
OT3biB 
oqm:uHaJibHoro onnoHeHTa Ha .n:wccepTaUHOHHYIO pa6oTy 

ra6.n:epaxMaHOBOH TaTMIHbi CepreeBHbi «11ccne,n:oBaHHe 3HepreTwqecKOH H 

3KOHOMHqecKOH 3cpcpeKTHBHOCTH cpoT03JieKTpHqecKHX CHCTeM MHKporeHepaUHH B 

ycJIOBH51X PocCHHCKOH <l>e,n:epaUHH>> Ha COHCKaHHe yqeHOH CTeneHH KaH,n:H,n:aTa 

TeXHHqecKHX HayK ITO CITeUHaJibHOCTH 05.14.01- 3HepreTHqeCKHe CHCTeMbi H 

KOMITJieKCbi 

1. AKTyaJibHOCTb TeMbi ,lJ,HccepTau;uu: 
Ba:>KHhiM HanpaBJieHHeM pa3BHTH51 MHpoBoii conHeqHoii 3HepreTHKH 51BJI51eTC51 

MaCCOBbiH 3anycK B 3KCITJiyaTaUHIO He60JibiiiHX · (MHKporeHepwpyiOIII:HX) 

cpoT03JieKTPHqecKHx cTaHUHH c ycTaHOBJieHHoii MOIII:HOCThiO .n:o 10-20 KBT, JIOKaJibHoe 

ITOTpe6JieHHe 3JieKTp03HeprHH OT KOTOpbiX KOM6HHHpyeTC51 C npo,n:a)l(eH ee H36biTKOB B 

ceTb, a He,n:ocTarorn:aH qacTb 3Toro noTPe6neHH51 npH Heo6xo,n:HMOCTH 3aKynaeTc51 H3 

CeTH. Ba)I(HbiMH 51BJI51IOTC51 OUeHKH 3cpcpeKTHBHOCTH HCITOJib30BaHH51 TaKHX CTaHUHH, HX 

COUHaJibH0-3KOHOMHqecKOH npHBJieKaTeJihHOCTH C yqeTOM rocy,n:apCTBeHHOH 

ITOJIHTHKH HX no,n:,n:ep)I(KH, a TaK)I(e 060CHOBaHHe paHOHOB HX pa3Mern:eHH51 H 

OITTHMH3aUH51 TeXHHqeCKHX peiiieHHH. 

TeMa .lJ:HCCepTaUHOHHOH pa60Tbi COOTBeTCTByeT COBpeMeHHbiM Tpe6oBaHH51M 

pa3BHTH51 cpoT03JieKTpHqecKHX CHCTeM MHKporeHepaUHH B YCJIOBH51X POCCHHCKOH 

<l>e,n:epaUHH H B MHpe. 0Ha, 6e3yCJIOBHO, co,n:ep)I(HT COBOKYITHOCTb aKTYaJibHhiX 

HayqHo-TeXHwqecKHX 3a,n:aq. 

2. CTpynypa u o6'beM ,lJ,nccepTau;uu. 
,[(HccepTaUH51 COCTOHT H3 BBe,n:eHH51, qeTbipex rJiaB OCHOBHOrO TeKCTa, 

3aKJIIOqeHH51 H CITHCKa JIHTepaTypbi. Pa6oTa H3JIO)I(eHa Ha 152 CTpaHHUaX, co,n:ep)I(HT 41 
pHCYHOK, 1 npHJIO)I(eHHe H CITHCOK JIHTepaTypbi H3 138 HaHMeHOBaHHH . .. 

Bo BBe,n:eHHH COHCKaTeJib o60CHOBbiBaeT aKTYaJibHOCTb HCCJie,n:oBaHH51 H 

cpopMynwpyeT UeJib H 3a,n:aqH, a TaK)I(e HayqHyiO HOBH3HY H npaKTHqecKyiO 3HaqHMOCTb 

pa60Tbi, npHBe,n:eHbi OCHOBHbie 3aiii:Hrn:aeMbie ITOJIO)I(eHH51, OITHCaHa CTPYKTypa pa60Tbi. 

B nepBOH rJiaBe OITHCaHbi pe3yJibTaTbi aHaJIH3a COCT051HH51 pa3pa60TOK H 

npaKTHqecKoro HCITOJib30BaHH51 TeXHOJIOrHH cpoT03JieKTPHqecKOH MHKporeHepaUHH B 

MHpe H P<l>. C.n:enaHbi BhiBO.lJ:hi o6 3cpcpeKTHBHOCTH HaKOITHTeneii TennoBoii H 

3JieKTpHqeCKOH 3HeprHH B COCTaBe CHCTeM MHKporeHepaUHH, B qacTHOCTH, 

OTMeqaeTC51, qTo BO MHOrHX CJiyqaHX CTPYKTypa CHCTeM He OITTHMaJibHa, He yqHTbiBaeT 

cneuwcpwqecKHe KJIHMaTwqecKHe, TapwcpHbie H .n:pyrwe ycnoBH51. OHM He 

npwcnoco6neHbi K ycnoBHHM 3KcnnyaTaUHIO B P<l>, K ,n:JIHTeJibHhiM nepwo,n:aM HH3KHX 

HHCOJI51UHH H HH3KHX TeMnepaTyp. 3KOHOMHqecKa51 npHBJieKaTeJibHOCTb CHH)I(aeTC51 B 

CB513H C He06XO.lJ:HMOCTbiO 3HaqHTeJibHbiX BJIO)I(eHHH B HaKOITHTeJIH 3JieKTpHqeCKOH 

3HeprHH. 

BTopaH rnaBa nocBHIII:eHa BonpocaM 3KcnepHMeHTaJihHOH 3Kcnn yaTaUHH 
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aBTOHOMHOH cpoT03JieKTplfqecKOH ycTaHOBKif ( <1>3Y) aKKYMYJI.HTOpHOrO Tlfna B 

ycnoBH.HX MocKoBcKoro perHoHa If ee lfMHTaUHOHHoro Mo.n:enHposaHH.H. I1oKa3aHo, 

qTo .[(JI.H yMeHhiiieHif.H pa36aJiaHCa Hanp.H)I(eHifH He06XO.[(IfMO lfCnOJih30BaTb 

6anaHCHpOBOqHoe ycTpOHCTBO, KOTOpoe KOHTpOJIHpyeT Ka)l(.[(hiH 3JieMeHT If 

nepepacnpe.n:emieT 3HeprHJO Me)l(.n:y HHMH. Pa3pa6oTaHHa.H MaTeMaTifqecKa.H Mo.n:enh 

XOpOIIIO OnlfCbiBaeT CHTyaUiflf .[(JI.H BeJIIfqlfH cpe.n:HecyToqHhiX MOIUHOCTeif COJIHeqHoro 

H3JiyqeHH.H 6onee 100 BTIM2 (norpeiiiHOCTh npH 3TOM He npeBhiiiiaeT 13-15%). 
TpeTh.H rnasa nocB.HIUeHa Mo.n:enHpoBaHHJO npoH3BO.[(HTeJihHOCTif <I>3C 

MHKporeHepaUHH B perHoHax P<I>, a TaK)I(e aHaJIH3Y qyscTBHTeJihHOCTH pa6oThi cHcTeM 

K 3HepreT1fqecKHM, MOIUHOCTHhiM xapaKTepHCTHKaM o6opy.n:oBaHif.H <1>3C If cyToqHOMY 

rpacpHKY 3JieKTponoTpe6neHH.H. 11ccne.n:osaHH.H BhiTIOJIHeHhi .[(JI.H 5 reorpaqmqecKHX 

MeCTOnOJIO)I(eHHH, xapaKTepH3YJOIUifXC.H BhiCOKifMif COJIHe~HhiMif pecypcaMif (6onee 

1,3 MBT·q/M2·ro.n:) If OTHOC.HJUHXC.H K pa3JI1fqHhiM TapmpHhiM 30HaM P<I>. B KaqecTBe 

6a30BOro 06'beKTa paCCMOrpeH lfH.[(IfBif.ll:YaJihHhiH )l(lfJIOH .[(OM C cyMMapHOH rO.[(OBhiM 

norpe6neHHeM 5,5 MBT·q 3JieKTpo3HeprHH. B qacTHOCTH, .ll:JI.H KJIHMaTifqecKHX 

ycnoBHii JlKyTcKa If Bonrorpa.n:a B xo.n:e napaMerpHqecKHX Hccne.n:osaHHii Bhi.HBJieHhi 

3HepreT1fqecKife If MOIUHOCTHbie napaMeTpbi ClfCTeM, npH KOTOpbiX .[(OCTifraJOTC.H 

HaHnyqiiiife 3HepreT1fqecKHe xapaKTepHCTHKH <I>3C. 

B qeTBepToii rnase npose.n:eHhi 3KOHOM1fqecKHe oueHKif pa3JI1fqHhiX Mo.n:eneii 

<1>3C MHKporeHepaUiflf, He06XO.[(IfMhie .[(JI.H OKOHqaTeJihHOrO Bhi6opa lfX 

KOHqmrypaUHH If yqlfThiBaJOIUife 3aBifCifMOCTif OT KJIIfMaTifqecKifX If 

3KCnJiyaTaUHOHHhiX ycJIOBifH. Pa3pa6oTaH HOBhiH nO.[(XO.[( Ha OCHOBe lfCnOJih30BaHif.H 

CTOifMOCTif 3HeprHif .[(JI.H noTpe6M:TeJI.H P eons' OTpa)l(aJOIUifH cpe.n:HJOJO 3a 20 JieT 

CTOifMOCTh 3JieKTp03HeprHif, CYMMapHO norpe6JieHHOH X03.HHCTBOM, BKJIJOqa.H ero 

noTpe6JieHif.H lf3 CeTif If OT C06CTBeHHOH <1>3C. I10Ka3aHO, qTo B CeTeBbiX 30HaX 

rJiaBHhiMif napaMerpaMif 3KOHOM1fqecKOH 3<}:><}:>eKTifBHOCTif <1>3C MHKporeHepaUiflf 

.HBJI.HJOTC.H p03HifqHhiH If C6biTOBOH TapH<}:>hi Ha 3JieKrp03HeprHJO. . 

ITo HToraM Hccne.n:osaHH.H B .n:HccepTaU:Hif c<}:>opMynHposaHhi BhiBO.ll:hi o 

.[(OCTif)l(eHiflf 3a.HBJieHHOH QeJIIf If peiiieHiflf nocTaBJieHHhiX 3a.[(aq, 

,z::t:HCCepTaUHOHHa.H pa6oTa HanHCaHa TeXHifqeCKif rpaMOTHhiM .H3hiKOM If XOpOliiO 

o<}:>opMJieHa. Co.n:ep)l(aHHe aBTope<}:>epaTa orpa)l(aeT OCHOBHhie noJIO)I(eHH.H If H.[(elf 

.[(lfCCepTaUiflf, 0 qeM CBif.[(eTeJibCTByeT HaJIIfqlfe OCHOBHhiX BhiBO.[(OB no rJiaBaM If 

3aKJIJOqeHHe no pa6oTe. Pa6oTa co.n:ep)l(aTeJihHa, HMeJOTC.H cchiJIKif Ha 3aHMCTBOBaHHhie 

lfCTOqHifKif, a TaK)I(e MaTepHaJihl pa6oT, BhiTIOJIHeHHhie .[(lfCCepTaHTOM CaMOCTO.HTeJibHO 

If B COaBTOpCTBe. 

3. Hay'IHaH HOBH3Ha npoBe)J,eHHbiX HCCJie)J,OBaHHH H UOJIY'IeHHbiX 

pe3yJibTaTOB 3aKJIIO'IaeTCH B CJie)J.ytomeM: 

1. ITpose.n:eH KOMnJieKc 3KcnepHMeHTaJihHhiX If pacqeTHO-TeopeTifqecKHx 

lfCCJie.[(OBaHifH KOH<}:>HrypaU:IfH <1>3C MHKporeHepaU:Iflf BnepBbie B IIIHpOKOM 

cneKTpe KJIIfMaTifqecKHX, TeXHifqeCKifX, 3KOHOM1fqeCKifX ycJIOBifH, BKJIJOqa.H yqeT 

pa3JI1fqHhiX TapH<}:>oB pbiHKa 3JieKrp03Hepn!lf B perHOHax PoccHH ( ceTeBhie 30Hhi If 



3 

OT)l,aJieHHbie OT HIIX), C :o;eJibiO onpe.ll,eJieHJUI HX 3KOHOMHqecKOll 

IIpHBJieKaTeJibHOCTH )l,JI51 HH)l,HBH)l,YaJibHbiX IIOTpe6HTeJieif (X0351ll~TB ). 

2. Hccne)l,oBaHbi ycnoBH51 pa36aJiaHcHpOBKH CBHH:U:OBO-KHCJIOTHoii 

aKKYMYJI51TOpHOll 6aTapeH H CQlOPMYJIHpOBaHbl Tpe6oBaHH51, KOTOpbie He06XO)l,HMO 

BbiiiOJIH51Tb IIpH IIpOeKTHpOBaHHH <l>3C )l,JI51 npe.ll,OTBpar:u;eHH51 IIpe)l()l,eBpeMeHHOrO 

BbiXO)l,a HaKOIIHTeJieif 3JieKTp03HeprHH H3 CTp051. 

3. Ha OCHOBe OIITHMH3aQHOHHbiX UCCJie)l,OBaHHll BIIepBbie OIIpe.ll,eJieHbl 

perHOHbl P<l>, B KOTOpbiX HCIIOJib30BaHHe <l>3I1 MHKporeHepaiJ;H51 51BJI51eTC51 

3KOHOMHqecKH BbirO)l,HbiM: xo351llCTBa B JIKyTHH H Ha 10re .ll:aJihHero BocToKa. IlpH 

CHH)I(eHHH CTOHMOCTH o6opy.ll,OBaHH51 <l>3C 3KOHOMHqeCKH IIpHBJieKaTeJibHbiMH 

MoryT 6b1Tb paifOHbl C He:o;eHOBbiMH 30HaMH OIITOBOrO pbiHKa H BbiCOKHMH 

IIOTeHIJ;HaJiaMH COJIHeqHOll 3HeprHH. 

4. BnepBbie pa3pa6oTaHbi cxeMbi <l>3C MHKporeHepa:o;HH c HCIIOJib30BaHHeM 

H36b1TKOB reHepHpyeMOll 3HeprHH Ha rop51qee BO)l,OCHa6)1(eHH51, KOTOpbie IIpH 

3aMer:u;eHHH Tpa.ll,HIJ;HOHHbiX 3JieKrpHqecKHX BO)l,OHarpeBaTeJieif II03BOJI5110T 

IIOBbiCHTb 3KOHOMHqecKyiO IIpHBJieKaTeJibHOCTb TaKHX CHCTeM. 

4. 3Ha"IJHMOCTb DOJiy"l.feHHbiX B .Z:.HCCepTaQHH npaKTH"I.feCKHX pe3yJihT3TOB. 

IlpaKTHqecKa51 3HaqHMOCTb pe3yJibTaTOB BbiiiOJIHeHHOrO HCCJie)l,OBaHH51 

CO.ll,ep)I(HTC51 B HayqHo-TeXHHqecKOM H 3KOHOMHqeCKOM o60CHOBaHHH 

rocy.ll,apcTBeHHOll nporpaMMbl pa3BHTH51 MHKporeHepa:U:HH Ha OCHOBe BH3, B 

)l,OCTH)I(eHHH ee QeJieBbiX 3HepreTHqeCKHX H MOr:u;HOCTHbiX napaMeTpOB IIJiaHHpyeMbiX 

K HCIIOJib30BaHHIO <l>3C MHKporeHepa:U:HH Ha TeppHTOpHH P<l> H B aHaJIOrHqHbiX 

KJIHMaTHqecKHX ycJIOBH51X B MHpe. 

5. 060CHOB3HHOCTb nay"l.fHbiX DOJIO~eHHH, BbiBO.Z:.OB H peKOMeH.Z:.3QHH, 

npHBe)l,eHHbiX B )l,HCCepTa:U:HOHHOll pa6oTe ra6.2l,epaxMaHOBOll TaTb51Hbl CepreeBHbl, He 

Bbi3biBaeT coMHeHHii. 06ocHoBaHHOCTb pe3yJihTaTOB Hccne)l,oBaHHii rio)l,TBep)l(.ll,aeTc51 

KOppeKTHOCTbiO 3a51BJieHHbiX :u;eneif H HayqHO-IIpHKJia)l,HOll HanpaBJieHHOCTbiO 

IIOCTaBJieHHbiX 3a)l,aq, IIpOBe)l,eHHeM IIO.ll,p06HbiX 3KCIIepHMeHTaJibHbiX H 

TeopeTHqecKHX HCCJie)l,OBaHHll, HCIIOJib30BaHHeM CTaTHCTHqecKHX MeTO)l,OB o6pa60TKH 

)l,aHHbiX. .ll:OCTOBepHOCTb IIOJiyqeHHbiX pe3yJihTaTOB HCCJie)l,OBaHHll IIO)l,TBep)l(.ll,aeTC51 

HaJIIfqHeM pa3JIHqHbiX H He3aBHCHMbiX CIIOC060B IIpOBepKH IIOJiyqeHHbiX pe3yJihTaTOB, 

OIJ;eHKH HX IIOrpeiiiHOCTH. 

6. Anpo6aunH pelyJihTaToB uccJie.r.osannH u noJIHOTa ny6JinKauuii 

OcHOBHbie rrono)l(eHH51 H pe3yJibTaTbi )l,HccepTa:o;HOHHoii pa6oThi )l,OKJia)l,biBaJIHCb 

Ha 12 HayqHo-rrpaKTHqecKHX Me)l()l,yHapo.ll,HbiX H poccHiiCKHX KOHQ:>epeH:U:H51X. ITo 

MaTepHaJiaM )l,HCCepTaQHH ony6JIHKOBaHO 15 rreqaTHbiX pa60T, B TOM qHcJie 6 CTaTeif B 

)I(YPHaJiax, peKOMeH)l,OBaHHbiX BAK P<l>, 2 cTaTbH B )I(YPHaJiax, BXO.ll,5Ir:u;Hx B 

peQ:>epaTHBHyiO 6a3y )l,aHHbiX Scopus. Orry6nHKOBaHHbie HayqHhie TPY.ll,bi rroJIHOCTbiO 

OTpa)l(aiOT CO.ll,ep)l(aHHe )l,HCCepTaQHOHHOrO HCCJie)l,OBaHH51. 
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7. JIHIJHbiH BKJia,LJ. aBTOpa B perneHHe rrpo6JieMbl COMHeij:HH He Bbl3biBaeT, 

3aKJIIOqaeTC51 B BbiiiOJIHeHHH 3KCIIepHMeHTaJibHbiX HCCJie.IJ:OBaHHH aBTOHOMHOH 

cpOT03JieKrpHqecKOH ycTaHOBKH, B pa3pa60TKe aJirOpHTMOB aHaJIH3a 3HepreTHqeCKOH H 

3KOHOMHqeCKOH 3cpcpeKTHBHOCTH <l>3C MHKporeHepaQHH, B rrpose.n:eHHH 

MO.IJ:eJIHpOBaHH51 COe.IJ:HHeHHbiX C ceTblO <l>3C MHKporeHepaQHH H aHaJIH3Y 

3aBHCHMOCTH HX 3HepreTHqecKHX xapaKTepHCTHK OT KJIHMaTHqecKHX OC06eHHOCTeH 

perHOHOB PoccHH H rpacpHKOB Harpy3KH. 

8. 3aMeiJaHHH H BODpOCbl DO ,LI.HCCepTaiJ,HOHHOH pa60Te 

1. B .n:HccepTaQHH HCIIOJih30BaHa rrporpaMMHa51 cpe.n:a TRNSYS H KpaTKO 

orrHcaHbi rrporpaMMhi MATLAB (Simulink), HOMER Pro, PVSyst. 

)l{eJiaTeJibHO 6biJIO 6bi 6oJiee IIO.IJ:p06HO apryMeHTHpOBaTb Bbi6op rrporpaMMHOH 

cpe.IJ:hi .IJ:JI51 Mo.n:eJIHposaHH51 cpe.n:H ITO, o6Jia.n:aromHx aHanorHqHhiM 

cpyHKQHOHaJIOM, H cpaBHHTb HX rrpeHMymecTBa H He.IJ:OCTaTKH. 

2. qeM apryMeHTHpyeTC51 Bhi6paHHa51 seJIHqHHa ro.n:osoro rrorpe6JieHH51 

3JieKTpHqecKOH 3HeprHH 5,5 MBT·q, HCIIOJib30BaHHa51 B MO.IJ:eJIHpOBaHHH? 

3. KaKoBa rrorpernHOCTb H3MepeHH51 xapaKTepHCTHK coJIHeqHoro H3JiyqeHH51 

IIpH IIpOBe.IJ:eHHH 3KCIIepHMeHTaJibHbiX HCCJie.IJ:OBaHHH? 

4. HeKoTopbie rrpHH51Tbie B 3KOHOMHqecKOM pacqeTe .n:orrymeHH51 Bhi3hiBaiOT 

COMHeHH51. B qacTHOCTH, JIHHeHHbiH xapaKTep H3MeHeHH51 CTOHMOCTH 

o6opy.IJ:OBaHH51 <l>3C IIpOIIOpQHOHaJibHO H3MeHeHHIO pa3MepHbiX (MomHOCTHbiX H 

eMKOCTHbiX) xapaKTepHCTHK, HO C yseJIHqeHHeM pa3Mepa 3KOHOMHqecKa51 

cocTaBJI51IOma51 KOHTaKTOB, Koprryca H .n:pyrHx 3JieMeHTOB B CTPYKType QeHhi 

yMeHbiiiaeTC51. KpoMe TOrO, CpOK CJiy)l(6bi CBHHQOBO-KHCJIOTHbiX HaKOIIHTeJieH 

3HeprHH, IIpHH51TbiH paBHbiM 10 ro.n:aM, ITO MOeMy MHeHHIO, HeCKOJibKO 3aBbiiiieH, 

ero CJie.IJ:OBaJIO 6bi IIpHH51Tb paBHbiM He 6oJiee 6 JieT. _ 

5. II pH Bhi6ope rro.n:xo.n:a, HCIIOJih30BaHHoro .IJ:JI51 3KOHOMHqecKoro aHaJIH3a, 

CJie.IJ:OBaJIO 6bi 6oJiee IIO.IJ:p06HO pacCMOrpeTb HCIIOJih3YIOmHeC51 B MHpOBOH 

rrpaKTHKe rpa.IJ:HQHOHHbie IIO.IJ:XO.IJ:bl, H, B03MO)I(H0, qacTHqHo HX HCIIOJib30BaTb. 

TaK, rro MOeMy . MHeHHIO, rrpH cpasHeHHH 3KOHOMHqecKoii 3cpcpeKTHBHOCTH 

aKKYMYJI51TOpOB rrpe.n:rroqTHTeJihHee HCIIOJib30BaTb IIOH51THe HOpMHpOBaHHOH 

CTOHMOCTH xpaHeHH51 (Levelized Cost of Storage, LCOS). 

C.n:eJiaHHhie 3aMeqaHH51 He CHH)I(aiOT o6meii rroJIO)I(HTeJihHO:ii oQeHKH 

rrpoBe.IJ:eHHbiX HCCJie.IJ:OBaHHH. 

9. 3aKJIIOIJeuue 

CqHTaiO, qTo rro csoeii aKTYaJihHOCTH, HOBH3He, HayqHoii H rrpaKTHqecKoii 

3HaqHMOCTH .IJ:HCCepTaQH51 rrpe.IJ:CTaBJI51eT co6oif 3aKOHqeHHyiO HayqHo-

KBaJIHcpHKaQHOHHYIO pa6oTy, KOTOpa51 COOTBeTCTByeT BCeM KpHTepH51M, 

ycTaHOBJieHHhiM rr. 9 IIoJio)l(eHH51 o rrop51.IJ:Ke rrpHCY)I(.IJ:eHH51 yqeHbiX cTerreHeii .N~ 842 
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OT 24.09.2013r., a ee aBTOp ra6.n:epaxMaHOBa TaTMIHa CepreeBHa 3aCJIY)I(MBaeT 
IIpMCY)I(.IJ:eHM}I y~eHOH CTeiieHM KaH.[(M.[(aTa TeXHM~eCKMX HayK IIQ CIIeUMaJihHOCTM 
05.14.01- 3HepreTM~eCKMe CMCTeMhl M KOMIIJieKChl. 
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