MunucrepcrBo odpazoBanus U HayKku Poccmiickoii @enepauun
(bez[epaanoe TroCcyaapCTBCHHOC aBTOHOMHOC O6pa3OBaTeJ'ILHOC YIPCKACHUC
BBICIIIETO 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJIEJOBATEJIbCKHUMN
TOMCKHNM NOJIUTEXHUYECKHNH YHUBEPCUTET»

[MTkoma UIIID
Hanpasnenue moaroroBku 13.04.02 DIEKTPOIHEPTETUKA M DICKTPOTEXHUKA
OTtneneHue AIEKTPOIHEPTETUKN U DJIEKTPOTEXHUKH

MAT'MCTEPCKASA JUCCEPTALIUA

Tema padoTsl

Co3nanne cucremMsl dJIeKTPocHAOkeHus1 Ha 6aze Mmukpol 9C

VK 621.31.031.621.311.21-022.53

Crynent
I'pynna DdUO IMoanucy JlaTa
5AM6K CyuxoB Urops KoHncrantuHoBUY
PykoBonurens
J10JI3KHOCTH DdPUO YueHasi cTeneHb, 3BaHHE IToanuch JlaTa
JoneHt Mypasies Hrops | kaHA. TEXH. HAYK,
OneroBu4 JIOII.
KOHCYJIbTAHTHI:
ITo pa3neny «PUHAHCOBBIM MEHEIKMEHT, pecypcor(PeKTUBHOCTb M pecypcocOepexeHner»
Jl0J1KHOCTH DdPUO YueHasi cTeneHsb, IToamnucey Jara
3BaHHe
JomeHTt ITonmoBa CsertiiaHa | kag. SKOH.
HwuxonaBena HayK, JIOIl.
ITo pazneny «CounanbHasi OTBETCTBEHHOCThY
JlonkHOCTH (037 (0) YueHasi creneHs, MMoanuck Jara
3BaHHE
JloueHT AmensrkoBud  HOnus | xang,. TEXH.
AJeKcaHapOBHA HayK, JIOIl.
JOIIYCTUTD K 3AIIIUTE:
PykoBoaurenanr OOII DPHUO Y4yeHasi cTeneHs, IMoanucn Jdara
3BaAHHE
JloueHT OO0yxoB Cepreii | nokTop. TexH.
I'eHHaIbEBHUY HayK,

Tomck — 2018 1.




«®UHAHCOBBIA MEHE/KMEHT, PECYPCO3®®EKTUBHOCTb M

PECYPCOCBEPEKEHUE»
CryneHry:
I'pynna DPUO
SAM6K CyukoB Uropp KoHcTaHTHHOBUY
HHCTHTYT SHUH (UI3) Kadeapa SIIIT
Bo3006HO0BIsIEMbIE ICTOUHUKU
YpoBeHb 00pa3oBaHus MaFI/ICTp HanpasieHnune/cnequanbHOCTH
JIEKTPOIHEPTU U

Hcxonnbie naHHble K pasgeny «@OUHAHCOBBIH MEHEIKMEHT, pecypcod(eKTUBHOCTL H

pecypcocoepeske HHEe»

1. CroumocTs pecypcoB HayuHoro uccienoBanus (HN):
MaTepHabHO-TEXHAIECKHX, SHEPreTHIECKUX, (DHHAHCOBBIX,
MHQOPMAIMOHHBIX M YEJIOBEYECKUX

KarmmranbHple BIOXKEHUS B TIPOCKT:
3000 000 py6.

2. Hopmbl 1 HOpMaTHBBI pacXOJOBaHKS PECYpPCOB

30 % npemuu

20%  xoaduiment
HaJ10aBOK

13% Kkod(hUIMECHT TOTOTHUTEIHHBIN
3apabOTHOM IUIATHI

80% HakaIHBIC PACXOJIbI

1,3% patioHHbIi K03(DhHIMCHT

JIOIUIAT 5

3. Hcnonb3yeMast cucTeMa HaJloroo0JIOKeHUs, CTaBKU HAJIOTOB,
OTYHCJICHU, TUCKOHTUPOBAHUA W KPEIUTOBAHUS

30% oTYWCIIEHHMS Ha COIHMAJILHBIC
HY>KJTBI

Hepeqeﬂb BOIIPOCOB, MOJJICKAIMX UCCJTECTO0BAHUIO, IIPOCKT

HPOBAHMIO U pa3padoTKe:

1. OueHka KOMMEPUYCCKOIo MoTCHIMaIa, NMEPCIICKTUBHOCTU 1

IIpenmpoeKTHBIN aHaIu3

anpTepHaTHB npoBeaeHuss HU ¢ mozmimm FAST-anamm
pecypcoddeKTHBHOCTH U pecypcocOepekeHus AHamm KOHKYPEHTOCTIOCOOHOCTH
TEXHHYECKOTO pEIICHUS C TO3HIHH
pecypcoapdexruBHoctn  (SWOT —
aHA3)
2. IlnanmpoBanve u GopMHUpOBaHHE OIOKETA HAYYHBIX @dopmupoBaHMe IUaHa M rpaduka
UCCJIeI0BaHNI pa3paboTKH :

-OTpeIeNICHHe CTPYKTYPHI padoT;

- OoIpesieNIeHHe TPYA0EeMKOCTH paboT;
- pa3paborka rpa¢uka ["anra.

- IOCTPOCHHE CETEBOro rpaduka

3. OmpeneneHue pecypcHol (pecypcocoeperatorieit), puHaHCOBOH,

O10/1)KETHOM, COIMAITLHOW M SKOHOMHYECKOU AP (HEeKTUBHOCTH
UCCJIeI0BaHUs

@dopmupoBaHue OroikeTa 3aTpaT Ha
HAy4YHOE HCCJIE/IOBAHUE:

- MaTepHaJibHbIE 3aTPATHI;
-3apaborHas 1warta (OCHOBHAs W
JTOTIOJTHUT EJTHHAS )

- OTYHCJICHUS Ha COLMAJIbHBIC LIEIIH,

- HaKJIaJTHbIE PACXOJIbI.

OreHKa Cpoka OKyIaeMOCTH




Ilepeuennb rpag uueckoro MmarepuaJia (C TOUHBIM YKa3aHHEM 00S3aTENIbHBIX YEPTEKEN ):

2. [luacpamma Hcukaevl
3. Mampuya SWOT

4. I'pagux nposedenus u 6100xcem HU

1. OyeHka KOHKYPEHmMOCnOCoOHOCMU MeXHUYeCKUX peteHull

| [aTa Bblaauu 3agaHua ana pasgpena no AMHeiHomy rpaduKy

3aganue BbIAJ KOHCYJIbTAHT:

JloskHOCTD DdPUO Yuenas Moamucey Jar
CTelneHb, a
3BaHHe
JloneHnt TTonmosa C.H. K.D.H.

3azla1me INPUHHAJ K HCITIOJTHECHUIO CTYACHT:

I'pynna

(13700

Toanuce

Jara

SAM6K

CyukoB Urops KoHcTanTHHOBHUY




3AJTAHME JUISI PA3JIEJIA
«COLMAJILHAA OTBETCTBEHHOCTDH TP PA3PABOTKE ITPOEKTA
CO3JIAHUSA CUCTEMBI DJIEKTPOCHABKEHUSI HA BA3E MHUKPO-TIC»

Crynenry:
I'pynna DPUO
SAM6K CyukoB Uropp KoHcTaHTHHOBUY
Hucruryt 501 OTtaejieHue OCIIII
YpoBeHb 00pa3oBaHus MaI‘I/ICTpaTypa HanpasieHue/crnienuajbHOCTH 6) JIEKTPOdHEPIETHKA U
AIIEKTPOTEXHUKA
Hcxoaubie naHHbIe K pa3ienay «CouuajbHasi OTBETCTBEHHOCTDHY
1. XapakTepucTuka oObekTa uccnenoBanusi | OO0bekT wucciaenoBanuss — Mukpo-I'9C,
(BelecTBO, MaTepHal, Mpuoop, AITOPUTM, METOAUKA, | IPEAHA3HAUCHHAS TUTSt CHaOXXeHHUs
pabouasi 30Ha) U 00JIACTH €r0 MPUMEHEHUS AJIEKTPUYECTBOM MIPOU3BO/ICTBEHHBIEC
OOBEKTEI, 00 OTHAJIEHHBIE
HEINEKTpOUITUPOBAaHHBIE  HACEJICHHBIC

MYHKTBI, TOCPEACTBOM MpeoOpa3oBaHUS
SHEPIUM  BOABI B DJIEKTPUYECTBO.
OCHOBHBIM KOMIIOHEHTOM MHUKpO-I"DC
ABIIAIOTCA TuApoarperat. Pabouas 30Ha —
3TO ONEpPaTUBHBIM MYHKT yIpaBJIEHUs, C
KOTOpPOTO MEepCoHa OyIeT MUCTAaHIIMOHHO
OCYIIECTBIISITh KOHTPOJIb PabOThl MHUKpO-
I'2C.

Hepeqeﬂb BOITPOCOB, MOJICKAIIMX UCCTCT0BAHUIO, IIPOCKTUPOBAHUIO U pa3pa60TKe:

1 HpOI/ISB OACTBCHHAsA 0e30MMacHOCTh

1.1. B kauecTtBe BpeaHbIX (aKTOPOB

1.1. Ananu3 BBISBJICHHBIX BPEIHBIX (JAKTOPOB TPH | BBIJACICHBI: [IponsBoacTBeHHas
pazpaboTke W  OBKCIUTyaTallUd  NPOEKTUPYEMOTO | CAaHUTApus, BO3AyX paboueld  30HBI,
pELLEHHUSL. BEHTHJIALIUS, myM W BuUOpauum,
1.2. AHanu3 BBISBICHHBIX OMACHBIX (PAKTOPOB MPH | OCBEUICHHSL.
pa3paboTke M  OKCIUTyaTalluu  mpoekrtupyemoro | 1.2. B kadecTBe omacHbIX (HaKTOpOB
pELLEHHUSL. BBIJICJICHBI: OmnacHocTh
1.3. Pexomenaaiuu 1o MUHUMU3ALUY BIUSHUA. AJIEKTPOIIOPAKEH U S U
[10’KapOB3PbIBOONACHOCTb.
1.3. IlpuBeneHsl peKOMEHIALUU IO
VAY4LIEHUIO  BPEAHBIX U ONACHBIX
(haKTOpOB.

2. DKoylornyeckas 0€30MacHOCTh:

2.1. Ananm3 BO3ACUCTBUS OOBEKTa HA OKPYKAFOIIYIO
cpeny.

2.2. PexoMeHmamuu 0o MHHHUMM3ALNN BJIUSHUASA Ha

OKPYKAIOIIIyI0 Cpesy.

2.1. BozaelicTBue Ha OKpPYXAIOIIyIO Cpey

3. bezonacHOCTh B Upe3BhIYAHBIX CUTYALIUAX:
3.1. [lepeuens Bo3mMoxkHBIX YC Ha 00BEKTE;

3.1. Bosmoxneie YC u meponpusrus mno
IPEAYNPEXKICHUIO 3aropaHui(I10KapoB) U




3.2. Pa3zpaboTka MPEBEHTUBHBIX  MEp O | DJICKTPOIOPAXKEHUN U MEP 11O JTUKBHU IALIUN
npeaynpexxaenutro YC  w JIHKBUJAUMU WX | UX OCIEACTBUM.

HOCJIEICTBUM.
4. [IpaBOBBIE U OPTraHU3AIMOHHBIE BOITPOCHI 4.1. TlpoBeneHre MHCTPYKTAXKEH,
oOecreuenns 0€30IMaCHOCTH: HCIOJIb30BAHUE TPYIOBOTO KOJEKCa

4.1. CnenuanbHble (XapakTepHble IpH dKcrutyatanuu | Poccuiickoit @enepanu @3 - Ne197,
00bEKTa UCCIIEOBaHUsA, IPOEKTHUPYyeMON paboyeil | KOMIOHOBKA pabodeill 30HbI

30HBI) IIpaBOBbIE HOPMBI TPYZOBOTO
3aKOHOJIaTEIbCTBA.
4.2. OpranusanvoHHbIE MEpONIPUATUS  IIPHU

KOMIIOHOBKE paboveld 30HBI.

Ilepeuyennb rpad nuecKOro ¥ HHCTPYKTUBHOTO MaTePUAJIOB:

OOs3atenpHbIe Tpaduyeckue MaTepuansl K pacuétam | [InaH sBakyanuu u3 3MaHUs
110 33JJAaHUIO

| JlaTa BbIAa4H 321aHMs1 1JIS1 pasjiesia 1o JuHeiiHoMy rpad UKy |

33}.]3]-[1/[6 BbIJ1AaJ KOHCYJbTAHT:

JoKkHOCTH (037 (0) Y4yeHas cTeneHsb, MMoanucy Hdarta
3BaHHue

JomeHTt AwmenbkoBuY FOnus AnekcanapoBHaA K. T. H.

3aganue NMPUHAJI K UCTIOJTHEHHUIO CTYACHT:

I'pynna DdPUO Hoanucy JlaTa

SAM6K CyukoB Urops KoHncrantunoBu4




MunncrepcTBo o0pasoBanus n Hayku Poccuniickoii ®enepanuu
denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO OOpa30BaHUS
«HAITMOHAJIbHBIN UCCJIEJOBATEJbCKUM
TOMCKHAM NOJIUTEXHUUYECKUH YHUBEPCHUTET»

Ikoma UIIID

Hanpasnenue noaroroBku 13.04.02 DaeKTpO3HEPreTUKA U 3JIEKTPOTEXHUKA

OtneneHue 31eKTPOIHEPTETUKU U DIIEKTPOTEXHUKI

YTBEPXIAIO:
PyxoBonutens OOII
O06yxoB C.T'.
(IToamucn) (Jata)
3AJTAHHUE
HA BBINOJIHEHUE BBINYCKHOM KBAaJIN(MKALIMOHHOI padoThI
B dopwme:
| Marucrepckoit auccepTanuu
Crynenry:
I'pynna DdOUO
5SAM6K CyuaxoB Uropp KoHncraHTHHOBHY

Tema paGoThI:

Co3nanne cucreMbl 3JieKTpocHa0keHus1 Ha 6aze mukpol IC

YTBepkIeHa MpHUKa30M AUpeKTopa (ata, Homep) |

| Cpok c/1aum CTy/IEHTOM BBINOJHEHHOM PabOTHI:

| 03.06.2018

TEXHUYECKOE 3AJJAHMUE:

Hcxonnbie 1aHHBbIE K padoTe

(naum enosanue 00berma ucc1e008aHUs UL NPOEKMUP OBAHUS
npouU3BOOUM ENbHOCMb UNU  HA2PY3KA, PedcUM pabombl
(Henpepuvlenblll, NEPUOOUHEeCKUL, YUKIUYECKUU U m. 0.); uo
CbIpbA UNU Mamepuan uz0enus, mpebosanus K npooyKmy,
U30enUI0 UTU NPOYECcy; 0cobble mpebo8aHusi K 0COOeHHO CM M
@yHryuonup oganus (3KCHIyamayuiy) o6vexma Uiy u3oeaus 8
niaHe  Oezonachocmu  IKCHAYAMAYUU,  GIUSHUS  HA
OKPYACAIOWYIO CPeOy, IHEP203aAmpPamam; KOHOMUUECKUil
anaausz u m. 0.).

I'onoBoii rpadguk moTpebiieHus SHEPTUU
Cyrounslii rpadguk moTpedeHus

IepeyeHs moaJIeKaANMX UCCIIETOBAHUIO,
NPOe KTHPOBAHUIO " pa3padoTke
BOIIPOCOB

(aHanumuyeckuii 0630p NO UM EPAMYPHLIM UCHLOYHUKAM C
Yenvlo bl CHEHU OOCTUICEHUT MUPOBOT HAYKU T eXHUKU 8
paccmampugaemou  o6aacmu;  NOCMAHOBKA — 3A0ayu
uccne0o8anusi,  NPOEKMUPOBAHUS,  KOHCMPYUPOBAHUS,
cooepaicanie npoyedypol UCCIeO008AHUS, NPOEKMUPOBAHUSL,
KOHCI PYUp 08aHUsL; 00CydIcOeHie pe3yibin an 08 GblnOHEeHHOU
pabomel; HaumeHOBaHUE  OONOIHUM ENbHBIX PA30€N08,
noonexcawux pazpabomre; 3axKnouenue no pabome).

O0630p mpeaMeTHON 00s1acTH
ITocTanoBKka 3agaun

Onenka 3HeprodpeKTHBHOCTH
[IpoexrupoBanue Mukpol 3C
Ilokynka u goctaBka 000pyJOBaHHE
MaremaTnyeckoe MOJIEIMPOBAHUE
Pesynbratel paboThl




Ilepeuenn rpad nueckoro Mmarepuaa
(c moynviM yKazaunuem 005a3am envbHbIX Yepm edcell)

[IpesenTanus B Gopmate *.pptx Ha criaiigax

KoHcyabTanThl 0 pa3ieiaM BbINYCKHON KBAJIH() HKAIMOHHOH padoThI

Paznen

Koncyabtanr

DUHAHCOBLIM  MEHEDKMCEHT,
pecypcodpeKTHBHOCTD

pecypcocOepexxeHue

u

KaH/Jl. SKOH.

Hayk, fou. [TornoBa CBernnana HukonaeBHa

ComnuaibHas OTBETCTBEHHOCTD

KaHJ. TEXH.

Hayk, aou. AMmenbkoBud FOmus AnexkcanapoBHa

HNHocTpanHas yacth

KaH[. TeA. Hayk, Aoil. HuskonyooB ['aBpuun AHatonbeBHY

Ha3zpanus pa3aejaoB, KOTOPLIE [JOJIKHbI OBITh HANMCAHLI HA PYCCKOM M HMHOCTPAHHOM

A3bIKAX:

AHaTUTHYECKUI 0030p MpeMETHON 00JIaCTH, TOCTAHOBKA 337144

Onenka peycpodGpheKTHBHOCTH

[IpoekTupoBaHue CHCTEMBI AIEKTPOCHAOKEHUSI Ha OCHOBE MUKpol DC

Marematuueckoe MojaenupoBanue B cpeae MatLAB

DuUHAHCOBBI MEHEKMEHT, pecypcod(PheKTHBHOCTh U pecypcocOepekeHne

ComnuaipHas OTBETCTBEHHOCTD

hydropower plant design

Jlara BbIIAa4YH

3aJaHus

HAa  BBINOJHEHHE  BbINYCKHOM
KBAJIH() HKANHOHHOM padoThI 10 JTHHEHHHOMY rpadg Ky

3agaHue BbIJAJ PYKOBOIUTEb:

J10J15KHOCTH DdUO Y4yeHas cTemneHb, 3BaHUe IMoanucy Jara
Houent | Mypasne Urops OneroBuu KaHI. TEXH. Hayk,
J011.
3agaHue NPUHAJ K UCIIOJTHEHUIO CTY/IEHT:
I'pynna DPUO IToanuch JlaTa
SAM6K | CyuxoB HUropr KoHcTaHTMHOBHY




MunucrepcrBo odpazoBanus U HayKku Poccmiickoii @enepauun
(bez[epaanoe TroCcyaapCTBCHHOC aBTOHOMHOC O6pa3OBaTeJ'ILHOC YIPCKACHUC
BBICIIIETO 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJEJOBATEJIBCKUN
TOMCKHA NOJIUTEXHUYECKHH YHUBEPCHUTET»

[lxoma YD

Hanpasnenue moaroroBku 13.04.02 DIEKTPOIHEPTETUKA M DICKTPOTEXHUKA

YpoBeHb oOpa3zoBanuss Marucrparypa

OtneneHue 31eKTPOIHEPTETUKU U DIIEKTPOTEXHUKI

Iepuon BeIMOMHEHUS oceHHuit/BeceHHUI cemecTp 2017/2018 yuebHoro roaa

dopmMa npeacTaBiIeHHs pabOThI:

MaI‘I/ICTCpCKaH Auccepranus

KAJEHJAPHBIV PEUTUHT-TUIAH
BbITIOJIHE HUSI BHIIYCKHOM KBAJIN( UKAIIMOHHOH PadoThI

CpoK cjauu CTYAEHTOM BBINIOJIHEHHOM paboThI:

JlaTa Ha3Banme pa3gesa (MoayJisi) /BHI paGoThl (HCCaeT0BAHNUSN) MaxkcumaJib HbIi
KOHTpOJIs 0anu pasgena
(mMonyis)
OcHoOBHas 4acTh 75
@OUHAHCOBBIA ~ MEHEIKMEHT, pecypcodh(EeKTUBHOCTh U 15
pecypcocoOepexeHue
ConmaiibHasi OTBETCTBEHHOCTh 10
CocTtaBui mpenoaaBaTeib:
Jlo1:kHOCTB PUO Yuenas cTreneHnb, 3BaHUe MMoamucs Hdara
Homent | Mypasne Urops OneroBuu KaHJ. TEXH. HayK,
011,
COI'ZTACOBAHO:
PykoBoaureas OOII (037 (0] YueHasi cTeneHn, Moanuce Hdara
3BaHHe
JoueHt OOyxoB Cepreii ['enHanbeBUY JIOKTOp. TEXH.
HayK




INTIAHUPYEMBIE PE3YJIBTATBI ObYYEHUSA

Kon
pe3yJbTara

PesyabTaT 00yueHus
(BBIITYCKHHUK J10JDKEH OBITh TOTOB)

Oo6menpogdeccnoHaibHble KOMIIETEHIUHN

P1

CoBepHIeHCTBOBATH U Pa3BUBATh CBOU MHTEIUIEKTYAIbHBIN U
OOIIEeKYIbTYPHBIN YPOBEHb, TOOUBATHCS HPABCTBEHHOTO U
(bu3nYECKOro COBEPIICHCTBOBAHUS CBOEH IMUHOCTH, O0YUEHUIO
HOBBIM METO/1aM UCCJIEI0BaHNs, K ©3MEHEHUIO HAYYHOT'O U
HAYYHO-TIPOU3BOJICTBEHHOI0 PO (Ui CBOEH NpodeccuoHaILHOM
TSI TEIbHOCTH.

P2

CB000/THO TI0JIL30BATHCS PYCCKUM M MHOCTPAHHBIM SI3bIKAMH KaK
CPEICTBOM JEIOBOTO OOIICHHUS, CITOCOOHOCTHIO K aKTUBHOM
COLMAITLHO MOOWILHOCTH.

P3

Hcnonb30BaTh HA MPAKTUKE HABBIKKM U YMEHUSI B OpTaHU3alluu
HAy4YHO-HUCCJIEI0BATEILCKUX U TPOU3BOJICTBEHHBIX padoT, B
YIPABJICHUN KOJUIEKTUBOM, HCITOJIb30BaTh 3HAHUS IPABOBBIX U
ATUYECKUX HOPM IPU OLIEHKE MTOCJIECACTBUN CBOEH
npodeccroHaTbHOM 1S TETLHOCTH.

P4

Hcnonp30Barh NpencTaBICHUE O METOA0JIOTHYECKUX OCHOBAX
HAYYHOT0 MIO3HAHUA U TBOPUYECTBA, POJIM HAyYHOU HH(OPMALIUY B
Pa3BUTUHU HAYKU, TOTOBHOCTBIO BECTH pabOTY C MPUBJICUECHUEM
COBpPEMEHHBIX HTHGOPMAIIMOHHBIX TEXHOJIOTUH, CHUHTE3UPOBATh U
KPUTUYECKU PE3IOMUPOBATH HH(GOPMAIHIO.

IIpodeccnonaibHble KOMIIETEHIIUU

P5

[TpumeHsITh yriyOIeHHbBIE €CTeCTBEHHOHAYYHBIE,
MaTeMaTH4YeCKHE, COIMaIbHO-9KOHOMUYECKIE 1
npodeccruoHaIbHbIE 3HAHUS B MEXIUCIIUTITIMHAPHOM KOHTEKCTE B
WHHOBAITMOHHOW MHXEHEPHOU JIeATeIbHOCTH B 001acT!
AJIEKTPOIHEPTETUKHU U JIEKTPOTEXHUKH.

P6

CtaBUTh U pelIaTh MHHOBALMOHHBIE 33Ja41 HH)KEHEPHOTO
aHaM3a B 00JIACTU AJIEKTPOIHEPTETUKU U SIEKTPOTEXHUKHU C
UCIIOJIb30BaHUEM ITyOOKHX (PYHIAMEHTAIbHBIX U CHELUaTbHBIX
3HAHUM, AaHATUTUYECKUX METOJIOB U CJIOKHBIX MOJENIEH B
YCJIOBHSIX HEOTIPEAECIEHHOCTH.

P7

BBINOJIHATE MHKEHEPHBIE TPOEKTHI C IPUMEHEHUEM
OPUTMHAIBLHBIX METOI0B IIPOECKTUPOBAHUA JJIS1 10 CTUKEHUS
HOBBIX PE3YJILTATOB, 00ECTIEYNBAIOIIUX KOHKYPEHTHBIE




IMPCUMYLICCTBA IJICKTPOIHCPICTHICCKOI'O 1
QJICKTPOTEXHUYICCKOI'O ITPOMN3BOACTBA B YCIIOBUAX KECCTKHUX
SKOHOMHUYECKHUX N OKOJIOTHYCCKHUX OFpaHquHHﬁ.

P8

[TpoBOAWTH MHHOBAIIMOHHBIEC HH)KEHEPHBIE UCCIIEAOBAHUS B
00J1aCTH AJIEKTPOIHEPTETUKHU U ANEKTPOTEXHUKHU, BKIHOYast
KPUTUYECKUI aHAITU3 TAHHBIX U3 MUPOBBIX HHPOPMAIIMOHHBIX

pECypCoB.

P9

[IpoBOIUTH TEXHUKO-PKOHOMHYECKOE 000CHOBAHUE MPOSKTHBIX
pEIIeHUIA; BBITIOJHATH OPTaHU3aIMOHHO -TUIAHOBBIE PACUETHI 10
CO3JIaHUIO WII PEOPraHU3alK IPOU3BOICTBEHHBIX YHaCTKOB,
IJIAHUPOBATh padOTy mepcoHana u GOoHAOB OIUIATHI TPY/A;
onpenensiTh U o0ecneurnBarh 3(h(HEKTUBHBIE PEKUMBI
TEXHOJIOTUYECKOTO MpoIiecca.

P10

[IpoBOIUTE MOHTAXHBIE, PETYIUPOBOUYHBIE, HCTIHITATEIbHBIE,
HAJIQJI0YHbIE PA0OTHI AEKTPOIHEPTETHUECKOTO U
AIIEKTPOTEXHUUECKOTO 000Dy I0BAHUS.

P11

OcBauBaTh HOBOE WIEKTPOIHEPTETUUECKOE U
AIIEKTPOTEXHUUECKOE 000PYI0BAaHUE; POBEPATh TEXHUUECKOE
COCTOSIHHE U OCTATOYHBIN pecypc 000py10BaHus U
OpTaHU30BbIBATH MPO(DUIAKTUY €CKUIT OCMOTP M TEKYIIMH PEMOHT.

P12

Pa3zpabarbiBaTh pabouyto MPOEKTHYIO U HAYYHO-TEXHUUECKYIO
JOKYMEHTALUIO B COOTBETCTBUM CO CTaHAAPTAMU, TEXHUYECKUMHU
YCJIOBHUSMH U IPYTMMHA HOPMATUBHBIMU JTOKYMEHTaMU;
OpTaHMU30BbIBATh METPOJIOTUUECKOE 0OECTICUeHHE
AJIEKTPO3HEPTETUUECKOTO U AJIEKTPOTEXHUYECKOTO
000pyA0BaHUS; COCTABIIATH ONIEPATUBHYIO TOKYMEHTALIMIO,
MPEAYCMOTPEHHYIO PaBUIAMH TEXHUY €CKOM SKCILTyaTallui
000pyA0BaHUS U OpraHu3aluy paboThI.




PE®EPAT

BeimyckHas kBamM@UKaIMOHHAs paboTa c.160, pwuc.40, Tabn1.46,
HUCTOYHHMKOB /5, mpwi 3.

Kmouessie cioBa: 'DC, Mukpol DC, UBII, ruapoarperar, ruapotypOuHa,
NEPEXOTHBIE TPOLECCHI, MOAECIMPOBAHUE.

O61bekToM uccnenoanus sipisiercas Mukpol OC.

Lems pa®oThl — OLEHUTHh BOJHBIA MOTEHIMAT 3aJaHHOTO pailoHa,
CIIPOEKTUPOBATh JJICKTPUUECKYI0 4YacTh Mukpol'DC, BBINOJHUTH aHAIU3 U
clenatb BBIBOJ O LEIECOOOPa3HOCTH JAHHOTO MPOEKTa, BBIMOJHUTD
MozenmupoBanue B mporpamme MATLAB.

B pesynbTate nccnaemoBanus OBLIO BBISBIECHO, YTO OOBEKT 00OJagacT HE
BBICOKMMHU SKOHOMHYECKUMHU MapaMeTpaMu, HO BbICOKUMH SKCILTyaTallHOHHBIMU
XapaKkTepUCTUKaMU

O061acTh NPUMEHEHUS: DIIEKTPOIHEPTETUKA.

OxoHOMUYECKas IPPEKTUBHOCTH/3HAUYMMOCTD pabOThI: ¢ 3KOHOMHUYECKON
TOYKU 3pEeHHUs NPOEKT 3(P(EKTUBEH W B HEro MLEIecOOOpa3HO MHBECTUPOBATH

CpcacTnBa.
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OIIPEAEJIEHUS, OBO3HAYEHUSA, COKPAILIEHUSA, HOPMATHUBHBIE

CCBUJIKH

KITJI — ckBozno#t KIIJI BCY, or nHabGeraromero BeTrpa 10 KIEMM
AIIEKTPOTEHEPATOPa, WK 10 KOJMYECTBA HAKAUaHHOM B 0aK BOJIBI.

OI1 — snekTponoTpeOuTensb.

BUD — Bo300HOBIIsSIEMbIE ICTOUHUKHU YHEPTUU.

WBII — uctounuk 6ecriepeOOMHOr0 MUTAHUS.

AKDB — akkyMynsaTOpHBIEC OaTapew.

I'DC - ruaposneTpoCcTaHIIus
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BBenenune

B Poccum Ha pbIHKE TreHeEpalMu DSJIEKTPOIHEPTUM MOYTH MOJHOCTHIO
3aHUMAET  LEHTPAIM30BAHHASA  DHEPre€TUKA,  COCTOSIIAs M3  KPYIHBIX
ANEKTPOCTAHIMI U pa3BeTBi€HHON cetn JIDIL I'enepupoBaHue cOCPETOTOUEHHO
OKOJIO HENOCPEACTBEHHO JHEPrOpecypcoB, UYTO BbIHYXAaeT cTpouTh JIOII
Pa3IMYHON MPOTSKEHHOCTh, KaK JJIs1 KPYIHBIX NOTpeOUTENeH, TaK U Il MEJIKUX.
Taxke CTPOUTENBLCTBO COMPOBOXKIACTCS MPOOJIEeMbl JaHamadTa U yAaJIEHHOCTh
HEKOTOPBIX MEJKUX MOTpeOuTenell Ha OOJBIIOM PAaCCTOSHHE, JJISi KOTOPBIX HET
cMbicaa ctpouth JIDII no sxkHOMuUYeckum coobpaxkenusm. HeoOxoaumMo pemmrhb
npo0JieMy LIEHTPATM30BaHHOW SHEPTETUKE.

Ha nanHbie MOMEHT CaMblil ONITUMAIBLHBIN BAPUAHT — 3TO PACMPOCTPAHEHUE
JICLICHTPAJIM30BAaHHON 3HEpPTeTUKU. [IpenMyIiecTBa aBTOHOMHOW »HEpreTHKE: 1.
Huskue notepu, T.K. HOTpeOUTENNb HAXOJIUTCS B HEMOCPEACTBEHHON OJIM30CTH OT
ucrounuka. 2. Pasrpy3ska tekyumx JIOIL. 3. TloBbllmieHHe HageKHOCTH
ANEKTPOCHAOKEHUE, TaK KAK MHOXKECTBO MCTOYHUKOB. OJIHO M3 MEPCIEKTUBHBIX
HaIpaBJIeHUE MOBBIIIEHUS YHEPTOI(H(HEKTUBHOCTH aBTOMHOT'O 3JIEKTPOCHAOKEHHUS
SBJISIIOTCS UCIIOJb30BaHMUsI BO30OHOBIIIEMBIX HCTOYHUKOB SHEPTUU U
ONTUMM3ALUS PEXKUMOB pabOThI 3HEpTreTnYeckoro ooopynosanus. K maneim ['DC
oTHOCcATCS U MUKpOI DC. 3anackl ruIApPOIHEPTETUUECKUX PECYPCOB 3HAYUTEIBHO
MPEBBIIIAIOT TEKYIIUE YHEPTeTHUYeCKUE MOTPEOHOCTH, HO UCIIOJIb30BaHUE €€ MaJIO,
0K0JI0 2-3 mpo1ieHTOB. CpeiHssi MUpPOBasi CTOUMOCTh CTPOUTEILCTBA MaJTbIX [ DC
cocTaBisieT oT 1,5 1o 2,5 Teic. nosapoB 3a 1 kBT ycTaHoBiIeHHOW MoHOCTH. T1o
nporao3am a0Jis1 'DC gomkHa nocturayts 4-5 npoueHToB k 2030 rony. Pazsutue
3TOrO HanpasyieHUs: B BUD nMeeT noarocpounsie npenmMyiiecTsa. Mcnoap3oBaHue
HE TOJBbKO KPYNHBIX, HO M MaJbIX PEK MNPUBEACT K Pa3BUTHIO MECTHOCTH
YAAJIEHHBIX OT JHEPrOCHUTCEMBI. Manasg 3HEpreTMka HE HMMEET HEIO0CTATKOB
MHOTHX KpynHbIx ['DC, a Takxke O0ojee SKOHOMHUYECKHM M 3KOJIOTHYECKU

Oe3oracHa.
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1. Anaaus COBPEMECHHOI'0 COCTOAHMUA IJICKTPOIHEPreTUKN B Poccuiickoii

®enepaunu 1 0030p odbopynoBanus s ['IC.

1.1 AHaiu3 COBPeMEHHOT0 COCTOSTHMS JJIEKTPOIHepreTuku B Poccuiickoi

degepanmnu

Ceronnst Bo300HOBIsieMble UCTOUHUKU 3Heprun (BUD) mpuBiekaroT Bce
OoJbIIIee BHUMAaHUE, KaK MPOCTHIX JIOJIEH, TaK ¥ PYKOBOJCTB MHOTHX T'OCYAapCTB,
MEXIyHApOIHBIX opranu3anuii. Ha 3acemannsix bosbmoit BocbMepKH (1BaIIIATKH )
B TIOCJEIHEE BpEMs PEryIsipHO OOCYXHAIOTCS HapacTaloume MnpoOIeMbl
SHEPTETHKHU U SKOJOTHH, PEIeHnEe KOTOPBIX B MUPOBOM MacinTabe B Oyayiiem He
MPEACTABISICTCSI BO3MOKHBIM 0€3 IIMPOKOTO HCMOJIb30BaHUSI AKOJOTHYECKU
yrcThix BUD.

B0300HOBIIIEMbIE UCTOYHUKHA BKJIIOYAIOT IIMPOKHUM CIEKTP HCTOUYHUKOB
DHEPTUM M TEXHOJIOTUN MX MpeoOpa3oBaHUs B MOJIE3HBIC JJII YEIOBEKA BUJIBI
(9MEKTPUYECTBO, TEIUIO, XOJIOJ, IMEYHbIE U MOTOPHBIE TOIUIMBA U T.I1.). bosbInas
yacth BMD uMeIoT colHEYHOE MPOUCXOXKICHHE (CaMO COJIHEYHOE H3Jy4deHHE,
BETEp, BOJHBIC MOTOKU, OoMacca). K «He coTHeuHbIMY OTHOCATCS reoTepMabHast
DHEPTHs, MOPCKHUE MPUIIMBBI, COPOCHOE TEIJIO aHTPOIIOTEHHOTO IPOUCXOKICHUS U
Ap.

Becnoit 2013 r. Poccusa 3amyctuna mnporpamMmy NOAAEPKKUA 3€ICHOU
SHEPreTUKU Ha ONTOBOM phiHKE. Tenepb k 2020 r. B cTpaHE MOXKET MOSBUTHCS
okoJio 1,5 I'Br conneunsix cranumii, 3,6 I'Bt BerpsikoB u 900 MBt mansix ['2C:
MPABUTEIILCTBO TApPAHTUPOBAJIO JEBEJIONIEpaM BO3BparT WHBECTUIMH B 3THU
00BeKThI.[1]

K Bo300OHOBIsIEMbIM HcTOUHMKAM 3Hepruu (BM3) oTHOCAT comHIle, BETep,
Boay (kpome kpymHbIX ['9C), reoTepManbHble HICTOYHUKH, OMOTOTUIMBO, T. €. BCE

HCTOYHUKHU, SOHCPIUA KOTOPBIX CUUTACTCS HCHqupHaCMOﬁ.
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[lpuyuH pa3BuBaTh BO30OHOBISIEMYIO HHEPIeTUKY KaK MUHHMYM JIBE:
HKOJIOTMYECKast 0€301acCHOCTb U SHEPTOHE3aBUCUMOCTh. OueBuAHBIN mtoc BUD B
TOM, YTO IPH JOCTHUKEHUU CPOKA OKYITAEMOCTH BbIpabaTbIiBaeMasi SJIEKTPOIHEPTUs
CTAHOBUTCS MOYTH OecrulaTHOW. MuHYyC - B HeCTaOWILHON BhIpaOOTKE, KOTOPYIO
MOKA MPUXOJUTCSI PE3EPBUPOBATh TPAAULUMOHHOM reHepanueil. [IpaBurenscTBam
(a game mMOTPEOUTENSAM) MPUXOAUTCS OIUIAYMBATh PAOOTY Ta30BBIX M YTOJIbHBIX
CTaHITUH, 1711 TOTO YTOOBI T€ MOTJIM OBICTPO 3arPy3HUTh SHEPTOOJIOKH B TTACMYPHBIE
Wi O0e3BETpEeHHbIE AHU. YenoBeYecTBO MJET MO MyTH pa3pabOTKU HAKOMUTENEH
HHEPTHUH, KOTOPBIE MOTYT PEIIUTh ATy MPOOIEMy, HO B MPOMBIIIUIEHHOM MaciTade
OTU PEIICHUS IT0KA HE UCIIOJIb3YIOTCS.

B 1892 r. na Anrae Ha peke bepe3oBke 3apaboTana neppas manas ['9C B
Poccuun. Boay k OpeBeHUaTOMY CTPOEHHIO TIOABENH MO AEPEBSIHHBIM 5KeJI00aM OT
MCKYCCTBEHHOTO NIpyJiay peKu TONTYIIKHU, 3JIEKTPUYECTBO BbIPA0ATHIBATIM YETHIPE
TypOuHBI MOITHOCTHIO 45 KBT kaxknas. C tex mop B Poccuu mosiBIIIMCH U ApyrHe
Massie I'9C, B CoBerckom Coro3€ 3aBEpPTENNCH NIEPBBIC BETPSIKU, HO YIIOP CTpaHa
cJieJlajia Ha pa3BUTHE KPYITHOM TeHepaluu, peajin3oBaB cHadaia miad ['ODJIPO, a
notoM pepopmy PAO «EDC Poccuny.[25]

Bompoc 0 ceppe3HOM pa3BUTHM 3€JIICHOM DJHEpreTuku B Poccum
IIPABUTENBCTBO MOCTAaBUIIO BCErO Napy JIeT Ha3akd, 1a U TO, KaK TOBOPSAT yYaCTHUKU
pBIHKa, HE MO cOOCTBeHHOW Boje. Pa3Butue poiHKa ObLIO BHITOJHO Bukropy
Bekcenboepry u Anaronuio Yybaiicy, 151 TOr0 YTOOBI OKYIIUTH BJIOYKEHUS B 3aBOJT
«XeBem» 10 NPOU3BOACTBY COJIHEYHBIX MOYJIeH B UyBallmuy, yBEpEHbI Y4aCTHUKU
pbiHKa. «PeHoBa» n «PocHaHO» MHBECTUPOBAINA B CTPOUTEINBCTBO KAK MUHUMYM
14 mupn pyO., mucanma CuerHas nanata (mpeacTaBuTenb «PeHOBBI» 3TO He
KOMMEHTHPYET, €ro kojuiera u3 «PocHaHo» HE OTBETWJI Ha BOMIPOCHI
«Begomocrteit»). Ilpeamomaramocs, 4yto 3aBoa Oymer BBemen B 2011 1., a
MOIIHOCTh MPOU3BOACTBA cocTaBsAT Moy Ha 120 MBT B roa. Ho psiHOK cObITa
OBLJI CUIIKOM MaJl (CTPOUTH COJIHEUHbIE CTAaHIIMH JOPOTO U UMEET CMBICII TOJILKO

B U30JIMPOBAHHBIX OTAAJICHHBLIX S9HCPIrOCUCTEMAX, Kydad JOCTABUTb TPAJUIIMOHHOC
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TOIUIMBO elle Aopoxe). Kpome Toro, MHBECTOpaM HHUKTO HE 3ampelall MOKyIaTh
COJIHEYHBIE MTaHENHU 32 PYOEIKOM.

3aBoJ mapTHEPHI BBENU JIETOM, TOBOPUT MPECTABUTEND « XEBETIa». A MEpbI
NOJAJEPKKU i1 HMHBECTOPOB B Poccum mnosBWIMCh 3a roj 10 3Toro. OHU
rapaHTupoBanbl 111 6 ['BT conHeuHOM, BeTpsHOUW reHepammu U maibix 1'OC,
KOTOpbIE MHBECTOPBI MOTYT MOCTPOUTH B 2014-2020 rr. mpu yCIOBUU BBICOKOM
Jokamu3anmuu  obopynoBanus (cMm. Bpe3). C ydyeroM MOTEHLMala pPa3BUTHUSA
PO3HUYHOM 3esieHor 3HepreThku ee a0t Kk 2020 r. moxker nocturnyth 13 I'Br,
w 2,5% B 00beMe MPOU3BOACTBA, PEIIMIIO MMPABUTEIHCTRO.

HIT «CoBet pbIHKa» IPOBENO yKE€ ABA KOHKYpPCAa, pa3bIirpaB 4acTb 00bEMOB
Ha 2014-2018 rr. Cramo OKOHYATEeNbHO SCHO, YTO CAMbIC BBITOJHBIE YCIIOBHS
MOJYYWIM HMHBECTOPBI B COJIHEUHYHO 3Hepretuky: u3 1520 MBt mo 2020 r.
oTobpano yxe 904 MBT, a cropeno (ae Obl10 BocTpeboBano) Bcero 85 MBT. B
2014 r. cayumncsa HeObiBanblil axkuoTtax: HII « ATC» mosyunsno 3asBku Ha 785
MBT - B 1,5 pa3a Bbllle 11aHa, a B X0/1€ KOHKYPEHIIMH YYaCTHUKU YPOHWIU LIEHY
HEKOTOPBIX 00beKTOB mouTH Ha 50%.[17]

KoHKypcBl NpHUBIEKIM [aK€ WHOCTPAHHBIX HWHBECTOPOB, B YacCTHOCTH,
KpYIHBIA «3aka3» B 175 MBT Ha COJHEYHbIE CTAHIMM TOJMYYWIA «IOYKa»
kutaiickoir Amur Sirius «CoJyiap CHCTEMC», KOTOpas YK€ B CICAYIOIIEM TOay
IUIAHUPYET HayaThb CTPOUTHh B PoccuM 3aBOJ MO BBIYCKY COJIHEYHBIX MAHEIEH.
Kpynneiumit 06bemM 1o uroram aByx KOHKypcoB y 'K «Oueprus comnua» (435
MBT) (B I'K BXOAST 1BE KOMIIAHUH, YYPEAUTEIIMU KOTOPBIX SBIISIOTCS MAPTHEPHI

donna Bright Capital), a Takxe y «ABenap comap Texnosnomxm» 'K «PeHoBa»

(254 MBT).

1.2 O030p o6opynoBanus ajas ['IC

1.2.1 Tunsl rUAPOTYPOUH

21



Tunel THAPOTYpOMH MOXKHO pa3AeiuTh Ha JBE TPYIIbI: aKTUBHBIC U
pEaKTUBHBIE.

AKTUBHBIE (CBOOOTHOCTPYUHBIE) TYPOUHBI UCTIOJIb3YIOT MPEUMYIIECTBEHHO
KMHETUYECKYI0 SHEPTHUIO CTPYH BOJIbI CBOOOIHO BBITEKAIOIIEH U3 COTLIA.

PeakTuBHBIE (HAIOPHOCTPYHHBIC) TYPOUHBI UCTIOIB3YIOT MPEUMYIIECTBEHHO
MOTEHITUATLHYIO YacTh SHEPTHH TOTOKA.

[IpocTeimmm TUTIOM TUAPOTYPOUHBI AKTUBHOTO THUIIA SIBJSIETCS BOJISHOE
KOJIECO, MPUBOJUMOE B JICCTBUE SHEPTUEN TOTOKA BOJIBI.

PaznuuaroT Tpu OCHOBHBIX BHJIa BOJISTHOTO KoJieca JJisi Mpeod pa3oBaHus

TUAPOSHEPTHUH B SHEPTUIO BPAILIATEILHOTO JIBUKEHHUS:

1. Hopust unmu noimBHOE (HXKHEOOMHOE) BOJISTHOE KOJIECO UMEET

ko3 duiueHT nosiezHoro aeicteus 10 35 %;

2. Cpenneboiinoe, ko3 duiueHT noyie3Horo aAeicteus 10 75 %;

3. HamuBHOeE , KO3 PHUITUEHT MOJIE3HOTO ACHCTBUS

10 85 %;[39]

Pucynok 1 - HamuBHOE BOJIsIHOE KOJIECO

MN3-3a maoxux  Macco-TabapuTHBIX TOKa3arened W HEBBICOKOTO
k03¢ ULIMEeHTa MOJE3HOTO ACHCTBUS THAPOTYPOUHBI TUIIA «BOJSHOE KOJIECO» B
COBPEMEHHBIX CTAHIUSAX HE TPUMEHSIOTCS.

[punHumn paboThl BOASHOTO KOJIECa pEeaIn30BaH B COBPEMEHHOW KOBIIOBOM

Typ6une [lentona. TypOunallenToHa NpUHAAIEKUT K TUIY UMITYJIbCHBIX TYpOUH,
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r7ie UMEIOIMIICS Hamop BOJbBI MpeoOpa3dyercs B KUHETUUECKYIO SHEPTUIO0 Ha
BHEIIHEM JMaMeTpe KoJsieca Mpu arMmocepHoM namieHud. llpaktuueckoe

npuMeHenue Typouna [lenroHa HaxouT pu BeicoTe Haropa Boibl 6omee 40 m. [7]

Pucynok 2 - Typ6una Ilenrona

JlpyruM TUTIOM aKTUBHBIX TypOWH SIBJISIETCS HAKIOHHO-CTpYyHHas TypOuHa

(Tropro)— Turgo, KoTopast UCTIOJB3yeTCs Ha BIcOKHe Harmopbl oT 30 10 400 m. [39]

)

J

7

L)

-

I
2

Pucynok 3 - Haknmonno-ctpyitHas TypOuna Turgo

B nauane 20-ro Beka mpodeccopom bynanemrckoro yHuBepcHuTeTa
Jlonarom banku Oblna n3oOpereHa TypOuWHA NONEPEYHOTO cedeHus. [aBHOM
0COOEHHOCTBIO TYpOUHBI «baHKm» sSIBIsIETCS ABOMHOE MPeoOpa3oBaHUe SHEPTHUH,

KOTOPOC IPOUCXOOAUT BO BPCMs «IIOIIadaHM:A» BOJbI Ha JIOIIACTH Ha BXOJC U

BBIXOJI€ U3 TIOJIOTO POTOpA.
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Pucynok 4 - typbuna «baHkuy»

Hcnons3oBanue AByx padbouux ¢a3 He oOecrneurnBaeT HUKAKOTO 0COOEHHOTO
NPEeUMYILIECTBA 3a UCKIIOYEHUEM TOTO, YTO 3TO O4YeHb d()(HEKTUBHBIN U MPOCTOMN
croco0 oTBoxa BoAbl U3 poropa. B coBpemeHHbIXx MUKpOI'DC TypOUHBI
MOTIEPEYHO-CTPYHHOTO TEUEHUS UCTIOJIL3YIOTCS TpH Hanopax oT 2 g0 100 m.

[Ipu manbix Hanopax Bobl B MUKpOI D C UCTIONB3YIOT peaKTUBHbBIE TYPOUHBI
NPOTEVICPHOTO THUIA, HauOoJiee HM3BECTHOW M3 KOTOPBIX SIBISIETCS TypOWHA

Karuiana

Pucynox 5 - Ilponemrepnas oceBas Typouna Karana

B Typ6une Karana Boja nomnajsaer Ha HalpasJIIOLIME JOMACTH, a 3aTEM
TEYET BJIOJb OCH BUHTA (TaKOW TUI TypOHWH €IlIe HAa3bIBAIOT OCEBBIMH). BaxkHbIM
JIOCTOMHCTBOM TypOuHbI Karuiana siBiisieTcsi BBICOKasi CKOP OCTh BpallleHUS! BUHTA,
KOTOpasi BJBOE OOJIbIlIE CKOPOCTM NOTOKA BOJBL. Jpyroil moOJIOXUTEIbHOM
OCOOEHHOCTBIO ATOTO TUMNA TYpOMH SIBJISIETCS BO3MOXHOCTh PETYIUPOBAHUS UX

MMPOU3BOAUTCIIBHOCTHU 3a CUCT U3MCHCHHMA OTKPBITHA HAIIPABJIAIOIMICTO allliapara u
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noBopoTa Jionacte BuHTa. TypOunsl Kamnana npuMeHsIOT mpu Hamopax oT 1 m
10 30 m. [7]

IIpu otHOCHTEnbHO Oonbumx Hamopax BoAbl (30 + 250 M) mpUMEHSIOT
JPYTOM TUN PEAKTUBHBIX TYpOWH, MOJYYUBIIMX Ha3BaHue TypOuHbI DpeHcuca.
Pabouee kosieco TypOuHbI PpeHcHca NOJIHOCTHIO IOTPYKEHO B BONY, a JaBJICHUE
U CKOPOCTb BOJIbl YMEHBIIIAIOTCS B MPOIECCE €€ MPOXOKACHUS Yepe3 TypOuHy.
Bona Teuér pamuanbHO MO KOJBLIEBOMY KaHATy, KOTOPBIM OKpy»Kaer pabouee
KOJIECO TypOMHBI, MEXKIY HEMOJBIKHBIMHU JIOMIACTSIMU, HAMPABIIAIONIMMU TMOTOK
Boabl. Pabouee koneco TypOMHBI MMEET MCKPHBJIEHHBIC JIOMACTH, Ha KOTOPHIE
nomnaaaeT Boja. Hampassitonpe 1omacTi yCTPOEHBI TAKUM 00pa3oM, 4TO SHEPTHUs
noToka BOAbl A(h(EeKTUBHO TpaHChHOPMHUPYETCS BO BpalllaTeIbHOE JIBUKEHUE
pabouero koneca. Kak u B TypOune Kammana 3a cuer M3MEHEHUs yria araku
HaMpAaBIIOIMX JIONACTEW MOKHO PETyJIUPOBATH MPOU3BOAUTENLHOCTD TYPOUHBI
Opencuca.

CtpemieHre K MaKCUMAaIbHOMY YOPOILEHUIO KOHCTPYKUMH CTaHIUU U
COKpPAIIICHUIO KalUTAIbHBIX BJIOXKEHHMH B OCHOBHOE OOOpYHOBAaHUE MPUBEIU K
ToMy, 4T0 B MUKpol DC Bce Oojbllice pacmpoCTpaHCHHE HAXOIAT HACOCHI,
paboTaromme B TypOMHHOM pexume. BoIbIIMHCTBO HACOCOB MOTYT paboTarh B
pEeBEpPCUBHOM pexuMe Tak ke dddexktnBHO, kak W TypOunbl. bmaromaps
pa3HOOOpa3HOl  HOMEHKJIAType HAcOCOB, BBINYCKAaEMbIX OTEYECTBEHHOM
MIPOMBINIUIEHHOCTHIO (Haropsl 0T 0 10 HECKOJIBKUX COTEH METPOB, pacxo bl 0,02+5
M3/c), MpaKTHYECKH s JIIOOOTO BOJOTOKA B MECTE€ YCTAHOBKM KOHKPETHOM
Mukpol' DC  MoxkHO mom00parh cepuidHblii  Hacoc. Ilpu »TOoM  U3-3a
KPYMHOCEPUIMHOTO MPOU3BOJICTBA HACOCOB, €r0 CTOMMOCTh OYyJET 3HAUYUTEIHHO
HIKE, YeM THAPOTYpOMHA C aHAIOTUIHBIMU TEXHUYECKUMH XapakTeprucTukamu. C
TOYKH 3PEHUS PKOHOMHYCCKHX 3aTpar HanbOoJsee 3pGEeKTUBHBI I P UMCHEHUS B
Mukpol DC ctangapTHBIE IICHTPOOESKHBIE HACOCHI, O TIMYAIOIINECS MaKCUMAaTbHOM

NPOCTOTOM M HAJSKHOCTBIO B 3KcIUTyaTaruu. [39]

25



OCHOBHBIE BEAYIIUX POCCUUCKUX (prpM pa3paObOTUMKOB U MPOU3BOAUTENEH
o0OpyaOBaHUs Ui Majloll THUIPOIHEPTETUKU: HAyYHO-TIPOU3BOJICTBEHHOE

oobenunenue "PAH/I", AO "TSAXKMAII", AO3T "MHTO UHCOT" u np

1.2.2 O030p KOHTPOJLIIEPOB

B coBpeMeHHBIX 3JeKTpocTaHIMsIX, padboTaomux Ha BUD, g nepegaun
BBIPAOOTAHHOM SJIEKTPOIHEPTUHN PAO0UNM aKKYMYJISITOpaM MPUMEHSIOTCS pa3HbIe
CXEMbl TOAKIIOYEHUS HCTOYHMKOB TOKa. OHM HCHOJIb3YIOT HE OJMHAKOBbBIC
AITOPUTMBI, CO3/IaHBI HA OCHOBE MUKPOIIPOLECCOPHBIX TEXHOJOT UM, HA3BIBAIOTCS
KOHTpOJUIepaMu. DIIEKTpOIHEpTHs, BeipadaTeiBaemas B, MoxeT nepenaBaThCs
HAKOIMUTEIbHBIM aKKyMYJISITOPHBIM OaTapesiM:

l. HampsiMmyto, 0€3 HCHOJB30BaHUSA KOMMYTAIIMOHHBIX MPUOOPOB H
PETYIMPYIOIIMX YCTPOUCTB,

2. yepe3 KOHTPOJUIEP.

[Ipu nepBom cmnocobe 3IIEKTPUUYECKUH TOK OT HCTOYHUKA MOWIET K
aKKyMyJSITOPAaM W CTaHET YBEJIMYMBATH HANPSDKEHWE HA MX KiemMMmax. BHauaie
OHO JIOMAET OO0 ONPEACICHHOTO, MNPEAECIbHOIO 3HAYEHWS, 3aBUCAIIETO OT
KOHCTPYKITUH (THTIa) aKKyMYJISITOPHOM OaTapen U OKpy Karomei Temmneparypsl. Ha
HayaJIbHOM 3Tarle 3aps/ia cxema paboTaeT HOpMaJIbHO. A BOT Jlajiblile HAUMHAIOTCS
KpalHE HEXEJIATENIbHBIE ITPOLECCHI: ITPOJOJDKAIIECECS MOCTYIUIEHUE 3apsiIHOTO
TOKa BbI3bIBACT OBBIIICHUE HAMPSKEHUSI CBEPX JOMYCTUMbBIX 3HAYEHUH (TTOpsiIKa
14 B), BO3HUKAET niepe3apsii C pE3KUM BO3pacTaHUEM TEMIIEPATypPbl ANEKTPOIINTA,
OpUBOJSIIEH K €ro 3akUlaHui0 C UHTEHCHBHBIM  BBIOPOCOM  MapoB
JUACTUWIIMPOBAHHOM BOJIBI U3 3JIEMEHTOB. MIHOT1a BILUTOTH /10 MOJHOTO BBICHIXaHUS
eMKocTell. EcTecTBEHHO, 4YTO pecypc aKKyMyJSITOpHOW Oarapen pe3Ko

cumkaercs.[4]
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[ToaToMy 3amady orpaHu4eHHs 3apsTHOTO TOKa PeEIIaloT KOHTPOJUIepaMu
wi BpyudHyto. [locneqnuii crioco06: mMOCTOSIHHO KOHTPOJMPOBATh MO MpUOopam
BEIIMUMHY HaNpsOKCHUSIT W KOMMYTHPOBATh TMEPEKIIOYATeNId PyKaMH TaKOn
HeOJIaro1apHeIi, 9TO CYIIECTBYET TOJIHKO B TCOPHH.

AJITOpUTMBI pabOTHI KOHTPOJUIEPOB 3apsiaa

Io cnoxxHOCTH CITOCO0a OTpaHUYCHUS MPEACILHOT0 HANMPSKEHUS IPUOOPHI
W3TOTaBJIMBAIOT MO MPUHIIUTIAM:

1. Otrxn/Bxkn (mm On/Off), korma cxema TMPOCTO KOMMYTHPYET
aKKyMYJISITOPBI K 3apSITHOMY YCTPOWCTBY IO BEIMYMHE HAMPSIKEHUS HA KIIEMMaXx,

2. nmpoTtHO-uMnybcHbIX (IITMM) npeobpa3oBanui,

3. CKAaHUPOBAHUS TOUYKU MAaKCUMaIbHOW MOIITHOCTH.

[Mpuammn Nel: Cxema Otrr/Bri

D10 HamboJiee MPOCTOM, HO Camblii HEHaJIeKHbIA MeToJ]. Ero riaBHbBIN
HEAOCTaTOK B TOM, 4YTO NPU BO3PAaCTaHWM HANpPSDKEHUS Ha KIEMMax
aKKyMYMJISITOPHOW Oarapeu 10 MpeAebHOr0 3HaYEHUs MOJHOTO 3aps/ia EMKOCTH
He npoucxoaut. OHa JOXOJUT B 3TOM ciy4ae npumepHo 10 90% HOMUHAIBHOTO
3HAYCHMS.

VY akkyMyJSITOPOB HOCTOSIHHO MPOUCXOIUT PETYISIPHBIN HETOOOp SHEPTHUH,
KOTOPBII 3HAYUTEIILHO CHUYKAET CPOK MX IKCIUTyaTalHH.

[Tpunuun Ne2: Cxema [IIMM koHTpoOIUIEpOB

CoxkparieHHOe 0003HaUYEHUE ITUX YCTPOICTB Ha aHTIMICKOM si3bike: PWM.
OHH BBINYCKAIOTCSI HA OCHOBE KOHCTPYKUMH MHKpocxeMm. VX 3amauent sBusercs
YIPAaBJICHUE CWJIOBBIM OJIOKOM [IJIsl PETYIMPOBAHMs HANpSKEHUs HA €ro BXOJE B
3aJIaHHOM JIMana3oHe C MOMOUIbI0 CUTHAIOB OOpPaTHOM CBA3U.

PWM kOHTpOJIIEPHI JOMOJHUATEIBLHO MOTYT:

YUUTHIBATh TEMIIEPATypy OJEKTPOJUTa BCTPOCHHBIM JIMOO BBIHOCHBIM
JTaTIYUKOM (TTOCJIETHUN CTIOCO0 TOUHEe),

Co3aaBaTb TCMIICPATYPHBIC KOMIICHCAIWMK 3apsJHbIM HAIIPSKCHUAM,
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HACTpauBaTbCsl MOJ ompeaeneHHbld Tun akkymynasitopoB (GEL, AGM,
KUJKO-KUCJIOTHBIE) C Pa3HbIMU IIOKa3aTelsiMU TIpauKOB HANPSIKEHUH B
OJIMHAKOBBIX TOUKAaX.

VYBemuuenue (yHkimii PWM KOHTpOJIEpOB MOBBIIIAET UX CTOMMOCTh U
HAJIeKHOCTH PabOTHI.

[TpuHuum Ne3: ckaHMpOBaHUE TOYKH MAaKCUMAIIbHOW MOIIHOCTH

Takue yctpoiicTBa 0003HavaroT anrimiickumMu OykBamu MPPT. Onn ToXxe
paboTaroT 1Mo crnoco0y MMUPOTHO-UMIYILCHBIX TIPeoOpa3zoBaTesnieii, HO MPEACIbHO
TOYHBI TTOTOMY, YTO YYHUTHIBAIOT HAHOOJIBIIYIO BETMYHHY MOIIHOCTH, KOTOPYIO
CIIOCOOHBI OTAATH COJTHEUHbIE OaTaper. DTO 3HaUeHHE BCEr1a TOYHO ONpeAeNnseTcs
Y BHOCUTCS B JOKYMEHTALUIO.

Hanpumep, nns remmoOarapeir 12 B Touka oTmaun MakcUMallbHOU
MOIITHOCTU cocTaBysger mopsaka 17,5 B. OOwsikHOBeHHBIE PWM KkoHTpOJsUIEp
MPEKPATUT 3apsJl aKKyMYMJIITOPHOW OaTapeu NMpU TOCTHKEHUH HampsikeHus 14 -
14,5 B, a paGoratomuii mo TexHojorun MPPT — mo3BoauT q0MOTHUTEIHLHO
HCIIOJIb30BaTh PECypC COJHEYHBIX Oarapei mo 17,5 B.

Takum ctocooom MPPT koHTpoOIIEpHI, HCTIOIB3YS IIAPOTHO -UMITYJTECHBIC
npeoOpa3oBaHusl BO BCEX IMKIAX 3aps/ia aKKyMYJISITOPOB, YBEITMUHUBAIOT OTAady
coJIHEUHOU Oarapeu. B 3aBUCHMMOCTH OT pa3HbIX (PAKTOPOB HSKOHOMHSI MOYKET
cocTaBysiTh 10 - 30%. IIpu 5TOM TOK BbIXOJa U3 aKKyMyJIsiTOpa OyJeT MpeBbIIaTh

TOK BXOJIa B HETO U3 COJHEUHO Oatapewn. [5]

OcHOBHbIE TapaMeTPbl KOHTPOJLJIEPOB 3apsi/ia

[Tpu BeIOOpE KOHTpOILIEpa 111 B kpome 3HaHUS TPUHITATIOB €r0 padOThI
cjeayeT oOpaTuTh BHUMAHKUE Ha YCIIOBUSA, JIJIST KOTOPBIX OH pa3paboTaH.

['maBHBIMU TIOKA3aTENSIMHU PUOOPOB SBIISTIOTCSA

-3HAYEHHUE BXOIHOTO HANPSIKEHMS,

-BEJIMYMHA CYMMApPHOUW MOIITHOCTH COJIHEYHOU DHEPTHH,

-XapaKkTep HO,Z[KJ'IIO“I&GMOEI Harpys3ku.
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Hanpsikenue BUD

Ha xoHTpOsIep MOXKeET no1aBaTbCsl HAPSKEHUE OT OJHOM MM HECKOJIBKUX
ucTouHMKOB BUD, coennHeHHbIX MO pa3HbIM cxemaM. i1 mpaBuiIbHOM paboThI
npudOpa BaKHO, YTOOBI CyMMapHasl BEJIMUMHA 110/1aBAEMOT0 Ha HET'O HaNpsKEHUs
C Y4ETOM XOJIOCTOrO XOJla MCTOYHHMKA HE MPEBBIIANA MPEACIbHON BETUUMHBI,
YKA3aHHOW MPOU3BOIUTEIEM B TEXHUYECKON JOKYMEHTAIUU.

[Ipu aToM cnenyer caenars 3amnac (peseps) > 20% u3-3a psana GakTopos.

IpeumymiecTBo ucnosan3oBanuss UM koHTpoJIEpOB B JaHHOU
paodore.

['eneBast akkymynsiTopHasi 6arapes MOJHOCTbIO repMeTruHa. OHa 3a1ymaHa
Kak HeoOcCyXuBaemas MoOJielb. B camom nene, refib Beb HENb3s BbUIUTH WU
no3ammTh. Takas Oartapes BBIHOCIMBA (DU3UYECKH, MOXKET pabdoTarh B JIOOOM
nosioxeHnnn. OgHako e€ cinaboe Mecto — 310 nepe3apsan. He cmorps Ha 1o, 4TO
Takue Oaraped MOryT BblAepkuBarh npuMepHo 700 MOJHBIX IMKIOB 3apsii-
paspsij, 4TO B JECATKH pa3 MPEBbILIAET MOKa3aTellb TPAAUIMOHHBIX CBUHIIOBO -
KHUCIIOTHBIX Oarapeil, OHM OYeHb OOSTCA mepe3apsiia U BHICOKMX HamNpsHKEHUN B
npouecce 3apsaku. Camoe TJIaBHOE MpaBWiIO NPU WX 3apsake — 3apsaHOe
HaNps>KEHUE HE JIOJDKHO MPEBBIIATh noporoBoe. [[pon3BoauTeny B MHCTPYKIIUU K
TaKuM OaTtapesM YKa3bIBalOT MTOPOTOBOE HANPSIKEHUE, OHO cocTaBisier 14,2-14,4
B. I'eneBble Oarapen MOTyT O4YE€Hb JOJIO XPAaHUTbCS, OYAy4yHd MOJHOCTHIO
pa3psiKEHHBIMU B HOJIb. Takue Oaraper MOTYT XpaHHMTbCS HPU MHUHYCOBBIX
temneparypax. Ho mnpu mnepesapsiie, mpu BBICOKOM 3apsiIHOM HamlpsiHKEHUU
TeNIEBbI AJIEKTPOJIUT HAYMHAET OOWUJIBHO BBIJEIATh a3, KOTOPBIA yXKe He
abcopOupyercst B Takux o0beMax 0OpaTHO.

B 00b1yHOM pexume reneBas Oarapesi MpaKTUUYECKH HE BBIJENAET ra3, Tak
KaK TycTasi KOHCHUCTEHIMSl AJIEKTPOJUTAa MPOCTO HE MO3BOJSIET Ta3y BBIWTU
Hapyxy. M3-3a 3TOro mosie3HOro CBOWMCTBAa Takue Oaraped MOXKHO HMPHUMEHSTh
NPaKTUYECKU 1€ yroaHO. FIX MOXKHO CTaBUTh B KBapTHPE, B CAJIOHE aBTOMOOWJIS,

N HC OoIIaCaTrbCs, YTO OHU TOKCHYHBI, 100 YTO IIpH pa3jJoMcE KOpIryca BCC 3aJIbET
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anekTposmToM. HeT, naxe mpu cKkBO3HOM IpobOoe KopITyca Takas 0arapest MOXKET
POJ0JBKATh padoTaTh. OIHAKO €CJIM NOJaTh HA KJIIEMMbI HANPSI)KEHUE, CKaxeM, 15
B, TO Bech 3TOT reiib HAaUHET OBICTPO OTCJIAMBATHCS OT IUIACTUH, U MOKET OTOUTH
HACTOJIbKO, UTO Ha3aJ MPOCTO YKE HE BEpHETCS U Oarapest He OyAeT OTAaBaTh TOK

qUCTO (pruzuueck. [5]

[Ipocreiiime KOHTPOJUIEPHI MPOCTO OTKIIOYAIOT MCTOYHUK DSHEPTUU
(comHeuHyro Oarapero) NpU AOCTHXKEHUU HAINPSDKEHUS Ha aKKyMYJISITOPHOM
oarapee npumepno 14,4 B (mns Ab HomuHansHbIM HampspkeHuem 12B). Tlpu
CHIKEHMU HampspbkeHuss Ha Ab mo mpumepno 12,5-13 B cHoBa moakiroyaercs
coJiHeuHas Oarapest u 3aps] Bo3oOHoBIseTcs. [Ipu 3ToM MakcUMaIbHBINA YPOBEHb
3apsikeHHOCTH Ab nipu 3ToM coctasisier 60-70%. IIpu perynsgpHoMm Hemo3apsiae

MPOUCXOIUT CyJb(aTarus IaCTUH U PE3KOE COKpaIlleHne Cpoka ciryk0b1 Ab.

Ouarpamma zapsgaa
3APSO BATAPEMU

HAMNPSAXXKEHUWE

— =) TOK

OcHoBHOW 3apan Mornowaroumn sapsan MoanepxkuBarowmn 3apsan
MTocmMosiHHEIO MoK MocmosiHHoOe HanpspxeHue lMnaesarowee HanpsixeHue

Bpems

Pucynok 6 - Ctaguu 3apsiia akkymyJsiTopa

1.2.3 O0630p akKyMYJIATOPHBIX OaTapei

Texunonoruas AGM

B oTnmyum OT reneBbIX TEXHOJOTMH, B 3TOM TEXHOJOTHMM B KAdyeCTBE
cemaparopa JUIsl  yAep>KaHHS DJEKTPOJMTAa WCIOJb3YIOTCA IUIACTUHBI U3
CBEPXTOHKHUX CTEKJISTHHBIX BOJIOKOH, OOpa3ymoIMX HEOJIHOPOJHYIO TMOPHUCTYIO
CUCTEMY, MEXIY KOTOPBIMH IHUPKYJIMPYIOT DSJCKTPOJIUT U Ta3bl. I[lpudem
AIIEKTPOJIUT CBA3BIBAECTCS B MEJKUX IOpax cemaparopa 3a CUET KamuUIIPHOTO
addekTa, a a3z OayKAacT yepe3 0ojee KpymHbIe MOpHl o 00bemy Oatapen. [lpu
NEPBUYHOM 3aIOJHEHUH aKKyMYJSITOpa KOJMYECTBO 3JIEKTPOJIMTA HAO3UPYETCS
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TaKHUM 06pa30M, yTOOBI 3aIIOJHUTH TOJBKO MEJKHE IOPbI, YTO AOIIOJHUTCILHO
COKpamacT pacxon 2JCKTPOJIUTaA.

KOHCTpYKTMBHO cemaparop MOKET BBIIOJHATLCS B BHIE IUIACTUH H
crupaii. CrimpalibHasi TEXHOJIOT U 3anareHToBana komnanued Johnson Controls u

MOXET IPUMEHSATHCS TOJIbKO B cepun Optima. Taxue 0JI0KH BBITYCKAIOTCS TOJIBKO
B AMepHKe.

VY crupanbHBIX aKKyMYJIITOPOB ¢ TexHoJornelh AGM yBenryeHa IUIOIaIb
cemaparopa, 4YTO IIO3BOJISIET IIOJydyaTb OT Takod Oarapen OoJiblme
KpPaTKOBPEMEHHBIE TOKH M MEHbIIIee BpeMs 3apsa. [6]

Opnnako, Takue Oaraped HWMEIOT MEHBIIYI0 YIAEIbHYI0 €MKOCTh 3a CYeT
OOJIBIIIETO COOTHOIICHUSI 00BEM/INEKTPUUECKAsT EMKOCTb.

CxBO3HbLIE Neperopoaku
O6ecneynBaloT BOIMOXHOCTL
SKCNNyaTauMm B Pa3nNMyHbIX NOMNOXEHHUAX

FepmeTuanpoBaHHble
KnemMmb!

Fepmeruuynan
Kpblwka

Ans Kopnyca
ofecneynBaer 3awmry
OT BbITeKaHUA
3NeKTPONMTA, & TaKkke
CAYXNAT KaK
TEeNNOU3IONATOP

CneumnansHbif
aKTUBHLIA MaTepuann
3awmwaer or Bubpaumn,
npoanesaeT CPOK cryx6bi

CneumansHas cerka
BLIAEPXKMBAET CHNbHBIE
BubBpaunm, obecneunsaer
MaKCHManbHyO

NPOBOAMMOCTE

NMonunponunexHosslid kopnyc CneumanbHbli cenaparop

anexkrponura oBecneunsaer paGory Ges
NPH U3IMEHEHMW TeMnepaTypbl. U AGM 1 HA

OT NPOHMKHOBEHMA rA30B8 W AKTHBHbIX XMAKKX Cpen YCTPaHRAET yTeUKkn anexrponura

Pucynox 7 - Ilpenmymectea AGM akKyMyJATOpOB U TEXHOJIOTUH

* AKKyMyJsATOpHBIE Oaraper ¢ TakOW TEXHOJOTHEH He TpeOyroT
00CITy)XKMBaHMsI B TEUCHHE BCErO CPOKa CIYXOBI 32 CUET MOJHOU repMeTH3aIluu
IIPU U3TOTOBJICHU.

 Kianannas peryimpoBka ¥ TepPMETHYHOCTh HCKIIOYAIOT YTEUKY
DJIEKTPOJIATa ¥  KOPPO3UIO  KOHTAKTOB, MpHyYeM Oarapes COXpaHseT
paboTOCIOCOOHOCTh AaXKe MPH MOBPEKICHUIX KOpIyca.

* ['epMeTHYHOCTH KOpITyca OOeCcTICUMBAECT BO3MOXKHOCTH JSKCIUTyaTaIlH
Oarapen B J0OOM —ImosokeHuH. OHAKO, HE PEKOMEHAYETCSl CTaBUTh Oarapero
BBEPX JTHOM, T.K. PETYJIMPOBOYHBIC KJIallaHbl OKa3bIBAIOTCSI CHUBY.
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» Co0moieHre peKOMEHIyeMOT0 peKruMa 3apsijia 6arapen JnemaeT mporiecc
MOA3aPSAAKH OC30MacHBIM W HMCKIIIOYACT BBIJICTICHUE KHUCIOTHBIX HCTIApPEHUN U
BO3MOYHOCTh B3phIBa.

* barapen coxpassoT pabOTOCIIOCOOHOCTh B IIMPOKOM JUAa3oHE
temrneparyp Bbie 30 °C. M3-3a kpucTalmmM3aiuu 3JIEKTPOJIATA TPU MEHBIINAX
TeMIepaTypax MPOUCXOAUT Pa3pyLICHHE KOHTAKTHBIX TOBEPXHOCTEHN 3JIEKTPOJIOB,
YTO COKpAIAeT CPOK CIYKOBI U EMKOCTh OaTapew.

* Dbarapen coxpausitor paboure XapaKTEPUCTUKU TMPU JIUTEIbHOU
AKCIUTyaTaluu
B YCJIOBHUSIX CUJIBHOM BHOpAIIUU, YTO XapaKTEPHO JJIsl aBTO U JKEIE€3HOA0POKHOTO
TPaHCIIOpTA.

» BaxsemmM npenMyIecTBoM Oarapeit ¢ TexHonorueir AGM cuuraercs
CTOMKOCTh K IIyOOKOW pazpsiike. DTo oOecreunBaeTcsi 3a c4er OoJiee MIOTHON
YIIAKOBKH CEMaparopoB M JJEKTPOJOB, YAEPKAHUS DIIEKTPOJIMTAa B MOpax
cenaparopa U OTCYTCTBUS UCIAPEHUS DJIEKTPOJIUTA U, KaK CIIECACTBUE, OKUCIICHUS
MOBEPXHOCTHU 3JIEKTPOJIOB.

Henocratku 6arapeii ¢ texnosorneii AGM

[ToCKOJIbKY B Ka4€CTBE AIEKTPOJIUTA UCIIOIb3YETCS KUCIOTHBIN PaCTBOP, TO
JUIst  O0arapell NpUCYIM BCE HEJOCTATKM OOBIYHBIX KHCJIOTHO-CBUHIIOBBIX
aKKyMYJIITOPOB:

 Oonpmas Macca 6aTapeH, 9KOJIOTUYECCKast BpPCAHOCTb 34 CYUCT
HUCITIOJIb30BaHUs KHMCJIOThI U CBUHIIA,

* OTPAHUYCHHOE YHUCJIO ITUKIIOB TMOJHBIN 3apsa/pazpsa - ot 100 mo 4000
(3aBuCHT OT THMAa OaTapen);

* YYBCTBUTEIBHOCTh K MEPEHANPSIKEHHUIO TIPU 3apsiJIKe CBsA3aHa C MEHbIINM
00bEMOM DJIEKTPOJIUTA, Y€M B OOBIYHBIX OaTapesx, MOATOMY HEOOXOJUMO
coomomare pexum 3apsga AKBb u  npaBunibHO moaOuparbh  3apsiiHOE
yCTPOHCTBO.[6]

Tabmuua 1 — cpaBHeHue nokasaresen Oarapeit
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[lokazarens ['eneBbre AGM
B 2-3 paza Beime, uem 3 AGM
(oxos10 600 1UKIIOB) 3a CUET
Hyxmiaeckuit BSI3KOTO 3nekTpoauTa. [lnmactunel | Okoso 300 nMKIOB 3apsii-
pecypc OCTarOTCs MOKPBITHIMA UM BO BpEMS paspsin
rIyOOKOT0 paspsija, modToOMy
MEHBIIIE TI0ABEPIKEHBI KOPPO3UHU.
He Tak xpuTu4HbI K
Ouenb TpebOBaTENbHBI K TOUHOCTH 3apsiy, MpEBbIIICHUE
3apsin 3apsijia, €ro MPEBBIIICHUE MOXKET | HAMPSIYKEHUS TAKKE MOKET
MPUBECTH K BCITyYMBAHUIO Oarapen. | MPUBECTU K KUTICHUIO U
B3yTHIO OaTapen
Bennuuna camopaspsia
HeOOJIbIIIast, MOATOMY MOAXOST AJIs Camopazpsin
Camopazpsin MIPUMEHEHUS TaM, TJI€ pa3psi WHTCHCHBHEE, YEM Y
MPOUCXOUT MAJILIMU TOKaMH B r'eJIeBBIX
TE€YEHHUE J10JITOT0 TIeproaa
. IIeperpeB He Tak
Teperpes [leperpeB MOKET MPOUZOUTH B3PHIB KPUTHUCH, HO TOKE

Oatapeu.

OITaCCH.
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[Iponomkenue Tabuibl 1

KenarenbHa
I'my6oxuii XOpoIo BEIAEPKUBAIOT IITyOOKHit AKCIUTyaTanys Ipu
pazpsn paspsi. ryouHe paspsija He 6oJiee
30%.

HecmocoOub! 1ate OONbIIIE

[IyckoBou u
TOKOBBIE BETUYNHBI, 0COOEHHO

MAaKCHUMAaJIbHbIN [TyckoBbIe TOKH OOJIBIIIE.
ToK CTapTOBbIE, U3-3a BHYTPEHHETO
COINPOTHBIICHUS.
Kopotkne OueHb YyBCTBUTENBHA K KOPOTKUM
Menee 4yBCTBUTENBHA.
3aMBbIKaHUs 3aMbIKaHUSAM.

B mo6oM nonoxeHnun, Kpome
"BBEpX THOM", MEJIKUE
DKcIuTyaTauus NOBPEXKICHUS KOPIyca HE
IPOUCXOJUT YTEUKY JIEKTPOJIUTA,
3a CYET BSI3KOCTHU MOCIIETHETO.

B mo6oM moioxennu,
Kpome "BBepx JHOM".

Kpome Toro, takas KOHCTPYKIIMS TIO3BOJIMJIA YIIyYIIMTh KadueCTBCHHBIC
XapaKTEPUCTUKU TENEBBIX aKKyMYJSTOPOB, & UMEHHO, YMCJIO LIMKIOB pa3psija U
ycTounBocTh K riiydbokum (100%) paspsanam. U eciim MX HOMUHAIBHBIA CPOK
CITy>KOBbI HE OTJIMYAETCSI OT CPOKA CIYX OBl AKKYMYJIAITOPHBIX OaTapel TeXHOJIOTHH
AGM wu 31ech Takke CYMIECTBYIOT MOJAeCIU ¢ 5-u u 10-m JNeTHUM CPOKOM, TO
KOJIMYECTBO IMKIOB THUIIUYHOW reneBoi Oarapen B cpegHem Ha 50% Bbime.
Tunuunas monens TexHosnoruu GEL cmocoOHa BeiepkuBath A0 350 MUKIOB
paszpsinac rayounon 100%, no 550 — c riyounoit 50% u go 1200 — ¢ riryouHoit
30%.

HemanoBaxHONT 0COOEHHOCTBIO T'€JIEBBIX AKKYMVJBITOPOB ABJKICTCA HUX

YCTOMUMBOCTh K IIIyOOKHUM pazpsaaMm. B cBsI3u ¢ 0COOEHHOCTIMU KOHCTPYKIIUH,
ONMCAHHBIMU BBIIIE, OHU MEHEe MOoABEpKeHbl cynbdartaimu, yem AGM, u moryt
0e3 ymepba EMKOCTH OCTaBaThCsl B IOJHOCTHIO Pa3psHKEHHOM COCTOSIHUU
HecKoJbKo mHel. [loatomy, ecnu Ber mmanupyere paspsixare 0arapero go 100% u
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y Bac He OyeT BO3MOKHOCTH Cpa3y ee 3apsIuTh, TO JIyYIlle OT/AaTh MPEANOYTCHUE
reyeBoii Moaenu. [6]

BeiBoa mo riase 1

1. IlpoBeneH aHaIM3 COBPEMEHHOTO COCTOSIHUSI JJIEKTPOIHEPTEeTUKU B
Poccuiickorn @enepanniv, U BbISIBICHBI HAPABIICHUS €€ PA3BUTHS, U LIECIIH
MTOCTABIICHHBIC TOCYIAPCTBOM B TOM 00JIaCTH.

2. Cnoenan anaim3 oOopymoBanus g Mukpol DC. OmpeneneHbl TUTIOC U
MUHYCBI 000pyIOBaHMUS.

3. IlpoBexnen ananu3 000PyI0BAHUS U OLIEHKA €ro 3(PPEeKTUBHOCTH.
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2. Ouenka 3Heprod3¢pPpeKTHBHOCTH.

2.1 T'eorpadguueckue 1aHHbIE 00bEKTA JIEKTPOCHADKEHUSI.

Bdxxkmo3zepo — mocénok B cocTaBe BanmaiiCKoro celnbCKOT0 MOCEIeHUs
Cerexxckoro paitona Pecryommku Kapenusi.

YucieHHOCTh 24 4eloBEK.

B kauecTtBe 00bEKTa MPOEKTUPOBAHUS MPEJIAracTCsi ABTOHOMHAsI CUCTEMA

ANIEKTpOCHa0XkeHusI mocenka Boxxmosepo.[16]

[Toecémox
Bosniozepo
Crpara  Pocoma
Crbberr Pegeparpnt  Pecmybmmma Kapemt
DyIoOnoIATE HET pafiol O erecERE

CeBCcEOe DOCEMeHIe D amgaicroe

Foopmoiare: Q@ g3 m
35eagsgey g H O AN
Hacemermte w240 wenopera (20173)
Hacopoi moae UTC+S
[TouToERE MEAeE: 126434
Fog OFATO 25 245 000 006 &
Fog OETMD 26645 411 111 &

Pucynok 8 - I'eorpaduueckue nanusie nocenka Boxmosepo

[Tocenox Boxkmo3epo snekTpuduiiupoBaH 0 THUM JU3EIILHBIM F'€HEPaTOPOM.
Kaxxmas qusenbHasi 37€KTPOCTAHIUS — 3TO CJOXKHEHIass KOHCTPYKius. OOBIYHO
OHM OCHAIIAIOTCS  DJIEKTPOCTAPTEPOM, IIOCKOJIbBKY PYYHOM CTAPTAU3EIb-
rE€Heparopa JOCTaTOYHO TSKEJ, 4 TAaKKE€ MOIIMHOW CHCTEMOW BO3AYIIHOTO WIIH
JKUAJKOCTHOTO  oxjaxzaeHus. Kpome TOro, Au3enbHbIE T'E€HEPATOPHIYACTO
OCHAIIIAIOTCA CUCTEMOW TypOOHAJJlyBa, KOTOPBHIA IO3BOJISIET CYIIECTBEHHO

CHU3UTH pacxod TOILIMBA. CHGI_[I/IEU'II)HaSI CUCTCMa HIYMOIIOIJIOIICHMA y6HpaeT
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U3JUILIHUNA [TyM, a TOTUTMBHAs CUCTeMa CKOHCTPYUPOBaHa TakuM 00pazom, 4TOObI
o0ecrnieunTh HaJeKHbBIN 3aac TOIUIMBA Ha CJIydyail aBapuiHOTO 3aycKa.

Paznuuaror  cTauMoHapHble M MOPTaTUBHBIE AU3EIb-T€HEPATOPHI.
[lopratuBHbie paccunrtanbl B cpenHeM Ha 4000 gacoB, a CTalMOHApHBIE — Ha
40 000 moToyacoB. EcTecTBEHHO CTaIlMOHAPHBIE OTIANYAIOTCS OOJILIIMM pa3MepoOM
U 1IEHOH, HO, B TOKE BpeMsI, M OOJIbIIIeH HaJIGKHOCTHIO U TOJITOBEYHOCTHIO. Kpome
TOTO,  BBIIYCKAIOTCS  MOJAU(UKAIMU TU3EIbHBIX  T'€HEpParopoB C  YYETOM
KJIMMAaTHYECKHUX YCJIOBUM, B KOTOPBIX OHU OYIyT UCIOJIb30BAThCS: TPOIIMUECKHE,
CEBEPHBIE U MOPCKHUE AU3Eb T€HEPATOPHI.

«IImoceDy Au3enbHBIX TeHeparopoB.  JlaHHBIA  BHA ~ DJIEKTPOCTAHIIMH
paccuMTaH Ha KPYIJIOCYTOUHYIO pa00OTy U HHTEHCUBHYIO SKCIUTyaTallli0 B TEYEHUN
nonrux Jiet. OHU HaEeKHbI, CTAOWIBHO (PYHKIMOHUPYIOT U OTIIMYAIOTCS HU3KOU
M05KapOO0IaCcHOCTb. BaKHO OTMETUTD, YTO JU3ENbHBIE TE€HEPATOPhI BEIPAOATHIBAIOT
AIIEKTPUYECKYI0 DHEPrUI0 BBICOKOTO KayecTBa. Tak, mepenaabl HapsKEHUs
cocTaBJII0T Bcero 1%, a yactora Toka — 2,5%.

JlnzenbHOE TOIUIMBO 3aMETHO JIEHIEBJe, YeM O€H3MHOBOE, a TOCTYIHOCTh U
0€30MacHOCTh JOCTaBKM Ha MOPAJOK BbIIIE, YEM Y ra3oBbIX reHepaTopoB. Yro
kacaerca KIIII, To oH pgoctaroudHo BbicOK: 0,39%-0,47% y nu3enbHBIX
rereparopoB 06e3 yrwmzauuu TtemwioTel U 0,70%-0,80% - y reHeparopoB c
YTWIM3aUMe TEIUIOThl, a 3TO 3HAYUT, YTO CEOECTOMMOCTbH 3JIEKTPOIHEPTUU
JOCTAaTOYHO HU3Ka M JM3ENIbHBIN reHepaTop ObICTpO okymaercs. [38]

«MuHyChI» TU3€IbHBIX TeHepaTopoB. OCHOBHOM HEAOCTATOK JU3EIIbHBIX
TeHEPaTOPOB — 3TO HU3KAas SKOJOTMYHOCTHh U TMOBBIIICHHBIN ypOBEHb IIlymMa IO
CpPaBHEHHUIO C OEH3MHOBBIMHM TE€HEpaTopaMH. XOTs, HM3JMIIHUN LIyMOBOW (poH
JIETKO KOPPEKTUPYETCsA, TOCTAaTOUYHO OO0OPYyd0BaTh T€HEPaTOp CIEIHATbHBIM
3aIIMTHBIM KOXYXOM M IIyM NPAKTHYECKH Hcue3HeT. Kpome Toro, cTOMMOCTH
JU3ENIEN TOCTaTOUYHO BBICOKA, HO 3TOT HEAOCTATOK OTHOCHUTEINIEH, IOCKOJBbKY BCE
3aBUCUT OT 3arpyXEHHOCTH I'€HepaTopa — 4YeM 3arpyK€HHOCTb BBIILE, TEM

OBICTpEE OH OKYIIAETCHI.
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[Ipumenenne  au3enbHOrO  reHeparopa. [Aus3enbHble  TEHEPATOPHI —
ONTUMAIbHBIN BHIOOD JIJIs1 OpraHU3alKi pe3ePBHOTO WM NMapALICIIbHOTO MUTAHUS
P YaCTHIX MEPEOO0SAX C IESKTPUUECTBOM WIIM HEIOCTATOUYHON MOIHOCTH. Takxke
MX HCIOJB3YIOT B KAa4eCTBE OCHOBHOTO HCTOYHHUKA DSHEPTUM  IIpHU

HCBO3MOXHOCTH ITOAKIFOYCHU A MOITHOCTEU HeHTpaHHBOBaHHOﬁ QJICKTPOCCTH.

2.2 DuekTpupukanus 00 beKTa AU3eJIbHbIMH FeHePATOPAMH.

BoxMo3epo, aNeKTpoCcTaKLMA

TAN ary reHepatop | MOLHOCTL, KBT cTaTyc
(kBA)
SDMO Pacific, Nop Beinycka — 2012 LAS43 12 B akcnnyaTaumm,
OtpaboTtaHo — 10213 m/fy

Pucynok 9 - /laHHbI€ O AU3EIBHOM I'€HEPATOPE, YCTAHOBJIEHHBIX B MOCEIKE

OnektpocHabxkenue 1.BokmMo3epo  OCYyIIECTBISIETCS OT  JAU3EIbHOU
AIEKTPOCTAHIIUU YCTAaHOBJICHHO M MOIIHOCTBIO 12 KBT.

[loTpebuTensiMu SBIAIOTCS YacTHBIE JO0Ma B KOTOPBIX MpoOXKHBaeT 24
yenoBeKk [lnaHoBwIi Tapud Ha anexTposnepruto 3a 2015 ron cocrasmsier 32,70
pyoneit 3a kBt/u .CpennerogoBas motpedisemas MOImHOCTL 18 kBT, rogoBoi
KO3(()ULIMEHT HCTOJIb30BAHUS YCTAaHOBJIEHHOW MOIIHOCTU cocTaBisieT 45%. B
JaHHOW paboTe Mbl y3HaeM 3((PEKTHUBHO JM HMCIIOJIH30BaTh BO300OHOBIISIEMbIC
UCTOYHUKM SHEPrUM B JaHHOM mnocenke. ['eorpaduyeckoe pacmnolioxkeHue Ii.
Boxxmozepo unmeer koopauHatbl 63 rpanycoB 18 MuHyT 53 CEKyHI CEBEpHOU

HIMPOTHI , 35 rpaaycoB u 48 MUHYT 54 CEKyH]T BOCTOYHOU A0JTOTHI. [15]

2.3 I'padukn HATrpy3KH 00beKTA dIeKTpUPUKATTUT

B kxauectBe IMOCTPOCHUA TOA0BOI0 l"pa(l)I/IKa Harpys3ku OB B3SIT €KEMeCTIHasT

38



peamzanus 3/3 norpedourensim B 2014 roy.[15]

Tabnuia 2 — rogoBoe norpedicHue 3/3

Hac. ITyHkr | sHB deB | mapt | amp Mal | UIOHb
Boxwmo3zepo | 1095 | 1038 | 903 838 940 620
UIOJIb | @Bl CEHT | OKT HOS JEK
624 589 899 922 1114 | 1161

Peanusauua 2014

NoA
M/

1400

1200

1000

800
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400
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aeK

UOHb
Utonb

Pucynok 10 - I'paduk moMecss4HOTO 3HEPTONOTPEOICHUS

2.4 Bb100op Au3eJIbHOM CTAHIIMU

Jlu3enbHbIe AEKTPOCTAHIIMU B THOPUTHBIX CHCTEMaX 3JIEKTPOCHAOKEHHS
BBITIOJIHSIOT BaKHEHIIME (PYHKIUM TapaHTUPOBAHHOT'O HWCTOYHMKA IUTAHUS.
Kpome TOro, B 3aBUCUMOCTH OT CTPYKTYPBhl BETPO-AU3EIHLHOr0, WM (POTO-
JIM3EJIbHOTO KOMIUIEKCA, OH MOKET BBIMOJHATH Oy(epHbie (YHKIMH, KOMIEHCUPYs

nyJbcaruii MmouHoctd BOC n @OC.
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Hcxons u3 HeoOX01UMOCTH 00eCTIeueHH S TOTpeOuTeNne AIeKTpoIHEpTHeH B
JFOOBIX CUTyaIUsX BBIOOp YWCJIA M MOIIMHOCTH JIHU3ENIb-TEHEPATOPOB CIICAYET
MPOBOJIUTH C YYETOM CJICAYIOIIUX TPeOOBaHMIA:

1. CymmapHas MOIIHOCTb arperatoB JAo0JDKHa ObITh Ha 25% OoJblie
CYTOYHOT0 MakCMMyMa Harpysku: P, > 1,25P

2. JIns ynoOGcTBa 00C Ty KUBaHUS, J)KeaTeabHO BeIOMpath JI9C oquHaKOBOTO
TUTIOpa3Mepa.

3. 3arpy3ka au3enb-TeHepaTopoB JOJDKHA HaXOAUThCs B mpeaenax 25-80%
OTHOCHUTEIIbHO HOMUHAILHOM.

4. Koim4ecTBO MU3ENbHBIX JIEKTPOArperaroB MOHKHO OBITh M30BITOUYHBIM
I o0ecrneueHrsl BO3MOXKHOCTH BBIBOJIA U3 PA0OTHI arperaToB JJisi CEPBUCHOTO
00CITY»KUBaHMUSI, TEKYILIETO U KalUTAILHOTO PEMOHTOB.

5. YcioBH€ 3KCIUIyaTallkd  JIU3EJIbHBIX  JJIEKTPOCTAHLMN  JOJDKHBI
COOTBETCTBOBATh KJIMMATHUECKUM XapaKTePUCTHKAM MECTHOCTH. [4]

Jns aHanmm3a TEXHUKO-dKOHOMHYEecKMX Tmokazartenedt JI9C wHeoOxomumo
OIICHUBATh 3aBUCHUMOCTH Pacxojia TOTUIMBA AW3EJh-T€HepaTopa OT CTEMEHU €ro
3arpy3ku. Ha ocHOBe nmHeapu3aluu pacXoJHBIX XapaKTEPUCTUK TU3EITHLHOTO
JBUTATENIST MOXHO HCIIOJIb30BaTh MPUOIIKEHHYIO (HOPMYIy ISl OMpeeieHuUs

YIEIBHOIO pacxo/a TOIUIMBA Ha reHepupoBanue | kBru anekrposneprum

G =K, +1-K,)G, %

k
I'me G; G, — daxTnueckuii ¥ HOMUHAIBbHBIA pacxoa TomuBa ( AJis
OOJIbIIIMHCTBA ABUTATENIEH MOIIHOCTHIO AecsITKU-coTHU KBT G,=230-250r/kBT4) ;
PP, — daktrueckas u HomunanpHas MoutHOCTh [19C; K, — xoaddurment
XapaKTepHU3YIOUIMI TOTUTMBO MOoTpebieHue au3ens Ha xouoctom xoay (0,3).
3Has yAenpHOE TOTpeOseHHne AW3eNs ISl COOTBETCTBYIOIIETO pPEKUMA
3arpy3Kd ¥ 00BEM TMPOU3BEACHHOW JJIEKTPOIHEPTUH MOXKHO OTPEIACIUTh

KOJIMYCCTBO U3PACXOA0BAHHOT'O TOILIMBA 34 paCCManI/IBaCMHﬁ nepuoa BpEMCHHA
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Qr=G,W

I'ne W — sHeprus npuBejeHHas 3a JeHb, MECSIL ,[O/I.

2.5 Bb10op nu3ebHOT0 reHepaTopa noceaka Boxkmo3sepo.

Tak Kak Ha CErOAHSIIHUNA JEHb YCTAaHOBJICHHBIC JU3EIbHBIE T'€HEPATOPHI
JOCTaTOYHO YCTapEBIIHE, TAHHBI KYPCOBOM MPOEKT MOIpa3yMeBacT OOHOBJICHHE
JIW3ENbHON  DJCKTPOCTAHIIMU C  BBICOKOA(M(EKTHBHBIMUA  DHEPTETUYCCKUMU
MOKa3aTeJIsIMU.

B nocenke BoxxMmo3zepo mpoxuBaeT 24 4enoBeK U 3JIEKTPONOTpeOJieHUE B
3UMHMI niepuoj gocturaet 9 kBT, a B jieTHuid 8 kBT, Tak kak qu3enbHas CTaHIMS
JOJDKHA UMETh HOMUHAIbHYIO MOIIHOCTH OOJbIIy0 Ha 25% OT MaKCUMaJIbHOU
Harpy3ky, TO YCTaHOBJCHHBIM J[DY MNOAXOAUT MO BCEM XapakKTepHUCTUKaM,
CBSI3aHO ATO C TE€M, YTO YHMCJICHHOCTh HACEJIEHUsI OTHOCUTEIbHO MoOIHOCTeN J[DY

HE CHJIbHO MEHSJIOCH C ToJaMu. [6]

2.6 Pacuer noTeHIaJI0B BO300HOBJISIEMbIX HCTOYHHKOB JHECPIrum.

2.6.1 CoyiHeYHBIN MOTEHIIHAJ

[IpoBeneM wuccieqOBaHUE COJIHEYHOM HWHCOJSLUMKA Ha TEPPUTOPUU

IMOCCJIKA.

41



SSE
Homepage

1o ATMOSPHERIC
94 SCIENCE
% DATA CENTER

Geometry Information

Purameters for Solur Cooking:!

. . . Parameters
Eind A Differens Locarion Accuracy Methodolo, (Units & Definition)

NASA Surface meteorology and Solar Energy - Available Tables

Latitude 63.315 / Longitude 35.815 was chosen.

Elevation: 99 meters
taken from the
NASA GEO3-4
model elevation
HNorthern boundary
64
Center
Westerr;bsnundary Latitude 63.5 Eastsm;snundary
Longitude 35.5
Southern boundary
63

Monthly Averaged Insolation Incident On A Horizontal Surface (]{Wh/mzfr]ay)

Lat 63.315
Lon 35 815

\Tan Feh Tlar Apr Iay Hun Jul Aug Sep Oct Now Dec

22-year Average

0.18 0.3 1 375 4.86 573 519 3.84 2.29 1.01 0.32 o007

Pucynok 11 — nHeBHas uHCOIAINA

OcHoBHas OHCPICTUYICCKAA XapPaAKTCPUCTUKA COJIHCHHOTO HU3JIYyYCHUA!:

JAHCBHaA, MCCAYHaA, IrOJOBasd CyMMa COJIHCUHOM paanaiini Ha TOPU30HTAIIbHYIO

IVIOMIAAKY B YCJIOBHSX pealbHOW 007avyHOCTH. JlaHHyt0 wuHGOpPMAIUIO, MBI

MOJy4YUM €

nmoMompio  0a3pl  jmaHHeIX NASA, rae #HMeTcs JaHHBIE

MeTeoHa0 IO IeHNH 3a JINTEIbHBIN MEPUO1 BpeMeHH B Tabimie 3.[26]

Tabnuua 3 - CpenHeIHEBHBIE U CPEAHEMECAYHBIE CYMMY COJTHEUHOU

paaunanyu 11 KaKI0ro Meciama

A | @e | Ma | Anpe | Ma | Uro | Uro | AB | Cen | Ok | Hos | e
Mecsig
B. | B. | pT b | w |m | T.| T | T | 0 | K
JIHeBHA
s cyMMa
COJIHEYH
01]08 4,8 3,8 1,0 0,0
ot 2,11| 3,75 573519 2,29 0,32
8 | 3 6 4 1 7
paauaiu
u
kBT4/M?

42




[Iponomkenue Tabauib 3

Mecsiun
as
cymMma
COJIHEY

(V)

HOU
paauar
U
kBtu/

MZ

5,9

23,
24

65,
41

112,

50 | 66

150,

171,
90

160,
89

68,
70

119,
04

31,
31

96|21

I[JIH pacducTra MOoTCHIUAalIa BI)I6€pGM MOHOKPHUCTAINIMYCCKYIO COJIHCYHYIO

nanenb (CII). XapakrepucTiky BHIOpAaHHOW MaHEN MPUBEAEHBI B Ta0buIle 4.

Tabnuia 4 — TexHuueckue xapakrepucTuku Moyt Exmork ®CM-360M

Pazmepsi, Mm Llena,
PMOI[! UHI SM, KHI[, Macca,
) ThBIC.
Br | B I LI B M % KT
pyo.
360 | 24 1956 992 50 1,94 18,9 23,2 16,000

[lo naHHBIM O CyMMapHOM COJTHEYHOM paJiallii U MOIIHOCTh BRIOpaHHOMU

CII, paccuurtaem, Kakoe KOJIMYECTBO SHEPTHM OyAeT BBIPAOATHIBATHCS OJHUM

TakKUM MOJIYJIEM B JaHHOM PEruoHe 3a KaXAbId MecAl] IO CJCAYIOIIeH

dopmye[3]:

VVM :S”Ekn’ KBT"I,

rae S, — mromans CII, M2;

. 2.
E — 3HaueHMe UHCOJSIMYU 3a BRIOpaHHBIN nepuoj, KBTu/M*;

n — KIJ1 CIT;
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K — kosddunmeHT, yJIUTHIBAIOIMI MOTPAaBKy HAa MOTEPH MOIIHOCTH
COJIHEUHBIX AJIEMEHTOB IIPM HArPEBE Ha COJIHLE, a TAKXKE HAKIOHHOE IaJCHUE
Jy4el Ha OBEPXHOCTh MOJAYJIEW B TEYEHUU T'OJA.

Bemumna K npunmMaercs paHoiu 0,5 serom u 0,7 B 3UMHHNA NEPHO.
Pa3nunia B ero 3HayeHUM JIETOM M 3UMON OOYCIIOBJIEHa MEHBIIMM HarpeBOM
9JICMEHTOB B 3UMHUH niepuo[3].

W =S .E-k-77=1,94-13,64-0,7-0,189 = 3,501 kBr-u.
Tpedyemoe xommuectBo CII 111 NMOKpBHITHS NOJHONW MOTPEOHOCTH B

ANIEKTPUIECKON SHEPTHHU 3a MECSIl HaiiieM 1o cienyromieit popmyne[3]:

N = nomp , TIIT;

M

rae W,,,, — MecssuHoe notpebaenne 99, kBt 4,
W,, — MOIITHOCTh, KOTOPYIO BBIPAOOTAIOT MTAHEIH 32 MECSIII.

W
N=—-*= 38130 =10891, 58 mr.

w 3,501

O6mmas Tpedyemas TUIoIaab MaHenel onpenensercs mno Gopmye[3]:

S,,., =N-S_=10891,58-1,94 = 21129, 66 M.

mpe6

Pe3ynbTaThl Bcex BBHIIICTIPUBEIECHHBIX pACUETOB CBEACHBI B TAOIMILY O.

Tabmua 5 — PacueTHsle qaHHbBIE

Mecsunas
UHCOJIALIMS Ha
WHOTp’ WM1 k SM’ N S 2
TOPU30HTAJIb , TIIT 5y M
P e kBT kBT " 2 TPeo
IIOBEPXHOCTb,
kBT u/M?
5,58 1095,00 1,43 0,70 764,57 | 1483,27
0,19 { 1,94
23,24 1038,00 5,96 0,70 174,02 337,60
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[Iponomxenue TabauLbl 5

65,41 903,00 14,39 | 0,60 62,75 121,74
112,50 838,00 24,75 | 0,60 33,86 65,69
150,66 940,00 33,14 | 0,60 28,36 55,02
171,90 620,00 31,51 | 0,50 19,67 38,17
160,89 624,00 29,50 | 0,50 21,16 41,04
119,04 589,00 21,82 | 0,50 26,99 52,36

68,70 899,00 15,11 | 0,60 59,48 115,40

31,31 922,00 6,89 | 0,60 133,85 | 259,68

9,60 1114,00 2,11 | 0,60 527,47 | 1023,30

2,17 1161,00 0,56 | 0,70 2084,54 | 4044,01
- 10743 . = - =

KomuectBo BriOpanHbiXx CII B Tabmuie 5 okpyrieHo a0 OymxkaiIiero
OOJIBILIETO LENIOT0 3HAYEHUS.

[Ipubmu3urenpHass  ctoumocth DOOC  ompenensieTcss  CICAYIOIM
obpazom|3]:

Cooe = M, TBIC.pYO.
30+40
rae Cgp — CTOUMOCTD OJTHOM COJTHEUHOM MaHelu, ThiC. pyo.;
N — KOJMYECTBO COJIHCUHBIX MMAHEJICH, IIIT;
3040 — gonms cTomMocTH (DOTOAIEKTPUUECKUX IIaHEIeH B OOIICH
ctoumoctu obopynoBanust ®IC, % (BenmMUMHA MPUHATA U3 CTATUCTUYECKHX
JaHHBIX, CPABHUTEIBHBIX IIEH Ha (OTOANIEKTpUYECKUE TAaHEeIHn | O0OIIeH

CTOMMOCTHU 000pyA0BaHus (POTOAIEKTPOCTAHIIHHA).[1]

16,0-2084,54-100
40

=83381, 7 ThIC.pYO.

C¢3c =
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2.6.1.1. CosiHeYHBI MOTEHIMAJI IPH UCTTOJIb30BAHUH 64 COTHEUHBIX MaHe €.

[Ipubmu3urenpHass  ctoumocth @DOOC  ompenensiercss  CICAYIOINM
obpazom|[3]:

C,; -n-100
Cpoe = %, TBIC.pYO.

rae Cepr — CTOUMOCTD OJJHOM COJIHEYHOM MaHeNu, ThiC. pyo.;

N — KOJIMYECTBO COJTHEUHBIX MMaHENEeH, IIT;

3040 — gons ctoumMocTH (HOTOIEKTPUUECKUX TIaHEIed B OOIICH
ctoumoctu obopynoBanust ®IC, % (BemMUMHA MPUHATA U3 CTATUCTUYECKHUX
JaHHBIX, CPABHUTENIBHBIX IIEH Ha (OTOANEKTpUUYECKUE TaHeIun | O0OIIeH
CTOMMOCTH 000pyIOBaHUS (POTOIICKTPOCTAHIINMN).

Corc = W = 2560, 7 TIC.pYO.

2.6.2. OueHka BeTpPOBOI0 NMOTEHIHAIA.

BerposHeprernueckuil MOTEHIMAT ONPEACIAETCA KaK IIOJHAS SHEPrusd
BETPOBOTO IMOTOKAa KAaKOW-TMOO MECTHOCTM Ha OIpPEACICHHOW BbICOTE Hal
MTOBEPXHOCTBIO 3EMJIH.

DOHeprusi BeTpa XapaKTEPU3YETCS CKOPOCTHIO, SIBIIAIOLICHCS CIy4alHOU
NEPEMEHHON B NPOCTPAHCTBE U BpeMeHH. [loaTomy, sHEpreThdeckue Xapak-
TEPUCTUKU BETpa MPEICTABIAIOTCS BEPOATHOCTHBIM OIMCAHMEM CIYyYalHOTO
mpouecca M3MEHEHHUs BETPOIHEPreTHUecKoro moTeHuana. (OCcHOBOWM Bepo-
ATHOCTHOTO IIOJIXOJa SIBIKIETCA IHCKPETU3AIMS BPEMEHHOIO IMpoIEcca, MO3-
BOJIIONIASl CUMTATh HE3aBHUCMMBIMU M TIOCTOSIHHBIMU BCE OIPEACIsiEMbIC Ma-
paMeTpsl Ha MHTEpBANIE AUCKpPETU3alMHM. B KauecTBEe BPEMEHHBIX HHTEPBAJIOB

CTaIMOHAPHOCTH OOBIYHO HUCIIOJIB3YCTCA HaC, CYTKHU, CC30H, T'O/I. COBOKYHHOCTB
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adPOJIOTUYECKUX W DHEPTETUYECKHX XapaKTePUCTHUK BETpa OOBEIUHACTCS B
BETPOHEPTETUUECKUN  KaaacTp peruoHa. (OCHOBHBIMM — XapaKTEPUCTHUKAMU
BETPOIHEPTETUUECKOTO KAIACTPA SABJISIFOTCSA:

- CPEAHEr010Basi CKOPOCTh BETPA, TOJOBOW M CYTOUYHBIN XOJ1 BETPA;

- TIOBTOPSIEMOCTHb CKOPOCTEH, TUIBI U TapaMmeTpbl (GYHKIUNA pacrpeese Hus

CKOpPOCTEN BETPA;

- BEPTUKAILHBIA MPOQHIb CPEaHEH CKOPOCTH BETPA;

- ylleJbHas MOIIHOCTh U yleNIbHAs YHEPTUs BETPa;

- BETPOSHEPIETHYECKUE PECYPCHI PETMOHA.

JIns moJsiydeHuss NOCTOBEPHBIX HAHHBIX O CPEIHHX CKOPOCTAX BETpa TEP-
pUTOpPUM HEOOXOJMMO HCTOJIb30BaTh 3HAUYUTENbHbIE OO0BEMbI U3MEPEHU B
T€YEHUE IOCTATOYHO IJIUTEIILHOTO BpemeHu. B mmreparype [30] mpuBoasTcs
pEeKOMEeHaIuu o 1enaecoodpazHocTu 10-1eTHX 00beMOB BEIOOPKU HAOJIIOICHUM.

CpenneronoBas CKOPOCTb BETpa OMNpEAEIsieTCs Kak cpeHeapupMETHIEeCKOe
3HAUYEHHUE, IOJYYEHHOE B PE3YyJbTaTe€ HU3MEPEHUN CKOPOCTH YEpe3 paBHBIE
MPOMEXYTKM BPEMEHM B TEUYEHUE 3aJlaHHOTO TMEepHoja: CYTKH, MECAL, TOJ,

HECKOJIBKO JeT[3]:

raie C/ - ckopocTh BeTpa B HWHTEpBaje u3MepeHus | ; N - KOIMYECTBO
WHTEPBAJIOB U3MEPECHHUI.

JIng ynucneHHOW OLEHKHU pa3dpoca CKOPOCTEN BeTpa OT CPEIHErO 3HAYEHUS
UCIIOJIb3YyeTCsl  KO3(PPUIMEHT BapualMu CPEAHUX CKOPOCTEH, KOTOPBII

omnpenensercs BeipaxeHuem[3]:
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I'7I€ CPEIHEKBAAPATUIHOE OTKIIOHEHHE TEKYILIEH CKOPOCTH BETPA OT CPEAHETO
3HaueHus; V Cp- cpenHsas CKOPOCTh BETpa 3a UCCIIEAYEMBIN IIEPUOJ BPEMEHH.

Cpenssiss CKOpPOCTb BETpa CIY)KMT OPHUEHTHPOBOYHBIM IOKa3areseM,
XapAKTEPU3YIOLIMM BO3MOKHOCTh IMPUMEHEHHUS BETPOIIEKTPOCTAHLINNA B JAHHON
MeCTHOCTH. KpuTepusiMu CIIy>)KUT 3HAaYE€HHUE CKOPOCTEW BETpa MPU KOTOTPBIX
COBPEMEHHBIE BETPOYCTAHOBKM HAYHMHAIOT BpallarbCsi W Pa3BUBAIOT CBOIO
HOMUHAJIbHYIO MOIIIHOCTb.

N3BeCTHO, 4TO CKOPOCTh BETpa MO MEPE YAAICHUS OT MNOJCTUIIAIOIICH
MOBEPXHOCTH BO3PACTAET M BO3YIIHBIA MOTOK CTAHOBUTCS 00Jie€ YCTOWUUBBIM.
CreneHb yBEIMYEHHMsS] CKOPOCTH BETpa C BBICOTOM CWIBHO 3aBUCUT OT
HIEPOXOBATOCTA  MOJACTWIANOIICH TMOBEPXHOCTH. I  pasnvuHbBIX  TUIOB
MOBEPXHOCTU BBICOTA MIEPOXOBATOCTU 20 MOXKET OBITH OINpEAe/ieHa, KaKk BbICOTA,
Ha KOTOPOU CKOpPOCTh BeTpa paBHa 0.

3HaveHue Zy 1715 pa3IMuHbIX TUIOB ITOBEPXHOCTEN MpUBEIeHA B TabauIle .

Tabnmia 6 — 3naucHue Zg 17151 Pa3IMIHBIX THIIOB MOEPXHOCTH

Twun moBepxXHOCTH XapakTepUCTHUKA Zy, M

PoBnas Ik, e, cHe)KHBIC TeH3akKHu 0,005

OTkpbITad Huskas tpaBa, aspomnopT, yOpaHHbIE TIOJIS 0,03

[IlepoxoBaras [lonst ¢ BRICOKMMU KYJIbTYpaMH, JEPEBbS, 0,25

jeca, cajibl
Ouensb mepoxosaras Jleca, caabl 0,5
3aKphITHIE JlepeBHU, OKPECTHOCTHU TOpoaa 1
TI'opona LleHTp ropo10B, OTKPHITHIE IOBEPXHOCTH B 2
jecax
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DOTU 3HAYCHHUS IMIEPOXOBATOCTEM MOXKHO HCIIOJh30BaTh B Gopmyse, OT-

paKaroIIel JTIoTapuPpMHIECKY0 3aBUCUMOCTh CKOpOocTH BeTpa VH oT BeicoThl H[3]:

V, =V, Ln(H /Z,)/Ln(H,, / Z,)

rae Ho - BeicoTta damorepa, npunumaemas 10 M, V@ - ckopocTh BeTpa Ha BBICOTE
dmrorepa.

®opMmysia MOKET ObITh HMCIOJb30BaHA IJII TEPPUTOPHUIA, TJI€ HET OOJIb IIUX
XOJIMOB WJIM APYTUX OOJIBIIUX MPENSTCTBUN HA paccTOosTHUM OT 1 10 2 kM oT BOY.

Baxublii sHeprernuecknii mnokaszarenb «lloBropsieMocTs  pa3zaMuHBIX
rpajaluii CKOpPOCTH BETPa» MOHO paccMaTpuBaTh Kak MPOLIEHT BPEMEHH, B
TEUEHHE KOTOpOro HaOJofasach Ta WIM HHAsg Tpajalus CKOPOCTH BETpa.
[ToBTOpsIEMOCTH CKOPOCTH BETPA MO TPAJALUAM MPEACTABISIET COO0N BpEMEHHYIO
XApAKTEPUCTUKY CKOPOCTH  BETpa. JTa  XapakTEpUCTHKA BaXKHA  JUIA
BETPOSHEPTETUUECKUX PACUYETOB, CBA3AHHBIX C OLEHKOW WMHTEPBAJIOB BPEMEHU
paboThl BETPOAIEKTPOCTAHIIMM TPU PA3IUYHBIX CKOpPOCTIX BeTpa. B kauecte
IpUMeEpa pacupeaesieHUsI BETPOBOTO MOTEHIMANIA B TEYEHUE T'O/1a 110 IPaJalrsM B
Tabmuie 3 TpPUBENCHBI JaHHBIE METEOCTAHIUU AJleKCaHIpOBCKoe ToMCKOM
obmactn. B cuiay 3amMeTHBIX CE30HHBIX M3MEHCHHH CKOPOCTEH BeTpa
LEeNecoo00pa3Ho B KAaueCTBE WHTEpBala JUCKPETHU3AMM BETPOreHepa- LUU
BbIOMpaTh Mecsl. Torna cpennee 3Hau€HUE pacpeAesICHUs] MECSTYHOT'O BETPOBOTO
MOTEHIMANIa ompeaensercss o0paboTKON TaHHBIX €XKETHEBHBIX HAOJIOJACHUN Ha
OJIDKaMIIell METEOCTAHIIHH.

Kpome smnupudeckux 3aBUCUMOCTEN THUIA JaHHBIX TA0J. 7, AJi ONUCAHUS
XapAKTEPUCTUK CKOPOCTEH BETpa UCIOJB3YIOTCS HEKOTOPBIE MOJEIbHbBIE
(GYHKITMH, OTMCHIBAIOIINE pACTIPEICIICHUE CIIydaliHbIX 3HAYEHUH CKOPOCTEH BEeTpa

V. Yamme Bcero uCnoab3yroTcs GyHKIMM pacnpeneiacHus BeliOya.
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Tabmmua 7 - [loBTopsiemocTs (%) pa3nMyHbIX Ipalalilii CKOPOCTH BETpa

Cxopoc | | i jimpivi v | Vvl |VIH{VII|IX] X | XI | Xll| To
Th | b
Bertpa,
m/c’
Hamnac
0-1 28, | 28, | 26, | 23, |16,4| 20,5 30, | 28, | 23, | 19, | 19, | 28, | 24,
9 3 3) 1 7 3 6 5 2 0 4
2-3 33, 33, | 32,| 31, |31,0| 31,8 36, | 26, | 36, | 33, | 32, | 34, | 33,
6 1 0 0 0 6 3 2 0 5 4
4-5 22, | 23, | 25, | 27, | 31,4314 | 22, | 23, | 26, | 30, | 28, | 23, | 26,
8 9 4 3 4 6 0 1 3 6 3
6-7 10, | 10, | 11, | 12, (12,7 14,2| 7,8 | 80| 9,6 | 12, | 14, | 10, | 11,
4 4 4 7 1 2 4 1
8-9 36 3737435462 (28|33|42|46|58]|31|43
11-12 (0603030204} 06(02(02(02|03|03]|03]|0,3
12-13 (03(02(02|0101| 01|01 0101020101
14-15 010101 0,2 0,0
16-17 0,1 0,1 0,0

Pacnpenenenue ckopocTH BeETpa MO TIpajalysM MO3BOJSIET PACCUUTATh
BBIPAOOTKY BETPOAJIEKTPOCTAHIIMU MO Kaxaomy wmecsiy. s aToro ciemyer
MPOIICHT MOBTOPSEMOCTH WHTEpBaJla CKOPOCTH BETpa mpeodOpa3oBarb B COOT-
BETCTBYIOIIMA BPEMEHHOW HHTEPBAIL. Torma MOIIHOCTh BETPOTEHEpATOPA,
COOTBETCTBYIOIIAS JTAaHHOW BETPOBO rpajaiuu, u Bpems padotel BOC B ganHHOM
pEKHAME  TO3BOJSIIOT  OMNPEIIEIUTh

KOJIMYCCTBO QJICKTPOOHCPIun 3a

paccMarpuBaeMblii MECSIl IPU COOTBETCTBYIOLIEN CKOopocTh Betpa. CyMmapHas
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DHEPTHUSI, KOTOPYIO MOET IIPOU3BECTU BETPOIJIEKIPOCTAHIMSA KOHKPETHOIO THUIIA
3a paccMaTpUBAaEMbIil BPEMEHHOM MHTEPBAJ, ONPEAEIIETCS KaK CyMMa dHEPIuM,

COOTBETCTBYIOIIMX K101 rpaganuu Berpal3]:

w -3

rae P, -mommuocte BOC mpu cpeaneli ckopoctu Berpa i - rpanamum; T,-
NPOJIOJDKUTENIBHOCTh | - T'pajaliud CKOPOCTH BETpa B TEUCHHHM MECAIa; M -
KOJIMYECTBO I'pajalliii CKOPOCTH BETpA.

250,0

200,0
X
150,0
—— pAE P
100,0 I ; 1 1 =il aBr
CpeaH
50,0 1 1 1 1
(8] 2,0 4.0 6,0 8,0 10,0

MpoOACAMMTENLHOCTE , ALK

0,0

0, 12,0

CropocTs BeTpa, m/fc

Pucynox 12 - I'paduk pacnpeneneHus mpoa0DKUTEILHOCTH TPaallid CKOPOCTH
BeTpa

Kak BumHO ®3 rpadukoB W TPHUBEACHHBIX JaHHBIX — CPEIHETOI0Bas

CKOPOCTh BeTpa 2-3 M/C — OYeHb HU3KHHA BETPOBOM IMOTEHIWAN. JlaHHBIN BH

MPUPOJHOrO TOTEHIMAa B JITAHHOM KypCOBOM MPOEKTE paccMaTpUBATLCS HE

OyJeT, B CBSI3U C TEM, YTO MCIIOJb30BAHUS JIOPOTOCTOSIIMX BETPOTECHEPATOPOB,

IIPU TAKOW CKOPOCTHU BETpa OueHb HE F((HEeKTUBHA.

2.6.3 OueHKa BOAHOI'0 MOTEHIIMAJIA,

[IpoBeneM nccaenoBaHue BOJHOTO MOTEHITMATIA Ha TEPPUTOPHUH TTOCETIKA.
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DHEPreTHUECKu 1EeIeCO00pa3HbIM CUMTACTCS MCIIOJIb30BaHUS YKJIOHA Ha |
KM PacCTOSIHUSI HE MeHee | MeTpa yKJoHa.

b *
N [ 2 JIw—
Om . 0.0%

o
63°18'53.0"N 35°48:54"0E "

2 | 1984
[warpamMma muH , CPeak ., Makc Boicota: 142, 143, 145 m

CBOAHBIE AaHHBIE ANA ANANA30Ha: PaccTosnne 550 M YBenuuerne/yMeHbWerne BuicoThl 2,16 M, 0 M M bH %, - Cpeannit ykno

0.0%
X doTorua

Pucynok 13 — caumok MectHOCTH ¢ §0oogleEarth

B nanHoM ciyyau yKJIOH cOCTaBisieT 3 MeTpa Ha 1 KM pacCTOsTHUS.

[ToTenmman mectHOCTH 110 Hanopy H=4 m.

MakcumanbHbINA pacxo BOABI B IEPUOJI JeTHEH Mexenn Q=6,22 M/c

Onpenenim MakcuMallbHYI0 MonHOCTh ['DC B naHHO# MecTHOCTH [2]
P =9,81QH7,xBm

n=0,6 — nya coBpemennbix ' 9C u 3aBUCTH OT BEIOOpA 000PYTOBAHHMS

P=9,81-6,22-3-0,6 =109xBm

N3 tabmuibl moTpebasieMoil MOITHOCTH IO MecsIa MOXHO CJIeJiaTh BBIBOJI,
YTO HauOoJiee BHICOKUM MECSIIEM MOTPEOJICHUS SIBIIETCS JIEKaOph U COCTABIISIET
W e=1161 kBr*u.
3a 31 aeHb ekaOps B CpeaHeM B yac pacxoayercs [2]
W, =W /744

W,,=1161/744=1,56 xBr*u
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Takum 06pa3oM MOKHO CAeNaTh BHIBOJ, YTO HEOOX01UMasi MOIITHOCTb, JIJIsI
HOKPBITUS BCEH MOTPEOHOCTH B 3NeKTposHeprun, Mukpo-I'9C cocraBnser P=1,56
kBT.

CpaBHMBaHMS MaKCUMaIbHOE M HEOOXO0IMMOE 3HAU€HHE MOKHO CJI€aTh
BBIBO/I, YTO BOAHBIN MOTEHIIMAT TAHHOW MECTHOCTH OKPHIBAET HEOOX0AUMYIO
MOIIHOCTb MOJHOCTHIO, & 3TO 3HAYUT, YTO MpoekTupoBaHue Mukpol DC sBnsercs
aKTyaJIbHBIM.

JIyist cTabunu3anyu BOIHOTO MOTOKA MCIIOb3YETCsl HAIIOPHBIN TPYyOOTIpOBOA

CIIETIaHHBIN U3 CTATLHBIX TPYO JuHHON L=30M.

143!M

30.1m . 0.0%
A

o
8:5310:NI35°48:54 0 E AN

b

Image Landsat / Copernicus G()()SIC earth

P | 1984 63° 50" C 20.11"B BbicOTa Haj ypoeHeM MopA: 143w 0630p € BeICOTEl 1,15 KM
[narpamma muh , CPeAH. . Makc Beicota: 142, 143, 143

CBOAHBIE AAHHbIE ANR AMANAI0HA; PacCTOsHME 302 M YBENWYeHWe/yMeHblweHie BbicoTh 011 1, O m MaKCHMANsHbIA YKNOH - - CpeaHni YKIoH -, -

A doTorua

Pucynok 14 - cuumox mectHocTH ¢ (oOgleEarth

Jlna nuzkonanopHbeix ['DC, XxapakTepHbIX 111 PABHUHHON MECTHOCTHU
OCHOBHBIM TUIIOM FUAPOTYPOUH SIBIAETCS TypOUHBI IpoTeiepHoTo THna. Bee
TypOUHBI TPOTEIIEPHOTO TUIIA BBITIOJIHSIOTCS C HETIOABUKHBIMU JIONTACTMHU.
JlocTonHCTBa TYpOMH NPOMEVIEPHOTO TUIA SIBJISIETCS MaKCUMAaJIbHAas
OBICTPOXOJHOCTB IIPU MaJIbIX HAIOPax, M03BOJIAIOIIAS CO3/1aTh O€3pEyKTOPHBIE

BApHUAHTHI KOHCTPYKUMU MUKpOI DC.
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['eneparop 171t mpeoOpa3zoBaHus FHEPTUU TYPOUHBI B 3JIEKTPUUECTBO
UCIIOJIb3YETCSl CHHXPOHHBIN 32 CUET MEHBILIEH MOIIHOCTH BO30OYXKICHHUS, UEM Y

ACMHXPOHHOTO, TPOCTOTA BO30 YK TAFOIIUX M PETYIMPYIOIIMX YCTPOHCTRA. [7]

BuicoTa nagexus (Hanop), M
1020

% A By, : \"ts)‘?
”ﬂ %, MENTOH
)A:JL‘ I
50 \:%
R
~ |BAHKH
: KAMNA

02 G5 | F 3 4 S5a78%0 20 30 5 100

Pacxop Boabl, MYc

Pucynok 15 — Be1OOp TypOUHBI

JI71s1 KICXOTHBIX TAHHBIX TIOAOUAET THAPOArperar ¢ mpomeiepHON TypOUHOM
Kamnana u cHHXpOHHBIM F€HEPaTOPOM Ha TIOCTOSTHHBIX MarHUTAX, KOTOPHIC
MeXTy co00# coequHensl Ha | Bary, npousBeaeH kommnaanend « WESWEN»

Momocteio 1,5 kBT.

Tabmmua 8§ — TeXHUUECKUE XapaKTEPUCTUKU

Mo pgenb WAWT1500
MomHocTs, Bt 1500
Hamnop, m 4
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[Iponomxkenue Tabauipt 8

Pacxon, m°/C 0,03
Hanpsixenue, B 220
Yacrora, I'11 50
CxopocTh BpaleHus, 00/MUH mectunoJrocHuk: 1000
Bec, xr 46
["aGapuTsl, MM 940x300x300
CroumocTh 60 TbIC. PYO.

[Mpubm3uTenpHas crouMocth BOY onpenensiem cienyrommm oopazom[3]:

Croc = M, ThIC.pYO.;
30+40
rae C., — CTOUMOCTb OJJHOTO THJpoarperara, Toic. pyo.;
N — KOJIMYECTBO TUAPOArperaTros, 1T,
3040 — pmons CTOMMOCTH BeETpOoreHeparopa B O0OIIed CTOUMOCTH
000pyA0BaHUS TUAPOIIEKTPOCTAHIINH, Yo (BEIMUMHA MPUHATA U3 CTATUCTHYECKUX
JaHHBIX, CPaBHUTENBHBIX IIEH Ha TUApoarperarsl W OOIIeH CTOMMOCTHU

obopymoBanus ['DC).

- C,-n-100 60-1-100
¢ 30+40 30

= 200 TeIC.pYO.

BeiBoa 1o riase 2.
1. Onpenenena CTpyKTypHas cxeMa aBTOHOMHOI'O 3JEKTPOCHAOKEHHs MOCEeNKa
10 SKOHOMUYECKUM KPUTEPHUSM.
2. TlpoBenena olleHKa MOTEHIMANAa BETPOBOM U COJIHEUHOW SHEPTUH, MPOBEIEH
aHaJIM3 CTOUMOCTH, IIPU UCTOJIb30BAaHUHU ITOU SHEPTUH.

3. OHpGI[CJ'ICHO KOJIMYCCTBO SHCPTUH HOTpe6JI$I€MO€ IIOCCIIKOM IIO0 MECALaM.
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3. Pacuet mukpol'9C

3.1 PacueT reHepupyemMoii MOIIIHOCTH. JHepPreTudeckuii 6aaanc.

CornmacHo rpaduky sHepronoTpedsieHus Tmocenka Bomkmozepo wu
pe3yabTatam o BeipaboTke 3Heprun ['IC, BEIYHCINM, KaKO€ KOJUIECTBO YHEPTUU
nomwkHa Oynmer mokpeiBath JOC ©W cocTaBUM JHEpreTUYecKHil OasaHc
paccMaTpruBaeMO dJICKTPOCTaHIIMK. Pe3ynbTarel cBefem B Tabmiy. ['padudecku

DHEpTreTHYECKUil OanaHc mpecTaBuM Ha pucyHKe[5].

Tabmuma 9 — DHepreruueckuii OanaHc

Mecsiu I\:]\;r::; Pacxon | PI'OC, kBt | tu I\:]\;F;C; I\:]\;iiz
SAHBapp 1095,00 0,03 1,50 744,00 | 1116,00 | -21,00
deppaib 1038,00 0,03 1,50 672,00 | 1008,00 30,00
Mapt 903,00 0,03 1,50 744,00 | 1116,00 | -213,00
Anpenb 838,00 0,03 1,50 720,00 | 1080,00 | -242,00
Maii 940,00 0,03 1,50 744,00 | 1116,00 | -176,00
14100313 620,00 0,03 1,50 720,00 | 1080,00 | -460,00
Nronb 624,00 0,03 1,50 744,00 | 1116,00 | -492,00
ABryct 589,00 0,03 1,50 744,00 | 1116,00 | -527,00
CeHts10pb 899,00 0,03 1,50 720,00 | 1080,00 | -181,00
OKTs0pb 922,00 0,03 1,50 744,00 | 1116,00 | -194,00
Hos6pb 1114,00 0,03 1,50 720,00 | 1080,00 34,00
JlekaOpb 1161,00 0,03 1,50 744,00 | 1116,00 45,00
CymmMma 10743,00 13140,00 | -2397,00
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m W/3C, KBT*y

WB3C, KBT*y

M banaHc

Pucynok 16 — Duepreruueckuit 6anaHc

W3 rpaduka BUIHO, YTO IPHU UCIIOJIb30BAHUN THAPOArperara MOIHOCTHIO

1,5 kBt, nokpsiTe Harpy3ku coctasisier 100 %, makcumaiibHOE€ B ABrycre, a

MHUHAMaJIbHOE B Aekaope. [lmoc octaéres emé sneprust oT Boabl 2397 kB1*u.

3.2 TeXHHUKO-DKOHOMHUYECKHH 000CHOBAHHOCTH peajan3almu NMpPo€EKTa.

Pe3ynbTarsl pacu€roB aOCOMIOTHOTO pacxo/ia TOIUIMBA, a TAKKE PEKUMHOTO

k03 uUIEeHTa 0 OCTATLHBIM MecsiIam, npenctanieHbl B Tadmie 10. [5]

Ta6mwmma 10 — abCOMOTHBIN pacxo/a

Mecsig 1\:]\;1::: Kpex1 Gy, kr | Wrac W Kpex2 | Ga, KT
SHBapb 1095,00 0,72 788,40 | 21,00 0,00 0,00 | 0,00
deBpanb 1038,00 0,72 747,36 | 0,00 30,00 | 0,72 | 21,81

MapTt 903,00 0,72 650,16 | 213,00 | 0,00 0,00 | 0,00

Anpenb 838,00 0,72 603,36 | 242,00 | 0,00 0,00 | 0,00
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[Iponomxkenue Tabauubr 10

Maii 940,00 0,72 676,80 | 176,00 | 0,00 0,00 | 0,00
Nronb 620,00 0,72 446,40 | 460,00 | 0,00 0,00 | 0,00
Nromb 624,00 0,72 449,28 | 492,00 | 0,00 0,00 | 0,00

ABryct 589,00 0,72 424,08 | 527,00 | 0,00 0,00 | 0,00
CeHTs10pb 899,00 0,72 647,28 | 181,00 | 0,00 0,00 | 0,00
OKT0pb 922,00 0,72 663,84 | 194,00 | 0,00 0,00 | 0,00

Hos6ps 1114,00 0,72 802,08 | 0,00 34,00 | 0,72 | 24,72
Hexalpb 1161,00 0,72 83592 | 0,00 45,00 | 0,72 | 32,72

CymmapHsbIit Kommnuiexe
pacxou LT, ki 7810,00 C 79,24

Jenasi aHanu3 w3 TaOJMIBI , MOKHO C YBEPEHHOCTBHIO CKa3aTh, 4TO paboTta

MUKpo-I'9C  cokpamaer ucnoJsibzoBanue [T

paboTo#l IM3ENIBLHOTO reHepaTopa.

[0 CPAaBHECHHUIO C OTACIbHOM

Taxxke Tabmuua Jaer MNpeACTaBICHHE OO0 HKOHOMUM TOIUIMBA IMpHU

9KCILTyaTaluu. OKOHOMHS B COOTBETCTBHUH C MMPUBCACHHBIM paCcdCTOM COCTABUT

7731 xr JIT 3arox, uro coctaBisier 99%.[17]

4 HeAenw 33 Mecid  3a KeapTtanm zaroj 33 BCE BPEMA

42

41

40

39

5 map

19 Map

2 anp

16 anp

& Mokynka

42,60

nH, mai 21, 2018

30 anp 14 maid

PI/ICYHOK 17 — n3mMeHeHne OECHBI HA TOIIJIMBO
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ITpu mnmotHoctu AT p=8402/ 2, 3koHOMUA coctaBisier L=9203,57 smtpos.
Croumocts [T B cpennem mo Poccum coctapmser 11=42,6 p/mutp[13], Toraa ¢
y4eroM rojioBod uHOusmu (koddpduiueHt k=1,5), momcunTaeM KOJIUYECTBO
JIEHEKHBIX CPENICTB, COKOHOMIICHHBIX 32 N=20 5ieT no ciaenyromeit hopmye[1]

I=L-1]-N-k=9203,57-42,60-20-1,5=11762164 pyo.

Bpewms ucnonb3oBaHud B Uacax JU3eIbHOM 3JIEKTpoCcTaHuuU 3a roj 0e3 ['9C
t1= 8760 u. Bpems ucnonpzoBanusa [I9C npu rernepammu mukpol DC coctapiser

t2= 94., yTo cocTaBiseT OoJiee 99 MPONEHTOB OT OOIIET0 BPEMEHH I'eHEpaInH.

3.3 Bb160p 0CHOBHOTO 000PYI0BAHUSA NIEKTPOCTAHIUM U ONITUMM3ALHS

C wmenpto moadopa ONTUMAIbHONW KOHQUIypallud CHUCTEMBI HEOOXOIUMO
UCIIOJIb30BaTh AITOPUTM BbIOOpa 0OOpyaoBanus. KpurepreM onTUMaabHOCTH
BBICTYNA€T MUHUMYM 3aTpar, C Yero cjieAyl0 MUHUMaIbHbIN Tapud. Creacteuem
BBIMIOJIHEHUSI ONTHUMH3ALMU SIBISIETCS ONpENeNieHHe HamOoJiee BBITOJIHOTO
NPOEKTUPOBaHMUsI. | TaBHBIM yCJIOBHEM SIBJISIETCS BBITIOJIHEHUE OalaHCa MOIIHOCTH.
B kauecTBe NCXOIHBIX JaHHBIX MPUMEHSIOTCS MACIIOPTHBIE JaHHBIE 000PYI0BaHUS
I'DC, AI', a Takxke 3HAYECHHUS CKOPOCTU BeTpa. MHUHUMHU3UPYS 3arparbl Ha
notpedJieHre TOIUIMBA, BBISBISIEM ONTHUMajbHAas MOLIHOCTh ATAJOHHOTO

TUapoarperara.
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Havano :I

BBOQ WCKOIHEYN JAHHLIX <

PacyeT reHepauni eguHWYHDE B3Y

FacuaT YORNbHBIK JATRAT

DOpMHPOBAHKE LEeNesol diyHELMA

~

PARHHMH3ALHA LENEBOA (PYHELMA

HeT
BAHHUMYM GOCTHIHYTF

Aa

Pacue T AkKy MyNNpYEMoR Inepiie

CTPYETYEHPDEAHNE M BLIBOT
DEIYNLTATOE

N

{ Komey, . ]

Pucynok 18 — Anroputm paboTsl o ontuMuzaruu rudpugaoit COC

J1J11 BBOJMIM HCXOJTHBIC IAHHBIC OT KOTOPBIX OYJICT 3aBUCETh IIe/ieBast (PYHKIUS
UIE 3TOT0 (OopMHpPyeM 3aTpaThl IMPH HCIOJb30BAaHUM TOJILKO JIU3EIBHOIO
rereparopa. [3]

J2C - Cebecronmocts JU3EJIBHOI'O TOIUIMBA — ctoumocts — 42,6
p/matp py6. [3]

N_7819 _qp97,

T 50,840
1I, =42,6-9297 = 396052 py6.
I[OCTaBKa TOIIJIMBA U3 MeﬂBeH(LeropCKa (FOpOI[ IIOCTAaBKM TOILJIMBA, OO

Boxmozepo 2,53 p/nutp, 3HauuT nepeBo3ka 9297 jurpa — coctaBut 23521 pyo.,
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P=1],-L=2,53-9297 = 23521 pyG.

I, +P 23521+396052

=420 tBIC.pYO.
N py!

CT

OO61mas cTouMocTh cocTaBUT[3]:

2C=C,+Cy+C, =0+0+420 =420 TeIC.pYO.
Tenepsb 3T0O cTapT AJIs HaIEH 11eIeBON (DYHKITMM MUHUMU3AIUA 3aTpar.
Jns onpeneneHus ONTUMAIBHOW MOIHOCTM THJpOArperara Mbl CHadajia
ucnosibdyem 1,5kBr m onpenenum MNPOLEHT 3KHOMHUHU JICHEKHBIX CPEICTB
OTHOCHUTENBHO HAYAJIBHBIX MTAPAMETPOB NPHU UCIIOJIb30BAHUU TOJBKO JU3EILHOTO

TCHCparTopa.

Cebectoumocts ruapoarperata  WAWT 1500, croumocThio — 60 000 pyo.

1], =1-60000 = 60000 py6.
JloctaBka o0opynoBanus u3 YenssOuHcka (ropo NOCTaBKU THIPOArperaTos,

10 Mensexberopcka — coctaBuT 100000 pyO., TUTFOC YYMUTHIBAaEM J1OCTaBKY

obopynoBanus u3z Measexnseropcka 10 Boxkmosepa — 300000 py0.

_ 1], +P 60000+100000+ 300000
N 1

Cebecroumocts JJU3EJIBHOI'O TOIUIMBA — ctoumocts — 42,6 p/nmutp
py6. [3]

C, = 460 TbIC.pyo.

N_DB2_ g3,
o 0,840

1], =42,6-94,3=4017pyb.
HocrtaBka TorumBa W3 MeaBexxberopcka (ropoji MOCTaBKUA TOIUIMBA, 0O

Bosxxmo3zepo 2,53 p/nmutp, 3naunt nepeBoska 94,3 nurpa — coctasur 238,6 pyo.,

P=1] -L=253-94,3=238,6 pyb.
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1. +P 4017+238,6

C
r N

= 4256 py6.

OO1ast cTouMocTh cocTaBuT[3]:

2C=C, +C,+C, =0+460000+ 4256 = 464 ThIC.pYO.

W3 nomydeHHBIX pe3yJbTaToB MHpH rpyOoil OLEHKH Tapuda BUIHO, YTO

onTuMajgbHoe MomHOoCcTh I'DC nis Hamero nocesnka spiasgercs 1,5xBT.

Cebectoumocts ruapoarperata  WAWT3000, croumocTsio — 80 000 py0.

1], =1-80000 = 80000 py6.
JlocTaBka o0opynoBanus u3 YensiOuHcka (ropoa MOCTaBKU THIPOArperaTos,
10 Mensexberopcka — coctaBuT 150000 pyO., TUTFOC YYWUTHIBaeM JOCTaBKY

obopymoBanus u3 MenBexberopcka 10 Boxmosepa — 450000 py6[3]

_ IJ,+P 80000+150000 + 450000
N 1

Cebectoumocts JJU3EJIBHOI'O TOIUIMBA — ctoumocts — 42,6 p/nmutp

CB

= 680 TBIC.pYO.

pyo.
L, =05
C, =0py6.
OO0mass CTOUMOCTH COCTABHUT:
£C=C, +C, +C, =0+680000+ 0 = 680T5IC.pYG.
Jna ompenenenue OoJiee TOUHBIX LUADP LEHBI Tapudbl BOCHOIb3yEeMCS
bopmyoit

C,=(p,-K+C)IWw
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%] INIOJIYYCHHBIX HdHHBIX MOJHO CACIAaTb BbIBOA, 4YTO MOIIHOCTDb

rugpoarperara B 1,5kBT ynoBiIeTBOpsieT BCEM KPUTEPUSM.

Tabmuua 11 — CebecTouMOCTb S3HEPTUU

I'2C I'oC
JI2C
1,5xBt 3xBt
CebecTouMOCTb,
0,00 60000 80000
TBIC.pYO
b | 9297 94 0
pyo. 3a
0 7850880 | 7720000
20 ner
ODKOHOMUS
% 0,00 93,4 91,9
Tapud,
pud 42,46 26,2 26,8
kB1*q

3.4 Kondurypanus sJHepreTuH4eckoro KoMIuieKca.

Hns mMukpol' DC perymupoBaHue 4acTOThI HHEPTOYCTAHOBKU HamOojee
MMPOCTO OCYLIECTBIIETCS IIYTEM PETYJIUPOBAHUS BEIWYEHBI JIIEKTPUUECKOU

Harpy3km TrcCHCparopa. KOHCTPYK]_[I/IH Typ6I/IHI)I U APYTUX THAPOTCXHUYCCKHUX

YCTPOMCTB B 3TOM CJIydae CYIIECTBCHHO ymporaercs. [2]

FPEH bH

63



Pucynok 19 — cxema 3HeproyCcTaHOBKH ¢ aBTOOAIIJIACTHBIM PEryJIMpOBaHUEM
BBIXO/IHBIX [TAPAMETPOB

[TapannenbHO MoJIe3HON HArpy3Ke CTAHLMU YEPE3 PETYIATOP MOAKII0YACTCS
Takas JKe€ [0 BEJIMYMHE JOTOJHHUTENbHAas, WM OaiacTHas Harpys3ka. l[lpu
U3MEHEHHH BEJIMYMHBI TMOJIE3HONW HArpy3kH, BeIMYWHA OaljIaCTHON HM3MEHSETCS
Opo TMOMOLM pEryiiaropa TakuM oO0pa3oM, 4YTOOBI CyMMapHas Harpyska
AIIEKTPUYECKOI'0 T€Heparopa OCTaBaJdach HEM3MEHHOU. B kauectBe OayutacTHOU
Harpy3ku 0ObIYHO MCTIOJIb3YIOT TEIJIOHArpeBareibHbie 31eMeHThl. M eciu yuecTs,
4710 70 80 MPOLEHTOB IEKTPUUECKON SHEPTUN MOTPEOUTENH TPATUT HA MOTyUEHHUE
TErJia, YTO BBIJENAEM Ha OaUTACTHBIX COIMPOTHUBJICHUSAX DHEPTHS TAKKE MOKET

OBITh IIOJIE3HO B UCIIOJIb30BaHa. [2]
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Miopoarperat
1,5 kBT

v

BbinpamuTeNs |
ltek Valere

latpack2 48/15

Y

- N

F.

KoHTponnep SDMO Pacific
SWwAY LAS43 12xB1
| SF15-48
DELTA
GX 12 -200 A/h

; '

WMuseptop MATI SIN HYBRID 15kBT (48B)

r PEH
e T ’ L )

v Y

Harpyika: [Mocenok Boxsmosepo BH

Pucynok 20 — ctpykTypHas cxema

Jannas  xoH(UTypalusi  JHEPIETUYECKOTO  KOMIUIEKCAa  IMO3BOJISET
ucmnojb30Barh oqHOBpeMeHHo ['DC u JIDC, 3a cyer rubpuaHOTO UHBEPTOPA, YTO

YBCIMYNBACT [TMKOBBIC 3HAYCHUSA HOTpC6J'ICHI/IH OHCPIuu.

3.5 IxoHOMHYECKHUIT BLIOOP 000PYyT0BaAHUS.

OcymecTBiasieM BbIOOp 000pyAOBaHHS B COOTBETCTBUM C BBIOpaHHOM
cxeMoil TuOpugHOU snekTpocTanuud. ['mppoarperar WAWTI1500. Onucanue:

OceBasg mukpo I'DC cocToUT U3 0CEBON MHUKPO THAPOTYpPOHMHBI U T€HEpaTopa,
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YCTAHOBJICHHBIX HAa OJJHOM Bally. OCHOBHBIE 3JIEMEHTBI FI/II[pOTyp6I/IHI)I — BXOI[HOﬁ

HaMpaBJAIONIMI anmapar, Bpalalomaics KpbuibuaTka (pabouee Koyeco), Tpyoda

BOI[OC6pOC&, IJIaBHBIN BaJl, OCHOBAHHC, ITOAIIMUITHHUKMH. ITocne IMPOXOKIACHUA

paboyero Kkojieca B oOTcachiBaroulell Tpyoe ¢GopMuUpyeTcs JIONOJHUTENHHOE

pa3pexeHre U YBEIMYMBACTCS Pa3HOCTH JIaBJICHUH 10 | Mocje pabouero kojeca.

IToTOK, UMEIOIINIA OTIPENETIEHHYIO CKOPOCTb U IMTOTEHIIMATIBLHYIO SHEPTUIO0, IPOXOIA

yepe3 pabouee KoJieco MPUHYKIAET €ro poTop Bpamarhcs. Tak NOTeHIUANIbHAS U

KUHETUYECKAs SHEPTHUS IPeoOpa3yercss B MOIIHOCTS. [3]

Tabmuna 12 — TexHnueckue XxapakKTepUCTUKU THIpoarperara

Mopenb WAWT 1500
MomHocTs, BT 1500
Hanop, m 4
Pacxon, m°/c 0,03
Hanpsixenue, B 220
Yacrorta, I'11 50
CxopocTh BpalieHus, 00/MUH mectunorocHuk: 1000
Bec, kr 46
CtonmocCTh 60 TBIC. PYO.
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Pucynox 21 — I'nmaBHBIN BU TUApOarperara.

Ocymecteum BbiOOp Beinpsimutenss Elek Valere Flatpack2 momynb

48/1500[13]
Tabnuma 13 - Texuuueckue XapakTepUCTUKH BBITPSIMUTEIIS
Mo1HoCTh 1500 Bt
Hanpsxenue Bx 220B
Hanpsixenne BbIx 48B
KITJ 93
Makc. cua Toka 62,5A
Llena 22 TBIC.pYO.
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FLATPACKR S

Pucynox 22 — rinaBHBIN BH]T BRITIPSMUTEIH

Beioupaem xontposuiep IIIMM SWAY SF15-48 ¢ MPPT [14]

Tabmmua 14 - TexHnyeckue XapakTepUCTUKH KOHTpOJUIEpa

MomHoCTh 1500 Bt
Cwuna Toka 10A / 20A
ITukoBast 3(h(peKTHBHOCTD 97,5 %
HomMmunanbHOE HarpsiKeHUe CUCTEMBI 48B
Makc. cuna Toka 35A
Jwnana3zon Hanpsixenuss AKb 7-36B
Maxc. MOIIIHOCTB MO IKJIF0YaeMbIX 200 Bt (12 B); 400 Bt (24 B)
TIaHenen
KonTposbs Harpysku 15A
CoOcTBeHHOE TTOTPEOIICHIE 35MA
Tunsl ucnosbzyembix AKb GEL, AGM
Pabouas Temneparypa -40...+60C
[lena 12 TBIC.pYO.
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PucyHok 23 — riaBHBIN BHJT KOHTPOJUIED

OcymiecTBUM BBIOOpP aKKyMYJSITOPHBIX OaTapel Mapku AKyMyssITOpHas
Oarapes 4XDELTA GX 12 -200 A/h nnst 6arapeiiHoro kabuHera.

Tabnuma 15 — Texunueckue xapakrepuctTuku Ab

[MpousBouTemb Delta
Hanpsixenue, B 12
EMKocTh, Au 200
Jmmaa, Mm 165
[Mupuna, MM 238
Ilena, py0 3a mr 26 TBIC.pYO.
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Pucynok 24 — I'naBusbiit Bug DELTA GX 12 -200 A/h

['epmerusupoBannbiii VRLA cBHUHIIOBO-KUCIOTHBIN akkymyssitop Delta GX
12-200 nanpspxenueM 12B u emxocTthio 200Ad mn3rorosineH no texaojornu GEL
(KOMIIO3UTHBIN Tellb BMECTO 3JIEKTPOJIUTA). YCTOWYUB K TIIyOOKHM pazpsiam.
Kopmnyc uzrorosnen u3 Heroprouero ABS miactuka. AKKyMyJIsiTOp IpeIHa3HAuYEH
IUIsl paboThl B PEXHUME MOCTOSIHHOTO noxa3apsana (OydepHbll pexum) WU B
pexuMe pazpsa-zapsa (Mukaudeckuit pexum). O0nanaeT HU3KUM BHYTPEHHUM
COIIPOTHUBJICHUEM U CaMOPa3psIOM.

AKKyMyJSITOPBI paboTaroT B OydepHOM peXUME CrIaKHUBAIOT KOJICOAHUS
BETpa M Harpy30K M oOecredyuBas HEMPEPBIBHOCTh AJIEKTPOCHAOKEHHS TPU

MEPEKIII0OUECHNN HArPy30K Ha PE3EPBHBIN TU3ENb-TEHEPaTop.

Ocymectsum BoiO0p UuBepTop MAIIL SIN HYBRID 15kBT (48B)

Korna3zanac AKbB ucuepmnaercs B TMKOBbIE HATPY3KH, ISl OecriepedoiHOro
AIIEKTPOCHA0KEHUS HCIOJIb3YI0 THOPUIHBIN HMHBEPTOp, Ojarogapst KOTOPOMY
MOXHO Oy/eT BKIII0YaTh, OJHOBpeMEHHO ¢ Harpy3koil mukpol DC, IDC na 12

KBT.

Tabmmma 16 - TexHn4IecKne XapaKTepUCTUKH
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MoutHoCTh 15000
AKKyMYJISITOpHOE HarpsikeHue B. 48
MaxkcumanbHas cymmapHas eMkocTb AKB Al\u. 3 200 (100% 3apsn 24 yaca)
BreixonHoe HanpsixeHue B. 220
YacToTa BBIXOJHOTO HanpsikeHus 1. 50 (£0.1%)
Bpemst nepexiroueHust UHBEPTOP - CETh <1 mc
CEThb - UHBEPTOP ~SMmc
Lena 150 TB1.pYy0.
(

-

Pucynok 25 - Mueprop MAII SIN HYBRID 12xBt[15]

HuBeptop daxkTuyecku BBITIOJTHSIET byHKIIH yIIpaBJICHUS
HYHEPTOKOMILIEKCOM.
OCHOBHbBIE€ BO3MOKHOCTH UHBEPTOP:
1. TlpeobpazoBanue nocTosiHHOrO HanpsikeHust 48B B nepemennoe 220B,
50I'n (ogHO(azHOE).
2. 3apsna akkymyisitopoB (GEL, AGM).
3. B03M0OXHOCTh CHHXpOHU3UPOBATHCS C AJIEKTPOTEHEPATOPOM, UTO MTO3BOJISIET

CYMMHPOBATh SHEPTUIO OT AU3EIh-TeHEPAaTOPa U BETPO-TEHEPATOPOB Uepe3
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aKKyMYJISITOpHbIE OaTapeu ¢ IPUOPUTETOM OT BO30OHOBIISIEMbBIX
UCTOYHUKOB 3Heprud (pexxum JKO).

4. ABTOMAaTHYECKOE MIHOBEHHOE MEP CKIIIOYEHHE C aKKyMYJIITOPOB Ha
3JIEKTpOreHepaTrop U 00paTHoO.

5. ABTOMaTHuecKoe OTKIIOYEHHE TPU MepEerpy3Ke, Meperpese,
HepenyThIBaHUH TOJISIPHOCTH MIPH MOIKIIIOYEHUH, 3alIUTH aKKYMYJSITOPOB

Y HEJOITyCTUMOTO pa3psi/ia v APYTrUe 3aIUThI.

2.6 MecTo pacnoJiokeHue u BbIOOP KabeJis.

Mukpo-[3C

PucyHnok 26 — CHUMOK, cieTlaHHbIi yepe3 SHaeKc KapThl
Ha pucynke moxa3an Buja mocenka Boxmo3zepo ¢ Beicotel 1,30 kM, c,

HOJIY‘-IGHHBIﬁ IIpHU IIOMOIIN ITPUJIOKCHUA HHI[CKC KapTLI.

JlmmaHa kabenpHOM TuHUN cocTaBisieT 131m.
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Homunanshass MomnHocTh BbiOpanHoro BI' cocrtaBmsier: Pgr = 13,5 kBT.

Omnpenenmam 1o Gpopmylie cuity Toka B kadese: [23]

Pgr * Ky
| =———F,
U * cosgm/ 3
rne U — mwanpsokeane cetu, B; Ky =075 - xosddunuent
OJTHOBpPEMEHHOCTH; coS@ = 1. [23]
~13500%0,75

= 15,38 A.

1= 380+1~ V3

[lo crangapTHBIM TaOJMYHBIM 3HAYEHUSIM BbIOMpaeM Kabelmb ¢ MEIHOU
xwioii ceuenrem 1,5 mm® BB6ILB — 4x1,5 (TOTyCTUMBINA TOK, TIPU MPOKJIAJKE B
3emiie = 29A). C yueTom TOro, 4To Kabenb OyAeT NpOKIIabIBaThCs B 3€MIIe, BEIOOD
octaHoBuM Ha Mmapke BBOIIB 4x1,5 mM® xommannn YICK. Kabens croBoii

BB6I1IB nmeet crenyromnme TeXHUIECKUE XapaKTePUCTUKH:

o JIAaMETP TMOIEPEYHOro ceuenus: 12,7 mm
o JIOMyCTUMAasi TOKOBasi Harpy3Ka: Ha BO3/1yxe: B 3emiie: 29 A
o CpOK cyx0nI 30 seT.

. Ilena 3a C;=65 pyo/m.

Pucynok 27 - Kabens BbOIIIB.
1 — TokomnpoBoasIas xxuia; 2 — uzossinusa — [IBX-mmactukar; 3 — o6o104uka
BHyTpeHHsAa — [IBX-mmactukar; 4 — OpoOHs - CTaJlbHBIE JIEHTBI; 5 — 000J0UKa —

[IBX-miacTukar.
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s snexkrpocHadxkenus mocenka oT Mukpo-I'9C neobxoaumo L=131 metp

kabens. U yauteiBast pO3HUYHYO HAIleHKY B 21 mporieHT nosyvaercs. [52]

CK:L*Cl
C.=131%65%1,21=10323 py6.

Tabmmma 17 — cTouMOCTh pabOT MPOKIIAIKU KaOes

Ilena 3a 1 m, | Llena 3a 1000
Bun toBapa/ycnyru
payERE pyo M, pyO.
Ka6ems BB6ILIB — 4x1,5 mM* 79 10323
Pa3zpaboTka rpyHTa 170 22270
[Ipoxnamka kabems 62 8112
OO6paTHas 3achIllka TPyHTA 95 12445
CymmapHo 53150
TBIC. pYyO.
BroiBoa no riaase 3
1. CocTaBiieH SHepreTUYECKUil OaJlaHC U CTPYKTypHAasi cxeMma.
2. [IpoBeneno o6ocHOBaHKE U BBIOOP 0OopymoBaHus aJist MUKpol DC.
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4. MaTeMaTHUYeCKoOe MOJC/JIUPOBAHME U OLICHKA IKOHOMHYECKOH

3¢ PeKTUBHOCTH

4.1 MoaeaupoBanue B nporpammuoii cpene MATLAB SIMULINK

<Siatar valage v {puj>

<Siatar vatage vd {puj>

<Rator spoed W {pujs

<Rolor spoed devatian i {pi)=

<Cuput active powar e (puje

<o CLenE

labe fpu)

gaie 3

B o Current ment @&

L

(Valah

Speed (pu)

powergu

=i,
[
-3

Excialion
Sysiem

Wi{pu)

Discrese
Zed5s.

S l‘—l(_:unenl Measurement! - . Ei
Synchroncus Maching EB_I—.

Current Measurement2 Rectifier

f_@ T | T

Saries RLC Branch

Branchi

—
1

—l.r
_'

Wal PN IGBT irverier

L‘.n|—|

Current Measurement3

Wal Va2 (pu)

il

'Ja._||

- -
T q ‘,‘ P Generatar

Pucynok 28 - Cxema cuctemsl B cpeae MATLAB

002 004 006 008 01 012 014 016

018 0O

Pucynox 29 — HanpsikeHHe 1o ciie BhIIPSIMIICHUS

1.5 bvar
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002 004 006 008 01 012 014 016 018 02

002 004 005 008 01 012 014 016 018 02

Pucynok 31 — Tok nocie UHBEpTUPOBAHUS

W3 rpadukoB mepexoqHOTO Mpolecca BUIHO, YTO MPU BO3HUKHOBEHUU

MEPEXOAHOTO PpCKUMA CUCTEMA CTa6I/IJ'II/IBI/Ipy€TC$I 3a 0,1 CCKYHAEbI.

4.2 Cxema 3j1eKTOCHA0KeHHsI, BLIOOP CeYeHUs MPOBOJIHUKOB U aNlNapaToB

3allIUThBI.

Bce »snektpuueckue ceTu JIOJDKHBI WMETh 3amury oT TokoB K3 1o
BO3MOXHOCTH C HAaWMEHBIIIMM BpPEMEHEM OTKIIOYEHUS | 0OecredyeHueM

CCIICKTUBHOCTH ITOCJICAOBATCIIbHO BKIIOUCHHBIX aIlllapaTOB 3alllUThI. 3a11mTa npu

76



ATOM J0JDKHA 00ecTIeurBaTh OTKIIFOUECHUE aBapuitHO# mHuu nipu K3 Ha mobom eé
y4yacTke, BKIrodas K3 B koHie nmuann. [52]
3anmra npou3BOJIUTCS ABTOMATUYECKUMU BBIKIIFOUATEISIMU.
YcnoBust BBIOOpa aBTOMATUY€CKUX BBIKITFOUYATEIICH:

BBI60p HOMHWHAJIBHOT'O TOKAa aBTOMAarTa

iosias 2 Koo Lo
Bb160p HOMUHATILHOTO TOKA TEIUIOBOTO PacLENUTENs aBTOMATa
wommens = K3an ’ Io,mm;
[IpoBepka 1o TOKy cpabaTbiBaHUd (YCTaBKH) DJIEKTPOMArHUTHOTO
pacuenuTens
- i otaensHoro OIL: 1, 5, 2151, .;

rae l,,, 45— HOMUHAILHBIN TOK AB;

.ot mens — HOMUHAIBHBIN TOK TEIJIOBOTO PACIICITUTENS;

liowso. — TOK cpabaThiBaHus (TOK YCTaBKHU) DJIEKTPOMArHUTHOTO
pacienuTess;

| m — JMTETLHBIA MAaKCUMAITLHBINA Pa00YW TOK JIMHWU (PaCUeTHBIN — JIJIst
rpynnsl D11, 1 HOMUHATBEHBIN 111 OTAEBHOTO J1I);

|,.... — TUKOBBIN TOK rpymibl JII;

l,iyex — MycKoBOM TOK OIL

K., — ko3 duruenT 3amaca

JI1 KOMOMHUPOBAHHBIX paCUECHUTENCH:

onunounsle DIl K, =1,15.

HoMuHaNBHBIN TOK OTACILHOTO 3IEKTPONPUEMHHUKOB: [52]

P

HOM

HOM U von . COS q) ]

[TyckoBbI€ TOKH 3JIEKTPONPUEMHHUKOB:

I =k-I

nyck HOM

rie k=4 — KpaTHOCTh IyCKOBOIO TOKa, NPHHUMAETCS IS BCeX

JIIEKTPONPUEMHHUKOB ¢ CUHXPOHHBIM IIPUBOJIOM.
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[Ipumep BLI6ODa BBIKTHOYATCIA AJIA 3allIMThI TAHYIIICTO VCTDOI\/'ICTBa[SZ-l:

b = 3 U -cospy B0, 212’ .50,7-0, g =% A
| >K._ -l =115.9,37=108 A;
e 2 Koy =115:0,37=10,8 A;
oo 2151, =15:4.9,37=56,2 A;
Wcmonb3yst  CHOPaBOYHYK — JIMTEPATYPY, BHIOMpaEM

aBTOMATHYECKUU

BbIKIOUarenb tuna BA13-29, y kotoporo \l,.mewm = 12,5 A, lwas = 64 A,

lx3= 6 100 mens =75 A. st ocTanpubIX D11 pacuers! nmpeacTasieHsl B Tabmie 18.

Tabmuna 18 — anmapaTsl 3alUTHI

oIl MOIIHOCTS, Tun lLiows A LA L A
kBT
['unpoarperar 1,5 BA13-29 63 12,5 75
J2C 12 BA57-35 250 63 478
[loTpebutens 13,5 BA57-35 250 125 750
PBH 13,5 BA57-35 250 125 750
AKb 1,5 [1P-2 60 35
Tabmumia 19 - mpoBoAHUKH
MecTo MOIIHOCTB, Ipacu, A Mapxa kabemns Imon, A
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kBt

Ot T'A o 15 3,93 ABBI'(4x1,5) 10

Beinpsimurerns

Ot 15 18,04 ABBI(3x3) 20
BBIHpiIMI/ITeJ'DI

10

KOHTpOJIIepa

Ot 15 18,04 ABBI(3x3) 20
KOHTpOJLIepa

no AKb

Ot AKB 110 15 18,04 ABBI(3x3) 20

WHBEPTOPA

Ot JI0C 110 12 18,23 ABBI(4x3) 20

WHBEpPTOpA

OT uHBepTOpa 13,5 15,38 Bbo6I1IB(4x1,5) 29

a0

noTpeourens

OT uHBEpTOpA 13,5 15,38 Bbo6I11B(4x1,5) 29
no PBH

Cxema 21eKTpOoCcHa0KEHHS TTOCeNKa MpeCcTaBieHa B MpuioxkeHue b.

4.3 Jxonomuyeckas 3¢pPpeKTUBHOCTD

Bce 3arpatsl, He0OX0UMBIE IS PeATM3allii TAHHOTO MPOEKTa, MPHUBEIACHBI

B Ta6J'II/IH€. HY)KHO Y4CCTh, IOMHUMO U3BCCTHBIX LICH HA O60py,Z[OBaHI/I€, CTOMMOCTD
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OPOEKTHBIX PpabdOT, CTPOUTEIbHBIX pPabOT, HSKCIUTyaTallUOHHBIE PAaCXObI,
PEMOHTHBIE PACXO/IbI.

A) IIpoekTHble pabOThI - CTOMMOCTb IPOEKTHBIX PA0OT, KOTOPBIE BKIHOYAIOT
B ce0sl ompeAesieHue MecTa YCTaHOBKHM CTaHIIMM HAa MECTHOCTH, ONPEIEIAETCS

MUHUMATLHBIM Pa3MepoM oTuiaThl Tpyaa:_[3]

K zp =50-MPOT =50-7800=390000 py0.

rae MPOT — 310 MUHMMAaITbHBIN pa3Mep OIUIaThl TPYyAa.
b) Ctpourenbhbie pabOThI - CTOUMOCTb CTPOUTENBHBIX U MOHTXXHBIX padOT

3aBHCHT OT ycTaHOBJICHHOMN MotHOocTH ['DC. [3]

K ‘K =0,2-2018000 =403600 py6.

crr =Kp - Kyer
rae kp — koaddurmerT 3arpar Ha YCTaHOBKY CTaHIIUN, MPUHUMAIOT PaBHBIM
0,2; Ky¢; — CTOMMOCTB BCEX YCTAaHOBOK CTaHIMY;
B) Oxcnnyamayuonnvie pacxoowvl (3ampamvl Ha 00CTYHCUBAHUE) !

I') Pemonmuvie pacxoowi: [3]

CpeM = kpeM " Pu (KyCT + K(np)v
rae Kyey— 3T0 K03 GUIUEHT 3aTpar Ha PeMOHT, IPUHUMAIOT paBHbIM 0,2;
P — 3TO HOPMATUBHBIA KO3PPUIIMEHT peHTadbenbHocTy, p, = 1/T, rne T —

ATO YKOHOMHYECKUN CPOK CIIy>KOBI 000 pyT0BaHUs, KOTOPBIN paBeH 20 JeT.

Tabnua 20 — [puBeneHHbIe CyMMapHBIE 3aTPaThl HA POEKT

Kom-Bo, | Ilena 3a mr., | OOmas cTOUMOCTb,
HaumenoBanue
IIIT. pyo. pyo.
['mapoarperata WAWT 1500 1 60000 60000
Eltek Valere Flatpack2 momxynn 1 22000 22000
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48/1500
koHTposuep SWAY SF15-48 1 12000 12000
AxkymynstopHsie 6atapen DELTA
YNSITOP P 4 26000 104000
GX 12 -200 A/h
Nuseptop MAII SIN HYBRID
1 150000 150000
15xBTt (48B)
[Toxymnka 1 MOHTa)XX KaOens
131 m 53150 53150
ABbBOGI1IB

Pacxoabl Ha 1OCTaBKY 400000 400000

Henpensunennsie pacxoast (10% ot Bcero) 80115
CyMMapHbIe 3aTpaTbl Ha Bce ycTaHOBKH KycT 881265
IIpoextHbie paboTtel Knp 390000
Crtpowutenbnbie paboTsl Kctp 160230

3arpatsl Ha o0cyx)uBaHue Cake 484
PemonTHbIE pacxoasl Cpem 10414
3arparbl Ha MOKYNKY U TPAHCTIOPTUPOBKY 4056
tormBa (Cror)

Hroro 1446649

PaccuutbsiBaniace no ¢popmyne C, =(p,-K+C)IW

CebecToMMOCTh IEKTPOIHEPTUU COCTABIISIET

C. =(0,05-1446649+ 272267) /13140 = 26,2 py6 | kBm

Henaem BbIBOJ, uTO BHeApeHue MUKpol' DC onTuManbHOE pelIeHHE IJis
JTAHHOTO panoHa.
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BeiBoa no riaase 4

1.  Tlomy4yeHpl naHHBIE TIO TIEPEXOAHBIM TMpoOIlECCaM, B PE3yJbTaTe
MaTeMaTHYeCKOTr0 aHaIn3a.

2.  Pa3zpabotanacxema 3JIeKTpOCHA0KEHNs1, BHIOpaHbI armaparhl 3alluTh
U KaOelbHbIC JIMHUY.

3. BEITIOTHEH HSKOHOMHYECKHM aHamW3 ¢ OmpeneiieH Tapud Ha

SJICKTPOOHCPI'HIO.
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5. ®UHAHCOBBIH MEHEIKMEHT, Pe3ypco3(pPeKTUBHOCTH U
pecypcocoOepe:keHne

Llembro JTAaHHOTO pazzena «DUHAHCOBBIN MEHEJI>KMEHT,
pecypcodpPEeKTUBHOCTE U PeCcypcocOepekeHne» SBISETCS MPOCKTUPOBAHUE U
CO3JIaHUE KOHKYPEHTOCIIOCOOHBIX pPa3pabOTOK, TEXHOJIOTHH, OTBEYAIOIINX
COBPEMEHHBIM  TpeOOBaHUSIM B  o0Osactu  pecypcodP(deKkTuBHOCTH U
pecypcocOepeKeHus.

OCHOBHBIM paccMaTpPUBaEMbIM 00BEKTOM SIBJIICTCS THAPOIIICKTPOCTAHIIHS.
['uapoanmexktpocTannust  obOnagaetr MoOMHOCTRIO 1,5 kBT, DaekTpocTtaHiys
npeaHa3HavYeHa JJIs BRIPAOOTKH JIEKTPOIHEPTHH, TTOCPEACTBOM MPEeoOpa30BaHUS
DHEPTHH BOJIBI, B DJIEKTPUYECKUN TOK, a TaK)Ke 3aHUMACTCS JICKTPOCHAOKEHUEM
HaCEJIEHHBIX ITYHKTOB WJIN MTPOU3BOJCTBEHHBIX P EANPUATHIA.
['uaposIeKTPOCTAHIIMS IPEACTABISET COOOM MOTHBIN, YHEPTETUYECKUN KOMIUIEKC,
KaKk W Jro0as 3JIEKTPOCTAHIIMSI, COCTOUT W3 OCHOBHBIX YacTeW: reHeparopa,
WHBEPTOPOB, KaleJel, KOHTPOJUIEPOB 3apsijia, akKyMYJISITOPHBIX OaTapeid, eciiu
CTaHIMsl CEeTeBasi, TO W TpaHCPopmaTopa, CUCTEMbl aBTOMATHUKH, HY a CaMbIi
IJIABHBIM KOMIIOHEHT THIPOSJIEKTPOCTAHIIMA — 3TO THApOTypOuHa. Ilepconan
THUJPOIJICKTPOCTAHIINS, KOHTPOJIUPYET TEXHOJIOTUUCCKHM npolecc
AIIEKTPOCHAOKCHHS TTOTPEOUTENEH, C OTIEPaTUBHOTO IMyHKTA YIIPABJICHHUS.

B cBs3u ¢ 3THM TIpOBEAEM NPEANPOCKTHBIA aHAIM3 U BBISIBUM JMACPOB I10

KOMIIOHOBKE U o0cirykuBanuto ['9C.

5.1 IlpeanpoeKTHBIN aHAJIU3

5.1.1 IloreHuuaJIbHBbIE MOTPEOUTEIHN Pe3yJIbTATOB HCCJIEA0BAHNUS

Ha ceropnsmmHuii 1eHb, HAa PBIHKE TUAPODIJIEKTPOCTAHUMSA, UMEETCS Pl

munepoB o obcayxuBanuio ['9C, cpenu KOTophiX, cambie nomyisipHsie OO0
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81

«Weswen», A30T «MHTO HWHCOT», AO «TAXMAI. IlpoBenem wux

CCrMCHTHUPOBAHUC.

Tabmma 21 — CermentupoBanue [ 9C

Kputepun cermeHTUpOBaHHS

Bombmioe
YpoBens
MecTtopacmoJioxxeHue CTouMOCTh

Joxoa

KOJI-BO
oTpeOuTeNne

KpynHseie
Cpennue
Menxue
Munu-I'0C
MoOubHbIE

CloXHOCTB IloctosiHCTBO B Macmtab Tpebyemoe
KOHCTPYKIHH 9JIEKTPOCHAOKEHUN I'aC 00CITy)KUBaHHE

Knaccudukanus I'DC

Kpynneie
Cpennue
Menkue
Munu-I'DC
MoOunbHbIe

000 «Weswen, A30T «<MHTO UHCOT)» Ao «TSIDKMALLL,

M3 nanHoM Tabimiel BHAHO, 4To KoMmmanug OOO «Wesweny sBasercs

muaepoM B oOecreduennd u dkcrutyaraiuu ['9C. OCHOBHBIE CErMEHThI JaHHOTO
pPBIHKA. CTOMMOCTH, YPOBEHb J0X0Ja, MOCTOSHCTBO B JJIEKTPOCHAOKEHUH, B
TpeObyemom obcayxuBanun. [IpuBnekareIbHBIMH CETMEHTAMHU JTOTO PpPBIHKA

SBJIAIOTCSI. MECTOPACIIOJIOKEHHE, OO0JbIIOE KOJI-BO MOTPEOUTENCH, CIOXKHOCTD

KOHCTPYKLUH.

5.1.2 AHa/iu3 KOHKYPEHTHbIX TEXHUYECKHX PellleHUi ¢ MO3uIUN

pecypco3dPeKTUBHOCTH U pecypcocOepekeHusI

MouHocTs 'DC onpenensiercsi MOIMHOCThIO M Kau€CTBOM THAPOTYpPOUH.
[loaToMy mpoBeZieM aHANIU3 TUAPOTYPOUH Pa3HbIX MPOU3BOJUTENEH, C TOMOIIBIO

OLICHOYHOM KapThl, HO OJIMHAKOBOW MOIHOCTH.
Tabmna 22 — OreHka KOHKYPEHTOCTIOCOOHOCTH POTYKTOB
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Banabl

KonkypeHTocnoc 00HOCTH

K Bec
ovemn | <P
. pust MHT MH
Wes O TSAAKM | PAH| Wes | TO |TSXKM | PA
wen | MIHC | Al | J | wen |MHC | A | HJT
oT 9T
1 2 3 4 5 6 7 8 9 10
TexXHUYeCKHE KPUTEPUH OLECHKH Pecypco3ddeKTUBHOCTH
1.¥nobemo B 175 5 0 0 5 0,49 0 0 0,49
9KCIUTy aTAI[UU
2.
IMomexoycToiun 0,11 5 5 5 5 0,55 0,55 0,55 0,55
BOCTb
3. HamexHocTh 0,11 5 5 5 5 0,55 0,55 0,55 0,55
4. Yposenn 0,11 5 5 5 5 0,55 0,55 0,55 0,55
nryma
5. bezomacHocTth 0,098 5 4 4 5 0,49 0,392 0,392 0,49
6.
DyHKIMOHATHHA 0,11 5 5 5 5 0,55 0,55 0,55 0,55
s MOILHOCTb
7. KauecTBO
HMHTEIUICKTY aJIbH 0 0 0 0 0 0 0 0 0
oro uHTEepdeiica
8. Bo3MOKHOCTB
MOJKITIOYEHUS K 0,072 5 4 0 5 0,36 0,29 0 0,36
IK
IJKOHOMHMYECKHE KPUTEPUH OLEHKH 3((PeKTUBHOCTH
1. KonkypeHTOoCH
0COOHOCTH 0,083 5 2,5 5 25 0,42 0,21 0,42 0,21
IPOIYKTa
2. Ilena 0,077 4 3,5 2 5 0,31 0,27 0,15 0,39
3.
HpeanonaraeMst | 473 5 5 2 15 0,37 0,37 0,15 0,11
i cpoK
9KCIUTy aTAI[UU
4. Hammuwne
cepraduranum 0,11 5 5 5 5 0,55 0,55 0,55 0,55
paspaboTKu
Hroro 1 54 44 38 49 5,19 4,28 3,86 4.8

AHann3 KOHKYPEHTHBIX TEXHUUECKHUX PEILIeHUH onpeaensercs no Gopmyie:
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K=>B;-b;=0,0975-5=0,49
rae K — KoHKypeHTOCTTIOCOOHOCTh HAyYHOU pa3pabOTKU UM KOHKYPEHTA;
Bi — Bec mokazarens (B JOJSIX €TUHULIBI );

b; — 6amn I-ro mmokasares.

B xone mpoBedeHHs] JaHHOTO aHalM3a ObBIJIO BBISBIECHO MPEBOCXOJCTBO
ruapoTypoun tuma \Weswen Hajg cBoMMH KOHKypeHTaMu. Hanbosee BBITOHO |

addextuBHO Tipu padote ['DC OyneT ucnoib30BaHUe MOAYJICH TaHHOTO THUIIA.

5.2 FAST-anaaun3

Cragusa 1. O6nexroMm uccienoanus FAST-anann3a BeICTynaeT ruOpuIHast

TUIPOAJIEKTPOCTAHITHS.

Cragusa 2. ['naBHas GyHKIMS TUIPOANEKTPOCTAHIIMM — 3TO CHa0XaTb
ANIEKTPOIHEPTUEeH MOCENKM, MPEeaAnpusTusi, TpeOyolre MOCTOSHCTBO B

AJIEKTPOCHAOKCHHH.

Tabmuia 23 — Knaccudukarys QyHKIHA, BHITOIHAEMBIX 00bEKTOM HCCIICA0BAHUS

I'2C
Panr ¢pynxmmm
HaumenoBanue Komuectso
netam (y3na, nerayedl Ha | Brmommsemas ¢yHKums
npouecca) ysel ['naBHas OcHoBHas BcenomoratensHas
OobecrieunBaeT
e o 3JICKTPOCHAOXKEHUE X
MOCEJIKOB,
IpeAnpUATHN
1. O6ecnieunBaet
npeoOpasoBaHue
T'unpoTypOUHEL 1 SHEPTUM BOJBI B X
3JIEKTPOIHEPTHIO
2. bazoBas nerans I'DC
[Iponomxenue TabauIp! 23
Komrposep sapsiia 1 Ob6ecneunBaet x
KOHTPOJIb 3apsiia
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AKKYMYJSITOPHBIX
OaTapeit

Hnseptop

IIpeobpazoBsiBacT
TIOCTOSIHHBIN TOK B
repeMeHHbII

AKKYMYJISITOpHBIE

Oatapeu

ObecnieyuBaeT
HaKOTUICHHE
3JIEKTPOIHEPTUHN IS
UCIIOJIb30BaHUS €€ B
IMTUKA MOIITHOCTH

I'enepatop

Ob6ecnieunBaeT
3JIEKTpOIHEPTUEH
MOTPeOUTENS B MUK
MOIIHOCTH

Cranusa 3. OnpeneneHre 3HAYMMOCTH BBITIOJHSAEMbIX (QYHKITUNH 0OBEKTOM.

Jlnst orleHKM 3HAYMMOCTH (PYHKIMM OyleM HCMOJIb30BaTh METOJI PacCTaHOBKHU

NPUOPUTETOB, TpensiokeHHbl baromOeprom B.A. u ['mymenko B.®. B ocHoBy

AaHHOTO MCTOAAa IIOJIOKCHO PACUCTHO-OKCIICPTHOC OIPCACIICHUC 3HAYMMOCTH

Kaxaoi ¢yHkuuu. Ha nepeom smane HeoOXOOUMO TOCTPOUTH MAaTPUILY

CMEXHOCTH (DYHKITUH

Tabmuua 24 — Marpua CMEXHOCTH

Oynkuus 1 | Oynaknus 2 | Oyaknus 3 | Oyakuusa 4 | Oyakinus S | OyHkus 6
Oynkuus 1 = < > = =
OyHKIHSA 2 > = > = > <
CDyHKI_[I/ISI 3 < < = = < <
Oyukuus 4 < = = = < <
DyHKIHUA 5 = < > > = =
OyHKIMA 6 = > > > = =

HpuMeanue: «<» — MEHEE 3HaYUMasd, «=» — OJMNHAKOBBIC q)YHKL[[/lI/I 110

— 0oJiee 3HAUMMAA.

3HAYUMOCTH; >

Bmopoii 3man cBs3aH B TNpeoOpa3OBaHUEM MAaTPUILI CMEKHOCTH B

MaTpPUILy KOJTMYECTBEHHBIX COOTHOIICHUH (DYHKITHA.

Tabnuma 25 — Marpuira KoJIM4eCTBEHHBIX COOTHOIICHUH (PyHKITHIA

Oynxmus 1

Oynxuus 2

Oynkus 3

Oynknus 4

OyHkus 5

OyHKUA 6

HUTOI'O/O1x.
3HAYUMOCTh
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Oynxmus 1 1 05 15 15 1 1 6,5/0,181
Oyskuus 2 15 1 15 1 15 05 7/0,194
Dynkuus 3 05 0,5 1 1 05 0,5 4/0,111
Dynkuus 4 05 1 1 1 05 0,5 4,5/0,125
OyHKIUsL 5 1 05 15 15 1 1 6,5/0,181
DysKusa 6 1 15 15 15 1 1 7,5/0,208
ITlpumeuanue: 0,5 npu «<»; 1,5 npu «>»; 1 npu «=» Cymma >=36/%=1

Cragusa 4. AHamm3 CTOUMOCTH (DYHKIIMH, BBITOJHAEMBIX OOBEKTOM

HCCIICAOBAHUA.

Tabmuia 26 — Onpenencaue CTOMMOCTH (DYHKIMH, BBINOIHAEMBIX OOBEKTOM

HCCJIE O BAHUSI

HanmenoBanue
nerany (y3na,
Tp oriecca)

KonmuectBo
JIeraed Ha
y3en

Brmmonasemas
by HKIms

Hopma
pacxona,
KT

Tpy noemxocm
JieTany,
HOpMa-4

CTOUMOCTh
Marep uaia,

pyo.

CebecTonMOCTb,
pyo.

3apaboTHas
miara, pyo.

Iac

OobecnieunBaer
3JICKTP OCHAOKEHHE
MOCENKOB,

TIp eATIp WS THI

T'app oty pOuna

1. ObecnieunBaeT
npeoOpa3oBaHUe
JHEPTHU BOJBI B
INEKTPOIHEPTHIO,
MOCPEACTBOM P-N
nepexoza
2. basoBas
nerans ['DOC

60000

385,7 60385/0,006

Kontpomnep 3apsna

OOGecnieurBaeT
KOHTP OJIb 3ap sijia
AKKy MY JIATOP HBIX

Oarapeit

12000

580,58 12580/009

WuBepTop

[IpeoOpa3oBbIBacT
TOCTOSTHHBIN TOK B
Tiep eMEeHHbIH

150000

37 392,6 187392/0,6

AKKY My JIITOp HEIE
Oarapen

ObGecneuyuBaeT
HaKOIUJICHUE
3JIEKTPOIHEPTUHU
ISt
HCTIOJIb30BaAHUS
€ B MaJIOBOJIME

26000

634,893 26634/0,01

T'eneparop

ObGecnieunBaet
3JEKTPOIHEPTUEH
noTpeduTens B
OTCYTCTBUM BOJbI

79

915 000

26,535 915 026,535/0,39

HUroro >=1202017/> =1
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OTHOCUTENEHAR

I AHAYVMOCTE hyHEUMK
PyHEUAA &
PryHELRE 2 Dy 5
DyHKLIA 1 PyHELKWA 3 YHELMES
TryHELAA 4
0,181 0.208
0,181 | 0.194 ] .
0,111 | 0,125
dyrcuns 1 0,006 0.009 0.01 0,39
PyHELREA 2
DYHELMA 3 0.6
DyHkLMA 5 PyHEUWA &
PryHrupn 4
OTHOCHUTENBHLIE
1 zaTpartel Ha thyHKL WD

Pucynok 32 - @yHKIHOHAIBHO-CTOMMOCTHAS Juarpamma

5.3 SWOT-anaau3

Pesynbratel SWOT-ananu3za npencranisgeM B Tabauanoi popme. O6bekToM

uccienoBanus oyner 'DC (ruaposneTpocTaHiys).

Taomuua 27 — SWOT anamms

CHJbHbBIE CTOPOHBI:

Cl. Y noBneTBOp eHUe
MOTp €OUTENIbCKUX HyXH (oOecreucHie
DD xuTeNeH, W Ip eATIp UATHH);

C2. BeicTpas OKymaeMocThb IOCTp OWKH
I'oC;

C3. bonpmioii cpok ciay k061 ['OC;

Cia0ble CTOPOHBI:

Cnl. TpeOyercs  JOTOJHUTENHHBIN
WCTOYHWMK TmMTaHus, Tak kak [DC B
MaJoBOIUE HEe paboTaer;

Cn2. bonpmme 3arparsl Ha TOCTP OMKY
I'2C.

Cn3.CnoXHOCTh CTPYKTYPHOH  CXeMbl

C4. DKOIOTUYeCKU YHCTOC | MOAKIIOYEHHUs 000Dy IOBAHMS;
npousBojcTBO OO, Ha ocHoBe 3Hepruu | Cn4.  TpeOyercs  ombiT  pabOTHI
BOJIbI; Tep coHasa TSt HaJIaIKu
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C5. Ot1cyTcTBHE IIy MOBBIX IIp U3HAKOB
npu padore I'OC.

pabotocmocobHocTn I'OC;

Cn5. Jlns TOAKTIOYEeHHWsS B CETh
Tpelyercs JIOIIOTHHUTEITb HBII
TpancdopmaTop.

Bo3moxkHocTH:

Bl. Buempenme B  pBIHOK, Oosee
Ppa3BUTBIX TEXHOJIOT U,
TP e/THA3HAYCHHBIX IS
TUJIP ODJIEKTP OCTAHIIUIA;

B2. I[IpumeHenne 3HEp romnp eAnp UATAIMA
THAP O3JIEKTP OCTAHINH, Ul  CHAOXKEHHs
HE3JTEKTP O HIMP OBAHHBIX P aifOHOB;

B3. BaempeHue aBTOMaTH3Up OBAHHOH
CHCTEMBI MPOTPaMMHOTO  OOECIICUCHHS
JUISL Y TIp QBJICHHS THJIP OJIEKTP aHCTLIMH;
B4. Bo3moxxHOCTh CHU3UTH Tapud Ha DD
¢ momonisio I'DC;

B5. TloBbleHue crpoca Ha YCTaHOBKY

1. Tort dakr, uro mpu I'OC tapud
Ha DD, ABIAETCS HU3KUM I10
CPaBHEHHIO C JIpyTHMH
JJIEKTP OCTAHISIMH, O0SI3bIBACT
noTp eOuTeNei OBITh
Y JIOBJIETBOP EHHBIMH B TIOCTaBKaxX
20,

2.  Bonbmoii cpok ciy kObI, ObICTp ast
OKY ITaeMOCTb, JIa M K TOMY K&
IKOJIOTUYECKOE YHCTOE
P OU3BOJACTBO OO yBEIUYUT
crpoc Ha nocrpoiiky I'9C, u
P MBJICYET UHBECTOP OB IS
(hunaHCHp OBaHMS OoJee

1. U3-3aToro, yro nmoctpoiika ['DC
TpeOyeT 6ONMbIINX 3aTpaT, TO
BO3MOJKEH OTKa3 HHBECTOPOB B
(bMHAHCHp OBaHMHM, YTO TP UBEAET
K CHIDKEHHIO CIpOCa Ha
y CTaHOBKY
TUJIP 03JIEKTP OCTAHIINIA;

2. TlpuotcyTtcTBuM OmbITa
niep coHana padotel ¢ ['DC,
HEBO3MOXKHO Oy JIeT HAJIauTh
ABTOMATH3HP OBAHHY 10 CHUCTEMY
ynpasneHus npoueccamu ['9C.

TUJIP ODJIEKTP OCTAHIIUI. pa3ButhIX TexHonoruit st ['9C.
1. U3-3aCIOXHOCTH CTPYKTYPHOU
1. Y oBnerBop cHHE KETaHHI
CXEMBI TOKTFOUEHUS
MOTP COUTEIIST MOKET TP UBECTH K
. obopy moBanms [DC,
JIOTIOJTHATENh HOM
Yrposbr: TOTp €0y IOTCS AOTIOTHUTEIH HBIE

V1. CHwkeHme crnpoca HA TEXHOJOTHH
Oostee HOBOT'O 00pa3Ia;

y2. CrabmibHast KOHKY p SHIIUSI
JNMEKTPOCTAHIMHA  CTapblX  00pa3loB:
DOC,ADBC,I'DC,KOC, TOL];

V3. JlonosnHutenbHas rocy Jap CTBEHHas
cep THh UKLt u P OBEP KU
paborocnocobnoctu I'9C;

V4 Ilonutuyeckue KOH(IIUKTBL,
CIIOCOOCTBY FOLLIME K TIP TSI TCTBHIO
HOCTaBOK HEJI0p OTOCTOSIILIEr0

obopy moBanus 1 I'OC;
V5. OrcyTcrBue (pHUHAHCHpOBAaHUS Ha
TOCTP OMKY THJIP O3JIEKTP OCTAHIHS.

TOCY JIap CTBEHHOH cep TU(HKaIWH
U TIp OBEpKaM
pabotocnocobHocT I'DC, uTo
MOBJIEUET 32 cOOOM

COBEP LIIEHCTBOBAHHUE CTaPBIX
TEXHOJIOTHII M IOJTy YeHune Ooiee
HOBBIX-TIP OJIBHHY THIX:

2. OO0mamast OTCY TCTBHEM Iy MOB
Hp U Ip OM3BOACTBE DD U ABIIASCH
9KOJOTUIECKH YHUCTHIM OOBEKTOM
IO TP OM3BOACTBY D3, JaHHBII
BHJ] 3JIEKTpP OCTAHLIMI
BBIUTPBIBAET Y CBOMX
KOHKY P €HTOB CTap 0ro o0pasiia,
nostoMy ['DC Bcerna Haiiner
CBOMX HHBECTOPOB U CBOE
(hmHAHCHp OBaHUE.

TIp OBEP KU P a00TOCIIOCOOHOCTH
I'DC, a taxxe e€ cep TuduKamms,
rae ['DC moxer He mp OUTH
HpoBepKy, 6aronap s
OpakoBaHHOMY 000Dy IOBAHMUIO, 2
U3-32 pa3JIMYHBIX HOJIUTHYECKHX
KOH(JIMKTOB, €r0 CJI0XKHO Oy aeT
3aKa3arhb;

2. B Buay toro, uto ['DC obnanatror
BBICOKO# CTOMMOCTBIO, IUTIOC K
3TOMy Tp eOyIOTCs 3aTp aThl Ha
MO/IKJTFOYEHUE JIOTIOTHUTENHHOTO
TpaHcopMaTopa, a TaKKe
JIOTIOJTHUTEIILHOTO MCTOYHUKA
TIUTAHKS, BO3MOXKEH OTKa3 Ha
(hMHAHCHp OBaHME IIOCTp OEK
TUJIP O3JIEKTP OCTAHIIMI.

5.4 OneHka roTOBHOCTH NMPOEKTA K KOMMEPUHAJIU3AIUA

Tabnuia 28 — biaank OLEHKH CTETIEHH TOTOBHOCTH HAYYHOTO IPOEKTa K

KOMMCEpIOHaIM3alnnu
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Ne YpoBeHb
w'n Crenenb AMEIOIUXCS
HanmenoBanue npopabOTaHHOCTH .
HAay4qHOTO TNpOEKTa SHatkn y
pazpaboTyuka

1. |Onpenenen MM EFOIIIMICS HAY4YHO- 5 5
TEXHAYECKUH 3a/1el

2. |OnpeneneHsl MepCTIEKTUBHbIE
HaTpaBJICHUS KOMMeE pLHAT3aLHH] 5 5
HAyYHO-TEXHUYECKOTO
3ajena

3. |OmpeneneHpl  OTpaciaM H  TEXHOJOTHH
(ToBapel, yCIyru) Ajs TOPeNJIOKCHUS Ha 5 5
PBIHKE

4. |Omnpenenena ToBapHas ¢opMa HAyYHO-
TEXHUIECKOTO 3ajena TUIS 4 3
NPEJICTABIICHUST Ha PbIHOK

5. |OmnpeneneHsl aBTOPbl U OCYIIECTBIICHA 4 4
OXpaHa WX TIpaB

6. |[IpoBenena OIICHKa CTOUMOCTH| 3 4
UHTEJUIEKTYaJbHOU COOCTBEHHOCTH

7. | [IpoBenens MAapKETHUHT OBbIE 5 5
HCCJICIOBAHMSI PHIHKOB COBITA

8. | PazpaboTan Om3Hec-1UIaH]
KOMME pPLIMATI3 AN HAYYHOU 4 4
pa3paboTKu

9. | OmpeneneHbr yTH TIPO JIBDKE HHS 5 4
HAayqHOU pa3pabOTKH Ha PHIHOK

10.| Pa3paborana cTparerus (dbopma) 4 5
peamm3aluy HaydyHOM pa3paboTku

11.| [TpopaboTaHbl BOTIPOCHI
MEXIYHApPOJIHOTO  COTPYJHHYECTBA H 3 1
BBIXOJIa HA 3apyO€KHBIA PBIHOK

12.| IIpopaboTanel BOMPOCHI HCTIOJIH30BAHUS
yCIYyr  WHPPaCTPYKTYpbl  TOJJIEPIKKH, 5 5

INOITYYCHHUA JIbI'OT
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[Mponomkenue Tabmumipt 28

13.| IIpopaboTans BOTIPOCHI
(uHaHCUpOBaHUS KOMMeE pLMATIM3 AL ) 5
HAay4YHOU Pa3pabOoTKu

14.| Umeetcs KOMaHza ISt
KOMM epLyaI3alin Hay4YHOM 5 5
pa3paboTku

15.| IlpopaboTan  MexaHW3M  peaau3ally 4 4
HAay4HOI'O IPOEKTa
HUTOI'O BAJIJIOB 66 64

HpOBeI[eM OICHKY CTCIICHU I'OTOBHOCTH IIPOCKTAa K KOMMCPIHUAIM3AINN U

BBISICHUM YPOBEHb COOCTBEHHBIX 3HAHUU NJIs €€ MPOBEACHUS (WM 3aBEPILCHUS ).

Onenka mpoBOAMIACH COTIIAaCHO Tadiwmie 29.

Tabnuua 29 — Kputepuu o1ieHOK KOMMEp a3 aIuH

CreneHb pOPaGOTAHHOCTH HAYYHOTO IIPOEKTA

OneHKn

3HaueHue

5

ITonoxutenpHOE 3aKITFOUCHIE OKCIepTa

BrimoyiHEHO KaueCcTBEHHO

BeimosiHeHO, HO B Ka4ecTBe HE YBEpeH

Ciabast mpopabOTaHHOCTh

4
3
2
1

He nmpopaboTanHOCTH

YpoBeHb 3HaHUH pa3paboTanka

OLeHKn

3HaueHue

5

3Har0 TEOPHIO, BHIIOJHA, KOHCYIBTHPYIO

3Haro TE€OPHIO, BBIIMIOJIHAIO

3Haro TCOPHIO, IIPAKTHICCKOC IPUMCHCHHNEC

4
3
2
1

B 00beMe TeopeTHUeCcKUX 3HAHUN

He 3nHakoM, Majioe KOJI-BO 3HAHUM

OueHka TOTOBHOCTM HAy4YHOrO MPOEKTa K KOMMEpUHAIU3aluu (WiIu

YPOBEHb UMEIOIIMXCS 3HAHUM y pazpadoTunKa) onpenensercs no popmyse:

chM = ZBI

rac chM — CYMMApPHOC KOJIMICCTBO 0aJuIoB 10 Ka)KJIOMY HaIIpaBJICHULO,

b; — 6am1 no i-My mokasare’iro.
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3nauenue b, MO3BONAET TOBOPUTE O MeEpe TOTOBHOCTH HAy4YHOU
pa3paboTku U ee pa3padoTumka K KomMMmepimanu3anur. CyIecTBYIOT KpUTEPUU
OLIEHKM CTEIEHHW TOTOBHOCTH HAYYHOIO TMPOEKTa K KOMMEPIHAIN3ALNH,

npescTaBieHHoi B Tabmmie 30.

Tabmuia 30 — Kputepun o11eHOK KOMMeEpITHaIn3aliin

bamb Beyy 3HaueHHe NPOEKTa 3HaueHue 3HaHUH pa3paboTynka
60-75 IlepcniektriBHas pazpaboTka JlocTatouHoe KOJ-BO 3HAHUM
45-59 Xopouiasi epcueKTUBHOCTD Henuoxoe xon-Bo 3HaHMIA
30-44 Cpennsisi IepCreKTHBHOCTh CpeHee KOJ-BO 3HAHHI
15-29 Hu3kasi nepCcrneKTHBHOCTb Masoe KoJI-BO 3HaHUA
0-14 Kpaiine HM3Kas IepCIEKTUBHOCTD Henocratounoe Kon-BO 3HaHUM

[To nosy4eHHbIM UTOTOBBIM OaJlIaM OLIEHKH TOTOBHOCTH HayYHOTO MPOEKTa
K KoMMepluanu3auuu 66 OamioB — 3a CTeNeHb NMpOpadOTaHHOCTU HAYYHOTO
npoekta u 64 Gamia — 3a ypOBEHb MMEIOIIMXCS 3HAHWM pa3paboTuMKa, MOKHO
clenaTh BBIBOJ, YTO JAHHBIM MPOEKT BEChbMa MEPCIIEKTUBEH, U TpeOyeT B cels
XOpOIIMX BJIOKEHUHM. [[ns najbHEHIIero yiaydlleHus, JAaHHBIA MPOEKT MOKHO
BBIBECTH Ha 3apyOexHbli pblHOK. KommereHnuu paspaboTyuka BecbMa
BIICYATJISIOIIUE, BUAHA 3aMHTEPECOBAHHOCTh M XOPOIIIME 3HAHUS B TIPOCKTE.

JUis mpoJaBWKEHHUS AAHHOTO MNPOEKTa Ha PBIHOK, OyJET MPUHAT METOA
WH)KUHUPHUHTA. JIaHHBIM METOJ KOMMEpUUAIM3aluu O00JaJaeT WHKEHEPHO-
KOHCYJIbTALIMOHHBIMU YCJIyTaMu [JIsi MOTPEOUTENs, YTO HEOOXOJuMO B Halle
BpeMs B IpoekTupoBaHuM. Ilomoraer pemmrs Bce€ BOIPOCHI, KacaeMble
ruAposerocTadiuu. [Droc MHXUHUPUHT 00J1a/1aeT IKUPOKUM CIIEKTPOM padoT U

YCIYT, 4TO O4YCHb LICHUTCA HAa PBIHKEC. K Takum ycJIiyraM OTHOCHUTCH .

o MOJTOTOBKA TEXHUKO-I3KOHOMHYECKHX 000CHOBAHUHN MTPOEKTOB;
o OKa3aHUE YCIIyT UHKEHEPHO-KOHCYJIbTAlMOHHOIO TIJIAHA;

o BBITIOJTHEHHUE MCCIICI0BATENbCKUX Pa0OT;

o MPOEKTHOE KOHCTPYUPOBAHUE U PACUETHBIN aHAIN3;
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° U3TOTOBJICHHE, pa3pabOTKa W TMOCTaBKa pEHICHUA M OCHOBHBIX
CpEIICTB;
° MpeAoCTaBlieHUe  pPEeKOMEHJalMii B 00JacTH  OpraHMU3allvu

IMPOU3BOJACTBA U YIIPABJICHUA.

S5.51l1aHupoBaHe HAYYHO-HCCJIE10BATENbLCKOT0 MPOEKTA

CoctaBuM MepedeHb 3TanoB U paboOT B paMKax MPOBEIACHHUS HAYYHOTO
UCCJIEIOBaHMs, MPOU3BEIEM paclpee/ieHne HCIOJHUTENeH MO BHUIaM PadoT.

[osryueHHble pe3yabTaThl IpeACTaBiIeHbl B Tadmuie 31.

Tabnuia 31 — Ilepedens 3Tanos, padoT U pacnpeaeNeHne UCIIOTHUTENeH

OcHoBHbIE 3Tanbl Ne pad Conepixcanne padot J0/ZKHOCTH MCTIOJTHUTEJISA
Pa3paboTka CocTaBneHre M yTBEP)KICHHE TEXHUYECKOTO
1 PykoBoutess TemMbl
TEXHUYECKOTO 3aJIaHuUs 3aJaHus
Brimaga, mon0op u u3yueHne MaTepHanoB PyxoBomTens TeMbl
2
o TeMe
HmkeHep-1poeKTHp OBIIHK
Bei6op HampaBieHust PykoBomutes, TeMbl
YICCIIeI0BAHMIL 3 Beibop HampaBneHus UCCie0BaHUMA
WmxeHep-npoeKTHp OBIIMK
KanenmapHoe mmaHupoBaHue paboT mo
4 PykoBomutes, TeMbl
TeMe
5 AHanM3 NOMy4eHHBIX UCXOTHBIX JAHHBIX
Teopetnueckue u
OueHka 3JeKTponoTpedaeHus
6
SKCIIEPUM EHTAJIbHBIE peAnpUATHEM
P peap WmxeHep-npoeKTUp OBLIMK
HCCIIe0BaHUS
a 7 IMonbop renepatopa
8 OmeHka BOIHOTO NMOTCHIHANA
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ITponomkenue TaduIb! 31

Br160p ruapo obopyaoBaHUsA
9 (ruapoTypOuH, aKKyMyJISITOPOB,

KOHTPOJUICPOB, HHBEPTOPOB)

CpaBHeHHE THOPUAHON U CETEBOM

10
TU/IPO3JIETPOCTAHLIMN
O6o00mIeHNE U OTICHKA Onenka 3¢ eKTHBHOCTH MOy YSHHBIX
11 PykoBomuten, TeMbl
pe3yIbTaToB pe3yIbTaToB

IIpoBenenne OKP

Kontpons u
Kontpomns xauecTBa BBIIOJHEHUS NPOEKTA U
KOOPAMHUPOBaHUE 12 PyxoBomurtens TeMbl
KOHCYJIbTUPOBAHUE HCIOJHUTEI
MIPOEKTa

Pa3paboTka OJIOK-CXeMBI, IPUHIUIIAAIBGHON

13 WukeHep-npoeKTup OBUIMK
CXeMBI

PaspaboTka Texuu-

o PykoBogutens Tembl
YeCKOM JOKyMEeHTAIIN!

14 Beibop u pacyér KOHCTpYKIUU

U IPOEKTUPOBaHUE
p p WukeHep-npoeKTUp OBLIMK

15 TexHUKO-D)KOHOMHUYECKHE PacyeTbl WHxeHep-npoeKTHPOBIIUK

Oc¢opmiieHre oT4ETa HO
CocTaBieHHE MOSICHUTCIBHON 3aIMCKI
HUP (kommuiekra
16 (9KCIUTY aTAITHOHHO -TeXHUIECKO I NukeHep-npoeKTUp OBLUIMK
JOKYMEHTALUH 110

OKP)

JOKyMEHTAIIH )

TpynoBble 3aTparbl SBISIOTCS  BaXHBIM MOMEHTOM  OIPEIECICHUS
TPYAOEMKOCTH PadOT KXKIOTO U3 YIaCTHUKOB HAy4YHOTO UCCIICTOBAHMUS.
TpynoeMKOCTh BBINIOJHEHUS HAy4YHOTO MCCJEIOBAaHUS OLCHUBACTCS

DKCIIEPTHBIM IyTEM B YeNoBeKo-AHAX. g t , wHcmonb3yercs cleayromas

dbopmyna:

t .= 3tmirli +2tmaxi :3-3+2-5

oK z z =3,8~ 44yen.-qH.

rae U, — OKHmaemas TpyJ0EMKOCTh BBIIOJIHEHHUS -0l paOOThI YelL-/IH. ;
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t

mini — MIHAMAJILHO BO3MOIKHAS TPYI0EMKOCTh BBITIOJHEHUS 33JaHHOM 1-01

paboThI, YeN.-TH.;

t i — MAKCHMANBHO BO3MOSKHAS TPYAOEMKOCTh BBITIONHEHHUS 3a1aHHOM i-
ot pabOTHI, Yes.-IH.
Hcxoass ®3  OXHMOAaeMOW  TPYAOEMKOCTH  paboT,  Ompenensercs

IPOJIOJDKUTENIbHOCTD KaKA0M paboThl B pabouux quAX T, 0 GpopmyJe:

T :t0>Ki :ﬂ

1% 9. 1

=4 nusa

Hanbonee ynoOHBIM M HarjasiAHBIM MOCTPOEHUEM JICHTOYHOTO rpaduka
NPOBEACHUS HAyYHBIX paOoT sBJISETCS MOCTpoeHUe B (popme nquarpammsbl ['aHTa.
Jlna ynoGctBa mocTpoeHus rpaduka, JIUTEIbHOCTh KaKIOTO M3 ITAIllOB

paboT U3 pabovuX THEH CIICAYET IMePEeBECTH B KaJICHIAPHBIC THU:

Ti = Toi “hcan =4-1.56=6, 24

rae 7T, — IPOJODKUTEILHOCTD BBIIIOIHEHHUS I-i paboThI B pabodHX AHSX;
Keon — KO3(D(UIMEHT KaTeHIapHOCTH.
KoaddunmeHnt kaeHaapHOCTH ONpeeNsieTcs Mo ciaeayromei hopmyrie:

o Tan _ 35
KT an—Tpprx —Typ  365—118-14

1,56

Paccuurannbie 3HauYcHUS B KAJICHAAPHBIX OHAX II0 K&)I(I[Oﬁ pa60Te TKi
HCO6XOI[I/IMO OKPYIJIMTB A0 OCJIOTro YrcJia. Bcee paCcCUNTAHHBIC 3HAYCHUS CBCACM B

tabiuiy 13, a oO11iee KOJIMYECTBO KaJIeHIapHBIX JHEH B Tabmuiry 32.

Tabma 32 — Urorosas tabimira

OO1Iee KOJIMYECTBO KaJCHAAPHBIX JHEH JUIS BHIIOHEHUS HAYYHO -
HCCIIEIOBATENILCKOTO TIPOEKTA

163

OO11ee KOMYECTBO KaJICHIAPHBIX JHEH, B TCUCHUH KOTOPBIX paboTal HHKEHEP -
MIPOEKTUPOBILUK

118

HTroro

OO0111ee KOJIMYECTBO KaJICHOAAPHBIX ,HHefI, B TCUCHUHN KOTOPBIX pa60TaJ1 PYKOBOIUTECIIb
TEMbI

45

Taﬁm/ma 33— BpeMeHHBIe TOKAa3arciii MPOBCACHUA HAYIHOI'O UCCIICIOBAHMS
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Tpynoémxkocts pabot JlmTenbHOCTD I[HHTeéH’HOCT"
pabotrB pabors
. . paGOUmX MHsX KaJeHIapHBIX
tmlnv tmax: tof)lcll JTHAX
YeI-IHHA YeI-THHA YeU-IHHA .
pl TKi
Ha3zpanue
o, o, o, o, o,
o AR IR S 3 o S 3 )
FEE SIS - - - = S a g % o a 2 £ o
c |SElg |EElg |EE| ¢ SE| ¢ s g
> > > > >
& & A & &
CoctaBiieHHE U yTBEpIKACHUE 3 0 5 0 4 0 4 0 7 0
TEXHUYECKOTO 3aJaHUs
Beimaua, nondop u uzyueHue 2 4 3 7 3 6 3 6 5 10
MaTepuaJioB 10 TeMe
Br16op HanpaBneiHHsl 2 3 3 4 3 4 3 4 5 7
HCCIeJOBaHUI
Kanenpapuoe nnanuposanue 1 0 2 0 2 0 2 0 4 0
pabot o Teme
AHanm3 NoJIy4eHHbIX 0 4 0 9 0 6 0 6 0 10
HCXOJHBIX JIAHHBIX
OneHka 3IeKTpOnoTpeOIeHS 0 4 0 8 0 6 0 6 0 10
OpeIpHUITHEM
TMoxbop remepaTopa 0 3 0 7 0 5 0 5 0 8
OneHka BOJHOTO IMOTCHIHANA 0 2 0 5 0 5 0 5 0 8
Bei6op rumpo obopynoBaHus
(rnpotypGus, o | 8 0| 12| o | 10 0 10 0 16
AaKKyMYJIATOPOB,
KOHTPOJUIEPOB, HHBEPTOPOB)
Cpasierue rOpHOi 1 ol 5] 0o w| 0] 7 0 7 0 11
CETeBOH TMIPO3JIETPOCTAHIUH
Onenka 3¢ exTHBHOCTH 2 0 6 0 4 0 4 0 - 0
HOJIyYCHHBIX PE3yIbTaTOB
Kontpons kxauectBa
BBITIOJIHEHUS TIPOCKTa 1 3 0 5 0 4 0 4 0 p 0
KOHCYJIbTUPOBaHHE
HCTIOJHHUTEIS
PazpaboTtka 6J'IOI§-CX€MI>I, 0 5 0 10 0 7 0 7 0 1
MOPUHIHITHAIBHON CXeMBI
Be16op u pacuéT KOHCTPYKIMU 5 7 7 9 6 8 6 8 10 11
TexHUKO-IKOHOMHUYECKHE 0 4 0 6 0 5 0 5 0 8
pacueTsl
CocTaBrieHHe MOSCHUTEIHLHON
3aMUCKU (IKCIUTYaTALMOHHO - 0 3 0 6 0 5 0 5 0 8
TEXHUYECKOHN JOKYMEHTAIUH)

CocTaBrienue ceTeBOTrO IUIaH-rpaduka OCHOBBIBAETCSA Ha METOJIE
KPUTHYECKOTO TyTH. KpUTHUECKHWid MyTh MPEACTABISICT COOON IOJHBIM MYTh,
UMEIOIMIA HAUOOJIBIIYIO TTPOAOJDKUTEIFHOCTE. METOT KPUTHUECKOTO MyTH JaeT

BO3MOXXHOCTb BapbHPOBAaTb CPOKAMH BbIIOJHCHHA pa60T, HC JIC)KAIlMMH Ha

KPUTHUYCCKOM ITYTH.
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5.6 Bo:keT HAYYHOTO HCCJIeT0OBAHUS

[Ipu mnaHnupoBaHuM OrOJKETAa HAYYHOT'O HCCJEIOBAaHUS JOJDKHO OBITh

Pacuer MaTepuanbHBIX 3aTpaT OCYIIECTBIAETCS O Cieayolel hopmyre:

Pacxog0B, HeO6XOI[I/IMBIX JJ1 €0 BBITIIOJIHCHUA.

3M = Zlul : Npacxi

00ECIICUCHO IIOJIHOE U AOCTOBCPHOC OTPAXKCHUC BCCX BHAOB INIAHUPYCMBIX

rae M — KOJMYECTBO BUIOB MaTEPUATIBHBIX peCYPCOB; N, — KOIMYECTBO

NPUOOPETCHUS SIUHUIIBI I-T0 BUJIA.

MaTCpHUAJIIbHBIX PCCYPCOB I-ro BHJIA, IINITAHUPYEMBIX K HUCIIOJIb30BAHHIO, I—[i — IOCHa

Tabmmia 34 — Ceipbe, MaTepualibl, KOMIUIEKTYIOIIUE W31 U TTOKYTTHbBIE

mo1y(adpuKaThl
HanmenoBanue Kon-Bo | llena 3a equnmty, pyo| Cymma, pyo.
bymara nnst mpunTe pa 2 mayKku 240 480
Kpacka mis npuHTepa 1 490 490
Kapanmam 1 19,14 19,14
JlacTuk 1 53,50 53,50
Pyuka 2 25,40 50,8
Cremiep 1 150 150
Kaprpumx 2 990 1980
Mynstrgopb 3 243 729
[Marxu 3 377 1131
Jluneiika 1 289 289
CkopommBarenu 1 5,31 5,31
Kanbkynsarop 1 1257 1257
Bcero 3a marepuabt 6634,75
Tpamcmo pTHO-3aroToBUTEJIbHBIE pacxo bl (3-5%) 331,74
Hroro no craree C,, 6966,49

B cBs3u ¢ JJIMTCIIBHOCTBIO HMCIIOJIb3OBAHHA MATCPUAIIOB YUHTBIBACTCA HUX

CTOMMOCTL C ITIOMOIIbIO AMOPTHU3 AU
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CTOMMOCTD - N):[Heﬁ ucronp3oBanms _ 6966,49-118

A
CPOK CITy>KObI - N Iron-365

=2252,18

KOMILJICKTa
ITHEWBroIy

Tabmuia 35 — Pacuer Grokxera 3arpar Ha IprOOpeTeHre Ceo00pya0BaHuUsS

Kon-Bo Lena enuHULIBI Obmas
Ne CTOMMOCTb
HaumenoBanue o6opynoBanus €IMHUII obopymoBaHus,
/1 o0opyIoBaHMs,
o0opynoBaHus pYyo.
pyo.
1 I'mapotypOun 1 60000 60000
2 HuBeprop 1 150000 150000
4 Tpanchopmarop 1 350 423 350 423
6 Kabenp 1 53150 53150
7 I'eostornueckne pabOTHI 1 50 000 50 000
8 3arpaTsl Ha TOATOTOBKY 1 90 000 90 000
mromanok I'T
9 3aTpatrbl Ha ycTaHOBKY [T 1 50 000 50 000
IIepconanbHbIil
10 KOMITBIOTEP(TIPUHTED) LIS 1 35 000 35000
oreparopa
JIunens3ust Ha mporpaMMHOE
1 obecriedenne Microsoft Office ! 3500 3500
TpaHCOpTHO-3aTrOTOBUTENLHEIE
12 pacxobi (15%) 1 105311
Hroro702073 807384

B cBsa3u ¢ NJIMTCIIbHOCTBIO HCIIOJIb3OBAHUA YYUTHIBACTCA CTOUMOCTD

anmapaTtypbl ¥ IpOrpaMMHOT0 00ECTICUEHHUs C TIOMOIIBIO aMOPTU3AIUH:

CTOMMOCTE - NnHeﬁ ucnospsoBanus _ 807384 -365

CPOK CITY>KOBbI - Nz[HeI?IBFOJIy 20met-365

bromxer BKmouaeT B ceOs OCHOBHYIO 3apabOTHYIO TUIaTy PaOOTHHKOB,

A =40396

KOMILIEKTa

HENOCPEICTBEHHO 3aHAThIX BbinoiaHeHneM HTU, (Bkirovas mpemuu, A0IUIaThl) U
JIOTIOJTHUTENILHYIO 3apa0O0THYIO TUIATY:

L Py’KOBOIIHTeJII) TCMBI

3 =3 +3, =132759+17258,67=150017,67py6

o WHxeHep-1poeKTUPOBILMK
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3 =3 +3, =150754,3+20768,1=180522,4py6

rae 3,.,, — OCHOBHas 3apabOoTHas TUIaTa;

OcHoBHast 3apaboTHas miara (3,,,) OT MPEANPHUSATHS PACCUUTHIBACTCS IIO
caemyromei hopMmyie:

° PykoBonuTenb TemMbl

3., =3,,-T, =2950,20- 45 =132 759 pyG

o NuxeHep-1poeKTUP OBIIUK
3pen =3, T, =1353,85-118 =159 754,3py6

riae T, — NpOoJOJLKUTEILHOCTL pa0OT, BBITOJHAEMBIX HAy4YHO -TEXHUYECKUM
paboTHUKOM, pad. AH.

3,,— cpeaHeaHeBHAsA 3apa0oTHAas IiaTa paboTHHKA, PYO.

3aTparbl MO AOTOJHHUTEIBHOW 3apa00THOMW IIaTe HCIIOJIHHUTEICH TEMBI
YUYUTBHIBAIOT BEJIUYMHY NPEAYCMOTPEHHBIX TpynoBbiM KojekcoM P® pormar 3a
OTKJIOHEHHE OT HOPMAJBHBIX YCJIOBHM TPYyJd, a TAKXKE BBIIUIAT, CBS3aHHBIX C

oOecriedeHueM rapaHTH 1 KOMIIeHcaruil. JlomoIHuTeIbHas 3apIiiara;

° PykoBoauTenb TemMbl

3,,=k,, 3, =013-132759 =17 258,67 py6.;
o NuxeHep-1poeKTUp OBIIUK

3, =k, 3. =013-159754,3=20768,1 pyo.;

re Ko — KO3(OUIMEHT TOMOHUTEIbHOM 3apaboTHOM tiate 0,13

CpennenneBHast 3apab0THas TJIaTa pacCUUTHIBAETCS MO popmyre:

° PykoBoauTenb TeMbl
3 - 3 -M _ 64677,60-10,4 — 2950,20 py6..
F, 228
o WNHxeHep-1mpo0eKTUP OBILKK
3 - 3. -M _ 29680,64-10,4 —1353,85 py6..
F, 228

rae 3, — MECSYHBINA TOJDKHOCTHON OKJIa[ paboTHHUKA, PYO.:
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M — KoJIM4ecTBO MecAIeB paboThl 6€3 OTIMYCKa B TEUCHHUE TO1a:
npu otnycke B 48 pad. nueit M=10,4 Mecsinia, 6-1HEBHAs HEJES;

F, — neillcTBUTENbHBI TONOBOM (OHA paboyero BpPEMEHHM HAY4YHO-

TCXHUYICCKOTO IICPCOHAJIA, pa6 JH.

Tabmuna 36 — bananc pabouero BpeMeHH

Nu:xenep-
Ioxa3zatenn paGoyero BpeMeHH PyxoBoauresib TeMbI
TPOEKTHPOB LUK
Kanennapraoe umcio mHe 365 365
KoymuectBo Hepaboumx aHEi: 60 60
®  BBIXOJHBIC [HU U MPa3JHUYHbIC THU 14 14
Ilotepu paboyero BpemeHH: 52 52
®  OTIYCK M HEBBIXOBI MO GOJIE3HH 11 11
JeiicTBuTeNbHEIN T00BON (hoHT pabodero BpeMeHn 228 228

MecsiuHblii TOHKHOCTHOM OKJIaJ pabOTHUKA:

o PykoBonuTens TemMbl
3,=3,.A+k, +k,) k,=33162,87-(1+0,3+0,2)-1,3=64 677,60 py0.

o NuxeHep-1poeKTUp OBIIUK
3,=3,. A+k, +k,) k,=15220,84-(1+0,3+0,2)-1,3=29 680,64 pyo.

rae 3, — 3apaboTHas mara o tapudHoi craBke, pyo.; K,, — mpemMuanbHbIil
ko3 durment, pasubiii 0,3; K, — ko3 durpenT norar u HanOABOK COCTABISIET

0,2; k, — paitonnslii ko3dduiuent, pasusiii 1,3 (111 ropona Tomcka);

Tabmumira 37 - Pacu€r ocHOBHOM 3apaOO0THOM IJ1aThI

HNnxenep-
PykoBogurens TeMbl
MPOEKTHPOB MK
3apaboTHas IIaTa M0 TAPUPHOMU cTaBke, (3yc), pyO. 33 162, 87 15 220, 84

0,3

IpemuanbHeiil k03¢ urmeT (Kyp)
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Kosd ¢unuent norat u Handoasox (Kj) 0,2

Paitonnsnit ko3¢ punuent (K,) 1,3

KosmyecTBO MecsieB paboTsl 63 OTIyCKa B TCUCHUE 10,4
roma (M), MecsIst

Mecsanas 3apaboTHas miata (3y), pyo. 64 677,60 29 680,64

CpenmnenneBHas 3apaboTHas maTta pabotauka (3 ,),
P P P () 2 950, 20 1353, 85

pyo.

IIpoKOIDKUTETEHOCTE  BHITIOJIHEHUS JAHHOTO
45 118
npoekta(T,), pa6. mu

OcHoBHas 3apaboTHAs IJIaTa HAYUCIICHHAS 3a 159 754, 3
132 759
BBITIOJIHEHUST JAHHOTO MPOeKTa(30cy), PYO

Koa¢ punmenT nonomHUTENIEHONW 3apabOTHOM TIIATHI

(knom)

0,13

JononHuTenpHas 3apaboTHAS TUIATA WCTIOJTHUTENCH,

(30n), PYO

17 258, 67 20 768, 1

Hroro, pyod 150 017, 67 180 522, 4

Bemruuna oTuncieHnit BO BHEOIOKETHBIE (DOHIBI OTIPECIACTCS HCXOS U3
caenyrorien (GopMyJIbl:
° PykoBoauTenb TeMbl

35 =Fk,os (3., +3,,)=0,3- (132759 +17258,67) = 45 013,4 py0.;

6GH.
o NHxeHep-1poeKTUPOBILMK

3 =k __-(3.+3, )=03-(159754,3+20768,1) =54156,72 py6.,

eneb

r11e Ky,es — KOODOUIMEHT OTYUCIICHUI Ha YIIaTy BO BHEOIO/IPKETHBIC (DOHTBI
(meHcuoHHBIN GoHA, POoHA 00SI3aTENHHOTO MEAUIIMHCKOTO CTPAaXOBaHUs U IIp.).
Ha ocnHoBanuu ct. 425 u 426 HK P® o0mas crtaBka B3HOCOB COCTaBIISET B
2018 ronmy:
o 22 % — Ha ICHCUOHHOE CTPAaXOBaHUE;
e 5,1 % — Ha MEIUIIMHCKOE CTPaXOBaHUE,
e 2,9% — Ha conuanbHOE CTPAxXOBaHUE.

OTtuncnieHus: BO BHEOIOHKETHBIE (POH/IBI MpecTaBUM B Tabmiie 38.
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Ta6mmma 38 — OtunciieHns BO BHEOIOKETHBIC (DOHIBI

OcHoBHas 3apaboTHast JdomosiauTeIbHAS
HUcnonnnre b
miara, pyo. 3apa0oTHasi miara, pyo.
PykoBoauTens Tembl 132 759 17 285,67
NnxeHep-npoeKTupOBLIMK 159 754,3 20 768,1
Koaddunuent oruncnenuii Bo 03

BHEOIO/KETHBIC (POHIBI

OTuuciieHust BO BHEOIOKETHBIE (DOHIbI

PykoBouTEH TEMBI 45 013,4
NHxeHep-npoeKTUpOBIMK 54 156,72
Hroro 99 170, 12

HakmagHeie pacxoabsl YyYUTHIBAIOT NPOYUE 3aTpaTbl OPraHU3AlMM, HE
MOMABIIME B TMPEABIIYIIME CTaTbH PacxXoJOB: I€4aTb M KCEPOKOIMPOBAHUE
MaTepHualioB MCCJIENOBAaHUs, OIUIaTa yCIyT CBS3H, 3JEKTPO3HEPTUH, MOYTOBBIE U
TenerpadHble pacxXodbl, Pa3MHOXKEHHE MaTepuasioB W T.a4. Vx BenmuuuHa

ompeAeNnsieTcs 1o cieayromnel hopmye:

3 s =(Boses  3oen + Boon + 3 ) -k, =807384 pyo.,

H cney don

rae Ky, — K0o3(h(QUINEHT, yYUTHIBAIOINIA HAKIIaAHbIE PACXOIBL.

Bemmunny ko3¢dduimenta HakIagHBIX pacXol0B MOXHO B3AThb B pa3Mepe
80%. PaccuuranHas BenMUYMHA 3aTpaT HAYYHO-TEXHHYECKOTO HCCIEAOBAHUS
SBJISIETCSI OCHOBOM 111 (popMHUpOBaHUs OrOJIKETa 3aTpaT MpPOEKTa, KOTOPBIN Mpu
dbopMuUpOBaHUM AOTOBOpPA C 3aKA3UYMKOM 3alIMIIAECTCS HAYYHOW OpraHu3auuel B
KayecTBE HWKHEro TMpefena 3arpaT Ha pa3paboTKy HAy4YHO-TEXHHUECKOM
MPOIYKIHH.

Tabmmma 39 — Pacuer Oroxera 3aTpar

HanmeHoBaHue cTaTbu Cymma, pyo0. %

3aTpathl Ha ClIeUAIBbHOE 000PyIOBaHHE

807384 46,6
JUIsl HAy4HBIX paldoT
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3arpaThsl 110 OCHOBHOMU 3f¢pa60TH0H miare 292 513.3 6.1
UCIIOJHUTEIIEH TEMBI
3arpatsl Mo nononHHTenLH(zn 3apaboTHOMU 38 053,77 0.8
IJIATE UCITOJIHHUTENEH TEMBI
Otuucnenus BO BHEOIOHKETHBIE (DOHIBI 99 170,12 2,1
Haxmannsie pacxomasl 769200 44 .4
Brouker 3arpar HTU 2006320 100

5.7 Cpok OKynaeMocCTH NMpoeKTa

CebectoumocTth 1 KBT'4 ¢ yuéTOM NOCTPOSHHOU TUAPOIIIEKTPOCTAHIINU, U
y4€ToM MPUOOPETEHHOTO 000pyAOBaHus, cocTaBisieT 26 pyo/kBr-u. Ucxons us
ATOTO pacCYUTAEM E€KETOJHBIM JOXOJ OT PeaM3alliu dJIEKTPOIHEPTUH C YIETOM
3aTpar Ha HKCIUTyaTaluio. 3arpaThl Ha 3kcIutyaramuio npumem 10000 pybreit B
roa. lomoBoe moTpebsieHHE JIIEKTPOIHEPTUH, KOTOpas Obula BbIpabOTaHa
ctarnuen coctaBut 10743 kBT. [lomydgaem cienyromryro dpopmyay:

D =10743 kBm-ux26 py6 | kBm-u—10000 py6 =269318 py6

s magama paccumtaeM cpok okymaemoctd BOC 06e3 ydera HOpPMBI

TUCKOHTA. Z,,,, —CyMMapHbie KamutanoBinoxenus 4 789 295,07 pyb, D-

eXeroaubiid qoxoa. [omygaem dopmyiy:

T _Zeymm 2006320

OKVIIL™ " p seo3lg | hrem

PaccunTaem 4MCTBIN JUCKOHTUPOBAHHBIW 1OXO/, IPUHIB HOPMY JUCKOHTA

7,25% (r=0,725) u cpok skcmyaTaruu 20 jer.

n Di ~ n Ii
NPV Gy @

i=1 i=1
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¥ D3¢ 269818

Z =2879 000, 7 py6
= L+ r) ~ (1+0,725)'

> L 2006328 = 2789 295,07 py6,
='@+r) (@+0,1

rae | —KaIIUTAJIOBJIOKCHHUA, N — IPUHUMACM pPaBHBIM 0, T.K. KaIIMTAJIOBJIOKCHHUC

OBILJIO BCETO OJIlMH pa3 B CaMOM HaydaJIC CPOKa SKCILTyaTallruu.

n

NPV = Z Z =2879000,7 -2 789 295,07 =89705,63 pyo
(1+ r) (l+ r)

i=1

Eciiu NPV> 0 to Habmonmaercs pocT 0JarocOCTOSHHUS WHBECTOPA, €CIU
NPV< 0, To Habmronaercss yMeHbllIEHHE 0JarocoCTOsIHUS MHBeCcTOpa. B manHoM

ciaydae NPV> 0

Takkxe MOKeM paccumTaTh MoKa3aTellb peHTa0eIbHOCTH HHBEC THIIHIA:

n Di
Pl_g‘(ur)i ~2879000,7
an |, 2789295,07

= (L+r)

PI>1 cienoBaTenbHO MHBECTUIIMH BKJIAIbIBaTh peHTabensHo (ecau PI<I, To
COOTBETCTBEHHO BKJIa/IbIBATh MHBECTUIIMHA HEPEHTAOEIBHO).

Jlis Toro, 4ToOBl OMPENETUTh CPOK OKYIAEMOCTH IPOEKTA, PACCUUTAEM
YUCTHIN TUCKOHTUPOBAHHBIN TOXO]I 110 F0JaM M BHECEM IOJIy4YEHHBIE PE3yIbTaThl

B Tabmiy 40. A taxke moctpoum rpaduk 3aBucUMOCTH f(2odur) =NPV

Tabmuma 40 — Pacuer NPV mo romam skcrutyatarum

Yucteiit nuckonTUpoBanHbIi 10x01 (NPV),

['oawl Dxcryaranuu
8 Tyt pyo6

-2789295.07

-2368448.27

-1947601.47

-1526754.67

-1105907.87

O BIWIN RO

-685061.07
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6 -264214.27
I 260866.53
8 681713.33
9 1102560.13
10 1523406.93
11 1944253.73
12 2365100.53
13 2785947.33
14 3206794.13
15 3627640.93
16 4944253.73
17 5365100.53
18 5785947.33
19 62067/94.13
20 6627640.93

N3 Tabmuter 20 BugHO, uTo NPV ¢ OTpHUIIaTeIbHOTO 3HAYEHUS TIEPEXOIUT

Ha TOJIOKUTEIHHOE B IMIEPUO MEXKIY 7 M 8-M TOJI0M.

BbiBoa mo riaase 5

[lpousBeneHo IUIAHMPOBAHUE HAYYHO-HCCIEAOBATENbCKUX paboT W
NpoBepeHa  KOHKYPEHTOCNOCOOHOCTh  ruipoTrypOuH. B xome pabotsl
chopmMupoBaHa rpymmna U C(OPMYIMpPOBaHbl ~ 3Talbl  BBINOJIHEHUS
NOCJIEIOBATENbHBIX PabOT, MOCTpoeHa auarpaMma ['aHrta, cereBoil rpaduk, B
KOTOPOM YKa3aHbl MAaKCHUMAJIbHbIE M0 JJIUTETLHOCTH pPabOThl KaXKIOTO U3
YYaCTHHUKOB. 3aTeM TMPOU3BENEH pacuera Oro[KeTa HAy4YHO-TEXHUYECKHUX
uccienoBaHuil. B utore 11 npoBeieHUs HAyYHOTO UCCIIeI0BaHUS HE00X0 MO 3

000 000 py0, a st OKyImaeMoCTH IPOEKTa TpeOyeTcs 7 JeT.

6. COIII’Ia.TIbHaH OTBETCTBCHHOCTD

[IpencraBnenne o moHsATHH «ColManbHas OTBETCTBEHHOCTHY» OYIYIIHA
CIELMAIMCT MOKET MOJYy4uTh M3 MexayHapoaHoro crtaHjgapta ICCSR26000 :

2011 «CouuanbHasgs OTBETCTBEHHOCTh OpraHu3anuu». B 3TOM JOKyMEHTe
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NPUCTYNUBIIETO K HAIMCAaHUIO pas3Jena KacarTCs BOIPOCHl BBIIOJIHEHUS
TpeOOBaHM1 K O€30MaCHOCTH U TUTHEHE TPYAA, K IPOMBIIUIEHHON O€30M1aCHOCTH,
OXpaHe OKpyXKawlleil cpenbl U pecypcocOepexeHuto. B cooTBercTBUM €O
CTaHIAPTOM LEISIMU COCTAaBJCHUS HACTOSIIIETO pasjenia JOJHKHO SBUTHCS
OPUHATUE TPOEKTHBIX PEIICHUH, UCKIIOYAIOIMX HECYacTHbIE CIy4yaul B

MPOU3BOJICTBE U CHMYKEHUE BPEAHBIX BO3/ICUCTBUI HA OKPYKAIOIIYIO CPEy.

6.1 IlpousBoacTBeHHAsi 0€30MACHOCTH

6.1.1 AHanu3 BpeaHbIX (PAKTOPOB NMPOU3BOACTBEHHOI Cpe/bl

B mepuon skcrutyararmm, 10/mhKHa 00ecednBaThCs 0€30MacHOCTh TPY/ia o
BO3IEHCTBUIO HA YEJIOBEKA:

Bpennsix ¢akTopos:

— BUOpanuy;

— yMa,

— OCBEUICHUS;

— BO3MO>KHbIE HEHOPMATUBHBIE METEOYCIIOBUS ;

— OJICKTPOMArHUTHBIX MOJICH.

6.1.2 Ilpou3sBoACTBEHHAS] CAHUTAPHUS

Cormacao I'OCT 12.0.002-97 npon3BOJICTBEHHOW CaHUTAapUEN HA3BIBAETCS
CUCTEMa  OPTraHU3ALUMOHHBIX  MEPONPUSITHUA U  TEXHUYECKHX  CPENACTB,
NpeIOTBPALLAIOIINX WIM YMEHBUIAIOUMX BO3/IEHCTBUE HA PAOOTAIONIMX BPEIHbIX

MIPOU3BOICTBEHHBIX (PaKTOPOB.
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s co3manusi HOPMAIBHBIX YCIOBUH pabOThl 00BEM MPOM3BOICTBEHHBIX
MOMEIICHUM JOJDKEH COCTaBJsiTh Ha OJHOTO padoTaroliero He meHee 15 M,
wion@aab He meHee 4,5 M, IMpU BbICOTE NomenieHuss He menbiie 3,2 m [CII
2.2.1.1312-03].

B 1exax momkHBI OBITH TPEAYyCMOTPEHBI TapAepoOHbBIE, IYIIEBBIC,

IMOMCHICHWA OJI1 OTAbIXd, O3 JOPOBUTCIBLHBIC KaOHMHETHI JJIA pa60q1/1x CTaHII1H.

6.1.3 Bo3ayx paGoueii 30HbI

Bonbioe 3HaueHue AJs1 OXpaHbl 3J0POBbS M TpyAa 4YeIOoBEeKa HMEET
KaueCTBO BO3/lyXa B IMPOU3BOJICTBEHHBIX ITOMEIIICHUSIX.

[Io TOCT 12.1.005-97CCBT HOpMHpYIOTCS CIEAYIOLME IapameTphl:
memnepamypa, OMHOCUMENbHAS GIANCHOCMb, CKOPOCHb 0BUICEHUST B030VUIHO2O
nomoxka, I1/[K epednvix eewyecms.

DOTu naHHbIE NTpUBENCHBI B TabmuIe 41.

Tabmmma 41 — HopMupyemoe KkauecTBO BO31yxa

CxopocTb
OTtHOCHUTEBHA
Kareropusa | Temmneparyp JBUKEHUS
Ce3oH rojza sl BJJAXKHOCTB,
paboTHI a, C° 0 BO3/1yXa,
Y0

M/C

I 20-30 0,2

. lla 18-20 0,2

XO0JIOTHBIHI G 7719 60-40 03

Il 16-18 0,3
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I 22-25 0,2

. Ila 21-23 0,3
Terubrit e 5057 60-40 04
Il 18-21 0,5

[Ipu oneHKe AOMYCTUMBIX 3HAYEHUM TeMIEpaTryphl U BIAXKHOCTH BO31yXa
YUUTHIBACTCS KaTeropus TskecTd padotr. Ilo cremeHn ¢Gu3mM4ecKor TKECTH
paboTta oTHOCHTCS K KaTeropuu cpeaeit Tsoxectu 116 (CanlluH 2.2.4.548-96).

[TapameTppl MUKpOKJIMMAaTa B 3UMHEE BpeMsl MOJICPKUBAIOTCS CUCTEMOM

OTOIUIEHHUS, JIETOM — 00IIIe0OMEHHOM BEHTHIISIIHEN.

6.1.4 BenTniasauus

[Ipu ocymiecTBICHUH JIFOOOTO MPOU3BOJCTBEHHOTO MPOIIECCa, KaK MPaBuiIo,
BCEraa BpLACIAECTCS TeEIOTa. VICTOYHMKAMM  TEIUIOTHl  ABJSIIOTCS  II€YH,
MaponpOBOJIbI U T. A. TEIUIOTa BBIACISAECTCS NPU CKUTAHUU TOILIMBA, HATPEBE, MPH
NIEPEXOJIE AIEKTPOIHEPTUHN B TEIUIOTY U T. II.

Jns moppep:kaHusT MHKPOKIMMAara B LE€XaX CTAaHUUMU B ONTHUMAIBLHOM
COCTOSIHUY WCTOJIb3YETCS BEHTWII LU IIOMEIIEHU M.

Bentunsuys TO3BOJIIET OCYIIECTBIISITh PETrYyIUPYEMbI BO3AYXOOOMEH,
obecrieunBalOIMid ~ HOPMAaJbHBIE  CAHUTAPHO-TUTHEHUYECKHE  YCIIOBUA B
MIPOM3BOJICTBEHHBIX MOMEIIIECHUSX.

B mexax cTaHIMU UCTIONIB3YETCS 00We0OMeHHAs, MeXaHUYecKas npUumoyHo-
BLIMANCHAA 6eHMUAYUA. JIJI1 OUUCTKU 3arpsA3HEHHOTO BO3/1yXa, BBIOPAaChIBAEMOTO

B aTMoC(pepy UCTOJIBb3YIOTCS NbuieoTAenuTeH [40].

6.1.5 3anmmTa oT IymMa ¥ BUOpanuu
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Tak xe K BpeaHbIM (aKTopaM Ha MPOU3BOJCTBE OTHOCUTHCA UIyM.
[loBpIlIEHNE 3BYKOBOT'O JIaBJICHHMsI HETaTUBHO BIMSET Ha opradH ciayxa. /[l
u3MepeHuss rpomkoctd (B gemmOenax J[0) Moker OBITh HCHOJIb30BaH
JBYIIKATbHBIN IITyMOMED.

[llym Ha uccieqoBaTebckoM pabodyeM MecTe CO3/1aETCsl BEHTUIALIMOHHOM
CHUCTEMOM U MPOU3BOICTBEHHBIM 000PYAOBaHUEM (CTAHKH).

B kauecTBe 3alMTHI OT IIyMa M 3BYKa CJIEAYET MIPUMEHATh HOPMUPOBAHHUE;
HEKOTOPhIE TEXHUYECKHUE TOHKOCTH, 3BYKOU3OJHLMIO, 3BYKONOIJIOIICHHUE,
CIIeIMaIbHBIE TIIYIIATENH a3POAUHAMUYECKOTO IIIyMa, CPEICTBA UHANBHUIYAIbHON
3alMThl  (HAYIIHUKW, Oepyld, TPOTUBOUIYMHbIE KAacKd, CIeHUaJbHas

IPOTUBOILIYMHAs OJIEKA).

Tabmuma 42 — Jlomyctumblie ypoBau myma (I'OCT 12.1.003-83)

YpoBHU 3ByKOBOTO J1aBiicHUS (JIb) B OKTaBHBIX | YPOBHHM 3BYyKa
M0JI0CaX CO CPEIHEr€OMETPUUECKHUMU U
Kareropus yactoTamu, [t DKBUBAJICHTHHIE
MaIlIHbI YPOBHHU 3BYKaQ,
63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 1o
nbA
Breinonnenne
BCEX BHUJIOB
paboT Ha O5( 87 | 82| 78 | 75 73 71 69 80
TEPPUTOPUU
P EAIPUATHN

Tabmma 43 — JlomycTUMBIC aMIUIMTY 1Bl BUOpOTIEpEMEIICHUH SISl Pa3IMIHBIX
ycnoBuii Bo3zaeictBus BuoOparmu (TOCT 12.1.012-90)

-3
Amriuiryna Bubponepemenienus, Mx 10
Ha MOCTOSHHBIX B B [TOMEIICHUSAX
Yacrtora
.| pabodyux MecTax |MPOU3BOJICTBEHHBIX paboOTHUKOB
rapMOHUYECKON
.| CTaMOHApPHBIX MOMEIICHUSAX, HE | YMCTBEHHOTO Tpy/ia U
COCTABJISIOILICH,
T MaIllvH B UMEIOITHX nepcoHaa, He
|
MPOU3BOJACTBEHHBIX|  HCTOYHUKOB 3aHUMAIOIIET OCSl
MOMEIICHUSIX BUOpaIuu (GU3NUECKUM TPYIAOM

110




AmmnTyna Budbponepemenienus, mx 10~
HAa MOCTOSHHBIX B B MTOMEIICHUSIX
YacToTa
.| pabodyux MecTax |MPOU3BOJJICTBEHHBIX paboOTHUKOB
rapMOHUYECKON
.| CTalMOHAPHBIX | TOMEMICHUSX, HE | YMCTBEHHOTO TPYJa U
COCTABJISIOILICH,
E MAIlIMH B UMEIOIIIX nepcoHania, He
B MPOU3BOJICTBEHHBIX|  HMCTOYHHKOB 3aHHUMAIOIIEr0Cs
HNOMEIIECHUSAX BUOpaLu bu3nyecKuM TpyaoM
2 1,4 0,57 0,2026
4 0,25 0,1 0,0354
8 0,063 0,025 0,0090
16 0,0282 0,112 0,0039
31,5 0,0141 0,0056 0,0020
63 0,0072 0,0028 0,0010

Bcé obopymoBanue, ABISIOIIEeCs] UCTOYHUKOM BHOpaIWid, JODKHO OBITH

YCTaHOBJIEHO HAa BUOpOOMOpax.

6.1.6 OcBemenue

OreHKa OCBEIIEHHOCTH pabdoueld 30HBI HeoOXoauma JJjisi oOecTieueHUs
HOPMUPOBAHHBIX YCIOBUHN paObOTHI B TOMEIICHUSIX U MPOBOJIUTCS B COOTBETCTBUU
¢ CanlluH 2.2.1/2.1.1.1278-03.

[IpaBuIbHO  CHPOEGKTHUPOBAHHOE W BBHITIOJHEHHOE  OCBEIICHHWE Ha
MPEANPHUATHHA, O0ECTICUMBACT BO3MOYKHOCTh HOPMAJIBLHOW MPOU3BOICTBEHHOM
JIESITEIbHOCTH.

HawnydimM BUI0M OCBEIIEHUS SIBIISIETCS JHEBHOE, cosiHeuHOoe. [lorTomy B
cootBerctBuU ¢ CII Bce 1exa cTaHIMM HMMEIOT e€cTeCTBEHHOE ocBemieHue. Ho
JTHEBHOM CBET HE MOXET O00ECTEUUTh HYXHOE OCBEIICHHE B TEYEHUU BCETrO
paboyero AHs, a TaK K€ 3aBUCHUT OT IMOTOJIHBIX YCIIOBHIA.

[ToaTOMYy 11€Xa CTAHITMU 00ECTICUMBAIOTCS €CTECTBEHHBIM M UICKYCCTBEHHBIM

OCBCILICHUEM. B xauecTBEe ICTOYHUKOB HCKYCCTBCHHOI'O OCBCHICHUS ITPUMCHAKOTCS
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nyroBeie pTyTHBIE Jamibl (IPJI) ¢ MuHuManbHOUM ocBemeHHOCThIO0 0T 300 JK 1

oouee.

6.2 AHaan3 onacHbIX (JaKTOPOB NPOU3BOJICTBEHHOM Cpe/Ibl

B nepuo 1 skcrutyataimu, 10JKHA 00€CTIeYuBaThCsl 0€30MaCHOCTh TPY/Ia 10
BO3JCHCTBUIO HA YEIIOBEKA:

OmnacHbIX (PaKTOPOB:

— 3JICKTPOOE30MacCHOCTH;

— TI0’KapOB3PHIBOOE30TTIACHOCTH.

6.2.1 JaexTpobe30nacHOCTb

DIIeKTpUY €CKUIM TOK MPEICTABISAET 3HAYUTEIIbHYIO OTTACHOCTh JJ1sI 3[I0POBBSI
YEeJIOBE€Ka HEMOCPEACTBEHHO IMPH KOHTAKTE 4YEIOBEKAa C TOKOIPOBOMISAIIEH
MOBEPXHOCTHIO.

DIIeKTp0o0e30MacCHOCTh - CHUCTEMa OPraHU3AIMOHHBIX U TEXHHUYECKUX
MEPOIIPUATHA M CPEACTB, OO0CCTICUHMBAIONIMX 3AIUTy JIOACH OT BPEIHOTO H
OMACHOTO  JICMCTBUS  DJICKTPUYECKOTO  TOKA,  JJIEKTPUYECKOW  JIYTH,
AIIEKTPOMArHUTHOTO TOJIS U CTAaTUYECKOTO dJIeKTpuuecTBa [41].

[IpoxokaeHrue SIEKTPUYECKOTO TOKa Yepe3 TEJI0 YEJIOBEKa BbI3HIBAET
MOPAXKEHUE PA3JIUYHBIX OPTraHOB, OKAa3bIBAECT BO3JCHCTBUE HA HEPBHYIO CUCTEMY,
KPOBEHOCHO-COCYAUCTYIO CUCTEMY YEJIOBEKA, HA KPOBb, CEP/ILIE, MO3T U T.]I.

[Tomemnienne TpaHcHOPMATOPHOM TMOJCTAHIIMM SIBJISIETCS TTOMEIICHUEM
MOBBIIIEHHON OTMACHOCTH, TaK KakK BBITIOJHICTCS OJHOBPEMEHHO JBa YCJOBHUS
MOBBIIIICHHO OTIAaCHOCTH: TOKOTIPOBOISIINE TOJIBI, BO3MOKHOCTH

OJHOBPCMCHHOI'O IIPHUKOCHOBCHUSA YCJIOBCKA K MMCIOIIUM COCAMHCHUC C 3eMJiei
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METAUIOKOHCTPYKIMAM 3JaHUM, TEXHOJOTHUYECKHM ammaparaM, MeXaHu3MaMm Hu
T.IL., C OTHOM CTOPOHBI, U K METALTMYECKUM KOPITycaM 3JIEKTPOOOOPYIOBaHUS — C
JIPYTOH.

Buabl BO31€MCTBUI 3IEKTPUUECKOTO TOKA HA OPTaHU3M 4YEJIOBEKa:

o TEPMUYECKOE BO3JIEUCTBUE TOKA MPOSBIKIETCS B 0KOrax, HAarpeB
KPOBEHOCHBIX COCYJI0B, CEPALA, MO3ra U IPYrUX OPTaHOB, HAXOISIIMXCS HA IIyTH
IPOTEKAHUS TOKA 10 KPUTUYECKOU TEMIIEpaTyphl;

o ANIEKTPOJIMTUYECKOE JEUCTBHE TOKA BBIPAXKACTCS B Pa3JIOKECHUU
KPOBH, UTO HapyIIAET €€ COCTaB U (PYHKIINU;

o MEXAHMYECKOE JICMCTBHE TOKAa TMPOSABISIETCS B 3HAYUTEIBHOM
JIaBJIEHUU B KPOBEHOCHBIX COCYJIaX U MBIIICYHbBIX TKaHSX;

o OHoJornYecKoe AeHCTBIE TOKA MPOSBISETCS B pa3pakeHUH KUBBIX
TKaHeW, YTO BBI3bIBACT PEAKIIUIO OpraHu3Ma — BO30YKIEHHUE, YTO U 00YCIaBIMBACT
HENPOU3BOJBHOE COKPAIICHNE MBIIIII.

[Ipn Hanbonee HEOJAroNpUATHOM HCXOAE BO3ACHCTBUE ANEKTPUUYECKOTO
TOKA MOKET IMPUBECTU K CMEPTH YEJIOBEKA.

OCHOBHBIM JOKYMEHTOM, PErIaMEHTHD YIOLIM BO3/ICHCTBUE
AIIEKTPUYECKOTO TOKA B IPOU3BOJICTBEHHBIX yCIOBUsAX, sABisiercss [[OCT 12.1.009-
76.

Jng 3anmThl mepcoHaa OT MOPAXKEHMs IEKTPUYECKHM TOKOM B II€Xax
CTAaHUMU  MCIIOJB3YIOTCSA  CIEAYIOIIME MEphl: 3ammra OT  CJIYy4YauHOIO

IMPUKOCHOBCHM:A; 3aAIIMTHOC 3a3CMJICHUC, 3aHYJICHUC.

6.2.2 3aumTa OT CJIy4aifHOT 0 MPUKOCHOBEHMS

I[JBI HCKIIFOYCHHUA BO3MOXKHOCTH CJTY‘—IELIZHOI’O IMPUKOCHOBCHUWA UJIK OITACHOTO

HpI/I6J'H/I)KeHI/I$[ K TOKOBCAYIIMM 4YaCTAM B ILCXaX CTAaHIINU oOecrnieynBaeTcs HX
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HEIOCTYIIHOCTh MyTeM  OTpaXJeHHus, OJOKMPOBOK WM  PAaCIOJIOKECHUS
TOKOBEIYILIMX YaCTEl HA HEJOCTYIIHYIO BBICOTY.

OrpaxaeHusi MPUMEHSIOTCSI KaK CIUIOIIHBIE, B BHUJIE KOXKYXOB M KPBIIIEK,
npuMeHsieMble B AnekTpoycTaHoBkax 10 1000 B, Tak u ceTdarbie, KOTOpbIE UMEIOT
JBEpH, 3aMPAIOIIUECS Ha 3aMOK.

B 3jekTpoyctaHoBkax 10 1000 B orpaxnarorcss — HEW30JIMpPOBaHHbBIE
TOKOBEAYIIME YaCTH, HAXOJsUMecs NoJ HampspkeHuem dactu JJI, myckoBas
anmnaparypa, OTKPbITbIE IJTABKHE BCTABKHU.

B anektpoycTtanoBkax Beimie 1000 B — Bce 0e3 UCKITIOUECHHSI TOKOBETYIINE
4acTu (M30JUPOBAHHBIC U HEU30JMPOBAHHBIC) TOJHKHBI OBITh HAJIEKHO OTPaXkKICHBI
CETKaMM, 3aKPbIThl METAUIMYECKUMHU JBEPSIMH, 3aKIIOUYEHBbI B METAUIMYECKHE
SIIMKUA WM PACTOJIOKEHBI HA HEOCTYITHOM BBICOTE.

BIOKMpPOBKM TPUMEHSIOTCST B 3JIEKTPOYCTAaHOBKAX, B KOTOPBIX YacTo
IPOU3BOAATCS PabOTHI HA OTPAKIAEMBIX TOKOBEIYIMX YaCTSIX U AIEKTPUUECKUX
anmapartax. JJEKTpUYeCKHe OJOKMPOBKH  OCYIIECTBIAIOT pa3pbiB  LIEMHU
CIIEIMAIbHBIMU KOHTAKTaMH, KOTOPBIE€ YCTAaHABJIMBAIOTCA HA JBEPSAX KOXKYX.
BIIoKupOBKM IPUMEHSIOTCS TaKXe ISl MPEeIyIPEKACHUS OMMMOOYHBIX TEHCTBUN

nepcoHaa npu nepexmoueHusix [41].

6.2.3 3ammuTHOE 3a3eMJIeHHE

3alIUTHOE 3a3€MJICHUE — IPEIHAMEPEHHOE JIEKTPUYECKOE COEAUHECHUE C
3EMJIEM WJIM €€ DKBUBAJIECHTOM METAUIMYECKUX HETOKOBEAYIIMX YacTel, KOTOPBIE
MOT'YT OKa3aTbCs NOJ HANPSIKEHUEM BCJICACTBUE 3aMBIKAaHHWS Ha KOPIIYC W IO
IpYyruM MNpUYMHAM (MHIYKTUBHOE BIMSHUE COCEIHUX TOKOBEIYIIMX YacTeH,
BBIHOC TOTEHIMANa, pa3ps/l MOJHUU U T. 1.). OCHOBHOE Ha3HAYEHUE 3aALTUTHOTO
3a3€MJICHUS — YCTPAHEHHUE OIACHOCTU IOPAXKCHUS IEPCOHANA JIIEKTPUYECKUM
TOKOM IIpM  TOSBICHUM  HAIPSDKEHWs HA  KOHCTPYKTHBHBIX — 4acTiAX

ANEKTPOOOOPYAOBAHHUS.
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CTOUT OTMETHUTh, YTO 3aIIMTHOE 3a3E€MJICHHE HE BCErJa MOXKeET OBITb
s dextuBHbIM. Torna npuderarT K 3aHyJICHHIO.

Pacuer 3aliuTHOTO 3a3eMJICHUS.

HckyccTBEeHHOE TpYMIIOBOE 3allMTHOE 3a3emisiioniee ycTpoictBo (Y33)
COCTOUT U3 BEPTUKAIbHBIX AJIEKTPOJOB M TOPU3OHTAIBHO PACIOJIOKEHHOMN
COCIMHUTENBHON TIOJOCHI, COCIUHEHHBIX MEXKIy coboil cBapkoi. s
obecrieueHUsT HAASKHOW  3aIUTBl  OT  DJICKTPOMOPAXKEHHUS  yCTPOUCTBO
3armyomsercs B 3emiie Ha 0,7-0,8 M. DTOo HEOOX0AMMO, TaK KaK BEPXHHHA CIIOU
36MJIM TIPOMEP3AET M BBICHIXAET NPU CHWKEHUUM W TOBBIIIEHUH CE30HHBIX
KOJIe0aHUW TeMIlepaTypbl, YTO MOKET NMPUBOIUTH K BO3PACTAHHUIO YAEIHHOTO
COIIPOTHBJICHUSI PACTEKAHUIO TOKA B 3EMIIE.

st yMeHbIIEHHS pa3MEPOB U SKOHOMUYECKUX 3aTpaT Ha COOpYyKeHne Y33
PEKOMEHYEeTCS UCIOJb30BaTh COMPOTUBIICHUE €CTECTBEHHBIX 3azemiuTeneil. B
Ka4ecTBE KOTOPBIX MOKHO HCMOJb30BaTh: CBHUHIIOBbIE OOOJIOUKH KaOenew;
WH)XCHEPHBIE COOPYKEHHUSI, TIPOJIOKEHHBIE B 3€MJIE, KpOME TPYOONPOBOAOB IS
FOPIOYMX KUJIKOCTEN; TPO303alIUTa ONOP JTMHUM AICKTPOTEPEIAYH.

B namnoit pabGore pacuer Y33 BBINOJHEH, MCXOAS W3 JIOMYCTUMOTO,
cormacHo IIYD, compoTuBieHUS 3a3eMJIMTENS] PACTEKAHUIO TOKAa METOJI0M
K02((HUITMEHTOB UCTIOTb30BAHMUS.

HcxoHble TaHHBIE I pacyeTa:

Jlnsa pacuera 3a3eMiIeHUsT HEOOXOIUMBI CIIETYIOIINE CBEICHNUS

1) xapakTepucTHKa 3JIEKTPOYCTAHOBKHU: 3JIEKTPOYCTAHOBKA HAIPSKEHUEM
1o 1000 B (220/380 B), momnHOCTRIO N = 12,88 KBT;

2) hbopMBI M pa3MeEpPBI ANEKTPOOB, U3 KOTOPHIX MPEAIOIAracTCsi COOPYAUTh
MPOEKTUPYEMBIM TPYNIOBOM 3a3eMIIMTENh, a TaKXKe MpeAroJsaraeMas riIyouHa
MOTPYKEHUS WX B 3eMJII0. BepTukanbHbIe (CTEPIKHEBBIE) DIIEKTPOIbI, 3a0MBacMbIe
BEPTUKAJIHHO B 3€MIIIO, BHITIOJIHEHBI OOBIYHO U3 CTAJILHBIX TPYO JuaMeTpom 2,5 cM
C TOJIIMHOW CTEHKHM He MeHee 3,5 MM JuuHOM 2,5 M. 11 rOpuU30HTAIBHBIX

AIEKTPOJOB MMPUMEHSETCS MOJIOCOBas cTallb ceueHueM 4x30 Mm;
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3) yaenpHO€e CONPOTUBIIEHUE FPYHTA HA YUACTKE, I/1€ COOPYKAETCS 3a3EMIIH -

Teb, 60 OM M (B COOTBETCTBUU C Ta0I. 44).

Tabymua 44 — Y nenbHbIE COMMPOTUBIICHUS TPYHTA PACTEKAHUIO TOKA KOPOTKOTO

3aMBIKaHMSI
VYnneapHOE VYnneapHOE
I'pynT CONIPOTUBIICHHUE, ['pyHT COIIPOTUBJIICHHUE,
(OMm ™) (Om M)
Ilecok cyxoi 2500 ['muna 60
Hecox 600 Topd 20
BJIQXKHBIN
Cymnecok 300 Kamennsiii 4000
YepHozem 200 Bona peunas 100
CyriamHox 100 Bona ozepHas 50

4) ecTecTBEHHBIH 3a3€MJIMTENb: TPYOONPOBOA MIMHOM L=25M, IpOJIOKEHHBIN B
3emJie Ha riayoune 2,5 M, tuamerpoM D=35mm.

6.2.4. lloxkapHas 0e30MaACHOCTH

[IpoTuBOMmOXapHas 3auMTa MMEET CBOEH LENbI0 HW3bICKaHWE Haubosee
(h(HEKTUBHBIX, YIKOHOMUUYECKH IEJIECO00Pa3HBIX M TEXHUYECKH O0OOCHOBAHHBIX
CIIOCOOOB H CPEICTB MPEAYNPESKICHHUS IO0XapOB W HUX JHMKBUJAIUHA C
MUHUMAIBHBIM YIIEpOOM TIpU Haubosiee palMOHATHHOM MCTOJIB30BAHUU CUI U
TEXHUYECKUX CPEACTB TYIICHHUS.

Cuctema TMOXXapHOW 3allUThl MPEIYCMATPUBACT CICAYIONIUE MEpPHI:
MPUMEHEHHUE HE TOPIYMX UM TPYAHOTOPIOYUX BEIIECTB W MaTepualioB B
MIPOM3BOJICTBE, OTPAHUYCHUS KOJUYECTBA TOPIOUMX BEUIECTB M UX HaJJIexKallee
pa3MeEIICHNE; U30JISIIMS TOproYel cpebl; MPUMEHEHHE CPEJICTB KOJUIEKTUBHOM U

VHJIUBUIYAIbHOW 3aIIUThHI OT OTHS U CPEACTB MOKAPHON CUTHAIIM3 AL,
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Bce mexa craHmum  oOOpyAYIOTCS — SJEKTPUYECKOW  MOXKApHOU
CUTHAJIM3alUEH, KOTOpas CIYKUT JJIs1 OBICTPOTO M3BEICHHSI CITY>KOBI IMOKApPHOM
OXpaHbl O BO3HUKIIIEM MOXKape.

[Tomumo moskapHOro 000PYIOBaHUS B MECTaX, ONPEACICHHBIX MOKAPHOU
OXpaHOM, JOJKHBI ObITh pa3MEIIECHBI MOXKAPHbBIE IUTHI CO CIEAYIOIUM HabOpOM
M0KapHOTO 000PYIOBAHUS: TOTIOPOB — 2; IOMOB H JIOTIAaT — 2; 6arpoB >KeNe3HbIX —
2; Belep, OKpallCHHBIX B KpacHBIA I[BET — 2; OTHETyHMTeNeH — 4 BO3AYIIHO-
AMYJIIbCUOHHBIX MO 2 yutpa Kaxablid [[loctanoBnenue IIpaButensctBa PD ot
25.04.2012 N 390 O npoTHUBOIIOXKAPHOM pEKUME].

[Ipy TylleHMHM MOXAPOB B AJIEKTPOYCTAHOBKAX BO3HUKAET OMACHOCTh
MOPAXKEHUST DJIEKTPUYECKUM TOKOM. HeoOX0auMO OTKIIIOYUTh HaIpsKEeHUE,
NPEX]IE UeM MPUCTYNATh K TYIICHUIO Moxkapa. [lopaxkeHue >1MeKTpruiecKuM TOKOM
MOXkeT HacTynuTh B pesynprate ['OCT 12.2 037-78:

o HEMOCPEACTBEHHOTO TMPUKOCHOBEHHUS K TOKOBEAYIIUM YacTAM,
HAXOISIIIUMCS 101 HAMPSIKEHUEM;

o MPOXOKJICHUS TOKA YTEUKH Yepe3 TENO YEIOBEKa;

o nomnajaHue ToJj IIaroBoe HampsibkeHue. Haubosbinas BepOSATHOCTh
NOPaKEHUSI BO3HUKAET B Clyyae, MPU KOTOPOM CTPYsl OTHETYHIAIIEro COCTaBa
JIOCTUTAET YacTeW 3JIEKTPOYCTAHOBKH, HAXOASILIEHCS 104 HanpsikeHrneMm. O THUM
U3 PEIICHU SBISIETCS MPUMEHEHHE TOKOHEMPOBOISIIMX OTHETYIIAIUX COCTABOB.
Kpome Toro, Bo3ropanue BO3MOMXKHO B TPYJHOJOCTYIHBIX JJI TYIIEHUS YaCTAX
YCTaHOBKH.

CyliecTBEHHYI0 pPOJb B MOXXAPHOM O€30MACHOCTU BJIEKTPOYCTAHOBOK
UTPAIOT MPABWIBHBINA BHIOOP M PEXUM PabOTHI SJEKTPOOOOPYIOBAHUS C YUETOM
M0>KapOOIACHOCTU U B3PBIBOOMIACHOCTH MOMEIIECHUI.

Bb160p anekrpuyeckoro 000pya0oBaHus JIJIsl OKapOOIMACHbBIX MOMEIICHUH,
Y Hapy>KHBIX YCTAHOBOK MPOU3BOJIUTCS B 3aBUCUMOCTH OT KJIacca MOMEIICHUS, T10

CTETICHU MOKapHOW OMAaCHOCTH OCYIIECTBIsIETCs coryiacHo [1YD-85 rn.7.4.
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B moxkapoomnacHeIX NOMEHICHUSAX, KaK MPAaBWIO, MPUMEHSIOTCS MAaIlWHbI
3aKpBITOTO THUIIA, 3AIUTA U annapaTrypa B MbUICHENPOHUIIAEMOM HUCIIOJTHEHUU.

Ha xaxxaoM npenanpusiTuu  J10JKEH OBITh YCTAHOBJIEH MPOTHUBOMOKAPHBIN
pEXKHM U BBINOJHEHBl MPOTUBOMNOXKAPHBIE Meponpusitus.  COCTaBISIIOTCS
KapTOUKHA TYLIEHUS ToXapa W OTICPAaTUBHBIN TUIAH TOKAPOTYIICHHUS.
OnepaTuBHBIN TJIaH HOKAPOTYIICHUS SIBJIIETCS OCHOBHBIM JJOKYMEHTOM, COCTOUT
u3 rpapuueckod M TEKCTOBOM YacTH U pa3paldaThiBacTCs NPEANpUATHEM
COBMECTHO C MOKAPHOW OXPAHOM.

[Ipu oOHapykeHWHM BO3rOpaHWW WM T0XKapa OTEPATHBHBIN IEPCOHAT

COTJIaCHO PCIrJIaMCHTY:

1. BbI13bIBaeT noskapHyro KOMaH1y.

2. OmnoBenaer pykoBOICTBO NPENNPUATHSA.

3. [lpousBoauT  HEOOXOAWMMBIE  OTKIIOYEHHS U 3a3€MJICHUS
000pyI0BaHUS.

4. Berpedaer noxapHyt0 KOMaHay, MPOU3BOAUT UHCTPYKTax no I1Th.

d. Beimaer pa3pernieane (q0IycK) Ha TyIIEHUE TI0Kapa.

6. Beimaer cpeacTpa 3ammThI.

1. 3a3zemIiseT MOoKapHyr MAIIMHY U CTBOJI.

B kaxaom 1iexe nopkHa OBITH pa3paboTaHa MHCTPYKLHUS O KOHKPETHBIX
Mepax MoKapHOU 6e301macHOCTH, MPOTUBOTIOKAPHOM PEKUME U IUIaH 3BaKyalluu
NEpCOHAJA U3 MOMEIICHUN.

[Iytn 3Bakyanmy INepcoOHajga KAaTErOPUYECKH 3alpeliaeTcsl 3arpoMOKIaTh
obopyaoBanueM. Ha myTsix sBakyallii yCTaHaBIMBAIOTCSl YKa3aTeld U CBETOBbHIE

TadJo.
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Pucynox 33 — IInan 3Bakyauuu

B cootBercTBUU ¢ TpeboBanusamu raasel CHull 2.01.02-85 sBakyanmonHbIe
MyTH JOJDKHBI OO0ECleYMBaTh OJBaKyallMI0 BCEX JIIOJCH, HaXOIAIUXCS B
MOMENICHUSIX 3JaHUil W COOpPYKCHHUU, B TEUYCHHE HEOOXOIUMOT0 BpPEMEHU
ABaKyalMu. PacueTHoe Bpems 3BaKkyaldd JIIOJIEWM W3 TMOMEUNICHUM W 3JaHUM
OTIPEACNAIOT UCXOMS M3 MPOTSKEHHOCTH HYBAKyallMOHHBIX IMYyTEHM M CKOPOCTH
JIBIDKCHUSI JIFOJICKMX MOTOKOB Ha BCEX y4acTKax MyTH OT HauOoJjiee yaaieHHBIX

MCCT OO0 9BAKYAIITMOHHLIX BBIXOJO0B.

6.3 DKoJorndyeckas 0e30MacHOCThH

BaxHpIMH HampaBIeHUSIMU OXPaHbI OKPY>KAOIIEH CPEIbI CIEAyeT CUUTATh
COBEPIIICHCTBOBAHUE TEXHOJIOTHYECKUX TPOIECCOB U pa3pabOTKy HOBOTO
000pyI0BaHUs C MEHBIIIMM YPOBHEM BEIOPOCOB B OKPYIKAIOIIYIO CPEY, 3aMEHY U
M0 BO3MO>KHOCTH IIMPOKOE MPUMEHEHUE JOTMOJHUTEIHLHBIX METOJ0B U CPEICTB
3alUThl OKPYKAIOIICH CPEBI.

Takke wu3-3a UCHOJL30BaHMUS OOTHUPOUYHBIX MaTEPUATIOB OO0pa3yHOTCA
TBEPJIbIC OTXOMBI, JJISI KOTOPBIX MPEIYCMOTPEHBI MECTa XpaHEHHUS, U B KOHIIE

CMEHBI OHM OYHILAKOTCA. [Ipu ynaneHnn 0TX010B ¢ TEPPUTOPUU NPEATPUATHI UM
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NPUCBANBAIOTCS KAaT€rOPUM OMNACHOCTU U BBIBO3SATCS HAa COOTBETCTBYIOIIME
MOJIMTOHBI (TPOMBIIIUIEHHBIX OTX0/10B, TOKCUYHBIX OTXOJI0OB U T.1.).

[Ipou3BOICTBEHHBIE CTOYHBIE BOJBI IOCJE€ COOTBETCTBYIOIIEH OYUCTKU
MOTYT OBITh TOBTOPHO HCIIOJb30BaHbl B TEXHOJIOTMUECKOM MPOLECCE, ISl YETO
CO3/1aI0TCSI CUCTEMBI 000POTHOTO BOJJOCHAOKEHUS TMOO 3aMKHYTbIE (O€CCTOUHBIE)
CHUCTEMbI BOJOCHA0KEHHUS W KaHAJIM3allMH, MPU KOTOPBIX HCKIIOYaeTcs cOpoc
KaKUX-TMOO BOJ B BOJIOEMBI.

BcenenctBue ucmonb3oBaHus paOOTHMKAMM — YIIEBBIX W TyaJjeTOB
o0Opa3ylOTCSl  JKUIKHE OTXOIbl IJIs  yAQJICHHWs, KOTOPBIX TMPUMEHSIOT

KAHAJIM3ALUOHHYIO CUCTEMY.

6.4 be3onacHOCTb B Ype3BbIYaHHBIX CUTYaMAX

OnHOM M3 OCHOBHBIX 33Ja4 MPU NPOEKTUPOBAHUU NPEINPUATUS SBIAECTCS
NOBBIIIEHUS UX YCTOMYMBON pabOThl B UpPE3BbIYAHHBIX CUTyalUsX (BOEHHOE
BpeMsl, CTUXUITHbIE O€ICTBU).

Jlst aTOr0 MpexycMmarpuBaeTcs 00JbIIoN 00beM padoT. K HuM oTHOCSTCS
WH)XKCHEPHO-TEXHUYECKUE M OpraHu3allMOHHbIE MeponpuaTHs. HkeHepHO-
TEXHUYECKUMH MEPONPUATUSIMU OOECTICUYHUBAIOTCS MOBBIIIEHUE YCTOWYUBOCTHU
IPOMBIIUIEHHBIX 3/1aHUAN, COOPYKEHHUH, OOOpYAOBaHUS U KOMMYHHUKALUN
OPEANpUATHS K BO3ACHCTBUIO MNOpPAXKAOUMX (DAKTOPOB SAEPHOTO OPYXKUS,
CTUXUHUHOTO O€NCTBUS.

YcToiunBoCTh pabOThl 00BEKTAa 3aBUCUT OT (PAaKTOPOB, OCHOBHBIMHU W3
KOTOPBIX SIBJITFOTCS
-  CHOCOOHOCTh HWH)XEHEPHO-TEXHHUUECKOTO KOMIUIEKCa O0OBeKTa (37aHus,
TEXHOJIOTHYECKOT0 000pYA0BaHUSI, KOMMYHHUKAIIMH) B OINpPEACICHHOW CTENEeHU

3aIUTUTH OT MOPAXKAIOIINX U pa3pyUTenbHbIX PakTopoB OIIM;
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- 00ecIe4eHHOCTh CHCTeMBbI pPabOTBI OOBEKTA BCEM HEOOXOJTUMBIM IS
MIPOM3BOJICTBA MPOYKIUHU (AJIEKTPUUECTBOM, ChIPHEM, TOIUIMBOM, BOI0);
- MIOJITOTOBJICHHOCTh 00BEKTA K BEJICHUIO BOCCTAHOBUTENLHBIX paldoT;
- OJITOTOBJICHHOCTh 00BEKTA K BEJACHUIO crlacaTelIbHbIX palboT;
- HaJIGKHOCTh YIIPABJICHUS, OTIOBEIICHUS U CBS3H.
Hopwmbl mpoekTrpoBanus MHKEHEpHO-TexHu4Yeckux meponpustuii (MTM)
['O — 3TO pyKOBO A TOKYMEHT, OTIPEACIISIOMNN TPEOOBAHUS M PEKOMEH AN
K TIPOBEACHUIO MEPOTIPUITHIA 00ECTIeINBAIOIINX YCTOMYUBYIO PabOTy HAPOIHOTO
X03sIicTBa cTpaHbl (pa3pabdareiBaercs mradbom 'O Poccun).
MepormpusiTis 1Mo MOBBIIICHNUIO YCTOMYHUBOCTH CUCTEM JIEKTPOCHAOKEHUS.
— CO3JAI0TCS TyOJIMPYIONME UCTOYHUKH JICKTPUYECKOM IHEPTUH, Ia3a;
— WHXEHEPHBIC U DHEPTETUYECKUE KOMMYHHUKAITUHU MIEPEHOCITCS B TT0I3EMHBIE
COOPY>KCHHS;
— HanOojiee OTBETCTBEHHbIE YCTPOWMCTBAa pa3Melarh B  MOJBATBHBIX
MOMEUICHUSIX;
— MPOU3BOISITCA TPOYHBIE KPEMJeHUs TPyOONpPOBOJOB M 3CTaKai, YTOOBI
n30eXaTh UX CIBUTA WK cOpoca;
— JIepEBSIHHBIC OTIOPHI 3aMEHSITh Ha METALIMYCCKHUE UITH KEJIe300CTOHHBIC;
— CO3JaETCs PE3€pB ABTOHOMHBIX HCTOYHHMKOB DJIEKTPOCHAOXKEHUA W
BOJIOCHA0KCHUS,
— MOJKIIFOUCHNE O0BEKTAa K HECKOJHKHUM HCTOYHHUKAM MHUTAHUS, YAAIEHHBIX
OJIMH OT IPYTOTO Ha PACCTOSHUE UCKITIOYAOIIMM MX OJHOBPEMEHHOE MOPaKEHHE.
YuuTeiBass ~ CJIOKHOCTh  CHCTEM  JJIEKTPOCHAOXEHHUS,  OTMACHOCTH
MPOM3BOJCTBA PAabOT Ha MOBPEXKIACHHBIX CETSIX BOCCTAHOBHUTEIbHBIC PAOOTHI
JOJDKHBI BECTHCH CICIUATM3UPOBAHHBIMU (OPMUPOBAHUSIMU JIHEPT ETUYECKHUX

CITyK0.
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6.5 IlpaBoBbie U OpPraHu3alUOHHBIE BONPOCHI 00ecnedeHus 6€30MaCHOCTH

Bo u3bexxanrne BBICOKOM aBapHHOCTH AJIEKTPOOOOPYAOBAHUS TIEPCOHA,
00CITy>KMBAIOIIMN 3JIEKTPOYCTAHOBKH, JOJDKEH OBITh CIENUAIBHO MOATOTOBIIEH,
3I0pOB, UMETh COOTBETCTBYIOIIME MPO(HECCHOHATHHBIC HABBIKH.

CocTosiHME 3I0pOBbS BJIEKTPOTEXHUYECKOTO MEPCOHANA OMPEAEIAETCS
MEJUIMHCKAM OCBHJICTEILCTBOBAHUEM MpU IpUeMe€ Ha paboTy U 3areM
nepuoandecku 1 pas B 2 roga. Jluna, He nocturmme 18-netHero Bo3pacrta, HE
MOTYT OBITh JOMYILEHbl K SKCIUIyaTallMd 3JeKTpooOopynoBaHusa. CyleCTBYIOT
NPOTUBOTIOKA3aHUsA K pabdoTe B 3JIEKTPOYCTAHOBKAX JUIsl JIML, OO0JaJarolmx
CTOMKUM TIOHWXEHHUEM CJIyXd, IUIOXMM 3PEHUEM, CTOMKUM CJIE30TOUYECHUEM,
HapylIeHHeM  BECTUOYISIPHOTO  ammapara,  ajlKOTOJMKOB,  HAapKOMAaHOB,
TOKCUKOMAaHOB.

JIutia u3 snekTporexHudeckoro mepcoHana co Il - V kBammdukanoHHBIMH
rpynnaMu Mo 3JeKTPOOEe30MacHOCTH HE JOJDKHBI MMETh yBeuuid U OoJe3Hei
(cTOMKOM (pOopMBI), MEMIAIOLIMX TPOU3BOJICTBEHHOM padoTe.

OOs3arenbHBIM  YCJIOBUEM JUIsl NPUHUMAEMBIX Ha paboOTy  JIHII
AIIEKTPOTEXHUUECKOTO TMEPCOHANA SBISIETCS MPOXOXKACHHE HMHU OOy4YEHUs.
[Ipou3BOICTBEHHO-TEXHUYECKAsA yue0a OCYILECTBISIETCS KBATU(PHUIIMPOBAHHBIMU
WHXCHEPHO-TEXHUYECKUMH PA0OTHUKaMU MO CHEIHAIBLHBIM  IIPOTpamMMaM.
[Ipo1omKUTenbHOCTh OOYUYEHHUS - 10 TPEX MECSIEB MIPU 0OYUEHUH C OTPHIBOM OT
MIPOU3BOJICTBA U JIO IIECTU MECSAIIEB O€3 OTPBIBA OT MPOU3BOICTBA.

[Iporpamma oOy4eHHs BKIIOYAET B c€0SI MUHUMYM TEOPETUYECKHUX 3HAHUH,
a TaKkKe W3YYEHHE CXEM D3JIEKTPOCHAOXKEHMs, BOIPOCOB MOHTaXa M PEMOHTA
ANEKTPOOOOPYAOBAHUS, JEUCTBYIOINIMX HOPMATUBHBIX JOKYMEHTOB, HOBHHOK
TEXHUKH, 3JIEKTpoOe30macHOCTH. HCKIIIOUEHUE COCTaBISIIOT SJEKTPOMOHTEPHI,
nepeleme Ha Jpyryro padoTy WM UMEBIIME NEepephIB B paboTe 00Jiee 0THOTO
roga. OOydeHue HX TPOUZBOJUTCA MO NporpamMme, pa3zpadoTaHHOMU

OTBCTCTBCHHBIM 3a BHGKTpOXOBHﬁCTBO ) nmog PpPYKOBOACTBOM  OIIBITHOIO
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cricnyalincTta B CPOKH, H€O6XOI[I/IMI)I€ AJI1 OCBOCHHUS IMNPAKTHUYCCKHNX HABBIKOB

paboOThl HA HOBOM MeCTe.

BriBoa mo riiase 6

[IpousBenen aHamM3 IPOU3BOJICTBEHHON 0e30MacHOCTH,
HKOJIOTMYECKOW 0e30MacHOCTH, OE€30MacCHOCTH B YPE3BBIUAWHBIX CUTYyalUsX,
IpaBOBbIE OpTraHU3aMOHHBIE BOMIPOCKH 0OecteueHus 6e30nacHoCTH. Ompe/eneHbl

Y TIPENIJIOXKEHBI MephI JIJIs1 oOecTieueHns 0€30TacHBIX YCIOBUN TPY/a.
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3aKjJI4YeHue

1. [IpoBeneH aHanM3 COBPEMEHHOIO COCTOSIHHS SJIEKTPOIHEPTETUKH B
Poccuiickoit ®epnepariy, W BBISBICHbI HaNpaBJICHUS €€ Pa3BUTHA, U LEIU
MOCTaBJICHHBIE TOCYAapCTBOM B 3TOM 00JIaCTH.

2. Cnenan anamms o6opyaoBanus 1t MEKpo I DC. OnpeneneHsl mIoc 1
MHHYCHI 000Py/TOBaHUS.

3. [IpoBenen ananmm3 060pya0BaHUS U OIIEHKA €0 d((HEKTHBHOCTH.

4. OmpeneneHa CTPYKTypHasi CXeMa aBTOHOMHOTO 3JIEKTPOCHAOXKEHHUS

IIOCEJIKA [0 SKOHOMUYECKUM KPUTEPHUSM.
S. [IpoBeneHa olEHKa MOTEHLMaNa BETPOBOW M COJIHEYHOW 3HEPTHH,

IMPOBCACH aHAJIM3 CTOMMOCTH, IIPHU UCIIOJIb30BaAHUHA 3TOM OHCPTHUMU.

6. OrmnpeneneHo KOJUYECTBO HHEPTHHM TMOTPEOSIEMOE TMOCEIKOM TI0
MecsIaMm.

1. CocTaBjieH 2HEPTreTUIECKUi OaaHC M CTPYKTYpHAs CXema.

8. [IpoBeneno o6ocHOBaHKE U BEIOOP 0OopymoBanms Ayt Mukpol DC.

9. Tlonmy4yeHsl AaHHBIE IO TMEPEXOJTHBIM TMPOIECCaM, B PE3yJIbTaTe

MaTEMATUYECKOT0 aHATIN3A.

10. Pa3zpaGoTtanacxema 3JeKTpoCcHaAOKEHsI, BRIOpAHBI alllapaThl 3aIUThI
U KaOeJbHBIE JIMHUU.

11. BblOJNHEH SKOHOMMYECKMH aHaIM3 W ONpelneleH Tapud Ha
AIIEKTPOIHEPTHIO.

12.  ITlpousBeneHO MJIAHUPOBAHHE HAYYHO-UCCIEAOBATENLCKUX PaboOT U
NpOBEpPEHa  KOHKYPEHTOCNOCOOHOCTh THApOTYypOuMH. B xome paloThl
chopmupoBaHa Trpynma U CPOPMYJIUPOBAHbI  ATanbl  BBIMNOJHEHUS
MOCJIEIOBATENbHBIX pabOT, MOCTpoeHa auarpamma ['aHTa, cereBoil rpaduk, B
KOTOPOM YKa3aHbl MAaKCUMAJIbHbIE 10 JJIUTEIBHOCTU PadOThl KaXJIOro W3

Y4aCTHHUKOB.
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13. IlpousBencH aHaIu3 MIPOU3BOJACTBCHHO M 0€30macHOCTH,
IKOJIOTHYECKOW Oe30macHOCTH, O€30MacCHOCTH B UYPE3BBIYANHHBIX CHUTYaIUSX,
IPaBOBbIE OPraHU3aLMOHHBIE BONPOCHI 00ecneueHus 0e3onacHocTi. OnpeneneHbl

U TIPEJI0KEHBI MEPHI JJIsl 00ecreueHrs 0€30MacHbIX YCIOBUHM Tpy/Ia.
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INTRODUCTION

Hydroelectric power captures the energy released from falling water. In the
most simplistic terms, water falls due to gravity, which causes kinetic energy to be
converted into mechanical energy, which in turn can be converted into a useable
form of electrical energy. Ancient Greeks used wooden water wheels to convert
kinetic energy into mechanical energy as far back as 2,000 years ago. In 1882 the
first hydroelectric power plant was built in the United States using a fast flowing
river. Humans in time began creating dams to store water at the most convenient
locations in order to best utilize power capacity (Australia Renewable Energy).
Additional engineering and structural changes have followed, providing for a much
more complicated process in designing a hydroelectric power plant.

Hydroelectric power plants are categorized according to size. They fit into
one of four different size ranges: Micro, Mini, Small, and Large. A Micro sized
plant is one that generates less than 100 kW of electricity and would typically be
used to power 1-2 houses. A Mini facility can serve an isolated community or a
small factory by generating 100kW-1MW of electricity. A Small plant generates
1MW-30MW and can serve an area while supplying electricity to the regional grid.
Lastly, a Large facility generates more than 30MW of power. Hydroelectric power
accounts for about 10% of the total energy produced in the United States. The
United States has the hydroelectric power potential to create 30,000MW of
electricity by utilizing 5,677 undeveloped sites. This figure is based on
environmental, legal, and institutional constraints. In Pennsylvania, we could
potentially produce 5,525,646 MWhr of electricity annually; however, this would
still only account for 3% of total electricity generation in the commonwealth.

According to the US Hydropower Resource Assessment Final Report, there
are a total of 104 projects that have a nameplate capacity of 2,218MW. One of
these sites is the Flat Rock Dam in Manayunk, PA and this will be the site of our
proposed hydroelectric power plant. It is located in Philadelphia County in the

Delaware River Basin on the Schuylkill River and has a nameplate capacity of
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2500kW. The canal and dam were first built in 1819 and rebuilt in 1977 after the
dam collapsed. It is built on top of a naturally existing fall. The canal served to
provide transportation for anthracite coal in the region by allowing boats to avoid
the rapids; the water was also used to power mills on Venice Island, the island
created by the canal. Boaters today use the “slack water” for recreation.
Research Expedition Sites

On the trip to Iceland and the Untied Kingdom we saw two hydroelectric
power plants — Irafoss and the Dinorwig Electric Mountain. Irafoss is located in
Iceland and is one of three power stations on the River Sog. The power plants were
designed to provide electricity to the capital city of Reykjavik. The Irafoss station
harnesses power from two falls, the Irafoss and Kistufuss, located on the lower
Sog. The combined head of the two falls is 38 meters. When it went online in 1953
it utilized 2 turbines that each generated 15.5 MW. In 1963 an expansion of the
plant added a third turbine, which has a generating capacity of 16.7 MW.
Interestingly, one of the brands of generators they use is Westinghouse Electric,
International Co. of the United States. The Electric Mountain and Dinorwig Power
Station in Wales in the United Kingdom is a pump-storage facility. The basic
mechanics of a pump-storage facility is the use of two reservoirs at different
altitudes. When water from the upper reservoir is released energy is generated.
During non-peak hours when there is excess energy, the water is pumped from the
lower reservoir back to the upper reservoir in order to fulfill peak demand once
more. The picture on this page is a schematic of the inner workings of the plant. It
can generate 1320MW of power and the pumps and turbines can reach maximum
capacity in less than 16 seconds.

Scope of Project

While these are effective plants in their respective geographical areas, we
wanted to research the effectiveness of building a hydroelectric power plant in a
more local region of Pennsylvania. As mentioned earlier, we will take a look at the

power potential of Flat Rock Dam in Manayunk, PA. We chose to address

135



economic and environmental considerations and then propose a site in which to
build a power plant and/or make modifications to the existing area. First, we
wanted to address the general environmental concerns of any hydroelectric power
plant. We decided to weigh the benefits and drawbacks to the flora and fauna
affected by the construction of a plant. We then considered what economic impacts
would be placed on the immediate area surrounding the plant, and also examined
the historical and contemporary economics of the region. Finally, we studied the
engineering specifications to satisfy as many environmental and economic
concerns as is possible while building an efficient plant with the correct amount of

power generation.
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1. ENVIRONMENTAL EFFECTS

The implications of a hydroelectric power plant are quite varied and have
significant effects on the physical, biological, and human environment in and near
the site area. Complicating the matter even further, hydroelectric power generation
Is usually not the single reason why a dam is constructed along a river. A coal
power station is not built for any other reason but power generation, whereas a
hydroelectric dam may be constructed for other reasons such as flood control.
Since hydropower is generated from the dam, however, some of the environmental
implications should still be attributed back to the production of hydropower. As we
have chosen a site with a pre-existing dam not all of the implications will directly
apply. However, it is important to understand all the consequences of hydroelectric
power and the existence of dams on rivers.

1.2 Physical

The physical environment is affected rather significantly by the construction
of a hydroelectric power station. Both the river and ecosystem of the surrounding
land area will be altered as soon as dam construction begins. Once the barrier is put
in place, the free flow of water stops and water will begin to accumulate behind the
dam in the new reservoir. This land may have been used for other things such as
agriculture, forestry, and even residences, but it is now unusable. The loss of
habitat may not seem severe but if this area was home to a threatened or
endangered species, the dam construction could further threaten that species risk of
extinction (Biswat, 1981).

The reservoir that has been rapidly filling up with water immediately begins
filling up with sediment as well. Obviously the use of the reservoir is inhibited by
sedimentation, so less water can be stored when more sediments fill in the bottom
of the reservoir. The engineering problem with sedimentation is that less power is
generated as the reservoir’s capacity shrinks. Clean water stripped of its sediment
load is now flowing downstream of the dam. This clean water has more force and

velocity then water carrying a high sediment load and thus erosion of the riverbed
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and banks becomes problematic. Since this is unnatural and a form of “forced
erosion” it occurs at a much faster rate then natural river process erosion to which
the local ecosystem would be able to adapt. Environmentalists must work to slow
down the water by creating barrages, although the effectiveness of these techniques
IS not exactly known (Thorndike, 1976).

An additional problem the sedimentation of the dam creates is erosion of the
delta at the mouth of the river. All the sediments that are now trapped in the
reservoir previously ended up in the delta. The Aswan Dam on the Nile River is a
perfect example; the delta that is 1,000 km away is heavily eroded by winter
waves. Sediments carried downstream during flood season would build the delta
back up again before the dam was constructed. However, lacking sediments during
flood season now, the delta is eroded nearly year round.

Oftentimes some of the most severe environmental implications of a project
occur during the construction phase. The case of building a dam is no exception.
Many new roads are built which requires the removal of vegetation and topsoil
since dams tend to be built in undeveloped regions. The fill used for the dam often
comes from the local area, in an effort to reduce transportation costs. The local
Impact becomes quite severe because of combining quarries with new roads and
dam construction. Usually, environmental protection guidelines are followed
during the construction phase to limit damage to the environment, even though
damage cannot be completely avoided.

Another often-ignored environmental effect of dam construction is the
impact on the microclimate level. Recent research has suggested that man-made
lakes in tropical climates tend to reduce convection and thus limit cloud cover.
Temperate regions are also impacted with “steam-fog” in the time period before
freezing. In addition, depending on the size of the dam created, a moderating effect
may be noticed on the local climate. Since water cools and warms slower then
land, coastal regions tend to be much more moderate then land-locked regions in

terms of temperature. Research has found in Hubei, China, that the Danjiankau
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Reservoir has increased winter temperatures by about one degree Celsius and
decreased summer temperatures by the same amount (Biswat, 1981).

Finally, one of the least studied and most disputed physical impacts of dam
construction is the possibility of inducing earthquakes. Some scientists believe that
seismic activity can be attributed to the creation of dams and their adjacent storage
reservoirs. The theory is that added forces of the dam along inactive faults seem to
free much stronger orogenic tensions. Early research indicates that the depth of the
water column may be more important to inducing earthquakes rather then total
volume of water in the reservoir. While more research is needed on this subject
several disasters such as the Koyna Dam in India seem to provide some truth to
this theory (Biswat, 1981). While these impacts can be quite severe often they do
not receive the attention of the biological impacts that people tend to associate
more with animals like fish.

1.3 Biological

Animal and plant life are impacted significantly by the dam construction. As
mentioned earlier the large scale flooding destroys a large area of habitat for
animals and destroys an equally large number of plants. If the region was forested
prior to the construction of the dam the timber is harvested before the flooding
begins. Reservoirs that in the future will be used for recreation such as boating or
fishing tend to be completely cleared of trees. In addition, in very cold climates
such as Canada, deterioration of fully submerged trees occurs very slowly —
increasing the likelihood that the trees must be removed first (Biswat, 1981). The
impact of tree removal is more logging equipment around the dam site which of
course increases roads and pollutants into the region.

1.3.1 Flora
Another negative biological impact of dams is the growth of aquatic weeds.

Tropical and semi-tropical regions seem to have the largest problem with weed
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growth. In Surinam, Lake Brokopondo has become inundated with Eichhornia
crassipes, which is commonly referred to as water hyacinth. In just four years the
water hyacinth has covered more then fifty percent of the reservoirs surface. The
impacts of weeds can be significant to water loss. More weeds growing in the
reservoir result in a higher rate of evapotranspiration. Also, more water must be
released for irrigation purposes to ensure that an adequate supply makes it to the
lower reaches of the irrigation channel if there are weeds growing in the channel as
well. The weeds will compete with fish for space and nutrients that are already
under stress living in an unnatural setting.

Some disease rates such as malaria and schistosomasis tend to increase as
weeds provide a very favorable habitat for mosquitoes and other invertebrates that
spread these diseases. How do we contain these problems? The weeds can be
controlled, although the task is often very ifficult and expensive. In shallow water
mechanical or manual clearing is by far the most effective. However, in deeper
waters this is not an option and either chemical or biological means must be used
to remove the weeds. Chemical herbicides work very well but bring about a whole
new set of environmental hazards to organisms, humans and the ecosystem in
general. The scariest part about using chemical herbicides is that their overall
effect is generally not known until they have caused a problem. Finally, biological
controls can be used to combat the weed problem. This involves using fish or other
aquatic organisms to eat the weeds (Biswat, 1981). The process of weed control
often works best when mixing the three techniques described above. While
biological impacts receive a great deal of press and publicity so do the human-

environmental impacts of hydroelectric power.

1.3.2 Fauna
Animals tend to get the most attention from the press and public in general
when dam projects are proposed. In Africa, before the construction of the Volta
Dam, rescue operations began to catch and transport as many animals as possible
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to safer areas. Some animals such as elephants, giraffes, and rhinoceroses are so
large that this process is quite difficult and expensive. Environmental laws are not
international; therefore when unique or rare habitats are involved the hope is that
design or location changes can be made to save these habitats, but this does not
always occur. The creation of the dam does however create a new larger habitat for
some species of fish. For example when the Lake Nasser dam was created fish
production increased nearly four- fold (Biswat, 1981). The news for fish during
dam construction is far from all good, though.

For some kinds of fish the building of a dam makes completing their life
cycle nearly impossible. Anadromous fish, such as salmon, are hatched upstream
in a freshwater environment but spend their adult lives at sea in the salt water. The
eel, a kind of fish classified as catadromous, is hatched at sea but spends much of
its adult life in freshwater streams (Biswas 1981). Since these fish rely on streams
and rivers to get to and from different environments, creating a dam makes a large
roadblock for these animals to overcome. This is especially true in the Pacific
Northwest in the United States. Without features such as fish ladders these fish
would die off. However, even the fish ladders do not work perfectly and many fish
die due to the dams.

There are a number of measures that can be taken to help minimize fish
mortality at hydroelectric power plants. The most obvious step is to lower the
number of fish that pass through the turbine. This can be accomplished by using
better screens to capture the fish or establishing diversion passageways. A more
complicated and emerging technology involves making “fish-friendly” turbines.

It is thought that gap sizes, runner-blade angles, wicket gate openings,
overhang, and flow patterns are the components that most lead to fish injury.
Pelton turbines, which are small turbines designed for high head installations cause
nearly complete mortality of fish passing through. Kaplan, Francis, and Bulb
turbines tend to be safer for small fish with mortality rates of only about thirty

percent. These types of turbines have much larger areas of water passage. Kaplan
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turbines are thought to be the most fish-friendly of the conventional turbines.
These turbines are used on the Columbia and Snake Rivers in the Northwestern
United States and have a low mortality rate of just twelve percent. Scientists and
engineers hope to work together to make changes to the design of turbines to
ensure fish safety. Research is showing that reducing gaps might help fish pass
through turbines safely. By reducing the gaps there should be less shear stress and
grinding. However, it should be noted that all of this research is too preliminary to
be positively sure. Scientists are researching whether the route of passage through
a turbine has any impact on survival rates. However, at this point the data is mixed
and no definite conclusions can be reached (Cada, 2001).
1.3.3 Humans

Often the most discussed topic of building a new hydroelectric power plant
is the dislocation of large numbers of people. In China, for example, the Three
Gorges Dam Project will force the dislocation of over one million Chinese people
(China Online, 2000). While relocating may not seem problematic, consider the
fact that many of these people come from small villages where different cultural
values and beliefs are held and all of the sudden these villages are merged together
in a new setting. Residents are forced to leave behind all their ancestral roots. This
Is especially troublesome in Africa where people have to leave behind gods,
shrines, and graves of their ancestors, all of which are very important to the local
culture (Biswat, 1981).

The human-environment is also positively impacted by such large-scale
projects with flood control. A significant reason why the Three Gorges Dam was
not stopped despite the environmental hazards was the benefits to those living
downstream. The Chinese government claimed that over 15 million lives would be
saved downstream with flood control measures being put in place (China Online,
2000). Some proponents of hydroelectricity have pushed the issue of increased
recreation as a benefit to society. It is true that by turning a river into a lake a park

can be built around the dam for campers, boaters and whoever else wants to use the
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lake. However, this may not be as beneficial as it seems in the United States. The
United States already has a plentiful supply of lakes to use for recreational
purposes but has few remaining rivers free of obstruction and still able to flow
freely (Thorndike, 1976). Therefore, the recreational argument in favor of
hydroelectric power is not very useful as many nearby residents will not want to
see a free flowing river stopped in favor of a large reservoir.

While most of the environmental benefits to hydroelectric power are
disputed, one is not. Hydroelectric power emits no air pollutants. A combined two
billion tons of carbon dioxide are not emitted by burning fossil fuels thanks to
hydroelectric power plants across the world.(Understanding Energy, 2003) While
the environmental impacts of hydroelectric power are very far reaching and in
some cases severe, they do not always receive the same amount of attention as the
economic impacts. In the end, economics more often then not is the reason for the
success or failure of a proposed project.
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2. ECONOMIC ASPECTS OF HYDROPOWER

Economics is a branch of science concerning the distribution, production,
and consumption of services and goods. Economics focuses on the financial
aspects of a society on local, regional, and global scales. We need to learn about
the economic structure and its function in order to fully understand (on a global
scale) trade relations between countries, why and how (on a regional scale) a
society works, and why (on a local scale) a business or factory fails or succeeds.

Thus when considering the construction of a hydropower plant in
Pennsylvania it is necessary to have a basic understanding of the economics
involved in building such a plant and how it would affect a local community
economically. We also must consider the global economics of such a renewable
energy source as hydroelectric. The global and local economics of hydropower will
be explained throughout this analysis. The figures and statistics included in several
surveys analyzed are too exhaustive and detailed to include in a regional economic
analysis; thus we will examine the areas in which costs are high or low, without
providing too many monetary examples.

2.1 Global Hydropower Economics

On a global scale, the majority of consumed energy is derived from oil. All
forms of (other) energy sources are affected by oil prices; when oil prices are low,
the demand for alternative energy is low. When oil prices are high, people turn
towards alternative energy sources and are more likely to decrease their
consumption of oil. This thesis was tested in the 1970s when the oil embargo was
in place. Such energy forms as solar, wind, hydro, and nuclear increased in use;
more plants were built, and a greater demand was placed on these renewables. This
IS a very important factor in considering globalization and the relations of
countries. When the United States has a large dependence upon oil producing
countries such as Venezuela, Kuwait, and lraq, we are at the mercy of these
countries’ roller-coaster economies that fluctuate from day to day and remain

unstable. The more dependent we are on a sole country the more vulnerable we
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become. Now, not only are we concerned with deriving energy resources from
these countries, we are fully invested in assuring the stability of the economies,
which requires enormous financial contributions on our part.

A national/regional economic factor which must be considered in the
proposal of a hydroelectric plant is the effect on the Gross Domestic Product
(GDP) of a country with consideration to the years of plant operation. The U.S.
Commerce Department calculates GDP as a measure of total output of goods and
services within the country based on the following items:

* Personal consumption

» Government expenditures
* Private investment

* Inventory growth

* Trade balance

The GDP is calculated using a "chain-weighted” method. As deregulation
increases business activity, relative prices for goods change quickly and
dramatically. The "chain" system also recognizes that output for computers,
telecommunications equipment and health services is growing much faster than
other parts of the economy. The "chain™ method forces the government to
recalibrate the relative prices of these goods - and their relative importance to the
economy - every year (USA Today).

A current thorough economic analysis of nationwide hydroelectric plant
potential in the United States is available through a joint program between the U.S.
DOE Office of Energy Efficiency & Renewable Energy, the Energy Information
Administration, and The Idaho National Engineering and Environmental
Laboratory. Using data across the United States, power plant sites were analyzed

and assessed for economic cost and input to an area.

2.2 Local Hydropower Economics
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When contemplating the local economics of a hydro plant, several things
must be kept in mind: development, operating, and maintenance costs, and
electricity generation. When evaluating a site, one must first consider whether it is
already developed or not. If a dam does not exist, several imperative things to
consider are: land/land rights, structures and improvements, equipment, reservoirs,
dams, waterways, roads, railroads, and bridges. In an already developed area the
only developmental costs that require consideration are structures, improvements,
and equipment. Development costs may include factors for creating recreation,
preserving historical and archeological sites, maintaining water quality, and lastly
(but certainly not least) protecting fish and wildlife. Several graphical
representations are available to demonstrate the increased costs associated with
undeveloped sites. Operation and maintenance costs are considerably more
exhaustive. They include water for power, hydraulic expenses, electric expenses,
and rents.

2.3 Flat Rock Dam Economics

The site chosen for our current project is the Flat Rock Dam located in
Philadelphia County Pennsylvania on the Schuylkill River, shown at right. This
site is complete with a pre-existing dam; however, no electric generating power is
present at the moment. In order to update the design and make amendments, we
must understand the environment surrounding the area, as well as the economics of
the process of maintaining the dam, distributing power, and providing employment
opportunities. It is of interest to note that the town of Manayunk where the Flat
Rock Dam is located was previously called “Flat Rock,” coined in 1810 because of
an area of flat rocks in the Schuylkill River. Since its birth, the town has
maintained its livelihood around the River as a means of travel and trade. By 1819,
the completion of the Flat Rock Dam, had aided much in Manayunk’s prosperity
and communication. Flat Rock Dam facilitated a difficult section of the Schuylkill
River where "Rummell's Falls" was and had previously only been navigable when

waters were high. It was in 1819 when the mills of Manayunk really started being
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built in large numbers and immigrants (mostly from England) began operating the
mills. From an early time, the dam was a major leader in contributing to prosperity
in Manayunk. Obviously jobs in conjunction or related to the dam were plentiful
during the height of river travel and commerce. Lock operators, millers, and
canalsmen were important occupations within the community.

In order to evaluate this site for a hydroelectric power plant, we must
consider the fact that there is a pre-existing dam, the ownership of the dam (land
use rights) and how much it will cost to modify and maintain the dam (covered in
the site construction analysis). BAMR (The Pennsylvania Department of
Environmental Protection’s Bureau of Abandoned Mines Reclamation) has full
ownership to the Flat Rock Dam. However, Lower Merion Township maintains a
boat launch and picnic area that provides recreational access to the pool and dam.
There is currently some controversy surrounding the use of powerboats in the pool
area.

The debate surrounding the economics and environment of the dam provides
us with the question of “Should the dam be used for maximum potential, or be
maintained as is?” The dam has historically provided a means of livelihood;
however, what is its future potential? The Flat Rock Dam was destroyed previously
in a flood and rebuilt; the costs that accrued with rebuilding were substantial. Were
they unnecessary? The dam is currently not providing any means of power to the
residents of Manayunk. Historically it proved to be an invaluable asset to the
community. When considering extensive technological improvements, the
provision of power would not be of high interest to the citizens of Manayunk who
now receive their power from Philadelphia based electric providers. Though the
Flat Rock Dam is a historically important site, many environmental problems
mentioned above have contributed to the idea that it should be removed.
Alternatively, if the dam was not removed but rather upgraded and built upon as an
energy provider for the community, what would it look like and what would the

details involve? We will turn to these questions in the remaining section.
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3. BUILDING AHYDROPOWER PLANT

The task for this project now turns to developing a site for a proposed
hydropower plant. With the environmental and economic knowledge gained above,
a suitable location was found that will satisfy the numerous variables in designing
a power plant. Now we will review our choice of the Flat Rock Dam site for
engineering considerations. One factor that must be kept in mind is that the
location will need to be geologically sound; the underlying rock formations must
have the capability to hold the weight of a dam.

The surrounding area must also be able to hold the water behind the dam in a
manner that will not extensively damage the surrounding area scenically or
physically. This is a major concern that must be addressed since most of
Pennsylvania’s rivers have been developed.

The daily routines of the general public require a fluctuating need for power,
with the most electricity used during ‘peak demand’ times. Meeting peak demand
IS one issue that has been addressed by electricity providers with generally the
same response. Most producers of electricity in the United States use natural gas-
fired power plants to quickly meet the surge; however, combustion of natural gas
produces numerous gasses that pollute the environment. Using water instead of
natural gas to meet this demand decreases reliance on non-renewable fuel and does
not produce volatile organic compounds, SOx or NOx emissions.

The United States Department of Energy subcontracts the ldaho National
Engineering and Environmental Laboratory (INEEL) to study hydropower
throughout the country. Information on all possible sites in each state has been
compiled and listed with numerous site variables taken into consideration when
determining available power at each location. In Pennsylvania, major rivers
available for damming include the Allegheny, Beaver, Delaware, Monongahela,
Ohio, and Susquehanna. Figure 34, below, summarizes the power available in

each river.
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Me gawalls ofundeveloped hydropower potentia

Figure 34 - Potential power in Pennsylvania rivers (Conner, 1997)

INEEL provides a detailed listing of sites on each river available for power

generation. The Flat Rock Dam in Manayunk, PA proved to be a solid match with

the environmental factors described below. (Flat Rock Dam Information).

3.1 Consideration Factors

The Flat Rock Dam site was chosen based on the characteristics from the

INEEL database. These nineteen points are detailed in Table 1, below, and provide

a solid argument for developing hydropower in Manayunk. Sustainability Factors

range from a low of 0.1 to 0.9, with 0.9 having the least impact on land and being

the most likely for development.

Table 45 - INEEL PESF (INEEL)

Project Environmental Sustainability Factors

Wild/Scenic Protection 0.9
Wild/Scenic Tributary or Upstream/

Downstream Wild/Senic Location 0.9
Threatened/Endangered Fish 0.9
Cultural Value 0.9
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Fish Presence Value 0.9
Geologic Value 0.9
Historic Value 0.9
Other Value 0.9
Recreation Value 0.75
Scenic Value 0.9
Wildlife Value 0.9
Threatened/Endangered Wildlife 0.9
Federal Land Code 103 0.9
Federal Land Code 104 0.9
Federal Land Code 105 0.9
Federal Land Code 106 0.9
Federal Land Code 107 0.9
Federal Land Code 108 0.9
Federal Land Code 198 0.9

The Manayunk location in Southeastern PA remains an ideal candidate for
construction of a hydropower dam. Effects of building the generating station near
the dam are minimal; environmental impacts are especially low. Actually
constructing this facility will require precise knowledge of the site and dam
dimensions.

3.2 Construction

When designing a hydroelectric power plant a number of elements and
equipment need to be taken into consideration. Dam size, retention basin size and
depth, inlet valves, weir and control gates, penstock length and diameter, turbines,
generators, transformers and excitation equipment, and efficiency all have to be
examined. Elevation or head and stream flow have to be established as well. In our
case we can achieve a maximum drop of 21 feet or 6.4 meters and have an average

stream flow of 9070 cubic feet per second or 256.83 cubic meters per second.
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According to the INEEL hydropower resource database we can achieve 2500kW of
electric power. Using this information we can find out how much of the flow we
need to achieve 2500kW. The following is the calculation:

Table 46 - formula

Power equation: P=eHQg Solve for Q:

P=electric power output in KW 2500=(0.81*6.4*Q*9.81)
e=efficiency (.81 for small scale| ~_ N
hydroplants) Q=49.15 m"3/s

H=Head in meters %of flow used: 49.15/256.83=19%

Q=design flow, m"3/s

g=gravitational constant, 9.81m/s"2

According to the calculation we will only need to divert 19% of the stream
flow to create the needed amount of electricity. We will not divert much more than
the needed 19% as to not take away from the aesthetics of the dam and the rushing
water. As this is a highly recreational area, we do not want to greatly disturb the
environment.

3.3 Plant Specifications

The next task is actually choosing the specifications for the plant. The main
dam is already in place, as we chose a site with a pre-existing dam. However, in
the spot where our power plant will sit, there will be a head of 21 feet. The dam is
an integral part of the power plant. It is what controls the water; by damming up
the water, the amount of water used to create power can be determined. When
building a power plant from the ground up, the building of the dam would be the
first step. Building a dam requires much research, approval, time, and money. The
geology of the area must be taken into account (as was mentioned previously) so to
avoid collapse due to geologic activity such as earthquakes. The size of the
retention basin, or where the water sits behind the dam, must also be considered.
Flow rate of the river and sediment load must also be determined in order to
establish an estimate on the dam lifetime. If the river carries a large sediment load,
sediment will build up behind the dam more quickly than if there is less of a load.
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There are also mitigation techniques for removing sediment that can be considered
for the project to lengthen lifetime. The dam also must go through an extensive
approval and permit process. The Federal Energy Regulatory Commission is the
main government body that provides the license for such a project as a
hydroelectric power plant. Building dams and power plants takes a lot of time and
money as well. There is always the chance of holdups and delays and sometimes
projects can even run out of money. By choosing a site with an existing dam, all
that needs to be done is some modifications — a choice that will require a lot less
time and money (Woodward).

Upon approval and completion of the dam the actual power plant needs to be
built and each component fashioned. The following picture is a schematic of a
power plant and all of its component parts.

[ Inside a Hydropower Plant

Dam Powerhouse

Reservoir

Transformer Power Lines

Qutflow

s Control

Gate Penstock

Turbine
2001 HowStuffWorks

Figure 35 — Hydropower plant
3.3.1 Intake
The intake is the entrance to the system for the water. The inlet valves and

control gate control how much water is going to enter the system. There are a
number of different inlet valve designs. Three types that TOSHIBA Company of
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Japan offers are spherical or rotary, butterfly, and thruflow. GE Power Systems
offers butterfly and rotary designs, as well as 6 others. We chose a thruflow
(pictured left) as it has less head loss and leakage than the butterfly arotary
(pictured right) designs (GE Power Systems and TOSHIBA).

Figure 36 - valve designs

The next step is the intake weir and where the water will enter the power
plant. The weir also is responsible for diverting the water. It also must help keep
solid material from entering the system. Three examples of intakes are the side
intake without weir, side intake with weir, and bottom intake. A side intake
without a weir is relatively cheap requiring no complex machinery, but asks for
regular maintenance and repairs. At low flows very little water will be diverted so
this type of intake is not suitable for rivers with great fluctuations in flow. The side
intake with weir is a set-up in which the weir can be partially or completely
submerged in the water. This design requires little maintenance but low flow
cannot be diverted properly. The weir is completely submerged in the third design,
the bottom intake. It is very useful with fluctuating flows and allows excess water
to pass over the weir. With our location and dam we would use the side intake with
weir design. It allows us the most flexibility and will be the most effective and
economic (Micro Hydropower Basics).

3.3.2 Penstock

The Penstock is a tunnel that caries the water from the intake to the turbines.
There are a number of factors to consider when deciding which material to use in
the building of the penstock. They are: surface roughness, design pressure, method
of jointing, weight and ease of installation, accessibility of the site, terrain, soil

type, design life and maintenance, weather conditions, availability, relative cost,
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and likelihood of structural damage. When considering soil type, you have to
choose a material that will not be degraded or eroded by the surrounding soil.
Economically speaking, the penstock can account for up to 40% of total cost of the
plant. This is why efficient planning is critical (Micro Hydropower Basics).
3.3.3 Turbines

Once the water flows down the penstock, it passes and turns the turbines.
There are a number of different models of turbines depending on which company
the turbine is purchased from. However, there are common designs. Two different
types of turbines are impulse and reaction turbines. Impulse turbines include
Pelton, Turgo, cross-flow, and multi jet Pelton designs. Reaction turbines include
the Francis, propeller, and Kaplan turbines. There are different designs specified
for different head values. High head requires either a Pelton or Turgo, medium
head calls for cross-flow, multi-jet, or Francis, and low head requires cross-flow,
propeller, or Kaplan. In our situation, we have medium head so the cross-flow is
going to be the best design for us. Also, the cross-flow has to be horizontal and that
will work the best with our set up. “Also called a Michell-Banki turbine a cross-
flow turbine has a drum-shaped runner consisting of two parallel discs connected
together near their rims by a series of curved blades. A crossflow turbine always
has its runner shaft horizontal (unlike Pelton and Turgo turbines which can have
either horizontal or vertical shaft orientation)” (Micro Hydropower). A specific
type of cross-flow turbine is the Ossberger. It has an efficiency of up to 86%. It can
operate in head ranges of 1-200m and with water flows of 0.025-13 cubic meters
per second.
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Figure 37 - turbine

Due to these specifications, we will need to use four turbines at our location
to generate the maximum amount of power. Ossberger turbines are relatively slow
moving at 20-80 revolutions per minute. “The Ossberger turbine is a radial and
partial admission free stream turbine. From its specific speed it is classified as a
slow speed turbine. The guide vanes impart a rectangular cross-section to the water
jet. It flows through the blade ring of the cylindrical rotor, first from the outside
inward, then after passing through the inside of the rotor from the inside outward.
Where the water supply requires, the Ossberger is built as a multi-cell turbine. The
normal division in this case is 1:2. The small cell utilizes small and the big cell
medium water flow. With this breakdown, any water flow from 1/6 to 1/1
admission is processed with optimum efficiency. This explains why Ossberger
turbines utilize greatly fluctuating water supplies with particular efficiency”
(Ossberger).

3.3.4 Generators, Transformers, and Electricity Production

Water flows through the turbine to turn it and its shaft to create mechanical
energy that is transformed into electrical energy by the generators and
transformers. Depending on the company purchased from, there are a number of
different models of generators. Two main designs are the vertical or horizontal
arrangements (TOSHIBA). There are four major components to the generator; they
are the shaft, exciter, rotor, and stator. The water turns the turbine, which turns the
shaft and causes the exciter to send an electrical current to the rotor. The rotor is
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comprised of a series of large electromagnets that spin inside the stator, which is a
tightly wound coil of copper wire. This process creates a magnetic field, which
creates an alternating current, AC, by the moving of electrons. The transformer
then converts the AC to a higher voltage current. The generator and transformer sit
in what is known as the powerhouse. This is the main building of the hydropower
plant. From the powerhouse there are four main wires that leave. There are three
for the three phases of produced power and a ground wire common to the other
three. These power lines are connected to the regional power grid (How Stuff
Works, inc). The last component to the system is the tailrace. The tailrace is simply
the pipelines that carry the water back out to the river.
3.3.5 Development Configuration

The diagram on the right shows some development configurations that the
river and canal with the powerhouse can have. Based on how the dam and canal
look in our scheme, design b, the extended fall canal, looks to be the best option.
This design allows us to best utilize our given area.

Figure 38 - Development Configuration
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CONCLUSION

After investigating the various impacts of a hydroelectric plant, we were able
to determine the feasibility of implementing a hydroelectric plant at the Flat Rock
Dam. Since most environmental concerns stem from construction of the dam, this
location would not be greatly affected by the installation of a hydropower
generating facility. Also, taking into the consideration that this is a highly scenic
site of recreational value, we will only partially disrupt the volume of water over
the dam, using about 19 percent of the flow. Most environmental concerns are
mitigated by the fact that the area is already partially developed for a project such
as this.

Economically speaking, this project would benefit the community by
providing energy as well as employment opportunities. Construction costs are
relatively low, especially when compared to the high price of building a new dam.
Because the residents of Manayunk will benefit, any economic costs incurred by
the building of a hydropower plant are justified.

Based on the environmental and economic considerations discussed, Flat
Rock Dam would be a promising potential site for a hydropower plant. It would be
classified as a small hydro project generating 2.5 MW of electricity. All materials
involved in the construction would be readily available. There are many companies
that service small hydropower plant projects and component parts would be easily
accessible. Overall, the Flat Rock Dam site appears to be a good candidate for a
hydropower plant due to its environmental, economical, and engineering
feasibility. Through our research we have seen numerous applications of
hydroelectric power from large scale projects to those on a smaller scale. From
international power generating stations to a potential local opportunity, we have

realized the vast opportunities of this natural resource.
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