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BBEJAEHUE

[Tpu CYIIECTBYIONIEM YpOBHE HAyYHO-TEXHUYECKOTO mporpecca
HPHEPronoTpeOsICeHHEe MOXKET OBbITh TMOKPHITO JIMIIb 32 CYET HCIOJIb30BaHUS
OpraHUYeCcKUX TOIUIUB (yroyib, HE(PTh, Ta3), TUAPOIHEPTUU U ATOMHON SHEPruu Ha
OCHOBE TEIUIOBBIX HEWUTpoHOB. OJHAKO, MO pe3yJbTaTaM MHOTOYUCICHHBIX
UCCJIEIOBAHUM OpraHuyeckoe TOIIUMBO K 2025 T. MOXET YIOBJIETBOPUTH 3aMpOChI
MHUPOBOM SHEPIeTUKHU TOJBKO YacTU4HO. OcTanbHas 4acTh SHEPTONOTPEOHOCTH MOKET
ObITh YJOBJIETBOPEHA 3a CYET JAPYTUX HCTOYHMKOB SHEPTUU — HETPATUIMOHHBIX U
BO300OHOBJISIEMBIX.

Herpaaummonnpie BO300OHOBIISIEMbIE WCTOYHHKH SHEPTHH — ATO MCTOYHUKH Ha
OCHOBE TIOCTOSIHHO CYIIECTBYIOIIMX WM MMEPUOANYECCKH BOSHUKAIOIIUX B OKPYXKAIOMIEH
cpeme TMOTOKOB »Heprud. K HMCTOYHWKAM TaKOro poja OTHOCSTCS BETEp, COJHIIE,
JBIDKYIIHECS] BOJIHBIE MacChl, T€OTePMaIbHBIC BOJIBI H JIP.

B HacTosmee Bpemsl CTaHOBHTCS aKTyaJlbHBIM TPUMEHEHHE BO300HOBIIIEMBIX
WCTOYHHUKOB DJICKTPUYECKOW W TEIJIOBOW PHEPTHH KaK B MPOU3BOJICTBE, TaK U B OBITY.
OT0 cBsi3aHO ¢ TpoOieMaMu JOCTAaBKH M SKOHOMHMH TOIUIMBA, 3JEKTPOOOECIICUEHUS
pallOHOB C HEPa3BUTOW IIEHTPAJIM30BAHHON CETHIO U HEOOXOJAMMOCTBIO YIIYUIICHUS
oOmieit skosoruyeckor oOctaHoBkH. CylIecTBYIOT M 0oJjiee TPOCThie MPOOJIEeMbI —
oOecrieyeHne MUTaHUsI 0A30BBIX COTOBBIX CTAHIIUNA B TOPHBIX, MYCTHIHHBIX U CEBEPHBIX
pEeruoHax, 3JEKTPONMUTAHUE JOMOB U TOCENKOB, ynajieHHbIX oT JIOII, reomorudeckux
OKCIEUIMNA, TACTOMI U JPYTUX CEIbCKOXO3UCTBEHHBIX OOBEKTOB, OTIAJECHHBIX
O00BEKTOB BOCHHOTO W TPaXKJIaHCKOTO HAa3HAYECHHsS] U MHOTUX JPYTHX. ITH BOIMPOCHl B
psfe ciaydaeB MOXKHO YCIENTHO PEIIUTh ¢ MOMOIIBI0 HETPAJIUIIMOHHBIX MCTOYHUKOB
MaJIOW MOIIIHOCTH.



|. MIPEOBPA3OBAHUE U UCITIOJIb30BAHUE COJIHEYHOM SHEPT U

MeTtoauka pacuera GoTOIIEKTPUIECKUX CUCTEM

Bcee ¢otosnekrpuueckue cucrempl (@IC) MOXKHO pa3fenuTh Ha JBa THIIA:
ABTOHOMHBIE U COEMHEHHBIE C ANEKTPUUYECKOM ceThto. CTaHLIMU BTOPOIO TUIA OTAAIOT
U3JUIIKK YHEPIMM B CETh, KOTOpas CIY>KUT pE3epBOM B CiIydae BO3HUKHOBEHUS
BHYTPEHHETO J1e(pUIINTA SHEPTUHU.

ABTOHOMHas cuctema (puc. 1) B 0o0meM ciiydae COCTOMT M3 HabOpa COTHEYHBIX
MOAYJEH, pa3MENICHHBbIX Ha KpBbIlIe, akKymyJsaTopHod Oarapen (Ab), xoHTposuiepa
paspsga — 3apsAa aKKyMyJATOpa, COCOUWHUTENbHBIX KaOened. [[ns mosydeHus
NEPEMEHHOTO HAMpPsDKEHUS K KOMIUIEKTY J00aBIsieTCsl WHBEPTOP-IpeoOpa3oBaTeib
MOCTOSTHHOTO HAIPSsDKEHUS B IEPEMEHHOE.

A 4

Kourpoannep HUuseprop ————>
Chb 3apsiia-paspsiga [Totpeburenu
AB MIEPEMEHHOTO TOKa
A R
4 [Torpeburenu

IIOCTOSIHHOTO TOKa
Ab

Puc. 1. CtpykrypHas cxema aBToHOMHON POC

[Ton pacuerom @IC noHUMAaETCA ONpeesICeHHe HOMUHAIIBHOW MOITHOCTH MOIYJIEH,
WX KOJMYECTBA, CXEMbl COCAMHEHHS; BHIOOpP THIIA, YCIOBHM AKCIUTyaTallM U €MKOCTHU
AB; MolIHOCTE MHBEPTOPa U KOHTPOJUIEpa 3apsaaa-pa3psiia; OnpeacsieHue apaMeTpoB
COEIMHUTEIBHBIX KaOee.

OnpenenieHne HOMUHAIBHOW MOIIHOCTH COJIHEYHBIX MOJYJIEH.

Heobxoaumo BHavasie oOmpenenuTh CyMMapHyIO (pacueTHyI) MOIIHOCTh BCEX
noTpeOuTeNeH, MOAKIIOUAEMbIX OJJHOBPEMEHHO. JTa MOIIHOCTh yKa3aHa B MacropTax
1591 (17178

KomunuectBo nmotpebnsiemoit snepruu W (kBt-1) B Teuenue Bpemenu T onpenensieTcs

W =P T, (1.1)

rne Ppacq— pacderHas MOIIHOCTD HArpy3ku, KBT.

Cuntaercs, 4TO SJIEKTPOCHAOKEHHE 3a CYET COJIHEYHOW IHEPTHH SKOHOMHUYECKU
1eJIeCO00Pa3HO MPH CYTOYHOM dHEpromnoTpednennu 10 4 kBTu.

PacueTHass MOIIHOCTb HArpy3KH Ppgey OTIPEAEAETCS CTATUCTUYECKUM METOI0M.



[To aTOMy MeTOIy pacueTHYI0 Harpys3Ky TPYNIbl MPUEMHUKOB OTPEICIISIOT ABYMS
UHTCTPAIbHBIMU  [TOKA3aTeIsIMHU: TIeHepaidbHOUW cpeaneit Harpyskor (P.) (xkBt) u
TeHEePaTBbHBIM CPEHEKBAPATHIHBIM OTKJIIOHCHHEM (G ) U3 YPaBHCHHS:

Ppacu = Pc+ BG ] (12)

rae — craruyeckuit KO3 PUIUMEHT, 3aBUCSIIHUIA OT 3aKOHA pacipeieNieHUs U NPUHITON
BEPOSATHOCTH MpeBbIlicHUs 10 rpaduky Harpy3ku P€ ot ypoBus P.,c

CPEAHEKBAAPATUYHOE OTKJIIOHEHHE [T IPUHATOTO UHTEPBAJIA OCPEIHEHUS.
CpenHekBaipaTUYHOE OTKJIIOHEHHE [IJIsi TPYMNIOBOrO rpaduka ONpeAesnsioT o

dbopmye:
O = 4 Dp = v DC[ZJ.KB - pé , (13)

r1e P, — aKTHUBHAS CpeIHEKBAApaTHYHAsI MOIIHOCTh, KBT.

CpeaHekBapaTUIHOE 3HAYCHHE aKTUBHOU MOIIIHOCTH OTJICJBLHOTO
anekTpornpueMurka (OI1) 3a paccMaTpruBaeMblid TPOMEKYTOK BPEMEHHU ONPEICIACTCS
o ¢popmyie:

Pepre = (1.4)

IZI€ Pep.re— CPEAHEKBAAPATUYHOE 3HAYCHUE AKTUBHOM MOIIIHOCTH DJIEKTPOIPUEMHUKA,
KBT; pi— akTUBHAs MOUTHOCTH, TOTpedsemas D11 3a paccMaTpuBaeMblid IPOMEKYTOK
BpeMeHHU tj (onpenensiercs u3 rpaduka Harpy3Ku M0 aKTUBHOM MOIIHOCTH ), KBT; ti—
WHTEpPBAJI BPEMEHU 34 KOTOPBIN ONPENEIIAETCS Pi, MUH., Y.

CratucTryeckuii MeTOJ MO3BOJSIET ONPEAENSITh PACUETHYIO HArpy3Ky € JIH0OOMU
IIPUHATON BEPOSATHOCTBHIO €€ MOSBICHUS. B mpakTHyecKkux
pacuerax BIIOJIHE JOCTATOYHO IIPUHATH BEPOATHOCTH
MPEBBIIEHUS PACUE€THOM Harpy3ku ot cpeaued Ha 0,5 %,

9TO COOTBETCTBYET 3 = 2,5 ,Torma:
Pyyew= P.+2,50 (1.5)
[To wu3BecTHON MOIIHOCTH Harpy3kd BbIOMpaeTCs
MOIITHOCTh HMHBEPTOpa, KOTOpas C Y4YeTOM TMOTEeph B
WHBEPTOPE JOJKHA OBITH HE MeHee 4eM Ha 25%  OoJbIie
pacuyeTHOM MOILIHOCTH, T.€.,

. PuH@ > 1125Ppacq . (16)
Puc. 2. Buemnuii Buj HoMmuHanbHLIH psaa MomHocTeld uaBepTopos 150, 300,
HHBEPTOpA 500, 800, 1500, 2500, 5000 Bt. 1 MOIIHBIX CTAHIUH

(6omnee 1 kBT) HanpsKeHHE CTAaHITMU BEIOMPACTCS HE MCEHEE
48 B, T.K. Ha OOJIBILIMX MOILHOCTSIX MHBEPTOPHI JTyUllle padoTatoT ¢ 00jiee BBICOKUX
VCXOJIHBIX HAMPS)KCHUM.



OnpenenieHne EMKOCTU aKKyMYJISITOPHOU OaTapeu.

Emkocth akkymynsitopHoi Oatapeu (ADB) BblOupaeTcss W3 cTaHIApTHOTO psiaa
€MKOCTEHl C OKPYTJIEHHEM B CTOPOHY, OOJbIIYyI0 pacueTHou. PacuetHas emkocth Ab
(A-4) onipenensiercs 1o popmyie:

W

Coaen = U, 5 (1.7)

rae W — konudecTBo noTpedaeHHoi snepruu (Bt-u); U, s— Hanpsokenue Ab; 6 —
nomyctuMast rimyouHa paspsga Ab.

[Ipu pacuere emkocth AB B MOJMHOCTEIO ABTOHOMHOM pEXHUME HEO0OXOIHMO
NpUHMMATh BO BHUMAaHME W HAJIMYUE NACMypPHBIX JIHEM, B TEUEHHE KOTOPBIX
aKKyMYJISITOp JIOJDKEH oOecreynBaTh padoTy norpedurtesneil. 3a MaKCUMaIbHOE YUCIIO
NOCJIEIOBATENbHBIX «JIHEH 0€3 COJHI[a» MOYKHO INPUHATH YCTAHOBJIEHHOE KOJIUYECTBO
JHEH, B TeueHne KOTOpeIX Ab OyZeT nutaTh HaArpy3Ky caMOCTOSATENbHO 0€3 moa3apsijaa.

Ot rnyOunsl pa3zpsga Ab 6 3aBUCUT CpOK cily:KObl akKyMyJIsITOpHOM OaTtapen. Yem
oonpuie O, TeM Obictpee AB BeIAAYT U3 cTposd. PekomeHayemoe 3HaueHHE TTyOHWHBI
paspsana 20% (ue 6osnee 30%). ITO 3HAYUT, YTO BO3MOXKHO Hcmoib3oBanue 20% ot
3HaueHMsI HOMUHAIbHON eMkocTh Ab. Hu npu kakux obctosTenscTBax paspsij 6atapeu
He A0JpKeH npesslmaTth 80%. Bpems nmosHoro paspsina 7., 6atapen eMkocTbio C 5101
BO3JICHCTBUEM Harpy3Ku MOIIHOCTBIO P MOXKHO OIpeeuTh

T Cu -85

pasp = p : (1.8)

EMKOCTh akKKyMyJSITOPHOW OaTapeu 3aBUCUT TAKXKE OT TEMIEPATYpPbl OKPYKAIOIIEH
cpeabl. YMEHBIIEHHME €MKOCTH Ab 1IpM NOHMKEHUM TEMIIEPATypPbl YUYUTHIBAET
TeMmnepaTypHbiit kKoapduuueHT K., 3HaueHus KOToporo 6epyrtces u3 rpaduka (puc. 3).

OO6mmast Tpedyemasi eMKOCTh aKKyMYJISITOPHOM OaTtapeu

CAE:Cpacw'Kc . (19)
K. 4
Br16op ceuenus kabens.

20 [lo kabensM, COEIMHSAIONIMM WHBEPTOP M
™~ 1@ ‘ ' R aKKyMYJISITOpHbIE OaTapeH, MPOTEKAET OYEHb
\1.4"\\ oonpmiot  Tok.  IlosTomMy — HeoOXoAMMO
1.2 ™ MPaBUJILHO BHIOPATH CEUEHUE KaOEessl UCXOMs
;2 B W} W3 MAaKCUMaJbHBIX TOKOB, KOTOPBIE MOXET

06 MOTPEOJIATH UHBEPTOP.
04 Jlnst  Toro  9TOOBIMUHUMM3UPOBATH
02 R NaJICHUE HAIpPSHKEHUS] B MPOBOJAX MEXKAY
-16-12 -8 -4 0 4 8 1216 20 24 28 32 36 40 T,:’C AKKyMYJISITOPHOM OaTapeell 1 UHBEPTOPOM U

TEM CaMbIM YBEIWYUTh I(PHEKTUBHOCTD
WCIIOJIb30BAaHUSI HMHBEPTOpa, KaOelb JIOJDKEH
OBITH JOCTATOYHO TOJICTHIM U KOPOTKHM.

Puc. 3. 3aBucumocts K¢ = f (T)



[Ipu BIOOpE ceuenust kabemnst ATUHON 2 M B 3aBUCHMOCTH OT MOLIHOCTH MHBEPTOpA
U HalpsDKEHUSI aKKYMYJISITOPHOM OaTtapen peKoMeHayeTcs Mmoyib3oBaThes Taou. 11.1.3.

JUtst Toro 4toObl paccyuTaTh HEOOXOAMMOE CEYEHUE MPOBOJA I KOHKPETHOMH
YCTAaHOBKH, HY>KHO 3HAaTh MOLIHOCTb HMHBEPTOpA WM 3apAJHOTO YCTPOMICTBA, WIIA
MAaKCHMAJIBHBIM IPOTEKAIOIIMKA TOK Yepe3 OTH IpoBOAA. TaKkKe HYXHO 3HATh
paccrostnue oT Ab 10 HHBEpTOpa U HANPSKEHHUE MMOCTOSIHHOIO TOKA B CUCTEME.

OObIYHO OOJIBITMHCTBO CHCTEM C HampspkeHueM 12 B paboTaioT npu HanmpsbKeHUU B
nuanaszone ot 11 mo 12 B. Ho, eciau 3To BO3MOXXHO, HY)KHO BbIOMpaTh Kabellb TaKuM
o0Opa3oM, 4TOOBI MaJieHUe HaIpPsHKEHUs1 B MPoBoAax ObuUio He Oonee 2%, T.e. HE OoJee
0,25 B (Ta6x. I1.1.4).

s cuctem ¢ 24 unu 48 B nimHa kabens MoxkeT ObITh B 2 win 4 pa3a Oombiie. s
Hanpsbkenus 220 B qimuna MmoxeT Ob1Th B 20 pa3 OoJbIIe.

Jiist pacyeTa cedeHust MPOBOIa MOXKHO TAK)Ke BOCIIOIb30BaThCs (POpMYIIOn

AU
=L (1.10)

rae I — yJIenpHOe CONpoTHUBIEHHE MpoBojaa, OM/M; AU — MakCUMallbHO JIOITyCTHMOE
MajJicHue HampsbkeHus B mpoBoje, B; | — mpomyckaembrit Tok, A; L — oOmas giuHa
Kabenst B cucteMe B MeTpax (YMHOXKHUTB Ha 2 IS TIOJI0KUTEIBHOTO M OTPUIIATEIILHOTO
MpoOBOAA).

VYnenvbHoe conpoTuBiieHre He A0MKHO ObITh MeHble 0,0024 Owm/M. Ilo TaGnuie
I1.1.5 onpenensercss MUHMMaIbHOE CEYEHHE MPOBOJa — 6 MM, YeM Toue IIPOBOJI, TEM
MEHbIIIe OYIyT MOTEPH MpH Tepeaade sHeprun oT Ab k Harpyske.

OrnpeneneHrne MOUTHOCTHU U KoandecTBa Moyiieit ®IC.

ConHeuHbI MOAYJIb BBIIIOJIHEH B BUE NAHEIH, 3aKIIOUCHHOW B KapKac U3
anmomuHueBoro npoduis (puc. 4). [lanens npencrasusier coOboi GOTOINEKTPUISCKUN
TE€HEpPATOp, COCTOALINMN U3 CTEKJIISIHHOU IUIUTBL, C TBIBHOW CTOPOHBI KOTOPOU MEXKIY
JBYMSI CJIOSIMH T€pPMETU3UPYIOMIeH (JIAMUHUPYIOIIEH) TUICHKU
pa3MeIICHbI COJIHEYHBIE 3JIEMEHTHI, BJIEKTPUYECKHU
COCIMHEHHbIE MEXIy CO00M METaUIMYeCKUMH IIMHAMMU.
HwxHuil cnoll TepMETU3HMPYIOIIEN IUJIEHKW 3allMINeH OT
BHCIIIHUX BO3JCHUCTBHM CJIOEM 3amMUTHOM IuieHKH. K
BHYTPEHHEW CTOpOHE KOpIlyca MOMIYJSA MPUKPEIsIeH OJIoK
TEPMUHAJIOB,  TOJ  KpBIIMIKOH  KOTOPOTO  pa3MEIICHBI

ANEKTPUYECKUE KOHTAaKThlI, npeIHa3HauYeHHbIE IS
MOJIKJIFOUEHUST MOJTYJISI.
Monynu IPOU3BOJSTCS u3 TNICEBOKBAIPATHBIX
Puc. 4. MOHOKPEMHHUEBBIX  (POTORIEKTpUUECKUX  MpeoOpa3zoBaTesen
DOTOIIEKTPHICCKHIA (D3II), MOKPHITHIX aHTUOTPAKAIOLIUM TOKPBITHEM.
MOy Pabouee HamnpsixeHue GOTOINEKTPUIUECKUX MOJIYJIEH OOBIYHO

12 B unn 24 B.
TexHu4yeckre XapakTEPUCTUKHU COJIHEUHBIX MOayJiel npuBeneHsl B Ta0. I1.1.1.



@DOTORNEMEHTBl 3aBOJCKOrO MPOU3BOJCTBA MMEIOT ONPENENEHHYI0 HOMHHAJIbHYIO
MOIITHOCTh, BBIPAKEHHYIO B BaTTax MUKOBOW MomIHocTH (BTm). DT0 mokasarenb ux
MAaKCHMAJIbHOM MOIIHOCTH B CTaHAAPTHBIX YCJIOBHSIX HCIBITAHHWM, KOTJA COJIHEUHAsS
pajmanyst OIM3Ka K CBOEMy MaKCHMalbHOMY 3HadeHmio B 1000 Bt/m, a Temmepatypa
noBepxHoctu ¢orodnemerra 25 °C. Ha mnpakrtuke ke (OTOdIEMEHTaM PEIKO
MPUXOAUTCS paboTaTh B TaKuX yCIOBHsIX. OIMH COTHEYHBIA MOYJb B 3aBUCUMOCTH OT
KOJIM4YecTBa MiacTud umeeT MoiHocTh oT 100 go 3000 Bt. B Teuenune BbIOpaHHOTO
nepuoAa BPEMEHM MOAYJb MOIIHOCThIO P, BbhIpabaThiBae€T KOJUYECTBO SHEPIUH,
paBHOE

_ Puw-E-7
. 1000

rae Wi, — BeIpabOTaHHOE KOJMYECTBO 3JIEKTpo3Hepruu, kBru; 1000 — makcumaibHOE
3HAYCHHE CONHEYHOH pajmamuy, Br/M°, 1 — KOd(hQGHIHEHT MPOM3BOINTEIHHOCTH
cuctemsl (0,5 — nerom u 0,7 — 3uMoil); £ — 3HaUE€HHE WHCOJIAIMH 32 BBHIOPAHHBIN
TEePHO [T 3aTaHHOM IIHPOTHI, KBT/M°.

3nauenue E mist mmpotsr Yensiounckoit o6mactu npuBosates B Taou. I1.1.10.

Pa3nenuB notpedisieMyto Harpy3Koi SHEPrUI0 B T€UEHHE BbIOPAHHOIO MepHoja Ha
HHEPrul0, BBIPAOOTAHHYIO OJHMM MOJYJIEM 3a J3TOT JKE€ MEpPHOJ, OIpereIuM
HE00XO0MMOE KOJIMUYECTBO MOAYJEH (POTOIIEKTPUUECKON CUCTEMBI:

(1.11)

2 . .

3HaueHUs] MOIHOCTU COJIHEYHOTro u3inydeHus (BT/M”) n moctynaromieil coaHeuHO

2 .

sHepruun (kBt-u/M”) B r. Muacce npusenens! B Tadiu. 1.1 u 1.2 (mo manasiM Muacckoi
METEOCTAHIINH ).

Tabmanma 1.1
MOITHOCTh COJIHEUHOTO M3TyUCHHUS, Br/Mm?
Mecsan, | anpens | Mait UIOHb HIOJIb aBrycT | ceHTSOpb | OKTSOph | HOSOpH
nekana
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
Bamecsan 539,17 502,47 512,54 660,42 398,68 316,68 139,2 67,5

CymMapHasi MOITHOCTH 3a TIEPHOJI C ampenis Mo HOSOph B PErHOHE COCTaBIISET
2 . 2
3136,66 kB1/M”, mocTyruieHue COMHEYHOU sHeprun — 75,28 kB1-u/m”.

PacueT ctonMocTH POTOIEKTPUIECKON CHUCTEMEL.

Croumocts ®OC 111 aBTOHOMHOM CHCTEMBI 3JICKTPOCHA0KSHHS CKIIQIBIBACTCS M3
CTOMMOCTHU COJTHEYHBIX MOJYyJIeH, aKKyMYJISITOPHOUM OaTapeu, MHBEPTOpa, KOHTpOJUIepa
3apsina Ab u coenmuHUTENBHOM apMaTypbl (IPOBO/IA, BHIKIIOYATEIHU, IPEIOXPAHUTENN U
T.IL.).




Tabmuna 1.2
ITocTyruieHne COITHEYHOW SHEPTHH, kBru/m* ‘JICHb

Hexana Mecsig
arnpeb Mai HIOHb WIONb | aBIYCT| CEHTSIOpb| OKTSIOpb| HOSIOPH
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
JeKay
Cpennee 1294 120,6 123,0 158,5 95,7 76,0 33,4 16,2
3a Mec.

CTouMOCTh COJIHEUHOM OaTaper paBHa MPOU3BEICHHUIO KOJIMYECTBA MOJYJIEH Ha
CTOMMOCTB OJTHOTO MOAYJIsl. CTOMMOCTh MHBEPTOPA 3aBUCUT OT €r0 MOIITHOCTH W THIIA.
CTOMMOCTh COCTMHUTEILHON apMaTyphl MOKHO MPUHATH IpuMepHO paBHou 0,1 — 1%
OT CTOUMOCTH CUCTEMBI.

Cpoxk okymaemoctu ®IC onpenensgercs

T K
C-8760-£(-2Z

(1.13)

rne K — kanurtanpHble yneiapHbIe 3aTpaThl; C — Tapud Ha JIIEKTPOIHEPTUIO;, Z —
rOJIOBbIE  OKCIUTyaTallUOHHbIE 3aTpaThl; & — KOI(PPUUMEHT HUCHOJIb30BaHUS
HOMUHAJIBHOW MOILITHOCTH

365 365

W ZEi'S‘kTi'n ZEi'kTi

1

) F)H 8760 ) Pmax 'S'kTmax 778760 B I:)max‘kTmax -8760

(1.14)

3nech Ei — €XeIHEBHOE 3HAYCHHE CYTOYHOM OOJy4EeHHOCTH TpHU SICHOM MOrojie B

2 2.

TeueHue roga, kKBf u/m° nmeHp; S — pabodas moBepxHOCTh npueMHuka, i, — KII
npeoOpa30BaHUs COJIHEYHON SHEPTHU B IJIEKTPHUCCKYIO; Kri — €KETHEBHOE 3HAYCHUE
UHJIEKCA SICHOCTH; Krmax — TO K€ — MaKCHUMallbHOE 3HAYCHHE; Pmax — MaKCHMMalbHOE

2
SHAYCHHUC IIJIOTHOCTH IMOTOKA COJTHCYHOT'O U3JITYUCHHU, KBT/™M” .

IIpakTuyeckoe 3ansitue Nel,
PacyeTr aBTOHOMHOM (POTOIIEKTPUUECKOM CUCTEMBI

3aganue
1. Onpenenutp HArpy3Ky U MOTPEOIISIEMYIO SHEPTHUIO IS 3aJAaHHOTO OOBEKTa;
2. OmpenenuTh 3HAYCHHE HEOOXOJUMOW MOIIHOCTH MHBEPTOpAa M EMKOCTH
aKKyMYJISITOpPHOM OaTapeu;



3. BriOpaTh ceueHne COeTUHUTENBHBIX TPOBOJIOB;

4, PaccuuTaTh HEOOXOIUMOE KOJIUUYECTBO (POTOIEKTPUUCCKUX MOTYJIEH UCXOMIS
U3 JIAaHHBIX 10 IPUXOJy COJHEUHON pajualii B MECTE YCTAHOBKHU CUCTEMBI;

5. PaccuuraTh CTOMMOCTBH CUCTEMBI U CPOK OKYITA€MOCTH.

Ilopsnok pacyera

1. Y3 ta6:. I1.1.2. BEIOpaTh OBITOBYIO HATPY3KY JJI JIoMa (MOIIHOCTb, KOJIMYECTBO,
YHUCJI0 YacoB pabOThI B CYTKH, HEJIEI0), 3aHeCTH B Ta0. 1.3.

CymMapHyo mOTpeOJiIeMyl0 MOUIHOCTbh W DHEPrUI0 B CYTKH U 32 HEAEIIO
BBIYUCTUTSH 110 hopmystam 1.1, 1.2

Tabmuma 1.3
PacueT Harpy3ku nepeMeHHOro ToKa
HanmMmeHoBaHue Kou- Moo Teym, The s, We W,
BO CTb, Puon, q q ymy eo
Bt Bru Bt

9

[TocTpouts cyTOUHBIN rpaduK HArPy30K, ONPENEHUTD Py, Pep s, Pmax, Phin.

PacdeTHy10 Harpy3Ky onpeneanuTh CTaTUCTHICCKHM MeTo1oM (popmyssr 1.1 —1.5).

[lo pacueTHOl MOIIHOCTM BBIOpaTh MOIIHOCTH HWHBEPTOpa W 1O  €ro
XapaKTEePUCTUKAM OMPEJEIUTh 3HAYCHUE BXOIHOTO HanpspkeHus Uy,

2. Yucno Ammep-yacoB, Tpedyemoe Juisi o0OecriedeHusl Harpy3Ku MePeMEHHOT0 TOKa
omnpezensieTcs no Gopmynam:

Ccym - U ’ Cned - . (115)

AHaJIOTUYHBIE pacyEeThl TPOBOIATCS JJIsl HArPy3KH MOCTOSIHHOTO TOKA, Pe3yJIbTaThl
3aHocsaTCca B Ta0i. 1.4

Tabomura 1.4
Pacuer Harpy3ku moCTOSSHHOTO TOKa

HaumeHnoBanue Kon- | MomuocTs, | Teym, 9 | Tueo, @ | Wepm, W,eo,
BO Pon, BT Bty Bty

Hampsixkenue B cucteMe MmOCTOSTHHOTO TOKa BRIOUPAETCSl TAKUM K€ KaK HaNpPsDKCHHE
uHBepTopa. Tpebyemas eMkocTh Ab 17151 Harpy3Ku MOCTOSTHHOTO TOKA OTMPEACIISICTCS 110
BbIIIEYKa3aHHBIM ~ opmynamM. CyMMapHOE 3HAYCHHE EMKOCTH aKKyMYJISTOPHOU
OaTtapeu 3aHocutcs B Taou. 1.5.

Ta6muma 1.5
Pacuetr emxoctu Ab

Emkocts Ab, A1 B cytku B uenemnro
[lepemenHas Harpy3ka

10



[TocrosanHas Harpy3ka
Bcero

CyMMapHyI0 CyTOUHYIO €eMKOCTh Ab clieyeT yMHOKUTH Ha KOIu4ecTBO AHEH N, B
TeueHUE KOTOphIX Ab OyneT nmuTaTh Harpy3Ky CaMOCTOSTENbHO 0€3 moa3apsja.

Jlanee 3amgaeTcs BeIMUMHA TIyOUHBI JomycTMoro paspsaa (0 = 0,2...0,3) u o
rpaduky (cM. puc. 2) onpenensercs TemnepaTypHsiid koapduimeHT K.

[To hbopmyne

Cis = T Ke (1.16)

omnpezensieTcs oouias Tpedyemasi eMKOCTb aKKyMYJIITOpHOU OaTapeu, A 4.
Pa3nenuB 310 3HaYeHNE HA HOMUHAJIBHYIO EMKOCTh aKKyMYJISITOPA, MOTYy4YUM
KOJIMYECTBO aKKyMYJISITOPOB, COCIMHEHHBIX MapajliesIbHO:

m CAE
~C - (1.17)

HOM

3HayeHue M OKPYIIISIETCS 10 OJIMKaUIIEero OOJBIIEro EI0ro.

YToOBI MOMYYUTh KOJMYECTBO IIOCJICIOBATEIHLHO COCIWHEHHBIX aKKyMYJISTOPOB,
HEOOXOJMMO PA3JCIUTh HOMHUHAJIBLHOE HAIPSHKEHHWE TIOCTOSHHOTO TOKA CHCTEMBI Ha
HOMHUHAJIHHOE HAIPSHKEHUE BEIOPAHHOTO aKKyMYJIITOpa

n_ U AB
TR (1.18)

HOM

OO111ee YuCIo akKyMyJISITOPOB B OaTtapee paBHO MTPOU3BEAECHUIO M N.

3. Be16op ceueHusi coeAMHUTEIHHBIX TPOBOIOB

3Has pacueTHYIO MOITHOCTh HArPy3KH U HAMpsDKEHUE aKKyMYJISITOPHOU OaTapew,
paccuMTaTh TOK MPOBOAA, A

I=P/U (1.19)

VYnenpHOE COMpPOTHBICHUE TpoBoja ompexaensercs 1o dopmyne (1.6) mis
W3BECTHOTO paccTosHusi oT Harpy3ku a0 Ab (tabn. I1.1.4.) mpu MakcumaiabHO
JOTMYCTUMOM TIaJIeHUU HanpspkeHwst 2%0.

MunumansHOE ceueHue MpoBoaa HaxoauTes mo tadm. I1.1.5.

4. Tlo Ta6n. IL.1.1 mpuinoxeHuss BBHIOMPAETCS MOIIHOCTH OJHOTO COJHEYHOTO
MOYJISL.

KonudectBo »HEepruu, BrIpabOTaHHON MOIyJieM B TE€UEHHWE BBIOPAHHOTO MEpPHOJIa
BpeMeHHu, onpenensiercs no gopmyne (1.11)

3nauenne E s umporsr YemstOuuckoii o6mactu (kBt-u/M%) mpusomsites B Tabm. 1.1,

[To popmyne (1.12) onmpenensieTcs HEOOXOAMMOE KOJIUUYECTBO MOAYJIEH COJTHEUHOM
Oarapewn.

5. Pacuer ctonmoctr HOTOITEKTPUIECKON CHCTEMBI.

11



JlanHbIe 117151 pacuera CTOMMOCTU (POTORIEKTPUUYECKON CUCTEMBI OepyTcst U3 TaOJl.
1.1. Cpok okynaemoctu @IC onpenensercs o Gopmysie (1.13).

VYnenbHble KanuTaibHble 3aTpaThl K B Qopmyne (1.13) npuHHMaroTCs paBHBIMH
3,8...5,5 gmomn./Br; KamurampHble 3aTpaThl Ha  CTPOUTEIBCTBO  COJTHEYHOU
sHeproyctaHoBku — 1000 momnapoB Ha 1 kBT ycraHoBiieHHON MOIHOCTH. CTOMMOCTD
anektposneprun C nmpuaumaercs pasHou 0,078 — 0,125 monmapa 3a 1 kBt-4., rogoBbie
AKCIUTYaTallMOHHBIE PpacXoJbl Z MPUHUMAIOTCS HA OCHOBE MMEIOIIUXCS JTUTEPATypPHBIX
naHHbIX B ripeaenax 20% umnu 0,2 OTHOCUTEIBHBIX eANHUIL (0.€.);

Koadduiment ucnonb3oBaHusi SHEPrUM paccuuThiBaercss 1o Qopmyne (1.14).
3HaueHusi CyTO4HOM oOmyuyeHHOcTH OepyTest ans 21 uroHs u 21 gexaOpsi, 3HAUYCHUSA
kodddumumenToB  sicHoctu: Hambosmpmee 0,7, cpemnee 0,5. MakcumanbHBIN
KO3 dULIMEHT MpeoOpa3oBaHUs COJIHEUHON IHEPTUH B JIEKTPUUECKYIO COCTaBIsIeT 15-
16%. KonuuecTBO COMHEUHBIX THEH B roay Ui 3aJaHHOTO pailoHa OmpenensieTcs 1o
tabn. I1.1.7.

[Tnomans paboyeit TOBEPXHOCTH COTHEUHON OaTaper OnpeesieTcss yMHOKEHUEM
KOJIMYeCTBa MOJyJEH Ny Ha TUIomaab ogHoro Moy (0,8 M7).

KOHTpOJIbHLIe BOIIPOCHI

Uro coboit mpencTabigeT porodniekTpuueckas cucrema’?

KaxkoB coctaB HeoOxoaumMoro obopyaoBanust it DIC?

[To xakum mapameTpaM BHIOMPAETCS] MOLTHOCTH (POTOAIEKTPUUECKUX MOJTYJICH?
JlaTh onpeAeneHne NOHATUIO «MOIIHOCTD COJTHEYHOTO U3TYyUYEHHU.

Kaxk paccuurtath 1 BEIOpATh EMKOCTh AKKYMYJISITOPHO# OaTapen?

OT 4ero 3aBUCUT CTOMMOCTH (POTOAIEKTPHUUECKOM CUCTEMBI?

ok wdE

IlpakTueckoe 3ansaTue Ne2,
Pacuyer rejimodHepreTHYeCKOM YyCTAHOBKH

3aganue

1. PaccuuTtaTh cymMMapHyI0 COTHEUHYIO PaJHAIUIoO B CPEAHEM 32 JCHb JAHHOTO
MecsIa.

2. PaccunTaTh JHEBHYIO yIETBHYIO TEIUIONPOU3BOAUTEIHBHOCTD TEIMOYCTAHOBKH
B | — M MecsIIe.

3. Paccuurath YACITBbHYIO MECSYHYFO TETJIONPOU3BOUTEILHOCTh
r'eJIN0yCTAaHOBKH.

4, OnpenenuTh TOTPeOHOE KOJIMYECTBO YHEPTUH JIJIsI HATPEBa BOJIBI B MECHII.

5. OmnpenenuTh HEOOXOMUMYIO IUIOIIAAb T'€IHOYCTAHOBKH B I — M MecCsIe U
BBIOpaTh AyOnupyroliee 000py10BaHHE.

6. [Ipou3BecTH OIIEHKY DHEPreTHYECKHX ITOKA3aTEICH CHUCTEMBI TOPSUYETO
BOJIOCHAOKEHUS.

12



7. OueHuThb HKOHOMHUYECKYIO 3¢ pexTUBHOCTH UCIOJIb30BAHUS
reJIN0yCTaHOBOK.

Ilopsnok pacuera

2.
1. CymmapHasi CoTHeUHasl paaualys B CpeIHEM 3a ACHb TaHHOTO Mecsia, M /[x/m”:
a) Ha TOPU30HTAIIBHYIO TOBEPXHOCTH

S
H:HO a+ 66— ’ (120)

rie H, a u 6— xodbduimenTsl, S — IeWCTBUTENbHAS IJIUTEIBHOCTh COJTHEYHOTO
CUSIHMS, U, So— BO3MOXKHAS MPOJAOIKUTEILHOCTD COJTHEYHOTO CUSHHUS, Y.

3HavyeHus Ko3PHUIIMEHTOB a, 8, S, s YensOuHckol obnactu OepyTcs U3  TaldIl.
I1.1.7. Cpennee 3Hauenue S — mo tabdsm. I1.1.8.

H,=H,-S, (1.21)
rjie H>— sranoHHoe (YCIOBHOE) 3HaUCHHE CYMMapHOM SHEPTUHU, IPUHUMACTCSI PaBHBIM
armocdepromy (1360 Br/m® = 1,36 kBr/m).

VYuuteiBas, uro 1 kBt -u = 3,6 MJIx., mis kaxaoro mecsiua Hp Oyger, MI[)K/MZZ

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

0) Ha HaKJIOHHYIO TOBEPXHOCTH:

H,=H-R, (1.22)
rne R — oTHomIeHHEe cpeAHEMECSYHBIX THEBHBIX MPUXOJOB CyMMAapHOW SHEPrHUM Ha
HAKJIIOHHYIO U TOPU30HTAIBHYIO TTOBEPXHOCTU. Pacuer ciiemyeT mpoBOIUTH NJisi YTJIOB
HAKJIOHA, KOTJA OXKUJAETCS MaKCUMYM COJIHEUHOW OJHEPruu B paccMaTpuBacMbie
mecsirpl. s YensiOHHCKOM 06IacTH TAKMMH YIIaMu sBIstotcst yrmsl or 10 go 30°.
JlanHbIe 715 9TUX YTI0B puBeaeHbI B Ta0u. I1.1.9.

PesynbpTaThl pacueToB cBecTu B Tabi. 1.6
Tabmuua 1.6
Pacuer cymMmapHOM COTHEYHOM panalvu

Mecsn Mau HIOHb HI0JIb aBryCT CEHTSI0pb

Ho

H

Mecsn Mau HIOHb HIOJIb aBrycT CEHTSIOph

Yron

10°

15°

20°

25°

30°

13



1. PaccuuthiBaeTcs qHEBHAS yACIbHAS TETUIONPOU3BOIUTEILHOCTh T€ITNOYCTAHOBKHI
. 2.
B | — M Mecse, MJDbx/m:

QOH FR HTi

yO.i

CLUST. T, 36 . a
= I | %7 e ( -10_:
rane Fr = 0,89 — koapdunmeHT mepeHoca Termiga OT KOJJIEKTOpa K KUAKOCTH; T —
KOA(PGUITUEHT MPOHUKHOBEHUS COJIHEYHOW PaguaIiiu; o — KOAPQPHUIIUEHT MOTIOMICHUS
CONHEYHON pammammy (B pacderax mpuumMmaercs to = 0,7); UL = 6 Br/m>’C —
KOX(PQUITUEHT TEIUIOBBIX TOTEph; [, — TeMIepaTypa OKpYKalIero Bo3ayxa (B
pacderax HNPHHEMACTCS CpeiHee 3HadeHHe: B Mae, ceHtsiope I, = 15°C, HIOHb, HIOID,
asryct 20°C); T,,— TeMIepaTypa Ha BXOJE B KOJUIEKTOP, KOTOPAS OIPELCISICTCS:

B T,+T,

Tex - 124
. (1.24)

rae 75— TemnepaTrypa BOJbl B 0aKe-aKKyMYJIATOPE K KOHITY JIHSI (PUHUMAEM PaBHOM
85°C).

JlHeBHast yjenbHas TEIUIONPOU3BOAUTEIHLHOCTh PACCUUTHIBACTCS JUISI KaXKIIOTO
COJIHEYHOro Mecsna g yrioB Hakiona 10, 15, 20, 25 u 30 rpagycos,
PEKOMEHJOBAaHHBIX KaK HanboJiee oNTUMaNIbHbIC 111 YenssOnHCKoM 001acTy.

Pe3ynbraThl pacueToB cBoasTCS B Ta0a. 1.7, MO JaHHBIM KOTOPOH OMpeaeseTcs
3HAYCHHE JHEBHOW BBIPAOOTKH 3a CE30H I KaXKJOTo yria HaKJIOHA. YTOJ HakKJIOHA,
IIpU KOTOPOM 3HAYCHHE OyJeT MaKCUMAaJIbHBIM, NMPUHUMACTCS 3a ONTUMAJbHBIN, W
JaIbHEHIIINE pacyeThl BEIYTCS JJIsl ATOTO yTJIa.

Tabmuma 1.7
PacueTr THEBHOW TEIIOMPONU3BOIUTEILHOCTH TeJTUOYCTAHOBKH

Mecsn Man HWIOHDb HIOJIb aBr'yCT CCHTHGPL 3a CC30H

Yron

10°

15°

20°

25°

30°

2. YnaenbpHas MEeCSYHAS TEIJIOMPOU3BOAUTEILHOCTD IeIM0yCTaHOBKH, MJIX:

Qi =Qp N-p€ (1.25)
rae N — gucio auelt B Mecstie; p(S) — BEpOATHOCT MPOAOKUTEIBHOCTH COTHEUHOTO
custHus uist S > 9 4, (puc. I1.1.1).

Tabnuma 1.8
Pacuer ynenpHOM MECAYHOMN TEIIIONMPOU3BOIUTEIIBHOCTH

Mau HIOHb WIOJIb aBryCT CEHTSIOph

TH
ya

p(S)

14



Qv

3. Ompenensercs noTpeOHOE KOJTUYECTBO SHEPTHUHU I HArpeBa BOJBI B MECHII,

MJIx:

y -

Q'=N-n-m-C€ -T, | (1.26)

T,
rze N — KOJUYeCTBO JII0JIel; M — CyTOYHasi HOpMa pacxoja Bojbl Ha 1 yenoBeka, kr; C
= 4,19 xJIx/kr-"K — TerioeMkocTs Bogbl; 75— TeMIlepaTrypa HarpeTou Boasl; 1o—
TEMIIepaTypa OKPY’KaroIIEero BO3AyXa.

Pesynbratel 3aHocaTCs B Tabi. 1.9 u ganee onpeaensercs NOTpeOHOE KOJTMYECTBO
DHEPIUU 32 CE30H:

Tabmuna 1.9
OnpeneneHre NOTPeOHOT0 KOJIMYECTBA SHEPTHUH JIJIs1 HAarpeBa BOIbI
Mecsn Mait WIOHb HIOJIb aBTyCT CEHTSAOPh 3a
CE30H
[TotpebHOE KOJIMYECTBO
sreprun Qr, MJIx
5. HeoOxoqumast mIoimaasr reJJMOyCTaHOBKH B | — M MecsIIe, M
on
4= (1.27)
dei ’ .

OH Ny
rac Qni - N — JHEBHas HOTpe6HOCTI> B OHCPI'HUH.

Tab6mauma 1.10

Pacuer ImIomanayv reJIn0yCTaHOBKU U KOJIMYCCTBA KOJIJICKTOPOB
Mecsn Mau UIOHb HI0JIb aBryCT CEHTSIOpb
ITnomans
reJIMOyCTaHOBKH, M2
Kon-Bo kosekTopoB

[To moTpeOHOM IMIIOMIaAN TEINMOYCTAHOBKU OMPEEEeTCS] KOJUYECTBO COJIHEUHBIX
KOJIJICKTOPOB. UHCIIO KOJIJIGKTOPOB HEOOXOIMMO BBIOUPATH YETHBIM JIJISI UX COCAUHEHHUS
T10 MapajuieIbHO-TIOCIEI0BATEIILHON CXEME.

[nomanes  CEpuHO  BBIMYCKAEMbIX  bpaTCkMMm  3aBOJIOM  OTOIMTEIIBHOTO
00OpyZIOBaHUSI COJHEYHBIX KOJIJIEKTOPOB COCTABIISIET 0,8M2. HUcxonst u3 »sroro,
PACCUUTHIBAECTCS KOJIMUYECTBO KOJUJIEKTOPOB JIJISI KAXKI0TO MECHIIA.

JInst  BOCHOJIHEHWST DJHEPTUM  HEOOXOJMMO JIOTIONHUTEIBHOE 00OpyJAOBaHHE.
MomHOCTh TyOIUPYIOMIETO UCTOYHUKA BBIOMPACTCS U3 YCIOBUS TOJHOTO OTCYTCTBUS
HarpeBa 3a CYET COJIHECYHOW SHEPTHUU.

6. Ormenka SHEPTETUYECKHUX MTOKA3aTeNIe CUCTEMBI TOPSIYETO BOJOCHA0KECHUS
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I[JISI Ka}KﬂOﬁ miIomaan KOJJIICKTOPOB, paCCUYMTAHHLIX B .5 PaCcCMaTpPUBAOTCA UX
OHCPIreTHICCKUE IMMOKA3aTCIIn C OCJIbIO OIIPEACIICHUA OITHMAJIBbHOU IJiomraau.

6.1. KoaddunmeHT ucmonp30BaHus MOTEHITUATLHON YHEPTHH

i=1

> : 1.28
Z HT(max)i ( )
i=l

UKCIuTeINb MpeICTaBIseT Co00H CyMMapHOE 3HAYCHUE COJTHEUHOM paJnallii 3a BCe
MECSIIBI JUIS yTJIa HAKJIOHA, P KOTOPOM 3TO 3HA4YCHHE OyJeT MaKCUMAJIbHBIM. B
3HaMEHAaTeJIe CTOUT CyMMapHas COJIHEYHAs SHEPIrHus B 3TH )K€ MECSIBI IO YIJIOM
HAKJIOHA, O0OECIICUMBAIOIIMM MAaKCUMaJIbHBIM TIPHUXOJ COJHEYHOW paauanuu (I10
JIAHHBIM I1.10).

KosddurmeHT ucrmonp30BaHUsS COJHEYHOM HHEPrUM TIOKa3bIBaeT, HACKOJIBKO
3G ()EKTUBHO  HCIIOJIB3YEeTCS  COJIHCYHBIM  IOTCHIMAI  TI'eJIMOYCTAaHOBKOH  IPHU
OIIPECIICHHOM YTJIC HAKJIOHA.

7.9
KHCH -

6.2. KoadduineHt ucronbp3oBaHus SHEPTUU, BbIpaOaThIBAEMOM

FGJIPIOYCTaHOBKOﬁ
K‘F v QnOJl.i
aci = 1.29
Q@.i ! ( )
rac Qno,v.i — TIOJIC3HAsA SHEPIH, BBIpa6aTBIBa€MaH FGJII/IOYCTaHOBKOﬁ BIi-M MCECAIIC

(oHEprus, KOoTopas HCIONb3yeTcs motpedutenem); Qi — dHeprus, BbIpaOaThIBacMas
TeJIMOYCTaHOBKOW B | — M Mecslle, KoTopast onpeaensercs, MJx:

Qi=Qli-A (1.30)

2
rae A — IIoIIaas CTaHAapTHRIX KOJICKTOPOB, M-, BRIOpaHHAas B I1.5.

KoaduiineHT HCmonbp30BaHmst SHEPTUU PACCYMTHIBACTCS IS KAXKIOT0 MECsIa 1
JUTSE Kaok 1o riomaan (tadm. 1.11)

Tabmuma 1.11
KoadduimeHT ncnonp30BaHus SHEPTUU
MeEcCAL Mai HWIOHb HUHOJIb aBr'yCT CCHTHGPL

2
A, M on .
yo.i

Qni
Qei
Kuc
Q(;i
Kuc
Q(;i
Kuc

[Tone3nas 3HEpTrUs paBHa:
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Qg.i ' eCﬂuQr?.? 2 Qe.i

0H<

ni —

QnOJZ.i -

Q. ecu

6.

0
Ipu Q. = Q,; xo>pdumueHT Hcnonb30BaHks paBeH 1.

6.3. KoapdunneHT odecrnedeHHOCTH NOTPEOUTENS COTHEYHOM dHEPTHEH

K _ Qnozz.i
06.0 — (]_ . 3]_)
OR
PaC‘-IeTBI BCOYTCA JJI1 KaXJa101ro MECALla IIpu pa3JII/ItIHOﬁ IIomaaun
I'¢JINOYCTAHOBKH.

PesynbraThl pacdyeToB KO3((GUIIMEHTOB HCIOJb30BaHUS W OOECIICUCHHOCTH 3a
Ka)KIBIM MECSI] U 3a CE30H CBOIITCA B Ta0i. 1.12:
Tabmuma 1.12
Pacdet k03¢ QuITMEHTOB UCTIOIB30BAaHUS U 00SCIIEUCHHOCTH

IIno-manp,
M2

Mau

HIOHb

HIOJIb

3a ce30H

aBrycT

CEHTAOPH

Kucn

Ko6

Kucn

Koﬁ

Kucn

Koﬁ

K ucn

K06

KUC‘}’I

K06

K ucn

Ko6

[IpoBoauTCs aHamU3 TaOIHIIBI C TIENBIO onpeaeaeHus 3P HEKTUBHOCTH PaOOThHI
reJIMOYCTaHOBKH.

6.4. Koaddunment 3amenienns moTpeOHON SHEPTUU

-~

1:i“/ =K, 0 € (1.32)

Kosddumment 3amerniennss paccuuThIBA€TCS C yYE€TOM BEPOSTHOCTH COJIHEYHOTO
cusaust  p(S) (pume. I1.1.1) m1g Kakmgoro wecsia 0OpH Pa3IdYHONW IUIOIIAH
reJIMOYCTAaHOBKUA.  BEpOSITHOCTh  COJIHEYHOTO  CUSIHHMSL — pacCMaTpuUBaerca  JJis
MPOJOJDKUTEIRHOCTH S > 9 4. JlanHbIe 3aHOCATCS B TaOm. 1.13 u cymmmpyroTcs 3a
CE30H.

Ta6muma 1.13
KoaddunmeHT 3amenieHus: SHepruu

Man

MECHAL 150:0)515) HHOJIb aBI'yCT CCHTSIGpB 3a CEC30H
p(S)2
A,M K05 §v Kgg v K05 Y K06 7Y K06 Y Ko5 £V
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7. OHCHKa AKOHOMHUYECKOMN Bq)(i)eKTI/IBHOCTI/I HCIIOJIB30BAHUA I'CIINOYCTAHOBOK

7.1. OnpenensieTcss KOIMYECTBO MOJE3HO BbIPA0ATHIBAEMON S3HEPTHH IPU
Pa3IMYHOM MIOMIAAN KOUIEKTOpoB DV

c _A¢C c
QI’[OJZ.Gblp. - Qn fi . (133)
JlanHble 115 pacdeta OepyTcs 3a ce30H. Pe3ynbTaThl pacueToB I pa3HbIX
IIoIaaen ceoaarcsa B Taon. 1.14.

Tabmuua 1.14
KonudecTBo 1mosie3Ho BeIpadaThIBAEMOM SHEPTUH

IImomane, M

anon. 8bIp, MI[)K

7.2. OnpenensieTcss KOJIMYSCTBO COKOHOMIICHHOTO TOTUIMBA MPU Pa3IUYHON IIIOIIAIH,
T.y.T.,

QC
AB — noiu
TTQrn, (134

rae Q, — TEmIOTBOpHAsA CIOCOOHOCTH YCIOBHOTO TOIUIMBA, MPUHMMAETCS PaBHOM

29330 MIX/T.; Msx — SKOHOMUYECKUN K.I1.]T. TEIMOYCTaHOBKH, KOTOPBIA OMIpeIesieTcs
MIPOU3BECHUEM

Mox— MNrx nTry Nre npen

rie Nx = 0,8 — xoahdunmenT, yduTHIBAIONMN TOTEpU TPU TPAHCIIOPTUPOBKE W
XPaHEHUH; Ty — KOID(PUIMEHT MOJE3HOrO MCIOJIb30BAaHUS TEIUIOT€HEPUPYIOIINX
yctaHoBoK (0,48 miist anexkrpuueckoit anepruu, 0,55-0,8 st sxkunkoro Toruga; 0,45 —
0,65 nns xkamennoro yrist; 0,4-0,5 — nns Gyporo yrius; 0,5-0,7 — nns raza); 1y = 0,85 —
KO3 PUINEHT, YUUTHIBAIOIINN MOTEPU TEIJIOTHI B TEIJIOBBIX CETAX; Mper = 0,85-0,9 —
K02 PUITHEHT, XapaKTepU3YIONTUH HETOYHOCTh PETYIMPOBAHUS MTOAAYN TETIJIOTHI.
PacueTsl cBOmTCS B TaOM. 1.15.
Ta0Omuna 1.15
KonmdecTBO COKOHOMIICHHOTO TOILIMBA

DnekTpo- Kunkoe Kamennseiii | bypsiii yrois l'a3
JHEPIHUs TOIUIMBO yrojb

Mok

AB, 1.y.T
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7.3. OuennBaercs 3P HEeKTUBHOCTh TeJIMOYCTAaHOBKH 10 SHEPTETUUECCKUM
3aTpaTam:
- KOJIMYECTBO 3HEPIruM Ha co3nanue ['DV:

Dy =27V - 4
my — yo : (1.35)
DHepreTUUecKre 3aTpaThl HAa EAMHUILY IUIOIAJANA COJIHEYHOIO KOJUICKTOpa

COCTaBJIsIeT puMepHo 3= 5700 M/[x/M?, Toraa

Irmy=5700 A, MJTx.

- 3¢ (heKTUBHOCTH YHEProO3aTpar:

r — Oor _ _ Oon : (1.36)
I,y 57004

Pacuer Begercs nuis K101 U3 IUIOMIAAEN TEIMOYCTaHOBKH
-CpPOK OKYIIa€MOCTH Pa3JINYHbIX BAPUAHTOB I'eJINOYCTAaHOBKU T, NeT:

5,y 57004

Niox Nion

T =

(1.37)

Tabnumna 1.16
Ouenka 3(ppEeKTUBHOCTU reIN0YCTAHOBKH

IInomane, M’

Iy, Mx

r

T, met

JImst  CTOMMOCTHOW OIIEHKH TEeIMOYCTAHOBKH OIPEACISICTCS CPaBHUTEIIBHAS
3¢ (HEKTUBHOCTS:

acp:ﬁTABT_aKyd.A, (138)

rae PBr — croumocth opranudeckoro torumsa (4000 py0./T.y.1.); 4Br — KOIM4ECTBO
COKOHOMJIEHHOT'O TOTUIMBA, T.y.T.; 0. — KOA(DPHUIIMEHT, YUUTHIBAIOUIUHN A0 OTYUCICHUN
OT KaNMTAJIOBJIOXKEHU K Ha aMOpTU3alMIO, TEKYIIMH peMOHT U Ap.(B  pacuerax
npunumMaercs = 0,1); Ky — KanuTanoBIIOKEHNs Ha OJHY I'eJIN0YCTaHOBKY, paBHble 1200
py6/m°.
Pe3ynbraTel pacueToB cBoasTCs B Tad. 1.17.
Tabnuma 1.17
OneHka reImoyCTaHOBKH [T Pa3HBIX BUJIOB TOILJIMBA

Bun Tonumsa 4B, T.y.T Tnouanp, M”

DneKTposHeprus

Kunakoe Tomnmso

Kamennslii yroas
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Bypsiii yronb

l'as

CebecToMMOCTh TEIJIOBOM SHEPTUH

C sy

my = m , (1.39)

rjae Ursy — roioBbIe U3IEPKKH JIJIs1 KQKIOU TUTOIIAIH:

Hpyy=a-K, -4, (1.40)

Tabmuua 1.18
PacueT cebecTOMMOCTH POU3BEACHHON TEIJIOBOM SHEPTUH

IInomane, M-

Hrsy, py6

Cray, pyo/M]JIx

Croy3,6, pyo/kBru

[lo mpoBeaeHHBIM pacyeTaM OIpeAensseTcd HauOoJee BBIFOJHBIA BapHUAHT

reJIMOyCTaHOBKH.
KoHTposbHBIE BONPOCHI

1. YcTpoicTBO U NPUHIIMI IEWCTBUS TeTUOIHEPTETHUECKOM YCTaHOBKH.

2. Kaxk paccunTarh TEIIONPOU3BOIUTEILHOCTD TeTH0oyCcTaHOBKH? OT yero oHa
3aBUCHT?

3. BrnusHue  yrma  HakJOHa ~— TUIOCKOCTH — COJIHEYHOTO  KOJUIGKTOpa  Ha
TEIUIONPOU3BOIUTEIBHOCTD M€JIMOYCTAHOBKH.

4. Kakue k03P hUIMeHTsl HCIOIB3YIOTCS ISl OIICHKH YHEPTreTUYECKUX ToKazaTenein
CUCTEMBI TOPSAYETO BOJIOCHAOKECHHUSI?

5. Urto Takoe yCclIOBHOE TOTIJIUBO?

6. Kaxkumu mokazaTensiMu MOYKHO OIICHUTH S3KOHOMHUYECKYHO d(ppexkTuBHOCTh [ DY ?

1. IPEOBPA3OBAHUE U UCITIOJIb3OBAHUE DHEPT'UA BETPA

BeTp03Hepreanec1me YCTAHOBKH

Cpenu sHeproycTaHOBOK, UCIIOJIB3YIOIIUE BO30OHOBISIEMbIC HCTOYHUKH YHEPTUH,
caMo€ IIMPOKOE pacHpOCTPAHEHHE HAILIA BETPOIHEPreTUYECKre yecTaHOBKH (BOY).

Hcnons3oBanne BOY 1o cpaBHEHUIO € IPyTUMU HETPAAUIIMOHHBIMUA UCTOYHUKAMU
JUTsl aBTOHOMHOTO AJIEKTPOCHA0XKEHUSI UMEET PSi/I MPEUMYIIECTB:
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- crouMocTh 1kBT ycraHoBieHHOM MomHOcTH BOY HamHoro Huxke, yem y ®OC u
CpaBHUMAa CO CTOMMOCTbIO MUKpOl IC;

- BETPOBBIE PECYPCHI MO CPABHEHHIO C COJIHEYHBIMH, PacHpeleieHbl JOCTaTOYHO
pPaBHOMEPHO B TEYCHHE T'0JIa U B TCUCHHE JHS;

- BDOY MoxHO pa3zMecTuTh Heaneko OT 00beKTa IHEPrOCHAOKEHHS, B TO BpeMsi, KaK
pacnoioxxenre MUKpol DC npuBsS3aHO K peKe;

- o cpaBHeHHI0 ¢ ®IC, mpousBoacTBo BOY He TpeOyeT BHICOKOTEXHOIOTHYECKOTO
000OpyZI0BaHUsl, U TOITOMY, OOJBIIMHCTBO 3jeMeHTOB BDY MOXHO BbINIyCKaTh Ha
J1000M MAlIMHOCTPOUTEIEHOM TPEIIPUSTUN WK U3TOTOBUTH COOCTBEHHBIMU CHUJIAMHU.

Haubonee pacimmpenHas cxema 3HeproycraHoBku ¢ BOY npusenena Ha puc. 5.

Ha3naueHue 371€MEHTOB CXEMBL:

BOVY zapskaer akkymynstopHyto Oarapeto  (AB). s mpeoOpazoBanHus
Tpex(a3zHOro NepeMeHHoro HampsikeHuss BOY B MOCTOSIHHOE MMEETCsl BBIIPSIMUTEIb.
HNuBeprop mnpeoOpa3dyeT »SHEpruro, 3amaceHHyro B Ab, B BBICOKOKaue€CTBEHHOE
onHodasznoe Hampsbkenue 220B/50T'n. HemocpenctBenHo k Ab  mojakiroudaroTcs
NOTPEOUTENH MOCTOSTHHOTO HAMIPSKEHUS.

’ 208 /50Ny 12/ 24/408

[T [ ]

e Aemmrens
- A HEepTOD HANPAXEMHA
Eunpat - AXK YMYSRATOPHAA PN IPOANSP
HAMPYIOK
Tene barapea ! nocromiore Toxa
1 1
KoM TDOARED
™ Iapasa Ak

Puc. 5. CtpykTypHas cxema sHEeproyCTaHOBKHU C MCIIOJIb30BaHueM BOY

Jlns monyuyeHus psga HanpsbKeHUW TocTosHHOro Toka (12/24/48B), umerorcs
JICITATENH HANIPSKCHUS.

K wuHBepTOpy MNOAKIIOYAIOTCS TOTPEOUTENM CTaHAAPTHOTO HanpsHKEHUS.
KonTtpomiep 3apsiaa perynupyer 3apsgHOE HAIPSHKEHUE U, TEM CaMbIM, IPENOXPAHSIET
Ab ot nepesapsina. U30biTok sHeprun BOY, koTOphIid OCTaeTCs Mpu peryiupoBaHUU
3apsIIHOTO HAIPsDKEHMS, UACT Ha HAarpeB BOJABI B Ooiliepe WJIM HArpeB BO3JayXa B
MoMeIIeHuu. /g 3Toro nMeercs BoASHON WK Bo3ayHbii TOH.

[Ans  npemorBpamienuss mnepepaspsga  Ab, wnMeeTcs KOHTpoJulep Harpys3ok
MOCTOSTHHOTO ToKa. Kak Tonpko OaTapes mnpuOimKkaercs K OMacHOMY YPOBHIO
nepepaspsia, JaHHbIA KOHTPOJUIEP OTKJIIOYAET HAarpy3Kd MOCTOSIHHOTO TOKa. 3allUTy
ABb oT nepepaspsiga B IMHUU IEPEMEHHOTO TOKA OCYIIIECTBISIET UHBEPTOP.
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Ha cnyyail 1auTeNnbHOrO IITUJIS UMEETCS KaKOW-TMOO pe3epBHBIA SHEPTOMCTOUHUK
st 3apsga Ab. B pganHoM ciiydae 3to ausenbHas snektpoctanums (J9C), koTopas
MOJKJII0YAETCS] K UHBEPTOPY.

BOABIIMHCTBO COBPEMEHHBIX MHBEPTOPOB UMEIOT BCTPOEHHOE 3apsAHOE YCTPOMCTBO
OT Fe€HepaTopa NEPEMEHHOIO TOKA UJIU CETH.

Momnocts BOY B paccmaTpuBaeMoil 3HEPrOyCTaHOBKE, OOBIYHO HE MPEBBIIIAET 5
kBT1. Takoe orpaHM4eHHE CBSI3aHO C BXOJHBIM HAIPSIKEHUEM CEPUNHBIX UHBEPTOPOB,
kotopoe He mnpebimaet 48B. Ilpu yBenuuenun MourHoctd BDOY OGonbmie 5 kBT u
HHU3KOM HanpspkeHnn Ab, HOMUHAIIBHBIN TOK T€HEPATOpPA TOCTUTAET TAKOU BEJIUYHHBI,
4T0 3(h(PEKTUBHOCTH IHEPTrOYCTAHOBKHU CHIKAETCS.

OHeproycTaHOBKa MOKET HCIOJIb30BaThCA ISl AJIEKTPOCHAOKEHUSI OBITOBBIX
HArpy30K B JKHJIOM JIOME, TaKUX, KaK OCBEILICHUE, TeJie- U ayJIMOTEXHHUKA (TEeIEeBU30PHI,
CIyTHUKOBBIE  QHTEHHbI,  BHUJICOMAarHUTOPOHBI, = MAarHUTOPOHBI,  MPUEMHUKH),
XOJIOMUIBHUKN W JPYTHe KYyXOHHBIE SJIEKTPONpUOOphl (MHUKCEPHI, HEOOJbIINE
AJIEKTPOIIeYH, KUMATWIbHUKY, Neun CBY, xodeBapku, 37IeKTpOYaHUKH, TOCTEPHI, U
T.I.), OPTTEXHHUKA (KOMIIBIOTEPHI, IPUHTEPHI, CKAHEPHI, KCEPOKCHI, TeIe(POHBI, (pakchl U
T.I.), py4HOU 3JEKTPOMHCTPYMEHT (ApPEH, IJIEKTPOIOO3HUKH, ANEKTPOPYOaHKH U T.II.),
Jpyryue OBITOBBIE AIEKTPONPUOOPHI (MBLIECOCHI, (DEHBI, YTIOTH, CTUPAJIbHBIC MAIWHBI,
BEHTUJISATOPHI, KOHAUIIMOHEPHI, SJIEKTPOHATPEBATEIN HEOOIBIION MOIIHOCTHU U T.I1.).

Kpome TOro, sHeproycraHoBka, IpUBEIECHHAas Ha pPHUC. S5, MOXKET CIYKHUTb
MCTOYHUKOM  DJIGKTPUYECKOW SHEPruM g OJHO(PA3HOrO0  IPOMBIIUIEHHOTO
3JIEKTPOOOOPYI0BaHUST HEOOJIBLIIOW MOIIHOCTH (HAcCOChI, KOMIIPECCOPHI, HACTOJIbHBIE
CTaHKU W T.I.), DJIEKTPOIPUOOPOB, TMPUBOJUMBIX B JICUCTBUE JIBUTATEISIMU
MOCTOSIHHOTO TOKa (XOJOJUJIBHUKH, HACOCHI, U T.I.), @ TaKXKe BJIEKTPONPUOOPOB, B
KOTOPBIX MPEAyCMOTpPEHa BO3MOXXHOCTHb PabOThI OT aKKyMYJISITOPOB WM OaTapeex
(TenmeBU30pbl, MArHUTO(OHBI, MPUEMHUKH U T.11.).

B OosbIIMHCTBE MPUKIATHBIX 3a/lad BETPOIHEPIETHKU TOPa3/l0 Ba)KHO 3HATH HE
CyMMapHOE€ KOJIMYECTBO JHEPTrUH, KOTOPOE MOXKET BbIpabOTaTh BETPOYCTAHOBKA,
HaIpuMmep, 3a ToJl, a Ty MOIIHOCTh, KOTOPYIO OHa MOXET 00ecneuynBaTh MOCTOSHHO.
[Ipu cunbHOM Betpe, oT 10 g0 12 M/C, BETpOYCTaHOBKH BBIPAOATHIBAIOT JOCTATOYHO
AJIEKTPOIHEPTUH, KOTOPYIO HMHOTAA Ja)Xe MPUXOIUTCS cOpachiBaTh B CHUCTEMY WIIH
3amacathb. TPYJHOCTH BO3HHMKAIOT B TEPHOJbI JUIMTEIBHOTO 3aTUIbI WIH CIaboro
BeTpa. [loaTOMyY 1711 BETPOSHEPIEeTUKHU SIBJISIETCS] 3aKOHOM CUMTATh PAMOHBI CO CPEIHEU
CKOPOCTBIO BETpa MEHEe 5 M/C MaJONPUTOIHBIMU JIJIsl pa3MEIICHHS] BETPOYCTAHOBOK, a
CO CKOpOCThIO 8 M/C — oueHb XopomumMu. Ho He3aBUCMMO OT 3TOro BO BCEX ClIydasx
TpeOyeTcss THIATENbHBIA BBHIOOP MapaMETPOB BETPOYCTAHOBOK MNPUMEHHUTENIBHO K
MECTHBIM METEOYCIOBHSIM.

IlpakTnueckoe 3anaTue Ne3. PacueT BeTpoIHepreTnyeckoii
YCTAHOBKH

3amanue
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1. I3yunTh METOAUKY OMNpEACICHUS BETPOIHEPIETHUECKOTO MOTEHIIMAJa
MECTHOCTH;

2. PaccumTaTh DSHEpPreTHYECKUE IMapaMeTpPhl BETpa M OMNPEACIUTh BETPOBOU
MOTEHIIUAJT 33IaHHOTO PaiioHa;

3. CpaBHUTH pe3yibTaThl METEOPOJOTHYCCKUX HAONIOACHUN C pacmupeneicHueM
Panes;

4. PaccuuTath NPOU3BOAUTEIHLHOCTh BETPOIHEPTETUUECKON YCTAHOBKH.

[Topsimok pacuera

OnucaHue METOIMKU U3MEPEHUN.

JIns  1mpoBeneHMs aHaNM3a BETPOIHEPreTUYECKOTro IMOTeHuuana TpelOyeTcs
MpEeIBAPUTEILHO MPOBOJUTH B TEUEHHUE TOJla €XKEAHEBHBIE 5-TH KpaTHbIE U3MEpPEHUs
CKOPOCTH BETpa C PaBHBIMU IMPOMEKYTKaMu BpeMeHU: B 9 4, 12 4, 154, I8y u B 21u.

B nanHoil pabote ucrnonb3yercs 0a3a JaHHBIX, MOJYYEHHAs HA METEOCTAHIIMH.
M3mepennst NpoBOAWINCH €KEJHEBHO B TEUEHHE OJHOTO TOJja C HHTEPBAJIOM 3 yaca.

[Topsinok 00pabOTKM pe3yIbTaTOB U3MEPEHHUN CIEAYFOIIHIA:

1. Pe3ynbpTaTsl U3MEpeHU cKOpOCTH BeTpa V1, M/C, 0OBEIUHSIIOTCS B TPYIIIHI C
untepsanoM Av. O6uiee yncino usmepennii N =2912,

2. TIoCKOJIBKY M3MEPEHHsi CKOPOCTHU TIPOBOJISTCS HA BHICOTE YCTaHOBKH umtorepa Ny,
= 10M, a I OLICHKM DHEPreTMYECKOro MOTEHIMAlIa HY)KHa CKOPOCTh BETpa Vi Ha

BBICOTE MPEATOIaraeMoil yCTaHOBKH BETpOTypOuH N1, onpenenenue ckopocTu BeTpa Ha
ATOI BBICOTE BBIMOJIHIETCS C TOMOIIBIO U3BECTHOM anlPOKCUMAIIMOHHOW 3aBUCUMOCTH
m

h,
Vi =V, F , (2.1)
P
rae h; mpunumaercs paBHor 20 — 100 m. KoaddwurmeHt Bo3pactaHus cpemaHei

CKOPOCTH BETpa C BBICOTOM M 3HAYCHHUS MMOKA3aTEe s CTEIICHN M JIJIS pa3IMIHBIX CE30HOB
oepytcs u3 Taou. 2.1.
Tabmuna 2.1
KoadhdummenT Bozpactanus cpenneit ckopocti Betpa ¢ Beicotoit v(hi)/v(hy) u
MOKa3aTeNlb CTENICHU 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
Becn 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

3. OmpenensieTcs: BEIMYMHA BEPOSTHOCTHOTO pacTIpeieIeHHsi CKOPOCTH BETpa

@v = Nvi /N, (2.2)
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rae Nvi— uncso usmMepenuii B i — M CKOPOCTHOM HUHTEpPBAJIE.

Crpoutcs 3apucumocts @DV=F(V). TIIpoussenemne @DV-Av Moxker ObITH
MHTEPHPETUPOBAHO KaK YacThb BPEMEHHM ro0/la, B TEYEHHE KOTOPOro CKOPOCTh BETPA
MMEET 3HAYEHHMs, 3aKIF0YEHHBIE B MHTEpBaie OT V 10 V+AV.

4. CpegHee 3HaU€HUE CKOPOCTH BeTpa Ve ONpeIeIIsieTCs COOTHOILIEHUEM
ve=2 Vi /N, (2.3)

rae X Vi— CyMMa BceX U3MEPEHHBIX 3HAYEHHI CKOPOCTH.

5. OnpenensieTcs BEPOSITHOCTD D . TosBIEHHS BETPA CO CKOPOCTHIO V, Oonbiieit
V >V

HEKOTOPOM 3aaHHOW CKOpPOCTH V', sl 9ero CKJIabIBAIOTCA BEPOSTHOCTH BCEX
CKOPOCTHBIX MHTEPBAJIOB, B KOTOPBIX V > V',

Beposithocts @Dy>y’ MOKET OBITH MHTEPIPETHPOBAHA KAaK YacTh BPEMEHH roja, B
TEUEHHUE KOTOPOTO BETPHI AYIOT CO CKOPOCTHIO, OOJIBIIIEH V.

Crpourtcs 3aBucumocts Dy, = (V).

6. MomIHOCTh BETPOBOTO MTOTOKA €IMHUYHOTO ceueHus Pv, BT onpenensercs

P,=pV3/ 2, (2.4)

rI€ p — INIOTHOCTh BO3AYyXa, MPUHUMAETC paBHOU 1,226 KT/M .
[Ipouseenenue P @vnpencrapiseT codok PYHKIIUIO pacpeIe/ICHUs YHEPTUH BeTpa.
Crpowurcs 3aBucumocts P @v = f{V).

7. Crpoutcs 3asucumocth PV = f(@v>V’), mnossonsiomas onpenenuts
BEPOSITHOCTh 0KUJAAHMS BETPOBOIO MOTOKA 33JaHHON MOIIHOCTH.

B T1abn. 2.2 3agaHbl 3HAY€HUsS] CKOPOCTEM BeTpa M COOTBETCTBYIOIIEE YMCIIO
VU3MEpPECHUM.

[Tocne BoInoNHEHNS] 00paOOTKU U3MEPEHUI U pacyeToB Ha ocHOBaHUU opmyn (2.1
— 2.4) ¥ MOCTPOCHHBIX 3aBUCUMOCTEN HEOOXOIMMO TTPOBECTH aHAJIU3 MOTYYEHHBIX
pE3yNbTATOB.

8 AHanu3 NOMyYEHHBIX PE3yIbTATOB

8.1. Tlomwsysace moctpoennoii 3aBucumocteio @ V= f(V), cpaBuuts cpemnee
3HaUYE€HHUE CKOPOCTH BETpa C Haubojee BEPOATHBIM 3HAYEHUEM CKOPOCTH BETpa B
JaHHOM MECTHOCTH, a TakKXe C pPacyeTHOW CKOPOCTBbIO, IPUHUMAEMOM I
npoektupoBanus BOY (v =10 — 12 m/c).

8.2. Tlonp3ysck MOCTpoeHHOM 3aBucuMocThio POV = f(V), onpenenuts 3Hauenue
CKOPOCTH, MPU KOTOPOH (PYHKIUS pacnperesieHus: SHEPTHUH BETpa UMEET MaKCUMYM U
CpPaBHUTh €ro ¢ HauOoJiee BEpOSTHBIM 3HAYEHUEM CKOPOCTH BeTpa B JIaHHOMU
MECTHOCTH.

8.3. Ilomw3ysach mnocTpoenHoil 3aBucumocthio PV = f(@v>V’), ompenenuts
BEPOSITHOCTh OKHUJIAHUS BETPOBOI0 MOTOKA MOIIHOCTEIO 0,5; 1 u 2 kBT.
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8.4.Tlo pe3yiibTaTaM IIPOBCACHHOI'O aHaJIM3a CACIAaTh BbIBOJLI.

Tabmuna 2.2
CraTucTuyeckuil aHaau3 pe3yJbTaToOB U3MEPEHHUI CKOPOCTH BeTpa
Vv, M/C N dy Qy>y’ Pv, Pv- v
Br/m?
34,9 1
32,8 1
28,4 2
26,2 15
24,05 9
21,9 33
19,7 61
17,5 97
15,3 145
13,1 212
10,9 348
8,7 407
6,5 548
4,3 604
2,1 66
0 363
Bcero 2912

OnpeneneHre BETPOBOTO ITOTEHIINAJIA 3aJaHHOTO paiioHa.

ITo tabm. I1.2.1 — I1.2.3 onpeaenuTs CpeaHEro10BbIe 3HAUCHUSI CKOPOCTU BETpa s
3aJJaHHOTO pailoHa.

Kapra pacnpenenenusi cpeaneit ckopoctu Berpa HOxknoro VYpana (puc. I1.2.1)
MOKa3bIBACT, YTO HAWOOJBIIUE 3HAYEHHUS JOocTUraloT §8...9 M/c, a MHUHUMAaIbHBIC
3HAUCHUA B 3aTEHEHHBIX MecTax 1...2 M/C, B CTEMHOW 30HE CKOPOCTh BETpa BHIIIE B
cpenHeM Ha 2 M/c, 4eM B JiecocTenmHod 30He. [lepBbIii pailoH BKIIOYAET OTKPBITHIC
BEpIINHBI Y pabckux rop. CpeaHerooBas CKOpOCTh BETpa COCTABIISET Oosee 8 m/c.

BTopoii palilOH 0XBaThIBAa€T CTEMHYIO 30HY PETrMOHA CO CPEOHEUW CKOPOCTBHIO BETpa
45 — 5,5 w/c. [aHHas TeppuUTOpUs HMEET Pa3BUTOE CEIbCKOXO3SHUCTBEHHOE
MIPOU3BOJICTBO U OXBaThIBaeT OoJiee 50% TeppUTOpUU pEeTHOHA.

Tpetuii pailoH pacroyiokKeH B JIECOCTEIHON 30HE CO CKOPOCThIO BeTpa 3,5 — 4,0 M/c.
30Ha OXBaThIBACT IIEHTPAIBHYIO M CEBEPHYIO YacTh PETHMOHA M 3aHUMAET MPUMEPHO
40% Tepputopum.

YeTBepThIil paliOH PacCIiONOkKEH B TOPHO3ABOACKOMN 30HE. CpellHssi CKOPOCTh BETpa
cocTaBigeT 2,5 — 3,0 m/c.

1. Tloctpouth rpaduK CPETHEMECSYHBIX CKOPOCTEH, OMPEACTUTh MECSIbI C
HanOOJIBINCH CKOPOCTHIO BETPA.

2. TTo dopmyie 2.1 u tabn. 2.1 onpeaenuTh CKOpPOCTh BeTpa Ha BbicoTe h; uepes
CKOPOCTh BeTpa Ha BbIcOTe (urrorepa Ny Asl pa3mMYHON BBICOTHI yCTaHOBKH. Jlis
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IpUOIU3UTENBHBIX PACUETOB MOKHO BOCIOJIB30BaThCS 3HaUeHHEM Koaduimenta Ky,
KOTOPBIN JJI pa3HbIX pailoHOB YensOnHCKOW 00IacT MpUBeAeH B Tad. 2.3

m
Ky = Dy (2.5)
hab
Tabmura 2.3
3nauenus kodpdunuenta Ky
Bricora 1 paiion 2 paiioH 3 paiion 4 paiton
HU3MEPCHUA

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. OnpeaenuTh yAeIbHY0 MOITHOCTh MOTOKA BETPOBOH 3Hepruu (hopmyia 2.4)
2.4. OnpenenuTh yACIbHbIN BAIOBBIN MMOTEHIIMAT BETPOBOW YHEPTHUH 30HBI 110
CpeIHel yAeIbHON MOIIIHOCTH BETPOBOT'O IOTOKA

W,,,=<P>T/20, (2.6)
rae 7= 8760 u/rox.
2.5. BanoBslif mOTEHITMAT TEPPUTOPUH OTIPEEISIETCS TI0 opMyIIe

Wez Wye' 81 (2.7)

riae S, M° — IIOMIAAb TEPPHTOPHH.
O61ast [IOMAAb TEPPUTOPHH [IEPBOTO paifoHa — 1,54 ThIC. KM°, BTOPOTO paiioHa —
45,71 ThIC. KMZ, TpeThero paiiona — 31,9 ThIc. KMZ, YeTBEPTOTO parioHa — 8,75 ThIC. KMZ.
2.6. OmnpenenuTh TEXHUYECKUM TMOTEHIIMAN, KOTOPBIA 3aBUCUT OT IMapaMeTpoOB
BETPOIHEPIeTUYECKON YCTAaHOBKHM, CPEAHErOJIOBOM CKOPOCTH BETpa Ha BBICOTE
YCTAHOBKH, a TaKXe IUIOIIAAd 30HbI, MPUTOAHOW [IJIi COOPYKEHHUS YCTaHOBKH.
[TpubnamKeHHOE COOTHOIIEHUE MEXTY BaJIOBBIM U TEXHUUYECKUM MOTEHIIMAJIOM PABHO

W,,/W,=0,02. (2.8)
2.7. OnpenensieTcss dKOHOMUYECKUI TTOTEHIIHAII BETPOBOU YHEPTUHU

W, = 0,005W,, . (2.9)
Pe3ynbTaThl pacueToB s 3aIaHHOTO pailoHa U BBICOTHI CBOJSITCS B Ta0. 2.4.

CpaBHeEHME PE3YILTATOB METEOPOJIOTHUYECKMX HAOJIOIEHUM C pacOpeaeICHUEM
Pones.
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[IpoBeneHHBIN aHAIM3 XapaKTEPUCTUK BETPa COCTOSII B MaTeMaTH4eckoil o0paboTke
MacCHBa JKCHEPUMEHTAJIbHBIX JAHHBIX C HCIIOJIb30BAHUEM METOJIOB MATEMATUYECKOU
CTAaTUCTUKU. DTOT aHAJIM3 CYIIECTBEHHO Obl YMPOCTWICA, €ciu Obl Ajid (YyHKIUU
pacnpesesieHusT BEPOSITHOCTH CKOPOCTH BETpa MMENOCh AaHAJUTHYECKOE BBIPAKEHHE,
COOTBETCTBYIOILIEE AKCIEPUMEHTAIBHBIM JaHHBIM. B 3TOM cilydae, BO-NIEPBBIX, PE3KO
OBl COKpaTWJIOCh HEOOXOAMMOE KOJMYECTBO M3MEPEHUN CKOPOCTU BETPa, BO-BTOPBIX,
nosiBUjgachk  Obl  BO3MOXXHOCTh  QHAJMTHYECKOrO  pacyera  XapaKTEPUCTHK
BETPOYCTAHOBOK.

Tabnuma 2.4
Pacuer norennana BETpoOBOW YHEPTrUM pariOHa

Bricora v, v P, Wy, W, W, w,
U3MEpPEHus | M/C e/cd | kBT KBT-H/MZFOIL kBt-u/ron | I'Bru/ron | I'Bru/ron

10
20
30
50
100

Jlnst mpoBefieHUsT aHayM3a (PYHKIIMU PaCIpEeICHUs] CKOPOCTH BETpPa, OCHOBAHHOM
Ha OKCIIEPUMEHTAIBHBIX  METEOPOJIOTUYECKUX  JaHHBIX, TpeOyeTcss CpaBHUTH
HKCIEPUMEHTAJIbHBIE 3aBUCUMOCTH, TIOJYyYEHHbIE B H. | € TEOpeTHYECKUM
pacnpenenenuem Panest.

[Topsanok aHanusa CIeayrommun

1. g pacnpenenenus Panes cnpaBeainBO paBeHCTBO

Dysy- — (v/v ), (2.10)

riae @v>v’ — BepOSITHOCTD TIOSBIICHUS BETPA CO CKOPOCTHIO V, M/C, GOJIBIIIEH HEKOTOPO
3aJlaHHOM cKopocTH V', M/c; V — cpeliHee 3HaYeHHe CKOPOCTH, M/C.

Cremyer, 3a1aBascCh 3HAYCHUSAMH CKOPOCTH V', M/C, W3 JMana3oHa pealbHBIX
CKOpOCTEH BETpa U UCIOJB3YS Cpe/lHee 3HaUYeHUE CKOPOCTH V , M/C, TIOJy4Ye€HHOE B 1T 1,
MOCTPOUTH TEOPETUYECKYIO 3aBUCUMOCThH o (opmyne (2.10). Pesynbrarhl 3aHectu B

tabi. 2.5.
OTHOCHTENIbHAS MOTPEITHOCTH ONPEACIISICTCS KakK

8 = (@U>U’Teop_ @u>u’31<cn)/ ®u>u’ 100% (2.11)
3.2. Jlnsa pacnpenenenus Panest cipaBeainBO paBEHCTBO
(v3)3= 1,24v . (2.12)

CrnemyeT mpoBEPUTH €ro, MOJACTABUB CPEAHEE 3HAUCHUE CKOPOCTH BETPA,
MoJIy4YeHHOE paHee, B popmyny (2.12)
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3.3. ns pacnpenenenus Panesi crnpaBenMBO yTBEP)KIEHUE, YTO BEPOSITHOCTH
ckopocTd @v MakcUMalibHa MPU 3HAYEHUU CKOPOCTHU

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

Cnegyer omnpenenutb CKOPOCTb, NpPU KOTOPOHM BEPOATHOCTh MAaKCHUMAJbHA,
MIOJICTABUB CPEIHEE 3HAUYCHHE CKOPOCTH BETpa, MOIYYCHHOE B MpeAbIAyIIeii padoTe B
dbopmyny (2.13). IlorpentHocTs onpeaensercs anaasorudHo (2.11).

3.4. llna pacripenencHus Panes crpaBeliMBO yTBEpKIeHUE, YTO QYHKIHUSI D Vi
MaKCHUMaJbHa MPU 3HAYCHUH CKOPOCTHU

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

Crnemyer mOCTpOUTh 3aBUCUMOCTh @ V; = f(V), Mcnonb3ys 3HA4YCHUS CKOPOCTH
BETpa B JMAIa30HE PEaJbHBIX 3HAYEHUW W MPOBEPUTH ATO YTBEPXKICHHUE, MOJICTaBUB
CpelHee 3HAYEHUE CKOpPOCTU BeTpa B dopmyiny (2.14), moiiydeHHOE B MpEbIAyIeH
paborte. [lorpenHocTs onpeaensieTcss ananoruyxo (2.11).

Pe3ynbpTaThl pacyeToB 3aHeCTH B Ta0II. 2.5.

Tabnuua 2.5
IIpoTOKOII U3MEPEHUN U PACUETOB

V, M/c Du>u’ (3KCIL) | Du=u’ (TEOP.) O, % s | O, % nnsa | O, % nns
Du>u Dy D us

3.5. AHanu3 NoJy4YeHHBIX PE3YJIbTaTOB

3.5.1. Tloap3ysch MOCTPOCHHOM B MpeablayIieii paboTe 3aBUCUMOCTBhIO Dv>v'=f(V),
HEOOXOJIMMO CPaBHHUTH €€ C TEOPETHUYCCKOM 3aBUCHUMOCTBIO Dv>v, pACCUUTAHHOU I10
dopmyite (2.10).

3.5.2. Tlomp3ysich MOCTPOEHHOW 3aBUCUMOCTBIO @Dv =f(V), 3KCIepUMEHTAIBHO
MOJIyYEHHOE 3HAYCHUE HauOoJiee BEPOSATHOM CKOPOCTH, IMPH KOTOPOH (DYHKIIHS
pacrpesieciecHus CKOPOCTH BETpa HMMEET MaKCHMyM, CPaBHHTh C TEOPETHYCCKUM
3HAYCHUEM, PACCUYUTAHHBIM 10 (hopmyie (2.13).

3.5.3. Tlo mocrpoenHoi 3aBucumoct @Dv V; = f(V) ompenenuTs MakCUMalbHOES
3HaueHUEe (QYHKIUH W CPaBHUTh €r0 C TEOPCTHYSCKU OIPEACICHHBIM 3HAUYCHUEM
ckopoctu 1o Gopmyiie (2.14).

3.5.4. o pe3ynpTaTaM MPOBEICHHOTO aHATN3a CEIaTh BHIBOJIBI.

4. Pacuer cpeaHelt roJIoBOM MPOU3BOAUTEIIBHOCTH BeTpoarperata BOY — 3
TexHuyeckre XapakTepUCTUKH BeTpoarperara: P, = 3 kBT, h=20m, vo =4 m/c,

Vion = 10,4 M/C, Vyare =30 M/c, oOMeTaeMas mioans S = 14,28 M.
Pacuetsl BecTH a1 cpeqHei ckopoctu BeTpa 7 m/c; 9 m/c; 11 m/c.
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CpenHssi pou3BOAUTENIBHOCTh BeTpoarperara (4) ¢ HOMUHAIBHONW MOIIHOCTHIO P,
(xBT), HayampbHOM CKOPOCTBIO BETpOKoOJieca Vg (M/C), CKOPOCTBIO PETYIUPOBAHUS Vi
(M/C) 1 MaKCUMATTLHOW CKOPOCTBIO Vy4xc (M/C) OyAET paBHA:

3

K=V+°P6'T, (2.15)

M

3 _3 ~ ~ N .
rne V, =Vq ‘(HOM, m -1 ‘01 m + 1 «, M — cpenHuii KyO CKOPOCTU B JUANa30HE
pabounx ckopocTer (Vyuxe >V > Vo);
X

| €m } Fl(;\_..e‘ttm‘ldt — HEeToJIHAs TaMMa-(PyHKITUS;
4

v 3
X = (E} m=—+1 fB,y_— napameTpbl GyHKIUK BeliOyia;

I'(m) — nonHas raMMa-QyHKIIHS;

’

3A€Ch Xuon — VHOM/VCp; Xo = VO/ch; x'= U \73 ; m= C20

[Tonw3ysck nanubiMu Ta6. I1. 2.5, Haitnem Vp U Cy 17151 3aJaHHOM BETPOBOM 30HBI

_ Vi
Voo = V1o *| = . (2.16)
\/10 !
¢ —c Cvin)
20 — Y10 ° 2.17
Cio )’ ( )

rre cio= 0,578 — koaddurueHT Baprauu, XapakTepu3yOUIHiics H3MEHIUBOCTHIO
BETpa BO BPEMEHH.

Jlanee 1o 3TUM JaHHBIM OTpeeNsieTcsl cpeaHuil kKyo ckopoctu (Tabm. I11.2.6) (mpu
HEOOXOIMMOCTU UCHOJIb3yeTcs mpocTass unHtepnoysnus);, [lo tadn. [1.2.7 maxomum
3HAYCHHUS HEMOJIHON raMMa-QyHKIUU | (X0, M), 1(Xo, M) 1 I(X’,m).

[loncraBuB HaiineHHble 3HaueHUs B ¢opmyiny (2.15), BBUHCIUTHL CPEIHIONO
MPOU3BOIUTEIILHOCTh BETPOYCTAHOBKH.

OnpenenuTs CpeTHEroA0BON KOI(PGUIIMEHT MOJIE3HOT0 JSHCTBHUS BETPOYCTAHOBKHU
o ¢hopmyiie

n=—21  100%
8760 P,

Craenatp BBIBOJIBI O LIEIECOO0PAa3HOCTH UCIIONIB30BaHMsI BETPOYCTAHOBKHU U
3aJJaHHOM JMala30He CKOPOCTEH BETPA B PETHOHE.
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KoHTpoJibHBbIE BOPOCHI

1. JlaTh onpeesieHus! MOHSATUSIM «BaJIOBOI», K TEXHUUYECKUI» U «IKOHOMUYECKUI
MOTEHIMAIIBI BETPOBOU SHEPTHH.

2. Kakue dbyHKIIUU pacnpeaesieHus ClIy4YaiHOW BEJIMUMHBI BbI 3HACTE?

3. Kakas ynkmus pacnpenenenns Hanboaee TOYHO ONMUCHIBACT pacpeie/ICHIE
CKOPOCTH BeTpa?

4. Kak omnpenensieTcsi BEpOSITHOCTHOE pacHpeiesIeHHEe CKOPOCTH BETPOBOTO MOTOKA?
5. OT 4ero 3aBUCUT MOITHOCTH BETPOBOI'O MOTOKA U MPOU3BOJUTEIHLHOCTD
BETPOIHEPTETUUECKON YCTAHOBKH

I11. IPEOBPA3OBAHHUE U UCIIOJb30OBAHUE SOHEPI'MU MAJIBIX PEK

Oco0eHHOCTH MAJIOH TMAPOIHEPreTUKH

Opnum u3 HamOonee >3(PQPEKTHUBHBIX HAMpPABICHUN pPAa3BUTHUA HETPATULUOHHOU
DHEPreTUKH SIBISIETCS HMCIOJIb30BAaHUE SHEPTUU HEOOJBIIMX BOJOTOKOB C IOMOIIBIO
MUKpo- u Maibix ['DC. DT0 0OBSCHSETCA, C OJHOM CTOPOHBI, 3HAYUTEIbHBIM
NOTEHIIMAJIOM TaKHUX BOJOTOKOB IPU CPABHUTENBHOW IPOCTOTE UX MCIOJIb30BaHUS, a C
JIPYrol — MPaKTUYECKUM HCYEPIIAHMEM T'MAPO3HEPreTHUYECKOrO IMOTEHIMaNa KPyIHbIX
peK.

OOBEeKThl Majoil THUJIPOIHEPIeTHKU YCIOBHO JENAT Ha JBa THUMA: “MUHU -
oOecreynBaIMe eAMHIYHYI0 MOIIHOCTh 0 S000 kBT, u “mukpo” - pabortaromiue B
nuara3one oT 3 mo 100 kBt (puc. 6). Mcnonp3oBanue THAPOIICKTPOCTAHIIUNM TaKUX
MoIIIHOCTEeH - 1711 Poccuu BoBce He HOBOE, a Xopoiio 3a0bIToe crapoe: B 50-60-x rogax
y Hac paborago Heckoabko Thicsd Manbix ['DC. CerogHs HX KOJIMYECTBO €/Ba
JIOCTUTAET HECKOJIbKUX COTEH IITYK.

B oo s Gopaiee
¥ € TPaiie THO
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Puc. 6. Cxema ycranoBku Mukpol 9C

CoBpeMeHHass TUAPOIHEPreTUKa IO CPaBHEHHIO C JPYTMMH TPaAULMOHHBIMU
BUJAMH DJIEKTPOSHEPTEeTUKU SIBIISIETCA HauOoJiee SKOHOMUYHBIM M SKOJOTUYECKH
0€e30IacHBIM CIIOCOOOM IOJIyYEHUs MEKTPOIHEPTUU. Maiias THIPOIHEPreTHKA UAET B
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ATOM HampaBlieHUU eine Aanbiie. HeGonblme 31eKTPOCTaHIUU TTO3BOJISIIOT COXPAHSITh
NPUPOAHBINA JTaHAADT, OKPYKAIOULYIO CpeAy HE TOJIBKO Ha 3Tare AKCILTyaTaluu, HO U
B Imporecce crpouTenbcrBa. lIpm mocnenyroomend 3KCIUTyaTalid  OTCYTCTBYET
OTPULIATEILHOE BIMSHUE HAa KAuyeCTBO BOJbI: OHAa TIOJHOCTBIO  COXpaHsET
NepBOHAYaJIbHbIE MPUPOJHBIE CBOMCTBA. B pekax coxpansiercss prida, BOJa MOMKET
WCITOJIB30BATHCS IS BOJIOCHA0KCHUS HACENIEHUs. B OoTiau4mne oT Apyrux 3KOJIOTHYECKU
0e30MacHbIX BO300OHOBIISIEMBIX HMCTOYHUKOB 3JIEKTPOSHEPTUU — TaKUX, KakK COJIHIIE,
BETEp, - Majas TUAPOIHEPreTHKa MPAKTUUECKH HE 3aBUCHUT OT IOTOJIHBIX YCIOBHU U
criocoOHa 00ecneynTh yCTONYMBYIO MO1aYy JEIIEBON AJIEKTPOIHEPTUU TOTPEOUTEITIO.

Ene ogHO mpenMyIiecTBO Majioi SHEPTreTUKHU - SKOHOMUYHOCTh. B ycinoBusx, korja
NPUPOAHBIE MCTOUYHUKU DHEPTHUM — HEPTh, Yrojib, ra3 — HUCTOIIAIOTCS, IMOCTOSIHHO
JIOPOKAIOT, HCIOJb30BAHUE JICIIEBOM, TOCTYIHOM, BO300HOBIISIEMON HHEPTUU pEK,
O0COOEHHO MaJIbIX, TTO3BOJISIET BhIpA0ATHIBATh JICIIEBYIO AJEKTposHepruio. K Tomy ke
COOpY>KE€HHE OOBEKTOB MaJOW THAPOIHEPTETUKH HU3KO3aTPATHO M OBICTPO OKYIAETCS.
Tak, pu crpoutenbcTBe Majgoil 'C yCTaHOBIEHHOW MOIIMHOCTHIO OKojJ0 500 kBT
CTOMMOCTb CTPOMTEIIbHO-MOHTQXKHBIX pabOT cocrapisieT nopsiaka 14,5 — 15,0 muH.
pyoseii. Ilpu coBmemnieHHOM Tpaduke pa3pabOTKH MNPOEKTHOM JIOKYMEHTAIUH,
M3TOTOBJICHUSI O0OpYAOBaHUS, CTPOUTENHCTBA W MOHTaxka Mamas ['DC BBomuTCsS B
skcmtyaranmio  3a 15 — 18  wmecsaueB. Ce0ecTOMMOCTh — 3JEKTPOIHEPIHH,
BbIpabaTeiBaeMoil Ha mono0Hoit ['DC, cocramisier He Oonee 0,45 — 0,5 pyouseit 3a 1
kBtu, yto B 1,5 paza HuxKe, YeM CTOUMOCTb OJIEKTPOIHEPIUH, (aKTUYECKU
pean3yeMon SJHEPrOCUCTEMOM.

IpakTnueckoe 3ansiTue Ne4.
Pacuer nmoreHumana BoJA0OTOKA 1JIsl MAJIOi THAPOIHEPTeTUKH

3aganue

1. Paccuurtarth TEOpPETUYECKUH TMOTEHIIMAT BOJOTOKAa  C TOMOIIBIO METOJa
«JINHEMHOTO y4eTay;

2. PaccunraTh TEXHMYECKMH IOTEHIMal BOJOTOKA, MOCTPOUTh TIpapuKH
3aBUCUMOCTEMN Vj = f(Lj), Qj = f(Lj), ijax = f(Lj), ijm = f(Lj);

3. Hccnenosath 11e51eco00pa3HOCTh SHEPTETHUECKOTO MCIOJIb30BAHUS MMOTEHITMATIA
BOJIOTOKA ISl KOHKPETHOTO MOTpeOUTEISI.

Hcxonnbie JaHHBIC:

1. 3agaH y4acTOK OTKPBITOTO BOJOTOKAa C 3aJIaHHBIMM OTMETKAaMU €CTECTBEHHBIX
ypoBHE# BOJBI B HeM V| IO JTHHE BOAOTOKa Lj M pacxoma Bomel Qj, rie j — HOMep
crBopa (j = 1,...10). Hymepaiust CTBOPOB HIET CBEPXY BHH3 10 TCUCHHIO.

2. B Bepxaem 1- M cTBOpe 3a/aHO OTPaHUYCHHE MO MAKCUMAaJIbHOMY IMOIHSITHUIO
ypoBHS BOmBI — Zog"* " = 202 M (COLHATBHO-IKONOTHYECKHE TPeOOBAHMS IS
BEPXHEr0 TEUCHUS BOJAOTOKA).

3. B camom HmkHeM — 10 cTBOpe 3a/1aHO OrPaHUYEHUE [0 MUHUMAIILHOMY  YPOBHIO

BOJBI Zy = 102 M (oOecrieueHre rapaHTUPOBAHHBIX CYA0XOAHBIX ITyOUH).
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4. Ha yyacTke Mexay cTBopaMu 2-4 He JOIYCKAaeTCsl HapylIeHHUE €CTECTBEHHOTO
peXrMa BOJ0TOKA (3alOBEHUK).

5. Ha yuactke mexay crBopamu 4 — 10 3amaHO OrpaHMYeHHE 110 MHUHUMAJIBHO
JOIMyCTHMOMY YPOoBHIO Boabl (Z™", j =4,...,10) 110 ycaoBusM pIOHOTO X035HCTBA.

6. Bo Bcex cTBOpax CyIIECTBYET OrpaHHYCHHE MO MAaKCHMAJbHO JOMYCTUMOMY
YPOBHIO TOJHATUS OTMETKU BoAbl Z"; j = 1,..., 10 (0 yCIOBHSM 3aTOILIEHUS U
MOATOIJICHUS TEPPUTOPHUH ).

7. B Tabn. 5.2 mpuBeAeHBl JaHHBIE 1O MOTPEOUTENSIM 3JICKTPOIHEPTHUH,
PaCIOJIOKEHHBIM BJIOJIb U3y4aeMOI0 BOJOTOKA U HE UMEIOIIUM IHEPTreTUYECKON CBS3H
¢ sHeprocuctemon. B tabm.: Iy — Homep | — ro morpedurens (I = 1,...,6); L -
paccTosiHMe BJIOJIb PEKU OT ee UcToka 1o | — ro morpedurens; Py - momrHOCTh | — TO
norpedurtens; || — paccrossame ot | — ro morpebutens no BomoToka, R —
SKOHOMHMUeCKUi pamumyc | — TO moTpeOuTENns Ui 3aJaHHOIO  BapHaHTa
AJIEKTPOCHAOKEHUsT M 3ameHsieMoro wmajnoi ['DC anbTepHATMBHOTO BapUaHTa
HPHEPrOyCTAHOBKHU (JIM3eibHAas yCTaHOBKA). I'paduuecku pacnoiokeHue norpeourtencit
MPE/ICTaBIICHO Ha puc. /.

8. Jns ydacTka BOJIOTOKA, MPUXOJSIIETOCS HA 3alOBEIHUK, 33JIlaHbI CIIEAYIOIINE
YCIIOBUSL:

— CKOpPOCTb T€UEHHUS BOJBIL:

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

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

- MMHHMaJIbHbIE ITyOUHBI BOZOTOKA 110 (papBarepy:
yuactok 2-3: ™" = 1,0 m;

yuactok 3-4: h™" = 1,8 m.

M2 M5

Mk

30 L0 50 60 70 80 90 00 110 120 130 w0 150 %0 170 180
JanobedHuk

Puc. 7. Pacnionosxenue norpedutesneit 3JHEPruu BIOJIb PEKU
[Ipu pacueTe MpUHUMAIOTCS CIICIYIONINUE TOMYIIICHUS:

l. Pacxo;:[m BOAOTOKA B KAXXIOM CTBOpe CUUTAIOTCA IIOCTOSAHHBIMM B TCUCHHUC I'0OJ14,
T.¢, Qi =const;
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2. T'uapodIeKTpOCTaHIIMN HE W3MEHSIIOT €CTECTBEHHBIM THAPOIOTUYECKUN PEXKUM
BOJIOTOKAa. DJTO 3HAYUT, YTO YPOBEHb BOJbl B BOJOXPAHUJIMILE WU BEPXHEM Obede
r060it ['DC (Zps) mpuHUMAETCS TTOCTOSIHHBIM U PaBHBIM HOPMAJIBHOMY IOJAIIOPHOMY
YPOBHIO

Zps (t) = HITY = const.

COOTBETCTBEHHO BECh €CTECTBEHHBIN pacxo BojgoToka Q(t) mpomyckaercs 6e3
nepepacrpeiesieHus BO BpeMeHH B HIbkHUM Obed ['DC

Qs5(t) = Q(1).

3. YcranosieHHast MOIHOCTD INTOTHHHBIX [ DC Ny j onpeieniseTcss B KaaoM | — M
v
pacuetHoM ctBOpe ['DC 1o popmye:

;;2? = 9’81 UF3C .Qpact{.i ) Hai = KN .Qpacqi ) Hai ) (31)

rjae Nrac — kodddumuent nosesnoro aeicteus ['9C, Ky =9,81- nrac — ko3 duimeHT
MOIITHOCTH.
[TpumMeM pacdeTHBIN pacxoja B i — M CTBOpE

Q pacu.i — 016'Qi1

rae Qi (V)/c) — pacxox BOJOTOKA B | — M pacueTHOM cTBope; H,i— Hamop arperata I'DC,
OTpeeNsieMbIii 110 hopMyJie

H,i= HIYi — Zyg;, (3.2)

rae HITVi (M) — HOpMalbHBINA MOAMOPHBINA ypoBeHb BepxHero Obeda (BB) I'DC B i-m
CTBOpE, Zysi— PacyeTHBIN ypoBeHb HIKHero Obeda (HB) 'DC B | — M cTBOpe, KOTOPBIit
B 3aBHCHMMOCTH OT THUIIAa KackaJa W orpaHuueHud mno ypoBHioO Hb omnpenensercs
CJIEAYIOIINM 00pa3oMm:

- COMKHYTHIM Kackaj mioTHHHBIX ['DC mo Bomotoky (kpome I'DC B ycTbe
BOJIOTOKA):

Lygi = HITY+1.

Jnst camoii HukHel 1o Tedenunto BojoToka ['9C (I'29C1) npuHuMaeTtcs ¢ yueTtoM
MaHHBIX TabI. 3.1, T.c.

Zus1 = 2" %" = 102M = const.

- Pa30OMKHYTBIN Kacka MIOTUHHBIX [ 9C 1Mo BOIOTOKY:
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Zupi =Vi+AZys = Vi+ 0,256-Q,acui,

rae Vi(M) — oTMeTKa ypOBHs BOJBI B | — M cTBope (Oepercs 1Mo JaHHbIM Taoi1. 3.1 u puc.

3.1).

4. Yucino 9acoB UCMONB30BaHUs ycraHoBlIeHHONH [DC 1o BogoToKy h (4) mpuHSTO

cuutarh paBHbIM 3000 .

5. Dueprocuabxkenue | — ro morpedutens or 'DC cumraercs 3pHeKTUBHBIM, eciu
paccTosiHME OT MOTpeOuTenss 10 BomoToka wmiu Mectomonoxenus ['D9C (L)) Oymer
MEHBIIIe SKOHOMHYecKoTo paauyca (R)), T.e. L <R (tadmn. 3.2).

6. Cuwmraercs, uyto amprepHaTuBHBIM [DC BapuaHTOM SBISETCA AMU3ENbHAs

anektpoctanuus (JI3C).

Tabnuna 3.1
I/ICXOI[HBIG JAaHHBIC I10 BOAOTOKY

CTBOp PEKU Vj Lj Qj —.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
6 157,0 80,0 14,0 167,0 159,0
7 141,5 95,0 14,5 151,5 143,0
8 125,0 115,0 24,0 195,0 127,0
9 111,0 135,0 48,0 121,0 113,0
10 100,0 180,0 53,0 110,0 102,0

7. Ipunsito, uto Kk MabiM ['IC OTHOCSTCS CTAHITUU C YCTAHOBJICHHOW MOIIHOCTBIO
Nyern 10 30 MBT 1 equHMYHOM MOIHOCTRIO arperara a0 10 MBT.
8. «XKuBoe» cedeHHe peKH MPEACTaBIICT CO0O NEepeBEpHYTHIM paBHOOEIPESHHBIN
TpeyroiapHuK. becruorunasie ['9C B 3TOM ciiyyae MOTYT pacroyiaratbCsi BJIOJb
BOJIOTOKA TOJIBKO 110 (hapBaTepy U B OAHY JIMHHIO.

9. Yucno yacoB ucnojibzoBanusg oecruiotuHHbiXx ' DC cocrasnger 8000 u.

Tabnuma 3.2
WcxoiHbIe TaHHbBIE TIO TOTPEOUTEISIM BIIEKTPOIHEPTUU
[Totpebutens | en. u3M 1 2 3 4 5 6

111

L1 KM 45 55 60 105 125 170
Py kBT 15 25 18 180 50 300
I1 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 tabn. 3.3 3aaHbl OCHOBHbBIE TEXHUYECKHE MapaMeTpbl OECIUIOTUHHBIX CBOOOJIHO-
MOTOYHBIX TUJPOArperaToB M YCIOBHS MPUMEHEHHUs JJId TE€X y4aCTKOB BOJOTOKA, I'Je
HEJIONMYCTUMO U3MEHEHHUE €CTECTBEHHOTO PEKUMa (3all0BEIHHK).




B tabmuue mpencraBneHsl: /i — nuamerp pabouero koseca; Ny, — MUHUMAIBHO
JonycTuMasi TiyOWHa TMOTOKa JJi YCTAHOBKM CBOOOJHOMOTOYHBIX arperatoB st
3aJlaHHbIX 3HaueHuil /1 u Vp — cKopocTH NOTOKA; Lmin — MUHUMaJIbHO-IOIYCTUMOE
pPacCTOsIHUE MEXKIY CBOOOJHOMOTOYHBIMH AarperaTamMu, pacloJIOKEHHbIMH JApPYT 3a
npyrom Brosib peku. IIpunumaercd, uro KIIJI ykazannsix arperatoB paBHo 20% mnpu
JOMyCTUMBIX Harmopax arperara Ha ot 3,0 mo 10,0m.

Ta6muma 3.3
[TapameTpsl TOTPY>KHBIX CBOOOHOIIOTOYHBIX arperaToB
npu KI11 = 0,2
Bapuant I, m Noon, M Vp=3,5m/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
[Topsimok pacyera

1. Pacder BOAHORHEPIeTHMUECKOTO KagacTpa BOJOTOKA MPOHU3BOAUTCA C MOMOIIBIO
METO/1a «JIMHEWHOTO y4yeTay. Pe3ynbTaThl pacuera cBOASTCS B Tabi. 3.4, T/ie HICXOAHbIC
naHHble OepyTcs w3 Ta6n. 3.1, a ocTambHbIE BEJIWYUHBI PACCUUTHIBAIOTCA TI0
cienyrouum hopmysam:

- JUTMHA BOJIOTOKA MEXAY cTBopamu | U J-1, T.e ljj.1 (km):

|j,j-1 = Lj — |j_1; (3.3)

- HaIop Toro e yyactka Hjj.1 (m):

Hjj-1= Via = Vj; (3.4)
o 3 .

- CpEIHUY pacxoJ Ha y4acTke Qjj-1 (M7/c):

Qjj-1 = 0,5(Qj+Qj1); (3.5)

- IOTEHLIMAJIbHAs! MOLTHOCTh BOJOTOKA Ha TOM ke ydacTke Njj.1 (kBT):

Njj1=9,81-Hjj1-Ojj1; (36)

- yZieTbHask MOILHOCTh BOJOTOKA Njj-1, (KBT/KM):

Njj-1 = Njjallija; (5.7)
- BAJIOBOM MOTHIMAJI BOJOTOKA
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NBaﬂ = Z N Ji-1, (38)

Tabmnura 3.4
PacueTr BogHOSHEPTeTUUECKOTO KajgacTpa
Creop | Vj L; Qj lija | Hij2 | Qe Njj1 N; Njj-1
peku
Ne M KM M/c KM M M/c kBT kBT KBT/kM
3

2. Pacder TeXHMUYECKOTO MOTEHITMAIAa BOJJOTOKA

2.1 Crpositest B rpadmueckom Buze 3asucumoctu Vj = f(Lj), Q j= f(Ly), Z™ = f(Ly),
Z™ = f(L;) mo mammeM TaGn. 3.1. 3mech ke YKa3bIBAIOTCS HOMEpA BCEX JECATH
3aJIaHHBIX CTBOPOB M PACCTOSHUE MO TEUCHUIO BOIOCTOKA.

2.2. TlpoBoauTtcsi pa3OuBKa BOJOTOKAa Ha Kackaa IMioTUHHbIX MI'DC, HaumHas c
nocnennero — 10 — ro pacuetHoro creopa. i 9T0ro u3 TOYKU A, COOTBETCTBYIOIIEH
Lio (Tabu. 3.1) mpoBOAUTCS BEpTUKAIbHASI IMHUS A0 nepeceueHuss ¢ Zip  (Touka B) u
3aTeM M3 T. B IpoBOIUTCSA TOpHU30HTaNIbHAS IMHUA BIEBO JI0 IIEPECECUECHUS C TUHUCH
Zi™ (L), 1.e. onpenensercs T. C.

Tem cambiM ompezensercs MmecromnojiokeHue crBopa I'DC2 (Lp) u ciemyromue
napametrpbl ['DC1: Li; Ha, HIIY,; Zpg; Qi. Ecnmu Ha; HaxoauTcs B JIOMYCTUMBIX
npezenax, To aajaee npou3Boautcs onpeaeneHue Qpucur; Nyems u Iroci..

Eciu B crBope I'DC1 nanop Hap oxkaxercs Oonbiie 10 M, to HIIYVI cnenyer
OTPaHWYUTh YKA3aHHOW BEJIMYHMHOM, T.€.

HIIYVI = (ZHEi + 10) < ijax (3.9)

B cinyuae, korga B crBope I'DC1 Hamop Hai OKaxeTcs MEHbIIE TPEX METPOB, TO
CJeAyeT OTKA3aThbCsl OT CTPOUTENHCTBA MIOTUHHON ['DC B TaHHOM CTBOpE U, ABUTASICh
BBEPX 10 TEUEHUIO PEKH, ONPEAETUTh KOOpAUHATHI IIoTHHHON ['9C1 B Apyrom cTBope.
Hewncnonp3oBanublli MIOTMHHBIMU [ DC y4acTOK BOJOTOKA CIENYET NPOBEPUTH HaA
BO3MOXXHOCTh COOpYKeHus 31ech OecroTuHHbIX ['DC.

[locne omnpenmeneHus BceX OCHOBHBIX 3iekrpuueckux mapametpoB [DCI
aHasioruyHo mpoBogsatcs pacyetel mist [9C2, I'DC3 u T.0. PesynbraThl pacyeToB
3aHocATcs B Ta0m. 3.9.
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Tabmura 3.5
PacyeT TeXHHMUYECKOTO MOTEHIMAIA yY4acTKa BOJIOTOKA IPH €0 MCIIOJIb30BAHUH
COMKHYTBIM KackazoM IIoTHHHBIX MI'OC mipu h = 30009 u Ky = 7,5

CTBOp |_i QJ Qpacq.i HIIYi ZHEi Hai Nycm.i 3F3C.i
I'2C
i KM M°/c M/c M M M kBT kBru-10°
1...
10

2.3. OmnpenenuTh CYMMapHYI BBIPAOOTKY AJIEKTPOIHEPTUH BCEMH IIJIOTUHHBIMU
['DC B rog.

3. HccnemoBanme  11€71€COOOpPAa3HOCTH  SHEPreTHYECKOTO  HCIOJIb30BaHUS
TEXHUYECKOT0 MOTEeHI[Mala BOA0TOKa ¢ nomoibto MI'DC ajist MECTHBIX MOTpedOuTeNneit
HHEPTHUHU.

3.1. TlpoBeputh BhIMOTHEHUE YyciaoBusi Ry > L; mis Bcex miectu moTpeOuTesneit
sHeprud. Eciam 3T0 ycnoBue HE BBINOJHSAETCSA, TO JJIEKTPOCHAOKEHHE ATHX
notpebutenet ucnoias3oBanue MIDC Henenecoobpasno. st moTpeduTenei,
HAaXOJAIINXCS B 30HE CYIIECTBOBaHUS COMKHYTOro kackaga MI'DC mo BOIOTOKY
MIPOBEPSETCSI BO3MOYKHOCTh TIONYYCHHsI TPEOYIOMUXCS 3HAYEHWW MOIIMHOCTH OT
ommxkanmmx ['DC kackana.

IIpu 5TOM paccuuThIBaeTCs TpedyeMas amuHa Bogotoka L™ (km),  HeoGxoammas
i1 obecnieueHust sHeprocHadxenus | — ro morpeduresnst or MI'DC ¢ yueToM yaenbHOM
PHEProeMKOCTH BojoToKa N (kBT/km) (Tadx. 3.1), T.€.

mee6 _ p|
| =L
n
rac n— YI[eJ'IBHaH MOIITHOCTB (BHCPFOCMKOCTB) yqaCTKa BOOJOTOKaA MC)KI[y CTBOpaMI/I,

e pacrnojoxeH | — i morpeOuTens.

Jlanmee npoBepsieTcs BBINIOJIHEHUE HEPaBEHCTBA
mpe

L <l (3.11)

Ecin OHO BBINOJHSIETCS, TO B pacyerax HCIOJIb3YeTCsl MOCTOSHHOE 3HaueHue N,
COOTBETCTBYIOIIEE JaHHBIM Ta0m. 3.1. Eciin He BIMONHSIETCS, TO CIEAYyET UCIOIh30BATh
JaHHBIE IBYX CMEKHBIX PaCUETHBIX HHTEpBasIOB Tabm. 3.1.

3.2. Ompenenutb roa0BOe MOTpeOieHUEe 3Hepruu mnotpedutensmu ot MIOC,
PaCIOJIOKEHHBIX MMOOJIU30CTH.

3.3. Ecau mnoTpeOuTenb HaXOAUTCS MEXAYy CTBOpaMH, TJ€ HEBO3MOXKHO
ctpoutenbcTBO HuKakux ['DC, paccMarpuBaeTcsi BOIPOC OJHOPATHOM YCTaHOBKH
MOTPY>KHBIX CBOOOHO-TIOTOYHBIX arperatoB BapuaHTa 1 (tabxn. 3.3). Jlna peanuzanuu
AIIEKTPOCHAOKEHHSI TaKUX TMOTpeOuTenell mnorpedyeTcss Clenyroliee KOJUYeCTBO
arperatoB

(3.10)

(3.12)
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Hanee onpenensiercs obmiast qiuHa rupiasaasl MI'OC u cpaBHuBaetcs ¢ R)
LZ: Zaep'l—min .
(3.13)
Ls<Ri

HeBpinosHEHNE MOCIEAHETO YCIOBUS 03HAYAET, YTO MCIIOIB30BaHHE OECIIOTUHHBIX
['SC neuenecoobpaszHo.

3.4. Cnenath BBIBOJ O IIEIECOOOPA3HOCTH JJICKTPOCHAOKECHHS TMOTPEOUTENCH OT
MI'DC, yka3aTh 3Tu TOTPEOUTENH U UX TOJJOBOE FICKTPONOTPEOICHHE.

Omnpenenuth B MPOIEHTaX BBIPAOOTKY anekTpodneprun MI'DC OT TeXHHUYECKOTro
MOTEHIIMAajIa BOAOTOKA.

KoHTposbHBIE BONIPOCHI

=

Knaccudukanus ycTaHOBOK /1711 MaJIOM SHEPTETHKHU.

2. IlpemmytecTBa U HEAOCTATKU MaJION TUAPOIHEPTeTUKH. OCHOBHBIC OTIUYHS
MaJION SHEPTETUKU OT TPAIULIUOHHON.

3. B yem cocTout cyTh MeTO/1a TMHEWHOTO y4eTa JIsl pacueTa TEOPETHUECKOTO

ITOTEHIIAAJIa BOAOTOKA.

HazoBute ocHoBHBIE (DakTOphI BiusiHUA MI'D Ha OKpYKaIOIIYyIO Cpemy.

Kak paccuntars MOITHOCTH CBOOOAHOMIOTOUYHBIX MOTPYKHBIX arperaroB MI'DC?

A

V. ©HICITIOJIb30OBAHUE HU3KONNOTEHIINAJIBHOTI'O TEILJIA

MeToauka pacucra u BbIﬁOpa TEIJIOBOI'O HaAcoca

Bb160p MCTOYHHMKA HU3KOMMOTEHITHATBLHOTO TETLIA.

HcrounnkaMy HHM3KOMOTEHIIMAIBHOTO TEIJIa MOTYT OBITh Hapy>KHBIH BO3IYyX
Temmeparypoil ot — 15 mgo +15°C, orBoaumeblii M3 momemenus Bosayx (15 — 25°C),
noanousennsie (4 — 10°C) u rpynrossie (6onee 10°C) Boasl, 03epHas u peunas Boga (0
—10°C), nosepxuoctaslii (0 — 10°C) u riayounnstii (6osee 20 m) rpynT (10°C).

CorynacHO WMEIOMIMMCS JaHHBIM, apTE3MaHCKUE BOJBI HMMEIOT B TEUEHHE Toja
IPUMEPHO OJMHAKOBYIO Temrepatypy: +7...+12°C. Ilpu WCHONB30BaHUHM B KadyecTBE
WCTOYHHKA TEIIa TPYHTOBOW BOJBI, OHA TIOIACTCS M3 CKBAKHUHBI C IIOMOIIBIO Hacoca B
TEMJI000MEHHUK Hacoca, pabOTAIOIIETo MO0 CXeME «BOAA-BO/Ia» U, TNOO 3aKauUBACTCs B
JIPYTYIO CKBaXKHHY, 1100 cOpachIBaeTCsl B BOJOEM.

Ecnu B xadecTBe MCTOUHMKA TEMJia BHIOpAH aTMOC(HEPHBIN WM BEHTUIISIIMOHHBIN
BO3MIyX, MPHUMEHSIOTCS TEIJIOBbIE HACOCHI, pa0OTAIONIUE MO CXEME «BO3yX-BOJA.
Hacoc moxeT ObITh pacrosnokeH BHYTPU WM CHApYku momerieHus. Bo3ayx momaercs
B €0 TETNIOOOMEHHHK C TTOMOIIBIO BEHTHIIATOPA.

Ecnin wucroynmk — BogoeM, Ha €ro JHO YKJIQAbIBaeTCS  TMETIS u3
METaJUIOTJIACTUKOBOM WJIM IUIACTUKOBOWM TpyObl. [lo TpyOGompoBOay UPKYIHPYET
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pacTBOp TIUKOJIA (AHTU(PPHU3), KOTOPBIN Yepe3 TEINI0OOMEHHUK TEIUIOBOTO Hacoca
nepesaeT Temio Gpeony.

[Tomyuyenne HU3KOMOTEHUIMAIBHOTO TEIUIa U3 TPYHTa BO3MOXKHO JBYMs CIIOCOOaMHU:
yKJIaJIka METaJUIOIUIACTUKOBBIX TpyO B TpaHmen riayomHod 1,2 — 1,5 m oubo B
BEpTUKaJIbHbIE CKBaOKUHBI I1yOuHon 20 — 100 M. MHorma TpyObl yKIaAbIBAIOT B BHJIC
criipajei B TpaHiien riyOuHoit 2 — 4 M. DTO 3HAUUTENBHO YMEHBIIAeT OO0 JJINHY
o0mIyro JUIMHY TpaHmie. MakcuMarnbHas TeIIoOTAada IOBEPXHOCTHOTO TpyHTa

coctapiseT 50 — 70 kBt-u/M> B TO/I.

PacdeT MOIHOCTH TEMJIOBOrO HAcoca.

1. Onpenenenue TEMIOBOM MOIIHOCTH.

JUia pacdyera OCHOBHOM MOIIHOCTH TEIUIOBOTO HACOCA OCOOEHHO Ba)XHO TOYHOE
OIIpeIeJIEHUE pa3MepOoB, T.K. BBIOOP alnapaToB CIUIIKOM OOJIbIION BETUYHHBI CBSI3aH C
HECOpa3MEpHO BBICOKMMH 3aTpaTaMM Ha YycTaHOBKy. [Ipexne Bcero, cuemyer
ONPENEIUTh CTaHAAPTHOE TeronoTpednenue 3aaHus. OpUEHTUPOBOUHBIN pacueT
terionorpedseHus (kBT) Ha ocHOBe oTamIMBaeMOW IO MOKHO IPOU3BECTHU I10

bopmye

N=N,F, 4.1)

rne N,y — yaenpHOe TeronoTtpebnenue (Oepercs m3 Ttabn. 4.1); F — mmomans
MTOMETIICHHUS.

C y4eToM BO3MOKHBIX Meped0eB B AJIEKTPOIHEPTUU MOIIIHOCTh YCTAHABIMBAEMOTO
TEIJIOBOTO HACOCa YBEIMYMUBACTCS Ha KOA(PDUIIUEHT, paCCUUThIBAEMBIN 10 (popmyIe:

f = 24/(24 — tyr), (4.2)

171€ Loy — IPOJIOIDKUTEIHBHOCTD TIEPEPHIBA B AJICKTPOCHA0KCHUH.

Tabnuua 4.1
3HavYeHUs YACIHHOTO TEIIONOTPEOICHUS
XapakTepucTuKa 3/1aHus VY nenapHOE TeronoTpedieHue,
Br/m?
JloM ¢ ynyuIIeHHbIMU TIOKa3aTeIsIMUA SHEProcOepexeHus, B
KOTOPBIX PEeaTM30BaAHbI BEICOKME TEXHOJIOTUH 10
3/1aHue C HU3KUM NOTPeOJIeHNUEM dHEPTUn 40
HoBoctpoiika, xopomast n30y1us 50
3anue co CTaHAapTHOU U30JISIHeH 80
bonee crapbie mocTpoiiku 6e3 0co60i TETION30IIANN 120
Torpa
N=f N, F (4.3)

Ecmu HCO6XO,Z[I/IM8. AOIMOJHHUTCIIbHAA TCIIIIOBAsA MOITHOCTD AJISA IIPUTOTOBJICHUS
FOpSI‘ICP'I BOABI, TO A OOBIYHOTO KHJIOTO 3JaHusA HUCXOOAT H3 MaKCHUMAaJIbHOI'O
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TeryIonoTpedyseHrs okojgo 50 7 Ha YenoBeKa B CYTKH C TeMIEpaTypoill BOABI OKOJO
45°C. DTO COOTBETCTBYET AONOJIHUTEILHOM TEIIOBOM MOIIHOCTH 0Kojo 0, 25 kBT Ha
yelioBeka MpU 8 — YacoBOM IMEpUOJE HarpeBa. JTa JOINOJHHUTENIbHAs MOIIHOCTb
YUUTHIBAETCS TOJBKO B TOM Cly4ae, €Clid CyMMapHas JOIOJHHUTENIbHAs TerloBas
MOIITHOCTh cocTaBisieT 6osee 20% Tertonorpednenus (Tadm. 4.2).

CymmapHas TeruioBas MomHocTh (KBT) Oyzer paBHa

N=12fN,-F. (4.4)

2. Pacuer BoponoTpebieHusl Ha HY>K/1bl TEIJIOBOI'O HAcOCa.

Jliia onpenenenns HeoOX0UMMOTO KOJIMYECTBA BOJIBI ISl 00ecrieueHus: TpeOyeMoi
MOII[HOCTH, BBIYMCIIACTCS BHAYANE TEIIOO0TAa4a BOABI IpU pacxoze 1 M uac, kKBTu/m™:

Q_C-€ -t m
- 3,6 y (4.5)
Tabmuna 4.2
[TpubaBka Ha ropsiuee BOJOCHAOKEHUE
YcnoBus Pacxon ropsiueit Bogpl | Y aenbHOE MOJIE3HOE Pexomennyemas
noTpeOaeHus IIpU TEMIIepaType Terio, Br-u/cyT. Ha npudaBKa Ha
ropsueii Boasl 45°C, JeJ0BeKa MIPUTOTOBJICHUE
J/CyT. Ha 4eJIoBeKa ropsiueii BOJIbl,
kBt1/uen
Huzkoe norpebieHune 15-30 600-1200 0,08-0,15
Hopmanshoe
norpebieHne 30-60 1200-2400 0,15-0,30

rae C=4,190 MI[)K/MS'K — TEIUIOEMKOCTb BOJIbI; t, {x— COOTBETCTBEHHO HaYajbHAs U
KOHEYHas TeMIriepartypa Boasl, K; M — MaccoBbIil pacxoa BOABI, M /dac; 3,6 M/[x/kBT1u
— TiepeBOIHOM KOAD(PUITUEHT.

. 3
Pacxon BoabI 17151 TTOJTyYeHHS TEIIOBOM MOIITHOCTH (M™/4) OTIpeIeIIsIeTCs:

Mo (4.6)

Jns moppep:KaHUsl TMOCTOSIHHOTO JABJICHUS W YIIPABJICHHUS TEIUJIOBBIM HAacOCOM
YCTaHABJIMBAIOTCSl PaCIIUPUTEIbHbIE 0aKh, €eMKOCTb KOTOPOI'O BBIOMPAETCS C y4ETOM
He0oOXOOUMOTr0 3arraca BOJEL.

3.Bw16op TemoBoro Hacoca.

OCHOBHBIMHM TIapaMe€TpaMH IUPKYJSAIMOHHOTO Hacoca ABJISAIOTCA Hamnop H,
U3MEPSIONINIICS B METPax BOJSIHOTO CTOJIOA, U Toaaya (M), uiau mpou3BOIUTEIHHOCTD,
usMmepsemas B M4, MakcuManbHBIA Harmop — 3TO HauOOJbIIEe TUIPABINYECKOE
COTPOTHUBJICHUE CUCTEMBI, KOTOPOE CIIOCOOEH TIpeo10ieTh Hacoc. [Ipu aTom ero momaya
paBHsieTCS HymM0. MaKcUMaJlbHOM mojayell Has3bIBaeTCd HauOOJbIIee KOJIUYECTBO
TEIJIOHOCUTENSI, KOTOPOE MOXKET IepeKkayaTh 3a 1 yac HAcOoC NpU TUAPABINYECKOM
CONPOTHUBJICHUU CHUCTEMBbI, CTpEeMSIIEMCS K HYJIO. 3aBUCMMOCTh Hamopa oOT
TIPOU3BOIUTEIILHOCTH CUCTEMBI Ha3bIBACTCS XapaKTepuCTUKOM Hacoca H = f(M).
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[lpu monbope Hacoca Hpexze BCEro HEOOXOAWMO Yy4ecTh 00bEM TEIUIOHOCHTEII,
KOTOPBII OyleT MepeKauuBaThCsl C MPEOJOJICHUEM T'HIPABINYECKOTO COMPOTHBIICHUS
cucremsl Q.

['uapaBnuueckoe  CONPOTHBJICHHE  DJIIEMEHTOB  OTONMUTEIBHOW  CHUCTEMBI
onpeaensiercss mo tadn. [1.3.1 B 3aBUCUMOCTH OT JJIMHBI U MaTepuaia TpyO CHCTEMBbI

ororuienus. [lo u3BectHpiM apamerpam M u H u3 karanora BeiOMpaeTcss Hacoc (Tabi.
I1.3.2, I1.3.3).

FI/II[DaBJII/I‘-IeCKI/Iﬁ pacucT TDV6OHDOBOI{OB CHUCTCM BOIAAHOI'O OTOIIJICHUA

['mnpaBnudeckuid pacdyeT CHCTEM BOJSHOTO OTOIUICHWUS TpeJHA3HA4YeH IS
000CHOBaHUs BEIOOpA TaKUX THAMETPOB BCEX YIACTKOB TPYO, MPU KOTOPHIX B KAXKIOM
IMUPKYJISIIMOHHOM KOJIbIIE JaBJICHUS JUIA TIEPEMEIICHUS PACUCTHBIX KOJUYECTB
TEIJIOHOCUTENIST B €MHUILY BpeMEeHH OyayT mpeBbimath Ha 10 % morepu naBieHust OT
TUIPABINYECKOTO COMPOTUBIICHUS.

[ToTepu maBieHUs B KOHTYPE IUPKYJISAINHN TOAPA3CISIOT Ha IIOTEPH, BO3HUKAIOIIIHEC
OT CONPOTHUBIICHUS TPEHUS, M TIOTEPH OT MECTHBIX CONTPOTHUBIICHUH.

[lotepu naBnenuss Apr, I[la, Ha mnpeomoreHUe BOAOW COMPOTUBICHUS TPEHUS
OTIPEIEIISIOT TI0 popMyIie

AV?

Ap; =Rl :EI , 4.7)

rne Ri— ynenpHas noteps AaBlieHUs MO JJIMHE TPyOOIpPOBOAA MPU CpeIHEH pacueTHOM
TeMmrepaType TeroHocuTens; | — amuHa ydactka TpyOompoBoaa; 4 — Ko3(h(GHUIUEHT
COIMPOTHUBIIEHUS TIO JUIMHE, 3aBUCSIIMN OT LIEPOXOBATOCTH CTEHOK TPYObI M pexuma
IBIDKEHUST TETUIOHOCUTENS; V — CKOPOCTh TEIUIOHOCHTENS; Op — pacueTHbId TuameTp
TPYOBI.

KoadduimenT conpotuBnenus A o AJIMHE TPAcChl OTOIUIEHUS CIEAYET ONPEAEsATh
o ¢hopmyiie

1,312(2 - b) g m
b K,
0,9 -+
2 3,7d
lg P :
A=— - =
V2 3,7d, , (4.8)
lg| ——
K,
rae b — 4uciio momoOusi peKUMOB TeueHUs TeruioHocutens; K, — koadduuumeHt

DKBHUBAJICHTHOM IIEPOXOBATOCTH, PABHBIN 1-10° m;
PacueTHblil BHyTpeHHUH tuametp d, oacuuThIBAIOT 10 hopmysie
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d, =0,5@d, +Ad, —4S —2AS (4.9)

rie dy— Hapy)XKHBIH AUaMeTp TpyObl, M; Ady— IOMYCK Ha HApPY>KHBIH TUaMeTp TPYOBI,
M; S — TOJIIMHA CTCHKU TPYOBI, M; AS — MOIyCK Ha TOJIIUHY CTEHKH TPYOBI, M.
dakTryeckoe yruciio PeliHonbaca onpenenstor mo hopmysie:

R d v
€ =", (4.10)
Vi
re Vi — KOI(GUIMEHT KHHEMATHYECKON BS3KOCTH TEIUIOHOCHTETS (BOIBI), MZ/C,
MpUHUMAaeMbIi 1o Tabi. 4.3.
Tabmuma 4.3

KoaddunreHT kuHeMaTu4ecKoi BI3KOCTH BOJIbI

Temnepatypa 35 40 45 50 55 60 65 70 80 90
BoAkl, °C

vi- 10°, m%c | 0,73 0,66 0,6 0,55 0,51 0,47 0,43 0,41 0,36 0,32

Uucno PeliHonbaca, COOTBETCTBYIOIEE  HAdaly  KBaJpaTUUYHOM  00JacTu
TUIPABINYECKUX COMPOTUBICHUHN NPpU TYpPOYJIEHTHOM JBUKEHUU BOJIbI, ONIPEACIISIOT 10

bopmyie:

500d
Re, =—=F
K- (4.11)
Yucao mogooust peKMMOB TEUSHHUSI BOJIBI ONIPEACIISIIOT 110 (hopMyJIe:
lg Re
b=14 ot
lgRe - (4.12)

[Ipn cpenneil Temmeparype TemoHocurensd, omimuHon ot 80 °C, cuenyer
YUUTHIBATh MOMPABOYHBIA KOIP(GUUIHUEHT 0. K 3HAUEHUSIM YAEIbHON MOTEPHU AaBJICHMS,
npuBeneHHbiM B CHull:

R =R-a (4.13)
rie R — yneneHas morteps naBienus npu temmepatype 80 °C u TOM ke pacxojne
TEIMJIOHOCUTETIS.

[Tpu cpenueit remneparype temionocutens 90 °C koappuuueHT o npUHUMAarOT
paBubM 0,98; ipu 70 °C — 1,02; mpu 60 °C — 1,05; mpu 50 °C —  1,08; mpu 40 °C —
1,11.

JIJ1s TuApaBiINYEcKOro pacyeTa TpyOONnpoBOIOB CUCTEM BOASIHOT'O OTOIUICHHUS B
NPaKTUKE MPOCKTHUPOBAHUS HCIONB3YIOT CIelHaibHbie HOMorpammbl (puc. 4.1),

42




YUUTHIBAIOIIME IIIEPOXOBATOCTh TPYOONPOBOJIOB M PACYETHBIC IMapaMeTPbl BOJIBI.
[Morepu naBnenus Z, Ila, Ha TMPeoqOJCHHE MECTHBIX CONPOTHBICHHA MOTYT OBIThH
oTpeieeHBI TT0 hopMyIie

Z=Z§'3§'P, (4.14)

rne 2¢ — cymma Kod(D(HUIIMEHTOB MECTHBIX CONPOTHBJICHHN Ha PacCUYUTHIBAEMOM
ydacTke TpyOOmpoBOaa; V — CKOPOCTh TEIJIOHOCHUTENsE B TpyOompoBoae, M/c; p —
IUIOTHOCTb TEILIOHOCHTEIIS, KI/M".

OpueHTHUPOBOYHBIC 3HAYCHUS KOA(DPHUIIMEHTOB MECTHBIX COTIPOTHUBJICHUM
AJIEMEHTOB CHCTEMbI OTOILJICHUS TTpUBEACHBI B Ta0m. [1.4.1.

['mnpaBnudeckrue XapakTEPUCTHUKUA OTOMHUTEIBHBIX MPHOOPOB, BEHTUIICH, KJIalaHOB,
BKJIFOYAsl TEPMOCTATHYCCKHUE, MPUBOASATCS B CIPABOYHBIX W3JAAHHUSIX W HOPMATHUBHOMN
JIOKyMEHTAITHH.

OO6m1ee cCONpOTUBIICHHUE JIFOOOTO y4acTKa TPyOONpoBOa ABUKEHUIO TEIIJIOHOCUTEIS

Ap,, =Rl + Z. (4.15)

OnucaHHBII METOJ| ONpeNeNieHus NOTeph AAaBJICHUS B TPyOONpPOBOJAX HAa3bIBAOT
METOJOM YJEJIbHBIX IIOTEPH NABICHUS.

R, T/ P2 A
=t L\, Ypbiieo ’%mn-um
o A AN \ B0
m-"'l R A e $0000
390 -
295 k! Y LY 40000
MY - 30000
195 20000
110 2.
P = -
'ﬂ w1 [} E.G::g ]
2|5 (3 qfﬁf 8
) T as i
10 N KL 10000
7 - nlh‘.rk W, ENTS B0
4 ]
’ %% B
1,0 ‘é'___.-— G, xrf
0.8 £%%
0,7 B

Puc. 4.1. Homorpamma 1jsi pacuera AMAMETPOB TPYyOOINPOBOJOB CHUCTEM OTOIUICHMS
pu Temreparype Boasl 95... 70 °C
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Pe3ynbTaThl rugpaBIndeckoro pacyeTa TpyoOIpoBOIOB IE7IECO00pa3HO CBOIUTH B
Tabi. 4.4.

Tabmuma 4.4
CBojiHast TaOJIHIIA PE3YIbTATOB THAPABIMYECKOTO pacyeTa TPyOOIPOBOJIOB CUCTEM
OTOILICHHS
H
/M S m S o
£ Z § = 5 S E PR &
o > 3 T - = w 5 2 = N 5N
: z o o = < s = 2 g = =+
Z 5 Q) = = = 2 v X g =
s 2 0z g% &% 5 2¢ 2w =2£E =%
= B 5 E| E| 3% > BE FTEW| ffe | E:
-~ £ g =2 o 53 = ~ 2 28 = 3 2 &3
2l 5| % 5 2% s | 54 3z 5=: %
2 5 S gE. &= g§= zE g 2 ki
= & = SEE GE 2 2% I
(5} N T =
= >

IIpakTuyeckoe 3ansaTHE Ne5.
PacyeTr ropu3oHTAIBLHOIO0 KOJJIEKTOPA U BHIOOP TEIJIOBOI0 HACOCA /ISl KUJIOTO
noMeleHust

Hcxonubie ycioBus

1. TemmonmoTpeOHOCTh KOTTEMXKaA IIomaapio 120-240 M (U3 pacdeTa TEMJIOBBIX
noTeps ¢ yuetoM uHpmibTpanun) — 13 kBT;

2. TemmepaTypa BOABI B CHCTEME OTOIUICHHA TpuHMMaeM paBHou 35 °C
(moamosoBo# 00orpeB);

3. MunumanpHas TeMIeparypa TeIUIOHOCUTENsI Ha BbixoA B ucnapurens — 0 °C.

4. Jlns obGorpeBa 3maHUs BBIOpaH TEIUIOBOM HAcoC MOIIHOCTHIO 14,5 kBt wu3
CYILECTBYIOIIEr0 TEXHUYECKOrO psjia 00OpYyAOBAaHMS, C YYETOM MOTEPh Ha BA3KOCTH
MEIUyMa;

5. MomHocts P, 3aTpaurBaeMas Ha HarpeB (peoHa Mpu OTOOpe W Mepenaye
TETUIOBOM YHEPIUU U3 TPYHTA, cocTaBisieT 3,22 kBT;

6. TemiochkeM € MOBEPXHOCTHOTO CJOs TpyHTa (cyxas TiuHa), ( paBHsercs 20
Br/m.1.

CpeM Teria C Kaxjoro MeTpa TpyObl 3aBUCHT OT MHOTHX TapaMeTpPOB: TIIyOWHBI
YKJIQJIKU, HaJIMYUs TPYHTOBBIX BOJI, KauecTBa rpyHTa U T.A. OpUEHTUPOBOYHO MOXKHO
CUYUTATh, YTO JJISI TOPU3OHTAJIBHBIX KOJIJIEKTOPOB OH cocTarisieT 20 B1/M. bonee TouHo:
cyxoi mecok — 10, cyxas rnuHa — 20, BaaxHas rivHa — 25, rIMHa ¢ OOJBIIUM
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cojaepkanreM Bojabl — 35 B1/M. PasHuily temmepaTypbl TEIJIOHOCHUTENS B MPSAMOU H

oOpaTHOM JHWHWHM TETIM TPH pacdyeTax TMPUHUMAT OOBIYHO PABHOM 3°C.
MuHuManbHOE PacCTOSHUE MEXY MPOJIOKEHHBIMU TpyOdamu J0JkHO ObITh 0,7— 0,8 M.
JlnuHa onaHOM TpaHiien coctaBiger o00biuHO oT 30 nmo 120 M. B kadectBe
TEIUIOHOCUTENISI IEPBUYHOTO KOHTYPA PEKOMEHIYETCSI UCIIOJIb30BaTh 25 — MPOLIEHTHBIN
pactBop TiHMKOIS. B pacderax crmeayeT ydyecTb, YTO €ro TEIJIOEMKOCTh IpHU

temmeparype 0°C cocrasmsier 3,7 kJlx/kr-K, mmotrocts — 1,05 r/em’.
Ilopsnok pacuera
1. B cootrBerctBUu ¢ ¢dopmynoi (4.16) paccuntsiBaeTcs TpeOyemasi TeroBas

MOIIHOCTh KOJUIEKTOpa KaK pasHUIa IOJHOM MOLIHOCTH TeruioBoro Hacoca N u
3JIEKTPUYECKON MOIIHOCTH, 3aTpaunBaeMoil Ha HarpeB (peona P, kBT:

Qo =N -P. (416)

2. CymmapHas qirHa Tpy0 koJjuiekTopa L, M, u oOmias miomaas yuyacTka 1moji  Hero
A, M°, paccuUMTHIBAIOTCS 110 (OPMyIam

=T 4.17
q (4.17)
A =1L, (4.18)

37eCh ( — yAenbHbIN TermiockeM (B1/M); d — paccTosiHue Mexay Tpyoamu (1mar

YKJIQJIKH).
3. Pacxos anTH(pH3a, M°:
_ Q, -3600

S C-p- AT (4.19)

rne AT — pa3HOCTh TeMIIepaTyp MEXIy MOAArOIIeH U BO3BpaTHOM TUHUAMH, Qo —
TEIJIOBasi MOIIHOCTbD, MOJy4yaeMasi OT HU3KOMOTEHINAIbHOTO UCTOYHHUKA.

4. JIns ycTpoicTBa KOJUIEKTOpa BEIOUPAETCSl TUNIOPA3MEDP IIIACTUKOBOM TPYOBI, IS
KOTOpOM omnpenensitoT norepu napienus (I1a/m.m.); conpoTuBieHUe OJHOTO KOHTYpa
(xI1a); ckopocTh MPOTOKA TEILIOHOCUTENS (M/C.).

5. [IpoBecTu pacuet 30HAa (pUc. 7) MJIsI TEX KE UCXOAHBIX JAHHBIX.

[Ipu ucnonb30BaHUM BEPTUKATBHBIX CKBaXXHUH r1yOnHO# oT 20 10 100 M B HUX
norpyxarotcsi U — o0pasHbie macTukoBbie TpyOs! (auametpom 32 mm). Kak npaswuiio, B
OJIHY CKBa)KHHY BCTABJISIIOTCS JABE METIU. B cpelHeM yIenbHbIN TEMI0CHEM TAKOTO
30HJ1a MOKHO TIPUHSTH paBHBIM 50 BT/M.

MO>KHO Takke OpUEHTUPOBATHCS HA CIEYIOLIUE JaHHBIE MO TEMIOCHEMY:

- cyxue ocagounbie nmopoasl — 20 B1/m;

- KaMEHUCTas M0YBa U HACHIIIIEHHBIE BOJION ocagouHbie Toposl — 50 BT/Mm;

- KaMEHHBIE TIOPOBI C BBICOKOM TETIONPOBOAHOCTHIO — 70 BT/M;

- moa3eMHubie Boabsl — 80 B1/Mm.
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Temneparypa rpyHTa Ha riyouHe 6osee 15 M OCTOsSIHHA U COCTABIISIET MPUMEPHO

+9°C. PaccrostHre MeX/y CKBa)KHHAMH JOJDKHO OBITH 60JIee 5 M.
HuakoremneparypHan
aronurensHan
ycravosxa \\\
KonnexropHsiia M
Konogey

\ Mopawowas
Mmartcrpans

[ | Obparvan
| | MarmMcTparns

TennoBoi Hacoc

=
J U U 3eMnANOi 30HA

Puc. 7. Cxema pacnonoxeHus 3eMJISTHOTO 30H1a

[Ipu HATWYMK TOA3EMHBIX TEUEHMM, CKBOKMHBI JOJDKHBI PacIiojiaraTbCsi Ha JIMHUU,
MepIeHIUKYISpHON MoToKy. [log6op auameTrpoB TpyO MPOBOIUTCS HUCXOMIS U3 MOTEPh
JaBJICHHS JIJIs1 TpeOyeMOoro pacxojia TEIUIOHOCUTEN. Pacuer pacxoia )KUJIKOCTH MOXKET
npoBoauThes 1yt t =35 °C.

Pacuetr npoBoUTCS aHAJIOTUYHO TOPU3OHTAIILHOMY KOJUIEKTOPY.

KonTpoabHbIe BONPOCHI

1. ITpyHIMD IEMCTBUS TEIJIOBOIO HAcoca.

2. HazoBuTe BO3MOXKHBIE HU3KOTIOTCHIINATbHBIC HCTOYHUKH SHEPTHH.

3. Kakune ncxoHbie TaHHBIE HY)KHBI IJIs1 pacdeTa MOIITHOCTH TEIJIOBOro Hacoca?

4. Tlo kakuM mapameTpam BeIOMpaeTcs TEIIOBOM Hacoc? J[aTh onmpeneneHue STUM
MapameTpam.

5. C kako# 1esbio TPOBOAUTCS THAPABIMUECKUNA pacyeT TPyOOIpOBOJIOB CUCTEMBI
BOJISTHOT'O OTOILICHUSA?

6. Kak paccunurtarh qiMHYy TOPU30HTAIBLHOTO KOJUIEKTOPA M CKBAYKUH 3€MIISTHOTO 30Ha7
7. OT 4ero 3aBUCHUT yACJIbHBIN TEIJIOCHEM KOJUIEKTOpPA U 30H1a?
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V. HICIIOJIb3OBAHUE BUOT'A3A
XapakTepucTHKA 0MOra3a u cnocoObI ero moJy4YeHust

buora3 cocrout u3z merana (55 — 85% - CH4) u yrinekucnoro raza (15 — 45% —
COy), a Takxe MOTYT OBITh CIEABI CEpOBOIOpoAa. Ero Temmora cropanus COCTaBsET OT
21 mo 27,2 MTx/ve. [Ipu mepepaboTke 1 TOHHBI HaBO3a KPYITHOTO POraToro CKOTa W
CBUHEHN (C BIAXHOCTBHIO 85%) MOXHO moyduTh oT 45 1o 60 M° 6uorasa, | TOHHBI
KypUHOTO TloMeTa (C BJIaXXHOCTBhIO 75%) peaibHO monyuuTh a0 100 M Guorasa. Ilo

3 3
TeruioTe cropanus 1 M~ 6uorasza skBuBanenteH: 0,8 M™ mpupoaHoro rasa, 0,7 kr Mma3yra
unu 1,5 xr apos.

DTOT Ta3 MOXET WCIOJIb30BaThCsl KaK OOBIYHBIA TPHUPOAHBIA Ta3 IS
TEXHOJIOTHUECKHX IIeJIei, 000TpeBa, BEIPAOOTKH SJICKTPOIHEPTHH.

buoras, kak ¥ NpUPOAHBIA ra3, OTHOCUTCS K Haumbojee YUCTHIM BHAAM TOILUIMBA.
[Tonyyenue Ouorasa w3 OPraHUYECKUX OTXOJOB MMEET CIEAYIOIIHE OCOOECHHOCTH:
- OCYIIECTBIISIETCS] CaHUTapHast 00paboTKa CTOYHBIX BOJ (OCOOCHHO KMBOTHOBOTUECKUX
U KOMMYHQJIbHO — OBITOBBIX), COJIEpKAHUE OPTaHMYECKUX BEIIECTB CHIKaeTcs 10 10
pas;
- aHa’poOHas mepepadoTKa OTXOJOB KUBOTHOBOJICTBA, PACTEHUEBOACTBA U aKTUBHOTO
Wia TPUBOJUT K MHUHEpAIM3aIlMd OCHOBHBIX KOMIIOHEHTOB YyIOOpeHHMH (a3oTa u
dbocdopa) u uX coxpaHeHHUIO (B OTJIMYKE OT TPAJAMIIMOHHBIX CIIOCOOOB MPUTOTOBICHUS
OpraHUYECKUX YAOOpPEHH METOJaMH KOMIIOCTUPOBAHUS, MPU KOTOPBIX TEPSETCS 10
40% azora);

- Ipu MeTaHOBOM OposkeHuun Bbicokuit KIIJ[ mpeBpaiieHus: 3Hepruu OpraHu4ecKux
BemecTB B buoras (80-90%);

- Ouoras ¢ BBICOKON 3(DPEKTUBHOCTBIO MCIOIB3YETCS AJIsl MOJYYEHHs TEIUIOBOM W
AIEKTPUYECKOM SHEPTHH, a TAKXKe ISl 3alIpaBKU aBTOMOOUIIEH;

Ha puc. 8 moka3zaHa TexHOJOTHYecKass CXeMa MOoJIydyeHusi Ouoraza M3 OTXOJOB
’KUBOTHOBO/JICTBA.

= 5
4 buoras

Huakun
\ Haeo3

K notpeburenio

Puc. 8. Texnosornyeckas cxema moyueHust oruorasa
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Ha cxeme Ouora3oBoii ycTaHOBKM MoKa3zaHbl: 1 — depma; 2 — pesepByap s
XpaHeHus HaBo3a; 3 — Hacoc; 4 — METaHTaHK; 5 — ra3royibiaep; 6 — TEmI00OMEHHUK; 7
— KOTeJ; 8§ — XpaHWIUIIE YI00peHus.

[Tpunuun pa®oTsl 6HOra3zoBoi ycTaHOBKH. bromacca (0TX0Abl WK 3efieHast Macca)
NEPUOINYECKH TOJAIOTCS C MOMOIIBI0 HACOCHOM CTAaHLMM WIM 3arpy3ddKa B PEAKTOP
(meTaHTeHK). PeakTop mpeacTaBisieT coO0l MOa0orpeBacMblil U yTEIJICHHBIA pe3epByap,
o0opynoBaHHBI Mukcepamu. CTpoiiMaTtepralioM JJisl MPOMBIIUICHHOTO pe3epByapa
Yalie BCEro CIYXHUT K€JI€300€TOH WM CTajb C MOKPBITUEM. B ManbIX ycTaHOBKax
MHOTJa HCIOJIb3YIOTCS KOMIIO3ULIMOHHBIE MaTepuaibl. B peakTope >KMBYT MOJIE3HBIE
OakTepuu, nuTamuecs Ouomaccor. IIpoAyKTOM KU3HENEATETLHOCTH OaKTepuit
apisgercss Ouora3. g mojjepaHus KU3HM OakTepuil TpeOyercs Mojada KopMma,
noporpes 110 35 — 38°C u nepuoauveckoe nepeMemuBanue. O6paszyromnuiicss ouoras
CKaITUBAETCSd B XpaHWIHINE (Ta3rojibJepe), 3aTeM MPOXOAUT CHUCTEMY OYHCTKH U
HoJlaeTcsl K MOTpeOuTeNnsiM (KOTen WM 3JeKTporeHeparop). Peakrop paboraer 6e3
JI0CTyTa BO3/1yXa, TePMETHUYEH U HEOIACEH.

IIpakTuyeckoe 3ansitue Neb.
Ouenka 3¢ eKTUBHOCTH YCTAHOBKH OHOra3oreHepaTopa u
ABUTaTeJIb-T€eHEPATOPHOM YCTAHOBKM JIJIl YTHJIM3AIUUA HAB0O3A HA
ceuHo(pepme Ha 1000 rosios

HMcxonHpie faHHBIC

1. Conepxanue cyxoro cOpakxruBaeMoro MaTepuaia B HABO3€ OJTHOTO JKUBOTHOT'O
0,2 Kr 3a CyTKH;

2. Bpems mukiia copaxnsanms mpu temneparype 20 °C t = 14 cyTok;

3. CymmapHas TeIIOTBOPHAsI CIIOCOOHOCTH CyXoro HaBo3a 12 MJIx/kr;

4. CymmapHas TEIUIOTBOpHAas criocoOHocTh Ouorasa (50% - metan u 50% -
yraekucbiii raz) — Cg = 20 MJD/m;

5. IIpu nosnHoM cOpaxuBanuu 3a 14 CyTOK MOJHBIN BbIxo1 Ouorasza 0,5 M Ha | kT
CyXOro MaTepHaa;

6. KI1J] aBurarens-renepatopHoit yctanoBku 1 = 30%.

ITopsanok pacuera
) 3 9
1. O6BeM )uAKOM Macchl (M), TPOXOAAIIEH Yepe3 OMOra30reHepaTop eKECyTOUHO

Vy=— (5.1)

3
r7Ie M — Macca Cyxoro MaTepualia B HaBo3€ JKMBOTHBIX 3a CYTKH, p = 50 kr/m™ —
3
COJIEp’KaHHUE CyXOIro MaTepuaya B 1 M™ KMKHU.
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7.2. OGbeM GHOra3oreHepaTopa, M
Ve =V, -t (5.2)

rae t — Bpems 1ukiia coOpaxuBaHusl, CyT.

7.3. Macca cyxoro maTtepuasa B IMOJHOM OMOTa30reHepaTope, Kr
Ge =m-t-1000. (5.3)
7.4. O6bem Onorasa, BBIICIIEMOTr0 OMOTa30reHEPATOPOM 3a CYTKH, M3/CYT

Vg =G, (5.4)

rje C — BbIxoJ Onorasza u3 1 Kr cyxoro marepuaia B CyTKH.

7.5. T'onoBas BeIpabOTKa 37eKTpodHEepruu (KB1-4) npu nucnonbp3oBanuu 61orasa B
JIBUTATENIb — TEHEPATOPHON YCTaHOBKE

W =7V, - C, -365. (5.5)
7.6. HomuHanbpHas MOIIHOCTH JIBUTATEINb — TeHepaTopa, KBT

KW -
" 365.24" (5.6)

rae K3 =1 — koapduruent 3amaca.

7.7. Pacxon anektposHepruu (Thic. KBT-4) Ha moorpeB Maccel B OMOra3oreHepaTtope B
xosoxHoe Bpems roaa (365/2 cytok) B cpeaneM ot 5 g0 20°C, monarasi TEIIOEMKOCTh
macenl 1 kkan/kr-°C, mwiotHocts Macest 900 kr/m>, 1 kBru = 1 kkain/860.

V,.C-AT- 365
W,=m-C-AT =20 ggg5 (5.7)

7.8. Pacxonm snektposHepruu (Thic. KBT-4) B rom nBWraTreasiMd HACOCOB W MEIIAJIOK
OunoraszoreHeparopa Mnpu HuX ycTaHoBieHHOW MomHOocTH 20 kBT u koadduimenrte
ucrons3oBanns 0,1

W3 =Pyem Kyen 8760. (5.8)
7.9. T'ogoBasi 5JKOHOMMSI DTIEKTPOIHEPTUH (ThIC. KBT )

AW = W - W; — W,. (5.9)
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7.10. KanuTanpHble 3aTparhbl (MJIH. py0) Ha YCTAaHOBKY IIPU YIENBHBIX 3aTpaTax 3y, = 2
MIIH. py0 3a 1 kBT ycTaHOBIEHHON MOIITHOCTH

K= PH ‘3ya. (5.10)

7.11. T'omoBoit skoHOMHMUecKHUU Hddext (MaH. pyd) 03 ydera JOMOJIHHUTEIBHBIX
OKCIUTyaTaI[AOHHBIX ~ PAacxXoloB  Npu  Tapude  Ha  DIEKTPOIHEPTHUIO IS
IPOM3BOACTBEHHBIX moTpeduTeneii b =170 pyo/xBt-u

D= AW-b. (5.11)

7.12. Cpox okymaemMocTu 0€3 yyeTa JIOMOJHUTEIbHBIX IKCILTYyaTallMOHHBIX PacXooB,
JeT

Ty =—. (5.12)

KoHTpobHbIE BONPOCHI

OCHOBHBIE XapaKTEPUCTUKU OHora3a

[TpunHIMn paboThl GMOTAa30BON YCTAHOBKH.

HazoBuTte ocHOBHBIE CTIOCOOBI IEPEPaOOTKH OOMACChI?

KaxoBa a¢dhexTuBHOCTS Coxuranus ouotoruBa? Kak e€ MOKHO MOBBICUTH?
B uéMm cymHocTh aHapOOHOTO COpakrBaHUs?

KaxkoBa a3pdexkTuBHOCTh aHAAPOOHOM TIepepaboTKu HaBo3a?

ouhkwdPE
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IMPUJIOKEHUA

[MTPUJIOXKEHUE 1
Taomuna I1. 1.1
TexHHYeCKHe XapaKTePUCTUKH COTHEYHBIX MOJTYJICH

XapakTepuCTUKH Tun Moynst
COJIHEUHBIX MoayJier | M 30/12 M 85/40 MSW MSW MSW MSW
100/50-12 | 120/60-12 | 150/75-24 | 175/80-24
[TrkoBast MOIIHOCTD, 30 85 100 120 150 175
Br
HomunansHOE 12 12 12 12 24 24
HanpsbkeHue, B
Harmpsixenue B 17 17 17 17 34 34
TOYKE
MaKCUMaJIbHOU
MOIITHOCTH, B
Toxk B TOYKE 1,77 1,77 58 7 4.4 4.4
MaKCUMaJIbHOMN
MOIITHOCTH, A
Hanpsokenue 21 21 21 21 42 42
X0JIOCTOTO X0/1a, B
Tox KOPOTKOTO 2 2 7 8,4 5,3 53
3aMBbIKaHMA, A
Pazmepsl, MM 630x600x | 650x960x | 680x1330x | 1415x695x | 810x1580x | 810x1580x
28 32 40 42 40 40
Bec, kr 4,6 7 10 11,5 17 17
Llena, pyo 5450 15500 18200 21800 27300 31900
Tabnuna I1.1.2
3HaYCHUS MOIIHOCTH 3JIEKTPOOBITOBBIX IPHOOPOB
OnexTponpuOOopsl | MOLIHOCTD yTpO JIeHb BeYep HOYb
K-BO MOIIIH. K-BO MOIITH. K-BO MOIITH. K-BO MOIITH
Tenesusop 300 1 300 0 0 2 600 0 0
Buneomarautodon 120 0 0 0 0 1 120 0 0
Komnerorep 400 0 0 0 0 1 400 1 400
DVD — nneep 120 0 0 0 0 1 120 1 120
Aynuonneep 100 1 100 0 0 1 100 0 0
ITocynomoiika 1500 1 1500 0 0 1 1500 0 0
Crtup. mammHa 500 0 0 0 0 1 500 0 0
DIEKTPOIIUTA 1500 1 1500 0 0 1 1500 0 0
MuxkpoBoHOBast 1500 1 1500 0 0 0 0 0 0
neyvb
ITpu1ecoc 1300 0 0 0 0 1 1300 0 0
daxkc-anmnapar 100 1 100 1 100 0 0 1 100
Jlammouka 100 6 600 1 100 10 1000 3 300
XoNonMIEHAK 500 1 500 1 500 1 500 1 500
JlrocTpa 400 1 400 0 0 1 400 0 0
Cuntesatop 100 0 0 0 0 1 100 0 0
DJIeKTpOYAITHUK 2000 1 2000 0 0 1 2000 0 0
YTior 1800 1 1000 0 0 0 0 0 0
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[Tponomxenne Tadm. I1.1.2.

Kodepapka 1200 1 300 0 0 0 0 0 0
Mukcep 200 0 0 0 0 1 200 0 0
Tocrep 300 1 300 0 0 0 0 0 0
Oden 200 1 200 0 0 0 0 0 0
TenedonHbIi 20 1 20 1 20 1 20 1 20
armapar
Curnanusanms 20 1 20 1 20 0 0 1 20
Hpyrue npubopsr 1000 1 1000 0 0 1 1000 0 0
0 0 0 0
Ob6orpeBarenb mona 300 1 300 1 300 1 300 1 300
Cucrema oborpesa 300 1 300 1 300 1 300 1 300
JIoMa
Hroro 15880 11940 1340 11960 2060

Tabnuna I1.1.3
Ceucnne kabems (MM?) OT HHBepTOpa 10 AB

MomHocTb Hanpsbxenne Ab, B
uHBEepTOpa, 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

Ta6muna I1.1.4
MakcumanbHas ajvHa Kadens (B MeTpax) OT MCTOYHHUKA YHEPTUU 10 MOTpeOnuTeNs
MIpH MaJICHUN HanpshDKeHUs: MeHblie 2% 11 cucteMm 12 B

TOK, CeueHue Ka6en${, MM2
A 1 1,5 2,5 4 6 10 16 25 35 50 75 | 100
1 7 10,91 | 17,65 | 28,57 | 42,86 | 70,6 | 109,1 | 1765 | 2449 - - -
2 3,53 5,45 8,82 1429 | 214 35,3 54,5 88,2 1224 | 1714 -
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 30,6 429 | 65,25 88
10 - 1,0 1,76 2,86 4,3 7,1 10,9 17,7 24,5 34,3 52,2 70
15 0,73 1,18 1,9 2,9 4,7 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 4,9 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
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Taomuma I1.1.5
VY nenpHOE COMPOTUBIICHNE U CEYCHHE TIPOBOAA

Ceuenue H})OBOI[a, MakcuManbHBIN TOMyCTUMBINA TOK, A VYneapHOE
MM KonnyecTBo nmpoBoa0OB B Kabee CONPOTHUBIICHUE Ha
2-KUITbHBIN 3-KWJIbHBIN xuiny, OM/M

1,0 11 9 0,018
15 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

Tadomuma I1.1.6

Mogensnsiii psin uaBepTopoB (UPS)1000-5000kBA

Monenbs naBepTopa
Bxonnoe

HaIpsDKEHUE
MontHocTh

IpOAOJIKHUTCIIbHAS,
BA

MomHoCTb
MPOJIOKUTEIIbHAS,
Bt

MoIHOoCTh

muKoBas, Bt
Brixognoe

HaIlpsKEHUE
Yacrora

@®opMa BBIXOJIHOTO
HaIpsKEHUs
Bpewms

nepeKIroueHus ™
DJIEKTpOHHAA

3almuTa

KITQ
Pexomennyembie

AKKyMYJISITOPBI
KonnyectBo

AKKyMYJISITOPOB,
T

SKN(2)-1000 SKN(z)-2000 SKN(z)-3000 SKN(z)-4000 SKN(z)-5000

170-270 B 170-270 B 170-270 B 170-270 B 170-270 B

1000 2000 3000 4000 5000
700 1400 2100 2800 3500
2100 4200 6300 8400 10500

220 +2% 220+ 2% 220+ 2% 220+ 2% 220+ 2%

50T'n 50T 50T 50T'n 50 T'n
qucTas qucTast yucTas yucTas yucTas
CHUHYCOH]Ia CHUHYCOUJIA CHUHYCOH]Ia CHUHYCOUJIA CHUHYCOH]Ia
<4 wmc <4 wmc <4 wmc <4 wmc <4 wmc

OT BBICOKOTO HATMPSKCHUS CETH, MIEPETPY3KH, KOPOTKOTO 3aMbIKaHUS,
neperpesa
90% 90% 90% 90% 90%

Panasonic LC-XB12120 - repMeTH3upOBaHHbBIN, HEOOCTY)KUBaeMbIid, 120 Au

1/2 2/4 4 4 4
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Hanpsioxenue
AKKyMYJISITOPHOU
Oarapeu
3apsaHbIN TOK
3ammura

aKKyMJIITOpa:
I"abaputhl

WHBEpPTOpa
Bec unBepropa

I"abaputhl
KOMIUICKTA

Bec KOMIIJICKTa
UPS + O©Oarapes
Panasonic +
cTeJIax, KT

CTONMOCTE
uHBepropa  (0e3
aKKyMYJIIITOPOB)

[Tponomxenne tadmn. I1.1.6.

12/24B 24/48B 48B 48B 48B
1-15 A 1-15 A 1-15 A 1-15 A 1-15 A
OT Tmepepaspsiaa, OT nepe3apsiaa
150x410x215
MM ) ) ) )

15 xr - - - -
600x400x900 600x400x900 600x400x900 600x400x900 600x400%x900
MM MM MM MM MM

62 /99 xr 104 / 178 kr 185 kr 189 kr 194 kr
13.500 pyo6. 22.500 pyo6. 34.000 py6. - 48.500 py0.

Taomumna I1.1.7

3naueHue K0dpdunrentos a, b, So asa Yenstonnckoi obdaactu

(52,5° c.ur.)
Mecsn
Bennunna _
STHBAPb beBpanb MapT anpenb Maii UIOHBb
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
Mecsn
Bennuunna
UIOJIb aBr'yCT CEHTAOpb OKTSIOpb HOSIOPb nexaOpb
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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Taomuma I1.1.8
CpenHee 3HaYeHHE BETUYMHBI S ISl pa3IMYHBIX pailoHOB YensiOuHcKol o0nacTu

Howmep paiiona.

Benuuuna S, 4, 11 Mecsina

XapakTepHblie N
HACEIICHHBIE TYHKTEI sHBaph | (heBpaib MapT amnpelib Mai HIOHb

1. bpensi, Kusumsckoe, 3.5 4.8 6,2 8.1 9.4 10,4
Kapransl
2. AranoBka, BapHa, 3.1 45 5.8 7.8 9,2 10,3
Tpounk, OxT0pbckoe
3.Bepxueypaibck, Yecma,
IInacr, ETkynb, 2,8 45 5,4 7,4 8,8 9,8
VBenbckoe
4. Yebapkynb, Aprasii,
Yensbunck, Kynamak, 2,5 4.2 52 7,4 8,6 9,6
Muacckoe
5.Haszenerposck,
KpIrsiMm, 2,2 5,2 7,3 8,6 9,4 9,0
Bepxuutii Y daneit

Howmep paiiona. BenuunHa S, u, 115 Mecsina

XapakTepHble 5 5

HACE/IEHHBIE TYHKTHI HIOJIb aBryCT | CEHTAOpH | OKTAOpb | HOAOpHL | Aexadpb

1. bpensi, Kusunsckoe, 105 9,5 6.8 43 3.0 25
Kapransi
2. AramoBka, Bapha, 10.3 8.9 6.4 3.8 29 25
Tpowunk, OKTAOpbCKOE
3.BepxHeypanbck, Yecma,
IInacr, ETkynb, 9,9 8,4 6,3 3,5 2,6 2,0
VYBenbckoe
4. Yebapkynb, Aprasii,
Yensbunck, Kynamak, 9,4 79 5,6 3,4 2,2 1,9
Muacckoe
5.Hs3eneTpoBck, 9,0 75 5.3 2.9 2.0 1.8

Keiuteiv, B. Vaneit
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Puc. I1.1.1 — 3naueHust BepoSITHOCTU P(S) IS pa3IMUHbBIX MECSIIEB
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[NPMJIOXEHUE 2
Tabmuma I1.2.1
3HaueHUs CPEeTHEMECSIUHOM U TOJJOBOW CKOPOCTH BeTpa <Vi>, M/C
(1 pation)

MECSILIBI

T'onwl
I 1 11 (\V4 V VI | VIH | VI IX X Xl | XII | 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 |80]|95)| 96 |103]8,34

2003 | 98 1989089 |69 |66 |55|68 74|96 |98 |110]|7,63

2004 | 99 10291 88|72 69 |60]|65]|76]|91)|99 |105|8,47

2005 |104|100}90 82|70 |64 |58 |63 |75|89]|90]| 97 818

2006 (100} 94 |88 85|67 |63 |54|64]|76)|94|93 102|817

2007 (11,2} 97 |86 | 85|67 |65|55|69|74]|96 |10,0]10,2|8,40

2008 | 98 |100| 8590|6969 51|67 ]|77]|90/10,1|10,9 8,38

Ta6numa I1.2.2
3HaYeHUs CPEeTHEMECSIYHOM U TOJJOBOM CKOPOCTH BeTpa <Vi>, M/C
(2 paiion)
MECHIIbI

T'onur
| 1 i v V VI | VII | VIHT| IX X Xl | X1l | roxg

2001 (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]4.2

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

2006 | 48 |67 |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 6065|497

60



Taomuma I[1.2.3
3HaYCHUS CPEAHEMECTIYHOM U TOJIOBOM CKOPOCTH BeTpa <Vi>, M/C
(3 paiion)

MCCAIbI

T'onwl
I ] 11 AV V VI | VII | VIIT ] IX X Xl | Xl | roxg

2001 | 53 |64 |55 |27 |25]23 24|20 |39|30]19 |33 343

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

2003 (391613939 (30(39|33] 1027|3245 | 43 |364

2004 | 30 |36 |44 |44 |36 |30 (22|19 22|47 |21 |20 (309

2005 | 2,7 141|161 41|41 |30|33 |25 |25|31 4160380

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

2007 | 44 | 53|30 4741|3325 22 |33|30)42| 38365

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

Tabnuna [1.2.4
PaitonnpoBanue teppuropun Poccuu o tunam mecromnonoxenus BOY
Howmep XapakTepuCTUKA MOCTUWIAIOIIEH TOBEPXHOCTH
30HbI
1 OctpoBa, moOepexbs BHEIIHUX MOpPEl B OKPYKEHUU PaBHUHHOTO
penbeda
2 OctpoBa, mobepexbsi BHEIIHUX MOpEil B OKPYKEHUH CIIOKHOTO penbeda.

[Ipenropss, npoayBaemslie BeTpoM. CharnoBelie 60110Ta, TyHApa

3 Paiionsl necocrenen, ctenel, NoJaynycTbiHb. JIecCOTyHApa, TyCTHIHN,
OTKPBIThIE TOOEPEXKbsi BHYTPEHHUX MOPEH, KPYITHBIX 03ep

4 3akpheIThIe (MaJIOMpPOAYBaeMble) 0OEpexkbsi BHYTPEHHUX MOpel. ByXTbl
BHYTPEHHUX U BHEHIHUX MOpei
5 JlecHast 30Ha B OKpY>KE€HHH paBHUHHOTO penbeda (3anannas Cubups,

BHyTpeHHue paiionsl Kamuatku, CaxanuHa), HOMMBI KPYITHBIX PEK, 03€p B
JIECHOM 30HE co cI0XHBIM penbedom (Bocrounas Cubups, ansHuii
Bocrok u 1ip.)

6 JlecHast 30Ha B OKpY>XKEHHH CII0KHOTO penbeda (3aypanbe, Bocrounas
Cubups, Hansuuit Boctok u ap.)
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Taomuna I1.2.5

Ornoruenue (%) cpenHux 3HaueHuit ckopocteii Berpa Vi, /Viy u kosddummentos

Bapualnuu CV(valo Ha BeIcoTe h 1 Ha YPOBHC 10 m Hanqg 3eMJIeH B 3aBUCUMOCTH OT

HOMeEpa 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

Begﬁ’; i 3 89 100 114 123 130 137
ot 4 84 100 120 135 146 156

5 78 100 128 150 168 183

6 71 100 139 170 197 219

Cre )/Cvlo 109 100 92 85 78 73
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OO6mas mwomaas Tepputopun YensionHckoi oomactu — 87,9 Thic. KM?

ITimomaap paiioHOB:
1 paiion — 1,54 ThIc. KM®
2 paiion — 45,71 TbIc. KM’
3 paiio — 31,9 ThIc KM
4 paiion — 8,75 ThIC. KM’

3oHupoBaHue YenabuHckon o6nacTu nNo CKOpPocTU
BeTpa U KONM4YecTBy CONMTHEYHOMU paaunauum

1050kBT4/m?

100kB1y/m?

0%

150kBT4/Mm?

V=2-3MI

200kBT4/m?

V=3-4Mm/

Puc. I1.2.1 — 3onupoBanue YenssOMHCKOM 001aCTH TTO0 CKOPOCTH BETPa U KOJUYECTBY
COJIHEYHOUW paJnanuu
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[MTPUJIOXKXEHUE 3
Taomuma I1.3.1

3HaueHus KO3PPUIMEHTOB & MECTHBIX COMPOTUBIICHUHN JIIEMEHTOB CUCTEM OTOILICHUS

DNEeMEHTHI Cxemarndeckoe U300paxeHue &
SIIEMEHTA
OTBOJ C pagnycom 0,3..0,5
3akpyriaeHus r =5 dy
TpoitHuk:
Ha TIPOXOJT i 0,5
=
P .
Ha OTBETBIICHHE e 15
Ha CIIUSHHUE B 15
Ha pasJeNenne NoToKa ={: 3,0
KpecTtoBuHa:

Ha TIPOXOJT —!:— 2,0

Ha OTBETBJICHUE _L= 3,0
Orcryn e 0,5
Ooxon O 1,0
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Taomumna I1.3.2

CpaBHI/ITeJ'II)HBIe XAPaKTCPUCTUKU MUPKYIIIIUOHHBIX HACOCOB JJISI CHUCTCM OTOINIICHUA

[IpousBoguTens Haspanue Hamnop, m [Tonaua, [Motpebnsemass | CtoumMocTb, €
MOJIEIH M4 MOIIHOCTh, BT
GRUNDFOS UPS 25-60 6 3,8 90 130
Alpha 25-60 6 3,8 90 170
UPE 25-60 6 3,3 100 242
WILO Star RS 25/6 6 3,5 99 122
Top-E25/1-7 7 6,4 200 521
DAB VA 25/180 2,5 3 55 76
VEA 55/180 5,2 3 91 82
NOCCI PUMPS R2S 25-70 7 4,8 140 129
KSB Rio 25-7 7 7,2 140 235
VORTEX HZ 401-25 4 3,2 78 75
WESTER LINE WP 425 4 2,3 78 62

Taomuma I1.3.3

CpaBHI/ITCHLHBIe XAPAKTCPHUCTHUKH MUPKYIIIITHOHHBIX HACOCOB
AJIs1 CUCTCM IOps4Cro BOI[OCHa6)KeHI/I$I

IIpousBoaurens Ha3zpanue Hamop, m ITonauya, [Totpebnsemas | Ctoumoctb, €
MOJIEITH Mg MOIIHOCTB, BT
GRUNDFOS UP 15-14 B 1,4 0,73 25 113
Comfort
UP 20-30 N 3 2,7 95 214
UPS 25-60 B 6 3,7 90 283
WILO Wilo Star Z 1,24 0,46 28 177
15C
Wilo Star-Z 1,7 1,1 38 147
20/1
DAB VS 16/150 1,58 1,8 48 135
NOCCI PUMPS R2X 20-00 3 2,4 87 184
VORTEX BW 401 4 3,2 78 220
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