKHM, HY)KHO 3HAaTh MOILHOCTh WHBEpPTOpA WM 3apsJHOrO YCTPOMCTBA, WIIU
MAaKCUMAaJbHbIA MPOTEKAIOLIMN TOK 4Yepe3 JTU MpoBoaa. TakkKe HYXHO 3HATh
pacctosiHre oT Ab 10 MHBEpTOpa 1 HANpsKEHUE MOCTOSHHOTO TOKA B CUCTEME.

OOBIYHO OOJIBIIMHCTBO CUCTEM C HarpsikeHueM 12 B paGoTaioT npu HanpsiKEeHUU B
nuana3zone ot 11 go 12 B. Ho, ecnu 3T0 BO3MOXHO, HY’)KHO BBIOMpaTh KaOelb TaKUM
oOpaszom, 4TOOBI MaJICHHE HAMPSHKEHUS B MPoBojiax Obuto He Oosiee 2%, T.e. HE Oolee
0,25 B (ta6m. I1.1.4).

st cuctem ¢ 24 wiu 48 B anrnHa kabesnst MoxkeT ObITh B 2 win 4 pasa Oosbie. J{iis
Hanpspkenust 220 B nnuna moxxet ObiTh B 20 pa3 Goblie.

Jlnist pacyeTa ceueHus MpoBoJia MOKHO TaK)Ke BOCIIOJIb30BATHCA (POPMYIION

AU

= , 1.10
L (1.10)

rae I — yJaenbHOe CONpoTuBIeHHE mpoBoja, Om/M; AU — MakCUMalbHO JOITYCTUMOE

najieHue HampsbkeHusi B mpoBoje, B; | — mpomyckaemsiii Tok, A; L — oOmas niuHa

kabess B cUCTeMe B MeTpaX (YMHOXHUTh Ha 2 JJIs MOJOXKUTEIBHOTO M OTPUIIATEIIHHOTO
IPOBOJA).

VYnenwHoe conpoTuBiieHHEe HE MODKHO OBITh MeHble 0,0024 Om/m. Ilo TaGmuie
I1.1.5 onpenensercss MUHIMAIbLHOE CEUEHHE MPoBoaIa — 6 MM, UeM Toe IPOBOJI, TEM
MEHbIIIe OyyT MOTEepH IpH nepeaade 3Hepruu oT Ab k Harpyske.

OnpeneneHne MOUTHOCTH U KoaudecTBa Moayneit @IC.

ConHeuHblil MOAYNb BBINOJHEH B BHUJE IAHENH, 3aKIIOYEHHOM B KapkKac W3
amoMuaMeBoro npodmiis (puc. 4). Ilanens mpeacrtaBiser co0oit (HOTOIIEKTPUUSCKUI
TEHEPATOP, COCTOSAIIMN U3 CTEKISHHOW IUIMTHI, C ThUIBHOM CTOPOHBI KOTOPOU MEXIY
IBYMS CIIOSIMH T€pMETU3UPYIOLIEH (JTAaMUHHUPYIOLIEH ) TNIEHKU

pa3MEIIEeHbl COJHEYHBIC OJJIIEMEHTHI, JJICKTPUUYECKH COCJUHEHHBIE MEXIy Cco0oi
METAUIMYECKUMU [HWHAMU. HWXHHI CIOM TepMETU3UPYIOWIEH IUIEHKU 3allMIIEH OT
BHEIIHUX BO3JICMCTBUU CJIOEM 3alUMTHOW IUICHKH. K BHYTpEHHEH CTOpOHE Kopmyca
MOIYJsSl TPUKPEIUIEH OJIOK TEPMHUHAIOB, TMOJA KPBIIIKOH KOTOPOTO pa3MEIIeHbI
ANEKTPUUYECKUE KOHTAKTBI, IPEHA3HAYEHHBIE JJIsSI TOAKIIOYEHUS MOTYJIA.

Mopaynu nmpou3BOISTCS U3 TCEBAOKBAJIPATHBIX MOHOKPEMHHEBBIX (DOTORIEKTPUUECKUX
npeoOpazoBateneii (PII1), MOKPHITHIX aHTHOTPAKAIOIUM TTOKPHITHEM.




PucyHnok 4 - ®0TO31eKTpUUECKUN MOy
Pabouee namnpsokeHue GoToreKTpUuuecKux Moayae oowsuHo 12 B mim 24 B.
TexHuuyeckue xapakTepUCTUKU COJIHEYHBIX MOAYJIel npuBenensl B Tadi. I1.1.1.
@OTO’EMEHTBl  3aBOJICKOTO TMPOW3BOACTBA HMEIOT OIPEAEICHHYI0 HOMUHAIBHYIO
MOIIIHOCTh, BBIPAKEHHYIO B BaTTax MUKOBOM MomHocTu (BTm). DT0 mokaszarenp ux
MAaKCUMAaJIbHOM MOIIHOCTM B CTAHJAPTHBIX YCIOBHSX HCIBITAHUM, KOT/JAa COJIHEYHAs
paauanus 61M3Ka K CBOEMY MakcMMajbHOMY 3HaueHuto B 1000 Br/M’, a TeMIleparypa

nosepxHoctd  (orodaementa 25 °C. Ha mnpaktuke e (POTOdIEMEHTAM PEIKO
MPUXOJIUTCS padoTaTh B TakKuX ycioBUsAX. OAWH COJHEUHBIH MOAYJb B 3aBUCUMOCTH OT
KoJu4ecTBa miacTuH uMeer momHocTh oT 100 mo 3000 Bt. B TeueHue BbIOpaHHOTO
Neprojia BpEMEHU MOAYJb MOIITHOCTBIO Py B_I:Ipa6aTBIBa€T KOJINUECTBO SHEPTUU, PaBHOE

_ Py -E-m

M 1000 ° (1.11)
rae Wy, — BeIpaboTaHHOE KOJIMYECTBO dJIeKTposHepruu, kBr-u; 1000 — MmakcumanbHOe
3HAYeHHE COJNHEYHOW pammarmu, Br/M°, N — KOd(QQHUHEHT MTPOU3BOAUTEIBHOCTH
cucrtembl (0,5 — netom u 0,7 — 3umoii); £ — 3HaUCHHE WHCOJAIMHU 3a BBIOpPAHHBIN
epuoA s 3aIaHHOW IIIUPOTHI, kBT-u/M>.

3nauenue E mis mmpoter YensOunckoit o6aactu nmpuBoasaTces B Tadi. 11.1.10.

PaznenuB notpebiasieMyio Harpy3KOil SHEPTUIO0 B T€UEHUE BHIOPAHHOTO MEPUO/IA Ha
OHEPrUI0, BBHIPAOOTAHHYIO OJHUM MOAYJIEM 3a OTOT KE TMEpPHOJ, OMNpPEeIeTUM
HE00XO0IUMOE KOJTUYECTBO MOAYJIEH (OTOATEKTPUIECKON CHCTEMBI:

W
n, = W »
M (112)
3HaueHUs] MOIHOCTU COJHEYHOI'O M3Iy4EeHUs (BT/MZ) Y MOCTYHNAOIIEH COJIHEUHOUN
SHEPIuun (xBr-a/M?) B T. Muacce

npuBeneHsbl B Ta0n. 1.1 u 1.2 (mo nanubiM Muacckoil MET€OCTaHIINH ).
Ta6mnuna 1.1 - MOIIHOCTD CONMHEYHOTO H3ITy4eHus, Br/m’



Mecsn, | anpens | Mal UIOHb UIOJIb aBrycT | CEHTSOph | OKTSAOpH | HOSIOPD
JeKazia
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
cpennee| 179,72 167,49| 170,85 220,14] 132,89 105,56 46,40 22,5
3amecsar] 539,17 502,47| 512,54| 660,42 398,68 316,68 139,2 67,5

CymMapHasi MOIIHOCTb 3a MEPHOJ C ampess MO HOSAOph B PErHMOHE COCTAaBISET
2 o 2
3136,66 kB1/M", noctyruieHre coaHeuHon sHeprun — 75,28 kBt-u/M”.

Pacuer ctonMocTH hOTOIACKTPUUSCKON CHCTEMBI.

Croumocts ®OC 111 aBTOHOMHOM CHCTEMBI 3JICKTPOCHA0KECHHS CKJIaIbIBACTCS U3
CTOMMOCTH COJHEUHBIX MOJYJICH, aKKyMyJIITOPHOIH OaTaper, MHBEpTOpa, KOHTPOJLIepa
3apsga Ab 1 coeIMHUTENIBHON apMaTypbl (ITPOBO/IA, BHIKIIOYATEIH, TPEIOXPAHUTEIN 1
T.IL.).

. 2
Tabnuua 1.2 - Iloctynuienne coaHeuHon sHEeprun, KBT-u/M” - 1eHb

Hexana Mecsan
anpelb Mai HUIOHb MIOJb |  aBIYCT| CEHTAOpb| OKTAOpb| HOA0pb
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
JeKary
Cpennee 129,4 120,6 123,0 158,5 95,7 76,0 33,4 16,2
3a Mec.

CrouMoOCTh CONHEYHOM Oaraper paBHa MPOU3BEACHHUIO KOJIMYECTBA MOAYJIEH Ha
CTOUMOCTbH OAHOTO MOy sl. CTOMMOCTh HHBEPTOPA 3aBUCUT OT €r0 MOLTHOCTH M THUIIA.
CtouMOCTh COEAMHUTENIBHON apMaTypbl MOKHO MPHUHATH MpuMepHo paBHo# 0,1 — 1%
OT CTOMMOCTH CHCTEMBI.

Cpok okynaemoct @IC onpenensercs

— ﬁ‘
C-8760-E~7

(1.13)

rne K — kanuraneHble yaenbHble 3atpaThl; C — Tapud Ha SIEKTPOIHEPTHIO; Z —

rOJOBbIE  DKCIUIyaTalMOHHBIE 3aTpaThl; & — KOI(PQPHIUEHT HUCIOIB30BAHUS
HOMMHAJIbHOM MOIITHOCTH
65 365
W ?Ef 'Skﬂ N %‘E‘Hkﬂ
E_) —] = = .
PH -8760 Pmnx -5 krmax M- 8760 'F;nnx "ki"max -8760 (1 14)

3nech Ej — €XeIHEeBHOE 3HAYEHUE CYTOYHOM OOJYYEHHOCTH MPHU SICHOM MOrojae B

2 :
TedeHue rona, KBT u/m° nenw; S — pabodas MOBEPXHOCTH MPHEMHHKA, M% — KIIJ
peoOpa3oBaHusl COJIHEYHOW SHEPTUU B JJIEKTPHUSCKYIO; K7i — ekeIHeBHOE 3HAUYCHUE
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HHACKCA SACHOCTH, kTmaX — TO K€ — MAKCHUMAJIbBHOC 3HA4YCHHUC, Pmax — MaKCHUMaJIbHOC
2
SHAYCHHUC INIOTHOCTH ITOTOKA COJTHCYHOI'O U3JTYUCHHU, kBt/M”.

IIpakTHyeckoe 3ansitue Nel.
Pacyer aBTOHOMHOM (POTOIIEKTPHYECKON
CHCTEMbI

3anaHue
1. Omnpenenutb Harpy3Ky ¥ NOTPeOIIEMYIO SHEPTHIO JJI 3aaHHOTO 00BEKTA;
2. Omnpenenuth 3HAYEHUE HEOOXOAMMOM MOIIHOCTH HWHBEPTOpa M EMKOCTH
aKKyMYJISITOpHOI Oatapeu;
3. BriOpaTh ceueHue coeJUHUTENbHBIX TPOBOJIOB;
4. PaccuuTaTh HEOOXOAUMOE KOJUYECTBO (POTOIIEKTPUUECKUX MOYJIEH UCXO s
U3 JJAHHBIX IO MPUXOJTy COTHEYHON pajiMalli B MECTE YCTAHOBKH CUCTEMBI;
5. Paccuurtath CTOMMOCTH CUCTEMBI U CPOK OKYIAEMOCTH.

[lopsinok pacuera
1. U3 tabm. I1.1.2. BEIOpaTh OBITOBYIO HArpy3Ky JUIsl ioMa (MOIIHOCTb, KOJIMYECTBO,
YHUCJI0 YaCOB Pa0bOTHI B CYTKH, HEJIENI0), 3aHeCTH B Tao. 1.3.
CymMapHyo MOTpeOJIIeMyl0 MOIIHOCTh M SHEPIHMI0 B CYTKHM U 33 HEJENI0

BBIYUCIUTH 110 hopmyram 1.1, 1.2

Tabnuna 1.3 - Pacuer Harpy3ku NepeMEeHHOTO TOKa

HanmenoBanue Kozn- MouHo Teym | Tueo, We W,
BO CTh, Puon, q q ymy €0
Br Bty Bt

[TocTpouTh CyTOUHBIN rpaduK HArpy30K, ONpeaenuthb Pe,, Py xs, Pmax, Pmin.
PacueTHyI0 HAarpy3Ky OnpeaeIuTh CTATUCTHYCCKUM MeTo oM ((opmyisl 1.1 — 1.5).
ITo pacdeTHOM MOIIHOCTH BHIOPATh MOIIIHOCTh HHBEPTOPAHU o ero
XapaKTEpUCTUKAM OMPEACIIUTh 3HAYEHUE BXOJHOTO HanpshkeHus Uy
2. Yucno Amriiep-4acoB, TpeOyeMoe i 00ecrieueHrs Harpy3Ku IEPEeMEeHHOr0 TOKa
ompezensieTcs mo Gpopmynam:
c., —tom. s e (1.15)

“cym “ned T

I
I.J I l{_, 17l
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AHaNOTUYHbBIEC PACUYETHI IPOBOJATCS JJISI HATPY3KU MOCTOSIHHOTO TOKA, Pe3yJIbTaThl
3aHocsITCS B Ta0i. 1.4

Tabnuua 1.4 - Pacuet Harpy3Ku NOCTOSIHHOTO TOKA
HaumenoBanune Kos- | MomHOCTSE, | Teym, 9 | Trea, @ | Weym, W0,
BO Pon, BT Bru Btu

Hamnpsi>xenue B cucteMe MOCTOSSHHOTO TOKA BHIOMPACTCS TAKUM e KaK HaIPsHKEHHE
nHBeptopa. Tpedyemas eMkocTh Ab 1151 HArpy3Ku MOCTOSSHHOTO TOKa OIMpPEEseTcs Mo
BbIlIEyKa3aHHBIM  opmysam. CymMMapHOE 3HAUY€HHE EMKOCTH aKKyMYJSTOPHOMU
OaTtapeu 3aHocuTcs B Tabu. 1.5.

Tabnuma 1.5 - Pacuer emxoctu Ab
Emxocts AB, A-u B cytku B uenemnto
[TepemenHas Harpy3ka
[TocTrosiHHas Harpy3ka
Bceero

CymMapHyto CyTOUHYI0 eMKOCTh Ab cieayetr yMHOKUTH Ha KojaudecTBo qHed N, B
TeueHre KoTopbiXx Ab Oyner nuraTh Harpy3Ky caMOCTOsITENbHO 0€3 moa3apsa.

Jlanee 3agaetcs BellMuuHa TIyOUHBI AommycTuMoro paspsnaa (6 = 0,2...0,3) u no
rpaduky (CM. puc. 2) onpeaessieTcss TeMrneparypHbii kodduiment K.

ITo dhopmyne

Cipp=——— K¢ (1.16)

omnpezenseTcs oduias Tpedyemasi EMKOCTh aKKyMYJISITOpHOU Oarapeu, A-d.
PazgenuB 3T0 3HauE€HNWE HA HOMUHAIBHYIO EMKOCTh aKKyMYJISITOPA, MOIYyYUM
KOJIMYECTBO aKKyMYJISITOPOB, COEIMHEHHBIX MAPaJIEIbHO:

m CAE
- c - (1.17)

HOM

3HavueHue M OKpyTIsAeTcs A0 OMuKaniero O0JbIIETro MeJoro.

YToOBI TOJYYUTH KOJHMYECTBO TIOCICIOBATEIIBHO COCIWHCHHBIX aKKyMYJISTOPOB,
HEOOXOUMO Pa3JeIuTh HOMHUHAJIBbHOE HAMPSOKCHHE MOCTOSHHOTO TOKAa CHCTEMBI Ha
HOMHUHAJIbHOE HANPSDKCHUE BEIOPAHHOTO aKKyMYJIITOpa

n_UAE

= . (1.18)

HOM
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OO6m1ee yucio akKyMyJIsITOPOB B OaTapee paBHO MPOU3BEICHUIO M N.

3. Bb10op ceveHusi COeqMHUTENBHBIX POBOIOB

3Has pacyETHYIO MOILIHOCTh Harpy3KH U HaINpsKEHUE aKKyMYJISITOPHOU Oatapen,
paccunTaTh TOK IpoBoAa, A

I=P/U (1.19)

VY nenpHOE COMPOTUBIICHUE TIPOBOJIA ompenensercs mo ¢popmyre (1.6) 1 U3BECTHOTO
paccrosinust oT Harpy3ku 10 Ab (ta6m. I1.1.4.) mpu MakcuManbHO TOMYCTUMOM MaJCHUU
HanpspkeHus 2%.

MuHuMansHOE ceueHue npoBoja Haxoautcs mo tadm. I1.1.5.

4. Tlo Ttabn. IL.1.1 npunoxxeHus BbIOMpPAETCS MOUIHOCTb OJIHOTO COJHEYHOIO
MOJTYJISL.

KonuuectBo sHeprum, BhIpaOOTaHHOM MOJYJEM B TE€YEHUE BBIOPAHHOIO MEpHOa
BpeMeHHU, omnpezensercs no gopmyne (1.11)

3nauenue E mnsa mmpotel YensiOunckoii o61actu (xkBr-a/m?) npuBoAsTcs B Tadi. 1.1.

[To gopmyne (1.12) ompenensiercs HEOOXOAMMOE KOJUYECTBO MOIYJIEH COJTHEYHOMN
OaTapeu.

5. Pacuer ctoumoctu hOTOINEKTPUUYECKON CUCTEMBI.

6. lanHble A pacyeTa CTOMMOCTH (POTORNIEKTpUUECKON cucTeMbl OepyTcs u3 Ttadi. 1.1

Cpoxk okynaemoctu ®IC onpexensercs mo Gopmye (1.13).

VYnenwuble kanutanbHbie 3aTtpaThl K B dopmyne (1.13) mpuHUMAarOTCS paBHBIMU
3,8...5,5 nmomn./Br; KamuranbHple 3aTpaThl Ha  CTPOUTEIBCTBO  COJHEYHOM
sHeproyctaHoBku — 1000 mommapoB Ha 1 kBT ycTtaHoBieHHON MoOHHOCTA. CTOMMOCTD
anektpodHeprun C npunumaetcs: paBHoit 0,078 — 0,125 momapa 3a 1 kBt 4., romoBbie
AKCIUTyaTallMOHHBIE pacxo/ibl Z MPUHUMAIOTCS HAa OCHOBE MMEIOIIUXCS JIMTEPATyPHBIX
naHHbIX B nipeaenax 20% unu 0,2 OTHOCUTENbHBIX eIUHUIL (0.€.);

KoaddunmeHnt wucnonb3oBaHus SHEPruu paccuutThiBaeTcs 1o dopmyne (1.14).
3HavueHUs] CyTOYHOH oOydeHHOCTH Oepytcs juist 21 uwioHs u 21 nexabps, 3HaAYCHUS
kod(dduimeHnToB  sicnoctu: Hambompmiee 0,7, cpemnee 0,5. MakcumaabHBII
K03 PUIMEHT MpeoOpa3oBaHUs COTHEYHON PHEPTHH B DJIECKTPUUCCKYIO COCTaBisIeT 15-
16%. KonndecTBO COMHEUHBIX JHEW B TOAY Ui 3aJaHHOTO paiioHa OMpeaessieTcsl Mo
tabn. I1.1.7.

[Tnomans pabodeli MOBEPXHOCTH COJIHEYHOM OaTtapen ompeesieTcs yMHOKEHHEM
KOJINYECTBA MOJYJIEH Ny, Ha MIomaab ogHoro moayss (0,8 MZ).

KoHTpobHBIE BONIPOCHI

Uro coboit mpencrapiseT HOTodINEKTpUIECKas cucrema?

KaxkoB cocraB HeoOxoaumoro obopyaoBanus ajist @IC?

[To kakuM mapameTpam BHIOMPAETCS MOIIHOCTD (DOTOITEKTPUUECKUX MOTYIICH?
JlaTb onpeesieHre MOHITHIO «MOUTHOCTh COJTHEYHOTO U3JTYUEHUS.

Kak paccuuraTh 1 BIOpaTh EMKOCTh aKKyMYJISITOPHOW OaTapeu?

OT 4ero 3aBUCUT CTOMMOCTH (POTOIIEKTPUUECKON CUCTEMBI?

ok wnE
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IIpakT4yeckoe 3ansaTue Ne2,
Pacuer re;iuo3HepreTu4eCKOM yCTaHOBKH

3agaHue

1. PaccuntaTth cyMmMapHyIO COTHEUHYIO pagualliio B CPEIHEM 3a ICHb JaHHOTO
MecsIa.

2. PaccuuTaTh THEBHYIO yIETBHYIO TEIUIOMPOU3BOAUTECIBHOCTD T€IN0YCTAHOBKH
B | — M MecHIe.

3. Paccuurathb YICITBHYIO MECSIYHYO TETIONPOU3BOUTEILHOCTD
reJIMOYCTaHOBKH.

4, Onpenenuts TOTPEOHOE KOJUYESCTBO SHEPTUH JIJI HarpeBa BOJIBI B MECSII.

5. Onpenenuts HEOOXOIUMYIO IUIOIIAAb T'€IHOYCTAHOBKM B | —M MecsIle U

BLIOpATh AyOIUpyrOIIee 000pyI0BaHHUE.
6. IIpom3BecTH OIICHKY SHEPTeTHUYCCKUX IMOKA3aTeICH CUCTEMBI TOPSYETO
BOJIOCHA0KEHUS.

7. OueHuTh YKOHOMHYECKYIO 3 (PEKTUBHOCTH MCIIOJIB30BAHUS T€TMOYCTAHOBOK.

[lopsinok pacuera

2.
1. CymmapHas coHeYHasi pajualys B CPEHEM 3a JIeHb JaHHOTO Mecsa, M Jx/M*:
a) Ha TOPU3OHTAJILHYIO TOBEPXHOCTh

S
H:HO a+83— , (120)

rne  H, a u 6— kodpPuUIUEHTE, S — JIEHCTBUTEIbHAS JJIUTECILHOCTh COTHECYHOTO
CHUSIHUSA, 9; So— BO3MOIKHAS MPOJIOJDKUTEILHOCTh COTHEYHOT'O CUSTHHS, M.

3HaveHus KOOQPUIIUEHTOB a, 8, So s UenssOuHckoit obnactu Oepyrcss U3 TaOI.
I1.1.7. Cpennee 3nauenne S — no tadm. I1.1.8.

H,=H,-S, (1.21)
rae H»>— 3tanoHHoe (YCI0BHOE) 3HaU€HHE CYMMAapHOU 3HEPTUHU, IPUHUMAETCS] PaBHBIM

armocdepromy (1360 Br/m® = 1,36 kBr/m?).
VYuutsiBas, uto 1 kBT -4 = 3,6 MJ[x., 115 kaxaoro Mecsita Hop Oyaer, MIL)K/MZ:

H,=1,36-S-3,6;

0) Ha HaKJIOHHYIO TIOBEPXHOCTh:
H.=H-R, (1.22)
rie R — oTHOmICHWE CpeTHEMECSYHBIX JTHEBHBIX MPUXOJ0B CYMMAapHOW SHEPTUHM Ha

HAaKJIOHHYIO U TOPU30HTAIBHYIO MTOBEPXHOCTU. Pacuer cienyeTr mpoBOAUTH IS YIJIOB
HAKJIOHA, KOTJa OXHAAeTCS MAaKCUMyM COJHEYHOM SHEpruM B paccMaTpUBAEMbIe
Mecsnpbl. [ns YensOuHCKOM 00JacTH TaKUMM yriaMH SIBJISIIOTCS yriibl oT 10 1o 30°.
JlaHHbIE U151 3TUX YIJIOB MpuBeAeHbI B Ta0d. 11.1.9.
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Pe3ynpTaThl pacueToB cBecTH B Ta0a. 1.6
Tabnuua 1.6
Pacuer cymmapHOU COTHEYHOU paguanvu

Mecsn Ma UIOHb UI0JIb aBryCcT CEHTI0pb

Ho

H

Mecsn Mau UIOHb UI0JIb aBryCcT CEHTSI0ph

Yron

10°

15°

20°

25°

30°

PaccuutniBaeTcs AHCBHAA YACIIbHAA TCINIOIIPOU3BOAUTCIIBHOCTD I'CJIMOYCTAHOBKHU B I —M
2.

mecsie, MJx/m*:

M =F,-(H, -T-@)-U,-S(T, -T,)-3.6-107,

yd a

, ' (1.23)
rie Fr = 0,89 — koaddunuent nepeHoca Temia OT KOJJIEKTOpA K MKUIAKOCTH; T —
KO3 PUITMEHT MPOHUKHOBEHHUSI COTHEYHON paguaiiu; o — KO3(PQPUIMSHT MOTIOMECHUS
CoJHeYHOM pammanuu (B pacuerax mnpuHumaercs ta = 0,7); UL = 6 Br/m>°C —
KO3(p(UIIMEHT TEIIOBbIX MOTeph; 1, — TeMIepaTypa OKpYy)Karollero Bo3ayxa (B
pacdeTax MPHHEMAETCS CpejHee 3HaueHue: B Mae, centsiope T, = 15°C, uioHb, Hiomb,
asryct 20°C); T, — TeMIepaTypa Ha BXOJe B KOJUIEKTOD, KOTOpAs OIPEIeIIAeTCs

BX ] ?
2 (1.24)
rae 15— TeMueparypa Bobl B 0aKe-aKKyMYJIATOPE K KOHIY AHs (IPUHUMAEM PaBHOMN

85°C).

JlHeBHas yjaenbHAs TETUIONPOU3BOIUTEIIBHOCTh PACCUMTHIBACTCS IS KaXKJIOTO
COJIHEYHOTO Mecsiia s yrioB Hakiona 10, 15, 20, 25 u 30 rpanycos,
PEKOMEH/I0BaHHBIX KaK HanboJiee onTUMalibHbIC 1 YenssOnHCKoH 00J1acTH.

Pe3ynbTaThl pacueToB cBOASATCS B TaOd. 1.7, MO JaHHBIM KOTOPOM OINpeaesieTcs
3HAYEHUE JTHEBHOW BBIPAOOTKH 3a CE30H I KaXKJOro yrjia HakJIOHA. YTOJ HaKJIOHA,
IIPH KOTOPOM 3HAuYCHHE OyJeT MaKCHMAaJIbHBIM, NMPUHUMACTCS 3a ONTHMAJbHBIN, H
JajJbHEHUIINEe pacueTbl BEAYTCS JJIsl 9TOrO yria.

Tabmuma 1.7
PacdeT qHEBHO TEIIONMPONU3BOAUTEIIBHOCTH T'€IMOYCTAHOBKHU

Mecsig Mai HIOHb HIOJIb aBI'yCT CCHTH6pB 3a CC30H

Yron

10°

15°

20°

25°

30°

1. VnaenwpHas mecsiuHasi TETUIONPOX3BOIUTEIILHOCTD reIM0yCTaHOBKH, M J[Xk:

14



.1”d.r = _':::.4 N - D(S}-.

(1.25)
rae N — uncio gaeit B mecsie; p(S) — BEpOSTHOCTh MPOAODKUTEILHOCTH COTHEYHOTO
custaust 11t S > 9 u, (puc. I1.1.1).
Tabnuua 1.8
Pacyer ynenbHON MECAYHOU TEIUIONPOU3BOAUTEILHOCTH

Mecan Maii Hione Hrone ABryer Cenradpe

¥
Oy

N

o(8)

O

2. Onpenensiercst IOTpeOHOE KOJIUYECTBO YHEPTUU JJIsl HAarpeBa BOJbI B MECHII,
MJIx:

Q' =N-n-m-C(T, -T,), (1.26)

rze N — KOJIMYECTBO JIOJEH; M — CyTOYHasi HOpMa pacxoja BoAsl Ha | yenoseka, kr; C
=4,19 KJI}K/KF-OK — TEINIOEMKOCTb BOJBI; 12— TeMrepaTypa HarpeTon Boabl; 1o —
TEMIIEpaTypa OKPYKAIOLIEro BO3AyXa.
Pe3ynbratel 3aHocsATCs B Taba. 1.9 u nanee onpenensercs
noTpeOHOE KOJIMYECTBO IHEPIHHU 3a CE30H:

Tabmnuma
1.9 OHpGIIGJIeHI/IC l'IOTp€6HOFO KOJIMYCCTBA DHCPI'vU JII HArpC€Ba BOJbI
Mecsn Mait HIOHb 15030018 aBryCT CEHTSIOph 3a
CEe30H
[ToTpebHoe KOJIMYECTBO
sneprun Qrz, MJIx
5. HeoOxoaumast Iiomaab reIM0yCTaHOBKU B | —M MecsIIe, M
i
Var (1.27)

M
o n
m r

rae - THEBHAS MOTPEOHOCTH B YHEPTHUH.

Ta6mmma 1.10 - PacyeT muroniaay remMoyCTaHOBKH U KOJIMYECTBA KOJUICKTOPOB
Mecsn Mau UIOHb UIOJIb aBrycT CEHTAOpb
IImomane

T'CJIINOYCTAHOBKH, M2
KOJ'I-BO KOJIJICKTOPOB

[To moTpeOHOM TUIOIAM TEIHMOYCTAHOBKU OMPENENAeTCS KOJIMYECTBO COTHEUYHBIX
KOJUIEKTOpPOB. YHCIIO KOJUIEKTOPOB HEOOXOAMMO BBIOMpPATh YETHBIM JJI HX
COEMHEHUS 110 MapaJUICIIbHO-TIOCIEN0BATEIBHON CXEME.
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[momanes  cepuiiHO  BBIYCKaeMbIX  bpaTrckum  3aBOAOM  OTONUTEIBHOTO
000pyZOBaHUsI COJIHEYHBIX KOJIEKTOPOB COCTABIISIET 0,8M°. Mcxoms 3 3TOrO,
PacCUUTBIBAETCS KOJIUYECTBO KOJJIEKTOPOB I KaXKI0I0 MecsLa.

JUiss BOCHOJIHEHUSI DJHEPrud HEOOXOAMMO JOMOJIHUTEIbHOE 00OpYyIOBaHHUE.
MoIHOCTh AyOIUPYIOUIEr0 UCTOUYHKKA BBIOUPAETCS U3 YCIOBHSI MMOJTHOTO OTCYTCTBUS
Harpesa 3a CYeT COJIHEYHOM JHEPIUH.

6.  OieHka PHEPreTUYECKUX MoKa3aTeneil CUCTEMbI ropsYero BojocHa0xenus. Jis
KaKJI0M IJIOIIAIU KOJUIEKTOPOB, PACCUUTAHHBIX B I1.5 pacCMaTpPUBAIOTCS UX
HHEPreTUUECKUE TIOKA3ATENN C LIEJIBIO ONPEIEICHNUS ONTUMAIbHON IIIOLIA N,

6.1. KosddumuenT ucnonap3oBanus NOTEHIUATBHON YHEPTUU

Kicn =5
H Timax}y
: (1.28)

Yucnurens MpeacTaBiIseT co00H cyMMapHOE 3HaUCHUE COJTHCUHOHN pajualiiu 3a BCe
MECSIBI JIJIS yrja HakKJIOHA, MPU KOTOPOM 3TO 3HAYCHHE OyJeT MaKCHMajbHbIM. B
3HaMCHATeJIe CTOMT CyMMapHas COJHEYHas SHEPIHsl B OTH K€ MECSIbI MOJ YIJIOM
HAKJIOHa, OOECICYMBAIOIINM MaKCHUMAJIbHBIH TPUXOJ COJHCYHOW paguanuu  (Io
JTAHHBIM 11.10).

KoadhdurmenT ucmoip30BaHus COJHEYHOW DHEPrUM IMOKa3bIBAET, HACKOJIBKO
3¢ ()EKTUBHO  UCIOJIB3YEeTCS  COJHEYHBIM  TOTCHIMA  TIeJIMOYCTAHOBKOH  IpH
OTIPEJICTICHHOM YTJIE HaKJIOHA.

6.2. KoabdurmueHt  uCHOIB30BaHUS  DHEPruU,  BbIpabaThIBaeMOU
reJIN0yCTaHOBKOM

]
lH]'l'

[

E'-"-'F' _ Qj:lu.l.e
e = »
f Qﬁ.‘

' (1.29)
rne Qnon.i — mone3Has dHeprusi, BbIpaOaThiBacMasi I'eIMOYCTAHOBKOW B 1 - M MecsIe
(3HEprus, kKoTopas HCHoJb3yeTcs morpeoutenem); Qg.i — SHeprus, BbIpadaThIBaeMas
reJIM0YCTaHOBKOM B | — M Mecsliie, KoTopas onpeaensercs, M/Jx:

Q — r.".lﬂ. . 4
. yai o <t (130)

2
rae A — IIomaab CTaHJaPTHBIX KOJIJICKTOPOB, M-, BRIOpaHHAs B I1.5.
KoshpurmeHT uemnoap30BaHus SHEPTHH PACCUUTHIBACTCS JIJIA KaXKIO0TO MECAIa U
JUTS Kaxkaou miomaau (taom. 1.11)

Tabnuna 1.11 - Koadduruent ncnonb3oBaHus JHEPTUU
MECAL Ma# HIOHb HUHOJIb aBI'yCT CCHTH6PB

2
A, M on
yo.i

Qni
Qei
Kuc
Qei
Kuc
Qei
Kuc
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[Tone3nas >HEeprus paBHa:

Q _ Q&_.‘ 2 ST Qf: - Qﬁ:.!
mord T
Qn.]'*EGTHQ:ﬂ = Q&..‘

M >
IIpu == >0, K03 (DUIMEHT UCTIOIB30BaHUS PaBEH 1.
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6.3. Kosdduunent o6ecriedeHHOCTH IOTPEOUTENS COTHEYHOM SHEPrUeh

" — Q.llm..‘
o6 0 )I’.h'l’ :
On; (1.31)
Pacuetsl BemyTcs Ui KaXIOro Mecdlla TpU  Pa3IMyHOM  IJIOIIAAH
reJIMOYCTaHOBKH.
Pe3ynbTaThl pacueToB K03(PGUIIMEHTOB UCTIOIB30BaHUS U O0ECIIEUEHHOCTH 3a
KaXXJIbIA MECSI] U 32 CE30H CBOJATCA B Tabu. 1.12:
Tabmuma 1.12 PacueT k03 PuiineHToB UCI0JI30BaHUS U 00€CTICUEHHOCTH

[Tno-mans, Mai WIOHb UIOJTb aBTyCT ceHTs0ps | 3a ce30H
2
M Kucn Koé Kucn Koﬁ Kucn Koﬁ Kucn Koﬁ Kucn Ko6 Kucn K05

[IpoBoauTcs aHanu3 TaOMUIBI C LEIbI0 omnpeaeneHus 3PHEKTUBHOCTH pPaOOTHI
reJIN0YCTaHOBKH.
Koaddumment 3amenieHuss norpedHOM d3HEPrun

.fl'lf.y = R"{“}J rpl' {5'}

KoaddunmeHT 3amenieHnsi pacCUUTHIBACTCS C YUYETOM BEPOSITHOCTH COJIHEUHOTO
cusaust  p(S) (puc. IL1.1) g Kakaoro wecsia TMpd Pa3IdYHONW IUTOIIAJH
reJIM0yCTAHOBKU.  BeposTHOCTH ~ COJHEYHOrO0  CHSHUSL ~ paccMaTpuBaeTcsl IS
IPOJOJKUTENBHOCTU S > 9 4. [lanHbie 3aHOCATCS B Ta0n. 1.13 1 cymMupyroTcs 3a Ce30H.

Ta6muma 1.13 - Koadduruent 3amenienus S3Hepruu
MecsIT Mait HIOHb HI0JTb aBTyCT CEHTSAOPh 3a CE30H

p®)
AM | Koo | gv | Ko | grv | Koo | v | Koo | v | Kos | v | Kos | gy

7. OneHka S5KOHOMUYECKOH 2(P(HEKTUBHOCTH MCTOIb30BaHUS T'€IN0YCTAaHOBOK

7.1. Omnpenensiercs KOJIMYECTBO IOJIE3HO BBIPAOATHIBAEMOW SHEPTHH TPH
pa3IMYHOM IIOIIAIU KOJIEKTOpoB [V

Q.I:IIH.M_.'J. = Q.: ' Jf:r - (133)

JlanHable 11 pacuera OepyTcs 3a ce30H. PesynbTaThl pacdyeToB I pa3HBIX
Iomaae ceoadarcsa B tadi. 1.14.

Tabnuna 1.14 - KonmndyecTBo mose3H0 BeIpaOaTHIBAEMOM SHEPTHH

IImomanp, M
an(m.ebzp, MI[)K

7.2. OmnpenensieTcss KOJIMYECTBO COKOHOMIICHHOTO TOIUIMBA TIPH  Pa3IMYHOMN
IUIOIIA/IH, T.Y.T.,
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0,
noa

AB = —=mo1
Qp ‘Mo

(1.34)

M
FI{GQP - TEIIOTBOPHAS CIOCOOHOCTh YCJIOBHOTO TOIUIMBA, MPUHHUMAETCS PaBHOM
29330 MJI%/T.; Mok — IKOHOMUYECKHUH K.I1.]I. T€TMOYCTAaHOBKHU, KOTOPBIM ONpeeseTcs
MIPOU3BEICHUEM

nSK: nTX T]Tl"y T'ITC npera

rae Nx = 0,8 — xosdduLMeHT, yuyuThIBAOIIUNA MOTEPU MPH TPAHCHOPTHUPOBKE U
XPaHEHUH; My — KOAIPQOUIUEHT MOJE3HOTO MCIONb30BAHUS TEIIOTEHEPUPYIOIUX
yctanoBOK (0,48 mis anexrpudeckoit suepruu, 0,55-0,8 mis xuakoro Torumsa; 0,45 —
0,65 st kamennoro yris; 0,4-0,5 — nis 6yporo yris; 0,5-0,7 — aist raza); M. = 0,85 —
KO3 (OUIMEHT, YYUTHIBAIOIIMMA MOTEPH TEIJIOTHI B TEIJIOBBIX CETAX; Mper = 0,85-0,9 —
K03 PUIIMEHT, XapaKTepU3yIOIIU HETOYHOCTh PETYJIUPOBAHUS M10JJaYU TEIIJIOTHI.
Pacuetnl cBoasiTcs B Tadi. 1.15.
Tabmuma 1.15 - KonmnyecTBO COKOHOMJIICHHOTO TOILIMBA

DIIEeKTpo- Kunakoe Kamennsii | Bypsblii yromib l'a3
SHEPTHs TOTUTBO yroJib

Nk
AB, T.y.T

7.3. OnenuBaetcst 3¢ (HEKTUBHOCTH TETMOYCTAHOBKH 0 DHEPTETUUECKUM 3aTpaTaM:
- KOJIMYECTBO dHEPTruu Ha coznanue [DV:

ray

Fray =3 4. (1.35)
GHGPFGTI/I‘IGCKI/IG 3aTpaThbl HA CAVMHULY INIOMMaAN COJTHCYHOI'O KOJUJICKTOPA COCTABIIACT
IIPUMEPHO

yo
S‘r A= 5700 MI[)K/MZ, TOoTZIa
IAray=5700 A, MJIx.
- 3(peKTUBHOCTD dHEPro3aTpar:

O O,
3;-_5_- S‘Tﬂﬂ' .‘] . (1 36)
Pacuer Benercs nms ka0 U3 II0IMIAAEN TEIN0YCTaHOBKHU
-CPOK OKYITA€MOCTH Pa3IMYHbIX BApUAHTOB I€JIMOYyCTAaHOBKH T, JET:
7 2ry _5700-4
Q:r).] Qfm.? ) (137)

Tabnuna 1.16 - Ouenka 3¢pHeKTHBHOCTH TeINOYCTAHOBKU

IInomans, M’
Ay, Mx

r

T, et
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JI71s1 CTOMMOCTHOM OLIEHKH IeJTMOYCTAHOBKH ONPEIENACTCS] CPaBHUTEIbHAS
3 PEKTUBHOCTE:

Fep =PrABr —a- K- A, (1.38)
rie BT — croumMocTh opranumdyeckoro TtormiuBa (4000 py6./T.y.1.); ABT -
KOJIMYECTBO COIKOHOMJICHHOTO TOIUIMBA, T.y.T.; O — KO3(POUIIMEHT, YUYUTHIBAIOIIUMN JTOJIIO

OTYUCJICHUI OT KalWTalOBIOKEHUH K Ha aMopTH3alMio, TEKYIIUH PEMOHT M Jp.(B
pacuerax npuHuMaercs = 0,1); Kyo — KanMTaJOBIOXKEHHS HA OJHY IEIMOYCTaHOBKY,

paBubie 1200 py6/M2
Pe3ynbraThl pacueToB cBoasATcs B Tadd. 1.17.
Tabmuma 1.17 - OneHnka renmoycTaHOBKH JIJISI pa3HbIX BUJIOB TOILJIUBA
Bun TormmBsa 4B, T.y.T ITmomans, M

DneKTposHeprus

Kuakoe Toruimso

Kamennsliit yroiss

BypsIit yross

T'a3

CebecTouMOCTb TEIIOBOM SHEPTUU

. i,
(.‘r"_u- — Q." ¥
nar (139)
rae Ursy — roloBele U3AEPKKU TSI KAXKIOW TUIOIIA N
HUrsy, pyod
C 1Y, py6/ MH}K

Cr»y3,6, pyo/kBtu

[lo mpoBeneHHBIM pacueTam onpeesieTcss HanboJiee BHITOIHBIN BapUaHT
reJIM0yCTaHOBKHU.

KoHTpobHBIE BONIPOCHI

=

Y CTpOolCTBO M MIPUHIUIT JEUCTBUS TEIUOIHEPIETUUECKON YCTaHOBKHU.

2. Kak paccuurtath TEIIOMpOU3BOANTEIILHOCTD TeMMOyCTaHOBKU? OT Yero oHa
3aBUCHUT?

3. Biusawme yria HakJIOHA MJIOCKOCTU COJTHEYHOTOKOJIEKTOpa Ha
TEIJIONPOU3BOAUTEILHOCTD T'€JIMOYCTAHOBKHU.

4. Kakne k03 GUITUEHTHI UCTIOMB3YIOTCS JIJIST OIICHKU YHEPTETHICCKUX

MOKa3aTeJIei CUCTEMBI TOPSYETO BOIOCHAOKECHHMSI ?

UTto Takoe yCcIOBHOE TOTUIMBO?

Kakumu nmokazaTensiMu MOXKHO OIEHUTb SKOHOMHUUYECKYIO 3 PeKTUBHOCTE [ DY ?

o o1
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1. IPEOBPA3OBAHUE U UCITIOJIb3OBAHUE SHEPI'UU BETPA

BCTpOC)HCpFCTH‘ICCKHO YCTAaHOBKH

Cpenu 3HeproycTaHOBOK, MCIOJIB3YIOIINE BO30OHOBISIEMbIE HCTOYHUKU YHEPTHUH,
caMoe IIUPOKOE paclpoCTpaHEHUE HAIIIM BETPOIHEpreTHUecKue ycTaHoBKH (BOY).

Hcnonp3oBanue BOY 1o cpaBHEHUIO ¢ IPYTHUMH HETPAIUIIMOHHBIMU UCTOUHUKAMHU
JUTsl aBTOHOMHOTO 3JIEKTPOCHA0KEHUSI UMEET PsiJl TPEUMYLIECTB:

croumMocThb |kBT ycranoBnenHo# MomHocT BOY HamHoro Huxke, uem y @OC n
CpaBHHMA CO CTOMMOCTBIO MUKPOI DC;

- BETPOBBIE PECYPChl MO CPABHEHUIO C COJHEYHBIMH, PACHPEEICHBI JOCTATOUHO
PaBHOMEPHO B TEUEHUE TOJla U B TEUCHUE JTHS;

- BOY Mo0HO pa3MecTuTh HeJjaneko oT 00beKTa YIHEProcHa0KeHus, B TO BpeMs, KaK
pacnionoxenre Mukpol DC npuBsA3aHO K PEKE;

- 1o cpaBHeHut0 ¢ @OC, npousBoacTBo BOY He TpeOyeT BBICOKOTEXHOJIOTHYECKOTO
0o00OpyAOBaHUs, U MOATOMY, OOJBIIMHCTBO 3JIeMEHTOB BDY MOXHO BbIMycKaTh Ha
J000M MAIIMHOCTPOUTEIBLHOM MPEANPUATUN WIH U3TOTOBUTH COOCTBEHHBIMU CHUJIAMHU.

Haubonee pacmupennas cxema sHeproyctanoBku ¢ BOY npusenena Ha puc. 5.

HaznaueHue 371€MEHTOB CXEMBI:

BOY 3apsxkaer akkymynaropHyro Oatapero  (AB). s mpeobpasoBaHus
Tpex(azHOTO MepeMEeHHOro HampsbkeHust BOY B mocTosiHHOE MMeeTCsl BBIIPSIMUTEID.
WuBeprop mnpeobpazyeT sHepruro, 3amaceHHyr0 B Ab, B BBICOKOKaue€CTBEHHOE
onHodasznoe Hampsokenue 220B/50Im. HemocpenctBenno k Ab  moakmrouaroTcs
HOTPEeOUTENN TOCTOSHHOTO HAPSKEHUSI.

—  [en

[ 1 [ ]

RC AemTent
- HEepTOD HANPAXENHA
Sunpamt - AKKYMYSATOPHAA Kz:;g;;!;:p
TeAL Garapea ! NOCTORMNO O TOKA
[ 1
KoWTpOAnep
™ —_— Japaax AR

PucyHnok 5 - CTpyKTypHas cxema 3HeproycTaHOBKH C UCIOJIb30BaHreM BOY

Jlnst momydeHus psiia HampshpKeHUH TocTossHHOTO Toka (12/24/48B), umerotcs
JETINTEIIA HATIPSKCHUS.

K wuHBepTOpy MNOAKIIOYAIOTCA MOTPEOUTENH  CTAHJAPTHOTO  HAMPSIKEHUS.
KonTposnep 3apsina perynupyer 3apsaHOE HanpsHKEHWE U, TEM CaMbIM, HNPEAOXPaHsIET

Ab ot nepesapsana. N30biTok sHepruun BOY, koTopblil ocTaercs Mmpu peryaupoBaHUU
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3apsIIHOTO HAMpPSKEHUs, WAET Ha HarpeB BOJAbI B Ooilliepe WM HAarpeB BO3JlyxXa B
IIOMEIIEHNH. /[ 3TOr0 nMeeTcs BOASHOM WK BO3ayIHbI TOH.

Jns  npenorBpamieHus nepepaspsiga  Ab, wWMeeTcs  KOHTpOJUIEp Harpys3ok
MOCTOSTHHOTO Toka. Kak Toipko Oarapess mNpuOIMXKaeTcss K OMAacCHOMY YPOBHIO
nepepaspsaaa, JaHHBIM KOHTPOJUIEP OTKIIOYAET HArpy3Ku MOCTOSHHOTO TOKa. 3alIUTy
ABb ot nepepaspsia B JIMHUU IEPEMEHHOTO TOKA OCYILIECTBISIET HUHBEPTOP.

Ha cnyyait niauTenbHOTO MITUIIS UMEETCS KaKOW-THMO0 pe3epBHBIN IHEPTOUCTOUYHUK
s 3apsina Ab. B ganHoM ciydae 3To am3enbHas anektpoctaniusa ([I9C), koropas
MOJKJIFOYAETCS] K UHBEPTOPY.

BoJIBIIMHCTBO COBPEMEHHBIX HHBEPTOPOB UMEIOT BCTPOCHHOE 3apsiTHOE YCTPOUCTBO
OT reHepaTopa NEPEMEHHOIO TOKA UJIU CETH.

Mormnocts BOY B paccMmaTprBaeMoii SHEProyCTaHOBKE, OOBIYHO HE MPEBBIIIACT 5
kBT1. Takoe orpaHuueHuEe CBSI3aHO C BXOJHBIM HAMNPSIKEHUEM CEPUUHBIX MHBEPTOPOB,
koTopoe He mpeBbiaeT 48B. Ilpu yBenuuenun momnHoctu BOY Oonbme 5 kBt u
HU3KOM HampsbkeHun Ab, HOMUHANBbHBIM TOK F€HEepaTopa JOCTUTAeT TAKOW BEIUYHUHBI,
9710 3(PHEeKTUBHOCTH SHEPTOYCTAHOBKHU CHUKACTCSI.

DHEpProycTaHOBKa MOXET HCIIOJIB30BAThCS ISl AJIEKTPOCHAOKEHUST OBITOBBIX
Harpy3oK B JKHJIOM JIOM€, TaKUX, KaK OCBEIICHUE, TeJe- U ayIMOTEXHUKA (TEJIEBU30PHI,
CIIyTHUKOBBIC  QHTEHHBI,  BUJAEOMAarHuTO(OHbI, = MarHUTO(POHBI,  TPUEMHUKH),
XOJOAWIBHUKH ¥ JPYTHe KYXOHHBIE JJICKTPONpUOOpHl (MHKCEpBI, HEOOJbIINE
aneKTponedu, KunsaTuiabHuku, neun CBY, xkodeBapku, 37eKTpOUYaHUKH, TOCTEPHI, H
T.I.), OPITEXHUKA (KOMITbIOTEPHI, MPUHTEPHI, CKAHEPHI, KCEPOKCHI, TeaePOHbI, (akchl U
T.I.), PyYHOH AJIEKTPOMHCTPYMEHT (JIPENH, DJIEKTPOIIOO3UKH, DIIEKTPOPYOAHKH U T.II.),
Ipyrue OBITOBBIE 3JEKTPONPUOOPHI (MbUIECOCH], (DEHBI, YTIOTH, CTUpAIbHbIE MAIIUHBI,
BEHTUWJISITOPBI, KOHJIULIIMOHEPHI, AIEKTPOHATPEBATENIN HEOOIbIIION MOITHOCTH U T.I1.).

Kpome Toro, sHeproycraHoBKa, IpUBEAEHHAs Ha pHUC. S5, MOXKET CIYXHUTh
UCTOYHUKOM  DJIEKTPUYECKOW  SHEpruu g  OAHO(GA3HOTO  MPOMBIIIJIEHHOTO
ANEKTPOOOOPYI0BAaHUSI HEOOJNBIION MOITHOCTH (HACOCHI, KOMIIPECCOPHI, HACTOJBHBIE
CTaHKM ¥ T.M.), DIJIEKTPONPHUOOPOB, TMPUBOAUMBIX B JCHCTBUE JBUTATECIIMU
MOCTOSIHHOTO TOKa (XOJOIWIBHUKUA, HACOCHI, U T.II.), @ TaKXKe DJIEKTPONPUOOPOB, B
KOTOPBIX MPEIYCMOTPEHAa BO3MOXKHOCTh PAOOTHI OT aKKyMYJSITOPOB HIJIM OaTapeex
(TesnIeBU30pBI, MArHUTO(POHBI, MPUEMHHUKH | T.I1.).

B OGonbmivHCTBE MPUKIAIHBIX 3a/lad BETPOIHEPTETHKU TOPAa3q0 BaXXHO 3HATH HE
CyMMapHO€ KOJMYECTBO BSHEPrUH, KOTOPOE MOKET BbIPA0OTaTh BETPOYCTAHOBKA,
HaAIMpUMeEp, 3a TOJ, a TY MOIIHOCTh, KOTOPYIO OHa MOXET 00ecrneuynBaTh MOCTOSHHO.
[Tpu cunbHOM Betpe, oT 10 g0 12 M/C, BETpOYCTaHOBKHM BbIPAOATHIBAIOT JOCTATOYHO
AIEKTPOIHEPTUH, KOTOPYIO HMHOTJA HaXe MNPUXOAUTCA cOpachiBaTh B CUCTEMY WU
3amacatb. TpyAHOCTH BO3HHMKAIOT B TMEPHOIBI JUIMTEIBLHOTO 3aTHUIILS WA CJIab0To
BeTpa. [[o3TOMY 1Sl BETPOIHEPTETUKH SBIISIETCA 3aKOHOM CUUTATh PAOHBI CO CPEIHEN
CKOPOCTBIO BETpa MEHEe 5 M/C MaJOMPUTOIHBIMH JIJISl pa3MEIICHHS BETPOYCTAHOBOK, a
CO CKOpPOCTBIO 8 M/C — o4eHBb xopommMHu. Ho HE3aBHCUMO OT 3TOTO BO BCEX CIydasx
TpeOyeTcsl TIIATENbHBIM BHIOOp MMAapaMeTPOB BETPOYCTAHOBOK MPUMEHUTENIBHO K
MECTHBIM METEOYCIOBUSM.
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IIpakTuyeckoe 3ansitue Ne3. Pacuer BeTpoIHepreTuyecKkoii
YCTAHOBKH

3anaHue:
N3yunTh METOAUKY OMNPEAETICHUS BETPOIHEPreTUUYECKOr0 MOTEHIMAIa MECTHOCTH;
1. Paccuurtath 3HEpreTUUecKue rnapaMeTphl BETpa U ONpPeeIUuTh BETPOBOI
MOTEHIHAN 3aJJaHHOTO PAalOHA;
2. CpaBHUTH pe3yJbTaThl METEOPOJIOTHUYECKUX HAOIIONCHUN C pacmhpenesieHueM
Pones;
3. PaccuuTaTh NpOU3BOAUTEIHHOCTh BETPOIHEPTETUUECCKON YCTAHOBKH.

[Topsanox

pacuera OnucaHue METOANKHA U3MEPEHUM.

JUis mpoBeleHUs aHaiu3a BETPOIHEPreTHUECKOro IMOTeHLMana Tpedyercs
IPEABAPUTENBHO MPOBOAUTh B TEUEHHUE T'OJa €KEIHEBHBIE 5-TU KpAaTHBIE U3MEPEHUS
CKOPOCTH BETpa C PaBHBIMU IPOMEKYTKAMU BpeMeHU: B 9 4, 12 4, 154, 18 un B 21u.

B nanHoit pabore ucnonb3yercss 0a3a JaHHBIX, NOJy4YeHHass HA METEOCTAHLUU.
M3MmepeHns IPOBOAMIINCH €XEAHEBHO B TEUEHHUE OJHOIO I'0JIa ¢ MHTEPBAJIOM 3 4Jaca.

[Topsinok 06pabOTKM pe3ysbTaTOB U3MEPEHUN CIIEAYIOIIMIA:

1. Pe3ynmbTaThl U3MEPEHHUI CKOPOCTH BeTpa V1, M/C, 00BEIUHSIOTCS B TPYIIITHI C
unTepBanom Av. O6mee uncio nzmepennii N =2912.

2. ITockonbKy U3MEpPEHHUs CKOPOCTH MPOBOASTCS Ha BHICOTE YCTAaHOBKHU (pirrorepa hqb
= 10M, a 1JIs1 OIIEHKHU SHEPreTUUECKOT0 MOTEHIINAJIa HY>)KHA CKOPOCTh BETpa V1 Ha
BBICOTE TIPEANoaracMol yCTaHOBKH BETPOTYpOUH hq, ONpeIeICHUE CKOPOCTH BETpa
Ha 3TOM BBICOTE BBIMOJHACTCS C MOMOIIBIO U3BECTHOM alMPOKCUMAIMOHHON
3aBUCHUMOCTH

m

h,

VI =V, .

’ (2.1)
rae hi mpuamMaercs paBaod 20 — 100 m. Koaddumment Bo3pacranus cpemHei
CKOPOCTH BETpa C BBICOTOM W 3HAYCHHS IIOKA3aTeNsl CTEMEHW M JJIs pa3IuyHBIX
ce30HOB OepyTcs u3 Tadi. 2.1.

Tabnuna 2.1 KoaddummeHT Bo3pactanus cpeHeil CKOPOCTH BETpa C BHICOTOM
v(hy)/v(hy) u mokazaTens creneHn M

Ceson Bricora, m m
10 20 40 60 80 100
3uma 1 1,12 1,26 1,35 1,43 1,50 0,17
Becu 1 1,17 1,36 1,50 1,59 1,66 0,22
Jleto 1 1,18 1,40 1,55 1,67 1,76 0,24
Ocen 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
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3. OnpenensieTcs BEIUYHHA BEPOATHOCTHOTO PACIPENEIEHHSI CKOPOCTHU BETPA

@v = Nvi /N, (2.2)
rie Nvi — 9uCiIo U3MEPEHH B | — M CKOPOCTHOM MHTEpPBAJIE.
Crpourcs  3aBucumocts  @DV=F(V). TIpoumssenenme @DV'AvV Moxker ObITh
MHTEPIPETUPOBAHO KAaK YAaCTh BPEMEHM I0/a, B TEUYEHHE KOTOPOTO CKOpPOCTH BETpA
MMeEECT 3HA4YCHHUS, 3aKIII0YCHHBIC B UHTEpBaiIe OT V 10 V+AV.

4. CpenHee 3HaUYCHHE CKOPOCTHU BeTpa V¢ ONPENENSIeTCs COOTHOIICHHEM

Ve=2Vi/N, (2.3)
rac )y Vi — CyMMa BCCX U3MCPCHHBIX 3HAUYCHUU CKOpPOCTH.

Onpenensiercs BepoATHOCTh DV NOSIBICHUS BETPA CO CKOPOCTHIO V, OO0JIbIlIEeH HEKOTOPOH
3aJIaHHOM CKOpPOCTHV’, JUISl YEro CKIJIAJBIBAIOTCSI BEPOSITHOCTH BCEX CKOPOCTHBIX
MHTEPBAJIOB, B KOTOPBIX V > V',
BepositHocts @Dy>y' MOXKET OBITH WHTEPIPETHPOBAHA KaK 4acTh BPEMEHH TOj/a, B
TEUYEHUE KOTOPOI'0 BETPHI AYIOT CO CKOPOCTBIO, OOJIbILIEH V',
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Crpowurtcs 3aBucumMocth Dy, = f(V).
5. MOIHOCTH BETPOBOTO MOTOKA €IMHMYHOTO cevenus Py, BT onpenensercs

P.=pV3/ 2, (2.4)

IZi€ p — IUIOTHOCTh BO3/1yXa, IPUHUMAETCS paBHOM 1,226 K/,

[Ipoussenenue P @vnpencrapisier cobor PyHKIMIO pacpeiesieHusl SHEPTUU BETpa.

Crpowurcs 3aBucumocts P Qv = f(V).

6. Crpourcs 3aBucumocts PV = f(@Vv>V’), mnossonstomas onpeneauts
BEPOSITHOCTh 0>KMIAHMSI BETPOBOT'O MOTOKA 33JaHHON MOILIHOCTH.

B Tabn. 2.2 3agaHbl 3Ha4Ye€HUS CKOPOCTEH BeTpa M COOTBETCTBYIOIEE YHCIIO
U3MEpPEHUM.

[Tocne BbIMONTHEHUST 0OPAOOTKU U3MEPEHUI U pacyeTOB Ha OCHOBaHUM Gopmyn (2.1
— 2.4) ¥ TOCTPOEHHBIX 3aBUCUMOCTEN HEOOXOIMMO MPOBECTH aHATIU3 MOJTYUYEHHBIX
pE3yJIBTaTOB.

8 AHanu3 Mojay4YeHHBIX PE3yTbTaTOB

8.1. Tlonb3ysich moctpoenHoit 3aBucumocthio @ V= f(V), cpaBuuth cpennee
3HaUE€HHWE CKOPOCTU BeTpa C Haubosiee BEPOATHHIM 3HAYECHUEM CKOPOCTH BeTpa B
JAHHOM MECTHOCTH, a TaKke C pacyeTHOM CKOpPOCThIO, TPUHUMAEMON ISt
npoektupoBanusg BOY (v =10 — 12 m/c).

8.2. Tonb3ysack noctpoeHHoii 3aBucumocthio P@V = f(V), onpenenurs 3nauenue
CKOpPOCTH, MPH KOTOPOH (PYHKIMS pacupeleeHNus dHEPruu BeTpa UMEET MAKCUMYM U
CPaBHUTb €ro C Haubojiee BEPOSATHBIM 3HAYCHHUEM CKOPOCTH BETpa B JaHHOU
MECTHOCTH.

8.3. IMonb3ysck nocTpoenHoit 3apucumocthio PV = f(@V>V’), onpenenuts
BEPOSTHOCTh OKHMJIaHUS BETPOBOTO MOTOKA MoltHOCThIO 0,5; 1 1 2 kBT.

8.4. Tlo pe3ynbTaTam NpOBEJECHHOTO aHAIN3a C/IENIATh BHIBOIBI.
Tabmuma 2.2 - CTaTUCTHYECKUN aHAJIU3 PE3YIbTaTOB U3MEPEHUN CKOPOCTH BETpa

V, M/c N Dy Dy>y’ Pv, Pv- @y
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 291
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OmnpeaeleHuEe BETPOBOro IMOTSHIIMAJIA 3aJaHHOT0 paiioHa.

ITo Tabn. I1.2.1 — I1.2.3 onpenenanTs CpeIHEroI0BbIe 3HAUEHHSI CKOPOCTH BETpa AJis
3aJaHHOTO panoHa.

Kapra pacnpenenenusi cpegneit ckopoctu BeTpa HOxHoro Vpama (puc. I1.2.1)
MOKa3bIBa€T, YTO HAWOOJBIIME 3HAYEHUS MAOCTUrarT §...9 M/c, a MHHUMAalbHbIE
3HAYEHUs B 3aTEHEHHBIX MecTax 1...2 M/C, B CTEMHOM 30HE CKOPOCTh BETpa BHILLIE B
cpelHeM Ha 2 M/c, 4eM B JiecocTenHoil 30He. [lepBblil pailoH BKIIOYAET OTKPHITHIE
BepIIMHBI Y pasibckux rop. CpeaHerooBasi CKOpOCTh BETpa COCTaBIsAeT Oosiee § m/c.

BTopo#t pailoH 0XBaThIBAE€T CTENHYIO 30HY PETHOHA CO CPEIHEU CKOPOCTBIO BETpA
45 — 5,5 ™/c. [laHHas TEppUTOpHUS HUMEET Pa3BUTOE CEIbCKOXO3IMUCTBEHHOE
IPOM3BOJICTBO U 0XBaTbiBaeT Oosee 50% TeppUTOpPUU peruoHa.

Tpetuii paiioH pacroyioxkeH B JECOCTENHON 30HE CO CKOPOCThIO BeTpa 3,5 — 4,0 m/c.
30Ha OXBAaTHIBAET LIEHTPAJIBHYIO M CEBEPHYIO YacTh PETMOHA UM 3aHUMAET MPUMEPHO
40% Teppuropum.

UeTBepThiil pailoH pacnoyioKEH B TOPHO3aBOACKOW 30HE. CpeaHsisi CKOPOCTh BETpa
coctaBiseT 2,5 — 3,0 m/c.

1. Tloctpoutb rpaduK CpeaHEMECIUYHbIX CKOPOCTEH, ONpPEeNeNuTh MECSIbl C
HauOOJBIIEH CKOPOCTHIO BETPA.

2. Tlo dbopmyne 2.1 u Taba. 2.1 ompenenutbh CKOPOCTh BeTpa Ha BbicoTe hi uepes
CKOpPOCTh BeTpa Ha BbicoTe (rorepa Ng AN pasmMyHON BBICOTHI YCTaHOBKH. Jlis
NpUOIU3UTEIBHBIX PACYETOB MOXHO BOCIOJIb30BaThCsl 3HAUeHHEM Koddduimenta KH,
KOTOPBIN JIJIs1 pa3HBIX pailoHOB UenssOnHCKOM 00acTy MpuBeieH B Tab. 2.3

m
Ky = Dy (2.5)
ny
Tabmuma 2.3 - 3navenns kodddurnmenta Ky
BricoTa 1 paiton 2 paiioH 3 paiioH 4 paiton
HU3MepeHust
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. OnpenenuTh yaeabHY0 MOIIHOCTh IIOTOKAa BETPOBOM dHepruu (popmyna 2.4)
2.4. OnpenenuTh yAeIbHBIA BaJOBBIA MOTEHIIMAT BETPOBOM YHEPTUU 30HBI 110
CpeaHEe! yJeJIbHOM MOITHOCTH BETPOBOIO IMOTOKA
W,,=<P>T/20,(2.6)
rane 7= 8760 u/rox.
BanoBslil moTeHnan TeppuToprn onpenensercs mo Gopmymne

W= W, S, (2.7)

rae S, M2 — wiommam TEPPUTOPUH.
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OO6mias muomaabs TEPPUTOPUHN TIepBOro paiona — 1,54 Teic. KM2, BTOPOr0 parioHa —
45,71 ThIC. KM, TpeThero parona — 31,9 Teic. KM, YETBEPTOro parioHa — 8,75 ThIC. KM,

2.5. Omnpenenutb TEXHUYECKHMH IOTEHLHAN, KOTOPBIM 3aBUCUT OT MapaMeTpoB
BETPODHEPIeTUYECKON YCTAaHOBKHM, CPEOHErOJOBOM CKOPOCTH BETpa Ha BBICOTE
YCTAHOBKHM, a TaKXe IUIOMAAM 30HbI, NPUTOAHOW [IJISi COOPYKEHHUS YCTaHOBKH.
[TpubnuxeHHOEe COOTHOLIEHUE MEXAY BAJIOBBIM U TEXHUYECKUM MOTEHI[MAJIOM PaBHO

W,,/W,=0,02. 2.8)
2.6. OnpenensieTcsi 53KOHOMUYECKHUM MOTEHIIMA BETPOBOM SHEPTUU

W, = 0,005W,, . (2.9)

Pe3ynbTaThl pacyeToB IS 3aIaHHOTO paloHa M BBICOTHI CBOJATCS B Ta0. 2.4.
CpaBHEHHE PE3YIBTATOB METEOPOJIOIrMUYECKUX HAOIIOACHUN C pacipeicIcHUEM

Ponest.

IIpoBeneHHBIN aHAMWM3 XapaKTEPUCTHK BETpa COCTOSII B MaTEeMaTHYECKOU
00paboTKe MaccuBa OJKCIEPUMEHTAIbHBIX JAHHBIX C HCIOJb30BAHHUEM METOJIOB
MaTEeMaTHYEeCKON CTAaTUCTUKU. DTOT aHAJIU3 CYIIECTBEHHO OBl YIPOCTHUIICS, €CIU OBl JJIs
GbyHKIMM  pacnpenesieHuss BEPOSTHOCTU CKOPOCTH BETpa HMMEIOCh AHAIUTHYECKOE
BBIPAXKEHHE, COOTBETCTBYIOLIECE HKCIEPUMEHTAIBHBIM JIaHHBIM. B 3ToM ciyyae, BO-
NEPBBIX, PE3KO OBl COKPATHIIOCH HEOOXOMMOE KOJIMYECTBO U3MEPEHUN CKOPOCTH BETpa,
BO-BTOPBIX, MOSBUIACH OBl BO3MOXKHOCTH aHAJUTHYECKOTO pacuera XapaKTEPUCTUK
BETPOYCTAHOBOK.

Tabnuma 2.4 - Pacuer moTeHIMaga BETPOBOM SHEPTUU pailoHa
Bsic Wy, W, Won, w,
oTa ' S , kB1-u/ kBT I'Bt I'Bt

10
20
30
50
100

Jlnst mpoBeeHus aHanm3a (PyHKIMHM pacmpenesieHrs CKOPOCTH BETpa, OCHOBAHHOM
HAa DKCIIEPUMEHTAJIBHBIX METEOPOJOTHYECKUX JIAHHBIX, TpeOyeTcss CpaBHUTH
JKCIIEPUMEHTAJIbHBIE 3aBUCUMOCTH, TIOJYY€HHblE B II. | C TEOpETUYECKUM
pacnpenenenuemM Panes.

[Topsimok ananu3a ciaeayromuin

1. ns pacupenenenus Panest cripaBeisiuBO paBeHCTBO

D, = (VI VY (2 . 10)

rae @v>y’ — BEPOATHOCTD MOSABIICHUS BETPA CO CKOPOCTHIO V, M/C, GOJIBIIEN HEKOTOPO
3aJlaHHOM cKopocTH V', M/c; V — cpeHee 3HaUeHHe CKOPOCTH, M/C.

Cremyer, 3a1aBasCh 3HAYEHUSAMU CKOPOCTH V', M/C, W3 JMana3oHa peajbHBIX
CKOPOCTEH BETpa U UCIOJIb3Ysl CPeHEE 3HAUEHUE CKOPOCTH V , M/C, MOJyYEHHOE B 11 1,
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MOCTPOUTHh TEOPETUUECKYIO 3aBUCUMOCTH 10 ¢dopmyiie (2.10). Pe3ynbrarsl 3aHECTH B
Tabum. 2.5.
OTHOCUTENBHAS MOTPEITHOCTH ONMPEEACTCS KaK

0 = (®U>U’Teop_ @u>u’31<cn)/ @u>u’ 100%. (2-11)
3.2. Jlna pacnpenenenus Panes cnpaBeasinBo paBeHCTBO
(v3)3= 1,24v. (2.12)

Crnenyet npoBepuUTh €ro, MOACTABUB CPEHEE 3HAUEHUE CKOPOCTH BETPA,
HOJIy4eHHOE paHee, B popmyiy (2.12).

Jna  pacnpenenenuss  Poases  cunpaBemIMBO - YTBEpPXKIAEHHE,  UTO
BEPOSITHOCTh CKOPOCTH Dv MaKCUMaJbHa IIPU 3HAYEHUHU CKOPOCTHU

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

Crnenyer ompeaeianuTh CKOPOCTb, NPH KOTOPOM BEpPOSTHOCTh MaKCHMAaJlbHA,
TIOJICTAaBUB CpeJHEe 3HAUYCHHUE CKOPOCTU BETpa, MOJNyUYEeHHOE B Mpelblaylield paboTe B
dbopmyny (2.13). Ilorpemnocts onpenensercs: aHanoruyto (2.11).

3.3. s pacrpenencHusi Panesi cripaBenimBO yTBepKIeHUE, 4TO QyHKIHUI D Vi
MaKCHUMaJIbHa MTPH 3HAYEHUU CKOPOCTH

v=2(2/t) v=16v. (2.14)

CremyeT mOCTPOUTh 3aBUCHUMOCTh @ V, = f(V), ucmonb3ys 3HaYCHUS CKOPOCTH
BE€Tpa B JMANa30HE PEajbHbIX 3HAYEHUN W MPOBEPUTH 3TO YTBEPKICHHUE, MOJCTABUB
CpeaHee 3HAYeHHE CKOpOCTH BeTpa B (opmyny (2.14), momydeHHOE B MpEeAbLIYIIEH
paborte. [lorpemHocTs onpenensercs anagoruyxo (2.11).
Pe3ynpTaThl pacueToB 3aHecTH B Ta0m. 2.5.
Tabmuma 2.5 - TIpoTokos u3mMepeHuii U pacuyeToB
V, m/c Du>u (FKCIL) | Dusu’(TEOp.) | O, % mas | 0, % mnsa | O, Y% nns
Du>u’ Dy D us

3.4. AHanu3 TIOJTYyYCHHBIX PE3yIbTaTOB
3.4.1. Tlonmb3ysch MOCTPOCHHOM B TPEABIAYIICH paboTe 3aBUCUMOCThIO Dv>v'=f(V),
HEOOXOIMMO CPaBHHUTH €€ C TEOPETUYECKON 3aBUCUMOCTBHIO Dv>v, pPACCUNTAHHOW IO
dopmyine (2.10).
3.4.2. Tlonw3ysick mMOCTpOCHHOHN 3aBHCHMOCTBIO @Dv =f(V), sKcmepuMeHTaITBEHO
MOJIydeHHOE 3HAYCHHWE HamOojee BEPOSTHON CKOPOCTH, INPH KOTOPOH (PYHKITHS
pacrpesiecliecHus CKOPOCTH BeTpa HMEET MaKCUMyM, CPaBHUTh C TEOPETUYCCKUM

3HAYCHHUEM, PaCCUUTAHHBIM 110 (hopmyite (2.13).
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3.4.3. Tlo moctpoeHHOM 3aBUCUMOCTH @Dv V; = f(V) ompenenuTh MakCUMabHOES
3HaYeHHe (PYHKIMU W CPAaBHUTh €r0 C TEOPETUUYECKH OINpEACNCHHBIM 3HAYCHHUEM
ckopoctH 1o Gopmyie (2.14).

3.4.4. Tlo pe3ynpTaTaM MPOBEICHHOIO aHAJIN3a CAENAaTh BHIBOBI.

4. Pacuer cpenHeill TOOBOM NPOU3BOAMUTENBHOCTH BeTpoarperata BOY — 3
TexHuuyeckue xapakTepUCTUKU BeTpoarperara: P, = 3 kBT, h =20 M, vo =4 m/c,

Vion= 10,4 M/C, Vyare =30 M/c, OMeTaeMas miomazns S = 14,28 m>.

Pacuetsl BecTu miis cpeqiHeit ckopoctu BeTpa 7 m/c; 9 M/c; 11 m/c.

CpenHsst MpoU3BOIUTENBHOCTD BeTpoarperaTa (4) ¢ HOMUHAIBHOW MOIIHOCTBIO P,
(xBT), HauanbHON CKOPOCTHIO BETPOKOJECa Vo (M/C), CKOPOCTHIO PETYIUPOBAHUS Vi
(M/c) 1 MaKCUMaJLHON CKOPOCTBIO Ve (M/C) OyZIeT paBHa:

=3

—_ Vp

4=—"P, T,
L ’ (2 15)
rae vp = "[‘F M) = ‘r_{r*f_m]J’ 1(x'.m)] "~ cpeaHui Ky0 CKOPOCTH B JUara3oHe padodmnx
o (Viae =V = Vi )i
CKOpocTei '
I(x,m)= fet™dr -
I'(m)o NoJIHAs TaMMa-QyHKIUS;
" ae
x= ‘—J m=241, B,
B v HapaMeTpBI (ynkuuu Beiibymna;

xlxnr - 1J|'>.u ! 1.';? ] ""'::' - 1'::- ! 1'::;.'1 . X = 1'J|'>.u Yo, = ':2-::-

I'(m) — nosnHas raMMa-QyHKIIUS; 37€Ch

[Tonw3ysck manabiMu Tabu. I1. 2.5, Haitnem Vh U Cy U1 3aJ]aHHON BETPOBOM 30HBI

il b

D —v W |
Vao = Vi =7 |5 (2.16)
\_1 LU
i -~
o i) 5
Cap =Cip- : (2.17)
Yoowll
rne ¢, = 0,578 — xosddunuent Bapuanuu, XapaKTepU3YIOUIMHCS HW3MEHYHBOCTBIO

BETpPa BO BPEMEHH.

Jlanee 1o »TUM JaHHBIM ONpenemsieTcs cpennuii Kyo ckopoctu (tabdmn. I1.2.6) (mpu
HEOOXOIMMOCTH HCTOJNb3yeTcs mpoctas uHTepnoisinus); [lo tabn. I[1.2.7 wHaxomum
3HAYCHHS HEMOTHOM raMMa-QyHKIUA | (Xuon, M), 1(Xo, M) 1 (X ,m).

[loncraBuB HalifeHHble 3HaueHUsT B Qopmyny (2.15), BBIUHCIUTH CPEIHIOIO
MIPOU3BOJIUTENLHOCTh BETPOYCTAHOBKHU.

OnpeaenuTsh CpeTHEr0A0BOM KOI(DPHUIIMESHT MOJIE3HOT0 ACHCTBHS BETPOYCTAaHOBKHU
o ¢popmyiie

n=—221  100%
8760 P,

Crnenatb BBIBOJIBI O 11€JIECOO0PA3HOCTH UCTIOIb30BAHUS BETPOYCTAHOBKH MPHU
3aJJaHHOM JIMaIla30He CKOPOCTEN BETPA B PETUOHE.
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KoHTpo/ibHBbIEC BONPOCHI

1. JlaTh onpenenieHus HOHSITUSIM «BAJIOBOWY, «TEXHUYECKUI» U «IKOHOMUYECKUI
MOTEHLHAJIbI BETPOBOU SHEPTUM.

2. Kakue ¢pyHkuum pacnpeeneHus ciydaiiHON BeTMYUHBI BbI 3HaeTe?

3. Kakas dbyukuus pacnpeaeneHus Hau0ojee TOUHO OMUCKIBAET pacipeieicHue
CKOpOCTH BeTpa?

4. Kak omnpenensieTcsi BEpOSITHOCTHOE paclpe/ieNieHne CKOPOCTH BETPOBOIO MOTOKA?
5. OT 4yero 3aBUCUT MOIIHOCTh BETPOBOTO MOTOKA U MPOU3BOIUTEIBHOCTh
BETPOIHEPIreTUYECKONU YCTAHOBKU

1. MIPEOBPA3OBAHUE U UCITIOJIb30BAHUE DHEPI'MU MAJIBIX PEK

Oco0eHHOCTH MAJIOH THAPOIHEPreTHKHU

Opgnum u3 HauOosiee 3(PPEKTUBHBIX HAIMpPaBICHUN pa3BUTUS HETPATUIIMOHHOU
HHEPreTUKU SIBJISIETCS] MCIOJb30BAHUE JHEPrUU HEOOJIBIINX BOJOTOKOB C IMOMOIIBIO
Mukpo- U Maneix ['DC. D10 00BACHSETCS, C OJHOM CTOPOHBI, 3HAYUTEIbHBIM
NOTEHIIMAJIOM TaKWX BOJAOTOKOB MPHU CPAaBHUTEIBHON MPOCTOTE UX UCTOJIb30BAHMS, a C
OPYrol — MPaKTUYECKUM HCUYEPIAHUEM THAPOIHEPTETHUECKOTO MOTEHIMANA KPYIHBIX
pex.

OOBeKThl Majol THUAPOIHEPIETUKH YCIOBHO [EsAT Ha JBa TUMA: “‘MUHU -
obecrieurBaromue eTMHUYHYI0 MOITHOCTE A0 5000 kBT, u “mukpo” - pabotaromue B
nuana3zone ot 3 no 100 kBt (puc. 6). Mcnons30BaHue THAPOIICKTPOCTAHIIUNA TaKUX
MOIITHOCTEH - 1711 Poccum BoBce He HOBOE, a XopoIio 3abbiToe crapoe: B 50-60-x romax
y Hac paboTaso HeckoJbko Thicsid Manbix ['DC. CeromgHss WX KOJMYECTBO e€J1Ba
JIOCTUTAET HECKOJIBKUX COTEH IITYK.

Bogoyafopimse
¥ TP ol TR
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|||||-Ipr||-lrr |l-|.t| - — - - | - I -

YITPpoilTTED ANTOME THHEOKGT &
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Puc. 6. Cxema ycranoBku MUKpol DC

CoBpeMeHHasi TUIPOIHEpPreTUKa IO CPAaBHEHUIO C JPYTMMHU TPagULUOHHBIMU
BUJIAMU DJIEKTPOIHEPTETUKU SIBISETCS HanOoiee HSKOHOMHYHBIM M JKOJOTHYECKU
0e30macHbIM CIIOCOOOM TIONyUYEHUS DJIEKTPOdHEepruu. Mamasi THAPOIHEPTeTHKA HIIET B
ATOM HallpaBlieHUH enle Aanbliie. HeOobline 3J1eKTPOCTaHIIMU MTO3BOJISIOT COXPAHIThH
MPUPOJIHBIN JIAaHAIA(T, OKPYKAIOIIYIO CPEy HE TOJBKO Ha dTare 3KCIUTyaTallud, HO U
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B TIpouecce crpourenbcrBa. [lpu mocnenyromenr AKCIUTyaTallMd  OTCYTCTBYET
OTPUIIATEIPHOE BIMSHUE Ha KA4eCTBO BOJBI: OHA TOJHOCTBIO  COXPAHSET
MepBOHAYATLHBIC TMPUPOIHBIC CBOMCTBA. B pekax coxpassieTcss ppida, BOJa MOXKET
HCITOJIB30BAThCS JIJIST BOJIOCHAOKCHHS HAceNICHUs. B oTiu4me oT ApYruX 3KOJIOTHICCKU
0€30MacHBIX BO30OHOBJISEMBIX HCTOYHHUKOB AJICKTPOIHEPTUH — TaKWX, KaK COJHIIC,
BETEp, - Majas THAPOIHEPIreTHKA MPAKTUYECKA HE 3aBUCHUT OT MOTOAHBIX YCIOBUH U
criocoOHa 00ecTeunTh YCTOMYMBYIO MO1auy JICIICBOM 3JIEKTPOIHEPTUHU MTOTPEOUTEIIO.

Emie oqHo npenMyniecTBO Majioi SHEPreTUKU - SKOHOMUYHOCTh. B ycnoBusx, koraa
NPUPOAHBIE MCTOYHUKH BHEPIMM — HEPTh, Yrojib, ra3 — HUCTOILIAIOTCS, MOCTOSIHHO
JIOPOXKAIOT, HMCIOJIb30BAaHUE JEIIEBOM, JOCTYIMHOW, BO300HOBIISIEMOW JHEPrUU pEK,
0COOEHHO MaJlbIX, TIO3BOJISIET BhIpaOaTHIBATh JIEHIEBYIO AJEKTposHepruio. K Tomy xe
COOpY>KE€HHE 0OBEKTOB MaJIOW THAPOIHEPIEeTUKU HU3KO3aTPATHO U OBICTPO OKyMHaeTcs.
Tak, npu ctpoutenbctBe Masiod ['9C yctaHoBIeHHON MOHIHOCTHIO OKoJio 500 kBT
CTOUMOCTb CTPOUTEIBLHO-MOHTAXKHBIX paboT coctaiseT mnopsanka 14,5 — 15,0 muH.
py6neit. Ilpu coBMmelieHHOM rpadguke pa3pabOTKH MPOEKTHOM JAOKYMEHTAlMH,
U3rOTOBJIEHUSI OOOpYAOBaHMS, CTPOMUTENHCTBA M MOHTaxa Manas ['DC BBoguTCs B
skcrryaranmio  3a 15 — 18  mecsueB.  Ce0GecToMMOCTh — AJIEKTPOIHEPTHUH,
BbIpabaTeiBaeMoil Ha mojo0HOM ['DC, cocraBnser He Oonee 0,45 — 0,5 pyOneit 3a 1
kBtu, yro B 1,5 pa3a HMKe, YeM CTOMMOCTH DJJIEKTPOIHEPTuH, (HAKTUUECKU
peATM3yeMOr SHEPTOCUCTEMOM.

IIpakTuueckoe 3ansaTue Ne4.
PacyeT nmoTreHnuanga BoA0TOKA J1JIsl MAJIOH TMIPOIHEPTeTUKHU

3amaHue

1. PaccuutaTh TEOpPETHYECKHI MOTEHIMAA BOJAOTOKA C TIOMOLIBIO METOAa
«JIMHEVHOT0 y4YeTay;

2. PaccyuraTh TEXHHMYECKMH NOTEHLHUAl BOAOTOKA, IOCTPOUTH TIpaduku
sasucumocteit Vj = f(L;), Qj= f(L;), Z™ = f(L;), Z™" = f(L;);

3. HccnenoBath 11e1€c000pa3HOCTh SHEPTETUUECKOTO HCTOIB30BAHMS MOTCHIMAIA
BOJIOTOKA ISl KOHKPETHOTO MOTPEeOUTES.

HUcxonnsle naHHEBIE:

1. 3agaH y4acTOK OTKPBITOTO BOJIOTOKA C 3aJaHHBIMU OTMETKAMH €CTECTBEHHBIX
YpOBHEH BOJBI B HEM VY j [0 JUTHHE BOAOTOKAa Lj u pacxoma Bousl Qj, rie j — HOMEp
ctBopa (j = 1,...10). Hymeparus cCTBOPOB HJIET CBEPXY BHHU3 1O TCUCHHUIO.

2. B BepxHem 1- M cTBOpe 3a7aHO OrpaHUYEHHE MO MAKCUMAIBLHOMY TOTHSATHIO
ypOBHA BOABl — Zg %on = 202 ™ (COIMaNbHO-PKOJIOTHYECKUE TPeOOBaHUS IS
BEPXHET0 TEUEHHUS BOJAOTOKA).

3. B camom HmxHeM — 10 cTBOpE 3a1aHO OrpaHUYEHUE 10 MUHUMAIBHOMY
YPOBHIO BOABI Zk= 102 M (oOecnieyeHne rapaHTUPOBAHHBIX CYAOXOIHBIX MIIyOHH).
Ha yuactke mexny ctBopamu 2-4 He JOMYCKAaeTCs HAPYLIEHHE €CTECTBEHHOTO pEKuMa
BOJIOTOKA (3aII0BEHUK).

4. Ha yuvactke Mexny ctBopamu 4 — 10 3am1aHO OrpaHHYEHHE IO MHUHHUMAJIBHO
JomycTUMOMY YpoBHIO Boabl (Z™", j=4,...,10) 110 ycIoBHsAM pHIGHOTO X034iCTBA.
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5. Bo Bcex cTBOpax CyIIECTBYET OrpaHMYEHUE 10 MAKCUMAIBHO JOMYCTUMOMY
YPOBHIO TOIHATUS OTMETKH BOABI Z"; j = 1,..., 10 (1m0 ycloBUAM 3aTOILICHUS U
MOJITOTJICHUS] TEPPUTOPHH ).

6. B Tabn. 5.2 mpuBeneHsl JaHHBIE IO TOTPEOUTENSIM  AJICKTPOIHEPIHH,
PAacCIIONIOKEHHBIM BJIOJIb H3y4aeMOT0 BOJOTOKA U HE MMEIOIINM YHEPreTUYCCKON CBSI3U
¢ sHeprocuctemor. B rta6im.: I} — vomep | — ro morpedurens (I = 1,...,6); Li -
paccTosiHUE BIOJb PEeKH OT ee¢ UcToka j0 | — ro morpedurens; Py - momHocTs | — 1o
notpeoutens; || — paccrosame ot | — ro morpebutens a0 BogoToka; R —
SKOHOMHMYeCKUit pammyc | — TO TOTpeOuTenss JUIsl  3aJaHHOTO  BapHaHTa
DIIEKTPOCHAOKEHUsT W 3aMmeHseMoro wmanoi ['DC  anbTepHATHBHOTO BapuaHTa
OHEPrOyCTAHOBKU (JM3elibHAs yCTaHOBKA). ['paduuecku pacnojioxeHune morpeourenei
HpEICTABICHO Ha puUC. 7.

7. Jlns ydacTka BOJOTOKA, MPUXOJAIICTOCS HA 3aMOBEJHUK, 3aJIaHbl CJICIYIOLIUE
YCJIOBUS:

— CKOPOCTb TCUCHUS BOJIbL:

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

y4dacTok 3-4: Vpuea = 2,5 M/C.

- MHHIMAaJIbHbIE TTTyOWHBI BOIOTOKA 110 (hapBaTepy:
yuactok 2-3: h™" = 1,0 m;

yuactok 3-4: h™" = 1,8 m.

n2 M5

Mk

0 L0 50 60 70 80 90 100 10 120 130 0 150 160 170 180
3anobedHuk

Pucynok 7 - Pacnionoxxenue nmoTpeOuTeneit 3Hepruu BAOIb

peku [Ipu pacuere npuHUMAIOTCS CIEAYIOIIUE JOMYIIECHUS:

1. Pacxoabl BOJOTOKA B Ka)K/IOM CTBOPE CUMTAIOTCS MOCTOSIHHBIMU B T€YEHHUE TOJIa,
T.¢, Qi =const;

2. TuIpOodNEKTPOCTAHIINM HE W3MEHSIOT €CTECTBEHHBIH THIIPOJIOTHUECKHN PEKUM
BOJOTOKA. JTO 3HAYWT, YTO YPOBEHHb BOJbHI B BOJOXPAHUIIMUINE WM BepxHeM Obede
moboit ['DC (Zpp) mpuHUMaETCS MOCTOSHHBIM W PaBHBIM HOPMAJIHLHOMY TOIATIOPHOMY
YPOBHIO

Zps (t) = HITY = const.
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CoOTBETCTBEHHO BECh €CTECTBCHHBIN pacxo]1 BojoToka Q(t) mponyckaercs 6e3
nepepacrnpezeseHnsi BO BpeMeHU B HKHUM 0bed I'OC
Qs5(t) = Q(D).
VYcranoBneHHass MOIHOCTh MIOTUHHBIX 'OC Ny, j onpenensercsa B KaxaoMm | — M
pacuetHoM cTBOpe I'DC no dpopmyie:

e _ ) ) ) — K . .
JII|I|"|r-.'f.'r:z..' _9*81 I?J’iﬁ" Qﬂ:rc-.’.f H:rr‘ - ﬁ.'\' Qﬂ:rc'e_r' Hur‘? (31)
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rae Nroc — koddduiuent nonesnoro aecteus '9C, Ky =9,81- nrac — ko3dduimeHt
MOIITHOCTH.
[Tpumem pacueTHbII pacxol B | — M CTBOpe

Q pacu.i — 016'Qi1

e Qi (V}/c) — pacxox BOZOTOKA B | — M pacueTHOM cTBope; H,.i— Hamop arperata I'DC,
onpenenseMsblil mo Gpopmye

Hii= HI1YVi — Zygi, (3.2)

rne HI1Vi (M) — HOpMalbHBIN MOANOPHBINA ypoBeHb BepxHero Obeda (BB) 'DC B iI-m
CTBOpPE, Zypi — pacueTHBIN ypoBeHb HIkHero Obeda (HB) I'DC B | — M cTBOpE, KOTOPBIi
B 3aBUCUMOCTH OT THIIa Kackaja W orpaHmyeHuii no yposHio HbB omnpenensercs
CJIEIYIOIINM 00pa3oMm:

- COMKHYThIM Kackag MmioTHHHBIX ['DC mo BomoToky (kpome ['DC B ycThe
BOJOTOKA):

Zysi = HITV41.

Jlns camoit HkHeH o TeueHuto Bogotoka ['9C (I'DC1) npuHuMaeTcs ¢ yuetom
MaHHBIX Ta0xd. 3.1, T.€.

Zus = 2™ %" = 102m = const.

- Pa30OMKHYTHIN Kackaj IOTUHHBIX ['DC 1o BoIOTOKY:

- Zppi =Vi+AZpsi = Vi+ 0,256-Qpucuiy

riae Vi (M) — oTMeTKa ypOBHs BOJBI B | — M cTBOpe (Oepercs mo JaHHbIM Tabi. 3.1 u puc.
3.1).

3. Uwmcio vacoB ucnoap3oBanus ycranosieHnoi ['9C mo BogoToky h (1) mpuHsaTo
cuutaTh paBHbIM 3000 u.

4. Dueprocuadxkenue | — ro morpedurens ot 'DC cuntaercs 3G PeKTUBHBIM, eCITH
paccTosiHUE OT MOTPeOUTENs A0 BOJOTOKa WM mectomojoxkeHus I'9C (Lj) Oymer
MEHBIIIe SKOHOMUYeckoro paauyca (R)), T.e. L < Ry (tabmn. 3.2).

5. Cuwmraercs, uto anpTepHaTuBHBIM ['DC BapuaHTOM SBISIETCS JU3EIbHAs
anekrpoctanuus (J129C).

Ta6auna 3.1 - Mcxoguble JaHHBIE IO BOAOTOKY

CtBOp peku Vi L Qi — max ~ min
j 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

34



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

6. ITpunsTo, yto k ManbiM ['9C OTHOCATCA CTAHLIMU C YCTAHOBJIEHHOM MOLIHOCTHIO
Nyem 10 30 MBT 1 eaHMYHOM MOIIHOCTRIO arperara 10 10 MBT.

7. «XuBoe» ceyeHue peku MpeICTaBIsSIET CO0O0M MepeBepHYThIN paBHOOEAPEHHBIN
TpeyrojibHUK. becrotunable '9C B 3TOM cilydyae MOTYT pacmoiaraThCi BIOJb
BOJIOTOKA TOJIBKO 10 (hapBaTepy U B OJHY JTUHUIO.

8. Hucno yacoB ucnoib3oBanus 0ecmioTuHHBIX ['IC coctapiser 8000 u.

Tabnuua 3.2 - VicxogHble JaHHBIE 0 TOTPEOUTENSIM 3JIEKTPOIHEPTUU

[TotpeduTens | ex. u3M 1 2 3 4 5 6
111
L1 KM 45 55 60 105 125 170
P1 kBT 15 25 18 180 50 300
Iy KM 0,1 5,0 0,1 2,0 5,0 0,5
R1 KM 0,2 0,3 0,2 2,3 0,6 3,5

B T1abGn. 3.3 3amaHbl OCHOBHBIE TEXHHMYECKHE MapaMeTphbl OeCIJIOTUHHBIX
CBOOOJIHO- TIOTOYHBIX THUIPOArpPETraTOB M YCIOBUS MPUMEHEHHUs IS TEX Y4acTKOB
BOJIOTOKA, I'/I€ HEAOIYCTUMO U3MEHEHHE €CTECTBEHHOI'O PEKMMA (3alI0BEIHUK).

B Tabnuue mpencramieHsl: /{1 — auamerp pabouero koseca; hy,, — MUHUMAIBHO
JOMyCcTUMAasi T1yOWHA IMOTOKA JUIsl YCTAHOBKM CBOOOJHOIOTOYHBIX arperatoB s
3aJlaHHbIX 3HaueHuil /[1 u Vp — CKOPOCTH MOTOKA; Lmin — MUHMMAaJIbHO-I0MYCTUMOE
pPAcCTOSIHHE MEXJy CBOOOJHOMOTOYHBIMU arperatamu, pacroyiOKEHHBIMU JIpYT 3a
npyrom BaoJib peku. [Ipunumaercs, uro KIIJ[ ykazanubeix arperatoB paBHo 20% npu
JOMyCTUMBIX Hanopax arperara Ha ot 3,0 go 10,0m.

Tabmuma 3.3 - TlapameTpsl MOTpy>KHBIX CBOOOHOMOTOYHBIX arperatoB nmpu KITJ[ = 0,2

Bapuant I, M hoon, M Vp=3,5 m/c Vp=2,5m/c Lmin, M
Na, kBT Na, kBT
1 0,5 1,5 0,836 0,304 10,0
2 1,12 2,0 4,29 1,56 22,4

[lopsimok pacuera

1. Pacduer BOOHORHEPreTHUECKOTO KaJacTpa BOJAOTOKA MPOU3BOJIUTCS C MOMOIIBIO
METO/Ia «IMHEWHOTO yueTay. Pe3ynpratel pacuera cBoaaTcsa B Tabi. 3.4, r/ie HCXOIHbBIE
naHHbIe OepyTcs w3 Tabn. 3.1, a ocCTaJbHbIE BEJIMYHMHBI PACCUUTHIBAIOTCS TIO

cieayomum Gopmyiam:
- JUITMHA BOAOTOKA MEXIy cTBopamu | U j-1, T.e ljj.1 (km):

|j,j-1 = Lj — |j-1; (3.3)

- Harop Toro xe yyactka Hjj.1 (m):
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Hjj1= Vi1 - Vj; (3.4)
- CpeHMI PAcXO/ Ha ydacTKe Qjj1 (m°/c):

Qjj1 = 0,5(Qj+Qj1); (3.5)

- MOTEHIMATbHAs MOIIIHOCTh BOJIOTOKA Ha TOM ke ydacTke Njj.1 (kBT):

Njj1 = 9,81 -Hjj10jj1; (3.6)
- yZieJIbHAsi MOILIIHOCTh BOJIOTOKA Njj-1, (KBT/KM):
- BAJIOBOM MOTEHIIMAJ BOJOTOKA

Njj-1 = Njja/lija (3.7)
Ta6HI/IHa 34 - Pacqu BOIIHOBHCPI‘CTI/I‘ICCKOFO KaI[aCTpa

Cteop | Vj L Qj ljj1 Hjj1 Qi Njj1 N; Njj-1
peku

Ne M KM M/c KM M M/c kBT kBT kKB1/xMm

1

2

3

2. PacueT TeXHWYECKOTO MOTEHIMaIa BOAOTOKA

2.1 Crpositest B rpaduueckom Buze 3asucumoctu Vi = f(Ly), Q = f(Lj), Zi™ =
f(L;), Z™ = f(L;) mo mamueIM Tabn. 3.1. 30ech ke yKa3pIBAIOTCA HOMEPA BCEX JIECATHU
3aJIaHHBIX CTBOPOB M PACCTOSIHUE MO TEYEHUIO BOJAOCTOKA.

2.2. TlpoBoauTcst pa3OMBKa BOJAOTOKA Ha Kackaj MIOTHHHBIX MI'DC, HaunHas ¢
nociennero — 10 — ro pacdetrHoro crtBopa. Jlins 3TOro M3 TOYKH A,
COOTBETCTBYIOIIEH o
Lio (Tabu. 3.1) mpoBoaAMTCS BepTUKANbHAS JTUHUS 10 TiepeceueHus ¢ Zig  (Touka B) u
3aTeM U3 T. B IpoBOANTCS rOpU30HTaNIbHAS IMHUS BIEBO J10 IIEPECEUYEHHUS C IMHUEH
Z™ (L), 1.e. onpenensercs T. C.

Tem cambiM ompezenseTcs MecronoioxkeHue ctopa 'DC2 (L) u ciuenyromume
napametpsl 1 DC1: Li; Ha, HITY; Zusr; Q1. Eciu Hap HaxonuTcs B JOMYCTUMBIX
npejenax, To aajaee npousBoautcs onpeaeneHue Qpucur; Nyems 4 Iroci..

Eciu B ctBope I'DC1 namop Hai oxaxercs Gonbmie 10 m, To HIIVI crnenyet
OTPaHUYUThH YKA3aHHOM BEJIMYMHOM, T.€.

HHY] = (ZHBi + 10) < Zjnax (3.9)

B cnyuae, xoraa B ctBope ['DC1 nHanop Hai okaXeTcsi MEHbIIIE TPEX METPOB, TO
CleAyeT OTKa3aThCsi OT CTpouTenbcTBa IoTHHHOM ['DC B maHHOM cTBOpe W,
JBUTAsACh BBEPX IO TECYEHHUIO PEKHU, OMPEACIUTh KoopAuHATHI miioTuHHON ['DCI1 B
npyroM ctBope. Herncnonb3oBaHHbINM IOTUHHBIMHA ['DC y4acTOK BOJIOTOKA CIEAYET
MIPOBEPUTH HA BO3MOKHOCThH COOPYKeHUs 31ech OecrmoTuHHBIX ['DC.
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Ilocne ompeneneHuss BCEX OCHOBHBIX JeKTpuyeckux mnapamerpoB [OCl1
aHajnornyHo mnposoasaTcsa pacuersl 1 ['DC2, 'DC3 u 1.4 Pe3dynbraThl pacueTos
3aHOCSTCS B Ta0I. 3.5.

Tabmuua 3.5 - Pacyer TEXHMYECKOro MOTEHIMalda y4acTKa BOJOTOKA MpPU €ro
UCTIOJIb30BaHUM COMKHYTBIM KackanaoM mioTHHHBIX MI'DC npu h = 3000u u ky = 7,5

Crtsop L Qi Qpacu.i HITY; Zppi Hai Nyem.i Araci
I'DC
i KM M/c M/c M M M kBT kBtu-10°
1...
10

2.3. OmnpenenanTb CyMMapHYIO BbIpaOOTKY 3JE€KTPOIHEPrMU BCEMHU IJIOTUHHBIMU
I'DC B rog.

3. HccnenoBanue  11e1€cOO0Opa3HOCTH  HHEPreTUYECKOTO  MCIOJIb30BaHUS
TEXHUUYECKOr0 MOTEHIIMAaNa BOJOTOKA ¢ momotbio MI'DC st MecTHBIX noTpeduresnei
SHEPTUU.

3.1. IlpoBeputh BbITIONIHEHHE YyciaoBUS R; > L, nis Bcex miecTu motpedurtenei
sHepruu. Ecnum 3TO0 yclioBUEe HE BBINOJIHAETCA, TO JJIEKTPOCHAOXKEHHE ATHX
notpedureneld ucnonb3oBanue MIDC Henenecoobpasno. [lns morpeburenei,
HaXOJSIIMXCA B 30HE CYIIECTBOBaHMS COMKHYTOro kackaga MI'DC mo BomoToky
IPOBEPSIETCS BO3MOKHOCTH TMOJIYYEHHUS] TpeOYIONIMXCS 3HAYEHUH MOIIHOCTH OT
ommxkanmmx I'9C kackana.

IIpu 5TOM paccuuTHIBaeTCs TpebyeMas ImuHa BomoToka L™ (km), HeoOXoamMmas
s obecrnieueHust sHeprocHadkeHus | — ro motpedutens or MI'DC ¢ yueToMm yneiabHOR
YHEProeMKOCTH BojoToKa N (kBT/kM) (Tadm. 3.1), T.c.

e 20
' o (3.10)
e Nj— yaeabHast MOIIHOCTH (IHEPrOEMKOCTh) y4acTKa BOJOTOKA MEKIY CTBOPAMH,
rze pacrnonoxer | — it morpeduTen.
Jlanee mpoBepsETCs BBINIOIHEHNE HEPABEHCTBA
L = F”_r (311)

Ecnu oHO BBIONHSAETCS, TO B pacyeTax HCHOJB3YeTCS MOCTOSHHOE 3HaueHue N,
COOTBeTCTBYyIomee JAaHHbIM Tabm. 3.1. Ecnm He BBITIONHAETCS, TO CIEAYET
MCITIOJIb30BaTh JIAHHBIE JBYX CMEXHBIX PaCUeTHBIX HHTEpBajoB Tabm. 3.1.

3.2. Ompenenutb TOA0BOE TOTpeOsieHne 3Hepruu mnorpedutensmu or MIOC,
PaCIOIOKEHHBIX MTOOIN30CTH.

3.3. Ecimu mnorpebutens HAXOAWTCS MEXAY CTBOpaMH, TJ€ HEBO3MOXKHO
cTpouTenbcTBO HUKakux ['DC, paccMaTpuBaeTcss BOMPOC OJHOPSIHONW YCTAaHOBKHU
MOTPYKHBIX CBOOOJHO-MOTOYHBIX arperatoB Bapuanta 1 (tabdn. 3.3). Jlna peanuzanuu
ANEKTPOCHAOKECHHSI TaKMX TOTpeOUTEeNe moTpedyeTcss CIleayrliee KOIHIeCTBO
arperaTtos

o N (3.12)
Hanee onpenensercs odwas niuuHa rupiisiaasl MI'OC u cpaBHuBaetcs ¢ R,
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LZ: Zaep'l—min , L2< R|_ (313)

HeBbinosiHeHHE TOCIEHETO YCIOBUS O3HAYAET, YTO UCIOIb30BaHKuEe OectIOTUHHBIX [ DC
HelenecooopasHo.
Cnenatb BBIBOJ] O 11€JIECOOOPA3HOCTH IEKTPOCHAOKEeHUs oTpeduteneid or MI'OC,
yKa3aTh 3TU MOTPEOUTENN U UX TOJOBOE AJIEKTPONOTPEOIICHHUE.
OnpenenuTs B MPOLEHTaxX BbIPAOOTKY 3yiekTposHeprun MI'DC oT TeXHUYECKOro
MOTEHIIMAaJIa BOJOTOKA.

KoHTpo/ibHBIEC BONPOCHI

=

Krnaccudukanus ycTaHOBOK Jis1 MaJION SHEPTE€TUKH.

2. IlpeumyiiecTBa U HETOCTATKU MaJIOl TUAPOIHEPreTUuKH. OCHOBHbBIE OTIUYMS
MaJIoil HEPreTUKU OT TPAAULMOHHOM.

3. B ueM cocTout cyTh METOJIa TMHEHHOIO yyeTa JJis pacyeTa TeOPETUYECKOTO

NOTEHIMaJa BOJOTOKA.

HazoBute ocHoBHBIE PakTopsl BiausHUS MI'D Ha oKpyKarolyro cpeny.

Kak paccunrtaTh MOIIHOCTH CBOOOTHOMOTOYHBIX OTPYKHBIX arperatoB MI'OC?

o &

V. ©HICITIOJIb30BAHUE HU3KOINMOTEHIINAJIBHOT'O TEILJIA

MeToaunka pacuera 4 BbIOOpPa TEMJIOBOr0 HAcOCA

Bb160p UCTOYHKKA HU3KOMOTEHITMAIBHOTO TETIA.

HcTouHnkamMu HHU3KONMOTEHIIMAIBHOTO TeIla MOTyT OBITh HAapYXHBIA BO3AYX
TeMrepaTypoit or — 15 go +15°C, orBogumblil u3 momerienus Bosayx (15 — 25°C),
noanouseHnsie (4 — 10°C) u rpynrossie (6osee 10°C) Boabl, o3epHas u peunas Boga (0
—10°C), nosepxuoctrsiii (0 — 10°C) u riyounnsiii (6omnee 20 m) rpynt (10°C).

CornacHo UMEIOUIUMCS JaHHBIM, apTE€3MAHCKUE BOJBl HMMEIOT B TEUYEHHE TIojaa
NPUMEPHO OJMHAKOBYIO Temmeparypy: +7...+12°C. Ilpu HCIONB30BaHMH B KAuecTBE
MCTOYHHMKA TEIJIa TPYHTOBOM BOJbI, OHA MOJAETCS U3 CKBAKUHBI C IIOMOIIBIO HAcOCa B
TEIUIOOOMEHHHUK Hacoca, pabOTaoIIero Mo CXeMe «BOJIa-BoJia» U, TUOO 3aKaunBaeTCs B
JIPYTYIO CKBaXKHUHY, TNO0 cOpachIBacTCs B BOJOEM.

Eciu B kadecTBe MCTOYHMKA TeIla BRIOpAaH aTMOC(EPHBIA WIM BEHTHISIIHOHHBIN
BO3/lyX, NMPHUMEHSIOTCA TEIJIOBBIE HACOCHI, pa0OTAIONIME IO CXEME «BO3AyX-BOJIay.
Hacoc MoxeT ObITh pacnoio’KeH BHYTPU WM CHapyKH moMenleHus. Bo3ayx nogaercs
B €r0 TEIUIOOOMEHHHK C MTOMOIIBIO BEHTHIISITOPA.

Ecniu ucToyHMK — BOJOEM, Ha €ro [JHO YKIaJIblBaeTcsi TMeTId U3
METAJIOTUIACTHKOBOM HWJIM INIACTUKOBOM TpyObl. Ilo TpyOGompoBOay IHUPKYIUPYET
pacTBOp TiuKoJig (aHTHU(PHU3), KOTOPBIM uepe3 TEIIOOOMEHHHMK TEIIOBOIO0 Hacoca
nepeaaeT Terio GpeoHy.

[Tonmy4yeHre HU3KOMOTEHIIMAILHOTO TEIJIa U3 TPYHTA BO3MOYKHO JBYMSI CITIOCOOAMU
VKJIaJKa METAUIOTUIACTUKOBBIX TpyO B TpaHmew rinyowmnoit 1,2 — 1,5 m nubo B
BEpTUKaIbHbIE CKBaXUHBI r1yOuHoit 20 — 100 M. MHorna TpyOsl yKiIaabIBalOT B BUE
criipaieil B TpaHuieu riyOuHon 2 — 4 M. 9T0 3HAYUTENbHO YMEHbIIAET OOIIYI0 JJIUHY
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oOmyro iuHy TpaHiied. MakcuMmalibHasi TEIUIoOTAa4a IMOBEPXHOCTHOTO TpyHTa
2
coctasiser 50 — 70 kBt-y/M” B ro.

PacueT MONITHOCTH TEIIOBOTO HAcoca.

1. Onpenenenue TEMIOBON MOIIHOCTH.

Jlist pacyera OCHOBHOW MOIITHOCTH TEILIOBOTO HAacOCa OCOOCHHO Ba)XHO TOYHOE
OTIpeJICIICHIE Pa3MepoB, T.K. BEIOOP ammapaToB CIMIIKOM OOJIBIION BEJIMYMHBI CBS3aH
C HECOpa3MEpHO BBICOKMMH 3aTpaTaMu Ha ycTaHOBKY. [Ipexkme Bcero, ciemyer
ONPEJICIATh CTaHAAPTHOE TeIuIonoTpedneHue 3aanuss. OpUEHTHPOBOYHBIH pacyeT
TeronotTpedaeHus (kBT) Ha OCHOBE OTAaIlJMBAaeMOU MUIONIAIU MOKHO MPOU3BECTH T10

dbopmyne

N =N, F, 4.1
rae N,y — yzaenbHoe Tterutonorpebienue (Oepercs u3 tabdn. 4.1); F -
TUTOIIA b TIOMEIIICHHS.

C y4eToM BO3MOKHBIX TIEPEOOEB B AJIEKTPOIHEPTHUH MOIIIHOCTh YCTAHABIMBAEMOTO
TEIJIOBOTO HAacOCa yBEIUYUBACTCS HA KOA(PDUIIMEHT, pacCUUTHIBAEMBIH IO hopMyJie:

f = 24/(24 — tymer), (4.2)

rae tome — MPOOJOJLKUTCIIBHOCTD IICPCPhIBA B3H€KTpOCHa6}K€HI/II/I.

Tabmuma 4.1 - 3HadeHus y/IeIbHOr0 TeTUIONOTPEOICHIS

XapakTepucTUKa 31aHus VY nenpHOE TerionoTpedieHue,
Br/m?

JIoM C ynmydIIeHHBIMHU TI0Ka3aTeNIsIMUA YHEPTOCOEPEKESHHUS, B

KOTOPBIX PEATM30BaHbI BHICOKUE TEXHOJIOTHHI 10
31aHKe ¢ HU3KUM TOTPEOJICHUEM SHEPT U 40
HoBocrpoiika, Xxoporas u30JsIus 50
31aHKe CO CTaHIAPTHOW M30JIAIIUEH 80
Bonee crapeie mocTpoiiku 6e3 0c000# TEMIOU30JIAIUN 120

Torna
N=fNF, (4.3)

Ecnmu HeoOxoauMma MOTMOJSHUTENBHAS TEIJIOBAsk MOIIHOCTH JJisi MPUTOTOBICHUS
ropsideil BOJBI, TO IS OOBIYHOTO KWJIOTO 3[IaHUS HUCXOAST W3 MaKCUMaJIbHOTO
TEIUIONOTpeOaeHUsT okojio 50 11 Ha YemoBeKa B CYTKH C TEMIIEpaTypOil BOJBI OKOJIO
45°C. D10 COOTBETCTBYET JOMOIHUTENLHOM TEIUIOBOM MOLIIHOCTU 0KoJo 0, 25 kBT Ha
YelioBeKa Mpu 8§ — YacoBOM IMEpPHOJIE€ HarpeBa. JTa JOIMOJHHUTEIbHAas MOITHOCTH
VYHUTHIBACTCA TOJBKO B TOM CIIy4ae, €CJIM CyMMapHas IOMOJTHHUTENIbHAs TEIUIoBas
MOIITHOCTH cocTaBisieT 6oee 20% terutonoTpedienus (tadm. 4.2).

Cymmapnas TeruioBast MOITHOCTh (KBT) OyneT paBHa

N=12fN,:F. (4.4)
2. Pacuer BomonoTpeOIeHUS Ha HYXIbI TSIZIOBOI'O HAacOCa.
J{ns1 onipenienieHus HEOOXOAUMOT'0 KOJIUYECTBA BOJIBI JIsl 0OecIeYeHus TpeOyeMoi
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3
MOIITHOCTH, BBIUHMCIIIETCSI BHaUaJle TEIIO0TAa4a BOJIbI IIpHU pacxoje 1 m~/gac,

KBT-u/M:

0=
36

C-r, =1, )m

Tabnuua 4.2 - IlpubaBka Ha ropsiuee BoJoCHAOKEHUE

(4.5)

Ycnosus Pacxox ropsiueit Bosbl | Y aenbHOE MTOJIE3HOE Pekomenayemas
noTpediIeHus Ipu TCMIICpaType teruto, Br-u/cyr. Ha npubaBka Ha
ropstueit Bojisl 45°C, YeJI0BeKa IIPUTOTOBJICHUE
J/CyT. Ha YeIoBeKa ropsiaeid BOIbI,
kBT1/yen
Huskoe notpebnenne 15-30 600-1200 0,08-0,15
HopmansHoe
notpebieHne 30-60 1200-2400 0,15-0,30

rae C=4,190 MI[)K/MS’K — TEIIOEMKOCTb BOAHI; 1, Iy — COOTBETCTBEHHO HavajibHAs U
KOHEYHas TeMreparypa Bojibl, K; M — MaccoBbIil pacxoj BOJIbI, M>faac; 3,6
M/[K/KBTa
— TIEPEeBOIHOM KOI(PPHUITUEHT.

Pacxo( BOABI JUIsl [IOJIYYEHHS TEIIOBOI MOLIHOCTH (M /1) OIpeieseTcs:

M = N i

0 (4.6)

JIns nonnepxaHus IMOCTOSTHHOTO JABJIEHHS W YIPABJICHHS TEIUIOBBIM HACOCOM
YCTaHABJIMBAIOTCSA PACIIMPUTENIbHbIE 0aKM, EeMKOCTh KOTOPOTO BBIOMpPAETCS C Y4ETOM
HE0OXO0IMMOTO 3araca BOJIbI.

3.Be16op TemnoBoro Hacoca.

OcCHOBHBIMH TIapaMeTpaMH LUPKYJISILUOHHOTO Hacoca ABJISAIOTCS Hanop H,
M3MEPSIOIINICS B METpax BOASIHOTO CTOJI0a, ¥ mojnava (M), uiu npou3BOAUTEIIBHOCTD,
m3MepsieMas B M°/4. MaKCHMaibHBI HAIOP — 9TO HAHOOJBIIEE THAPABIHYCCKOE
COTPOTHBIICHHE CHUCTEMBI, KOTOpPOE CIOCcOOeH mpeojosieTs Hacoc. Ilpu sTomM ero
mojada paBHICTCA HYI0. MakcUMaJlbHOW mojayeld Ha3bIBaeTCsl HaWOOJIbIIee
KOJMYECTBO TEIJIOHOCUTENS, KOTOPOE€ MOKET MepekadaTb 3a | dyac Hacoc Impu
TUAPABINYECKOM CONPOTUBIEHUH CHUCTEMBI, CTPEMSIIEMCS K HYJI. 3aBUCUMOCTD
Haropa OT MPOU3BOJAUTEIHHOCTH CUCTEMBI Ha3bIBAETCS XapaKTEPUCTUKON Hacoca H =
fM).

[Tpu moxbope Hacoca mpexkae BCEro HEOOXOMUMO y4ecTh 00BEM TETUIOHOCHUTENS,
KOTOpBIN OyIeT MepeKaunBaThCS C MPEOOJICHHEM THAPABINYECKOTO CONPOTHBICHHS
cucreMsl Q.

I'mapaBnuyeckoe  CONMPOTUBIEHUE  DJIEMEHTOB  OTOMUTEIBHOM  CHUCTEMBI
onpenensercs no Tadu. [1.3.1 B 3aBUCUMOCTH OT JJIMHBI U MaTepuana TpyO CHUCTEMBI

ororutenus. [lo m3BecTHpIM mapameTpam M u H w3 karanora BeiOupaercss Hacoc (Talur.
I1.3.2, I1.3.3).

rI/II[DaBJII/I‘-IeCKI/Iﬁ pacucT TDV6OHDOBOI[OB CHUCTCM BOAAHOIO OTOIIJICHUA

['mapaBnuyecKkuil pacueT CUCTEM BOJSHOTO OTOIUICHHUS MpeaHa3Ha4YeH JJIs 00OCHOBAHUS

BHIOOpA TaKuUX JIMAMETPOB BCEX YYacCTKOB TpyO, IMpPU KOTOPHIX B KAXKIOM
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LUAPKYJISALAOHHOM KOJIBLE JABICHHS JUISI TEPEMENICHHsS pPACUETHBIX KOJUYECTB
TEIUIOHOCUTEINSI B €IMHUILY BpeMEHH OyayT mpeBbliaTh Ha 10 % moTepu naBiieHHsS] OT
TUAPABINYECKOTO COITPOTUBIICHHUS.
[loTepu naBneHns B KOHTYpE HUPKYJSALMHA TOAPA3AEISIOT HAa IOTEPH, BOSHUKAIOLINE
OT CONPOTUBIIEHUS TPEHUS, U IOTEPHU OT MECTHBIX COIPOTHUBIICHUM.

[Totepu naBnenus Apr, Ila, Ha TpeomoneHWE BOJOH COMPOTUBICHUS TPEHUS
OTpEeNEIAIOT 10 hopmyJie

AV?
Ap, =Rl ="I
P =R =5 o (4.7)
rae Ry — yaenbHas moreps AaBieHUS MO JJIMHE TPyOONpOBOJa MPHU CpPeHENH pacueTHOM
TeMmIepaType TeruioHocutens; | — jimHa ydactka TpyOompoBona; A — KodhGUIIMEHT

COIMPOTHUBJICHUA 110 IJINHC, SaBHCﬂH_IPIﬁ OT MCPOXOBATOCTHU CTCHOK TPY6BI n pCKumMa
JABUKXCHUS TCINIOHOCHUTCIIA, V — CKOPOCTH TCIUIOHOCHUTECIIA, dp — pvaeTHBIﬁ AUaMCETp

TPYOBI.
KoaddunmeHT conpoTuBieHus A 1o JJIMHE TPACCHl OTOIUICHUSI CIIEAYET ONPEACISITh 1O

bopmyne

1,312(2 —b) Ig m
0,5 9+ >
2 3,7d
g o :
A=—= ’ =
VA 3,7d, , (4.8)
g ——
K,
rae b — unMcao momoOHMs peXUMOB TeueHHsS TermoHocutens, K, — kodhduummueHt

. . -6
SKBUBAJICHTHOM IIEPOXOBATOCTH, paBHBIM 1-10™ M;

PacueTHbIi BHYTpeHHUH qruaMeTp Op MOJCYUTHIBAIOT IO (hopMyJie
d,=05-(2d, + Ad, 45 -245),

(4.9)
rie dy— HapyXHBIH TuamMeTp TpyObl, M; Ady— AOIyCK Ha HAPYKHBIA JUAMETP TPYOHI,
M; S — TOJIIWHA CTEHKU TPYOBI, M; AS — HOIMYCK Ha TOJIIUHY CTEHKH TPYOBI, M.
dakrrueckoe yncio PeitHonbaca onpenenstor mo popmye:
dv
Re, =—P
¢ V. (4.10)
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rae Vi — KO3PUIMEHT KMHEMATUYECKOM BSI3KOCTU TEIJIOHOCHUTENS (BOJbI),
2 .
M°/c, mpuHUMaeMbIil o Tab. 4.3.

Tabnuia 4.3 - KoadhpuiimeHT kKuHeMaTu4ecKoN BI3KOCTH BOJIbI

Temmeparypa | 35 40 45 50 55 60 65 70 80 90
BojbI, °C

vi- 10°, M%c | 0,73 | 0,66 0,6 055 | 051 | 047 | 043 | 041 | 0,36 | 0,32

Uucno PeiiHonbaca, COOTBETCTBYIOIEE Hauyady KBaJpaTUYHOM  o00yacTu
TUAPABIMYECKUX COMPOTUBJICHUN MPU TypOYJIECHTHOM JIBH)KCHUU BOJIbI, ONPEIEISIOT
o ¢hopmyie:

500-d
R_t? - = Tf "
’ (4.11)

Yucno noxoous PEKUMOB TCUCHHUS BOJIBI OIPEACISAIOT 11O Q)opMyJIe:

lg Re

¢
1+
lgRe (4.12)

IIpu cpenneit Temmeparype TerioHocuTens, ortiauuHot oT 80 °C, cuemgyer
YUUTHIBATh MOMPABOYHBIN KOA(DPUIIMEHT 0 K 3HAYCHUSM YACIIbHON MOTEPH J1aBIICHUS,
npuBeaeHHbIM B CHull:

R=R-a, (4.13)
rae R — ynenbHas morteps namieHusi npu temneparype 80 °C u ToM ke pacxoje
TEIJIOHOCHUTEIIS.

[Ipu cpenueit Temmnepatype Teruonocutenss 90 °C koapdUIMEHT o MPUHUMAIOT
paBabiM 0,98; ipu 70 °C — 1,02; mpu 60 °C — 1,05; ipu 50 °C — 1,08; npu 40 °C —1,11.

Jlist TMIpaBiIMYecKoro pacuera TpyOOMpOBOAOB CHUCTEM BOASHOTO OTOIUJICHHUS B
PaKTUKE MPOSKTUPOBAHHUS HCIOIB3YIOT ClIeHaIbHbIe HOMOrpammsl (puc. 4.1),
YUUTBHIBAIOIAE IIEPOXOBATOCTh TPYOONPOBOAOB U pPACUETHBIE MapamMeTpbl BOIBI.
[Torepu napnenust Z, Ila, Ha TpeosioIeHNE MECTHBIX CONPOTHBICHUNW MOTYT OBIThH
ompeieNieHbl 1o hopmyJie

Z:ZEA§4? (4.14)

rae 2¢ — cymma KO3(p(GUIMEHTOB MECTHBIX COMPOTHBICHUN Ha PACCUUTHIBAEMOM
ydacTKe TpyOONpoBOJa; V — CKOPOCTh TEIJIOHOCUTENS B TpyOOIpoBoae, M/C; p —
ILIOTHOCTH TEILIOHOCHTEIIS, KI/M".

OpueHTHPOBOYHBIE  3HAYEHUS  KOOI(DPUIIMEHTOB  MECTHBIX  COTPOTUBICHUHN
AJIEMEHTOB CUCTEMbI OTOIUIEHUS NpuBeAeHBI B Ta0. [1.4.1.

[MunpaBnuveckue XapakTEPUCTHKN OTOMHTENBHBIX MPUOOPOB, BEHTHIICH, KIANaHOB,
BKJIIOYAsi TEPMOCTATUYECKHE, MPUBOJATCS B CIPABOYHBIX HM3JAHUSIX U HOPMATUBHOMU
JOKYMEHTAIIHH.

OO6muree compoTUBIECHHUE JTFOOOTO YYacTKa TPYOOIPOBOIA IBHKEHUIO TETNTIOHOCUTEIIS

Ap, =R + Z. (4.15)
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OnucaHHBI METOJA ONpeneNieHus NMOTeph AaBICHUS B TPyOONpoOBOAaX HA3BIBAIOT
METOJIOM YJIE€JIBbHBIX IOTEPH TABICHUS.

R, Tia/u P u A
= LY, "pis %. 100000
(T IR N \ 0000
450 3 %07 A G000
390 =T T L L
295 LA Y AN 40000
9 TR 30000
195 0000
Ix L
| ,, : =
10 . AN L > 10000
7 T LY KN 34 B0
4 T
2 e . '%3\%‘%
- s o
1,0 %ji..- G, xr/u
r =
o7 EoPY

Pucynok 4.1 - Homorpamma Jij1s1 pacuera AMaMeTpoB TPyOOIPOBOJIOB CUCTEM
OTOIUICHUA MpH Temrepatype Boasl 95... 70 °C

Pe3ynpTaThl THIpaBIMYECKOr0 pacyeTa TPYOOIPOBOJOB IEJISCOO0pPa3HO CBOJHWTH B
Tadn. 4.4.

Ta6muma 4.4 - CBomHas Tabimia pe3yJbTaToB THIPABINYECKOT0 pacyeTa

TpyOOIPOBOIOB CUCTEM OTOTUICHUS

M 2 =
a <
- = o) =
é | & S| g g £ 5 @ =) =
- ol ) 5 = 2 = 85 = N o
g g 3 3 X w = 5o B = E ¥ 5=
= = o © 3 S w 9 E 5 = 7 = =
3) > = = = B o =5 = S ) o 5 =
S o o) = = H = 15) ~s o N p 8 = )
g = 3 = = - & s g SEIL g5 2 s
-~ < Q o ) S d O O K =
ol = M N o 5 9 = wa S © = L A %D
2l 5| % 5| 2 5 | 54 g% 5*E | z=8
2 g 5| SEo| £33 57 =t s & | 28
= S = O 2= SO 2 5 = 3 ©
= A~ S = S = O 2 S
= > :
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IIpakTnueckoe 3ansaTHe Ned.
PacuyeT ropu3oHTAIBLHOI0 KOJLUIEKTOPA M BHIOOP TEMJIOBOI0 Hacoca /I
JKHJIOTO MOMeIeHUst

Hcxonnbie
yCIIOBUS

1. TemmonoTpeOHOCTH KOTTeMka miomaaso 120-240 M (U3 pacueTa TEIJIOBBIX
NoTepb ¢ yueroM uHpuapTpanun) — 13 kBT;

2. TemmepaTypa BOABI B CHCTEME OTOIUIEHUS MpuHUMaeM paBHou 35 °C
(monmosnoBoit 060rpeB);

3. MunuMainbHas TemriepaTypa TEIIOHOCUTEIS Ha BbIXoJ B ucmaputes — 0 °C.

4. Jlns oborpeBa 31aHusg BbBIOpaH TEIUIOBOM Hacoc MoiHOCThiO 14,5 kBt u3
CYILIECTBYIOIIET0 TEXHUYECKOrO psifa 000pyAOBaHHUS, C YUYETOM IMOTEPh HA BSI3KOCTH
MEeInyMa;

5. MomHocth P, 3aTpaurBaeMasi Ha HarpeB (peoHa Mpu OTOOpE W mepenaue
TEIUIOBOM YHEPTUU U3 TPYHTA, cocTaBisgeT 3,22 kBT;

6. TemnocheM ¢ MOBEPXHOCTHOTO CJOs TpyHTa (cyxas riauHa), ( paBusercs 20
Br/m..

CpeM Terma ¢ KaXI0ro Merpa TpyObl 3aBUCUT OT MHOTHX MapaMeTpOB: ITYyOUHBI
YKJIQJIKH, HAJTU4IUsl TPYHTOBBIX BOJI, KauyecTBa rpyHTa U T.1. OpHUEHTUPOBOUYHO MOKHO
CUUTaTh, YTO IS TOPU3OHTAIBHBIX KOJUIEKTOPOB OH coctaBiseT 20 Bt/m. bonee
TOYHO: cyxou mecok — 10, cyxas riaumHa — 20, BIakHas TJIMHA — 25, TJIMHA C
OonbpIIMM copepkaHueM Bonbl — 35 B1/m. Pasnuiy temmnepaTypsl TEIUIOHOCUTENS B
NPSAMOM U 0OPaTHOM JIMHUM TETIIM TPH pacdyeTax MPUHUMAroT 00biuHO paBHoi 3°C.
MuHHMaTBHOE PACCTOSIHUE MEXY MPOJIOKEHHBIMU TpyOamMu MospkHO ObITh 0,7— 0,8
M. Jlnmuna omHo#t TpaHmen cocraBisger oObpryHO OoT 30 mo 120 m. B kadecte
TEIUIOHOCUTENSI MEPBUYHOTO KOHTypa pEKOMEHIYeTCsl HCNOib30BaTh 25 —
IPOLICHTHBIM pacTBOp INIHKOIS. B pacuerax ciienyer y4ecTb, UTO €ro TEII0EMKOCTb

npu Ttemmeparype 0°C cocrasmsier 3,7 kJlx/kr-K, mioraocts — 1,05 r/em®,
[Topsanok pacuera
1. B coorBerctBum c dopmymnoit (4.16) paccumteiBaeTcs TpeOyemasi TerioBas

MOIIHOCTh KOJJIEKTOpa KaK pa3HUlla MOJHOW MOIIHOCTH TemaoBoro Hacoca N u
AIEKTPUYECKOW MOIIHOCTH, 3aTpaynBaeMoil Ha HarpeB (peoHa P, kBT :

Qo=N-P. (4.16)
2. Cymmapnas airHa TpyO Kosutekropa L, M, m o01mras miomaas yJacTka moj Hero A, M2,
paccUYMTHIBAIOTCS TI0 (hopMyiam
L= %; (4.17)
A=1L-d, (4.18)
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31eCh ( — yaenpHbId TermiocheM (B1/m); d — paccTosiHue mexay Tpyoamu (mmar

YKJIQJIKH).
3. Pacxon auTudpnsa, M°:

~ Q,-3600

C.p-AT"
rae AT — pa3HOCTb TeMIlepaTyp MEXIy MOAArollel W BO3BpaTHOW JHUHUAMH, Qo —
TEII0BAsi MOLIHOCTh, MOJy4yaeMas OT HU3KOMOTEHI[MAIbHOTO UICTOYHUKA.

4. JIns ycTpoMcTBa KOJIJIEKTOPA BBIOMpAETCsl THUIOpa3Mep IIIACTUKOBOM TpyObl, s
KOTOpoM ompeaensitoT notepu aaieHus ([la/m.m.); compoTHBIEHHWE OJHOTO KOHTYypa
(xI1a); ckopocTh MPOTOKA TEIJIOHOCUTENS (M/C.).

5. [IpoBectu pacyeT 30HAa (pUC. 7) AJIs TEX K€ UCXOTHBIX TAHHBIX.

[Ipy ncnonb30BaHWM BEPTUKAIBHBIX CKBaXXMH riayoumHoil ot 20 mo 100 M B HuX
norpyxatoTcsi U — o0pasHbie miaacTukoBbie TpyOs! (quamerpoMm 32 mm). Kak mpasusio, B
OJIHY CKBaXMHY BCTaBISIIOTCS JBE METIU. B cpeaHem ynenbHBIN TEMIOCHEM TaKOTO
30HJ]a MOKHO IPUHATH paBHBIM 50 BT/M.

MO>XHO TakKe OpUEHTHUPOBATHLCS Ha CIIEIYIOUIUE JaHHBIE MO TETUIOChEMY:

- cyxue ocajounbie mopoibl — 20 B1/m;

- KAMEHHUCTAas TT0YBA U HACBIIIEHHbIE BOJOW OcafouHble mopo bl — 50 B1/Mm;

- KAMEHHBIE MOPOJIbI C BICOKOHM TETUIONPOBOAHOCTHIO — 70 BT/M;

s (4.19)

- moa3eMuble Boabl — 80 B1/m.
0
- Temnepatypa rpyHTa Ha TiyOuHe Oosee 15 M mocTtosiHHa U cocTaBisieT mpuMmepHo +9°C.

Paccrosuue MCIKAY CKBa)XMHAMU JOJIKHO OBITEL OOJIEE 5 M.
HuakotemneparypHan
oronurensHan
ycramoBxa

. "
L

Konnexrophsiia )
KONnoaey s

Mopaiowasn
‘ Marscrpans
| | O6parxan

\ " MarcTpans

TennoBow Hacoc

J U U 3eMnAMOI 30HA

Pucynoxk 7 - Cxema pacmnoyio)KeHHs 3eMJITHOTO 30Ha

[Ipy HATMYUKU TMOA3EMHBIX TEUEHHMM, CKBAXKHUHBI JOJDKHBI pacriojaraTbCs Ha JIMHUU,
MePIEeHINKYIIpHON MOTOKY. [log6op nrmameTrpoB TpyO MPOBOIUTCS MUCXOJS U3 MOTEPh
JaBJICHUS JUISl TPEOyeMOTo pacxoja TeIIOHOCHUTENA. PacdyeT pacxoma KUIKOCTH MOXKET
npoBoauThes i t =5 °C.

PacdeT mpoBOaUTCS aHAIOTUYHO TOPU3OHTAIIBHOMY KOJIIEKTOPY.
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KoHTpo/ibHBbIC BONPOCHI

1. IlpuHuMn nefcTBUs TEMIIOBOrO HAcOCa.

2. HazoBHTE BO3MOYKHBIE HU3KOIIOTEHIUAIbHBIE HCTOYHUKHU SHEPTUH.

3. Kakue ucxoHble JaHHbIE HYXHBI JIJIs1 pacueTa MOIIHOCTH TEIIOBOIO Hacoca?

4. Tlo kakuM nmapameTpam BbIOMpaeTcs Tem1oBoil Hacoc? JlaTh onpeneneHue 3Tum
napameTpam.

5. C Kako¥ LeJbIo MPOBOJUTCS TUAPABIMYECKUNA pacyeT TpyOOIpOBOAOB CUCTEMBI
BOJSIHOT'O OTOIUICHUS ?

6. Kak paccuuraTh Auny

/. TOPU30HTAIBHOTO KOJIIEKTOPA U CKBAKUH 3€MJISTHOTO 30H1a7

8. OT 4ero 3aBUCHUT y/ENIbHBIN TEIUIOCHEM KOJUIEKTOpa U 30H1a7

V. HCIIOJIb30OBAHUE BUOT'A3A
XapakTepucTuka 0M0ra3a u Crioco0bl €ero nNoJry4eHust

buoras cocrout u3z merana (55 — 85% - CHj) u yrmekucnoro raza (15 — 45% —
COy,), a Takke MOTYT OBITH CJIeJIBI CepoBOAOpoa. ETo TermoTa cropanusi COCTaBsieT OT
21 no 27,2 MI[}K/MS. IIpu nepepaboTke 1 TOHHBI HaBO3a KPYMHOT'O pOraToro CKora u
CBUHEW (C BIAXHOCTBIO 85%) MOkHO TONy4uTh OT 45 1mo 60 M Guorasa, 1 TOHHBI
KypPUHOTO MOMeTa (C BIAXHOCTBIO 75%) peanbHO monyuuTh A0 100 m° Guorasa. Ilo
Temore cropanns 1 M° Grorasa sxkBuBanenter: 0,8 M° pupogHOro rasa, 0,7 Kr Ma3yTa
i 1,5 xr gpos.

OTOT Ta3 MOXKET WCMONb30BAaThCA KaK OOBIYHBIM TPUPOAHBIA Tra3 IS
TEXHOJOTUYECKHUX IIeJIei, 000rpeBa, BRIPAOOTKH 3JIEKTPOIHEPTUH.

buora3s, kak u mpUPONHBIN Tra3, OTHOCUTCS K Haubojee YHCTHIM BHJIAM TOILIMBA.
[Tony4yenue Ouorasza U3 OpraHUYECKUX OTXO0B UMEET CIEAYIOIMNE OCOOCHHOCTHU
- OCYIIECTBJISICTCS CaHUTapHas 00padOTKa CTOYHBIX BOJI (0OCOOCHHO JKMBOTHOBOUYECKUX
U KOMMYHaJbHO — OBITOBBIX), COJEp)KaHHME OpPraHWYECKHX BEIIECTB CHIDKaeTcs a0 10
pas;
- aHa’poOHas mepepaboTKa OTXO0JI0B KMUBOTHOBOJICTBA, PACTEHHUEBOJICTBA U AKTUBHOTO
ujia OPUBOAUT K MHUHEPAIM3ALMM OCHOBHBIX KOMIIOHEHTOB yAOOpeHuil (a3zoTa u
docdopa) 1 UX cOXpaHCHHUIO (B OTIIMYHE OT TPATUIIMOHHBIX CIIOCOOOB IIPUTOTOBIICHHS
OpraHUYEeCKUX yAOOpEeHU MEeTOJaMU KOMIIOCTHUPOBAHMS, MPU KOTOPBIX TEpSETCS A0
40% a3ora);

- Ipu MeTaHOBOM OposkeHuu Bbicokuil KIIJI mpeBpanieHus sHepruu opraHum4ecKux
BeniecTB B 6uoras (80-90%);

- 6moras ¢ BBICOKOW 3((HEKTUBHOCTHIO MCTOIB3YETCS JJIS MONYYCHHS TETUIOBOU H
ANEKTPUYECKON SHEPIUH, a TAKXKe JIJIsl 3alIpaBKU aBTOMOOUIIEH;

Ha puc. 8 mokazaHa TEXHOJIOTMYECKas cXeMma MOJy4deHusi Ouorasa M3 OTXOJIOB
KUBOTHOBOJICTBA.
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1 Huakun

\ Haeo3 K notpeburenio

Pucynok 8 - TexHonoruyeckasi cxema mnoyrydeHus: omorasa
Ha cxeme Ouora3oBoil ycTaHOBKM Noka3aHbl: 1 — gepma; 2 — pesepByap [Uisl XpaHEHUs
HaBo3a; 3 — Hacoc; 4 — METaHTaHK; 5 — rasroypjaep; 6 — TEIIOOOMEHHUK; 7
— KOTeJI; 8§ — XpaHWIHIIE YA0OpeHUs.

[Tpuniun pabotel 6Mora3oBoi ycTaHOBKH. brioMacca (0TX0/bl WM 3€JieHas Macca)
NEPUOUYECKU TOAAIOTCA C MOMOIIBI0 HACOCHOW CTAHIIMM WM 3arpy3dyMKa B PEaKTop
(metanteHk). PeakTop mpezacTaBisieT cobol MOaOrpeBaeMblil U yTEIJICHHBIN pe3epByap,
o0opyaoBaHHbIA MuKcepamu. CTpoiiMaTepuanoM i MPOMBIIIIIEHHOTO pe3epByapa Jale
BCEr0 CIYXHUT >KeJe300€TOH WM CTalb C MOKPHITHEM. B ManbiX ycTaHOBKax HMHOI/AA
UCIOJIb3YIOTCSI KOMIO3UIIMOHHBIE MaTepHuaibl. B peakrope >KHUBYT MOJIE3HbIE OaKTEpHH,
nurtarommecss ouomaccoil. [IpoaykToM KH3HENEATENbHOCTH OakTepuil siBisieTcs Ouoras.
Jlis moasiep kaHus JKU3HU OakTepuil Tpedyercs nmogada kopma, nogorpes 1o 35 — 38°C u
nepuoanyeckoe nepememinBanue. OOpasyroniuiicss Onoras CKariMBaeTCsl B XpaHUIMILE
(razrospaepe), 3aTeM MPOXOJAUT CHUCTEMY OYMCTKHM U MOAAaeTcs K HMOTpeOuTessM (KOoTeln
WIN 3JeKkTporeHeparop). Peakrop paboraer 0e3 npocTyma Bo3ayXa, TepMETHUYEH U
HEOIAaCeH.

IIpakTHyeckoe 3ansiTue Neb.

Ounenka 3(p(peKTUBHOCTH YCTAHOBKHU 0MOra3oreHeparopa u
ABUTATE/Ib-T€eHEPATOPHOM YCTAHOBKY JJIA YTHUJIM3AallMA HAB03a
Ha

csuHoepme Ha 1000 roJios

Ncxonubie
JTAaHHBIC

1. Coneprkanue cyxoro coOpaxuBaeMoro MaTepuaia B HABO3€ OJIHOTO JKMBOTHOTO
0,2 Kr 3a CyTKH;

2. Bpemst niukina cOpaxuBanus npu temneparype 20 ‘Ct=14 CYTOK;

3. CymMapHas TeTUIOTBOPHAsi CIOCOOHOCTH cyxoro HaBo3a 12 MJIx/kr;

4. CymmapHas TeTIOTBOpHAs criocoOHOoCTh Onorasa (50% - metan u 50% -
yroekucisrii rasz) — Cg = 20 MJDx/M;

5. IIpu nosnHoM cOpaxuBanuu 3a 14 cyTok nosHbIi BeixoA O6uorasa 0,5 M Ha 1 kT
CyXOro MaTepuarna;

6. KIIJ] neurarenb-renepatopHoii ycrgrosku 1 = 30%.


http://ru.wikipedia.org/wiki/%C2%B0%D0%A1

Ilopsimok pacuera
o 3 o
1. O0BpeM xuAKON Macchl (M~), MPOXOAILIEH Yepe3 OMOra30reHepaTop eXECYTOUHO

Vy=— (5.1)

3
r7ie M — Macca Cyxoro MaTepuaia B HaBO3€ JKUBOTHBIX 3a CYTKH, p = 50 Kkr/m” —
3
COJZIEp’KaHHE CYyXOro Marepuana B | M~ KUKHU.

O6bem Ouorazoreseparopa, M3
riae t — Bpems IuKiIa cOpaKuBaHus, CyT.
7.2. Macca cyxoro Marepuaia B MOJTHOM OHOTa30reHepaTope, Kr
G =m-t-1000. (5.3)

7.3. O6beM 6rorasa, BHIIEISIEMOTO OHOra30reHepaTopoM 3a CyTKH, M /CyT

Vg = G, (5.4)
rze C — BbIxoJ Omorasa u3 1 Kr cyxoro Marepuaia B CyTKH.
7.4. TomoBas BeIpaObOTKa AIEKTpodHeprun (KBT-4) npu ucmonbp3oBaHNu OMorasa B
JIBUTATENIh — TEHEPATOPHON YCTAaHOBKE

W=mn-V, Cy-365. (5.5)
7.5. HomunanbHasg MOITHOCTB ABUI'aTCJIb — I'CHCPATOpaA, kBT
K, W
P, =—2
" 365.24" (5.6)

rae K3 =1 — koaddunmenT 3amnaca.

7.6. Pacxon anexTpodHepruu (Thic. KBT-4) Ha MOJIOTPEeB MacChl B OMOTra3zoreHepaTope B

xonoaHoe BpeMs rozaa (365/2 cyrok) B cpeanem ot 5 m0 20°C, monarast TEIIOEMKOCTh
3

maccsel 1 kxkan/kr-°C, mwrotHocts Macesl 900 kr/m°, 1 kBru = 1 kxan/860.

V. -C-AT
W,=m-C-AT =2 5gg BT 500

(5.7)

7.7. Pacxon snektposHepruu (Thic. KBT'4) B roj ABHUrateiasiMud HacOCOB M MEILIAJIOK
OuworaszoreHeparopa Mpu HX ycTaHOBIeHHOW MomHOcTH 20 kBT u kosdduiuente
ucrons3oBanus 0,1

7.8. T'omoBast 5KOHOMUS ANEKTPOIHEPTHUH (ThIC. KBT 1)

AW =W -W; —W.. (5.9)

48



7.9. KanuranbHble 3aTpaThl (MJIH. py0) Ha YCTAHOBKY IIPH YAENBHBIX 3aTpaTax 3y = 2
MJIH. py0 3a 1 kBT ycTaHOBIEHHON MOIITHOCTH

K =Py 3,9 (5.10)

7.10. T'omoBo# skoHOMHUYeckuU 3PdexT (MiaH. pyO) Oe3 yueTa OMOTHUTEIBHBIX
AKCIUTyaTallUOHHBIX ~ pacxoJoB  MHpu  Tapupe  Ha  IBIEKTPOIHEPTHIO IS
MPOM3BOJICTBEHHBIX IoTpeouTeneit b =170 pyo/kBtu

D= AW'b. (5.11)

7.11. CpOK OKYIIaCMOCTH oe3 yucTa JOIIOJIHUTCIBbHBIX 3KCINTYAaTAllMOHHBIX PACXO0J0B,
JICT

Iy =—. (5.12)

KoHTpoabHbIE BONIPOCHI

OCHOBHBIE XapaKTepUCTUKN OHoTa3a

[TpuHIIMT paboTHl GMOTAa30BON YCTAHOBKH.

HazoBute ocHOBHBIE c1IOCOOBI IEPEpabOTKH OMOMacchi?

KaxoBa s3¢dexTuBHOCTS Coxuranusi ouorornBa? Kak e€ MOKHO MOBBICUTH?
B uém cymHocTs aHadpoOHOro cOpakuBaHus?

KaxkoBa apdexTuBHOCTD aHA3POOHOM TIepepaboTKu HaBo3a?

ok owdE
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6. Manasi ruAposHepreTuka: METOJbl pacueTa OCHOBHBIX KaTeropHil MOTEHIMasa
BOJIOTOKA C YYETOM TPeOOBaHUI COLMATIBHO-IKOJIOTHYECKOTO XapaKTepa: J1abopaTopHO-
npakTuueckas padota /coct. eproruna I'.B., Ky3nenosa B.A., JIymuukos O.I'. u 1p. —
M.: U3n-8o MDU, 1997. — 19 c.
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INPUJIOKEHUSA

[MTPUJIOXEHUE 1
Tabnuua I1. 1.1
TeXHUYECKUE XapaKTePUCTUKU COITHEYHBIX MOYJIEN

XapaKTepUCTUKH Tun Moxymns
coJTHeYHBIX Moayiel | M 30/12 M 85/40 MSW MSW MSW MSW
100/50-12 | 120/60-12 | 150/75-24 | 175/80-24
[TrkoBast MOIHOCTD, 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
MOIITHOCTH, B
Toxk B TOYKE 1,77 1,77 5,8 7 4.4 4.4
MaKCHUMaJIbHOU
MOIITHOCTH, A
Hanpsokenue 21 21 21 21 42 42
X0JI0CTOTO X044, B
Tok KopoTKOTO 2 2 7 8,4 53 5,3
3aMBIKaHus, 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
Iena, py0 5450 15500 18200 21800 27300 31900
Tabmuna I1.1.2
3Ha4YeHUST MOIITHOCTH JICKTPOOBITOBBIX MPHOOPOB
OIEKTPOPHUOOPEI MOIITHOCTh yTpo JICHb 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
Kommnsrotep 400 0 0 0 0 1 400 1 400
DVD — mieep 120 0 0 0 0 1 120 1 120
Aynuoruieep 100 1 100 0 0 1 100 0 0
ITocynomoiika 1500 1 1500 0 0 1 1500 0 0
Crup. MamuHa 500 0 0 0 0 1 500 0 0
DIEeKTPOIINTa 1500 1 1500 0 0 1 1500 0 0
MuxkpoBoJIHOBas 1500 1 1500 0 0 0 0 0 0
1eYb
[Tetecoc 1300 0 0 0 0 1 1300 0 0
daxkc-annapar 100 1 100 1 100 0 0 1 100
Jlammouka 100 6 600 1 100 10 1000 3 300
X 0JIO AUIILHUK 500 1 500 1 500 1 500 1 500
JlrocTpa 400 1 400 0 0 1 400 0 0
CuHresarop 100 0 0 0 0 1 100 0 0
DeKTpoyaitHUK 2000 1 2000 0 0 1 2000 0 0
YTior 1800 1 1000 0 0 0 0 0 0
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[Tponomxenue tada. I1.1.2.

Kodesapka 1200 1 300 0 0 0 0 0 0
Muxkcep 200 0 0 0 0 1 200 0 0
Toctep 300 1 300 0 0 0 0 0 0
Den 200 1 200 0 0 0 0 0 0
Tenedponnsrii 20 1 20 1 20 1 20 1 20
anmapar
Curnanmzanms 20 1 20 1 20 0 0 1 20
Jpyrue npubopsl 1000 1 1000 0 0 1 1000 0 0
0 0 0 0
Ob6orpeBarens mojia 300 1 300 1 300 1 300 1 300
Cucrema oborpena 300 1 300 1 300 1 300 1 300
aomMa
Htoro 15880 11940 1340 11960 2060
Tabnuua I1.1.3
Ceuenme kabems (MM°) OT HEBepTOpa 10 AB
MomntHocTb Hanpsbxenne Ab, B
WHBEpTOpa, 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
MakcuMaibHasl JUIMHA Kabess (B MeTpax) OT HCTOYHUKA SHEPTUHU JI0 TOTpeOUTes
NIpU TaJICHUW HanpsikKeHus: MeHbIe 2% miist cucrem 12 B

Tox, Ceuenue kabens, MM*
A 1 15 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 | 2449 - - -
2 3,53 5,45 8,82 14,29 21,4 35,3 54,5 88,2 1224 | 171,4 -
4 1,76 2,73 4,41 7,14 10,7 17,6 27,3 44,1 61,2 85,7 130,4 -
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 2,86 43 7,1 10,9 17,7 24,5 34,3 52,2 70
15 0,73 1,18 1,9 2,9 47 7,3 11,8 16,3 22,9 34,8 47
20 - 0,88 1,43 2,1 3,5 55 8,8 12,2 17,1 26,1 35
25 - 1,14 1,7 2,8 4,4 7,1 9,8 13,7 20,9 28
30 - 1.4 2,4 3,6 59 8,2 11,4 17,4 23
40 - 1,8 2,7 4,4 6,1 8,5 13 17
50 - 2,2 3,5 49 6,9 10,4 14
100 - 1,7 2,4 3,4 52 7,1
150 - - 2,3 3,5 4.4
200 - 2,6 3,5

Ta0Omnuma [1.1.5

yI[eJIBHOe COIMPOTHUBJICHUC U CCUCHUC IIPOBOAA

| Ceuenue npoBoia,

MakcumanbHbIM T0MyCTUMBINA TOK, A

VYnennHOE
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2
MM

KonmuectBo npoBosoB B kabene

2-)KWIbHBIN

3-KWIbHBIN

CONPOTHBJICHNE Ha
xuiry, Om/mM

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

Tabmuna I1.1.6

Mopensnsii psa uaBeptopoB (UPS)1000-5000kBA

Mogens mueepropa | SKNiz)}-1000 | SEN(z)-2000 | SEM{z)-3000 | SKN(z}-4000 | SKEN(z)}-5000
Fxogpme 170-270 B 170-270 B 170-270 B 1702708 | 170270 B
HANpRECHEE
MownocTs
NP0 TARHTE TEHAR, 100 200 3000 400 SO0k
BA
MommocTs
NPT HTE TR HAR, T00 1400 2100 2R00 3500
Bt
:‘;'r‘“”””m TIHERRAR, 2100 4200 6300 £400 10500
Bxoguo 220+ 2% 220 £ 2% 220+ 2% 220 £ 2% 220+ 2%
HANPRECHAE
HacTora S0 Mo 50 Tu 50Tu 50 Mo 50T
[opaa BEIXOIEOTG RCTA HHCTAR YHCTA qHCTAR HHCTRR
HANPAACHAR CHHYCORIL CHHYCOHAA CHHYCOHIL CHHYCOMAA CHHYCOMTA
Hm”fﬂ. * <4 M <4 mc < & w < 4 me < 4 mc
NePeEIKSCHIE
nexTponnas OT BEICOKOTE HANPSE&CHAR CETH, NEPErPYIEN, KOPOTEOMD 3aMEIKAHNA,
AINTR neperpesa
KL % | 9% | 9% BT
P{EKLT"ILIH:M""[E"" Panasonic LC-XB 12120 - repuenirnposannsil, Heofemyeneaeseii, 120 Aq
[axEy My nATOpPY
LE::T:':“"'-"-TE“ 12 374 4 4 4
AKEYMYIIHTOPOE, 1T

Hanpasmenne
ARKYMY EATOpHOEH 12248 24/488 488 438 438
DaTapen
JapamHuil TOE I-15 A 1-15 A I-15 A I-15 A I-15 A
Samyprrs OT NepepaipaL, OT nepeiapaa
AKEYMYIRTOPA Pepapass, peaap
[abapuTe 150x4 10215
HHBEPTOpa MM
Bec nnsepropa 15 & - - - -
l'ut'mp:[rbl GO0 00 | G S0 GO 00900 | G A0 | G A0
KOMIIEKT MM MM MM MM MM
Bec komnnesTa
LIPS + Garapes " )
Panasoni 62 /99 xr 104 /178 &r 185 xr 189 xr 194 xr
anasonic +
CTEMNa®, KT
CrommocTs
MHBEPTORA | o3 13.500 py6. 22 500 pyi. 34000 pyii. - 48500 pyi.
AKKYMYIATOPOE)
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Tabmumna I1.1.7
3HauycHue kodhdunmeHToB a, b, So asa YensOunckoit ooactu

(52,5° c.m1.)
Bennuunna Mecin
SIHBapb dbeBpainb MapT anpesb Mai UIOHb
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
Bennuunna Mecan
UIOJIb aBrycT CEHTSIOph OKTSI0pb HOSI0pb JIeKadpb
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 JIJIs pa3JIMUHBIX pailoHOB YensiOuHckoit o61actu

Howmep paiioHa.

Bennuuna S, 4, g mecsna

XapakTepHble .
HACENEHHBIE MYHKTEI sHBapb | QeBpanb MapT anpenb Mait HUIOHb

1. bpensi, Kusunnckoe, 35 4.8 6.2 8.1 9.4 10,4
Kapraner
2. Aranoska,  Bapma, | g4 45 5,8 7.8 9,2 10,3
Tpownuk, OkTsIOpBCKOE
3.Bepxueypanbck, Yecma,
ITnacr, ETkyb, 2,8 4.5 5,4 7,4 8,8 9,8
YBenbckoe
4. Yebapkyns, Aprasii,
Yensounck, Kynamax, 2,5 4.2 5,2 7,4 8,6 9,6
Mmuacckoe
S.Hsazenerposck,
KeIrsiMm, 2,2 5,2 7,3 8,6 9,4 9,0
Bepxuuii Y paneii

Howmep paiiona. Bennuuna S, 4, 1 Mecsima

XapakTepHblie 5 5 5 5

HACGICHHBIE YHKTEI HIOIb aBI'YCT | CEHTSOpPhL | OKTAOph | HOSOpH | Jekadph

1. bpensi, Kusunnckoe, 10,5 9.5 6.8 43 3.0 25
Kapransi
2. AramoBka, Bapna, 10.3 8.9 6.4 3.8 2.9 25
Tpounk, OkTaOpsCKOE
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 75 5.3 2.9 2.0 1.8

Keimteim, B. Vdaneit
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Puc. I1.1.1 — 3HaueHust BEpoSITHOCTH P(S) [1JI pa3IMYHbIX MECALIEB
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I[MTPUJIOXEHUE 2
Tabnuua I1.2.1
3HaueHUs CPEAHEMECIYHON U TOJIOBOM CKOPOCTH BeTpa <Vi>, M/cC
(1 paiion)

MECSIIBI

T'onpr
| 1 1l v V VI | VII | VIHT | IX X Xl | Xl | rox

2001 (110|101, 85 |84 |68 | 70|57 |67 |78|93]|98|10,7|9,06

2002 (10,198 |88 (85|71 |65|55|64 8095|096 (103 8,34

2003 [ 98|98 |90 (8969 |66 |55|68 /7496|098 |11,0|7,63

2004 |99 (1029188 |72 |69|60|65 |76 |91|099 105|847

2005 |10,4|100|90 (82 |70 |64 |58|63|75|89]|090]|97 818

2006 [100| 94 88 |85 |67 |63 |54|64 |76 |94|93 102|817

2007 11,297 | 86 | 85| 6,7 | 65|55|69 |74 |96 |10,0]10,2 8,40

2008 | 98 |100| 85|90 (69 |69 ]|51|67 |77 |90 101|109 |8,38

Tabmuna [1.2.2
3HavYeHUS CPEIHEMECSIYHOM U TOJOBOM CKOPOCTH BeTpa <Vi>, M/C
(2 paiion)
MECSIIBLI

Tonpr
| 1 1l v Vv VI | VII | VT | IX X Xl | X1l | rox

2000 (65|76 |67 (39|37 |35|36|32|51|42|28|45 |65

2002 [ 56 |45 62|48 |48 |34 |28 |34 |42 |45 |45 |45 | 56

2003 (51|73 |51 |51 |42 |51 |45 |22 |39 |42 |56 |53 |51

2004 (42 |48 | 56 |56 |48 |42 |34 |31 |34 |59 |31|20] 42

2005 (39 (53|73 |53 |53 |42 |45 |37 |37 |42 |53 |70 39

2006 (48 | 6,7 |76 | 65|48 |45 |39 | 4 |43 |48 |59 |55 |48

2007 | 56 |65 |42 |59 |53 |45 |37 |34 |45 |42 |53 |48 |56

2008 | 58 |60 |64 |57]49 |40 |38 |35 |30 41|60 65497
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Tabnuua I1.2.3
3HaueHUs1 CPEAHEMECIYHON U TOJIOBOM CKOPOCTH BeTpa <Vi>, M/C
(3 paiion)

MECSIIBI

T'onpr
| 1 11 v V VI | VII | VIII | IX X Xl | Xl | roxg

2001 | 53|64 |55 |27 |25|23|24]20|39|30]|19] 33343

2002 | 44|33 |50 (36|36 |22|16| 22 |30|35|34 ] 36 |328

2003 1391|6139 (393039 33|10 |27 32|45 | 43 |3,64

2004 | 30|36 |44 |44 |36 |30]22|19 |22 47|21 20309

2006 | 274161 41|41 |30]33 |25 |25|31]|41] 6,0 3,80

2006 | 36 | 55|64 53|36 |33 |27 |28 |31 |35|47 |44 |4,07

2007 | 44 | 53|30 (47|41 |33 25|22 |33 |30]|42] 38 |365

2008 | 40 | 48 | 42 |37 |34 |28 |24| 20|26 |38|40 |41 |348

Taomuna [1.2.4
PaitonnpoBanue Teppuropun Poccun no tunam mecromnonoxenus BOY

Howmep XapakTepucTrKa NOCTUIIAKOIIEH TOBEPXHOCTH
30HBI
1 OctpoBa, moOepexbsi BHEIITHUX MOPEH B OKPYKEHUH PAaBHUHHOTO
penbeda
2 OctpoBa, moOepexbsi BHEITHUX MOPEH B OKPYKEHUHU CJIOKHOTO penbeda.

[Ipenropes, npoayBaembie BeTpoM. CparHoBsie 60110Ta, TYHIpa

3 Paitonsl necocrenei, crenei, noaynycTbiib. JIecoTyHipa, MyCThIHU,
OTKpBIThIE TOOEPEKbs BHYTPEHHUX MOPEN, KPYITHBIX 03€p

4 3akpbIThie (MaIONpPOayBacMble) TOOEPEkKbs BHYTPEHHUX MOPEil. ByXThbI
BHYTPEHHHUX U BHEIIHUX MOpei
5 JlecHast 30Ha B OKpY:K€HUU paBHUHHOTO penbeda (3anaanas Cubupsb,

BHyTpeHHHE paiionsl Kamyarku, CaxanrHa), IOWMbI KPYIHBIX 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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Ta6muua I1.2.5 Otnomenwue (%) cpeaqHux 3Ha4eHUH ckopocTeid Betpa Vh / v10 u
K03 GUIMEHTOB BapHaliu Cv” CV\0 Ha BeicoTe N 1 Ha ypoBHe 10 M Haj 3emiieii B
3aBHCHUMOCTH OT HOMEpa 30HBI

h, M 5 10 20 30 40 50
v, IV, 1 96 100 106 110 112 114
2 93 100 109 116 120 123
BGTII‘;Z; ot 3 89 100 114 123 130 137
sontt 4 84 100 120 135 146 156
5 78 100 128 150 168 183
6 71 100 139 170 197 219
c /c 109 100 92 85 78 73
h 10
C
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O6mas mnomaas Tepputopunt YenssOunckoit odnactu — 87,9 Thic. KM

[Tnomanes paiiOHOB:
1 paiton — 1,54 TeIC. kKM
2 paiion — 45,71 ThIC. KM
3 paiion — 31,9 Tbic KM
4 paiioH — 8,75 ThIC. KM

2

3oHupoBaHue YenabuHckon o6nacTu No CKOpPoCcTU
BeTpa U KONM4YecTBy CONTHEYHOMU paaunauuu

1050kBT4/Mm?

100kB1y/m?

0%

150kBT4/™m?

V=2-3m/cf

200kBT4/m?

V=3-4Mm/

Puc. I1.2.1 — 3onupoBanue YensOnHCKOM 00J1aCTH TTO CKOPOCTH BETPA U KOJTUIECTBY
COJIHEYHOM paJnaiuu
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I[MPUJIOXEHUE 3
Ta6mumna I1.3.1

3HavyeHus1 KOAPPUIIMEHTOB § MECTHBIX COMPOTUBJICHUHN JIEMEHTOB CUCTEM OTOIJICHUS

DNeMeHTHI Cxemaruueckoe n300paxeHue &
JJIEMEHTA
OTBOA C paguycom 0,3...0,5
3akpyrienus r =5 du 5d,
TpoliHuk:
Ha TIPOXO0]T e 0,5
Ha OTBETBJICHUE e 15
L
Ha CIIUSHUE = 1,5
—_
Ha pasJelieHHe TI0TOKa —{ ) 3,0
KpectoBuna:

Ha IIPOXOJ _|:_ 2,0

Ha OTBETBJICHUE __L; 3,0
Orcryn - 0,5
Oo0xo0n O 1,0
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Ta0Onuiia

I1.3.2 CpaBHHUTENBHBIE XapaKTEPUCTUKN HUPKYJSLMOHHBIX HACOCOB IS CHCTEM

OTOILICHHUS
[IpowusBoauTens Haspanne Hanop, m ITonaua, [Totpebnsiemass | CroumMocTsb, €
MOIEIIA Mg MOIIHOCTD, BT
GRUNDFOS UPS 25-60 6 3,8 90 130
Alpha 25-60 6 3,8 90 170
UPE 25-60 6 33 100 242
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
Tabnuua
I1.3.3 CpaBHHUTENIbHBIE XapaKTEPUCTUKN IUPKYJIALIMOHHBIX HACOCOB
JUISl CUCTEM TOPSIYero BOJOCHAOKEHUS
[IpousBoauTens Hazpanue Hamop, m [Tonaya, [Totpebnsemas | CroumocTs, €
MO Mg 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 11 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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