7 HONBUAYAJ/IbHAA 3/IEKTPOCTaHUUNA

Ha 6a3e CONHEeYHOro CONAHOro npyada

Ocapgunn .., nHxeHep

MPOTAXKEHHOCTb CENbCKMX PaChpenenmTesnbHbIX 3/1EeKTPUYECKUX CeTel B
Omckon obnactn 41 Tbic. KM. YncneHHocTb obeny»kuBatolwero nepcoHana 2446
yenosek. ObLue KOANYECTBO NOTPebUTeNne aneKTpoaHeprum 775 TbiC.

Hu3Kaa nNNOTHOCTb MNPOXMBAHMA HaKNagblBaeT CBOWM MWUHYCbl Ha
CHab)KeHWe CenbckMx NnoTpebuTenen 3NeKTPOIHEepPrnen, Kak U B cpeaHem Mo
Poccuun. Tak B 06/1aCTN 31E€KTPOCHABKEHNA POCCUIMCKOE CEN0 OTCTAEeT OT YPOBHS
3apybexkHbIx cTpaH B 8 — 12 pas. Kpome TOro, no pasnnyHbiM oueHKam, ot 50 ao
70 % Tepputopum Poccum ¢ umcnom Kuteneit cebiwe 20 MAH YeNlOBEK He
OXBa4€Hbl LLEHTPA/IN30BAHHbIM 3/1E€KTPOCHAOXKEeHNEeM. 3HauMTeNbHana 4YaCTb W3
3TOro HaceneHua PoccMM He nNpPUCOeAMHEHHAA K 3/IEKTPUYECKMM CeTAM
npoxueaeT B Cnbumpu n Ha JanoHem BocToke. OHM MONYYatOT 3/IEKTPOIHEPIUIO B
ocHoBHOM oOT [3C Hebonbwon mouwHocTU. Heobxoammoe ans 3Toro TOMNMBO
3aBO3UTCA M3 AaNeKO PaCMONOXNEHHbIX LLEHTPOB aBTOTPAHCMNOPTOM, BOAHbIMMU
NyTAMM, @ UHOTAA AaXKe BEPTOIETaMMU, YTO Ae/laeT ero 04eHb AOPOrUM.

Ana Takmx (MHAMBMAYaANbHbIA) NOTPeEbUTENe 3HepPrMn MoXKeT ObiTb
npeanioXeHa CXema 3/1eKTPoCTaHUMM Ha 6ase CONHEeYHOro CoNAHOro npyaa,
PUCYHOK 1, KOTOpas No cBoel CTPyKType byaeT skBMBaieHTHa Hekoemy rpagdy (I),
B KOTOPOM KaXK4Ooh CamoCTOATENbHO QYHKLUMOHMpPYIOWENW Yactn (3/71eMeHTy
3/1eKTPOCTaHUMN) ByaeT cOOTBETCTBOBATb BeplwMHa rpada, a Kaxkaoh CcBA3M
Mmexay OYHKUMOHUPYIOWMMN  YacTamu

U NN BHEWHUMKM 0bbeKTamu — ayra rpada
5/. (pucyHoK 1).

BeplwuHbl rpada (anemeHTbl obopysoBaHus): | —

— conHeuHbl conaHou npya, Il — psuratens
4 W 9 Ctvpaunra; Il — anekTpuyeckuii renepatop; |V —
KOT/Z10BaH CO /ZibAOM.

Ayrv rpada (cBasm mexay anemeHTammn obopyaoBaHus): 1 — npamoe CoNHeYHoe U3nyyeHue; 2
— paccesiHHOEe CO/IHEeYHOe M3NlydeHue; 3 — OTpaXKeHHoe COJIHeYHoe u3nydeHue; 4 — TennoTa
(notepun); 5 — Tennota; 6 — mexaHuyeckasa aHeprua (KPYTALLMIA MOMEHT); 7 — 3NEKTpUYecKas
sHeprusa; 8 — Tennota; 9 — Tennora.

PucyHok 1 — I-rpa¢ anektpocraHumum Ha 6ase CONHEUYHOro CONAHOro NpyAa

Cxema no pucyHKy 1 moxeT 6bITb 3aZ@aHa ANA pacyeToB B BUAE MATPULbI
coeANHEHUIN BeplwnH rpada C AONO/IHUTENBHOM MATPULEN BMAOB CBA3EM MO
aHeproHocuTensam (PUCYHOK 2).

EQMHMUDBI B ]-X CTPOKAxX NPaBoOi MaTpuLbl 4AtOT IOTMYECKUI NPU3HAK K -To
anemeHTa o60opynoBaHUA, M3 KOTOPOro MCXoamT (3HAK NAKC) UAW B KOTOPbIM
BXogMT (3HaK MWHYC) AaHHas j-A cBA3b. [pyM 3TOM CTPOKAa, COOTBETCTBYIOLLAA
CBA3M MeXAay 31emMeHTamu o6opyaoBaHUA TeNMO3NEKTPOCTaHUMN (BHYTPEHHSAA

CBA3b) BCErga MMEeT B NPaBoOi MaTpuLE ABa HEHYNEBbLIX Y/IEHa, @ UMEHHO +1 n —




1, a cTpoKa, COOTBETCTBYIOLWAA CBA3M MeXKAy 371emMeHToM obopyaoBaHuAa
YCTAaHOBKM WM BHEWHUM O6BbEKTOM (BHELHAA CBA3b), MMEeT OAWMH HEHYNEeBOM
yneH: +1 ana ncxoaawmx n —1 ana BXoAAWMX BHYTPEHHUX CBA3EMN CTaHLUUN.

Mpu3sHakK Hanunuua CBA3N nocpeacrtsom | Homep Mpu3Hak HannuuAa cBA3N AnA
sHeproHocuTens 1 CBA3U | anemeHTa obopyaoBaHua k
9 8 7 6 5) 4 3 2 1 [ Il Il v
- - - - - - - - 1 1 -1 - - -
- - - - - - - 1 - 2 -1 - - -
- - - - - - 1 - - 3 -1 - - -
- - - - - 1 - - - 4 +1 - - -
- - - - 1 - - - - 5 +1 -1 - -
- | - - 1 - - - - - 6 - +1 -1 -
- - 1 - - - - - - 7 - - +1 -
- 1 - - - - - - - 8 - +1 - -1
1 - - - - - - - - 9 - - - -1

PucyHoK 2 — MaTtpuua coeguHeHui (cnpaea) U BUAOB CBA3el N0 S3HEProHOCUTENAM
(cneBa) pns anekTpOCTaHUMM Ha 6a3e COTHEYHOrO CONAHOrO NpyAaa.

EAvHMUbI B j-x cTONbUAax MaTpuubl BUAOB CBSI3EM MO 3HEProHOCUTENAM
[atoT JIOTMYecknin npusHak suaa I-ro sHeproHocutena, nocpeacTBOM KOTOPOro
OCYLLECTBAACTCA j-A CBA3b, B TON UM UHOM dpa3e ero CocToAHUA.

Cucrema 6anaHCcoOBbIX YypaBHEHU 3N1EKTPOCTAHL MU Ha 6a3e COIHEYHOoro
CONAHOro NpyAa moxKet 6biTb NpeacTaBaeHa B c/ieaylowem Buae.

B Kaxgom k-m 2nemeHTe o060pyaoBaHMs  CTaHUUKM, XapakTep,
KOJINYECTBEHHbIE 3aBUCMMOCTM WM HaMpPaBAEHHOCTb MPOLLECCOB onpeaensaerca
3aKOHaMM ONTUKM, Tenaonepeaaym, TEPMOANHAMUKM U T.4. 3aBUCUMOCTb MeXAyY
napameTpaMm CBfI3eM MOXHO OAHO3HAYHO W eaAuMHOObpasHO onucaTb
YPaBHEHUAMM 3SHEPreTMYEeCcKOro W pacxogHoro 6GanaHcoB B  3neMeHTax
060pyaoBaHUA, a TaKKe YPaBHEHUAMN U3MEHEHUA SHTANbMUM KaXKa0ro U3 BUAOB
sHeproHocutenen. Cuctema ypaBHeHUIW GanaHCOB B 3i1emeHTax 06opynoBaHuA
YCTaHaB/IMBAET TAaKOE COOTHOLIEHME MeXKAYy NOCTYNAeHUEM COHEYHOM IHEPTUM,
TEPMOAMHAMUYECKMMM U PACXOAHbIMM  MapameTpamu  CBA3eK, KoTopoe
obecneymBaeT Nojsly4yeHMe CTaUMOHAPHOM HarpysKuM CTaHUMWU C onpeaeneHHbIMU
KOHCTPYKTUBHO-KOMMNOHOBOYHbIMM XapaKTEPUCTUKAMM.

YpaBHEHMA [A/18 BCeM 3NeKTPOCTaHUMKM, U eé BHewHux ceaAsel (3a
UCKNIOYEHMEM NOCTYN/IEHUA B MNpPyA W  aKKYMyAMPOBaHME WM CONHEYHOWM
3HEeprnn), OTHECEHHble K OAMHAKOBOMY MPOMENKYTKY BpPEMEHU, UMeloT
cnepyloLwmm Bua,

1) ypaBHeHue 6anaHca saHeprumn ana k -ro anemeHTa ob6opyaoBaHuUn
Te—Ng N

D (mgn),+ Zkr:nmn =0;

2) ypaBHeHWe b6anaHca pacxo4oB ANa Kaxgoro [-ro sHeproHocuTens k-ro
anemeHTa obopyaoBaHus




Trr

ZQf: 0;

3) ypaBHeHMe ruapaBauMyeckoro 6anaHca gna  Kaxgoro  l-ro
sHeproHocuTens B k-m anemeHTe 060pyA0BaHUA
' —2p—p" =0
nnu
' +2p—p")i=0
4) ypaBHeHWE W3MEHEeHUs 3HTanbnuu [-ro 3sHeproHocutena B Kk-m
aneMeHTe obopyaoBaHUA
(' —Ah—h"), =0
nnu
(h"+Ah—=h"), =0

(k=1,2,..K;)=1,2, ... [x;; =12, .., Lg;n=1, 2,..., N).

rae O — pacxon, SHepProHocUTeNs, OTHECEHHbIN K MPUHATOMY MPOMENKYTKY
BpemeHu, P — MOWHOCTb 3/1EeKTPUYECKON WAM MexaHuMyecKon cBAsu, h —
3HTanbnua sHeproHocuTens Ha ucxoaawen () nam exogawein () ceasmn anemeHTa
obopynoBaHuA, Ah — XxapaKTEPUCTUKM U3MEHEHWUS 3SHTaNbNMU MNPOLIECCOB B
anemeHTax obopyaoBaHuA; 171 — KO3OPULUMEHT, YYMTbIBAKOLWNIA NOTEPU SHEPTUM
CBA3YIOWEro MNOTOKAa B OKpy)XKalouwyl cpedy, 4N BXoAalwen CcBA3U OH
COOTBETCTBYET O0ObIYHO YynoTpebaaembiM KO3hOUUMEHTY TennoBOro MOTOKa,
MexaHu4Yeckomy unm anektpuyeckomy KMA, a gna ncxogawen ceasm — obpatHo
BE/INYMHE.

Mexagy napameTpamm M MHOTFOYUCAEHHbIMU  TEXHOJIOTMYECKUMMU
XapaKTePUCTMKaMMN OTAENbHbIX 3/1IeMEHTOB 060pyA0BaHMA CTaHLMN UMEKOT MECTO
AOCTAaTOYHO CNOXKHble 3aBUMCMMOCTM pPas3/IMYHOINO poada, KoTopble 34eCb He
paccMmaTpuBaloTCA.

Mcxopgs w3 3toro, npeanaraem paccMoTpeTb KOHCTPYKTUBHYH CXemy
WHAVMBUAYANbHOM 3NEKTPOCTAHUMM HaA 0ase CONHEYHOro CONAHOro npyaa
(rennoaneKkTpocTaHUUM, CO/THEYHOM 3/1EKTPOCTaHLNM, PUCYHOK 3),
paspaboTaHHyto B KOHCTPYKTOpCKOM Blopo ANbTEPHATUBHOW 3HEPreTUKU
«BoJOMET» (r. OMCK).



a—

1 — conHeyHoe wu3NyyeHWe, 2 — KOHUEHTPATOP CO/NIHEYHOrO W3/ydYeHus; 3 — MOKpbITME
TEeNNoOU30NAUNOHHOE; 4 — KOTNOBaH, 3ano/IHEHHbIN NbaoM; 5, 8 — TennoBas rpaBUTaLMOHHaA
Tpyba (TepmocundoH); 6 — Bo3gyxoBoa; 7 — anekTpocTaHuma; 9 — conHeyHblt consHol npyg,; 10
— Bogonposoa; 11 — rpyHT; 12 — oxnaxkAaemaa 4acTb TEM/IOBOM rpaBUTALMOHHOWN Tpybbl 5,
pa3MelLeHHan Ha BO34yXe — OrpakaeHue KOTI0BaHa no nepumetpy; 13 — oxnaxaaemasn 4acTb
TENJ0BOW rpaBMTaLMOHHOM TPybbl 5, pasmelyeHHas Bo bay/Boae KoTi0BaHa 4.

PucyHoK 3 — KOHCTPYKTMBHAA cCXema 3N1eKTPOCTaHLUMM Ha 6a3e CONIHEYHOro CONAHOro

npyaa
Mpepnaraemaa cuctema pabotaeT oOT MNPAMOro, PacceaHHOro u

OTPaXKEHHOTO OT KOHLEHTpaTopa 2 COJIHEYHOro M3nyyYeHua 1, 3anaceHHoro
CONHEYHbIM conAHbIM npyaom 9. Tennota u3 npyga 9 no Tennoson Tpybe
(TepmocudoHy) 8 nopaeTca K 3NeKTPOCTaHUMM 7, TAe B TEPMOAMHAMMYECKUX
UMKnax npeobpasyeTcs B 3HEPrvo NOTOKA Macna, 3aTeM B MEXAHMYECKYIO W
Aanee 3/EeKTPUYECKYy0 3Hepruto. Heucnonb3oBaHHaa B TepMOAMHAMUYECKUX
LUMKNaxX TenaoTa no TenaoBon Tpybe 5 oTBoAUTCA. MAKN Yepe3 oxNarkaaemyr eé
yactb 13 B KOTnoBaH 4, 3ano/HEHHbIA /NbAOM, Bbi3blBas €ro TasHWe, WU
paccemBaeTCa B OKPYXKAIOLLYHO cpedy Yepes eé oxNaxKaaemyto Bo34yXom YacTb 12.
TepmocudoHbl npeactaBnAoT coboit BaKyyMMpOBaAHHble TPybbl, B KOTOPbIX
TenjoTa nepesaeTca NocpeacTBOM KuneHusa paboyero tena (Hanpumep, BoAbl) B
ogHOM MecTe (HWMKHEM) UM KOHAEHcauuu B APYyrom — BepxHeM (CTpeskamwu
MOKa3aHOo ABMXEHUE Napa U KNaKocTn B TepmocmdoHax 5 u 8).

HanpaBneHne notoka napa paboyero Tena oT oborpeBaemoro mecTa
(yyacTka) Tpybbl 5, ons KoHAEeHCcauuMn, onpeaenseTca Tem, Kakaa U3 yacten Tpyobl
5 (12 nnn 13) umeet 6onee HU3KyIO TeMNepPaTypy, AN TEM, KaKan U3 3a4BUNKEK
(nenutenelr nNOTOKa, YCAOBHO HE TMOKa3aHHbIX), OTCOEAMHAOWMUX 3TU
ox/laxkAaaemble 4acTu, oT oborpeBaemMoro y4yacTtka OTKpbITa.

KoHueHTpaTop 2 obecneymBaeT yBenMYEHME MOCTYMNEHUS COJIHEYHOrO
nsny4veHua B npya 9, a Ten1oM3oNALMOHHOE NOKPbITUE 3 YMEHbLUAEeT TasHUe ibaa
B KOT/1I0BaHe OT BO3A4ENCTBMA OKpPY)KAloLWEro Tenaoro Bo3Ayxa M CONMHEYHOro
nsnyyenma. Kak cnegyetr w3  onucaHus paboTbl  reNMO3NEKTPOCTaHUMUN,
npeobpa3oBaHMe COMIHEYHOrO M3/y4YEeHUA B 3/IEKTPOIHEPrUD OCYLLECTBAAETCA
NPY MMHUMANbHOM KOJIMYECTBE TEXHO/IOTMYECKUX Nepenenos.



MpumeHeHWe TennoBbix TPyO B AaHHOM CXeme aKTyaZbHO, uMcxoaa Wu3
3HaYeHu KoapoduumeHToB TENN00OMEHA, U NMPOLLECCOB MPOUCXOAALLMX B HUX.
[Ons ymeHblleHMA TemnepaTypbl oxnaxaaemol 4actm 12 tennosout Tpybbl 5
MOXHO Ha Hel PasMeCcTUTb BAaXKHble nonocbl-outuan. Mpu aTom Heobxogumo,
4yTOObl UX HUXHME UM BEPXHUE KOHLbI HaxoaAunucb 6bl B BOAe KOTA0BaAHA, UK
€MKOCTU, PaCnosIoXKEeHHOM Ha NOBEPXHOCTU KOTAOBaHa. B aTom cnyyae 3a cyer
KanunaapHoro nogbema BOAbl 4YacTM  nonoc-puTunen, oxsBaTbiBatoLMe
oxNnaxaaemyto Yactb 12 tennosoi Tpybbl, 6yAyT NOCTOAHHO B/IaXKHble. A 3HAUMT,
33 CYeT MCMApPeHMA C HUX BAarm uMx TemnepaTtypa OyaeT HuUXKe TemnepaTypbl
OKpy:Katouwiero Bosgyxa (ucnapeHue 1 % Boabl NOHUMKaeT Temnepatypy eé
ocTtaBweroca o6bema Ha 6 °C). CHMKeHHaa Takum obpa3om TemnepaTypa Yacren
12 6yper obecneymBaTb 60see HU3KYHD TemMnepaTypy HUMKHEN TpaHULb
TEPMOAMHAMMNYECKOTO LUMKIA BOAOMETA 3NEKTPOCTaHUumM 7, yBenmumsas ero KMNA.
[aHHasa cxema oxnaxkaeHus dacten 12 uenecoobpasHa, Koraa 3anacbl AbAa B
KOTN0BaHe Marsbl, WAM KOrga 3UMMOWM NOTPEOHOCTM B HM3KOMOTEHLMANbHOM
SHEeprum Tason BoAbl KOT/IOBaHa ANA HYXA OTOM/IEHUA, NOCPeACTBOM TENI0BOrO
Hacoca, MMHMMaNbHbI.

MpU aKKyMyAMPOBAHUM CONIHEYHOTO M3AYYEHUA MNPUAOHHBIM PACCO/IOM
npyaa nporpesaetca M rpyHT 11, pacnonoXeHHbI HWKe npyaa, npyv 3TOM
obpa3syeTcA CyWeCcTBEHHbIA 3anac Tenja — MNEeTPoreoTepmasbHbIA pecypc
rapaHtMa OecnepeboitHoit paboTbl cUCTEMbl B MacMypHble AHW, NpwU
aKKYMYNMPOBaHUM NPYAOM TOJIbKO PaCCEAHHOM CONTHEYHOM COCTaBAAIOLLEN.
Cxema 23/1eKTpoCTaHuUUmn

7 npepncTaBneHa Ha pUcyHke 4.

| — Tennosoit gsuratenb. 1 —
BOAOMET (Macnomér); 2, 3,4 —
KnanaH; 5 — rugpomotop; 6 —
aNeKTporeHepaTop; 7 — NHEBMO-
rmgpoakkymynsTop; 8, 9 — tennosasn
Tpyba renvoBoaoméTa.

PucyHok 4 — Cxema
aneKTpocTtaHuum (no3. 7 Ha puc. 3)

MNpuHUKMN paboTbl
3/1eKTPOCTaHLNM (Tennosoro
asuratens |) npepctaBneHHOM
Ha PUCYHKe 2 cneayrowuii.
TensaoTa, M3 Npyaa no tennoson Tpybe 9 noctynaet K BoAOMETY (MacnoméTy) 1,
roe B TePMOAMHAMMYECKUX UMKNax npeobpasyeTca B NOTOK macna. Mpu atom
TensoTa, He WCNONb30BaHHAs B TEPMOAMHAMMUYECKUX UMKAaX BOOOMETA,
oTBOAMTCA no TensoBon Tpybe 8 B KOTAOBaH €O /nbgom. M3 BoAOMETa
nepmoanyeckn noj OasB/ieHUMEM BbITECHAETCA Macsio, KOTopoe, npoxogd 4yepes
KnanaH 2 wu ruapomotop 5, npuBoauT ruapomotop 5, a 3Hauut, w
aneKTporeHepatop 6 BO BpalleHUe. Bo Bpemsa BbITECHEHMA Macsa M3 BogomMéTa 1




KnanaHa 3 “ 4 3aKpbiTbl, NO3TOMY Mac/0 Mnocae rMapomoTopa 5 nocrynaert B
NMHEBMOIMAPOaKKymynaTop 7/, 3apaxas ero. lNocne Toro, Kak paboumin obvem
mMmacna byaeTt BbiTeCHEH M3 BogOMETA 1, AaBneHMe B HEM MOHU3UTCA, KianaH 2
3aKpoeTca, a KnanaH 3 oOTKpoeTcA. WM 3a cYyeT 3Hepruu, 3anaceHHow
NMHEBMOMMAPOAKKYMYyNATOPOM /, BOAOMET 3ano/HUTCA maciom, obecneymsas
0AHOBpPEeMeHHO nogavy paboyero Tena B naporeHepaTop, U LMKA NOBTOpMTCA. B
npouecce 3anosHeHMa Bogomeéta 1 macnom KnanaH 4 oTkpbiBaeTcs, obecneunsasn
UMPKYNALMIO Macna 4yepes rMapomoTop S Npu ero MHEePUUOHHOM BPaLLEHUW.
dneKTpuYeckaa sHeprus, BblpabaTbiBaemasa 3/eKTporeHepaTtopom 6, nogaetcs
notpebutento [2]. Mexay rmgpomoTopom 5 M anekTporeHepatopom 6 mokeT
6bITb PACMOIOXKEH MAaXOBUK (AaKKYMYNATOP MEXaHNYECKOMN IHEepPrum).

Mo nponoxeHHoMy Mo gHy npyaa sogonposoay 10 moxHO BoAy, KOTopas
6yaet B Hem Harpesatbea 4o 50 — 90 °C (temnepaTypa Harpesa BoAbl 3aBUCUT OT
eé pasbopa), nogaBatb ANA ObITOBbIX M XO3ANCTBEHHbIX Hy}A. Ecnn Bo3ayx
nogasaTb B MOMeLLEHMA Yepe3 Bo3ayxoBoa 6, TO B IETHUN 3HOW 3TO MO3BOAUT
CHM)KaTb TEMNepaTypy B NOMeELLEHMNAX B3 MCNO/Ib30BaHUA KOHANLMOHEPOB. Mpu
paboTe rennoanekTpoCcTaHUUM UAN OXNaXKAEeHUW BO3Ayxa B Bo3ayxoBoge 6 K
OCeHW nepn B KoTnoBaHe 4 npeBpawaerca B Tanyw Boay. [Aas noAroToBKM
KOTnoBaHa 4 K paboTe neTtom ero BoAy MOXKHO TaK)Ke 3aMOpa*kMBaTb 3MMOM 3a
CYET NoJayYM HapyKHOro XON0AHOro BO34yxa No BO34yxoBoAam 6 B nomelleHus
3[aHUA, YTO CHMU)KAeT pacxog Tenna Ha MoAorpes BO3AyXa BO Bpems
npoBeTpMBaHUA. B 3TOM cnyyae noAorpes 3MMHEro BO3A4yxXa OCYLLECTBASAETCA
aKKYMY/IMPOBAHHOM NIeTOM KOoT/ioBaHOM 4 conHeuyHol aHeprueit. KoHeyHo, ana
3TOro HeobxoaAMMmo 4Tobbl TeMnepaTypa HapyXHOro Bo3ayxa, bbina Huxe 0 °C. U3
3TOro, cnegyet, 4TO npeasiaraemas TEXHOJIOTUA JNIETHEero 31eKTPOCHabxeHun
6onee Bcero noaxoamuT ans cpeaHen nosockl Poccun.

PaccenBaTb HU3KOMOTEHLMANbHYIO TENI0TY TEPMOAMHAMMYECKOIO LUUKAA
B BO34yX, nosblwas Kl BoaoméTta, 3pPeKTUBHEE BCEro /1€TOM HOYbHO.
Hanpumep, netom B OMCKe HOYblo BO3AyX npoxnagHee 6onee yuem Ha 10 — 15 °C,
4yem gHeM.

MpuBeAeHHble B UCTOYHMKe [1] MMHMMYMbI TemnepaTypbl Bo3gyxa Mo
OmcKoi o6nacT¥ NOKasbiBalOT, YTO MO KJAMMATUYECKMM OCObeHHoCcTaM B
onpefeneHHble rogbl Aa)e B MIOHe-utoie BO3MOXKHA 3ddekTMBHaA (npu
Temnepatype 6amskont Kk 0 °C) KoHaeHcauma napa pabouyeit KUAKOCTU B
ox/laXkaaemon vactu 12 Tennosoi rpaBuUTaLMOHHOM Tpybbl 5 6€3 npumeHeHuUA
oxnaxkgatowmx nonoc-epuTunen.

3P PEKTUBHOCTb KOMMAEKCHOIO WMCMNOJIb30BAaHUA COJIHEYHOM 3SHEPrUu B
cpeaHen nonoce Poccuu, ¢ y4eTOM KOHUEHTPAUUM U3NYYEHUS U SHEPTrUM NbAaa,
MOXeT ObiTb BbICOKOW. ITO ByaeT AOoCTUraTbCA 3a CYET Toro, YTo fNetom pabota
BOAOMETA OCYLLECTBAAETCA OT SHEPrMM COJTHEYHOrO NpyAa NPU OXNaXKAEHUU ero
pagnatopa NpPeuMmyLlecTBeHHO /bAOM, a BECHOM W OCEeHbld B OCHOBHOM
OKpYKatowWwmm Bo3agyxom c Temnepatypoit okono 0 °C (4To nos3Bonser MmeTb



MWHUMA/IbHbIY 06bEM KOTN0BaHa CO bAOM). DTO rapaHTMpyeT paboTy BogomeTa
C MaKCMMaNbHOMW, ANA AaHHOM reorpadUUYecKon WKMPOTbl, Pa3HOCTbIO pabounx
TemnepaTtyp B TepmoanHammuyeckom umkne. KMNA umkna ysennumsaetca Ha % [1].
ObecneunsaeTcs, 04HOBPEMEHHO, 3OPEKTUBHOE aKKYMYINPOBaHNE KOTOBAHOM
conHeyHol 3Heprum (go 85 % OT aKKyMynMpOBaHHOM NPyAOM) Ha 3UMHUIA
nepuos (B M3BECTHbIX TEXHO/IOTMAX HEUCMNO/b30BAHHAA B TEPMOAMHAMMUYECKUX
LUMKAax TennoTta n cbpocHoe Tenno, ¢ 4ONONHUTENbHbIMM 3aTPaTaMMn SHEPTUN —
no 20 % oT MOLWHOCTM YCTaHOBKKU, 4yepe3 TensoobmeHHoe obopyaoBaHue
NPUHYANTENbHO PAacCEMBAETCA B OKPYIKAIOLLYIO cpeay).

Tennosble Tpybbl, nNpoxoAsuine 4Yepe3 CONHEYHbIM CONAHOM npya W
KOTN0BaH C BOAOW (Nbaom) B6yayT SABAATLCA M TENIONPOBOAHbIMU 3/IEMEHTAMMU,
BbIPaBHMBAOLWMMM TEMMNEPATYPHbIE NONA B 060MX COOpyKeHusax (Hambonbluee
nucnapeHue paboyero Tena B TennoBon Tpybe npyaa 6yaetr Ha Haubonee
HarpeTom y4yacTKe, a Hambosbluana KoHAaeHcaums paboyero Tena B TennoBon Tpybe
KoTnoBaHa byaeT Ha Haumbonee X0NoAHOM y4yacTke). Peanusaumm atoro byaert
cnocobctBoBaTb TOT aKT, 4YTO 4YacTb Tpybbl B KOTOpPOM uMcnapsieTcs BoAa
(KoHAeHcupyeTca nap BoAbl) cnocobHa BocnpuHMMaTh Tensiosble notokn 700 —
800 Bt/cm?, B TO BPeEMA KaK 4acTu TpybObl, rae npoucxXxoauT neperpes
(oxnaxpeHue) BoasaHoro napa — He 6onee 50 BT/cm?, NpU MPOYMX PABHbIX
YyCNOBUAX.

Mpegnaraemana TEXHONOrMA MNO3BOAAET, BblpabaTbiBaa NeTOM X004
KOTNOBaHA 3anacaTb TenaoTy, BblpabaTbiBas 3MMOMN TEeNAOTYy aKKyMy/MpOBaTb
X0n04, T.e. B HEW HET MPOMEXKYTOYHOro O0OOpPYyAOBaHMA M AKKYMYIATOPOB,
KoTopble 6bl He paboTtanM B TeyeHue Bcero roga. lepuogmyeckas paboTa
KOT/10BaHa: IETOM B KayeCcTBe UCTOYHMKA X0104a, @ 3MMOM TeNA0Tbl, UMEET CBOMU
HEOCNOpPUMble NPENMYLLECTBA, KOTOPblE MOTYT ObiTb OLLEHEHbI TO/IbKO B BbICOKMX
wupoTax. [pn 3amopa’kKMBaAaHMKM KOTAOBaAHaA 3UMOM CUCTEMOW NOALEPrKaHUA
MMUKPOKIMMATA pacwmnpsaeTcs 30Ha 3PEPEKTUBHOIO MCMNONb30BAHMA COSTHEYHOM
3HEeprun B IOXXHOM HanpasneHun (KybaHb, NMpumopbe). B Tom HanpaBneHuu, rae
npu cpeaHen Temnepatype aHBapa muHyc 4 — 10 °C, HeBO3MOXHO caenaTtb
HeobxogMMmble 3anacbl ibAa ANA NeTHel paboTbl. Tak N B CEBEPHOM HanpaBAeHUM
Bna0oTb A0 60° ceBepHOM WMPOTLI. [Ae Npu cpeaHen TemnepaType AHBAPA MUHYC
20 — 30 °C, sHeprua 3amep3atolieit BoAbl TENJI0U30/MPOBAHHOIO KOTN0BaHa —
3TO e4VHCTBEHHbIN AOCTYMHbINA BUA, SHEPTUM OKPYXKAOLWEN cpeabl NPUrogHbIM No
cBOMM napameTtpam (TemnepaTypa, TennoTta $pa3oBoro nepexona, TENJI0EMKOCTb)
M obbemam 4NA nogorpeBa BO34yxa, [MOCTYMAMOWEr0 B KWible ¢
NPOM3BOACTBEHHbIE MOMELLEHMA.

dNeKTPOoCHabKeHne ¢ UCNoNb30BaAHMEM MpPyAa M KOTA0BaHa CO NbAOM —
3TO N0 CywecTtsy KOMOMHMPOBaAHHbIX CNOCO6 3INEKTPOCHAbXKeHua u
Npou3BOACTBA TENIOThI.



OTHOCUTENbHO CTabunbHasA BbipaboTKa 3N1EKTPO3HEPTUU SNEKTPOCTaHLUMNEN
C paHHel BeCHbl A0 NO3AHEel OCeHU AOCTUraeTca BCAeACTBME C/eAyloLero
(pucyHkM 5, 6):
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3/1IeKTPOCTaHL MU OT Temnep:
FANLIALILIAFA PNA\/INA AT TOAAMMN AN

1) paHHel BecHOM W MNO3A4HEN OCEHbI, M3-3a HU3KOM TemnepaTypbl B
paboyeit 30He npyaa (Hanpumep, 50 — 60 °C) KN npeobpasoBaHua Tensosow
3HEPruM B MEXaHUYECKYIO N Janee B 3NEKTPUYECKYIO IHEPIUIO0, HUKUN,

2) OfiHaKO, B 3TOT Xe Nepuoa, U3-3a HU3KON TemnepaTypbl B paboyeii 30He
npyaa ero K/ so3pacTaeT. Mpuyem; 4em HUKe TemnepaTypa B pabouyei 30He
npyaa, Tem meHblue TenaoBble NnoTepu n3 Hero u Bbiwe ero K.

AHanus 3aBUCUMOCTEN NpPUBEAEHHbIX HAa pPUCYHKax 5, 6 nossonset, B
nepBomM NpubAMNKeHUn, ¢ 60abLWON CTENEHBIO AOCTOBEPHOCTU NPOrHO3UpPOBATh,
yto. KMJ npeob6pasoBaHMA CONIHEYHON SHEPIUU B INIEKTPUYECKYID 3SHEPTUto
(npounsseneHue KM conHeyHoro npyaa, Ha KM 3n1eKTpocTaHLMM) OTHOCUTENBHO
cTabuneH B nepuog c anpena No OKTAOPb. 3@ MCKAOYEHMEM pPaHHEN BECHHbI,
MOCKO/IbKY B 3TOT Nepunoa, NPorpeBaeTcs rpyHT nog npyaom.

OpHaKo HM3Kas TemnepaTypa paccosa npyAa BECHOW KOMMEHcUpyeTca
HM3KOM TeMnepaTypomn NbAa KOT/NI0BaHa, OXaXAaoWero pagmatop BogoméTra. A
OCEHbI HU3KaA MHCONALMA KOMMEHCUPYETCA 3aNacom TeNN0Tbl FPyHTa npyaa.

KoHeyHo peanusyembit KMJ[ npeobpasoBaHna 3sHeprun ConHua B
3/IEKTPUYECKYID 3HEPTUD B HECKO/IbKO pPa3 HUXKe, Yem Yy TpaguMUMOHHbIX
SHepreTMYeCKNX yCTaHOBOK, paboTatowmx Ha OpraHMYeCKOM TOM/IUBE.

Mostomy Aans BblpaboOTKM 3HAUMTE/NIbHBLIX OOBEMOB 3/IEKTPOIHEPIUM
TpebytoTca 6onblune NAoLLaAb COTHEYHOTO CONIAHOIO NPyAa U 06bem KOT/I0OBaHa.

YKa3aHHble 0COH6EeHHOCTM MOryT NO3BOINMTb CHMMaTb C 1 m? npyga 3a
netHuin nepuog 6onee 60 KBT-U 3/1eKTpoOaHeprnu, A48 NepBO KaTeropum
notpebuteneid, B HE3aBUCMMOCTM OT MEPEPbIBOB B MOCTYNAEHUU CONHEYHOW
3Hepruu.

Ona cnpasku. npu naowaan soaoxpaHunmwa Hosocmbupckon MC 1072
KMZ, rogoBan BblpaboTKa 3/1eKTpo3Heprum coctasndet 1,678 mnpg kKBTy. Unn c 1
m® Bcero 1,56 KBT-4 B rog, npu cpegHerofo0Bom Ko3dpPpuumeHTe UCnosib3oBaHUA
ycraHoBneHHoi mowHoctn (Kyyw) okono 40 %. A CasaHo-LUyweHckaa MC npwu



naowaan BojaoxpaHunuuwa 621 kM2 BblpabaTbiBana B ros okono 23,5 mappa, KBty
anekTpoaHeprumn. C1l m? 38 KBT-u B roa, npu cpegHerogaosom Ky,yn okono 42 %.
BbipaboTKa 3/1€KTPO3HEPrUM Ha mecTe notpebneHus, 6e3 cTpouTenbCcTBa
JIMHUMA 3NeKTpornepeaayn, He BbIBOAUT U3 CENbCKOXO3SMCTBEHHOro 0bopoTa
3eman. A BeAb naowWaAM 3TUX 3eMesb BAONb JIMHUK 3neKTponepeaayvu
3HauYUTE/IbHbI.
dNeKTpUYecKkas sHeprua ABNseTca ocobbiM BMAOM TOBapa, Ha KayecTBO
KOTOPOro Ha pasHbix cTaaumax (NpousBOACTBO, Nepefaya, pacnpegeneHue,
notpebaeHne) MoryT BAIMATb BCE YH4ACTHUKUN PbIHKA 3/1EKTPO3HEPTUN KaK B LLEIOM
B SHEProcucTeme, Tak U B KaXKZIOM y31e CeTU B OTAe/IbHOCTU. [pn 3TOM 3HaUYeHUs
KayecTBa 3/IeKTPUYECKOM SHEPrun B i-m y3/1e CeTM MOXHO MOYy4UTb NOCPEeACTBOM
TOKOB MCKaxkeHua I, KoTopblit NnoTpebutenb reHepupyeT B ceTb BO Bcex y3nax [3]:
"
AU; = Lizz + thztp
1=1
j#
rAe Z; — B3aWMHOe ConpoTuB/eHNE 1-ro 1 j-ro y3s10B8 3N1eKTpUYECKOl ceTn
TOKaMM onpefeneHHOro BUAA WMCKAXKEHUN; Z; — COOCTBEHHOE COMPOTUB/IEHME
y31a; 1 — YUC/I0 Y3/10B I/1IeKTPUUYECKOM ceTn
MoaTomy ANs NOJIYYEHUss KaYeCTBEHHOM 3/1IEKTPO3HEPrnmM LenecoobpasHo
MMeTb aBTOHOMHbIE reHepUupyoLLMe YCTaHOBKH.

Ba’kHbIM  aprymeHTom HeobXxoAMMOCTM  LUMPOKOrO  MCMNO/Ib30BaHUSA
ABTOHOMHbIX 3JIEKTPOreHepupYIoLWUX YCTaHOBOK fABMAKOTCA UX 3KOHOMMUYECKUE
NnoKasaTe/in, KOTOpble He 3aBUCAT OT YAe/bHbIX NPUBEAEHHbIX 3aTPaT Ha eANHULY
nonesHo nepesaBaeMoli 3NEKTPO3IHEpPrnu, Bbiparkalolnmecs B TPAAULMOHHOM
3/IEKTPO3HEpPreTHKe B cneaytowem suae [4]:

1
33']‘1 = (EKI{B']‘I + eE.?.E I{E.;I + e‘]‘ll:- KTLC- + c3 ﬂ33']‘1]
PraxT; A,

max

roe E, — koaddpuumeHT apdekTuBHOCTN KanenoxeHui; K, ,, KanBnoxeHus
B LE/IOM Ha CO34aHue 3/eKTponepeayn; e.., €,. — HOPMbl OTYMC/NEHUM Ha
obcnyxKmBaHue n amopTusaumio amHnin u noacraHumnin; K_., K, . — kansnoxeHua
Ha CTPOUTENBLCTBO JIMHUW U NOACTAHUWMMN; C, — CTOMMOCTb NMOTEPAHHOWN 3HEPruu,
A3,, — rogosble notepu 3nexkTposHeprun B snektponepepade; P...., T... —
MAKCMMa/IbHAsA MOLLHOCTb Ha OTMPAaBHOM KOHLE 3/1eKTpornepeaaym n YNCa0 4acos
€€ NCNo/Ib30BaHMA.

MoCKONbKY Npu BbipaboTKe 3NeKTposHeprnm ot BUI, conHeuyHyo sHepruto
HEBO3MOXHO NOJly4aTb KPYr/10CYyTOYHO B Itoboe Bpema roga, a A40CTaTOYHOro Ann
paboTbl BETPOYCTAHOBKU BeTpa MOXKeT He OblTb HECKO/IbKO AHEeW, TO 4acTb
nccnefoBaTeNien CYMTAET, YTO CaMbll MPOCTOM M AOCTYMHbIA cnocob coxpaHeHus
3/IEKTPO3HEPIUM 3TO AONOJIHUTENbHAA YCTAHOBKA K CO/HEYHBIM U BETPOBbLIM
SHEepProreHe pPUpPYLLMM CUCTEMAM 31EKTPUYECKMX aKKYMYIATOPOB.




PaccmoTpum 3TO B NNOCKOCTU becnepeboiMHOro 3neKTpocHabxkeHus,
Hanpumep, B TeyeHne 100 vyacos (4 cyTok), Koraa Ha aBope cnabblii BeTep U HET
ConHua. OO6blYHbIA  aBTOMOOWABLHBLIA  akkymynatTop émKoctbio 60  A-y
Hanps>keHMem 12 B npu nonHoi 3apagke cnocobeH otpaatb 0,72 KBTy
aneKkTpoaHeprun. CneposaTtenbHo, Ana becnepeboHOro 3/1eKTPOCHAOKEHUA
notpebutensa 1 kBT anekTposHeprum B TeyeHmne 100 yacos Tpebyetca 100 kBT
3N1EeKTPO3HEPIUN, KOTOPaA MOMKET bbiTb nonyyeHa ot 138 akKymynatopos. 370,
KOHEYHO e, CTaBWUT XUPHbIA KPecT Ha WCNOAb30BaHMU TPAAULMOHHbIX
TEXHOIOTU 3HepreTukn BN ana ueneit becnepebomHOro anekTpocHabKeHus.

Ona  Hambonee 3ddPeKTMBHOro uncnonb3oBaHuAa BUI, KoHeuHO
uenecoobpasHO KOMMAEKCHOE MCMNO/b30BaHUE CO/IHEYHOM SHEPTUU U SHEPTUM
BeTpa, 6e3 aKKyMyiMpOBaHUA 3NeKTpUYecko 3Heprun. CKOpOCTb BeTpa
Hanbonbluan B nepmoa cMeHbl noroapl, Korga CosHue YacTo 3aKPbITO Tydamu.

[Ons cucTem COCTOALWMX M3 HECKONbKUX Aybnupyrowmx Apyr apyra
SHEProuCTOYHMKOB AN 6o/blien HaArfagHOCTU HUXKe npuBedeHa LeseBas
OyHKUMA (CymMapHble AUCKOHTMPOBaHHbIE 3aTpaTbl) KOTOpas npeobpa3oBaHa B
CTOMMOCTb 3/1eKTpo3Hepruu (S), n Bbluncaaetcsa no dopmyne [5]:

s=\Yo)|D P+ 2|

rae 0 — cpeaHerogosoit obbem  OTNylLEHHOM noTpebutenem
anektTposHeprun; F — KoadduumeHT Bo3spaTa Kanutana, K — nnsectmumu; £ —
cpeaHerogoBble TeKyLMe U3aepKKku (BKtoyana 3aTpaTbl Ha TONIMBO).

Fi=o/[1— exp(—oT))],

rae T — cpoK cnyxbbl, NOCTOAAHHaA O cBfA3aHa C roJ40BOM HOPMOW
AUCKOHTa cooTHoweHnem ¢ = In(l+17), a cymmupoBaHue MNPOU3BOAMUTCA MO
BCEM 3/IeMeHTaM cucTembl (MHAEKC ).

Ecan nocmoTpeTb Ha aHEPrun, akKymyampyemble B Npyay U KOT/JI0OBaHe, B
OKPYXaloLWEM UX FTPYHTE M BO3AyXe TO ACHO, YTO MCMONb30BaTb UX MOXKHO ANA
NPOM3BOACTBA JHEPrMM  Pas3/IMYHON  LEeHHocTM (cToumocTn). Kputepuem
ONTMMM3ALUM UCMNONb30BAHUA AKKYMYIMPOBAHHbIX 3HEPrnii MOXKEeT BbICTyNaTb
cymmapHasa ctoumoctb C npowusBeAeHHbIX BUAOB 3Heprun. Toraa LEenesyto
bYHKUMIO MOXKHO NpeacTaBuTb B CAeayowem BUae:

n

C: E Ci X,
i=1

roe ¢; — CTOMMOCTb eguHuUbl 1-ro Buaa Npov3BOAUMON 3HEPrun; X; —
Koan4yecTtso NponssoamMmoro i-I'O BMWAA 3HEPrmnu; r — KoONn4ecTtso NpPomn3BOANMbIX
BNAOOB SHEpPrun.
OrpaHU4YMBatoLLME YCNOBUA MOXKHO NPeacTaBuTb caeayowmm obpa3om:
x, =0, x,=0,.., x, = 0.



n

Zaj[x[*_ibj, j=1,2,...,m.
i=1 ) .
rge a,i[ — 3aTpaTbl €eguHUL, ]-TO BUAOQ AKKYMYNNPOBAHHOW 3HEPrnn anA
npon3BoAcCTBa i-ro BWAA SHEPrun, f]J— Konmn4yecTteo j-FO BNAA aKKYMY/IMPOBAHHOMN
3Heprmnun; Nl — Konn4ecTtso BMO0B aKKYMyﬂMpOBaHHOﬁ Heprmn.

OKOHYaTe/IbHO 3a4a4a CBOAMUTCA K CneaytoLemMy — HauTu:
n

max C X
{o;} Z
i=1

npw ycnosum
1. x;,=0, i=1,2

L

2. Z aj{x[ = b]-' _] = 1, 2,...,m.
i=1

BcAKkMM Habop 3HAYeHUN X,,X,, ..., X,,, YAOBAETBOPALOWMNIM ycnoBmuam 1 —
2 6byaeT onTUManbHbIM NIAHOM.

PaccmoTpmm TaK»Ke MCNo/ib30BaHME aKKYMYAMPOBAHHbIX BUAOB SHEPrnm ¢
MHOW TOYKM 3PEHUSA — C TOUYKM 3pEHUSA MEeHbLUMX 3aTpaT aHeprum Q.

Torpa uenesyto GYHKLMIO MOXKHO NPeACTaBUTb B CAeaytolem BUae:

Q= Z}rjbjj
=1

rae y; — 3atpatbl eauHuL, J-TO BMAA aKKYMY/MPYEMOMN 3HEprumM Ans
npousBoacTBa eAVHWUUbI OAHOr0O U3 BUAOB 3HEPruu; EJJ-— KO/ZIM4eCcTBO
NPOM3BOAMMON OOHOTO W3 BUAOB 3SHEPrUM U3 |-T0 BMAA AKKYMYIMPOBAHHOWM
3Hepruu; 1 — KoONnN4yecTBO UCNONb3YyEMbIX BUAOB SHEPTUN.

OrpaHuYmnBatoLLLMe YCI0OBUA MOXKHO NPeACcTaBUTb Cieayowmm obpasom:

BennuunHbl ¥; He JO/IKHbI 6bITb OTPULATE/NbHbI.

1.y, =0, v,=0,.., v,, =0.

BennumHa 3aTpauMBaemMblXx BMAOB aAKKYMY/IMPOBAHHOM 3HEprnuM AanA
npon3soactTBa eaMHULbI KaXXa0ro snaa sHeprnmn He A0J1XKHa ObITb MeHbLlle, Yyem
BeN1n4YnHa egnuHMLUbI Npon3BeneHHOro Buda aHepruun, T1.e.

m
Z.Z azy; = ¢ ana i=1,2,..,n
i=1
OKOHYaTenbHO 3a4a4a 3TOM OLEHKN CBOAUTCA K CeAyoWemMy — HaUTHU:

m
min E yib; .,
=1

npu ycaoBmuu
1. y; =0, j=1,2,...,m.



m
EZCL“}?]:_} C[, i= 1,2,...,“.
=

N B OKOHYaTeNbHOM BUAE, ANA No6bIX ONTUMaANbHbIX NAHOB 3TUX 3a4da4
cnpaBea/inBO COOTHOLLEHUE:

n ™
i=1 =1

JHepreTnyeckaa 3¢PeKTUBHOCTb NpesaraemMom CUCTEMbl COJTHEYHOTO
3/1eKTPOCHAbKEHNS OCHOBbLIBAETCA HA YeTblpex 06CcToATeNbCTBAX:

MNepBoe — CcONHEYHbIM CONAHOM Npyn NeToM, B CpegHen nonoce wu
rOpHbIX paioHax ora Poccum u B ctpaHax CHI, npun Heb6oAbLIKNX pa3mepax MOXKeT
aKKYMy/MpPOBaTb 33 CYET OPUTMHANbHBIX KOHUEHTpaTopoB [1] 6onblwe conHeyHow
3HEeprum n nMmeTb 6os1ee BbICOKYIO TeEMMNepPaATypy COMAHOrO paccona, Yem npya Tex
YKe pa3mMepoB Ha IKBaATOpe.

A npu TEnAOM30NAUMM AHA W YACTUYHO OOKOBbIX CTEHOK MOMKeT
COXpaHATb, A4Na NnpeobpasoBaHnA, 6onblLe aKKYMYyNMPOBAHHOM TENNOTHI,

BTopoe — B cOoCTaBe CUCTEM C TEPMOAMHAMUYECKMMU LUMKNAMM YKe eCTb
MCTOYHUK xonopa/Tenna (nea/Tanas Bofa KOTA0OBaHa), ¢ TemnepaTypoi okoso 0
°C.

Paboma cucmem ocywiecmansemcs e 0s8yx pexcumax (1o epemeHu).

Mepeobili percum — B NETHUIA Nepuos, C COBEPLUEHUEM NONE3HOM PaboThbl
— BbIPabOTKM 3INEKTPUYECKOM 3SHEepPrMn U Tennaa-xosnoga. OCYLLeCTBASAETCS
aKKYMyNMPOBaHNE HU3KOMOTEHLUMANbHOM TENNOTbI B KOT/IOBAHE;

Bmopol pexcum — B 3MMHUI Nepuog, C COBEpPLIEHMEM NOAE3HOM PaboTbl
— oborpeBa nomeleHMn nocpeactsom TH ocyliecTBnaeTca aKKymyanpoBaHue
xonopaa (3amopaknsaHue Bogpbl) B KoTnosaHe [1];

TpeTbe — WCTOYHUK TenNoTbl (CONHEYHbIM CONAHOW MNpyA) U UCTOUYHUK
xonoga (KoTnoBaH CO /IbgOM) PacnosioXKeHbl pagom. Mpu 3Tom paccTosHMe
MeXAY HMMU WCKOYaeT ecTecTBeHHbIW (3a cyeT TennonpoBOAHOCTM) 0bmeH
3Hepruamu,

YeTrBeptoe — nNOAaBAAKOWAA 4YacTb CUCTEMbI «U3rOTOBAEHA» U3
eCTeCTBEHHbIX MPUPOAHbIX MaTepuanoB (rpyHT, BOAa, CONb) — AAA  MUX
M3roTOBNEHMA He TpebyeTca 3Heprua, a WX KU3HEHHbIA UUKA He umeet
OrpaHUYeHUsA, NPU UX HU3KON CTOMMOCTM.
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