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BBEOEHWE

AKTYya/IbHOCTb TeMbl MccnefoBaHusA. [11 COBPeMEHHOM Poccuy BaXKHbIM  YC/IOBUEM
CTabuMbHOro0 PasBUTUS U Aa/bHENLLEero CyL,ecTBOBaHWUSA PailOHOB APKTUYECKOM 30HbI POCCUIACKOM
Pepepaumn (A3PD) sBnsieTca obecneveHne KOMGOPTHBLIX YCI0BUIA NPOXMBAHWS MECTHOIO Hace/leHus
[1]. Ocobas ponb B 3TOM nMpouecce OTBeAeHa CUCTEMaM TeM/IOCHAOXEHUS, HadeXHas |
6ecnepeboitHas paboTa KOTOPbIX COMpshKeHa C pa3fnMyHbiMKU npobnemamu. OCOOGEHHO OCTPO 3TO
NPOSBNAETCA B YAIEHHbIX, TPYAHOLOCTYMHbLIX U M30/MPOBaHHLIX paitoHax A3P®, rae vmeetcs
MHOXECTBO NOTpebuTeNeil TensioBOM 3HEPrMW, WCMbITbIBAIOWMX  Pa3MyHble TPYAHOCTM C
TensocHabxeHnem. [pexge BCero, 370 CBA3AHO C CYpPOBbIMW  MPUPOLHO-KAMMATUYECKUMU
YCNOBUAMU,  YCNIOXKHAIOWMMI  JOCTaBKY OpPraHuM4eckoro TOMAMBa B YA&leHHble PaloHbl U
ABNAOLMMNCA NPUYUHOM MOBBILLEHHLIX MOTPEOHOCTE B TEMNIOBOM 3HEPruyM Ha MPOTSHXKEHUM
NPOAOKNTENLHOTO OTOMWUTENLHOrO MEpuofa, AOCTUraloLero B OTAeNbHbIX paioHax A3P®P 8-10
MecsILEB B rofly 1 6onee. BMecTe ¢ 3TUM yaaneHHOCTb NOTpebuTenein oT MecT A006bI4M OPraHNYecKoro
TOM/INBA, KOHEYHAsi CTOMMOCTb KOTOPOro y notpebutenieil MOXeT 6biTb B HECKO/ILKO pa3 Bbllle Mo
CPaBHEHWIO C OTMYCKHOW LIEHOW Y MNOCTaBLLMKOB, SBMSETCA OCHOBHOW MPWUYMHOWA MOBbILLEHHbIX
[EHEeXHbIX pacX0f0B Ha NOKYIKY Takoro TOM/MBa 1 ero 3aB03 B yfa/ileHHble palioHbl. Takas cUTyaums
NPUBOAMT K TOMY, YTO CE6ECTOMMOCTb TEMNI0BON 3HEPrMM OKasbiBaeTcs 60/bLue YPOBHA TapudoB, B
pe3ynbTaTe Yero AesTeNbHOCTb TEM0CHaBXatoLWMX oOpraHm3aLmnii Nony4vaeTcs yobITOUHOR, 1 NO3TOMY
rocyfapCcTBO BbIHYXXJEHO CybCuaMpoBaTh MOKYMNKY M 3aBO3 OPraHMYeckoro TOMAvMBa B YAa/leHHbIe
paiioHbl A3P®. Takxe WUCMNonb3oBaHNME WCTOYHMKOB TEMOBOW 3Hepruun, paboTalowmx Ha
OpraHMyecKoMm TOM/INBe, OKa3blBAaeT HEraTMBHOE BO3AENCTBME HA OKPYXKAIOLLYIO MPUPOLHYIO Cpejy.
Bcé 3TO BbI3blBaET HEOOXOAMMOCTb B MOWCKE MYTER, HanpaBfeHHbIX Ha 3HeprocbepexxeHne u
MOBbILLEHNE  3HEPreTUYecKorW IPMEKTUBHOCTM  TennocHabxeHus. B KayecTBe  OTAENbHOrO
Hanpas/ieHNs 3HeprocoepeXkeHns MOXHO paccMaTpuBaTb Pa3BUTKE W BOBJIEYEHME B MPOW3BOACTBO
Tenna MeCcTHbIX BO30OHOB/ISEMbIX MCTOYHUKOB 3HEPrK, B TOM YIC/E SHEPTUW BETpA.

B paiioHax A3P® ¢ MoBbILIEHHBIM MOTEHLMAIOM BETPA MMEETCA BO3MOXHOCTb UCMO0/b30BaHUA
BETPO3HEPreTUYECKNX YCTaHOBOK (BJY) COBMECTHO C KOTE/IbHbIMW, paboTaloLLMMN Ha OPraHUYecKOM
TOMN/IMBE, HAa HYXAbl TennoCHabxeHns. OgHMM M3 Takux panoHoB ABnseTcs MypMmaHcKas 06nacTb,
KOTOpas pacrosfiokeHa B ceBepo-3anagHoi yactm A3P® [1]. WccnepgosaHua [2-4] nokasanum, 4yTo
HamboNbLLUNe CpeaHErof0Bble CKOPOCTY BeTPa B MypMaHCKO 061acTu HabnoaatoTcs B NPUOPEXHbIX
painoHax bapeHueBa 1 Benoro mopeii n coctaBnsaoT 5-8 M/c Ha BbicoTe 10 METPOB OT MOBEPXHOCTU
3emin. Mpy 3TOM HambONbLUME 3HAYEHWS CKOPOCTW BETpa OTMEeYaloTCs B 3MMHEe Bpemsd, Korga v
CyLLeCTBYeT Hanbo/bLLuas NOTPe6HOCTb B TEMOBOW 3HEPrUK. B LieIoM MOXHO KOHCTaTUPOBaTb, YTO B

MypMaHCKOli 061acTh CKNaablBatoTca 6/1aronpusiTHble YCNOBUA A1 3)(hEKTUBHOIO MCMO/Mb30BaHMA
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SHEPrMM BeTpa Ha HYXAbl TEnn0CHabXeHWUs ANS LWUMPOKOro Kpyra yfaneHHbIX noTpebuTenei
TEeNn0BOW 3HEPTUN.

TakuM 06pa3oM, aKTya/lbHOCTb [AMCCEPTALMOHHON pPaboTbl OnpefenseTcd COBPEMEHHbLIM
COCTOSIHUEM Pa3BUTUSA TEMNIOCHAOXEHUA 1 CBSA3AHHON C 3TUM HEOOXOAMMOCTLIO peLLeHns npobembl
3HEProcoepexXeHNs 1 NOBbILLEHNS SHEPTeTUYECKON 3PPEKTUBHOCTY CUCTEM TENOCHAGXKEHWS, B TOM
ynucne C NPWBNEYEHWEM 3HepPruM BeTpa 4719 LUMPOKOTO Kpyra YAasleHHbIX W M30/MPOBaHHbIX
notpeéutenein A3P®.

Llenb  paboTbl.  TeopeTnyeckoe  00OCHOBaHME  Lie/1IecO06pPa3HOCTM  MCMOJMb30BaHWS
9HEProKOMMNeKCoB, BK/HOYaKOWMNX KOTeflbHble, BETPO3IHEPreTUYecKne YCTaHOBKM W TernsoBble
aKKyMY/SiTopbl, AN8 TENN0CHa0XEeHNS YaaNeHHbIX paioHOB APKTUYECKOW 30HbI PO.

[ns [OCTVKEHWS NOCTaBMEHHOM Liein ObINN peLleHbl CnefytoLime 3a8aqn:

1. MpoBeAéH aHaM3 COBPEMEHHOrO COCTOSHWUSA PasBUTUSA TennocHabxeHus MypmaHCKoiA
06/1acTM 1 060CHOBaHbI MPEAMNOChITKM ANA 3PMEKTUBHOIO OCBOEHMS PECYPCOB 3HEPruv BeTpa Ans
Lienei Ten0CHabXeHUs.

2. PaspaboTaHa MaTemaTunyeckas MOAENb CUCTEMbl TEMNJIOCHAOXeHUs, rAe WCTOUYHMKaMW
TEN0BOIN 3HePrun ABNAIOTCA KOTeNbHas 1 BOY consmepumoii MOLLHOCTM, paboTatoLias COBMECTHO C
TEnI0BbIM aKKYMY/IATOPOM.

3. BbINOMHEH pacyeT 3HepreTUYecKon aheKTUBHOCTN CUCTEMBI TEMIOCHAGXKEHNA Ha NpUMepe
paboTbl 3HeProKommnekca Ha 6ase KoTenbHON 1 BAY B noceske JlogeiiHoe MypMmaHCKoW 06/1acTu ¢
YUYETOM M3MEHEHUS KTMMATUYECKNX (PaKTOPOB.

4. PaspaboTaHa mateMaTuyeckas MOAesb 3[aHMs Kak akkymynsatopa Tera 60/bLIoin eMKOCTH
AN19 OLEHKM M3MEHEHUs TemrnepaTypbl BHYTPEHHEro BO3f4yXa B 3aBMCMMOCTU OT PEXMMOB PaboThl
KOTenibHON 1 B3Y.

5. BbINnonHeHa oueHKa 3KOHOMUYECKON 3(h(heKTUBHOCTN COOPYXXEHUSI U UCMOMb30BaHNUA BIY
COBMECTHO C KOTe/IbHbIMMW /151 Lief1eil TeN0CHatXeHNs B yAaneHHbIX paioHax MypMaHCKol 061acTu.

YKasaHHble Lieflb 1 3afaun Nnpefonpeseninam CTpyKTypy 1 cofepXKaHue LJaHHOW paboTsbl.

O6beKT ncCnefjoBaHNA — 3HEProKOMIIEKC, COCTOALWMA U3 KOTelbHOM U BIAY consmeprmol
MOLLHOCTW, C 06OCHOBaHWEM 3PHPEKTUBHOCTU €ro WMCMOoMb30BaHUA Ha HYXXAbl TEMNIOCHAOXKEHNS B
yAaneHHbIX painoHax A3P® (Ha npumepe MypmaHcKoi 06nacTti).

MpegMeT wnccnegoBaHUSA — CNOCo6 MOBbIWEHNUS 3PMEKTUBHOCTM TEMNNOCHAOXKEHMS 3a CYET
YCOBEPLUEHCTBOBAHUA M MOLEPHM3aUMN CXEM, U ONTUMU3ALUN PEXMMOB paboTbl COBPEMEHHbIX
CUCTEM Tern0CHabXeHNs NyTeM NUCNONb30BaHNA BAY.

CreneHb paspaboTaHHOCTM nNpobnembl. lMccnefoBaHuss B 06nacTu  TensjiocHabXeHus,
PEerynnpoBaHuns TeMIoBbIX Harpy30K B CUCTEMaX TEMI0CHatXEHNSA N 06ecneyeHnst TENI0BOro peXxxuma

B 3faHNAX CBA3aHO C TaKUMU MMEHaMN OTEYECTBEHHbIX U 3apy6e>KHb|x aBTOpPOB, KakK borocnosckuii B.
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H., 'pomoB H. K., Apo3gos B.®., 3uHrep H. M., NoHnH A. A., Ko3nH B.E., KoHoHoBMY 1O. B.,
KyswuHos 0. A., CkaHasu A. H., Cokonos E. f., TabyHwumkoB HO. A., Xacunes B. A., Yuctosuy C.
A., WWapanos B. U., LLlekuH P.B., Akosnes b. B. n apyrux [5-24]. Bonpocam UCMosib30BaHNA 3Heprum
BeTpa MocCBsLLEeHbl paboTel AHApuaHoBa B.H., banb3aHHuKoBa M.W., be3pykux I1.I1., BbICTpULKOro
[.H., Bawkesunya K.I1., eHuceHko .., Macnosa J1.A., MnHuHa B.A., Hukonaesa B.I"., CngopeHko
.., Xopdmarna /1., Leprepa A.N. n pgpyrux [3, 25-34]. Tllpoueccbl npeobpasoBaHus W
aKKyMY/IMpoBaHUS BETPOBOI 3Heprum n3noxeHol B Tpyaax Actaxosa FO.H., Npnbkosa C.B., 3ybapesa
B.B., Ennctpartosa B.B., Kykonesa M.W., Monens O.C., bynnnHrepa X., Oa Po3a A., Pobepta b.,
Tealigenna ., XarruHca P.A. n gpyrux [35-45].

MeTogonorua n MeTofbl uccnegoBaHnsa. B agucceptayum 1Cnosb3oBaHbl MpeaesibHO obLime
(CWMHTE3, aHanu3, YMO3aK/KUYEHWE, CPaBHEHME) W O06LUeHayyHble (HabNOAEHME, MbICNIEHHbIN
9KCMEPVMEHT) MeTO/bl HAYYHOrO MO3HaHWSA, a TakkKe MeToAbl TEXHUKO-9KOHOMUYECKUX PacyeToB B
3HepreTuke,  (PM3NKO-MaTeMaTUYeCKOro  MOAENMPOBAHWSA  TEMIOMAacCOOOMEHHBIX  MPOLIECCOB,
NPOTeKalLWwmMx B CUCTEMAX TEMNJIOCHAOXEHUS, TEMNJIOBbIX aKKyMynaTopax, CUCTeMax OTOMIeHns
34aHWi, MeTOAbl YMCNEHHOrO 3KCrepuMeHTa CHHOPMY/IMPOBAHHbLIX MaTeMaTUYeCKUX MopAenen,
rpagnyeckoro v TabsIMYHOro NpeAcTaBNeHns NHopMaLN.

NHopmaLoHHO 6a30i nccnefoBaHNs ABNAKOTCA pe3y/bTaTbl 3apyOeXXHbIX 1 OTeYeCTBEHHBIX
Hay4HbIX MCCNefoBaHWNA, MaTepuasibl NePUOAMYECKO MeyaTu, 3aKOHOAATe/IbHbIE U UHble MPaBOBble
aKkTbl Poccuiickoin depepauunmn n MypmaHCKOM 061acTu, CTaTUCTUYECKME AaHHble, NH(OPMaLMOHHbIE
pecypcbl ceTn VIHTEpHET.

3almiaemMble NosoXeHus:

1. Matematunyeckas Mofeslb U pe3y/bTaTbl pacyeTa SHepreTUYecKom ath(heKTMBHOCTU CUCTEMBI
TENNOCHabXeHNS, rae UCTOUHMKAMW TEMNJIOBO 3HEPrMn ABMSKOTCA KOTeNbHas 1 BAY comsmepumoit
MOLLHOCTH, C Y4eTOM U3MEHEHWNSA KMMATUYECKUX (DAKTOPOB.

2. MeToanyeckuii NOAXOL K MaTeMaTMyecKoMy OMMCaHWIO 34aHWst Kak akKymynsTopa Tensa
60/bLLIOM eMKOCTHW, NO3BONAIOWMIA MOAENNPOBATL M3MEHEHNE TeMnepaTypbl BHYTPEHHErO BO3ayXa B
3aBMCUMOCTU OT Pas3/INUHbIX PEXXMMOB paboTbl KOTE/IbHOV COBMECTHO C BAY.

3. Pe3ynbTaTbl OLEHKM 3KOHOMWYECKON 3EKTUBHOCTU MCNONb30BaHUSA BIY COBMECTHO C
KOTE/IbHbIMW Ha HY)XKAbl TENIOCHa6XeHWS B YAaIeHHbIX paioHax MypMaHCKol 061acTu.

Hay4yHaa HoBM3Ha 1UcCefoBaHNA COCTOUT B C/efyHoLLEeM:

1. Ana paiioHOB C MOBbLILWEHHLIM MOTEHUMAIOM BeTpa U MPOAO/IHKUTENIbHBIM OTOMUTE/bHBIM
Ce30HOM C(hopMy/IMpOBaH WM OnpefeneH BapvaHT 3PHPEKTUBHOrO NMOCTPOEHUSA COBPEMEHHbIX CUCTEM
TENNOCHAOXEHNA C MpPUBNEYEHVMEM 3HEPrMM BeTpa B KayecTBe [OMOJIHUTENBHOINO0 WCTOYHMKA
TENMI0BOM 3HEPrumn, MO3BOMSAKOWMIA paccMaTpuBaTb MPUMEHEHME Komniekca «B3Y + TA» Kak

TON/IMBOCOEPEratoLLYyO TEXHOMOTUHO.
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2. PaspaboTaHa MaTemaTuyeckas MOAE/Ib CUCTeMbl TeryioCHabXeHUs, rAe WCTOYHUKaMK
TEN/IOBOW 3HEPrUM SBNAKOTCA KOTeNbHas W KOMMAeKe, coctosawmii u3 B3Y u TA. Mogenb
npeacTaBnseT cob0i maTeMaTUYeCKUiA MHCTPYMEHT [A/1 pacyeTa U aHa/M3a pas/IMyHbIX PeXMMOB
paboTbl KOTE/IbHOW COBMECTHO C BJY B 3aBMCUMMOCTU OT Pas/IMYHbIX MCXOAHbLIX KANMATUYECKMX
[aHHbIX, OnpefeneHns paunoHaIbHOW CTPYKTYpPbl CUCTEMbl TenaoCHabXeHus ¢ ydvactuem B3IY,
onpegeneHnst BO3MOXHbIX 06bEMOB 3KOHOMUY OPraHMYecKoro TonmBea.

3. PaspaboTaHbl MaTeMaTU4ecKue MOAENN BOAAHbIX aKKyMYNSATOPOB Tensa Kybuueckon wu
UMAMHAPUYECKO opm, paboTalolime B KOMIJEKCe C  BETPO3HEPreTMYECKON YCTaHOBKOM,
MO3BONIAOLLME NPOBOANTL BbIYMUC/NTENbHBIA 3KCNEPUMEHT, MOAENMPOBATL U UCCNEeA0BaTh MPOLECChI
3apAaaKKn, paspsagkv Mo OXKMAaHuUs TErnoBOM Harpyskm 3TUX akKyMynsaTtopoB. Mogenu no3BonstoT
onpefenvTb BPeMS 3apafKM U pas3pasKu, Y BbIXOLHYIO Temnepatypy Bogbl TA.

4. Pa3paboTaH 1 MaTeMaTU4YeCcKM onmcaH MeTOAUYECKUIA NOAX0A K OnpeseNieHnto TeMnepaTypbl
BO3A4yXa BHYTPU 3[aHWi1, TENOCHabXeHMe KOTOPbIX 06eCneyrBaeTcs 3HEPrOKOMNIEKCOM «KOTe/IbHas
+ BOY».

5. lMpoBefeHa oueHKa 3MMEKTMBHOCTM COOPYXEHUA WM UCMOMb30BaHNA BJOY COBMECTHO C
KOTe/IbHbIMW 4151 Lief1eil TennocHabXeHns B yaaneHHbIX paiioHax MypmMaHckol o6nactu. Oxugaetcs,
YTO pesy/ibTaTbl, MO/yYeHHblE B 3TOM WCCMeA0BaHWM, BOCMOJHAT HeLOCTaTOK WH{opMaumMn o
LLesIecoobpasHOCTY COOPY>KEHWS BETPO3IHEPreTUYECKUX YCTAHOBOK ANA Lienei TenocHabXeHus, YTo
BeCbMa MOMe3HO W A/ [APYruMX PEernoHOB CTpaHbl, B KOTOPbIX WMEKTCA MOXOXME PailoHbl,
NCNbITbIBAIOLLME Pa3INYHbIe NPO6IEMbI C TEMIOCHAGXKEHNEM.

TeopeTnyeckas 1 NpakTnyeckasa 3Ha4MMoCTb pPaboThbl.

1. Ana paiiOHOB C MOBbLILEHHLIM MOTEHUMAIOM BeTpa U MPOAO/IKUTENIbHBIM OTOMUTE/IbHBIM
Ce30HOM BapuaHT MOJEpPHM3aLMN N MOCTPOEHMSI COBPEMEHHBLIX CUCTEM TEMJ0CHAOXeHMs 3a cueT
BOBJIEYEHMS 3HEPrUK BETPa B OTOMMUTE/IbHbIN MPOLLECC MOXET HaNTW CBOE MPaKTUYeCKOe NPUMEHEHMe
B Ka4ecTBe TonamBocHeperatoLLein TEXHONOTN.

2. PaspaboTaHHble MaTemaTU4yeckme MOAeNM W MPUHLMMBLI UX MOCTPOEHUS MOryT ObITb
MCNOMb30BaHbl MpPY  MPOEKTUPOBAHUM COBPEMEHHbIX CUCTEM TEM/I0CHAGXEHWUsA, YTO MO3BOANT
MPOrHO3MpPOBaTb W  MOAENNPOBATb PeasibHY0 KapTWHY TEnjoCHaOXeHWA C  TOYKM  3peHUs
(hYHKLMOHA/IbHOCTU MPOLLECCOB, MPOUCXOAALLMX BO BPeMS MPOM3BOACTBA U MOTPeOIeHNs Tena0Boi
3Hepruu, WCCnefoBaTh MOBefeHNe BOAAHbIX TErsioBbIX aKKyMYIATOPOB B TEMJIOBbIX CUCTEMax
KOMMYH&/IbHOT0 M TEXHO/IOTMYECKOr0 HasHaueHus, a TakxKe NPOBOAUTL Pa3/IYHbIe BblYUCIUTENIbHbIE
9KCMEPUMEHTbI 1 KOMMEKCHBIA aHann3 Tenn0CHabXeHNs, YTO, HECOMHEHHO, MOXET MpeACTaBNATh
MPaKTUYECKNIA MHTEepeC AN TENN03IHEPreTUKOB 1 CMEeLMancToB B 061aCTU TEMI0CHAOXEHNS.

3. BbINosiHeEHHas OLeHKa NepcnekTUB BHELPEHUS W UCMONb30BaHUA BETPO3IHEPreTUYecKuX

YCTaHOBOK COBMECTHO C KOTe/bHbIMM MOATBepAUNa 3PEKTUBHOCTb UX UCMOMb30BaHUS HA HYXKAbI
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TennocHabXeHNs B yAaneHHbIX pailoHax MypmaHcKoi obnactu. MpakTuyeckas peaMsauns Takumx
MPOEKTOB Ha Tepputopun MypMaHCKO 061acTu AN uenei TennocHabXeHns B AalbHeLeM MOXeT
MOCNYXXWUTb XOPOLUMM TO/TMKOM K KPYMHOMAcCLUTabHOMY MCMO/b30BaHUIO 3HEPIMM BETpa Ha HYX[pbl
TennocHabXeHNs He TONbKO B YKa3aHHOM pernoHe, HO U Ha Beeld TeppuTopun A3P®.

4. Pe3ynbTaTbl WUCCNeLOBaHUA MPUHATBHI K WCMO/Mb30BaHWIO B y4eOHOM npoLecce Kadeapbl
«[pOMbILLNIEHHAs TENMIO3HEPreTUKa WM CUCTEMbI TennocHabxeHus» @PreOY BO «KazaHcKui
roCyAapCTBEHHbIN 3HEPreTUYeCKUn YHUBEPCUTET».

[l0CTOBEPHOCTb HayuYHbIX pe3y/nibTaToB M BbIBOAOB. [JOCTOBEPHOCTb Hay4HbIX MONOXEHWUA,
TEOPETUYECKNX BbIBOZOB W  MNPaKTUYECKMX pPeKOMeHZauuin — guccepTauuy  NOLTBepXaeTcs
KOPPEeKTHOCTLI0  MOCTAHOBKW  UCCMEAYEMbIX  3aja4y, XOPOLMM  COBMafeHWem  pe3ynbTaToB
MaTeMaT1yeCcKoro MoAe/iMpoBaHus ¢ JaHHbIMU 3KCMePUMEHTa/IbHOro HabMo4eHNS, a TakxKe [0BOJIbHO
LUIMPOKOM NybnMKauvein pesynbTaToB M UX OOCYKAEHWEM Ha MEXAYHApOAHbIX W POCCUIACKMX
KOH(pepeHLMAX N KOHrpecce.

Anpobauns paboThbl.

Pe3ynbTaTbl UCCNeA0BaHNSA OblN NPeACTaBNEHbl HA MEXAYHAPOAHbIX U POCCUCKMX Hay4yHO-
MPaKTUYECKMNX N HAYYHO-TEXHNYECKUX KOH(EePeHLUAX:

MexxayHapoAHas MybTUANCLMNIMHAPHASA KOH(EPEHLMS NO NMPOMbILLIEHHOMY VHXUHUPUHTY U
COBpPEMEHHbIM TexHonorusm «FarEastCon-2020» [anbHEBOCTOUHbIN (hefepanbHbI  YHUBEPCUTET,
BnagusocTtok, 2020 T.

V MexayHapofHasa Hay4yHas KOHMepeHUMs «APKTUKa: UCTOPUA M COBPEMEHHOCTb» CI16IY,
CaHkT-lMeTepbypr 2020 r.

VII, VII Bcepoccuitickas Hay4yHas MOMOAEXHad LIKoNa C  MeXAyHapoAHbIM y4acTUeM
«B0306HOB/SIEMbIE UCTOYHWUKN 3HEprum» MIY umeHn M.B. JlomoHocoBa, Mocksa 2010, 2012 rr.;
Bcepoccuitickass Hay4yHas KOH(epeHUMs € MexXAayHapoAHbim ydactmem u X, X, Xl HayyHas
MO/oAEXHaA LKona «B0306HOBNSiEMble WUCTOYHWUKW 3Heprun» MIY umeHn M.B. JIoMOHOCOBa,
Mocksa 2014, 2016, 2018 rr.

Bcepoccuiickas HayyHasi KOH(epeHLUMs CTYAeHTOB-(M3NKOB U MOMOAbIX YyeHbiX 2009 — 2013 u
2015 - 2017 rr., cootBeTCcTBEHHO KemepoBo-Tomck, Bonrorpag, EkaTepuHbypr, KpacHospck,
ApxaHrenbck, OMck, PocToB-Ha-[loHy, EkaTtepuHO6ypr.

MexayHapogHbli KoHrpece «[HuW uncTon aHeprun B leTepbypre» B pamkax hopyma Mo
BO30OHOBNsieMOM aHepreTuke Ha CeBepo-3anage Poccun, CaHKT — MeTepbypr 2010 T.

VI (XXXVIII) MexayHapogHas Hay4HO-npakTuyeckas KoHepeHums «Ob6pa3oBaHue, Hayka,
MHHOBaLUWW - BKNaf MONoablx nccnegosateneii» KemepoBckuii rocyHmsepcuteT, Kemeposo, 2011 .

Il Bcepoccuiickas Hay4yHO-MpakTUyeckas KOH(epeHums «Mopckas cTpaterms Poccun u

9KOHOMMYECKas AeAaTeNbHOCTb B ApKTUKe», MypmaHck 2008 T.
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PaboTa No Teme MccnefoBaHMs YaCTUYHO MPOBOAMIAcL B paMkax npoekta PO®I Ne 09-08-
00210. MNMonoxkeHns N HEKOTOpble BLIBOAbI AWUCCepTaunn AOKNaAbIB/IMCh Ha 3acefaHuAX Y4eHOro
coseTa B LISC KHL, PAH, BKntouyanucb B OTYETHI O Hay4YHO-UCCneaoBaTensckon pabote LISC KHL,
PAH (roc. 3agaHums No2-11-2010, Ne0226-2017-0017 n NeFMEZ-2022-0014) n ®I'b60Y BO «KI'3Y»
(roc. 3agaHune Ne075-03-2023-91 ot 16.01.2023).

MNy6nukaumn. Mo TeMe AMCCepTaLMOHHON paboTbl ONy6aMKoBaHO 19 neyaTHbIX paboT, B TOM
ynucne 3 cTaTb B M3JAaHWAX, WMHAEKCUMPYEMbIX B MeXAyHapoAHoin 6ase Scopus, 7 crtaTeli B
peLleH3MpyeMbIX >KypHanax, BXxoAdwmx B nepedyeHb BAK P®. [lonyyeHo 1 cBMAETENbCTBO O
rocyapCTBEHHOI perncTpauuy nporpammel ans 3BM.

CTpyKTypa 1 06béM paboTbl. JuccepTaumoHHas paboTta COCTOMUT U3 BBEAEHUS, YETbIPEX [/1aB,
3aK/HYEHWS, CNUCKa NuTepaTypbl M3 113 HauMeHOBaHWIA 1 2 NPUIOXeHWA. PaboTa n3noxeHa Ha 116
CTpaHMULax MaLLIMHOMMUCHOIO TEKCTa, BK/OYaeT B cebs 51 pucyHoK 1 10 Tabnuu,.

ABTOp BbIpaXXaeT WCKPEHHIOK 6/1arofapHOCTb CBOEMY HayYHOMY PYKOBOAUTENHO MUHUHY
Banepunio AHApeeBMYy 3a MO0JiE3HblE KOHCY/bTaUMM B XOAe BbINOMHEHUA paboTbl, a TaKxke
3aBefytowiemMy Kaeapon  «lpoMbIlIEHHAA TEMJ03HEPreTuka W CUCTEMbl  TeMI0CHaOXKEeHNS»
KasaHCKOro rocyfapCTBEHHOr0 3HepreTMyeckoro yHmeepcuteTa BaHbkoBy HOpuio ButasibeBuuy 3a

MOMOLLb U NOAAEPXKKY.
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MMABA 1. AHAJIN3 COBPEMEHHOIO COCTOAHUA TEIMNJIOCHABXEHWNA
MOTPEBUTENIEN U MEPCMNEKTVBbI PA3BUTUNA BO3OEHOBIAEMbIX
NCTOYHNKOB 3HEPI M B MYPMAHCKOW OBJIACTU

1.1 KpaTKwuii 0630p Hay4HbIX UCC/eA0BaHNIA B 06/1aCTV UCNO/b30BaHUSI 3HEPTK BETPa B

TEXHONOrMAX NPOU3BOACTBA Tenna Ans Lenen Tens10CHabXeHNs

Ha cerofHsilHWA AeHb TennocHabXXeHne C UCMOo/b30BaHMEM BO30OHOBMSIEMbIX WMCTOYHWUKOB
aHeprum (BU3) ocHOBaHO Ha MPUMEHEHUN 3HEPTeTUYECKMX YCTaHOBOK, MCMOMb3YIOLWMX Yallle BCEro
rNy6uHHOe Tenao 3eMn, 3HEPruKo COMHLUA, BMOTONANBO M APYrMe UCTOYHWMKK. B KavecTBe Takmx
3HEProycTaHOBOK MPUMEHSHOTCS TEMN/OBbIE HACOChI, CONHEYHbIE NaHeNn, 6GMOYCTaHOBKM 1 ap. [46, 47].
cnonb3oBaHne 3Hepruv BeTpa [ANd OTONMeHMs MNoTpebuTeneld MNOKa He Hawlo  LUMPOKOro
NPUMEHEHNS 1 B BONbLUNMHCTBE Cy4YaeB HOCMT UCCNef0BaTeNbCKNIA XapaKTep.

B MM1pOBOIN NpaKkTUKe BETPO3HEPreTNYECKME YCTAaHOBKM I/1aBHbIM 06pa3oM MCMOb3yTCa Ans
NOMYYEHUS ANEKTPUYECKON 3HEPrnn, npeaHa3HauYeHHON AN 3NeKTPOCHabXeHns noTpebuTenein [48-
50]. Takas 3Heprusi 6O cpasy HanpsMyk nepefaeTcs NOTPeGUTENtO, MO0 CHayana NOCTynaeT B
06LLYH 3NEKTPUYECKYHO CETb, B KOTOPOM YK€ MPOUCXOAUT ee AanbHeillee nepepacnpeieneHue K
notpebutensaM. B 3TuMX cnydasx, MOMy4YeHHas 3SHEPrns MOXKET OblTb YaCTUYHO WCMOMb30BaHa
MOTPeOUTENIMN Ha HYXAbl OTOMNEHUS 3a CYET MPUMEHEHMWSI 3MeKTpOHarpesateneli (Hampumep,
KOHBEKTOPOB, CUCTEM Ten/blX MNOMAOB WAM MaCNSAHbIX paavMaTopoB). [Ns AaHHOM rpynnbl
noTpebuteneii BHYTPWM OTanAMBaeMbIX 34aHWA W3HAYaNbHO MNpPeAyCMOTPEeHa YCTaHOBKA TaKMX
afleKTpoHarpesaTeneid, C MOMOLWBID KOTOPbIX MPOUCXOAMT 0060rpeB MnomeLleHnin. Heobxoammo
OTMETUTb, YTO ANs obecneyveHMs PaboTOCMOCOOHOCTN CUCTEM 3MEKTPOCHAGXKEHMSI C MPUMEHEHNEM
BOY TpebyeTca ycTaHOBKa AOMNOMHWUTENBHOrO 060PYAOBaHMS (HanmpyvMep, WMHBEPTOPA), a TakKXke
NpPOBeAEeHNEe BCMOMOraTe/lbHbIX MEPONPUATUIA, 06eCNeUnBatOLLMX Bblgady 3HEPrun ot BAY Hy>XHOro
KayecTBa, OnpeensieMoro BHELLHEN 3/IEKTPUYECKON ceTbio [51-53].

B gaHHOW amccepTaumMoHHON paboTe B OCHOBY GepeTcs Takor cnocob akcnnyatauun BIY, rae
Heo6X0AMMOCTb  MPUMEHEHWUS  AOMONMHWUTENLHOrO  060pyAOBaHWMsA, a Takke  MpoBeAeHUs
BCMOMOraTe/IbHbIX MEPOMPUATUIA MOXET ObITb CBEAEHa K MWHMMYMY WAK BOBCe OTnagaeT. CyTb
cnocoba 3ak/HOYaeTcsa B TOM, UYTO BCHO 3HEPrUO, NOMY4YeHHYH OT BIY, MCMOMb3yT TOMbKO Ha
HY)XXAbl TennocHabXeHus. Takum 06pa3oM, 3Heprus, BblgaBaemas BJY, Hanpsmyro MocTynaeT K
HarpeeaTefito, KOTOpbIA  rpeeT Body  (TEMMOHOCUTENb),  LMPKYAMPYHOLWYHD N0 CUCTEMeE
TennocHabXxeHus. B gaHHOM cnyyae HarpeBaTeNlb MOXKET paboTaTb C UCMO/b30BaHMEM 3/IEKTPUYECKON
3HEprMm nboro Kayecrtsa, a BO3MOXHble KONe6aHMS MOLLHOCTM, BbigaBaemoli B3Y, He uMetoT

60MbLLIOro 3HayYeHNs. KpaTKOBpeMeHHble (CEKYHAHbIE M MUHYTHbIE) KonebaHms 6yayT CrnaXmBaTbCs
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caMuMM  TerjoHOCUTEe/IeM, a Takke WHEPLMOHHOCTbIO CUCTeM  TennocHabxeHus.  boree
NPOAO/IKNTENbHbIE  (Y4acoBble) KonebaHUs BbIPAaBHMBAKOTCH 32 CYET  Tenn0akKyMynupyroLlen
CMOCOGHOCTN OTanMBaeMbIX 3f4aHWUA U COOPYXXeHWA [54]. K ToMy >Xe Takoil cnocob akcrnyarauum
BOY n03BONSIET CIKOHOMUTL [EHEXHble CPeACTBA HAa MOKYMNKe AOMNOSHUTENbHOro 060pyLoBaHMS U
YMEHbLUNTb 3KCM/yaTalNOHHbIe PacXo/bl, CBA3aHHbIE C 06CNYXMBaHNEM 3TOr0 060pyL0BaHUS.

MepBbIi B MYPe MHOTO/IETHUIA ONbIT UCMOMb30BaHWS B3Y 419 OTOMNEHUSA XKMUNbIX U CNYXEOHbIX
MOMELLEHNIA 6blN NPOAEMOHCTPUPOBaH B AHTapKTUAE Ha CTaHUMM HoBonasapeBckas. B TeueHwue
1982-1984 rr. Tam 6bI10 CMOHTUPOBaHO 6 BeTpoarperatoB AB3Y-6 MOLWHOCTLI0 4 KBT pa3paboTku
HIMO «BeTpoaH» (pucyHok 1.1).

MHOrofIeTHMIN ONbIT 3KCMyaTauuy BeTpoarperatoB B AHTapKTWAe NoKasas, YTo B paiioHe C
4acTbIMM BeTPaMU LUTOPMOBOIA CWU/Ibl BETPOArperarbl UMeKT JOCTaTOYHO BbICOKYH HAAEXHOCTb Mpu
YCNOBUWN PEryYNIAPHOrO MPoBeLeHNs TEXHNYECKOro 06cnyxusaHms. OB606LLEHVE OMbITa 3KCMJyaTaumm
TaKXXe NMokKasaso, YTo 3a rof paboTbl BeTpoarperat 06ecrneymBaeT 3KOHOMUIO 5 T AW3eNbHOro TOM/MBa
[55].

PucyHok 1.1 - IMepBblii BeTpoarperat B AHTapKTUAe Ha ctaHumMm HoBonasapesckas [55].

3BeCTEH OMbIT COOPYXXEHUs 1 aKcnnyaTauun BOY B MypmaHCKol 061acTu, KOTOpPbIA Gbin
NPoAeMOHCTpUpoBaH B 1975 rogy LIeHTpom (hr3nKO-TeXHNUYeCKMX Npobnem aHepretukn Cesepa UL,
KHL, PAH (LU3C KHL, PAH) npu co3gaHny 1 NCNonb30BaHUM BETPOIHEPreTMHYECKOro nosinroHa Ha
nobepexxbe bapeHueBa Mops B pailoHe noc. JanbHue 3eneHubl (PUCYHOK 1.2). Y UCTOKOB CO34aHus
MOJIMroHa CTOoAMa HEOO/bLLAA TPyMna YYeHbIX-3HTY31acToB BO rnase ¢ KyknvHeiM E.A., B TOM yuncne
W NPU HernocpeACTBEHHOM Y4aCTWM Hay4yHOro PYyKOBOAMUTENS [AHHON AMCCepTaLlvOHHON paboTbl,
K.T.H. MuHnHa B.A. CHayana nonnroH Mcnonb3oBancs ans céopa MHgopmaumm no BeTpy, a nocne
YCTaHOBKM W MyCKa B 3KC/lyaTauuio 3Heprokomnsiekca, COCTOALWEro n3 AByx setpoarperatos AB3Y-
6 1 BOAOrpenHbIX KOTNOB, NOSBUIACL BO3MOXHOCTb MPOBOAWTL 3KCMEPUMEHTHI. BeTpoarperatb,
paboTas nooyepefHO, a B Hambosiee XOMOLHbIE W BETPeHble [HW OLHOBPEMEHHO, obGecneyvBanvi

nomMeLeHna noanroHa Ternjiom 1 noggep>XmBain B HUX KOMCbOpTHbIe yCnoBuAa Anda npoxkveBaHUA WU
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paboTbl 06CNYXMBaKOLWEro nepcoHana. Harpyskoil BeTpoarperatoB SBASAANCL — 3/1IEKTPOAHbIE
BOAOrpeliHble KOT/bl, COBMELLEHHbIE CO CTaHAAPTHLIMU OTOMUTENbHLIMK paguaTopamn. MoLHOCTb
KabKZoro KoTna cocrasnsana 1,3 KBT, perynvmpoBaHue 0TONUTENIbHOW Harpy3Ku MOr/10 OCYLLECTBAATLCA
BO BCEM AuanasoHe MOLLHOCTU. K KaXaoMy BeTpoarperaty MoXHO 6b110 NMOAKIYNUTL MO TPU KOT/A.
MATUNETHWUIA ONbIT 3KCMyaTauun [LAaHHOM CUCTEMbl TennocHabXeHUs mokasan YAo6CTBO W
HaJeXHOCTb ee paboTbl [56].

Heo6x04MMO OTMETUTb, YTO XOTA € 90-X rof0B NPOLUIOro Beka BETPO3HEPreTUYECKUNIA MOINTOH
nepectan (OYHKLMOHMPOBATb, WCC/MEA0BaHWUSA B Hanpas/ieHUM WCMONb30BaHUA 3HEPrUv BeTpa B
TEXHONOrMsX MPOM3BOACTBA Tenna Ana uenein tennocHabxenus B LIOC KHL, PAH He Tonbko He
NPeKkpaTuaInCbL, HO W MNPOLO/KAKTCA B HACTOALlee Bpems, rAe O4HUM W3 pe3ynbTaToB CTaslo

HanucaHue AaHHON auccepTauMOHHONM paboThl.

PucyHOK 1.2 - BeTpoaHepreTMyecKmnin MonnroH Ha nobepexxoe bapeHueBa Mops (Cnesa Hanpageo:
AB3Y-6 (4kBT), BOY «BeTepok» (2 KBT), AB3Y-6 (4kBT), MeTeoponormyeckas MayTa BbiCOToM 15
M, BAY «bepkyT» (2 KBT), B3Y «BeTepok» (2 kBT) [56].

B [pyrMx HayyHbIX oOpraHusaumax Takke BefyTcsa Mofo6Hble paboTbl. Hanpumep, B
O6beMHEHHOM MHCTUTYTe BbICOKMUX Temnepatyp PAH (r. Mocksa) nof pykoBoACTBOM A.T.H. [Nonens
O.C. [ana  aKCnepuUMeHTa/IbHbIX  WCCMEA0BaHW  aBTOHOMHbIX 3HEProKOMMIeKCoB Ha 6ase
BETPO3HEPreTUYECKOM 1 CO/THEYHOM YCTaHOBOK bblna paspaboTaHa v B 2006 rofy Brnepsble B Poccun
BBEeHa B ONbITHYIO 3KCMyaTauuio aBTOHOMHaf CO/IHEYHO-BETPOBAas 3HEpProycraHoBKa [nA
TeNnnoCHabXeHNA psafa MNOMELLEHUA W 3NEKTPOCHabXeHWs 00beKTOB BO/bLIOro  OMTUYECKOro
Teneckona CneunanbHOM acTpogmsmyeckon obcepsatopum PAH, pacnonoXeHHOro B ropax
3anagHoro Kaskasa Ha BbicoTe 2100 meTpos [57].

YuyeHble U3 IHCTUTYTa cUCTeM 3HepreTukn um. J1.A. MeneHTbeBa Cnbupckoro otgeneHms PAH
(r. NpkyTck) akagemuk PAH, a.T.H. CTeHHNKOB B.A. COBMECTHO C coaBTOpaMu B CBOei paboTe [58]

npeanoxXxnnm TeXHUYECKUE pPELUEHNA CXEM COBMECTHOM pa60TbI TEI'I!'IO3I'IeKTp0CTaHLI|I/Il7I n BIY.
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OCHOBHOE MPENMYLLECTBO MPEL/IOKEHHBIX CXEM COCTOUT B MOBbILEHUN 3NHEKTUBHOCTU W
HaeXXHOCTN TenoCHabXXeHNs MNOTpebuTenelr 3a CYET 3KOHOMMM OpraHM4Yeckoro TOMaMBa Ha
TENN03EKTPOCTaHLMAX, MNOMy4aeMOd MpW  ero  YaCTUYHOM  3aMeLLeHWM  3MIEKTPO3Hepruei,
npomnssogumoin B3Y. MNo3gHee COTPYAHNKN 3TOr0 XKe UHCTUTYTA K.T.H. MocTHMKOB 1.B. COBMECTHO C
coaBTopamn B CcBoeli pabote [59] npeanoxunm cnocob wucnonb3oBaHNs B3Y B cocTase
3HEProKoMMeKca, B KOTOPbIA TakXe BXOAUT NapoTypbuHHas T3L. B gaHHOM cnydae pa6ota B3Y
3aK/1l0YaeTCa B TOM, YTO BCA 3Heprus, nponssoaumas BIY, HanpaMyro MAET Ha 31eKTpoHarpesaresb
418 [ONOMHUTENbHOTO MeperpeBa napa nocne napoBoro kotna TOLU,. [MpefnoxeHHbIn cnocob
ncnonb3oBaHNa B3Y NO3BOAUT 3KOHOMUTbL YaCTb OpPraHWYyeckoro TOMAMBA, KOTOpPOe Mpu
TpaguuMoHHon paboTte T3L, (6e3 mcnonb3oBaHus BJIY) Tpatunocb 6bl Ha neperpes napa A/s
BpaLLeHus NapoBoi Typ6uHbl TILL.

Bo BcepoccMiiCKOM Hay4HO-UCCNef0BaTeNIbCKOM  WHCTUTYTE  3M1eKTPUQMKALMM  CebCKOro
xo3saiicTea (r. MockBsa), BXogswemM ceiidac B cocTaB PefiepalbHOr0 Hay4yHOro arpovHXEHepHOro
LueHTpa BVIM Takxe BeayTcsi paboThbl MO CO3[aHNI0 3HEPrOKOMM/EKCOB Ha 6a3e BIY. CoTpyaHUKHM
3TOro MHcTUTyTa (A.T.H. XapyeHko B.B. n gpyrue) B cBoeii pabote [60] paccmoTpenu cnocob
OpraHm3aummn TennocHabXeHNs NHANBUAYaNbHbIX XU/bIX 34aHWIA HA OCHOBE TEM/0BbIX HACOCOB TUMA
«BO3[YyX—BOfJa»,  3NeKTPO3HEeprus  And  KOTOpbIX  MPOM3BOAUTCA C  MOMOWbD  B3Y.
JKcnepyMeHTa/IbHbIE UCC/IEA0BAHUA MOATBEPANIN SHEPreTUYECKYHO 3(D(DEKTUBHOCTbL 1CMO/b30BaHNA
TaKOoro 3HeproKoMI/IeKca B CUCTEMAxX TEMNIOCHABXKEHNA MHANBUAYIbHbIX XWUNbIX 34aHWA.

AHaIM3 3TUX N ApYyrux NOAo6HbLIX MCCNefOBaHWI MOKa3biBaeT, YTO WCMO/b30BaHWE 3HeEpPruu
BeTpa B TEXHO/IOMMAX NPOM3BOACTBA Tennia Ans Leneli TennocHabXeHWs npeanonaraeT co3gaHue
3HEProKOMI/IEKCOB, B COCTaB KOTOPbIX BXOAAT TPaAMLMOHHbIE NCTOYHWKM TENMI0BOMN aHeprumn (T3OL,
KOTeNlbHble U Apyrve), paboTatolme Ha OpPraHM4YecKOM TOM/IMBE, a TaKXXe BETPO3HepreTuyeckue
YCTaHOBKW. B 3Tux cnyyasax npu BHeapeHun BIY B cucTteMy TenjioCHabXeHWs COBMECTHO C
TPaANLMOHHLIMW UCTOYHMKaMK TEMNIOBOW 3Hepruy Tpebyetcs onTvMU3auus MowHoCcTY B3Y. OHa
MO3BONAET YWTU OT NPUMEHEHMS C/TIMLLIKOM MOLLHON B3Y, He 3aBbillaTh Ha4aslbHble 3aTpaThl Ha BOY
N CBECTU K MUHUMYMY M30bITKN IHEPTUN, NOSBASIOLLMECH B NEPUOLbI NOBbILLIEHHOW NHTEHCUBHOCTM
BeTpa. ONTUMasbHBIV COCTaB N BbIGOP MOLHOCTU UCTOYHWUKOB 3HEPTUN 3HEPTOKOMIIEKCOB 3aBUCUT
OT psga (akTopoB. K 4ncly OCHOBHbIX (DaKTOPOB OTHOCATCS MNOTEHUMan BeTpa B palioHe
pacnosioxeHus BOY, ce6ecTOMMOCTb 3HEPTUMW, KanuUTaIOB/IOXEHUS B 3HEProobopyAoBaHue, rofoBble
3KCnnyaTaunoHHbIe pacxoibl ICTOYHUKOB SHEPTUX U ApYyTie.

Bonblwiol BKNag B UCCNefoBaHWS NOTEHUMabHbIX BETPOIHEPreTUYECKMX PECYpCoB, CO3L4aHMUS
aT/iacoB M CrpaBOYHWKOB MO BETPO3IHEpPreTMYeCcKMM pecypcam permoHoB Poccum BHecnn CaHKT-
MeTepOyprcknin NONNTEXHUYECKNIA YHUBepcUTeT MeTpa Benmkoro (akagemvk PAH, a.T.H. BacuibeB

tO.C., A.T.H. Enuctpatos B.B., f4.T.H. CupgopeHko I.M.), MOCKOBCKUIA 3HEPreTUYECKUIA WUHCTUTYT
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(a.T.H. bespyknx T.M.) [61, 62], Hay4yHO-MH(OPMALMOHHBIA LEHTP «ATMorpag» (4.T.H., Yn.-Kopp.
PWA Hukonaes B.I".) [3]. N3yueHnem noTeHLMaNa U pecypcoB BETPOBOW 3HEPTM 3anaqHOro cekTopa
ApKTMYeCcKor 30Hbl Poccuiickon ®epepauumn akTuBHO 3aHuMasucs B LIOC KHL, PAH nog
PYKOBOACTBOM K.T.H. MuHunHa B.A. [2].

Llenecoobpa3HOCTN COOPY)KEHWUA W MPaKTUYECKOro WCMOo/b30BaHUS 3HEPrOKOMI/IEKCOB, B
COCTaB KOTOPbIX BXOAAT MCTOYHUKW TEMJIOBOW 3HEPrun, paboTatoLime Ha OpraHM4eckoM TOMJmBee, 1
B3Y nocesleHo 60/bLI0e KOMMYECTBO NYy6MMKaUuMiA, B KOTOPbIX 3aTparMBajvcCb BOMPOCHI Bbibopa
ONTUMaNbHOM  MOWHOCTM B3Y ©  onpegeneHns  TEXHWKO-3KOHOMUYECKUX  MOKasaTenel
aPPeKTMBHOCTM UX paboTbl. YueHble u3 CapaTOBCKOIO roOCYAapCTBEHHOINO TEXHWYECKOro
yHuBepcuteTa UmeHun HO.A. larapuHa A.T.H. Hukonaes HO.E. cOBMeCTHO C coaBTOpamMu B CBOEM
nccnegosaHmm [63] nposenn paboTy No 060CHOBAHUIO PaLMOHa/IbHON YCTAHOBNEHHON MOLLHOCTY
B3OY B cocTaBe 3HEProkKommniekca Ha ocHoBe Manio T3L, m B3Y. Pe3ynbTaTbl MCCnefoBaHMS
MOATBEPAWUNN  3HEPreTMYecKyo  3(deKTMBHOCTb  WCMOMb30BaHMA B3Y B cocTaBe Takoro
3HeprokommnieKca. AHal1orMyHble UccnefoBaHNsA NPOBOAUAUCE B IHCTUTYTE CUCTEM 3HEPreTUKN UM.
N.A. MeneHTbeBa Cunbupckoro otgeneduns PAH (r. pkyTck), rae yyeHble K.T.H. MapueHko O.B. u
K.T.H. ConomuH C.B. B cBOeM mccneaoBaHnm [64] nokasany 3KOHOMUYECKNIA 3QEKT, KOTOPbIN MOXeT
ObITb NOMYYEH OT UCMO/b30BaHUA BAY Kak B MasibIX aBTOHOMHbBIX CUCTEMAX 3/1EKTPOCHAOXEHNS, TaK
M B CUCTEMaX TenI0CHabXXeHNs YaaNeHHbIX CEeBEPHbIX pailoHOB Poccuu.

Bonee NOMHOMY MCMOMb30BaHUIO 3HEPTUM BETPa Ha HYX/Abl TENJIOCHAOXeHUs, B TOM 4uCne
M30bITKOB, BO3HMKAKOLWMX MPU CUIbHOM BETPE, MOXET Crnoco6CTBOBaTb BK/IHOUYEHWE TEMJIOBbIX
akKymynsaTopos (TA) B 3HeprokOMIJIEKChI, B COCTaB KOTOPbIX BXOAAT T3OL, KOTenbHble uau apyrue
MCTOYHMKM TEMNIOBON 3Heprun, paboTalolye Ha OpraHMyecKoM TOMMBe, a Takke B3IY.
AKKYMYNATOPbI MO3BO/MAIOT 3anacarb U30bITKM BETPOBOW 3HEPrMn B MepUofbl CU/IbHLIX BETPOB, a
MOTOM MOJIE3HO MX UCMO/b30BaTL B NEPUOAbI CO CabbiM BETPOM.

B HacToslllee Bpems MCCNeA0BaHUAMM BO3MOXHOCTEM MCMonb3oBaHMA TA B cOCTaBe
3HEProKOMI/IEKCOB Ha 0CHOBE B3 3aHMMaeTCst MHOIO Y4YeHbIX, 3TOW TeMaTuKe MOCBALLEHO 60/bLIoe
KOMMYECTBO Hay4HbIX ny6smkaumii. OgHako BONPOChl UCMOb30BaHNA TA A/ HaKOMNeHUS 3HEprum
BeTpa He [OCTaTOYHO LUMPOKO MpopaboTaHbl, M B OCHOBHOM pPacCMaTpuBatOTCH MPOEKTbl Mo
1Cnosib30BaHM0 TA B COBOKYMNMHOCTM C Taknmu B Kak conlHevHas, reotepmaibHas u T.4. [65-67].

MpoBefeHHbI aHa/IM3 Hay4HbIX UCCNeA0BaHUA B 06N1acTU UCMONb30BaHUA 3HEPrUM BeTpa B
TEXHONOIMSAX MPOM3BOACTBA Tennia A1 Lefel TennoCHabXeHWs Mnokasas, 4YTo 3TON TeMaTuke
MOCBALLEHO MHOro paboT, HO BCe OHWM B OCHOBHOM CBf3aHbl C aHa/N30M 3HEeProKOMM/EKCOB,
COCTOALMX, Kak nMpasuno, u3 B3Y W WCTOYHMKOB 3Hepruun, paboTalolmx Ha HYXAbl
3N1eKTPOCHabXeHUA. Tlpn 3TOM B HEKOTOPbIX WCCNeA0oBaHMSAX BCE >Ke 3aTparnsatOTcsi BOMPOChI

TennocHabkeHns oT BAY, HO TensoBasi U 3NeKTPUYECKas HarpysKu paccMaTprBatoTCs BMecTe. TakKum
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06pa3omM, aHanmM3 3TUX M ApYrux Mofo6HbIX MCCefoBaHWA MOKasan HefoCTaToK MHdopmaumn 06
3PPEKTMBHOCTM  MCMNOMb30BaHMA BOY Ha Hyxabl TenjocHabXeHus, KoTopas Morna 6ol
CBMAETENbCTBOBATL O TOM, YTO [/19 HEKOTOPbIX PalioHOB MOLO6HOE UCMOob30BaHNe BOY MOXET ObITb
LienecoobpasHbiM. B 3TO CBS3W MpeacTaBnseTcs BaXKHbIM OLEHMTb BO3MOXHOE y4yacTve BIY B
TeNNOCHabGXeHNN NoTpebuTenein n 3ggekT, KOTOpbIA MOXET OblTb MOMY4YeH OT MCMOMb30BaHMS
3HEProKOMMNEKCOB Ha 6a3e KOTE/IbHON, paboTatoLLel Ha OpraHMYeCKOM TOMNMBE, U BOY Ha HyXabl
TensIoCHabXeHus.

Mpy 3TOM MCMONb30BaHME 3HEPrMM BeTpa B TEXHOMOrMAX MPOM3BOACTBA Tenna Ana Lenen
TenN0CHa6XeHNA 0COBEHHO LieNecoobpasHo B yAaNeHHbIX painloHax APKTUYECKOW 30HbI POCCUIACKON
®epepaunn (A3P®P) ¢ MoBbILLEHHLIM MOTEHUMA/IOM BETPa, Ae UMEETCA MHOXECTBO NOTpebuTenei
TENI0BOW 3HEPruu, UCMbITbIBAIOLMX Pas/inyHble TPYAHOCTY C TenaocHabeHveM. Mpexae Bcero, aTo
CBA3aHO C CYPOBbIMW  MPUPOAHO-KIUMATUYECKUMU  YCIOBUAMK,  YCIOXKHAOLWNMA  [OCTaBKY
OpraHM4yeckoro TOMAMBA B YAIEHHbIE pPalioHbl W ABNAOWMMWUCA MNPUYMHON  MOBbILLEHHbIX
NOTPeGHOCTEN B TEMJIOBOA 3HEPTUN HA MPOTSHXKEHWUU MPOAO/IHKUTENIbHOIO OTOMUTENIbHOIO Meproja,
AOCTUraloLLEro B OTAeNbHbIX pailoHax A3PdD 9 mecsues u 6onee [1]. BmecTe ¢ 3TUM y[aneHHOCTb
notpebuteneir OT MeCcT [06blYM OPraHNMYecKoro TOMAMBA, KOHEeYHas CTOMMOCTb KOTOPOro Yy
noTpebuTeneli MOXET OblTb B HECKONbKO pa3 Bbllle MO CPaBHEHWKD C OTMYCKHOW LEHOW Y
MOCTaBLLMKOB, AB/AETCA OCHOBHOW MPUUYMHOM NOBbILIEHHbIX JEHEXHbIX PaCX0A0B Ha MOKYMNKY Takoro
TOM/MBa W €ro 3aB03 B YA&leHHble palioHbl. [lJaHHOe 06CTOATENbCTBO MPUBOAUT K TOMY, 4TO
ce6ecToMMOCTb TEM/IOBO 3HEPrMM OKasblBaeTCA 60Mblie YPOBHA TapudoB, B pe3ynbTaTe 4ero
AeATeNbHOCTb TENMOreHepPUPYHOLWMX 06BLEKTOB MNONY4YaeTCs YObITOYHOW, M MO3TOMY FOCYAapCcTBO
BbIHY>XJEHO Cy6CMAMPOBaTh MOKYIMKY M 3aB03 OpraHWYeckoro Tonamnea B yaaieHHble painoHbl ASP®.
B Takoi cuTyaumMnm XOpOLUM peLueHneM [A15 3KOHOMWUM OPraHuMyeckoro TOMnBa U COKpalleHus
cybcmanii Ha ero nNoKymnky, MOXeT ObITb MaKCMa/lbHOE MCNO/Mb30BaHNE 3HEPrOKOMNIEKCOB Ha Hase
KOTeNbHON, paboTatoLLeli Ha OpraH1MYecKOM TONMBE, U B3Y Ha HyX/bl TENN0CHAOXKEHNS.

OfHUM M3 TakuX paioHOB fBNseTcA MypMaHCcKas 061acTb, KOTOpass pacrofiokeHa B CeBepo-
3anagHon Yact A3P® [1]. B cOOTBETCTBMM C 3TUM B AaHHOM AMCCepTaLMOHHON paboTe Ha npuMepe
MypmaHcKoin 06nacTM Obl1 PacCMOTPEH OAMH M3 CMOCOG0B BO3MOXKHOIO PELLUEHNS MPO6IeMbI
TeNNOCHa6GXeHNA NOTpebuTeneid, pacnonoXeHHbIX B CYPOBbIX MPUPOAHO-KIMMATUYECKUX YCNOBUSX
A3P®, KOTOpbIA Hanpas/ieH Ha YA0BMETBOPEHWe MOTPEOHOCTY B TEMOBOW 3HEPrUM LefIoro parioHa
NyTeM MCMNOMb30BaHWSA BOY COBMECTHO C KOTE/bHOW. B COOTBETCTBMM C 3TUM Oblfia CDOPMYNMpoBaHa
Lenb AMccepTaluMOHHON paboTbl M 3adaun Ans ee AOCTMKeHMS. OxXupaeTtcs, 4TO pesy/bTaTbl,
NONyYeHHbIE B 3TOW paboTe, BOCMONHAT HEAOCTATOK MHOPMaLMKN O LLeNIeco0bpa3HOCTY COOPYXKEHNS

B3Y Ha HyXAabl TENNOCHAOXEHUS, YTO BecbMa NOME3HO Ans Apyrux paioHoB A3P®P, B KOTOPbIX
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NMEKDTCA TOXO0XHne I'IOTpe6VITEI'IVI TennoBov JHEPIrnn, WCNbITbIBaAKOLWWE pPa3/inyHbIE I'Ip06l'leMbI C

TensocHabKeHneMm.

1.2 dursnko-reorpadmyeckast xapakrepuctnka MypmaHckoi 06nactm

MypmaHCKass 06/11aCcTb  pacrofioXeHa B KpaliHe CeBepo-3amafHOi 4acTW  eBPOMENCKON

TeppuTopuM Poccum, B cocTaB KOTOPOW BXOAUT KO/MbCKWIA MOMYOCTPOB M PacnosioXKeHHas PsaoM ¢

HUM Ha 3aMafie W toro-3anage YacTb MaTepuka. O6Las nnowaas 06nacTy cocTasnseT 145 Tbic. KM2.

OTOT PervoH pacrnonaraet 60/bLWNMIN npupoaHbIMIN 6oraTcTBaMu 1 Nosie3HbIMU UCKOMaembIMM

(pucyHOK 1.3), M3 KOTOPbIX Hambosbliuee 3HaueHWe ANS Pas3BUTUS 3KOHOMUKM WMEKT MeaHo-

HUKENEeBble, XXenesHble, anaTUTo-HedeIMHOBbIE PYAbl, PYAbl PEAKO3EME/bHbIX METaI/I0B, CN0Ja,

Cbipb€ /11 CTPOUTE/bHbIX MaTepUasioB M KepamMUYecKUX W3[ennid,

O6I'IV|LI,OBOHHOI'O KaMHA4.

3HauMTeNbHbIA BEC B XO3ACTBEHHOM OEeATENbHOCTU pPErnoHa 3aHUMakoT ,qo6b|qa n nepepa60TKa

pbl6b|, BblN1aB/IMBAEMON B CeBepHbIX MOPAX, OTKPLITOM OKeaHe, a Tak)Ke U BO BHYTPEHHUX BOJOEMAX.
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PucyHok 1.3 - MuHepanbHble pecypcbl MypmaHcKoli obnactu [68].
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OfiHaKo 0CBOEHMe NMPUPOAHbIX 6OraTCTB PErMOHA COMPSXKEHO CO 3HAYUTENBbHLIMU TPYLAHOCTAMMW.
VimeeTcs pag NpUPOAHbLIX, 3KOHOMUYECKMX, TEXHUYECKMX U COLMabHBIX (haKTOPOB, 3aTPYLHAOLLNX
pasBMTMe paccMaTpuBaemMoro pailoHa. OCHOBHbIMW W3 HWX SABAAIOTCS: CypOBble MPUPOAHO-
KMMMaTUYecKue YCnoBus, YAaNEHHOCTb OT LIEHTPa/bHOro paioHa, HU3Kas MIOTHOCTb HaceNeHus,
cnaboe pa3BuTHE LOPOXKHO-TPAHCMOPTHOM CEeTK.

Knumatr MypMaHCcKo/ 06M1acT  XapakTepusyeTcsa ee reorpamueckmm MosioXKeHWeM 3a
ceBepHbIM T1ONAPHBIM KPYroM, U3-3a Yero PervoH Haxo4uTCA B 30He C [OCTAaTOYHO CYpPOBbIMM
NPUPOAHO-KIUMATUYECKAMU  YCNOBUAMWN. 3HAYMTENIbHOE BAMAHWE Ha K/AMMAT OKasblBaeT Ternsoe
OKeaHW4eckoe TeyeHue onbdpCcTpyM, KOTOpoe AocturaeT beperos bapeHuesa Mops. Mo3aTomy 3umMa
3[leCb OTHOCUTENbHO MArkas, npofosmkutensHad (40 7-8 MecsaueB), a NeTo KOPOTKOe MpoxiafHoe.
Oco0bllii BETPOBOW PEXUM TakKXe SBMAETCA elle O4HOM OCO6EeHHOCTHbIO Kammata MypMaHCKOi
obnact. 3UMOM HepeLKM LITUAW, KOTOPble Pe3KO MOryT CMEHATbCA CWUIbHLIMW BETpamy CO
CKOpOCTbIO, MnpeBbilatowlein 10-15 m/c. Takoil knumat MypmaHCKOV 061acTu SIBASETCA NPUYMHON
MOBbILIEHHbIX MOTPEOHOCTE B TEM/IOBOW 3HEPruun, K3-3a Yero OTOMMUTENbHbIA Ce30H B PervoHe
npogomkaeTca 8-9 MecsuUeB B rofdy, a B HEKOTOPbIX HacefeHHbIX MyHKTax nobepexbs bapeHueBa
MOpA MOXeT gocTturatb 11-12 mecaues.

HaceneHune. Ha Hayano 2020 roga B pernoHe npoXmnsasio 0Kono 741 Tbicaun vyenosek. [pu aTom
OCHOBHas 4acTb HaceneHuss MypMaHCKOW 061acTU CcOCpefoTOYeHa B €€ LeHTpasibHbIX paioHax,
KOTOpble, KaK MpaBuio, MMEKT HENOCPeLCTBEHHYIO NPUBA3KY K KPYMHbIM MPOMbILLIEHHLIM 30HaM.
Ha TeppuTOpuMM permoHa WMEeeTCs MHOXECTBO W30/IMPOBAHHbIX W TPYAHOAOCTYMHbLIX PaioHOB,
KOTOpble yAaneHbl Ha 3HauYUTeNbHbIE PACCTOAHUA OT LeHTPasibHbIX TEpPUTOpUiA. B Takmx painoHax
pacrnofiaraloTcs HebosbLUME HACeNeHHble MYHKTbI, Pbl60N0OBELKME U O/IEHEBOAYECKME XO35CTBA,
06bEKTbl BOEHHOr0 Ha3HayeHusi, MeTeoCTaHLMKN, MasKu, MOrpaHNUYHble 3acTaBbl U Apyrue 00bLEKTbI
(pncyHoK 1.4). Yuncno xuTenein B He60MbLUNX HACENEHHbIX MYHKTaX MOXET LOXOAWUTb 40 HECKONbKMX
ThbiCAY 4enioBeK. B ocCTa/bHbIX YAaleHHbIX paiioHax B 6OMbLUMHCTBE C/ly4YaeB 3Ta BeNMYMHA He
MpeBbILIAeT HECKO/IbKNX [ECATKOB Ye/l0BEK.

[O0pOoXHO-TpaHCMnopTHas cuctema pervoHa npescTasfeHa aBTOMOOW/IbHbIM,
Xene3HOLOPOXKHbIM, BOAHLIM MOPCKMM M BO3AYLUIHLIM BMAamu TpaHcnopTa. B pernoHe umeetcs
60/1bLLIOE KO/IMYECTBO aBTOMOOWM/IbHBIX JOPOr, KOTOPble COEAUHSAIOT MOYTU BCE HACE/IEHHbIe MYHKTbI
MypmaHcKoi 06nacTu. WCKUYeHne COCTaBNAT YAaNeHHble BOCTOYHblE PallOHbl PernoHa, rae
aBTOMOOW/IbHbIE [OPOrW MI0X0 PasBUTbI MU3-3a 3HAYUTENIbHON YAaNeHHOCTU U paccpefoTO4eHHOCTU
HeOONbLINX HACENeHHbIX MYHKTOB. BOMbLION rpy30noTOK MepeBO30K COBEpLUAeTCA 3a  CYeT
(hYHKLMOHNPOBAHNA MOPCKOro TpaHcropTa. B pervoHe vmeetcs ABa OONbLUIMX MOPCKMX MopTa:
MypmMaHCKUiA Heamep3atoLLmid NopT, paboTatowmii Becb rof, U KaHganakwwckunii. OT HUX Ha4yMHaKoT

CBOV MyTb MECTHbIE rPy30NepeBo3kn B NPUOPEXHbIE painloHbl MypmaHckoit o6nactu [69]. OCHOBHbIe
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MepeBO3KM BO3AYLLUHLIM TPAHCMOPTOM OCYLLECTB/ISIOTCS Ha 6Gase asponopToB MypMaHCK 1 KMpOBCK.
B pervoHe CyLLECTBYHOT 1 MECTHbIE aBUa/IMHIMN, KOTOPbIE B 3UMHEE BPeMs ANs yAaneHHbIX paioHOB

4acTo eAJVHCTBEHHbIN BUA TPAHCMOPTHO CBSA3M C LLeHTPasIbHbIMU paioHaMu.

MypmaHCcK

Kuposck
°

[ ]
AnaTtuTbl

PucyHoK 1.4 - PacnonoxeHue Ha Tepputopum MypmaHCKo 061acTy N30/IMPOBaHHbIX U

TPYAHOLOCTYMHbIX NOTPe6UTeNeld TENI0BOI 3HEPTUN.

1.3 O6Las xapaKTepucTUKa TeNI0CHabXXeHNA pervoHa

TennocHabxeHne notpebuTeneli MypMaHCKON 06/1aCTU OCYLLECTBAISETCS OT TPeX TernsoBbIX
anekTpocTaHumnin (MypmaHckoit T3LL, Anatutckoin T3, n T3L, AO «Kosgopckuin TOK»), Konbckoi
aTOMHOWA 3M1EKTPOCTaHLUMN U 273 MyHUUMNANbHBIX U BEAOMCTBEHHBIX KOTe/bHbIX (Tabnmua 1.1). Lx
TEPPUTOPUATIbHOE PAacro/ioKeHWe MoKasaHO Ha pucyHke 1.5. Ha Hayano 2022 roga cymmapHas
YCTaHOB/IEHHAsA TennaoBas MOLYHOCTb BCEX WCTOYHWMKOB TernsjocHabxeHns MypmaHCKoW obnacTtu
coctaBndna 7832,39 kan/y. Hapsigy C 31eKTPOCTaHUMAMM K Hambonee KpPYmnHbIM WCTOYHUKAM
TENNOCHaBXEHNSA TaKXKe OTHOCATCA ABe KoTesbHble (KOxHas 1 BoctouHas) AO «MypmaHckas TIOL»;
[Be KoTefnbHble B MoHYeropcke n 3anondpHom, Bxogdwme B coctaB AO «Konbckaa MKy,

KoTenbHble Knposckoro qunmana AO «AnatuT»; KoTenbHasd MYT1 «OTCx» B OneHeropcke [70].



Tabnuua 1.1 - MepeyeHb WCTOUHMKOB LIEHTPAIM30BAHHOIO TenocHabXeHUs MypMaHCKoin 06nacTy
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(no coctosHuo Ha 01.01.2022 1.)

CymMmmapHas
HanmeHoBaHme painoHa HanmeHoOBaHWE NCTOYHMKA yCTaHOB/IEHHaA KonunyecTso
N HaceNeHHOro NyHkTa TennocHab>eHus Tennosas NCTOYHUKOB
MOLLHOCTb, MKan/y
AneKkTpocTaHLnn
MypmaHckaa T3 AO
"opog MypmaHCcK «|\>|/§)/pMaHCKaFI T9LI,>I>JI 286 1
Anatutckad T3L, dwmnmnana
Mopos AnaTuThl «KOMbCKuiis MAO «TTK-1» 535 1
Fopog Kosaop I&L(l» AO  «Kospgopckui 501 1
Konbckas A3C AO
Fopog MonspHbie 3opu «KOoHLepH PocaHeproatom» 125 1
MyHWUMNanbHbIE Y BEAOMCTBEHHbIE KOTe/lbHbIe
"opop, KnpoBcK 183,52
["opoa MoHYeropck 719,76
FOXHaa  koTenbHaa  AO 461
«MypmaHckaa T3OL»
"lopos MypmaHCK BocTtouHaa KotenbHad AO
390
«MypmaHckas T3L»
[Jpyrve KoTefbHble 925,18
"opop OneHeropck 308,32
"opog MNonsapHble 3opun 178,92
3ATO ropog 417,69
AneKcaHapoBCK
3ATO ropog 3a03epck 140,00
3ATO 5 ropog 0,69
OcCTpoBHON
3ATO ropoa 614,30 273
CeBepomMopck
3ATO NnocesioK 74,00
Buaseso
KaH,qanaKLUCKmvl 5 409,56
MYHULMNaNbHbLIN pavioH
KoBaopcKuii paiioH 548,01
Konbcknn L 351,61
MYHULMN&NbHBIA parioH
JloBo3epckun L 94,46
MYHULMN&NbHBIA parioH
MeueHrckunn o 537,49
MYHULMN&NbHBIA parioH
Tepckuit
MyHUUMNaNbHbINA 30,89
paioH
Bcero 7832,39 277
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PervoHanbHOe pacrnofiokKeHne KPYMHbIX W CPeAHWUX WCTOYHWMKOB  TEMJIOCHAbXeHus
notpebutenen Tensa B MypMaHCKO 06/1aCTM MMeET SIBHYHO MPUBA3KY K KPYMHbIM Hace/eHHbIM
MYHKTaM M MPOMbILLIEHHbIM 30HaM, COCPeA0TOUEHHbIM B OCHOBHOM B €€ LIeHTpalbHbIX pailoHax. Ha
TEPPUTOPUM PErMOHa MMEETCS MHOXECTBO M30/IMPOBAHHbIX WU TPYAHOAOCTYMHbIX PalioHOB, KOTOPbIE
yAaneHbl Ha 3HauMTeNlbHble PacCTOSHUA OT LEHTPaIbHbIX TeppuTopuii. B Takmx paiioHax

pacnonaratoTcs He60/bLUNE NOTPEOMUTENN TENOBOW SHEPTUN.

N
*
)
YR o
!WIIKEI'II:) Yy
S/ bapeHLeBo
. S Mope
X/ g
{ L, [
Y 'K \
. & /Konbckuii .
o & paifod o
« /) ,’OI'IE.Hel'\O;DCK
7 1 ,
\ _ Mongeropci, , + J0B0sePO
’ - ! ~. PeBna
- \ T
K%\B.Qp' “-m -7 1, Knpogck
. ~~ ®* A- )
N AR ! Joso3epckuia
/ TonspHble 3opy 1, ! I N
. \ 2TVEL L AnaTnTel,, paiioH

. AR
K

NS

Tepckuini = M~ _ _ - -~

PucyHok 1.5 - FopoAacKme oKpyra v MyHuumnanbHble parioHbl MypMaHCKOR 06nacTw.

B 3aBMCMMOCTM OT MECTOMOJMIOXKEHNS, HarnpaB/eHUs XO3SNCTBEHHOW [AeATENIbHOCTM U
MPOM3BOACTBEHHbIX MOTPEOHOCTEN, COUManbHbIX (YHKUMA U 0O6bEMOB TennonoTpebneHms B
MypmaHCKo 06/1aCTM MOXHO BblAENWUTb Cheaytowme TUMbl U rPynnbl yAanéHHbIX NoTpeduTenei,
MECTOMO/IOXKEHNE KOTOPbIX MOKa3aHO Ha pucyHke 1.4. TensocHabXeHue 3TUX NOTpebuTenen
OCYLLLECTB/ISIETCA B OCHOBHOM OT KOTe/IbHbIX HEGO/bLLIOW MOLLHOCTM MK OT MPOCTbIX OFHEBBIX MEeYel,
paboTarolmx Ha gpoBax u yrne [1]. MakcumanbHas TennoBas Harpyska Ans OfHOro noTpeéuTens B

60/IbLUMHCTBE CNyYaeB He npeBblwaeT 5 Mkan/y (Tabnmua 1.2).

1.4 Oco6eHHOCTM TenoCHa6XXeHNs1 N30/IMPOBaHHbIX U TPYAHOAOCTYMHbIX PaioHOB

MypMaHCcKoii 0651acTu

MypmaHcKas 061acTb He MMeeT NpeAnpuaTUiA No [06blYe OpraHNYeckux BUAoB Tonmea (yrns,

He(hTw, rasza) [1]. MoaTomy AN NPOM3BOACTBA TEMNIOBOW 3HEPrMM NPENMYLLECTBEHHO WUCMO/b3YeTCs



21
NMPMBO3HOE OpraHNYecKoe TOMMBO, AOCTaB/AEMOE U3 APYrMX PeroHoB Poccum, 4To 06ycnaBimBaeTt
6onbLUMe NPobnemMbl. N8 HYX/ Tena0CHabXKeHNs B OCHOBHOM UCMO/b3YEeTCA Yrofb U MasyT (Tabnmua
1.3). [ons ucnonb3oBaHUs MasyTa A8 BblpabOTKM TeNj0BOM 3HEPrUM B PErvoHe COCTaB/seT
npumepHo 80%. [lo 3TOM npuunHe HageXHas paboTa WCTOYHWKOB TEM/I0BON 3HEpruu, a,
ClefoBaTeflbHO, W 3HepreTuyeckas 6e30MacHOCTb PervoHa CUIbHO 3aBUCAT OT CTabWIbHOCTU
MOCTAaBOK 3TOr0 BuAa TOMAMBA. YCTOMYMBLIA POCT LEH Ha OpraHMyeckoe TOMIMBO BbI3blBaeT
yBeNMYeHe (PUHAHCOBBLIX NPOG6/IEM TEMNIOCHAOXKAOLWMX NPeANPUATUA, OCYLLECTBSIOWMX MOKYMKY
TaKoro TOM/MBa MO PbIHOYHLIM MOCTOAHHO WM3MEHAKOWMUMCA LeHaM W ero 3aB03 B HacCefleHHble
MYyHKTbl. Takasd CUTyauus MpuMBOAUT K TOMY, 4TO Ce6eCTOMMOCTb TEMnsioBOW  3HEpruu,
BblpabaTbiBaeMO Ha MECTHbIX KOTE/IbHbIX, OKa3blBaeTCcA 60/bLle YPOBHA TapuUgoB Ha TernsjoByH
SHEPrnt0, KOTOPbIA YCTaHaBMMBAKOT pernoHaNbHble BnacTu. B pesynbTate 3TOro 6o/bluas 4acTb
TenjocHabXarwWwmx — NpeanpuaTMini - MypmaHCKoOi — o6nacTi,  OTMyCKas  TenjoBYyH) — 3HEPruto
noTpebuTensaM no PUKCMPOBaHHbLIM Tapu®am, OKasblBatOTCH YObITOYHbIMW. ITO O3HaYaeT, yto 6e3
[ONOMHUTENBHON (DMHAHCOBOM MOAAEPKKM Takue NpeanpuaTus CyLlecTBoBaTb He MOryT. Moatomy
rocyAapCTBO BbIHY)XAEHO BO3MeLLaTb TEMNJ0CHAOXKaoWMM MPeanpuaTUaM 4acTb HedononyveHHbIX
[0XOA0B OT peanunsauuu TENJOBOW 3HEpruun, cyocuampys Tem camMbiM MOKYMKY U CEBEPHbIM 3aB03
opraHunyeckoro Tonamea [71]. Tak B 2021 rogy pa3mep TakuMx cybcuamii cCoCTaBUn OKOMo 4 MApPA.

py6nei, a yxxe B 2022 rogy npesbICUN BENUUUHY B 7,5 Mnpg. pyonen (tabnuua 1.4).

Tabnuua 1.2 - TennoBas Harpyska nOTPeGUTENell TEMMOBOW 3HEPruM, PacroNOXeHHbIX B

M30/IMPOBaHHbIX N TPYAHOAOCTYMHbIX paiioHax MypMaHCKoi 061acTm

BenmumHa TensioBoli Harpysku 41 04HOro noTpebutens,
HassaHue noTpebuTens

"kan/v
Masaku 1 MeTeocTaHUMK [0 0.02
OO6bEKTbI BOEHHOI0

okono 0.1-0.5

HasHayeHus
Heb6onbLume H.n. 1-5

Tabnmua 1.3 - CTpykTypa noTpeGneHust Tonnmea (BK/KOYas 3/1EKTPO3HEPTMI0, 3aTpayeHHY Ha
MPsMOiIA HarpeB BOAbl) B MepecyeTe Ha YCNOBHOE TOMIMBO TEM/OBbIMUA 3/1EKTPOCTAHLMAMMU U

KoTenbHbIMY MypMaHcKoi 06nacTu 3a 2019 rog [72]

Bug Ton/msa a3 5 [un3enbHoe Ma3yT Yrons | [lposa DNeKTpo3Hepr
CXKVDKEHHbIN TOMNMNBO ns
Pacxop, Ty.T. 256 1740 1388 542 ggg 1613 56 946
Jona B
TOM/INBHOM 0,01 0,10 78,05 18,54 0,09 3,20
banaHce, %
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Oc06eHHO OCTpO 3Ta NpobieMa NPOSBASETCA B M30/MPOBaHHbLIX U TPYAHOAOCTYMHbLIX palioHax,
60/bLUMHCTBO MOTPeOUTENE TEMNIOBON 3HEPrMM KOTOPbLIX HaxoauTcs Ha nobepexkbe bapeHuesa v
Benoro mopei, rae aBTOMO6U/IbHbIE TPACh! N/I0X0 Pa3BUTbI, & XKe/e3Hble JOPOry U BOBCE OTCYTCTBYHOT
[1]. W3-3a aTOro B NpubpexxHble paiioHbl TOMAMBO (B OCHOBHOM 3TO AM3e/IbHOE TOMMBO M MasyT)
[0CTaB/ISETCA N0 MOPHO B /IETHUIA MEPUOL MyTEM NOOYEPeLHON OTrpy3KM TONIMBA BCEM HACEIEHHbIM
nyHKTam. 0o 3TOM NpUYMHE B HEKOTOPbIX paioHax NMPUXOANUTCS UMETb NOJSTyTopa-ABYXrof0BoN 3anac
Tonnvea. [lanee TOMMBO [JOCTaBNAETCA OT Mo6GepeXkbsi BO BHYTPEHHME paioHbl MypMaHCKOi
obnactn. Takasd MHOroatanHas [OCTaBKa OPraHW4eckoro TOMAMBa MPUBOLMT K €ro YLOPOXaHWio,
KOHeYHass CTOMMOCTb KOTOpPOro MOXeT Bospactatb B 1.2-1.5, B 1.3-1.8, B 1.5-2.5 n B 3 pasa -
COOTBETCTBEHHO MpW NepeBo3Kax aBTOMOOWU/IbHBIM, MOPCKMM, 6€340POXKHbIM M BO3A4YLUHbIM BUAAMM
TpaHcrnopTa No CPaBHEHUIO C LIEHOM, OTMYCKaeMoi noctasLmkamu [73].

Kpome 3TOro KoTenbHble HeOO/MbLION MOLWHOCTA, KOTOPbIMM, Kak Y)XXe TOBOpPM/IOCh,
060pyL0BaHbl yaaieHHble Hace/leHHbIE MYHKTbI, UMEKT HU3KNE TEXHNUKO-3KOHOMUYECKMNE MOoKas3aTe/un
paboTbl. 19 HUX XapaKTepHbl BbICOKME YAeNbHble pacxodbl TOMAMBA Ha BbIPabOTKY TensoBOWA
SHepruu, npubAMKaKOLWIMECS B HEKOTOPbIX paioHax K 300 kr y.T./[Kan, a TakkKe HU3KWNA
KO3 MEeHT MONE3HOro AENCTBUSA, COCTaBNAIOLWMIA ANS KOTENbHbIX Ha yrne 50-60%, Ha ma3yTe 60-
70%. Hapsgy € 3TMM 18 KOTe/lbHbIX HEOONbLION MOLHOCTK, paboTalolmX B CYpPOBbIX
K/IMMaTUYeCKUX YCOBUSAX, Yallle CBOMCTBEHHbI NPOG/IEMbI C X 3KCMNJyaTaumen, KoTopble CBA3aHbl C
BbICOKOW CTeMeHb W3HOLUEHHOCTM 000pYAOBaHWUS WM HU3KUM YPOBHEM aBToMatmsauum. 3TO
MPUBOAUT K YBENMYEHUIO (DUHAHCOBBIX PaCcXOLO0B, CBA3AHHbLIX C COAEpPXKaHWeM K 06CnyXvBaHUeM
TaKMX KOTe/bHbIX.

OfHUM 13 BO3MOXHbIX HanpaBfeHNA 3HEProcOepeXXeHNs N MOBbILEHUA 3HEPreTUYeCKOW
3PPEKTUBHOCTYM CYLLECTBYIOLLMX CUCTEM TEMNOCHAOXKEHNS, CHUXKEHWNA 3aTpaT Ha MOKYMNKY 1 JOCTaBKy
OpraHM4Yeckoro TOMMBa B YyAa/leHHble palioHbl MypMaHCKOW 0671acTi, a TakXKe MOBbILIEHUS UX
3HEpPreTnYecKolr 6e30MacHOCTV W YNy4LLeHNUs 3KOMOTMYECKOM CUTYaLMM MOXET BObITb 1CMOb30BaHNE
MECTHbIX BO30OHOB/SEMbIX MCTOYHUKOB 3Heprum (B3), B TOM Umncne BOB/EYEHME 3HEPTM BETpa B
NPOM3BOACTBO Ternna [74]. VIMeHHO NPUMEHUTENBHO K YAANEHHBIM NOTPebUTENSAM TEMNIOBON 3HEPTUM

3aCNyXnBaeT Hanb0/bLLEr0 BHMaHUS M3y4yeHKne 3TOro Borpoca.

1.5 Oc0o6eHHOCTY pa3BUTUS BO30OHOB/ISIEMbIX MCTOYHUKOB 3HEPTrM MypMaHCKOM 06n1actu

Tepputopusi MypMaHCKoin o06nactv nmeeT 6onblume 3anacbl B3 (3Hepruv BeTpa, COMHLA,
Ma/lbIX PeK, MOPCKMX MPUAMBOB W BOJH). Bce OHM B 6ydywiem CMOryT BbIFOAHO [OMOSIHUTb
TPagUUMOHHbIE WUCTOYHUMKWU 3HEPrun (SfepHOe W OpraHu4Yeckoe TOMAMBO, TUAPO3Hepruo). B

nccnenoBaHusx [75-77] 6bin nposeaeH 60MbLWON 06bEM PabOoTbl MO OLEHKE MOTEHUMAbHbIX W
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TEXHUYECKMNX PECYPCOB 3TUX MCTOYHMKOB, KOTOPbIA MOKas3asa, YTO MOTEHUMan COHEYHON 3Heprumn
3ecb camblii 60nbwon  (pucyHok 1.6). Ho KpynHoMacliTabHOe OCBOEHME W MpPaKTUYEeCcKoe
1CNONb30BaHNE 3HEPruM ConHLAa B MypMaHCKOR 06/1acTi 3aTpyAHEHO psagoM (hakTOpOoB, CBA3aHHbIX C
0CO6GEHHOCTSIMM  reorpa)Myeckoro pacrofioXXeHnsi permoHa. Ha ceBepe WMHTEHCMBHOCTb 3HEpPruu
CO/HLUA MEHbLLE, a B 3MMHEE BPEMSI B NEpUOA MakCMMasibHON NMOTPeBHOCTU B 3HEPTMM CO CTOPOHbI
noTpebuTeneit COMHLE U BOBCE OTCYTCTBYET. TakKe B apKTUYECKMX palioHax 4acTo HabnogaeTtcs

NOBbILWEHHAasA 061a4HOCTb, KOTOpPasA CHMXaET COMHEYHYHO aKTUBHOCTb B PETMOHE.

Tabnmua 1.4 - Cybemanm  TennocHabXarowmm  opraHmsaumsam  MypmaHckol  obnactm  Ans

KOMIMeHCauun BblnMagaroLwnx noxon0B, CBA3aHHbIX C POCTOM LEH Ha opraHNM4ecKoe TonanMeo

Pa3mep cy6euani, Mapa.

pyo.
2021 rop 2022 ropg

HanmeHoBaHMe TernnocHabatoLei
opraHusaumm

AO «M3C»

MAO «TTK-1»

AO «MypmaHckas TIOL»

000 «AtomTenno3nekTpoCeTb»

00O «Tenno nogam. Ymba»

000 «CTK»

000 «MypmMaLlnHCKas TENNoBas
KOMMNaHMsA»

000 «BepxHeTynomckas TENNoBas
KOMMNaHMsA»

00O «TennocTpoii Mntoc»

00O «TEMJ1IOHOPA»

00O «IMpomBoeHCTpOit»

AO «MoHYeropckas Tena0ceTb» 4.141
MY «PKKP» ' 7,545
MYTT «<QHEPI NA»

MYTT «EHa»

FOYT1 «MypMaHCKBOAOKaHas»

AO «Anatnt»

MY XXKX «Bbimnen»

MYT1 «X1bunHbI»

AO «OneHeropckue TenaoBble CETU»*
MYT1 KonbcKoro parioHa «YXXKX»
MY «KnnbguHCTpo»

MYTT «cMYK»

MYT1 «PECYPC»

MY «<BKX»

AO «Kospgockuin FTOK» 0
* AO «OTC» ¢ 01.11.2021r. nepenmeHoBaHO B OOO «TBepAoTONIMBHbLIE 3HEPreTUYECKNe

cuctembl» (OO0 «TIC»).
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PucyHok 1.6 - Pecypcbl BV Ha TeppuTopun MypmaHcKoi 061acTu.

MypmaHcKas 06/1aCTb MMEET 3HaYMTENbHbIA MNOTEHLMAN 3HEPrMM MOPCKUX NPUAMBOB N BOJH.
3(hheKTMBHOCTb PabOThl MPUINBHbLIX 3/1EKTPOCTaHLMIA HaNPsMYHO CBsi3aHa C MECTOM MX COOPYXXEHUS.
Takue mecTa A0/DKHbI MMETb XOPOLLYK BEMUMHY U CTabWIbHOCTL NPWUMBAE, a TakXke GeperosoW
penbed), No3BONALWMIA CO3AaTh 3aMKHYTbIV 6acceliH. B npnbpexHbIX parioHax MypMaHCKoi 06n1acTu
Be/IMYMHA NPWUAMBa B CpPefHEM HaxoAMTCA Ha HebO/bLIOM YpPOBHe (2-3 M), MpPU 3TOM 3HEpPrus,
nosiyyaemass OT MOPCKMX MPWUIMBOB, M3-3a MEPUOAMYHOCTN MPWIMBOB WM OT/INBOB B TeYeHWe CYTOK
HEMOCTOSIHHA M MMEET LMKINYECKMIA NONYCYTOUHbIN XapakTep. K TOMy >Xe 4MCio MecCT, KOTopble
MOXHO OTFrOpPOAMTb MNAOTUHOW, OrpaHMyeHo. Bce 3TW yCnoBMs YMEHbLUIAKT LienecoobpasHOCTb
COOPYXXEHUS MPUNMBHbIX 3NEKTPOCTaHLMI B HEKOTOPbIX MecTax MypmaHcKol 06n1acTu.

OCBOEHME 3HEPTMM MOPCKMX BOMH B CYPOBbIX NPUPOAHO-KIMMATUYECKMX YCN0BUSX (NMONSPHOMN
HOUM, HU3KMUX TEMMEPATYP HAPY>KHOro BO3[yXa, N KaK CNeACcTBUE TONONeAHbIX SBNEHWIA) CBA3aHO C
6onbWwWMMKM  NpobnemMaMn 3KchnyaTauMyM BOMHOBBLIX 3NeKTpMYeckux cTaHumi (B3C) (npobnema
ONlefleHeHNs, TPYAHOCTU B OOGCNYXMBaHMM, M10Xasd BUMAMMOCTb B 3MMHee BpPEMS, C/IOKHOCTU B
opraHu3auuun nepegayn aHeprumn ot BOC go notpebutens), 4To B AaHHbIi MOMEHT BPEMEHW CBOAUT K
MUHUMYMY MEPCMEKTUBbI MCMOMb30BaHMS SHEPTUN MOPCKMX BOMH B MypMaHCcKol 061acTu.

Ha TeppuTOpUKn pernoHa MmeeTcst 60/bLIOE KOMMYECTBO CPEAHUX M MasibIX PeK, 60/bLUMHCTBO
KOTOPbIX NPUIrO4HO A5 UCNOMb30BaHMSA B SHEPreTUYecKux Lensx. Mo gaHHbIM uccneaoBaHuii [76-78]
KONNMYEeCTBO TaKUX peK B 06/1acTn cocTaBnseT 6onee 35, a X CyMmapHas CpefHerofoBas MOLLHOCTb
paBHa npumepHo 790 MBT, npyn 3TOM MOXHO NONy4nTb 6,9 Mnpa. KBT-4 cpeaHeroqoBoi 3Heprum B
rog. Takum 06pa3oM, SHEPrUsi MasibIX PEK WUMEET XOpOoLUMe NepcnekTUBbI [ANSi €6 OCBOEHUS W
AanbHENLLIEro NCNob30BaHWS B PErnoHe.

Ewe 6onee nepcnekTMBHbIM HamnpaBNeHWEM pa3BUTUA  BO30OHOBNSEMON  3HEPreTMKM
MypMaHCKoI 06nacT NpeacTaBAseTcs MCMOb30BaHNE 3HEPTrUM BETPa, 3anacbl KOTOPOM BENUKK Y

0COGEHHO MHOFO MX COCPEAOTOYEHO B MPUOPEXHbIX paiioHax bapeHuesa U Benoro Mopeii.
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WNccnegosanus [79-81] nokasanu, 4TO B 3TUX palioHaX CpefHerofoBble CKOPOCTN BETPa HaXxo4ATcs B
nHTepBane 5-8 m/c Ha BbicoTe 10 METPOB OT MOBEPXHOCTN 3eM/IN (PUCYHOK 1.7). XapaKTepHOI YepToi
ABNSIeTCA TOT (haKT, 4YTO MpWU ydaneHun oT Gepera Braybb cywm MypmaHCKoW 061acTu BeMYMHa

CKOPOCTW BETPa YMEHbLLAETCA.

520 4M 4.9 .
/ ypMaHeK  «_ 8.4
1 °1.3
'\\ 2.9 39
AN
\ 5.3 °*30 <43
\\, . 3.0, .43 CkopocTb BeTpa (M/c)
al ’ o - MeHbLLe 4
S/ 24 «29 6.7 o oas
/
,/ 34 62| o 5 6
i ° o -
\\"—_"1 o - 60nbme7

5.8

5.4 51

PucyHok 1.7 - CpefiHeroioBas CKOpOCTb BETpa Ha BbicoTe 10 METPOB OT MOBEPXHOCTU 3eM/IN.

NHTepecHO 0CO6EHHOCTLIO CKOPOCTU BETPA AB/SETCA €€ HEPaBHOMEPHOE M3MEHEHNE B TeYeHUe
roga. Ha pucyHkax 1.8,a u 1.8,6 n300paxKeHbl FOA0BOM XO0J MHOrOMETHMX CPeAHEMECAYHbIX
CKOpOCTell BeTpa M rofoBble TpapuikM MHOTOMIETHUX CPeAHEMECAYHBIX 3HAYeHWn TemrnepaTypsbl
Hapy>KHOr 0 BO3/yXa, NOCTPOEHHbIE 15 HEKOTOPbIX HAceNeHHbIX MyHKTOB MypMaHCKoW o6nactu. M3
PUCYHKOB BW[HO, 4YTO B XO/I0AHOE Bpems, Korfa Temrnepatypa Hapy>XHOro Bo3fyXa MWHUMasIbHa,
WHTEHCMBHOCTb BETPa COOTBETCTBYET MaKCUMa/lbHbIM 3HaYeHUAM. KakK pa3 B 3T0 BpPeMs CYLLEeCTBYeT
HanbosbLas NoTpPebHOCTb B TEMI0BON 3Heprun. [laHHoe 06CTOSATeNbCTBO CO3AaeT 61aronpuATHbIe
ycnosusa 418 apdeKTMBHOro OCBOEHUS PECYPCOB 3HEPTMMN BETpa B PErMOHe.

B HacTosiee Bpems B MypMaHCKOM 06/1aCTV MMEKOTCS NMPUMEpPbl Y)XKe YCTaHOB/IEHHbIX W
3anyLeHHbIX B aKcnyaTaumio BAY (Tabnuua 1.5).

MepBblli  ONbIT  COOPYXEHWA W 3kcnayaTaumm BJY B MypmaHckoli 06nactu  6bin
npoAeMoHCTpupoBaH B 1975 rogy npu co3gaHUn 1N UCNO/b30BaHUN BETPOIHEPTETUYECKOTO NOANIoHa
Ha nobepexbe bapeHueBa Mops B pailoHe noc. JanbHue 3eneHup! (pucyHok 1.9, nos. 7) [82, 83].
CHavana nonnroH 1UCnonb3oBasics Ang c6opa MHGopmauum no BETPY, a Noc/e YCTaHOBKU M MycKa B
aKcnnyatauuio BAY nosBuiacb BO3SMOXHOCTb NMPOBOAUTL 3KcnepmmeHTbl. C 90-X rofoB NpoLusioro

BeKa BETPO3HEPreTNYECKMIA NONMIOH NepecTan DYHKLUMOHNPOBATb.
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CKopocTb BeTpa, M/C
O R N W b O1 OO N 0O ©
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PrcyHoK 1.8 - [00BOiA X0 MHOTO/IeTHUX CPeAHEMECAUYHbIX CKOPOCTE BeTpa (2) U M3MeHeHMe
MHOTONIETHUX CPeHEMECAYHbIX 3HAYeHUIA TeMMNePaTypbl HapPY>KHOro Bo3ayxa (6) B ABaaLaTUNETHWIA
nepuog 2001-2020 rr.: KpnBble 3e/1eHOr0, CUHEro N KPacHOro LBETOB — COOTBETCTBEHHO

meTeocTaHuUun Tepnbepka, Bainga-Iy6a n MypmaHck.

Ha Tepputopun KonbCKOro nonyocTpoBa MNpenMyLlecTBEHHO Ha nobepexxbe bapeHueBa K
Benoro mopei B 30Hax [eLeHTPaIM30BaHHOI0 3HEPrOCHAGXKEHNSA HAXOAUTCSH MHOXECTBO OTAaNIEHHbIX
W TPYAHOAOCTYMNHBIX HACENEHHbIX MYHKTOB (MOCENKOB, METEOCTaHL NI, MasKoB 1 ap.). B psge Takux
HacenéHHbIX nyHKTax (pucyHok 1.9, no3. 5-6 u 8-16) ANnd 3HepProcHabXXeHWs TaKCO(POHOB
CnyTHWMKOBOM cBA3n B 2007-2008 rogax Oblnv yCTaHOB/IEHbI KOMOUHMPOBAHHbIE BETPOCOJIHEYHbIE
yCTaHOBKK, BKMvawolme B cebss BOY mapkm FORTIS Wind Turbine PASSAT MakcumasnbHOW

MoLLHOCTbIO 1,4 KBT (HomuHanbHas 1,3 KBT). BOY mMeeT Tpu nionactu, BbicoTa 6alluHu paBHa 12 wm.
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BeTpoconHeyHble YCTaHOBKM WUCMOML3YHOTCA B KayeCcTBe OCHOBHOIO aBTOHOMHOIO WCTOYHMKA

3M1EKTPO3HEPT M TaKCO(OHOB.

Tabnuua 1.5 - BeTpoaHepreTuyeckme YCTaHOBKW, BBEAEHHbIe B 3KCMyaTaumio B nepuog ¢ 2001 no

2016 roga Ha Tepputopun MypMaHCKoi 061acTu

HassaHue ['o4 BBOJA B | YCTaHOB/EHH
HaceneHHoro Mapka | akcnnyartauuy | as MOLLHOCTb, HasHayeHve
NyHKTa 0 KBT
r. Kona 3HeprocHabxeHne
Het 2016 500 fiepeBoo6pabaTbiBatoLLero
JaHHbIX npegnpuatua OO0
«Green House»
r. MypmaHck Wincon- OIeKTPOCHAGXKEHWE OTeNs
2001 200
200 «OrHm MypmaHcka»
c. YaBaHbra 3neKTpocHabXKeHme
c. TeTpuHo Antaris HaCe/eHHbIX MYyHKTOB B
c. Yanoma 2014-2016 140 COCTaBe BETPO-AN3e/bHO-
c. Manuua CO/MHEYHbIX
3/1EKTPOCTaHL M
H.M. Baiiga-
y6a
H.M.
LibiInHaBO/OK
Mbic  CeaToi
Hoc
c. Mannua FORTIS 3neKTpocHabXXeHwme 5
C. MafI’K Wind TaKCO()OHOB CMYTHMKOBOW
HukogumcKum Turbine 2007-2008 15,4 CBA3M B COCTaBe
c. YaBaHbra PASSAT BETPOCO/IHEYHbIX
c. Yanowma KOMMMEeKCoB
c. TeTpuHo
C.
KaLlukapaHLbl
H.M.
Kyonospsu
H.N. CBeT/bIN
H.NM. HoBas Vetrox 2014 9 3ﬂeKVTp0CHa6)KEHVIe
TUTOBKa «JJaviBUHT LIeHTpa»
n. MonoyHbIii 3HeprocHabxeHne
Vetrox 2013 5 cTpaycuHol epmbl OO0
«CeBepHoe CuaHmne»
c. JloBo3epo AHeprocHabeHue
Ce/NbCKOX03ANCTBEHHOIO
Antaris 2015 45 NpPOM3BOACTBEHHOI0
’ KoonepaTuea «TyHApa» B
cocTaBe BETPO-
AM3eNbHOT0 KOMMJIEKCa
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B 2001 roay Ha cornke B6113u r. MypmaHcKa 6blla CMOHTUpPOBaHa 1 3anyLLeHa B aKcrnayaTaumto
BETpPO3HepreTmyeckas yctaHoBka Wincon-200 mouHocTbio 200 KBT, y»xe oTpaboTaBlias okono 10
NeT Ha oaHOoW 13 hepm OaHum [84]. Ha MOMEHT nogk/toyeHnss BOY K ceTu 1 nycka B 3KCnayatauuio
OHa 6blnia caMoli ceBepHOI B EBpone 1 nepBoit YacTHol BOY (cobcTBeHHNK — 3AO «BeTpoaHepro»),
MPON3BOAALLEN 3NEKTPOIHEPTMIO He TOMbKO AJ1 YacTHOro notpebutens (otens «OrHn MypmaHckay),
HO 1 ANs ropoAcKoi cetu [82].

BeTposHepreTuyeckass yctaHoBka Wincon-200 nmeeT 6GallHIO BbICOTOM 28,8 M, Ha BEPXHEM
Cpe3e KOTOPON pa3MelleHa FOHZONA C OTKpblBatoLleica (18 ygobcTBa paboTbl OMepaTMBHOIO
MepcoHana)  [ABYXCTBOPYATOM  Kpblwei. BHYTpM  rOHAOMbI  Pa3MeLLalTCAd  aCMHXPOHHbIN
anekTporeHepatop ¢upmbl AEG HOMWMHanNbHON MolHOCTbl0 200 KBT, HanpsbkeHvem 380 B u
yacTtoTor 50 U 1 ABYXCTyneHuYaTblid peaykTop ¢upMbl «Flenders». Ha 0OCHOBHOM FOPU30HTa/IbHOM
BaUly NOCaXXEHO BETPOKO/1ECO AMaMeTPOM 26 M, COCTOSLLEE U3 CTYMULIbI U TPEX lonacTei.

C 2013 roga ogHa B3Y wmapku Vetrox MOLWHOCTLHO 5 KBT 3KcniyaTUpyeTca B MOCE/IKe
Mono4yHoM Ha cTpaycuHoi depme (OO0 «CeBepHoe cusiHMe») [85]. BeTpoycTaHOBKa MMEET Tpu
nonactu, AvMameTp BETPOKOMeca M BbICOTA OGallHWM COCTaBNAAOT COOTBETCTBEHHO 6,2 M M 115 m.
Monyyaemas 3Heprus oT BAY ucnonb3yerca Ans OTOMJIEHUS NPOW3BOACTBEHHOIO MOMELLEHNA Ha
TeppuTOpUM PepMbI.

B 2014 rogy B H.n. HoBasa TuTOBKa ycTaHOBNEHO Tpu BAY Vetrox ob6uieit MowHOCTbIO 9 KBT,
BblpabaTbiBaeMast 3Heprus KOTopbIX MAET Ha HYX[bl 3M1eKTPOCHabXeHus «[aBUHI LeHTpa» [82].
HomunHanbHas MOLLHOCTb Kaxkaoli B3Y 3 KBT, AnameTp BeTpokoneca 4 m.

B 2014 rogy B cene [MMsnmua 6bin peanv3oBaH MEPBbIA MPOEKT B paMKax paboT no
MOZEPHM3ALMM CUCTEM 3N1EKTPOCHAOXKEHNA OTAaNEHHbIX C&N TepcKoro paioHa MypmaHCKOI 061acTu.
Torom npoekrta ctan 3amnyck BeTPO-AW3e/IbHO-CO/IHEYHOW 3/M1IEKTPOCTaHLMKM, KOTOpas BK/IHOYaeT B
cebs yeTblpe B3Y mowHocThio Mo 5 kBT, aBa av3ens reHeparopa no 30 kBT n 60 CONHEYHbIX
naHenein o6ueir mowHocTblo 15 KBT. KomMOGUHMpOBaHHas 3M1eKTPOCTaHUMS nNpefHasHaveHa ans
obecreyveHns 3N1eKTPUYECKO aHeprueit cena Manuua.

B 2016 rogy nogo6Hble BETPO-AM3€eNbHO-CONMHEUHbIE 3/IEKTPOCTaHL MU Hava/iv paboTaTth B Cénax
UaBaHbra, TeTpuHo 1 Yanoma [82, 86]. Tenepb B 3TUX CEnax 3neKTpuyeckas aHeprusa ectb 24 yaca B
CYTKW, paboTaeT OCBeLLeHWe, NHTEPHET N COTOBas CBA3b. B pesy/nbTarte B yAanéHHbIX MOCEEHUAX
TepcKoro pailoHa CymmapHoe uncno BOY MowHOCTLH No 5 1 10 KBT cocTaBUI0 COOTBETCTBEHHO 8 U
10 WwTykK.

B 2016 rogy Ha nnowagke aepesoobpabatbiBatowiero npeanpuatna OO0 «Green House» (T.
Kona) yctaHoBneHa BJY wmouwHocTeto 500 kBT [87]. [ons 3aHepruu, BbipabaTbiBaeMoii B3Y,

coctaBnset Ao 60% oT Bcero obvema notpebneHns npegnpuatus. Lo 2022 roga Ha TeppuTopum
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MypMaHCcKo 06nacTy faHHas BOY 6bina cambliM 60/1bLUMM UCTOYHUKOM 3Hepruu, paboTatoLmm 3a
CYET 3Heprum BeTpa.

B 2022 ropy Ha Tepputopun MypmaHcKoir obnactu (pucyHok 1.9, no3. 18) 6bin BBefeH B
aKcnnyaTauuto BeTponapk «Konbckas BOC» cymmapHOi yCTaHOBMEHHON MowHOCTb 200,98 MBT.
BeTponapk cocTont 13 57 BAY mowHocTbio 3,4 MBT Kaxkaas.

Takum ob6pasom, B nepuog ¢ 2001 no 2016 rog Ha TeppuTopum MypmaHCKO 061aCcTU B pa3HbIX
MecTax OblIM CMOHTMPOBaHbI 1 BBEAEHbI B 3KCMyaTauno B3Y mowHocTbio oT 1,4 fo 500 kBT [82].
CymMMapHas ycTaHOB/IeHHas MOLLHOCTb Taknx BAY cocTasunia npnbnnsmutensHo 870 KBT. BugHo, uto
B GONbLUMHCTBE CyyaeB OblaM MCMOMb30BaHbl B3Y He60MbLION MOLLHOCTUM, KOTOPble B OCHOBHOM
npefgHasHayeHbl A9 3HeProcHabXeHUs yaaneHHbIX AeLeHTPaIM30BaHHbIX NOTPebuTeneil permoHa.
MOXHO cuMTaTh, YTO C COOPYXXEHUEM 3TUX BIY Obl0 MONOXKEHO HA4a o PasBUTUIO COBPEMEHHOM
BETPO3HEPreTUKN MypmaHCKoii 0651acTu.

Heo6xo04MMO OTMETUTb, YTO CyMMapHas 3Heprus, KOTOpyro ceivac MoryT BbipaboTtaTb Bce BY
PEervoHa, HAaMHOro MeHblLLIe BETPOIHEPreTUYECKMX PECYPCOB 061aCcTU, KOTOPbIE TEOPETUYECKN MOXHO

1N3BM1eYb C MOMOLLbIO N3BECTHLIX TUMOB BIAY.
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PrcyHoK 1.9 - Pacnofio)XeHune BeTPO3IHEPreTUYECKMX YCTaHOBOK Ha TeppuToprun MypMaHCKOM
obnactu: 1 —r. MypmaHck; 2 — 1. Kona; 3 — n. MonouHblii; 4 — H.n. HoBas TuUToBKa; 5 - H.N. Baliga-
'y6a; 6 - H.n. LIbin-HaBonok; 7 — n. anbHue 3eneHubl; 8 - Mbic CssaToli Hoc-OcTpoBHOIA; 9 — C.
Mannya; 10 - c. Mask Hukogumckuia; 11 — ¢. Yanoma; 12 — ¢. TeTpuHo; 13 — ¢. YaBaHbra; 14 — c.
KawkapaHubl; 15 - H.n. Kyonospsu; 16 - H.n. CeTAbliA; 17 - ¢. JToBo3epo; 18 - 80 km CepebpsHCKOro

Locce [82].
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OfHVM U3 [a/bHENWMX MNepCrneKTUBHLIX — HarpaBfeHWin  pasBUTWS  BETPO3IHEPreTUKM
MypmMaHCKO 061acT ABNSETCA BOB/IEYEHME SHEPTM BeTpa B TEXHO/IOMMW NPOU3BOACTBA Tenna s
uenen TensocHabxeHus. B 3TOoM cnyvae npuvMeHeHMe B3Y COBMECTHO C  TpaAWLMOHHBIMM
TEMNNO3HePreTMyeCKMMM 00beKTaMM  MO3BOMUT  COKPaTUTb 00beMbl  MCMO/b30BaHMS  [OPOroro
MPMBO3HOrO OPraHNYecKoro TOM/IMBA, @, CNef0BaTeNlbHO, YMEHbLUUTL [EHEXHble PacxXofbl Ha ero
MOKYNKY WM TPaHCMOPTUPOBKY, YTO B OTAE/MbHbLIX pPaioHax HanpsMyr 3aBUCUT OT FOCYAapCTBEHHbIX
cyocunamnin, a Takxe ynydllnTb 3KOMOMMYECKYHO CUTYaL M0 BO/IM3M NOTPe6UTENEN TENTOBOIN SHEPTUN.

BnaronpuaTHble NpeAnoCbIIKN NpUMeHeHns BAY ans ueneli TeNI0CHabXeHWs.

B MypmaHCKoin 061aCTW MMEETCA HECKOIbKO MOJIOXMTEbHbIX MOMEHTOB, CMOCOOCTBYHOLLMX
yCMeLwHOMY UCMO/b30BaHUIO 3HEPT N BETPa A1 Lienelt TenI0CHabXeHus.

1. Hamuve B X0n0f4HOE Bpems rofa BbICOKOrO MOTEHUMana BeTpa WU [0Nroe BPeMsi HU3KUX
TeMepaTyp Hapy>HOro BO34yXa, a, C/efoBaTe/IbHO, Y MPOAOIKUTENIbHOrO OTOMUTENbHOIO Neprosa,
AINTENIbHOCTL KOTOPOro B MypmaHCKoi 0651acTu cocTasnsieT 8-9 mMecsLeB B rofy 1 60/bLLe.

2. B 3MMHWIA Nepuof MHTEHCUBHOCTb BeTpa Bbille, YeM B NeTHUA. Kak pa3 B 3UMHee Bpems
CYLLECTBYET Hanbo bLLas NOTPEGHOCTL B TEN/IOBOW 3HEPT UM,

3. Ons 6onblmMHCTBA NOTpebuteneii MypmaHCKO 06/1aCTU XapaKTepHO, YTO BelvyMHa UX
NnoTpPebHOCTY B TEM/IOBOIN 3HEPIUN CYLLLECTBEHHO BbICOKA U MHOTAa MOXET A0X04nTb 40 90% OT Beei
NOTPE6NEHHON UMW 3Heprun. B 3TOM cnydae npuMmeHeHve BJY ana uener TennocHabXeHus
MO3BO/IMT YMEHbLUWTbL Yy4yacTue TPaguLMOHHLIX WUCTOYHWKOB TEM/IOBOM 3HEpPrum B 0becneyveHum
OTONUTENbHOW Harpy3Ky 1 Tem CambIM CIKOHOMUTb JOPOrOCTOSLLEE OPraHNYecKoe TOMNINBO, KOTOPOe
[0CTaBIsSeTCA Ha TeppuTopmnio MypmMaHCKo/ 0651acTu U3 Lpyrux pernoHos Poccuu.

4. Ons obecrieyeHns paboToCcrnocOBHOCTU CUCTEM 3/1EKTPOCHAOXKEHNA C MpUMeHeHMeM B3IY
TpebyeTcs ycTaHOBKa [AOMOIHUTEIbHOIO 060pY0BaHUA (HarnpyMep, MHBEPTOPA), & TakXke NpoBejeHue
BCNOMOraTe/IbHbIX MeponpusTuiA, 06ecneyunBaroLLnX Bblgadvy sHeprum oT BIOY HYXHOro Kavecrtsa,
OMpeaensieMoro BHELLHEN 3NeKTpuYeckoin cetbio [51-53, 88]. B cnyyae npumeHeHns BAY ans uenein
TeNnNOCHabXeHNA HeO6XOAUMOCTb NPUMEHEHWNA TaKOro AOMOJIHUTENBHONO0 060pYA0BaHUSA, a Takxke
NPOBeAeHNS BCMOMOraTe/lbHbIX MEPONPUATUIA 0TNajaeT. ATO BO3MOXHO M3-3a TOrO, YTO 3Heprus,
BbljaBaemMas BIY, HanpsMylo nocTynaeT K HarpesaTento, KOTOPbIA rpeeT BoAy (TensoHOCUTENDb),
LMPKY/IMPYIOLLYIO MO CUCTEMe TensiocHabXeHns. B faHHOM cnyyae HarpesaTenb MOXeT paboTaTb OT
3NIeKTPUYECKOIN 3Heprum ntoboro Kavectsa, 6narofaps Yemy CTaHOBATCSH He BaXXHbIMU BO3MOXHbIE
KonebaHnsi MOLHOCTH, BblgaBaeMori B3Y. KpaTkoBpeMeHHble (CEKYHAHblE U MUHYTHbIE) KonebaHus
OyLyT CraXmBaTbCA CAMUM TEM/I0HOCUTENIEM, & TaKXKe UHEPLMOHHOCTLI0 CUCTEM OTOM/eHns. bonee
MPOLO/MKUTENbHbIE  (YacoBble) KonebaHWs BbIPaBHMBAKOTCA 3a CYET  Ten0akKyMy/nmpyroLLlei
CMOCOGHOCTN OTanMBaeMbIX 3f4aHWUA 1N COOPYXXeHWiA [54]. K ToMy >Xe Takoil cnocob akcrnyatauum

B3Y n03BONSIET C3KOHOMWTb [EHEeXHble CpeAcTBa Ha MOKYMNKe 060pYAOBaHUS W YMEHbLUUTb
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aKcnyaTauuoHHbIE Pacxojbl, a, CnefoBaTe/lbHO, CHU3NUTL Ce6eCTOMMOCTb 3HEpPrum, NPov3BeLeHHOM
B3Y. [laHHOe 06CTOATE/IbCTBO MOBLILLAET PEHTabeNbHOCTL NPUMeHeHNs BY.

5. OHeprus BeTpa SABNAETCA MNPAKTUYECKM 3KOIOTUYECKM UUCTbIM WUCTOYHWKOM 3Hepruun. B
OTHOLLEHUN BIY BbIAENAOT CNeaytowme 3KOMOrMYecKne acnekTbl BO3LEMCTBUA Ha OKPY>XKatoLLyto
cpeay [89]:

BnunsaHve BOY Ha nTuy,. B paiioHax APKTUYECKON 30HbI U B YaCTHOCTN MypMaHCKOW 0651acTu,
BnsAHVWE BIY Ha ntuy Oyaet He3HauuTeNbHO M3-3a UX Masiol YMCNEHHOCTU B 3UMHUIA nepuof. B
X0/1I04HOe Bpems, KakK NpaBwio, Moyt BCE NTWLbI Y/NETAlOT Ha tor, rae YcnoBus A0S 3MMOBKMU
HecpaBHUMO fydiwwe. lMonyyaetcs, yTO 3UMOM BIY MOXKHO 3KchnyatupoBaTb MOYTM He 60siCb
CTO/IKHOBEHUWIA C NTULAMW, TaK KaK YMCM0 3UMYHOLMX NTUL, HUYTOXHO Masio U He NpeAcTaBnseT
CepbE3HbIX OnaceHuin. JleToM MOTeHUMan BeTpa 3HAYMTENbHO CHUXKaEeTCH, YNy4yllatoTcs YCI0BUA
BUAMMOCTHU, U OMACHOCTb A1A NTUL, CBOAMTCA K MUHUMYMY.

LLlymoBoe un3nyyeHne ot B3Y. Ha Tepputopmm MypmMaHCKO 06nacTu B cuny OTCYTCTBUA
aeuumTa 3eMefbHbIX MNOWAAen Kaxkpaas OTAenbHas BJY wnm BeTponapk Bcerga MoryT ObiThb
OTHeCEeHbl Ha [OCTAaTOYHOE PacCcTosAHME OT HaCe/IEHHOro MyHKTa, U Npobsiema LWyMOBOro BO3AENCTBUS
B3Y Ha noTpebutens MoXeT 6bITb CHATA.

OTuyXaeHne 3eMenb MoA CoopyXeHne BIY. MypmaHcKas 061acTb WMMEET OrpOMHbIi
3eMefibHbIiA  MOTeHUMas, KOTOPbl B 6O/bLUMHCTBE CBOEM HENPUIofeH [A15 WUCMO0/b30BaHUA B
CeNbCKOXO3ANCTBEHHBIX U APYruX HyXgax. CTpouTenscTBo BOY He TOMbKO He MPUHECET KakuX -
NN60 HENPUATHOCTEN, CBA3AHHbLIX C OTUYXKAEHMEM 3eMeflbHbIX MNIoLajen, a, HaobopoT, NO3BOANT
obecneunTb 3Heprveil MasopasBuTble, Ma/lOOCBOEHHbIE paiioHbl MypMaHCcKoin ob6nactu, rge
CeNbCKOXO03AMCTBEHHbIE 1 ApYyrue BUAbI NPON3BOACTBA 1 6€3 TOr0 He pas3BuTbl.

[McuxocoumanbHble  BOMPOChbl  MpuMeHeHWsa B3Y. Hapagy € yXe  CyLWecTBYHOLWMMU
TPaAULMOHHBIMA  KPUTEPUAMK, KOTOPble Y4YMUTLIBAKOTCA MPU MPOEKTUPOBAHUM NapKa BETPSAHLIX
YCTaHOBOK, BCe B 0O0/blUeil CTENeHW Ha MNepefHWIA NnaH BbIXOAAT acneKTbl MPOCTPaHCTBEHHOIO
NnNaHWpoBaHMs NapkoB. Borpocam Bocnpuatus BAY noAbMK1, NPOXUBAKOLLMMUK BOIM3N TEPPUTOPUN
pasmelleHns BIY, yaensetca 60/bluoe BHUMaHWE. py NPUHATAX peLLeHns 0 CTpouTebcTee BIY,
BblOOpe MecTa CTPOUTENbCTBA, KomyecTBa BAY, X MOLLHOCTU, KOHCTPYKLMKN, CXEMbI pa3MeLLeHuns
HEeO6X0AMMO YuWTbIBaTb OOLLECTBEHHOE MHeHMe. B uTore npu npaBuIbHOM KOHCTPYKTUBHO -
An3ainHepcKor npopaboTke B3Y BOCNPMHMMAKOTCA Kak eCTeCTBEHHas 4acTb naHawadgTa. Pasmepsl
B3Y [o/mKHbI COOTBETCTBOBATL Pa3mepam 3/1eMEHTOB flaHALIagTa U ero KoH(puUrypauuu.

PasymMHoe pacnonoxeHve BOY Ha MeCTHOCTU, pa3MeLLeHNe UX Ha MaIONPOAYKTUBHbIX 3eM/IsX

MUHUMUSUPYET NN COBEPLUEHHO UCK/THOYAET NX HEMATUBHOE B/IMAHNE Ha OKPYXXatloLL YO Cpeany.
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1.6 BbiBOAbI NO rnase

1. MypmaHcKasa 061acTb He MMeeT MpegnpusaTUiA No [0OblYM OpraHUYecKMx BUAOB TOMMBA
(yrns, HethTn, rasa), No3TOMy A/ MPOVU3BOLCTBA TEMN/IOBOM SHEPr UM NPEVMYLLECTBEHHO UCNO/b3YETCA
MPMBO3HOE OpraHWMYeckoe TOM/IMBO, LOCTaB/NSEMOE M3 APYruX pernoHoB Poccumn. OCHOBHas 4acTb
Takoro TonamMea NpUxXoamMTcst Ha MasyT. CTOMMOCTb OpPraHMYecKoro TOM/MBa Ha PbiHKE MOCTOAHHO
BO3pacTaeT, a B MyHKTaX ero KOHeYHOro rnoTpeb/ieHNs MOXET YBENMUMBATLCA B HECKO/IbKO pa3 Mno
CPaBHEHWIO C ero OTMYCKHOW LEeHOM OT MOCTaBLUMKOB. ITO HEraTMBHO CKa3blBaeTCs Ha TEXHUKO-
9KOHOMUYECKUX MOKasaTensx paboTbl TENOCHAOXKAOLMX NPeLNpUATUIA, MPKU KOTOPbIX UX Pacxogsbl,
KaK npasunsio, NPeBbILLAtOT A0X04bl. B aTUX cnyyasx A1 caepXXmBaHWUs pocTa TaputoB Ha TernnoByHo
3HEPrunto rocyapcTBO BbIHYX/AEHO CyO6CUAMPOBaTb NPOM3BOACTBO TEMIOBOM SHEPTUN U, B YACTHOCTH,
MOKYMKY 1 CeBEPHbIN 3aB03 OPraHWYecKoro TOMMBa, YCTaHaBNMBas BENMUMHY Tapuda Ha TensoByto
3HEPr1I0 MeHbLLUe ee cebecToMmocT. OCO6eHHO OCTPO 3Ta NpobaeMa NPOSBNSETCS B U30/IMPOBaHHbIX
N TPYAHOAOCTYMHbIX pailoHax MypMaHCKOW 06M1acTu, rae HaxoAMTCA MHOXECTBO He60/bLInX
noTpebuTenet TeNNOBOW 3HEPruun, WUCMbITbIBAIOWMX AONOMHUTENbHbIE TPYAHOCTM C OpraHunsaumei
TEeN0CHaOXEHNSA M3-32 UX 3HAUUTENIbHOW PacCcpefoTOYEHHOCTU W YAQIEHHOCTU OT LEHTPa/IbHbIX
TeppUTOpPUIA pernoHa.

OfHUM U3 Hanpas/feHW 3KOHOMWK [OPOroro MpPrBO3HOrO OpPraHUMYeckoro TOMAMBa, a
C/leloBaTe/IbHO Y CHUDKEHUSA 3aTpaT Ha ero NoKyrnky 1 AoCTaBKy B yAa/ileHHble pailoHbl MypMaHCKOi
06nacT, a TaKkXkKe MOBbLILEHNUS WX 3HEPreTUYecKol 6e30MacHOCTUM WM YyYLEHWUS 3KOI0rMYecKoi
CUTYaLMMN MOXET 6bITb UCNO/b30BaHNE MECTHBIX BO30OHOB/ISEMbIX MCTOYHMUKOB 3HEPTUN.

2. Tepputopuss MypMaHCKoi 061acT MMeeT 60/bLuMe 3anacbl BO30OHOB/ISEMbIX MCTOYHMKOB
3HEPrun, cpeam KOTopbIX 60/bLLME BO3MOXHOCTW OCBOEHWUSA U NPaKTUYECKOro UCMOo/b30BaHUA UMeET
aHeprus BeTpa. Ee 3anacbl B pervioHe BesIMKN U 0COGEHHO MHOIO MX COCPEeOTOYEHO B MPUBPEXKHBIX
paiioHax bapeHLeBa 1 benoro mopeid. B aTux paiioHax cpefHerofosas CKOpPOCTb BeTpa focTuraeT 5-8
M/C Ha BbicoTe 10 METPOB OT NOBEPXHOCTM 3eMn. MpryeM MakCUMyM CKOPOCTEIN BeTpa NpuUXoanTCcs
Ha X0/10[JHOe BPeMs roja v coBnafgaeT ¢ Ce30HHbIM MMKOM NOTpebeHns TENI0BON aHeprum. Hannuune
TaKoro UCTOYHMKA 3HEPTMN B COYETAHWUU C MPOLO/DKUTENbHBIM OTONUTENBbHLIM CE30HOM SBMSHOTCS
6naronpuATHbLIM  YCNOBMEM A1 UCMONb30BaHUA BETPOIHEPreTUYECKMX YCTaHOBOK Ha HYXAbl
TENNOCHAa6GXEHNA B M30MIMPOBaHHbIX M TPYAHOAOCTYMHBLIX pailoHax MypMaHCKoin obnactu. B aTom
c/lyqae BETPO3HepreTMyecKne YCTaHOBKM pacCcMaTpuBalOTCs KaK WMCTOYHWMK 3HEpPruu, BbIFOAHO
[OMNOHAOLLMIA MECTHbIE UCTOYHUKM TEN/I0BOW 3HEpPruun, paboTatoLLye Ha OpraH1yYeckoM TOMn/mBe.

B HacToslwee Bpems B MypMaHCKON 061acT¥ MMEKTCA MPUMEPbI YXKe YCTaHOB/IEHHbIX W
3anyLWeHHbIX B 3KCMJyaTauuio BETPOIHEPreTMYeCKMX YCTaHOBOK. CyMMapHas YCTaHOB/ieHHas

MOLLHOCTb BCEX BETPO3HEPreTMyYecKMx yCTaHOBOK, YCTaHOB/IeHHbIX B nepuog ¢ 2001 no 2016 roaa,
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coctasnisina npubnuamtensHo 870 kBT. B 60/bLUMHCTBE C/lydaeB 3TW  BETPO3HEpPreTuyeckue
YCTaHOBKM O6bl/IM HEOOMbLION MOLLHOCTM M WUCMOMb30Ba/INCh /11 3HEPrOCHAOXKEHUS  yAaNeHHbIX
[ELEeHTPa/IN30BaHHbIX MNOTPebuTeneil permoHa. MOXHO cuMTaTb, UYTO C COOPYXKEHMEM 3TUX
BETPO3HEPreTUYECKMX YCTAHOBOK Obl/I0 NMOMOXEHO HaYasio PasBUTUIO BETPO3HEPreTUKM MypMaHCKOiA

obnacTu.
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FNABA 2. ©OPMUPOBAHUVE MATEMATUYECKOW MOAE/II CUCTEMBI
TEMTOCHABXEHNA HA OCHOBE SHEPITOKOMIMJIEKCA «KOTEJIbHAA +
BETPOYCTAHOBKA + TEMJ/IOBON AKKYMYJTATOP»

[Mo/Has CTPYKTYypa CUCTEMbI TEMIOCHAOXKEHNA HA OCHOBE 3HEPrOKOMIIEKCA «KOTe/lbHas + BAY
+ TA» MMEET CNOXHbIA B3aMOCBSA3aHHbIN Hab0p OCHOBHbIX M BCMOMOraTe/NbHbIX (DYHKLMOHA/IbHbLIX
3NEMEHTOB (MCTOYHUKN M MOTPEOUTENN TEMN/IOBON 3HEPrUKM, CUCTEMbI TPYOGONPOBOAOB, 3/1€BATOP U
Ap.), a TaKKe W3MEHAIOWMXCA BO BpeMeHM (U3NYECKMX MNapamMeTpoB M BHELUHMX (aKTopoB
(Tennonepefaya yYepes orpaxaatoLime KOHCTPYKLMK, CKOPOCTb BETPa, TeMrnepaTypbl BHYTPEHHErO U
HapY>KHOr 0 BO34yxa, NOTOKM Tena0Tbl 1 Ap.), NOCTOSAHHO BUAKOLLMX Ha PaboTy BCEX 3/1IEMEHTOB 3TOM
CUCTEMbI TEMNIOCHabXeHUA. 03TOMY BaXKHOIN 3afaveit pa3paboTKyM HOBbIX Y MOAEPHM3ALMN CTapbIX
CUCTEM TennOCHabXeHNA C HEeCKONMbKUMW MCTOYHWKAMW Tensa SB/SETCA COrnacoBaHue PeXxxmMoB
NPOM3BO/ACTBA M MOTPE6NEHNS TENIOBOI 3HEPrmn (onpeaeneHne TenI0BOro 6anaHca BCeX 3/1EMEHTOB
CUCTEMbI TEMNJIOCHAGXKEHWS), AN 4Yero Heob6XOoAMMO 3HaTb [AMHAMWKY MNOBEAEHUS 3TUX CUCTEM
TEnM0CHabXXEHNS BO BPEMEHW B 3aBUCMMOCTU OT pas3/InyHbIX BapuaHTOB MX PaboThl.

Moapo6HbIA aHann3 Tena0BOro 6anaHca BCEX OCHOBHbIX 3IEMEHTOB CUCTEMbI TEMIOCHABXEHUSA
Ha OCHOBe 3HeprokoMmmniekca «kotenbHaa + BOY + TA» BaXeH B pelleHMM Takux 3afad, Kak
yrnpaBneHne paboTol 3TUX 3/IEMEHTOB WM ONTUMM3AUMS UX BAUSHWSA OPYr Ha [pyra, a Takxe
onpefeneHne peakumMn CUCTEMbI TEMIOCHAOXEHUS HA BO3AENCTBME BHELLUHMX (haKTOPOB (Hanpumep,
BO3HMKHOBEHWE aBapuiiHOi cuTyauumm). Mpobnema onpeaeneHnst TENIOBOro 6anaHca, Kak Ha cTagum
MPOEKTMPOBaHUA, TaK MU Ha CTaAuMK 3KChyaTaumyM CUCTEM TensoCHabXeHWsA, MOXeT ObiTb peLleHa
COOTBETCTBEHHO MPOrHO3MPOBAHMEM U UMUTaLMEN paboTbl peasibHOM CUCTEMbI TEMIOCHAOXKEHNS.

OfHMUM 13 C€Noco60B, MO3BOMAKOLMM 3aMEHUTL pPeaslbHY0 CUCTEMY TenoCHabXeHNs ee
MOZENbI0, ABMSETCA METO4 MMUTAaUMOHHOro MofenvposaHus. Hanmbonee MOLLHBIM MHCTPYMEHTOM
MMUTALMOHHOIO  MOAENMPOBaHMS  ABMISETCA MaTemMaTuyeckoe MogenvpoBaHue. OHO  LUMPOKO
MPUMEHSIETCA N B HAay4YHbIX UCCNELOBaHMSAX U B MPOEKTMPOBaHNN. CNoMb30BaHME MaTeMaTUUECKOM
MOZeNM Ha MNpakTWKe 4YacTO MO03BOJISIET OTKa3aTbCA OT HaTypa/lbHOTO MOAENMPOBAHUSA, YTO
3HaYNTENbHO YNPOLLaeT aHaM3 paboTbl UCCnefyeMoro o6bekTa Un 3KCNePUMEHT Haf HUM, a Takxke
9KOHOMWT BPeMS.

Huxe npuBoguTcs oOnucaHne MaTeMaTUYeCKUX MOLeNen CUCTeM TennocHabXeHus 6e3
MPUMEHEHUSI N C NMPUMEHEHMEM KOMMeKca «BAY + TennoBO aKKyMynsiTop», B OCHOBY KOTOPbIX
NONOXeH MEeToA AnddepeHunanbHbIX 6anaHCHbIX YpaBHEHWI. B KauyecTBe 3aBUCUMbIX NMEPEMEHHbIX
AN1A CcOCTaB/eHMst GanaHca MCMOMb3YKTCA BEIMUMHBI KONNYECTBa TEMNIOTbl, OMUcaHuWe KOTOPbIX
OCHOBaHO Ha (hopmyne [ANA 3HTaIbNUM  TEMNIOHOCUTENS, MOCTYNaloLWero K paccMaTpuBaeMoMy

3N1EMEHTY CUCTEMbI TEMI0CHABXKEHNS U YXOSILLErO OT HErO.
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B Teopun MaTemMaTM4ecKoro Mo/esMpoBaHnst OAHUM 13 MOAXO0A0B K PELUEHNIO 3aaqi SBNSETCs
ee pacu/eHeHNe Ha psaj nojsajad, PeLleHne Kaxaoi M3 KoTopbIX MPOBOANTCS HE3ABUCUMO OT APYTUX.
Tak 1 B JaHHOM C/nydae, BHayasle pacCMaTpUBAOTCS OT/E/IbHO BCE OCHOBHbIE 3/1EMEHThI, BXOAALLVE B

CUCTEMY TENIOCHaBXEHMSA, a 3aTEM OCYLLLECTBSETCA KOOPANHALMA UX COBMECTHOI paboTbl.
2.1 MaTtemMaTn4ecKoe onuncaHme TpaguLMoOHHON CUCTEMbI TeMNI0CHAGXKeHNS

OCHOBHbIMW  3/IEMEHTaMW  3aKPbITOM CUCTEMbI TEM/IOCHAGXEHUSA C  3aBUCMMON  CXEMOWA
NPUCOEANHEHNS K TEM0BOI CETU ABNAKOTCS (PUCYHOK 2.1): 3aaHune (NOTpebuTesb TEMN0BOI 3HEPTUN),
KOTe/flbHas  ycTaHOBKa  (MCTOYHMK  TEMN/IOBOWM  3Heprun), pasfenutens  (BCoMorartefibHoe
obopypaosaHme), anesatop (YCTPOMCTBO A1t MOHVKEHNS TeMMepaTypbl ropsyeit BoAbl, MOCTYNatoLLEN
OT KOTEe/bHOW, 1 co3aaHmsi TpebyeMoro Hamnopa B cucteme oTonneHus) [54]. KonmyectBo TennoTsl,
NOCTYNaroLLEN B eAMHULYY BPEMEHM OT KOTE/bHOI B 3/71€BaTOP B BUAE rOpsyeli BOAbl C TEMMNepaTypol

T, v pacxogom n,, ONpefensieTcs BblpaXeHUEM, KKa/u:
Ql =nleTl’ (2.1)
rae C, - Tenj0eMKoCTb BOfbl, KKan/m>-rpag.

AnddepeHLMpys 3TO BbIpaXKEHME N0 BPEMEHN t, MOXHO NOMYYMTb 3aBUCMMOCTb BUAA:

dQ, :cp(dan1 n dle, 2.2)

dt dt b odt

onpeaenarowyro  U3MEHEHUE KOJIMYECTBA TEN/OTHI, I'IOCT)’I'I&I-OIJ.I,EVI B 3n1eBatop OT OCHOBHOIO
MCTOYHMKA TEN/IOBON JHEPInn.

AHa/I0TMYHbIE BbIPXKEHUS MOXHO 3anucaTb A TenoThl, MOCTyNalolleil U3 aneBatopa B

34aHue:

Q; =n,C T, (2.3)
yX0AALLel U3 34aHNA K pasaenTento:

Q, =n,C,T,, (2.4)
MOCTYNatoLLEN OT pa3fennTenst K KOTe/IbHOIA:

Qor =n.C, Ty (2.5)

MOCTYNaoLLEN OT pasfaennTens K aneBaTopy:

Q) =n{CT,. (2.6)

anes anes
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3AaHne Ny 75, Q

T

B

A

NHAmMBUAYyanbHbIV [TENI0BON MYHKT
3neBaToOPHbIN y3en

n,,T
dnesarop 3213 Qs
no,T
T, P aes |2 | Pasgenntenb
T2

A

nl’TZ

KoTtenbHasa W
(0)
Tl QKOT

PUCYHOK 2.1 - CTPYKTypHasi CXeMa CUCTeMbl TENMOCHABXeHNS ¢ TPAAULMOHHBIM NCTOUYHIKOM
TENnnoBOV 3HepruM: N M T - COOTBETCTBEHHO PACXOf U TemnepaTypa TennoHocutens; Q -

KONMYECTBO TEM/OTbI, COAEPXKALLIENCS B TEMMIOHOCUTENE.

Mocne AuddepeHLMpPOBaHNA 3TUX BbIP&KEHUA NOMYYMM  3aBUCUMOCTW, OMpefensoLlye
n3MeHeHne NoToKoB TennoThl Q,, Q,, Q¥ 1 QY Bo BpemeHw, a B COBOKYNHOCTU, BMECTE C (2.2) —

cucteMy  auddepeHLManbHbIX YPaBHEHWA, OMUCHLIBAOLLIMX MOTPeG/eHNe TennoTbl OCHOBHbLIMM

3NeMEeHTaMK CUCTEMbI TEMOCHABXEHMS C TPpagnumMOHHbIM MCTOYHNKOM TEnn0BOM SHEPTNn:

dQ, _c dn, T, 4n, dT,
dt P\ dt ot
dQ, _ c, dn, an, o, dT2
dt dt °dt
d dn dT.
Q3 =C ( 2T, +n d;} : (2.7)
éﬁi ( dT j
_ i, L2
dt
;?; oSk L, O
SﬂeB dt

2.2 TemnepaTypHbIii rpadK Ka4yecTBEHHOrO PeryiMpoBaHUsi 0TONUTE/IbHOM Harpy3Ku

Ecnm  TennocHaBXeHWe OCYLLUECTBNSETCA MPU  KAYeCTBEHHOM PEerynvMpoBaHUM  TEn/oBOi

Harpy3Kku, To B 3TOM C/lyyae Bce 3HaueHus Temnepatyp Bogbl (T,, T, n T,) 3agatoTcs TeMnepaTypHbIM
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rpaMkoM KayeCTBEHHOr0 PerynMpoBaHMsi OTOMUTE/NIbHOW Harpysku. B Poccmm  Hambonbluee
pacnpocTpaHeHune Nony4unu cnegyrowme TemneparypHble rpagukm: 150/70, 130/70, 115/70, 105/70 n
95/70.
OCHOBHbIM  UCXOAHbIM  MapamMeTpPOM  CUCTEMbl  TEM/0CHAOXEeHWS, YYMUTbIBAEMbIM  NPW
onpeaeneHMn TeMnIOBOW MOLLHOCTU KOTE/IbHOW, SBASIETCA Hapy)kHas TemnepaTypa BO3fdyXxa.
Hanpumep, ansa nocenka JlogeiiHoe MypMaHCKO 06n1acTv pacyéTHas TemnepaTypa HapyXHOro

Bo3dyxa T, , Haubosee X0M0AHOI NATMAHEBKM (0GecneyeHHOCTbo 0,92) CoCTaBNISIET MUHYC 21°C. B

3TOM cfyyae TemnepaTypHblid rpadmk 105/70 KayecTBEHHOrO PerynvMpoBaHUs OTOMUTENbHOM
Harpysku, B COOTBETCTBMM C KOTOPbIM B MOCE/IKE OCYLLECTBAETCH OTMYCK TEM0BOM 3Heprumn ot
KOTe/bHOM, OYAeT BbIMALETb Tak, KakK NoKasaHo Ha pUCyHKe 2.2. MpuBeAeHHbI rpauk Ha3biBaeTCA
oTonuTenbHbiM. B Tabnuue 2.1 419 HEKOTOPbIX HaCeNéHHbIX MYHKTOB MypmaHcKon 06nacTtu
npefcTaB/ieHbl pacyéTHble TemnepaTypbl Hapy>XXHOro BO3f4yxa CamMOW XOM04HOM MATULHEBKU M3

BOCbMWU 31M 3a I'IFITVI,CI,GCFITVIIIETHVIVI nepuoga.

110

100 4

90 1

80 1

70 4

60 4

50 1

Temnepatypa TensoHocuTens, 'C

40 4

30 1

T

20 L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) .

8 7 6 543 21 0-1-2-3-4-56-7-8-9-10-11-12-13 -14-15-16 -17-18 -19 -20 -21

p.0

Temneparypa Hapy>kKHoro Bo3ayxa, ‘C

PVICyHOK 2.2 - TEMI'IepaTyprIVI rpachK Ka4yeCTBEHHOr 0 perynnpoBaHnAd OTOMUTENbHOWN Harpysku
T3 =95 OC)Z Tl, T3 n T2 -

TemnepaTypa TeMJI0HOCUTENS, COOTBETCTBEHHO B MOAAOLLIEM TPYGONPOBOAE TEN/OBOIA CETH, Nocne

KoTenbHol n. SloaeliHoe (Npy pacy&THbIX AaHHbIX Ti=105 °C, 2270 °C,

aneBaTopa 1 B 06paTHOM Tpy60npoBose.
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MpescTaBneHHbIe Ha PUCYHKE 2.2 TpafuKn TeMnepaTyp MMEKT BUA HAK/IOHHbLIX NpsMbIX. VX
obLWMin BMA oOrnpeaensieTcs NMHENHON (yHKumeld Tuna y = kx + b, rge y — Temneparypa
TennoHocuTens, a X — Temrepatypa Hapy)XHOro Bosgyxa. Kak nokasaim pacyéTbl,

annpokcMmupytoLLme BoipaxeHns ansa T,, T, u T, MoryT 6bITb 3anucaHbl B BUAE:

T = —ﬂTH +—1638 : (2.8)
29 29

T, =-2T, +53, (2.9)

T, = —zTH +—1253 : (2.10)
29 29

MyTém AndhepeHUMPOBaHNS 3TUX BbIPOKEHWIA MO BPEMEHWM MOXHO MONY4YUTb (HOpPMY/bl

N3MEHEHUA TeEMMNeEpPaTyp TernjoHOCUTEeNA BO BPEMEHW B 3aBUCUMOCTU OT KonebaHus TEMnNepaTypbl

HapY>XHOr0 BO3ayXa.
3anuiuem 1x B Bue CUCTEMbI AnddepeHLManbHbIX YPaBHEHMWIA:
dr, _ _67dT,
dt 29 dt
dat, _ ,d, 2.11)
dt dt
dr, _ 374,
dt 29 dt

2.3 MaTtemaTun4yeckoe onvcaHme TensA0BOro pexxvma 3gaHma un pa60TbI KOTE/NbHOA YCTaHOBKWU

Temnepatypa BO34yXa B TMOMELleHWM B 3aBUCMMOCTM OT €ro HasHayeHWs MOXeT
MOLAEPKMBATLCA Ha Pas/IMYHOM YPOBHE. B >XW/bIX, MPOU3BOACTBEHHBIX W afMUHUCTPATUBHBIX
YUPEXAEHNAX C HEMNPepbIBHbIM PEXUMOM PaboThbl, Kak NpaBw/io, MNOLAEPXKMBAETCSA MOCTOAHHBIN
TEN/0BOW PeXMM B TEUEHWE BCEr0 OTOMUTENBbHOMO Neproaa.

Mpy HannumMu pasHOCTM TemnepaTyp MeXAy BHYTPEHHUM W HapyXHbIM BO34YXOM B
OTarn/MBaeMbIX 34aHWAX NMOCTOSAHHO NMPOWCXOAAT MOTEPU TEMN/a Yepes orpaxiaroLime KOHCTPYKUUK -
Hapy>KHble CTeHbl, MOTO/MIOYHbIE TMEPEKPLITUA, MOJSbl, OKOHHble W [BepHble NpoemMbl. Cuctema
OTOMJIEHNA BOCMOJSIHAET 3TU MOTepu, NOAAEPXKMBaA B MOMELLEHUAX TemrepaTtypy, Onpenensemyro
CaHVTapHbIMY HopMamuy 1 npasunamu (CHuIT) [90].

OTonuTenbHaa Harpyska 3faHusa onpefenseTcs, UCX0A4A M3 TennoBoro 6anaHca, B KOTOPOM, C
OAHOV CTOPOHbI, MMEeT MEeCTO pacxof TensoTbl Ha OTOMJeHWe (TensoBble MOTEPU) U KONNYECTBO

TennoTbl Q,, YXOAsLiee W3 3f[aHWA K PasfennTento, a C ApYroii — mocTynneHwe Tennotel Q, B

MoMeLLeHMEe 0T MCTOYHMKA TEMNI0CHABXKEHMUS (PUCYHOK 2.3).
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. o T
Tabnuua 2.1 - PacuéTHast TemnepaTypa Hapy)XHOro Bo3ayXa Hambonee XONOAHOW NATUAHEBKM — PO,

°C ans HEKOTOPbIX HAaCeNEHHbIX MYHKTOB MypMaHCKOI 061acTm

) o Ob6ecrne4yeHHOCTb
HacenéHHbIn

MyHKT 0,98 0,92
Baliga-I'y6a 19 -17
KaHpanakia -35 -30
Kosgop -41 -34
KpacHoLwense -35 -32
JloBo3epo -33 -31
MoHuyeropck -34 -30
MypmaHCcK -29 -27
HunBaHKIONb -38 -36
Mynosepo -40 -35
Mannua -28 -25
Tepunbepka (JloaeriHoe) -23 -21
Tepcko-OpnoBCKui -24 -22
Ymba -34 -29
FOkcnop -27 -24
Tennosble

noTepm -

Q3 v

> 3naHue Q,
T, >

PucyHok 2.3 - Cxema TennoBoro 6anaHca 3gaHus.

TennoBoli 6anaHc 3aaHVs oNpeaensieTcs BbIPKEHNEM:

d(V,,C2T,)
%ZQs _Qz _qu,qu (TB _TH) (212)
nnn
30 dTB
Vs,qcp dt =n3Cp(TS _TZ)_qvankv (TB _TH)’ (2.13)

dT, o )
roe V,,C*# —2 - xapakTepu3yeT 13MeHeHMe KOMMYecTBa TennoThl, CoAepyKalleiica B 06bEMe 3aaHNS
WP dt

(B BO3AYXE, BO BHYTPEHHUX W HapyXHbIX CTeHax, nepekpbitusx); qV, Kk, (T, —T,) - Tennonotepun
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30aHVA Yepes HapyxHble orpaxaeHus [30]; g - Tennosas xapaKTepuCTVKa 3[aHns, KKan/M>-u-rpag;

" 3.
V,, - 00bEM 30aHMA M0 HapyXXHOMY 06Mepy, M”; C* - 06LLast TeNM0eMKOCTb 34aHNs (BK/OUatoLLas B

cebs BO3AyX, CTEHbI U NepekpbITUSA), KKan/ M3-rpa,q; T, - BHYTpeHHss TeMnepaTypa Bo3ayxa (18-20°C
ANS XUNbIX nomelleHnid [90, 91]); T, - HapyxHas Temnepatypa Bo3gyxa, 'C; k, — Koa(dunumeHT,

YUMTbIBAOLLMIA YBENNYEHME TENONOTEPL OT BeTpa (pucyHok 2.4) [30].

YpaBHeHMe (2.13) onucbIBaeT M3MEHeHVEe BHYTPEHHEN TemrnepaTypbl Bo3fyxa. 3Hasd 3HaueHue

TeMNepaTypbl BHYTPEHHEr0 BO3/AyXa B HaUa/lbHbIA MOMEHT BpeMeH T, , MHTErpupoBaHue YpaBHEHNS

(2.13) faéT 3HauYeHVe TemrepaTypbl BHYTPEHHEr0 BO3AyXa B MOMEHT BPEMEHM t:

Nn.CT. -n.CT —imt n,CT, -n,C.T
1 MeCols MGy ey ~ P h B RENT, (214)

qva,qu ’ ’ qu,q kvo

[laHHOE BbIpaXkeHWe XapaKTepu3yeT U3MEHEHWe TeMNepaTypbl BHYTPEHHErO BO3/yXa B TeUeHMe

cyTok. OHO MoJy4YeHo, UCXOAs M3 AOMYLLUEHMUs, YTO B TeUeHMEe OfHOr0 AHS Hapy)Has TemrepaTtypa

Bo3fyxa T, OCTaéTCa MOCTOAHHOW W 3aBuCAWME OT Heé mapameTpbl T, u T, Takke ocrTatoTcs

HEM3MEHHbLIMW B TEHYEHNE CYTOK.

2,0

ky 16 o
14 —
12 —

1,0 l=——]
0 4 8 12 16 20
CkopocTb BeTpa, M/c

PUCYHOK 2.4 - OTHOCUTENbHOE YBENMYEHUE TEMNI0NOTEPb 3[jaHNs OT CKOPOCTY BETPA.

PaccmMOTPUM YaCTHBI crlyyai.
Mpn NOCTOAHHOW TemnepaType Bo3fdyxa BHYTpWM 3gaHua (T, = const) npous3sogHas oOT
BHYTPEHHEe TemrepaTypbl BO34yxa Mo BPEMEHW paBHa HY/HO:

ar, _,
dt

(2.15)
Torga ypaBHeHue (2.13) NnpuHUMaeT BUL:
n3CP(T3 _TZ) = qu,qu (TB _TH) . (216)

OTonuTeNbHaa cuctema B 3TOM Cny4ae pa60TaeT TO/IbKO Ha BOCMOJIHEHWE NOTEPbL TEMJa YEPE3

orpaxjatoLLye NoBepPXHOCTH.
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ObpaTnmcsi K MaTeMaTU4eCKOMYy OMMCaHWK0 KOTE/IbHOWM YCTaHOBKW. Takas YyCTaHOBKa
npeAHas3HayeHa ANa Harpesa BOAbl, MOCTyMaroLein M3 obpaTHOro TpybonpoBoga TenaoBOiA CETH, U
nocneayroLLer nogadn eé noTpeduTento TENIOBON 3HEPruM ANs BOCMONIHEHUS MOTEPb Tensna 4epes
orpaxaatoLye KOHCTPYKLMMN OTanIMBaeMbIX 34aHUIA.

KoTenbHast ycTaHOBKa WMEET TOMKY AN CKUFaHWs OpraHMYeckoro TOMAvMBa, B KOTOPOW
MPONCXOAUT Mpeobpa3oBaHMe XMMUYECKOW 3HEeprum TOMAMBa B TEM/IOBYHD SHEPTMO MPOAYKTOB
cropaHus. BblgenusLuascs TennoTa TONMBa pacxoayeTcs Ha BbIpabOTKY MOMe3HOM TenI0Thl, KOTopas
nepeaaéTca ropsuyeil Bode M pacxodyetcs Ha MOKPbITME TennoBbIX MOTepb. TakuM 06pasom,
KOTeNbHas KOMMEHCUPYET HeAOCTaloLYy0 BENMUYMHY Tenna, HeobXoAMMyHo ANS HarpeBa 06paTHOM
BOZbl TEM/IOBOW CETU [0 pac4ETHOW TemnepaTypbl Ti.

Llenbto cocTaBneHusi TeMao0BOro GanaHca KOTENbHOW SBNSETCA OMpeAesnieHne 3HauyeHuin BCex
NPUXOAHBIX N PacXOfHbIX CTaTei GanaHca. B o6liem cnyyae ypaBHeHMe TernsjoBOro GanaHca Ans

KOTe/IbHOM YCTaHOBKM MOXHO 3anucaTb B Buge [92]:
Q =Q%r + Q. (2.17)
roe Q, = qVv,k, (T, =T,) - Tennonotepyu 3paHns ¢ y4ETOM BETpa.
C yuétom (2.1) n (2.5) ypaBHeHwue (2.17) npuHMMaeT BUA;:
n,C,T,=n,CT,+qV,k, (T, -T,). (2.18)
B 3TOM BblpaXeHUWM npaBoe cnaraemoe MpeAcTaBnseT Co60M  KONMYECTBO  TEMJOThl,

Heo6XoaMMoe ANs Harpeea 0GpaTHOM BoAbl A0 TemnepaTypbl Ti M Mocnegytolleit eé nogayun B

TEMNOBYHO CETb (OHO M BOCMNOMHAET TeMn0BblE€ NMOTEPU 3[0aHNA B MPOLECCE OTOHI'IeHVI‘il).

2.4 PacyuéT pacxofoB Terns/IOHOCUTENSI NPU KaueCTBEHHOM U KaueCTBEHHO-KO/IMUYeCTBEHHOM

PEerynMpoBaHnmn TENI0BOI HarpysKm

Mpy Ka4eCTBEHHOM PErynMpoBaHUN OTONUTENIbHON HArpy3KM CUCTEMbI TEMNIOCHAOXEHUSA 3afa4a
COCTOUT B OMpejesieHnn TeMnepaTtypbl BOAb! B NMoaroLLiem TPyO60NpoBOAe B COOTBETCTBUM C TEMN/I0BOW
Harpyskoi [54]. Pacxog BoAbl NpY 3TOM OCTaeTCs MOCTOSHHbIM.

PacyéTHbIN pacxof, TENNOHOCUTENS N, , MOCTYNatOLLEro OT KOTENbHON Ha OTOM/EHNE, MOXHO
onpegennTb, MUCX0AA W3 TennoBoro 6asaHca KOTeNbHOW, Mo aHanorun c gopmynon (2.18) B

COOTBETCTBMM C MaKCMMaslbHON PacyYETHON OTONMUTENbHOI Harpy3KoiA:

n,C,T/=n,C T, +qV,k, (T, -T,,), (2.19)
rae n;C_T, - KONMYeCTBO TeN/oThl, BO3BPALLAKOLLieecs Mo 06paTHOMY TPY6ONPOBOAY OT Pasfen1Tens

B KOTE/IbHYIO Mpy PacyéTHON TemnepaTtype HapyxHoro sosgyxa T,,; dV, kK, (T, -T,;) - Tennota,
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HeoGxoauMasi NS HarpeBa 0GpaTHONM Bofbl, W e€ nocreaytolleil nojayn B TENIOBYKO CETb MpW

PacyéTHOM TemnepaType Hapy>KHOTro Bo3yxa T, ;.

OTcroga

n; = Vs (T, ~Tpo) _ const. (2.20)
Cp '(Tlr_Tzr)
Pacxog TennoHocuTens nj; B nogatoliem Tpybonposoge (MOCMe 371eBaTopa) BblUYMCASETCS,
MCX0[5 U3 TENIOBOr0 GanaHca 3aaHus:
n;CpTg' :nngTz’ + qvgﬂkV (T, _Tp,O)’ (2.21)
roe n;C T, un;C T, - COOTBETCTBEHHO, TeMN/0Ta, NOCTYNaoWas B 3aH1e 1 yXOAALLAs 13 Hero, npu

PacyéTHON TemnepaType Hapy>KHOro Bo3ayxa T, .

Mocne npeobpa3oBaHuiA NoNyYaem

V. k (T.-T
n, = DVak ( : ,”‘0) = const. (2.22)
Cp (T3 _TZ)

13 6anaHca pacxofioB TEMNNOHOCUTENS B 371eBaTOpE CefyeT:

n!®4n!=n}. (2.23)

anes

Otcroaa pacxog TennoHocutens n’(2) | noctynatolero ot pasgenuTens B anesarop:

anes !

n!® —=n!-n;=const. (2.24)

TaknMm 06pa3oM, HaifeHbl BCE OCHOBHble PacY&THble 3HAYEeHUSt PacXOfO0B TEMOHOCUTENS
CUCTEMbI TENOCHAGXEHNS, MPeACTaBNeHHONW Ha PUCYHKe 2.1, C KauyeCTBEHHbIM perynmpoBaHueM
OTONUTENbHOW HarpysKu.

Mpn KayeCTBEHHO-KOIMYECTBEHHOM PEry/niMpoBaHnM OTOMUTENbHOM Harpy3ku OCYLLECTBNSETCA
COBMECTHOE M3MEeHeHMe pacxoja WM TemrepaTypbl TenJOHOCUTENA B 3aBUCMMOCTU OT BEIMUMHBI
OTOMUTENbHOW Harpysku. B 3TOM Cyyae pacyeT pexxmma perynvMpoBaHus, Kak U Npu KayecTBEHHOM
perynMpoBaHuUK, OCHOBaH Ha ypaBHeHMsX TensioBoro-6anaHca (2.19) n (2.21). Ho B oTanume ot
KauyeCTBEHHOro pPerynvMpoBaHns pacxop TEenjoHOCUTeNss He MOCTOSHEH U MOXET W3MEHATLCA B
3aBMCMMOCTU OT TernjoBOM MOLLHOCTM W TemnepaTypbl TernJOHOCUTENs COrnacHo rpaguky,
N306paXXEHHOMY Ha pPUCYHKe 2.5. VI3 Hero BMAHO, 4TO npu Temnepatype TennoHocutens 50 °C u
pacxofe TennoTbl Ha otonneHne 10 MBT pacxof TennoHocutens 6yaet paseH 170 My, a y>Ke npu
T=100 °C pacxof TenjoHocuTens coctasuT 85 M3/,

[MnaBHOe W3MeHeHVe pacxofa BOAbl MPAKTUYECKM OCYLLECTBUTbL C/IOXKHO, MO3TOMY OHO
3aMeHsIeTCA CTyMneHYyaTbIM perynmpoBaHueM. B pe3ynbTaTe OTOMUTENbHbIA CE30H [eNMTCA Ha

HECKOJ/IbKO [Anana3oHOB, B KaXKAOM W3 KOTOPbLIX Moaaep>XmnBaeTcAd MOCTOSHHBbIN pacxon BoAbl. B
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XONOAHbIA MEepuof cucTeMa TeMnIoCHabXXeHUs paboTaeT C pacyeTHbIM Pacxodom Bodbl. [pw
NOBbILLEHNM TeMMepaTypbl Hapy>KHOro BO3[dyXa Pacxof BOAbl CHVXKaeTcs. [lepemMeHHbIi pacxop
obecneunBaeTcss paboTOM HECKONbKMX HACOCOB C Pa3/IMYHOM NPOU3BOAMTENbHOCTHLIO. CTyneHuaToe

M3MEHEHWe pacxofa CeTeBOI BOfbl MPUBOANT K CTYMEHYaTOMY 13MeHeHUIo TemnepaTtypbl [13].

Pacxog TensfioHocuTens, M3y

20 46 72 98 124 150
Temneparypa TennoHocuTend, °C

PUCYHOK 2.5 - pahnk 3aBMCUMOCTM pacxofa OT TemrepaTypbl TEMNOHOCUTENS NMPY PasNYHbIX

3HaYeHMAX TensoBoi MowwHocTn: 1 —npu 1 MBT, 2 — npu 5 MBT 1 3 — npu 10 MBT.

2.5 CTpyKTypa CUCTeMbI TEMIOCHAGXKEHNSA C yYacTMeM KoMrniekca «B3Y + TenoBol

aKKyMy/ISiTop»

OCHOBHble CTPYKTYPHble 3/1EMEHTbI pacCMaTPYBaEMOI 3aKPbITON CUCTEMbI TEMIOCHAGXKEHNSA C
npuMeHeHnem Komnnekca «B3Y + TA» (pUCyHOK 2.6): 3aaHue (MOTpeduTenb TEMNOBOW 3HEPrun),
KoTenbHas (OCHOBHOM WCTOYHWUK Tenna), B3Y (4ONOMHUTENbHBIA WUCTOYHUK TEMSIOBOM 3HEepruwu),
TENNOBOW aKKymynaTop (EMKOCTb 15 HAKOM/IEHUS U XPaHEHUS TEeMI0BOW 3HEPTUN B BUAE ropsyeit
BOAbI), pa3denvTesl U CMecuTens (BCnomoraTeflbHoe 060pyaoBaHue), aneBatop (YCTPOWCTBO ANs
MOHMXEHNS TemnepaTypbl ropsyeil BoAbl M CO3f4aHust TpeOyeMoro ruapaBnMyeckoro Hamopa B
cucteme otonnexuns) [93].

MpefcTaBnsieTca LenecoobpasHbIM pas3paboTKa W MCCNeaoBaHME MaTeMaTUYeCKOW MOAenu
CUCTEMbI TEMNIOCHABXEHUSA, TAe UCTOYHUKAMM TEMNI0BON 3HEPrumn ABNSKOTCA KOTe/lbHas YCTaHOBKa U
B3Y coun3mepumoii MOLLHOCTY, paboTatoLLye COBMECTHO C TEMNIOBbIM akKKyMynATOPOM. Pa3paboTKa u
1CNOMb30BaHVE TaKON MOLeNN NO3BOAUT AaTb NOMHOe NPeSCTaB/ieHne 0 KapTUHE TenN0CHA0XEH S C
NPUMeHeHMeM Komnekca «BAY + TA», nokasaTb PYHKLMOHA/IbHOCTb NPOLLECCOB, NPOUCXOAALLNX BO
Bpems MPOM3BOACTBa, Nepefayn v rnoTpebsieHNs TENOBO 3HEPTUM OT UCTOUYHMKA K MOTPebUTENto.

O6paTI/IMCﬂ K OTA€EJ/IbHbIM 3/IEMEHTaM, COCTaBAAOLWNM TaKylO CUCTEMY TENN0CHa0XEeHUS.
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BeTpoaHepreTnyeckas ycTaHOBKa. B paiioHax C NOBbILLEHHbIM NOTEHLMANIOM BETpa B KayecTse
[ONO/IHUTENBHONO WUCTOYHMKA TEMNJI0BOM 3HEPrUM MOTYT WUCMO/b30BaTbCA BETPOIHEPreTUYecKme
yCTaHOBKW. Mpu COBMECTHOI paboTe KOTenbHOW M BJY uacTb rpafuka OTOMMTENbHOW Harpysku
OyfeT nokpbiBaTbCa 0T BAY, a ocTanbHas — OT KOTeNbHOM [94]. B nepnofpbl ¢ cunbHbIM BETpOM BIY
MOXET B 3HAUMTE/IbHON Mepe MM MONHOCTHI0 06ecneynTb NOTPEBHOCTM B Terse, a MHOrga Aaxe
co3fatb M30bITOK 3HEPrUK. 3aTO B MEPUOLbl XONOLHON MaNOBETPEHON MOrofbl NOYTK BCS Harpyska
NOXKNTCA Ha KOTE/IbHYIO.

Akcnnyatayms B3Y COBMECTHO C KOTE/IbHOM YMEHbLUAET yyacTue KOTeNbHOW B OTOM/eHUM

3,£|,8.HVIVI N, COOTBETCTBEHHO, CI'IOC06CTByeT 9KOHOMWWM OpraHN4YecKoro TorsanBsa.

3aaHue N5 T2, Q

TB
HanBuAayanbHbI | TENI0BOM NYHKT
n,, T, Q, SneBaTopHbIi y3en
Anesatop n® T,
T3 Vo =0 PasgenuTens
A (0) T
nl’TZ 7QK0T 2
X.B.’TX.B
| 4
n [
CmecuTeNb  |¢—A Tennosoi
T aKKyMynsTop

CcM

TTA

CI'II/I_F
Nyss
83)’ x.B.7 'TA

PUCyHOK 2.6 - CTpYKTYpHas cxema CUCTeMbI TEMNIOCHABXeHNA Ha OCHOBE 3HepProKoMI/ieKca

«KOoTeNbHaa + BOY + TA»: n U T - COOTBETCTBEHHO PacxXoj 1 Temrneparypa TennoHocutens; Q -

KO/INYECTBO TENJOThI, cop,ep>|<au.||e|7|cs| B TEMN/IOHOCUTENE.

TennoBon akkymynatop. SPGeKT OT MCNOMb30BaHWUSA 3HEPrMn BeTpa Ha HYX[bl OTOM/IEHUS
MOXET ObITb MOBbILLIEH 32 CUET MPUMEHEHUS aKKYMY/IMPYIOLMX YCTPOMCTB, KOTOPbIe NO3BONIAKOT He
cbpacblBaTb BXONOCTYHO NOABNAIOLLMECSH NEPUOANYECKIN N3OLITKN BETPOBOM 3HEPrMK, a 3anacatb UX 1
B HY)KHO€e BpPeMs MoJIe3HO 1CNonb3oBath [54]. MpumeHeHNe akKyMyMPYOLWMX YCTPOWCTB MOBbILIAET
9KOHOMMWYHOCTb 3HEProKoMMieKca «koTesibHast + BOY» 3a CUET 60/1ee a(h(heKTUBHOIO UCMOo/b30BaHUA

3HEpruu.
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N3BeCTHbI pasHble BUAbl aKKyMYy/IMPOBaHWS: TensjoBoe, MHEBMATUYeCcKoe, rMapaB/MYecKoe,
3NeKTpOMEXaHNYecKoe 1 apyrme. OHM NOAPa3AENstoTCA TakXKe Ha CYTOYHbIE U CE30HHbIE, aKTUBHbIE 1
MacCcuBHbIE.

MaccuBHbIE aKKYMYNATOPbI ABASKOTCA 3/IEMEHTaMM KOHCTPYKLMKN AOMa W MPeACTaBAA0T co60i
OonblUMe MaccuBbl KUpnuMya unm 6eToHa, U3 KOTOpbIX MOCTPOeHbl Aoma. OHW 06ecneyvBaroT
TEN/I0BYIO MHEPLMIO AOMa, U SBASIKOTCS, MO CYTU, CYTOUYHLIMU aKKyMynsiTopamu Tenna. B oTinune ot
3TOr0 aKTVBHblE aKKYMYNSATOPbI NPeACcTaBnstoT COO0A CaMOCTOATENbHYH KOHCTPYKLMIO, OHK 6onee
C/IOXHbI MO YCTPOMCTBY, YeM NaccuBHble. Hanpumep, CYTOUHbLIA aKTUBHBIA aKKyMyNSiTOp MOXET
npeacTaBnATb CoO0M 6aK C BOAOW, pa3MELLEHHBIA BHYTPU CTEHbI, Yepe3 KOTOPYH MPOXOAAT TPy6bl.
Xopowas Tenson3onauns obecreumBaeT Mef/IeHHOe OCTbiBaHMe 6aka C BOAOW, 6rarofaps Yyemy B
MOMELLEHNI A0NT0e BPEMS MOXET NOAAEPXKMNBATLCSA MprEMIeMas TeMnepaTypa.

TakKe TennoBble akKKyMynAaTOPbl AeNIATCA Ha HAKOMUTEIM SIBHOMO Ternsja U HesBHOro. MepBble
MCNOMb3YIOT XWUAKOCTb MW TBEPLOE TeNo, U aKKyMynMpoBaHMe B HUX OCYLLECTBNSETCA TOMbKO 3a
CYET M3MEHeHUs TeMnepaTypbl TenaoHocMTeNs. BTopble paboTatoT 3a CUYET MCMO/Ib30BaHNS TEN/OThI
(ha30BOro nepexoja.

CamMbIM pacnpoCTpaHeHHbIM BELLECTBOM 1151 aKKyMY/MPOBaHUA SBHOrO Tenna CAYXWT BOAa.
OHa ABNsAeTCS felleBbIM, NerkKofoCTYMNHbIM M NPaKTUYHbIM BELLEeCTBOM. Kak BMAHO u3 Tabnuubl 2.2,
CKanbHble Nopofbl (KameHb) MO TEMIOTEXHWYECKMM XapaKTepucTnKam Xyxe, 4Yem Boga. OHu
3aHUMAKOT 6ONbLINIA 06BEM M UMEIOT BOMbLUYKD Maccy NS HaKOMJeHUs O4UHAKOBOro Ko/MyecTBa
Tenna [95]. B BOAAHOM aKKyMy/ATOpe 3HEeprusi BBOAMTCS W BbIBOAWUTCA MNyTeM MepeHoca
HEenocpeaCcTBEHHO CaMOi akKyMy/nvpytoLLeln cpebl. PesepByapbl 41 BOAbl BbINOMHAT U3 MeTaNa,
6eToHa naM nnactMacchbl. OHM GbIBAKOT NPSIMOYTONbHOW U LMAMHAPUYECKON (hopMbl (PUCYHKN 2.7 ©
2.8). bakyn [OMKHbI MMETb Na3bl C 3aKPbIBAKOLLMMUCA KpbILLKaMuK, a npu BbicoTe 6onee 1,5 M - u
BHYTPEHHME NIeCTHULbl. BHYTpU 6aku MOKPbLIBAOTCA aHTUKOPPO3UMHON 3alMTOW, CHapyXu —

MOKpPbIBaKOTCA TEI’U'IOVISOI'IHLWIGVI M OKpallnBakoTCA.

Tabnumua 2.2 - CBONCTBA BELLECTB, UCMO/b3YEMbIX B TEMM0BbIX aKKymynaTopax Ha 1 'k

Bewectso | YpenbHasa | YpjenbHas Mnot- OTHOCHK- OTHOCHK-
Tennoém- TennoTa HOCTb, Macca, Te/bHas O06bEMm, TeNbHbIN
KOCTb, naaBneHUS, Kr/m® Kr Macca N 00bEM
KIK/(Kr-°C) | kDK/Kr
KameHb 0,837 - 2242 59737 16,4 26,6 11,69
Bopga 4187 - 1000 11941 3,27 11,94 5,25
Pacnnas 2,09 232,6 1602 3644 1 2,274 1
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MpAMOYronbHble aKKyMynsTopbl 060pyAYyHOTCS NapoOTBOAALLMM NaTPy6KOM, COOGLLEHHbIM C
aTMOC(epoit, U NepenmnBHLIM YCTPOCTBOM. KOHCTPYKLMS aKKyMynsTopa A0/MKHA NpeaycMaTprBaTh
CNVMB ropsueli BofAbl Ha BbicoTe 1 M OT AHMWEA Gaka M OTBOA BOAbl B CUCTEMY TFOpPSYEro
BOJOCHAOXEHMS1 Ha BbICOTE He MeHee 50 MM OT AHuwa. LMnuHApuYeckne akKyMynsitopbl,
paccuMTaHHble Ha paboyee AaBneHue He MeHee 0,6 MMMa, [O/MKHbI MMETb MpPefOXPaHUTENbHbIE

KnanaHbl [13].

PUCYHOK 2.7 - ¥ CTaHOBKa NPSMOYro/ibHOro akKymMynsTopa Ha yepfake: 1 — civB ropsyeii Bogpl, 2 —
napooTBOAALMIA NaTPYOOK, 3 — OTBOA ropsyeii Boabl, 4 — NOLA0H, 5 — AepeBAHHBIN 6pyc, 6 —

[IPEHAXHbIW LWITYLEP, 7 — CIMBHAs BOPOHKA, 8 — NepenimBHas Tpyoa.

dneBatop U paszfenuTenb. XXunble 34aHUS U COOPYXKEHWS, B KOTOpble BOAa MOCTyMaeT oT

KOTeNbHOW (M3 TernsioBor ceTn) ¢ Temnepatypoir T, Bbiwe 95°C, B GO/bLUMHCTBE C/ly4YaeB UMET
aneBatop. OTO YCTPOMCTBO MpefHa3HAYeHO [AJ1 MOHVKEHWA Temnepatypbl T, ropsyeil BoAbl [0
Temnepatypbl T, MyTeM YaCTUYHOIO MOAMELUVBAHUA OXN&XKAEHHON BOAbI, MOCTYNatoLed ¢
Temnepatypoii T, 13 obpaTHOro TpybonpoBoAa CUCTEMbI OTOMIEHNS 34aHuna (puc. 2.9). Mpwu aTom BeA
CMeCb NOJy4eHHOW BOAbI C Temnepartypoii T, 13 3nesatopa NOCTYNaeT B OTOMWUTENbHbIE MPUOOPBI

30aHMs 1 oXnaxaaeTcs o Temnepatypbl T,.Janee BoAa BbIXOAUT M3 OTOMUTENbHBLIX MPUGOPOB U

MPOZO/MKAET CBOE ABUXXEHME N0 06paTHOMY TPYGOMNPOBOAY B HaMpaBieHUN pasaeNnTens, B KOTOPOM
ee MOTOK pasfenseTcs Ha ABe YacTi. OfHa YacTb CHOBA NOCTYMaeT B 3/1eBaTOP, a Apyras B TEM/0BYHO

CETb CUCTEMbI TENNOCHaGXeHMs. [anee BOAa MOBTOPSIET CBOE ABMXKEHME.
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PUCYHOK 2.8 - YCTaHOBKa akKyMy/iiTopa TensioceTy Ha nosy: 1 — BXo4 BoAbl, 2 — NaTpybok ans
BO34YLUHMKA, 3 — NaTpyboK Ans NPeAoXPaHMTENIbHOTO KnanaHa, 4 — BbIX04 BOAb!, 5 — 0K AMamMeTpoM
500 Mm.

OCHOBHO€ [JOCTOMHCTBO 3/1eBaTOpa COCTOMT B TOM, YTO OH paboTaeT Kak BOASHON Hacoc 6e3
AONOMHUTENbHBIX 3aTpaT aHeprun. CnegyeT OTMETUTb, YTO 3TO YCTPOWCTBO HEMHOIO YCTapesno, XOTs
N NCMOMb3YETCS BO MHOTMX TEMMOBbIX MYHKTaX 3A4aHWil. B HacTosLLee BPeMS COBPEMEHHbIE TEMN/OBbIE
MyHKTbl  000pYAyHOTCA  CMELUMBAIOLLMMM  y31aMMU € TPEXXOAOBbIMW  KnanaHamu — uau
Tenno006MeHHUKaMK.

B paHHOV paboTe pasgenvTent MNpeacTaBnsieT Cco00M  TPexxodoBoil y3en (TPOMHKMK),
COeANHSAIOLLMIA TP TPYO6ONPOBOAa 1 06eCneYMBatOLLMIA YaCTUYHOE NepeHanpas/ieHne NoToKa BoAbl U3

OAHOI NIMHWN ABMXXEHUS B APYTYHO.

113 TensnoBoii cet 1%:' T,

Tl
T
T2 /I\z T2 ¥
2

B TennoByto ceTb

PucyHoK 2.9 - MpuHuMnnanbHas cxeMa paboTbl 371eBaTopa 1 pa3aenuTensi CUCTEeMbl OTOM/EHNS

3faHus: 1 — aneBaTop, 2 — pasaenuTenb, 3 — OTONUTENbHbIN NPUGOP.
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CmecuTenb. ITOT 3/1IEMEHT pacCMaTpUBaEMO CUCTEMbI TENIOCHAGXEHNA NMPeAcTaBnseT cobol
aBTOMAaTU3MPOBaHHbIA  PEryiMpPOBOYHBLIA  MYHKT,  KOTOPbIA  ynpaBnsieT  NOTOKaMU  BOAbI
3Heprokommniekca «koTenbHasd + BOY + TA», 0AHOBPEMEHHO pa3fenda OA4HW U CMeLInBas apyrue
NOTOKK, 06ecreymBas nNpy 3TOM Nogady ropsyeil BoAbl B TENMOBYHO CETb HYXKHOIO KayecTBa.

[anee nepeingem K MaTemMaTU4eCKOMY OMMCAHWUK KaXKAOr0 OCHOBHOIO 3/ieMeHTa CUCTEMbI
TenN0CHabXeHNA Ha OCHOBE 3HepProKoMmsieKca «kKoTenbHas + BOY + TAx», npefcTaBNeHHON Ha puUc.
2.6.

2.6 MaTtemaTn4yeckoe onvcaHve BOAAHOI0 TENI0BOI0 aKKyMynAaTopa

[BVXyLLMIACA B TENnj0BOM aKKyMynsiTope MOTOK BOAbl pPaccMaTpvBaeTCs Kak oaHodasHas,
OAHOKOMMOHEHTHasA cpeda [54]. Ansa Heé MOXHO 3anucaTb ypaBHeHMe GanaHca, 6asupytolleecs Ha
MOJENN WAeanbHOro CcMelleHus. TOCKONMbKY YypaBHeHMe OanaHca BK/IKOYaeT MPOM3BOAHbIE MO
BPEMEHWN, TO CTPOMTCA AMHAMMYecKas MaTeMaTu4ecKas MOAE/b, OMUCbiBatoLLas HecTauMOHapHbIe
PEXMMbI IBMXKEHWNS NOTOKA.

Mogenb naeanbHOro CMeLeHNs COOTBETCTBYET TaKOW rMapoAuHaMMKe annapaTa, Npy KOTOpoii
MOCTYMatLLMA B HEr0 NOTOK BOAblI MTHOBEHHO pacnpefensieTcs no BCeEMY ero 06beMy. AKKYMynsTop
Tenna npeactaBnsieT co60i BOASHOM 6Gak. ITOT 6Gak MOAENMPYETCA B NPEAMNOMOXEHWN MOMHOrOo
nepeMeLLNBaHMS BOAbI, a, CeaoBaTeNbHO, PABHOMEPHOIO pacnpefeneHuns eé temneparypbl. To ecTb
TemnepaTypa BoAbl B KaXK/A0l TOUKe aKKyMYNATOpa 1 Ha BbIX0/e M3 Hero 6yayT oAuHaKoBbl [96].

PaboTa TennoBOro akKymysnsropa NpouvCXoAuT crefytowmm obpasom [54]: ocTbiBlas Boja C
Temnepatypoii T, W3 06paTHOro TpybonposoAa CUCTEMbI OTOM/IEHWSA 34aHUA MNOCTYNaeT B CMeCUTeNb
B Ko/nm4yecTBe N, . B HEM OHa B nepuofbl akTUBHOIO BETpa HarpeBaeTCA 3a CYET YCTaHOB/IEHHOI0
HarpesaTe/IbHOro YCTPOMCTBA, 3anuTaHHoro ot BAY, go temnepatypbl T, .

[lanee B 3aBUCMMOCTW OT COOTHOLLIEHUSA 3HaYeHWI TemnepaTtyp T, ¥ T, BO3MOXHbI pa3nnyHble

peXxxuMbl paboTbl TA.

MNpn T, >T, n T, >T,;, YacTb BOAbI C TemnepaTypoir T, B KOJMYECTBE Vi, W3 CMeCUTEs

MocTynaeT B aKKyMynsTop. B HEM oOHa CMelMBaeTC C BOAOW aKKyMynsTopa, VMEOLLEro

Temnepatypy T;,. [locne cmewwmBaHVsA B Mepuodbl aKTUBHOINO BeTpa Temnepatypa BOAbl B
aKKyMYy/IAiTOpPe MOXeT MoBbICUTLCA (pexxum 3apagku TA). C Apyroi CTopoHbl, ecim T, <T, #
T,, <T;4, TO TENNOCHAOXEHNE OCYLLECTBNAETCA 3a CYET TA MO0 KOMMNeKca «KoTenbHas + TA», B

pe3ynbTaTe TeMnepaTypa Bofbl aKKyMynsSTopa MOXET MOHU3UTLCS (pexxum paspagku TA). B cnyuae,

ecnn TCM ZTl , T0 BOJa U3 CMECUTENA Cpaldy >XXe NoCcTtynnut B CUCTEMY OTOMMEHNA 30aHWA, TAe B
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aneBaTope OHa CMmeluaeTcs ¢ obpaTHOW BoAON. Mpu aToM TA HaxoguTCA B PeXMMe OXULAHWS
TENNOBOW Harpysku (XpaHeHus TennoBOWM 3Hepruu). [anee BOAa MOBTOPUT CBOE [BUXKEHWE,
LMPKY/IMPYA MO CUCTEME Tern10CHatXKeHNS.

MakcrMasbHy0 pacuéTHyt0 pabouyro TemrepaTypy TensjoHocuTens (BOAbl) ANA TenioBOro
aKKYMY/IITOpa MOXHO NPUHATL paBHoi 95-99 °C. Takas TemnepaTypa Bo/bl COOTBETCTBYET MOSHOVA
3apsAgKe  akkymynatopa W OQHOBPEMEHHO He [OMyCKaeT 3akunaHua BOAbl M paspyLleHus
aKKymynartopa.

KonnuyecTBo TennoBoi aHeprum, CoAepyKallencs BHYTPU akKymynsTopa B BUAe HarpeTol Bogbl,

BCE BpeMA MeHseTca. OHO 3aBUCMT OT KOMWYeCTBa Ternna, MOCTYNaloLWEero B aKKymynsaTop OT
CMecCUTeENA QT(g) n yaasiieMoro nU3 Hero QTA, a TaKXXe OT TENNOBbIX NOTEPb YEPE3 CTEHKW TEMNOBOro

akKkymynatopa Q. -
O6wuii BUL YpaBHEHWs TennoBOro 6GanaHca, OMMUCHIBAIOLLENO0 COCTOSHME aKKyMYNATopa,

npeAcTaBnseT co60i 3aBUCMMOCTbL C/iefyHOLLEro BUAA:
d(\/TACpTTA) _ (0)

d(\V;,C.T.,)
%ZVTAC T

p cm
roe Q.pr = KiaFa(Tr4 —T,), Vi, M T;, - COOTBETCTBEHHO 00BEM ¥ Temnepartypa BOfbl Ternj0BOro

- QTA - KTA FTA (TTA _Ts) (2-25)

nn _VTACpTTA — KaFra (TTA _Ts) ' (2.26)

akkymynstopa, M° n °C; n,, - pacxof BoOAbl, MOCTynawowei u Bbixogawen ns TA, mu; T, -
Temnepatypa BoAbl, NocTynatoweid B akkymynstop, °C; K, — KO3(ULMEHT TennooTAaum
aKkymynatopa, KBT/M*rpan; F;, — NnoLaas NOBEPXHOCTY CTEHOK aKKyMYNATopa, M.

Tak kak 06bEM akkymynsatopa Vi, ¥ TennoémkocTb BoAbl C, BeAMUMHbI NOCTOSHHbIE, TO

p

AnddepeHumansHoe ypaBHeHMe (2.26) CBOAMTCA K BblpaXKeHWo [54]:

dTTA — Nra (TCM _TTA) _ KTA FTA (TTA _Ta) (2.27)
dt Vi, ViaC,

MPUHATO BO BHUMAHWE, YTO B AvanasoHe M3MeHeHus Temnepatypbl Bogsl TA oT 20 go 95°C ee
TENMI0eMKOCTb U3MEHSAETCA HE3HAUYNUTESIbHO.

WHTerpupoBaHve ypaBHeHUsi (2.27) [aéT 3KCMOHeHLMabHYK 3aBUCMMOCTb TemrepaTtypbl

Tens0BOro akkymysisiTopa 0T BpeMeHW Npy HavasibHbIX yenoBusix (t=0) T, Ny s T, o T4 [94]:
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Kra FTATBO (2.28)

Bonee aeTanbHoe onucaHve TA npeacTaBneHo B TPETbeld raBe AMCCepTaLMOHHON paboThbi.

2.7 MaTeMaT14YeCcKOoe ONMMCaHIE YXKIUMOT0 3jaHNs KaK CYyTOUHOro akKymynsitopa Tennia

PacyeTHble TernnoBble YCNOBMS B  MOMELLEHUX NPUHMMAKOTCA B 3aBUCMMOCTM  OT
(hYHKLMOHANIbHOI0 Ha3HaYeHNs 1 CAaHUTAPHO-TUTMEHNYECKUX TpeboBaHWUIA. [Ans B60NbLUMHCTBA XMUIbIX
N OOLLECTBEHHbIX 3[aHWIN 3TU YCNOBUS BbIOMPAOTCS NPUOAN3UTENBHO Ha O4HOM ypoBHe. OfHaKo
KpOMe CaHWUTapHO-TUTMEHNYECKMX W TEXHOMOMMYECKUX TPebOoBaHWA, Onpefenstowmx AunanasoH
YC/IOBWI, KOTOPbI JOMKEH ObITh BblAepXaH B TeYeHMe OTOMUTENbHOrO Nepuoja, BO BCEX Cy4asx
B&XKHON ABNSETCA CTeneHb 06eCneyeHHOCTN MOAAEPKAHUSA 3afaHHbIX BHYTPEHHUX  YC0BUIA.
O6ecreYyeHHOCTb YCTaHaB/IMBAeT, KaK 4acTO WM HACKONbKO MPOAOC/KUTENIbHBI MOTYT ObITb
OTK/IOHEHWS BHYTPEHHMX YC/IOBUIA OT 3afaHHbIX PaCUYETHBIX.

B 3gaHuax o06LLero HasHayeHus (kusble Aoma, 0OLLeCTBEHHbIE U MPOU3BOACTBEHHbIE 3[4aHNSA)
BO3MOXHbl pa30Bble KPaTKOBPEMEHHblE OTK/IOHEHWA OT pacyeTHbIX YC/OBUW. TemmnepaTypa
BHYTPEHHEro Bo3fyxa B MomeLLeHnn OyaeT octaBaTbCA HEM3MEHHOW, eCiv MOCTYN/IEHNe TENIOTbI OT
OTOMUTENbHBIX NPUOOPOB OYAET PaBHO HeLOCTATKY TEN/0Thbl B MOMeLLeHun. Eciv TennonoctynieHme
OyfeT nepvoAMYecKN M3MEHATLCA, TO B MOMeLLEeHU ByayT Habnogatbcs KonebaHns Temneparypbl
BHYTPeHHero Bo3ayxa. CTeHbl, Mebesib, NpeaMeTbl 06MX04a, BO3AYX NOA BAUSAHWUEM 3TUX U3MEHEHWIA
MepuoAMYECcKN MNOrNOLLAOT U OTAAT TennoTy. Yem 60/blue CMOCOGHOCTb TEMOMOr/OWeHNs 'y
OrpaXJeHnWin u npegmMeToB, TEM MeHbLUe B MOMELLEHUN KoniebaHWa TemnepaTypbl BHYTPEHHErO
BO34yxa M TeM 00/bLUe ero Tena0ycTounBoCTb. 04 TeNN0YCTONUYMBOCTHIO NOMELLEHUS MOHUMAETCS
ero CBOWCTBO MOAAEPXXMBaTb OTHOCUTENbHOE MOCTOSHCTBO TeMMepaTypbl BHYTPEHHErO BO34yXa Mnpw
nepruoaMYecKn N3MEHAIOLLMNXCA TENONOCTYMNIEHUSAX.

CornacHo Tpe6oBaHusM [90] 1 [91] MMHMMaIbHAA TemnepaTypa BO3AyXa B XXWJ/bIX NOMELLEHNSAX
[0/MKHA 6bITh He HUXKe 18-20°C. BbiBalOT MOMEHTbI, KOr/a NOMELLEHVEe NPOrpeBaeTcs A0 6osbLuei

TemnepaTtypbl. HO MaKcMManbHasi TemrepaTypa BO3Ayxa, Kak npaBwuio, He mnpeBbiaet 25°C.
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MopaepXkaHye TemnepaTypbl B npeaenax 18-25°C He [0NyCKaeT Neperpesa 3A4aHns U COOTBETCTBYET
KOM(OPTHbIM YC/TIOBUAM MPOXMBAHUA NOLEN.

B Hawem cnydyae BKIOYEHME BOY B CxeMy TensioCHaGXXEeHUS1 NO3BO/SET CTaBUTb BOMPOC 06
MCMOMb30BAHNMN  NEPUOANYECKN  BO3HMKAKOLWLMX  M3OGLITKOB  BETPOBOW  3Heprum. 3a  CYéT
TenI0aKKyMyMPYHoLLEei COCOBHOCTU 34aHUA MOXHO MOAHATL TeMMNepaTypy BO34yXa B NOMELLEHNN
[0 BepxHero npegena (25°C), a 3aTeM B Mmepuofbl CO ClabbiM BETPOM cpaboTaTh €€ [0 HUXHEro
ypoBHs (18°C).

Pacxof Tensa Ha OTOMMeHWE OTAENbHOro 34aHus, obecneumBaemoro BJY, onpefensercsd B
COOTBETCTBMU C hopmynoii (2.13), ucxoas n3 TennoBoro 6anaHca 3gaHus:

o AT,
VG ot Q, —Q, —aVyk, (T, -T,), (2.29)

dT . o
roe VmCif‘d—tB - KO/IMYECTBO TEM/OBOM 3HEPTUM, aKKYMYNMPYEMOW BHYTPU 3[aHUS BO3AYXOM U

mMaTepuanamm (CTeHaMu, NEPEKPLITUAMM) NPU HarpeBe UM TEPSEMOI UMW B Clyvae OXNaXKAEHWS.
N3 06wero o6béma 34aHNA Ha CTeHbl 1 NepekpbITUA npuxoamutes okono 20%, a octaBLumecs
80% — 3T0 BO34YyX BHYTPU 3[aHUS.

B pe3ynbTaTe nonyyaem:

BO3, CTeHa dTB
Vi (08-Ci™ +0,2- G~ = Qy =Q, —aV, K, (T, -T,), (2.30)

3n v

roe CX* = 0,36 BT-u/M*-rpag - TennoéMKOCTb BO3AYXa; C.™™ — TennoémKocTb MaTepuancs, u3

KOTOPOrO BbIMO/HEHbI BHYTPEHHME U HAPYXKHbIE CTEHbI 30aHUS.
NHTerpupoBaHne 3Toro AvgdepeHUMansHOro ypaBHEHUs [JaéT pelleHue, onpeaensitollee
M3MEHeHMe TemMnepaTypbl BHYTPEHHEr0 BO3/yXa:

:QS _Q2 + eX - BO34 q CTeHa t
qVv, K (0,8-CE 1.0,2-CE™*)

3p v

(T, -T =% )+T,.  (2.31)

T I
TaVk,,

B

B03MOXHbI CneaytoLne BapraHTbl TEMNIOBOr0 peXXnmMa 34aHus.

1. HarpeBaHue 34aHuS.

3TO0 MOXET MPOMCXOAUTb 3a CYET aKKyMY/MPYHOLLE CMOCOBGHOCTWU OTan/MBaeMbIX 3AaHUMN,
KOTOpas MO03BO/SET YCMEWHO WCMOoMb30BaTb MEPUOAMYECKN MNOABASHOLLMECH W36bITKU BETPOBOM

3Hepruu, Korga BblpaboTka BIY Qg,, MNpeBbilLaeT TeKylime MOTPebHOCTU B TErM/I0BOW 3Heprum

qV,K, (T, =T,). 3T n36bITKN MOXHO HanpaBWTb Ha MOBbILEHNE TeMnepaTypbl BO3fAyxa B

nomelleHnmn B npegenax 18-25°C (pucyHok 2.10, KpuiBasi 2).

YpaBHeHue (2.30) B 3TOM C/lydae MOXKHO NPeACTaBUTL B BULE:
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dT
dtB = QB3y - qV3,CLkV(TB _TH)' (232)

Pewas ypaBHeHve (2.32), nonydaeM no aHanoruy ¢ (2.31) 3aBUCMMOCTb, OMpefenstoLyto

V,,(0,8-C¥¥ 4.0,2.Co™)

M3MeHeHWe BHYTPEeHHel TeMnepaTypbl BO3ayXa:

TB:—QE‘ay +| exp — o q p— ( 5 Thp ——Q83y° )+ T,. (2.33)
qV,.k, (0,8-C*™ +0,2. C™*) qV,.k,

TemnepaTypa BHYTPEHHET0
Bo3gyxa, C

Bpewms, yac .
PucyHoK 2.10 - I3meHeHWe BHYTPEHHEN TeMMepaTypbl BO3A4YXa »nJ101 0 34dHms 11PU UCMO/b30BaHNUK
N36bITOUYHON 3HEprM BAY 1 TennoakKymynmpytoLlei cnocobHOCTH 3aaHus: 1 — peKkoMeHayemas
BHYTPEHHSSA TemnepaTypa Bo3ayxa 18°C, 2 1 4 — COOTBETCTBEHHO MEPUOAbI HarpeBaHus U

OXneKaeHnA 30aHnA.

Mpyu AOCTMXKEHWUM TemnepaTypoii BHYTPEHHEro BO3ayXa OTMETKM 25°C B MOMELLEHUI BHOBb
yCTaHaBNMBAETCA MOCTOSIHHbIA  PEXUM  OTOMMEHWUS, COOTBETCTBYIOLLMIA TenmnoBoMy GanaHcy,
onpegensieMmomy opmynoii  (2.16). B 3TomM cnyyae Temnepatypa BHYTPEHHEro BO3dyxa
noaaepxuneaetcs Ha yposHe 25°C (T = 25°C) (pucyHok 2.10, npsmas 3).

2. OxnaxaeHve 30aHns.

3a CYET aKKyMy/nMpytloLLlein Cnoco6HOCTU 3A4aHMEM HaKan/jvMBaeTCs HeKoTopas Tennosas
3Heprus. B nocnegytowiem oHa [aéT BO3MOXHOCTb MCMOMb30BaTh (CpabaTbiBaTb) 3arnacéHHoe Tenso,
CHWXas MOLWHOCTb KOTENbHOW, W 3KOHOMUTb MpW 3TOM OpraHuyeckoe TOMAMBO. CHWKeHMe
BHYTPEHHell TemnepaTypbl Bo3gyxa (B WHTepBane oT 25 o 18°C (pucyHok 2.10, kpuas 4))
COOTBETCTBYHOT Mepuofam, Koraa Heo6xoanMocTb B paboTe KOTeNbHOW NOMHOCTLHO OTNajaeT, U OHa
NEPEXOAUT B PEXNM OXMAAHUA TENMOBOIN Harpy3ku. Mpadvk OTONUTENLHONM Harpy3Kn B 3TOM Cry4vae
MOJTHOCTBLIO TMOKPbIBAeTCA 3a CYET BIY. B aTOom cnyyae M3MeHeHMe TemnepaTtypbl BHYTPEHHEro
BO3[yxa OnpeaensieTcs BblpaxeHnem (2.33). KoTenbHas He BK/HOYaeTCA B paboTy A0 MOMEHTa, MoKa
Temneparypa He onyCTUTCA A0 3HAYEHWA YYTb HUXE HOPMATUBHOIO. py AOCTUXKEHWUM 3TOTO YPOBHSA
KOTe/lbHasd BHOBb BK/IHOYaeTCA B paboTy, M TensocHabxeHne noTpedutens 6yaeT OCYLLECTBNATLCS
COBMECTHO KOTenbHOM Kn B3Y. B pesynbTate TemnepaTtypa BHYTPEHHEro Bo3fyxa OnsiThb

NoAaepXXmBaeTcst Ha oTMeTke 18°C (pucyHok 2.10, npsamMas 1) B cOOTBETCTBUM C hopMmynoii (2.16). B
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nepuoab! N36bITKa aHeprum oT BAY Temnepartypa BHYTPEHHEr0 BO3/4yXa BHOBb MOXKET BO3pacTaTh A0
25°C (pucyHOK 2.10, KpuBas 2), Kak ObI/10 ONUCAHO BbILLE.
Takum 06pa3oM, uMcnonb3ysa gopmyny (2.33), MOXHO OTC/MEXWUBaTb Pa3/IMUHbIE PEXNUMbI
M3MEHEHMs1 TemnepaTypbl BHYTPEHHEro BO3fyxa B 3aBMCMMOCTM OT Xapaktepa paboThbl
BETPO3HEPreTUYECKON YCTaHOBKM!.

Moapo6Hoe onucaHne 34aHns PaCCMOTPEHO B TPETLEN NaBe AUCCEPTaLMOHHON paboTsbl.

2.8 MaTtemaTun4yeckoe onvcaHue pasfennTens, CMeCUTens u KOTe/IbHOM YCTaHOBKU

Pasgenntenb SBNSETCA COCTABHOW YaCTbH) CUCTEMbI TEMIOCHAOXEHUS C y4aCTUEM KOMM/eKca
«B3Y + TennoBoi akkymynsatop» (pPUCYHOK 2.6). OH npefHasHayeH Ans nepepacnpeaeneHuns
06paTHO BOAbI, NOCTyMNatoLleli OT OTOMMTENbHBIX NPUOOPOB 3faHWs, U NOCNeAYIOLEn nodaumn eé B
3/1eBaTOP U CMECUTE/Tb.

OcTbIBLUAs BOfa NOCTYMAaeT OT OTONUTENbHbIX NPUOGOPOB 3A4aHNs MO 06PaTHOMY TPYOONpPOBOAY

B pasgenuTenb ¢ TemnepaTtypoii T, W B KonuuectBe n,. OT pasfennTens OHa HanpasnseTcs B

anesatop B konudectee n'® | B cmecuTens B KonnuecTBe n, . Bo BCex TPEX Crydasix TemnepaTtypa

anes !
BOAbl T2 - MOCTOAHHa.

MpviBeAéM BbIBOA YPaBHEHWIA, OMMUCLIBAIOLMX AVHAMUYECKYHO MOfE/b pasaennTens (PUCYHOK
2.11).

(0)
n 3nes ! T2

T2

PucyHoK 2.11 - CxeMaT4ecKoe M306paxeHne MaTeMaTnyeckori MOAENN pasaennTens.

YpaBHeHwe 06L4ero 6anaHca /19 NoToKa BOAbl B pa3aennTesie MOXHO 3anucath B CeayHoLem
BUE:
n,-n® —n, =0 (2.34)
3 1 = ¥ )

anes

roe n 9 - pacxop Bogbl, NOCTYNAOLLEHA OT pa3aeNuTens B a1esaTop.

anes

Mpy gndhepeHUMpoBaHMKn ByaeT cnpaBeAnBo PaBeHCTBO:

(0)
dnge _dn, dn, | (2.35)
dt dt  dt

ONMUChIBatOLLIEE M3MeHeHMe pacxoaa Bogbl n % | nocTynatoLeli oT pasaennTens B 31esaTop.

anes !
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Tennosoli 6anaHc pasfennTens MOXHO NPeACTaBUTb Kak:
0 0
QZ = Q:Ene)a + Q}EO')I' ' (236)
Cwmecutens. Ero paboTty MoXHO onucatb Tak (pUcyHOK 2.6). Boga npu Temnepatype T, u3

pasfenvtens no obpaTHoOMY TPybOMNpPOBOAY TEM/0BOWA CETU B KO/IMYECTBE N, MOAAETCA B CMECUTENb.
[anee B KOTeNbHYK OHa MOCTYNaeT He cpasy, a NpefBapuTeNlbHO HarpeBasiCb B MEPUOAbI aKTUBHOIO

BeTpa 3a CYET BIY po temnepatypbl T,,. B MOMEHTbl BpeMeHW, Korga MOLLHOCTb B3Y mana, a
TEnIOBON aKKyMY/IATOP HaXOAWTCA B COCTOSHWUMW 3apsifiKv, BOAA M3 CMeCUTeNs B KOMMYecTBe N, C
Temnepatypoii T, nogaérca B TA, a ocTa/lbHas CMELUMBAETCSA B HY>XHOW nponopumu ¢ Bogon TA,
MOCTYNatoLLIEN U3 aKKyMyniaTopa B CMeCUTeNb C Temnepatypod T;, W B KONNYeCTBE N;, W fanee

NOCTYNaeT B KOTE/bHYHO, TAE, €CNIN HYXXHO, OrPEBAETCS [0 PACUYETHON BENMYUHBI T, .

1. PaccMOTpUM MaTeMaTUYeckKyld MOAEMb CMeCUTens, B KOTOPO He npeaycMaTpuBaeTcs

npumeHeHune TA (prcyHok 2.12, a).

QO QO
L’. Q L’ QCM
Qoo Cwmecutens |—= o Qgay »| Cmecutenb (T(Jz\
TCM QTA | TCM
a) 6)

PucyHOK 2.12 - CxeMaTyecKoe M306paKeHne MaTeMaTuYecKor MO cMecuTens: a - 6e3

NPVYMEHEHNS TEMI0BOTO aKKyMyNnsTopa, 6 - C MPUMEHEHVEM.

YpaBHeHVie Ten0Boro 6asaHca CMeCUTENS 3anncbiBaeTCa CeLyHoLwmM 06pasom:
Qu = Qor + Quay (2.37)
rae Qgsy - MOLLHOCTL BAY, KBT.
Torga nocne nNpocTbIX NPeobpa3oBaHuin Noyvaem:

0Q., _ dQY) | dQu,

dt dt dt

(2.38)

JleBoe cnaraemoe ypasHeHus (2.37) Q. =n,C T, NOKa3biBaeT, Kakas TennoBas MOLLHOCTb

COAEPXNTCS B NMOTOKE BOAbI, NPeABapMTE/IbHO HAarpeTol 3a CHET BAY M NOCTyNatoLLEN OT CMecUTens
B KOTE/IbHYIO.

13 Hero nony4yaem TemnepaTypy Boabl:

oM~ (239)
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MyTém AnddepeHLMpPOBaHNS [AaHHOTO BbIPXKEHNS MOXHO MONYy4UTb AudhepeHLmansHoe
ypaBHeHMe CriefyHoLLero Buja:

dar, 1 dQ, Q, dn

& Cp, & Cp? (2:40)
Pl Pl
OrnucblBatoLLee N3MeHEHNEe TeMnepaTypbl BOAb!, MOCTYyNatoLWeil 0T CMECUTENS B KOTE/IbHYHO.

2. Martematunyeckas Mofesib CMecuTens ¢ npumeHeHmem TA (pucyHok 2.12,6).
B aTOM cny4ae ypaBHeHWe TenioBoro 6anaHca BbIrNaguT Tak:

Qui = Qior + Qeay +Qr — Q1. (2.41)
Mo aHanorum ¢ (2.38) nonyyaem:

dQ, _0QY Qs  dQ; dQY 012

dt dt dt dt dt
B wuTore marematmyeckas Mofe/Nlb CMeCcUTens OnucbiBaeTcs CUCTEMON ,ﬂ,VI(t)dJEpEHLWIaﬂbeIX

YPaBHEHWIA, KOTOPasi B 3aBMCUMOCTM OT COCTOSHMS TA B 06LLEeM Bue BYeT BbirsaeTb Tak:

dQCM _ dQIE(?‘)I' I dQsay n dQra _ dQT(g)
dt dt dt dt dt
dTCM 1 dQCM _ QCM X dnl

d¢ Ccp, d Cpl o

(2.43)

KoTenbHast ycTaHOBKa. Bbille paccmaTpuBanacb paboTa KOTenbHOW 6e3 npuMeHeHus BAY u
TEenI0BOro akkymynaropa (pUcyHok 2.1).

Ecnm B cucteme TennocHabXeHUs Hapsgy C TPaAWUMOHHLIM WUCTOYHUKOM TErM0BOW 3Heprum
MCNOMb3YEeTCS LONOMHUTENbHBIA UCTOYHUK - BETPO3IHEPreTUYeCcKas yCTaHOBKa COBMECTHO C Ten/10BbIM
aKKyMynaTOpoM (PUCYHOK 2.6), TO YypaBHeHWe TenjoBoro 6anaHca [f19 KOTe/bHOW MOXHO

npeacTaBnTb B BUE:
Ql = QCM + QKOT ! (244)
roe Q,,, - TennoBas MOLLHOCTb, BblJaBaeMass KOTe/lbHOW [AnA HarpeBa 06pPATHOW CETeBON BOAbI,

MOCTyNaroLLEein N3 cMecuTeNs, KoTopas bblia NpeABapuTeibHO HarpeTa 3a CHET B3Y.
[anee, npupaBHMBas ypaBHeHUs (2.17) u (2.44), MOXHO ONpPesenTb 3HEPreTUUECKNn athheKT

OT NpUMeHeHNa Komnnekca «B3Y + TAx»:
Q:OT = QO - QKOT = QCM - lec(:')r : (245)
MyTém andhepeHLMPOBaHNA LAHHOTO BbIpaXXeHUs NONYUYNUM:

dQIfOT _ dQCM _ erEg')r (2 46)
dt ot dt '

YpaBHeHus (2.45) n (2.46) onpefenstoT MONOXUTENbHbIA 3HEPreTUYECKNIA APQEKT, KOTOPbIN

MOXXET ObITb NMOMYYeH OT NpUMeHeHNs BAY 1 TeNnoBoro akkymynsropa.
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2.9 Pe3ynbTaTbl MOAEIMPOBAHUA CUCTEMDI TensiocHabXkeHMs Ha OCHOBe JHEProKOMI/IEKCa

«KOTe/IbHas + BETPOIHEPreTUYeCKas YCTaHOBKA + TEM/I0BOM aKKYMY/IATOp»

Martematnyeckas MofeNlb CUCTEMbI TENIOCHAOXEHNS HA OCHOBE 3HEPrOKOMITIEKCA «KOTe/IbHas
+ BOY + TA» npeacTaBnsieT co6oi cuctemy andhepeHumaibHbIX YpaBHEHWIA, BKIHOYAKOLLMX B CE6S
cuctembl ypaBHeHuin (2.7), (2.11), (2.43) v BblpaxeHus (2.27), (2.30), (2.46) ¢ Hava/bHbIMU

©) (0 a .
yCﬂOBMﬂMM T T T T TTA01 cMg ! Qlo ! on' Q30 ! QKOTO ' QaﬂeB0 ! QCMO ! QKOTO '

dT,  67dT,
dt 29 dt
dr, __,dr,
dt dt
dT,  37dT,
ot 29 dt

dTB — QS _QZ 3,q V(T T )
dt vm(o,s-c:;“A +02-C5T)

dTTA — VTA(TCM _TTA) _ KTA FTA(TTA _Ts)

it V., V;,C,
dTCM 1 dQCM _ QCM . dVl
p dt C v dt
dQl

"3
~%)
" d Ts dtj
el

dQ:SI?e)B -C (dvc(al?e)a T (0) ﬂ]

dt Pl dt T dt
dQCM _ dQ.Ec?T) n dsty n dQTA _ dQ(O)
dt dt dt dt dt
dQI?OT _ dQCM dQIﬁC?‘IZ

d  dt  dt

JTa cuctema ypaBHeHMVI BOCMnpon3sognT ornncaHne c 60/1bLWIMMM UM MEHBLUNMIA ynpoLweHnaMmn

/ﬂ\/ﬂ\/ﬁ\

(2.47)

OCHOBHbIX 3/1EMEHTOB CUCTEMbl TeNNOCHabXeHNs [54]. Bcsikaa maTemaTuyeckas Mofenb SBNSETCA
NPUGAMKEHHBIM ONUCaHWEM 00beKTa UccnefoBaHuiA. Mo3ToMy HalileHHOE C MOMOLLIbHO 3TOM CUCTEMBI

ONTMMaNbHOE peLLeHe SBISETCSA annpoKcMMaLeil ONTMMabHOMO PELLIEHMS PeanbHO 3ataqn.
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Mpy Ka4ecTBEHHOM pPerysMpoBaHUK OTONWUTENbHOW Harpysky pacyéTHble pacxoAbl BoAbl Ny, N,

nn® - 370 NOCTOAHHBIE NapaMeTPbl, ONPeAenAeMble U3 CUCTEMbI YPaBHEHWIA:

_QVk, (T = Tyo)
- Cp '(Tll_Tzl)
AV k, (T, =T, o)
- Cp '(T3,_T2,) '

(2.48)

n® =n,-n,

aNes

Mpy KayeCTBEHHO-KO/IMYECTBEHHOM PEryNNPOBaHUN OHW OMpPefenatTcA B 3aBUCUMOCTU OT
BE/IMUMHBI OTOMWUTENbHOM HAarpysku M TemnepaTypbl Hapy>XHOro BO34yXa, Kak 6bl10 OnucaHo B
naparpade 2.4.

3HaueHWs TemnepaTypbl HapyXHoro Bo3gyxa T, M CKOpoCTW BeTpa Vg MOXHO 3ajaTh,

MCNONb3ys [aHHble apXvMBa MHOrO/IETHUX METEOPONOrMYEeCKUX HabMOLEHUA 32 W3MEHEHUAMM
TemnepaTypbl HAPY>XHOr0 BO3Zyxa M CKOPOCTU BeTpa.

B 3aBMCMMOCTU OT peLlaeMoin 3ajauu, T.e. OT TOro, Kakas cucTeMa MOAENUPYeTCs, Haua/lbHble
YCNOBUSA MOryT OT/M4aTbCsl. COOTBETCTBEHHO OyAeT OTAMYATLCA M aNrOpUTM PeLUeHUs UCXOAHOM
3aga4n. MoXKHO, Hanpumep, MOAeNMPOBaTbL CUCTEMY, B KOTOPOW TeNI0CHabXXeHWe OCYLLECTBNAETCA OT
BCEX WCTOYHMKOB TEMJIOBOW 3HEPrMn, a MOXHO MOLEe/MpoBaTb CUCTEMY, B KOTOPOW OAUH W3
MCTOYHWMKOB TEM/I0BOI 3HEPrnM He paboTaeT, COOTBETCTBEHHO pe3y/NbTaTbl peLlaemMoit 3agaun oyayT
pasNyYHbBIMK.

O6paTMmcs K MpakTUYecKOMY WMCMO/b30BaHUKO MOMYYEHHbIX BbIpXXEHWA. BbINOMHUM pacyeT
3HEPreTMYecKon APPEKTUBHOCTY CUCTEMbI TEMMOCHAOXKEHMS Ha NnpyMepe paboTbl 3HeprokoMnnieKca
Ha 6a3e KoTenibHON 1 B3Y B nocesnke JSlogeliHoe MypmaHcKol 0651acTu.

Mocenok JlogeinHoe pacnonoxkeH 3a [lonspHbiM Kpyrom B 120 KM K BOCTOKY OT ropojga
MypMmaHcKa. OCHOBHbIM WCTOYHWKOM TEM0BOM 3Heprum B M. JIOAeNHOe CNYXUT KOTe/bHas,
paboTatoLlas Ha masyTe. O6Las yCTaHOB/EHHAs MOLLHOCTb KOTe/bHOM cocTaBnseT 8,6 Mkan/u (10
MBT), 13 HMX Ha TennoByk Harpysky ucnonosyercs 1,8 Ikan/u (2,1 MBT). [ns noBblEHUS
3PPEKTUBHOCTM CUCTEMbI TEMOCHAOXKEHWUA MOCeNKa npegsiaraeTcad ucrnonb3osats BIY, KoTtopble
OyayT paboTaTb COBMECTHO C KOTeNbHOM [97].

B uccnegosaHuy [1] ycTaHOB/IEHO, YTO OMTMMa/IbHAsA MOLLHOCTb B3Y, ucnonb3yembix Ans
COBMECTHOM paboTbl C KOTENbHOW, MOXeT cocTaB/fTh 0,7-2,0 OT MOLLHOCTU KOTE/IbHOM, Bbl4aBaemoi
Ha HYXAbl TennocHabXeHus. ONTUMaTbHOCTb COOTHOLUEHUS MOLLHOCTeld B3Y ©  KOTeNbHONA
onpesensieTcs ycnoBMem o06GecrnevyeHUs MUHMMYMa Ce6ecToMMOCTM TensoBoW 3Heprun. Bonee

noapo6bHO 06 3TOM CKa3aHO B YETBEPTOM rNaBe AMCCEPTaLUMOHHON paboTbl. B paccmarprBaeMom



58

paiioHe npefnaraeTca pasmecTuTb ABe BIY mapkm Vestas V52/850 mouyHocTbio 850 KBT (80% oT
MOAK/HOYEHHON Harpy3Kn KOTE/IbHOI), C AnamMeTpPOM BETPOKOeca 52 M 1 BbICOTOW GallHN 65 M.

3Had, Kak M3MeHsieTca Temnepatypa Hapy»XHOro BO3jyxa M CKOPOCTb BeTpa B TeYEHMe BCero
OTONUTENIbHOIO Neproa, MOXXHO paccunTaTb U MOCTPOUTL FOLOBOW FpaduK OTONUTENBHOW Harpy3Ku,
MOKPbLIBAEMbIA KOTEMbHOW. A1 N. JlIogeHoe Takol rpatmk 6ydeT BbIrNsa4eTh Tak, Kak nokasaHo Ha
puc. 2.13. [Ond ero noCcTPoeHus Obliv  UCMOMb30BaHbl  AaHHble apxXuBa MHOTO/IETHUX
METEOPONOrMYECKUX HabMOAeHUA 3a TemnepaTypoli HapyXKHOro BO3fyxXa W CKOPOCTbHO BeETpa B
nepuog ¢ 1 aHeapa no 31 gekabps 2021 roga (puc. 2.14, coOOTBETCTBEHHO KpmBble 1 1 2). 3 puc. 2.13
BWAHO, YTO MOTPEOHOCTb B TEM/I0BON 3HEPruM 3HAYMTENIbHO MEHSIETCS B TeYeHWe OTOMUTENbHOro
nepuofa. MnaBHbIM 06pa30M 3TO CBA3AHO C M3MEHEHMSAMU NMOTEPb Ter/1a B OKPYXXatoLLyH cpesy yepes
orpaxgatolime KOHCTPYKUUM OTarn/IMBaemMblX 3[aHW, MPOMCXOSALMX B pesy/bTaTe KonebaHuin

TemnepaTtypbl HapY>KHOr0 BO3AyXa N CKOPOCTM BeTpa.

2.2

2 2021 rog
1.8
1.6
14
1.2

1
0.8
0.6
0.4
0.2

0

1 2 3 4 5 6 7 8 9 10 11 12

Mecaupl

Tennosas MOLWHOCTE, MBT

PucyHok. 2.13 - T'of0BOW rpamK OTONMTENbHOWN Harpy3Ku M. J1o4eliHoe, NOKPbIBAEMbIV KOTE/IbHOM.

TemnepaTypa Hapy>KHOro
9/W ‘ediag 9100dox)

Mecsaupl

PUCYHOK. 2.14 - ['pathviK N3MEHEHWs CPeAHECYTOUHbIX 3HAUEHUIA TeMnepaTypbl HAPY>KHOT0 BO3AyXa

(kpuBas 1) n ckopocTu BeTpa (KpmBasa 2) ana n. SloaeiiHoe ¢ 1 siHBapsa no 31 gekabps 2021 roga.
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[ns pacyeta MOLLHOCTW, BblAaBaemMoil BIY, HY)XXHO 3HaTb CKOPOCTb BeTpa 3a 10-MWHYTHbIN
WHTEPBaN BPEMEHW Ha BbICOTE OallHKN 1 paboyyto XapakTepnuctuky B3Y. B paccmatprBaeMom ciyyae
B pacyeTax OblM MCMOMb30BaHbl 10-MUHYTHbIE 3HAYEHUSI CKOPOCTM BETpa 3a Mepuof Takke ¢ 1
AHBapa no 31 paekabps 2021 roga. Paboyas Xxapaktepuctuka BOY nokasaHa Ha puc. 2.15. Ha
OCHOBaHUM UMEHLLMXCA AaHHBIX Gbl1 MOCTPOEH FOA0BO rpaduK N3MEHEHNS MOLLHOCTK, BblAaBaeMOol
B3Y, a BMecTe C HUM MOKa3aHO MU BO3MOXHOE yyacTue B3Y B NOKPbITUM rpagimka OTONUTE/IbHOM
Harpysku n. JlofeiHoe, MepBOHaYya/lbHO W306paXXEHHOro Ha puc. 2.13. Takume MOCTPOEHUN
npeacTaBneHbl Ha puc. 2.16. M3 Hero BMAHO, YTO NPWM COBMECTHOM paboTe KOTenbHOW u B3IY
OCHOBHasi 4aCTb OTOMWUTE/ILHOW Harpysku MOKpbiBaeTcs oT B3Y (puc. 2.16, obnactb rony6oro
LiBETA),), a OCTa/lbHas — OT KOTe/bHOW (puc. 2.16, 06nacTb KpacHOro LBeTa), A0NONHAS paboTy BOY B
nepuofbl co ciabbiM BETPOM VN €ro OTCYTCTBUSA. B MOMEHTbI BpeMeHW, Korga Be/iMymHa MOLLHOCTHU
BOY npeBbilwaeT 4acoByld MNOTPe6HOCTb BCEX OTan/MBaeMblX 3A4aHU/A B TEMNIOBOW 3HEepruu,
BO3HMKAIOT M30bITKM BETPOBOW aHeprum (puc. 2.16, 06nacTb CEporo LgeTa).

Pacnonaras npefcTaBfeHHbIMA [aHHbIMW, MOXHO MMepenT K onpefeneHunto addekra ot
MCNonb3oBaHUs BIY Ha HyX/bl TENIOCHabXeHUA. B faHHOM c/lyqae OCHOBHOM 3PMEKT BblpaaeTcs
B CHWKEHUW JONM Yy4YacTUs KOTe/IbHON B NOKPbITUM rpaduka OTONUTENbHOM Harpy3ku. Kak nokasanu
pacyeTbl B3Y B 0TfeNbHble MeCSALbI CNOCOOHbI YMEHbLUNTL Y4acTue KOTe/IbHOIM B MOKPLITUM rpadmka
OTONWUTENIbHON Harpy3ku n. JlogenHoe Ha 70-90%, a B UEOM 3a rof NpUMeEpHO Ha 75%,
COOTBETCTBEHHO Ha CTO/IbKO e 06ecrneynTb M 3KOHOMMUIO TOM/IMBA, PacXOAyeMOro Ha KOTe/lbHOM
(puc. 2.17).
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300 A
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200 ~
100 -

0 T T T T
0 5 10 15 20 25

CKopocTb BeTpa, M/c

PucyHok. 2.15 - Pabouas xapakTepuctka BOY Vestas VV52/850.
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2.2
2 2021 rog

TennoBas MOLLHOCTb,
MBT

1 2 3 4 5 6 7 8 9 10 11 12
Mecsupl

PucyHok 2.16 - M'padk otonuteNibHOM Harpy3sku M. JlofeiHoe, obecnevnsaemblii pabotoin BOY
(obnacTb ronyboro LpeTa) U KOoTenbHON (06/1aCTb KPacHOro LBeTa). 36bITo4Has MOWHOCTL B3Y -

061acTb Ceporo LeTa.
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0.29
0.30 1 W
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0.20 0.16

0.12

0.10 A

Jons yyacTns KoTeNbHOM
B TeN/10CHAOXKEHUM

1 2 3 4 5 6 7 8 9 10 11 12 Becb
rog

Mecsubl

PucyHok 2.17 - lona y4acTus KOTeNbHOW B NOKPbITUM OTONUTENIbHOW Harpy3ku M. SlogeiHoe npu

COBMECTHOMI paboTe KOTeNbHON 1 B3Y Ha HyX[bl TeMI0CHabXeHNS.

2.10 BbIBOAbI MO rnaee

1. B xofe NpoBeAEHHbIX UCCNef0BaHMIA Oblia pacCMOTPEHA CXeMa CUCTEMbI TENIOCHAOXKeHMS Ha
OCHOBE 3Heprokommniekca «koTefbHas + BJY + TA», KoTOpas BK/IO4YaeT B Cebs cnegytolime
OCHOBHbIE CTPYKTYPHbIE 3/1EMEHTbI; 34aHune (NoTpebuTenb TEMN0BOW 3HEPrMK), KOTebHas (OCHOBHOA
NCTOYHMK Tenna), BOY ([ONONHUTENbHBIA UCTOYHUK TENI0BOM 3HEpPrum), TEnaoBOM akKyMynsaTop
(EMKOCTb [/1 HaKOMMeHUst U XpPaHeHWs TEMN0BOM 3Heprun B BUAE rOpsYein BOAbl), pasfenntesb

cMecuTenb (BcriomMoratenibHOe 060pYAOBaHWE AN Pa3fieNieHns U CMeLUVBaHWs MOTOKOB BOAbI),
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anesatop (YCTPOMCTBO ANS MOHVMKEHMS TemnepaTypbl ropsyeli BOAbl M CO3daHUS Tpebyemoro
rMAPaBINYEeCKOro Harnopa B CUCTEMe OTOM/IEHMS).

2. Pa3paboTaHa maTemaTuyeckas MOAe/lb TaKO KOMOMHUPOBAHHON CUCTEMbI TEMIOCHABXEHWS,
npeacrasnsalowas cobort  cuctemy  AnddepeHuManbHbIX  ypaBHeHWUI.  Kaxpaoe — ypaBHeHue
MaTeMaTU4eCKM OnucbiBaeT /NIM60 TensjoBol 6GanaHC 3nemMeHTa paccMaTpuBaeMol CUCTEMb
TENNOCHabtXeHNA, NNO60 M3MEHeHMe KOnMyecTBa TENAOTbl WM TeMnepaTypbl Terna0HOCUTENS,
MOCTYNaroLLEero no nojatoweMy 1 obpatHoOMy TpPybonpoBojaM CUCTEMbI TEMIOCHAOXKEHNS, a TaKKe
KonebaHus TemnepaTypbl BHYTPEHHEr0 BO34yXa 3[jaHNA BO BPEMEHMN.

3. TlpakTuyeckoe WCMONb30BaHME MOMYYEHHON MOAenn [aeT BO3MOXHOCTb MNPOBOAWTH
KOMIM/NEKCHBIA aHann3 TEenJ0CHA0XEHUS, OTCNEXMBasi Pas3/IMYHbIE PEXUMbI PabOoTbl KOTE/bHOM
COBMeCTHO ¢ B3Y n TA B 3aBUCMMOCTM OT pPa3/IMYHbIX WCXOAHLIX MPUPOAHO-KAMMATUYECKNX
(hakTOpOB (CKOPOCTM BETPa, TemrepaTypbl Hapy>XHOro BO3[yxa), a TakXe OrpefensTb BO3MOXHbIe
06bEMbI 3KOHOMMWM TEMNOBOM 3HEPTUN Ha KOTENbHO, a CnefoBaTe/lbHO M OPraHMYeckoro TonvBea.
Takke 3TOT MaTeMaTUYeCKUiA MHCTPYMEHT MO3BOSIUT MPOrHO3MPOBaTb M MOAENMPOBATb PeaslbHYHO
KapTWHY TenIoCHabXeHNA C TOUKMN 3PEHUS PYHKLMOHA/IbHOCTI MPOLLECCOB, NPOUCXOASALLMX BO Bpems
NPOM3BOACTBA WM MNOTPe6NeHNs TEnjoBOM 3HEPrMKn, MNPOBOAMTb Pas/iMyHble MHOrOBapUaHTHbIE
BbIUUCNNTENIbHBIE 3KCMEpUMMEHTbI. MaTemaTuyeckasd Mogenb OyAeT Mnosne3Ha Tensjo3HepreTnkam u
crneymnanncTam B 06/1aCTu TeNI0CHa0XeHMS.

4. C NOMOLLBH NOMTYYEHHON MOAENN Ha NpUMepe paboTbl 3HEPrOKOMMNIEKCA Ha 6a3e KOTeNbHOW
N B3Y BbINOMNHEH pacyeT 3HEpPreTUYecKoim SPHEKTUBHOCTA CUCTEMbI TEMIOCHAGXKEHWUA MOCe/Ka
NopeintHoe MypmaHckoli 06nacTv. Kak nokasanm pacuyeTbl NpuMeHeHne B3Y cnoCco6HO YMEHbLUNTb
yyacTume KOTE/IbHOW B MOKPbITUM OTOMUTENbHOW Harpy3ku nocenka JlogeriHoe M Tem CaMbIM

06ecneunTb 3KOHOMUIO OPraHMYECKOro TOMINBA, PACXOAYEMOr0 Ha KOTe/NbHOA, B pasmepe 75%.
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FNABA 3. AKKYMY/IMPOBAHWE TEM/1I0BOW 3HEPT NI

3.1 MaTemaTun4yecKoe onmncaHne BOASTHONO0 aKKyMynsiTopa Tenna Kyomuueckon popmbl

BogsaHoOW akKyMynsaTop npeacrasnseT coboli EMKOCTb, KOTOPass B 3aBUCUMOCTW OT Ha3HayeHUs
MOXET ObITb WCNOMb30BaHa AJ1 HAKOMJEHWs, XpaHeHWs W pacxofoBaHus Bofbl [98]. Ecnm K
aKKyMy/niSiToOpy MOABECTW 3HEPruo W HarpeTb BOAY A0 ONpeAenéHHOM TemrnepaTypbl, TO ero MOXHO
paccmatpuBaTb KakK TensoBor akkymynatop (TA), TennoBas 3Heprus B KOTOPOM BBOAMTCA U
BbIBOAMTCS MYTEM NepeHoca HeMoCPeACTBEHHO CaMOl akKyMYMPYHOLLEiA cpefbl (BOAb!).

Wcnonb3oBaHne TA uenecoobpasHO B KOMMMEKCE C WCTOYHUKOM 3HEPruu, Hanpumep,
BETPO3HEPreTMUYECKON YCTAaHOBKOW, BO Bpemsi paboTbl KOTOPOWA MEPUOAMYECKM MOFYT BO3HUKATb
N30bITKN 3HEPrMKn, KOTOPble MOXHO SIM60 paccedTb B OKPYXXalOLLYH Cpeay, M60 3anactu U nosie3Ho
ncnonb3osatb [98]. B BogsHoM TA Takas 3Heprus OyaeT XpaHUTbCS B BUAE ropsiveil BoAbl M B
[aNbHENLIEM MOXET WUCMO0/b30BaTbCA Ha Pas3/iIyHble TEXHONIOMMYECKME U XO3AMCTBEHHO-ObITOBbIE

HY>X[bl.
B o6wem Bunge pabota BogsaHoro TA nokasaHa Ha pucyHke 3.1 [98, 99]. Boaa ¢ Temnepatypoii

TT‘,S) Mo nogarolemy Tpybonposody noctynaet B TA B KONMYecTse V;,. B HEM OHa CMelLMBaeTCs C
BOL0 aKKyMynaTopa, UMetoLLeil Temnepatypy T,,, Harpesas eé nim oxnaxgas. OfHOBpPeMEHHO Boja
n3 TA c Temneparypoi T,, W B KONM4YeCcTBe V;, YAanseTcd no obpaTHOMy Tpy6onposogy U B

[anbHelillieM oHa NMG0 A0rpeBaeTcs, NGO cpasy HanNpaBseTCs Ha pasnMuHble HYXabl. [anee Boga

NMOBTOPAET CBOE ABUXEHME.

_BoR S Tiogarowyii Tpy6onposos Tennosoii
aKKyMynsTop
B
oAa O6paTHbIn TPY60NpoBOA Tia

PUCyHOK 3.1 - Cxema [BVKEHs! TENIOHOCUTENS BOASHOIO TEN/I0BOr0 aKKyMY/sTOpa.

[na paccmoTpeHunsi TennoBoro 6anaHca TA MOXHO 06paTUTbCA K PUCYHKY 3.2. Konn4yectso

TEN/I0BO 3HEPruM, copepXKalleiics BHYTPU akKyMynsTopa B BuAe HarpeToli Bofbl, BCE Bpems

MeHsieTcsi. OHO 3aBMCUT OT KosindecTsa Tenna QY nocTynaroLero B akkKyMynaTop v yAansemoro 13

Hero Tenna Q;,, a Takke OT TeM/0BbIX NOTEPb Yepe3 CTEHKM TEeNI0BOro akkymynsatopa Q

noT *

MaTtemaTnyecKkmn 3TO MOXHO 3anucaTsb cregytoumm obpasom [98, 99]:
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d (\/TAC pTTA ) _ (0)

dt — XTA _QTA _QHOT' (3-1)
© Tennogoi i»
—" ,{ aKKymynsTop
TTA | QI‘IOT

PucyHok 3.2 - CxemaTnyeckoe VI306pa)KeHI/Ie TensoBoro 6anaHca BOAAHOIO TenaoBoro

aKKymynsTopa.

Ans TA KyGu4eckoli (hopMbl, CTEHKWM KOTOPOrO SBASKOTCS M/IOCKAMM, BbIPOKEHWE [N1S

onpefeneHns notepb Tenna 6yaeT BbIrSAETb Tak:

QI‘IOT = KTAFTA (TTA _TB) : (32)
Tor,u,a YpaBHEHNE (3.1) MO>XXHO Mnepenuncatb B C/1IEAYIOLLEM BUAE:
d(V.,C.T,)
% = VTACpTT(:) _VTACpTTA - KTA FTA (TTA _TB) ) (3-3)

rae T - Temneparypa Bogpl, NOCTynatoLLeii B akkymynstop, °C.
MpouHTerpuposas ypasHeHne (3.3), MOXHO MOMYYUTb 3IKCMOHEHLMANbHYIO  33aBUCUMOCTb
TemnepaTtypbl BOfbl TEMIOBOrO aKKyMy/nAToOpa KyBWUYecKoi (OpMbl OT BPEMEHU MPU HayasbHbIX

ycnosusx (t=0) Tp, Nyp , Trw), T, [98, 991:

nTATT(AO) + KTAFTATB
n K:aF
Tia= P +lexp —| A 4 TATA 1 ¢
n,, + TaFra Via - VG,
p
K aFpaT, 34
nTADTT(23+ TA" TA' By ( )
AT — P
k. KTAFTA
",

Pa6oTa TA BO3MOXHa B TPEX PEXMMax: 3apsaku, paspsaknm 1 OXuaaHMs TEnoBO Harpysku
(coxpaHeHUs HaKOMNIEHHOro 06bLEMA TENIOBOW 3HEPrum). Pasbepém KaxKaplil N3 HUX B OTAEbHOCTH.

[pn BbINOMHEHUM PACYUYETOB, [AEMOHCTPUPYKOLWKMX noBegeHne TA B pexXummax 3apagkun wu
paspsaKn, 66110 NPUHATO LOMYLLEHNE, YTO aKKYMYISTOP HACTO/IbKO XOPOLLO TEenjon3onnpoBaH, vto
TenoBble NOTepU Yepes CTEHKM TA MOXHO He YUMTbIBaTb.

1. Pexxum 3apagku.
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3apsiake TA cooTsetcTByeT ycnosme QY > Q,, (T >T,,). B aToM cnydae TemnepaTypa Bofpl
B aKKyMY/ATOpPe MOBbiaeTcsa. Mcnomb3ys BblpaxkeHue (3.4), MOXHO MOCMOTPETb, Kak 6yaeT
MEHSTbCS TemrepaTypa Bodbl TA B 3aBUCUMOCTY OT M3MEHEHMS MapamMeTpoB V;, U V;, .

Ha pucyHke 3.3a npuBedeHbl rpadvky 3aBUCMMOCTM BO3pacTaHus Temnepatypbl BOfbI
aKKyMynsTopa OT BpemMeHW. UTo6bl Mpy HauvanbHol Temnepatype 20 °C HarpeTb Bogy Ao 95 °C
notpebyerca 3 gHa. 310 npu V;, =50 m® (pucyHok 3.3a, Kpusas 1). A yxe npu V;, =150 M
noTpebyeTcs 0Kono 5 cyToK (pPUCYHOK 3.3a, KpuBas 4).

Ha pucyHke 3.36 MNOKa3aHO, KakK MeHsNCA Obl rpauK TemnepaTypbl BOAbl TEMJIOBOr0O

aKkymynsTopa 06bémom 150 M® B cnyuae noctynnenus B TA Bogbl C TeMmepaTypoit T.=95°C, Ho B
pa3NyHOM Konmuectse 1, 2, 4 1 10 M*/4 1 HauyanbHOI TeMnepaType BoAbl Ty, =20 °C. ECTeCTBEHHO,

yem 60/bLLe Pacxof BoApbl V., TeM BbicTpee TA crnocobeH 3apaanTbes (Kpusas 4).

100 100

80 A

0o}
o
1

O O

o o

3 3

< 60 A S 60 -

o0 oM

© 5]

o [oR

> 40 - > 40

@ 8]

o o

2 2

s 20 A s 20 A

(5] (<5)

[ [

0 T T T T T O T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Bpems, yac Bpems, yvac
a 6

PycyHok 3.3 - KpuBble 3apafKu BOAAHOIO TENJ0BOro akKymynaTopa: a — npu pacxoje 1 TeMneparype
BO/bl COOTBETCTBEHHO V;, = 1,5 M%/4 1 T =95 °C, kpuBble 1-4 COOTBETCTBYIOT 06BEMY TEMNI0BOIO
akkymynstopa 50, 70, 110 u 150 mM*; 6 — npu pacxofe Bogpl Vi, =1,2,41n10 M%/u, COOTBETCTBEHHO

KpuBble 1-4.

2. PeXXum paspsagku.

Takoit pexxum pa6oTbl TA xapakTepusyetcs ycnosuem: QX < Q., (T <T.,). B 3aBUCUMOCTY

OT Be/NYMHbI 06bEMa TA BO3MOXHaA pa3Has AvHamuKa ero paspsagku. OCHOBHble UCXOAHbIE AaHHbIE
OCTatOTCA Te Xe, YTO M B NMpeAblayLieM cnyyae. Pe3ynbTaTbl pacyéToB NprBefeHbl Ha pUcyHKe 3.4a.

Mpu Ha4anbHOV TemnepaType BOAbl B akkymynatope T;, = 95°C 1 NOCTOSHHO! TemnepaType Bo/bl B

nogarolem Tpy6onposoge T,V=35 °C Bpems Ha paspsaKy akkymynstopa 4o Temneparypbl T,
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cocTaBnseT 2,5 cyTok (Mpu o6beme akkymynsTopa 50 M%), 3 cyTok (npu 70 mM®), okono 4 cyTok (npu
110 M*) n 5 cyTok (Npu 150 M°).

BblfI0 OLEHEHO M3MEHeHWe TemrepaTypbl BOAbl TEMI0BOrO akKymynstopa npu pasivyHbIX
3HaueHMAX Temnepatypbl nocTynatwollein Bogsl T, 06bLEM akkymynsTopa paseH 150 M°, pacxop
Boabl 1,5 M3/u. Ha pucyHKe 3.46 npeAcTaB/EHO CEMENCTBO KPUBbLIX, COOTBETCTBYHOLUMX TeMMNepaType
T, 5,20, 50 11 70 °C. IMpu OTCYTCTBUM UCTOUHMKA SHeprum T, =5°C CHueHMe TemnepaTypbl BOAbl
B akKymynsTope 6yaeT MMeTb 6osiee YETKO BbIPaXEHHbIA YyOblBatOWMiA XapakTep (pucyHok 3.46,
Kpusas 1). M3 rpadmka BUAHO, YTO NMPUMEPHO Yepe3 4 CYTOK TemnepaTypa BOAbl B aKKyMynsaTope

onycTuTes 0 3HaueHns T, =5°C.
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PucyHok 3.4 - KpvBble paspsfKy BOLAHOIO TEn/i0BOro akkyMynaTopa: a — npun pacxoge v
Temnepatype Bofbl COOTBETCTBEHHO V;, = 1,5 M3/u U T, =35 °C, kpuBble 1-4 COOTBETCTBYHOT 06bEMY
Tennosoro akkymynatopa 50, 70, 110 n 150 M3 6 — NPV pas/IMyHbIX 3HAYEHUAX TEMMEePATYpbI

MocTynaroLLeli Bofpl, KpUBble 1-4 cOOTBETCTBYIOT Temnepatype T 5, 20, 50 n 70 °C.

3. Pexxum oXxungaHus TennoBoin Harpysku.

Mpy TakoM COCTOSIHUM TEMI0BOr0 aKKymynsTopa pacxof BoOAbl, NocTynawowein B TA u
BbIXOZSALLEN 13 HEero paseH Hynto (v, =0 M3/4), COOTBETCTBEHHO 0 =Q,, =0.

B cnyuae ecnn TA pa3pskeH, TO OH OXMAaeT MOMEHTOB, KOrja NosBATCA M30bITKU SHEPTUN U
BO3HUKHET He0OXOAMMOCTb B WX COXpaHeHWW. Ecnm akkymynatop 3apsbkeH MOMHOCTbH WK
4aCTMYHO, TO 3HEPrus, HakKonJeHHas B HEM B BWAE HarpeToil BOAbl, XpaHUTCA [0 MOMEHTa, Korja
BO3HMKHET Heo6XOAMMOCTb B €€ WCNO/b30BaHUW. V1 B OQHOM ¥ B [pyroMm cnyyasx TA TepseT B

Ka)K,Cl,blf/JI MPOMEXYTOK BPEMEHN He60/bLLIOe KOMMYeCTBO JHEPTNKN, PaBHOE TEMNJ/IOBbIM NOTEPAM HEPE3
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CTEHKM aKKymynaTopa (3a MCKIOYeHMeM cnydasd, Korga T,, paBHa TemmepaType BHYTPEHHEro

Bo3gyxa T,).
Torpga TennoBoii 6anaHc akkyMynsTopa Tenna 6yaeT BbirnsaaeTh CeaytoumMM 06pasom:
dv,,C.T.,)
% = —KuFra(Tra = T,) - (3.5)

Otcroga (no aHanorum ¢ hopmynoii (3.4)) nameHeHve Temnepatypbl BoAgbl TA MOXXHO BbIPa3uTb

KakK:

K. .F
T A=T, + expg—2T2 -t -(TTAO —TBO) (3.6)

TA™Dp

MpeacTaBnseT MHTEPEC BbISAICHWUTL, HACKOMIbKO ObICTPO OyaeT oxnaxpatbcs Boda B TA B
3aBMCMMOCTU OT BENMUYMHbI KO3(h(hULMeHTa TeniooTAaum akkymynatopa K, .

Ecnun npegnonoxutb, 4to TA neansHO M301MPOBaH, TO TEMJOBbIE NMOTEPU paBHbI HYMO (K, =
0), Temnepatypa BoAbl TA 0CTaéTCst HEM3MEHHO, YTO U UNMOCTPMPYET PUCYHOK 3.5a, KpmBas 1. B
peasibHOCTW TakoW MpoLecc TPYAHO OCYLLECTBUM W TemriepaTypa BOAbl OyAeT YMeHbLUaTbCs Tem
ObicTpee, 4yem 60/blle BeMYMHA KO3(duumeHTa Tennootgaunm (pucyHok 3.5a). [Jaxe ecnu
nocraparbCa CBECTU K MUHUMYMY TernnoBble noTepu, Temneparypa Bogbl TA BCE paBHO ONyCTUTCA A0
OTMETKW TemnepaTtypbl BHYTPEHHero Bo3ayxa nomMetleHuns T, rae ycTaHoOB/IEH akKyMynaTop Tensa (B
Hawem cnyyae T, =20 °C).

Ha pucyHke 3.56 nokasaHO, Kak MeHsnacb Obl Temrnepartypa Bogbl TA B 3aBMCMMOCTU OT
Temnepatypbl nomelleHma. B cnyyae ecnn TA ycTaHOB/MeH B OTan/jvBaeMoOM MOMELLEHUU
TemrepaTypa BHYTPEHHEr0 BO3AyXa KOTOPOro Nnoagepxmsaetcs Ha yposHe 20 °C, akkymynatop 6yaet
OXNaXAaTbCs COrNacHo KpuBoi 1 Ha pucyHke 3.56.

TA MOXeT ObITb YCTaHOB/IEH B MOMELLEHNM, B KOTOPOM OTCYTCTBYKOT 060rpeBate/ibHble

ycTpoiicta 1 npu T, = 0 °C TemnepaTypa Bogbl TA onyctutca o 3HadeHus 0 °C uyepe3 13 fHeit
(pucyHok 3.56, kpuBas 2), a yxe npu T, = -20 °C Temneparypa Bogsl TA focTUrHeT otmeTkn 0 °C

yepes 7,5 cyToK (pnucyHOK 3.56, kpmeas 3).
3.2 MaTemaTunyecKoe onncaHme BOASIHOr0 akKymysTopa Tenna uuamHApPuyecKoi hopmbl

LinnnHapryecknii BoasHo TA npefcTaBnseT coboi EMKOCTb C BOJOW, KOTOpasi OrpaHu4yeHa
OAHOW LWINHAPUYECKOW CTEHKOW M ABYMS MIOCKAMW (M NONYCHEPUYECKUMM) CTEHKaMK (PUCYHOK
3.6) [100]. TennoBble NOTepn TaKOro akKymynaTopa 6yayT CKnagbliBaTbCA 13 NOTEPb Tera Yepes Bce

TPU CTEHKM aKKyMynsiTopa.
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PucyHoK 3.5 - 3aBUCMMOCTb TEMMepPaTypbl BOLbI BOAAHOIO TEM/IOBOTO aKKYMY/IATOPa OT BPEMEHU: & —
NPy U3SMEHEHUW KO3IPMULIMEHTA TENNOOTAAYN aKKYMYNATOPA, KpMBble 1-4 cooTBeTCcTBYIOT K, 0;
0,05; 1 v 10 BT/(M*rpag); 6 — Npy1 pasnnyHbIX 3HaYEHNAX TeMMepaTypbl BHYTPEHHEr0 BO3ayXa

nometLeHuns, Kpusble 1-3 cootsetctBytoT T, 20, 0 n -20 °C.

PucyHOK 3.6 - O6LLMIA BUA LUINHAPWUYECKOTO TEM0BOr0 akKyMynsTopa.

Mepenaya Tenna yepes naockyto (Topuesyto) cteHkKy TA [100]. PaccMoTpuyM npoLiecc rnepeHoca
TennoTbl OT HarpeTol BoAbl TA K OKpYXXatoLlel cpeje, rae ycTaHoBneH TA, yepes pa3fenstoLlyro nx
NNOCKYK CTeHKY (PUCYHOK 3.7). B 3TOM cnydae npouecc onpeaensieTcs COBOKYMHbIM [eACTBUMEM
pasInyHbIX BUAOB nepeHoca TennoTbl. OT HarpeTor BOAbl K CTEHKE M OT CTEHKM K OKpYXatoLyew
cpege (Bo3ayxy) TensoTa nepeaaeTcs BCMEACTBME KOHBEKL MU, Yepe3 CTeHKY TensoTa nepegaercs 3a
CYET e€ Ten/IoNPOBOAHOCTH.

[MyCTb TONLMHA CTEHKM aKKYMYNATOPa COCTaBNAET O, KOIPMPULMEHT TENSONPOBOAHOCTU CTEHKM
A. 3HauyeHne Ko3hMLMeHTa TENIOOTAAYM CO CTOPOHbI HarpeToin BoAbl Kir, @ CO CTOPOHbLI BO3AyXa
Kor. Mpun ycTaHOBMBLUEMCSA TEMJIOBOM COCTOSIHUM KOJIMYECTBO TEMNJOThI, NepefaHHON OT Harpetou

BO/bl K CTEHKE, PaBHO KOJINHECTBY TEM/OThI, OT,D,aHHOVI OT CTEHKN K BO3AYyXY, T. €.
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_(TBH _THap): KZF(THap _TB)’ (37)

raoe Qs - MAOTHOCTb TEMJIOBOrO MOTOKA Yepe3 MIOCKY CTeHKY TA, Br/im% T, u T -

BH Hap

COOTBETCTBEHHO TEMMePaTypbl BHYTPEHHEW U BHELLIHE NOBEPXHOCTEN CTeHKN TA, °C.

T4

PucyHok 3.7 - Tennonepefaya yepes Na0CKYH CTeHKY TA.

Ecnm nnockas CTeHKa COCTOMT M3 N CN0eB TOMWMHOW 01, Oz, ..., Opn, KO3((PULMEHTBI
TENN0NPOBOAHOCTU KOTOPbIX A1, A2, ..., An, TO MJIOTHOCTb TEM/IOBOr0 MOTOKA 4epe3 Heé MOXHO
BbIPa3nTb CNeAyHLLM 06pa3oMm:

(TBH _THapn )

LT (TTA _TBH): d =Ky (THapn _Ta)- (3.8)
|

n
i=1 !
O6llge 3HaueHve TeMOBbIX MOTEPb 4epes MIOCKYK CTeHKy nowadsto Fo, MOXHO

onpefenuts no gopmyne, BT:
QF = qF : FOKp’ (3.9)

rpe F,, =p -R}, - nnowage Nnockoit TopLesoit cTeHkn TA, BbINONHEHHOM B (hopMe OKPYXKHOCTH,

M2,

Mepegava Tenna u4epe3 uunmMHApuyeckyro (6okoByto) cTeHKy TA [100]. PaccmoTpum
LWNMHAPUYECKYIO CTEHKY aKKymynstopa Tensa C BHYTPEHHUM AnameTpoM Dgy ¥ BHELWHUM Dy,
ANMHOR L 1 Ko3(hduumeHTOM TennonpoBogHocT A. BHyTpu TA HaxoamTcs Boga C TeMMepaTypol
T1a, CHApPYXXKM BO34yX C TeMnepaTypoli Tg. CO CTOPOHbI BOAbI KOAPMULMEHT TennooTaaum paseH Ky,
CO CTOPOHbI BO3AyXa OH paBeH Ky . TemnepaTypbl MOBEPXHOCTEN CTEHKM COOTBETCTBEHHO pPaBHbl Ty

W Thap (PUCYHOK 3.8).
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AHanormyHo npefbiayliemy cayyaro npuv yCTaHOBUBLLEMCA TernjioBOM COCTOAHUU CUCTEMbI
KONMYECTBO TEMN/OThI, OTAAHHOI BOJOI CTEHKe, PaBHO KOMIMYECTBY TEN/OThI, BOCTIPUHATO BO3YyXOM,
oTKy/a:
2l (T T o)
hap.

D

BH

qL = KlL DBHp (TTA _TBH> = K2L DHapp (THap _TB)’ (310)

In

rae d, - NAOTHOCTb TEMMIOBOrO NOTOKA Yepes LUMHAPUYECKYHO CTEHKY TA, BT/M.

T
l Tra N
3 Ko
TBH
Ky T“ap
— — » TB
~—~

_‘LL VQL
— &H—>
< Riap >

PucyHok 3.8 - Tennonepefaya yepes LNIUHAPUYECKYHO CTEHKY TA.

B cnyyae MHOrocnomHoOM UUAMHAPUYECKOW CTEHKW, BbINOHEHHOW M3 Pa3fIMyHbIX MaTepUanoB 1
COCTOSILLEN M3 N CNOEB, (hopmyny ANs pacyéta TenaoBOro NnoToka MOXKHO 3anucaTb B ClefyHoLieM

BMae:
2p (TBH -T Hap,, )

-1 DHapi
zl—ln 5

i=1 0 BH;

q. = KlL DBHp(TTA _TBH): = KZL DHapﬂp(THapn _TB)' (3.11)

Tennosble NOTEPU ANS BCEN LUMNMHAPUYECKON CTEHKN, ANMHA KOTOPO L, MOXHO paccumTaTh no
(opmyrne, BT:

Q =9, L. (3.12)

Torga gna onpefeneHns CyMMapHbIX MnoTepb Tenna TA UMAMHAPWMYECKON (hOPMbl MOXHO

3anmcaTb BblpaXeHVe B BUAE:
Quor =2Q; + Q. (3.13)
Ecnn TemnepaTypa Hapy>HOW CTeHKM TA He3HauMTeNbHO OT/IMYaeTcs OT TemnepaTypbl BoAbl

TA, T0 B pacyéTax MOXHO NPUHATb, YTO T, =T;,.
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Mo aHanorum ¢ BbipaxeHnem (3.1) n ¢ yuétom qopmynbl (3.13) ans TA UMAMHAPUYECKONR

(hopMbl TeNIOBOI 6anaHC MaTEMaTUYECKN MOXHO MPeACTaBUTL B CIeAYHOLLEM BUAE:

d(\/TACpTTA) _ (0)

a =Qry —Qna —(2Q: +Q), (3.14)
nm ¢ yuétom opmyn (3.3), (3.7), (3.9), (3.10) n (3.12):
d(V;AC Tra)
=P =T v Cy Ty - [2K e Fo (Top =T, )+ Ky Doy pL(Ty —T,)]. (3.15)
Mocne npeobpa3oBaHuii ypasHeHe (3.15) npuHumaet sug [100]:
d(V;.C Tha)
% Vi, Co T Vi, C Tr — (2K e Foy + Ky Dbl )- (Tra =T, )] (3.26)

[MponHTerpmupoBaB ypaBHeHWe (3.16) Mo aHanormym ¢ BbipaXeHUem (3.4), MOXHO MNONYYUTb

IKCMOHEHUMAJTbHYKO 3aBUCUMOCTb TeMnepaTypbl BOAbl LWINHAPUYECKOIO TEMJ/IOBOIr0 aKKyMy/AaTopa

W, T

OT BPEMEHM NP HauasibHbIX YCNoBusaX (t=0) Try Nya s Tra) s T

2K, F +K,D_pL
nTATT(X)+( 2F" okp 2L Happ )TB

C n., (2K.F,,+K,D,.pL
Ton= P +| ex —TA+( 5P+ K D) |-
+ (ZKZF FOKp + K2L DHapp L) VTA VTACp

Nra
C,

3.17
(ZKZFFOKp + KZLDHapp L)TBO ( )

C
AT p
i (ZKZFFOKp + KZLDHapp L)
nTA) + c

p

)
nTA)TTA) +

[ns NpoBepKM MpaBWU/ILHOCTU MOJTYYEeHHbIX (POPMY/ST MOXHO CMOAennposaTb paboty TA,
OAHOBPEMEHHO MPOBECTU NPaKTUYECKUI 3KCMEPUMEHT W Aasiee CPaBHUTb pe3y/bTaTbl PacyéToB C
N3MEPEHUAMU, NONTYYEHHLIMU B XO/e 3KCNEepUMEHTA.

1. MaTtemaTnyeckoe MofenvMpoBaHue paboTbl BOAAHOMO TA LUAVHAPUYECKOA POPMbI B peXnme
0XMAaHUS TEN0BOW HarpysKu.

TennoBoli akKymynisiTop MOXeT OblTb 3apsXKeH MOMHOCTbI) WM YaCTUYHO [0 HEKOTOpOM
Temnepatypbl T, (T;, >T,), HO BCNEACTBYE pa3HULbl Temnepatyp T, U T, B peXxumMe oXuaaHus
TemrepaTypa BOLbl akKymynstopa OyAeT CHUXKATbCA Ha Be/IMYMHY, COOTBETCTBYHOLLYIO TErn/oBbIM
noTepsaM yepes CTeHKM TA.

PaccmoTpuMm cnydald, korda TA 3apskeH 10 COCTOSIHUS, COOTBETCTBYIOLLErO0 Haya/bHOM

TemnepaTtype BoAbl T, = 86.5°C. Bce pacyétbl OyfeM npoBOAUTbL ANA UunnMHApuyeckoro TA

BMECTUMOCTbI 0.001 M*, OCHOBHbIE pasMepbl KOTOPOro npeacrasneHbl B Tabnuue 3.1.
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Tabnuua 3.1 - Pasamepbl TA unnnHapryeckoi opmbl

BHYTpeHHWIA [nnHa Hapy>kHbIi1 TonwwmHa
06b8M Vra, M° | (BbicOTa) L, M | anametp Duap, M CTEHKN O, M
0.001 0.145 0.1 0.0014

Ecnv npeanonoXuntb, Y4To akKyMynsaToOp YCTaHOB/IEH B MOMELLEHMK, TeMMNepaTypa BHYTPEHHErO
BO3/yXa KOTOporo coctasnseT T, = 24°C, T0 B peXKuMe 0XWAaHWUs TENNO0BOW Harpysku (CoXxpaHeHus B
TA HakOMN/IEHHON TENSI0BON 3HEPrun) U3MeHeHWe TeMnepaTypbl BOAbl aKKyMynsTopa MpouCXOAuT
TO/IbKO BC/IEACTBME NOTepb Tensa.

Otctopga ypaBHeHus (3.16) u (3.17), onpegenstowme TennoBov 6GanaHc TA U M3MeHeHWe

Temnepatypbl BoAbl TA 6yAyT BbIrNsAAeTb COOTBETCTBEHHO, Ceaytowmm obpasom [100]:

d C.T
W — (2K Fyp + Ky Doopl)- (Top = T,)] (3.18)
n
2K.F _+K,D,.pL
Tia=T, +[EX[{—( al OK\p/+ CZL o )'tjlj'(TTﬁn _TBO) (3.19)
TA~p

B 3aBucumocTy OT KoathpuumeHToB TennooTgaun K,. n K, , MOXHO MOMyYUTb pas/inyHble
KpviBble oxnaxaeHus Bogpl TA (pucyHok 3.9).

Tak npv HayanbHOW TemnepaType BOAbl B aKKyMynsiTope Trp, = 86.5°C 1 KO3(h(hmumeHTax

Tennootgaun K, =5 BT/(M*rpag) u K, =10 BT/(M*rpag) (prcyHok 3.9,6, kpueas 1) TemnepaTypa
BOAbl TA MOXET NOHM3NTLCA 3a TPK Yaca (t=3) go Temnepatypbl 40°C:

(2K, F,, + K, D,.pL) }
T =T _ il o 2t T, =T, )=
TA B +(exp|: VTACp ( TA, Bo)

(3.20)

(2-5-0.008+10-0.1-3.14-0.145)
=24 +| exp| -
0.001-1163

-3D~(86.5— 24)~40°C,
roe C, = 1163 (BT-4)/(M*-rpag) — Tenn0éMKOCTb BOAbI.

3peck F,, =p R, =3.14-0.05° =0.008 m*.

Ecnm B TeuyeHuwe Bcero nepuofa OXNaXAeHus BoAbl OyfeT OTCYTCTBOBaTb MOCTYM/EHWE
TensioBon aHepruu B TA, TO OH crnocobeH paspagutecs go T,= 24°C. Mpn K,. =5 BT/(M?rpag)
Bpems paspsfKku BapbupyeTcst oT 17.5 o 5 4acoB B 3aBUCUMOCTM OT 3HadyeHus K, , MeHstoLleecs
COOTBETCTBEHHO OT 5 A0 25 BT/(M*rpag) (pucyHok 3.9,a). Mpu n3MeHeHuu K,y ot 5 go 15
BT/(M*-rpag) v K, =10 BT/(M*rpag) BpemMs Ha pa3psAKy COCTaBsieT COOTBETCTBEHHO oT 10.5 fo 7

yacos (p1cyHok 3.9,6).
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MpefnoXeHHbI  CNoco6  MaTeMaTUyeckoro

MoAennpoBaHNA

paboTbl BOogsaHoro TA

LIMNIMHAPUYECKON (hOpMbl B PEXXUME 0XMWIaHWs TENIOBO HAarpy3Kun Obla UCMOMb30BaH ANS HanMcaHus

nporpammbl A/ pacyeTa 3aBMCUMOCTM MapamMeTpoB

(MpunoxeHwe 1) [101].

TEMJIOBOro akKKymyndatopa Mno BPEMEHU

100

80

60

40

20 F 7

TemnepaTtypa Bogbl, °C

O 'l 'l 'l 'l 'l 'l 'l 'l 'l

0 2 4 6 8 10 12 14 16 18
Bpewms, yvac

20 22

24

a

100

[ee}
o

(o2]
o

TemnepaTtypa BoAbl, °C
3 5

Bpemg, yvac

10 11

12

6

PucyHOK 3.9 - 3aBUCMMOCTb TEMMEpaTypbl BOAbI BOASHOIO TEM/I0BOr0 akKyMy/nsiTopa

LMMHAPUYECKOI (hOPMbI OT BPEMEHM: a — NPU MOCTOSIHHOM KO3(h(uLyeHTe Tenn00Taaumn

akkymynaTtopa K,. =5 BT/(M*rpag), KpuBble 1-3 COOTBETCTBYIOT K, 5,15u1n25 BT/(M*rpag); 6 —

npv NOCTOAHHOM KO3huLMeHTe TennooThaun akkymynaropa K, =10 BT/(M*rpag), Kpusble 1-3

cooteeTcTBYIOT K, 5,10 1 15 BT/(M*rpas).

2. JKCMepUMEHTa/IbHaA YacTb.

SKCMepUMEHT NPoBOAW/CS B MOMELLEHUM, TemnepaTypa BHYTPEHHEro BO3dyxa KOTOPOro

nogdepxusanacb Ha YypoBHe 24°C. Bo Bpems 3KCNepuMMEHTa C MOMOLLbI  TenaoBusopa
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(hvKcmpoBanack TemnepaTypa Hapy>KHOI NMOBEPXHOCTU CTEHKM TA (pucyHok 3.10) 1 0AHOBPEMEHHO C
MOMOLLULIO  MOrPY)XXHOrOo  TEPMOMETpa  MPOW3BOAMMNCE  U3MEPeHVst  TemnepaTypbl BOAbl B

akkymynatope. O6LmMiA BUA TaKoW CUCTEMbI NPeACTaBNEH Ha pUCyHKe 3.11.

84.5°C ¢FLIR| 81.2°C

37.5°C SFLIR

PucyHok 3.10 - 3HaueHus TemnepaTypbl HapY)XXKHOI NOBEPXHOCTM CTEHKN TA, 3aiMKCUPOBaHHbIE
Terns0BM30pOM B OMNpeseSieHHbIA MOMEHT BpeMeHMW: a, 6, B, T, [ — COOTBETCTBEHHO B Ha4a/IbHbIii

MOMEHT BpemeHn 1 yepes 5, 35, 60 MuHyT, 3 yaca.

B kauecTBe TA ucnonb3oBanacb EMKOCTb B (hopMe LUUIMHAPa C BHYTpeHHUM 06bémom 0.001 M,

CTEHKM KOTOPOI BbIMO/HEHbI M3 CTeKNa, KO3(MUUMEHT TennonpoBOAHOCTY COCTaBNSET Ag= 0.76
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B1/(M-°C). TonwumHa cTeHoK paBHa 0.0014 M. Hapy)XHbliA U BHYTPEHHWIA AUaMETP COOTBETCTBEHHO
cocTaBNAT Dygp = 0.1 M 1 Dy = 0.0972 .

— Tepmometp

Tennosunsop

/

Evmkocts | ||  |------1 A

u u
Boga

PUCyHOK 3.11 - Cxema KOHCTPYKLUN ANst N3MepPeHns TeMnepaTypbl BOAbI B TEMIOBOM akKKyMy/isiTope

1 TemnepaTypbl €ro Hapy>KHO NMOBEPXHOCTU CTEHKM.

Pe3ynbTaTbl 3KCMEPUMEHTa/IbHLIX WCCMeLOBaHW NpeAcTaB/ieHbl Ha rpagmnke (pucyHok 3.12).
Ha puvcyHKe npvBeAeHbl 3aBUCMMOCTY U3MEHEHWS TeMMepaTypbl BOAbl B aKkKymynaTope (Kpusas 1) u
TemrnepaTypbl ero Hapy>How MOBEPXHOCTU CTeHKM (KpuBast 2). BUaHO, 4TO Mo mepe oxnaxaeHns TA
MHTEHCMBHOCTb OCTbIBAHWS BO/bl 3aMe/19eTCs, C/iefoBaTe/lbHO, TEMNI0BOIN MOTOK Yepe3 CTeHKN TA, a,
3HAUMT, W TennoBble MNOTEPU YMeHbLUAKTCA. AHANOMMYHBIA  XapakTep paspsgky  BOAAHOIO

akKKymynaTopa Tennia UWIMHLPWUYECKON (DOPMbI B PeXUME OXMUAAHWUS WANKOCTPUPYIOT KPUBbIE,
N306paKEHHbIE Ha PUCYHKE 3.9, NONYYEHHble PAaCYETHLIM MYTEM.

A OO o =
o O O o

Temnepatypa, °C

w
o

N
o

Bpems, yac

PucyHok 3.12 - 3aBUCMOCTM TeMrepaTypbl BOAbI B akKyMynsTope Tensna (Kpusble 1 1 3) u
TemnepaTypbl ero Hapy>HoM NOBEPXHOCTU CTEHKM (KpuBas 2) OT BpeMeHU: 1 1 2 — 3KCNepUMEHT, 3 —

pacyéThbl.

MpefcTaBnseTCcs Lenecoo6pasHbiM OLEHNTb, HACKOMbKO MaTeMaTUYeCK/ TOYHO MPe/IOKeHHbI
cnoco6 MoaenMpoBaHus paboTbl BOASHOrO TA UMAMHAPWYECKO/ (hOpMbl OMMCLIBAET MPOLECC

paspaaKN akKKyMynsTopa B peXkKrMe 0XWaHUs TennoBOi Harpysku. cnonb3ys akcrnepyMeHTa/lbHble
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[aHHble (PUCYHOK 3.12, KpuBble 1 1 2), MOXHO BbIYMCIUTL CPeAHMe KOID(MULMEHTbI TENIO0TAauM

K2ch " szcp, npeaBapuTenbHO paccynTaB A/ HECKONbKUX 3HaYeHUi BPEMEHN TennoBOM NOTOK

yepes Kaxayr cteHKy TA. 3aTem pacYéTHbIM MyTéM, aHaOTMYHO PUCYHKY 3.9, MOXHO MONYy4YuUTb
KPUBYHO M3MEHEHMA Temnepatypbl BoAabl B TA U CpaBHUTb €€ C KpMBbBIMA Ha pucyHke 3.12,
MOIy4YeHHbIMU B XO[e 3KCreprMeHTa.

Ans onpefeneHns TensjioBoro rnotoka ¢, 4epe3 LWIUHAPWUYECKYKO CTEHKY B OMpeAenéHHbIi
MOMEHT BPEMEHM MOXHO BOCMO/b30BaThCA BblpaeHneM (3.10). TemnepaTypy BHYTPEHHEN CTEHKWU
TA MOXHO MPUHATb Kak CpefHee 3HaueHVe Mexay TemnepaTypoil Bogbl TA 1 TeMnepaTypou
HapY>XHOW NOBEPXHOCTUN CTEHKMN:

B Tia +THap
T 5

[nsa pacyéTta TensoBoro NOToka MOXKHO BbIGpaTh Cnefyouime MOMeHTbl BpemeHu: 0, 25, 180 n

(3.21)

360 MMHYT, COOTBETCTBYHOLLME TeMmnepaType Boabl TA: 86.5, 70.5, 38 n 28.1°C.

B wtore npn T,,=86.5°C un T, = 84.5°C Ten/10B0ii NOTOK COCTaBUT:

_2pl (T T oo _2-3.14-0.76-(85.5-84.5)

A D 0.1
in 2w I
D 0.0972

BH

= 168.1 BT/m. (3.22)

Mpn T, =705°Cn T, = 68.3°C - g, = 184.9 B1/m.

Mpn T,,=38°Cn T, =375°C - q_=42BT/m.

Mpn T,,=28.1°Cn T,,,=28°C - q, = 8.4 BT/m.

Torga Koa(hMUMEHT TeN00TAAUN MOXHO BbluMcIMTL o dopmyne (3.10). Mpu T, = 84.5°C

KO3(h(hMLMEHT TEN00TAAUM ONPEAENNTCS Kak:

Ka = DHapp(?:ap -T.) 0.1.3.1??5;411.5— ony ~ 88 Bri(u rpag). (3.23)
Mpu T, = 68.3°C - K, =13.3 BT/(M*rpag).
Mpu T, = 37.5°C - K, = 9.9 BT/(M* rpag).
Mpu T, = 28°C - K, = 6.7 BT/(M*rpag).
CpeaHuWin KoapUUMEHT TennooThaumn 6yaeT paBeH:
Koy = o0 +13'3: 29457 _ 9.7 Bri(w® rpag). (3.24)

icnonb3ys paBeHCTBO (3.7), aHa/IorMuHble PacUETbl MOXHO NMPOBECTM AN1S NIOCKOI 0JHOPOAHOI

cTeHkn TA, rae cpegHuii KOaPULMEHT TENI00TAAUN COCTABUT:
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9+135+10.1+6.8
KZFcp = 4

[Nna  Nony4veHHbIX KO3(guumMeHTOB TensiooTdauu, wucnonbdysa dopmyny (3.19), MOXHO

= 9.8 BT/(M*rpag). (3.25)

paccuMTaTb M3MeHeHue TemnepaTypbl BofAbl B TA B 3aBWCHMOCTM OT BPEMEHM, YTO rpagmyecku
WNNOCTPUPYET pUcyHoK 3.12, KpuBas 3. M3 puCyHKa BUAHO, YTO pe3ynbTaTbl pacyéToB GM3KM C
N3MEPEHUSMM, MOMYYEHHBIMU B XOAE 3KCMepuMeHTa. [IpyMeHeHVe NpeANoXeHHOro crnocoba
MaTeMaT1YeCKOro MOAENMPOBaHMS paboTbl BOAAHOrO TA LWMAMHAPUYECKOW (HOPMbl MO3BO/MSET
MPaKTUYECKN TOYHO OMUCHIBATL COCTOSIHME aKKyMy/sTopa B PEeXMME 0XWUAAHWUSA TEenaoBOi HarpysKu.
OTctoga cneayeT, UTO MO/yYeHHbIe OPMy/bl, MPUMEHSEMbIE B XOA€E PacyETOB, BEPHbI M NOAXOAAT

AN MaTeMaTUYeCKOro OnmcaHus BOASHOrO TA LUINHAPUYECKON OpMbI.

3.3 MartemaTtnyecKoe onmncaHue 3faHnsa Kak akkyMynsatopa Ternsia 60/1bLoi eMKOCTH

JTrtoboe »Xunnoe 3aaHMe MOXKHO pacCMaTpUBaTh B KaueCcTBe aKKymynsTopa Ten/oBOW 3HEpruu, B
KOTOPOM TEMNI0aKKyMy/IMPYOLWNMI  MaTepuanaMmy ABMSKOTCA BO3AYX, HapYXXHble WM BHYTPEHHWe
CTEHbI, NepeKpbITUA, Kpbilwa u T.4. (pucyHok 3.13) [102]. Bce 3T maTepuasnbl CNOCO6HbI B cebe Kak

HaKoOMMTb HEKOTOPOE KONMNYECTBO TEennoBOM SHEPIrnMn, TaK W TMOCTENEHHO €ero oTAaBaTb B

OKpy>katoLyto cpegy [103].

Kpbiwa

Bosayx,
MeperopoaKu,

BHYTPEHHWE CTEHbI,

Hapy>kHas cTeHa,
yTenauTesb

ABEPU U T.[.

PucyHok 3.13 - YcnoBHoe n3obpaxkeHne 3aaHns B BUAE TENIOBOr0 akKyMynsTopa.

TennoakKyMynMpyroLLyt Cnoco6HOCTb 3[4aHWUs MOXHO WCMO0Mb30BaTb B NEpuofbl, Korga
MMeKTCA U36LITKM BETPOBOI 3Heprum (NOCTynIeHe BETPOBOW 3HEPrnM NPeBOCXOAUT NOTPEOHOCTY B
Hei) [102]. Bnarogapsi Takum M30bITKaM MOABASETCA BO3MOXHOCTb MOBLICUTL TeMmepatypy
BHYTPEHHero Bo3fyxa nomeLLeHunii B npegenax ot 18 o 25°C, a 3aTeM B MOMEHTbI CO €1abbiM BETPOM
CHU3UTbL TemnepaTypy B WHTepBane oT 25 o 18°C. lopaepxaHwe TemnepaTtypbl BHYTPEHHErO
BO34yXa B YKa3aHHOM AuanasoHe He [OMyCKaeT nepetona 3f4aHWs MU COOTBETCTBYET KOM(OPTHbLIM
YCNOBUAM NPOXUBaHWS NIOLEN.

Pacxog Tensia Ha OTOMeHWe OTAEeNbHOIO 3aHNA ONpesenseTcs, UCX0L4A U3 TernnoBoro 6anaHca

30aHnA.
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Q, —Q, =0, (3.26)
roe Q, - Tenno, NocTynaroLLee 0T KOTENbHON YCTaHOBKY 1 BOCMONHAIOLLIEE TEN/IOBbIE NOTEPU, KKa/y;
Q, - noTepu Tenna, KKan/u.

TennonoTepn 3aaHNA Yepes HapyXXHble OrpaXkaeHUs onpeaenstoTcs BbipaxeHnem [30]:
Q=Q,=qV,k(T, -T,). (3.27)
YpaBHeHue (3.27) XxapakTepusyeT MpoLecc, npyv KOTOPOM BHYTPEHHSAS TemrepaTypa Bo3gyxa
MMeeT YCTaHOBMBLLUNIACA XapakTep. B cnyyae nameHeHus Temnepatypbl B hopmyny (3.26) gobasutcs

coctasnsowas Q. , XxapakTepusyrowas KonnyecTso Tensa, HakananBaemoro B 34aHum (npv Harpese)

307

UMW TEPSIEMOTO UM (B CNyyae OXNaXKAEHUS):
Q, +Q, —Q,=0. (3.28)

[nsa BennunHbl Q. , NPeACTaBNAIOLLENA COO0 KONMYECTBO TEMNOBOIN 3HEPT N, aKKYMYNIMPYEMOM

30
(Mnn Tepsiemoil) BHYTPU 34aHWs BO3AYXOM W mMaTepuanamm (CTeHamu, NePeKPbITUAMM U T.4.), MOXHO
3anuncarb:

B B dTB M M dTB
Qap, =Mm Cp F'i‘ m Cp dt y (329)

rie m° n m" — COOTBETCTBEHHO Macca BO3flyxa W MaTepuanos, kr; C: u C;' - TennoemKkocTy

BO3/lyXa 1 MaTepuanoB, KKan/Kr-rpag; t - Bpems, u.

113 obuiero o6bEMa 3aaHMs V., Ha MaTepuasibl (CTEHbI, NEPEKPLITUS U T.4.) NPUXOANTCSH 06BEM

Ny M Ny A B M B
paBHbIA V" -V, , a oCTaBLUMIACS 00bEM V° -V, — 3TO BO3AYX BHYTpU 3aHus [102]. 3peck v" n v° -

34
3TO MPOLLEHTHOE COAEPXKaH1e MaTeprasioB 1 Bo3ayxa B 06LieM 06béMe 3aaHuns, %.
C y4éTOoM cKasaHHOro hopmyna (3.29) MOXeT BbIrNA4eTb CNeayowmnm 06pasom:

dT,
dt

dT ,
Q, =V*V,C® ddtB TRVAV ol gL i (3.30)

M

rge C5 =C>-r°nC) =C) r" - TennoéMKOCTM BO3AyXa 11 MATEPUANOB, KKan/M>rpad; r° nr " -

NNOTHOCTM BO3/lyXa U MaTepuasnos, Kr/m°.
B Ta6bnuue 3.2 nprBeaeHbl 3HaUeHNs MIOTHOCTU U TEN0EMKOCTW HEKOTOPbIX BELLIECTB.
Ecnm TennocHabXeHVe OCYLLECTBNSETCA TONbKO OT KOTE/bHOM, TO ypaBHeHMe (3.28) ¢ y4éToM

CKazaHHOro MO)kHo 3anucarts B Buge [102]:
BB’ MM dTB
vV, (vc? +vic? )T+qV3HkV(TB ~T,)=Q,. (3.31)

IHTerpupoBaHue 3Toro AvghepeHUManbHOrO YpaBHEHWUs AaéT pelleHue, onpeaenstollee

M3MeHeHWe TemnepaTypbl BHYTPEHHEr0 BO3ayXa:
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T, = 2 +| exp —— B,q UM, -T, - QK° )+ T, . (3.32)
qv,, (v'C, +Vv'C)) qV,,K,

38"V

BugHo, uTo Temnepatypa BHYTPW MOMELLEHUS 3aBUCUT OT KOMN4YecTBa TEenoBoA IHEPT NN,

BblpabaTblBAEMOI KOTE/IbHOW, TEMMEPATYPbl HAPYXKHOI0 BO3AyXa U CKOPOCTW BETpPA.

Tabnuua 3.2 - TN0THOCTb M TENIOEMKOCTb BO3JyXa M HEKOTOPbIX CTPOUTENbHbLIX MaTepuanos [102,
104]

BellecTBo, MAOTHOCTb, Kr/M> TennoémkocCTb,

MaTepua KKan/Kr-rpag | Kkan/m°-rpaj
Bo3gyx 1,293 0,24 0,31
LLIyHrn3nTobeToH 1400 0,2 280
Ma30- 1 NeHo6eToH 650 0,2 130
BeToH 2300 0,2 460
[Jepeso 500 0,55 275
Kvnpnny (knagka) 1800 0,21 378

Ecnn Hapsay € KOTe/IbHOW 418 OTOMNIEHNS UCNO/Mb30BaTh BETPOIHEPreTUYECKYHO YCTAHOBKY, TO
MPU UX COBMECTHOM paboTe YacTb rparika OTONUTENbHOW Harpy3ku 6yaeT NoKpbiBaTbcs 0T BOY (B
nepBooYepeaHOM MOPsAKE), a OCTasbHasA - OT KOTeNbHON. B nepunoabl ¢ CUnbHbIM BETPOM B3Y MoxeT
B 3HAYMTENbHON Mepe MAM MONMHOCTbIO 06ecneynTb NOTPEOHOCT B Tenne (PUCYHOK 2.16, obnacTb
ronyboro uBeTta), a MHOr4a Aaxe co3daTb M30ObITOK 3Heprun (obnactb ceporo ugeta) [102]. 3aTo B
nepuoabl MasioBETPEHON MOrofbl MOYTM BCA Harpyska NsHKeT Ha KOTenbHYK (06/1acTb KpacHOro
LiBeTa).

C y4éTOM CKa3aHHOro ypasHeHus (3.27) u (3.31), COOTBETCTBEHHO, MOXKHO Nepenuncath Kak:

Qo =ng+Qsay :qu,qu(TB _TH) (333)
v, (ver +vie )\ e L quok, (T, -T,) = 3.34
3,qV p—i_v p dt +q 30 v( B H)_QKg+Q53y! ( )

roe g- AoNs yyactTus KOTeNbHOW B MOKPbITUM rpadinka OTONUTENbHON Harpysku; Q. - Tenno,

B3y
nocTynaroLLee 3a CYET paboTbl BAY, Kkan/u.

N3 pelieHns auddepeHumnanbHoro ypasHeHmst (3.34) cnegyet, yuto npu paboTe KoMMiekca
«KOTeflbHast + BAY» BHYTpeHHAA TeMrnepaTtypa Bo3fyxa B 34aH1M OMNMCbIBAETCS 3aBUCUMOCTbIO:

N +
_I_B _ QKg Qaay +| exp| - ’ q —t - (TB _TH _M) +TH , (335)
qv3p,kv (VBC; +VMC;)VI) ’ ’ qV3,qu0

KoTopasi BK/tOYaeT B cebs MmapameTpbl, onpeaenstolive BKAag Kak BY, Tak W KOTeNbHOl B

MOKpPbITVE rpadinka OTONUTENbHON Harpy3ku. B AaHHOM cnydae BETep, C OfJHON CTOPOHbI, BbICTYMNaeT
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Kak (pakTop MOBbILLEHNA TEMI0NOTEPb, @ C APYroi — KaK UCTOYHWK 3HEPTUK, BMOSHE NPUTOAHBIV 4N
MCNONb30BaHNA Ha HYX /bl TernnocHabxeHns [94].

Ha pucyHke 2.16 B KayecTBe npumepa MNokasaHO BO3MOXXHOe ydacTne BIY B MOKPbITUK
rpajuka OTOMUTENLHON Harpysku n. JlogeinHoe. 3TO yyacTve onpefensercs 06/1acTbio ronyboro
uBeta. KotenbHas [JononHseT paboty B3Y (obnacTb KpacHOro ugeta). 3MeHeHue BHYTPEHHel
TemrnepaTypbl BO3AyXa, OnpeaensieMor u3 ypaBHeHUs (3.32), OnucbIBaeTCs NPSMOM 1 Ha PUCYHKe
3.14. Yuyactne B3Y Takxe onpeaensietca ronyboi 06nacTblo, a BKAag KOTENIbHOW - 061acTbio

KpPacCHOro uBeTa.

AhhekT OT NpumeHeHus BIY fns TennocHabxeHus onpefensercs Bkafom BIY AT B
obecrieveHne BHyTpeHHel Temnepatypsl T, (pucyHok 3.14) [102].
[ns Tekylero yaca (gHs):
AT =T, —ATS, (3.36)
roe AT - BKnag KOTeflbHOM B TeniocHabXeHve.

B cnyuae yCTaHOBVBLUEICS TeMMnepaTypbl BHYTPEHHEro Bo3ayXa:

0, ecm Q, =Q,

AT = Q T (3.37)
K -g, ecnm
(qV k + H ) g Qsay < QK

30NV

n Torga

T,, ecm Q,, 2Q,
B3y _
AT = Quy

V., k

34NV

(3.38)

+TH (l_g)! ecnu Qsay <QK |

B cnyuae n3MeHeHMs BHYTPeHHeli TemnepaTypbl BO3ayXa:

0, ecm Q,,, 2 Q,

ATK \?Kk + |:exp(_ ( BCB’ q MCM’) t}} * (3 39)
=4/ qV,Kk, VPC? +v :
g P P -g,ecm Q,, <Q,
Q.

30NV

(T, -T. -

Bo Ho

)+ T,

n Torga yyactne BaY:
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T,, ecm Q,,, = Q,
ATBsay = Qsay +| | exp| — ; f —t '(TB _TH )+TH (1_9)_ ' (340)
qV,,.K, (v°C, +Vv"C") ° °
q Qsey
—|exp| — , —t |- , ecm Q,,, <Q,
P (V°Co +V"CY) ]| qV,k, Quy <Q

MonyyeHHble YpaBHEHWS| XapaKTepusyloT BKMagq B3Y B  NoAAepXaHUM BHYTPEHHei
TemnepaTypbl Bo3gyxa.

TemnepaTypa BHYTPEHHero
Bo3ayxa, °C
=

o N A O

6 7 8
Mecsubl

PucyHok 3.14 - CocTaBnftoLme Temneparypbl BHYTPeHHEro Bo3ayxa B 34aHuu, oTan/1nsaeMom
KOTeNbHOW 1 BOY: 1 — TemnepaTypa BHYTPEHHEr0 BO3/yXa, NoAaepXmBaemas Ha ypoBHe 18°C; 2 —

BKMag BOY (06nacTb rony6oro uBeta); 3 — BKNafj KOTe/bHOM (061aCTb KPacHOro LBeTa).

MpaKTMYecKoe WCMOoMb30BaHNE MOMYYEHHbIX pe3y/bTaToB. PaccMoTpuM paboTy Komriiekca
«KOTeNbHas + BAY» NPUMEHUTENbHO K ABYX3TaXHOMY 34aHut0 06bémom 800 M (okono 300 M
MoNesHoM NnoLaamn), pacnosioKeHHOMY B pavioHe C pacyeTHOM TemrnepaTypoil Camoil XO0L4HOW
MATUAHEBKM PaBHOM MUHYC 27°C. ECM y4ecTb BAUsSHUE BeTpa (PUCYHOK 2.4), TO NpuBeAEHHas (C
YUETOM BETpa) pacyeTHas TemnepaTypa Camolii XOMOAHOW NATUAHEBKU COCTaBUT MUHYC 32,4°C.

YpenoHasa TennoBas XapaKTepucTuKa 3aaHua coctasnset g=0,5 KKan/M3-L|-rpa,q [23]. BHyTpeHHMe n

HapyXKHble CTEHbl 3[aHUA BbIMOMHEHbI W3 LYHMU3NTOGETOHHBIX G/IOKOB (TernoémkocTs C°=0,2

KKan/Kr-rpag; nnoTHocTb r “°=1400 KF/M3). B KkoHeuHOM uTOre pacuyétHas noTpebHas BeMuMHa
MOLLHOCTN  KOTE/IbHOW, Heobxoaumas [ns MNOALEePXKaHWS HOPMA/IbHOro  pexuma  OTOMNJIeHUs
paccmaTpmBaeMoro 3faHms COCTaBUT OKOMO 22,6 TbiC. KKan/d. B o6wem cfiyvyae BHYTPEHHAA
TemrnepaTtypa BO3AyXa B 3A4aHUM HENoCTOAHHa. OHa MOXET MOHWKATLCA WM MOBbILLATLCA NOJ,

B/MSIHNEM PA3NINYHbIX BHELLUHUX U BHYTPEHHMX (hakTopos [102].
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1. OxnaxgeHve 34aHMs. ITO MOXET MPOUCXOAWTb, HaMpUMep, B Pe3ynbTaTe MOHUKEHUS

Hapy>XHO TemnepaTtypbl BO3ayxa WAK cboeB B paboTe CUCTEMbI TEM/IOCHaGXEeHUs. PaccmoTpum
CNnyyaw, Korja KoTefbHas Mo Kakon-TO MpuyMHe OTKIKUMNach nonHocTbio (Q, =0). Bce BbIKnaLku

nposegem 13 pacyéta Ha 1 M 34aHuns. YpaBHeHue (3.34) B 3TOM Cyyae MOXHO NpeCcTaBuTb B BUAE:
BB’ LW w6’ dTB
v, (vCE +yeecys )T+qV3HkV(TB ~T.)=Q,, (3.41)

113 obLuero obbéma 3aanHus V, =800 M® Ha CTeHbl 1 nepekpbITUA NpuxoanTca okono 200 M3 (25
%), a ocTasLUMecs 600 M* (75 %) — 3TO BO3yX BHYTPU 3aHMS.
B pe3ynbTare nonyyaem:

g} e\,
v, (075-C% +0,25.C%0 )F+ V.., (T, =T,) = Qy, (3.42)

rge V¢ = 0,75 (75 %) n v*® = 0,25 (25 %) — 0NN BHYTPEHHEro BO3dyxa W MaTepuaioB W3
LIYHTM3NTOBETOHA B 06LLEM 06BEME 3aaHNA V, .

Pewas ypaBHeHve (3.42), nonydaeM no aHanoruym ¢ (3.35) 3aBUCMMOCTb, OMpeLenstoLyto

M3MEeHeHWe BHYTPEHHe TemnepaTypbl Bo3ayxa:

T, = AT =ﬂ+ exp| — y q —t||-(T, -T, —ﬂ)ﬂw (3.43)
qV,. K, (0,75-C; +0,25-C°) qV,,.k,,

B oTtanivMBaeMoM 34aHMM 3a CYET TensoakKymy/nupyrowenh Croco6HOCTU MOXeT ObITb

HAKOM/MIEHO HEKOTOPOE KOMMYECTBO TEMN/IOBOW 3HEPruM, B pe3ynbTaTe Yero 34aHue He CMOXKET
OXNagnTbCs MIHOBEHHO, faXe €cnM UCTOYHMKKM Tenna oTcyTcTBYT [102]. Mpouecc ocTbiBaHUS
3faHNst ByaeT MPOMCXOAWTL MOCTEMEHHO, W OH 3aBMUCUT OT TemmnepaTypbl Hapy)XXHOrO BO3AYXa,
CKOPOCTV BETPa, a TakXkKe OT Ha/Muus WAU OTCYTCTBUS AOMOMHUTENbHLIX WCTOUHWKOB TEM/0BOVA
3HEpruu.

MOXHO NpoCneanTb, KaK W3MEHUTCS BHYTPEHHss TemrepaTypa Bo3fyXa, €c/i, Hanpumep, B

HaYa/lbHbIi MOMEHT BpemeHu (t=0) oHa cocTaBnsna T, =20°C npu Hapy>Holi TeMnepaType Bo3gyxa

= -15°C 1 TennocHabXxeHWUn Tonbko oT BAY (Q, =0), ycTaHOBNEHHas MOLLHOCTb KOTOPOIA paBHa

H

MOLLHOCTU KOTeNbHOM (N, = N,,, = 22,6 TbiC. Kka//4). CpeHecyTo4Has CKopocTb BeTpa 9 m/c, pocT

TenjonoTepb 3AaHnA OT BeTpa onpefenanca KoahuumeHtom k,=1,38 (pucyHok 2.4), cpefHsas

MOLLHOCTb BOY npwu Takoi ckopocTu BeTpa cocTaBnsna 10,4 TbiC. KKan/u.
Pe3ynbTatbl pacyéToB Mo ypaBHeHWUO (3.43) npefcTaBneHbl B rpauyeckoM BUAe Ha PUCYHKe
3.15, kpmBas 1. KpmBas nocTpoeHa B MNPeAnonOXXeHWN, 4YTO CpefHEecyTOYHas CKOPOCTb BeTpa

COXpaHsifaCb HeM3MeHHON. BUAHO, YTO BHYTPEHHSS TeMMepaTypa Bo3dyxa NpumepHo yepes 20 yacoB
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ONyCcTUNACh Bbl 0 18°C — HKHEN rpaHunLbl TEMMNEepPaTypbl BHYTPEHHEr0 BO3AYXa B XW/bIX 30aHUAX,
onpeaensiemoli CaHUTapHbIMWU HOPMaMW, Yepes 2 CyToK - 1o 15°C, a uepe3 7 cyTok — o 9°C.
MpeacTaBnseT MHTEPEC PACCMOTPETb XapPaKTEP CHYDKEHMS BHYTPEHHeW TemnepaTypbl BO3AyXa,
KOrja BCE WCTOYHMKM 3Heprum (KoTenbHas M B3Y) OTKIOuYeHbl. B 3TOM C/yyae ypaBHeHWe,
onpefensiollee M3MEHeHWe BHYTPEHHel TemnepaTypbl BO3fgyXa, 6yAeT BbIFNAAETb CAEAYHOLLMM

obpasom:

q T
i { p( (0,75-C +0,25-C%") H » T+ 349

McxopHble faHHble: Q, =Q,, =0, T, =20°C, T, =-15°C.

B3y

Mpn OTCYTCTBUWM UCTOYHMKA TEM/I0BON 3HEPTM CHKEHUE BHYTPEHHEN TemnepaTypbl BO34yxa
OyfeT MMeTb eLé 6onee YETKO BbIPAXKEHHbIN YobiBatOWMiA xapakTep (pucyHok 3.15, kpueasa 2). L3
rpamka BUAHO, UTO Yepe3 9 YacoB BHYTPEHHSS TeMnepaTypa Bo3ayxa 6yaeT pasHa 18°C, a npuMepHO
uepes 5 cyTok onycTuTcs 4o 0°C.

25

Bo3ayxa, ‘C

BHYTpeHHAS TeMnepaTypa

O v v v v v v v v v v v v v

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Yachbl

PucyHOK 3.15 - CHMXeHMe BHYTPEHHEN TemnepaTypbl BO34yXa B 34aHVW NPU OTKKOYEHUM KOTE/TbHOM
1 TENNOCHa6XXeHNW TObKO 0T BAY (kpvBasi 1) 1 npu NOMHOM OTK/IHOYEHUW KOTE/IbHOW 1 BY

(KpuBas 2).

2. HarpeBaHue 3aaHusi. [lpu TennocHabXeHWW 34aHUs OT [ABYX WCTOYHUKOB 3HEPruu
(KoTenbHOM U B3Y) M3MeHeHMe TemnepaTypbl BHYTPEHHErO BO3AyXa, ONPeAensieMoe BbipaXKeHNeM
(3.35), ans paccmatprBaemMoro KOHKPETHOro 3aHns MOXKHO nepenucatb B BUAE:

+ +
T _Q9+Q, +|exp| - 4 —t|[-(T, -T, _M)+TH. (3.45)
qV k (O,?SC; +O,25C;U ) ° ’ q\/3p,kv0

30 WV

MpefcTaBNseT MHTEPEC OLEHUTb M3MEHEHKe TeMnepaTypbl BHYTPEHHEr0 BO3AyXa B 34aHWN ANS

cnyyasi, Korga npu HapyxHoii Temnepatype T, =-15°C pa6oTaeT Tofbko KoTenbHas (Q,,, =0), Npuyém

B3y
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paboTaeT C MakCMaNbHON MOLLHOCTBIO Q, =22,6 TbiC. KKan/y, T.K. BHYTPEHHAS TeMnepaTypa Bo3ayxa

Huke 18°C. Ha pucyHke 3.16a npefcTaBneHO CEMECTBO BOCXOASALUMX KPUBbIX, COOTBETCTBYIOLLMX
BHYTPEHHell TemnepaType BO3[yXa B Haua/bHblii MOMEHT BpeMeHu 1, 5, 10, n 15°C. UTo6bl npw
HavyanbHOI TemnepaType 5°C HarpeTb 3aaHue 4o 20°C noTpebyeTtcs 0kono 7,5 cyToK (pucyHok 3.16a,
KpvBad 2) [102]. MOXHO OTMETUTb, YTO BHaya/e HarpeB 34aHWA MAET WHTEHCUBHO, a 3aTem

3aMefNIfeTC MO Mepe YBENMYEHUs pasHULbl MeXAy BHYTPEHHel W HapyHOW TemnepaTypamu

BO3/YXa.

25

<

o

P 20 4

g 4
a) |&¢ 3

g3 107

I 3

Ia 2

o 5 4

g 1

T

m 0 L} L} L} L} L} L} L} L}
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PucyHok 3.16 - PocT TemnepaTypbl BO34yXa B MOMELLEHUM NpK paboTe TONbKO KOTENbHOM (a) 1 npu
0/[JHOBpPEMEHHOW paboTe KoTenbHON 1 BAY (6) [102]. KpmBble 1-4 COOTBETCTBYHOT Haua/lbHOM
TemnepaType BHYTpeHHero Bo3ayxa 1, 5, 10 1 15°C. TemnepaTypa Hapy>KHOro Bo3ayxa MuHyc 15°C.

B cnydyae, korga TensiocHabXKeHWe OCYLLECTBNAETCA OT KOMIMeKca «KoTe/lbHas + B3Y»,
CyMMapHas MOLLHOCTb [BYX WCTOYHWMKOB OyfeT CKNafblBaTbCA W3 MaKCMMa/lbHOM MOLLHOCTYU
KOTe/IbHOWN 1 MOLLHOCTN BAY, BbigaBaeMol B paccMaTpuBaemblil feHb: 22,6 + 10,4=33,0 TbiC. KKa/u.

Ncnonb3ys opmyny (3.45), nonyyaem rpagmyeckme 3aBUCMMOCTU WU3MEHEHWSI BHYTPEHHE

TemnepaTtypbl BO3Ayxa [/11 paccMaTpyBaeMoro cnyyas (pucyHok 3.166). KpuBble MOCTPOEHbI B
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MPeAnonoXXeHWn, 4YTO CPefHEecyTOYHble CKOPOCTb BETpa WM Hapy)xHad Temreparypa Bo3gyxa
COXPaHANNCb HEU3MEHHbIMMU.

Takum o06pa3oM, ucnonb3ysa gopmyny (3.35), MOXHO OTCMEXMUBATb Pa3/IMUHbIE PEXUMbI
M3MEHeHMs1 TeMnepaTypbl BHYTPEHHEr0 BO3[yXa B 3aBMCUMMOCTM OT XapakTepa paboTbl KOTENbHOW W
BETPO3HEPreTUYECKON YCTaHOBKM!.

3. Vcnonb3oBaHue TenioakKyMynvmpyroLle crnocobHOCTU 34aHus. Bbile 0TMeYanoch, YTo B
XWUNbIX 34aHMSAX AONYCTUMO KosiebaHWe BHYTPEHHe TeMmnepaTypbl BO3fyxa B npefgenax oT 18 fo
25°C. JT0 NO3BOMSIET CTaBUTb BOMPOC 06 WCMO/b30BAHUM NEPUOAMYECKN BO3HMKAIOLLMX W36bITKOB
BETPOBOI 3Heprun. OTU M3OLITKM MOXHO HamnpaBWTb Ha MOBbILLIEHWE TeMnepaTypbl BO3gyXa B
nomelleHnn B npegenax 25°C v B nocnefyroLIeM MUCMonb3oBaTh (cpabaTbiBaTb) 3anacéHHOe Tenso,
CHMXas BHYTPEHHIOW TemnepaTypy A0 18°C 1 3KOHOMS MNpu 3TOM OPraHMYeckKoe TOMAMBO Ha
KOTeNbHOM.

Ha pucyHke 3.17 nokasaHo, Kak gedopmupoBasncsi 6bl rpamk BHYTPEHHeN TemnepaTypbl
BO34yXa B 3faHuun (npsmMas 1 Ha pucyHke 3.14) B cnyvae BOB/eYEHUS B 060POT M36bITKOB BETPOBOM
SHEPrUM 3a CYET UCMO/Sb30BAHUA TEMIOAKKYMYMPYOLWed CnocobHOCTM 34aHus. Tpu NocTpoeHuUm
rpamka npuBneYeHbl peanbHble ((haKTUYECKME) 3HAYEeHUS Hapy)KHON TemnepaTypbl BO3fyxa W
CpeAHEeCYTOYHOM CKOPOCTK BeTpa. Hike Ha pucyHKe 3.18 nokasaHo, Kakme M3MeHeHUs npeTepreBaeT
npy 3TOM rpadnk OTONUTENIbHON Harpy3Ku, NepBoHavasIbHO NPeACTaB/IEHHbI Ha pUcyHKe 2.16.

O6paTtMMcst K pUCYHKY 3.19, M3 KOTOPOro BMAHO, UTO EXEMECAYHO 3a CYET MCMO/b30BaHUA
N30bITOYHON 3HEPrUM BIY 1 TennoakKymynmpytoLeid CrnocobHOCTA 34aHMSt MOXKHO JOMOHUTENbHO
YMEHbLUNTb Yy4yacTMe KOTEeNbHOM B TennocHabeHMW. PacuyéTbl MOKasann, 4YTO [A0NS  y4yacTus
KOTE/IbHON Yy B Ten0CHabXeHWW MoTpebuTesnein 3a CYET UCMOMb30BAHUA Tenn0akKyMynpytoLlen
CNOCOBHOCTU B CPeAHEM 3a paccMaTpuBaeMblii rog yMeHblumnack ¢ 0,25 ao 0,17. COOTBETCTBEHHO Ha

CTO/bKO K& BO3POC/a A0Ns ydacTus BY B OTOMNEHUM NOTPeGUTENEA.

LAYV TN
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TemnepaTtypa BHYTPEHHEro
Bo3ayxa, °C
(62

Mecsaubl

PucyHOK 3.17 - VI3MeHeHWe BHYTPEHHE TemnepaTypbl BO34yXa Mpu UCMo/b30BaHUN N36bITOYHOM

3Heprum BAY u TennoakKyMynmpyoLLed COCOBHOCTA 3[aHUS.
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PucyHok 3.18 - M'padk oTonuTeNIbHOM Harpy3ku M. JlofeinHoe Npy yTuan3aumum n3bbITOUHON SHEprumn
BJOY 3a CUéT TennoakkymynvpyoLLeid cnocobHOCTU 3aaHns: 061acTy rosly6oro 1 KpacHoro LiBeToB —
COOTBETCTBEHHO MOLLHOCTM, BblpabaTbiBaemble BOY 1 KoTeNbHOM; 06/1aCTb CEporo LgeTa -

136bITOYHAsA MOLLHOCTb B3Y, 06M1acTb CUHETO LiBETa — 3araceHHasi MOLLHOCTb.
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PrcyHok 3.19 - inarpamMmma 401 y4acTUs KOTe/IbHOW B MOKPLITUM Fpadrka OTOMUTEIbHON Harpy3Ku
NP HEMCNONb30BaHNM N30bITOYHON 3Heprun BAY (psag 1) n npu eé yTunmsauum 3a CHeT

Tenn0akKyMynnmpytoLen crnocobHoCTH 34aHns (pag, 2).

3.4 BblBOAbI NO rnaBe

1. Vicnonb3oBaHWe TEMMOBOFO aKKyMy/nsiTopa Lienecoo6pasHO B KOMMIEKCE C UCTOYHWUKOM
3HEpruK, Hanpumep, BETPOIHEPreTUUECKO YCTAHOBKOM, BO BPeMsi paboThbl KOTOPOW NepuoanyecKu
MOTYT BO3HMKaTb M30bITKX 3HEPrvK, KOTOPbIE MOXHO NIMB0 paccesTb B OKPYXKAtOLLYO cpedy, 6o
3anacTi M MoniesHo MCnonb3oBaTh. MocnegHee cnoco6CTBYET MOBLILIEHUIO 3HEPro3g(eKTUBHOCTU

pa60TbI Takomn KOM6I/IHI/IpOBaHHOI71 cuctemMbl. B BogsSHOM TensioBoM aKKYMYJATOpE N30bITKN 3HEeprun
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OyayT XpaHWTbCA B BuAe ropsyert BOAbl M B Ja/bHEALIEM MOrYT MCMONb30BaTbCA HA pas/MyHble
HY>Xbl MO Mepe He0BX0AUMOCTH.

2. B xofe uccnepoBaHus 661 pacCMOTPEHbI BOAAHBIE TEMOBbIE aKKYMY/IATOPbI KYOUUYeCKon 1
UMAMHAPUYecKol opM, paboTa KOTOpbIX BO3MOXHA B TPEX peXumax: 3apsagku, paspagku v
OXMAaHUs  TensioBoW  Harpysku. [peasioxkeH C€nocob MaTeMaTUYecKoro OnucaHuWs  Takux
aKKyMY/IiTOPOB, NO3BO/IAOLLMIA MOLENMPOBATb PEXMUMbI NX paboThl.

3. Toka3aHO, 4YTO NPaKTUYECKOE WCMOo/b30BaHNe MOMYYEHHbIX MaTemMaTUYecKux Mogeneit
BOLSAHbIX aKKyMY/NSATOPOB Tenja Kybu4ecko v LMANHAPUYECKON (opM MO3BONSET MPOrHO3MPOBaTh
N3MeHeHMe TemnepaTypbl BOAbl B akKKyMynsiTope B 3aBUCUMOCTM OT €ro reoMeTpUYeckux u
TENJIOTEXHUYECKNX XapaKTePUCTUK, a TaKXKe OT XapaKTepa NocTyn/jeHns SHEPrumn OT UCTOUHNKA.

4. PaspaboTaHa MaTemaTuyeckas MOAE/b XWNOro 3AaHus Kak akkymynstopa tensia 60/bLoi
eMKOCTM [19 OLEHKM U3MeHeHUs TeMnepaTypbl BHYTPEHHEro Bo3ayXa B 3aBUCUMOCTM OT Pas/iNyHbIX
PEXMMOB pPaboTbl KOTeNbHON 1 BIY.

5. YCTaHOB/IEHO, YTO MCMO/b30BaHME TEMNI0aKKyMY/MPYHOLENn CrocoBHOCTU 3faHus nyTem
MOBbILLIEHUA TeMMnepaTypbl BHYTpPeHHero BO3fyXa 3f4aHuA B npefenax oT 18 pgo 25°C nossonser
COXpaHATb M3ObITOYHYIO 3Hepruo BAY, a 3aTeM NyTeM YMeHbLUEeHUS TeMnepaTypbl B UHTEpBasie OT
25 po 18°C B nepuoabl CO CnabbiM BETPOM MO/ME3HO WMCMOMb30BaTh 3anaceHHY 3HEepruto,
[ONOMHUTENBHO YMEHbLUAs yyacTne KOTe/IbHOW B Ten0CHabXeHUM 3a4aHniA. Kak nokasanu pacyethbl
Ha npumepe nocenka JlofeinHoe  WCNONb30BaHME  M36bLITOYHOM  3Heprum B3IY n
TenI0aKKyMynMpyoLLeii CnocobHOCTY 34aHns AaeT BO3MOXHOCTb B OTAe/lbHble Mecsilbl COKPaTUTb

yyacTune KOTe/bHOW eLe Ha 2-5%.
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FNABA 4. OLIEHKA 3KOHOMUWNYECKOW 3dPEKTUBHOCTW NCMOJ/TIb3OBAHUA
BETPOSHEPIETUHECKNX YCTAHOBOK COBMECTHO C KOTEJIbHbIM HA
HY>X bl TEN/IOCHABXEHWA B YAAJIEHHBLIX PANOHAX MYPMAHCKOW
OBJIACTHU

4.1 PacyeT ce6eCTOMMOCTW TEM/I0BO S3HEPTUM Ha KOTE/IbHbIX

MypMaHcKas 061acTb He MMeeT NPeLnpUATUA Mo Jo6blYe OpraHNyYecKux BULOB Tonamea (yrns,
HedTn, raza) [1]. TMoatomy pAns NPOWM3BOACTBA TEMOBOM 3HEPrUM B YAaNIeHHbIX paitoHax
NPenMyLLeCTBEHHO UCMO/b3YeTCA MPUBO3HOE OpPraHN4Yeckoe TOMIMBO (B OCHOBHOM 3TO AM3e/IbHOe
TON/MBO M Ma3yT). CHavaa TONIMBO AOCTaB/AETCA B LLeHTPasIbHble MPOMbILLIEHHO Pa3BUTbIE PaOHbI
MypMaHCKOM 06/1aCT MO >KeNe3HOoW A0pore, a 3aTeM ydKe TPaHCMOPTUPYETCA C UCMOb30BaHWEM
aBTOMOGWILHOIO, MOPCKOro, 6e3f0pOXHOr0 M BO3AYLUHOrO TpaHCropTa B MPUOPEXHble palioHbl
BapeHueBa 1 Benoro mopeii 1 fanee oT nNobepexxbs BO BHYTPEHHME paiioHbl MypMaHCKOn obnacTu.
Mo cocTtoAHMo Ha 2022 rof CTOMMOCTbL Takoro TOMAMBa C YY4eTOM TPaHCMOPTHbLIX PacxofoB rocse
[0CTaBKWN MOTPeOUTENO B LieHTPpasibHble NPOMbILLIEHHO pa3BuTble palioHbl MypmaHCKoin obnactu B
cpeaHem coctansna 70000 py6neit 3a TOHHY An3enbHoro Tonanea 1 23000 py6neli 3a TOHHY Ma3yTa
[1]. B ygpaneHHbIX pailoHax MHOroatanHas [OCTaBKa OPraHMyeckoro TOMJvMBa MNPUBOAMT K €ro
Y0POXaHUI0, KOHEYHasi CTOMMOCTb KOTOPOro y NoTpebuTesieil B 3aBUCMMOCTM OT MX PacrosioXeHus
MOXEeT BO3pacTaTb B cpeaHeM B 1,5 pa3a u coctaBnsaTb yKe okono 105000 py6/T 3a ausenbHoe
Tonnmeo u 35000 py6/T 3a mMa3yT. B nepecuyeTe Ha yC/NoOBHOe TOM/MBO AM3eNbHOE TOMAMBO MU MasyT
OyayT CTOUTb COOTBETCTBEHHO 72000 1 25000 py6/T y.T. [1]. BbicOKas CTOMMOCTb TOMN/IMBA OKa3bIBaeT
HeraTuBHOe B/IMSHNE HA TEXHUKO-3KOHOMUYECKMe nokasaTenv paboTbl KOTE/IbHbIX M MPUBOAUT K
TOMY, YTO Ce6eCTOMMOCTb TEMNIOBOM 3HEPr M OKa3blBaeTCs 60/bLUe YPOBHA Tapudos. BmecTte ¢ 3TUM
A1 KOTE/IbHbIX HEebO/bLIO MOLHOCTU CBOMCTBEHHbI HWU3KWUIA YPOBEHb aBTOMATM3aLMKW, BbICOKME
yAeNlbHble pacxobl TOMIMBa Ha BbIPabOTKY TEMI0BOM 3HEPrUW, a Takke HU3KUNA KO3IM(PULMEHT
Mosie3Horo AencTens. Bce 3TO co3faeT AOMNOMHUTENbHbIE (DUHAHCOBbLIE MPO6/IEMbI, CBA3aHHble C
COAepXKaHVeM U O0OCNYXMBaHMEM TaKuUX KOTEfbHbIX. [ OLEHKU BAWUAHUA 3TUX (DAKTOPOB Ha
ce6eCcTOMMOCTb TEMN0BOM 3HEPrMmn Oblia NPOBeeHa Cepus pacyeToB ANs CleAYHLLEro MOLHOCTHOIO
psga kotenbHbIX: 0.02, 0.1, 0.5, 1.0, 2.0 n 5.0 Nkan/u.

Heobxoaumo oTMeTUTb, YTO, HaumnHas ¢ anpens 2022 roga, CToMMOCTb MasyTa B Poccun nmena
TEHLEHLMIO K YMEHBLLUEHWIO, YTO CBS3aHO CO CHVDKEHWEM Crpoca CO CTOPOHbI 3apy6eXkHbIX CTpaH,
rnasHbiM obpaszom EC n CLUA, kotopble B MapTe 2022 rofa BBefM amM6apro Ha HedTenpoayKTbl U3
Poccun [1]. B pesynbTaTe 3TOro HedprenepepabaTbiBatolLMe 3aBOfbl OKasa/MCb MO Yrpo30M

MepenosiHeHNs CBOMX Ma3yTHbIX XPaHUWLL, N BblIN BbIHYXKAEHbI NPoAaBaTb Ma3yT MO CHUXEHHbIM
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LueHaM. MOXHO MpeAnonoXuTb, 4YTO AaHHas CUTyauusi UMeeT BPEMEHHbIA XapakTep W nocne
cTabuvnmnsaumm 06CTaHOBKM Ha MUPOBOM pPbIHKE HeTENpPOAYKTOB CTOMMOCTb MasyTa CHOBa Oygert
pacTw.

"0f0BbIe 3KCM/yaTaLMOHHbIE PACXO/bl KOTEMbHOMN 3kroy (PY6/r04) CKNaAbIBAOTCA U3 3aTpaT Ha
TONAMBO 3;, onuiaty TPYAA 3ksn, AaMOPTU3ALIMIO U TEKYLLIMIA PEMOHT 3k,, M NPOUMX PACX0A0B 3knp [1].

TonnmeHasa cocTaBnsoLWas aKCrayaTaunMoHHbIX PacXxo40B KOTe/IbHON MOXKET ObITb HaigeHa no
crnegytoueii hopmyne:

3r=(0,143-L; Qk-hk)/(NkNar), (4.1)
roe 0,143 — KoadhpmumeHT nepeBofda M3 ['Kan B TOHHbI YCMOBHOrO Tonsivea, T Y.T./kKan; L-
CTOMMOCTb YC/TIOBHOIO TOM/MBA, PY6/T Y.T.; Q- YCTaHOB/EHHAst MOLLLHOCTb KOTE/bHON, Kan/J; hyx —
4MC/I0 YacCOB WUCMO/b30BaHUA YCTAHOB/IEHHON MOLLHOCTM KOTENIbHON B rofy, 4; Nk-- KO3OUUMEHT
nonesHoro geinctems (KMA) kotnos, eq.; Nar = 0,95 — KOAPOUUUEHT, yunTbIBatOLWMIA NOTEPU TOMNNBA
npu TPaHCNOPTUPOBKe, pas3rpyske, XpaHEHUW W APYrMX TOMINBHO-TPAHCMOPTHLIX Onepauuax ans
XXNIKOro Tonamea, ea. [105].

3aTpaTbl Ha TOMAMBO CW/IbHO 3aBUCAT OT OTMYCKHOW LEeHbl Y MOCTaBLUMKOB, YAQIEHHOCTU
noTpebuTenen N pasBUTUA JOPOXKHO-TPAHCMNOPTHOW cuCTeMbl. [ns yyeTa BAUAHWUA 3TUX (PAKTOPOB
pacyeTbl GbINN NPOBefeHbI ANA ABYX BapuvaHTOB CTOMMOCTM YC/IOBHOro Ttonamea: 25000 u 72000
pyo6/T y.T.

B 3aB1CMMOCTY OT Ha3HaYeHus, peXxnma paboTbl U NPUPOLHO-KNIMMATUYECKUX YC/IOBUIA palioHa
pacrnonoXeHnst KOTeNbHOM YMCNO0 4acOB MCMO/b30BaHWS €€ YCTAHOB/IEHHOW MOLLHOCTU B CpefHeM
MOXKeT cocTaBnaTb 3000-4000 yacoB. B pacyeTax 3TOT nokasartesb NPUHAT Ha ypoBHe 3500 yacos.

KM/ KOTNoB 3aBUCUT OT MHOIMX (haKTOPOB U NPUOAMKEHHO MOXET 6bITb NPUHAT paBHbIM 0,6;
0,6; 0,65; 0,7; 0,7 n 0,75 AnNa KOTeNbHbIX, paboTalOWMX Ha >KMAKOM TOM/MBE, COOTBETCTBEHHO
moLHocTbro 0.02, 0.1, 0.5, 1.0, 2.0 1 5.0 kan/u [106].

ExxeroHble 3aTpaTbl Ha On/aTy TpyAa BKIOYAlOT B Ce6s 3apaboTHYHO nnaty 06CNy>KMBAKOLLErO
nepcoHasia U OTYMCNEHUA HA COLMa/IbHbIE HY)XAbl M MaTeMaTUYecKu MOryT ObiTb paccyuTaHbl Mo
crnegytoueii hopmyne:

Skan=Nwr Qk-3n-12, 4.2)
rAe Nyr - LWTaTHbIA KOAMUMEHT 06CNYXMBaKOLLEro nepcoHana, uen./(lkan/y); 3, — MecsyHas
3apaboTHas niata v OTYUCIEHUA Ha CoLMalbHble HYXXbl O4HOro paboTHMKA KOTEe/bHOM, py6/yen.; 12
— YMCNO MECALEB B roay, es.

LUTaTHbIA KO3((ULMEHT 3aBUCUT OT TENSI0BOW MPOW3BOAMTENILHOCTM KOTENbHOW M BuUAa

CKUraemoro tonansa N OPUEHTUPOBOYHO MOXET ObITb onpeneneH B COOTBETCTBUA C T3.61'IVILI,€I7I 4.1.
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Tabnmua 4.1 - 3HauyeHWst LITaTHbIX KO3(MULMEHTOB AN KOTENbHbIX, PaGOTalOLMX Ha KWAKOM

Tonnmse [107]

YcTaHoB/eHHas MOLLHOCTE | 902 | 0.1 105 | 1.0| 20|50
KOTesbHOM, 'Kas/y

LLITaTHbIN KOIPMULMEHT, | 150 | 49 | 12 | 7 | 4 | 28
yen./(Mkan/y)

MecsuHaa 3apaboTHad Mnata U OTYMUC/IEHWA HA COLMa/ibHble HYXAbl O4HOro paboTHMKA
KOTE/IbHON B CymMMe NpUHUMaIUChL paBHbIM 115000 py6eit, 4TO COOTBETCTBYET CpPeAHER MeCAYHOM
onnare Tpyga paboTHUKOB No MypmaHckoi o6nactu B 2022 rogy.

3aTpatbl Ha aMOPTU3ALMI0 U TEKYLLMIA PEMOHT 060pYA0BaHUA N CTPOEHUIA MOXHO ONpeseinTb
Mo crefyoLuein opmyne:

3ka=Hkam Kk Qk, (4.3)
roe Hxaw = 0,1 - cpegHsis HOpMa amOpTU3aUMOHHLIX OTYWUCMEHWIA MO  KOTE/IbHOM  OT
KanuTasioB/IOXXEHWI B €e CTPOUTENIbCTBO U MOHTaX, ef.; Kk - yAeNnbHble KanuTaloBlIOXeHUS B
KOTe/IbHYt0, paboTatoLLyto Ha XX1aKom Tonnuee, py6/(Ikan/y).

B KayecTBE WCXOAHbIX [aHHbIX O Be/IMYMHE KaruTa/I0B/IOXKEHUA B KOTe/bHble Oblna
MCNOMb30BaHa CTaTUCTUYECKas WHQOpMauns, MosydyeHHas npuv  06paboTKe WHBECTULMOHHBIX
nporpamM  TenjaocHabXarwmx opraHusaumin -~ MypmaHCKoOi  061acTv  NO  CTPOUTENbCTBY,
MOLEPHM3aUMN U PEKOHCTPYKLMM CUCTEM TenjoCHabXeHWs, a Takke MpeaioxkeHnn psga
NpPegnNpUATUIA, 3aHUMAIOLLMXCA U3rOTOB/IEHWEM U peasin3aumein KoTe/lbHbIX, paboTaroLmX Ha XXNLKOM
Tonnmee. CorfacHO MNOSlyYeHHbIM [AaHHbIM, YAe/bHble KaruTa10B/IOXKEHUA B TakuWe KOTeflbHble
moLHocTbro 0.02, 0.1, 0.5, 1.0, 2.0 1 5.0 kan/yu coctaBunmn cooTBeTcTBeHHO 78.8; 31,6; 14,1; 10,6;
7,9 1 5,2 mnH. py6/(Ikan/y).

Mpwy pacyeTe NPOUNX PACXOA0B MOXHO BOCMO/b30BATLCA CNEAYOLLMM PaBEHCTBOM:

3knp=0,2(3ksn*3ka); (4.4)
rge 0,2 — Koah(hUUMEHT, YUUTLIBAIOLLMIA COCTaBNAOLLYIO NPOYMX PacXofoB, MPUHUMAEMbIA B pasMepe
20% 3aTpaT Ha amopTM13aLMto, TEKYLLMIA PEMOHT 1 ONnaTy Tpyaa.

TakumM 06pa3om, 3Hasi BCe COCTaB/IAOLLME FOLOBbLIX 3KCM/yaTalMOHHbIX PacX0f0B KOTE/IbHOM,
MOXXHO OrnpeaenuTb Ce6eCTOMMOCTb TEMI0BOM 3HEPT UM, UCMOb3YA CNEAYIOLLEE BbIpAXKEHNE:

CK:(3T+3K3n+3Ka+3Knp)/(QK'hK); py6/I'Kan (45)

Ha pucyHke 4.1 npefcraBfieHbl pe3ynbTaTbl pacyeToB Ce6ECTOMMOCTM TEMIOBOM 3HEpPruy Ha
KOTe/IbHbIX B YAa/IeHHbIX paioHax MypmaHCcKol 061acTu. 3 pucyHKa BUAHO, YTO Ha KOTe/bHbIX
MOLLIHOCTbIO 6onee 1 kKan/u ce6ecToMmMOCTb TEMOBON 3HeEpPrum Haxoamtcs Huxke 20000 py6/Ikan.
Torpga kak Ha 60/n1ee MeNKUX KOTe/lbHbIX OHa Bo3pacTaeT noyty 4o 90000 py6/I'Kan. B aTnx ycnoBusx

O4HUM W3 HaI'IpaBJ'IEHVIf/JI 9KOHOMWUWX NPUBO3HOI0 OpraHM4Yeckoro Tonamea, a, CAefoBaTesibHO, U
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CHWXeHMsi ce6ecTOMMOCTM  TEnsoBOWA JHEPIMN Ha KOTEJIbHbIX, MOXET ObITb  MCMOMb30BaHME

BETPO3HEPIreTNYECKNX YCTaHOBOK COBMECTHO C KOTE/IbHbIMU Ha HY>X/bl TENN0CHa0XeHUS.
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CebecToMMOCTb TENIOBOW 3HEPTUAN,
py6/Tkan

YCTaHOB/IEHHasA MOLLHOCTb KOTENbHOA, IMkan/y

PucyHok 4.1 - Ce6ecTOMMOCTb TEMN/0BOI SHEPrM Ha KOTE/bHBIX B YAaseHHbIX pailoHax MypMaHCKo

061acTn Npn CTOMMOCTKM yCoBHOro Tonamea: 1 — 25000 n 2 - 72000 py6/T y.T.

4.2 PacueT ce6ecTOMMOCTI TEM/I0BOI 3HEPT UM MPU UCMO/Tb30BAHMM BETPOIHEPTETUYECKNX

YCTaHOBOK COBMECTHO C KOTE/IbHbIMW

OCHOBHOW  3hpeKT OT  MCNOMb30BaHWS B3OY COBMECTHO C KOTE/IbHOM Ha  HYX[bl
TENOCHAGXEHNA  MOXHO  MOSCHWUTL  chegyowyM  obpasom  [1].  Ecnm  TennocHabkeHue
OCYLLECTB/SAETCA TOMbKO OT KOTENbHOW, TO A0MS Y4acTus KOTEIbHOM B TenjoCHabXeHWW pasHa
eamHnuye (y = 1). cnonb3oBaHne BOY COBMECTHO C KOTeNbHOM CMOCO6GCTBYET TOMY, YTO [ONS
yyacTus KOTeNlbHOW B TennocHabeHnn cHmkaeTcs (y < 1), COOTBETCTBEHHO COKPALLLAeTCA M pacxof
OpraHM4YecKoro TonaMBa, UCnosb3yeMoro Ha KoTenbHon. C yueToM ckasaHHOro hopmyny (4.1) MOXHO
NpeLCcTaBuTb B BUE:

3r+Bay=(0,143:-Lir Q- hic'y) (N Nar).- (4.6)

B [30] B pe3ynbTate 06paboTKM OOLUMPHOrO Martepuasna, BKIHOYAtOLWEro B ceb6s CUHXPOHHbIE
3anncu  TemnepaTypbl  Hapy)HOro BO3dyXa W CKOpPOCTM BeTpa — OCHOBHbIX (DaKTOpPOB,
06ycnoBnmBatoLLMX 00bEMbI TennaonoTpebneHns, 6Oblna MosyyYeHa aHaIMTUYECcKas 3aBUCKMMOCTD,

onpeaenaoLas yyactme KOTeNnbHOW B TEMI0CHAOKEHNN:
V
g=exp -3,2:| =& | -b |, 4.7
Vp

rae Vron - CPEAHErofoBasi CKOPOCTbIO BETPA Ha 0CY BETPOKO/eca, M/C; V), - pacyeTHas CKOPOCTb BETPa

Ha ocK BeTpokoneca, M/c; B=Qgay/Qk - COOTHOLLEHME MOLHOCTEN BIY 1 KOTeNbHOW, ef.
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MoacTasnss (4.7) B (4.6), MOXXHO MoMy4nTb (POPMYNY AN ONpeAeneHns 3aTpar Ha TONanBo npu

MCNONb30BaHNM B3Y COBMECTHO C KOTENbHOM Ha HY)XX/bl TEN/IOCHAOXEHNS:

2
V
3T+Bay:(01143'|—||T'QK'hK'exp '312'[%J b )/(r]K'r]rlT)- (4-8)

p

"of0Bble aKCnIyaTaUMoHHbIE pacxodbl BOY 3gayre, (PY6./rof) B 06LLEM Crlydae CKNafbIBatoTCA
M3 3aTpar Ha onnarty Tpyda 3gaysn, aMOPTM3aUMIO U TEKYLLMIA PEMOHT 3gays, M MPOYMX PacXofoB
3Baynp-

[na o6cnyxmBaHus B3Y noTpebyetcs OAMH COTPYAHWK, paboTatowmii Ha 1/2 cTaBku ¢
3apaboTHO NIATON N OTUUCNIEHUAMM Ha COLMabHbIE HYXAbl 3gaysn = 690000 py6neit B rog (57500
py6sieil B Mecsl), YTO COOTBETCTBYET MOJIOBUHE CPefHel rofoBON onnatbl Tpyda paboTHMKOB
MypMmaHckoi obnactu B 2022 rogy.

3aTpatbl Ha aMOPTU3aLMIO U TEKYLLMIA PEMOHT MOXHO ONPeSennTb Mo opmyse:

3eaya=Hpayaw'Ksay Qsay, (4.9)
rae Heayaw = 0,07 - cpeaHss Hopma aMOPTU3aLMOHHBLIX OTUMUCIEHNIA ANns BOY 0T KanuTanoBNOXEHWIA
B €e CTPOMTENbCTBO U MOHTaX, efl.; Keay - YAe/bHble KanutanoBnoxexHus B B3Y, py6/(I'kan/y), Qgay
- YCTaHOB/IeHHas MOLWHOCTL BIY, Mkan/u.

Y [lefbHble KanuTaioB/IOXeHUs CoBpeMeHHbIX BAY moluHocTbio 0T 0.02 fo 5.0 Mkan/y ¢ yyeTom
[ONOMHUTENbHBIX PaCX0L0B Ha TPaHCMOPTUPOBKY, COOPY)XXEHME U BBOA B 3KCM/yaTaLmio HaXoAATCs B
AnanasoHe ot 200 go 90 maH. py6/(I"'Kan/y) n XOpoLLOo annpoOKCUMUPYIOTCA YPaBHEHWEM CeAYHOLLEro
Buga (pUcyHok 4.2):

Keay=112,47-Qgoy *****, (4.10)

200 %

y = 112.47x714%

B B3Y, MnH. py6/(Ikan/u)
= = = = =
o N B ()] 0]
o o o o o

Y [enbHble KanuTasioB/IOXXEHNA

(o]
o

0 1 2 3 4
YcTaHOBEeHHas MoLWHOCT, BAY, Mkan/y

PuUCYHOK 4.2 - 3aBUCMMOCTb Y/e/bHbIX KanuTasoBloXeHnin B BOY 0T UX YCTaHOBEHHON MOLLHOCTH.
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C y4eTOM CKa3aHHOro (hopmyny A/ onpefesieHns 3aTpar Ha aMOpPTM3aLmMio U TEKYLLWIA PEMOHT

MOXHO Nepenucartb C/efytoLwmmM 06pasom:
3Baya=Heoyaw (112,47-Qaay " ***)-Qgay, (4.11)

Mpoune pacxofbl 06bIYHO MPUHMMAKOTCH B AmanasoHe 1-5% OT CyMMbl BCEX OCTa/lbHbIX

3KCNJlyaTaumoHHbIX pacxogos BY [108]:

3Baynp=0,05:(3sayan+3Baya), (4.12)
roe 0,05 — KO3(h(MUMEHT, YYMTbIBAKOLMIA COCTaBASAKOLLYHO MPOYMX Pacxofos, MPUHUMAaEMbIn B
pasmepe 5% 3aTpaT Ha aMOpPTM3aLMIO, TEKYLLMIA PEMOHT 1 onnaty Tpyaa.

[Mpyn “cnonb3oBaHWM BETPOIHEPreTUYECKUX YCTAHOBOK COBMECTHO C KOTE/IbHbIMU Ha HYXXAbl
TENNOCHabXeHUs popmyny And onpeaeneHnst cebecToMMOCTM TEMI0BOW 3HEPrM MOXKHO 3anucatb
cnepytowmm obpasom, py6/I'kan [1]:

Ck+ay=(3r+Bay+3kant3kat3knp*3Baysnt3eayat3eaynp)/ (Qk-hk). (4.13)

Pe3ynbTaTbl pacyeToB ce6eCTOMMOCTU TEMNJIOBOM 3HEPTMN NPW UCNO/b30BaHUN B3Y COBMECTHO
C KOTe/IbHbIMW NPeACTaB/ieHbl B BUAE rpaPuikoB Ha pucyHke 4.3. 3Tu rpadukm no3BONAKOT OTBETUTH
Ha BOMpPOC, BO3MOXHO /i1 (M B KaKnX npefenax) CHUXeHne ce6ecToMmMOoCTI TENI0BON 3HepPrum 3a cyeT
1Cnonb3oBaHUn BAY. BMAHO, Y4TO B 3aBUCMMOCTM OT CTOMMOCTM TOM/IMBA, MOLLHOCTW KOTE/NIbHOM U ee
COOTHOLLIEHMSA C MOLLHOCTbI0 B3Y (napameTpa ) rpadmku UMerOT pasHblii XxapakTep.

O6bpatnmcst K pucyHkam 4.3a 1 4.36 (KpvBble 1) M3 KOTOPbIX BWAHO, YTO MPU CTOMMOCTM
Tonnmea 25000 py6/T y.T. Ucnonb3oBaHne B3Y COBMECTHO C KOTE/IbHbIMW MOLLHOCTHIO MeHee 0,1
CKan/y NpuBOAUT K YBE/IMYEHWUIO Ce6eCTOMMOCTU TEeMnOBOM 3HEPruM, U MO3TOMY 3TOT BapuaHT
MCNoNb30BaHNUA BAY 0Ka3biBaeTCs 3KOHOMUYECKM He LienecoobpasHbIM Mo CPaBHEHUIO C BapUaHTOM
TENNIOCHAOXEHNSI TOMBbKO OT KOTenbHOW [1]. 3TO 0O6BACHSAETCA TeM, 4YTO Y KOTE/IbHbIX Masion
MOLLHOCTW TOM/IMBHAA COCTaBsAlOWas B OOLlel CTPYKTYpe WX 3KCMyaTauMOHHbIX PacxofoB
He3HaunTeNbHa Mo CPaBHEHMIO C APYrMUM 3aTpaTtammn 1 NO3TOMY SKOHOMMUSA TOM/IMBA Ha KOTE/IbHbIX 33
CYET MCNONb30BaHNA BIY B [JaHHOM C/lyyae HWKaK He CMOCOOCTBYET CHUXEHMIO CebecToMMOCTU
TENM0BOW 3Heprmun. aHHas cUTyaums COXpaHsSeTcs U Npy ctoumocTn Tonamnea 72000 py6/T y.T., HO
TO/IbKO A/19 MEeNIKUX KOTe/IbHbIX MOLHOCTbI0 0K010 0,02 Mkan/u (pucyHok 4.3a, kpusas 2). o mepe
YBENMYEHUS MOLLHOCTU KOTe/IbHbIX MUCMO/b30BaHNe BIY yke OKasblBaeTCcA 3(MEKTUBHBIM, NMPUYEM
yem 60/bLUe MOLLHOCTb MCMOMb3yeMoli B3Y, TeM GONbLUMIA 3KOHOMMYECKUIA SPMEKT MOXET ObITb
AOCTUrHYT. CKasaHHOe WNIKCTpUpYeT pucyHoK 4.36 (KpuBas 2), M3 KOTOPOro BWAHO, 4TO
ncnonb3oBaHve BOY MOLWHOCTLIO B 1,2 — 2 pa3a NpeBblatoLLleil MOLWHOCTL KoTebHOM (Qk = 0,1
Kan/4) No3BOMSIET CHWU3UTb CEe6ECTOMMOCTb TensioBo 3Heprum ¢ 38000 go npumepHo 30000

py6/T Kan.
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PuUCyHOK 4.3 - 'padnKun n3MeHeHnsi ce6eCTOMMOCTM TEMNI0BON 3HEPrMmn Npu UCMonb3oBaHnM B3Y
COBMECTHO C KOTe/lbHbIMM MOLHOCTbLIO 0T 0.02 a0 5.0 Mkan/y B 3aBUCMMOCTU OT CTOMMOCTW TOM/IMBA

1 napameTpa : 1 n 2 — COOTBETCTBEHHO Npwu cTtommocTy Tonamea 25000 1 72000 py6/T y.T. [1].

Ha pucyHkax ¢ 4.38 no 4.3e n3o6paxkeHbl rpapuku M3MeHeHUs ce6ecTOMMOCTM Temn0BOM
3HEPrUM NPU UCMO/b30BaHUN B3Y COBMECTHO C KOTe/IbHbIMW MOLLHOCTHIO 60n1ee 0,5 Mkan/yu. Ans
TaKUX KOTE/IbHbIX UCMO/b30BaHe BAY okasbiBaeTCA 3eKTUBHbIM AaXe npy CTOMMOCTM TOMMBa
25000 py6/T y.T. Mo Mepe yBennyeHns moliHoctn BAY (B > 0, Qx = const) aKOHOMUA TOMMBa Ha

KOTEe/bHOV BO3PacTaeT, B pe3ynbTaTe Yero ce6ecTOMMOCTb TEMIOBOW SHEPTUM CHUXKAETCS. Mpun 3ToM,
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yem 60/IbLLE CTOMMOCTb TOMNNBA, TEM MHTEHCUBHEE MPOUCXOLUT CHUXKEHME CeB6ECTOMMOCTI TEMI0BOM
aHeprun. OfHaKo, CHUXeHMe CcebecTOMMOCTU Ten0BOM 3HEPrMy BO3MOXKHO [0 OMNpefesieHHOro
MWHUMYMa, MOC/e KOTOPOro AaslbHelLLee yBenMyeHne MOLWHOCTM BIY He LenecoobpasHo.

CylLecTBYeT HEKOTOpPOe OMTUMa/bHOE COOTHOLLUEHWE MOLLHOCTEN BIY U KOTenbHOW Bonr,
obecneyvBatoLlee MUHUMYM Ce6eCTOMMOCTM TenioBoi 3Heprmn. Kak mMokasanm pacyetbl, npu
cTommocTn Tonnmea 25000 py6/T y.T. U MOLWHOCTW KoTenbHOM 0,5 MKan/y onTumanbHOW SIBNSETCA
MOLLHOCTb B3Y, paBHas 0,7-1,25 MOLLHOCTU KOTe/IbHOW. [/ KOTeNbHbIX MOLWHOCTLI0 1.0, 2.0 n 5.0
"Kan/u Bonr COCTaBNAET COOTBETCTBEHHO 0,7-1,3, 0,8-1,35 1 0,9-1,45. Mpn ctoumocTn Tonamea 72000
pyo6/T y.T. MUHUMYM Ce6eCTOMMOCTM TEM/I0BOIN 3HEPIUM HAXOAUTCA YKe B MHTepBasle 60/1ee BbICOKNX
3HaYeHWI Bonr M ANA KOTeNbHbIX MowHocTbio 0.1, 0.5, 1.0, 2.0 1 5.0 'kan/y cocTaBnseT NpUMePHO
1,6-2,0. Mpn Takmx 3HaYeHUAX Ponr MUCMOMb30BaHME BIY COBMECTHO C KOTE/IbHbIMU Ha HYX[bl
TENNOCHaBXEeHNA MO3BOJIAET CIKOHOMUTb Ha KOTeSbHbIX 60-90% oOpraHMyeckoro Tonjvea U Tem

CaMbIM CHM3UTb CE6ECTOMMOCTb TENM0BOIN 3Heprumn Ha 10-60%.

4.3 TeXHNKO-3KOHOMMYECKas OLeHKa NepCcrneKTnB BHeApeHMs B3Y COBMECTHO ¢ KOTe/IbHOWN B

CUCTEMbI TEM/I0CHa6GXEHNSA N0 BE/IMYNHE YNCTOr0 ONCKOHTUPOBaHHOIO Aoxoaa

[ns cCoopy)XXeHnst U UCNOMb30BaHUA B3Y COBMECTHO C KOTE/IbHOM Ha HYX/bl TENJI0CHA0XKeHMS
NoTPebyTCA HavaslbHble MHBECTULMW. Yem ObiCTpee MHBECTULMU OKYNSATCA U HAYHYT MPUHOCUTb
npuobbliib, TeM 60/1ee 3KOHOMUYECKM NPUB/IEKATENIbHBIM BbIFNAANT NPOEKT, N TEM OXOTHEE NHBECTOPSI
OyLyT BK/aAblBaTh [eHeXHble CpeACcTBa.

B kauyecTBe KpuTepus NpUOLIIBHOCTU BHELPEHUS 3HEPrOKOMIIEKCa «KOTeNbHad + BIY» B
CUCTEMY Ten/IOCHaGXEeHNSA MOXHO MCMOMb30BaTb BEIMYMHY YUCTOrO AUCKOHTUPOBAHHOIO A0X04a
(444), koTopas BbIpaXaeT CYMMapPHbLIA MONOXMTE/bHLIA WMAW OTPULLATENIbHBIA  3KOHOMUYECKWIA
a(bheKT, MonyvaeMblil OT peann3aumm 06beKTa B TeUeHMe BCEro Cpoka ero CiyXb6bl C Y4YeToMm
N3MEHEHMNS YPOBHA UH(AALMKN 1 Tapuda Ha Tennosyro aHepruto [107, 109]. YA faeT BO3MOXHOCTb
YYeCTb W3MEHEHME CTOMMOCTU [AEHeXHbIX CPeACTB C TeYeHMeM BpPEMEHW, a TakKXKe CpaBHUTb
WHBECTULMW, CLENaHHbIe B HACTOSALLMIA MOMEHT BPEMEHMU, C AEHEXHbLIMU CPeACTBaMU, KOTopble ByayT
noctynaTb B OyfyLlem B BUAE [,OX0Aa, B AVHOM pa3Mepe LieH.

B Hawem cnyyae opmyny ansa pacyeta Y MOXHO 3anucath cregyouimm obpasom [110]:

B
uan =[Z—'i}— lo. (4.14)
i=1 (1+ r)
rge i=1, 2, ., N — HOMep roga paboTbl 3HEProKoMIIeKca «KoTeflbHas + BAY»; N — pacyeTHbIA CPOK
CNyXObl 3HEProKOMMAeKca «KoTeNbHas + B3IY», rogbl; Bi - Tekywuii pgoxof 0T paboThl

3HEpProKoMMneKca «kKoTenbHast + BOY» 3a COOTBETCTBYHOLMIA i-blli Tof, py6.; r — peasbHas CTaBKa
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AMCKOHTMPOBaHUS, OTH. ef.; lp — 3aniaHMpoBaHHbIE WMHBECTULUWU B COOPYXKEHWE 3HEPrOKOMIIeKca
«KOTe/bHasA + BOY», NOKYIMKY 1 YCTaHOBKY [OMO/IHNTENIbHOrO 060pyA0BaHNs, pyo6.

Heobxogumo OTMETUTb, YTO B COBPEMEHHOM MUPE M3-3a BIMAHUSA UH(AALUM NOKynaTe/ibHas
CMOCOBGHOCTbL [leHer CO BpeMEHeM YMeHbLUaeTCA. ITO SABMAETCH MPUUMHON CYLLECTBOBaHWSA [ABYX
CUCTEM 3KOHOMMUYECKMX NOKasaTesieil: HOMUHA/IbHOW W peasibHON. B COOTBETCTBMU C 3TUM pasinyaroT
HOMUHA/IbHYIO U peasibHYH0 CTaBKM [OUCKOHTMpOBaHMA. CTaBka [UCKOHTUPOBaHWA, KoTopast
noABepXKeHa B/IMSHWUIO MH(NALUN, Ha3blBAETCA HOMWUHA/IbHOM. PeasibHas CTaBKa AUCKOHTUPOBaHUS
COOTBETCTBYET YC/IOBMIO OTCYTCTBUA UHMNALMK. TTpy 3TOM OCHOBHLIM MPAaBW/IOM pacyeTa ABNSeTCS
MONIOXKEHME O TOM, YTO CTOMMOCTb BCEX OYAYLUMX LEHEXHbIX MOTOKOB, HaYa/bHbIX WHBECTULMIA 1
CTaBKW AUCKOHTUPOBAHUSA AOKHbI COOTBETCTBOBATb APYr APYrY U OANHAKOBO UCUUCNATHCA.

CB$13b HOMWUHa/IbHOW 1 peaslbHON CTaBOK AMCKOHTUMPOBaHUS MOXHO ONpPeAeUTb U3 BblpaXKeHNS
. duwepa:

P J
1+J

(4.15)

rae n, - HOMWHaIbHasA CTaBKa AVCKOHTMPOBAHWS, OTH. ef.; J - YPOBEHb MHMALWM B HbIHELIHWA 1
npeanonaraemblii Nepuog BPEMEHW, OTH. e,

Mpy ncnonb3oBaHUM BIY COBMECTHO C KOTEMbHOW Ha HyX[bl TENNOCHAGXEHMS TeKyLuii
[0X0f OT paboTbl 3HEPrOKOMMJIEKCA «KOTeMbHas + BIY» 3a COOTBETCTBYHOLIWIA i-blil TOf MOXHO
ONpPeAeNUTb U3 BbIPAKEHMS:

B =W-f -3 (4.16)

rogi?

roe W = Qghg — cymmapHoe rogosoe moTpe6neHue sHeprum, kan; f. - Tapud Ha Tennoyto

i
3Hepruto B i-omM rogy, pyo/I'Kan; 3rsi - 06LMe 3KCMyaTalOHHbIE PacXofbl MPU MUCMOo/b30BaHNK
3HEProKoMmmnneKkca «KoTesibHas + B3Y» 3a COOTBETCTBYHOLWMIA i-blli rog, pyo.
Mpwn pacuete Y[ rofosble 3KCnIyaTaUMOHHbIE PacXofbl 3o B OOLLEM Cryyae BKNHOYAlOT B
cebs 3aTpaTbl Ha TONAMBO, ONNAaTy TPYAA, Ha KanuTabHbIA U TEKYLLMIA PEMOHTbI U NMPOYMNE Pacxofpi:
3r0,qi:37+83>’i+3p/n+3K3ni+3BSY3ni+3npi, (4.17)
rae 3p, - pacxofibl Ha KanUTa/lbHbIA W TEKYLLUIA PEMOHTbLI 3HEPrOKOMIIEKCa «KOTeNbHaa + BOY» 3a
BECb CPOK €ro CnyXbbl, py6.; 3risayi, 3kani U 3Boysni - 3aTpaTbl Ha TONAMBO M onnaty Tpyaa
06CNy>KMBatOLLEro nepcoHana KotenbHoi n BOY 3a COOTBETCTBYIOLWWIA i-blil TOA, pYO.; 3npi - MpoUmne
pacxofbl Ha COAep>KaHMe 3HeproKoMNeKca «KoTeNbHas + B3Y» 3a COOTBETCTBYHOLWMIA i-blil Fog, pyo.
Pacxofpbl Ha KanuTaNbHbIA WU TEKYLLMIA PEMOHTLI ONPEAENsHTCA B MPOLEHTaX OT CYMMapHbIX
WHBECTULNIA:
3p=Hx+Bayp' (K- Qk+Kpay'Qpay), (4.18)
rae Hksgayp = 2,5% - HOpMa OTHYWCNEHWIA HA KanWUTa/IbHbIA W TEKYLLMA PEMOHTbI 3HEPrOKOMI/IEKCa

«KOTe/lbHas + BAY».
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Mpwy pacyeTe NPOUNX PACXOL0B MOXHO BOCMO/1b30BATLCA CNELYIOLLMM PaBEHCTBOM:
3npi =0,2:(3p/N+3ksni*+3B3ysni), (4.19)
rae 0,2 — KoaMUUMEHT, YUNTbIBAIOLLMIA COCTaBAIOLLYHO MPOYMX PacXo4o0B, NMPUHUMAaEMbI B pa3mepe
20% 3aTpaT Ha onnaTy Tpyfa, Ha KanuTa/lbHbIN U TEKYLLMIA PEMOHTbI.

OCHOBHOI 3th(heKT OT NpuMeHeHUs BOY 3ak/ouaeTcs B 9KOHOMUM OpPraHMYeckoro TOMMBa,
MCMOMb3YEMOr0 Ha KOTeNbHOW. [l0o3ToMy B COOpYXeHun B3Y, npexpae BCEro, 3aMHTEpecoBaHbl
COOGCTBEHHMK KOTE/bHON, Ha GanaHce KOTOPOro OHa HaxOoAWMTCs, a TakKe MEeCTHble M 06M1acTHble
B/IaCTW, KOTOPbIM MPUXOAUTCA CybCMAMPOBaTb MOKYNKY M 3aB03 Takoro Tonsmea [71, 87].
Monyuaetcs, ecinm y COBCTBEHHMKA KOTE/IbHON UMEETCS HaYalbHbIA Kanutan A/is CoopyXeHus BIY,
TO OH MOXET MCMOo/b30BaTb MOIHOCTbIO M/IM YaCTUYHO CBOM COGCTBEHHblE AEHEXHble CPeacTBa.
COOTBETCTBEHHO HEAOCTaloLWas CyMma MOXET OblTb BblAeneHa W3 rocyapCTBEHHOro GHOKETa,
Hanpumvep, B Buge cybcuanii. Takke ANA peasm3aumm NpoekTa Mo COOPYXeHUo BIY MoryT 6biTh
MpYBeYeHbl MHBECTULMN LPYTUX COYUpeauTeneil NpoeKTa.

Ecnm ke y CcOGCTBEHHMKA KOTE/IbHOM WM Yy OpraHoB rocyfapCTBEHHOW BacTV [eHEXHble
CpefCTBa 4/15 COOPY>KeHNS BAY OTCYTCTBYHOT, TO OHU MOTYT BbITb MO/TyYeHbI B BUAE KpeauTa B 6aHKe
nof onpefeneHHbI MpoueHT. B 3ToM cnyyae cTaBka [AUCKOHTUPOBAHWS 3aBUCUT He TOMbKO OT
VH(ISLMOHHBIX MPOLLECCOB, HO M OT YC/IOBWIA NOYYeHUA KpeauTa 4ns coopykeHns BOY.

MwupoBoii onbIT [111-113] nokasbIBaeT, YTO A4/ peann3alMmn NPOEKTOB Ha OCHOBE B3 ofHMM
KpeauMToM He 060MTUCH, TakK Kak Mpu Bblgade KpeamTa 6aHK yYMTbIBAET HE TOIbKO OOLLYHO BEIMYMHY
CYMMapHbIX WHBECTULMIA B MNPOEKT, HO N 0OBEM [EHEXHbIX CPEACTB, BNOXEHHbIX Y4YaCTHUKaMM
npoekTa (CO6CTBEHHMKOM, NHBECTOPaMW 1 roCyAapcTBOM). Mo3aToMy 60/1ee peasIMCTUYHBIM BbITNAAUT
BapuMaHT peasm3auun NpoekTa, B KOTOPOM COOpYXeHne BIY 6ydeT NpoOMCXOAuTb Ha COOGCTBEHHbIE
[EHEeXHbIe CPefCcTBa U KpeauT B 6aHkKe.

Kak y>xe 6bI/10 CKa3aHO, COOPYXKEHWNE SHEPTrOKOMM/EKCa «KOTe/bHasi + BAY» 1 ero ganbHenwwasn
aKcnyaTauus nogpasymeBatoT NosyyeHne 4oXo4a, KOTOpbIA, B CBOK ouepefpb, 3aBUCUT OT Tapuda Ha
TENOBYHO 3HEPTUIO.

B HacTOfilLlee BpeMsi Mpy TENJ0CHAGXeHUN TOMbKO OT KOTeNbHbIX Tapubl Ha TensioByto
3HeprMi B MypMaHCKOn 06/1acTi, yCTaHaB/IMBaeMble PervoHabHbIMM BacTAMM, OKa3blBaKTCH
MeHbLUe Ce6eCTOMMOCTM  Ten/oBOM  3Heprnu. ITO 03Ha4aeT, 4YTO MNpU  TakOM BapuaHTe
TeNNOCHa6XEeHNA YacTb HeA0MOMYyYeHHbIX JOXO0A0B, 06Pa3yOLLMXCS 13-3a PasHULbI MEXAY Tapugom
Ha TEMN/IoBYH 3HEPIru0 M ee ce6eCTOMMOCTbIO, BO3MELLAET roCyAapcTBO B BuAe cybcuamin. Takum
06pa3om, MOXHO CYMTaTb, YTO 3a CYHeT CybCUAMIA rocyfapcTBa KoTefbHble MypMaHCKoin o6nactu
OTNYCKAKOT TEMNJIOBYHD 3HEPrut0 MO LeHaM He MeHblle ee cebecToMMOCTW. WHaye KOTeNbHble
OKaXXyTCA YObITOUYHbIMW W CYLLECTBOBaTb He CMOryT. B CBOKO ouepefb Bbille Obl0 MOKAa3aHO

(pcyHOK 4.3), uTO 3a CYET WCMONMb30BaHWs B3Y COBMECTHO C KOTE/bHbIMW Ha HYXAbl
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TENNOCHAGXXEHMA NOABNSETCH BO3MOXHOCTb AN CHUXEHUSI CEGECTOMMOCTY TEMN/I0BOM 3HepruM [o
OnpefeneHHoro MuHUMyma. B 3ToMm cnyyae npeacTaBnseTcs MHTEPECHbIM OLEHWUTb, Kak B
3aBMCMMOCTM OT BeNMUMHbI Tapuda Ha TennoBYK 3Hepruto 6yaeT (HOpMUPOBATLCS A0XOA M Kak
BbICTPO MPOEKT MO COOPYXKEHMUIO U UCMO/b30BaHMIO SHEPrOKOMIN/IEKCA «KOTeNbHas + BAY» oKynutcs
M HAYHET NPUHOCUTbL NPUGLINb.
Wcxoas 3 aToro, pacyeTbl Obiv BbINOMHEHbI AN TPEX CTApTOBbIX (Ha HYNeBOW rofl) BapuaHToB

BE/IMUMHBI Tapuda Ha TennoByto aHepruto f,. BapuaHT 1 nogpasymeBaeT To, UTo Tapug f, 6yger

paBeH Ce6eCcTOMMOCTM TEnsoBOM 3HEPruM nNpu  TENJOCHAGXKEHMM TONbKO OT  KOTE/NbHOM,

onpeaensieMoli cornacHo pucyHky 4.1. BapuaHT 2 cooTBETCTBYET Tapudy f,, paBHOMY MUHUMYMY

ce6ecToMMOCT/ TEMNIOBOA 3HEpruM, AOCTUraeMOMY 3a CYET WCMOMb30BaHUS BIY COBMECTHO C

KOTE/IbHOM, OnpeaensieMoM COrMacHO pPUCYHKY 4.3. BapuaHT 3 cooTBeTcTBYeT Tapudly f,, KOTOpbI

paBeH cpefHeMY 3HAYEHUIO Mexay Tapudamu B BapuaHTax 1 un 2.

Heobxogumo OTMETWUTb, YTO K3-3a MOCTOAHHOrO pPoCTa LeH Ha OpraHU4Yeckoe TOM/MBO U
B/IMAHUSA VHMAALMOHHbBIX MPOLECCOB MPOUCXOAUT EXErofHoe YBe/fMYeHue Tapudga Ha TersioByro
3Hepruo. Mo gaHHbIM MUHUCTEPCTBA 3KOHOMMYecKoro pas3sutnsa Poccum B 2014 — 2022 rogax
NHMNAUMA cHuxanack ¢ 12,9 ao 2,5% rofosbix. YTo KacaeTca nHpnauum B 2023-2024 rogax v fanee,
TO 370 >Xe MUHUCTEePCTBO Ha3blBaeT Cnefytolime faHHble: 5,5% (B 2023 rogy) v ganee okono 4% B
nocnegyrouive rogpl (pUcyHok 4.4). Tlpn nposBefeHnn pacyeToB OGydeM npegnonarartb, YTo Tapud Ha
TENMIOBYK 3Hepruto, 3arpatbl Ha TOMAMBO W onnaty Tpyha W3MEHAHTCA B COOTBETCTBUMM C

npeanonaraemMbIM YpoBHEM MHDNALMMN.
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PUCYHOK 4.4 - VI3MeHeHWe YPOBHS UH(suum B Poccuu.

PaHee Ha pucyHke 4.3 6bI10 MOKas3aHOo, YTO ONTUManbHas MOLLHOCTb BETPO3HEPreTUYECKNX

YCTaHOBOK, MCMO/b3YEMbIX A7 COBMECTHON paboTbl C KOTeNbHbIMU MOLHOCTLIO 0.5, 1.0, 2.0 n 5.0
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Kan/u, obecneunBaroLiee MUHUMYM Ce6ECTOMMOCTM TEMIOBOM 3HEPrun, Npu CTOMMOCTU TONMBa
25000 py6/T y.T. MOXeT cocTaBnatb 0,7-1,45 OT MOLLHOCTM KOTeNbHOM. Mpu cToMmocT Tonmea
72000 py6/T y.T. 1 MoWwHOCTK KoTenbHbIX 0.1, 0.5, 1.0, 2.0 n 5.0 Nkan/y onTUmanbHON ABNsAETCA
MoLLHOCTb BAY, paBHas 1,6-2,0 MOLWHOCTM KOTE/NbHOM. IcX0oAsa 13 3TOro B pacyeTax MOLLHOCTL B3Y
npvH1Manacb pasHoi 0,7 M 1,6 MOWHOCTU KOTE/IbHOW COOTBETCTBEHHO MPW CTOMMOCTM TOM/MBA
25000 py6/T y.T. 1 72000 py6/T V.T.

Pacnonarast npeAcTaBNeHHbIMU JaHHbIMW, MOXHO MEePenTy K OLeHKe NPUObIIbHOCTM NPOEKTOB
MO COOPYXEHWD W WCMONb30BaHWUIO 3HEProKOMMNEKCOB «KOTe/flbHad + BJIY» Ha HyxXabl
TennocHabXeHWs B yaaneHHbIX paiioHax MypMaHCKol 06nacTw.

Pe3ynbTatbl pacyetos Y/ npu mncnonb3oBaHU BOY COBMECTHO C KOTefIbHbIMU Ha HYXAbl
TEnN0CHabXeHNs NpeACTaBNeHbl B BUAE FPatiMKoB Ha pUcyHKax 4.5 1 4.6. PacueTbl ObI/IN BbINO/HEHbI
AN Cnefytowero MOWHOCTHOro paga KotenbHbix: 0.1, 0.5, 1.0, 2.0 1 5.0 kan/u. PeanbHasd cTaBKa
ANCKOHTMPOBaHMS MpUHMManach paBHoi r = 0,12 (12% rogosbIX). 13 pucyHKOB BUAHO, YTO B Hauvase,
cpasy Mocre COOPYXXEHWUSI 3HEeProKOMIJIEKCOB «KOTe/lbHas + BIY» (HyneBOW rog Ha rpagukax)

MMEKTCA TOJSIbKO UHBECTUL NN |0. [Janee no mepe skcnayaraumMy 3HEProKOMINIEKCOB «KOTe/lbHaa +

B3Y» opmupyeTca [OX0A, ONpefensiemMblii TapugoM Ha TenioByH 3HEPrut0 M 06bEMOM
Bblpab0oTaHHON 3Heprun. 3a CcYeT MOSy4aemMoro Aoxofa MOCTENeHHO WHBECTULMM OKYMaoTCA.
OueBngHoO, YeM 6ONbLUE Tapud, TeM BbICTPEe NHBECTULMN OKYMATCA U HAYHYT MPUHOCUTL NPUOBLIb.
HeobxogumMo OTMETUTb, UYTO 3KOHOMWYECKas MPUB/IEKATE/IbHOCTL MPOEKTOB MO COOPYXKEHWUIO W
MCNONb30BaHNIO SHEPTOKOMM/IEKCOB «KOTe/IbHAasA + BOY» Ha HYyX /bl TEMN0CHA0XKEHNS COXPaHAETCA U
npu Tapuge MeHblueM Ceb6eCTOMMOCTM TenI0BOM 3Heprun npu  TenJoCHabXeHUN TONbKO OT
KoTenbHON. OfHaKo, CHWKeHUe Tapuga BO3MOXHO [0 ONpeAeneHHOro npeena, nocnie KOTOporo ¢
(PMHAHCOBOW TOYKM 3pEHUS NPOEKT ABNSETCSA HE COCTOATE/bHbIM.

PacCMOTPUM KOHKPETHbIM npumep. [Ans aToro obpatumca K pucyHkam 4.5 n 4.6, KpuBble 2, Ha
KOTOpbIX NpeAcTaBneHbl pe3ynbTaTel pacyeta YA npu Tapudge, paBHOM CpefHEMY 3HAYEHUIO MeXAay
ce6eCTOMMOCTLIO TEMOBON 3HEPrMM MNPYU TENNOCHAOXEHUW TOMbKO OT KOTE/IbHOM, OnpesensiemMoin
COrNacHoO pUCYHKY 4.1 U MUHUMYMOM Ce6ecTOMMOCTM TErns0BOA 3HEpPrum, JOCTUraeMoOM 3a CYeT
MCNonb30BaHWs BOY COBMECTHO C KOTE/IbHOW, OMpeaensieMoM COrflaCHO PUCYHKY 4.3. PacuyeTsbl
nokasanm, 4to npu ctommoctn Tonamea 25000 py6/T y.T. AMCKOHTUPOBAHHbLIA CPOK OKYMaeMoCTK
NMPOEKTOB MO COOPY)KEHUIO 3HEPrOKOMIM/EKCOB «KOTe/lbHas + B3Y» cocTaBuT 0Kono 13-14 ner,
YMCTbIN AUCKOHTUPOBAHHbLIN AOX0A — OK0M0 17-26% OT nepBOHaYasIbHbIX MHBECTULMIA 38 pacyeTHbIN
nepuog 20 net (pucyHoK 4.5, kpuble 2). [MMpu ctommoctn Tonamea 72000 py6/T y.T.
AMCKOHTMPOBAHHbIN CPOK OKYNaemocTu NPOEKTOB OyAeT HaXoAMTbCA Mexay 6 1 8 rofamu, a YACTbIN
ANCKOHTMPOBAHHbIN [0X0A 3a pacyeTHbln nepuog 20 net coctaBuT 76-105% OT nepBOHaYasbHbIX

VHBECTULUIA, UTO UNNKOCTPUPYET PUCYHOK 4.6, KpyiBble 2.
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B uenom aHaimM3 (MHaHCOBbIX MOKa3aTe/eil MPOEKTOB MO COOPY)KEHUIO U MCMOMb30BaHMIO
3HEPrOKOMM/EKCOB «KOTe/lbHas + B3Y» Ha HyX[bl TennocHabXeHus B YyAaneHHbIX palioHax
MypmaHCKoli  06nacT  MOKa3blBaeT, 4YTO C (IMHAHCOBOW TOYKWM 3PEHMS MPOEKTbl SBMAKOTCS
COCTOSTENIbHLIMK, TaK Kak CPOK BO3BpaTa WMHBECTULMIA Yy HWUX SIBNASETCS BMOSIHE MPUEMJIEMbIM, a
BE/IMYMHA HAKOMMEHHbIX AEHEXHbIX CPEeACTB MOMOXKMWTENbHA, W MO3TOMY MPOEKTbl MOryT ObiTb

PEKOMEH/0BaHbI /15 MPAKTUYECKOW peanmnsauui.
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PuUcyHok 4.5 - ®opmmpoBaHne YNCTOro0 AUCKOHTUPOBAHHOIO [0X0/a 3a rodsl paboTbl BOY

COBMECTHO C KOTe/lbHbIMM MOLLHOCTbIO 0T 0.5 A0 5.0 Mkan/y npu ctonmocty Tonnmea 25000 py6/T
y.T. B 3aBMCUMOCTM OT Tapua Ha TenaoByr 3Hepruto: Kpmeasa 1 — npu Tapuge f,, paBHOM
ce6ecTOMMOCTM TEM0BOW 3HEPTM NPU TEMNIOCHAGXKEHNM TOMbKO OT KOTE/IbHOW, ONpeseNsemMoin
COrNacHo PUCYHKY 4.1; Kpueas 2 - npu Tapude f,, paBHOM MUHUMYMY CE6ECTOMMOCTI TENIOBON
3Heprum, LOCTUraemMomy 3a CUeT UCMOMb30BaHNUA B3Y COBMECTHO C KOTeNbHON, onpeaensieMom
COrnacHoO PUCYHKY 4.3; Kpusas 3 - npu Tapude f,, paBHOM CpeaHEMY 3HAUEHUIO MEXAY Tapupamu,

YKa3aHHbIMM Ha Kp1BbIX 1 1 2.
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PuUcyHok 4.5 - ®opmmpoBaHMe YNCTOro0 AUCKOHTUPOBAHHOIO 0X0/a 3a rodbl paboTbl BOY

COBMECTHO C KOTe/IbHbIMM MOLLHOCTBIO 0T 0.5 g0 5.0 Mkan/y npu ctommocty Tonnmea 25000 py6/T

y.T. B 3aBMCMOCTM OT Tapuca Ha Ten0Byt 3Hepruto: Kpmeasa 1 — npu Tapuge f,, paBHOM

ce6ecToMMOCTI Ten0BOW JHEPrnn npun TENN0CHA0XEHNM TONbKO OT KOTE/IbHOM, onpe,u,enﬂemoﬁ

COrnacHo pucyHky 4.1; kpusas 2 - npu Tapudpe f,, paBHOM MUHUMYMY Ce6ECTOMMOCTU TEMIOBOW

3HEeprun, JOCTUraeMoMy 3a CYeT UCMNo/b3oBaHNsA BOY COBMECTHO C KOTeNbHOM, onpeageniemMom

COrnacHoO PUCYHKY 4.3; Kpusas 3 - npu Tapude f,, paBHOM CpeaHEMY 3HAUYEHUIO MEXAY Tapupamu,

yKasaHHbIMW Ha KpVBbIX 1 1 2 (MPOA0/IKEHME).
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PUCYHOK 4.6 - ®opMMpoBaHMe YNCTOrO AUCKOHTUPOBAHHOIO [0X0/a 3a rofbl paboTel BOY
COBMECTHO C KOTe/IbHbIMM MOLLHOCTbLIO 0T 0.1 g0 5.0 Mkan/y npu ctommocty Tonnmea 72000 py6/T

y.T. B 3aBMCMOCTM OT Tapuca Ha Ten0Byt 3Hepruto: Kpmeasa 1 — npu Tapuge f,, paBHOM

ce6ecToMMOCTI Ten0BOW JHEPrnn npun TENNOCHAGXEHNM TOMbKO OT KOTE/IbHOM, OI'IpG,U.EfIFIEMOVI

COrnacHo pucyHky 4.1; kpusas 2 - npu Tapudpe f,, paBHOM MUHUMYMY Ce6ECTOMMOCTU TEMIOBOW

3HEeprun, JOCTUraeMoMy 3a CHeT UCMNoJb30BaHUA BOY COBMECTHO C KOTeNbHON, onpeageniemMom

COrnacHoO PUCYHKY 4.3; Kpunsas 3 - npu Tapudge f,, paBHOM CpeaHEMY 3HAUYEHUIO MEXAY Tapupamu,

YKa3aHHbIMW Ha KpUBbIX 1 1 2.

4.4 BbiBOAbI MO rnase

1. BbINONHEHA TEXHWKO-3KOHOMWUYECKasd OLEeHKa MepCreKkTB BHEAPEHWUA U WUCNO/b30BaHUSA
BETPO3HEPreTUYECKMX YCTAHOBOK COBMECTHO C KOTEfIbHbIMU HAa HYXAbl TEMnnoCHabXeHNs B
y[aneHHbIX paiioHax MypmaHCKoi 06nacTu. Moka3aHO, YTO MCMO/Mb30BaHME BETPO3HEPreTUUECKNX
YCTaHOBOK COBMECTHO C KOTe/IbHbIMW MOLLHOCTbIO 60onee 0,1 MKan/y Ha Hy>XAbl TenJoCHabXeHus
Nno3BO/AeT CIKOHOMUTL Ha KoTenbHbIX 60-90% opraHnyeckoro tonnvea ctoumocTbio 25000-72000
py6/T y.T. 1 TEM CaMbIM CHU3UTb CE6ECTOMMOCTb TENM0BOMN 3Heprum Ha 10-60% [1]. Ans KOTe/bHbIX
MEHbLLUEA MOLLHOCTN 3(PMEKT OT WCNONb30BAHUA BETPOIHEPreTUYECKUX YCTAHOBOK CHUXKaeTCs,

npnyem 4em MeEHbLLE MOLLHOCTb KOTE/IbHOW, Tem 60/blue MCNONb30BaHMe BETPO3HEPreTNHECKNX
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YCTAHOBOK OKa3blBaeTC 3KOHOMMYECKM HE LefecoobpasHbiM MO CPaBHEHMIO C  BapyaHTOM
TENNOCHAaGXEHNA TONbKO OT KOTE/IbHOM. Takxke MoKa3aHO, UYTO C (DMHAHCOBOW TOYKM 3pPeHUs
COOPY>XEHME N UCMO0/b30BaHNE 3HEPTOKOMITIIEKCOB «KOTe/IbHasA + BAY» Ha HYX/bl TeN/0CHA0XeHMS
AB/AETCA OMpaBfaHHbIM, TaK KakK K 3aBEpLUEHUI0 PacyeTHOro CpokKa CryXObl 3HEPrOKOMI/IEKCOB
«KOTefIbHast + BOY» MOXeT ObITb chopMmpoBaHa Npuobiib B pasmepe 17-105% OT nepBoHaYvasibHbIX
WHBECTULMIA, AUCKOHTUPOBAHHbI CPOK OKYNaeMOCTU MPOEKTOB COCTaBUT 6-14 ner.

2. OXnpaeTca, YTo pesynbTaTbl, NO/yYEHHbIE B 3TOM MCCNEL0BaHUN, BOCMOSHAT HeLoCTaToK
WH(opMaLMM 0 LenecoobpasHOCTM MCMOMb30BaHWUSA BETPO3IHEPTETUYECKMX YCTAHOBOK Ha HYX[pbl
TennoCcHabXeHNs, 4TO BeCcbMa MOME3HO AN [APYrMX PailoHOB, B KOTOPLIX MMEKTCA MOXOXUe

NOTPEOUTENN TEN/IOBOIN SHEPTUN, UCMbITLIBAIOLLIME Pa3INYHbIE NPOBAEMbI C TEMTOCHAOKEHNEM.



104
SAKJ/TIOHEHUE

1. AHann3 COBPEMEHHOIO COCTOSIHMSA M OCHOBHbIX NMPO6/eM TEN0CHaGXeHNst NOTPebuTenei B
YAANEHHbIX U U30/IMPOBaHHbLIX painoHax MypMaHCKOM 061acTy nokasan, YTo OLHUM M3 BO3MOXHbIX
HanpaBNeHUA 3HeProcbepeXXeHns M MOBbLILLEHWS SHEPreTUYECKON 3((EKTUBHOCTA CYLLECTBYHOLLMX
CUCTEM TENNOCHAOXeHWS, CHVKEeHMsI 3aTpaT Ha MOKYMKY W [OCTaBKy OpraHuM4yeckoro TOMvBa, a
TaKXXe MOBbILLIEHNSA NX IHEPreTUYECKOM 6e30MaCcHOCTU U YNTyULLEHNS 3KOMOMMYECKOW CUTYauum MoXeT
ObITb UCMO/Ib30BAHNE MECTHbIX BO30OHOB/IAEMbIX WMCTOYHWKOB 3HEPTUW, WU B YACTHOCTU 3IHEPrUu
BeTpa.

2. PaspaboTaHa MaTemaTMyeckas MOJeNb  CUCTeMbl  TernjoCHabXXeHWs Ha  OCHOBe
3HeprokKoMmmnieKca «kKoTenbHad + BAY + TA», N03BONAOLAaA MaTeEMaTUYECKN OMNNCLIBATL Pas/inyHble
PEXMMbI PaboTbl KOTENIbHON COBMECTHO ¢ B3Y n TA ¢ yuyéTom obecnedeHuns 6anaHca Npov3BOACTBa
M NOTPe6/ieHMs Tens0BO 3HEPrMU B pas/IMyHble BPEMEHHbIE MPOMEXYTKM W B 3aBUCMMOCTM OT
PasNYHbIX UCXOAHbLIX MNPUPOAHO-KIMMATUYECKUX (DAKTOPOB (CKOPOCTU BeTpa, Temmeparypsbl
Hapy>XHOro BO3[yXa), a TakKXe Onpeaensitb BO3MOXHble 00BLEMbI 3KOHOMUM TEM/IOBOM 3HEPTUN Ha
KOTe/IbHOM, a CnefoBaTeNlbHO U OpraHnyeckoro TonmBa.

3. MNpefnoxeH cnocob maTeMaTUYeCKOro ONmMcaHus 34aHna Kak akKymynatopa Tenna 60/bLLUol
eMKOCTW, MNO3BOMIAKOLLMIA  MOAENMPOBaTb U3MEHEHME TeMmnepaTypbl BHYTPEHHEro BO3fdyxa B
3aBMCUMOCTU OT Pas3/INUHbIX PEXXMMOB paboTbl KOTeNbHOW 1 BIY.

4. BbInonHeHa oueHKa 3eKTUBHOCTM CUCTEM Ter/I0CHabXXeHNA Ha OCHOBE 3HEPTrOKOMIJIEKCA,
COCTOSILLEr0 13 KOTeNbHOW 1 BAY, B yaaneHHbIX pailoHax MypMaHCKol 06/1acTU. Y CTaHOB/EHO, YTO
OCHOBHOM 3(p(heKT OT UCMO/b30BaHUA BIY Ha HYXAbl TENNOCHAGXKEHNA BbIPXKAETCA B CHVDKEHUN
yyacTusi KOTe/IbHON B MOKPbITUM Tpagmka OTONUTENbHON Harpyskn 4o 90% M COOTBETCTBEHHO Ha
CTONIKO >Ke& B 3KOHOMWW OpraHuM4yecKoro TOMAMBA HA KOTEfbHbIX, YTO MO3BOMIAET CHU3UTL
ce6ecToMMOCTb Ten0Bol 3Heprumn Ha 10-60%, a MCNOMb30BaHME U3ObITOYHON 3HepPrun BIY 3a CUET
Tenn0akKyMynumpytoLei cnocobHOCTU 3[4aHNA [aeT BO3MOXXHOCTb B OT/e/IbHble MeCSALbl COKPaTUTb
yyacTue KOTe/lbHOM ele Ha HEeCcKObKO MnpoueHToB. C (DMHAHCOBOW TOYKW 3PEHUS COOPYXKEHME
9HEPrOKOMI/IEKCOB «KOTeNbHad + BOY» Ha HyXAbl TenjocHabXeHus ABNAETCA OMpaBAaHHbIM, K
3aBEPLUEHNI0 PaCcYETHOIO CPOKa C/YXXObl 3HEPrOKOMIIEKCOB «KOTE/IbHass + BJIY» MOXeT ObiTb
chopmmpoBaHa npubsib B pasmepe 17-105% 0T nepBoHaYasbHbIX UHBECTULNIA, AUCKOHTUPOBAaHHbIN

CPOK BO3BpaTa MHBECTULIMIA COCTaBUT 6-14 neT.
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PEKOMEHOALI N MEPCMNEKTVBbI JANTbHEVLLEXA PA3PABOTKN TEMbI
OVNCCEPTALUMOHHOIO MCCTEAOBAHUA

Pe3ynbTaTbl  [AUCCEPTALMOHHOIO  WCCMEAOBaHMS  PEKOMEHAYHTCS  MCMOMb30BaTb  Mpw
NMPOEKTUPOBaHNM COBPEMEHHbIX CUCTEM TEMMOCHAOXEHUS, BK/KOYAKOWMX B Ce0S  KOTENbHbIe,
BETPO3HEPreTMYECKME YCTAaHOBKM M TEM/MOBbIE aKKYMYNATOPbI. B yaaneHHbIX pailoHax APKTUYECKON
30HbI Poccuiickor defepalmm ¢ noBbILIEHHbIM NOTEHLMAIOM BETPa BETPOIHEPTeTUYECKNE YCTAHOBKM
LlenecoobpasHO UCMoIb30BaTb COBMECTHO C KOTENIbHbIMW Ha HY>XKAbl TEMI0CHAOXKEHNS ANS CHUKEHNS
yyacTusi KOTeNbHOM B MOKPbITUM rpaduka OTOMUTENbHOW Harpy3Kum M 3KOHOMUWM OpraHM4ecKoro
TONMBA Ha KOTeNbHbIX. [lpakTU4ecKas peanu3aums MPOEKTa BHEAPEHUS W UCMO/b30BaHUS
BETPO3HEPreTUUYECKMNX YCTAHOBOK COBMECTHO C KOTe/lbHbIMK Ha TeppuTopun MypMaHCKoW 06nactu
AN Uenein TennocHabXXeHWs MOXKET MOCMY)XWUTb XOPOLIMM TOMYKOM K  KpyrnHOMaclTabHOMY
MCNONb30BaHMIO 3HEPTUM BETPA Ha HY)XXAbl TEMNOCHAGXKEHNSA He TONbKO B YKa3aHHOM PErvoHe, HO U
Ha BCei Tepputopmm APKTMYECKOI 30HbI Poccuiickon defepaumu.

JanbHeAwmmn HarnpasneHNAMU N3yyeHns BO3MOXXHOCTEM 1CMo/b30BaHNA
BETPO3HEPreTUYECKNX YCTAaHOBOK Ha HY)XXAbl TENJIOCHAOXEHUS B yAaneHHbIX paioHaX ApPKTWYECKOM
30Hbl Poccuiickoii degepaumm Moryt ObiTb WMCCNEAOBaHWMS MX PaboTbl COBMECTHO C APYrMMU
aflbTEPHATUBHLIMU N MECTHbIMX BO30GHOBNSIEMBIMI UCTOMHUKAMW SHEPTUW C LENbIO eLle 60/bLLEero
NOBbIWEHNA 3PQEKTUBHOCTM pPaboTbl CUCTEM TEM/IOCHAOXEHNS Ha OCHOBE 3HEProKOMI/EKCa,

COCTOSALLErNO U3 KOTeNIbHON 1 BETPO3HEPIreTUHECKNX YCTAHOBOK.
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