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Rezumat. Este prezentatd analiza de schimbari de stare a indicatorilor paramentrilor securitatii
energetice cu includerea rezultatelor de calcul pentru anul 2005. Sunt descrise tendinte de schimbare a
evaludrii integrale de stare al sistemului indicatorilor 1n Intregime si masurile necesare care trebuie sa
fie intreprinse pentru imbunatatirea situatiei.
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AHHOTauusl. B cTaThbe BBINOJHEH AaHAIU3 HU3MEHEHUS COCTOSHHS WHIWKATOPOB 3HEPreTHYECKON
0e30macHOCTH ¢ Ao0aBiIeHHEM pe3ynbTaToB pacueToB 3a 2005 roa. OnucaHbl TEHACHIIUA U3MEHEHUS
WHTETPAIIbHON OIIEHKH COCTOSIHUS 0 BCEM CHCTEME MHAMKATOPOB U HEOOXOJIUMBIE MEPOIPHUATHUS T10
YIIYYIICHUIO CUTYaIl1H.

KuaroueBbie cioBa. IHIukaTop, sHEpreTudeckas 0€30macHOCTh, MHTErpaIbHasl OIEHKa

The summary. The change of indicators of energy security with addition of results of calculations for
2005 is analyses in the article. Tendencies of change of an integrated estimation of all system of
indicators and necessary actions on improvement of a situation are described.

Keywords. Indicator, energy security, an integrated estimation.

Jlnis uccneoBaHusl COCTOSIHUS SHEPreTUYeCKON 0€30IaCHOCTU CTPaHbl IPUMEHSETCS WHAMKATUBHBIN
anamu3 [1]. Ero cyte cocrout B (OpMHPOBAHMHM CHUCTEMbl HWHAWKATOPOB, HauOoJee MOJIHO
OTPAKAIOIIUX COCTOSIHME CHCTEMBI, U3yUEHHE IMHAMHKH UX W3MEHEHMs B CPAaBHEHHH C IOPOTOBBIMU
3HAYECHUSIMHU, KOTOPbIE OIPEIENAIOT IEPEX0]] B KPU3UCHOE COCTOsIHUE. 11l KPU3UCHBIX MHIUKATOPOB
dopmMHupyeTcss KOMIUIEKC MEpONpUATHM W PpEeKOMEHJAlMH, HAINpaBJICHHBIX Ha YJIy4YlIEeHHE WX
COCTOSIHUS , @ TAKXKE YIYUIICHHUS COCTOSIHUS BCEH CUCTEMBI B LIEJIOM.

st PM cocraBnena cucrema u3 24 MHIUKATOPOB (OHA Ha3BaHA 0A30BOM WJIM MEpBOHAYAIBHOW) ,[2] ,
pa3feneHHbIX 0 7 OJI0KaM M OTPaXKaroIMX OCHOBHBIE 3TAIlbl YHEPTOCHAOKEHUS moTpedurene. Jlns
KaX/J0r0 M3 HUX Ha OCHOBAHMU CTAaTUCTUYECKMX U BEJOMCTBEHHBIX JIaHHBIX AaHAIU3UPYETCA
JMHAMUKa W3MEHEHMS 3a ONpEACTICHHBIM MepHoa BPEMEHH. JTO IMO3BOJSET pACCUUTATh 3HAYCHUS
UH/IMKATOPOB, ONPEAEIUTh UX OPOrOBbIE BEJIMYMHBI M IIOCTPOUTH LIKAJIbI KPU3UCHOCTH Ul KaXKJOr0
WH/IMKATOpA JUIsl ONpeIeTICHUs] YPOBHS KPU3UCHOCTH €0 COCTOSTHHUSL.

[IpoBeneHne MOHUTOPHHIA COCTOSIHMSA BCEM CHUCTEMbl MHAMKATOPBl B ILIEJIOM IO3BOJIAET YBUAETh
TEHJIEHIIMM W3MEHEHUS YPOBHS DSHEPreTHMYecKOW OE30MacHOCTH M OIpPENEeNUTh HPUOPUTETH B
CTpaTeTMM pa3BUTHS, BBIABUTb  IE€PBOOYEPEIHBIE M HEOTIOXKHBIE HANpPaBJICHUS BIJIOXKEHUS
¢uHaHCOBBIX cpencTB. Takoil MOHUTOPUHT yke mpoBoxwics it nepuona 1990-1999 rr, 2000-2004
rr. B HacTosiee Bpems BbIOJIHEHBI pacueThl 11t 2005 roma(Ha TeKyIuidi MOMEHT TOJIBKO Ha 3TOT TOJT
umeercs opuIMaIbHas CTATUCTUKA) , YTO TO3BOJIMIIO MOMYYUTh KapTUHY U3MEHEHHs COCTOSHUS 3a 15
JeT.



Henbio HacTosIIECH CTaThbU SBISETCS aHATU3 TCHICHIUN M3MEHEHUU B MOCIEAHHME TOMAbI, BKIIOYAS
2005 r. JlanHbIi aHATU3 TIPOBOJUTCA HA 0a3ze CUCTEMBI U3 24 WHAMKATOPOB U COACPKHUT CIICIYIONINE
JTarbl:

1) cOop 1 MOATOTOBKY UCXOAHBIX AaHHBIX 3a 2005 msis nmonosiHeHust 0a3bl;

2) Pacmmpenue Bcero KOMILIEKCA pacdeTHBIX Tadmuil A yuera 2005 r;

3) nocTpoeHne 3aBUCUMOCTEN, OTpakaroIlUX AUHAMUKY U3MEHEHUSI UHAUKATOPOB;

4) ompeneneHUE WHTETPAIBHON OIICHKH COCTOSIHUS YPOBHS DHEPreTUYECKOM Oe30MacHOCTH
JUTsl BCeW cucTeMbl MHAMKATOpoB 1yist 2005 r. u aHanM3 JUHAMUKH U3MeHeHus 3a nepuona 1990-2005
IT.

[ToporoBeie 3HaueHUs Ui NPEIKPU3UCHOTO, KPU3UCHOTO M 0A30BOT0 3HAYEHUS MPHUHSATHI 110
JKCIIEPTHOMY METO.Y.

HuTerpanbHasi olleHKa COCTOSIHUSI YPOBHSI JHepreTuyeckoii 6ezonacioctu PM B 2005 r

Wurerpanbhas ouenka (puc. 1) ang 2005 rona nmo kakJ1oMy peruoHy u 0JIOKy M BCEHl cucteme
MH/IMKATOPOB IMOKa3aa, yTo 1o [IpaBoOGepexbio CUTyalisi HECKOJIBKO YIIyUIIMIach U U3 KPU3UCHOTO
HECTaOMIIPHOTO TIepellia B NMPEeIKPU3UCHOE KpuTmueckoe (Oamn paBeH 4, 67). DTO yiydlleHHe
CBSI3aHO C POCTOM BBIPAOOTKH 3JIEKTPOIHEPTUU HAa COOCTBEHHBIX MCTOYHHKAX, POCTOM KOJIMYECTBA
noTpeOIsIEeMOT0 TOIUIMBA, POCTOM YPOBHS mOTpebieHus sHeprun. OIHAKO MO-TPEKHEMY HMEIOTCS
nensle Onoku (Ne 3 — Hampumep), B KOTOPOM BC€ HHAMKATOPHI SBISAIOTCS KpU3UCHBIMU. Ilo
JleroGepexxkpro B 2005 r. curyamus yxyammiack B CBs3u ¢ Hegorpyskod MIPOC. B menom 1o
MonnoBe 6am1 cocTosiHUsL paBeH 5,27, 4TO MOKa3bIBaeT KPU3HCHYIO HECTAOMJIBHYIO 30HY IO ILIKaie
KPU3UCHOCTH.
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Puc.1. NHTerpanbHas GannbHas oLeHKa COCTOsHUA aHepreTndeckomn 6esonacHocTn Pecny6nmku
MorgoBa (Npu 3KCNepTHbIX NMOPOroBbIX 3HAYEHUIX UHAVMKATOPOB)

[Ipoananu3upyem TUHAMUKY U3MEHEHUS] HEKOTOPBIX MHANKATOPOB B OTJEILHOCTH (pHC. 2-8)
WNupukarop yposus nmotpednenus tommusa ¢ 2000 r Heckonbko ymyummics. B IlpaBobepexne
umeercs poct ¢ 0,28 no 0,42 ( B 1,5 pasa), ogHako B cpaBHEHHH ¢ ypoBHeM 1990 roga, mpuHATOTO 3a
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1, naHHBIM MHAMKATOP MO-IPEKHEMY HaXOAMUTCS B KPU3UCHOM 30HE (puc.2). BennumHa BbIpaOOTKH
JIEKTPOIHEPTUN HAa COOCTBEHHBIX MCTOYHMKAX IMO-MPEXKHEMY OCTAETCS HEJIOCTaTOYHOW- MHAMKATOP
MPaKTUYECKH Ha TPAHULIE C KPU3UCHOM BennuuHOU (puc.3-4).

WNunukatop ypoBHS H3HOCA IMOACTAHLIMH MO-NPEKHEMY YXYALIAeTCSs B CBSA3M C POCTOM CpOKa
HKCIUTyaTaluil 0O0OPYAOBAaHHMS M HAXOIUTCS B 30HE KPHU3HCHOTO cocTostHHMA (puc.5).  Bemnuwnna
UMIOPTUPYEMOH 3JIEKTPO’HEPTMH B IMOCIEIHUE S5 JET OCTaeTcsl JIOCTaTOYHO OONbLIOW JJis
[IpaBobOepesxbst (MHIUKATOP B KPU3UCHOM HHTEpBasie). Lyt MongoBEI B IIETIOM- Ha TPaHHUIIE TIepexoa
B KpU3HCHOE cocTosiHue (puc.6).  BBuay Manoil BbIpaOOTKH SHEPIHMM Ha COOCTBEHHBIX MCTOYHMKAX
U, COOTBETCTBEHHO, HEOONBIIOT0 KOJMYECTBA CHKUIAEMOIO TOIUIMBA JUIsl BBIPAOOTKM HHEPIHH,
Benn4uMHbI BbIOpocoB CO2 Takke HeBeNMKH. MHIMKATOPBI 3KOJIOTMYECcKOro OJ0Ka, OMHMChIBAIOIIUE
BbIOpOockl CO2 B aTMocdepy, HaXOAATCS B 30HE HOPMAJIBHOTO COCTOSTHHUS (puc.7).

B nocneanue roasl HabIOAAETCS POCT 0XO/I0B HACEIEHHUS, B CBSI3U C YEM CHMXKAETCs JOJIs 3aTpaT
U3 CPEeJHEAYIIEBOro 10Xoa Ha npruodperenue TOP. DTOT MHIUMKATOP C KaXAbIM IOJIOM YJIy4dIlIaeTcs,
OJTHAKO MO-NPEXKHEMY HaXOAUTCS B KPU3UCHOM MHTEpBasie (puc.l).

WHaukaToppl, 3HA4€HHMs] KOTOPBIX IONAAAI0T B KPHU3UCHYIO 30HY, CHTHAJIM3UPYIOT O
NepBOOYEPEHON HEOOXOAUMOCTHU MPUHATUS MEPONPUATHI UMEHHO B IaHHOM ceKTope. BhIsiBieHHbIE
«y3KHE» MeCTa B TMPOLECCE HSHEProcHaOXKEeHUs NOTpPEeOHTENeH  MO3BOJSIOT IMPOAHAIN3UPOBATH
MEPONPUATHS 110 YIIyULICHNUIO COCTOSIHUS M BBIOpaTh U3 HUX Hanbosee 3(pPEeKTHUBHBIE.

[IpoBeneHHble HCCIAENOBAaHUS MOKAa3ajdd, YTO YacTh HWHAMKATOPOB, MPUHATBHIX IS
UCCIIEZIOBAaHHUSI SHEpreTHYecKol 0e30MacHOCTH MonaBCcKOil 3HEprocUCTeMbl, HAXOAWUTCS B
KpU3uCHOM 30He. [IpoBeneHne MepomnpHATHIL, KOHEYHOM LEJbIO KOTOpBIX OyJeT BO3BpaT
WH/MKATOPOB B 30Hy HOPMAJIBHOT'O COCTOSIHUS, OYJeT ClIOCOOCTBOBATh MOBBIIICHUIO 3HEPTreTUYECKON
0€30MacHOCTH DJHEPrOoCUCTEMBl U rocyaapcTBa. PaccMoTpuM uX noOApoOHeEe Al HEKOTOPBIX
UH/IUKATOPOB.

WNHaukaTop mpou3BOACTBA AJIEKTPUUECKOW OSHEPruu IMOKA3bIBAET, UYTO BBIPAOOTKA 3JIEKTPOIHEPIHU
o cpaBHeHHio ¢ 1990 r. cuusunace Oonee yem B 3 pasa. Jlo 1990 r. MonaaBckas sHeprocucrema
SIBJISUIACH SKCHOPTEPOM 3JIEKTPOIHEpPruu, a ¢ 1994 - uMnopTupyeTr 3JIEKTPOIHEPrUi0, XOTS HUMEET
MOIITHOCTH, HM30BITOYHBIE JUIsi obOecrnedeHus coOCTBeHHOro Oamanca (00 3TOM CHUTHAJIM3UPYIOT
WH/IUKATOPBl BBIPAOOTKM 3JIEKTPOSHEPTMM Ha COOCTBEHHBIX HCTOYHHMKAaX, YPOBHSA pe3epBa
YCTQHOBJICHHOH MOIIHOCTH, BEJIMYMHBl HMIOPTHUPYEMOM D3JEKTPOIHEPrMM IO CPABHEHUIO C
notpedisieMoil u apyrue). B cBA3M ¢ 3TMM mepBEHWIIMM MEPONpPUSATHEM IO 00ECIEUYECHUIO
SHEPTeTUYECKOM OE30MacHOCTH SBIISIETCS 3arpy3ka COOCTBEHHBIX MomHocTe. Ilpm 3ToM Bce
YIOMSHYTBbIE WMHIUKAaTOPbl BO3BpAIAOTCSI B 30HY HOPMAJIbHOI'O COCTOSIHMS, YTO  IOBBILIAET
9HEPreTUYECKyI0 0€30I1aCHOCTh U 00€CIIeYNBAET SHEPIrETUUECKYIO0 HE3aBUCUMOCTb FOCY1apCTBa.

YpoBeHb HM3HOCA MOACTAHIMOHHOTO oOopynoBanusi 110 kB u Bblme (MHIUKATOPHI OJOKa
nepesadu ¥ pacupeeseHus SHeprun) cocTaBisieT 25% 1 He0OX0IMMO BIIOKEHHUE CPEJICTB B PEMOHT U
MOJICPHU3ALUIO 000PYI0BaHUS, YTO OIPELIIICT MEPOIIPUATHUS B TAaHHOM OJIOKe.

VYpoBHU noTpebaeHus 3Hepruu (00K MoTpeduTeNneit) CHU3WIUCH TTo cpaBHEHHUIO ¢ 1990 r Gonee
4yeM B 3 pasa. 3aTpaTbl HAceJIEHUs Ha OIUIaTy 3HEPrOpeECYpCcOB B IEJIOM JOCTATOYHO BEIMKH .
IlepecmoTp TapudHOIl NOJUTHKM M COINIACOBAHME BEIWYMH Tapu(oOB Ha 3IIEKTPOIHEPIHUIO, TIa3,
TEIUIOBYIO SHEPTUIO C YPOBHEM JOXOJO0B HACEJICHUS SIBISETCA OJHUM M3 IJIaBHBIX MEPOIPHUATHI IO
JTAHHOMY OJIOKY.
[IpoBenenue sHeprocOeperarux MEpONpHATHH HMeeT OoJblloe 3HadeHue I MOJAOBBL, T.K.
pecnyOiMKa TNpPaKTUYECKH HE HMEET COOCTBEHHBIX JHEPreTHUecKuX pecypcoB u Oomee 90 %
TOIJIMBHOTO OajiaHca MOKPHIBACTCA 33 CUET UMITOpTa (MHAUKATOPHI OJI0KA TOTIIMBOCHAOKEHHMS).
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Puc. 8.MameHeHne nHagukaTopa gonu AyweBoro goxoaa,
3aTpauMBaeMoro Ha npuobpeTteHue TIAP, o.e.

DHeprocbepekeHne SBISETCS KOMIUIEKCHBIM MEPOTIPUSTHEM, KOTOPOE MOXKET OCYIIECTBIATHCS
Ha pa3MYHBIX JTamax sHeprocHaOxkeHus. [loTeHIMaTbHBIE BO3MOXKHOCTH 3JHEpProcOepexeHUs B
Pecny6iinke MonoBa ouenuBatotcst Ha ypoBHe 280 Toic. T.y.T. - B 2005 r. u 400 THIC. T.y.T. — 2010
r,[4]. Ilo skcnepTHhIM oneHKaM, okojo 30 % oT obmiero moTpeGieHHus SHEPropecypcoB MOMKHO
COKOHOMUTH, YTO MO3BOJIHIIO ObI MOBBICUTH YHEPTETHUECKYIO OE30MaCHOCTb.

MonnoBa o0jazaeT OOCTATOYHBIM IOTEHIMAJIOM IS MCIIOJB30BaHUS BO300HOBISIEMBIX
WMCTOYHUKOB YHEPTHH: COJIHIIA, BETPa, OoMacchel, TuaposHepruu. [lo nanueiM [3], cpenHsis comHeYHAS
MHTEHCUBHOCTH cocTaBisgeT 150-190 Bt/m® B Teuenue 200 JIHEW B TOZly, YTO MOXKET JaTh SYKOHOMHIO
710 90 TBIC.T.y.T. B TOJl IPU BHEAPECHUH 1 MITH. M? CONTHEUHBIX KOJIJIEKTOPOB.

BriBoabI.

HanpaBnenuss MeponpusTuii, KOTOpble HEOOXOIUMO OCYIIECTBUTH Ui YIYUIICHHS COCTOSIHHUS
WHIMKATOPOB, HEOIHOKPATHO O3BYUYMBAIKNCH paHEE U MO-KPYIMHOMY 3aKIIOYAIOTCS B:
1) yBenuyeHuu 3arpy3Ku COOCTBEHHBIX UCTOYHUKOB MPOU3BOCTBA YHEPTUH;
2) CHHKEHUU BEJIMYMHBI UMIIOPTUPYEMOI 3JIEKTPOIHEPTUH;
3) yBEIMYEHHUH BIOXKEHUS CPEACTB B MOJAEPHM3alMI0O U  OOHOBIEHHE O000OpPYHAOBAHMUS
AJIEKTPUYECKUX CETEM;
4) nuBepcuUKAUN CTPYKTYpHl MOTPEOISIEMOro TOIIMBA MPU TPOU3BOACTBE SHEPTHH IS
yCTpaHEHUs] MMEIOILErocs nepekoca B CTOPOHY MpeodiiafaHus MPUPOJIHOTO Ta3a.
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AHHOTAUMA

PaccmarpuBaercss mpoOiemMa IMOBBIMICHUS YHEPTreTHUECKoW Oe3omacHOCTH PecryOnmkn
MonmoBa 3a CYeT WCIONB30BAaHUS COOCTBEHHBIX OHOSHEPTETHUYECKUX PECYPCOB.
[Ipumenerne Omomm3ens, OMOITAaHOTA B CMECAX C TPAAWIMOHHBIMH BHUAAMHU TOILIMBA
(IM3enbHBIM TOILUIMBOM M OEH3MHOM) BO3MOXKHO 0e3 MoIu(UKaUKU KOHCTPYKIHH
CYIIECTBYIOIINX JABHUTAaTelel BHYTPEHHETO CrOpaHHs M MOXET OBITh 3KOHOMHUYECKH
BBITOIHBIM JUISI CENIBCKOTO XO3AHCTBa M Ha TpaHcmopre. [IpuBeneHBl pe3yibTaThl
9KCIICPUMECHTOB [0 OMNpPEICIICHHE HW3HOCOYCTOHYMBOCTH CMAa30YHBIX MaTepPHAIOB
MOJIYYCHHBIX M3 PACTUTEIBHOTO CBHIPbS MECTHOTO MPOW3BOJACTBA. VCmonb30BaHUE
O0HMO3TaHOJa B KA4eCTBE J00aBKH K OCH3MHY CHHM3HMT €ro CTOMMOCTh, COKpATHT Ha 15-
20% moTpebneHre OCH3MHA W MO3BOJIUT 3HAYUTEIFHO COKPATUTh BPEIHBIC BHIOPOCHI B
atMoc(epy, MOBBICUTCS IKOJOTHYECKas 0€30MacHOCTh, YTO OJIATOIPUATHO OTPA3HUTCS Ha
3I0pOBbE HaceleHus. [IpOM3BOJACTBO CMAa30YHBIX MATEPHAJIOB C HCIIOJIB30BAaHHEM
PaTiCOBOTO Maciia TaK)Ke ITO3BOJIUT MOMYYUTh CEPhE3HBI IKOHOMUICCKHN dPPEKT.
KiaroueBble cioBa: »HepreTmdeckas O€30MacCHOCTh, DJHEPTeTHYECKHE KYJIBTYPHL,
Onoau3ennb, 6M03TaHOI

MATERIE PRIMARA VEGETALA PENTRU OBTINEREA
PRODUSELOR PETROLIERE SI SECURITATEA ENERGETICA
A REPUBLICII MOLDOVA

Rezumat

Se abordeaza problema sporirii securitdtii energetice a Republicii Moldova ca urmare a
utilizarii resurselor bioenergetice autohtone. Utilizarea biodiselului, bioetanolului in
amestecuri cu combustibili traditionali (motorind si benzina) este posibila fard a efectua
modificari in constructia motoarelor de ardere internd existente si se prezintd economic
eficientd pentru agriculturd si transport. Sunt prezentate rezultatele cercetarilor
produse vegetale autohtone. Utilizarea bioetanolului in amestec cu benzina conduce la
diminuarea costului combustibilului , micsorarea cu 15-20% a consumului de benzind
purd si a poludrii atmosferei. Producerea componentelor uleioase de ungere din ulei de
rapita, alte uleiuri vegetale poate asigura un efect economic vizibil pentru Republica
Moldova.

Cuvinte cheie: securitatea energetica, culturi energetice, biodisel, bioetanol.

VEGETATIVE RAW MATERIAL FOR RECEPTION OF THE
PETROLEUM PRODUCTS AND ENERGY SECURITY OF
REPUBLIC OF MOLDOVA

Abstract

The problem of increase of energy security of Republic Moldova is examined due to use
of own power resources. Application of a biodiesel engine, bioethanol in mixes with
traditional kinds of fuel (diesel fuel and gasoline) is possible without updating a design of
existing engines of internal combustion and can be economic for agriculture and on
transport. Results of experiments on definition u3HocoycroiturBoctu lubricants received
of vegetative raw material of local manufacture are resulted. Use of bioethanol as the
additive to gasoline will lower his{its} cost, will reduce consumption of gasoline to 15-
20 % and will allow to reduce considerably harmful emissions in an atmosphere,
ecological safety that will favorably be reflected on health of the population will be



raised. Manufacture of lubricants with use pamcoBoro oils also will allow to receive
serious economic benefit.
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OCHOBHBIMU UCTOYHHMKAMHU SHEPTUU B HACTOSIIEE BPEMSs SIBIAIOTCS: HE(DTh, MIPUPOTHBII
ra3 v yrosib. OJIHaKo, IIEHbl HA HUX MOCTOSIHHO pacTyT. KpoMe Toro, nmpu ux CKUTaHHH, B
atMocdepy BbIOpachIBaeTCsi OOJIBIIOE KOJIMYECTBO OMACHBIX coenuHeHui. [losTomy Bce
OoJblliee BHUMAHKUE MPUBIEKAIOT albTEPHATUBHBIC BUIBI TOIUIMB, PECYPCHI IS MOTYUYCHUS
KOTOPBIX HE HUCCIKAOT.

Omua u3 ¢akTOpoB, KOTOPBHIA  OKazal BIHMSHHE HAa WHTEHCHUBHOCTH IPOBEIICHUS
MCCJICIOBAHUIN BO3MOYKHOCTEH TMOJIYYEHUS! TOIUIMB PACTUTEIHHOTO MPOUCXOXKICHUS - IIEHBI
HAa DHEPrOHOCHUTENH, BIMSIONIMNE HA HHEPreTHUECKylo Oe30MmacHOCTh psijfa ToCyAapCTB.
OcHoBHbIE 3amacel He(hTH B MuUpe Haxoxaarcs B pacmnopsokennn crpaH OIIEK, xoropsie
TUKTYIOT MHUPOBBIE IIeHbl Ha d3HeproHocurenu. CrenoBaTeNbHO, OOJENEHHBIE HEPTHIO
rocyAapcTBa MOMAJa0T B 3aBUCHMOCTD OT CTPaH, JAO0OBIBAIOIINX M PEATN3YIOMUX HE(DTh.

Bospacraromiasi ToruiBHas peHTa0eNIbHOCTh TAKUX KYJBTYp, KaK pPacTUTENbHbIE Maclia
(paricoBoe W [Ip.), CaxapHbIi TPOCTHUK H Jp., BBIHYXKJAET CEIbXO3MPOU3BOAUTENICH
COKpaIaTh MOCEBHBIE IJIOMAN MO/ TPOIOBOIBCTBEHHBIE CEIbCKOXO3SIIICTBEHHBIE KYJIbTYPHI.

Kpome Ttoro, nHaumnass c¢ 70-X TOIOB NPOIUIOTO BEKa, HSKOJOTH, OOECIIOKOSHHBIC
BO3MOJKHOCTBIO HACTYIUICHUS SKOJOTHYECKOTO0 KpH3HWca Ha 3emiie, 3aHsUINCh TOUCKOM
aJIbTEPHATUBHBIX HCTOYHUKOB HSHEPTUM, B TOW YHUCJIE M TAaKUX BEUIECTB, KOTOpPbHIE MPHU
CrOpaHWU BBIACISIA ObI B aTMOC(epy MEHbBIIE BpEIHBIX COCAMHEHHH. Pe3ymbraTtoM 3THX
MOMCKOB CTaJ0 YCTAHOBJIEHHE JBYX IMyTell MPUMEHEHHsS] PACTUTEIbHBIX Maced i
JIU3EIIbHBIX JIBUTATEJCH: OJWH TpEeroyarail IModydyeHne OMOIU3EIbHOIO TOIUIMBA ITyTEM
srepudukanmu (d3PuUpHU3anun) Macesl 10 KOHAWIHMA MUHEPATbHOTO TU3EeIBLHOTO TOIUIMBA, a
BTOPOW — MCIIOJIb30BAaHWUE PACTHTEIIBHBIX Macel B3aMEH OOBIYHOTO JTU3EJIBHOTO TOIUIMBA.
[lepBblii myTh MOTY4wMI 60JIeE IMUPOKOE PACTIPOCTPAHCHHE

B cBs3u ¢ TeHaeHIMEH pocta IIeH Ha HCKomaeMoe (MHUHEpaJIbHOE) TOILTUBO
MIPOU3BOJICTBO OMOAM3ENsI HA OCHOBE pACTHUTENBHBIX Macel (B TOM YHCJIE U ParcoOBOIO)
CTAaHOBHUTCS BCcE 00JIee MPUBIIEKATEIbHBIM.

[To naHHBIM TPOIOBOJILCTBEHHOM U celbCKOX03scTBeHHOU opranu3anuii OOH B ce3oHe
2003-2004 romoB 661710 cOOpaHo 36 MITH.TOHH ceMsH parica, a B 2004-2005 — 46 MIH.TOHH.

[TepBBie cBemeHUsT O parice OTHOCATCS K TITyOOKOW IPEBHOCTH: paric BO3JCIBIBAIM Ha
cemena B Munun npumepno 4000 net Hazan, B Kutae u SAnonuun — 2000 et Hazan. B A3un u
CpennzeMHOMOpBE ParicoBOE€ Maciio MCIOJIb30BaIU JJIsl OCBEIIEHUS B CBSI3U C TEM, YTO OHO
naBanio 6e3apiMHOE Tiams. B EBpore paric BeipammBanu eme B XIII cronetnn, a parncoBoe
Macj0 UCTOIb30BANIM KaK AJISI PUTOTOBIICHUS MUILIH, TaK U JJIsI OCBEILICHHUS.

B nanbHeiimeM ObUIO YCTaHOBJIEHO, YTO Ha METANIMYECKMX MOBEPXHOCTAX paboyux
OpraHOB MAIlIMH B MPUCYTCTBUU MAPOB BObI, PAIICOBOE MACJIO yACPKUBACTCS JIyUIlle IPYTHUX,
BCJIEJICTBUE YETO €ro CTAJIM MPUMEHATh KaK OCHOBY CMAa304YHBIX CpeJ AJIA NapOBbIX U IPYTUX
MamuH. ParcoBoe Macio HCHNONB3YIOT B YacOBOM MPOMBIIUICHHOCTH Ha ONEpaiusx
IITAMIIOBKH 3y0UYaThIX KOJIEC YaCOBBIX MEXaHU3MOB [1].

KynbTuBHpyeMble B HacToslee BpeMsi cOpTa parca MOTYT UMETh yposKalHOCTh 10 30
1/ra. B HacTosimiee BpeMs, 0COOCHHO B CBSI3M C TMOSBJIICHHEM OE33PYKOBBIX COPTOB parica, 1o
cOOpy CceMsiH M TMPOW3BOJCTBY PAICOBOTO Macjia OHO BBIIUIO HAa MSATOE MECTO B MHpE:
npumepHo 10% oT obmero o6beMa NpoN3BOACTBA BCEX MACIUYHBIX pacTeHHi [2].

VY paricoBoro macia 0JHO U, OY€Hb BAKHOE, MPEUMYILIECTBO — OHO CIY>KUT MUCXOIHBIM
CBIpBEM IS MOTY4YeHHs] OMOAM3ENBHOIO TOILIMBA, KOTOPOE B CTpaHax EBpombl MOCTEneHHO
pacmmpsieT cBO€ MPHUCYTCTBUE Ha PHIHKE TOILIUB. Bripouem, OMOIM3ETbHOE TOTLUTUBO MOYXHO
NoJIy4aTh ¥ U3 JPYTMX PAaCTUTEIBHBIX MACEI: MMaJbMOBOIO, COEBOT0, U3 CEMSIH BUHOTpaJa U



ceMsiH xJjomnka. M3 Bcex MNpOU3BOIUMMBIX PpAaCTUTENBHBIX Macel — parcoBoe Haubolee

nemeBoe. Kak m3BecTHO, MEpBbIi AM3ENbHBINA JBUTATENb paboTal HAa apaxHMCOBOM Macie, a

MOJlyYEHHOE 3aTeéM JIM3eJbHOE TOIUIMBO M3 HEPTH ObUIO JemieBlie U BBITECHUIIO

pacTUTENIbHOE MAcJ0 U3 YIOTpeOIeHUsI B KaUeCTBE TOIUIMBA JJIsl AU3ENbHBIX ABHUrateneil. [1o

SKOJIOTUYECKHM  TlapamMeTpaMm  OWOJW3eNIbHOE  TOIUIMBO  (OMOaW3eNb)  3HAYMTEIHHO

IPEBOCXOIUT 00bIUHOE (B 0OMXO0/Ie HA3bIBAEMOE COJIIPKON — COJISIPOBBIM MaciioM).

ITo atoii npuumne, ctpanbl EC cornacuo Jlupektuse EBponapiamMenTa 00s13aHbl TPOU3BOAUTH

U UCTOJIb30BaTh OMOIM3ENIbHOE TOIUTUBO, JI0JIsi KOTOporo Ha peiHke K 2010 roxy nomxHa

coctaBATh npumepHo 6,0 % (B HacTosiiee BpeM OKoio 2%), 4TO MO 00bEeMYy AOIKHO

COCTaBIATh MpuMepHO 13 muH. ToHH. B Hacrosimee BpeMs B ['epmMaHuu MpoW3BOIUTCS

nopsinka 1,3 MJIH. TOHH Omomu3ens W oHa sBisercs Jmaepom cpeau crpad EC. Tlpuyuem

npofaxkHas 1eHa ouoauzens Ha 10-15% Hipke, 4yeM y TU3eTbHOTO TOTLIUBA.

B Monnose, B bprueHCKOM palioHE, B HACTOSIIEE BpEMs COBMECTHO C T€pMaHCKUMU
dbupmMamMu CTPOUTCS 3aBOJ MO MPOU3BOJCTBY PAIiCOBOTO Maciia C BBIACIEHUEM IMaXOTHOM
3eMJIM I BO3JEIBIBAHMS parca IO TEXHOJOIMM W C HCIHOJb30BaHMEM MX Halopa
CEJIbCKOXO03SUCTBEHHBIX MAIIUH.

B MonnoBe cbipbeM ISl IOdy4YeHUs] OMOIU3ENs MOXKET CIYKUTh Macio, MOJydaeMoe
KaK M3 CeMsH BHHOTpaja, TaK U U3 BUHOTPAIHBIX BBDKUMOK, KOTOPBIE SBISIOTCS OTXOJaMHU
BUHOJIETIbYECKMX U COKOIKCTPAKLUMOHHBIX TMPOU3BOJACTB, IEpepadaThIBAIOLIUX STOJbI
BUHOTpaaa. BepkuMku cogepxat 1o 25% cemsiH.

Kak mnokasana mpakTHKa BO3ZENbIBaHUS parica, 3Ta OEIKOBO-MaciIU4Has KyJbTypa
obnanaet psiioM OeCCOPHBIX MpeuMyIecTs [2]:

- BBICOKAsl ypOXKaHOCTh: C Ka)KIOro TeKTapa MoceBoB MOXKeET ObITh noxydeHo no 1000-1100
kr macna ( B cpaBHeHuu ¢ 600-700 kr mpu BbIpamiMBaHuu noaconHeynnka) u 6omee 1000 xkr
Oerka;

- IIUPOKUIA apeasl BO3ENbIBAaHUS U Majiasi 3aBUCUMOCTh YPOXKaeB OT KIMMATa;

- BBICOKasi Maciu4HOCTh ceMmsiH (10 43-45%) m Oumosoruueckasi IEHHOCTh OCJIKOB parica

(80%);

- 3eJIeHas Macca pacTeHUH parca yCIEeNIHO MOKET MCIOIb30BaThCsl B CUJIOCOBAHUU, TaK KaK
6orara 6enkom (16-31% Ha abCoNOTHO CyX0€ BEUIECTBO), aCKOPOMHOBOM KucioToi (100 mr
u Beiie Ha 100 r.), kapotuHoM (4-7 mr Ha 100 1. cBIpOTrO BElECTBA);

TaKM€ MACITUYHbIE PACTEHUs, KaK MOJCOTHEYHUK, parc U Ap. YJIYyUIIAIOT CTPYKTYPHBIH U

XUMHYECKHUH COCTaB IOYB B CUCTEMAax CEBOOOOPOTA.

KakoBbl ke npenmymiecTBa OHOAM3€JbHOI0 TOIUIMBA (MHOIAAa Ha3bIBAeMOro
OHoaU3eTUHOM)?
OCHOBHBIE U3 HHUX:

- DKOJIOTUYHOCTh: OH CTOpPAeT MPAKTHYECKU 0€3 TOKCUYHBIX OTXOJOB U, YTO OUEHBb BAXKHO,
KOJIMYECTBO CaXH (TBEPIBIX YACTHI) B MPOIYKTaX CTOPAHUS YMEHBIIACTCS HATIOJOBHHY B
CpPaBHEHHHM C MHHEPATbHBIM JU3EIbHBIM TOIIMBOM, a CaXka, KaK H3BECTHO, SIBISETCS
HOCHTEJIEM KaHIEPOTCHHBIX COCAMHCHHIA, KOTOPHIC BBI3BIBAIOT PAaKOBBIE 3a00JICBAHUS Y
JIOJIel; momajasi B MOYBY OMOAM3ENbHOE TOIUIMBO B TeueHHWE 28 AHEW MPaKTUYECKU
nosHocThi0 (Ha 90 - 99%) pasnaraercs MUKpOOpPraHU3MaMH, COAEPKAIIUMUCA B MOYBE;
OpU  CKUTAaHUM OHOJM3ENsl YMEHBIIAETCS KOJIMYECTBO YIJIEKUCIOTH B MPOAYKTAX
CTOpaHMsl, YTO CHU)KACT WHTCHCHUBHOCTh BO3HUKHOBEHHS MapHUKOBOTO 3ddekra. [Tpu
CropaHuy OMOJM3ENS BBIICISETCS POBHO CTOJIBKO JK€ YTJIEKHCIIOrO Ta3a, CKOJIbKO OBLIO
notpebsieHo w3  atMocepbl pacTCHHEM, SIBJISIOIIAMCS HMCXOJHBIM  CBIPBEM IS
MpOM3BOACTBAa Macia. JIpBIMHOCTH BBIXJIONIHBIX Ta30B cHWkaercs Ha 50-60%.
CrnemoBaTelbHO, HA3bIBATH OMOJW3ETH IKOJOTWYCCKH YHCTHIM TOIUIMBOM HeBepHO. OH
JIaeT MEHBIIIEEC KOJMYECTBO BBIOPOCOB YIVICKHCIIOrO Ta3a B aTMocdepy, HO HE CBOJIUT UX



HOJHOCTBIO. broin3ens, Kak MOKa3bIBAIOT OIBITHL, MPH MOMNAJaHUHU B BOLY HE NPUUUHSIET
Bpena Hu (iiope, HU (ayHe;

- OuoaM3ens MOXKET ObITh MCIIOJIB30BaH B MAIIMHAX, TEXHUYECKOE COCTOSHHUE KOTOPBIX HE
MO3BOJIAET HX JAJIBHEHIIYI0 JKCILIyaTalldio, HCIOJb3Yys MHMHEPAIBHOE JAU3EIIBHOE
TomMBO. buoaM3ens W3 pancoBoro Macia OTIMYAeTCs] M OOJBIIMM  KOJINYECTBOM
KHCIIOpOJia, M0 CpaBHEHUIO ¢ OObHBIM au3ToruikBoM (10,8 %), mosToMy OH mydie
CropaeT B IBUTaTelIe;

- HHU3Kasg CEPHUCTOCThb, IMOBBIMIAIONIASl CPOK CIYXObl ~ KaTajau3aTopoB, KOTOpBIE
MUHMMU3UPYIOT BpelIHbIE BBIOPOCHI € TOMOILBIO OKCHKaTa, IPEBPAILAIOLIETo
YIJIE€BOAOPOABI U OKUCh YIJIEpoa B BOAY, M YIJIEKUCHbIH ra3. OKCHKAaT 4yBCTBUTENEH K
MPUCYTCTBUIO B TOIUIMBE CEpbI, "OTpaBisIOLIe" KaTaln3aTop Ha JJIUTENIbHOE BpeMs U
NPUBOAALIEH K yBETMUYEHHUIO BBIOpOCA OCTAaTOYHBIX yacTHll. [1o3ToMy 0COOEHHO BakHO,
4yTO OMO/AM3ENIb B CPABHEHUU C MUHEPAJIbHBIM JAU3TOIIIMBOM MOUYTH HE COJAEPKUT cephl (<
0,001% mnpotuB — < 0,2 %). Ilo TpeboBanusm EBpocranmapra, Haunnas ¢ 2005 roxa,
JIU3€JIbHOE TOIIUBO JIOJKHO cozepkath He 6osee 50 ppm (0,05%) ceps;

- XOpOIIMe CMa304YHbIC U MPOTUBOM3HOCHBIE XapaKTePUCTUKHU. VI3BECTHO, YTO MHHEPAIbHOE
JU3TOIUIMBO TPU YCTPAHEHUHU W3 HEr0 CEPHUCTBIX COEIMHEHUMN TepsieT CBOM CMa304HbIE
cBoiicTBa. buoauszens, HeCMOTpsSs Ha MPAKTUYECKH IIOJIHOE OTCYTCTBHE  CEpHI,
XapaKTepU3yeTCsl XOPOUIMMH CMa304YHBIMU [OKA3aTeIsIMH, 4YTO OOYCJIOBJIEHO €ro
XMMHUYECKHM COCTaBOM U HAJMYUEM B HEM KHUCIOPOAR;

- IpPHU UCHOJb30BAaHUU OMOIM3ENS, KaK MOKA3bIBAIOT HUCIBITAHUS, TOCTUTAeTCsl yBEIUUYEHUE
CpOKa CIIy>KObI caMOro JBUTaTels U TOIUIMBHOIO Hacoca B cpenHeM Ha 60%, 4To BecbMa
CYILIECTBEHHO, TaK KaK TOIJIMBHBIM HAacoC SBJSETCS JOCTaTOYHO JOPOTUM Y3JIOM B
JIU3EJIbHOM JIBUraTele;

- TeMmIeparypa BCIBIIIKA B OTKPBITOM TurIe 1y1st ouoauzens 120 °C (y au3enbHOro TOIIMBa
55°C), 4ro MO3BOJSET Ha3BaTh €ro IMOKAPOOE30MACHBIM TOILTMBOM, KOTOPOE MOXHO
UCIIOJIb30BaTh ~ HA CTAlMOHAPHBIX YCTAaHOBKaX B 3aKpBIThIX IOMEUIEHMSIX M Ha
TPAHCHOPTHBIX CPEACTBAX Ul NEPEBO3KHU MOKAPOOMACHBIX BEILIECTB U JIIOIEH.

KakoBbl e HegocTaTKH 0MOIM3€JILHOTO TONJIMBA?

Bo-nepevix, Ouonuzenb WHTEHCUQULIMPYET XUMHUYECKOE W3HAIIMBAHUE JETaleH
JIM3EJIBHOTO JIBUTATeNsl, TaK KakK sIBJIsETCS Oojiee arpecCHBHBIM, YeéM OOBIYHOE JU3EIbHOE
TOIJTMBO. ATPECCHUBHOCTh TMPOSBISIETCS M B JIYYIIMX MOIOIIMX CBOWCTBaxX OWOIU3EINs,
KOTOpPbIE CHOCOOCTBYIOT YJAJEHHUIO Pa3IMYHBIX HE(PTENPOAYKTOB M HX MPOU3BOJIHBIX C
neraneii, oOpasymoommxcs B Iporecce padOThl IU3EIbHOrO JBHrarens. buoamsens
OTHOCHUTEJIBHO arpecCHMBEH 110 OTHOLIEHHI0O K  pPE3MHOBBIM jetansM. IIpoBeneHHble
WCCIICIOBAHMSI TIOKA3aJld, YTO TPH HCIOJIB30BAaHUH CMECH OHOIU3ENs W MHUHEPAILHOTO
au3ToruiBa B nponopimu 30:70 oTpuLaTebHOE BO3JICHCTBUE HA PE3UHY HE SIBIISIETCS TAKUM
SBHBIM U CMECh MOYKHO MCIIOJIb30BaTh B OOBIYHBIX JABUTATENSAX, HE U3MEHSS UX KOHCTPYKLIUU
U TpeOOBaHMUN K IKCILTyaTaIUH.

Bo-emopuix, B otiinune ot EBpornsl, rae 3umbl Marde yeM B MoiijioBe, B XOJIOJHOE
BpeMs rofa 3peKTUBHOCTh OMOU3ENs B HALIMX YCIOBUAX OYJET CPAaBHUTEIIBHO HIDKE.

B-mpemwbux, npu paboTe AU3EIbHOIO JBUTaTells HA OMOANU3EIE €r0 MOIHOCTh MOKET
CHU3UTBCA npuMenpHo Ha 10%, a pacxoa TOIIMBA MOBBICUTHCS TaKke pumepHo Ha 10%.

KakoBa e TexHo10rus mosty4eHusi omoamusesisi?

ParicoBoe mMacino Mo TEXHOJIOTHMHM MOJYUYEHUS MPaKTUYECKH HUYEM HE OTJIMYAETCS OT
NOJY4YEeHUsl TOJCOJHEYHOrO0 Macia M JPYIMX pacTUTENbHbIX Macen. OHa He sBisercs
CJIOXHOM, TaK KaK MOXET ObITh peajin30BaHa KakK Ha CTAl[MOHApHBIX (3aBOJCKHX), TaK U Ha



MEepeABMKHBIX yCTaHOBKax. OTIWYME 3aKII0YaeTcsi B CEOECTOMMOCTH TPOAYKTa: TIPH
MIPOM3BOJICTBE HA 3aBOJIE — OMOU3ENb JICIICBIIC.
buonuzens - 3T0 HEe YTO WHOE, KaK METWUJIOBBIM 3(up, obOimamaronuii CBONCTBaMHU
roproyero matepuana. Eciam Ouoam3ens MONy4YeH W3 PariCoOBOrO Maclia, TO B 9TOM cCliydae
HEOOXOAMMO YKa3blBaThb YTO METWUJIOBBIM J(HUP SBIACTCS PArCOBBIM WM PaINCOBBII
MeTHUIIOBBIH 3¢up (PMD).
[Tporecc momydenust OMOAU3ETHLHOTO TOTUIMBA MPEICTABIIEH Ha pHcC. 1.

PancoBog M3cng Merawon Karann3arag

ST
L —

=50 80°F
PEIKLIHA FTETHDHKILINH

b

Faanenesne

— T

eTRe Juperka

¥

BHOHBENE [ HLLERHH

Puc.1. [Ipouiecc momyueHus: OMoAM3EINs U TIUIEPUHA.

CoIpbe AJisl TOMYYEHHs PAiCOBOIO Macjia — CEMEHa parca J0KHbBl COOTBETCTBOBATH
I'OCT 10583-76, koTOpbli IE€TUT UX HaA JABa TUHa: TUI | — cemeHa o3umoro parnca; tan 11 —
CeMeHa SIPOBOrO parca. BIaHOCTh CeMsSH HE JODKHA MpeBbimaTh 15% (mpu OGazucHOI
HopMe 12%).OHu He AOJKHBI OBITH 3apa’keHbl BpEIUTENIMM XJIeOHbIX 3amacoB. Hamuuume
CeMsH KJEIEBUHBI B ceMeHax parica He npomyckaercs [1]. Jlo 1990 roma pamc BwiceBaics
TJIaBHBIM 00pa3oM B YKpauHe.

Kak u3BeCTHO, MOJEKYJbl JKHpa COCTOSAT W3 TaK Ha3blBAEMBIX TPUIVIMLEPUAOB!
COCIMHEHUI TPEXBAJEHTHOIO CIHpTA IVIMLEPUHA C TPEMsl KXUPHBIMM KHCIOTaMHu. Jlis
HOJY4YEeHHUsT METUJIOBOro 3(upa HEOOXOAMMO K JEBATH MACCOBBIM YaCTSAM PACTUTEIBHOTO
Maciia JA00aBUTh OJHY MAacCOBYIO €JMHMIy METaHOJa, a TakKe HeOOJbIIOe KOJIUYECTBO
IIEJ0YHOI0 KaTanu3aTopa. VIHIpUIMEHTHl MepeMelnBaloT B CIEHUAIBHBIX peakTopax Hpu
Bo3zericTBuM Temreparypsl 50-80°C n HopmanbHOM aTMocdepHoM naBieHuu. [locae orcTos
U OXJIAKIECHUS >KUIKOCTh paccilauBaeTcs Ha (paKkUMU: TIMLEPHUH (TsXkKelas) U METUIOBBIN
apup (Jerkas). OTH JBa NPOAYKTa 00pa3yloTcs B pe3ylbTaTe XUMHUYECKOW peakiuu
sTepupuKanu uiau dpupuzanun. [10004HBIM NPOIYKT TIMLEPHUH MOXXHO HCIOJIb30BaTh B
(apMareBTUKe U JIAKOKPACOUYHOM MPOMBIIIIIEHHOCTH.

MetunoBelii 3¢up o0sagaeT Xopolled BOCIIAMEHSEMOCTBIO, 00ecreunBaeMon
BBICOKMM LIETAHOBBIM YHMCJIOM, KOTOpOE paBHO 56-58% u onpeaensercst CoAepKaHUeM 1ieTaHa



(Ci¢H34) B ero coctaBe. B mMuHepanpbHOM AU3TOIUIMBE MAOJs IeTaHa coctaBisier 50-52%.
qu 60.]11:]_]_[8 Oe€TaHOBOC YHCIIO, TEM GBICTpee TOIINIMBO BOCINIAMCHACTCSA, 4YTO ITO3BOJIACT
Jierde 3amyCTHTh JBUTATENb, YTO OCOOCHHO aKTyallbHO JUIsl 3UMHETO Iepuojaa. JBurarens
paboTaeT ¢ MEHBIIIMM YPOBHEM IllyMa U MEHbIIIE U3HALIMBAETCs. biiarogaps TakoMmy CBOMCTBY
METUJIOBBIM 3(HUp, TMOJydyaeMbli M3 PACTUTEIBHBIX Macel W JKAPOB, W OBLI Ha3BaH
Ouoan3eneM, Tak Kak Mo CBOEMY MOJICKYJIIPHOMY COCTaBY HMOYTH UJCHTUYEH MUHEPATbHOMY
JIN3EIIbHOMY TOILIUBY.

[lnotHocTs  Omommsenss mpu  temmeparypel5’C  pasma  0,875-0,890  r/muL
Kunemarnueckas BSI3KOCTh AM3TOILIMBA Ipu TeMmeparype 40° C coctasiser 4,5 mm/c, a s
ouommsenst - 3,5-5,0 mm’/c. Ilpu 5ToM OH jerde (UIBTPYETCS Hepe3 OUMCTHTEIBHBIC
(GUIBTPBI, €ro TeKydecTb Jydlle, HO Ooiee BI3KOE TOIUIMBO OOJafaeT JIy4ylIIMMHU
repMETH3UPYIOIUMH CBOICTBA.

Hanpumep, nusrommso npousBoaumoe Ha KompaTckom HedrenepepabdaThiBaromeM
3aBojie M3 HepTH NoObIBaeMol B MomjoBe, 00aaeT Ou4eHb HU3KMM LE€TAaHOBBIM UYHCIIOM
<40, BBenenue B ero cocraB OMOAM3EINs MPU ONPEIEICHHOM COOTHOIIEHWU WHIPEIUEHTOB,
MO3BOJMT HOJHATH €ro IETAaHOBOE YHUCIO O BEIMYMHBI, 00ECHeunBalonield HOPMAJIbHYIO
paboTy IM3EIbHOTO JIBUTATENsl U NpU BbINOJHEHUH TpeboBanuil EBpoctannapra 2000 rona
Ha MapaMeTp LETaHOBOE YUCIIO0, T.€. IPU JA0JIH LieTaHa He MeHee 51% .

Kak ncnojn3oBaTh 0Moau3eIbHOE TOIIMBO?

Hcnonb3oBaTh B 4MCTOM BHUJE, KaK OTACIbHBIM THI TOIUIMBA KOTOPOE COCTOUT Ha
100% wu3 metunoBoro >¢upa.(Mapka BD-100) wiu B kadecTBe 100aBKM K MHHEPATBLHOMY
JTU3TOIIIMBY TIPH COOTHOILIEHUU HUHTpeaueHToB oT 5 mo 35 % ? B CIIA naubonee
pacrnipoctpanena mapka BD-20. OntumanbHasi cMeCh OMOTOTHYECKOTO AU3EIHHOTO TOTUIMBA
nonyudaercs s 35 % Ouomuzens u 65 % 0ObIMHOTO nU3enbHOro TominBa. COOTHOIIEHUE
KOMIIOHEHTOB TOIUIMBa MOXXHO YBenuuuTh a0 50%. JloOaBka Ouonuzens B MHUHEpaJbHOE
TU3TOIINBO, HE TMPUBOAUT K HEOOXOAMMOCTH BBIONHEHUS MOIU(DUKAIMU JU3EIBHOTO
JIBUTATEIIS.

VYCTaHOBIEHO, YTO YEM CEBEpPHEE NPOMU3PACTAECT parc, TEM MEHEE SKOJOIMYHEe
TOIJIMBO M3 Hero. JlomosHWTEenbHAas OYMCTKA W KOHJIWIIMOHUPOBAHWE TIPUBOJAT K
MOBBIIICHUIO CEOECTOMMOCTH TOIUIMBA U3 HEero. Vcrosib30BaHne parcoBoro Macjia B KaueCcTBe
10%-i1 100aBKM K AM3EIHLHOMY TOIUIMBY (QHAJIOTHYHO KHCIOPOJCOACPIKAIIUM J00aBKaM K
OCH3MHY) XOpOIIO 3apEKOMEHIOBAIO C€0s TOJIBKO B KAPKUX U TEIUIBIX KIMMATHYECKUX
ycnoBusxX. [Ipu MCIOIB30BaHUM TaKMX JTOOABOK B XOJOJHBIX KIMMATHYCCKHUX YCIOBHSIX B
BBIXJIONTHBIX ~ ra3ax JW3eJbHBIX JBUTATENCH  HaOMIOAaeTcss  yBEJIMYEHHE  BbIOpoca
3arpsA3HSAIONIMX BEIECTB.

IMoyeMy Hesb3sl HCMOJIB30BATH PACTHTEIbHbIE MACJa B «YMCTOM» BH/JE B KadyecTBe
TomJuBa?

B nBagnarsie roasl mpouuioro Beka B I'epmaHuu Obl1 pa3padoTaH M HM3TOTOBIIEH
HeOounb1Ioi Tpaktop "Jlanu-Bynpaor", nBuratesb KOTOPOro 0JMHAKOBO XOPOLIO paboTall Ha
MUHEPAJIBHOM JU3TOIIMBE, OCH3UHE, PACTUTEILHOM MAacIe.

IIpp wuCnoONB30BaHMM PACTUTEIBHBIX MAacell BMECTO JU3TOIUIMBA BO3HMKAIOT
npoOjaeMbl: Macia He MOryT JJIUTEIbHO TPUMEHATHCS B OOBIUHBIX JBUTATENAX C
HEINOCPEACTBEHHBIM BIIPBICKOM, TaK KaK CrOparoT HE MOJHOCTHIO. DTO MPUBOJIUT HE TOJIBKO K
UX CMELICHUI0 ¢ MOTOPHBIM MAacjiOM, HO U K OTJIOKEHHIO MPOAYKTOB KOKCOBAHMS Ha
dopcyHKax, eTansaX NWIHHIPO - MOPIIHEBOH Tpymiel. [IprauHa - BI3KOCTh Macell, KOTOPYIO
MO>KHO IIOHU3UTh HAarpEBaHUEM MIIU PA3KMKEHUEM MHUHEPAIBHBIM IU3TOIIIUBOM. Hanpumep,



parcoBoe Macio MMEET TeMIIEpaTypy 3acTeiBanust oT — 4 1o -10°C (ta6mn.2) . To ecthb, B
3MMHEE BpeMsl BO3HMKAET MpoliieMa ero MpoKayKd M3 TOIUIMBHOIO 0aka K TOITUBHOMY
Hacocy W jganee K (opcyHkaM. B moTopax ¢ mpeakamMepol W BUXPEKaMEpoll Maciio
JIOTIOJTHUTEIBHO TOI0TPEBACTCS Mepe]l BOCIUIAMEHEHUEM, U TaKUM 00pa3oM 00ecreunBaeTCs
ero Jyuliee CMEIIeHHe ¢ BO3AyXOM M Oojee mnonHoe cropaHue. CylIecTBYIOT, Tak
Ha3bIBa€Mble, BCEAHBIC JBUTATENIM BHYTPEHHETO CTrOpaHHs, KOTOpble MOTYT paboTarh Ha
JU3TOIIMBE, OCH3WHE, aBUAI[MOHHOM KEpPOCHHE, PACTUTENIbHOM Macie. Takue JBUraTelu
OTJIMYAOTCSI OUYEHb BBICOKOW LICHOW U MCIOJB3YIOTCS HA apMEUCKUX CaMOXOIHBIX CPEACTBAX:
TaHKax, OpoHEeTpaHCIopTepax, OOEBBIX MalllMHAX W apMEHCKHUX Trpy3oBHKax. Tak 4o,
UCIIONb30BaHUE OMOAM3ENIS MTOKA BHITOIHEE PACTUTEILHOTO Maca.

B Hacrosimee Bpemsi MOTPEOHOCTH TPAHCHOPTA, MPOMBIIUIEHHOCTH U CEIHCKOTO
xo3siiictBa MonoBbl B 3HeproHocurensx npaktudecku Ha 100 % ynoBieTBoOpsioTCS
YIJIEBOJOPOAHBIMM BHUJAMHU TOIUIMBA - YIJIEM, MHUHEPAIbHBIM JHM3EIbHBIM TOIUIUBOM,
OCH3WHOM a TaKXKe NPUPOTHBIM Ta3zoM. OgHa W3 NPUYHH YXYIIICHHS (HUHAHCOBOTO
MOJIOKEHUSI arpapHOro CEKTOpa CTPAHBI - MOCTOSIHHO Bo3pacTarouue 1ensl Ha ['CM. B cBsi3u
C 3THM €CTh HEOOXOJIUMOCTh 33lyMaThCsi O BO3MOXKHOCTSIX MPOU3BOJICTBA U HCIIOIH30BAHUS
pa3IMYHBIX BUIOB TOIUIUB, KOTOPHIE MOKHO MPOU3BOAMUTH U3 BO30OHOBIISIEMBIX UCTOYHUKOB
CBHIPbSI PACTUTEJILHOTO MPOUCXOXKACHHS: OnoAu3enss u dTaHosa. [I[pon3BoICTBOM paricoBOro
Macja MOTYT 3aHSThCS MPOU3BOJUTENM CEIbXO3MPOAYKIUU U UCIIONb30BATh €r0 B KAUeCTBE
0a30BOT0 MHTPEAMECHTA, K KOTOPOMY J00ABISIOT MHUHEPAIbHOE IU3EJIbHOE TOIUIMBO. Takoit
«KOKTEWUJIb» MOKHO HCIIOJIb30BATh TOJBKO B MEPUOJ IUIFOCOBBIX TEMIIEPATyp BO3AyXa. JTOT
crioco0 mpaktukyercs ¢pepmepamu B CIIIA u FOxxnoit Amepuke. [lone3HbIil ONMBIT B 3TOM
umeetcs U B Poccun. KabGapnuno-bankapckoit cenbckoxo3siicTBeHHOW akaaemued ¢ 1995
rojga MNPOBOAWIMCH  HWCMBITAHWS IO  HUCIOJB30BAHWIO  palcoOBOrO  Macjia  Ha
skcnepuMeHTanbHblx  aBuratensx J-240 u I'A3-52. [ns psuratens /1-240, coriacHo
OTBITHBIM JIaHHBIM, PEKOMEHJIYyETCsl CIEAYIOINNA cOCTaB TOIUMBa: 75 % parcoBoro Macia u
25 % MUHepanTbHOTO MU3ETBHOTO TOIUIMBA. TO# ke akajgemueil ObUIM BBITTOJHEHBI PACUYEThI
MIPOW3BOJICTBA M HCIIOJIB30BAHUS PAICOBOTO Maciia Uit (PepMEpCKOro XO03sHCTBa ¢ 0OmIei
noceBHo# Tuiomansio 100ra.: ecnu Ha 20 ra OyJeT BO3MEIBIBATHCA O3UMBINA parc, TO MpHU
YPOKAMHOCTH B 25 1/Ta ¢ 3TOW IUIOMIAIM MOXHO coOpath 50 TOHH MaclOCeMsiH, a U3 HHX
nonyunTs 16 T Macia. [lpu naTUmonbHOM ceBOOOOPOTE Ha BBIMOJHEHHE BCEX padboT
notrpedyercs 10,8 T. MOTOpPHOTO TOIUIMBAa B TOMA, COOTBETCTBEHHO, HeobOxomumo 8,1
pancoBoro macia. Ero octaTok MO>XHO MPOJATh UM UCIIOJIB30BATh ISl IPYTUX LIEJIEH.

B tabnune 1 mpuBeaeHbI BEIUYUHBI U3EPKEK P MPOU3BOJICTBE OMOAM3ENs
Tabmua 1
W3 nepxku npu Npou3BOACTBE OMOIM3ENS B 3aBUCUMOCTH OT MOIITHOCTH
yCTaHOBKHM (Ha nmpumepe ['epmanun)

Momxocrs YETAHOBKM, |5 500 | 15.000 | 75.000 | 80.000 | 125.000
TOHH/TOI

WHBecTuIM, MIIH. €BPO 1.5 10.0 12.5 110.0 25.0
IIpou3BOACTBEHHBIE

288 196 76 64 87
U3JIEP’KKH, EBPO/TOHHA

CrnemoBaTenbHO, HCIIONB3YS PAlCOBOE MAacioO JJisi MPOHW3BOACTBA OHWOIM3ENS U
UCIIOJIB3YSl €r0 B COUYETAaHUE C MUHEpaIbHBIM JU3EIbHBIM TOILTUBOM, PecmyOinka Monnosa
MOJKET PEIIUTh MpobIeMy 00eCIedeH s MAIIUH JJIsl CEIbCKOXO03SHCTBEHHOTO MTPOU3BOICTBA



U TPAHCHOPTHBIX CPEICTB MOTOPHBIM TOIUIMBOM JIJISl TU3EJBHBIXO JABUTATEIeH W MpPU 3TOM
3HAYUTEIHHO 03/I0POBUTH BO3AYIIHBINA OAacCeiiH.

Ecte eme oamH cmoco0 CHIKEHHMs BpEOHBIX BBIOPOCOB B aTtMochepy C
OJTHOBPEMEHHOM IKOHOMHEW YIIIEBOJOPOJHOrO TOmMBa — OeH3uHA. CyTh €ro COCTOUT B
noOaBieHUH B OCH3UH Ouodmanona — 3TUIOBOTO CHUPTA, KOTOPBIH MOXHO MOJydYaTh W3
PaCTUTEIHLHOTO CHIPHSI.

B CIIIA B Hacrogiiee Bpemsi MPOU3BOAMTCS Topsiaka 60 MHLIMAPIOB JUTPOB
O0ModTaHOJa, SBIAIOMETOCS TOOOYHBIM MPOAYKTOM TITyOOKO# mepepaboTKH 3epHa KYKYpPYy3bl.
K 2012 roxy a1y mudpy miaHupyeTcst yIBOUTh, Ha 9TO (pepMepaM OyIeT BBIIEICHO 7 MIIP/I.
JOJLITapOB.

Jlo6aBka »TaHONa B OCH3MH YJCIIEBISIET €ro, a BBIXJIOMHBIE Ta3bl CTAHOBATCS
MpakTHYecku Oe3BpeAHbIMU. B Hacrosiiee Bpemsi COOTHOIIeHHE OeH3nHa W 3TaHona: 90 u
10% unu 85 u 15%. st CylecTBEHHOTO CHUYKEHHUS CTOMMOCTH O€H3MHA 3TO COOTHOIICHUE
HeoOxoaumo nosectu 10 80 1 20%. To ecTh, 3KoHOMUS OeH3MHA MOXKET cocTaBuTh 20% mnpu
CEpbE3HOM DJKOJIOTHYECKOM 3(]dekTe. DTaHOI MOXKHO MONy4YaTh U3 KapTrodens, pxKH,
suMmeHsi, panca u np. CnegoparenabHo, Pecybnuka MosmoBa B COCTOSHUM 3HAYUTEIHHO
COKpaTUTh oTpedsieHre OeH3MHA.

B nHacrosiiee Bpemsi CyHIECTBYET €€ OJWH IMyTh - UCIOJIb30BAHUE IKOJIOTUYECKU
YUCTOTO MOTOPHOTO TOIUIMBA HOBOTO TMOKOJEHUS - oOumemunosozo 3¢upa (AMD).
Humetunossii 3¢up:CH3-O-CH; siBhsieTcss AOCTAaTOYHO HMHEPTHBIM Ta3oM U pas3felsercs
TOJILKO TIPYU KPACHOM KaJIeHHMH. ETo MOXHO MoiydaTs U3 JUMETWICYb(aTa HarpeBaHUEM C
OKHUCBIO MEH UM M3 METAHOJIA C TIOMOIIBIO CEPHOM KUCIIOTHI:

t<100°C
CH;0H + H,SOy4 ----==mmmmmm- — CH;0SO,0H + H,0O
t=130-140°C
CH30SO,0H + CH3;0H -------------- — CH;0CH, + H,0

.............. —» CH3;0SO;CH; +H,0 [3 V/

B mupe yxe ectb Tpu MUHH3aBOa, pousBoadux IM3: B ®PI', Aurnuu u Poccun.
ITpu cropanuu JIMD obpa3yercst BoJa U yIIIEKUCIbIH ras:

CH;0CH; + 30, = 2CO, + 3H,O

HemanoBaxxno um TO0, uro mpousBoactso JIMD ropas3no nemieBie, 4eM TOTO K€
JM3€IbHOr0 TOIUIMBA U TeM Oosiee Oen3uHa. [y pabotel Ha JIMD nBurarenb BHYTPEHHEIO
cropanusi TpedyeT HeKoTopod mnepeneiku. McmeiTaHuss HoBoro TominuBa B Poccuiickoit
®enepannn Ha apTomo6mine 3NJI-5301 npomuu ycnenHo.

Eme onHa 0651acThb, I/1€ ¢ ycrexoM MOXeT ObITh UCIIOJIB30BaHO ParicoBOE Maciio — 3TO
IPOU3BOJICTBO IJIACTUYHBIX CMAa30YHBIX MAaTEPHAIOB, B KOTOPHIX B KaYECTBE AUCIIEPCUOHHOMN
Cpelbl B3aMEH MMHEPAJIBHOIO Macja HCIOJIb3YyEeTCsl PANCOBOE Macilo, YTO MACJAeT TaKue
CMa3KH 3HAUYUTEIbHO IKOJIOTUYHEE.

PactutenbHble Macna 001aqaloT BRICOKOIM MoOseKysipHOU mMaccoi (mopsiaka 900) [1],
onpeAensomed MX HHU3KYK JIETy4ecThb IpH 3HAYUTEIBHOM BaKyyMe€, YTO TIO3BOJISET
UCIIOJIB30BaTh MX KAK B KAayeCTBE CAaMOCTOSITENIBHBIX CMA304YHBIX CpEl, TaK U B KayeCTBE
JMICTIEPCUOHHBIX CpPEeJ] TPH HM3TOTOBJICHUH BBICOKOAI((EKTUBHBIX IIACTUYHBIX CMa30YHBIX
MaTepHaoB JUIsl pabOThl B OOBIUHBIX YCIOBHUSAX U B YCIIOBHSX BaKyyMa: B BHICOTHOM aBHAllUU
¥ Ha KOCMHYECKUX OOBbekTax. OpraHuzaius IpOU3BOJCTBA IUIACTHYHBIX CMa30K Ha OCHOBE
parcoBoro macija I03BOJIUT MoJJ0BEe 3HAYMTEIBHO COKPATUTH BBO3 IUIACTUYHBIX CMa30K



HEOOXOIMMBIX ISl TIPOMBIIIJICHHOTO U CEIbCKOX03SCTBEHHOTO MPOU3BOICTBA, TPAHCIIOPTA,
a 9acTh UX IKCIIOPTUPOBATE.

Hamu uccrienoBanuch MpOTHBOM3HOCHBIE, MPOTHBO3aTUPHBIC M aHTH(QPUKIMOHHBIC
CBOMCTBA TaKWX PACTHTEIBHBIX Macel KaK KacTOpOBOE, Macel W3 CEMsH: BUHOTPAJa,
TOMATOB, parica, apaxmuca, KyKypy3bl, MOJICOJTHEUHHUKA M OJTUBKOBOTO Macia [4] (Tabu. 2).

HGJ'H: HCCIICAOBaHUA COCTOAJIa B OIPCACICHHUU PACTUTCIBHOIO Macja, 06Hal[aIOH_[€I‘O
HanJITy4lIuMHU CMa304YHbIMHA U aHTI/I(I)pI/IKHI/IOHHBIMI/I CBOMCTBaMH.
OCHOBHEBIE ITIOKa3aTeIN PACTUTCIILHBIX MAaCCJI MPUBCICHLI B Ta6J'II/IL[€ 2.
Tabmma 2.
OCHOBHBIE TTOKa3aTeIN PaCTUTCIIbHBIX MacCCJl.
HaumeHnoBanue macia
Kacropo- | U3 cemsiH | U3 cemsin | U3 cemsH | U3 cemsn | Kykypysnoe, | [loaconneunoe,
[lokazaTenr | Boe BHUHOTPAJA, TOMAaTOB, parica, apaxuca, I'oCT I'OCT
PCT VYCCP|PCT YCCP |[TOCT I'OCT 8808-73 1129-73
19-1946-84 1544-79 8988-77 7981-73
IInotHocTh 0.911 0.911
U lSOC, 5 e y e
p 3 0,962 0,909...0,956 |{0,920...0,929 0.918 0.929 0,924 0,924
r/cM
Temnepa-
Typa 3actel- |-18...-10 [-20...-10 -12...-7 -10...-4 -3...13 -15...-10 -19...-16
Banws, °C
Temnepaty-
pa pectpyk- |240...250
muu , °C
Mounexysip-
850...940
Has Macca
Homioe gy 88 |- - 94...106  |83...108 |- 127...136
9HCII0
Jucruman
HHOHHOE 33,5 - - 36,5 53 - 25
YHCIIO
TpI/I6OJIOFI/I‘-IeCKI/IC HCCIICA0OBaHUA PACTUTCIIbHBIX Macein IMPOBOAUIIUCH Ha

yeThIpexiapukoBoi mammuHe Tperus mo metonuke ( 'OCT 9490-75): wacrota BparieHus
BepxHero miapa 1460 MuH'; CTyHeHYaTOe IOBBIIICHHE OCEBOI HArPY3KH 0 HACTYILICHHS
CBapHUBaHMs ILIAPOB; MPOAOKUTEIBHOCTh Kaxkaoro wucnbitanus 10 c.; umaeHTuduxanus
Harpy3ku 3aenaHuss —P,, OCylIecTBIIacCh IO PE3KOMY BO3PACTaHHMIO AMAMETpa IISTHA
W3HAIIMBAaHUS HA HIWKHUX LIapax; Ha KaXJOW OCEBOM Harpy3ke IMpPOBOJMIOCH TpPHU
OKCIIEPUMEHTA C TIOBOPOTOM IIAPOB MOCIE KaXKIOTO IKCIIEPUMEHTa, HO 0€3 X U3BJICUEHUs, U
¢ no0aBjeHHEM HOBOM MOPLMHU Macjia Hepel ouepenHbiM 3kcnepuMentoM. Illaper u3 cramm
X9, tBepnocteto HRC 60...62. Temneparypa wmacina 292..294 K. OueHoOYHbIMU
MIOKAa3aTeJsIMU ITPOTUBOU3HOCHBIX CBOWCTB Macesd CIIYXKWIM BEIUYUHBI JTHAMETPOB IISITEH
u3HAMMUBAaHUS — d ,3cp. M3MEPEHHBIE IIOCIE OKOHUAHMS MCHBbITaHUI. B KkoHIE Kkaxaoro
9KCIIEPUMEHTA U3MEPSUIA BEIMYUHY CUJIbI TPEHHsI, BOZHUKAIOIIEH B 30HE KOHTAKTa IIapoB (C
MOMOIIIbI0 TEH30METPUYECKOIO JIMHAMOMETPA, CBA3AHHOTO C HIDKHEW YalIKOW MallluHbI
TpeHus), yeunurens TA-5 u crpenoynoro mukpoammnepmerpa M266M. 3atem cuiny TpeHUs
MEPECYUTHIBATN B BEIUYUHY KOd(pduimenta TtpeHus - f, CIyXHUBIIETO OIEHOYHBIM
nokasaTtesneM aHTU(GPUKIIMOHHBIX CBOMCTB Maced.

[IpoTuBO3agupHBIE CBOMCTBAa Macejl OLCHUBAINCH MO BEJIMYMHAM KPUTHYECKOH
Harpy3Ku, Harpy3Ku CBapUBaHUs U MHJEKCA 3a0Upa.

Pe3ynbTaThl MCIBITAHUI PACTUTENBHBIX Macel MpeacTaBieHsl B Tadn. 3. [lo qaHHBIM
tabnuiel, B coorBeTcTBUU ¢ ['OCT 9490-75, onpenensanu BeIWuuHBI MHACKCA 3aaupa M;;
KPUTHYECKON HArpys3ku Py,, KOTOpBIE COBMECTHO C BEIMYMHAMHU HArpy3Ku cBapuBaHus P.
MpUBEJICHBI B Ta0I. 4.



Bce pactutenbHble Macia TPOSBUIM CPABHHUTEIBHO BBICOKHE MPOTHBOM3HOCHBIC,
POTUBO3aJMPHBIE U aHTH(PPUKIUOHHBIE CBOIicTBA. [10-BUAMMOMY, 3TO CBS3aHO C TEM, UTO
OCHOBY BCEX Macell COCTaBJISIFOT TPHALMITIHIEPUHBI, KOTOPBIE B TPOILECCE TPEHHS IOJ
BO3JICHCTBUEM IOBBILICHHBIX TEMIIEPAaTYyp B 30HE KOHTAKTa TPYLIUXCS IOBEPXHOCTEH, a
TaKXe, OKHCIBISICh KUCIOPOJIOM BO3/yXa, 00pa3yIOT MEPEKUCHBIC COSAMHEHUS, OKCHKHCIIOTHI
Y IPOAYKTHI OJIMMEPU3ALUU.

Hcxons U3 BeNWYMH WOMHOTO M TUCTHJUIAIIMOHHOTO uucel (Tali.2) MOXKHO CIenaTh
BbIBOA O TOM, UYTO pamncoBOC Maclio OGH&I[B.CT YHOBHQTBOPHTCHBHOﬁ CKJIOHHOCTBIO K
3aryCTCHHIO U TIOJIMMEPH3AIINH.

AHanm3 pe3ysbTaToB UCTBITAaHUN (Tabi. 3 u 4) MO3BOJIMI CJeNaTh BBIBOJ O TOM, YTO
parcoBoe Maciio sBISETCS HamOoJjiee MPHUTOJHBIM JUISI HWCIOJB30BAHUS B KAueCTBE
JMCTIEPCUOHHOM CpeJibl TPHU U3TOTOBICHUH TUIACTHYHBIX CMa30K.

Pa3paboranHbie HaMM IUIACTHYHBIE CMasku [5-8] comepkar B cebe B KauyecTBE
JMCTIEPCUOHHOM Cpellbl parcoBOE Maclio, a B Ka4eCTBE IUCIICPCHOHHOW (ha3bl — JTUTHUEBOEC
MBLIO 12-0KCUCTEapUHOBON KUCIIOTHI, a TAKXKE€ BSI3KOCTHYIO U aHTHOKUCIUTEIbHYIO T00aBKU
— IJIACTUYHAS CMa3Ka MHOTOIICJIEBOTO HA3HAYCHUS

Tabmuua 3.
TpuborexHMUECKHE XapaKTEPUCTUKU PACTUTEIBHBIX Macel (dys.cp, ).
g g g g g
© = = = = T 5]
. g 8 8 8 s 3 g S
= £z 2 5 8 g = 2
s 9 = 1) = & = « 15 £
§ & g g o] é o0 g ] % ) E g E\
SE & < < 8 S 2 S 5 2 g = <
0,39 0,38 0,36 0,44 0,31 0,37 0,37
b0 N e T D O I I
0,070 0,099 0,099 0,110 0,099 0,100 0,099
0,40 0,41 0,36 0,46 0,35 0,39 0,39
| B T e e [P e I R
0,070 0,087 0,095 0,100 0,095 0,100 0,088
0,43 0,45 0,38 0,46 0,35 0,40 0,42
K | B I e R [ e I
0,070 0,093 0,098 0,090 0,093 0,110 0,083
0,45 0,46 0,38 0,47 0,40 0,43 0,43
) T e e e (e I R
0,070 0,099 0,099 0,090 0,084 0,099 0,075
0,47 0,46 0,57 0,48 0,43 0,45 0,44
| T e I [P e B
0,070 0,079 0,130 0,120 0,075 0,099 0,099
0,61 0,47 0,85 0,51 0,50 0,059 0,64
(0% ]| T e e [ e e R
0,070 0,079 0,140 0,140 0,074 0,130 0,130
0,66 0,77 0,86 0,76 0,77 0,73 0,75
L e T e P B R
0,070 0,109 0,130 0,120 0,073 0,110 0,105
0,83 0,84 0,92 0,82 0,78 0,89 0,82
L[ N T BT O e I [EE
0,070 0,099 0,120 0,120 0,074 0,099 0,100
0,94 0,89 0,92 0,85 0,84 0,90 0,89
1B 5 I e e T e e [ B S
0,070 0,110 0,110 0,110 0,079 0,110 0,090
0,98 CsapuBanue | 0,93 1,10 0,87 1,07 0,99
1260 | --—-—--- T1E:ole) : S e R e e S
0,070 0,110 0,099 0,780 0,100 0,090
CaapuBa- CaapuBaHue CaapuBa- 1,00 1,30 CaapuBaHue
1410 HHE I1apoB 1apoB HHUE MIAPOB | ------- [ ==—=-m- 1I1apoB
0,085 0,090
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1,10 CBapuBaHue€ I1apoB
s 0 -

0,100

1,41
7o

0,120
2000 CaapuBa-

HHE LIapOB

Tabnuua 4.
[TokazaTenu cMa304HBIX CBOMCTB PACTUTEIBHBIX MACEIL.
Wunekc 3aaupa Kputnueckas Harpyska Harpy3ka cBapuBanus
Haumenosanue macia
U; Pyp, H Pce, H
13 cemsiH panca 43,5 790 2000
TloxcomHeuHnoe 35,4 790 1580
Kykypy3noe 35,0 790 1410
W3 cemsiH TOMaToB 34,8 790 1410
Kacroposoe 34,7 630 1410
W3 cemsH BUHOrpaga 33,2 790 1410
13 cemsiH apaxuca 32,0 790 1410

Ha ee ocHOBe pazpaboTaHbl: cMa3Ka ISl XOJIOJHOM IITAMIIOBKH METAJUIOB U CIIJIAaBOB, CMa3Ka
JUTSI IAPHUPOB PaBHBIX YTJIOBBIX CKOPOCTEH, 3JIEKTPOIPOBOAHASI CMa3Ka.

Bce cmazku mo cBoum PCOJIOTUYCCKUM H CMA30YHBIM CBOMCTBaM HaxogsdaTCd Ha

YpOBHE JIy4IInX 00pa3lioB MPOU3BOAUMBIX B EBpore, a cMa3ka MHOTOLIETIEBOTO Ha3HAUYEHUS
IIPEBOCXOJUT OJHY M3 JIydlIUMX cMma3ok B EBpone — cmasky Jluton-24, npousBoauMmyro B
VYkpaune u Poccun.

BrIBOIbIL.

ITomywyaemoe u3 pamcoBoro Macia OMOJU3eIbHOE TOIUIMBO, a TAaKXKE MCHOIb30BaHHE
OnosTaHoNA B KayecTBe 100aBKM K OCH3MHY B 3HAUUTEIBHOW MEPEe MOTYT IIOBBICHTH
9HEepreTuveckyto 6esonacHocts Pecybnukn Momosa.

Hcnonk3oBanne OnosTaHoONa B KayecTBE JOOABKH K OCH3MHY CHU3UT €r0 CTOMMOCTB,
cokpatuT Ha 15-20% ero notpedieHue U MO3BOJIUT 3HAUUTEIBHO COKPATUTh BPEIHbIE
BBIOpPOCHI B aTMOC(hepy.

OKkoHOMUYECKHH S(P(PEKT OT HCHOJB30BaHMSA  OHOIM3ENsT W OMOATAHONIA MOXKET
COCTAaBUTH BHYIIUTEIBHYIO CYMMY.

ITpon3BOACTBO CMa30YHBIX MAaTEPUANIOB C UCIIOJIB30BAHUEM PAIICOBOTO MAacia TaKkKe
TI03BOJIUT MOJTYYUTh CEPHE3HBIN SKOHOMHYECKUHN d(PPEKT.

C ucnonp3oBaHueM OHMOAM3ENST M STaHOJA CYIIECTBEHHO O3/I0OPOBUTCS BO3MYIIHBII
Oacceiin PecriyOmmkun MomoBa — MOBBICUTCS W 3KOJIOTHYECKasi 0€30MacHOCTh, YTO
OJIaronpusATHO OTPA3UTCS HA 340POBHE HACEICHHUS.
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Abstract

The overall frame and principal steps of complex numerical modelling of thermal processes in
power boiler furnaces on pulverised coal with tangential disposition of the burners are presented in the
paper. Computational fluid dynamics (CFD) technique is used as a tool to perform comprehensive
thermal analysis in two test cases. The methodology for creation of three-dimensional models of boiler
furnaces is briefly described. Standard steady k-& model is employed for description of the turbulent
flow. The coupling of continuity and momentum is achieved by the SIMPLEC method. Coal
combustion is modelled by the mixture fraction/probability density function approach for the reaction
chemistry, with equilibrium assumption applied for description of the system chemistry. Thermal
radiation is computed by means of the simplified P-N model, based on expansion of the radiation
intensity into an orthogonal series of spherical harmonics.

Comparison between the simulation predictions and available site measurements leads to a
conclusion that the model produces realistic insight into the furnace processes. Qualitative agreement
of the results indicates reasonability of the calculations and validates the employed sub-models. The
described test cases and other experiences with CFD modelling stress the advantages over a purely
field data study, such as the ability to quickly and cheaply analyse a variety of design options without
actually modifying the object and the availability of significantly more data to interpret the results.

Key words: pulverised coal-fired boiler, CFD modelling, combustion, thermal radiation, heat transfer

Rezumat. In lucrarea sunt prezentate fazele modelarii numerice a proceselor in focarele cazanelor care
functioneaza cu pulbere de cirbune. In calitate de procedeu principal la modelarea sunt utilizate
metodele numerice de calcul a dinamicii fluidelor. Compararea rezultatelor modeldrilor si a
rezultatele investigatiilor experimentale confirma corectituidenea modelului obiectului real.

Cuvinte cheie. Cazan, care functioneaza cu pulbere de carbune, ardere, modelarea cu utilizarea
metodelor de calcul al dinamicii lichidului, radiatia termica, transfer de caldura.

Pe3rome. B paGoTe mpuBOAATCS OCHOBHBIE 3TAIThl HU(POBOTO MOJIEIUPOBAHUS TETLTOBBIX IMPOIIECCOB B
TOIKaX KOTJIOB, pPabOTaloONMMX Ha MHUICBHIHOM yriie. B KadecTBe OCHOBHOTO CpEICTBA IS
MOJICIIMPOBAHUS UCIIOJIb30BAHBI METOJBI BBIYMCIUTEIBLHONW >KMIKOCTHON nuHamMuku. CpaBHEHHE
MEXIy pe3yJibTaTaMH MOJCITHUPOBAHMS M Pe3yJbTaTaMU HWCIBITAHUHA IMOATBEPKIACT COOTBETCTBHUEC
MoJienH OOBEKTY.

KnawueBbie caoBa. Koten, paborarommii Ha MBUICBHIHOM TOIUIMBE. MOJENUpOBaHUE C
UCTOJIh30BAHUEM METOJIOB BBIYMCIUTEIHLHON XKUJIKOCTHOW AMHAMUKH, TOPCHUE, TEIIOBas paaualius,
TeruionepeaaJa.

1. Introduction

Numerical simulation techniques through the last decades have grown from being promising,
mainly scientific tool, to a basic technology, unavoidable in engineering practice. With the
development of the methods, the use of numerical simulation tools is changing from the



traditional physics-based approach towards the application-based view. Numerical
simulations performed on basis of computational fluid dynamics/ computational thermal
analysis (CFD/CTA) provide great potential in analysing, design, retrofitting and optimisation
of performances of fossil fuel power systems.

Efficient use of low quality coals is crucial to the power industry in the most South and
East European countries and utility boiler with tangential burners disposition is a basic model
that serves most of the power plants, which was the main motivation for undertaking this
investigation. The combustion process of pulverised coal in boiler furnace is an example of
very complex 3-D turbulent flow, accompanied by strong coupling of mass, momentum and
energy in two phases. Comprehensive modelling of furnace processes enables simulation of
operational state and it can be applied in diagnostics and foresight of behaviour, operational
conditions and situations of boiler plants in efforts to improve their combustion efficiency,
fuel economy and to reduce pollutants emission. Thus, it is relatively easy to analyse how
changes of the fuel supply system, fuel type or milling quality affect combustion, heat
transfer, temperature distribution, heat flux, pollutants emission, erosion of heat exchanging
surfaces etc. This paper presents two test cases of CFD simulations: 1) OB-380 120 MWe
utility boiler in the Thermal Power Plant “Oslomej”, Kicevo, Republic of Macedonia and 2)
TENT A2 210 MWe utility boiler in the Thermal Power Plant "Nikola Tesla” Obrenovac,
Serbia.

2. Description of the Mathematical Model

Differential models, based on solving equations for fluid flow, heat and mass transfer, thermal
radiation and chemical reactions, including combustion, offer local values of relevant
variables and detailed insight into the complex processes and phenomena in the computational
domain, regarding the actual geometry, fuel characteristics and other operating conditions.
They enable widespread and fast analysis of the impact of huge number of parameters and
operational modes, compared to measurements or common conventional engineering
calculations, which offer limited reliability when applied to changing exploitation conditions.

Three-dimensional models of industrial and utility scale furnaces, including models of
tangentially fired furnaces, have been developed and successfully applied for years now [1-
13]. However, there is still an area for further improvements, having as a subject a detailed
mathematical description of physical and chemical processes in certain specific conditions.
The models of combustion systems are often similar to each other in many ways and the
majority use variations of the SIMPLE algorithm for coupling of velocity and pressure and
the k-& gas turbulence model, or some derivatives, like RNG k-& model [2], or k-&-k, two-
phase turbulence model [10]. Gas phase conservation equations are mostly time-averaged and
two-phase flow, as the one occurring in boilers fired with pulverised coal, is usually described
by Eulerian-Lagrangian approach and PSI-CELL method for taking into account the influence
between phases, with some exceptions using Eulerian-Eulerian approach, or two-fluid
trajectory model [10]. Most of the combustion submodels given in [2,7,8,9-11,13] separately
treat particle devolatilisation, char oxidation and additional gas phase reactions. Thermal
radiation in the furnace is modelled by means of various approaches, like discrete transfer
method [7], discrete ordinates method [8,10,13], six-fluxes method [9], Monte Carlo method
[2], or so called P-N model [14], as in this paper. Commercial CFD codes are applied
successfully [11,12,13], but also research efforts are given worldwide to the comprehensive
models specially developed for simulation of the furnaces [7-10]. In general, it should be
noted that a comprehensive model of the furnace processes must balance sub-model
sophistication with computational practicality.



In the both cases described in this
paper the furnace geometry is described in

?ge“gr?lle-l;w ereation details, with particular emphasize on

- generation of numerical burners [15,16]. General structure of the

mesh case set-up and solution with CFD/CTA

Sebé‘fﬁétry technique in this research is presented in

prePDF preprocessor +2D/3D Fig. 1. Fluent CFD software is employed
:égﬂjﬁg?ﬁg&;s mesh for description of turbulent fluid flow,
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files - physical models and heat transfer, with Gambit pre-
ey o e processor used as a graphic tool for
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= e [17]. The simulations are performed in 3-D

domains for boilers’ steady state operating
Fig. 1. Structure of the case set-up and solution with the  conditions.
CFD technique Turbulent mixing is quantified by the
standard k-& model. Common values of the
constants are used in the transport equations: a=1.0, o~1.3, C;~1.44 and C,=1.92.
Coupling of velocity and pressure is achieved by the SIMPLEC algorithm. Numerical
simulation of the pulverised coal combustion involves modelling of continuous gas phase
flow field and its interaction with discrete phase - coal and ash particles. Stochastic tracking
model is used in the calculations to take into account the effect of turbulence on the particles
trajectories. The polydisperse coal particle size distribution is assumed to fit the Rosin-
Rammler equation. Mass flow rate, temperature and mixture fraction is assigned at coal and
air inlets, while outflow is prescribed at the recirculating holes and at the furnace exit, which,
in this test case is located after the platen superheater. Soot formation and emission of
pollutants, such as NOy, are also taken into consideration in the research.

The coal particles, travelling through the air-gas mixture, devolatilise, creating a source of
fuel for reaction in the gas phase and undergo char combustion. Energy balance to the
particles is used to calculate the particle temperature and to describe the coal evolution. In
both cases, two-competiting-kinetic-rates model is selected as a devolatilisation model. The
combustion is modelled as non-premixed kinetics/diffusion-limited process with the mixture-
fraction/probability density function (PDF) approach for the reaction chemistry [17,18]. Full
equilibrium chemistry is selected as chemistry model and the turbulence-chemistry interaction
is modelled with £ probability density function. It is assumed that PDF mixture consists of 16
species: C(S), C, H, O, N, O,, N,, CO,, H,0, H,O(L), CH4, CO, OH, NO and HCN.

One of the important issues in the case of coal combustion modeling is inclusion of the
effect of discrete phase, coal and ash particles, on the radiation absorption coefficient. The
basic radiative transfer equation for an absorbing, emitting and scattering medium with
contribution of the particulate phase, at position r in direction s is

dl(r,s)
ds

4 O_ 47[
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where | is total radiation intensity, which depends on position r and direction s; S is path
length; a, is the equivalent absorption coefficient due to the presence of particulates; o, is equivalent
particle scattering factor; E, is the equivalent particle emission; @ is absorption coefficient; n is
refractive index; o is Stefan-Boltzmann constant, 6=5,672:10 W/m2K4); T is local absolute
temperature; s’ is scattering direction vector; @ is phase function and Q’ is solid angle. The
product (a+S;)s is optical thickness or opacity of the medium.



Thermal radiation in this work is taken into account in the heat transfer simulations
through the so-called P-1 model [14,17,19,20]. It is based on expansion of the radiation
intensity | into an orthogonal series of spherical harmonics. If only four terms in the series are
used, the following equation is obtained for the radiation flux q:

1

aro.)-Co, O @)

qr:_

where G is incident radiation, og is scattering coefficient and C is linear-anisotropic phase
function coefficient. Variable absorption coefficient a is computed by the weighted-sum-of-
gray-gases model [17, 19, 21].

Besides the relative simplicity, the P-1 model has several advantages over other radiation
models, treating the radiative transfer equation (1) as an easy-to-solve diffusion equation. It
can easily be applied to complicated geometries and for combustion applications where the
optical thickness is large it works reasonably well. Also, the particle emissivity, reflectivity
and scattering can effectively be included in the calculation of the radiation heat transfer.

The transport equation for G is

V(I'VG) +4n [a%é‘ ‘E p] ~(at+ap)G=0 3)

in which the parameter I" is defined through the equivalent absorption coefficient a, and the
equivalent particle scattering factor op:

1
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With substitution q=—I'VG in eq. (3) the following expression is obtained for —Vq;:

oT*

T

-Vq=-4n (a +E pj +(atap)G (5)

which can be directly included into the energy equation to account for heat sources due to
radiation.
The flux of the incident radiation at wall gy is determined with the expression

& 4
=—— % _(40T,' -G 6
qr,w 2(2_5W)( w w) ( )
where &y is wall emissivity, Ty is wall temperature and Gy, is incident wall radiation.

3. Case 1: Utility Boiler OB-380 120 MWe

The tangential coal fired steam generator OB-380 is designed and manufactured by RAFAKO
S.A., Raciborz, Poland. Its simplified configuration, with disposition of the heat exchanging
surfaces, is displayed in Fig. 2 and the main technical characteristics are listed in Tab. 1. The
boiler shape is conventional, with two gas passes and with natural water-steam circulation.
Membrane walls form the furnace, crossover pass and a part of the convective pass. The
furnace is 12.055 m wide, 9.615 m long and 40.0 m high. Six pulverised coal burners are
arranged in such manner, shown in Fig. 3, to form a swirling flow of gas-solid mixture. OB-
380 boiler is fired with low-grade lignite, with huge content of ballast materials and with
calorific value varying between 6500 and 8800 kJ/kg. The average proximate and ultimate
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Fig. 3. Direction of the burners in the furnace and burner vertical cross-section

analyses of the coal are given in Tab. 2. Approximate fuel consumption of the boiler operated
at full load is 45+52 kg/s, while flue gases outflow is 160+200 m’/s. The boiler has already
expanded its design operational lifetime, working often at maximum capacity.

Table 1. Main characteristics of the boiler OB-380 Table 2. Average proximate and ultimate analysis
of the Oslomej lignite

Property Value
- Steam output 105.6 ke/s Proximate analysis, % | Ultimate analysis, %
- Parameters of superheated steam | 138 bar/540°C Char 29.15 C 23.45
- Parameters of reheated steam 27.7 bar/540°C Volatiles 21.35 H 2.11
- Parameters of feed water 165 bar/230°C Crix 1338 10 7.50
- Pressure in the boiler drum 154 bar Ash 1577 | N 1.10
- Temperature of preheated air 260°C Moisture 4950 | S 0.57
- Flue gases outlet temperature 150°C
- Boiler efficiency 85+88 %

Several basic cases of boiler operating
conditions are investigated and three of them
Fig. 2. Scheme of the boiler OB-380, TPP "Oslomej”,  are subject of consideration in this article:

Kicevo, Macedonia mode R1 corresponding to 83 % boiler load
(100 MW electrical output) with five burners in
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The furnace computational domain and mesh as they are generated for the purpose of this
research are presented in Fig. 4. Numerical mesh of 124839 finite volume cells, 375573 faces
and 125880 nodes is employed. The superheater is modelled with parametric heat exchanger
model to account for the heat absorption and pressure loss [17]. For that purpose, a separate
fluid zone is defined to represent the superheater core, Fig. 4c, which is subdivided into
macroscopic cells along the coolant path [15]. The coolant inlet temperature to each macro
cell is computed and then subsequently used to compute the heat rejection from each macro
cell. This approach provides realistic heat rejection distribution over the heat exchanger core.

The coal particles size distribution is represented with the Rosin-Rammler equation with a
mean diameter dp»=90+120 um and a spread parameter of 3.5. Particle trajectory data, coal
devolatilisation and combustion parameters used in the model are given in Tables 4 and 5.

Table 4. Coal particle trajectory data

Number of particle stream start locations 18
Maximum number of steps in each

trajectory 700
Length scale 0.1 m
Number of particle diameters 8

Table 5. Coal combustion parameters

Recirculation of the flue gases through holes in
the upper part of the furnace is included in the
computations with a coefficient rg=0.25+0.31,
depending on the working mode.

The wall emissivity in this test case is
specified in the range 0.65+0.8 at the furnace
walls and 1.0 at the furnace bottom and exit.

a) Coal devolatilisation data

Devolatilisation model - two competing rates

1) First rate
- pre-exponential factor 2.0-10°s™
- activation energy 7.50-107 J/kmol
- weighting factor 0.3

2) Second rate
- pre-exponential factor 1.3-10" s
- activation energy 1.45-10% J/kmol
- weighting factor 1.0

b) Combusting particles properties
Density 1250 kg/m’
Specific heat capacity - picewise-linear profile
Thermal conductivity 0.05 W/mK

Mechanism factor 2

Binary diffusivity 4.10° m%s
Particle emissivity 0.8
Particle scattering factor 0.5
Swelling coefficient 1.0

Mass diffusion limited rate constant 5.0-10™"2
Kinetic rate pre-exponential factor 0.002
Activation energy 9.5-107 J/kmol
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Fig. 4. Boiler furnace: a) feature, b) finite-volume mesh and c) superheater zone



Sidewall temperature is calculated on a basis of the near-wall heat transfer conditions.

As results of the simulations regarding the OB-380 boiler, informations are obtained on
flow fields, velocity vectors, particles path lines, temperature contours, heat flux profiles to
the furnace walls, contours of O,, CO; and other species concentrations, as well as many other
variables [15]. Some typical results are displayed in the following figures. Figure 5a shows
gas phase velocity vectors in vertical furnace intersection. Predictions of coal particles path
lines initiated from the fuel inlets of the burner No. 1 are shown in Fig. 5b. Knowing probable
path lines of the fuel particles can be very important information for prediction of position
where the most intensive combustion occurs, but also it can help in gaining closer insight into
the reasons for eventual appearance of incomplete combustion. Traces of coal particles
released from the burner No. 4 are displayed in Fig. 5c, showing general swirling flow field in
the furnace.
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Fig. 5. a) Gas phase velocity vectors in central vertical cross-section; b) Path lines of coal particles streams
released from the burner No. 1, coloured by DPM burnout; c¢) Traces of particles released from the burner
No. 4, coloured by temperature, view from the furnace top

Simulation results of typical temperature distribution in certain intersections of the
computational domain at boiler full load are presented in Fig. 6. The plots highlight flame
shape and furnace hot spots outside the burner flame boundaries. The highest temperatures,
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Fig. 6. Temperature fields in central vertical intersection at full

load and at different horizontal levels

somewhat above 1300°C according to
the CFD predictions, are detected in the
furnace core. The tangential movement
of the flue gases-particles mixture in the
horizontal intersection at the burners'
level is clearly visible, appearing as a
consequence of the burners’ position.
Central position of the flame suggests
that the temperature and heat loads of
the furnace are well balanced.

In tangential coal fired boilers, the
gas temperature deviation at the furnace
exit could occur as the scale of the
boiler becomes larger. It is commonly
considered that it results from the after
twirl in the furnace exit, which depends
mainly on the dimensions and shape of
the platen superheater, the way of the



secondary air introduction and the shape of the furnace. This phenomenon can result in
damage of superheaters’ and reheaters’ pipes. Although the investigated boiler unit could not
be treated as a large capacity boiler, according to the present simulations, temperature
deviation appears in some extent in the upper part of the furnace, Fig. 6. Further
investigations in this direction are necessary. It can be noticed that the presented numerical
method slightly overestimates the expected temperature at the furnace core, Still, the average
furnace outlet temperature, which, according to the long-term experience with the boiler
operation, should be 950+980°C, is asserted with the model, with insignificant deviations.

Present simulations include analysis of NOy formation and reduction during the
combustion process. An example of the results concerning this issue is presented in Fig. 7.
Since the fuel is low calorific lignite and, consequently,
furnace temperatures are moderate, appearance of
thermal NOy is irrelevant and the total NO, emission is
not very high.

Temperature and heat flux to the walls in the
furnace are measured through 31 measurement points at
four levels: 13.9 m, 20.4 m, 23.0 m and 26.4 m (the
bottom of the furnace funnel is located approximately at
elevation 6.5 m), with aspiration pyrometer, non-cooled
temperature probe and digital optical pyrometer [15].

Typical profiles of measured and computed

i temperatures at elevation 26.4 m are shown in Fig. 8
I;ﬁ}::ﬂ;)j_y [15]. Relatively well conformity between the CFD
1008 predictions and available field data can be noticed at the
Fig. 7. Contours of NO mass fractionat  right side, but the discrepancy is considerable on the left
the furnace central cross-section and atthe  gide of the central furnace cross-section. Also, profiles
furnace exit .
of measured and average area-weighted temperature
along the furnace height at modes: R1 (83 % of full load), R2 and R3 (both full load), are
displayed in Fig. 9 [15]. Appearance of temperature peaks at approximate height of 18 m
cannot be verified, neither denied with the available measurements. Figure 10 depicts area-
weighted average heat flux to the walls along the furnace height, predicted with CFD and
confronted with measurements [15]. According to the simulations, maximum local values in
the zone of intensive combustion don’t exceed 140+150 kW/m?®, which is in agreement with
recommendations for this type of boiler furnace.
The change of the average thermal efficiency of the furnace walls along the boiler height
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Fig. 8. Temperature contours at elevation 26.4 m (approx. Fig. 9. Area-weighted average temperature along the furnace
20 m above the furnace bottom), mode R1: CFD-P15, height: R1 — measured (83 % load), R2 and R3 — measured
CFD-P22 — model, 1.075 m from the left and right (full load); CFD-R1 — model (83 % load), CFD-R2 and
sidewall, respectively; M-P15, M-P22 — measurements, CFD-R3 — model (full load)
1.075 m from the left and right sidewall



is given in Fig. 11 [15]. In this diagram, the results obtained by the CFD simulations are
confronted to the values calculated indirectly on the basis of the heat flux and temperature
measurements. The change of the walls thermal efficiency, according to the Normative
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Fig. 10. Heat flux distribution along the furnace height: R1, Fig. 11. Average coefficient of thermal efficiency of the
R2 and R3 — measurements; CFD-R1, CFD-R2 and CFD- furnace walls
R3 — model results

] 100 o Rimer % B R2mer % Method of the CKTI (according to [23]), is
°\>_ 995+ A R3-mer,% —O—RI1-CFD,% presented in the same figure for comparison.

€ g9 /l—T— R2CFD % -- & --R3-CFD, % Combustion efficiency in the modes
2 /o/ [ ] R1+R3, according to the measurements and
g 98.5 1 / o E CFD simulations, is illustrated with Fig. 12.
2 o8 & o Estimations show high fuel conversion in the
é 975 cases of 83 % and full boiler loading, with
8 o (4 predicted unburned fuel loss below 1.5 %,

suggesting that the coal combustion in the
boiler runs successfully and is completed
before the upper furnace zones.

15 175 20 22.5 25 27.5 30

Level, m
Fig. 12. Combustion efficiency along the furnace in the
modes R1, R2 and R3

4. Case 2: Utility Boiler TENT A2 210 MWe

The steam generator of the 210 MW, TPP “Nikola Tesla” A2 in Obrenovac, Serbia is
characterised with conventional ”TT” silhouette gas tract and with natural circulation, Fig. 13.
The furnace is designed for thermal load of 3400+3500 kW/m® of the intersection and for
relatively long flame. Six coal mills and corresponding burners are disposed around the
furnace in such manner to create tangential movement of gas-solid particles stream and to
provide efficient fulfilment of the volume with hot gases, Fig. 14. Gas-fuel dust mixture with
temperature of 165°C is transported from the mill into an inertial separator and through a
vertical channel and eight rectangular channels is led to the jets. The furnace is 15.5 m wide,
13.5 m long and about 34 m high. To achieve the design temperature at the furnace outlet,
which is 1000°C, it is necessary to maintain an average heat flux to the furnace membrane
walls of ~340 kW/m?. The slag is lead away from the furnace bottom in solid state. The most
important characteristics are given below:

- steam production 650 t/h

- steam pressure/temperature 138 bar/540°C
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Fig. 14. Horizontal arrangement of the burners
a — pulverized coal-air mixture ducts, b — secondary air ducts

- feed water temperature 240°C
- drum pressure 152 bar
- boiler efficiency 0.85
- fuel consumption 73.6 kg/s

The boiler is designed to operate with lignite with lower calorific value of 5500+6700
kJ/kg, humidity (as received) 5056 % and ash content 14+22 %. More detailed description of
the boiler design, water-steam circulation scheme, operating modes and data on fuel
properties are given in [16,24]. The fuel composition corresponding to the basic test case
presented in this work (Kolubara lignite-field D), is given in Tab. 6. Pulverised coal sieve
analysis is presented in Tab. 7 and the laboratory determined kinetic parameters of the fuel are
given in Tab. 8 [16].
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Table 6. Kolubara lignite composition (field D)

In this case, also, the Fluent

CFD package, including Gambit

Proximate analysis (after the i is, 9 .
m)i(lls al W=1y4.00(%) o Ultimate analysis, % graphical processor and prePDF
Combustibles | 65.60% | Compo- | As | Afterthe | Pre-processor, was employed for
nent | received | mills creation of the furnace numerical
Char 4700 % C 2270 41.00 model. The geometry is created in
Crix 26.60 % = 13 3.80 a 3-D domqm, which r§presepts
; the whole boiler furnace, including
Volatiles 39.00 % S 0.61 1.11 . ..
: the superheaters installed in its
Moisture 14.00 % 0 10.40 .
19.70 upper zone, Fig. 15. The generated
0, . .
Ash 2040% N 0.49 numerical mesh consists of
CO, 0.14 % W 52.44 14.00 315555 wvolume cells, 796804
S (total) 1.11 % A 11.23 20.40 faces and 189939 nodes.
Table 7. Coal fractions: Kolubara lignite, field D
Fraction ¢ (0-50) um, | (50+90) pum, (90+200) (200+500) >500 pm, Mean
Milling % % pm, um, % % particle
% diameter, pm
Fine, Ro=48.4 % 40.68 10.92 20.74 17.84 9.82 194
Med., Rg=60.15 % 24.83 13.95 28.90 21.47 10.85 225
Raw, Ry=73.85 % 7.55 18.60 31.43 25.10 17.32 295
dyi, um 25 70 145 350 850

Table 8. Kinetic parameters of the Kolubara lignite, field D

Kinetic parameters Combustion rate
Pre-exponential | Activation energy | at 1273 K, kr,
coefficient A, E, kJ/kmol m/s
m/s
8.90-10° 9.54-10* 1.08

The numerical simulations of the
TENT A2 210 MW, steam generator
with the described model are
performed at steady state operating
conditions. The main results of this
case study consist of flow fields,
particles path lines, temperature
contours, heat flux profiles to the

furnace walls, contours of O,, CO, and other species concentrations, as well as other
variables. Figure 16a shows gas phase velocity vectors in horizontal furnace intersections.

Fig. 15. Furnace geometry and numerical grid
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16. a) Velocity vectors at several horizontal

intersections; b) Traces of coal particles



Traces of particles thrown into the furnace from a single burner are presented in Fig. 16b.
Simulation results of typical temperature distribution in vertical and horizontal intersections
of the computational domain at boiler full load are presented in Fig. 17. The plots highlight
the flame shape and high temperature spots outside the near-burner-flame boundaries.
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Fig. 17. Temperature contours in various vertical and horizontal intersections

Figure 18a presents the temperature profile along the furnace height. When compared to
the profile given in [16], it can be noticed that there is a fairly good qualitative agreement of
the profiles shape and even the temperature maximum has been obtained by both approaches
at the same vertical level, around or somewhat above 25.0 m. Horizontal temperature profiles
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a) b)

Fig. 18. a) Average temperature profile along the furnace height; b) Horizontal temperature profiles close to
the right-hand wall at level 26.3 m
from the right-hand wall to the furnace core at level 26.3 m, obtained by the model
simulations and measurements, are presented in Fig. 18b. The diagram demonstrates good
accordance between the modelling results and the measured ones [16].

5. Conclusion

The paper presents methodology used to model and simulate processes of tangential
pulverised coal-fired boilers furnaces, based on CFD technology. The described method gives
a possibility to investigate the operation of boilers in various modes and situations, with
different load, as well as with redistribution of coal and air mass flow at the inlets, which
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would lead to certain changes of the flame position and other parameters. On a basis of
comparisons with available site records a conclusion can be drawn that the model produces
realistic insight into the furnace processes. Values of temperature, heat flux and combustion
efficiency are in expected limits, typical for the boiler types and for the coals used and, in
general, they follow the trend line of measurements.

The presented cases and other experiences with CFD modelling show that computational
thermal modelling and analysis can successfully be applied to practical combustion systems.
The procedure discussed in the paper and applied to utility boiler furnaces has wide band
assertion applicability. The justification for this resides in the variety of processes and
phenomena, which the CFD has already been shown to be able to handle.
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SYNCHRONOUS OPERATION OF FIVE-PHASE CONVERTERS IN
LINEAR MODULATION REGION

FUNCTIONAREA SINCRONA A CONVERTOARELOR
PENTAFAZATE IN DOMENIUL MODULARII LINIARE

CHUHXPOHHOE PEI'YJIMPOBAHHUE IS TU®A3ZHBIX
ITPEOBPA3OBATEJIEA B 30HE IMHEMHOU MOAYJAIINA

V. Oleschuk, F. Profumo, A. Sizov, A. Tenconi, E. Yaroshenko

RESUME

This paper presents results of the development and application of algorithms of synchronized pulsewidth
modulation (PWM) for control of five-phase voltage source inverters. Simulations give the behavior of five-
phase power conversion systems with algorithms of continuous and discontinuous synchronized PWM.

Keywords: multiphase modulated inverter, five-phase load, phase voltage synchronization.

RESUMAT

Aceasta lucrare prezinta resultatele dezvoltarii si aplicarea algoritmilor modularii in durata a pulsurilor
sincronizate pentru controlul invertoarelor pentafazate sursa de tensiune. Simularile prezinta comportarea
sistemelor pentafazate de conversie a energiei cu algoritmi de modulare sincronizata de tipurile continuu si
discontinuu.

Cuvinte cheie: invertor multifazat modulat, sarcina pentafazata, sincronizarea tensiunilor de faza.

AHHOTAIIMA

UccnenoBanbl  msaTH]asHble  MHBEPTOPHl  HANPSDKEHHsS, pEryjupyeMble B  COOTBETCTBHUH  C
MO (UIMPOBAHHBIMYU aJITOPUTMAMU CHHXPOHHOM HIMPOTHO-UMITYJILCHOW MOAyJisiuu. [IpuBeaeHs! pe3yabTaThl
MO/JIETTMPOBaHHMS MATH(A3HBIX TPE0OPa30BaTEIbHBIX CHCTEM C HEIIPEPHIBHOM U NMPEPHIBUCTON pa3HOBUIHOCTSIMHU
CUHXPOHHO! MOIYJISILIUY.

KnaioueBble cioBa: MHOrodasHbli HHBEPTOpP C MIMPOTHO-MMITYJIBCHOH MOAYyJsIIMeH, msTudasHas
Harpyska, CHHXpOHHU3anus (pa3Horo HanpsHKEHHS.

1. INTRODUCTION

Multiphase power electronic converters and ac drives are a subject of increasing interest
in the last years due to some advantages compared with standard three-phase systems,
especially in the field of high power/high current applications. In particular, multiphase
topologies of electric drives allow reduction of amplitude and increasing the frequency of
torque pulsation, and also reduction of the rotor harmonic losses in electrical machines.
Multiphase inverters and converters allow dividing of the controlled power on more inverter
legs, reducing the rated current of power switches [1]-[2]. Between different multiphase
solutions the more interesting and addressed ones are the five-phase and six-phase power

conversion systems [1].



In particular, five-phase adjustable speed drives on the base of five-phase inverters are
now ones of the most suitable topologies of multiphase drives for such perspective fields of
application, as electric vehicles, ship propulsion, aerospace, etc. So, space-vector-based control
and modulation methods and techniques for five-phase systems have been developed
intensively during last period [3]-[9]. Five-leg voltage source inverters for five-phase drives are
characterised by additional degrees of freedom for their control in comparison with
conventional three-phase systems. At the same time it is known, that almost all versions of
standard space-vector modulation are based on asynchronous principle, which results in sub-
harmonics (of the fundamental frequency) in the spectrum of the output voltage of inverters,
that are very undesirable in drive systems with increased power rating, operating at low
switching frequencies [10],[11]. In particular, if the ratio between the switching and
fundamental frequency of drive systems is less than 20-25, it is necessary to use synchronized

PWM for control of these systems [11].

In order to avoid asynchronism of standard space-vector PWM, novel method of
synchronized PWM has been recently proposed for control of standard three-phase inverters
[12]. So, this paper present results of the development of this new PWM method for
synchronous adjustment of five-phase drive inverter in the linear modulation region, until the

zone of overmodulation.

2. SYNCHRONIZED SPACE-VECTOR PWM FOR A FIVE-PHASE SYSTEM

Basic topology of power circuit of a five-phase voltage source inverter with a star-
connected load with the neutral point n is presented in Fig. 1 [7]. In particular, in the case of a
five-phase motor as a load, the five stator phases a, b, ¢, d and e are distributed with a spacing

of 72°,

Space-vector pulsewidth modulation is one of the most suitable control techniques for
five-phase systems. Similar to three-phase space-vector PWM, it can be developed for a five-
phase system, as shown in Fig. 2 for a period of the fundamental frequency [4]. In particular,
Fig. 2 shows ten basic switching vectors (1, 2, 3, 4, 5, 6, 7, 8, 9, 10) for a five-phase inverter in
accordance with conventional designation (in brackets) of switching state of every switch of
the inverter, where “1” corresponds to the switch-on state of the corresponding switch of the
upper group of switches of the phases a — e [4]. This control scheme includes also two zero

switching states (00000 and 11111), providing zero voltage at the outputs of the inverter.



Although total number of available voltage space vectors in five-phase inverter is equal
to 32, the using only of the mentioned above 12 vectors (ten active vectors (large vectors [4]),
and two zero vectors) allows minimum number of switchings in inverter and minimum
switching losses [4]. It allows also providing continuous adjustment of the fundamental voltage
during both undermodulation and overmodulation control zones, until the maximum phase-to-

neutral voltage at the ten-step operation mode.

N

l_o :: =} P : ﬁn

Vama—— NN N NN

Fig. 2.

2.1. Principle of Continuous Voltage Synchronization

In order to provide synchronization of the process of space-vector PWM, a novel
approach has been proposed for synthesis of the output voltage of three-phase inverters [12].
The main principles of this method, developed and modified for control of the five-phase

systems, are based on the following deductions.

In accordance with principle of voltage space-vector modulation for symmetrical PWM
versions, applied for control of five-phase systems, the ratio of durations of the corresponding

total active switching state signals g; during a sub-cycle to the central active switching state

signal g, which is formed in the centre of the 360—clock—intervals, can be written as



. sin(36° —a ;) +sina; . .
Fi _sinl - i) L=1.618[sin(36" —a;) +sina;] (j = 2,...0) (1)
B sin(36° —a;)+sinq,

where «; - angle position of the centre of the g, -signal from the beginning of the 36°-clock-

interval; o, =18° - the angle position of the central g, -signal.

The relative widths of the y-components of total active switching states, which have

less duration regarding the corresponding ( 5 -y )-component, are equal to:

o e k=i-1,...1 >
Bk sin36” —ai ) +sin(@i ) ( 1) 2)
So, one of the basic ideas of the method of synchronized PWM is in continuous

synchronization of the positions of all central signals g, in the centres of the 36°-clock-
intervals (to fix positions of the g, -signals in the centres of the 36"-clock-intervals for the

five-phase systems), and then — to generate symmetrically around the centres of the 36°-clock-

intervals all other active g - and y -signals in accordance with (1) and (2).

2.2. Continuous Synchronized PWM in A Five-Phase Inverter

As an example, Fig. 3 presents switching state sequence, switching signals (pole
voltages V;, - V) for the phases a — e, and the phase-to-neutral voltage Va5 on a half of period
of the fundamental frequency F for five-phase inverter with continuous synchronized PWM.
Continuous scheme of space-vector modulation is characterized by continuous switchings of
each inverter leg during each sub-cycle. Switching states corresponds here to designations

presented in Fig. 2. The phase-to-neutral voltage Vg, is calculated in accordance with (3) [5]:

Fig. 4 shows more in details control and output signals of the five-phase inverter for the
first 36"-clock-interval. Due to the symmetrical principle of generation of control signals, the
phase-to-neutral voltage of five-phase system has quarter-wave symmetry during the whole
diapason.

To provide realisation of algorithms of voltage space-vector modulation during
synchronized PWM, a set of control functions connecting voltage parameters with the
fundamental and switching frequencies of the system can be used, which is based on simple

transformation of (1) and (2). In particular, in accordance with (1):



Bi =5 cos(18° -aj)

Switching state sequence

Fig. 3.
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At the same time, the angle position «; of the centre of the corresponding £ -signal in

Figs. 3-4 is equal to:

@y =180~ (- (=1.),

where 7 is the width of sub-cycle. So, for j=2,...i:

By = Py cos[(j = D]

()

(6)



To realise widespread scalar control mode (V/F=const control) of adjustable speed five-
phase drive system with linear control of the fundamental voltage until the zone of

overmodulation, it is reasonable to execute simple linear control of the g, -signal:
B, = 1.03mr, (7)
and it provides the maximum width of the central signal, equal to the duration of the switching

period at the end of the linear modulation range.

After analogue transformation of (2) for j=i-1,...2:

Duration of the notches between the signals in Figs. 3-4 for j=1,...i-1:
ﬂ“]:z-_(ﬂ] +ﬁj+1)/2 (9)

To provide the mentioned above in part 2.1 continuous synchronization of the output
voltage in five-phase inverters, by the analogy with the three-phase converters [12], the
scheme of synchronized PWM includes, as an important control parameter, boundary
frequencies Fj, situated on the axis of the fundamental frequency F of the system. F; is
calculated in a general form as a function of the width of sub-cycles 7 in accordance with

(10), and the neighboring Fi.; - from (11). The modulation index is m=F/F, in the case of

the scalar V/F control. Index i is equal to the numbers of notches inside a half of the 36°-

clock-intervals and it is determined from (12), where fraction is rounded off to the nearest

higher integer:
S — (10)
b 10Q2i-1)r
S — (11)
1021 -3)r
_1/10F+7 (12)
27

The process of voltage synchronization in five-phase systems is also connected with
specialized control of the signals situated near the boundaries of the 36°-clock-intervals. In
particular, for the waveforms presented in Figs. 3 - 4, where i=4, the corresponding boundary

signals are: 1, = 4 = A', B, = B = p" , and y,. Control functions (14)-(16) for determination



of these parameters include special linear coefficient of synchronisation Ks (13), providing
smooth step-by-step quasi-linear variation of these signals from the rated value to close to

zero value between the boundary frequencies F; and Fi_1:

K,=1- F'izl_—F'i:i (13)

By =" =P cosl(i —r]K, (14)
h=4=(c-p K, (15)

1 =56 (A +p)FK, (16)

2.3. Disontinuous Synchronized PWM in A Five-Phase Inverter

Fig. 5 presents switching state sequence, pole voltages V, - V, for the phases a — e, and
the phase-to-neutral voltage V4, on a half of period of the fundamental frequency F for five-
phase inverter with discontinuous synchronized PWM. Discontinuous scheme of space-vector
modulation for five-phase inverters is characterized by the four 18°-non-switching intervals
during period of the fundamental frequency.

Fig. 6 shows more in details control and output signals of the five-phase inverter with
discontinuous PWM for the first 36°-clock-interval. Control functions for determination of the
boundary frequencies and index i are slightly modified in this case in comparison with

continuous synchronized PWM:

1

F 0@ (7

Pt (18)
102i-3.5)r

. 1/10F +157 (19)
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3. OPERATION OF THE SYNCHRONIZED FIVE-PHASE SYSTEM IN LINEAR
MODULATION RANGE

Algorithms of synchronized space-vector PWM allow continuous shock-less
synchronization of waveforms of the output voltage of five-phase inverter during the whole
control range including the zone of overmodulation. Fig. 7 — Fig. 10 present basic voltage
waveforms (with spectral characteristics of the phase-to-neutral voltage) of the five-phase

inverter controlled in accordance with two basic schemes of synchronized PWM: 1)



Continuous synchronized PWM (Fig. 7 and Fig. 9), and 2) Discontinuous PWM with the 18°-
non-switching intervals (Fig. 8 and Fig. 10).

Curves in Figs. 7 — 8 correspond to the zone of low fundamental frequencies of the
system (F = 20 Hz, modulation index m = 0.4 in the case of the scalar V/F control). The
average switching frequency is 1.5 kHz. Fig. 7 (continuous PWM) and Fig. 8 (discontinuous
PWM) present the pole voltages V, - Ve, line voltage Vg, and phase-to-neutral voltage Van
(together with spectrum of the phase-to-neutral voltage) of the five-phase system with

synchronized PWM.

Spectrum of the phase-to-neutral voltage
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Fig. 9 — Fig. 10 present basic voltage waveforms (with spectral characteristic of the
phase-to-neutral voltage) of the five-phase inverter with continuous synchronized PWM (Fig.
9), and with discontinuous synchronized modulation (Fig. 10), operating in the zone of higher
fundamental frequencies, where F = 40Hz (modulation index m=0.8 in the case of V/F

control). The average switching frequency is 1.5 kHz.
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Spectrum of the phase-to-neutral voltage
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Algorithm of synchronized PWM provides continuous symmetry of the phase-to-neutral
voltage of the five-phase system. So, its spectrum includes only odd (non fifth-order)
harmonics for both continuous and discontinuous versions of synchronized PWM for any
fundamental frequencies and for any (integer and fractional) ratios between the switching
frequency and fundamental frequency. In particular, the control mode of the inverter,
presented in Figs. 9-10, is characterized by the fractional ratio between the switching
frequency and fundamental frequency, equal to 1500/40=37.5, but the phase-to-neutral
voltage has quarter-wave symmetry in this control mode too.

During synthesis of algorithms of synchronized PWM for five-phase inverters it is
necessary to take into consideration real parameters of inverter switches (turn-on and turn-off
delays), and to provide minimum duration of switching states, dead-time compensation, etc.,
in accordance with the corresponding technical solutions [10],[11].

Analysis of spectral composition of the phase-to-neutral voltage of five-phase inverter,
controlled in accordance with the scheme of space-vector modulation with ten active voltage
vectors and two zero vectors, presented in Fig. 2, shows presence in its spectrum of the large
third harmonic during the whole control range for both continuous and discontinuous versions

of PWM. Due to this big third harmonic content, total harmonic distortion of the phase-to-



neutral voltage, and also weighted total harmonic distortion factor, are practically identical for
continuous and discontinuous schemes of synchronized PWM.

Fig. 11 shows variation of the magnitude of the third harmonic of the phase-to-neutral
voltage of five-phase inverter with standard V/F control mode. The magnitude of the third
harmonic is in practically linear dependence of modulation index m, and its value is
practically identical for both continuous and discontinuous versions of synchronized PWM.
And relative (to the magnitude of the fundamental harmonic) value of the third voltage

harmonic is close in this case to the constant ratio equal to 0.28.

Variation of the third harmonic
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It is necessary to mention, that due to the specific peculiarities of the five-phase drives
on the base of the electrical machine with concentrated windings, it is possible to utilize the
third harmonic stator current injection to enhance the torque production [4],[5],[8]. So, the
presented twelve-vector-based scheme of synchronized PWM, which is characterized by big
third harmonic in the spectrum of the phase-to-neutral voltage, can provide increased torque

per ampere ratio in the five-phase drives with the motors with concentrated winding.

CONCLUSION

A novel method of synchronized PWM has been developed and modified for control of
five-phase voltage source inverters. The proposed control algorithms, based on space-vector
approach for determination of the pulse patterns, allow minimum number of switchings in five-
phase systems and minimal switching losses.

Both continuous and discontinuous schemes of synchronized PWM provide smooth
symmetrical shock-less voltage control in five-phase inverter systems during the whole linear
control range for any ratio (integral or fractional) between the switching frequency and

fundamental frequency. The phase-to-neutral voltages of inverters have symmetry during this



control diapason, and its spectra do not contain even harmonics and sub-harmonics, which is
especially important for the drive systems with increased power/current ratings.

Due to the specific peculiarities of the five-phase drives, the presented twelve-vector-
based schemes of synchronized PWM, producing controlled third harmonic in the spectrum of
the phase-to-neutral voltage, can provide increased torque per ampere ratio in the five-phase

drives with the motors with concentrated winding.
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REZUMAT

Articolul este dedicat elaborarii modelelor econometrice ale consumului energiei electrice (EE) in Republica

in contextul modelelor elaborate sunt descoperite directiile relatiilor cauza-urmare, obtinute relatiile de tip
ecuatii de regresie cointegrationale, ce permit determinarea caracteristicilor calitative ale parametrilor de baza, ce
influenteazd consumul energiei electrice. Aplicarea modelului vector autoregresionale permite estimarea reactiei
consumului EE la modificarile de varf ale parametrilor care il influenteaza si deasemdnea permite de a face
concluzii despre erori ce se introduc in pronostic de catre fiecare parametru.

Clasificarea JEL: Q41,Q43.

Cuvinte cheie: modele econometrice, consumul de energie electrica.

AHHOTAIIUA

CraThsi TIOCBSIIIEHa pPa3pabOTKe HSKOHOMETPHUECKHUX MoJeneill moTpebieHus siexTpodreprun (33) B
Pecniy6nimke MongoBa C Lenbl0 ONpeneNeHus] MOTEHIMATbHBIX BO3MOXKHOCTeW BimsHus BBII Ha mpomeccs
moTpeOIeHnsT 3TOro ToBapa. B pamkax pa3paboTaHHBIX SKOHOMETPHUECKHMX MOJICNEH BBIIBICHBI HAIPaBICHHUS
MIPUYMHHO-CICICTBCHHBIX CBA3eH. [IprMeHeHne BEKTOPHBIX aBTOPETPECCHOHHBIX MOZENCH MO3BOJIMT OLEHHUTH
peaxiuo noTpedieHus OO Ha IIOKOBBIC H3MEHEHHUS (aKTOPOB, a TAKXKE CACIATh BHIBOJIBI 00 OIMIMOKAX, BHOCUMBIX
B IMMPOrHO3 KaXXABIM U3 HUX.

Knaccugukayus JEL: Q41,Q43.

Knroueevie cnosa: 5KOHOMETPHUCCKUE MOJICIH, IIOTPEOICHUE IICKTPOIHEPTHH U ero cBs3b ¢ BBII.

ABSTRACT

The article is devoted to the development of econometric models of electricity consumption in Republic of
Moldova with the purpose of definition of potential possibilities of GPD influence on electricity consumption
processes.

In this paper, we examine the causal relationship between the per capita electricity consumption and the per
capita GDP for Republic of Moldova using VAR model. Our results show that there is bidirectional causality from
per capita GDP to per capita electricity consumption and vice versa. The finding has significant implications from
the point of view of energy conservation, emission reduction and economic development.

Key words: Electricity consumption, Economic growth, VAR model, Granger causality.

JEL classification: Q41,Q43.



IMeas nccaenoBanmsi.

[Ipobmema Kka3yallbHOTO COOTHOIICHHS MEXIy MoTpedsieHneM snekTposneprun u BBII
SBJIAETCS BOIIPOCOM, KOTOpBIM IIMPOKO TPEACTaBIEH B JUTEpaType 10 SKOHOMMKE
sHepreTuku. MccnenoBanus pa3auyaroTcsi CTpaHaMHU, Pa3IMYHbIMU NEPUOJAMU UX UCTOPUH U
pPa3IMYHBIMU TEPEMEHHBIMU, XapaKTEPU3YIOUIUMU YHEPreTUKY U 3KOHOMHKY. [lomyueHHbie
pe3yapTaThl OTJIMYAKOTCS HAINpPABICHUEM Kay3aJIbHOCTU M €€ JIOITOCPOYHBIM  WIIU
KpPaTKOCPOYHBIM BIIUSHAEM Ha TOJIMTUKY B OOJACTH SHEPreTHKU. B 3aBHCHUMOCTH OT TOTO,
Kakol BHUJ Kay3aJbHOCTH CYLIECTBYET, BBIBOJbI, KOTOpPHIE MAENAIOTCS IpPU IPOBEICHUU
SHEPTeTUYECKON MOTUTHKH, MOTYT 3HAYUTEIBHO OTINYATHCS.

Ileas manHOTO MICCTIEIOBAHMS JBOMHAS:

- SMIIMPUYECKH YCTAHOBUThH CYILIECTBOBAHME W HAIpaBJICHUE Kay3aJbHON B3aWMOCBSI3U
MEeXay MOTpeOJIEHHeM 3JIEKTPOIHEPIMH M SKOHOMHUYECKMM pocTtoM B Monaose. [lanHas
3a/auya  SABJSIETCS  KpallHe Ba)XHOW JJIi  ONpENENieHUs CTpaTerud  MOBEJACHUS B
3JEKTpO3HepreTuke. Ecin, Hampumep, CyIIECTBYET OJHOHANPABICHHAs Kay3aJlbHOCTH IO
I'pamxepy ot BBII k moTpebiieHHIO 3JEKTPO3HEPTUH, 3TO MOXKET O3HayaTh, YTO MEpHI,
HampaBJICHHblE Ha  cOepeXeHHEe DJJIEKTPOIHEpruu, He OyAyT OKa3bIBaTh BIUSHUE Ha
sKOHOMMUecKUi pocT. C Apyroil CTOpPOHBI, €CIM CYLIECTBYET OJHOHAIpaBICHHAs
Kay3aJbHOCTh OT TOTpeOaeHust snekTpodHeprun kK BBII, cokpamienne motpedieHus
3JIEKTPOIHEPTUU MOXKET NPUBECTU K CHUKEeHUI0 BBII.

- OmpejieNiecHHe BHUIA BEKTOPHOW aBToperpecconHon moxaenmu (VAR) - momenw nms
OTIpeNIeICHUs] B3aWMOCBSI3M SKOHOMHKHM M 3JeKTposHepreTuku PecnyOmuku MomngoBa ¢
y4eTOM TOT0, YTOOBI 3TH ypaBHEHHMsI SBISUINCH Kay3adbHbIMU 1O ['pamkepy. B mporuBHOM
ciyyae HeOoOXOAMMO CJeNaTh BBIBOA O HAIWYUKM Oojiee CIOXKHOM CBSA3M MEXAY
[IEPEMEHHBIMU.

Hamu npumMenena BekTopHas aBToperpeccuonHas moaens (VAR), gacto ucnons3yemast B
noao0HbIX ciaydasx [1]. VAR sBasercs nanbosiee moaXOAAIICH 111 JaHHOTO HCCIIECIOBAHUS
Omarosmapsi CBOEW CIIOCOOHOCTH OIMCHIBaTh TUHAMHUYECKYIO CTPYKTYpYy MOJENH, a TaKXKe,
MIOTOMY YTO OHA IMO3BOJISIET U30€kKaTh UCTIOIb30BAaHUS psAa JOTOJIHUTEIBHBIX OTPaHUYEHUH,
CBSA3aHHBIX C Ppa3JIMYHBIMH OSKOHOMMYECKMMH Teopusmu. HMcnonb3oBanue VAR B
MaKpO3KOHOMHUKE BHECIO (yHIaMEHTAIbHbIN BKJaJ B Pa3BUTHE MHOTMX SKOHOMHYECKUX
Teopuit [2].

1. JuekTpo3HepreTruka Pecny0auxku MoJiosa.

OHeprerudeckass HHppacTpykrypa PecnyOaumku MongoBa mnpeacrtaBiaser coboil B
HaCTOsIee BpPEMs yCTOMYMBOIO MMIIOPTEpA 3JIeKTpuueckoi 3Hepruu. CTpaHa HUMeEET TpHU
KPYIHBIX UCTOYHHMKA F€HEPALUN MIEKTPOIHEPTUH KOI€HEPAMOHHOro Thuna. OrpaHuyeHus B
paboTe DJIEKTPOIHEPreTUYECKOr0 KOMIUIEKCA B 3HAYUTEIBHOM CTENEHU OINpPENeNIOTCs
COCTOSIHUEM OOOpYJIOBAaHHUS, a TaKXe OCTPbIM Ae(PUUUTOM TOIIMBa (MPUPOAHOrO Tasa),
KOTOPBIM MOJHOCTBIO UMHIOPTHpYETCsl uX Poccun. DxoHOMUYeckuil kpusuc cepeaussl 90-x
rofioB KpailHe maryOHO OTpaswicsi Ha COCTOSSHUM 3HEPreTMYecKoro  Xo3siicTaa.
DHeprocucTeMa CTpaHbl CBSI3aHa BBICOKOBOJBTHBIMU JIMHUAMHU nepeaad 110, 330 u 400 kB ¢
9HEprocucreMaMu YKpaunsl, bonrapuu u Pymbiauu [3].



2. MeTox0J10TUsl M AaHHLIE.

B xauectBe ncxonueix maHHbx 0 BBII Obumn mconb30BaHbl TOA0BBIE HaHHEBIE ¢ 1991 110
2004 rr. [4]. HanHble O MOTPEOJICHUH SJIEKTPOIHEPTHUH, €€ HUMIIOPTE U TMOTEepsX ObUIH
1oJIy4eHbl U3 [5-8]. MBI UCHIOIB3yEM B KaUECTBE IEPEMEHHON XapaKTEpU3YIOLIEH SKOHOMUKY

3HaueHne BenwduHbl BBII Ha mymy wacenenus. ['paduku moTpeOeHHs 3IEKTPUIECKON
sHepruu u BBII npuBenens! Ha puc. 1 u puc. 2.

Electricity consumption in Republic of Maoldova
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Puc.1 3aBucumocTs noTpedaeHus 3IeKTPUIECKON 3HEPTUN O BpEMEHH

[lepBbIit 3Tanm paboThl COCTOUT B ONPEIENECHUM TOTO, SIBJISAIOTCS JIU UCCIETYEMBbIE DPsiJIbl
cTaloHapHbIMU. CTAallMOHAPHOCTH PETPECCOPOB SIBISAETCS OYEHb BAXKHBIM YCIOBHEM IPHU
OLICHUBAaHUM PErpecCMOHHbIX Mozeneil. Ecaum Monens HeBepHO crneuuuIMpoBaHa, U
HEKOTOpBIE€ U3 NEPEMEHHBIX, BKIIOYEHbl B HEE HEMPABUIIBHO, TO MOJYyYEHHBIE OLIEHKU OyayT
oueHb ioxumMu. OHM He OyayT oOnajgaTh CBOMCTBOM COCTOSITENIBHOCTH, TO €CTh HE OyIyT
CXOAUTHCSI MO BEPOSITHOCTM K HCTUHHBIM 3HAYEHUSIM NapaMeTpoB IO MEpE YBEIUYECHUS
pa3mepoB BeIOOpKH. [IpUBbIUHBIE TOKa3aTEIH, TaKue Kak Ko3dduuueHt gerepmunanuu R2, t-
CTaTUCTUKH, F-cTaTucTiku, OynyT yKa3blBaTh Ha HaJIM4YWE CBSI3U TaM, I/I€ HA CAMOM JIEJE €€
HeT. Takoit 3 ekt Ha3bIBAIOT JIOXKHOM perpeccueit [9].
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Puc.2. 3aBucumocts BBII Ha nyury HaceneHus OT BpeMEHHU.

IIpu wuccrnenoBaHMM CTAllMOHAPHOCTH PErpeccopoB ObUI  UCMONB30BaH KpUTEpU
Kssarkosckoro—Ileppona-®Oumnunca-llIlmuara [10] (KPSS B naTuHCKOW TpaHCKPHUIIIUN).
Heo6xoauMoCTh HMCNONIB30BaHUSI 3TOrO KpUTEpUs OOBICHAETCS TEM, YTO PpaCIIMPEHHBIN
kputepuii ukku-Dyiiepa numeeT ¢1adyro MOITHOCTh MPU KOPOTKUX BbIOOpKax [11].

Jlnist onpeniesieHus Kay3ajabHOCTH BOCIIONIb3yeMCsl pe3yJibTaTaMu padot [7.8].

Tect Ha KOMHTErpalnIo MOKa3aJl HAJMYKUE JTOJITOBPEMEHHOW CBSI3U MPHU B3aUMOAECHCTBUU
notpeOienus snekrposHepruu u BBII Ha nynry Hacenenus. [loaTomy Mbl IpOBOJIUM TeCT Ha
Kay3aJbHOCTh Mcnonb3yst VAR. KpaTko onmiiem moaxop Npu ONpENeNeHUH Kay3adbHOCTH
1o I'penpkepy A JaHHOTO Cilyyasi, OCHOBaHHBIA Ha MeTtoaukax [1,2].

B cnyuae nByx nepemenHbix C 1 Y NOaXoA K Kay3albHOCTH 1O ['peHkepy oTiandaercs oT
obmero cimyyas. B 3Tom ciydae kay3aJdbHOCTH ompenenser (M3MepsieT) MPUOPUTET U
uHpopmanuto, mnpenoctaiusiemyto C ans  oOBsCHeHHMs TeKymiero 3HadeHus Y. B
COOTBETCTBUM C ITUM IOAXOAOM Y CUMTaeTcs Kay3ajabHbIM B 3aBucuMocTH oT C, ecim C
MIOMOTaeT B MpeAcka3aHuu Y WIM paBHO3HAYHO CMelleHHble 3HaueHHs C CTaTUCTUYECKU
3HAYUMBI.

Bpemennsie psabl iBymepHoit VAR g nepemensbix C v Y UMEIOT CleAyomuil BUA:

K K1
i i
Yt =Yt Za] lYt—i +Zalzct—i +&y
i=1 i=0
K ki (1)
1 1
Ci=¢c+ Zanct—i +za22Yt—i +E&y
i=1 i=0



3nech Y,,C, — KOHCTaHTHI, & &, E,, — HEKOPPEIUPOBAHHbIC BO3MYILICHHUS.

[IpoBepka kay3abHOCTH MO ['paHXkepy COCTOUT B MPOBEPKE 3HAYMMOCTH KOA(D(HUIINEHTOB
b119b21’a12’a22 :

B pesynbrare npoBeneHus perpeCCUOHHOIO aHAIN3a ITOJIYYEHBI CJIEYIONE MOICIIN:

BapuanTtel Mmojeneli BIussHUAs TOTpeOsIeHns daeKkTpodHepruu Ha BBII,

_ (1) (0) Q)] (2)

Yi=Yo+a, Y, +a,C +a,C  +a,C, +¢; (2)
_ 1) (1) 2)

Yi=Yo+a, Y+ a,C  +a,C,+¢; (3)

MOJIENb BIMSIHUS TOTpeOaeHus dekTposneprun Ha BBII Ha nyury nacenenusl.

— (1) (2) (0) (1)
Ci - CO + a21 Ci—l + a21 Ci—2 + a22 Yi + a22Yi—1 + gZi (4)
3HaveHus ko3 dunmenton ceeneHs! B Tadm.1 .

Tabnuua 1. 3nauenust K03 HUIMEHTOB B YPaBHEHHSIX PErPECCHU

Haunme- 1 0 1 2 1 2 0 1
HOBaH¥He yO CO a‘l( 1) a‘l( 2 ) a‘l( 2) a'1(2 : ag 1) aél ) aéz) aéZ)
U 3Haue-

HUE
K03¢-
¢bumenTa

Ypas- 459.199 1.110 -132.236 172.459 -135.523
HeHue 2

Vpas- 276,671 0,820 120,151 -117,866
HeHue 3

VYpas- 2,642684 0.943772 | -0.671306 | -0.004563 | 0.005936
HeHue 4

B sTux ypaBHEeHUsX Bce KOA((QUIMEHTHI PH PErPEccopax — 3HAYUMBIL, YTO CBUIETEIBCTBYET
0 HaAJIMYMHU JIByHANpaBlIeHHON Kay3anbHocTH Mexay BBII u morpebiieHueM 351eKTpO’HEpruu.
Bce ocTanbHble KOMOMHAIMU PETPECCOPOB IPH Jlare€ B MEPEMEHHBIX J0 JBYX OKa3aJUCh
HEe3HauYMMBbIMU. /[aHHAs cucTeMa MOXKET ObITh pellieHa YMCICHHBIMU METOAAMHU.
Jinst  pemieHWs STOH CHUCTEMBl ypaBHEHHW BBEAEM oOmepaTtop oOpaTHOro cjaswra Z,
COOTBETCTBYIOIIMI CABUIY CHTHaJla Ha OIWH IIar AucKkpern3auuu Hazan [9]. Torma wus
ypaBHEeHHUSI (3) MOTydHUM:

Y(1-a'2) =y, +(ayz+a}'2")C )
Orcrona,

) (2),2
_ yo alz Z+ alz z .
) )
l1-a;,z l1-a;/z

) (2),2

— yOZ (alz z +a12 z )Z
D) )
1-a;’z l1-a;'z

(7)

i-1




) )2
yO alZ Z+ a12 z
1-az 1-alz

_ ) ) (0)
C=c¢,+a,C_ +a,,C_,+a, - C

3
) (2),2
YoZ (a,z+a,'27)z
1-alz 1-alz

+ay) -

C-(1-ayz)=c,-(1-az)+(1-a}z)(al)C , +ai'C ;) +aly - v,z + (a2’ +al'2*)C); (9)

_ M 4 40 (2) _ a(a() 4 2(0)5()
Ci =Gt (an T8, )Ci—l + (a21 —8;, 8, +a,4, )Ci—z + (10)
(04(2) _ 4(D4(2)
(azz ay —a;, 8, )Ci—3
N3 ypaBuenus (10) Beruncisercst C, Mo U3BECTHBIM 3HAUCHUSAM B IIPOLUIBIE MOMEHTBI BPEMEHH
U MOACTAaBIAECTCS B ypaBHEHUE (2), U3 KOTOPOro0 MOKHO HaiTH Y, .

PaccMoTpuMm pemieHune 9Toi ke 3aJauyd, HO HAa OCHOBAaHWHM CTATUCTUYECKUX JIaHHBIX,
omyOJIMKOBaHHBIX B [8].
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Hannonansnoro Komurera no craructuke Pecryonuku Mosngosa)

Ananu3 psga gaHHbIX o ctanpoHapHoctu BBII B comocTaBUMBIX IIEHAX MO pPacIIMPEHHOMY
kputeputo JIukku-®yiepa nokasan, 4TO Psii HECTALMOHAPHBIM, a MPOBEpPKA IO KPUTEPHIO
KPSS noxkazana, uro psij craunoHapHblid. B coorBeTcTBUUN ¢ pekoMeHaanusMu [12] psaa cuuraem
CTaLlMOHAPHBIM. AHalM3 psJa AAHHBIX O CTALMOHAPHOCTU MOTPEOJEHUS 3JIEKTPOIHEPTHH IO
naHHbIM [8] mo pacmupeHHoMy kputeputo Jukku-®Oymnnepa u kputeputo KPSS mokazanm ux
CTaLlMOHAPHOCTH NpU 5% ypOBHE 3HAUUMOCTH.

Monens BnusHUA IOTpedieHus ekTposHeprun Ha BBII,

_ (1)
Yi=Yyo+a, Y, +

(1) (2)
a,C +a,C,+¢;

MOJIeNb BIHMSIHUS OTpeOsieHus 3nekTposneprun Ha BBIT Ha nynry Hacenenus.

C =c,+al/C_ +a

Y, + &,

3HadeHus K03pHUIIMEHTOB cBeIeHBI B Tabmuiry.2 .

(11)

(12)

Tabmmia 2. 3Hauenus ko3P PUIMEHTOB B yPaBHEHUSAX PETPECCUU

Haunme-
HOBaHHE
W 3HAYe-
HHE
K03(-
¢dunuenTa

Yo

()
a'11

©
a'12

()
a'12

@)
a12

M
a21

@)
a’21

)
a22

M
a22

VYpas-
Henue 11

187,6552

0,6987

0,0049

-0,0081

VYpas-
HeHue 12

-24717,31

0,66

38,04




B aToM cirydae Takke uMeeT MecTo Kay3aiabHOCTh 1o ['panmkepy mexay BBII u moTpebiaeHuem
AJIEKTPOIHEPTUU B 00€ CTOPOHBI. Bee koahuIMenTs! mpu nepeMeHHbIX 0Ka3aluch 3HAYUMbIMH.
[Tpu mpoBepke Ha KOMHTETPAIUIO PSIIOB MOTpedsieHus dnekTposneprun u BBII psasr okazanuce
KOWHTETPUPOBAHHBIMHU MIPH YPOBHE 3HAYMMOCTH 5%.

[Toncrasus Y; u3 ypaBHeHnus (11) B ypaBHeHue (12) MOXKHO MOCTPOUTH NMPOrHO3 MOTPEOIICHHS

AJIEKTPOIHEPIUH.
BrpIBOABI.

s cnyyas PecniyGunkn MonjgoBa UMeeT MECTO ABYHAIpaBJIECHHAs Kay3aJbHOCTb MEXTY
BBII u notpebnenuem snextposneprun. Ilpu sTom cymiectByer kounterpanus mexay BBIT
U TOTPEOJCHUEM DJIEKTPOIHEPrHMH. OTO CBHJETEIbCTBYET O TOM, UTO MEXKAY
paccMaTpuBaeMbIMM TEPEMEHHBIMU B JIMHAMUKE CYLIECTBYET KaK KpPaTKOBPEMEHHasl CBA3b
(mepuon 10 3-X JI€T) TaK U TOJITOBPEMEHHAS CBS3b.
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CARACTERISTICILE RADIATIEI SOLARE PE TERITORIUL
REPUBLICII MOLDOVA

XAPAKTEPUCTUKHU COJTHEYHOM PATUAIIAU
HA TEPPUTOPUU PECITYBJIIMKU MOJIJIOBA

THE SOLAR RADIATION CHARACTERISTICS
ON THE TERRITORY OF THE REPUBLIC OF MOLDOVA

C. Gutu

Rezumat: in lucrare sunt prezentate un sir de caracteristici ale radiatiei solare, necesare pentru calculele de
dimensionare si economice ale instalatiilor destinate valorificarii acestei forme de energie:
intensitatea globald a fluxului de radiatie, unghiul optim de inclinare a suprafetei captatoare si
cantitatea disponibild de energie pentru suprafete fixe si mobile, care urmaresc soarele dupa una si
dupa doua coordonate.

Cuvinte cheie: intensitatea radiatiei solare, unghi optim de inclinare.

AnHoTanus: B pabore nmpuBeneHs! ps XapaKTEPUCTHK COJHEYHOU palyialiii, HEOOXOJUMBIX Ul TEXHHYECKUX
U SKOHOMHMYECKUX PacyeToB YCTaHOBOK, IIPEAHA3HAUYEHHBIX IJIS MCIIOIb30BAHUS SHEPIHH COJHILA:
MUHTEHCHBHOCTh CYMMapHOTO IOTOKa  paJualyy, ONTHMAJBHBIA  yroi HaKJIOHa
Jy4€BOCIPUHUMAIOLIEH ITOBEPXHOCTH M PACIOjlaraeMoe KOJIMYECTBO SHEPTUH JJIsl HEIOJBMXKHON
TMOBEPXHOCTU U NOABUIKHBIX IO O)lHOﬁ 1 110 ABYM KOOpJAWHATax MOBEPXHOCTAX.

KaioueBble c10Ba: MHTEHCHMBHOCTh COJTHEYHOW pajiMaliuy, ONTHMAIIBHBIM yroJl HaKJIOHa.

Abstract: In work are given the necessary for technical and economic accounts of solar energy using
installations characteristics of solar radiation: the total radiation flow intensity, the optimum
inclination angle of the receiving surface and the available energy quantity for a fixed surface and
mobile on one and after two coordinates surfaces.

Keywords: solar radiation intensity, optimum inclination angle.

1. INTRODUCERE
Cantitatea de energie solard incidentd pe suprafata unui captator Es se determind cu
formula:
in care S este aria captatorului;

g - intensitatea fluxului global al radiatiei solare incident pe suprafata captatoare;
7; - durata zilnica de functionare a instalatiei;

Z- numarul zilelor de functionare.
Pentru dimensionarea si calculele economice ale instalatiilor de valorificare sunt
necesare valorile:
- fluxului global de radiatie,
- duratei de functionare a instalatiei n timpul zilei,

- unghiului optim de inclinare a suprafetei captatoare.

In practica mondiala, pentru diverse localititi sunt elaborate programe de calcul si
prezentate date referitor la fluxul de radiatie in fiecare ord a zilei, peste fiecare jumatate de

ord, sau pentru perioade si mai scurte [1, 2, s.a.].



Fluxul global de radiatie, lg, solara care nimereste pe o suprafatd amplasata arbitrar
reprezintd suma a doud componente:
lg=1scos0 +1g, (2)
Aici lq este fluxul de radiatie difuza - rezultatul difuziei, difractiei si reflectiei atmosferice a
razelor solare;
| - radiatia directa (care a pastrat directia razei solare),

@ - unghiul de incidenta a razei pe suprafata in cauza.

Intensitatea radiatiei globale pe o suprafatd concretd este influentatd de mai multi
factori, o parte din care sunt inclusi in valoare unghiului @ (latitudine, longitudine, unghi orar,
declinatie anotimpald), alta factori meteorologici (transparenta atmosferei, nebulozitate,
temperatura si umiditatea aerului) inclusi in valorile |y si ls, apreciate in rezultatul
observarilor multianuale organizate si efectuate de catre statiile meteorologice [3].

Conform datelor climatologice, Republica Moldova poate fi impartitd in trei zone
climaterice [4, 5]:
- zona de nord cu centrul in Briceni,
- zona centrala cu centrul in Chisinau,
- zona de sud cu centrul in Cahul.

Valorile globale anuale ale radiatiei solare pentru zona de sud sunt cu 3,5 % mai mari,
iar pentru cea de nord — cu 5,0 % mai mici decét cele din zona Chisinaului.

Au fost studiate caracteristicile pentru zona centrala a Republicii Moldova, pentru care
s-au determinat caracteristicile radiatiei solare incidente pe suprafete:

- orientate in timpul zilei perpendicular razei solare,

- orientatd in plan vertical dupd unghiul orar,

- amplasata fix sub un unghi optim.

2. ENERGIA DISPONIBILA SUPRAFETEI ORIENTATE
PERPENDICULAR RAZEI SOLARE
In tot timpul zilei sunt orientate perpendicular razei solare heliostatele, cu care sunt
dotate Centralele Electrice Solare cu ciclul clasic Rankin. In acest caz energia disponibild va
avea valoarea maxim posibild. Radiatia difuzd constituie 35 % din cea globald. Variatia
fluxurilor de radiatie In timpul anului este prezentata pe fig.1. Curbele au un caracter
intrucatva ne regular, de oarece radiatia este influentata nu numai de pozitia soarelui dar si de

starea atmosferei: nebulozitate, umiditatea aerului s.a. Maximumul radiatiei are loc in lunile



iulie august i nu coincide cu durata maxima a zilei si indltimea maxima a soarelui, care au

loc in iunie.
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Fig. 1. Variatia radiatiei solare in timpul anului.

Cantitatea anuala disponibilda de energie constituie 6230 MJ. Pentru o Centrala
Termoelectrica Solara cu ciclu clasic cu puterea maxima de 1,0 MW in conditiile Republicii
Moldova ar fi necesare heliostate cu suprafata totald de 6580 m®. Productia anuald de energie
electrica a acestei CTES, la randamentul de 12...20 %, ar fi de 1,3...2,2 GWh/an, ceea ce ar
permite substituirea a 360...600 mil. m® de gaz natural pe an si ar reduce emisiile de gaze cu

efect de sera cu 0,7...1,2 kt/an.

3. ENERGIA INCIDENTA PE O SUPRAFATA ORIENTATA
IN PLAN VERTICAL DUPA UNGHIUL ORAR

In unele constructii tehnice este posibild variatia in timpul zilei a unghiului de
inclinare fati de planul orizontal. In acest caz, unghiul de inclinare se va schimba in functie de
unghiul orar al soarelui. Pentru zona centrala a Moldovei, in baza datelor din [3], au fost
obtinute formulele de calcul ale inaltimii soarelui in functie de ora zilei (vezi tab.1). Eroarea
in limitele indicate de timp nu depiseste 2,5 . Unghiul de inclinare al captatorului pentru
fiecare ora poate fi determinat scazand valoarea obtinutd dupa formula pentru luna respectiva
din 90 °. Incepand cu unghiul de incidentd 6 = 35 °, valorile fluxului util de radiatie sunt
reduse de influenta acestuia asupra absorbtantei suprafetei captatoare [6]. De aceea in

formula (2) s-a introdus corectia respectiva Cy:

lgi = Is CoCOSE + . 3)



Tabelul 1. Formule de calcul al inaltimii soarelui, in grade, pentru orasul Chisinau

Luna | Limita de ore Formula
I 9..16 a=-12222 72+ 29422 r— 155,41
11 9...16 a=-13444 7+ 32378 r—164,85
111 6...16 a=-0,0574 7+ 0,6472 7 +9,8958 7— 72,403
I\ 6...19 a=0,0175 7' - 0,851 7+ 13,637 780,33 r+160,56
\ 6...19 a=0,0232 7'- 1,1325 2+ 18,566 116,35 7+ 260,08
VI 6...19 a=0,0262 7*- 1,2798 £+ 21,156 #1354 7+ 312,67
VII 6...19 a=0,0225 7*- 1,0947 2+ 17,85 #—-110,63 7+ 245,89
VIII 6...18 a=0,02 7'- 0972 7+ 15,737 7 — 95,496 7+ 202,43
X 6...17 a=0,0175 7*- 0,8391 2+ 13,263 - 77,047+ 146,81
X 6...16 a=-0,0605 7+ 0,8685 7+ 5,9213 r— 57,47
X1 9...16 a=-12556 #+30,222 r— 157.4
XII 9...16 a=-1,1889 2+ 28,622 7— 152,71

La valorile unghiului de incidenta 6 > ‘900‘ captatorul practic nu functioneaza soarele

va fi ,,in spatele” captatorului. In afara acestor limite pe suprafata captatoare nimereste numai
radiatia difuza, care este ne insemnati. In tab.2 sunt prezentate durata de functionare a
captatorului, orientat strict spre sud, pentru fiecare luna, valoarea medie diurnd pe aceasta
perioadd a fluxului global si cantitatea de energie disponibild lunar. Durata de functionare
pentru lunile calde ale anului — aprilie-septembrie este de 12 ore pe zi. In aceste luni si

intensitatea fluxului disponibil este de 2...3 ori mai mare.

Tabelul 2. Caracteristicile radiatiei solare pe o suprafatd orientata dupa

soare in plan vertical pentru conditiile mun. Chisinau

Luna I IIm | |or (I1v | v | vI |VII |\VIIT| IX | X | XTI | XII
Duratd de functionare, h/zi | 8,8 |10,2 11,8 | 12 | 12 | 12 | 12 | 12 | 12 |10,9| 9,3 | 84
Valoare medie I, kW/m® [0,199/0,218]0,284(0,374(0,421/0,4690,477/0,451|0,388]0,332/0,178(0,153

Energie disponibila,
MJ/(m”.luni) 194,9/223,8|374,4/1471,8/563,5/607,5/639,4/1603,9/502,61404,4/178,9/143,2

Caracteristicile anuale i repartizarea lor pe diferite perioade ale anului sunt
prezentate in tab.3. Dupa cum se vede din tabel, energia disponibila in perioada calda a anului
constituie peste 70 % din total. In perioada de vara sunt disponibile aproape de 40 %, pe cand

iarna — ceva mai mult de 10 %.

Tabelul 3. Repartizarea energiei solare pe perioadele anului



Perioada Intensitatea) Durata, | Energie disponibila,
medie, h
KW/m? MJ/m’ %
Anual 0,341 3998 4908 100
IAprilie-septembrie 0,43 2196 3399 69,3
Vara 0,47 1104 1851 37,7
[arna 0,19 819 560 11,4

Productia anuala de energie electrica de catre o baterie de elemente fotovoltaice cu
randamentul electric 0,15 va fi de peste 200 kWh/m®. Productia anuald a unui captator
heliotermic cu randamentul mediu anual 0,4 va fi de cca. 2,0 GJ/m”. Productia unui captator

heliotermic in perioada caldad a anului cu randamentul 0,6 va fi de 1,2 GJ/m’.
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Fig. 2. Influenta deviatiei suprafetei de la directia sud.

Pentru a determina influenta unghiului azimutal asupra intensitétii radiatiei valoarea
acestuia s-a schimbat in limitele (- 40 °)...(+40 °). Influenta deviatiei suprafetei de la directia
sud este prezentatd pe fig.2. Dupa cum se vede din desen, deviatia spre est cu 20 de grade
practic nu influenteaza cantitatea de energie disponibild, pe cand aceeasi deviatie spre vest
reduce cantitatea anuald de energie cu peste 6 %, iar deviatia la 40 % _ cu 16 %. Aceasta se
lamureste prin valorile mai mari ale fluxului direct de radiatie in prima jumatate a zilei si prin

intarzierea timpului local fata de cel standard pentru localitate.

4. ENERGIA INCIDENTA PE O SUPRAFATA FIXA
CU AMPLASARE OPTIMA

Amplasarea optima a suprafetei de captare va fi cea care in ora cu intensitatea maxima

a radiatiei directe va fi maxima valoarea lui cosé calculata cu formula [6]:

C0S@=sinJ.sin@.cosi— Sind.coS¢.Sini.cOSy+ COSA.cOS¢rCOSi.COSH



in care:

egalare

prezent

+€0Sd.5in@.sini.coOSH.cosy + cosd.sini.siny.sinH, 4)

@ este latitudinea locului;

O - declinatia soarelui;

H- unghiul orar al soarelui;

I - inclinarea planului (unghiul dintre plan si orizontul locului;

7 - unghiul azimutal al planului (deviatia normalei la plan fata de directia sud a

meridianului locului, pozitiva catre vest si negativa catre est).
Formula de calcul a valorii maxime a unghiului optim de inclinare a fost primitd prin
a cu 0 a derivatei de la formula (4). Rezultatele obtinute in functie de luna anului sunt

ate pe fig.3. Unghiul de inclinare optim variazi intre 24 ° in lunile de vari si 70 ° in

lunile de iarna.
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Fig. 3. Valoarea unghiului optim de inclinare a captatoarelor solare.



Dependenta cantitatii de energie, in GJ/(m*an), de unghiul de inclinare a suprafetei de
captare fatd de planul orizontal este prezentatd pe fig.4. Valoarea maxima corespunde
unghiului de 37 grade. Fatd de aceasta valoare scdderea cantitdtii de energie, atat la
micsorarea cat si la mirirea unghiului, este simetricd. In practica insa, in majoritatea cazurilor

factorul decisiv in dimensionarea unghiului de inclinare nu est cantitatea maxima totala de
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Fig. 4. Variatia cantitatii anuale de energie
incidentd pe o suprafata in functie de unghiul de inclinare.

energie, dar cantitatea ei in unele perioade ale duratei de functionare, de altfel se poate obtine
energie excesiva in lunile calde, cand ea nu este necesara in asa cantitati, si insuficientd in

perioada rece.

In ,Normele de constructie a instalatiilor solare” [7], introduse in anul 1986 si ne
schimbate oficial pana in prezent, se recomanda urmatoarele valori ale unghiului de inclinare
ale suprafetelor de captare a radiatiei:

- pentru instalatiile care functioneaza anul intreg — egal cu latitudinea locala,

- pentru instalatiile de vard — cu 15 ° mai mic decat latitudinea local,

- pentru instalatiile de iarni — cu 15 ° mai mare decat latitudinea locala.

Tabelul 4. Valorile recomandate ale unghiului optim, in grade, pentru
diferite perioade de functionare a captatoarelor

Perioada de Luna

functionare | I | IV | V | VI | VII |VII| IX | X | XI | XII| T | II
Anual 47

Sezonul cald 40

'Vara, iarna, 32 62




Unghiurile pentru latitudinea Chisinaului de 47 °, determinate dupa metodica relatata,
sunt prezentate in tab. 4. Pentru perioada calda a anului: aprilie-septembrie s-a luat valoarea
medie intre cea anuald si cea de vard. La determinarea valorilor pentru instalatii concrete se
vor lua in consideratie §i particularitatile tehnologice ale acestora. Astfel, captatoarele
instalatiilor de uscare preponderent a visinilor §i caiselor, care se coc in luna iunie, pot fi
amplasate cu unghiul de inclinare 24...25°.

In tab.5. sunt prezentate valorile intensititii globale medii ale fluxului de radiatie pe
suprafetele amplasate sub unghiurile de inclinare indicate in tab.4. In calcule s-a luat in
consideratie si influenta unghiului de incidentd asupra absorbtantei suprafetei.

Tabelul 5. Valorile intensitatii globale medii ale fluxului de radiatie, in kW/m?,

pentru diferite perioade de functionare a captatoarelor
amplasate sub un unghi de inclinare optim

Perioada de Luna

functionare I [ IV | V | VI | VII|VIIT| IX | X | XTI | XIT| I II
Anual 0,325

Sezonul cald 0,446

\Vara, iarna, 0,501 0,189

Intensitatea globald maximi este in luna iulie si are valoarea de 0,633 kW/m®.
Valoarea medie anuald este de aproape doua ori mai micd, pe cand cea pentru sezonul cald —
numai cu 28 %, iar cea de vara cu 22 %, mai mica. Pentru lunile de iarna ea este insa de peste
3 ori mai mica de cat cea maxima.

Productia anuald a unei baterii fotovoltaice cu randamentul de 15 % va fi de peste 200
kWh/m?, productia pentru perioada caldd — 125 kWh/m’, iar la instalarea ei intr-un lagir de

vara cu perioada de functionare iunie-august — peste 80 kWh/m®.

5. ANALIZA COMPARATIVA A RADIATIEI PE SUPRAFETE
CU DIFERITE MODURI DE AMPLASARE

Caracteristicile radiatiei disponibile pe suprafete cu diverse tipuri de amplasare sunt
prezentate in tab.6. Dupa cum se vede din tabel, un efect considerabil 1l are urmarirea soarelui
pe doud coordonate — la heliostate. Cantitatea anualad de cdldurd in acest caz este cu 28 % mai
mare de cat la amplasarea fixa cu unghiul optim de inclinare. Variatia unghiului de inclinare
dupa o singurd coordonata — pe verticala, are un efect nelnsemnat, cantitatea disponibila de

caldura marindu-se cu mai putin de 1 %.



Tabelul 6. Caracteristicile radiatiei solare in conditiile Chiginaului pe
diverse suprafete

inclinare Unghi optim Unghi vzfrialv)il pe Heliostat
verticala
Energie |Intensitate | Energie |Intensitate | Energie |Intensitate
Luna (disponibila, medie, |disponibild,] medie, |disponibila,| medie,
MJ/m* | kW/m’ MJ/m’ kW/m’ MJ/m* | kW/m’
I 187 0,188 190 0,199 213 0,215
1I 219 0,213 222 0,218 275 0,240
111 374 0,280 375 0,284 436 0,331
1A% 472 0,364 477 0,368 604 0,400
\ 562 0,420 564 0,421 727 0,433
VI 587 0,461 618 0,469 841 0,475
VII 622 0,472 649 0,477 848 0,489
VIII 604 0,451 617 0,453 788 0,494
IX 503 0,394 510 0,388 666 0,473
X 399 0,327 404 0,332 471 0,385
X1 171 0,170 179 0,178 201 0,192
XII 135 0,144 143 0,153 152 0,159
Anual 4871 0,313 4908 0,324 6230 0,357

Acest factor se vede si pe fig.5, unde curbele primelor doud amplasari aproape ca

coincid. Din acest grafic se vede ca in orele amiezei intensitdtile fluxului de radiatie pentru
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Fig. 5. Variatia intensitatii fluxului disponibil de radiatie
in timpul zilei (luna 1ulie).

toate trei amplasari aproape ca coincid. La heliostate castigul este pe contul orelor de pana si



de dupa amiaza, pe cand la celelalte doud variante, dimpotriva — o coincidenta totald se

observa in orele de dimineata si seard, ceea ce se lamureste prin influenta asupra fluxului de

radiatie a unghiului orar al soarelui.

In varianta cu variabilitatea unghiului pe verticald in perioada caldd a anului se

observa o deosebire mai pronuntatd fatd de cea cu amplasare fixd. Astfel, in perioada mai-

septembrie castigul de energie prin variatia Inclindrii este de cca. 6 %, iar in lunile iunie-

august - peste 8 %. Prin urmare, aceastd variantd poate fi recomandatd pentru instalatiile de

uscarc.

CONCLUZII

1. Variatia fluxului global al radiatiei solare fata de zona centrald a Republicii Moldova
este de 3,5...5,0 %.

2. Pentru zona centrala a Republicii Moldova au fost determinate si prezentate sub forma
de tabele valorile fluxurilor globale de energie necesare pentru calcularea heliostatelor,
captatoarelor solare fixe, amplasate sub un unghi optim de inclinare si a captatoarelor
cu unghi de inclinare variabil in timpul zilei.

3. Pentru zona de centru a Republicii Moldova au fost determinate si prezentate in forma
graficd valorile unghiului optim de Inclinare a captatoarelor in functie de luna anului.

4. Cantitatea anuala de caldura disponibila suprafetei heliostatelor este cu 28 % mai mare
de cat suprafetelor amplasate fix, sub un unghi optim de inclinare.

5. Variatia unghiului de inclinare dupa o singurd coordonata — pe verticala, are un efect
neinsemnat, cantitatea disponibild de caldura marindu-se doar cu cca. 1 %, in lunile de
vard castigul de energie insa constituie peste 8,5 %; prin urmare, aceastd varianta

poate fi recomandata pentru instalatiile de uscare.

REFERINTE

. Puri V.M. Estimation of hale-hour solar radiation values from hourly values. “Solar

Energy”, 1978, 21, nr. 5, —p. 409-414.

. Garg H.P, Dayal M., FurlanG., Saiygh A.A.M. 4 program for calculation solar

radiation in tropical climates on small computers. Physics and Technology of Solar
Energy, Vol.1. 609 p.

. Hayuno-npuknaonoii cnpasounux no kaumamy CCCP. Cepus 3. Hactu 1 — 6, Boim. 11.

I'mnpomereousnar, Jlenunrpan. 1990. —.192.

. Jlacce I'.®. Knumam Monoaeckou CCP. I'unpomereonsnar, Jleaunrpan. 1990. —.375.
. bop3zynos JI.B., bonora M.K., Kopotryn B.H. DHeprerudeckune xapakTepucTuku

costHeyHOro pexuma Moagasum. «llItunnnay. Kummnes. 1962. —c. 46.

. Duffie J.A., Becman W.A. Solar engineering of thermal processes. John Wiley & Sons,

Inc. New York. 1991, p.920.



[7]. BemoMCcTBeHHBIE CTPOUTEIbHBIC HOPMBI. Y CTAHOBKH COJTHEYHOT'0 TOPsSiYero
BogocHa0xenus. Hopmsl npoextuposanus. BCH 52-86.

Gutu Corina, a absolvit Facultatea Energeticd a UTM 1n a.2000, calificarea - inginer-manager. Activeaza din
a.2000 pani in prezent in functie de inginer la ICS "RE Chisinau" SA Grupul Union Fenosa. in anii 2000-2003 a
lucrat prin cumul ca lector-asistent la catedra IME a UTM. Din anul 2002 este doctorand la Institutul de
Energetica al Academiei de Stiinte a Republicii Moldova. Autor a 12 publicatii. E-mail: corinal478@yahoo.com




COOLING SYSTEMS OF MILK, FRUIT AND VEGETABLES STORAGE
WITH LOW CONSUMPTION OF ENERGY
SISTEME DE RACIRE A LAPTELUI SI DE PASTRARE A FRUCTELOR SI
LEGUMELOR CU CONSUM REDUS DE ENERGIE
IJHETOCBEPET'AIOIIME CUCTEMBbI OXJIAKAEHUA MOJIOKA 1
XPAHEHUSI ®PYKTOB 1 OBOIIEN

d.h.s.t., prof. univ. L. Volconovici, UASM; d.h.s.t., prof. univ. M. Chiorsac, UTM; cerc.st. Turcuman L., ASM;
doctorand A. Volconovici, ASM; lect.asis. D Oprea, UTM; lect.asis. V. Rotari, UASM,; st. Slipenchi, UASM

Keywords: a natural cold, milk cooling systems and fruit and vegetables storage, block diagrams analysis,
temperature and humidity of air curve changes.

Cuvinte cheie: Frigul natural, sisteme de racire a laptelui, pastrarea fructelor si legumelor, scheme de structura,
curbele de variatie a temperaturii $i a umiditatii aerului.

Knrouesvie cnoea: HaTypanbHBII XOJIOJ, CHCTEMbI OXJIXKICHHS MOJOKA W XpaHEHHS (PYKTOB M OBOIIEH,
aHalu3 CTPYKTYPHBIX CXEM, KPUBBIE U3MEHEHHS TEMIIEPATYPhI U BIAXKHOCTH BO3AyXa.

Abstract
Article is devoted to use of a natural cold for cooling milk and fruit and vegetables storage. The analysis of the
block diagrams, description of storehouses and the curves of temperature and air humidity changes for various
types of cooling systems are given; the analysis of quality of vegetables and fruit and energy expenses per unit of
production are done, which prove the efficiency of the offered systems.

Rezumat
Lucrarea este dedicata utilizarii frigului natural la récirea laptelui, pastrare fructelor si legumelor. Sunt analizate
schemele de structura, descrierea schematica a depozitelor, sunt prezentate curbele de variatie a temperaturii §i a
umiditatii aerului pentru diferite sisteme de racire, analizate calitatea pastrarii fructelor si legumelor, si
cheltuielile de energie pe o unitate de productie, ce demonstreaza eficienta sistemelor propuse.

AHHOTAUMA

Pabora mocBsleHa HCIOMb30BAHUIO HATYPAJIBHOTO XOJNOJA VIS OXJIXKICHHS MOJOKA U XpaHeHHs (QPYKTOB U
oBouiedl. JlaHpl: aHAIM3 CTPYKTYPHBIX CXEM, CXEMATHYECKOe OINMCAHHE XPAHWIMIL, MPUBEICHBI KPUBbBIC
W3MEHEHHs TEMIIepaTypbl M BIXHOCTH BO3AyXa ULl PA3IMYHBIX THIIOB OXJIXKIAIOIIMX CHCTEM, aHAH3
KauecTBa XpaHEHHs OBOIICH M (PYKTOB M DHEPro3aTpartbl HAa CAWHMIY MNPOLYKLHH, YTO JOKa3bIBaeT
3¢ (eKTUBHOCTH MPEIIIOKEHHBIX CHCTEM.

Sistemele cu frig artificial (Fig. la) si natural (Fig.lb) sunt sisteme complexe,
compuse respectiv din 5...6 subsisteme (mediul ambiant, operator, tehnologie, utilaj electric,
bloc de reglare, produsul racit) unite intre ele prin zeci de legaturi.

Sistemul cu frig artificial practic nu depinde de mediul ambiant, pe cand sistemul cu frig
natural depinde integral de parametrii mediului ambiant (temperatura, umiditatea relativa si
viteza aerului, durata perioadelor rece si calda ale anului, etc.).

Sistemele cu frig artificial sau natural utilizeaza la racirea laptelui aer sau apd in
racitoare capacitive si apa in racitoare in flux.

La pastrarea fructelor si legumelor pot fi utilizate urmatoarele sisteme de racire:

- racirea directa;

- racirea indirecta;

- rdcirea cu aer.

Récirea directd - consumuri reduse de energie, scheme complexe de distributie a
agentului frigorific, posibilitatea pierderii unor mari cantitdti de agent in cazul unor
neetangeitati.

Récirea indirectd (cu saramurd) - au racitoare cu racirea intensivd cu aripioare, care
diminueaza spatiile de depozitare, sigurantd in functionare mai buna volum redus de agent
frigorific, reglare si automatizare usoard, consum de energie mai mare cu cca. 5 ... 6% fata de
racirea directa. Spatii de depozitare cu utilizarea sistemului de racire indirectd sunt prezentate
in Fig. 2.
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Fig. 1 Structura sistemelor cu frig artificial (a) si natural (b).

Récirea cu aer - consum redus de metal volum redus de agent frigorific, asigura
distributia uniforma a temperaturii in magaziile frigorifice, permite topirea periodicd si
evacuarea 1n exterior a ghetii depuse pe vaporizatoare, care sunt amplasate in afara camerelor
frigorifice, consumul de energie, creste cu 20 ... 25% fatd de racirea directd (datorita
ventilatoarelor si patrunderilor de cdldurd prin tubulaturi), uscare intensd a produselor.
Sistemele de racire cu aer si combinata sunt prezentate in Fig.3. a si b.

Datele experimentale de la depozitele de pastrare a merelor din mun. Chisindu si r-nul
Calarasi (Fig. 4) demonstreaza, ca:
- temperatura i umiditatea aerului in depozite este respectiv cea mai scazutd i cea mai
inalta la sistemul de racire indirectd, instalat in partea de sus a depozitului;
- temperatura si umiditatea aerului in depozit este respectiv cea mai inaltd §i cea mai
scazuta la sistemul de racire cu aer;
- mai putin influentatd de temperatura aerului atmosferic este temperatura aerului in
depozit asigurata de sistemul de racire indirectd, instalat in partea de sus a depozitului.
Totodata, s-a stabilit (Fig. 5) ca cea mai variatd temperaturd a aerului pe verticala
(ceea ce este inadmisibil) o asigura sistemul de racire indirectd a aerului, instalat la peretii
depozitului.

Mai putin variaza temperatura aerului pe verticala in depozite la utilizarea sistemelor
de racire indirectd a aerului, instalate in partea de sus a depozitului si la sistemele de racire cu
aer.

Pierderile 1n greutate ale merelor sunt minimale (0,2 ... 1%) la utilizarea sistemului de
racire indirecta a aerului, instalat in parte de sus a depozitului, Fig. 6 si Fig.7.



a) b)
Fig. 2. Spatii de depozitare cu utilizarea sistemului de racire indirecta.
a - instalat la peretii depozitului; b - instalat in partea de sus a depozitului.

S-a stabilit:
- pierderile de greutate a merelor sunt maximale (1,0 ... 1,8%) la utilizarea sistemului de
racire indirecta a aerului, instalat la peretii depozitului;
- pierderile de greutate a merelor la utilizarea sistemului de racire cu aer constituie 0,6
... 1,7%, pierderile de greutate a merelor pana la inaltimea de 2 m constituie 0,6%;
- pierderile de greutate a merelor se micsoreaza de jos in sus (pentru varianta a) si de
sus in jos (pentru varianta b);
- - pierderile de greutate a merelor pentru toate sistemele de racire se afld in limita 1%
pentru h < 2,0 m si in limita de 2 % pentru h < 4,0 m.
Variatia continutului de putregai in mere pe verticala (de la 0 pand la 4 m) in procesul de
pastrare este prezentatd in Fig. 8.
S-a stabilit:
- continutul de putregai in mere este minimal (1,3 ... 2%) la utilizarea sistemului de
racire indirect a aerului instalat in partea de sus a depozitului.
- sistemul de racire indirectd instalat in partea de sus a depozitului (I - 4 - temperatura si
umiditatea aerului);
- sistemul de racire indirectd instalat la peretii depozitului (2 - 5 - temperatura si umiditate
acrului);
- sistemul de racire cu aer (3 - 6 - temperatura §i umiditatea aerului); 7 - temperatura
aerului atmosferic.
- - continutul de putregai in mere este maximal (pana la 3%) la utilizarea sistemului de
racire cu aer (pentru h = 4,0 m) si minimal, 0,5 ... 1%, (pentru h <2,0 m).
Merita atentie, in scopul reducerii consumului de energie electricd, utilizarea aerului
atmosferic la temperaturi in jurul de 0°C dupa o schema cu ciclu deschis (Fig. 9, a) si dupa o
schema cu ciclu inchis (Fig. 9; b) la temperaturi ale aerului mai mari de 0°C.

Fig. 3. Spatii de depozitare cu utilizarea sistemelor de racire
cu aer (a) si combinate (b).
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Fig. 4. Variatia temperaturii si umiditatii relative a aerului in depozitele de pastrare
a merelor pentru diferite sisteme de racire
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Fig. 5. Variatia temperaturii aerului pe verticald la: a - sistemul de racire cu aer; b - sistemul de
racire indirectd a aerului instalat in partea de sus a depozitului; ¢ - sistemul de racire indirecta a
aerului instalat la peretii depozitului; 1 - la inaltimea 0,25 m;
2 - la 1ndltimea 2,0 m;3 - la ndltimea 4,0 m.
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Fig. 8. Variatia continutului de putregai al merelor "Renet Simirenco" in procesul de pastrare la diferite
niveluri (pe verticald): a - sistem de racire indirecta a aerului instalat in partea de sus a depozitului; b -

sistem de racire indirecta a aerului instalat la peretii depozitului; c - sistem de racire cu aer.
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Fig. 9. Sistemul de racire a aerului In depozit cu cicluri deschis (a) si inchis (b)
1 - depozit de pastrare a fructelor si legumelor; 2 - instalatie frigorifica.
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Fig. 10. Schemele de racire consecutiva (a) si pe fiecare camera aparte 1, 2, 3, 4(b) al
depozitului de pastrare a fructelor si legumelor. t, —temperatura de pdstrare a produselor [1]

O alta rezerva este utilizarea schemei consecutive de racire a aerului in camerele
depozitului cu diferite specii de fructe si legume.

Deoarece temperaturile aerului de pastrare a fructelor si legumelor sunt diferite schema
consecutiva de racire a fructelor si legumelor (Fig. 10, a) este mai eficientd din punctul de

vedere al reducerii consumului de energie electricd Tn comparatie cu varianta in care fiecare
spatiu de depozitare este racit aparte(Fig.10b).

Depozit pentru
Lapte | t=4C fructe si legume. t=0°C Instalatie
tp=4...6°C. Apd s tp=0...4"C. Apd s frigorifica

Fig. 11.Schema consecutiva de racire a fructelor, legumelor si a laptelui [1]

Calculele preventive ne-au demonstrat cd utilizarea schemei consecutive de ricire a
strugurilor, verzei, merelor si cartofului permite reducerea consumului de energie electrica de
3,1...3,2 ori.

Totodata, merita atentie utilizarea schemei consecutive de racire a fructelor, legumelor si a
laptelui, Fig.11.



Calculele preventive ne-au demonstrat ca:
- pentru pastrarea a 50 - 100 t fructe si legume si racirea | t de lapte consumul de energie
electricd se reduce cu:

13 ... 29 % pentru mere;

27 ... 42% pentru struguri,

13 ... 27% pentru varza;

12 ... 26% pentru cartof;
- pentru pastrarea a 1000 - 2000 t fructe si legume, precum si racirea a 10 t de lapte
consumul de energie electrica se reduce cu:

7... 17 % pentru mere;

15 ... 43% pentru struguri;

8... 18% pentru varza;

7 ... 15% pentru cartofi.

Concluzii:

1. Sistemele cu frig artificial si natural pentru racirea laptelui §i pastrarea fructelor si
legumelor sunt sisteme complexe compuse respectiv din 5-6 subsisteme (mediul
ambiant, operator, tehnologie, utilaj electric, bloc de reglare, produs racit).

2. Valorile temperaturii si umiditatii aerului in depozitele de pastrare a fructelor, precum
si pierderile de greutate si continutul de putregai a fructelor esential depind de sistema
de racire aleasa.

3. Merita atentie In scopul reducerii consumului de energie electrica utilizarea aerului
atmosferic dupa o schema cu ciclu deschis sau inchis respectiv la temperaturi a aerului
atmosferic in jurul 0°C si mai mari.

4. O alta rezerva de economisire a energiei o constituie utilizarea schemei consecutive de
racire a aerului In depozitul cu diferite specii de fructe si legume.
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CONTRIBUTII PRIVIND UTILIZAREA POMPELOR DE CALDURA LA CET
Juravleov A.A., Sit M.L., Zubatii A.L.,Poponova O.B., Sit B.M., Timcenco D.V.

Rezumat

Lucrarea este distinatd eficientei tehnico-economice a utilizarii pompelor de caldura la CET.
Sunt prezentate rapoartele dintre termenul de recuperare simplu si venitul net actualizat si
dintre tarifele la energie electrica si pretul unui kWt al instalatiei cu pompa de caldura.
Cuvinte cheie: Instalatii cu pompele de caldura la CET, Venitul net actualizat .

TEXHUKO-5KOHOMHNYECKAS DO PEKTUBHOCTDb UCITOJb30BAHUSA
TEILJIOBBIX HACOCOB HA T3I]
Kypasiaes A.A., lllut M.JL., 3ybarsrii A.J1L., [lononosa O.b., Illut b.M.,
Tumuenkxo /1.B.

AHHOTaAIUA
Pabora mocBsIIeHA OMPEICIICHUI0 TEXHUKO-DKOHOMUYECKOW A()()EKTHBHOCTH TPUMEHEHUS
TermoBeIX HacocoB Ha TOII. IlpuBeneHsl 3aBUCHMOCTH IMPOCTOIO CpPOKa OKYNAeMOCTU U
YUCTOTO AUCKOHTHUPOBAHHOTO /10X0/a oT 1ieH 3a 1 kBT THY u Tapudos Ha 35eKTpo3HEepruto.
KiroueBbie cioBa. TeroBbie Hacockl Ha TOLl. YMCTBI THCKOHTHUPOBAHHBIN JOXOJ MpPH
nucrnojp3opagun THY.

EFFICIENCY OF THE USE OF HEAT PUMPS ON THE CHP PLANTS
Juravliov A.A., Sit M.L., Zubatii A.L., Poponova Olga, Sit B.M., Timcenco D.V.

Abstract.

The calculation of heat pumps utilization efficiency on the CHP plants is discussed in
this article. Dependencies of the pay-back period and NPV of heat
pump from 1kWt “heat pump” price and energy costs are shown.

Key words. Heat pumps, efficiency of heat pumps.

TennoBble Hacochl SBIAIOTCS B HAcTOsIEE BpeMsl MPUOPUTETHBIM OOBEKTOM
UCCIICIOBAaHMIA U pa3pabOTOK C LENbI0 YHEProCOePEIKEHHS.

Kak u3BectHO, cM., Hanipumep, [6], Heporpyska TOLl mo Temny (akTHUECKH «3arupaeT
00JbII0OE KOJUYECTBO 3JEKTPOIHEPTUHU, KOTOPOE HE MOXKET OBITh BhIPAOOTAHO B CBS3H C
OTCYTCTBUEM TEIUIOBON HATPY3KH.

Tak B HeoromurenbHBIM Tepuoa Ha TOI[-2 B r. KummnaeBe pabortaeT oauH OJIOK ¢
HOMMHAIBHOU MOIIHOCTBhIO 80 MBT anektpuyeckoit 1 200 MBT (172 I'kan/yac) TemnoBoit
sHepruu. B cBsi3u ¢ TeMm, uTo jeToM Harpyska no termty aias I'BC mo ropogy cocrasisier
okoj10 70 MBTt (~60 I'kan/yac), To 670K HE MOXKET pa3BUBaTh HOMUHAJIBHYIO MOIIHOCTb U €T0
pacrionaraemasi MOIIHOCTh JieToM okosio 50 MBT. Ho, 4T0oOBI BBIIaTh TaKkyt0 MOIIHOCTb,
MPUXOJUTCS TPATUTh TOIUIMBO M Ha BbIpaOoTKy Oomnee uem 120 MBt (~103 T'xan/gac)
TEIUIOBOM MOILHOCTH, KOTOpas 4yacTHMYHO ucnoib3yercs ansi ['BC, coOcTBeHHbIE HYXIbI
CTaHLUMU M 4YaCTUYHO TepsieTcs B OKpykarwouryto cpeny. Koadduuuent wncnonpzoBaHus
TOIJIMBA 3HAUYUTEIBHO CHIKAETCS B MEXKCE30HHBIN Mepuoj. TepMoAMHaMUYECKUN aHaIu3
[apOCHUJIOBOTO LMKJIA TypOMHBI IOKa3aj, YTO MOKHO YBEJIMYUTh KOJMYECTBO BbIJaBaeMON
AJIEKTPO3HEPTUM 32 CYET CHIKEHUS [aBJICHMs B KOHJEHCATOpPE IIyTEM CHUKCHHS
TEMIIepaTypbl B CUCTEME BOJSHOTO OXJIAXAEHUS MOcie OAalleHHON IpaAupHU. ITOTO MOKHO
JOCTUTHYTh IyTeM MOAKIIoueHus TtemnoBoro Hacoca (TH), kotopeiii Oyner paboraTh 3a
CcYeT OTOMpaeMoro mnapa ¢ TeIUIO(UKAMOHHOIO WM NPOMBIIUIEHHOT0 0TOOpa TypOMHBI,



UCIIOJIB3YE€MOI0 TOJBKO B OTONMTENBHBIM NMEpPHOA NPHU HEOOXOAUMOCTH CHATUS IHMKOBBIX
Harpy3ok mno ororuieHuto. TH npu sTom BeipabaThIBaeT, ¢ K03 duuneHTom mnpeodpa3zoBaHus
1,3-1,4, X050 ¥ TEMJI0, KOTOPBIE, COOTBETCTBEHHO, UCIIOIB3YIOTCS [IJII CHUYKEHUS JaBJICHUS
KOHJICHCAIIUU ¥ BBIPAOOTKM JOMOJHUTEIHHON SJIEKTPOIHEPTUU M HAa COOCTBEHHBIC HYKIIbI
crannuu. [Ipm sTom, eciam oToOpaTh ¢ TermopUKAIMOHHOTO oTOopa TypOuHbl 20 MBT
TEIIOBOM 3Hepruu ¢ mapoM st pabotsl TH, To mMoxHO momyuuts 26-28 MBT teria u
X0J10a. DTO MO3BOJUT HECKOJIBKO YBEIMUYUTh BBIPAOOTKY 3JIEKTPOIHEPIHH, a MOIYHYEHHYIO
4acTh TeIjla BEPHYTh Ha COOCTBEeHHBIE HYX bl TOLl, HanpuMep, Ha MOIOTPEB MOATUTOYHOM
BOJIbl, CHU3MB, TAaKUM 00pa3oM, pPacxo] TOIUIMBA HA KOTEJ, a TAaKXKe yBEJIIMYUTh BbIPAOOTKY
JJIEKTPOIHEPIUM Ha TerloBoM moTpebneHuu. Ha puc.l mpuBeneHa CTpyKTypHas cxema
BKJIFOYECHHS TETUIOBOTO Hacoca B TEXHOJIOTHUECKy0 cxemy TOII.

Ha pucynke: UTH — ucnaputens temoBoro Hacoca; KTH — konzmeHcarop TemioBoro
Hacoca.

3aiaiuMest TeMIoTol cropanus yciosHoro tommsa Q5 = 29,33 M/{oc/ k2 . PaccMoTpum

ypaBHEHHE SHepreTuueckoil xapakrepuctuku Typounst [1T-80/100 — 130/13 [18] rxe,
Oryrs — PACXOJ TEIIIOTHI HA TypOUHY, MBT,

0, O, —temnossle Harpy3ku 11 u T ot6opos TypOunsl, MBT.
P, — JaBJIE€HHE B OTOIMHUTEIBLHOM 0TOOpE (IPH HAIMYUM JBYX OTOHMHMTEIBHBIX OTOOPOB — B

BEpPXHEM OTOMUTEILHOM 0TOO0pE), MI]a,
N, —anekTpudeckas MOIHOCTb, pa3BUBaeMas Ha TEIUIOBOM noTpebienuu, MBT,

N —HOMUHaJbHAS MOITHOCTH TypOuH, MBT;

rPAOUPHA
TYPBUHA
LIMPKYTIALMOHHBIN
HACOC
KOHOEHCATOP
TYPBUHbI
t UTH <
7 J
TEPMOKOMIMPECCOP
< B TexHonoruyeckuin
B TexHonornyeckui \ npouecc
npouecc KTH TEMNOBOW HACOC

K I'IOTpe6I/1T6ﬂﬂM Tenna

Puc. 1. CrpykrypHas cxema BKIIOYEHHs TEIUIOBOIO HACOCA B TEXHOJIOTUYECKYIO CXEMY
TOLI.



Orors =16,3+1,98N —0,965N, + O, +O,;;

(3.1.1)
0,5420 1,3)"
T:’—&+o,301gn[;] —(11,6-0,02170Q;);
(10p,)" Py
(3.1.2)

OmnpenenyM pa3HOCTh B BBIPAOOTKE 3JICKTPUYECKOH OSHEPTHH, TEIUIOPHKAIMOHHYIO
MOIITHOCTb U PACXOJ TEIUIOTHI HAa TYpOMHY IPU pa3IMYHBIX TEIUIOBBIX HArpy3Kax Ha oTOOpax.

[Ipu Brmrouenun B pabdotry THY pacxom mapa Ha TypOMHY M TerutouKarmoHHas
BI:Ipa6OTKa BBIPACTYT COOTBCTCTBCHHO Ha BCJIMYUHBI:

dQT =0r =01

0,5440 0,5440
dNTURB:(NTl_NTO): - =

o R
AO,ips = —0,965N,, +0,965N,, +1,0217(0,, + 0;,) =
~0,965dN 5 +1,0217(0,y + Oy,

(3.1.3)

Pacxoz[ TOIUIMBA IIPpHU 3TOM U3MCHUTCS HA BCINYHUHY

AB, =0.123-d0, ., /71y
(3.1.4)

Hcxomnple maHHBIE UIsS  pacdera: HOMMHAIbHAas  TEIJIOTa, OTOWpaeMas C
TEMIO(UKALMOHHBIX  OTOOpOB  TypOunsl O,  =60MWt, temnora, oTOupaemas IIpu

BKJIIOUEHHH TemIoBoro Hacoca: O, =85MWt, naeneHus napa B TeIIO(UKALMOHHBIX
orbopax p,, = p; =0,011, KIIJ xotna - 7, =0,9.
Ha rpaduke, puc.2 mnpuBeAeHbl 3aBUCUMOCTH IIPOCTOTO CpPOKa OKyHaeMOCTH

pPacCMOTPEHHON cHCTEeMBI (JIET) B 3aBHCUMOCTH OT Tapu(OB Ha AIEKTPOIHEPTHIO B J0JUIapax
3a 1kBm-uac .

W3 paccmorpenusi puc.3. cieayer, 4To STOT MPOEKT SBIAETCS MNPHUOBLUIBLHBIM IIPH
croumoctr 1 kBT ycranoBnenHoi teroBoit MmomuHoctu THY nHe 6onee 140 nommapos CILIIA
npu Tapude 3a MEeKTporIHepruro He donee — paHo 0,08 nommapa/l kBT. yac.

CrnenyeTr oTMETUTD TakXke, 4To abcopOrmonnsie THY na TOIl MoryT npuMeHsThCS U 151
YTHIM3ALKHU TeIIa IbIMOBBIX Ta30B.



3aBUCHMOCTH cpoka okynaemoctd THY ot adpdexruHocTr THY u nenst 3a 1 kBt THY
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croumocts THY B nomnmapax 3a 1 kBt

Puc. 2.

3aBUCHMOCTH YHCTOT'O AUCKOHTHPOBAHHOTO JI0X0J1a
OT Tapuda Ha JIEKTPOIHEPruto u 1ieHsl 3a 1 kBt THY
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croumocts THY B fosutapax 3a 1 kBt

Puc3.



BriBoabI

PaccmoTpena meroauka ornpeaeneHus: 3KOHoOMU4eckoro 3¢dexkra oT MpUMEHEHUs TEeTIOBBIX
HacocoB Ha TOII.

[Ipumenenne aOCOpPOIMOHHBIX TETUIOBBIX HacocoB Ha TOLI addexTuBHO mpu ctommoctH 1
kBT termioBoit moutHocTH THY He 6ornee 140 mommapos CIIIA/ 1 kBt TemnoBoit MmormuaoCcTH
npu Tapude Ha dnekTpudeckyto sHepruo He 6onee 0,08 mommapa CIIA/1kBt.4ac.
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